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CEKIUA: METAJIYPI'TA YOPHUX METAJIIB

JIOCBIJI AGH UST, KRAKOW B OPTAHIBAIIII TA
EKCILUTYATAII JOCAIIHALBKOTO IIEHTPY
KOJIEKTUBHOI'O KOPUCTYBAHHS
JI.O. [dan, no1., KaHJ. TeXH. HayK,

JI.O. Tpodimora, noir., kauza. TexH. Hayk, JIBH3 «I[TATY»

Y 2013 pomi posmouaB cBow pobory Akademickie Centrum
Materialow i Nanotechnologii (ACMIiN) I'ipandyo-MetanypriiiHoi Akagemii
im. Cranicnaa Cramuns B Kpakosi (AGH UST). ACMiN 0yio cTBOpeHO B
pe3yibTaTi MpoeKTy, sk Ha 85 % cmiBdiHaHcyBaBcs €BpPONEHCHKIM
CorozoM 3 €Bponelcbkoro (GoHIY pPerioHaJbHOTO PO3BHTKY B paMKax
Onmnepariitnoi nporpamu "lgHOBamiitna exonomika" (IEOP). Bapricts
MPOEKTY CKiIajia 6M3bpK0 90 MITH. 370THX.

ACMIN 0yB CTBOpEHHUH K MyJIbTiTUCIUTUTIHAPHAN JOCITI THUIIBKIA
LEHTP KOJIEKTHBHOTO KOpUCTyBaHHS B cTpykTypi AGH. Ha cworomsi
TOJIOBHUMH HanpsMKaMu HisibHOCTI L{eHTpy €:

® MiATPUMKA Ta PO3BUTOK CY4acHOl HayKOBO-IOCIIJIHHIILKOT
iHppacTpyKTypH, 30KpeMa, iHppacTpyKTypH, MOB'sI3aHO1 3
HaHOTEXHOJIOTISIMH, a TAKOX 3a0e3Me4eHHs 11 TOCTYMHOCTI JUIs NpalliBHUKIB
YHIBEPCUTETY Ta IHIIMX HAYKOBO-JIOCHIJHUX YCTaHOB;

® CTBOPEHHS  YMOB Ul  BHKOPUCTAaHHA  1H(PACTPYKTYpH
nokropantamMu  QakyneretiB. AGH UST, a Takokx IHIIMX KpakiBCBKUX
VHIBEpCHUTETIB 1 JOCIIIHAIBKUX MIAPO3ILTIB; 3 II€I0 METOI AKaJIeMiqHUN
LIEHTp MaTepiaiB i HAHOTEXHOJOTIM MO)Xe BHCTYNATH IapTHEPOM Y
porpamMax MDKAUCIUILTIHAPHUX JOKTOPAHTYP;

® [IPOBEJICHHS JIOCIIDKEHb MaTepiaiiB, HAHOMATepialliB, TEXHOJIOTIH
Ta HAHOTEXHOJIOTiH, 30KpeMa 3 METOI iX 3aCTOCYBaHHS B JIaDOPATOPHHUX
YMOBaXx Ta MPOMHUCIIOBOCTI;

® MPOBCJICHHS  IHHOBAIIMHOT  JISUTLHOCTI B  Taily3l HOBITHIX
MaTepiaIoBUX TEXHOJIOTIH Ta HAHOTEXHOJIOTIH;

e po3BUTOK Jociiguunbkoi  aismibHocti AGH UST B ramysi
TEXHOJIOTIH Ta HAHOTEXHOJIOT1H MaTepialis.

HayxoBa nisutbHICTh LIeHTpY 3miHCHIOETBCA TaKUMHU JOCIHITHHIIEKHMHA
rpynamu:

® HaHOIHKCHEPil MOBEpXOHb Ta OiomMaTepiaiis;

o poTo(hi3uKH Ta eTEKTPOXiMil HAlIBIIPOBIAHUKIB;

o (DyHKILIOHAILHUX MaTepialiB i HAHOMArHeTU3MY;

e MaTepiajo3HaBCTBA Ta iHKEHEpPil MaTepiaiB;

® TeOpil KBAaHTOBUX CHUCTEM;
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® KBAaHTOBUX €(CKTIB B HAHOCTPYKTYpaXx.

JlocsirHEeHHS TIOCTABJICHUX LiJeH € MOJIMBUM 3aBJISKU OCHAIICHHIO
Hentpy HalicyyacHIIMM  JOCHIJHHIBKMM  OOJIQJIHAHHSAM, 30KpeMa
nippakToMeTpaMH  Ta  €JNEKTPOHHMMH  MIKPOCKOIIAMH  OCTaHHBOTO
MOKOJIIHHS, CHCTEeMaMH IIBUJIKOTO HPOTOTHUIYBaHHS, OOJIaIHAHHAM IS
MPOBE/ICHHS OCIHINIB NP HAJBUCOKMX Ta HAJHH3BbKUX TEMIIEpaTypax, y
TIIHOOKOMY BaKyyMi TOIIIO.

Inest crBopenns nogidnoro nentpy Ha 6a3i ABH3 «I1JITY» BupyBana
B TIOBITpi JaBHO. 3apa3 € CIyIIHHN 9ac BTUTHTH ii B xuTTsA. [loBepHEHHS
IATY Ha Mmicre cBoro 6a3yBanHs B MapiyrmoJib Ta BiTHOBICHHS TisSUTBHOCTI
VYHIBEpCUTETY Ha CBOEMY 3aKOHHOMY MICTI Ma€ CYyNPOBOJKYBATHCS
JOKOPIHHUMH 3MiHAMH B OpraHi3aiil AMJAKTHYHO - JOCIITHHUIIBKOrO
nporecy. B 1eii yac B Harozi cTaHe JOCBi/ HAIIMX 3aKOP/IOHHUX ITapTHEPIB.

PEAJIIBALIISI CIIOCOBY 3ABAHTAKEHHS JOMEHHOI ITEYI
PO3NMOAITEHUMUA PYJHUMMU 1 30CEPEJIKIEHUMHA
KOKCOBUMMU I'PEBEHSIMHA
JL.O. T'ynuwm, acmipant, B.b. CemakoBa, fo11., KaHJI. TEXH. HayK,
10.B. Xapamunp, ct. Bukianad, J{.B. XBocToB, acmipaHr,

JABH3 «ITATY»

3aBaHTa)XEHHS JIOMEHHOI medi Oe3KOHYCHHM 3aBaHTaXKyBaJIbHUM
npuctpoeM (B3I1) n03Boisie THYYKO peryJroBaTH IO Pajiycy KOJIOLIHMKA
PO3MOJIN PyIHUX HAaBaHTAXEHb Ha KOKC, SIKMH 3BOPOTHO MPOIMOPIIHHO
MOB’SI3aHMH 3 PO3MOALIOM razy. B 30oHax 3 HalOLIBIIMM pyJTHHM
HaBaHTKEHHSIM Ha KOKC MPOXOJHMTh HaWMEHIIA KUIBKICTh rasy, sSIKHH Mae
MOPIBHSHO HU3BKY TEMIIEPaTypy.

Cyuacna nomenna mid (/II1) obixagHana cMCTEMOIO TEPMO3OH/IIB, 32
JIOTIOMOTOI0 SIKMX KOHTPOJIOEThCS TeMIlepaTypa ra3oBOro IMOTOKY IO n
TOYKaxX pajlyCy KOJIOIIHMKA HaJ TIOBEPXHEI0 3acunku muxTtH. [Ipm
3aBaHTaXeHH] [II mepeBakHO 30CepeKCHUMH TpeOCHAMU TPOTIKHICTH
30HM 3 TIOHWKCHOIO  Ta30NMPOHMKHICTIO, SIKA  XapaKTEepU3YETHCS
TeMIlepaTypaMy a3y, MEHIINMHU 3a CEpeHI0 TeMmeparypy T¢, mo paniycy
KOJIOIIHUKA I, cTaHOBUTH 0,50 ry. [Tpy oMy 3aBaHTaXKEHHS 3aJ1i30pyIHUX
mopItiil 3aificHIOBanocs Ha cTaHnii R(n) Haxmity posnoainsHoro gotka b3I1,
110 CHPSIMOBYE LIMXTY B IIepu(epiiiHy 30HY, OJIMKYE 10 MEXKI 3 TPOMIXKHOFO
30HOIO KOJIOIIHHMKA, 8 KOKCY — Ha CyMDKHiH, y 6ik oci JII1, cranuii torka R(n-
1), Ta mepioIMYHO Ha CTaHIIIi, KA CIPSIMOBYE KOKC 0€3110CepeaHBO JI0 BiCi.

3 METOI0 Mi/IBUINEHHS IHTEHCHBHOCTI pyXy ra3y B paloHI pyIHOTo
rpedOeHst Ta CTyNeHs BUKOPHCTaHHS BIITHOBHOI 34aTHOCTI T'a30BOTO IOTOKY
3aiizopynHi Matepianu (3M) 3aBaHTa)KyBaJIMCS PO3NOAIJICHUM IpeOeHeM Ha
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TPBOX TOCIIIOBHUX CTaHIIAX Haxuiy jotka R(n+1), R(n), R(n-1), a kokc —
Ha CTaHWil, BiANMOBiAHIH cepeanHi pyaHoro rpedeHs R(n). Cryminp
BukopuctanHs rasy mo CO mixBummsest Ha 2 %. IIpoTspkHICTH 30HH 3
MTOHM)KEHOIO ra30IPOHUKHICTIO 3pocia Ha 0,12 ry.

Iepexin mo 3aBaHTaxeHHS 3M pO3MOIUICHHM TpeOCHEM CIIPHSB
TTiIBUIIEHHIO Ta30IPOHUKHOCTI Ta BiHOCHOI (10 T¢p) Temmeparypu rasy B
mpoMixkHil 3041 3 0,65 10 0,70 BixH. ox. [Ipu IbOMyY BiTHOCHA TeMIIepaTypa
ra3oBOTr0 IMOTOKY B nepudepiiiHiii 301 nemo 3am3miacs 3 1,02 xo 0,90 BigH.
07., a B OChOBIi — migBuiuiacs 3 2,08 mo 2,20 BigH. ox.

BupiBHIOBaHHA TeMIepaTyp Ta30BOrO IOTOKY CBLAYHTH IIPO
BIAMOBITHE BHPIBHIOBAHHS PO3MOALTY pPyIHHX HaBaHTaXeHb Ha KOKC Yy
nepudepiliHiii 1 NMPOMiXKHIM 30HAX KOJOIIHKMKA, 110 3a0e3Meysio OLTbII
€KOHOMIYHY pOOOTY JOMEHHOI Iedi 31 3HIKEHHSIM ITUTOMOI BUTPATH KOKCY
Ha 1 %. Ilnoma 1eHTpambHOI 30HM 3 BHUCOKOIO Ta30NPOHMKHICTIO, IO
XapaKTepu3yeThesl TEMITEpaTyporo rasy, Oimbioro 3a T, ckopoTmiacs Ha
1,6 % (abc.).

NEPCIIEKTUBHY PO3BUTKY BOJHEBUX TEXHO.IOI'TH B
METAJIYPTII
JLI. Tapactok, mo1l., kaHm. TexH. Hayk, JIBH3 «ITJITY»

3 gaciB npomucioBoi pesosrorii X VIII cTomTTs NpUitHATO BBaXKaTH,
10 HAayKOBO-OOIPYHTOBAaHA TEXHOJIOTIsl TIOBMHHA aBTOMATHYHO BECTH JIO
nporpecy Ta TMOKpallyBaTH >KUTTs Joaed. Bona crpaBai 30inbinnia
BUPOOHHMITBO TXKi, MOKpalWia 3A0pOB'sS IIOAEH, piBEHb JKUTTI Ta
BJJOCKOHAJIMJIA CHCTEMHU KOMYHIKaIlii. Ajie Bce OYEBHUIHIIIMMH CTA€ IIKOAA,
SIKY BOHA 3aBJIa€ JIFO/IMHI Ta HABKOJIMIIHBOMY CEPEOBHILLY.

¥ 80-1i pokn BHOYX KOCMIYHOTO 4YoBHHKa «UereHmKep», aBapis Ha
Yopuobunscrkiit AEC, ximiuna katactpoda B Bokanmi Ta po3nus HapTH
BHacIiok karactpodu TaHkepa «Exxon Valdez» Haramamm Ham, o
BEIIMKOMACIITA0HI CHCTEMH HE€ 3aXWIIEHI BII JIFOJCBKHX TMOMIJIOK 1
TexHiYHUX  300iB. OpmHaK HaBiTh HOpMaNbHE  (PYHKI[IOHYBaHHS
CIITBCHKOTOCTIOAPCHKUX Ta MPOMHCIOBUX CHCTEM caMe 1o coli 3aBiaae
LIKOJY, BUCHAXYIOUM PECypcH, 3a0pyqHIOIOYH IIOBITPS, BOLY Ta 3E€MIIIO.
Crnanoloun BUKONHE IaJMBO MM BHKHAAEMO B aTrMocdepy BeIHYe3HY
KIJIBKICTh TIOKCHIY BYTJIELI0, CTBOPIOIOYM 3arpo3y BCECBITHII KaracTpodi
yepe3 IJ100aIbHe MOTEIUTIHHS KIIiMaTy.

o 1800 poky Bcst cBiTOBa LIUBLITI3allisl IPYHTYBaIacs Ha JiepeBi, BiTpi,
Boxai Ta TBapuHHiM cuii. [IpomwucinoBa pesomromis XIX cromitrst Oyma
Ppe3yJIbTaTOM TEXHOJIOTiH, 3aCHOBaHUX HAa BUKOPUCTAHHI KaM'sSHOTO BYT1JIJISL.
[TanuBoM, IIO >KUBHUTH 3pOCTaHHS IPOMHCIOBUX KpaiH XX CTOJNITTS,
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CIy)KWJIM Byriwist, Hadra 1 mpupomnuit ra3. Ha mowarky 80-x crano
3pO3YMIJIO, KOXKEH 13 IIUX JUKEpes eHeprii CYyIpOBOIKYETHCS COLIATbHUMY 1
€KOJIOTTYHUMH BHTpaTtamu. JIIOJCTBO Mayio yBard NpHIULUIO PO3poOKam,
TIOB'SI3aHUM 13 BIJIHOBJIIOBAaHMMH JUKEpEIaMH €Heprii, SKi MOTJIH 3HU3UTH
Hallll eHepreTUYHI MOTPeOH y mKepenax, 10 BUTPAYAIOThC, a B IEPCIICKTHBI
MOBHICTIO iX 3amianTH. Hadta, mpupomHuii ra3 i kam'ssHe BYT1LISA MICTATH Y
co0i eHepriro, m0 HAAXOIUTh Bix COHIIS MITEHOHHU POKIB, SIKY HAKOTTHIYBAIA
JIOicTOpHYHI (POPMH POCIMHHOTO XUTTSA. BUKOMHI mannBa 3a0e3mevyioTh
88% BcecBITHBROrO BHUpPOOJICHHS eHeprii. 3a HasBHUMH OIIHKaMH 3a
30epeeHHsI Cy9acHIX TEMITiB BUJOOYTKY PO3BiIaHUX Y CBiTi 3amaciB HapTH
Mae BHCTauuTH Ha 44 pokw, razy — Ha 60 pokiB, a KaMm'sIHOrO BYTiUuLIs —
npubIM3HO Ha Tpu CTomiTTI. OmHak iX reorpadiuHuii pO3MOILT TyKe
HEepiBHOMIpHHH, a BUIOOYTOK TOB'SI3aHUH 3 Jy’K€ BUCOKHMH MOJITHYHUMHU
Ta €KOJIOTIYHUMH BHUTpaTaM.

3aJ1i30 i cTagbh CTAHOBIATH CTPYKTYPHY OCHOBY CYYacHOT'O )KUTTSI, aJie
IXHIO 9acTKy mHpumnanae Omm3pko 8% rio0albHUX BHUKHIIB BYTICIIO, IO
poOUTH X HaHOUIBIINM JKEPETIOM MPOMUCIOBUAX MapHUKOBUX TaziB. LIImsax
no 100% wuncroro MailOyTHHOTO JOCHTH 3pPO3YMIIMH: BIAMOBTECS Bil
JOMEHHHX IIe4eld Ta BiJHOBHHKIB KOKCOBOTO OOIaJCHOTO BYTILIA Ta
3aMiHITB iX eIEKTPOIyTOBIUMH ITEYaMH, 1110 TPAITFOIOTH Ha €KOJIOT19HO YHCTIN
€Heprii, Ta EeKOJIOTIYHO YHUCTHMH BOJHEBHMH BiJHOBHHKaMH. Tak BHU
3MOKETE OTPUMATH CTalb 13 3BHYAHHOIO BOJOI0 SIK €IUHHUN MMOOIYHMIA
HPOJYKT.

Och y yoMy mpobisiema: 3apa3 JIOACTBO BHUPOOJsiE€ OJIM3bKO IBOX
MUITBSIp/IIB TOHH CTaJIl Ha PiK y BCbOMY CBITi, 1 BIJICOTOK €KOJIOTIYHO YUCTOTO
MeTaly B HbOMY HACTUIbKM Majuid, mo B 2021 pomi cTajlo BEIMKOIO
HOBHMHOIO, KOJIM OJIOK Takoi cTaji JificHo OyB joctaBieHuid mokymiesi. e
KoJIOcalbHAa Taly3b 3 BEJIMYE3HOI KUIBKICTIO aKTHBIB, OO'€KTiB Ta
o0J1aiHaHHS, SKI BXKE IIOBHICTIO (DYHKIIIOHYIOTh 1 HOOY/I0BaHi HA CTOJITTSL.

[epexin Ha eNEKTPOAYTOBY iU — HETPHUBIAJIbHE 3aHATTS. 32 JAHUMHU
JPYTOTO 32 BEIMYMHOIO BUPOOHHKA CTaJli Y CBITi, BiH 00iIeThCS y CyMy Bix
$1 100 000 000 no $1 700 000 000, 3a BHHATKOM BUTpAT, MOB'SI3AHUX 3
ICHyIOYMMH aKTHBaMM JOMEHHHX Iedeid. «3eleHuil» BOmeHp e
HEAOCTYIHHHA y HEOOXimHMX MacimrTabax, i, TAKHM YHHOM, COOiBapTiCTh
BHPOOHMIITBA €KO-CcTaji Ha 60% BwHIIa 3a OpyIHHI MaTepial.

TakuM 4HHOM, CTaJb i3 JOMEHHUX/KOHBepTepHuX neveii (BF-BOF)
MaTuMe 000pOT Ha PUHKY IIE SIK MIHIMYM KiJIbKa JeCATHIIITD, 1 caMme TOMY List
HOBa CHUCTeMa MojIepHi3allii, po3pobieHa bipMiHreMCbKHM YHIBEPCHUTETOM,
MOJKE CTaTH OJHUM 13 HalBaXIUBIIINX JOCSITHEHb POKY B r'ajly3i €KOJIOTIYHO
YUCTHX TexXHoJorii. HaBiTh He3Bakaloum Ha Te, 110 BOHA HE MOBHICTIO
3eJIeHa.
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BonHeBa eHeprermka cTpiMKO HaOWpae WOMIYJSpPHOCTI Ha Tl
cy4acHUX TeHzaeHUid. OCHOBHMMH JpaiiBepaMH 3arajbHOTO0 BOJHEBOI'O
IHTEpeCcy BHCTYNAOTh!

- HeoOXiHICTh 3a0e3MeYeHHsI BYTJIEIIeBOI HEHTPaIbHOCTI;

- 3HIDKEHHS TIONUTY Ha TPaIuLiiHi eHepropecypcH;

- 30UThIIICHHS YaCTKH BiJHOBIIOBAHUX JKEpET eHEepril;

- aKTUBHUH PO3BUTOK TPAHCIIOPTHOI iHPPACTPYKTYPH;

- PO3BHUTOK TEXHOJIOTIH;

- OCBOEHHS KOCMOCy (y PaKEeTHHX IBHI'YHAX BHKOPHCTOBYIOTHCS
BOJHEBE TTAJIMBO) Ta iH.

ITuTaHHSA PO3BUTKY BOJHEBHUX TEXHOJIOTIH a00 Mepexoy 10 BOIHEBOT
€HEepPreTUKU BXOISITh O €HePreTWYHUX CTparerid MpakTHYHO BCIX KpaiH
cBiTy. He3Baxkaroun Ha €HICTB iHTEpeCY, Y MUTaHHIX pealizallii nepexomy
JI0 BOJHEBOI EHEPreTUKU HEMA€E aHAJIOT19HOT €JHOCTI. .

MNPOBJIEMU I'IIPOJII3Y BOJAU NP BUPOBHHUIITBI BOJHIO
JLI. Tapaciok, o1l., kaua. TexH. Hayk, JABH3 «IIATVY»

Mopcrka BoZia MOKe CTaTH HECKIHUEHHHIM KEPETIOM BOTHIO.

OcTaHHIM 4aCOM BOJICHb BBOKAETHLCS OJTHUM 13 HAUTIEPCIIEKTUBHIIIINX
JUKEepeJT CHeprii, OCKIIbKY 3IaTHUH JKMBUTH HE JIWIIE aBTOMOOLT, a i 1im
NPOMUCIIOBI Tany3i. Y To ke yac Mpu HOro BUKOPHCTAaHHI B JIOBKLLIS HE
BUIUIAETBCS BYTJICKUCIHM ra3, 110 CIOPUYHHHUB TJI00aIbHE MOTCILUTIHHS
KJIIMaTy. AJie SIKIIO BOJICHb Ma€ CTUJIbKH MepeBar, To YoMy O He IepeiTH Ha
WOro BUKOpUCTaHHS Tpsmo 3apa3? Ha me € kimpka mpuumH. OfHa 3 HHX
MOJISAITa€ B TOMY, IO MAacoBE BHPOOHHIITBO IHOTO a3y MOXE MOTIPIIMTH
mpoOJieMy HecTadi MPICHOI BOJMHM, KUIBKICTh sKOi B 0araTboX KpaiHax
IIOPIYHO CKOPOYY€EThCS 3 KaracTpogiuHowo mBHaKicTio. Ilpore BYeHi
3aMpoIOHYBANM IHIIC PIlIEHHS — BHUKOPUCTOBYBATH JUIS BHUPOOHHIITBA
MOPCBKY BOAY, i HABITh MOSICHWJIH, SIK TIOI0JIATH TEXHIYHI CKIIAIHOCTI, IO €.
Bogens He MOXHa Ha3BaTH iIeaTbHUM JDKEPETIOM SHEprii, OCKiIIBKH BiH Ma€
HH3KY CBOIX HEIOJiKiB. HampuKkitam, oquH KiJtorpam BOJHIO MiCTHTD CTiTBKH
K eHeprii, CKiUTbku Tpubnm3HO 4 miTpax OCH3WHY. AJie 32 HOPMAJIbLHOTO
aTMOC(EpHOro THCKY KUIOrpaM BOIHIO 3aiiMae y COTHI pa3iB Ouibime
mpocTopy. s 3pimKeHHS BOAHIO HOro HeoOXimHO oxojoautd a0 -253
rpazaycis 3a [lenbciem abo 3abe3neuyBaT BACOKUH THCK.

Kpim Toro, cmijg BpaxoByBaTH, IO B JaHHH Yac BiACYTHI
TpyOOIIPOBOAM Ta PO3MOJUILHI CHCTEMH, L0 YHEMOXKJIMBIIOE MIBHIKHNA
TIepexiJI Ha BOJICHB, IK OCHOBHE JKepeo eHeprii. [IpoTe BojeH B JaHU yac
BBKAETHCS OIHUM 13 HAWMEPCHEKTUBHIMIUX JDKEPENT eHeprii B s
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BEJIMKOBAHTAXHUX TPAHCIIOPTHHUX 3acO0iB, SKi HEMOXIJIMBO 3a0e3MeYnTH
SJIEKTPUYHUMU OaTapesMH.

Jlo Takux TpaHCHIOPTHUX 3aCO0IB HaJeXaTh BaHTAXIBKU, KopaOii Ta
HaBITh JiTaky. binble Toro, TpaHcHopT, SIKMH Tpalioe Ha BOJIHI, HAOUpae
MOMyJISIPHOCTI Bke 3apa3. Hampuknan, y Kural po3moyanu BUpOOHHIITBO
BOJIHEBHX MACAKUPCHKUX MOT3/IiB.

[HmuM MoOXJmMBEM pHUHKOM 30yTy BOJHIO € Taki Tamy3i, SK
CTaJIeTMBAapHA IPOMHUCIOBICTh, J€ TMOTpiOHE BHCOKOTEMITEpPATYpHE
3TOPSIHHSI.

Kpim Toro, 3rogoM 3pocTaTMMyTh 1 HHHINIHI PHHKH BOJHIO,
HaIpUKJIa], BiH HEOOX1IHUI 11 BUpOOHHUIITBA TOOpUB amiaky. HuHi cBiTOBE
CIIO’KMBaHHS BOJIHIO Ha Pik CTaHOBUTH 90 MINIbIIOHIB TOHH Ha PiK.

[ocrynoBuii nepexin Ha BOAEHb JO3BOJHMTH 3MEHIINTH KiJIbKICTh
BHUKH[IB BYTJICKHCIIOTO Ta3y, IO HEOoOXigHe OOpOoThOM 3 II00aThHUM
MOTEIUTHHAM KJiMaTy. OfHaK Uil [bOTO BOJAEHb MOBHHEH MPOBOAWUTHCS
€KOJIOTIYHO YHCTHUM CIOocOOOM. B maHmii Wac icHye TpuW OCHOBHI crocodu
BHPOOHHMIITBA BOJHIO: 3€JICHU, CHHIHN Ta Ciphii.

B maHmit 9ac TLNBKY OVH i3 TPHOX CIIOCO0IB BUPOOHUIITBA BOJHIO €
€KOJIOT1YHNM, aJie BiH AyXKe JTOPOTHH

3eneHunit criocid Mae Ha yBa3i €JIEKTPOITi3 BOJIH - JDKEPEIIO KUBIICHHS
MOCTIHHOTO CTPYMY IMiIKITIOYAETHCS IO IBOX €IEKTPOIIB, SIKi 3HAXOIATHCS Y
BOJ. Y pe3yibTari KaTtoJi yTBOPIOEThCS BOJICHb, ajleé B aHOJI — KHCEHb.
CuHili BOJIeHb OTPUMYIOTH LIIISIXOM HIapoBOi KOHBEpCii MeTaHy i3 razy. Ilpu
TaKOMy BUPOOHMITBI B aTMOc(epy BHKHIAETHCS CTIJIBKH K BYIJIEKHUCIOTO
rasy, CKUIbKY IIPH CIaTI0BaHHI TPUPOHOTo ra3y. Cipuid BOJICHb BBAXKA€THCS
HaOpyIHINIMM JDKEpesaoM BOJHEBOIO TMajiWBa, TOMY IIO s HOro
BHUPOOHHIITBA BUKOPHCTOBYIOTHCSI BC1 1HIIII BUJIY MTAJIUBA.

3BiJICH BHIUIHBAE, IO €IMHUM ONTUMAILHUM DPIllICHHSIM OOpOTHOH 3
rJI00aTbHAM MOTETUTIHHAM KITIMaTy € BAPOOHUIITBO 3€JIeHOTo BoHI0. OHaK
BiH komTye 5 nonapiB CIIIA 3a 1 xr, o BABIYi TOpOKYE, HIXK CipHil BOJICHb.
Tomy HHMHI BYEHI MPAITIOIOTH HaJl CIOCOOAMM 3/ICIICBJICHHS 3€JICHOTO BOJTHIO
xo4a 0 1o 1 momapa 3a 1 xr. Ajie BUCOKA BapTiCTh € HE €IMHOIO TPOOIEMOTO.

Enextpomizepu mpu3HaveHi sl poOOTH JWIIE 3 YHUCTOK BOJOIO.
30inbImIeHHsT OOCATIB BUPOOHHUIITBA 3€JCHOTO BOJHIO MOXE IOCHIUTH
rnobabHy HecTady TmpicHoi Boauw. Jlms oTpuManHs | Kr BOJHIO 3a
JIOTIOMOTOI0  €JIEKTPOIIi3y MOTpiOHO Onu3pko 10 kr Bomu. 3a MaHUMHU
MiXHapOIHOTO areHTCTBA 3 BIIHOBJIIOBAHUX JKEPEN €HEeprii, s podoTu
BaHTa)KIBOK Ta KJIIOYOBHX I'ajTy3eil IPOMHCIOBOCTI Ha 3eJICHOMY BOJHI MOXeE
3HaO0OUTHCS IPUOIU3HO 25 MUIBSIPAIB KyOOMETpiB MpiCHOT BOJIH Ha PiK, 10
€KBIBAJICHTHO CIIOKMBAHHIO BOAM B KpaiHi 3 HaceJeHHSAM 62 MinbHOHHU
JIIOJEH.
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ByeHi nponoHyIOTh BUKOPHCTOBYBAaTH COJIOHY  BOXy  JJIs
BHPOOHMIITBA BOJHIO. [IJIs1 €IEKTPOIIi3y BOAHIO 3aCTOCOBYIOTh €JIEKTPOIH 3
JIOporouiHHUX MetaniB. [Ipy BHKOpHUCTaHHI MOPCHKOI BOJM ENEKTPHUYHHN
po3psin, SKMH TeHepye KHCEHb Ha aHOi, IEepeTBOPIOE iOHW XJIOPUIY B
COJIOHIH BOJII Ha BUCOKOKOPO3iifHMI razomomioHmit xmop. Leit xmop po3'inae
EJIEKTPO/IM Ta KATATI3aTOPH MPOTATOM KiJIbKOX TOJIHH.

Bueni 3 VYHiBepcurery RMIT y MensOypHi, m00 BHPIMIATH IO
mpo0iiemMy, MPONOHYIOTh MOKPHUBATH EIIEKTPOJM HETATUBHO 3apsIKEHHUMU
CIIOJTyKaMH, TaKUMH SIK cyJibdatn Ta pochatu. BoHn 31aTHI BiAIITOBXYBAaTH
HETaTHBHO 3aps/DKeHI 10HM XJIOpy, 1 IIUM 3amobiraTd yTBOPEHHIO
ra3onomioHoro Xjaopy. Sk MOBIAOMIIAIOTH JOCTITHHKH, iX EJICKTPOIU
TIPOTIPAIFOBAIN MPOTATOM JBOX MICSIIB, TCHEPYIOYH BOJICHb.

HEMETAJIIYHI BKJIIOUEHHA Y CTAJI IICJIA
PO3KUCJIEHHS 1 JIET'YBAHHS
B.M. baknaHcbkui, 10L., KaHA. TEXH. HAYK,
10.B. Xapanuip, ct. Buknagayd, JIBH3 «[1ATY»

Pinka crtamp B pe3ynbTaTi B3aeMOJIi 3 Ta30BUM CEPEIOBHUINEM B
CTAJICIIABUIILHOMY arperari NOIJIMHAE Ta3d, Y TOMY YHCII KHCEHb, Y
KUTBKOCTI, SIKa 3aJISKHUTH BiJI TEMIIEpaTypH, CKIaTy METaTy 1 IUTAKy Ta 1HIITHX
(axTopiB. 3HWKEHHsI BMICTy KHUCHIO, PO3UMHEHOTO B CTali, JOCATAIOTh Y
npoIieci ii PO3KKUCICHHS 33 PaXyHOK BBEICHHS €JICMEHTIB, [0 MAIOTh OiJIbIIT
BUCOKY CIOPIZHEHICTh 10 KUCHIO, HIX 3aJ1i30, 1 yTBOPIOIOTh HEPO3YHMHHI Y
CTaJi OKCHIH.

SIK po3KHUCIIOBaYl MOXYTh OyTH 3aCTOCOBaHi: BYIJIEIb, MapraHelb,
KpeMHii, aimomiHii. Ll NpoyKTH pO3KUCIICHHS HE BUNANSIOTHCS B TOBHOMY
00cs131 1 3a0pYAHIOIOTh METaN. 3 HUX JIMIIE BYIJICIh YTBOPIOE I'a3010A10HMI
OKCHUJI, HE PO3UMHHHUM y CTai.

Buxomstum 3 Teopii rerepodazHmx QuIyKTyamid, Il OLIHKH
WMOBIpHOCTI 3apopkeHHs HOBOI (asm I B 00csa3i piakoro wmeramy
BUKOPUCTOBYIOTH PiBHSIHHS:

I= A exp(-AG/RT) Q
ne AG - 3mina eeprii 1'i060ca mpu BHIIICHHI PEYOBHHHU 3 MEPECHUCHOrO
PO3YMHY 3 YTBOPEHHSAM 3apojKa HOBOI (a3 KPHUTHYHOTO PO3Mipy, IO
BU3HAYAETHCA 3 PIBHAHHAM

1 3 M 2
ac=107 9. _ ?
3 pRTIn(n/ny,)
ae Oy.s— TTATOMA MiXk(asHa enepris, Jix/m?;

M - MonekynsipHa Maca NpOJYKTIB, 10 BUAUISIOTHCS;
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0 - TYCTHMHA TIPOJLYKTiB PO3KUCIIEHHS, KT/M;

R — yHiBepcasibHa ra3zosa nocriitna, Jx/(Kxmosb);

T — remnepatypa, K;

NNz - CTymiHb NEpPEeCHYCHHS MeTaly pO3YHHEHHMH Y HbOMY
OKCHAAaMH — MPOJIYKTaMH PO3KHCIEHHS, Yo.

MHuoxHHK A aHamizoBaHoi popmynu (1) mopiBHIOE:
12 3

o A%, KT
A:m' M.6 = 'm'_, (3)
KT 97z h
Ie M' - 9KCJI0 aTOMIB Ha MOBEPXHI 3apOJIKa KPUTHIHOTO Pajiycy;

K — noctiitna boasimana, x/K;

V - o0'em, mo mpumnamae Ha | aTroM BUXigHOI (a3 (MeTaneBOro
posmiasy), Mm%

M — YUCJIO aATOMIB B OJJUHHMIII 00CSTYy BUX1THOT (ha3u;

h - mocriiina ITnanka, Jxxc.

3 HaBeJeHUX PIBHSHb BUIUIMBAE, 110 3MEHIIECHHS MiK(a3Hol eHepril
Ha MeXi po3aiTy (a3 MeTan-BKIIOYEHHS MOJETIIYE CIIOHTAHHE BHIUICHHS
HEMeTalleBUX BKJIIOUEHb i3 TOMOreHHOTO PO3ILIaBy. IX po3Mip 3anexuTh Biz
CKJIaqy BKIIOYEHB. SIKmIo BKIO4YeHHS He MicTuTh FeO i MnO, BennumHa
MiX(pa3HOTo HATATY CTAHOBHUTH MpuOIm3HO 1,2+10,0 JIx/M>2.

BuinenHs HeMeTalneBUX BKIIOYECHb Oy/ie BiAOyBaTHCS HA MOBEPXHI
BKJIFOYEHbB, 1[0 BJKE MICTIATHCS B CTaJIl.

Jlnst BUCOKO3aJIi3UCTUX BKIIOUEHb BEJMYMHA [MOBEPXHEBOTO HATSTY
Ha Mei MeTal - BKIIOUEHHS CTAHOBHTH 6mmu3bKo 0,17+0,20 JIx/m2.

[Tpu coibHOMY PO3KUCICHHI MapraHieM, KpPEeMHIEM 1 allloMiHieEM
KinbKicTe AlpO3z 30inblLIyeThCS 31 30UIBIIEHHSIM KiUJIBKOCTI alFOMIHIIO, IO
BBOJIUTHCS B MeTaj. 30UIBIICHHS KUIBKOCTI MapraHilo CyIpOBOJKY€ETHCS
30UIBIICHHSM IIBHIKOCTI BUTLUTHBAHHSI MTPOAYKTIB PO3KHUCICHHS.

AJTIOMiHI} 3HaYHO BIIMBAE HA THII BKJIIOYEHB, X (OPMY 1 pO3MOJIiL.
Po3skucnenHs cranei, BHCOKOJICTOBAaHMX XPOMOM Ta HIKEJEM, Malloko
kinmpkicTio amromigio (0,05+0,10 %) 3MeHmIye 3aranbHy KiTbKiCTh OKCHITHUX
BiutoueHb. [lpm 3ampoBamkenri 0,2% Al pi3koro 3HIKEHHS BMICTY
HeMeTaJIeBUX BKIIOYEHB HE criocTepiraocs. [TomioHa TyMKa miaTpuMy€EThCs
OaraTtbMa aBTOpaMH.

BceraHOBICHO, IO PO3MIp Ta PO3MOMALI BKIIOYCHD 3aJIeXkKaTh Bi
BEJIMYMHHU PO3KHCIIIOBAJIBHOI 3/IaTHOCTI €IEMEHTIB Ta MiX(a3HOro HATATY
NPOJYKTIB PO3KUCICHHS 3 MeTajoM. Lli XapakTepHCTHUKH BH3HA4YalOTh
IHTEHCHUBHICTh YTBOPEHHS 3apOJKiB KPUTHYHOI'O pO3MIpy, SKi, CBOEIO
4eprolo, BU3HAYAIOTh PO3MIP 1 PO3NOALT BKIIOUEHb.

3aJeXHO B arperaTHoro CTaHy TIPOAYKTIB PO3KHUCIEHHS iX
YKpYITHEHHS MOKe BinOyBaTtucs abo paxyHOK KoajecueHIil (pinxi
BKIIIOUEHHS), 200 MIJISIXOM KOaryJisinii (TBepAi BKIIOYESHHS).
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Oco0m1BHi iHTEpEC Mae MOKIIMBICTD KOAryJIsiLii TBEpANX HPOIYKTIB
poskucinenns. Ha nymxy C.I. Ilonemro, miMiTyloun (akTopu € YacToTa
3ycTpiuel HeMeTaleBHX BKJIIOYEHb, BEIMYMHA B'SI3KOCTI, aaresis Ta
MiK(a3HUIA HATAT.

Bimomi nBa BHOM KOarymnsmii TBepAWX YAaCTHHOK Y pO3IDIaBi -
MepUKiHeTHYHI (CWJIM MIiFOTh Yy PpIIMHA Ha BCi OOKM OJHAKOBO) 1
OPTOKIHETHYHI, fKi BHKIHMKAIOTbCS II€I0 CIPSIMOBAHOTO CHIIOBOTO ITIOJIS
(HampuKIaz, TPaBiTAMifHOTO).

IlepemimmyBaHHS CHOKIHHOI CTaji iHEPTHHUM Ta30M IPHCKOPIOE
MPOIIECH KOATyJIAIii, OCKIJIbKH 301IbITye HMOBIPHICTD 3yCTpideH.

B3AEMO/IIA PIIKOI CTAJI 3 ®PEPOCILJIABAMMU ITPU
OCAIKYIOUOMY PO3KHUCJIEHHI
B.M. baknancekui, aou., kaua. Texd. Hayk, IBH3 «IIATY»,
10.C. Konowmiiiuesa, Bukmnanau, BCII «Mapiynonbscbknii paxoBuii Koiemk
JABH3 «IIATY»

Ha mignpuemcrax MK Ykpainu Best cTanb mignaeTbes pisHAM BHIAM
PO3KHCIICHHS Y KiBIlli, y TOMY YHCHTI ocapkyodnM. Lle mo3Boise BUITyCKaTH
SIKICHY CTajIb, Y TOMY YHCII JIETOBaHY Bi/IIOBIJAIEHOTO TPU3HAYCHHS.

CyTHICTh XIMIYHO{ JITAaHKH SIKa HAHOUIBII YacTO 3aCTOCOBYETHCS MPH
BUIUIABII CTaJi y BIJAKPUTHX CTaJCIUIABWIIBHUX arperarax 3aco0om
OCa/KCHHS PO3KUCIICHHS B 3araJlbHOMY BHIVISIAI BUPAXKAETHCS PIBHSHHIM
peaxiiii:

X[Me] +y[O] = (Me;Oy) 1)

Ipornec B3aeMoii pigroro MeTany 3 (pepoCcIuiaBOM MpH PO3KHUCICHHI
METOJIOM OCAJKCHHS CKJIQJAa€ThCS B OCHOBHOMY 3 TPHOX IOCIITOBHHIX
craniit: 1) reruroBoro; 2) nudysiitHoro; 3) XiMigHOI B3a€MO/II1.

Jus  depociiaBiB, MO MalOTh TEMIEpaTypy IUIaBICHHS HIDKYC
TEeMIIepaTypy pifKoI cTaji, TPUBAJICTH TEIUIOBOTO TEpiogy B3aeMOii
XIMIYHMX CIOTy4YeHh BH3HAUAETHCA 32 YMOBH BUDIIICHHS 3aBIaHHS
HarpiBaHHs XOJOMHOTO Tida (MIMaTka (epocIiaBy) JO0 TeMIepaTypu
TIJIABJICHHS Ta MOAAJBIIOT0 HOTO PO3IIIABICHHS. AHANITUYHE PIllIEHHS i€l
3a/1a4i JI03BOJIIE OTPUMATH PIBHSHHS, 32 SKUM MOXXe OyTH BH3HA4YCHA
TPUBAIIICTh HArPiBaHHS Ta ILIABJICHHS IMaTKa (epocIuiaBy:

_a(tvw-tﬂ¢)z—+C¢)(tn.¢)-tW)X £(F)=0 .
£ar

e a - koeimienT Termonepenadi, kkan/(M>xuxK);

t., - Temmeparypa piakoi crami, °C;

t.¢ - TEMITEpaTypa miaBneHHs pepocmnasy, °C;

t.. - MoUaTKOBa TEMIeparypa IuaBieHHs ¢epocmasy, °C;

12
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£ - WJIBHICTL (epocIuIaBy, Kr/m>;

( — NpUXOBaHa TEIJIOTa IUIaBJIEHHsT ()epPOCIIaBy, KKaJ/Kr;

l'o - MOYATKOBHUH pajiyc mmMaTka (epociuiasy, M;

Cy — TemnoeMHIcTh (epocmuaBy, kJDx/(krxK);

Fo - xpurepiii dyp'e,

7 - mocTiiiHa yacy, o gopisHioe 0,046x(re?log), c;

g - KOe(iLlieHT TEMMEPaTyponpoBiTHOCTI PepOCIaBy, KKanxm?/c.

Po3paxyHKku yacy TIaBICHHS Pi3HHX BUAIB (epoOCIUIaBiB, BUKOHAHI
Ha EOM 1yt pi3HHX 3Ha4eHb TEIUIOBOTO ITOTOKY 10 IOBEPXHI (hepocIuiaBiB
MOKAa3yl0Th, IIO TPHBAIICTh TEIUIOBOTO TMEpioAy B3aeMOAii 3pocTae
TIPOTIOPIIiifHE KOPEHIO KyOiYHOTO 3 TOYaTKOBOT MacH IMMaTKa (epoCIUIaBiB i
3HIDKYETHCS IPOTOPITiHHE BETMYHHI TETIOBOTO TIOTOKY Bifl PiAKOi cTaji 10
KycKky ¢epocruiaBy. [Ipu BBeieHH] X0JIOAHUX (EpOCIUIaBIB Yy PiIKy CTAlb HA
HMIMaTKax HaMOPOXXYEThCS, a MOTIM PO3IUIABIAETHCS IIAp MeTaly, L0
3aroJiro€e 10 301IbIIEHHS! TPUBAIOCTI TEIJIOBOTO repiony. ToMy TerutoBuit
mepio1 B3aeMoIii pepoCIuIaBiB 3 PiIKUM METAJIOM MIPH 3BUYAIHIH TEXHOJIOT 1]
OC/DKECHHSI PO3KUCIICHHSI Ma€ JIOCUTH BEIMKY TPHBATICTh NpUOIM3HO 6+10
xB. Lleil mepiog MOXHa NPaKTUYHO BUKIIOYHMTH, SKIIO 3IiHCHIOBATH
OC/DKyIO4e  PO3KHCIEHHS IUIIXOM  BIYBaHHA  IOPOIIKOMOIIOHHX
(epocruiaBiB B MeTal y CTpyMEHI TPaHCIIOPTYIOUOTO Tazy.

Tpusanicte nudysiitnoi B3aemonii depocmiaBy 3 piIKUM MeTaIoM
BU3HAYAETHCS TPUBATICTIO PO3YMHEHHS (EpOCIUIaBy B PiAKOMY MeTali i
3JICKUTH BiJI NIBUIAKOCTI MacOTIEPEHOCY €JIEMEHTIB, 0 PO3YUHSIOTHCS.

B nanwmii yac HemMae 3araJbHONIPUIHATOT TEOpii PO3YMHEHHS TBEPANX
PO3KHUCIIOBaYiB y piakii crani. HasBHI niTeparypHi JaHi BinoOpaxaroTh
JIMIIE OKpPEeMi eKCHEepHMMEHTalbHI JOCHIDKEHHS Ta Jy)Ke CIpOIIeHe
BUPIIICHHS I[bOTO 3aBIAaHHSL.

A.A. BeprmaHn, IpyHTyrOuMch Ha (I3MKO-XIMIYHOTO MeXaHi3My
nucnepcaux cucrem [1LA. PeOinzmepa, BBaXkae, IO NpOLEC PO3YMHEHHS
PO3KHCIIIOBAa4iB  MOXE MpPOTIKATH 32 MEXaHI3MOM  MHMOBUIBHOTO
JMCTIEPTYBaHHs, 10 IOJIATaE B TOMY, IO aTOMH ITOBEPXHEBO-aKTHBHOTO
PO3YMHHHKA, a7cOopOyIOUYNCh B TPIMIMHKAX PEYOBUHH, IO PO3YMHSETHCS,
MITPYIOTh BCEpEANHY TPIlIMHI, BUKINKAIOUHU TOSBY PO3IIEILTIONYO] 1il, 10
MPU3BOIUTH JI0 BiIpUBY OJIOKY.

Po3umHEHHS PO3KHCIIOBAYiB, MOXKIUBO, IMOAIOHO 10 MeXaHi3My
TpPaBJICHHsI, KOJIM PO3ILJIaB IPOHHUKAE IT0 MEXaX 3€pHA 1 BHACIITOK YTBOPCHHS
JIETKOTIJIABKOi €BTEKTUKH MIIIHICTh TBEPIOT PEYOBHUHU Pi3KO Majae. Y MboMy
BUIIQJIKy PEYOBHHA, IO PO3YMHAETHCS, PO3NANAETHCS Ha 0€31i4 OKpEeMHX
YAaCTHHOK SIKI HE3aJIEKHO PO3UHMHSIOTHCSI.

TakuM 4YWMHOM, IIBWAKICTH PO3YMHEHHS (EpoCIUIaBiB y MeTtan i,
OTXKE€, TPUBAIICTh JAU(Y3IHHOrO Nepiogy IpU PO3KHUCIEHHI METOIO0M
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0Ca/KECHHSI 3aJIeKaTh BiJl IPUPOAX 3aCTOCOBYBaHMX (pepocIuiaBiB, po3MipiB
iX IIMaTKiB, TeMIlEpaTypd MeTally Ta HOro B'SI3KOCTI, IJIOIII ITOBEPXHI
KOHTaKTYI04nX (a3 i iIHTEHCHBHOCTI IepeMillyBaHHSI.

BukopucranHs A OCaJUKEHHS PO3KUCIICHHS MOPOIIKOMOIIOHMX
MarepiaiiB abo piIKUX JIraTyp CyTTEBO CKOPOUY€ TEIUIOBHH Ta augy3iiHi
TIePioAN PO3KUCICHHS.

CEKIIA: ObPOBKA METAJIIB TUCKOM

EKCIHAHJAYBAHHS B TEXHOJIOTI'ISIX BUPOBHULITBA
MNPAMOIIOBHUX TPYB BEJIMKOI'O JIAMETPA IS
MATICTPAJIBHUX HA®TO- I TA3OITPOBO/IB TA ACIIEKTH
MOTr0 BUKOPUCTAHHSA
B.Y. I'puropenko, npod., 1-p Texs. Hayk, ABH3 «[IATVY»,

B.B. Ogcanikos, texuiuauit nupexkrop HBIT «YKPTPYBOI30JD»,

M. Juinpo

Y 2019-2020 pp. Ha HiIOPHUEMCTBI 3 1HO3EMHHMH IHBECTHUIIISIMU
TOB HBII «YkpTpy0o0i30/m» BCTaHOBIIEHA 1 BBEJCHA B EKCILTyaTallil0 HOBa
CydJacHa JIiHisl 3 BADOOHUIITBA CTAJIEBUX MPSIMOIIOBHUX TPYO AiaMeTpoOM Bif
406,4 MM 10 1422 MM BKJTIOYHO.

B 2022 p. Oyno BBeneHO B €KCIUTyaTalifo HOBHH TiipoMeXaHIYHHN
ekcrianziep. Lle mepeTBopmiIo JIiHIO B TaKy, 10 3a0e31edye IIOBHUH Cyd9acHNi
TEXHOJIOTIYHUM WK BUPOOHMITBA TpyO Bemmkoro miamerpy (TBJ) ms
MaricTpaibHuX HadTo- 1 ra30MpoOBOIB.

1 [— moE

Puc. 1 — 3aransamii Bunisin TB/I B excrianziepi: a — miAroToBka Tpyou 10
orepariii; 6 — oneparlist eKCIaH/lyBaHHS; 6 — PO3TalllyBaHHS 3BAPHOTO IIIBa;
1 — mepenHiii KiHeb TPYOH; 2 — FOIOBKA eKCIaHIepa

[lpy upOMy BiZHOCHE pO3LIMPEHHS 3a CEepeJHIM 30BHIIIHIM
niamerpom TpyOu (3a Tepminonorieto API Spec SL koedirieHT ruiactuaHoi
nedopmariii sy) Mae 3HaxonuTHCS B Mexkax Bif 0,003 mo 0,015 BrirrodHO.

3HaueHHs KOe(IIliEHTY Sy PO3PAXOBYETHCA 32 TaKOIO (popMyJIOL0:
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s — |Da _ Db| ,
4 Db
ne: D, — 30BHIMHIM miametp micis aedopMariii, mo 3a7aeThcs BUPOOHUKOM,
MM;
Dy, — 30BHImHIHM giameTp 10 aedopmartii, Mm;
|Dy — Dy| — abcomoTHe 3HaYSHHS Pi3HMUII 30BHIIIHIX A1aMEeTPiB 10 1 Micis
€KCTIaHTyBaHHSI, MM.

HayxoBi nuTaHHS €KCHaHIyBaHHS. CTOCYIOTHCS B OCHOBHOMY 1 B
Pi3Hiii Mipi HACTYIHOTO:

— HEepIBHOMIPHOCTI MEXaHIYHHX BIIACTHBOCTEH MeTaiy 1mo 00’emy
JIUCTA;

— HEpPIBHOMIPHOCTI TOBIUHH CTiHKH 32 TUTOIIOKO JIUCTA;

— 3AJTMIIKOBHUX HANpY)KEHb MO 00’ €My JIMCTA IICHIS Tapad0i IPOKaTKN
H OXOJIOJDKEHHS;

— BETIMYMH TaHTEHMIANbHUX HANpYyXXeHb, IO BHHHUKAIOTH IIPH
(dopmyBaHHI TpyOH;

— BEJIMYMH 3aJTUIIKOBUX TaHTCHIIaJbHUX HANpPY>KEHb B METAJI ITiCIIs
PpO3BaHTaXEHHS MPH 3HATTI 3ycIII (popMyBaHHS (THOKN);

— BEJIMYMH 3aJIMIIKOBHX TAHTEHIIIaIbHUX HAIPY>KEeHb, 1110 BUHUKAIOTh
B MeTaJli TpyOU MpH 3’€JHAHHI KPOMOK Tepe/i 3BapIOBAaHHAM KPOMOK;

— BU3HAYCHHS pOOOYMX TAHTCHINIATHHUX HAMPYXECHb B METall TPyOu
Bil THUCKy CEpelOBHIA, 10 TPAaHCIOPTYEThCS, 3  YpaxyBaHHAM
HEpiBHOMIPHOCTI MeXaHIYHUX BJIACTHBOCTEHl MeTamy o00’eMy JHCTa,
HEpIBHOMIPHOCTI TOBIMWHHM CTiHKA 3a IUIOMIOK JIACTA, 3AJIHAIIKOBHIX
HanpykeHb 10 00’€My JIMCTa Micis rapsuoi NMPOKATKH W OXOJOMKEHHS 1
BEJIMYMH 3aJIMIIKOBUX HANPY>KEHb IICII eKCTIAH{yBaHHS;

— Kopo3iifHO-HamnpyxeHoro po3rpickysanHs (KPH);

— 3JIMIIKOBUX HANpYXeHb B 3BapHOMY IIBi i Oing MIOBHOI 30HHU
(3BaproBaJbHUX HATIPYXKCHD).

Bigomuii MeTon pospi3aHHS Kijelb 3 OTPUMaHHS HE MPSIMOTrO
MOKa3HMKA 3aJIMIIKOBHX MakKpoHarpyxeHb. CyThb METONy € HACTYIHHM.
Binpizarots Bix TpyOm kinblie. Ilicms po3pizaHHS KUTbLS B3IOBXK Bici TpyOu
BIMIDIOIOTh TIPY>KHE HOro PO3KPHUTTA a00 CTHCHEHHS y Micui pizy. Lle
JI03BOJISIE BU3HAYaTH B OCHOBHOMY TaHIEHIAJIbHI 3QJIMIIKOBI HAlpyrd B
TpyOi, TaK SIK Y MOMEHT BiJPi3KH KiJbLS ITOB3/IOBXHI HAIPYTH TipSIOTHCA.
Lett crioci6 nae B OCHOBHOMY SIKICHI TTOKa3HHKH, a HE KUTBKICHI.

Ane moTpiOHI BU3HAYEHHS UHWCEJIBHUX 3HAUCHb 3AJIUIIKOBHX
TaHTeHIIMHUX HanpyXeHb. Lle 103BoNNTh:

- MaTH YMCENbHIl JaHi Mpo 3HaueHHsS TAaHTCHIIWHUX 3aJTHIIKOBUX
HaTpyXeHb y TpyDax;
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- BIUIMBATH HA DPIBCHb 3aJIUIIKOBHX HAINPYKEHb Y BHUIOTOBJICHHX
TpyOax MUIIXOM 3MiHH TEXHOJIOT1l BUPOOHHIITBA;

- BUKJIFOYUTH IOSBY HA MaricTpalibHUX ra30HA(pTONPOBOIAX TPYyO 3
3aJIUIIKOBUMHU HAampyramMu 30UTBIIICHAMHU BiJl NPHHHATHX 3HAYCHb, IO
MpUAMAIOTh 10 YBard MpPH PO3PaXyHKy MapaMeTpiB MaricTpaibHUX
ra30oHaAQTOMPOBOAIB, 1 IO 3a0e3MMeYnTh. MiJABHIICHUN PiBEeHb OE3MeKH Ta
JIOBTOBIYHOCTI 1X eKCILTyaTartii.

PO3POBKA TA JJOCJIIJKEHHS HOBOI TEXHOJIOI' TOYHOI
OB'€EMHOI IITAMIIOBKH
C.b. Kapriu, nou., kaun. TexH. Hayk, /I.B. Kipienko, maricTpanr,
J1.B. Kammpin, marictpant, JIBH3 «ITTY»

[Ipu mrammyBaHH] y BIAKPUTHX IITaMIax KPYIIMX Y TUIAHI ITOKOBOK
BUXoANTH Benmukui (15-20 %) Binxin metany Ha 3aaupok. [ ycyHeHHs nux
BIIXONIB 3aCTOCOBYIOTH INTaMITyBaHHA y 3aKkpuTuX Imrammax. OmgHak, y
[IOMY BHIAJKy MOTPIOHO MPU3HAYNTH IITaMIyBaJIbHI yXWwin y=3 + 5°, mo
BeJIC IO TOJATKOBOI BUTPATH METAIy MpH MeXaHiuHii 00pooi. Po3pobieHo
Ta JOCIHIPKEHO CIOCIO TOYHOTO 3aKPHTOTO INTAMITYyBaHHS KPYIIIMX y TDIaHI
MTOKOBOK, IO MalOTh OiYHI CTIHKH, IO YTBOPIOIOTH SKUX CIPSIMOBaHI 3
HampsiMaMH il CHJIM INTaMITyBaHHS Ta CHJIM BHUINTOBXYBaHHS TOKOBKH 3
TUTOLIMHY LITaMITYy.

CyTHicTh croco0y Mosirae B TOMy, 10 B Tpoleci (opMOyTBOPEHHS
MeTaj]y B IITaMi Ha OIYHMX CTIHKax BIJCYTHI IITaMIyBaJibHI YXWIIH.
HlramMn, mo ckiIamaeTsest 3 2-X IOJOBUH IO 30BHILIHBOMY JiaMeTpy,
MOMIIIAETHCS B 000MMY (KIJIBIIE), SIKE CTPUMYE Iepedir MeTainy B CTOPOHH.
3a J0MOMOTOI0 BHINTOBXyBaya BUTATYETHCS MOKOBKa 3 oOoimu. Bucory
KiJblisl BUOMPAIOTH 3 TaKUM PO3pPaxyHKOM, 1100 Ha MOMEHT 3iTKHEHHS i3
3aroTiBJIeI0 BEPXHIH MITaMI BXOAWB y KUTbIle Ha MHOMHY 5-10 MM. 3a30p Mix
mTamramMu Ta KutereM npuiitmators 0,1 MM Ha 6ik. Ha rinpasnignomMy npeci
cworo 0,63 MH Oymo BimmraMmmoBaHoO TOKOBKY 1-i rpymm 3
D =90 MM 1 H =20 MM, macoro 0,6 kr.

BcranoBneHo, 1m0 HalKpallie 3al0BHEHHS CTPyMKa LITaMITy Oyze npu
JiaMeTpi 3aroTiBii, ONM3BKIH O 30BHINIHBOTO JiaMeTpa IMOKOBKH.
BpaxoByroun, mo 4MM MEHIIE AiaMETP 3arOTOBKM, THUM JIETIIE BHUKOHATH
BiZpi3Ky 1 BiI JpOTY, 3arOTOBKY IOIEPEIHBbO CIiJl OCIAaTH Ha IUIOCKHX
mrax. JliaMmerp 3aroToBKH, 110 IOMIMIAETHCS B IITAMIYBaJIbHUN CTPYMOK,
NpUIMaloTh Ha 2 4 MM MEHIlIe BHYTPIIIHBOTO JAiamerpa Kinbls. Hammmimox
METajly B 3arOTOBKax IPH TOYHOMY IITaMITyBaHHI MO)Ke OyTH MOIIMHEHUH -
32 paxyHOK TOBIIEHI NEpeMHUYKH a00 BHCOTH IIOKOBKH. 30UIbIICHHS
TOBIIMHY IIEPEMHUYKH HE BIUIMBAE Ha MPOLIEC BUTOTOBJIECHHS IIOKOBKH, TOMY
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110 MPOIIUBKY TEPEMHUYKH Mepea0adaroTh Y TEXHOIOTTYHOMY Mpolieci. SIKIo
JOIYCKH 110 BHCOTI OJIEp)KYBaHOI IIOKOBKM HEPEBHUIIYIOTH JOITyCKH,
BcraHoBieHi ['OCT 7505-89, To 1bOMYy BUMAIKy BBOIATH JOJATKOBY
00pOOKY pizaHHSM.

3acToCyBaHHS TOYHOTO IITAMITYBaHHS JI03BOJISIE i ABUIUTH TOUHICTh
IITaMITyBaHHS, 3HaYHO HaOMM3UTH (HopMy KyBaHHS 10 (hopMH TOTOBOI
JieTali, 3aBIsIKH YOMy MOXKJIMBA 3HauHa eKOHOMis metaiy (20% i Oinmbie),
3HIKYETHCS TPYIOMICTKICTh MEXaHIYHOT 00poOKH pizanHsIM. [IpormoHoBaHM
crocié TOYHOro 00'€eMHOrO INTaMITyBaHHA KPYDIMX Y IUIaHI ITOKOBOK
MBIy € HAMIHHICTD IITAMITy. paXyHOK CIIPOIIEHHS HOTO KOHCTPYKIIIi.

TEHJAEHIII PO3BUTKY NPOLIECIB OBPOBKH METAJIIB
TUCKOM
€.A. MxpTusiH, KaHJ. TeXH. HayK, CT. Bukianad, [.O. CokolloB, MaricTpaHT,
ABH3 «I1ATY»

IIpomiecu 00poOKM MeTaNiB THCKOM € HEBIT'€MHOI0 YacTHHOIO
Cy4acHOI ITPOMHUCIIOBOCTi. BOHM 103BOJISIIOTH CTBOPIOBATH CKIIAHI METaJICB1
IeTani Ta BHPOOW, $KI BHKOPHUCTOBYIOTBCS B PI3HHX Taily3sX, Bif
aBTOMOOITBFHOI 710 aBiamiifHOi Ta kocMmidHOi. Hacammepen, me mocsraeTbest
3aBJISIKH 3aCTOCYBAHHIO CIICIIATBHUX MAIIUH, [0 [IPALIOIOTh 38 IPHHIMIIOM
00poOKM MeTajy IiJi BUCOKHMM THCKOM Ta TEMIEpaTypor. 3aBIsKH
MOCTIHHOMY PO3BHTKY TEXHOJIOTIH B 001acTi 0OpOOKH METasliB THCKOM,
MOCTIHHO 3'SIBJSIFOTHCS HOBI TEHICHIII, SIKI pOONATH W Mpolec e OiIbIi
e(pEeKTUBHUM Ta TIPOAYKTHBHHM.

BukopucTaHHs HaHOTEXHOJIOTI B Tmpomecax OOpoOKH MeTalliB
TUCKOM € OJIHI€I0 3 TOJIOBHUX TEHJCHIIA y CydYacHiId MPOMHCIOBOCTI.
HanorexHonorii 103BONSIOTE CTBOPIOBATH HAHOCTPYKTYPOBaHI MaTepiald,
SIKI MalOTh YHIKaJIbHI BIIACTHBOCTI, TaKi SIK BUCOKA MIIHICTh Ta OPCTKICTb,
110 T03BOJISIE TX BUKOPHCTOBYBATH B PI3HUX TaTy3sX, BKJIIOYAIOYH aBiamiiHy
Ta KOCMI4HY ITPOMHCIIOBICTb.

OmHPM 3 METONIB OTPHMAaHHS HAHOCTPYKTYPOBAaHHX MarepiajiB €
MeTox OOpOOKHM MeTaliB THCKOM. 3aCTOCYBaHHS BHCOKHX THCKIB i 9ac
00po0KHM MeTally IPU3BOJUTH 10 (POPMYBaHHS HAHOCTPYKTYpP y Marepiani. L1i
HAaHOCTPYKTYpH 3a0e3ledyloTh IOKpamleHi MeXaHidHI BJIaCTHUBOCTI
Marepiaiy, Taki sK BUCOKA MII[HICTh Ta YKOPCTKICTh.

OnmHMM 3 TPUKIAAIB BUKOPUCTAHHS HAHOTEXHOJIOTIH y THporecax
00pOOKM MeTalliB THCKOM € CTBOPEHHSI HAHOCTPYKTYPHHX aJIFOMiHIEBHX
craBiB. Li crutaBu BUKOPHCTOBYIOTHCS B aBialliiHIM IPOMMCIOBOCTI IS
BUTOTOBJICHHS JITKMX Ta MIIHAX JeTajeid. 3aBAskd 3acTOCYBaHHIO
HaHOTEXHOJIOTIH y npoueci 00poOKH aarOMiHIEBHX CIIIaBiB THCKOM, BIAIOCS
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3MeHIHTH iX Bary Ha 20-30%, 30epirarouu npH 1bOMY BHCOKY MIIHICTh Ta
KOPCTKICTb.

Takox BUKOPHCTaHHSI HAHOTEXHOJIOTIH y Mporiecax 00poOKH MeTaIiB
THUCKOM JIO3BOJISIE CTBOPIOBATH MaTrepiald 3 HOBHMH BJIACTUBOCTSAMH, SKi
MOXYTh 3HAaliTM 3aCTOCyBaHHS B pIi3HHX Tramy3sx. Hanpukan,
HAHOCTPYKTYPHI CTaJli MOXYTh MaTH TOKPAIICHI MEXaHIYHI BIACTHBOCTI Ta
CTIMKICTB O KOpO3ii, 0 POOUTS IX iAeaTbHUMU ISl BUKOPUCTAHHS B Oyl

BuxopuctanHs pi3HOMaHITHHX MarepiajiB [UIg  MHOKpameHHs
BJIACTUBOCTEH METaJIiB Yy Mpoliecax 0OpOOKH THCKOM € OIHI€I0 3 KIFOUOBHUX
TEHAEHIIH B CydYacHii mnpomucioBocti. Bimomo, 1m0 mMOKpamIeHHS
MeXaHIYHUX Ta (PI3MYHUX BJIACTHBOCTCH METaJliB MOXKe OyTH JOCSITHYTE 3a
paxyHOK BUKOPUCTaHHS PI3HHX TEXHOJOTiH OOpOOKH, TakuxX sK oOpoOka
THUCKOM.

OmHUM 3 METOMIB TOKpAIEHHS BIACTHBOCTEH METANIB y MpoIecax
00pOOKHM THCKOM € BUKOPHCTaHHS KOMITIO3UTHHX MarepianiB. Kommosutu
CKJIaaloThcs 3 JABOX abo OimpIie MarepialliB, MO MOETHYIOTHCS TaKUM
YHHOM, 11100 OTPUMATH MaTepiaj 3 KPalluMH BIACTUBOCTIMU, HIXK Y KOXXHOTO
OKpPEMOT0 KOMITOHeHTa. KOMITO3UTHI MaTepiain MOXYTh OyTH BUKOPHCTaHI
JUTS IOKPAIIEHHS MIiITHOCTI, >KOPCTKOCTI Ta 3HOCOCTIHKOCTI METalliB.

IIle omHMM METONOM TMOKpAIICHHS BIIACTHBOCTEH METaNliB €
BUKOPUCTAHHSI HAHOYACTHHOK. BBENEHHS HAHOYACTHHOK [0 MeETamy
JIO3BOJISIE MOKPAIIUTH HOro MEXaHiYHi BJIACTHBOCTI, Taki SIK MIIHICTb Ta
JKOPCTKICTh, @ TaKOK 30UIBIIATH HOro CTIHKICTH O KOpO3ii Ta 3HOCY.
Hanpuknan, BBEICHHS HAHOYACTHMHOK OKCHIY AJIOMIHIIO 10 METajaeBOi
MaTpHLi MOXe OKPAIIUTH MIIHICTb Ta )OPCTKicTh cTaii 10 30%.

JlomaBaHHS JIETKUX METAJIB IO METaJiuHOI MATPHIll TAKOXK MOXKE
MOKpPAIIUTH 1i BiacTUBOCTI. Hampukian, gonaBaHHs TUTaHY 10O CTali MOXE
TTOKPAIINTH ii MIIHICTh Ta 3HOCOCTIHKICTh. Takok MOXKHA JOAaBaTH KapOis
KpeMHiI0 ab0 OKCHJ IUPKOHIIO 0 METAJIEBOI MATPUIIl JUIS TIOKpAIIeHHS ii
MEXaHIYHUX BIaCTUBOCTEH.

%%
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CEKIIA: MATEPIAJIO3BHABCTBO TA
MNEPCHEKTUBHI TEXHOJOI'T

BIIVIUB Q&P OBPOBKH HA MEXAHIYHI BJJACTUBOCTI
KOHCTPYKUIAHOI CTAJII 10XCHJ,
B.I. 3ypnamxu, kaHx. TeXH. HAyK,
B.I'. €Edpemenko, mpod., 1-p TexH. HayK, FO.I'. Yabak, kaH/. TeXH. HaYK,
B.M. XKepmiuus, ct. rp. MT-21, ABH3 «(IIATY»

IIpokar i3 =Hm3bKOByTIeueBoi crami Mapku 10XCHJ| mmpoxo
BUKOPHCTOBYETHCS JJIsI CTBOPEHHS 3BAPHHUX KOHCTPYKINH, JO SKHX
BHCYBAIOTh IIIIBUIIICHI BAMOTI'H JI0 CTIHKOCTI B yCOBax arMoc(hepHOT KOpo3ii.
Bimmosimao g0 I'OCT 6713-91 mpokaT 3 Iiiel Mapke CTajli MOXe
TIOCTABJISATUCS Y TOpsiueKaTaHOMY cTaHi (0e3 TepMiuHOT 00pOOKH), a TAKOXK B
HOPMaJIi30BaHOMY Ta B IIOKpPAIEHOMY CTaHi (ITiCJIsl rapTyBaHHS Ta BUCOKOTO
BiJmycKy). MexaHi4HI BJIacTMBOCTI NPH PO3TATYBaHHI JJISI TPOKATy BCIiX
Kareropiii moctaBk, 3rifHo 3 'OCT, ctanoBnsath: o, = 530-685 MIla, o, He
menme 390 MITa, 6 ue menme 19 %. IIpn nboMy cucrema JeryBaHHS AaHOT
craimi mepenbadae BBEJCHHS XpOMYy, MapraHilo Ta KpeMHilo, II0
YMOJKJIMBIIIOE 3aCTOCYBAaHHsS OUTBII MPOTPECHBHUX TEXHOJIOTIH TEpMidHOI
00poOKw, i, IK HACIIOK, OTPHMAaHHS IiIBUIIIEHOTO KOMIUIEKCY MEXaHITHIX
BIacTHBOCTEH. [0 OCTaHHIX MOXKHA BIAHECTH TEXHOJOTIIO IiJ HAa3BOKO
«Quenching and Partitioning» (Q&P), sika mo3Bomnsie GpopMyBaTH B CTAIIX,
JIErOBaHUX KpeMmHieM, Oe3kapOimHy OarartodaszHy MIKpPOCTPYKTYpY, sKa
BMilI[ye TIEBHY YacTKy METAacTaOlIbHOTO 3aJMINKOBOro aycreHity. Takwuii
aycTeHiT y mpoueci gedopmarii CXHWIBHHA 10  aeOopMariiiiHOro
MapTeHcUTHOTO nepetBoperHs (JJMII), mo 3abe3neuye miBUIICHHS PiBHS
MeXaHIYHHUX BIaCTHBOCTEH CTaIi.

V 3B'SI3KYy 3 BUILIEBHKIAICHUM Y MEXax POOOTH JOCIIIKEHO BILUIUB
Q&P-06pobkn Ha MikpocTpyKkTypy Hu3bKoneroaHoi cram 10XCHZ.
TepMmiuHy 00pOOKY MPOBOMMIM 33 HACTYITHOI CXEMOIO: ICISI TMOBHOT
aycreitmzanii npu temmnepatypi 930 °C (10 xB) 3pa3ku MepeHOCHIIH B Tid-
BaHHY 3 pPO3ILIaBOM CIIaBy Byna, ne ButpumyBanu mpu temreparypi 350 °C
BIIPOJOBXK | XB, micis 4oro ciigyBaia i3oTepMmiuHa BuTpuMKa mpu 400 °C
(30 ¢) 3 moganpImKUM OXOJIOKEHHSIM Ha CIIOKIHHOMY TIOBITpi. Y TOPiBHAHHI
13 ctaHoM noctaBku, Q&P 06poOka 3abe3mneunsa migBUIICHHS] MIITHOCTI 10
oy = 752 MIla, 6g2 = 522 MIla npu 30epe:KeHHI BUCOKOT MIACTHIHOCTI (8 =
19,1 %). OtpumaHi pe3yapbTaTd BKa3ylOTh Ha MepCreKTHBHICTE Q&P-
00poOku 1o BimHomieHHto a0 craixi 10XCHJ/I. IMoganelmi HOCTiKEHHS B
bOMY HaNpsIMKY CTOCYIOThCSI onTHMi3auii napamerpiB Q&P-o0pobku 3
METOIO MTOJAIBIIOTO MiABUIIEHHS KOMIUIEKCY BIACTHBOCTEH BKa3aHOI CTalli.
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MIKPOCTPYKTYPA TA MEXAHIYHI BJIACTUBOCTI
BUCOKOMIITHOI CTAJII 13 TRIP E@EKTOM,
MIKPOJIETOBAHOI CUJIbHUMM KAPBIJIOYTBOPIOIOYUMHA
EJJEMEHTAMH
B.I. 3ypHamku, kaHa. TexH. HayK, O.B. €ppemenko, kaHa. TEXH. HayK,
LYO. Manumesa, fou., KaHz. TEXH. HayK,

AL 3ypramxu, ct. rp. MBII-22-M, IBH3 «(IIATY»

OmHUM 3 TOJIOBHHX CITOKHMBA4YiB BHCOKOMIIIHOTO TOHOKOJIMCTOBOI'O
CTaJIeBOTO TMPOKaTy € aBTOMOOiMbHA Tamy3b. 3a octaHHi 20 pokiB
BUKOPHCTaHHS BUCOKOMIIIHUX CTayeil B KOHCTPYKIii Ky30Ba aBTOMOOiIeH
CYT€BO 30UTBLIMIOCS 1 AEMOHCTPYE TEHACHINIO IO MOJANBIIONO CTIHKOrO
3poctanHs [1]. ILle 3yMOBIIOE NEpPCHEKTHBHICTH PO3POOKH HOBUX
BHCOKOMIITHUX CTajJed s aBTOMOOUICOyIyBaHHS Ta BIOCKOHAJICHHS
TEXHOJIOTiH iXHBOI TepMidHO 00poOKH. OJHUM 3 HMIMPOKO 3aCTOCOBYBaHUX
JUTSL IIbOTO KJIACIB BUCOKOMIIHUX CTajell € HusbkoByrieuesi TRIP-assisted
ctami. BimmoBimHO 10 CTaHOAPTHOTO MiOXOAy, iX MiJIAlOTh Omeparii
«austempering», sKka nependayac ayCTCHITH3alil0 B MDKKPUTHYHOMY
iHTepBaNi TeMmepaTyp NS OTPUMaHHS 3HA4HOI 00'€eMHOI dYacTKd
noesTekToigHoro (eputy. [Ipucyrricts 50-60 % depury B cTpykTypi craini
3HAYHOIO MIpOI0 0OMEXye TMOKa3HUKH iX MIIMHOCTi. OCTaHHI MOCIIIHKCHHS
MOKa3yroTh, 110 s TRIP-assisted crameii cucremu jeryBanus Si-Mn-Cr-
Mo-V-Nb aycTeHiTH3a1i10 AOLIJIBHO POBOJUTH P TEMIIEPATYPi, OIU3bKIi
10 Acs, 106 orpumaru MiHimMaibHy (5-10 %) 06'emny wacTky depury [2].
Ile 3abe3neuye 3pocTaHHS MIIHOCTI NpU 30€peKEHHI IUIACTUYHOCTI Ha
BHCOKOMY DIiBHI 32 PaXyHOK 3aro0iraHHs BUIIUICHHS IEMCHTUTY BIIPOJIOBIK
OelHITHOI BUTPUMKH.

V¥ 3B's3Ky 3 OUM, B JlaHii poOOTI JOCIHIIKEHO BIUIMB TEMIIEPATypH
aycTeHiTH3amii Ha MexaHivHi BractuBocTi crtam 30C2I12XDMB (0,11 % V,
0,05 % Nb). Aycrenituzanito npoBoauiu npu temmneparypax: 770 °C (a),
820 °C (6) 1870 °C (B) 3 BuTpumKot0 10 xB. ITicis Oro CTaIb BUTPUMYBAIH
y pimkomy cmiaBi Byma mpu 350 °C Bmpomoxk 1-15 xB 3 ocraToyHHM
OXOJIOJDKEHHSIM Ha CIIOKiffHOMY TIOBiTpi. BapitoBaHHS TemmepaTyporo
aycTeHiTH3alil 3a0e3neuyBany pi3HUN BMICT (epuTy B CTPYKTYpi mepen
i30TepmiuHO0 BUTpUMKOIO, Bix 35% mpu 770 °C mo 0 % mpu 870 °C.
BinmoBinHo, Mic/is BUTPUMKH B 00JIaCTi OCHHITHOTO MEPETBOPCHHS, MEXa
MminHocTi 3pocna 3 824-986 MIla mo 1178-1604 MIla, a BigHOCHE
MOJIOBXKEHHS 3HU3MWIOCH B 21 % 10 9 %. [l oTpuMaHHS ONTUMAILHOTO
KOMIIJIEKCY MEXaHIYHUX BiacTuBocTer (05 = 1297 MIla, 6 =21%, PSE =27
I'Mla%) Tepmiuny 00poOky crami 30C2I2XPMB pexomeHxmyeThes
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NPOBOJIMTH 33 PeXKUMOM: aycTeHiTu3awis npu 820 °C, i30TepMiuHa BATPUMKA
rpu 350 °C BIpoJOBK 5 XBUJIMH.
IlepeJsrik BUKOpHCTAaHUX JZKEPeI:

1. Lesch C., Kwiaton N., Klose F. B. Advanced High Strength Steels
(AHSS) for Automotive Applications — Tailored Properties by Smart
Microstructural Adjustments // Steel Research International. 2017. Vol. 88,
no. 10. P. 1700210.

2. Alternative Approach for the Intercritical Annealing of (Cr, Mo, V)-
Alloyed TRIP-Assisted Steel before Austempering/ V. Zurnadzhy et
al. Metals. 2022. Vol. 12, no. 11. P. 1814.

BILJIUB 'APSAYOI JE®OPMAIIIT IEPEOXOJOIKEHOI'O
AYCTEHITY HA MEXAHIYHI BJJACTUBOCTI
TRIP-ASSISTED CTAJII
B.1. 3ypHamku, kana. TexH. Hayk, B.I'. €ppemenko, npod., 1-p TexH. HayK,
M. Onniftauk, moi., kaua. TexH. Hayk, K.O. Koctump, ct. rp. MBII-22-M,
JABH3 «IIATY»

Po3poOka TexHOMOTIH BHUPOOHWIITBA BHCOKOMIIHOTO CTaJIEeBOTO
MPOKaTy HE BTpAda€e CBOEI aKTyalbHOCTI dYepe3 3aTpe0yBaHICTh TaKoi
NPOJYKIIT B 6araTbox raxy3six MpoMHUCIOBOCTI. JloCATHEHHS BUCOKOMIIHOTO
CTaHy MOJJIMBE JBOMa CI0coOaMu: 1) BBEICHHSIM BEIUKOI KiIBKOCTI
JIETYIOYHMX €JIEMEHTIB Ta 2) 3aCTOCYBAHHSM ONTUMAIBHOI CXEMHU TEPMIdHOT
Ta/abo TepMOMexaHiqHOT 00pOOKH y MO€AHAHHI 3 EKOHOMIYHUM JIETYBaHHSIM.
[epmmit croci® minBuUIIye COOIBapTICTH CTalli, OTKE 3BYXKye cdepy ii
MOJKJIUBOTO BUKOpUCTaHHs. J[pyruii croci0 € OibIin JOLiIbHUM, Y 3B'S3KY 3
YUM TEXHOJIOTI TepMiuHOi OOpOOKM HM3BKOJIETOBAHMX BHCOKOMIITHUX
CTajielf aKTUBHO PO3BHUBAIOTHCSI B OCTAHHI POKH.

OCHOBHOIO TEXHOJIOTi€I0 TEPMOOOPOOKH BHCOKOMIITHOTO CTAJIEBOTO
mpokaty i3 Hm3bkoneroBaHux TRIP-assisted crameii € i3oTepmiune
rapryBanHs (austempering). Jlo mepesar TRIP-assisted crameit moxHa
BITHECTH iX [TOCHUTh BUCOKY TEXHOJIOTIYHICTH, @ TaKOX BiIIHOCHO HH3BKY
BapTICTh, [0 00YMOBJIEHO EKOHOMHHM JIETYBaHHSIM KPEMHIEM 1 MapraHiem,
CIpSIMOBAHMM Ha MIBUIICHHS IPOTapTOBYBAHOCTI 1 TaJbMyBaHHS
BUJIIJICHHS IIEMEHTHTHUX KapOiliB miJ yac TepMidHOi 00poOku. BTim, Mexa
MinHoOCcTI Takux craneid oOmexena 800-1000 MIla. OpHuM i3 HUIAXIB
niasuieHns miHocti TRIP-assisted craneit Moxe OyTu CyMilieHHs rapsao1
acTuyHoi  nedopmanii 13 omepariero «austempering» (110 MOXHa
posrisiaath sk pisHoBug TMO). Sk Binomo, TMO mifsuiye MinHICTb cTadi,
B TOMY YHCJI — 32 PaXyHOK IiIBUIIEHHS IIUILHOCTI 1e(EKTiB KPHCTAIIYHOT
OynoBU.
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B pamkax iaHoi po6otu, OyI10 10CHiKEeHO BILIUB iHTerpoBaHoi TMO
HAa MCXaHiYyHI BIACTHBOCTI Hm3bkoBymieneBoi TRIP-assisted crami
20C2I"2XDPMB, nmignanoi onepauii «austemperingy». Ilicist aycrenituzanii
ripu 950 °C (10 XB) BUKOHYBaJIX rapsiay IUIACTUYHY JeopMallito 3i CTyrneHeM
obTrckanHs 25 %, MiCIIs 90T0 3pa3Ky BUTPHMYBAJIH y PiIKOMY cIutaBi Byma
mpu 350 °C Bmponosx 20 xB. [ledopmamito, 3anexso Bix pexumy TMO,
MPOBOIIMIIM B pI3HUX iHTEepBalax Temmeparyp: 1) B omHOda3HOMY
aycreritHoMy (950 °C); 2) y wmixkputmanomy (770 °C, 900 °C), mo
BIIMIOBilaNK PI3HOMY CHIiBBITHOIIEHHIO 00 €MHHX YaCTOK ayCTEHITy Ta
¢depurty; 3) HIDKUE 3a mopir pexpuctamizamii crami (550 °C).

IMicns peamizamii  «austempering» 0e3 TONEPEAHBOT TOPSIUOT
nedopmarnii  crank Majga JOCHTh BHCOKHH pPIBEHb  BJIACTHBOCTEH
(002=1065 MIla, 6,=1158 MIla, 6=19,3 %, PSE=22,3 I'TIa-%). [urerporana
TMO i3 nedopmariero B ogHO(ha3Hii (aycTeHITHII) 00acTi MPaKTUYHO HE
BIUIMHYJIO HAa MEXaHI4YHI BJIACTHUBOCTI, IO OyJ0 OOYMOBJICHO BHCOKOIO
IHTEHCHUBHICTIO ~ pEeKpHUCTaNi3allifHUX  MpoIeciB IpuU  TemIeparypi
nedopmyBanHs. 3HIKeHHS 1iel Temneparypu g0 550-770 °C npuBeno 1o
MiABUIIEHHA oOIopy MinHOcTi Ha 59-65 MIla mpm 30epexeHH] IHIINX
BJIACTHBOCTEH Ha piBHI «austempering»: c0,=1063-1070 MIla, c,=1217—
1223 MlIla, 6=19,0-19,2 %). Buacmigok 10ro nmokasuuk PSE migsummuscs
Ha 0,8-1,2 TTla-% (mo 23,1-23,5TTIa-%), mo BKa3ye Ha 3pOCTaHHS
KOHCTPYKIIIHHOT MIITHOCTI CTaJIi.

CTBOPEHHSI METACTABUIBHUX CTAHIB FE-MN-CTAJIEN
TEPMOIUKJITYHOIO OBPOBKOIO
L.IO. Manmmesa, [1o11., KaH[I. TEXH. HayK,
K.O. IlleBueHko, ct. rp. MJIM-22-M, IBH3 «ITATY»

CTBOpPEHHsI Ta OCBOEHHS HaWOIIBII EKOHOMIUHMX Marepiais,
PO3BHUTOK Ta BIPOBA/KEHHS y BHPOOHHWITBO HOBUX METOAIB 3MIIIHEHHS
METaJiB Ta IHIIMX MPOMMCIOBHX MarepialliB, PO3IIUPEHHS COPTAMEHTY
CTaJiei, siKi BUPOOJISIFOTHCS, - OCHOBHI 3a/1a4i, 1[0 CTOSATH MEPe]] CKOHOMIKOIO
VYkpaiau. OJHEM 13 NUISXiB BUPIMICHHS WX IIUTAHb € BIPOBA/KCHHS CTaIeH
BHCOKOI Ta IMiJIBUIIEHOI MIITHOCTi B 0araTboX rajy3sx Cy4acHOi TEXHIKH.

Haii6inpm nepcrneKTMBHUMHU MatepiallaMH SBIISIFOTHCSI BUCOKOMIIIHI
HEp)KaBilOYi CTaji ayCcTEeHITHO-MapTeHCHTHOro KiaciB. Cepe HUX BelMKa
yBara mpuIiIIeTbCs PO3pOOIi HOBUX €KOHOMHOJIETOBAHNX CTaJIeH, 3aTHIX
3MIIHIOBATHUCS B MPOIIECi eKCIUTyaTallii.

[IInpoke BUKOPHUCTaHHS B MPOMHCIOBOCTI 3Hainum cram Ha Fe-Cr-
Ni ocHOBI, ajie Tak SIK HIiKeJIb BEJIbMH JOPOTHH Ta He(iluTHUN MaTepiai,
TOMy HOro Tpeba 3aMiHATH HOBHMH O€3HIKEJICBHMH KOMIIO3HUIIISIMH, SKi
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BOJIOJIIFOTh AHAJOTIYHMMH BJIACTHBOCTSAMH. Ha OCHOBI IIBOTO IIyXKe
Ba)XXJIMBOIO 33Ja4eio € po3poOKka Oe3HIKEIEBUX Ta MaJIOHIKENEeBHX CTajel
MepeXiIHOTO KJacy, sSKi BOJOIIOTh TaKUMH JK€ BIIACTUBOCTSMH, alie
BiJIPiI3HSIOTHCS MCHIIIOKO BAPTICTIO.

¥ 3B’513Ky i3 eKOHOMI€FO TeIIUTHAX Ta JOPOTUX METANIIB pO3pOoOIIeHi
CTalli, B OCHOBY SKHX IIOKJIQJCHUA NPUHLUI JTOCTIDKCHHS Ysa—0 -
TIepPeTBOPEHHS B IiIBUIIICHHI PiBHA MEXaHIYHUX BIaCTUBOCTEH.

Cepen MpakTHYHO IOCTYITHUX €JIEMEHTIB — 3aMIHHHKIB HIKEII0 —
MapraHenp SBISIETHCS HAHOUIBII MEPCIEKTHBHUM BHACTIIOK €(peKTHBHOCTI
BIUIMBY Ha CTaOUIBHICTD ayCTEHITY, a TAKOX 3aBISKH TOMY, [II0 MapraHelb
JIeLIEBUI Ta JOCTYIIHUI EJIEMEHT.

[Mpu BBeneHHI B cTayli MapraHiio 3aMiCTh HIKEII0 MOXIIHBICTh
OJIep>)KaHHSI TaKOTO X SIK 1 B XPOMOHIKEJIEBHX CTaJsIX, PIBHS MEXaHIYHHX
BJIACTHBOCTEH 3a paxyHOK BHKOPHUCTAHHS Ysa—0 - I€PETBOPEHHS, IO
MIPOTIKAE MTPU BUITPOOYBAHHSIX.

[HIIO0 BAXIMBOIO 3aJavyel0 € MiJBUIICHHS MEXaHIYHUX Ta
CITy’KO0BHX BIIACTHBOCTEH! cTaseil. PimeHHs niei 3a1a4i MOXXIMBE 33 paXyHOK
CTabUTBHOCTI ayCTEHITHOI (ha3y, a ypaBIIiHHS X BIACTUBOCTSIMH 32 PaXyHOK
peryIItoBaHHS KiHETHKOIO NeOpMaIiifHOTO MapTEHCUTHOTO MEPETBOPEHHS
TIpH BUMIPOOYBaHHAX. BUpileHHs IMX 33a1a4 MOKIIMBO 33 paXyHOK pO3pOOKH
HOBHX PEXHUMIB TEPMidHOI 0OpPOOKH Ta MOCHTIHKEHHS CTYIIEHIO CTa0lIBHOCTI
AYCTCHITY MICIIS IUX PEIKUMIB.

Y pobotri MarepianoMm [OCHi/PKeHHST Oylla BUKOPHCTaHa CTalb
100I'8X2H®TJI. ana cTanb € EKOHOMHOJIETOBAHOO MapraHIleM TOMY BOHA
oOpaHa Ju1sl BUBUEHHSI MOXJTUBOCTI 3aMiHM Heto ctaini ["aadinsay s podbotu
i yMoBax aOpa3uBHOTO 3HOIIYBaHHS PI3HOTO CTYIEHs IMHAMIYHOCTI.

B pesymprari  nmocmipkeHb — OOIPYHTOBAaHO  HEOOXIIHICTB
mudepeHiiHOrO MifXomy BHOOPY pEXHMIB TepMidyHOI OOpoOKHM craii
100I'8X2H®TJI. IlokazaHo, 10, YHpPaBISIOYM KiJbKICTIO 1 CTaOUIBHICTIO
ayCTEHITy, ONTHMI3yIOUM iX 3 ypaxyBaHHSAM II0YaTKOBOTO XIMIYHOTO i
(a30BOTO CKIIAMiB CTOCOBHO KOHKPETHUX yMOB aOpa3wBHOI [ii, MOXKHa Ha
€KOHOMHOJIETOBAaHUX CTAJIX OTPUMATH ITiJBUIICHIH PiBEHh MEXaHIYHUX Ta
eKCIUTyaTalliiHUX BIACTHBOCTEH.

ExcniepuMeHTanbHO ~ BCTaHOBJIGHO, IO  JUIA  IiABUIIECHHS
JIOBTOBIYHOCTI JI€TaJIeH, SIKi IIPAIIOIOTh B YMOBaxX a0pa3uBHOTO 3HOIITYBAHHS
CJIiJ1 IPOBOJIUTH HU3BKOTEMIIEPATYPHY TEPMOLMKIIIYHY 0OPOOKY B KIIBKOCTI
uukniB 1. Jis migBUINEHOro piBHS YyaapHO-aOpa3sMBHOI 3HOCOCTIHKOCTI
HHU3bKOTEMIIEpATypHY TEPMOLMKIIIYHY OOpOOKY B KUIBKOCTI LUKIIB - 6.
3acToCcyBaHHS 3aIPOIIOHOBAHUX TEXHOJIOTIH TepMiuHOiI 00pOOKH 103BOJISIE
OTpUMAaTH BHCOKI ITOKa3HMKH a0pa3swBHOI 3HOCOCTIMKOCTI Ta yHapHO-
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aOpa3MBHOI 3HOCOCTIMKOCTI 1 NPUBOIAMTH JIO MiJABHIICHHS TEPMiHY
eKCIUTyaTalii Jetanei.

[TapamerpamMy HH3BKO-TEMIIEpaTypHOI TEPMOLMKIIYHOI 00poOKH B
o0JlacTi CTapiHHS MOXXHa JyXe e(eKTHBHO peryioBaT (a3oBuil ckian,
CTYIiHb METacTaOlTBHOCTI ayCTEHITY, OBHOTY (pa30BHUX IEPETBOPEHB, SKI
peamizyloThcs IpU 3HOIIYBaHHI Ta KepyBaTH BJIACTUBOCTSMH Ta
3HOCOCTIMKICTIO MeTacTaOUIbHUX 3HOCOCTIHKHMX cTanei. [Ipm orpumanHi
ONITUMAIIBHUX CTPYKTYP, CTYIICHSI METacTabiIbHOCTI ayCTeHITY Ta peasi3aril
JAMIII JOCATAETHCA MIBUIICHUA  pPiBEHb ymapHO-aOpa3uBHOI
3HOCOCTiiKOCTi. /[l crameit i3 HaAMIpHO CTaOUIBHOIO AayCTEHITHOIO
CTPYKTYPOIO HH3bKO-TEMIIEpaTypHa TEPMOIMKIIYHA 00poOKa Moke OyTh
PEKOMEH/IOBaHi 3aMiCTh rapTyBaHHSI.

Tepmonukiiuna 00poOKa ICTOTHO BIUIMBAE HA MIKPOCTPYKTYpPY
6araThOX THIIIB Ta KJIaCiB MaTepiaiiB: CTaJIeH, YaByHiB, KOJTbOPOBUX METAJIIB
Ta cruiaBiB. [licis onTHMaNbHMX TapaMeTpiB TepMOIMKIIUYHa 0O0poOka
JO3BOJISIE  TIOAPIOHIOBATH 3EPHO METaJeBHX MaTepialiB, IOCTYIIOBO
HAKOIIMYYBAaTH IMO3UTHBHI 3MiHU Y CTPYKTYpl MaTepiaiiB Ta MMiJBUIYBATH IX
BIIACTHBOCTI.

BJAOCKOHAJIEHHS TEXHOJIOI'TIi BUTOTOBJIEHHSA
CYYACHHUX PECYPCO3BEPEKHUX BYJIIBEJIBbHUX
MATEPIAJIIB
LYO. Manumesa, fo1r., kauj. TexH. Hayk, JIBH3 «ITITVY»

B pmanmii  wac  OyniBenbHAa — NpakTUKA — XapaKTEpU3YeEThCs
3aCTOCYBaHHSIM BHCOKOTEXHOJIOTTYHHX OETOHIB HOBOTO TIOKOJIIHHS, IO SIKUX
BITHOCATHCSI NIUTBHI BUCOKOMIITHI Mon(ikoBaHI OeToHH. B yMoBax BHCOKOT
BapTOCTI TPUPOJHUX CHUPOBMHHHMX MaTepialiB OCOOJMBY IIIHHICTh
CTaHOBJIATH POOOTH, SIKi BUSBIIAIOTH HOBI MOXKJIMBOCTI I110JJ0 BUKOPHCTaHHS
BIIXOJIB Y CTBOpPEHHI OyAiBeNbHHX MarepiajiB Ha ix ocHOBi. [IuraHHAM
YTHII3aIil MPOMHUCIOBHX Ta TOOYTOBHX BiOXOHIB NPUIIIAETHCA Aenali
Oimprmra yBara. L[poMy cIipusie eKOJOTiUHA CHTYyaIlis, IO MOTIpIIyeEThCA,
0cOONMBO y BeNMKHX MicTax. PO3BHUTOK HampsMy 3 BHKOPHCTaHHS
TEXHOTEHHOI CHPOBHHH Ta BiIXOIiB MiCBKOTO TOCIIOAAPCTBA y BUPOOHHIITBI
BHCOKOMIITHUX ~ MOAW(DIKOBAaHMX  OCTOHIB €  MEPCHCKTHBHHM  Ta
IHHOBAIITHUM.

JocnimkeHHsT  CIpsIMOBaHO Ha  OOTPYHTYBaHHS  MOXKIJIMBOCTI
BUKOPHCTAHHS CKJIO00I0 K HAIOBHIOBa4Ya OCTOHY, MOCIHIKEHHS (i3HKO-
MEXaHIYHHMX BIIACTHBOCTEH OAEP>KYyBaHOTO OETOHY Ta YTOUHEHHS oOiacTeil
HOro 3acTOCYBaHHS IPY BUKOHAHHI Oy/iBEIbHO-MOHTaXXHUX POOIT.
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CKyIT4eHHs MIChKUX MOOYTOBUX BiJXOJIB 1 BIIXOIB IPOMHUCIOBOCTI
€ OJHI€I0 3 OCHOBHMX NpoOyieM Mict Hamioi kpainu. [lana mpoOnema
00yMOBJIEHa HU3BKHM PO3BUTKOM iHIYCTPii IIEpepoOKH IIMX BiAXOZIB.

lonoBHe 3aBHaHHs JepXKaBU B 00JacTi PeCypcOKOPUCTYBAaHHS - 1€
CTBOPHTH MEXaHi3M, Kuil Oyae CIpsMOBaHUII HA eKOHOMHE BHKOPHCTAHHS
CHUpPOBHMHH, MaTepiaiB, €HEPrii Ta IHITNX pecypciB.

Bigxomu sk BTOpHHHA CHPOBHHA BUKOPHCTOBYIOTHCS TUTBKH Ha 35 %.

[nsxu yTamizanii BigxoniB, MO BHKOPHCTOBYIOTHCS SIK BTOPHHHA
CHPOBHHAa B TPOMHCIOBOCTI, TaKi: 3/a4a 3aroTiBEJIFHUM OpraHi3amisM,
mepepoOka Ha MiANPHEMCTBI-BHPOOHHKY, IEepepoOKa Ha MiATPHEMCTBAX
CBOET raiy3i, nepepoOka Ha MiANPHEMCTBAX HIIUX Taly3ei.

Jns  mepepoOKM BTOPHHHOI CHPOBHHU TOTPIOHO KamiTalbHUX
BKJIaJICHb IPUOJIN3HO B YOTHPH Pa3y MEHIIE, HiJK IPH OTPUMAaHHI MPOTyKIii
3 TICPBUHHOI CHUPOBUHH. BKiagatu KomTtéd B Oe€3BiIXOMIHI TEXHOJOTIYHI
TIPOIIECH, SIKi 30epiratoTh CHPOBHHHI Ta €HEPIeTHYHI PECypCH 1 pa3oM 3 THM
3a0e3MedyI0Th BHCOKY SIKICTh MPOIYKIIii, BUTiTHO. HaykoBi mociimkeHHs
MIPOMUCIIOBUX BIAXOIIB 1 BIAXOIIB MICBKOTO TOCIIOAApPCTBAa MOKA3YIOTh
MOJJIUBICTh CTBOPEHHS 3 HUX HOBHX JIOBFOBIYHUX OY/iBEIBHUX MaTepialliB
3 BUCOKUMH (Hi3UKO-MEXaHIYHIMHU Ta EKOHOMIYHIMH ITOKa3HUKAMH.

Cxmo0iit  (6if ckma, SKUH YTBOPIOETHCS TIPH BHUPOOHWITBI 1
BUKOPHCTaHHI CKJITHUX BHPOOIB 1 JIMCTOBOTO CKJIa), BUTATHYTHH 3 TBEPIIX
NOOYTOBHX BIIXOIB, MICTUTh HEOPTaHiYHI BOTHETPHUBKI TOMIIIKU (KOPYH]I,
MYJIT, KBapil, Gapdop Ta iH.), ZOMIIIKA MarHITHAX 1 HEMArHITHUX METAJIiB
(koHCepBHI 0aHKH, MeTajeBi NPOOKH, KiJblsA Ta iH.), a TAKOX OpraHiuHi
JIOMIIIKK (Tamip, KapToH, IUIACTHK). ToMmy CkioOiif, 1o BUIUIETHCS 3
MICBKHX BIIXOJIiB 1 IPU3HAYEHUH 11 BTOPUHHOTO BUKOPHCTAHHS, TOBUHEH
MiJIaBaTHCS Takid 00poOili, mo0 mpu HOro BUKOPUCTAHHI AKIiCTh CKJIa HE
3MIHIOBAJIOCS.

Bukopucranus crisHOro 0010 'y BUPOOHMITBI  OyAiBEIbHUX
MaTepiaiiB y SIKOCTI JOOaBOK [0 I[EMEHTY, MPH BHUTOTOBICHHI IETJIH,
Haii6inmpmr mouiasHEM crtocoboM yTuimizamii CKISTHOTO 0010 € BUPOOHHUIITBO
JOBTOBIYHMX 1 EKOJOTiYHO YHCTHX TEIUIO - 1 3BYKOIZOIAMIMHHUX 1
KOMIO3HIIHHUX OyIiBEIbHUX MaTepiaiiB, 30KpeMa Pi3HUX BHUIIB MiHOCKIIA,
CkJ106€TOH B Cy4acHOMY OYyIBHUI[TBI 1 1OT0 YHIKaNbHICTb.

beron, apmoBaHWi cremiaJbHUM CKIOBOJOKHOM, Ha3UBAETHCS
cknoberoHoM abo ckiohidpodeToHoM, el OyIiBenbHUI yHIBepCabHUI
Marepiai AiHCHO YyAOBHH 1 yHIKaJIbHUIH

[TokazaHa JOLIIBHICTS BBEACHHS JO CKJIaly OCTOHHHMX CyMilied 3
BHUKOPHCTaHHSM CKJIO00I0 BUCOKO/MCIIEPIOBAHOTO MIKPOKPEMHE3EMY, SIKHH
3a0e3neuye BHCOKY MILHICTh Ha CTHCK, III0 Habarato MepeBHUILy€e MillHICTh
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3BHYAHUX OCTOHIB, B MOEIHAHHI 3 e()EKTUBHUMH TilepruiacTudikaTopamu
Ha OCHOBI NOJIKapOOKCHIIaTy.

BcraHoBneHo, 110 MpH YTPUMaHHI B MICKY CKJIOOOIO B KiBKOCTI
6inpme 30 % NPHU3BOAMTH 10 IUIABHOTO 3HW)KEHHS MinHOCTI OeroHy. B
SIKOCTI 3aIllOBHIOBaYa B OETOHAX MOXIIMBO BHKOPHCTOBYBAaTH CKJIOOiH
BETMKUX (pakiiii, mepeBakHo BHUIE 1,25 CM, MPUYIOMY MIIHICTh IHX
OCTOHIB TMOpIBHAHHA 3 MIIHICTIO 3BUYAHUX OCTOHIB Ha MPHUPOTHOMY 1
nmonpibHeHoMy micKy. [loka3aHa MOUiabHICTE BBEICHHS 10 CKIIa Ty OSTOHHIX
CyMimed 3  BHUKOPHUCTaHHSAM  CKJIOOOI0  BHCOKOIWCIIEPTOBAHOTO
MiKpOKpEeMHEe3eMy.

OpHOYacHE MOEJHAHHA JBOX CKJIAJOBUX (BHCOKOAMCIIEPrOBaHOTO
MIKpOKpeMHe3eMy 1 Tinepruiactudikaropa Ha OCHOBI MOJIIKapOOKCHIIATY
STACHEMENT 2280) 3 BukopHCTaHHSIM BHCOKOMIIIHUX 3all0BHIOBauiB 3 30
% BMICTOM B HHX CKJIOOOIO MOJJIUBE OTPUMAaHHS BHCOKOMIIIHUX OETOHIB 3
MilHicTIO Ipu cTHcHeHH] Bume 60 MIla, npu 1ibomy micis mponaproBaHHs
0CTOH 3 BHKOPHCTAaHHSIM MIKpOKpeMHe3eMy 1 TimeproiactugikaTtopa Ha
OCHOBI NommikapOookcTiaty Hadbupae 90 % mapouHoi MinHOCTI. Po3pobnennit
CKJIaJl BHCOKOMIIIHOTO OETOHY 3 BHKOPHCTaHHSIM B SKOCTI 3allOBHIOBada
ckio0o1o B kiekocTi 30 % Big Macu ApiOHOTO 3aMOBHIOBAYA.

EHEPT'O3BEPITAIOYA TEPMOOBPOBKA CTAJIEM 15I' I
30XI'CH 3 HAI'PIBOM Y MIDKKPUTHUYHWI IHTEPBAI
TEMIIEPATYP
J.B. BypoBa, kann. TexH. Hayk, cT. Buknanay, JIBH3 «I[IATY»

VY Tenepimniii yac eHepro30epeXeHHs € HAA3BUYAHHO aKTYaJIbHOIO
npobiemoro. OZHUM i3 HampsIMKIiB ii po3B'A3aHHS € pO3poOKa pexRHUMIB
TEpMOOOPOOKH KOHCTPYKIiiHUX ctaneii 3 HarpiBoM y MKIT. ¥V pobori
JIOCTIKCHO IXHIM BIUIMB Ha CTPYKTYpPY Ta MEXaHIYHI BIIACTHBOCTI CTanei
15I" i 30XI'CH. 3a3Buuail Taki peXUMH IJIsi HAX HE 3aCTOCOBYIOTBHCA. Y
POOOTI BUKOPUCTOBYBAJIM MeTanorpadiuHuii 1 JIOPOPOMETPUYHUI aHai3H,
BU3HAYAIM MEXaHIYHI BJIACTHUBOCTI MM Yac PO3TATYBAHHS Ta YAapPHOIO
BUTHHY.

BcraHoBneHo, 110 HOpMautizallist 3 HarpiBaHHAM y MDKKPUTHYHHN
iHTEepBa] Temmeparyp MainoByrieueBoi crami 15" mopiBHsSHO 3
HOpMaJtizali€elo 3a TUIIOBUM PEXHUMOM JIa€ 3MOT'Y OTPUMATH CHPHUSTIUBILINI
piBEHb BJIIACTHBOCTCH. Y Il CTaldi CIOCTEPIra€ThCs IiABHIICHHS
BJIACTHBOCTEH MiIHOCTI TpH 30epexeHHI Ha JOCTaTHbOMY piBHI
IUTAaCTHYHOCTI Ta ynapHOi B'a3kocti. Hopmaiizauist 3 HarpiBanusm y MKIT
Jla€ 3MOTY 3HU3HMTH CHEPrOBUTPATH Ha TepMOOOpoOKy. st Hel 1oaaTkoBo
Oyo mpoBeneHo HopMaizamito 3 HarpianHaM y MKIT 3 monepenasoro abo
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HACTYITHOIO ayCTEHITH3aLIsIMHU, TICIISl SIKUX OXOJIOKEHHsI 311HCHIOBAIOCS Ha
noBitpi (y mepumomy Bunanaky no temneparypu MKIT, a B aqpyromy - 1o
kimMHatHO1). [Tortepenns aycreHiTu3zanist nepen Butpumkoro B MKIT crBoproe
JPiOHO3EPHUCTICTh CTPYKTYPH, IO TOJIETHIYE HEPEPO3IOIiT €IEMEHTIB Y
MKIT. KopotkodacHa aycrenituzanis micis ButpuMka B MKIT Bukiogae
BHPIBHIOBaHHS CKJIaly ayCTEHITY 1 TaKOX, SIK 1 B IIOTIEPEIHbOMY BHUIAIKY,
3abe3mnedye oTpuMaHHs ApiOHOTO 3epHa. [lepmuii BapiaHT MPOCTIMINIA, HiXK
KOopoTKouyacHa aycteHitu3aiis micins surpuMmku B MKIT, ockinpku #toro
MOJKHA 3IIHCHUTH B OJHIH rmedi. 3a3HaueHi 0OpoOKH Tal0Th 3MOTY OTpUMATH
TIiABUIIIEH] MEXaHIYHI BIaCTUBOCTI.

3arapryBanHs 3 HarpiBanHsM y MKIT i Husbkuii Bimmyck cram 15T
3a0e3MeuyoTh y Hel piBeHb BJIACTHBOCTEH MIIIHOCTI JCIIO HIKYUHN, HIXK
IiCNIsl 3arapTyBaHHs 3 HarpiBaHHAM BuIle Acs, 3a BHIIOI IUIACTHYHOCTI.
3acrocyBaHHs 3arapTyBanHs 3 HarpiBanHsaM y MKIT i Bucokoro Bigmmycky 3a
amkdoi (Ha 50-70 °C) ioro Temmeparypw, Hi 3a3BHYail 3aBEIEHO, A0
3MOTY OJlepKaTH IpUONM3HO TakWii caMUi KOMIUIEKC MEXaHIYHUX
BIIACTHBOCTEH, 10 1 ITICIIS MOJMIIIIIEHHS 38 TUIIOBUM PEXXHUMOM, 32 HIKIHX
€HEeproBUTpaT Ha TEPMOOOPOOKY.

I3oTepmiune 3arapryBanHs 3 HarpiBanHsaM y MKIT, mo sumarae
MEHIINX €HEPTOBUTPAT MOPIBHSHO 3 TOJIMIICHHSAM 332 THIIOBUM PEKHMOM,
3abe3medmno B ctami 1517 BHIN XapaKTEpHUCTHKHN MIIHOCTI 32 JOCTaTHHOTO
PIBHS IJTACTHYHOCTI Ta yAapHOi B'si3kocTi. Ha 1iif ctaii JocsrayTo e OuibIn
BUCOKOT'O DIBHSI  BJIACTHBOCTEH TepMOOOpOOKOIO, 10 TOJISTaE B
i3oTepmiunomy 3araptyBanui 3 MKIT 3 momepenHimM 1bOMy HarpiBaHHIM B
aycTeHiTHy o0sacTh. MilHICTb 1 yJjapHa B'SI3KICTh 3HAYHO NEPEBEPIIYIOTH 111
XapaKTCPUCTHKK TICIs TmoJinimeHHs. J[emo 30UTbNIyIThCS 1 IMIaCTUYHI
XapaKTEePUCTHKH.

3a3Buyaii HU3bKoerosani craii tumy 30XI'CH st orpumanHs y HUX
TapHOTO TIOE€JHAHHS BJIACTUBOCTEH MIIIHOCTI, IUIACTUYHOCTI Ta yIapHOI
B'SI3KOCTI Mi/IAI0Th TOJINIIEHHIO ab0 i30TepMidHOMY 3arapryBanHIo. [Ipn
ObOMY HarpiBaHHS TIiJ] 3arapTyBaHHS 3AIHCHIOIOTH 3 HEBEIUKAM
nepeBUIIEHHSIM Ac;. OHaK € albTepHATUBHUN IIIIX OTPUMAaHHS XOPOIIOTO
KOMIUTEKCY MEXaHIYHIX BJIACTUBOCTEH 3a MEHIIIO1 BUTpATH eHeproHociis. Le
JOCATAETHCSI CTBOPEHHSAM Y CIUTaBax OaratodasHoi CTPYKTYypH, OJTHIEO 3
OCHOBHHMX CKJIAJIOBUX $KOi € METacTaOUIbHUII ayCTeHIT, W0 3a3Hae
JMHAMIYHOTO nedopmaniitHoro MapTEHCUTHOTO MEPETBOPEHHS.
Temneparypa HarpiBy mig 3arapryBanss cram 30XI'CH BapiroBasiacs Bif
770 no 820 °C. Yac Burpumku B MKIT 3minrosascs Big 30 10 90 xB. Biamyck
nposoauscs B imTepBami 500-650°C 1 rox. 3milicHroBamocs TakKo:k
isorepmiune 3araprysanns 3 MKIT 3a 300-350 °C 3 Butpumkoro 1 rog. V
BCIX BHUIIaJKax OTPHMaHI MeXaHi4HI BJIIACTUBOCTI MOPIBHIOBAIN 3 TaKUMHU
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micist TepMOOOpPOOKM 3a THUIOBMM PEXHMOM 13 HarpiBaHHSAM  IIiJ
3arapTyBaHHS B ayCTEHITHy o0O0jacTb. BcraHOBieHO, IO 4YMM BHIIA
temriepatypa HarpiBy B MKIT (3a oxmiei # Tiel camoi BUTpUMKH), THM
BUIIMMH € BJIACTUBOCTI MIIIHOCTIi, aJleé HIKYMMHU IUIACTUYHICTH 1 yZapHa
B's3KicTh. [1ix gac mpoBenenns 3araptyBanHs 3 MKIT tak camo, sk i B cTami
15T, mocAraeThCcsi MEHII BUCOKHUI PiBeHB BIACTHBOCTEH MIITHOCTI, HIXK MiCTISA
3BHYAHOTO Ta i30TEpPMIYHOr0 3arapTyBaHHS 3 HarpiBaHHSM 3a THIIOBUM
peXuMoM, ayleé BOTHOYAC 3a0e3MedyeThCsl BHINA IDIACTUYHICTH 1 yAapHa
B'a3kicTb. IIpu 3HMKEeHHI TemmepaTypu Bimmycky Ha 100 °C pisens
MEXaHIYHUX BIACTUBOCTEH MPAKTHYHO TaKWA caMud, AK 1 Tichs
TEPMOOOPOOKH 332 THIIOBUM PEKHUMOM, aHATIOTT9HO TOMY, 1[0 CIIOCTEPIraaocs
y cram 15T

BIIJIUB HAITOBHIOBAYA HA BJACTHUBOCTI HOJIIMEPHUX
KOMIIO3UTHUX MATEPIAJIIB
M.A. Psabixina, gom., kaua. TexH. Hayk, IBH3 «[1IATY»

[ MonemoBaHHS BIUIMBY HAIllOBHIOBaya 3 CKJIOBOJOKHA Ha
BIIACTHUBOCTI TOJINIPOIIJICHYy BUKOpUCTaHO 0Oa3zy manmx Material Universe
CES EduPack. Ha puc. 1-5 HaBemeHO TicTOrpaMH BIUIMBY KUJTBKOCTI
ckioBosiokHa (%) Ha MonyJb npyskHocTi E, TBepaicts HV, minHicTh oy, O,
0-1 Ta B’A3KiCTh pyHHYBaHHS . nojinponiseny PP (homopolymer).

Mognyins npysxHocTi (E, I'Tla) BianoBigae 3a >kopcTKicTh MaTepiany —
YUM BiH BHIHH, TIM BUPIO 3 MaTepiaiy )OpCTKIimui. 31 301IbIIEHHAM 10T
CKJIOBOJIOKHa MOJIyJb mpyxHocTi E 3pocrae Bim 3,52 go 7,63 ITla.
Maxkcumansie 3HadeHHs E=7,63 I'Tla Bigmorigae 40 % ckinoBosiokna y PP
(homopolymer), i 6inpme, HiX y 2 pasu nepesunrye E PP 3 10 %
CKJIOBOJIOKHA. LIst 3aJ1€KHICT TaK0X 3MOIETbOBAHA JIIHITHUM TPEHIIOM, pHC.
1, piBHAHHA AKOTO i KOe(illieHT mocToBipHOCTI anpokcumanii R? Takox
HaBEIEHI.

10
3 E=1,41-(% cknoeonokHa) + 1,935
R?=0,9876
o 6
=
—_
ui 4

10 20 30 40
% CKNOBONOKHA

Puc. 1 — BrutuB KiJIbKOCTI CKJIOBOJIOKHA Y TOIMPOIiIeHI Ha Moy b FOHra
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Ha puc. 2 HaBesieHi BJIaCTUBOCTI MIITHOCTI MOJMIMPOIIICHY, Ha pUC. 3
— TBEPJICTb.

100
80
T
% 60
g 40 = | 60,8
20 39,4
0 | | | | | | | |
10 20 30 40
% CKNoOBONOKHa
a
100 oB = 11,68-(%cknoBonokHa) + 30,3
20 R? = 0,9491
% 60
g 40 70,4 74,1
20 41,2 o
o]
10 20 30 40
% CKNoBONOKHA

0
Puc. 2 — BruiuB HamoBHIOBaYa Ha MIIHICTb MOJIMPOIICHY:
a — Meka TeKy4ocCTi, 0 — Me)ka MIITHOCTI (oTtip pyHHYBaHHIO)

Sk BUIHO 13 puC. 2, 31 30LIBIICHHSIM KiJIBKOCTI CKJIOBOJIOKHA Big 10
10 40 % MIIHICTP MOHOTOHHO 301UIBIIYETHCS, TiCTOIPaMU MOXYTh OyTH
OIMCaHi PIBHSHHIMH JITHIHHOTO BUY 3 BUCOKUMH 3HaUCHHSIMH KOe(illieHTY
nocToBipHOCTi ampokcumanii R%>0,9. Jlns Mexi TeKydoCTi/INIMHHOCTI
(MIla) 3pocranns Ouremr iHTeHcHBHE: 0y=39,4 mpu 10 % ckioBosokHa i
6,=88,7, mo BuIIE y 2 pa3u.

o 20 HV = 0,335-(% cknoBonoKHa) + 0,8925

o 2 -

= 2.0 R? = 0,9405
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v 0,5 12
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T 10 20 30 40

% CKNOBONOKHA

Puc. 3 — BruuB kxinbkocTi cKIIOBOJIOKHA B PP Ha TBepaicTs 3a Bikepcom
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MakcumanbHe 3HaueHHsT MIKpoTBepaocTi 3a Bikepcom Binmnosinae
nosinponineny 3 40 % cknosonokna (HV = 2,14-108 Tla). Haenporn,
BIJJTHOCHO M’SIKHM MaTepiajioM € mosinporniiet 3 10 % ckiIoBoJIOKHA.

I'pasung BuTpuBanocTi Hagana m1g 107 mukmis.  HaiiGimbm
sutpuBaumMu € PP (61 = 3,54-107 [1a) 3 40 % cKI0BOJNIOKHA, pHUC. 4.

4 o_; =0,672(% cknoBonokHa) + 1,01
T g R? = 0,9643
= o3
)
v 3?2 3,54
59 3,23 ,
nyg 2,42 i
o o1 o
S 1,57
=y
=350
T =
10 20 30 40

% CKNOBO/IOKHA

Puc. 4 — Mexa BUTPHBAIIOCTI MOJINPOIIUICHY 3 HATIOBHIOBAYEM 31
CKJIOBOJIOKHA

B’s3xicTh pyitHyBaHHS MOJIMEPHIX MaTepialiB jc HaBeICHA Ha PHC.
5. Jlns momimpomisieHy 3  PpI3HOK  KUIBKICTIO  HAlOBHIOBaYa I
XapaKTEPUCTHKA 3MIHIOETHCS B miamazomi 2,2-4,1 MIla'mM” i 3poctae 3i
301IBIIEHHSIM BiJICOTKY HAaIlOBHIOBaya.

5,0
<& Je =0,6475-(% cknosonokHa) + 1,7175
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0,0

10 20 30 40

% CKNOBO/MIOKHA
Puc. 5 — B’s3kicTb pyiHYyBaHHS MOJINPOIIIEHY 3 HATIOBHIOBAaYeM 31
CKJIOBOJIOKHA

TakuMm 4uHOM, B POOOTI BCTaHOBNEHHUH cyTTeBuit (R%>0,9) minilinuii
BIUIMB KIJIBKOCTI HANOBHIOBaYa Yy BHUIJIIII JOBrOrO CKJIOBOJIOKHA Ha
MEXaHIYHi BJIACTHUBOCTI IOJINPOMiJIEHY, OTPUMaHI MaTeMaTH4HI PiBHSHHSA,
SKI MOXYThb OyTHM BHMKOpUCTaHI Ha TpakThLi. 3OUIBIIEHHS KiJIBKOCTI
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CKJIOBOJIOKHA B TOJIMPOIIJICHI OOYMOBIIIOE 30UIBIICHHS BIACTUBOCTEH
YKOPCTKOCTI, MITHOCTI, B’I3KOCTi pyHHYBaHHS.

MO/JEJIFOBAHHS BJIACTUBOCTEM MOJIMEPHUX
MATEPIAJIIB 3A JOIIOMOI'OIO ITPOT'PAMM CES EDU PACK
M.A. Psa6ixina, gom., kaua. TexH. Hayk, JIBH3 «I[ITY»

Ha puc. | namgana giarpama Moayne FOHra — Mexa mmmHHOCTI U1
noninpomninedy (PP), HamoBaeHoro ckioBomokaHoM. KojkeH BUA MaTepiany B
cenekropi CES EDU PACK 300paxenuit y BUTIIsI1 OyIb0AIIKH, 10 OIIHCYE
iHTEepBaJ MeXaHiYHOI BJIACTHBOCTI MDK MIHIMaJbHUM 1 MaKCHMaJbHUM
3HAYCHHSM, $Ki BIJKJIAJCHI MO BICAM KoopauHaT. Bimomo, mio s
JOCSITHEHHSI MaKCHUMaJbHOTO TIOKa3HMKAa MOAyNsi mpyxkHocti E Tpeba
PYLIMTH 31iBa — HAllpaBO B HampsMKy Bici X, a Juisg 30UIbIIEHHS Mexi
IUIMHHOCTI Gy TpeOa pYIIUTH 3HNU3Y 10 BepXy B HanpsMKy Y. Takum unHOM,
B HIDKHBOMY JIBOMY KyTi 3HaxoJsTbCS MaTepiajd 3 HEBHUCOKHMHU
nokazHukamu E 1 oy. s aux E=3-4 I'Tla 6,<60 MIla i BoHu mo3Ha4eHi
4epBOHUM TpssMOKyTHHKOM. [le — PP xomomimep 3 20 % ckiioBonokHa Ta PP
romonomimep 3 10 % ckinoBonokHa. B mpaBoMy BepXHBOMY KyTi Aiarpamu
3HaXOAAThCs xopeTKi MaTepianu (E>8 I'Tla) 3 Bucokumu 3HaueHHSIMH G,=80-
120 MIla — PP 3 50 % cknoBonokHa Ta PP 3 40 % cknoBonokHa. Bonun
NO3HAueHI Ha pUC. 1 3eJeHUM IPSMOKYTHHUKOM.

4

2

PP (polymer, 30% glass fiber)

PP (copolymer, impact, 30% alass fber)

PP (copolyme, 20% glass fiber)

T
PP [‘B%\mg gass fiber)

Yield strength (elastic limit) (Pa)

! PP (30% long glass fiber) |

glass fiber)

i T i i !
PP (homapolymer, 40% glass fiber)

e PO 555 6y G5=  7: 5= Be3 B55  9e3 955 Lelll,lbeiideiliSell,2el
Young's modulus (Pa)

Puc. 1 — liarpama Moayis FOnra — Mexa mimHHOCTI
B HanpsMKy cTpUTKH 30UTBITYIOTHCS OJJHOYACHO JB1 XapaKTePUCTHKH
—E i oy. SIkmo pymmTH B IbOMY HalPsIMKY BUIHO, IIIO JOCJIIIKEHI MEXaHIuHi

BJIACTHBOCTI 30LIBIIYIOThCSI, HAPHUKJIIAL, B HAIIpAMKy PP (romonosnimep) +10
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% ckmoBoiokHa, PP (romomomimep) +20 % ckioBosokHa; ... PP
(romonomimep) +50 % CKIIOBOJIOKHA.

PP (homopolymer, 40% glass fiber)

"PP (homapalymer, 30% glass fiber) B PP (405% long glass fiber) PP (50% long giass fiber)

PP {copolymer, 30% glass fiber) PP (30% long glass fiber)

PP (copalymer, impact, 10% glass fiber) L g

PP (homopohmer, 20% glass fiber)

? [
:DD (copolymer, 20% gim: fiber)

257 Pp (hemapalymer, 10% glass fiber) 177777 Tr i e e i

Fatigue strength at 1077 cycles (Pa)

128 L4 168 248 2628 288 328 32& 348 36

15 228 228
Hardness - Vickers (Pa)

Puc. 2 — Jliarpama I'panwnms BToMHOI MirtHOCTI — TBepaicTh

Ha puc. 2 namana giarpama I'panutss BTOMHOI MiTHOCTI — TBEpIiCTb.
B HampsiMKy OpaHXeBOi CTPLIKHM PpO3TAIIOBYIOTHCS Marepiaid, B SKUX
3pOCTalOTh OJHOYACHO 2 TOKa3HWKa — TBepAictb HV Ta omip BTOMI G.1.
Bucokumu 3HadeHHSAMH omopy OaraTouukioBiit BTomi 6.1 = 40-50 MIla
BOJIOZIi€ TIONIMPONIJIEH 3 HANOBHIOBAYEM 3 JIOBIOTO CKJSIHOTO BOJIOKHA B
00’emHil kinbkocTi 40-50 %.

AmHanoriyti giarpamu, ane Juis TOJIINPOIIEHY 3 HalOBHIOBaYEeM 3
kapOonary kainbIfito CaCOsz 300paxkeHi Ha puc. 3-4.

3,27

PP (homopolymer, 10% calcium carbonate)
PP (homopolymer, 20% calcium carbonate)
PP (homopolymer, 30% calcium carbonate)
2,8¢e7-

PP (homopolymer, 40% calcium carbonate)
2,6e7-
PP (copolymer, 20% calcium carbonate)
% calcium carbonate)

PP (copolymer, 40
oo \

PP (copolymer, 30% calcium carbonate).

3

Yield strength (elastic limit) (Pa)
5 *

1,1e9 1,2¢9 1,3¢9 1,4e9 1,5¢9 1,6e9 1,7e9 1,8¢9 1,9e9 2e9 2,169 2,2¢9 2,3¢9 2,49 2,5¢9
Young's modulus (Pa)

Puc. 3 — Jliarpama Mexa mumuaaOCTI — Moayis FOnra mis PP+CaCOs
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- : : : q
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© : : : : : : :
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R
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547 SeeT S8 23 B2 6 Ged | 6B TG Tia1 | Taar | Ter | 7RG 8&7 | BT | 84a 655 8ED 87

Hardness - Vickers (Pa)

Puc. 4 — [Tliarpama ['pannms Bromuoi MirtHOCTI — TBepaicts mis PP+CaCOs

Sx BumHO i3 puc. 3, 3 MIBUIIEHHSAM KUTBKOCTI MOPOIIKOBOTO
HaroBHIoBa4a i3 CaCOz Bix 10 mo 40 % Mexa IUIMHHOCTI MOJNINPOMiIeHY
MOHOTOHHO crajae Big 6y,~30 MIla no 6y ~ 20 MIla nnst romononimepy ta

~ 2210y~ 18 MIla nns kononimepy. Ha piarpami, puc. 3, coctepiraerscs
ocoOJIMBE pO3TalllyBaHHS KJIACTEpiB, WIO BIANOBIJAIOTh KOHKPETHii
MOJIIMEpHI MaTpHIIi.

Jobpe BuAHO BIUIMB IIOJNIMEPHOI MaTpHIi Ha BJIACTHBOCTI
TOJIIPOIIiJIEHY, a CaMe — TOMOIOIIMEpHa MaTPHIIS BOJIOJIE O1ITbIII BUCOKUMU
BIACTUBOCTAMU Moayis FOHTa Ta MexXi IUTMHHOCTI, HDK MaTpums i3
komosimepy. 1o cTocyeThest CIpOTHUBY BTOMI, Ha Iiarpami, puc. 4 Takox
KJIACTEPH MOJIMPOIIICHY 3 TOMONOIIMEPHOIO Ta KOITOJIIMEPHOIO MATPHIIIMU
po3TamoBaHi okpemo. bk Bucoki 3HaYeHHS omopy BToMi 6.1 = 75 Mlla
MpUTaMaHHI TOJINPOINUIEHY Ha romomnomiMepHii wmarpumi 3 40 %
HATOBHIOBAYa 3 KapOOHATY KaJbIIit0.

Comonimep (aurit. Copolymer/KomosnimMep) € THITOM MONIIPOIIiICHY,
SKAH Mae MOAM(IKOBAaHMW IOJIMEPHHUIl JaHIIOT, [0 BKIIOYAE IHIIY,
«BHIAJIKOBY» MOJIEKYJly MOHOMeEpa (HanpuKiaa, eTuieny). Ls moiekynspHa
3MiHa MPU3BOAMTH J0 CEPHO3HUX 3MiH (I3UYHMX, MEXaHIYHHUX BJIACTUBOCTEN
HOJIIIPOIIJICHY.

Takum ynHOM, mpu BuOOpi Marepiany (HONINPOMNIIEHY 3 PI3HUMH
HAMOBHIOBAYaMH), MO’KHA PEKOMEH/IyBaTH HACTYIIHE:

XKopcTkuit Ta MiHHUI TOMINPOMIJIEH — 3 ONTHMATbHUAM MMOETHAHHAM
MOZYJISl TIPYXKHOCTI Ta MimHoCcTi Ha postsaryBanus — PP (homo)+50 %
cknosonokna (E=1,1-10* Ia; 6,=1,2-108 ITa).

IIpu BuOoOpi Matepiamy 3 ONTHMANbHUM ITOEJHAHHIM BTOMHOL
MIIHOCTI Ta TBEpAOCTI Takok pekomenmosani PP (homo)+50 %
cky0BoNoKHa (6.1 = 5-107 ITa; HV=3,5 -108 ITa).
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CTBOPEHHSI MATEMATHUYHOI MOJIEJII BILIUBY ITAPHOI
B3AEMO/IIi BMICTY 3AJIMIIIKOBOI'O AYCTEHITY 1
BYTIJIEIIIO HA MEXAHIYHI BJACTUBOCTI 3MIITHEHOI

MHOBEPXHI CTAJII 25XI'T
, mpod., 1-p TexH. Hayk, H.€. Mak-Mak, kaHJl. TeXH. HayK,
JABH3 «IIATY»

V¥ poborti Oynu po3pobieHi MaTeMaTHIHI MOAENI, SKi B KUIbKICHOMY
BUTIIII BiTOOpaKalOTh 3aJIe)KHICTh BIUTUBY pI3HUX IOKAa3HHWKIB Ha
MEXaHIYHI BJIACTHBOCTI IEMEHTOBAHOI KOHCTPYKIiiHOI ctam 25XI'T, mo
JOJATKOBO 3MiITHEHA IJIa3MOBOIO 0OpOOKOIO.

Jo ocHoBHHMX (akTOpiB, 10 BIUIMBAIOTH Ha MIKPOTBEpPAICTh Ta
a/re3iiHy 3HOCOCTIMKICTh IIEMEHTOBAHOTO Ilapy, MOXHAa BIJIHECTH BMICT
BYTJIEIIO, KUTBKICTh 3QJIMIIKOBOTO AYCTEHITY (Aser) 1 TIMOMHY 3MIIJHEHOTO
mapy. Tomy, mikpotBepaicTb (HVo08) 1 BiTHOCHA 3HOCOCTIHKICTD B yMOBax
CYXOTO TepTA-KOB3aHH: (¢7) BU3HAYaMCs Ha Pi3HIN IMTUOMHI 3MIiIIHEHOTO
mapy craii 25XI'T. ba3ylouncs Ha OTpEMaHUX pe3yJIbTaTax, 3a JOMOMOTOI0
IH)KEHEepHO-HayKOBOro TakeTy Statistica 6.0 oTpumaHi piBHSHHS perpecii,
110 3B'A3YIOTH MIKPOTBEPICTD 1 &7 3 KIJIBKICTIO Asa; 1 BMICTOM BYTJICIIO TIO
TIIMOWHI 3MIITHEHOTO Mapy, SKi MArOTh BUTIIS:

HVo0,98 =2565,710+201,197[A30x]+5016,730[C]-144,361[ A ][C]-
68,854[ A [N][C], (1)
er =1,6-0,2[C]-0,1[h][ Asan]-0,2[h][C]+0,1[h][Asax][C], (2)

J€ [Asan] — BMICT 3aJTMIIKOBOTO aycTeHiTy, %o,

[N] — rubuHa BUMIipY TOKa3HUKIB (Asa, C, HV) B 1ieMeHTOBaHOMY
arapi, MM;

[C] - BmicT Byraero, %.

VY nepuioMy BUNAJKy, PIBHSHHS ITOKa3y€ MO3UTHBHHUN BIUIUB BMICTY
Aan 1 BYTJICIIIO HA MIKPOTBEP/IICTh, HETATUBHO BIUIMBAE MAPHA B3AEMOJIIS Ay,
1 Byriemnto, a Takox 3 h.

VY npyroMmy BHNajKy piBHSHHS MOKa3y€ HETaTUBHHUH BIUIMB OKPEMO
Asan 1 C 1o TimOWHI 3MIITHEHOTO TIApy Ha &r, alle TIO3UTHBHUHN CIITHHUAN
BIUIHMB IUX (haKTOPiB.

ITepeBipka ageKBaTHOCTi OTPUMAHOT MOJIEIi B iIHKEHEPHO-HAYKOBOMY
makeTi Statistica 6.0 BUKOHyBajacs 3 BUKOPHUCTaHHIM METO.Ly KOMITTOTEPHUX
eKCIIEPUMEHTIB - TEHEepaTopiB BHUMAIKOBUX uuced. OTpUMaHO TOCUTH
BHCOKMH CTymiHb aJEKBaTHOCTI Ta Mpale3qaTHOCTI  po3poOiieHoi
MaTeMaTHUYHOI MOJIENI, 10 Ja€ MiACTaBy JJs 1l BUKOPUCTAHHS IPU aHaNTi31
BIUIUBY Asaq 1 BYTUICIIO HA MIKPOTBEPIICTh Ta £7 IEMEHTOBAHUX ILAPIB.
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3ACTOCYBAHHSA YABYHIB 3 METACTABIJIbHUM
AYCTEHITOM JUISI IETAJIEH, SIKI IBUJIKO 3HOINYIOThCS
M. Omiitauk, non., kaua. TexH. Hayk, JIBH3 «ITJTY»

AOpa3uBHE Ta yJapHO-aOpa3uBHE 3HOIIYBAaHHS € OJHHM 3 OCHOBHHUX
BUJIB TIOBEPXHEBOTO pYIHHYBaHHS BENHMKOI IpyNnH JeTajedl MallduH Ta
O4YHMCHOro oOnamHaHHiA. B  sgkocti Marepiamy Uit  BHTOTOBJICHHS
LIBU/IKO3HOLIYBAaHHUX JeTallel, IO MpAIOI0Th B YMOBAaX 3HOLIYBAaHHA, Y
BITYM3HSHIA Ta 3apyODKHIA NpPaKTHII IIMPOKO BUKOPHUCTOBYIOTHCS JIHTI
3HOCOCTI#Ki yaBYHH, 1m0 MicTaTh Ni, Mo, W, V Ta iH.

Jns ymoB aOpa3WBHOTO Ta yJIapHO-aOpa3UBHOTO 3HOILIYBaHHS
pO3pO0JICHI  CKOHOMHOJICTOBaHI ~ 3HOCOCTIMKI ~ MAapraHIeBUCTI  Ta
XPOMOMAapraHIEBUCTI YaBYHH 3 METACTA0IJIbHUM ayCTEHITOM, 10 HE MiCTSITh
JOporux i JeiUTHUX JIETYI0UnX €IeMEHTIB — HIKeNb, MONi0/IeH, BOJIb(hpam,
TUTaH Ta iH.

3MiHOKO BMICTy XpOMy B XPOMOMApraleBHCTHX 1 MAaprafiio B
MAapraHIEeBUCTUX YaBYHAX MOKHA B IIMPOKHX MEKax PeryJoBaTH (azoBHii
CKJIaJ, KIUIBKICTh Ta CTyNiHb METacTabiIbHOCTI ayCTeHITHOI (Qa3u.
[ligBumeHa 3HOCOCTIMKICTD B JOCHTIKEHUX YaBYHaX JOCSATAETHCSA 3aBISKU
PO3BUTKY nedopMmamiiHUX (a3oBUX IEpeTBOpeHb (MapTEHCHUTHOTO,
TUHAMIYHOTO N1e(OpMamiiHOTO CTAPiHHA), M0 MPOTIKAIOTH Y TOBEPXHEBHUX
mapax MiJ BIUIMBOM a0pa3WMBHUX 4YacTHHOK Ta  3a0e3neuyloTh
CaMO3MIlIHeHHS YaBYHIB y mpoiieci ekcrutyaraiii. [Ipyu oMy BCTaHOBIIEHO,
10 OITBIIOMY TPUPOCTY BMICTY TBepaux (a3 (MapTeHcuTy aedopmarii ta
kap0iiB) B MMOBEPXHEBOMY IIapi B XOJl 3HOIIYBAaHHs BiANOBIJae OUIBII
BHCOKA 3HOCOCTIHKICTH pO3po0iieHMX 4YaByHiB. lLle moscHIOETBCS
CaMO3MIIHEHHSIM TTOBEPXHEBOTO LIapY, IO CYIPOBOKYETHCS PeJIaKCalli€ro
MikpoHanpyr. Ha  peamizamito  nedopmaniiiHOro - MapTEHCHUTHOTO
MIepeTBOpEHsT 1 JUHAMIYHOTO Ae(OpMaIiifHOro CTapiHHA BHUTPAvYa€THCS
3Ha4Ha YaCTWHA MEXaHIYHOI eHeprii 30BHIITHHOTO 3HOIYBaHHS a0pa3sBHOTO
CcepeloBUINa i MeHIA i YacTHHA 3aJMIIAE€ThCS BIACHE HAa PYyWHYBAaHHS
TTOBEPXHI.

Haiibinpma abpasuBHa 1 ymapHo - abpaswMBHa 3HOCOCTIHMKICTBH
PO3pOOIEHNX YaBYHIB OCATAETHCS MPU ONTHMATBHUX BHUXIIHINA CTPYKTYpi
Ta KiHeTHI JeOpMaIiifHOrO MEepPEeTBOPEHHs ayCTeHITY Ha MapTeHCHT Ta
JUHAMIYHOT'O JUCIIEPCIHHOTO BUIUICHHS KapOiaiB (B XpOMOMAaPraHIIEBUCTHX
YyaByHax) y Mpoleci 3HOIYBaHHS.
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BILJIMB BIJITYCKY HA CTPYKTYPY TA 3HOCOCTIMKICTh
YABYHIB 3 METACTABIUIBHUM AYCTEHITOM
M. Omiitauk, non., kaua. TexH. Hayk, JIBH3 «[ITY»

Mertoto mocingaoi podoTr OyII0 BUBUSHHS MOKITUBOCTI PETYITIOBAHHS
CTYIICHs CTaOUTFHOCTI ayCTEHITY Ta MiABUIICHHS 3HOCOCTIMKOCTI YaBYHIB 13
HaJMIpHO CTaOIIbHOIO AYCTEHITHOIO METAJIEBOI0 OCHOBOIO MPOBEACHHIM
TepMigHOT 00pOOKH.

Martepiaiom Ut JOCTIKEHHS CITy>KUB MaprasieBuil yaByn UI'5/12.
3pasku 3 yaByny UI'5/12 minnasascs HopMadizamii mpu temneparypi 1050 °C
3 BUTpUMKOIO 40 XB 1 OJTHO -, TPH -, IT SITH -, CEMUKPATHOMY BiJIIIyCKY IpH
500 °C, yac BUTPUMKH KOXKHOT'O BIAMYCKY CKiIanaas 1 ro.

UYapyn UI'5/12 3 nepeBaxHO MapTEHCUTHOIO CTPYKTYPOIO METaleBOi
ocHoBu MaB TBepaicte HRC 54. Ilicns HOpMamizamii cTpyKTypa 4aByHY
CKJIafianacsi 3 ayCTEeHITYy Ta HEBEJIMKOI KUIBKOCTI HEMEHTUTY (TBEpAICTbH
Bceoro HRC 13).

31 30uTbIIeHHAM KpaTHOCTI Biamycky dwaByHy UI'5/12 TBepmicTh
30inbIIy€eThes. 3HococTiiikicTs 9aByny UI'S/12 micns BiAIycKy 3MiHIOETHCS
exctpeManbHo. OnHokpatHuil Biamyck npu 500 °C (tBepmicts HRC 21)
HaWOIMBIIOI0  Mipor0  30iNBIIye 3HOCOCTIMKICTE y  TOpIBHAHHI 3
HOpPMAJTi30BaHUM JIMTHM CTaHOM (OinbIe, HiX y 3 pa3u), KOJIH TBEPHICTh
HRC 54. Ipu 30inblIeHH] KpaTHOCTI BIAMYCKY /10 7 3HOCOCTIHMKICTh YaBYHY
UI'5 12 3HMXKYy€ETHCS.

TakuM YHHOM, TCPMIYHOIO 0OPOOKOI0, a came, KPaTHICTIO BIAMYCKY
micns  HOpMautizamii, Mo)kHa perymoBaTH (a3oBMH CKJaja, CTYMiHb
CTabIBHOCTI ayCTEHITA 1 yIapHO-a0pa3uBHY 3HOCOCTIHKICTh B JTOCIIIKCHIX
yaByHax. HaiiOinbIa 3HOCOCTIHKICT JOCSraeThCs B yMOBax Jiectadimizanii
JI0 TIEBHOTO PIBHSA ayCTCHITy METaJeBOI OCHOBH Ta HAWOUIBII IOBHOTO
BHUKOPHCTaHHS HOTO NMEPEeTBOPEHHS HAa MAapPTEHCHT, IIO0 CYNPOBOKYETHCS
BUIJICHHSAM KapOiniB y mporeci 3HomryBaHHs. Pa3oBi mepeTBOpPEHHS, M0
IHIIOIOTECST aOpa3sMBHUM CEPEOBHIINEM, MPH 3HOIIYBAaHHI BHKIHMKAIOTH
IOJATKOBE CAMOTBEpHIHHA Ta TIABWIIEHHS 3HOcocTiiikocti. Ilpm
ONITUMAILHOMY CTYIEHI CTaOlIbHOCTI ayCTeHITy Ta peawnizauii (azoBux
MIePEeTBOPEHb y TPOIECi 3HOIIYBaHHA €KOHOMHOJIErOoBaHMHM daByH UI'5/12
Ma€ MiJBUILIEHY 3HOCOCTIHKICTb.
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BIIJIUB XIMIYHOI'O CKJIAJTY HA CTPYKTYPY TA YJIAPHO-
ABPA3MBHY 3HOCOCTIMKICTH YABYHIB
M. OniitHuk, 10I1., KaHJ. TEXH. HAyK,
C.B. Jlenopcekutii, ct. rp. MBII-21-M, JIBH3 «I1TVY»

MerToro mocimimkeHb OyJ0 BHBUEHHs BIUIMBY XIMIYHOTO CKJIagy Ha
BJIACTUBOCTI 3HOCOCTIHKMX YaBYHIB Ta MOKa3aTH, LI0 BHKOPUCTaHHS
MeTacTaOUTPHIX CTaHIB ayCTEHITY [OO3BOJSIE €KOHOMUTH Ha JIeTyBaHHI
YaBYHIB JOPOTUMH Ta Ae(DiIUTHIMHU €JIEMEHTaMH.

Martepianiom mociimKeHHS ciyXmmu 9aByHH UX6I'4J12, UX13I'4T,
UX13I'6T, UX16I'3/12 1 UX21T'712.

VY nuToMy cTaHi MIKpOCTPYKTYpa JOCHTIHKEHUX YaBYHIB CKIIQIa€ThCS
3 MapTeHcHTy, hepuTHO-KapOinHoi cymimi (PKC), 3amunikoBoro aycreHiry,
kap6iaiB piznoro ckuany: (Cr, Fe)sC, (Cr, Fe);Cs, (Cr, Fe)23Cs, a B uaByHax
UX13T4T ta UX13I'6T npucytHi me it kapoonitpuan tutany (TiCN).

3aeXHO BiJ CKJIaay CIIBBITHOIICHHS LUX CTPYKTYPHHX CKIaIOBHX
pisHUTBCS. Y 4YaByHaX, fKi  BKIIOYAlOTh  OIBIIy  KiIBKICTBH
aycTeHiToyTBOprorounx enementis (Mn, Cu, C), BMICT ayCTEHITy OUIbIIHHA.
AYCTEHIT y CTPYKTYpi AOCHiPKEHHX 4YaBYHIB XIMIYHO HEOTHOPIMHWI 1
MopororiaHo pizHuUil: mepBuHHNI (Ar) 200 TIEPBOPOAHAN KPUCTATI3YETHCS
3 PIIKOTO PO3IIaBY; eBTEKTHIHAN (A.) pO3TAIIOBAHWH y BUTJISIII TPOIIAPKiB
B eBTEKTUYHUX KOJIOHIAX (A + Cr7C3) a60 (A + Cr7Csz + Cra3Ce); 3anuiikoBuit
(Asan), 1110 30€piraeTbesi MiCisi OXOJIOKEHHS 10 KIMHATHOT TeMIeparypH, y
TOMY YHCIIi 1 MiCIISt rapTyBaHHSI.

3MIHIOIOYM XIMIYHUH CKJIaJl MOYKHA PETYIIIOBATH HE TUTbKU (ha30BUil
CKJIaJ, a i MexaHi4Hi BIACTUBOCTI YaByHiB. B pe3ynbraTi BUIIpoOyBaHb Oyu
BH3HAUCHI TBEPICTh, yAapHa B’ SI3KICTh U y1apHO-a0pa3uBHA 3HOCOCTIHKICTh
yaByHiB. OTpHMaHHA METAaCTaOMJIBHOTO ayCTEHITY Ta ONTHMajbHa
peamizamiss nedopMmaniiHMX MapTEHCHTHHX II€PETBOPEHb B  Ipoleci
3HOIIYBAHHS, a TakoX (opMyBaHHS KapOinHux a3 ckmaniB CrrCs, CrasC,
kapOoHiTpuniB TiCN y cymapHhiil kinbkocti 16 % 103BONSIOTH OfEpKaTh
MiIBUINEHY 3HOCOCTIMKICTh B eKkoHOMHoseroBaHoMmy 4aByHi (UX13I'6T)
MOPiBHAHO 3 BUcOKoeroBanum (UX2117/12).

BILJIMB TEMIIEPATYPU AYCTEHITU3AII HA CTPYKTYPY
TA BJACTUBOCTI YABYHIB
M. Omiitauk, non., kaua. TexH. Hayk, JIBH3 «ITJTVY»
VY wiif poOOTI mOCHiMKEHHSI TPOBOIMIKMCS 3 METOI0 BH3HAUCHHS

OINITUMAJIEHOTO PEeXXUMY TepMiuHOT 00poOKy uaByHiB UX6I'4/12, UX16I'3 /12,
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UX21I'7]12, ski OpamoTh B YMOBAaxX rapsdyoro yaapHO-aOpa3uBHOIO
3HOIITYBaHHSI.

3pa3ku  OCTI/KYBaHUX YaBYHIB IJJIaBald HArPIBaHHIO 1O
temrepaTyp Bix 920 no 1070°C, Burpumui 40 XB 1 0XOJIOMKEHHIO B ITICKY, 3
IMITaImi€l0 yMOB OXOIO/KCHHS MAaCHBHHAX OpoHE()YTepyBalbHUX IUIAT
(Baroro 430 i 200 xr) ariioMamWH y BHPOOHWYMX YMOBax. Bimmyck
npoBoauBCs npu Temneparypi 250°C, 1 rox.

IMicas rapryBamas 3 920°C crpykrypa dwaByHy UX6I'4/[2 -
MEPEBAKHO MAPTCHCHUTHA MATPHUII 3 HEBEJIMKOI KUIBKICTIO ayCTEHITy,
pO3TamIOBAaHOTO MO MeXKaxX KapOimHux (a3. Y 3B'SI3Ky 3 BEIHKHM BMiCTOM
Byriemo, kapoimiB — ~40%. B ocHOBHOMY Iie MeEpBHHHI KapOimu
nementutoro tumy (Cr, Fe)sC, npore € HeBenmka KiIbKicTh KapOiaiB
(Cr, Fe)7Cs, 110 00pamIIsIFOTh ACHAPUTH IEPBUHHOTO ayCTEHITY.

30UIbIIEHHS TEMIIEpaTypy rapTyBaHHS CYHpPOBOJUKYETHCS ICTOTHUM
3pOCTaHHIM KUIBKOCTI ayCTEHITY Y CTPYKTYpi MeTaneBoi OCHOBH B YaBYHi
UX16I'312. 3  MapTEHCUTO-ayCTEHITO-KapOigHOI  CTPYKTypa  cTae
aycTeHiTHO-KapOigHOt0. KinbkicTs Kap0iniB y cTpykTypi uaByna UX 161312
craHoBuTh ~ 30-35 %. 3i 30iMbIICHHSAM TEMIEpaTypu TrapTyBaHHS
BiOyBaeThes cepoinuzalis IepBUHANX KapOiIiB BHACTIAOK iX YaCTKOBOTO
PO3UMHEHHA y CTPYKTypi MeTaneBoi Matpuili. KimbkicTe KapOimiB 3i
30UIBIIEHHAM TEMIIEPATYPH TapTyBaHHSA 3MCHIIYETHCS.

Crpykrypa MetaneBoi marpuilii uaByny UX21I'7/12 e cymimmmro
MapTEHCHUTY 1 ayCTEeHITy 3 MEepeBaKaHHSM MEpIIOro Michs rapTyBaHHS 3
920°C. 3i 30inblICHHSM TEMIIEpAaTypu HarpiBaHHsS KUIbKICTh ayCTEHITY
3pOCTae, 1 3pEITOI0 BiH CTac INepeBakaodoro (a3or0 B MaTpHI YaBYHY.
Kap6inis y uwaByni UX21I'7]]2, He3Bakaloud Ha HAWOUIBIIY KUIBKICTh
XpoMy, AOCHTB Majo (~ 15-20 % 3ajxexHO BiJ TeMIlepaTypH HarpiBaHHs;), B
ocHOBHOMY Iie KapOimu tumy (Cr, Fe);Cs, mpore € amcnepcHi BUILICHHS
BTOpHHHUX KapOiniB tumy (Cr, Fe)23Cs, 110 00yMOBIEHO BUCOKHM BMIiCTOM
XpOMY B YaBYHi.

Haii6inpmni 3HaYeHHsS TBEPIOCTI JOCHTIMHKEHUX YaBYHIB BiINOBigae
HalimMeHIIa Temnepatypa rapryBanas — 920°C. Lle mos's3ane 3 THM, IO B
CTPYKTYpPax KiIbKICTh MAPTEHCHUTY HalOLbIIa. 31 3pOCTaHHSM TeMIlepaTypu
HarpiBaHHS CIIOCTEPIraeThCSl IOCTYNOBHHM CHaa TBEPAOCTi, TOMY MIO
3HWXKYETHCS KUTBKICTh MAapTEHCHUTY, BiIOYBAa€ThCSA YACTKOBE PO3UMHEHHS
KapOiiB.

by npoBeneni BunpoOyBaHs ynapHO-aOpa3vBHIIT 3HOCOCTIMKOCTI.
Pi3Huuss B IIBUAKOCTAX 3HOIIYBAHHSA JUIS  JOCTI/DKCHUX YaBYHIB
BH3HAYaTUMETHCS BIJMIHHOCTAMH (Da30BOTO CKiamy, a came KUIbKICHHM
CHIBBITHOIIEHHSAM CTPYKTYPHHX CKJIAJOBHUX — MapTEHCUTY, ayCTEHITy Ta
kapOiniB. HalHIK4y 3HOCOCTIHKICTH IIiCJII TepMOOOpPOOKM Mae daBYH
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UX6I'4/12, 1m0 MOSCHIOIOTHCS 3alBOO, MPOTH ONTUMAIBHOTO, KUIBKICTIO
kapOiniB (~ 35-40 %), necnpusiimBuM THHOM KapOixiB ((Cr, Fe)sC), ski
MaroTh HAWMEHIIy TBEPAICTb | HaAMIPHO MaJIOIO CTabLIBHICTIO ayCTEHITy MO
BiJJHOILICHHIO J10 Ae(hOpMaIiifHOr0 MapTEHCUTHOTO MEPETBOPEHHSI.

Haii6impry ~ ymapHO-aOpa3suBHY  3HOCOCTIHKICTP ~Ma€  YaBYH
UX16I'342 micast marpiBanHs mo 920°C. CTpykTypa MeTaneBoi MaTpHi
YaByHY SIBISIE COOOI0 MapTEHCHUTO-ayCTCHITHY CyMIilll, HeMeTaueBa (asa
npezncraBinena kapbOimamu (Cr, Fe);Cs Ta aucnepcaumu kap6imamu (Cr,
Fe),sC. Heabusky ponbs Bifirpana peamisaiisi MapTEHCHTHOTO y—0!
NIEPETBOPEHHSI.

TakuM 4MHOM, MiZABHUIIEHHS YAapHO-a0pa3uBHOT 3HOCOCTIMKOCTI ISt
yaByHiB Fe — Cr — Mn — C pi3HUX CKJIAIB PETYJIIOETHCA TEMIEPaTyporo
HarpiBy mig rapryBaHHa Bigx 920 go 1020°C (3 yHmOBUIBHEHUM
OXOJIOJUKEHHSIM Yy TICKy), W0 3a0e3rnedye (OpMyBaHHS ONTHMaJIbHOT
ayCTEHITHO-MapTeHCUTHO-KapOiHOI, sKa BHUKIMKAE CaMO3MII[HEHHS 3a
paxyHOK pearnizanii qehopMauifHOro MapTEeHCUTHOTO Y—0!' - HEPETBOPCHHS
B TIPOIIECi yapHO-a0pa3HBHOTO 3HOIIYBaHHS.

BUKOPUCTAHHS METACTABIJII.?HOFO AYCTEHITYu B
CILUTABAX U1 HIABUIEHHSA IX BTACTUBOCTEHU
M. Omiitauk, gor., kaua. Texd. Hayk, IBH3 «I[TTY»

[TepcrieKTUBHUM  HAmNpsIMKOM B MIJIBHUIIEHHI 3HOCOCTIHKOCTI
MarepianiB € BUKOPHCTAHHsS MPUHIMIY OTPUMAaHHS B CTPYKTypi craneii
METacTaOUILHOTO 3aJIMIIKOBOTO AaYCTEHITY, L0 IEPETBOPIOEThCS IpU
HaBaHT@KEHHI B  MapTeHCUT Jjedopmanii, skuii OyB  Brepiie
3anporionoBanuii .M. borauoBum B 50-x pokax MHHYJIOTO CTONITTS. ToMmy i
CHOTOJIHI JJOCHTH aKTyaJbHHUM € BHBYEHHS I[bOTO IMHUTAHHS, IIOAO CTaji
110I'3J1, sika IIMPOKO 3aCTOCOBYETHCS B IPOMHUCIIOBOCTI.

Haii6inpm mommpeHoo TepMmiuHOl 00poOkoto ctami 110T13J1 €
rapryBanHs Bif Temmeparyp 1050 - 1070 °C y Boxi, sixa 3a6e31edye BUCOKHN
KOMITJIEKC MEXaHIYHNX BIACTHBOCTEH 32 YTBOPEHHSIM BHCOKOMApraHIIEBOTO
ayCTeHITy, 34aTHOTr0 A0 Ae(OopMaliifHOro 3MILHEHHS, TaK SIK Ma€ HHU3bKY
eHeprieto nedekriB yrnakoBku. TpuBanuii Harpis aetanei 3i crani 1100131
BeleThC B Te4yax Oe3 3axucHOi arMocdepd, TOMY BiIOyBa€eThCs
0e3ByTJIelbOBAHHS IOBEPXHI.

VY 6inbIocTi poOIT BiI3HAYAETHCS, 0 OS3BYIIICIILOBAHHS CTAIi, 10
BiZI0OYBaETHCS MPH TEpMiuHiil 00poOLi, € MKIVTMBUM (AaKTOPOM, OCKIIBKU
MIPU3BOJUTD JI0 TOTIPIIEHHS BIACTUBOCTEH TOTOBOT NPOAYKIII 1 Opaky. Aue
B poborax nmpodecopa O.I1. Yeiinsaxa BkazaHa TO3UTUBHA POJIb 3aCTOCYBAHHS
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ayCTeHITH3alli, 110 MPHUBOAUTH O OE3BYIJICHLOBAHHS [UIS ITiIBUIICHHS
3HOcocTilikocTi cTamm 110I'13J1.

BignoBigHO 10 BHUIIEBHKIIAJEHOTO B POOOTI CTaBWIOCH HACTYIHE
3aBJaHHs JAOCIIKEHHS] — PO3POOUTH PEXUM TEPMidHOI 0OpOOKH st cTaui
110T"13J1, mo 3a06e3nmeunTh BUCOKY 3HOCOCTIHKICTP 1 MPOBECTH AOCIIKEHHS
BIUIMBY 3alpOIIOHOBAHOI TEPMIYHOT 0OpPOOKH Ha CTPYKTYpY 1 BIaCTHBOCTI
cTaii.

Tepmiuna o6pobka crami 110I'13J1 momnsrama B HarpiBaHHI J0
temnepatypu 1100 °C, surpumti (30, 120, 180 xB) i 0XOJIOIKEHHIO B BOJI.

JlocikeH s BIUIMBY TPHUBAJIOCTI ayCTEHITH3AIll IpU TeMIepaTypi
1100 ° C na crpyktypy crani 110I'13J1 moka3anu, 1o 31 30UIbIICHHAM Yacy
BUTPUMKH ITHOMHA 00€3BYTIICIIHOBAHOIO MIapy 301bIIyeThes 3 0,05 MKM 10
0,45 mxm. CTpyKTypa Ha IIOBEPXHi CTali - € - MAPTCHCHUT, HEBEJIMKA KITBKICTh
0-MapTeHCUTY 1 3aJIMIIKOBHH ayCTeHIT. Y TepexXiJHii 30HI KUIbKICTh
AyCTEHITY 30UIbIIY€EThCS, 1 B CEPIIEBUHI - ayCTEHIT.

Mikpotepaicte moBepxHi crami 1100'13J] micns rapTyBaHHS 3
pizHIME BUTpuMKaMu ctaHoBmwia HV 420-430 MIla wa rmubuHi 0,05 MM
micis ButpuMku 30 xB, 0,3 - 0,4 Mxwm micis Butpumku 120 i 180 xB. bmxdae
JI0 CepLEBMHH MIKpOTBEpHICTh cTam micus ButpuMkn 120 i 180 xB mpu
temnepatypi 1100°C 3umxkyerscs o HV 350 MIla i B cepueBuHi BOHa
cTaHOBUTH 274 - 284 MlIla. ITicns Burpumku 30 xB ipu Temneparypi 1100°C
MiKpoTBepicTh craii ckinanae HV 556-571 MIla.

TBepaicTh crajii micis TepMiuHOi 0OpOOKM Ha MOBEPXHI CTAHOBHUTH
HRC 43, B cepueBmuni micis ButpumMkn 30 xB - HRC 52, 1201 180 xB - HRC
27 - 29.

JocnipkeHHsT BIUIMBY TPHUBAJIOCTI BHUTPUMKH TIPH TeMIlEpaTypi
aycrenituzanii 1100 °C Ha abpa3uBHUIA 3HOC MTOKA3aJIH, 1110 HAWOLIBII HIU3bKI
BTPATH MacH CIIOCTEPIraroThes y 3pasKax micis BUTpUMKH 30 XB, HalOLIbII
BTpaTH MacH micis BUTpuMku 120 xB. Ilicist 3HOIIYBaHHS Ha CyXe TepTs 31
30UIBIICHHSAM TPHUBAIOCTI BUTPUMKH BTPaTH MAacH 3pa3KiB 3HIDKYIOTHCS.
Hatimenmni BTpaT Macu ipy CyXOMY 3HOCI CIIOCTEPITaloThCS y 3pa3Kax Imicis
ButpuMkn 180 XB.

Takum umHOM, B pOOOTI MOKa3aHa MO3UTUBHA POJb OTPUMAHHS
6esByrierpoBaHoro mapy B crami  110I'13J1  gma  migBummeHHs
3HOCOCTIHKOCTI.
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AJIATUBHI TEXHOJIOT'TI SIK AJIbTEPHATHUBA
TPAAULHIMHUM TEXHOJIOI'ISAM BUPOBHULITBA BUPOBIB
M. Omiitauk, non., kaua. TexH. Hayk, JIBH3 «ITJTY»

ANTHBHI TEXHOJOTII CHOTOMHI HAWOLIBIN TUHAMIYHO PO3BHBaKOYa
rajgy3b €KOHOMIKH, SKa J1a€ MOXJIMBICTh OTPHMYBATH HOBI BIIACTHBOCTI
BHPOOIB, EKOHOMHUTH Yac Ta MaTepiald MPH iX BUTOTOBJICHHI. AHANITHKA
pO3TIANAIOTE CTYIIHH BIPOBA/KCHHA IIMX TEXHOJOTIH K 1HIHKATOp
peanpHOi iIHAYCTpiaIbHOI TOTY>KHOCTI IepKaBH.

OCHOBHMMH IlepeBaraMy 3acTOCYBaHHS aJUTUBHHX TEXHOJIOTIH,
CYTTEBE CKOPOUCHHS Yacy, € pallioHaJbHe BUKOPHUCTaHHs MaTepiaiis. [Ipu
BUTOTOBJICHHI JieTanedl ckiagHol QopMu TpaauIiiHUMH METOAaMH
BIJJHOILICHHS! MacH BHUKOPHCTAHOTO MaTepialy 10 TOTOBOTO BHUPOOY MOXKe
caratu  15...20 pasiB. 3acToCyBaHHS QJWTUBHUX TEXHOJOTIH s
BUTOTOBJICHHSI AHAJOTIYHUX JeTaneil J03BOJISE 3BECTH LEH MOKAa3HUK J0
1,5...2,0.

XapaKkTepHOIO TEHICHIIIEI0 OCTaHHIX POKIB € TIOCTIHHUI picT
ACOPTHMEHTY Ta KUIBKOCTI JeTajel, 0 BUTOTOBISIOTHCS 33 aJUTHUBHUMH
texHomorismu. Skmo o 2010 poxy 3D-apyk akTHBHO 3aCTOCOBYBAaBCS B
MeaunuHi (0y70 HaIpyKOBaHO pi3HI MPOTE3N KiHIIIBOK, MIiHIaTIOpPHY po0oTy
MOJIeTh HUPKH 3 JKUBUX KIIITHH Ta IepIIli KPOBOHOCHI CYIMHH 3 OiomMaTepiay
JIIOIMH) 1 3apa3 OIOAPYK € OKPEMOI Tajly33i0, IO MPOJOBXKYE CTPIMKO
PO3BUBATHUCS, TO HACHOTOJHI OCOOJIMBO BXKIMBUM € MPOrPEC Y HAWOUIBII
BO)XKOMY Ta IHHOBALlIHHOMY CEKTOpPI aJIMTMBHUX TEXHOJIOTIH — MEeTalyprii.
Hanpuknan, kommanis «bBoiHr» nmecsTkamMM THCSY BHUIOTOBJISIE COTHI
HaliMeHyBaHb JeTajied Uil BiHICBKOBMX Ta KOMEpLIHHMX JITaKiB, a
xenepan Enektpuk miaHye mpoTsrom 5...10 pokiB HapOCTUTH OOCSTH
BUPOOHMITBA AWTUBHUMH TEXHOJIOTISIMH Ta JOCSTHYTH BHUTOTOBIJICHHS
MIPUOJIM3HO MOJIOBUHY JIETANICH CHepreTHYHUX TypOiH Ta aBiaJBUTYHIB IUMA
METO/IaMH.

Ilepexin ma umdposuit ommc Bupody — CAD i BHKOpPHCTaHHS
AQIUTUBHOI TEXHOJNOTii 3MOiCHWB KapAWHAIGHI 3MIHH B IJUBapHOMY
BUpOOHUIITBI. OTpUMaHHS JMBAPHUX CHUHTE3-GOPM Ta CHHTE3-MOJENeH
IIISIXOM  [OIIAPOBOTO HAPOIIYBAHHS paJUKaIbHO CKOPOTHIO TEPMIiH
CTBOPEHHS MEPIIOro AOCIITHOTO 3pa3Kka Aerami. TepMiH CTBOpeHHS OJIOKY
LWIIHJPIB aBTOMOOUIBHOTO JIBUTYHA TPAAULIIHHUMH METOJIAaMH CTaHOBHUTh
6113bKO 6 MicsIiB (OCHOBHHI Yac BUTPAYAEThCS HA CTBOPEHHS MOJICJIEHOTO
OCHAII[CHHS), BUKOPUCTAHHS aJUTUBHOI TEXHOJOTIi JJsl «BHPOILYBaHHSD)
JIMBApHOI MOZENI CKOPOTWJIO TEPMiH OTPHMAHHS IEPLIOl BiIJIMBKH OJOKY
OWTiHIPIB 10 JABOX THXKHIB, ToOTO B 10...15 pasis.
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B 2018 poui Brepie OyAWHOK, CTBOPEHUIH METOJIOM TPHUBUMIPHOTO
JPYKY, B IKOMy nocenuiacs poauna. CTiHuM OyAnHKY, Iuiomia sikoro 95 m?,
Oynmu HazpykoBaHi 3a 54 rogunu. KiHneBa BapTicThb CHOPYKEHHS
BusiBmiack Ha 20 % HWK4YOIO, HDK Morja OyTH 3a BHKOPHCTaHHS
TPaTUIIHHAX TEXHOJOTIH.

BukopucTaHHsS agUTUBHHUX TEXHOJIOTIM JO3BOJISIE BTIIMTH B JKUTTSA
HalBUOArmuBimI ifei KOHCTPYKTOpAa, CTBOPUTH SKiCHO HOBI MAIIMHU Ta
JOCSITHYTH CYTTEBOTO MPOTPECY B PI3HHUX Tally3sX MPOMHUCIOBOCTI.

BIIJIMB TEXHOJIOT'Ti IJIA3SMOBOI'O
MOJIUPIKYBAHHS HA CTPYKTYPY TA BJIACTUBOCTI
BYIJVIEHHEBUX TA HU3bKOJIETOBAHHUX CTAJIEA
10.C. Camoryrina, 1011., KaHJ. TEXH. HayYK,

M.O. CemeHnbko, ct. rp. MBII-22-M, IBH3 «IIATY»

B cywacHmx ymoBax B YKpaiHi OZHHM 3 B@KIMBHUX TEXHIYHUX
3aBlaHb € MiABUIICHHS MPOIYKTUBHOCTI Ta SKOCTi pOOIT, IKi BUKOHYIOTHCS
IPyHT00OPOOIIAI040I0 TeXHiK0r0. HaaiiiHICTh 1 mpane3faTHICTh 1i€l TEXHIKN
HamIpsIMy 3aJISKUTh BiJl CTaHy ii poOOYHX OpraHiB — IPYHTOOOPOOIIIIOUOTO
IHCTpyMeHTy. B CBOI wepry mnpamne3gaTHiCTh Ta JOBIOBIYHICTH ITHOTO
IHCTPYMEHTY 3aJeKHUTh Bill TBEpJAOCTI Ta 3HOCOCTIMKOCTI #oro pobodoi
MOBEPXHI, a TaKOX BiJ 30BHIIIHIX ()AaKTOPIB — BJIACTHBOCTEH IPYHTY,
MIOTO/IHUX YMOB, ITPUCYTHOCTI arpeCMBHUX CEePeOBUILL (BOJIOTa, COJIi Ta iH.).
[NepeBaskHa OUIBIIICTH IPYHTOOOPOOIISIOUOTO IHCTPYMEHTY €KCILTyaTy€eThCs
B B@KKMX YMOBax y/AapHO-aOpa3uBHOIO 3HOUIYBaHHS, TOMY JpPYyTroOlO
HaMBaXXITMBILIOIO BJIACTHBICTIO IIBOTO IHCTPYMEHTY € CTIHKICTh JI0 KPUXKHX
pyHHYBaHb (TpIIIMHOCTIHKICTB). bararouncenbHi BiIoMi METOM 3MIITHEHHS
IPYHTOOOPOOJIAI0YOT0 IHCTPYMEHTY, 3a 3BHYal, 3a0€3MeUyI0Th MiIBUILCHHS
3HOCOCTIMKOCTI 3a pPaxyHOK B3HWKEHHs TpimmHocTiiikocti. Kpim Toro,
Cy4acHi TEXHOJIOT1i 3MillHEHHSI poOOYMX OpraHiB MOBHHHI OYTH OJHAKOBO
MPUAHATHAMH AK AT PEMOHTHHX MiANPHEMCTB(SIK MPAaBWJIO MEHII
TEXHOJIOTIYHO  «PO3BHHYTHX») TP  BIAHOBIEHI  BiOIparbOBaHOTO
IHCTPYMEHTY, TakK i Ui MaIIHHOOYAIBHUX HiANIPHUEMCTB MIPH BUTOTOBJICHHI
HOBOT'O iHCTPYMEHTY.

V TenepimHii yac BiZHOCHO PO3POOKH Ta BUTOTOBIEHHS POOOYHMX
oprasiB (iHCTpYMEHTY) 1J1sl 00pOOKH I'PYHTY ICHYIOTH JBa migxoau. [lepmit
OiAXig  OTpUMaB  HAWHOUIbIIE  PO3MOBCIODKCHHS HAa  BITUYU3HIHHUX
ninnpuemcTBax. [Ipu fioro BUKOpucTaHHI poOOYi OpraHU BUTOTOBIISIIOTH 3
BYTJICIIEBHX HU3BbKONeroBanux craieir 50, 65I°, V8, V10, 90X® (puxinHa
tBepaicte — HRC20-25) 3 HacTynHMM 00’€MHUM 3arapTyBaHHIM 1
BigmyckoMm (Hu3bKMM mipu 200 °C a6o Bucokum npu 300-600 °C, kinnena
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tBepaicth HRC40-50). Ilpare3qatHicTh TAKOro IHCTPYMEHTY y 0aratbox
BHITAJIKaX HHU3bKA i I¢ MOTpeOye BENUKOI KUTBKOCTI IHCTPYMEHTY JUIsl HOTO
3aMiHHM Y TIpoIieci poOoTH.

[Homi  minxig nonsArae 'y BUKOPHCTaHHI BHCOKOJeroBaHux (i
BIIMOBIMHO, 3HAYHO JOPOKYMX) CTajled abo BHUKOHAHHI MEBHOI
3MIIHIOBAJIHHOT 0OPOOKM UM HAaHECEHHI TBEPIMX IMOKPUTTIB HATUIABICHHAM
BHCOKOJICTOBAaHUMH Matepiamamu. [Ipu oMy miIxomi TBepAicTs poOOYOoi
MMOBEpXHi 1HCTpyMeHTy migBumryeTbcst 1o HRC50-60, omHak CTiliKicTh
IHCTpYMEHTY y 0araTbOX BHITIAIKaX 3AJIHIIAE€THCS Ha TOMY X PiBHI, IO 1 IS
MepIIOT0 MiAXOMy, OCKUIBKH OJHOYACHO 3 TMiABHINEHHSM TBEPIOCTI
3HW)KYEThCA TUIACTUYHICTh Ta TPIMMHOCTIHKICTE (puc. 1). [lpuumHammn
Hepe4acHoOro BUXO/y 3 JIaly IHCTPYMEHTY (HaBITh 33JI0BTO JIO JOCSITHEHHS
MaKCHMAJIFHOTO 3HOIIYBaHHS) € KpUXKI pyHHYBaHHS (BiJKOJM) pLKYyHOi
KPOMKH, 0COOJIMBO IpH 00poOIIeHHI KaM’ SIHUCTUX I'PYHTIB, 110 ITepeBaKar0Th
y OinbiocTi reorpadiuHuX perioHiB YKpaiHu.

Janra poOoTa mpucBsieHa peami3allii HOBOTO — TPETHOTO MigXO.y,
SKAH [oJsrae B TOMY, INO METOAOM HAIUIABJICHHS HAHOCHUTHCS
€KOHOMHOJIETOBaHE MOKPHUTTSI HOBOTO THITY, TIOBEPXHS SKOTO 3MIIHIOETHCS
mpu  MOAM(iKyBaHHI BHCOKOKOHIICHTPOBAaHHM JDKEPEIOM HarpiBy —
I1a3MOBUM cTpyMeHeM. CITiBBiTHOIIEHHS TBEPIOCTI MMOBEPXHi K TBEPIOCTI
cepuesuan ckimamae HRC60/HRC20 i me 3abesmeunts oxHouacHe (i
HEMOXKJTUBE JJIS1 BIIOMUX METO/IIB 3riIHO 1-T0 Ta 2-r0 MigX0/1iB) MiABHUIICHHS
3HOCOCTIMKOCTI Ta 30epe)KeHHs TPILMHOCTIMKOCTI BUPOOY B LILIIOMY.

%
7

7

Bucokwuit
BUIITYCK
Husbruit
BiITYCK

3HOCOCTIHKICTS - 3
Tpiminoctidkicts - T

Teepaicts

Puc. 1 — XapakTep 3aJIe:KHOCTI 3HOCOCTIMKOCTI 1 TPIITMHOCTIHKOCTI BiJ
TBEPIOCTI CTaJel

HaneceHHs1 mapyBaTUX MOKPHUTTIB MO3BOJSIE 3HAYHO ITiIBUIIUTH X
TPILIMHOCTIMKICTD (B’S3KICTh PyWHYBaHHS) 3aBISKH peaji3alii MexaHi3my
rajbMyBaHHS TPIIIMHA 32 PaxXyHOK PO3BUTKY BTOPHHHUX TPILIMH
po3IIapyBaHHS Ha MEXi CIUIABJICHHS 3 BHYTPIMIHIM T.3. «M SIKAMY»
npomapkoM (puc. 2). YTBOpEHHS po3llIapyBaHb Ha MeEXax CIUIaBJICHHS
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MIPU3BOJUTB JI0 PO3CIIOBAHHS €Heprii MaricTpanbHOi TPILMHY 1, THM CAMHM,
MiIBUIIEHHS 3aralbHOI TPIMMHOCTIHKOCTI KOMITO3HIIIT.

TexHosoriuHi mpouecH, sKi BHKOPUCTOBYIOTBCSl JUISi HAHECEHHS
MTOKPHUTTIB HOBOT'O THUITY, XapaKTEPHU3YIOTHCS JOCTYITHICTIO HABITh JUISl MAJTUX
MIIITPUEMCTB 3 MIHIMATBPHAM TEXHIYHUM OCHAIICHHAM. 3 iHIIOTO OOKYy —
BOHHM MOXXYTh OYTH JIeTko BOyZOBaHi (iHTETpOBaHi) B BUCOKOTEXHOJOTIUHI
BUPOOHUIITBA Ha BEJMKUX IMiNPUEMCTBAX CUTBrOCIIMAIIMHOOY yBaHHs. Llle
OJITHIEIO TTePeBaroi0 iHCTPYMEHTY 3 MOKPUTTSIM HOBOTO THILY € MOXKIIHUBICTh
pearnizanii mpu o0poOIi IPYHTY T. 3B. «e(PEeKTy caMO3aTOUyBAaHHS» Jie3a
IHCTPYMEHTY B IIPOIIEC] 3HOITYBAaHHS.

Puc. 2 — MikpocTpykrypa (a) i ppakrorpama 3namy (B) Ha MeXi
CIUTaBJICHHS IIapiB ctanb 15+651"; cxema rarbMyBaHHS MariCTpabHOL
TpimuHH (0)

Ha mizcraBi gociipkeHb 1 onTuMizaii ckiiaiy, CTpyKTYpH 1 po3mipiB
1IapiB MOKPUTTS MaloTh OyTH JOCATHYTI CHOJNYYEHHS EeKCIUTyaTaliifHuX
BJIaCTHBOCTEH (TBEPJOCTi, TPINIMHOCTIMKOCTI), $KI y KiJbka pa3iB
MIepEeBHIYIOTH 0a30Buii piBeHb. [y mprKiIaay HOXiB OYJIbJ03€piB y TaOIHIL
HaBeJieHi 3HaueHHs1 TBepaocTi (HV) i aunHamivHOl B’S3KOCTI pyHHYBaHHS
(Kip) cram 90X® i mapysaroro nokpurtst 30XI'CA+12X18H10T+90XD
(micns mIa3sMoBOTro MOIM(IKyBaHHS).

Tabmwms | — TBepaicTh Ta TMHAMIYHA B’S3KICTh CTaJeH

Marepian HV Kin, MITa- [
C.TaJ'IB 90X® y BuxinHOMY craHi (0a30Buii 250 15
piBeHB)
[Mokpurtst 30XI'CA+12X18H10T+90XD
Tricis IJ1a3MOBOTO Mo U ]iKyBaHHS 700 55
(mocsrHyTHII piBEHB)
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[TizBuIIEHHS TBEPJOCTI EKOHOMHOJIETOBAHOT'O HAIIIABIEHOT'O METATY
JO 3aIUIaHOBAaHOTO piBHSA  (TaOnuIs) 3yMOBIEHO — TEIIOQiI3MIHHUMHU
0COOJIMBOCTSIMU TIOBEPXHEBOT'O TUIA3MOBOTO HArpiBy. 3arajibHa MOTYKHICTh
I1a3MoBoro crpymens ckimagae 30 kBr, a edexkruBHa muToMa TermoBa
norysxHicts — 10°...108 B1/cM?. 3aBAsSKY TAKMM BHCOKHM XapaKTePHCTHKAM
CTBOPIOETBCS MOXKIIMBICTh peajizalil HaIBUCOKMX 3HA4YeHb IIBHIKOCTI
oxonomkerns (10°...107 °C/c), mo cnpuse yTBOPEHHIO MOMM(IKOBAHHX
MaTepiaiiB 3 HAIAUCIIEPCHOIO CTPYKTYPOIO — 3 CEpPEeIHIM PO3MipOM YacCTOK
MapTEHCHTY 1 KapOiiB (y 3aJIeXKHOCTI BiJl TEXHOIOTIYHOI CXEMH 3MIITHEHHS)
B Mexax 0,1 - | mMkM. 3a cydacHUMH YSBIECHHSAMH MaTepiajd 3 TaKOIO
YIBTPAIUCIICPCHOK CTPYKTYPOIO 3aiiMalOTh MPOMIXKHE IOJOXKECHHS MIiXK
HAHOKPUCTAIIYHUMH Ta MIKPOKPUCTAIIYHUMHU 1 MArOTh HaWOUIbII BUCOKUI
PiBEHB BIIACTUBOCTEH.

CEKIUA: XIMIYHA TEXHOJIOI'TA I IHHKEHEPIA

BUBUYEHHS IIPOIECIB COPBIIIi XPOMATIB HA
BEHTOHITOBHUX COPBEHTAX
K.II. Apomryk, acucrent, ABH3 «IIATY»

PearnizyroTecst copOIiifHi mporecu i3 3acTOCYBaHHSIM aKTHBOBAHUX
Byrinb (AB) abo ixHIX aHaJOTiB — rpadiTMiHEpaIbHUX COPOEHTIB; JUIS IIUX
JKe MiJIeH, a TaKoX y AKOCTI (pimpTpyrodoro marepiamry ab0 KOHTAKTHOTO
3aBaHTAXCHHS  BHKOPHCTOBYIOTHCSI ~ OCHTOHITOBI  TIMHH,  IICOJITH,
kiniHonTwionitn Ta iH. Ile mo3Bomste mpubiamsno Ha 93-96% BumansaTH 3
BUXIZHOT BOJAM KaHIIEPOTEHHI, aHTPOIOTeHHI CIOJyKH, HA(TONPOIYKTH,
CITIAP, necruuuau, XJIOpPOpraHiuHi ¥ IHII pO3YMHEHI PEYOBUHHU,
MOJIIIITYBAaTH MPOIIECH OCBITICHHS BOJAM, OPTaHi30BYBATH i JOOUYHIICHHS B
Micisx BUKOpHUCTaHHS [1].

bBeHTOHITH — 1€ KOpHCHI KONAJIMHH, SIKI 3 TOHKOIUCIIEPCHUMH
BHCOKOIUTACTUYHUMH ~ TIPCBKUMH  TMOPOAAMH  CMEKTHTOBOTO  CKJIay
(rOJIOBHMM YMHOM MOHTMOPHJIOHIT Ta OEHAENiT), IKUM B Pi3HOMY CTyIIEHi
BJIACTHBI 3B’sI3yl04i Ta cOpOLiliHiI BiacTHBOCTI. beHTOHITH B 3BHYaiiHOMY
BUIINI HE TEPMOCTIHKi, MarOTh Mally aKTHBHICTh, SK ancopOeHTH i
Karami3aTopd, Ta TOTPeOYIOTh KHCIOTHOI aKTHBamii. AKTHBHICTh
OCHTOHITOBHX TJIHH ITOB’S3YIOTh 3 BEIMYMHOIO €EMHOCTI iX OOMiHYy Ta THIIOM
KaTiOHIB OOMIHHOTO KOMIUIEKCY, 3 HAasSBHICTIO B HHX KPHCTAIIYHOI
CTPYKTypH MOHTMOPHJIOHITOBOTO THITy, @ TAaKOXX KOHCTHTYLIHHOI BOIH,
[IOBHE BUJAJICHHS SKOI 32 yMOBH BHCOKUX TEMIIEpPaTyp IPHBOIHUTH IO
pYWHHYBaHHS KPHCTQJIIYHOI PpEIIiITKH, CIIKaHHS 1 BTPaTH AaKTHBHOCTI.
KuciorHa akTtuBamisi OCHTOHITIB TOMITHO IOKpallye iX aicopOuiiiHi i
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KaTaJIITUYHI BIACTUBOCTI, ajie, SIK MPABUIIO, MOTIPIIye MEXaHIYHY MIIHICTb.
ToMmy 3acTocyBaHHS aKTHBOBAaHHUX OCHTOHITIB OOMEXYETHCS TUIBKH
TEXHOJOTIAIMA KOHTaKTHOrO odvuineHHs [2]. [ po3IIMpeHHs CheKTpa
JIOMIIIOK, M0 BHUIAISIOTHCA 3 BOAW, 1 IIJBHIICHHS CEJIEKTUBHOCTI
MPUPOTHUX COPOCHTIB MOXJHMBA iXHI MOAM(DIKAIisA, SKa JOCITAETHCS
pizHUMEI criocobam, HaTIpUKJIIA, MUITXOM rigpodobizarii
KpPEMHIHOPraHIYHAMH PEYOBHHAMH CIYYEHOTO HEpJIiTy, TEPMOOKUCICHHS
MonudikoBanoro mepnity mpu 320 — 350 °C, onmepaHHA BYTLIBHO-
MiHEpaIbHUX COPOCHTIB Ha OCHOBI OKCHIIB aJIOMIHIIO 1 KPEMHIIO IUITXOM
HaHECEHHS Ha IMOBEPXHIO X COPOCHTIB OPTaHIYHUX PEUOBHH 3 HACTYIHUM
iX BHCOKOTEMIEpATypHHM Mipoii3oM, MOAMGDIKYBaHHS KITHONTHIIONITA
JBOOKCHZIOM Maprasifo Ta iH. Hampukiaj, NpUpoaHI allOMOCHIIIKATH
MOKHa MO (iKyBaTH ab0 aKTHBYBATH IX KPUCTAJIUHY CTPYKTYPY Pi3HUMHU
METO/IaMH:

1. Ilonepenue HarpiBaHHS a00 MPOKAITIOBAHHSI.

2. [omepenHiit ioHAUI OOMIH.

3. O6poOKa KHCIOTaMH.

4. O6po0Oka sryramu.

i ciocoOu 103BOJISAIOTE 301TBIINTH MATOMY TTIOBEPXHIO Ta KUTBKICTh
ancopOIIMHNX IICHTPIiB B pe3yinbTaTi PO3YMHEHHS YW pyWHYBaHHS
HEaJIcOpOWiHHMX CKIaJ0BMX MiHepamiB. Kpim TOro, BOHHM mdemo
PO3IIMPIOIOTH MIKPOCTPYKTYPY COPOEHTY, 301IBIIYIOUH TAKUM YHHOM HOTO
nopuctictb. A 3 iHmoro OoKy, xiMmiyHa 00poOKa  3MiHIOE
KPHUCTAJIOCTPYKTYPHI 0COOMBOCTI COPOCHTY.

Ilepesik BUKOpUCTAHMX JIZKEPeI:

1. Copokina K. b. 3acrocyBaHHs IpUPOJHHUX TUCTIEPCHUX MiHEPaiB
i iX MOIU(IKOBAaHMX AHAJIOTIB JJIsI MOKPAIIEHHS NPOLECIB OYUINEHHS Ta
noounmienHs nutHoi Boxu / K. B. Copokina / KomyHanbHOE XO03SIHCTBO
TOpOJIOB HAYYHO— TeXHHYECKuil coopHuK. — Ne 74, — 2006 — C. 158-164.

2. IMimuyk . B. 3acrocyBaHHS TpHUPOIHHUX aJICOPOCHTIB B
TEXHOJIOTisX mepepoOku pinkux Bimxonis / JI. B. [linuyk, A. B. IBanuenxo,
H. O. €naronnes // Ximis Ta cydacHi texHonorii: Te3u momosimeir VIII
MixHapoaHOT HAayKOBO-TEXHIYHOI KOH(EpeHIil CTy/AeHTIB, aclipaHTIB Ta
mosomux BueHux; JIHinmpo JIBH3 «YKpaiHChKHIA [OepKaBHHMA XiMiKO-
TEXHOJIOTIYHUN YHiBepcureT», 26 — 28 kBitas 2017. — Juinpo, 2017. —
145c¢.: in. — bibmiorp.: B kiuii te3. — C. 45.
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JNOCJIIKIEHHS KATIOHHOI CEJIEKTUBHOCTI
CUHTETHUYHUX COPBEHTIB HA OCHOBI MATHIIO TA
AJTIOMIHIIO
E.O. ByteHko, 1o11., KaH]l. TEXH. HayK,
0.€. KamycriH, KaHf. XiM. HaykK, go1l., IBH3 «I[IJTY»

JJs IoTTHHAHHS KaTiOHIB METaliB i3 IPUPOJHUX Ta CTIYHUX BOJI, SIKi
€ [OyKe TOMHMPeHHMH Ta  HeOe3meuHuMH  3a0pyAHIOBadaMu,
BHKOPHUCTOBYIOTHCS IIPUPO/IHI T CHHTETHYHI aHIOHHI TJIMHHU PI3HOTO CKIIAIy.

Benukum HeoikoM IpUPOIHUX aHIOHHUX TJIHH € iX Maia copOriiiHa
€MHICTh. [le KOMIEHCY€eThCsI HHU3BKOIO COOIBApTICTIO COPOCHTIB, OaraTtoro
CHPOBHUHHOIO 023010, TEXHOJIOTIYHICTIO IX BUKOPHCTaHHS Ta €KOJOTTYHOIO
YHUCTOTOIO.

CuHTeTHYHI aHIOHHI TJIMH, HaNpWKIa[, IIapyBaTi MNOABIHHI
TIIPOKCHIN, MOXYTh COpOyBaTM HH3bKI KOHIEHTpallii 10HIB MeTaliB
MIPOTATOM TPHUBAINX IMEPIOIB Yacy, 9acoM KUTBKOX TrxHiB. [Ipu mpoBeneHi
€KCIIEPUMEHTI TIOTJIMHAHHS TAKUX KaTiOHHUX GopMm Mmeranis, sk Pb, Cd, Zn,
Cu, Ni, Co, Mn, Cr, mBuaKicTs qudy3ii 3MEHIIYBaTach 31 301IbIICHHAM
10HHOTO pajiiycy MeTaiy.

[apyBaTi mOABiiHI TiAPOKCUIN PI3ZHOTO CKJIQJY HA OCHOBI MarHilo Ta
AIFOMiHIIO € e(eKTUBHUMH, TIEPCIICKTUBHUMHI COPOCHTaMHU Ta €KOHOMIYHO
BUTIZIHUMH COPOCHTaMH JUIsl TIIMOOKOTO OYMILEHHS [IPUPOJHHUX Ta CTIYHHX
BOJI BiJl KaTIOHIB METAJIiB.

BcraHoBneHo, 110 cCOpOEHT NpuaaTHU 0 pereHeparii Ta Moxe 0yTH
BUKOpHCTaHUI Oararopa3oBo. BuBuUeHO CTiHKiCTh 3pa3kiB COpOEHTIB y
LUKITH «COPOITisi-ecopOIisny.

Sxmo mnpoxxapuTH COpOEHT 3 IMOTVIMHEHHM BaXKMM METallo IpU
MIEBHIH TeMmeparypi, TO YyTBOPIOETHCS WIMIHENb 1 3BOPOTHIM IIporec
JecopOuii He MOXIHMBHH. BiamparnboBannii COpOSHT MOXIIMBO CIOKIHHO
3aXOpOHIOBATH, HE OOSYMChH, MOTPAIUISIHHS Ba)KKMX METATIB B IPHPOJIHE
HaBKOJIUIITHE CEPEIOBHIIE.

TEXHOJIOTTYHI ITPOIECHU BUPOBHUIITBA TETEPOI'EHHUX
KATAJIIBATOPIB
O.€. Kanycrin, kaua. xiM. Hayk, goir., Miami University, Oxford, USA

[Tpn CTBOpEHHI TETEPOreHHMX KaTali3aTopiB, KpiM 3BHYAWHHX
TEXHOJIOTIYHUX OTEepalliif, TAKHUX K (QUIBTPYBaHHS, 0CAKSHHS, 3MILITyBaHHS
TOIIO, OCOOJNMBY yBary HPHIUIAIOTH TUM IapaMeTpaM, sKi BH3HAYaroTh
aKTHBHICTb Ta CEJEKTHBHICTh KaTalli3aTopiB. BuIbIIicTh omeparmii, 1o
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BUKOPHCTOBYIOTHCS Y BUPOOHMITBI T€TEPOreHHNX KaTasli3aTopiB, MOB's3aHi
3 YTBOPEHHSIM Ta NEPETBOPEHHSM TBepAoi (azu.

[Ipn 3MeHmeHHI po3Mipy TJI0O0YJ AKTHBHICTH OXWHHII 00'eMy
KarajyizaTopa 3pocTae jume obnacti Benmukux rinoOyn. Ilpu momanmbmomy
3MEHIIICHHI IX pOo3Mipy aKTHBHICTh TOYMHAE BILTUBATH BHYTPILITHS TUQPY3id 1
MoJjaJbIle 3MEHIICHHS PO3MipiB HE MMPU3BOANTH 0 301IbIICHHS aKTUBHOCTI
yepe3 3MEHIIEeHHs KoedilieHTa mudy3ii B mopax KaTaiizaTopa.

Ilomanpmie 301MBIIEHHS AKTUBHOCTI MOXKIHBE IPU MEPEXoidi [0
OimicnepcHHX CTPYKTYp, IO CKJIAHAOThCA 3 JApIOHHX  YacTHHOK
KaTaji3aropa, 3'€THAaHUX Y BEJUKi IIOPUCTI YaCTHHKH.

[TepeBaru Takux CTPYKTYp IOJSTAE B TOMY, CTYHIHb BUKOPUCTAHHS
MEPBUHHUX YaCTUHOK OJIM3bKa 10 OIWMHUIN, Yepe3 iXHid Majauii po3mip, a
CTYNMiHb BHKOPHCTaHHS BCBOI'O 3€pHAa KaTajli3aTropa 3pOCTa€ 3aBIKH
MOJIEKYJIIpHOMY XapakTtepy audysii y Benmkux mopax. Ilepexinm 1o
OiicriepCHUX CTPYKTYp NPH3BOAWTH IO IiJBHIICHHS akTUBHOCTI y 5-10
pasiB.

Jnst  xaTaliTHYHUX peakuidd, IO MNPOTIKAIOTh 33 KIACHYHUM
MEXaHi3MOM aJcopOLiiiHOT B3aeMOIil, Ha KaTaJITUYHIN MOBEpXHi MOBUHHI
iCHyBaTH aKTHBHI LIEHTPH TOBEPXHI Yy BHUIJISNAI IOUISHOK, IO MAalOTh
MiIBUINEHY BUIbHY €Heprito. TakuMmu [eHTpaMHu MOXYTb OYTH CTPYKTYpHIi
JIeeKTH MOBEPXHI UM BKIFOUCHHS TOMIIIOK.

ToOTo, akTHUBHICTH KaTaiizaTopa IOB'sI3aHa 3 KIUIBKICTIO Ha HOro
NOBEPXHI JUISTHOK i3 3aMOPOKEHUM HEPIBHOBAXXHUM CTaHOM, IIO MalOTh
HiBUILIEHY BUIbHY €Heprito. | mnpu BHPOOHHUITBI KaTali3aTopiB CIiJ
MIParHyTH CTBOPEHHS TaKuX AUISTHOK. Y TBOPEHHSI HEPIBHOBKHHUX CTPYKTYP
Ha KaTaJli3aTop po3rsiAae Teopis NepecuueHHsI.

Jlis orprMaHHs e()eKTUBHOIO KaTalli3aropa MOTPIOHO KOXKHY CTaJIito
TIPOIIECY MPOBOJUTH 38 YMOB MaKCHMAJILHOTO MEPECHICHHS.

KHCJOTHO-OCHOBHHMM KATAJII3 Y PO3UUHAX
€.0. Kanycrin, kaua. xiM. Hayk, University of California, Berkley, USA,
E.O. Byrenko, non., kaua. Texd. Hayk, IBH3 «I[TTY»

XapakTepHa BIACTUBICTH KHCIOT 1 OCHOB Yy pO3YMHAX — iX
KaTaJiTUYHA Jis Ha 6araTo peakiii: TiApoii3, TiapaTarito, JeriapaTaiiro,
QJIKITyBaHHS, Pi3HI peakuii i3oMepu3anii Ta KOHeHcalii Ta iH.

Y TrOMOreHHOMY KHCIIOTHOMY KaTaii3li B SKOCTI KaTaji3aTropiB
BUKOPHCTOBYIOTh: HPOTOHHI KUCIIOTH 1H — Yy BOII Ta BOJHO-OpPraHIYHHX
posumnnHuKax, kuciaotu JIetoica AlCls, BFs, SnCly ta iH — y HeBoaHuX
po3umHax, Tak 3BaHi Haakucnoru HF + SbFg, HSOsF + SbFg ta in — y
HEBOJIHUX PO3YMHHUKAX. Y TOMOTCHHOMY KaTalli3i KaTali3aTopamMH €
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TIAPOKCHUIM JIy)KHHX METalliB, aMiHH y BOJAI 1 BOIHO-OPraHIYHHX
PO3YMHHHKAX.

[Ipn KMCIIOTHO-OCHOBHOMY KaTalli3i 3 peareHTiB 1 KaraiizaTopa
YTBOPIOIOTHCS PEAKIiifHI KOMIUIEKCH Pi3HOTO CKJIaay, IO € 10HI30BaHHUMH
(dopmamMu peareHTy. loHi3yro4a 3HATHICTH CHIIBHUX KHCJIOT Yy BOJHHUX
po34nHaX 00yMOBJICHA YTBOPEHHSIM KOMIUICKCIB pearcHry:

1) i3 conpBaTOBaHUM TIPOTOHOM;

2) 3 HETUCOIIIHOBAHOIO KHUCIOTOTO.

ExcnepuMmeHTanbHe — JOCHIIKEHHS — 3aJIe)KHOCTI  e()eKTHUBHOI
KOHCTAHTH IIBUAKOCTI keg) Bim 10HI3yIOYOi 3[aTHOCTI CEpeOBHUINA YacTO
TIPU3BOIMTS JIO CIIBBITHOIICHD ['aMmmeTa:

Keg /ho = const,
J€ 8xam Ta Tigm — aKTUBHICTH Ta KOC(DIIIEHT AKTUBHOCTI KaTaji3aropa,

fp — Koe]IiLi€HT aKTUBHOCTI PO3YMHHUKA. PeakuiiiHWil KoOMILUIeKC —

NpOTOHOBaHa (opMma peareHty. JlorapuhmM KOHCTAHTH IIBHIKOCTI JIHIHHO
3pocrae 3i 3pocTaHHsM — Ho.

Y  pa3di  KOMJICKCOYTBOPEHHS  pEareHTy 3  MOJICKYyJaMH
HeucolioBaHoi cuitbHOT KucnoTH AH Ta 11 rizpaTom ioHi3yro4a 371aTHICTh
CepeIOBUINA TIPOSIBIIIETHCS Y BUPa3ax.

Y  CWIBHOPO3BENEHHX BOJHUX PO3YMHAX  CIAOKMX  KHCIOT
KaTaTiTHYHy aKTUBHICTh BUSBJISIFOTH IOHM Ta HEIUCOIIOBaHI MOJICKYIIH
KUCIOTH. B3a€M03B'S130K MK KATaTITHYHOK aKTUBHICTIO CIIA0KKX KHMCIIOT Ta
KoHCTaHTam# ix awcomiamii (Ka) y meskmx BWUmamkax BHAETHCS OMUCATH
piBasHEAM BpoHcTena:

Ig kegp = o IgKa + C,

JIe oL Ta C — eMITIpHYHI MapaMeTpy IS i€l peaxiii.

VY po3BeCHHUX BOJHHX PO3YMHAX OCHOB CIIOCTEPIra€ThCs CTAIICTh
BEJIMYHMHH T00YTKY KegCon TIpH BapitoBanHI Cou. Jlo1aBaHHs coel 10 BOAHUX
PO3YMHIB KHUCIIOT Ta OCHOB 3MIHIOE BEIMYMHU hg, 8aH, don. BiAMOBIIHO
3MIHIOFOTBCSI KOHIICHTPAIliS PEaKIIifHO3IaTHIX KOMIUICKCIB Ta KaTaTiTHYHA
AKTUBHICTb.
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CEKIUA: EJIEKTPOEHEPI'ETHUKA,
EJIEKTPOTEXHIKA TA EJIEKTPOMEXAHIKA

AHAJII3 MOXKJINBOCTI BITPOBA/I’KEHHS ITPUKJIA JTHUX
ITPOI'PAM, 1O NIPU3HAYEHI JJI51 PO3PAXYHKIB PEXKUMIB
EJIEKTPUYHUX MEPEX, Y IIPOLEC IIIAI'OTOBLI ®AXIBIIIB

3 EJIEKTPOEHEPTETUKHU
B.B. Hecreposuy, nou., kaua. TexH. Hayk, JABH3 «IITY»

IIporec MM ATOTOBKH (axiBuiB creniaJbHOCT1
141 «EnexkTpoeHepreTuka,  €IEKTPOTEXHIKA  Ta  EJIEKTPOMEXaHiKay»
nependavae 3100yTTs CTYJCHTAMU HU3KU KOMIIETEHTHOCTEH, 1110 MOB'sI3aHi 3
BUKOPHCTaHHIM KOMITIOTepHOI TexHiku. lle Hacammepen Taka 3arajbHa
KOMIIETEHTHICTh 5K 3[aTHICTh [O BHUKOPHUCTAaHHsS iHpOpPMAIiWHUX 1
KOMYHIKaIlIHHIX TEXHOJIOTIH, a TaKOXK (paxoBa KOMIICTEHTHICTh - 3IaTHICTh
BUKOPHCTOBYBAaTH  IpOTrpaMHe  3a0e3leueHHs Uil  KOMIT FOTEPHOTO
MOJICIIIOBaHHS, aBTOMAaTH30BAHOTO IPOEKTYBAaHHS, aBTOMAaTH30BAHOI'O
BHPOOHMIITBA 1 aBTOMAaTH30BaHOI PO3p0OKN ab0 KOHCTPYIOBAaHHS €IEMEHTIB
CJICKTPOCHEPTETUYHUX, €JIEKTPOTEXHIYHUX Ta €JIEKTPOMEXaHIYHUX CHCTEM.

VY mpoueci HaBYaHHS CTYJEHTH MalOThb OTPUMATH TaKi 3HAHHI Ta
PO3yMiHHS SIK «BIOTBOPIOBATH TPOLECH B  EJIEKTPOCHEPreTHYHUX,
SNeKTPOTEXHIYHUX  Ta  CNEKTPOMEXaHIYHMX  CHCTeMax IpH  iX
KOMII'FOTEPHOMY MOJICIIOBaHHI» Ta «OIIAHOBYBaTH HOBI Bepcii abo HoBe
nporpamHe 3abe3neueHHs, MPU3HAYeHE Il KOMIT FOTEPHOTO MOJICIFOBAHHS
00’eKTIB Ta MpOLECIB y eNEKTPOSHEPreTUYHUX, EJIEKTPOTEXHIYHMX Ta
EJIEKTPOMEXaHIYHUX CUCTEMAX.

Bce ne mnorpedye BUKOPHCTaHHS Cy4YacHOTO CHELialli30BaHOIO
MIporpaMHoOro 3abe3neyeHHs i/l yac HaB4aHHs CTyIeHTIB. J{J1st mpaBUIBHOTO
BHOOPY HEOOXiTHO BUXOANUTH 3 HU3KH OYEBHUIHUX KPUTEPIiB:

1) nporpamue 3a0e3nedeHHs Ma€ IIMPOKO BHKOPHUCTOBYBATHCS B
MIPOMHUCIIOBOCTI JJISl TOTO, 1100 CTYJCHTH MOTJIM BUKOPHCTOBYBAaTH HaOyTi
HABUYKH y CBOTH MaitOyTHIN MpaKTUIHIN MisUTBHOCTI;

2) mporpamHe 3a0e3nedeHHs Mae OyTH JOCTYITHUM JUISI HABYAIIbHOTO
3axnany (Oa’kaHa HAsSBHICTD CIEIiabHUX aKaIeMIYHUX MPOTpaM, sKi Jal0Th
3MOTY HaBYAJBHHM 3aKJjaJaM KyIyBaTH HOTO 3a MUTBIOBOIO IIHOKO a0o
OTPUMYBAaTH OE3KOLITOBHO);

3) mokiazeHi B OCHOBY HPOTPaMHOrO 3a0e3MedeHHs] alrOpUTMHU Ta
METOIMKH PpO3paxyHKiB Ta MOJEIIOBaHHS MalOTh OyTH JOCTaTHBO
anpo0OBaHMMH Ta BIANOBIZATH Jil0YMM B YKpaiHi Ta MIKHapOAHUM
CTaH/apTaM i TEXHIYHUM perjiaMeHTaM.
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Jist mpaBUIBHOTO BMOOPY NPOrpamMHOro 3a0e3reveHHs HEeoOXiIHO
TaKOX BU3HAYHTH Ti HABYAJIbHI TUCIMIDTIHA Ta BUIM HABYAIIEHOI pOOOTH, SIKi
HacamIepe]] oTpeOyIoTh HOro BUKOPHCTaHHSI.

Buxongun 3 HaBUanLbHUX IUIAHIB 3a CIELialbHICTIO 141, MOXHa B
TepIry Yepry BHUIUIATH TakKi OUCHUIUIIHA Ta BHAM HaBYaJIbHOI poOOTH:
SJIEKTPUYHI CICTEMH Ta MePeKi (PaKTHIHI 3aHATTS Ta JIaOOpaTOpHi poOOTH,
KYpPCOBHI TIPOCKT), ENEKTPOMATHITHI Ta eJNeKTPOMEXaHiuHI MepeximHi
mporecu (MPaKTHYHI 3aHATTSA Ta JabopaTopHi poboTH, KypcoBa poOota),
OCHOBH DEJIEHHOT0 3aXHCTy Ta aBTOMAaTH3aIlii eHeprocucreMm (MpakTHIHI
3aHATTSA Ta JabopaTopHi poOOTH), EIEKTPONOCTAYaHHS IPOMHUCIOBHIX
nianpueMcTB (TIPakTU4HI 3aHATTA Ta JlabopaTopHi poOOTH, KypCOBHii
NPOEKT), OakanaBpchka podoTa, Marictepcbka poooTa.

3 nuxX Mo3uIlii OyJ0 MPOAaHANI30BAHO MOMIIMBOCTI 3aCTOCYBAaHHS
mporpaMHoro 3abesneuyeHus EasyPower amepukancekoi koMmmnanii Bentley
Systems ta ETAP Power Lab xomnawnii Operation Technology, inc.

BazoBuii maker EasyPower sBIs€TbcS OCHOBOIO MJISI MOMYJIB
pO3LIMPEHHs, 3a0e3ledye MOJCNIOBaHHA TpU(a3sHOro, OTHO(pA3HOTO
oONagHaHHS y BUTJISAAI IHTEPAKTUBHOI OMHONIHIMHOI cxemu. J[nst aHamizy
PESKUMIB €IEKTPUIHO]I CXEMH BUKOPHCTOBYIOTHCSI MOJLYJIl PO3IIMPEHHS, IO
JOMAI0Th MOJJIMBOCTI BHM3HAUEHHS CTPYMiB KOPOTKOTO 3aMHKaHHS
BinnosigHO 10 cranaptiB IEC 60909, NEC i NFPA (Bkirodatoun 3MiHHUH 1
NOCTIHHUK CTpyM); MOOYJOBH KPHBHX CEJIEKTHBHOCTI Ta HaJallTyBaHH:
peJeiiHOro 3aXMCTy Ta anapariB 3axucTy (BinnoBiaHo 1o cranaapris |IEEE-
1584 1 NFPA 70E), BusHayeHHS Ta ONTHMI3alil MaaiHHS HAOpYTH,
HaBaHT@KEHHS  OOJiaJHaHHA,  Koe(ilieHTa  IOTYXKHOCTi,  IOTOKIB
MOTY)XHOCTEH, pO3paxyHKy TapMOHIMHHUX CIIOTBOPEHb Ta BHOOpPY
BIJIMOBIIHMX KOPUTYBaJbHUX (UIBTPIB; aHai3y JAWHAMIYHOI CTaOIILHOCTI
CJICKTPUYHOI MEpexi, aHali3y MepexiHuX IPOLEeCciB MiJ dYac IycKy
JIBUTYHIB; aHaJIi3y HAJIHHOCTI EJIEKTPUYHUX MEpeX Ta iHmme. s ocBiTHIX
LJIel yHIBEpCUTETaM Ha/aeThCsl Bepcis nmakera EasyPower, sika minTpumye
OCHOBHI (DyHKIIiI, ane Mae OOMEKEHHs 3a KUIBKICTIO BY3JIB EIEKTPUIHOI
Mepexi (He Outpme 25).

ETAP Power Lab — me mporpama mOCTiIHMIIBKOI Ta OCBITHBOI
cuiBnparni mMixk ETAP Tta akpeauroBanumu yHiBepcuteramu. JlineH3is B
paMkax miei TporpaMH Iependadae MOXKIHMBICTD aHANi3y pEXHUMIB
EJIEKTPUYHOI Mepexi 3 yucioMm By3iiB g0 25. [lpu upomy peanizoBani
MOXIJIMBOCTI aHAJi3y CTAJIMX CUMETPUYHUX 1 HECUMETPUYHUX DPEXKHMIB,
HEepeXiIHUX PEXUMIB, BKIIOYAIOYH IYyCK JIBUTYHIB Ta PEXUM KOPOTKOTO
3aMHUKaHHS, aHalli3 JMHAMIYHOI CTIHKOCTI CHCTEMH, CHOTBOPEHb KpPUBOI
HaINpyTHy, aHalli3 HaAIHHOCTI CUCTEMH Ta iH.
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IIpoBenenuit monepenHiii aHali3 Mokasye, o0 I[i MPOrpamMHi 3acodu
MOXYTb OyTH BUKOPHCTAaHI JUIsl TArOTOBKH (haxiBLiB 31 crenianbHoCTi 141.

AHAJII3 OCOBJIMUBOCTEN MATEMATHYHOI'O
MOJEJIFOBAHHS EJIEMEHTIB EJIEKTPUYHOI MEPEXKI ¥
IMPOLECI IPOI'HO3YBAHHSA BEJINYUH CIIOTBOPEHb ®OPM
KPUBUX CTPYMIB TA HAIIPYT
B.B. HecrepoBuy, mo1r., kaua. TexH. HayK, JIBH3 «IIATY»

Bu3HaueHHs OYIKyBaHMX BEJIMYUH CIIOTBOPEHb (OpM KPHBUX
CTPYMIB 1 Hampyr MO)K€ BHKOHYBaTHCS IIpU BHPILIEHHI MUTaHb MPO
1 IKTFOYEHHS o eNeKTPUYHOL Mepexi HOBHX HEJIHIAHUX
SJICKTPOIIPUIIMAYiB, aHANi3y NPHUYMH 3pPOCTAHHS TaKUX CIOTBOPEHb Yy
Ipoleci eKcILTyaramii Mepei, BU3HA4YeHHI JI0JbOBOI y4yacTi CIOXXKHBadiB
€JIEKTPOEHEPTii Ta EHEeprornocTajyai-HOr0 MiJNPUEMCTBA Y CIOTBOPEHHI
¢dopmu KpuBOi Hanpyru. s TPOTHO3YBaHHS BEIUYMH CIIOTBOPEHB
BHUKOPUCTOBYIOTHCS JIBa OCHOBHUX METOJH, MEPIINi 3 SIKHX 3aCHOBaHHH Ha
po3paxyHKy (abo MareMaTHYHOMY MOJCIIOBaHHI) y 4acoBiif oOmacTi, a
JpYTUH, BIIIOBITHO — y YaCTOTHIH 00JIaCTi.

Ilepmmii i3 TUX METOMIB BUKOPHCTOBYETHCA B OUIBIIOCTI BHUITAIKIB
IpH BHUKOHAHHI HAYKOBHUX MOCHI[DKEHbP a00 y BiTHOCHO HEBEIHMKIX
EJIEKTPUYHHUX Mepexax. Ha mpakTuili mpu aHami3i HECUHYCOITHUX PEXUMIB
y Meperax 3 BEJIMKOIO KIIBKICTIO BY3JIiB Ta JKEPEIT CIIOTBOPEHb HalYacTille
3aCTOCOBYIOTh MaTEMaTHYHE MOJMCIIOBAHHS B YacTOTHIA 00JacTi, M0
MOSICHIOETHCS HacaMIIepe ] MEHIIIMMH BUTpaTaMK 00YHCITIOBAIBHIX PECYPCIB
TIpY 33JI0BUIBHIHM TOYHOCTI po3paxyHKiB. [Ipy BUKOpHCTaHHI TAaHOTO IiIXO01Y
BEIMKEC 3HAYCHHS Mae moOymoBa B YaCTOTHIM OOJIACTI aJeKBAaTHHX
MaTeMaTHYHUX MoJenen €JIEMEHTIB CJICKTPUYHOT Mepexi
(TpancdopmaropiB, JiHIH eJeKkTpomepenadi Ta iH.), a TAaKOX JDKEpem
CIIOTBOPEHb. SIKIIO /1T eNeMEHTIB MepeKi i€ MUTaHHs 100pe BUBYEHE, TO
II0JI0 JKEPEN CHOTBOPEHB MOTPIOHO MPOBEACHHS TOJATKOBUX JOCIIIKCHb.

Ie moB's13aHO 3 TUM, IO BiAOYBAa€THCS TIOSBAa HOBHUX THITIB HETIHIHHNX
eJIeKTPONpUIMaYiB, 3pocTae iX KIJbKICTh Ta 3MIHIOIOTHCS 3aKOHU
YOpaBIiHHA LUMH  €JIEeKTPOIpUiMayaMy, a TaKoXX BCEe 4YacTile
BUKOPUCTOBYIOTBCS [DKepesia eHepril, IO MiAKII0YaloThes 10 eNeKTPHIHOT
Mepexi 3a JOMOMOTOr0 iHBepTOpiB. Tak OCTaHHIM YacOM Pi3KO 301IIBIIYETHCS
KIJIBKICTH 1 CyMapHa MOTYXHICTh (DOTOTCHEpYyIOUMX YCTaHOBOK (3a
migcymkamu 2022 p. - 4,5 % enekrpoeHeprii y CBITI BHpPOOJICHO Ha
(oTOreHepyI0YNX YCTaHOBKAX), IPUYOMY Pa3oM i3 MOTY)KHUMHU COHSYHUMHU
CJIEKTPOCTAHIIIIMU  ITIKIIOYAEThCS BEIHMKA KUIBKICTh CTaHIA Mayol
notyxHocTi. OcoONMBICTIO € Te, IO IIi JUKEpEeIa CIOTBOPEHb BUSBIISIOTHCS
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po3ocepepkeHIMH Yy Mepexi. [IpoBeieHi HU3KOK BUSHUX OCTAHHIM Y4acoM
JOCIIIPKEHHS TI0Ka3aJly, 110 BEJIMYMHA CIIOTBOPEHb (DOPMHU KPHUBOI CTPYMIB,
10 TeHEPYIOTHCS (POTOENEKTPUYHIUMHU YCTaHOBKAMH, CHIIBHO 3aJISKUTD Bill
CTYIEHS 3aBaHTa)KEHHS! YCTaHOBKH - CIIOTBOPEHHS cTpyMy 3HauHo (y 10-20
pasiB) 3pOCTalOTh NPH MalMx HOTYXHOCTSX (5-20 % Big HOMiHANBHOT
MTOTY>KHOCTI), 8 TAKOX BiJI BEIMYNH CHOTBOPEHb HATIPYTH, SKi CIIPHYUHEHI
IHIIUMU yCTaHOBKaMH (TOOTO BiJOYBA€ThCSA B3AEMHUH BIUTHB JDKEpeEl
CIOTBOPEHB). J{JIs1 OCTAHHBOTO Yacy TaKOXK XapaKTepHe 3HaYHe 301TbIICHHS
YHclia Ta CYMapHOI MMOTY KHOCTI 3apsTHUX CTaHIIN JJIS eIeKTPOMOOINIB, SKi
TaKO)X HETaTUBHO BIUIMBAIOTH HA AKICTh €JIEKTPOSHEePrii.

Bce 1ne morpebye TOAANBIIOr0 KOPHI'YBaHHS — BiJIIOBIIHHX
MaTeMaTUYHUX MOJENeH, 10 MPU3HAYEeH] JUIS BUKOPUCTAHHS y YacTOTHiil
o6uacri. [Ipy 1boMy HEOOXiTHO YHUKHYTH 3HAYHOTO YCKIIaHEHHS MOENeiH
3a YMOBH 30€peKeHHs PUHHATHOI TOYHOCTI PO3PaxXyHKIB Ta MOJEITIOBAHHS.

OLIHKA MMOTYKHOCTI KOMIIEHCYIOUOI'O ITPUCTPOIO 3
YPAXYBAHHSM BHITAJIKOBOI'O XAPAKTEPY INIOPYHIEHHA
CI/IHYCOiI[HOCTI CTPYMY TA HAIIPYTHU
10.J1. Caenxo, pod., I-p TEXH. HAYK,

T.K. Bapanenko, gorr., kaua. Texd. Hayk, ABH3 «I[1IATY»

HasBHiCTh HETIHIHHUX HABaHTQKEHb B CIICKTPHYHHX MEpekKax
BUKJIMKAE TOPYIICHHS CHHYCOIIHOCTI KpUBHX CTpyMiB Ta Hampyr. Lli
NOPYIIEHHSI MalOTh, 3a3BUYaii, BUNIaJKOBUN XapakTep. Y TakOMy BUIAAKY
KpiM €JIEKTPOMAarHiTHOI PeakTHBHOI MOTYXHOCTI, 00yMOBIJICHOT HasBHICTIO
HaKOIMYYyBayiB eJIEKTPOMArHiTHOI eHeprii (eMHOCTI Ta/abo iHJyKTHBHOCTI)
MOJKE€ MaTH MicClle Apyra CKJIaJoBa PEaKTUBHOI IMOTYKHOCTI — HOTY)XHICTh
CIIOTBOpPEHHS (TIOTY>KHICTh 3CyBY (ha3), NOB'sI3aHa 3 CIIOTBOPEHHSAM (OPMHU
cTpyMmy Ta Hanpyru. OpHaK, TpW BHUPIIIEHHI NHWTaHHSA KOMIIEHCAI]
PEeaKTUBHOI MOTYXHOCTI, TOALT 11 Ha mi JBi CKIamoBI € HemonuTbHNM. Lle
MOB'SI3aHO 3 THM, IO 30BHIMIHIA TPOSIB NHUX CKIAJOBUX pPEaKTHBHOI
MOTY)KHOCTI OMHaKoBHWA. Hes3Bakaiouwm Ha NPWHIMIIOBO pi3HY (i3mgHy
MIPUPOLY TOXOIKCHHS, PEAKTUBHA IMOTYXKHICTh CIIOTBOPEHHS MOXKE OyTn
KOMIICHCOBaHA eJIEKTPOMArHITHOIO PEAKTHBHOIO MTOTY>KHICTIO 1 HABIIAKH, L0
JOCUTh IIHPOKO BUKOPHCTOBYETbCS HA TPAKTUII MpU KOMIIEHCALil
pEaKkTUBHOI ~ IOTYXKHOCTi, 110 CIHOXXHBA€EThCS  IIEPETBOPIOBAJIbLHUMHU
yCTaHOBKaMH, OarapesiMu KOHJICHCATOPiB abo CUHXPOHHUMU
KOMITEHCATOPaMH.

[Ipu BUpilIEHHI HU3KM 3aBAaHb, MOB'SI3aHUX 3 OLIHKOIO MapaMmeTpiB
€JIEKTPOMArHiTHOI CyMICHOCTI Mif 4ac poOOTH PI3KO3MIHHUX HENHIHHUX
HaBaHTaKeHb, KPHUBI CTPYMIB i HAIIpyT MOXKyTh OyTH IIPE/ICTaBJIEH] y BUTTIS I
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aMIUTITy THO-MOJIyJIbOBAHNX KOJIMBaHb 3 BHIAJKOBUMH 3aKOHAMH 3MiHH
aMILITya Ta movarkoBoi ¢azu. Ilpm I1boMy TEOpEeTHYHO MOXKYTh
BUKOPHCTOBYBAaTUCS OYJb-IKi 3 TPhOX OCHOBHHX BHJIB KOPEJSIIHHUX
(byHKITIH: EKCIIOHEHII1aJIbHa, €KCIOHEHI[1aJIbHO-KOCHHYCHA abo
eKCIIOHEHI[1aTbHO-KOCHHYCHO-CHHY CHA.

OnHak TpH JOCHIIKEHHI MPOOIeMH eNeKTPOMAarHiTHOI CyMiCHOCTI
pu poOOTi Pi3KO3MIHHUX HENHIHHNX HaBaHTAXCHD MIITXOM MOJICITIOBAHHS
BHITIAAKOBHX MPOIIECIB 3MiH IX CTPyMiB TaKWi MiAXia, IK 3aMiHa OJHOTO BUIY
KOpeJsmiiHol QyHKIl iHIIMM, 3aCHOBaHMN Ha PiBHI IUION] I KPUBUMHU
KOpeJIMIHHNX (YHKIIN, IK IPaBUIO, € HeNpUHHATHAM. Lle moB's13aH0 3 THM,
10 BU3HAYAIBHUM (DaKTOpPOM, MO BIUIMBAE HAa BEJNWYMHY KoedilieHTa
CTIIOTBOPEHHSI CUHYCOINHOCTI KPWUBOi CTPYMy, € HE €HEepris BHIIaJKOBOTO
MpoIlecy 3MiHH CTPyMY HaBaHTaKEHHs, a HOTro IMIBHAKICTH 3MiHH, sKa
XapaKTepu3yeThcsl TapamMeTpaMu KopeisimidHoi  ¢yHkuii. Pesynprarn
JOCII/DKeHb TOKa3aiH, 10 31 30UIbHICHHSAM Koe(illieHTa 3aracaHHS Ta
KYTOBOI YaCTOTH KOPEIALIAHOI (yHKIIT 3pocTae KOSPIIiEHT CIIOTBOPSHHS
CHUHyCOimHOCTI KpuBoi crpymy. Tomi mpum 3aMiHi, HaIpUKIAN,
eKCTIOHEHIIaJIbHO-KOCHHYCHOI KOpeJIsiiHOl (DyHKIIIT eKCIIOHEHIIAIBHOIO,
MOke OyTHM OTpHMaHa 3aBHIICHA OIliHKa Koe(imieHTa CIIOTBOPEHHS
CHHYCOiJHOCTi KpHUBO1 CTPyMY.

ITonepenHiii BHCHOBOK MOIIMPIOETHCS Ha BHUPIMICHHS MPOOIeMH
KOMITEHCAIlli pEeakTUBHOI TOTY)XHOCTI 3 YpaxyBaHHSM BHIIaJIKOBOTO
XapakTepy 3MiHM KPHUBHX CTPYMIB 1 Harpyr. Kpim 1iporo, ciiiz BpaxoByBaTH,
110 YMOBOIO TU(EpeHIIHOBAHOCTI BUMAAKOBOTO HPOLECy € Oe3NepepBHICTb
MoximHoi1 Horo kopessiiHoi ¢yHkuii B okoauui touku 7 = 0. Lli#t ymoBi
3aJI0BOJIbHSIE EKCIIOHEHI[1aJIbHO-KOCHHYCHO-CHHYCHA KOpeIsiiifHa QyHKIIis.

MATEMATUYHI METOIU JOCJIIKEHHSA HAI[IfIHOCTI
POBOTHU EHEPTETHYHUX OB'EKTIB
T.K. bapaneHnko, aou., kaua. Texd. Hayk, IBH3 «[1IATY»

Po3paxyHkn HamifHOCTI EHEPreTHYHUX OO0’€KTIB MOJSATAIOTH Y
BHU3HAYCHHI PI3HHUX KUIBKICHUX NOKa3HHKIB. [IpM 1[bOMy eneMeHTH Takmx
00’€KTiB, AKi 3HAXOIATHCS B aBapifHOMY CTaHi, IiIATalOTh PEMOHTY, IO
BiTHOBJIIOE 1X BUXiHI MapamMeTpH, a0 3aMiHIOIOTHCS HOBUMH, 1ICHTHIHUMH
iM enementamu. Lli BiIHOBIIOBaJBHI POOOTH BHUMArarOTh TMEBHHUX BUTPAT
Jacy, ToMy poOOTy elieMEHTa CHEPrOCUCTEMH 3 MO3UIIl Teopii HaaiiHOCTI
MOJKHA PO3IJISIATH SK MPOIIEC BiITHOBJICHHS 3 KIHIICBHM YaCOM BiTHOBJICHHSI.

HaniiiHicTs poOOTH  BIJHOBIIFOBAHOTO €IEMEHTAa MOXE OyTH
oXapaKTepHU30BaHa HACTYITHUMH ITOKa3HUKAMI: ITAPAMETPOM IIOTOKY BiJMOB,
CepelHbOI0 TPHUBAJICTIO BIJHOBJIICHHS; IMOBIpHICTIO mepeOyBaHHS B
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aBapiiHOMY CTaHI, CEpPEJAHBOI0 YACTOTOK IUIAHOBUX  BIJKIIIOYCHB,
CepeIHbOI0 TPUBAIICTIO OJTHOTO IUIAHOBOTO BIIKIIFOUEHHS, CEPEIHBOPIYHOIO
TPUBAIIICTIO TIAHOBHX NpocToiB. [lapameTp MOTOKY BiIMOB SIBIIsIE COOOIO
IIUTEHICTh IMOBIPHOCTI BUHUKHCHHS BIJIMOBH BiTHOBIIOBAHOTO €JICMEHTA B
JaHUHA MOMEHT 4acy i B 3aralIbHOMY BUITaJIKy MOYKE 3aJIe)KaTH BiJl TPHBAJIOCTI
eKcIuTyararii. 3 Teopii HagiHOCTI BiOMO, IO HAWOIIBII TPOCTHM 3aKOHOM
po3momimy 31 3MIHHAM TIapaMeTpoM IIOTOKY BIIMOB BiZ dacy €
JBOTIapaMEeTPUYHHU 3aKoH Beitbyia

B mpomeci mpoekTyBaHHS 1 BHNPOOYBaHB EHEPTOYCTAHOBOK, IPH
OIIIHIII BTPAaTH HAAIHHOCTI P eKCIUTyaTallii i MPOrHO3yBaHHI ii Ha MaltOyTHE
HEeoOXiHI KIUTBKICHI MeToau po3paxyHKy. Ilepemiummo maremaTuuHi
METO]IH, 1110 BUKOPHCTOBYIOTHCS IIPU TaKUX PO3paxyHKax.

VsBIEHHS TIPO Te, M0 KOXKEH BHUPIO 3a )KUTTEBUH LUKII MPOXOIHUTH
HU3KY MOCIIZOBHUX CTaHIB TPHU3BOAWTH 1O TOHATTS MHOXHHH CTaHIB
cHUCTeMHM 1 3MIiHM 1X 3 4YacoM. BupileHHs MIIMHOXHUHU CTaHIB,
NPUHAISKHICTh 70 SIKOI BBAYKAETBCS BIJIMOBOIO CHCTEMH, 3MYIIYE
BUKOPUCTOBYBATH YSBJICHHSA TEOpPii MHOXKHH Ul ONMUCY 0araTbox IOHSTH
Teopil HaIIIHOCTI.

PoGoTu 31 CTBOpPEHHS BHCOKOHAIIIfHHX CHCTEM 3 MaJIOHATIHHUX
€IIEMEHTIB TPHUBEIH OO0 BHUKOPHCTAHHSI 3ac0o0iB MaTeMaTH4YHOI JIOTIKH.
[Iporecn 3MiHM CTaHIB BHSABHIOCA HAOYHO 1 TIPOCTO TIPEICTABIATH,
BUKOPHCTOBYIOUH €JICMEHTH Teopii rpadis.

JlokanbHi HEOMHOPITHOCTI MaTepiaidy, 3 SKOTO BHIOTOBIISIOTHCS
BUPOOH, MPU3BOIATH JI0 HEPIBHOMIPHOTO 3HOCY, CTapiHHS 1 O PO3KUAY
TepMiHiB ciykOu. ToMy Teopiss HaIIHHOCTI TPYHTYeTbCcs Ha Teopii
IMOBIpPHOCTEH, SIK B pO3paxyHKaX, Tak i y BU3HAYEHHI CaMUX MOHATH TeOpil
HaAIHHOCTI.

[Ipouecu BTpaTn HaAIHHOCTI CHCTEMaMHU PO3PAXOBYIOTHCS, BUXOITIN
3 Teopii BUMaaAKoBUX nporeciB. Lle 3HomIyBaHHs, cTapiHHS.

Benuka rpyma 3aBgaHp  (BH3HAYEHHS ONTHMAIBHOTO —3aracy,
pe3epByBaHHS, IEPiIOTNIHICTD POPLITAKTHIHOTO 0OCITyTOBYBaHHS ) BUMArae
BUKOPHCTaHHSA METOIB TEOPil MacOBOTO 0OCITYTOBYBaHHS.

LlenTpanpHa dYacTHMHA NPHUKIAOHOI MaTeMaTHKH — MaTeMaTH4Ha
CTaTHCTHKA — 3aliMa€e HalBaXJIMBIiIIe MicIle 1 B Teopil HagiiHOCTI (0OpoOKa
MIEPBUHHOTO  EKCIEPHUMEHTAIIBHOTO  MaTtepially, aHami3 pe3yJbTaTiB
BUIIPOOYBaHBb).

IlepepaxoBaHi MareMaTW4YHi METOAM, IO 3aCTOCOBYIOTHCS IS
JIOCITIZPKEHHS] HaJIHHOCTI CKJIaJIHUX €HEPreTHYHUX CHCTEM, MepeadayaroTh
BHUKOPHCTaHHSI Cy4YacHOi OOYMCIIIOBAIBHOI TEXHIKM 1 CIeliali3oBaHOTro
nmporpamMHoro 3abesnedeHHs. ORHUM 3 BHUIIB TakKOro IPOrpaMHOTO
3a0e3MeueHHs € MOTY>KHa CHCTeMa IH)KeHEPHUX 1 HAayKOBHX pO3paxyHKiB
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Matlab, mo wmicture maker posmmpeHHs Simulink. Matlab no3Bose
MIPOBOANUTH OOYHMCIICHHS B PEXHMMI NPSIMHUX OOYMCICHb 3 BHKOPUCTAHHSIM
KOMaH/IHOTO PSIJIKA, a TAKOK 3 BUKOPUCTAHHSAM IPOrpaM, HallMCaHuX Ha MOBI
Matlab, i 30epiratotbecss B m-(aitiax (abo ckpunt-¢aitnax). Kpim mporo
makeT po3mupeHHs Simulink 703BoIsTE MOCTIHKYBAaTH HAMIHHICTH CKIIATHUX
CHCTEM 3a JIONIOMOTOK iMiTamiffHOro MoOJeroBaHHSA. B mboMy BHIIaIKy
MOXXYTb OYTH CTBOpEHI iMiTamilfHI MOJeIi OKpeMHIX OJIOKIB €HepPreTHIHIX
CHCTEM, IO JO03BOJS€ 30MpPAaTH MOZENI CKIAJHHX CTPYKTYPHHX CXEeM
HAJIMHOCTI, NUIAXOM 3’€THAHHSA OTpHUMaHUX OJOKiB. KpiM mporo MoxyTthb
OyTH cTBOpeHi OJ0KH, IO BPaXOBYIOTH Pi3HI 3aKOHM PO3IOILTY TapaMeTpiB
HaJIITHOCTI €JIEMEHTIB BUXIHUX MPHUHIMIIOBUX 200 (yHKIIOHAIBHUX CXEM
E€HEPreTUYHUX CHCTEM, IO J03BOJISE MPOBOIUTH IMITAIINHI AOCHTIHKEHHS
HaJIHHOCTI B 3aJIEKHOCTI BiAg dYacy. Takok mepeBaroro BHKOPHCTaHHS
IMITaIifHOTO MOJICITFOBAHHS 3 BHUKOPHCTaHHSIM makeTa Matlab/Simulink e
MOJMUIUBICTh ~ BBEAEHHS  BHXIIHMX JaHUX pPI3HUMH  CIIOcOO0aMu:
Oe3nocepeHbO B MOZENB, 3 POOOYOro MPOCTOpPY ab0 KOMaHIHOTO BiKHA
Matlab, 3 daiiny, 3 enexktporanx Tabmumps Excel.

TakuM YMHOM, 3aCTOCYBaHHS CHUCTEMH IH)KCHEPHHX 1 HAYKOBHX
po3paxyHkiB Matlab, 30xpema makera iMiTarfiifHoro MozemoBanHs Simulink
J03BOJIsIE €(DEKTUBHO MOCTIKYBaTH HAIIHICTE POOOTH EHEPreTHYHHIX
CHCTEM 1 iX 00 €KTIB.

AHAJII3 BINTUBY METEOPOJIOI'TYHUX JAHUX HA SAKICTb
IMPOTHO3YBAHHA FEHEPAHIi EJEKTPOEHEPIII
COHSYHUMMU ITAHEJISIMA
10.J1. Caenko, pod., I-p TEXH. HAYK,

B.B. JIro0apues, acmipasnr, acuctent, 10.1. JIrobapiieBa, cT. BUKIIaaay,
JABH3 «IIATY»

BupinieHHs HallBayXJIMBIIINX 3aBAaHb — CHEPropecypco30epekeHHs
Ta MIBUIIECHHS EHEeproOes3mekn KpaiHW — HEMOXXIHMBE 0e3 MIMPOKOTO
BIIPOBaJKEHHS BigHOBMIOBaHWX pkepen eHeprii (BAE). HeratuerOIO
cTopoHOI0 3actocyBaHHI BJIE € ckmagHicTe TPOTHO3YBAaHHS iXHBOT
reHepamii Ta, K HACTIJOK, CKJIIAAHOCTh NPH IUIAaHYBaHHI PEeXHMiB poOoTH
€HEepProcrCTeM 3 PO3IOIUICHOI0 TeHepaliero. Y miif poOOTi MPOMOHYETHCS
po3poOka  MaTeMaTHYHHUX  MOJEJICH  Ta  METOMIB  MiJABHIICHHS
€Heproe()eKTUBHOCTI €JIEKTPUYHUX CUCTEM 3 BiJJHOBIIIOBAHUMH JIXKEpeIaMu
eHeprii LUIAXOM TIJBHUIIEHHS TOYHOCTI IPOrHO3YBaHHS TeHeparil
MOTYXXHOCTI 3 BUKOPUCTAHHIM HEHPOHHUX MEPEX Ta MAIIMHHOTO HABYaHHS.

TpagumiiHO I OIIHKK TMPOIYKTUBHOCTI COHSYHUX Oarapei
ChOT'OJIHI 3aCTOCOBYIOTBHCSI METO/M, 3aCHOBaHI Ha pEalbHOMY BUMIpSHOMY
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3HA4Y€HHI COHSIYHOIO BHUIPOMIHIOBAHHS B MiCLi IX BCTAHOBJICHHS. TOMY SIK
3pa3KkoBe  3HAueHHs OyJlo  3pO0JIeHO  NPOTHO3YBaHHS  TeHepauil
€JIEKTPOCHEPTii COHSIYHMMHU MaHENSIMH, 3aCHOBaHE Ha JIAaHUX BHMIPSHOTO
peaIbHOTO COHSIYHOTO BUIIPOMIHIOBAHHSI.

Byno Bupimeno 3aBaaHHS TOMIYKY JaHUX i3 BEIMIHMHAMHI COHSIYHOTO
BHUITPOMIHIOBAaHHS JIaHOI MICIIEBOCTI, SIKi MOJKHA OTPUMATH PO3PAXyHKOBUM
nurixoM. CKIamHICTh MOJIATae B TOMY, IIIO HAsBHI 0a3u JaHUX COHSIYHOTO
urnpominioBanHa (PVGIS) orpumMaHi 3 METEOPONOTIYHUX CYMYTHHKIB, SKi
OILIHIOIOTh BUIPOMIHIOBAHHS, IO JOXOAWUTH 1O 3E€MJII 33 MOTOIHUMH
nmapaMeTpaMy, TAKUMHU K XMapHICTh, onaan Tomo. OTpuMaHHS [TUX JTaHUX
JUIL TIPUBaTHUX MPOCBIOMEPIB Ma€ TpPYIHOIIi, OCOOJMBO IPOTHO3HI
3HAYEHHs, OCKUIbKM JlaHi CHCTEeMH HaJaloTh iH(OpMalilo 3a monepeaHi
MIPOMIXKKH 4acy, 63 MOXKIMBOCTI IPOTrHO3yBaHHs. Hali3pyuHimmMu qanumu
€ 3BUYAIHUI METEOPOJIOTIYHUHN MPOTHO3 TOTOIH.

[Ipu npoMy TakoX ciiJl BpaxoBYBaTH Te, IO BEJIMYMHA COHSYHOTO
BHUIIPOMIHIOBaHHSA, IO OXOJUTH JO TOBEPXHI 3eMJIi 3aJeXHUTh Bil dacy
J00M, KyTa HaX¥Ty COHIIA HAaJ IMMOBEPXHEIO0 TOPH30HTY, a3UMYTY, IOPH POKY
i T.1. JInst BUpilIeHHS 3aBJaHHS MPOTHO3YBaHHS Te€HEpalii eIeKTpoeHepril
COHSYHMMH TIaHENSIMH Ha OCHOBI HEMPSAMHX BHXIIHUX MHaHUX Oyio
3actocoBano «Clear Sky model for Direct and Diffuse Insolation on
Horizontal Surfaces» (Momens «Huctoro Heba» mist mpsimoi Ta andy3Hoi
IHCOJISIIT HAa TOPU3OHTAIBHHUX MMOBEPXHSX) po3podieHy y 1981p. Piuapaom
E. Bepmom. IlpuHuMm po3paxyHKy COHSYHOTO BHIPOMIHIOBAHHS I[I€I0
MOJICJUTIO 3aCHOBAHWI Ha BUKOPUCTaHHI LIMPOTH, JOBTOTH, YACOBOI 30HH,
JaHUX PO ILIap O030HY HAJ JaHOK TEPUTOPi€I0, aTMOC(HEPHOrO THCKY,
KUTBKOCTI BOJIOTH B MOBITPI, & TAKOXK aJIbOCIO MOBEPXHIi 3emiti. Pe3ynbpraToMm
po3paxyHky € marpuns 4x8760, ne 8760 — KiNbKICTh TOAMH Ha pIK, a 4
CTOBIIII BKJIIOYAOTh:

- Tpsmi mpomeni, Br/m?;

- TIpsiMe HOpMaJTbHE BUIPOMiHIOBaHHs, B1/M%;

- Tno6ansHe ropu30HTANbLHE ONPOMiHEHHS, BT/M?;

- Po3cisiHE rOpU30OHTalIbHE ONPOMiHEeHHS, BT/M2.

[ToroguaHe TPOTHO3YBaHHA TEHEpAaIlil eIeKTPOeHepril COHTIYHUMU
MaHeIsIMHU 32 JOMTOMOTOI0 HEMPOHHUX MEPEX IO03BOJISIE€ OTPHUMATH TOYHHN
nporao3. CepemHss moxnOKa NPOTHO3YBAaHHA 3 BHUKOPHCTAHHIM PpEAIbHO
BUMIPSIHOT 1HCOJIAIT Y MICIli BCTAHOBJICHHS COHSYHUX MaHeJeH (As m'satu
JOCHIIB y 1i¥i poboTi) BapitoeThes Big -0,97% no 4,91%.

[Tpn BuKOpHCTaHHI PO3paxOBaHMX 3HAYEHb COHAYHOI 1HCOJILII, a
TaKOX IPOTHO3y MOTrOAW IOXHMOKa IPOrHO3YBaHHS 3pocTae ([iarnaszoH y
MPOBEACHUX JOCHTiaX CTaHOBHB BiX -3,86% 1o 5,12%). Lle oOymoBieHO
HacamIepe]] HETOYHOCTSIMH B IIPOTHO31 IOTOJHM, & TaKOX MOXMOKaMH NpH
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po3paxyHkax iHcomsuii 3 BukopuctaHusMm Clear Sky model. IIpote
BUKOPDHCTaHHS IIbOTO IPOTHO3y Ma€ BHCOKY TOYHICTH 1 MOXe
3aCTOCOBYBaTHCS  JUIsi  OIIHKM  TeHepalii  elleKTpoeHeprii  mpu
JCIieTYepr3alii eHeprocucTeM, YKIaJaHHI JIOTOBOPIB Ha IOCTadyaHHS
€JIEKTPOSHEPTii OITBITUMHE SIEKTPOCTAHIIIIMH B TaK 3BAHOMY PUHKY Ha 00y
BIIEpE].

KpiM 1pOr0 BigCyTHS HEOOXINHICTP BHUKOPUCTAHHS TPOMI3IKOTO
HaboOpy HMaHUX [UIsI POOOTH HEHpPOHHOI Mepexi. 3 TOpIBHAHHS MOXHOOK
MIPOTHO3yBaHHSA 000X MeTOMiB, AocTaTHIM € Habip 3 1000...2000 Bubipok
JaHKX 100 Oep KaTH TOYHOTO IPOTHO3Y. Lle cBoe 4epry 3HIKY€e BUMOTH JI0
00YHUCITIOBAIIBHUX PECYPCIB 1 3HIKYE 3aralibHUiN 4ac TPeHYBaHHs HEHPOHHUX
Mepex.

OzHUM 3 BaXJIMBHX aclleKTiB MPOTHO3YBAHHS € BHOIp HEOOXiTHHX
rapameTpiB, SIKi BIUIMBAIOTh Ha TOYHICTH NPOTrHO3Y. [l BU3HAUEHHS LUX
rapameTpiB HeOOX1THO BCTAHOBHUTH KOPEJISLIiI0 MK BX1THUMH TapaMeTpaMu
(MeTeopoNOTiYHUMH TaHUMH) Ta IUTHOBHMH 3HAYCHHSAMH (BUPOOHHUIITBOM
elekTpoeHeprii). Ham migxim 3MeHIIye BHUMOTH 1O OOYHCITIOBAIBHIX
pecypciB Ta yacy HaBYaHHS HEHPOHHUX Mepe 1 MoXke OyTH BUKOPHUCTAHUH
JUTS OTITUMI3AIIi] peXUMiB poOOTH Mepek PO3IOIiIeHO] TeHeparii.

AHAJII3 BIIUBY BIJTHOBJ/IIOBAJIBHUX IKEPEJI
EHEPT'Ii HA PEJKUMHU POBOTH EJIEKTPOMEPE K
10 1. JIrobapuesa, cr. Buknamay, JIBH3 «I[IATY»

VY poOOoTi 3amponoHOBAaHO HOBHMM MiAXiJM A0 BHUPIMIECHHS aKTyaJlbHOT
npoOieMy MiABHIIEHHS e(EKTHBHOCTI BHKOPUCTAHHS BiJHOBIIOBAHUX
moxepen eHeprii (BJIE) B posmoginpumx enekTpuuHHX Mepexkax. lLle
nepenbayae  BU3HAYECHHS  ONTHUMAJBbHOI  TMOTYXHOCTI  aCHHXPOHHHUX
renepaTopiB (Al') Ta KOMIEHCYIOUHMX HPHUCTPOIB, BHOIp HalKpalmux cxem
migrrodeHass BJIE, aBromaruzamiro KepyBaHHS Ta ONTHMI3aIlilo  iX
(YHKIIOHYBaHHS SIK HEBII'€MHOi CKJIaIOBOi €NEKTPUYHOI CHCTEMH.
3ampomoHOBaHWN ~ METON ~ CHOpSMOBaHMK Ha  MiHIMI3amifo  BTpaT
eJIeKTPOeHePTii B eleKTpuIHuX Mepexax (EM), a Takox 3HWKEHHS BUTpAT i
30UTBIIIEHHSI KUTBKOCTI BUPOOJICHOT EIeKTPOSHEPTii.

PesynpTati po3paxyHKiB BTpaT €JIEKTPOEHEPTii B EJIEKTPUYHUX
Mepexxax 3 Manumu rigpoernekrpocranuismMu (CEC) mokaszanm, mo Ha
BEJIMUMHY BTpar BIuMBae croci6® npuenHanHs ['EC Ta iXHsS HOTYXHICTB.
[psame npuennanns [EC no posnoainpunx mepex 10(6) kB € kpaium, Hixk
nipueHaHHs 10 GinepHux mmH 110(35) xB.

3anpornoHoBaHi B JaHiii poOO0Ti aTOPUTMH OLIIHKU JI0AaTKOBUX BTPAT
MIOTY)XKHOCTI BiJI HITbOBUX MEPETOKIB B EIEKTPHYHMX MEPEkKax MOXKYTb OyTH
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e(eKTUBHO BUKOPUCTaHI ISl IUTAHYBaHHS BEJIMYMHU BTPAT ITOTY>KHOCTI IPU
nofgayi BJIE Ha mmHM rojOBHOTO €HEproBy3ia abo HAa IIMHU OKPEMOTo
crioxuBaya. Po3paxoBaHi BTpaTH MOTYXXHOCTI BiJl LUIBOBHX MEPETOKIB
MOKa3yI0Th, M0 BUKOPHUCTAHHS  AaCHHXPOHHUX  T€HEpaTopiB  JuIs
nepeTBOpeHHs eHeprii 3 BJIE 3aranom npu3BoJHMTH 1O MEHIIHMX BTpPAT Bij
LITBOBUX MEPETOKIB MOPIBHSIHO 3 CHHXPOHHHMH T€HEpaTOpaMH, SKIIO He
BPaXxOBYBaTH epekT  KOMIeHcallii  pPEeaKTHBHOTO CIIO)KMBAHHS
EJIEKTPOMEPEIKI.

Buxopucranns BJIE 3  acMHXpoHHMMHM  TeHeparopamMu B
SHEProcucTeMax YCKIAaOHIOE iXHI PEXHMH PEaKTHBHOI IIOTYXKHOCTI.
CnouBaHHS pEaKTUBHOI MOTY)XXKHOCTI ACHHXPOHHHUX T€HEpaTopiB 3
€JIEKTPOMArHITHUMH CHJIaMH MO)K€ 30UIBIIMTH BTPAaTH ENEKTPOCHEprii B
Mepexi. st komneHcanii peakTuBHOI noTyxHocTi B 6ananci BJE 3 Al ciin
BcTaHOBIIOBaTH KoHnaeHcaTopHi Oarapei (KB). L{i xonneHcatopHi Oarapei
MOXYTh HE IMOTPeOYyBaTH PEryJIIOBaHHS, SKIO0 BOHU ONTUMAJIBHO IifiOpaHi.
JloUinbHICTh BCTAHOBJICHHSI PEryJbOBaHOI YCTAHOBKH IS KOMIICHCAIi
PEaKTHBHOI ITOTYXHOCTI B €JICKTpOMEpekax Ha craHUisx 3 Al moBuHHa
BH3HAYaTHUCS B KOXXHOMY KOHKPETHOMY BHIAJKy, BUXOJSIYM 3 OajaHcy
PEaKTHBHOI MTOTYKHOCTI.

Po3pobnenmii MeToq aHamily EKBIBaJIEHTHHX EINEKTPOMATHITHUX
omopiB EM no3Bonsie edextrBHO BH3HA4YaTh cxemu migkmoderas BJIE mo
eNIEKTPUUHUX Mepex. OJHaK YacTKOBA HEBH3HAYCHICTh BHXIJHHUX JaHHX
3YMOBIIIOE HEOOXIHICTh BUKOPUCTAHHS 1HIINX METO/IB (2HaJi3 4yTIMBOCTI
JI0 BTpat, aHami3 sikocti ¢ynkuionyBanus BJIE B EM) mns orpumanhs
KIHIIEBOTO pe3yibTaTy. Po3pobieHi cxemu, okpim MiHiMizanii BBy BJIE
Ha BTPATU B EICKTPOMEPEXKi, TAKOXK 3a0€3MCUYIOTh MiHIMAJIbHUN BILTHUB Ha
PEXUM HANpYTH B €IEKTPOMEPEXKi 3a paxyHOK BpaxyBaHHS B3a€EMO3B'SI3KY
MK YaCTKOBUMH KPUTEPISIMU ONTUMaJIbHOCTI pueHanHs B/IE.

[Insxom aHamizy ONTUMAJIBHUX pIilIEHh 32 YyTJIUBICTIO Ta
JOCIII/DKEHHST B3a€EMHOTO BIUIMBY He3alexHuX mnapamerpis BJIE, mio
NPALIOIOTh B JIOKAIBHUX CHEProCHUCTEMax, MOXKHA OLIHUTH PETYIIOI0YHH
edeKT, a TakoX poub i 3aBmaHHa okpemux BJIE B mpormeci onTumamsHOTO
KepyBaHHA X pexkuMamu. BusHadeHHs mapaMeTpiB HaJaIITYBaHHS CHCTEM
aBTOMATHYHOTO KepyBaHH: JoKaibHUMHU B/IE, BUXOAS4HM 3 SIKOCTI HassBHOTO
iHpopMaliiHoro 3abe3medeHHs, M03BOJsE€ OUIbII  OOIPYHTOBAHO iX
eKCIUTyaTyBaTH Ta JOCSTaTd MAaKCUMaJbHOTO CHCTEMHOIO eQeKTy 3
ypaxyBaHHIM MPUAHATHX 30H HEYYTIMBOCTI Ta pPE3YyJbTATIB OLIHKA
B32€EMHOT'O BILIMBY HE3AJIS)KHHUX ITApaMETPIiB.
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JIATHOCTYBAHHSI CTATUYHUX CUCTEM 3BY X KEHHS
HNOTYKHUX TEHEPATOPIB
B.T". Cxocupes, aou., kaua. TexH. Hayk, JIBH3 «[IATY»

OcHOBHa 4YacTWHAa  EJEKTPOEHeprii B  CBITI  BUPOONAETHCS
CHHXPOHHHMH T'eHepaTopamu. KepyBaHHS IPOIECOM eIeKTPOMEXaHiYHOro
MIePETBOPEHHS SHEePTii 31ii{CHIOETHCS, B OCHOBHOMY, CUCTEMOIO 30y KSHHS
reHeparopa, ska 3abes3ledye peryIloBaHHS HAIPYTH Ha BUXOAI reHepaTopa,
CTaOUTBHICTE POOOTH TeHepaTopa B EHEProCHCTeMi, a TaKo)X BHKOHYE
3HAYHUN OOCST 3aXUCHUX (PYHKIIIH.

Cuctemu 30yIDKEHHS TI'eHEpaToOpiB, SKi EKCIUIyaTYIOThCS Ha
eJIEKTPOCTaHIisIX YKpainu Ta iHmux kpain CHJI, Bxxe Buuepmnaim pecypc
CBOET poOOTH 1 HE 33J0BUIBHSAIOTH 3POCTAIOYMM BHMOTAaM JIO SIKOCTI
peryiroBaHHs Ta HaAiHOCTI. Di3MYHE CTapiHHS anapaTypH MPHU3BOAUTH JIO
301IBIIEHHS KUTBKOCTI aBapiiiHuX cutyanid. Och 4OMy, OCTAaHHIMH pPOKaMu
IIOCTAI0 THUTaHHS 3aMiHM iCHYIOUMX cHUCTeM 30y/DKeHHS abo iX CyTTEBOI
MOJIEpHi3alii, Mepexii BiX aHAIOTOBUX pPETyIATOPiB 30y/KEHHS 10
IU(POBHX, BUKOPUCTAHHSA CHJIOBUX HAIlIBIPOBIIHUKOBHX MEPETBOPIOBaUiB
IUTSL PEryJIFOBaHHS CTPYMY 30y IKEeHHS.

Po3poOka HOBHX CHCTEM perymioBaHHS 30yIKCHHS BUMarae
CTBOPEHHS 3ac00iB i METOAMK IUIS iX AiarHOCTYBaHHS Iepe]l BBEACHHSIM B
eKCIUTyaTallifo, a TaKo)XX MPOBEJCHHS aHali3y IpPOIECiB B YCTAaHOBKAax
TeHEePYBaHHS SICKTPOCHEPTIi 3 pO3pOOJICHUMH CHCTEMaMH 30y IKSHHS y BCiX
pexuMax poboTH. B peskmx BuIagkax Jjisi NPOBEACHHS BHIPOOYBaHb
MIPOTIOHYETHCS BUKOPUCTOBYBATH (i3UUHI MOJEIIL.

3acobaM (I3MYHOrO MOJENIOBAaHHS IIPUTAMaHHI, OJHAK, PSJ
HENOJIKIB, 00yMOBJICHHX HEOOXIIHICTIO 3HAYHMX KalliTAIbHUX 3aTpaT Ha
mpua0aHHS Ta PO3MIMICHHSA OONamHAHHA (YUCICHHUX  MOJCIBHIX
TeHepaTopiB 3 cucTeMaMu 30y/pKeHHs, TpaHcopMmaropis, moneneit JIEIT),
CKJIQIHICTIO peayi3amii aBapiHHMX pEXHMIB i dYac BUIPOOyBaHb Ta
MapaMeTPUIHUX 3MiH B 00’ €KTaX PeryfOBaHHS.

Binmpir mepcnekTHBHUM, Ha HaIly TYMKY, € BHKOPHCTaHHA 3aco0iB
MaTeMaTHYHOTO MOZENIOBaHHSA, IO BUMArae, OfHAK, PO3B’S3aHHA ILIJIOTO
psay 3amad, MOB’SI3aHUX 31 CTBOPEHHSAM MaTeMaTHYHHUX Ta KOMIT IOTEPHIX
MoOJeNel aJIeKBaTHUX B INMPOKOMY Mdialla3oHi peXHMiB POOOTH, 3TaTHHX
NpAIIOBaTH B PEaJbHOMY 4Yaci y B3aeMomii 3 (i3WYHUM O0O0JaTHAHHSM.
CTBOpeHHsI NOAIOHUX KOMIT FOTEPHUX 3aCO0IB [UIsl 1iarHOCTYBaHHS CUCTEM
30y KCHHSI TeHEepaTOPiB, aHAI3y PEKUMIB POOOTH T'C€HEPATOPHUX OJIOKIB 3
HOBHMMH THUIIAMH CHCTEM PETYJIIOBaHHs 30yIDKEHHS, BIPOBAPKEHHS JaHUX
3ac00iB 1 METO/IMK Ha EJIEKTPOCTAHIIISIX € BKJIMBOIO 1 aKTYaJIbHOIO HAYKOBO-
MIPUKJIAHOIO 331a4elO.
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POBOTA BATAPEM KOHJIEHCATOPIB B YMOBAX
HECHUHYCOIJTHOCTI HAIIPYT'Y )KUBJIEHHS
0O.C. Casenko, ao1., kaua. TexH. Hayk, IBH3 «[IATY»

B peampHux ymoBax pobotm Oatapei komaeHcatopie (BK) wacro
MIPaIlOIOTh B yMOBAaX HECHHYCOIZHOCTI MepeXi, B peKMMax PE30HAHCIB 3
MEpeXel Ta HAaBAaHTAKEHHAMH, IO NPHU3BOIUTH N0 mepeHanpyr Ha BK.
Hanpuknan, npu niakmodenHi 0aTapei KOHASHCATOPIB A0 IIMH ITiACTaHIIT,
o0 JKUBJIATH IYroBi Tedi, mpu Oyap-sIKOMY 3HA4eHHI €MHOCTI Oarapei
3aBXKIM 3HAWAYTHCS TAapMOHIKM 3 THM CIIEKTPOM 4YacTOT, IIPU SIKUX
YTBOPIOIOTHCSI PE30HAHCHI KOHTYpPH CTpyMYy (200 ONH3bKi 0 HBOTO) MiXK
€MHICTIO OaTapei KOH/IeHCcaTOPIB 1 IHAYKTUBHICTIO Mepesxxi. Kpim Toro, 3mMiHa
HaBaHTaKEeHb, CXEMH KOMYTaIlii MepeKi, HOTY>KHOCTI KOPOTKOTO 3aMUKaHHS
MepeXi EeHEepProcUcTeMH, sKi He 3aBKAM MOXKHA BpaxyBaTH IIpU
MIPOEKTYBaHHI, TAKOXK MOXKYTb ITPUBECTU 0 BUHUKHEHHS PE30HAHCHUX 200
ONMM3BKUX JI0 HUX YMOB Ha YacTOTI OJHIET 3 TapMoHiK. Tomy poboTy 6arapeit
KOHJICHCATOpIiB B Mepekax 3 MOXIIMBICTIO BHHHKHEHHS HECHHYCOITHOI
Halpyru HEOOXITHO pO3IIsgaTd 3 MO3WIIH B3a€EMHOTO BIUIMBY BHIIUX
TapMOHIK MepeXi JKHBIEHHs 1 Oarapeli KoHmeHcaropiB. Tak sk 3i
30UIBIICHASIM HOMEpa TapMOHIKH €MHICHUH ormip OaTapei KOHIEHCATOpiB
3MEHIIYETHCS, TO I1€ MPU3BOIUTH 10 MpoTikaHHA uepe3 bK 3Haunmx ctpymis
rapMoHIK, II0 pe3oHyloTh. Lli cTpymH cHoiBMipHi, a IHOAI 1 3HAYHO
HepeBEPIIYIOTh CTPYM IMEpIIol rapMoHiku. [lepeBaHTaXKeHHs 0 CTPyMYy Ha
KOHJIEHCAaTOpaxX A0mycKarThes 10 30% Bix iX HOMIHAJIBHUAX 3HAYCHb, a HA
MPaKTHIl 32 PaXyHOK TMOSBU DPE30HAHCHUX SBHI IEPEBAaHTAXEHHS II0
cTpyMy MOXyTh ocsirati 400-500% Bin cTpyMy Hepiioi rapMOHIKH.

Ha puc. 1 npencrasneni popmu cTpymy, 1o npoTikawoTts 4epe3 bK,
TIPY Pi3KO-3MIHHHUX PEaKTHBHUX HABAHTAXKEHHSX, 0 JKUBIISATHCA CTPYMaMU
HECHHYCOiHOI (hopMH.

Daza A PasaB  dazaC

Hanpyza wepeori, B
600/ T

Cmpya wepes koudencamop, A
1500 T T T T T
1000

500 m

»l b

0 i A
-500 H‘!h LTI

-1000

-1500 | I 1 1 1
0 001 0,02 0,03 004 005 0,06 007 008
Yac, ¢

Puc. 1 — Hampyra Ta ctpym gepe3 BK B yMoBax HecHHYCOITHOCTI Hapyru
KHUBIICHHS
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®dopma KpUBOI NMPUKIAACHOI HANPYTH TaKOXK HaBeleHa Ha puc. 1. Y
SIKOCTI TIpHiiMaya NMPUHHATUA YaCTOTHUH NPHBOA NOTYXHicTio 20 kBT, y
MoMmeHT yacy 0,06 c¢ BimOyBaeTbcs MiKIIIOYEHHS aKTUBHO-1HIYKTHBHOTO
HECHUMETPUYHOTIO HAaBaHTa)KEHHS.

Ha puc. 2 npencrasneni ¢popmu cTpymy, o MpoTiKaroTh depe3 bK
emHICcTIO 25 MK®, mpu pi3Kko-3MiHHUX PEaKTUBHHX HABAHTAKECHHSIX, IO
KUBJITBCSI HECHHYCOITHUMH cTpymamu. Popma kpuBoi Hampyru Ha BK
TaKOX HaBeZeHa Ha puc. 2. PiBeHp nepeHanpyru ckiagae 6auspko 30% Bin
HOMIHAIIbHOI HANpYTH, IPU IbOMY aMIUTITYZAHE 3HAUYCHHS CTPyMYy AOCSTae
270% Bix cTpyMy, IO MPOTIKAE y pa3i CHHYCOINHOTO PEKUMY POOOTH.

Valtage (Per unit)

Current (A}

E: A E 1 120 140 180 180 200

Puc. 2 — Hampyra ta ctpym uepe3 BK B yMoBax HeCHMHYCOiJHOCTI

OnHUM 3 METOJIB 3HIKCHHS LBOrO BIUIMBY € BHUKOPHCTaHHS
«pO3JIALLITOBAaHUX» OaTapeil KoHIeHcaTopiB. I1oCIiIOBHO 3 KOHAEHCATOPOM
ninKiroyaeTbes peakrop. Ilpu 1poMy BeJIMYMHA 1HIYKTHBHOCTI peakTopa
Mi0MpaeTbcs TAKUM YHHOM, 1100 YacToTa IHapajielIbHOTO PE30HAHCY MiX
KOHJICHCATOPOM 1 PEaKTOpOM 1 MEpeKero He IOPiBHIOBAIA YacTOTi Oy ab-sIKOi
3 TapMOHIK, NMPUCYTHIX B Mepexi. OIHaK B Takiii cUCTEMi IiJIBUILYETHCS
Hampyra Ha peakTopi i JOBOIUTHCS BUKOPUCTOBYBAaTH KOHACHCATOPH 3
BEJIMKOI0 HOMIHAJIFHOIO HANpyToio. KpiMm Toro, HeoOXiqHO 3HATH MMapaMeTpu
MepeKi.
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binpm cydacHum, ajne i OiIbLI JOPOTHM PILICHHSM, € BUKOPHCTaHHS
aKTMBHUX (UIBTPOKOMIICHCYIOUMX IPHUCTPOIB JJIsI KOPETryBaHHS CHEKTPY
HapyTH y TOYLl HiIKITIOYEHHS], 1[0 HE 3aBK/I1 € BUIIPaBJaHUM 3 EKOHOMI4HOT
TOYKH 30py. TOMy HampsSMKOM TMOJAJBIINX JIOCHIIPKEHb oOpaHe
YIOCKOHAJECHHS aKTHBHHUX MPHUCTPOIB 3 METOK 3HIKEHHS 1X BCTaHOBJICHOI
MOTY>KHOCTI, 1110 JO3BOJIUTH 3HU3UTH BapTiCTh NPUCTPOIO.

OCOBJIMBOCTI HPOBEJIEHHS IABOPATOPHOTI'O
MNPAKTUKYMY 3A HATIPSIMOM «EJTEKTPOTEXHIKA TA
EJEKTPOHIKA» B YMOBAX JJUCTAHIIHHOI ®OPMUA
HABYAHHS
0.C. Casenko, go1l., kaua. TexH. Hayk, JIBH3 «[TATY»

Yepesz noBHOMacIiTabHe BTOPTHEHHS y HAlly KpaiHy CTyIEHTH Ta
puknanadi JIBH3 «I[ITY» BuMyIIeHi MNpamioBaTH y TUCTAHIIHHOMY
¢dopmari. I sAKmO0 mnd TWOmaHHSA JIEKIHOTO MaTepiany IOCTaTHBO
MIATOTOBUTH TIPE3CHTALIII0, KA CYIPOBOIKYETHCS MOSCHEHHIMH JICKTOPA,
TO OpraHi3amis BiJIpamnioBaHHs J1a00PaTOPHOTO NPAKTHKYMY BUKJIMKAE PSIJT
MMUTaHb. SIKiCHE OCBOEHHS TEXHIYHUX KypCiB HEPO3ILIbHE 3 IAOOPAaTOPHIUMU
3aHATTAMHE, TOMY 3BEICHHS Ja0OpaTOPHUX POOIT 0 BUKOHAHHS BHKIIOYHO
pO3paxyHKOBOI YacTHHH HE € MOIUIBHUM Ta He 3a0e3medye HaOyTTs
3100yBaYaMu BUIIOI OCBITH HEOOX1MHUX KOMITCTCHIIIH.

ITpoBeneHHs 1abOpPaTOPHUX 3aHATH, 30KpPEMa 3 CICKTPOTEXHIUHHX
JUCUUILTIH, nependadae oOOB'SI3KOBUIl EKCIIEPUMEHT, AaHi SKOTO0 MaloTh
OyTH 00poOJICHI Ta MOaHi BiIMOBITHO JIO IIJICH Ta 3aBJaHb OO 3aHSTTS.
VY curyauii, KoM TPOBEACHHS €KCIIEPUMEHTY B peajibHill JabopaTtopii Ha
CHCIiaJbHOMY HAaBYAJbHOMY CTCH/I HEMOXJIMBO, MOTPIOHO BHPOOHUTH
BINMOBIMHUMA MiOXiJ A0 BHUPIOICHHA JaHOI NpoOJIeMH BUXOASIYU 3
0cOOMIMBOCTEH  JTUCLUIUIIHM, IO BHUKIAJAETBCSA, a TakoX Habopy
(hOopMOBaHMX y paMKax AUCIMILUTIHM KOMIIETEHIIIH, HAPSMiB HiIrOTOBKH Ta
CHemiaTbHOCTEH, U CTYICHTIB SKUX 1151 IUCIUIIIIHA BUKIIAIA€ThCS.

IIpomoHy€eThCS TPOBENCHHS BIPTyaIlbHUX JIa0OpPaTOpPHUX pPOOIT 3
BUKOPHCTaHHIM 3aC001B CXEMOTEXHIYHOTO MOJICTIOBaHHS. 3anpONIOHOBAHUI
MIXig Mae psa TepeBar: BHKIIOYAETHCA HEOOXITHICTh BHKOPHUCTAHHS
BHMIPIOBAJIFHOTO 00J1afHAHHS Ta MIPHUJIA/IiB BUCOKOI BAPTOCTI; HAa pe3yIbTaTh
JIOCITIZPKEHb He BIUIMBAIOTH Taki ()akTopH, K HeHaliiHi 3'e1HaHHs a00 00puB
KOHTaKTIB, HECIIPaBHI BHMIPIOBaIbHI MPWIAAW TOLIO; BUKIHOYAIOTHCS
HeOe3MeYHi YMHHHKY, TaKi K BUX1J i3 J1ay 4 epeBaHTaXEHHS €IEMEHTIB
YKMBJICHHS, BUMIPIOBAJIbHOTO YCTAaTKyBaHHS TOIIIO.

3acTocyBaHHS BipTyaJIbHHX JlabopaTopiii B opraHisauii HaB4aJIbHOTO
MIPOLIECY [I03BOJISIE BHKOPHUCTOBYBATH IIPU IIPOBEICHHS EKCIIEPHMEHTIB
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HaBiTh Take OOJIQJHAHHS, 3 SIKUM CTYJIEHTH HE Malld OM MOXJIMBOCTI
MpaIioBaTi y peaybHii JadopaTopii depe3 Horo BiacyTtHicts. [lakern
CXEMOTEXHIYHOTO MOJICIIIOBaHHS MiATPUMYIOTh, HANpHKIal, HOOYIOBY
YacOBHX JliarpaM 3MiHH Pi3HUX (Pi3MYHUX BEIWYHH, CTBOPIOIOTH YMOBH IS
CIIOCTEPEKEHHSI TaKMX SBHII, SK KOJHBAaHHS IOTY)XHOCTI B JIAHIIOTax
3MIHHOTO CTPYMY, (pa30Bi 3CYBH MiXK CTPYMOM Ta HAIIPYyTOIO B JIEKTPHYHOMY
kom. lle cmpusge rimOmoOMy pO3YMIHHIO (I3UYHHX TMPOIECIB, IO
BiIOYBaIOTHCS B €IEKTPUIHMX KOJAX, Ta JOIIOMArae 3amiKaBUTH CTYICHTIB,
SIKi IOYMHAIOTH BUBYATH IIPEIMET.

Y  gKkocTi mporpamMHOro  3a0e3medeHHs I IPOBEICHHS
71200paTOPHOro MPAKTUKYMy MOXKHa BUKOPHCTOBYBAaTH SIK KOMIT'FOTEPHI
nporpamu (Hanpukian, NI Multisim, Micro-CAP, Proteus), Tak i MOOLIbHI
3acrocyHkH (EveryCircuit, Electric Circuit Studio, Proto, VoltSim).

Multisim BupoOHunTBa KommaHnii National Instruments (CILIA) Ta
Micro-CAP  ¢ipmu  Spectrum  Software  (CILIA) €  HaiiGinbn
PO3NOBCIO/DKEHMMH TakeTamu. [laker Multisim Mae IOCHTH BHCOKY
BapTicTh, ale 3 HUM MOXKHA O3HAWOMHTHCH 3a HOro OE3KOIITOBHOK
JIEMOHCTpamniiHOI0 Bepcielo 3 oomexeHuM (yHknioHanoM. Ilaker Micro-
CAP B manuii yac momMpIOETHCA BITBHO Ta 06€3 00MEKEHB.

IIpu BiICYTHOCTI y CTYAEHTIB IOCTYIy IO KOMII IOTEPiB MOKIJIMBE
BUKOPHCTaHHA i MOOLTBHHX 3aCTOCYHKIB, PUHOK SIKUX TOYaB OypXIIHBO
po3BuBaTucs 3 moyaTkoM nanjeMii. [1ocTiiiHO 3'IBISIOTBCS HOBI pOrpamu
JUIL  CUMYJISILIT  €JIEKTPUYHHMX CXEM, & BXE€ ICHYIOYl MepioJuyHO
OHOBIIFOIOTHCSL.

Jucranuiiiny poOOTy He ciij crnpuiiMard, sSK HENOA0O0CTBO, IO
BHOCHTB PsiJl OOMEXEHb Ta 3aBakae IPOBOIUTH HABYAIIbHY POOOTY y 3BHUHIN
(ame iHomi momoii 3acrtapuriii) ¢dopmi. Ile cTumyn s BOpOBaJKCHHS
CY4YacHMX IJXOJIB JI0 HaBYaHHS, 3aCBOEHHS HOBOTO IHCTPYMEHTapii0 Ta
NepepoOKH HEaKTyaJIbHOTO METOJMYHOTO 3a0€311eUeHHSI.

CEKNLIA: TEIINIOEHEPTETHUKA TA TEXHOJIOI'TA
3AXUCTY HABKOJIMIIHBOT'O CEPE/IOBHUIIIA,
OXPAHA ITPALI TA BK/]

BUMOI'A 10 AISIJIBHOCTI EHEPITOMEHEJ/’)KEPA B
HICJISIBOEHHUU ITEPIO
[LA. JIennos, mom., kaun. Tex. HayK, JABH3 «IIJJTY»

Enepropecypcu, eHepreTuka i3 CyTo TEXHIYHUX TEPMiHIB B OCTaHHIN

Yac MepeTBOPWINCH B IHCTPYMEHT TIOJIITHKH, 00’€KTH paKeTHHX OOCTpLIiB,

(dakTopu BWKHBaHHS JaepkaBu. Sk Hacimigku — mepeboi B MOCTaBKax
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€HEProHOCIiB (EIeKTPOeHEprii, MaJbHOr0 Ta IHIIE), OKyMalis 3amnopi3bKol
AEC, aTaku Ha TipOeNeKTPOCTaHLIii, 3HUIICHHS TeHEPYIOYUX MOTYKHOCTEH
Ta €HeproMepex. 3BiCHO, B TaKMX YMOBax TOJIOBHE — Ii¢ 3a0e3NeueHHs
6e3nepebiiHOro0 OCTayaHHs €HepropecypciB B perionn Ykpainu. I TyT, sk
KaXyTh, He 10 eHeproedekTuBHOCTI. Haxkanb, choromHi Ttak. Ane ne
cvorofHi. [Ticns 3aBepiieHHs BifiHY 1 BiTOYIOBH €HEPrOrOCIIOAAPCTBA 3HOBY
Ha TOpSAAKY ACHHOMY CTaHE IHUTAHHS €Heproe(eKTHBHOCTI EKOHOMIKH
VYkpaian. A Tyt npoOieMu HIKyOu He HOAimuch. [lepeBuTpaTH manuBHO-
E€HepreTHYHNX pecypciB CyTTe€Bi, a B yMOBaX pHHKOBHX I[iH Ha

eHepropecypcu — Ii¢ 3arpo3a KOHKYPEHTOCIPOMOXKHOCTI BITYM3HSHHX
TOBapiB Ta MOCIYT.
Bupimensst  miei  mpobnemMd  — Ii¢  TOJOBHE  3aBIaHHSA

€HEepProMeHeKepiB He3aJIe)KHO Bi Tamy3i 00’€kTa €HeproclnoXWBaHHS 1
Buay eHepropecypcis. Koio 000B’s13kiB eHeproMeHeKepiB — MMOYHHAI0YI
BiJ] aHAITI3y eHeproeeKTUBHOCTI 00’ €KTY 1 HONIyK npuyrH nepesurpat [16P,
M0 IUTAaHYBaHHA 1 peami3amii pilieHb, COPIMOBAaHMX Ha EKOHOMIIO
eHepropecypciB. JlificHo — 3HauHMiA 00csT poOiT! BpaxoByroun BiICyTHICTH
MOTYXXHHX 1 YMCEJNPHHUX BB €HEPrOMEHE/KMEHTY HaBiTh Ha BEJIMKHX
MITPUEMCTBAX BHUPINIYBaTH BAXIHMBI MPOOJIEMH EHEPrOMEHEKMEHTY
JOBOAUTHCS CAMOTYKKH.

3 YNM CTHKAa€THCS CHEPrOMEHEKep TP BHKOHAHHI CBOIX
000B’SA3KIB.

[lo-mepiie, BIACYTHICTH aKTyaldi30BaHHX 0a3 JaHUX, 5K 3
HOPMaTHBHO-TIPAaBOBOIO iH(poOpMaIli€lo y chepl eHeprozoepekeHHs, TakK i
0a3y 3a0MaKYIOYUX PIllICHb.

[Mo-mpyre, ngedinur cremiaabHOi  TeXHIYHOI — JitepaTypu 1
MepioMYHUX BHJAHb, CIPSIMOBAaHMX Ha IOMOMOIY EHEPrOMEHEIDKEpY Y
BHPIIICHI MMOBCSIKIACHHUX 3aBaHb.

[To-Tpere, BenMKa BOJIOTMIIBHICTH BAPTOCTI €HEPropecypciB NoTpedye
OIIEPAaTHBHUX EKOHOMIYHO OOTPYHTOBAaHUX PIilIE€Hb, IO 3pOOUTH B TaKHX
YMOBax He IpoCTo.

I macamkiHens TonoBHe — e AedinuT (iHAHCOBHUX pecypciB Ha
peanizaiiio  eHepro3aoula/pKyo4Yux —pilieHb. B Oarathbox Bumagkax
SHEProMEHe/Kep IIOBHHEH CaMOTYXXKH 3allpOIIOHOBYBAaTH  JDKEPEIO
(iHaHCYBaHHs, @ TAKOXK MIITOTYBATH Ta IPE3EHTYBATH NPUBAOINBHIi Oi3HEC-
IUIaH.

besymoBHO Baxkke 3aBIaHHs. Alle, SKIIO €HEPrOMEHEKep 3laTeH
BUKOHYBaTH CBOi OOOB’SI3KM y TIOBHOMY 00Cs3i 3 ypaxyBaHHSIM
BHINIE3a3HAYCHNX UWHHUKIB, BIH MOXKE IpPETeHIyBaTH Ha MapTHEPCHKI
BIJTHOCHHH 3 BJIIACHUKOM Oi3Hecy, a00 Ha OCOOJMBHI CTaTyc Ha JAEp>KaBHUX
i ITPUEMCTBAX.
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JOCBIJI BUKOPUCTAHHSA YAT-BOTY 31 ITYYHUM
IHTEJIEKTOM GPT (I1I) B AISITIBHOCTI EHEPTOMEHEI’KEPA
I.A. Jlenmos, moir., KaHJ. TeXH. HayK, ['.I. Xnecros, cT. rp. EM-22-M,
I1.B. KoporyH, ct. rp. EM-22-M,

JABH3 «IIATY»

MenemxepH BCiX HamNpsAMIB i PiBHIB CHOTO/HI CTHKAIOTHCSA 3 TBOMA
TOJIOBHMMH BUKJIMKAMU — TOTaJIbHA HEBU3HAUCHICTh 1 MIBUAKICTH 3MiH. Lle
came BiTHOCHUTKCS 1 10 eHeproMeHekepiB. JlificHO, mepeadaunT piBeHb HiH
Ha eHepropecypcu i 00’eM BHPOOHHIITBA HEMOXJIHBO HE TIIBKH Ha
HACTYITHHH PIK, a HABITh HA HACTYMHUH Micslb. Tex came cTocyeThCs 1iH Ha
CHPOBUHY 1 IIONUTY Ha TOBAapH Ta Mocayru. KpiM nboro majaeHuMH TeMITaMu
3MIHIOFOTBCS TIPOMHUCIIOBI TEXHOJIOTII i 3pa3Ku 00J1aTHAHHS.

B nmmx ymoBax pimleHHS. IO NPUAMAIOTHCS MEHEKEpaMH MaroTh
OyTH HE TUIbKH TEXHIYHO Peali3yEMUMH | EKOHOMIYHO OOIPYHTOBaHUMH, a i
MaKCHMaJIFHO OIIepaTUBHUMH. Brke HeMo>mBO O€3MipHO BUTpayaTH yac Ha
JiTepaTypHUIl Ta MATCHTHUM aHAaJi3, MOIIYK i BUBYCHHS aKTyalli30BaHOI
HOPMAaTHBHO-TIPAaBOBOi 0a3W, OIVISI CY4YacHHX EHEepro3aolla/uKyrouux
PpIIIeHB, TOITYK HAWOUTBII e(eKTHBHUX BHKOHABIIIB poOIT i Take iHIIe.

Bce e BukoHyBaTH HEOOXiqHO, aje BUKOHAHHS Mae Oyt Habarato
IIBUAIIAM i PETEIBHIIINM, HDK B MHHYJIOMY. [IprdoMy AJis IIb0T0 HIXTO HE
30MpaeThCsl CTBOPIOBATH HOBI MIAPO3ALIM 1 30UIbLIYBATH YHCENBHICTH
BUKOHABIIB. B 1MX yMoBax Uil NPUAHATTS PILICHb SHEPrOMEHEIKEPOM
noTpiOHI HOBI IHCTPYMEHTH 1 migxoad. JIo TaKMX CydacHHX IHCTPYMEHTIB
MOJKHA BigHecTH 4ar-00T i3 GPT. ko npoananizyBatu myOuikamii Ha 10
TEMy, TO MOXE€ CKJIACTHCh BPaXEHHS, IO e NPOIYKT pPO3IIIANacThCs
aBTOpPaMH, sIK [TaHaIes] Ha BC1 BUMAJIKU JKUTTSL.

B wiif gomoBiai HaBOIATHCS JESIKI pe3yNbTaTH BUKOPUCTAHHS daT-
601y i3 GPT B misIbHOCTI €HEproMeHeKepa, a caMe - aHali3y HaCIiIKiB
MIOIIKO/KEHHST TPyOONpPOBOAY CTHUCIIOIO TMOBITPS 1 TOIIYKY HaWOUIBII
MIPUIATHAX PilIeHb JIKBigaIii MOITKOIKCHHSI.

Ile 3aBmanHHA Oy70 OJHOYACHO 3alpPONOHOBAHO JABOM CTYAEHTaM
MaricTpaM — €HeproMeHemxepaM. lIppuoMy OIMH BHMKOHaBEIb MaB
pO3B’sI3aTH 3aBJAHHS 3a JIONMOMOTOI0 TEOPETHUYHOI Ta MPaKTHYHOI 0asw,
OTPUMAHO] MiJl 9YaCc HaBYaHHA 3 BUKOPHCTAHHIM IOIIYKOBHX MOXIIMBOCTEH
Mepexi [HrepHer. [HIMKA CTYZEHT MaB BUKOHATH 3aBIaHHs BUKJIIOYHO 32
nonomoroto yar-6ory i3 GPT.

IIpu BUKOHAHHI 3aBIaHHsA 3a Jomomororw 4ar-6oty i3 GPT, mporec
OyB MONUJICHWI Ha €Tamy 1 BIOIOBITHO J0 KOXKHOTO 3 €TaIiB Ha OCHOBI
BimnoBineit war-6oty i3 GPT OyB 3po0ieHUi BUCHOBOK, IIIOJI0 AOIIEHOCTI
Bukopucranss LI B nis;mbHOCTI eHepromMeHekepa BXXe ChOTOIHI.
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PesynbraTu ananizy HaBeneni Hikue (Ta0muus 1).

Tabmuns | — Pe3ynpratn aHanizy mo0 JOIUTBHOCTI BAKOPUCTAHHS

I B misUTEHOCTI CHEPrOMEHEIKEPa

Etan BHKOHAHHS MIPOEKTY

Eran 1: [nentudikamnis 06’exra i
imeHTH(diKaIlis BUIIB €HEPropecypciB, Mo
BiH CIIOXUBa€. [neHTH]IKALIS TEXHOIOTIH
Ta 00JIaTHAHHS.

Etan 2: HasBHICTh HEKOHTPOJIEOBAHUX
HIepPEBUTPAT EHEPropecypciB.

Eran 3: ITomyk Micis nepeBuTpar.

Etan 4: [Tomyk npu4uH nepeBuTpar 3a
paxyHOK MOPiBHSHHS PealbHOTO
cnoxuBanHs [1EP 3 macnoptHumMu
JTaHUMU, TOPIBHSHHS 3 IaHUMH 3a
TOTIepe I 3BITHIN MepioJ1, ITOPIBHIHHS 3
aHaJIOTOM.

Etan 5: B pa3i BUsiBJI€HHS Iepepacxomy
MH Ma€MO BUSIBUTH MO>KJINBI HACITiTIKH:
- TexHiumi,

- ExoHOMIuHI;

- be3mnekosi;

- Exomnorivsi.

ETtan 6: Bu6ip ta anaini3
€HEPro3aonaKyI0unX pillieHb.

Eran 7: CtBopenns biznec [Tnany.

Etan 8: ITomyk BUKOHABIIB pOOiT.

BucHoBok

Yar-60t i3 GPT He npuMiHS€TBCSL.

Yat-60t i3 GPT He npuMiHs€eThCS.

Yat-60t i3 GPT He npuMiHsAEThCA.

Yat-60t i3 GPT npumiHseThCsL.

Yat-60t i3 GPT npuminseThCsL.

Yat-6ort i3 GPT npumiHseThCS.

Yar-60t i3 GPT npumMiHs€eThCs.

Yat-60T i3 GPT npuminseThCs.

OTpuMaHi pe3yJibTaTH MiATBEPIKYIOTh JOLUIbHICTD BUKOPHUCTAHHS
MoxxiuBocTed Il B poboTi eHepromenemkepa, aine, ©Oe3yMOBHO,

MOTPEOYIOTh JTOATKOBUX JIOCHIPKEHb.
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3ABE3IEYEHHS HAJIMHOCTI POBOTU EHEPTETUYHOI' O
OBJIAJTHAHHA, SIK CKIIAJOBA YACTHUHA
EHEPTOE®EKTHUBHOCTI
T.K. bapanenko, A01., KaHJI. TEXH. HAYK,

A.A. KoxymmuHa, ct. rp. [ITE-22-Y, IBH3 «IIATY»

[TigBumIeHHS eHeproeeKTHBHOCTI € OJTHIM 13 HAWOIBIT aKTyaTbHUX
3aBIaHb I 3a0e3MeUeHHs CTAIOTO PO3BUTKY €KOHOMIKH OyAb-SKO1 KpaiHH.
Le nmoB’s13aHe 3 BUCOKUM PiBHEM €HEPrOEMHOCTI Cy4acHOTO BUPOOHHUIITBA Y
BCIX CEeKTOopax €KOHOMIKH, HEOOXIIHICTIO MM ABUIIICHHS
KOHKYPEHTOCIIPOMOKHOCTI MPOJYKIIT MiJIPHEMCTB Ha CBITOBOMY DPHHKY.
3HMKEHHS €HEPrOEMHOCTI BaJIOBOT'O BHYTPILIHBOT'O IMTPOAYKTY € HEOOX1THOIO
YMOBOIO U1 3a0e3NeueHHs] CTaloro €KOHOMIYHOI'O 3POCTaHHS KpaiHH,
30epe)keHHs  HEBIJHOBIIIOBAHMX  IPUPOJHUX  BHUKOINHHUX  PECYpCiB,
MTOKpAIEHHS €KOJIOTIYHOT CUTYallii Ta MiABUILEHHS SIKOCTI )KUTTA B LLJIOMY.

OmHi€ro 31 CKIIaJOBAX YaCTHH €Heproe()eKTUBHOCTI € 3a0e3IeYeHHs
BHCOKOi HAIIHOCTI pOOOTH EHEpreTHYHOro OONAJAHAHHS, 3aJiTHOTO Y
CKJIQJIHOMY TIpoIleCi BHUPOOHMITBA Ta PO3MOJUICHHS EJNeKTPOeHeprii Ta
TerutoBoi eHeprii. [y peamizarii mbOro MpoOIECy CTBOPIOIOTHCS BEIUKI
€HEepPreTUYHI CHCTEMH, 10 MalOTh CKIIAHY CTPYKTYPY Ta O€3IIid MOKa3HUKIB
pizHOTO piBHA (yHKIIOHYBaHHA. OCHOBHE 3aBJaHHA TaKUX €HEPTeTUIHUX
CHUCTeM — 3a0e3MCUCHHS CIIOKUBAYIB CIICKTPOCHEPTI€0 Ta TEILIOBOIO
€HEepri€lo y MOTPiOHIN KIIBKOCTI Ta HaJeXKHOI SKOCTi. Psi nmpuunH, 30kpema
BUIIJIKOBUX, MOXXe a00 MPUIHMHHUTH TOja4y eHeprii, abo HEeNpHITyCTHMO
3HU3UTH 11 SKICTh Y YacTHHU ab0 HaBiTh Yy BCIX CHOXXKHMBadiB €HEPreTUYHOI
CHCTEMH.

Bimomi pi3HOMaHITHI TeXHIYHI 3aco0H, 3a JIOMIOMOTOK SKUX
i IBUINY€THCS HAIIHHICTE POOOTH SHEPreTHYHOTO 00NMamHaHH. Takox s
MiIBUINCHHS HAIMHOCTI 3aCTOCOBYIOTH TaKi KOIITOBHI 3aXOIH, SK
pe3epBYBaHHS JDKEPET €Heprii Ta iHII0ro 00JIaJHAHHS CHEPTOCHCTEM.

IIpn BupimeHHi npobIeMH eHeproePeKTUBHOCTI, ITiABHIICHHS
HAJIHHOCTI EHEPTeTUYHOTO OOJIAHAHHS — 1€ aKTyaJbHE 3aBJaHHS, SIKE Ma€
BUPILIYBaTUCh HA BCIX €Tanax XXUTTEBOTO LUKy €HEPrOCHCTEMH.

TakuM dYWHOM, JO METOAIB MiABHINEHHS HAMIMHOCTI pOOOTH
E€HEPTreTUIHOTO O0JIaTHAHHS TAKOXK CIi/T BiTHECTH:

- KOHCTPYKTHBHHI METOJ MiJBHUINCHHS HamiHOCTi. JlaHuit meron
3aKJIaJla€ThC TP IPOEKTYBaHHI, KOHCTPYIOBaHHI, BHUTOTOBJICHHI Ta
30MpaHHi eJIeMEHTIB Ta 00JIaJIHAHHS €HEPTOCUCTEM;

- CXEMHHH METOJI i ABUIIECHHS HAAiHOCTI, 110 HOJIAra€e B ONTHMI3aIil
CTPYKTYPH, CKJIaJly Ta KOMIIOHYBaHHSI €HEPIrOCHCTEM.
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OIIIHKA EKOJIOTTYHUX PU3HKIB TEXHOJIOI'TI TA
BUPOBHUITB HA HABKOJIMIIHE CEPEJJOBHULIE
H.}O. €mnictpatosa, cr. Bukinanay, JIBH3 «[IATY»

MeTom010Tis 10 BigIOBIAA€ MOPSIKY OLIHKA €KOJOTIYHUX PU3UKIB
BHPOOHHMITB, 0a3zyeTbcs Ha MbKHapoaHumx crangaprax ISO 31000:2009
«YnpasniHag pusukaMu — [Ipuammmm Ta HactaHoBu» Ta ISO 31000:2015
«YTpaBmiHHS pH3UKaMH — mpakTgHui mocioHuk st MCID». Ilpore,
BIIPOBA/KEHHS IIMX MeToauk y ToMmy gucii ENVID (Environmental Impact
Identification) mepernkomkae BiACyTHICTP METOMIB TEPEXOLY  Bif
€KCIePTHUX MMOBIPHICHUX ITOKAa3HMKIB BIUIMBY BUPOOHMIITBA HA OBKIJUISA
JI0 KUTbKICHHUX MMOKa3HUKIB.

B HaykoBoi po00Ti MpoBeieHO po3poOKa METOI0JIOT ], SIKa JO3BOJIUTH
BU3HAYUTH DIBEHb EKOJIOTIYHMX PHU3UKIB TEXHOJIOTIH Ta BHUPOOHHUITB, 3
ypaxyBaHHAM 0cOONMBOCTI iX (YHKIIIIOBaHHS, Yy TOMY 4YHCII SKICHUX Ta
KIJIbKICHUX TTOKa3HUKIB TEXHOT€HHOTO BIUIMBY HAa MPUPOJIHE HABKOJHIIHE
CepelIOBUILIE Ta 3J0POB S JTOACH.

Pospobiiena meronmka mepesbauvae HacTymHi eranu. Bmeprre,
o0y toBH poOoUiii TabiwIli eKOPU3UKIB TiATIpreMcTBa 3a MeTogoM ENVID:
BHU3HAYCHHS aCIIEKTIB PU3HUKY, IEPEIiKy SKOJIOTIIHMX IPOOIIEM, PELIUIIIEHTIB
BIUIMBY, PiBHIB IIOTOYHOTO BIUTUBY (CEpeIHil, BUCOKHN), 0Oy I0BH MaTpuili
PM3HKIB Ta PO3PAaXyHOK MOKa3HUKA «IMOBIpHOCTI HacTaHHsA Haciakisy (Ii).
[o-ppyre, oTpumaHi pe3yabTaTH BUKOPHCTOBYIOTHCS 32 JUIS BH3HAUCHHS
PIiBHS 3HAYYIIOCTI €KOJIOTTYHOTO BILIMBY TEXHOJIOTI: Ha aTMocdepy (Z?), Ha
rigpocdepy (Z°), Ha aitochepy (Z7), 3 po3paxXyHKOM BaroMoCTi KOe(iIliEHTIB
BIUIMBY, Ta KOMIIJIEKCHOT'O KPUTEPito (Z) HEraTUBHOI'O TEXHOT€HHOTO BILTUBY
BUPOOHMYOTO MPOIeCYy Ha NPUPOJIHE HABKOJHIIHE cepenosuile. Ilo-Tpere,
po3po0OKa 3BeAeHOT Ta0JIHIII 3aX0/1iB 1010 TT00YJOBU CTpaTETil MiABUIICHHS
€KOJIOT1YHOT OE3MeKH MiANPHEMCTBA.

[Toka3HMK  KOMIUIEKCHOTO  KPHUTEpil0  E€KOJIOTIYHOTO  BIUIMBY
BH3HAYAIOTHCS 32 HACTYITHUMH €TaraMHu:

Z= Z?zl(li,zn' Vu) - min (1)
z2= 30 (2, @
7= ZIZl(sz,y,‘), ®)
z2=3" (87, )

ne Zj — BaroMui KoeQillieHT BIUIMBY Ha Tiapocdepy j-To BUIyCKY
CTIYHHX BOJ;

Zf — Baromuii koediuient BMBY Ha Jitocdepy f-ro Bumy
HAKOIIMYEHUX BiIIXO/IIB;
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Z@ — Baromuii Koe(ilieHT BIUTUBY Ha atMocdepy i-ro BUpOOHHIOro
pouecy;

Yy~ KOeOIieHT, IO XapakTepH3ye YacTKy y9acTi KOKHOTO
BHPOOHHUYOTO TIPOIIECY 3 CHOKHUBAHHS €NIEKTPOCHEPTIi.

OriHka 3Ha4eHHS eKOJIOTIYHOI BIUIMBY TEXHOJIOTII Ha rigpocdepy 3a
BUITyCKAaMH CTiYHHX BOZ:

Z) =G Ks P (L), ®)
ne Gj — koedilieHT, IO 3aJIEKUTh BiJ PO3TAIIyBaHHS BUITyCKY
CTIYHHUX BOJI;

K, — xoeimieHT 3aBaHTa)KCHHS IIEXY;

Pff — KOMIUIGKCHHI TOKa3HUK 3a0pyIHEHHS riapochepu, IO
BpaxoBy€ KOMOIHOBaHWI BIUIMB pI3HOMAaHITHUX pEYOBHMH Ta KIac ix
HeOe3MeKH.

OriHka 3Ha4eHHS BIUIMBY Ha JiTOC(epy 3Baly IUIaMiB, BU3HAYAETHCS
SAK:

Zf =K, K Pf, (6)
ne Ki— xoedilieHT, 0 BpaxoBy€e METOH OBOKCHHS 3 BIAXOIaMH
(IuIaMOHAKOTIMYYBay, YKPUTTS Ha TIOJIIrOHI);

P¢ — xOMITJICKCHUH TIOKa3HUK 3a0pyTHEHHS JTiToc(epH, 0 BpaXoBye
KOMOIHOBaHHMH BIUIMB PI3HOMaHITHUX PEUOBUH Ta iX Kilac HEOE3MeKH.

OrmiHka 3HaYeHHS €KOJIOTIYHOTO BIUIMBY TEXHOJIOTI] Ha aTMochepy:

Z{' = KKy Kpi Pai (1-n)i, ()
ne Kii— xoeimieHT 3aBaHTa)KeHHS BUPOOHHUIITBA LIEXY;

Kyi — xoedimieHT yKpUTTSA [DKEpen BUHHMKHEHHS 3a0pyIHIOIOUMX
PEUYOBUH;

Kpi — KoedilieHT, IIO0 XapakTepusye CTYHiHb pHU3HKY 1-TO
BHPOOHHYOTO TIPOIIECY;

(I-m)i — cTymiHb e(pEKTUBHOCTI OYHUCHOrO OONaJHAHHS i-TO
BHPOOHHYOTO TIPOIIECY;

P.i — KOMIIEKCHMI TOKa3HMK 3a0pyaHeHHsS aTtMmocdepu, SIKuH

BpaxoBy€e KOMOIHOBAaHHH BIIMB Pi3HOMAHITHUX PEUOBHH.

3a pe3yiapraTaMd MOJEJi, BH3HAYEHO BAaroMiCTh €KOJIOTIYHOTO
BIUIMBY Ha KOXXHE NPUPOJIHE CEPEOBHIIE, Ta NPOrHO3YBAHHS 3MiHH PiBHS
HeOEe3MeKHn 3aJIe)KHO BiJl 3aBaHTa)KEHHS BHUPOOHUIITBA MEXaHIYHOTO IEXY

(puc. 1).
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IMOBIpHICTh HACTaHHS HACIKIB, OaTl
e [MOBIpHICTb HACTAHHs HACIII/IKIB

KomriuiekcHu

KomruiekcHuit Kputepiit pusnky
Puc. 1 — Iloka3HUKH SKOJIOTIYHOTO BIUTMBY Ha HABKOJHIITHE CEPEIOBUIIIEC
MexaHigHoro nexy OOO «A30BChKUI CyTHOPEMOHTHHI 3aBOI»

Llex Mae MOKa3HUK PU3MKY BUCOKOI 3HAUYIIOCTI 3a JJIsl PELUITIEHTY -
rigpocdepa (I=4) 3a merogom ENVID, nipu piBHi BIuBy pusuky (Z° =4,78),
Ta KOMIUIEKCHUH Kpurepiii pusuky (180 ym. em), npu QaktuuHOMY
3aBaHTaxeHHI (70-80%) moTy>kHOCTI BUpOOHHIITBA. Pa3poXyHKH € HagitHIM
MATPYHTSAM U 3BEACHOI TaOMUIi 3aXOMiB IOJ0 MOOYMOBM CTparerii
TTiIBUIICHHS €KOJIOTIYHOI OE3IeKH IMiAPUEMCTBA.

STUDY OF INCREASING THE ENERGY EFFICIENCY OF AIR
RECOVERY SYSTEMS WITH SUPPLY AND EXHAUST
VENTILATION
Olha Khliestova, Pryazovskyi State Technical University, Ukraine,
Technical University of Liberec, Czech Republic,

Katarzyna Ewa Buczkowska, Technical University of Liberec, Czech
Republic, Lodz University of Technology, Poland,

Piotr Los, Technical University of Liberec, Czech Republic

Since 2002, European countries have banned the construction of
houses with high energy consumption. To increase energy efficiency, a heat
exchanger for ventilation is actively used there. And according to the
requirements of the Kyoto Protocol and the «Directive on the Energy
Consumption of European Housesy, recovery systems are used mandatory in
the construction of both residential buildings and commercial premises.

Fresh air is not only about respiratory health. It's about a person's well-
being in general. The human body is in dire need of a constant supply of fresh
clean air for the proper operation of all systems. In some cases, the
availability of fresh air is a matter of life for one of the future residents of a
house diagnosed with asthma, for example.
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From childhood, parents tell their children about the need to ventilate
the room. There are different rules for airing rooms in summer and winter.
Doctors recommend airing the premises every hour for 15 minutes in the
summer and 4 times a day for 10 minutes in the winter. Additionally,
regardless of the time of year before going to bed up to 30 minutes. Ordinary
people call it «heating the street», which leads to higher heating bills in winter
and air conditioning bills in summer. At the same time, clean air and proper
air exchange are the key to good health and well-being. This problem is
especially relevant in large cities and modern homes.

Modern construction technologies, whether it is a stone house or a
frame house, provide for the use of sealed structures for the most efficient use
of the generated energy. But such tightness does not allow steam and air to
penetrate into the building, which ensures that there is no «leakage» of heat
or cold from the house in summer. For example, you may observe moisture
in the kitchen or bathroom. Or hear the smell of freshly glued wallpaper and
chipboard furniture. Many old houses in the Europa also suffer from high
humidity and are equipped with a ventilation system to prevent mold (Fig. 1).

Installing airtight windows and insulating the house makes it
economically inexpedient to keep the windows open. Using an air conditioner
does not bring fresh air into the house, its job is to cool the indoor air.

One of the modern solutions for energy-efficient fresh air is the use of
supply and exhaust ventilation, which is an engineering system designed to
remove exhaust air and replace it with fresh air. Supply and exhaust
ventilation allows not only to comply with the requirements for explosion and
fire safety standards, air quality, ensuring the maximum concentration of
harmful substances in the air, meteorological conditions, optimal levels of
noise and vibration, but also a certain energy efficiency. Structurally, the
supply ventilation system and the exhaust ventilation system in some cases
are separate (independent) systems. At the same time, ventilation systems can
be serviced by monoblock equipment. They are placed on the wall that
communicates with the street (Fig. 2).
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Fig. 2 — Wall ventilator

The advantages of forced supply and exhaust ventilation are the ability
to automatically adjust the inflow and outflow of air masses, the ability to
optimize heating costs when using a heat exchanger, independence from
weather factors both in winter and summer, unlike a natural ventilation
system. With a mounting hole diameter of 100 mm, its capacity (recovery)
can vary from 8 m*h to 30 m*h, with a corresponding noise level of 18-28
dB and a heat exchanger efficiency of 90%. The wall ventilator has a ceramic
block inside, which is proposed to be made of a geopolymer material (Fig.
3), which in its properties is close to fireclay, but is natural and
environmentally friendly.

The disadvantages and disadvantages include high investment costs
for the purchase and installation of equipment.

Supply and exhaust ventilation on average increases the bill for
heating a house by 30%. Modern economic and environmental interests
require linking together minimal energy losses, savings on heating and fresh
air in the house and environmental issues. The solution to this issue is to
combine the ventilation system with recuperation (Fig. 4).

Exhaust air ’ Exhaust warm air
from the room
q IM

Supply of freshly heated

= _i . i

Fig. 3 — Sample geopolymer Fig. 4 - The prmuple of
material for exhaust ventilation recuperation in the supply and
exhaust ventilation system
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The recovery system offers to reuse thermal energy. In summer, it
reduces the amount of emissions into the atmosphere from the operation of
the air conditioner.

Increasing the energy efficiency of air recovery systems with supply
and exhaust ventilation through the use of environmentally friendly materials
made of geopolymers allows solving the problem of lack of oxygen and
disruption of air exchange in rooms, and reducing heat loss.

INCREASING MERCURY-CONTAINING GAS ADSORPTION
EFFICIENCY IN THE FILTER CHAMBER
Katarzyna Ewa Buczkowska, Milan Bousa, Baturalp Yalcinkaya,
Technical University of Liberec, Czech Republic,

Olha Khliestova, Pryazovskyi State Technical University, Ukraine,
Technical University of Liberec, Czech Republic

In 2017, Regulation 2017/852 of the European Parliament and of the
Council on Mercury was adopted. This provision specifically addresses the
limitation of the use of mercury in certain industrial processes, including
combustion processes using fossil fuels Mercury-containing gases of
industrial emissions are formed as a result of the combustion of hard and
brown coals containing natural mercury. The combustion of such fuel by
stationary sources provides more than 50% of all anthropogenic emissions.
An increase in mercury content in the atmospheric air negatively affects
human health and the entire environment (Table 1). The method for cleaning
combustion products depends on the type of mercury-containing compounds.
Mercury air pollution is 90% HgO vapor, while the remaining 10% includes
ions (Hg?*) and methylmercury. And if a lot of sufficiently effective devices
have been developed to capture mercury vapor, then the removal of mercury
ions requires the search for more efficient equipment.

Table 1 - Specific emissions of mercury during stationary fuel
combustion, g/t of fuel

Specific
Type of fuel mercury Units of measurement
emissions
Natural gas 0.0014 g/1000 m® 0.0014 9/1000 m® natural gas
Coal with a degree of
purification ofg70% 0.02 g/t of coal
Hard coal (without cleaning) 0.02 g/t of coal
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The goal of this research is to increase the filtration capacity of the
flue gas filtering chamber, which contains an ionization radiation source, an
electrode-induced electromagnetic field, and filter material to remove the
remaining mercury from the exhaust combustion products. It is proposed that
heavy metal ions (mostly Hg) be pre-ionized and electromagnetically
separated in a filter containing chitosan fibers or activated carbon (Fig. 1).

(+) (-)

Gas flow

direction Activated carbon or chitosan
nanofiber absorber coated

electrode
Positive electrode Mg\rNc ury

Fig. 1 — Simplified principle of the experiment, here the negative electrode
is placed inside a non-conductive cassette with an activated carbon/chitosan
absorber

At the same time, the use of chitosan (a natural polymer,
biodegradable, biocompatible, with a high sorption capacity for metals, is
well studied and used to capture low concentrations of mercury from water)
for filtering mercury-containing combustion products has several advantages,
such as the possibility of desorption of metals by heating or firing (the
stability of chitosan is above 200 °C), the relatively low cost of the material,
the well-established production of nanofibers by electrospinning, the
presence of easily modified properties for an increase in the adsorption
capacity of metals, etc.
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Fig. 2—- SEM photo'of‘c\rﬂtosan (thih) + polyamide (thick) nanofibres
prepared using the NANOSPIDER electrospinning technology (designed by
the Technical University of Liberec)

75



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

This approach addresses the drawbacks of current heavy metal
separation technology while still being financially viable, making it an
excellent choice for commercial use and mass manufacturing to fulfill
emission limitations at comparatively cheap investment costs. The process
almost completely eliminates waste, and by-products can be utilized
afterwards (or at least carefully segregated for subsequent fixation).
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PROSPECTS FOR THE USING OF PRODUCTS OF ALGAI
METHANOGENESIS
Olha Khliestova, Pryazovskyi State Technical University, Ukraine,
Alvydas Zagorskis, Vilnius Gediminas technical University, Lithuania

Modern technologies for the production of biofuels by
methanogenesis, for example, can use plant or animal residues such as straw,
wood waste, livestock manure or even synthetic waste as raw materials for
production. This allows the use of more accessible and cheaper sources of
raw materials, as well as a reduction in the volume of starting substances and
a decrease in the negative impact on the environment.

Algal methanogenesis products contain high amounts of protein,
vitamins and minerals, making them valuable sources of nutrients for animal
feed. For further development of the use of algal methanogenesis products, it
is necessary to solve some technical and economic problems. For example,
one of the main problems is the high cost of algal methanogenesis products.
It is necessary to reduce production costs and increase its efficiency.

When they talk about energy-saving and efficient biotechnology,
about reducing energy losses, they do not mean its quantity (according to the
first law of thermodynamics — the law of conservation of energy, any
technical device always operates with the conservation of energy: how much
it enters, so much inevitably comes out; it is never lost). Energy saving means
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saving energy quality. During methanogenesis, a whole chain of energy
transformations takes place. First, the physical energy of the installation and
the chemical energy of raw materials (algae and organic additives) are
converted into the biochemical energy of micro and macroorganisms and then
into the internal and chemical energy of methanogenesis products;
Subsequently, this energy in the form of the chemical energy of the fuel and
oxidizer is converted into the internal energy of hot combustion products and
then, according to the technology, is transferred to water and converted into
internal steam energy, or the steam energy in the turbine is converted into
mechanical and electrical energy.

A qualitative assessment of energy saving in the process of
methanogenesis can be obtained by exergy analysis of the process,
determining the measure of the maximum possible useful work that a system
can perform in accordance with the second law of thermodynamics. It is
important to determine the loss of exergy in the process of methanogenesis
with non-target products — waste. In recent decades, fundamental research
has been carried out abroad on the activities of a number of industries and
technologies from the standpoint of exergy methodology, based on the exergy
balance. The value that determines the suitability for action (operability) of
the resources of matter and energy was called exergy, and the functions that
determine its value were called exergy. The exergy balance, on the basis of
which the scale of the use of raw materials and energy resources is
established, indicates the possibility of increasing the efficiency of the
process.

Exergy can be considered as a universal measure of energy resources.
From the equation of the first law of thermodynamics for the flow, which can
be represented as the life cycle of organic substances in the chain of algae -
methanogenesis - fuel-fertilizers, etc., it follows that the exergy of the
substance in the flow is equal to

e=h—hy—(5S—So), (D)
where Ty is the ambient temperature; h, ho, s, So are the enthalpies and
entropies of the medium and process, respectively. The exergy of a complex
process can be calculated by representing it as a series of heat transfer,
compression/expansion and dissipation processes under specific conditions.
The exergetic approach makes it possible to reveal the connections between
the thermodynamic characteristics of technical objects and technical and
economic, and, more recently, with environmental ones. Since exergy is a
single measure of efficiency, suitability of energy resources, its introduction
allows an objective assessment of energy resources of any kind, as well as
secondary ones. Algal methanogenesis products have great potential for use
in a variety of applications, including food processing, medicine, energy,

77



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

wastewater treatment, and use as animal feed. However, for their mass use, it
is necessary to conduct additional research, including with the help of exergy
analysis, and develop optimal production technologies to make them more
competitive in the market.
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BIIJIUB NIABUIIEHHS EHEPTOE®EKTUBHOCTI
BIOTEXHOJIOI'TI HA 3HUKEHHSI PIBHS KJIIMATAYHHUX
3MIH
O.A. XJectoBa, JI011., KaHJ. TEXH. HAYK,

M.1O. ly6oBKiHa, [101I., KaH[I. TEXH. HAYK,

I'.I. Xnectos, marictp rp. EM-22-M, JIBH3 «I1JITY»

PiBeHb KJIIMATHYHUX 3MiH Y BCbOMY CBITI IIPOOBIKYE 3pocTaTh. Tomy
3pocrae i Habupae Bce OLIbIIE MOMYJIIPHOCTI. IHTEpPEC 10 CHeProe(EKTUBHUX
TEXHOJIOTiH, $KIi MOXYTb JIOIOMOTTH 3HU3UTH BYIJICIEBUI  CIiX
BHPOOHUIITBA. 3aBIsIKH eHeproe()eKTUBHOMY BJIOCKOHAJICHHIO
010TEXHOJIOT1H, 3HIKYETHCS PIBEHb CHOXMWBAHHS TPAAWIIHHUX KOMAINH
TIAJIAB, TAKUX K HATa, Ta3 i BYTUDI, 0 TPU3BOIUTH A0 3HIKCHHS BUKHIIB
MAPHUKOBUX Ta3iB i, SIK HACTiJOK, 3POCTaHHS TJIO0ATBFHOTO TOTEIUTiHHA.
NpoLeCaMy, HANpPHKIIAJ KOHTPOJIbOBAaHE BUPOLIYBaHHS BOIOPOCTEH Ta ix
CBO€YACHUH 30ip Ta moaajblia nepepodka. bioras orpumanuii 3 BogopocTeit
€ BIJIHOBJIOBAaHUM Ta AJIbTEPHATHBHUM JDKEPEIOM CHEprii, a TeXHOJOTis
OTpUMaHHs  0iorasy 3  BOJOpPOCTEH  CIPOMOXXHA  3a0€3MeYHTH
CHEPrOHC3AICKHICTh  MIANPHUEMCTBAM ~ KPUTHYHOI  IHPPACTPYKTYpH.
BupoiyBanHs BOJIOpOCTEW, K MAJMBHOTO Ta CHPOBUHHOIO PECYpPCYy €
KITIOUOM JUJIsl JOCATHEHHSI OpraHiuHOTO OanaHcy A30BCBKOTO MOpS, SIKE Mae
rmbuHy 10 12 M, mo crnpuse poO3BUTKY IHTErpOBaHOI akBameiopanii
(Puc. 1).
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Puc. 1 - InTerpoBaHa TEXHOJIOTisS aKBaMeTiopartii

[HIIMM BaXIMBUM AaCIEKTOM IIJBUINCHHS EHEproe(eKTUBHOCTI
010TEXHOJIOT1H € BUKOPHCTaHHS TEXHOJIOTIH, 10 JO3BOJISIOTH MEepepoOIsaTH
BiIXOJM BHPOOHHMITBA Ha eHepriro. Hampukman, BupoOHMKH OiomanmBa
MOXYTh BUKOPHCTOBYBaTH BIJIXOIM, Taki SIK Makyxa 1 cojJoMmy, THIii
TBapUHHHUIITBA Ul BUPOOHHUITBA Oiorazy abo Oiomamusa. Taxi Bimxoam €

JUKepelloM  jonatkoBoi eHeprii  (Tabm.

1). Sx OGaummo 3 TaONMII,

eKCIIEpUMEHTANIbHI  JIOCHI/DKEHHSI CITUIBHOIO METAaHOTEH3y BOJIOPOCTEH
ABOBCBKOTO MOpSi Ta THOIO XynoOHW, TMPOBEACHI B MeXaX CHIIBHOTO
yKpaiHcbko-uToBchkoro npoekry JIBH3 «IIATY» mo3Bommio mopiBHATH
OoTpuUMaHe 010TaNBO 3 TPAAHUIIHHOIO CHPOBHHOIO.

Nanueo

1Kr apoe

1 Kr pepes’aHoro
Byrinna

1 m3 npupogHoro
rasy

1 Kr 6eHsuHy
1 Kr masyty

1 Kr erneuyto

EkBiBaneHr
Giorasy

0,29 m?
0,50 m3

1,43 m?

2,50 m?
1,42 m?

2,33 m?

THiA BPX+ rHiA BPX+
Cladophora 105 | Phaeophyceae
glomerata sp), A3oBcbKe

(Sventoji Rl
L

2,64
4,55

13

22,73
12,91
21,18
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iver), Mope, Kr

2,64
4,55

13

22,73
12,91
21,18

Ta6nuns 1- [TopiBHsUIBHI XapaKTEPUCTUKU TPAAMLIHNX Ta OlomaiuB

THiid BPX+
Green Zostera
marina),
A30BCbKe
Mope, Kr
3,63

6,25

17,88

31,25
17,75
29,13
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Takok BaXJIMBO BiI3HAYMTH, IO MiJBHILIEHHS €HeProe(eKTHBHOCTI
GioTexHoJOT1i Mae BinOyBaTHCs He JIMIIE HA PIBHI BAPOOHHUIITBA, a i Ha piBHI
CTIIO)KMBaHHS. A BHKOPUCTaHHs OlonayiMBa Ha 3aMiHy TPaAWLIHHUX MaJiB
JUISL TPAHCIIOPTY, TakWX SIK OCH3WH 1 JU3eJbHE IajMBO, 3HWKYE BHUKUAN
BYyTJIEKHCIIOTO Ta3y Ha 50% mopiBHSAHO 3 TpaguuiiHuMu anuBami. Lle Mmoxe
3HAYHO CKOPOTHTH BUKHAM MAPHUKOBUX Ta3iB B aTMocdepy Ta JOMOMOITH
OOMEXHTH TII00aIbHE TTOTEILTiHHS.

TakuMm 9UHOM, MIABUIICHHS €HeProeeKTHBHOCTI O10TEXHOJIOTIH €
BXUTUBUM (PaKTOpOM 3HIKEHHS PIBHA KIIMATHYHHUX 3MiH, aje He €IHHUM.
[Momanpmii qocmimpKeHHs Ta IHHOBAIII B ITiH raily3i MOXYTh MIPH3BECTH IO IIIe
OUIBIIOTO 3HIDKEHHS BUKWAIB BYIJICHIO Ta IIOKPAIEHHS EKOJOT1YHOT
CTIHKOCTI BUPOOHUIITBA O10TEXHOJIOTIH.

Ha 3aKiHYEeHHSA MOJKHa cKa3aru, mo T {BUILCHHS
EHEProc(PeKTUBHOCTI OI0TEXHOJOTIH € BAaXKIMBHUM KPOKOM y OOpOTHOI 31
3MIHOIO KJIIMaTy. BHKOpHCTaHHS BIJHOBIIOBAaHMX JUKEpET EHeprii,
mepepoOKa BiIXOiB BUPOOHUIITBA, a TAKOXK 3HKEHHS CIIO)KUBAaHHS CHEpTii
Ha PiBHI CIIOKUBAHHS MOXXYTh MIPU3BECTH 10 CYTTEBOTO 3HIDKCHHS BUKHIIB
BYTJICIIO B O10TEXHOJOTISX.

BIOINDICATION AS A WAY TO REDUCE ENVIRONMENTAL
RISKS
Olha Khliestova, Pryazovskyi State Technical University, Ukraine,
Technical University of Liberec, Czech Republic,
Bhanu Singh Panwar, CCS Haryana Agricultural University, Hisar,
Katarzyna Ewa Buczkowska, Technical University of Liberec, Czech
Republic

Environmental risk assessment can be carried out on the basis of
available scientific and statistical data on environmentally significant events,
long-term studies of pollution dynamics, on the impact of environmental
pollution on the state of biocenoses, etc. diversity and varying degrees of
negative impact. Thus, when assessing the impact of irrigation wastewater on
the elements of the agrocenosis ecosystem, Indian scientists (B. S. Panwar,
District Hisar 2012-13 and 2013-14) revealed, that the mean value of havy
metal (Cd , Ni, Pb, Hg) of soils irrigated with sewage water was more as
compared to soils irrigated with non-sewage water during both the years.
Similar studies on the content of Cd, Ni, Pb, Hg (mg kg-1) in the grain of
agricultural crops (millet and wheat) showed that their average content in
grain grown on soils irrigated with sewage water was higher compared to
grown on soils irrigated with drainless waters in both years. Thus, we can talk
about the need to determine the direction of the impact of pollutants on the
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basis of bioindication, i.e. assessment of the quality of the natural
environment according to the state of its biota. The choice of priority areas
for impact assessment is possible using mathematical models on a multi-
criteria basis. When assessing the pollution of an element of an ecosystem by
emissions of heavy metals from diffrent sources on a multi-criteria basis, it is
necessary to analyze the level of exposure according to various criteria
(possible routes of release into the environment) with the involvement of a
specialist (decision maker) to determine one or more dominant pathways of
Xij = f(T,v, @) impact, taking into account the influence of environmental
factors such as temperature T, speed of movement of air masses v, humidity
¢ and others. According to existing methods for the dominant route of
distribution of emissions Xj (which is described by standard methods such
as, for example, "calculation of dispersion of pollutants”), the level of
pollution from the source of Pi is calculated and then the total level of
pollution Z of the ecosystem from various sources. This approach, when
using bioindication, makes it possible to assess and predict the level of
environmental risks as much as possible.

OCOBJJHUBOCTI PO3PAXYHKY TEIIJIOOBMIHY B TOIIKAX
KOTJIIB IMTPU CITAJIEHHI BOJHEBOI'O ITAJINBA
B.M. Xurapenko, ct. Bukinagad, M.B. Mensenesa, cT. Bukiaaady,
JABH3 «ITITVY»

Bopens Hapasi BBaKaIOTh MAJTHBOM Mail0yTHHOT0. Ta He3BaXKAI0YH Ha
TE IO OTPUMaHHsi HOro € mie HepeHTabeNbHHM, BOHO 3HAXOIHTh
3aCTOCYBaHHS HE TUIBKM B KOCMIYHHMX TEXHOJIOTISIX, a i B 3BHYAiHIN
€HepreTUIl Ta Ha TPAHCIIOPTI.

BozneHp sk mamuBO Mae psii BaXKJIMBHX IIEpPeBar, TaKUX SK JOCHTH
BHCOKY KaJIOPIHHICTP Ha OAMHHIIO MacH, €KOJOTIYHICTh 3aCTOCYBAHHS,
TOIIO.

CriasieHHsI BOJHIO MOXE 3IIMCHIOBATHCS TUTBKHA y Ta30MO0Mi0OHOMY
ctani. Ta IpoIyKTOM HOTO TOpiHHS € 3BUYaifHa BOAa y BUTIISAL MApPH.

be3yMoBHO, TIpH pO3IIMPEHHI 3aCTOCYBaHHS BOJHEBOrO IalnBa
OyayTh 3MIHIOBATHCS KOHCTPYKII TONKOBHX IMPHCTPOIB Ta MAJBHUKIB IO
HUX. Ane ICHYIOYM TONKOBI MPHCTPOI, KOTENbHI yCTAaHOBKH, KaMepu
3TOPSIHHSI MOXKYTh OYTH HaJlallITOBaHi JUIs CIIaJIeHHS BOJHIO.

Y NoOpiBHSIHHI 3 BYIJICBOJHEBUMH NaJMBaMU (METaHOM) BOJICHb Ma€
TaKi BiIMIHHOCTI:

-OlblIa TeMneparypa 3ropsHHS;

-00’€M MPOYKTiB 3TOPSTHHS MEHIIHU;
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-TIPH YMOBI, L0 BOASHY Tapy MOKHA OXOJIOJUTH 1 OiIbLIY YaCTUHY
CKOH/ICHCYBATH, TOKPAILTYETHCS aepoJMHaMIKa MATUBHOTO TPAKTY.

VY nopiBHSAHHI 3 BYTJIEBOAHUM MAJIIMBOM YacTKa 0anacTy y IpoayKTax
3TOpPSIHHS, SIKa He MMPUIMae y4acTh y TeruiooOMiHi Oyae 3HauHo Menma (70-
80% npu cnanenHi metany Ta 30-40% mpu criaieHHI BOAHIO 3 3BHYAHUM
moBiTpsiM). OT)Ke IHTEHCHBHICTD TEINIOOOMIHY y TOIIKOBHX KaMepax BHINA 32
PpaxyHOK O1JTBIIIOT BUIIPOMIHIOBAHOI 3aTHOCTI (haKelry.

OckibKH 00’€MHa TEIUIOTa 3TOPAHHSA HIDKYAa, TO HAa OIMHHUITIO
MTOTY>KHOCTI TOITKOBOi KaMepH MoTpibeH O1bImmii 00’ €M BOJHIO, ITBUAKICTH
ra3iB Ta TemwIo0OMiH KoHBekImiero Oymyte Outemi. Lli mBa daxropu
NpUBEIYTh Y KIHIEBOMY paxyHKy JI0 HOBOI IIOKpallleHOl KOHCTPYKIIT
TOIKOBHX Kamep: 1X po3MipH 3MEHIIyBaTUMYThCS, IIUIBHICTh TEIJIOBOTO
MOTOKY 3pOocTaTHMe, a Yy TONKax Hepepo3NoqUIATeCS —pagualiifHo-
KOHBEKTHBHI Ta KOHBEKTUBHI IIOBEPXHi HArpiBY.

[Ipu po3paxyHKax TONKOBUX KaMep, 1€ CHaJI0ETHCS BOIEHb IIOTPiOHO
Oyze BHECTH MOIIPABKH, TaKi SIK:

-BIICYTHICTb Ca’)KUCTHX YaCTOK Ta iX BUIIPOMiIHIOBAaHHS;

-BUITPOMIHIOBAHHS BYTJICKHCIIOTO T'a3y Ta HOTO B3aEMO/Iisl 3 BOJSTHOIO
1aporo.

YMOBH TeTI000MiIHY y CEpEAOBHIII YACTOI BOJASHOI TapH (TIpH YMOBI
CHalieHHA BOJHIO 3 KHCHEM) IOTPeOyIOTh NOJATKOBHUX IOCHTIKCHb Ta
KOperyBaHHS METOAMKH PO3PAaXyHKY TEIIOOOMiHY TMPH YMOBI 4acTKOBOT
KOHJICHCAIlil BOASHOI MapH.

TEXHOJIOI'II OTPUMAHHS BOJHEBOI'O ITAJIUBA 3
MPOMMUCJIOBUX T"'A3IB
B.M. XKurtapeuko, ct. Buknagaud, IBH3 «ITATY»

Ha croromui BimoMi HeKiTbKa IECATKIB TEXHOJOTIH OTpUMaHHS
BOJHIO, SKi BIJPI3HSIIOTECS CBO€I0 ©(QEKTHBHICTIO Ta IOYaTKOBOIO
cupoBnHoto. Cepen HUX HaWOLIBII JemIeBi TEXHOJOTIl KOHBepCii,
eIIeKTPONi3y. AJle BOACHb MICTHUTBCS y 0araThboX MPOMHCIOBHX Ta3ax y
JOCTaTHBO BENUKOI KibKOCTi. OCOOIMBO i€ CTOCYETHCS HaTONEepepoOHOT
Ta METalypriiHoi ramyseil. Tak BMiCT BOIHIO y JOMEHHOMY T'a3i CTAHOBHUTH
5-7%.,y xokcoBomy-10-12%. BomHouac 1i ra3u XapakTepu3yroThCs HU3EKOIO
KaJIOPIHICTIO 3-32 BEJIMKOT0 BMICTY 0aJaCTHUX CKJIAJIOBHX.

VY 3ajeXHOCTI BiJl LiJel MoJaIbIIOoro BUKOPUCTAHHS JOMEHHUH ra3
MOJKHA 30aradyBaTH TOPIOYHUMH CKJIaJJOBUMHU 200 30BCIM BUAUISTH 3 HHOT'O
BOJIeHb. J[y1s 11bOr0 MOXHA 3aIPONOHYBATH HAIliBIPOHUKHI MeMOpaHu. Taki
MeMOpaHH Ha OCHOBI MHOJIMEPHHX MaTtepialiB IMPOIYCKAalOTh MOJEKYIN
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BOJIHIO 3-32 iX MaJIoro po3mipy, Ta 3aTpUMYIOThb 1HIIII( a30T, BYIJIEKHCIINI ra3,
OKHC BYTJICIIIO TOIIO).

OtpumaHuii 4YHCTHH BOJEHb a00 BOJHEBY CYMIIl MOXHa
BHUKOPHMCTOBYBATH SIK NAJIMBO 200 SIK BITHOBIIIOBAIBLHY aTMocdepy.

Tak Opu 3araibHOMY BHUXOJi JOMEHHOro rasy y 30-40 M° Ha ToHy
YaBYHY Ha TaKUX METaypriiHUX mianpueMcTBax, sk MK im. [mmiga moxxHa
OTpUMYBATH 4 MIIH. M2 BOJIHIO Ha pixk, mpo exBiBanenTHO 1200 MBTTOA.

TexHomorii 3acTOCYBaHHS HAIIBOPOHUKHHX MeMOpaH y IaHOMY
BHIAAKY HAWOUIBII MEpCHEeKTHBHI 3-32 IX IPOCTOTH, a BeNWKi 00’eMu
JIETIEBOr0o Ta3y poOisATh iX peHTabenpHHME. OCHOBHA MpoOiieMa- BEIHKHA
BMICT MWy Y JOMEHHOMY Ta3i, He € BaXIMBOIO 32 Te, 110 PO3MIpH aTOMiB
BOJHIO BKpail Malli, Ta NHJI, SKHA HAKOMUYYEThCS TUIBKH ITiBHILYE
rifpaBiniyHui omip MeMOpaH.

Binbm ckitaiHIINIM € BUIUIEHHST BOJHIO 3 KOKCOBOTO ra3y. Benmukuii
BMICT OpraHiYHHMX arpeCMBHUX PEYOBHH, TAKHX K OeH3amipeHu, (eHoIH Ta
IHII CIIONyKH, IO TPHU3BOAATH IO IIBUIKOTO PYHHYBAaHHS ITOJIMEpPHOT
OCHOBH MeMOpaHH. BTiM po3poOka HOBHX CTIHKHX IOJIMEpIB JO3BOJIUTH
BUPILINTH IIO TPOOIEMY.

Bsaraxi BBajkaeMo, IO 32 TEXHOJOTiIMH MEMOpPAHHOTO PO3AIICHHS
ra3iB Maif0yTHe. 3a JOMOMOTOI0 MEMOpaHHHX TEXHOJIOTiH MOXKIIHBO
BUIUINTH HE TUIBKK Jerki roprodi kommoHeHTH Hp, CO, CHa ame i
CKOHIICHTPYBATH HIKiUIMBI Taki, sk CO2 Ta BaXXKi BYTJIEBOJHEBI CIIOIYKH.

MNEPCIIEKTHUBHI ITAJIUBA BE3 BYTI'JIELIEBOT'O CJIITY
M.B. Mengenesa, ct. Buknanad, IBH3 «ITJTY»

Maiixe Bci cydacHi TEXHOJIOTIT BUKOPHCTOBYIOTh OpPTaHiyHi IainBa;
11e BUKOITHE BYTLILIS, TPUPOIHUHN ra3 abo MpoIyKT IepepoOkn HadTH-Ma3yT.

3ne0ubIIoro e najiuBa, sKi MicTATh B coOi Byriens. [Ipu crianeni
[[FOTO TAJIMBA YTBOPIOETHCS BEIMKA KIJIBKICTh OKHCY Ta JIBOOKHCY BYTJICIIIO
y razomnonioHOMy crtaHi. Lli okucu Byriiemo noTpamsitoTs y atmochepy Ta
3a0pyAHIOIOTE 1i, TPHU3BOAIYMA A0 TJIO0ATBHOTO TOTCIDIHHA. Byriers
COTHSIMH MIJIbIOHIB POKiB HAKOMTUYYBABCS POCIUHHICTIO IUTAHETH Y BUTIIAL
BYTi/uIs, IpUpoxHOro razy abo HadTtu. JIIOACTBO OJHOYACHO, HPOTIIOM
COTEHb POKIB OKHCIIOE IIeil HaKONMYEHWH BYIJelb KUCHEM IOBITpA Ta
BUKHUIAE y aTMoc(epy. Pe3ynbrar 1i€el 1isuIbHOCTI € II100ajIbHe MOTEIUTiHHS.

IcHye nekibKa NUIAXIB 3HWKCHHS BUKHUJIB JBOOKHCY BYTJICIO: 1€
BUKOPHCTaHHS OioMacH, sika Mae HaiiMeHmwmid ByrieneBuil ciuia. Ilpum
BHKOPHCTaHHI 010MacH BYTJICIb, SKHi BUKUAAIOTECA B aTMocdepy, moTiM 3a
JIOTIOMOTOI0 POCIIMH 3HOBY IIE€PETBOPIOEThCS B MaJMBa 1 MOXe OyTn
BHUKOPHCTaHUI 3HOBY.
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[HIIMM  OUISIXOM  3HIDKEHHS BHUKHIIB JIBOOKUCY BYIJIELIO €
BHUKOPHMCTaHHS TTOHOBIIIOBAJIBHUX JDKEpPENl EHeprii: COHAYHOI, BITPOBO,
reoTepMalIbHOI, XBIWJIEBOI Ta IHIIMX. YCi JUKepena MOHOBIIOBAJIBHOI eHeprii
MaroTh ocobmmBocTi. Lle, mepin 3a Bce, HU3bKA IMUIBHICTH TIOTOKY €HEPTii,
HEpiBHOMIPHICTh PO3MOJUTY Ha TepUTOpii 3eMil, 3aJeXHICTh KiTbKOCTI
eHeprii Bix mopu poky abo noOoBa HEpIBHOMIpHICTB. Yci mi ¢akropu
YCKJIaTHIOIOTh BHKOPHCTaHHS ITOHOBIIIOBAHMX JUKEPEN €HEeprii, 0 TOro X
JOJJA€THCS BICOKA BapTiCTh TEHEPYIOYOT0 00JIaTHAHHS.

[Ile ogHMM NIUISIXOM 3HIKEHHA BHUKHIIB JBOOKHCY BYTJICLIO €
BHUKOPHCTaHHS 0€3BYTJICLIEBUX MAJIMB: BOAHIO, AMOHIIO, BOJHEBUX 3’ €IHAHb
KpeMHito, Tomo. [Ipy crianeHHi BOAHIO yTBOPIOETHCS JIUIIE BOASHA Napa, Ky
OLIBIIICTh €KOJIOTIB BBAKATh €KOJIOTIYHOWO. AJie € 1 MPOTUIIEKHI JTyMKH.
BopsiHa mapa CHIBHO TOTJIMHAE CIIEKTPOMArHITHI XBWJI B Jiama3o0Hi Bif
panioxBuib 1o yinbrpadionery. Lle poOUTh #0ro OCHOBHMM MapHHUKOBUM
ra3oM arMocgepH, TOOTO YHHHHKOM, 110 3HAYHO BIUIMBA€E Ha KJIiMatr 3eMiIi.
HesBaxkaroun Ha BeHKe YUCIIO Iy OIIiKaIlii y HAC i 32 KOPIOHOM, Hi B OJTHOMY
odimiifHOMY TOKYMEHTI BOASHA T1apa He BIIHOCHTHCS JI0 MAPHUKOBOTO Ta3y.
Ha nymky nesknx aBTOpiB, IpH po3poOIi HOBUX €HEPreTUYHUX YCTAaHOBOK 1
KOTENIFHUX arperariB i MOJEpHi3allii iCHyIOUNX eIEeKTPOCTAHIIIH He0O0XiTHO
BHUKOPHCTATH KOHJEHCAII0 BOJSIHOI MapH 3 AUMOBHX ra3iB, 0 JO3BOJIHUTH
SIK 301TBITUTH KOEe(ilieHT BUKOPUCTAHHS TEIUIOTH ITaJINBa, TaK i IOHU3UTH
BUKH/IU TAPHUKOBUX ra3iB B aTMocdepy.

BukopucranHs aMOHIIO y SKOCTI NallMBa MPU3BOJUTH 1O BHKUIY
a3oTy Ta BoasHOl mapu. TyT JBi mpoOjgeMH —IIKIIJHBICTH aMOHIIO Ta
ckinaaHocti Horo orpumanHs. llle Oinbln ckiagHe Ta MEPCIEKTHUBHE Yy
Maii0yTHbOMY BUKOPHCTaHHS 3’€IHAHb KPEMHIIO, SIKi TPU OKUCIICHHS JIal0Th
TBEPJli BIAXOM Y BUIJISAI MicKy. JlaHi TEXHOJOTIT e 3HAXOSAThCS Ha CTaii
0OMIpKyBaHHS.

KOHUIEIIISA MIHI-TEIl HA AJIBTEPHATUBHUX ITAJIMBAX
M.B. MenBenesa, cT. Bukinaaa4, JI.M. bouapos, ct. rp. [ITE-19,
JABH3 «ITTVY»

MiHi-TeIUIOENEeKTPOIICHTPAIh — II€ BHUJ €JEKTPOCTAHINI BiIHOCHO
HEBEIMKOI MOTYXHOCTI, NPHU3HAYEHUH Ui IOCTadaHHS IPOMHUCIOBUX
HiANPUEMCTB 1 MICT eyleKkTpoeHepriero i teriom. Ilpu komOGiHOBaHOMY
BUPOOJICHHI €JIEKTPOSHEPTil 1 TeIIa JOCIracThCs 3HauHa €eKOHOMIsI aliBa B
HOPIBHSIHHI 3 pO3AUIBHUM eHepronocradyanHsMm. TELl otpumanu mmpoke
MOLIMPEHHsT B paioHax (MicTax) 3 BEJIMKHM CHOXHBaHHAM TeIula i
enexktpoeHeprii. B minmomy na TELl pobuthecs Omm3pko 25% yciel
enekrpoeHeprii. Po3pizastors TELL mpoMUCIOBOTO THIY - IJIS IIOCTaYaHHS
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TEIUIOTOIO MIiJNPUEMCTB, 1 ONATIOBAJIBHOTO THIy — JUIS OOIrpiBy i
MOCTayaHHs rapsuoi0 BOJOIO0 KUTIOBUX 1 IPOMAJICBKUX OYIiBEIb.

OnanroBaHHS BiJl TEMJIOCNEKTPOIEHTPANI EKOHOMHIIIE, HIX Bif
IHIMBITya bHHX, 1 HABITh ICHTPAJII30BAaHUX KOTENBbHUX, OCKiTbkH Ha TEL]
MepexeBa BOJAa MINIrpiBacThcs Maporo, HIO BiImpamioBaia, TeMIeparypa
SIKOT HE3HAYHO BUIIA 32 TEMIEPATYPy MEPEKEBOI BOIH.

Maike Bci cydacHi TEL] BHKOPHCTOBYIOTH OpraHiuHI ITajwBa.
BukopucTaHHs TOHOBIIIOBAJIBHUX [DKEPEN €Heprii 03BOJIHMTh 3HAYHO
3MEHIINTH BHUKOPUCTAHHS BHUKOIHUX IAIUB Ta 3HU3UTH BUKHIM BYTJIELIO.
BuxopucranHs Takux IKepel, SK COHSYHA, BITpOBa, Te0TepMalbHa eHEeprii
MaroOTh HU3KY HEJIOJIKIB, SIKi YHEMOXKIIMBIIIOIOTh 1X IIMPOKE BUKOPHCTAHHSI.

BimocobiaeHo MOXKHa BHIUIMTH BHUKOPHUCTaHHsS OiomMacu abo ii
MOXIHUX, SIKi MAIOTh HaWMEHINWI ByTJereBuid ciif. biomaca Ha chOTOMHI
Ma€ HyJIbOBHH INapHUKOBUH moTeHmian, 00 0azyeTbcs Ha Kpyroooepri
BYTJICIIO Y TOBKLULII. 3 abTepHATHBHUX NayuB it MiHi-TELL ciig BugimuTu
oOioras. Lle manuBo, sike MOXIIMBO OTPUMYBATH CTa0IIBHO MPOTITOM YCHOTO
POKY y IOCTaTHIH KibKOCTi. BuUpoOHHITBO 6iorasy Maio 3aJeKUTh Bix
KIIIMaTHYHUX YMOB Ta MoOXe e(eKTHBHO perymoBaTucs. bioras moxna
BUKOPUCTOBYBaTH SIK HaJHMBO U TEIUIOBHX JABUTYHIB. TakuM dYHHOM,
kontenmis MiHi-TEL] monsrae y BUKOPHCTaHHI JBOX MOJETICH:

1 - gBUTYHH BHYTPIITHBOTO 3TOPSIHHS a00 Ta3oBa TypOiHa Ha Giorasi
Ta KOHTYp YTHII3allil Teruia rasis, 110 HayTh;

2 - KJacMYHa CXeMa IapoOBOro KOTJIa Ha 0iorasi 3 mapoBOIO
TypOiHOIO.

Bubip mMozeni 3anexuTh BiJl KOHKPETHUX YMOB Ta CITiBBiJHOIICHHS
€JIEKTPUYHOT'O Ta TETJIOBOTO CIIOKUBAHHS €HEprii.

EHEPI'O3BEPEJKHI 3AXO/M ITPU EKCIIIYATAILI BYAIBJIb 3
IHAUBIAYAJBHUMMHA TEIIJIOBUMHU ITYHKTAMMU «PO3YMHA
PAMKA»

B.M. XKurapenko, ct. Buknagad, K.B. [lImat, marictpasr,

JABH3 «ITTVY»

OcTtaHHIM dYacoM 0aratro yBard KOHIEHTPYEThCS mpobiemMam
eHepro30epeKeHHs y KOMYHaIIbHIN cdepi, e Tl NpuIIsiocs 3HaYHO MEHILe
yBark B MOPIBHSHHI 31 cdeporo BupoOHHUTBa. Came y cdepi KUTIOBO-
KOMYHaJIbHUX  TOCIIOJApCTB  TIPOLIOBI  BUTPAaTh CTaId  OCOOJIHMBO
00TsDKIIMBUMU JUIs O0KeTy. OCHOBHOIO IIPOOJIEMOIO B KOMYHaNIbHIH cdepi
OyZIMHKY € omnamoBaHHA. MoXHa BHIUIMTH OCHOBHHMH  Hampsm
eHeproz0epekeHHs B onairoBaHHi: mepexin Ha ITII i nocTymnoBy BigMoOBY Bij
LITII, aBTOMAaTH3allis TEIJIOBHX IYHKTIB - PErYJIIOBaHHS BUTPATH TEILIOBOI
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eHepril Ha 1HJIMBIIyaJIbHUX TEIJIOBUX ITyHKTaX B aBTOMAaTHUYHOMY PEXHMI,
TakK 3BaHi «po3yMHi pamkm» abo AYP. [Ipore HalikpanuMm BapiaHTOM poOOTH
ITIT a6o AYPa Oyne 3acTocyBaHHS aKyMYJIIOI04O01 31aTHOCTI OYIiBIIi.

3acTocyBaHHS aKyMyJSIii OymiBIi Kpamie BChOTO MiIXOMUTH ITiJ
CTapuil METOJ| peryiroBaHHsA. BHeceHHs koedillieHTa aKyMmyIsmii OymiBii
JacTh MOXJIMBICTH KOHTpOJIEPY BCTAaHOBHTH CIIOKMBAdYeBl TeMIeparypy
BuIle, mo 0 ii BUCTaumino, 3 ypaxyBaHHSIM aKyMYJIAIlil, HA JOBIOCTPOKOBE
3a0e3medeHHs]  TEeIUIOM  CIIOKWBaviB, HE  3aisBIIM  IIEHTpPalbHE
TEIUIOTIOCTaYaHHs, 10 MIPUBEJE 1O EKOHOMII TEIUIOBOi €Heprii.

IaauBinyansHe MTOKBAPTUPHE PETyIIOBaHHS TETIOBOTO
HABaHTAXKEHHS — II€ OJWH KPOK J0 CKOPOUYEHHS EHEepProCHOXHBaHHI.
JIOITbHO PO3IIISIHYTH Ta CKOMIIOHYBATH CUCTEMY OTAJICHHS TaKUM YHHOM,
00 BOHA JI03BOJISUIA TIOKBAPTHPHE BpaXyBaHHs BUTpAT Teria. TeHaeHis y
3JIEIIEeBIICHH] IPWIIA/IIB ypaxyBaHHs BUTPAT TEIUIA KOYKHUM OIAIIIOBAIEHUM
npuwiagoM okpemo. IlomiOHa mpakThKa iCHYe y JESKHX €BPONEHCHKUX
KpaiHax. Y IbOMY BHIAJKy CHOXXHBad Oyze caM BU3HA4YaTH CBOI OTpeOH y
TEIUTOTi Ta ePEKTUBHO IX peryItoBaTi. be3yMOBHO, 10 HAWOITBIT €PEKTHBHI
3aX0/M TI0 EHEPro30epeXECHHIO INPH BUKOPHCTaHHI CHCTEMH «pPO3yMHa
pamKay OyAyTh IIpH MPOBEACHHI TePMOpPEHOBaIlii Oy1iBeb.

PO3POBKA METOAIB CbOPY, XPAHIHHS TA OTPUMAHHS
BIOI'A3Y METAHY 3 HITOPMOBHUX BUKU/IB
BIJIOCAPAMCKOI 3ATOKH A30BCHKOI'O MOPSI
B.JI. MoHiH, fo1., kaua. 6uoin. Hayk, H.FO. €micrparosa, cT. BUKIagady,
JABH3 «IIATVY»

BopmopocTi 1 BuIIa BoJHA POCIMHHICTB, € BaXJIMBUM (HaKTOPOM
OYMIIECHHS BOA A30BCHKOTO MOpS BiJl aHTPOIIOT€HHOTO 3a0pyaHEHHS. 3a
paxyHOK HHX (OpPMYIOTbCS INTOPMOBI BUKHIM. HeoOXigHO HaBUHMTHCA
BUTATYBAaTH 1[I0 OPraHiKy Ta BHKOPUCTOBYBAaTH Ii SK CHPOBUHY s
METaHOTEHe3y Ta OTPUMaHHA Oiorasy (MeTaHy).

IIpu 30MpaHHI BUKUIIB Ta MEPEIBUKUAHUAX CKYITYEHb 3 BOIHM OyIe
BHJIYYCHO BENMKY KUIBKICTh OpPraHIYHMX Ta MiHEPaJbHHUX PEYOBHH. Y pasi
MIOTIaJaHHS BUKHIIB 3HOBY Y BOJy BiIOyIeThCS BTOPUHHE 3a0pyJHEHHS BOAU
AK 32 paxyHOK pO3KJIafaHHsA Oe3mocepenaHpo Oiomacu, Tak 1 BHACIIIOK
PO3BUTKY Ha HHUX MIKpOOpraHismiB. BopopocTi 3 BHKHIIB € WLiHHOIO
CHUPOBHHOIO, HacamIepe 1 JOOPHUBOM Ta 010TaTHBOM.

CepenHi CKiIafoBi TOKa3HMKH POCIMHHOI OioMacH MITOPMOBHX
BHKH/IIB TIpe/ICTaBIICH] y Ta0mui 1.

JlociipKeHHsIMA BCTaHOBJIEHO, IO KUIBKICTh BUKHMHYTOI Ha Oeper
pocnuHHOI 0iOMacH 3alIe)KUTh BiJl CE30HY pOKYy, HalpsiMy Ta CHIIH
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NpuOepekHUX BITPOBHX Teyiil, a TakoXK MNPSIMHUX LITOPMOBHX BIUIMBIB,
3IaTHUX 3MUTH Ha3aja y Mope Oeperosi Bukuau. Tomy ais 3abesrieueHHs
CTaOUIbHOTO METAaHOTE€HE3y IIPOTATOM POKY HEOOXiJHO MaTH JOCTaTHii
3arac OpraHiyHoOI CUPOBHHH TPUBAJIOTO TEPMiHY 30epiraHHsl.

Bynu nmocmimkeHi MOXIHBI, B OEperoBHX YMOBax, CIIOCOOH
KOHCepBaIlii pociMHHOI OioMacu: 1) CTBOPEHHS KOMIOCTHHX Ky i sM; 2)
30MpaHHA Ta CKJIQIyBaHHSA I103a 30HOK IUTOPMOBHX BIUIUBIB; 3)
BUCYIIYBaHHS Ta CKJIaIyBaHHS B CYXUX MICIISIX.

IIpu nepmomy croco0i cupa opraHiyHa pedoBHHA BUKUAIB TOYMHATIA
(3a;mexxHO BiJ TeMIIEpaTypH CepefoBHINA) OPOIUTH i3 BTPATOI0 METaHy Ta
BumiieHHss HpS.

[Mpu nmpyromy cnocobi opraHiuHa peYOBHMHA BUKHIIB 3alyBaiach
IIICKOM BITpaMH CXiTHUX pyMOiB i mpopocTaia NpruOepeKHOI0 POCIUHHICTIO,
BHACIII/IOK YOTO JUIsSTHKA Oepera BUCOYiia, 30UIbIIYIOUN 30HY IUIIKY.

Tperiit crioci6 OyB HAUOUTBIT TPUITHIATHUM, aJie BUMAaraB JOAaTKOBUX
cropy (CTenaxiB, HaBiCIB, CKJIAJICHKUX MPUMIMIEHb TOIIO) IJIS 3aXHUCTY Bif
atMochepHUX omamiB. B pe3ymprari CcymiHHS OioMaca BHKHIIB
3MEHIIyBaach Maixke B 5 pasiB i Moriia OyTu cIipecoBaHa Ta BiIpaBiieHa
Ha TpUBaJIe 30epiraHHs.

3’scoBaHO, WO BHUIUICHHS 0iorasy O€3MOCepeHbO 3aJIekKalo Bil
BHXI/THOI CHPOBHHH - cyOcTpaTy s OpomiHHS. |HTeHCHBHIIE OpomiHHS
BinOyBasIocs Ha 3eJieHHX Makpoditax mpoou Ne4 (cyxa opraHidyHa peyoBHHA
55,70%) (tabm. 1).

HesBaxkarouu Ha Te, 110 MOpChKa TpaBa Zostera sp. (mpoba Ne5) mana
OinmbIie cyxoi opraniuyHoi pedoBunu (79,59 %), MeTaHOTCHE3 MPOXOIUB 31
3HAYHO MEHIIMM BHMXOJIOM MeTaHy. Bimomo, 1110 MOpChbKi TpaBH, SIK BHIIA
BOJIHA POCIIMHHICTh, MAlOTh BEJIMKHH BiJICOTOK LIEIOJ03M 1 BaK4€ CXHJIbHI
JI0 METaHOTCHE3Y.

[MapanensHo mnomanpmioMy 300py ¥ KOHCepBamii IITOPMOBHX
CyMillIel TPOBOAMIACH EKCTIEPUMEHTaIbHA PO0O0TA, 00 IX BUKOPHCTAHHS
B IIPOIIECax METAHOT€HE3Y 3a JONOMOTIOI0 MOPCHKOTO MYITY.

Tabmuus 1 - KinbkicHuid 00NiK BHAOBOrO CKIQJy Ta Barosa
XapaKTEPUCTHKA POCIMHHOI 010MacH IITOPMOBHUX BHKH/IIB
Bogopocaui Cyxe MinepanbHuit Oprasnika,
2. Ta TepMiH cOipy HAaBIlTyBaHHS, 3aJIMIIOK, T o %
BOJ, I
1 Bypu: 96% - Striaria sp.
3eneni: 4% - Enteromorpha 5,29 2,12 3,17 59,92
intestinalis,
Enteromorpha clathrata
01.05.21r
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2 Bypu: 50% -Striaria sp.

Yepeoni: 50% Ceramium 5,69 2,16 3,53 62,04
diaphanum,

Ceramium rubrum 07.05.21r

3 3eneni: 75% - Enteromorpha
intestinalis, Enteromorpha 4,16 1,33 2,83 68,03
clathrata
Yepaomi: 25% - Ceramium
diaphanum, Ceramium rubrum
15.05.21r

4 3emneni: 80% Enteromorpha
intestinalis, 5,08 2,25 2,83 55,70
Enteromorpha clathrata
3eneni: 5% (auTyacTi) -
Cladophora albida
Yepsoni: 15% Ceramium
diaphanum, Ceramium
rubrum 21.05.21r

5 Mopceki tpasu: 100% - 4,41 0,90 3,51 79,59
Zostera marina,
Zostera noltii 20.06.21r

*CymIiHHS Ta IpoKaproBaHHS BogopocTed mpoBomwy 3a JJCTY 7670:2014
«CHpoBHHA Ta MPOIYKTH Xap4oBi (rotyBanHs npoO)». Cymrinus - 85°C;
npoxxaptoBanHs - 450°C.

ITpoBeneHi KOCTIIKEHHS 3 BUKOPUCTAHHAM 00J1aIHAHHS TUTOBCHKUX
MapTHepiB BU3HAUWI, M0 O0ioras, OTPUMAaHUHA NIISIXOM 3MIiIIyBaHHS
makposogpopocti Cladophora sp. i Mopcbkoi TpaBu Zostera marina 3 THOEM
BenuKkoi porartoi xynodu (5:1), € npunaTHUM Ui BUPOOHMIITBA €HEpril Ta
Ma€ eHepreTHyHy WiHHICTh. Tak i3 cymimi 1 kr MoxkHa otpumaru Bix 1,82
MJx o 2,41 MJIx eHeprii. BukopucTaHHS MTOPMOBUX BHUKHIIB IS
BUpOOHMITBA 0iorady € TEpCIeKTHBHUM 1 MOXeE 3HAayHO CHPHSITH
BHPOOHHIITBY €HEPTii 31 CTIHKUX BiTHOBIIOBAHUX [[KEPEI CHEPTii.

JTOCJIJIZKEHHS TA AHAJII3 BILIMBY BIMCbKOBUX I HA
TPYOBUI MOTEHIIAJTI HACEJIEHHS YKPATHM JJIS1 OIIIHKH
MOTPEB B ®AXIBIISIX JIJIA MICJAABOEHHOI BIIBYIOBH
B.A. Bypko, jgoi1., kaua. TexH. Hayk, P.O. Cuportiok, cT. rp. EI[1-22-M,
JABH3 «ITTY»

Cranom Ha kinenp 2021 novyarok 2022 poKy YHCENIbHICTh HACEJICHHS
VYkpainu orninroBanacs y 41,2 mineiionu oci0, 3 Hux maibke 11,0 MinblHoOHIB
ne neHcionepu. [licns mowarky noBHoMmacuiTabHoro BTopraeHHs B OOH
3asIBIISUIH, IIIO TEMIT CKOPOUCHHSI HACEIICHHS Y KpaiHH! — OJIUH 13 HAaHIIBUIIINX
y cBiTi. [Tounnaroun 3 2023 1 1o 2030 poKy KiJIbKICTh YKpaIHIIIB CKOPOTHTHCS
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mo 35 (a y ripuiomy Bumnaaky — a0 30) MUTBHOHIB JItOJEH, KUIBKICTH
Mpamne3aTHOTO HACeNIeHHS Moxe ckianatu Oims 15-20,0 minsiionis. Uepes
BilfHy HAaceJCHHS 3MCHIIYEThCS, i BHHOK TOMY — HE JHUIIE piBEHb
cMeptHOocTi. Ha  kinmbkicTh  Oe3mocepeqHbO — BIUIMBAE:  3HMIKCHHS
HAPOJKYBAHOCTI, MOTIPIICHHS 3/I0POB'sl, HECBOEYACHO OTPUMAHE JIIKYBaHHS,
cTpecHu.

OmHOI0 3 TONIOBHHMX TPHYMH € BeNWKa KUTbKICTh ObkeHmiB. Ha
CHOTOJHINIHIN JeHb OLIHUTH PEalbHY KUTBKICTh YKPaiHCBKUX ODKEHINB —
HEMOXIHBO. [laHi Bil CTATHCTHYHUX HEHTPIB Pi3HATHCS, 32 y3aralbHEHUMU
OLIIHKaMH L€ — OJIM3BKO CEMHU MIJIBHOHIB.

Cranom Ha 13 rpyaus 2022 poky, Haii0Oinblie MirpaHTiB 3 YKkpaiHu
0cCi10 B Takux Kpainax : [Tonpia — Oinbmie 1,5 mutH, HiMewuuna — 1,02 miH,
Yexis — 467 tuc., Itanis — 173 tuc., Icnanis — 156 tuc., BemukoOpuranis —
147 tuc.

3a pe3yabTaTaMy OMHUTYBaHb Ta COINIOJOTIYHHUX JOCIHIPKEHb MOXKHA
OIUCATH, 5K BHUIIIAAAE CEPEAHBOCTATUCTUYHHN OhkeHelb i3 YKpainu: ue —
xkinka Bix 30 mo 39 pokiB, Mae BUITy a0 He3aKiHUCHY BHUIIY OCBITY, I
MoaMHAa — KBamigikoBaHWi (axiBemb, KEpiBHHUK, MiANpPHEMENb, a0o
JIOMOTOCIIoIapKa.

Sxmo OiKeHII B TMepeBaKHid OUTBIIOCTI e KIHKA Ta MITH 1 iX
KUTBKICTP MOYKHa XOTh SKOCHh OILIHUTH, TO CHUTYyallis 3 Tpame3IaTHIMH
YOJIOBIKAMH € JIy’e He BH3HA4YeHOI0. Pik MoOimi3alii, OKyrnoBaHi TepUTOPii,
Ta BEJIMKA KUIbKICTh 3arH0JIMX HE Ta€ MOBHOI KAPTHHHU BTPAT MPAIC3AaTHOTO
YOJIOBIYOTO HACEJICHHs KpaiHu. AJie HaBiTh MO Till He BenuKiil iHdopmauii,
KIJIBKICTh 3aru0aux 4oJoBikiB ckiaagae 0mu3bko 100-150 THc., BBaXKaeThCs,
[0 Ha OJHO 3aruOJoro mpumagae 2 MOpPaHCHHX, TOOTO Ha JaHWIl yac 3
€KOHOMIKM KpaiHu Bxe BHBeaeHO Oim3bko 200-300 Tuc. mpanesnaTHUX
YOJIOBIKiB, a BilfHa IIIe He 3aKiHUMIACh. [lepexocr B MOOLTI3AIIHIX 3aX01axX
BIXKE 3apa3 3IMINAIOTH IIiJIi MiANPUEMCTBA Ha I'PaHi 3yTIMHKH.

Hacninkn BiliHM U1 HaceneHHS YKpaiHM OyIyTh BKpail BaKKUMH.
Benmka KiTbKicTh 3arHOINX, THX, XTO BUIXaB 3a KOPJIOH, Ta iHIII ITOB’s[3aHi 3
BiifHOIO (aKTOpH HETraTUBHO ab0 HAaBITh KaTtacTpo(iyHO BIUIMHYTH Ha
SIKICHUH Ta KUIbKICHHIA CTaH MMPae3JaTHOTO HACEICHHS Ta HOTO 3MEHIIICHHS.
Po30uTa exonomika Oyie moTpeOyBaTH BiOYI0BH, ISl I[LOTO Oy i€ MOTPIOHI
(haxiBIii, IHKEHEPH, EHEPIeTHKH, TO 1110, IS IIbOTO Tpeda aaeKBaTHO OL[IHUTH
BTpaTH PUHKY IIpalli, BH3HAUYUTH OCHOBHI mnoTpedu B axiBusax mis
HICISIBOEHHOT Bi10Y10BH, nepekBanidikanii neskux ¢axiBLiB, TOIIO.
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CEKIIA: MIJHOMHO-TPAHCIIOPTHI MAIIIMHU 1
JAETAJII MAIIUMH

BU3HAYEHHS BJIACHUX YACTOT CAMOHATS)KHOI
PEMIHHOI IIEPEJAYI
T.M. Kaprienko, no1., kaig. ¢i3.-MaT. HayK,
B.B. lllumikin, gor., kaua. TexH. Hayk, JIBH3 «ITJJTY»

VY cydacHOMY MaIIMHOOYAyBaHHI BHKOPHCTOBYIOTHCS CAaMOHATSDKHI
peMiHHI epeaadi, B SKUX HATAT TUIOK 3aJ€KUThH BiJl 30BHIITHHOIO MOMEHTY
Ha BEJCHOMY IIKiBi. Y IIiif mepenavyi MOMEHT €JIeKTPOIBUTYHA ITePEIAETHCS
yepe3 Mayi IIeCTEpHI, sKi MOB's3aHi 3 BogwioM. Ilpu 30iIbIICHHI
30BHIIIHBOTO MOMEHTY 30UIbLIYETHCS CHIIA 3ueIUieHHS P, ska Hariarye
peMiHb, BIOXWIAIOYH BOIOWIO, TOOTO cHCTeMa Mae 3Ai0HICTE 10
CaMOPETYJIFOBaHHIO HATATY PEMEHIO.

{06 yHUKHYTH sIBHIa PE30HAHCY Y BHUIAJKY, KOJIM 3OBHIIIHIN
MOMEHT € MepioAnYHO (DYHKINEK Yacy, MOTPiOHO 3HATH BJAaCHI 4acTOTH
1iel mepeaaui.

Merta poGoTtn. Bu3HaumTH BIlacHI 4YacTOTH Iepejaadi, HEXTYIOUH
MacaMH BOJIMJIA TA PEMEHSL.

HudepeHuianbHi  piBHAHHS —pyXy CKJIaAEMO, BHOpaBIIM 32
y3arajabHeHi KOOpJAMHATH KyTH ¢, 1 (), 3a JONOMOTO0 piBHAHHA Jlarpanxa

II pony.
SIKImo M — Maca Beydoro IKiBy 3 MEHIIOK mmecTtepHeto, |, ta I, -

OCHOBI MOMEHTH iHEpIlii IKiBiB, MaeMO KiHETHYHY EHEpril0 MeXaHi3My
1
_ .2 . 2 2.2
T _E(I1¢l + 1,0, +mr7gp).

TTorenmiitna SHepris 00’exTa JOPIBHIOE

1 I
I = EC(Allz +AL) +mg(r, +1,)(L—cos 1A ), 1€ KOPCTKICTb peMeHst
16

C=—, a gedopmamii BEpXHBOI Ta HIKHBOI TUIOK peMeHI €

Al =R —R,p, —xc0s¢@,,, Al, =—R,¢, + R,, —XC0S @, .

[TincraBnsroun KiHETHYHY 1 NOTEHLIalbHy €Heprii B pIBHSIHHS
Jlarpanxa II pony, orpumaemo nudepennianbHe piBHSIHHS pyXy. Po3B’ 130k

nux  piBHaHb mykaemo B Buraaai @ = Asin(kt+a), i=12.

HpI/IpiBHHCMO HYJIIO TOJIOBHHMM BUBHAYHUK CHCTEMH piBHHHB 110 BUBHAYCHHIO
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A Ta OTPUMAEMO 9acTOTHE PiBHSHHSA:

a11a22k4 —(Cha, + szau)kz +CuCp _C122 =0, e a, =+ mrlz '
ay=1,, Cy= 20(R12 + r12 cos’ (Dlo) +mgr, G, = ZCRiRz » Cp = 2CR22'
BucnoBok: Il[o6 BuOpaTH KOMOIHAIil0 KOHCTPYKTHBHUX Ta
NPY)KHHUX NApaMeTpiB, IIPH SKUX PIBHAHHS YacTOT Ma€ pillleHHs, HEOOXiqHO
BHMarary, o0 AUCKPUMIHAHT PIiBHSHHS 4acTOT OyB OUIBIINM 3a HyJb a0
JIOpiBHIOBaB Hy: 0. L{uM noTpiOHO KepyBaTHCs IPH POSKTYBaHHI Iepeayi.

JIO IUTAHHS ITPO HATIPYKEHHS B PEMEHSIX PEMIHHOI
MEPEJAYI ITPU BUMYHIEHUX KOJIMBAHHSX
T.M. Kapmienko, go1., kaua. ¢i3.-MaT. HayK,
B.B. lllnmikin, gor., kaua. TexH. Hayk, JABH3 «ITJTY»

BukoHyroul JUHAMIYHHH PO3pPaxyHOK IPHBOAY METAIOPi3albHOTO
BEpCTaTy, B AKOMY € pEeMiHHA Iepejada, 1BOMacoBa MOMAEb JBOX IIKIBIB,
3'eIHAHUX PEMEHEM, € KOMIIOHEHTOM JAMHAMIYHOT MOJIETI LILOTO MPUBOLY. Y
[BOMY BHINAJKy aKTyaJIbHMM € THTAHHS MOpPO MIIHICTh PEMEHIB MpU
BUMYIIICHUX KOJHUBAHHSAX, JDKEPEJIOM SKHAX MOXE OyTH: MepepHBaHHS
mporiecy pizanHs  ((pesepyBanHs, 00poOka OaraTorpaHHol neTali),
TIePEeXi/IHI TPOIIECH B IBUTYHI Ta iH.

Merta po6oTu. Bu3HauuTH HANpPy)XEHHS, SIKE€ BUHHUKAE B TiJKax
peMeHs, SKIIO J0 BEACHOrO MIKIBY MPHUKIAJCHUN MEPIOJUYHUNA MOMEHT

M =M;sinot.
3rigHo 3akoHy I'yka, MOJATKOBI HANpY>KEHHS B TiNKaxX pPEeMiHHOI
mepefadi  BH3HAYaKOThCS  (OpMyJIaMu Ao, =b (Re, —R,9,);

Ao, =b,(R,p, —R@,) , ne xoedpiuientu b, i b, 3 Bpaxypannam 3axony
Eitnepa mpo 3ajexHicTh MK CHJIAMH HATACY TUIOK PEMEHs JOPIBHIOIOTh

E E
bh=——+——— b=————— Tyr E- wmonym

R _ 2 -
1+ Re(1-e) 1+ R e )
f f
npyxHocti rymu, f — koediuient Teprs rymu 06 WKiB, @ — KyT 06XBary
Beydoro uikisa pagiycom R, 2| — noBkuna pemensi, sKuii HE KOHTAKTye

31 mkiBamu. KyTu 3akpydyBaHHS @) Ta (0, , AKi BAHMKAIOTh IPX BUMYLIEHHX

KOJIMBAaHHSX PEMiHHO] Iepeiadi, BU3HAYAI0ThCS 3 TN EpeHITiaTbHIX PiBHIHD
PyXy Ta MarOTh BHIJIS
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.. 2 )
L@ +RIA9 —R R, Ap, =0; (1)
1,9, —-R R, A, + Rzzﬂp(/)2 =M,sinat,
ne 1, |, —3Beneni 10 ocelt 06epTanHs IIKIBIB MOMEHTH iHEPIIT;
A=S(b, +b,), S — noma nonepeunoro nepepizy pemens.
YacTuHHE pillleHHS, $K€ € piBHAHHAM BHUMYIIEHHX KOJUBaHb,
urykaemo B Buryisini @ = A Sinwt, 1=1,2 . Slkmo nixcraButy ne pimeHHs
2 2
ARR,M, _(R1ﬂ_|1w M,
—1z 0 A= , ne
A:J Aeﬂ
A, = Illza)2 —(Ile2 + |2R12)/Ia)2.

Sxmo 0,,, O,, — IoNepeHi HAIPY>KEHHs B TJIKaX PEMEHs, MAEMO

B cucremy (1), BusHaunm A =

HaIlpy>KCHHA, SIKI BUHUKAIOTH B PEMCHAX MPU BUMYHICHUX KOJIMBAaHHAX C
YacTOTOIO @ .

o, =0, +b(RA -RA)sinwt;
0, =0, +b,(R,A, —RA)sinwt.

3anaua po3B’s3aHa B BUMAJIKY BiJICYTHOCTI pe3oHaHCy, Ao @+ K ,

AR — 1,RY)

Jie BJIaCHA 4acTOTa 0OUKCIIOEThCS 3a popmyion K =

P
Iopsin 3 MM, MTOBUHHA BHUKOHYBaTHUCS yMoOBa
2 2 2 2
LLo® — (LR, + 1,R ) Ao #0.
BucnoBok: Otpumani ¢GoOpMysau JUIs HamnpyXeHb J03BOJIAIOTH, 3
YMOBH MIIIHOCTI TUIOK peMeHsd, BHOpaTH ONTHMalbHy KOMOiHAIiO

mmapaMeTpiB Iepeiadi, a TaKoK aMILTITy TN 1 9aCTOTH 30BHIIIHBOTO KPYTHOTO
MOMEHTY, SIKUil 3a0e31mevye yMOBY MIITHOCTI.

JO IATAHHSA 11010 BTJACHUX YACTOT TA KOE®IIIEHTIB
JTUHAMIYHOCTI AJMHAMIYHUX MO/IEJIEH 3 OJHUM
CTYIIEHEM BIU/IBHOCTI
T.M. Kapnenko, jgoil., kaua. ¢iz.-mat. Hayk, [.O. Memises, ct. rp. Mb-19,
JABH3 «ITITY»

[Ipn BUKOHaHHI pO3paxyHKiB Ha MIIHICTh MallMH OCHOBHOIO €
BEIMYUHA KOCPIIIEHTY JMHAMIYHOCTI, sIKa 3aJIS)KUTh BiJl BJIACHOI YaCTOTH, a
TIPH YJApHUX SIBUIAX — BiJl KIHETUYHOI €HEpTii TiJl Ta MOTEHIiaIbHOI eHepTii
ix nmedopmamiid. OCKITBKH 3aKOH 30€pe)KCHHS MEXaHIUYHOI SHeprii, SKuid
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3aCTOCOBYETHCS IIPU LIMX PO3PaxyHKax, HE BPaXOBY€e OOMIH €HEpPTisiMU TiJl 3
pO3MOJUIEHUMH MacaMu, OO’€KTH BHMBYEHHs HEOOXIZHO 3aMiHHUTH
JUHAMIYHUMH MojessiMu (JIM) 3 omHuM cTynieneM BibHOCTI. [Ipu 1ibomy 3a
y3arajJpHeHy KOOpJHHATy BHOMPAIOTh IEpEeMIllleHHs TOTO Iepepidy Tija, 10
SIKOTO TpHBOAATH JIM, a mpu ynmapi — KOOpAWHATY TEpepidy, MO SKOMY
BimOyBCs ynap.

3amiHa 00’€KTy BUBUCHHS JHHAMIYHOIO MOIEIUTIO CITUPAETHCS HA JIBI
TE3H.

Teza 1. Kinetnuna enepris o0’exkty 7 eKBiBaJICHTHa KiHETHYHIi
eHeprii /IM, sxa mae 3BemeHy Macy. [llo0 oTpumartu monpaBoOYHHI
koedirienT Macu £ BUAUIAIOTH €JIEMEHT MAcH TUIA, BU3HAYAIOTH HOTO

. . . 1_.
ereprito AT , inTerpyoTs o 06’ emy i OTpUMYIOTH GopMyy T = anz (1),
ne a - koedimieHT iHepmii, K2 abo k2 - M.

Tesza 2. [lorenmiansHa eHepria aedopmariiii 00’eKTy eKBiBaJleHTHA

NOTeHianbHIN eHeprii nedopmaniii JIM. 3acrocyBaBmm 3akonu ['yka mis

1
BifnoBigHOTO BUy nedopmaiii, orpumyroTs popmyny 11 = Ecq2 (2), ne

.. . H H-M
C — KOoe]iIlieHT )KOPCTKOCTI, —, —— .
M pao
3HayeHHS MUX KOCQIIIEHTIB A CTEPXKHSA Ta Bally MOCTIHHOTO
. E-S ) G- |p
nepepisy: IpH po3TAry C, = , TIpU KpY4eHHi ¢, = T . Bennuuna

Koe]iLli€HTY >KOPCTKOCTI TIPH 3THHI 3aJIS)KUTh BiJl HABAHTaKEHHS Ta CIIOCO0Y
KpIMJIeHHS OaJKu.
[Ipu Bimomux 3HadeHHsX Koedimientis f,8 Ta C mist 0BekTy,

MiHHiCTL SIKOro BHUBYA€EMO, Ma€EMO (l)OpMyJ'H/I JJId BHU3HAQUCHHsA 4YaCTOTHU

C L. . .
BracHuX KonmuBanb K =, (— (3) Ta koe(ilieHTiB JMHAMIYHOCTI.
a

1

pu komuBanusx K, =1+— (4), ne J,, - cratnuHa

cm
nedopmartis nepepisy, 1o sikoro 3senena JAM; 0, (, - moyaTKOBI 3HAYEHH
y3arajibHeHOI KOOPAWHATH Ta y3arajibHEHOI IIBUAKOCTI.

T
Ipu ymapi Kk, =1+ 1+E0 (5), ne T, — mouarkoBa KiHeTH4HA
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enepris [IM tina, sike yaapsie; I - noreHuianbpHa eHepris nedopmauiit JIM
TiJIa, 10 SIKOMY yJIapsifOTh.

PosrisiHemMo npukian.

[lpy mamiHHi MeTaneBOro 31MMTKa, Barolo P 3 Bucorm h ma
LTI HAPUYHUN POJIMK (POJILIaHTy POKATHOO CTany), Baroo Q koedirienr

Q
205 (), e ospiinn

JMHAMIYHOCTI TOPIBHIOE | _q . |1,
L=
5, (U+a- %)

i o e QyHKIIAMH KOOPAMHATH TOUKH yIapy. [ - OTpUMaHuii 3riaHO Te3u 1,

O - OTPUMAaHU 3TiTHO 3aKOHY 30epekeHHS KIIbKOCTI pyXy MpH yaapi.

PO BUKOPUCTAHHA «30JI0TOI'O» ITPABUJIA MEXAHIKHA
JJIS1 CHJIOBHUX PO3PAXYHKIB 3AXOILTIOIOYNX
MEXAHI3MIB I 3ATUCKAYIB
T.M. Kapnienko, go1l., kKaua. ¢i3.-mMaT. Hayk, .M. My3#uka, CT. BUKJIa1a4,
B.B. HlumikiH, goir., kaum. TexH. Hayk, JIBH3 «ITTVY»

ITpn mpoekTyBaHHI Ta PEKOHCTPYKINi 3aXOIIFOIOYMX IPHUCTPOIB 1
3aTHCKa4yiB BHMHHMKAae TNOTpeba y BHU3HAYEHHI 3YyCHJIb 3aTUCKaHHS abo
KoedilLlieHTy CHIIOBOI mepeaadi, abo y AOCIIKEHHI BIUTUBY F€OMETPUYHHUX
rapameTpiB NPUCTPOI0 HA CHIY 3aTHCKaHHA YHM KOe(]illieHT CHIIOBOI
mepenadi. [ BiAmoBiai Ha Oyab-siKe 3 IUX MUTaHb HEOOXiTHO BUKOHATH
CHJIOBHI aHaJIi3 MPUCTPOIO.

TeopernuHa MexaHiKa TMPOIOHYE IEKiTbKa METOMIB UIS CHIIOBHX
pO3paxyHKiB 00’ €KTiB JOCIHIHKEHHS.

Bimpmricte 3 MeToziB 0a3yloThCs Ha 3acamax cTatukd. Lli meromm
3a3BMYall 1 4YacTille BHUKOPUCTOBYIOTHCS B MPAKTHI KOHCTPYKTOPCBHKOT
poboTtu. B HUX pO3risgaeThcst piBHOBara 4acTUH 00’ €KTY: BY3IIiB, JIAHOK,
CTPYKTYpHUX Tpyn. [lnisi 0araToJlaHKOBUX MEXaHI3MIB 1€ MPU3BOJHUTH JIO
PO3B’s13aHHS BEJIMKOI KIIBKOCT] anreOpaiuHiX PiBHSHb 1 CUCTEM PiBHSIHB, 1110
€ HE 3pYYHUM, JOBTUM 1 TPYJOMICTKUM ITPOLIECOM.

CwioBi pO3paxyHKH Ui MEXaHIYHHX CHUCTEM JF0001 CKIIaJHOCTI
MOXKHAa 3HAyHO CIPOCTUTH, SKIIO 3aCTOCYBaTH METOAM aHAITITHYHOI
MexaHiku. Tak, HEBiIOMi aKTHBHI CHJIA MOXXHa OTPHMATH 3a JOIIOMOTOIO
OJIHOTO DIBHSHHS INPHHIMIY MOXJIMBUX IepeMillleHb, TaK 3BaHOrO
«30JI0TOTO» TPaBHJIA MEXAHIKH: <«JUII pPIBHOBarm MEXaHIYHOI CHUCTEMH
HEOOXiTHO 1 JOCTaTHBO MO0 CyMa MOXKIIMBHX ITOTYKHOCTEH aKTHBHUX CHII
JOpiBHIOBAJIA HYJIEB1»
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n

> RV, =0, M

k=1
e \7k — MOJJIMBA MIBU/IKICTh TOUKU MPHUKIIAICHHS CHUITH Ifk(a) ,

N — KUIBKICTh aKTUBHUX CHIIL.

SIKII0 MO3HAYHTH TOYKOIO A TOYKY IPUKIIAICHHS TATOBOI CHITH P ,a

TOYKOIO D - TOUKY HNPHKIAICHHS CHIIM 3aTHCKY, 4H 3axBary F , HexTyroun
CHJIaMH TSDKIHHS JIAaHOK, OTPHMA€EMO PIBHSAHHS, IO BimoOpakae «30J0Te»
MIPaBHUIIO MEXAHIKH JII MEXaHi3MiB, SIKi BABUAIOTHCS:

P-V,+F' -V, =0 )

ne F'=—F — cuma, 3 Axoi0 00’€KT, IO yTPUMYEThCs, i€ Ha
nepeaBaIbHAI MEXaHi3M.

OCHOBHOIO TIPOOJIEMOIO TP peaizaliii MeTo.y, 0 MPOIIOHYEThCS,
€ OTPUMAaHHS 3JICKHOCTEH MK IIBHUIKOCTSAMH TOYOK NPHKIAJaHHS CHIL
AJle, SIKIOIO L€ NMUATAHHSA BUPIMIUTH i BHPA3UTH IIBUIKOCTI TOYOK dYepes
IIBUKICTH Oy Ib-5KO1 3 HUX, PIBHSHHSA (2) AaCTh 3aJIC)KHICTh MXK CHIIAMH.

VY SKOCTI TPHKIAAiB, ABTOPaMH PO3INITHYTO MOLIMPEHI CXEMH
3aXOIUTIOI0YMX TPHCTPOIB TPOMHUCIOBHX pPOOOTIB Ta 3aTHCKadiB, SKi
3aCTOCOBYIOTBECS. B TEXHOJOTIYHMX TIpOIecax MeTajooOpoOKm  Ta
3BaproOBaHHA. B UX IpUuKIagax Jjid BU3HAUYCHHA 3B’5[3Ky MiX MIBUAKOCTAMHU
TOYOK BHKOPHUCTOBYETHCSI TeopeMa IIpO pPIBHICTh MPOEKIid BEKTOPIB
MIBUAKOCTEH ITUX TOUOK Ha MPSMY, 10 iX 3’ €THYE.

[TporioHoBaHa METOMKA A03BOJISIE BUKOHATH CHJIOBUI aHaii3 Oy/b-
SIKOTO TPHCTPOI0 YHCEIbHO, a TaKoX IPOBECTH aHami3 dopmyn 3
BU3HAYCHHSAM ONTHUMAIBHUAX PO3MIpiB, KYTiB Ta MiCIlb PUKIaNaHHSA CHI. B
IBOMY CEHCI METOANMKAa MOXKe OYTH KOPHCHOIO ISl KOHCTPYKTOpIB, IO
3afiMarOThCs IPOEKTYBAHHSM MOTIOHUX MPUCTPOIB.

BU3HAYEHHS 3YCHJIb 3ATUCKAHHS B KJUIIIIIAX
KOJIOJISI3EBOI'O KPAHA METOJIAMHU AHAJITUYHOI
MEXAHIKHA
B.B. Ilumikin, go1., KaHA. TEXH. HAYK,

T.M. Kapnenko, no11., kaua. ¢i3.-mar. Hayk, A.O. ['noBa, cr. rp. IM-21,
JABH3 «ITITY»

B mpokarHuX mnexax MeTalypriiHMX IMiJIPHEMCTB, NOB'S3aHUX 3
NepepoOKOI0 CTaJIEeBUX 3JUTKIB B 3aroTiBii (cisOiHrax, OJrOMiHTax),
BHKOPHCTOBYIOTHCS KOJIO/AS30B1 KPaHH 3 KIIIIIOBHUMH 3aXornioBadaMu. Taxi
KpaHHU 3aCTOCOBYIOTh y BIJUIUICHHSX HArpiBaJIbHUX KOJIOJS3IB [UIS ITOCAIKU
3IUTKIB Y KOJIOMA31 Ta iX BUIAYi y MMPOKATKY IICIIS HATrPiBaHHS.
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[Tpn KOHCTPYKTOPCHKOMY OITpalfOBaHHI KJIIIIOBUX 3aXOILUIIOBAaYiB
TaKMX KpPaHiB BUHMKAE HEOOXIAHICTh Y BU3HAYCHHI 3yCHIIb 3aTHCKY 3JIUTKA,
SIKI B IAHOMY 3aXOIUTIOI0YOMY IPUCTPOI MOB'sI3aHi 3 Baror0 caMoro 3JIuTKa i
Barolo KIIIIB KpaHa. 3po3yMiNo, [0 3yCHWIJIS 3aTUCKaHHS IIOBHHHI
rapaHTyBaTH HaJiifHe yTPUMaHHS Ta Oe3neyHe NepeMilieHHs 3IUBKa.

Ha puc. 1 mnpeacraBieHa cxema KIIIIOBOTO —3axOIUTIOBada
KoJtos13eBoro KpaHa. [IpucTpiii ckiiaaeThes 3 ABOX KIIIOBUH IIOBOPOTHOTO
TUIY, IpUETHAHUX /0 3arajbHOI TpaBepcH mapHipamu B. Tpasepca mMoxe
PyXaTHCh BEPTHUKAIBHO 32 TOTIOMOTOI0 MEXaHi3My JOIOMDKHOTO IiaioMy. Y
BEpXHill YaCTUHI KIIIIOBHH 3MOHTOBaHI yIOpPHI POJHUKH A, SIKi BXOISITH Y
HanpsMHI a3 KOPIyCy 3aXOILUIIoBaya, 10 OPi€HTOBAHI MiJl KyTOM & 10
BepTUKaNBHOI oci mpucTporo. Ilpm 1pOMYy BepTHKAIBHE INEpEMIlCHHS
TpaBepCH TPHU3BOAUTH IO MOBOPOTY KIIIIOBMH HAaBKOJO INapHipa B, mo
3a0e3medye peryiboBaHEe PO3BENCHHS 1 3BelEHHS TyOOK KIIIIIB B MicCIi
3aXOIUICHHS BaHTaXy. [ MOJIMIIEHHs 34aTHOCTI 10 3aXOIUICHHSA HIDKHI
YaCTHUHH KIIIIOBUH 3a0e3mneueHi kepHamu C.

[MpucTpiii npartoe HaCTyTHUM YHHOM.

[MepemimieHHsiM MocTa 1 Bi3Ka KpaHa KIILIIOBHH 3aXOIUIIOBAaY
pO3TaIIOBYIOTH  HaJl 31IMTKOM. [Ipu 1bpOMy TpaBepca  KIIIOBOTO
3aXOIUTIOBaYa 3HAXOAWTHCSA B MIJHATOMY IIOJIOXKEHHI, IO BiAINOBijgae
MaKCHMAaJIbHO [MIMPOKOMY 3iBY KJIIIIIB. 3a JIOIIOMOT'00 MEXaHi3My T'OJIOBHOT'O
iAoMY KIIIIII OITyCKalOTh Ha PiBEHb 3aXOIUTIOBAHHS T'OJIOBHOI YacTHHU
3nuBKa. [laji, MexaHi3MOM JOIIOMI>KHOTO TiJHOMY TpaBepcy OITyCKalOTh, IO
CYIPOBOJIXYETHCSI TOBOPOTOM KJIIIIOBHH HaBKOJIO LIapHipa B 1 3BEIECHHAM
HIKHBOI YaCTWHU KIIIIB aX 0 MOMEHTY TOpKaHHS KepHamu C MOBEpXHI
3nuBKa. L{eHTpanbHUil Tpoc KepyBaHHS KJIMIAMH OCTAOIIOETHCS 1 IMiTiHoM
3aXOIDTIOBaYa Pa3oM 31 3IUTKOM 3a0e3MeuyeThCsl MEXaHi3MOM TOJIOBHOTO
migiiomy. Ilpu npoMy Kiilii MOBHCAIOTh Ha pojukax A, a Moxuie
pO3TallyBaHHsI HANpaBisIOYMX Ia3iB KOPIYCY 3aXOIUIoBadya 3abe3rnedye
3YCHJIIS 3aTUCKY, OTPiOHE JUIs MiTHOMY 1 TpPaHCTIOPTYBaHHS 3JIUTKA.

CunoBuii  po3paxyHOK MPUCTPOI0 3 BH3HAYEHHSM  3YCHIUISA

3aTUCKaHHs 1 37MTKA MOXHA 3MIMCHUTH 32 TMPHHIMIIOM MOXJIUBUX
TIepeMIIIeHb aHATITHIHOT MEXaHIKH. 3TiTHO 10 HOTO:

F-V,+G,-V,+R-V.=0 )

ne R=Ry + E — CHUJIa, 3 KOO 3JIMBOK, Jli€ Ha KITIIOBHHY;

Ry =—T7 - HopManbHa peakiis 3 OOKy 3JIHBKa;

T - cuia 3aTHCKaHHS 3JIMTKA.
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o

/AN .
LN
— b o
4
Fc’
P
Ry
= R
G
2
Puc. 1 — Cxema KJIiI[0BOro 3aX0ILII0OBAYa 3 CHJIAMH, 110 JIF0Th Ha

KITIIIOBUHY

[Nepmra 3 cka0BUX JOPIBHIOE HYJIEB, 60 F J_\7A . [lotpibue 3ycumns
3aTUCKAHHS §N noBurHO Bignoigatn ymoBi F; >G | ne G - Bara 3nutka,;
F; - cuna teprs Mik KepHaMM 3aXOIUTIOBaya | MOBEPXHEIO 3IHMTKA
(F, =Ry - f,ne f - koediuient teprs).

SIKIO  IMBHAKOCTI TOYOK TNPUKIANAHHS CHJI BHPa3UTH dYepe3
HIBUJIKICTH Oy/Ib-5KOT TOUKH (HAMIPHUKIIAI, Yepe3 VB ), €EZIMHOI0 HEBIJIOMOIO B

piBrsHHI (1) cTaHoBUThes 3ycwmuist Ry . B naHoMy npuxiagi 3B'S30K MiK

IIBUJKOCTSIMU 3pY4HO 3HAXOAUTH YEPE3 MUTTEBUM LIEHTP IIBUIKOCTEHN P.
Pospaxynku, BukoHaHi s Buxigamx ganux (G =180xH ,

G, =10kH , a=13,5°, a=950mm, b=650mm, f =0,2) narors
97



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

pesynbratr ' = R =585 kH .
62_%

[pu pomy, moTpibHe 3ycuiust ckuagae 1 = =450 kH .
Tobro 3axorumoBau Oyne mpamoBaTH 3 KoedilieHTOM — 3amacy

585

K, =——=1,3. Pexomennosana senmmunna K, cknamae K; =1,2. Tomy

7450

YMOBH 3aXOIJICHHA € 3a0e3TeYeHUMH.

PO METOAU KIHEMATHUYHOI'O AHAJII3Y BAXIJIBHUX
KPUBOIIUITHO-IIOB3YHHUX MEXAHI3MIB
B.B. lnmikin, mot., kaua. TexH. Hayk, A.C. Tumomenko, ct. rp. IM-21,
ABH3 «IIATY»

KimemaTnunmii aHamiz MexaHi3MiB Moxe OyTH 3aBIaHHIM
CaMOCTIMHAM, a MOXe€ IMepeayBaTH AMHAMIYHOMY pPO3paxyHKy. OO0'exTtom
KIHEMaTHYHUX PO3PaxyHKiB Ha CTafil OCBOEHHS METOAWK, 3a3BUYaH, €
BaXUIbHI MEXaHI3MH 3 HIDKYMMHA KIHEMaTHYHHMH [apamMd. BoHu
CTPYKTYPHO IPOCTI Ta JO3BOJIIOTH B Y4OOBOMY MPOIIECi CTBOPIOBATH HAOUHI
Ta 3p03yMLi CTYZCHTaM alrOpUTMHU. Y SIKOCTI IPHUKJIIA/IIB, BPaXOBYIOUH Pi3HI
PYXHM JIaHOK, 4YacTillle BHKOPUCTOBYIOTH KPHBOIIHMITHO-TIOB3YHHI Bepcii
MeXaHi3MiB.

LlinsMu  KIHEMAaTUYHOTO aHalli3y € BH3HAYEHHS KiHEMAaTHYHHX
XapaKTEepPUCTUK MeEXaHi3My, TOOTO, BH3HAYEHHs IIOJIOKEHb HOTO JIaHOK,
JMHITHAX MIBHIKOCTEH HOT0 TOYOK Ta KYTOBHX IIBUAKOCTEH JIAHOK, THIHHIX
MIPUCKOPEHBb TOYOK MEXaHi3My Ta KyTOBHX IIPHCKOPEHb JIAHOK. 3a MoTpedn
MOXKYTb OyTH BH3HAYCHI TPAEKTOPI] MEPEMIIIEHHS OKPEMHX TOUOK.

BusHaueHi B KiHEeMaTHYHOMY aHaTi31 IIBUAKOCTI TOYOK € KOPUCHUMH
NpY CTBOPEHHI JMHAMIYHOT Mozeni (B MpoleaAypax MpUBEACHHS CUII 1 Mac).
IBuIKiCHI XapaKTEPUCTUKH BHKOPUCTOBYIOTHCS TAaKOXK IPH CHIOBOMY
pPO3paxyHKy MeXaHi3My 3a [PHHIMIIOM MOXIJIMBUX  IEpeMilleHb
(notyxHOCTel). 3HaiieHi MPUCKOPEHHS TOYOK Ta KYTOBI INPUCKOPEHHS
JIAHOK JIOTIOMOXYTh BUKOHATH KIHETOCTATUYHHUHN aHaIli3 MEXaHi3My.

KinemaTnyHi po3paxyHKH BHUKOHYIOTbCS JIBOMa METOJaMU —
rpagiyHUM Ta aHATITHYHHM.

I'padiunmii meTon Ga3yeTbesi Ha HOOYMOBI IUIAHIB ITOJIOKEHB, IJIAHIB
LIBUJKOCTEH Ta NPUCKOPEHb. BiH rpoMi3kuii, MEHII TOYHHH 1 HE 3pyUHHH.
OJHaK, 1 HaBYAJbHUX I[iJIeH € ONTUMAILHUM.

Jlnist BUpimIeHHs MPaKTUYHUX 3aBJaHb IPOEKTYBAHHS Ta €KCIUTyaTalil
MEXaHI3MIiB  OUTBIIOTO 3aCTOCYBaHHS 3a3HAaB AHANITHYHUN  METO[
PO3paxyHKy, KOJH KIHEMaTHIHI XapaKTePHUCTHKH 3HAXOISATh B IIPOEKIIAX Ha
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oci obpanoi cucremu koopauHat. Croci® 103BOJIsIE BAKOPUCTOBYBATH IS
00YHMCIICHb KOMIT'IOTEpHY TEXHIKY, a 3Ha4MTh, 32 PaxyHOK OuTbmI apiOHOT
(parMenTariii NoxoXeHb — OTPUMATH TOYHIIINN pe3yIbTar.

Ha xadenpi I[ITMiIM cTBOpeHO KOMITIOTEpPHY MpoTrpamy st
KiHEMaTHYHOTO JIOCHTIDKCHHS IIECTHIAHKOBHX KPUBOIIUITHO-TIOB3YHHHX
MEXaHI3MiB pi3HHX KOH(]irypariit. [Iporpama ycminiHO BHKOPHCTOBYETHCS
IUTsl IOTOYHOTO KOHTPOITIO MPAaBHIEHOCTI BUKOHAHHS KYPCOBUX IPOCKTIB 3
TMM. B mnanax po3poOHHUKIB IpOrpaMu — PO3BUTOK {i 3 METOI0 BUKOHAHHS
IUHAMIYHHX po3paxyHKiB. [lepenbauaerscs, mo 1e Oyae 3MiHCHEHO criIaMu
crynentiB. Kadenpa 3ampomrye CcTyIOeHTIB-MEXaHIKIB 3 MPaKTUIHUMH
HaBUYKaMH CTBOPEHHS KOMIT'IOTEPHUX Hporpam JJisi CIUIBHOI poOOTH Ta
HAayKOBOTO CITIBPOOITHHIITBA.

ITPO OCOBJIMBOCTI CHJIOBOI'O AHAJII3Y MEXAHI3ZMY
IIEPECYBAHHS CUIIYUYOI'O MATEPIAJTY
B.B. llnmikin, gor., kaHxa. TexH. Hayk, A.O. ['oBa, cT. Tp. IM-21,
JABH3 «IIATY»

Crynmentamn MexaHiuHuX cnemianpHOocTerr IIJJTY B pamxax
mucnututiag « Teopist MexaHi3MiB 1 MaIIMH» BUKOHYETHCS KYPCOBHUI MPOEKT
3 TMPOEKTYBAHHS MAIIMHHOTO arperary KOHBEepa Ml TEPEMIICHHS
CHUITy4Oro marepiaiay. | 0JJOBHUM BHKOHABYMM MEXaHI3MOM IIi€i MalluHH €
HIECTUIAHKOBUI BaXKUJIbHUI KPHBOIIMITHO-TIOB3YHHUH MEXaHI3M Jpyroro
KJ1acy.

B xo/i BUKOHAHHS POEKTY Tpebda 3AIICHUTH y TOMY YMCII ANHAMIYHI
PO3paxyHKH TOJIOBHOTO BHKOHABYOTO MeEXaHi3My, TOOTO BHKOHATH 3a/1adi
JUHAMIYHOTO CHHTE3y, JWHAMIYHOTO aHaji3y Ta CHJIOBHUH pO3pPaxyHOK.
ToMmy, 1m0 B OCHOBI BCiX 3aBAaHb JIGKHTh OJUH MEXaHi3M, i TOMy, IO
CHJIOBMI1 aHai3 BHKOHYETHCS MO Yep3i OCTaHHIM, BEJIMYMHA PYIIiHHOI
(YpiBHOBaXXyIOUOi) CHJIM CTa€ Pe3yIbTaTOM Iepe10atyBaHuM.

B pamkax HaykoBOi poOOTH 31 CTyIEeHTaMH TpaIliBHUKAMH Kadenpu
[OTMiJIM ©Oynma 3pobieHa cmpoba peamizyBaTH JaHI BUOH PO3PaXxyHKiB
AQHAITAYHAM MeETOIOM. bymu CTBOpeHI 1 HajgaroMkKeHi alropuTMU
BU3HAYCHHS KiHEMaTUYHHX IapameTpiB, BUPINIEHI 3aBAaHHS AUHAMIYHOTO
CHHTE3Yy Ta aHaJIi3y.

[Tin yac BupilIeHHS 3aBIaHHS CHJIOBOTO aHaJli3y PpO3POOHUKHU
NporpamMH HECHOIBaHO 3iIITOBXHYNHUCA 13 mpodiemoro. JloBruii yac He
BIABalOCsS OTPUMATH HeoOximHe (3a3janerigp  BigoMe) 3HAYCHHS
ypiBHOBaXyt0o4oi cuiy. [IpuuoMy BiIXWIIEHHS BiJ] IPaBWIBHOTO 3HAYCHHS
CIIOCTEpIrajocsi He B YCIX IOJIOKCHHSX MEXaHi3My, a TUIbKH B IIEpioJu
3aBaHTXXEHHS HOTO CHUITyYMM MaTepiajioM Ta NOAAJIBLIOr0 PO3BAHTAXKEHHSI.
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By10 BUCIIOBIIEHO MTPUITYIIEHHS, 1110 TPUYMHOIO HETOYHUX 00YKCIIEHb
€ BIACYTHICTH OOJIIKY NpH pyci MexXaHi3My 3MiHM MacH IOB3yHa (JIOTKa
KOHBEEPA, B SIKMI HACUITAETHCS CUITYYUi MaTepian).

Jnist po3B’s13Ky 3aBIaHHS Ha HACTYIIHOMY €Talli 3aCTOCYBAIIH ITiAXOAN
MEeXaHiK{ 3MIHHUX Mac. Macy nmoB3yHa 3 maTepianoM (Mg, ) posrisaann

SIK (YHKIIIFO HOTO TIOOKEHHS:

m
M. ., =m5+%-55:m5+a-sp

me M, - Maca noB3yHa, My, ., - Maca nopuii cury4oro Matepiany, h
- IepeMIlICHHS TIOB3YHA, Ha SIKOMY HOTO Maca 3MIHIOEThCS, « - Koe(illieHT,
IO XapaKTepU3ye iHTEHCUBHICTh 3MIHU MacH, Sg - 3arajibHe MepeMilleHHs

MIOB3YyHA.
[Ipu 1boMy IMITYJIbCHY PEaKTHBHY CHJIy NPHEAHAHHS (BiJ'€JHAHHSI)
Mac JI0 oB3yHa 004HCITIOBaI 32 (POPMYJIOIO:
@:dmﬂ‘(u_%):_dmﬂ
dt dt
ne U =0 - abconroTHa mBKAKICTE 10 oci X (pyXy MOB3yHa) YaCTHHOK
CHITy40T0 MaTepiaiy, [0 MPUETHYIOThCS, 10 TPHEAHAHHS.

IMmynbcHa cuila 3aBXK/IN CIIPSIMOBaHa MPOTH LIBHKOCTI.

[Ticns BUKOHAHHS MpOLEAYpP 3BEJCHHS CHJI Ta Mac OTPUMYBAIIU
3BEACHUNA [0 IOYAaTKOBOI JAHKM MOMEHT PEAKTUBHUX CHJI Ta 3BEICHUM
MOMEHT 1HEpIIil JAHKH 3BE/ICHHS.

3 ypaxyBaHHSIM 3pOOJICHHX TIPaBOK CHJIOBHI pO3paxyHOK JiaB
pe3yibTar, L0 Ha BCIX JUITHKaX pyxy IOB3yHa TOYHO BiJIOBinae
OYiKyBaHOMY.

— .2
Ve =—a- Vg

PO MOXKJIMBICTb PEMOHTY 3VBIIB
BEJIMKOT'ABAPUTHUX 3YBYACTUX KOJIIC
IMACTONOAIBHUMH KOMITO3UIIIMHUMHU MATEPIAJIAMHA
B.B. Illuuikin, non., kauj. Texs. Hayk, A.O. ['nosa, ct. rp. IM-21,
JABH3 «ITITY»

OnHUM 13 cr10cO0IB BUTOTOBJICHHST 3y0UacTUX KOJIC €BOJILBEHTHOTO
npodpino € X Hapi3aHHS 3a METOAOM OOruHaHHs abo oOkatku. Sk
IHCTPYMEHT B IIbOMY BHUIIaJIKy BHKOPHCTOBYIOTH IHCTPYMEHTAJIbHY pEHKY,
noBOa4 abo ueps'suny ¢pesy. [Ipu upomy st npodintoBaHHs 3y0iB Kojeca
IHCTpYMEHTY HaJaloTh J1Ba OCHOBHUX PYXH: pyX 00KaTy, 1110 BiINOBi1a€ pyXy
€BOJIbBEHTHUX TIOBEPXOHB, sIKi 3HAXOJATHCS B IPABWIBHOMY 3a4€IUICHHI, 1
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pyX pi3aHHs, L0 BIJIIOBIJa€ NEPEMIIICHHIO 1HCTPYMEHTY 31 3HSITTIM
CTPY’)KKM B HampsiMi, TepHeHIUKYJIsIpHOMy oci 3y0a. Crocid €
BHCOKONIPOAYKTHBHUM 1 BHKOPHCTOBYEThCS JUIS BHPOOHMITBA KOJiC
MeBHOTO MoxayJyisi. B Toif ke wac, eleMeHTH cHocody MOXyTh OyTh
BHUKOPHCTAaHI 1 IIPH PEMOHTAX, a caMe, TIPH BiTHOBIICHHI IIOBEPXOHB 3y0iB, IO
NOCTPAXIAJIM  BHACTHIJOK MEXaHIYHMX  MOIIKO/KeHb, 3HOCY  abo
BUKpAITyBaHHS.

p=n-m

[enuTensHas npamas JInHns cTanoyHOTO 3auenneHus
=n. =n- 11/
X < o =S nm/2  _e=n-m2
LA aym |

7N TN 7

ho

CTraHouHO-HavanbHas, N,
npAmMas \

|
i
i
|
i
17 \ ! /;
i
i
i
i
i

Puc. 1 — BepcraTHe 3a4eIieHHs 3aTOTOBKU Ta MOJTYJIbHOI peHKU

Bigomo, 1mo Juisd BiZHOBICHHS 3HOMICHWX HANMPSIMHHUX BEPCTATiB,
MOCA/IKOBUX TIOBEPXOHBb MHiIMIMIHUKOBUX BY3JIB, NMOBEPXOHb KPHIIBYATOK
TypOiH, TMOIIKO/KCHUX KaBiTalli€l0, Ta IHMIMX KOHTAaKTHUX ITOBEPXOHb
JeTajeii MOXKyTh 3aCTOCOBYBATHCH MACTOMOAIOHI KOMITO3WTHI MaTepiajd.
[Ipu BigHOBIEHHI AeTanel Ha IIONIepEIHE MiATOTOBICHY 3HOIICHY TOBEPXHIO
HAHOCATH IIAp MYJIbTHMETAJTy, L0 3HAXOJMThCS B MACTOMOIIOHOMY CTaHi.
[Micns  TBepAiHHA KOMIO3UTYy Ta (iHINIHOI OOpPOOKH  ONEPKYIOTh
BI[PEMOHTOBaHy J€Talb 3  BIJHOBIEHOI pOOOYOI0  MOBEPXHEIO.
HaBaHTakyBanpHa 3[aTHICTh BIIPDEMOHTOBAaHHMX IOBEPXOHb 3aJEKHUTh Bill
SIKOCTI BUKOPHCTAHOT'O KOMITO3HIIIHHOTO MaTepiany.

Lleit mpuHIMI BiJAHOBJIECHHS MOXXHA BHKOPUCTATH JUII PEMOHTY
€BOJIbBEHTHUX NOBEPXOHb 3y0iB 3yOuacTux kouic. [Ipu npoMy 3aroToBii ta
IHCTpyMEHTY CJiJl HaJaBaTH TUIBKM pyX oOOKaTy, a IacTONoxiOHui
KOMITO3UTHHH MaTtepiall BHOCUTH B IPOMIKOK MiX ITOBEpXHEIO 3y0a Koieca,
10 PEMOHTYETHCSI, 1 TOBEPXHEIO iHCTpyMeHTY. [licis oOkary moBepxHi 3y0a
"3aiiBuit" MaTepian Oyme BUAABICHHN Yy 3a30p, a IOMIKOKCHA TOBEPXHSI
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3y0a 3HOBY CTaHE €BOJIbBEHTHOIO.

3anpornoHoBaHa TEXHOJIOTISE PEMOHTY MoTpedye ampobamii Ta
BiJNpaloBaHHs IapameTpiB. TexHidHOO mpobiemoro mpu ii pearizamii
MOJKE CTaTH NMPWIKIAHH MaTepially 10 iHCTPYMEHTY, 110, MaOyTbh, 3MYyCHTh
3aCTOCOBYBATH CIeNialbHI MacTHiIa a0o IUTBKU. B ToH e dac, oueBHIHI
IepeBarnm TaKol TEXHOJOTII poONsaTh i 0coOIMBO MPHUBAOIMBOIO Yy pasi
PEMOHTY YHIKaJbHHX BEIMKOMOIYJIBHHX KONIC IITYYHOrO BHPOOHHLTBA,
KOJIM BUTOTOBJICHHSI HOBOTO KoJieca IoTpedye HagMipHO BUCOKUX BHTpAT Ta
creniaapHOro o0IaHaHHS.

E®EKTUBHI 3AXBATHI IPUCTPOI Y NIJIHOMHO-
TPAHCIIOPTHOMY YCTATKYBAHHI
B.II. JlaBpuk, f011., KaH[. TEXH. HAYK,
B.B. Cyrno6os, a-p Texs. Hayk, npo¢., H.I'. baanuk cr. rp. [-22-TM-M,
JABH3 «IIATY»

Onne i3 mepmmx Miclb 3a OOCSTOM 1 BapTICTIO Y BHUPOOHHYHMX
porecax 3aiiMaloTh pO3BaHTAXKYBaIbHO-3aBaHTAXKYBaJIbHI oreparlii. B mux
olepamifax 3adisHa BeJIWKAa KUIBKICTh NPAIiBHUKIB MIATPHEMCTBA 1
i I{OMHO-TPaHCIIOPTHE o0aTHaHHS. OCHOBHIUM €IIEMEHTOM
NepEeBaHTaKYBAJIbHOTO MPHCTPOI0 € 3axBaTH. BOHM BiIpi3HAIOTBCA 32
NPU3HAYCHHSIM Ta KOHCTPYKTHMBHUMHU OCOOJHMBOCTSMH 1 MOXYTb OyTH
MEXaHIYHUMHU,EJIEKTPUYHUMHU 1 BakyyMHUMH. [IpuHOMN il BakyyMHHX
3aXBaTHUX MPHUCTPOIB 3aCHOBaHA HA CHJI IPUTUCKAHHS, SKa BUHHKAE 3a
paxyHOK pi3HHUII MDK arMOC()EepHMM THUCKOM Ta HU3BKHM THCKOM Y
MOPOXKHUHI TPUCOCKU. Takuii crmocid 3aXOIMJICHHS O3BOJISIE TEPCHOCUTH
pi3HOMaHITHI BaHTaxi pi3HOI (opMH Ta Baror 10 Kibkox ToHH. Cuia
TSDKIHHSL BaHTaXy, L0 TPAHCIOPTYETHCS IPOMOPLIHHA TUIONII KOHTAKTY
BaKyyMHOI KaMepH IPHCOCKHU Ta BAaHTAXy. 3a ClI0cOOOM CTBOPEHHS BaKyyMY
B Kamepi pO3pi3HIAIOTH HACOCHI,eKEKTOpPHI Ta 0€3 HAcOCHI BaKyyMHI
mpuctpoi. Jlo TonoBHUX mepeBar BaKyyMHUX MPHUCTPOIB CIiA BiTHECTH:
30aTHICTP HE HAHOCHTH ITOLIKOJDKCHHS KPOMKaM METAJICBHX JIHCTIB;
3pYYHICTh Ta IIBHAKICTh 3aXOIUICHHS Ta 3BIIBHEHHS BaHTaXy, OCOOIMBO
BEJIMKOTA0ApUTHOTO; JKOPCTKUHM 3B’S30K 3 BaHTaXeM, IO JO3BOJIIE
3MIHIOBATH TIONIOKEHHS BAaHTaXy B MPOCTOPI MpPH TPAaHCIOPTYBaHHI;
30epeKeHHs TIOBEPXOHb METAJICBUX KOHCTPYKLIH ITpH 3aXBari.

B nanuii yac KOpoOuYacTMi THIT METaJIOKOHCTPYKIli MOCTOBOTO
KpaHa Ma€ HaWOlIbllle IOMKMPEHHS 1 € OCHOBHOI KOHCTPYKTHBHOIO
(hopmoro.Y mopiBHAHHI 3 HhepMEHHOI0 KOHCTPYKIIIEIO BOHA JCIIO Bakya, ajie
OinbI TexHosioriuHa. TpaHCIIOPTYBaHHS JIMCTOBHX METAIEBUX MaTepiajiB
IIPY BUTOTOBJICHHI KPaHOBHX METAJOKOHCTPYKLIH mnoTpedye 0coOiaMBuX
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3ano0ikHUX 3ac00iB. ONTUMaNbHUM BapiaHTOM JUIS TPAHCIIOPTYBaHHS Ta
MOHT@)XY METAJEBUX JIMCTIB IPH BUTOTOBJICHHI MOCTOBOTO KpaHy C
KOpoOYacTUM Tepepi3oM € BHUKODHCTaHHS BaKyyMHHUX 3axBarTiB.
[lepcieKTUBHUM HampsSIMKOM B BJIOCKOHAJIEHHI KOHCTPYKIIi BaKyyMHOI
3aXBaTHOI KaMepH € po3poOka Kamepu BHAOBKeHOI ¢(opmu. Take
KOHCTPYKTHBHE PIIICHHS JO3BOJIUTH OLTBIN HAMIHHO YTPUMYBATh METAllCBi
JIMCTH TIPH BUTOTOBJICHHI METaJICBUX KPaHOBHX KOHCTPYKIIiH KOpoGYacToro
Tuny. JI03BOJWMTH WINBHINWTH piBEHh MOHTaXY INPH CKIAJaHHI Ta
3a0ecreynTy sSKicHe 3BapHe 3’ € AHaHHS 0e3 ne(eKTiB.

BUBIP KOHCTPYKIIIi BAKYYMHOI'O 3AXOIIJIEHHA 115
BUI'OTOBJIEHHSI MOCTOBOI'O KPAHA
B.II. JlaBpuk, f011., KaH[. TEXH. HAYK,
B.B. Cyrno6os, a-p Texs. Hayk, npo¢., H.I'. baanuk cr. rp. [-22-TM-M,
JABH3 «IIATY»

BakyyMHi 3axBaTHI NPHCTPOi 3HAXOAATH ILIMPOKE 3aCTOCYBAHHI Y
MIPOMHUCIIOBOCTI ~ 3aBJSIKM  TPOCTOTI  yNpaBIiHHA Ta O€3MeKH Ipu
eKCIUTyaTallii,HaqifHoCTi KOHCTPYKWii 1 3HAYHOMY TEpPMIiHY CIyXKOu.
BakyyMHi BaHTa)K03aXOIUTIOBaJIbHI IPUCTPOT MOJIETIIYIOTh Ta HPHCKOPIOIOTh
IpoLec CKIAJAaHHSI MeTaJeBUX KOHCTPYKLIi,CTBOPIOIOTh BHCOKHH piBEHb
0e3reKy BUPOOHUYOIO TPOIECy i B 3HAYHOIO MIpOI0 3HMXKYIOTH (i3uuHe
HAaBaHTAXXCHHsI HA POOITHHUKIB. BakyyMHa TEXHOJIOTISI B PO3BAHTaKyBaIbHO-
3aBaHTXKYBAJILHUX OMEpallisX 3HAXOIWTh 3aCTOCYBAHHS y PI3HOMAaHITHHX
chepax: yTpUMaHHS 1 TPAHCIOPTYBaHHs OylIb SKOrO MArHITHOTO YH
HEMarHiTHOro Martepiajily; 3JaTHICTh 3aXOIUIIOBaTH Ta YTPUMYBaTu
3arOTOBKH B IIMPOKOMY Jlialla30Hi THHOPO3MIpIB ; CTaOUIBHICT Ta TOUHICTh
6azyBaHHSI.

B 3anexHocTi Bij crnoco0y CTBOPEHHS PO3PSDKEHHS B BaKyyMHIiH
KaMepi po3pi3HAIOTH MTACHBHI 1 aKTHBHI BaKyyMHI 3aXOIUICHHS .Y NMAaCHUBHUX
TIPUCTPOSIX PO3PIHKEHHS MOBITPS ¥ 30HI KOHTAKTY 3 BAHTAKEM CTBOPIOETHCS
Ha eTami 3axXxOIUIEHHS NpH TPHUTHUCKAaHHI 1 JedopMyBaHHI TPY>KHOTO
eneMeHra.. Taki BaKkyyMHI 3aXOIUIIOBaHHA BHKOPHCTOBYIOTBCS IIPH
TPAHCIOPTYBaHHI 1 TNEpeHeCeHHI ApiOHMX aeranell. AKTHBHI BaKyyMHI
3aXOIUICHHS BiAPI3HSIOTHCSA BiJl MACHBHHUX THM, IIO B BaKyyMHIiH Kamepi
PO3piIKEHHS CTBOPIOETHCS TPUMYCOBO.

OnTuMaabHUM BapiaHTOM JJIsl TPAHCIIOPTYBAHHS Ta MOHTaXYy JICTIB
HOSCIB 1 CTIHOK IPY BUTOTOBJICHHI 0aJIOK MOCTOBOTO KpaHa € BUKOPHCTaHHS
aKTMBHUX BaKyyMHUX 3axBaTiB. TpaHCIIOPTYBaHHS Ta BCTAHOBJICHHS JIMCTIB
0aJKM JOLUILHO BHKOHYBATH CaMOXIJHHM IIOPTaJIOM-MaHIITyJSITOPOM 3
BaKyyMHHUMH 3axBaTaMu. CaMOXiZHUI MOpTa CBOIMH ITHEBMOIPUTHUCKAMHU
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OJTHOYACHO NPUTHKAE BCTAHOBJICHHI JIMCTU 10 niadparMm i mosca. 3ibpaHuii
TIEPETHH 3aKPIIUTIOETHCS TprxBaTkamMu. OCHOBHI poO0Yi YaCTMHM 3axBaTa —
IIe BaKYyMHIi MPUCOCKH. BOHM MOBHHHI 3a0€3MEUNUTH AOCTATHBO IMITBHUN
KOHTaKT 3 TPY30M Ta yTpUMYBaTH 3a JIOIIOMOT0I0 Bakyymy. be3aBapiiina ta
Oe3nepebiiiHa poboTa opTaNa-MaHIIMyIATOpa B 3HAYHIN Mipi 3aJIe)KHUTH Bif
MaTepiany i KOHCTPYKIIii MprCOCOK. IlepcieKTHBHUM HAIPSIMKOM B po3po0ITi
BaKyyMHOI0 3axBaTa JUIi TpPAHCHOPTYBaHHS JOBIHX JIUCTIB TIpH
BUTOTOBJICHHI METAJIOKOHCTPYKIIII MOCTOBOTO KpaHa € KOHCTPYKILis
NPUCOCKM OBAIBHOI YHM TPSMOKYTHOI (OPMH ,Ka BHIOTOBJICHA 3
€JIaCTOMEDIB.

IHHOBAHIﬁHI TEXHOJIOI'Ti TA OBJIAJJHAHHSA ¥
I'AJTY3EBOMY MAIIINHOBY IYBAHHI
B.B. Cyrio60s, npod., 1-p TexH. HayK,
B.II. JlaBpuk, f1011., KaH[. TEXH. HAYK,
T.I'. lanunosa, aou., kaua. TexH. Hayk, JABH3 «I[IATY»

B nanwmii gac nepex MammHOOY TyBaHHSM CTOSITH 3a/1adi, OB'3aHi 3
KOPIHHUM BiTHOBJICHHSIM TEXHOJIOTIi i 0OJafHAHHS OCHOBHHX BHPOOHHYIX
MalIaH4YHKIB, a TAKOX 3 BIOCKOHAJICHHSIM iICHYIOUHX MAIIUH i arperaris. Y
3B'SI3Ky 3 [WM TIATaHHSA, 3aIPOBA/DKCHHS I1HOBAIIIMHUX TEXHEOJOTiH 1
o0JiaJIHaHHS B Taly3eBOMY MAIllMHOOY/IyBaHHIi, Y TOMY YHUCII 1 MPUCBSYCHI
JOCITI/DKEHHIO 1 BJIOCKOHAJCHHIO METOJIB PO3PaxyHKY Ta IPOSKTYBaHHS
OCHOBHHUX MEXaHI3MIB MiAHOMHO-TPAHCIOPTHUX MAIllUH, MiJBUIIEHHS X
Ha/IiIHOCTI 1 JOBrOBIYHOCTI € aKTyaJIbHIMHU.

Kadenporo migiiloMHO-TPAaHCIOPTHUX MAIUH 1 JeTajei MaliuH
JABH3 «IIATY» mnpoBOAATHCA BUINYKYBaHHS IUISXiB  ITiIBHIICHHS
HAJIHHOCTI 1 TOBTOBIYHOCTI AIFOUOTO IMiJHOMHO-TPaHCIIOPTHOTO 001 THAHHS
Ta MITPUMKA HOTO MPaIre3IaTHOCTI y MPOoIeci eKCIuTyaTallii.

B 6inbIrocTi BUNaAKiB miiiOMHO-TPAHCIIOPTHI MAITUHA MPAIIOIOTH B
yMoBax Oe3lepepBHOTO BHUPOOHHWIITBA, KOJHM BHXiA 3 Jamy sKoi-HEOyHIb
JIAHKU TEXHOJOTIYHOTO JIAHIFOKKA BUPOOHUIITBA IPOAYKIIii IPH3BOIUTH HE
TUTBKH 70 3HIDKEHHS ii BUITYCKY, ayie 1 0 pi3HHX aBapiHUX CHUTYyamid, o
MIPU3BOJATH IO HEBUIIPABIAHUX MPOCTOIB TEXHOJIOTIYHOTO 0OnanHaHH:. [lo
pillieHHs 3a/1a4i TiABUINEHHS HAIIHHOCTI HeOOX1THUH KOMITUICKCHUH Miaxif,
1110 MOJISITae, Mepll 3a BCe, SIK B CTBOPEHHI 1HKEHEPHUX METOIB PO3PaxyHKY
KOHCTPYKIIi, TaK 1 B po3po0I1ii BjIacHe KOHCTPYKIIH MaIllnH.

PesynbraToM pilicHHS MOCTABICHOI 3a1adi € JOCTIKCHHS 1 HOBI
PO3pOOKH OCHOBHHX BY3JIiB MiIHOMHO-TPAHCIIOPTHUX MAIHH, Y TOMY YHCII
peKoMeHJanii MO  3aCTOCYBAaHHIO  TOIOJOTIYHOI  onTHMi3awii mpu
MIPOEKTYBaHHI METalleBUX KOHCTPYKLIM MiJHOMHO-TPAaHCIOPTHOTO Ta
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METaIypriiHoro oOJNaJHaHHS; LUIAXW TIOKpalleHHsS eKCIUTyaTalliiHuX
MTOKA3HUKIB MAIlIMH 332 PaXyHOK BJJOCKOHAJICHHS iX €JIEMEHTIB; IiIBUILCHHS
e(EeKTUBHOCTI TOPIEBHUX YIIIIbHEHh KOHBEEPHHUX arjoMepaliiiHuX MallWH;
pO3poOKa HaBYAIBHUX MarepiaiiB Juisl MiATOTOBKM (axiBIiB 3 Ha3BaHUX
HaATPSMIB JiSLTBHOCTI.

BukoHaHO nOCHiIKeHHS (HaKTUYHOTO HABAHTAXSHHS METaJeBUX
KOHCTPYKLIH KpaHIB 3 ypaxyBaHHSAM JOJAaTKOBOI'O CIEKTpa IMHAMIYHHX
HaBaHTAXXCHb, 10 BUHUKAIOTH MPH MiAHOMAax BaHTAXIB, a TAKOX IIPH pyci
KpaHa (Bi3Ka) Ha HEPIBHOCTAX PEHKOBOTO IIIAXY, i, IO HAKIAJAIOTHCA HA
OCHOBHHUH CIIEKTP TEXHOJOTIYHMX HaBaHTAXEHb, Ta iXHHOTO BIUIMBY Ha
TEpMIH CITy)KOU KpaHa.

AHAJII3 HABAHTAKEHHSI METAJIEBUX KOHCTPYKIIIH
BAHTAKOIIAHOMHUX KPAHIB
B.B. Cyrio6oB, npod., 1-p TEXH. HayK,
B.II. JlaBpuK, 1011., KaH[. TEXH. HAYK,
T.I'. lanunosa, gou., kaua. TexH. Hayk, ABH3 «[IATY»

B MammHOOymyBaHHI  BENMKY  NUTOMY  Bary  3aiiMaroTh
BaHTAXKOIT THOMHI MaIlTHH, SIKi IPU3HAYEH] TSI BAKOHAHHS TEXHOJIOT19HIX
orepamniif mMpOTATOM TPUBAIOTO HYacy i3 30epeKeHHAM HaBaHTaXXyBaJbHOI
3maTHOCTi. IIpu 1bOMY OCHOBHI CKJIAQJOBI YaCTHHH BaHTAXKOIITHOMHHUX
MAIllMH IUISral0Th CyMICHINH 0arato HUKJIOBIH CHJIOBIH il, 3MEHIICHHIO
TOBIIMHK HECYIIMX EJIEMCHTIB KOHCTPYKII BHACTIJOK KOPO3IHHOTO,
XiMigyHOro, ab0 MEXaHIYHOTO 3HOCY, a TaKOX 3HIDKCHHIO MEXaHIYHHX
BJIACTHBOCTEH MaTepiaiB, 3 SKUX BUTOTOBJICHI €JIEMEHTH MallVH.

Has3BaHi YMHHUKHM TIpU MPOEKTYBaHHI BaHTaXKOIJHOMHUX MallIWH
BPaxOBYIOTHCSI PO3JUILHO, ab0 3a CHpPOLICHUMH METOIUKaMH. Tak Ipu
MIPOCKTYBaHHI TaKWX MaIIMH BPaxXOBYIOTHCS MIIHICTh, JKOPCTKICTb,
HaBaHTaXyBalbHa 3JaTHICTb, JIOBIOBIYHICTh, IO BHU3HAYAIOTHCS 32
MTOYaTKOBUM CTaHOM KOHCTpYKIIii. [IpoTe crinbHuiT B3a€MO3B’ sI3aHUN BILUTUB
pI3HMX YHHHUKIB 1 TPOIECIB TOPYIIye IMOYaTKOBI yMOBH pOOOTH, IO
HacamIlepe]] I03HAYa€ThCs Ha PO3IOLII HANIPy>KEHb B OCHOBHHX €JIEMEHTaX
METAJIOKOHCTPYKINi ~ BaHTAXOMIAHOMHOI ~ MammMHH. Y  pe3yibTarti
CIPOEKTOBAaHA MaIllHA, SKa Mae HEOOXITHWH pO3paxyHKOBHH pecypc i
3aJlaHy HaBaHTa)XyBaJbHY 3/IaTHICTb Ha MIOYaTKOBUII MOMEHT €KCIUTyaTallii,
MO€ BTPATUTH IIi BJIACTHBOCTI JI0 3aKiHYEHHS NPU3HAYEHOTO TPAHUYHOTO
(HOpMaTHUBHOT0) TepMiHy ekciuryarauii. Lls HeBU3HAUEHICTh IPUBOAUTH JI0
HaQ/UIMIIKOBOTO 3alacy MIIHOCTI 1 HEOOIPYHTOBAaHO 3aBHIIEHOI Macu
MalllMH{, IJBHIICHHS EHEPrOCIIOKMBAHHSA 1 3HIKCHHS EKOHOMIYHOI
e(eKTUBHOCTI BiA ii 3aCTOCYBaHHI.
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Meroto poboTH € JociipkeHHS (akTHYHOrO HaBaHTaXKEHHS
MeTaJeBUX KOHCTPYKLIH KpaHIB 3 YpaxyBaHHSAM JOAATKOBOTO CIIEKTpa
JUHAMIYHMX HaBaHTa)XEHb, L0 BUHMUKAIOTH INPH MiAHOMax BaHTaXIB, a
TaKOX MpHU pyci KpaHa (Bi3ka) Ha HEPIBHOCTSAX PEHKOBOro NUIXY, i, IO
HaKIagaloThcsl Ha OCHOBHHH CIEKTP TEXHOJOTIYHMX HABaHTAXXKEHb, Ta
iXHBOT'O BIUIMBY SK HAa HOPMATUBHHI, Tak 1 Ha MIHCHUN TEpMiH CITyKOH
KpaHa.

BcranoBneHHS 3a7€XHOCTI MK TEPMIHOM €KCIDTyaTamii kpaHa, Horo
3aBaHTXEHHSAM IPOTITOM POKY 1 T0OHM, MACIIOPTHUM PEXHMOM POOOTH 1
KOoe(QiIlieHTOM HaBaHTa)KEHHS JTO3BOJISIE CTBOPUTH KOHKYPEHTOCIIPOMOKHY
METOIUKY BU3HAYECHHS 3aJHMIIKOBOIO PECypCy MeETaleBUX KOHCTPYKIIiit
BaHTAXKOIIJHOMHUX KPaHiB.

MPO METO/IX ITPOI'HO3YBAHHS 3AJIMIIKOBOI'O PECYPCY
BAHTA)KOHII[ﬁOMHHX KPAHIB
B.B. Cyrio60s, ipod., I-p TeXH. HayK,
B.II. JlaBpukK, 1011., KaH[. TEXH. HAYK,
T.I'. lanunosa, aou., kaua. Texd. Hayk, ABH3 «[IATY»

Y MeTonmii OIHKH 3aJUIIKOBOTO pecypcy KpaHiB MOBHHHA OyTH
BCTaHOBJICHA 3AJICKHICTh MK (DAKTHIHNM HaBaHTAXKEHHAM KpaHy y IpoIieci
eKCIUTyaTallii Ta MOXKJIUBICTIO OTO MOaIIBIIOT O€3MeUHOI eKCIuTyaraitii. Ae
NPOTHO3YBaHHs 3aJIMIIKOBOTO PECypCy BaHTaXKOIMIJHOMHUX KpaHiB, IO
BIAMpAIIOBAIM  HOPMATHBHHUI  TEPMiH, MOBHHHO HOCHTH  LIJIKOM
IHIMBiTyaJbHUN XapakTep.

3a3HaueHi 3aJISKHOCTI JaJyTh MOMJIMBICTH OUIBII OOIPYHTOBAHO
MIPOEKTYBaHHs, TaK 1 Ha cTaiil eKcIulyaralii, y ToOMy 4ucii i B ymMoBax
BHPOOJIEHHS HOPMAaTHBHOTO pecypcy.

[omepenniii anHamiz yMOB poOOTHM BaHTAXOMIAHOMHHUX KpaHiB
MOCTOBOTO THIIa ITOKa3ye, MO y 30HI oOciyropyBaHHs kpaHiB 60 — 100 M
CepelHe TIEPEeMIIEHHS BaHTAXy MpPH KOXKHOMY IMIHOMiI CKIamae: IO
BepTuKaii 6 — 8§ M, momepek 1exy (Bizkom) 10 — 30 M, BIpPOJOBXK HEXY
(kpanom) 30 — 50 m. HacmigkoM IbOTO € TMOsIBa JOJATKOBUX IHUKIIIYHUX
HAaBaHTAKCHb Ha MeETaJeBl KOHCTPYKIil KpaHy, fKi HaKJIagalOTbCcsi Ha
OCHOBHHMI CIICKTP TEXHOJOTIYHUX HABAHTAXKEHb IPH MPOT3/1i KpaHy a0o Bi3Ka
10 CTUKAaM PEHKOBOIr0 LUIIXY.

BennunHa Takux HaBaHTaXXEHb 3AJICKUTh, HACAMIIEPE], Bill BUCOTH
CXOJIMHKH Ha CTHKaxX, HIBHJKOCTI IepecyBaHHs KpaHa (Bi3Ka), KOHCTPYKIIT
KpaHa. Po3paxyHKHM NOKa3yloTh, 10 MAaKCUMaJbHI 3HAYCHHS JWHAMIYHUX
HaBaHTaKeHb IPH MPOI3/i KpaHa (Bi3Ka) 110 HEPIBHOCTSAM PEHKOBOIO ILIAXY
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MOXyTb jgocsratd 30% BiZ BIANOBIJHMX CTaTHYHUX HaBaHTaXeHb. lIpu
CTaHJAPTHIN ITOBXWHI KPAaHOBUX PEHOK 12,5 M 4HCIO MOJATKOBHX IIMKIIIB
HaBaHTaKEHHS! MOCTa 3 YPaxyBaHHSIM 3aracaHHs KOJIMBaHb MOXKE CKJIACTH 2
— 3 mpu KOXHil onepanii maioMy i mepeMileHHsS BaHTaXy.

OcHaleHHs B OCTaHHI YaCH BaHTAXOIIIHOMHHX KpaHiB IpHOOpaMu
peectpamii omepamii He M03BoJsAE€ 3aiKCyBaTH MOJATKOBI JIHHAMIYHI
HaBaHTaKEHHS y 3B 53Ky 3 IX MaJIMM IIE€pioIoM JIii MOPIBHSIILHO 3 OCHOBHUM
CIIEKTPOM HaBaHTAXKCHHS.

SIKmo 3aNMIIKOBUE pecypc pO3TsAaTH B IIOMY, TO MOXIIUBO
BHUIUINTH HACTYMHI Horo (akTopu: cTaTHYHA MIIHICTH, MaJoO LUKJIOBA Ta
0arato IUKJIOBAa MIIHOCTI, CTifKicTh MpoTH Aedopmalliii, MilHICT MPOTH
YTBOPEHHSI TPILIMHU. Y TOW JKe 4ac MpH pPO3poOlll METOTUKH MOBHHHA
BpaxoBYBaTHCS KOHCTPYKIis KpaHy, a TakoX IIOBHHEH OyTu
TU(epeHITIHOBaHUN TiIX1T 0 KOXKHOTO THITY KpaHa.

BUKOPUCTAHHSA 1OJATKOBOI'O HABICHOT'O
OBJIATHAHHS Y ABTOHABAHTAXKYBAYAX
B.B. Cyrno6os, npod., 1-p TeXH. HayK,

B.II. JlaBpuk, fo1., KaH[. TEXH. HAyK,

T.I'. Jannnosa, noi., kagg. TexH. Hayk, JIBH3 «[IATY»

HaBicHe oOnanHaHHS - 1€ JOJATKOBI MPUCTPOI i MeXaHI3MH, SIKi
PO3LIUPIOIOTE MOXKIMBOCTI CTaHIAPTHOIO HaBaHTaxyBada. Lle cyTrreBo He
BIUIMBA€E HA BAPTICTh MAIMHA

HaiimomynsipHiuM ~ BUJIOM HaBiCHOTO OOJagHAaHHS. € KapeTka
O6okoBoro 3wmimieHHs Taki IPUCTPOi JO3BOJSIOTH 3MIlIyBaTd BHJIA
HaBaHTaXXyBaya Ha Bijctanb Big 100 mo 160 MM, 0 3HAYHO CHPOILYE 1
mornerarye poboty. BoHa MOHTYeThCS TaKUM YHHOM, MO0 3MIIIyBaTHCS
BIpaBo abo BIIBO B MEXaX CBOIO POOOYOro [iama3oHy, THM CaMUM,
puOUparYr HeoOXiTHICTh MAHEBPYBAaHHS HABaHTA)XyBadueM BIICpeA-HA3a.
[puctpiit 60KOBOTO 3MillIEHHS HE TATHE 3MiHY IIEHTPa Bar'd BaHTaXy, TOMY
HE 3MIHIOE€ BaHTaXKOITi THOMHICTh HaBaHTaXXyBada.

barartomaneTHi 3axOIUIeHHs, TPU3HAYEHI U1  OAHOYACHOTO
TPAHCHOPTYBaHHA MAEKIIPKOX TWaJeTiB 3 BaHTaxeM. llpu mpomy BuIN
3aXOIUICHHS MOXYTh OyTH 3MiIlEHI 10 HEHTPY IS TEPEeBE3CHHS OJIHOTO
nayieta, abo pO3CTaBJICHI IS IEPEBE3CHHS MaKCUMAaJIbHOI KUTBKOCTI Majer,
B 3aJIEKHOCTI BiJl KOHKpETHOi moTpeOu. Takum 4WHOM, BaHTaX 3aBXKIU
3HAXOJHUTHCA IO LEHTPY HaBaHTa)XKyBaua, 3a0e3MCUyrOud MaKCHUMAJIbHY
Oe3neky.3axorieHHsT MOXyTh Oyta 2, 3, 4, 6 i HaBiTh §-MajNeTHUMH,
JIO3BOJISIFOYHM JIOMOTTHCS HEOOX1THOT MPOAYKTUBHOCTI.

Jlannii BUJ o0agHaHHS JyXKe KOPHUCHUIA pu
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BHYTPIIIHB03aBOJICHKHX MEPEBE3CHHSIX, JI€ YacTO 3yCTpiuaeThcs NoTpeda B
MepeMillIeHH] OJHOPIJHNX BaHTaXIB Ha najerax. Take 3aXOIUIEHHS MOXKE
OyTn oOylasiHaHe BEPXHIM TNPHUTUCKOM, SIKWH HamiiHO ¢ikcye mamer i
3aro0irae BTpari BaHTaXy B IPOLECi IePEeBE3ECHHS.

Cralimizatop BaHTaXy, NpU3HAYCHUH Al 30UIbIICHHS Oe3neku
HAaBaHTAXYBAaJbHUX  poOIT 1  cralOimi3amii HECTIMKMX  BaHTaXiB.
3acToCcoBYy€eThCS s BUCOTH BaHTaxy Bim 960 mm mo 3000 mm. Jlo3Boisie
MIEPEBO3UTH TPOMI3JIKI HECTIHKi BaHTaXXi 3 OLIBIIO0 MIBUAKICTIO, TPAKTHYHO
0e3 pH3UKy MepeBepTaHHs. YcCi MyJbTIMaldeTHI 3aXOIICHHS MOXYTh, Ha
BHMOT010, 00JTaTHYBaTHCS CTa01Ii3aTOpaMi BaHTaXKYy.

[To3uiioHep BWII 3aCTOCOBYEThCS Y BHIAJKaX, KOJU HiIANPUEMCTBO
4acTo 00pobJIsie HEOJHOPIAHI BaHTaX1 Pi3HUX po3MipiB. DyHKIsS TPUCTPOIO
MoJisira€ B OKPEMOMY 3MIIIEHHI KOXXHOI BWJIM TakUM YHHOM, MI00
3a0e3neunTH Oe3neuHy poOoTy 3 Oyb-SKUM PO3MipOM BaHTaXYy.

HNPOI'PAMHE 3ABE3INEYEHHSA KYPCY «KOMII'IOTEPHA
I'PA®IKA»
O.M. Kimyapceka, cT. Bukianad, JIBH3 «ITITY»

Po3p’si3ana PO BiitHa poONTH HEMOXKIIMBAM BHKOPHCTAHHS IIPOTYKIIii
KpaiHH-arpecopa, B TOMY YHCII 1 TporpaMHHX 3aco0iB, Tomy Oyio
NPOBEJICHO aHaNi3 ICHYIOUUX B LIEH Yac mporpam Jyisi po3poOKH MPOEKTHOT
JOKYMEHTAIIIl Ta AU3aiHy.

Komrm’rorepHa rpadika — 11e rajgy3b 3HaHb, 10 BUBYAE Ta PO3POOIISIE
MeToauM 1 3acobm 30epekeHHs, CHHTE3y 1 IIepeTBOPEHHS LUPPOBUX
300pakeHb 3a JIOMOMOTOI0 IM(PPOBHX TEXHOJIOTIH — € 3aTpecOyBaHOI Y
PI3HOMaHITHMX Taly3sX JisUIbHOCTI cyuyacHoi JnoaumHu. Lludpose
300paXXeHHs — 1€ MOJENb PealbHOTo abo ITYYHO CTBOPEHOTO IpadivHOrO
300paXeHHs, M0 30epiracTbesi y BHUIVIAI CYKYITHOCTI HU(POBHUX KOIIB Y
mam’saTi komrr'torepa. CTyfeHT Mae pO3yMITH PI3HHUIIO Ta OCOOJIMBOCTI
pobotn 3 TpadiuHUMH 300paXKCHHSMH: BEKTOPHHMH, PACTPOBUMH,
(hpaKkTaTbHIMH Ta TPUBUMIPHUMH.

PosrnsHyTO Ta mpoaHami30BaHO IEpeBard Ta HEOONIKH OKPEMHUX
nporpaMHuX 3aco0iB st poboTu 3 rpadiuauMu 300paxeHHsMu. Cepen
MIPOTpaMHMX 3ac00iB aBTOMATH3aIlil MPOEKTYBAaHHS Ta MAIIWHHOI rpadiku
Haloub noumpenuM € naker AUtOCAD, npusHaueHud Ui BUKOHAHHS
KPECJICHUKIB JieTaliel Ta By3JiB, OyIUHKIB, CIIOPYA, MEOJIIB, TiIpaBIiyHUX,
CJIEKTPUYHHUX Ta IHIIUX CXEM, TAKOX HaJae MOXIHUBICTH mpairoBat 3 3D-
MIPOCKTYBAHHSIM.

[Ipouec CTBOpEeHHS CKJIaJHUX KPECICHUKIB 3HAYHO IPUCKOPIOE
rapamMeTpU4He MOJIEITIOBaHHSI.
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[ToynHaty mnpairoBaTé MOXKHA 3 IPOCTIMIMX TMPOTpaM, TAaKHUX SK
NanoCAD, FreeCAD, QCAD, A9CAD - O0e3KOMmTOBHI alTbTCPHATHBH
AutoCAD.

Jna HanmpamtoBaHHA HaBUUOK MokHa BUkopucTaTH T-FLEX CAD 3
(YHKIII€I0 TapaMeTPUIHOTO TBEPAOTIIBHOTO 3D MOemOBaHHS.

Jlns  BUKOHAHHA KpECIHCHWKIB y Taly3l eJIeKTpOIocTadyaHHs
mpm3HaueHo makeT ProfiCAD 3 Bemmkoroo Oi0NMOTEKOIO €JIEMEHTIB
EJIEKTPOCXEM.

Jlis BUKOHAHHSA TBOMIPHHX KPECICHHKIB y cdepi apXiTeKTypu Ta
OymiBHuuTBa MOkHa BuKopuctatd LibreCAD, Ashampoo 3D CAD,
ABViewer.

Cxemu, OJIOK-CXeMH Ta JliarpaMu JI03BOJIAIOTH BUKOHYBaTH Diagram
Designer, Dia.

CEKIIA: HAHOIH)KEHEPISA B 'AJTY3EBOMY
MAHNIMHOBYIYBAHHI

PE3YJBTATI CTIMKICHUX BUIIPOBYBAHb
TBEPAOCIIJIABHOI'O IHCTPYMEHTY IICJIA IVIAZMOBOI'O
MOJN®IKYBAHHSA
K.B. Kyninosa, goir., kaua. Texs. Hayk, IBH3 «IIJTY»

Jis oniHkM CTIHKOCTI TUIACTHH i3 TBepanX cruiaiB (BKS8) mamu Oyimo
NPUIHATO METOJMKY ToueHHs. [lepiof CTIMKOCTI IHCTpYMEHTY BH3HAYaBCS
4acoM poOOTH IHCTPYMEHTYy JI0 JOCSTHEHHs KpPUTEPil0 3aTYIUICHHS.
BunpoOyBaHHSsI IPOBOJMIIMCS Ha TOKAPHO-TBUHTOPI3HOMY BEpCTaTi MOJEINI
16K20. 3arotiBis, 1m0 00poOIsieThes - uck Y180 MM 3 OTBOPOM MO LIEHTPY
040 MM, matepian - cranb 40X. [ 4MCTOTH eKCHEpUMEHTY piinHA, IO
OXOJIOJKYE, HE 3aCTOCOBYBaacs, TOOTO. 00pOOKa MPOBOMIIACS SIK CYXOT'O
TepTst. BunpoOyBaHHs mokasanu, Mo A1 JaHUX YMOB Pi3aHHS IUIa3MOBE
MoauGiKyBaHHS TPU3BOAUTE 10 3HAYHOTO (B 2,5 ... 3 pa3u) mIiABHIICHHS
CTIMKOCTI TBEPIOCIIIIABHOTO iHCTPYMEHTY.

Ticnst BuIpoOyBaHb ITACTHH BUKOHYBABCS METAIOTpadiuHui aHAII3
CTPYKTYpH B IUISHII 3HOWICHOI piXKy4oi KPOMKH Ha 3aJHIH IOBEPXHI.
JocmimKkeHHs oKa3aiy, o MY pi3aHHI HeYIPOUYSHHUMH IUTACTHHAMH (pHC.
2, a) 3HOUIYBAaHHS PKY40l KPOMKH Mae BHOIPKOBHI XapakTep: CHOYATKY
3HOIIYETHCSl BIAHOCHO M'sKa croiydHa (asza, MOTIM BiIOKPEMITIOIOTHCS
oroJieHi TBep.i kKapOiqHi 3epHa, YTBOPIOIOTHCS OpH 1 opoxkHedi. KapOinui
3epHa, M0 3ATUNIMINCS MiX M€ HUKIIYHUX HAaBaHTAXKCHb, IMiIAF0THCS
IUIACTUYHIH 1edopMaliii, B HUX POXOISATH 3CYBHI IIPOLECH, 1110 BUKIIMKAIOTh
JPOOJICHHS 3epeH Ha OJIOKHU. 3Ba)Kar0ur Ha BIZICYTHICTH MIITHOTO aAre3iifHOrO
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3B'I3Ky MO MiK(a3HUX KOpJOHaX, MPOLEC 3HOUIYBaHHS PIXY40i KPOMKHU
npuckoproeTbes. | Timpkum Ha Bigcrani ~ 50 MKM Bil KDOMKH MOXHa
CIIOCTEpiraTé BUXiJHY Hepe(opMOBaHy CTPYKTYpy (puc. 2, a, II).

O puxiguauit cran
B 1asmoBe MoaudikyBaHHs
Puc. 1 - 3miHa koedinieHTa HMiABUIICHHS CTIHKOCTI PLKYYHX TUIACTHH 31
crutaBy BK8

Puc. 2 — Cxema qudysiitHoro 3HoCy y BUXiTHOMY cTaHi (a) Ta micis
u1azmoBoro Moangikysanus (0) Ta mikpoctpykrypa: I, III — y pixydoi
KpOMKH Ha 3a/Hil moBepxHi; Il — Ha Bizcrani 50 Mkm Bix kpomku; IV - Ha
BiacTaHi 10 MKM Bif Kpato

SIkicHO  IHIIMH  MEXaHI3M  3HOIIYBAaHHS  PEali3yeTbCS B
Moau(ikOBaHMX IUTaCTHHAX. MIilHAN, IMITBHUNA Ta HeAePOpMOBaHHN
KapOiIHUI KapKac CIOCTePIracThesl MPAKTUYHO y HAM3HONICHINIOT KPOMKHU
(puc. 2, 6, III). 3HoC crae OB PIBHOMIPHUM, 3MEHINYETHCS KiIBKICTH
MikpockoniB Ta ¢apOyBanb. HemedopmoBana i Oe3fedekTHa CTPyKTypa
3MIIIHEHOT'O CIIABY CIIOCTEPIraEThCs BXKE Ha BiacTaHi 0ym3bko 10 MKM Bif
3HOILIEHOI piXy4oi KpoMkH (puc. 2, 0, IV).

AJIMTABHI TEXHOJIOT'TI B OCBITHBOMY ITPOIIECI
B.O. Masgyp, nou., kaan. TexH. Hayk, JIBH3 «IIATY»

Ha 3MiHy ICHYIOYMM TEXHOJIOTISIM TPHUXOAATh HOBI 1H(pPOBI
TEXHOJIOTT, 1 B [UX YMOBaX pOJIb OCBITH, 1110 3a0€311e41y€e FOTOBHICTD JIFOIUHN
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JI0 3aCTOCYBaHHsT HOBHMX TEXHOJIOTIH, y TOMY YHCIl 3 BHKOPUCTAHHSIM
cydyacHUX iH(oOpMaIiitHuX 3ac00iB, cTae Jeaali BaXIUBIIIOW. B maHuii uac
3aCTOCYBaHHS aJIMTHBHUX TEXHOJIOTIH HaOyJo IMIMPOKOTrOo IOIIUPEHHS B
GaraTpox cdepax KUTTS JIOJUHHU Ta BAPOOHUIITBA, HAIPUKIIAJ y MEIUIIMHI,
OyIiBHHIITBI, TPOMICIOBOCTI Ta HI3MI iHIMMX. HeoOXiMHICTh BIPOBaKCHHS
AIUTUBHUX TEXHOJIOTIH Y CHCTEMY OCBITH Pi3HHUX ii piBHSIX 00YMOBIIOETBCS
3pOCTaHHIM PIBHS MPHCYTHOCTI IIi€i TEXHOJIOTii CBITOBOMY PHHKY H, SIK
HACITZIOK, 3aIIUTOM OLTBITY KiTBKICTh KBaMi(hikoBaHUX (haxiBIiB y wiif ramy3i.
VY nux AOCTiKEHHAX yBara aBTOpIB, K NPaBHIIO, CIPSIMOBaHA HA BUBUCHHS
HOBHX MatepiajliB, TOCTYIHUX U aANTHBHOTO BUPOOHHUIITBA, iX MMOBEIiHKA
IPY PI3HUX HABAaHTAXKEHHSX Ta B PI3HUX CEPEIOBHILAX, CIIOCOOH OpraHizaril
BUPOOHMITBA 3 BUKOPUCTAHHIM YCTaHOBOK JUIS aJIMTHMBHOTO BHPOOHUIITBA
TOLIO.

Hacamnepen MOHSATTS «aJUTHUBHI TEXHOJOTID» CIiJ PO3IIISAATH 3
MOTJISIy  €TUMOJIOTIYHOTO aHamizy. CIOBO «aIuTHBHI» c(hOpMOBaHE BiX
aanmiicekoi add — «gomaBaTmy. BiAmmoBiIHO 10 IIHOTO CJIOBO "anuTUBHI" MHA
MOXXEMO BH3HAYUTH SK "momaroTs" abo "momimyroTe". Y KOHTEKCTI
€THMOJIOTIYHOTO aHaJli3y aJUTHBHI TEXHOJOTii € CyKYIHICTIO METOIIB
BUTOTOBJICHHA 00'€KTa MIIAXOM JOJaBaHHS MaTepialry B Tporeci
BHPOOHMIITBA IPOIYKIIii.

OpHak CKOpOYYBAaTH pONb ATUTHBHUX TEXHOJOTIH 1O cy0'ekta
OCBITHBOTO TIPOLIECY € IOKOPIHHO HE BIpHHUM.

AUTHBHI TEXHOJIOTIi HEOOXITHO PO3MIIAAATH SIK YyJOBHHU 3aciO, 110
JoroMarae Ha BCIX eTamax HaBYaHHs, HacamIepea Ha IHKEHEPHHUX
cretianbHOCTAX. [IpH 11bOMY MOBa ¥i/1e He TUTBKHM PO HABYaHHS aJUTUBHUM
TEXHOJIOTISIM, @ Ha caM MepeJl PO 3aCTOCYBaHHS METOAOJIOTI] Ta anapaTHoi
CKJIQJIOBOi IIbOTO TIPOLIECY JUIsl TOJICTIICHHS Ta TOTIMOJICHHS BHBYCHHS
KJIACHYHUX JTUCHIUILUTIH.

3 aJUTHBHUMHU TEXHOJIOTISIMH TIOB'SI3aHO BMBYECHHS JHMCIHILTIH, IO
BHBYAIOTh CHUCTEMH aBTOMATH30BAHOTO IIPOCKTYBaHHS, KOHCTPYIOBAaHHS,
JeTaji MalliH, TEXHOJOTIYHY MiATOTOBKY BHPOOHHIITBA, OOpOOKy Ha
MeTaJIopi3albHUAX BepCcTaTax Ta aBTOMATHYHUX JIIHISX.

CEKLIA: TEXHOJOI'TA MAIIIMHOBYIYBAHHSA

EKCIIEPUMEHTAJIBHE JOCJIII)KEHHS 3ACOBAMUN CAE
CUCTEMMU IIPUBOJIA ITPUCTPOIO KOBAJIbCBKO-
INPECOBOI'O BUPOGHUMIITBA
O.1. Jlemenko, mot., kana. TexH. Hayk, ABH3 «[IATY»

Y MammnHOOyIyBaHHI 3HAWHIUIM IIMPOKE 3aCTOCYBAHHS MpPYKUHU
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pi3HOi KoHOirypauii Ta ckiaaHocTi. [IpykuHa, e Npy>KHUN eeMEHT, OJ1H
3 HaWOUIBII MIMPOKO 3aCTOCOBYBAHMX B KOHCTPYKLISX NMPHIIAiB 1 Pi3HUX
MeXaHi3MaxX OCHOBHA (DyHKIIiS SIKMX — BIAXHIIATUCS i/ Ti€I0 HABAHTAKEHHS
1 BIZIHOBJIOBAaTH MOYaTKOBY (opmy micist Horo 3HATTS. [IpyKuHM Takox
BUKOPUCTOBYIOTHCS JJIsI HAKONMYYBAaHHSA €Hepril. Y HOpMaJbHHX YMOBaXx,
HE3aJeKHO Bil THIy NPYXHHH, BOHA IIOBHHHA IIOBEPTAETHCS 1O CBOET
BHXiTHOT (popMU micis 3HATTSA HaBaHTAKCHHS.

€pporeiiceki  CALLS  TtexHomorii BUMaraioTh IE€pEeHECEHHS
BUNPOOyBaH Ha (I3WYHMX MOAENSIX B 00NAaCTh KOMITIOTEPHOTO
MOJIEIOBAHHA, Y MAaKCHUMaJIbHO MOXIHUBOMY o00cs3i. Takwmif mepexin
JIO3BOJISIE PEATi30BYBATH MPH BUITPOOYBAHHIX OUIBII CKIaHI 1 OLTBII TOYHI
CXeMH B3a€EMOJIl MOBEPXOHb pi3aHHI 1 (HOpPMOYTBOpPEHHs JeTanei. 3
ypaxyBaHHSIM LBOr0 OYyJO MpPOBENEHO EKCIIEPUMEHTAIbHE OCIHIPKCHHS
3acobamn CAE cucremn SolidWorks Simulation nmpuBoma aBTOMaTH3aii
MIPUCTPOIO KOBAIBCHKO-TIPECOBOTO BUPOOHMIITBA. 3aBJaHHS JIOCIIPKCHHS:
PO3paxyHOK TPYXHHH LIJIHAPAa OZHOCTOPOHHBOI Iil BUXOISYH 3 YMOB
3yCHIUIA Ha LITOKY Ta HOro pobo4oro Xoxy, il JKOPCTKOCTI Ta AOMYCTUMOTO
JiaMeTpabHOTO PO3MIMPEHHS, a TAKOXK HEO0OXiTHOI JOBIOBIYHOCTI.

TexHiuHe 3aBIaHHS JOCHIIHKEHHS MOJSATAI0 B HACTYITHOMY. Y TIpeci
Ha TMAOPUEMCTBI M. Mapiymoiasi BHKOPHCTOBYBAaBCS ITHEBMOLMITIHID
OTHOCTOPOHHBOI ZTii B KOHCTPYKIIii BHINITOBXYyBada rOTOBUX BHPOOiB. [l
TOro, 100 BHJIYYHUTH [€Tadb 3 MATPHINl IITAMIY MOTPIOHO 3yCHILIA
npubnm3no 1000H - uporo mocratHpo, 1100 aetans He aedhopMyBaiach, ajie
OyJia BIIEBHEHO BHJIy4eHa B KOHTeiHep. HacTor NMpUYMHOI0 HEOOXiAHOCTI
PEMOHTY NpHUCTpolo OyJI0 3aKJIMHIOBaHHS BUINTOBXYBaJa, IO BifOyBamocs
3aBJSIKM TICYBaHHIO MPY>KMHU BCEPEAMHI MIIIHJPY MIiCIs IEBHOTO TEPMiHY
excruryaranii. 1[{o6 HaWTOYHiIIE 3MOJETIOBATH B3aEMOJII0 JieTanei
ITHEBMOLWITIH/IPA B MOMEHT HAaBaHTAKEHHS Yy BHUXIIHUX JaHWX HPOTpaMu
OyJ10 3a3HaUCHO XapaKTep B3aEMHOTO KOHTAKTY JAeTajleld BUIITOBXyBaya. Ha
MatOHKY (pHc. 1, a) TOBepXHi TOpPKaHHS MO3HAYCHI YEPBOHUM KOJIHOPOM.
ToOTo TOBepxHI MOpPHIHS, IITOKA 1 CTIHOK IWJIHIApa IPH IEepeMilIeHH]
3amaBaTEMyThCs 3 Koedimiearom Teptsa 0.15 (puc 1, 6). IIporpama mms
BunpoOyBanb SolidWorks Motion BUkoprCTOBY€E METO]| KYJIOHOBOTO TEPTS,
KOJIM TIapaMeTpH TEePTS 3MIHIOIOTHCS IO TTAAKiA KPUBIHA B 3aJ€KHOCTI Bijg
BIUIMBY MpUKIaAeHUX Cwil. llepex BHUIPOOYBaHHSAM IIOCTaBUMO THII
B3a€EMHOIO NPOHUKHEHHs sK «Hemae npoHWKHEHHs», TOOTO BHOpaHi
KOMIIOHCHTH a00 Tijla He MPOHHKAIOTh OJWH B OJHOTO, HE3AJIC)KHO BiJ
3aJaHoi JUIs HUX YMOBH KOHTaKTy. 32 YMOBYaHHSM, SKIIO Aedopmaltis, o
Ma€ MicCIe IiJ] 9ac MOJETIOBAaHHS, NPU3BOJUTH 10 CaMOIEPETHHY Tija He
MIPOHMKAIOTH caMi B cebe. [licis 1poro 3agaeMo MOBEpXHI 3aKpiIUICHHS Ta
3aCTOCYBaHHS CHJIM TUCKY Ha HopuieHs (puc. 1, B).
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6)
Puc. 1 — Micus KOHTaKTy, 3aKpiIICHAS AeTalel Ta 3aCTOCYBaHHS CHIIN

PesynbraT mociipkeHp MOKa3ye, MO € HE3HAYHUI HaXWI MPYKUHH 1
B KOHCTPYKIII0 HEOOXITHO J10J]aTH OIOPHI Mai0u 3 000X KIHIIIB MPYKUHH,
00 BUKIIIOYHWTH IIOTIEpEYHE 3MIIEHHSI NPYXHHHU Bix oci nopuHs. 1100
3pO3yMITH NPUONM3HUA TEpPMiH CIIy>KOM IMTHEBMOLMIIIHIPA 1HCTPYMEHTOM
SolidWorks Simulation Mo>xe OyTH MPOBEACHO aHaITi3 BTOMH, 3a JIOTIOMOTOI0
SIKOTO OIIHIOETHCS e()eKT N3HOCY BiJ IMKIIYHUX HABAHTaKEHb MOJIEII.

[Insxom wmonemroBanus CAE cucteMoro AOCHIIKEHO CTIMKICT,
3THHAIbHA Ta pajiajibHa MPYXWH CTUCHEHHS, IIPH JaHUX i TeOMETPUYHUX
mapaMeTpax, Marepiaji Ta cxemMax HaBaHTakeHHS. BHW3HadeHO TrpaHWYHI
3HAYCHHS CHJI Ta CXeM ii Mii, a TAKOXX YCTAaHOBKH TPY>KUH y pa3i BTpaTH ii
crilikocti. BeraHoBneHo, 10 paniaibHa BTpaTta CTIHKOCTI — PO3IIMPEHHS
BUTKIB NPYXKHHHU, MOXKE MEPEHTH 31 301IBIIEHHSIM CHIIH y BTPaTy 3THHAIBHOT
criiikocti. IMOBipHO, TyT MoOXxe OyTH mepexin Bix npyxHux aedopmairiii
3riJHO 13 3aK0HOM ['yKa 70 3aUIKOBUX e opMalliid, o MoKe OYTH TEMOIO
MOJAJIBIIIOTO TOCIIiIPKEHHSI.

B nanmii yac BHPOOHHMITBO OCHAIIYETHCS BUCOKOIIPOIYKTUBHHM
oOJaHaHHSAM, IO Ma€ BHCOKHH CTYIiHb aBTOMAaTH3allii i, SK HACIiIOK,
BHCOKY BapTicTb. TOMy Il TaKMX CHCTEM 3MiHA JeTaji Ha 3aroTiBIIO
MTOBMHHA MaTH MiHIMalbHKH yac. Hampukiaz, npeca, 1e npuOupaTy TOTOBY
JeTalb BPYYHY HE pamioHaubHO. Taki KOMIUICKCH, IO IpALIOITH B
ABTOMAaTUYHOMY DPEXHMi, OCHALIYIOTHCS BHIITOBXYBadaMH, IO CKHAAIOThH
TOTOBY JI€Tallb Y KOHTEHHED.

CXeMaTH4YHO PO3IIIHEMO POOOTYy HaliBaBTOMATHYHOTO KOMIUIEKCY
JUISl LITAMITyBaHHS THHII HArPiBa4yiB TETUIO0OMIHHHUKIB, 1110 BUTOTOBIISIOTHCS
3a minensiero BTS Engineering (puc. 1).

ITpu 06poOIIi THCKOM MiJBHUILEHHS KiJTBKOCTI XOMIIB Ipeca 3aroTiBIi,
OTpPHMaHI, HANPHUKJIAZ, THYYKOH a00 TJIHOOKOI BHTSIKKOI, IOBHHHI
aBTOMATHYHO BHKHZIATHCA 3 npeca. Ha pucyuxy I nokazaHo npuknan. s
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3IITOBXYBaHHS JIETaJIeH Micisi poOOYOro Xoay MoTpiOHa IIoCcKa MOBEPXHS
HIDKHBOI 4YacTMHM mTammy. Skmo ne Moxe OyTm 3abes3nedeHo, Touxi
MoTpiOHO, MO0 pyX BHINITOBXYBaHHS BifOyBaBcsl nyroro. [IHeBMaTHUHMI
LWTHP BUPOOIIsiE BUIITOBXYBaHHs abo Oe3nocepeiHbo, a0 3a I0MOMOT0I0
BaKEJS, 10 KOJIMBAETHCA. Y AapHa Jisl THEBMATHKH y pa3i Ipa€ MO3UTHBHY
POIIb, OCKIJIBKHY JIeTaNb BIUINBAE YAAPHUH IMITYJIbC, | THEBMATUYHUH IMITIHAD
MOXKHa 3pOOMTH HE 3aHaATO BENMKMM. ToMy, SK TIpaBHWJO, HOTO
BCTaHOBJIOIOTh a00 Ha HIKHIA YacTHHI mTaMiy abo BcepenuHi Hei. [HOmI
IIPOCTO AOCTATHBO COIUIA JUIS 3AyBaHHS JeTaneil.

3amponoHOBaHWK ~ BapiaHT  BHKOPHCTOBYE B KOHCTPYKIIi
MTHEBMOLTIHADP OAHOCTOPOHHBOI Jil. AJle MU PO3TJISTHEMO BCI BapiaHTH
LWITHIPIB, SKI MOXKYTh OyTH BHKOPUCTaHi: OJHOCTOPOHHI TIPOILMIIHAPH 1
ITHEBMOLIMITIH/IPH.

Ha puc. 2 nokazanuii pe3ysnbrar BUnpoOyBanss Ne2, nuiniHAp YMOBHO
HE TOKa3aHWi. 3MilleHHsS MOPLIHS 100 MOYaTKOBOI IO3MIII CTAaHOBHJIO
76,526MM, TIpOTe TIporpama BKaszala, Mo 3arac MIIHOCTI i€l KOHCTPYKIIil
JIOpiBHIOE 1, M0 HAOMMKAETHCS IO TOpOTra PaliOHAIFHOTO 3aCTOCYBaHHS
HOTO BUPOOY.

HafiBaxmMBIIIOr0 XapakTepUCTHKOIO TIPOLECY pi3aHHS METalliB €
CHUIIa pi3aHHS, TOMY JOCIHIIKEHHSIM B Iiif 00JIACTi MPHUIUIAETHCS 0COOTMBA
yBara. OHUM 3 HAIPSAMKIB Teopii pi3aHHs € BUBUCHHS JHHAMIKA 3MiHH CHJIH
pi3aHHsS OpU 3MiHI TOBHIMHM 3pi3y, MPH LBOMY KOMII'IOTepHO-TrpadiuHe
MOJICITIOBaHHS JAHOTO Mpolecy (AMB. pUC. 3) € HOBUM IHCTPYMEHTOM ISt
YTOYHEHHS 1 KOPHUI'YBaHHS OTPUMaHHX paHille pe3yJbTaTiB Ha OCHOBI
KaHOHIYHUX 3aJIS)KHOCTIB.

TakuM 4YMHOM, JUI KOKHOTO JOCBiZly B TEHEpajbHy CYKYIHICTh
BXOJIAITh 6 BUMIPIOBaHb &,0 ,......0 4, 10 3 Bropi i 3 BHU3Y 3ar0TOBKH (pHC.

s
1, a), 32 AKUMH OGUHCITIOETHCA CepenHe X, = Z 5,

6)
Puc. 2 — BumiproBanHs cui pizaHHs quaamMomerpoM Y JIM-600 (a) i
BiIXMJICHB BiJl TUIOIIIMHHOCTI (0)
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s aHamizy pesynbTariB BuMiproBaHb (puc. 3, 0) 3aCTOCOBYEMO
METO/ TOYKOBHX jiarpaM (MeToJ Manux BHOIpOK), SKHH Ja€ Hao4yHe
YSBICHHS TPO XiA 3MiHM TOXMOOK B 4Yaci. TOYKOBI JAiarpamMu CTOIMO
HacTynHUM 4nHOM. [lo oci abcmuc BiAKIamaroTbCsi HOMEPH ITOCTIIOBHUX
BHUMIPIOBaHb, a IT0 0Ci OPJIUHAT Y BUTIISAAL TOYOK BiIKIAMAIOTHCS BiAXMIICHHS.
J1s KO’)KHOTO AOCBiAY (iKCyBajocs 3MiHa CHIIM pi3aHHA (pHC. 3, B).
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' PeskuMn pesamia
a) . B)

Puc. 3 — Touku BuMipy (a), miarpamu 3MiHH BIAXHJICHB Bij miockocTi (0) i
3MiHa 3Ha4eHb CHJI pi3aHHs (B)

Amnani3 jiarpam mokasye, 1o npolec CTIHKUI Mo po3CiIOBaHHIO, aie
HC CTIMKHIA MO MOJOXKCHHIO IEHTPY po3citoBaHHS. [liarpamMu BKa3yloOTh
HASBHICTh 3aKOHOMIPHO 3MIHIOETHCS B YaCi CUCTEMATUYHOT TOXUOKH.

[IpuyuHM, 1O 3YMOBIIOIOTH MOXHOKW, MOB'S3aHI 3 NPYKHUMH
nepopMalissMi, SK TPaBHIIO, PO3TIISHYTI HE3aJCKHO OAWH BiJl OJHOTO.
OpHak B Tporieci pi3aHHSA BOHM BUHHKAIOTH OJHOYACHO 1 B3a€MOJIIOYH,
BH3HAYAIOTh 3arajbHy BEIWYMHY TOXHOKM BiJ TpyXHOi aedopmarii.
Hanpuknan, B JaHOMY BHINAIKY PO3TIISIAIOCS TUTBKH MEPETHH MOTIEPEYHOTO
3pi3y, IpH IIbOMY HE BPaXOBYBAIHCS KyTH 3aTOYyBaHHSA iHCTPYMEHTY a0o
TEepTsl 1o 33/Hii noBepxHi. ToMy oTpUMaHa TiJIbKH

OTtpuMaHi 3aJ1e)KHOCTI He € Ppi3nyHnME 3aKoHaMu. BoHu oTpumani Ha
OCHOBI 00pPOOKH LIJIKOM peallbHUX EKCIIEPUMEHTAIIbHUX TaHUX, TOMY MalOTh
NeBHY O0JIACTh aJCKBAaTHOCTI. TOOTO 3a Mexamu Ifi€i obmacti ix
BUKOPHCTOBYBaTH HE MOXHa. Hanpukiaz, sSKIIo cujoBa 3alieXHICTh Oylia
oTrpumana Juis nojad Big 0,1 mm / 06 10 0,5 MM / 00, TO TIpH Moga4ax MEHIIe
0,1 a6o 6inbme 0,5 MM / 06 10 popMyITy BUKOPHCTOBYBATH HE MOXHa. Tomy
OyIb-sIKa EKCTPAIIOJIALIS 32 MEKaMHU 00JIACTI aIeKBaTHOCTI MOXE MPUBECTH
JI0 CYTTEBHX IMOMIJIOK B PO3pPaxXyHKaXx.
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CEKIISA: ABTOMATH3AIISI TA MEXAHI3AIIIS
3BAPIOBAJIBHOI'O BUPOBHUIITBA TA
METAJIYPT'II I TEXHOJIOI'Ti 3BAPIOBAJIBHOT'O
BUPOBHUIITBA

METO/] TIHBOBOI'O ®OTOTPA®YBAHHS ITIOBITPSIHOI'O
MMOTOKY IPU EJEKTPOAYI'OBOMY HAIIUJIEHHI 3
BUKOPUCTAHHAM IYJIbCAIIA
I.B. 3axapoBa, npod., a-p TexH. HayK, JIBH3 «IITY»

JocnimkeHo AMHAMIYHY CTPYKTYpY IIOBITPSIHOTO TIOTOKY 3
MEPEeIIKOIO0 Y BHUIVIAAL CXPEIIEHHX eJEeKTPOMIB MpH MOCTIHHIA 1
yJIbCyroUiit moayi moitps (3 yacrororo 10 120 I'm). PoboTy BUKOHYBanmm
3a JIONOMOTOI0 KOMIT FOTEPHOTO MOJIETIOBaHHS, (OTOBI3yamizamii «TiHi»
MIOBITPSIHOTO TOTOKY Ta XapaKTEPUCTHKH MIKPOCTPYKTYpU C(HOPMOBAHUX
MTOKPUTTIB. BcTaHOBIIEHO, MO TpH OOTIKAHHI MOBITPS B3JOBXK CXPEIICHUX
€JICKTPO/IIB i3 3230pOM 2 MM Y ITOTOII BHHHUKAE 30HA JICTIPECii 3 Mepenanom
tucky Bix 0,56 Mlla mo 0,01 MITa.

ITynbcarist TOBITPS TMPHU3BOIWIA O 3MIHH TUHAMIYHOI CTPYKTYpH
MMOTOKY B OiK 30UTBIICHHS TOBXXWHH 30HU, K4 OXOILTIOE OUTBIIY YaCTHHY
JIYTH, BIUTMBAIOYN Ha OKUCIICHHS PIJIKOTO MeTaiy

MopentoBanHss  B3a€MOJIl  MOTOKY  PO3MIJIIOIOYOro  rasy 3
nepemkogamMu (eIeKTpogamMu) BUKOHaHO 3a mpomomororo ANSYS CFX
simulation Ha ocHOBI po3B’s13KiB piBHAHL HaB’e—CTOKCa 32 TAKUX T'PAaHUYHUX
YMOB: THCK HOBiTpsiHOro 1otoky 0,56 MIla, Temneparypa 20 °C, a rycTiHa
nositpa  1,2754 kr/m°. EkcnepuMeHTalbHE OCHTIJKEHHS JUHAMIYHOL
CTPYKTYPH MOBITPSHOTO IMOTOKY IPOBOAMIIOCH 3 JOTIOMOTO0 “TIHBOBOTO™
¢dororpadysanns. Lleit MmeToxn 103BoIIsIE OTPUMYBATH Ta aHATI3yBaTH T'a30Bi

CIIEKTPOrpaMy MOTOKY r'a3y B 30HI TOPLIB eNeKTpoaiB (puc. 1).
1 2 3 6 7

Puc. 1 — Ecki3 ycTaHOBKH AJIs1 OTPUMaHHS ra30BUX CIIEKTPOrpam:
1 — mxepeno cBiTna; 2 — 00'eKTHB; 3 — rOJIOBKA METAIi3aTopa;
4 — momaya CTUCHEHOTO TIOBITpsI; 5 — omopa; 6 — GoToIuTiBKa, 7 — €KpaH
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lonoBka meranizatopa (3) OCBITJIIOBaNacsi TOYKOBHUM JIXKEPEIOM
ceitna (1). 3o0pakeHHS AWHAMIYHOI CTPYKTYpPH HOBITPSHOTO MOTOKY
npoekTyBajocs Ha ekpaH (7) 1 hikcyBanocs Ha ¢oToruiBLi (6). JJocmimkeHns
poBoAMIOCS Oe3 3aBeJeHHs JyTH; TUCK Y HOTOLI moBiTpst cranoBus 0,56
MIla (Butpara mositps 1,5 m%/xB). 300paxkeHHs Oymm 3poGieni 3a
JIOTIOMOT'OI0 CBITJIO-3€JICHOTO (iTbTpa B JBOX B3aEMHO NEPHEHIUKYJISIPHUX
HanpsIMKax, 100 OTPUMATH «BHA 300Ky» 1 «BHI 3BEPXY» EJIEKTPOIiB.

EnextpoxyroBe HammieHHS TPOBOMWINM Ha Metamizaropi EM-17,
OCHAIIICHOMY 3a3HAYCHUM MPUCTPOEM IIyJbCYIOUOi TMojadi moBiTpsa. Sk
€JIeKTPOJ] BUKOPUCTOBYBaJIM airoMiHieBuit npit mapku ESAB OK Autrod
5356 piamerpom 2,5 MM. [TOKpHUTTS HaHOCHIM Ha IUIACTHHH PO3MIpOM
100x100x7 mm, BUroToBieHi 3 M’skoi crani. [lapamerpu pexumy IIAP:
cuia ctpymy ayru — 100 A, manpyra ayru — 30 B, monmaua npoty — 80 mm/c,
BUTpara NoBiTps — 1,5 M%/XB, THCK MOBITPAHOrO MOTOKY Ha KPOMIIi COTLIA —
0,56 MIla, BizcTanp 10 MimeHs — 170 MM, IIBUAKICTD PO3MMICHHS IIOBEPXHI
— 6 M/XB.

MIiKpOCTpyKTypy TOKPHUTTIB XapaKTE€pU3yBaIH 3a JIONMIOMOTOIO
ontrnyHoro Mikpockona Optika IM-3Met Ha momnepeyHHX MiKpO30HIAX,
BUTOTOBJICHMX 33  CTAaHAAPTHOI  METAlIOrpadigHO0  MPOLEIYPOIO
MOJIpYBaHHA A0 JI3€PKaJIbHOI MOBEPXHI Ta TpaBieHHA 4 00. % HITOBOTO
peakTuBy. 300pak€HHS CTPYKTYpH 3aCTOCOBYBAIH MJISI PO3PaxXyHKY
00’€MHOT 4acTKH OKCHUIIB 32 MeToioM Po3iBans. /st koxkHOro pexumy EAS
BUKOPHCTOBYBaJIM I’ATh 300paxkeHb muomeo 50 M’60 MM y KBajparti 3
NOAAJBIINM YCEPETHEHHIM Pe3yJIbTAaTIB.

PET'YJIIOBAHHSI EHEPTETUYHOI XAPAKTEPUCTUKH
3BAPIOBAJIBHOI IVTH
C.B. llerunin, npoo., a-p Texs. Hayk, JIBH3 «I[1IATY»

ITpwu 3BaproBaHHI TpyO BHACIIIOK KOHIEHTpAIil MAarHITHOTO HOJS B
¢depomarHiTHIA TpyOi, IO BOJOII€ BEIMKOI0 MAarHiTHOIO MPOHHUKHICTIO,
3pocTae Mar"iTHEe TOJe, MarHiTHE TYTTS, TOBXHWHA JYyTH 30UIBIIYETHCS IO
0o0OpuBY, MOPYIIyEThCS CTAOUIBHICTD Tpolecy, (GOpMyBaHHs WIBIB 1
3HWXKYETbCS yAapHAa B SA3KICTh. 3BapHUX 3’€AHAaHb. ToMmy 30iNbIICHHS
ymapHOi B’S3KOCTI 3BapHHX 3’€IHAHb € BAXIMBOIO HAyKOBO-TEXHIYHOIO
npooIeMOI0.

[Tpu enexTpoayroBOMy 3BaplOBaHHI FOJIOBHOIO € AyTa, SIKa CTBOPIOE
MarHiTHE 10JjIe, MHY-e()EeKT, Mif A€ TKOr0 BUHUKAE THCK JyTH, BU3HAYAE
MarHITOTiAPOJUHAMIYHI SIBHINA, pPyX MAyTH 1O TOPIIO eJIeKTpoda i
3BapIOBAJIbHIN BaHHI, BIIXWJIECHHS AYTM B CTOPOHY MEHIIOIO MarHiTHOTO
T0J1s1 1 TIepeMIIlieHHs piikoro MeTairy, popMyBaHHS IIBIB 1 yAapHY B SI3KICTh
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3BapHHUX 3’ €IHAHb.

Pinxuii Metan 3BaploBaJIbHOT BAHHM HE MarHiTHHH, OJIHAaK MarHiTHe
mmojie Jii€ Ha MeTall, SK Ha MNPOBIIHUK 3 CTpyMOM. MarHitHe ayTTS i
MarHiTOTiAPOANHAMIYHI SBHINA 3HAYHO IOCHJIIOIOTHCS NpPU 3BaplOBaHHI
TpyO, TaK K CHIIOBI JiHII MarHiTHOTO TIOJS MPArHyTb HPOWTH IO HUIAXY
HaliMeHIIoro omopy B (epomarHiTHIA TpyOi. ToMmy mpu 3BapioBaHHI TpyO
CTBOPIOETHCS MAarHITHE IT0JIE 3BapIOBATBHOTO CTPYMY B T-pa3 OLIBII HiX IpH
3BapIOBaHHI IUIACTHH.

3pocTae eneKTpoMarHiTHa CHja, MiJl JI€I0 K01 Ayra BiIXWUIAETHCS B
CTOPOHY MEHIIOTO MAarHITHOTO TOJS 10 OOpWBY, MarHiTHe myTTs,
MOPYIIYeThCS CTabOiIBHICTE Tporecy, (OpMyBaHHS IIBIB 1 3HIKYETHCA
ylapHa B’SI3KICTh 3BapHUX 3’€/IHAHb.

EnexTpomarHiTHa cuia, 10 i€ Ha JAyry, HOpsSMO IpOINOpIiiiHa
BEJIMYHHI CTPyMY /, IHIYKII MarHiTHOTO moJisi B i mowxkuHi ayru Ly Fey =
IBL; . 3 3pocTaHHSM IOBXKMHHU JYTH €JIEKTPOMArHiTHA CHJIa TIOCHIIOETHCS,
IO TPHUBOIUTH JI0 MArHiTHOrO IyTTs, HMOPYIIyE CTaOUIBHICTH 1 3HUXKYE
ylIapHYy B’S3KiCTbh 3BapHUX 3’ €THAHb.

Ha nmixcraBi mociiUkeHb 3BapiOBaNbHOI JIYrH  BCTAHOBJIEHO
3aJeXKHICTh HANpyTrd BiJ JOBXHHM JYI'H. 3TIAHO EHEPreTHYHOI
XapaKTEePUCTUKHU YT 31 30UIbIICHHSIM JOBKUHN HAIpyra Ha Jy3i 3pOCTae.
3a IONMOMOTOI0 BHCOKOMIBHIKICHOI KiHO3MOMKH 1500 KamgpiB B CEKyHAY
BCTAaHOBJICHO, IO Ayra 00epTaeThcs MO TOPLIO CTPIYKOBOTO ENIEKTpona 3
mBuaKicTiO 3,3 M/c. Beranosieno, 1mo (opma elIeKTpoia BIUIMBAa€E Ha
€HEepPreTUYHy XapakTepucTHKy nyrd. [Ipu 1mpoMy cyma NpHeIeKTpOIHHX
HaJiiHb HAINPYT 3aJIEKUTh Biji poOOTH BUXOJLy EJIEKTPOHIB 3 MOBEPXHI KaTo/a
1 He 3QJICKHUTh BiJ (OPMH EIEKTPOJa, IO MIATBEPIKYE TOJOBHY POJIb
ABTOCJICKTPOHHOI eMiCil B Iy3i 1 KOHIICHTPAIIIO TyTH MiJ] i€ MHY-I(EKTY.

Jlyra BU3HAUa€e eHeprito, miHY-ePeKT, OOCPTAHHS JIyTH, KA MEePEIAE
SHEeprito MeTally, TEIUIOBKIIA/ICHHS, TEMIIEPATYPY, TPOLECH B 3BAPIOBAJIbHIIN
BaHHI, CTPYKTYpHI Ta ()a30Bi IE€pPEeTBOPEHHS, 3Baplo-BaJIbHI HANPYTH,
IIBUJKICTH KpHCTali3amii, CTPyKTypy, MDKAaTOMHY BiACTaHb, MDKaTOMHI
3B’SI3KH 1 yIapHY B’S3KIiCTh 3BapHUX 3 €IHAHb.

Ilig mieto miHY-ehekTy B OONACTI €NEKTPOAa 3 MEHIIOK IUIOMICIO
CTBOPIOETHCS 3HAYHHUN THCK i BUHUKAIOTHh IIA3MOBI TIOTOKH BiX OLIBIIOTrO
THUCKY /IO MEHIIOro B 00;acTi cToBma Ta TUCK ayrH, KiHeTuuHa eHepris
IUIa3MOBHX MOTOKIB ITEpeaeThCsl METATy BaHHH, SIKUH PYXa€eThCs 3 KpaTepa
B XBOCTOBY YaCTHHY BaHHH, L0 BH3HAYa€ TEMIIEpaTypy BaHHM 1 yIOapHY
B’SI3KICTh 3BapHHX 3’ €/IHAHb.

Jist migBUINEHHST yIApHOI B’SI3KOCTI 3BapHUX 3’€HaHb HEOOXIIHO
3MEHIYBaTH  CHEPrilo,  TEIUIOBKJIAJCHHS,  TEMIIepaTrypy  Meraia
3BapIOBAJBHOI  BaHHM, MIKPOCIIOTBOPEHHS  KPHUCTAIIYHOI  PEIIiTKH,
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MIKpOHAIPYT'H, LIUIBHICTh AMCIIOKALil, 3BapBallbHI HANpyrH, , KUIbKICTh
HAIUIABJICHOTO METally 1 37piOHIOBATH CTPYKTYPY.

EdekTuBHEM crOcOOOM 3MEHIICHHS €HEprii € IIiJBUIICHHS
LIBUJKOCTI 3BaplOBaHHS, IO 3HIXKYE INOTOHHY €HEprifo, Ta CKOPOUYCHHS
JOBXKUHM 1 HANPyTH HA Oy3i, sSKe 30UIbIIye MBUAKICTE OOEpTaHHS IYTH,
miHY-e()eKT, KOHIIEHTPAIIIO TyTH i eHeprii, e(peKTUBHICTh TeTUIOBKIIAICHHS,
3HIDKCHHS 3BapHUX HAmpyr, 3pOCTaHHA LIBUAKOCTI KpucTaizauil,
3npiOHEHHS CTPYKTYpH, 3MEHIICHHS MDKATOMHOI BiICTaHi 1 3pOCTaHHSA
MDKaTOMHHMX 3B SI3KIB.

Po3pobmeHo  mporec  OZHOCTOPOHHBOTO  BHCOKOIIBHIKICHOTO
3BaprOBaHHs TPyO Ui ra3o 1 HaQTOMPOBINHMX MaricTpajiei CKIaJIO0BUM
€JIEKTPOJIOM HAa HU3bKIH €Heprii, skl 3a paxyHOK KOHIEHTpalii Ayrw,
CTaOUTbHOCTI, 3MEHIIIEHHS €HepTii, TETUIOBKIIA/ICHHS, 3BapIOBANEHIX HAIIPYT,
3NpiOHEHHS CTPYKTYpH, CKOPOYEHHS MIKATOMHOI BiJCTaHi Ta 301IbIICHHS
MDKaTOMHHX 3B $I3KiB 3a0e31edye MiJIBUIIEHHS YAapHOI B SI3KOCTI 3BapHUX
3’egHaHb B 2-2,5 pa3u. MiHiMyM eHeprii — MakKCHMyM YIapHOi B SI3KOCTI
3BapHHX 3’€JIHAHB.

EJJEKTPOMATI'HITHA TEOPISA YTBOPEHHS NIJAPI3IB IIPU
BUCOKOIBHUJIKICHOMY 3BAPIOBAHHI
C.B. Ulerunin, mpod., a-p TexH. HayK, JABH3 «ITJITY»

Haii6inpi eeKTHBHUM CrIOcOOOM 30UNbIICHHS YAapHOI B’s3-KOCTI
3BapHUX 3’€IHAHb TPYO € TIJBHUIICHHS [IBHIKOCTI 3BapIOBaHHS, IO
00MEXEHO YTBOPEHHSIM MiJPi3iB, AKi SBISIOTHCS KOHIEHTPATOPAaMH HAIpyr
1 3HIDKYIOTh yAapHy B’si3KicTb. Tomy 30UIbIIEHHS ynapHOi B’S3KOCTI €
Ba)KJIMBOIO HAYKOBO-TEXHIYHOIO IIPOOJIEMOIO.

Jns 30imbIneHHsT yoapHOT B I3KOCTI 3BapHMX 3’€IHaHb HEOOXiIHO
MiJABAIINTA IIBUAKICTh 3BapIOBaHHS, IO 3HIDKYE TIIOTOHHY €HEprilo,
3a0€3MeYNTH  BiACYTHICTH  MiAPI3iB, 3MEHIINTH  MIKPOCIOPBOPEHHS
KPHUCTAJIYHOI peNIiTKH, MIKPOHATIPYTH, IIUTEHICTD TUCIIOKAIIIH, 3BapIOBAIbHI
HAIPYTH 1 3piOHIOBATH MIKPOCTPYKTYPY.

JI71st BCTAaHOBIIEHHS IPUPOAN YTBOPEHHS MMiPi3iB TOCIHTIHKEHO BILTUB
LIBUJKOCTI 3BapIOBaHHs Ha MarHiTHE MOJI€ 3BapIOBAIILHOTO CTPYMY.

BumiproBanHsT TPOBOAMIM BUMIpPIOBaYeM MArHiTHOI  1HIYKITi
EM4305, B sxomy BuUKOpHUCTOBYeTbcsi edext Xosmma. Hlym, s
BUMIPIOBaHHS 1HIYKILii MarHiTHOTO TIOJIs, BCTAHOBJIIOBAJIM B YKOPCTKO
3aKpiIJICHUI Ha 3BapIOBAILHOMY aBTOMaTi KBapleBUH i30J5TOp, y (GopMi
poOipKH, KU, BHACIIIOK HU3bKOI TEIIONPOBITHOCTI KBapIly, 3abe3neuye
HE3HaYHHWH HarpiB 30HAA 1 MakCHMaJbHO MOXJIMBE HAOJIKCHHS NaTdvKa
Xomra A0 Ayru i pigkoro merany BaHHU. [Ipu HaOMMKEHHI MO AyTH 1

119



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

OCHOBHOTO MeTajly Ha Biactanb MeHm 0,016 M, kBapueuid i3014TOp 1 30HA
PO3ILIABIISIIHCS.

B pesynbrati mpoBeICHUX JOCHTIHKEHb BCTAHOBJICHO, IO 1HIYKIIiS
MarHiTHOr0 TOJs B 30HI CIUIaBICHHA B, mNpW  3BaproBaHHI BiX
CTPYMOIIPOBOLY, 3pOCTa€, BHACHINOK 3MCHIICHHS TEIUIOBKIAJCHHS B
OOKOBHX POMKax, 3HW)KCHHS €NEKTPUYHOTO OIOPY i 30LIBIICHHS CTPyMY.
[HOyKLis BH3HAYa€ MarHiTHUHA THCK Ha MeTal B 30HI cIUiaBieHHA. [lpu
30UTBIIICHH] IIBUIKOCTI 3BapIOBaHHS, 3pOCTAE CIPSIMOBAHUN HU3 MAarHiTHUI
TUCK Pc, ming miero sSKOro pigkuii MeTan CTikae 3 KPOMOK BaHHH, IO
TIPU3BOIUTH 10 YTBOPEHHS MiAPi3iB.

Po3pobinieHa enekTpoMarHiTHa Teopis yTBOPEHHS MiJpi3iB, 3TiIHO
KOl ~NpH  MiBUIIEHHI  MIBUAKOCTI  3BapiOBaHHs  3MEHILIYETHCS
TEIJIOBKJIAJCHHS B OOKOBI KPOMKM BaHHHM, EJIEKTPUYHHH OIp SKUX
3MEHIIYETHCS, 10 NPUBOAMTH JI0 30UIBIIEHHS CTpyMy. [HAYKIIisl MarHiTHOrO
TI0JIs 3BAPIOBANIHOTO CTPYMY HOIEpery IYr'H He 3MIHIOEThCS, 10331y AyTH
3MEHIIYEThCS 1 3pOCTae y OOKOBHX KPOMOK BaHHH. [liIBHINYeThCS
CIpSIMOBAaHUN BHI3 MarHiTHUN THUCK, ITiJ] Ai€I0 SIKOTO PiTKUI METaN CTiKae 3
0GOKOBHX KPOMOK BaHHH, 1110 IPUBOANTH IO YTBOPEHHS MiIpi3iB.

Ha ocHOBI enekTpoMaruiTHOI TeOpii yTBOPEHHS MiIPi3iB po3poOIeHO
IpoLec OJHOCTOPOHHBOTO BHCOKOIIBHJIKICHOTO 3BapIOBaHHS CKJIAJOBUM
eIEeKTPOAOM, SKAH MicTUTh ApiT 1 U-TomiOHY CTpiduKy, NPSMONIHIAHI
JUISTHKK KO PO3TalloBYIOThCs Tonepeny Apory. Ilo Topio crpiuku B
NOZOBKHBOMY 1 MOMEPEYHOMY HANpsIMKax 00epTaeThCsl Iyra, 10 30UIbIIye
TEIJIOBKJIAJICHHS Y OOKOBHX KPOMOK 1 €IEKTPUYHUI OMip, 3MEHIILYE CTPYM,
IHAYKITO 1 COPSMOBAHUN BHU3 MAarHiTHHH THCK, IO 3aMo00irae yTBOPCHHIO
miapi3iB,  3abe3neuye  3aApiOHEHHS  MIKPOCTPYKTYpH,  3MEHIIEHHS
3BapIOBAJIBHUX HATPYT, MIXKATOMHOI BIJICTaHi, MiJBUIICHHS Mi>KATOMHIX
3B’SI3KiB 1 yAapHOI B’SI3KOCTI 3BapHUX 3’ €HAHb.

[ligBuIeHHsT IIBUAKOCTI 3BapIOBaHHS INPHBOJUTH JO ITOCHIICHHS
MiHY-e(DEeKTy, OXOJO/KCHHS 1 3MEHIUEHHS MiaMeTpy Iyrd, 30UIbIIeHHS
OIBUAKOCTI  KpHCTami3amii, MOAPiIOHEHHI0O CTPYKTYypH, CKOPOYCHHS
MDKATOMHOI Bi/ICTaHi Ta 3pOCTaHHSI Mi>KaTOMHHX 3B’ SI3KiB.

EnexktpomarHiTHa TpHUpOAa YTBOPEHHS IMiAPI3iB MiATBEPIKYETHCA
THM, IO TIPX 30UIBIIEHH] TOBITIMHH 3BAapIOBAJIFHOIO METANTy CXHIBHICTH J0
YTBOPEHHS Mixpi3iB 3poctae. Lle MmosICHIOEThCS THUM, IO TpH 301TBIICHH]
TOBUIMHU 3pocTae (epoMarHiTHa Maca, IHIYKLiS MAarHiTHOrO TOJIs
3BapIOBAJIBHOTO CTPYMY 1 B KBaJPATHYHINA 3aJICKHOCTI CIIPSIMOBAHUN BHU3
MarHiTHUH THCK, MaKCHUMaJbHE 3HAUCHHS SIKOTO PO3TAalllOBYEThCS Ha
TIOBEPXHI, JIe YTBOPIOIOThCS Miapizu. [Ipn BUCOKOIIBHIKICHOMY 3BapIOBaHHI
TOHKOTO MeETaJly WiIpi3W HE YTBOPIOIOTHCS, TOMY /ISl 3amoOiraHHs
YTBOPEHHSI MiJpi3iB HEOOXIZHO 3MEHIIYBaTH TIJIMOMHY IPOIUIABIICHHS,
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€Heprito, TeMIeparypy, 3BaploBalbHI HANpYyrH, MIKpPOCIIOTBOPEHHS
KPHUCTaJIIYHOI PEIIiTKH, MIKPOHANPYTH Ta IUIBHICT TUCTIOKALIIH.

Po3pobiieHo  mporiec  OJHOCTOPOHHBOTO — BHUCOKOIIBHUIKICHOTO
3BapIOBaHHs TPYyO Ul Ta3o- i HAQTONPOBIAHUX MaricTpaield CKIJIaJO0BHM
eIeKTpoIOM, Imo  3aleslmedye  BIiACYTHICTh  IIpi3iB,  3HIKCHHS
MIKpOCIIOTBOPEHHb ~KPUCTAJIYHOI PEUIITKH, MIKPOHANPYT, MIUIEHOCTI
MUCIOKAIiK, 3BaplOBAlbHUX HANPYT, 3ApiOHEHHS MiKpOCTPYKTYpH,
CKOpOYEHHSI MIDKATOMHOI BiJCTaHi, MiIBUIIEHHS MDKaTOMHHUX 3B S3KiB 1
yAapHOI B I3KOCTi 3BapHUX 3’ €IHAHb B 2-2,5 pa3u.

BUCOKOIIBUJIKICHE HAIIJIABJIEHHSI HA HU3BKII EHEPTTI
BAHJA’KOBAHUX OIIOPHUX BAJIKIB
C.B. llerunin, npod., a-p TeXH. HAYK,
B.L. lllerunina, npod., n-p Texu. Hayk, JIBH3 «I[IATY»

BanpaxoBaHi ONOpPHI BaJKH, IO MOMEPEKYIOTh IPOTHH 1 TOJIOMKY
pobounx YaByHHHX BaJKiB, €KCIUTyaTyIOThCS NpPH BHCOKHX THCKaxX 1
BUTOTOBIISTIOTHCS 3 BUCOKOBYTIIENeBOi crani 90X®d, cXUIbHOT 10 yTBOPEHHS
rapsiaux i XOJIOJHUX TpimuH. ToMy po3poOka mporiecy HaIIaBICHHS, IO
3abe3neuye MiaBUIICHHS TPIIIMHOCTIMKOCTI Ta 3HOCOCTIMKOCTI, € BaYKITHBOO
HAyKOBO-TE€XHIYHOIO TIPOOIEMOTO.

bangaxoBanuii onopuuii Basiok crany 3000, miametp sikoro 2,1 M,
noBxuHa Ooukm 3,0 M, sarajbpHa JoBXkMHA 8 M 1 maca 120 ToHH
BUTOTOBIISIETBCS 3 OCI Ta HAAITOro 3 HaTsroM Oanaaxy. [Ipu HarpiBaHHI
OaHaxy niaMeTp 30UTbIIyeThCs, 1 OaHIaX HaNIiBa€Thbcs Ha 0OCh. llpum
OXOJIOJUKEHHI Jiamerp OaHOaKy 3MEHIIYETHCS 1 YTBOPIOETHCS MillHA
nocaska OaHjgaka Ha ochk. IIpum 1boMy B OaHAaXi BHHUKAIOTH BIIACHI
Halpyrd, TOMY HAaIUIaBJleHHS OaHJaKOBAaHMX OIOPHHX BaJKiB HE
TIPOBOAMIIOCE.

3riziHO 3aKOHY 30epeKeHHs eHeprii, eHepris He BUHUKAE 1 He 3HHUKAE.
BoHa TiNBKM TEPETBOPIOETHCS 3 OJHOTO BHIY HA IHIIWHA, MPH IBOMY ii
3HaYCHHS 30epiraeThCsl.

ITpu enexTpomyroBOMy HAIUIABICHHI EHEPris AYTH, SIKa BKIIOYAE
TEIUIOBY Ta KiHETHYHY €HEPTil0 IIa3MOBHUX IMOTOKIB, IIepe-IaeThbes OaHTaXKy
1 CyMyeThCs 3 BIaCHUMH HallpyraMu OaHmaxa.

Jlns  HaruiaBieHHS OaHJaXXOBAaHUX OIMOPHHX BAJIKIB HEOOXIIHO
3MEHILYBaTH 3BaplOBaJIbHI HAINPYTH, TaK sIK 3TiAHO 3aKOHY CYIEPIIO3HLIl
HATPYTH CyMyIOThcs. Konm Hampyrs craiooTh Oiiblie MEXi MIIIHOCTI,
YTBOPIOIOTBCS TpilIMHU. TOMy TIpH €JIEeKTPOIyroBOMY HaIUIaBJICHHI
HEOoOX1/IHO 3HAYHO 3HMKYBATH 3BAPIOBAJIbHI HAIIPYTH.

EnexTponyrose HalulaBlICHHS OIOPHHMX BAJIKiB IPOBOAMIOCH HA
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HAIUTABOYHIH YCTaHOBI, SKa CKJIQJAETHCS 3 BaJbLIETOKAPHOTO CTAaHKA
BaXkoro tumy, ¢epmu Tta asromata AJ] 231. 3HayHumii niamerp
0aH/Ia)KOBAHOTO OIOPHOTO BaJKy Ta IEPUMETpP HE JIO3BOJIMIIM 3HU3UTH
LIBUAKICT HaruiaBieHHs a0 40 M/roj, TOMy HIBHIKICTh HaIUIaBICHHS
MiABHINEHA 10 75 M/TOL.

IIpn enexTpoxyroBoMy HaIUIaBJICHHI OaHIaXOBAaHMX OMOPHUX
BaJIKiB Ha pexwuMi: BenmunHa ctpymy 700-750 A, Hanpyra Ha my3i 30-32 B,
IIBUKICTH HAIUIaBIeHHS 75 m/ron OGanmax He 3mamancs llpw miaBHIEeHH]
ctpymy 1o 1500A i eneprii 6aHmax 3mamMaBcs.

[Tomomka OaHgaka IO3BOJWIA BiAKPUTH 3aKOH MiHIMyMY €HEprii,
3TiIHO SIKOMY — MIHIMYM €Heprii — MaKCUMYM SIKOCTI.

BcTaHOBNEHO, WO TpH 3HIKEHHI HANpyrd 3pOCTaEe MIBUAKICTH
00epTaHHs IyT'W TOPLEM eJIEKTPOA, OXOJIOHKEHHS 1 3MEHILYEThCS AiaMeTp
YT, TOCHIIOETBCS IHY-eEKT, JJyra KOHIEHTPYEThCS, 3HWKYETHCS
€Hepris, IUpUHA 1IBa, TEMIIEPaTypa, M>KaTOMHA BiJCTaHb, ITiIBHILYIOTHCS
MDXKATOMHI 3B’ SI3KH 1 TPIITMHOCTIHKICTb.

Ha oCHOBI pEeHTTEHOCTPYKTYpHOTO aHali3y BCTAHOBJIEHO, IO IPH
TTiIBUIIEHH]I €HEpPril 3pOCTal0Th MIKPOCIIOTBOPEHHS KPUCTAIIY-HOT PEIIiTKH,
MIKpOHANPYTH, MIUTFHICTD TUCIIOKAIIiH, 3BapIOBaIbHI HAIPYTH, TEMIIEpaTypa
MeTally, MeTaJl pO3IIUPIOEThCS, MDKATOMHA BiACTaHb 30iTBIIYETHCS,
MDKaTOMHI 3B’ I3KH 3MEHIIYIOTECS, [0 TPUBOJUTH IO YTBOPSHHS TPIilIIHH.

Jis  miOBUINEHHS TPINIMHOCTIMKOCTI HEOOXIAHO 3MEHIIyBaTH
eHeprito,  TeMmmeparypy  Merainy, 1o  3a0e3nedye  3MEHIICHH:
MIKPOCIIOTBOPEHb ~ KPUCTATIYHOI ~PElITKH, MIKPOHANpPYT, IILIBHOCTI
JIMCIIOKallil, 3BaprOBaJIbHUX HAIpyT, 3/piOHEHHSI CTPYKTYPH, CKOPOUCHHS
MDXKaTOMHOT BiJICTaHi, 3pOCTaHHSI MI>KATOMHHX 3B’SI3KiB.

BcranoBneno, mo e(peKTHBHHM CIOCOOOM 3MEHIICHHsI eHeprii €
BHCOKOIIIBH/IKICHE HAIUIABJICHHSI HAa HU3bKIH €HEprii 3a paXyHOK 3HWDKEHHS
HaNpyry Ha Ay3i, pH SIKiil Jyra KOHIEHTPY€EThCS, 301IbIIYEThCS IBHIKICTh
00epTaHHsI IyTH, 3MEHIITY€ThCS JIiaMeTp YTH, 3pOCTa€ MiHY-e(eKT, Mif A€o
SIKOTO Kparuti 3piOHIOIOTCS, TeMIepaTypa Kpaneilb i BAHHH 3HIDKY€EThCS,
CKOpPOYY€ETHCSI MIXKATOMHA BiJICTaHb, IMiJBUILYIOTHCS MIKaTOMHI 3B SI3KH 1
TPILIUHOCTIHKICTB.

Po3pobieHo mpolec BUCOKOIIBUAKICHOIO HAIUIABICHHSA HAa HU3bKIiH
eHeprii 0aHAa)KOBaHNX OTMIOPHHX BAJIKIB 32 paXyHOK 30UIbIICHHS IIBUAKOCTI,
3HW)KEHHS 3BapIOBAJILHOTO CTPYMY, €Heprii 1 Hanpyru Ha ay3i, Lo
3a0e3neuye 3MEHILIEHHS TeIIOBKIAACHHS, MIKPOCIIOTBOPEHb KPHCTAJIIYHOT
PEIIiTKYA, MIKPOHANPYT, HIUIBHOCTI IHCIOKAIlid, 3BaplOBAJBHUX HAIPYT,
TEeMIepaTypd BaHHH, MDKATOMHOI BIiJICTaHi, WiIBUIICHHS MiXKaTOMHHIX
3B’SI3KiB, TPIIIMHOCTIHKOCTI Ta BiJCYTHICTH IIOJIOMOK OaHIaXiB ONOPHUX
BaJIKIB.

122



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

BUCOKOWBUJIKICHE HAIIJIABJIEHHSI HA HU3bKI EHEPITi
3ACUIIHUX AITAPATIB
C.B. Uletunin, mpod., 1-p TexH. Hayk, JIBH3 «IIJJTY»

3acHIHUIT anapaT JOMEHHOT Iedi eKCIUTyaTy€eThCs PU adpa3HBHOMY
i ra3oabpa3sMBHOMY 3HOCaX, BHCOKMX TEMIlepaTypaXx 1 arpecHBHUX
CepeloBHIIAX. TOMY pO3po0Ka MpOoILeCy HAIUIaBICHHsS, 110 3ade3redye
MiIBUIIEHHS TPIIIUHOCTIMKOCTI Ta 3HOCOCTIMKOCTI, € BaXKIHBOIO HAYKOBO-
TEXHIYHOIO TIPOOIEMOIO.

TpimHN yTBOPIOIOTHCS, KOJU 3BapIOBaJIbHI HAPYTH CTAIOTh OTBIIIE
MEXI MIIHOCTi, TOMY JUIsS TIJBHIIEHHS TPILIMHOCTIMKOCTI HEOOXiqHO
3a0e3neuynTh MiHIMaJIbHI 3BaploBalibHI HANpPyrd, SKi BH3HAYAIOTHCS
nepopMartissMu.

Jis  focmipkeHHS BIUTMBY IIOTOHHOI BHEPTii Ha JIedopmarito
BUKOHYBAIIM 3BapIoBaHHs muactuH (8x120x900)-10° M i HannaBneHHs Ha
nnactunu (30x120x900)-10 M ck1agoBUM €1eKTPOOM 3 Pi3HOIO IOTOHHOIO
€HEepri€ro.

SIK BCTaHOBJIEHO, NpPW MiJBUINEHHI HIBHAKOCTI 3BaplOBaHHS Ta
3MEHIICHHI MOTOHHO{ eHeprii BHACIHIIZIOK 3MEHIIEHHS TEIUIOBKIIAICHHS
nedopmariisi OCHOBHOTO METaITy i 3BaplOBAIbHI HAPYTH 3HIKYIOTHCS.

3aJIeXHICTh 3BapIOBATBHUX HAIPYT BiJ] TOTOHHOT €Heprii:

9u
o> uE =+, Ia,
ﬂEVF

ne u — koeginient [lyaccona, st Byraenesoi craini, pu = 0,335a/cy;
qu

— TIOTOHHA eHeprist, M/{owc/m,

F — nonepe4na ceus riacTuum, m2,

Jedopmariis IIaCTHH 3aJICKHUTH Bifl 3BapIOBATBHAX HATIPYT:

lc—0
=0,613,|—*2 . m,
/ E

ne | — oBK¥MHA TUTACTHHH, M;
Cxp — KpDUTHYHE 3HAYEHHsI 3BapIOBaIbHOI HANpyTH, //a.
Kputnune 3Ha4eHHS 3BapIOBABHIX HATIPYT:

; _ﬂ25[5j2 -
kP~ A~ | 5|7 ’
12 \/

I[lpn Hampyrn OuLTBII KPUTHYHOTO BifOyBaeThCcs Jedopmaris
TUTACTHHH.
3 HaBeOEHHWX BHPA3iB CJiA, IO 3BaprOBANIbHI HANPYTH TPSIMO
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npornopiiiHi nedopmanii rmacTuHu:
f’E  n’E(6
o= r =g
0,613°7> 12 \I

31 3MEHIIEHHSM IIOTOHHOI €Heprii, MpW 3pPOCTaHHI MIBHIKOCTI
3BApIOBAHHS 3BAPIOBAJBbHI HANPYTH 3HIDKYIOTHCS, IO 3HAYHO Ii/IBUILYE
TPIIIUHOCTIHKICTB.

TpimMHOCTIHKICT,  HAIUIABIEHOTO  METally 3HAYHOI0  MIpOIo
BH3HAYA€THCS 3BApIOBANBHIMHU HANpYTraMy, SIKbl NPH HAIUIABJICHHI 3TiTHO
NPUHLMUITY CYNEPHO3UI] MiJICYMOBYEThCS, IO MPHU3BOAUTH J0 YTBOPEHHS
TpimH. HannaeiaeHHs 3HOCOCTIMKOTo mapy MpoBOIUTHCS 3a N'SITh 1 Oinblie
NPOXOMiB, TOMY 3BaplOBajbHI HANpyrd pi3KO 3pOCTAIOTh 1 TOBIIMHA
HAIUIABJICHOTO MIapy Ha Oik oOMexxeHa BenmdunHO 0,025 M, mepeBHICHHS
SIKOT IPU3BOJIMTH JI0 3HAYHOTO 3POCTAHHS 3BapIOBAJBHUX HAIPYT i BiAKOINIB
10 30HI CIUIaBJICHHS 3 OCHOBHMM METAJIOM, IO MiATBEPIKEHO IpH
HaIUIaBJIeHHI poOoumx BajikiB craHa 1700. IIpm HamnaBmeHHI Ha pobodi
BaJIKH 1rapy ToBmuHOW 0,04 M Ha OiK HATUTABJICHUI MeTal BiAMIAPyBaBCS IO
TiHil crutaBIeHHs. ToMy JOCTIKEHHS MPOBOAWINCS TPH I'SITHIIAPOBOMY
HaIlJIaBJICHHI.

BceranoBneHi 3aKOHOMIpPHOCTI IMiATBEPIPKEHO TIPH HaIUIaBJICH-Hi
KOHYCIB 3aCUITHUX alapariB BUCOKOBYIJICHIEBUMH JIPOTaMH, IO MICTATH 5,3
% ByTJICLIIO.

Jns  3HW)KEHHS 3BapIOBAIBHMX HANpPYT, MiABHUIICHHS TPILIH-
HOCTIMKOCTI KOHYCIB 3aCHUITHUX anapaTiB ONTHMAJILHUN BaJUK 3MEHIICHO 3
(20x3)103m z1o (10x2)103m i ToBIIMHA HaMIaBIEHOTO MeTaTy Ha Oik 3 0,025
M j10 0,012 — 0,017m.

Ha ocHoOBI mpoBeneHUX AOCTi/KEHb BIUIMBY NMOTOHHOI eHeprii Ha
3BapIOBAJIbHI  HANPYT'W  poO3poOJIEHO  MpOmeC  BHCOKOMIBHUAKICHOTO
HaIJIaBJICHHS Ha HM3bKIH eHeprii, mo 3ade3mnedye 3HWKEHHS ITOTOHHOI
€Heprii, = TeIJIOBKIIAACHHS,  3BapIOBAJbHUX  HANpPYT,  3ApiOHEHHS
MIKpOCTPYKTYPH, YTPAMAaHHS METaIly BiJl BUTIKaHHS 3 BaHHH, IIiJBUIICHHS
TPIIIUHOCTIMKOCTI, 3HOCOCTIIIKOCTI KOHYCIB 3aCHITHHX arapartiB i 3HIKCHHS
co0iBapToCTi MeTaIy.

MiHiMyM eHeprii — MAaKCUMyM TPIiIIHHOCTIHKOCTI.

2

,a.

CTATHYHA XAPAKTEPUCTHUKA 3BAPIOBAJIBHOI 1YT'H
[.B. Bonenko, noir., kauj. TexH. Hayk, JIBH3 «IIJJTY»

TpyOu mist ra3o- i HaQTONPOBITHUX MaricTpanell eKCIUIyaTyrThCs
IIPY BUCOKHMX THUCKaX 1 HU3bKMX TEeMIepaTypax, TOMY BUTOTOBISIOTHCS 3
BHCOKOMIITHUX CTallel, IIpPH 3BapIOBaHHI SKUX TPYIHO 3a0€3NEUUTH YIApHY
B’SI3KICTH 3BapHUX 3’ €HAHb.
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[Tpu 3BaproBaHHi TpyO 3HAYHO 3pOCTAE MAarHiTHE IIOJE 3Bapro-
BaJIBHOTO CTPYMY, MarHiTHE AyTTs, €JIEKTPOMArHiTHA CHJIa BIIXUIISE YTy B
CTOPOHY MEHIIIOT0 MAarHiTHOTO MOJIsS J0 OOpWBY, JOBXHHA IYTH 3pOCTae,
CTaOUIbHICTH 1 (OpPMYyBaHHsS IIBIB MOPYIIYETHCS, IO HPUBOIWUTH JO
3HIDKCHHS YAapHOI B SI3KOCTI 3BApHUX 3’ €THAHb.

[lpupona 3HWKEHHS YHApHOI B’S3KOCTI 3BapHUX 3’€IHAHb MPU
€JIEKTPOYTOBOMY 3BaplOBaHHI IOJsira€ B HarpiBaHHi Mmerana msa i 3TB,
TEIUTOBKJIACHHS, MIKPOCIIOTBOPEHHS KPiCTANIYHOI PEIIiTKH, MIKPOHAIIPYT,
OIUTBHOCTI  AWCIOKAIlif, TOsBI 3BapiOBaJbHUX HAINpPYT, 3pPOCTaHHI
MIDXKaTOMHOI BIJICTaHi Ta 3HWKEHHI MIKATOMHUX 3B’ A3KiB.

EdexTruBHEM CIOCOOOM 3HIDKSHHS SHEPTii € MiABUIICHHS IIIBUIKOCTI
3BapIOBAaHHs, II0 3MEHIIYE IIOTOHHY €HEprifo, 1 Hanmpyrs Ha Jy3i.
CKOpOYEHHS AOBXWHM JIYT'M 1 Halpyrd Ha Ay3i MPUBOIUTH N0 3HMKECHHS
JII0YO01 Ha YTy SJIEKTPOMArHITHOT CHJIH, TiIBUIICHHIO CTa0LTBHOCTI, TKOCTI
LIBIB 1 yZIapHOI B’SI3KOCTI 3BaPHUX 3’ €JHAHb.

Cratn4Ha XapaKTEepHUCTHKa 3BapIOBAIBHOI IyTH, SKa NPEICTABIISIE
3aIeKHICTh HANPYTH Bl 3BapOBAIBHOTO CTPYMYy, BH3HAYa€E YMOBH
ICHyBaHHSI IyTW, CTalOiIBHICT mporecy, (opMmMyBaHHS WIBIB 1 yJapHY
B’S3KICTH 3BapHHX 3’€qHaHb. OCHOBHUM (PaKTOPOM, IIO HiJBHIIYE YIOApHY
B’SI3KICTB 3BapHUX 3’ €/THAHB, € BUCOKA IIBUAKICTH 3BapIOBaHHS, sIKa 3MEHIITY€
MIOTOHHY €HEprifo, TEeIUIOBKIAJCHHS, MIKPOCTIOTBOPEHHS KPHCTANIYHOI
PCIIITKH, MIKPOHAMPYTH, IIUTBHICTh MUCIIOKAIlii, 3BaprOBabHI HANpPYTH,
3piOHIOE CTPYKTYPY, 3MCHIIY€E MI>KAaTOMHY BiJICTAHb 1 301JIBIITYE MI’KATOMHI
3B’SI3KH.

[Tpn 0AHOCTOPOHHBROMY BHCOKOUIBHIKICHOMY 3BapIOBaHHI Ba)XKJIMBO
3a0e3Me4nTH PIBHOBAry AYTH i PiIKOrO METaly BaHHH, 110 BU3HAYAETHCS
CTaTHYHOIO XapaKTEPUCTHKOIO JIYTH, sIKa 3aJIeXKUTh BiJl GOPMH EIEKTPO.IY.
[lpn 3BaproBaHHI JpPOTSHMM  EJIEKTPOJOM Jyra OOepTaeTsCst IO
KOHIIEHTPOBaHOMY TOPIIIO APOTY, ITPH 3BAPIOBAHHI CTPIYKOBUM €JIEKTPOJIOM
JIyra 00epTaEeThCs 10 TOPIO CTPIUYKH.

[ToOymoBy cTaTHYHOI XapaKTepUCTHKH TPOBOAWIM Ha TPIMIH
TNOJIAPHOCTI I CTpiukH mepepizoM (45x0,5)-10° M Ta mpory aiamerpom
5.10" M npu 36y mykeHHi gyru 1oBxkuHO0 4-107 M.

Ilpu mOOYmOBI CTATUYHMX XapaKTEPUCTUK JYTH B BiIKPUTIH
aTMocdepi HanmpyTy BH3HAYaIH 110 OCHHJIOTPaMi B MOMEHT BCTaHOBJICHHS
3a[1aHoi JOBXKHMHHU AyTd. BCTaHOBIIEHO, 1110 Y BIAKPUTIH atMocdepi rpagieHt
TOTEHITiaTy CTOBIIA TYTH, III0 TOPUTH HA CTPIYKOBOMY €JIEKTPO/Ii, BUIIE, HiXkK
Ha IPOTSHOMY BHACIIIOK CTHCHEHHS CTOBIIA ITPH OXOJIOKEHHI ITiJT 9ac pyxy
JYTH TI0 TOPIIO CTPIUKH:

BcranosneHo, mo crarnuna xapakrepucruka Uy = f(l) mpu |; = const
BIZAKPUTOI yTH, 1110 TOPUTH HA CTPIYKOBOMY €JIEKTPO/I, SK 1 Ha JPOTSHOMY,
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Mmae U-o0paszny dopmy. ITamaroua xapakTepuCTHKA MPH MaJOaMIIepHii Tyri
TIEPETBOPIOETHCS Ha HesallexkHy. [lepexin 1o 3pocTarodoi XxapakTepUCTHKU
BiZIOYBAETHCS ISl CTPIYKOBOTO €JIEKTPO/a IIPH HIKYUX 3HAYEHHSX CTPYMY
(I =90 A), vix s gpotsiHoro (1 = 200 A), o MOSICHIOETHCS TPUITHHEHHIM
3pOCTaHHSI IUIOMI KaTOAHOI INIIMH Ha CTPIUIli Yepe3 0OMEeXEHICTh Tepepizy
MIPY HIWKYMX 3HAYEHHSX CTPyMy MOpIBHSHO 3 IpoToM. [Ipm omHakoBomy
sHauenni crpymy (I > 90 A) nyra, mo Toputh y BimkpuTiii atmMocdepi Ha
CTPIYKOBOMY €IIEKTPO/Ii, OLTBIII CTHCHEHA, HiXK Ha JPOTSIHOMY.

IIpu 3BaproBaHHI Ha HU3BKIH HANPYTH Ha Oy3i 3pOCTa€ IIBUAKICTH
oOepHEeHHsI TyTH, OXOJIOHKEHHS 1 3MEHIITYEThCS JiaMeTp TYTH, [0 TOCHITIOE
MiHY-e(eKT, KOHIIEHTPAIIII0 i CAaMOPETYIIIOBaHHS TyTH.

[lpy OAHOCTOPOHHROMY BHCOKOLIBHIKICHOMY 3BapiOBaHHI Ha
HU3bKIH Hampyrd Ha Jay3i 3MEHIIYETbCS EHEprisi, 3pOCTa€ IIBUAKICTbH
o0epTaHHsI 1 OXOJIOMKEHHSI JYyrd, JiaMeTp JAyrd 3MEHIIYeThCs, Jyra
KOHLIEHTPYETHCS, ©(EeKTHBHICTh TEIIOBKIAAEHHS 3pOcTae, 30HA Tep-
MIYHOTO BIUIUBY CKOPOYY€EThCS, 3a0€3MEeUyeThCs CaMOpPETYIIOBaHHS,
piBHOBara, sikicHe (pOpMyBaHHS i1 ITIBUIEHHS Y1apHOi B’ I3KOCTI.

Po3pobimeHo  mporiec  OHOCTOPOHHBOTO  BHCOKOIIBHJIKICHOTO
3BapIOBaHHs TPYO Ul Ta3o- 1 HAQTONPOBIAHUX MaricTpaiell CKJIQJOBHM
CJICKTPOJIOM, SIKMHM 3a paxyHOK 3HWKEHHS HaIlpyrd Ha Jy3i 3abesmeuye
3MEHIIICHHS SHePTii, TeIIOBKIAACHHS, 3BapIOBAJIbHAX HAIPYT, 3ApiOHCHHS
MIKpOCTPYKTYPH, 3MCHIICHHS MDKATOMHOI  BiICTaHi, IIiJBHUIICHHSA
MIDKaTOMHHX 3B SI3KiB 1 y/IapHOT B I3KOCTI 3BapHHX 3’ €THAHb.

OJAHOCTOPOHHE BUCOKOIIBUJIKICHE 3BAPIOBAHHSI TPYB
JIJISI TA30-1 HA®TOITPOBITHUX MATICTPAJIEN
C.B. lletunin, npod., A-p TEXH. HayK,
B.I. Ulerunina, npod., n1-p texu. Hayk, ABH3 «IIATY»

O/HOCTOPOHHE BHCOKOIIBH/IKICHE 3BaploBaHHS TpPyO I raszo- i
Ha(TONMPOBIAHUX MaricTpaneli OOMEXEHO IOpYLICHHSIM CTaOUTbHOCTI
mporiecy 1 (GopMyBaHHS 3BOPOTHOTO BaliMka Ha (IIOCOBIA MOy,
YTBOPEHHSM MIJPi3iB i 3HWKEHHSIM YAapHOI B S3KOCTI 3BapHUX 3’ €THAHb.
Tomy po3poOka TpomeciB  OTHOCTOPOHHBOTO  BHUCOKOIIBHIKICHOTO
3BapiOBaHHSA TPyO, M0 3a0e3meduyroTh MIABHINEHHS SAKOCTI 1 yZapHOi
B’SI3KOCTI 3BapHUX 3‘€THAHP € BAKIMBOIO HAYKOBO-TEXHIYHOIO MPOOIEMOIO.

[Ipu OmHOCTOPOHHBOMY 3BaprOBaHHI Ha (DIFOCOBIM MOAYIILI Ha
MeTaJl BaHHU JIIOTh CIPSIMOBaHI BHU3 THCK Oyru PJI, THCK eneKkTpoxHoro
merany PE, marnitHuii Tuck PEM, rizpoanHaMiqHuil THCK PiIKOTO MeTaity
PI', Tuck ¢utocy P® i cipsimoBani Bropy THck noBepxHeBoro Hatary PITH i
TUCK (hirrocoBoi moaymku POIT.
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SlkcHe QopMyBaHHS 3BOPOTHOTO BajlWKa IPH OJHOCTOPOHHBOMY
3BaproBaHHi Ha (UIIOCOBIN MoaymIi 3a0e3MeUy€eThCs IPU PIBHOBA31 THCKIB,
JIIOYMX Ha PIAKUN MeTall 3BaploBaJIbHOT BaHHH:

P, +Py+Py, +P.+P, =Py, +PF,,

[Ipencrasnena MOJIETIb porecy OJJHOCTOPOHHBOT'O
BHCOKOIIIBH/IKICHOTO 3BapIOBAaHHS OTPHMaHa Ha OCHOBI €KCIIEpUMEHTaIbHIX
JaHHUX OILIABIICHHS CKJIAJOBOTO eJIEKTPO/a IPY 3BapIOBaHHi TpyO 11t ra3o-
1 HaQ TOPOBIMHUX MaricTpaeii.

lonoBHa poip B (opMyBaHHI INBIB NPH OIZHOCTOPOHHBOMY
BHCOKOIIBHKICHOMY 3BapIOBaHHI HAJIEXXUTb TUCKY AYTH, IO € Pe3yJIbTaTOM
miHY-e(eKTy, BH3HAYa€ MPOIECH B 3BapIOBaJbHIM BaHHI 1 3pOocTae 3
MIABHUIICHHSM IIBUKOCTI 3BapPIOBAHHS

Jlnst migBUINEHHS MIBUAKOCTI po3po0JieHa eNeKTpOMarHiTHa Teopis
YTBOPEHHS MiJPi3iB 1 CIIOCI0 BUCOKOUIBHIKICHOTO 3BapIOBaHHS CKJIQJIOBUM
€JIEKTPOJOM 3 ApoTy i U-monmiOHOT cTpiduKH, MpsMO- JiHIHI TUISTHKH SKOT
PO3TaIIOBYIOTECS TOTepeay Ipoty. Jlyra, o TOpUTh Ha HPSAMONIHIHKX
JUISTHKax CTPiYKH, 301IbIIY€e TEIUIOBKIIQJICHHS B OiYHI KPOMKH BaHHH. B
pe3yibTarti, SNeKTPUYHHUHN OITip 3pOCcTae, 3MEHIIY€EThCS CTPYM, depe3 OOKOBi
KPOMKH 1 CIIPSIMOBAaHMH BHU3 MarHiTHHUH THCK, IIO 3amo0irae yTBOPEHHIO
MiAPI3iB.

IIpy  OOHOCTOPOHHHOMY  BHCOKOIIBHIKICHOMY  3BapIOBaHHI
CKJIQIOBUM €JIEKTPOZOM Jyra OOEpTAacThCs IO TOPLIO eNeKTpona B
MO37I0B)KHBOMY Ta ITONIEPEYHOMY HANPSIMKaX, 0 IPHBOIHUTH 0 301IbIICHHS
oI, MO sKidH O0epTaeThCsi aKTUBHA IUIIMA, 3HWKEHHS THCKY
3BapIOBAJILHOT AyTH B 4 pasu Ta sikicHoMy ()OpMYyBaHHIO 3BOPOTHOTO BaJIMKa
Ha (PIIFOCOBIM MOMYyIII[I HE 3aJCKHO BiI 3a30py B CTHUKY. P0O3paxyHKOBO-
eKCIIEpUMEHTaNIbHI ~ JaHHI  MIATBEp/XKEHI NP OJHOCTOPOHHBOMY
BHCOKOIIBHJIKICHOMY 3BapioBaHHI TpyO Juii ra3o-i HaTONPOBIIHUX
MaricTpaiedi Ha (UIIOCOBIH MNOAYIINi, MpH SKIH THUCK TIOBITPS B
ITHEBMOIIUIAHTax 3MeHmyBanmu 3 3,5 arm B Marictpam mo 0,8 arm 3a
JIOTIOMOT'010 PEAYKTOPA, TaK SIK IPH BUPOOHUYOMY THCKY IIBH (hOPMYBaJIHCS
YBITHYTHMU.

TpyOu mist ra3o- i HaQTOMPOBITHIX MaricTpanell MalOTh KPUBU3HY 3
MaKCHMYMOM Y IIEHTPi, ToMY (DIFOCOBA MTOIYIITKa, Ha Ky Ha/liBa€ThCs TPyOa,
CKJIAIA€ThCS 3 JBOX PO3TAILIOBAHMX OJMH HAJA APYTUM ITHEMOIUIAHTIB, Lle
3a0e3neuye piBHOMIpHe mimkarTs ¢uiocy Ta  sKicHe QopMmyBaHHS
3BOPOTHOTO BAJIMKY IO BCiil moBXuHI TpyOH. [locTiiiHMIA BUIIT e1eKTpomy
IpU 3BapIOBaHHI 3a0e3NeuyeThCsl PO3TAIIOBAHMM Ha aBTOMATl KiHIIEBUM
BUMHKa4eM, SIKMU MiJIHIMAE 1 OMyCKae aBTOMAT B 3AJIE)KHOCTI BiJl KDUBU3HU
TpyOHu.

3HayHa poJNb NIPH  OJHOCTOPOHHBOMY  BHCOKOIIBHIIKICHOMY
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3BaprOBaHHI Ha (JIIOCOBIM MOIYIILI HaJEKUTh BUCOKIH IIBWAKOCTI, 3
MiJABUIIEHHAM $IKOi 30UIBIIyeThCS MIBUAKICT PyXy MeTally B BaHHI,
3HW)KY€ETHCS TIPOJUHAMIYHUN THCK, Ta 3pOCTa€ IIBUIKICTh KpHCTai3allii,
IO TIOTEpe/PKYye BHTIKAHHS pIJKOrO MeTaly Ta 3abesnedye sKiCHE
(bopMyBaHHs 3BOPOTHOTO BAJTHKY.

3 MiIBUIIEHHSM IIBUAKOCTI 3BapIOBaHHS 3HIDKYIOTHCS IIOTOHHA
€HEprisl, TEIUIOBKJIAICHHS, MIKPOCIIOTBOPCHHS KPHUCTATIYHOI pEeIIiTKH,
MIKpOHANpyTH, UIJIBHICTh JAWCIOKAIlif, 3BapioBalibHI Hampyru Ta
i IBHUIY€THCS YAapHA B’ SI3KIiCTh 3BAPHUX 3°€THAHD.

Po3pobimeHo  cmoci®  OZHOCTOPOHHBOTO  BHCOKOIIBHIIKICHOTO
3BapIOBaHHSA TPYO s Ta30-i Ha(TOMPOBITHMX MaricTpanell CKJIaJI0BHM
€JIEKTPOJIOM, 110 3a0e3nedyye 3pOCTaHHS IIBUIKOCTI 3BapIOBaHHS,
moIpiOHEHHS CTPYKTYpPHU, CKOPOYCHHS MIDKATOMHOI BiJICTaHi, ITiJBHIICHHS
MDKaTOMHHX 3B’SI13KiB, yJTapHOI B’ I3KOCTI Ta sIKICHE ()OpMYyBaHHS 3BOPOTHOTO
BaIMKY Ha (DIIFOCOBIH MOy He 3aJIe)KHO Bifl 3230y B CTHKY.

CYYACHMM OIIXIJ 1O MPOBJEMHA MIHIMIBALIL BIIXO/IIB
Y TEXHOJIOTTYHUX ITPOLHECAX
B.C. Bomomms, ipod., A-p TEXH. HayK,
T.I'. Janwnnosa, noi., kagg. TexH. Hayk, ABH3 «[IATY»

OOroBOpeHHs MUTaHb BiJXOJIOYTBOPEHHS y TEXHOJOTTUYHHUX YKJIaqax
€ BKpail aKTyaJbHUM ISl Cy4aCHOI'0 TEXHI30BaHOT'O CYCILIBCTBA.

He Bce rapasn i 3 BApOOHUITBAMH [IOCTOTO TEXHOJIOTIYHOTO YKIIay.
Taki TeXHOJIOTIi, K HAaHO-, 3aCHOBaHI Ha aceMOJIFOBaHHI HAHOBUPOOIB 3
BUXIJHMX HAaHOYACTHHOK, S$Ki, 3a 3arajbHOI0 iJe€I0 iX 3aCHOBHHUKIB
M. Taniryri, X. JIpekcnepa Ta iH, MoBHHHI OyTH NPaKTHYHO O€3BIIXOHUMH,
B JIaHWH 9ac TaKHMH HE €.

CrpyKTypa Cy4acHOI KIaCHYHOI CHCTEMH TEXHOJIOTIYHOTO IpOLecy
CKJIQIA€ThCS 13 TeXHIUHOI cucremu (puc. 1), MOKIMKaHOI 3abe3rnedyBaTH
3IiHCHEeHHS 1OTO mporiecy. Ha Bxomi Takoi cuctemMu 000B'SI3KOBUI TeAKUH
MaTepiaJbHUI CUPOBUHHUI NOTIK (S} - Oe3mepepBHUI ab0 AMCKPETHHH),
notik eneprii (E,), sSIKM OPUBOJMUTH B Ail0 IHCTPYMEHTH CaMOi TEXHIYHOT
cuctemu (TC), mo0 miTeCHpsIMOBaHO 3MIHIOBATH CTaH CHPOBHUHHOIO
Marepiaiy, a Takox iHdopmaniitanii norik (I,), kUil BizoOpaxae 3acodu Ta
JONYCTHMI YMOBH JJIsl IEPEPOOKH CUPOBHHHHX MaTepiajliB y MaTepianbHi
MIOTOKH TOTOBOI MPOIYKIIl (ﬁ) Ta BIIXOIIB (W) Ha Buxoni cucremn
TPaIUIIIHO MAEMO BJIaCHE KOPUCHY npoaykitito (P), 3apanu sikoi icHye naHa
BHUpoOHMYa cucTeMa Ta Bigxoau (W), cTpyKTypa i SIKICTh SIKMX JOBLIBHI, Ta
3aJIeKaTh BiJl 0araTbox (haKTOPiB caMOro BUPOOHUYOTO MPOILIECY.
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Puc. 1 - YMOBHa cxema TpaauIifHOTO TEXHOIOTIYHOTO POIIECY
(TIO3HAYEHHS 32 TEKCTOM)

1. CupoBHMHHMI TOTIK, SIK TPaBWIO, € MOJIKOMIIOHCHTHHM,
CKJIQIA€ThCs 3 "'n'" KOMITOHEHTIB 1 MPU3HAYA€ThCs ISl OTPUMAHHS KOPHUCHOT
NPOIYKIIT y BUIIISAAI HAWYACTIIIE OJHO-IBOKOMIIOHEHTHOI pedoBHHH (S, ).
Iami  kommonentn  (Si, k = 1(1)n) cupoBunHOi 0asu  sKmo i
epepOOSIAIOTHCS, TO TIIBKU THMH CAMUMU CIIOCO0aMH 1 TUMH K JKEpeIaMu
eHeprii, mo 1 OCHOBHMH KOMMOHEHT. | He Oimbire. SIKIIO OCHOBHHUI
KOMITOHEHT (S,) TepepoOiseThesi, HANPUKIAL, 3a JIOMOMOIOI0 TETIOBOi
€Heprii, To iHIIi KOMITOHEHTH (S}, ) CHPOBHHHOI 6231 TaK0XX TIePepOOIISIOTHCS
UM BHJIOM eHeprii. HaifyacTime BuUpoOHNYa cucTeMa He Mae 1HIIHNX JpKepelt
eHeprii.

2. Jlxepemo eHeprii B TEXHOJOTIYHOMY IIpoIeci OOHMpaeThes
BIJIOBITHO [0 iCHYIOUMX IH)KCHEPHUX YSBIIEHBb IPO CIIOCOOM OTPHUMAHHS
HEO0O0XiTHOTO KOPUCHOTO MMPOAYKTY i3 3aJaHOT MOJTIKOMIIOHEHTHOI CHPOBUHH.
ITpn nboMy BOHU 3a3HAIOTH AOBUIBHHUX MEPETBOPEHb, 110 POOIATH IX 3r010M
HENpUAATHUMH SIK TOBAapHY NPOAYKLIIO: TaKki KOMIOHEHTH ab0 4YacTHHH
CHPOBHHHM [UIi OCHOBHOTO TEXHOJIOTIYHOro Impouecy aedGopMyIOThCs
(cTpyxKa) B3a€EMHO CIIKalOThCs (IJIaKH), 3MILIYIOThCs (CHITYydl pe4OBHHH),
B3a€MHO PO3YUHSIOTHCS (3a0pyAHEHHS), TTHJT) Ta 1H. J[JIs1 KOPUCHUX 3MiH IHX
KOMITOHEHTIB TIOTpiOHA IHIIA EHepris, iHIII TEXHOJIOTIuHI yMOBH (iHILIa
iHpopMmauis). IcHyt04i TeXHOJIOTIUHI MpouecH B aOCOMIOTHINA OLIBIIOCTI /10
LbOTO HE NPUCTOCOBAHI (Taki 3aBIaHHS Iepe]] HUMH HIKOJIM HE CTAaBHIIHCS).
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Otxe, y caMOMy CIIPOILIEHOMY BapiaHTi, Ma€ PaBo iCHyBaHHS riloTe3a
y TOMY, IO MPHPOJA TOSBU BIAXOIIB MOXe OyTH y IBOX PIBHO3ZHAYHHX
CKJIQJIOBHX: 0araTOKOMIIOHEHTHOI CHPOBHHHOI 0a3i Ta JIOKaJIbHUX JKEpeax
€Heprii, 110 3aCTOCOBYIOTHCS Y I[bOMY TEXHOJIOTIYHOMY ITPOIIECi.

HesBaxkaroun Ha iCHYBaHHS y CBiTi BXKE IIOCTOTO TEXHOJOTiYHOTO
yKIaay, OiuIblIa YacTHHAa TOBApHOI NMPOIYKUIl Ta MPEIMETiB CIOKUBAHHS
BUTOTOBJIIETBCA y TEXHOJOTIAX M'SATOr0, YETBEPTOrO 1 HABITH TPETHOTO
TEXHOJIOTIYHUX YKJIamiB. | CyCHmiIbCTBO MOKHM IO HE HABYMIIOCS Hi
e(eKTHUBHO CIIPABIATUCS 3 BIIXOZaMH B JKEepeni iX BHHUKHEHHS xo4a 0 B
OTHOMY 3 iICHYIOYHMX TEXHOJIOTIYHMX YKJIAaJiB, Hi MiHIMI3yBaTH iX 10 piBHA,
0e31evHOro JUIs TOBKIILIS.

HoBi inmeonorii B TEXHONOTIYHMX yKIanax IIe TPUBAJIMH dYac
poOuBaTUMyTh CO01 Jopory. AJe 3a HUIMU IepcrekTuBa. BoHa nos's3aHa i3
ICHYBaHHSM JIIOJICTBa, a IOMY albTepHATUBH OYTH HE MOXKE.

PO3POBKA EKOHOMHOJIEI'OBAHUX HAIIJTIABHUX
MATEPIAJIIB 3 EPEKTOM CAMO3MIITHEHHSI B ITPOIIECI
EKCILTYATAIII
A.M. 3ycin, gor., kaua. Texd. Hayk, ABH3 «I[1IATY»

Pecypco3bepexeHHS € ONHUM i3 TOJOBHHX 3aBJaHb, B yMOBax
CYYaCHHX HiINPUEMCTB, aJKe MOCTiiHE 3pOCTaHHs 1iH HAa CHPOBUHY Ta iHIII
MaTepiald MPHU3BOISATH IO IMIJABHIICHHS BapTOCTI KIiHIEBOI MPOMYKINI 1
3HW)KEHHSI KOHKYPEHTOCHPOMOMKHOCT!I.

EnexrpomyroBa HamiaBka € OJHHUM 3 HAHOUIBII  IIMPOKO
3aCTOCOBYBaHHMX CIIOCOOIB BiJHOBIEGHHS JeTaled 1 I1HCTPYMEHTIB B
MpOMUCIOBOCTI. HammaBHi Marepianu 4acto He 3a0€3MEUYIOTh HAJICIKHHIX
MTOKa3HUKIB JIOBIOBIYHOCTI, 8 TaKOX MICTATh B CBOEMY CKJIaJli YHMATy
KUTBKICTh TOPOTHX JIETYIOUMX CIEMEHTIB TaKUX SK: HIKEJb, MOIOICH, THTAH
i iH. Lle mpu3BOIUTH 1O MiIBUIICHHS BapTOCTI POOIT.

OmHUM 3 TOJIOBHHX HAIPSIMKIB TPW CTBOPECHHI HAIUIABIIOBAIBHIX
MaTepianiB € OTPHIMAaHHS B HAIUIABICHOMY IIapi MeTally MeTacTabiIbHOIO
CTPYKTYPH, 3[aTHOI aJanTyBaTHCS 1O YMOB 30BHILIHBOTO BIUIMBY MpPHU
eKCIuTyaTalii 3a paXxyHOK camoopranizamii. /laHa 0coOIMBICTE IO3BOIISE
ICTOTHO WiABHIIATH MJOBTOBIYHICTH JA€Taleil MamIMH 1 KOHCTPYKLIH 1
e(eKTUBHO BHUPILIYBaTH NPOOIEMY pecypco30epekeHHS.

BaxauBuM HanpsiMKOM B po3poOli HaIIaBIIOBaJIbHUX MaTepiajiB €
3a0e3rneuyeHHss OTPUMaHHS B CTPYKTYpi Iopsii 3 iHIIMMHU (da3aMu
METacTaOUILHOTO ayCTeHITy, 34aTHOTO IIpU eKCIUlyartalii 3a3HaBaTh
MapTEHCHUTHI TEPETBOPEHHSI.
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ITopsim 3 BHCOKMMH €KCIUIyaTallilHUMH —BJIACTHBOCTSIMH, iM
MPUTaMaHHUAHN PsAJ HEJOMIKIB. J[0 HUX BiTHOCATHCS: BaXKKa 00OpOOIIOBaHICTh
pi3aHHSAM HAIJIaBJICHOTO METally pi3aHHSM, HOro HEJIOCTaTHs KOpo3iiiHa
CTIHKICTh. 3a3HauyeHi NPUYMHM OOMEXYIOTh 3aCTOCYBaHHS paHilie
PpO3pOOICHNX HATUIABITIOBATFHIX MaTEpPiaiB.

IToBeneni poboTu mo po3podmi ckiragy ¢IoCy Uil HAIUTaBICHHS
XPOMOMAapraHIeBUX NOPOIIKOBUX APOTIB.

3a paxyHOK BUKOPUCTaHHS po3po0IeHNX CKIaniB (hIrociB, OTpUMaHa
MOJKJIMBICTD PETYJIIOBaHHA XIMIYHOTO CKJIagy HAIUIaBICHOTO MeTaly,
BuKopucToBytour ouH juie apit [1I1-Ho-12X12T12CT, 3a paxyHOK 3MiHA
3MICTy THX YM IHIIUX KOMIIOHEHTIB B ckiami ¢urocy. Bee 1€ 103BONMIO
OTpUMYBaTH HEOOXi/HI eKCILTyaTalliifHi ITOKa3HUKY HAIUIABJICHOTO LIapy.

CEKIISI: METAJIYPTIMHE OBJIATHAHHS 3ABOJIIB
YOPHOI METAJIYPI'Ti

®PAKTOIPA®IYHUM I PEHTTEHOI' PA®IUHUIM AHAJII3
JIOKAJIBHO-JIETTOBAHOI'O METAJY
J.0. PaccoxiH, mo1., kaHn. TexH. Hayk, IBH3 «[IATY»

OmHiero 3 HaWBAXIUBIMIAX XapaKTEpUCTHK MpaIe3gaTHOCTI Ta
HAJIMHOCTI AeTanel € CXMIBHICTh A0 KPUXKOTO PYHHYBaHHS 3a 3HIDKCHHX
temrepaTyp. s BU3HAYECHHS IIHPOKO BHUKOPHCTOBYIOTBCSI CepiajibHI
BUMPOOYBaHHS Ha yJapHUH BUTHH (3 BHU3HAUCHHSM YJApHOI B'S3KOCTI,
BIZICOTKA B'S3KOi CKJIAZIOBOI B 3J1aMi) B IIMPOKOMY IHTEPBaJIi TeMIeparyp.
[IpoBenenHs BUIPOOYBaHb MIPU TEMIIEpATypax, 0 IOCTYIOBO 3HIKYIOThCS,
JIO3BOJISIE JIOCSITTH KPUXKOTo pyiHHyBaHHS. KpHBI 3aie:KHOCTI ynapHOT
B'I3KOCTI 1 BIZICOTKAa B'A3KOI CKJIQMOBOI Yy 3JaMi BiJg TemIepaTtypu
BUNPOOYBaHHS JJOCHTH MOBHO XapaKTEPHU3YIOTh XOJIOJHOJIAMKICTH CTajli, a
TEeMITEpaTypy Mepexony 3 B'I3KOr0 CTaHy B KPUXKHH, BU3HAYEHY 3a I[MMH
KPUBHMH, MOKHA BBaXXAaTH MIpOIO OITOPY KPUXKOMY PYHHYBaHHIO.

ITomomka BupoOy MOB's13aHa 3 po3'eHAHHAM (PYHHYBaHHSIM) HOTO Ha
IBi (a0 OiNbIIIe) YaCTHHH, SKi paHillle CTAHOBWIIN €IWHE ije. BUHUKHEHHS
MMOJIOMOK MOke OyTH TOB'3aHE 3 BIUIMBOM MEXaHIYHUX, XIMIYHUX YH
TepMigHHX (akTopiB. I[pHarHOO TOIOMKH MOXe OyTH HENTPaBWIBHUN BUOIp
MaTepiany Ta/abo TeXHoJIorii Horo oOpoOKW, a TaKoXX aBapiiHi yMOBHU
eKcIIyartarii. BUBUEHHsI MOBEPXHi 3/1aMy [O03BOJIA€ BU3HAYUTH NPUIMHU
pyHHYBaHHSI JOCJIJDKyBaHOro 3paska. s BuBueHHs Oynu BiniOpaHi
nociiani 3paszku: Ne C1, C4, nio Oynu nonepeaHbo MiKpoJieroBaHi kapoinom
BaHaIisl.

Y 3paskax NeNeCl, C4 BusiBIEHO BHYTDIIIHBO3EPEHHY
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(TpaHCKpUCTaniTHY) py#Hauito. Take py#HyBaHHS BiIOyBaeTbCcs 3a
MEXaHi3MOM CKOJTy 3 YTBOPEHHSIM CTPYMKOBOTO (Pi4KOBOT0) MiKpOpenbedy
(puc. 1). Ckin sBusge co0OI0 JIOKaJbHE pPO3LICIUIEHHS 32 IEBHUMH
KpHcTasorpagiyHUMH IUIOIIMHAMM, sIKe BiIOyBaeTbcsi B MeTanax, M0
BUSIBIIAIOTh CNA0Ky 3MaTHICTH a00 IMOBHY BiJCYTHICTH IO ITONIEPEYHOTO
KOB3aHHSI.

NeC1 NeC4
Puc. 1 - ®paxrorpamu 3paszkiB NeNeC1 Ta C4 (30inbmreHns a) x5000,
0) x20000)

PyiiHyBaHHS ~CKOJIOM BiJOyBAa€ThCs 3a3BHYall TPH  HU3BKHX
TeMIeparypax abo BEJIMKHX HMIBUAKOCTSX HABAHTAKEHHS, KOJIU y BEPUINHH
TPIIIMHY peaizyeThCsl YMOBa IIOCKOI gedopMartii.

TpimHA  CKONMy 3apOUKYIOTBCS B MICIAX, [€¢ YCJIaJHEHE
KpucranorpadiuHe KOB3aHHs, TOOTO Ha MeXaxX 3epeH, Ha MepeTHHaX
JIBIHUKIB, IJIOIIMH KOB3aHHS, HA BKJIIOYEHHSAX 1 YaCTMHKAx Apyroi ¢asu.
daceTkn 3 CTPYMEHUCTUM Bi3€PYHKOM CIIOCTEPIraroThCsl yCepeHHi 3epeH y
BUIVISAI CXOJIIB MK AUITHKAMH TPIIUHH HA Mapaie/IbHUX TUIOIHUHAX CKOJTY
JaHoro 3epHa (pucyHOK 1). Y Mipy NOIIMPEHHS Yepe3 3€pHO JTUISHKU
TPILMHU POCTYTh 3aBIIMPUIKK 1 HAOIMKAIOTHCSA OJiHA 10 0AHOI. CXOJMHKH
MK IUIOIIMHAMU CKOJIy SIBJISIIOTH COOOI0 MICIsl PYHHYBAaHHS TOHKHX
MEPEMUYIOK, MO 3'€AHYIOTHh JUITHKU TPIIIMHU CKOXy, o 30mu3mmmcs. Lli
CXOJTU CXOJISITHCS B OJJHY TOUKY, BiJl IKOT NOYMHAETHCS JIOKATIBHUI PO3BUTOK
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TPILMHY, TOMY 32 IX OpIEHTALIE€I0 MOXKHA CYJMTH TPO HANPSM IOILIUPEHHS
TPIIIUHA HA TAHOMY JIOKAITBHOMY JiJISHIIL.

BBenenns Banazito 30inblrye omip Kpuxkoi Tpimmau ctaii 35J1. [pu
[IFOMY Ha TOBEPXHSAX MaKpOKPHXKOTO 3JIaMy CIIOCTEPIracThCs 301IbIICHHS
SHEPrOEMHOCT] PYHHYBaHH:], YOMY CIpuUsie ApOOIeHHS (aceTok CKoly, a
TaKOXX PO3Tay’)KCHHS CXOMIB CKOJY BHACHINOK TajJbMYyBaHHS KPUXKOI
TPIIIMHU Ha MEXaX 3epeH Ta cy03epeH.

BuBuaroun BUI CKONy, PO3BUTOK TPIMIMHM Ha MPENCTaBICHUX
(¢pakTorpaM MOKHa 3 [OCTATHHOIO BIEBHEHICTIO CYAHTH TIPO SIKICTh
JIETOBAaHOTO METAITy B MOPIBHSIHHI 3 OCHOBHHM.

CYYACHI ITPOBJIEMU EKCILTYATAIIl JUCKOBUX IAJI Y
MMPOKATHOMY BUPOBHUIITBI
A.O. Imenko, npoo., a-p TexH. Hayk, C. B. Kamycrin, acmipanr,
JABH3 «IIATY»

Ha croronuimHii [eH TPOBEICHO PS TOCIIIKEHD Ta OITy OIiKOBaHO
JIesKl CcTaTTi Ha TeMy MiJIBUINEHHS CTIHKOCTI /0 3HOCY Ta €(pEeKTUBHOCTI
BHUKOPHCTAHHS ITHJI Tapsiuoro pizaHHA B yMOBaX Cy4acHOTO METalypriifHOro
BupoOHHITBA. OnIHAK, A0 TEMEpIIHBOrO Yacy OCTATOYHO HE BHIIICHA
mpobiieMa HU3BKOi MPOIYKTHBHOCTI NUISTHOK Pi3aHHS COPTOBOTO IIPOKATY,
00yMOBJIEHa HEJOCTATHHOIO MIBUAKICTIO MPOLIECY PO3KPOI MeTainy
JUCKOBUMH muiaMd. YacTkoBO I mpoOjema Oyina BHPINICHA HUISXOM
BOpoBa/pKkeHHs1 y 80 pokax MHUHYJIOIO CTOJITTS POTOPHUX IWJI, BiIMIiHHA
0COOJIMBICTB SIKUX CKJIAJIaNach y IiJBUIICHHI IIBUIKOCTEH MHJIBHOTO JUCKY
Ha MpoKar miJx yac pizaHHs. [Ipy 1pOMY 3ayMIIANUCS HEBHUPILIEHUMH
MUTAaHHS HAJIIHHOCTI IUX KOHCTPYKI[iH Ta BIOCKOHAJICHHS PS)KUMIB pi3aHHS,
30KpeMa IIBHAKOCTI 0OepTaHHS MWJIBHOTO JAWCKa. AJle 3a OCTaHHI IMiB
CTOJIITTS CYTTE€BUX 3MiH y NUTAaHHI BJIOCKOHAJIECHHS KOHCTPYKLIH MW Ta
PEXUMIB pi3aHHs He BiOyI0Cs.

Hafiuacrime mo ckmany oOmagHaHHS IUISHKA pi3aHHS BXOISTH
TIepecyBHI MUJIKH, 110 BKIIIOYAIOTH €JIEMEHTH 0€3YITOPHOTO pi3aHHs, i yIopu
JUTA 3yIHHKH MTPoKaTy. Take KOMOiHyBaHHS JO3BOJISIE 3AiHICHIOBATH Pi3aHHS
MPOKaTy B IIMPOKOMY [iama3oHi MipHMX HOBXHH. OIHIOIOYH iCHYIOUi
CXeMH, He00XiTHO COPMYITFOBATH OCHOBHI BIMOTH JI0 IUIAHOK pizaHH:. o
HHUX HacaMmIlepe] CliJ BiHecTu: 1) HasBHICTh pe3epBYy MPOAYKTHBHOCTI
HOPIBHSHO 3 NPOJYKTHBHICTIO CTaHy; 2) HaAilHICTh y poOOTi Ta MOXIIMBICTh
pe3epBYBaHHs; 3) TOYHICTH BIIPI3KM MIPDHUX JOBXKHH; 4) MOXJIHBICTH
LIBUJKOTO IEpeHANIaro/DKEHHsT Ha iHIIy MipHY JOBXHHY; 5) MiHIMajbHI
3aliMaHa IUIOIa Ta METAIOMICTKICTh. AJie BCi 1l BUMOTH y TIOBHIiH Mipi He
MOXYTb OyTH pealli3oBaHi IpX BUKOPHUCTAHHI iICHYI0YOT0 00J1aTHaHHS 1 TOMY
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HOTPIOHO BJIOCKOHAIEHHS, SK CaMUX KOHCTPYKLIH NI, Tak 1 OLIbLI
IpoyMaHoi opraHizauii poOOTH Ha TUITHKaX pi3aHHS IPOKATYy.

MNOCJIIAOBHICTb BUKOHAHHS AIATHOCTUKH
OBJIAIHAHHSI 3A YMOB BUPOBHUIITBA
B.M. KpasueHrko, mpod., 1-p TexH. Hayk, [I.B. Kokoxe#, ct. rp. MB-19,
JABH3 «[IATY»

[Tepum eTarmoM BHUPIMIEHHS 3aBJaHb TEXHIYHOTO NiarHOCTYBaHHSA €
(opMyBaHHS TEpeNiKy MAIIWH, M0 MIarHOCTYIOThCcA. O3HAHOMIICHHIO 3
KOHCTPYKIII€I0 MAIIWHK Tepeaye eranm BHOOPY METOMIB Ta 3aco0iB
JiarHocTyBaHHs. JIJis1 METalypriiHOro 3aBOJY CTPYKTYPHOKO OJHHHUIICIO €
LIeX, TOMY CIIOYaTKy CKJIQJIA€ThCS TEPETiK BChOTO YCTATKYBaHHS MEXY.
[ToTiM TPOBOJATH MO MalIMH Ta MEXaHI3MIB 3a TpylaMH OJHOTHUITHOTO
¢yHKIIOHYBaHHS. Y IleXy 3a3BHYail BUAUIIIOTH: - KpaHOBE O0JaJHaHHS;
OCHOBHI TEXHOJIOTiYHI MAIMHW; JOMOMiXKHE OONagHAaHHSA; HACOCH;
BEHTWIATOPH Ta AUMOCOCH; T1IpaBIidHE 00 JHAHHS.

[lo xoxuii rpymi oOMagHAHHS  PO3POOINSIOTHCS  METOAMKH
JiarHOCTYBaHHS, BHOMPAIOTHCS KOINTH Ta BHU3HAYAETHCA IEPIOAWUIHICTH
nmiarHOocTyBaHHS. Po3B'SI3aHHA 3a/7a4  MIaTHOCTYBaHHSA — 3MIHCHIOETHCS
mocmigoBHO.  Hampukmax, Ui €IEKTPOCTANCIUIaBHIBHOTO  IIEXY
PEKOMEHYEThCSI HACTYIHA IOCIIOBHICTh: MEXaHI3MH POTOPHOTO THILY
(Hacocw moaa4i BOIY, BEHTHIISITOPH, AMMOCOCH, HACOCH TiJIPONPHBO.NY);
TEXHOJIOTIYHI MEXaHi3MH (MeXaHi3M roiIaHHs KpUCTaTi3aTopa, TAHY4i KIIiTi,
MTOBOPOTHHIA CTEHNT); AONOMiKHE 00nanHanHs (ponbranra MBJI3); kpanose
o0aHaHHS.

Y KOXHIM Tpyni BH3HAYarOTh OJHOTHUIIHI MAalIMHH Ta CTYIiHb
pe3epByBaHHA. 3a BciMa MeXaHi3MaMM CKJIaJaloTh KiHEMaTH4YHI CXEMH 3
KOPOTKOIO TEXHIYHOI0 XapaKTEPUCTHUKOIO: IPHU3HAYCHHS, IOTYXXHICTh
JBUTYHa, Maca MalIMHHW, TUI 1 TEpeAaBaibHE YHCIO PEIyKTopa, Maca,
OCHOBHI mapameTpu poOoyoro oprany. lIpoBomsTp aHami3 BiAMOB 3a
HaHOMKIMK TpoMiXKOK dacy (Bix 5 mo 10 pokiB), BHABISIOUHA NMPUIHHA
BIIMOB, XapakTep pyHHyBaHHsS BY31iB, IPOCTOI IEXY, 4aC PEMOHTY, BHI
3HOIIYBaHHA, IPOBEICHI PEKOHCTPYKIIiI.

NOCJIIKEHHS ABPA3UBHOI CTIMKOCTI HOJIMEPHOI'O
MATEPIAJIY JIK-2 B TIOEJHAHHI 3 KOPYHJIOM
0O.B. HocoBcbka, noi1., kaua. TexH. Hayk, JIBH3 «I1TVY»

Jnst mocmiypkeHHs 3aXHUCHUX MOKPHUTTIB HAa CTHPAaHHS ICHY€E NOCHTH
BEJIMKA KUJIbKICTh PI3HOMAHITHUX NPHCTOCYBaHb, IIPOTE B OAHOMY BHUIIAAKY
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iX BHUKOPUCTaHHsS BUMAara€ JOCUTh TPHUBAJIOrO dYacy Ui IIPOBEACHHS
BUNPOOYBaHb, B IHIIOMY BUIIAJIKY — 3aHAATO CKJIAIHI IIPUCTOCYBAHHS JUIA iX
BUTOTOBJICHHSI B YMOBaxX HaB4ajJbHOi Jlaboparopii. ToMmy, Ui HaTypHHUX
BUNPOOYBaHb 3HOCOCTIHKOCTI PO3POOJIEHMX MOKPHUTTIB 3IIHCHEHO [IBi
CrIpoOH CTBOPEHHS MPHCTPOIO VIS IOCHiKeHb. [lepiia 3 HUX mependayae
BUKOPHCTaHHA IMICKOCTPYMHHHOI YCTAaHOBKH B CYKYITHOCTI 31 CIEIiaTbHO
BUTOTOBJICHUM NPHCTOCYBaHHSM, 300paXKeHHM Ha pHC. 1.
Y  1mBoX  vacTMHax
2 & A ¢ L % xopmycy 112 3akpimmoerscs
— 3pa3ok 3, AKHii BCTABIABCA B
Mpopi3y, 1110 YTBOPEHI BOMa
ItacTUHaMu 6. 3ampecoBaHa
BTynlka 4 B Kopmyc 2
(iKCYeTBCS 3a JIOTIOMOTOIO
JIBOX TBUHTIB 1 MaJia OTBIp
JUI 3aKpilUleHHs comia 5

- MICKOCTPYMHHHOT'O amapar
Puc. 1 — Ilpuctpiii 1u1s1 BCTAHOBIICHHS AC-SOpr paty

3arOTOBKH

3pasku 11 BUnpoOyBaHHA BHMKOHaHI 3 twiactuH 50 X 80 Mm
TOBIIMHOIO 5 MM, Ha SKi MICIIA 3a4MCTKH 1 3HEKHUPEHHS HAHOCHUTHCS
3aXUCHHH Iap TIOJIMEPHOTO Marepialy TOBIIMHOK 3 MM. 3pa3ku
00pOOIISIOTECS CTPYMEHEM TOBITPS 3 MICKOM TpoTsroM 20 CeKyHI, i micis
LBOTO BHKOHYETHCS OILIIHKAa 3HOCY 3pa3KiB MUIIXOM 3BaXKyBaHHs 3a
JIOTIOMOTOI0  CHeHIAIbHUX EJIeKTPOHHUX Bar 3 JKUBJICHHSM BiJl Mepexi
3MIHHOTO CTpYMY 1 pobounm aianazonom temneparyp 10-35°C.

Jlpyra excriepuMeHTallbHa YCTaHOBKa J03BOJISIE 3AIMCHUTH CHPOOY
BUKOPHCTaHHS MPSIMOTO MOJICIIOBAHHS SIK CEPEAOBHIIA, 110 JIi€ Ha KOPIYC
[IJIAMOBHX HACOCIB MiJ{ Yac iX PoOOTH, TaK 1 XapaKTepy B3aeMOJIi I[bOr0
CepeIOBUIIA i3 CTIHKAMHU KOPITYCy. 3 [IEF0 METOIO PO3pO0IIcHa 1| BATOTOBJICHA
YCTaHOBKa, II0Ka3aHa Ha puc. 2.

pARAAY ‘

9

|~

Puc. 2 — Ilpuctpiii 1u1s gociikeHHs aOpa3uBHOTO 3HOCY
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[Mpuctpiii ckiagaerTbest 3 Kopiycy 1, mo iMiTye Kopmyc Hacoca 3
HarIyXxo 3aKpUTOI0 KPHUILIKOIO 2, B IIEHTPi MPOCBEPAJICHUM OTBOPOM. Y 1ieit
OTBIp BCTaBIISIETHCSI MIKCEP, XBOCTOBHMK SIKOTO 3aKpIIUIIOETHCS B MAaTpOHi
CBEPIMIIBHOTO BEPCTaTy 3 HACTYHNHUMH TEXHIYHUMH XapaKTepHCTHKAMU:
P= 0,25 kBT, n,;;=1400 06/x8B, 1 = 3,14.

Kopmyc mnpHCTpOI0 3aKpilLIFOETBCS HA CTaHWHI CBEPUTHIBHOTO
BepcTaTa OoJTaMH 1  TEPMETU3YETbCS TYMOBHM  YIIUIBHEHHSIM,
BCTAHOBJICHHUM IIiJ] KPHUIIKY. Y KOPIYCi BUKOHAHO OTBOPH IS KPiIJICHHS
MIJOCTIAHAX 3pa3KiB. 8 map OTBOPIB PO3TAIIOBYIOTHCSA IO HEPUMETPY
KOPITyCy 1 JO3BOJISIE 3aKPIlIUTH BCEPEnUHiI 8 3pa3KiB 3 HAHECEHWM Ha HHX
HOJIMEPHUM TOKPUTTSM. KOHCTPYKIIisi CBEpUIMIILHOTO BEpCTaTa JI03BOJISIE
MIOCTYIIOBO PETYJIIOBATH IIBUJIKICTh 00epTaHHs Mikcepa B Mexax 445-1400
00/xXB.

B sixocTi momiMepHOTrO Marepiany, sSIKMid BHUIPOOOBYEThCS Ha 3HOC,
3aCTOCOBYETHCSl BITUM3HSIHUI Marepian Ha mojiyperaHoBiii ocHoBi JIK-2,
BurotoBneHnit 3a TY V23.3-02070812-002 2014 poxy, po3poOieHIMH Ha
kaenpi MO3UM JIBH3 «I1ATY». HaroBHIOBauamu, sIKi MIOBUHHI COPHUSTH
MIIBUINECHHIO 3HOCOCTIHKOCTI MOJIiMEpHOI KOMOIHAIIIT OyJIH TaKi MaTepiaiu:
KBapIIOBHH IiCOK, KepamigHuid mopomok MF-50, kopysn ¢paxmiero 2,0 1 0,2
MM, TIOPOIIOK TBepIoro cruiaBy ¢paxmieto 10 0,2 mm. [IpudgomMy KimbKocTi
ToJIiMepy 1 HallOBHIOBaYa OOMPAIOTHCA B PI3HUX CHIBBIAHOIIEHHIX 3 METOIO
HOIIYKY ONTUMAIIBHOTO CKIIaAYy, 10 MA€ CTIHKICTh A0 3HOIIYBaHHS.

Ha mimcraBi eKCIEpHMMEHTAIBHOTO JOCHIHKEHHS IMPOIECY 3HOCY
3aXMCHOT'O MOKPHUTT 1 HOro MexaHiYHUX XapaKTePUCTUK BU3HAUYEHI OCHOBHI
XapaKTEPUCTHKH MPOIIECY: KOSDII[IEHT MTUTOMOTO OMOPY 3HOCY 1 KOediIlieHT
BiJJTHOBJICHHS KOMIIO3UTY. EKCIEpUMEHTAIbHO BCTaHOBJECHO 3aJICKHICTh
IHTEHCHBHOCTI 3HOCY OpOHI KOpITyCy Hacoca Bij KiIbKOCTI HallOBHIOBaYa B
KOMITO3HTI Ha IT0JIiypEeTaHOBiH OCHOBI.

CEKIIA: APXITEKTYPA TA MICTOBYJ1YBAHHAI,
BYJAIBHUITBO TA IUBIJIBHA IH)KEHEPIA

3ACTOCYBAHHS BIOTEXHOJIOT'T! Y BYJIIBHUITBI
T.M. TonyH, cr. Bukmanad, }0.B. Ceprierko, o,
S.T. llleBuenko, ct. rp. [II'C-22-M, IBH3 «IIATY»

BbioTexHo0T11 11e MOKIIMBOCTI BUKOPUCTAHHS OPTaHIYHUX MaTepiaitiB
YY OpraHi3MiB JUIs BUPIIIEHHS JESKUX HACHIAKIB KUTTEAISIIBHOCTI JIFOANHH.
3acrocyBaHHsl OioTeXHOJOTH B OyJIBHUITBI MOXKe OyTH KOPHCHHUM SIK JUIS
JOBKULJISL, TaK 1 Jyist 3a0e3MeucHHs e()eKTUBHOCTI Ta TPHUBAJIOCTI Oy 1iBEIb.

BiorexHomnoris Moxe OyTH 3acTOCOBaHa JUISi BUPOILYBaHHS POCIHH,
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SIKi MOXKYTh OyTH BUKOPHCTaHI JUI TIOKPUTTS CTiH Ta MOKPiBeJb OyaiBelsb.
Le n1o3BoIIsIE 3HU3UTH BUTPATH Ha ONAJICHHS Ta OXOJIOJDKEHHS Oy liBEllb.

Bukopucranss 6i0TeXHOJIOTIT MOXeE JIOITIOMOI'TH 3MEHIIUTH BUTPATH
Ha OyIiBHULTBO HIJISIXOM BUKOPHCTaHHS O10JIOTTYHMX MaTepiajiB, TAaKUX SIK
rpudm, KOTpi MOKHA BHUKOPHUCTOBYBATH SK OyAiBeNmbHI MaTepiamu. Takox
3aBISKH CTBOPEHHIO O10XIMITHIX PEaKTOPIB JJIsl OUUIICHHS BOJIU Ta IOBITPS
B OyIiBIIAX.

BioTexHomorist Jae MOXIHMBICTH [ CTBOPEHHA 'PO3YMHHX'
OymiBens, 3MaTHUX MOHITOPUTH CBO€ CEPEIOBHUINE Ta pearyBaTH Ha 3MiHH B
HBOMY, HANpPHKIAA, 3a JOIOMOTOK BOYNOBaHHUX CEHCOPIB Ta CHCTEM
ABTOMATHYHOT'O yIIPABIIIHHS.

Y OymiBHUITBI 00’€KTiB TI'pPOMAJCHKOrO IPU3HAUEHHS, a came
TOPTiBEJILHUX IIEHTPIB 3aCTOCYBaHHS OIlOTEXHOJIOTII MOXKE CHpUSTH
eHeproe(eKTUBHOCTI Ta 3MEHIIIEHHIO BUTPAT Ha eHeprito. Tak BCTaHOBIIEHHS
610JIOTIYHHX CHCTEM OUYMIIEHHS TIOBITPSI MOXKE JOTIOMOTTH 3HU3UTH BUTPAaTH
Ha OIAJICHHS Ta KOHIULIFOBaHHS ITOBITPSI.

3aBIAKM 3aCTOCYBAaHHIO M€l TEXHOJOTil BHHHUKAE MOXIIUBICTH
JIOTIOMOT'TH 3HU3UTH PU3MK BUHMKHEHHS iH(EKIild Ta 3aXBOPIOBaHb Cepell
BiNBigyBauiB 00’€KTiB TpPOMAACHKOrO TpHU3HaueHHS. Ll MoximBicTh
pealtizyeTbes 3aCTOCYBAaHHIM aHTHOAKTEpialbHIX MaTepiaiiB Uit 00poOKH
TTOBEPXOHB Ta IOBITPA , III0 MOXKE 3MCHIIIUTH KUTBKICTh OaKTepii Ta BipyciB,
110 MEPEHOCATHCS MOBITPSIM.

BioTexHOJI0T1st MOXKE TOTIOMOI'TH 3a0e3MeunTH KOM(OPTHI YMOBH 15t
BiZIBIyBauiB 00 €KTIB 3 BEJIUKUM ITIOTOKOM JIto/icii. BCTaHOBICHHS CHCTEMHU
POCJIMHHOTO O3€JICHEHHSI MOXKE TOKpAIIUTH SIKICTh TOBITPS Ta CIPUSATH
3HW)KEHHIO PIBHS LIIyMY Ta CTPECy cepe] BiJBilyBadiB.

Bukopucranus ~ OloTexHONIOTII  MOXE  CHPHUSTH  CTBOPEHHIO
IHHOBaLlIHHKUX pIlICHh Ta MiJBUIICHHIO KOHKYPEHTOCHPOMOXKHOCTI TaKHX
00’€KTIB, SIK TOPTiBeJIbHI HEHTPH. 3aCTOCYBaHHS TexHoJorii 3D-apyky Ta
POOOTOTEXHIKM MOXKE JMO3BOJMTH LIBHIIIE Ta SIKICHIIIE 3AiHCHIOBATH
OyziBenbHI poOOTH Ta OKPAIIUTH SKICTH OOCITYTOBYBaHHS BiJ[BiAyBadiB.

s TexHOMOTiS y KOHCTPYKIIAX MOXKeE 3a0e3MeUnTH IIiIBUIICHY
MIIHICTh Ta JIOBFOBIYHICTh MaTepialiB 3a PaXyHOK 3MILHEHHS IX CTPYKTYpH
3a JOMOMOTOK MIKpOOpraHi3miB. Tako)X HOMOMOITH 3HH3UTH BapTiCTh
BUPOOHMIITBA Ta 30EpEKEHHS MaTepiamiB, 0 3a0e3MeYuTh OiIbII
€KOHOMIYHY Ta CTIHKY JI0 3HOCY Oy/iBEeJIbHY TEXHOJOTIF0, 3SMEHIIIUTH BILUIUB
Ha HAaBKOJIMIIHE CEPEJOBUILIE Ta CTBOPUTU OUIBLI EKOJIOTIYHO YHCTI
MaTepiaiu.

3aBnskH OIOTEXHOJNOTIT MOXXHA JOTIOMOTTH BHPIIIUTH IMPOOIEMY
GioJioriuHOTO pyHHYBaHHS MaTepialiB, 110 0COOJIMBO BAXKIMBO JJIs Oy iBENb
Ta 1HQPACTPYKTYpH, SIKI EKCIUTyaTyIOThCSI B YMOBax BHCOKOI BOJIOTOCTI,
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COJIOHOTO CepeJIOBHUINa a00 eKCTPEMAIbHUX TEMIIEPATypHHUX YMOB.

BiotexHomnorii nonomararoTe CTBOPUTH Marepialld, $Ki MaroTh
MOKpaleHi TEXHIYHI XapaKTepHCTHKH, Taki SK 30inblIeHa MIIHICTb,
MIPY)KHICTh Ta CTIHKICTH J0 BIUIMBY MIKI[UIMBUX (AaKTOPIiB, Marepianu 3
MOKPAIlCHUMH  SKCIUTyaTallifHUMH  XapaKTEePUCTHKAaMH,  HalpHUKIAL,
CTIMKICTE 1T0 YIBTPadioneToBOro BUIPOMIHIOBaHHS, aOpasii, Kopo3ii Ta
IHIINX HETaTUBHUX (PAKTOPIB BIUIHBY.

BioTexHoMOTii MOXYTH OTIOMOITH BHPIIIUTH MpobieMy HecTadi
pecypciB Ta 3MEHIIMTH HEraTHBHHI BIUTHB OyJIBHULTBA Ha HABKOJIMIIHBOTO
cepenoBuIa. 3aBISKH 3MEHIICHHIO KUIBKICTH BigXOmiB, 3a0e3medyeTbcs
OUIBII €KOJIOriuHi OymiBenbHI TexHoyorii. Came Ile¢ MOXE TOIMOMOITH
3MEHIIUTH BIUIMB OY/AIBHUIITBA HAa HABKOJMIIHE CEPENIOBHUINE, a TaKOXK
3aCTOCYBAHHS BiTHOBIIOBAIBGHHUX JDKEpPEN €HEeprii Ta eKOJOTiYHO YMCTHX
Marepiaiis.

APXITEKTYPA 3AT'AJIBHOOCBITHIX YCTAHOB
C.I. CumonoB, nou., B.C. I'apkymra, nor., 1.0. bocwuii, ct. rp. [II'C-22-M,
JABH3 «IIATY»

ApXiTeKTypa 3arajgbHOOCBITHIX yCTaHOB BiJirpa€ 3Ha4Hy pOJb Yy
(dhopMyBaHHI cepeOBHINA HaBYaHHs y4HiB. JIoOpe CIpoeKkTOBaHa IIKiIbHA
OyiBJIsI MOXKE TIOKPAIINTH 3aralbHUI TOCBiJ] HABUAHHS, CIIPUSITH TBOPYOCTI
Ta TOKPAUIUTH YCHILIIHICTh. PO3BUTOK IWIKINBHOI apXiTEKTYpH MPOMIIOB
JIOBI'MH NUISAX BiA TpaauIiHHUX Oy/IBENb 13 ETJIN Ta pO3YHHY JI0 CyYacHUX,
€KOJIOTIYHO YHCTHX CHOPY/I, IO 3a0e3MedyoTh KOM(OPTHE HaBUYAHHSI.

HonaBanHs ~ 3aco0iB  MalmoMOOUIBHOCTI 0  apXiTeKTypHu
3arajJbHOOCBITHIX HIKUT € BaXJIUBUM JUIi  3a0€3MEUeHHS  PiBHUX
MOJJIMBOCTEH Ta IHKITIO3MBHOCTI IJISl BCIX Y4YHIB, y TOMY YHCII JIIOJEH 3
OOMEXECHUMH MOXIMBOCTAMH. Ile MoXe BKIIOYaTH BCTaHOBIICHHS
MIHOMHEX I1aT(OpPM, TOPYUHIB, CIICIIaTFHIX JTi(TiB Ta iHIIKX 3aC00iB, SAKi
TTOJIETIIIATh AOCTYI LTS JTFO/ICH 3 OOMEKEHOIO PYyXJIHBICTIO.

3a0e3nedeHHs]  OCTYNMHOCTI i Jofeil 3 OOMeXeHHMH
MOXJIMBOCTAMH  CIPHSE€  CTBOPEHHIO  OLIBII  CHPUATIMBOIO  Ta
MiATPUMYIOUOTO CEpEellOBHUIIA, sSKE J03BOJ€ M JIETKO IepeMillaTUCS
LIKIJTBHIMH KOPUAOpaMH, OyANHKaMH Ta IIpocTopamH. Lle Takox ronomarae
HOKPALIMTH SIKICTh OCBITH Ta 320€311€4NTH PIBHI MOXKJIMBOCTI JIJIsl YCIIXY ISt
BCIX Y4YHIB, HE3aJCKHO Bia 1X (ismuHMX oOMexeHb. JlomaBaHHS 3aco0iB
MaJIOMOOUTPHOCTI TAKOX MOXE CHpPUSATH YCBIJIOMJIIGHHIO Ta PO3YMiHHIO
mpo0iieM JOCTYIHOCTI cepej IHIIMX Yy4YHIB Ta HEpPCOHANy, IO CIPHSE
CTBOPEHHIO O1IbII iIHKIIIO3UBHOTO T4 TYMaHHOTO CYCIIIIbCTBA.

CpOro/iHi apXiTeKTOPH MPOEKTYIOTh MIKOIH, IPUIUISIOYH OCOOTIHBY
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yBary CTBOPEHHIO MPOCTOPIB, $IKi HaJMXarOTh YYHIB HaBYaTHUCA,
CHIBIIpAIfOBaTH Ta 3alpOBaKyBaTH HOBOBBEJICHHS. BukopucraHHs
MIPUPOTHOTO CBITJIA, BIIKPUTHX MPOCTOPIB TA IHTEPAKTUBHUX TEXHOJOTIH —
OCh JIMIIE JAesKi 3 0coONMBOCTEH cydacHMX MIKUTBHHX OyaiBenb. Ilix uac
MIPOEKTYBAHHS IIKITBHOI OYIIBNI CIiZ] TaKOXK BpPaXOBYBAaTH IOCTYITHICTB,
0e3MeKy Ta CTIHKICTb.

TakuMm YHHOM, apXiTEeKTypa 3arajJbHOOCBITHIX yCTAaHOB ICTOTHO
BIUIMBA€ HAa HABUAIBHUH MOCBiX y4YHIB. BKpail BaXIWBO BpaxoByBaTH
OCTaHHI TEHJEHINI Ta MepemoBHH IOCBiA y MIKUIBHIA apXiTeKTypi, Moo
CTBOPHTH CIIPUSATINBE CEPEOBHIIE HABUYAHHS IS YUHIB.

CHEHIAJIBHI 3BACOBHM CTOIIOPIHHSA
10.B. Ceprienko, nom., T.M. T'onys, cr. Bukinana4, C.I. CumoHOB, 1011,
JABH3 «IIATY»

OCHOBHE 3aBHaHHS KpIMWJIBHUX JETaleii CTBOPUTH 1 HamiidHO
30eperTd 3yCHUIs 3aTsATyBaHHS 3'€IHAHHSA Ha IEpioJ eKCIUTyaTallii By3ia.
3Ha4NTh, B IIEPILY Yepry Tpeba 3a0e3neunTH CTBOPEHHS IHOT0 3ycinist. Jis
MiIBUIIEHHS CTONOPSTH BIACTHBOCTEH YACTO 3aCTOCOBYIOTH KpIilTMIIBHI
netai 3 IpidHoro pi3p6oIo.

Ha npare3gatHicts pi3b00BOro 3'¢MHAHHS MPH MPABHIBHIN #HOro
3aTsryBaHHI BIUIMBae Oe3inid (akTopi. Lle MilHICTh KPINHUJIBHUX 1 AeTajeH,
M0 3'€THYIOTBCS, IIOPCTKOCTI KOHTAKTYIOUUX IOBEPXOHb, HASBHICTb
MacTuia i iHIe.

HesBakaroun Ha Te, 110 pi3b0a pi3bOOBOrO 3'€qHAHHS Mae KyT
igioMy TBHHTOBOI JIiHIT HabaraTo MeHIle, HDK KyT TepTsl, BiOpailis, 3MiHHI
HaBaHTaKCHHS, MOPYIICHHS TEXHOJIOTII CIPHSAIOTH PO3'€JHAHHIO JAeTajeh
pi3pboBOTO 3'emHAHHA. J[J1s1 3am00IraHHs BOTO 3aCTOCOBYIOTHCS CICIialbHi
TIPUCTPOI (3ac00M, METOAN), SIKi TIOALIAIOTHCS Ha TaKi BUAH:

1. CromopiHHS TOJATKOBUM TEPTIM

2. CromopiHHS JKOPCTKE

3. CromopiHHS c1TOcOO0M HaHECEHHS KIIEH0, JIaKy, (papou

PosristHeMO KOKeH 3 HaBeIEHUX BHIIB CTOTIOPIHHS.

Jlo CTOIOpiHHA NOAATKOBHM TEPTAM BIIHOCATHCSA: KOHTPOBAHHE,
YCTaHOBKAa MPY)XUHHOI IIaii0M, BHUKOPHCTAaHHSA TalOK 3 HE KPYyIJIHM
Pi3b0OJICHHIM, BAKOPUCTAHHSI aHKEPHUX TallOK, CAMOKOHTPIBHI raiiKu.

YcraHoBKa Npy>KMHHOI 1aii0u (Tak 3BaHa maiida ['posepa) mix raiky
abo rojoBKy OoiTa 3 CTBOPEHHSM JO/JaTKOBOTO HATAry B Pi3b0l 1
3ano0iraHHsAM obepTaHHs 3'eHYBaNbHUX aAeTaieid. CTOMoOpHy Iiro0 maiow,
I'poBepa 3acHOBaHe HaA ypi3aHHI TOCTPUX KPOMOK IIaiOM y mpuierii a0 Hei
MTOBEPXHI MPU CIPoOi BiABEPHEHHS aX IO MOYATKY 3HATTS CTPYXKKH, IO
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HEePEIKO/PKAE HEKOHTPOJIbOBAHOTO IPOKPYYyBaHH raiiku ado 0oira micis
3aTsAryBaHHs 200 HE3HAYHOTO po3cialieHHs Pi3b0OBOTO 3'€JHAHHS.

[Taii6a siBiIsIE COOOI0 BUTOTOBJIEHHH 13 3arapToBaHOI CTajl Kijble 3
KOCHM pO3pi30M i KyToM ~ 15° 1o oci KitbLis.

Kinmi mrafion 3merka po3BeneHi i 3a0e3medeHi TOCTPIMHA KPOMKaMIL.
[pu 3aTaryBaHHI KiJIbIIe CTUCKAETHCS, KPOMKHU BPi3alOThCS B TiNIO TaiiKH i B
ONOPHY TOBEPXHIO, 3a0e3Meuyloud CTONOPEHHE TalKd «Ha KOPILyC.
BpizanHs1 HOMITHO BUpa)XeHa B TOMY BUTIIAJIKY, KOJIF ONIOPHI IIOBEPXHi MAaIOTh
HEe IyXe BHUCOKY TBepAicTh. HempumycTmma ycraHoBka maitd I'poBepa Ha
MMOBEPXHAX M'AKMX MeTamiB (HANpHKIAZL, JHTI aJlOMiHIEBI 1 MarHi€Bi
CIUIaBM): 3yOUYMKH 1aH0 MCYIOTh TaKi MOBEPXHi.

OcHoBHUI Henomik maioun ['poBepa monsrac B TOMy, L0 BifJ
301IBIIEHHS TIepepi3y KijbLsl B IIUPUHY 1 B BUCOTY 3pOCTa€ PO3BUBAETHCS
KUTBIIEM MPYKHA CHJIA, aJie He MiABHUIY€ETHCS MPYXKHA AedopMariis.

CEKIIA: TPAHCIIOPTHI TEXHOJIOTI'II
MANnPUEMCTB

JO INTAHHSA BUSHAUYEHHSA MPONIYCKHOI
CITPOMOKHOCTI CTAHI.III71 MNPOMUCJTOBUX ITIAINTPUEMCTB
I'.B. Macnaxk, notr., kaaz. Texd. Hayk, IBH3 «I[TATY»

IIpoGema BHM3HAYEHHS MOTPIOHOTO KONIHHOTO PO3BUTKY, OTXKE, i
HAsIBHOI MPOIYCKHOI CITIPOMOXKHOCTI CTaHIIK € aKTYaJIbHOO IS BCIX €TaIliB
PO3BUTKY, SIK 3aJi3HMYHOTO TPAHCHOPTY 30BHIMIHBOT Mepexi, 1
NPOMHUCIIOBOTO  TpaHCIOpPTy  miAgnpuemctB. Hecrawa  mpuiimManbHO-
BIJIIPAaBHUX KOJIi¥ MPU3BOJUTH JIO 3aTPUMOK IMOT3/1iB HA MiAX0/aX IO CTaHIIIi
abo 110 HeNpoAYKTHBHOTO TPOCTOI0 HAa MPWIETIMX PO3IUIBHHUX ITyHKTaXx,
HQ/UIMIIOK — YTPUMYBaTH 1HQPaCTPYKTYpy, LIO HE BHUKOPUCTOBYEThCS. B
yMOBaXx JMHAMIKH 30BHIIIHIX BarOHOIIOTOKIB Ta BUPOOHUYOTO CEPEIOBUINA
MIpY IUTaHYyBaHHI ONEPAaTUBHOI POOOTH AWCIIETYEPCHKOMY amapary mIyKe
BYKJINBO TPABWIIFHO OI[IHUTH, SIKUH IMOTIK MOi3/1iB MOKE MPOIYCTHTH Ta 91
1HIIA CTAHIIis.

Jitoui METOOWKM BH3HAYCHHA IPOMYCKHOI CIIPOMOXKHOCTI HE
BpPaxOBYIOTh €EMHICTH KOJIIHHOTO PO3BUTKY CTAHIIH y TUIaHi JOBXHHHU KOJIIH
Ta X BiAMOBIZIHOCTI JOBXHHI MOI3/IiB, 110 00EPTAIOTHLCS, B T. 4. IpadikoBOi
HOPMH, a TaKOX JOJATKOBUX (DYHKIIH, SIKI BUKOHYE IPOMHUCIIOBA CTAHIIiS
npu 00CITyroByBaHHI, HAIIPUKIIA]], BAPOOHUYOTO LEXY.

I"OTIBKOBOO MPOITYCKHOIO CIIPOMOIKHICTIO CTAHIIIT 3 00CIyrOByBaHHS
BaHTQ)XKHHUX TMOI3/iB € HaWOLIbLI HMOBIpHE iX 4HCIIO, SIKE MOXe OyTH
MIPOITYIIEHO CTAHIII€I0 3a 100y 3 yCiX HANPSMKIB, [0 MPUMHKAIOTh, 3aJIEKHO
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BiJl 11 TEXHIYHOTO OCHAIIICHHS Ta MPUUHATOI TeXHOJIOr11 podoTH. [TpomyckHa
3JIaTHICTbH CTaHIIi BU3HAYA€THCS MPOITYCKHOIO 3[JaTHICTIO CTAaHIIHHUX KOMIH
Ta TPOIYCKHOIO 3JIaTHICTIO TOpJIOBHH. OCKINBKW TOPJIOBHHH CTaHIII Mpu
mpuiioMi Ta BiAIIpaBiIeHHI NOI3/iB 3aiiHATI HETPUBAINH Yac, TO B OCHOBHOMY
OL[IHKa TPOIYCKHOI CIIPOMOXXHOCTi CTaHI{i 3BOJUTBCA JO BHU3HAYCHHS
PpaIlioHAIEHOTO KOJIHHOTO PO3BUTKY CTAHIIII.

[MutaHHsS pO3paxyHKy ONTUMANBHOI KIIBKOCTI  MpUAMAaIbHO-
BIIIPaBHUX KONIA Ha CTAHIIAX Yy HAYKOBO-TEXHIUHIN JiTEepaTypi 3aBXId
NpUIUUIacs BelrKa yBara. B maHWil yac icHye 4OTHPH OCHOBHHX METOIH
BHU3HAYCHHS moTpidbHOTO KOJIIHHOTO PO3BHTKY: AQHATI THIHUI
JeTepMiHOBaHWI,  aHAJITUYHUA  IMOBIpHICHHWIl;  rpadoaHaNiTHYHHH;
iMiTaliiiHe MOJIEITIOBaHHSI.

Koxxen meron Mmae cBoi mepeBarnm Ta HeNOJIKH. SIK mokazanu
JIOCITI/KEHHS], IMOJ0 TPOIYCKHOI CHPOMOXHOCTI CTaHIIH MPOMHUCIOBUX
MATPUEMCTB HaWOIBII €PEKTUBHUM € METOJ IMITaliifHOrO MO/ICTIOBAaHHSI.
Came BiH 03BOJISI€ JOCUTh TOYHO BH3HAYHUTH IIPOITYCKHY 3aTHICTH CTaHII]
3a YMOBH aJeKBaTHO MPONMHCAHWX (DYHKIH cTaHIii (IIporeciB mpuiiomy,
00poOKHM, HaKONWYEHHS, Po3(OpMyBaHHS, BUBaHTa)KCHHSI-HABAaHTAKCHHS,
¢opmyBaHHS, BiAcTOrO, BiampaBineHHs). Ilpu mpoMy MoOXIHBE abo
YKpYIHEHHS a00 JeTani3amis CTAaHIiHHIX MTOTOKOBHX IPOIIECIB B 3aJIS)KHOCTI
BIJT IIJIER JOCIIDKEHHS.

AHAHTAHIﬁHA CTPATEI'IA PO3BUTKY CUCTEMHA
TEXHIYHOI'O OBCJIYI'OBYBAHHSI TA PEMOHTY
BAT'OHIB IIJINPUEMCTBA
M.B. Xapa, gou., kaua. TexH. Hayk, JIBH3 «[1ATVY»,
Canapryib BamieBa, ipod., 3aB. kadeaporo, [HCTUTYT TeICKOMYHIKAIIii Ta
iHpopmarukn TypkmeHicTaHy

PiBeHb PO3BHUTKY EKOHOMIKM BHM3HAYAETHCS CTYNEHEM THYYKOCTI
TPAHCIOPTHOI CHUCTEMH TIPOMHUCIIOBHX IMAIPHEMCTB Ta ii CKIAIOBHX
enementiB. Ilpm 1mpOMy cucCTeMi, SK OO'€KTYy YIIpaBIiHHA, HEOOXiTHO
3a0e3MeunT!  paliOHaJbHE TOETHAHHA  BIACTHBOCTEH  «THYYKOCTI,
«PYXJIUBOCTI» 1 «CTAaOITBHOCTI», TOOTO BU3HAYUTH aalTallifHy CTpPATETiio
CBOTO MaHOyTHHOTO PO3BUTKY Y TEBHIH THMYacOBii IEePCIEKTHUBI.
[IpuuuHOIO, sika BU3HAYAE HEOOXIHICTh aanTallii Ta BiIOBIAHOT MOCTIHHOT
nepeOyJJOBM CHUCTEMH TEXHIYHOTO OOCIYrOBYBaHHS Ta PEMOHTY BaroHiB
HPOMUCIIOBOTO MiJIIIPUEMCTBA, € PYXJIMBICTh 30BHIIIHBOTO cepenoBuIna. 3i
30ibIIeHHAM 11 TMHaMi3My cTabllbHa Ta )KOpPCTKa CHCTeMa yIIPaBIIiHHS CTae
HEeIOCTaTHBO eQeKTuBHOI. ToMy po3poOka MexaHi3My YyIpaBIiHHS
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aIanTalli€0 MIPO3aily TPAHCIOPTY IPOMHUCIIOBOTO MiJIPUEMCTBA €
aKTyaJIbHUM ITUTaHHSM.

Oco0IMBOCTIO IHTETPOBAHOI CHCTEMH TEXHIYHOTO OOCIyrOBYBaHHS
Ta PEMOHTY PYXOMOrO CKJIady, sika (DyHKLIOHYe Yy CKJIaJi BaroHHOI'O
TOCIIOAAPCTBA IIPOMHUCIIOBOTO MiAIPHEMCTBA € IMHAMIKA Ta HeBU3HAYCHICTh
BHUTpPAT, TEPMiHIB Ta OOCSITIB BHKOHaHHA poOIT. Sk 00'eKT ympaBiiHHA
IHTerpoBaHa CHCTEMa «TeXHIYHE 0OCIyTOBYBaHHS Ta PEMOHT BaroHiB» — Iie
CKJIIaTHUHA TUHAMIYHIHA CTOXaCTUYHHHN Tpoliec. B ocTaHHI poKH I cucTeMa
Oe3nepepBHO PO3BHBAETHCSA Ta BIOCKOHATIOETHCS; agalTyeTbes IO YMOB
puHKY. BuHIKa€e HeoOXiqHICTH aganTalii iHTerpOBaHOi CHCTEMH JI0 3MiH, SIKi
BiIOyBalOThCsl, TOMY 11 (DYHKIIIOHYBaHHS MOXJIMBE TUIbKM Ha OCHOBI
a/IaITHBHOTO MEXaHi3My.

[Ipu npoexTyBaHHI MEXaHI3My CKOPHCTAEMOCS TEOPIEI0 Ta TEXHIKOIO
aJianTarlii, HaB4aHHI Ta CaMOOpPTraHi3arlii.

Bigmnosiguo o MPUHLINAITY KOMIIJIEKCHOCTI MeEXaHi3M
(YHKIIIOHYBaHHS ~ IHTETpOBaHOI  BHPOOHHWYOI  CHUCTEMH  «TEXHIYHE
00CITyroByBaHHSI Ta PEMOHT BaroHiB» BKJIIOYAE MiACUCTEMH YIPABIiHHS:
o0JIiK, aHasi3 Ta OIiHKAa, MPOTHO3YBAaHHS, IUIaHyBaHHS, (iHaHCYBaHHS. Y
CBOIO Yepry KoXHa (QYHKIIiSI JEKOMITO3Y€EThCS Ha HA3KY OLIBII IeTaNbHUX.

SIK BUKOHaBelb BUCTYIA€E €JIEMEHT — BarOHOPEMOHTHHUH MMiAPO3AiNI
(BPII), mo ckmamaeTbess 3 YOTHUPHOX OJIOKIB: TEXHIYHA MiATOTOBKA
BUPOOHHUIITBA, OCHOBHOTO, TOTIOMIXKHOTO Ta 00CIyrOBYHOUOr0 BUPOOHHIITBA.

PesynbpraToM (hyHKIIOHYBaHHS OCHOBHOI'O BHPOOHHIITBA € BUITYCK
rOoTOBOi MPOXYKIIi — BIAPEMOHTOBAHMX [EMOBCHKUM Ta IOTOYHHM
HEIJIAHOBUM PEMOHTOM — BaroHiB, a TAKOX 3allaCHUX YaCTHH.

Jani posrnsgaeTbesi cucreMa MiITPUMKH yXBaJIeHHS PIILICHHS TPO
PO3BHUTOK BaroHHOTO T'OCHOZAPCTBA HA OCHOBI KOMIUIEKCHOI omiHKU. Bona
CKJIQJIA€THCS 3 OLIHKHM Ta PAaHXKyBaHHS pe3yibTaTiB mismibHOCTI BPII, mms
YOro BUKOPHCTOBYIOTHCS IalTHBHI MEXaHI3MH OI[IHKH Ta PAaH)KUPYBaHHS.
AnanTHBHUM MeXaHI3M OLiHIOBaHHSA (OpMye KiibKicHy ominky BPII
LUIIXOM BU3HAUCHHS CTYICHS BHKOHAHHS aTalTUBHUX HOPMATHBIB, IO
perIaMeHTyooTh Horo poOory. Ha OCHOBI MOTOYHOTO HOpPMATHBY Ta
(aKTUYHOrO CTaHy 3a JOIOMOIOIO NPOLEAYPH aJallTHBHOTO HOPMYBaHHS
(dbopMyeTbCs ananTUBHUI HOPMATHB OIIIHKKM Ha HAcTymHHH mnepion. [ami
[POLEYPOIO OLIHIOBAHHS IUIAXOM 3ICTaBJICHHS CTaHy 3 HOPMaTHBOM
BU3HaYaeThcs KiibKicHa oinka BPII.

PanroBuit amanTMBHMI MexaHi3M  (QOpMy€e SKICHY OLIHKY,
31CTaBISIOYM OTPUMaHy B aJIlaliTUBHOMY MEXaHi3Mi OLIHKY 3 a/JIaliTHBHOIO
HOPMOIO. 3a JOIIOMOTOI0 MPOLEAYPH HOPMYBaHHS (POPMYETHCS aJlallTUBHA
HOpMa paH>KUpPYBaHHS, a IPOLeypa paHKupyBaHHs Bu3Hauyae panr BPIIL.
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AnanTUBHUN MEXaHI3M OIIHKK Ta pPaHmKHUPYBaHHS JIO3BOJISE
MIOCITIJOBHO BM3HAYaTH KUIBKICHY Ta SKICHY OLIHKH. Y LbOMY MeXaHi3Mi
CTaH 3ICTaBISIETbCS 3 HOPMAaTWBOM 1 BH3HaudaeThes ominka BPII. [ami 3
ypaxyBaHHIM OLIIHKHU KOPHUT'YETHCS HOpMa pamXHUpyBaHHS,
BUKOPUCTOBYBaHa JUIs BU3HAYCHHS PAHTYy.

AnanTUBHICTP ~ MEXaHi3My  3a0e3medyeThCs  Oe3lmepepBHIM
HaJalITYBaHHSAM HOPMATHBIB OLIHIOBaHHA Ta HOPM paH)XUPYBaHHS.
ADanTUBHUM MEXaHi3M OIIHKH Ta pPAmKUPYBaHHA BiTHOCHUTBHCA [0
IHTENEKTyaTbHUX MeXaHi3MiB ()yHKIIOHYBaHHS BarOHHOTO T'OCIIOIAapCTBa 3
MOJKJIMBOCTSIMA 0araToOpiBHEBOTO HAJIAIITYBAHHS Ta MPUHHATTS pIillleHb B
YMOBAaX HEYITKHX YU HESKICHUX KOMaH]I.

BrnpoBa/pkeHHsT aganTHBHUX MexaHi3MiB ympaeninHs BPIT nae
MOJJIMBICTh BU3HAYATH BIUIMB 00'€KTUBHHX Ta Cy0'€KTHBHHX, 30BHILIHIX Ta
BHYTPILIHIX ()aKTOPIB Ha pe3yibTaTd I'OCIONAPCHKOI IISUTBHOCTI, a TaKOX
00'€eKTUBHY OI[IHKY pOOOTH HiINpPUEMCTBA, NPAaBUIBHY IIarHOCTHUKY HOro
CTaHy Ta MNPOTHO3 PO3BHTKY HA MEPCIEKTUBY. AJNANTHBHUHA MEXaHi3M
(YHKIIOHYBaHHS SKAH BH3HAYA€ OIIHKY MiSUTHOCTI MIiANPHEMCTBA 3
BUKOHAaHHS IUIAHIB  ITJBHIIYIOE €(QEKTUBHICTh BAaroHOPEMOHTHOI'O
BUPOOHMIITBA, 1 HAaBITh [O3BOJSE PO3POOIATH TPOTO3UINI  IIOJ0
BUKOPHCTaHHSA BUSBJICHUX PE3EPBIB y MpPOIECi TOCHOAAPCHKOI TisTBHICTI.
[IpakTruHe po3B's3aHHSA 3amadi  34ilicHeHO Ha 0a3i  IPOMHUCIOBOTO
HINPUEMCTBA Y BETUKOMY TPAHCIIOPTHOMY BY3JIi.

BIIJIUB YMOB EKCIIVIYATALIII HA BUTPATY MAJIUBA
TEIJIOBO3AMHU Y MAHEBPOBOMY PEXKUMI PYXY
O.C. Kpacyuis, ct. Buknagad, JIBH3 «I1ATY»

ManeBpoBa pob0Ta € HEBi/I'€MHOIO YaCTHHOIO MEPEBI3HOTO MTPOIIECY.
Ha maneBpoBiit poOoti 3aifHsaTo moHan 40% ekcruryaTamiiHOro mapky
BaHTAXHUX TEIUIOBO3iB. BuTparn Ha yTpuMaHHs TIOKOMOTHBIB MaHEBPOBOTO
PYXY CTaHOBIIATH MOHAJ 25% BiJ 3araJIbHUX €KCIUTyaTalliifHAX BUTpAT.

OCHOBHOIO CTAaTTEI0 BUTPAT € BUTPATH Ha IAIUBO, TOMY 3HMKCHHS
BUTpATH MajliBa B IPOIECI MAaHEBPOBOi POOOTH Ma€ iCTOTHE 3HAYCHHS B
MIAIMBHO-EHEPTeTUIHOMY OaaHCi JIOKOMOTHBHUX JIETIO 1 3aJIi3HUIIb.

3HayHUil BIUIMB Ha BUTPaTy INaJUBa HAIalOThb YMOBH POOOTH
MaHEBPOBHX TEIUIOBO3IB Ha NPOMHUCIOBUX MHignpuemcrBax. OaHUM
MaHEBPOBHM TEIIOBO30M B MiCSI[b BUTPAYaETHCS Big 7 10 8 T. IU3EIBHOTO
nanuBa. MaHeBpoBa po0oTa 3a CBOIiM XapaKTepOM 3HAYHO BiJIPi3HSIETHCS BiJ
noizHoi. B pe3ynbrari 00CTeXKEHHSI BUTPAT YMOBHOTO MAJIMBA TEIUIOBO3aMHU
Ha MaHEBPOBY PoOOTYy B JIOKOMOTHBHHUX JIETI0 METalyprifHMX KOMOiHATiB
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YKpaiHu BCTaHOBJIEHO, 10 BUTPATH NajBa CTaHOBIATH Bij 3750 no 4720
TOH Ha PIK.

[Momrykyn nuisxiB i omiHka eeKTHBHOCTI eKCILTyaTallii MaHeBPOBHX
TEIUIOBO3IB, PEKUMIB POOOTH 1 MAIMBHOI €KOHOMIYHOCTI MOXKITUBA TUTEKU
TIPH PETETHFHOMY BHBUCHHI, aHANI3i iX eKCIUTyaTallii, IrapaMeTpiB pexkKuMiB
HABaHTAXEHHS  JU3eib-TeHepaTopHux yctaHoBok (AI'Y), cucremu
TexHiuHOTO ObOciyroByBanHs (TO) i mortounoro pemonry (IIP). Ymosu
eKCIuTyaTalii Ta pPEeKUMH pPOOOTH MaHEBPOBUX JIOKOMOTHBIB iCTOTHO
BIIPI3HAIOTECA BiJ PEKUMIB pOOOTH MaricTpampHUX TerwuioBo3iB. Lle
MTOSICHIOETBCST OE3IIIYYI0 JTOJATKOBUX CIEIU(IuHIX (PaKTOPiB, BIACTHUBHIX
TLIBKU MaHEBPOBOI po6oTi. Jlo Takux (akTopiB BIAHOCATHCSA: CTaH KOJIii, BUI
BUKOHYBaHOI pOOOTH, HU3bKI IIBHIKOCTI pyXy, YacTa 3MiHa MacH IOi3JiB,
BEIMKE YHUCIO TIepeMHUKaHb IIO3UIIH KOHTpojepa 1 peBepCyBaHHS
JIOKOMOTHBa, Mani panaiycl KpUBHX, O0€3Jid CTPUIOYHHUX MeEepeBOJIB;
oOMe)KeHa BHIUMICTh CUTHAIIB 1 PN iHMUX (HaKTOPiB, MO BIUIMBAIOTH
6e3nocepeIHBO HA peKMMHU HaBaHTakeHH: [IY 1 maqMBHY €KOHOMIYHICTD B
TIpoIIeci iX eKcIuTyaTaiii.

OcoONUBICTIO eKCIUTyaTallii MaHEBPOBHX TEIDIOBO3iB € Te, MI0
TPAHCIOPTHI omeparii NPOBOIATHCA HAa HEBEIHKHX IUIAHKAX INIIAXY,
HACHYCHNMH CTPUTOYHHUMH IIEPEBOJAMH 1 KPUBHMH PI3HOTO pajiycy, B
YMOBaX 4acToi 3MiHH HANPAMKY PyXY 1 BEJHKOI KITBKOCT] 3yITHHOK.

3 ychOro pi3HOMAHITTS MapaMeTpiB, L0 XapaKTEePU3yITh POOOTY
MaHEBPOBHX TEIJIOBO3IB, 110 PEECTPYIOTHCS CUCTEMOIO «/JlenbTay Ha pi3HHX
HABaHTAXKCHHSIX, [UI1 OI[HKA Ta aHali3y BHUTPaTH NajlMBa JOCUThH
BHUKOPHCTOBYBATH KIUJIbKICTh 1 MOPSIOK NEPEMUKAHHS ITO3HIIH KOHTpoIepa
MalllMHICTa 1 Yac poOOTH Ha KOXKHIM 3 HHMX, a TaKOXX BUTpaTa NajuBa Ha
MO3UIIi{ y BChOMY Jliaria30Hi HABAHTAXKCHb.

Amnani3 JaHuX NMpo PO3MOAIT 4acy poOOTH TEIUIOBO3IB Ha PI3HUX
CTaHIIiAX, P BUKOHAHHI MaHEBPOBOI, COPTYBAIBHOI, BMBI3HOI 1 T'ipKOBOI
poboTH, MoKasye, o XapakTep PeXHUMIB pOOOTH IO MO3MIISX KOHTpOJIEpa
MaIIMHICTa MPUOJIM3HO OJHAKOBHMA. | HABITH NMPH IHTEHCHBHIN MaHEBPOBIl
poOoTi, Ha BENMUKHX COPTYBAJIHHMX CTAHIISX TEIUIOBO3H TPAIIOIOTH, B
OCHOBHOMY, Ha |+4 MO3UIIisSX KOHTPOJIEpa MAIIHHICTA.

KoediieHT = BUKOPHUCTAaHHS  IIOTY>KHOCTI ~ NpH  poOOTI Mg
HaBaHTAXCHHAM 3HaXoAuThbes B Mexax 0,15+0,25. BunmpoOyBaHHS pi3HEX
cepill TEeIIOBO3iB MPU MAaHEBPOBOT POOOTH MOKA3aJIH, 1[0 IIBUAKICTh, 10 SKOT
PO3TaHSETHCS CKIIaJ], HE NEPEBUILYE 25 KM/TOI.

Y TemnoBo3iB 3 €JEKTPONEpeaayolo Iepexoan Ha ociablieHe
30ymxenns TEJL 1 Ha3an Ha noBHE 30yDKEHHS TPOXOJATH O3 MOTipIICHHS
TSATOBO-€KOHOMIYHUX XapaKTePUCTHK.

144



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

OzHUM 13 NUIAXIB 3HW)KEHHS HENPOAYKTHMBHUX BUTpAT NaJMBa Ha
MaHEBPOBY pOOOTY € IUIaHYBaHHA O00CATy 1 XapakTepy BHKOHYBAaHHX
orepariiii i JOBEJEHHS LBOro IUIAHY IO JIOKOMOTHUBHHMX Opuraja. 3Harouu
IuTaH poOOTH, IOKOMOTHBHA OpHraga Mo)ke BUOpaTH pallioOHATbHUN PEeXUM
3aBaHTAXKEHHS IHU3eIb-TeHeparopa, a B IEpioJ] TPHBAINX MPOCTOIB MOXe
TIIyIIATH JU3e7b. 3 METOI0 3HIDKCHHS BHTPATH MaJMBa PEKOMEHAOBaHI
€HEeproonTUMalbHI mo3utii koHTpoiuepa ([1k) TermoBo3is.

Y 3B'S3Ky 3 pedopMyBaHHIM JIOKOMOTHBHOTO TOCIIOJapCTBa i
BIIIIIEHHSIM PEMOHTY JIOKOMOTHBIB BiJ eKCIUTyaTamii s 30iNbIIeHHS
3aBaHTA)XEHHS IeXiB 1 PEMOHTHHUX IO3UIIA pEeKOMEHAYEThCA 00'€THAHHS
neskux TO i TP 3 Meroro BHBUJIBHEHHS CTIiJI AJISL BIJCTOIO TEIUIOBO3IB B
XOJIOJTHY MOPY B OTATIOBAILHUX IPUMIIIEHHSX eno. Lle 103BoIuTh 3HN3UTH
TOAMHHHUK "Tapsioro” MpoCcTOrO TEIIOBO31B 1 BIINOBIAHO, HETTPOTYKTUBHHUN
BUTpaTa NajMBa.

TakuM 4YMHOM, BHTpaTa €HEpPropecypciB Ha poOOTy JOKOMOTHUBIB
3aNIC)KATh B OCHOBHOMY BiJ YMOB eKCIUTyaTallii, TEepPMiHY CITy>KOw,
MDKPEMOHTHOTO HAIPAIFOBAHHS, SIKOCTI peMOHTY 1 HanmamTyBanHsa 'Y mpn
peoCTaTHUX BUMPOOYBaHHSIX TEIUIOBO3iB.

CHUHXPOHIBAIIISI B3BAEMO/IIi PO3BAHTAXKYBAJIBHOI'O
KOMILJIEKCY ATJIOMEPAIIIMHOI ®ABPUKHU TA 'APAXKIB
PO3MOPOXKYBAHHSA
B.I'. I)xenuako, no1l., kauz. TexH. Hayk, JIBH3 «ITJITY»

[TepepobOHa CIPOMOXKHICTh TPAHCIOPTHO-BAHTAKHOTO KOMILICKCY
BU3HAYAEThCA 11 BEAyYMM — BaHTAKHUM MOJYJEM, SK ISTEPMiHOBAHOO
cucremoro. To, 1uis 3abe3neueHHs 6e3nepediiiHoT poOOTH arjoMepaniiHoro
BUPOOHUIITBA  MEpepoOHa  CIIPOMOXKHICTH  TPAHCIOPTHO-BAHTAXKHOTO
KOMILIEKCYy, Mae OyTH He MeHme 1000Boi mortpebu armodabpuku B

3aI1i30BMicHii cupoBuHi. Jlo6oBa morpeba arnodabpuku y cuposusi (17 )

MPUHMAETHCS BIAMMOBITHO J0 TEXHOJIOTIYHAX HOPMATHBIB Ha 3aTi30BMICHI
KOMIOHEHTH MIUXTH [JIs BUPOOHUITBAa ariomepary. /s BUpIIIEHHS
MOCTaBJICHOI 3amavi HEOOXIOHO CHHXPOHI3YBaTH pPOOOTY TapaxiB
PO3MOPOXKYBaHHS 1 TPAaHCHOPTHO-BAHTAKHOTO KOMIUIEKCY 3 MPOIYCKHOT 1
epepoOHOi CIIPOMOKHOCTSM. Y TPOBEICHUX TOCITIKCHHSAX BCTAHOBJICHO,
mo s 3abe3meueHHs  Oe3mepeOiitHOI  poboTH  arjoMepariitHoro
BUPOOHUIITBA 1000Ba NepepoOHa CIIPOMOXKHICTh TPAHCIIOPTHO-BAHTAXKHOTO
KoMIuieKkcy (/17px) MOBUHHA TpUHMATHCS 3 YMOBH:
H7r>114 1)
Od4eBHIHO, IO Y 3WMOBHH Iepio]] BOHA BU3HAYAETHCS TOOOBOIO
MIPOITYCKHOKO CITIPOMOKHICTIO TapaKiB pO3MOPOKYBaHHS [1p 3 YMOBH:
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Hrp>ITrpr (2)
3 BUILEBHUKIIAAEHOTO BUXOIUTB:
Hrp>ITrr>11y (3)

[t BU3Ha4YeHHS BiANIOBITHOCTI MPOITYCKHOI CITIPOMOKHOCTI rapakiB
PO3MOpOXKYBaHHS 1 epepoOHOT CIPOMOXKHOCTI TPAHCIOPTHO-BaHTAXKHOTO
KOMIUTEKCY TIPH Pi3HIM TpUBAIOCTI pO3MOPOKYBaHHS, HEOOXiTHO OIIHUTH
NPOIYCKHY ~ CIIPOMOXKHICTB ~ Trapax<iB pO3MOpPOXKYBaHHA. Pe3ynbratu
MIPOBEICHOTO PO3PaxyHKy IO TpaluLifHOMY METOXy IIOKa3alu, IO BiH
(akTHIHOI TIPOIMYCKHOI CIIPOMOXKHOCTI TapaxiB pO3MOpOXKYBaHHS HE
BU3HAYAE.

AmHari3 nporecy po3MOpOoXKyBaHH M0Ka3aB, 110 TPAAULIHHUI METOX
PO3paxyHKy HpOITYCKHOI CIIPOMOXKHOCTI Tapa<iB PO3MOPOXXYBaHHsS He
BIJINIOBi/1a€ Cy4yacHUM BUMOT'aM, OCKUIBKU BiH HE BPAXOBY€ TOUHY TPUBAIIICTh
PO3MOpOXKYBaHHSI CHPOBHHH, TPHBANICTh BHKOHAHHS PSIy JOAAaTKOBUX
TPaHCIIOPTHUX OIepaliii i MikomepauiiHuX mnpocroiB. BigmoBimHo 10
3MIHEHHX TpPAHCHOPTHUX 1 BHPOOHHYHMX YMOB, METOJ PO3PAXyHKY
MIPOITYCKHOI CIIPOMOYKHOCTI T'apakiB pO3MOPOXKYBAHHS TIOBHHEH J0JaTKOBO
BpPaxoOBYBaTH TPUBAIICTh BHUBEJCHHS TPy BaroHiB Ha KOHTPOJIbHY
MepeBipKy CTaHy CHPOBHHH B TIPOIECi PO3MOPOKYBaHHS, TPHUBATICThH
MIPOBE/ICHHS KOHTPOJILHOT IIEPEBIPKH, TPUBAIICTh IIOCTAHOBKHU Ha IOAATKOBE
PO3MOpPOKYBaHHS 1 MKOTIEpaliifHi MPOCTOI TPyl BaroHiB 3 CHPOBHHOIO B
OYiKyBaHHI OOMiHY B ceKIil rapaxiB. BkazaHe iCTOTHO 3HIKYE TOYHICTb
TPATUI[IHHOTO METOAY PO3PaxXyHKY IMPOIMYCKHOI CIIPOMOXHOCTI TapakiB
po3MOpOKyBaHHs. Takuil miaxin HEOOXIAHUN 11 OOMIKY TPHBAJIOCTI BCiX
omeparid IHKIY PO3MOPOXKYBAaHHS 1 MDKOIEpPAIiHHUX MPOCTOIB 1, SK
HaCJIJIOK, JUIi TOYHOTO BHM3HAUEHHS MPOITYCKHOI CIIPOMOKHOCTI rapaciB
PO3MOpPOXKYBaHHSI.

Po3paxyHOK NpOITyCKHOI CIIPOMOXKHOCTI TapaxiB pPO3MOPOKYBaHHS
MIPOBOAMBCS 33 JAaHHUMH METaTyprifHOTO IiJIPHEMCTBA HA OCHOBI JaHUX
TEXHOJIOTIYHOTO Trpadika Tpolecy pPO3MOPOXKYBAaHHS TIPYNH BaroHiB.
[IpoBeneHunii po3paxyHOK HasBHOI JOOOBOI TPOITYCKHOI CIIPOMOKHOCTI
rapaxiB TIIOKa3aB, IO BOHa HE BIANOBiZae H000BiH mepepoOHil
CIIPOMOJKHOCT] TPaHCIIOPTHO-BAaHTa)KHOT'O KOMIUIEKCY HinnpueMcTBa. Tomy,
iCHyl04a cHcTeMa MiATOTOBKH 3MEp3JI0i CHPOBHHH 10 BUBAHTA)XCHHS HE
BIAMOBIZa€ 3arajJlbHAUM TEXHOJOTIYHMM BHMOTaM POOOTH TPaHCIOPTHO-
BaHTa)XKHOT'O KOMILIEKCY 1 He 3a0e3neuye BUpOOHMUYMX 1oTped ariaopabpuku
y cupoBuHi. ToMy HeoOXiqHUI aHaIi3 OCHOBHHX (DaKkTOPIB, 1110 BU3HAYAIOTH
NPOIYCKHY CIPOMOXHICTh I'apa)KiB PO3ZMOPOKYBAHHS 1 BUSIBICHHA THX 3
HUX, SIKI JO3BOJISATH CHHXPOHI3YBaTH INPOIYCKHY CIIPOMOXKHICTH rapaxiB i
repepoOHy CIIPOMO’KHICTh TPAHCIIOPTHO-BAaHTAXKHOT'O KOMILIEKCY.
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AHAJII3 BUKOPUCTAHHS TEIIJIOBO3IB HA TPAHCIIOPTHUX
TEXHOJIOI'ISIX MPOMUCJIOBUX MIAITPUEMCTB
O.C. Kpacyuis, ct. Buknagad, JIBH3 «I1ATY»

OCHOBY HapOJHOTO TOCHOAApCTBA YKpalHM CKIAJAIOTh BEIHKI
MeTaypriiiHi, MAaIMMHOOYIiBHI, TipHIY0T00YBHI Ta iH. iATIpreMcTBa. BoHM
XapaKTepHU3yIOThCsl BUKOPUCTAHHIM 3aTi3HHYHOTO TPAHCIIOPTY, 3HAYHHMH
oOcsiraMu miepeBe3eHb (1o gocsraioTs 50 — 60 MiH. T. Ha piK) 1 TEXHIYHO
OCHAIIIEHNM TPAaHCIIOPTHUM TocTiogapcTBoM. Tomy TpanumiiHi TpancnopTHi
TEXHOJIOTi1 MPOMHCIIOBHX IiIIPUEMCTB PO3Pax0OBaHi B OCHOBHOMY Ha MacOBi
BaHTaxkonotoku (600-700 BaroniB Ha 100y), 3HAaUHUK OOCST TPAHCHIOPTHOT
poboTH 1 3acTOCyBaHHS TMOTYXHOI TpPAHCHOPTHOI TeXHIKM s i
3a0e3neueHHs. B jpaHuii 4ac akTyallbHOIO cTaja MpodjeMa parioHaIbHOIo
BHUKOPHCTaHHS €HEPTrOHOCIIB y 3B'A3KY 3 IX BUCOKOIO BapTICTIO 1 TOCHICHHAM
KOHKYPEHIIii, BUKJIMKaHUM MIEPEX0I0M JI0 PUHKOBOT EKOHOMIKH.

B ymoBax il ppHKOBHUX MEXaHi3MiB TOCIOAAPIOBaHHS CKOPOYCHHS
BUTPAT i, 30KpeMa, 3HIKECHHS CHePrOBUTPAT, MOB'SI3aHUX 3 TPAHCIOPTHUM
00CIIyrOBYBaHHSIM ITAIIPUEMCTB, CTAa€ BAXIMBUM 3aBJaHHSAM 1 HaOyBae
MIDXKTaXy3eBOro 3Ha4eHHsS. MeToro JaHo1 pOOOTH € MOCHIKSHHS MTOKa3HUKIB
BUKOPUCTaHHS  TEIUIOBO3HOTO  MHapKy INPOMHUCIOBHX  MiANPHEMCTB,
MTOCHUJIAIOYNCH Ha KOHKPETHI JaHi TPAHCHIOPTHOI poO0TH. 3aBIaHHSA ITOJISATAE
B JIOCITI/DKCHHI 3aBaHTa)XCHOCTI TEIJIOBO3IB MPOMHKCIIOBUX IMIAMPHEMCTRE 3a
00CSIrOM BHMKOHYBAaHOI TpPAHCHOPTHOI pOOOTH 1 BH3HA4YEHHI MOTpeOU B
TPAHCIOPTHUX 00'€KTax 1 MOIILHOCTI IX 3aCTOCYBAaHHSA B THX YH IHIIUX
BUTIaIKaX.

st nporo HeoOXxinHO Kiacu(iKyBaTH MiINPUEMCTBA 3a KUTbKICHOIO
HasBHICTIO TEIUIOBO3iB, 3'ICyBaTH IMOKa3HUKU BaHTaXKOIMOTOKIB MPUOYTTS 1
BIIIPaBJICHHS Ta CIBBIHECTH JaHi 3 BiJICTAHHIO TEPEBE3CHB i 00CATOM
NepepoOKH BaHTAXKOIOTOKIB HA | OMHUIIIO TATOBOTO 3ac00y.

B pesynbraTi BUBUEHHS CTaHy CIpaB, TOCTPO MOCTAIO MUTAHHS TPO
JMOUIIBHICT OCTI/DKEHHA TPAHCIOPTHOI TEXHOJOTrii, sKka 1i€ Ha
MIITPHEMCTBAX, Ha MPEIMET OI[IHKH pOOOTH TATOBUX 3aCO0IB 3ai3HUYHOTO
TPAHCIIOPTY, BHUABIEHHS NMPOOJEMHHUX MICILb Ta IOLIYKY ajJbTepHATHBHHX
pillleHb.

OnTumanbHe pilIeHHS e(eKTUBHOCTI TPaHCTIOPTHOTO
00CJIyroByBaHHS MOKe OYTH 3HAWICHO 13 BIPOBAKCHHSAM HOBHX
TPaHCIIOPTHUX TEXHOJIOTIH 1 MIKPOJIOTICTUYHHUX CHUCTEM i3 3aCTOCYBaHHSIM
CHEProc(peKTUBHUX  MOOUIBHMX  TATOBUX  3ac00iB. IlutamHs  mpo
TEXHOJIOTIYHUH PEXHM 1 yMOBH iX 3aCTOCYBaHHSI HEOOXiJHO BUPILIyBaTH Ha
OCHOBI TIPOBEJICHHS JIOJAaTKOBHX TEOPETHYHMX 1 EKCIIEPUMEHTAIBHUX
JIOCIIIKEHD.
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JIO IUTAHHS OPTAHI3AILIL BHYTPIIIHbO3ABO/JICHKHX
NEPEBE3EHb METAJIYPITHHOI'O HIJIIIPUEMCTBA B
YMOBAX 3MIHHU OBCST'Y BUPOBHUIITBA
M.1O. Tumodeenko, acuctent, IBH3 «[IATY»

Cy4acHAM MeTaJIypriiHAM IiIPUEMCTBAM IIOBHOTO [IUKJTY BIIaCTHBI
BHCOKa MAaTepiallOMiCTKICTh, MiABHUINEHI BUMOTH 1O TEXHOJIOTIYHOCTI H
Oe3mexn oONagHaHHS Ta TPAHCIOPTY, BEIHKI OOCSATH BHILYCKY arioMmepary,
KOKCy, YaBYHY, CTali, MPOKaTy 1 JAEIKAX BUMAIB JOTOMDKHOI Ta CYIyTHBOI
mpoxykuii. CkiagHa i KOMIUIEKCHa BHPOOHWYA CTPYKTypa IiAIpHEMCTBA
00'eTHaHA TPAHCIOPTHO-TEXHOJOTIYHUMH Ta KOMYHIKAI[IHHUMH 3B'sI3KaMU.

TicHuii B3a€EMO3B'SI30K TPOMHUCIIOBOTO TPAHCIIOPTY 3 TEXHOJIOTTYHUM
MPOIECOM OCHOBHOTO BUPOOHHUIITBA BUPAKAETHCS B OCTIIHIA HEOOX1THOCTI
BJIOCKOHAQJICHHSI TPAHCIIOPTHOTO OOCIYrOBYBaHHS, BiJIOBIIHO /10 piBHSA
TEXHOJIOTi MeTanypriiiHoro BHpoOHuITBa. EdexkTuBHe BHKOpHCTaHHS
BHYTPIIIHBE03aBOACHKOT0 TPAHCHIOPTY MiXK LIEXaMH MiAIIPUEMCTBA T03BOIHUTh
3abe3meunT  Oe3mepeliifHicTs BHUPOOHWIITBA 1  MOXKIUBOCTI  HOTO
MOJATIBIIOTO PO3BUTKY, MEXaHI3allil0 Ta aBTOMATH3alilo, SKICThb T'OTOBOI
MPOAYKIii i 11 cobiBapTiCTh.

Ha wmeramypriffHux miAmpreMcTBaxX HAMOLIBII PO3MOBCIOIKEHOIO
(¢opmoro opranizamii BHYTPIIIHFO3aBOACHKHX IEPEBE3C€Hh € KOHTAKTHUH
rpadik. ITix HUM po3yMieThcsl cucTeMa opraHizailii MepeBi3HOTO MPoIiecy,
sIKa MOBUHHA 3a0e3MeuyBaTH MOTPeOH LEeXiB MiIIPUEMCTBA B NIEPEBE3CHHIX
1 perjJaMeHTyBaTH OOCSTM Ta aJPEeCHICTh KOXXHOTO BaHTa)KOIIOTOKY.
KonTakTHuii rpadik BU3HAYAE TOCTIMOBHICT, W TPUBAIICTH BUKOHAHHS
oreparii 3 HaBaHTA)KEHHs, IIEPEBE3CHHS 1 BUBAHTA)KEHHS BaHTaXiB Ha
OCHOBI TEXHIYHO OOIPYHTOBAHUX 1 TEXHOJIOTIYHUX OCOOJIMBOCTEH POOOTH
LIEXiB, 0 0OCITyTOBYIOTHCSL.

Mertomuka po3poOKH KOHTAaKTHOTO rpadika MPOBOAUTHCS y MEBHIH
MOCITIJOBHOCTI, M0 Tepeabadac (GopMyBaHHS MOTOJMHHOTO IUIaHY
BaHTa)XXHOI POOOTH, Ha OCHOBI 3asBKH I€Xy, B SKOMY IIOTiK BaHTaXy
MIPUHMAIOTHCSI HE3MIHHUMH B 9aci (OCTIHUM 32 BEIMYHHOIO 1 HATIPSIMKOM),
BHU3HAYAETHCS 9ac 000pOTy, poOOUMiA TAPK BArOHIB, YUCIO MOAa4d Ha 100y,
KUTBKICTh BaroHiB B 1oJ1a4i Ta 0COOJIMBI BUMOTH JI0 TAHOTO MEPEBE3CHHSI.

3rilH0O 3 KOHTAKTHMUM rpadikoM YOpaBIiHHA 3aJi3HUYHUM
tpancrioproM (Y3T) 3akpiruitoe meBHY KibKICTh BaroHiB (BEpPTYLIKH) 3a
LEeXOM MiANPUEMCTBA 3 YpaxyBaHHSM HAasiBHOTO pe3epBy BaroHiB. Pyx
HOTAriB, MAaHEBPOBHX Iepeaay i 10JaTKOBOTro J000BOTO IJIaHy NepeBe3eHb
BAaHTAXIB, II0 HE OXOIUICHI KOHTAKTHUM TpadikoM, 3IIHCHIOETHCS [
KEpIBHULTBOM JMCHETYEPCHKOro amapary. Y BHIAAKy, KOJIM Hojadya,
puOUpaHHs, HABAaHTAXXCHHS a00 BUBaHTA)KCHHS BaroHIB, BUKOHAHI ITi3HIIIIE
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3a3Ha4YeHUX TepMiHIB, TO 1ex mianpuemcrea abo Y3T Hecytb
BIJINOBiAJIBHICT 3a 3pHB rpadika.

BpaxoByroun cydacHi yMOBH (DYyHKIIOHYBaHHS METayprilHUX
MANPUEMCTB, a came: 1) 3MeHImeHHS O00cAriB  BHPOOHUIITBA;
2) mepepo3roAia  JIOTICTUYHUX  JIAHIIOKKIB  MOCTAa4aHb  CHPOBHUHU,
3) 30ibLICHHS] HEPIBHOMIPHOCTI MepeBe3eHb; 4) 3MEHIICHHS KiTbKOCTI
MOXJIMBHX KaHANiB 30yTy TOTOBOI MPOAYKIii; 5) omTuMmi3allis BHUTpar
METANypridiHUMH IIIPUEMCTBAMH B yMOBaX BOEHHOTO CTaHy - Habmpae
BaYKJIUBOCTI MTUTaHHA YCYHEHHS HEIOMIKIB oprasizamii
BHYTPIIIHBEO3aBOACHKHX MIEPEBE3CHb.

ITonpu npoBeaeHHs TpadiuHOro Ta AHATITHIHOTO 00Ky BUKOHAHHS
KOHTaKTHOro rpadika Ha NiIOpUEMCTBaX, (aKTHYHE BUKOHAHHS He
nepesunrye 40-60%, mo 30UIbIIye YacTKy TpPaHCIIOPTHUX BHTpAT y
3arajbHii co0iBapTOCTI TOTOBOT MPOAYKIIii.

CTOXaCTHYHICTh [JESIKMX BHPOOHHYMX TIPOLECIB HE JIO3BOJISIE
po3paxyBaTH IOBTOCTPOKOBI IIOKa3HMKH 4Yacy BHKOHAHHS BaHTAXHHX
orepamiid, mogayi Ta MpUOUpaHHSI PYyXOMOTO CKIIAAYy, IO Oe3mocepeqHbo
BIUIMBAE€ HA MIJBHUIICHHS KUIBKOCTI IOPYIIEHb 1 3pHBIB KOHTaKTHOTO
rpagika, Ta moTpedye peryspHoro Horo KopuryBanHs. Lle cBimuuTh mpo Te,
o0 TpH HasABHIA oOpraHizamii mnepeBe3eHb 30eperTH IMOCTIHHUMH BCi
napaMeTpu CUCTEMH CTPOTO PErIIaMEHTOBAaHUMH TPOOIEMaTHIHO.

Ha miacraBi 3a3HaueHnX (hakToOpiB MOKHA 3pOOMTH BHCHOBOK, IO
NPy HUHIIIHIX YMOBax (YHKIIOHYBaHHS METaJIypriHOTO MiJIpPHEMCTBA
CIIiI TepPeryIsHYyTH CTPOre 3aKpilUICHHS PYyXOMOTO CKIany 3a OKPEMHMH
NepeBe3eHHsIMH, (IKCOBaHY KIIBbKICTh BaroHiB B IojAavi, 4ac 00OpoTy
BaroHiB, iHTEpBaJ iX BiANPaBICHHS 1 TOCTIUTH MOXIIMBICTH BIIPOBAPKECHHS
HOBOI (OpMHM oOprasizauii BHYTPIIIHBO3aBOJCHKHX II€PEBE3CHb, B SIKil
TiepepaxoBaHi BUILE MapaMeTpH CTaHyTh KEPOBaHHMH Ta PEryJIbOBAaHUMH B
OIIEpPaTHMBHOMY PEXHMI 32 JONOMOTOI KOMITIOTEPHHX TEXHOJIOTiH, II0
CBOEIO YEProl0 MOCHPUSIE PO3BUTKY aBTOMAaTH30BaHOI CHCTEMH YIIPaBIiHHS
BUPOOHHUIITBOM Ha miAnpueMcTBi. Lle 103BONMHMTH BpaxoBYBaTH ITOTOYHI
3MiHH TPAHCIIOPTHOTO 0OCITYTOBYBAaHHS Ha I JIPUEMCTBI i JOCSATTH BUCOKOI
e(eKTUBHOCTI (DYHKIIIOHYBaHHS arperariB BAPOOHUYHX LIEXIB 1 TPAHCIIOPTY
AK €IMHOTO LUIOTO.
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TRACTION CALCULATIONS OF TRAIN WORK FOR SUPPLY
ROADS OF INDUSTRIAL ENTERPRISES
B.Sh. Askarov, phd, head of the department,
A.V. Rozhkov, Cand. Sc. (Engineering), ass. prof.,
O.T. Balabaev, Cand. Sc. (Engineering), prof.,
Abylkas Saginov Karaganda Technical University, Karaganda,
The Republic of Kazakhstan,
G.V. Maslak, Cand. Sc. (Engineering), ass. prof.,
O.S. Krasulin, senior lecturer,
SHEI «PSTU»

To carry out traction calculations of the movement of trains in railway
transport, it is used a calculation technique based on the solution of a
mathematical model based on the solution of a differential equation for the
train movement.

When developing the mathematical model, a number of assumptions
were made, the main of which is the representation of the train in the form of
a material point in which the entire mass of the train is concentrated.

This assumption was made in order to simplify the performance of
traction calculations of train operation. For the conditions of mainline railway
transport, the application of the calculation method with such an assumption
showed a rather small discrepancy between theoretical calculations and the
results of practical measurements.

This circumstance is explained by the peculiarities of the profile of the
main railways. The profile of mainline railways is characterized by fairly long
sections (from several to ten kilometers) with the same slope. Therefore, with
train lengths up to 1.25 km. (the maximum standard length of the receiving
and departure tracks), the assumption in the calculations of the concentration
of the entire mass at one point is justified from the point of view of quite
acceptable results, for practical use on the main railway tracks.

The application of this technique for train traction calculations for the
conditions of access roads of industrial enterprises showed a significant
discrepancy between theoretical calculations and practical results of
measuring train movement parameters in experimental trips.

This discrepancy is explained by the fact that in the conditions of
mainline railway transport, the train moves for a sufficiently long time on a
section of the track that has the same slope. Access roads of industrial
enterprises have fundamental differences in profile characteristics.

For example, let's consider the profile of the track section of the haul
with a length of 10 km of the access road «Karaganda loading and transport
department of the Coal Department of Arcelor Mittal Temirtau JSC» (Fig. 1).
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Fig. 1 — Graph of the height difference of the rail head on the section of the
stage "st. Administrative - art. Radio node™ KPTU JSC "Arcelor Mittal
Temirtau"

According to the profile data, the height marks of the rail profile head
will be:

At a distance from the beginning of the section:

2000 m — 542.8 m; 2250 — 537.5 m; 3000 m — 548.1 m.

Thus, the slopes of the profile will be:

On the section 2000-2250 m - -26.5%o; on the section 2250-3000 m -
+ 14.1%eo.

With a train length of 500 m and the location of the train’s center at a
distance slightly less than 2250 m, in the classical calculation method, the
slope value will be -26.5%o, and if the train center is located a little further
than the distance of 2250 m, the slope value of 14.1%. will be accepted in the
calculation. In fact, approximately half of the train will be on a slope of
-26.5%o, and the other half of the train will be on a slope of +14.1%o

It is obvious that the application of the classical calculation
methodology will lead to significant errors in determining the calculated
parameters of the train movement.

Thus, the aim of the study was to develop a traction calculation
methodology that provides for the determination of additional resistance to
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train movement from a slope, taking into account the actual location of the
rolling units of the train on the track section at each moment of its movement.

For this, the following tasks were solved:

- an algorithm has been developed for determining the value of the
slope under each moving unit of the train (locomotive and wagons) at each
moment the train is on the section during its movement.

- an algorithm for solving the differential equation of motion by a
numerical method in the Scilab software environment was developed.

As is known, in the classical method of traction calculation, the
additional resistance to train movement from the slope is determined by the
formula:

wg =i ,%o 1)
where: i —the value of the slope on which the center of the composition
is located.

In the developed method, the additional resistance to the movement of
the train from the slope is determined by the formula:

" :E;‘lzl:':l:tjirtj (2)
where: n — the number of mobile units in the train;

m,..j — mass of the j-th rolling unit of the train;

ir¢; — the value of the slope on which the j-th moving unit of the train
is located.

To determine the value i.; an algorithm for determining the
coordinates of all moving units of the train at each moment of train movement
was developed. According to the calculated coordinate and the characteristic
of the section profile, the value i,.; is determined.

The algorithm for calculating the parameters of train movement, based
on the numerical integration of the differential equation of train movement,
is implemented in the Scilab software environment.

The results of the traction calculation according to the classical
method, according to the developed method, with experimental data on the
actual speeds of the train, indicating the positions of the controller that
determine the values of the traction force of the locomotive (in this case, the
locomotive TEM2), are shown in Figure 2.

An analysis of the graphs shows that the calculation data by the
classical method have deviations of up to 30%, and by the proposed method
up to 5%.
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Speed km/h; Controller position

Distance, m
Fig. 2 - Dependence of the train speed and the position of the
controller on the distance traveled: 1 — experimental data; 2 — calculation
data according to the developed method; 3 — data of calculation according to
the classical method; 4 — position controller

Thus, the proposed method of traction calculations is more accurate.

LOGISTICAL COORDINATION OF INTERMODAL
TRANSPORTATION PARTICIPANTS
I.B. Hikonaenko, 1011., kKaua. TexH. Hayk, HAY, m. Kuis,
M.B. Xapa, gou., kaua. TexH. Hayk, JIBH3 «[1ATVY»,
M.O. Bypsik, 3100yBau Bumioi ocsity, HAVY, M. Kuis

Intermodal freight transport is a system for transporting goods,
particularly over long distances and across international borders, which uses
a combination of two or more individual modes. Intermodal freight
transportation allows the optimization of trade-offs among the components
of supply chains and the service and cost aspects of transportation. Intermodal
let us reduce shipping costs and works perfectly for long-distance moves.
Intermodal freight transportation can increase a company’s bottom line by
providing significant savings over traditional over-the-road trucking. The
promotion of environmentally sustainable transport, especially intermodal
involving rail and sea, has developed over the past years.

The growth of intermodal freight transportation is driven by several
factors: the changing customer requirements and competition of supply
chains in a global marketplace; the need to flexibly respond to changing
customer requirements with seamless coordination of freight and equipment
flows through various modes; improving information technology and the
challenges associated with their application; constraints on and coordination
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of infrastructure capacity; future investment in new transport and logistics
infrastructure.

The barriers that intermodal transportation is faced need to be
identified in order to create an efficient goods flow throughout the supply
chain to make the utilization of sustainable transport options more integrated.

Logistics coordination of intermodal transportation participants is
activity coordination like material, information, and financial flows
coordination, which helps to manage the activities of particular nodes.
Logistics coordination is considered in a lot of ways in the literature, for
synergistic effects between internal and external activities of the company,
financial operations, and, as a key element of humanitarian logistics
activities, etc. Logistics coordination is mainly connected with flow
management and activities that strive for different entities' activity integration
that participate in the transport, warehousing, and logistics operations.

There needs to be an established trust, information sharing, process
integration, and synchronization of decisions to reach sustainable
collaboration, which will increase intermodal transportation. In the
conditions of information and material flows from the production plant to the
final customer the coordination activities are managed by the logistics
operators of 3PL (third-party logistics). This conception assumes the
connection of the current functions of logistics operators in the distribution
networks with the functions connected with inventory management,
transportation management, resource planning, and demand forecasting and
planning. Transport operations, and the ability to carry them out efficiently
and flexibly, play a significant role in the coordination of the intermodal
system. The logistic operators can coordinate and perform transport
operations usually by using TMS (Transport Management System) or
adapting solutions related to ICT (Intelligent Transport System).

An intermodal transport system is a significant and critical factor in
the successful execution of supply chains, both domestically and
internationally. The requirements for options in the intermodal execution of
supply chains are driven mostly by information and communications systems.
It is worth considering the function connected with the possibility of demand
management and the knowledge about contemporary information exchange
technologies.

Digitalization allows for massive amounts of data to be transferred
throughout the supply chain, which integrates the intermodal transport system
into a new level. Big data has the ability to optimize capacity utilization,
improve customer experience, reduce risk, and give rise to new business
models.
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Among the factors, which positively influence logistics processes
coordination there are distinguished cyber-physical systems, which, in
combination with modern technologies, such as IoT (Internet of Things),
allow for more efficient coordination of activities in intermodal
transportation systems. Another concept that is increasingly exploited is the
Digital Twin concept. This concept is based on the possibility of creating an
accurate computer model of the company’s activity. Digital Twin can also
derive information from the demand forecasting system adopted by the
logistics operator.

THE ROLE OF BIOMETRIC SYSTEMS IN MANUFACTURING
Shaberdi Gylychtaganov,
Institute of Telecommunications and Informatics of Turkmenistan

The widespread dissemination of information systems in all spheres
of life has also determined the jump in cybercrime. Various kinds of
confidential information concerning citizens were under threat. Actions to
seize personal information are, as a rule, a necessary prologue to subsequent
crimes. According to statistics, up to 2/3 of the facts of unauthorized
penetration into computer networks is committed through the fault of
inaccurate users or with the direct participation of service personnel. The
source of the leakage of classified information in 80% of cases must be sought
within the organization itself. The use of various systems to protect against
insiders is becoming increasingly popular.

According to research, one third of users write down passwords,
which means that the password can be accessed by others. Most companies
come to the conclusion that they should move away from the generally
accepted authorization system by entering a password and login, since this
system is too unstable to hacking attempts, but new security methods must be
used. The modern alternative is to use biometric technologies.

Biometric identification and authentication allow you to restrict access
to information systems, provide real-time control of the operator's identity,
control and record the real working time of operators, and also allow you to
encrypt and transfer information to a clearly defined addressee.

Physiological biometric unique features of a person are a fingerprint,
facial features, a pattern of blood vessels in a finger or palm, hand geometry,
iris, etc. These features, unlike credentials or passwords, cannot be stolen or
transferred to another person, but the issue of forgery in some cases still
remains open. The tamper resistance of an identification system influences
the choice of biometric systems.
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The main goals of creating biometric complexes at enterprises are as
follows:

— prevention of unauthorized access to information;

— prevention of unauthorized physical access;

— ensuring the safety of the production process and personnel;

— safety of material assets in the premises and on the territory of the
enterprise.

Such complexes include an access control system with a large number
of access points and complex logic for managing access to premises and
information resources.

Often, biometric security systems are implemented in the verification
mode, i.e., combination. The combination of biometric technologies with
other identification systems allows the enterprise to significantly increase the
reliability of the access control and management system.

The main users of biometric information security systems can be
considered the financial and industrial sectors, government and military
institutions, the medical and aviation industries, and closed strategic
facilities. These systems implement the 2 most important protection factors
required in such enterprises: prevent an unauthorized user from among their
employees from performing an operation that is not authorized for him,
confirmation of the authorship of each operation.

One of the most important characteristics of biometric systems is
accuracy - the ability of the system to reliably distinguish between biometric
characteristics belonging to different people.

The leading position here is occupied by a digital image of the face.
This technology has been recognized by the International Civil Aviation
Organization as mandatory for new generation passport and visa documents.
Based on 3D face and iris recognition technology, the biometric system can
operate without ID cards, keys or PIN codes and provide secure access to a
building for several thousand people. The result of the 3D scanner is a
recreated face surface, on the basis of which a biometric template is built,
which is anthropometric information that does not change over time. The
accuracy of the template is so high that it allows you to distinguish between
twins. At the same time, the size of the template is very compact, about 5 kb.
The scanned template is compared with the database of saved templates and
after a short time (1-2 s) the system issues a result. The independence of this
system from illumination and insensitivity to external changes, the
impossibility of "cheating” this system make it practically invulnerable to
intruders.

There are, of course, problems associated with the use of biometric
data. For example, in new passports, a chip containing biometric information
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could theoretically be destroyed by radiation from a medical microwave
therapy unit or even from a cell phone, but these problems can be solved.

There has also been a positive shift in the legislative base of this
sphere, for example, in the field of changing and approving uniform
standards. I1SO International Subcommittee on Biometrics Standardization (
The International organization for Standardization ) also approves other
amendments in the field of biometrics, since not only financial and industrial
corporations, but also the governments of many countries: the United States,
the European Union, Japan, Australia and many others are interested in the
early adoption of new standards.

ARKADAG - SMART CITY OF FUTURE
Valiyeva Sapargul Yusupovna, head of department, Institute of
Telecommunications and Informatics of Turkmenistan

Arkadag city is the name of the new capital of the Akhal province of
Turkmenistan. The corresponding resolution was adopted by the lower house
of Parliament and presented on Wednesday, 21 December 2022, at a visiting
meeting of the Cabinet of Ministers chaired by President Serdar
Berdimuhamedov. During the meeting, reports of some chiefs were heard and
priority tasks for the implementation of the new city construction project were
discussed. The city of Arkadag occupies a total area of 1002 hectares and will
be a home for 64,000 people. The number of residential buildings in the city
will be 368, the number of families (households) — 11652. One of the
picturesque corners of the Turkmen land — a new city built at the foot of the
mountain — evokes feelings of admiration in everyone. In this modern
educational center, the happy generation of our era will comprehensively
develop and improve their skills. They will live in new luxury homes that
meet international standards. As part of the ongoing urban planning activities
in the new city, special importance is attached to the digital system. The
features of the architectural infrastructure of the new “smart” city are
immensely pleasing and cause a sense of pride among our people.

The construction is carried out in two stages. The first phase includes
336 facilities such as buildings of the city administration and public
organizations, a flagpole, the monument “Akhal”, the Akhal Equestrian
Circus, the Research and Production Center of Horse Breeding, the Rukhyet
Palace, a library, marriage palace “Bagt kosgi”, a drama theater, a museum,
buildings of enterprises and law enforcement agencies, branches of banks and
other important objects. A children’s health and rehabilitation center, a health
home, an oncological center, a Center for maternal and child health, a
multidisciplinary hospital, an ambulance center, an International higher
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educational Institution of horse breeding, 4 general education schools, 4
secondary vocational schools, 10 kindergartens, a multidisciplinary sports
complex, a sports center, stadium and other facilities are now being built. As
part of the first phase, 258 two-, five-, seven- and nine-storey residential
buildings are being built. In addition, 19 shops, 3 household houses, a hotel,
a shopping and entertainment center and a recreation area are being
constructed. The urban environment of Arkadag is based on the concept of
“smart city”. The city will have an Internet network and portals of various
spheres. The new administrative center of the Akhal province should become
a model for both urban culture and ecology in order to preserve the natural
beauty of the construction area. Here, as elsewhere, attention is paid to the
implementation of the concept of a “smart” city. It should be noted that the
concept of a “smart” city is based on the integration of advanced information
and communication technologies, through which a single ecosystem is
created that ensures the management of urban structures and services,
improving the quality of life of the population. This concept includes a
number of constituent elements that lead to the systematic improvement of
the social and living conditions of the population, ensuring the availability of
modern digital services, as well as the modernization of urban infrastructure
and proper monitoring of the functioning and condition of technical
equipment. One of the aspects that we pay attention to when talking about
ecology in the city of Arkadag is road and public utilities infrastructure.
During the construction of roads, equipment and materials are used that help
the relevant services to ensure safety, environmental friendliness and comfort
of living. One of the directions is a video surveillance system designed for
visual control and automatic image analysis with the ability to work out
scenarios (automatic recognition of faces, state numbers, non-standard
situations, etc.) for emergency assistance.

Traffic jams are one of the most negative factors of a modern city,
which are an acute problem in all settlements with heavy traffic. Their
negative impact extends to many aspects — such as logistics, labor
productivity, ecology and many others. Transport system management is a
set of various measures aimed at the effective functioning of this system
through coordination, organization, ordering of the elements of this system,
both among themselves and with the external environment. Intelligent
Transport System (ITS) is a management system that implements innovative
developments for managing vehicle flows. As a result of using such systems,
we get so-called “smart roads”. One of the components of ITC is the “Smart
Traffic Light” system. This system is being introduced for the first time on
the territory of Turkmenistan. This system will reduce drivers’ travel time,
avoid traffic jams. It will also contribute to reduction of harmful emissions.
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In Arkadag, it is planned to use electric cars and electric buses. Even
a partial transition to electric transport together with the use of the Smart
Traffic Light system will improve the environmental situation in the city.
Tactile ground-mounted signs are installed on the sidewalks for the
movement of people with visual impairment. The total length of installed
ground-mounted signs on the sidewalks of roads and in park areas is about
130 km. It also provides for the installation of auxiliary technical means
(pedestrian traffic lights) that will help people when crossing roads. The use
of sound signals and tactile signs at pedestrian traffic lights significantly
increases the ability of visually impaired people to move independently and
safely in the city.

It is planned to create a health park, which will accommodate
playgrounds for active recreation, running and bike paths, gazebos for board
games. In the city, there will also be bike paths with a total length of more
than 14 km. When lighting roads, diode lamps are used to save electricity.
Rain collectors are installed on all roads and a general collecting network is
being built. Water is collected at a sewage treatment plant, where it is cleaned
of petroleum products and garbage, after which it enters the settling tanks. In
the tanks, all the collected water is settled and prepared for secondary use, for
watering the green areas. Thereby the system will save water resources as the
water intake from the “Karakum River” will be reduced. Lifting mechanisms
(elevators) for various purposes, the total number of which exceeds 1000
units, are installed in many buildings of the city of Arkadag. To ensure high-
quality and high-tech maintenance of elevators, it is planned to create a
centralized control system for monitoring the operation of elevators (server).
Technical data from each elevator will be transmitted to the server room.
According to these data, the wear of the units will be taken into account and
timely preventive and scheduled repair work will be carried out. The
elevators provide for the installation of an intercom system, through which
the user can contact the dispatcher and report problems or call for help.
Security will be ensured by installed cameras in the elevator cabin and
technical rooms. The use of Braille buttons and a sound signal in elevators is
mandatory. Each apartment in the city of Arkadag’s new residential structures
has a general control system built for the residents’ comfort as well as to
ensure minimal damage and safety. Residents can use this system to check
on the state of their individual apartments.

This system includes the installation of:

o Meters with the support of an Automatic system for monitoring and
managing energy resources;

e Methane leak sensor;

o Water leak sensor;
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¢ Valves that shut off gas and water;

e Controllers.

The Smart Home software will allow to monitor energy consumption
and receive notification of an accident. Electricity, water (cold and hot), and
gas meters are connected to the Central Controller. Through the Smart Home
software application, an apartment resident can monitor and make payments
on time. Data from all meters will be available to the relevant services.

THE NATIONAL ECONOMY DIGITALIZATION:
ACHIEVEMENTS AND PROGRESSIVE INTERNATIONAL
EXPERIENCE
Sahragul Meretmuhamedovna Yamadowa, Jeren Serdarovna Hojamuradova
Teacher Lecturer of Department Economy and applied informatics
Turkmen Institute of Telecommunications and Informatics

Under the leadership of Honorable President of Turkmenistan Serdar
Berdimuhamedov our country follows steadily the pathway of
comprehensive  socioeconomic development considering the most
progressive trends of the world. This is especially relevant in context of full
modernization and digitalization. The whole set of measures is taken for
example in this regard to reconstruct comprehensively, update the national
financial and banking system.

In the current conditions of market economy development, the
banking institutions activity transforms its main points and content.
Attraction of new clients, further strengthening of interaction with the
available clients, including enforcement of their trust to the bank institutions,
to the national financial system in whole are the very actual matters today.
Therefore, the necessity of active, wide introduction of the advanced
technologies in sphere of digital banking is beyond all doubt.

The mainland, traditional principle «client’s preference is above all»
is very important in context of the bank institution activity, as far as just this
approach provides for final efficiency, including the economic performance
of the banking. The extent of satisfaction of the clients with the bank services
is very important for profitability of a bank, its competitiveness within the
market space. The banks that modernize fundamentally their infrastructure,
including introduction of digital format of activity, obtain additional
motivation to move forward to the level of the internationally leading
financial-banking institutions, to develop new, more progressive form of
interaction with the clients.

Development of digital services on the Internet basis is among the top
priorities of further development of the financial-banking systems of the
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leading states, including Turkmenistan. Within framework of this work, the
payment systems «Internet-bank» and «Mobil-bank» are introduced
intensively to make it possible to perform the year-round bank services in any
corner of the world, provided the Internet communication is available. For
this purpose, the list of users of the digital system services is studied. This
studying includes in particular the depth of availability of Internet among the
population, expectations of people from electronic payment systems, the
range of related risks and the ways of these risks mitigation, the methods of
efficient information security. Simultaneously, the productivity of digital
banking directly or indirectly depends on such factors as market niche and
reputation of a bank, assortment and quality of the bank services, level of
creativity, literacy, design, competence, information security and
confidentiality, accessibility of the Internet site, as well as the extent of
accessibility, authenticity, integration of services and other criteria.

Bankcards are the most widespread instrument of virtual payments in
the whole world. The bankcards, especially those suitable for contactless
payments terminals, are applied actively in the USA, Latvia, Sweden, China,
England, Turkey, Russia, Kazakhstan, Belarus and other developed states of
the world. The contactless payments system suggests significant saving of
time and money: there is no need of using PIN code, physical contact with
the bankcard, using the terminal. It is enough to set the bankcard or other
payment instrument (e.g., smartphone) to the special reading device (payment
terminal or reader of QR-code) and press the button (without inputting PIN
code). In this case, the payment limit is defined by the issuing bank for the
purposes of security. According to the data from the «Global Payment Cards
Data and Forecasts to 2024» edition, in 2018, the number of contactless
payments reached around 70 billion, i.e., 15% of the worldwide volume of
bankcard payments.

Nowadays, the area of QR-codes application is expanding in the
world, and it is connected first of all with the breakthrough of mobile and
communication technologies. The QR-code is the two-dimensional bar code
containing encrypted information. Essentially, this is mobile software
interpreted as «Quick Response Code» allowing read out, decrypt and, if
required, correct the information in QR-code operatively. For the first time,
the QR-code technology was used in Japan. It allows, if necessary, add the
data, simplifies the process of reading out and scanning of information,
allows code and translate it to electronic format, while there is no necessity
of manual mode of input of information. If there are any signs of mechanical
damage of information or information carrier, the technology contains the
algorithm of QR-code reading and errors correction. Availability of public
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domain software for formation and reading out of QR-codes also provides for
additional comfort in using of this format of electronic services.

At present, the QR-code technology has the plentiful growth in Asia,
North America and Europe countries. Practically all the commodity items in
Japan, China and India are shaded with the QR-code. This technology is
highly greeted in the financial-banking sphere, for instance, the technological
solutions applied by the well-known messenger WeChat Pay (WeChat is
popular payment system) and one of the largest payment systems of China -
Alipay. In 2017, in China, the QR- code-based payments and money transfers
were performed in total amount of US$18.5 trillion.

Currently, the Central Bank of Turkmenistan and the Joint-Stock
Commercial Bank «Rysgal» perform the big job on formation of the payment
system of quick response code. The complex measures in this regard stipulate
the introduction of different mechanisms and methods of effecting of
payments based on QR-codes. This work should promote stronger
accessibility of the bank services, as well as reduction of costs of the small
and medium business entities connected with purchase, installation and
maintenance of POS terminals. Technology of QR-codes will promote further
development of the national payment system, improvement of financial
education of the population, further intensification of measures on
digitalization of the national economy.

In the current conditions of dynamic development and widening of
interaction between the economic actors, growth of the volumes of e-
commerce and the sphere of services the demand for services in digital format
entities increases. E-money is one more form of the digital banking services.
E-money is the form of turnover of monetary funds (in point of fact, non-cash
flows) without using cash money through the bank accounts. In our days, in
the world, for not big payments the banks suggest such payment electronic
services in real time as «Web money», «Yandex money», «Qiwi wallety,
«Perfect money», «Elecsnet» «Paypal», «Payeer» and other systems. This e-
money format suggests provision of reliable protection of Internet payments,
operational efficiency of the bank operations, comfort and full satisfaction of
the growing consumer demands.

Under wise leadership of Honorable President of Turkmenistan, in
accordance with the «National Program of Socioeconomic Development of
Turkmenistan for 2011-2030», «Program for Development of Economic,
Bank and Financial Systems of Turkmenistan in 2019-2025» and
«Conception for Digital Economy Development in Turkmenistan in 2019-
2025», the particular tasks are performed to create the world level payment
system. The tasks stipulate expanding the volume of digital bank services,
satisfying the needs of the market, attracting the free money of the households
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to the bank deposits, introducing the system of electronic identification,
creating harmoniously functioning electronic industry, as well as leveling the
availability of modern digital communication facilities in city and in village.

THHOBAIIIMHI PIINEHHSA B TEXHOJIOI'ISIX MOHITOPHUHI'Y
TA YIIPABJIIHHSA BE3IIEKOIO ABTOMOBIJIBHOI'O
TPAHCIIOPTY
€.10. [lanineiiko, acmipasr,

HarmionansHuit TpanciopTuii yHiBepcuteT, M. Kuis

IHHOBaI}HI TEXHONOrii MOHITOPUHTY Ta YHpaBIiHHS O€3MeKoro
JIO3BOJISIIOTH KOHTPOJIIOBATH PyX TPAHCIIOPTHUX 3aco0iB, CTaH JOPOTH B
PEKHUMI peabHOTO Yacy, a TaKoX 3a0e3MeuyloTh e()eKTUBHY OpraHi3allilo
JIOPOXKHBOTO pyXy. OTHUM 3 IHHOBAIITHHUX PIllICHb B T'aTy3i aBTOMOOUTFHOTO
TPaHCIIOPTY € BHMKOPHUCTaHHS CHCTEM MOHITOPHHTY TpaHcnopry. Taki
CHCTEMH MOHITOPUHTY MOXYTh BKIodaTé B cebe GPS-HaBiramito, 1aTauku
BiZICTaHi, KaMepH CIIOCTEPEKEHHS TOIIO. 3a JOTMOMOTOK0 IHX TEXHOJOTIH
MOJKHa 30MpaTH iH(OpMaIlilo PO MIBUAKICTH PYXY, 3YITHHKH, PO3BOPOTH Ta
iHmIi i BOAIIB, IO JO3BOJISIE MOKPAIIUTH Oe3meKy Ha moporax. Kpim Toro,
IHHOBAI[If{HI TEXHOJOTil BKIIOYAIOTh CHUCTEMH aBTOMAaTHYHOTO EKCTPEHOTO
TallbMyBaHHS, SKi TO3BOJISIOTh 3HU3WUTH KUIBKICTH aBapiif Ha JHoposi. Taki
CHCTEMH MpAIOIOTh 3a JOMOMOIOK PI3HHX CEHCOPIB, SKi BHSBISIOTH
HeOe3MeKy Ta aKTUBYIOTh TalbMiBHI cucTeMu. Lle 103BoJIsiE CKOPOTUTH Yac
peakiii BOAilB Ha HeOe3meKy Ta 3amoOIrTH 3ITKHEHHSIM 3 IHIIHMH
TPaHCIIOPTHUMH 3aC00aMH.

[HIT010 BXKIIMBOIO 1HHOBAIIITHOIO TEXHOJIOTI€I0 € CHCTEMHU KOHTPOITIO
3a BomieM. Taki cHCTEMH MOXYTh BKJIIOYaTH B ce0E NaTUYUKH BTOMH,
BUSIBJIICHHS O3HaK AJIKOTOJBHOTO CIT'STHIHHSA Ta BiJICTaHb MK BOIIEM Ta
TIepeIHIM TPAHCIIOPTHUM 3aCO00M.

OnHi€r0 3 OCHOBHMX 1HHOBAIIH B rajly3i MKHApOJHHX NEPEBE3CHb €
BUKOPHCTAHHS CHCTEM TeJIeMaTHKH. TereMaTHKa - IIe IHTerpais TeXHOIOT il
TeNeKOMYHIKaIliil Ta iHhopMaIifHIX TEXHOJIOTIN T 3a0e3neueHHs Oe3neKn
Ta e(pEeKTHBHOCTI TPaHCHOPTHOro mpouecy. CHCTeMH TeleMaTuku
JO3BOJISIIOTh KOHTPOJIIOBATH PyX TPAaHCHOPTHUX 3aco0iB Ta OIIHIOBATH
e(eKTUBHICTh iX BUKOpHUCTaHHA. Taki CHCTEMH MOXYTh BKJIIOYaTH B cebe
GPS-nasirauito, cucTeMu CIOBIILIEHHS PO HEOE3INeKy Ha J0p03i, CUCTEMH
MOHITOPHHTY MIBHJIKOCTI Ta TPaHCIOPTHUX 3aco0iB, IO 3a0e3MevyroTh
HiBUIICHHS OC3MEKH Ha TOpOrax.

BukopucraHHs ~ aBTONUIOTIB —  CHCTEeMH, SIKi  JJO3BOJISIOTH
TpaHCIIOPTHOMY 3aco0y KepyBaTu coOoro Oe3 ydacti Boxisi. Taki cucremn
BKJIIOYAIOTh B ce0¢ KOMI'IOTEPHI allrOPUTMH Ta JATYUKH, SIKi JO3BOJISIOTH
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TPaHCIIOPTHOMY 3ac00y KepyBaTH PYXOM Ta YHUKHYTH HEOE3IEKH Ha JI0pO3i.
ABTOIJIOTH JIO3BOJISIFOTH  MIIBUIIUTH OC3MEKy Ha JOpO3i, OCKUIBKA
3MEHIIYIOTh PHU3MK JIIOACBKOI TOMHJIKM Ta JONOMararmoTh BOJI€BI
30CEepeUTUCS Ha IHIINX 3aBJaHHSX.

BuxopucraHHS eNEKTPUYHHX AaBTOMOOUTIB — aBTOMOOLTI, IO
MPALIOITh Ha OaTapesx, M0 Y CBOK 4Yepry JO03BOJSE 3MECHIIUTH BUKHIH
BYTJICLIO Ta CIIPHsie 30epeKEHHIO HABKOJIHIIIHBOrO cepenoBuia. Kpim toro,
eJIeKTPUYHI aBTOMOOLTI MarOTh MEHIIYy KUIBKICTh AeTanei, IO IO3BOJISIE
3MEHIIUTH HMOBIPHICTF BHHHKHEHHS HECIPABHOCTEH Ta 30UTBIINTH iX
TPHUBAJICTD EKCILTyaTaIlii.

Hapermri, iHIIIOI0 Ba)KJIMBOIO IHHOBALIIEIO € BAKOPUCTAHHS PO3YMHHX
Jopir. Po3yMHI TOpOTH - 1ie TOPOTH, SKi BUKOPHCTOBYIOTh TEXHOJIOTIT JIst
300py Ta 00poOKH iHpOpMAIi PO JOPOXKHI YMOBH Ta PyX TPaHCIIOPTHHX
3aco0iB. Taki cucTeMu MOXKYTb BKJIIOUaTH B ceOe€ MaTYMKU JUIS BUSIBICHHS
aBapiif Ta HeOE3MEeUHUX CUTYyalill, CHCTEMHU CIHOBIIIEHHS IPO HUX, & TAaKOX
CHCTEMH KEpYBaHHS PyXOM TPaHCIIOPTHHX 3aCO0IB I 3MEHIIICHHS 3aTOPiB
Ta MOKPAIICHHAS OE3IeKH Ha TOPO3i.

IHHOBAIIIHI TEXHOJOTIi B TEXHOJIOTISIX MOHITOPHHTY Ta YIPaBIiHHS
0e3MEeK0I0 aBTOMOOUIEHOTO TPAHCTIOPTY € HEB1/T'€MHOIO YaCTHHOIO PO3BHUTKY
aBTOMOOLTBHOT Tady3i Ta MDKHAPOOHHUX TIepeBe3eHb. BOHU T03BOIISIOTH
MIBUITUTH Oe3MeKy Ha A0pO03i, SMEHIIUTH HETaTHBHUHN BIUIMB Ha JOBKIIISA
Ta 3abe3nednTr OublI edekTuBHY poboTy Tpancnopty. OnHak, HEOOXiTHO
PO3pOOJISATH CHCTEMH, SIKI BPaxoBYIOTh (aKTOPH JIIOACHKOro (aktopy Ta
3a0e3neuyroTh Oe3neKy TaHuX, oo 3a0de3neunTu Oe3nepeodiiiny Ta 6e3nedny
poOOTY HOBHX TEXHOJIOTIH.

METO/JAUKA OLIHKHU PU3UKIB BUHUKHEHHS
HAJI3BBUYANHUX CUTYAIIA Y MYJbTUMOJAJTBHUX
MHNEPEBE3EHHSX BAHTAXKIB
C.B. lllupsena, pon., KaHa. TexH. HayK., B.O. CTpyus, CTyA€HT,
HarmionansHuit TpancopTHHil yHiBepcuTeT, M. Kuis

3abe3neueHHsT O€3MEKN HACEJICHHS Ta TEPUTOPIN BiJ HaA3BUYAMHUX
curyaniit (HC) e Huni omHuM 13 roioBHUX 3aBAaHb. Cepen TexHoreHHHX HC
TpaHCIOPTHI aBapii (kaTacTpodu), moxexi Ta BUOyXH 3aiiMar0Th 0coOIMBE
MICIIE 3 MOMJISY COIIAbHUX, CKOHOMIYHHMX Ta SKOJOTIYHUX HACIIKIB.

Oco0JIUBICTh MYJIBTUMOJAIBHIX BAHTAXKHHUX MEPEBE3CHD IMOJISTAE Y
TOMY, IO BaHTaXI MEPEMILIAIOTHCS y Yaci Ta MPOCTOPI PI3HUMH BHJAMU
TpaHcHopty. 3abe3mnedycHHs e(EeKTUBHOCTI Ta OE3MEKH TaKuX IMEpeBe3CHb
moTpedye KOMIUIEKCHOTO ITiTXO/1Y SK MO0 TEXHIKO-TEXHOJIOTIYHOT Oe3IeKH,
TaK 1 B Tary3i OLIHKM PU3UKIB 3 YpaxyBaHHSIM OCOOJIMBOCTEH PI3HHUX BHIIB
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TpaHCIopTy, reorpadii nepese3eHp, aJIMiHICTPATHBHO-IIPABOBUX 00OMEKEHb
TOLIO.

J11s1 OIHKY PHU3HKIB IIPH MYJIBTUMOJIAIBHUX TIEPEBE3EHHSX BAaHTAXIB
3aIllpOTIOHOBAHO BHKOPUCTOBYBaTH TeopeMy baeca, ska moB's3ye Mipy
BIIEBHEHOCTI Y BICIIOBIICHHI [0 Ta MICIIs BpaXyBaHHs CBiTYCHHS.

Meroanka OLIHKM PU3HMKIB MPU MYJIBTHMOJAIBHUX IEPEBE3CHHIX
BaHTaXIB:

[IpmitmMaroThCs Taki IPUMYIICHHS:

- BUHHKHEHHSI Ta po3BuTok HC/aBapiil mpoTikae 3a creHapieM,
MIPEICTaBICHAM CXEMOIO: 00CTaBHHU — MPUYUHHU — TOMi1 — HACIIiAKH

- BuHukHeHHs HC/aBapiii mpencraBiseTbcss SK MOCIHITOBHICTH
HECYMICHHUX TOIii A]l- (=1,2,..., ) tacuinerux moniti B; (i = 1, 2, ..., .I);

- Ipylla HECyMICHUX IIOAid A]l- BKJIIOYa€: HeOe3MeuHi BiIMOBHU
TpaHCIOPTHUX 3aco0iB j-ro Bumy T3 (j = 1, 2, .., J) Ha minsgami
MmysnbTEMOAansHOTO Mapmmpyty | (I =1, 2, ..., L), Hanpukiam, ABUTYHa, 10
MO’Ke OyTH MPUYMHOIO 3iTKHEHb TPAHCIIOPTHHUX 3ac00iB a00 MOCaIKu CyAeH
Ha MiguHy. [Ipy DpOMY TUIBKM OfHA TOJIS A]l- MOXe OyTH NpPHUYNHOIO
3ITKHEHHS! TPAHCIOPTHHX 3ac00iB ab0 MOCaJKM Ha MIUTMHY IiJ 4ac pyxy
CYJICH;

- Tpymna mopid B; € chmimbHUMH TONISMH, OfHA 3 SKHX 3 TEBHOIO
fIMOBIpHiCTIO MOYe CTaTHCs mic/s HacTaHHs nofii A}, T06To 1 mozis Moxe
BHUSABHUTHUCS TPUYMHOIO 3iTKHEHHS TPAHCIOPTHHUX 3aco0iB, IOCAgKd Ha
MIJIFHY, 3aTHOeITi TPaHCIIOPTHHX 3ac00iB 3 i-M BuoM HachiakiB (B1 - aBapis;
B, - siTkHeHHs; B3 — 3arubens, ....B;).

Ockinbku  npuumHn  HC/aBapiii  BCTaHOBJIIOIOTHCS — IIIIXOM
eKCIIePTHUX OI[IHOK, Yy THpolLeci CIyXOOBOro pO3CiigyBaHHsS 0OCTaBUH
aBapiinoi npuroauw/HC, mio tpamwimcs, 3 TpaHCIOPTHUM 3acCO00M,
HMOBIPHOCTI TOSIBH MOTiH P(Ag) PO3IIISIAIOTHCS SIK «CY0'€KTHBHIY, anpiopHi
“mMoBipHOCTI. TakuM grHOM, TTOIT A} CIIJ PO3TIISAATH SIK TPYIY «TIIOTE3»,
SIK1 TIOPOIKYOTH TOAIT B.

Bracmigok nsoro, Ko moist A]l- cTaJiacsi, TO HMOBIPHICTb «T1IIOTE3Y,
SIKi IOPOJIKYIOTH OIT Bj, MOXKHA OIIHUTH, 3aCTOCOBYIOUH TeopeMy baiieca,
HAa TiacTaBi popMyIIi MHOKEHHS HMOBIpHOCTEH:

P(A}) - P(B,|A)
-1 Ztey P(4}) - P(By14))
ne P(A%) — imoBipHicHi rinoresn A; ;

P(4}|B;) =
P(Bi |A]l) — yMOBHI iiMoBipHOCTI moxii Bj, mpu rinoresi P(Aﬁ-).
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Po3paxyBaBumin 3HaueHHs P(Bi|A]l-) MOXHa 3HaWTH MaKCUMaJbHE
3HAYCHHS HMOBIPHOCTI, TOOTO BHU3HAYMTH, SAKi MOl A]l- 3 MaKCUMaJbHOI
HMOBIPHICTIO PU3BOAATH 110 TOAIT B;.

Bapricts pusuky HC/aBapiit Mmoxke OyTu po3paxoBaHa SK JOOYTOK
imoBipHocti HC/aBapiit P(A]l- |B;) Ha BemmumHy Mepen6adyBaHOTo 36UTKY R}

L
Ru= ). P(4]B) R
Po3paxoBaHa BenMYMHA PH3HMKY IIOPIBHIOETBCS 3 JOMYCTHMOIO
BEJINYMHOIO PH3HUKY.
Po3pobnena wmertomgmka ouminkn pusuky HC/aBapii 3 Meroro
Hi):[BI/IH_[eHHH 663H6KI/I MYJIbTUMOJAJIbHUX BaAaHTAXKHUX MCPECBE3CHL JO3BOJIAC
OLIIHUTH CYKYITHUH PH3HK Ha BCIX eTanax BaHTAKHUX NEPEBE3CHb.

METOJIU BUBHAYEHHSA EGEKTUBHOCTI MIPOLECY
JOCTABKHU BAHTAXIB B JJAHIHIOT'AX IOCTAYAHDb
O.I1. Ipomwk, mo11., KaHA. TEXH. HayK, P.B. MHUIIICHKO, acipaHT,

Hanionanpnuii TpancnopTHUi yHiBepcutet, M. Kuis

EdekTuBHicTh OCTaBKM B JAHIIOTaX MOCTaYaHb BH3HAYAETHCS
piBHEM 3aJOBOJICHHS TOTpe0 CHOXHBA4YiB TMPH MiHIMIi3amii BUTpaT Ha
norictryHi porecu. Lle o3ravae, o ePeKTUBHICT TOCTABKU 3AJICKHUTH Bij
pi3HEX (DaKTOpiB, TaKWX SIK IIBHUAKICTH, SKICTh, HAAIWHICTH Ta BapTICTh
JIOCTaBKH.

Jns migBuieHHs ©()EKTUBHOCTI JTOCTABKHM B JIAHIIOraX MOCTAYaHb
MO’KHa BUKOPUCTOBYBATH pi3HI cTpaTerii Ta iIHCTPyMEHTH, TaKi SIK:

e OnTuMmizailis  MapuUIpyTiB  JTOCTaBKH: BHOIp  ONTUMAJIBHOTO
MapuipyTy Ta pPO3MOALA HABAHTAXKCHb MDK PI3HHUMH TPAHCIOPTHUMHU
3aco0aMu JI03BOJISIE CKOPOTHUTH Yac TPAHCIIOPTYBAaHHS, 3HU3UTH BUTPATH Ha
MAJIUBO Ta 30UIBIINTH KUTBKICTh 3aMOBJICHB, SIKI MOKYTh OyTH BHKOHaHI 3a
JICHb.

e BukopucTaHHs TEXHOJOriHd iHTepHeTy pededl Ta "po3ymHux"
NPUCTPOIB: BCTAHOBJICHHS CEHCOPIB Ha TPaHCIOPTHI 3acO0M, BaHTaXi Ta
CKJIQIX J103BOJISIE 3a0€3MeUNTH MOHITOPHHT PyXy BaHTaXy Ta 3a0e3neynTH
TOYHMH KOHTPOJIb 32 HOTO pO3TaIlyBaHHSM.

e YrpaBiiHHA 3amacaMd  Ta CKJIAJAChKOIO JIOTICTHKOIO: TOYHE
IUTAaHYBaHHS Ta KOHTPOJb 3a 3allacaMH, BUKOPHUCTaHHS e(EeKTHBHUX
TEXHOJIOTiM 30epiraHHsl Ta NEpeMIleHHs TOBapiB JO3BOJISIE 3a0€3NEUNTH
HaJIeXKHY pIBHOBAry MiXXK BUTpaTaMH Ha 30epiraHHs Ta JOCTaBKY TOBapiB.

© BUKOpHCTaHHS €NEeKTPOHHUX CHCTEM YIPaBIIHHA JIAHIIOTAMH
nmoctagasb (ECVYII): e mo3BoIsiE CIPOCTUTH Ta aBTOMATH3YBATH JIOTiCTHIHI
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OpPOIIECH, 3MEHIIMTH Yac, HEOOXiAHWH Uit OOpPOOKH 3aMOBJICHB, Ta
3a0e3MeYNTH B3aEMOIIF0 MK PI3HIMH TUTKAMH JIAHITIOTa TOCTaYaHHS.

OnHUM 3 OCHOBHHMX YHMHHHKIB, IO BIUIMBa€ Ha eQEKTUBHICTh
JIOCTaBKH, € IIBU/IKICTH 1 HAiHHICTh TPAHCIIOPTY Ta JIOTICTUYHHX IPOIIECIB.
UnM mBuame Ta HagifHIOE BigOyBaeThCS JOCTaBKAa, THM OUTBII
edeKTuBHUM Oy/Ie JTaHIIOT II0CTa4aHb.

Jns 3a0e3rnevyeHHs e(EeKTUBHOCTI ~ JOCTaBKH  BaXKIIMBO
BHKOPHCTOBYBATH ONTHMaIbHI MapIIPyTH Ta 3a0e3MeuyBaTH X ONTHMAaIbHE
IUTAHYBaHHSA, a TaKOXX BHKOPHCTOBYBAaTH TEXHOJOTIi, fKi 3a0e3medyioTh
TOYHICTB 1 IIBHUIKICTh JOCTABKH, TaKli SIK TEXHOJOTII reojioKallii, CHCTEMHU
MOHITOPUHTY BaHTaXIB Ta TPAHCIOPTY, AaBTOMAaTHU30BaHI CHCTEMH
YIPaBIIiHHS CKJIaJlaMH1 Ta 1HIII.

OxpiM TOTO, €(EeKTUBHICTH JOCTAaBKM MOXKE OYyTH IOKpalleHa 3a
paxyHOK ONTHMI3allil JIOTICTHYHHUX MpOLECIB, TaKWX SK 30epiraHHs Ta
YIpaBiHHSA 3amacaMd, ONTHMI3allisl 3aMOBJIIEHb Ta BUPOOHMIITBA,
BHKOPHCTAHHS TEXHOJIOTIH IIaHYBaHHS Ta YIPABIIHHSI pecypcaMy Ta iHIII.

Takox 3a3HayeHo, IO B 3AJICKHOCTI BiJl BHAY BAaHTAXy, YMOB
MOCTaBKHM, BUMOT OTPHMYyBada Ta IHIIUX KPUTEpiiB JIsi BH3HAYCHHS
e(eKTUBHOCTI MPOIECY AOCTaBKH BaHTAXIB B JIAHITIOTaX IIOCTaYaHb MOXKYTh
3acTocoByBaTucs pi3Hi Meromu. OCh JeKiTbKa OCHOBHHX METOIIB
BHU3HAYCHHS €()CKTHBHOCTI:

o Kniouosi nokasnuxu epexmuenocmi (KPI).

o Auaniz eapmocmi.

® Ananiz yacy.

o Oyinka sikocmi.

e 3adosonenicmo Kuicnmis.

VY ninomy, epeKTUBHICTH JOCTABKHU B JIAHIIIOTax [TOCTavaHb 3aJISKUTh
BiJ Oaratbox (hakTOpiB, BKIIOYAIOYM ONTHMAJIBHHK BHOIp TPaHCIIOPTY Ta
JIOTICTUYHHUX  TIPOIECiB, BUKOPHCTAHHS CYYaCHMX TEXHOJOTIH Ta
OTITUMI3aIliI0 JIOTICTHYHHX TIPOLIECIB.

3ACTOCYBAHHS NPUHIIUIIIB «3EJIEHOI» JIOTICTUKH B
TPAHCIIOPTHOMY ITPOLECI
O.I1. IIponwk, Ao1I., KaHA. TEXH. HAyK., | .M. ByTrenko, acucrenr,
H.B. KaByHenko, cTyneHT,
HauionanbHuii TpancnopTHUi yHiBepcutet, M. Kuis

Po3Butox TpaHCHOpTHO.I. rany3i, 30KpeMa 3pOCTaHHS BaHTAXHUX
NEepeBE3CHL Ta JIOT1ICTHYHOT Z[iHJ'IBHOCTi, € MPUYNHOK BHUHUKHCHHA
HETraTUBHOT'O BIUIMBY Ha €KOJIOTIYHHMH CTaH HABKOJHUIIHLOTO cepeaoBula.
H_IO BUMara€ YIOCKOHAJICHHS praBHiHHH JJaHOXOraMm IIOCTa4YaHHA Ta
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3aCTOCYBAHHSI [IPUHIIMIIB «3€JICHOT» JIOTICTUKU B TPAHCIIOPTHOMY HPOLIECI.
[TprHIMIH «3eJIeHOT» JIOTICTUKN MOBUHHI BPaXOBYBaTH HE TUIBKH 1HTEpecH
ypsiy Ta IEpeBi3HUKIB, a e 1 couiabHy (CycIiIbHY) CKIagoBy. Y CBOil
cTparerii 3eJieHa JIOTiCTHKA IPYHTY€EThCS Ha 3MEHIIIEHHI IIKiITTMBOTO BILIHBY
BiJl JIOTICTUYHMX OIepalliii Ha JOBKIUIA, MPH I[bOMY HE 3aBHAOYM 3MiH
eKOHOMIYHOMY CTaHy IlepeBi3HuKa. JJi 1boro HeoOXiTHO BIPOBAKYBaTH
HOBI JIOTICTWYHI METOAW YIPAaBIiHHA. BIpoBa/KCHHsS NaHUX MPUHIIHIIIB
MOBMHHE 3a0€3MEYNTH TMIABUINCHHS EKOJOTIYHOI SKOCTI TMPOIYKTY,
CKOpPOYEHHS JIOTICTHYHOTO MUKIY, 301IbIIEHHS KUTTEBOTO ITUKIY TOBApY,
30UIBIICHAS BUKOPHCTAHHS BHPOOHMYMX DPECypCiB, 3MEHIICHHS OO0CATIB
BUKHIIB Ta BigXOIiB, MiHIMi3alif0 OpakOBaHOIO TOBapy Ha CKIaaax Ta
BUTpAT JuIs iX 30epiranHs uu TpancnopryBaHHs. [lo mepiie e kpyroo0ir —
MaTepiajiiB, 10 BUKOPHCTOBYIOTHCS Ul BUPOOHMIITBA TOBapiB (HalaHHS
IOCIIyT) TIOBMHHI OYyTH INOBTOPHO BHKOpHCTaHI abo mepepoOseHi B iHIII
Marepiain ado X yTHIIi30BaHi 0e3 KON U1l HABKOJIHIIHEOTO CEPEeI0BHIIIA.
[lo npyre me 3amiHa — TEXHONOTIi yCTaTKyBaHHS, METOMIB, TOBapiB IO €
MEHII e()EKTUBHUMH Ta MEHII EKOJOTIYHUMH 3aMIHIOIOTHCSI HOBUMH, TIPH
TOMY, IO CTapi BiJIOBIIHO MO TNEPIIOTO0 MPUHIMUILY, CHPSMOBYIOTHCS 0
MyHKTIB yTWi3amii 4u mepepoOKH A MONANBIIOr0 iX BHKOPHCTaHHS 3
ypaxyBaHHSIM YCiX BHTpAaT, SAKi y CBOii KOHIENIii MAalOTh MPUHIUIIA
pecypco30epekeHHs, CHCTEMHOCTI, €KOJIOTIYHOCTI Ta pamionHamizamii. o
TpeTe po3poOKa Ta peamizaiisi TpPaHCIOPTYBaHHs  BAaHTaXIB 3a
ONITUMAIILHUMH MapIUIpyTaMH, BUOIp OLIbII €KOJIOTIYHUX BU/IIB TPAHCIIOPTY,
CKOPOYEHHS 4Yacy JIOCTaBKM Ta 3HWKEHHS MOPOXKHBOTO IMpoOdiry
TPAHCIOPTHUX 3aco0iB. | JuIlle KOMIUIEKCHHUMA, CHCTEMHUMN MiJXiJ JacTh
BHCOKOE(EKTHBHE BIITBOPEHHS PECypCiB Ta €Heprii y TpaHCHOPTHOMY
TIPOIIECi, HAAACTh MOKJIMBICTh OTPUMYBATH MPUOYTOK 0€3 HAHECEHHST KON
JIOBKIJUTIO, 200 3MEHIIEHHS I[bOTO LIKI/UIMBOTO BIUIMBY A0 MIHIMyMy 3
ypaxyBaHHSM iHTEpeCiB CYCIIJILCTBA.

D®OPMYBAHHS I'PA®IKY PYXY AT3 Y MIZKHAPOJHOMY
CIIOJIYYEHHI 3 YPAXYBAHHSIM TPUBAJIOCTI MUTHOI
MNPOLEAYPU
O.IL. IIpomwmk, mor., KaHA. TexH. HayK., C.B. KabGaneusp, cryneHr,
A.B. Maxunaii, cTyAeHT,

HauionanbHuii TpancnopTHUi yHiBepcutet, M. KuiB

MUTHI TPOIEIYypH € HEBIA'€MHOI YaCTHHOK MDKHAPOIHUX

BaHTAXXHUX IIEPEBE3CHb aBTOMOOLIEHIM TPAHCIIOPTOM, a IX TPUBAJICTH Mae
3HAYHUH BIUIMB Ha rpadik pyxy TPaHCIIOPTHUX 3acO0iB.

168



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

s epexruBHOTO (hopmyBanHs rpadiky pyxy AT3 mpu 3nilicHeHHs
MDKHapOJHHUX BAaHTAXXHUX IEPEBE3€Hb BAHTAXIB HEOOXiIHO BPaxoByBaTH
TPUBAIICTh MHTHHX TpOLEAYyp Ha KOXHOMY €Tami MIKHApOJHOIO
CIIOJTyYEeHHSI.

Amnaniz YKpaiHCBKOIO 3aKOHOIABCTBA Ta PETYJIATOPHHX aKTiB, LIO
PETYJIIOIOTH MUTHI NPOLIEAYPH, BKa3ye Ha 3HAYHUI piBeHb OIOPOKpaTH3ALlil
Ta HEOJHO3HAYHOCTI MiXO0/iB JO MAUTHOTO OQOPMIICHHS B YKpaiHi.

3acTtocyBaHHs iHQopMamitHIX TEXHOJIOTIH, TaKUX SIK
aBTOMATH30BaHi CHCTEMH MHTHOT'O KOHTPOJIIO, MOXE CIIPUATH CKOPOYEHHIO
TPHUBAJIOCTI MUTHHX IPOLIEAYP Ta MOKpaIIeHHIo Tpadiky pyxy AT3.

Ontumanbae ¢GopmyBanHs rpadiky pyxy AT3 y wmikHapogHomy
CIIOJIyYeHHI MOXKJIMBE 32 YMOBH BHKOPUCTAHHS CHUCTEMH IPOTHO3YBaHHS
TPUBAJIOCTI MHUTHHUX MPOLEAYp Ta PO3POOJICHHS AaJITrOPUTMIB PO3MOALILY
TPaHCIIOPTHUX 3aCO0IB.

Onrtumizais pob04Yoro 4acy Ta 4acy BiJIIOUYMHKY BOJIIB BAaHTKHUX
TPaHCIOPTHUX 3aco0iB Ta ONTHUMI3aIlisi Yacy MPOXOKCHHS MHUTHHX.
npoUenyp € BaXJIUBHMH (DakTopamu, IO BIUIMBAIOTh HA 3aralbHUIl dac
31ifiCHEeHHs] MDKHApOJHOTO IepeBe3eHHs. BpaxyBaHHs 1IUX mapaMeTpiB mix
gac (opmyBaHHs rpadiky pyxy AT3 y MiKHApPOIHOMY CITOJYYECHHI MOXE
CIIPHATH TIOKpALICHHIO e(QEeKTHBHOCTI IepeBE3eHb Ta CKOPOUYCHHIO Yacy
JIOCTaBKH TOBapiB.

VY3romkenHs rpadiky pyxy 3 TPHBaIICTIO MUTHOI IPOLIEAYPH CIPUSIE
MOKPAIICHHIO HAAIHHOCTI Ta NPOTHO3YBaHHIO IIOCTABOK. 3a3[aJieriasb
BCTaHOBJICHUI rpadik Joromarae 3a0e3ne4nTi CBOEYacHy J0CTaBKy TOBapiB
Ta YHUKHYTH 3aTPUMOK, MIO MOXYTh BIUIMHYTH Ha BUPOOHHWYI Ta
ToCTavyalbHi JaHKH.

CEKIIA: TPAHCIOPTHI TEXHOJIOT'TI HA
ABTOMOBIVIBHOMY TPAHCIIOPTI

B3AEMO/IIS BUAIB TPAHCIIOPTY ITPU OPT' AHIBAILIII
MYJbTUMOJAJIBHUX IEPEBE3EHDb
O.B. Kipiuesa, cr. Bukiazgay, O.1. KpaBuosa, ctyneHT,
A.Jl. HemueHko, cTyeHT,
JABH3 «ITTY»

[Ipn nepeBe3eHHI BaHTaXIB MiX KpaiHaMH [EKUIbKOMa BHJaMHU
TPaHCIIOPTY BHHUKAE HM3KA TPYIHOIIIB IIOAO CYMIIIEHHS 4acy NMpuOyTTs
OIHOTO BHIy TPAHCIOPTY Ta BIATIPaBICHHS IHIIOTO 3 MiHIMI3aIiE0
TUMYacOBHX BHTpAT IMOIO OpraHi3alii HaBaHTaXXeHHsS, O(OPMIICHHS
HEOOXiTHMX NOKyMEHTIB. 3apyOikKHi KOMIIaHii - MOCTaYaTbHUKHN MPOIyKIIii,
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3a3BMYal, TPALIOIOTh 13 BEJIUKHUMU TPAHCHOPTHO-EKCIEAUTOPCHKUMU
KOMITaHisIMH, SIKi NpUiMaioTh Ha ceOe OpraHizallilo BCHOTO IEPEBE3CHHS
BaHTaXy 3 YpaxyBaHHSAM YKJIaJeHUX KOHTpakTiB. Ilpm 1pomy
eKCIIEANTOPChKI KOMMaHii po30MBalOTh IEPEeBI3HUN INpOIEC Ha YaCTHHH,
TOOTO BHIUISIOTH OKpPEMI €TalM IEePeBE3CHHS BAHTAXKIB IEBHUM BHIOM
TPAaHCIIOPTY Ta Ui 3AIHCHEHHS KOXHOTO €eTaly 3aly4aloTh IpiOHUX
excrienuTopiB. Hampukman, mocradanHs BaHTaxy (OaHaHiB) 13 KpaiH
[liBmerHOoi AMEpHKH 3OiHCHIOETBCS OKEaHIYHUM TPAHCIOPTOM OIHHUM
eKCIIEAUTOPOM; OpTaHi3alis MepeBaHTAKEHHS, JOCTABKHA Ta BUBAHTAKECHHS
— IHIIAM eKCIEOUTOPOM; OpraHi3amis HAaBaHTAKEHHA Ta OCTaTOYHOL
JOCTaBKA — TpeTiM. 3a Takoi CHCTEeMH BHUKOPHCTOBYIOTH KiJIbKa BUIIB
TPaHCIIOPTY, a JpiOHI EKCHEeIUTOpH ONTHUMI3YIOTh CBOIO JSUIBHICTH 32
paxyHOK 3HaHHA 3BH4YaiB, 3aKOHIB TEpPHUTOPIl TPAaHCIOPTYBaHHI. Y
YHUCIEHHUX HAayKOBUX JOCHI/DKEHHSX OOIPDYHTOBAaHO, IO MOPCHKHH
TPAHCIOPT IyXKe CTAOITLHUM, 3aTI3HUYHUH 1a€ CKOHOMIIO MPH ITePEBE3CHHI
HAa JajeKi BiJICTaHi, MOBITPSIHUI TPAHCIIOPT MPHUCKOPIOE TOCTaBKY BAaHTAXKIB,
aBTOMOOLITBHI TIEpPEeBE3CHHS 3a0e3MeUyroTh THYYKICTB, a Oe3mocepenHiit
KOHTaKT BIJNpPaBHUKAa Ta  OAEp)KyBaua IIBUIIYE  IIEPCOHAIBHY
BIJIMOBITANIBHICTh EKCHEIUTOpa 3a BaHTaX, MI0 JOCTaBIAeThCs. OTxe,
KOOPAMHYIOYY pONb B3a€MOJil YYacCHHKIB JIOTICTUYHOTO JIAHIIOTA Y
OTpPHMAaHHI 91 HAaJaHHI TPAHCIIOPTHHX MOCIYT Y €AMHOMY iH(popMariitHomy,
NPaBOBOMY, TEXHOJOTIYHOMY TIPOCTOPI TPaTHUMYTh EKCIEAUTOPCHKI,
TPaHCIIOPTHI (PipMH SIK JIOTICTUYHHX MOCEPETHHKIB.

CyuacHi TEXHOJIOTIT MepeBi3HOT0 Mpolecy (HAIpUKIaA, OTPUMAHHS
Ta BIANpaBIEHHS TOBapiB y 3HIMHUX TPAHCHOPTHHX  OAWHHIX,
KOHTeiHepax, Tpeisepax 3a TEeXHOJIOTIEI0 «BiJ JABepeil Mo aBepei»), 1o
BHUKOPHCTOBYIOTBCSI Ha MOPCHKOMY TPAHCHOPTI Ta B EKCIEAUTOPCHKUX
KOMITaHisIX, HaHOLTbII SICKpaBO BUSIBISIOTHECS Ha PHHKY MIKHAPOJHHUX
MOpPCBKHX TiepeBe3eHb. KoMmaHii-BUpOOHHKY (ITOCTA4aNbHHUKY MPOMYKIIiT)
3pY4HIIIe Ta BUT{HIIIE MAaTH CTIPaBy 3 OJHI€I0 (ipMOIO — EKCIIETUTOPOM Ha
BCIX eTamax MepeMilleHHS TOBapy A0 CHOXHBada. 3 METOI YHHKHECHHS
3aTPUMOK TIPU HPOXOKEHHI Yepe3 MOpTH, Mepeo(OpMICHHS MHTHHX Ta
TPAHCHIOPTHHX JOKYMEHTIB, TIPH 3MiHI BHy TPAHCIIOPTY TaKe IEPEBE3CHHS
Mae 3fiiicHIoBaTHCS Ha 0a3i  yHiQikamii HOKyMEHTOOOIry, €IMHOTO
iHhopMaIiiHOro 3a0e3MeUeHHs Ta, K MPABHIO, 3 OJHOI0 TPAHCIIOPTHO-
jorictiyHoro ueHtpy. Ilpm npoMy opradizamis MyJIBTHMOJAJIBHUX
nepeBe3eHb MOBMHHA BUPILIYBAaTH Taki 3aBJIaHHs, SIK MiHIMI3allis BUTpaT Ha
KO’KHOMY €Tarli, NepeMillleHHs] BaHTaXiB, CKOPOYCHHs 4acy IePEeBE3CHHS,
3a0e3neueHHs 30epeeHHs BaHTaXy IPU peaiizawii JO0CTaBKH «BiJ| ABEper
JI0 JiBepei» Ta iH(GOpMyBaHHS KIHIEBOTO OJEp)KyBada IPO PyX BaHTAXY,
OIITHMI3allisl B3a€MOJI{ PI3HUX BHJIB TPAHCIIOPTY NP BHUPIIICHHI 3aBJaHb
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TPaHCIOPTHOI cucTemu Teputopii. CiniJ 3a3HAYUTH, 110 PO3BUTOK CUCTEMHU
MyJIETUMOJATBHUX I[EPEeBE3CHb TPAHCIOPTY, Mae B YKpaiHi rapHi
MIEPCIICKTUBH.

BinMiHHOIO ~ OCOONIMBICTIO  MYJIBTHMOJATBHOTO  TEPEBE3CHHS
BaHTAXIB Y MOPIBHSHHI 3 IHIIMMHU BUJIAMH € Te€, 1[0 KEPYBaHHS TOCTABKOIO
BaHTa)Xy BiJ BHPOOHHWKA JO CIOXWBada 3IIHCHIOETHCS CIIEI[iabHOIO
OpraHi3ami€el0 — OIepaTopoM MYJIbTHMOJAIBLHOTO TEePEeBE3CHHS, a He
BJIACHMKOM KOXHOTO BHJAY TPAHCIOPTY. B pe3ynbraTi mnepeBe3eHHs
«Opra”i3oBaHWX OAWHUIBY» MPOAYKIii BHKOHYETHCS KOMOIHOBaHHUM
BUKOPHCTAaHHAM KiJIbKOX BHIIB TPAHCHOPTY 3a JOTiCTUYHOIO TEXHOJOTI€I0
«BiJ ABEpeit 10 ABepei».

JlocmimuBIM Take TIOJOKEHHS, MOJXKHA MIMTH BHCHOBKY, IO
MyJIETUMOJATbHI TIEPEBE3CHHS JIO3BOJIIOTh IHTCHCU(IKYBAaTH CBITOBY
TOPTIBIIO, 3ICIICBUTH BAHTaXHI IMEPEBE3CHHS, ONTUMAIILHO IIO€THABIIN
TUMYacoBY 3pYYHICTh aBialliifHUX IepeBe3eHb 3 HaAIHHICTIO Ta oOcsramu
MOPCBHKHX BaHTa)XOIEPEeBE3eHb, THYYKICTIO Ta JCHICBU3HOIO JAIEKUX
MepeBe3eHb  BAHTAXIB  3aMi3HMYHAM  TPAHCIOPTOM Ta  3PYYHICTIO
aBTOMOOUIBHHX.

MNEPCIIEKTHUBU BITPOBA’KEHHS IHTEJIEKTYAJIbBHHUX
TPAHCIHOPTHHUX CUCTEM
B.O. Kapamyk, go11., KaHa. TEXH. HayK,
M.C. JInukoBchkHid, CTyeHT, [.JI. AeKceeHKO, CTYIeHT,
JABH3 «IIJTY»

IcropruHO TepenoBi TEXHOJOTi U peryJroBaHHS TPAaHCHOPTHHX
notokiB Oy 3anpornonoBani y CIHA ta €Bpomi nmonax 70 pokiB ToMy, 110
BKJIIOYQJIM KOHTPOJIb 32 CHUTHAJIAMH CBITIO(QOpPIB HAa TEpexpecTsx Ta
3ai3HMYHUX  mepei3max.  llIupokoro  posmoBCIOMmKEHHS — HaOymn
IHTENIeKTyalbHI TEXHOJOTii, IO 3aCTOCOBYIOTHCS TIPH BHPOOHHIITBI
ABTOTPAHCIOPTHUX 3aCO0IB Y TOMY YHCIHI IS TPOMAJICBKOTO TPAHCIIOPTY.
HoBiTHi TexHOMOTIi BCe OiNBIIE 3aCTOCOBYIOTHCSA IO BEIHKHX CHCTEM
IPOMAJICBKOTO TPAHCIOPTY, a TaKoX Ui HOIIMPeHHA iHpopmanii mpo
pUOYTTS TPOMAACHKOTO TPAHCIIOPTY Ul MacakupiB. st yIOCKOHAICHHS
TIePEBE3CHHS BaHTAXKIB 3aCTOCOBYETHCS HU3KA TEXHOJIOTIH, 10 Ma€ Ha MeTi
NOKpalleHHs: e(QeKTUBHOCTI pyXy aBTOTpPAaHCIOPTHHX 3aco0iB (AT3) Ta
BIJITIOBITHUX KOMEPIIIHHIX ONepaIliil K JJaHKY JIAHI[FOTa MocTavanHs. Bei i
TEXHOJIOTIT MalOTh Ha3BY |HTENEKTyaIbHUX TPAHCIIOPTHUX CUCTEM.

Hapasi mmpokoro 3acrocyBaHHA y KpaiHax €Bpornu Ta AMepHKH
OTpUMAJIM CUCTEMH «3BaXKyBaHHS B pyci», « KOHTpOIb MUTTEBOT MIBUIKOCTI
Ta cepemHbOi IBUAKOCT», «KOHTponms mpoi3ay Ha YEepBOHE CBITIION,
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«Cucremu Juis moJienchbKux narpynisy, «Ilonryk aBromo0iniBy, «IIporuos
yacy B J0po3i», «KoHTposb mepeBe3eHHs HEOE3NEUHNX BaHTAXIBY,
«KonTtpone porpumanHs psitHOCT», «Kitacudikarist Tpancmopty Ta 30ip
JaHuX», « BuMip rabapuTiB B pyci», «[HTepakTHBHI JOPO>KHI 3HAKI Ta 1HIII.

VYkpaiHa B CBOIO 4epry motpedye Takoxk PO3BUTKY iHTEIEKTYaJbHUX
TPAaHCIOPTHUX  cHcTeM.  KUIIOWOBOIO ~ HpOOJEMOI0  TPAHCIOPTHOI
iHGPACTPYKTYpH KpalHH € BHCOKA IHTEHCHBHICTh PYWHAIll aBTOMOOUTFHIX
nursixiB. BanTaxsi aBToM0o61i ctanoBIATH 10% yCiX TpaHCTIOPTHHX 3ac00iB
Ha Joporax KpaiHu i, BogHOYac, 3aBAat0Th moHax 90% MIKOaM I TOKPHTTS
JIOpir, CTBOPIOIOYH KOJIIHOCTI, BHOOTHH 1 TpimmHu. BapTicTh KamiTanrsHOTO
PEMOHTY BCIX JJOPIr Mi)K HACEJICHUMH ITYHKTaMH B YKpaiHi ckiajae OInu3bKo
2 tpnH. TpH. KpiM TOro mepeBaHTa)KeHWH TPaHCIIOPTHUIA 3acid CTBOpPIOE
HEOE3MEeUHy CHTYaIlif0 JUIS BCiX YYaCHHUKIB JOPOXXHBOTO pyXy dYepes
HE/IOCTaHIO KEPOBAHICTh BHACIHIJIOK TIEPEBUIIEHHS TajJbMIBHOTO IILIAXY
0COOJINBO MPY CKJIQJIHUX HOTOTHUX YMOBaX. KOHTpOJIb 3a epeBaHTa)KeHHAM
ABTOTPAHCIOPTHUX 3aco0iB HAa JaHMH MOMEHT HENOCTAaTHIH, TOMY
MIEPCIICKTUBHUM € BIPOBA/KCHHS 1HTEICKTYaJbHUX CUCTEM 3Ba)KyBaHHS Y
pyci.

B Vkpaini 3ampoBakeHO NITOTHHH TNPOEKT MO BIIPOBAIKCHHIO
cucremu « Weight in motiony y cmiBnpami Yipainu 3 MixkHapoZHUM OaHKOM
PEKOHCTPYKIIii Ta pO3BUTKY — Ta Ma€ Ha3By «lIpOEKT pO3BUTKY HOPOKHBOL
rany3i». Ilpoekrom mepenbadyeHO BOPOBAKCHHS 6 MalJaHYUKIB
3Ba)KYBaHHS-B-pyCi Ha Joporax HaBkojo Micta Kuepa. IHTenekTyanbHa
cucrteMa «3BaXyBaHHS-B-pyCi» IpHU3HAueHa JJIsi KOMIUIEKCHOTO 300py
iHpopManii mMpo pyX TpaHCIIOPTHUX 3aCO0IB aBTOMOOLTBHUMH HUISXaMH.
MaiijaH4uK € amapaTHUM KOMIUIEKCOM, SIKMHA CKJIQa€TbCsl 3 JaT4HKIB,
BOYZIOBaHUX Y TOPOXKHE OKPUTTS, IO (DIKCYIOTh 3arajbHy Bary i Bary ocei
AT3, xamepy 111 aBTOMAaTHYHOTO PO3Ii3HABaHHSI HOMEPHHX 3HAKIB, Kamep
3araJbHOTO OTJIIY Ta JIa3epHHUX CKaHepiB, MO QikcyroTs rabaputu AT3.
Cuctema BUMIPIOE 3arajgbHy MacH TPaAHCIIOPTHOTO 3acody (OpyrtTo),
HaBaHT@XCHHS, [0 TPHUNANAE HA BiCb 1 KOJICHE HAaBaHTaKCHHSA
aBTOTPAHCIOPTHOTO 3aco0y NpPH MaluX Ta BUCOKHX IIBHIKOCTSAX HE
CTBOPIOIOYM BIUIMB HAa TPAHCIOPTHUH HOTIK Ta [MO3BOJISIE BHKOHYBAaTH
ABTOMAaTHYHY (iKCaIlilo MOPYIIEHb IEPEBE3CHHS BAaHTAXKIB.

BripoBa/ukeHHS IHTENEKTyaJIbHUX TPAHCIIOPTHUX CHCTEM JO3BOJIHMTH
NOKPALIUTH €(QEKTUBHICTh Ta MPOJYKTHUBHICTb TPAHCHOPTY, ITiJBHIIUTH
0e3IMeKy pyXy, SMEHIIUTH BIUIUB Ha JOBKUJUIS Ta PO3BAHTAKUTH BEJIMKI MicTa
e € podJiiemMa 3aTopiB.
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MOJIEJIb ONITUMIBALIL BATPAT ITIPH MYJIbTUMOJAJIBHUX
NEPEBE3EHHSX BAHTAXIB
O.B. Kipirnesa, ct. Buknanay, J[.A. Tukapes, crynent, IBH3 «[IATY»

e mocmimkeHHS CHpsSMOBaHE Ha PO3POOKY MOJENi ONTHMi3amii
BUTpaT Ha AaBTOMOOUIPHOMY TpaHCHOPTI TPH  MYyJIbTHMOIAIBHUX
mepeBe3eHHAX. HeoOXimHO po3poOWTH MOAENh ONTHUMI3allii BUTpAT MHpH
MyJIBTUMOJATBPHUX TEPEBE3CHHAX BAHTAXKIB, SKa MOXKe OyTH BHUpillleHa B
MPAKTHYHUX yMOBax 0e3 0CcoONMMBHX TpyAHOWIIB. s IIbOr0 HEOOXigHO:
BUBYMTH  B3a€MOJII0  YYAaCHUKIB  TpPAaHCIOPTY Ta  TOPriBIi B
MYJIBTUMOJAIBHHUX TEPEBE3CHHIX; YTOYHUTH HPUHLIUIM B3aEMOJIT MiX
PI3HMMH y4YaCHUKaMH MDKHApPOJTHOI TOPTiBII Ta TPAHCHOPTY; BH3HAYUTH
OUISIXM  BUPIIIEHHS 3ajadi ONTHMi3alii BHUTpaT Ha aBTOMOOUIEHOMY
HaINpsIMKY NP MYJIETUMOJAIbHAX NIEPEBE3EHHAX BAaHTAXKIB.

MynberumonansHi nepesezenss (MII) - 1ie HOBHH BHI HOCTYT, MpH
SIKOMY OIlepaTop MyJbTHMOJanbHOro nepeseseHHs (OMII) Gepe Ha cebe
KOHTPAKTHY BiJIOBIJANBHICTE 3a TIEPEMIIICHHS TOBapiB Big MicCIlsa
TTOXO/KEHHS 10 Micllsl MpU3Ha4YeHHs 32 00yMOBJICHY LiHY Ta 3a3Zajerilb
oOymoBeHuit gac. Bin 3a0e3neuye sxHaimBuAIIe i Oe3redHe MPOCyBaHHS
TOBApIB 10 MiCIIS X IPU3HAYCHHS 32 Halepe I BiloMy IiHY.

Konkypenrocnpomoxkuicts mociayr OMII 3amexuts Bix TOTO.
HACKIJIbKH ITIOBHO OIIEpaTop MOXKE BUKOPUCTOBYBATH MEPEBard THX UM 1HIIHX
METOIB TPAHCIIOPTHOTO OOCIYroBYBaHHs, 100 sSKHaWKpaie 3amisTu
ICHYIOUYl IOTYXHOCTI Ta MOXJIHMBOCTI POOOTH KOXHOI OKpEeMOl JIaHKH
TpaHcriopTHoro Janmora. OMII 3a0e3nedye mNOCIyrd TpPaHCHOPTHOI
JIOTICTHKH, NIPU 1[bOMY B JaHHH Yac iCHYIOTb PI3Hi MAXOIM O TIIyMadeHHs
OCHOBHHX TE€PMIHIB NPH BaHTAXXHUX MEPEBE3CHHIX 32 YYACTIO PI3HUX BHUIIB
TpaHcriopTy. IHTerpamiss YkpaiHM y CBITOBHH TPaHCHOPTHHH pPHUHOK
oTpedye BOJIOIIHHS TEPMIHOJIOTIE0, TPUHHATOO Y MKHAPOJHIN MTPAKTHII,
y SKil TOCUTH BaXXKO po3iOparucs.

3 1[pOro TOTISNAY  BiI3HAYEHO TEHICHIII0  TpaHCQopmarii
IHTEpMOJaTbHAX MepeBe3eHb. OnepaTopyu MyIbTUMOJAIEHOTO IIEPEBE3CHHS
€ YaCTHUHOIO TPAHCIIOPTHOTO CEKTOPA KPaiHU 1 MaIOTh MOBHICTIO BiIMOBiAATH
piBHIO KBai(iKaLii 1010 MIPKHAPOIHUX TPAHCIIOPTHHX OIEPaIiil.

Takuii BUIMAJOK HEBU3HAHHS MpPUTAMAHHUN HU3KKM KpaiH, Je
MIDKHApOJIHI TPAHCIIOPTHI omnepaii 31iHCHIOIOThCS JIUIE MOPCBKUMH YH
NOBITPSHUMHU TE€PEBi3HUKaMU. Y IMX KpalHax olepaTopu Ha3eMHOro
TPaHCIIOPTY MOXYTh BHWJABaTW JOKYMEHTH TUIBKH JMJIsI CBOTO BHIY
TPAHCIIOPTY, & €KCIEeIUTOPH IOPUANYHO HE BU3HAHI K MEPEBIZHUKH 1 TOMY
HE MOXYTh BHJIABaTH JKOJHOTO JOKYMEHTa IIepeBE3eHHs. Y BITUM3HSIHIN
MpaKTHIl  HepeBakae  JIyMKa, 1[I0 MiJ  iHTepMojaibHUM  (abo
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MYJBTHMO/IAJIBHIAM) MIEPEBE3CHHAM PO3YMIEThCS IHTETPOBAHE MEPEBE3CHHS
BaHTAXIB «BiJ JBEpel 10 MBepei» MO €IMHOMY KOHOCAMEHTY, N OepyTh
y4acTh, IIOHAWiMeHINe, 1Ba BuUAW TpaHcmopty. MII sABASIOTE CO0OIO
KOMEpUilHY AisUIBHICTD, 0 3MiHCHIOETHCS PO(ECiHHIMU TPAaHCIOPTHIUMH
OIepaToOpamH.

3a3HaueHa MisUTFHICTE Ma€ 3MIHCHIOBATHCS Y MeKaX HallioHAIBHOTO
3aKOHO/IaBCTBA. 3abe3reuye MiHIMaIbHI CTAaHIAPTH MOCIYT, [0 HAJAI0ThCS,
a TaKOX 3aXHCT IHTEpeCiB Pi3HUX KOMEPIIMHUX IMapTHEPIB, 3ay4eHHUX IO
yrogu. IlepeBe3eHHs BaHTaXIB MpPU [OMY O(GOPMIISETHCS JTOTOBOPOM
MEPEBE3CHHS] MIX OMEPAaTOPOM MYJIbTHMOAAIBHOIO TEePEeBE3CHHS Ta HOro
KJIieHTOM. Po3po0iieHo Mojens ONTHMI3alii BUTpaT Ha aBTOMOOIIBHOMY
IeYi i Yac MyJIbTUMOJAJIbHUX ITEPEBE3CHb BAHTAXKIB.

OCOBJIMBOCTI NTIPOI'HO3YBAHHSA TA MOJAEJIOBAHHSA
MBUJAKUX CTOXACTUYHUX 3MIH Y TPAHCIIOPTHUX
MMOTOKAX HA BYJMYHO-IOPOKHIN MEPEXI MICTA
J.1. Tamxkees, acmipant, A.Il. @anenanm, mpod., I-p TEXH. HAYK,
JABH3 «IIATY»

CyudacHi pearii pyHKIIOHYBaHHS TPAHCTIOPTHUX MEPEX YKPaiHCHKUX
MICT JEMOHCTPYIOTh BHCOKHH pPIiBeHb HEBH3HAUCHOCTI, IIOB’S3aHUU i3
KOMIUIEKCHOIO JII€I0 B3a€MO3AIICKHUX CTOXACTHYHUX (akropiB. [lepBuHHI
cToXacTU4Hi (haKTOpW TJI00AJIBHOTO XapaKTepy JAEMOHCTPYIOTh CKJIaJHYy
IepapxiuHy CTPYKTYPY, PO3TATY)KYIOUHUCh Ha HU3KY APYTOPSAHUX YMHHUKIB,
sIK1, B CBOIO UEpry, B3aEMOAIIOTh MK CO00I0, TPU3BOISUH JI0 AECTPYKTUBHUX
JIAHIIOTOBUX peakuiif. Haibinpm HeOe3neyHnM SIBUIEM NpPU LBOMY €
LUKJIIYHICTh TPOLIECY Ta HOro yMOBHA «HECKIHYEHICTB» 3a BiJICYTHOCTI
30BHIIIHBOTO PETYJIIOBAJILHOTO BILTMBY. IIpHKiias Takoi HEKOHTPOILOBAHOI
peakuii HaBeAeHUI Ha PUCYHKY 1.

EdextuBHO OOpoTHCS 3 HEraTHBHUMH HACHiJKaMH CTOXaCTHYHHX
BIUIMBIB MOJKIMBO JIHMIIE TOMI, KOJH IHTEHCHBHICT, TaKHX BIIJIMBIB
3UNTYETHCA, aHATI3YETHCS Ta IHTEPIPETYETHCS B 3PYIHHAN TSI OOUHCICHHS
¢dopmar y pexumi peanpbHoro vacy. Ha OCHOBI OTpHMaHOi BHXiIHOT
iHpopMmauii QopMyeTbCs TNEPBHHHHI MacHB JaHHMX, SKUH IOIIBHO
MPEACTaBUTH Yy BUIVIAAI MaTpHLb IEPEMIIIEHb IO IyraM TpPaHCHOPTHOI
Mepexi B IEBHI epeTuHH 4acy. Ha niboMy erari Horo croxactuyHa CKJiajoBa
Ipe/ICTaBlIeHa MAaTEeMaTHYHUMHU alPOKCUMALIiSIMH, IKi 0a3yroThCsl Ha Teopil
BIpOTiZHOCTI.

KintouoBum eramom anst po3poOKM ¥ BIpOBaKEHHsS 3aco0iB
OIIEpaTHBHOTO IEpepo3NOoJUTy TPAHCHOPTHHX IIOTOKIB € po3podKa
TPaHCIIOPTHOI MOJIEIi, JOCTaTHBO TOYHOI i, IPH IIbOMY, JOCTATHBO MTPOCTOI.
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3a 11 OCHOBY JOLIIBLHO Oyne B3STH CTaHIAPTHY MOJENb ONTHUMAaJIbHUX
CTparerii, B IKy B)K€ 3aKJIa/ICHO OCHOBH HEBU3HAUEHOCT!I.

} T
= A
= Tpusynunenns mii Tloroano-kiimar. [ Perymosanns © ‘
’: = imp./ycTaHOB paxropn TPAHCIIL MOTOKIB =
i . 5 |
- el s
a S Moz TIpm = =
3YIL. JICAKHX OneparuBHuit
2= §§ || PHSYIL A Jlopoxubo- P . 3
= s BHJIiB TPAHCIIOPTY n epepo3noAin 2
= 2 > 1P ol S
z = TPUTO/IH, = ‘
( \ 52 ) TSKKICTD iX S
9 g S 3MiHEHHS A Jii excTpenux ,
g S B — . HACTIAKIB 6 = ‘
BE g iHTEHCHB. PyXy CIIyx S
— = =
528 /! |
S =
E 8 ™ s A R - 3
g ° Tlcnxoemoniiine 3B’s130K i iHpOpM. YnpaBiiHChKi N ‘
=} HaNpPYKEeHHs 3a0eCneYeHHICTh piteHHs <
- NS N ‘
R
t i :
3 |
<
"

3aKoHOIaBYE
PETyTIOBaHHS

TTomkomxkenns T3 CraH onepaTus.
it indpacTpykTypu cIyxKO

Puc. 1 — Ilpuknan iepapXiyHO-TIOCITiJOBHOTO aIrOPUTMY BUHUKHCHHS
BTOPHUHHHX CTOXACTHYHHX (PAKTOPIB 3 BKa3aHHSAM HAIPSIMiB MOKIHBOTO
KOPETYBaJbHOTO BILIHBY

Anarnrartist MOJIeli BKITFOYAa€ HACTYITHI €Tali: BU3HAYCHHI KPUTHIHNX
By3miB 1 nurstHOK BJIM (YMOBHHX OIWHHMIIE KOPETyBaHHS), MOOyIOBa
CTPOIICHUX MAPIIPYTiB IS KOXKHOI 13 3a3HAYCHUX OJMHHMIIb; IPU3HAYCHHS
KpHUTEPiiB BUOOPY MapIIpyTy Ta JIMITIiB, MPU JOTPUMAaHHI SIKUX TaKUH BUOIp
Oyze MOLUIBLHMM, BH3HAYCHHS YMOB HEMOXKIIMBOCTI PyXy; BCTAaHOBJICHHS
KPHUTEPI0 ONTUMAIBHOCTI.

Ocrangiii eran € HaWBaXKIUBIIIKMM, 00 Mae 3a0e3meunTd OajgaHc
HU3KH (HaKTOPIB, cepell SIKUX Oe3reKa, MBUIKICTh CIOIYYCHHS, CTATICTh Y
yaci Tomo. OnTumisallis JHIe OJHOTO 3 TOKAa3HUKIB 3a3BHYail BelIE 0
HEXTYBaHHS IHIIUMH, WO JUIA CHUTYyallii, SKa [IBUAKO 3MIHIOETHCS, €
HENPHUITY CTUMHUM.

OcCTaHHIM KPOKOM JI0 KOPUTYFOUOTO BILIMBY Ha TPAHCIIOPTHI MMOTOKH
€ BUOIp mUIIXy Takoro BIUMBY. O4YEeBHAHO, IO I[OMY Ma€ IIepeIyBaTH
CTBOPCHHSI CMapT-CHCTEMH, IHTETPOBAHOI B TPAHCIIOPTHY iHPPACTPYKTYpPY
MICTa, sKa MaTHME€ 3MOTy aJanTyBaTH PEXHUMH POOOTH PEryJIbOBaHUX
NepexpecTb, PEBEPCHUBHUX MIUISTHOK, BKa31BHUX EJIEKTPOHHHUX IMPHCTPOIB,
KOHTPOJBOBAHMX TMAapkiHTiB Tomo. Ti 00’€kTH, sKi pO3TaIloBaHi
0e3rmocepe/lHO HA KPUTHYHHAX By3Jlax 1 JUISHKaX, M0 3a3HAIU
JECTPYKTUBHOTO BIUIMBY, a TaKOX HA CyMDKHMX 3 HHMH Mapuipyrax i3
BUCOKHM PHU3UKOM, CIPHUIAMATUMYTh CHUTHAJIM, CIPSIMOBAHI HA 3HUKCHHS
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IHTEHCHBHOCTI pyXy. AJIbTEpHaTHBHI MapLIpyTH, 0OpaHi 3a BCTAaHOBJICHUM
KPHUTEPiEM ONTHMAIIBHOCTI, TPUHMAIOTh Ha UTUILIOK TPAHCIOPTHHUX 3aC00IB Y
BCTaHOBJICHUX JIIMITaXx.

BaxnuBo 3a3HauWTH, 10 TNEPEPO3MOALT HE YAaCTHHHU, a ITOBHOTO
00CsTy TpaHCIIOPTHUX 3ac00iB HA ANBTEPHATHBHI MAPIIPYTH MOXe OyTH i
HEAOIUTEHUM, 1 HeOe3nmeuyHuM. HaBiTh SKIIO MPOITyCKHA CIPOMOXHICTH
OUIAXIB ~ CIIONyYeHHS JO3BOJSIE II€  3pOOWTH, 3HAa4YHE 30LIBIICHHS
IHTEHCHBHOCTI pyXy 32 MaJIMil MPOMIXKOK 4acy CTBOPIOBATUME HHU3KY HOBHX
HeOe3meyHnx curyamid. Tomy mepepo3moail Mae 3a Mijlb YacTKOBO 1
MTOCTYTIOBO PO3BAaHTaXKyBaTH IMpobiIeMHy dacTuy BIM.

CUCTEMOTEXHIYHUM MIAXIJ 10 PO3BUTKY
IHTEJEKTYAJIBHUX TPAHCIIOPTHUX CUCTEM
O.I1. KipkiHn, fo1., kagj. TexH. Hayk, IBH3 «[IATY»

V¥ cydacHHX yMOBaxX poOOTH TPAHCHOPTHHX CHUCTEM, 31 30UIbIICHHAM
HEBMU3HAYCHOCTI B  iHPOpPMAmiHHUX IOTOKAaX, CTOXAaCTHYHOCTI B
MaTepiaJbHUX MTOTOKAaX, Ti1odaiizarii eKOHOMIKH, 3pOCTAHHSM POJIi PU3HKY
B CKOHOMIYHMX MOZENSAX pPOOOTH TIANPHUEMCTB, JAenami OLTbIIOq
MIOMYJIAPHOCTI  HAaO0yBalOTh  KOHIEMINI MOOYAOBH  iHTENEKTyalbHIX
TPAHCIIOPTHUX CHCTEM, 3aCHOBAHHMX HA BIIPOBADKCHHI METOIIB IITYYHOT'O
inTenekty. Hacamnepen e moB'si3aHo 3 TXHBOIO 3[aTHICTIO MPAIIOBATH 3
JIHTBICTUYHUMH 3MIHHUMH, HAKOIIMYYBAaTH IOCBiZ pOOIT Ta CTBOPIOBATH
6a3u 3HaHb.

OpHak He 3aBXKAM BPAxOBYEThCS, MIO JJIsl HABYaHHS CHCTEM Ta
OTpPUMaHHS 3HaHb, MOTPIOHA HASBHICTH BEJHMKOI KUJIBKOCTI EKCIIEpTIB Ta
BUXIJHHX JTaHUX, 0€3 IKUX e()EeKTHBHICTh CUCTEM 3HAYHO 3HMXKYyeEThCs. [Ipn
[IbOMY OTpPUMaHi JaHi MOXyTh OyTH y pi3HOMy Burisai Ta Qopmari, a
eKCIIEPTH 3 PI3HMX Trajy3eil 3HaHb.

TakuM 4YMHOM, O0'€AHAHHA HE3AJIEKHUX EKCIIEPTHHX CHUCTEM Ta
HEOOPOONCHNX TaHUX y €IUHY CUCTEMY 3400YTTS Ta iHTepIpeTaii 3HaHb €
3aBIAaHHIM aKTyaJbHHUM i Oe3rmocepeIHpO BIUIMBAE HAa ePeKTHBHICTH poOOTH
IHTENEeKTyaJIbHUX TPAHCIIOPTHHUX CHCTEM.

Bupimenns noniOHuX 3aBIaHb JIEKHUTh Y TaTy31 CHCTEMOTEXHIYHOTO
MiAXOXy TOCITIKCHHS JIOTICTHYHUX Ta TPAHCHOPTHUX cucTeM. Lleit mimxin
JI03BOJIsIE 00'€IHATH TEXHOJIOTIYHI NPUHOMH, 3HAHHS, JlaHi CIPSIMOBaHI
pIlIEHHs TOCTABJCHUX 3aBAaHb Yy €IUHY cucTeMy. SIBisie co0oro y
CIPOIIEHOMY PO3YMiHHI JIOTICTHYHY CUCTEMY IHTEJIEKTYaIbHOTO IPUHHSTTS
pilIeHb.

Toni y TpaHCIOPTHHX MiIIPUEMCTB Oyjae JBa BUXOAHW TOOYIOBH
CHCTEMOTEXHIYHUX CUCTEM. Y MEPIIOMY BHUIA/IKY, HEOOXiHE BUKOPHCTaHHS
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EKCIIEPTIB IMUPOKOro Mpodiiro, sKi 3HAIOTHCA Ha BCiX cdepax HEOOXimHi
MIPUAHATTS PilIeHb y TPAHCHOPTHUX CHCTEMax. AJje, B JaHOMY BHIAAKY
BUTpaTH Ha HABYAaHHS MTO1I0HNX EKCIIEPTIB Ta rajxy3b iX 3HaHb OyIyTh HA/ITO
BENWKi. Y JpyroMy BHIIQJIKy, BHUKOPHUCTOBYIOTbCS BY3bKi (axiBmi 3
po3poOkoro iHTepdeiicy iXHBOI B3aeMoOii, SKUH y Mipy BIOCKOHAJICHHS
MO BUKOPHCTOBYBATUCS U1 BCIX IHTENICKTyalbHUX TPAHCIIOPTHUX CUCTEM
y MaitbyTHROMY. [IpH 11bOMY Oy/Te BUIIIA MiHHICTH €KCIIEPTHOTO OIiHIOBAHHS,
HIDKYl BUTPAaTH HA CTBOPEHHS TaKUX CHCTEM, BHINA IHTETpamis HayKOBHX
3HAaHb, OCKIJIBKH IHTErpaIlifHUM eJIEMEHTOM BHCTYIIAIOTh PO3POOHUKH
iHTepdeiicy B3aeMoii, a He OHa JIFOINHA.

MPUKJIAJIHI JIOTICTUYHI MEXAHI3MHA Y CUCTEMI
3ABE3INEYEHHS EKOJIOTTYHOI BE3NIEKH TPAHCIIOPTY B
MICBKOMY CEPEJOBHIIII
O.A. PomaneHko, ct. Buknagad, IBH3 «IIATY»

OnHi€l0 3 BWKIMBUX TEM € pOJb TPAHCIOPTY y (opMyBaHHI
KOM(QOPTHHX, €KOJOTIYHO CTIHKMX Ta OE3MEeYHHMX yMOB KHTTS Yy MicTax.
Bimomo, mo o0co0muBO pi3KO IIi BIUIMBH BiAYyBAaIOTBECS y MiCEKOMY
CepelOBHIII, 3POCTA0YM 31 30UIBIIEHHSIM MIIBHOCTI HacemeHHS. s
3aKOHOMIPHICTh CIIpaBeINIMBA 1 MIOAO TPAHCHOPTY, SKUI 374eOLTBIIOrO
KOHILIEHTPYEThCS HABKOJIO TaK 3BAaHMX MYHKTIB TSDKIHHA — Tam, Jie
3apO/IKYIOThCS, O0'€IHYIOTHCS, PO3MOPOINYIOTHCSI Ta  MOTJIMHAIOTHCS
BaHTa)KHI Ta MacaKMPChKI MOTOKU Y MEXKaxX MICHKOTO CepeIOBHUIIIA.

Micbke cepefoBHIEe HEPO3PHBHO IOB'SI3aHE 3 TAaKHM IOHATTSM, SIK
TpaHCcropT. BIUIMB pi3HMX BHIIB TPaHCHOPTY Ha MiIChbKE CepelloBHUINE
MIPOSIBIISIETHCSI HEOJHAKOBO. SIKIIIO 3a ycepeJHEHUMHU AaHUMHU, OTPUMaHUMU
3a pI3HUMH METOAWKaMH, 1MOOyIyBaTH YMOBHHMH PEHTHHIOBHH DS, TO 3a
3pOCTAalOYMMH 3HAYCHHSMM HETAaTHBHUX BIUIMBIB BiH BUINISJATUME Tak:
Tposeoyc, TpamMBal, aBTOOYC, BaHTaXXHUH TpaHCIOPT. SIKIIO po3risaaTH,
HaNpUKJIaA, YAHHUK 3a0pyIHEHHS ITOBITPSHOTO OaceifHy BiANpanbOBaHUMHU
ra3aMu, CTa€ OYEBHIHHUM, IIO 3a0pyAHEHHS BH3HAYAE€THCS EKCILTyaTalli€lo
aBTOOYCHOTO 1 B3arajii aBTOMOOUTBHOTO TPAaHCHOPTY, BIUIMB K MiCBKOTO
eIEKTPUYHOT0 TPAHCHOPTY y pa3i HpakTHYHO BiACYTHA. MeHII pi3ko
BIZIPI3HSIOTBCA IIYMOBI XapaKTePHCTHUKH, ajle H TyT piBeHb UIyMy,
YTBOPEHOT'0 OUIBILIICTIO aBTOOYCIB, 110 €KCIUTYaTYIOThCsl B KpaiHi, CTIHKHIA B
Mmexax 85-90 nba, a Tpoyutelidycamu Ha piBHi 76 nba.

Ha choroguimHiii JeHP ICHye HH3Ka MPAKTHUYHHUX IMIAXOJIB
3a0e3reuyeHHs eKOJIOTUHOI Oe3NeKH TPaHCIOPTY B MICHKOMY CepellOBHILi,
110 TPYHTYIOTHCS Ha MPUHIIMIIAX «MICHKO1 JIOTICTHKI Ta BAKOPUCTOBYIOTHCS
B €BPOIEHCHKUX KpaiHax (Tadu. 1).
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Micbka JIOTICTHKA, 3aCHOBaHa Ha MEXaHi3Max, M0 3a0e3MeuyroTh
C€KOHOMIYHUH pe3yJbTaT NPUHHATUX pIlIEHb Ta EKOJOTiYHy Oe3IeKy y
CKJIaJIHOMY MICBKOMY CEPEIOBHIIII.

Bona 3a0e3nedye KOMIUIEKCHUH MiIXiJg B opraHizaiii, miaHyBaHHI,
VIOpaBIiHHI Ta KOHTPOJI JIOTICTHYHHX TIPOIECiB B 00'emHaHOMY Oi3Heci
CKJIATHOT'O MiCHKOTO CEpPEIOBHILA.

IHHOBaMIHKI MexaHi3M "MicbKa JoricTHKa" 0a3yeThbes Ha MATIPIN
0asoBux mpuHIMIB: 1) 3abe3nmeueHHS MOOUIBHOCTI  HAaceJICHHS
TPAHCHOPTHUX PalOHIB MICBKOTO cepenoBuia; 2) PamioHamizariisi piBHS
noTped y BaHTQXHHUX TPAHCIOPTHUX IOCIyrax, IO HAJAIOThCA CHCTEMaM
xuTTe3abe3nedeHHs; 3) 3abe3nedyeHHS (YHKIIOHAIBHOTO 30HYBaHHS
TPaHCIIOPTHOI Mepexi Yy MicbkoMy cepepoBuili; 4) 3abe3neueHHs
«TPaH3UTHOT'O MOTEHIiaTy» TPAHCIOPTHUX MEPEX MiICHKOTO Cepe/IoBHINA y
ICHYIOUMX paMKax KOHIETIi eKoIori4Hoi Oe3neku Ta 0e3neKn TOpoKHBOT0
pyxy; 5) 3abe3nedenHst Oe3mekn JIHIHHUX €EMEHTIB BYJIHMYHO-TO0POXKHBOT
Mepexi, mo (OPMYIOTH MICBKY apXiTeKTypy TpPaHCIOPTHOTO KapKacy
MICBKOT'0 CepeIOBHIIA.

Tabnwmg | — [Ipukitagy MiChKHX JIOTiICTHYHUX CXEM

Kareropis PeanizoBaHa nomitnka
Bproccenb — BUAITICHHS 30H PyXy BaHTaXiB
30HyBaH}i’1 [IIBerwist — eKOJOTiUHI 30HU
TepHTOpIH BennkoOpuTaHist — eKOJIOTiYHi 30HH
Excruryararis Porrepnam — ekcrutyarariist eeKTpoMoOiIiB y MichKiit
«Huctux» PO3NOALTEYIN cHCTEMI
TPAHCIOPTHUX Ocaka - eneKkTpHyHi Gyprou
3aco0iB Iropix — BaHTa)kHi TpamBai
Beprnin - ToBapu pyxy miaTGopMu ep>KaBHO-IPHBATHOTO
KoopauHoBaHi apTHEpCTBa
MIepEeBE3CHHS CTOKIOJIBM — JIOTICTHYHUH IIEHTP ISl CKOOPIUHOBAHOTO
TPaHCHOPTY

30HH BapcenoHa - Kinbka 30H HapKiHI'y BaHTQKHOTO Ta
CKYITYCHHS MACAKMUPCHKOTO TPAHCIIOPTY, 32 ONEPATHBHOIO iH(HOPMALIIEI0

IMapwx, bapcenona, PuM - HiYHI cXeMH JOCTaBKH

Heto-Hopxk Ta Bankysep - Internet Systems Iudopmartis mpo

Iadopmariitai
bopman opT
CHCTEMHU - — prowr
Tokio - Po3mmmpeni indopmartiiiti cucteMu
«Kopucrysaui AMcTepiaM — IJIaBaIOY i LIEHTP PO3MOIITY
BOJN Benenis - BoasHi ynpaBmiHHSI pyXOM CHCTEMH HiITPUMKH

HOPUHHSATTS pillleHb
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3a Bci€l BaXIIMBOCTI TPAHCHOPTHOI CTPYKTYpH y MYyHIUMNAIbHOMY
CEepellOBHUII, SK HEBII'EMHOIO €JIEMEHTa EKOHOMIKM MYHIIMIAIBHUX
YTBOpPEHb, HEOOXIJHO BpaXOBYBaTH HOTO JIy)e 3HAUHHI HETaTHBHUH BIUIUB
Ha JOBKUUIS. Y CBITOBiM NpaKTUIl BUpIMIEHHS HpoOJieMH 3a0pyAHEHHS
TOBITPS BUKWAAMH TPAHCIOPTY — 1€ KOMIUIEKC MICTOOYAiBHHUX,
TEXHOJIOTIYHUX, 1HQPACTPYKTYPHUX 3aXOJiB. 3arajoM 3HIDKEHHS BHUKHIIB
TPAHCIIOPTY 3ATUINAETHCS MPIOPUTSTHAM 3aBIAHHSIM.

CEKIIA: PYXOMHMIM CKJIAJL TPAHCIIOPTHHUX
CUCTEM

TEHJAEHIII OHOBJEHHSA 3AJI3HUYHOI'O
TPAHCIIOPTHOI'O ITAPKY JJISA TIPOMHUCJIOBUX
NiANPUEMCTB
B.O. Kapamyk, gou., kaua. Texs. Hayk, JIBH3 «[1ATY»,

B.I. Ipo6axa, kana. texH. HayK, [IPAT «Kuis-/Ixinposcske» MIIII3T,
M. Kuis

[TpomucnoBuii 3aJi3HWYHUE TpaHCHOPT MpUAMae Oe3rnocepeaHio
ydyacTb Yy  BHpoOHMYOMY  IMKJIi.  3a0e3NeUeHHs  CHPOBHHOIO,
HaniBpabpuKaTaMi BUPOOHUIOTO TPOIIECy, IEPEMIIIeHHs TIPeAMETIB Tparli
MK BHPOOHWYMMH NHKIAMH, BHBE3CHHS TOTOBOi MPOAYKIi Ha KOIii
3arajJbHOTO KOPHCTYBAaHHS € IIOJACHHWMH 3aBIAHHSIMH, IO BHKOHYIOTHCS
3aJi3HUYHUM  TAroBuM  pyxomum  ckiaagom (TPC)  mpomucioBux
nignpueMcTB. Ha MpOMHCIOBUX HIINPUEMCTBAX KpalHU EKCILTyaTyHThCS
pi3Hi BUIM Ta cepil JIOKOMOTHBIB Ta TATOBUX arperariB. BukopucTaHHs
neBuux BuAiB TPC Tta iX cepiif 3yMOBIIEHO BUPOOHUYNM MPOLIECOM, BUAMHU
NepEeBE3CHNX BAHTAXIB, TEXHOJIOTIYHUMH YMOBaMH POOOTH IPOMHCIIOBOTO
MiAPUEMCTBA,  OCHALIGHHSM  Ta  OCOOJIMBOCTSMH  TPOBEICHHS
HaBaHTaKyBaJIbHO-PO3BAHTAXYBAIBHUX POOIT, rabapuTHUMU OOMEXECHHIMA
Ha TepUTOpii MiANPUEMCTBA, KOJIMHUM PO3BUTKOM, YCTPOEM IPUCTPOIB
eHepro3abe3neyeHHs Ta baraTbMa iHIIUME (paKTopamu.

TemnoBo3HUI MapK MPOMHCIOBUX MANPUEMCTB IPEICTABICHUN
TermoBo3aMu cepii 2M62, 2TEI0M, 2TE10B, TI'K2, TI'MI1, TI'M23,
TI'M3(A,B), TTM4, TTM6, TEM1, TEM2, TEM7, TEM18, UME2 Ta in.
EnexTpoBo3Huii mapk npeactaBieHui enekTpoBozamu cepiid J1100M, BJI41,
194, TIEV1, EL1, EL2, EL21, 21E, 26E Ta TATOBHMH NPOMHCIOBHMH
arperatamu 0I191, 0192, OIID1A Ta iH.

Ha crporopnimHid aeHb Ha MIANPUEMCTBAX NOCTana Ccepho3Ha
npoOyieMa OHOBJICHHS INAapKy 3aJi3HUYHOTO TSIOBOTO PYyXOMOTO CKJaiy.
JIOKOMOTHBH, IO €KCILTyaTyIOThCS A0 Terep NoTpeOyloTh MoJepHi3alii Ta
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OHOBJIEHHS. BiNbILICTh JIOKOMOTHBIB MapKy BXKE€ IaBHO BiJIpalIOBaIN CBiil
pecypc. ['ocTpo cToiTh mpobiieMa peMOHTY Ta TEXHIYHOTO 00CIYTrOBYBaHHS
TPaHCIIOPTHOTO TAapKy depe3 Opak 3alacHUX YacTHH Ui PEMOHTY LIUX
JIOKOMOTHBIB, TOMY 110 IPAKTHYHO BCi 11l JIOKOMOTHBH 3HSATI 3 BUPOOHUIITBA,
KpiM TOrO OCHOBHA YacTHHA iX Oyia moOyaoBaHa mie 3a 4aciB passHCHKOTO
coro3y abo mpuabaHa 3a KOPIOHOM. BimmoBimHO mepen miAmpHeMCTBaMU
MPOMUCIIOBOCTI  CTOITh 3aBJAHHS TMOIIYKY MOXIJIMBOCTSH OHOBIJICHHS
3aJII3HUYHOT0 TPAHCIIOPTHOTO MAPKY.

IcHyt0TH Aexinpka migxomiB Ao pimeHHs miei npobnemu. [To-mepre,
«TTTOO0Ke» OHOBJICHHS ITapKy - 3aKYIIBIS HOBHX JIOKOMOTHBIB, IO-JpYTe,
MO/IEpHI3allis ICHYFOUHX JIOKOMOTHUBIB 3 TIOJIOBKCHHSM TEPMIHY CITY)KOH, IM0-
TpeTe cmpoda 3aMiHM 3ali3HMYHOI'O TATOBOTO PYXOMOIO CKIaay Ha
QIPTEPHATHBHI ~ BUAM  TPAHCIOPTY,  HANPHUKIAJ  BUKOPHCTaHHS
ABTOMOOIJIBHUX TPAHCIIOPTHHX 3aCO0IB.

I'mnOoke OHOBIEHHS MapKy 4Yepe3 3aKyIBII0 HOBHX JIOKOMOTHBIB
moTpeOye 3HAYHMX KaIliTAIGHUX BHTPAT, OKPIM TOTO HEOOXiTHICTH
TEXHIYHOTO 00CIyTOBYBAaHHS HOBHX Cepill TIOKOMOTHBIB OyJie moTpeOyBaTH
OHOBJICHHS] PEMOHTHO1 0a3M Ta NepeHaBYaHHs 00CIYTOBYIOYOTO MEPCOHATY.

OHOBNICHHA TAapKy dYepe3 MOJCpHI3aIlifo iCHYIUHMX cepii
JIOKOMOTHBIB TIOTpeOy€e MEHIIE KaIliTalbHUX BUTpAT, HE Oyne moTpedu y
OHOBJICHHI PEMOHTHO-TEXHIUHOI 0a3u Ta MepeHaBYaHHS IIEPCOHAITY, OJTHAK
TaKWi MiAXiJ MOXE TUIbKM KOPOTKOYacHO (Ha OJM3bKY IEePCHEKTHBY)
BUPIINTH NUTaHHS OHOBJICHHS TPAHCIIOPTHOTO MApKYy.

[Miaxin 1o 3aMiHi  3aMi3HUYHOTO  TPAHCIOPTHOTO  MapKy
QIPTEPHATUBHUMH BHUJIAMH TI€pEBE3€Hb, JIOTIOMOXKE BHUPILNIUTH TIIBKU
JIOKaJBHI 3a/1aui MPOMHCIOBOIO BHPOOHMWIITBA Ha TEBHUX TEXHOJOTTYHUX
JinsHKax abo Mpu MEBHUX MEpeBi3HMX Ipoliecax. Takui miaxin notpedye
rMOOKOT0  aHajily  yMOB  BHPOOHHMITBA, OOCSTIB  IIepeBe3CHb,
BaHTAXXOMOTOKIB, BUTPAaT Ha IEPEBE3CHHs, BUBUCHHS TEXHOJIOTIYHHX Ta
rabapuTHUX yMOB POOOTH, Ta IOPIBHSIHHS TSATOBOTO PYXOMOTO CKJIaly HE
TITBKH IO BUAAX TPAHCIIOPTY a i 0 MapKa Ta cepisiX TPaHCIIOPTHHX 3ac00iB.

B VYxkpaini mogamucst mepiri KpOKH MO OHOBIICHHIO 3alli3HUYHOTO
TPAaHCHOPTHOTO  MAapKy MPOMHCIOBHX  MHiANPHEMCTB. MeTKOMOiHAT
"ArcelorMittal Kpusuii Pir" nouas ekcrutyaraiiito mepuioro MaHeBpOBOTO
nokomotuBa EffiShunter 1600 BupoGHuiTBa dechkoi komnanii CZ Loko y
rpynsi 2021 poky. Takox mianmpueMcTBOM OyJO IMIANMCAHO KOHTPAKT Ha
NOCTa4aHHs. YOTUPHOX JIOKOMOTHBIB wi€i cepii [1]. dani maHeBpoBi
TeoBo3u 3i0pani Ha 0a3i TemwioBoza UME3. OcHarieHi au3eilbHUM
nsuryHoM Caterpillar 3508C notyxnictio 1000 kinoBar Ta reHepaTopom
Tsirn  Siemens, HU(GPOBOIO CHCTEMOIO YIPABIIHHSA, KpPYI{3-KOHTPOJIEM,
SJICKTPOJMHAMIYHUM TaJIbMOM Ta 3aXHCTOM BiJ] KOB3aHHSI.
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OHOBJICHHS MTAPKY MPOMHUCIIOBOTO 3aTi3HUYHOIO TATOBOIO PYyXOMOI'O
CKJaay JO3BOJHTH TIOKPAIIUTH TEXHOJOTIYHUI TMpOIeC BHPOOHHIITBA
MPOAYKIii Ta CKOPOTUTH BUTPATH HAa CKCIUTyaTaIlil0 IUX TPAHCIOPTHHX
3ac00iB, IO3BOJIUTH IINBUIIHUTH CKOJOTIUHICTh BHYTPIIIHEO3aBOJCHKIX
MePEBE3CHb.

PAIIOHAJIBHICTBb 3ACTOCYBAHHS TATI'OBUX
PO3PAXYHKIB 3 TOYKH 30PY HOPMYBAHHSA BUTPATH
EHEPTIi
M.A. Bapub6in, acmipanr, A.O. KarpamassH, 1011., KaHI. TEXH. HayK,
YxpaiHCbKHi IepKaBHUI YHIBEPCUTET 3aJIi3HUYHOTO TPAHCIIOPTY,

M. XapkiB
A. I1. ®anenaumr, npod., a-p TexH. Hayk, JIBH3 «I1JTVY»,

0O.B. [Ixyc, marictp, JIbBIBCbKHIT HAYKOBO-IOCIIJHUH IHCTUTYT CyJIOBUX
excrieptus, M. JIbBiB

S BiTOMO OCHOBHOIO YaCTHHOIO CO0IBapPTOCTI MPOAYKIIii TPAHCIIOPTY
€ BWUTpPaTH Ha IaJIMBHO-CHEPTeTHYHI pECypcH, TOMY IEpIIOYEeproBUM
3aBIaHHIM, B YMOBaX KOHKYPEHTHOI O0pPOTHOM Pi3HUX BHIIB TPAHCIIOPTY 3a
ITOTOKM BaHTaXIB Ta IMAacakWpiB, € BCTAHOBIICHHS TEXHIYHO OOYMOBIICHIX
HOpM BHUTpaT Ta MONIYKYy NUIAXiB 3 MiHIMi3amlii BUTpaT 49X 301NTBIOICHHI
MPOBI3HOT 3IATHOCTI.

BukopucranHsi TATOBHX  PO3PaxyHKIB, OCHOBHOI  SKHX €
MareMaTUuHe MOJICIIOBaHHS TEXHIYHUX  XapaKTEPUCTUK  CHIJIOBOTO
o0JiaiHaHHS, aHai3 BIUIMBY 30BHILIHIX Ta BHYTPILIHIX CHJI ONOPY PyXy YU
KIIIMaTHYHHUX OCOOJIMBOCTEH PErioHy eKcIutyaTauii, po3risi rpadikiB pyxy
yi poOOTH HAa MPEIMET ONTHMIi3alidiHUX Iifl Ta iHIIE, JO3BOJSAE 3HANTH
MIPUXOBaHI MOTEHIIaJI 10 3MEHIICHHIO BUTpAT €Heprii Ta ONTHMAaIbHUX
PIBHSIHB TATOBO-CHEPIeTUYHOIO IACIOPTY — SIK OCHOBH HOPMYBAHHS Ta
HOPMOYTBOPEHHSL.

@®i3ndHa CyTh MPOIECIB TATOBHX OOYMCIICHb TOJATAE Y MOUIYKY
TEXHIYHUX YU TEXHOJIOTIYHUX pIilIeHb YIPaBIiHHA CHEPTeTUIHUM
oOnagHaHHAM 1H(QPACTPYKTYPH TPAHCIOPTY 3 METOI0 MiHIMi3alii BUTpaT
Majl¥Ba YM TOINYKY pAaliOHATBHUX NUIAXIB MiABHUIICHHS IIPOITYCKHOI
31aTHOCTI TPaHCTIOPTHUX MTOTOKIB pu MTOTOYHOMY piBHI
€HeprocrokuBaHHsi. TOOTO KIHLEBUM pPE3yJbTaTOM JaHMX MAaHIMyJsmii €
OTpUMaHHS 3aJIe)KHOCTEH BUTpaTH eHeprii G i ekoHomiuHoro edexry E Bin
KIJIBKOCTI 3arpoBaDKEeHHX pimieHs N. [Ipu 1boMy Ha eTarni MareMaTH4yHOro
MOJIEIIIOBaHHSI BCTAHOBJIIOIOTh TEOPETHYHY KpPUBY 3MEHLIEHHS BUTpaTH
pecypciB Gueqp(N) Ta Touky Oe330uTkOBOCTI A1(E1VGi; Nki) [meperuny
KpHBOi KamiTanoBkiaaaeHb £(M) 3 Gyeop(N)].
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OTpuMaHi pe3yiabTaTH HE € JOCTOBIpHMMH Ta THOTpPeOyIOTh
BHUKOPHCTaHHS KOPEISIIIHHIX KOe(DILiEHTIB A5l KOPETYBaHHS MaTeMaTH4HO1
MOJIEINI MiJT peaibHi YMOBH €KCIUTyaTallii, MOSCHEHHSM IbOTO € BiIMIHHICTh
Ta 3MiHa B 4Yaci TEXHIYHHUX XapaKTEPUCTUK EHEPreTHYHOro oOagHaHHS,
HEMOXIIUBICTh BPaxyBaHHS BCiX (AaKTOpIiB BIUTUBY Ta HETOCKOHATICTh
MaTeMaTu4IHuX Mojieneil. ToMy micist OnTUMi3allii TEOPETHIHNX PE3YJIbTATIB
Ha BHUPOOHUIITBI YW 3a JIOMIOMOTOI0 KOE(]ili€HTIB BIUIUBY 3HAXOAATH
(bakTHYHy KpHBY 3MEHINCHHS BHTpPaTtH pecypciB Ggawm(N) Ta TOUKY
6e330uTroBOCTI AZ(E2V Go; Ni) [mepeTnHy KpuBOI KamitTagoBkIaneHs E(N) 3
Ggpam(N)], TpHM [BOMY KUTBKICTH 3aIpONOHOBAHMX DIlICHb 3aBXKIH
301IBIIYETHCS Yepe3 MPOBEICHI MAHIIYIISIIT Nk < N.

Po3BUTOK HayKOBO-TEXHIYHOTO TMPOTPECY 3aBXKAW HAMAaraeTbes
3nBuHyTH A2(E2V G2; Nk) B CTOPOHY 301NIbIIIEHHS 3HAUEHD BiCi a0CIIUC TAKUM
YUHOM 1100 MAaKCHUMajJbHO HAONM3UTHCH N0 KpPHBOI OOMEXEHHS 3a
MiHIMaTbHUMHU BUTpaTaMi Gpin, 00YMOBIIEHOT 3aKOHOM 30€peKeHHS eHeprii,
OJTHAK HIKOJIA HE TOPIBHIOE ilf TaK SIK KK/ HE MOKE JIOPIBHIOBATH OMHUII Y1
MaTH OiIbIIe 3HAYCHHS.

CxemaTn4He 300payKeHHS CYTi BUKOPHCTaHHS TATOBHX PO3PAXYHKIB
HaBEJIEHO Ha PUCYHKY 1.

y - =
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Puc. 1 — CxemaruuHe 300pa)KeHHsI CyTi BAKOPUCTAHHS TSATOBUX
PO3paxyHKiB

BukopucranHsT ~ TArOBUX  pO3paxyHKIB Ta  MareMaTHYHOTO
MOJIEFOBaHHI (Pi3MYHUX MTPOLIECIB CHIIOBOTO 00JIaIHAHHS YU TPAHCIOPTHOT
IHGPACTPYKTYpH O3BOJHMTH 3HHU3MTH CIOXHBAHHSI PECYpPCiB, PO3pOOHUTH
pexoMeHanii mo eKCIUTyaTalil 4M 3aMiHi oOiagHaHHS OOCIIyrOBYHOUOMY
MEPCOHANY 1 BCTAHOBHTU ONTHMAJIbHI HOPMH BHTPAT B XOJi BHUPOOJICHHS
OJTMHHIII TIPOIYKIIIT TPAHCIIOPTY.
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CITOCOBH 3AXUCTY HABKOJIMIIHBOI'O CEPE/IOBHUIIIA HA
3AJIBHUYHOMY TPAHCIHOPTI YKPAIHU
I.C. I'pyHuk, kanna. texH. Hayk, P.b. Cemuyk, Bukiiajgad,
C. A. [linyak, CTy/eHT,
BCIT JI®KTI HY «JIIT», M. JIbBiB

3aJi3HUNYHUHN TPAHCIOPT 32 CBOEIO MPUPOJOI0 € OUIBII €KOJOTIYHO
YUCTUM TIOPiBHSHO 3 aBTOMOOUIBHHM Ta TMOBITpSHUM. [IpoTte He cmix
3a0yBaTH TpPO Te€, IO PO3BUTOK 3aJi3HWYHOTO TPAHCIOPTY  CIif
peai3oByBaTH 3 IOTPUMAHHAM €KOJOTIYHMX BUMOT. L mpobnema Takox
BEJIBMU aKTyallbHa 1 IJIs1 YKpaiHu, OCKIIbKH BOHA 3@ MIUIBHICTIO 3aTI3HUYHOT
Mepexi 1 BaHTaKOHANPYKEHICTIO MepeBHIIye 0Oararo IHIIUX KpaiH
Hentpaneaoi €Bporn. Tomy mpoOiieMa eKoJoTi3amii  3ali3HHYHOTO
TPAHCIIOPTY € JIy’Ke Ba)XKIIMBOIO.

3aJi3HUYHUH TPaHCTIOPT 3a 00’ €MOM BaHTaKHHX IEPEBE3CHB 3aiiMae
TepIe Miclie cepel IHIMMX BHUAIB TPAaHCHOPTY, 3a 00’€MOM IepeBe3eHb
MACAKHUPIB — JIPyre MicIe MICIi aBTOMOOUTBHOTO TPAaHCHOPTY. Y CITIIIHE
(YHKIIIOHYBaHHS 1 PO3BUTOK 3aJII3HUYHOTO TPAHCIIOPTY 3aJICKHUTD BiJl CTaHy
MPUPOJAHUX KOMILIEKCIB 1 HAsSBHOCTI TPHPOJAHHX PECYPCiB, PO3BUTKY
IHQPACTPYKTypH  IITYYHOTO  CEPEIOBHINA,  COIiaIbHO-CKOHOMIYHOTO
cepenoBumma cycrninecTBa. CTaH HaBKOJMIIHBOTO CEPEAOBHINA IPH
B3aeMOZii 3 0O0’€KTaMM 3aJi3HUYHOTO TPAHCIOPTY 3aJeKHUTh  BiJ
iHQpacTpyKTypu 1O OYAIBHUITBY 3aJi3HHUIb, BUPOOHHITBY PYXOMOTIO
CKJIaJly, BUPOOHHUYOrO YCTATKyBaHHS 1 IHIIUX MPUCTPOIB, IHTCHCHBHOCTI
BUKOPHCTaHHS PYXOMOTO CKJIaay 1 IHIMX OO’€KTiB Ha 3aJi3HMILX,
Ppe3yibTaTiB HAYKOBHX JOCIIDKEHb 1 iX BIIPOBa/KEHHS Ha MAMPUEMCTBAX Ta
00’€eKTax raimysi.

3aJi3HWYHUM  TPaHCIIOPT TOCTIHHO BIUIMBAE HA  TPHUPOJIHE
cepenoBuiie. PiBeHb 1ii MoOXe JeXaTH B JOIMYCTHMHX DPIBHOBXHHX 1
KPH30BUX MEXaX. 32 XapaKTepPOM BIUIMBY 3JII3HUYHOTO TPAHCIIOPTY HA CTaH
cepenoBuIa mpoOneMa Mae [Ba acleKTH: BHKOPHUCTAHHS TPAHCIIOPTOM
MPUPOJHUX pPECypciB 1 TpaHCOpTHE 3a0pyOHEHHS  CEpeIOBHIIA.
3ai3HUYHUK TPAHCIIOPT BIUIMBAE HA EKOJIOTiI0 SK BEIUKUH CIIOXHBAY
MAMBHUX, JIICOBHX 1 3€MEIBHUX PECYpCiB, MiHEPaJbHHX 1 OyZiBETbHHX
MaTepiamiB. X049a B MOPIBHSAHHI 3 IHIIMUMHU BHJIAMH TPAHCHOPTY (0COOIMBO
ABTOMOOIJIBHUM), BiH 3alIO/IiI0€ MEHIIIE eKOJIOTiuHOro 30uTKYy. HeratuBuuii
BIUIMB 3JII3HUYHOTO TPAHCIIOPTY HA CEPENOBHUILE BKIIOYAE TOPYLICHHS
CTIHKOCTI NPUPONHMX JaHAMAPTIB TPAHCHOPTHOK iH(PPACTPYKTYPOIO
OUITXOM  PO3BUTKY €po3id 1 oOBamiB; 3a0pynmHEHHS aTMochepu
BiJIIpallbOBaHNMHU T'a3aMHM; IOCTii{HE 3pOCTaHHS PiBHS 3a0pyAHEHHS 3eMli

183



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

HA(TOIO, CBUHIIEM, MPOIYKTAMH BUAYBAHHS 1 OCHITAHHS CHUIIKHX BaHTaXIB
(Byrimns, pyna, HEMEHT).

[Iym Bix moi3/iB BUKJIMKAE HETATHBHI HACIIJKH, 1[0 BUPAXKAOTHCS,
IepuI 3a Bce, B MOpPYIIEHHI CHY, BIAYYTTI XBOPOOJIMBOIO CTaHy, B 3MiHi
MTOBENIHKY, 30iTbIICHHI CIOXUBAaHHA JIKApCHKUX MpemapaTiB i T. iH.
[opymenas cHy Moke MaTH pi3Hi (GOpMH, SIK TO: TMOJOBKEHHS IEPiomy
3acHIaHHA, MPOOYIKEHHS i 9ac CHY, TOTipIIeHHS IKOCTi CHY (TIepexis Bix
TIIMOOKOTO CHY IO OiJIBIII JIETKOTO, IIOBEPXHEBOTO) 1 T. ..

Haii6inpm mymiasauMu arperataMi € BEHTHIATOPH. TeIruioBo3H,
JBUTYHH SKHX OOJIafHaHi TIJIyIIHHNKaMH Ha BIIYCKHHX 1 BHITyCKHHUX
KOJIEKTOpaX 1 3BYKOI30JIOIOUYMMH TOKPUTTSMH, HE CTBOPIOIOTH 3HAYHHX
mrymiB. 1llymMH BHHHMKArOTH TaKOX BiJ yIapiB B XOJOBHMX YacTHHAX, BiJ
JIepeHYaHHs TAIBMIBHOI TSTH, KOJOJOK, aBTO3YEIUIEHHS Ta IHIIUX YaCTHH
PYXOMOTO CKJIamy.

Crioci6 BiganeHHss OCHOBHUX YacTHH 3aJ1I3HUYHOT'O KOMILIEKCY, 10
CTBOPIOIOTh HAHOUTBIIE IIyMy, BiJl HAcCENEHHMX NYHKTIB 1 BEJIHKOTO
CKYITYEHHS JIIOJIeH € TOCTaTHHO CYTTEBOIO ATBTEPHATHUBOIO CIIOCO0Y 3aMiHH,
IIpoTe BiH HE BHpilIye mpoOyieMu Aii MIyMiB Ha JIOJEH, IO 3HAXOIATHCS
Oe3mocepelHbO Ha CTaHNii 1 moOmm3y komiii. KpiMm Toro, maHuii meron
MPUMYIIye PO3MSIIATH  JOAATKOBI MapaMeTpd TpH  NPOEKTYBaHHI
3aIi3HUYHO] JIiHii, SKi yCKIIAAHIOIOTH BUOip MpoeKTyBalbHIKOBI. Kpim Toro,
iCHytOUl CTaHIIi i NUISIXY MEPEHOCUTH HE MOXKHA 4epe3 Mally eKOHOMIYHY
BUTOY JITaHOTO CIIOCO0Y.

[Mepexin 3ami3HUYHOTO TPAHCIIOPTY 3 MApOBOT TSATU HA €JICKTPUYHY 1
TEIJIOBO3HY, SKMMH B JaHUH 4Yac BHKOHYETHCS TPAKTUYHO BCs IOI3HA
po0oTa, CpusIB OMIMIIEHHIO €KOJIOT1YHOT 00CTaHOBKHU: BUKITIOUCHUH BILIHB
BYTUIRHOTO TIFUTY 1 IIKIIJIMBUX BHUKUJIIB MapoBo3iB y atMocdepy. [Toganpimna
eneKkTpudikaiis 3ali3HUIb, TOOTO 3aMiHA TEIUIOBO3IB EIICKTPOBO3AMH,
JIO3BOJISIE BHUKJIFOUUTH 3a0pyAHEHHS MOBITPS BiANPAllbOBAaHWMH Ta3aMu
JIU3enbHNX ABUTYHIB. OCHOBHHMI HUISIX 3HIDKCHHS BHKHIIB TOKCHYHHX
PEUOBHH TEIUIOBO3aMH IOJISITa€ B 3MEHIICHH] X HAKOMMYCHHS B IMIIIHIPAX
JBUTYHIB. BaknnBe 3HaUu€HHS MalOTh 3HEIIKO/KCHHS BIATIPAIlbOBAHNX Ta3iB
1 IpaBUJIbHA €KCIDTyaTamis TeIuIoBo3iB. IIpMHIMI Aii OYMCHUX MPHUCTPOIB,
3aCHOBAaHMH Ha PEIUPKYIALil rasiB, 3acTOCOBYETbCA ISl 3MEHIICHHS
KOHIIEHTpaLii OKCHIIB a30Ty. Po3pobieHa HOBa KOHCTPYKIIiS TEIUIOBO3a, B
SAKOMY SIK IaJIMBO BHUKOPUCTOBYETBCS ra3. EKCIEpUMEHTalIbHUM 3pa3ok
ra3oBOro JIOKOMOTHBAa CTBOPDEHMH Ha OCHOBI MaHEBPOBOTO TEIJIOBO3a.
[Nepexin Ha CTHCHEHHWIl Ta3 JO3BOJIUTh €KOHOMUTH Je(ilUTHE IU3eIbHE
nansHe. 1lle ofHa nepeBara ra30Boro TEII0Bo3a — HOro €KOJI0TiYHa YUCTOTA.
Tomy Ha ras, nepir 3a Bce, JOLUIBHO MEPEBOANTH MaHEBPOBI TEIJIOBO3H Ha
CTaHIIiSIX, PO3TALIOBAHUX Y MEXax MICT.
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J1o OCHOBHHX 3axOiB LIOJ0 OXOPOHHM BOJOWMMIL Biji 3a0pyAHEHHS
BIJTHOCATHCS OYAIBHUITBO 1 PEKOHCTPYKIiS OYHCHHUX CHOPYA Yy BY3Jax,
BITPOBaKEHHSI 00OPOTHOTO BOAOIIOCTAYaHHS, HOPMYBaHHS BUTPATH BOJU 1
3MEHILICHHS! CKUAAHHS HEOUYHUIIEHHUX CTOKIB, CTBOPEHHS IOCKOHAIIMINX 1
€KOHOMHIIINX 3acO0iB 1 METOJIB OYHINCHHS BHPOOHHYUX 1 MOOYTOBHX
CTIYHUX BOJ, CKOPOYEHHS BTpPaT BOIH, BIOCKOHAJCHHsS I1a00paTOPHOrO
KoHTpoIto. Heckimagai (hoTamiiiHi yCTAaHOBKH YCIIITHO €KCIUTYaTYIOTHCS Ha
MepeBakHi  OiIBIIOCTI  3aNi3HMYHUX  MIANpUeMCTB. BoHm  moGpe
3apeKoMeHAyBand cebe TpW OYHMINEHHI CTIYHAX BOJ BiA HaHOUIBII
MOIIUPEHOT0 BHAY 3abpyaHeHs — HadTonpoxmykTiB. Lli ycraHOBKH
3abe3mneuyioTh y 5...10 pasiB kpamuii eekT OYHIIEHHS, HDXK Ha(pTOBI
NAacTKH, 1 JO3BOJSIIOTH BHIAISATH 13 CTOKIB 10 95% 3a0pynaHeHs.
BripoBamkeHHss (oTaTopiB JO3BOJMIO 3HAYHO CKOPOTHUTH 3a0pyAHEHHS
BOZOWMHII  HA(TONMPOAYKTAMM, HONIIIIUTH  CHUCTEMY OOOPOTHOIO
BosoKopucTyBaHHs. Ha 000OpOTHE BOJOKOPHCTYBaHHS MEPEBOAATHCS BCi
OCHOBHI TEXHOJIOTIYHI NPOLIECH 3 BEIUKHM BOIOCIOXKUBAHHAM, a TaKOX
NpoLecH, IO BHUKIMKAIOTh CHIbHE 3a0pyIHEHHA BOJOWMHMIN Ha
MIPOMHBAIIEHO-TIPONIAPIOBAJIBHUX CTaHIIAX, PEMOHTHUX 3aBOJax i1 B JEIO.
Kpim Toro, mo 3aMKHYTOMY LHKIY BHKOPHCTOBYIOTHCS MHUIOYI PO3UUHH 1
MIPOMUBAIIEHI BOJU JUTI OOPOOKH PyXOMOTO CKJIaIy, HOTO BY3IIB 1 IETaje.
Juis ountieHHs: BUPOOHWYHX 1 TOOYTOBHX CTITHUX BOJ CIIOPYIKYIOTH TaKOX
OloyioriuHi CcTaBKM. BramTyBaHHS Ta eKCIUlyarallis TaKHX CTaBKiB He
BUMarae BEJMKHX BHUTPaT, B TOW )K€ 4Yac IX 3aCTOCYBaHHs MOJKIIMBE B
PI3HOMAaHITHUX KIIMAaTHYHUX YMOBaX.

MNOKPAIIIEHHSI IPUCTPOIB OCYIIKH CTUCHEHOI'O
HOBITPA AJS TAJIBMIBHUX CUCTEM 3AJII3HUYHOI'O
PYXOMOI'O CKJIALY
S1.B. SIxyOoBchkuid, MaricTp, Buknanad, B.S. SIBopcekuii, BUKIagad,
LI. CinpBami, CTyAeHT,

BCII JIOKTI HY «JIII», m. JIpBiB

OxnuM 3 OCHOBHHMX (pakTopiB, 10 3a0e3neuyroTh HaAIRHICTh
pyxomMoro ckimamy i Oe3meky pyxy Ha 3ali3HWYHOMY TpPaHCIOPTi, €
0e3BiIMOBHA PoOOTa HOTO MHEBMATUYHOTO O0JIaAHAHHS Ta rajbM. barato B
YOMY L€ 3aJISKHUTh BiJl SIKOCTI CTUCHEHOTO MOBITPSL.

YCMOKTyBaHE KOMIIPECOPOM TOBITPSl 3aBXKAM MICTUTH JIESKY
KIJIBKICTh BOJIOTM, MacTHJIa 1 TBEPAMX MHJIONOAIOHUX YaCTHHOK. 31aTHICTh
TIOBITpPSI yTPUMYBATH BOJIOTY B MapPONOAIOHOMY CTaHi TUM BHIIIE, YUM BHILE
fioro Temneparypa. OfHaK I 3/1aTHICTD 11a1a€ TIPH MiJBHUIIEHHI TUCKY, Yepe3
10 TiIBUIIYETHCS BiHOCHA BOJIOTICTh CTHCIIOTO TIOBITPS.
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[Tpu 3HMKEHH] TeMIepaTypy CTUCHEHOTO MOBITPs B TPYOOIPOBOIaX,
BHACIIIOK TPUPOIHOTO OXOJOKEHHS ab0 MPOXOPKEHHS KalniOpyBaJIbHUX
JIPOCENIFHUX OTBOPIB, BiJHOCHA BOJIOTICTH IOBITPS 3pPOCTAE, JOCATAIOYU
KPUTUYHOTO 3HAYEHHS, KOJM TEMIIEpaTypa CTHCHEHOrO IOBITPS AOcCsrae
TEeMIEePaTyPH TOUYKU POCH - TI0YaTKy YTBOPSHHS KOH/ICHCATY.

Hwu3zbpka sSKicTh CTHCHEHOTO TIOBITPS HA PyXOMOMY CKIIAJl 3aTi3HHUIb
Ma€ ps HETaTHBHUX HACHTINKIB: 3MCHIICHHS B 3MMOBHI Tepiof JiaMeTpiB
MPOXiTHUX MEPETHHIB y TaJbMIBHIA MaricTpaii moizza.

HaBite mpm He MOBHOMY miepeMep3aHHI TaJbMiBHOI MaricTpaii
301LIBIIY€THCS Yac BIAIYCKY TajbM y XBOCTOBIN yacTHHi noizaa. Lle € oganm
3 (hakTOPIiB, IO MiBUIIYIOTh HMOBIPHICT OOPHBY aBTO3YEITY.

3amep3aHHs i 3a0pyAHEHHS JIPOCEITBHIX OTBODIB
MOBITPOPO3NOUILHHUKIB TPU3BOAATH 0 HEBIANYCKAHHS TallbM OKPEMHX
BaroHiB i 103y, HACJiJIKOM YOTO € YTBOpPEHHs NoB3yHiB. Lle, B cBoto 4epry,
TIPU3BOIUTS JI0 aBapifHOTO HArpiBaHHS KOJIICHHX T1ap, HEIUIAHOBHX 3yTIMHOK
MOI3/iB, MPUCKOPEHOr0 3HOCY peHoK, a TakoXX 3HAYHUX EKOHOMIUHHX
30UTKIB.

BupinieHHs nux 3aBIaHb y YaCTHHI BJJOCKOHAJICHHS JIOKOMOTHBHHUX
NPUCTPOIB OCYIIKM CTHCHEHOTO IOBITPS MOMJIMBO IUIIXOM: - PO3pPOOKH
HOPMAaTHBIB  SKOCTI CTHCHEHOTO TIOBITPS MHEBMATHUYHUX CHCTEM
3aJII3HUYIHOTO PYXOMOTO CKJIaTy; - CTBOPEHHS MaTEMAaTUIHOT MoJIeNi poOoTH
KOMITPECOPHOI YCTAHOBKH 3 KOPOTKO-IMKJIOBUX a[ICOPOLIHHUM IIPUCTPOEM
OYMIICHHS 1 OCYIICHHS CTHCHEHOTO TOBITPS; - pPO3pPaxyHKYy OCHOBHHX
TEXHIYHUX XapaKTEPUCTHK i pOOOTH.

Hamu mpomoHyeThCs Ha OCHOBI JTaHMX TPOBEIEHHX JOCIIKEHb
BUKOPHCTaTH TPHUCTPOI OYMIIEHHS 1 OCYIIEHHS CTHCHEHOTO MOBITpS 3
cydacHux JsiokomotuBiB TE33A Ha Oinpll BUKOPHCTOBYBaHI cepil
JIOKOMOTHBIB 2M62.

Jlany MopepHi3alifo NMpOIMOHYEMO BHUKOHYBAaTH IPH ITPOXOPKEHHI
JIOKOMOTHBAaMH TOTOYHOTO peMoHTy [IP-3 B yMOBax JIOKOMOTHBHHX JIETIO.
Taka MozepHi3alis € aKTyaTbHOIO IS 3aII3HUIb Y KpaTHH.

OIIHKA EKOJIOT'TYHOI BE3NEKH EKCIIJTYATALIL
ABTOMOBLIBHOI'O PYXOMOI'O CKJAJY YIIPOJIOBXK
JKUTTEBOI'O IUKJTY
O.B. Knenpka, kauj. Texs. Hayk, /[.O. ConomaHuyk, CTy/I€HT,
JABH3 «ITITY»

CyuacHi TeHmeHUil rno0Oanizamii, KOJM NPOBITHI BHPOOHUKHU
CKOpPOYYIOTH CBOI BHTpPaTh 3a pPaxyHOK II€pEHOCY BHPOOHHUIITBA B
CTIPUSTIIMBIIII A7l Oi3HECY PErioHM, ITO3HA4YaloThCSl HA CBITOBOMY PHHKY

186



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

NPUPOTHOTO Ta3y 1 MOB'I3aHUX 3 HUM raity3siMu. [IpocyBaHHSI €KOJIOTTUHHX
BU/IB NaJMBa CTUMYJIOIOTh BCe OUIBIIMI MONHUT HA Tapy Ul TEXHIYHHX
rasiB: Me€TaHy, a30Ty, KUCHIO, aprOHY, IBOOKHCY BYIJICLIO i PI3HUX Ia30BUX
CyMillei.

Exomoriuna ©Oe3meka aBTOMOOUTBHOTO PYXOMOTO CKIany, SK
IHTErpaibHOrO0  MOKAa3HWKA, [OBUHHA  aJEKBATHO  BiJOOpaKaTUChH
BIJIMOBITHUMH OIIHHIMHA BUMipHUKamMu. KoXXHHI aBTOTpaHCTIOPTHHA 3aci0
MOJXKHA OXapaKTepH3yBaTH MaCHBOM BIIACTUBOCTEW. [IpH IbOMY KOXHY
BJIACTHBICTh  ABTOTPAHCIIOPTY MOXKHA  OXapakTepH3yBaTh MacHBOM
MTOKA3HUKIB.

Jlo MOKa3HUKIB y3araJlbHEHHX BIACTHBOCTEH aBTOTPAHCIIOPTY OyJH
BiJHEeCeHi: Oe3MeKa MepeBi3HOTo MPOIIeCy; HEIIKIIIMBICTh i Ha TOBKIJLIS,
TPaHCIIOPTHUI KOMQOPT; 30epeKeHHs] MPUPOIHUX PECYPCIB; TPAHCIIOPTHA
epextuBHicTh. KokHa y3aranbHeHa BIIACTHMBICTh BKIIOYAE JIEKUIbKA
IPYNIOBHX BJACTMBOCTEH 31 CBOiMM NOKasHMKaMu. KokHa rpymnoBa
BJIACTHBICTh y CBOIO Yepry BKJIIOYAE JIEKUIbKA MOOJANHOKUX MOKa3HHKIB. B
pe3ynbpTari Oyna CTBOpEeHa TpUpPIBHEBA i€papXidyHa CTPYKTypa MOKa3HHKIB,
OLIIHIOIOYM SIKI MOXXHA OTPHMAaTH YSIBICHHS MpPO EKOJIOTiUHYy Oe3meKy
KOHCTPYKIIii aBTOTPAHCIIOPTY.

By  BuKOHaHWI  aHami3  BUKHAAIB  IOKI[UIMBUX  PEUYOBHH
ABTOTPAHCIIOPTY ISl JISTKOBHMX, BaHTQXHUX MallMH Ta aBToOyciB. Ilpu
bOMY OLIHIOBAJHMCh HACTYIHI IIKIJUIMBI PEUYOBHHH BiJ| aBTOTPaHCIOPTY:
BUKUIIM OKCHJY BYIJICII0, BHUKHIM BYIJICBOJIB, BHUKHIH OKCHIY a30TYy.
PesynbraTit 00pOOKH JaHKMX MMOKA3aJIH, 10 HaKOLIbIIa YacTKa BUKUIIB B PiK
10 YCIM TPbOM LIKI/UIMBUM pEUOBHMHAM IpUIaJac€ Ha BaHTaKHI aBTOMOOII,
a HallMeHIIIE — Ha aBTOOYCH.

IIpu 11bOMY BpaxoBaHO, IO EKOJIOTIYHA Oe3MeKa aBTOTPAHCIIOPTY
TIpecTaBiIsie CcOOOI0 KOMIUICKCHY OLIHKY 1 3yMOBIIOEThCS Oe3middio
HETaTHBHUX YMHHUKIB, MOB'S3aHUX 3 EKCIUTYaTaIlIE}0 ABTOTPAHCIIOPTY.

Taxoxx Oyyo J10Ka3aHO, 10 Ha OLIHKY €KOJIOTIYHOI OE3MeKH BIJIMBAE
TAaKOX YMHHHUK 3HOMICHOCTI aBTOMOOLIBHOTO TPAHCIIOPTY i BHI TIaJIMBa,
BUKOPHUCTOBYBaHHHN JJIS1 HOTO €KCILTyaTaIlii.

CEKIIA: ABTOMATHU3ALIA, KOMIT'IOTEPHO-
IHTEI'POBAHI TEXHOJIOI'II TA POBOTOTEXHIKA

METO/HM OBPOBKHA IU®POBUX 30BPAKEHb
JI.O. loOpoBoiibChKa, 0., KaH. TexH. Hayk, JIBH3 «IIATY»

Jocnimkennss ontnunux cxem CT3 1y BUMIpIOBaHHS BHCOTH
rapsiuoro po3Kary MoKa3yloTh BUKIIOYHY BayKJIMBICTh, TOYHOTO BHIIICHHS
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KOHTYpY pPO3KaTy Ha pacTpoBOMY 300pakeHi. J[isi MOCSTHEHHS TOYHOCTI
BHMIPIOBaHHS BHCOTH PO3KaTy i3 TOYHICTIO O <#1 mMm. HeobxigHO

JOCSITTH  CyOIIKCEJIbHOT TOYHOCTI JIOKaji3aiii BEPXHbOIO Ta HHXHBOI'O
KOHTYpIB pO3KaTy.

3agaya BuAieHHS 00’€KTIB HAa PacTpOBOMY 300pa)KeHi 3arajom
MoJIsira€ 'y CHeliaJibHOMY aHajli3li pacTpoBOro 300paskeHHsS 3 IO HOro
PO3MiNICHHS Ha CYKYITHICTh IOAIOHUX 32 TIEBHUM KpUTepieM iHQOPMATHBHUX
CKJIQJIOBHX 1 BiZloMa sIK 3aJja4a cerMeHTallii 300pakeHs. JI0 TAKUX CKIIJI0BUX
MOKHA BiTHECTH (DOH, PO3KAT, KOHTYp PO3KaTy.

Onuc OCHOBHHX METOJIB CerMeHTallil nupoBux 300pakeHh MOKHA
3HaWTH B pi3HHX poboTax. IIpoTe OCHOBHY yBary y BHIIE MeperideHHX
poboTax aBTOPH MPUIAUIAIOTH AITOPUTMIYHOMY ONHCY IHX METOZIB Ta iX
nporpamHii peasnizaiiii. OCHOBHOO ITPOTaJTHHOIO IIUX POOIT € HETOCTATHICTh
BUCBITJICHHS iX TOYHICHOTO aHamizy. Hapsay i3 HeoOXiTHOI BHCOKOIO
TOYHICTIO BHJUJICHHS KOHTYDIB PO3KaTy JaHy 3ajady TaKoX HEeOOXiIHO
BUpILIyBaTH y aBTOMAaTHYHOMY PEXHMI 1 B PeXHMi peanbHOro yacy. Y
JAHOMY pO3IiTi OyJe MPOBEIACHO OCTIMKCHHS METOMIB CErMEHTAIIIT,
00poOKHM pacTpoBHX 300pakeHb rapsid0ro PyxoMoro po3Kary Ta 1modyaoBa
CTPYKTYPHOI CXEMH CHCTEMH TEXHIYHOTO 30py 3 LUIII0 pPO3pOoOKH
iHpOpMaiHHOI TEXHOJIOTIi aBTOMaTHYHOI JIOKaJi3alii BUCOTH PO3KaTy Ha

BIJIMOBIIHMX LU(POBUX PACTPOBHX 300pakeHHSAX i3 CyOIiKCEIbHOIO (il
TTUKCEIIb) TOYHICTIO.

Cmucauti onuc memo0ig 00podKu yugposux 30o6paxcer.

Crpykrypa CT3 mis BUMIpIOBaHHS BHCOTH Tapsiioro, PyXOMOTO
po3KaTy y CBOEMY CKJIaJi Ma€ alrOpUTMIYHI 3acO0M TpH3HAYCHI IS
00pOOKH pPacTpOBUX 300pa)keHb PO3KATy 3 MLIJUI0 aBTOMATUYHOTO Ta
BUCOKOTOYHOTO BHJIUJICHHS HOr0 BEPXHBOIO Ta HIDKHBOTO KOHTYPIB.
Peanizariis nux aJropuTMIi4HHX 3acO0IB 3/IHCHIOETHCS HA OCHOBI METO/IIB
uudpoBoi 00poOku 300pakens Ha [IEOM (cnenianbHUX MEpEeTBOPEHb HAll
MIOTOKOM BiZicolaHuX 3HATHX 3 udposux OEIT)

Binmeomotik, skuil HaAXOAWTh Ha anroputmiuHi 3acobm [TEOM y
3araJbHOMY BHUIIAJKy MOXKHA PO3IJBINATH SIK TOCTIOBHICTE LH(POBHA
pacTpoBHX 300paxkeHb, mo HaaxonaTh Ha BXig [IEOM 4epe3 meBHi
(ikcoBaHi TPOMIKKH Hacy.

BpaxoByioun Taky 0cOONHBOCTH HUGBPOBOTO  MPEICTABICHHS
BiJICOIIOTOKY, a caMe IOCIiOBHOCTI TBOMIPHUX MAaTPHIlb, SKi TOCTYTAIOTh
JMCKPETHO Yy yaci Ha BXiJl anroputmiuHux 3aco0iB CT3 yci MmeToaun uudposoi
00pOOKH BiJIeOIaHMX MOYKHA YMOBHO TIOAIJIUTH HA HACTYIIHI:

1. Memoou ob6pobxu cmamuunux 306pasicens
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Jlana rpyma METOJIB BHKOHYE TIOCIIJOBHUI aHai3 KOXHOTO
300pakeHHs BiIEOMOTOKY OKPEMO (CTaTHUHO). [i yMOBHO MOKHA TIOJiNMMTH
Ha JIBl BEJIMKI HirPyIH METOIIB!

- MeToI1 00pOoOKHM 300paskeHb B IPOCTOPOBii 001acTi,

- MeTO 1 0OPOOKH 300pakeHb B CIIEKTPAIbHINA 001aCTi.

Metomu 0O6poOKH 300pakeHb B MPOCTOPOBIH 007acTi SK TPABUIIO
pealizyIoThCs TIUITXOM JOCTIKCHHS 300paXeHHs K (YHKIIIi SCKPaBOCTI
MiKCEeMiB 300pakeHHS BiJ iX MPOCTOPOBUX KOOPIUHAT.

Metonu 0OpoOKHM B CHEKTpanbHiii 007acTi 3aCHOBaHI Ha OCHOBI
JBOMIPHHUX JIUCKPETHHX IIEPETBOPEHB, a came: nepeTBopers Pyp’e, Xaptiy,
JIMCKPETHE-KOCHHYCHOTO ~ TIEPETBOPEHHS, IepeTBOpeHHs [ uibbepTa,
BeiiBner, Tomro. 1{i MeToau TarOTh MOMIIMBICTH IIEPEHTH BiJl TPOCTOPOBOTO
OIMCy BXiHOTO 300paxkeHHS ((PyHKHIT HPOCTOPOBHX KOOPAMHAT) JIO
criekTpanbHoi obnacTi (¢ynkuii yacrorn). [licns yoro, aHamisy Ta 06poobLi,
MiJIAI0THCS BXKE HE caMi 300pa)keHHs, a Koe(illieHTH OTPUMaHi y HACIiIOK
BUKOHAHHS BHIIE3a3HAYCHHUX TIEPETBOPCHb.

2. Memoou 0bpobxu 306padicens 8 uacosiii oonacmi.

Metoau oOpoOKH BifEONOTOKY B 4acoBil 00JacTi CrMparoThes Ha
MOJKJIMBOCT] aHaNi3y 3MiHH SICKPaBOCTI MIKCENiB 300pakeHb, i3 3MIHOIO
KaJpiB BiACOIOCIIOBHOCTI Y aci. Y TaKOMy BHUITaIKy 0OpoOIIi miaIaeTbes

K =NM ¢ynkuiii 3minu sickpaBocTi miKceNiB 3 4acoM, e KOXHa Taka 3

dynxuiit 06pobseThes OkpeMo (HesanexHo oana Bia oanoi), 16 N ta M
PO3MIp KaJapy BiACOMOTOKY.

3. Kombinosani memoou 06pooKu 300paice.

[Tix yac pimeHHs MPaKTUYHKX 33134 U POBOi 00POOKHU BiZICOTIOTOKY
JIOLIHO KOMOIHYyBaTH METO1 0OPOOKH CTATUYHUX 300pa)KeHb Ta METOAN
00poOKM B 4acoBiii 00s1acTi, OCKUIBKN KOKHHI 3 HUX Ma€ CBOI IlepeBaru ta
HEJIOJIKH.

AHAJII3 CTYHEHI HEPEMIITYBAHHS ITOTOKIB TAPSAYOTO 1
XOJOOAHOI'O IMMOBITPS ITPU ABTOMATUYHOMY
PETYJIOBAHHI TEMIIEPATYPU I'APSAYOI'O AYTTA
JNTOMEHHOI IMEYI
B.I1. KpaBuenko, fom., kavz. TexH. HayK, JAIBH3 «IIATY»

ExcriepuMeHTabHI JOCIIHKEHHS TT0Ka3aly, 1110 Ha JOMEHHUX Ieyax
(AIT) icHye HepiBHOMIpHICTH TeMmmeparypu AyTTs 1o ¢ypMam, a Le
HETaTHBHO BIUIMBAa€ Ha NpOLEC JOMEHHOI IuiaBku. OMHOI0 i3 OCHOBHHX
MIPUYMH HEpPiBHOMIpHOCTI Temneparypu AyTTs mo ¢ypmam [II € cryminp
MepeMIllyBaHHS TapsvIoro i XOJOAHOTO HOBITPS B TpyOOIPOBOAL rapsiyoro
IyTTd Ha 1msxy go AI1.
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3abe3neuyrore /Il rapsuum AyTTSAM CreliajibHI MOBITpOHArpiBaui
(ITH), sixi po3TarioBaHi JiHIHHO B3I0BXK TPYOOIPOBOIY Tapsdoro AyTTS Ha
pizHiii Biacrani Bim JAIl. B koxHuit manwii MomeHnt oamH I[TH mpamroe B
peXuMi ayTTs, a iHmn B Harpisi. B ITH, sixuii mepeBoIUThCS B pEXUM TyTTS,
i3 KOJIEKTOPY XOJIOJZHOTO AYTTS MOJAETHCS XOJOAHE MOBiTps. IIpoxomsyn
yepe3 [TH BoHO HarpiBaeThcs. HarpiTe moBiTpsi mogaeTsesi B TPyOOIIPOBIT
raps4oro IyTTs, e BOHO, 3 METOO OCPKaHHS 3aaH0l TeMIepaTypH Iy TT,
3MINIY€ETHCS 3 IEBHOIO KUTBKICTIO XOJIOAHOTO MOBITPSA. XOJOJHE TIOBITPS Ha
3MIIIYBaHHS MOJAETHCA B TOpPElb TPYyOONPOBOIY rapsdoro IyTTs uepes
smimryBansaui KiamaH (3K), e BOHO 3ycTpidaeThCcsl 3 TOTOKOM Tapsiuoro.
[NounHaeTsCsl Tpoliec 3MIlIyBaHHS, B PE3yJbTaTi SKOrO, 3MilllaHE MYTTs
NOBUHHO MaTW 3a/iaHy Ttemmeparypy. Cralimizaiito TemrepaTypu AyTTs
3a0e3neuyro cucteMa aBTomMaruuHoro perymoBanHs (CAP), ska Bu3zHauae
KUTBKICTh XOJOIHOTO AYTTS Ha 3MinryBaHHSI. OUeBUAHO, O CTaOLIBHICTH 1
OJHOPIZHICTh TEMIIEpaTypu JyTTS 3aJeKHTh BiJl CTyNeHi (JKOCTi)
3MIITyBaHHS Tapsd0ro i XOJIOTHOTO TIOTOKIB.

Ha sikicTp 3MinIyBaHHS IyTTS BIUIMBAE IUTHH psaa daxropiB. OmxHuM
13 HUX € IIJISIX, Ha SIKOMY BiZI0YBA€ThCS MPOLIEC 3MILTyBaHHS. 3yCTPIdaeThCs
XOJIOZHE TIOBITPS 3 TapsSYuM Bix mpamrorodoro Ha ayTti ITH B Toumi, sika
po3TamioBaHa HaBIPOTH I[LOTO TIOBITPOHArpiBaya.

OueBuAHO, IO OUIIX PYXy HOTOKY XOJOAHOTO TIOBITpS Ha
3MinryBanHs Bil 3K 10 TOuku 3ycTpiui 3 rapsumm mositpsMm hj; 1 mumsx
3MIITyBaHHS TOTOKIB h;, (BiX TOUKM 3MilIyBaHHS 10 JaTYMKa TEMIIEPATypH
OyTTs), @ TaKOXK 9ac PyXy T;; AO TOYKH 3MIITyBaHHS 1 4ac 3MilTyBaHHS
TIOTOKIB Tj, Ut [TH, ki 3HAXOMATHCS HA Pi3HINA BiACTaHI BiJ TOMEHHOI medi
(AIT) 6yze pizanm. [Ipu npoMy IUISX MTPOXOPKEHHS PETYIIOI0YOT0 BILIUBY

h,, 1 3amisHEHHS pErysIOY0ro BIUIMBY B CHCTEMi aBTOMaTHYHOIO
PETYIIOBaHHSA Ty, OyJI€ TOPIBHIOBATH:
hy,; = hjy + hj, (1)
Tps = Ti1 * Ti2 (2

Xoua 3aranbHUH IUIAX PEryIFOKYO0ro BILMBY hy,, st Beix [TH Gyne
OJJHAKOBHMM, aj€ SKICTh IbOr0 BIUIMBY Oyzae pi3HOI0. OCKIIBKHM ILIAX
3MILIyBaHHS, a 3HAYUTh 1 CTYIiHb 3MIIIyBaHHS IOTOKIB Pi3HA, TO PI3HUM
Oyze i pe3yJbTaT 3MillyBaHHS (TeMIlepaTrypa IyTTs, 3 SKOI BOHO MTOJAETHCS
B ITiY).

Io cToCy€ThCs 3aMi3HEHHS PETYIIFOIYOr0 BILIUBY Tpy, TO J0JIS HOrO
CKIaJOBUX Tj; 1 Tj, Mg Bcix IIH Oyne cyrreBo Bimpisustuch. Lle
MOSICHIOETBCST SIK BIJICTAHHIO, TaK 1 CYTTEBO PI3HOK IIBHAKOCTI PYXY
XOJIOMHOTO AyTTs 1 cymimi. [Ipu Takomy (OpMyBaHHI IOTOKY rapsiuoro
nytrs JI1 Big pisaux ITH 3Milmanuii moTik MOXe MaTH HEOIHOPIJHICTh MO
temnepatypi. Lle o3nauae, mo npu poGorti Ha aytri Ommxnix mo JIT
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NOBITPOHArpiBa4yiB He BHCTayae yacy (IOBXKHMHU NUIIXY) ISl SIKICHOTO
3MimryBaHHs. Takum 4uHOM, B Ifimomy, jis pisaux ITH momenHoi medi
CTYMiHb OJHOPIZHOCTI MpH 3MIIIyBaHHI MOTOKIB Tapsdoro i XOJIOIHOTO
noBiTpst Oyae pizHo0. HeoHOPiAHICTE 3MINTAHOTO MMOTOKY BIUIMBAE TAKOX
Ha BeJIMYMHY NOXUOKM JaTYMKa BUMIPIOBAaHHS TEMIIEpPaTypH Tapsuoro JyTTs
Bin pizamx [TH, mo nmpu3BoAWTE 10 HETOYHOCTI CTadimizamii Temreparypu
IOYTTSL.

HeonmuopimHicTh 1O TeMmmepaTypi IMOTOKY TapsSdoro IyTTs, SKe
moctymae B KijbleBuil TpyOompoBix II, oOymoBIIOE HEpiBHOMIpPHICTH
TeMHnepaTypu AyTTs rno ¢pypmam. Lle npu3BoauTh 10 OpyLUIeHHS IPOTiKaHH
NPOLIECIB TUIABKM [0 MEpUMETPY Nedul, i BIANOBIIHO, JO TIEPEeKOCiB B
HMIBUAKOCTI PyXY IO CIYEHHSM CTOBIIA IMUXTOBUX MaTepiaiB.

TakuM 4MHOM, HEPIBHOMIPHICTh PO3MOAUIEHHS TEMIIEPaTypH JyTTS
o ¢ypmam, OyJie MiHSATHCS B 3a1exKHOCTI Bij HoMepy [TH ( BigmaneHoCTI Bix
JATI1) i B 3anexxHocTi Bix nepioxy podoru ITH Ha nytTi. [Ipn npbomy BrumayTH
Ha el IpoIiec, 3 METO0 3MEHIICHHS HePiBHOMIPHOCTI TeMIIepaTypH Oy TTs,
pH  iCHYIOUMH TEXHOJIOTIYHIH cxeMmi (OpMYyBaHHS TapsA4oro OyTT,
HEMOJXKJIMBO.

Bupimenasam pobIeMu HEPiBHOMIPHOCTI PO3TIOAiNCHAS
TeMIepaTypu AyTTsS 1o pypMaM JOMEHHOI Tedi Moxe OyTH 3aCTOCYyBaHHS
HOBHX TEXHOJIOTTYHUX CXeM (pOpMyBaHHs HOTOKY rapsdoro xytrs mis JAI1.

JOCJIIKEHHSA TA OIITUMIBALISA POBOTHU
TEXHOJIOTTYHOI'O OBJAJJHAHHS CEKIIA BTOPUHHOI'O
OXOJIOKEHHSI MBJI3
C.B. lllep6akoB, 1011., KaHZI. TEXH. HAYK,

0.0. Yepesko, go1., kaua. TexH. Hayk, IBH3 «I[IATY»

Mertoro  poOOTM €  JOCHKEHHS  IPOIECY  OXOJIOJPKEHHS
6e3nepepBHOINTHX 3aroroBok y 3BO MBJI3 Ta po3poOka NMpakTHUHHX
peKoMeHIamid o0 ONTHMI3alii poOOTH (OPCYHOK CEKIIi BTOPHHHOTO
OXOJIOJKEHHS.

3aranpHi  BUMOTHM 10  OXOJOXCHHS  3arOTOBKM  MOXKHA
chopmynioBaTH Tak: - Oe3lepepBHE 3HIDKCHHS TeMIIEpaTypH IIOBEPXHi
3arOTOBKM 3 METOI0 3BEACHHS IO MIHIMyMY HampyT, L0 PO3TATYIOTh, Y
BHYTPIIIHIX IIapax; - 3a0e3ne4eHHsl PIBHOMIPHOI TeMIlepaTypu IOBEpXHi

3arOTOBKM 10 1I NEpUMETpPYy; - HENOIYLUEHHS 3HUXKCHHS TeMIlepaTypu
MOBEPXHI 3JIUTKA 10 00JIaCTel 3HIKEHHSI IIACTUYHOCTI.
IcToTHOMIO poOIEMOI0 € HEMOXITUBICTh TIOBHOTO

eKCIIEPUMEHTAIHOTO  JIOCHI/PKEHHSI TEIUIOBOI'O CTaHy 3aroTOBKH Ta
IHTEHCHBHOCTI ii OXOJIO/pKeHHS. TOMY Yy JIOCHIDKEHHSX BHUKOPHCTOBYIOTh
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METOAM MAaTeMAaTUYHOTO MOJENIOBaHHsA. HaWOimbll MIMPOKO B JaHUN dac
3aCTOCOBYIOTBCSI MaTeMaTH4YHI MOJENi, 3acHOBaHI Ha JBOBUMIpHOMY
PIBHSIHHI TETIIONPOBIAHOCTI, B SKOMY OCOOJMBOCTI TEIUIONIEPEHECCHHS B
nBodas3Hiii 30HI BpaxoBaHI 3a JONOMOTOK C(EKTHBHUX BEIUYUH
TEIUIOEMHOCTI Ta TETUIONPOBITHOCTI.

VY naHuxX MoJeNsAX 3HAUeHHS Mae BHOIp i 3aBAaHHS IPaHUYHUX YMOB,
SIKi, SIK TIPABWIIO, 33Haf0ThCSA Y BHMILAAI (DiKCOBaHWMX 3HA4YCHb KoedimieHTa
TEIUIOBiAIadil o AT KOXKHOI CeKIii BTOPHHHOTO OXOJOoMKeHHA. Ller mimxin
HE 30BCIM MPaBWIBHUHN, OCKUTBKH XapaKTep TEII00OMiHy BCepeArHi OmHieT
CEKIlil He € OJHAKOBHM. 3aroTOBKa OXOJOKY€ETHCS 3a IOTIOMOTOI0 HoAadi
BOJIM 200 BOJIO-TIOBITPSIHOT CYMillli Y TPOCTOPI MK POJTMKAMH, BiJi KOHTaKTy
3 pONMKAaMU BIJJIa€ TEIUIO Yy 3O0BHIIIHE CEpPENOBUINE Y  BUIJISIII
BUNPOMiHIOBaHHS. TakuM YHMHOM, NPONOHYETHCS BUAUIMTH TPH OCHOBHI
JIUISTHKY TIOBEPXHI 3aTOTOBKU: 30HY HIUTFHOTO 3pOIIEHHs (POPCYHKAMU, 30HY
KOHTAaKTY 3 POJIMKaMH Ta IHIII JTUISTHKA TOBEPXHI.

Ha mincraBi aHamizy JiTepaTypHHX ITaHWX OyJo oOpaHO cHoci0
pO3paxyHKy KOe(illieHTiB TEIUIOBiAIadl o s KOXKHOI 13 3a3HAYEHUX 30H.
[Ipn po3paxyHKy BpaxoBYBaBCsS €KCIEPHUMEHTAIBHUN HapaMeTp JIOKaIbHOI
NIJTBHOCTI 3pomieHHs W(X, Y), [0 3aJeXHTh BiJl CXEMH pPO3TallyBaHHs
(hOpCYHOK, pO3MOITy Ta BUTPATH OXOJIOKyBada. OTpUMaHHHA pPO3MOALT
KOoeQiIieHTIB TeIUIoBiquadi o, a, OTKe, 1 BiABENEHHsS Teria 3 IMOBEpPXHI
3arOTOBKH ICTOTHO 3MIHIOIOTHCS BCEPEAMHI CEKINii, M0 MPU3BOAUTEH 0
HEpIBHOMIPHOTO OXOJIOJKEHHSI TOBEPXHI.

Tak sik Ha pIBHOMIPHICTh OXOJIO/XKSHHSI TOBEPXHI 3aTOTOBKH MPSIMUIN
BILIMB Ma€ cXeMa po3cTaHOBKH (popcyHok B 3BO, 3a JOMOMOT0r0 aJITOPUTMIB
ONnTHMI3alii Ha MiACTaBl BENIWYMHH AMCHEpCii TemmneparypH, (Gi3UuHHX
BJIACTHBOCTEH CTalIi Ta BUTPATH BOJY MO KOHTYPaX OXOJIOJPKECHHSI OTPUMaHO
pexoMeHanii mox0 BHOOPY CXEMH PO3MIIIEHHS POJHKIB 1 (POPCYHOK Y
KOXKHIH cexmii 30HM BTOPUHHOTO OXOJIO/PKEHHS. TakuM YMHOM, 3MEHIITYI0UH
JICIIEPCII0 TEMIIEpaTypH B pe3ynbTaTi ONTHMI3alii, 3a JOMOMOIOI0
3alpOMIOHOBAHOI  MOJAETI  pO3paxyHKiB  JIOCSTA€THCS  MaKCHMalbHE
JOTPUMAHHS BHUMOT JO TEXHOJOTIYHOTO TMPOIECY  OXOJOKCHHS
0e3mepepBHOINTHX 3aroTOBOK B ymoBax MBJI3.

PO3POBKA NIPOT'PAMHO-TEXHIYHOI'O 3ABE3NNEYEHHSI AJ151
JABOKOOPIUHATHOTI'O YIIPABJIIHHSI YCTAHOBKOIO
EJEKTPOAYTI'OBOI'O HAIIVIABJIEHHSI
C.B. lllep6axos, mo11., kauA. TexH. Hayk, JIBH3 «ITTVY»

[lpn HamnaBieHHI JeryroyuMu — Marepianamu  (i3MKO-XIMidHI
BJIACTHBOCTI 3BaplOBAJBHOTO IIBA 3ajieXaTh BiJ Oararbox (DakTopis,
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O00OyMOBJICHUX THIIOM BHKOPHUCTAaHHMX MaTepiajiB Ta OCOOJHMBOCTIMHU
MIPOBEJICHHS] TEXHOJIOTIYHOTO TIpoliecy. BaxinBe 3Ha4eHHS Mae alropuTM
roja4i JIETyluoro eJeKTposa, IO pealli3yeThesl HUIIXOM BHKOPHCTaHHS
MaTeMaTu4yHoro mojemoBaHHA. OO0’eMHa IIBWAKICTH IMoJadyi Matepiaiy
PO3paxoBY€ETHCS BiAIOBITHO OaraThOM 3aKOHAM VIpaBIiHHA. B OCHOBI Iux
3aKOHIB BHUKOPHCTAaHHS pi3HUX (OpM IMITYyIBCIB TOAaYi JIETYHOUYOTrO
eNeKTPO.Y, 3MiHHa MBHJKICTh, IO 3arajioM BIUIMBAE HAa CHMETPUYHICTh Ta
Tpagi€HT PO3MOALTY JETYIOUNX eJIEMEHTIB.

Banexuicte 3MiHn KoHmeHtpamii C(t) meryrodoro ememenrta Bin
00’eMHO{ MIBHIKOCTI MOJadi €IEKTPOLy Ta CTYIICHS 3aCBOEHHS OIMCAHA 3a
JIOTIOMOT'0K0 MAaTeMaTH4YHOI MO, aICKBaTHICTh SKOi IiATBEPIKECHO
pe3ysbTaTaMyl MPOBENEHOT0 JOCHIPKEHHsI. EKCIepuMeHTH NpOBOIUIIUCH
IpY PpI3HUX BapiaHTaX 3aKOHIB 3MIHM MIBUAKOCTI 00’€MHOI Imonadi
JIETYI04OTO eJIeKTpoia. Jlana Moienp MoKe YCIIIIIHO BUKOPHCTOBYBATHUCS B
MPaKTHUIl TPOTHO3YBaHHA XIMIYHOTO CKJIaay 3BaplOBaJbHOTO IIBa B
peansHOMY Yaci.

3 METOI0 TeCTyBaHHS MPOrPaMHOro 3a0e3ledeHHs, HEOOXiTHOTO B
peaiizarii 3amporrOHOBaHOI TEXHOIOTIi HAIUIaBJICHHS, OYyJl0 po3poOiieHO
eKCIIepUMEHTAJIBHUHA  CTeHA  JUIA  KEepPyBaHHS  eJEKTPOIPUBOAAMHU
mepeMimieHHss  enekTpoxy. @DyHKmioHanm mporpaMHOro  3abe3ledYeHHS
JIO3BOJISIE KEPYBATH €NEKTPOIOM SIK Y IBOBUMIpHii, TaK i B TPHOXBUMIpHIN
cuUcTeMax KoopauHAT. B maHiii poOOTi 3po0OJeHO akKIeHT Ha peasisarlil
HepeMIleHHs! eJIEKTPOY 3TiJJHO 3 00pPaHOI0 TPAEKTOPIEIO Ta MIBHUKICTIO.

Kepyroua enekTpoHHa CKJIaJ0Ba EKCIEePUMEHTAIBHOI YCTAaHOBKH
CIIPOEKTOBaHa CIIELIaNIbHO /IS peaizalii KepyBaHHS POOOTOI0 KPOKOBHX
JBUTYHIB BIANOBITHO 10 PO3pOOJICHOTO TMPOrpaMHOro 3abesrneueHHs. B
SIKOCTI  KOHTpoJjiepa oOpaHo wMikponporecop ATmega328 y ckuani
tatgopmu nporpamysanHs Arduino Uno. CurHanu pa3oBaHOT0 KepyBaHHS
(OpMYIOTBCSI Ha JUCKPETHUX BHXOAAaX KOHTpOJIEpA Ta IIEpPEeNaloThCs Ha
CHJIOBI MOMYJII YIIPaBIiHHS KpPOKOBUMH JABHUTYHaMH JUIS IiJCHIICHHS,
Y3TODKEHHS Ta apaMeTpH3allii.

IIporpamue 3abe3neueHus po3podieno B cepemosumli IDE Arduino
Ha MoBi Processing (C++), o BkiTto9ae B ce0e peJakTop KOy, KOMITUJISTOD 1
MOJIyJIb Iiepefadl mporpaMHoro koay B koHrtpoiep uepe3 USB intepdeiic.
OCHOBHUMH 3a7adyaMd  PO3POOJEHOr0 MPOTPAMHOTO 3a0e3MEeYeHHS €
OJTHOYACHE KEPYBaHHsI €JIEKTPOIPHBOIAMH T10 ABOX HE3aJIe)KHUX KaHallaX Ta
3a0e3rneuyeHHss HeOOXIAHUX PEKHUMIB POOOTH, PErjJaMEeHTOBaHUX 0a30BUMU
TEXHIYHHUMHU XapaKTEPUCTUKAMH, TAaKUMH SIK Hampyra, CTpyM OOMOTOK,
HOMiHaJILHUI 00epTarounii MOMEHT, TEMIIEPaTypHHUI PEKUM.

Jns  peamizanii ynpaBimiHHS —JEKUIbKOMa €JIEKTPOIPHBOJAMH B
IIPOrpaMHOMY KO/JIi BUKOPUCTAHO crieriaiizoBany 0i6mioreky AccelStepper.
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[lignporpaMu KepyBaHHS KPOKOBMMHU JIBUTYHAMH JJIsi [EPEMIlCHHS
JIETYIOYOTO EJIEKTPOJY B BINMOBIMHOCTI 3 3alaHOI0 TPAEKTOPIE0 Ta
IIBUIKICTIO BUKOHYIOTHCSI B POOOYOMY IIMKIII KOHTPOJIEpa.

3a  JOMOMOTOI  PO3POOJCHOTO  MPOrPaMHOTO  3a0e3MeYCHHS
3MIHCHIOETHCST HE3aJeKHE KEPYyBaHHS MIBUAKICTIO OOEpPTAaHHS [BUTYHIB
BIIIOBITHO MO 3amaHoro anroputMmy. [Ipm HEOOXITHOCTI I KOXKHOTO
OBUTYHA MOXJIMBHH BHOIp 3aKOHY 3MIHM IOBHAKOCTI 13 3aBIaHHAM
IrPaHUYHUX 3HAYCHb, & TAKOXK BEJIMYMHU MPUCKOPEHHS Ta HAMPSIMKA
o0epTaHHS.

JloLiNbHICTE BUKOPUCTAHHS IPOTPAaMHOTO 3a0e3leueHHs OCHOBaHA
Ha MOZEN NPOTHO3YBaHHS XIMIYHOTO CKJIQJy 3BaplOBAILHOTO IIBa B
peaJbHOMY 4aci Ta MO)Ke BHKOPHCTOBYBATHCS JJIsl TIPAKTUYHOI peajizaiii
TEXHOJIOTIT HAIUIABJICHHS JICTYIOUMX MAaTepialiB 3 pPErjaMeHTOBAHUM
PO3TOIIIOM BIaCTUBOCTEH.

BI3YAJIbBHA MOJEJIb KUCHEBO-KOHBEPTEPHOTI'O
MPOIECY HA BA3I ITPOBOI'O JIBU/KKA GODOT ENGINE
M.B. llecrakos, cryaent, O.0. UepeBko, A0L., KaHI. TEXH. HAYK,
JABH3 «ITTVY»

IIporpama  Bi3yamizamii ~ KHCHEBO-KOHBEPTEPHOTO porecy
po3pobiieHa Ha 6a3i irpoBoro asrkka Godot Engine. Cepena po3po0ku Mosxe
npairoBatd Ha Linux, OSX, Windows Ta iHIIHX OneparifiHix cucremMax Ta
excrioptyBatu mpoexktd Ha IIK, KoHCom, MOOiIIbHI Ta BeO-TUIAT(HOPMH.
CKpUNTIHT B IIbOMY CEPEIOBHIII Bi0YBAa€ThCS 3a JOIMMOMOTOK BOYIOBaHOT
moBu GDScript, cunrakcuc skoi Haragye Python. Jleski Bepcii Godot
MATPUMYIOTH MOBY mporpamyBanHs C#. BbesmocepeaHbo cam irpoBuid
NIBIKOK Hamucanui Ha C ta C++.

Po3po6iennit npoext Harmmcanuii Ha GDScript. Lle Hai6inbm 3pydna
MOBa Ul HalMCaHHS CKpHUITiB. CKpUNTYBaHHS BiAOYBA€THCS 3a PaxyHOK
MIPUKPITUIEHHS. CKPHUNTa 0 TEBHOTO 00’€kTa MpoekTy. CaM TPOEKT Mae
CTPYKTYPY BY37iB, a00 Tak 3BaHuX Node. B mpoekTi € ronoBHHMI By30I1, a BCi
IHIII TPUETHYIOTBCS OO HBOTO. YnM Omipkde B30 3HAXOAWUTHECS IO
TOJIOBHOTO, TUM OiNbIIe AOCTYIY BiH Ma€ 10 iHIIUX BY3JiB. ToOTO BiH Mae
JOCTYII Ta MO>K€ CKPUIITYBATH TUTBKH 3aJIEKHI B1JT HHOTO By3JH. JledKi By3mu
MOXyTb OyTH crieHamu. CrieHa — 11 By30JI, SIKHid MOXe OyTH 3aJIe)kKHUM abo
NPAIOBATH OKPEMO Bix iHIIMX. HalrojoBHIIMKA By30J MOXXHA BBa)KaTu
crieHoro. By3on ysBisie coboro HaOip eleMeHTIB i3 MeBHOI Oi0mioTeku. B
PpO3po0ICHOMY IPOEKTI BUKOPHCTaHI Taki exeMeHTH, ik KinematicBody2D,
RigidBody2D a6o StaticBody2D. 3amexnumn Bin HuX € Sprite,
CollisionShape2D a6o CollisionPolygon2D. Ilepmi HeoOXinHi 1 omucy
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¢i3uku 00’ekTa, a Apyri — Horo BurisiLy Ta popmu. KoxkeH 3 1IUX elneMeHTIB
Mae 0e3JiU BIACTUBOCTEH, 3MIHIOIOYH SKi 32 TOTIOMOTOI0 CKPHUIITIB MOXKHA
oTpuMatu OakaHuil pe3ynprarT. Hampukmaa, B mporpami 3a JOIIOMOTOIO
CKPUNTIB pealli30oBaHO aHIMalil0 pPyXiB KOHBepTepy, (ypMH, COBKY Ta
KoBIly. HUMHU MOXHa KepyBaTH 3a JIOMOMOIOI 3BHYAWHHMX KIaBill 3
KJIaBiaTypH KOMIT f0Tepa.

OxkpiM Bi3yaiabHOI YaCTHHU MPOEKT MICTHTh MOJEIb PO3PAXYHKY Ta
CUMYJISIMIi KHCHEBO-KOHBEpTEpHOI Tu1aBku. Leit 6110k OyB pearizoBaHUM SIK
OKpeMma CIleHa, a MoTiM BOyIOBaHWH IO OCHOBHOI. BiH ckimamaeThcs 3
CTaTUYHOTO Ta JWHAMIYHOIO pO3pPaxyHKIB KOHBEPTEPHOI IUIABKH Ta
CUMYJISALIT TUTABKK HA IX OCHOBI. Pe3ypTaTi po3paxyHKiB 300paxyOThCS Ha
MaHes X 3 TaOIHIIMHU.

BuxigHAMU JaHUMHU JUIS MOJCIIOBAHHS € MapaMeTpy XIMIYHOTO
CKJIaJly YaByHY Ta IapaMeTpH CTaii, aKki HeoOXxiqHo orpumaru. [lapamerpu
JIOMY 3a3BHYail HEBIIOMI ITiJ] Yac peallbHOI IUTABKH, aJIe BOHH BapilOIOTHCS B
MEBHUX MeXaxX. [pyHTYIOUMCh Ha IIbOMY, CKJIad JIOMy TEHEPYETHCS
BUMAIKOBUM YUHOM. PO3paxoBYyIOThCS BUTpPATH JIOMY 3 KODEKIEH 3a
OXOJIOJDKYBAJIFHOK 3[aTHICTIO OKATHIIIB Ta TEMIIEpaTypHd MeTamy. 3a
BU3HAYCHUMH BHUTpPAaTaMH JIOMY 3HAaXOMASATbCS BHUTpaTH YaByHY. 3a
OTPUMAHUMH JIaHMMH BH3HAYA€ThCS 3aralbHUA BMICT E€JIEMEHTIB Yy
MeTajJomuxTi. Jlam 3HaXOAWTHCS 3ATHMITKOBHN BMICT JIOMIIIOK B METalli B
KiHIll mpoayBku. KiNbKICTh HOMIIIOK, SIKi BUAAISIOTHCS i Yac MPOAYBKH,
3HAXOIUTHCA SIK PI3HHUI MDK 1X BHXITHAM 1 3aJIMIIKOBUM BMICTOM ITiCIIs
nponyBku. L{i naHi HeoOXimHI Ui pO3paxyHKY KINBKOCTI KHCHIO, sKa
HeoOXimHa JUIs  OKUCIEHHS. Ha 1poMy cTaTHYHHMIA  PO3pPaxyHOK
3aBEpPIIYETHCS.

HactynHuM eTamnom € TUHAMIYHHUN PO3PAaXyHOK, SIKUH 0a3yeThcs Ha
po3paxyHKaxX CTaTHYHOTO. BiH Tmonsgrae y BH3HAYCHHI IHTEHCHBHOCTI
BHJJAJICHHSI BYTJICIIIO Ta 1HIINX JOMIIIOK 3aJIS)KHO BiJl 3MiHH Yacy MPOTYBKH.
B mporpami mependadeHa 3MiHa BHTPAT AYTTS, IO JTO3BOJSE JOCIIIUTH
3MiHY IIBUAKOCTI, 3 IKOIO BHIASIETHCS SIICMEHT.

Po3pobnena Moenb amekBaTHa Mmpolecam, 1o MpoTiKaloTh Y BaHHI
KoHBepTepa. Mojenb 103Boyisie  O€3MepepBHO 10  XOJy HPOJYBKH
3MIACHIOBATH KOHTPOJIb 1 PEryJIIOBaHHS HAWOUIBII BaXKIIMBUX IapaMETPiB
MeTaj]y 3a JONOMOIOK YHpaBIiHHS KHCHEBOIO (ypMOlO, BH3HAYaTH
UIBUJIKOCTI 3HEBYTJICI[FOBAHHS, 3MIHM TEMIIEPAaTypH 1 OKHCIICHHs 3aii3a
BaHHU. OpepxaHi pe3yJbTaTd MOXYTh OYTH BHUKOPHCTaHI B CHUCTEMax
ABTOMATHYHOI'O KEPYBaHHS KOHBEPTESPHUM BHUPOOHHIITBOM.
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PO3POBKA CTPYKTYPU IHAUBIIYAJBHOI'O TEIIJIOBOI'O
OYHKTA TEIIVIOIIOCTAYAHHSA BY AIBJII
J1.O. IoOpoBobChKa, MO, KaHJ. TEXH. HayK,
J.B. Conpatos, ct. rp. MA-20, IBH3 «ITTVY»

Tewmreparypy MOBITPsl B TPOMAJCHKUX, aIMIHICTPATHBHO-TIO0OYTOBUX
Ta BUPOOHMYMX OYIOMHKAaX y HepoOOUMi mepio] MOXKHA MiATPUMYyBaTH Ha
HIDKYOMY PiBHI, HIXK B 1HIIII TPOMDKKH 4acy, 10 JO3BOJINTH 3HU3UTH BUTPATH
eHeprii Ha omaneHHs. ToMmy peamizamis pamioHATBFHOTO — PEXUMY
NIEPepUBYACTOTO OMNAJIEHHSA, TOOTO, ONTHUMAJbHE KEPYBAaHHSA TEIIOBHM
pexuMoM Oy i y HepoOOUHHA Iepio]] € akTyalbHUM 3aBlIaHHsAM. Po3poOka
CTPYKTYPH TEIUIOBOTO MYHKTY — IEPLIOYEProBe 3aBIaHHsI.

[HnuBigyanbHUE ~ aBTOMATH30BaHWW  TCIUIOBHHA  IYHKT  JJIS
TEIJIONOCTaYaHHs Oy/AiBIl PO3MILIYETHCS B OKPEMOMY TEXHOJIOTIYHOMY
npumimenHi. CucremMa TeronocTayans Oy/IiBiIi BUKOHaHA 3a 3aJIS)KHOIO
CXEMOIO 31 3MIITyBaHHIM TETJIOHOCIS 3a IOMOMOTol0 Hacoca. Taka cuctema
JIO3BOJISIE 3aCTOCYBAaTH €Hepro30epiraiodi pimIeHHs MIOJO pPEryJIOBaHHSA
cucteM a0OOHEHTa, BpaxyBaTH IIOTOAHI (AKTOPH JaTIMKa TeMIIepaTypu
30BHIIIHBOTO ~ TIOBITPs,  TEIUIOBI  XapaKTEepUCTHKH  OymiBmi  Ta
TEIUIOTIPABIIYHI  XapaKTePUCTUKA CHUCTEMH. BHWHHKae MOXJIHMBICTH
3MIIMIAHOTO PETYJIOBAHHS PEXHWMIB OMAJCHHS Yy IIUPOKOMY Jialla3OHi.
HacocnHa cxema MpueIHAHHS CUCTEMH OMAJICHHS JIO3BOJISIE JJOCHTh TOYHO
HiITPUMYBaTH HEOOXiJAHY TeMreparypy IOBITpS B NPUMILICHHI, 10
OMAJIFOETHCS, TOOTO 3'SBISETHCS MOJIIMBICTH OLTBII TOYHOTO IMIATPHUMAHHS
temriepaTypu. Lle moB's13aHo 3 THM, 1110 BUHUKAE JOCKOHAJIIIIE PETryJIIOBAaHHS
rojjayi Teria Ha ONajeHHs IUIIXOM 3MiHU KoedillieHTa MiAMIITyBaHHS.

[TporioHyeTbcsi HAacTymHa CTPYKTYpHa CXeMa KOHTpOJIO Ta
YTIPaBIIiHHS TEIIOBUM ITyHKTOM OYIiBIIi.

JlaTunkn TemneparypH 30BHIIIHBOTO Ta BHYTPIIIHBOTO TIOBITPS, a
TaKOX JaTYHKN TEMIIEPAaTypH BOJH Ha BXOJI Ta BUXO/Ii 3 TEIUIOBOTO MYHKTY
MepearoTh MaHi MpO IOTOYHI TEMIepaTypH B IPOTPaMOBAaHWH JIOTIYHHIN
KOHTpoJiep. Burtpatomip mnepemae iHdopmarito mpo MOTOYHY BHUTpATY
TEIJIOHOCIST 0 KOHTpoiepa. Monynb BBEIECHHS BUKOPHUCTOBYETHCS [UIS
MIIKTIOYEHHS JAaTYUKIB TEMIIEpaTypu Ta BHTpaToMipa 0 KOHTpPOJEpa.
[leperBoproBaui THCKy Ha BXOJi Ta BHXOJI TEIUIOBOTO ITYHKTY OyIyTh
nepeiaBaTi JaHi Mpo MOTOYHI THCKH B KOHTpoJiep. KonTposep obpobiise
OTpUMaHI JIaHl Ta BUJIA€ KOMaHJ¥M Ha KepyBaHHS LUPKYJIALIHHAM HACOCOM
Ta PETYJIIOI0YHNM KIIallaHOM.

HupkynsanidiHuii Hacoc, OTPUMYIOYM KOMaHAW BiIl KOHTpoOJeEpa,
IIpoKauye TEIUIOHOCIH uepe3 Marictpanb. Peryinorounii KiamaH, TakoX
OTPUMYIOUH KOMaH/M BiJl KOHTPOJIEpA, PETyJIO€ KUIBKICTh TEIUIOHOCIS, 1110
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NPOXOANUTh Yepe3 MaricTpallb, i THM CaMUM pETYIIOE TEMIIepaTypy B
MaricTpaiti, 1o MoJae.

TakuMm 4MHOM, CHCTEMa aBTOMAaTH3allii TEIIOBOTO ITyHKTY JI03BOJISE
KepyBaTH TEeMIEepaTypol0 B MaricTpaii, MO TMOAA€E, 3a JIONMOMOIOI0
PETYIIIOIYOro KIIanaHa i MUPKYJLIHifHOro Hacoca. 3aBIsKH BUKOPUCTAHHIO
JMATYUKIB TEMIIEPATypy Ta BUTPATOMipa, KOHTPOJIEP OTPUMYE iHPOPMAIIit0
PO MOTOYHI IMapaMeTPH TEIUIOBOTO MYHKTY Ta MOXKE agalTyBaTH poOoTy
CHCTEMH BIAMOBIIHO 10 HUX.

Po6otoro TII ympasinsie mporpamMoBaHuii KOHTpOJIEp. Y KOHTpOIEp
BHOCHTBCS 3AJIEXKHICTh TEMIIEPAaTypPH 30BHIIIHBOTO MOBITPS, THS THXHS Ta
nobu. KoHTponep 3 TEBHOIW TNEPIOAMYHICTIO BUMIPIOE TEMIEparypy
30BHILIHBOTO MOBITPS Ta OPIBHIOE BUMIPIOBaHY TEMIIEPATypy TEIUIOHOCIS i3
3aJaHUM JJIs1 MOTOYHMX YMOB 3HAa4yeHHSM. SIKIIO TeMmeparypa HIDKYE
3aJ]aHoi, TO Ha PEryNIOI0YMH KiIanaH HaJXOIUThb CHTHAaJ, IO BiJKPHBaE, a
SIKIIIO BHIIE - 3aKPHBAE.

Jlo mepeBar Takoi CHCTEMH MiAKIIOYCHHS HaJIC)KaTh:

-MOXITMBICTh aBTOMATHYHOTO INPOTPAMHOTO YIPaBIiHHS PEXUMOM
poOOTH CHCTEMH OTIaJICHHS;

-THCK B CHCTeMi CTaOiIbHHK 1 JOPIBHIOE THCKY B 3BOPOTHOMY
TpyOOIIPOBOI Keperna Teria;

- HA3bKa BapTiCTh, MPOCTHA MyCK Ta HanamTyBaHHS Moxyis TI1.

Henomiku:

- cuCTeMa OTAJICHHS CITyCTOIIYEThCS Y Pasi IPEHaXy TEIIOTPacH;

-IMPKYJSLISE BOIM B CHCTEMi OMNAJCHHS TPUIHHSAETBCS y pasi
3HECTPYMIICHHSI HACOCIB.

[TporroHoBaHa cucTeMa MOXKE BUKOHYBATH TaKi (DYHKIIIT:

[TorosHe perymoBaHHS — CHCTEMa MOXKE aJaNTyBaTUCS JIO 3MiHU
TEMITEpaTypy 30BHILIIHBOTO IIOBITPS Ta PETYIIOBATH POOOTY TEIJIOBOTO
00J1aIHaHHS 3aJIEKHO BiJI IIOTOJJHAX YMOB.

3nilicHIOBaTH aJanTHBHE KEPYBAHHS CHCTEMOIO TeIlio3a0e3nedeHHs
— CcHCTeMa MOXKE AaBTOMAaTHYHO PETYNIIOBATH IapaMeTPH TeIIO0OMiHYy
3aJIeKHO BiJl 3MiHH MTOTPEO Yy TETi.

30iiiCHIOBaTH IIEPepUBYACTE ONAJIEHHS - CUCTEMa MOXKE BKIIIOYATHCS
Ta BUMHKATHUCA 3QJISKHO BiJ 33JlaHUX IIapaMeTpiB, IO TO3BOJIUTH CYyTTEBO
3HU3HUTH €HEPrOCIOKUBAHHSL.

Cucrema 03BOJIUTB 30MpATH J1aHi Bijl PI3HUX JaTUMKIB, aHAII3yBaTH
iX Ta KepyBaTH €JIEMEHTAMH CHUCTEMH OIAJICHHS BIAMOBIAHO 10 3adaHUX
napameTpis.
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YJIOCKOHAJIEHHSI MATEMATUYHOI MOJEJII CACTEMHU
YIPABJIIHHSI MOTAJIOK TA PO3SMOTYBAUYIB
J1.O. IoOpoBobChKa, MO, KaHJ. TEXH. HayK,
M. IBoukiH, ct. rp. KIT-22-M, IBH3 «IIATVY»

Harsr cMyru CTBOPIOETBCS 3a JIOTIOMOTOK  €IEKTPOIPHBOIY
HaMOTOYHO-PO3MOTYBaJIBHUX IPHCTPOIB. ENEKTPONPHBI MOTANKH MpaLoe
Yy PYXOBOMY peXHMi, 3a0e3ledyroud BUXITHHA HATAT cMyru. JBUTYH
PO3MOTYBa4a IpaLIoe B TEHEPATOPHOMY peXUMi. TAry4uM OBUTYHOM IS
pO3MOTYBaYa € IBUTYH MPOKATHOI KIIITi.

BukopucToByrour KOMI'IOTEPHI MOJENI MeXaHi3My NPOKATHOT KIIiTi,
HaMOTOYHO-PO3MOTYBaJILHOTO MeXaHi3My, ABHUIYHA IOCTIHHOTO CTpyMY,
0JI0KH, 110 IMITYIOTh HPYXKHIi 3B'SI3KM JIBUTYHA 1 BUKOHABYOTO MEXaHIi3MY,
CMYTH, 110 NMPOKOYYETHCS, MOXHA CKJIACTH KOMITIOTEPHY MOJENb CHCTEMHU
YIIPaBJIiHHS POKATHOIO KIITTIO 3 HAMOTYIOUMM MEXaHI3MOM.

CucremMa aBTOMATHYHOTO DETYJIOBAHHS MOTAJKH IIPOIOHYETHCS
JIBO30OHHOK. YTpaBIiHHA JIaHOIOra sKops Oyxe 3ailicHoBaTHCs 3a
JIOTIOMOTOI0  IByXKOHTYPHOI CHCTEMH: BHYTDILIHIH KOHTTYp CTpyMY;
soBHimHIA — EPC. VYmpaBminasg 3 nadmora 30yKCHHS 3MIHCHIOETBCS 3
JIAHITIOTA CHCTEMOIO YIPaBIiHHS 3 Hanpyru. OCHOBHI CTPYKTYPHI OJTOKH ITiel
CHCTEMH: CHCTeMa aBTOMAaTHYHOTO YIIPABIiHHSA; ABUTYH HOCTII{HOTO CTPyMY;
KJIiTh; BaJ;, mpokat. CucTeMa aBTOMaTHYHOT'O PEryJIIOBaHHS MTPOKATHOT KIIITI
MICTUTHME TPU KOHTPYPH: KOHTYp Hanpyru reneparopa 3 11 — perysisitopom
Hanpyru; KOHTyp ctpyMmy sikopsi 3 IIl — perynsitopoM cTpymy Ta KOHTYp
mBuakocti 3 I1 — perynsropom EPC.

PesynbTaTi MOzeNIOBaHHS JJO3BOJISIIOTH OIIIHUTH CTPYM SKOPS KJIITi,
JHIAHY IIBUAKICTH PyXy CMYTH, Hampyry JABHTYHa KIIiTi, CTPYM SIKODPS
MOTAJIKH, CTPYM 30y KEHHSI MOTAJIKH.

Ha mopeni gocmimpkeHo Taki peXUMH POOOTH: PO3TiH A0 3ampaBHOL
LIBUJKOCTi, pO3riH A0 poOoYOi MBHIKOCTI, podOTa B pEXKUMi, IO
BCTAHOBJICHUH, T'aJbMyBaHHS JO 3HIKEHOI IIBHIKOCTI, TalbMyBaHHS IO
MOBHOI 3yIIUHKH.

JImst TepeBipKM  aleKBaTHOCTI MOAENi BHUKOHAHO MOJICITIOBAHHS
MepeXiTHUX TPOIECiB OCHOBHUX PEXKHUMIB pPOOOTH Ta 3pobOJeHO iX
TMOPIBHAHHSA 13 CepEeOHBOCTATUCTUYHMMHU  3HadeHHsMH.  CepemHs
CTaTUCTHYHA BIJHOCHa TOXuOKka BOupaeTbcs y 4%. I[IpononHoBaHa
KOMIT'IOTepHAa MOJICIb aJIcKBaTHA pealbHOMY OONagHAHHIO Ta rpadikam
HepEeXiIHUX MPOLIECIB CTaHy.

198



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

3ACTOCYBAHHS ONITUMIBALIIMHAX METO/IIB 151
BU3HAYEHHS ITAPAMETPIB OB’€EKTA KEPYBAHHASA
A.B. Icaes, cr. Buknanay, JIBH3 «I1ATY»

HeBin’eMHNM elleMeHTOM 0001 CHCTEMH KepyBaHHS € 00’€KT
KepyBaHHS. B Teopil aBTOMaTHYHOTO KepyBaHHS € BIAMOBIIHI pO3ALTH, B
SKAX BOHH PO3MSNAIOThCA. Il IbOrO 3aCTOCOBYETHCS MaTeMaTHYHHUI
MOJIENb Y BUIJIIAL 3’ €JHAHHS KITBKOX €JIEMEHTapHUX JIAaHOK. B 3anmexHoCTI
Bil KOHKPETHOTO 00’€KTa OmMHC BKIIOYAae Bix 2 1o 4 mapamerpiB, sKi
BHU3HAYAIOTh BIACTUBOCTI 00’ €KTa KEpyBaHHSI.

Komn M1 Maemo crnipaBy 3 pealbHIUM iCHYIOYHM 00’ €KTOM KepyBaHHS,
TO BUHHMKA€ HEOOXIIHICTh BU3HAYHUTH MapaMeTpH 1boro 00’ ekra. J{ist nporo
3a3BMYall IPOBOJUTHCS EKCHEPHMEHT 10 BH3HAYEHHIO KPHBOI PO3rOHY
00’exty. [ani Oyayerscst ii rpadik i 3a JOIIOMOT0I0 T€OMETPHUYHHX MOOYI0B
PO3paxoByIOThCs MapameTpy. Takuii miaxia BUMarae JOCUTh 0araTto BUTpat
yacy, Ta Oe3locepenHbOi YJacTi JIOAWHH. 3apa3, KOIM EeJIEeKTPOHHO-
00UHCITIOBalIbHA TEXHIKA 3aCTOCOBYETHCS B YCiX chepax KUTTS, PEICTaBIIIE
iHTEpec po3poOka METOAWKH, siKa Oyae IO3BOJIATH BHU3HAYATH NapameTpu
00’€eKTa KepyBaHHI aBTOMAaTHIHO 0€3 y4acTi JIOANHH.

JJst IBOTO MPOMOHYETHCS MPENCTABUTH IO 3aa4y Y BUIVISAI 3a1adi
onTUMi3alii i 3acTOCyBaTH ONTHUMI3aIliiHI METOIH IS TIOITYKY Pe3yNbTaTy.
VY SIKOCTI KPHUTEPil0 ONTHMAIBHOCTI Q TNPOMOHYETHCS 3aCTOCYBAaTH CyMYy

KBa)IpaTiB BiI[XI/IJ'IeHI) MIK TCOPCTUUYHUMU PO3paXyHKaMH 3HAYCHHAMU
BI/IXi)IHOI BEJIMYMHU 00’ €KTa KEpyBaHHs Ta pe3yJibTaTaMH CKCIICPUMECHTY.

n
" 2
— excn posp l
Q—Z(Xi =X ) @
i=1
Ie | — HOMep BUMIpY; N — KilbKICTh €KCTIIEPUMEHTAIbHUX BUMIpiB; X " —

€KCIICPMMEHTAJIBHE 3HAYCHHA; X *” — PO3PaXyHKOBE 3HAYEHHS.

Taka cyMa 3acCTOCOBYETBCS Yy BIiJOMOMY METOJI HaWMEHIIHX
KBajpaTiB. TakMM YMHOM HEOOXiAHO 3HAWTH TaKi 3HAYCHHS NapaMeTpiB
00’€eKTa KepyBaHHS, 100 CyMa KBaJIPaTiB BiIXUJICHb OyJia MiHIMAaJIbHA.

3 TOUKM 30py METOIIB ONTHMi3alii e € 3amada OaraToMipHOTO
rouryKy. ToMy AJ1s TOIIyKy MO>KEMO BUKOPHCTATH BiTHOCHO IIPOCTHI METO/
CIIyCKy 1O KoopAMHarax. B mukii 6araTtopa3oBo ONTHMI3yIOTBCS OKpeMi
mapameTpu. Ha koxHil iTepamii BizOyBaeThCs ONTHUMI3AIlis JHIIE OIHOTO
napaMeTpy. ToOTo MOTPiOHO BUPIMIUTH 33424y OAHOMIPHOTO MOIIyKY. s
NOIIYKYy 3HAYEHHS OJHOTO IlapaMeTpa 3acTOCYEMO METOX  30JI0TOTO
nepetuHy. [na fioro BUKOpUCTAaHHS MOTPIOHO 3amaTH Iiama3oH, B SKOMY
NOBUHHO 3HAXOAWTHCS 3HAYEHHS IIapamMeTpa, SKUHl ONTHUMI3y€eThC.
3acTocyBaHHs [ILOTO METOAY BHMarae, mo0 B Jiana3oHi OyB JIHINE OIWH
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exctpemyM. Lle Tak i €, Tomy 10 Tpu JTFOOOMY BIIXWJICHHI 3HAYCHHS
rapameTpy BiJl ONTUMalbHOTO CyMa KBaJpaTiB BiAXWJIEHb Oyne 3pOCTaTH.
3aKiH4yBaTH MOMIYK Oy/1eMO, KOJIHM Ha HACTYITHOMY LIUKJIi iTepamiii 3HaueHHs
rapameTpiB 3MIHWINCH MEHIIE 33aH0i TOYHOCTI.

Bcest mocmiioBHICTS Ailf MOXe OyTH IIpeICTaBIIeHa HACTYITHAM YHHOM.

1. 3agaemMocs TOYATKOBUMHM 3HAUEHHAMH IIapaMeTpiB, Ta HEOOXiTHOIO
TOYHICTIO IS IX MTOLIYKY.

2. Bubmupaemo miepmuii mapameTp.

3. BuxkoHyeMO OJHOMIpHHH IOIIyK IapaMmerpa i 3HaXOJUMO HOro
HOBE 3HAYCHHSI.

4. bepeMo HacTyNMHUH MapaMmeTp, Ta MOBEPTAEMOCH Ha Kpok 3. SIKIio
3Hali/leHi BCl mapaMeTpu, TO TIePEeX0AnMO Ha KPOK 5.

5. IlopiBHIOEMO HOBI Ta IOTIEpe/IHI 3HAUSHHS TapaMeTpiB. SIKIIo xoya
0 mo ogHOMY TmapaMeTpy pI3HHUI OuTbIle 3aJaHOl TOYHOCTI, TO
ITOBEPTAEMOCH HA HACTYITHUH IIUKJI Ha KPOK 2.

6. [Hakie monIyK 3aBepILIEHO.

J11s1 0 THOMIPHOTO MOLTYKY OKPEMOTO IapaMeTpy (Kpok 3) BHKOHYEMO
HACTYITHY TOCITiJOBHICTB il

3.1. 3agaeMo [miama3oH B SKOMY NMOBHHHO 3HAXOJUTHCS 3HAYCHHS
nmapamerpa. llpuiiMaeMO MOTOYHE MOYATKOBE 3HAYEHHSA SIK CEPEANHY
Ziarmazony.

3.2. Po3paxoByeMo JiBa 3HaYCHHS MapaMeTpy B CEPeIMHI MOTOYHOTO
Jliana3oHy BiJIOBIIHO JI0 Tpornopiii 3050Toro nepetudy. OHe 3HaUSHHS B
JIBIH YacTHHI Jliana3oHy, a Jpyre B MpaBiid.

3.3. Po3paxoByeMo cyma KBaJpaTiB BIAXWICHb IS [UX 3HAYCHBb
rapameTpis.

3.4. Slkmo cyma MeHma s JIBOrO 3HAYEHHS, TO OOMEKYEMO
Jliara3oH MpaBUM 3HAYCHHSM.

3.5. Slkmo cyMa MeHIIa Ui TPaBOTO 3HAYEHHS, TO OOMEXKYEMO
Jiarra3oH JIIBUM 3HAYCHHSM.

3.6. OTpuMyeMO MEHIIUH MOTOYHWH nianma3oH. Po3paxoByemMo HOBe
MIOTOYHE 3HAYECHHS MTapaMeTpy K CEpEeIUHY MTOTOYHOTO Aiana3oHy.

3.7. Skmo pi3HMIOA MDK HOBHM, Ta TIONEPEAHIM MMOTOYHUMH
3HAYEHHSMH O1NIbIIE 3aaH0T TOYHOCTI, TO TOBEPTAEMOCH Ha KPOK 3.2.

3.8. IHakme momyKk WOTOYHOTO 3HAYCHHA OJHOIO Iapamerpy
3aBEpLICHO.

Jnst mpakTM4YHO BUIIPOOYBAHHS Ta MEPEBIPKH MPale3]aTHOCTI METOLY
po3pobiicHa mporpama Jjisi KOMITFoTepa Ha MoBi Java. Y sKocTi 00’e€kTy
KepyBaHHS, 10 JOCITIKYBaBCs BUOPAHO CTaTHYHUI 00’€KT KepyBaHHs. Lle
LIMPOKO PO3MOBCIO/KEHUH 00°ekT. [Inst HOro ommcy 3acTOCOBYHOTBHCS
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PIBHSIHHSI, 5IKI HApaxoBYIOTh 3 napamerpa. Lle koediuieHT nepenadi, mocriiHa
Yacy Ta 4ac 3ami3HeHHs. ToOTo MU MaeMO 3a/1ady TPUMIPHOTO MOLIYKY.

Pesynmprati  po3paxyHKiB TOKaszaiu, IO MporpamMa MHTTEBO
3HAXOIUTH pe3ynbTatu. Po3paxyHkoBui Tpadik KpuBoi po3roHy moOpe
30ira€ThCs 3 eKCIEPUMEHTATFHIMH JaHUMU. 3HAUYCHHS TapaMeTpiB TOYHIIT,
HDK 3HaleHi METOJOM TIeOMETPHYHMX MOoOynoB. TakuM YHHOM METOX
MOKa3aB MpaIe3IaTHICTh Ta MOXKe OyTH BHKOPHCTAHHH JUI1 aBTOMaTUYHOTO
TIOIIYKY 3HaYeHb [TapaMeTpiB.

OBIPYHTYBAHHSI HATIPSIMY ABTOMATHU3AIIII
TEXHOJIOTI'TYHOI'O MPOLECY BE3IEPEPBHOI'O JINTTS
3ATOTOBOK
C.A. XoBToOpyx, cT. BUkiana4, M.B. FOxHo, cT. rp. MA-20,
JABH3 «IIATY»

TexHonorivHMi npoec Oe3MepepBHOro JHUTTS 3aTOTOBOK € OJTHOIO 3
HalBa)XHININX YacTHH BUPOOHMITBA Metaiy. Lleit mpouec peanizyeTbes Ha
MamuHax OesnepepBHoro JuTTa 3arotoBok (MBJI3). CywacHi cucremu
apomarnzoBaHoro  kepyBamHi MBJI3 €  OararomapameTpHUIHUMHA
iHpOpMAIHHUMI CHCTEMaMH 3 BY3JIaMH Ta €JIEMEHTaMH, IO MiAIATaloTh
MOJIepHi3arlii Ta MOKPAICHHIO OKa3HUKIB e(peKTHBHOCTI B paMmkax Industry
4.0. TIpoOiemarnka, sika BHPILNIYETHCS BYCHHMMH Ta CHELIATICTaMH, IO
obcnyroeytots MBJI3, moB’s3aHa 3 onTumisaliiero podbOTH KpHcTalizaropa
Ta eNeKTPOMEXaHIYHOI YacTUHH O00’€KTy KepyBaHHs, MaTeMaTHYHHM
OOTPYHTYBaHHSIM €HEPreTHYHHX, TEIIO(QI3NYHMX NPOLECiB, M0 MalOTh
Micue npu podoti MBJI3.

OnTrMarnbHa SKICTh TOTOBOi 3arOTOBKM Ta C(QEKTHBHICTH pOOOTH
MBJI3 B mistoMy, sik 00’ €KTa aBTOMATH3AIlii, 3JIeXKAaTh Bifl SKOCTI KOHTPOITIO
3a pobOYMMHM TapaMeTpaMH KpUCTali3aTopa Ta CHCTEMH BUTSATYBaHHS
3aroTOBKHU. THITOBUMH (PYHKIISIMH CHCTEMH aBTOMAaTH30BAHOTO YIPaBIIiHHS
MBJI3 €: perymoBaHHS piBHS MeETaly B IPOMDKHOMY KOBIII Ta B
KPHCTaNI3aTopi, KepyBaHHS IOJOKEHHSIM CTOIOPY Ha CTaJICPO3IUBHOMY
KOBIIIi, PEryJIOBaHHS TEIUIOBUX PEKHUMIB KpHCTali3aTopa Ta CEKIId 30HH
BTOPUHHOTO OXOJIOJDKEHHS, PEryJIIOBaHHS MIBUAKOCTI TATHYYUX POJIMKIB Ta
BUTpATH BOJAW B 30HI OXOJIOJKEHHs. Peamizaris koxHOi QyHKIii Mae cBOi
0COOJIMBOCTI, HEIOJIIKU Ta TPyAHOLIl. 3HaYHY €(pEeKTUBHICTh aBTOMAaTH3AaIli]
MOYKHa JIOCSITTH 110 KaHallaM PeryJIIOBaHHS PiBHS METajlly B KpUCTali3aTopi
Ta PEryJIIOBaHHS MIBUAKOCTI BUTSKKH 3aTOTOBKH.

Jns hopmyBanHs iHpopManiiHOT 0a3u ciiJl OTpUMYBaTH HACTYIIHI
MOKAa3HUKU: MapKa CTalli, MBHIKICTb BUTSTYBaHHS MeTaly, TEMIepaTypa
pizkoi crani, piBeHb MeTaly B NPOMDKHOMY KOBIII Ta KpUCTaIi3aropi,

201



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

nepernaj TeMIepaTypu Ta BUTpaTa BOJAM B 30HI BTOPUHHOTO OXOJIO/DKEHHS,
TeMIlepaTypa IMMOBEPXHi 3ar0TOBKH, apaMeTpH eIEeKTPOMEXaHIYHOT YaCTUHU
MBJI3, TexHiuHuil cTaH 00JamHaHHS Ta 3aco0iB aBToMaru3arlii. OOpoOKa,
apXxiBallisi OTPUMAHHUX JaHHX KIACHYHHMH AITOPUTMaMH YIPaBIiHHS abo
OITYYHAM IHTEIEKTOM MAa€ ONTHMI3yBaTH BHOIp BIAIIOBITHOTO pPEXUMY
BUTATYBAaHHS B 3aJIKHOCTI Bil MapKH CTali Ta TEMIIEPAaTYPHHX PEKHMIB,
peTIaMeHTYBaTH BUTPATH BOJH, 3a0€3IMEYUTH IUKIIIYHICTh Ta €()eKTUBHICTD
BUPOOHUIITBA.

CEKIIA: IHOPOPMATUKA

PO3POBEKA CAUTY-®OPYMY 3 BUKOPUCTAHHSIM MOBH
IMMPOTPAMYBAHHS PYTHON TA ®PEMMBOPKY DJANGO
O.10. bananaesa, 1011., KaH[I. TEXH. HayK,

A.B. Ceprienko, iou., KaHa. TeXH. HayK, B.P. Bamkicep, cr. rp. BT-22-M,
JABH3 «IIATY»

®opyM nponoHye 1mock OinbIe, Hixk 3BU4aiiHa po3MoBa. PopyM — e
IIKOJIa YXBaJICHHs CITUIBHUX pillleHb, BUOOPY 3arajbHOi MO3MIII B yMOBax
BIIKPUTOTO TPOMAJCHKOTO Jiajiory, uepe3 cepito obrosopens. [ms IT-
criiBTOBapucTBa (HOPyM € HEBi'€EMHOIO YACTHHOIO OTPUMAHHS HOBHMX 3HAHbB.
IlikaBUM 1 aKTyaJIbHWM 3aBIaHHSAM € CTBOPEHHS (HOpyMy 3a JOMOMOTOIO0
CydJacHHUX 3ac0o0iB po3poOku. HaimpuBaOimuBimmM i1t po3poOKH, BUXOTIH
3 IHTepPHET-CTaTel Ta JIITepaTypHUX JKepel € MoBa nporpamyBanHs Python,
¢peiimBopk Django ta CKBJl SQLite. Came ix Oyno oOpaHO uisi BiacHOl
po3poOku. [TpoananizyBaBuM icHy(04l po3poOku, OyB cTBOpeHHH (QopyM,
o0 Mae MOJAYJIbHY apxitekrypy. Jlis 30epiranHs iHdopmarii mpo
KOpPHUCTYBaviB, TEMH Ta ITOBiJOMJICHHS OyJI0O CTBOPEHO HACTYITHI MOJIEIIi:

— User — monens uts 30epiranns iHdopmarii mpo kopuctyBada (im's,
eNIEKTPOHHA TIOIITa T MapOJIb);

— Topic — monensb ai1s 30epiranHs iHpopmaii npo Temy (Ha3Ba, OIHC
Ta J1aTa CTBOPCHH);

—Post — momens mms 30epiranHs iHGOpMaNii MPO MTOBITOMIICHHS
(TeKcT, aBTOD i JaTa CTBOPEHHS).

Jst  0oO6poOkm  3ammTiB Ha caiti Oyno Bukopucrtano URL-
MapIIpyTH3ALIO, 110 A03BOJISIE BUSHAYNUTH, SIKUH KO Ma€ BUKOHYBATUCA Mij
gac 00pOOKH KOKHOTO 3aITUTy.

Byo BU3HaYeHO HACTYIIHI MapIpyTH:

/ — ronoBHa cropinka hopyMy, Ha sIKiii BiqoOpakaTUMyThCsI OCTaHHI
TEMH I 0OrOBOPECHHS.

/login/ — cropiHka BXOIy B CHCTEMY;
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[register/ — cropinka 1y1s peecTpailii HOBOIO KOPHCTYBayva.

/logout/ — cTopiHka 11 BUXOY 13 CHCTEMH.

[topics/ — cTopiHKa 3i CITHCKOM yCiX TEM.

ftopics/<topic_id>/ — cropiHka 3 meTaNpHO0 IHPOPMALIE TIPO TEMY
Ta CIIUCKOM IOBiIOMIICHB.

/new_topic/ — cTopiHka [isi CTBOPEHHS HOBOT TEMH.

[topics/<topic_id>/new_post/ — cropiHka s CTBOPEHHS HOBOTO
TIOBITOMJICHHS Y TEMI.

JI1st KOXKHOTO MapIIpyTy Oyi0 BU3HAYCHO BiAMOBITHE MTOJAHHSA, SIKE
BHKOHYBaTUMe HEOOXiIHI oreparlii Ta BimoopakaTuMe moTpiOHMA MabIoH.

index — momaHHs IS TOJOBHOI  CTOPIHKH, Ha  sIKid
BiZI0OpaKaTUMYThCSl OCTAHHI TEMH U1 OOTOBOPEHHS.

login — mojaHHs I CTOPIHKH BXOJY B CHCTEMY.

register — mogaHHs [T CTOPIHKH PeECTpallil HOBOIO KOPHCTyBayva.

logout — mogaHHs A7 CTOPIHKH BUXOMY i3 CUCTEMHU.

topic_list — momaHHs AJIst CTOPIHKH 31 CIIUCKOM YCiX TeM.

topic_detail — momanHs 115t CTOPIHKH 3 IETATBHOIO 1H()OPMAIIIEIO TIPO
TEMY Ta CITHCKOM MOBiZOMJICHb.

new_topic — mogaHHsI AJIs1 CTOPIHKU CTBOPSHHSI HOBOI TEMH.

New_post — mofaHHst JUTs CTOPIHKK CTBOPSHHS HOBOT'O TIOBiJOMJICHHS

TaxkuM ymHOM, 10 BUKOpHcTaHHsA Python i Django anms po3poOku
¢dbopymy mae Oe3miu mepeBar. 3aBOsKH MOTYXXKHOCTI Ta THy4dkocti Django
MOJKHA JICTKO CTBOPUTH CalT 3 BeMMKUM (YHKIIIOHAJIOM, a TaKOX
3a0e3neunTy Oe3MeKy KOPUCTYBaYiB Ta AaHUX. Y pe3ysibTaTi BUKOPHCTAHHS
Python i1 Django mMoxxHa cTBOpUTH (GOpYyM, SIKUH OyJe 3py4HUil 1 pocTuil y
BHKOPHCTaHHI, a TaKOX MaTd BCi HEOOXimHI (QyHKIIi Juis 3a0e3MeUcHHS
B3a€MO/Iii KOPUCTYBAUiB Ta 30€PCIKCHHS JAHUX.

HIJBUINEHHSA CTIMKOCTI CACTEM KEPYBAHHS 3A
JOIMOMOI'OIO BITPOBAI’KEHHSA TEXHOJIOI'TA IITYYHOI'O
IHTEJEKTY HA ITPUKJIAI COIL BOX JIIII-1700
0O.10. bananaesa, f011., KaHA. TEXH. HAYK,

A.B. Ceprienko, foi., kaun. text. Hayk, A.K. ITiky3, cr. rp. BT-22-M,
JABH3 «ITITY»

CydacHe TIPOMHCIOBE BHPOOHHIITBO sBIIsiE  coOoOw0  chepy
BUKOPHCTaHHS CKJIQJIHUX TEXHOJIOTIYHMX arperariB, sKi KepyHThCs
ckiaaHuMH rporpamiaumMu anropurmMamu ACYTII. Uepe3 HasiBHICTH BUCOKOT
KIUJIBKOCTI BUMIPIOBAJIbBHUX IapaMeTpiB Ta KOHTPOJILOBAHUX CUTHAJIB, SIKi
HEeOoOXisHI A7l KOPEKTHOI POOOTH IPOTpaMHHUX alrOPUTMIB CHCTEMH
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KepyBaHHS, MMOCTA€ THMTAHHS HATIMHOCTI Ta CTIMKOCTI IMX CHCTEM IIpH
BHHHMKHEHHI 3001B B poOOTI BUMIpIOBAIBHUX JIaTYMKAX Ta IHIIUX IIPUCTPOIB.
Bennka wdacTWHAa TEXHOJNOTIYHUX TIPOIECIB € CKIaJHUMH Ta
TIOCITIJOBHUMHU 1 HE TPHUITYCKAIOTh 3yITUHKH HABITh OJHOTO TEXHOJIOTIYHOTO
arperary. Hanpukiaa: npokaTHe BUPOOHHIITBO € O€3MepepBHUM MPOIIECOM 1
BUXiJ 3 JIaQy OJHOTO Ba)XKJIMBOTO JAaTYMKA MOXKE MPU3BECTU JO 3YHHHKH
BCHOI'0 arperary, I10 B CBOIO Yepry MPU3BOIUTH JI0 3yIIUHKH BCHOTO LEXY.
3amiHna ab0 pPEMOHT [JaTYWKIB Ha TPAIIOI0YOMY arperari €
HEMOXKJIMBUMH Yepe3 TEXHIKY Oe3Mekn a00 TEXHOIOTTYHY HETOCTYITHICTb.

BumiproBanpHi CHCTEMH 1 CHCTEMH KOHTPOJIIO € BpasIUBUMHU
enementaMmu ACYTII. HecnipaBHOCTI B poOOTI JaTYUKIB MPHU3BOAWUTH JIO
300iB IpOrpaMHUX aJITOPUTMIB, Yepe3 1110 BUHUKAIOTh aBapii Ta MpocToi.

Omxe mpobieMa SIKy MOTPIOHO BHPIMIMTH, TOJSTAaE B TOMY, IO
JIaTYMK MO>KE BUITH 3 JIa/ly, aje 1l He TOBUHHO aBapiiHO 3yIHMHSTH arperar.

BapianTom BUpilIeHHS! TUTAaHHS HaIiHOCTI Ta CTIKOCTI € BTUICHHS
CUCTEMH INTYYHOTO IHTEIEKTY U iMITallii CHTHANiB 3 TMOMIKOIKEHIX
JATYUKIB s 3a0e3medeHHs Oe3nepepBHoi 1 6e3aBapiiHOT poOOTH.

B sxocTi npukiangy po3riTHEMO BapiaHT CTBOPEHHS TAaKOi CHCTEMH
s Coil Box, 1110 € CKJIaJHHUM TEXHOJOTIYHUM arperarom 1exy JITIIT -1700.
Texnonoriuna ¢ynkmist Coil Box momsrae y 3MOTKH pPYJOHY Tapsdoro
packara cTaJi Micisl IPOKATKH y YOPHOBIN KIIETi; TIepeavi Ha pO3MOTKH; Ta
6e3nocepeIHbO PO3MOTKH TOPSIUOTO PO3KaTy B UUCTOBY rpyiry kiitei. Coil

Coil Box — ckmamnuii arperar 3 TOYKH 30py KepyBaHHs. Iyt
3MIMICHEHHS TEXHOJIOTIYHOI omepaiii 3MOTKH-PO3MOTKH  peali3oBaHi
QITOPUTMHU BIJICTE)KEHHS, OpPIEHTYBaHHS, MO3WIIIOHYBaHHS 1 KepyBaHHS
TEXHOJIOTIYHUMU cucTeMaMH (TifpaBiiuHa CHCTeMa MO3WI[IOHYBaHHS
POJIMKIB, YACTOTHE KepyBaHHS MPUBOJAMHU POJIMKIB TOIIO) 1 TEXHOIOTIYHUM
MIPOIIECOM B LIJIOMY.

BpasnuBuMu eneMeHTaMH CHCTEMH KepyBaHHA € JaT4uKH, Ha
CUTHaJaX 3 sIKMX OaszyeTbcs poOota mporpamuux anroputmiB Coil Box.
JlaT9uKM 9acTO BHIAIOTH HEKOPEKTHI CHTHAIN (XUOHE CTIpallbOBYBaHHS, HE
YiTKi TOKa3HUKH, BTpa4aHHs CHTHATY, MEPEXTIHHS CUTHAITY ), IKi BUHUKAIOTh
4yepe3 poOOTy B arpeCHBHUX BUPOOHUYUX YMOBAX.

Po3pobmioBana iHTeNeKTyallbHA CHCTEMa, 3aBIaHHAM SKOi €
Oe3mepepBHUil aHaIi3 TexHOJOrYHMX Moka3HUKIB Coil Box Ta curhams 3
JIaTYMKIB, Ma€ CBOEYACHO BiJ[pearyBaTH Ha MOMHJIKU B POOOTI IaTUHKIB.

Amini3 rpadikiB koHTpoNbOBaHKX napametpiB Coil Box mokasas, mo
Maibke KOXKEH OKPEeMHIH CHUTHAjl Ma€ BIIHOCHY 3aJCKHICTh BiJ IHIIMX
CUTHAJIB  BUMIpIOBaHHI Ta  KoHTpoimo. OTke  BIpoOBa/pKyBaHa
IHTEJIeKTyalbHa CHCTEMa Ma€ «HaTpeHyBaTW» 3410HICTH BHUpPaXOBYBATH,
SIKUM Ma€ OyTH CHTHaJl BiJHOCHO iHIIMX CUTHAJIIB IIPH HOTO IMITYBaHHI.
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Po3bepemo e Ha npukani:

— (oTomaTunKK (HiKCYIOTh HASIBHICTH/BIICYTHICTh T'aps4d0ro packara;

—3aJUMJICHHS Bl Tapy CHCTEM OXOJIOJUKEHHS CHpPUYHHSIE
MepexTiHHs ab0 BTpaTy CUTHaJIy aT4HKa;

— Tapsiya OKaJHMHA ITaJac i JATINKOM 1 CIIPHYNHSE HOTO 3aCBiT.

UYepe3 HasgBHICTP HOMHIIOK B POOOTI JaT4WKa alTOPUTM POOUTH
HEBIpHHUHN pO3PaxyHOK TOBKUHH PO3KATy Ta HEIIPABHIHHE MO3HIIIOHYBAHHS.

Po3pobmioBaHa iHTENEKTyallbHA CHUCTEMa Ma€ <«3PO3yMiTH», IO
TTOKa3HHUKH 3 (HOTOJATINKA € XUOHUMH 1 BUIIPABUTH HETIPABWIIBHUNA CUTHAJ
IMITOBAaHUM MPaBUIBHUM, OO HE 3yIMMHUTH aBapiifHO arperar.

Ha nepmomy kpomui cucrema mryuHoro inrenekrty (LLI) cmouarky
Ma€ «HABYATHCh» Ha KOXXHOMY BHIAJIKy BJaJOi 1 aBapiHOT MPOKaTKH ISt
(hopMyBaHHs 0a31 KOPSKTHHUX Ta XUOHUX CUTHAIIB.

Ha nmpyromy xpomi npomosutii cuctremu III crocoBHO imirtarii
CHTHAJIIB MalOTh HOCUTH PEKOMEHJIAIHHUN XapaKkTep Ta 000B’I3KOBO OYTH
po3rasaHyTi cmemiamictamu. [loTpiOHO 3pOOWTH BHCHOBKH CTOCOBHO
KOPEKTHOCTI TIPOTIO3UIIIH cHcTeMH. SIKIO «HATPEHOBaHA» CHCTEMa POOHTH
Bl IPOINO3MIii, MOXXHA TEPEXOAUTH OO TPEThOTO KPOKY BTIICHHS
MPOEKTY. SIKIIO MPOIO3UIIii HE € aICKBATHUMH, TO IMOTPiOHO JTOOTPAIFOBATH
CUCTeMY a00 BUKOPHUCTATH JJIsI TPSHYBaHHS OUTBII OOCSITH JaHUX.

Ha tpethoMy kpomi moTpiOHO peani3yBaTH TOJIyaBTOMATHIHUN
pexum pobotu cuctemu. Cucremu 11 aHanizye curuamm, NpornoHye 3a1isTu
IMITAIlif0, KOJIM BBAXXAE 1€ TOPCUHUM, aJie JO3B1J Ha BBIMKHCHHS IMITaIlil Aa€e
orepaTtop-TexHojor. Ha 1poMy erami mNpOBOAWUTBHCS TECTYBaHHS 1
JOCII/KEHHST pOoOOTH CHCTEMH Ha PealbHOMY BHPOOHHYOMY mpolieci; ii
BIOCKoHaNIeHHs. [Ticist BAaoro 3aBepIleHHs MTPOIIECY TECTyBaHHS B PEKUMI
MOJTyaBTOMATY TIEPEX0IUMO JI0 YETBEPTOTO KPOKY.

YeTBepTHM KPOKOM € BIIPOBA/DKEHHS aBTOMATHYHOTO pEXHMY
poOOTH 3aIPOIIOHOBAHOT CHCTEMH.

PO3YMIHHS TA BUPIHIEHHS ITPOBJEMHA «XOJOIHUX
CTAPTIB» B OITEPAIIISIX BE3CEPBEPHOI APXITEKTYPH
0.10. bananaesa, non., kauj. Text. Hayk, P.O. Ilapaxin, ct. rp. KH-21-1,
JABH3 «ITITY»

«XomNoHI CTapTU» B ONepaLisx 0e3cepBepHOi apXiTEKTYpH € OJHIEI0
3 HaWNOLIMpEHIMMX MNpoOJieM, 3 SKOK CTUKAIOTHCS PO3POOHHMKH, KOJIU
BupinryroTh ckopucrarucs Google Cloud Functions, AWS Lambda, Azure
Functions, Netlify Functions uu inmwmmu nomiOHumMu cepsicamu. Taxi
CEepBiCH MPUCKOPIOIOTH PO3POOKY TPOMYKTiB, Oepydn Ha ceOe MUTaHHS
MacITa0yBaHHS MPOEKTY Ta IIATPUMAHHS MI€3[aTHOCTI OKpPEMHUX HOro
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cepBiciB. Takok BOHM HAJAalOTh BEJIMKY KUIBKICTh FOTOBHX PillICHb IIOI0
3B’3Ky 3 IHIIMMH CepBicaMHM Ha CBOIX IUIaropMax, JI03BOJISIOUH,
HaNpHKIa, 3amyckaTd (QyHKUii Npu BUIAJICHHI aKayHTY KOpHUCTyBada 4u
nojaBanHi 3amucy no b/

OpHak, MoxiOHI pIMIeHHS MAIOTh CBill HEMOJIK — TaK 3BaHi «XOJOIHI
CTapTW», 10 MOXYTh 3HAYHO MOTIPIIYBAaTH JOCBiJ KOpUCTyBa4a. 330BHI
BOHHU MaIOTh HACTYITHUHN BUTJIS]: KOPUCTYBAY 31HCHIOE SIKYCh JIi0 Ta OYiKy€
BIMOBII cepBepa BIPOIOBXK JEKIITEKOX MC. 3aMiCTh IIbOTO, BiH CTHKAETHCS
13 3aTPUMKOIO B cepeHboMY Bif 5 10 10 cexyH. 3a Takuii MPOMIXKOK dacy
CTa€ B3arajli HEMOKJIMBO 3PO3YMITH, UM CIpaIfoBaia QyHKITIS, 94 CTaIacs
SKach OMUIIKA.

I mpoGiieMa OB’ si3aHa 3 CaMOI0 apXIiTEKTYpOrO TaKuX cepBiciB. Jis
Toro, abu 3MEHIIMTH BapTICTh CepBICY Ta IMIIBUIIUTH HOTO
MacImTaboBaHICTh, CUCTEMH YIPABIIHHA PecypcaMH MepeMillyloTh XMapHi
¢GyHKUIIT y pexxuM cHy mpubiau3HO yepe3 15 xBunuH (y Bumaaky Google
Cloud Functions) micast iX ocTaHHBOrO BHKOpHCTaHHS. [IpobGiema
TIOTIPITY€ETHCS THM, IO HABITh 32 YMOB BEJIWKOI KiTBKOCTI KOPHUCTYBadiB,
Koy (YHKII BHKOPHUCTOBYIOTBCSI IIOCTIHHO, cucTeMa OallaHCyBaHHS Bce
OJIHO TIepPEeMIIIye B PEKUM CHY NEAKY KIJIBKICTh 1HCTAHCIB, Ta HE 3aBXKIU
CTBOPIOE HOBI 1HCTaHCH Hamepeln, abW KOMIICHCYBAaTH IPOTHO30BAaHE
3pocTaHHs Tpadiky. Bce me mpu3BOAWTH 10 TOTO, IO HABITh BEJMKA
KIJIBKICTh KOPUCTYBAYiB HE FAPAHTYE BiJICYTHICTh «XOJIOJHUX CTAPTIBY.

[Tix yac nmepexoay B peKUM CHY CHCTEMH OanaHCyBaHHS MOBHICTIO
3HUILYIOTh PECYPCH, IO BUKOPHCTOBYBAJIMCS IHCTAHCOM XMapHOI (yHKIIii.
e o3Hauae, 110 1ij 4ac HOBTOPHOT'O 3aIyCKY, OKPIM Yacy CTBOPEHHS CaMoro
KoHTeitHepy ans (yHKUil, Takox Oyne BUTpPayeHO dYac Ha 3BUYAiiHE
MKTFOUCHHS 3aJICKHOCTEH UM KOMITUIALIIFO JISSIKOro Kony. Bee 11e craeThes
B YMOBax JOBOJII HHM3bKOI KiJIbKOCTiI omeparuBHOI mam’sati (256 Mb na
Google Cloud Functions), siky BUIiICHO MTiJi KOHTEHHED.

IcHy1OTB pi3HI METOM X04a O YaCTKOBOTO BUPIIICHHS Li€l TpodIeMu.
Jeski 3 cepBiciB, M0 HATAIOTh MOCIYTY «XMapHUX (DYHKIIIH», TO3BOJISIOTH
SIBHO BCTAQHOBHTH MiHIMQJIbHY KUIBKICTh 1HCTAaHCIB, SKi TOTPiOHO
MiATPUMYBATH 3aMyIIEHUMU 32 OyAb-sIKHX OOCTaBWH. 3a aKTHBHICTh IHUX
IHCTaHCIB JOBENEThCS [ONATKOBO 3aIlJIaTHTH, a/pKe 1X MiATpUMAaHHS
BuTpavae mnporecopHuit wac. Ha mmardopmi Google Cloud Functions
HiATPUMAaHHS IOCTIHHO aKTHBHOIO OAHIET (QYHKIIT KOITyBaTUME TPUOITM3HO
63 / micsis.

YacTKOBO 4Yac «XOJOAHUX CTapTiB» MOXJIHMBO 3MEHILIUTH,
ONTHMI3yBaBIIM caM Koji (yHKUil. Bemuke 3HaueHHs Mae Te, IO
3HAaXOQUTHCS Ta IO MIAKIIOYac€ThCS B TVI00aIbHIM 001acTi BUAUMOCTI. SIKI1o
BCI HIIKJIFOUSHHS CTOPOHHIX MOYJIIB 3[IIICHIOIOTHCS TPAIULIHHIM METOJIOM
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(Ha mouatky ¢aiiiny), TO 4acTO MOXYTh BHHUKATH CHTyallil, KOJIU Jesika
BUKJIMKaHa (pyHKIis B3arani He MoTpedye KOAHUX MOIYJIB OKPIM OJHOTO
KOHKPETHOT0, aJie BOHA IOBUHHA JOYEKATHCS iIBAaHTAXXEHHS BCIX IMITOPTIB,
mo noTpiOHi iHIMM (yHKIISAM, ane il HisK He NoTpiOHI. Bupimmri mo
mpo0iieMy MOXKHa 3a JIOTIOMOTOI0 BHUKOPHCTAHHS JWHAMIYHUX IMIOPTIB,
TOOTO IMIIOPTYBaHHS IICBHUX MOJIYJIiB caMe B Tii (pyHKIII1, a HE B 3araibHil
30HI BHIUMOCTI. TakuM YWHOM, MiJ Yac MEpIIoro 3amycKy iHCTaHCY, BiH
BUTPATHUTh Yac JIUIIIE Ha TTiIBAaHTAKEHHS MOTPiIOHNUX came oMy mMoxyiiB. Lle
He 3MEHLINTh Yac CTBOPEHHS KOHTEHHepy, ajie INPUCKOPUTH BIIaCHE
iHimiai3arito GyHKIIT mcas Toro, SK KOHTeHHep OyI0 CTBOPEHO.

BukopucranHsT HaBeJI€HHX BHIIE METOIIB JIO3BOJISIE TOYKOBO
KOHTPOJTIOBATH «XOJIOJHI CTapTW» NPH 3AIHCHEHHI ONepalii, Cliuparvnch
Ha npiopureTH iX mBuAKocTi. Jleski omepaiii € poHOBUMHU Ta B3araii He
MOTPeOYIOTh NPHUIIBUIIICHHS, JA€sAKi MaloTh OUIBIIMI IIpiOpUTET, aie
PO3pOOHMKM HE XOUYyTh BUTpayaTd JOAATKOBI KOIITH Ha IiATPUMaHHS
MiHIMaNBbHOI KiTBKOCTI 1HCTaHCIB, a MesAKi (QYHKIII MamTh OyTH myXe
LIBUIKAMA Ta PO3POOHUKH TOTOBI BUTpavyaTH KOIUTH HA MiITPHUMaHHS iX
IIBUIKOCTI.

AHAJII3 TPOBJIEM TA TEPCIIEKTUB 3ACTOCYBAHHS
DESKTOP-TOAATKY 3 IEPEKJAJY TEKCTY Y BUALIEHIH
OBJIACTI B PEAJIBHOMY YACI 3 BUKOPUCTAHHSAM
TEXHOJIOT'Ti TENSORFLOW
E.A. Komomoituenko, ct. rp. BT-19,

A.B. Ceprienko, no1., kasj. Texd. Hayk, IBH3 «[IATY»

Po3pobka Desktop-noaatky 3 nmepekiiaay TeKCTY Y BUALICHINA 00acTi
B peaJbHOMY dYaci 3 BUKOpHCTaHHAM TexHoJorii Tensorflow € mocuthb
aKTyaJbHOIO y CYYacHOMY CBiTi. PO3BHTOK HEHPOHHHX MEpPEX HTO3BOJISIE
JOCSATTH BUCOKHX PE3yJbTATIB y MPOIlecaX PO3Ii3HABaHHS Ta MEPEKIAYy.

HenomixoMm 3acTocyBaHHS TaKOTO JOAATKY € Mepedoi y mepekiai, SKi
OB’ s13aHi 31 300€M MOAyI0 ab0 AEKITPKOX MOXYJIB y JIaHII CerMeHTarlii
oOmacTeil TeKCTy, po3Mi3HaBaHHI CHMBOJIB Ta MepeKiamy TekcTy. 30iil y
MePIINX ABOX MOAYJIAX MOXE BiIOYTHCS udepe3 Te, IO TOYHICTh HaBUEHOI
Mozeni st podoTu 3 300paxkeHHsME He nocsarae 100% pesynbraty, a oTKe
€ IMOBIpHICTh HENIPAaBUJILHO BU3HAYUTH TEKCT Yy BUALICHIH AlIsHLI. 30id y
MOJTyJIi TIepeKiiazaya Moxe OyTH OB’ s3aHUM 3 HEIOCTATHHOK HABYCHICTIO
MO/IEJTI.

HakonwueHHs MOXWOOK Y JAHIIOTY IIPOLECIB MEpeKiamxy MOXKe
CYTTEBO 3MIHUTHA 3HAYEHHS TEKCTY. PO3BHTOK TEXHOJOTIH ONTHYHOTO
pO3Ii3HaBaHHS CUMBOJIIB Ta MAIIIMHHOTO HABYAHHS B3araji MOXe JIO3BOJIUTH
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J0AaTKy eekTHBHIlIe po3Ii3HaBaTH TEKCT y pisHUX (opmarax, CTHILX i
pYKOIIHCax, MiIBUIYIOYH TOYHICTh MEpeKiIaay Ta poOJsud JOAaTOK OLIbII
YHIBEPCAILHHM.

Henocraya KOHTEKCTY TaKOX MOXKE CYTTEBO BIUIMHYTH Ha IEpeKiaj
TekcTy. Ha ChOTOINHINIHIA IeHh HE MOXJIMBO CTBOPHTH YHIKaJIBHHUH
nepekiagay sKuil Oyae po3yMiTH KOHTEKCT JUIs Oy[Ib-SKOTO IBO3HAYHOTO
pedeHHs 3 nepmoi cripodu. OmHaK MOXKHAa BUKOPHCTOBYBATH TEXHOJIOTIO
B3a€MOJIi KOpHUCTyBaya 3 IEpeKIIaioM, 16 KOPUCTYBad 3MOXKE Y PyYHOMY
peXuMi 3MIHIOBATH CIIOBOCIIONYYEHHS, SKi MOXYTh BiJpPI3HATHUCS B
3aJIeKHOCTI BiJl KOHTEKCTY.

JlogaTtok MoOXe CTaTH KOPUCHUM IHCTPYMEHTOM JJIsl CTYZICHTIB Ta
BUKJIa[la4iB, JOMOMArarouyd iM TMepeKiaJaTH HaByalbHI MaTepiaid Ta
MiApy4YHUKH. TakoXk T0JaTOK MOKHa BHKOPHCTOBYBATH 3 aBTOMATHYHO
TeHEPOBaHUMH CyOTHTpaMH ISl BiJI€0, IO JOTIOMOXKE 3pO3YMITH CyTh Bizeo
OyIb KOMY.

['0NOBHOIO TIEPCIEKTHBOI 3aCTOCYBaHHS JOJATKy € Te, IO HOro
BHYTPIIIHI KOMIOHEHTH MOXKYTh OyTH JOJAaTKOBO HaBUEHI, IO TIOTCHIIIHO
301IIBIIy€ H10T0 KOPUCHICTB.

Opnak 4yuM OuTbIle y MOJATKYy MOB, THM Oinbine momaTtok Oyne
3aiiMaTH MicIlf, Ta BHTPadaTH dYacy, II0 MOXE IOTCHIIHHO MOTipIINTH
MOJKJIMBOCTI HOrO BHKOpHCTaHHsS. BupimenHs miei mpobremMu moxxe OyTn
pI3HMM, HampHKIa] HaHOLIbII JAOPEYHHM MOXKE CTaTH BapiaHT PY4HOIrO
BUOOpPY MOBH, II0 Oyae pO3MI3HABATHUCS Ta TMEPEKIAJaTUCS, 3aMiCTh
ABTOMAaTHYHOT'O BU3HAYCHHS MOBH.

ETAIIN PO3POBKH BIBJIIOTEKHU AJIS1 BEPCTAHHSA
AJIATITUBHUX JU3AMHIB I3 BUKOPUCTAHHSIM CTEKY
HTML/CSS/JS
10.0. bukos, ct. tp. BT-19, A.B. Ceprienko, A01l., KaHJA. TEXH. HAYK,
JABH3 «IIATY»

AKTyanpHICTh TEMH TIOJIATAE y 3pOCTaodiil moTpedi po3poOHUKIB y
CTBOpPCHHI IIBUAKUX Ta aIalTUBHUX BeO-CalTiB, 30KkpeMa Oi3Hec-KapToK.
IBuaxmii po3BUTOK CydacHHX TexHojorii, takux sk HTML, CSS i JS,
CTBOPIOE HEOOXiTHICTH y po3poOIli epEeKTHBHUX IHCTPYMEHTIB IS
NPUCKOPEHHS IPOLIECY PO3POOKH 1 MOKPAILEHHS SIKOCTI BEO-TIPOAYKTIB.

Byna po3pobiiena 6i0aioTeka isi CTBOPSHHS aJalTHBHUX JU3aNHIB
3a momomororo moayai CSS, JS ta Webpack. Bibmioreka peanizoBaHa sik
MOJyJb NPM, IO MOJIErUIye ii BCTAHOBJICHHS Ta BUKOPHCTAHHS B MPOCKTAX
Ha 6a3i Node.js. Moxyns CSS micTuTh Habip TOTOBHX CTHIIIB JUIs aTpUOYTIB,
110 ZI03BOJISIE PO3POOHUKY LIBHIIKO aIaINTyBaTh BeO-CalT il pi3Hi MPHCTPOI.
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Moayne JS  MIicTUTh  CKpUNTH JUId  peanizauii  pi3HOMaHITHUX
(YHKIIIOHAIBHUX MOXKIIMBOCTEH, TAaKUX SIK Kapyceib 300paxeHb. Kpim toro,
y 0i0mioTeni BHKOpHCTOBYeThCs Tuiarin Webpack mns oopooku HTML
¢aifmiB Ta 3acTOCyBaHHS CIELIABHOTO CHHTAKCHCY [UISI 3Py4YHOTO
PO3MIIIIEHHSI CTHIIIB Ta (PYHKITIOHABEHOCTI.

OtpuMaHi pe3yNbTaTH AOCTIPKCHHS MOKA3alH, 0 BUKOPHUCTAHHS
po3po0biaeHoi 6i0Ii0TeKr 3HATHO MTPUCKOPIOE MPOIIEC CTBOPEHHS aTAITHBHUX
0i3Hec-kapToK. 3a momomMororo 6i0moTekn, yac, HeOOXimHUM A7 po3poOKU
onHiel O6i3Hec-KapTKH, OyB ckopodeHuit 3 12 rogun no 7 rogus. Kpim Toro,
BUKOPHCTaHHA 0i0mioTeKkn m03BoJsie 3a0e3MMeYnTH BHUCOKY SIKICTh Ta
KOHCHCTCHTHICTh BeO-CaiTiB 3aBIKA TOTOBUM CTHJISIM 1 PYHKI[IOHATBHOCTI.
KomnoneHTn O0i0MOTeKH MPOTECTOBAaHI 1 ONTHMIi30BaHi, IO TapaHTYe
epeKTuBHy poOOTy 1 MiHIManbHy KUIBKICTH mOMMWIOK. Kpim Toro,
po3pobieHa 0i0ioTeka J03BOJIIE PO3POOHUKY 30CEpeIUTHCS Ha Oi3Hec-
JIoTili Ta KOHTEHTI BeO-calTy, MIHIMI3yI0OYM HEOOXIIHICTh B PYyTHHHHX
3amavax 3i CTUIizaIii Ta (yHKIIOHATBEHOCTI.

Po3pobnena 6i0mioTeka € MOTYKHUM THCTPYMEHTOM JUIS PO3POOKH
ajanTuBHUX Oi3HEc-KapTOK Ha ocHOBI MoxaymniB CSS, JS ta Webpack. Bona
CHpOIIy€e TIPOIeC po3pOoOKH, TPHUCKOPIOE MIBHIKICTh BHKOHAHHS Ta
TOKpAIIye AKicTh BeO-caiTiB. Pe3ympTaTd AOCHIIKEHHS MiATBEPIKYIOTH
e(eKTUBHICTh BHUKOPHCTAaHHA Oi0NIOTEKH, IO [O3BOJSE PO3POOHHUKAM
HIBUKO aanTyBaTH Ta pealli3oByBarTy cBoi ifiei y BeO-mpocTopi.

PO3POBKA TEJET'PAM-BOTY JJI51 BABAHTAKEHHS TA
HEPETJISI Y ®IJIBMIB 3A TOIIOMOI'OIO
PYTELEGRAMBOTAPI
A.O. T'onuapos, ct. rp. BT-19, A.B. Cepriesko, 011., KaHJl. TEXH. HaYK,
JABH3 «IIATY»

B emoxy cTpiMKOrO pO3BUTKY iH(pOpMamifHUX TEXHOJOTIH Ta
3pOCTaHHS MOMYJAPHOCTI MeCceHKepiB, Takux K Telegram, akTyanpHICTH
po3poOKkH epeKTUBHUX Ta 3pyYHHX IHCTPYMEHTIB IS MIOIIYKY, IEperysimay Ta
3aBaHTaXeHHS (impMmiB 3a momomoror Telegram API crtae Bce Oimbm
BAXIINBOIO. BpaxoByroun MOOUIBHICTH CY4acHOTO crmocoly JKHTTS,
KOPHCTYBayi BCe YaCTIlle BiAAIOTh IepeBary ceppicam, sKi 3a0e31edyioTh
MOXIIMBICTh ~ IIBUAKOTO  JIOCTYNY 1O  PI3HOMaHITHOTO  KOHTEHTY
Oe3mnocepeiHbO Yepe3 MoOUIbHI mpuctpoi. Po3podka Telegram-0oty s
HOLIYKY Meperjsily Ta 3aBaHTaxeHHs (inbMiB 3 BukopuctanHsaMm Telegram
API Ha mMoBi nporpamyBanHs Python BianoBinae cygyacHUM BUMOTaM pUHKY
Ta 1otTpedaM KOpHUCTyBayiB.
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VY pamkax po3poOKH JaHOro MpoekTy Oyso crBopeno Telegram-06ot
Ha MoBi nporpamyBanHs Python, sixmii BukopucrtoBye Telegram API s
3a0e3neueHHs (YHKIIOHAY MOIIYKY, IIeperyIsily Ta 3aBaHTaKEHHS (PiJIbMIB.
Bor Hanmae xopucTyBauam 3py4HHMH Ta IMIBUAKHN CIOCIO 3HAXOPKEHHS
moTpioHOTO (DimbMy, MO3BOJHAE Teperiasaaté iHdopmarito mpo (imbMH,
JOaBaTH iX 10 OOpaHHX Ta OTPUMYBATH PEKOMEHIAil BHIIAIKOBOTO
¢inemy. s oTpUMaHHS aKTyanbHOI iH(opMarii mpo QiTeMHu Ta iX Ommmc
BukopuctoByeTbesi IMDb API, sxwif 103BOJIsIE aBTOMATUYHO OHOBIIOBATH
nmari y JSON-gaitni. AqmiricTpaTop KaHaTy MOXE JIETKO 3aBaHTaKyBaTH
¢inemu Ha Telegram-kaHai, a TaKOX YHPABIATH iHPOpMALIi€0 PO HiTbMH.
Y nporieci po3poOku 0yJI0 BpaxoBaHO JAOCBIA BUKOPUCTAHHS CX0XHX OOTIB,
aJle 3 YCYHEHHSM iX HEIOJIKiB, M0 poOUTh 00Ta OBl e()EeKTHBHUM Ta
KOPUCHHUM JUIsl KOPUCTYBAYiB.

[lepcnekTuBH PO3BUTKY JAHOTO MPOEKTY BKIIOYAIOTH PO3IIUPEHHS
¢yHkIioHamy 0OTa Ta MOKpAaIleHHS KOPUCTYBAIBKOTO JOCBimy. MoxkHa
PO3IISIHYTH ~ MOXJIMBICT  BIPOBADKCHHS  CHCTEMH  IIEPCOHATBHHX
peKOMEHIamil, sKa aHadi3yBaTUME IHTEPECH Ta TEPEryIIOBY iCTOPItO
KOpHUCTYyBadviB, MO0 HajxaBaTH iM OuIbII TOYHI mponosudii ¢iremi. Kpim
TOTO, IHTETPaIlis eIEMEHTIB B3aEMO/II Ta 3aTydeHHs KOPUCTYBAiB, TAKHX 5K
CHCTEMa JOCSATHEHb, PEHTHHIH, Ta KOHKYPCH, MOXE CIIOHYKaTH
KOPHCTYBaYiB aKTWBHIIIE B3a€EMOMISATH 3 OOTOM Ta BigBiAyBaTH HOTO
PETYJISpHO.

PO3POBKA MOBIJIBHOTI'O JOJATKA JIJISA IIJIAT®OPMU
OHJIAMH-OTI'OJIOIIEHD SIK IHCTPYMEHT IIU®POBI3ALIIT
TOPT'IBJIL
[.®. Mapuenko, J1011., KaHJI. TeXH. Hayk, 1.O. Bacuneiiko, ct. rp. BT-19,
JABH3 «IIATY»

Crorogni nugpoBizalilo yKpaiHCHKOI TOPTiBIi 3HAYHOIO MIipOIO
BH3HAYa€ 3MiHa XapaKTepy Ta MO MOBEAIHKHA CYJacHOTo croxmnBada. e
3YMOBIICHO 30KpeMa 3MIiHOI0 CEpeNOBHINa — CTPIMKHM pPO3BUTKOM
TEXHOJIOT1, BUHMKHEHHAM HU(POBUX SKOCHCTEM Ta IHHOBAI[IHUX Oi3HEC-
Mozened. Tak, cydacHI MOKyNIi OifbIIe IIHYIOTh 3pYYHICTH Ta MParHyTh
eKOHOMIii 4Yacy, BHMAraimTh IEPCOHAIBHOTO MiAXoxy. BoHHM akTHBHO
BUKOPHCTOBYIOTh MOOUIBHI HPUCTPOI Ta Pi3HI KaHAIM JUIS OTPUMAaHHSI
iHpopMaii. Y [iIoMy HUHI CIOCTEPITaETHCS 3pOCTAHHS CIIOXKUBAHHS, IPOTE
IIISIX CHOXKKBaya 10 MpUA0aHHs cTae OaratokaHaiabHUM. Lle nmpu3BoanTs 10
HEOOX1THOCTI 3MiH y po31piOHil TOpriBii. Sk Hoka3zye npakTHKa, HAHOUIBITY
Pe3yJIbTaTUBHICTh Jja€ KOMIUIEKCHUH IMiAXiN y BIPOBaKEHHI TaKUX 3MiH.
Hanpuknan, Ha mmatdopmax OHIIAHH-OTOJIOMIEHb JOLUIBHO HE JIMIIE
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BIPOBAJIMTH CUCTEMH JJIsl IyOTiKaLlil Ta MOIIYKY OrOJIOLIEHB, a 1 MiIpaXxyHKy
Ta aHali3y PEMTUHTY MPOJABILIB Ta TOBapiB, caMe TOMY Tpeba NeperisiHyTH
BUMOTH 10 TIPOTPaMHOro 3a0e3ledeHHs Ta ITJBHIIMTH IPOJYyKTHBHICTH
TIpaili MPoaBIIs. 3a JOMOMOT 00 MOOLTBPHUX MPUKJIIaICHh MOYKHA i IBHIITUTH
e(eKTUBHICTh OMepaIliifHol isSUTBHOCTI Ta, BINMOBITHO, 3MCHIIUTH
COO0IBapTICTH TOBAPIB Ta 3pOOUTH X OLTBII JOCTYITHUMHE Ta OS3NCUHUMH IS
KIHIIEBUX KOpUCTyBadiB. MOOUIBHI TporpaMd B JaHWHA dYac CTaloTh
HEBiJ'€MHOI0O YaCTUHOIO >KHUTTS OUTBIIOCTI Jroged. 3 rinoOaimpHOTO 3BITY
Digital 2022 Big We Are Social i Hootsuite 6insmie nBox tpetus (67,1%)
HacelleHHs CBITY B HaHWH Yac BHKOPHUCTOBYE MOOUTBHHMNA TenedoH, a
KIJTBKICTh YHIKQJIBHUX KOPUCTYBauiB gocsrae 5,31 minbsipaa. Y 383Ky 3 IUM
3pOCTa€ TMOMYJSAPHICTP MOOUTBHUX MOMATKIB, a 3BHYKH MOKYIIIB 1
KOPHUCTYBaYiB 3MIiHIOIOTHCS CIJIOM 32 PO3BUTKOM MOOUIFHUX TEXHOJIOTIH.

Mertoro HaykoBOi po6oTH OyII0 MiABHIIEHHS eeKTHBHOCTI 00pOOKH
OTOJIOIIEHD Ha IHTEPHET IIaTdopMi 32 PaxyHOK BUKOPUCTaHHS MOOLIEHOTO
JOJaTKy Ha 0a3i onepartiitaoi cuctemu Android.

JJ1s MOCSATHEHHS TOCTABIICHOI METH B POOOTI BUPIIITYBAIHCS HACTYIIHI
3aBJaHHS: MPOaHai3yBaTH NpeIMEeTHY 00JacTh, a caMe Cy4acHi JOIIKH
OTOJIOIICHD, IHCTPYMEHTH KOPHCTyBaya Ta TIIaHENi aJMiHICTpyBaHHS;
CIPOEKTYBaTH MOOUTBHUI HomaTok 3a mgomomororo mMosu UML Ta case-
inctpymenty Visual Paradigm Online Express Edition; peamizyBatu
MOOLTBHUE momaTok Ha ruiaTgopmi Android Ha MoBI mporpamyBaHHs Java
(Kotlin); mporectyBaT MOOIIBHUI JOAATOK 3a JOMOMOIOK iHCTPYMEHTY
DevTools Ta cepsicy Beta.

Jnist cTBOpeHHs npuKiIaaeHHs BUKopucroByBanacs Android Studio —
interpoBane cepenosuiie po3podkun (IDE) mns mmardopmu  Android.
CepenoBuiie po3poOKH afanToBaHe JUIsl BUKOHAHHS THIIOBHX 3aBJaHb, L0
BHpILIyBaJIMCs B MpoOIieci po3poOKH 3aCTOCYHKY. B cepemoBwuie BKiIIOUYEHI
3aco0M AJIsl CIPOIIEHHS TECTYBaHHS IPOrpaM Ha CYMICHICTh 3 pi3HHMH
BepcisiMH TIaThOpPMHU Ta iIHCTPYMEHTH JUIS ITPOEKTYBaHHS 3aCTOCYHKIB, IO
MPAMIOIOTh Ha TPUCTPOSX 3 €KpaHAMH pPi3HOI PO3MITBHOCTI (TUTAHIIETH,
cMapThOHH, HOYTOYKH, TOOMHHUKH, OKyIsipu Tomo). B Android Studio
peaii3oBaHO KiIbKa OJATKOBHX (YHKIH, TakuX sSK HOBa YyHidikoBaHa
MiJICHCTeMa CKJIQJaHHs, TECTYBaHHS 1 PO3rOpTaHHS 3aCTOCYHKIB, 3aCHOBaHA
Ha CKJIajanbHOMY iHCTpyMmeHTapii Gradle i miaTpuMylOo4a BHKOPUCTaHHS
3aco0iB Oe3nepepBHOI iHTerpanii. s npuckopeHHs po3poOKH 3aCTOCYHKIB
Npe/ICTaBlIeHa KOJIEKLIs TUIOBUX eJieMeHTiB iHTepdeiicy 1 BisyalbHUI
penakTop A TXHbOTO KOMIIOHYBaHHS, IO HaJlae 3py4HHH MOIepenHii
Teperisy pi3HUX CTaHiB iHTepdeicy 3acTOCyHKY (HAaNpUKIAA, MOXKHA
MOJMBHTHCS SIK iHTep(eiic Oyne BUrIILaaTH A1 pisHUX Bepciid Android 1 uis
pi3HEX po3MipiB ekpaHy). s cTBOpeHHS HecTaHmapTHHX iHTepdelicis
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NPUCYTHIA MalcTep CTBOPEHHS BIACHUX EJIEMEHTIB O(OpMIICHHS, IO
MATPUMYE BUKOPUCTAaHHS MIaOJIoHIB. Y cepenoBuile BOynoBaHi (yHKmii
3aBaHT@XXEHHsS THUNOBUX MpuKiIagiB koxy 3 GitHub. o cxiamy Takox
BKJTIOUEHI MPUCTOCOBaHI miJ ocobnmBocTi miardpopmu Android posmmpeni
IHCTpyMEHTH pe(daKTOPUHTY, TIEPEeBIpKA CYMICHOCTI 3 MHUHYJIHMH
BUITyCKaMH, BHSBJICHHS IIpoOJNeM 3 TPOXYKTHBHICTIO, MOHITOPHHTY
CTIOKMBAHHS IaM'siTi Ta OLIHKM 3PyYHOCTI BHUKOPHCTaHHA. Y pEIaKkTop
JOJAHWK DPEXHM IIBHIKOTO BHECEHHS IpaBoK. CucTeMa IIiJICBIYyBaHHS,
CTaTHYHOTO aHAJi3y Ta BHSBICHHS IIOMWJIOK DPO3MIHMPEHa IiITPHMKOIO
Android API. Inrerpoana minTpumka omnrtumizatopa komy ProGuard.
BOynoBani 3acobu renepaunii nudposux ninnucis. Hagano inrepdeiic nms
yIpaBIiHHS IIepeKiiajaMy Ha 1HII MOBH.

B pamkax pobotu Oyno po3poOiieHO MOOUTHHHNA 3aCTOCYHOK IS
aThopMu OHJaiH-orosonieHs. CucreMa 3aJ0BOJIBHSE BCIM BHSIBICHHM
(yHKIIOHATBHAM 1 HeDyHKIIIOHAIEHIM BUMOT'aM, 1 JI03BOJISIE KOPUCTYBaueBi
3apeecTpyBaTucs Ha caiTi abo MPOWTH aBTOpPH3AaLil0. ABTOPU30BAHOMY
KOPHCTYBa4YeBl BIIKPHUBAEThCA PO3IMHUPEHUH (YHKIIOHAN, IO BKIIOYAE
0e3miu po3AiliB, y TOMY YHCII HEperysiay, AOJABaHHS, peAaryBaHHS Ta
BUJIAJICHHS oroyonieHb. KopucTyBad Mae MOXIMBICTB 3B’S3aTHCH 3
MpOAaBIEeM y dHaTi Ta OOTOBOPWUTH BCI NMHTaHHA NPONAXKY, TAKOXK Mae
MOJKJIMBICTh TEPeTJIIaTH Ta 3aJMINATH BIATYKH Ha TOBap ab0 IPOJaBII,
BUCTABIIAITH PEHTHHTOBY OIIIHKY. OKpemo Oyj0o peanizoBaHo ¢iibTp 3a
KaTeropisiMU JUIs 3pyYHOTO BiOOPa)KEHHS JIMIIE HEOOXIJHUX OrOJIOIICHb.
Cucrema, 10 BHHIDIA, Ma€ IIUPOKI MOMXIUBOCTI Uil MaiOyTHIX
JIOOTIPAITIOBAHb 1 po3IUpeHHs GyHKIioHaTy. OKpeMy yBary Oyiio npuiiicHO
JM3aliHy, 100 JOTPUMYBATHCS BCIX Cy4acHUX TEHACHIIHN y Lill ramysi.

Hapani muiaHyeTbcst TPOAOBXKYBAaTH PO3POOKY 1  IOJIMIIEHHS
MOOUIFHOTO J10J1aTKa, 30KpeMa JOAATH MOJKIMBICTh OIUIATH TOBapiB 3a
JIOTIOMOTOI0  TIpOrpaMy, MyOJiKalis HporpaMM B OJHOMY 3 MaraswHiB
JIOMIATKIB, @ TaKOX 3aJy4YHUTH MPOoQeciiiHnX Au3alHepiB Ul ONpAaIlOBaHHS
iHTepdeiicy KopucTyBaya.

BEB-OPIEHTOBAHI JOJATKH JJ151 OPTAHIZAIIL POBOTH
MAJIOI'O TA CEPEJIHBOT'O BIBHECY SIK EJJIEMEHT
AP POBI3AIII EKOHOMIKHA
1.®. Mapuenko, o1, kKau. TexH. Hayk, M.O. Tapa3zanos, ct. rp. BT-19,
JABH3 «ITITY»

HudpoBa exoHOMiKa — Il IIMPOKHH TPOCTIp EKOHOMIYHHX,
OpraHi3allifHMX Ta COI[AIbHUX 3aXOJiB, SKi PEai3ylThCs dYepes
iHpopMaiiHI KOMIT IOTEpHI TEXHOJIOTI] TaKi, K IHTEpHET, a TaK0XX MOOLITbHI
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i ceHcopHi Mepexi. B ibomy ceHci 1iudpoBa eKOHOMIKa CITPHUSIE MTiJBUILICHHIO
€KOHOMIYHOi e(eKTHBHOCTI MiANPUEMCTBA, OINTHMI3y€ 1 IOKpallye BCi
0i3HEeC-TPOIIeCH, MO Bi0OYBAIOTHCS B OpraHi3arii.

Manmii 6i3Hec B aBTOMOOINBHINH Tamy3li mnoTpedye edeKTUBHOI
OpraHisamii Ta aBTOMAaTH3aIlil MPOIECiB, MO0 3aJOBOJEHUTH 3POCTAIOUi
BHUMOTH KJII€HTIB Ta BIJIIOBICTH Ha IIBUAKUN PO3BUTOK TexHOJOTIH. [{nposi
IHCTPYMEHTH MOXXYTh OYTH IHTErpOBaHI y TEXHIYHE OOCIyroBYBaHHS
aBTOMOOLTIB, IO JO3BOJNIUTH MajoMy Oi3HeCy MpPOINOHYBaTH SAKICHIII Ta
O1bII eeKTHBHI IMTOCITYTH 1 MiABUIIUTH CBOIO KOHKYPEHTOCIPOMOXKHICTh Ha
PHHKY.

BukopucranHsi TU(QPOBUX TEXHOJOTIH, TaKUX SIK XMapHi pillleHHs,
wtyqHuit inrenext, [arepuer peueit (IoT) Ta iHuIi, 103BoIIsIE MaoMy Oi3HECY
B aBTOMOOUIBHIH rairy3i HOKpaIIuTH TEXHIYHE 00CITyrOByBaHHS aBTOMOOLIIIB
Ta Opra”izamilo poOOTH  CTaHLi  TEXHIYHOrO  OOCIYrOBYBaHHSI.
BukopucTaHHs TAKMX IHCTPYMEHTIB J03BOJISIE 30IBITYBaTH IPOAYKTHBHICTh
Ta e(QeKTHBHICTh POOOTH, 3HIKYBAaTH BHUTPATH HAa OOCIyrOBYBaHHS Ta
MiIBUIYBATH PiBEHB 33I0BOJICHOCTI KIII€HTIB.

BripoBapkeHHS M(POBUX TEXHOJIOTIH B MpPOIECH poOOTH CTaHMIN
TEXHIYHOTO o0cITyroByBaHHS Ta ABTOMATH3AIIis TEXHIYHOTO
00CITyTOBYBaHHSI aBTOMOOIJIIB MOXKJIMBI MUISXOM BUKOPHUCTAHHS CYY9aCHHX
MPOTPaAMHMX 3aCO0IB U YIPABIIHHS MPOIECaMH, SKi BKIIOYAIOTH B cebe
€JIEKTPOHHI KBUTAHII Ta OIIaTy MOCHYr dYepe3 MOOUIbHUI JI0JaToK,
BiJ/laJieHe JIarHOCTYBaHHSI Ta MOHITOPHMHI cTaHy aBToMoOuns, IT-pimens
JUTs 300py Ta aHAITI3y JaHUX MPO aBTOMOOIIb Ta HOTO SKCILTyaTallii0, a TAKOXK
Cy4acHi porpaMHi KOMIUIEKCH JIJIsl YIIPaBIIiHHS aBTOMOOUILHIM CEPBICOM.

PosrnsHeMo BeO-Opi€EHTOBAaHUM JOAATOK JUis OpraHizaimii poOoTH
CTaHIi{ TEXHIYHOrO 00CIyroByBaHHs JIETKOBUX aBToMoOuniB. [IpeameTHorO
00J1acTIO € TeXHIYHE 00CITyTrOByBaHHSI JISTKOBHX aBTOMOOIJIIB Ta OpraHizamis
poboTH cTaHmiil TeXHIYHOTO 00ciayroByBaHHS. OCHOBHOIO MPOOJIEMOIO €
BIJICYTHICTh €(EKTUBHOI CHCTEMH OOJIKy Ta KOHTPOJIO 3a TEXHIYHHM
o0ciyroByBaHHSIM aBTOMOO1TIB. Ha cChOTOHIMIAIN IeHB POIIEC TEXHITHOTO
oOciyroByBaHHS Ha 0araTboX CTaHIIIIX € HEOPTraHI30BaHHUM Ta
Hee(EeKTHBHUM, IO TPU3BOAUTH [0 3aTPUMOK B 0OCIyroBYBaHHI
aBTOMOOILJIIB Ta HETaTHBHOTO BILIMBY Ha SKIiCTh HaTaHHUX IIOCIYT.

CTBOpEHHSI TAaKOro NOAATKY MHOBMHHO 33J0BOJBHATH HACTYIHUM
NOKa3HUKaM IPU3HAYCHHS:

- Cucrema moBHMHHa 3a0e3nedyBaTH e(EeKTHBHE IUIAHYBaHHS Ta
opratizauito poOOTH Ha CTaHLIi TEXHIYHOrO OOCIYrOBYBaHHS JIETKOBHX
aBTOMOOIIB.
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- CucremMa ITOBMHHA JIO3BOJIITH BECTH JIETAJIbHUM 00K pOOIT,
BUKOHAaHHX Ha aBTOMOOLIAX, IO 3HAXOMATHCS HAa OOCIyrOBYBaHHI, Ta
IIaTHOCTHYHUX JOCIIKEHD.

Bumoru 1o cucteMu B LUIOMY:

—CrBOpeHHs BeO-IOJATKy, MO HAXa€ MOJMKIMBICTH OpraHizamii
poboTn craHmii TEXHIYHOTO OOCIYrOBYBaHHS JIETKOBHX aBTOMOOLTIB 3
METOIO ITiABHUIIEHHS i1 €PEKTHBHOCTI Ta MPOAYKTUBHOCTI.

—JlocTynHicTh  cUCTEMH 3 OyAb-SIKOTO IIPHCTPOIO, IO Mae
HiIKITFOYeHHs 10 [HTepHeTy.

—MoxuBicTh 30epexeHHs] Ta 00OpOOKHM JaHMX PO KIIEHTIB Ta iX
aBTOMOOLNI, icTOpii BiBilyBaHb Ta MIPOBEACHUX POOIT.

Bxinui manni:

— Iadopmarris mpo KITi€HTIB, 30KpeMa iX KOHTAaKTHI 1aHi, iHpopMaIlito
PO aBTOMOOLII Ta iX TEXHIYHUN CTaH.

—I'padix mpuitomy aBTOMOOULTIB Ha TEXHiIYHE OOCIYyroBYBaHHS i
PEMOHT, SKHi MoOke OyTH BBEISHHH KIi€HTaMH a0o aaMiHiCTpaTopamu
cTaHIil.

—Iadopmariis mpo HasABHICTH 3aIIACHUX YACTHH Ta HEOOXIMHICTH iX
3aMiHHM Ha aBTOMOOLJISIX.

—Indopmartis mpo 3aMOBJICHHS 3aITYACTHH Ta iX MOCTABKY.

—Indopmartis mpo BapTiCTh TEXHIYHOTO OOCIYTOBYBaHHS Ta PEMOHTY
ABTOMOOIIB.

—Indopmarnis mpo 3xilicHeHi pobOTH Ta MpoOBeIeHI MpoLeaAypH Ha
ABTOMOOIIISIX.

—Iadopmaris mpo BigBIAyBaHHS KIIEHTAMH CTaHIII TEXHIYHOTO
00CITyroBYBaHHS Ta IXHI 3aITUTH.

Buxinai gagHi:

— 3BiTH TIPO MPOBEZCHI POOOTH Ta MPOIEAYPH Ha aBTOMOOIIIAX.

—PaxyHKkn Ha oIulaTy TEXHIYHOTO OOCIYrOBYBaHHS Ta PEMOHTY
ABTOMOOIIB.

—IoBimomieHHS sl KITIEHTIB PO TOTOBHICTH IXHIX aBTOMOOLTIB Ta
pe3yJbTaTy TEXHIYHOI'O OOCIYTrOBYBaHHS i PEMOHTY.

—CrarucTuka TEXHIYHOT0 00CIyrOBYBaHHS Ta PEMOHTY aBTOMOOLITIB,
IO BKIJIIOYAE B ceOe iH(pOopMaIlilo MPO KiJIbKICTh BUKOHAHUX POOIT, yac ix
BHUKOHAHHS, 3aTPaTH Ha 3aracHi YaCTUHHU TOIIIO.

3acTocyBaHHA IUQPOBUX  IHCTPYMEHTIB MOXE  IOKPALIUTH
e(EeKTUBHICTh Ta  KOHKYPEHTOCIIPOMOXHICTb  Mayioro  Oi3Hecy B
aBTOMOOUTBpHIA Tamy3i. [HTerpamis mH@POBUX TEXHONOTIH Yy TeXHIYHE
00CITyTOBYBaHHS aBTOMOOIJIIB Ta OpraHi3aIlito poOOTH CTaHIIiIl TEXHIYHOTO
00CITyroByBaHHSI MOXK€ MIIBHIIMTH SKICTh ITOCIYr, 3HH3UTH BUTPATH Ta

3a0e3meunTy OBl BHCOKUM PIBEHb 3aJ0BOJICHOCTI KimieHTiB. OpHaK,
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BUKOPHCTaHHS IU(PPOBUX TEXHOJIOTH MOXXE BUMAaratu BiJ Mayoro OizHecy
JIOZIATKOBHX BUTpAT Ta KOMIETEHIIH y ramy3si iHpopMamiiHUX TEXHOJIOTIH.

PO3POBKA TOJATKA JJIA HIAIIPUEMCTBA 110
3AMOBJIEHHIO CTPAB YKPAIHCBKOI KYXHI 3A
IHAUBIAYAJBHUM NIAOPOM IHI'PEJIE€HTIB SIK
IHCTPYMEHT LIU®POBI3AIIIl MAJIOI'O BIBHECY
[.®. Mapuenko, 1011., KaHJ. TexH. Hayk, €.0. Tenecos, ct. rp. BT-19,
JABH3 «I1ITY»

CyuacHuil cBIT Oi3HeCy Ta TEXHOJOTIH CTPIMKO pPO3BHMBAETHCS, a
pasoM 3 HHM 3'SIBISETbCS TOTpeba B 1HHOBAI[IMHUX pIMIEHHSIX JUIS
3aJI0BOJICHHS TOCTIHHO MIHJIMBHX 3allUTiB CHOXHBAdiB. Y Cy4acHOMY
CYCIUIBCTBI MOJKJIMBICTh 3aMOBISITH 1Ky OHJaiH cTae Bce OUIBII
TIOITYJISIPHOIO, 1 3pOCTae MOMKT Ha BEOIOJIATKH, SIKi IIPONOHYIOTh YHIKaJIbHI,
KacTOMi30BaHi BapiaHTH 3aMOBIICHHS 1Ki.

[IpoexT Mae TpakTUYHY MIHHICTh fKa MONATAaE Y eQPEKTHBHOCTI
poOOTH TIAIIPUEMCTBA, & TAKOXK Y 3pYYHOCTI Ta 33J0BOJIEHHI KIIIEHTIB Bij
3aMOBJICHHS Ta CIIOXKMBAaHHS Ki yKpaiHChKOi KyxHi. J[i1st migmpueMcTBa et
JOJJATOK HaJIa€ MOKIJIMBICTh PUBEPHYTH HOBUX KJII€HTIB Ta 301IBIIATH 00Ir
BIIACHOTO Oi3HECY, BECTH NIeTaJbHUNA OOIK 3aMOBJICHP Ta iHTpemieHTiB. s
KJII€HTIB LIei 10JJATOK € 3pYyYHUM Ta IPOCTHM y BUKOPUCTaHHI IHCTPYMEHTOM
JUISl HIBUAKOTO Ta TOYHOT'O 3aMOBJICHHS! OJIF0]I, 3p00JIEHOr0 Ha OCHOBI IXHIX
IHIUBITyaJIbHUX TOTPeO Ta BIIOI0OAHB.

Mera: cnpoeKkTyBaTH Ta pealli3yBaTH 3pY4YHUI BeOJOAATOK, SKHH
JI03BOJISIE KITIEHTAM 3aMOBJISITH CTPABU YKPATHCHKOT KyXHi 3 IHAMBIyaJIbHUM
Mi100pOM IHTPEIEHTIB.

Bisyamizarmist JaHWX Ta 3BITHICTH B BeO-IONATKYy IS 3aMOBIICHHS
CTpaB YKpaiHCHKOI KyXHi 3 IHIMBIyaJIbHUM ITiI00pOM IHTPEIi€EHTIB HAIAI0Th
3py4HHil Ta 3po3yMminmmii croci6 anamizyBath iH(popmarito. Bonn
JIOTIOMAraroTh yIpaBIsITH 3aMOBJICHHIMH, aHATI3yBaTH MOIYJISIPHICT CTPAB,
BUSIBJIATH TEHJCHI CHOXKMBAHHS Ta YOCKOHAIIIOBATH npoiiec. Kpim Toro,
BOHH 3a0€3MeUyI0Th TOCTYII 10 PEaIbHOTO Yacy Ta MiATPUMYIOTh B3a€EMOIII0
3 KJIIEHTaMH Yepe3 BiATyKH Ta peHTHHTH.

HeoOximHicth HOBOI po3poOkm B i Tamy3i oOrpyHTOBaHa
3pOCTAalOYMM IIONUTOM Ha CHCTEMH OHJIAHH-3aMOBJIEHb Ta BiACYTHICTIO
PO3LIMPEHUX ONUid Juis yKpaiHchkoi KyxHi. Ha ocHOBI aHamizy cy4acHOi
JIiTepaTypH, MaTEHTHOTO MOIIYKY Ta JOCBiAYy MpoBigHUX (ipM ramysi 0yso
BH3HAUCHO, 1110 ICHY€ PUHOK JUIA BEOI0OIATKY, SIKHH MIPOIIOHYE TaKi OMLii u1s
YKpPaTHCBKOT KyXHi.
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BUKOPUCTAHHS ARIMA-MOJEJIEN 1151 HEPEIBAYEHHS
MNOBEJIIHKY KOPUCTYBAYIB TA AHAJI3Y TEHJEHIIIIA
A.P. Cariznu, ct. tp. BT-19, I.B. I'paskiH, g011., KaHa. ¢i3.-MaT. HayK,
JABH3 «IIATY»

PuHOK MOOIMBPHUX MJOAATKIB CTa€ Bce OUIBII KOHKYPEHTHHM i
CKJIaTHUM JUTS PO3POOHHKIB i MAPKETOIOTIB, OCKIIBKH MITBHOHU TOJATKIB
3MarafloThCs 3a yBary KopucryBauiB. 1100 oTpuMmaTH KOHKypEeHTHY
mepeBary, HeoOXiTHO BUKOPHUCTOBYBATH MEPEAOBI METOAN aHATITHKH, 100
Kpaile 3p03yMiTH HOBEIIHKY Ta BIIOJOOAHHS KOPHUCTYBAUiB.

Y miii poboti mpomoHyeThcsi BHKOpUCTaHHs Mojeni ARIMA
(Autoregressive Integrated Moving Average) ajst TPpOrHO3yBaHHSI KITBKOCTI
3aBaHTa)XXEHb JI0J]aTKa Ha OCHOBI monepeHix 3HaueHb. Mozxens ARIMA e
MOTY)XHUM IHCTPYMEHTOM JUJIsI aHANIi3y YaCOBUX PSIiB, SIKAa MOXKE JIOTIOMOTTH
BUPILINTH Pi3HI 3aBAaHHS, [TOB's13aH1 3 aHaJIi30M AaHuX. L1 Monens no3Bossie
pO3poOHUKAM OJATKIB Iepe0aunTH, SKi JHI TIDKHS Ta IOPH JHSA HAWOUIBII
TIOITYJISIPHI JUTA 3aBaHTAXXEHb Ta PEKJIAMHUX KaMIIaHIi. Y HamoMy BUIAIKY
MH BHUKOPHCTOBYBAIW ii JJIi TPOTHO3YBAaHHS KUIBKOCTI 3aBaHTaKEHb
MOOITPHUX MONATKIiB, MPOTE BOHA TAKOX MOXKE OYyTH BHKOPHCTaHA ISt
aHawizy (piHaHCOBHX JaHWX, BUPOOHWYHX TIPOIIECIB, TA IHIIHX 00IACTEH.

ARIMA  (Autoregressive Integrated Moving Average) €
CTaTUCTHYHOO MOJICIUITIO, 1110 JO3BOJISIE aHAI3yBATH Ta IiepeadadaTH YacoBi
psaau. OcHoBHOMO incer0 ARIMA € 3BefCHHS CKJIAJHOTO 4aCOBOI'0O PSIy 10
npocTimoi (opMH, IO CKIAIAETHCS 3 TPHOX KOMIIOHEHTIB: aBTOpErpeciiHol
(AR) xOMMOHEHTH, KOMIIOHEHTH 3 iHTerpoBaHumu psiamu (l) Ta KoB3HOT
cepeanboi (MA) KOMIIOHEHTH.

AR kommoHeHTa BigoOpakae 3aJeKHICTh TOTOYHOIO 3HAYCHHS
4acoBOTO PsITy Bij Horo mnonepeaHix 3HaueHb. MA KoMIIoHeHTa BijjoOpaskae
3aJIeXKHICTh MOTOYHOTO 3HAYEHHSI YacOBOT'O psijy BiJl MONEPEIHIX 3HAYCHb
BUNAAKOBOI  CKimamoBoi. | KommoHeHTa — 3a0e3medye  3BEICHHS
HECTaIiOHAPHOTO YaCOBOTO PS/Y IO CTAaIliOHAPHOTO.

ITapamerpn ARIMA wmopmem, Taki sk kimekicte AR, | Ta MA
KOMIIOHEHT, BH3HAYalOThCH LUIIXOM aHali3y aBTOKOpeNsALifiHOI Ta
YaCTKOBOI aBTOKOpENALiiHOI QyHKIiH dacoBoro psay. Ilicns Bu3HaYeHHS
napameTpiB moaeni, ARIMA mosxe OyTH BUKOPHCTaHA JUIS IPOTHO3YBAHHS
MaiOyTHIX 3Ha4eHb YacOBOIO DAy, a TaKOX JUIs aHaJi3y TEHICHIIH Ta
CE30HHOCTI Y JaHUX.

KpiMm TOro, Mu BUKOPHCTOBYEMO IPOTHOCTHYHY MOJENb 3aCHOBaHY
Ha Metozi 3rpadikoBanoi oninku (Graphical Evaluation Review Technique)
JUISl TIPOTHO3YBAaHHS OLIHOK KOPHCTYBaudiB. Mojenb BHKOPUCTOBYE Ppi3HI
(axTopyu, Taki SK KUIbKICTh 3aBaHTaXEHb, PEHTHHTH Ta BIATYKH, 100

216



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

nepenoavYnTH, Ky OLIHKY KOPHCTYyBau OyJie cTaBUTH JoAaTKy. Lle no3Bosse
PO3pOOHMKAM 30CEPEeANTHCS Ha TEBHHX AacHeKTax Jd0JaTKa, sKi MOXYTb
MTOKPAIUTH OLIIHKK KOPUCTYBAYiB Ta 30UIBIINTH HOTO MOIMYJISIPHICTS.

Monens ARIMA € noTy)kXHUM IHCTPYMEHTOM JUIS aHAJTi3y YaCOBUX
PpAmiB, sSIKa MOKE JOTTOMOTTH BUPIIIIUTH Pi3HI 3aBIaHHs, TIOB's13aHi 3 aHATII30M
JaHuX. Y HAIIOMY BHUMAIKy MU BHKOPHCTOBYBAIH ii IUIS IPOTHO3YBaHHS
KIUTBKOCTI 3aBaHTaKeHh MOOLTBHUX JOJATKIB, IPOTE BOHA TAKOXK MOXKe OyTH
BUKOPHCTaHA IS aHali3y (DiHAHCOBMX INAHWX, BUPOOHWYMX IPOILECIB, Ta
iHmmx obmacteit. OT)Ke, BHKOPHCTAaHHS IIEPEIOBHX METOMIB AHATITHKH,
Takux sk Momenb ARIMA, Moke JOMOMOTTH MOKpAIIWTH CTpaTerii
MapKeTHHTy Ta 3aJlydyeHHs KOPHCTYBadiB MOOUIBHHMX  JIOJaTKiB.
3acTocyBaHHS IIUX METOJIB MOXeE JaTh KOHKYpPEHTHY IepeBary Ha pUHKY
MOOUIFHHX JIOAATKIB, Jie KOHKYPEHIIis IIOCTIHHO 3pOCTaE.

BUKOPUCTAHHS I'TIMBOKUX HEMPOHHUX MEPEX JIJISI
NEPEJABAYEHHS OIIHOK TA BIAT'YKIB KOPUCTYBAUIB
MOBIJIBHUX JOAATKIB 3 BAKOPUCTAHHSAM MOJIEJI LSTM
A.P. Carizmy, ct. Tp. BT-19, 1.B. I'paskisn, go1., kaua. ¢i3.-MaT. HayK,
JABH3 «ITTVY»

Y nmaHiii pobOTI MH [OCHIIKYEMO 3aCTOCYBaHHS TJIMOOKHX
HEWPOHHMUX MEpEeX AJsl mepeadadeHHsl OI[IHOK Ta BIIATYKIB KOPUCTYBadiB
MOOITBHUX JI0J]ATKIB HA OCHOBI ICTOPUYHUX JaHUX Ta 30BHIIIHIX ()aKTOPIB.
OnHUM 3 IHCTPYMEHTIB, SIKMH MU BUKOPUCTOBYeMO, € Mozienb LSTM (Long
Short-Term Memory). Llst Moieb € pEKYPEHTHOIO HEMPOHHOK MEPEKEIO Ta
Ma€ MO>KJIMBICTh BPaxOBYBAaTH JIOBrOTPUBAJIl 3aJIE)KHOCTI B YaCOBUX psijiax,
110 JIO3BOJISIE TOKPAILUTH TOYHICTh Mepe10ayeHb.

Mu npoBenn JOCHIIKEHHS Ha JaHMX KOPHCTYBadiB MOOIIBHOTO
JIOAIATKY, IO MICTHTH iHOPMAIIiO MPO iX OLIHKK Ta BIATYKH IPO JOAATOK.
Jns kpamoi mepexbadyBaHOCTI MM TaKOX BHKOPHCTOBYBAJIHM 3OBHIIIHI
(akTopu, Taki K po3Mip AOAATKY Ta HOTro QyHKIIIOHATHHI MOYKIIABOCTI.

Hamri pesympTat mokasamm, mo 3actocyBaHHA Moxem LSTM
3a0e3medye BUCOKY TOUHICTh IepeadadeHpb OiHOK KOPUCTYBadiB MOOUIBHIX
nomatkiB. Hampukmaa, My 3MOTTH mepen0adyuTH OLIHKY KOPHCTyBada 3
To4HICTIO 10 90%, BUKOPUCTOBYIOUH ICTOPUYHI JIaHi Ta 30BHILIHI (h)aKTOPH.

Jana Monens Moxke OyTH 3acTocoBaHa B PI3HUX Taly3sx, Je
BOXJIMBUM € TepeAdaueHHs] MOBENIHKM KOPHCTYBaudiB Ha OCHOBI TXHIX
ICTOPMYHMX JaHUX Ta 30BHIMIHIX (akropiB. Hanpuknazx, Ha ocHOBI naHOI
MoJIeNli MOXHa IependadaTd NMONUT HAa Pi3HI TOBapH Ta IOCIYTH, SIKi €
TIOITYJISIPHUMH Cepesi KOPUCTYBauiB MOOIJIbHUX JI0JIATKIB.
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[Tix yac ekciepuMeHTy MU BUKOPHCTOBYBaM HaOip nanux 3i 100000
OLIIHOK KOPUCTYBaYiB Ta 30BHIIIHIX ()aKTOPiB, TAKMX K PEHTHHT J0AaTKa B
MarasuHi, KiJIbKiCTh 3aBaHTa)K€Hb, THIT JIOAaTKa Ta iH. MU HaBYaJIl MOJIENb
Ha mepummx 70000 nmanmx Ta TectyBanu i Ha pemTi naHux. OTpumaHi
pe3ynmpTaTd TOKa3aiw, W0 BHKopucTaHHA Mojeni LSTM  mo3Bomimio
MOKPAIIUTH TOYHICTh TepenbadeHHs Ha 15% mopiBHAHO 3 OiHApHOIO
MOJIEIUTIO, KA HEe BPaXxOBYBaJIa 3aJIEKHOCTI B YACOBHX psilax.

Y Hamii poOOTi MU IPOJEMOHCTPYBAIH €(DeKTUBHICTh BHKOPHCTAHHS
TIMOOKKX HEUPOHHHUX Mepex Ta Mojeni LSTM mis nporao3yBaHHS OLIHOK
Ta BIATYKIB KOPHUCTYBadiB MOOUTFHUX JonatkiB. JaHa moxmens mMoxe OyTu
BUKOPHCTaHAa JJIsl Tepei0aueHHs OBEAIHKN KOPUCTYBaUiB B PI3HUX Taly3siX,
J€ BaXIJIMBO aHAI3yBaTH 3aJIe)KHOCTI B YacCOBUX psilax Ta 3OBHIMIHI
¢axropu.

BUKOPUCTAHHS AJITOPUTMIB KJIACTEPU3AIILL TA
ACOIIATHBHOI'O AHAJII3Y JJISI HEPCOHAJII3ALITI
MOBIJIBHUX JOAJATKIB
0.0. KoBaisos, ct. 1p. KI-22-M, J1.B. I'pankin, go1r., kana. ¢i3.-MaT. HayK,
JABH3 «ITTVY»

Y nmaHiii [OMOBimI MM JOCTIKYEMO 3aCTOCYBAaHHS aJITOPHTMIB
KJacTepu3alii Ta acoI[iaTHBHOTO aHalidy JJs MiIBUIIEHHS SKOCTI Ta
e(eKTUBHOCTI MOOUIbHUX MOMATKiB. BHKOpHUCTaHHSA LUX aJrOPUTMIB
JIO3BOJISIE BUSIBUTH MATEPHU Ta TEHJEHIIIT B MOBEIHII KOPUCTYBaYiB Ta Ha
PHHKY MOOULIBHUX JIOJaTKIB.

OjuH 3 OCHOBHHX aJTrOPHUTMIB, SIKHH MH BHUKOPHCTOBYEMO, — L&
anroputM  K-Means. Mmu BHKOPHCTOBYEMO HOro A TpyIyBaHHS
KOPHUCTYBaYiB 3a IXHIMH YMOJ00aHHIMH Ta MOBEiHKOM0. JlaHuid anroputm
JI03BOJISIE BU3HAYUTH TPYNH KOPUCTYBadiB, [0 MAIOTh CIUIBHI iHTEpecH, i
30CepeUTUCH Ha pO3pO01Ii TEpCOHAIII30BaHHUX MPOAYKTIB JUIsl KOYKHOI TPYIIH.

Anroputv K-Means — me anropuTMm KiacTepm3aiii, SKAH IIyKae
KJIACTEPH NUIIXOM pO30HTTS Habopy MaHux Ha K rpym abo kmacrtepis. Ileit
QITOPUTM Ma€ Ha METi 3HaliTH K HEHTPIB KJIACTEpiB, IO MPEICTaBISAIOThH
cepellHE 3HAYEHHS KOOPAMHAT TOYOK KOXKHOTrOo Kinacrtepy. Amnroputm K-
Means po3MOYHHAETHCS 3 BHOOpY TMOUYaTkoBux K TOYOK, sKi OymyTh
BUKOPHCTOBYBaTHCh $IK LEHTpH kiactepiB. IloTiM uis KOXHOI TOYKH
BUPAXOBYETHCS, A0 SIKOrO 3 LEHTPIB BOHA HaiOumbmie miaxoauts. Lle
BUMIPIOETHCS 3BUYaHOIO €BKIIIZIOBOIO BiJICTAHHIO MK TOYKOIO Ta LIEHTPOM
kacrepy. [Ticns poro 1y1st KOXKHOTO KJIacTepy BUPaXOBYETHCSI HOBUI LIEHTP
[IJISIXOM OOYMCIIEHHsI CepelHhOT0 3HAUYEHHsS BCIX TOYOK y kiactepi. [lotim
MIPOLIEC TOBTOPIOETHCS: JUISi KOXKHOI TOYKH BHMPAXOBYETHCS, /O SIKOTO
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KJIacTepy BOHA HAWOUIBIIIE MiXOIUTh, & IOTIM O0YUCITIOETHCS HOBHI LIEHTP
knacrepy. Llel npouec NpogoBXyeThCs, JOKH LEHTPH KJIacTepiB OlIbIe He
3MIHIOIOTBCS 200 JTOCATAETHCS IIEBHA MeXa YHcia iTepartiil.

Opniero 3 mepeBar K-Means € HOro MIBHIKOMIS, sSKa IO3BOJISE
0o0poOnsATH BemWKi 00CATH JaHWX. TakoX IeH anroputM Moxe OyTh
BHUKOPHCTaHMH Ul KJIAacTepu3allii BEIMKOI KUTBKOCTI JaHUX Ha BiZHOCHO
HEBENWKY KUTBbKICTh KiactepiB. Ommak K-Means Mae TeBHI HEIONIKH,
30KpeMa BiH MOXKE MpAIlOBaTH HE e()EeKTUBHO, SKIIO PO3MIPH KIIACTepiB
3HAYHO BIAPI3HAIOTHCS, a TaKOX SKIIO BUXITHI JaHI MICTATH IIyM abo
BUKHUIH.

Jns BukopucranHs anroputmy K-Means mu 30upaemMo naHi 1mpo
KOpPHUCTYBayiB, Taki fK iXHI Jil B 10JaTKy, BAKOPUCTaHHs (YHKIIH Ta iHII
neranmi. /lami MM BHKOpPHCTOBYeMO anroputM K-Means mist rpymyBaHHS
KOpPHUCTYBaYiB Yy KJIaCTEPH, 110 MAIOTh OAI0HI XapakTepucTHKH. [licist mporo
MH MOXEMO BHM3HAYUTH OCOONMBOCTI Ta yHomoOaHHS KOXKHOI TpyIlH, IO
JIO3BOJISIE HAM MIiAiOpaT ONTHUMAaNbHI (YHKIIT Ta MOMXIIMBOCTI AJIS KOXKHOI
TpyIH KOPUCTYBaiB.

Kpim Toro, Mu BHKOPHCTOBYEMO ACOLIaTUBHUH aHAII3 151 BUSBICHHS
3B'SI3KIB MK KOpHUCTyBa4aMH Ta IX HisMH B momatky. Lle mo3Boisie Ham
BHU3HAYHTH BIUIMB JCSKNX (QYHKIIN Ha MTOBENIHKY KOPUCTYBAUiB Ta BHSIBUTH
Ti, SIKi HAHOUTBIIIE CIIPUSAIOTH ITiABUINICHHIO 32I0BOJICHHS BiJl BHKOPHUCTAHHS
JIOATKY.

s mpukiiagy, po3risiHEMO MOOUIBHHE JOJATOK ISl 3A0POB'S Ta
¢itHecy. Mmu  Moxkemo BukopucToBYBaTH anroput™ K-Means s
IpyIyBaHHS KOPHCTYBadiB 3a IXHIMHU LUISIMH, PIBHEM aKTHUBHOCTI Ta
po3kiaioM TpeHyBaHb. [licisi IbOro MM MOXXEMO HaJlaBaTH KOPUCTyBayam
IHIMBI Ty aJIbHI IOPAIU MO0 IXHBOTO 3I0POB'st Ta (ITHECY, B 3aJICKHOCTI BiJl
ixHpoi rpynu. KpiM TOro, Mm MOXeMO BHKOPHCTOBYBAaTH acOLiaTHBHHUH
aHai3 JUIs BUSBJICHHS 3BSI3KiB MDK TpEHyBaHHSAMH Ta Dkoro. Hampukman,
SIKIIO MM 0a4nmMo, IO MICHs TPEHYBaHHS KOPHCTYBadi 4acTillle KyIyIOTb
MPOAYKTH 3 BHCOKMM BMICTOM OilKa, MH MOXEMO PEKOMEHIYyBaTH iM
MPOAYKTH 3 BUCOKAM BMICTOM OiJIKa MiCIIsl KOKHOTO TPEHYBaHHS.

TakuM dYWHOM, HAII MiAXiJ TO3BOJIIE PO3POOHHKAM MOOITBHUX
JOAATKIB e(eKTUBHO BHUKOPHCTOBYBAaTH JaHI MPO KOPUCTYBAyiB JyIsi
MOKpAIIEHHs] 1XHBOTO JOCBILy BHKOPHUCTAHHS IOAATKIB Ta JIOCATHEHHS
KpalluX pe3ybTaTiB B Oi3Heci. Y cBOil pe3eHTalii MU pO3KPHEMO TEXHIUHI
JeTayli HaIoro MiAXOJAy Ta NpPOJEMOHCTPYEMO pe3yJbTaTh HOro
3aCTOCYBaHHS Ha MPHKIAAI peaJlbHUX MOOUIBHMX JoaarkiB. Hamr mocBin
MOKe OyTH KOPHUCHUM JJIsl pO3POOHUKIB MOOLIBHUX JI0JIATKIB, 11O MIPAarHyTh
MTOKPAIUTH JOCBIJI CBOIX KOPHCTYBaUiB Ta 301IBIINTH €()EKTHBHICTH CBOTO
Oi3Hecy.
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METO/] BUBHAUYEHHS KJIIOYOBUX ®AKTOPIB BIVIUBY HA
3AJIYUYEHHSI TA YTPUMAHHSA KOPUCTYBAYIB
MOBIJIBHOT'O JOJATKY
A.P. Carizny, cr. rp. BT-19, /1. B. I'pankis, o1, kauz. ¢iz.-MaT. HayK,
JABH3 «IIATY»

Y 1iif po6OTi po3rIIAAa€THC METO/ BU3HAYCHHS KIIOYOBUX (DaKTOPIB,
SIKi BIUTMBAIOTh Ha 3allydeHHA Ta YTPUMAHHS KOPHCTYBadiB MOOIIBHOTO
nomatky. s qocsATHEeHHS Ii€l MeTH BHKOPHCTOBYBAIKCS METOIN 00pOOKH
MPUPOJHOI MOBH [JIsl aHANi3y BIATYKIB KOPUCTYBadiB Ta BHSBICHHS
3araJbHUX TeM Ta cep, siKi MOTpeOyIOTh YAOCKOHAICHHSI.

TexHiUuHO, METOJI CKIAAAETHCS 3 KITHKOX €TalliB:

1. 30ip BiATYKiB KOPUCTYBAYiB 3 MOOUTHHHX JTOJIATKIB.

2. TlpoBeneHHs mepeIpPOLECHHTY TEKCTIB BIATYKIB, IO BKIJIIOYAE
TOKEHIi3allil0, JIEeMaTH3allil0 Ta BUJIY4YEHHS CTOII-CIIiB.

3. CTBOpEHHS KOPITYCY TEKCTIB 3 MEPEANPONECOBAaHNX BIATYKIB.

4. Buxopuctanus anroputmy LDA (Latent Dirichlet Allocation) mist
TEMaTHYHOTO MOJIEITIOBAHHS KOPITyCYy TEKCTIB Ta BU3HAYEHHS 3araJIbHUX TEM
Ta cdep, ki 00TOBOPIOIOTHCS KOPHCTYyBadaMH.

5. BusHaueHHsS KIIIOYOBHX CIiB Ta (pa3, M0 BUKOPUCTOBYIOTHCS B
TIEPEAPOLIECOBAaHNX BIATyKax Ta ITOB'S3aHUX 3 BHU3HAYCHHMH 3aralbHUMU
TEeMaMH.

6. Bu3HaueHHs pPeNEBAaHTHOCTI KOXKHOTO KJIIOYOBOI'O CIIOBA ISt
3aJly4eHHs Ta yTPUMaHHs KOPHCTYBayiB 3 BUKopucTaHHsM MeTpuku TF-IDF
(Term Frequency-Inverse Document Frequency).

7. BinOip Ta parxyBaHHs KJIIOUYOBHX CIIiB Ta (pa3 3a 3HaueHHsM TF-
IDF, mo Bka3dye Ha iX BaXJIMBICTh IS 3alydeHHS Ta YTPUMAaHHSI
KOpPHUCTYBadiB.

st TectyBaHHS po3po0IEHOTO METOy OyJIO BUKOPHCTAHO BIATYKH
KOPHCTYBaYiB JEKUIBKOX MOOUIFHUX MONATKiB. 3a JOTOMOIOI0 METOIIIB
00pOoOKH TPUPOAHOT MOBH Oy BUALICHI KIFOUOBi (paKTOPH, K1 BIUIMBAIOTH
Ha 3aly4YeHHA Ta YTPUMaHHS KOPUCTYBadiB KOXXHOTO 3 JIOJATKIB.
Po3poburkn MOGITFHUX JOAATKIB MOXKYTh BUKOPUCTOBYBATH IIeH METO IS
aHaJi3y BIATYKiB CBOIX KOPHCTYBAaYiB Ta 3AiHICHIOBaTH HEOOXITHI 3MiHH, 1100
TIOJINIINTH 3aTy4eHHS Ta YTPUMAaHHsI KOPHCTYBadiB.

Metoa 103BOJISIE ABTOMATHYHO BHIUIATH KIIOYOBI (DaKTOpH, IO
BIUTMBAIOTh HA KOPUCTYBAdiB Ta HAJA€ PO3POOHHKAM MOOLIBHUX OJATKIB
MOJJIMBICTh TMpPUAMATH PIlICHHS HAa OCHOBI JaHUX JJIs ONTHUMI3aIlil
IIporpamMHu Ta 3aIydeHHs KopuctyBadiB. Takuii miaxin Moxke OyTH KOPUCHUM
JUTS TIOKPATIEHHS SIKOCTI MOOUTFHUX JOAATKIB Ta 3a0€3MEUCHHS X YCITIITHOT
PO3pOOKH Ta 3aITyCKy.
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MIMIKYBAHHSI UNIX-TIOJAIBHOI ONEPALIIMHOI CHCTEMU
3A 1OIIOMOTI' OO ChatGPT
B.A. Tlokinis, ct. rp. 3-18-BT, A.B. I'paskin, go1.,kaHm. ¢i3.-Mat. HayK,
JABH3 «IIATY»

VY mpencraBieHii poOOTi OCHIIKYIOThCS MOXKIUBOCTI MIMIKYBaHHS
omepaniiiHoi cucremun Linux (i iammx UNIX-momiOHMX omepamifiHmx
CHCTEM) 3a JOIIOMOTOI0 CIeiaabHO po3podieHoro npomnTa y ChatGPT. Mu
MIPOTIOHYEMO HECTAaHJAPTHUHA MiAXiZ MO0 eMyJiilii KOMaHTHOTO psAIKa
(Command-line interface, CLI), sikuif m03BOJSIE TOYHO IHTEPIPETYBATH
KOMaH/IM, BBEJICHI KOPHUCTyBaueM, Ta MOBEPTATH PEANICTHYHI pe3yJbTaTy,
SIKi B1IOOPaXKArOThCSI B KOMAHIHOMY DPSIIKY.

Jnst nocsirHEHHs! 1€l MEeTH MU PO3pOOMIIM CHeliajbHUN HpPOMIT,
SKUWA J1o3Boiisie  KopucryBaueBi B3aemomiat 3 ChatGPT, sx 3 Linux
TepMiHaoM. [IpoMnT MICTHTh BKa3iBKH ILIOAO TOTO, SIK KOPHCTYBad Mae
BBecTH KoMaHay, 1 sk ChatGPT moBuHeH BiAIIOBigaTH HA HUX.

IIpomnT wmictute (ikcoBaHWA (GopMarT BIAMOBINI, IO TO3BOJIE
TIOBEPHYTH BI/IOBi/Ib B TOMY * (hopMaTi, 110 i 3BMUaifHui Tepminan Linux.
KoxxHa kxomaHia TOBEpTa€ThCS SIK OKpeMHUil OJIOK 3 KOJIOM, IO MICTUTB
BIJIMIOBiZIb TEPMiHATY.

Hanpuknan, skmo kopuctyBau Beenme komanay '"pwd", ChatGPT
noBepHe BiAmnoBine "/home/user" (pucyHok 1).

ruby D Copy code

pokidin
/home/pokidin

ruby D Copy code

pokidin touch vlad.txt
pokidin echo >> vlad
pokidin echo >> vlad.tx

Puc. 1 — Imiraris komanaHoro psaaka UNIX-moxiOHOI crctemu,
sreneposanoro ChatGPT

[e#i miaxin A03BOJISE MOCITTH PEANTICTUIHOTO BiJOOPaKEHHS TOTO,
o BiAOyBaeThCsl B KOMaHIHOMY psiiky. Kpim Toro, meil mpoMnT mMoxxkHa
BUKOPHCTOBYBATH Il HABYAHHS KOPUCTYBAUiB, SIK IPAIIOBATH 3 KOMaHHUM
psaakoM B Linux.
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VY nijomMy, po3po0ka mpomiTa s MIMIKyBaHHS KOMaHIHOTO PsIIKa
Linux y ChatGPT no3Bossie TOUHO iHTEpPIpETyBaTH KOMaHIM Ta OBEPTaTH
peayicTHUHUI pe3ysbTaT BiIMNOBIAHO 10 3BUYANHOrO (popMaTy TepMiHAITY.
Kpim Toro, Takmii mpoMnT Moxke OyTH BUKOPHCTaHWH JJIsI aBTOMAaTH3awii
TECTyBaHHsI IPOTPaMHOTO 3a0e3MeUeHHs], 10 MpaIfioe B cepenoBumi Linux.

PosrnsaayTHii  maxXin A03BONISIE  KOPHCTYBAueBi B3aEMOIISATH 3
CUCTEMOI0, K 3BHYAlHHM TepMmiHaioM Linux, i moBepTaTH peamicTUIHUN
pe3yapTaT BIAMOBIAHO 0 3BHYaiHOTO (hopmary. Takuil migxin Moxke OyTu
BUKOPHUCTAaHWH /7151 HABYAHHS KOPHCTYBadiB, aBTOMATH3allil TecTyBaHHS [13,
a TAaKOX JUI PO3BUTKY IHIIMX CHUCTEM, IO BUKOPHCTOBYIOTH KOMaHIHUI
PSIOK.

MMPOTHO3YBAHHS PE3YJIbTATIB TOBI'OCTPOKOBHUX
CIIOPTUBHUX 3MAT'AHb 3A JOIIOMOI'OIO AHAJII3Y
CTATUCTHUKHU TA BUKOPUCTAHHS CYYACHUX METOJIB I
TEXHIK
A K. Ilixy3, ct. p. BT-22-M, [I.B. I'pankin, o1, kaga. ¢i3.-Mat. HayK,
JABH3 «IIATY»

IIporHo3yBaHHS pe3ynbTaTiB JOBIOCTPOKOBUX CIIOPTHBHUX 3MaraHb,
TakuX K demmioHat 3 ¢yroory un TypHip NCAA March Madness, Moxe
OyTH BaXXJIMBOIO 3ajaucio JuIs 0araTboX BIOMCTB Ta KOMIIaHIiH, IO
3aliMalOThCsl CIIOPTOM Ta CTaBKaMH. Y I1bOMY JIOCTIJDKEHHI MH
BUKOPHCTOBYEMO METOJI MAIIMHHOTO HABYAHHS T4 CTATUCTUYHOTO aHANIi3y
JUISL TIPOTHO3YBAHHS PE3YJIbTATIB.

Y mnpencraeieHiii poOOTI MU pO3IJIAJAEMO CTBOPEHHS IITY4YHOT
Heriponnoi mepexi (IIIHM) s nependaueHHs pe3yJsbTaTiB CIIOPTHBHUX
3Marasb 3a JJOloMororo nomnyssipaoro Python-dpetimBopka TensorFlow. Mu
BUKOPHCTOBYEMO B SIKOCTI MNpPHKIAaNy y HamoMy  JOCIHiIKeHHI
aMepHKaHChKHH yeMmmioHat 3 OackerOomy cepen donoBikiB NCAA Division
I Men's Basketball Tournament, Bigomuii Takox sk March Madness,
CTaTHCTHKA 0 SKOTO € 100pe 3aJOKyMEHTOBAHOIO Ta CTPYKTYpPOBAHOIO, Ta
AKY MOYKHA 3HANTH y BITKPUTOMY TOCTYIIL.

My novanu 3 TOCTaHOBKHM MUTaHHSA: "UM MO>XHA 3 BUCOKOO TOUHICTIO
(>75%) nepenbaynTy MEPEMOXKIIIB CHOPTUBHUX 3MaraHb, BUKOPHUCTOBYIOUN
JIUIIE J1aHi 3 peryyspHoro ce3ony?". ITicis 00CTeKeHHs IEKITBKOX BITKPUTO
JIOCTYITHUX JDKEPEN JaHWX, MU 00paid ncaa.com, siKMi HaJaBaB iCTOPUYHI
JIaHi PO KOMaHa1 0acKeTOONBHUX MAaTUiB 338 OCTaHHI 5 CE30HIB.

Hamu Oy1io cTBOpEHO CKpUNT AJIS MONEPEAHBOI 0OPOOKH «CHPOTO»
JaTtacery, SIKMHA JIO3BOJIMB 3r€HEpyBaTH TpPEHYBaJbHI JaHi, a IOTIM
BHKOPHCTaHO PO3IOBCIOKEHNH B iHycTpii Python-dpeiimBopk TensorFlow
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s HapuaHas IIIHM. Ilicias HaBuaHHS Mepeki MU BHUKOPUCTAIM 11 JUIst
MOJICIOBaHHS TYPHIPY Ta IPOTHO3YyBaHHSA IMepeMoxkiiB. HatpeHoBaHa
Heiiponna MLP mepexxa mpaBwibHO mepenbaumna 48 i3 67 irop (~72%).
Xoua IIe HE BIAMOBiNa€ HAIIIN TINMOTE3l MPO JTOCATHEHHS TOYHOCTI TOHAT
75%, Mu BBaXkaeMo, IO Ie € 0araToOOINIIOYNM Pe3yIbTaTOM i MOKa3ye
moteHtian Bukopuctanusa [IIHM st ciopTHBHOTO MPOTHO3YBaHHS.

Y pmocmimkeHHI MH HE TUIBKH JEMOHCTPYEMO MOKIJIHBOCTI
nependadeHHs pe3yabTaTiB CHOPTUBHUX 3Marans 3a gornomororo [ITHM, are
1 BHCBITIIIOEMO, SIK BUKOPUCTOBYBATH moIysipHi Python-dpeiimBopku ms
crBopernss IITHM. Ham mocBim MoXHa 3acTocyBaTH y pi3HHX cdepax,
BKJIFOUQIOYM MapKETHHT, MEAUIMHY, (PiHAHCH Ta THIIII.

MOJAEJIOBAHHS POBOTU HAHOKATAJII3ATOPA 3
METAJIEBUMU HAHOKJIACTEPAMU METOAOM KJIITUHHUX
ABTOMATIB
M.O. Tapazanos, ct. rp. BT-19, JI.B. I'pankin, no., kaaz. ¢i3.-Mat. HayK,
JABH3 «IIATY»

HocmimxeHHs  QI3UKO-XIMIYHMX  TIPOLECIB B  TETEPOTCHHUX
KaTaJizaTopax € aKTyaJlbHOI TEeMOIO Ui cydacHoi Hayku. Kartamizaropu
3HAUIUTN ITUPOKE 3aCTOCYBAHHSA y MIPOMHCIOBOCTI, TOMY iXHi BIACTHBOCTI
Ta MOBEIIHKA 3JTUIIAI0THCS IPEIMETOM MOCTIHHOTO BUBUYEHHS. B 1iit poboTi
JIOCIIZKYEThCST KaTaJiTU4HA aKTHBHICTh T'€TEPOrCHHUX HAaHOKATalli3aToOpiB
€K30TEepPMIYHUX peakiliif, B 3aJeXKHOCTI BiJ PO3MIpy MeETaJeBHX
HaHOKJIACTEpiB Ta iX KOoH]Iirypamii Ha moBepxHi Hocis. [[ns po3paxyHKy
KaTaJIITUYHOI aKTHBHOCTI OYyJI0 BUKOPHCTaHO METOJ KJIITHHHHX aBTOMATiB,
110 J03BOJISIE MOJIEIIIOBATH CKJIAJIHI MPOIIECH Ha MIKPOCKOMIYHOMY pPiBHI Ta
OTPUMYBATH BUCOKOTOYHI Pe3yJIbTaTH.

[ToBexninka po3risiHyTOI HEMIHIHOT TMHAMIYHOT CHCTEMH, SIKa OIIHCY€
riepedir peakiii Ha MiKpOpiBHI Ha HAHOKATAJi3aTopi, MOXe OyTH BU3HAUCHA
MIPOCTHMH JIOKATEHUMH TIPaBUJIAMH B TepMiHaxX KINITHHHUX aBToMartiB (KA).
JunaMiky TeTeporeHHOi pekoMmOiHamii aTomMiB Ha HaHOKaTali3aTopi
BH3HAYA€ B3aEMOJIS aTOMIB Ta MOJIEKYJI HAa aTOMHO-MOJIEKYJISIPHOMY DPiBHI,
BIUIMB TIEPEHECEHHS PEYOBMHM Ta €HEPrii peakiii Ha MIBUAKICTh peakIii.
AcuHxpoHHU# BunaakoBuii KA, BiZoMuH TakoX sIK KIHETUIHHH METOJ
MownTe-Kapno, n03Bojisie BHUPILIMTH TIOCTABJIEHY 3aady, MOJENIOYN
B32EMOJIII0 peallbHUX aTOMIB Ta MOJIEKYJI 3 JUCKPETHHMH IIpaBUIaMH
nepexomiB. Kiitunuuii aBromat (cellular automata) — me Mopaens, MO
CKJIQIA€THCS 3 CITKM KIITHH, KOXKHA 3 SIKMX MOJKE IepedyBaTu y NeBHOMY
ctai. 1li craHr MOXYTh 3MIHIOBATHCH BiJIIOBITHO JIO IMEBHUX MPABUI, IO
BH3HAUEHI JUIs BCIX KIIITHH B cucteMi. Taka MOJesIb MOXe 3aCTOCOBYBAaTHCh
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JUISL IOCIT/KEHHSI PI3HOMaHITHUX (hi3MYHHX IIPOLECIB, BKIIOYAIOYH TU(Y3it0
Ta 1HII peakirii.

Y wmiif po6oTi, MM BHKOPHUCTOBYBAJIM KIITHHHMH aBTOMAT IS
MO/IEIIIOBaHHS MOBE/AIHKM T€TepOreHHHX HAHOKATalli3aTOpiB HA TMOBEPXHI
Hocis. KimituaHa ciTka BimoOpaskae MOBEpXHIO HOCISA, a Pi3HI CTaHHU KIITHH
BIIMOBIAIOTh PI3HUM KOH(QIrypamisM KiacTepiB Karamizatopa. s
KOJKHOTO CTaHy BH3HAueHI MpaBHia, IO OMUCYKOTh, SIK 3MIHIOETBCS CTaH
KIIITHHHU B 3aJISKHOCTI BiJl CTaHy CyCiTHIX KIITHH 1 BiJ TapaMeTpiB CHCTEMH.

KnitnHHHE aBTOMAT [MO3BOJMISIE HAM JOCKTIKYBAaTH MOBEIIHKY
CHCTEMH Ha MIKPOCKOIIIYHOMY piBHI Ta aHaJi3yBaTH B3a€MOJII0 OKPEMHX
yactiHOK. lleit Meron € edexkTHBHUM aJsl JOCTIIDKEHHS TeTepPOTeHHUX
KaTaji3aTopiB Ta BUKOPHCTOBYETHCS B PI3HUX OOJIACTSAX HAYKH Ta TEXHIKH,
BKJTIOYAIOYH KaTalli3 Ta MaTepialo3HaBCTBO.

VY 1iif poOOTI MM MOJENIOEMO KaTajli3aTop Ta po3poOJIiEMO METOJ
pO3paxyHKy TeTepOrCHHUX KaTali3aTOpiB  €K30TCPMIYHHMX  pPEaKIliil.
Bu3HavaeThCs KaTaJTiTHYHA aKTUBHICTh TETEPOreHHUX HAaHOKATalli3aTOPiB B
3aJISKHOCTI BiJl pO3Mipy MeTaleBUX HaHOKIACTEPIiB Ta ix KoH(pirypamii Ha
TIOBEPXHI HOCIs, @ TAKOX BiJ] 30BHIIIHIX ITapaMeTpiB, TAKUX SIK TEMIIEpaTypa
Ta KOHIIEHTPAIIisl PEareHTiB.

Po3pobnenmii  METOA pPO3paxyHKYy TETEpOTEHHHX KaTali3aTopiB
eK30TepMIYHMNX peaKmii Moxke OyTH BUKOPHUCTAHWN ISl MPOTHO3YBAHHS
nu3aiiHy. lle Moxe OyTH KOPUCHO TIpH CTBOPEHHI HOBUX ©(EKTHBHHX
KaTai3aTopiB IS PI3HUX MPOMHUCIIOBHX Ta HAYKOBHX 3aCTOCYBaHb, TAKUX SIK
CHHTE3 BAXJIMBUX XIMIYHMX PEarcHTiB, OUMILIECHHS BOJM Ta MOBITPS BiJ
3a0pyAHEHB, a00 BUPOOHUIITBO BOTHIO [l 30€piraHHs CHEPTii.

JOCIIITKEHHSI BUKOPUCTAHHSA AJITOPUTMIB OBPOBKHN

MPAPOJHOI MOBH Y HAIIMCAHHI JIABOPATOPHUX 3BITIB

B.A. Tlokizis, ct. rp. 3-18-BT, A.B. I'paskin, mo1., kKaua. ¢i3.-MaT. HayK,
JABH3 «ITTVY»

Generative Pre-trained Transformers (GPT) — ue kmac mopeneit
MaIllMHHOTO HABUYaHHs, SKi PEBOJIOLIOHI3yBaIM 3aBIaHHA OOpOOKH
mpupoxnoi moBu (Natural Language Processing, NLP), taki sik reHeparis
TEKCTY, pe3toMyBaHHs Ta nepekian. Hemomxasuo GPT 3Haiinum cBiit muisix
JI0 aKaJeMIyHOTO CBIiTYy, J€ BOHM BUKOPHUCTOBYIOTHCS IJISi JIOTIOMOTH Y
HaIMcaHHI Jab0paTOPHUX 3BITIB CTYAEHTIB.

JlabopaTopHi 3BiTH € BaXJIMBOIO YaCTHHOIO OCBITHBOTO IPOLECY, €
CTYICHTH TIOBHHHI HE TUIBKM OTPUMATH KOHKPETHI HAaBHYKH B XOII
BHKOHAHHS HABEJCHOTO CITUCKY 3aBlIaHb aine i cQopMyiroBaTH CBOI
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BUCHOBKH Ta ITOSICHUTH METOJI0JIOTi0, BHKOPHUCTAHY B IXHIX €KCIIEpUMEHTaX.
Hanmcanns nmabopatopHoro 3BiTy Moxe OyTH CKJIQJIHUM Ta TPYIOMICTKHM
3apgaHHsAM. Opgnak GPT Moxyrs OyTn HEHMOBIPHO KOPHCHMMH JUIS
OIITHMI3alli] MPOoLeCy HAllMCaHHs, CTBOPIOIOYH TEKCT, SIKMH € SIK FPaMaTHIHO
MIPaBIIIBHUM, TaK 1 HAyKOBO TOYHHM.

3a momomororo GPT cTymeHTH MOXYTh BBOIUTH CBOI IaHi Ta
OUiKyBaHI BUCHOBKH (CIIHPAOYNCh Ha CIIHCOK 3aBJaHb Ta TEMy POOOTH), a
MOJIENh MOKE T€HEpyBaTH MOCTIIOBHUNA 1 HAYKOBO TOYHHUI JTabopaTOpHUI
3BiT. I1OTiM cTBOpEeHHI TEKCT MOKHA BUKOPHCTOBYBATH AK BiIIPaBHY TOUKY
JUISl yTOUYHEHHS Ta pelaryBaHHsI 3BITY Ha CBiil cMak. Lle 1o3BoIsie cTyaeHTam
OisIbIIIe 30CEPEIUTHCS HA CBOIX MPHKIAIHUX HAaBUYKaX (KOIyBaHHI, TOIIO)
Ta aHaJi31 JaHUX, a He BUTPAYaTH 3HaYHy KUIBKICTh 4acy Ha (hOpMYITIOBaHHS
BIJIIIOBIiIEH ¥ 3BITI.

Bukopucranuss GPT B akagemiyHOMy mHcbMi He Tmo30aBiieHe
ripo6iem. OJTHUM i3 TOJIOBHHX IIUTaHb € 3a0€3MeUeHHs TOT0, 1100 CTBOPEHHH
TeKCT OyB HAyKOBO TOYHHMM 1 BIJIbHUM BiJ MOMmIOK. CTyZeHTH MOBHHHI
I00pe pO3yMITH HayKOBi KOHIIETIIii, SIKi MIiCTATBCS B iXHIX JJaOOPaTOPHIX
3BiTaX, MO0 BOHM MOIJIM IIEPEKOHATUCS, IO 3TEHEPOBaHMI TEKCT
npaBuiIbHUNA. KpiMm TOTO, CTYZIeHTH MOBHHHI 3HATH ITpo oOmeskeHHs GPT, ski
BOHH BUKOPUCTOBYIOTb, OCKUTBKHY Pi3HI MOJIENi MOXKYTh MaTH pi3Hi CHIIBbHI Ta
c1abKi CTOPOHHU.

[TincymoByroun, MoxHa ckazaTd, wmo Bukopucranus GPT B
aKaJeMIYHKUX MUCHMOBHX POOOTaX, 30KpeMa 3BiTax 3 J1abopaToOpHUX poOiT, €
NEepPCIEKTUBHUM HANPSMKOM, SKUH MOXE 3a0INaJIMTH Yac CTYJEHTIB i
MiJBUIIMTH SIKICTh 1XHBOI poOoTH. BuxopucroBytoun GPT, cryseHTn
MOXYTh 30CEPEUTUCS Ha 3aCBOEHHI HAyKOBUX KOHICIIIH Ta OTpUMaHHI
MIPUKJIAJJHAX HaBUYOK, ONTUMI3YIOYM BUTPATH Yacy Ha HalMCaHHS SIK TaKe.
OnHak Hag3BUYAMHO BAXIIMBO, 00 CTYJEHTH YCBiIOMIIIOBAIN OOMEXCHHS
MoJIeNiel, SKi BOHM BHKOPHUCTOBYIOTH, 1 TIEPEKOHAJIHCS, 110 3reHepOBaHUN
TEKCT € HAyKOBO TOYHHUM. 3 MPOAOBXKEHHAM po3BUTKY GPT mu Moxemo
OYiKyBaTH OUTBII iIHHOBAIIITHOTO BUKOPUCTAHHS Ili€1 TEXHOJOTIi B OCBITI Ta
3a ii Mexamu.

PO3SIIUPEHA AHAJIITUKA AJISA PUHKY MOBIJIBHUX
JOIJATKIB: JAHI YACOBUX PAIIB TA NIAXIA I''IMBOKOT'O
HABYAHHSI
A.P. Cariznu, ct. rp. BT-19, I.B. I'paskiH, g01l., Kaua. ¢i3.-MaT. HayK,
JABH3 «ITTVY»

PuHOK MOOUTBHUX JIONATKIB — 1€ JKOPCTKA KOHKYPEHIlSA 3
MITbHOHAMH JOJATKIB, SKi 3MararoThCsi 3a yBary KopuctyBadiB. II[o0
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OTpUMATH KOHKYPEHTHY TIiepeBary, po3poOHHMKaM 1 MapKerosioram
HEOOXi/IHO BHUKOPHCTOBYBATH II€PEIOBI METOAM aHAIITHKH, 100 Kparie
3pO3YMITH MOBEIIHKY Ta BIOJO0AHHS KOPUCTYBAYiB.

Y  mpexacraBieHiii poOOTI BHKOPHCTOBYIOTHCS — HaliCydacHimIi
MPOTHOCTHYHI MOJAET Ml TependadeHHs KiTbKOCTI  3aBaHTaXEHb
KOpPHCTYBaYiB, IIPOTHO3YBaHHS OIIIHOK KOPHCTYBa4iB Ta BHUSBICHHA
TeHACHLII Ha pUHKY MOOLTEHHX oAaTKiB. Hampukiian, Mu BAKOPUCTOBYEMO
mozmenb ARIMA (Autoregressive Integrated Moving Average) mis
MPOTHO3YBAaHHS KIUTBKOCTI 3aBaHTaKEHb [OJaTKa HAa OCHOBI MOIEPEIHIX
3Ha4YeHb. L[ Moiens 103B0oIIsiE pO3POOHUKAM TOIATKIB Iepea0aunTH, SKi IHI
TYDKHSI Ta TIOpU JHS HaWO1IbLI NOMYJISIPHI YIS 3aBaHTaKeHb Ta PEKJIAMHHUX
KaMITaHii.

Kpim Toro, Mm BHKOPHCTOBYEMO TJHOOKI HEHpPOHHI Mepexi uis
MIPOTHO3YBAHHS OIIHOK Ta BiATyKIB KOPUCTYBa4iB Ha OCHOBI ICTOPUYHHX
JIAaHUX Ta 30BHINIHIX (akTopiB. Hampukian, My BHKOPHCTOBYEMO MOJEINb
LSTM (Long Short-Term Memory) s mnepeabadeHHsT —OLIHOK
KopuctyBauiB. Ll Momens 3a0e3medye MOXKIUBICTH  BPaxOBYBaTH
JIOBIOTPHBAJII 3aJI)KHOCTI B YacOBUX psjaX Ta CHPHUsE IOKPAIICHHIO
TOYHOCTI IepeadavueHb.

KpiM TOrO, MH BHKOPHCTOBYEMO QITOPHUTMH KIacTepu3amii Ta
acOIIaTHBHOTO aHAJI3y LIS BUABIICHHS MMAaTEPHIB Ta TCHACHIIN y TTOBEMIHII
KOpPHUCTYBayiB Ta Ha puHKYy. Hanpuknan, Mu BUKOPHCTOBYeMO anroputM K-
Means mjisi TpymyBaHHS KOPHCTYyBauiB 3a iXHIMH YHOJOOAHHSMH Ta
noseainkoro. Lleit miaxia 1o3Bonse po3poOHUKaM JOAATKIB BUSIBUTH IPYITH
KOPHUCTYBaYiB Ta 3[IICHUTH MEPCOHANI3AIIIO0 TPOLYKTY ISl KOXKHOI TPYIIH.

Y poboTi Takok pPO3pOOJCHO METON BHU3HAUCHHS KITHOYOBHX
(axTopiB, SKi BIUIMBAIOTh HAa TaK 3BaHE «BaJyYeHHS Ta YTPUMaHHS.
AHani3yloun BiI'yKH KOPUCTYBadiB, MU BUKOPHCTOBYEMO METOAM 0OpOoOKH
MIPUPOTHOI MOBH, IIOO BUSIBUTH 3arajibHi TeMH Ta cepH, sKi MoTpiOHO
BJJOCKOHAJIUTH, IO J03BOJISIE PO3POOHMKAM NPHUHAMATH PIlICHHS HAa OCHOBI
JMAHWUX JUTST OTITUMI3AIlil IPOrpaMy Ta KPaIioro 3arydeHHs] KOPHCTYBadiB.

Hamr miznxin 1o aHanizy MOOUTFHUX JOAATKIB € OUTBI ETATHHUM, HiXK
TpagUIifHUN aHai3 pPUHKY, OCKUIBKH MH 30CEpeKYyeEMOCh Ha
IHANBITya bHUX MOZEISX BUKOPHUCTAaHHA NOJATKIB 1 moBexinmi. Leit piBeHnb
JeTani3arii Haae OUThII MPaKTHYHY iH(QOPMAIIIIO Ta T03BOJISE PO3POOHUKAM
JOAATKIB 1 MapKeTojoraM HpUiMaTH OUIbII OOIPYHTOBaHI pIlIEHHS, LIO0
MPU3BEJIE /10 OUIBIIOrO YCIiXy HA PUHKY.

3arajgoM Hamle JOCIHIKEHHS MPOINOHYE KOMIUIEKCHMH WiIXiJ a0
300py 3HaHb 1 NMPOTHO3YBaHHS HAa PUHKY MOOUIBHHX JOJATKIB, HA/JAI0uU
MIPaKTUYHI pIMIEHHs, $Ki JO3BOJIIIOTH PO3POOHMKAM 1 MapKeTojoram
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JIOZIATKIB 3aJIMIIATHCS MOTIepey KOHKYPEHTIB 1 MOKpAllyBaTH B3aEMOJIIO 3
KOPHUCTYBa4eM.

MONTE CARLO MODELING OF ION-STIMULATED
DESORPTION IN WIDE-GAP SAMPLES WITH NANODOTS
M.O. Tarazanov, st. of the VT-19, D.V. Grankin, Assoc. Prof., PhD,

SHEI «PSTU»

The Monte Carlo method is a powerful computational technique that
can be used to simulate complex physical systems, including chemical
reactions on surfaces. In a recent study, we used the Monte Carlo method to
model the relaxation processes of vibrational energy and study the effect of
relaxation processes that occur via the electronic channel on the rate of ion-
stimulated desorption from the surface of wide-gap samples with a system of
electron traps and metal nanodots.

Chemical reactions on surfaces can involve the generation of
vibrationally excited molecules and reactive particles, such as atoms or
radicals. The rate of ion-stimulated desorption, or the release of particles from
the surface due to ion bombardment, can be affected by the occurrence of
these chemical reactions. A nonequilibrium vibrational state arising from an
ionic impact or reaction then relaxes, giving off excess energy through
various channels (the process of accommaodation).

In the research we developed a Monte Carlo model of the relaxation
processes and used it to simulate the behavior of the system. The results of
the simulation showed that the relaxation of vibrationally excited states
arising in the reaction and upon ion impact on the admolecule occurs at
nanodots via the electronic channel at a rate several orders of magnitude
higher than via the phonon one. This means that the relaxation of these
excited states occurs more quickly through the electronic channel than
through the phonon channel, which involves the transfer of energy via
vibrations in the lattice of the material. There is also a concentration gradient
of vibrationally excited states directed from the nanodot, which leads to the
flow of matter and heat of reaction to the nanodot. This leads to an increase
in the relaxation rate of vibrationally excited molecules and a decrease in the
rate of nonequilibrium ion-stimulated desorption.

These findings are significant as they show that the presence of
electron traps and nanosized metal clusters on a surface can affect the
relaxation rate of vibration excitations on the surface and the rate of the ion-
stimulated desorption and radiation resistance of the samples. The Monte
Carlo method is a powerful tool for simulating such systems, as it allows
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researchers to model the behavior of individual particles in a system over
time, and gain insights into the dynamics of chemical reactions on surfaces.

Overall, this study demonstrates the potential of the Monte Carlo
method in simulating complex physical systems, and in this case, how it can
be applied to study chemical reactions on surfaces. By using the Monte Carlo
method to simulate these processes, we can gain insights that would be
difficult or impossible to obtain using other computational methods. The
findings of this study could have important implications for the development
of new materials and surfaces with specific properties.

DEVELOPING A WEB APPLICATION FOR A COMPANY
SELLING DIGITAL TECHNOLOGY USING PHP/MYSQL/JS
STACK
A.R. Sahizly, st. of the VT-19, M.V. Grankin, Assistant Prof.,
SHEI «PSTU»

The benefits of online stores are undeniable. With the internet,
businesses can sell their products and services anywhere in the world.
Compared to traditional methods, online stores typically require lower
expenses for rent, employee salaries, and other costs associated with selling
goods. Clients can buy products and services at any time of the day, from the
comfort of their homes, and quickly compare prices to find the best deals.
Moreover, online businesses can increase their sales volumes by offering
their products and services online and attracting new customers through
internet marketing.

Creating a web application is a reasonable solution for any company
that sells digital technology. The purpose of this project is to develop a web
application that allows users to choose and order products while allowing the
administrator to manage the products and orders efficiently.

To accomplish this, we have used popular technologies like HTML
and CSS for creating the user interface, PHP and JavaScript for programming,
and MySQL for the database management system. These technologies offer
cross-platform compatibility, the ability to extend functionality and integrate
with other technologies, and are easy to use for developing web applications.

To ensure high-quality performance and security, we implemented the
following best practices:

1. Implementing user authentication to protect user data and prevent
unauthorized access to the application.

2. Using parameterized queries to prevent SQL injection attacks.

3. Regularly updating and backing up the database to prevent data
loss.
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4. Using HTTPS protocol to ensure secure communication between
the server and the client.

5. Optimizing the database queries to improve application
performance and reduce server load.

The web application allows users to view information about the
available products, select and add the desired items to the cart, receive
consultation, and place orders. The administrator can manage products,
orders, and users efficiently using the application's interface.

In conclusion, creating a web application for a company that sells
digital technology can significantly improve the sales volume, customer
satisfaction, and overall business efficiency. The use of the PHP/MySQL/JS
stack, along with the best practices mentioned above, ensures the
development of a secure, efficient, and user-friendly web application.

PO3POBKA CUCTEMM JJIs1 OBJIKY BPOHIOBAHHSI HOMEPIB
Y TOTEJI
A.B. Bynwoxina, ct. tp. [-20-BT, O.B. Kpuenko, n011., KaHa. TEXH. HAyK,
JBH3 «IIATY

[Inanytoun BnacHy MOAOPOX, HEOOXiMHO TMOAOATH PO BCi MOKIIHBI
IpiOHHUIAX, 00 3pOOHUTH MOI3IKYy MaKCHMAaIbHO KOM(OPTHOIO Ta IIKaBOIO.
Oco0J11Be 3HaueHHs Mae OpPOHIOBAHHS TOTEIBHUX HOMEPIB, B SIKOCTI rapaHTil
YCIIIIHOTO NepeOyBaHHs B TOTelNi. 3aBYacHe OPOHIOBAHHS I'OTEJIO CTa€ HE
YUM IHIIUM, SIK HaWOUIbII BHPA3HUM 1 )KUBHM J0Ka30M MOXKJIHMBOCTI OyTH
MOBHICTIO BIIEBHEHUM Yy TOMY, LIO IO MpPHi3ay TrocTed He OynyTh
TiICTepiraTy HisKi TPYAHOLII | HEMPHUEMHOCTI. AJIXKe caMe Jjax HaJl TOJIOBOI0
Ma€ MakcUMallbHe 3HaYCHHS.

VY roreni mporec 0OOCITyroByBaHHSI TOCTEH ITOYMHAETHCS came 3
OpOHIOBaHHS, MiJ SIKUM PO3YMIETHCS MOMNEPETHE 3aMOBJIECHHS MicCIb 1
HOMepiB. DyHKIIT OpOHIOBaHHS 3AIMCHIOIOTH a00 MEHEKEePH BIIILTY
OpOHIOBaHHS TOTENI0, 200 Oe3mocepeHbO CITyk0a MPUHOMY 1 PO3MITIIEHHS
rocteif. Sk mpaBmio, TypHCT 4 Oi3HECMEH, SKHA HE XO04Ye CTHKATHUCS 3
TPYAHOIAMH HalilMy THMYaCOBOTO XKHTIa, 00OB'SI3KOBO 3B'SDKETHCS 3 TAKOIO
cnyk00t0 1 TmomacTp 3asfBKy Ha OpOHIOBaHHA Micug abo HOMepH.
[Iporpamanii MOIyNb, CTBOPEHHH Ui BHUKOHAaHHS (yHKII OpOHIOBaHHS
TOTENbHUX MICIlb, MpAaLIOE B peXuUMi "miATBeppKeHHs/BiaMoBa" 3
NPUB'SI3KOI0 JI0 Yacy B paMKax 3arajbHOi CUCTEMH OpOHIOBaHHS rOTENLHOT
JaHIora abo aBTOHOMHOI poOOTH. ICHye Kilbka THIIIB OpOHIOBaHHS:
rapaHToBaHe  OpOHIOBaHHS,  HETapaHTOBaHWH  OpOHIOBaHHSA  Ta
cBepXxOpoHipoBaHie (Tiepepe3epBipoBaHie).
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s BupimieHHs TpoOJIeMu He3aTpeOyBaHOCTI TOTEN0 MOTPIOHO
CTBOPUTH (QYHKIIOHAJIbHUK web-caiit, sxuii Oyne BucTymaTh y poii
MIPOMIXKHOIO JIAHKOIO y CITUIKYBaHHI MK KJIIEHTOM Ta MEPCOHAJIOM TOTEIIIO,
TUM CaMHM BIITYKH KJIEHTIB IO TOTeNb y OLIBLIOCTI BHUIAAKIB CTAalOTh
HaHOLIBII BILIMBOBUM (DaKTOPOM y BUOOPI TOTO, UM 1HIIOTO TOTEITIO.

CrBopenHst web-cuctemu OpOHIOBAaHHS B sIKi MOXKHa Oyze BKa3aTh
yCi TACHOpPTHI [MaHHI, AONOMOXKE CKOPOTHTH 3aTpaTH 4Yacy KI€HTa Ta
MIEPCOHAY TOTEI0, TaK SK MO MPHOYTTIO KIIieHTa OyAe MOCTaTHBO TUTBKU
3BipUTH JAOKYMEHT, IO MiATBEPPKye O0COOYy Ta BHIATH KITIOY BiJ HOMEpY.
OTxe, mo06 npencTaBuTH GyHKIIOHAT Web-caiiTy MOKHA BUIUINTH HACTYTIHI
NPOLIECH: * MpOLEC TOIIYKy HOMepy, MpOIec 3IiHCHEHHs OpOHIOBaHHS;
npolec NnepeBipku OPOHIOBAHHSI.

Ha croroaHimuii 1eHs Maike KO)KEH TOTelIb Ma€ ¢Bill BeO-caiiT. Yci
BOHM YHIKaNbHI, SK 1 iHTepdeHcoM, Tak 1 (YHKIIOHAJIOM Ta 3HAYHO
CrpomyroTh poboty. Tox po3poOka BIACHOTO MOJATKY € aKTyaJbHOIO 1
3aTpeOyBaHOIO 3aa4clo.

JNOCJIIKEHHS BAKOPUCTAHHSA IHTEPHET-TEXHOJIOI'TA
HA ITIPUKJIAJII CAUTY KAPTHHHOI TAJIEPEI «COMME IL
FAUT PROJECT»

O.B. KpuBenko, 1011., KaHA. TEXH. HAyK,
€.B. lllunkapenko, ct. rp. [-20-BT, IBH3 «ITATY»

Kaprunni ranepei — 1e BeO-pecypcH, sSKi HaJalOTh MOXIHUBICTH
MOJMBUTHCS Ta OLIHUTH XYAOXKHI TBOPH DI3HHUX KaHPIB Ta HAIPSIMKIB.
lanepei ninsTbes Ha Aep)KaBHI Ta NPUBATHI, MAIOTh O€311iY PI3HUX THIIIB,
BKJIIOYAIOYM BIPTyalbHI rayiepei, rajepei peajbHOro 4Yacy Ta rajiepei,
TIpezicTaBIIeH] Ha caiiTax My3eiB. KokeH THIT Mae cBOT iepeBary Ta HeJIOIKH,
i BUOIp KOHKPETHOTO THILy 3QJICKWTH BiJ LIEH Ta MOTpeO KOHKPETHOTO
TIPOCKTY.

Po3pobnena ranepes kaptur «Comme il faut project» € mpuBaTHOIO
OHJIAH{H Tallepecro, HALICHOI Ha IIPOCYBaHHSA CYYacHOTO MHCTEITBA,
3afiMaeThCs IEMOHCTpALIi€l0 Ta MPOAAXOM KapTuH. ['anepes cmiBpamoe 3
pi3HUMH XyIOXKHUKaMH. Il CHiBOpami 3 rajepecro XyAO0KHUK ITOBHHEH
npoiitu ciiBOeciay Ta 0pOpPMHUTH JOTOBID, SIKKil Mae opuauuHy cuiy. [licus
9YOro BiH MOXE MPUIMATH 3aMOBJICHHS BiJ KIIEHTIB 4Yepe3 MEHeIKepa
«Comme il faut project».

[Tepconan ranepei ckiamaeTbcs 3 MEHEpKepa Ta aJMiHiCTpaTopa.
Menemxep 3aiiMaeTscsi O(OPMIICHHSM 3aMOBJIEHb KOPHCTyBadiB 1 ix
KOHCYJIbTYBaHHSM, II€peJae 3aMOBICHHS BiJl KIIEHTIB JI0 XYIIOXXHHKIB.
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AMiHICTPATOp BiIIOBIA€ 3a PaIe3aTHICTh, HATOBHEHHS 1 pEKJIaMyBaHHS
caifry.

Mertonuka po3B's3aHHs 3a7adi MpH po3poOIi ranepei BKIIOYAE Taki
IiAXOM: TIPOEKTYBaHHS Bi3yaJIbHUX MOEJIEH MPOTrpaMHOro 3a0e3rnedeHHs 3
BukopuctanHaM TexHonorii UML ta CASE-iHcTpyMeHTiB; po3pobka BeO-
CaliTy Ta CTBOPEHHs IU3aiiHy iHTep(elciB KOPUCTyBaya i3 3aCTOCYBaHHIM
MIPOTpaMHOTO iHCTpYMeHTY Figma; 3acTocyBaHHS TEXHOJIOTiH pO3pOOKH BEO-
3aCTOCYHKIiB Ha OCHOBI OO0'€KTHO-OPi€HTOBAaHOTO IPOTpaMyBaHHI 3
BUKOPHCTaHHAM CTaHIAPTHUX MOB po3MiTku BebO-ctopiHok HTML,
Kackagaux Tabmuie cruitie CSS, cepsepHoi MoBH nporpamyBanas PHP s
00pOOKM JIMHAMIYHOI'O KOHTEHTY, & TaKO)X CHUCTEMH YIPaBIiHHS 0a3aMu
naanx MySQL nnst 30epiranHHs Ta oOpoOku iH(opMallii; BUKOPUCTAHHS
iHcTpyMeHTY phpMyAdmin it aqMiHICTpYBaHHS Ta YIpaBIiHHA 0azamu
naanx MySQL; TexHomorii HanamTyBaHHS Ta TECTYBaHHS BEO-IIPOEKTIB i3
3aCTOCYBaHHSIM IIOPTaTUBHOTO JIOKAJILHOTO cepBepa OpenServer, mio
niarpumye pobory 3 PHP ta MySQL.

Pesynbratom 1iei poboTH € BeO-IONATOK IS KapTUHHOI rajepei
«Comme il faut project», Merorw SKOrO € HaJaHHS MOXXJIHBOCTI
KOpHCTyBadaM O3HAHOMHUTHCS 3 TBOPYICTIO XYIOXXHHKIB, IPUAOATH TBOPHU
MHUCTENTBA Ta OpaTH y4acTh B ayKIiOHaX 3 MPOHaxy KapTHH. Beb-caift
ranepei BOJIOIi€ 3pYYHMM 1 THYYKO HAJAIITOBAHUM TIEPETIISIIOM 300pakeHb
KapTUH, IHTYITHBHO 3pO3YMUIMM iHTep(eiicoM KOpUCTyBa4ya, BHCOKOIO
HIBUIKICTIO POOOTH, aIalTUBHICTIO IS MOOUTEHUX MTPUCTPOIB, MOXKITHBICTIO
peectpanii KOpUCTyBauiB 1 (YHKI[IOHAJIOM oOpraHizaiii ayKI[OHIB Jyisi
nponaxy kaptuH. Kpim toro, Oynam po3poOsieHi maHemi KepyBaHHS JUIst
MEHeJpKepa Ta aAMiHICTpaTopa, sKi 3a0e3nedyroTh e(DEeKTHBHE KEepyBaHHS
KOHTEHTOM Ta (YHKIISIMU CalTy.

PO3POBKA JOJATKY AJIs1 ABTOMATHYHOI O IIABOPY
JIIOAEM N/ CIIJIKYBAHHS 3A JIOIIOMOI'OIO PI3HUX
OLJIBTPIB Y MEPEXKI TEJET'PAM
O.B. Kpusenko, J011., kKaH1. TexH. Hayk, A.C. A6pamos, ct. rp. BT-19,
JABH3 «ITITY»

Jltogu Bce OibIlie BUKOPHCTOBYIOTh MECEHDKEPH IS CIUIKYBaHHS,
aJie 9acTo 1M BaXKKO 3HAWTH BiAOBITHHUX CIIIBPO3MOBHHKIB, OCOOIUBO SKIIIO
BOHHM WIYKAIOTh JIIOJIEH 3 NMEBHUMHM IHTepecaMH 4Yd NeBHOI reorpadiqnoi
obnacTi.

IcHyrO0TH IpOTpaMu /1j1st 3HAHOMCTB, ajie BOHM He 3aBXIU e()eKTHBHI,
a TaKO’XX BIJICYTHI pillleHHs], 1o 6a3yroThcs Ha Telegram i peanizoBaHi MOBOIO
Python 3 BuKopucTanHsIM 06231 1aHHX.
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OpnuM i3 Garathox Jkepen € "Python mis mpodecionanis" aBropa
IMona I'pema, ne po3risgaeTbesi CTBOpEHHS 4ar-00TiB Ha Python 3
BuKopHcTaHHsAM pyTelegramBotAPI.

Mera pobot — po3poOka mnporpamu Ha MoBi Python 3
BHUKOpHCcTaHHAM Oi0miorekn pyTelegramBotAPI Ta 6a3n nannx MySQL s
aBTOMATHYHOTO IMiA00pY Jroei 1uist ciinKyBaHHA B Telegram 3a nonomororo
pi3HUX (QIIBTPIB.

Onmc (yHKIIOHAIBHOCTI TPOTpaMU: KOPUCTYyBad 3MOXKE BHOpaTu
oro Kkareropii QimeTpiB (HampuKian, BiK, cTaTh, reorpadidHe
po3TamIyBaHHS) 1 OTPHMYBAaTH CHHCOK BiATIOBIAHUX KOHTAKTiB I
cninkyBaHHsa. J{nst peamizauii ¢yHkuioHany OyayTh BHKOPHUCTOBYBATHCS
MeTonu Ta MoOXIHMBOCTI OiOmiorekn pyTelegramBotAPI ta 0a3su maHux
MySQL nns 30epiranss Ta 00pOoOKH TaHUX.

[Iporpama 3acHoBana Ha Telegram API i BUKOpPHUCTOBYE alropuT™Mu
MAaIIMHHOT'O HaBYaHHS JJISl aBTOMAaTHYHOTO MMiI00py CIiBpO3MOBHHUKIB. [Ii1st
30epiraHHs Ta OOpOOKHM ITaHMX BHKOPUCTOBYEThCS 0Oa3a manmx MySQL.
Buxopucrani moxmBocti Python mist oOpoOku maHWX, CTBOPECHHS
inTepdeiicy kopuctyBada i podoTH 3 623010 JAHUX.

JlomaTok 103BOJIsIE KOPUCTYBadaM MIBUIKO Ta €(PEKTUBHO 3HAXOIUTH
BIJIMOBITHIX CITIBPO3MOBHHKIB 32 JOMOMOTOI0 (iNBTPIB, IPYHTYIOUHCH HA
iXHIX iHTepecax Ta reorpaidYHOMY pO3TallyBaHHI. BuUkopucTaHHS 06a3m
nmarnx MySQL mo3BoJsie 30epiratd BeauKi 00CATH JaHUX Ta 00pOOJISITH 1X
HIBUAKO.

Omxke, po3pobieHa TporpamMa 3HAYHO MOJETHIMTh  MOIIYK
BIJMOBIAHMX cHiBpo3MOBHMKIB y Telegram Ta mokpammre SIKiCTh
CHIJIKYBaHHS ~KOPHCTYBadiB, OCOOJHMBO B MiCISX, Ji¢ JOCTYIHICTh
CIIBPO3MOBHUKIB OOMEKEHa.

PO3POBKA BEB/IOJATKY ATEHCTBA HAJIAHHSI
PEKITAMHUX MOCJYT JJIs1 YYACHUKIB FORMULA 1
O.B. KpuseHko, J011., kaH1. TexH. Hayk, JI.O. Bapsincekuii, ct. rp. BT-19,
JABH3 «ITTVY»

Y cydacHOMY CBITi peKiiaMa cTaja HeBiJ €MHOIO YaCTHHOIO JIIJIOBOTO
CBiTYy, ocoOmMBO y crHopTuBHIA immyctpil. Formulal - omme 3
HaWUTNOMYJSIPHIINX 1 HAMKOHKYPEHTHIIINX CIIOPTUBHUX 3MaraHb y CBiTi. 3i
3pOCTaHHSIM HOTO TMOIYJIIPHOCTI 301TBIIMBCS MMOMHUT Ha PEKIaMHi TOCIYyTH
Juts yaacHukis Formula 1.

IcHyrOoul cucTeMH Ta IHCTPYMEHTH, II0 BUKOPHCTOBYIOTHCS IIMMH
areHTCTBaMH, HE B IOBHiil Mipl BiANOBIZAalOTh BUMOTaM Ta 3allMTaM IXHiX
KIIEHTIB, 1[I0 NPU3BOAWTH A0 BTpaTd MOTEHLINHOro J0Xomy Ta
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HE3aJJ0BOJICHOCT] KJIIEHTIB. AT€HTCTBY NOTPiOEH HOBHI BEO-I0AATOK, KU
3MOKe €(EKTUBHO KEpyBaTH Ta OPIaHi30BYyBAaTH PEKJIAMHI KaMIaHii Ui
ixnix KmentiB Formulal, 3a0esmeuyroud mOpd  [bOMY  I[iKaBHii
KOPHCTYBAILKUHN JTOCBIJT JJIs IXHIX KIIIEHTIB.

OpnnnM i3 6ararsox mxepen € "Django and JavaScript: Build Modern
Web Applications" aBropa AHTOHIO Mene, ne po3TISIAETECA CTBOPESHHS
CaTiB.

Meta po3poOku — CTBOpeHHA BeO-CaliTy, SKWUH TO3BOJUTH
PEeKIIaMHOMY areHTCTBY IPOCYBaTH CBOi IociIyru ydacHukaMm Formula 1 Ta
3ally4aTy HOBUX KIIIEHTIB.

Onmc QyHKIIIOHATBHOCTI MTPOTpaMu: po3poOKa Cy4acHOTO, 3pyIHOTO
JUIA KOpUCTyBada caiTy, SKUH MpeacTaBise MOCIyry areHTcTBa. CalT mae
IHTYITHBHO 3pO3yMiJly CHCTeMY HaBiraiii, HeOOXiZIHy ()yHKIIOHaIBHICTh Ta
BI3yaJIbHO TNpPHBAaOIMBUN MakKeT, IO BimoOpakae cTWIb Ta arMmocdepy
Formula 1.

AyTteHTndikamis KOpUCTyBada: KOPHUCTyBadli IIOBHHHI MarTu
MOJJIUBICTH CTBOPIOBATH OOJIIKOBI 3aIIMCH Ta OE3IIEYHO BXOIUTH B JIOAATOK.

OtpumManHsa iHGOpMAIi: JOJATOK IOBHHEH HA/JaBaTH BUYCPITHY
iH(pOpMaIio Ipo pekIaMHe areHTCTBO Ta CEPBICH, SIKi BiH HaJae.

3aMOBJICHHS pEKJIAMHUX KaMITaHii: JOAAaTOK MOBHWHEH JO3BOJSTH
KOpPHCTYBayaM 3aMOBIISITH Ta KePyBaTH PEKJIAMHIMH KaMITaHIIMHU JUIsl CBOiX
yuacHukis Formula 1.

Bisyamizamis gaHux Ta 3BITHICTH: JOJAAaTOK IIOBUHCH HagaBaTh
KOpUCTYBauaM IHCTPYMEHTH Bidyaji3amii JaHMX Ta 3BITHOCTI st
BiZICTE)KEHHS €(DEKTUBHOCTI PEKIIAMHUX KaMIaHii.

OTxe, po3poOJieHUI BEO-I0JaTOK 3HAYHO TMOJICTIIUTH TOMIYK
pexnamonasitiB y chepi Formula 1.

PO3POEBKA BEBJOJIATKY JJISI KOMITAHIL 3 BATOTOBJEHHS
B3YTTA 3A IHAUBIAYAJBHUM 3AMOBJIEHHAM
0O.B. Kpusenko, fo11., kauj. TexH. Hayk, B.C. I'yptoBwii, ct. rp. BT-19,
JABH3 «ITTVY»

B cywacHOMy cBiTi iHTEpHET € HEBiI'€MHOI0 YACTHHOKO HAIIOTO
*utTa. Lle 3pyunnii Ta mBHAKHI cmoci® po3p'sa3yBatu Oarato mpobiem,
BKIIIOYAIOYM MOKYNKY TOBapiB Ta nociyr. OpHi€r 3 TonoBHUX cdep, 1o
TIOIIMPIOETHLCS B IHTEPHETI, € €IEKTPOHHA KOMEPITisl. 3a TaHUMHU CTATUCTHKH,
00CSITH eNEeKTPOHHOI KOMEPLi 3pOCTal0Th KOXKEH PIK, TOMY € palioHaJIbHUM
po3BuBaTH chepy OHIANH-TOPriBii. B3yTTEBa MailCTEpHS HE € BUHATKOM.

Po3poOka BeO-momaTKy Ui B3yTTEBOT MaWCTEpHI € HaA3BUYANHO
Ba)XXJIMBUM 3aBJIaHHSAM, OCKUIBKHM II€ JJO3BOJIUTH PO3LIMPUTH ayJUTOPIIO Ta
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30UIbIIMTH 00CATM mpojaaxiB. BeO-momaTok uis B3yTTEBOi MalcTepHi
JIOTIOMOXKE JIETKO Ta 3pYYHO BHpIIyBaTH NMOTPEOM KIIIEHTIB B MOKYIII Ta
MIPOJIAXKy TOBApiB Ta MOCIYT.

Jns cTBopeHHs1 jponarky Oyno oOpaHo aist BHKopucTaHHs PHP-
¢petimBopk Laravel, sikuif moeqHamy 3 iHIMAMA (QperMBOpKaMU, TAKUMH SIK
Bootstrap ta 6a3oro nannx MySQL.

PHP € onmmiero 3 HalmOMyNMsApHIMAX MOB IPOTpaMyBaHHS U BeO-
po3poOKH Ta BHUKOPUCTOBYETHCS JJISI CTBOPEHHA BeO-IOAATKIB Ta CaMTiB
pisHOTO piBHS cKiamHOCTi. Laravel, 3 iHmoro 60Ky, € OZHUM 3 HaWOIIBII
MomyJApHUX  (ppedMBOpKIB T pO3poOKM  BeO-TOJATKiB Ha  MOBI
nporpamyBanHnsi PHP. PHP no3Bosisie po3poOHHKaM CTBOPIOBATH JTUHAMIYHI
BEO-CTOPIHKH, III0 J03BOJITE KOPHCTYBadaM B3a€EMOISTU 3 BeO-caldToM Ta
3IACHIOBATH Pi3HOMAHITHI Jii.

Laravel, B cBoro yepry, mpomoHye 3py4HHH Ta €(pEeKTHBHHI CrOCiO
PO3po0KH BeO-I0/1aTKiB, IO J03BOJISIE PO3POOHUKAM CTBOPIOBATH CKJIaHI
BeO-TOJTATKH 3 BEIMKOIO KUTBKICTIO (DYHKINH Ta MOXIHUBOCTEH. Yce me
JIO3BOJISIE IIBUIKO CTBOPHUTH HANIHHWNA Ta SIKiCHUH BeO-I0aTOK, KUl Oyme
3pYYHO Ta BUTITHO MiATPUMYBATH, ITOIIMPIOBATH Ta BUKOPUCTOBYBaTH. Kpim
TOTO, TI€ NT03BOJSE SPEKTHBHO BHKOPHUCTOBYBATH KOMIT IOTEPHI pecypcH,
3aBISKU YOMY DOJATOK OyJie 30aTHUM BUTPUMYBATH BEJIMKI HABAHTAXKCHHSI.

Hapasi maiictepHs Mo>ke 00pOOIIATH 3aMOBIICHHS HA PEMOHT, a TAKOXK
Hamae ycro HeoOXimHy iHdopMmariio mpo 1e. [Ipore BoHa Mae BelIWYEC3HUI
NOTEHIIaJ: Bil PEMOHTY HE TiJIbKU B3yTTI JIO MPO/I&XKY BIACHUX TOBapiB. Yce
e Moxe Oy/e MepeHECeHO Ha CaiT, 3aBAsIKH 4OMY BeO-IOJATOK 1 cama
MaicTepHsl 3MOKYTh B3a€EMOJIONIOBHIOBATH OJWH OJHOT'O IPOTSTOM yChOTO
icHyBaHHS Oi3Hecy.

PO3POBKA BEBAOJATKY JIJIsI JOITOMOI'A 3 MIOITYKOM
POBOTH I3 BAKOPUCTAHHSM ®PEMMBOPKY LAVAREL
0.B. Kpusenko, gom., kaua. TexH. Hayk, JI.E. Jkeminesa, ct. rp. BT-19,
JABH3 «ITTVY»

B crorogmimmHiii uWac momyk poOOTH CTa€ BCE CKIIAIHIIINM
3aBIAHHIM, OCOOJIMBO 3 ypaxyBaHHSAM BENHKOI KITBKOCTI KaHIWAATIB Ta
3pocratoyoi KoHKypeHmii. Came ToMmy, BeO-po3poOka Moxe OyTH myxe
KOPUCHUM IHCTPYMEHTOM Yy JOIOMO3i y MHOIIYKY poOOTH. 3aBIsKH BeO-
TEXHOJIOTISIM MOXKHa CTBOPHUTH BeO-caliTW Ta 0JAaTKH, SIKi CIIPOILYIOTh Ta
HPUCKOPIOIOTH ITPOIIEC MOIIYKY BaKaHCIH.

3arasnom, icHye 6araTo nporpaMHuX 3aco0iB JUIsl TOLIYKY poOOTH, SIKi
JIO3BOJISIFOTh KOPUCTYBadaM 3HAWTH BaKaHCIl BIMOBIMHO 1O iX moTped Ta
kBaiidikamii. BaxxnnBo BpaxoByBaTH pi3HOMaHITHI NOTpeON KOPHUCTYBauiB
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Ta BUOMpAaTH NPOrpaMHi 3aco0H, sKI HaWKpalle BiAMOBIAOTh IXHIM
norpedam. Jleski 3 1mux 3aco0iB MOXyTh OyTH CcIIeliali3oBaHUMH Ha
KOHKpPETHI ramysi, Taki sk IT abo mMemurmHa, TOAI SK iHINI MOXYTh MaTd
OLUTBIII 3araJbHUNA XapaKkTep.

OCHOBHOIO METOIO MPOEKTY € PO3poOKa BeO-TOJAaTKy VI MOIIYKY
poboty, sikuii Oyne 3a0e3nedyBaTd KOPUCTYBadaM 3pydHUil Ta e()eKTUBHUIHA
IHCTPYMEHT ISl ITOITYKY BaKaHCIH BiIOBITHO 110 1X MOTped Ta KBamiikarii.

Be6-nonaTok po3poOnenuii 3 BuKopuctanasaMm ¢peitmpopky Laravel
Ta MOB mporpamyBaHHA PHP, sxi 3abe3nedyrors mBUAKY Ta €(EKTUBHY
po3poOKy BeO-IOHaTKiB 3 HAAIKHOIO CHCTEMOIO OE3MeKH Ta MIMPOKIMH
MOITUBOCTSIMH.

Jlis nocsrHeHHs i€l MeTH 0yJ10 IOCTAaBJICHO HACTYIIHI 3a7ayi:

1. Po3pobutn 6a3y nanux aus 30epiranHs iHdopmanii mpo BakaHCii
Ta poOOTONABIIIB.

2. CtBoputu iHTEepdeiic I KOPUCTYBaUiB, IO JO3BOIUTH 3HAWTH
BaKaHCIi BIAMOBIIHO 10 iX moTped Ta KBamidikarii.

3. PeamizyBatm (yHKIIOHanm [UIs [OJaBaHHA Ta OHOBJICHHS
iHpopMamii npo BakaHcii Ta poOOTOAABIIIB.

4. 3abe3neynTH OE3MEKy MAaHWX Ta 3aXUCT BiJ HECAHKIIOHOBAHOTO
JOCTYITY 10 CHCTEMH.

5. IlpoTecTyBaTH CHCTEMy Ta BHUIIPABUTH ITOMIJIKH, SKIIO BOHH
BUSIBIISITHCS.

Takok Ba)JIMBUM €TarioM po3po0KH Oy/ie CTBOpEHHsI 0a3u TaHUX, SKa
Oyze 30epirati iH(pOpMaIIito PO KOPUCTYBAUiB, BakaHCIl Ta kommanii. Jljs
3a0e3neuyeHHss e(eKTUBHOI Ta WIBUAKOI poOoTH 0asu JaHMX MOXKHA
BukopucroByBaty peisuiiiHi CYB/], Taki sk MySQL a6o PostgreSQL.

OiHUM 3 KITFOUOBHX acleKTiB po3po0KH OyJie CTBOPEHHS 3pyYHOTO Ta
IHTYITHBHO 3po3yMisoro iHTepdeiicy kopuctyBada. Lle MoxxHa 3poOHUTH 32
JIOTIOMOT0I0 Cy4acHHUX (pEHMBOPKIB Uil po3poOKn (HPOHTEHIY, TaKHX SIK
React abo Angular. BaxxnuBo, mo6 iHTepdeiic 103BONISB KOPUCTyBadaM
JIETKO 3HaXOJHUTH Ta NeperisiIaTH BaKaHCii, a TAKOXK 3a0e3nedyBaB 3pyyHuUit
croci6 3B'SI3Ky 3 pOOOTOIABIEM.

Jis po3poOKy HAMO1IBIT ONTHMAIBHOI MOJEIUTIO € THYYKa MOJEb,
OCKUIBKM BOHA JO3BOJIIE BHKOHYBAaTH POOOTY 3a CHPHUHTAMH 1 IIBHIKO
aJanTyBaTHUCS A0 3MiH y BHUMOrax abo BHpimIyBaTH mpobiIeMu, II0
BUHMKAIOTh MiJ 4ac po3poOku. Llei migxix 3abe3neuye NpoekTy 3HAYHUIA
piBeHb CTIHKOCTI, HaBiTh Yy BHINAAKy BHHUKHEHHs IpoOieM mij dvac
pO3pOOKH, OCKUIbKM TMporpaMHe 3a0e3Me4YeHHs MOXKE IMPOJAOBKYBATH
(YHKIIIOHYBaTH.
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Junst nonaBanHs naHux y Gopmy HeoOXiJHa peecTpallisi KOpUCTyBaya.
Jns GesnevyHoi BiANpPaBKH JaHWX, BUKOPHCTOBYIOTHCS KiIbKAa MEXaHI3MiB
3aXHCTYy JIaHHX, a CaMe:

1) IudpysaHHs HaHUX € BaXIUBOK MPAKTUKOK IJIsi 3MEHIICHHS
PHU3UKY TOCTYITy TPETiX 0ci0 10 BaxkmBO1 iH(popMAItii.

2) Bamigamisi gaHuX € MPOLECOM MEPEBIPKH BBEJCHHUX IaHUX HA
BaJITHICTh Ta KOPEKTHICTH Mepe 30epekeHHIM y 0a3y TaHuX.

3) 3axwucr Bix SQL-iH'exIIiii € BaXKIIMBUM JUTS 3aXHUCTy 6a3 TaHUX Bil
3JI0BMHCHUKIB, SKi MOXYTh BCTABIIATH IIKIIUIMBHI KOJ Yy 3amuT 10 0Oasu
JaHMX.

4) Kpocc-caiiT BKIIOUAOTH HAOIp TPaBuII, SKi BKa3yOTh Opaysepy,
SIKi JpKepelia KOHTEHTY MOXYTh OyTH BUKOPHUCTaHI Ha CTOPIHII.

5) Ayrentudikaimis Ta aBTOpHU3aAllis € KIOYOBHUMH €TalaMu Yy
3a0e3neueHHi Oe3nekn BeO-101aTKiB. AyTeHTH(DIKaIs [oJsrae y nepesipii
ineHTH(ikaTOpa Ta TMApoisl KOPHUCTyBaya JUIs BH3HAYCHHS HOro
1IEHTUYHOCTI.

6) XemryBaHHS MApOJIB € BAXIMUBUM €TAalloM Yy 3abe3rnedyeHHi
Oe3reky BeO-7OAATKiB. XeIIyBaHHA NONATae y IEPETBOPEHHI Mapoist
KOpHCTyBada Ha XeII-3HA4YeHHS, ske 30epiraeTecs y 0a3i JaHUX 3aMicTh
CaMoro napouis.

Takum guHOM y B/l 30epiratoTecs Taki mami: iM’si KopucTtyBaua, E-
mail, maposb, miATBepAKEHHS €IeKTPOHHOT MOIITH.

TakuM 4MHOM, KOPUCTYIOUYHCH MPOrPAMHUMH 3aCO00aMH ISl TIOITYKY
po0OTH, BaKJIMBO TAKOXK IMPAIIOBATH HAJ PO3BHUTKOM CBO€i KBamidikarii,
IiIBUIIEHHAM PiBHS MPOQeciiHOT KOMIIETEHTHOCTI, PO3IIMPEHHIM Mepexi
KOHTAKTIB Ta TOMNIYKY HOBHUX MOXIUBOCTEH. TUThKU KOMIUICKCHHMA ITiXi]
MOJXKe 3a0e3MeYnTH YCHIIHUH IMOIIYK poOOTH Ta MONAIBIINI PO3BUTOK
Kap'epu.

PO3POBKA BEBAOJATKY JIJISI ®1IPMU 3 PEMOHTY
IHOBYTOBUX MAIIIWH I ITPUJIAAIB
O.B. KpuBenko, 1011., kKauz. TexH. Hayk, A.Il. Kopa6mnin, ct. rp. BT-19,
JABH3 «ITITY»

Y HUHINHIA CUTYyalii, KOJM JIOAN 3aBXAH KyAWUCH ITOCIHIIIAOTh,
HECIIPaBHUM IPUIIAJ MOKE CIIPUYMHMUTU Macy He3pydHocreil. ToMmy nyxe
BOXJIMBO OTPUMATH CBOEYACHO TIOCIHYTM KOMIIaHil, sika 3aiiMaeTbcs
PEMOHTOM TTOOYTOBHX MAIIMH 1 IPHUIALIB.

CrenianicTy, SIKi IPaIoOOTh y Liil ramysi, HOTpeOyroTh HOETHAHHS
TEXHIYHUX 3HaHb, HABMUYOK BUPIILICHHS ITPo0IeM 1 HABUYOK 00CITyTOBYBaHHS
KJTieHTiB. BOHM TNOBHMHHI BMITH JiarHOCTYBaTW Ta BHpILIyBaTH CKIAAHI
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npobaemMu, e)eKTUBHO CITUIKYBATHCS 3 KJIIEHTAMH Ta HaJ[aBaTH BUCOKOSKICHI
TIOCITyTH.

MeTa 1mBOro MpoOeKTy — po3poOka BeOMONATKY, SKWH ITOJIETIIUTH
KOMITaHii 3 peMOHTY MOOYTOBHX MallWH 1 NMPHJIAJiB KEpPyBaHHSI CBOIMHU
MOCITyTaMH Ta KIIIEHTaMH.

[IpenMeToM IOCHi/UKEHHS € aHami3 MOTped PHHKY, BHMOTH MO
(HYHKIIOHATEHOCTI Ta MOXKITMBOCTI iHTETpaIlii 3 iCHyFOUUMH CHCTEMaMH.

BuBueHHs moTpe®d pPHHKY Ta BH3HAYEHHS OCHOBHHMX BHMOT IO
BeOIOIATKY:

— MOJKJIMBICTb 3aIMCy Ha PEMOHT OHJIAIH;

— iH(opMmallis PO HASBHICTh 3allaCHUX YaCTHH;

— BIATYKH Ta PEUTHHT MalCTpiB;

—  BIJICT€XKEHHS CTaTyCy PEMOHTY.

AHai3 cyJyaCHHUX TEXHOJIOTIH Ta MiAXOIB 10 PO3POOKHU BEOI0IATKIB:

— BHOIp MOBH IIporpamyBaHHS Ta (ppelMBOPKIB;

— po3risx wiatdopM i cepBiciB I po3MilIeHHS BeOIOAATKA;

— Bukopuctanus API juis iHTerpanii 3 iCHyI0OUMMH CHCTEMaMH.

Po3poOka mpoTtoTHIy BEONOIATKY 3 YypaxyBaHHSIM BHMOI Ta
TEXHOJIOTIYHUX PIllICHb:

— CTBOpPEHHS CTPYKTYpH Ta MaKeTy iHTepdeicy;

— po3podOka (GyHKIIOHATY Isi poOOTH 3 3amucaMM, 3amacHHUMHU
YaCTHHAMH Ta BIATYKaMHU;

— peasizallisi MOXKJIMBOCTI BiJICTe)KEHHS CTaTyCy PEMOHTY.

PesynbraTtoM maHoi poOOTH € po3po0diieHuid BeO101aTOK i hipmu 3
PEMOHTY NOOYTOBHX MAILIMH 1 IPUIIA/IB, IKUH 330BOJIBHSIE BUMOTAM PHHKY
Ta CHpHs€E MiABUIICHHIO ePeKTUBHOCTI poboTH (ipmu. Takoxk BHSBICHI
MIEPCIIEKTUBH  PO3BUTKY BeOJOJAaTKAa Ta pEKOMEHAalil moao Horo
BJIOCKOHAJICHHSI.

PO3POBKA BEBJOJATKY JIJISA ®IPMHU 3 BUT'OTOBJIEHHS TA
PEMOHTY MEBJIIB
O.B. Kpugesko, 1o11., kauj. TexH. Hayk, M.C. SI6mnonuyk, ct. rp. BT-19,
JABH3 «ITTY»

BuroroBnenHss Ta peMOHT MeONiB 3aBxIu OyiaM akKTyaJlbHUMHU
BUJAAMH TOCHYT. AJsie aias TOro mo0 SKIHCh KOHKPETHINH KoMIlaHil
3aJTUIIATHCh «HA [UIaBY», BOHA MAa€ JOBOJUTH MOTCHIIATEHUM KITIEHTaM 1[0
JUTS HUX 1151 KOMIIaHis € HalKpaniuM BUOOPOM.

Bebmomatox it ¢ipMH 3 BUTOTOBJIEHHS Ta PEMOHTY MeOIiB —
HEOOXiTHUI THCTPYMEHT JIJIsl 3aTyYeHHS HOBHX KIIIEHTIB 1 3MIIIHCHHS IMIJIXKY
KOMIIaHii.
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Po3poOka  1pOro  JOJATKy  CYIPOBOKYBalach  aHAIi30M
PI3HOMAaHITHHX BEOIIONATKIB — aHAJOriB, a TAaKOX aHAli30M OyJayBaHHS
BeOI0aTKy Ha MOBI JavaScript 3 3acTocyBaHHSIM Takoro (pedMBOpKa, SIK
Bootstrap, cepenosuma Node.js Ta 3 iHTerpyBanssam 6a3u qanux MySQL.

Ipuxmagamu BeOnonatkie Ha maHwii wac € «Mactep Ha JJom»,
«JlomoBwit», «Master Mebel».

Bebnomatox Mae (yHKINFO peecTparil — TUTBKH TICIS CTBOPEHHS
AKKayHTy CTAHOBUTHCS MOXIIMBUM MTOBHOIIIHHA pOOOTa KIII€HTA 3 TOJATKOM.

Ha caifti MoXHa meperyiigaTd KaTalor NpPONYyKIlii, BHOMpaTH
MIXO AN TPOAYKT, a00 poOWTH 3aKa3 Ha pEMOHT BiATIOBITHOTO IPEAMETY
MeOmiB. JlocTynmHa (yHKINSI IOIIYKY, € MOMJIMBICTh (inbTparii BUIaHOl
iHpopMarlii 3a TUTIOM, 3a LIHOIO, 38 Ha3BOIO.

31 CTOpOHHM aaMiHICTpaTopa € MOXIIMBICTh MEperysaaTH CIIHCKU
3aMOBJICHb, COPTYBATH iX 3a ajdaBiTOM, 3a JIaTOI0 3aKazy. AnMiHicTpaTop
TEXHIK MOXX€ BHpIIIyBaTH pi3HI mporpamHi nomMuiaku. [IpoGmemu mpu
peectpamii abo aBropm3arii. [Ipobiemu 3 6a3010 JaHWX 3aMOBIIEHB Ta YCiX
3apeeCcTPOBAHUX KOPHCTYBAYiB.

MoxnuBicTh OHJIAH 3aMOBJICHHSI MEOJIIB Ta PEMOHTHHX HOCIYT Ha
CaiiTi TPHUCKOPHUTH TMpoIec OOpOOKH 3aMOBJICHb 1 TiIBUIINTH SKICTh
00CITyTOBYBaHHS KITI€HTIB.

Takum ywHOM, A7 (QipM 3 BHTOTOBICHHS Ta PEMOHTY MeOIiB,
BeOJIONATKY € BUTIAHAM HOBHUM DIIICHHSM JJIsl OHOBJICHHSI TOTO, IKUM came
CIOCOOOM I1i TOCTYTH BHUKOHYIOTBCS, [UISl TIOIIYKY Ta MPUBaOJICHHS HOBHX
KJIIEHTIB Ta MJIs 3arajbHOr0 CHPOIICHHS poboTH ¢ipmu. Po3pobka
BeOJOJATKY Ul NaHuX (ipM — BaXJIMBHH KPOK y PO3BHTKY Oi3Hecy Ta
IiIBUIIEHHS 1OT0 KOHKYPEHTOCIIPOMOKHOCTI Ha PUHKY.

PO3POBKA JOJATKA JJI51 OBJIIKY POBIT
ATPAPHOI ®IPMU
J.B. Coboues, crt. rp. 3-18-BT, O.B. KpuBenko, 1011., KaHI. TEXH. HayK,
JABH3 «ITTVY»

ChOrofiHi Y KOXKHOTO JIOPOCJIOTrO 1 MKOJsipa B TenedoHi, cMapToHi i
IUTAaHIIEeTI BUKa4daHi JECATKH PI3HUX MOOUIBHMX 3acTOCyBaHb. BoHH
JOTIOMAararoTh JIIOAAM po3ibpaTHcs 3 paxyHKamMH, OpUAOATH TOBApH,
nobaunTH yiaro0aeHuil (igpM i 6arato 1o inme. MoOiibHI 3acTOCYBaHHS —
151 3pYYHICTb 1 IPOCTOTA B OTPUMaHHI NOTPiOHOT iHpopMallii. A Y1 MOKYTh
MOOUIBHI 3aCTOCYBaHHS JOTIOMOITH CLIBIOCIITOBApOBUPOOHHKaM? 30Kpema
— 301IbIINTH NPUOYTOK?

Mo0insHUX 3acTOCyBaHb Jyxe Oararo. SIKick MaroThb 3aHaJITO
MOTY)XHAH (YHKIIOHAN JUIsl IOYaTKyloumx arpapiiB. SIkice yMoBHO
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0Ee3KOILTOBHI, ajie iCHye Hebe3MeKa, o Oe3KOLITOBHI 3aCTOCYBaHHSI MOXKYTh
CTaTH TUIATHUMH.

Skmo posrmsmaté poOOTy CLTBrOCHTOBAPOBUPOOHUKA B KITBKOX
IUIOIIMHAX, TO TEpII 3a BCE BHHHUKAE IMOTpeda B Kaprax, MO-IApyre —
3aCTOCYBAHHS IO 32c00aX 3aXUCTY POCIHH, HO-TPETE — KUBJICHHS POCIIHH.

IcHye manka MOOLTEHUX 3acToCcyBaHb, sk One Soil, Cropio, MAPinr,
Google Ilmamera 3emysi — 3a JOIOMOTOI SKHX MOXIIHMBO CTBOPUTH
€JIEKTPOHHUM 00pa3 MoTiB, SIKMH HalaJli MOKHA 3aCTOCOBYBATH Ha MPAKTHILI.
Taki mporpamMu MOKaKyTh TEPUTOPiI0, reorpadidHe MOIOKEHHS 1 KOHTYP
TIOTIB.

Taki TeXHOJIOT1i, SIK IHTepHET peueil, MalIMHHE HABYaHHSI Ta IITYYHUH
IHTEJIEKT [TOPOAMIIN HOBY €py B po3po0ili CilIbChKOTOCIOAAPCHKUX JI0JATKIB.
Haiinomupenimmii HampsiM cTBOpeHHs mudpoBux moxatkie — Precision Ag
(moroMaratoTh  arpapisiM  BIOPOBaPKYBaTH  TEXHOJIOTiI  TOYHOTO
3eMiiepoOCTBa).

HudpoBi  IHCTPYMEHTH  CHOPOIIYIOTH POOOTY  BCIX  JIAHOK
arpoOBHPOOHMIITBA Ta BCIX CTPYKTYPHUX MiIpo3AiliB rocmoxapcrsa. Jlo
CTHCKY YBIWIIIM JOAATKH ISl YIPaBIiHHS TOCriofapcTBoM Benmkux (AFS
Connect Farm Bix Case IH) abo mpidoamx (Farmbrite) arpoBupoOHUKIB.
Honatox Agworld mo3Bomsie 30upatu Ta 0OMIHIOBATHCS 3 MPAMiBHUKAMH 1
mapTHepaMu JaHUMH poOoTH TocmomapctBa. Grower360  mo3Bossie
BUPIIIyBaTH NUTaHHS 00Ky TocroaapcTsa, a Bushel Binnosinae 3a o6uik Ta
0OMiH JIaHMU B po0OTi eneBaTopa.

CTBOpIOBaHUI J0AAaTOK € TakuUM LU(PPOBUM IHCTPYMEHTOM, IO
3a0e3neunTh epeKTUBHY POOOTY HEBEJIMKOI arpapHoOi (ipMH i HAaKOHYYE B
€001 HAWHCOOXIHIIIT PUHAITH.

PO3POBKA BEBOPIEHTOBAHOI'O JOJOATKY AJIs1
EJIEKTPOHHOI KOMEPIIIi 3 BAKOPUCTAHHAM
®PENMBOPKY LARAVEL
0.0. Tyzenko, gor., kaua. Texd. Hayk, C.I. Bomonin, cT. Buknamay,
C.C. OmenbsiHeHko, ct. rp. BT-19,

JABH3 «ITITY»

B cydacHOMy CBiTi iHTEpHET CTaB HEBiI'€MHOI0 YaCTHHOIO >KUTTA
KOKHOT JIfonHH. BiH 3aiiMae 3Ha4YHy posib B HalIOMy MOOYTI Ta JO3BOJISIE
BUpilIyBaTy Oarato mpodjeM 3py4HUM Ta IIBHIKUM criocobom. OxHiero 3
TOJIOBHUX c(ep, L0 MOMINPIOETHCS B IHTEPHETI, € EIEKTPOHHA KOMEPIIis, IKa
HaJa€ MOXIIMBICTh KYIyBaTH Ta MPOJABATH TOBAPU Ta MOCIYTU B OHJIAMH-
pexuMi. 3a TaHUMH CTaTHCTHKH, OOCSTH €JIEeKTPOHHOI KOMEpIii 3pOCTaloTh
KOXKEH DIK, TOMY € pamiOHaJIbHUM 1 BUTIIHUM pPO3BHBaTH cepy OHIANH-
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TOpriBimi. Y 3B’S3Ky 3 ILIiM, CTBOPEHHS OHJIAHiH-MarasuHy € MOJJIUBICTIO
PO3IIMPEHHS ayAUTOPil Ta 301TBIIICHHS 00CSTIB MPOIAXKIB.

Byno po3pobieHo BeO-10AaTOK OHIIANH-MapKeTy, SIKHi BHpIIIyBaB
6u motpebu moxei Ta OizHecy. Po3poOka Oyina BHKOHaHa 3a JOIOMOI'OO
¢petimBopky Laravel, no sixoro Oymm momaHi iHm QpedMBOpKH, a came:
Node.JS, VuelS, CSS-JS ¢peiimBopka Bootstrap, a Takox CYBJl MySQL.
BeOmomarox Bkmoyae (YHKIIOHAN Ui TIOKYIIIB, TIPOJABIIB Ta
aaMiHicTparii caiity. ns moxymmiB Oymu 3poOieHi po3aiam 3 icTopiero
MIOKYIIOK Ta OOpaHMM TOBapoOM, a TAKOXX MOXKIMBICTH IEPErIAIaTH TOBAPH,
¢inpTpytoun ix 3a kaTteropisimu abo mpomaBisimu. s mpomasmiB OyB
PpO3p0o0JIcH PYHKITIOHAN JJIs1 CTBOPCHHS HOBUX TO3HUIiil HAa MapKeTy, a TAKOXK
HipaxOBYBaHHS CTATHCTHYHHUX JaHUX MO0 Mponaxis. Jist aaMiHicTparii
CalTy € MOXIJIUBICTB JIi{f IPOAABIIB 1 ITOKYIIIB, sIKa JO3BOJISIE pearyBaTH Ha
ckapru abo BHIAISATH TOBapH, sIKi IMOPYLIYIOTh INpaBWiIa CEpBICY YU €
HE3aKOHHMMH. TakoX JI0JaTOK JO3BOJISIE KOPHCTYBauaM B3a€EMOIISITH MiX
c000¥0 Ha PiBHI KYIDTIi-IIPOAAXy TOBAPIB, MEPETIHAY Ta 3IUIIaHHS BiIT'yKiB.
[Ipore mmanyeThcs moOmUpeHHS (YHKIIOHATY, KA IJO3BONATAME OibII
TOYHO (IIBTPYBaTH TOBAapH, CITIJIKYBATHCS B PEKUMI PEATBHOTO Yacy Mix
KOpHCTYBayaMH, PI3HOMAHITHI CITUCKH, SKi CIpOIIYBalH O B3a€MOIII0 3
TOBapaMy, a TAKOXK CUCTEMY 3HI)KOK, aKLii TOIIO.

IIpakTryHa IMIHHICTE OTPHUMAHUX PE3YJIBTATIB TOJATAE Y TOMY, IO
po3pobiieHuii  BEOMOMATOK  OHJIAWH-MApKETy O3BOJSE  3a0C3MEUHTH
B32€MOJIIIO MOKYIIIIIB Ta MPOJIABIIIB, a TAKOXK €(hEeKTUBHO BUKOPUCTOBYBATH
KOMIT'FOTEPHI  PECYpPCH, OCKUIbKH [O3BOJHTH BHUTPUMYBAaTH  BEJIHKI
HaBaHTaXCHHA. lle MOke JOMOMOITH MiABHIIUTHA S(PEKTHBHICTH POOOTH
OHJIaliH-Mara3uHy, 30UIBIINTH HOTO MPUOYTOK Ta 3aIy4YNUTH OLIIbIIE KITIEHTIB.

3ACTOCYBAHHS MOBU ITPOI'PAMYBAHHSI PHP 1
®PEMMBOPKY LARAVEL IIPH PO3POBKH BEBJIOJATKY JJISI
JOIMOMOI' TUMYACOBO NEPEMIINEHUM OCOBAM ¥
HIMEYYHNHI
0.0. Tyzenko, gor., kana. Texd. Hayk, C.I. Bomonin, cT. Buknamay,
C.O. TikriHceKa, ct. rp. BT-19,

JABH3 «ITITY»

Y TenepiuiHiii yac, B yMoBax 30poiiHoi arpecii Pociiicekoi deneparii
npoty YKpaiHu, MiJIbHOHU JIF0JIei OyJid 3MyIIEHI TOKMHYTH CBOi JIOMIiBKH.
Bixxenii Oynu 3MylleHi MIBUIKO aJanTyBaTHCS 1O HOBHX YMOB B HOBIii
KpaiHi, ane 0arato 3 HUX He 3HaJH, 10 MOTPiOHO poOoTH. Y CIo HEOOXinHY
iHpopManiro iM Hajanu HebalTyKi JIF0AN — BOJIOHTEPH.
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3 Merolw TMOKpallleHHs HajaHHi  iH(opMmalii  THMYacoBO
nepemineHnM ocobam y Himewuusi, Oysio nmpuiHATO pilleHHS po3poOuTH
Be0JI0JIATOK 3 BUKOPUCTAHHSIM MOBH nporpamyBanHsi PHP ta ¢peiimBopky
Laravel, sixiii mae Oaratuii ¢yHKuioHan. CTBOpPEHWH IIPOEKT JO3BOJISIE
IIBUIKO 3HAWTH BIATIOBiMI Ha MUTAHHS: 3PO3YMITH, KyIu 3BEpHYTHCS NpPHU
mepmoMy npuoyTTi y HiMedunHy; sSKi TOKYMEHTH MOTPIOHO MOIaBaTh IO
Jobcenter; ne 3HaWTH TabOpW IIEPBMHHOTO PO3MIIIEHHS; SKi ICHYIOTH
KOMITaHii MEIMYHOTO CTpaxyBaHHS; C YOTO 1 A€ Kpalle MOYMHATU IOLIyK
KHUTJIA; A0 SIKMX KOMIIAHIM MEIWYHOrO CTpPaxyBaHHS pPEKOMEHIOBaHO
3BEpHYTUCh, MOXIIUBICTh CIJIKYBaHHS 3 IHIINMH KOPHCTyBadyaMH Ta
BOJIOHTEpaMH ToII0. BedaoaaTok 103BOIsIE KOPUCTYBayaM CITUIKYBaTHCS 3
aJIMiHICTpaTOpaMH Ta IHIIMMHU KOPHCTYBa4yaMHu B pexxiMi popymy. Oxpemoro
CTOPIHKOIO BHJIJICHI 3allUTaHHs, IO CTaBJATH yacTile 3a Bce. Takox Ha
CTOpiHKax BeOJOAATKY MOKHA 3aJIUIINTH 3alUT MPO AoIoMory. /st mporo
noTpiOHO Jsmme 3anoBHUTH (Gopmy. [Ipum mepmioMy BHKOpHCTaHHI
BeOJI0JIATKY, PEKOMEHIYETHCSI aBTOPU3YBATHCS, IICIS IIBOTO KOPHCTYyBad
3MOK€ BHKOPHCTOBYBAaTH OCOOMCTHI KaOiHeT, Ta KOpHCTyBaTHCA yciMma
MOJKJIMBOCTSIMA JTOAATKY B MMOBHIN Mipi.

OtpumaHi pe3ynpTaTd AONOMOXYTh 3MEHIINTH dYac IIONIIyKiB
iHpopmamii, T TIOAEH, MO IBOTO MOTPeOyrTh. Y MaiOyTHROMY
IUTAHYETBCS. TOJANBIINA PO3BUTOK TPOEKTYy, a caMe pO3IIHUPCHHSA
(GyHKIIOHAY: J0JAaTH MOXJIMBICTh 3aBaHTAXYBaTH JIOKYMEHTH, IO
HOTPIOHI JJIs TIOIIYKY KHTJIA; CTBOPEHHSI OKPEMOT CTOPIHKH, JIe BOJIOHTEPH
Oy/iyTh JOMOMaraTd B IOIIYKY JKUTJA. 3 PO3BUTKOM CHTYaIlil y CBiTi,
BeOmomaTOK Oyae moTpeOyBaTd Bce OUTbIE i OLIBINE OHOBJICHB, TOMY,
MOJXJIMBO, B MaiOyTHhOMY IIed IIpOEKT CTaHE BEJIUMKUM, Ta Oyxe
moTpeOyBaTh 0arato MpaiiBHUKIB, JJIs HOTO 00CITYrOByBaHHS.

PO3POBKA BEBJAOJATKY JJISI MATASUHY IEKOPATHBHUX
POCJIMH 3 BUKOPUCTAHHSM TEXHOJIOI'II REACT
0.0. Tyzenko, gor., kana. Texd. Hayk, C.I. Bomonin, cT. Buknamay,
A.B. Kpyr, crt. rp. BT-19,
JABH3 «ITITY»

VY cydyacHMX yMOBaxX HEraTHBHOI'O BIUIMBY Ha JIOJMHY IOCTIHHHX
CTpeciB 1 3a0pyAHEHOCTI HABKOJIMIIHBOTO CEPEOBHUINA JICKOPATHUBHI
POCIIMHM 3aBISIKK CBOEMY 30BHILIHBOMY BHIVISIy 1 BIIAQCTUBOCTAM Y
NPUMILICHHSX JKUTIOBUX OYAMHKIB, OQICIB, Pi3HHUX 3aKJaJiB Ta yCTaHOB
MOXYTh BUKOHYBAaTH TaKi BOXKIIHBI (DYHKLII, IK CTBOPEHHS CIPHSATIHBOL AJIs
poboTH aTMocdepH CIIOKOIO Ta KOHIEHTpalii, 3HATTS y AesKiil Mipi ncuxo-
€MOILIHHOTO HANPY>KeHHS, OUUILIEHHS TTOBITPsI BiJl IIKIAJIMBHX JUIS 3710POB’S
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JIIOJIMHA PEYOBMH, TOMY 3aBIaHHs O3€JEHEHHS NPUMILIEHb HE IepecTrae
BTpavaTH akTyairbHOCTI. [IpoTe 1uIs yCcHiHOTro BUPOITyBaHHS Ta yTPUMaHHS
pOCIIVH NOTPiOHI MEBHI YMOBH Ta JIOTJIS, IO BiAPI3HSIOTHCS JJIsI KOXKHOTO
BHIY, TOMY JOIIUILHO 3IMCHIOBATH TPABWIGHUN WimOip y MarasuHi
KIMHaTHHX POCIIHH 33 JOIIOMOTOIO CIEIiaIiCTiB.

VY poborti OyB po3poOiieHe BEOJOAATOK VI MarasuHy 3 IPOIAXKY
JIEKOPAaTHBHUX POCIHH, IO 3a0€3MECYHTh KIIEHTaM MOXKJIHBICTH 3pYYHOTO
migdopy poCcirH i HeOOXiTHUX TOBAPIB, iX 3aMOBIIEHHS B OHJIAWH-(POpMATi, a
TAaKOXX TOCTYIl 1O aKTyaimbHOi iH(popmamii. Bin mo3Bomse: 3abe3meuntu
KIIIEHTaM JOCTYIl IO aKTyalbHOI Ta KOPHCHOI iH(opmamii mpo ToBapw i
MOCJTYTH; 3alyYUTH HOBHX KIIEHTIB; MiJABUIINTH SIKICTh OOCIYrOBYBaHHS;
30UIBIINTH TPUOYTOK HiIIPUEMCTBA; 3a0€3MIEUNTH KIIIEHTaM 3pY4HUIH Mia0ip
TOBapiB OHJIAWH Yy Karajo3l 3 BUKOPHCTAHHSIM TEKCTOBOTO IOIIYKY 1
3pydHOro (puThTpa 32 HEOOXIMHUMH TapamMeTpaMu; 3a0e3MEUYNUTH IIBHIIKE
oopMIIeHHS 3aMOBJICHB 1 3BOPOTHIH 3B’S30K 31 CHIBPOOITHUKAMH MarasuHy;
3a0€3MEeYHTH CIIBPOOITHIKAM MarasuHy 3py4YHe KepyBaHHS 3aMOBJICHHIMH;
30epiratu Ta BimoOpakaTu 0a30Bi CTATHCTWYHI NaHI POOOTH IHTEpHET-
MarasuHy Ui KEpiBHHIITBA BHUKOPHCTaHHS IaHOTO BeONONATKy Hajae
CHIBpOOITHUKAM MOKJIMBOCTI 3pyYHOTO YIIPaBJIiHHS OHJIAWH-3aMOBICHHIMHA
1 pegaryBaHHSI KOHTEHTY BeOJOIATKY Y BIIOKpeMIICHIH YacTHHI BeOIOAATKY
— maH”eJi aAMiHICTpaTopa, MO JTO03BOJISIE TIIBUIIATH €PEKTHBHICTh pOOOUNX
NPOIIECiB, MOB’SA3aHUX 13 MOUCTAHI[IMHUM MPUAMAHHAM 3aMOBJICHb BiJ
KJII€HTIB, 1 3a0e3MeuyBaTH MOCTIHMX 1 MOTEHIIHHUX MOKYIILIB aKTYaJIbHOO
Ta KOPUCHOIO iH(OPMAIII€IO 1010 ACOPTUMEHTY 1 HasIBHUX TOBapiB.

KiienTn MarasuHy 3a JOMOMOTIOIO JIaHOTO BeOJ0JATKy OTPUMYIOTh
MOJMUIMBICTh ~ MiAOMpaTH  NEKOpaTHBHI pOCIMHM 32  HEOOXiTHUMH
rapameTpamH, a micis peectpaiii oopMITIOBaTH 3aMOBJICHHS Ha KYIIBIIO i
JIOCTaBKY Ta Ji3HAaBATHCS IPO CTATyC 3aMOBJIEHHS B OCOOMCTOMY KaOiHeTi.

PO3POBKA NIACUCTEMM NOJIIIIEHHS AKOCTI
30BPAKEHHSI I1PU 3BLIBIIEHHI MO0 ®OPMATY IICJISI
3HOMKHA
0.0. Tyzenxko, go1., kaua. Texd. Hayk, C.I. Bomoxin, cT. Bukiamay,
M.K. ITanues, ct. rp. 3-18-BT,

JABH3 «ITITY»

B naHmit yac oTpuMany MMPOKHIA PO3BUTOK Tajy3i HAYKH 1 TEXHIKH,
B SIKUX 3aCTOCOBYIOTH CHCTEMHU OOpOOKH iH(opMallii 3 BHKOPHCTaHHSIM
JaHUX B OUQPOBOMY BUIIIAII. ba3oBUMM CKIIaOBHMH €lIeMEHTaMH TaKUX
CHCTEM € CHCTEMH LU(PPOBOro MepeTBOPEHHs iHpopMallii, mpu3HaveHi s
repeBeIeHHs B IU(POBUI BUTIISA NPUPOIHUX a00 MITyYHHUX 00'€KTIB, SIKi €
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HocisiMK iHpopManii B aHanmoroBomy Burisni. lani B nudpoBoMy BUIISII
BHUKOPHCTOBYIOTh U 30€pexeHHs, Iepenadi, aHaiizy Ta 0oOpoOKH B
cucremax 1udpoBoi 00pooKH iHpopMmarii

EdexTuBHIM cIocOO0M TOJIINIIIEHHS SIKOCTI IU(PPOBOTO 300paskeHHS
€ 3MiHa KUTBKOCTI IIIKCENiB, 3MEHIICHHS KpPOKYy HIucKperm3arii. Tomy
TIOJIMIIEHHS SAKOCTI IM(POBOTO 300pa’keHHS TICIA 3HOMKH IUITXOM
IHTepIOJIAMii JaHUX 1 IPUBIACHEHHS OTPUMAaHUX 3HAYSHB CYCIIHIX MIKCENIIX
HOBOI MaTpHIi OUIBIIOT0 POpMaTy € aKTyalbHOIO 3a7adero.

B xomi pobotm Oyma HammcaHa mporpama IOJINIIEHHS SKOCTi
300pakeHHS 3a JONOMOTOI0 pIi3HMX METOMIB IHTEPIOJIALii: MEeTO.
iHTeprosALii 6e3 KOpeHs Ta MEeTOJ IHTepIoJsiNii 3 KopeHeM. BuzHaueHo
e(EeKTHUBHICTh SAKOCTI 300paKCHHs, sKa OE3MOCePeHbO 3aTCKHUTh Bif
JIO3BOJTY 300paskeHHS 1 KUTBKOCTI mikceniB. CitijT Biq3HAYUTH, IO MTPU KOXKHIN
3MiHI MaciTaly 300paXCHHS 3MIHIOETBCS OOCAT 3aliMaHOi TaM'sATi
300pakeHHs, MO0 HAJali MOXE JOCSIraTH Kilbka COTEHb Merabait i
Oinmpmre. Bee 3amexuTh Bii TOYaTKOBOTO pO3Mipy 300paXKeHHA. AJie B CHITY
MPOTpecy TEXHOJNOTii 1 CTBOpEHHS HAKONMUYyBadiB, NEPEHOCHUX 1
CTaIllOHapHHUX 3HAYHOTO 00CsTY, IIel HEeAOJIK HE € HACTUIBKH 1CTOTHHM.

Ha mincraBi mopiBHAIBHOTO aHANI3y PI3HUX METOIB IHTEPHOJIMIl
BH3HAYCHO, IO 3HAIOYHM BHXIJHY MATPHIIO i MICIE TTOJOXEHHSI KOXKHOTO
miKcens, 3MIHIOIYM MacmTad Bi3yamizamii 300paKeHHS MOXKHA iCTOTHO
TOJIITIIIUTH AKICTh 300paXKCHHS.

OCHOBHMMH TIepeBaraMi AaHOi MPOrpaMu € 301IbIIEHHS IBHKOCTI
00poOKM 300pakKE€HHS; MOJMJIMBICTh 30€pEKEHHSI IHTEPIOJIIPOBAHHOTO
300pa)XCHHS; MOXKJIMBICTD MOBTOPHOT'O 1HTEPIIOJIIOBAHHS 300paKeHHST; MaTi
00csi31 mporpamu; MpocToTa BUKOpUCTaHHs. Takox JaHy MporpaMmy MOKHa
BHUKOPHCTOBYBATH y BICHKOBIH c(epi Uil BU3HAUCHHS arpPECUBHOTO 00'€KTY
BiJl HOMHJIKOBOI METH, III0 3HAYHOIO MipOIO CIIPOCTUTH pOOOTY oreparopa i
TIPUCKOPHTH NTPOIIEC PIillICHHS 3aBJIaHb.

T'EHEPAIIISI KOOY ITPOI'PAMM 3A 1OITIOMOI'OIO
MPUPOJHOI MOBU 3ACOBAMMH LITYYHOTI'O IHTEJIEKTY
GPT-4
H.M. CiayH, acuctent, O.0. Ty3eHko, [1011., KaH]. TeXH. HayK,
JABH3 «I1TVY»,

A.O. Myparukin, TexHi4YHHE qupekTop ghostdrive.com

B nanmii yac HeiipoMepexi Ta IUTYYHUI IHTEJEKT Bce Oinblue
oxoruttoe Bci cepu xuttst. GPT-4 € Bennkoro MOBHOIO MOZEIIIIO, YaCTHHOIO
iHppacTpykTypu IuTy4HOrO iHTenekTy Bifg OpenAl, mo HaBueHa Ha
Ha/IBEIMKUX KOpIycax HEpo3MiueHWX TeKcTiB. BoHa peanizye Monens
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B3aemoii text-to-something, ane 3meOUTBIIOrO Opi€EHTOBaHA Ha PoOOTY 3
tekctoM. GPT-4 Moke reHepyBaTH 3B’s13aHi, YUTAOCIBHI Ta JOCUTH CKIIAIHI
TEeKCTH y pi3HUX cdepax. OpHaK, OJHIEIO 3 HAWCKIAAHIMNX (QYHKIIHA €
TeHEPYBaHHs MIPOTPaAMMHOTO KOJIY 3 BHKOPHUCTAHHSM IIHUPOKOTO CHEKTPY
MOB IIPOrpaMyBaHHSI.

s rerepartii koxy moTpiOHO chopMmyTroBaTH podieMy abo 3agady
i BU3HAYUTH MOBY mporpamyBaHHsS Ta ¢peiiMBopk. 1 pi3HUX MOB
MIporpaMyBaHHs PiBEHb SIKOCTI 3Tr€HEPOBAHOTO KOMY € Pi3HUM. SKiCTh kKona
BpaxOBY€ ypaxyBaHHS BUMOT IO SIKOCTi, IMEHyBaHHS, CTPYKTYpH KJIaciB Ta
GbyHKIiA, gKki npudHATI y maHiii MoBi. Hampuxiam, reHepyBaHHS KOOy
JIO3BOJIMJIO B €KCIIEPUMEHTI MOJIIIIHUTH SKICTh MoJienel, ctBopennx Ha PHP
Ta y pamkax ¢peiiMBopky Symfony, Ta agantyBatu CTpyKTypy 0asu JaHuX,
sika Oyia rmorepesHbO 3aBaHTaKeHa y Jiaior i3 4artoM, Ta ctBoputH SQL
CKPHIITH JUTS ii MOTU(IKAaIIii.

Kopn, sixmit renepye HelipoHHa Mepexka € poOoynM y OilbIIOCTI
BUMAJKiB, aJe MpPUIYCKAETbCS HASABHICTH TUIOBHX IIOMWJIOK Y
MaTeMaTHYHUX 3aJadax Ta JEAKUX CTATUCTUYHHX aIrOpUTMax, sKi
JIEMOHCTPYIOTh CYTTEBE BIIXWJICHHS BiJ KOPEKTHOI JIOTIKM BHKOHAHHS
nporpamu. Ilicis reHepamii Koxy MOXHA BKa3aTH HEHpPOHHINA Mepexi Ha
TTOMMJIKH 3@ IOTIOMOTOI0 TEKCTOBOTO 3aITUTY B «4aTi» 1 BIAMPABUTH 3aITUT HA
KOpHUTyBaHHS. B meskux BHmazkax Moke MOTpeOyBaTHCh KillbKa IHMKIIIB
KOpEKIIii mepir HiK Oyae 3HaWIACHO miaxoasiiuii BapianT. e 00ymoBieHO
TUM, II0 HEHpOHHAa Mepeka Oyina HaBYeHa Ha PI3HOMAaHITHUX 3a/a4ax,
0COOJIMBO Ha BEINUKIi KIJIBKOCTI CTaHAAPTHHUX peaizalliil aropuTMiB.

TakuM YHHOM, OCHOBHOIO MPOOJEMOIO MpH POOOTI 3 KOJOM €
HEOOXI/IHICTh TNPUCKIMIMBOI pPYyYHHH TEPEBIPKHM KOAY Ta pPE3yJbTaTiB
CTaTHYHOro aHajiizy. OCKiNbKY e()eKTHBHICTh ICHYIOUHMX ILUIAriHIB HE JyKe
BHCOKa, TO B TEPCIECKTHBAX 3HAWTH CIOCIO MOKpamieHHS OOpOOKH KOOy
Mepexero.

OCOBJIMBOCTI BUKOPUCTAHHS UTILITY-FIRST CSS
KJACIB J1JIsI CTBOPEHHSI ATANITUBHUX IHTEP®ENCIB HA
MMPUKJIAJI TAILWIND CSS
H.M. CinyH, acucrent, [1.0. Kyuepenko, ct. rp. BT-19, ABH3 «IIATY»

Tailwind CSS — ne mMomynpHa Ta THy4YKa yTHIITA Ui CTBOPEHHS
inrepdeiicie, mo BukopucroBye utility-first minxin. Lled migxix gormomarae
pO3pOOHUKAM IIBUIKO CTBOPIOBATH aJAlTHBHI 1HTEpQEicH, OCKITbKH BiH
MIPOTIOHYE BEJMKY KUIBKICTh KOPUCHUX KJIACIB JJIS CTHITI3aLii.

Tailwind CSS Hazmae THYYKICTb y CTHITI3ALIIT €IEMEHTIB 32 JOIIOMOTOI0
LIMPOKOTO CIEKTPYy KJIACIB, sIKI BiANOBinaroTh pisHUM CSS BiacTHBOCTSIM.

244



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

Po3poOHMKKM MOXYTh IOEIHYBATH KJIAaCH JUIS JOCSTHEHHS HOTPiOHOIO
crumo. Takox Tailwind CSS no3Bos1sie 1erko kacToMizyBaTH iCHYI0U1 KJIacu
Ta CTBOPIOBATH HOBI 3a TOITOMOTOI0 KOH(irypamnifiHoro ¢aitny. Lle cnporrye
aJIaTNTaIli0 CTWIIB il KOHKPETHI MOTPeOU MPOEKTy. 3a JOMOMOTO0 KIIaCiB,
SKi pearyroTh Ha po3Mip eKpaHy, PO3pOOHHKH MOXYTH JEIKO CTBOPIOBATH
amantuBHi inTepeticn. Hanpukian, 3a nomomororo mpedikeis ‘sm:”, ‘md:’,
‘lg:* ta "x1:" MOXXHa 3a7aTH Pi3HI CTHIII IS PI3HUX PO3MIpPIiB EKpaHiB.

Utility-first miaximx 3MeHIrye WMOBIPHICTh BUHMKHCHHS TTOMUJIOK Y
CTHJISIX, OCKIJIBKM PO3POOHUKH BHKOPHCTOBYIOTH TOTOBI KIJIACH 3aMiCTh
MICAHHS BJIACHUX CTWIiB. Bukopucranms utility-first xmacis 3a6esmeuye
O1IBIII CTPYKTYPOBaHHUH KO/, OCKIIBKY BiH 3a0e31euye yHi(iKaIlio CTHIIB Ta
O1ITBIITY 3pO3YMUTICTh KOAY I KOMaHIU PO3pOOHHKIB. KOMITOHEHTH CTal0Th
OUIBII JITKUMHM JJIS1 PO3YMIHHS Ta MIATPUMKH, OCKUIBKH BECh KO €
koHcucTeHTHHM. Takoxx Utility-first miaxia crnpusie 3MEHILICHHIO KilTbKOCTI
KOJ/ly, OCKIJIbKM pPO3pPOOHHKHM BHKOPHCTOBYIOTH ICHYIOUI KIJIaCH 3aMiCTh
CTBOPECHHS HOBHX CTHJIB JUII KOXHOTO eineMeHTa. Lle moermrye
pedakTOpHHT Ta oNTHMI3aLio KOoy. 3aBISKH TOTOBUM KJllacaM, PO3POOHUKH
MOXYTh IIBHJKO CTBOPIOBATH a/JaNTHBHI iHTepdeiicn 0e3 HeoOXigHOCTI
mucatd BiacHi crwii. lle mpuckoproe mporec po3poOKH Ta  CIpuse
LIBU/IIIOMY BHITYCKY IPOIYKTY.

Utility-first migxix y Tailwind CSS mae 6araTo miepesar ajist po3poOku
aIanTUBHUX iHTEepdeiciB. ['HyuKicTh, JIeTKa KacTOMi3allis, aJIalTHBHICTS,
Oe3reka, CTPYKTYPOBaHUM KO/, 3MEHIICHHS KUTBKOCTI KOy Ta HIBHIKICThH
PO3pOOKHU — I1e KITFOUOBI mepeBaru nporo maxoay. Takum yurom, Tailwind
CSS € BiAMiHHMM 1HCTPYMEHTOM JJIsl PO3POOHUKIB, SIKI XOUYTh CTBOPIOBATH
aJlanTuBHI iHTepdeicu 3 MiHIMAIPHUMHU 3yCHJUIIMH Ta BUTpPAaTaMH 4acy.
VYTuiita crnpuse BUCOKIH NPOAYKTHBHOCTI, SKICTh KOJYy Ta IOJIETIIy€E
CHIBITPAIII0 KOMaHIHN PO3POOHHUKIB.

OCOBJINBOCTI AOCTYITY ITPOI'PAM-BOTIB 10
CEPEJOBHIIIA TEKCTOBUX YATIB HA ITPUKJIAII
TELEGRAM
H.M. CigyH, acuctent, [1.®. I'Bo3xienko, ct. rp. BT-19, ABH3 «IIATY»

[Tpu ctBOpenHi nporpam-60TiB y mecenpkepi Telegram HeoOXigHO
BPaxoBYBaTH OCOOJMBOCTI JIOCTYIy /O CEpPENOBHMILNA TEKCTOBUX 4YarTiB.
OnHi€ro 3 TaKUX 0COOJIMBOCTEH € HEOOX1THICTh MaTH aJIMiHICTPaTHBHI ITpaBa
JUISL IOCTYITY JI0 MeBHUX (DYHKIIIH YaTiB.

Just Toro, mo6 mporpam-00T OTpUMaB JOCTYH JIO 4aTy, HEOOXiaHO,
mo06 Horo pojanm A0 CIUCKY YYacHHUKIB 4aTy 3 aJMiHICTpaTHBHUMH
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npaBamu. Lle mae 60Ty 3MOry OTpHMYBATH Ta HaJCWJIATH IOBIJOMJICHHS B
Yari, a TAKOK MaTH JOCTYII 10 JAESKUX JOJATKOBUX (PYyHKIIH.

Hanpuknan, sikio 60Ty gojany aaMiHICTpaTHBHI paBa B TPYIi, BiH
MOJKE CTBOPIOBATH HOBI MOBIIOMJICHHS Ta 3aKpiIUTIOBATH iX Bropi 4aTy IUist
TOro, MO0 BOHM OynM BHIUMI A BCiX ydacHHKIB. Kpim Toro, 60T Moxe
HANAIITyBaTH aBTOMATHYHI BIAMOBIAI Ha TMEBHI 3aIUTH B TPYI, IO
MTOJIETTITY€ KOMYHIKAIIil0 Mi’K KOPHCTYBadaMH.

Kpim Ttoro, Telegram Hamae MOMXIHBICTP HANAIITYBaHHA piBHA
JIOCTYIly TporpaM-6ota mo daty. Hampukmaz, agMmiHicTpaTop TpymH MOe
HajamryBaTH 0oTa Tak, 00 BiH He MIT BHIaBaTH iH(GOPMAIIIO TIPO
KOPHUCTYBa4iB Ipynu a00 CTEXHTH 32 IX AisUIBHICTIO.

3a nmomomororo Telegram Bot APl moxxHa crBOproBaté OOTiB 3
pi3HMMH  (YHKIIOHAJIBHAMH  MOXJIMBOCTAMH.  Hampuknan,  Oortu-
NepeKIaaadi MoXyTh MepeKiIaaaTH TeKCT 3 OJHI€T MOBM Ha iHIIY, a 0OTH-
HOBHHHI arperaTropd MOXXYTb H/ICHJIaTH KOPHCTyBa4daM CBIKI HOBHHH 3
PI3HHX JDKeped.

3Baxaroun Ha Te, IO Telegram cTaB Bce NOMyJSPHIIIAM
MECEH/DKEpOM, NpOrpaMH-00TH CTall HEBII'€MHOI0 YacTHHOIO HOTo
¢yskmioHamy. BoHM monermrytoTe KOMYHIKAIil0 MK KOPHUCTyBadaMH Ta
3a0e3MedyoTh MBUAKAA Ta 3pyYHHA JOCTYN JO Pi3HOMaHITHHX
iH(pOpMaLifHUX pecypciB.

Telegram Hajae po3IIMPEHI MOXJIMBOCTI JUIsi CTBOPEHHS MPOrpam-
00TiB, sIKI MOXYyTh 3a0e3neuyBaTH e(EKTHBHY KOMYHIKAI[I0 MiX
KOpUCTYBa4aMH Ta HAJaBaTH JOCTYH 1O pi3HOMaHiTHUX (yHKIiH Ta
CEpBICiB.

OTxe, IOCTYyn /0 CepeloBHIIAa TeKCToBMX dariB y Telegram
MOJKJIMBHI TUTBKH MTPH HASBHOCTI aJIMIHICTPATHBHUX TPaB y Mporpam-00Ta.
e mae 3Mory KOHTpOIIOBATH il OOTIB B YaTax Ta 3armo0iraTu HEMOTPIOHUM
MOBIJOMJICHHSIM Ta criamy. 3aBsIKHM Wil (YHKIIT aaMiHICTpaTOpu Tpyn Ta
KaHaJiB MOXYTh 3a0e3nedyBaTH OLTBII e(EKTUBHY KOMYHIKAIIO MK
KOPHCTYBa4aMH.

PO3POBKA IIABJIOHY IJIsI CTBOPEHHSA BEBJOJATKA 3
MNPOJAXKY AKCECYAPIB JJIs1 MOBIJIBHUX TEJIE®@OHIB
[.®. Mapuenko, 1011., KaHA. TeXH. HayK, 1.O. brnoxiua, cr. rp. 3-18-BT,
JABH3 «ITTY»

Y cydacHOMY CBITi, TEXHOJIOTIl CTalOTh BCE OLIBII BAKIUBUM

eJIEMEHTOM B Oi3Heci. 3 METOI WiJBHIICHHSA €(pEKTHBHOCTI Ta JOXOIIB,
MiIIPUEMCTBA  TOBWHHI  BHPINIYBAaTH CKIIAJHI 3aBIAHHSA  [UIIXOM

246



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

udporizarii nporecis. OauH 3 NPUKIAIIB I[LOIO — CTBOPEHHS BEOI0ATKY
JUIS TIPOIaXKy aKcecyapiB JuIsi MOOITTbHUX Tene(OHIB.

B xozi ananizy icHyl04HX pillleHb BUSBIICHO, 1[0 CIIOKMBAdi BiJJIAI0Th
nepeBary BeOpomaTKaM, SKi MPOMOHYIOTh IIMPOKUH acOPTUMEHT TOBapiB,
3pYYHHH NOIIYK Ta MOXKIIUBICT 3aJaTH MMTaHHSA CTOCOBHO TOBapiB Ha CalTi.
OCHOBHMMH  HEJOJNIKaMH ICHYIOYMX PpIIIEHb € CKIaJHUH Mpolec
0(hOpPMIICHHS MOKYIIKH Ta OTUIATH.

Po3poOka mabimoHy [UIsi CTBOPEHHS TaKOTO ONATKy IOTIOMOXKE
MiAIpUeEMCTBAM €(PEeKTUBHO BigPI3HATHCS Ha PUHKY Ta 3aIyYaTH HOBHX
KITIIEHTIB. 3a TOTIOMOTOI0 3pyYHOTO Ta IMPOCTOr0 BUKOPUCTAHHSA iHTepdeiicy
JOAATKy, KOPUCTYBaui 3MOXXYTh LIBHJKO 3HAWTH Ta TPHIOATH HOTPIOHI
aKcecyapH.

[1Ta6roH MO>Ke BKIIFOUATH TaKi €JIEMEHTH, SK KaTalor TOBapiB, KOIIUK
JUIS1 3aMOBJIEHb, OILIATY Ta JOCTaBKY TOBapiB. J01aTKOBO, B HHOMY MOXYTh
OyTn BOymOBaHI IHCTPyMEHTH MUl aHAII3y JaHWX Ta BiJCTEXKEHHS
3aMOBJICHb, LIO JO3BOJHTH MIIIPHEMCTBAM €()EKTUBHO KEpyBaTH CBOIM
0i3HECcOM Ta 3a0e3MeYnTH BICOKHH piBEHh 0OCITYTOBYBaHHS KITi€HTIB.

3a JOMOMOror0 HBOro INA0JIOHY, MIANPUEMCTBA 3MOXYThH JIETKO
CTBOPHTHU BeOIOAATOK UIS MPOJAKy aKcecyapiB Jjs MOOLTBHUX Tele(oHiB
Ta 3a0e3MeYnTH BIUCOKUH PiBEHb OOCIYTOBYBAaHHS KII€HTIB. Taki KPOKH B
HaIpsSMKY ITUQPPOBI3aIlil TOPTiBIi JOIOMOXYTh MiAIPHEMCTBAM IIiIBHIITHTH
CBOIO KOHKYPEHTOCIIPOMOXHICTh Ta 3a0€3MEUUTH YCHiX Y MalOyTHBOMY.

JOJATOK AJISI MOHITOPHUHI'Y IICUXIYHOI'O 310POB'SA
JIIOAUHU 3A JOITOMOT' OO METO/IB KOTHITUBHO-
MOBE/JIIHKOBOI TEPAIIII
O.C. Kiop, ct. rp. BT-19, ABH3 «IIATY»

[Tpobnemu noB's13aHi 3 MPUPOJIOIO JFOJICHKOI IICHXIKK — TOW KJlacTep
po0ieM, sIKMi 0COOJIMBO 3arOCTPHUBCS OCTAHHIM YacoM, KOJIH JIF0/IH, Oy 1ydn
BUXOBAaHWMH 3a IPUHIUIIAMH PaTHCHKOTO YH IOCTPAASTHCHKOTO BUXOBAHHS
Temep 3ailMalOThCS BHXOBAaHHSAM cBOiX gitedl. Jlitm y cBowo uepry,
nepe0yBatoyH B OLTBII PO3MIMPEHOMY Ta Pi3HOMaHITHOMY iH(OpMaIiifHOMY
CYCIIUTBCTBI BXXK€ B PAHHBOMY BIIll CTHKAIOTHCA 3 YCBIIOMIJICHHSM, IIIO
OUTBIIICTE X MPHUHIHUIIB € TPABMYIOUOI0. 3 UMM TPaBMaMHU BXK€ HOPOCIi
JITH TIPOJIOBXYIOTh JKUTH 1 CBOEIO CIIOTBOPEHOIO MOBEIIHKOI 3aBIAlOTh
NICHXOJIOTIYHHMX TPaBM 1HIIMM JtoasM. Hepinko uepes npobiiemu noaioHoro
XapakTepy JIIOJM CTUKAIOTHCS 3 MPOSIBAMHU IICHXOJIOTIYHOTO, CEKCYallbHOTO,
€KOHOMIYHOI'0 HaCHJIbCTBA.

JlonaTok J01oMosKe JIFO/IIM 32 JIOTIOMOTOI0 OITMTYBaHb IOIEPEIHBO
JiarHOCTyBaTH y ceOe psj KOTHITUBHHX CHOTBOpPEHb abo po3iajiiB
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ocobucrocTi. OCKUIBKM HIEThCs MPO KIIHIYHI J1arHO3H, OyJio MPHUHHSTO
PIIICHHST BUKOPUCTOBYBAaTH KOHKpPeTHO mpoTokoiu KIIT, OCKiIbKH BOHU €
HaykoBO-7oka3oBuMu, a B CIIIA, Hampukianm, JiKyBaHHS 33 JOIIOMOTOIO
KOTHITUBHO-TIOBEJ[IHKOBOTO ITXOAY BXOJWUTH JO MEIUYHOI CTPaxXxOBKH.
[Iporpama mependayae HASBHICTD IIEBHOTO MEHIO 31 CITUCKOM TECTYBaHb.
Takox B momatok Oyne BOymoBama taOmurs "CMEP", ska € KIo9oBUM
IHCTPYMEHTOM TIAIliEHTa IS 3aIICy Ta MOHITOPHUHTY CBOIX TYMOK, EMOIIH
Ta peaxiiiii Ha IIeBHi NOil.

MeTo0 1BOTO [JOJATKa € MOMyJsApu3amlis OLIBII TPEmeTHOro Ta
YBa)XKHOTO CTaBIIEHHA J0 cebe Ta IO CBOTO IICHXOJIOTIYHOTO 3I0pPOB'S B
paMKax HayKOBO-JIOKa30BUX METOMIB 0e3 MepemayacHOro BTpYYaHHS
(axiBIiB.

PO3POBKA IIABJIOHIB AIAIITUBHOI'O JU3AMHY JIJI51
BEBCAWTIB

[.®. Mapuenko, go11., kKaHa. TexH. Hayk, B.JI. [llamxin, ct. rp. BT-19,
JABH3 «IIATY»

3 PO3BUTKOM MOOITHPHHX MPHUCTPOIB Ta X MIMPOKOTO BUKOPUCTAHHS B
KUTTI, BAXIUBO, MO0 BeO-calTH OyIM NOCTYMHHUMH Ta 3PYYHHMH IUIS
Teperyisiy Ha MOOUTPHUX NPHUCTPOAX. SIKIIO CalT HE aJanTOBAaHWHA s
MOOITBHUX TPHUCTPOIB, 1€ MOXE MPHU3BECTH JO MOTIPIISHHS JOCBiAY
KOpHUCTyBauya 1, SK HACIIOK, 3MCHIICHHA KIIbKOCTI BiABiqyBadiB
aJIalTUBHUI TU3aiiH 103BOJIsIE 30UIBIINTH OXOIUICHHS ayIUTOpil BeO—cauTy,
OCKIJIbKM BiH 3a0e3Medye KOPEKTHE BiOOpakeHHs pi3HUX mpuctposx. Le
BAXJIUBO Ui Oi3HECY, TOMY IO HPU3BOAUTH IO 301IBIICHHS KUTBKOCTI
KITIIEHTIB Ta MPOJIAXIiB.

Icaye Oe3miu calTiB, [0 HANAIOTh AJANTHBHUM JU3aifH,
BIJIPI3HAIOYMCH OJIMH BiJl OJJHOTO LIHOKO, SIKICTIO Ta CTWIsIMH. Yepes Te, 1o
JUIsl 1aHOi POOOTH BHKOPHCTOBYETHCS BEO-CAMT HANMCAHWH MMiJ KOHKPETHI
moTpedH, TO KOJCH TOTOBUH MabJIOH MOAIOHIX CEpBICiB HE 3MOKE TIOKPUTH
Bci moTpedu Ay rpaMoTHOI poboth caifty. CaMe Ui ITbOTO CTBOPIOETHCS
YVHIKaJIIbHUH JU3aifH U1 3a10BOJICHHS BCIX MOTPEO TaHOTO MPOCKTY.

Opnnum i3 Garateox mkepen € «Mastering Photoshop and Figma: The
Complete Guide to Designing Stunning Graphicsy.

Asropa Jlizu ToMIcoH, e po3rIIsiAacTbesi CTBOPEHHSI CAMTIB.

Mera nonsrae y CTBOpEHHI LIa0JIOHY aJanTHBHOTO IW3aiHY, SKHUH
Oy/ie ONTHMI30BaHUI Mijl pi3HI PO3MIpPH €KpaHiB MPUCTPOIB Ta 3a0€3MEeYUTh
3pY4HY HaBiramito Ta Heperiisii KOHTEHTY Ha OyIb—SKHX NPUCTPOSX.

Onuc  QyHKIIOHAIBHOCTI  MporpaMu: MmMalJIOH  YHIKJIBHOTO
aJalTUBHOTO JW3aliHy, ONTHUMI30BaHWU MiJ pi3HI MaciuTabu eKpaHiB,
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HE3aJIeKHO Bijl IPUCTPOIO, IPUEMHUM IU3aiH Ta BUKOPUCTAHHS BIJIHOCHHUX
OJIMHUIIb BUMIPIOBaHHS IIPH CTBOPEHHI CTWIIIB JJIsl IIa0JIOHY a/IallTHBHOTO
JM3aliHy, THYYKOI CITKH, BAKOPUCTAaHH crienianbHux CSS-kiaciB.

ExoHomMmis wacy Ta pecypciB: BHKOpHCTaHHS TOTOBOTO INabIOHY
JO3BOJISIE 3a0IMAJAWTH Yac Ta 3YyCHWUIA TpH pPo3poOIi Beb-caiiTy abo
mporpamu. BiH Hamae TOTOBY CTPYKTYpY, SKY MOXHa MOAu]iKyBaTH i
HaJAIITYBaTH A CBOI IMOTpeOW, HE BUMAaraloyd IIOBHOTO CTBOPEHHS
JIU3aiiHy 3 HyJss.

Y3romkenuit Ta npodeciiianii 30BHImHINA Burnsaa: [llabmnon Hamae
€IVHUA CTHJIb Ta OW3aiH IS BCIX CTOPIHOK Ta €JIEMEHTIB, IO CTBOPIOE
BpaKEHHs I[UTICHOCTI Ta mpodecioHaniaMy. Bin gormomarae 3a0e3neduTd
Y3TOIDKEHICTh Bi3yaJIbHUX PIllIeHb, KOJIPHUX CXeM, MPH(TIB Ta MakeTiB Ha
BCHOMY CalTi YM JOJATKY.

[Iabmon MoxHa MoaM(IKYBaTH Ta HANAIITYBAaTH IIiJ] KOHKPETHI
BHMOTH Ta OpEHIOBY iICHTHYHICTh. B MOKeTe BHECTH 3MIHH IO KOJNiPHOT
CXEMH, JIOJIaTH JIOTOTHII Ta TpadiKy, HaJAMTyBaTH MaKeT CTOPIHOK Ta iHIII
netani, mo0 3po0uTH MU3aifH BiNMOBIMHUM BaIlOMYy YHIKaJbHOMY OpeHIY
a00 KOHKpETHUM NOTpedaM BaIIoro MpoeKTy.

B pesynbraTi, BUKOpHCTaHHA MA0JIOHY YHIKAIFHOTO aTanTHBHOTO
IU3aifHy O3BOJISIE 3A0MIAIUTH Jac i pecypcH, 3a0e3IMeYnTH aJanTUBHICTD 1
Y3rOKEHIH 30BHIMTHIA BUTIISA BAIIoTo BeO-caiiTy abo mporpaMu, a TaKkox
MOKPAIIUTH JOCBiA KopucTyBaya. KOMOIHYIHOYH TOTOBI €JIEMEHTH Ta
HaJIAIITOBYIOYH IX ITiJ] CBOT MOTPEOU, BU MOXKETE CTBOPUTH NPUBAOIMBUH Ta
(GYHKIIOHAIGHUIA TH3aiH, SKAH BIAMOBIAE BAIIUM MIJSM Ta OYiKYyBaHHIM
KOpHUCTYBaYiB.

CEKIIA: KOMIT'IOTEPHI HAYKHN

PO3POBKA BEBAOJATKY JJISA OLUIHKU SAKOCTI 3ACBOE€HHA
3HAHDb CTYJAEHTA
A.B. Jlemuenko, ct. rp. KH-22-M, 1.B. denocosa, npod., 1-p nen. HayK,
JABH3 «IIATVY»

OriHKa SIKOCTi 3aCBOEHHS OTPUMAHHX 3HAHb JUISA CYYacHOI JIFOIMHU
CTaJIO 3BHYHOIO CIIPABOIO i3 IUTAYHMX CAJOYKIB IO BUXOJY Ha MICHCIFO, JTFOIU
MMOCTIHHO HABYAKOTHCS, a iX 3HAHHSA MEPEBIPSIOTHCS Ta OLIHIOOTHCS. [3
moyaTkoM maHzaeMii y 2019 pomi Ta OO TemepiliHROTO Yacy HaBYAHHS
OimpmrocTi Jromed mepednnio y muctaHmiii ¢gopmar. s aBromartm3amii
OLIHKH SKOCTI 3aCBO€HHS 3HATH IIPOIMOHYETHCS PO3pPOOKa BEOIOIATKY.
KirouoBi ¢yHKIIT nmporpamu: OI[iHKa 3HaHb CTYJCHTA, PEKOMEHAIi 100
MaTepiaiB, sKi TpeOa MOBTOPUTH/BUBYMTH, OTPUMAHHS MTOPaJ BUKJIA1aviB,
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CTBOpPEHHSI [TOCUJIaHb HA OE3KOIUTOBHI IHTEPHET-PECYPCH ISl MOTINOIEHHS
3HATH B TEMI.

B YkpaiHni Ha JaHnit MOMEHT HEMa€ BIaCHOTO BeO101aTKY sl OL[IHKH
SIKOCTI 3aCBOEHHS 3HaHb CTY/I€HTa, MM BHKOPHUCTOBYEMO 1HO3EMH1 IPOIYKTH,
SIKi HE 3aBKIU BiIMOBIJAIOTh HAIIUM IOTpeOaM, a TaKoXX HE 3aBXKIU €
3pYYHUMH U1 BUKOPHCTaHHS B Hamiii cucremi ocBitH. 3 2019 poky, 3
IMOYaTKy KapaHTHHY OUTBIIICTh HaBYATBHUX 3aKJAAiB MEpeHInd i3 O4HOI
(hopMHu HaBYaHHS Ha TUCTAHIIIHY 1 KOXKEH 3aKJIaJl OCBITH MPHUCTOCOBYBABCS
0O HOBHX YMOB, SIK Mir, OCKUIBKM HE OyJIO IEHTPaJi30BaHOTO DIillleHHS, a
JIABAJIMCS TUIBKY MTOPAJH, IO 1 CIPUYMHIIIO TaKy PO3TalyKeHy cucremy. B
MOJANIBIIIOMY HE 0YJI0 MPUIHATO KPOKIB JI0 IEHTpaTi3allii TEXHIYHUX 3aC00iB
1 TpOAYKTIB, a TakoX OUIbIIICT, 3MiH Yy MpoOLECi HaBYaHHS Malli
PEKOMEHJaNiiHUX XapakKTep, Yepe3 [ie CUCcTeMa HaBYaHHS Ta OLIHKW 3HAHb
CTY/IGHTIB 1 JJOHWMHI 3aJIMIIAETHCS JTyXKE PO3raly’KEHOIO Ta HE3PYYHOIO, SIK
JUTS BUKJIAJIaviB TaK 1 JUTS CTYICHTIB.

Bebmonarok, skuii po3poONseTHCA, Mae Ha METi CTBOPUTH
mwiatdopMy, Ha IKiil BUKIaAadi 3MOXKYTh y 3pydHOMY (popMaTi CTBOPIOBATH
CHCTEMH OLIIHKH CTYJICHTIB Ta IUINTHCS HUIMHU MK COOOI0, a TAKOK Ha/laBaTH
HaBYANIbHI MaTepiayy A TOTJIHOJCHOTO BWBYCHHS MaTepianiB abo
3aKpilJIeHHs] 3HaHb. TaKoX [OJaTOK MOXHAa BHUKOPHCTaTH K 3PyYHHH
pO3KIaz 3aHATh, & y MalOyTHROMY JOJAaTH Manu KOPITyCiB HaBYaJbHUX
3aKJa/iB, 100 HOBUM CTY/IEHTaM OYJIO JIeTIle OPIEHTYBATHCS B HABYAIBHUX
3aknanax. Sk pesynsrar Oyae po3poOIeHUi 101aTOK, KU POSMOHCTPYE
3pYYHICTh BUKOPUCTAHHS IIEHTPAi30BaHO! MaTGOpMH AJIsl OLIHKH 3HAaHb
CTY/ICHTIB.

PO3POBKA KOMIT’IOTEPHOI CUMYJISILII BUMIPIOBAHHS
MOAVYJISA ITPYXKHOCTI TBEPAUX TLJ
O.€. [’stukomn, no1., kKaed. TexH. Hayk, P.J[. lleBuyk, ct. rp. KH-22-M,
JABH3 «IIATY»

Po3poOka KOMMI'TOTEpHOI CHUMYJISIii MPHUCTPOIO UISI BHMipIOBaHHS
MOJIYJIS IPY’KHOCTI TBEPAUX TJI MATHITOCTPUKIITHIAM METOIOM € BayKITHBUM
3aBIAHHSM B 00JIaCTi MaTepialo3HaBCTBA Ta TEXHIYHOI IIarHOCTHKH.

MarHiTOCTpUKIIIHHII METOA TIOJIATaE B BHUMIPIOBaHHI 3MiHU
MarHiTHOI iHAYKUI{ B TBEPJOMY TiJli IPU HassBHOCTI HampyskeHHs. L{sg 3mMiHa
MAarHITHOT IHAYKIIIi TOB's13aHa 31 3MIHOO PO3Mipy TBEPAOro TiJia i/l BILTHBOM
Harpy>KeHHs, L0 JI03BOJISIE BUZHAYUTH MOJLYJIb PY>KHOCTI.

Po3poOka mporpamMHOro 3a0e3MeYeHHS KOMIT FOTEPHOT CHUMYIISIIL
nepenbayae CTBOPEHHS MaTeMaTHYHOI MOJENI MPUCTPOIO, L0 JO3BOJISIE
BiITBOPUTH NPOIIECH, IO BiAOYBAIOTHCS B pEalbHOMY IIPHUCTPOI.
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Just po3poOKM KOMI'IOTEPHOI CHUMYJISIIT MPHUCTPOIO HEOOXiIHO
BpaxyBaTH psan (akTopiB, TaKUX SK T'€OMETpis HPHCTPOIO, BIACTHBOCTI
MaTepiaiiB, sSIKi BAKOPUCTOBYIOTBCS B IIPUCTPOI, Cr1ocid 0OpoOKM Ta aHaNizy
JaHUX, IO OTPUMYIOTHCS B MpOLECi BUMIpPIOBaHb, MOXXHa JI0JJaTKOBO
BpaxyBaTH Pi3Hi YNHHHUKH, SKi MOKYTh BIUIMBATH Ha TOYHICTh BUMIPIOBaHb,
Taki fK IIyMH B €ICKTPUYHIN CXeMi, HETOYHOCTI B MapaMeTpax IMpHiajiB,
TeMIIepaTypHi KOJTUBaHHA Ta iHIII.

Komn'toTepHa CcuMymsmis MoOXe JONOMOTTH B IPOEKTYBaHHI
MPHUCTPOI0 Ta MmAO0OpI ONTUMANBHUX IapaMeTpiB Uil JIOCSATHEHHS
MaKCHMaJIbHOI TOYHOCTI BHUMipioBaHb. KpiM TOro, CHUMyJSIis Moxe
JOTIOMOITA B OINHIII MOXJIHUBOCTI BHKOPHCTAHHS MPUCTPOIO IS
BUMIPIOBAHHS MOJIYJIsI IPYXKHOCTI TBEPIUX TiJ 3 PI3HUMH BIACTUBOCTSIMHU.

OzHUM 3 KIIIOYOBHX €TamiB y po3poOii cuMmyisnii € mepesipka il
KOPEKTHOCTI Ta TOYHOCTI. J[J1s1 IbOro MO’KHA BUKOPUCTOBYBATH pealibHi JIaHi,
OTpUMaHi B pe3yNbTaTi BUMIpIOBaHb, Ta MOPIBHIOBATH X 3 pe3yJibTaTaMHu,
OTPUMAaHUMHU B TIPOIIECi CUMYJIALLI.

Hanpukinmi micns po3poOku cuMyIsMii, il MOXKHa BHKOPHCTOBYBAaTH
JUISl TIPOBECHHS BIpPTyaJlbHUX EKCIIEPUMEHTIB, IO JIO3BOJISE 3MEHIIUTH
KUTBKICTh peajbHUX BHMIPIOBaHb Ta CIIPOCTUTH TIPOIEC PO3POOKH Ta
TECTYBaHHsS HOBHX IPHCTPOIB.

OTxe, po3poOKka KOMITIOTEPHOI CHMYJAMIi TPUCTPOIO  JUIS
BUMIPIOBaHHSI MOJYJsl TPYXHOCTI TBEPAMX TILI MAarHiTOCTPUKLIHHAM
METOJIOM € Ba)XKJIMBUM 3aBJIaHHSAM, SIKE MOXKE JONOMOITH B HaBYaHHI
CTY/ICHTIB, MOXJIUBO MOKPAILIEHHI TOYHOCTI BUMIPIOBaHb Ta PO3pOOII HOBHX
TEXHOJIOTIH.

JTOCJIJI)KEHHSA 3ACOBIB JIJ151 TEHEPAIIIL BUTIAIKOBUX
IMAPOJIIB
O.€. II’sTukom, nou., kaua. TexH. Hayk, O.}O. Ky6apes, ct. rp. KH-22-M,
JABH3 «IIATY»

CroronHi [HTEpHET cTaB HEBiI'€MHOIO YaCTHHOIO HAIIOTO JKUTTH, i3
3araJlbHUM ~ JOCTYIIOM [0 HBOrO 3'fBWiacsi 1moTpeba y  3axHCTi
koH(pimeHmiHo1 iHGopmarii. ['eHeparlisi BUMaIKOBUX MAPOJIiB € BAYKITHMBOIO
CKJIaJIOBOIO KiOepOe3neKu, OCKUIBKH cIa0Ki Mmapoii MOXYTh MPHU3BECTH 10
MOpYyLICHHA l'[pI/IBaTHOCTi Ta BUKpAaACHHA NNIEPCOHAJIbHUX i KPUTHUYHUX OJaHUX.
Tomy Merolo maHOi poOOTH € JOCHIKeHHS! 3aco0iB, SKi MOXYTb OyTH
BUKOPHCTaHI JUIsi peaiizalii reHepaTropy BHIAJIKOBHX IapoJiiB, Y PI3HHX
MOBax IporpamyBaHHs. PosrisHyTo BapiaHTH peamizaumii miei 3amaui 3a
JIOTIOMOT'010 TaKMX MOB ITporpamyBaHHs sk Java, C# ta Python.
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VY MoBi Java MOXHa BHKOpUCTOBYBaTH kiac SecureRandom mjis
reHeparllii BUIaAKOBUX YHCel, SKi IOTIM MOKHa TIEPETBOPUTH Y BHUIAJKOBI
cuMBoiM abo psnaku. KpiM TOro, MoXXHa BHKOPHCTOBYBAaTH KJac
RandomStringUtils 3 6i6miorexu Apache Commons s reHeparil
BUITQJKOBHX PSAJIKIB 3 33aHOI0 JJOBKHHOIO.

V¥ coBi C# MokHa BHKOpPHCTOBYBaTH Kiac Random mist remeparii
BUITQJKOBHX YHCEIN, SIKi IOTIM MOYKHA IEPETBOPHUTH Y BHIIAIKOBI CHMBOJIH
a6o  psagku. Kpim  Toro, MOXHa  BHUKOPHUCTOBYBATH  Kiac
RNGCryptoServiceProvider mns reHepamii BHIIagKOBHX  YHCET 3
BUKOPUCTaHHAM KpUNTOIrpadhigHOro TreHepaTopa BUMAIKOBUX YHCEIL.

Y wmoBi Python MoxHa BukopucTOBYBaTH MOAyidb random Juist
reHeparlii BUMaAKOBUX YHCel, SKi TOTIM MOXKHA TIEPETBOPHUTH y BHUIAJAKOBI
cUMBOJIM a00 psinku. KpiM Toro, Mo>kHa BUKOPHCTOBYBAaTH MOMYJIb secrets
JUIsl TeHepalii BUMaAKOBUX PSJKIB 3 33/1aHOIO0 JIOBKUHOIO 3 BUKOPUCTAHHSIM
KpunrorpadigyHo 6e3MeYHOro reHepaTopa BUMaIKOBUX YUCEI.

Ko’kHOF0 MOBOIO IPOrpaMyBaHHs 0YJI0 peali3oBaHo 3a1a4y reHepanii
BHITQAKOBHX TAPOIIB JOBKUHOIO 9 CHMBOJIIB Ta oTpuMaHoO 1o 20 BapiaHTiB
JUIA TIOJANBIIOTO JociimkeHHs. [ami 3a momomororo pecypey Password
Strength Meter Oyno mpoBeIeHO BHUMIPIOBAHHS HATIMHOCTI Tapods.
Pesynbrati pecypcy HagaroThes y ONMHHULAX dacy, SIKMH HEOOXiTHO s
3nmamy napodto. Po30ir qacy KonmBaBcs B MIiCSIIB IO CTOMITE.

[Monanpie OIIHIOBAaHHS NPOBOAMJIOCH 4Yepe3 PpO3MOIUT  yCiX
OTPHMAaHUX MApOJIiB 3a KJacaMH CKJIaIHOCTI 3a JOMOMOrorm meromy K-
cepeanix. byno orpumano Tpu kiacu 3 nenrpamu: 9, 57 ta 1000 cTomitTrs.
Haii6inpina yactuHa BapianTiB nmapoutis , 63% mpuinuiach Ha Mepiry rpyiy,
6% - Ha Opyry, Ta TPETHHA MApOJIiB — TPETS IpyIa.

MOXJ/INBOCTI BUKOPUCTAHHA VEYON B HABYAJIbBHOMY
MMPOLECI
H.B. T'opb6adoBa, BukI1agad BUIOi KaTeropii, CT. BUKIIAAay, CIeIiaTi3oBaHa
mkona Ne 264 3 norianOjieHMM BUBYEHHSIM aHIIIIMCHEKOT MOBH, M. KHiB,
O.€. [I’stuxomn, fo1., kagxd. TexH. Hayk, IBH3 «[IATY»

B peanisx cborozeHHs kabiHeTH iHQOPMATHKN HABYATLHUX 3aKJIaIiB,
AKi MPALOIOTh B OYHOMY (hopMarTi, He 3aBXAU MalOTh TOCTATHE HEOOXimHe
OCHAIIICHHS Uil MPOBEACHHS CY4YacCHUX 3aHATh, a came, BIJICYTHI
IHTEpPaKTUBHI JOIIKH, MPOEKTOp. SIKiCHE NOSCHEHHS Marepiany — Le
JIEMOHCTpaIlist poOOTH Mporpam, MPe3eHTAIlii, BiIco TOm. Veyon — BiJbHE
mporpaMHe 3a0e3MeYeHHsS 3 BIAKPUTHM KOJOM JIIS JEMOHCTpAIIii,
CIIOCTCPE)KCHHS Ta KEPYBaHHS KOMIT IOTEpaMH, SIKE€ 3HAYHO IIOKPAIye
HaBYAILHUI MPOIEC, POOUTH HOTO OLIBII MPOYKTUBHUM.
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Ha 6a3oBomMy piBHI Veyon CKIIagaeThes i3 TOJIOBHOI'O KOMITOHEHTA 13
MpaBaMM  aJMIHICTpaTopa Ta KOMIIOHEHTa CIYXOHM — KII€HTCHKUX
KoMmIT'toTepiB  (y4HiB/CTyzneHTiB). OCHOBHOIO (yHKLI€IO TpOTrpaMu €
MTOBHOEKPAaHHA JEMOHCTpALisl eKpaHy aJMiHICTpaTopa Ta JEMOHCTpamis y
BiKHI y pexuMmi peambHOro dvacy. Y ¢Qopmari MiHIaTIOp BHKIaIad
(amMmimicTpaTop) MoOXke ~cmocTtepiraTd 32  poOOTOI0  KITIEHTCHKHX
KOMIT'IOTepiB. Y pa3i MoTpedH agMiHICTpaTop Ma€e MOXKIMBICTD BiJlaleHO
HarJsiIaTH 32 KOMIT'IOTepaMH ab0 KepyBaTH HHMH (BHUKJIAZad 3MOXKe
JOTIOMOTTH YYHSM/CTYJCHTaM 3 KOMIT I0Tepa aJMiHicTpaTopa)

Jns mpuBepHEeHHsS yBaru, KOHTPOJIO AOTPUMAaHHS IPaBUI poOOTH
BUKJIa1a4 MOKe OJOKYBaTH HEOOXiJHI KOMIT FOTEPH, IIPUMYCOBO 3IIHCHHUTH
BUXiZl KOPHUCTYyBauiB i3 cucreMH. BMUKaHHS, mNepe3aBaHTaXEHHS a0bo
BHUMHKaHHS KOMIT IOTEPIB BiJIAJICHO JIa€ 3MOTY aJIMiHICTpaTopy €KOHOMHUTH
CBili poOoumii yac Ta pecypc.

Jns 6inpml MpoAyKTHBHOI pOOOTH y BHKJIagada € MOJJIMBICTBH
TOIMUPEHH JOKYMEHTIB Ta IHmUX ¢GaiiniB i Y4HIB, HAJCHIAHHS
TEKCTOBHX IIOBIJOMJICHb Y4YHSIM. MOXJIMBICTh 3allycKy IporpaMm Ta
BIJIKPUTTSI CTOPIHOK CalTIB € €pEeKTUBHUM IHCTPYMEHTOM ISl €(hEKTHBHOTO
BHKOPHCTaHHA dacy. Veyon Mae Oarato BOymoBaHHX (PYHKIIH, sKi MOKHA
JIETKO BIOCKOHAJHTH 32 JIONMOMOTOI0 IOTYXXHUX KOMEPLIHUX JONOBHEHb:
3aImmc eKpaHiB, KOHTPOJIb AOCTyNy 10 [HTepHeTY, BusiBIeHHS Mepexi, LDAP
Pro (oTpumanHsi MepexeBUX 00 €KTIB 3 KIIBKOX CEepBEpiB/IOMEHIB), BeO-
BKJIJIKH.

IIporpama Veyon y NOpIiBHSIHHI 3 aHAJOTIYHHM OE3KOIITOBHUM
MporpaMHKUM 3a0€3MEeUYECHHSIM BiAPI3HIETHCS MPOCTOTOI0 Yy HANAIITYBaHHI,
BHUKOPHCTAaHHI Ta CTAOUIBHICTIO Y POOOTI.

BUKOPUCTAHHS HEMPOHHOI MEPEXI JIJIS1
MPOTHO3YBAHHS MPOAAKIB KOMIT'IOTEPHHUX IT'OP
A.B. Aiinaros, ct. rp. KH-22-M, O.1. [IpowniHa, 1011., KaHJI. TEXH. HAYK,
JABH3 «ITTVY»

Komm'torepri irpum cramm Bce dacTime 3'SBIATHCS B HAIIOMY
MTOBCSIKACHHOMY JKHTTi, 1 BOHM HepecTay OyTH YUMOCh HE3BUYAaWHHUM, Ta
po3poOka  KOMIT'IOTEpHOI  MOZeNi Ui  IPOTHO3YBAaHHSI  IPOAAXY
KOMITFOTEPHHX irop € Jy’K€ BaXKJIMBUM aCIICKTOM Ha ChOTOHIIIHIN JICHb.

Hi nmiast koro He Cekper, IO KOMITIOTEpHI IrpH MAarOTh BHUCOKY
HNOMYJISIPHICT SIK Ccepei MiUIITKIB, Tak i y Jopociux jojei. Po3pobka
MIPOTHO3YBAaHHS NPOJAXIB irop Moxe IepeadauuTH psa (axTopis, sKi
MOJXXYTh JOMOMOTTH 3pOOUTH MPOIaXi BUIIMMH Ta OLIBIT a)KHOTAXKHIMHU.
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L1 xoMn'foTepHa MO/IENb MOXKE aHaJli3yBaTH BEJIMKY KUIBKICTb JJaHUX,
BKJIIOYAIOUM iH(OPMAIIIO PO IOTepeHi MPoiaXi, BIIIyKH KOPHCTYBayiB,
pexJIaMHI KamIaHii Ta iHIi GpakTopH, 0 MOXYTh BIUIMHYTH Ha ITPOJAXI.

3acTrocyBaHHS HEHPOHHOT MEpPEeXi MOXKE JATH MOXKIHBICTH IIBUIKO
amanTyBaTUcs 1O 3MiH Ha pPHUHKY, Ta mnepenbadaTé TPEHAW MPOIAXIB,
JOTIOMOITH  3MCHIIMTH PU3HKH  (iHAHCOBHX BTpaT Ta CHPHATH
ONTHMAJBFHOMY BUKOPUCTaHHIO PEeCypciB KOMIaHil

Po3poOka KOMO'IOTepHOi MOZeNi MPOTHO3YBAaHHS IMPOAAXiB TpH
NOBHMHEH BKJIIOYaTH HACTYIHI €TalM, SKi BUKOPUCTOBYBAaTHMYTHCS I
MIPOTHO3YBAHHS:

[Mo-nepure, ne 30ip iICTOPUYHUX AAHUX TPO IMPOJAXI Irop, a TAaKOK
NOB'SI3aHUX 3 HUMH 3MIHHHUX, 0€3 I[bOr0 He OyIyBaTUMEThCS camMe MOHSTTS
TIPO Te, SIK caMe BiZJ0yBa€THCS HPOTHO3, OCKUILKU BOHO JIO3BOJISIE IIOKPAIIUTH
TOYHICTb NPOTHO3IB MPOJAXIB y MailOyTHpOMY. 3acTOCYBaHHS MOXE JaTh
MOJKJIMBICTE PO3POOHMKAM 1 BHIABIIM BH3HAYaTH HAHOLIBII e(EKTHBHI
CTpaTerii MapKeTHHTY Ta PeKJIaMH I TIPOJAXy irop.

HacrynauMm etarom Oyze, «mornepeqHs 00poOka JaHHX», BOHO SIBJISE
co0010 BU/AJIICHHS HEKOPEKTHHX 3aIKCIB, TIEPETBOPEHHS KaTErOpiaIbHUX
3MIHHHX Ha YHCJIOBI 3HAYEHHS, MacIITa0OyBaHHS YMCIOBUX 3MIHHHUX.

JlocnimHUIBKUA aHaNi3 AaHWUX y Hi po3podmi Oyme y BUTIAmL
Bi3yauizamii JaHWX, BUSABJICHHI iX TPEHIIB Ta 3aKOHOMipHOCTEH. BoHO macte
O1IBIII SICHUI BUTJIA, SKIIO TTapaMeTpiB Oyie ayke Oararo.

CiymHOW MOJEIII0 Ui MallMHHOTO HaBYaHHs Oyne JiHiliHa
perpecisi, BUNaIKOBHH Jiic, 200 rpaliecHTHUIH OYCTHHT.

1) Jlinitina perpecist (Linear Regression) — Mojenb 3aeXHOCTI
3MIHHOT X BiJ OfiHi€] a00 KUIBKOX IHIIMX 3MIHHUX ((akTopiB, perpecopis,
HE3JIS)KHUX 3MIHHMX) 13 JITHIHHOIO (DYHKIIIEIO 3aJIeKHOCTI.

2) Meton BumagkoBoro uyicy (Random Forest) — anropurm
MAalIMHHOIO HaBYaHHs, 3anponoHoBanuii Jleo bpelimanom ta Anens Katnep,
SIKMH TIOJISITa€ y BUKOPHCTaHHI aHCaMOJITI0 BUPILIaJIbHUX JIEPEB.

3) T'pamieHTHHI OYCTHHT — Il¢ TEXHiKa MAIIMHHOTO HABYAHHS ISt
3aBIaHb Kiacugikallii Ta perpecii, sika Oyaye Moaens nependadeHus y Gpopmi
aHcamOIIo ciabKkux nependoadyBaHUX MOJIENEH, 3a3BU4ai JepeB pillieHb

TroHiHT Mopjeni jisi TMOKpalleHHs il HPOJYKTHBHOCTI IIIIXOM
HaJaIITyBaHHA TiepIapaMeTpiB, a came:

1) T'nmubuna mepeBa (Iu1s1 MOJeJICH Ha OCHOBI BUPIIIATBHUX JIEPEB,
TaKMX SIK BUIAIKOBUIL JIic a00 TpajieHTHUIT OyCTHHT): BU3HAYAE, HACKIIBKU
JIEpeBO IIIMOOKO PO3railyKyBaTUMEThCSL.

2) Kinbkicte JnepeB (s aHcamOJIEBUX MOJENEH, Takux SIK
BUIAIKOBHH JIic a00 rpafieHTHUH OYCTHHT): BU3HAYA€ KiJIbKICTh AEpEB, SKi
OyayTh MoOyIOBaHI B aHCAMOJTI.
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3) Uleuakicte HaBuauHs (learning rate 1 Mojesneil rpamieHTHOTO
OyCTHHTY): KOHTPOJIIOE BHECOK KOKHOTO JIepeBa B MOJEIb.

4) Perymspusauis  (Hanpuknan, koedimienr L1 abo L2
peryisipusanii): BUKOPHCTOBYETBhCS JUIS 3alOOIraHHs —TepeHaBYaHHIO
MOJEII.

5) Po3mip makera (batch size, qs mojeneil rTHOOKOro HaBYAHHS):
BH3HAYa€ KUIBKICTh 3pa3KiB, sAKi OYIOyTh BHKOPHCTOBYBATHCH UL OHOTO
OHOBJICHHS Barv MOJEII.

6) Koedimientn 3rmamkyBanHs (smoothing parameters, st
Mozenell, IO BHUKOPUCTOBYIOTh 3IVIQJUKyBaHHS): BH3HAYAIOTh CTYIiHb
3IJIa/KYBaHHS, IO 3aCTOCOBY€ETHCS JI0 JIaHUX.

I HapemTi MOBTOPEHHS MpOLIECY VIl OHOBIJICHHS MOJEJI 3 HOBUMH
JaHUMHM Ta TOJIMIICHHS IIPOTHO3IB, a TaKo)X MOHITOPHHI Ta aHaji3
pe3yibTaTiB JUIs OIIHKM e(EeKTHBHOCTI IPOTHO3YBAaHHS Ta BHECEHHS
KOpUTYBaHb.

Hampukiani micns po3poOku, I MOXHA BHKOPHCTOBYBATH LIS
MIPOBEACHHS BipTyalIbHUX €KCIIEPUMEHTIB, IO T03BOJISIE pOOUTH MOTPiOHI il
JUISL TOTO 11100 Tposaku Oyiu OibII MPUOYTKOBI Ta MacIITA0HI.

Orxe, po3poOka 1mie€i Momemi IS TPOTHO3YBAHHSA MPOAAXKY
KOMI'TOTEPHIX iTOp € BAYKIIMBUM 3aBJIaHHIM, SIKE MO>KE JOTTOMOTTH Y BHOIPII
UL po3podmi TMOTpiOHOI rpu Ta ii po3poOkm, a TakoXk ii 3aCTOCYBaHHS Y
HACTYNHHUX TpoekTax. Jlns Ha#kpamoro pe3ynpTaTy IpOTHO3yBaHHs
MPOAaXIB I'PH € 30MpaHHsI Ta 00POOKH 00'€MHHX JaHUX, BHOOPY Ta HABYAHHS
MOJIeJl MAIIMHHOTO HaBYaHHS, a TaKOX pPETEebHOr0 HaJlallTyBaHHs
rimeprmapamerpiB A JOCSATHEHHS  HaiKpamoi  HpOJyKTHBHOCTI
MIPOTHO3YBaHHS.

BUKOPUCTAHHS HEMPOHHUX MEPEX JJISI BA3BHAYEHHSI
OCOBJIMBOCTI TEMIIIB PO3BUTKY TEXHOJIOTI'Ti
BLOCKCHAIN
A.O. Tonybenp, ct. rp. KH-22-M, O.I. TIponina, 1011., KaH/I. TEXH. HAYK,
JABH3 «ITTVY»

[omynsapHicTs HEWPOHHUX MEpEeX 3pOcia B OCTaHHI JECSATHIITTA
3aBJSIKH 1XHIM e()eKTHUBHOCTI y OaraTbox 3aja4ax MAallMHHOTO HaBYAHHS Ta
HITYYHOTO THTEJIEKTY.

HeiipoHi Mepexi akTMBHO 3HAWIUIM CBOE 3aCTOCYBaHHs i B cdepi
KPUITOBAIOTH Ta Texuoorii Blockchain.

Heiiponni wmepexi MOXyTb OyTH BHUKOPHUCTAaHI Uil aHaJi3y
ocobymBocTel TemriB po3BUTKY TexHousorii Blockchain. Bonn MoxyTh
JONIOMOITH BHUSIBUTH Ta IpOAHATI3yBaTH 3aKOHOMIPHOCTI Ta TPEHIH,

255



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

noB's3aHi 3 TPUHAHATTAM Ta mmpeHHsM Blockchain y pisHux cdepax
TEXHOJIOT1H.

OnHUM 3 OCHOBHHUX 3acTOCYBaHb HEHPOHHHX MEpPEX B JAHOMY
KOHTEKCTI € aHaJi3 TEeKCTOBHX MAaHUX, TAKHX SK HAyKOBi CTaTTi, HOBUHH,
Omoru ToIO, 1O cTocyloThest Blockchain. MoxHa moOymyBaTn HEHpOHHY
MEpexy, SKa HAaBYAEThCI Ha BEIMKOMY O0OCS31 TEKCTOBHX IaHHX Ta
BHKOPHUCTOBYETHCS ISl Kiacugikarii inopmartii mpo po3sutok Blockchain.

Hanpuknan, HelipoHHa Mepexa Moke OyTH HaBYCHa PO3Mi3HABATH
myOikamii, IO CTOCYIOThCA HOBHX TEXHOJOTIYHHX PIlIeHb, 3aCTOCYBAHHS
Blockchain y ¢inancoBomy cexropi, macmradyBanHs Mepexi Blockchain
Tomo. BoHa Mo)ke aBTOMaTW4HO aHai3yBaTH Ta KIAacH(iKyBaTH BEIHKY
KUTBKICTh TEKCTOBHMX JAHHMX, IO JOMOMAarae 3po3yMiTH TCHICHINI Ta
0cobaMBOCTI po3BUTKY TexHomorii Blockchain.

Hns anamizy tekcty mpo Blockchain 3a nomomororo HeHpOHHHX
Mepex MOKHA BUKOPHCTOBYBATH pi3Hi Metoau. Hanpuknan monens Bag-of-
Words (Mimoxk ciiB) meid meron mepeadavae MPEACTaBICHHS TEKCTYy K
Habopy ciiB 6e3 BpaxyBaHH MMOcTimoBHOCTI. HelipoHHa Mepexa Moxke OyTh
HaBYCHA HA OCHOBI TaKMX BXIAHUX JaHUX, € KOXKEH CJIOBO NPEJCTaBICHNI
SK OKpemui aTpuOyT. BoHa Moxe kimacudikyBaTH TEKCT Ha OCHOBI
BUKOPHUCTaHHSA ITUX aTPUOYTIB.

3acrocyBaHHA BeKTOpHHX BKJIaneHb ciaiB (Word Embeddings) mei
MeTo]l epedavyae BUKOPUCTAHHSI BEKTOPHUX IIPEACTABIICHD CIIiB, TAKHX SIK
Word2Vec abo GloVe, s npencraBieHHs TeKeTy. TeKCT po30MBa€eThCs Ha
CJIOBa, & KOXHE CJIOBO IIEPETBOPIOETHCS y BEKTOp. HelipoHHa mepeka Moxe
OyTH HaBU€Ha Ha OCHOBI IMX BEKTOPHUX MpEACTAaBIECHb s Kiacupikarii
abo aHai3y TEeKCTy.

3acTrocyBaHHS PeKypeHTHUX HeiiponHumx Mepex (Recurrent Neural
Networks) BOHM MOXXyTh OyTH BHKOPHCTaHI JUIS aHAIII3y ITOCIIIOBHOCTEH
tekcty mpo Blockchain, Takux sk pedennst abo maparpadu. Bonn MoxyTh
PO3YMITH KOHTEKCT Ta 3aJIeKHOCTI M)XK cIoBaMH B TeKcTi. HeliponHa Mepexa
LSTM (Long Short-Term Memory) € momysspauM BapiantoM RNN st
poOOTH 3 TEKCTOM.

3acTocyBaHHs 3ropTKOBUX HeifpoHHHX Mepex (Convolutional Neural
Networks) BOHM MOXXYTh OyTH BUKOPUCTaHI JJIsl aHANI3y TEKCTY, 0COOINBO
JUTSI BUSIBIIEHHS KITFOUOBUX (hpa3 abo ocobamuBocTei B Tekcti mpo Blockchain.
BoHu BUKOPHCTOBYIOTH (DilIBTPHU JUIsl BUSIBIIEHHSI OCOOJIMBUX IA0JIOHIB 200
03HakK y TekcTi. Lli MeToan MoxyTh OyTH KOMOiHOBaHi a00 MOIU(IKOBaHI B
3aJIeKHOCTI BiJl KOHKPETHUX MoTpeb aHami3y Tekcty mpo Blockchain.

Kpim anamizy TeKCTOBHMX JaHMX, HEHPOHHI Mepexi MOXyTb OyTH
BHUKOPHCTaHI Ul aHalli3y YMCIOBUX JAHWX, TaKUX SK JlaHi MPO KiUJIbKICTh
TpaH3akliid, OOCATH PHHKY KpPUITOBAIIOT, KUIbKICTh AaKTUBHHUX T1JIOK
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Blockchain ta inme. MoxHa noOyayBaTu Moielib HEHPOHHOI Mepexi, sKa
Oyzie aHaTi3yBaTH 1 1aHi Ta BUSBIISATH 3aJIEKHOCTI MK PI3HUMH (pakTopamu,
0 BIUIMBAIOTh Ha PO3BUTOK TexHoorii Blockchain.

HeiipoHHi Mepexi MOXyTh OYyTH BHKOPUCTaHI MJsl aHamizy
TpaH3akmiiHOTO MOTOKY Y Blockchain. BoHr M0OXXyTh BUSBISTH aHOMATBHY
AKTUBHICTH, MIaxXpadchKi il ab0 BIOXWICHHS BiJ THIIOBHX IaTEpPHIB
TpaH3akuii. Lle Mo)ke JTOMOMOITH BUSBHTH LIaXpaiiCcTBO a00 BPA3IHMBOCTI B
CHCTEMI.

Kpim mporo mie oHa nepeara BAKOPUCTaHHS HEHPOHHUX MEPEexX UL
texHonorii Blockchain € mokpamenns macmraboBaHocTi. BoHH MOXyTh
JONIOMOTTH BU3HAYMTH ONTHMAJbHI MapaMeTpu Uil PO3MOAIIEHOrO
KOHCEHCYCY, sIKHii BUKOpPHCTOBYEThCs y Blockchain, a takoxx gomomaratu
3HAXOJUTH PIilICHHS JJIsl TOKPALICHHS MIBUAKOMIT MepeKi.

HeiipoHHi Mepexi MOXyTb OyTH BHKOPUCTaHI IUISi TPOTHO3YBaHHS
TEHJICHII} Ta MOBEAIHKM PUHKY KPHIITOBATIOT. BOHM MOXYTh aHani3yBaTtu
BENHKi OOCSATH HaHWX TMPO MiHU, OOCATH TOPTiB Ta iHII (aKTOpH, IO
BIUTMBAIOTh HAa PHHOK, Uil NPOTHO3YBaHHS MailOyTHBOrO pyxy LiH Ta
TIPUHHATTS BiIOBITHUX PIiIlICHB.

Tako HEHpOHHI Mepeki MOXKYTh OyTH BHKOPHCTAHI JUIS OIL[IHKA Ta
ynpaBiiaHs pusnkamu B Blockchain. Born MoxyTs aHamizyBaTu naHi mpo
0e3mneKy Mepeki, BUSBISTH MOTEHITIHHI 3arpo3d Ta MPOTHO3YBAaTH PU3HKH,
[0 TOB's3aHi 3 meBHUME acriekTamMu Blockchain, Takumu sSIK BUTOKH JaHHX
YH aTaKu.

PO3POBKA ITPOTHO3YIOYOI'O JOJATKY JJIs BUSHAYEHHA
3AXBOPIOBAHbB JIETEHb 3 COREML
A.A. Tlonimyx, ct. rp. KH-22-M, O.1. TIponina, 1011., KaHJ. TEXH. HAYK,
JABH3 «IIATY»

3axBOpIOBaHHS JIETEHb, 30KpeMa TYOEpKYJIb03, 3aTHIIAI0THCS OJHIEI0
3 HAWMOIUPEHIMNX TPOOIEeM OXOPOHH 3I0pOB'Sl y BChOMY CBIiTi. PanHs
JiarHOCTHKA MOYKE CHPUATH OUTHII e()eKTUBHOMY JTIKYBaHHIO Ta IIiABUIITATH
[IaHCH Ha MOBHE JIKyBaHHSA. Y 3B'A3Ky 3 UM, po3poOka mporpamu ais i0S,
AKa BHKOPHCTOBYE naHi, orpuMani 3 Apple Watch mns mpormosyBanzs
3aXBOPIOBAaHb HAa OCHOBI MapaMeTpiB IyJIbCY Ta KiTBKOCTI KUCHIO B KPOBI,
MO€ 3HaYHO ITOKPAIIUTH NPOLIEC JIarHOCTUKY Ta JiikyBaHHs. Lst mporpama
MOXke OyTH KOPHCHHM JUIsl JIFOJIEH, SIKI XO4yTh MOHITOPUTH CBOE 37I0pOB'S 1
OTpUMYBaTH OLIBII TOUHI NPOTHO3U MOXIITUBHX 3aXBOPIOBaHb, IPYHTYIOYHChH
Ha JIaHuX, OTpUMaHKX 3 X Apple Watch. Kpim Toro, nana po6ora mosxe 0ytn
OCHOBOIO JIUIsI MaOYTHIX JOCIIJDKEHb Ta PO3pO0OK Yy Wil raimysi, 0 MOXe
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CIpHUATH OUIbII eQEeKTUBHIM JIarHOCTUI Ta JIKYBaHHIO 3aXBOPIOBaHb
JIETEHb.

B 3a1exHOCTI Bii MOCTAaBIICHHX IIiJICH 1 3aBJIaHb Yy Mill pOOOTI, MOXKE
OyTH BKIIIOYEHMH pi3HMH (yHKIIOHA)N, y TOMy 4YMcii W 0asa JaHHX
JoBinKoBoi iHdopMalii Ha TeMy, HAPUKIIAL, 100 3aXBOPIOBAHb JIEI¢Hb Ta
croco0iB ix miarHocTHKH. Lle MoXKe MiABHIUTH 3pYYHICTH BUKOPUCTAHHS
TpoTpaMu [T KOPHUCTYBAYiB Ta CIPUATH OLTBII €(EKTHBHINA OILIHIII CBOTO
3mopoB's. s giarHOCTHKM — TyOepKyJabo3y HEOOXiOHO IPOBOIHUTH
KOMIUTEKCHE 00CTeXEeHHS MAalli€HTa, BKIIOYAIOYH aHalli3 KPOBi, XapKOTHHHSA,
penrrerorpadiro, KT, OpoHXOCKOIIiIO Ta iHIII METOAH.

[pore, € gesiki HAYKOBI JOCIIKEHHSI, K1 MOB'I3YIOTh 3MiHH ITyJIbCY
3 TyOepkyano3oM. Hampuknam, aeski JOCTIHKEHHS MOKa3yITh, IO Y
MAIIEHTIB 13 TyOCpKYJIH030M MOXKe OYTH MiABHICHUN ITyJHC, OCOOIHMBO B
aKTHBHIN (a3i 3axBoproBaHHS. Takok BBaKaeThCs, IO 3MIHM B ITyJIbCI
MOXYTh OyTH TIOB'S3aHi 3 JNESKUMU TOOIYHUMH e]eKTaMH JIiKapChKUX
IIpenaparis, SKi 3aCTOCOBYIOTBCS UISl JTIKyBaHHS TyOepKymnbo3y. OgHak mi
3MIiHA B MYJbCI HE € cremuiyHuMA IS TYOepKyIho3y 1 MOXYTH OyTH
MoB's13aH1 3 1HIMMMH (DaKTOpaMH, TaKUMH K (Di3WYHA aKTUBHICTh, CTpec,
BTOMa TOIIO. TakuM YHHOM, XO4a 3MiHH ITyJIbCY MOXYTh OyTH TIOB'S3aHi 3
TyOepKyJIb030M Ta IHIIUMHU 3aXBOPIOBAHHSAMHM JIETCHb, BOHH HE MOXYTb
BUKOPUCTOBYBATHCS 5K €AMHUI METOZ AiarHOCTUKH TyOEpKYIbO3y.

3MiHM Y MMOKa3HUKaX MYJbCy Ta KUIBKOCTI KHCHIO B KPOBI MOXYTh
BUKOPHCTOBYBATHCh SIK IOJATKOBI ()aKTOpU NPH A1arHOCTHIII 3aXBOPIOBaHb
JIET€Hb, Y TOMY YHCII 1 TyOSpKyiIp03y. Y MAIli€HTIB 3 TyOCPKYIb030M MOXKE
CIIOCTEpIraTUCh 3HIDKEHHS pIBHS KHCHIO B KpOBI, WIO TMOB'A3aHE 3
MOPYIICHHAM JWXaNbHOI (YHKI JereHb. TakoXK JdesKi JOCHTIIKCHHS
MOKa3yl0Th, IO y MAaIli€HTIB 3 TyOepKyJIb030M MOXe OyTH MiJBUINECHHUIH
MyJbc, OCOONMMBO B AaKTUBHIA (a3l 3axBoproBanHHs. OnHaK, HEOOXiTHO
BPaxoBYBAaTH, 110 3MiHM B ITOKa3HUKAX ITyJIbCY Ta KUIBKOCTI KHCHIO B KPOBI
He € crienuiuHIMHA A7 TyOepKyIIb0o3y 1 MOXKYTh OyTH MOB'sSi3aH1 3 1HIIMMHU
3aXBOPIOBAaHHAMH JIETE€Hb UM (PaKTOPaMH, TAKUMHU SIK (i3WIHA aKTUBHICTD,
cTpec, BTOMa TOIIO. TakMM YMHOM, BKJIIOUCHHS NOaHUX IapaMeTpiB 0
mporpamu, sika 34utye jaaHi 3 Apple Watch Ta nporHosye 3axBoproBaHHS 3a
OUMH  IIapaMeTpaM{, MOXKE€ JOIOMOITH IOKPAallUTH  [JIarHOCTHKY
3aXBOPIOBaHb JIeTe€Hb, BKIIOYAIOuM TyOepkynbo3. IIpore, me Mae
BUKOPHCTOBYBATHCS JIMILE SIK TOJAaTKOBHI METOJ|, & UM HE €IUHHH CIIOCiO
IarHOCTUKH.

s po3poOku mporpamu, sika 3unTyBatume AaHi 3 Apple Watch i
aHaJIi3yBaTHMeE iX 32 JONOMOT0I0 MAIIMHHOT'O HaBYaHHsI, 0yJI0 BUKOPHUCTAHO
Swift, CoreML Ta inmi iHCTpyMeHTH Ta (ppeliMBOPKH, 1110 HagaroTecst Apple.
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VY upoMy BUNAJKy MO>KHA BUKOPHCTOBYBATH JITOPUTM Kiacupikarii, Takui
sik Random Forest, SVM (Support Vector Machines) abo HelpoHHI Mepexi.

Byno mpoBeneHo NOCHIPKEHHS JIiTepaTypd Ha OCHOBI sIKOTO Oyiy
BUpILIEHO BUKOPHCTOBYBAaTH METOM Kiacudikamii. A caMme BUKOPHUCTaHHS
AITOPUTMY BHITAIKOBOTO JIICY, OCKUTBKHU BiH 3a0e31edye XOpOouTy TOYHICTb 1
3JaTHHI NPaLIOBATH 3 PI3HUMH THIAMH JaHHX.

Byno cTBopeHo AaTacer, 110 BKIIIOYAE JJaHi PO MyJIbC, PiBEHb KUCHIO
B KpoBi Ta iH(OpMAIlil0 PO HASIBHICTh UM BiACYTHICTH 3aXBOPIOBAHHS
nereHs. /s mporo Oynio MpoBeAEHO NOCHTIMHKEHHS Ta OTPUMaHi JaHi Bix
MEIMYHHX 3aKJIaJiB Ta Mali€HTiB, BCl 1aHi OyJIH B3STi 3 BIIKPUTOTO PECypCy
Kaggle.

Ilepen HaBuaHHSIM Mozeni Oyja MHpoBemeHa MOmepeaHs 00poOka
JIaHWX, BUJIAJICH] BUKU/IY, 3aII0BHEH1 IIPOMYIIEH] 3HaYeHHS Ta HOpMalli3oBaHi
JlaHi, 100 BOHU OYJIM TOTOBI JII1 HABYAHHS MOJICITI.

3 BukopucTaHHSIM O¢peiiMBopkiB Apple, Takux sk Core ML Ta
HealthKit, 6yma po3pobiieHa Moielib MaIMHHOTO HaBYaHHsL. 1151 11boro OyIia
CTBOpEHA CTPYKTYpY MOJEJi, BU3HAYCHI IMapaMeTpH BHIAIKOBOTO JCy Ta
BHKOPHCTaHI MiATOTOBJICHI TaHI [UTS HABYAHHSI MOJETI.

ITicnst HaBwaHHS Moneni Oyia IpoBeeHa OIiHKa i1 MPOIYKTUBHICTD
Ta TOYHOCTI mependadeHb. bymm 3acTocoBaHi pi3HI METPUKH, Taki SK
TOYHICTh, MOBHOTa, Fl-mipa Ta ROC-kpuBa, mo0 OLIHUTH SKIiCTh Ta
e(eKTUBHICTb po3pobseHoi moneni. Ha OCHOBI OTpMMaHUX pe3yJibTaTiB
MOHa TPOBOJUTH JIOCTIDKEHHS HAa peajbHUX JaHUX, Ui BU3HAYCHHS
3aXBOPIOBaHHS JIETCHIB B MEIUYHHUX LIEHTPAX YM OKPEMO ISl KOXKHOI'O
kopuctyBada Apple Watch.

TEHJEHIII PO3BUTKY HEMPOHHUX MEPEX JIJISI
CTBOPEHHA BI3YAJIBHOI'O KOHTEHTY
O.I. TlponiHa, mo1., kaH. TexH. HayK, JIBH3 «IITY»

Bce gacrime BUKOPHUCTOBYIOTHCS HEHpPOHHI MEPEXKi IUIT CTBOPEHHS
KOHTEHTY, II€ TIOB’S3aHO 3i 30UIBIICHHAM IOCTYITHOCTI BEIMKUX OOCHTIB
JaHUX Ta oOuHcIIoBaNbHOI mOTYXHOCTi. Taki amroputmu, sk GPT
(Generative Pre-trained Transformer) Tta J#oro pi3ui Momudikarii,
JIO3BOJISIFOTH CTBOPIOBATH TEKCTH, 300pa)KCHHS, My3HKY Ta iHIIHA KOHTEHT i3
BUCOKHUM CTYIIEHEM SIKOCTI.

OpHak, CIifi 3ayBa)KMTH, IO ICHYE TAaKOX psjJ €TUYHUX IHUTaHb,
NOB'SI3aHUX 3 BUKOPUCTAHHSIM HEHPOHHHUX MEPEX Ul CTBOPEHHS KOHTEHTY,
TaKUX SIK MOJMJIMBICTH CTBOpPEHHsS (EHKOBMX HOBHH a00 IiBUILEHHS
pacu3My Ta CEKCH3MYy B KOHTEHTi. TOMy BaXJIMBO BHUKOPHCTOBYBaTH Iii
TEXHOJIOTIT 3 00EPEXKHICTIO Ta BiANOBIIAIBHICTIO.
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Kpim Toro, Mo>kHa BiI3HAYNTH, 1110 BAKOPUCTAHHSI HEHPOHHUX MEPEK
JUISl CTBOPEHHSI KOHTEHTY Mae cBoi IepeBary Ta Hepousiku. Cepen repesar
MOJKHA BUJILIUTH:

—Bucoka sIKicTh CTBOPIOBaHOTO KOHTEHTY. HeifpoHHI Mepexi 31aTHi
TeHEepyBaTH TEKCTH, 300pakeHHs Ta My3HUKY, sKi Bi3yaJbHO Ta 110 3ByYaHHIO
MaibKe He BiZIpi3HAIOTHCS BiJ TBOPIB, CTBOPEHUX KUBUMH JIFOABMU.

—Bucoka mBUAKICTE CTBOpPEHHS KOHTEHTY. HelpoHHI Mepexi
MOXYTh T€HEpYBaTH KOHTEHT 3HA4YHO IIBHIUIEC HK JronuHa. Lle nossomse
3a0IIAIUTH Yac Ta IPUCKOPHUTH MPOLIEC CTBOPEHHS KOHTEHTY.

—MOXIIMBICTh CTBOPIOBATH KOHTEHT PI3HUMH MOBaMHu. HelponHi
Mepesxi MOXKyYTh OyTH HaBYEHI ITPaIfoBaTH 3 6ararbMa MOBaMHU, 1110 T03BOJISIE
CTBOPIOBATH KOHTEHT PI3HUMH MOBaMH 0e3 HEOOX1THOCTI Iepekiiaiaya.

OjiHaK TaKOX CIIiJ| BpaxOBYBATH 1 HEJOMIKH:

—OOMeskeHiCTh TeM Ta CTWiIiB. HelpoHHI Mepexi MOXyTb OyTn
oOMexeHi y BUOOpI TeM 1 CTWIIIB KOHTEHTY, SIKi MOXYTh TeHepyBaru. Lle
MOXe TPU3BECTH IO MOBTOPEHHS THX CAMHX 1 CTHJIIB, IO MOXKE 3MEHIIHTH
OPHTiHAJIBHICTh CTBOPIOBAHOTO KOHTEHTY.

—Pu3uku B ramysi aBTOpCTBa Ta NpaB HA IHTEIEKTYaJIbHY BIACHICTS.
IcHye pu3uK TOro, 10 CTBOPEHUH HEHPOHHOIO MEPEKEI0 KOHTEHT MOXKE
MTOPYIITYBaTH aBTOPCHKI MpaBa Ha iHTEICKTYaIbHY BIACHICTb.

—HenmocratHst TOUHICTh Ta SAKiCTh KOHTEHTY. He3Bakarouu Ha Te, 110
HEWPOHHI MepexXi MOXYTh CTBOPIOBATH BHCOKOSIKICHHUII KOHTEHT, BOHHU He
3aBKIU T€HEPYIOTh JIOCKOHAJINN KOHTEHT 1 MOXKYTh JIONYCKaTH IIOMUJIKH 200
HETOYHOCTI.

CTBOpEHHS Bi3yaJIbHOTO KOHTEHTE 32 JIONIOMOT0I0 HEHPOHHHUX MepeK
IPYHTY€EThCS HA MIPUHIIKI FeHepaTHBHO-3MaranbHux Mepex (GAN).

I'enepaTnBHO-3MarajbHi MEpeXi CKIAHalOThes 3 JBOX HEHPOHHUX
MepeX: TeHeparopa Ta JWCKpuMiHaTopa. ['eHeparop mpuiiMae Ha BXiX
BUNAJKOBUH BEKTOp IIyMy 1 TeHepye 300paKeHHS, sKe IMOBHHHO OyTh
CXOKMM Ha peanbHe. J{MCKpUMiHATOp TpHiiMae Ha BXiJ 300pakeHHS Ta
BU3HAYA€E, YU BOHO € pEabHUM a00 CTBOPEHHM Te€HEPaTOPOM.

Jami BinOyBaeTbcs HaBYAaHHS CHCTEMH, IIPH SIKOMY TeHepaTop
HaMaraeTbCcs CTBOPIOBATH  JeAalli  peajiCTHUHINI  300pakeHHs, a
JUCKPUMIHATOP BYUTHCS BIAPI3HATH peasibHi 300paKeHHS BiJl THX, 0 Oyin
CTBOpeEHi reHeparopoM. HaBuaHHS TpuBae 10 TOrO 4Yacy, IIOKH I'€HepaTop
CTaHe 3JaTHUH CTBOPIOBAaTH 300pakeHHs, sKi OyIyThb HACTUIBKH
peayicCTUYHUMH, 10 TUCKPHUMIHATOP 3MOXKE BIIPI3HUTH IXHIO BIIAMIHHICTb
BiJl peaJIbHUX.

Takok U1t CTBOpEHHS 300pakeHb MOKHa BHKOPHCTOBYBATH
aBTOCHKOJIEpM — II€ HEHpPOHHI Mepexi, SKi MOXYTh «3aKOIyBaTH»
300pakeHHs] B KOMITAKTHUI Halip Ymcen i CTBOPUTH HOBE 300pa’keHHS,

260



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

BUKOPHCTOBYIOYHM 11ed HaOip uucedn. Lleit npouec MoKHA BUKOPHCTOBYBATH
JUISl CTBOPEHHSI pealicTHYHNX 300pakeHb Ha OCHOBI ICHYIOUHX.

Jeski xommaHii BKe BHUKOPHCTOBYIOTH HEHpPOHHI Mepexi Uit
CTBOpEHHs  Bi3yaJlbHOro KoHTeHTy. Hampukman, Google akTtuBHO
BHKOPHCTOBY€E HEHPOHHI MepexKi B TaKuX MpOAyKTax, sk Google Translate,
Google Photos ta Google Assistant. Facebook BukopucroBye HeipoHHI
Mepexi s o0poOkm  Qotorpadiil, peKOMEeHHmaIiii KOHTEHTY Ta
pO3Mi3HaBaHHSA MOBJIEHHSI. Amazon 3aCTOCOBYE HEWPOHHI Mepexi y cBOiX
pofoTax-TOMiYHHKAX, a TAKOXK B 0OPOOI JAaHUX Ta MOUTYKOBUX CHCTEMaX.
Microsoft BUKOpHCTOBYE HEHPOHHI MEpeXi B TaKWX MPOAYKTaX, K Skype
Translator, Cortana ta 0otu uaTtiB. Tesla BUKOpHCTOBY€E HEHPOHHI Mepexi B
ABTOMOOIJTBHOMY IPOTPaMHOMY 3a0e3MeYeHHI, SIKe J03BOJISIE aBTOMOOLISIM
CaMOCTIIfHO KepyBaTHCSl AOpOraMH Ta aHalli3yBaTH JaHi MpO pyX iHIIMX
TpaHCIIOPTHUX 3aco0iB. IBM BHKOpHCTOBYyEe HEHpOHHI MepeXi B TaKHX
MpoxyKTax, sik Watson, siknii qoromarae KOMIIaHISIM aHaJli3yBaTH BEJUKi
o0csTr MaHuX Ta poouty mporao3u. Netflix BUKOPHUCTOBYe HEHPOHHI MEPExKi
IUIsl CTBOPEHHS TEPCOHAIBHUX PEKOMEHIAII Ta aHali3y IOBEAIHKH
KOpPHUCTYBadiB Ha CBOIH MmIaThopMi.

B minoMy, BHKOPHCTaHHS HEHPOHHHX MEpeX JUI1 CTBOPSHHS
Bi3yaJlbHOTO KOHTEHTY € OJHHM i3 IEPCHEKTHBHHUX HANPSMKIB PO3BHUTKY
TEXHOJIOTiH 1 MOYKE MaTH BEJMKHUIA MOTEHINaN ¥ pi3HUX Tany3sx. OQHaK, mpu
BUKOPHCTAHHI 1i€] TEXHOJOrii HEOOXiHO BpaxoByBaTH ii OOMEXEHHs Ta
PHU3MKH, & TaKkoX JOTPUMYBATHUCh ETUYHUX MPHHIMIIIB TPH CTBOPEHHI
KOHTEHTY.

PO MPOBJIEMY ¥ I'AJIY3I TEXHOJIOTI3AIIII OCBITHA
I.B. ®enocora, mpod., a-p nex. Hayk, JIBH3 «IITY»

OnHi€ro 3 HABaXKIIMBILIMX MPOOJIEM Yy Tamy3l TEXHOJIOTi3alil OCBITH
€ CTBOpCHHSI Kitacu]ikarii.

3aBnaHHAIM KIacuQiKarii € JJOTIYHAN PO3TIOALT eAarorigHX (PaKTiB,
SIBHIIL, TIPOLIECIB 32 MPUTAMAHHOIO JIJIs IEBHOT IPYIH 03HAKOKO.

3a O03HAKOI MOXIIMBOCTI 3aCTOCYBAaHHS I dYac BHUKIAJaHHS
MIPEeIMETiB BUOKPEMIIEHO TPHU TPYIH TeXHOIori# (aBTop B. I'y3eeB):
a) yHIBepcaJbHi, TOOTO TaKi, sIKi JOIITEHO BUKOPHUCTOBYBATH IO BUKJIATAHHS
Maii’)ke KOKHOTO IIpeaAMETa;
0) JiokasbHI 200 0OMEXEH1 — ISl BUKJIJaHHS JEKIJIbKOX IPEIMETIB;
B) criennQiuHi — Il OHOT0-J[BOX IIPEAMETIB 200 OKPEMHX TEM.

I. ITimmacuii KOHCTATy€ ICHYBaHHS TPHOX TEXHOJIOTIH:
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a) IPOJYKTHMBHA - € HAHIOMINBHIIIOW0 B PHHKOBMX yMOBaX. Ii MeTa —
JIOTIOMOTI'TH 3100yBavyaM BHIIOT OCBITH OTPUMATH MaKCUMYM IPOIYKTHBHUX
3HaHb Ta yMiHb;

0) moOnakJIMBa — 3aCTOCOBYETHCSI KOJIM IPIOPUTETHUM € OCOOUCTICHO
30pi€HTOBaHE HABYAHHS, CKEPOBAaHE Ha 3aJOBOJICHHS 3aIlUTIB 3100yBadyiB
BHIIIOT OCBITH;

B) IapTHEPChKa - HABYAJIBHUI MpOIEC CIPSIMOBAHUIA Ha 3aCBOEHHS
mpeaMeTa i 3aJ0BOJICHHA MOTped 3100yBada BUIIOT OCBITH.

3a TproMma o3HakamMu HaykoBIi I. [Ipokomenko Ta B. €Bmoxumon
TEX BHOKPEMHIH TPU TPYIUTEXHOJOTIH:

a) IelarorivyHi TEXHOJIOTIT 3a HiTbOBOIO OPIEHTALIIEIO;

0) negaroriyHi TEXHOJIOTIT 32 XapaKTepOM B3a€MHH MiXK BUKJIaJa4eM
i3mo0yBayeM BHUIIIOT OCBITH;

B) TENAroriyHi TEXHOJIOTIi 3a CIoco0aMM OpraHi3allii OCBITHBOTO
TIpoI1IeCy.

Ipore € # cxmagninT kracuikarii, TKi MiCTATh 32 PISHAMH 03HAKaMH
IO COTHI MENAarorivHuX TEXHOJIOTIH.

Y HaBUANBHUX 3aKIaJaX Ha OCHOBI IIUIEH, mapagurM i crmocoOiB
peamizamii MeTH B HaBYabHOMY, BHXOBHOMY, YIIPaBIiHCBKOMY Ta
iH(pOpMaifHOMY CepeIOBHIaX AOIIEHO BHOKPEMHUTH TaKi TPYITH OCBITHIX
TEXHOJIOTIHA: HaBYaJdbHI TEXHOJOIIl, BHUXOBHI TEXHOJIOTI], TEXHOJIOIIT
YIpaBIiHHSA, COLIAILHO-BUXOBHI TEXHOJOTIT i iH(opMaiiiHi TeXHOIOr 1.

JOCJHIIKEHHSA MOXKJINBOCTI 3ACTOCYBAHHSI
TEHEPATUBHUX MOJIEJIEN Y TAJTY3I TBOPYOI'O
MUCTELTBA
T.A. T'onuapenko, cr. rp. KH-22-M, O.I. IIpoHina, o, KaHJ. TeXH. HayK,
JABH3 «IIATY»

B ocranHiI poku TeHepaTHBHI MOJEII OTPUMAIH BEIHKY yBary Ta
CTaJM MOMYJSIPHUM 1HCTPYMEHTOM JUIsi CTBOPEHHS IITYYHOrO KOHTEHTY B
ramy3i Bigeo Ta aymio. ['eHepaTMBHI MOAETNi MO3BOJSIOTH CTBOPIOBATH
KOHTEHT, KM MOXXe OyTH BHKOPHUCTAHMH Y PI3HHX Taiy3siX, TakuxX SsK
rpadika, My3uKa Ta KiHO.

OmHMM 13 OCHOBHHX 3aCTOCYBaHb T€HEPaTHBHHUX MOJENeH €
CTBOPCHHS KOHTEHTY HAa OCHOBI 3agaHMx mapamerpiB. Hanpukian,
reHepaTHBHA MOJEIb MOXKE CTBOPUTH HOBHHM MYy3WYHHMH TPEK Ha OCHOBI
JKaHPY, TPUBAJIOCTI Ta HACTPOK, 3aJaHUX KOPHCTYBadeM. AHAJOTIYHO,
TeHEepaTUBHA MOJIETh MOXKE CTBOPUTH HOBE 300pakeHHS Ha OCHOBI KOJipHOT
CXEMHU Ta CTHIIIO, 3aJJaHIX KOPHCTyBAauEM.
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Just Toro mo6 oOpati MoJels HeoOXiJHO OIHUTH e(EeKTHBHICTh
ITOPUTMIB T€HEPATUBHUX MOJIEJICH sl CTBOPEHHS LITyYHOTO KOHTEHTY B
ramys3i Bizieo Ta ayaio. OiHKy OyJIO IPOBEICHO 3a JOITOMOTOI OPiBHSIHHS
KUJIBKOX aJITOPUTMIB TEHEPATUBHHUX MOJENIC Ha OCHOBI HACTYITHHUX
mapaMeTpiB: SKICTb CTBOPEHOTO KOHTCHTY, 3a JOIOMOIOK EKCIIePTHOI
OIIHKH, sKa 0a3yeTbcs Ha CyO'€KTHUBHIM IyMINl EKCHEpTiB; CKIAIHICTH
AITOPUTMY, 3a JOTOMOTOI0 KiTbKOX OOYHCIIOBAIbHHUX PECypciB, sKi
HEOOXiTHI ISl CTBOPEHHS KOHTEHTY; HIBHIKICTH alTOPUTMY, OLIHIOETHCS
BIJIIOBITHO 0 Yacy, HEOOXiTHOTO AJIST CTBOPEHHS KOHTCHTY.

Jns  mpoBemeHHs eKCIEpHUMEHTy Oyle BHKOPHCTaHO KiJTbKa
ITOPUTMIB T€HEPATUBHUX MOJEJNEH, BKIIOYAIOYH I'eHEePaTHBHO-3MarayibHi
mepexi (GAN), Bapiauiiini aBroenkoaepu (VAE) ta aBroperpeciiini Mojedni
(AR). Koxen anroputm OyB OIIIHEHHMH Ha OCHOBI BHIIE3a3HAYEHHX
rapameTpiB, pe3yJbTaTu HaBe/leH] B Ta0mumi 1.

Tabaws | — PesynpraTu JOCTIHKEHHS

Hassa SIkicTh CKIIaIHICTD IBuaxicTs
AJITOPUTMY KOHTCHTY AJITOPUTMY pobotu

GAN 8/10 Husbka 10 xBuanH

VAE 9/10 Cepennst 5 XBUIVH

AR 7/10 Bucoka 30 XxBUIIUH

[Ticns mporo pesynbraTé OyiaM TPOAHATI30BaHi, 100 BH3HAYNTH
HaWKpaniiii anropuT™ CTBOPEHHS IITYYHOTO KOHTEHTY B OOJIacTi Bimeo Ta
aynio. Ha ocHOBI MOpIBHAUIBHOI XapaKTEPUCTUKHA MOYKHA 3pOOUTH 3araibHi
BUCHOBKH I10 KO)KHOMY aJITOPUTMY.

I'eneparuBHO-3MaranbHi Mepexi (GAN):

—OIliHKA eKCIepTiB mnokaszana, 1mo GAN-anroputMu 3a0e3neqyroTh
BHUCOKY f{KiCTB CTBOPCHOI'O KOHTCHTY, 3 XOpOIOMMH JCTAJIMHU Ta
peaicTUUHICTIO;

— GAN-aiaroputMu MOXKyTh OyTH OOYHCITIOBAIBHO IHTEHCUBHUMH Ta
BHMaraTu 3Ha4HHX pecypciB, 0COOINBO NPH HaBYaHHI Ha BEJIMKHUX HAbOpax
JaHKX;

—4ac CTBOPEHHS KOHTEHTY 3 BHUKOpHUCTaHHSIM GAN-anropuTMmiB
Moske OyTH BiTHOCHO TPHUBAJIHNM, OCOOJIMBO 32 BHCOKOI PO3IIIBHOI 34aTHOCTI
300pakeHp a00 CKIamHUX aymiogaiiis.

Bapiariitai aBroenkonepu (VAE):

—VAE-anmroputmMu  3a0€3M€4ylOTh  XOpOIIY SIKICTh CTBOPEHOTO
KOHTEHTY, aJie 3a3BUYai 3 AEIKOI0 BTPATOIO AETaNel Ta OpUTiHAIBHOCTI;
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—VAE-anroput™Mu 3a3BH4aii MEHII OOYHCIIIOBAJIBHO I1HTEHCHBHI,
OCKIJIbKM BHMKOPHCTOBYIOTH IMOBIPHICHI MOJENi, aje MOXYTh BHUMaratu
BEJIMKOTO 00CATY JTaHWX JJIsl HAaBUAHHS;

—VAE-anroputmMu  3a3BHuail  mparoroTh mBuamie, Hik GAN-
AITOPUTMH, 1 9aC CTBOPEHHS KOHTCHTY MOXKe OyTH MOPiBHAHHIM a00 HaBiTh
LIBUIIIIC.

ABtoperpeciiini mogeni (AR):

—AR-anmroputMi  3a0€3MEUyIOTH BHUCOKY  SIKICTh  CTBOPEHOTO
KOHTEHTY, 0COOJIMBO Yy pa3i MOCiIOBHUX ITaHMX, TAKHX K ayio abo Bixeo;

—AR-anroputMu MOke OyTH BIIHOCHO TPOCTHMH Yy peaiizamii i
BUMararty BeJIMKUX O0YUCIIOBAJIbHUX PECYPCIB;

— AR-anropuT™Mu NpamioTh MBHUIKO Ta 31aTHI TeHEPYBaTH KOHTEHT
MIPaKTHYHO Y peaJbHOMY Yaci.

I'enepaTtuBHI Mozl MOXKYTb OyTH KOPUCHHUM Y Pi3HUX O0JIACTSIX, SIK
TeHepallis peKJIaMHUX MaTepiajiB, cTBOpeHHs edekTiB 1t GinpMiB abo irop,
a TaKOX B IHIIMX KPEATUBHUX MPOEKTaX. MOKYTh BUKOPUCTOBYBATHCH JUIS
reHeparii MoBHu a00 My3WKH Ha OCHOBI 3a/IaHIX YMOB.

Onnak, BapTO BpPaxoByBaTH, IO CTBOPEHHS BHCOKOSKICHOTO
KOHTEHTY 3a JOIOMOTOI0 TeHEepPaTHBHHUX MOJENCH € CKIAJHUM 3aBIaHHAM,
sIKe TIOTpeOye BEIMKHAX OOUYMCITIOBATHHHUX TOTYXHOCTEH Ta MIEBHOTO PiBHA
€KCIEePTU3H B Tajly3i MalIMHHOTO HABYAHHSI.

Pe3ynbraTi JaHOrO JOCIHIKEHHS MOXYTh JOIMOMOITH BU3HAYUTH
HaWKpaluii alropyuT™ JJIsi CTBOPSHHS ITYYHOTO KOHTEHTY B raiy3i Bieo ta
ayzio oOuparoyu ajaropuTM Iij CBOi HOTpeOH.

BUKOPUCTAHHSA T’TEHETHYHUX AJITOPUTMIB JJI51
HABYAHHS HEMPOHHOI MEPEKI
T.O. JleBuupka, aou., kaua. TexH. Hayk, IBH3 «[IATY»

B renepimmHii Wac 3aCTOCYBaHHS TEHETHYHHX aJTOPUTMIB IS
BHpIIIEHHS AIIOBUX 1 JOCTIAHUIBKUX TPOOIIeM € ayxe akrTyambHuM. Lli
ANITOPUTMH HAMaraloThCsl IMITYBaTH IIPOIIECH, 3a IOMOMOTOI0 SIKHUX JIi€
TMPUPOAHHUIA BimOip. Y CBiTI T€HETHMYHUX aJTOPUTMIB Pi3HI MOTEHITIHHI
pIIlICHHSI TIOPIBHIOETHCS, 1 «HAWMIPUCTOCOBAHIIII» TOTEHINIHHI PpIilICHHS
PO3BHMBAIOTHCS, 00 BUPOOIIATH BCE OIIBIIT ONTUMAITBHI PIIICHHS.

HeiipoHHa Mepeka ckiazaeTbes 3 0araTopiBHEBOT MEpPEXi IITYYHHX
HelpoHiB abo By3miB. HeHpoHHI Mepexi BHUKOPHCTOBYIOTBCS —JUIS
knacudikamii ado orminku. B Tpynax Mirdesia, Jlapo3a a6o Pix i Mapkc €
JeTayibHa iH(pOpMalis Ipo TOMOJIOTiI0 Ta podoTy HeipoHHOI Mepexi. Ha
pucyHky 1 mokasana 6a3oBa cxema NpOCTOI HEHpPOHHOI Mepexi. Xapakrep
mpsimoi  mepenadi  (feedforward) wmepexxi oOMexye Mepexy OTHUM
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HanpsMKOM IIOTOKY Ta HE JOIycKae 3aMHUKaHHs abo nukiiB. HeliponHa
Mepeka CKIJIAIaeThCsl 3 JBOX abo Oinblne piBHIB, X0ua OUIBIIICTH MEpex
CKJIQJIal0ThCs 3 TPHOX IApiB: BXIMHHUN IIap, MPUXOBAHUH IIap Ta BUXITHUI
map. Moxxe OyTH Oinbllie OJHOTO IMPHXOBAHOTO INApy, Xo4ya OUIBIIICTH
MEpeX MICTITh IUIIEe OAWH, SKOTO JOCTATHBO ISl OUTBIIOCTI IILJICH.
HelipoHHa Mepexa MOBHO3B’s3Ha, TOOTO KOXKEH BY30JI Ha JaHOMY PiBHI
3’€qHAaHUI 3 KOXKHHM BY3JIOM Ha HACTYIIHOMY piBHI, ajie He 3 IHIIMMH
By3JaMH Ha IIbOMY X piBHI. KokHe 3’€IHAHHSI MK By3lIaMH Ma€ Bary
(mampuxman, Wia), moB’s3any 3 HuM. [lig dac iHimiamizamii mi Baru
BUIAaJKOBUM YHMHOM IPU3HAYAIOTHCS 3HaUeHHAM Big 0 1o 1.

Bxianuii map ITpuxoBauuii map BuxiaHuii map
W,
> (Byszon 1) Yau i *
W, B N -
. _+ [ BysonA) V. -
» (Byson2) —* ) £ -
W S (BysonZ) .
W, —
A~ (BysoaB) P

» [ Byson3)

W,

"

Puc. 1 - [Ipocra HelipoHHa Mepexa.

Sk HaBuaeTbcs  HeipoHHa  mepexa? — HeliponHi  Mepexi
MIPEACTABISAIOTh CO00I0 KOHTPOJBOBAHUM METOJl HABYAaHHS, IO BHUMarae
BEJIMKOTO HAaBYAJBHOTO HAOOpY NOBHHMX 3alUCiB, BKIIOYAIOUH ILiTHOBY
3MiHHY. OCKUIBKM KOXKHE CIIOCTEpPEeXKEHHS 3 HaBYalbHOrO Habopy
00pobIIsEThCS Yepe3 Mepexy, BIXiAHE 3HAaUeHHS BUPOOIIIETHCA 3 BUXiTHOTO
By37a (TMPHUITyCKAIO4M, IO MH MAaeMO JIMIIEC OMWUH BuXimHUHA By30xd). Lle
BHXIi/IHE 3HAYCHHS IOTIM TMOPIBHIOETHCS 3 (PAKTHYHUM 3HAUEHHSIM ITiTHOBOI
3MIHHOT [UTS I[LOTO CIIOCTEPESIKECHHS HABYAIBLHOIO HA0OPY, 1 OOUHCITIOETHCS
nomuika (¢paktudyne - Buxifue). Lls moMuiika mepenOaveHHs aHaioriyHa
3aMuIIKaM y  perpeciiiaux wmozensx. 100 Bu3HAYMTH, HACKUIBKA
MPOTHO30BaHI PE3yJIbTATH BiIOBIIAIOTh PAKTHYHHUM I[IIbOBUM 3HAUCHHSM,
OibLIICTE MOJIENIel HEHPOHHUX MEpEX BUKOPHCTOBYIOTH CyMY KBaJpaTiB
mommiok (CKB).

Tomy npoGiiema mossirae B ToMy, o0 1moOyayBaTtu Habip BaroBHX
Koe]iLieHTiB MOiei, AKi MiHIMI3YIOTb II}0 CyMY KBa/IpaTiB IIOMUJIOK.

YHHIKpITHAH Ta iH. BUKOPUCTOBYBAJIHM T€HETHYHI aJTOPUTMH IS
ontuMi3amii BaroBux Koe(illieHTIB y HEHpOHHIH Mepexi, ska Oyna
BHUKOpHCTaHA 11 MOJETIOBAHHS TPHBHMIPHOI YJIBTPa3BYKOBOI CHCTEMH
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NO3UIIOHYBaHHs. XyaH Ta 1H. 3aCTOCYyBaJld HEHPOHHY MEpexy,
OIITHMI30BaHy 32 JJOIOMOT'0I0 T€HETHYHOTO aJlTOPUTMY, JUISl TPOTHO3YBaHHS
(iHaHCOBUX TPYAHOLIB y KOMIAHISX 31 CTpaxXyBaHHS )KUTTSI.

ALGORITHMS AND METHODS OF VOICE RECOGNITION
M.T. Muradov, Institute of Telecommunications and Informatics of
Turkmenistan, Turkmenistan, Ashgabad

Framing the problem. The problem of voice recognition today is one
of the most relevant. Most of the current methods used to solve this problem
require limited computing resources. The purpose of this work is to describe
the voice recognition algorithm and analyze voice recognition methods,
identifying the shortcomings of each of them. Development and testing of
software for voice recognition.

General adaptive voice recognition algorithm:

* Original signal

* Primary filter and useful signal amplification

* Highlight individual words

* Word recognition

* Voice recognition

* Reaction to a confirmed signal

The main methods of speech recognition include:

1. Recognition by individual order - individual pronunciation and
post-recognition of a word or phrase from a pre-installed dictionary.
Recognition accuracy is limited by the size of the given dictionary.

2. Grammar recognition - recognition of sentences that correspond to
certain rules. Standard XML languages are used to define grammars, and data
exchange between the recognition system and the application is carried out
using the MRCP protocol.

3. Search for keywords in a continuous verbal stream - recognition of
individual parts of the word. The sound can be spontaneous or according to
some rules. Spoken audio is not converted to full text, but automatically
includes parts containing the specified words or phrases.

4. Continuous voice recognition in a large dictionary - everything that
is said is literally translated into text. Reliability of recognition is very high.

5. Voice recognition using neural networks. Based on neural
networks, you can create self-learning systems, which is a prerequisite for
use in voice recognition (and synthesis) systems.

(a) Sound representation as a set of numerical parameters. Once the
characteristics of the audio signal data have been obtained, these
characteristics can be represented as a set of specific numerical parameters
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(ie, as a vector in a specific number space). In this case, the task of
recognizing sound stimuli is reduced to their classification with the help of a
trained nervous system.

(b) Ensembles of neurons. As a convenient and untrained neural
network model for voice recognition, one can choose an ordered Kohone
feature map. Then, for a set of input signals, ensembles of neurons
representing these signals are formed. This algorithm has a moderate
statistical ability to solve the noise change problem.

¢) Genetic algorithms. When using genetic algorithms, selection rules
are created to determine whether a new neural network is better or worse at
solving a problem. In addition, the rules for changing the neural network are
defined. By changing the architecture of the neural network over time and
choosing the architecture that best solves the problem, sooner or later you
will find the right solution to the problem.

Using the DWT Algorithm in Voice Recognition

Noise detection can be performed by comparing digital signal samples
or by comparing spectrograms of signals. In both cases, the comparison
process must compensate for the different sequences and non-linear nature of
the noise.

The use of the algorithm has two features:

1. Direct comparison of digital signals. In this case, a new smaller
sequence is created for each numerical series. A sequence of numbers can
have several thousand values, and the last one can have hundreds of values.

2. Using the DTW algorithm to display spectrogram signals and
compare two spectrograms. The method consists in dividing the digital signal
into several overlapping intervals. For each pulse, the actual numerical
intervals (audio frequencies) will be calculated using the fast Fourier
transform and stored in the audio spectrogram matrix. The parameters for all
calculations will be the same: pulse length, Fourier length and overlap length
for two successive pulses. The Fourier transform is centrally symmetric, in
which complex numbers on one side are related to numbers on the other.

In this sense, only values from the first part of the symmetry can be
preserved, so the spectrogram will be a matrix of complex numbers, such that
the number of rows in the matrix is equal to half the Fourier length. The
number of rows and columns will be determined depending on the length of
the sound. DTW will be applied to a matrix of real numbers resulting from
the concatenation of a spectrogram of values, such a matrix is called an
energy matrix.

Using Hidden Markov Models for VVoice Recognition

Hidden Markov Model (HMM) is a model consisting of N systems, in
each of which any system can take one of M values of some parameter. The
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probability of transition between states is given by the probability matrix A
= { aij }, where aij is the probability of transition from state i to state j. The
probability that each of the M parameter values occurs in N states is given by
the vector

B = {bj (k)}, where bj (k) is the probability that the kth value of the
parameter will be in the jth state. The probability of transition to the initial
state is determined by the vector == {ni} , where i is the probability that the
system is in the i-th state at the initial moment of time.

Thus, the triple A = {A, B, n3} is called a hidden Markov model. The
use of Hidden Markov Models for voice recognition is based on two
assumptions:

1) The voice can be divided into fragments corresponding to states in
the HMM, and the word parameters in each fragment are assumed to be
constant.

2) The probability of each component depends not only on the current
state of the system, but also on previous states.

The model is called "hidden™ because we are often not interested in
the sequence of states that the system is in. Or we give the input to the system
a sequence of the form O = {01, 02,... oi}, where each oi is the value of the
parameter (one of M) taken at the i-th time and at the output. We wait for the
model A = {A, B, n}, which generates such a sequence with the highest
probability, or, conversely, we provide input parameters to the model and
generate the sequence that it generates. In both cases, the system acts as a
"black box" in which the true states of the system are hidden, and the
associated model is aptly named hidden.

To implement recognition based on hidden Markov models, it is
necessary to create a codebook of a set of data sets of speech characteristics
(for example, linear prediction coefficients, energy distribution over
frequencies, etc.). To do this, it is divided into initial parts (segments of
speech during which the parameters of the speech signal can be considered
constant) and for each of them the values of characteristic features are
calculated. The original component will match the feature set from the feature
set in the dictionary.

Using Neural Networks for Voice Recognition

An artificial neural network is a mathematical model, as well as a
parallel computing device that integrates and interacts with simple processors
(artificial neurons). An artificial neural network as a mathematical model is
a particular example of pattern recognition methods or discriminant analysis.
An example of a neural network is shown in Figure 3.

Each processor in such a network only deals with the signals it
periodically receives and the signals it periodically sends to other processors.
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However, when connected to a large enough network with controlled
interaction, these simple processors will be able to perform very complex
tasks together.

Result

DTW algorithms are very useful for single word recognition in a
limited vocabulary. Hidden Markov models are used for free speech. Enables
the use of dynamic programming

Polynomial complexity of the algorithm: O(n2v), where n is the length
of the sequence and v is the number of words in the dictionary. DWTs have
several disadvantages. First, the complexity of O(n2v) is not suitable for large
noises that increase the success of the recognition process. Secondly, given
the large number of channels with different characteristics, it is difficult to
calculate two elements in two different sequences. However, DTW remains
an easy-to-implement algorithm suitable for applications that require open
and simple voice recognition: telephones, car computers, security systems,
etc.

Neural networks are one of the most promising approaches to voice
recognition. This method allows you to choose the topology of the neural
network for solving a specific problem and allows you to work with a large
number of words in the dictionary without complicating the recognition
process. Neural networks have a flexible learning mechanism that allows you
to optimally configure the network to solve the required problem.

CEKLIA: ITIPUKJIAJHA MATEMATHUKA TA
KOMII'IOTEPHE MOJEJIIOBAHHSA

V3ATAJIBHEHHSA OCLHUAJIALINHOI TEOPEMU 151 KPAMOBOI
YMOBH 3ATAJIGHOI'O BUTJISITY
HA IMTIPABOMY KIHIII IHTEPBAJTY
O.M. XonbkiH, pod., A-p ¢i3.-mar. Hayk, JBH3 «[ITY»

Ha BimMiHy Bim CcKajnspHOTO pIBHSHHS JAPYrOro TMOPSAKY JUIS
CKASIPHUX PIBHSAHD JOBUIGHOTO TApPHOTO TMOPSAOKY Ta IS DPIBHSIHD 3
MaTpUYHAMHU (OIIEpaTOPHUMHK) KoedillieHTaMH 3a 3arajlbHOI0 KpaloBOIO
YMOBOIO Ha MpPaBOMY KIiHI[ s KUIbKOCTI HYJIB (yHIaMEHTaJIbHOTO
PO3B’A3KYy 3 MOYATKOBHMH JAHWMH Ha JIBOMY KIHII iHTepBaly Mae€ JIUIIE
Jesika oriHka. [IpraoMy Mo)kKHA TIOKa3aTH, MO KpaifHi OIHKA MOXKYTh MaTH
micue. Bunukae nuranss: «Un He MOKHA repeOpMyYJIIFOBATH OCHIIALIHHY
TEOpeMy TakK, 1100 MaJia Miclle TOYHA PIBHICTH?»
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B po0Oorti y3aranbpHIOETbCS OCLMIIALIMHA Teopema: JUid KpaioBoi
YMOBH 3arajbHOrO BUIJIAAY HAa MPaBOMY KiHLI iHTEepBaly AOBEICHAa TOYHA
PIiBHICTb.

PosrisiHemo camoctipsbkeHe qudepeHIiatbHe PIiBHAHHA IapHOTO
HOpSAKYy F=2Nn 3 OmepaTOpHUMH KoedilieHTamMu i3 B(H) (H-
cenapaOebHU TiIb0ePTOBUIA POCTIP)

n (k) i (k1)
| K) e (k- |0
I[y]=2 (-0 3(Py") =5 (ay"™) +(aiy +
1= S0 (o) (@) ol o
+ Py (X)y =AW (X)y, a<x<b<o
xoedinientn p, (X) = p(X),0 (X) HemepepBHO B piBHOMIpHOMY CeHCi
3aIekKaTh Bill X pa3’oM 3i CBOIMM NOXiZHUMHU 10 MOPAAKY K BKIIFOYHO,
P, (X)>>0, W(x)=W"(x)>>0, y(x)-Bextop - QyHKuUii 31 3Ha4eHHsAMU B H.
Jlns 3ataui Ha ckinyeHomy inTepBani (a,b) camocmpsvkeni rpaHudHi
YMOBH, III0 PO3MAIAI0THCS, MAIOTh BUTJIS
cosA-y'(a)-sinA-y"(a)=0, )
cosB-y"(b)+sinB-y"(b)=0, (3)
ne A, B - camocnpsokeni oneparopu B H" =H®H ®..®H ,
y *(x) = col {y(x), y'(X), y" Y (x)} eH",
y V(X) —col {y[Zn—l]’ y[Zn—Z]’ . y[n]} cH" ’
y[k] (X)— KBa3iMOXi/IHI, 10 BiAMOBiAalOTH omeparii | [y], omeparopu A, B
y KpaiioBux ymoBax (2), (3) 3a10BOIBHAIOTH YMOBI
7 7
T4, << AB<TLI, @)

HMudepenmianeumit Bupas L, [y] = W (x)I[y] 3 xpaitosumu
ymoBamu (2), (3) mopomKye camoctpsbKeHuit onepatop Ly rinedepToBOMy
npocropi H(a,b) . Iosnaunmo N (1) KinbkicTh BIacHMX 3HaueHp A, <A

A oneparopa L nmpu A< A, ne A, - HIKHA TOYKA I'PAHUYHOIO CHEKTPY

omepatopa L .
Posrnsnemo ¢yHmamenranpHuil po3B’s3ok  3amadi (1), (2) 3
oneparopuumu ganumu Koriri

Y*(a,A)=cosA,  YY(aA)=sinA. (5)
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Bigomo, mio piBasHHS (1) 3BOIMTBCS O KaHOHIYHOI CHCTEMH
d

MIEPIIOTO TOPSAKY Jd—yzH(X,/l)y, me mpu r=2n y(x)- BEKTOp-
X

¢ynkuis y rins6eprosomy mpoctopi H" ®@H",

y(x)=[§i Egj H(x,4)=AM (x)+N(x)

(O W
J:( n nj, M(X):[W(X) Onj
I, 0, 0, 0,
Ilo3naunmo
Y[x,4,B]:==cosB-Y"(x,A)+sinB-Y"(x,4). (6)
Teopema. [Tpu A < A (<o) ona 3adaui (1), (2), (3)
> nulY[x,4,B]=N(4)
xe(a,b)
VAeR, B=B": nulY[x 4,B]=def Y[x,4,B],
axwo npu a<X<b, cosB=0

H,, (x,4,B)=cos B-(/l-v_v(x)+ N“(x))-cosB+sin B-N,,(x)-sinB-
—sinB- N, (x)-cosB—cosB-N,, (x)-sinB>>0,

ma sKwo, y 0onognenti 00 ymosu (4), onepamop h, - nanisobmescenuil
3HUZY MA CAMOCHPSIICEHUN Y 3AMUKAHHT CBOET 001aCmi GUIHAYEHMHS] D(ha),
Oe

h, :=—(cos Asin B +sin Acos B)fl(cosAcos B—sinAsinB)> Clogy CER

CXEMA CUMIIJIEKTUYHOI'O IHTEI'PYBAHHS ITPU PYCI
TOUYKOBHX BUXOPIB
I'.I". Bynanuyk, mou., kaua. ¢iz.-mar. Hayk, JIBH3 «I1JTVY»,
O.M. bynanuyk, non., kauz. ¢iz.-MaT. HayK,
Har. Ientp «MAH VYkpainn», m. Kuis

Meromu CHUMIUIEKTHYHOTO IHTErpyBaHHS LIMPOKO
BHUKOPHCTOBYIOTBCSI B TaMUIBTOHOBHX CHCTeMax Juid 3a0e3ledueHHs
30epeXeHHS SHePTii, IMITYJIbCY Ta IHIHUX XapakTepucTuk. OTHAK Il METOIH,
SIK TIPaBHJIO, OOMEKEHI CHCTeMaMH 3 PO3IUTHPHUMH TaMiIbTOHIAHAMH, IO
poOUTh iX HE3aCTOCOBHHUMH [0 CHCTEMH TOYKOBHX BHXOpiB. IcHyrodi
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CHMIUIEKTHYHI METO/AM JMJIsi TOYKOBHX BHXOpIB € abo HesBHUMH, abo
MOPYIIYIOTH CHMETPII0 MK PI3HUMH BUXOPaMH.

VY nmaniit po60OTi OYB BUKOPUCTAHUN METO]| SBHHUX CUMILICKTHYHIX
inTerparopiB Tao, sikuit MOXKE 3aCTOCOBYBATHCH /10 OY/Ib-SIKNX HEPO3ILITEHIX
TaMiIbTOHIaHIB 32 paXyHOK MOJBOEHHS po3Mipy (azoBoro mpoctopy. o
JaHUX BHXOPIB BBOIATHCS iX NBIHHUKH 3 THMH X CAMUMH KOOpPIUHATAMH
(cyOBHXOpPH) 1 PO3TIIATAETHCS BXKE CHCTEMA 3 TIOABOEHOIO KIJIBKICTIO BUXOPIB.

Cucrema mudepeHiiHUX piBHAHL I PyXy BHXOpiB (x;,v;) i
cy6Buxopis (X;, ¥;) mae Burisi (o — mapameTp 3B's13yBaHHs):

. Yi-y;

%= = Zeih Gy OO )

. Xi—Xj

Vi=— Zjiikjm'l' w(x; — X;)
i—Xj i—Yj

. Y;-Y;

X; = _Zjiikjm'{' w(Y; —y)
i—Xj i—Yj

. Xi—X]'

Yi ==Yk 7+ 0(X; — x;)

(i) + (7))

CxeMa CHMIUICKTUYHOTO iHTErpyBaHHS ITOPiBHIOBAJAch i3 IIMPOKO
BiZJOMHM MeTOJIoM Jpyroro nopsaky (RK2) i MeTomom yeTBepTOro nopsaxy
(RK4) Pynre-Kyrru. byno Bcranosneno, mo meron Tao mae mepeBaru 3
TOYKH 30py 30epekeHHs €Heprii, OTHaK € MOTeHIIWHI TpodaeMu, OB’ I3aH1
3 IIMM METOJIOM, TaKi SIK BiJOKpEMIICHHsSI CYOBHXOpIiB OJMH BiI OJHOTO Ha
BEJIMKUX MPOMDKKax dacy. e Mo)kHa TOM'SIKIIATH, BUOPABIIH JAOCTaTHBO
BEJIMKHI TTapameTp 3B'sI3yBaHHSA .

IMTomanbIm qOCTIHKEHHS MOKYTh CTOCYBATHUCh PO3IIUPEHHS METOY
J0 4-T0 MOpSAKY Ta BUKOPHCTaHHS aJalTHBHUX YacOBUX KpPOKIB JUIs
TOM’ SIKIIICHHST HECTAOUTFHOCTI, OB’ I3aHOT 3 PO3MIIICHHSAM CYOBHXOPIB.

PO OCOBJIMBOCTI YUCEJIBHOI ONITUMI3BAIIIL
IS Y3ATAJIBHEHb METO1Y HAUMEHIIIUX KBAJIPATIB
B CUCTEMI WOLFRAM MATHEMATICA
C.II. Jecsarcpkuit, mom., kavm. ¢is.-mat. Hayk, JABH3 «ITJJTY»

n
B 3amayax anpokcuMarlii eKCIepMMEHTANbHUX JaHUX {(Xi,yi )}i:1
¢ynkuisvu y = f (x; by.by,...), e by,by,...- HeBinomi mapamerpu, mmupoxo

BUKOPUCTOBYETHCS METO/ HaliMEHIIINX KBAIPATIB, CyTHICTH SIKOTO TOJISTAE B
moOyIOBi OIIHOK HEBINOMHUX MapaMeTpiB MOJeNdi SK KOOPAWHAT TOYKH
MiHIMyMY Jiesikoi PyHKIIIT, 1[0 BUMIPIOE BiICTaHb MiX €KCIIEpUMEHTaIbHUMHU

n
{ yi }i:1 Ta TCOPCTUYHUMHU JAHUMU
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{9, = { f(%; bo’bl"")}inzl
Haituacriie BUKOPUCTOBYEThCSI KBalpaTUuHa (DyHKITis
L(bmbv"'):Z(yi_yi)z- (1)
i=1
Jst minifiHOT Mozeni
f (X by,b )=y +bx ®)

Ta KBa3UIHIHHUX Mozeneil

f (x; bo,bl,...,bp):bo(po(x)+blgol(x)+...+bpgop(x) (3)
3ajauya 3HAXO/DKEHHS TOYKH MIiHIMyMy 3BOJMTBCS JO TOYHOTO abo
HaOJIIHKEHOTO PO3B’SI3aHHS JEeAKOl CHCTeMH JiHifHMX BigHOocHO by.b,...

PIBHSIHB.

Jnst HenmiHIMHUX BITHOCHO NapaMeTpiB MOJENed IOIIyK TOYKU
MiHIMyMY (QyHKIIT L(bo,bl,...) MOX€E IPOBOJUTHCH 3a JIOTIOMOTOIO
QITOPUTMIB  YHCENBHOTO 3HAXOJDKEHHS PpO3B’SI3KYy JAESKOI CHCTEMH
HENIHIMHUX pPIBHAHB ab0 0e3noceperHbOro YUCEIBHOTO IOLIYKY TOYKH
MiHIMyMY.

PosrnmsHyTi  ocobnuBocTi  BHKOpHcTaHHs —mporpamu  Wolfram
Mathematica mia onrumizanii ysaranLHeHHx (hYHKIIH BiICTaHI BUTTIAILY

L (b, Zh Yi=%) )

ne h(x)- memepepsHa (MOXITHBO - HemubepeHuiiioBana) , OMyKia BHH3

dyuxuis, Taka, mo minh(x)=h(0)=0.

PE3OHAHCHI XAPAKTEPUCTHUKU XBUJBOBOI'O IMOJISI B
TOYLI CTUKY TPHOX ITPYKHUX CEPEJOBUIIL]
0O.B. Jlynapesko, ao1l., kaua. TexH. Hayk, JIBH3 «I[TATY»

PosrnsiHemMo 3amady mpo TapMOHIMHI KONHWBaHHS HECKiHUEHHOI B
HanpsAMKY Bici OZ KyCOYHO-HEOIHOPIIHOT MPY>KHOT IPU3MH, TEepepi3 sIKOi B
0e3po3MipHUX KOOPAWHATAX OIMHUCYETHCS HEPIBHOCTSIMH:

D=G® UG(Z) UG(3)

GY ={(,0,): |a1| <c¢a, e[-b,—d]U[d,b]};

G? ={(a1,a,): oy [-a,—c]Ulc,ai|e,| < d};

G® ={(a,,,) : a, e[-a,—~c]U[c,a]; e, e[-b,~d]U[d,b]},
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e obmacti G™(m=1,2,3) ckieeni oxHa 3 0AHOI, Ta MaTepian obacreit
G™ BusHauaeThest npyxuumu mapamerpamu 1™, ™ 1a p"

Hexaif Ha 30BHINIHIX CTOpOHAxX mepepisy ¢, =+a, a, =xb 3amano
BIOpOHABAHTAXXECHHSI, 110 'APMOHIKHO 3MIHIOETHCS B 4aci 3 4acTOTOK @
3MmiHHOI iHTeHcHBHOCTI @ (e,), 0,(¢) BIANOBIAHO, @ BHYTPILIHS TpaHHULT

mepepi3y BiUTBHA Bill HaBaHTAXEHb. 3 OIJIAY Ha cuMerpiro obmacti D,
MOJJIMBO PO3IJIAJAaTH XBWJIBOBE II0JIE YAaCTHHU O0JAcTi, pO3TalIOBaHOI y
nepriit 4BepTi y 6e3po3MipHUX KoopAuHaTaX X=o;/a,y=a,/a.

3a g0moMoror MomaudikaIii MeToLy CYIEpPIO3HIIii, sSKa MMOJIArae y
3aMiHl BHXIIHMX TpPaHUYHUX YMOB OUIBII MNPOCTHMH, TT00YJOBaHO
AHATITUYHHUH 3arajJbHUI pO3B’SI30K IOMOMDKHOI 3a1a4i. Bei XxapakrepucTuku
XBHJILOBOTO ~ TIOJIS, SIKI BH3HAYalOThCS  OE3pO3MIPHUM  YacTOTHHM

mapamerpom Q™ = way/p™ / 4™ (m= 1,3), BupakaoTbCi  uepes
CHemiadbHO BBEICHI TOMOMDKHI (PyHKIT, 110 BU3HAYAIOTH MIEPEMIIIEHHS Ta
JOTHYHI HATIPYTM HA TPAHMILX po3ainy oGmacreit G™(m=13) Ta Ha
30BHIMIHIN TpaHUIl ckiIagHoi obmacti D .

IToBepHEeHHS BiJ JOMOMIXHOI 337a4i O MOYATKOBOI, IPU3BOAUTE 10
CHUCTEMH IHTCTPAIbHUX PIBHAHB, I PO3B’SI3yBaHHS SIKOi 3aCTOCOBYETHCS
meron byOHoBa — Tampopkina. KoopaumHatHi ¢yHKUIT minOuparoThes 3
ypaxyBaHHSIM OCOOJIIMBOCTEH XBUIBOBOTO IOJISL B OKOJIi 30BHIIIHIX KyTOBUX
TOYOK 06MacTi Ta TOYOK rpaHumi posminy obmacreit G™(M=12,3). Ie
JIO3BOJISIE ONTHUMI3yBaTH TMPOLEC PO3B’SI3YBaHHS Ta JOCTIJUTH CIEKTP
PE30HAHCHUX YaCTOT Ta BJIACHI POpPMHU KOTUBaHb 00IacCTi.

B po6oTi mpoBeicHO YHCENpHUI aHalli3 CIIEKTPY PE30HAHCHUX YaCTOT
niepepizy D 3anexHO BiJ TEOMETPUYHHX XapaKTEPUCTHK JUIS Pi3HUX THITIB

I0€HAHb IIPYKHHX TapameTpis odnacreit nepepizy G™ (M=1,3) Tta Brms

Ha CHEKTP Pe30HAaHCHUX YacTOT 3HAYCHB NapamMeTpa JIOKAIbHOI 0COOIMBOCTI
y CHHIYJSIPHHX TOYKax Iepepidy. Bin3HadeHo, IO KapTHHA CIIEKTpa
3aJIeKUTh HE TUTHKH BiJl 3HAYCHD ITapaMeTpa JIOKATbHOI 0COOIHMBOCTI, a i Bix
TIOPSAKY CIIONYYSHHS MaTepialiB 00lacTel, 0 CTUKYIOThCS. 30KpeMa, Ui
obnacTi BkazaHOi TeoMeTpii, MOKHA BiI3HAYWTH O3HAKH KparoBOTO
PE30HAHCY Ha CIEKTPl PE30HAHCHUX YacTOT, SKi BHABIAIOTBECS IPH
OJTHAKOBHX MaTepiajax CyCiIHIX 00JIacTe! 3 JOCUTH ONM3BKUMH MPYKHAMHU
XapakTepucTUKaMu. [IpoaHami30BaHO 3aKOHOMIPHOCTI 3MIiHHM  CIIEKTpa
PE30HAHCHHUX YacTOT HE JIMIIE BijJ 30BHILIHIX PO3MipiB obnacTi, a U BiA
napaMeTpiB, L0 XapaKTepH3yIOTh PO3MIPH BHYTPILIHBOI HEOIHOPIIHOCTI.
BingzHaueHo nesiki 0COOJIMBOCTI CIEKTPY PE30HAHCHUX YaCTOT, OB s3aHi 3
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MOXJIMBICTIO MPOSIBY TOHKHUX AMHAMIYHUX €(EKTiB IpH BiOpoekcIuTyaTamii
JeTayieil Ha pe30HaHCHUX pexknMax. JIoCTOBIPHICTb OJiep)KaHUX Pe3yJIbTaTiB
I ATBEPKYETHCS TOPIBHAHHAM OTPUMAaHHUX 3HAUY€Hb PE30HAHCHHUX YaCTOT 31
3Ha4YeHHsAMU, po3paxoBaHumu 3a MKE.

OTpuMaHi pe3ynbTaTd JO3BOJISIOTH IPOEKTYBAaTH  €JIEMEHTH
KOHCTPYKIIA 13 YCKIaTHEHOI KyCOYHO-OJHOPIAHOI BHYTPIITHBHOIO
CTPYKTYpPOI0. 3alIpOIIOHOBAHUI METO 1A€ MOXKIIMBICT PO3B’I3yBaTH 3a1a4i
JOCTIKCHHSI XBWJIBOBHX IIPOIECIB Y IETalsAX, HEOTHOPIIHICTH Iepepizy
SIKUX TIPEICTaBIsIE OKPEeMi BUIAIKK PO3IIITHYTOIO reomerpii obmacti D .
3a3HaueHi 3aKOHOMIPHOCTI TOBEAIHKH XapaKTEPUCTHK XBHIHOBOTO OIS
JIO3BOJISIIOTH  JIaTH TPAKTUYHI pEeKOMEHJalii oMo Mif0opy MNpYKHUX
XapaKTEPUCTHK 00JIACTEH, 110 CTUKYIOTHCS, 3 METOI MiHIMi3allii JOKaJIbHOT
KOHIIEHTpALlil Harpy>keHb B 0COOJIMBUX TOYKAX MEPETUHY 1 3SMEHILICHHS 30HA
MIPOSIBY KpaHoOBHX 1 TPAaHUYHUX TUHAMIYHUX €(DEKTiB.

MOJIEJXOBAHHSA JIIHII HEPETUHY
NAJITHAPUYHUX [TIOBEPXOHb
B.B. I'pados, cr. Buxmagay, [IBH3 «IIATY»

Po6ota mpucBsSYEeHAa OCTIHKEHHIO MOXIIMBOCTI ITiABHIICHHS
pecypcy NMOBEpXHEBOTO IIApy BEIMKOrabapHTHUX IMTIHAPUYHHUX JeTalel,
IO eKCIUTyaTyeThCsl B YMOBAaxX TEPTS MPU 3HAKO3MIHHMX HABAHTAKEHHSX.
JlocsiTHeHHsT MeTH 3/1IHCHIOEThCS Ha OCHOBI NMPOTHO3YBaHHS (DOpMYyBaHHS
BUY PEryJISIPHOTO MiKpopeabedy, 0 HeoOXiaHO a1t eheKTUBHOT 00POOKHU
TIOBEPXOHb BiOpaliiHUM BUIIIKYBaHHM. (puc. 1).

:},__________» !

Snp

Puc. 1 — Cxema BiOpauiifHOro BUTJIaPKyBaHHs, N — yacToTa 00epTaHHs, Snp
— TTO3/I0BKHS TOaYa.

3 MaTreMaTHYHOI TOUYKHU 30py MaJIIOHOK Ha IIOBEPXHI LWIIIHAPA € JTiHisA
NIEPETHHY JABOX LMTIHAPUYHUX OBEPXOHb 13 B3aEMHO NEPIICHIUKYJIAPHIMH
YTBOPIOIOYMMH, TOMY BHUTJIQKyBaHHSI MOXKe OyTH BHKOHaHO Ha 0asi
(hopManbHOTO ONHKCY TPAeKTOpil mepemimeHHs] Toukd M (IUISIMH KOHTaKTy
JnedopMyr0doro iHCTPYMEHTY — BUTJIAJDKyBa4a) MO HOBEPXHI [HIIHAPUYHOT
3aroTOBKH. B naHOMy BHMIAIKy TOYka BHKOHYE Y3JOBX TBIPHOI pyX IO
IBUHTOBIN JIiHIT KPOK $IKOT JIOPIBHIOE BENMYMHI MOAadi Spp i OJHOYACHO
3MIACHIOE BUMYIIICHI KOJIMBAHHSI 32 JJOBUIBHUM 3aKOHOM.
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L{MTiHApHYHA OBEPXHS JETAN ONUCYEThCS PIBHAHHAM 2° +Y° =T,
Tpaekropist pyxy TOukr M OIUCY€ETHCS NapaMETPUYHUM PiBHSIHHSIM
X = Xx(t),
z=12(t).
MOXJIMBHH MaNIOHOK Cligy Toukd M Ha mNOBepxHi IMIIHIpa
MIOKa3aHo Ha puC. 2.

Puc. 2 — Cxema mpouecy 06po61<1x1.

Jana mareMaTH4Ha MOJENb IMOCHYXMIa 0a30l0 Ui BHPIIICHHS
MIPaKTHYHOI 3a[]adi MPOTHO3YBaHHS rpaivHOTO MPEICTABICHHS Pi3HOBHIIB
MiKpopenbe]iB, Ha TiAcTaBi KoMm'ioTepHoro 3D MofemoBaHHS MPOIeCy
00poOKM Ta 00paxoBaHI YMCIIOBI XapaKTEPUCTHUKH — IOBXKHMHA JiHIi Ta il
(paxTanbHA MITBHICTS.

HEYITKI MHOKUHHU Y POBOTI IPUIIOPTOBOI CTAHLIII
T.1O. Kipkina, ct. Buknagay, JIBH3 «I[TATY»

Pobora nmpunoptoBoi cTaHIii BigOyBa€eThCsi B yMOBax O€31epepBHOTO
MOUIYKY ONTHUMAJbHUX Ta ONEPAaTUBHHUX pillleHb LIOAO peryJOBaHHS
TPaHCIIOPTHUX MOTOKIB IIOAO 3a3Aajerib CKJIAJEHOTO J000BOrO IUIAH-
rpadiky Ta BHKOHAHHS YMOB €JMHOI'O TEXHOJIOTIYHOTO MpOILECy podoTh
CTaHIli Ta TOPTYy CKJIAZAEHOTO 3a BY3JIOBOIO YroJOK0 Ta IHIIMMH
TEXHOJIOTIYHUMH JIOKYMEHTaMH.

IIpn mpoMy cama IiSUTBHICTH CTaHIIi 3 MEpeMIIIeHHs 3alli3HUIHUX
BaroHiB Ta IOi3/1iB TOB'A3aHA 3 TEXHOJIOTIYHIMH OTEPAIlisIMH ITiIBUIICHOTO
PHU3MKY JJIsl JKUTTS Ta 3JI0pPOB'S JIIOJMHHU, @ TaKOX 3 BUCOKHUM piBHEM
3aJIeKHOCTI BiJl JIIOACHKKOTO (haKkTopy.

TakuMm 4rMHOM, po0OOTa MPHUITOPTOBOI CTAHIIIT ITOB'A3aHA 3 IPUAHITTIM
pIllICHh B YMOBaxX HEBU3HAYCHOCTI Ta BHUCOKOTO (HaKTOPy PHU3UKY IS
JIIO/IMHU TIPY ITPOBEJICHH] TEXHOJIOTIYHUX Olepalliii, ajie TAKOX IPYHTYEThCS
1 Ha LIEHTPAJI30BaHO-IUIAHOBOMY YIpaBIliHHI, 3 BACOKUM piBHEM 00MEXeHb
Ta yMOB.

3riiHO 3 JIiTepaTypHUMH JKEepeaaMu, HallepeKTUBHILIMIMHI METOJaMU
BUpILIEHHs MOMIOHUX 3aBIaHb € €KCHEPTHI CUCTEMH, 10 IPYHTYIOTHCS Ha
HEYITKi# JIOTiKI.
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Toni onTumizauis Ta BAOCKOHAJIEHHS POOOTH NPUIIOPTOBUX CTaHLIi
Ha OCHOBI METOJIB HEUITKOI JIOTIKM € 3aBJaHHSIM aKTyaJIbHUM i OTpedye
SIKHAHIIIBUIIOTO HAYKOBOTO PAKTHYHOTO Ta TEOPETUYHOTO PillICHHS.

[Ipu npoMy cam METO HEUiTKO1 JIOTiKH € HOBUM HAYKOBHM ITi/IXO/I0M,
3 MOXKJIMBICTIO HAKOTIMYCHHA 0a3 3HaHB Ta JOCBiAYy poOiT, ane 3i cmabkum
MaTeMaTHYHUM OINpALfOBaHHAM JUIA TPAaHCHOPTHOI Tany3i, OCKUIBKH
OTPiOEeH KOMIUTEKCHU TiIX1/1 IIPH TOCTAHOBIII Ta peai3allii TpaHCIIOPTHUX
3aBnaHb (axiBmiB iH(QOpPMAIIHOTO, MAaTEeMaTHYHOTO Ta TPAHCIIOPTHOTO
HanpsMiB. Ll B3aemomis Mae OyTtm 3a0e3meyeHa CHCTEMOTEXHIYHHM
MIXOMOM TIPU BUPILICHHI TPAHCHOPTHUX 3aBAaHb Ta Oyne po3risHyTa y
noJiajbIIuX poboTax.

OxpeMHM MUTaHHSM € cepa BUKOPHCTaHHS HEYITKOT JIOTIKH B pOOOTI
MIPUIOPTOBOI CTAHMIi Ta IPH CKJIaJIaHHI JOOOBHX IUIaHIB rpadikiB, a TAKOXK
PIBEHb HEYITKOCTI JJIs1 BUKOPUCTaHHS B MAaTEMaTUYHUX MOJIEISX, OCKIJIBKH
3aBJIaHHS HEYITKOI JIOTIKM MOXYTb OyTH N-TO PiBHS.

[IporoHyeThCS BHUKOPUCTOBYBAaTH HEUITKY JIOTIKYy JIMIIE JUIS
eKCIIePTHOI OI[IHKM OIIEPAaTHBHHUX CHTYyalil, BUOOPY albTEpPHATUB IpU
MOOYZOBI JTIOBFOCTPOKOBHX TEXHOJIOTIYHUX TrpadikiB Ta iMiTariifHoro
MOJICITIOBaHHS POOOTH CTAHIIIi IS TIOIIYKY BY3bKUX MICITb.

POJIb IIPUKJIAJTHUAX 3AJIAY Y ®OPMYBAHHI MOTBAIIIMHO-
IIHHICHOI'O CTABJIEHHSA CTYJEHTIB 10 KYPCY BAIIIOI
MATEMATHUKHU
C.€. HocoBcpka, cr. Buknagad, JIBH3 «ITJITY»

CyuacHa mapagurma BHIIOI OCBITH CHpsIMOBaHa Ha MiATOTOBKY
kBadiikoBaHMX (axiBLiB, 3JaTHUX €(QEKTUBHO MpAaIIOBAaTH B YMOBax
€KOHOMIYHOT'O Ta TEXHOJIOTTYHOTO CEpPEIOBHUINA, [0 IIBUIKO MIHIETHCS.

B mexax miei koHumenmii Tpeba BpaxoByBaTH KiJibKa (akTopiB, SIKi
BIUIMBAIOTH HA IHHICHE CTABJICHHS CTY/IEHTIB 10 KypCy BUIIOI MaTeMaTHKH:

1. Hu3pka peneBaHTHICTh MaTeMaTHYHHUX 3HaHb I TpodeciitHoi
IiSTBHOCTI CcTyAeHTiB. barato cTyaeHTiB He 0adaTh MPSMOTO 3B’S3Ky MiXK
BHBYCHHSAM BHIIOi MaTEMAaTHKHA Ta MalOyTHHOIO POOOTOIO, IO 3HIKYE X
MOTHBALIIO.

2. BigcyTHICTIO HpakTHYHOI CIPSIMOBAaHOCTI y HaB4aHHI. Skmmo
JMCUUILTIHA BUBYAETHCS JIMIIE TEOPETUYHO, TO CTYJICHTH MOXYTh He 0aunTH
il IPaKTUYHOTO 3aCTOCYBAHHS 1, IK HACII/IOK, HE 0aYUTH CEHCY Y BUBUCHHI
IIbOTO TIPeaAMeTa.

3. HusbkuM piBHEM MaTeMaTH4YHOI IiJIrOTOBKHM Yy CTYAEHTIB. SIKIIO
CTY/IEHTH NPUXOJATH Ha 3aHATTS 3 HEJOCTATHIMU 3HAHHIMHU 3 MAaTEMaTHKH,
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TO BOHHM MOXYTh Bi4yBaTH TPYIHOIII Y PO3yMiHHI HOBOTO Marepiany Ta
BTpavyaTH MOTHBALIIO IO BUBUCHHS IIPEIMETY.

4. KynbTypHi BiIMIHHOCTI. Y NESKHX KyJbTypax BHUILA MaTeMaTHKa
HE Ma€ BHUCOKOI I[IHHOCTI, III0 MO BiIOMBATUCS HA MOTUBAIIIl CTY/ICHTIB i3
LUX KyJbTYPHUX CEPEIOBHIIL.

Ipuxmagai 3amadi MalOTh BeNWKEe 3HAYCHHS Y (QOpMyBaHHI
MOTHBAIITHO-IIIHHICHOT'O CTAaBJICHHS CTYACHTIB JI0 BUIIIOi MATEMATHKH.

[lo-mepiie, BOHM JONMOMAralOTh CTYIEHTAM  3PO3YMITH, SIK
MaTeMaTH4HI KOHIIETIii Ta METOI MOXYTh OYTH 3aCTOCOBAHI Ha TPAaKTHIII
UIA pO3B’si3aHHA peanbHuX mpobieM. lle Moke 30impIUTH iHTEpEC
CTYJCHTIB Ta MOTHBYBATH IX Ha BUBUCHHS I[i€1 TUCIIUIUTIHH.

[Mo-mpyre, mpukiaamHi 3aBIaHHA MOXYTb JIONIOMOITH CTYAEHTaM
YCBIJOMHUTH LIHHICTh MaTEMaTW4YHUX 3HAaHb Ta YMIHb Yy IXHIM MaiOyTHIH
npodeciiiniil gismpHOCTI. Hampuknaz, 3m00yBadi, sSiKi BUBYAIOTh €KOHOMIKY
a0o 1HKEeHEepHY CIIpaBy, MOXYTh OAaunTH, K BHIA MaTeMaTHKa MOXxe OyTH
KOPHCHOIO JJIs PO3B’sI3aHHsI CKIIaJHUX 3aBIaHb y [IHX TaIy3sX.

Hapemri, mnpukmagsi 3agadi  MOXYTh JOIOMOITH —CTyICHTaM
PO3BHHYTH HABUYKH KPUTHYHOTO MUCJICHHS Ta aHAJITHYHOT'O MUCIICHHS, 1110
TaKOX MOe OyTH MOTHBYIOYHM (haKTOPOM BHBUYCHHS MAaTEMaTHKU.

CEKLIA: BIOMEJINYHA TH)KEHEPIA

BIOPO3YNHHI METAJIEBI MATEPIAJIM JJIA IMIIJIAHTIB
O.A. Bopym, cryzenr, B.I'. €ppemenko, npod., A-p TEXH. HayK,
JABH3 «IIATY»

B nomoBimi HaBemeHO Cy9acHi HANpsIMKH PO3BHUTKY NESKUX TPYII
MeTalleBuX OiomarepaiiB, IO 3aCTOCOBYIOTHCS B IMIUIAHTOJNOTIl IUIs
BUTOTOBJICHHSI 010pO3UYMHHMX (TMMYacoBHX) iMIulaHTiB. Jlo Takux
MaTepialliB BUCYBalOTh BUMOTH 3 0I0CYMICHOCTI, MIIIHOCTI Ta IIBHAKOCTI
Giozerpananii (po3unHeHHs) B ¢i3ionoriynomy cepenosumii. [lokaszano, 1o
0lOpO3YMHHI METaJeBi MaTepiaal TMOJIUIAIOTHECS HA CIUIABU HA OCHOBI
MarHiro, CIlJIaBi Ha OCHOBI 3aJli3a Ta CIUIaBH Ha OCHOBI LIMHKY. BBaxaeTbcs,
[0 OCKUIBKH MarHii, 3aii30 i HUHK BXOJAThH JO YHCJIa €IEMEHTIB, )KUTTEBO
BXIMBUX U JSUTBHOCTI OPraHi3My ITFOIWMHU, IX PO3YHMHEHHS B Tili
Talli€HTa € MOTEHIIHHO Oe3MeYHUM JUIS 37I0pOB s IPH BUBECHH] HA/UIHIIKY
3 OpraHisMy (Xo4a iCHYIOTb 1 IPOTHJICKHI TYMKH ¥ CyMHIBH IIOAO TiHCHOT
0e31meyHOCTi 0I0PO3UYNHHHX CILIABIB).

KoxeH 3 mepepaxoBaHAX METaJliB Ma€ BIACHI HEJOMIKH, OB’ A3aHi i3
MeBHUMH  (PI3HUKO-XIMIYHIMH BJIACTUBOCTSAMH; YCYHEHHS IIMX HEIOJIKiB
CTaBJIAITHh Ha METI TpH pO3poOIl BiANMOBIAHMX CIUIABIB 3 MOJIMIICHUMHU
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XapakTepucTukamMu. MarHiii Mae 3aHaJITO BUCOKY IIBUJIKICTh PO3UMHEHHS Ta
HecTaOIbHICTh MEXaHIYHUX BIIACTHBOCTEH, SIKI IMOKPAILYIOTh 38 PaxyHOK
neryBaHHs (po3poOkoro cmiaBiB Mg—Al-Zn, Mg-Y-P3M—-Zr, Mg-Li-Al-
P3M-Mn, Mg-Al-Zn-Mn, To1110) Ta HaHECEHHSI PI3HOMAHITHUX 3aXHCHHX
MOKPUTTIB (TiIpoKchamatuT, O6ionoiimMepn, Tomo). Hapa3si po3pobneHo Ta
anpoOOBaHO eI TOProBi MapKH IMITIAHTIB, BUTOTOBJICHUX 3 MarHi€BHX
CILNIaBIiB.

Jlis 3armiza xapakTepHUM € 3aHaITO HU3bKa IIBUAKICT Oioaerpaaarii.
[ligBumena KoposifiHa CTIHKICTH 3alli3a CHPUYMHSAE HOTO HAKOIMYCHHS B
opraHi3Mi i3 BigmaneHuM HeratuBHUM edekroM. [lIBunkicts Oiomerpanmarii
3aJ1i3a MiZBUILYIOTH JETYBaHHM, HAIPUKJIA]l, BBEICHHSIM Maiaito (YyTBOPIOE
iHTepMeTaniau), abo MapraHmioo (BUKIMKae JaedopmalliiiHe yTBOpPEHH:
eTCUIOH-MapTeHCHUTY). BeTaHoBIeHO, 0 IMHK Ma€ NPUHHATHY MIBUAKICTH
Oilomerpajartii, aine BiIpi3HAETHCS HU3bKAMH MEXaHIYHUMHU BJIACTHBOCTSIMH.
JUist 1X migBUINEHHS O IUHKY BBOJSTH JIETyIoUi eeMeHTd (Zn-Mg, Zn-Fe,
Zn-Ca, Zn-Sr, Zn-Al, Zn-Cu, Zn-Al-Mg-Bi, Zn-Li, Zn-Ag) Tta
3aCTOCOBYIOTH TEpMiUHYy OOpOOKY i XOJOAHY IDIACTHYHY aedopmamio. B
JIOTIOBi/Ii TIPEACTABICHO OCHOBHI TEXHOIOTIYHI MiIXOMM 1O IiJABHUIICHHS
KOMIUIEKCY BJIACTHBOCTEH METAJIEBHX MarepialiB s O0iopO3YMHHIX
IMIUTaHTIB.

MICROSTRUCTURE-PROPERTIES CHARACTERIZATION OF
SELECTIVE LASER MELTED BIOMEDICAL Co-28Cr-6Mo
ALLOY
B.V. Efremenko, Y.G. Chabak, V.G. Efremenko, I.M. Oleinik,
SHEI «PSTU»

Co-28Cr-6Mo alloy (ASTM F75) is widely used in different
biomedical applications (dental devices, orthopedic implants, etc.). Casting
and metal forming are the two conventional technologies for the fabrication
of this alloy. Recently, additive manufacturing has also been adopted. Due to
the peculiarities of this technological process, 3D-printed alloys differ from
traditionally manufactured alloys in their structure and properties. In the
present work, the features of selective laser melted Co-28Cr-6Mo alloy were
studied in comparison with its wrought analogue. The nominal chemical
composition of 3D-printed alloy was as follows (wt.%): Cr 28.02; Mo 5.33;
Ni 0.10; Si 0.45; Mn 0.35; C 0.044; P 0.02; S 0.0035,Fe 0.48; N 0.20; O
0.042, Co — remaining. 3D-printed alloy was compared with the wrought Co—
Cr-Mo alloy supplied as a 100 mm diameter/10 mm thick disc with a
chemical composition of (wt.%): Cr 29.70; Mo 5.85; Ni 0.15; C 0.20;
Si<0.10; Fe 0.025; Co — remaining. The study included microstructural
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characterization (optical (GX71”, Olympus) and electron scanning
microscopy (EVO-MA15, Carl Zeiss)), nanoindentation (“G200 Nano
Indenter” (Agilent Technologies)), XRD (X'Pert PRO, PANalytical, Cu-K)
and tribological testing (Micron-Tribo, Micron-System) in dry conditions and
in simulated body fluid (SBF) containing (mM/liter): 145.0 Na*, 4.0 K*, 1.0
Mg?*, 2.5 Ca?*, 127.0 Cl-, 24.0 HCO3™.

It was shown that the SLM alloy featured the “Fish-scale” structure,
characteristic of additively fabricated alloys. This structure was composed of
fine columnar dendrites. According to the XRD study, the SLM alloy featured
amixed (e+a) structure with a higher amount of the low-temperature e-phase.
The micromechanical properties reveal a higher strength, a higher elastic
modulus and a higher hardness for the SLM alloy comparatively to the
wrought counterpart. The differences in the micromechanical responses of
the two counterparts are small but noticeable and consistent. The SLM
specimen showed a dry wear rate of by 21 % lower than that of the wrought
specimen. Under SBF sliding conditions the SLM-alloy retained its advantage
in wear resistance (by 38 %). Concluding, SLM-fabricated Co-28Cr-6Mo was
found equivalent or superior to the wrought alloy in terms of properties, such
as hardness, elastic modulus and tribological behavior that makes SLM Co-
28Cr-6Mo a promising candidate for implant applications.

NMPOTHO3YBAHHS PU3UKIB B CUCTEMAX ITPOEKT-
MEHEJ)KMEHTY
B.C. Bomomms, ipod., A-p TEXH. HayK,
0O.10. Azapxos, noir., a-p mea. Hayk, JIBH3 «ITTY»

B SIKOCTI aIbTEepPHATHBH IMOBIPHICHO-CTaTUCTUYHOMY
MOCT(AaKTyaTbHOMY METO/Y OLIIHKH PU3UKY MPOMOHYEThCS OLIHKA PU3HKY
MOJiT 3a JIOIOMOTOI0 HEMPOHHUX MEpex MpsMoro nommpeHHs. Heliponna
Mepeka 3arporpamoBaHoi KoH]Irypamii J03BOJISIE BHKOPHUCTOBYBAaTH
o0pa3Huil OiHapHWIA MEXaHi3M BiIOOpaKCHHS, 3JaTHHUH BIAMOBICTH Ha
MUTAHHS TIPO PEAIBHICTh PU3UKY B TIEBHOMY YacOBOMY IIPOMDKKY 1 B
3aJIeXKHOCTI BiJ] 30BHILIHIX i BHYTPILIIHIX YMOB CTaHy aHaJli30BaHOI CUCTEMH.
[MoxaskeMo 11e Ha IPUKIIai iTeHTU(IKAI] PU3HUKIB B CyJaCHOMY MIPOEKTHOMY
MeHemKkMeHTI. [laHa chepa MEHEHKMEHTY XapaKTepHa Uil IIHPOKHAX Kill
JIOICHKOI JisUTBHOCTI, SIK TIPH MIPOEKTYBaHHI 00'€KTIB, TaK i IPHU CTBOPEHHI 1
BEJICHHI HOBOTO Oi3HeCYy, y (iHAHCOBHX MPOEKTaX Ta iH.

[ToyaTkoBUMH HaHWUMH IJISI MOJENI HEWPOHHOT MeEpexXi OIIHKH
PH3HKIB € cUCTeMa BXiJHHX 3HaueHb (CUTHAJIIB), SIKI BIUIMBAIOTH Ha 00'€KT
OLIHKK. Y HalIOMy BHIAAKy MOXHa HapaxyBaTh Jo 11 Takux
y3arajpHIOIOYMX CUTHAIIB (Tabm. 1), KOKHOMY 3 SIKMX BIiINOBiZae cBid
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BaroBuil Koe(ilieHT, SIKMH € CBOEPITHOI0 MaM'ATTIO JUIS TAKOTO HEWpoHa.
[Ipu bOMY KOXEH TaKUil CUTHAI PO3TOPTAETHCS B KUTbKA YTOYHIOIOYHX 200
JOJAaHUX. APXITEKTypa YOTHPHOXCHUHAIICHOT MOJIEII HEHPOHHOI MEpexi, o
BIJINIOBIJTa€ TAKOMY BXOJTy, TIpEJICTaBJICHA Ha puc. 1.

Tabmums 1| — Cucremarmsanis ¢GakTopiB, IO BIUIMBAIOTH Ha
(hopMyBaHHs pU3HKIB IIPY INIAHYBaHHI Ta pealtizallii IpPOeKTiB
NeNe | TIlTowaTtkoBuid HaiimenyBaHHs Bxigunit
n/m BaroBUi BHUCJIOBJICHHS CHTHAJI,
koed.. m; (penukar) x;
1. ®akTopu BHYTPIlIHHOI0 PU3MKY

1 45,1 HenepenbauyBaHe 30inbIeHHS X11
00csTiB poOIT HAJ TPOSKTOM

2 9,7 Husbka IpoyKTHBHICTh X1z

3 64,5 Bucoki BUTpaTH Ha peanizariio X13
HPOEKTY

4 12,4 Yacoswuii nedinur npu X14
CTBOPEHHI MTPOSKTY

5 1,73 Bpak pecypciB amst peamizarii X15
HPOCKTY

6 0,45 HeoOrpyHTOBaHO BiAXHMIICHHS X16
11010 TUIAaHY CTBOPEHHS
MIPOCKTY

7 23,6 3MiHHA POOOYMX IUKITIB ITiJ] Yac X17
CTBOPEHHS IPOEKTY

8 54 BincyTHICTh 4M HETOJIK X1g
KOHKPETHUX YMOB JIJIsI
peasizalii IpoeKTy

230BHilIHI ()aKTOPH PUBHMKY

9 54,1 Pe3ynbTaT JOBUIBHOTO BIUIUBY X321
3aMOBHHKA MPOEKTY

10 16,1 3MiHEHHS BIMOT JIO IPOCKTY Xy9

11 0,33 BincyTHICTE 30BHIIIHIX YMOB Xy3
Juisl poOOTH KOJIEKTHBY

B sAKoCTi BHXIZHWX CHTHAJIB CHCTEMH MH TPHHMEMO HACTYIIHI
BimoOpakeHHS (KOIU PU3UKY):

- Y1~ «PU3HUK BIICYTHOCTi TOTOBOTO MPOEKTY»;
-y, - PU3HK BiCTPOYKH ITiATOTOBKHU IPOEKTY»;
-y3 - "PU3MK HEBUKOHAHHS BUMOT 3aMOBHHKA".
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SKi BiIOOpaXKarOTh IMOCIAOBHICTh MO, IO NPU3BOAATH JO MPOBATY
MPOEKTY B IIJIOMY; peaii3ailis MpOeKTy He B 3a3HAYCHI TEPMiHU; BiIMOBa
3aMOBHHUKA BiJl IPUHHSATTS TOTOBOTO TIPOCKTY.

Puc. 1 — Apxitektypa HEI{pOHHOT MepeXi IPSMOTO MOMIUPEHHS IS
MPOTHO3YBaHHS PU3HKIB B y3araJlbHeHil CUCTEMI yIIPaBIIHHS TPOEKTaMH

1. Haiibinpm akTyaJlbHUM B IIPOECKT-MEHEKMEHTI € pHU3HK,
NOB'SI3aHUM 13 3aTPUMKaMH B MIATOTOBII TNPOEKTY - Y,. OCHOBHHMH
MIPUYUHAMH, [0 TIPU3BOIATE IO TAKOTO PE3yNIbTATy, €: 3MiHa MPIOPUTETIB Ta
KOHIICTIIIii MPOEKTY, KUTBKOCTI 3aBJaHb, BUMYIIEHI IEPEPOOKH OKPEMIX
00'extiB B mpoekTi (koediuieHT yyacti a = 0,43).

2. B pe3ynbrarti HecTaul pecypciB AJs peastizailii MpOeKTy iCHY€E PU3UK
HEBUKOHAHHSI 3aBJIaHHS IPOEKTY B IOBHOMY 00Cs131, HEAOTPHUMaHHS TEPMIHIB
1 H13bKOT sikocTi mpoekTy (a = 0,35).

3. 3 BUHUKAIOYMX NPUYMH BIIXWICHHS BiJl TUIAHOBMX IOKA3HHKIB
iCHy€e peaJlbHUI pU3UK HEBUKOHAHHS BUMOT 3amoBHUKA (@ = 0,54).

4. SIxuio He CTBOpPEHI YMOBH Ul BUKOHAHHS POOIT, 11 B PiBHIN Mipi
TSATHE 32 COOO0I0 BUHUKHEHHS PU3UKIB, TIOB'SI3aHUX 3:

- BIICYTHICTIO TOTOBOTO TIPOEKTY B CTPOK (HU3bKa BaPTICTh PU3UKY);

- TUMYACOBOIO 3aTPHMKOIO 3aBEPIICHHS NMPOEKTy (BHCOKA BapTiCTh
PH3HKY);

- HeBUKOHAHHSAM BHMOT 3aMOBHHKA (BUCOKa BapTiCTh PU3HKY).

5. Taki (hakTopH, K Hemepe0adyBaHe 301IbIISHHS 00CSTiB POOIT HAJY
NPOEKTOM; PO3yMHE BIIXMJICHHS BiJI IUIaHY CTBOPEHHS IPOEKTY; BIJICYTHICTh
1 BIACYTHICTh KOHKPETHHX YMOB Ul peaji3auii HpOEKTy; pe3yJbTar
CTHXIHHOTO BIUIMBY 3aMOBHHMKa HPOEKTY; 3MIHM BHMOT JI0 HPOEKTY, SK
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MPaBUJIO, HE TIepe10auyBaHi 3a TOMOMOI0I0 HEHPOHHIX MEPEXK 1 BUMArarTh
IHIIIMX MEXaHi3MiB aHAi3Yy.

EXOJIOKAIIMHUM MPUJIA A JIOJENW 3 OBMEXKEHUMUA
MOXJIUBOCTAMUA
LI Cini, nom., kanz. Tex. HayK, JI.B. 3aiines, ct. rp. BMI-19,
JABH3 «IIATY»

Crinora € OfHIEID 3 OCHOBHHUX TPOOJIEM 3/I0pOB's Yepe3 HasBHICTh
6m3bpko 100 MITH CinuX JrO/IeH y CBITI, IPH LbOMY LISl KUIBKICTh MOCTIIHO
3pocrae. lle 3yMOBIEHO HENOCTAaTHIM 3aCTOCYBaHHSIM TEXHIKH O€3IeKd B
noOyTi Ta Ha BHUPOOHHWITBI, BOEHHUMH KOH(QIIIKTAMH, BHKOPHUCTAHHIM
TOKCHYHHX PEUYOBHUH Yy CITbCBKOMY FOCIIONAPCTBI Ta MOTiPIICHHSIM €KOJIOTii.
KarapakTa € OCHOBHOIO IPUYMHOIO CIIMOTH Ha CYy9aCHOMY €TaIli PO3BUTKY
MeauimHu (1o 40% BumankiB y cBiti). YkpaiHa Mae Oxm3bko 65 THC.
He3psuuX Jirozeil. JIikyBaHHS CIIIOTH BKIIIOYA€ CUMITOMATHYHY TEparilo,
HEHpoXipypriudi BTpydaHHs, IpoTe3yBaHHS abo BBeaeHHs reny RPE6S ms
JIKyBaHHS BPOJUKEHOTO Je(eKTy CITKIBKH. SIKIIO JIiIKyBaHHS HEMO>KIIMBE,
3aCTOCOBYIOTb TH(IIOTEXHIKY.

Tudmorexnika — 1e Tamry3p TEXHONOTIi, sKa CHeIiaJbHO
po3pobuisieTbcss AT MOJETHICHHS O KUTTS  JIIONeH 3 Bi3yalbHUMH
MOpYyILIEHHAMH, 3a0e31edytoun iM 1ocTymn 1o iHGopMalil Ta MOXKIMBOCTEH,
110 iHaKIIe Oy O HeIOCTYIIHI.

a) 0)
Puc. 1 — Ilpuctpiit mpocTopoBoi HaBiramii: a) 30BHIIIHII BUTIIL;
6) TectyBaHHS pOOOTH IPOTOTHITY
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TudroTexHika OXOILUITIOE IUPOKUHN CHEKTP PI3HUX TEXHOJIOT'1H, TAKKX
SIK CHeUiaJIbHI MporpamMu JJIsi KOMIT'IOTEpiB Ta MOOUIBHHMX IPUCTPOIB, SIKi
JIO3BOJISIIOTH CIIMHMM a00 ciab030puM KOpHCTyBadaM 3YMTYBAaTH TEKCT 3a
JIOTIOMOTOI0  TOJIOCOBHX TPHCTpoiB abo mpudTiB 3  MiABUIIEHOIO
KOHTPACTHICTIO. J[0 TH(IOTEXHIKM TaKOX BXOIATH PI3HOMAHITHI MPUCTPOI
Ta JOMOMDXKHI 3acOo0M, SKi IOJETIIYIOTh IMOBCAKICHHE JXUTTS JIOICH 3
Bi3yalbHUMHU TIOPYIICHHSAMH, TaKi SK €JICKTPOHHI YHUTadyi, CIeIialbHi
KOJBOPOBi (QiTBTPHU AJIS MOKPAIICHHS BUAUMOCTI Ta iHIII

Tudnorexnika momoMarae JIOASM 3 Bi3yadbHHMH TOPYIICHHIMU
30eperTu CaMOCTiIHHICTh Ta HE3aJIeKHICTb, TO3BOJIIOYH iM OyTH aKTHBHUMH
YYaCHUKAMH CYCIIJIbCTBA 1 MaTH JOCTYII A0 THX K€ MOXKJIMBOCTEH, IO i yci
1HIIII.

Jlana HayKOBO-JOCHITHUIIBKA pOOOTa Mae Ha METi CTBOPEHHS
MOPTAaTUBHOTO 010MEANYHOTO MPHUCTPOIO MPOCTOPOBOI Hapiraiil (puc. 1, a)
JUISL JTIOJIH 3 TIOBHOIO CIIIIOTOIO 32 JOIIOMOTOI0 BHKOPHCTAHHS T'OTOBHX
MOJIYJB, IO IO3BOJISIE 3MEHIINTH KIiHIIEBY BapTiCTh Ta BUKIIOYWTH TIE€BHI
orreparii 3i CTBOPSHHS TIIaT.

Po3po0Oka Ta nporpamyBaHHs TH(IIOTEXHIUOTO arnapaTy IpOCTOPOBOI
HaBiramii € imKeHEepHUM 3aBIaHHIM, SIKE BAMarae 3HaHb 3 PI3HHUX Traiy3ei,
TaKuX K iHKEHepis, eNeKTPOHiKa, MPOTpaMyBaHHSI Ta €proHOMIKa, TaK SIK
TIPUCTPii MOBHHEH OyTH 3pyYHHN, KOMIIAKTHHUH, IPOCTUH Yy BUKOPUCTAaHHI
JIO/ISIM 3 OOMEXEHHMH MOXJIMBOCTSAMHU. [Ipu CTBOpeHHI KOHIENTy Oyiiu
BU/IJIEH1 OCHOBHI (DYHKIIIT, SIKi IOBHHHI OyTH peani3zoBaHi B IPUCTPOI, a came
CTOBIILIEHHSI MPO TEPEUIKOAN Ha HUISIXY Ta BU3HAYCHHS KOJBbOPY, L0 Y
MOBCSIKICHHOMY JKUTTI € HEOOXIHICTIO NIPH 1IeHTU(IKaLliiT 00'€KTIB.

lotoBuii mportoTun OyJ0 CTBOpeHO Ha 0a3i MIKpOKOHTpoJepa
Arduino UNO, nBox yibrpazBykoBux natunkisB HC-SR04 ta ognoro APDS-
9960 — nmarymka kombopy Ta pyxy. KopucryBau oTpumye iHpopMario 3
MpHUIaay 3a JOTOMOTOI0 TPhOX AaKTMBHHX I'e3onuHamikiB. Kopmyc OyB
CTBOpPEHMH 3a JormoMoroto 3-D MozemoBaHHS, IMICHS YOTO BUTOTOBIICHHH
TexHoJoTiero momrapooro FDM  mpyky. Ilposemeni Ttectu (puc. 1, 6)
MATBEPAWIN BHCOKY €(QEKTHBHICTE Ta (PYHKI[IOHANBHICTh, MO Jda€
MOJKJIMBICTH TPOJIOBKUTH JOCITIIN Ta PO3POOKH y IBOMY HAIIPSIMI.

IHNEPCIHEKTUBU BUKOPUCTAHHS POGOTU30BAHUX
PYKABUIb JJISA JIIOI[EFI 3 IMIOPYHIEHHSM MOBJIEHHS
0.10. Azapxos, 1o1t., A-p Mea. Hayk, L.I. Cini, mo1., KaH[. TeX. HayK,

JABH3 «ITTY»

ITy4Hi pyKaBUYKH € BXXJIMBUM IPHCTPOEM B 00J1acTi OioMequuHo1
IHKeHepii, OCKIJIbKM BOHH MOKYTh OyTH BUKOPHCTaHI 11l 6araTboX pisHUX
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MEIUYHUX Ta MPOMHUCIOBUX 3aCTOCYBaHb. JIOCHIIDKEHHS IITYYHHX
PYKaBUYOK Ba)XKJIMBI 3 IEKIIIBKOX TIPHYUH:

1. TMokpameHHs e(heKTUBHOCTI: JIOCIIIDKEHHS TYYHUX
PYKaBUYOK MOXXYTh  JOIOMOITH  BJIOCKOHAIMTH iX  JU3aifH  Ta
(hYHKITIOHANBHICTD, IO JO3BOJUTH MOKPAIIUTH iX €(EKTHUBHICTH B Pi3HUX
cdepax 3acTOCYBaHHS.

2. PO3BHTOK HOBHX 3aCTOCYBaHb: JOCIIIKECHHS MOXYTH CIIPHATH
PO3BUTKY HOBHX 3aCTOCYBaHb M IUTYYHHX pPYKaBUUOK, TaKUX SK
BUKOPHCTAHHA iX y peaOimirTariii micis TpaBMH, IOTIOMOTa IPH 3AiHCHEHHI
po0OTH B IPOMHUCIIOBIX YMOBAaX, a00 TOTIOMOTa JIFOASM 3 iHBAIITHICTIO.

3. TlomimmieHHs  SKOCTI  JKUTTSA:  BUKOPHCTaHHS  INTYYHHUX
PYKaBUYOK MOYKE MOKPAILIUTH SKICTh XKHUTTS JIOJIEH, SIKI MaIOTh poOIeMH 3i
310poB'sIM.  JIoCIi/DKEHHST MOXKYTh JIOTIOMOTITH 3pO3YMITH, SIK Kpalle
BHUKOPHCTOBYBATH PyKaBHYKH JUISI MAKCUMaJIbHOT KOPUCTI JUISl TAKUX JFOJIEH.

JlocnmimKeHHsT ITyYHUX PyKaBMUYOK Ha 0a3i mmardopmu Arduino
LIMPOKO TPOBOAATHCS B KOHTEKCTI PO3POOKU CHCTEM KEpyBaHHS Ta 3B’sA3KY
MK PYKaBHYKOIO Ta KOMIT IOTEPOM, POOOTOM a0O iHIIMMH TMPHUCTPOSIMH.
OCHOBHMMH HampsIMKaMH JOCHI/PKeHb Ha CBOTOAHI MOXHA BBAXATH
JOCTIIDKEHHSI ~ CEHCOpPiB:  BHBYEGHHS  MOXIJIMBOCTEH  3aCTOCYBaHHS
PI3HOMaHITHHX CEHCOPIB U 300py AaHUX MPO CTaH PYKAaBUUKH, PYXiB Ta
TTOJIO’KEHHS TTaJIbIliB; PO3poOKa MporpaMHOTro 3abe3ledeHHs: CTBOPEHHS
pOTrpaMHOTo 3a0e3medeHHs Jasi 300py, oOpoOKkM Ta mepemavi JaHHX 3
PYKaBHUYKH Ha KOMIT'IOTep ab0 IHIIMK MPHUCTPIii; JOCHIIKEHHS B3aeMOIIT 3
poboTamMK: BHBYEHHS MOXJIMBOCTEl BHKOPUCTaHHS PYKaBUUOK y cdepi
POOOTOTEXHIKH; TOCHIPKEHHSI MOXKIIMBOCTEH KEpyBaHHs PyXOM pOOOTIB 3a
JIOTIOMOT'010 PYKaBUYOK; po3po0OKa iHTepdeiciB: po3podka inTepdeicis s
B3a€EMOJIIi 3 PYKaBHYKOIO, IO MOXYTh BKIIOYAaTH rpadiuHuii iHTEepdeiic
KopucTyBada a0 TOJIOCOBI KOMaHIM; JOCIHIDKEHHS 3aCTOCYBaHHSA Yy
MEIWIMHI: BHUBYCHHS MOXJIHMBOCTEH 3aCTOCYBaHHS pPYKaBHUYOK JUIS
MEIMYHUX JIOCHI/PKEHb Ta JIIKyBaHHs Pi3HUX 3aXBOPIOBAaHb. TakuM YMHOM,
JOCTIDKEHHS IUTYYHMX pPYKaBUYOK MAalOTh BEJIMKUHA IOTEHI[an Y
TTOKPAIIECHH] 3/I0pOB'Sl Ta SAKOCTi XHTTS JIOACH, IO POOUTH X BasKIMBOIO
TEMOIO ISl TOCIIKEHb B Taly31 GioMeAnyHO1 iHKeHepil.

Jlronu 3 OOMEXEHHM MOBJEHHSAM MOXYTb CTHKaTHUCh 3 DPI3HUMHU
npoOiemMaMu, 3aJeKHO Bil NpUIMHM oOMexeHHs. Hampukianm, momun 3
APTUKYJSIIHHUMH MOPYIIEHHSIMH MOXYTh MaTH IPOOJIEeMH 3 MPaBHIbHUM
BUMOBIISIHHSM 3BYKIB, a JIIOJM 3 MOPYUIEHHSIMH CIYXy MOXYTh MaTh
npoGyieMu 3 pO3yMiHHSM MOBH. JIromu 3 NOPYIIEHHSMH aBTICTHYHOTO
CIIEKTPY MOXYTb MaTH TPYAHOLIl 3 KOMYHIKALI€I0 Ta COLIaJIbHUMHU
B3aemMoAisMH. He3znaTHiCTh BHCIIOBIIOBATH CBOI JyMKH Ta IOTPEOH MOXKE
MIPU3BECTH JI0 HE3PO3YyMiHHs, HEBIPHOTO TIyMauyeHHS a00 HEJIOCTaTHHOTO
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oTpuManHs fonomoru. Kpim toro, oy 3 00MeXeHHM MOBIICHHSIM MOXKYTh
BiJJUyBaTH CTUIMY Ta JAWCKPUMIHAIIIO y CYCIIUIBCTBI, 1€ MOBa BBAYKA€ETHCS
OCHOBHHM 3aCO00OM KOMYHiKailii. BOHM Takok MOXYTh MaTH TPYIHOII 3
OTPUMAaHHSM JOCTYITy IO OCBITH, 370pPOB'S Ta IHIIMX COIaIbHUX HOCIYT
gyepe3 00MeKeHI MOKITMBOCTI KOMYHIKaIIii.

ToMy po3poOKka TEXHOIOTIH, SKi JOTIOMAraroTh JIFOJSM 3 0OMEKCHUM
MOBJICHHSIM B3a€MOJISITH 31 CBITOM, € BaKJIMBHUM KPOKOM 1O CTBOPEHHS
OimpII iHKITIO3UBHOTO cycminberBa. llITydHi pykaBuukum Ha 6a3i ApayiHo
MOXYTb OyTH OIHUM 3 TaKUX IHCTPYMEHTIB, IO TO3BOJSIOTH JIIOASIM 3
OOMEXEHHM MOBIICHHSIM B3a€MOJISTH 3 KOMITIOTEpaMH Ta iHIIMMHU
€JIEKTPOHHUMHU MPUCTPOSIMHU, & TAKOXK KOMYHIKYBAaTH 3 OTOUYIOUHMH.

OCHOBHUMH KOMIIOHEHTaMHU pO3pO0JIeHO MTYy4HOI PYKaBUUKH €
cama pykaBuuka, ruata Arduino, pesucropu Ha 80 KOM, TEH30METPUUIHUIA
natyuk Ta LCD nucrureit. PykaBuuka ocHaleHa 1’ siTbMa TeH30METPUYHUMUA
JaTYuKaMH JUIST KOXXHOTO Taibld OJHi€l pyku: (aKkTHYHO Iie 3MiHHI
pe3UCTOpH, SAKi 3MIHIOIOTH CBOE 3HAUCHHS NPH 3rWHI. BOHM mpueaHaHi 10
OoJHOTO OOKy ITbHHKAa HAmNpYrW 3 PE3UCTOpPaMH IOCTIHOTO 3HAYEHHS,
3MOHTOBaHMMH 3 IHIIOrO OOKy. Arduino 34mTye 3MiHY HAaIpyTrH, KOJIU
JIATYHMKHU 3ITHYTI, | BABOAUTH BiAmoBigHui TekcT Ha LCD nucruei.

3acTrocyBaHHA ITYYHOI pyKaBUIl Ha Arduino Mae MOTEHIHaNm s
BHpiIIeHHS 0araTboX Mpo0IeM y pi3HHX Taly3sx. 30KpeMa, BOHa MOXe OyTH
BUKOPHCTaHA JIIsl KOHTPOJIIO POOOTIB, BIPTYaIbHOI PEAIbHOCTI, MEIUYHHX
JOCTIKeHb 1 Tepamii, a TakoX Jis JOMOMOTH JIFOASM 3 IHBANITHICTIO.
HITyuni pykaBuukn Ha Arduino MOXyTh OyTH BHIOTOBJIEHI 3 pI3HHX
MaTepialiB 1  JaTYMKiB, BKIIOYAIOYM  TCH30OMCTPUYHI  JATYHKH,
aKcelepoMeTpH, ripockonu Ta iHmi. Ile mo3Bossie 30upaTé pi3HOMAaHITHI
JlaHi PO PyXH pyK Ta naysliB. OnHaK, iICHYIOTh JeKi BUKIMKH, MTOB'SA3aHi 3
po3poOKor0 MTY4YHOT pykaBuIli Ha Arduino, Taki ik 0OMeKeHI MOXKIIHBOCTI
JaTYMKIB, CKJIaTHICTh TPOTpaMyBaHHs Ta 0OpPOOKH JaHUX.

CEKLIA: ®I3UKA

THERMODYNAMIC MODELING OF THE CRYSTALLIZATION
PROCESS OF MULTICOMPONENT CAST IRONS
V.G. Efremenko, Dr. of Science, Prof.,
Yu.G. Chabak, PhD, Ass. Prof., V.l. Zurnadzhy, PhD, Ass. Prof.,
0.V. Tsvetkova, PhD, Ass. Prof., SHEI «PSTU»

This work continues a novel hybrid concept for the development of a
cast iron with high performance for abrasive wear applications, proposed by
Chabak et al. This concept combines three different approaches to design a
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wear-resistant alloy namely: (a) multi-component alloying (W, Mo, V, Cr),
(b) partially replacing carbon by boron, and (c) forming a composite structure
reinforced with Ti-based carbide/boride particles.

The Thermo-Calc software was applied to simulate the solidification
path of the alloys. The equilibrium solidification paths of the alloys studied
herein were analysed with the aid of the Thermo-Calc software using the
database “TCFE12: TCS Steel and Fe-alloys (2022)”. In solid state, several
phase transformations take place with variations in the combinations of the
formed phases and their volume fraction ratios.

Hence, thermodynamic modelling predicts that the three hybrid alloys
contain the same set of boride and carbide particles (TiC, WB, MoB, M7C3,
Fe2B, Cr4B, Mn4B) within a ferrite matrix. The total amount of hard phases
increases with boron content increasing from 34.8 vol%. (at 1.5 wt% B) to
45.4 wt% (at 2.5 wt% B) and 57.5 vol% (at 3.5 wt% B). In all alloys, primary
WB crystallizes before the onset of eutectic reactions, therefore all of them
can be considered as hyper-eutectic cast alloys. Based on the temperature
interval of primary WB crystallization (1.5B: 1381-1207 °C, 2.5B: 1470-
1109 -C, 3.5B: 1536-1044 °C), one can conclude that 1.5B alloy would
contain the smallest amount of primary precipitates, therefore it would be the
closest one to the eutectic structure. Thermodynamic modelling of phase
formation and sequence in the multi-component high-boron alloys using the
Thermo-Calc software has given a satisfactory convergence with the XRD
and microscopy (optical and SEM/EDX) qualitative and quantitative results.

SIKICHI 3MIHU B IHTEP®EVCI BIPTYAJIBHUX
JJABOPATOPHUX POBIT 11O ®I3UILII
O.B. [IBeTkoBa, Kau. (i3.-MaT. HayK, JOICHT,
A.B. I)xepenosa, ct. Buknanay, JIBH3 «I[IATY»

IIpo akryanbHicTH BipTyanpHHX JabopatopHux poOir (BJIP) Bxe
MMUTaHHA Ha CTOITh, CaMe YKHUTTS JUKTYE HEOOXiAHICTh iX BUKOPHUCTAHHS. AJe
skicte BJIP Ta BimHOIIEHHS O iX BUKOHAHHS Yy CTYIEHTIB — Ii TIHTAaHHA
3aBxau OynyTh aktyaabHumu. Ha kadeapi ¢isuku Ha mpoTs3i OCTaHHIX
POKIB CTBOPIOIOTH Taki poOOTH, IO HE € MaKeTaMH, MYJIbTHILTIKAI[ITHIMHI
CUMYJISILISIMH, 200 MatOTh POOOYHH IIPOCTIP Y BUTIIAI CXEMH €KCIIEPHMEHTY.
3a nymkoro apropiB BJIP noBunHa 30epertu nyx naboparopii Ta BCi yMOBH
¥l mpaBuIia poOOTH B HIll.

OcraHHi pPO3pOOKM aBTOPIB TOBHICTIO BiJOOPaXAIOTh peasbHy
nabopaTopHy YCTAHOBKY Ta XiX BUKOHaHHS poOotu. BJIP mnpus’szani no
METOJMYHUX BKa3iBOK 32 YCTAaHOBKAaMM 3HMIIEHHX JabopaTopiii Kadeapw.
Po3poOku BemyThes y aBoxX HampsMkax. [lepmmit — BJIP moBHicTiO
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3a0e3neueHa nporpaMyBaHHsIM, 3aCHOBaHMM Ha B3a€MO3B’SI3Ky MapaMeTpiB,
IO 33Jal0ThCsl Ta BHXINHOI BEJMYMHM, MAlOTh pPEIbHI 300pakeHHS
BUMIpIOBaHb, a0 criocTepexeHb. Hanpukian, nmpu BUKOHaHHI poOOTH IO
BUBYEHHIO iHTepdepeHuii (puc.l) cTymeHT OaunTh YCTaHOBKY, Mae
MOXJIMBICTh ~ 3MIHIOBaTH i  mapamMeTpu  (TONOXKEHHS  Oimpu3mu,
CBITIIOQIETPH) Ta CHOCTEPITaTH BIAMOBIAHY iHTep(depeHIiiiHy KapTuHy, a
JaJi 32 CIIOCTEPEKESHHAMH CaMOCTIHHO IPOBOINTH BUMIPIOBaHHS.

Puc. 1 — Maker mabopatopHOi poOOTH 3 BiTKPHTHUM BIKHOM CIIOCTEPEKEHB

Y pyromy HanpsMmky unpu pospooui BJIP  3actocoByroThbes
MOJJIMBOCTI Cy4acCHHUX CEpPEJOBUII TPOrpaMyBaHHs 10JJaBaTH BiZeo Ta (GOTo
¢parmentu. Hanpuknan, cTeHa, Mo MoKa3aHWil Ha puc.2, BigoOpakae BCi
MOCiOBHI Aii poOoTH: 3MiHY NapaMeTpiB Ta BIJINOBIAHI TMOKa3HUKU
pruoopiB, SIKi OTpUMaHi B peabHOMY 4aci. Jlo Takoro Bapianty BJIP moxHa
BIJTHECTH TaKOX BiATBOpPEeHHs JabopaTtopHuX poOiT Ha miatdopmi Power
Point y Burisai BKa3iBOK MO MyHKTaX BUKOHAHHS Ta Bieo (parMeHTIB
BHUMIPIOBaHb 10 HUX. TakuM YMHOM OYJIH BiITBOPEHI pOOOTH IO MEXaHimi i
MPUMITHUM B HHUX € T€, IO CTYJIEHT IPHU CIIOCTEPEKECHHAX PYyXy 00’ €KTY
3aMipH 9yacy poOUTh BIACHUM CEKYHIOMIpOM.

TECTYBAHHS, SIK 3ACIB KOHTPOJIIO OITPAIIIOBAHHSI
JEKIIMHOI'O MATEPIAJIY ITIPH JUCTAHIIMHINA ®OPMI
HABYAHHSI
O. B. IIseTkoBa kau. ¢i3.-mat. Hayk, qoueHt, JIBH3 «I[TTY»

Peanii nucranmiiinoi ¢opmMu HaBYaHHS B BOEHHHMX YMOBax
noTpeOyIoTh 3aCTOCYBAaHHS HOBHUX METOMIB BHKIAJAHHS 1 THM I1ade
KOHTPOJIIO 3a 3aCBOEHHSAM Marepiany. TecTOBHH KOHTPOJNb B CHCTEMi
Moodle, 6yB OBHOLIHHNM i 3pyYHUM, ajie Tak crajgocs, mo mist [IATY uei
BUJI pOOOTH MMOKH 1110 BTPAYCHH.

Kypc ¢i3uku noBHicTio 3a0e3neueHunil eJ1eKTpOHHUMH KOHCIIEKTaMH,
BUKJIaJIKAMHU TIPAKTUYHUX 3aHSTh, HAOYHUM JIEMOHCTPAIIHHIM MaTepiaioM.
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AJle BUHUKIIO TMTaHHsI KOHTPOJIIO ONPAIFOBaHHsI JIEKLIHHOTO Marepiaiy, 60
MIPUCYTHICTH CTYyJICHTA (KA 3aJE€XKHUTh HE TIJIbKH BiJ Cy0 €KTHBHHX, a W BiJ
00’€exTHBHUX (paKkTOPIB) HA JIEKLISAX 3 OOrOBOPIOBAHHSIM MaTepiary BU3HAYAE
SIKICTh PE3yJIbTaTiB HaBYaHHS. SIKII0 KOHTPOJIb 32 3aCBOEHHSIM MaTtepiary He
Mae OyTH 3 BETMKOIO KUTBKICTIO MUTAHb (1€ KJIIACHYHI METOAWYHI ITOpajH,
10710 KOHCTPYKINI OUTETiB 10 KOHTPOIBHHUX POOIT Ta €K3aMEHiB), TO TYT
MIPOTIOHY€ETHCS 30UTBIINTH KUTBKICTh THTAaHb O MAKCHMAIBHOTO (B paMKax
gacy Ha CPC), BiamoBigaioun Ha sIKi CTYZCHT MUMOBOJIL Oy/1e KOPUCTYBaTHCS
KOHCIIEKTOM, 3aCBOIOIOYH MaTepiall.

Konctpykiist TectiB moaibua 1o cucremu Moodle, okpim muTans Ha
MHOXXHHHUH BHOIp, € MHUTaHHS Ha BiAMOBIAHICTH, HEBEIMKI PO3PAXYHKH.
Marote nyOnbOBaHI TNUTAaHHS (HAmNpHKIAA TIPU OIHAKOBOMY HaOopi
BIJNIOBiiEll OJHE NHTAaHHS «B SKUX YMOBax MpPOSBISIIOTHCS XBHJIbOBI
BJIACTHBOCTI €JIEKTPOHa» IHILIE «...HE IMPOSIBISIOTHCS...». TOMY KUIBKICTH
50 - 70 muTaHb, 3aJIEKHO BiJ TEMHU 1 KIIBLKOCTI JIEKI[H, 10 SKUM HIETHCS
ONIUTYBAHHA - Lie HacupaBi 15-20 KOHTPOIBHUX TOYOK TeMU. CTHMYIIOM JI0
SAKiCHOT poOOTH HaJ TecTaMH y CTyAeHTa Oyia 3asBa JIEKTOpa, IIOo
eK3aMeHaliiHI TecTn OyyTh CTBOPEHI 3 THX CAMHX ITUTAHb.

LikaBuMH BHSBISIOTBCA pE3yIbTATH TECTIB: OWIKYBalIOCh, IO
BIJIMIOBIi/Il HA TWTaHHA, SIKi MPHB’s3aHi O KOHCIIEKTA Ta Ha SIKi CTYICHTH
BIJIMOBIIAIOTh MO KOHCIIEKTY, MaloTh OyTH MAaKCHMAalbHO BIpHHMH, a
BUSBMJIOCS, IO CTAaTHCTHYHHA pO3MOALT OaaiB MO TecTaM IMOBHICTIO
CHIBIAZAE C TayCOBHAM PO3MOMIIIOM OIIHKH IO KOHTPOJBHHM 3aXO/aM.
Tineku 10% crynentiB notoky ®IT, 3 sikiMu IPOBOTUBCS TAKHK KOHTPOJIb,
BiZINOBi )M HAa 95% MHUTaHB; TAKOXK OYJIU CTYICHTH, SKi TIOKa3aJIH PE3yIbTaT
menme 20%. Tomy no nurtanp, BiINOBiAI Ha siki Oynu Haivacrimie He
BIPHUMH, MOBEPTAINCS Ha JOAATKOBHX OOTOBOpEHHSX. Alle, SIK MOKa3ye
MIPaKTHKa, Ha IIMX OOTOBOPEHHSX CTYAEHTH 3 IOTaHUMH pPe3yJibTaTaMu
qacTile 3HOB Oynu BiICYyTHIMU 3a 00’ €KTUBHUMH PUYHUHAMH.

Y —

NaGoparopran pabora Ne49
VAN OHIO MATHUTHOTD NONA KPYTOBOTO TOKA™

Puc. 2 — Maker 1abopaTopHoi poOOTH 3 Bifeo-(hparMeHTamMu
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3 27-mu BJIP, 1m0 BHMKOpPHCTOBYIOTBCS Ha Kadenpi B yMOBax
nucraHniiiHol ¢gopmu HaBuaHHS, 23 BiJNOBINAIOTH BUINEO3HAUYECHOMY Ta
SIKIIO BpaxyBaTH, IO 3TiAHO IpOrpaM KypciB PI3HUX CIIEIiaJbHOCTEeH
IUTaHy€eThCsl He Oinbine 12 mabopaTtopHuX poOiT, TO MOXKHA CTBEpPIKYBATH,
0 B yMOBax BiACYTHOCTI jaboparopii mpaktukyMm no ¢izumi B ITIJTY
3a0e3nevye OBHOLIHHIN HaBYAIbHUIH TIPOIIEC.

TEMITIEPATYPHI 3AJIEZKHOCTI BJIbHOI EHEPTTi T'TBCA
YTBOPEHHSA ®A3 Y BUCOKOBOPUCTUX YABYHAX
B.I'. Edpemenko, n-p TexH. HayK, mpodecop,

B.1. 3ypHamxu, kaH/l. TEXH. HayK, JIOIEHT;

FO.I". Yabak, kaH1. TeXH. HAYK, JOILEHT;

B.B. €dpemenko, kaHa. TexH. HayK, goneHt, JIBH3 «ITJITY»

B pobori BuKOpHCTaNM TEPMOJMHAMIUYHE MOJENIOBAHHS JUIS
BU3HAYCHHS TIOCIIIOBHOCTI YTBOPEHHS ()a30BO-CTPYKTYPHUX KOMITOHEHTIB
i 9ac KpUCTati3amii BUCOKOOOPUCTOTO YaBYHA B PIBHOBAKHHUX YMOBAaX 3a
JIOTTIOMOTOF0 TIporpamMHoro 3ade3nedeHHs « Thermo-Caley.

MeTooM TePMOIUHAMIYHOTO MOJICIIOBAHHSI 3 BHKOPHUCTAHHIM
koM torepHa mporpama «Thermo-Calc Software» BcTaHoOBIEHO, IO
KpHCTaTi3allis B CIUIaBi MOYMHAETELCS MU 1472°C 3 yTBOPEHHSM IIEPBUHHOTO
6opuxy WB i kap6iay TiC i mpooBKy€eThCsI CEPi€r0 TMOCTIOBHUX PEAKIIii 3
YTBOPEHHSM IOJBIITHOT eBTeKkTHKH «peput + By» (ne B — onun 3 MoB, TiB,
Fe;B) i eBrexTrku «deput + kapo6ig M7Cs». YV TBepoMy CTaH1 yTBOPIOIOTHCS
6opumu xpomy (CroB, CrsB) i mapraniro (MnyB). 3araneHa 00'eMHa yacTka
OopuiB i kapOiniB cTaHOBUTH 45,05 00. %.
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Puc. 1 — Temneparypsi 3anexHocTi BisibHOI eneprii ['i0ca yrBopenHs ¢a3 y
BHCOKOOOPHCTOMY YaBYHI

PesynpraTi MoemtoBaHHS 3A€0INBIIOT0 30IrafoTbCs 3 peabHIM
CTPYKTYPHUM CTaHOM CILIaBy. BHHSATKOM € Te, IO NPH HEPIBHOBAKHIN
KpHcTai3alii 3aMiCTh OKpeMHX OOpHIIB yTBOPIOETbCS  CKJIaHUI
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kap6o6opun (W,Mo,Ti,Fe)2(B,C)s, a kap6obopuau Ti(C,B) i (Fe,Cr,Mo,
W,Mn)7(B,C)3 3’sBrstrothest 3amicthb kap6iniB TiC i (Cr, Mn);Cs BimnosiaHo.
Bynu Bu3HaueHi TeMIiepaTypHi 3aJ1e)KHOCTI BUIbHOT eHeprii ['i0ca yTBopeHHs
(a3 y BuCOKOOOpHCTOMY YaBYHi, sIKi Ipe/ICTaBIeH] Ha pHc. 1.

BUKOPUCTAHHSA ITIOBHOI'O ®PAKTOPHOTI'O
EKCIHEPUMEHTY JJIs1 BUBHAYEHHS BIVIMBY BYTJIEHIO TA
BOPY HA 3HOCOCTIMKICTb MYJbTUKOMIIOHEHTHHUX
YABYHIB
10.T". Yabak, kaH/I. TEXH. HAyK, JIOICHT,

B.I'. Edpemenko, 1-p TexH. HayK, mpodecop,

B.1. 3ypHamxu, kaHIl. TEXH. HayK, AoleHT, A.B. JhxepeHoBa, CT. BUK/Ianad,
JABH3 «IIATY»

Y wmiii  pobori Oymo  OCHIIKEHO JAEB'ATh  «TiIOPUITHUX»
0araTOKOMITOHCHTHUX CIUIaBiB 3 BHCOKMM BMicToM Oopy. Bci cruaBu
TTOBWHHI OyJIM MaTH OJHAKOBUI 0a30BHil BMICT JIeTyOUnX eneMeHTiB (5 %
W, 5% Mo, 5%V, 10 % Cr, 2,5 % Ti, 1 % Mn, 1 % Si) i pi3Hi KOHIICHTpaIIii
C i B. IIi xonmeHTpamii OyJi BCTAHOBJICHI BiAIOBITHO JO TPHUPIBHEBOTO
NoBHOTO (PAKTOPHOTO TMJIaHy EKCIIEPHMEHTIB 3%, 1O O3HAuae JeB’sTh
eKCIIePUMEHTAITLHUX CIUTaBiB. J[Bi 3MiHHI — BMicT ByTaerio ((akrop F1) i
BMicT 6opy (aktop F2) — 3miHIOBaIM Ha TPHOX PIBHOBIJANCHUX PIBHSIX,
SKi Ha3MBAIOTBCS «HIKHIM DPIBHEM», «CEPEAHIM pIBHEM» 1 «BEPXHIM
piBHem». Hominanbhi 3nauenust BMicty C cranosuiu 0,3 %, 0,7 % ta 1,1 %.
Ha xoxHOMY 3 11uX piBHiB BMIcT B cranoBus 1,5 %, 2,5 %1 3,5 %. Bruus C
i B Ha 3HOCOCTIiKiCTh CIUTaBiB 3a cxemoro 3Hocy «three-body-abrasiony
BHBYAJIM 3 BUKOPHCTAHHAM HiZX0/y IIOBHOTO (paKTOpHOro au3aiiny 32, Byio
OTPUMaHO Ta TPOAHATI30BAHO BIANMOBIAHE pIBHAHHA perpecii (3
KBaJ[PaTUYHOTO, TPETHOTO Ta YETBEPTOTO CTYTIEHS) AJIS IIBUIKOCTI 3HOCY.
[NokazaHo, o MaTeMaTHYHA MOJIENIb MA€ HEJHIHHUN POk BIATYKY, TpH
IbOMY OCHOBA JIIHISI MAaKCUMAaJILHOTO 3HOIIYBaHHS Bignosigae 2,5-2,7 % B.
3a Takoro BMICTy OOpY B CTPYKTYpi 3’ABISETHCS TEPBHUHHUN OOpoKapOin
M;(B,C)s.

PEAJIIBALLIS JUCTAHIIMHOIO HABYAHHSL, TPOEKTYBAHHS
HABYAJIBHOTI'O IMTPOIIECY, CTBOPEHHSI METOJIUYHOI'O
3ABE3IIEUEHHS AJ151 NEPEBIPKA 3HAHD
A.B. II)xepenosa, ct. suknanad, JIBH3 «I[IATY»

JucranniiiHe HaBYaHHS PO3IIMPIOE MOMJIMBOCTI 300YTTS OCBITH
CTy/IEHTaMH, SKi He MOXKYTh BiZ[BIlyBaTH 3aKJIaJIl OCBITH 3 PI3HUX NPUYNH

291



MDKHAPOIHA KOH®EPEHIIA « YHIBEPCUTETCHKA HAVKA — 2023»

(craH 370pOB’s, CHUCTEeMAaTHYHE 3aHATTS CIOPTOM, MPOXKMBaHHA Ha
HEKOHTPOJIbOBaHIN TepHuTOpii, TepeOyBaHHS 3a KOPIOHOM TOIIO), Ta
3a0e3reuye HelepepBHICTh OCBITHHOTO IIPOLIECY Y BUIAKaX Ha 3BHYAHHUX
obcraBuH. CrcteMa OCBITH 3aBXK/H pearyBaya Ha 3MiHH, IO BilOyBarOTHCS
B CYCIIUIBCTBI, 3aJIOBOJNBHSAIOYN HOTO TOTPEOHM MIOAO SIKOCTI MiATOTOBKA
(haxiB1IiB.

Crynentn ta Bukiagadi JIBH3 «IIATY» onuHuimcs y cKpyTHOMY
ctani. CucTemMa QUCTaHIIIHOTO HaBYaHHS B HANIOMY 3aKiaji peani3oBaHa
BXKE [JaBHO, ajle B CYyYacHHMX YMOBax IIOTpe0ye CTBOPEHHS HOBOTO
METOINYHOI0 3a0€e3IIeUeHHS.

HapuanpHuii mpouec IpuM BUBYEHHI KypCy 3araibHOi (i3uKu
nependavyae JEKUIHHUN Kypc, J1a0OpaTOpHUH NPAKTUKyM 1 MpaKkTUYHI
3aHATTsA. CTyI€HTH CaMOCTIHHO BHBYAIOTh MaTepian IUCTaHLIHHOTO KypCy,
SIKM{ TIOTpe0ye CHUCTEeMaTH4YHOI MepeBipKu 3HaHb. [ IIOTO IUIaHY€eThCS
MIPOBEJCHHS] CAMOCTIHHHUX POOIT, JUIsi KOHTPOJISI 3aCBOIOBAHHS Marepiaiy.
3aBmaHHsA JUIA TPOBEICHHS CaMOCTIHHOT POOOTH CKIANAEThCsA 13 IBOX
gactuH. [lepma gactuHa mependadae mepeBipKy TEOpEeTHYHUX 3HaHB (5-10
MMUTaHb), a B JPYTill YaCTHHI CTYIACHTAM HEOoOXiHO Po3B’s3aTH 2-3 3amadi
(KOXKHMH CTYOEHT OTpPUMYy€E IHAWBiAyambHi 3aBHaHHA). g BUKOHAHHS
camocTiifHOi pobotm B3arami HamaeTbes 20-30 XBWIHMH, a 3apa3 TEpMiH
BUKOHAHHS cKiagae 2-3 roamHd, a iHoml 1 Oumpmme. Taka HeOOXiTHICTH
BUHHKJA B YMOBaxX IPaBOBOTO PEXKUMY BOEHHOTO CTaHy Ta y 3B’S3KY 3
YacTUMH TMepiofaMu TOBITPSHHUX 3arpo3, 3amnpoBaDKEHHAM IO BCid
TepuTopii YKpalHu BisUIOBHX CTAOLTI3alidHUX BIIKIIOUYEHb EIEKTPOCHEPTii.
Bignogiai Hagcunarotees B Google Kiac.

3riiHO 3 HABYAJILHUM IUIAHOM CTYJIEHTH (PaKyJIbTeTy TPAaHCHOPTHHX
TEXHOJIOTi HEe BHUKOHYIOTH JlabopaTopHi poOOTH, Jlie NependavyarTbes
BIJIMIOBi/Ii HA TEOPETHYHI MMUTAHHA, i TOMY JJIs HAX CTBOPCHE METOIUYHE
3a0e3neveHHs JUIs POBEICHHST CAMOCTIHHHUX POOIT MPOTATOM CeMecTpy o
KypCy 3arajibHO1 (i3uKH.
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