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SAJIEZKHICTD KYTIB 3AUYEIIVIEHHSA 3YBYACTHUX ITAP IVIAHETAPHUX
MEXAHI3MIB 31 3B'I3AHUMMU 1 HE3B'SI3AHUMMU KOJIECAMU
Hauionaneuuii aepokocmiuamii yHiBepcuteT iM. M. €. )KyKkoBcbKkoro
«XapKiBChbKUH aBlalliiHUIN IHCTUTYT»

ITocranoBka npo6Jemu. I1ig yac BUTOTOBIEHHS 3y04acTUX KOJIC IJIAHETAPHOTO MEXaHI3My
BaXJIMBE 3HAYEHHS Ma€ BUOIp KOe(ILIEHTIB 3MIIIEHHS PLKYydoro iHcTpymeHTy. Ilpu mpomy crin
BpaxoByBaTH TOW (akT, MO Koe(illleHTH 3MIIICHHS BIUIMBAIOTh HA 3HAUEHHsS KyTa Mepefadi Ta
SAKICHUX TIOKa3HUKIB KOXHOI 3yOuactoi mapu. Tomy mim 4yac BHOOpPY KOE]ili€HTIB 3MiIICHHS
pi3abHOTO 1HCTPYMEHTY BENMYe3HE 3HAUCHHSI Ma€ 3aJIeXKHICTh KYTIB Mepeladi B PI3HUX CTYMEHIX
MTPOSKTOBAHOTO TUIAHETAPHOTO MeXaHi3My. J[iIsl riaHeTapHUX MEeXaHi3MiB 3y04JacTi KoJieca MepIioro,
JPyTOro 1 HACTYMHUX CTYIMEHIB MOXYTh YTBOpIOBaTH: 1) 3B'sa3aHi Koseca (IIPUCYTHI CATENITH, IO
BXOJATH y 3a4eIUICHHS 3 KUTbKOMa KOJIeCaMH OJHOYACHO); 2) He3B'si3aHi KoJyieca (BiJICYTHI caTeliTH,
110 BXOZAATH y 3a4€IUICHHS 3 KIJIbKOMa KOJIeCaMU 0JJHOYacHO). [Ipu 11boMy BHKOPUCTOBYBATH BiJIOMI
OJIOKYI0Yi KOHTYPH MOYKHA CIIUIBHO JUTA Map 3yO4acTWX KOJIC Pi3HUX CTYIEHIB, KO Oyjae Bimoma
3aJIeKHICTh KYTIB Mepeiadi pi3HUX CTYIEHIB JUIs 3B'A3aHUX 1 HE3B'I3aHUX KOJIIC.

OcHoBHa yacTtuHa. [lnanerapHuil MexaHI3M 3 Hamepel 3aJaHUM [E€peaBaIbHUM
BiTHOILIIEHHSM OyJe iCHyBaTH, SKIIO MOXIJIMBO BHOpaTH Taki yucia 3yOIiB 3y04acTUX KOJIC, IIO0
BXOJISITh JIO CKJIaXy MeXaHi3My, sKi 3a0e3mnedaTs sl 0OpaHOl CXeMH BUKOHAHHS TaKUX yMOB: 1)
nepenaBagbHOTO BiIHOIICHHS, 2) 301pKH, 3) CcriBBICHOCTI, 4) CyCiICTBa.

[lepmri Tpu yMOBH BHKOPHCTOBYIOTH JJIsi OTPUMaHHs TeHepalbHUX piBHSAHB [l], 3a
JOTIOMOTOI0 SIKMX MO’KHA BU3HAYUTH Pi3HI HAOOpH dncen 3yO1iB 3y0uacTHX KOJIiC, 3ayBaXXUMO, 110
TeHepalibHI PIBHSAHHA 1HAMBIMyaldbHI U1 KOXKHOI CXEMH IUTaHETapHOTO MexaHi3my. YerBepra
yMOBa He Oepe yuyacTi B reHepajbHHX PIBHSHHSAX 1 ii MepeBipsAIOTH OKPEMO sl KOKHOTO Habopy
guceln 3yOIiB, OTPIMAHOTO B Pe3yJIbTaTi po3paxyHkiB. CiiJl 3ayBakWTH, IO YMOBa CITIBBICHOCTI
BIUIMBA€E HE TITbKU HA BUOIp uncen 3yOIiB 3y04acTUX KOJIIC MEPIIOTo 1 HACTYMHUX CTYTEHIB, a il Ha
BUOIp KOe]ili€HTIB 3MIIIEHHS ITi]1 9aC BUTOTOBJICHHS 3y04acTHX KOJIIC.

TpagumiiiHo mix Yac BH3HAYEHHS TIEHEPaNbHUX PIBHSIHH YMOBY  CIiBBICHOCTI
BUKOPUCTOBYBaJM 3a YMOBH, IO 3yOdacTi KoJjieca MEpIIOi Ta HACTYNHUX CTYNEHIB MaroTh
OJTHAKOBMH KyT 3ayeIUIeHHS (3a3BMYail Opanu mapu KOJIIC HEepuUIoi Ta HACTYNHHUX CTYIEHIB i3
HYJIbOBUMH KOCQIIli€EHTaMH 3CYBY), a IICIS BU3HAYCHHS YHCEN 3YOI[iB BHU3HAYAIM CITPAaBXKHI
3HaueHHS KOEQIII€HTIB 3MIIIEHHS pPi3ajJbHOrO0 1HCTPYMEHTY Ta TMPOBOJWIM TE€OMETPUYHHIMA
po3paxyHOK. Po3paxyHOK y Takiii IOCTiJOBHOCTI Ma€ HU3KY HEIOMIKIB:

1) mixg yac BHU3HAUEHHs YuceN 3yOIB BTPAua€ThCS HU3KAa MOKJIMBUX KOMOIHAIM, 10
3aJJOBOJIBHSIIOTH YMOBAM JUIsI O0PaHOT CXEMH;

2) micisi BUKOHAHHS KOPUTYyBaHHS KOe(illi€HTIB 3MIIICHHS Map 3y04acTuX KOJiC HE 3aBXKAU
BUXOJATh MPHUIHATHI 3HAUEHHs SIKICHUX IOKa3HUKIB 1 KyTIB 3aueruieHHs, mo 3Hmwkye KK 1
JOBFOTPUBAJICTh MallOyTHHOTO MJIAHETAPHOTO MEXaHI3MY.

YMoOBa, 10 NMPUHOCHTH HEOOXITHICTh KOPUTYBaHHS KOE(III€HTIB 3MIIIEHHS, € YMOBOIO
criBBicHOCTI. CyTh yMOBH CHIBBICHOCTI B PIBHOCTI MIXKOCBOBHX BiJICTaHEH 3B'I3aHUX 1 HE3B'SI3aHUX
nap 3youactux kodjic. Ilpu mpoMmy ciig BpaxyBaTd, IO B IUIAHETAPHUX MEXaHI3Max MOKJIMBI
BapiaHTH 3ayeIlIeHHs 3yO0YacTHX Map BHYTPIIIHBOTO 1 30BHIIIHBOIO 3a4€IICHb. 3alHMIIEMO YMOBY
CIIBBICHOCTI JIJI1 MOJIMBUX BapiaHTIB 3a4eIUICHb 3y04acTHX Tap, BUKOPHUCTOBYIOUU CIPABXKHE
3HaYeHHS MIKOCHOBOI BiJICTaH1 3MIIIEHOI MIEpeayi.

Bunanok 3B's3anux komic. Posrisimaemo oauH abo JBa CTYIEHI 3aJIEKHO Bl TUIY CXEMU
MEXaHI3MYy:



a) mapa 3yOudacTtux Kousic Zq,Z, —30BHIIIHE 3a4eIUICHHS 1 mapa 3y04acTuX KOJic Z,,Zz —
30BHIIIIHE 3aYCTUICHHS:
Z+Z, cos(ay) Zy, + Zg cos(ay)
2 -2

cos (aW23 (x5, x3))
cos(awlz(xl,xz)) 2447, 0
cos(aW23(x2,x3)) Zy+75

0) mapa 3y04actux Komic Z;,Z, —30BHIIIHE 3a4eIUICHHS 1 mapa 3y0uacTuX Koiic Z,, Zz —
BHYTpIIIIHE 3a4CIUICHHS:

cos (“wlz (xl,xz))

i+ 7, cos(ay) _Z3— 1 cos(ag)
2

cos (“wlz (x4, xz)) 2 cos (aW23 (x5, x3))
cos(awlz (xpxz)) _Z1tZ, )
cos(azW23 (xz,x3))  Z3-Z)

B) mapa 3y04acTux Koic Zq,Z, —BHYTPIIITHE 3a4CIUICHHS 1 Mapa 3y04acTux KOMic Z,, Z3 —

BHYTPIIIHE 3a4YCTUICHHS:
Z,—Z, cos(ay) Zy— 17, cos(ay)
2 2
cos (@, , (X1, x7) cos | ay,, (X2, x3)
Cos(awlz (xlixZ)) Zl_ZZ (3)
cos(aW23(x2,x3)) Z3—7Z,
Bunanok He3B's3anux kodmic. Po3rimsgaemo oguH abo JBa CTYIEHI 3aJIC)KHO BiJl TUITY CXEMU
MEXaHi3My:
a) mapa 3ybuacTux Kouic Z;,Z, —30BHIIIHE 3aUeIUICHHs 1 Mapa 3y04yacTux Komic Zz, Z, —
30BHIIIIHE 3a4CTUICHHS:
Zy+ 27, cos(ay) Z3+2Z, cos(ay)
2 2

cos (aw34 (x3, x4))
COS(anZ (xl'XZ)) _ ARIA) (4)
cos(aw34(x2,x3)) Z3+Zy
0) mapa 3y04actux Komic Z;,Z, —30BHIIIHE 3a4eIUICHHS 1 mapa 3y0uacTuX KOIiC Zz, Z, —
BHYTPIIITHE 3a4YCTUICHHS:
i+ Z, cos(a,) Zy—175 cos(ay)
2 2

cos (“wlz (xq, xz))

cos (aW34 (x3, x4))
COS(anZ(xl,xz)) _ Zl+ZZ

cos(o:w34 (x3,x4)) Zy—23

cos (aW12 (x4, xz))

)

B) mapa 3y04acTux Koiic Zy,Z, — BHYTpILIHE 3a4€IJICHHS 1 mapa 3y04yacTux Koumic Z3,Z, —
BHYTPIIITHE 3a4YCTUICHHS:
Z,—Z, cos(ag) _Zy—Zs cos(ag)
2 -2

cos (aw34 (x5, x4))
cos(aw,,x2))  z,-2, ]
cos(aw34(x3,x4)) CZ,-Z3 ©)
Takum yuHOM, 13 BupasiB (1) — (6) MOKHaA AIWTH TaKOTO BUCHOBKY: IS BUKOHAHHS YMOBU

CHIBBICHOCTI B IJIaHETAPHOMY MeEXaHi3Mi 31 3B'SI3aHUMHU Ta HE3B'SI3aHUMHU KOJecaMH HEOOXiTHO,
mo0 BiJHOMIEHHS CyMH YW Di3HHII YuceNl 3yOmliB (3aJeKHO BiJl THITy 3a4elUieHb IMap KOJIIC)

cos (“wlz (xl,xz))




JOPIBHIOBAJIO BiJHOIICHHIO KOCHHYCIB KYTiB 3a4€IUICHb BIAMOBiAHMX 3yOuactux map. OTxe, s
BU3HAYEHHS NPUIHATHUX 3HaYeHb KyTIB 3aU€IUIeHb, MOKHA PO3TJISTHYTH NapaMeTPUUHI PIBHSIHHS:
cosay, , =t-cosay,., (7)
cos @y, =t-cosay,,, (8)
ne t - TMOTOYHHWM TmapaMmeTp (JOBUIbHE palioHaIbHE YHCIO, OYEBUAHO, 1o ¢t = 1 BiAmoBimae
HYJIbOBUM TIapaM, SIK1 TpaJuLIiHO NMPUIMAIOTHCS).

I3 3amexnocteit (7) 1 (8) BugHO, MO 1T OOpAaHOTO 3HAYEHHS TMapameTpa t ICHY€e IIJTKOM
NIEBHA 3aJISKHICTh KYTIiB 3a4eIJICHHs Nap 3B'SI3aHUX 1 HE3B'I3aHUX KOJIIC.

Bubip mapamerpa t 1 BuU3Ha4YeHHS 4YMcen 3yOIB CTYIEHIB IJAHETAPHOTO MEXaHI3My 3
napamMu 3B'13aHUX 1 HE3B'I3aHUX KOJIIC, MOKHA TIPOBOJUTH B TAKOMY MOPSIKY:

1) BuOpaTu momycTUMi 3HAYCHHsI KyTa 3a4eIUICHHS Map 3yO0uacTUX KOJIC JJIA CTYTEHIB 31
3B'A3aHUMM TIapaMu 3y04acTux KOJic a,, , 1 @y, ., 800 HE3B'A3aHMMHU NTApaMK 3y6UacTUX KOJIC a,, ,
iay,,,

2) BU3HAYHMTH MEX1 3MIHU TTapaMeTpa;

3) npuiHATH 3HAYCHHS MTapaMeTpa 3 MPOMIKKY, BU3HAUEHOTO B I1.2, PIBHUM palliOHAJIbHOMY
qHCIy,
cos(aw,,) cos(awy,)
cos(aw,,) cos(aw,,) -
JUTSL HE3B'SI3aHUX KOJIIC, 3aIMCaTH 3a JOMOMOTror0 BupasiB (1) — (6) ckopuroBaHi yMOBH CITIBBICHOCTI,
MIiCIS YOro pa3oM 3 IHIIMMHM YMOBaMH BU3HAUUTH YHUCia 3yOIiB IUIAHETHOTO MEXaHi3My, IO
MIPOEKTY€ETHCH.

3aranbHi BHCHOBKM. Bu3HaueHa 3aleXHICTh KyTIB 3ayeIVICHHS Ui Map 3B'SI3aHUX 1
HE3B'sI3aHUX 3y0UacTHX KOJIIC IUTAaHETApPHOTO MeXaHi3My. Tako MmoKa3aHa MOXKIIUBICTh TPOBEACHHS
CHHTE3y IIJIAaHETApHOTO MEXaHI3My 3a OOpaHOI0 CXEMOI0 3 ypaxyBaHHSIM KOPHUIYBaHHS KYTIB
3a4erTieHHs [T Tap 3B'A3aHUX 1 HE3B'A3aHUX 3yOuacTux Kojic. CHHTE3 TUIAHETapHOTO MEXaHi3My
JUIS 33/1aHO1 CXEMU MPOBEACHUH 3a JONOMOIOI0 BUIIEBUKIIAICHOTO MOPSAKY, A€ 3MOTY OJiepXKaTu
JOJTATKOBI KOMOIHAIT umcen 3yOIiB 3yO0UacTHX KOJIC, sIKi HE MOKHA OJIEPKATH 3a JIOTIOMOTOIO
reHepalbHUX PiBHIHB, HaBeAeHUX y [1].

4) BUKOPUCTOBYIOUHU Te, 1110 = t a7 3B'A3aHUX Map 3yO0UacTUX KOJIIC 1 t
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BUKOPUCTAHHSA CTAJIEN NIJABAIIEHOI MIITHOCTI B KY30BHUX JETAJISIX
ABTOMOBLUIIB
JIHIIPOBCHKHIA Aep)KaBHUN TEXHIYHUHN YHIBEPCUTET
®inist KnacuyHoro mpuBaTHOTO yHiBepcUTETY y MicTi KpemeHnuyk

3a0e3nedeHHs] BJIOCKOHAIEHHS TEXHIYHMX XapaKTepUCTUK MAIIWHOOYIIBHUX BHUPOOIB €
OCHOBHUM  3aBIaHHSIM JUIsI JOCATHCHHS €KOHOMIYHOI e(eKTHMBHOCTI Ta  MiABHUINCHHS
KOHKYPEHTOCIIPOMOXKHOCTI POMHUCIIOBHX ITIPUEMCTB. ABTOMOOiNIEOyyBaHHs, SK OgHA 3
HaMOIIBIINX 1 HAHIHTCHCUBHIMINX Taly3ei CIIO)KMBAaHHS METaly, BUKOPUCTOBYE 3HAYHY YAaCTUHY
METaJIeBOr0 MPOKATy JJisl BUPOOHUIITBA Ky30BiB JIETKOBUX aBTOoMOoO1IiB. Llel mpouec mepenbayae
HE JIMIIE BUTPATH HAa MaTepiaiy, aje i CKJIQJHI TeXHOJOTIUHI onepariii, Taki K IITaMITyBaHHS, SKi
CYTT€BO BIUIMBAIOTH HA SIKICTh KIHIIEBHX BUPOOIB.

3 TOYKM 30py CHOKHUBAHHS METaJTy aBTOMOOUICOyayBaHHS € HAiHTEHCHBHIIIOI TaTy33i0
MalMHOOYTyBaHHs, B SIKid BHTPAa4yaeTbcs Maike TPETHHA BCHOTO METAJEBOrO MpOKATy, IO
3aCTOCOBYETHCSI B PI3HUX CEKTOPax MAalIMHOOYAIBHOTO KOMIUTEKCy. Posmomin matepiamiB y maci
CY4acHOTO JISTKOBOTO aBTOMOO1IsI TTOKa3aHa Ha puc. 1.
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Puc. 1. Po3monin MarepianiB y Maci Cy4acHOTO JISTKOBOTO aBTOMOOLIS

AKTyanbpHICTh  JIOCHIDKCHHS  OOYMOBJICHa  HEOOXIJHICTIO  TOKpAIIeHHS  IPOLeCcy
BUPOOHUIITBA KYy30BHHMX JETajled aBTOMOOLIIB, 30KpeMa NUISIXOM TMiABUIIECHHS €(EeKTHBHOCTI
BUKOPUCTAHHS CTajJeil MiJBUIICHOI MIIHOCTi. BpaxoBylounm BHUCOKI BUMOTH JIO MEXaHIYHUX
BJIACTUBOCTEH Ta IUIACTUYHOCTI MarepiaiiB, BHUHHUKAIOTh 3HA4YHI TEXHIYHI TPYIHOII, IO
noTpeOyIOTh PETEIHHOTO aHaMi3y 1 BIPOBAKEHHSI HOBUX TEXHOJIOTIYHUX PIIIECHb.

Mera 1mporo AOCHIHDKEHHS IOJSTAaE B OIIHIII MOJKJIMBOCTEH 1 OOMEKEHb 3aCTOCYBaHHS
CTaJiel TABUINEHOT MIITHOCTI JIJIi BUTOTOBJICHHS Ky30BHUX JeTajeii aBTOMOOINIB, a TaK0OX, BILIUB
TEXHOJIOTIYHHUX PIIICHb, TaKUX SIK BHOIp MACTHJIBHUX MaTepialliB, Ha MPOIEC IITaMITyBaHHS 1,
BIJIMOBIHO, HA SIKICTh KIHIIEBUX BUPOOIB..

JlocBim y BHpPOOHMIITBI Ta BUKOPHUCTAHHI CTajedl MIABUIICHOI MIITHOCTI BHUSIBUB PsJl
cyTTeBHX oOMexeHb. [lo-mepie, 1i cTanu XapakTepu3yIOThCsl 3HHKEHOIO IJIACTUYHICTIO, 30KpeMa,
O0OMEXEHHM TIOJIOBXKECHHsAM. lle yCKiaJHIOe Tpolec INTaMITyBaHHS, 30KpeMa, NMPU CTBOPEHHI
OTBOpIB, 1 BUMAarae KOPWUTYBAaHHS MAW3aiiHy Ky30BHUX JeTalei, a TaKoX BIPOBAIKECHHS
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cnenru(iYHUX TEXHOJIOTIYHUX PINIeHb I TOJIMIIEHHS SKOCTI IITaMIyBaHHS. JIsl MOKpamieHHs
neOpMOBAHOCTI BUKOPUCTOBYIOTHCSI CHEIliaibHI  J00aBkM a00 aJganTyloTbCs MapaMeTpu
[ITaMITy BaHHSI.

[To-apyre,m0 cTOCyeThCs MPOKATKH, TO HA €Tami rapsuoi MPOKATKU MOKJIMBO BUTOTOBUTH
JIUIIE TOBCTOJUCTOBUHM TPOKAT, TOAI SK JJIsi TOHKOTO JHCTa MOTpiOHE XojomHokataHHs. lle
oOMexye BUOIp MOXKIIMBUX BapiaHTIB MPOKATY AJIsi KOHKPETHUX 3aCTOCYBaHb. BUpOOHHUIITBO cTanen
IIIBUIIICHOT MIITHOCTI TaKOX BHMArae JOJATKOBHUX JIETYIOUMX €JIEMEHTIB 1 PETEILHOTO KOHTPOIIIO
SK 3a MIPOLIECOM MPOKATKU, TAK 1 32 XIMIYHUM CKJIaJ0M. JIOKaJIbHI KOJMBaHHS BMICTY BYIJIELIO Ta
3MIHM B PEXHMaxX OXOJOKEHHS MOXXYTh MPU3BECTH JI0 HEOJHOPIIHOCTI MIKPOCTPYKTYpPH, IO
HEraTUBHO BIUIMHE HAa MEXaHIuHI BJIACTUBOCTI Marepiady. TakoX BaXJIMBUM € MOHITOPUHT
TEMIIEPAaTYPHUX PEKUMIB 1 MIBHIKOCTEH TPOKATKH, IO MOXYTh BIUIMBAaTH Ha OCTAaTOYHI
BJIACTUBOCTI CTaJIl.

JIBohasHi craii, X049 1 MalOTh BHCOKI XapaKTEPUCTHUKH MIIIHOCTI, 3a3BHYall TOPOXKYi 3a
3BHYAlHI CTaji MiABUINEHOI MIiHOCTI. OAHAK, IpU BUKOPUCTAHHI HU3BKOBYTJICLIEBUX CIUIABIB 1
BHCOKHX IIBHJIKOCTEH OXOJIOJKEHHS, IX BapTICTh MOKE HAOJIM3UTHCS JIO BAPTOCTI MIKPOJIETOBAaHMX
craneit Tunmy HSLA, 1o 3a6e3neuye neBHi ekoHOoMiuHI Buroau. Kpim toro, nBodasHi craji MalTh
MOTEHIiaNl U TOJIMIIEHHS O0pOOIIOBAIBHOCTI, M0 MOXXKe OyTH KOPHCHHUM IIPH BUTOTOBJICHHI
CKJIaJHUX (OpM.

Ille oxmiero TPOOIEMOIO € 3MEHIICHHS >KOPCTKOCTI, SIKE CIIOCTEPIraeTbcs MpU 3aMiHi
3BHYAWHUX CTallel Ha CTaJIM MiJABHUILIEHOI MIITHOCTI B KOHCTPYKIIiSAX Ky30BiB aBTOMOO1TiB. L{e Moxe
notrpeOyBaT Teperisiay po3MipiB i GopMm aeranei s miaATpuMaHHS HEOOXiTHOI KOPCTKOCTI.
BaxinBo TakoX BpaxoByBaTH BIIMB Ha 3MEHILEHHS Macu aBTOMOOUIA, IO MOXKE MO3UTHUBHO
BIUIMHYTH Ha CIIO’KMBAHHSI MMAJIBHOTO Ta €KOJIOT1YHI TTOKa3HHUKH.

Kopos3iitHa cTIHKICTh € 1€ OJHUM BaXJIUBUM (DaKTOPOM, OCKIIBKH BIUIMB HABKOJIUIITHHOTO
CEpeIOBUINA HA CTAJI IMiIBUIICHOI MIIIHOCTI 1 3BUYAHI CTalli yacTo momiOHmid. J{ist migBUIIEeHHS
JIOBTOBIYHOCTI BUKOPHCTOBYIOTHCSl CIHEIialibHI 3aXHCHI MOKPUTTS, aHTUKOPO3iifHI 0OpoOKHM Ta
TEXHOJIOT11 IJIs TABUILIEHHS CTIKOCTI 10 KOPO3ii.

Kpim Toro, BUpOOHHMIITBO KY30BHUX JACTaliei aBTOMOOWUIIB 3a JOMOMOTOIO0 IIITaMITyBaHHS
CTHKA€THCS 3 CEPHO3HMMHU BUKJIMKAMH Yepe3 HEOOXIIHICTh MOE€THATH BHCOKY MIIHICTH CTali 3 il
mnactuyHicTio. [l mpobiema 3yMoBiieHa TEXHIYHMMH OOMEXKEHHSMU Ta CKJIQJHOIIAMH, IO
BUHUKAIOTH M1 yac 00poOku marepiamiB. [1iIBUIIIEHHS MIITHOCTI CTalli YacTo BeAE 10 3MEHIIICHHS ii
IUTACTUYHOCTI, 1 HABIIAKH, 110 YCKJIAJHIOE POLIEC IITaMITyBaHHS.

{06 momonaT 1i MpobIEeMH, HEOOXITHO BIPOBAIKYBATH HOBI TEXHOJOTIUHI PIIIEHHS Ta
IHHOBAIIIHI METOJIM B MPOIEC IMTAaMITyBaHHS KY30BHHUX JETaliel 13 CTaJICH IMABUIIEHOI MIITHOCTI.
OnHUM 13 KITIOYOBHX aCHEKTIB € BUOIp €(pEeKTHBHUX MACTWJIBHUX MaTepialiB 1 JeTaJbHUM aHawi3
Hampy>XeHocTeld Ta nedopmariiii y 3aroToBkax mij 4ac oOpoOku. 3o0kpema, AochikeHHs [1]
PO3IIISIaE B3a€MO3B'SI30K MK TEPTEBUMH 1 THCKOBUMH HABaHTAXEHHSMHU IpPU IITAMITyBaHHI 3a
YMOB HEBEJIMKHWX HaBaHTaXeHb. [ excrepumeHTiB Oynu oOpaHi TpH OCHOBHI KaTeropii
MacCTHJIBHUX MaTepiais:

1.MiHepanbHi 0:ii, O BIAPIZHAIOTHCS 3a B'S3KICTIO, BKIFOYAIOYH TPAHC(HOPMATOPHY OJiIO,
iHaycTpianbHy omiro 50 Ta muiHApoBy oiito 52. Li oii BUKOPUCTOBYIOTHCS ISl 3SMEHILEHHS TEPTS
1 TOKpaIieHHs npoiecy hopMyBaHHS.

2. XKupm, Taki SK TATbMOBHN 1 OaBOBHSHUM, SIKI 3aCTOCOBYIOTHCS JJIsi 3a0e3MEUYCHHS
HaJIEXKHOT'O 3MAILEHHsI 1 3HUKEHHS 3HOCY.

3.Cyxi mactuna, Taki K rpadit i aucyiabdia MomibaeHy, ski eeKTUBHI MpH 3MEHIIEHH]
TEPTA 1 MOXKYTb BUTPUMYBATH BUCOKI HABAaHTAKEHHS.

Jlnst GBIl TOYHOTO PO3paxXyHKY XapaKTEpUCTHUK LITAMITYBAaHHS 1 OI[IHKM TEpTsS Ha 3TUHI
Matpuili Oyya BBe/leHa BeJIMYMHA HAMPYTH TepTs. BusiBneno, mo npu tuckax a0 40-50 Mlla 3akon
AMOHTOHA aJIeKBaTHO OITUCY€ YMOBHM TEPTA, TOMY HOro 3aCTOCYBAaHHS € JOIIBHUM Y TaKuX
ymoBax. IIpote npu O1IbIINX TUCKAX L€ 3aKOH HE BUKOHYEThCH.

[Tpu 3pocTaHHI THUCKY AOCSTAETHCS KPUTHYHA TOYKA, MICHS SAKOi KOC]IIEHT TEPTS MOXKE
pI3KO 30LIBIITYBATUCS, IO CYNPOBOKYETHCS 3HAYHMM 3POCTAHHIM HAIPyTd TEPTSA, a MOTIM
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CTabLTi3y€eThCSI HA IEBHOMY PiBHI, IO CBIAYUTH PO T€, IO HANIPYTa TEPTs OUTbIIE HE 3MIHIOETHCS 3
MOJAJIBIIMM MiJBULICHHSAM THUCKY. B iHIIMX BUMajakax, SKIIO IHTEHCHBHICTh 3pPOCTAaHHS HalpyTu
TEPTS 3AIHMIAETHCS CTAIOI0 /IO JOCSITHEHHS MEBHOTO THCKY, CIIOCTEPIraeThcs pi3ke 301IbIICHHS
Hampyr TepTsl, SKe MOTiM cTadimi3yeThes. JlocmimKkeHHs MiHepalbHUX MacTWII MOKa3aly, 10 MpH
tuckax noHaa 50 Mlla 3akoH AMOHTOHA HE 3aCTOCOBYETHCS, 1 TUISHKA CTaOUIBHOI HANPYTH TEPTS
HE CIOCTepiraeThcsl. 3aleKHICTh HANPYTH TE€PTS BiJl TUCKY JUid rpadiTy BUSBMIACS MOAIOHOIO 0
TaKo{, IO CIIOCTEPIra€ThCs MPU BUKOPUCTAHHI TTATbMOBOT OJii.

BucHoBku.

1.ITonpu oOMeXeHHs, CTajl IMiJBHINEHOI MIIIHOCTI MAalOTh BaromMi €KOHOMIYHI IepeBaru
NOPIBHAHO 3 iHIIMMH "MerkuMmu" MarepiajaMu, TAKAMM K aTIOMIHi€Bi CIaBH Ta IIACTHKH. IX
MepeBary MoJsraloTh y 3a0e3MeueHH] BUCOKMX MEXaHIYHHX BJIACTHMBOCTEW NMPU MEHIINX BUTpaTax
Ha BHUPOOHUITBO 1 0OpOOKYy, a TaKOX Yy 3HI)KEHHI 3arajibHOi Baru KOHCTPYKLIN, IO POOUTH iX
BUT1THUM BHOOPOM ISl aBTOMOOUIEHOT MPOMHUCIIOBOCTI Ta iHImMX cdep. Kpim Toro, BrpoBakeHHs
BUCOKOSIKICHUX CTaJliell CIpUSITUME BHUPILMICHHIO MpoOsieM Oe3NeKkH, eKOJOTIYHOCTI Y BUPOOHUIITBI
aBTOMOOLTIB.

2.InHoBariitHi TexHomorii oOpoOKM Ta HOBI PO3POOKH Yy Tanmy3i JIETYBaHHS MOXKYThH 1€
OUTBIIIE PO3IMIUPHTH MOXKIMBOCTI 3aCTOCYBAaHHS CTaJCH ITiJBHINEHOI MIITHOCTI 1 IMIJBHIOIUTH IX
KOHKYPEHTOCIIPOMO>KHICTh Ha PUHKY.

3. [y po3paxyHKiB HAalpyT# TEPTS MPH IITAMITyBaHHI 3 pI3HUMH MacTHJIaMH Ha TUCKaX JI0
50 Mlla cnig BUKOpUCTOBYBaTH 3akOH AMOHTOHA. [Ipu OinmbmIMX THCKax, A€ Ied 3aKOH He
3aCTOCOBHHIA, HEOOXiTHO a00 BUKOPHUCTOBYBATH 3aKOH HE3aJIC)KHOCTI HANIPYTH TEPTS BiJl THCKY, a00
3aCTOCOBYBATH CKJIQ/IHIIII MaTeMaTUYH1 MOJIEINI.

Chucokx BUKOPUCTAHHUX JIZKEPEJI

1. Pynacwos, B. b. AHaii3 yMOB i HanpyTu TepTs MPH IITAMITyBaHHI TOHKOJIUCTOBOTO MPOKATY
13 craneit mosimenHo minHocTi / B. B. PygacroB, O. B. T'onosina, O. M. SIky0oBCHKUH,
I'. B. Mockanenko // HaykoBwuit xypHan «Bueni 3anucku THY imeni B.1. Bepnancekoro.
Cepist: Texuiuni Hayku», Tom 35(74). —2024. — Nel. - C. 6 — 15.

2. Lovell, M. Increasing formability in sheet metal stamping operations using environmentally
friendly / M. Lovel, C. F. Higgs, P. Deshmukh, A. Mobley // Journal of Materials
Processing Technology. — Volume 177. — Issues 1-3. — 3 July 2006. — p. 87-90.

3. Santofimia, M. J. Overview of Mechanisms Involved During the Quenching and
Partitioning Process in Steels / M. J. Santofimia, L. Zhao, J. Sietsma // Metallurgical and
materials transactions. — Volume 42a. — December 2011. — pp.110-119.
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MATEMATHUYHA MOJAEJIb bBIYHUX TPUBUMIPHUX ITOBEPXOHb
JABOOITYKJIO-BBII'HYTHUX 3YBHIB KOHIYHUX ITEPEJTAY

HamionansHuii aepokocmiuauil yHiBepcHuTeT iM. M.€. JKyKOBChKOTO
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

InTerpanbHa MoJenb 3aueruieHHs ABOONYKIO-BBIrHyTHx (/IOB) 3yOumiB Mmictuth y cobi
KOMIUJIEKC HACTYITHUX MOJIETICH:

1. Mopenp 3auerieHHs 3yOILiB, sika MICTMTh HAcTylHI OJOKHM: MaTEeMAaTH4YHOTO OIUC
npoditro 6iuanx moBepxoHs OB 3yOriB mecTipHi 1 Kojeca, MoOyI0BH alPOKCUMYIOUNX KPUBUX
po6oyoi moBepxHi 3yOLiB, BU3HAUCHHS MTOJIO’KEHb KOHTAKTHOT TOUYKH, BU3HAYEHHS T€OMETPUYHHUX,
KiHEMaTHYHHUX 1 HABAaHTa)KyBAJIbHUX NTApaMETPiB 3a4eTUICHHS.

2. Mozenp 3HOLIYBaHHS.

Jlist mMateMaTH4HOTO OmUCy pobOovoi moBepxHI 3yOms Oyna NpuUHATa OPTOrOHAJbHA
cucreMa koopauHat (Oxyz). IloyaTkoM KOOpAMHAT € BEpIIMHU MOYATKOBUX KOHYCIB HIECTIPHI 1
Koseca. Biccio abcumc € miHis cuMerpii 3y0a ImIecTipHi 1 MPOXOIUTHh Y3IOBX OCi Koyeca; BiCh
OpAMHAT PO3TAIOBYEThCA MEPHEHIUKYJISPHO JiHII cuMeTpii 3y0a MIeCTipHi; BiCh arJIikar
MIPOXO/IUTH Y3[IOBXK OCI IIECTIpHi.

Matematnuna mojensb 3aderuieHHs JJOB 3yOriB KOHIYHHMX mepeaad MICTUTh y coli ommc
OlYHMX TPHUBHMIPHHX MOBEPXOHb 3yOIiB. MaremarnyHwii omnuc OIYHOT TPUBHUMIPHOI TOBEPXHIi
3y0Ls IECTIPHI 1 KoJieca I0A0 cucTeMH KoopAuHAT OXyz NpeAcTaBiIeHl B HACTYNHIN ¢opMmi:

m,; - Z) 5 - COSQ,

X, = cos(y, ; —tga; . + . )
1,2 ; 0, , ,
5] ZCOSOZU 4 b/ L1
m, -z, -COSCy L,
», =¥ sin(y, ; —180; ; + ¢ ;) F 4R* -sin’ (—")—lf,
“ 2c080,, - cosq 2

m,; -z, - CosQ,

2
sin(y, ; —180; ; + 05 ) ) F R+ R? —(gj i\/ 4R? -sin’ (%)‘l/2 )

" 2c080,, - coSq

L Mmya - COSQ,
L2, ; —
7 2:1g0,,, - cosq ;

cos(;/O, ;igo oy j),

O€X 5, V2 » Z1, — KOOPOMHATH TOUOK Ipodimto 3youis (1 - mectipHi, 2 - Koneca); i — HOMEp
s<i,j s4QLj <i,j

TOYKH OigHOro poOouoro mpodimo 3y6rs (i = 41, BiACTaHP MDK TOYKAMU TNPUHHATE PIBHUM

TIOJIOBHHI IIMPUHU CMYKKU KOHTAKTy 110 I'epity); j — HOMep TO4KH 110 JoBxKuUHi 3y6a (j = 10); m,; —

HOPMaJbHUI MOAYTb B j-OM IEPETUHi; Zz; ,— KUIBKICTh 3yOIiB BiIMOBIJHO IIECTiIpHI ab0 Koiyeca;
— o : : . s .

o, = 20° — KyT mpouI0 BHXIJHOTO KOHTYPY; &;; — CBOIBBEHTHHH KyT; Y, ; — KyToBa

KOOpJMHATa MOYaTKOBOI poO0YOi TOUKU €BOJIBBEHTH B j-OM MEPETHHI MO JOBXKHUHI 3yOIlsl MIECTIpHI

abo KoJeca; F — BepxHiil 3HaK BiMOBixae JiBOMY mpodiIo 3y0Lst, HIKHIM - paBoMy; O, , — KYT

TIOYaTKOBOTO KOHyCa Bi/IMOBIIHO IIECTipHi ab0 konmeca; R — pajiyc pe3loBoi TONOBKW; @, —

KyTOBa KOOpJIMHATA IyTU OKPYXKHOCTI, 110 OMUCY€E OIYHUN OMyKIUi mpodinb 3yOIs mecTipHi abo

BBirHyTHH npodine 3yOus konmeca B j-i Touwi; /; — BIACTaHb Bil BHYTPIUIHBOIO TOPLEBOTO

MIEPETUHY JI0 j-OM TOYKH 10 JOBXKHUHI 3yOIls mecTipHi abo Koyieca; b — mupuHa 3y04acToro BIiHIIS
KOHIYHO] repeaui.
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PEJILE® KOPCTKOCTI SIK 3ACIB BILIMBY HA JJE®@OPMAIINAHI TA MILITHICTHI
INAPAMETPU PESEPBYAPIB
Hamionanenuit aepokocmiunuii yHiBepcuteT iMm.M.€. JKykoBCbKOTO
«XapKiBChbKUH aBlalliiHUIN IHCTUTYT»

Knacuune 3acrocyBaHHS To(pyBaHHS XOJOJHHUM METOJOM abo penbedy KOPCTKOCTI
0a3yeThcs Ha 3a0e3MeveHH] KPYTHIBHOI JKOPCTKOCTI Ta CTIMKOCTI TOHKOCTIHHMX KOHCTPYKIii. Y
sSKocTi 0a30BUX BapiaHTIB penbedy 3a3BUYail 00MpaOTh TOGPYBaHHS Y BHIVISIAI YMOBHUX
TPUKYTHHKa, MiBKOia Ta Tpanerii. [Ipy momiOHMX MeTonax MiJCHICHHS, SIK MPAaBUJIO ITHOPYETHCS
MOXXJIMBUH BIUIMB Ha JedopMalliiiHi mapaMeTpu KOHCTPYKIIi Ta Ha 3MiHy KOeQilll€HTy 3amacy
MIITHOCTI, IO MOXE JOCHUTh CYTT€BO BIUIMHYTH Ha MOXIIUBICTh 3MEHIICHHS Koe]imieHTy
BUKOpHcTaHHA MaTepiany (KBM) y roroBomy BupoOi.

3pa3koM AN TPOBENEHHS  JIOCT/DKEHHS  BHCTYNAe IWIIHAPUYHUN  pe3epByap,
HaBAaHTA)KEHUU TIAPOCTATUYHUM TUCKOM (0e3 ypaxyBaHHsI 3MiIHU CTOBIIA PIAMHM Yy pe3epByapi Ta
3MIHM THCKY IO HOTO BHCOTIi). JlOCHiPKEHHS! TPOBOIMIOCH METOJOM CKIHYEHHX EJIEMEHTIB ISt
BU3HAYEHHS HaNpy’>KeHO-1e()OpMOBAaHOTO CTaHy €MHOCTI. Taki mapaMmeTpu, ik o0csar pe3epByapy,
fioro BucoTta (Bu3Ha4eHO 3a (Gopmyror Toppidemni mis ronuHu Oe3repepBHOT poOOTH 103aTOopa,
MOETHAHOTO 3 PE3EPBYapOM), HABAHTAXKEHHs Ta CIOCIO BCTAHOBIEHHS HA ONOPY 3aIMINAIUCH
HE3MIHHUMHM. J[J1s1 OLIHKM BIUIMBY PO3IJIIHYTO KJacH4YHE TopyBaHHS C BHCOTOIO peibedy He
outeme (3—5) s, me s — ToBmmHA Matepiany. [lopiBHSHHS OyJiO TPOBEACHE ISl TJIAJIKOTO
pe3epByapy Ta TphOX BapiaHTiB ropyBaHHS, 3/1IHCHEHOTO MO BCii BUCOTI pe3epByapy (amst OLIbII
HaTJISTHOTO OIIHIOBAaHHS BIUIMBY ). Pe3ynbTaTu HOCIiKeHHS! HaBeeHO y Ta0mii 1.

Tabmn 1
Pe3ynbpTatu qocmiaKeHHs
Bapiant penbedy Koedimient Hedopmarris, Harmpyra,
MILIHOCTI MM H/Mm?
I'magka KOHCTPYKITisS 17 0,0438150 10 269 456
['o¢ppysanns-IliBkono 35 0,0177821 6 386 950
I'odpyBanns-TpukyTHUK 28 0,0238015 7173 676
['odpysanns-Tpaneris 30 0,0399116 8 132 989

3Bakalo4yM Ha OTPUMAaHHI JaHHI, HAMEHII 3HAa4eHHs Hampyra Ta aedopmariisi MaloTh TPU
penbedi y gopmi miBKoJa, TAKOXK JaHUM BapilaHT 3a0e3rnedye HailOinbIne 3pocTaHHS KOe(illieHTY
MinHOCTI (Bix 17 mis 6a3oBoro pesepByapy 1o 35). BpaxoByrouu, 110 TOBIIMHA MaTepialy CTIHKH
pesepByapa Oylia OJJHAKOBOIO Ui BCIX BapiaHTIB, MO>KHA 3pOOMTH BHCHOBOK, IO TOMPYBAaHHS Y
BUTJISAI TIBKOJA JIO3BOJISIE 3MEHIIMTH TOBUIMHY CTIHKM 0€3 BTpaTH eKCIUTyaTamiiHuX
XapaKTepUCTUK eMHOCTI. OHOYacHO 3a0e3neuyeTbes 3MeHIeHHs: KBM.

[Momanpmmii PO3BUTOK JOCIIKEHHS TOTPIOHO TPOBOAWTH Yy HANPSMKY OLIHIOBAaHHS
€KOHOMIYHOTO €()eKTy BiJl BBEACHHS Y KOHCTPYKIIIO €EMHOCTI TopyBaHHsI, KU Ma€ BPaxOByBaTU
K MOTO TepeBaru, moB’si3aHi 3 3MeHmeHHsM KBM, Tak 1 301IbIICHHST BUTpAT, SIKE MOXKE OyTH
BUKJIMKaHE BBEICHHSM JI0IaTKOBOIO O0JIaJHAHHS y MPOLIEC BUTOTOBIICHHS pe3epByapy (Takoro sik
npecu abo crierialibHi yCTaHOBKH Uil TO(pyBaHHS) a TaKOX CKJIQJHOLIAMH 3BAapIOBAHHS IIBIB
yepe3 3J1aMaH1 Ta XBUJISCTI JiHIT PUIATaHHS
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BILIUB BUJY TEPMIYHOI OBPOBKHU I TUITY 3AYEIIJIEHHS HA JIIAMETPAJIbHI
PO3MIPHU 3YBYACTOI'O KOJIECA
Hamionanenuit aepokocmiunuiil yHiBepcutet iMm. M.€.JKyKoBCbKOTO
«XapKiBChbKUH aBlalliiHUIN IHCTUTYT»

B cunoBux ycraHOBKax JITalbHUX amapaTiB ocoOJIMBE Miclle MalOTh aBialliiiHi 3y0dYacTi
nepenadi, fKi CYTTEBO BiAPI3HAIOTHCS BiJ 3aralbHOMAIMHOOYAiBHHX. [Ipu BUCOKOMY piBHI
HaJIHOCTI, KU 3a0e3neuye HEeOE3MEeUHICTh MONbOTY, B aBlalliiHUX BUPOOAX 3HAUEHHS MUTOMOI
Macu BHpoOy Ha OJHMH JIBa TOPSAKY MEHIIE, HDK B 3arajJlbHOMY MamnHOOYyXyBaHHI. ABiamiiHi
3yOuacTi nepeaui 3abe3neuyloTh nepefady KpyTHOIO MOMEHTY Bifl JBUTYHA 10 Bajly HECY4yoro
TBUHTA 1 KEPMOBOT'O TBUHTA BEPTOJIbOTA, 3/IHCHIOIOTH 3MiHY CTPUIOTIOMIOHMX KPHJI y JITAKy 1 Tak
nani. BoHu 30imbplIyl0Th KPYTHUH MOMEHT JABHTYHAa y JIECSATKHU pPa3iB MpU BUCOKIN HaIIHHOCTI
po6oTH, Maoi Macu i rabapuUTHUX PO3MIpiB, HE3HAYHHUX BTPATax Ha TEPTS.

[Tpu BuGOp1 MaTepiaiiB s 3yO4acTUX KOJIC HEOOXITHO 3a0e3MedyuTH MIIHICTh 3y0iB Ha
3TUH, CTIHKICTh MOBEPXHEBUX MIAPIB 3y0iB BUKPHUIIYBaHHIO, OMip 3aigaHHI0. JlomycTUMI KOHTAKTHI
Hampy»XeHHs y 3yOLsx MpOMOpIiifHI TBEPAOCTI MartepiamiB, a Hecyda 3JaTHICTh Mepeaad Io
KOHTAKTHIA MIIHOCTI MPOMOpIiiiHa KBaapaTy TBepnaocTi. Lle BKka3zye Ha MOUIIBHICTH HIMPOKOTO
BUKOPUCTAHHS JJIs1 3y04acTUX KOJIIC CTaje, 3arapToBaHMX /10 3HAYHOI TBEPOCTI.

Jlnst 3y0uacTuX KOJiC BHKOPHCTOBYIOTH TaKi OCHOBHI BHJM TOBEPXHEBOTO 3MIiIIHEHHS:
3arapTyBaHHS, LIEMEHTALlII0 Ta HITPOLIEMEHTAIIIIO 3 3arapTyBaHHSAM, a30TyBaHHS.

Jlnst BaKKOHABaHTA)KEHUX 3y04acTUX mepeaad BUKOPHCTOBYIOTh IEMEHTAIIII0 3 HACTYITHUM
3araptyBaHHsM. BoHa 3a0e3neuye BHCOKY TBEPAICTb 1 HECYUy 3/aTHICTh MOBEPXHEBUX IIapiB 3y0iB
1 BUCOKY MIIIHICTh 3y0iB Ha 3ruHaHHs. lleMeHTallilo BUKOPUCTOBYIOTh JJISi XPOMHUCTHX CTaleH, a
UIe Jy’Ke BaXJIMBMX 3yOUacTHX KOJIC, SIKI HIPAIIOIOTh 3 IEPEBAHTAXKEHHAMH Ta YAAPHUMHU
HaBaHTAKCHHSAMU BUKOPUCTOBYIOTh HITPOIIEMEHTAIIIIO.

Jlns cepeiHbO HaBaHTAXXEHUX 3y04acTHX Nepefad BUKOPUCTOBYIOTh CTajl 3 MOBEPXHEBUM
3araptyBaHHsAM. [lomimmieHi cTajgi BHKOPHCTOBYIOTH JJsi 3yO4acTHX KOJIC TPH BiJIICYTHOCTI
JKOPCTKMX BUMOT 10 TabaputTiB. B Mamo HaBaHTaXEHHMX Tepefadax i 3a0e3TNedeHHs
0€3IIyMHOCTI, CaMO3MalllyBaHHS 1 XIMI4HOi CTIMKOCTI BHKOPHCTOBYIOTH IIACTMacoBi 3y0OdacTi
KoJieca y mapi 3 METAJICBUMU.

Jlns aBialifHUX 3yO4YacTHX Iepenad BHKOPHCTOBYIOTH JIETOBaHI XPOMOHIKENIEBI MapKu
craneit. Y 3apyOixkHii npaktuili HaOymu nomupenns crani 3310, 3310H, E9310 Tta iami. B CIITA
Ui 3yO4acTHX KOJIic BUKOPUCTOBYIOTH cTanb E9310 (Tumy crani 12X2H4A), nonaTKkoBO jeropaHa
momionernom 0,08...0,3% s mABUINEHHS MPOXKAPIOBAHHS Ta 3MCEHINEHHS BEIWYMHU 3epHa. B
Hallid KpaiHi Ui aBialiifHMX 3yOuyacTHX Tmepeady BHKOPHCTOBYIOTH XPOMOHIKENEBl cTaii
12X2H4A, 14XT'"CH2MA, siki XapaKTepu3yIOThCs BETUKUM 3MicTOM Hikenmo 1,8...2,0%.

OcHOBHOIO MeTOIO I1i€l poboTH Oynna KijbKiCHA OLIHKA BIUIMBY BHIY TEPMI4HOI 0OpOOKH
Marepiaay 3yOuacToro kKojeca Ha HOro miameTpalibHI po3Mipu. TakoX pO3TIAIanoch MMHUTAHHSI
BIUIMBY THITY 3auU€IUICHHs 3y04acTHX KOJIC Ha iX rabapuTHi po3mipHu.

Kpyroswuii npodine 3y6a 3anponornoBano M.JI.HosikoBum y 1954 p.

EBONbBEHTHE 3ayerieHHs, 10 OTPUMAJIO B TEXHIli, 4epe3 CBOi Oe3mepeuyHi mepesard,
HaWOIIBIIIOTO MOUTUPEHHS Ma€ JCSIKI HeJIOTIKH:

1) maui 3BezieHi pajiyci KpUBU3HH POOOYHX TTOBEPXOHB;

2) MABUIIEHY y 3B’ A3KY 3 JIHIHHUM KOHTAKTOM 3y0iB Uy TIUBICTD JI0 TIEPEKOCIB;

3) miBHUIIEHI BTPATH HA TEPTS B 3a4YETICHHI B 3B A3KY 3 ICTOTHUM KOB3aHHSIM

Ili HemoyKuM 4YacTKOBO yCyHEH1 B 3aderuieHHI HoBikoBa. Y 1mbpoMy 3a4eruieHHI TOYKa
KOHTAaKTy 3y0iB MepeMillyeThes He 3a mpodisiem, K y IpsMo3yOOoMy €BOJILBEHTHOMY 3aueIUICHH], a
y3II0BXK 3y0a, MpUYoMy IIBHUAKICTb MEPEMIIICHHS 1 KyT THCKY 3QJIMINAIOTHCS TMOCTIHHUMH. Y
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nepenadax HoBikoBa KOSQIIi€HT TOPIIEBOTO NEPEKPUTTS JTOPIBHIOE HYJIIO.

[Ipodini 3y0iB y 3aueruieHHi HoBikoBa OKpecieHi Ayramu Kil 3 OJM3BKUMHU pajiycamu
KPUBHU3HU NIPY BHYTPIIIHBOMY TOTHKY. JIiHisl 3aUeIuieHHs] pO3TalllOBaHa IMapasieIbHO OCsSM KOJic, a
He B IUIOHIMHI iX obepranHHsa. HeoOXiHOIO yMOBOIO Oe3MepepBHOCTI 3a4erieHHs 3y0iB 1 CTaloCTi
MePeIaTOYHOTO BiTHOIICHHS € YMOBA, 00 Koe(ili€HT MepEeKPUTTs OyB OLTbIIIE OMHHMIIL.

VY nepenayax HoBikoBa TopueBuil koedillieHT MEPEeKPUTTs 10PiBHIOE Hyt0. ToMy ocboBUit
KOeQIIIEHT ePeKPUTTS Ma€e OyTH O1NIbIIe OMMHMUIIL, a KoJieca 000B SI3KOBO MAaTH HETIPSIMI 3yOH.

VY 1mo310BXKHIN MIOLIMHI Y 3B 3Ky 3 BEJIMKUMHM pajilycaMl KPHUBU3HH aKTUBHHUX ITOBEPXOHb
JOTUK BiOyBAa€ThCS TAaKOXX 3 BEIMKHM 3BEICHHM paliycOM KpWUBHU3HU. TakuM UYWHOM, THCK
MOLIMPIOETHCS HA 3HAUHY IUIOILY KOHTAKTY.

Ilepenaui HoBikoBa MaioTh MiJBUINEHY KOHTAKTHY HECydy 3AaTHICTh MOPIBHSIHO 3
€BOJIbBEHTHUMHU B 1,5-2 pa3u. Lle noB s3aHo, mo-nepiie, JOTUKOM OIyKJIOi MOBEPXHI MO YBITHYTIH 1
BIIMOBITHO OUTBIINN TUIONIMHI KOHTAKTY, MO-APYyTe, MIABUIICHOI MUTOMOIO HECYUYOIO 3[IaTHICTIO
MacisiHoro kinumHa Mik 3yOamu. I[lepemaui HoikoBa HaOynu MOIIMPEHHS y HAac B KpaiHi 1 3a
pyOexeM y pemyKTopax 3arajibHOro MPHU3HAYCHHS, y CYAHOOYIyBaHHI, aBiaOyayBaHHI Ta I1HIIUX
rajgy3sx MallmHOOyJyBaHHS. 3acTocyBaHHS mepenad HoBikoBa mouanocss 3 mepenad 3 OAHIEIO
minieto 3adermieHHs (OJI3), a HUHI B OCHOBHOMY 3aCTOCOBYIOTH Tepeiadi 3 JBOMA JIHISIMHU
3aueruienns (1J13).

Y mnepenadax 3 OJHIEIO JTHIEI 3a4erieHHS mpodins 3yda ogHOro Kojeca (3a3BHUYaid
iecTepHi) poOsSTh OMYKINM, a IHIIOTO- YBITHYTUM. SIKIIIO BEAYYHM € 3yO0UacTe KOJIECO 3 OMyKINM
npodimem 3y0iB, TO TOYKA KOHTAaKTy pO3TAalllOBaHA 3a TIOJIOCOM 1 Tiepenady Ha3WBaKOTh
3aI0JIF0CHOI0. SIKIIO BEJIEHO KOJIECO € YBITHYTUM Mpodisem, To nepeaaya cTae JOMOIIOCHO0.

Onykmmii  mpodik  pO3TAlIOBYETHCS 1032  TOYATKOBUM  KOJOM. Y  pe3yJsbTari
MIPUIPAIIOBaHHA 3a0€3Meuy€eThCs JOTUK MO BUCOTI 3y0iB, OMM3BKUIN J0 JiHIIYacTOrO.

[lepenaui 3 mBoMa JiHISIMH 3a4eIUICHHS MOXJIMBO TOJATH SK IMOETHAHHS JIOTIOIIOCHOT i

3aMoNroCcHOI nepeaay. ['onoBku 3y0iB IMIECTEPHI 1 KoJieca MalOTh OMYKIHA MPOQiib, a HIXKKH
yBirnytuii. Hecyua 3patnicts /IJI3 Bumie Hixk OJI3 1 BUrOTOBIIEHHS MPOCTINIE - OAMH 1HCTPYMEHT.
I[li mepemaui MarwTh BEIUKY KOHTAaKTHY 1 3THHAJIbHY MIIHICTh. 3aderuieHHs HoBikoBa
cTangapTu3oBaHo. KinbkicTs 3y0iB mectepHi 3a3Buuail Bubuparots 10...25. Moayib 3aderieHHs
HogikoBa Takox cTaHIapTU30BAHUI.

Bubip nomycTuMux HampyKeHb, ypaxyBaHHS 3MIHHOCTI pEXHUMY pPOOOTH Il mepeaay
HoBikoBa mpoBOAATH Tak, SIK JUIsl €BOJIBBEHTHUX. 3 3aueruieHHsAM HoBikoBa BHIOTOBIISAIOTH
nepefadi He TUIbKM IWIIHAPUYHI, ane ¥ koHivyni. [ns mepemau HoBikoBa 3acTOCOBYIOTH TiXK
MaTepiaiy, o i AJIs €BOJIbBEHTHUX.

Jlnst IOpiBHSIHHS PO3MIpiB 3y0UacToro Kosjeca, B 3aJ€KHOCTI Bil BUAY TepMiuHOI 0OpOOKH
Marepiagy 1 TUIy 3a4elUICeHHs, y po3paxyHKax Oynu mpuitHATH naBi JeroBani ctam 40XH 1
12X2H4A Ta nBa THIy 3auyeIuIeHHS: €BOJbBEHTHE 1 3aueruieHHs HoikoBa. Po3spaxynku
BUKOHYBAJINCHh MJII TPHOX BHJIB TEPMOOOPOOKHW: TMONIMIICHHS, 3arapTyBaHHS 1 IIEMEHTaIlis 3
HACTYIIHUM 3arapTyBaHHSM. Po3paxyHKH BUKOHYBAJIWCH Yy Jliala30Hi KPYTHUX MOMEHTIB Bia 250
o 1000 g.M.

BukoHaHi po3paxyHKH JUIsl €BOJIbBEHTHOTO 3aYCIJICHHS NpPU PI3HUX BHUAAX TEPMIYHOI
00poOKHM TTOKa3aIH, 10 HAUMEHIII PO3MipH AlaMeTp miecTepHi Oy/ae MaTH MPU BUKOPHUCTAHHI IS
fioro BurotoBieHHa Martepiany 12X2H4A. B mnopiBHSHHI 3 MaTepiaJioM i3 3arapTOBaHOi cTali
40XH po3mip 3ybuacroro koseca i3 craimi 12X2H4A maB po3Mmipu miameTpa IIECTEpHI MEHIIE B
1,36 pa3u, a B nopiBHsAHHI 3 noninmenoro crauio 40XH menme B 1,7 pasu. Skimo 3youacTi kojeca
BHKOHATH 3 BUKOPHCTAHHAM 3aderuieHHs HoBikoBa, TO iX giamMeTpasibHI po3MipH B MOPIBHSHHI 3
€BOJIbBEHTHUM 3aueIUICHHSAM, NpU BCiX po3rsHyTux marepiamax (40XH i 12X2H4A) i Bumax
TepMOOOPOOKH, OyAyTh MEHIIIE y TaHOMY BUTIAAKY B 1,736 pasm.

OTtpumaHni pe3ynbTaTh PO3pPaxyHKIB MOKa3ylOTh, 110 BUOIp MaTepiany sl BUTOTOBJICHHS
3y04acToro Koseca, MOro BHJ TEPMOOOPOOKM 1 THITy 3aueIIeHHS CYTTEBO BIUIMBAIOTh Ha
JiaMeTpaibHI po3MipH 3y0uacToro Kojeca, a OTXe BIUIMBAaIOTh Ha rabapuTd 1 Bary BHpoOy B
LJIOMY.
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PO3POBKA UUCJEHHOI MOJEJI 151 MOJAEJIOBAHHS MMPOLIECY
3ITKHEHHS ITAXY 3 JIOITATKOIO JIBUT'YHA
Hamnionanenuit aepokocmiunuii yHiBepcutet iMm. M.€. JKykoBcbKkoro
«XapKiBChbKUH aBlalliiHUIN IHCTUTYT»

[TomaganHsg NTaxiB y JIBUTYH NPHU3BOAUTH IO TMOIIKO)KEHb PI3HOTO CTYIEHS Ba)KOCTI,
BHCYBAIOYM TNMHTAHHS OE3MEKH IMOJIbOTIB Ha MEPIIUi IUIaH. Y 3B'I3Ky 3 UM OJHUM 13 €TariB
pO3pOOKM Ta BBEAEHHS B EKCIUTyaTallil0 HOBUX aBlalliiHUX ABUTYHIB € eTanm cepTH]iKariiHuX
BUTIPOOYBaHb, METOIO SIKOTO € TIATBEPHKEHHS IIUITXOM BUIIPOOYBAaHb TOTO, IO TOMAAaHHS NTaxa y
JBUTYH HE MPU3BEAE A0 KaTacTpo(iuHUX HACHTIJKIB, BHACTIAOK SKHUX JITaK HE 3MOXE 3IIHCHUTH
aBapiitHy mocanky. L{sg mporeaypa € TpyIoMiCTKOO 1 JOCUTh Aoporor. OIHUM i3 HEOTIKiB TAKOTO
OiAXoMy € Te, IO Yy HAcHiIOK TakuX BUMNPOOyBaHb JOBOAUTHCS HEMHUHYYE >KEpTBYBAaTU
KOHCTPYKIII€IO IBUTYHA, SIKUM caM € JOCUTh JOPOIMM BUPOOOM.

YucenbHe MOJENIOBaHHA € €()EKTUBHUM I1HCTPYMEHTOM, 3JaTHUM 4YacTKOBO 3aMiHUTH
HATYypHI BUNIPOOYBaHHS Ta 3HU3UTH BUTPATH HA iX MPOBEACHHS. B maHOMY acmekTi akTyallbHUM €
MUTAHHS PO3POOKH €(EeKTUBHUX Ta POOACTHUX MOJeNel, 110 T03BOJSAITh OTPUMYBATH TOUHI Ta
JOCTOBIpHI pe3yJIbTATH.

[Ipo axkTyanpHICTH IFOTO MIAXOAY CBIIYUTH 3pOCTal0ua KUIbKICTh HAYKOBHUX IyOJiKalliil 3
1poro nutanus [ 1-5]. [Ipudomy iHTEpec 1o i€l mpoOieMu CIIOCTEepIraeThes HE TUTBKY B aBiallii, a i
B IHIIMX Taly3sX, TaKMX SK aBTOMOOUIbHA MPOMHMCIIOBICTh Ta SiA€pHA €HEpreTHKa, /1€ MUTAHHS
0e3meKn Ta HaJifHOCTI € TIePIIOPSTHIMH.

Orasin poOiT, NMPUCBIYEHUX JAHOMY MUTAHHIO, JO3BOJsiE CHOPMYIIOBATH HE BHPpIlIEHI
NUTaHHA: 1. BIACYTHICTh €IMHOTO MIXOMY Ta YITKUX KPHUTEPIiB MpH po3poOIi Moxemi NTHii; 2.
HecTaya EKCIEPUMEHTAIBHUX JaHWX YCKJIAJHIOE Tporiec Bepudikalli pe3ynbTaTiB UYHUCICHHOTO
MO/JICITIOBaHHS.

Mertoto n1aHoi poOoTH € po3poOKa MOJENI I YUCETHHOTO TOCTIKEHHS TPOIECy 3ITKHEHHS
nTaxa 3 JONATKOI0 JBUTYHA, 3aCTOCYBaHHS SKOi JJO3BOJMTH CKOPOTHUTH 4Yac Ta 0OCAT HATypHHUX
BHUIPOOYBaHb.

OO0'ekTOM JOCIHIPKEHHS € JIoTaTKa MPsIMOKYTHOI (opMu B 1utaHi 3 po3mipamu b, L i t, a
TaKoOXX MNTax (M'AKe TUI0), IO MOJCIIOETHCSA Y BUIISAAI HWIIHIApPA 3 TUIOCKUMHU TOPISIMHU 31
criBBiAHOIIEHHAM po3MmipiB L 1o D sike nopiBHioe 2 (puc. 1).

Nonatka
|

.
%

=]

M'ake Tino

x
o [N S
s

i

Puc. 1. PozpaxyHkoBa cxema 3aBJlaHHs ITPO 3ITKHEHHs I1Taxa 3 JIOMATKOIO JIBUT'YHA
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Posmipn M'skoro Tima TOB's3aHI 3 TapaMeTpaMH CYIUTBHOTO CEPEIOBHUINA, IO
MO/ICITIOETHCS, HACTYTHHUMH CITiBBITHOIIICHHSIMH:

R=s|—2 _ L=24R, A=L/D=2, (1)

2mp, A
Je m — Mmaca nraxa, kr; g, =—0.0631g(m)+1,148 — minbHICTb CepeOBUIIA, 1[0 MOAEIIOE M'SKe
TiNno, r/cm’.

[Ipu po3pobui Moxeni yaapHOi B3a€MOJii MNTUII 3 JIONATKOK JBUTYHAa 3aCTOCOBYBAIH
(heHoMeHooT YU Tiaxia (puc. 2), mo nepeadavae OMHUC CYyTTEBO HENIHIHHOTO, HECTAIIOHAPHOTO
MpoLecy KOHTAKTHOI B3a€MO/Iii Ha OCHOBI PIBHSHb MEXaHIKU CYIUIBHUX CEPETOBUII 13 MOAATBIINM
3aCTOCYBaHHSAM MOJIENICH Ta YHCEIBHUX METOIB, peaizoBanux y cucremi LS-DYNA.

PEAJILHUH PI3IMIHA MATEMATHUYHA
IMPOIIEC MOJIEJIL MO/JIEJIb
3IMKHENHA NMAXA 3 Tiopoyoap Ocnoeni pienannz MCC
nonamrorw A1 dizuini cnieaioHowennA
‘ 2panuynl, NOYAMKo8l ma
OBL'CKT KORMAKmui ymoeu
EKCIOEPHMEHTAJIBHE
MOIETFOBAHHS JAOCIKEHHSA ‘
PEAIBHOT'O IPONECCY M'AKe mino YUCEJIBHE
* nepeuikood MOJIEJJIOBAHHSA
E“"C”E;fg‘gfgm'm =»| PE3VJILTAT [@= Meron Moread
* AHCKpPeTH3AMIT CYHiIbHHX
- CYHNIIBHHAX cepeloBHIN cepeJOBHIN
KPITEPII
IHOPIBHAHHA Moaeani ]'\‘OHTE:'RT]IO'I' l"palmmfi,
B3aeMoaul MOIATKOBI Ta
* KOHTAKTHI YMOBH
‘| IIOPIBHAHHA
BIHCHOBKH PE3YJIBTATIB Meroa pimenns

Puc. 2. PacueTHO-3KCIIEpUMEHTAIIbHBIN METO/1 UCCIEA0BAaHUS COYJapEHUs NTULBI C JTOMATKOMN
JIIBUTATEIS

OCHOBHI piBHSHHS MaTeMaTHYHOI MOJEINi, IO OMUCYIOTh PYX 1 TEPMOMEXaHIYHHH CTaH
nedOpMIBHUX CYIUIBHUX CEPEIOBHIL, 3allMCAHO B aKTyaJbHIN KOHQIryparllii i HaBeIeHO B poOOTi
[6]. BoHHM BKIIOYAIOTH OCHOBHI PIBHSHHS MEXaHIKH, IO BHPAXaloTh (yHIAMEHTAIbHI 3aKOHH
30epekeHHsS MacH, IMIYyJbCy Ta €HEeprii, a TakoXX KIHeMaTW4yHi, TeoMeTpuyHi Ta (i3uuHi
CHIBBiAHOIIECHHS, JOTIOBHEHI TPAaHMYHIUMH, KOHTAKTHUMH Ta TIOYaTKOBUMH YMOBaMH.

[Tpu yucenbHOMY pO3B'sI3aHHI 3a/1a4i BUKOPUCTOBYEMO claOKy popMy piBHSHB pyXYy:

or = [ pioxd2+ o, 9% 102-0 @)
Q

o ax_,.

ne 0 — cumBoa KpoHekepa, p — IIUIBHICTh CYIIJIBHOTO CEPEOBHIA Y HOTOYHHIA MOMEHT 4Yacy, X —
JlarpankeBi KOOpPAMHATH TOYOK CYLIJIBHOTO CEpeJOBMINA B aKTyalbHIH KoH(]iryparii,
X — NPUCKOPEHHS TOYOK CYIIIBHOTO CEPENOBUINA Y MOTOYHHI MOMEHT 4acy, Gjj — HAIPYIKEHHS
Ko, {2 — 06'eM y IOTOYHHUI MOMEHT 4acy.

Po3pobiieno uymcenbHy MoOIeidb, B SKIM 3aCTOCOBAHO JBa METOIU: CITKOBHH (METOI
CKIHYEHUX eJIEMEHTIB) Ta Oe3ciTkoBuil MeTof (MeTon 3riamkeHux uyactok SPH) nuckperumsarii
CYIUTHHUX CEPEIOBHIIL.

VY pasi CKIHYEHO-€JIEMEHTHOI AMCKpeTH3alii pIlIeHHs IHTErpajJbHOIO PIBHSIHHA pPYyXYy
3BOJUTHCS /10 PO3B'A3aHHS CUCTEMU MaTPUYHUX PIBHSHb.

CKkiHUEHO-€JIEMEHTHA MOJEIb JIONATKU JIBUTYHA IIpeAcTaBlIeHa HAa0OpOM YOTHPBOX
BY3JI0BUX OOOJIOHKOBUX €JIEMEHTIB 13 TPhOMa TOYKaMH IHTETpyBaHHSI 110 TOBILUHI [7].
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st ommucy pyxy Ta JeOopMyBaHHS NTaxa 3aCTOCOBAHO O€3CITKOBHI METOJ 3IJIaKEHHX
4acTHHOK [8], sikuil mepenbavae onmuc AeGOpPMIBHOTO CYIUIBHOTO CEPENOBHINA Yy BHUIJIsAI Habopa
PIBHOMIPHO pO3MOAUIEHHX 32 00'€eMOM IMCKPETHHX 4YacTWHOK. KOXKHa 3 YaCTMHOK € HOCIeEM
BJIACTHBOCTEH TPO CYIJIHE CEPEIOBHIIEC Ta OMHCYEThCS CBOIMH NPOCTOPOBHMH KOOPAWHATAMH
xi(t) 1 Mmacoro mj(t).

JInst muckperTusarii 3a 4acoM 3aCTOCOBAHO METOJ CKIHUYCHHX Pi3HHIIb, SIKMH pealli3oBaHO y
BUTIISAI SIBHOT cxeMH 2-ro mopsiaky [9]. s 3a0e3medeHHs CTIMKOCTI SBHOI Pi3HHIIEBOI CXEMH 3i
3MiHHUM KPOKOM 32 YacOM NIOBHHHA BUKOHYBatucs ymoBa Kypanra-®pinpixca-Jlesi:

At} < 45

i 2 4
a

maxi

At,

J1€ Opax — BUIIIA BJIACHA YacToTa cucTeMH, napamerp 0 < 51 =—=<I.
At ,
1
JIy1st oncy MaTepiabHOTO BIATYKY CYIIIBHUX CEPEIOBUII y MPOIeci X yaapHO-KOHTAKTHOI
B3aeMoJlii BUOpaHO Taki MoJemi: Ui JIOMATKU JABUTYHa — MOJENb HPY>KHO-IUIACTHYHOTO
CEpe/IOBHINA, SKa BpPAXOBYE BIUIMB IMBUAKOCTI aedopmyBanns [10]; mns wm'skoro Tima —

TipoIMHAMIYHA MOJIENb CYIIUTBHOTO CEPEIOBUINA 3 PIBHSIHHSM CTaHy MOJiHOMiHaIbHOTO TUITY [11,
12].

Po3pobnena uncenbHa Moaenb (puc. 3) A03BOJISE MOAETIOBATH BUIAAKH (POHTAIHHOTO
(0=90°) Ta xKocoro ygapy nraxa 1o JIOTaTIli, sika BUTOTOBJICHA 3 TUTaHOBOro cruiaBy Ti 8-1-1 Ge3
ypaxyBaHHsI MOKJIMBOI'O pyHHYBaHHS JTONATKH.

PesynmbTar 4mceNbHOrO MOJICIIOBAHHS 3ITKHEHHsS Nraxa (Maca m=82,6 T, MIBHIKICTH yaapy
Vim =302.1 M/c) 3 TONaTKOIO IBUTYHA y pa3i KOcoro yaapy 0=36,4° nokasaHo Ha puc. 4.

Fringe Levats
2.3060-03
2.0640-03
1822003 _
1.5808-03 _
1.338e-03 _|
1.098e-03 §
' 8535004 :[J
611504
I095e=04
1.2T4e-04
14004 |
Et hs
4 B i
Puc. 3. YnucenpHa MoOeNns oI Puc. 4. Pe3ynbpTaT uncenbHOTO MOJICITIOBAHHS 3ITKHEHHS
MOJICJTIOBAHHS 31TKHEHHS NTaxa 3 NTHII 3 JOMATKOO JBUTYHA MIPU KOCOMY ynapi 0=36,4°:
JIONIATKOO IBUTYHA a) xapakTep aehopMyBaHHS M'SIKOTO Tijia Ta JIOMIATKH B
(BUMaznok Kocoro yaapy 0=36,4°) MomeHT yacy T=107,9 mxc
0). IPOTMH JIOTIATKU y HANPSAMKY Z B MOMEHT Yacy
T=107,9 mxc

VY mporeci po3poOKH MOAETl BUKOHAHO BepUQIKaIlil0 NUISIXOM HOPIBHSIHHS pPE3yJbTaTiB
YHCEIBHOTO MOJICTIOBAaHHA 3 pe3yJbTaTaMH HAaTypHuUX ekcnepumentiB [13, 14], a Takox
PO3PaxXyHKOBHUMH JAHUMHU 1HIIUX aBTOPIB [15].

Jocmimkeno BB KinbkocTi SPH yacTHHOK y Mojeni M'SIKOTO Tijla Ha PO3IMOJILT TUCKY Y
pasi yaapy mo aOGCOJIOTHO KOPCTKiM mepemkoai (puc. 5), a Takok 3MiHA MAaKCUMajIbHOTO THCKY
TIPH yAapi 3aJIe)KHO BiJ KITBKOCTI YaCTHHOK (pHC. 6). 3MOIeIbOBaHO BUMAIO0K (DPOHTATHHOTO yAapy
ntuii Macoro m=1,0 kr 31 mBuAKicTIO Vim = 100 Mm/c.
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Puc. 5. BB KiIBKOCTI YaCTHHOK Ha Puc. 6. BriiB KiIbKOCTI YaCTHHOK Ha 3MiHY
PO3MOJILT TUCKY TIPH yAapi M'SIKOTO TiJia 1o TUCKY [ FOTOHIO TipU ynapi M'sIKOTo Tijia 1o
KOPCTKIH MEepenKoIi KOPCTKIH MepenKoIi

OtpumaHuii pe3yJbTaT J03BOJISIE BHUKOHATH HANANITYBAaHHS MOZETI WUIIXOM BHOOpY
He0OX1IHOT KITPKOCTI YaCTUHOK MOJIEIi M'SKOTO Tija 1 OI[IHUTH MPH LIbOMY MOXHOKY pO3paxyHKY.

Ha puc. 7 moka3aHO pe3yJbTaTH YHCEIBHOTO MOJAETIOBAHHS 3ITKHEHHS ITaxa 3 JIOMATKOIO
IBHUTYHa y pa3i ¢poHTanpHOro ynapy. Ilin yac MoaenmoBaHHS pO3IIISIHYTO JBa BapiaHTH JIOMATOK:
noBri 3pa3ku 3 po3mipamu L=311,2 MM, b=88,9 MM i t=4.27 MM Ta KOPOTKi 3pa3Ku 3 po3MipaMu
L=155,6 mM, b=88,9 MM 1 t=4.27 MM.
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a 6

Puc. 7. I'padik 3MiHM TUHAMIYHOTO MPOTUHY JONATKH B KIHLIEBOMY Tepepi3i mpu (GpOHTATEHOMY
yaapi: a) Maca nraxa m=85,9 r, mBuAKICTh yaapy Vim = 189,6 M/c;
0) maca ntaxa m=98,6 r, MBUIKICTh yaapy Vim = 99,4 m/c

OTpuMaHO 3aJIOBUTBHE Y3TOKEHHS PE3yJbTATiB YHCEILHOTO MOJETIOBAHHS 3 HATYPHUM
eKCIIEpUMEHTOM, 10 BKa3y€ Ha 3JaTHICTh MOJENl JOCTOBIPHO OIMCYBAaTH MIPOILIECH, SKi
CYMPOBOIKYIOTh MPOLIEC 3ITKHEHHS MITaXa 3 JIOMATKOO JIBUTYHA.

HeBupimeHnMy 3aiMIIarOTBCS TUTAHHA MO0 MOXKJIMBOCTI ypaxyBaHHS WMOBIPHOTO
pyWHYBaHHS JIONATKW TPU yaapi, a TaKOXK PO3TJISLA BHIAJKIB yAapy IO JIONATKaX, BUKOHAHUX 3
KOMITO3HITIHHUX MaTepialliB, IO € MPEIMETOM TOIAIBIIIOT0 BAOCKOHAIICHHS MOJIEI.

BucHoBku:

1. Po3po6iieHo yucenbHy MOJEINb AJIsl JOCHIKEHHs MPoLecy 3ITKHEHHS MTaxa 3 JOMaTKOIo
JIBUTYHA.

2. TlpoBemeno Bepudikamito MoOAEAl NUIIXOM TOPIBHSIHHSA PE3yJbTaTiB UYHUCEITBHOTO
MOJIETIIOBAHHS 3 pe3yJbTaTaMU HATypHUX EKCIIEPUMEHTIB. 3aJI0BUIbHE Y3TOIKEHHS pPe3yibTaTiB
MiATBEP/KYE a/IEeKBATHICTH Ta IOCTOBIPHICTh OTPUMAHHUX PE3YJIBTATIB.
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3. JlocmimkeHO BIUIMB TapamMeTpiB MOJAETl Ha OTPUMAHHA pe3yJibTaT, IO JO3BOJISE

BUKOHATH HANAIITyBaHHS MapaMeTpiB MOJENI Ui OTPUMaHHS HEOOX1THOT TOYHOCTI pillIEHHS.
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OCOBJIMBOCTI CUHTE3Y INIAHETAPHHUX MEXAHI3MIB ABIAIIIMHHAX
PEAYKTOPIB
Hamionansuuii aepokocmiuamuil yHiBepcHuTeT iM. M.€. )KyKoBChbKOTO
«XapKiBChKUH aBialliiHUM IHCTUTYT», Y KpaiHa

3ybuacTi mepenavi aBialiiHUX PEIYKTOPIB JIITAKIB 1 TeNIKONTEpPiB B OUIBIIOCTI € BaXKKO
HaBaHTOKCHUMH BHCOKO IBHJKICHUMHU TIE€peladyaMu , y SKHX KojoBa mBHIKICTH csarae 100..130
M/c. OCOONMMBICTIO TAKUX 3y0YacTUX KOJIC € iX MaJia BiJTHOCHA Bara.

[linBuieHHsT TMpane3IaTHOCTI, 3MEHIIEHHS Macu Ta TabapuUTHUX PO3MIpiB, 30LTBIICHHS
TEpMiHy CIyXOM aBiamiiHUX 3yOuyacTHX Mepenad € OAHIEI0 3 BAXIMBUX MNpobdieM y ramysi
aBiaIlifHOr0  pelyKTOpoOymyBaHHA. 1i BHpPINIYIOTH IIIAXOM HAJAHHA TakUM Iepeaadam
BIJINIOBITHMX KOHCTPYKTHUBHHMX 1 TEXHOJIOTIYHHX BJIACTUBOCTEH, BUKOPHUCTAaHHSIM BHCOKOSKICHUX
MarepiaiiB Ta eEeKTHBHUX METO/IB PO3PaxXyHKIB 3 BUKOPUCTAHHSIM 3CyBY (3MIIICHHS) Pi3aJIbHOTO
IHCTPYMEHTY IpY BUTOTOBJIEHH] 3y04acTHX KOJIIC.

bing 94% nuniHaApUYHUX OPSIMO3YOMX Nepenad, 110 3aCTOCOBYIOThCS B peIyKTopax 1
NPHUBOJIAX, MAIOTh KyT 3a4eruicHHs Oibiie 20°.

Jlist aBianiiHUX CWJIOBHMX TI€peaad 3TiTHO 3 aBlalliiHUM HOPMaMHU 3aCTOCOBYIOTh BUXITHUUN

TBipHHIT KOHTYp 3 KyToM mnpodimo @ =25%,28°. PospaxyHOK reOMETPHYHHX MApaMeTpiB
nepesay 31 3MIILEHHSIM BUKOHYIOTh 3 BUKOPHCTAaHHIM OJIOKYBaJbHUX KOHTYpIB, MOOYIOBaHUX IS
KOXHOr0 3yO4yacToro 3ayeruieHHs. 3a JOMOMOrOK TaKUX KOHTYPIB OJIEP)KYIOTh OINTHUMAaJbHI
3HaueHHS Koe(illieHTIB 3CyBY, SIKI CyTTEBO BIUIMBAIOTh HA KOHTAaKTHY 1 3THHHY MIIIHICTh 3yOIiB.
Kpim 115010 BUKOpUCTaHHS KOEQIIIEHTIB 3CyBY J1a€ MOXKIIMBICTh 3MIHIOBAaTH MIXXOCHOBY BiJICTaHb

3ybuacroro 3averieHust (@ ,,). Lo BaacTuUBICTH 3yOYacTHX Iepenay BUKOPHUCTOBYIOTH IPH

MPOEKTYBaHHI IUIAHETAPHUX 1 AU(epeHIlialbHUX PeIyKTOPIB aBlalifHOT TEXHIKH.

BukopucTtanHs 3a4erieHHS 31 3CYBOM 3 PI3HUMHU KyTaMH 3a4CIICHHS JI03BOJISIE MTONIEPETHBO
BIZIMOBHUTHCS BiJl YMOBHU CITIBBICHOCTI MPH MIA00P1 YKCEN 3yOIliB JUIsl TUIaHETApPHUX MEXaHi3MIB IO
«TEHEPATBFHUM PIBHSAHHSD). Takuil MUIAX J03BOJIsE MiAIOpaTH Yrcia 3yOIliB, HAPUKIA, UISI CXEMU

Al — %7533, BUKOPHCTOBYIOYM DIBHSHHS IEPENATHOTO BiJHOIIEHHS 1 yYMOBY CKJIaJaHHsd, a

Mi3HINIE MPU3HAYUTHA YHUCIIO 3YOIliB IS caTeliTa Tak, o0 3aJ0BUIBHUTH YMOBY CITIBBICHOCTI. B
TaKOMY BHIAJIKy BHKOPHCTOBYIOTH 30BHIIIHE 3yOuacTe 3ayerieHHs 31 3MIIIEHHSIM, Y SKOrO KyT

3auerienns O, >25% as KOPUTOBaHOMY BHYTPIIIHBOMY 3adeIuIeHHl KyT &, ,; Oina 25°,

SKIIO TPU Hapi3yBaHHI KOJIC BUKOpPUCTOBYBanu mpodimpHHI KyT 25°. Tpeba 3ayBakwTH, IO
reomMeTpisi 3yOIliB BHYTPIIIHBOTO 3a4eryieHHd B 3HauyHiil Mipi 3anexuts Big BTK BuxigHoro
TBIPHOTO KOHTYpy J0BOaya, SKUM BOHH Hapi3yroThcsa. KpiM Toro, mepemadi 3 BHYTPIIIHIM
3a4eIyICHHAM JIy’K€ YyTJIMBI 10 siBUIIa iHTepdepenuii. ToMy mpu NMpoekTyBaHHI BHYTPIIIHBOTO 1
30BHINIHROTO 3a4YeIJIeHb BHUKOPUCTOBYIOTH OJIOKYyBajdbHI KOHTYPH, SKi JIO3BOJISIIOTH BHUOpaTH
ONTHUMAaJIbHI 3HAYCHHS KOS(Illi€HTIB 3CYBY.

Takmii croci6 mimbopy 3yOIiB B IIaHETAPHOMY MEXaHI3Mi JO3BOJISIE CIIPOCTHTH HOTO
CHHTE3, a B Psi/ii BUIIA/IKIB MOJIIIIIUTH KOHCTPYKIIIO MEXaHi3My — 3MEHIIUTH TabapuTH Ta Bary.
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IMNAPAMETPUYHE MOJAEJIOBAHHSA 3YBYACTHUX KOJIIC
Y CUCTEMI SIEMENS NX
Hamionanenuit aepokocmiunuii yHiBepcuret iM. M.€. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUM IHCTUTYT»

3ybuacTe KojJeco — OCHOBHA JeTajb 3yO4acToi mepepadi y BUIVIAAI AMcKa 3 3y0aMu Ha
MWITIHAPUYHIA a00 KOHIYHIA MOBEPXHI, IO BXOAATH B 3a4eIUICHHs 13 3y0aMu iHIIOTO 3y04acToro
enementa. Ha puc. 1, BimmoBimHo mo [1], mpencraBieHi OCHOBHI MapaMeTpH €BOJILBEHTHOT'O
3y04acToro koseca.

2 |
Puc. 1. IlapameTpu €BOJIBBEHTHOTO 3y04acToro Koueca
[TapameTpu eBOTBBEHTHOTO 3y04acTOTo KoJieca:
— m — MOJyJIb KoJieca — JIiHIliHA BEJIMYMHA B T pa3iB MEHIIA 3a OKPYXKHHK KPOK p a00 BiAHOIIECHHS
KpPOKY 10 OYy/Ib-sIKOMY KOHIIEHTPUYHOMY KOJIy 3yO0UacToro Koieca J0 T. TeMHe Ta CBiTJIe Kojeca Ha
PUCYHKY | MarOTh OJTHAKOBUI MOIYJIb;
— Z — KUIBKICTh 3y0iB KoJeca;
— P — kpok 3y0iB (mo3HaueHU# OY3KOBUM KOJIBOPOM);
— d — miaMeTp IUMHIBHOTO KoJia (TI03HAYEHO KOBTUM KOJTBOPOM);
— d, — miaMeTp Koa BEpIIUH TEMHOTO KoJjieca (TT03HAYeHO YEPBOHUM KOJIHOPOM);
— dp — miamMeTp OCHOBHOTO KOJIa — €BOJIFOTH (ITO3HAYEHO 3€JICHUM KOJIBOPOM);
— df — miameTp KoJa 3amaguH TEMHOTO KoJjieca (MT03HAY€HO CHHIM KOJIbOPOM);
— hapthep — BuCOTa 3y0a TEMHOTO KOJIeca;
— X+h,pthgp — BECOTa 3y0a CBITIOTO KOJIECA.
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[ToOymoBa €BOJBBEHTH MOJIHMBA JICSKUMH CHOCOOAMH: ICHYIOTh TaONHIN, 3a SKUMHU
BinmOyBaeThcsl i moOymoBa, ab0 MOxHa TOOYIyBaTH €BOJIBBEHTY MPUOTU3HO MO Toukax. Jlms
PO3YMiHHS 1HOTO crocoOy MOTPIOHO PO3TIISIHYTH MaTEeMaTHYHUN ONKC €BOJBBEHTH Kousa. J[is
napamMeTpUYHO 33J]aH01 KPHBOI PiBHSHHS €BOJIBEHTH:

x = (d_main/2)(cos(t)+tsin(t)),
y = (d_main/2)(sin(t)-tcos(t)),
ne t — xkyT, d_main — 1iaMeTp OCHOBHOT'O KoJia (€BOJIFOTH).

3ybuacTe Kojeco, 110 MOJETIOEThCS, Ma€e Z 3y0iB 13 MoxyseM m. J[s moOyaoBU 3yO6uacToro
KoJyieca MOTpiOHI AiaMeTp ninmipHOTrO Koja d, miameTp koja 3amaauH df, a Takox miamerp Kosa
BepiinH da. Jlami HaBeneHO (OpMynH, sIKI BUKOPUCTOBYIOThCS AJIsI PO3PAXyHKY AlaMeTpiB IHX
OCHOBHHX K1JI:

d = m¥*z;
da = d+2*m;
df = d-2.5*m;

d main = d*cos(20).

ITopsimox noOynoBH 3yOuacToro kojieca y cucreMi Siemens NX HacTyHHUI:

1. CTBOpeHHS OCHOBHHMX KEpYIOUMX 3MIHHHUX Ta 3aJIeKHOCTeH s 1MoOymI0BU
napaMeTpU4HOro 3y0uacToro Kojeca.

2. CTBOpEeHHS OCHOBHHX JlaMeTPiB 3y04acTOro Kojieca, o 0OMEKyIOTh 3y0UacTHi BIHEIIb.

3. [loOynoBa mpodinto 3yba BIAMOBIZHO A0 HABEAEHOI BHINE MapaMeTpUyHoi GopMu
€BOJIbBEHTH.

4. [Tobynosa Bcix z 3y0iB 3y04acToro koineca.

CTBOpEHHS OCHOBHHX JiaMeTpiB BimOyBaeTbcs 3a gomomororo komanmu Sketch in Task
Environment. IloOGynoBa eBoibBeHTH MNpoBOoAUTHCS Komanaowo Law Curve. Jlns moOynoBu
npodisto 3yda 3HOBY noTpiOHO BHKopucTaTH kKomauay Sketch in Task Environment. Bike icHyrOTB
JiHi1, 110 0OMEXYIOTh 3alaJHU Ta BEPIIMHU 3y0a, € TakoXK Horo OiuyHa moBepxHs. ToBIIMHA 3y0a
obunciroeTbes 3a Gopmyio s = m*pi()/2. [ani moTpidHO moOymyBaTu JiHiI0 cuMeTpii 3y0a Ta
3pOOUTH BiA3EpKAJICHHS €BOJBBEHTH.

Henocrarni yactuau npodinto 3y0a, a came IIaBHI MEPeXod MK €BOJIbLBEHTAMH Ta KOJIOM
3amaJiH, MOXKHA 3poOWTH nyramMu Kosa. HemnmaBHM mepexim B IIMX  MICISAX CTBOPIOE
KOHIICHTPATOpU HAIPYKEHb Ha mepeiaMax. SIK moka3aHO Ha pHUC. 2, BOHM MOXYTb yTBOPUTHUCH,
KOJIM Jyra 3aXOIuTh Ha Marepiaj, 1 TaKoX KOJM Jyra IOBHICTIO JIGKHTh I103a MaTepiajioM.
KonneHnTparopu HanpyXeHb B 30HI KOHTAaKTHUX MOBEPXOHb 1CTOTHO MOTIPIIYIOTH SIKICTh Mepenay
mix HaBaHTaXeHHsM. II[o6 iX He momyckaTw, ayra 3a0KpyTJIeHHS Mae€ OyTH JOTHYHA 10 000X
MOBEPXOHb HIKKM Ta 3araJuHu 3y0a. BennuuHa paaiycy nboro 3a0KpyrieHHs MOKe OyTH OIMcaHa

HACTYITHOIO 3aJICXKHICTIO:
r=0.38*m+0.5¥m"%/z".

\1.

=N\ N

d_main
f
/

d_main
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i | ==

|

]

|] %
| ©
| | | |
Puc. 2. 3aokpyrieHHss MK HIKKOIO 1 3aMaJuHOI0 3y0a

3 BUKOPHCTAHHSM MpPEACTABICHUX 3aJEKHOCTEH MOOYJ0BaHO MapamMeTpuyHe 3yOuacte
KOJIECO, SIK€ TIPE/ICTAaBIIEHO Ha puc. 3.
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Puc. 3. 3D mozaens 3ybuacToro kojeca

BucHOBOK: 3anpornoHOBaHO MiaxXia napameTpudHoro 3D MoaentoBaHHs 3y04acTHX KOJIIC Ta
AITOPHUTM TIOCIITOBHOT 1X MOOY10BU y cucTemi Siemens NX.

Choucox BUKOPHUCTAHHX JlZKepeJI

1. EnextponHuii pecypc. Pexxum goctymy:
https://uk.wikipedia.org/wiki/%D0%97%D1%83%D0%B1%D1%87%D0%B0%D1%81%D
1%82%D0%BS5_%D0%BA%D0%BE%D0%BB%D0%B5%D1%81%D0%BE.

JHara 3Bepranns: 21.06.2024.
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OCOBJIMBOCTI BIBPAIIMHUX ITPOIECIB V¥ KYJIbKOBUX PAJIIAJIBHO-
HOPHIHEBUX HACOCAX I'IIPOOB’€EMHUX INEPEJAY TPAHCIIOPTHUX MAIIWH
XapKiBChbKUI HAIllIOHATBHUN YHIBEPCUTET MiCHKOTO rocronapcersa imeni O.M. bekerosa
Hamnionanenuit aepokocmiunuil yHiBepeutet iM. M.€. JKykoBcbkoro
«XapKiBCHKUH aBiallifHUIA IHCTHTYT»

Beryn. Oaun i3 HalimepenoBimmMX Ta HaleQeKTHBHINIMX HAMPSIMKIB CTBOPECHHS
0e3CTyMiHYaCTUX TPaHCMICI MOOILTBHUX TPAHCIOPTHHUX Ta CHELIaTbHUX TYCEHUYHUX MAIINH
OB’ sI3aHUH 13 3acTOCyBaHHAM Tigpood’emunx nepexad (I'OII), mo m03BONSIOTH peani3yBaTu
napajieybHi MOTOKM TiAPaBIIYHOI Ta MeXaHIYHOi NOTYXHOCTi. Y HaWOIapll CydacHHX
BapiaHTax Takoi Tmepenadi BHKOPHCTOBYIOTHCSA paaianbHO-mopirHeBi rigpomamunu (PIIT) 3
KYJbKOBUMH MOPIIHAMHU. 3 IXHBOIO JOMOMOI'OK MOXJIMBE CTBOPEHHS JIOCUTh KOMIAKTHHX
KOHCTPYKIIi TpaHcMicii. BcTaHOBIEHO, IO TiApaBIivYHI MAalIMHUA PaaiaIbHOTO THUITY 3JaTHI
BUTPUMYBAaTH 3HA4yHO OIlIbLII HaBaHTaXEHHs, HIK akcialabHi TiIpOMAIlMHMU. 3a3HayeHl
MPUCTPOi 3a0€3MedYyIoTh TaK0X 3HAYHO BHINY IIBHIKICTH oOepTaHHa. OQHAK JUIs X Tepenad
XapaKTepHI/II/I BHUCOKUH piBEHb HaBAHTAXXECHOCTI HAWOINBII BiAMOBIIaJbHUX €IIEMEHTIB, 30Kkpema
UMTiHAPO-TIOPIIHEBUX MHap. IX HaaMipHMiI 3HOC Bele JO 3MEHIIEHHS IIOTYKHOCTi, IO
NepenaeThesl, 3HWKEHHS HaAIIHOCTI MPUCTPOIB 1 HABITh 10 MOJIOMOK.

AHaJi3 OCTAaHHIX JOCATHEHL TAa
nyOjaikani. InTepec a0 3acTocyBaHHS
PIII' 3 KyJAbKOBUMH TOPIIHAMHU JJIs
TPAHCTIOPTHHUX Ta criemiaaTbHUX
T'YCEeHUYHUX MAIIWH Pi3KO 3pic MICIs TOTO,
SAK TaKOro THIy TigpoMamuHu (puc. 1)
CTaJIM BUITyCKaTHCA CcepiiiHO  (ipMoro
“Martin-Marietta” (CHIA) [1, 2]. i
IPUCTPOI MOYMHAIOTH 3aCTOCOBYBATH 1 Y
BITUM3HSHOMY MaIlIMHOOYyayBaHHi [2, 3].

Jlocuth BeNMHWKa KUIBKICTH pOOIT
MPUCBSIYCHA JIOCHTIDKECHHSIM, CIPSIMOBAHUM
Ha BrockoHaneHHs PIII: BmimB 3HOCY
[WIHIPOMOPITHEBUX ~ Tap Ha  BTpaTy
MOTY>KHOCTI B TiIpOMAaIlIMHAX; BH3HAYCHHS
3ycuib, o AifoTh y 1miHape PIIT.

Puc. 1. PajianbHO-IIOpIIHEBA TigpoMaIinHa 3 /ALOCTIDKCHHS P13HHX BTpaT y
KyJIbKOBUMH MOpIIHAMHU dipmu “Martin-Marietta”  FAPOMaIIMHAX, HaIpyXCHO-
ne(hOpMOBAHOTO CTaHy CJICMCHTIB

ripoo0’eMHUX Tiepenad, MyJbcaliii TUCKy B TOPIIHEBiM kamepi Hacoca. Jleski KOHCTPYKTHBHI
ocobmmmBocti PIIIT, Hampuknax, po3rismaroTees y poOorax [1, 2]. ¥V crarri [3] BuKIageHO
HaWIPOCTIII npuiioMu BUOOPY MapamMeTpiB MPUCTPOIB.

JlocmiKeHHs, TPUCBAYEHI BUBUCHHIO JMHAMIYHUX MPOIIECIB y CHUJIOBUX Iepeaadax i3
panianpHo-niopurHeBUMHU ['OIl, cTBOpeHHIO anropuTMiB JiarHocTuku mnapamerpis PIIT i3
KYJIbKOBHMHU TTOPIIHSAMH III€ HE 3HAUTIUIM JOCTATHHOT'O BiIOOpaXeHHsI y HAyKOBiH JiTeparypi.

Mera Ta mocrtaHoBKa 3agadi. MeToro poOOTH € CTBOPEHHSI JAOCTOBIpHOI MaTeMaTHUYHOL
MoJIeNi JUHaMIYHHX rpoueciB y Hacoci PIIT, o BpaxoBye iHepiiliHiI BIACTHBOCTI KYJIbOK-ITOPIIIHIB
1 craropa, TpyXHI BIACTUBOCTI CTOBMA PIAMHM B IWIIHIPI KEPyBaHHS, CKCUEHTPUCUTET, TUCK
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ITIJHKUBJICHHS 1y TIOPOXKHIHI HATHITAHHS, YaCTOTy 00epTaHHs poTopa. Lle 00yMoBiIeHO moTpedamu
OILIIHKU JMHAMIYHUX HaBaHTakeHb B enemeHtax PIII, miarHocTyBaHHS pi3HOMaHITHHMX BiIXHIIEHB
nmapaMeTpiB TPUCTPOIO BiJl HOMIHAJIBHHUX, MOOYIOBH 3arajibHOI JAMHAMIYHOT MOJENI CHIIOBOTO
JIQHIIOTA TPAHCIIOPTHOI MAIIMHUA 3 ypaxyBaHHSAM JIBUT'YHA, TPAHCMIcCii Ta XOJOBOi YacTHUHHU.
[TpoBeneHHs po3paxyHKOBO-CKCIIEPUMEHTATBHUX JTOCITIIKCHb.

MartematuuHa moaeiab Hacoca PIII. Ha kimemaruuniii cxemi Hacoca PIIIT (puc. 2, a)
mokasaHo: 1 — Ook muiHApiB (poTop), 2 — KyJIbKa-MOPIICHb, 3 — Man(OBHA PO3MOAUTEHUK, 4 —
cTaTopHe Kinble, 5 — kopryc ['OIl, 6 — rigponumiHap cucTeMU KepyBaHHs, 7 — nanda KepyBaHHS
CTaTOPHOTO KUIbLS, 8 — Bich 00EpPTaHHS CTATOPHOTO KiJbIlsl. Bich o0epTaHHS poTOpa MPOXOAHTH
gyepe3 Touky O, a uepe3 Touku O;, Oy MPOXOIATh BiAMOBITHO BIiCh CTATOPHOTO KUIBIA 1 BiCh HOTO

obOepTaHHS.
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Puc. 2. PagianpHO-TIOpITHEBHI HACOC 3 KYJIBKOBUMU MTOPIITHIMH:
a) KiIHeMaTHYHa cxeMa; 0) CKIIaJ0Bi MIBUAKOCTI IIEHTPa Mac
KYJIBKH 1 CHJIH, IO JiIOTh Ha KYJIbKY 1 CTaTOp

I'eomempuuni i kKinemamuuni cniggioHouiennsa. BBaxxaioun KyTOBiI BIAXWJIEHHS CTaTopa
MaJIUMU, MaEMO (JIUB. puUC. 2, a):

A A
ﬁozg‘); 8y =0k ; ﬁ:E; d=0h; 8 =8,+8=(0,+0)h, (1)

ne A—morouHe BimxwicHHs marndu cratopa; H — BijcrtaHb Big oci obepTaHHS cTaropa 10 OCi
T1IPOIMITIHApA KEPyBaHHS; /1 — BiICTaHb BiJl OCi 00epTaHHS CTaTopa JI0 OCi poTopa.
Tenep ¢opmynn anst MOAyns HEPEeHOCHOI IIBUAKOCTI V,, MPOEKHii BiAHOCHOI MIBUIKOCTI

Verg =Vc, Ha Bich OF i kBagpara abCOJIOTHOI IBUAKOCTI LEHTPA KYJIbKH Ve (nuB. puc. 2, a) 3

ypaxyBaHHsM (1) 3anHIIyTHCS Y BUTIISII:
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Voo = 0P, =9 (Ry=8,sing);  (2) ve, =—h(Dsing+ (0, +9)pcoso);  (3)
V2 =02, +v2, =h* [Bsin g+ (D, +0) poose] —[R ;—h(D, +0)sing]> > ~[R y—h(0,+0)sine]*¢>. (4)

Kinemuuna enepcia cucmemu. [10BHY KIHETHUHY €HEPrit0 CUCTEMH (7 — KYJIbOK 1 CTaTOpHE
KIJIbIIE) MOYKHA MPEACTABUTH K (PYHKIIFO HACTYITHOI CTPYKTYpH [3]

- 2 . -
T:er(cp—(k—1)7“,h,R0,ﬁ,ﬁO,<p,ﬁJ+Ts(ﬁ). (5)
k=1

Y3azanvnena cuna nosunHHA BimoOpakaTH MPY)KHI BIACTUBOCTI CTOBIA PIAWHU B IWITIHAPI
KepyBaHHS (HOHO61I0I0UINL NPYHCHUIL MOMEHm), MOMEHT BiJ] CHJI THUCKYy po00YOi piAMHHU B
MWIIHpaX Hacoca (30yproroyuil Momenm), TUCUTIATUBHI BIACTHBOCTI MOJEIi (MomMenm 6’aA3K020
onopy).

VY 0aratboxX BHIIAJAKaxX I MOHOBIIOIYOTO TPYKHOTO MOMEHTY Ta MOMEHTY B’SI3KOTO
OTIOPY LIIKOM MPUHHITHUMHU BUSBIISIOTHCS JTiHIHHI MOJIENi BiAMOBITHO
(8) = —cH?, 6) MY =59, )

e

Mg).

1€ ¢ — eKBiBAJICHTHUH KOe(IilLli€HT MPYKHOCTI piAuHY; b, — eKBIBaJICHTHUI KOE(IIIIEHT OTIOpY.

3oyprorouuit momenm y po3rIsIHY T MoJeli GopMy€eThCsl CHIIaMU THCKY poOOYOi piIMHU B
HiAMOPLUIHEBUX MPOCTOpaX LMIIHIAPIB HACOCA. 3aKOH 3MIHU THCKY B MEPLIOMY ILIMJIIHAPI HA OAHOMY
00epTi poTopa s 3a3HAYCHUX BHIIE 30H BUCOKOTO 1 HU3BKOTO THCKIB 3 ypaxyBaHHIM 3pO0JICHOTO
NPUIYIIEHHS BiTHOCHO 3aKHUy THCKY NIPEACTaBICHUN Ha puc. 3.

[TpuifHATO HACTYNHI MO3HAYEHHS: pj,— THCK Yy

g a . .

MOPOXXHHHI HaTHITaHHS; P, — THUCK

60 fr MiOKUBICHHS; A p— BeTu4YnHA 3aKUIy TUCKY.
i P Hus monyns cumu F, mo nie Ha KynbKy 3 OOKy
40 ; She poGouoi p1)11/1H1/I,2 CTpaBeIMBa  OYEBUIHA
i P i dopmyna F = pnr®. Jlo KyJdbKd TpUKIaJCcHA
rl; TaKOX peakuis muriHapa N, 1 peakuis craTopa
- PP N (mmB. puc.2,0). Tam ke mnokasaHa i

0 /2 4 32 2n s
_ ' pieroxitoua mux cun F'=N_+N,. Tomy mo
Puc. 3. 3anexHicTh TUCKY B HIANOPIIHEBOM

4
. F=-F, 10 3 mnOpsiMOKyTHOrO CHJIOBOIO
HpOCTOPi BiJ KyTa MOBOPOTY POTOpa

TPUKYTHHUKA JICTKO 3HAXOAUTLCA MOAYJIb CHIIN

A 1074 Ha N,, a 3HauuTh 1 Moxyns cunu F,, mo nie 3
= i
1 OOKYy KyJIbKH Ha CTaTop.
f\ BBenemo B po3risig paniyc-BeKTOp TOYKHU
2 NPUKIAJAHHS €] CHITN r., =0;P, TOOl JUISt
S
0 ,pan BEKTOPa-MOMEHTY CHJIM BiTHOCHO meHTpa O,
w2 n Inf2 Ix "
Oyze crpaBesIuBUI BHpa3
=7
} (9) _
Mg, (F,)=r, xF,. (8)

Puc. 4. 3anexHiCTh MOMEHTY CHUJI TUCKY P1IMHH

N 3aJeXHICTh MOMEHTY BiJl KyTa IOBOPOTY
B IIEpIIOMY IIMIIHAPI BiJ KyTa IIOBOPOTY POTOpa

poTopa nmokaszaHa Ha rpadiky puc. 4.
s cymapHOro 30ypror04oro MOMEHTY Bif 7
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MTIHAPIB MAEMO
M=) M. (m (k- l)n) ©)
k=1

CxutaBmu MoMeHTH (6), (7) 1(8), ogepKUMO OCTaTOYHUN BUPA3 IS y3araabHEHOI CHITH:

0y = MY + M) + 119 (10)

Pienanna Jlazpansca. 1licns BUKOHaHHS CTaHIAPTHHUX OMNEpaIiii MO BU3HAYEHHIO TOXiTHUX BiJ
KIHETUYHOI €Heprii CUCTEMHU, NP ypaxyBaHHI TOTOKHOCTEH [5] piBHsIHHS Jlarpamxka

ddT oT
aodf of _ 11
dt o0 09 2 (1
3100yBa€e BUTIIS
(170 mnh? +Io3zjﬂ—%mnh2(ﬁ0 +0)¢> =3y + M)+ M) (12)

Kosm obepraHHs poTopa € piBHOMIpHUM, TOOTO (= (M= const, TO TIOHOBIIOIOYHI MOMEHT (6) cTae

Mo, (1) ZM%( 2nkn 1)} 13)

ne M (022 (t)— (GyHKIIIS Yacy, 0 BUXOAUTH 3 (6) TiCis BIAMOBITHUX 3aMiH () Ha Of .

MePIOUIHOI0 (DYHKITIEIO Jacy:

PiBusiaas (12) nHa crazomy pexumi 3 ypaxyBaHHsM (6), (7) 1 (13), micns BiAMOBIZHOTO
NeperpynyBaHHs JOJAHKIB, 37100yBa€ BUTIISAL

1) B+ bd+cp=MY) + M, (1), (14)

7 ) . . . . 2 7 2.2
ne [ (083)2 = Emnh +1 (()ng — eKBIBAJICHTHHH MOMEHT iHepuwii wmomeni; ¢, =cH —gmnh -

(0)

7 2.4 2 A .
03 gmnh U, 0" — NOCTIHHUI MOMEHT, 00yMOBJICHHI PyXOM KYJIbOK.

€KBIBaJICHTHA KOPCTKICTh; M

Po3paxyHKOBO-eKCIIEPUMEHTAJNbHI  Jocail:keHHsi. JIns9  mepeBipkd  KOPEKTHOCTI
moOyTI0BaHOT MaTEMaTUYHOI MOJIENl MPOBEIECHO PO3PaXyHKOBO-CKCIEPUMEHTANBHI JOCTIIHKEHHS
OPUCTPOI0 3 HACTYIIHHUMHU BiJHOCHUMH TIeOMETpUYHMMH mapamerpamu: r=1; R =4,039;

h=6142; H=14803; A,=0315; d=126; L=0,756. [na dQopmyBaHHSI MpyXHOTO 1
30yprOlO40ro MOMEHTIB NpUAHATI Taki mapametpu p, =35Mlla; p, =15Mlla; k,=0,75;

Ap=m/18; E=135-10"MITa. Ocratouni 3maueHHs s Koe]ilieHTiB mubepeHiaTbHOro
piBHsHHS (14) mpu BUKOPUCTAHHI MOCTIHHHX

H-lﬂg,paq 5
L.5 nepexony I, =1xkrm", co=1-10Hm:
! | 1¥).=3719; ¢, =03774; b, =0,02;
0.5 ¥

ppen MO =0960110°.  Tpn  momy B

0 H
{2 [3x/2 Ei pospaxyHkax — MomeHT M, . (t)  Bapro
-0,5 U‘Vf

" 3MEHIIUTH B ¢, pa3. be3po3mipHe 3HAuCHHSA
-1

Puc. 5. 3anexxHicTh KyTa BIAXUICHHS CTaTOpa
B1JI KyTa ITOBOPOTY pOTOpa

gactoT — 0= 0,03.
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Ha pwuc. 5 mpencrasieHmii rpadik 3MiHM KyTa MOBOPOTY CTatopa JUisi OAHOTO TOBHOTO
oGepry poropa. HMoro aHami3 1moka3ap, 10 HaiGiNbII CHIbHA BiCIMHA/LATA TAPMOHIKA B 3aKOHi
PYXy (hopMyeThCsi 3MIHOIO THCKY B IIMUIIHAPI 32 3aKOHOM IPSIMOKYTHOTO CHHYyca 0e3 ypaxyBaHHS
3aKMIy TUCKY (IUB. puc. 4). Jle’siTa sk rapMOHiKa camMe 00yMOBJIEHA 3aKMJIOM TUCKY IPH Mepexoi
IWTIHPA 3 30HA BUCOKOTO TUCKY Y 30HY HU3BKOTO THCKY.

a3, o

1]

[}

| / A

T~ 110 |

T LA

RAIRUATRTABVAYE STV
AP

A ¥

. pan

=]
I-d

&
e

]

BissiTea obepry

-t

Puc & ExcoepumenTanim ale®HocTi INA EYTa BOEHIEHHA CTETOPA 1 THOKY B
IHT: HOp KEpYEAHHS Ha oMHoMY obedTl poTopa

ExcniepuMmeHTanbHI 3aJI€KHOCTI KyTOBOIO BIAXWJIEHHS cTatopa O 1 TUCKY B IMJIIHAPI
KepyBaHHS p, Ha OJHOMY 00epTi Ioka3aHi Ha puc. 6. I'padiku mpuBeseHi y BIAHOCHUX OJUHUISAX

(KyTOBI  BIAXWJIGHHS  CTaropa OTPHUMaHI LUIAXOM [EPepaxyBaHHSA  EKCIIEPUMEHTAIHHO
oOMiproBaHOTO BiOpompucKOopeHHs). Ha pucyHKy 300pakeHa TakoXX BiaMiTka 00epTy. Mae miciie
rapHHii 30ir BiINOBITHUX KPUBHX pUC. 5 1 6.

BucnoBku. 1. CTBOpeHO yHiBepcaJbHy MaTeMaTH4YHYy MOJEIbh JWHAMIYHHAX IPOIECIB Y
HAcoCl paJiaibHO-MOPIIHEBOI TiAPOMAIIMHU 3 KYJBKOBUMH MOPUIHSAMHU. 2. BpaxoBaHo iHepuiiiHi
BJIACTUBOCTI KYJIBOK-TIOPIIHIB, CTaTOpa, MPYXKHI BIACTHBOCTI CTOBMNA PIAMHU B IHJIIHIPI
KepyBaHHS, THUCK pIIMHU B MaricTpaniax 1 #oro 3akuiu, dYacTtory oOepTaHHA pOTopa,
eKCIIEHTPUCUTET. 3. 3alpOIIOHOBAHO MOAETbh (OPMYBAaHHS 3aKOHY 3MIiHHM THUCKY 3 ypaxyBaHHIM
foro 3aKuiB y HMITIHApPAX Hacoca Ha 00epTi poropa. 4. 3HaliieH0 MexaHi3M (OpMYBaHHS B 3aKOHI
pyXy cTaropa Hacoca 3 HOMIHAJIBPHIUMH MapaMeTpaMu iICTOTHUX JEB’STOI 1 BICIMHAIIATOI TAPMOHIK.
5. YcTaHOBJIGHO NPUYMHU TOSBM B 3aKOHI pyXy CTaTopa 3HAYHUX T'apMOHIK OLIBII HHU3BKOTO
nopsiKy. 6. 3amporoHOBaHAa MOJENb MAa€ 3HA4YHI TEPCIEKTHBM Ui PIIICHHS IIMPOKOTO Koja
npob6nem auHamiku ['OIl 3 kynaskoBumu PIIT" y 3aranbHiil TuHAMIuHINA MOJENI CHIIOBOTO JIAHITIOTA
TPAaHCIIOPTHOI MAIIIMHU.
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OIIIHKA OIITUMAJIbHOI'O BUBOPY UHUCJIA CTYINEHIB KOHCTPYKIIII

PAJTHOI'O IVIAHETAPHOI'O MEXAHI3MY THUITY nx Al 3A KPUTEPIEM
3ATAJIbHOI MACH
HanionansHuit aepokocmiunuii yHiBepcutet im. H.€. )KykoBcbkoro
«XapKiBCHKUH aBiallifHUIA IHCTHTYT»

Cepen MexaHi3MiB TPUBOJIB CHUCTEM YMpPABIIHHA JITAIbHUX amapariB HaiOiabie
MOIIMPEHHS] OTpUMaIM 0araTOCTYMHYACTI PSAAHI IUTAHETapHI MeXaHi3Mu Tumy nXAl.

3acTocyBaHHA B AKOCTI X 0a30BOTO CTYIEHS IUIaHETApHOTO MexaHi3my cxemu Al (mmaHerapHHiA
MexaHi3M JkeiMca) 103BOJISIE TIPH OJTHAKOBHX IE€PEJATOYHUX BIJHOIICHHSIX B TOPIBHSHHI 3
IHIIMMHU CXeMaMHU MaTH MEHII rabapuTH B OCbOBOMY HamnpsMi. 3HIKEHHS MAacH TaKUX MEXaHi3MiB
MPU3BOJIUTH 70 3MEHIICHHS Ta0apuTiB, METAIOEMHOCTI 1 COOIBAPTOCTI BUTOTOBJICHHS, a TaKOX
MiABUILIEHHS €KOHOMIYHOCTI eKCIuTyaTalii BUpoOy, 10 CKIaay SKOrO BXOJAUTh MEXaHI3M.

MiniMizamiss Macu 0araToCTyMiHYACTOTO IDIAHETAPHOTO MexaHismy tumy nXAl €
aKTyaJbHUM 3aBAaHHAM. OIHMM 3 MapameTpiB KOHCTPYKIi TaKMX MEXaHi3MiB, 3HAYCHHS SIKOTO
BIUIMBAE HA 3arajibHy Macy MeXaHi3My, € YUCIIO CTYIIEHIB HOr0 KOHCTPYKITii.

KinemarnuHa cxema psaHOTo 0araToCTyMiHYacTOro IJIAHETAPHOTO MeXaHi3My THIy 71X Al
nokaszana Ha puc. 1. Hackpi3Ha HyMmeparis ycix 3y0uacTHxX KOJIiC MEXaHi3My IoKa3aHa Ha puc. 1, a.
JlokanpHa HyMeparlis 3y0uacTux Koiic (B MeXax OJTHOTO CTyTeHs ) TOKa3aHa Ha puc. 1, 0.

Uz=uquz...up L ui=1+z3fz1

I;

N

T | zl=zz1 |

-1 —l S
T T e

—h S
T R

pe]
proca

a) 6)
Puc. 1. Psaaauii nnanetapuuii Mmexanism tumy nx Al

CymapHa wmaca psHOTO 0araTOCTYIIHYACcTOro IUIAHETAPHOTO MeXaHisMy Ty nX Al
BU3HAYAETHCS Y BUIIISII HACTYITHOI CYMHU
n
My =M +M,+.+M, => M, (1)
i=1
ne M, —wmaca i-ro cTyneHs MeXaHi3My; # — 9UCIIO CTYICHIB MEXaHI3MYy.
Maca okpemoro cTyneHs Mo)ke OyTr Bi3Ha4YeHa 3a hopmyioro [1]:

2 2
7P;; u, —2 u;
M, :—; 2b, ,di, 1+kl( 5 j +an.—4 , 2)

e pPs.,, by ,, d; , — IIUIBHICTD MaTepially, IIMPHHA BIHIA Ta JiaMeTp IUIMIBHOTO KOJa

LEHTPAIBLHOro 3y0YacToro Koieca z, ,; K, — YHCIIO CaTeNiTiB i-r0 CTYNEHS MEXaHi3My; U, —

1 1
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nepeaToyHe BIJHOIIEHHS i-T0 CTYNEHS MEXaHI3My; 7,, — KoeQillleHT PUBEJEHHS Mac KOpIycy,
BOJIMJIA 1 HEPYXOMOT'O 3y0UacToro Kojieca 10 MacH YMOBHOTO JMCKa, IPUHHATHHN VIS i-TO CTYTICHS

MEXaHi3My.
[TincraBuBm (2) B (1) 1 BUHOCSYM 32 Ay>KKH 3araTbHUN MHOKHUK, OTPUMAEMO
”p 5 n
M, =""Lbd, (A1+ZA7,BI.), 3)
4 i=2
2 2 2
u —2 u; b, ,d;, . .
ne A =1+kl.( ’ n,—, B, = M‘ZZH — 6e3po3mipHi KoedilieHTu.
4 pl bl dl
CniBBigHomeHHS (3) MOXKHA 3alMCaTy IHILIUM YHHOM, a CaMe
— 7[,()3”_2 2 &
MZ - 4 b3n72d3n72 (21: AiBi + An ’ (4)
=

2

ne B, = M’zdﬁ’z — 6e3po3MipHui KoedilieHT.

103n—2b3n—2 3n-2

BinmiaHICT ipuBeneHNX (GOPMYJI TIOJIATAE TIIHKHA B TOMY, 110 B HUX ITO-PI3HOMY OOUYHCITIOIOTHCS
koedinientn B, . ®opmyity (4) IpUiHATHIIIE BAKOPUCTATH CTOCOBHO TaK 3BaHMX CHJIOBHX MeXaHi3MiB. B
[IbOMY BHIIQJIKy CAMHUM HAaBAaHTQKCHUM CTYIIEHEM MexaHi3My Oyzie HOro octaHHii CTymiHb. BinnosigHo
dopmyy (3), sIK IPaBHIIO, BAKOPUCTOBYIOTh Y pa3i Tak 3BAHUX KIHEMAaTHYHUX MEXaHI3MiB.

YacTto mpu KOHCTPYIOBAaHHI PSITHOTO 0araTOCTYIIHYACTOrO IUIAHETAPHOTO MEXaHI3My THITY

nx Al , BUXO[SMM 3 TEXHOJNOTTYHAX i EKOHOMIYHMX MIpKyBaHb, MPUAMAIOTh PIBHI MOMAYJ 1 IIUPUHY
3y0uacTHX BIHIIB, @ TAKOXK OJHAKOBI Marepiaay 3yO04YacTUX KOJNIC OKpeMHUX CTymneHiB. Takuil mimxir
3a0e3medye BUKOHAHHS yMOBH 11 KoeditieHTiB B, =1. IIpu 1poMy MILHICTb MEXaHI3MY JOCATAETHCS 3
paxynok semuuunn bhd. a6o b, ,d. . llle 01HO OOMEXKEHHS, TAKOX ITMPOKO BKUBAHE, 1€ O/IHAKOBI
qucIia 3yOIiB yCiX HEPyXOMHUX HEHTPATBHUX 3y0UacTHX KOJIIC (EMIIMKIIIB) YCIX CTYNIEHIB MEXaHIZMY
2y = Zg =T 2y =T 2, %)
1 IK HACJIJOK OZIHAKOBE 3HAUYEHHs IIEPEAATOYHHX BIJHOIIEHD U, JUIS YCIX CTYIIEHIB MEXaHI3MYy.
VY miif poOOTI B AKOCTI paiioHaTbHOI 00MacTi 3HAYEHHs MEpelaTOYHOrO BiJHOIICHHS OJHOTO

wiaHeTapaoro crynenst tany Al npuitastiii mianason Bim 2,4 no 8. INomitumo, mo 1ei miana3oH
3aJIOKUTh Bl YMCIIA CATENTIB IUIAHETAPHOTO CTyIeHs. BUXOmsun 3 NPUAHATOrO mianma3oHy Jyis
MIEpEeITaTOYHOrO BiJHOIICHHS, Oy/lMM BH3HAYEHI 3HAYCHHS TMEPeNaTOYHHMX BIMHOIICHb UL PSTHOTO

0araToCTyIHYACTOrO TUIAHETAPHOTO MeXaH3My TUIy 7 X Al 3ayexHo Bij uucia oro cryneHis. L{i nani
npUBE/CHI B Ta0M. 1.

Tabmur 1
Jliana3oHy MOMIIMBHX 3HAUCHB ITEPEIATOYHOTO BiTHONICHHS IUIAHETAPHOTO MEXaHi3My TUITy 72X Al

Hlanaso NepefiaToHoro 24..8 5.76...8 8...13.824 13,824...33,178
BIJTHOIIIEHHS U;

Yucno cTyneHiB MeXaHi3My 7 1 1,2 2 23

Jl1anason NePENIATOUHOTO | 33 15 64 | 64 79626 | 79.62...191,10 191,10...512
BIJHOIIICHHA U;

UYucno CTyTeHiB MeXaHi3My 7 2,3,4 3,4 34,5 3,4,5,6

Alanaso meperaTouoro | 515 4096 | 4096...32768 | 32768...262144 | 262144...2097152
BIJHOIIIEHHS U;

Uucro CTyTieHiB MexXaHi3My 7 4,56 5,6 6 6,7

Busnaunmo koegiuieHTH B;, 10 BXOIITh B 3aIEKHICT (3), 3 YMOBU KOHTAKTHOI MIITHOCTI
POOOYHX TTOBEPXOHB 3yOIIiB.
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3rigHo [2] Uit 30BHILIHIX 3a4ellyIeHb LEHTPATIbHUX PYXJIMBHX 3yOUacTUX KOJIC Zs;_, 1 CaTEelNiTIB
Zs;_; MA€MO HACTYIIHI YMOBH:

_ 0, ’H;Qm (KHﬂKHvZE )1 (pl +1) _ 077T3i—ZQHi (KHﬁKHvZE) (pi +1)

bd’ = b, ,di , = ,. (6)
2 2 > V3i-2""3i-2 2 2 ’
k, cos (atl ) g (atwl ) Oppi (pl _1) k; cos (0(”. )tg (O’zm ) O pi (pi _1)
) ) ) z
ne T, T,, , — KpyTHI MOMEHTH Ha BIATMOBIIHMX LEHTPATBHUX PYXJIMBHUX 3yOuacTuX Kojlecax; p, ==
Z
D= —3L _ xiHeMaTU4Hi apaMeTPH BiMOBIIHO 1-T0 Ta i-TO IJIAHETAPHOTO CTYTIEHs MEXaHi3My; K, , k, —
Z3i9

YHCIIO CATENTIB BIANOBIAHO -TO Ta i-TO IUIAHETAPHOIO CTYNeHs MexaHismy; £2,,, €2, — xoedimieHt

HEPIBHOMIPHOCTI PO3MOJUTy HABAHTAXKEHHS MDK CaTelNiTaMH MPU PO3PAXyHKYy HAa KOHTAKTHY MIIHICTb
30BHIIIHBOTO 3a4ETIICHHSI BIOBITHO 1-T0O Ta i-T0 TIaHEeTapHOTO CTyTeHs MexaHi3My. [lo3HaueHHs HIIIX
BEJIMYMH, IPUBEJICHNX B LK Gopmyi, Take k, K 1 B JICTY ISO 6336-1:2005. Hwxknil inzneke "i" o3Havae
MIPUHAJISKHICT 30BHIITHBOTO 3aUCTUICHHS JI0 -T0 CTYIICHS MEXaHi3MYy.

3 ypaxyBaHHSIM CHIBBIHOIICHHS p, =u, — 1, OTpIMaeMO HACTYITHE CIiBBiJHOIICHHS

p,+l u )
p-1 wu-=2

Hexaiif yci crymeni psimHOro 0araToCTyMiHYAacTOrO IUIaHETApHOTO MexaHidMy Tuily nX Al maroTh
OJTHAKOBI YHMCJIa CaTeIITiB

k=k=.=k=..=k =k, (8)
a TaKOXK yC1 IIEHTpaJIbHI PyXJIMBI 3y0UacTi Koyieca BUTOTOBIIEH] 3 OJJHOTO 1 TOTO K MaTepiary
Pr=Ps==P3 == Py =P (€))

3 ypaxyBaHHAM yMOB (6) - (9) BUpaskeHHs1 UIs BU3HAUCHHs KoedillieHTa B, Habupae BUITISITY

B = '031'—2b3i—2d32i—2 _ T8y (KHﬁ K2 )i (tg(xw 'O-i“’ )1 (ul _2)% . (10)
: pbd? TQ,, (Kyy Ky, Zy) (180,05 ) (4, =2)u,

i

3 ypaxyBaHHSIM yMOBH (8) MOKHA NPUIHATU YMOBY PIBHOCTI KoediwieHTiB £, , T00TO £, =Q, , 1e

i=ln.
3 ymoBH (9) MOYKHA IPUHUHATH YMOBY OJTHAKOBOCTI BIIACTMBOCTEH MIITHOCTI MaTepialliB 3y04acTux KOIic,
TOOTO. CIIPaBELINBI PIBHICTb JOITYCTUMUX HAPYKEHb O, = Opyp, 1€ [ =1,7.

Orxe, popmymna (10) Oyne MaTH HACTYTHHUA BUTIISI
B Dy by ds, L, (KH,B Ky, -Z,; )l. ga, (”1 - 2)”1‘

i = . (11)
lolbld12 T, (KHﬂ Ky, Zy )1 ga,, (”i - 2)”1
JIJ1s1 OIIHOYHUX PO3paxyHKIB OyIeMO BBAKATH, IO CIIPABEITUBE TAKE CITIBBITHOIIICHHS
K,;- K, Z,) tgo,
TR Ll (12)
(KH,B Ky, Zy )1 ga,,
3 ypaxyBanusim ymoBu (12) ¢popmymna (11) mae HacTymHMI BATTISIT
B = Paiabsiads s _ Ty (= 2)y, (13)
l pibd; T (y, _2)u1
CniBBiTHOIICHHSI MIXK KPyTHUMH MOMEHTaMH, 5IK1 € y ¢popmyii (13), mae Burisin
i-1
T;i—zzj;'Huj' (14)
j=1

Jnst psitHOrO 6araToCTymiHYaToro IIAHETapHOTO MEXaHi3My THITy #X Al 3 0lHaKOBUMHU MEepeAaTOuHUM
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BITHOIICHHSIMH OKPEMHX CTYTIEHIB ¥, BEIMYMHA KOoe]illieHTa B, BU3HAYAETHCSI HACTYITHUM YHHOM

i—1
B =1]u; . (15)
j=1
[TincraBuBm (15) B (3), oTprMaemo
ﬂ'p O, TTQ K, .K vZ u n .
= 12 1 Hl( Hf 2H E)1 1 Alz”i/_l , (16)
4cos (atl)tg(atwl)O-HPlkl (”1 _2) j=l
®opmyity (16) MoxHa 3amucaTd y 6e3po3MipHOMY BHITI
P M u n .
M =X ! A Z/tj_l ) (1 7)
. C, (u,-2) 1; 1

e C _ﬂp10’7]—IQH1(KHﬁKHvZE)1
A S 4k, cos® (a4, )1g (0, ) O

— KOe(IIIEHT MacH MPH PO3PaXyHKYy HA KOHTAKTHY MIITHICTh

(amoxkHiM iHOeke "H"); u, = ‘\'/Z — TepenaToYHe BiTHOIICHHS TEPIIOTO CTYTIECHS MEXaHI3MYy.
be3posmipHy Macy (17) po3nisaaeMo sk HUIbOBY (DYHKIIIO IEPEJATOUHOIO BIHOLIEHHS U, 1 IapaMeTpiB
k1 xoediuieHTa 7,

Mz =Mz (1), (18)

Hocnimkennst gynkiii (18) BukoHaHe Ha Mexax 0OONacTi MOMJIMBHX TEpeJaTOYHUX BITHOIIEHb, JIe 1X
peam3arisi MOKIMBA PI3HAM YMCIIOM CTYTICHIB PSTHOTO 0AraToCTyIMHAYATOroO TUIAHETAPHOTO MEXaHI3My THITY

nx Al . Pe3ynpratn po3paxyHkiB npuBeeHi B Tadi. 2. I1pu upomy Oyrno npuitasro k=3 1 n,,=7.

Tabymrg 2
UwncIo CTyneHiB 7 2
Uy 13,79 33,17 47,45 64
uy = {fuy 3,713 5,759 6.888
M i 279225 | 721,22 1133,364 1680
Uwcro CTyneHiB 7 3
Uy 13,82 33,2 47,465 | 64 191,1 269,77
uy = {fuy 2.4 3.214 3.621 4 5.76 6.461
M i 615,644 | 777,106 | 1026344 | 1344 | 4262,038 | 6242,725
UwcIo cTyneHiB # 4
Uy 63,9 190,33 270,1 1507,12
u, = fuy 2.827 3.714 4.054 6.231
M sy 1823,625 | 4132,987 5726,088 34926,18
Yucio cTyneHiB n 5
Uy 190,38 | 269,96 1514,4 10435,8 10529
u, = fuy 2,857 3.064 4326 6.364 6.375
M si 5383284 | 6859,572 | 31995,547 | 244416,51 | 246812,196
Yucino cTyneHiB n 6
Uy 191,1 270,76 1509,7 10506,9 10546
u, = fuy 2,4 2,543 3,387 4,68 4.683
M si 9124913 | 10259,051 |  34755,796 | 222925341 | 223771.295

3a OTpUMaHUMH JTaHUMH 3 TaOs. 2 MOXKHA BU3HAYMTH ONTHUMAJIbHI 3HAYEHHS YMCIIA CTYTICHIB 1
BUITNOBITHI /TIaNa30HM TIEPEaTOYHUX BIHOIICHD PSAHOTO 0araTOCTYIIHYATOrO TUIAHETAPHOTO MEXaHI3MY

Tty 7 X Al . Taki nani pencrapieHi B Taom. 3.
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Ta0smrs 3

Yucno CTyTEHIB 1 ) 3 4 5 6
MeXaHi3My 7
Jluana3oH BimHOWIEHHS uy | 2,4 8,1 46,656 279,106 1514,369 >10506,9
.81 ...46,485 | ...269,774 | ...1507,118 | ...10435,527
Jlnana3oH BiTHOLICHHS U, 2.4 2,846 3,6 4,054 4,3256 4,68
8] ...6,818 | ...6,4615 ...6,2307 ...6,3636 ...8

SIko B sIKOCTI He3anexkHoi 3MiHHOT (yHKiT (18) mpuitHATH MepenaTovyHe BiHOMICHHS YChOTO
MEXaHi3My Uy, a HOTIM IPOBECTH aHAN3 il qu(epeHIliaIbHUX BIaCTUBOCTEH [2], TO MOXKHA OTpUMATH

HACTyTHI pe3ybpTaTi. Dopmyria JoCTipKyBaHO1 (PYHKIT puBeIeHa HIDKYC

—_— —_— n u n _‘_]

Mz =M (ug) :Lfgz(@)’ (19)
o) %

[MTapamerpamu ¢yski (19) € uncno cryneHiB mexaHisMy 7 1 koedimieHT A, . SIk BumHO 3

dbopmymm (19), dynkiis 3a3nae pospus. [lepemarouHe BiIHOIICHHS, MPU SIKOMY MAa€ MICIIE PO3PHB

dynxuii (19) BusHauaeThes Mo opMymi uy, =2". Takoxk s MepefaTOYHOTO BiTHOMIEHHS iUy

TIOBUHHC BUKOHYBATHUCA HACTYIIHC OOMEIKEHHS: [ Uy > 2.

. . . *
Maroun oTpuMaHi JaHi, IO 3aJaHOMy HEpeAaTOYHOMY BifHOUIEHHIO U psHOrO
0araTocTyliHYaToro IUIAHETAPHOIO MeXaHi3My TuIy #nXAl, BU3HAualOTh IepeJaTHE BiJHOLICHHS

. n * . . . .
okpemoro cryneHs mexaHisMy u, =VU . IloTiMm BukoHyeTbcs mig0ip YMces 3yOLiB OKPEMOro

CTymeHs z,, 2z, 1 Zz; BianmoBigHO. Jlami yTOYHSIOTBCS OTPHMAaHI 3HAUCHHS HepelaTOYHUX

n
BITHOIIIEHb OKPEMOTO CTYIEHS U 1 yChbOTO MEXaHi3My Uy = (uly ) .

Otpumana LUTbOBa (PYHKIS ONTHMI3ALii MacH pAAHOrO OararoCTYIHYACTOrO IIAHETAPHOIO

MexaHi3My Tuiry 72X Al 3 OJIHAKOBUMH TIEPEJATOYHIMHE BiJJHOIIICHHSMH HOTO CTYIICHIB 3 ypaxyBaHHSIM
3a0e3MeUeHHs] KOHTAKTHOI MIIHOCTI 30BHIIIHIX 3y04acTHUX 3a4yellieHb CTYIICHIB MeXaHi3My. BUKOHaHO
JOCITIKEHHS TIOBEIHKA IUIbOBOI (DYHKIII ONTHMI3alii 1 OTpUMaHi OIIHKM ONTHMAIBLHOTO YHCIa
CTYIICHIB PSITHOTO 0araToCTYMIHYaTOro IUIAHETAPHOTO MexaHidMy Tumy nX Al 3amexHo Bing ioro
3arajibHOTO NIEPEAATOYHOTO BiTHOIICHHSI 1 YHCITa CKJIaJI0BUX CTYTICHIB.

PosrisiHyTa Merosmka OIIHIOBAaHHS ONTHMAJIbHOTO YHCIIAa CTYIEHIB MEXaHi3My Moke OyTH
TIOJTIMIIICHA, HAMPHUKIIAA, 32 PaXyHOK BUKOPHUCTAHHsS Tpa(iuyHMX miarpam y BHI, SKUH 3pYIHHN IS
PO3pOOKH BKazaHUX MexaHi3MiB. JlaHi, ski Oyl IPUBEICHI B TAOIUIISIX, Oy BUKOPUCTAaHI Ha TIPAKTHIIL
CTBOPEHHSI PI3HMX MPHBOAIB. B IJIOMy METOAMKY MOKHA OIIHUTH SIK S(QEKTUBHUM IHCTPYMEHT,
BKUBAHHH TIPU TIPOSKTYBaHHI.

Cnucox BUKOPHCTAHUX J7KepeJt

1. Iexos, O. B. YM0BH1 MIIHOCTI Ta OL{HKA 34ATHOCTI A0 HABAaHTAKEHHS ONTHMAJILHOI IO

3arajibHO1 Macl KOHCTPYKIIii IPOCTOTO TJIAHETAPHOTO MEXaHI3MY THUITY Al /0. B. lllexoB //
Bicauk HTY «XIII». Cepis: [Ipobmemu MexaHiuHoro mpuBoay. — Xapkis, 2015. — Ne31

(1124). — C.100-116. — Bi6aiorp.: 7 Ha3B. — ISSN 2079-0791.
2. Marycen4, B. A. Ilapamerpudna omruMisamis HECy4oi 3JaTHOCTI 3aMKHYTOTO

IJIAHETapHOTO0 MEXaHi3My, YTBOPEHOro i3 1BoX MexaHi3miB tumy Al / B. A. Marycesuu,
10. B. [llapaGan, O. B. [llexoB // Bichuk HTY «XI1II». Cepist: Mammno3nasctso ta CAIIP.
— Xapkis, 2020. — Ne2(2020). —C.66-67. — biomiorp.: 14 na3s. — ISSN 2079-0775.
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Ilep6axosa 10O. A., k.}p.-Mm.H.,
norenra, y.shcherbakova@khai.edu

V3ATAJIBHEHUM METO/l ®YP’€ JJISI AHAJII3Y BATATO3BS3HUX
TPACBEPCAJIBHO-I3OTPOIIHUX TLJI 3 PI3BHUMUAU
MNPYKHUMU BJJACTUBOCTAMU
HarionansHuit aepokocmiunuil yHiBepcutet iM. M. €. JKykoBcbkoro
«XapKiBChKUH aBiallifHUI IHCTUTYT»

VY3aransHenuit meron @yp’e (YM®D) no3Bossie oTpuMaT TOYHI po3B’si3ku 3anadi. Lle mae
MOYJIUBICTh BepH(]IKYBaTH pe3yJIbTaTH, IO OTPHUMAHO YHUCEIBHUMH METOAAMHU. AKTYyalbHICTh
MPEJCTaBICHOI 3amadi OOyMOBJIEHa MaJiOI0 BHUBYCHICTIO 0araTo3B'S3HHX TpPaHCBEPCATBHO-
130TPONHUX TiJ, BOXJIUBICTIO AHANITUYHOTO Ta YHMCEIBHOTO aHali3y HampyXHO JIePOpPMiBHOTO
crany (HJIC) 3amexHO BiJg B3a€EMHOTO pPO3TAIlyBaHHS KOHIIEHTPATOPIB HaNpy’KE€Hb, T'PAaHHYHHUX
MOBEPXOHb Ta TMPYXHUX BIACTUBOCTeW Matepiamy. Amapar YM® jus  Garatos3B’s3HHX
TpaHCBEPCaATBHO-130TPONTHUX Ti1 0y10 po3podiieno B.C. Iporenko ta O.I'. HikonaeBuM.

P PosrasnyTo HAC TPaHCBEPCATBHO-130TPOITHOTO
*d 2=—h MIBIIPOCTOPY 3 HEPYXOMOK TMapadoJIoilalbHOI0  OCHOBOIO.
S Marematnunuii anapar YM® i TpaHCBepcanbHO-130TPOIMHUX
] TIT Takoi reoMmerpii Oyno po3polieHo poboTax aBTopa y

4] croiBmpari 3 O.I'. HikonaeBum.
] Meroro miei pobotu € anami3z HIAC nns tpancBepcanbHO-
130TPOITHUX MaTepiaiB 3 pi3HUMU MIPYKHUMU

XapakTePUCTUKAMH, Ha TPHUKIAAl 3a/1adl Mpo TPUBHUMIPHE TIJIO,
oOMeeHe IJIONIMHOI Ta MapabosoinoM, Koiu napadoioigansHa
OCHOBA € 3aKpIIUICHO0, a Ha TPAaHWYHY TUIOIIMHY Jli€ HOpMaJlbHA
30cepepkeHa cwiia P (HampsM ChiBmajgae 3 BiCCIHO CHUMETPil
napabomnoina obepranns, auB. puc. 1). Jocmmkeno HIAC mix
IUIONIMHOI0 Ta mapaboyioimoM o0epTaHHsS  3aJeXHO  Bijl
reoMeTpuYHUX TapameTpiB (dhopma mapabonoina, BiACTaHb MiX

MOBEPXHSAMH) Ul  TPAaHCBEPCAIbHO-130TPOMHUX  MaTepiajiB
PI3HUMHM TPY>KHHUMH XapaKTEpPUCTHKaMM, SKI HaBEICHO B
Tabmuii 1. Po3paxyHkn — HampyXeHb  IPOBOJIWIMCS — MIDK
BEpIIMHOI0 Mapaboioiga Ta TPaHMYHOIO IUIOLUIMHOI0 B HampsiMax, sKi MapajelbHl TpaHMIli
MIBOPOCTOPY. 3a3HA4YEHO, IO KOHIIGHTpAIlisl HaAMpY>KEeHb CIIOCTepirajach O€3MOCEPEeIHbO I
TOYKOIO JOKJIQJaHHS 30CEPEKCHOI CHIIM Ta B OKOJII BepIIUHU mapabonoina. [Ipudomy abcomroTHa
BEJIMYMHA TUM O1IbIIIe, YMM O1JIbIIIe KPUBH3HA OCHOBH.

Tabnuus 1
[MpyXHi NOCTINHI
KBapuy niwanuk (Mna) niLaHnm aneBponit cKronnacTtumk
(Ma) cnaHeub(na) (na) (na)
Ci1| 1.18410° 58.576 0.19301 10° 7.2924 10° 4318.1818
Ci2| 0.1910° 25.019 0.33976 10° 2.2023 10° 681.8182
Ci3| 0.3210° 20.793 0.62965 10 2.2787 10° 2500
Css | 1.0710° 61.105 0.13547 10° 6.7738 10° 22500
Cas | 0.35810° 16.584 0.11921 10 2.29 10° 300

. o .2 2 .
V tabnuui 2 npeacTaBieHo AIMCHI KOPeHl V|  Ta V,  XapaKTepUCTHUYHOIO PIBHSAHHSA
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2 2
C1Cyyv™ — (C33Cn —2C;3Cy —Cys )V +C533C, =0,
Mpo sKi JOBENEHO, 10 BOHU € nonatHuMmu. Koedimientu V j ( j=1, 2) BHU3HAUYAIOTh CTYMiHb

aHizoTpomnii Matepiany. Yum OiibIlle BOHU BiIPI3HAIOTHCS OJIMH BiJl OJHOTO, TUM OLIbIIIe BUPAKEHI

aHI30TPOIHI BIACTUBOCTI. BOHM BUKOpHCTaHI BO BCIX PO3paxyHKaXx.
Taomuws 2
KopeHi XapakTepuCTUYHOTO PiBHSHHS
KBapL NiLLLaHKK niLaHnn cnaHeub anesponiT cKnonnacTuk
V1 0.7371 0.7203 0.5032956855 0.8399 0.2749
Vo 1.2897 1.4181 2.914433209 1.1474 8.3031
HJC nocnimxyBanocs MK T'paHUYHHUMM TOBEPXHSAMH B S5-TH IUIOIIMHAX 130Tpomii, sKi

napasiesibHI TpaHUIll MBIPOCTOPY Ta PIBHOBIAANIEHI OHa BiJl oAHOI. Po3paxyHku Oyio mpoBeaeHo
JUIsL PI3HOT TeOMETPii — BiICTaHb MIXK TPAHUYHUMU MMOBEPXHIMHU Ta KpUBU3HA Mapaboioina.
P )
6,=—C,, | TOJAHO 3aJIe)KHO BIX

z

Ha HaBeneHmx HmK4Ye MalllOHKaxX HANpyXeHHS © =—=
Oy

3MIHHOI P. G, — HOpPMaJbHI Hampy:XeHHs (IEePHEeHAMKYJSPHI A0 IUIOMMHU i30Tpomii). Jlinig 1

BIJIMOBIa€ HATIPYKEHHIM Y nilyaHuxy, iHid 2 — y keapyi, MiHis 3 — y niwyanomy ciauyi, niHig 4 — B

aJIeBpOJIITI, a JiHIA 5 — y ckaonnacmuxy. Ha puc. 2 — BigHOCHA BijncTaHb = L, Ha puc. 3 — Ha

Bifcrani —L . Hopmylounii MHOXHHMK O, — CBilf Ul KOXHOTO Marepiany (3aJIe)KUTh Bif C44 ).

5
MauttoHkH @ Ta b € rpadikaMu po3noIiTy Hapy>KeHb B pi3HOMY MacmTali st OLTbIIOT HAOYHOCTI.
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AHanisytoun oTpuMaHi pesynbTaTh cnig 3as3HauiTu, WO 3 matepianis, Ons SKux
BiAHOLLEHHSI KOPEHIB XapaKTEPUCTUYHOrO PIBHAHHA € 6nM3bkumMu (Hanpuknag, Keapl, i
niLaHmK), po3noAin HanpyXeHb MpakTU4YHO 3biraeTbca. MaTtepianu, WO MatoTb Pi3Hi
3HAYeHHS BIOHOLIEHHSA KOPEHIB XapaKTEepUCTMYHOro PIBHSAHHSA (Hanpuknag, niCKkoBuka Ta
aneBpoOniT, KBapL, Ta CKMoNnacTuka) MarTb CyTTEBI BiMIHHOCTI Y HaMNpPYy>XXEHHSAX.

Takox mMae wmicue 3anexdicte HOC pgocnigxysaHoro Tina Big KoediuieHTiB
lMyaccoHa B NO340BXHbOMY Ta MonepevyHoMy Hanpamkax. AGCOMOTHI BENUYMHM NPYXHUX
KOHCTaHT (Tabn. 2), Aki Bigpi3HATBCA Ha Kiflbka MOPsAKIB, MEHLLOK MipO BigobpaxeHi,
00 HOpPMYKOUYMM MHOXHUKOM MpPU po3paxyHKax Hanpyrn obpaHui mogynb 3cyBy G'.

]

v}
<)
i

0,6

08 1

-1,2

"]
CE e P T LA -
S P AL T R —

-10

--=3 1,4

12 B
F -6 F

(a) (b)
Puc. 2

-14
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2. CYHACHI TEXHOJ}OFIi MMPOEKTYBAHHS, BUTOTOBJIEHHS
SMINHEHHSA JETAJIEU AT'PEI'ATIB TA PI3AJIBHOI'O IHCTPYMEHTY

VK 621.9: 519 256
I'nuTbko O. M., K.T.H., JOLIEHT
o.gnytko@khai.edu
Ky3nenona A. B., K.T.H., TOIEHT
a.kuznetsova@khai.edu

MOJIEJIOBAHHSA ITPUCTPOIB BUJAJEHHS CTPYKKHW ITPU ®PE3EPYBAHHI
3AKPUTUX TPOPIIBHUX ITA3IB
Hamionansuuii aepoxkocmiuauit yHiBepcuTeT iM. M.€. )KyKoBChbKOTO
«XapKiBChbKUI aBiallifHUI IHCTUTYT»

VY nmetansx 3arajgpbHOr0 MalMHOOYAIBHOTO MPU3HAYEHHS 3HAXOAMTH 3aCTOCYBaHHS BEIIHUKE
pI3HOMAHITTS TPOPUIBHUX TMa3iB, y TOMY YHCII 3aKpUTUX (3 OOMEKEHHUM IIPOCTOPOM ISt
PO3MIIICHHS BIIUICHOT CTPYXKKH). Y TOM K€ Yac, MOXJIMBICTh CBOE€YACHOTO BUAAJICHHS CTPYKKH
npu  ¢pe3epyBaHHI 3aKPUTHX TMa3iB  TPaAWIIHHUMHU METOJAMH, OCOOJMBO B yMOBax
aBTOMATHU30BaHOTO BUPOOHUIITBA, MPAKTUYIHO BUKIIIOUAEThCS. Lle BU3HAYA€E NOUUTBHICTh BUAATICHHS
CTPY’KKH, III0 YTBOPIOETHCS Ha OMeEpallisx ix ¢pesepyBaHHs, 32 paXyHOK BUKOPUCTAHHS HAIipHUX
ctpymeniB MOTC.

Onnak, edeKTHBHUX TEXHIYHUX PIMICHh 1 BIAMOBITHUX MOJCIECH I BHU3HAYCHHS
napaMeTpiB TPUCTPOIB eBakyalii CTPY>KKH NpH (pe3epyBaHHI 3aKpUTUX T-moAiOHMX TMa3iB,
MPaKTUYHO HE ICHYE.

Po3po6nena maTemaTnuHa MOJEIb MEPEMIIIICHHS €JIEMEHTa CTPYKKH y30BXK IMa3a JUIsl ITUX
BUMAAKIB. Mojenp mpu3HadeHa Ui BU3HAUCHHS BIACTaHI X, Ha sKE TMEPEMIIIAEThCS E€JIEMEHT
CTPY’KKH B pe3yJIbTaTi MPUMYCOBOTO TiJPOJWHAMIYHOTO BILTUBY Ha HHOTO 32 MEXaMH IHCTPYMEHTA

(bpesn).

VY sKOCTI BUXITHOTO PIBHSAHHS ISl pO3pOOKH MOJEITi IPUMHATA 3aJI€KHICTb

n
LU R WA
2 2 =l

1€ m - Maca eJIeMEeHTa CTPY>KKH; V7, V2 — BIIIIOBIIHO IIBUAKOCTI €JIEMEHTA CTPY’KKU B MOYATKOBUH
n
1 KIHIEBUI MOMEHT 4acy Horo pyxy 1o na3osi; ZA(FK) - cyMa poOIT CHJI AiI0YUX Ha €JIEMEHT
k=1
CTPY>KKH MpH HOTo pyci Mo Ma3oB.i.
KiHnesa 3a1exHiCTh Ma€ BUTIIS

o PerS:(d=a)l-py - (mudg)” - po

2
Po-m-dy-h
4By (St e S2d —a) D)’

1e p. — UIUIBHICTh €JIeMEeHTa CTPYXXKH; S. — mojada Ha 3y0; d — nmiamerp dpesu; a - MUpUHA
nomnepeaHso0 00pobIeHOro masa; / — BUCOTa PLKy4doi YacTUHU (Ppes3u; P - IIUIBHICTH poO0Y0ro

CEpEeIOBUINA, BUKOPUCTOBYBAHOI JIJIS TICPEMIIIICHHS €JIEMEHTa CTPYKKH y3/I0BXK Ta3a; s - TOBKHHA
CTpyMEHs poOOYOro cepefoBuIla; 4 - Koe(ILieHT BUTPAaTH Hacaaka (IOB1AKOBA BEIUYUHA); d() -

JiaMeTp OTBOPY Hacajka; po— TUCK y Hacajka; F, - cuia TepTs 110 HWXKHIM MOBEepXHI nasa.
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PO3POBKA TEXHOJIOT Il ATAITUBHOI I'IPOCTPYMUHHOI NIATPUMKH
TOPIEBOI'O ®PE3EPYBAHHSI TOHKOCTIHHUX JETAJIEHA 3MIHHOI
"KOPCTKOCTI JJ1 iX MIOBEPXHEBOI'O CTYKTYPYBAHHSA
'Hauionansauit TexHiuHmiA yHiBepcuTeT «XapKiBCHKHil MOTITEXHIUHMIT iHCTUTYT», YKpaiHa
*TTo3HAHCHKHMIA YHIBEpCUTET NPUPOAHUIHX HAYK, [lombia
*[Mo3nanchka nojitexHika, [Toabia

Iupokwuii crieKTp TOHKOCTIHHUX JIeTaleld BUKOPUCTOBYETHCS B aBlalliiHIN, aepOKOCMIUHIN
Ta SHEepreTHYHId MPOMHUCIOBOCTI. CKIaJHICTh 1 BHCOKAa BapTICTh BUTOTOBJICHHS TOHKOCTIHHUX
JeTanell BUMIpaB/iaHi iX BUKOPUCTAHHAM Y MeXaHi3MaXx MOABIMHOrO MpU3HAYEHHS, 1€ MOTPiOH1 Mana
Mmaca Ta Bucokuii KK/I. InTepec m0 miel ramysi miaTBepKy€eThCsl OCTIHHO 3pOCTal0Y0I0 KUTBKICTIO
myOmikamiii 3a aHamITUHYHUMU 0Oa3aMu JaHHUX, M0 I1HAEKcyloTbea. [lig uac TpamguniitHOro
a/IalITUBHOTO OOpOOJICHHS! TOHKOCTIHHHMX JeTajiell 13 BHUMIPDIOBAaHHSAM Ha BEpCTaTi BHHUKAIOThH
cepiio3Hi mpobieMu, 1o OyJIM BH3HAYEHI 1 OOTpyHTOBaHI aBTopaMu. MeToJuKa MpeCTaBICHOrO
JOCHTIKeHHsT TepedyBajla B MeXax IONEPEeTHhOrO MOJEIIOBAHHS HETBEPIOTO0 KOHTAKTY
TiIPOCTPYMEHEBOT OMOPH ISl  BHUPIBHIOBaHHS Ta 3MCHIICHHS IOXUOOK (pe3epyBaHHs
TOHKOCTIHHHUX JIETaJIeH 3a Pi3HUX MOJI0XKEHb IHCTPYMEHTY KiHlleBoi ppe3n. KomOiHamis aganTuBHOI
TEXHOJOT1l O00poOKHM, 110 TIpPYHTyBajacs Ha CKOPUTOBAHMX JaHUX TMPO dYac OOpoOkH, 1
CIIPOEKTOBAHOMY KPIIJICHH] JeTalli BUKOPUCTOBYBAJIM MJisi cTalimi3amii Jeram Ta 3MEHIICHHS
TTOMUJIOK Yepe3 HeOaKaHWH BIUTMB 3MIHHOI )KOPCTKOCTI. OCKUTBPKYA TOHKOCTIHHI JeTall MiaAaTInB1
THUCKY 3 00Ky 0OpOOJieHHS 1 3BOPOTHOrO OOKY, 3 HOIVIAAY 3MEHIIEHHS MOXHOOK 3alpOorOHOBAHO
BHUKOPHUCTATH IO BIACTUBICTH IS MIATPUMKH ATl KOMIICHCYIOYMM BHECKOM TiIpOCTPYMEHEBOT
MiATpUMKH. TeopeTuyHo iTepariiHuil METOJ TiAPOAMHAMIYHOI MIATPUMKH TOJSATAaE B afamTaiii
rapaMeTpiB CTPYMEHIO JI0 3aJIaHOTO JIOMYCKY €, SIKMM BCTAHOBJIIOIOTH JJISI YIPABIIHHSI 0OpPOOKOIO
JOTH, JIOKK HE OyJe JOoCATHYTO 30DKHOCTI. MojemtoBaHHS (DAKTUUHOTO BIAXWICHHS Tia dYac
00pOOKH BUKOHYETHCS JJI PO3PaXyHKY (PaKTHUHOTO IMOYATKOBOTO KyTa 3aHYPEHHS THYYKOI JIeTal,
OCKIUIBKM BIH BIJPI3HAETHCS BiJl XKOPCTKOI. B OCHOBY cHIOBOrO MozenmtoBaHHS OyJio MOKJIaAEHO
3arajibHy MEXaHIYHy MOJENb 13 JIOMOBHEHHSMHM TOHKOCTIHHUX aetanieid. KimbkicTh iTepariiit
PO3paxyHKy MPHUKIAJaHHS CHJI 3aJieKalo BiJl KITBKOCTI 3aJaHuX KpUTUYHUX Touok. Illo Oinmblme
TOYOK, TO TOYHIII BXIJHI JIaHl aJlTOPUTMY, a OT)KE, MEHIIIUNA PO3PUB Y 3/IaTHOCTI I JOCSITHEHHS
BIJIMOBIAHOTO JOIYCKY 1 MEHIII O0YHCIIOBAIbHI BUTPATH.

Jlmst  mepeBIpKH  3amPOINOHOBAHOTO MIAXOAY OOpOOJSIIMCS JIomaTka OChOBOi TypOiHH.
UucenbHe MoOJeNOBaHHS OyJlo BHMKOHAaHO 3 BUKOopucTaHHsM Abaqus/Explicit mis omeparriit
¢dpe3epyBaHHs. Pe3ynpTaT MOMIEIIOBaHHS Ta TPOTHO3Y PI3HIIIMCS HA MIOYAaTKOBUX €Talax pi3aHHs.
Ile copuumHEHO THM, IO AHATITUYHA CHJIOBA MOJIENh HE BpPaxOByBaja MIHJIMBICTb BEIUYHHU
MPUITYCKYy, IO 3HIMAaBCs, Ha TOYATKy Mporecy pizaHHsA. OgHaK MpU TOCATHEHHI HOMIHAIBHOT
ITIMOMHU BEJIMYMHU CHUJI ITOYMHAIOTH 30iraTtucs i JexaTrb y Mexax 6%. [ MozenoBaHHs OTOKY
pimuHA OyJI0O BHKOPHUCTAaHO METOJ TIAPOJAMHAMIKH 3IUIAJDKEHUX YaCTHHOK. [l momanbimx
JOCIIJKeHb PO3TJISIAIOThCS HAOMMKEHHS NPEICTAaBICHUX MOJENeH 10 peaJbHUX YMOB Ta
TUTAHY€THCS eKCTIEPIMEHTANIbHA TTePEeBipKa MPOTIOHOBAHOTO MiXOY .

Hocnimpkennss po3podsneHo B mexax HJP «®opmyBanHs 1 TpaHcopmallis MepioguyHUX
HaHOBYTJICIICBOBMICHHUX CTPYKTYp Ha TIOBEPXHI METaJiB KOPOTKOIMIYJLCHUMH JIa3€PHUMH,
MIKPOXBHJILOBUMHU 1 I1a3MoBUMH Metoaamm» (AP Ne0124U000481), 1m0 BHKOHYEThCS Ha
3amoBieHHss MOH VYkpainu.
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JO0 TOYHOCTI OBYUCJIIOBAHHSA MOJEJII EJIEKTPOT'TAPABJIIYHOI'O E®EKTY
Hamionanenuit aepokocmiunuil yHiBepcutet iM. M.€. JKykoBcbkoro
«XapKiBCHKUH aBiallifHUIA IHCTUTYT»

Enexrporinpasniuanii edpext (EI'E) — ckmagHuii enekTpo-TepMo-MeXaHIuHUI Tmporec
MEPETBOPEHHSI €NIEKTPUYHOI eHeprii B MexaHiuHi (QakTopu (pyX Ta THUCK CEpelOBHINA), SKUW B
IOMY Harajaye TMOBITpsHY OnuckaBky. CHo4aTtky B pIIKOMY MepeAaBaJbHOMY CEpEeIOBHILI
YTBOPIOETHCS TOHKUM KaHall, HAmoBHeHW miasmoro. [loTiM B KaHam Teue IMITyJIbCHHMA
SICKTPUYIHUA CTPyM, 332 pPaxyHOK OMIYHMX BTpaT IIa3Ma pO3ITPIBAETHCS Ta TOMIMPIOETHCS,
yTBOpiotoun mapo-razoBy mnopoxuuny (III'TI) Ta mnpumymniyroun pyxaTuch TIepeaaBajibHE
cepenoBuie. Hacamkinenp nepemaBanbHe cepemosuine pazom 3 III'TI y ¢opmi THCKy nie Ha
TEXHOJIOTTYHUN 00’ €KT Ta MPUCTOCYBAHHS.

ET'E € ocHOBOIO 6araThOX TEXHOJIOTIYHUX IPOIIECIB: INITAMITYBaHHS, OYMIIEHHS JeTajcH,
VIIUTEHEHHST MaTepialiB tomo. OcoONMBICTh IHUX MPOLECIB MOJIATAE Y BHUCOKIA IIBUIKOCTI,
HEOJIHOPITHOCTI Ta IHTEHCUBHOCTI 3MiHH TOJIIB IIBUIKOCTI Ta TUCKY TIEpeIaBaIbHOTO CepPEIOBHUIIA,
SIKE€ JIl€ Ha TEXHOJIOTTYHUHN 00’€KT, a TaKOX CaMOr0o TEXHOJOTIYHOro o0’ekta. [ epexkTuBHOrO
BUKOPUCTAHHS, MPOEKTYBAaHHS Ta ONTUMIi3allii TEXHOJOTIYHUX TporeciB 3 BukopuctanusMm EI'E
MOTPIOHO BU3HAYUTH SIK 3aKOHOMIPHOCTi, TaK 1 OCOOJMBOCTI MPOTIKAaHHS MPOIECIB B KOKHOMY
OKpEMOMY BHIIAJIKY.

CyvacHuid miAXiJ JOCHIIKEHHS TEXHOJOTIYHUX TporeciB, mnoB’s3anux 3 EIE,—
MaTeMaTU4YHE MOJICNIIOBaHHS 3 BUKOPUCTAHHSAM Kowmi'toTepa. Llell HampsMok mOB’si3aHMNA 3
MoOyTIOBOI0 MaTeMaTUYHOI MOJIEJIl CYKYITHOCTI B3a€MOITOB’SI3aHUX TIPOIIECIB, IO BiAOYBAaIOTHCSA B
€JIEMEHTAaX TEXHOJOTIYHOI CHCTEMH, BHOOPOM BIJMOBIJHOIO METOJY BHPIIICHHS CHUCTEMHU
BH3HAYAIPHUX MaTEMaTUYHUX CITIBBITHOIICHh Ta OPraHI3aIl€0 1 KEPyBaHHIM OOYMCIIOBAIHLHOTO
nporiecy Ha kom torepi [1,2].

Marematnuna mozaenb EI'E, posrnsHyTa HIbK4Ye, y BUTIIAAI CHCTEMH IU(EpEHITIATBHUX
piBHsAHb B yacTUHHUX MoxigHux ([PYII) MexaHiku CyLiTbHUX CEPEIOBHII € CYyTTEBO HENIHIWHOIO,
110 OB’ S3aHO0 3 BETUKUMH JaedopMaliisiMu niepenaBaibHoro cepenoBuiia ta [II'TI. Taki HeminiiHI
cucremu JIPUIl 3arajoM He MaioTh pillleHb y BUIJISAI OOYUCIIOBAHUX (YHKLIH, TOMY BOHHU
BHPIIIYIOTHCS 32 JIOMTOMOTOI0 YHCEIBHUX METOJIB, SIK1 € 32 MOXO/KEHHSIM HaOIMKEHUMH, TOOTO 3
noxuOkaMu. 3BUYAHUN MOLIMPEHUH JarpaHXxeBuil Meto]l ckindeHHux enemeHTiB (MCE) € myxe
0OMEXEHHM B 3B’SI3Ky 3 BII3HAYCHUMH BEIMKAMU AePOpPMAIiSIMH, TOMY BHKOPHCTOBYETHCS
BapianT MCE-ALE (Arbitrary Lagrangian—Eulerian), sikuif BUKOPUCTOBY€E OJTHOYACHO JIarPAHKEBY
Ta eHJIEpPOBY MEpEXi BY3JiB Ta JOJATKOBY Iporenypy aasekiii. CrioyaTky BUKOHYETHCS JEKUIbKa
LIUKJTIB PpIIICHHS Ha JIarpaHkeBii Mepeki, BHACHIJOK YOro CKIHYCHHI €JeMEHTH HalyBalOTh
3arpo3JIMBOI 3 TOYKH 30py CTIHKOCTI Ta TOYHOCTI OOYHCIIIOBAILHOTO Tiporiecy aedopmariii. [loTim
00YHCITIOBAJIBHUI TMPOLIEC 3yNUHIETHCS Ta BUKOHYETHCS MEPEHIC PILICHHS 3 JIarpaH)KeBOi Mepeki
Ha HE3MIHHY eHiepoBy Mepexy. Hactymuuii kpok— moOyaoBa HOBOI JIarpaHXeBOI Mepexi
CKIHUYEHHUX €JIEMEHTIB, sika BiIbHA BiJ HEIOJIKIB TONMEpeaHboi Mepexki. Hamami BimOyBaeThes
TepeHic PIIIeHHS 3 eHJIepeBOi MEpei BY3JIIB HA HOBY JIarpaH)KEBY MEPEXY 1 BIJIHOBIIOETHCS
Ipolec pilIeHHs HAa HOBIM JlarpamkeBii Mepexi 1 Tak jami. Takuil MOABIHHMIA MOBTOPHOBaHMUN
TepeHiC PIMICHHS Ma€ Ha3By aJBEKIlii, BIH NPU3BOAWTH O OJATKOBUX B TMOPIBHAHHI 3
narpamxeBuM MCE moxu0ok, sKi BaXKO HiAJAIOThCS aHaji3y, TOMY iX NOTpiOHO BHMBYATH
0e3rmocepeTHbO.

B 3B’s3ky 3 HaOmmxeHuM xapaktepom pimenHs moxeni III'TT 3a merogom MCE-ALE
BUHUKAE 3a7ada BU3HAUYEHHS Ta TOCHIKEHHS ITOXMOOK Mmeroma oOuncieHHsa kiHmetuku EI'E Ha
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Puc. 1. Cxema cucteMu: a) MexaHI4Ha YaCTHHA; 0) €JIEKTPUYHA YaCTHUHA;
B) CX€Ma 3aroTiBKH 3 TO3HAUYEHHSM PO3MIpiB

KOMIT FOTEp1 U1l OOTPYHTYBaHHSI BUKOPUCTAHHS PE3YJIbTATIB ISl JOCIIIKEHHS 3aKOHOMIPHOCTEH
Ta 0COOJIMBOCTEH MEXaHIYHUX IMPOIECIB, MPOEKTYBAaHHS Ta ONTUMIi3allil TEXHOJIOTTYHUX MPOIECIB
Ta TEXHOJIOTIYHUX CHCTEM. 3arajoM n0 Hoxuook oOuucieHHsa came EI'E pgomaroThes moxuoOkw,
OB ’s13aH1 3 OOUYMCIIEHHSAM HarpyxeHo-nedopmosanoro crany (HJIC) TexHomoriunoro o6’exra ta
npuctocyBaHHs. (s Bu3HadeHHs came moxuOok obuucneHHs EI'E BUKOPHCTOBYeTbCS MOJETh
TEXHOJIOTIYHOI CUCTEMH 3 TBEPAUMH HeAe(POPMYyEMUMHU TEXHOJIOTTYHUM 00’ €KTOM Ta eJIeMEHTaMU
MIPUCTOCYBAHHSI, K1 YTBOPIOIOTh KaMePy 3 KOPCTKUMU CTIHKaAMHU.

TexHosoriuna cucreMa 3 XOPCTKMMHU CTiHKaMH, MoKa3zaHa Ha puc.l. Bona Bkiowae nBi
YaCTUHU - eJeKTpodi3nuHy Ta MexaHluHy. Ilepma wacTtuHa cucTeMu 3a0e3neuye eIeKTPUIHHUI
po3psa y piouHI Ta Kepye HUM. J[pyra dacTuHa opraHizye MeXaHIYHUH pyX 1 BKJIIOYAE YOTHUPH
€JIEMEHTH, KOXEH 3 SKHX Bimirpae meBHy ponb, - III'TI, pimuna, TexHomOTiYHMI OO'€KT Ta
ocHamieHHs. [lo3Hauenns Ha puc. l,a: 1- ocHOBa, 2, 7-BepXHsI Ta HUWXKHA IUTUTH, 3- LUEHTPYIOUU
MOTICTHJICHOB] KUIbISI, 4- 3aroTiBKa, S5- IHINIIOIOYA JAPOTHHKA, O-TEXHOJOTIYHA piauHa, 8-
SJIGKTPUYHUM omip JaHuiora, 9- moBITpIHUN po3psaHuK, 10- BHyTpilHii enekTpuuHuit omip, 11-
€JICKTPUYHA 1HIYKTHUBHICTD JIaHITIOTa, 12-eMHICTH OaTapei KOHIEHCATOPIB.

['eomeTpuuHi mapaMeTpu CHCTEMH, MOKa3aHOI Ha puc. 1,B, HACTyNHI: MaJui JiaMeTp
kamepu d= 32 MM, BHYTpiIIHi#i giameTp o0ononku, D= 67 mm, cepenHiii niametrp o6omouku D= 70
MM, Bucota kamepu h= 75 mm, posmip H= 40 mm, Bucora obGomonku H;= 50 MM, TOBHIMHA
o6omorkn O =5 mm. IlomepeuHi 1odyaTKoBi po3Mipu kaHamy pospsmy 0,5%0,5 MM, JTOBXKHHA
KaHaxy po3psay h=75 mMm, 06’em 1,875 10 .

PevoBuna kanany pospsny (a B momanbmomy I[II'TI) mae BIacTUBOCTI iA€aidbHOTO rasy 3
cranoro amiabarn Y =1,26 Ta rycrunoro 3a HopManbHUX yMOB 1,25 kr/m3. TexHOMOTIYHA pigvHa

mae ryctunay p =1000 kr/m3 3 06’emuuM momyiem mpyxHocti K =2.25x109 Ila. 3aroriBka

Hegedopmyema.

B nmomoBimi HaBenmeHi: a) cxeMa pPO3TJIAHYTOI CHUCTEMH 3 JKOPCTKMMH CTIHKaMH, IO
BukopuctoBye EI'E; 6) oOuucmroBampHa maTematuuHa Monenb EI'E B JxopcTkilt kamepi s
pimenHs 3a yucenbHUM MeTo oM MCE-ALE Ha BenmukoMy IpOMDKKY 9acy; B) alTOPUTM PIIICHHS
3a/1a4l aHAJITUYHO B ACUMIITOTHYHOMY CEHCI.
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MareMaTHuHa MOJETH EJIEKTPOTIAPABIIYHOTO €(PEeKTy, M0 OOYHCIIOETHCS 33 METOAOM
MCE-ALE, Bkit04a€e HaCTyMHI PIBHSAHHSA MEXaHIKU CYLIBHUX CEPEJOBUIII.
PiBHsiHHS pyXy (piBHAHHS 30€pEKEHHS IMITYIIBCY)

p%zV-chb, (1)

lie — £ TYCTHHa; V- BEKTOP LIBMAKOCTI MaTepianbHOi yacTuky; b- Macosa ryctuHa 30BHIiIIHIX

cuit; O- Tensop Hanpyr Komri; V - nudepenmiansuuit onepatop I'aminsrona.
PiBusiHHS 30€epekeHHs Macu

d,
_,0 = ,OV V. )
dt
PiBHsinHS OanaHcy eHeprii
du
DV qrr 3)
Par=° arr

. . T .
e U— MacoBa TYCTHHa BHYTPIIIHBOI €Heprii, DZ%(VV-I—V V| - CHUMETpHUYHHI TEH30D
mBuakocrel gedopmanii, 6: D — muToma moTyXkHiCTH BHYTpIIHIX CHI K MOABIMHA 3ropTKa
TEH30pIB; (|- MOTIK TEIUIA; 7 - IUTOMA MOTYXKHICTb JKEpe TerIa.
VY pa3i KOHTaKTHOI B3a€MOJIi1 TTIOBEPXHS KOHTAKTY BH3HAUYAETHCS K O€31114 yCIX TPAHUIHUX TOYOK
OJTHOTO TiNa, JJIsi KOXHOI 3 SKUX ICHy€ TpaHMYHA TOYKA IHIIOTO Tija 3 THM CaMHUM 3HAYEHHSIM

. + - . .
aKTyaJIbHOTO JIarpamkeBa pajiyc-BekTopa X =X . KoHTakTHI TpaHMYHI YMOBH BHUPaXalOTh
0e3nepepBHICTF HOPMAIBHOT CKJIaI0BOT IIBUKOCTI

@*—v‘)n+=0, 4
Ta TMPOTHIICKHICTh TEH30PIB KOHTAKTHOI HANPyTH (TpeTiii 3akoH HeloToHA)
+ —
c =—0 . (5)

Busnaunmo aHamTHYHO MapaMeTpd CHUCTEMH B AaCHMITOTUYHOMY CTaHi. Po3risiHeMo piBHSHHS
CTaHy 1/1€JIbHOTO Ta3y y BUTIISAIL

.
P=(y-1)LE=(y-1)-2
o V

ne P — tuck rasy B nedopMoBaHOMY CTaHi, Y- IOCTiliHA amiabaTu V - ryctuna ta 00’eM
Y p Yy ) > P> Y

E, (6)

nopuii rasy B nedopmoBaHoMy craHi, P, V()- rycruHa Ta 06’€M mOpLii rasy B HOPMaJbHHX
yMoBax, E — BHYTPIIIHS €HEPrist Ha OJUHUIII0 06’ eMy.

BBaxaeMo, 110 B aCHMITOTHYHOMY piBHOBaXkHOMY cTani Tuck F., ommaxosuii B III'TI Ta
pimuau. Toxi oOcsr piTuHA JOPIBHIOE

P
Vi =Vigl 1——2|, (7)
L L0 K
e VLO_ NOYaTKOBHI 00'eM pigunu, K —Moysb 00'€éMHOrO CTHCHEHHS PiIMHH.

OG'em III'TI B acumnroTrunoMy ctani V,, orpumaemo 3 (6)

Voo ZO/_IPM’ (8)

ne E., —nosna enepris [T

Cymapnuii 06'em piaunu Ta [1I'TI y kamepi 3 )KOPCTKUMH CTIHKaMU BEJTMYMHA HE3MIHHA,
TOMY
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—1WHE,
VZ:VLO+VO:VL°0+VOOZVLO(1_}I)°;)+(7 leO < 9)

a0o
P2V o+ K(Vs =V;)P. —(y=1WVyKE., =0. (10)

Posrisnaroun (10) sk piBEsHAS moxo P, , BU3HaYMMO i0oro kopeHi

KWz Vo)KW ViV + 4707~ oKE..

P (11)
2V
Hpyruit KOpiHb HETATUBHUHN, OTXKE, IITYKAaHUH aCUMIITOTUYHHHN THCK Y CUCTEMI IOPIBHIOE
2 2
p :_K(VZ_VLO)"'\/K (Vs =Vio)™ +4Vo(y —1VoKE., a2

2Vro

PiBHSIHHS MaTeMaTH4YHOI MOJeNi BHPIHIyIOThCs 3a gonomororo nakery LS-DYNA [3]. 3a
pPaxyHOK aHaJi3y PI3HUII YHUCEIHHOTO Ta aHAIITUYHOTO PINIEHbh MOYKHA 3pOOWUTH BHCHOBOK IIOJO
3aralbHUX MOXHOOK YHCENhbHOTO MeTOoAy npu obumcineHHi mapametrpiB EI'E. Buxopucranns
YKOPCTKOI KaMepH JJ03BOJISI€ BUKIIIOUUTH JIOJIFO0 MOXUOOK, MMOB’I3aHUX 3 HAOIMKEHUM OOUMCIICHHSIM
HJC TtexnomoriyHOro 06’€KTa Ta OCHAIICHHS.

CnucoK BUKOPUCTAHMX JIKepeJt
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ICTM 2021, LNNS 367, https://doi.org/10.1007/978-3-030-94259-5 41

2. Mina, Woo Numerical Estimation of Material Properties in the Electrohydraulic Forming
Process Based on a Kriging Surrogate Model / Woo Mina, Lee Kyunghoon, Song Woojin,
Kang Beomsoo, Kim Jeong // Mathematical Problems in Engineering. — Hindawi. —
Vol. 2020. — Article ID 3219829. — 12 p. DOLI: https://doi.org/10.1155/2020/3219829
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MPOBJEMM 3ABE3NEYEHHSA ITPOJIYKTUBHOCTI HAPIBETOUIHHSA JETAJIEM 13
MNIABUINEHNUMU MEXAHIYHUMHU BJIACTUBOCTAMU
IBaHO-®paHKIBCHKUH HAIlIOHATBHUN TEXHIYHUNA YHIBEpCUTET HA(TH 1 ra3zy

3a iHdopmaliero amepukaHchbkoro HadroBoro iHcTUTyTy APl MexaHiuHI BIacTHUBOCTI
onbcagHuX TpyO (PaKTUYHO KOpENoTh 10 JaHux MikaepxkaBHux cranaaptis ['OCT. Kopensuis
CTOCYETBCSI YCIX HOPM MEXaHIYHHMX BJacTHBOCTEH 3a rpymamu MinHocti D, E, X, G, S (nuB
Tabi.1), ski € BignosinHukamu rpyn 31 ctanaaptis ['OCT, a came [1, E, JI, M, P [1].

Ta0mn 1
MexaHi4H1 BIacTUBOCTI Ipyn craiei 3a Specification for

Drill Pipe. ANSI/API SPECIFICATION 5DP 2009
- HopMma MexaHiuHUX BIACTUBOCTEH 3a TPyHaMH MIilIHOCT1
HasBa noka3nuka, s craji
PO3MIpHICTh [;8 D B X G g

Mexa minHocti, MIla Os 655 689 724 793 1000
Mexa mmmaHOoCT , Mlla: | O 379 517 655 724 931

min

max - 724 862 931 1138

[Ipote cranmapt APl He MICTATh aHAJOTIB MEPCIEKTHBHUX TPYN MIIHOCTI 3a TpylnaMu
MiHOCTI T 1Y, Ie perimaMeHTOBaHO MeXy MIIHOCTI Gy 1241MIla 1 o, 1379 MIla BignosigHo [2].
Cranii 3 TaKMMH MTOKa3HUKAMHU SIK MIPABHIIO BIAHOCSTH 10 BaKKOOOPOOIIOBAHUX 1 TOMY BHUMAararoTh
CHEIIAIBHUX PEXKUMIB pi3aHHd [1] 1 cHemiaJbHUX TEOMETPUYHHX MapaMmeTpiB, OCOOJMBO IIe
CTOCY€ThCS IEPEHBOI0 KyTa Y BEpPILIMHHIN TOUL Hapi3eBOro pi3lisl. Y AOCHITHHMIBKIN miTeparypi
94acTo 3yCTPIYaEMO PEKOMEH[AIlil 3aCTOCOBYBATH BiJl’€MHE 3HAUEHHS BEPUIMHHOTO TEPEIHBOTO
KyTa ajs pi3b00Boro pisi (Tadin.2). [3].

Taomuus 2
3Ha4YeHHs epeHIX KYTiB HApi3eBOTO PI3I Y 3aI€KHOCTI Bil MEXaHIYHUX BIACTUBOCTEH
MaTepially Hapi3eBoi AeTani

Marepian gerani Meska MIIHOCTI Gy, Hapnapizesi pi3ii i3 muiacTHHaMu
MIIa 31 mBUAKOPI3aTBHOT 3 TBEpPAOrO CIUIABY
cTani
637... 785 10 0
785 ...981 5
981... 1177 0
1177... 1765 -5
> 1765 -10
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3a iHdopMmali€o, M0 HAAAIOTh MPOBIIHI BUPOOHHMKH IHCTPYMEHTIB Ui BHTOTOBJICHHS

Hapi3el nepeaHiil KyT € Takui, 0 JAOPIBHIOE BUKIIOUHO HYIO [4]. ToOTO pi3anbHa miacTHUHA 3
KOHCTPYKTHBHUX MIpKyBaHb Ma€ NEBHHHM HAaXWI, MPOTE MEPEHI0 IUIOMIMHY BCTAHOBIIOIOTH
BUKIIIOYHO 13 epeHiM KyToM y=0 (puc.1).

Puc. 1. Cxema yCTaHOBKH IJIACTUHU Ha poOOUil YaCTHHI Pi3Ls NpH sIKiil nepenHii KyT y

BEepIIMHHIN To4Ill 4 cTae piBHUHA 0.

[Ipobrema y TOMy, IO HEHYJIBOBUH TMEpeAHIA KyT BUMaraTUMe JIOCIHIDKEHBb II0/0

3a0e3neueHHs] TOYHOCTI Pi3bOM, AJITOPUTM pPO3PAXYHKY SKOI MOKM IO € BIJOMHUM TUIBKA B
oOMexxeHoOMy Koji HaykoBuiB [5]. ®aktuyHO  HadTOrazoBa MNPOMHUCIOBICTE a00 HE Mae
MO>KJIMBOCTI OTpUMAaTH MY(TOBI 3€JHaHHS 3 MEPCIEKTUBHUX MaTepiaiiB, a0 K MPOTYyKTHBHICTh
iXHBOT'O BUTOTOBJICHHSI € TOBOJII HU3bKOIO 100 3aJ0BUTHHUTH HEOOX1HI TOTpEOH.

Cnucox BUKOPHCTAHUX J7KepeJt
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BrnactuBocTssmu / O. P. Onuceko, [. 1. TaBpumiok, FO. I'. Mareit // HoBi TexHomorii B
MamHoOyayBanHi: Te3u jgorn. XXXIII Bceykp. koHd., Bepecenp 4 — 7, 2023. — Xapkis,
2023. - C. 45-47.
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Crannaptundopm, 2010, 75 c.

I'membonbka, JI. €. TIlpoGaemu 00poOKM  BaXKOOOpOONIOBaHMX  MaTepiamiB  /
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Threading. Tread turning tools. Sundwik Coromant.. URL:
https://www.sandvik.coromant.com/en-us/products/pages/thread-turning-tools.aspx
(marazBepuenns:30.06.2024).
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CUCTEMHMUM MIIXIJ] 1O BUPIIHIEHHS TH)KEHEPHOI ITPOBJIEMHU 3HUKEHHS
IF'A3OHACHUYEHOCTI CTAJII
XapKiBChKHUH HAIlIOHATBHUIN TEXHIYHUN yHIBepcUTET " XapKiBCHbKUN MOMITEXHIYHAN IHCTUTYT"

Opni€ero 3 MEpHIOYEProBUX 3aBlaHb JIMBAPHOTO BUPOOHUIITBA € MIJBUIICHHS SKOCTI Ta
eKCIUTyaTaIlliHUX ~XapaKTEepPUCTUK BUIWBKIB. [IpM BHTOTOBJIICHHI CTaJIeBUX BWIHMBKIB 13
BHCOKOMApTraHIIeBUCTOI CTajl A0 TEMEepIilIHbOTO Yacy 3aJMIIA€ThCS BHUCOKHM PIBEHb JIMBAPHUX
nedekTiB ra3oBOro IMOXOMKEHHS, IO TMPOSBISIOTHCS HaiuyacTile y BUTMSAlI CUTOMOIIOHOT
MTOPUCTOCTI Ta Ta30BUX pakoBUH [1].

3 iCHYIOYMX METOJiB BUPOOHMIITBA BUCOKOMAPTAHIIEBICTOI CTalll, TAKUX SIK OKHCIICHHS Ta
neperviaB, B YKpaiHi 3aCTOCOBYETHCS MEPEBAKHO JIPYTUN TPOIEC SIK HAHOUIBII €KOHOMIYHHIM.
OCHOBHUM HEIOJIIKOM IIbOTO MPOIIECY € HEBUCOKHIA piBeHb (PI3UKO-MEXaHIYHUX BIACTUBOCTEH Ta
BHUCOKAa TAa30HACHYEHICTh pPIAKOTO MeTany. BakiuBuM mapaMeTpoM, 3HAYHOK  MIpOIO
BH3HAYAIBPHUM Oarato (Pi3MKO-MEXaHIYHUX BIJIACTUBOCTEH JIMTOI CTall € BUOIp parioHaIbHOL
TEXHOJIOT1] PO3KUCIICHHS CTali. [CHYyIOTh BEIMKI MOXKIUBOCTI JJIsi BUOOPY THITYy PO3KUCIICHHS Ha
Woro Burisa - nudysiine abo rauOWHHE, Yacy BBEIEHHS PO3KHUCIIOBAYIB y CTallb, KIJIBKICTh
KOMIIOHEHTIB (€JIEMEHTIB) Ta MOPSIKY BBEICHHS PO3KHCIIOBAYIB Y PIIKY CTalb.

OCHOBHMMH HampsIMaMH BJOCKOHAJICHHS TEXHOJOTIi PO3KHCIEHHS € BUKOPHCTaHHS
CHUCTEMHOTO TIJIXOIy /10 BUBUYEHHS MOXKJIMBOCTECH 3HI)KCHHS Ta30HACHMYCHOCTI piakoi crami. Jls
OTO OyJI0 TPOBEICHO TEOPETHYHI Ta EKCIIEPUMEHTAIbHI JIOCIIHKCHHS B3a€MO3B'SI3KY MiX
napaMeTpamMu TeXHOJIOT1i PO3KUCIICHHS Ta YTBOPEHHSAM JMBApHUX I€(EKTIB, y TOMY YHUCIi Ta30BOTO
MTOXO/I>KEHHSI.

TeopeTHuHO BCTAaHOBIEHO, IO 3apO/KEHHS Ta30BOI PAKOBHHH B PIAKOMY MeTall
BiIOYBA€THCS B YMOBaX, KOJIU CyMa TUCKY OCHOBHHUX Ta3iB - OKHCY BYTJICIIO Ta BOJIHIO MEPEBUIILYE
30BHIIIHINA THCK y MicIli 11 3apOJKEeHHs1, TOOTO

PcotPu2 > P aru (D
ne Pco, Pap mapiiianbHuii THCK OKUCY BYTJICIIO Ta BOJHIO.

Tuck BuaieHHS OKHCY ByrJemio Ouls (QpPOHTY KpHcTamizalii B mepioJ 3apoHKEHHS
CHUTOBHUIHOI IIOPUCTOCTI IOPIBHIOE

PCO :Kc [C]Kp [O]Kp (2)

ne K KOHCTaHTa pigHOBarH, [Clip, [Olxp KOHIEHTpALS BYIVIELIO Ta KUCHIO B PiAKiN cTami Ouis
(bpoHTY KpHCcTai3alii.

3 piBHaHHA (1) BUmIMBaE, MmO €PEKTUBHUM CIIOCOOOM 3arobiraHHs YTBOPEHHIO Je(eKTiB
TUITy CUTOBHUIHA TIOPUCTICTh y CTAJICBOMY JIMTTI € 3HIDKCHHS MapIiaIbHOTO THUCKY, a 3HAYHTH 1
BMICT OKHCY BYIJICHIO Ta BOJHIO B piAKiH cTaimi. AHami3 ICHYIOUHMX 3aJeKHOCTEH OIUCYIOTh
KOHIIEHTPAIIil0 PO3YMHEHHX Y PiAKii cTalli ra3iB Mokasye, mo iX YucesibHa BETHYMHA BU3HAYAETHCS
XIMIYHUM CKJIaJIOM Ta TEMIIEpaTyporo ctaii [2].

Jlnst OLiHKM €(PEeKTUBHOCTI TEXHOJIOTIi BUILJIABKM BUCOKOMApIraHLEBUCTOI CTalll BU3HAYEHO
CTYMiHb HAaCHYEHHS PiIIKOTO METaly BOAHEM i KpUTHYHE 3HAYEHHS I[i€i BETMYMHHU VIS CIUIABY, IO
mictutb 1,2% C, 12,0% Mn i 0,5% Si npu Temmneparypi 1330°C.

OTpumani pe3ylbTaTH IOKa3ylOTh, IIO0 BMICT BOJHIO B CTali KOJHMBA€ETHCS B MEXax
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2,0..4,5cm 3 /100 T, Ipu boMy 78 % TUIaBOK MarOTh BMICT BOJHIO BHINE KPUTHYHOTO 3HAYCHHS,
1o AOpiBHIOE 2,7 cM 37100 T, 0 1 HABOJUTH /10 HAWBHIIOTO PIBHS MIIO0Y BHIMBKIB T'a30BOTO
MTOXO/KECHHS.

B pamkax icHyro4oi TEXHOJIOTil BUTOTOBJICHHS BHJIMBKIB B YMOBaX CTAaJICJIMBAPHOTO ILIEXY
HEMa€ peaJIbHUX YMOB [JIsl ICHYBaHHS 3HIDKCHHSI KOHIICHTpaIlli BOJHIO B MeTaji, a €(pEeKTHUBHUM
METOJIOM 3HWKCHHS Ta30HACHUYEHOCTI PIAKOTO METaly € BAOCKOHAJIICHHS HOTO PO3KUCIICHHS.

[Tpu BUBYEHHI MOKIIMBOCTI MiABUILEHHS €()EeKTUBHOCTI LILOTO IMpoliecy nepeadaydanocs, o
KOMIUJICKCHE PO3KHCIICHHS CIIPUSATUME 3MEHIIICHHIO y BIJIMBKAX JE(PEKTIB Ta30BOr0 MOXOKEHHS 1
MOXe OyTH JOCATHYTO PaxyHOK CTBOPEHHS YMOB, IO MEPEIIKOHKAIOTh PEAKIlii OKUCICHHS
Byriemioo. [{poro MoXxHa IOCATTH 32 PaxyHOK MOBHINIOTO PO3KHCICHHS METalTy B €4l Ha OCHOBI
BUKOPUCTAHHS METAJIEBUX KOMIUIEKCHUX (epocIuiaBiB THITY (pepocuimikoMapraHebaTiOMiHId
(OCMA), mo micTaTh 2-4% amomiHiro [3].

JIst 3MEHINIEHHs Ta30HACHYEHOCTI CTal 4Yepe3 OKHUCICHHS PIIKOr0 METaly MpH HOTo
PO3JMBaHHI 3 Me4i B PO3JaBaJIbHUI Ta PO3JIMBHUI KOBILII B HUX 3a3BHYail BBOJATH ATIOMIHINA Y
KUTbKOCTI 10 1 KT Ha ToHHY. [Ipy 1IbOMy CTalTb PO3KKCIICHA OJTHUM QJIFOMiHIEM Ma€ HUKYUI PiBEHb
MEXaHIYHUX BJIACTUBOCTEH 1 KUIBKICTh HEMETAJICBUX BKIIOYCHB, PO3TAIIOBAHUX TI0 MEXKaX 3EPCH.
BBeneHHSI KOMIUIEKCHUX PO3KHUCIOBaYiB Ha ocHOBI Ca, P3M Ta iHIIMX eleMEeHTIB CHpusie 3MiHi
dbopMHu Ta po3TanryBaHHS HEMETATIYHUX BKIIOYCHb, MEPEBIBIIN iX yCepeAMHY 3€pEeH, a TaKOXK
CYTTEBOMY 3HIMKEHHIO Ta30HACHUYEHOCTI piAKOTro MeTaiy [4].

[Ipr excrepruMEeHTaJIbHOMY BHMBUYEHHI TPOIEC PO3KUCIICHHS BHCOKOOPTaHI30BaHOI CTalli
KOMILJIEKCOM (pepOCIlIaBiB 1 pO3KUCITIOBaUiB OyB arpoOOBaHM HACTYITHUI OCHOBHHUH BapiaHT:

— PO3KHCICHHS MeTany B Tedl nudysiitHo-ocazoBuUM crmocoboMm - mpucagkoro @CMA B
kimbkocTi 10 ... 25 Xr Ha TOHHY;
— PO3KHCIIEHHS METaTy B PO3IaBAILHOMY KOBIIII CHJIIKOKAJIBITIEM (0€3 aroMiHII0) Y KUTBKOCTI

0,15% na ToHHY cTai;

— Moau(ikyBaHHS Ta PO3KUCIIEHHS METally B PO3JIMBHOMY KOBII 0€3 KPEMHHUCTOI JIIraTyporo

Ha Hikeneii ocHoBi THy AK-Lle®d y kinbkocti 0,1% Ha TOHHY cTaini, o MictaTh 10 20%

P3M.

PesynbpTat MOCHIKEHHS] Ta30HACHYCHOCTI CTAJIM MMOKA3alld, IO CePeIHIA BMICT KHUCHIO B
METaJi, B3TOMY 3 KOBIIIA PO3JIMBHOTO JTOCIIIHUX IIJIABOK 3MECHIIYEThCS B 4-5 pasiB, B MOPIBHSHHI 3
BHUXIJIHOIO cTaumio. [lpum 1boMy Mae Miclie 3HWKEHHS Opaky BHJIMBKIB «JIaHKAa TyCEHHUII»
BIJIMOBIJAILHOTO TMPHU3HAYCHHS 3a JeeKTaMu Ta30BOTO MOXOPKCHHS Ta TapsuydMU TPIITHHAMH
yepe3 3HWKeHHS BMicTy kucHio Ha 0,0035% Ta migBUIEHHS YacTOTH CTajll 3a HEMETATIYHHM
BKITFOUCHHSIM.

Takum yuHOM, peanizailis CUCTEMHOTO IiIXO0Ay JO JOCIHIPKEHHS TEXHOJIOTI] PO3KUCICHHS
CTaJl, 3BOJIUTHCS 10 BCTAHOBJICHHS XapaKTePy 3aJeKHOCTI Ta30HACHYECHOCTI METAIy BijJ CIOCOOY
PO3KUCIICHHSI Ta KUTBKOCTI 100aBOK, 110 BBOJSTHCSI.

BripoBapkeHHST TEXHOJIOTI JO3BOJHMIO 3MEHIIMTH BUTPATY PO3KHCIIOBAYIB, MOKPAIIUTH
€KOJIOTII0 TUIaBKW, 3HM3WTH BTPUYI-BYETBEPO KUIBKICTH JIMBAPHHUX NE(PEKTIB TUIY CHUTOMNOIIOHA
MOPUCTICTh, TA30BUX pPAKOBMH Ta TapsYuxX TPINIMH y cTanenuBapHomy 1exy [5]. OnHak,
3aCTOCYBaHHS 3a3HAYEHOI TEXHOJIOTII /IS BWJIMBKIB MAacOBOTO BHPOOHHMIITBA, CTPUMYETHCS depes
BHCOKY BAapTICTh CKJIQJIOBHX KOMIUIEKCHHX MOJAM(DIKATOPIB 1 PO3KUCIIOBAYIB, IO BUKIHKAE
HEOOX1AHICTh JOJTATKOBUX MAPKETUHTOBUX JIOCIIIKEHb.
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BIIJIUB CTAHY ITIOBEPXHI HA BUTPUBAJIICTH
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«XapKiBChKUH aBiallifHUIA IHCTUTYT»

VY 1oCKOHaJEeHHS TEXHIKH Ta iHTeHCH]IKaIlisl poO0YMX MPOIIECiB y MalIMHAX MPU3BOIUTH 10
YCKJIQIHEHHSI YMOB 1XHbOI poOOTH. Y 3B'S3Ky 3 IIMM 3pOCTalOTh BUMOTH JO E€KCILTyaTalliHuX
MMOKA3HUKIB JeTalici MalH. byab-IK1ii MeXaHi3M, HaBiTh HAlJOCKOHAIIINN, CXHJILHUHN 0 3HOCY.
A BenmYHMHA HOTO pecypcy NepeBaKHO BH3HAYAETHCS BTOMHOKO MIITHICTIO KOHCTPYKIii. Bromua
MIIHICTh JIeTaJIed MAIUH 3HAYHOI MIpOI0 3aJICKUTh BiJI MIKpOreoMeTpil MoBepxHi Ta (i3HKo-
MEXaHIYHHUX BJIACTHBOCTEH NTOBEPXHEBOTO IIaPY, 30KpeMa, BiJl 3AJIUIIIKOBOTO HAIIPYKEHOTO CTaHy.

MikporeomeTpisi TIOBEpXHI Ta CTaH IMOBEPXHEBHMX INApiB, y CBOIO Yepry, 3aJie)karh Bif
METOJly Ta PeXUMiB MexaHiyHOi 00poOku geraneit. lle o3Hauae, M0 MIMHICTF BTOMHU JeTajei
MAaIllliH BU3HAYAETHCS METOAAMU 1 B OCHOBHOMY pEXHMaMH 3aKIIOYHHX OIEepaniii MeXaHiqyHOi
00pOOKH, 3aCTOCOBAHUX ISl BUTOTOBJICHHS JICTAJICH.

3MiHa MBUAKOCTI pi3aHHS BIUIMBAE MO-Pi3HOMY Ha MEXY BUTPHUBAJIOCTI JUIS PI3HUX COPTIB
ctaini. Tak /Ui cepeTHbOBYTIIEIEBOI cTajl 301UIbIIEHHS MIBUAKOCTI pi3anHs A0 120 M/XB npu poOOTi
MajauMH ronadamu opsaky 0,03 MM/00 IpHU3BOIUTE 10 ACSIKOTO 301BIICHHS MEXI BUTPUBAIIOCTI,
a mpu poOOTI 3 BEIMKUMM MojgayaMu Omu3pko 0,18 MM/00 Ha BHCOKMX HIBHAKOCTSX Ppi3aHHS
CTIOCTEPITaeThCsl 3HIKEHHS MEK1 BUTPUBAJIOCTI

[Tpu o6po61i BucokominHoi crami 30XI'CA migBuieHHS MIBUAKOCTI pi3aHHsA Bif 12 mo
200 M/XB BUKIIMKAE IMiIBUIIICHHS TBEPAOCTI MoBepxHEeBOoro mmapy Ha 30 % i BurpuBaiocti Ha 10 %.
Bceranosnieno, 110 301bIIeHHS TOAa41 TaKOXK MPU3BOAUTH J0 MiJBUIIICHHS MEX1 BUTPUBAJIOCTI.

Ha BenuuuHy MIIHOCTI BTOMH 3HAUHUH BIUTUB HAJA€ TEOMETPis PIKYUYOro iHCTPYMEHTY.
[Ipu 3MeHIIEHH] 3HAYEHBb MO3UTHBHUX TMEPEAHIX KYTiB 1THCTPYMEHTY Ta TOJAJIBIIOMY 30UIBIICHH]
HETaTUBHHUX TNEpeAHIX KyTiB Oe3nepepBHO 30UIBIIYIOTHCS CTYMiHb Ta TJIHMOMHA TOIMIMPEHHS
HaKJICMy, a TaKOX 3pOCTEe TIMOWHA TOMIMPEHHS Ta BEJMYMHU 3aJUINKOBUX HAINPYT CTHCHEHHS.
BiamnoBigHO 70 1IHOTO MiABHUIYE€THCS BTOMHA MIIHICTD JeTallei MalllkH.

AHaJII30M OCTaHHIX BITYM3HSHHUX Ta 3apyO1KHUX JAOCIIHKEHB, @ TAKOXK y PE3yJIbTAaTI HAIINX
HEIIO/IaBHIX PO3pOOOK BCTAHOBIEHO, IO MPOCTOI0 3MIHOIO I'€OMETpii PiKY4YOro 1HCTPYMEHTY, Y
TOMY YHCHI TEepeaHIX KYTIB, ONTUMAaJIbHUM BHOOPOM PEKHUMIB OOpOOKM MOXHA 3a0€3MeYuTH
HEOOXiJHY eKCIUTyaTaliiHy HaAiiHICTh BHUpPOOIB 3 MarepiajiB, IO 3aCTOCOBYIOTbCA B
AepPOKOCMIYHIN POMHUCTIOBOCTI.

TakuM 4YMHOM, BIUIMB SKOCTI MOBEPXHI HAa MEXY BHUTPHUBAJIOCTI IMOB'I3aHUM 13 3MiIHaMU
MIKpPOTE€OMETPIi Ta CTAHOM METajdy B MOBEPXHEBOMY IIapi IMICIs MeXaHIuHO1 00poOku. HalOimbim
CYTTEBO Ha MIIHICTh BIUIMBA€ HASBHICTH CIELM(IYHOTO MIKpopenbedy Ta HaKIEMy MOBEPXHEBOI'O
nrapy, a TakoK HOTro HarpiBaHHs, 110 BU3HAYAE XapaKTep YTBOPEHHSI 3aJTUIIKOBUX HAIMPYT.

3a3Buuail  IIKIAIMBHA  BIUIMB ~ MIKPOHEpPIBHOCTI  IMOBEPXHI HAa  eKCIUTyaTaliiHi
XapaKTEPUCTUKA y 0araTbOX BHUMAJKAX TOM'SKIIYEThCS [I€I0 TUIACTHYHOI Aedopmariii, Mo
BUKJIUKAETHCS B MIOBEPXHEBOMY IIapi MEXaHIYHOIO OOPOOKOIO 1 MOIIMPIOETHCS Ha JESKYy INIMOUHY,
110 3aJICKUTH BT PEKUMIB pi3aHHS 1, 30KpeMa, B BeqwuuHU moaadi. [Ipu rpybomy oOTodyBaHHI
BOHAa MOJe jocsiraT 1 MM 1 Oinblie, a npu nutiyBaHHI Ta MONIPYBaHHI BUMIPIOETHCS COTHUMU
YacTKaMH MuTiMeTpa Ta MikpoHamu. [lmactuuna aedopmariisi TOBEPXHEBOTO IApy MOXKE IaTH
MiIBUIIICHHS MeX1 BuTpuBanocti Ha 10-20 %.
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MOPIBHSIJIbHUAM AHAJII3 TEINIOHANIPYKEHOCTI
MNPOLECIB EJIEKTPOEPO3IMHOI'O LIVII®YBAHHS
HarionanbHuit TeXHIYHUHA yHIBEPCUTET « XapKIBCHKUH MOITEXHIYHUN THCTUTYT

Ile nmochmiypKeHHS NPUCBAYCHE AaKTyalbHId TpoOieMi B ramy3i TEXHOJOril 0OpoOKu
MaTepiaiB — BUBYCHHIO TeHJIOHapr)KeHOCTl npouecua mm(byBaHHﬂ 30KpeMa, eJIeKTPOepo31iHHOro
nutipyBaHHS 31 3MIHHOIO MOJISIPHICTIO EIEKTPOMIB 1 aimMasHo-ickpoBoro munridysanus [1]. Lli
METOJM OOpOOKHM CTAaHOBIATH 3HAYHMUN IHTEpEC y CyYaCHOMY MalIMHOOYIyBaHHI uepe3 IXHIH
MOTEHIlia)l Y MiABHINEHHI e(eKTUBHOCTI 0O0poOKM BakkooOpoOmoBaHmx MatepiamiB. Ilim dgac
nutipyBaHHS OCHOBHA YacTMHAa MEXaHIYHOI €Heprii MepeTBOPIOETbCS Ha TEIUIOBY, MO MOXE
HETaTUBHO BIUIMBATH Ha SIKICTh 00poOmoBanoi moBepxHi. [1i yac enekrpoepo3iiHoro nutidyBaHHs
3'ABIISIOTBCS JIOJIATKOB1 JpKepena TeIula 4Yepe3 €JIeKTPUYHI PO3psiid, L0 YCKIIAJHIOE TEIUIOBi
MPOLIECH Ta MOTPeOy€ ACTATHLHOTO BUBYCHHS [2].

JloCiKeHHST TPOBOIMIIOCS 3 BUKOPUCTAHHSAM KOMIUIEKCHOTO MiIXOAY, L0 BKJIIOYAE TaKi
METOJIA: TEOPETUYHHHA aHaJi3 TEIUIOBHX MPOIECIB ITiJl Yac NUTIPYBAHHS, BKIIOYHO 3 PO3TIISIOM
PIBHSHHS TEIUIOBOrOo OaJlaHCy Ta aHai30M JUKepesl TEIUIOBHIUICHHS; eKCIepUMEHTasbHI
JOCIIJDKCHHST 13 3aCTOCYBAaHHSIM METOAMKH 0aratoakTOPHOTO IUIaHyBaHHS eKCrepuMeHTiB. lle
Jlajl0 3MOTy OTpPMMATH MaTeMaTU4HI MOJEJN 3aJIe)KHOCTI TeMIIepaTypd BiJl PI3HUX YHMHHUKIB;
BUMIPIOBaHHSI TEMIIEpaTypy 0OpOOIIOBAHOI TUIACTHHU 32 JOMOMOTOI0 1H(QpPAYepBOHOTO MipOMETpa
FLUS IR-833 (puc.1). HaBeneHo oOrpyHTyBaHHS BUOOPY O€3KOHTAKTHOTO METO/AY BUMIPIOBAHHS
TEMIIEpaTypd Ta TPOBOAATH TIOPIBHSHHA 3 KOHTAaKTHHM METOJIOM; BapifOBaHHS KIFOYOBUX
napaMeTpiB: aMIUNTYyIu IMIyJdbcy po3psaHoro ctpymy (I, A), dactoru immynsciB (f, KI'n),
HIBUJIKOCTI 0bepTanHs Kpyra (V, m/c) Ta HOpMaibHOro THCKy (P, MIla); mopiBHsIbHUEN aHAmi3
MPOIIECIB €IEKTPOEPO3iitHOro NUTiPyBaHHS 31 3MIHHOIO TOJISPHICTIO €IEKTPOEPO3IHHOTO CTPYyMY 3
MOJIAPHICTIO enekTpoBoja (P, MIla); anami3 mporeciB enekTpoeposiiiHoro nutidyBaHHs 31 3MIHOO
TOJISIPHOCTI €JICKTPOIIB.

Puc. 1. BumiproBaHHs TeMnepaTypH IUIACTHHHM M1 9ac uUTihyBaHHS
Ha BepcTarti 3/1642E 0e3koHTakTHUM criocoOoM

OtpuMaHO Taki pe3yJbTaTU JOCTIIKEHHS: MOOYyJAOBaHO MAaTeMaTU4YHI MOJENI 3aJIeKHOCTI
TeMIepaTypH TUTACTUHH BiJl JOCHKyBaHUX (pakTopiB /it o0ox tumiB nuridysanns. Lli moxmeni
MPEeACTaBJICH] y BUTJIA/I PIBHAHB perpecii. BcTaHOBIEHO, 110 PO3PSIHUNA CTPYM 1 HOPMAITLHUM TUCK
MalOTh HaMICTOTHINIMIA BIUIMB Ha TEMIIEpaTypy IUIaCTUHH B 000X mporecax. 30UIbIIeHHS
PO3PSIHOTO CTPYMY 32 IHIIUX PIBHUX YMOB MPHU3BOAUTH A0 30UIbIIEHHS TEMIEpaTypH B IJIACTHHI
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Ha 8-15%. BusiBieHo, mo mix Yac aaMa3HO-ICKpPOBOTO MUTI(YBaHHS CHOCTEPIraeThCs OLIBII
IHTCHCHBHE TEIJIOYTBOPEHHS TMOPIBHSHO 3 €JIEKTPOEpO3iMHUM HUTIPYBaHHSIM 31 3MIHHOIO
noJisipHicTIO enekTpoxiB. [Ipu 30imbimeHHi HOpManbHOTO THCKY Bia 1,2 mo 2,0 Mlla pisauns
TEeMIepaTyp MpU MOPIBHIOBaHUX BHJaX HuTidpyBaHHs 30inbmmnaca B 1,19 - 1,28 pasza. Bussneno
3aJISKHICTh TEMIIEPATypH IUIACTUHU BiJ MBUAKOCTI KPyra, IO XapaKTepU3y€EThCS 3POCTAHHSAM 0
IEBHOI MEXI1 3 MOJAJBIIO cTadimizamicro. l1{e MOosSCHIOEThCS THM, IO 3a BHCOKHUX IIBHIKOCTCH
pi3aHHs BUAIJICHE TEIUIO HE BCTUTAE TIOMIMPHUTHUCS 1 30CEPEIKYETHCS B TOHKUX MTOBEPXHEBUX Iapax
o0poOumoBaHoro Marepiany. [lokazaHo 3HaUHMIA BIUIMB MOJISIPHOCTI €JIEKTPO/IiB HA TeMIepaTypHHIA
pexxum o0poOku. Komm anmas € karomom, ioro omip OyB y 6-10 pasiB OuTbIINM, a 32 3BOPOTHOL
MOJIAPHOCTI (anMa3 - aHon) — y 3-4 pa3u MEHIIMM, HIX 10 00poOKu. J[OCHiKeHO BIIUB YaCTOTH
IMIyJIbCIB Ha TeMIepaTypy IUIacTUHH. BcTaHOBIEHO, 0 Iei (akrop Mae MEHIIW BIUIUB
MIOPIBHSHO 3 PO3PSAIHAM CTPYMOM i HOPMAJIEHUM THCKOM.

Pesynbrati nociiKeHHS IEMOHCTPYIOTH (pHUC.2), IO eNeKTpoeposiiiHe nuridyBaHHS 31
3MIHHOIO TOJISIPHICTIO €JIEKTPOJIIB Ma€ MepeBaru miJ 4ac (iHIIIHOrO 00poOieHHs, 00 CIpUYHHSIE
MEHIIIe HarpiBaHHs 00po0roBaHOT MoBepxHi. Lle Moxke OyTH 0COOIMBO BaXKIIMBO ISl 30€pEIKCHHS
SKOCTI TIOBEpXHEBOTO INapy JeTajeld, 3amo0iraHHs (asoBUM i CTPYKTYpPHUM IEPETBOPEHHSM Yy
MOBEPXHEBUX MIapax.
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Puc. 2. I'padiuna 3amexHiCTh TEMIIEpaTypH TIacTUHU Tearr
IIPU PI3HUX MapaMeTpax HutiyBaHHS

Y poOoTi mokazaHO, W0 Ui YOPHOBOrO HUTI(QYBaHHS, /i€ OCHOBHMM 3aBJAHHAM €
MPOIYKTHBHE 3HIMAaHHS Marepiany, oOHBa METOJIU MOXYTh OyTH €(PEeKTHBHI. Y IIbOMY BHUTAIKY
IHTEeHCUBHUI caMOMiAIrpiB Iapy, M0 3HIMAETHCS, MOXKe OyTH HaBITh KOPHUCHUM, OCKUIBKU 3HHXKYE
MeXaHIYHI BJIACTHBOCTI 00poOiroBaHOro Matepiany. JlOCHipKeHHS TaKoX TOKa3alo BaXKIMBICTh
BpaxyBaHHs aJre3iiHOI B3aeMOJii aOpasuBHUX 3epeH 3 0OpOOIIOBAHUM MaTepiajioM, IO ICTOTHO
BIUIMBA€ HA TETUIOBHUIIJICHHS B 30HI KOHTAKTY.

JochimkeHHss poOWTh 3HAUYHUNA BHECOK Y PO3YMIHHS TEIUIOBUX TMPOIECIB MiJ dac
€JIEKTPOEPO3IHHOrO Ta alMa3zHO-icKpoBoro uutipyBanHia. OTpuMaHi pe3yslbTaTH MOXYTh OyTH
BUKOPHUCTaH1 JJIsi onTUMI3alli mpoiieciB nuTihyBaHHS Ta BUOOpPY HANOUIBII MiAXOAAIIOTO METOTY
00pOOKH 3aJIeKHO BiJl KOHKPETHUX BUPOOHHYUX 3aBJaHb.
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TH®OPMAIIIMHA TEXHOJIOT' IS IOKPAIIIEHHS EOEKTUBHOCTI
TEXHOJIOI'TYHOI'O MPOUHECY AJIMA3HOI'O LIVII®YBAHHSA
'Hariionansanii Texuiunmii yuisepeurer «XI1D»,

“[IBH3 «EBpONENChKUN YHIBEPCUTET»

Beryn. HenonmikoM  BiIOMHX —KOMITIOTEPHHUX CHUCTEM KOOPAMHATHOTO  YNpPaBIIIHHS
TEXHOJIOTIYHUMH TapaMeTpaMu TMPOIeCy aaMa3Horo nuIriyyBaHHsS € BIICYTHICTH iH(opMalii mpo
CTaH MIKpPOHEpIBHOCTEH MOBEPXHI JAeTali, KoTpa o0pobitoeTbes BepcTaroM. [1o0y1oBa 3aMKHEHHX
CHCTEM 31 3BOPOTHIM 3B’SI3KOM 332 CTAHOM MIKPOHEPIBHOCTEH HEMOXJIMBA Y 3B’SI3KY 3 BIJICYTHICTIO
NEPBUHHUX TEPETBOPIOBAYiB. BUKOpUCTaHHS KOMII'IOTEPHOIO CHUCTEMOIO amapaTHUX 3aco0iB
MEePIOIMYHOT TTPABKH 1HCTPYMEHTY 3 METOIO BIIHOBJIEHHS MOTO PIKYdOi CIIPOMOXHOCTI TIOKpAIIye
MIPOAYKTUBHICTb MPOIIECIB aJIMA3HOTO NUTI(yBaHHS.

IlocTanoBKka 3aBaaHb AJIsl AOCJiAKeHb. ABTOpaMH TPOMOHYETHCS 1/1€s] BUKOPUCTAHHS
curHaiy (GiaykTyauid MBUAKOCTI oOepTaHHS HUTiQYBaIbHOIO Kpyra Ui OTPUMAaHHS OLIHKU
aMILTITyIM MIKpOHEPIBHOCTEH IMOBEpPXHI JeTaji, ska 0OpoOIOEThCS BepcTaToM. ETanmoHH1 piBHI
curHany QIyKTyalii BCTaHOBJICHO 13 BHKOPHUCTAHHSIM BIJIOMHX KBaJiTETiB YHUCTOTH IOBEPXHI
JIeTaIl Ta BHECEHO J0 0aHKy JaHWX KaHaTy 3BOPOTHOTO 3B’ 53Ky Y BHTJISAI HOpMaTUBIB. DyKTyarii
€ CHUTHaJOM 3BOPOTHOTO 3B’SI3KY, SKHH MICTUTH B c001 iH(OpMaIil0 Npo BiIXWUICHHS
MMPOTHO30BAHOTO KBAJIITETy YHCTOTH B1JI BCTAHOBJICHOTO IMPOTPaMOI0 OOpOOKHM mapTii aerasei.
ABTOpaMH TPOMOHYETHCS TAKOX IMPOIEC aJMa3HO-ICKPOBOTO HUTIQYBaHHS Y SKOCTI METOIY
ABTOMATHYHOI MPaBKW NUTIPYBATBHOTO Kpyra Ha MeTajieBOMY 3B’s3yBaHHI. TexHiuHa peami3allis
MPOrpaMHO-amapaTHUX 3aco0iB OyIyeTbcs HAa BUKOPUCTAHHI HEMPSIMHUX METOJIB OI[IHIOBAHHS
PIXKY4O0i CIIPOMOKHOCTI IHCTPYMEHTY, 5IKi 3a0€3MeUyI0Th BCTAHOBJIEHY BIPOT1IHICTh, Ta OpraHi3arii
TEXHOJIOTIYHOTO IIMKITy 0OpOoOKH J1eTasi, SKUi MO€eIHY€E MPOLECH aIMa3HOrO Ta aJIMa3HO-ICKPOBOTO
nutihyBaHHS.

Indopmaniiine 3a0e3meyeHHs1 cucTeMH. APXITEKTypa amapaTHUX 3ac00iB MOKpAIICHHS
MPOAYKTUBHOCTI TIPOIIECY alMa3HOro HuTihyBaHHS 3a yMOB il BHUITAJKOBHX 3aBajl Ha OKpeMi
KOMITOHEHTH 13 BUKOPUCTAHHIM HETIPSMUX BUMIPIOBaHb MiKPOHEPIBHOCTEN MO/IaHa Ha puc. 1.
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Puc. 1. ApxiTekTypa nmporpamHo-anapaTHux 3aco0iB

[Ipu po3poOrii apXiTeKTypHu KOMII FOTEPHOT CUCTEMH 3HAMIILIM 3aCTOCYBaHHS: l€papXiuHU
MPUHIIAIT TTOOYIOBU; HENpPsMi BHUMIPIOBAHHS MIKPOHEPIBHOCTEH; MPUHIUIN yIPaBIIHHSA 31
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3BOPOTHIM 3B’S3KOM 3a CTaHOM, TOKOOPAWHATHOTO YIPAaBIiHHA BUKOHYIOUMMH MeXaHi3MaMH,
6e3nocepeAHbOr0 LU(POBOTO YIPABIIHHS Ta YIPABIiHHS 3a BiaxuiaeHHAM. Ha puc. 2 mo3HaueHo:
EIl — enextpuunuii npuBog; BM — BukoHyrounii Mmexani3m; /| — nepBunHuil neperBoproBay; I1 —
MepeTBopIoBayY BUXiAHOTO curHanmy Onoky /[ y uumdposuii kox; LIAIl — uudpo anamoroswmii
neperBopioBay; IIOPCK — mnpuctpiii omiHioBaHHS pixydoi cmpoMokHocTi kpyra; TJDK —
TEXHOJIOTIYHE DKEPENIo >KUBJICHHS JUIsl OpraHizauii MepioAWYHOi MPaBKM Kpyra Ha METaleBOMY
3B’s3yBanHi; K — komyrtarop aHamoroBux curHaiiB; [15 — BumiproBau mapamMeTpiB BHXIIHOTO
curHainy TJXK; Spon, Spp — BIANOBIOHO HONEpeYHa Ta MOB3IOBXKHA I0Jadl 1IHCTPYMEHTY; fp
HIBUIIKICTH 00epTaHHA 1uTihyBasibHOTO Kpyra; Am — nesianii; I, U, P, — BiamoBigHO cTpyM, Hampyra
Ta MOTYKHICTh, KOTP1 CIOXHUBAE NMPUBOJA 00epTaHHs HuTiyBambHOrO Kpyra. TexHiuHy pearizallito
npUCTpoiB U(PPOBOT 0OPOOKH CUTHAIIB BUKOHAHO HA 0a31 MiKpOKOHTPOJIEPIB.
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MpucTpin 5 undpposoT
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—
4| |<_| MpucTpin 3 ungpposoi
bAns 06pOo6GKU curHanis
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YcTaBku MpucTpin 4 undgpposoi
O06poBKU curHanise
—I H MpucTpin 1 uncpposor
uAn 1 o6po6Kku curHarnis

Puc. 2. ApxiTekTypa KOMII FOTEPHOI CHCTEMHU

[lepmia cTymneHp MporpaMHO-amapaTHUX 3acOo0IB pealizye 3amadi TPaAUIIHHOT TEXHOJOTIl
praBJ‘IlHHH MPOLIECOM ajMa3HOro HutipyBaHHs (3aBIAHHS Ta MiATPHMKA BCTAHOBJICHHX 3HA4YECHBb
moJav i cepenHpoi MBUAKOCTI oOepTaHHS Kpyra). BrumiBM Ha BHKOHYIOUYI MEXaHI3MHU BepcTaTy
GopMyIOTbCS HHM T 4ac OpsAMOi Ta 3BOPOTHOI XOOM IHCTpYMEHTy. TexXHIuHy peaii3amito
amapaTHUX 3aco0iB TMPOBEACHO Ha OCHOBI BHMOI' IO MIBHIKOMII TEPETBOPEHHS, a TaKOXK 3
ypaxyBaHHSIM TEXHOJIOTIYHUX OCOOIMBOCTEH BEPCTATIB!

*  TATpUMKA MOCTIMHOT MIBUIKOCTI 00epTaHHs ILTiQYyBaIbHOTO Kpyra. BcTaHoBieHo, 1o
B [IbOMY BUMAJKYy CHTHAJ JEBialliil € pe3yabTaToM il CHJIM pi3aHHS MaTepiandy 3aroTiBii 1 MOXe
OyTH 3aCTOCOBaHMM CHCTEMOIO IS HEMPSMOTO OIIIHIOBAHHS MiKPOHEPIBHOCTEH;

* TOKOOpAWHATHI BIUIMBM HAa BUKOHYIOYI MeXaHI3MH HUTi(yBaJIbHOTO BEpCTaTy
bopmyroTeest ipuctposimu (1 1 2) uudpoBoro onparroBaHHs CUTHAIB 3 YpaxXyBaHHSAM KOPETYIOUNX
YCTaBOK arapaTHUX 3aC001B 3BOPOTHOTO 3B’ S3KY.

Jlpyra cTyneHb CUCTEMH Ha OCHOBI HENPSMUX BUMIPIOBAHHSAX MIKPOHEPIBHOCTEW MOBEPXHIi
JeTani, mo OOpOOIOETHCS BEPCTATOM, peali3ye€ MPHUHIUI YIPABIIHHS 31 3BOPOTHIM 3B’SI3KOM 3a
CTaHOM MikpoHepiBHOCTeH. [IpucTpiii 4 HIIIXOM BUMIpIOBaHb MHTTEBOI IIBHUIKOCTI OOEpTaHHS
nuTihyBagIbHOTO Kpyra Ta 3a JONMOMOTror 1H(OpMAIiMHOI TEXHOJOTii OOpOOKH IHOTO CUTHAITY
BHU3HAa4Ya€ MPOTHO30BaHI MIKpPOHEPIBHOCTI. TexHosoriss OOpOoOKHM CKIAaJa€eTbessi 3  TaKUX
00YHCITIOBAIBHUX TPOLIEAYpP: BUAUICHHS CHUTHATY JACBlalliii Ta MOJAaHHS HOTO OOMEXKEHHUM DPSAOM
@yp’e; BU3HAYCHHS J1IF0YOT0 3HAUEHHS Ta HOTO MOPIBHSAHHS 3 €TAJIOHHUMH PIBHAMU OAaHKY JaHUX.
Skmo miroue 3HAYCHHS CUTHATY JIEBialliii MEpPEBHUINYE PIBEHb, SKUH BCTAHOBIECHO IPOTPaMOI0
00poOkK maptii Aeraneld, To NMpUCTpiil 4 Koperye BeMMYMHM nojad. [lokoopanHaTHI BIUIMBH Ha
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npuctpoi 1 Ta 2 nmudpoBoi 00pOOKH CUTHANIB Y BUTJISAI KOPETYIOUHX YCTABOK MOJAIOTHCS IiJ] Yac
nay3 Mi IpsIMOIO Ta 3BOPOTHOIO X000 KpyTa.

Tpetst cTyneHb cucTeMH peaji3ye MepioJudHy MpaBKy HUTi(PYBaIbHOIO Kpyra 3 METOI0
BITHOBIIGHHSI MOro pikKy4doi CHOPOMOXKHOCTI. BiACyTHICTP TNEpBHUHHHUX MEPETBOPIOBAYiB
0e3MmocepeIHbOT0 KOHTPOJIF0 PIKY4YOi 3MaTHOCTI Kpyra KOMIIEHCYEMO 3aCTOCYBAaHHSM TaKHX
HEeMpPSIMUX METOJIB I ii OI[IHIOBAHHS:

no 30imbmieHHIO Ha 5% TOTYXHOCTi, $Ka CIIOKHWBAa€ThCSI MPUBOJOM OOEpTaHHS
Ut pyBaIbHOTO KPYTa;

10 3MEHIIICHHIO Ha 7% cepenHboi MIBUIKOCTI 00epTaHHs aJIMa3HOTO IHCTPYMEHTY.

SIKIIo BXiJHI CHTHAIM amapaTHUX 3ac00iB MOBEPTAIOTHCS A0 BCTAHOBJICHUX IJISI HUX MEXK,
TO TIPHUCTPI 5 TOBepTae BepcTaT IO Mpolecy aiMma3Horo unrigysanHs. [Ipu mpomeci anMasHo-
ICKpoBOro HUTIpYBaHHS Ma€ Miclie MiJBUIICHUA 3HOC aaMa3HOTO I1HCTPYMEHTY 1, OTXKe, BiH
€KOHOMIYHO HEBUTiTHMIA. HasBHICTH MIKpOKOHTpOJIEPY (MPHUCTPii 5 1udpoBoi 00poOKH CUTHAIIB)
y CKJaji amapaTHHUX 3ac00iB TPEThOI CTYIEHI J03BOJISIE OPTaHi3yBaTH PETYIIOBAHHS €ICKTPHYHUX
napaMeTpiB TEXHOJIOTTYHOTO MPOIIECy aIMa3HO-ICKPOBOTO ILTi(yBaHHS, METOIO SIKOTO € YCYHEHHS
MO>KJIMBUX MPHUMIKaHb 00pOOICHOT TOBEPXHI JIETai.

BucHoBok. IlokpamieHHS TNPOAYKTUBHOCTI TEXHOJIOTIYHOTO MpPOIECY  ajIMa3HOTo
nutiyBaHHS JOCATHYTO 3aBISKUA TMOETHAHHIO Y €IMHUNA TEXHOJOTIUHUN IIMKI OOpOOKHM JeTani
MPOIIECiB aTMa3Horo NuTihyBaHHS Ta MPaBKU KPYry Ha METaJEBOMY 3B's3yBaHHI. 3alpOIIOHOBAHO
TPUCTYTIEHEBY KOMII'IOTEpHY CHUCTeMY (OpPMYyBaHHS IMOKOOPAMHATHHX BIUIMBIB HAa BHKOHYIOYI
MeXaHi3Mu BepcTaTy. i apXiTekTypy MOOyJOBaHO i3 BHKOPUCTAHHSM i€papXiuHOTO MPUHIHILY,
METOJIiB 0e3MmocepeHhOr0 IU(PPOBOTO YIPABIIHHA Ta YHPaBIiHHS 31 3BOPOTHIM 3B’SI3KOM 32
CTaHOM, a TAaKOX HENpPSMOr0 KOHTPOJIO aMIUTITYyJd MIKPDOHEPIBHOCTEW MOBEpXHI JeTaii, sKa
00pOOITIOETHCS.
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ABTOMATU3ANIIA CTUCHEHHSA MEIMYHUX TA IHIIUX THUIIIB 306PA’KEHb
BE3 BI3YAJIbHO IOMITHUX BTPAT
Hamionanenuit aepokocmiunuii yHiBepcutet iMm. M.€. J)KykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

[udposi 300pakeHHsT (HAMIBTOHOBi, KOJBOPOBI Ta 1HIII) HIMPOKO BHUKOPUCTOBYIOTHCS Y
JaHWK Yac JJIs Pi3HUX 3aCTOCYBaHb, 30KpeMa, MEIUYHOI AiarHOCTHUKH, HEPYHHIBHOTO KOHTPOIIIO,
€KOJIOTIYHOTO MOHITOpHHTY Tomio [1, 2]. XapakTepHUMH TEHACHIIISMHU ISl TaKUX 300paKeHb €
301IBIICHHS X CEPeIHBOTO PO3MIPY BHACIHIIOK IMOKPAIICHHS PO3PI3HIOBAIBHOI 3IaTHOCTI CHCTEM
(dbopMyBaHHSI 300pakeHb Ta KUIBKOCTI KaHajiB, a TakKOX 30UIbIIEHHS 3arajbHOl KIUIBKOCTI
300pakeHb, M0 OTPUMYIOTHCS. Y 3B’S3KYy 3 IIUM BCE OUIBII aKTyaJbHUMHU CTalOTh 3ajadi
e(eKTUBHOIO CTHCHEHHs 300pakeHb s iX 30epiraHHs Ta/ab0 omepaTHBHOI IHepeaadi Io
TEJICKOMYHIKaIIMHUX KaHaIax [3].

CrtucHenHs 0e3 BTpaT 3a3BMuYail He 37aTHE 3aJOBOJIBHUTH KOPHUCTYBadiB, 00 Koe(]ilieHT
crucHenHs (KC), sikuit mpu npomy 3a0e3neuyeThesi, € JOCHTh MaJIUM 1 (PIKCOBaHUM ISl 3a1aHOTO
Kozepy Ta 300pakeHHS. TOX ITOBOIMTHCS 3aCTOCOBYBAaTH METOJIM CTHUCHEHHS 3 BTpaTaMH, SKi
MOTCHINHO 31aTHI 3a0e3nedynT CyTTeBO OuUThbmii 3HaueHHs KC, ski MokHA BapiroBaTH. Auie
BUHUKAaEe Oarato mNuTaHb MIOA0 3abe3medeHHs OaxaHoro kommpomicy Mik KC Ta dkicTio
CTHUCHYTOTO 300pakeHHsI, 00 3arajJbHOI0 TEHCHIIIEI0 (32 BUKIIIOUEHHSM JIEKUIBKOX CHEerupiqHIX
BHIA/IKIB) € TIOTIPIICHHS SKOCTI BHACHIOK MiaBumeHHs KC.

Jlo Takoro CTUCHEHHS BHCYBA€TbCS HU3KAa BHMOT, SIKI 4acTO cymepeuyaTb ofHa oaHii. ITo-
repIne, CTUCHEHHSI 9acTO MOBUHHO B1I0YBaTHCh aBTOMATHYHO (110 € OCOOIHMBO XapaKTEPHUM JIJIS
BIJUIAJICHUX CHUCTEM CIIOCTEPEXEHHs, Ha OOpTy JITaJlbHOrO amapaTy, TOIIO) Ta, MO0 MOKJIMBOCTI,
mBuako. [lo-apyre, € mpakTuyHi cutyarlii, Ko HeoOxigHo 3abe3meuntr 3amanuit KC 1 sikomora
Kpallle CTUCHEHE 300pakeHHSI, ajie € i MpaKTU4HI KeHCcH, Kou Tpeba 3a0e3neuntu O6axany sKiCTb, 1
npu 1poMy sikomora Oumpmmii KC. Ilo-tpere, MOoxyTh OyTH OOMEXKEHHS Ha BHOIp KoAepy
(mampuknana, HeoOximHo BukopuctoByBatu JPEG), ane moxe icHyBaTH cBOOO/a BUOOPY KOAEPY.
HapermTi, icHY!OTh pi3HI TpaKTyBaHHS SKOCTI CTUCHEHHMX 300pakeHb Ta 0€3/114 CydaCHUX METPUK,
Kl MOXYTh TaKy SIKICTb OIHUCYBaTH (XapakTepu3yBaTW KUIbKICHO). B I1bOMy ceHCi aKTHBHO
PO3BHBAIOTHCSI METOAM CTUCHEHHS O€3 Bi3yaJlbHO IMOMITHHUX BTpaT 1 METOAM HAa OCHOBI JieJBE
MIOMITHHUX BUKPUBJICHB [4, 5].

Jnst xpamoro po3yMiHHS TIOJABIINX PE3yIbTaTIB HABEAEMO NIEIKYy KOPHUCHY 1H(opMaIIifo.
[To-mepre, MoBa iifie Mpo Taki 300pa)KeHHs, 1€ KOKHE 3 HUX 3aliMae OJUHUIN, ACCSITKU 1 HaBITh
coTHI Mera0aiT (BiAmoBiTHO HAMIBTOHOBI po3mipoM Oibie 10001000 mikcemB (IMBUCH TPUKITA
Ha puc. 1), KONbOPOBI Ta MYJbTUCHEKTPAIbHI ¥ TilepcrleKTpaibHi 300pa)KeHHs), a CUCTeMa
dbopmyBaHHSI TakuxX 300pakeHb 3/1aTHA 3apEECTPyBaTH JECATKH W COTHI TaKWX 300pa’KeHb
moaeHHo). [Ipu mpoMy KopucTyBadya MOXKE IIKaBUTH SK 300paxeHHs B IJIOMY, Tak 1 HOro
(dbparmenTH, sIKi aHATI3YIOTHCS B KpamomMy maciradi (OUTbII JeTaabHO) 3a JOMOMOTOI0 CKPOJIiHTa
Ta BIAMOBIAHUX MPOTPaMHUX 1 amapaTHUX 3aco0iB. 3a3HAYUMO, 110 TP Bizyanizauii 300paxeHHs
BEJIMKOTO PO3Mipy IIyM ab0 BHUKPHBJICHHS BHACIIJOK CTHCHEHHS 3 BTpaTaMHd MOXYTb OyTH
HEBUIMMUMH, aj€ BOHM CTalOTh IMOMITHMMH IpH Bi3yaiizalii Ta aHaii3i (parMeHTiB TaKuX
300pakeHb.

[To-gpyre, HaMu PO3TIAAAIOTHCS TOJIOBHUM YHMHOM METPHUKH Bi3yalbHOI SIKOCTi, 00 BOHHU
CYTTEBO OUTBII aJIeKBAaTHO B1AOOpakaroTh OCOOIMBOCTI JIFOJICBKOTO 30PY, HIXK TPATUIIHI METPUKH,
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SIK-TO TIIKOBE BiTHOIICHHS cUTHAI-IyM (peak signal-to-noise ratio — PSNR). Ha puc. 2,a nokasani
3anexxHocti PSNR (nb) Bim KC (compression ratio - CR) miast ¢parmenty 512x512 mikceni
MEIMYHOTO 300pakeHHs i 1 sTH pisHux koxaepiB (JPEG, JPEG2000, AGU-M, ADCT Tta BPG
[6]), e Tpu OCTaHHI BUKOPHUCTOBYIOTh IUCKpeTHE KocuHycHe neperBopeHHs (IKII) ans pizHux
po3mipiB OiokiB. Bigmoimao mo PSNR Ttpu ocranHi komepu cyrreBo kpamii, Hibk JPEG Ta
JPEG2000 nns Beboro aiamazony 3Hauenb KC, a JPEG2000 kpamie, Hixk JPEG mns KC>10. Brim,
st metpukn PSNR-HVS-M (nb, BpaxoBye 0coOIMBOCTI CHCTEMH 30pY JIFOJUHH; YAM 3HAYCHHS
OlsIbIlIe, TUM BUIIE SIKICTh CTHUCHEHOI'O 300pakK€HHS) CIOCTEPE)KEHHS Ta BUCHOBKM TPOXM 1HINI —
st KC<10 pesynwsratu miis JPEG kpami, mixk g JPEG2000. [{ns 3aavens KC Big 10 mo 20, mo
Hac IIKaBJIATh 3 TOUYKHU 30py CTHCHEHHS 3 Bi3yaJlbHO HENOMITHUMH CHOTBOPEHHSIMM, pe3yJbTaTh
s kogpepiB AGU-M, ADCT ta BPG momiTHO Kparii, HiX JJIs1 JBOX IHIINX KOAEPIB (CTaHIapTIB),
110 CBIIYMTH PO HEOOX1AHICTh 3BEPTATH yBary Ha cy4acHi kojepu Ha ocHoBi JIKII.

Puc. 1. Ilpuknag MEIUYHOTO CTOMATOJIOTIYHOTO 300paXKEHHS BEJIMKOTO PO3MIpY

psnr vs. compression ratio

50 »— ADCT
—— AGUm
. 45 —— JPEG2000
e —— JPEG
=
g
35
30 e
10 20 30 40 50
cr
a
psnr‘hvsm VS, compression ratio
ADCT
0 AGUmM
= - |PEG2000
g JPEG
=
P
£a0 BPs
a
30 M
"_-1_‘—h--—o-o——_¢_-—o—-
10 20 30 40 50

cr

Puc. 2. 3anexnocti PSNR (a) PSNR-HVS-M (6) Bix KC (CR) m1s m’aTH pi3HUX KOJEPiB
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3a3HauMMo, 10 HA JaHWK Yac € OJM3BKO JECATKAa Cy4aCHHMX METPUK Bi3yallbHOI sIKOCTi (i
meTtpuka PSNR-HVS-M cepen HUX), A7 IKUX KOE(ILIEHT paHTOBOi KOPENsLii MK METPUKOIO Ta
OCEPEIHCHOIO OIIIHKOI SKOCTI JIOABMH I 300pakeHb, 10 CIIOTBOPEHI BHACTIIOK CTHCHECHHS 3
BTpaTamu, JeXuTh B Mexax Big 0,96 mo 0,97, mio cBiAYMTH MpO IyKe€ BHUCOKHM CTYIIHB
aJICKBaTHOCTI TaKMX METPUK /IS BIJNOBITHUX 3acTOCyBaHb. BTiM, BHOIp METpHKH s
MIPAKTUYHOTO BUKOPUCTAHHSI 3aJICKUTh B KITbKOX (pakTopiB. ['0IOBHUMU 3 HUX € HacTymHi: 1) sk
IIBUJIKO PO3PAXOBYETHCS METPUKA; 2) UM € ii 3aJeKHICTh BiJ MapaMmerpy, 0 Kepye CTUCHEHHSM
(IIKC) nna maHoro kojepy ONMM3BKOIO 10 JiHIWHOT; 3) 4M iCHye IS 1€l METPUKU ampiopHO
BCTaHOBJICHUH TIOPIT HETIOMITHOCTI BHECEHUX CIIOTBOPEHb [7]. [lesiki 3 mux (aKkTOpiB MOSCHIOIOTHCS
Ha puc. 3, Ae uis BOCbMH (DparMeHTiB 300pa)KeHHsI B TpaJallisiX CIpOro HaBeleH1 3aJeKHOCTI
PSNR-HVS-M Bin [IKC Q ms BPG-koznepy, ae Q Moske nmpuiiMaTH TiJIBKH i1l 3Ha4eHHs Bif 1 10
51. oGpe BUIHO, IO 3aJIEKHOCTI BeAyTh ceOe Iyke MOMIOHMM YHMHOM 1 MalOTh BEIUKY Maiike
miniiHy AinsHKy Bin Q=10 mo Q=32. BpaxoByroum TO# (axT, M0 MOPIT MOMITHOCTI BHECEHUX
BUKpuBJieHb A mMeTpuku PSNR-HVS-M npubnusno popisaioe 41 nb, To MoXHa cKaszatu, 110
BUKOpHCTaHHA Q=28 1M03BOJIsIE€ 3HAXOAUTUCH HA MeXi. BTiMm, muckpeTHa 3MiHa Q TPU3BOIUTH 0O
TOro, 110 HEMOKIINBO 3a0e3neuntn Oakane 3HaueHHI PSNR-HVS-M ToyHO — moxubka BHACHIZOK
nporo Moske csiratu 0,7 1b.

psnrhvsm vs. Q, BPG
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Puc. 3. 3anexnicte PSNR-HVS-M Big IIKC Q nns BPG-koaepy mu1st BOCbMH TeCTOBHX (PparMeHTIB
300pakeHHs y Tpajiallisx ciporo

Ha nanuii gac €, mpuHaliMHi, I’ITh TIAXOAIB 10 3a0e3meueHHs OaxaHoi skocTi. [lepmmii —
iTepariiinuid [8], y BIAMOBIAHOCTI 3 SIKHM BHKOHYETHCS KiJIbKa CTHCHEHb Ta JEKOMIIPECIH 3
PO3paxyHKOM 3HA4YCHHsS KOHTPOJIBOBAHOT METPHUKHU IIICHS KOXHOI JEKOMIIPECii, MOPIBHSIHHIM
OTPUMAHOTO 3HAYCHHS METpUKHU 3 OakaHuM 1 3MmiHOI0 [IKC y HanexxHuit 61k 11si HAOIMKEHHS 710
Oaxxanoro 3HadeHHs wMeTpuku Ta [IKC. IlepeBaroro mporo migXoAy € BHCOKAa TOYHICTh
3a0e3neueHHs] 0aXaHOTO 3HAYCHHS METpuKH, skulo 3HadeHHsa [IKC He € muckpeTHHMU. Arne npu
LIOMY MOK€ 3HaJI0OUTUCH alpiOPHO HEBIOMA 1 IOCUTh BEJIHMKA KUIBKICTh iTepalliii, 0 3HUKYIOTh
mBUaKOAI0. [pyruii migxig — BcraHoBmtoBaTH (ikcoBaHe 3HaudeHHs [IKC, mo BigmoBigae
Oa)kaHOMY 3HAYEHHIO METPUKH BIAMOBIIHO 10 3a3/ajerigh OTPUMAHOI OCEpPEIHEHOI KpPHBOI,
aHAJIOTIYHIA OCepeHEHIN KpHUBIiH, Ky MOXXHA OTpPHMATH 3 KPUBHUX Ha puc. 3. Aje mpH IIbOMY
MOXJIUBUM € JIOCHTh BEIUKUN PO3KHUJ 3HAUEHb METPUKH B 3aJICKHOCTI BiJ| CTYNEHS CKJIAaIHOCTI
KOHKPETHOTO 300pakeHHs [6]. OqHi€r0 3 adbTEpPHATHB MEPUIOMY W APYyrOMY IIX0JaM MOXE OyTH
JBOETANHUK [6, 9], A IKOTO Ha MEPIIOMY €Tarli BAKOPUCTOBYETHCS APYTUN MIIXid, a Ha APYTOMY
eTtarni BUKOHyeThcs yTouHeHHs1 3HaueHHs [IKC na ocHOBI miHINAHOI iHTEpHoOsii (Ipu IbOMY HE
3aBXKIM JAPYTUN eTan BUSBISIETbCSA MOTPiIOHUM). [lepeBaror Takoro miaxomy € Kpala IIBUIKOIIs,
HDK Yy TIEPIIOTO MiAXOAY, Ta Kpalla TOYHICTh y MOPIBHAHHI 3 APYTUM MAxoaoM. YeTBepTHil miaxis
0a3yeTbCs HA MPOTHO3YBAaHHI 3HAYCHHS] METPUKU A JeKiabkoxX 3HaueHb [IKC mo crtucHeHHS 3
ypaxyBaHHSIM O3HAK 300pakeHHSI, SIKE TUIAHY€EThCSI CTUCKATH, a TMOTIM B)K€ BUKOHYETHCS CTUCHEHHS
13 3HadyenHsaM I1KC, nns sixoro (3riiHO MporHo3y) Oyzae 3a0e3nedeHo OakaHe 3HAYCHHS METPUKH.
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Brim, et miaxin Ha qaHWE yac He 3a0e3meuye CTabUIbHUX pEe3yNbTaTiB i HE PO3POOICHHNA IS
LIMPOKOTrO KOJIa METpHK (iCHYHOUl MOKJIMBOCTI TOJOBHMM 4YMHOM nepeBipeHi 11t PSNR rta
CEPeIHHOKBAPATUIHOI TIOXMOKM BHECEHHUX CIOTBOpeHb). I'stwmit miaxim [10] GasyeTscs Ha
BUKOPHUCTAaHHI 0a3 CHOTBOPEHUX 300pa’keHb Ta BCTAHOBJICHHI 3aJIEKHOCTI MIXK TMEPIIOI0 TOYKOIO
Jenb TIOMITHUX CIIOTBOPEHBb Ta MapaMeTpaMH, IO XapaKTePU3YIOTh CKIIAIHICTh 300paskeHHs, IO
IUIaHy€eThCsl CTHCKaTH. Ha naHuit MOMEHT Led NepCcrneKTHBHHM MiIXiJ BUMAarae JI0JaTKOBUX
JOCTIKEHB JJIS TT1IBUIIICHHS TOYHOCTI.

Tpeba 3a3HaunTH 1ie Aekinbka MOMEHTIB. llo-mepie, METpUKH SKOCTI Ui BUMAAKY
CTHCHEHHsI OaraTOKaHalIbHUX (MYJBTH- Ta TINEPCHEKTPAIbHUX) 300pakeHb HaA JAHWHA dac
3HAXOJAThCA B CTalii po3poOku. Bimomo nuie, 1mo € JOCUTh BUCOKA KOPEJSIis MK METPUKAMHU
BI3yaJIbHOI SIKOCTI TPUKAaHAJIBHUX 300pa)KeHb Ta WMOBIPHICTIO iX TpaBWIIbHOI Kiacuikarii, me
3HIDKEHHS 11€i IMOBIPHOCTI BHACTIOK CTHCHEHHS 3 BTpaTaMM 3a3BUYail € MaluM (3a10BLIILHHIM)
JIOKW BHECEHI CITOTBOPEHHS HE CTAIOTh MTOMITHHUMH Bi3yallbHO.

ITo-gpyre, ciix OpUIUIMTH yBary AocuTh HOBUM KozaepaM, sik-To AVIF ta HEIF, sxi 3a
CBOEI0 METOJIOI0 KepyBaHHS CTUCHEHHsM aHajioriuHi JPEG, a 3a OCHOBHUMH XapaKTepUCTUKAMU
onmu3bki 10 BPG, 110 cBiAYUTE PO AOIIBHICTD MTPOBEACHHS Al HUX KOMIUIEKCY JOCTiIKEHb.

[To-Tpete, st HOBUX KOJEPIB CIIiJ MPUIUIATH YBary METOJIaM 1 alropuTMaM 3a0e3nedeHHs
6axxanoro KC.
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BcraHOBIIeHHSI COHSYHMX CTaHIM B YKpaiHi BKpail akTyalibHO 3 6araTboX MpUYHH.

[To-mepmie, kpaiHa Mae BENMKHI TOTEHIIAd COHSYHOI €Heprii, 0COONMMBO B MiBIEHHUX
perioHax, e 1HTEHCHBHICTb COHSYHOT'O BHUIIPOMIHIOBAHHS BHCOKA MPOTSITOM 0OaraThOoX MICSILIIB
BIIPOAOBXK pOKy. lle cTBOpro€ yHikanbHI yMOBH sl €()EKTHMBHOTO BHKOPHCTAaHHS COHSYHHUX
texHosoriii.  Ilo-gpyre, pO3BUTOK COHSYHUX EJNEKTPOCTAHIIN  crpuse auBepcudikamii
€HepreTUYHOr0 MiKCy YKpaiHW, 3MEHIIYIOUH 3aJIeKHICTh BiJl IMIHOPTHHUX JDKEpeNl eHeprii Ta
MOKpAIIyI0YH eHepreTUYHy Oe3neky kpainu. Lle 0oco6nBo BayKIMBO B KOHTEKCTI T€OMOMITUYHUX Ta
€KOHOMIYHUX BHKJIMKIB OCTaHHIX pOKiB. KpiM TOro, BCTaHOBIIEHHSI COHSIYHUX CTaHULINA CHpuse
3MEHIIEHHIO BUKH/IIB TAPHUKOBUX I'a3iB, CIPUAIOYM 30€pEKEHHIO HAaBKOJIMIIHBOTO CEPEOBUIIA T
BITHOBJICHHIO €KOJIOTTYHO YUCTHUX JKEepes eHeprii [1].

OnHi€0 3 TOMOBHHUX MPOOJIEM Ha NIISAXY BCTAHOBJICHHS COHSYHHMX KOMIUIEKTIB € IIy’Ke
BEJIMKHIA HaOlp KOMIUIEKTYIOUHMX SIK CAMUX COHSYHHMX MaHeJeW, Tak 1 IHBEPTOpIiB, aKyMYJIATOPIB
touio [2]. Okpemoro mpob6aeMo0 € Mmigdip HUX KOMIUIEKTYIOUHMX 3 TOYKH 30pYy ONTHUMAIbHOCTI
koH(irypamii (1iHa, HaIIHHICTH, MOBTOBIYHICTH ToOIIO). [lns mboro Tpeba 3BEepTaTHCH [0
npodecioHamiB, SKI 3MOXYTh pO3paxyBaTH MOTPIOHI KOMIUIEKTH, ajieé JaJIeKO HE BCIOIU €
MO>KJIMBICTh 3BEPHYTHCH J0 TaKHX MpodecioHaiB (Mana KUTbKICTh, 3alHATICTD, YEPTH).

Jlyis BUpimeHHS i€l 3a1a4i 0ysio po3po0IeHO MOOUTEHUHN 3aCTOCYHOK, SIKHH € KITFOYOBHM
IHCTPYMEHTOM y BIPOBA/DKEHHI COHSYHHUX CTaHIIN, Ha/Jal04l KOpUCTyBadyaM 3py4yHHid iHTepderic
JUIst IiAOOPY ONTHUMANIbHOT KOMITJIEKTAIlli Ha OCHOBI HasiBHOTO 00JaJiHaHHA Ta MoOaXkaHb KIIIE€HTA 3
TOYKH 30pYy ONTHUMaIbHOI KOH(Iryparii 1 KOHKPETHOTO 00'€KTy. 3aCTOCYHOK PO3POOICHO It
nBoX ocHOBHuX TaTdopm 10S Ta Android, mo A03BOJISIE OXONMHUTH MPAKTHYHO BCIX MOMKIHUBUX
KOPUCTYBaYiB. AJITOPUTM POOOTH 3aCTOCYHKA CKJIATAETHCS 3 KUTBKOX KPOKIB:

1. Bubip tumy 06'ekty (KBapTHpa, NPUBAaTHUM OYJHMHOK, TOCTIONAPCHKHIA 00'EKT TOILO).

2. Bubip MeTu BCTaHOBJICHHS COHSIYHOI CTaHIIii (OCHOBHE, pe3epBHE, 3MIIIIAHE KUBJICHHS).

3. Bubip OaxaHoi MOTY>KHOCTI Al 00'€KTy (€ MOMKIIUBICTH CKOPHCTATUCS ITiJIKa3KaMu
3aCTOCYHKY II[0JI0 TIPABHJI IMi100PY TOTYKHOCTI).

4. Bubip npubiu3HOi BapTOCTI KOMIUIEKTY (Aiarna3oH MiHIMyM-MaKCUMYM).

Jlanmi 3acTOCYHOK MigOHWpae BiIMOBIAHO 10 CBOIX QJITOPUTMIB KOMIUICKTAIII0 COHSYHOI
CTaHIN] B JACKUIHKOX BapiaHTaxX BiJ pi3HUX BHUPOOHUKIB (3a3Bu4aii 3...5 BapiantiB). [Io KOKHOMY
BapiaHTy € BHYEpNHA iHopMaIlis SK MO XapaKTEepUCTUKAX OONaAHAHHS, Ta 1 MO KOUITOPUCY Y
pI3HUX TOCTAa4YaJIbHUKIB. TakoXk 3acTOCYHOK (OpMye PEKOMEHIOBaHI BapiaHTH PO3TalTyBaHHS
(opieHTaliss y mpocTopi, KOMOIHYBaHHSI TaHEJEH B 3aJIKHOCTI BIJ BUIY 1HBEpPTOpa TOIIO) Ta
HEOOXiHOI TUTOIII JUIS pO3TallyBaHHS COHSYHUX maHened. KopucryBau BuOHMpae Toil BapiaHT,
KU Horo OIbIIe BIAIITOBYE, Ta MAa€E MOKJIMBICT Bifjpa3zy 3aMOBUTH 0OjaaHaHHA, abo 30epertu
KOoHirypariii, copMoBaHi 3aCTOCYHKOM, JIJIsl TOAATBIIOTO BUKOPUCTAHHS.

Choucokx BUKOPUCTAHHUX JIZKEPEJI
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B cyuyacHoMy CBITI BiJ€Oirpu CTalM HE TUIBKM PO3BaXKaJIbHUM 3ac000M, ajie i 00’€KTOM
iHTEpecy HJs JOCIHiIHUKIB, PO3POOHMKIB Ta TpaBIiB. IrpoBa iHAYCTpis WIBUIKO PO3BUBAETHCA,
BHITYCKAaIOYX HOBI Ta 3aXOTUIIOIOY1 ITPH, SIKI TIPOMIOHYIOTh KOPHCTYBadyaM HEMOBTOPHI BPa)KEHHS Ta
BEJIUKY KUIBKICTh MOXXJIMBOCTEH st B3aemonii. OmHUM 3 JKaHpIB, SIKUH 3100yB BEJIHKY
MOMYJISIPHICTE Cepel TPaBIIiB, € MYJIbTUILUICEPHI iTPH, IO JO3BOJISIFOTH TPABISIM CIUTBHO BiTYyBaTH
atMocdepy TpH, 3MmaraThcs a0o CHIBIpalioBaTU OAMH 3 OJHHUM, L0 poOUTH Tpy OLIbII
3axOIUTIOIYO0I0 Ta quHamiyHOo [1]. Ha choromHi icHye BenMka KUTBKICTB IFOp Yy Pi3HUX KaHpax,
IIpOT€ HE BCl JOJATKM INPOINOHYIOTh TIpaBIsiM BHOIp crparteriit [2]. OTxe, BUHHMKae 3anaya
pO3pOOUTH TOATOK, SIKAW TO3BOJISIE TPABIISIM PEali30BYBATH PI3HOMAHITHI CTpaTeTii i TAKTUKH JIJIs1
MepPEeMOTH HaJl CYNPOTUBHUKAMH Ta OOMpPATH Pi3Hi JIOKAIii, a TAKOK CTBOPHUTHU YaT JUIsi KOMYHIKaIlii
YUYaCHHMKIB ITiJ] 4ac TPH.

Jlns ctBopeHHst rpu Oyno oOpano irpoBuil pymit Unity3D ta mepexeBy 0i0mioTeky
Mirror [3]. JonaTok ckiaaeThes 13 MOAYIMIB, 11O JO3BOJISIFOTH MPAIIOBATH 13 yYCiMa HEOOX1THUMHU
KOMIIOHEHTaMH (3BYK, CBITJIO, aHIMaIlli, kamepa, rpadiudi epekTH) Ta T03BOJSE CTBOPIOBATH
CKpHIITH Ha MOBI niporpamyBanus C# [4, 5].

Po3pobnena 0a3a maHMX MICTUTH iH(OpMAIil0 TPO TpaBLiB, IX aKayHTH Ta IirpoBY
CTaTUCTHKY, IIO 3a0e3neuye KOMIUIEKCHHM MiAXiA A0 YIpPaBIiHHSA TPaBISIMH, JO3BOJISIOYU
MOKpallyBaTH iXHIM JOCBiJ, MIATPUMYBaTH Oe3leKy Ta pO3BUBATU TPy Ha OCHOBI 310paHOi
anamituku. [{nst peanizanii MepexeBoi B3aeMO/Iil OyJ10 00paHO OJJHOPAHTOBY apxXiTeKTypy «Peer-to-
Peer».

Crpyktypa 110001, TOOTO IrpoBOTO OO0’€KTY, CKIQJA€ThCSA 3 0ararboX KOMITOHCHTIB, SIKi
BUKOPUCTOBYIOTBCS JUIsl CTBOpEHHS irpoBoro iHTepdeiicy (UI), animaniil Ta creriaabHUX e(eKTis,
00poOku moaid, amanTauii Tomo. Ilepea moyaTkoM Ipu A0 CTBOPEHOro JI001 MOXE JOTy4YaTHUCs
rpaBellb Ta BHUOpAaTH YHIKAJIbHUW KONIp JUIs TaHKY, PI3HOMaHITHI piBHi, JAESKi €JIeMEHTH
KOpHUCTYyBaIlbKoro iHTepdeiicy (Hampukiaa, 310pOB’s, KHOIKH IOCTPUTY Ta TMEpeMIMeHHs). Y
po3pobaeHomy 10001 TpaBli MaTh 3MOTY TOOAYUTH IrpOBI HA3BH CYINEPHUKIB, BHOpaTH
YHIKaJIbHUH KOJIp 13 JOCTYIHHUX Ta 3MIHIOBAaTH CBii CTaTyC Ha TOTOBUI a00 HE TOTOBHIA.

Crin 3a3Ha4MTH, IO OCOOJMBICTIO PO3POOIEHOr0 MOOUIBHOTO JOJATKy € 4aT, B SIKOMY
IpaBli MOXYTh CIUIKYBaTUCA OJMH 3 OJHMM B peXuMi OHIaiH. B mopambimomy MoxinBe
JOOMpALIOBaHHS TrpadiyHOro Au3aiiHy AO0JaTKy Ta po3poOKa MIATPUMKH OUTBIIOT KUTBKOCTI
TPaBIIiB, SKi MOXKYTh OJJHOYACHO IPaTH OHJIAKH.

CnucoK BUKOPHCTAHUX JKepeJt

1. Business of APPS [Enextponnmit pecypc] - Pexum JIOCTYIY:
https://www.businessofapps.com

2. Computer and video games [Enexkrponmmii pecypc] — Pexmm  gocrymy:
https://www.sciencedaily.com/terms/computer and video games.htm

3. Mirror documentation [Enextponnuii pecypB] — Pexum nocrtymy: https:/mirror-

networking.gitbook.io/docs

4. Top 10 game development engines today [Enextponnmii pecypc] — Pexxum noctymy:
https://www.youngwonks.com/blog/Top-10-Game-Development-Engines-Today

5. The Beginners Guide to Video Game Development [Enextponnuii pecypc] — Pexum
noctymy: https://www.gamedesigning.org/video-game-development/
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HecrpustiiuBa cutyaris, mo ckianacs B YKpaiHi 3a OCTaHHI pOKH, TPU3BEa 10 TOTO, IO
JIesIKi TIpaIliBHUKH MaJIoro Oi3Hecy B cdepi 00CITyroByBaHHS BTPATHIIA POOOTY, CIICHIATICTH chepH
MOCIYT 3MIHWJIM MICIIe MPOKMBaHHA Ta poOoTu. lle BUKIMKae CKIagHOLI y MOIIYKY (paxiBIiB B
cdepi mocnyr. 3 iHIIOro 00Ky, 3MiHA MiCIsl POOOTH YCKJIQIHIOE MOMIYK KIiEHTIB. TakumM 4uHOM,
aKTyaJIbHUM CTae€ TIOIIYK OHJIAKH 3a IOTTOMOTOI0 BiIIOBIIHUX CAalTIB 1 comianbHUX Mepex. [Ipote B
COLIIAIbHUX Mepekax He MOKHa BiA(IIbTpyBaTH akayHTH 3a (OPMOIO HaJaHHS TOCIYTH.
[MpocyBaHHS TOCIYr 3a JOMOMOTOI0 PEKIaMH TPHU3BOJAWTH JO HEPIBHOCTI B KOHKYPEHTOMY
CEpeIIOBUINI Ta HEAOCTAaTHROI OMMIHKU MeBHMX QaxiBmiB [1]. IcHyroui BeO-caiiTm Ta MOOUTBHI
3aCTOCYHKH peai3yloTh (GYyHKIII MONIyKy U Meperjsiay BakaHCii, MeBHI CEPBICH CTATYIOTh KOMICIIO
3a PO3IMOBCIOKEHHS Tocyr. OTKe, CTBOpEHHS MOOITBHOTO 3aCTOCYHKY 3 pealizaliero (QyHKIii
3HAXOJUKEHHS CIICI[alicTiB cepr MOCIyr MOJIMIINTE yYMOBH IIOIIYKY, a TaKOX JOMOMOXKE
(axiBuIsAM MpoaHai3yBaT HAsIBHUX KOHKYPEHTIB Y CBOIi JIOKaIIii.

AHani3 ICHyIOUMX pIllIeHb MOKa3aB, 10 (YHKIIT neperisay, GiabTpyBaHHS W PO3MIIICHHS
OTOJIOUICHb peai3oBaHi Ha BUCOKOMY piBHi. [IpoTe BincyTHs (pyHKIIiS MOIIYyKYy CHEIiajicTiB Ta ix
MOCTYT y TMEeBHOMY perioHi kpainu [2 — 4]. Tomy Oyno BupilieHo peani3yBaTH y 3aCTOCYHKY Taki
(GyHKIIIT, K TOUTYK CHEIalliCTiB, 3B’ 30K 31 CHEIialicTaMu, IEPETJIsil HASBHUX MOCIYT, J0/IaBaHHS
HOBHUX CEPBICIB 0OCITyTrOBYBaHHSI.

s po3poOku MOOITBHOTO 3aCTOCYHKY Oyno obpano cepenosuiie Android Studio, MmoBy
nporpamyBaHHa Java, cuctemy ympaBiiHHA Oa3amu gaHux Realtime Database Firebase Ta
apxitektypuuii mabnon MVA (Model-View-Adapter) [5]. Po3po6iieni UML niarpamu BapiaHTiB
BUKOPHUCTAHHS Ta TIOCHIJIOBHOCTEH OMUCYIOTh (DYHKITIOHAIBHI MOXJIHBOCTI PO3pPOOJIECHOTO
3aCTOCYHKY Ul KOpHCTyBaua i aBTOPH30BAHOT0 KopucTyBaua. Po3pobnena 0aza naHux 30epirae
TePCOHANIbHI JJaH1 MPO KOPUCTYBAYiB, KaTEropii MOCIYT, MICIIE3HaXOXKEHHS aBTOPIB OT'OJIONICHb, a
TaKO’K ICHYIOY1 OTOJIOILICHHS.

Po3pobiiennit  MOOUTHHHIT  3aCTOCYHOK MOXKE OyTH BHKOPHCTaHHN MPOQIIEHUMU
criewiajgictaMu  (BUMTENSIMM, MaicTpamMu 0’10Ti cdepH, IOpUcTamMH TOIIO) W 3BHYAHUMU
KOpUCTyBayaMH, sKi MOTpPeOyIOTh JOMOMOTH B TIOMIYKY TOCIYT. 3acTOCYHOK JO3BOJISIE
KOPHUCTYBa4yeBl MPOBOJUTH TMOLIYK 1 TEPeryisj OroJIolieHb 3a NEBHUMU KaTETrOpisiMH MOCIYT,
3B’SI3yBAaTHCS 3 OOpAaHWMH CIEIIaliCTaMU, a 3apEECTPOBAHMM KOPHUCTyBauyaM — TaKOX J0/1aBaTH
HOBI OTOJIOIIEHHS. B moganeniomMy mianyeTscsi po3MUpPEeHHs (GYHKIIOHATY 3aCTOCYHKY.

Cnucox BUKOPHCTAHUX J7KepeJt

1. [lepxaBHMii LIEHTp 3aiHATOCTI. AHAJIITUYHA Ta CTaTUCTH4YHA iH(popmalis [EnexTponHuit
pecypc] — Pesxxum noctymy: https://old.dcz.gov.ua/analitics/69

2. Workua — odimiiauii  caidt  [Enexkrponnmit  pecypc] — Pexum  gocrymy:
https://www.work.ua/
3. OLX.va — odimiiauit  caifir  [Enextponnuii  pecypc] — Pexum  gocrymy:

https://www.olx.ua/uk/
4. Preply — odimiitamii caiit [Enextponnuit pecypc| — Pexum mocrymy: https://preply.com/
Official documentation. View binding, 2024 [Enextponnmii pecypc] — Pexxum moctymy:
https://developer.android.com/topic/libraries/view-binding

e
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PO3POBKA BEB-3ACTOCYHKY JIA NI ABOPY
KOMIT'IOTEPHUX KOMINIEKTYIOUNUX
Hamionanenuit aepokocmiunuii yHiBepcuret iM. M.€. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

CyuacHl KOMIT'FOTEPH CTald HEOOXIJHOI CKJIaJOBOI0 HAIOTO MOBCAKAEHHOIO JKHTTS,
BUKOPUCTOBYIOUHCh Yy BCiX cdepax, Big Oi3Hecy 10 OCBITU. BOHM cTany He3aMiHHUMH ISt
BUPIIICHHS 3aBJaHb, SIKIi MOTPEOYIOTh 3HAYHOI OOYHUCIIOBAIBHOI MOTY)KHOCTI, TaKUX SIK 00poOKa
Bizeo, ayaio, 3D-rpadika ta animanis. /g ontumansHOi poOOTH IMX MporpaM HeoOXiIHI HOBI Ta
BUCOKOSIKICHI KOMIIOHEHTH, TaKi sSIK MaT€pUHCbKa IulaTa, OIepaTHMBHAa MaMm'sATh, BIJEOKapTa,
mporiecop, OJOK JKMBICHHS Ta HaKOMW4YyBad. BuHUKae mpobieMa OHOBJICHHS arapaTHOTO
3abe3neueHHss komm’'torepa. CTBOpUTH 30ipKy KOMIT'IOTepa CaMOCTiiHO Oe3 HeoOXiJHMX 3HaHb
nyxke ckiaamHo [1]. Omke, BUOIp KOMIUICKTYHOUMX JJIi KOMIT IOT€pa CTa€ JyXKe aKTyaIbHOIO
npobaemoro. Jlo TOro x Qy’ke BaKJIMBO JOTPUMYBATUCSH CYMICHOCTI OOpPaHUX KOMIUIEKTYHOUHX.
Tomy 3amaua po3poOKM BeO-3aCTOCYHKY JJIsi aBTOMAaTH3allil mpolecy Miadopy KOMILIEKTYIOUHX
KOMII'I0Tepa 3 MEPEBIPKOIO IX CyMICHOCTI € aKTyalbHOIO.

Bynu npoanarnizoBaHi iHTEPHET-PECYPCH, IO HAJTAIOTh MOKJIUBICTH BUOPATH KOMIT IOTEPHI
KoMmIuiekTyroui. CiijJi 3a3Ha4uTH, 10 IPOAHANI30BaHl CalTH MaroTh 3pyyHHUM 1HTep¢elic, HalalTh
JeTaibHy 1H(QOPMAILiI0 PO KOMIUIEKTYIOUl Ta MOXKIIUBICTH JIETKOTO BHOOPY 3a paxyHOK (ilbTpiB,
IIPOTE HE HAJAI0Th MOXKJIMBOCTI MEPEBIPKU CYMICHOCTI KOMITJIEKTYIOUMX [2-4].

Ha ocHoBi anani3y nepeBar i HEJOJMIKIB ICHYIOUMX pillIeHb Oy BHUIUIEH! (yHKIIOHATBHI
MOXJTHBOCT] 3aCTOCYHKY, IO PO3POOJIFOETHCS: JJII KOPUCTYBadiB Oyja 3a0e3reueHa MOXKIMBICTh
JIETKO 3HAXOJWUTH TOBAPH, JI3HABATUCS 1X XapaKTEPUCTUKHU. [l CIIPOILEHHS Mpoliecy MOIIyKy U
MEePEBIPKM CYMICHOCTI KOMIIOHEHTIB 30ipku Oynu BHUKOpHCTaHl GuabTpu. DYHKITIOHATBHI
MO>KJIMBOCTI Be0-3aCTOCYHKa OyJIM MPEACTaBICHI 32 TOIIOMOTOI0 CXEM .

CrpykTrypa BeO-10AaTKy Oyia TakoK BH3HAu€Ha 3 BUKOPHUCTaHHSIM MOB IIPOrpaMyBaHHS
HTML, CSS, JS ta PHP. Pe3ynbTaToM LIbOTO € ONHUC 3arajibHOI CTPYKTYPHU JIOAATKY, 1110 BKIIOYA€E B
cebe iHTEepdeiic KopucTyBaua Ta aaMiHICTpaTopa, (YHKIIIOHAN i 0OpaHHS KOMIUIEKTYIOUHUX Ta
cOIpKU KOMIT 10Tepa, a TAKOXK MOXKIIMBOCTI peAaryBaHHs Ta JOAaBaHHS HOBUX KOMIUIEKTYIOUHX.

Be6-momarok Mae nBa pesxxuMu poOOTH: Il KOpUCTyBaya Ta aaMiHicTparopa. Koxen 3 HuX
Ma€ CBii okpeMuil (pyHKI[IOHAN Ta TU3aiiH, SKUH CIPUATIUBO BIUIMBAE HA 3pYyYHICTh KOPUCTYBaHHS.

Po3pobiiennii Be0-3aCTOCYHOK MOK€ OYTH KOPUCHUM I BHOOPY KOMIUICKTYIOUHX Ta
30ipKH KOMIT'IOTepa 3pyYHHM Ta €(EeKTUBHUM crocoOoM. Takox BiH JONOMOXE y MepeBipli
CYyMICHOCTI KOMIIOHEHTIB KOMIT IOTepa.

CnucoK BUKOPUCTAHMX JIKepeJT

1. Djuraskovic O. How Many Websites Are There? — The Growth of The (1990 — 2021)
[Enextponnuii  pecypc] — Pexum goctymy: https://firstsiteguide.com/how-many-
websites/#:~:text=There%20are%20currently%200ver%201.84,number%?20are%20actually
%?20active%20sites.

2. Marasusa KoMI’F0TepHOI TeXHIKH Ta eneKkTpoHiku Telemart [EnexTponnnii pecypc] — Pexxum
noctymy: https://telemart.ua/.

3. Mara3un koM 10TepHoi TexHiku Ta enekTpoHikn CompX [Enextponnuii pecypc] — Pexxum
noctymy: https://compx.ua/.

4. Mara3uH KOMIT I0TepHOT TeXHIKM Ta eeKTpoHiku Newegg [EnexTponnuii pecypc]| — Pexxum
noctymy: https://www.newegg.com/.
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EHEPI'OE®EKTHUBHI KON
Hamionanenuii yHiBepcutet "IlonraBceka nonitextika iMmeHi FOpist Konaparioka", m. Ilonrasa

OCHOBHHUM JDKEPEJIOM PO3CIIOBAaHHS JUHAMIYHOI MOTYXHOCTI y HM(PPOBUX CXeMax € IIMHH,
K1 3a3BUYail HABAHTA)KEHI1 BEJIMKUMHU €MHOCTSIMU. Uepe3 BENMKUi 00CST TaHuX, 1110 MePEeIaroThCs B
Cy4acHHX IM(POBUX CXEMax Ta €MHOCTI IIMHHM, BTPaTH MOTYXXHOCTI MOXKHA TMOPIBHATH 3
MOTYXHICTIO TIporiecopa. B maHuii 4Yac BeIyThCsl IHTCHCHBHI TMONIYKA CXEM 13 HHU3BKHM
€HEeprocrnoXuBaHHsIM. J[J1s 3MEHIIIEHHS TMHAMIYHUX BTpPAT €HEeprii B aapecHiil MuHI Ta MiHIMIi3alii
BTpaT 3B'SI3Ky MDK OJIM3bKMMHU JIiHISIMH 3apa3 3acTOCOBYIOTH Kon ['pesi, sKMii Mae HHU3BKY
30aJ1aHCOBAHICTh 1 BEIMKY KUIBKICTh MepeMUuKaHb O1TiB [1].

MeToro AOCHIKeHHST € BHU3HAUEHHS BHIY Ta XapaKTEPUCTHK KOXIB 3 HaWMEHIIOIO
KOMYTAIlIi{HOIO0 aKTHUBHICTIO.

Mertoau KomyBaHHA MJaHUX JIO3BOJISIIOTH 3MEHIIWTH eHeprito mepemadi. Lli meromm
BUKOPHCTOBYIOTH YHIKaJIbHI BIIACTHBOCTI SIK 3'€JHAHHS, TaK 1 3HAYCHb JAHUX JJIS1 KOJYBaHHS JaHUX
TaKUM YUHOM, 00 €KOHOMHTH eHepriio [2]. Po3poOka MeToiB KOMyBaHHS JaHUX TOB'sA3aHa 3
HU3KOI0 TpoOsieM. BpaxoByroun pi3Hi BIACTUBOCTI MIMH KOMAaHJ, JAaHHX Ta MYJbTHUILICKCOBaHUX
IIUH, JUIS HAX MOTPiOHI pi3Hi MeToau. OCKUTBKH JTOJIaTKOBI KOHTAKTH KOIITYIOTh JIOPOTO, METOIH
KOJyBaHHSI TOBUHHI YHUKATH YU MiHIMI3yBaTH KUIbKICTh HA/UIMIIKOBUX O1TiB. HabmmkeHi metoau
KOJyBaHHI IaHUX BUMararoTh PETEIbHOr0 0ajlaHcy MiXK MOMHIIKAMH, 110 BHOCSATHCS, 1 IOCSITAEThCS
edexTuBHICTIO [3].

Busnayeno Buj KOJiB, IO MalOTh Ti X BJIACTUBOCTI, IO 1 Koau I'pest — KOAM OAMHUYHOT
BijcTani. Po3pobieno metron GopMyBaHHS KOJIB OJMHMYHOI BIFCTaHI, OMUCAaHUN y pobOoTi [4], B
OCHOBI SIKOTO JIS)KaTh MIEPETBOPEHHS KOJIIB, OI[IHKA IXHIX XapaKTEPUCTHK.

Jlnst aBTOMaTH3allii Ta mMoyiermeHHs (QopMyBaHHS HaOOpIB KOMIB OAMHWUYHOI BiACTaHi
pO3pobieHa KOMIT'FOTepHA Tporpama [5], Mo T03BOJISE€ PO3MIMPUTH Ta ONTHUMI3yBaTH BHOIp
KOAYyBaHHS TiJ Yac MpPOEKTYBaHHS iH(OpMAIiiHO-KOMYHIKAI[IHHAX CHCTEM Ta MPOBEIACHHS
JOCITIPKEHb MO0 XapaKTEPUCTHK KOJIIB.

Po3pobieHo kaTanorn THIOBUX MPEICTABHUKIB KOJIB JIJIsl pI3HUX BapiaHTIB CTPYKTYp Ta iX
30amancoBaHocTi (Tabm. 1 - 10).

Taomuus 1
Cucrema tunoBux npeacraBaukiB ais C =1,5; S = (3,4,4,4)
Ne T No T Ne T
1 013264ceabf75d98 7 013754ce62abfd98 13 0137fb98a26ecd54
2 013267fb9d54cea8 8 01375d98c46¢efba2 14 0137fb98cd546¢€a2
3 01326e¢a89bf75dc4 9 01375dc462aefb98 15 0137fba89d54ce62
4 01326eab9df754c8 10 01375dfe62ab98c4 16 0137fd54c89bac62
5
6

01326ef75d9ba8c4 11 013762aec45dfb98
013754cd9bfe62a8 12 01376efb9d54c8a2

Taomuus 2
Cucrema TunoBux npeactaBHukiB s C = 6,5; S =(2,3,3,7)
Ne T No T Ne T
1 | 0132645dc89baef7 4 | 013267fec45d98ab 7 | 01375dtb98a264ce
2 | 013264cea89bfd57 5 1 01326ef754cd98ab 8 | 01375dfec462a89b
3 | 013267feab98c45d 6 | 01326efba89dc457

65



Tabauus 3

Cucrema tunoBux npeactaBuukiB ansg C =3.5; S = (2,4,4,5)

No T No T No T
1 | 0132675d9bfea8c4 11 | 01375d9bfe64c8a2 21 | 01376ec45dfb98a2
2 | 01326€ea8cd9bf754 12 | 01375dc46etb98a2 22 | 0137fb98aecd5462
3 | 01326eabf75d98c4 13 | 01375dc89bfea264 23 | 0137fb9d546ec8a2
4 | 0137546ec89dfba2 14 | 01375dfb98c46¢ea2 24 | 0137fb9d54ce62a8
5 | 0137546efb9dc8a2 15 | 01375dfe64c89ba2 25 | 0137fba26ec45d98
6 | 013754c8ab9dfe62 16 | 01375dfeab98c462 26 | 0137fba26ec89d54
7 | 013754cdfb98ae62 17 | 013762a8cefb9d54 27 | 0137fd546ec89ba2
8 | 01375d98abfec462 18 | 013762aec89bfd54 28 | 0137fd54ce62ab98
9 | 01375d98cefba264 19 | 0137645d9bfec8a2 29 | 0137fe62ab9d54c8
10 | 01375d9bfe62a8c4 20 | 0137645dfb98cea2 30 | 0137fec8ab9d5462
Tabmus 4
Cucrema tunoBux npeactaBuukiB aisg C =4,5; S = (3,3,3,6)
No T Ne T No T
1 | 013264cea89bf75d 3 | 013267fd54c89bae 01375d98c462aefb
2 | 013267fba89d54ce 4 | 013754ce62a89bfd 6 | 013762ab98c45dfe
Taomuws 5
Cucrema TunoBux npeacraBaukiB g C = 5,0; S =(2,3,5,5) iS =(2,3.,4,6)
Ne T Ne T No T
1 | 0132645d98ceabf7 22 | 01326eab98cdf754 43 | 013762a89bfecd54
2 | 0132645d9ba8cef7 23 | 01326eabf754c¢89d 44 | 013762ab98cefd54
3 | 0132645dcea89bf7 24 | 01326eabf754cd98 45 | 013762abfec45d98
4 | 013264c89baefd57 25 | 01326eabfd98c457 46 | 013762aefb98c45d
5 | 013264c8aefb9d57 26 | 01326ec457fd98ab 47 | 013762aefb9d54c8
6 | 013264cd57fea89b 27 | 01326ec457fd9ba8 48 | 0137645d98cetba2
7 | 013264cd57feab98 28 | 01326ecB8ab9df754 49 | 0137645dc89bfea2
8 | 013264cef75d98ab 29 | 01326ecd98abf754 50 | 01376efd54c89ba2
9 | 013264cef75d9ba8 30 | 01326ef754cd9bal 51 | 0137fb9d5462a8ce
10 | 013264cefba89d57 31 | 01326efd9ba8c457 52 | 0137fb9d5462aec8
11 | 0132675d98abfec4 32 | 013754c89dfbac62 53 | 0137tb9d54c8a26e
12 | 0132675dfb98aec4 33 | 013754cd98abfe62 54 | 0137fb9d54c8ae62
13 | 0132675dfeab98c4 34 | 013754cdfe62a89b 55 | 0137fbaec89d5462
14 | 013267fb98aecd54 35 | 013754cdfe62ab98 56 | 0137fd54ce62a89b
15 | 013267fbaec45d98 36 | 01375d9bfea264c8 57 | 0137fe62ab98c45d
16 | 013267fd54cea89b 37 | 01375d9bfec462a8 58 | 0137fe62ab98cd54
17 | 013267fd54ceab98 38 | 01375dcefb98a264 59 | 0137fe645dc89ba2
18 | 013267fcab9d54c8 39 | 01375dfb98a26ec4 60 | 0137feab98cd5462
19 | 013267fec45d9ba8 40 | 01375dfb98c462ae 61 | 0137fecd5462a89b
20 | 013267fec8ab9od54 41 | 01375dfec462ab98 62 | 0137fecd5462ab98
21 | 01326ea89bfdc457 42 | 01375dfec89ba264
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Tabmuis 6
Cucrema TunoBux npeactaBuukiB g C= 5,5; S=(1,4,4,6)1S =(1,4,5.5)

Ne T Ne T No T
1 | 01326457fb9dc8ae 9 | 01326754c8aetb9d 17 | 01375462abfd98ce
2 | 01326457tb9dcea8 10 | 01326754c8aefd9b 18 | 01375462abfec89d
3 | 01326457fbaec89d 11 | 01326754cd9bfea8 19 | 01375462abfecd98
4 | 01326457tbaecd98 12 | 01326754cea89dfb 20 | 01375462aecdfb98
5 | 01326457fd98ceab 13 | 01326754ceabfd98 21 | 01375462aefb98cd
6 | 01326457fd9baec8 14 | 01375462a89dcefb 22 | 01375462aefb9dc8
7 | 01326457fea8cd9b 15 | 01375462a8cd9bfe 23 | 01375462aefdc89b
8 | 01326457fecab9dc8 16 | 01375462ab9dfec8
Tabmuusg 7
Cucrema tunoBux npeacraBaukis g C = 3,0; S = (3,3.4,5)
No T No T No T
1 013264c89baef75d 18 01326ec457tba89d 35 013762a89d54cefb
2 013264c¢89d57tbae 19 01326ec45d98abf7 36 013762a8c45d9bfe
3 013264c89d57feab 20 01326ef754c8ab9od 37 013762acfd54c89b
4 013264c8ab9d57fe 21 013754c89ba26efd 38 0137fb98a2645dce
5 013264c8aef75d9b 22 013754c89dfba26e 39 0137fb98a26ec45d
6 013264cd57fb98ae 23 013754c89dfe62ab 40 0137fb98cd5462ae
7 013264cea89d57fb 24 013754c8a26efb9d 41 0137fb98cea2645d
8 013267tb98aec45d 25 013754c8a26efd9b 42 0137fba2645d98ce
9 013267tb9d54c8ae 26 013754cd98a26¢efb 43 0137fd5462ab98ce

10 013267fea8c45d9b 27 013754cdfb98a26e 44 0137fd5462aec89b

11 01326ea89bf754cd 28 013754ce62a89dfb 45 0137£d54c89ba26e

12 01326€a89dc457fb 29 01375d98a264cetb 46 0137fe62a8c45d9%b

13 01326ea8c4571b9d 30 01375d98c462abfe 47 0137fea2645dc89b

14 01326ea8c457fd9b 31 01375dc462a89bfe 48 0137fec89ba2645d

15 01326ea8c45d9bf7 32 01375dfea264c89b 49 0137fec89d5462ab

16 01326eab98c457fd 33 013762a89bfd54ce 50 0137fec8a2645d9b

17 01326eab98c45df7 34 013762a89bfec45d

Tabmuusa 8
Cucrema tunosux npeactaBaukiB st C= 7; S =(1,3,4,7), S=(1,3,5,6), S=(2,2,4,7), S =2,2,5,6)
No T Neo T No T

1 | 01326457tb98accd 12 | 01326754cdfb98ae 23 | 01375462aec89dfb
2 | 01326457fba89dce 13 | 01326754cea89bfd 24 | 0137546ecdfb98a2
3 | 01326457fd9ba8ce 14 | 01326754cefba89d 25 | 0137546efdc89ba2
4 | 01326457fdc89bae 15 | 013267fbaec89d54 26 | 01375d9bfea8c462
5 [01326457feab98cd 16 | 01375462a89bfdce 27 | 01375d9bfec8a264
6 | 01326457fec8ab9d 17 | 01375462a89bfecd 28 | 01375dfb98aec462
7 | 01326754c89baefd 18 | 01375462a8cefb9d 29 | 01375dfb98ceca264
8 | 01326754c89dfbae 19 | 01375462a8cefd9b 30 | 013762abfec89d54
9 | 01326754c89dfeab 20 | 01375462ab98cdfe 31 | 013762acfb98cd54
10 | 01326754c8ab9dfe 21 | 01375462ab98cefd 32 | 0137645dcetb98a2
11 | 01326754cd98aefb 22 | 01375462aec89bfd 33 | 0137645dfec89ba2
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Tabmuis 9
Cucrema Tunosux npeacrtaBiukis g C = 8,5; S =(1,3,3,8) ), S =(2,2,3,8)

Ne T No T
1 01326754cd98abfe 2 013267feab98cd54
Ta6muus 10
Cuctema tunosux npeacraBaukis st C = 9,0; S =(1,2,4,8), S =(1,2,5,7), S =(1,2,6,6)

No T No T No T

1 | 01326457fdcea89b 4 | 01326457fecd9ba8 7 | 01326754cefd98ab

2 | 01326457fdceab98 5 |01326754cdfea89b 8 | 01326754cefd9bal

3 | 01326457fecd98ab 6 | 01326754cdfeab98

3aCTOCYBaHH5I p03p06J'ICHOFO Meroay Ta KaTaJIOT1B KO)IiB 3 OJWHHYHOIO BiI[CTaHHIO

JI03BOJIUTH aHAJI3yBaTH Ta BUOUPATH KOJH, IO 33J0BOJILHSIOTH 3alaHUM BIIACTHBOCTSIM. 3aBJISIKU
BUKOPHCTAHHIO KaTajoriB KOAIB 3 OJUHUYHOIO BIJICTAHHIO Yy PO3POOHUKIB € OLIbIIE BapiaHTIB
BUOOpY, HIK TpH BUKOpUCTaHHI KoXiB I'pes. Lle mo3Bomsie oTpuMaTH HaWKpamy pe3yiabTaTd 3
MOTJISITY PO3Tay KEeHHsI, 3aTPUMOK PO3MOBCIOKEHHS, SHEPrOCMOXUBAaHH a00 HIINX OOMEKEHb
i 9yac mMpoeKkTyBaHHS nu(ppoBux cucteM. Ha ocHOBI karanoriB Oyiu po3poOIieHi mepeTBoproBadi
KomiB [6,7].

Choucokx BUKOPUCTAHHUX JIZKEPEJI

1.

Taha, T. B. Nanotechnology and computer science: Trends and advances / T. B. Taha,
A. A. Barzinjy, F. H. S. Hussain, T. Nurtayeva / Memories-Materials, Devices, Circuits and
Systems. —2022. — V. 2. — P. 100011. DOI: https://doi.org/10.1016/j.memori.2022.100011
Mehta, K. A review on strategies and methodologies of dynamic power reduction on low
power system design / K. A Mehta //International Journal of Computer Science &
Communication. — 2015. — V.7. — Ne. 1. — P. 25-33.  DOI: https://doi.org/
10.090592/USC.2016.004

Samanth, R., Nayak S. G., Nempu P. B. A Novel Multiply-Accumulator Unit Bus Encoding
Architecture for Image Processing Applications / R. Samanth, S. G. Nayak, P. B. A. Nempu
// Tranian Journal of Electrical and Electronic Engineering. — 2023. — V. 19. — No. I. - P. 1 —
11. DOI: https://doi.org/10.22068/IJEEE.19.1.2391

Yareshchenko, V. Coding to reduce the energy of data movement / V. Yareshchenko,
V. Kosenko // Cucremu ymnpaBiiHHS, HaBiramii Ta 3B’s3Ky. 30IpHMK HayKOBHMX Ipalb. —
[ontaBa: IMHTY. - 2023. - V. 1 (71). - P. 159-162. DOI:
https://doi.org/10.26906/SUNZ.2023.1.159.

Kowmm’rorepra mnporpama «lHCTpYMEHT TeHepalii KOAIB OIMHWYHOI BiACTaHI» /
B. B. fpemenko, B. B. Kocenko. Csin. Jlepx. peectp. npaB aBTopa Ha TBip Ne 122830. —
3apeectp. B Jlepxk. opr. «YKpaiHCbKHUI HAlIOHATBHUNA OQIC IHTEICKTYaTbHOI BIACHOCTI Ta
inHOBarii» 11.01.2024 p.

[TatenT Ykpainu Ha xopucHy mozenb Ne 153728, MITIK H 03 M 7/16. IlepeTBoproBad KOJIiB
/ B. B. Kocenko, B. B. fpemenko. — Ne U 2023 01178, omy6n. 16.08.2023, 6ron. Ne 33. —
3ec.

[latent Ykpainm Ha kopucHy Mozenbs Ne 155281, MIIK H 03 M 7/16. ®opmyBau
30amancoBannx koxmiB / B. B. Kocenko, B. B. fpemenko. — Ne U 2023 03583, omy0ur.
8.02.2024, 6ro1. Ne 2. — 3 c.
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IHTEJIEKTYAJIbHUI BEB-IHCTPYMEHT JIUIS1 IPOTHO3YBAHHAA
BJIACTUBOCTEUN METAJIIB: DATA-DRIVEN HIAXIJ
HarmionanbHuil TeXHIYHUHA YHIBEPCUTET « XapKIBCHKUH MOITEXHIYHUNA THCTUTYT»

Y poOoTi po3risHYTO BUKOPUCTaHHS MiAXOMy, OpieHTOBaHOro Ha naHi (data-driven), mms
MPOTHO3YBaHHA (PI3MYHMX BIACTHBOCTEH KOMMO3MIIIIHIX MaTepianiB. Hapasi icHye 6arato metanis
Ta 1X CIUIaBiB, sIKi aKTMBHO 3aCTOCOBYIOTHCS B MPOMHCIOBOCTI, BUPOOHMITBI Ta OyIiBHUITBI. 3
OTJISIIy Ha IIe, BAXJIMBO MAaTH JIETKUH JOCTym 10 iH(opmamii mpo iXHI BIAacTUBOCTI Ta cdepu
3aCTOCYBaHHSI.

OpuuMm 13 ehekTUBHUX croco0iB opraHizallii 1€l iHpopmarlii € Hopmaizallis JaHux y 6asi
JaHWX, HAPUKJIa, 3a gonomororo MySQL. ¥V naniit po6oTi BUKOpHCTaHO 0a3y AaHUX, KA MICTHTh
iH(pOopMaLliO PO Pi3HI TUMHM METAJIB Ta IXH1 BIACTUBOCTI B 3py4yHOMY (opMaTi.

Po3po6nennii BeO-caiiT Hagae KOPUCTyBadyaM MOXIIMBICTH 3/IIHCHIOBATH TMOIIYK METAIIIB 32
HAa3BOIO Ta 3HAXOJUTH MOAIOHI MaTepiaau 3a XIMIYHUM CKJIAaJ0M. TakoX CTBOPEHO MPOTpamMHHIA
iHTepdeiic s aBromarm3amii poOOTH 3 JaHUMH TPO METalIH, IO JJO03BOJIIE CTOPOHHIM
PO3pOOHMKAM CTBOPIOBATH BJIACHI PIIIICHHS HA iX OCHOBI.

st po3poOku BeO-calfTy BHKOpHcTaHO MikpodpeiimBopk Flask ta 6ibmiorexy Twitter
Bootstrap. [lna po3ropranHs nporpamHoro intepgeiicy 3actocoByBaiuca Amazon Web Services:
Lambda ta DynamoDB. Kpim Toro, mis nomyky iHpopmaii mpo mMarepiaji BUKOPHCTOBYBAIACs
610moTexa BeautifulSoup Ha MoBi nporpamyBanHs Python.

Beb-caiit Mae (yHKIIO 1HTEIEKTYalIbHOTO TIOIIYKY, IIO JO3BOJISIE 3HAXOMWUTH IOAIOHI
MeTalM 3a XIMIYHUM CKJIaJoM. Takoxk mocTymHi po3ainu Data Visualization ta Articles, siki
JI03BOJISIIOTH TpadiyHO BiIOOPA3UTH 3a1€KHOCTI MK BJIACTUBOCTSIMHM METaJliB Ta JOJaBaTH BJIACHI
CTaTTi-HOTATKH.

Cnucox BUKOPHCTAHMX JZKepeJ

1. Kirk, A. Data visualisation: A handbook for data driven design / A. Kirk. — Sage, 2016. —
368 c.

2. Voron, F. Building Data Science Applications with FastAPI: Develop, manage, and deploy
efficient machine learning applications with Python / F. Voron. — Packt Publishing, 2021. —
426 c.

HaykoBwii kepiBHUK 1.T.H., mpodecop JIbBoB I'.1.
lvovdpm@ukr.net
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THO®OPMAIIMHA TEXHOJIOI'LA JIJISI AIMIHICTPYBAHHS IBEHTIB
3 BUKOPUCTAHHSAM TEXHOJIOI'TI INTERSYSTEMS IRIS
Hamionanenuii aepokocmiunuii yHiBepcutet iMm. M. €. XXykoBcbkoro

«XapKiBChbKUH aBIaIitHUM THCTUTYT)»

Koxnauii kimieHT, akuii Mac noTpeOy y MpoBeaeHH] IPUBATHUX YH AIJIOBUX 3aX041B (1BEHTIB),
CTHKAETHCI 3 BEJIMYE3HMMM NpoOJieMaMu (TPYIOBUTPATH, OpraHi3alliiHi TOIO), TOMY W BHHHKAE
norpeba 3BepTaTUCs O KOMIIAHIH SKi 3aiiMalOThCS UMM TUTAaHHSIMH, 200 MaTH CBil CTPYKTYPHHUU
MiPO3/Ii7T B KOMITaHii kUil Oy/ie BUKOHYBATH 3aTpeOyBaHi 3aX0/IH.

[linroTroBKa Ta TMpPOBEIECHHSA IBEHTY /000ro (¢GopMary TMoOB'S3aHEe 3 BEIUKUMH
TPYAOBUTPATAMHM, OCKIJILKM OpPraHi3aTop KEpye HPOILIECOM IiJITOTOBKHM Ta IPOBEICHHS IBECHTY IO
SIKOT'0 3aJlyyeHa BeJuKa KiIbKICTh (haxiBI[iB 32 HCOOXIJHUM HAIPSIMOM i, BIAMOBIIHO, YCIIIX HOro
IIPOBEIEHHS 3aJIEKUTh Bif mpodecioHaai3My Ta ITOCBimy opraizaropa. Jlo KOKHOTO KIIIEHTa Maec
OyTH 3a0e3reuennii 1IHAUBIAYAILHUI MiAX1I, 3 BIAMIOBIIHOIO YBaromw J0 BCIX AeTaleH Ta APIOHHULL
nepenbauyBanoro iBeHTy. OmiHka e(EeKTHBHOCTI IIPOBEIEHOr0 I1BEHTY JJOIOMAarac€ 3pO3yMITH,
HaCKUTPKA OKYNHWJIMCS BKJIAQJACHI KOINTH, 1 HACKIIBKH PE3yJbTaTH BIAMOBIAAIOTH MOCTABJICHUM
LUISAM.

3a3BrYai MiAroTOBKA Ta MPOBEACHHS OYAb-IKOr0 1BEHTY BKIIIOYAE HACTYIIHY HOCIIIOBHICTh
poOIT: po3po0Ka KOHIIEMINT 3aX0ay (BHKOPUCTATH aHAJOr); miadip Ta OpOHIOBAHHS MakgaH4YMKa
JUIS TIPOBEICHHS 3aXOJy; 3alpoIlIeHHS T'OCTEH 3aXOJy; OpraHisaifiiiHa JIOricTHKa (TpaHCIIOPT,
JIOCTaBKa MaTepiajiiB Ta IEPCOHANY); OpraHi3allis XapuyBaHHS; MiaA0Ip apTHCTIB Ta PO3Ba)KaJIbHHX
HOMEPIB, HEKOPYBAHHS IPHUMIIIEHD 3axXO04y; TeXHIUHe 3a0e3leueHHs 3axony (CBITIIO, 3BYK;
BUPOOHUIITBO OpeHmOBaHOI MPOMYKINI, MmAOIip Ta TPEHIHT IIPOMO-IIEPCOHATY IS 3aXOmdy);
aIMIHICTPYBaHHS Ta MPOBEACHHS 3aXO0/IB; MiArOTOBKAa (OTO Ta BiAeO-3BITIB, TOIO. KoXKHA 3 1MX
poOIT Mae CBiH crieHapiit, 6e3mocepeIHIX BUKOHABIIIB, 00JIaTHAHHS, MaTepiaiu, hipMu TIPS THAKH,
TOIIIO, K1 MOTPIOHO MAaTH B TOCTATHHOI1 KUTHKICTI I TIPOBEICHHS 3aMOBJICHOTO 3aX0/y. B 3B’ 53Ky
3 LIMM BUHHUKA€ 3ajada Mo po3podii iHQopMmaliitHoi TeXHONOril y BUTIAAl BeOIomaTka Juis
aJMIHICTpYBaHHS MiATOTOBKU Ta MPOBEACHHS 1BEHT MOCIYT OY/Ib-5IKOTO opMarTy.

MeTtor pomnoBiai € gociipkeHHs TexHomnorii miatgopmu InterSystems IRIS amst po3pobku
BeOJOaTKa JUIS TPOBEACHHS IBEHT MOCIYT 3 BUKOPUCTAHHSM OararoBUMIpHHX 0a3 JaHUX Ta
cxoBull iH(opmauii (omepye TtepabaiitaMu naHux). B 10moBial HaBOAATHCS pe3yJbTaTd
MOJICTIIOBAHHS TIPeIMETHOI obacti y Burisiai ER-giarpam ta anamiz ocoOauMBOCTEel BUKOPHUCTAHUX
TexHosyoriii. BucokomponyktuBHa tutatdpopma InterSystems IRIS wmictute yci HeoOximHi
IHCTPYMEHTH Ta MOXJIMBOCTI JUIsl IIBHJIKOI PO3POOKH TpaH3AKIIWHUX, AaHAIITUYHUX Ta
TpaH3aKI[IHHO-aHATITHYHUX JOJATKIB [1], sSKI 3MEHIIYIOTHh 3aTPUMKHU IIiJl 9ac MIATOTOBKU JAHUX
JUTSL aHATI3Y Ta JO3BOJISIIOTH OTPUMYBATH 1H(OpMAITiIO IMCHO B ONepaTUBHOMY pekumi. Peamizamis
BeOnonaTka Ha mmiaardopmi InterSystems IRIS macmraOyeTbes SK TOPHU3OHTANbHO, Tak 1
BEPTUKAJIBHO, IO TO3BOJISE €(DEKTUBHO CIIPABISATHCS 3 3pOCTAFOUYUMH POOOYNUMH HaBaHTAKECHHIMH,
BETUKUMHU OOCATAaMU JaHUX Ta MapalieTbHUMHU 3anmuTamMu. BUKOpUCTaHHS TEXHOJOTIM MOENHYE
Halkpaml 1HCTPYMEHTH Ta TEXHOJIOTil aHaji3y JHaHuX, Oi3Hec-aHAJITUKU Ta MPOTHO3YBaHHS 1
n03BoJIsie BHOYAOBYBaTH €(DEKTHBHI aHATITHUYHI MPOIECH. 3aBASKH aHATITUYHUM MOKIUBOCTSIM
BE0O-7I0JIaTOK JTO3BOJISIE B PEAIbHOMY Yaci OTPUMYBATH KOPUCHY 1H(QOPMAIIil0 Ta BUKOPUCTOBYBATH
i U1 yXBaJIeHHS ONEPATUBHUX PIIICHb.

CnucoK BUKOPHCTAHUX JKepelt

1. Jlemenko, O. b. 3actocyBamns texnosorii DeepSee InterSystems nmns mnoOymnoBu
OararoBuMipHux 0a3 manux 1 cxoswuil iHpopMmarii / O. b. Jlemenko, 1O. O. Jlemenko. — X. :
Harn. aepokocM. yH-T iM. M. €. XyxkoBcbkoro "Xapkis. aBian. iH-1", 2021. — 66 c.
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BEB-3ACTOCYHOK JJIs1 OBMIHY KHUKKAMMH 3A TEXHOJIOTI'IEXO
BYKKPOCHHI'Y
Hamionanenuit aepokocmiunuii yHiBepcuret iM. M.€. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

CyuacHMii CBIT XapaKTepU3YEThCA 3pOCTAIOUOI0 MOOIIBHICTIO HACEJIECHHs, TEHICHLIEK 10
OpPEHIIM KHUTJIA 3aMIiCTh NpUIOaHHS, TONIMPEHHAM BiaganieHoi poOOTH Ta IMOJOPOKEH, a TaKoXK
MIBUIICHHSIM €KOJIOTTYHOT B1IMOBIAATBHOCTI Ta CXHIBHOCTI A0 MiHiMani3my. Lli ¢akropu cyTTeBO
BIUIMBAIOTh HA CTaBJICHHS JIIOJCH [0 TAaNepoBUX KHHUI, CTBOPIOIOYHM CKJIAIHOIII 3
TPAHCIIOPTYBaHHSM Ta 30epiraHHsM ocoOucTUX O010/10TeK, a TaKOX MIAHIMAIOYM MUTAHHS
€KOJIOTIYHHUX HACTI/IKIB BUPOOHHUITBA TManepoBuX KHHUT. He3Bakarouum Ha 1€, ManepoBi KHUTHU
3IMIIAIOTECS AKTYAIBHUMHU JUIsI 0araTbOX YHTadiB 4epe3 0ocoOnmMBYy aTMocdepy UUTaHHS, SKY
CTBOPIOIOTH 3allax Marepy Ta SKICTh OOKJIAJMHKH, a TaKOXK Yepe3 PUTYaJIbHICTh CaMOT0 TPOIECY
YUTaHHS. Y CBITI KHUI TaKOX 3'ABUJIMCS HOBI TpeHAHM, Taki sk bykkpocunr (BookCrossing) [1],
3arouaTkoBanuil y 2001 potii, Ta BCTAHOBJICHHS MyOJIIYHUX KHIDKKOBHX IIad) y MicTax.

MeTtor0 TOCTiDKeHHS € peaii3allis oOMiHy KHUKKaAMHU 3a TEXHOJOTi€l0 OyKKkpocuHTy. Ha
JAHWH 4Yac iCHy€e JCKiIbKa TEXHOJIOTIH OYKKPOCHHTY (KJIAaCUYHA, 33 JOIOMOTOK0 OE3MEeUHUX MiCIlb
(momuup, mad), Oykpeit, Oykpinr). Ilpu cTBopeHHI 3acTOCYyHKY Oyjia BHKOpPHUCTaHa KIACHYHA
TEXHOJIOT1s1 OYKKPOCHHTY.

Jly>e Maso 3aCTOCYHKIB peani3yloTh 1iet0 00MiHy KHUTamu. Tomy, siK 3pa3ku, Oy oOpaHi
3aCTOCYHKH, 110 Peasi3yioTh BIAMOBIAHUI (YHKIIOHAT Y COLIAIbHUX Mepexax. BoHu npomnonyoTs
CIIJIKYBaHHS MK KOPHUCTYBa4aMmH, IIBUIKE CTBOPEHHS MPOIMO3HUIIIA Ta BIAMOBIAL Ha HUX. OKe,
caMme po3IJIsiJl MPOMO3HULIi PO KHUTY, BUCTABICHHS BIIOJ00AaHb Ta CTBOPEHHS 3alUTy Ha OOMIH €
OCHOBOIO peajizarii TeXHOJorli OYKKPOCHHTY Yy HaIlOMy 3aCTOCYHKY. TakoX MaHi 3aCTOCYHKH
MalOTh PETiOHaJbHY MPHB’A3KY Ta IIyKaIOTh Jrojaed nopyd. Lle 103BoauTh poOUTH 0OMiH KHHKOK,
Kl MU paHillie TPOCTO 3AJIMINATN B KaB APHAX, 0COOMCTO y HalOmmkul Tepminu. Lle momomoxe
OyayBaTH CHUIBHOTH OJHOIYMIIIB, IO I[IKABIATHCS YUTAHHSAM y MICTi, HACEICHOMY IyHKTI YU
paioHi, BpaXxOBYIOUH KyJIbTYpPHI OCOOJIMBOCTI, IO CKJIAJIUCS B HOTO MEXKax.

Jiis po3poOku 3acTOCyHKY Oysio 0OpaHO CydacHHU cTek TexHouoriid: React 1o ¢ppontenmy,
NestJS no 6exenny Ta MySQL no 6a3u maHmux.

OcobmuBy yBary Oylio TpUIUIEHO pPO3poOLi TIHOOKOTr0 alropuTMy IMepCoHami3zamii
npono3uilid. lLlel anropuTM BpaxoBye ICTOpit0 OOMIHIB KOPHCTyBada, >KaHPOBI yIOJI00aHHS,
peUTHHTH KHUT Ta reorpadiyHe po3rauryBanHs. OCHOBHUM pe3yJbTaTOM Ii€i poOOTH € CTBOPEHHIA
(yHKITIOHATbHUNA 3aCTOCYHOK JUIsi OOMIHY KHIDKKAMU, SIKAW BIJPI3HAETHCS BiJl ICHYIOUMX PIIICHb
HasBHICTIO TJIMOOKOr0 ajiropuTMy MEepCOHAi3alil Npomo3uiii. 3aCTOCYHOK YCIILIHO BHUPILIy€e
npobseMy e(EeKTUBHOTO OOMIHY KHHTAaMH MDK KOPHUCTyBadaMH, HaJaloud iM peJIeBaHTHI Ta
nepcoHai3oBani mpomo3unii. Lleil 3acTOCyHOK Mae MOTEHIial CTaTH HEBIA'€MHOIO YaCTHHOIO
JKUTTSI YATA4YIB Y MalOYTHbOMY, BAAJIO MOEIHYIOYH JIFOOOB 0 KHHT 13 Cy9aCHHUMH TEHJICHIIISIMU
MOOLIBHOCTI Ta €KOJIOTTYHOCTI.

CnucoK BUKOPUCTAHMX JIKepeJT
1. BykkpocuHTr. Marepian 3 Bikinenii. Pexum JOCTYIIY:

https://uk.wikipedia.org/wiki/%D0%91%D1%83%D0%BA%D0%BA%D1%80%D0%BE%
D1%81%D0%B8%D0%BD%D0%B3
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BEB-3ACTOCYHOK JJ151 OBJIKY 3AKYHIBEJBHOI JISIJIbHOCTI KAB’SIPHI
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«XapKiBChKUH aBiallifHUIA IHCTUTYT»

[Torpeba y BmopsaxkoBaHOMY OOJIKY 3aKyIiBeldb BHHHMKAae y Oynb-sikiid ramysi Oi3Hecy,
He3aJleXXHO BiA Horo po3mipy uu crenudiku. OaHak, TpaauliiHI METOAN BEIEHHS 00JIIKY MOXYTh
OyTH Yaco- Ta PeCcypCHOMICTKHMH, a TaKOX CYMPOBOKYBATHUCS TOMIJIKAMU Ta HEIOJIKaMH B
yIOpaBIiHHI JaHUMHU.

B ymoBax rmobamizamii Ta IIBHAKOTO PO3BUTKY TEXHOJIOTIH KOMIAHII 3MyIIeHi
aJIanTyBaTUCS 10 HOBUX YMOB pUHKY. Po3poOka BeO-3aCTOCYHKIB Ui BeIEHHS OOJIIKY 3aKyIliBelb
J03BOJIsIE  320€3MeYNTH KOHKYpPEHTHI TIepeBard, MiABHIIYIOYM €QEeKTHBHICTh YIPABIiHHA Ta
CKOPOYYIOUH BUTPATH.

MeToro JOCHipKEHHST € aBToMaTH3amis OOJIKy 3aKymHiBEeNbHOI [isSUIBHOCTI KaB SIpHI.
3aCTOCYHOK JIOTIOMOX€E HaJlarOAUTH OOJIK MPOAYKLIi Yy KaB’spHI Ta 3aKyIiBelb, BKJIIOYAIOYU
CTBOPEHHSI Ta peJaryBaHHS 3aMOBJICHb, BEJICHHS 0a3u JaHUX IOCTAYaJbHHUKIB, KOHTPOJIOBATU
KOILTH, CTEKUTH 33 CTaTHCTHUKOIO MO HEOOXiTHMM TO3MIIsIM, 3aCHYBaTH OOHYCHY Iporpamy, 3a
OakaHHSIM.

VY 3acTOCYHKY € MOXJIMBICTh BEJEHHSA OOJIIKY 3aJUILKIB I1HTPENI€HTIB, BU3HAUYEHHS
MiHIMQJIBHUX Ta MaKCHMaJbHHUX 3amaciB, aBTOMATUYHE T'C€HEPYBaHHS 3aMOBJICHHS Ha MOIOBHEHHS
3amaciB 3 ypaxyBaHHSM TIONMUTY Ta IMPOTHO3IB, OOJIK TEMIEPaTypHOTO pPEXUMY 30epiraHHs
MIPOAYKTIB, KOHTPOJIIOBAHHS CTPOKY MPUIATHOCTI 1 BIACTEKEHHS Xap4yoBOi O€3MEKH Bij MOCTaYaHHs
0 Tomadl cTpaB. PeamizoBaHO I1HTErpamil0 3 KAacOBUMH CHCTEMaMH JUIsl aBTOMATHYHOTO
BIJICTEKEHHS MPOAAXiB, KOHTPOJIO OIUIAT Ta OOJIKY JOXOIB 1 BHTpaT, a TAaK0XX MOXJIMBICTh
reHeparlii (iHaHCOBHX 3BITIB 1 aHaJ13 (PIHAHCOBOT AISUTHHOCTI.

Jlns peanizanii 3aCTOCYHKY OYJIO CIIPOEKTOBAHO apXITEKTYPY 3aCTOCYHKY, sKa BKJIIOYAE
CEepBEpHY YaCTHHY, KIIE€HTCHKY 4YacTHHY Ta 0a3y manmx. Po3poOieHa apxiTekTypa 3adesneuye
e(peKTHUBHY B3a€EMOMII0 MK KOMIIOHEHTaMH CHCTEMH Ta JIO3BOJISiE JIETKO MacluTaOyBaTu
3aCTOCYHOK.

OcobnuBa yBara Oyna mpuaiieHa po3poOri iHTepdeiicy KopucTyBaua, IKUH € 1HTYiTHUBHO
3pO3YMUTNM 1 3py4HHUM sl KopucTyBadiB. He moTpiOHO BuTpayaTu 6arato yacy Ha O3HAHOMIICHHS
Ta HaBYaHHA CHIBPOOITHUKIB. MOXKHA MPAKTUYHO O/ipa3y MPHUCTYNATH 10 POOOTH 3 3aCTOCYHKOM.

Jlst po3poOku 3acTOCYHKY Oynu BUKOpHCTaHi: MoBa mporpamyBanus C#, CKBJ] MySQL,
cepenosuiie MS Visual Studio, Texnonoriss ASP.NET Core [1].

[IpoBeneHo peranbHE TECTYBAaHHS 3aCTOCYHKY 3 METOIO BHSIBICHHS Ta BHITPABICHHS
MOMUJIOK. 3a pe3ysibTaTaMU TECTYBaHHs 3aCTOCYHOK OyB J0OMpaibOBAaHUM 1 MiJATOTOBICHUNA 10
BIIPOBA/DKEHHS y poO0Ue CepeoBHIIE.

[IpoBeneHo aHaii3 €KOHOMIUHOI €(EKTUBHOCTI PO3POOJIEHOTO 3aCTOCYHKY, SIKMW TOKa3aB,
110 MOT0 BIPOBAKEHHS JTO3BOJISIE€ 3HU3UTH BUTPATU HA OOJIK 3aKyMiBeJb, MIJBUITUTH TOYHICTH 1
OTIEPATUBHICTH 0OJIIKY, @ TAKOXK MMOKPAIIUTH YIIPABIIHHS 3aacaMH.

CnucoK BUKOPUCTAHMX JIKepeJT
1. ASP.NET: Odiuiitauii caiit Microsoft 3 1oKyMeHTalli€l0, HOBUHAMU Ta pecypcamu s

pO3pOOHHUKIB ASP.NET [EnextporHMit pecypc]. — Pexum JOCTYIIY:
https://dotnet.microsoft.com/apps/aspnet.
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BEB-3ACTOCYHOK «FITNESS TRACKER»
HarmionanbHuit aepokocmiunuii yHiBepcuteT iM. M. €. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

B oOCHOBi 310pOB’S KOXHOI JIOIUHH € CHCTEMa IOCTIHHMX TOCWIBHUX (i3HUHUX
HaBaHTaXEHb Ta 30aJlaHCOBaHE 370poBe xapuyBaHHs. KoxeH 3 Hac 3Hae, 10 3A0pOBHUIl CIIOCIO
KHUTTSI — 1Ie HE 3aBKAM JIETKO Ta 3py4HO. binmbmocti Opakye yacy Ta yBaru, mo0 BiICTEKyBaTH
KOXKEH CBill KPOK, PO3paxOBYBaTH KUIBKICTh KAJIOPiK Ta Yac MPUHOMY 1Ki, KUTBKICTh PiIMHH, BMICT
ko(einy, mykpy abo 3aMiHHHKIB Ta iH. AJie OpraHi3M ojpa3y pearye Ha HeBUacHI ab0 HeIOCTaTHi
NpUAOMH i, BOAM, HEIOCTATHIO KUIBKICTh CHY a00 B3aralli BiJIIOYMHKY, HEBIPHO PO3paxoBaHi
CIIOPTHBHI HABAaHTA)KCHHS Ta 1HII BiJXWJICHHS BiJ 3JOPOBOTO peKuUMY XUTTA. Lle mpu3BoanuTs 10
CTaHy MOCTIHOI BTOMH, PO3JIpaTOBAHOCTI, TPaBM, OPYLICHHSM CHY, XBOp0oOaM, 1110 BUMaraTuMyTh
CKJIQJIHOTO JTIKYBaHHS.

ToMy, cmemianbHO HIJIsi TOro, MO0 KOPHCTYyBadi MOTJIM IIOXBHJIWHH CTEKUTH 32 CBOIM
3JI0POB’SIM, TIOCTIHHO PO3POOJISAIOTHCS PO3YMHI 3aCTOCYHKH, 3 SKHMH JIIOASM BECTH AKTHBHUM
CTOCI0 JKUTTSI CTa€ 3HAYHO 3pYYHillle, HaBiTh, SKIIO € JESKi MOPYIICHHS 3A0POB’ s 1 € HEOOXIAHICTh
BIJICTE)KYBaTH JCsIKI MOKAa3HUKHU (THCK, CEpUEOUTTS) abo HEOOXiTHICTh JOTPUMYBATUCH PEXKHUMY
npuiiomy mikiB (BAlu Ta Jiky, M0 HEOOXITHO MPUKWMATH 3a CHCTEMOI0). Bixke icHyIoUi TpekepH
BUKOHYIOTh Pi3HI (YyHKIi, B 3aJIeKHOCTI BiJl MOTped KOpUCTyBada, Ta MOXYTh HaJlaBaTu
peKOMeH IaIlii, HaraxyBaHHS 1, 32 HEOOXIHICTIO, BUKJIMKATH JIiKaps a00 BiAMOBIIaTbHY 0CO0Y.

Mertoro gociimkeHHs: € po3poOka Beb-3actocyHky «Fitness Tracker», mo nmoennye B cobi
3pYYHICTh BHUKOPHUCTaHHA Ta (YHKIIOHAJIBHICTh IS KOpHCTyBadiB. llpm IIbOMYy BaXKIMBUM
acmeKkToM € He nuiie 30ip iHdopmarii npo ¢i3uyHy aKTUBHICTB, ajie 1 ii aHami3, Bi3yami3alis Ta
Ha/IaHHS KOPUCHUX PEKOMEH/IAIliii Ha OCHOBI OTPUMAaHUX JaHUX.

Kpim Toro, po3pobka BeO-3acTtocyHKy «Fitness Tracker», mae 3HauHM MOTEHIAN JUIs
MOJITIIIEHHS] KOPUCTYBAIBKOTO JOCBIAY 3aBISKU iHTErparii 3 iHImUMU nu(pPOBUMHU TUIATGOpMaMu
Ta cepBicamu. Be0-3acToCyHOK MOKEe Ha/laBaTH PO3IIMPEH] (PYHKIII1, TaKi sIK: COLialbHI MEPexi s
MIATPUMKH MOTHUBAIIil, iHAWBIAyalbHI TPEHYBaJbHI MPOTPaMU Ta AIETUYHI IUIAaHU. TaKuM YHHOM,
BOHHU CTAalOTh HE3aMiHHMMHU IHCTPYMEHTAaMH JUIsi KOPHCTYBadiB, SIKi MParHyThb BECTH aKTHBHUH 1
3IOPOBHIA CTIOCIO KHUTTS, IO MIATBEPIXKYE BAKIIMBICTD 1 aKTYaIbHICTh PO3POOKH.

J111s po3poOKu 3aCTOCYHKY OYJIM BUKOPHUCTaH1: MOBA MPOEKTYyBaHHS 1H(QOPMAaLIIHUX CUCTEM
UML, ERD, moBa mporpamyBanHsi Python, 6a3a mammx SQLite3, cepemoume PyCharm [1],
texHosoris Flask [2].

[IpoBeneHO TECTYBaHHS CHUCTEMH JUIsi BHU3HAUEHHsS 11 Mpane3JaTHOCTI Ta HaIIHHOCTI.
Po3po0Omennii 3aCTOCYHOK YCHIIIHO BIPOBAKCHUH Ta BHKOPUCTOBYETHCS JJISI BiJCTEKEHHS
JICHHUX aKTUBHOCTEH BiJIBilyBauiB TPYIH 340POB’sI.

PearnizoBaHuii 3aCTOCYHOK Ma€ IMOTEHIIal BUKOPUCTAHHS B PI3HUX Tally3siX, /1€ BaKIMBUN
aCIIEeKT BIJICTEKECHHS CTaHy 370POB’sl.

CnucoK BUKOPUCTAHMX JIKepeJl.
1. PyCharm. The Python IDE for data science and web development [Enexkrponnuii pecypc]. —
Pexxum nmoctymy: https://www .jetbrains.com/pycharm/.

2. Flask Documentation. [Enextponnuit pecypcl]. - Pexum JOCTyIy:
https://flask.palletsprojects.com.
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ABTOMATU3ANIA NIAI'OTOBKU BAPIAHTIB 3ABJIAHb 3 BUBYEHHS MOBH SQL
HarionansHuit aepokocmiunuil yHiBepcutet iM. M. €. JKykoBcbkoro
«XapKiBCHKUH aBiallifHUIA IHCTUTYT»

B Tenepimniit yac 3HaYHO 3pOCTa€ BUKOPUCTAHHS 3aKJIaJlaMU OCBITH €JIEKTPOHHHUX 3aC001B
HaByaHHA. lle 1a€e MOXIMBICTP THYYKO OpraHi3yBaTH HaBYaJIbHUN IpOLEC, BUKOPUCTOBYIOUU
ACHHXPOHHUN PEXHUM, HAJaTh KOXKHOMY CTYJICHTY MOJIMBICTh HABUATHCA y 3pYYHOMY TEMITI,
BUKOPUCTOBYIOUM 3py4Hi 3acoOu. OJHMM 3 HaWNOMIMpEeHIUX 3aco0iB KOHTPOJIO 3HAHb B
KOMIT'FOTepPH30BaHUX CUCTEMaxX HaBYaHHS € TeCTyBaHHS. TecTyBaHHS MOXe BUKOPHCTOBYBAaTHCS HE
TUIBKH JUI KOHTPOJIKO TEOPETUUHUX 3HaHb, ajie i Ui NepeBIpKU MPaKTUYHUX 3aBJaHb. AJle Ipolec
MiArOTOBKY BapiaHTIB 3aB/JaHb € TPYAOMICTKHM Ta MOTpedye 6araTo 4acy BHKIIaaaya.

B naniit po60TI IPOMOHYETHCS 3aCTOCYHOK, SIKUH Mojerurye ()opMyBaHHS BEIHKOI KiTBKOCTI
IHIMBIMya bHUX BapiaHTIB 3aBAaHb MUITXOM AaBTOMAaTH30BaHOI TeHepalii MapaMeTpu30BaHUX
3anuTiB. BaxknuBo, 1006 3anponoHOBaH1 IHCTPYMEHTH OyJIH CYMICHUMH 3 ICHYIOUUMHU CHUCTEMaMH
KOMIT'I0T€pH30BaHOr0 HaBuaHHs. Tomy B JaHiii poOOTI pO3IrsgaeThCsl IHTETpalis 3 CHCTEMOIO
Moodle, 110 103BOJUTH JIETKO /J0/aBaTH 3T€HEPOBAHI 3aBAAHHS JI0 ICHYIOUHMX €JIEKTPOHHUX KypCIB
pobotu 3 6azamu mganux. CTBOpPEHHS IHCTPYMEHTAIBHHX 3ac00iB JUIsl aBTOMATH3aIlil MiATOTOBKH
3aBJlaHb 3HAYHO MOJIETIIYE L0 3a7ayy Ta MiBUIIY€E e(hEeKTUBHICTh POOOTH BUKIIaAaya.

B po6oTi BUKOHAHO aHAaJIi3 €IEKTPOHHUX 3aC00iB HAaBYaHHS, 30KpeMa, CUCTEM JJIsl BABYCHHS
moBu SQL [1, 2]. Chopmyap0BaHO BUMOTH 10 PO3POOIIFOBAHOIO 3aCTOCYHKY Ta ITOCTAHOBKY 3ajaul
po6otu. OnmcaHo mpolec T'eHepyBaHHA 3aBlaHb. J[1s1 BUKOPUCTAHHS 3r€HEPOBAHHUX 3aBJaHb B
HaBYAJILHUX Kypcax mepembadeHo iHTerpaiiro 3 cuctemoro Moodle. [[ns mboro ob6pano iMmopT
yepe3 ¢opmar daitnie Moodle XML. 3a Bu3zHaueHWM BUKIAJaueM IIA0JIOHOM MOXe OyTH
ABTOMAaTUYHO 3TCHEPOBAHO JIEKUIbKAa 3aBAaHb, IO 3a0€3MEYUTh CTYJCHTIB 1HIMBIAYaJTbHUMH
BapiaHTaMH JUIsl TPOXO/KEHHS TECTIB.

OmnucaHo CTPYKTYypy CHCTEeMH Ta 1ii OCHOBHI (yHKIi. 3ampOeKTOBaHMMA 3aCTOCYHOK
peaiizoBaHO MPOrpaMHO 3 BHUKOpUCTaHHAM MoBHM Python. CTBOpeHuit 3acTOCyHOK (yHKIIOHYE
3r1AHO BUMOT.

OCHOBHMM pe3yJibTaTOM pOOOTH € Be0-3aCTOCYHOK JJii aBTOMAaTHU3allli IMiJArOTOBKU
BapiaHTIB 3aBJaHb 3 BUBYeHHS MoBH SQL. BiH aBTOMaTH3ye mapamerpu3zaiiro Ta (GOpMyBaHHS
MHOKMHM BaplaHTIB 3aluTiB J0 HaBYalbHOI 0a3uW JaHUX HA OCHOBI BKa3aHOTO BHUKJIAJaueM
mabyioHa. 3abe3neuyeThes MepeBipka 3aBJaHb Ha KOPEKTHICTh Ta IMiA0ip BapiaHTIB BIAMOBIACH s
TECTiB. 3reHepoBaHi BapiaHTH 30epiratotecs y daiini ¢opmary Moodle XML g mopansiioro
IMITOPTY B CUCTEMY yIPABIIHHSI HaBYAHHSM.

BukopucranHs 3aCTOCYHKY 3HAYHO MOJIETIIUTh CTBOPEHHS TECTIB Ul MPAKTUYHHUX 3aBJIaHb
Ta MIBUIIUTH €()EKTUBHICTh POOOTH BUKIIaaya. 3aCTOCYHOK MOXKe OyTH BHKOPUCTAHHM HE TUTHKH
it BuB4eHHs SQL, a 1 B Oyb-KHUX Kypcax, OB’ A3aHUX 3 00POOKOIO TaHHX.

CnucoK BUKOPUCTAHMX JIKepeJt

1. InrepakTuBHI Meroau HaBuaHHs [Enektponnmii pecypc]. — Pexum mgoctymy:
https://oplatforma.com.ua/article/23 16-interaktyvni-metody (nata 3Bepuenns: 10.07.2024)

2. Andrew Migler and Alex Dekhtyar. 2020. Mapping the SQL Learning Process in
Introductory Database Courses. In Proceedings of the 51st ACM Technical Symposium on
Computer Science Education (SIGCSE '20). Association for Computing Machinery, New
York, NY, USA, 619-625. https://doi.org/10.1145/3328778.3366869
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PO3POBJIEHHS BEB-3ACTOCYHKY
JIJISI POSMIIIEHHS KOMEPIIMHUX OI'OJIOIIEHD
Hamionanenuii aepokocmiunuii yHiBepcutet iMm. M. €. XXykoBcbkoro
«XapKiBChbKUH aBlalliiHUM IHCTUTYT»

B yMoBax mBUAKOTO pO3BUTKY HU(GPOBHX TEXHOJOTiH 1 riodanbHOi Mepexi I[HTepHeT,
3poctae motpeda y 3pydHuX Ta e(EeKTUBHHUX IHCTPYMEHTaX JJisi BeIeHHs Oi3Hecy Ta KOMYyHIKarlii
MK TPOJABISMH Ta MOKYMISIMHU. BaKIMBICTh TAKOTO iIHCTPYMEHTY 3pOciia mie Oiiblie y 3B'S3KY 3
nanaemieto COVID-19, a 3rogom 3 moBHOMacmTaOHOIO BiifHOIO, Koin Oarato Oi3HeciB Oymnu
3MyIlIEH] aJlanTyBaTUCs 10 HOBUX YMOB 1 NepelTH B oHyaiH-npocTip. Cepen HaiBiIOMIIINX BeO-
3aCTOCYHKIB IS PO3MIIICHHS KOMEPIIHHUX oroyiomieHh MoxkHa Biamitatu: OLX, PROM, NDO.
OLX — npomoHye HIMPOKUH CHEKTp KaTeropi Juis pO3MILLEHHsS OroJIOIIeHb, Ma€ MPOCTUH
iHTepdeiic Ta aKTUBHY CIIJIBHOTY KOPUCTYBAdiB, ajie¢ 4YacTO CTHKAETHCS 3 MpobieMamu Oe3reKH,
TaKUMHU SIK IIaXpaicbKi OTOJIOUICHHS Ta CllaM 1 Ma€ MMOraHo onThMizoBaHuil ¢yHkiioHanr. PROM e
3HAYYIIMM TpaBleM Ha PUHKY TOproBux muaTdopm B Ykpaini. [lnatdopma o0'eqnye sik GizHecw,
TaK i IPUBATHUX MPOJABIIB. AJle ii HETOIIKOM € Te, IO IS HOBUX KOPHCTYBaviB iHTep(eiic Moxe
3MaBaTHCSA CKJIAJHUM Ta HE3PYYHHM 3arajloM y PO3MIIICHHI OTOJIOIICHb, a TAKOX 4Yepe3 BEJHKY
KUIbKICTh (QYHKUIA Ta HamamrtyBaHb. Ha Bigminy Bin OLX, PROM wMae MeHmy KulbKicTh
MPUBATHHUX IPOJABIIIB, IO MOXe OOMEXHUTH BUOIp ToBapiB mis mokymniiB. NDO e mmardopmoro
IUISL PO3MIILICHHSI OTOJIONIEHb B YKpaiHi, 3 aKIEHTOM Ha Taki KaTeropii sk HepyXOoMiCTb, aBTO Ta
nocayrd. CaiT BiPI3HAETbCA BHCOKMM DPIBHEM cIieliaiizaiii B IIMX KaTeropisix, BiH MPOINOHYE
posmupeHi (yHKIIIOHATbHI MOKJIMBOCTI UIsi KOpHCTyBadiB. IIpoTre m0 #ioro HEIOJIKIB MOXHA
BITHECTU AM3aiH, SKUN BUIJISLAA€E TPOCTUM 1 3aCTapuIMM, Ta IOTaHl PEeKJIaMHI MOXIUBOCTI 3
BIICYTHBOIO 1HTETPAIlI€I0 TUIATDKHUX CUCTEM. TakuM YMHOM, 3a/1ada po3pOOKH BEO-3aCTOCYHKY IS
PO3MIILIEHHS] KOMEpPILIMHUX OroJOIIeHb € akTyanbHowo. HeoOximHo crBoputu miardopmy, ska
BpaxOBY€ HEIOJIKM ICHYIOYHMX pIllIeHb 1 HaJa€ KOPUCTyBauyaM OUIBII 3py4HHM, Oe3nmedyHuil Ta
e(eKTUBHUI IHCTPYMEHT AJIs BeJleHHs Oi3Hecy. [y mocsrHeHHs! TOCTaBlIeHO MeTU Oylu BUpIIIEH]
HACTyIHI 3aBAaHHS: TPOAHANI30BaHI ICHYIOUl BE0-3aCTOCYHKH ISl PO3MIMICHHS KOMEPIIIHHUX
OTOJIOUIeHb, MPOAHANI30BaHO MPOOJIEMH Ta BUMOTH O Be0-3aCTOCYHKY, CTBOPEHO aJanTHBHUN
iHTepderic BeO-3aCTOCYHKY, po3pobneno ©60a3zy manux (bJ]) BeOG-3acToCyHKYy, peai3oBaHO
KIIIEHTCBKY Ta CEpPBEPHY YaCTUHM Be0-3aCTOCYHKY, IIPOBEACHO TECTYBAaHHS OCHOBHUX (DYHKIIIH Ta
pexXuUMIB poOOTH Be0-3aCTOCYHKY.

Po3pobnennii BeO-3acToCyHOK MOOYI0BaHO 3a apXiTekTyporo Single Page Application [1],
sKa BKJIIOYA€ HACTYIHI KOMITIOHEHTH cHCTeMu: ) kieHTchka dactuHa (front-end), BiamoBimae 3a
B3a€MOJIIF0 3 KOpUCTyBaueM, BoHa Hajcuigae HTTP-3anutu 10 cepBepHOi YacTUHU Ta OTPUMYE
HTTP-BianoBimi; 2) cepBepna yactuHa 00poossie HTTP-3anuTu, oTpumani Bij KIIi€HTa, BUKOHYE
6i3Hec-10riKy Ta B3aemozie 3 BJ1; 3) B3aemonis 3 B/ 3aiiicHioeTsest uepes ORM Entity Framework,
110 JTI03BOJISIE PO3POOHMKAM TpaIlOBaTH 3 JaHWUMH Ha piBHI 00'ekTiB, a He SQL-3anuTiB. Pexxumu
po6oTu Be0-3aCTOCYHKY TaKi: KOPHCTYBau BiABIy€ CailT, OTpUMY€E AOCTYI JI0 CIIUCKY OTOJIOIICHb
Ta JeTanbHOl 1H(pOpMAIi MOA0 HHUX, (QUIBTPYE OTOJOMICHHS 3a KaTeropisiMH Ta I1HIIAMH
napaMmeTpamMu. 3apeecTpoBaHi Ta aBTOPU30BAaHI KOPUCTYyBadi MOXKYyThb BHKOHYBaTH Bce Te, IIO 1
rocTi Be0-3aCTOCYHKY, Ta MAlOTh JIOCTYT J0 TIEPCOHATBLHOTO KaOIHETY, 16 MOKHA KepyBaTH CBOIMHU
OTOJIOUICHHSIMH, TOJaBaTH iX O 0OpaHUX, CTBOPIOBATHU CBOi OTOJIOLIEHHS, peJaryBaTu iCHyIodi, a
TaKOX 3JIMIIATH BIATYKH JI0 OTOJIONIEHB 1 CIUIKYBAaTHUCS 3 MPOJABISIMH Yy CICIIAIBHOMY YaTi, Ta
6araro iHmoro. [Ipu cTBopeHH1 a00 peraryBaHHi OroJIOMIEHHS KOPUCTYBadeM, BOHO MEPEBIPAETHCS
Ta CXBAJTIOETHCS aIMIHICTPATOPOM.
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Bubip TypeScript sk OCHOBHOI MOBHM MPOTpPaMyBaHHS [UIsl KJIIEHTCHKOI YacCTHHH
oOymoBieHuii i mepeBaramu Hax yuctuM JavaScript: TypeScript 1ogae cTaTUuHy THITI3ALIIO, IO
JI0TIOMarae BHSBIISITH IOMUJIKH Ha €Tarli KOMIUIALIT, 3SMEHIIYIOYH PU3UK MTOMIJIOK P BUKOHAHHI.
React oOpanuii U1 cTBOpEeHHs AMHAMIYHUX 1 MacluTabOBaHUX 1HTEepQeEiciB KopUCTyBaya. 3aBIsSKU
KOMIIOHEHTHIA  apxiTektypi, React 103Bojsie CTBOpIOBAaTH IOBTOPHO BHKOPHCTOBYBaHI
KOMITOHEHTH, II[0 CHPOLIy€ MIATPUMKY Ta PO3IIMPEHHS NpOoekTy. 3a momomororo React Context
pearizoBaHi «KOHTEKCTH» [2], sIKi J03BOJISIOTH MEpeaaBaTH JaHi TJTMOOKO Y JIepeBO KOMIIOHEHTIB
6e3 HeoOxigHoCTI mepenadi: 1) userContext — BHUKOPUCTOBYEThCS Ui 30€piraHHs JaHUX IPO
aBTOPH30BAHOTO KOPHCTyBaya Ta HaJaHHS JOCTYMy JO TEBHUX CTOPIHOK BE0-3aCTOCYHKY, BiH
3a0e3nevye IeHTpali30BaHe YIPaBIiHHSA CTAHOM KOPHCTYBada i CIPOIy€ MPOIeC mepeaadi JaHuX
Mix KoMroHeHTamu; 2) adminContext — BUKOPUCTOBY€ETHCS JUIsl YIPABIIHHS CTATyCOM aBTOPH3aIii
aZMiHICTpaTopa Ta Hajgae AOCTYN 0 MaHewl aaMiHiCTpaTopa, IO JO3BOJISE JIETKO KOHTPOIIOBATH
JIOCTYIl A0 aJAMIHICTpAaTHBHHX (YHKLIA 3acTocyHKy; 3) categoryContext — KOHTEKCT mJisi
30epiraHHs KaTeropiili oroJonieHp, o A0IoMara€ YHUKHYTH HaJIMipHUX 3aIlUTIB JI0 cepBepa MpH
nepexol MiX CTOpiHKamMH abo (uIbTpallii OroJoIIeHb, MiABUIIUTH MPOAYKTUBHICTh Ta 3MEHIIUTH
HaBaHT&)KEHHS Ha CepBep, 3a0e3nedyroud MBHAIMMKA JTO0CTYyn A0 AaHux. Jlns aBropusarii
kopuctyBadiB BukopuctoByerbes JWT (JSON Web Token) Ta localstorage. Be6-token JSON —
KOMIIAaKTHUN Ta Oe3meuHuil crocid MpelCTaBICHHS «3asgBOK» (claims) s mepedadi MiX JABOMa
cropoHamu. 3asBku y JWT sBistrors co6oro JSON-06'ekT, mignucanuii 3a gonomororo JSON Web
Signature (JWS). Bin notpibeH, mo0 iaeHTH(IKYBaTH/31IHCHUTH aBTEHTU(IKALII0 KOPUCTYBaya.
s peamizanii cepepHoi dactuau (back-end) Oyno BuKopucTaHo MOBY mporpamyBanHs C# Ta
¢peiimBopk  ASP.NET Core [1], sxkuit OyB oOpanuii 3a #oro KpocmiaT(pOpPMEHHICTb, BUCOKY
MPOJIYKTUBHICTE Ta MOXKIMBICTh TIOOYIOBHM CydacHUX BeO-3acTocyHKiB. CTpykTypa W
(yHKIIOHYBaHHS OCHOBHHUX pPIBHIB CEpBEpHOI YacTMHU BeO-3acTOCYHKY Taka: 1) Presentation
Layer BiAmoBizae 3a B3a€MOJiI0 3 KOPUCTYBadueM 1 peaiidye KoHTpoJepu is oopodku HTTP-
3anuTiB; 2) Business Logic Layer peani3ye 0i3Hec-JIOTiKy Be0-3aCTOCYHKY, L€l piBE€Hb BKIIIOYAE
cepBicH, 110 OOpoOJISIOTH JaHI Ta 3a0e3nedyloTh OCHOBHY (YHKIIOHAJIBHICTH cuctemu; 3) Data
Access Layer BiamoBimae 3a moctynm a0 bJl Ta ynpasmiaas manuvu. e omHi€ro BaKIMBOIO
cKJ1a0BoIO € Oi0mioTeka SignalR [2], ska 3a0e3neuye y peaqbHOMY 4aci B3a€EMOJII0 MK KITIEHTOM
Ta cepBepoM. Y KOXXHOTO KOPHCTyBada CBO€ IMIAKIIOYEHHS, BiH MiAKIIOYA€THCS aBTOMAaTHYHO HA
front-end wactuHi, O HbOMY mnepenaerbcs iH(opmauis obpobinena back-end wactunoro. s
peanizamii BJ] Oyno Bukopuctano Microsoft SQL Server pazom 3 dpeiimBopkom Entity Framework
Core, sikuil € 00'ekTHO-penaLiiHuUM BigoopaxeHnHsM (Object-Relational Mapping, ORM) ans NET
Ta 103BoJIsA€ TpamtoBatu 3 b/ y Burmsiai 06'extiB. Bin miarpumye migxia Code First, mo mo3Bossie
BU3Hauatu CcTpykTypy bJ[ Oe3mocepennbo y komi C#, 1m0 CHOPOCTWIO MPOIEC PO3POOKH i
obcmyroByBanHs bJl, 103BoIsII0UM 30cepeIuTUCS HA O13HEC-TIOTIII].

3anpornoHoBaHUN Be0-3aCTOCYHOK Ma€ psiji MepeBar, siKi BUTITHO BiAPI3HAIOTH HOT0 Bif
icHyrounx aHajoriB. [lo-mepie, agantTuBHUN 1HTEpdeiic 3abe3nedye 3pyyHICTh BUKOPUCTAHHS HA
PI3HUX MPHUCTPOSX, BKIOYaroun cMmapTdoHu 1 ruianmerd. llo-mpyre, iHTerpaiis 3 Cy4acCHUMH
texHosorisimu, Takumu sk ASP.NET Core 1 SignalR, 3a6e3neuye BHCOKY TpPOIyKTHBHICTH Ta
6e3neky. Ilo-tpere, Bukopucranus migxony Code First ans poGotu 3 0a3010 JaHUX CHPOILYE
Mporec Ppo3poOKH Ta MIATPUMKK cucteMu. LI mepeBarm poOnsTh HOBUN Be0-3aCTOCYHOK
e(EeKTUBHUM 1HCTPYMEHTOM JUJIsl PO3MILEHHS Ta YMPaBIIHHA KOMEPIIMHUMHU OTOJIOIICHHIMH,
CIIPUSIOUN PO3BUTKY €JIEKTPOHHOI KOMEPIIii Ta MaJioro Oi3Hecy.

Cnucoxk BUKOPUCTAHUX JI3KepeJt
1. Troelsen, A. Pro C# 10 with .NET 6 / A. Troelsen, P. Japikse. — Berkeley CA
Apress, 2022. — 1705 p.

2. Ingebrigtsen, E. SignalR: Real-time Application Development / E. Ingebrigtsen. — Packt
Publishing, 2013. — 124 p.
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JIIATHOCTUYHE 3ABE3NEYEHHA ITHOOPMAIIMHUX CACTEM
'Hanionansauit aepokocmiunuii yaiepcuteT iM. M.€. JKyKoBchKoro
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*XapKiBChKHii HAIOHATBHHIT YHIBEPCHTET MiCHKOTO rocrogapcTsa iMeni O.M. Bekeroa

Po3poOka miarHOoCTHYHOrO 3a0e3MeueHHs € CKIAAHOK0 3a/Jaueio, TOMY IO HEOOXiTHO

33JJOBOJIGHATH IIJIOMY psily HaiyacTilie CyHnepewMBHX BHMOT 0 IIBUAKOII, amapaTypHUX
BUTpAT, HAAIMHOCTI QyHKIioHyBaHHS 1 T.1. [1]. ToMy omepxye NOMUpPEHHS CUCTEMHHM MIAXia A0
JOCTIDKeHHST Ta TIPOCKTYBAHHS CTPYKTypH 3aco0iB JIiIarHOCTYBaHHS, IO JIO3BOJISIE BPaxXyBaTH
MHOXHUHY (DAKTOpIB 1 3HAUTH ONTUMAJIbHY peali3allilo CUCTeMHU. 3HA4YHy MpoOJieMy MpeacTaBIIsie
KOHTPOJIb CKJIQJHUX HU(POBUX CHCTEM Y 3B'A3Ky 3 BEJIHMKOI KUIBKICTIO MOXJIMBUX CTaHIB 1
TPYIHOIIIB MOJICIOBAHHS Ta 3Ha4YHA (DYHKI[1OHABHICTb.
MeTor JOTOBiI € aHalli3 METOMIB PO3POOKH TIarHOCTHYHOTO 3abe3mneueHHs iHpopMaIliiHux
cucteM. B OTMOBIII PO3MIIHYTO OCOOMMBOCTI 3ajadyi, M0 PO3MIAAaeThesl. bararo 3amad: momryk
MiHIMQJIbHUX TECTiB, BHOIp ONTHMAJBHOTO COCTaBa IMEPEBIPOK 1 iH. € JIOTIKO-KOMOIHATOPHHUMHU
3ala4yamMu 3 mepeOopoM 3HAYHOI KIIBKOCTI BapiaHTIB. TpYydOMICTKICTh KJIACHYHUX QJITOPUTMIB 1
METOJ[IB pIIIEHHs X 3aBJaHb 3MYIIy€ HIYKAaTH HOBI MIXOAM ¥ po3poOJsaTH Oinblie eeKTHBHI
MeToau. PiBeHb CKJIaIHOCTI CyYacHHMX aBTOMAaTH30BaHMX CHUCTEM JIiarHOCTYBaHHS HACTUIBKU
BUCOKHM, IO JUIsI IXHBOTO TPOEKTYBAHHS, SIK 1 JUISI TMPOEKTYBAaHHS CaMHUX CHCTEM, HOTPiOHO
3aCTOCOBYBATH aBTOMATHU30BaHI METOIH.

Po3pobneno mnporpamue 3abe3neueHHs [UIs  (OpMyBaHHA JIarHOCTUYHUX MOJEJeH,
KOHTPOJIPHUX Ta JIarHOCTHYHHWX TECTIB, MO JO3BOJISIE ABTOMATH3yBAaTH TIPOIEC PO3POOKH
JIarHOCTHUYHOTO 3a0€3MEUYCHHS, CKOPOTUTH CTPOKH PO3pPOOKH, 1 MABUIIUTH HOTO SKICTh 32 PaXyHOK
(hopmyBaHHSI MIHIMAJTBHUAX TECTOBUX IMOCIJOBHOCTEH Ta CIPOIICHHS CXeMU KOHTpoJto. [Iporpama
[2] npu3HaveHa a1 moOyA0BHU 1IarHOCTUYHHUX MOJENECH TUCKPETHUX MPUCTPOIB Ul 3aJJaHOTO BHUILY
BiZiIMOB. [[y1s onrcy BUXIAHUX JaHWUX po3poOiieHa creliaigizoBaHa MpoOJIeMHO-OpIEHTOBAaHA BXiTHA
MoBa. llporpama [3] mpusHaueHa s TOOYMOBHM KOHTPOJBHHX 1 JIarHOCTUYHHMX TECTIB 3
ypaxyBaHHSIM BapTOCTI peajizallii mepeBipok. B oCHOBI poOOTH mporpamu JIeKUThH MOCITiIOBHA
reHepallis MepcreKTUBHUX BapiaHTIB 1MoOyIOBH TECTIB, aHANi3 iXHIX BIACTUBOCTEH, (hOpMyBaHHs
MHOHWHH PIIICHb, OIlIHKA IXHHOI BAPTOCTI, BUOIpP MIHIMAJIBLHOTO 33 BapTICTIO.

3acTocyBaHHA PO3pOOJIEHOTO  MPOrpaMHOIrO  3a0€3MEYeHHS  JO3BOJHMTH  CKOPOTUTH
TPYAOMICTKICTh ~ PO3POOKH IaTHOCTHYHOTO 3a0€3MeUeHHs, 3MEHIIUTH TPUBAIICTh TPOIIECY,
MiABUIIUTH SKICTh NMPOEKTYBaHHS, 3MEHIIUTH BUTPATH Ha HOT'O PO3POOKY.

CnucoK BUKOPUCTAHMX JIKepeJT
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AHAJII3 BIAT'YKIB KOPUCTYBAYIB 3 BUKOPUCTAHHS IHOOPMALIHHUX
TEXHOJIOT'TA OBPOBKHU ITPUPOTHOI MOBU
HarmionanbHuit aepokocmiunuii yHiBepcuteT iM. M. €. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

VY cywyacHOMy CBITI LU(POBUX TEXHOJOTIH SKICTh JOCBiAYy B3a€MOJIl KOpUCTyBada 3
inTepdeiicom (User Expirience, UX) crama omHuM 3 KIIOUOBUX (HAKTOPIB YCHIXy MPOIYKTY.
3Bakar0ud Ha KOHKYPEHLII0, KOMIIaHii 3MYIIEHI MOCTIHHO BIOCKOHAIIOBATH CBOI iHTepdeiicu,
CTIHMPAIOYXCh Ha 3BOPOTHHM 3B'SI30K BiJ KOPHUCTYBayiB. 3i 30UIbIICHHAM OOCSTIB TEKCTOBHUX JTAaHUX
BUHUKA€E MMOTpeda B aBTOMaTH3alli Mpolecy iX aHamizy. I[HpopmarmiiiHi TexHonorii oOpoOKku
npupoanoi MoBu (Natural Language Processing, NLP) npomoHytoTh pimieHHst [is oOpoOku Ta
aHaJi3y BEIHMKUX OOCATIB TEKCTOBUX MaHMX, JO3BOJISIOYM IIBHIKO BHSBIISTH KIFOUOBI TEHJAEHIIIT,
MPOOJIEMH Ta MOYKJTMBOCTI JJIsI TOKPAIIEHHST KOPUCTYBAI[LKOTO JTOCBIY.

OcnoBaumE komroHeHTamMu NLP € TokeHizallis, jemarn3ariis, YaCTHHOMOBHA PO3MITKa Ta
cuHTakcuuHMid anami3. [li 6a3oBi omeparii, BukopuctoByroun Oibmiorekn NLTK, SpaCy Ta
Stanford NLP, 103B0sIsII0Th IEpETBOPUTH HECTPYKTYPOBaAHI TEKCTOBI JaHi y popMy, IpUAATHY A
nojanpioro anamizy [1]. Bekropue mpencraBnenus ciniB Word2Vec a6o GloVe, mn03BonsoTh
BPAaXOBYBaTH CEMAHTUYHI 3B'A3KU MIDXK cjoBaMu [2]. AHaii3 TOHAJIBHOCTI TeKCTy B KOHTeKcTI UX-
JOCITIJIKeHb TO3BOJISIE aBTOMATUYHO BU3HAYUTH €MOIliiiHe 3a0apBlIeHHs BIATYKY, BUKOPUCTOBYIOUU
CIIOBHMKOBI METOJY Ta METOJM MalIMHHOTO HaBuaHHA [3]. Jlo TOTO * Cy4acHi CHCTEMH IITYYHOTO
IHTENIEKTY JOMOMOXKYTh aHaNi3yBaTH MPSMY MOBY KOPUCTYBAYiB 1 OKPIM MPOCTO aHAJIi3y KIFOUOBHX
CIIB Ta aHaJi3yBaTH €MOIliiHe 3a0apBJCHHS Ta aKICHTH. BiAMOBIMHO, 1€ JOMOMOXE HE JIHIIE
pe3toMe poOUTH, ajie 1 3HAXOAMUTH CXOXi OJIOKM Ta CXOXKI 3BEPHEHHS IMOMDK YCIX OTPHUMAaHUX
BiamoBige. Takum uwmHOM michas anamizy 100 BigmoBizedn MokHa onpaszy IMOOA4MTH, IIIO,
Hanpukian, 40% xopuctyBauiB TypOye ochb Il 4M iHIIA yacThHa iHTepdeiicy. Ha wnei Tpeba
3BEPHYTH yBary BIAMOBIZHUM 4YHHOM. lle momomarae po3poOHMKAM BHUKOHATH KaTETOPH3AIIII0
BIATYKIB Ta KUIBKICHO TIOpaxyBaTH 3alliKaBJICHICTh KOPUCTYBAayiB y Tid 4YM iHIIIA YacTHHI
iHTEepdeiicy.

Bukopucranus TexHoJoriii oOpoOKM MpUPOJHOI MOBM B aHali3l BIATYKIB KOPHUCTYBayiB
BHIIITY€E 3HAYHY YacTUHY TIpo0sem cydacHnx UX-mgociikenb. L aBTomMaTH3aliiss CKopodye 4ac Ta
pecypcu, J03BOJIIOUM pearyBaTH Ha 3MiHM y moTpebax. 3acTOCYBaHHsS LIMX METOMIB ITiJIBUIILYE
TOYHICTh Ta PEJICBAHTHICTh aHAJI3Y, IO MPU3BOAUTH JI0 TIHOIIOTO PO3YMIHHS KOPHCTYBAIbKOTO
JIOCBITy Ta JI03BOJISIE€ MPUIMATH OUIbII OOIPYHTOBAHI pillIeHHS LIOJ0 BJOCKOHAJCHHS 1HTEpQeiciB
Ta, B KIHIICBOMY IIICYMKY, ITiJIBUIIyBAaTH KOHKYPEHTOCTIPOMOKHICTh TTPOTYKTY.

Cnucox BUKOPHCTAHUX J7KepeJt

1. Loper, E. In Proceedings of the ACL-02 Workshop on Effective Tools and Methodologies
for Teaching Natural Language Processing and Computational Linguistics / E. Loper,
S. Bird // NLTK: The Natural Language Toolkit. — 2002. — p 63-70.

2. Mikolov, T. Distributed representations of words and phrases and their compositionality /
T. Mikolov, I. Sutskever, K. Chen, G. S. Corrado,. J. Dean // In Advances in neural
information processing systems. — 2013. —p. 3111-3119.

3. Hochreiter, S. (1997). Long short-term memory / S. Hochreiter, J. Schmidhuber // Neural
computation. — 1997. — 9(8) . — p. 1735-1780.
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PO3POBKA BEB-3ACTOCYHKY JIUISA OHIHIOBAHHS I OBI'OBOPEHHSA KHUT
HarionansHuit aepokocmiunuil yHiBepcutet iM. M. €. JKykoBcbkoro
«XapKiBCHKUH aBiallifHUIA IHCTUTYT»

Croronni, B epy unupoBoi KOMyHIKallii Ta 0CTymy A0 iH(opMaIllii, KHUTH 3aJUIIAI0THCS
OJHUM 3 OCHOBHHX JUKEpesl 3HaHb Ta pPO3BUTKY ocobucrtocti. IIpore 3poctae morpeba B
IHCTpyMEHTax, $Ki CIPOCTSITh MpOIEC OIIHIOBAHHS Ta OOTrOBOPEHHS KHHUT, 3a0e3meuyroun
JOCTYTHICTb, 3pyUHICTh Ta €()EeKTUBHICTH JIsl KOPUCTYBauiB. [HTerpallis 1HTENEKTyaIbHIUX CUCTEM
y cdepy JiTepaTypHOi KPUTHKH Ta PEIIEH3YBAaHHS MOXKE CTaTH KIIFOUOBUM (DAaKTOPOM y TIOJITIIICHHI
CIPUMHATTS Ta OOTOBOPEHHS JTiTepaTypHUX TBOPIB [ 1, 2].

Y KOHTEKCTI 3pOCTarodoi MOMyJsIpHOCTI BeO-miardgopM aias oOMiHYy AyMKamMu Ta
BpPaXKEHHSAMHU, pO3pOOKa CIIeliaai30BaHOTO Be0-3aCTOCYHKY I OLIHIOBaHHS Ta OOTOBOPEHHS KHUT
CTa€ BXJIMBHUM €TallOM y BIIOCKOHAJIEHHI JiTeparypHoi KynbTypH. Llel 3acTOCyHOK MOXe CTaTu
MalJaHYUKOM [UIsi OOMiHY BpaK€HHSMH, aHalily Ta OOTrOBOPEHHS JITEPaTypHUX TBOPIB,
3a0e3Mneuyoun 3pyYHUN Ta JOCTYITHUHI IHCTPYMEHT JIJIsl YUTAa4YiB Y BCbOMY CBITI.

Merta npoekTy Mojisirae y CTBOPEHHI IIaTGOpMH, 110 CIIPSIMOBaHA Ha 3py4HE Ta e(heKTUBHE
OTpPUMaHHS 00 €KTUBHOI OILIIHKH Ta OOTOBOPEHHS KHHT, HE3aJIEKHO BiJl IX CTaHy — YH 1€ HOBI, YU
BXKMBaHI KHUTU. OCHOBHMH aKIEHT Mae OyTH 30Cepe/PKeHUI Ha 3a0e3nedeHHl 3py4yHOCTI Ta
JIETKOCTI B OTpUMaHHI 00’€KTUBHOI OIIHKM KHHWTH, a TAaKOXX Ha SKOCTI Ta MPEICTaBICHHI KOXHOI
OKpPEMOI KHUTHU.

[Iporiec po3poOKku 3acTOCYHKY 0Oa30BaHUI Ha TTMOOKOMY aHali3i BUMOT KOPUCTYBadiB Ta
peTenpHOMY TPOEKTYBaHHI  apXITeKTypu TporpamHoro 3abOesmneueHHs. (OcobimuBa yBara
NpUALIsUIacs BUOOPY HAWOUIBIN MAXOMANIMX 1HCTPYMEHTIB Ta TEXHOJOTIH A 3a0e3MedeHHS
ONTUMATBHOTO (PYHKIIIOHATY Ta €(EKTUBHOI POOOTH TOAATKY.

[Tlin wac mocmimkeHHs OyJOo BHSBICHO, IO BUKOpUCTaHHS CTeKy TtexHomorid .NET
BUSBUWJIOCS ONTHUMAJIbHUM pIIIEHHSAM JUIsI JIOCATHEHHS IIOCTaBIEHUX LIed. Pesympratn
MPAaKTUYHUX BUNPOOYBaHb MiATBEPAMIN €(PEKTHUBHICTh OOpPAHOTO MiAXOJY Ta BUCOKY SIKICTh
po3pobieHoro TmporpamMHOTO 3abe3nedeHHs. Buxopucranns wmoBu TmporpamyBaHHa C# Ta
wiarpopmu .NET no3Bonuio 3abe3neuntu cTabiibHICTh, MAacIITa00BaHICTh Ta MIBUIKICT poOOTH
nonatky. baratodyHKIIOHANBHICTE Ta BUcCOKa mpoaykTuBHiCTh NET copwsumm 3pydHomy Ta
e(peKTUBHOMY PO3BUTKY MPOTPaMHOr0 3a0e3MeyYeHHs, IO BilOOpakaeThCs y BHCOKOMY piBHI
3a/I0BOJICHHS TTOTPeO KOPUCTYBAUiB.

OTtpumani pe3yJabTaTd MiATBEPIXKYIOTh, 10 pO3pOOICHUN AOAATOK YCIIIIHO BUKOHYE CBOT
(dbyHKIIT Ta BIAMOBITAE BUMOTAM KOPHCTyBadiB. BiH 3a0e3medye MOXKIMBICTH OIIHIOBATH KHUTH,
OOMiHIOBaTHCS BpAXCHHSAMHU Ta OTPUMYBaTH pEKOMEHJalii, [0 poOUTh MOro 3HAYYIIUM
THCTPYMEHTOM JIJIs1 aHATI3y Ta OIIHKH JIITEPATypPHHUX TBOPIB.

Cnucox BUKOPHCTAHUX JKepeJt
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MICJIS1 CTUCHEHHSA 3 BTPATAMUA
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B pi3Hux o0nacTax Haykd 1 TEXHIKH B JaHUN Yac MIMPOKO BUKOPUCTOBYIOTHCSI HAIIBTOHOBI
Ta KOJbOpOBi 300pakeHHs [1]. KinmbKicTh 300paskeHb, a TakKoX iX CEpeiHii po3Mip MIBUAKO
301mbHIyI0ThCA. e 3yMOBII0€ HEOOX1HICTH BUKOPUCTOBYBATH CTHCHEHHS SIK I Tiepenadl JaHuX
TI0 JTIHISIX 3B’513KY 3 0OMEKEHOO MPOITYCKHOIO 3/IaTHICTIO, TaK 1 JUIS ToAabInoro 30epiranns. [lpu
IbOMY CTHUCHEHHS 0e3 BTpaT 4acTO HEMOKJIMBO 3aCTOCYBaTH 4Yepe3 BIAHOCHO Malli 3HaueHHS
koedimientiB ctucHeHHs (KC), sxi mpu mpoMy nocsiratotbes [2]. ToMmy 3aCTOCOBYIOTH METOIH
CTHUCHEHHS 3 BTpaTaMH, SIKi BHOCSThH MEBHI CIIOTBOPEHHS Y CTUCHEH1 300pa)K€HHS, alie JO3BOJSAThH
JOCATTH CYTTEBO OUTbIMX 3HaueHb KC 1, M0 TeX Ba)kIIMBO, HAJIAIOTh MOXKJIMBICTEL BapiroBaTH KC
Ta SIKICTh CTUCHEHHMX 300pakeHb [3]. 3a3zBuuail 11 Ouibiux 3HaueHb KC xapakTepHuM € OibIl
BUCOKHI piBEHb BHECEHUX CIIOTBOPEHH (BUKPHWBJICHb, MOXHUOOK), [0 BUMArae 3HaXOIUTH TEBHUN
koMmipomic Mik KC Ta sKICTIO CTUCHEHMX 300pa)keHb y KOXXHOMY KOHKPETHOMY BHUMAAKY, J€
AKICTb MOKHA XapaKTepH3yBaTH SK 3a JOMOMOTOI TPAAMLIHHUX KUIBKICHUX KPHUTEpiiB, Tak i
METPUKAMH Bi3yalIbHOT SIKOCTI, KUIBKICTh SIKUX MOCTIIHO 3pOCTae, a BIACTUBOCTI MOKPAIIYIOThCS [3,
4].

HemonaBno Oyno mpoBeAeHO aHali3 CTAaTUCTUYHUX Ta MPOCTOPOBUX CHEKTPATBHUX
XapaKTepUCTUK BUKPHUBIICHB, III0 BHECEHI CTUCHEHHSM 3 BTpaTaMH Uil KUIBKOX KOJEpiB HA OCHOBI
nuckpeTHoro kocuunycHoro meperBopenHs (IKII) [5, 6]. JloBemeno, mo y 6aratboxX BHMaAKax
BHECEHI BUKPUBJICHHS JyXe CXO0XI1 3 aAUTUBHUM OinuM raycoBuMm nrymom (ABI'IH). Bigminnocrti
IOJIATAI0Th y HACTymHOMy. Ilo-mepiue, WiimbHICTs posmoximy imosipuocti (LLIPI) BHKpuBICHSD
MOJKe MaTé OUTBII BaXkKi XBOCTH. Lle crmoctepiraerbes Ui JOCUTh BUCOKUX CTYIIEHIB CTHUCHEHHS.
[To-apyre, Tpoxu OiNbIIa JIOKaJbHA AUCTIEPCisl BHECEHUX BUKPHUBIIEHb MA€ MICIIE JJIsi TaK 3BAHUX
JIOKaJbHO-aKTUBHUX (PPAarMEHTIB, O SIKUX BIIHOCATHCS MaJOPO3MIpHI 00’€KTH Ta iX OKOJIH, OKOJIU
MEX TUIONIMHHUX 00’€KTIB, a TakoXX TeKCTypH. [lo-Tpere, i3 30UIBIICHHSIM CTyNEHS CTHCHEHHS
MIOCTYTIOBO MPOSIBIISIETHCS M TPOCTOPOBA KOPEIIALisi BHECEHUX BUKPHUBIICHb.

B TakoMy BuUMaaKy 3’sIBISETHCS TIMOTE3a PO MOXKIIUBICTD TMOKPAIICHHS SKOCTI CTUCHEHOTO
300pakeHHs MicTs WOTo JeKoMIpecii. 3a3HauuMo, 110 € KUTbKa BiIOMUX MiAXO/IB A0 MOKPAIICHHS
SAKOCT1 CTHCHEHHMX 300paxkeHb micis ix nmekommpecii. [lo-mepiie, me metomu AEOIOKIHTY, SKi
J0BeIH CBOIO KOpucCHICTh 11t JPEG Ta iHImMX METOZIB CTHCHEHHS, ki BUKopucTtoByioTh JIKII B
Osokax (ikcoBaHoro abo amanTuBHOTO po3mipy [7]. Ilo-mpyre, 1e meToau MPUAYIICHHS
3aJIUIIKOBUX 3aBaJ] y BUIIAJKaX, KOJIU CTHCKAIOTHCS 300pa)KeHHS, IO CIOTBOpPEHI mymoM [8, 9].
BigminHicTh HamIol 1A€1, 0 po3TISAacThCS Y TaHii myOsiKarii, moysira€ B ToMy, IO aHATI3y€eThCs
CTHCHEHHsI 300pakeHb, JJIs SKUX MPUITYCKA€ThCS BIJACYTHICTH 1IyMy (a0o HOro HEMOMITHICTB), a
TaKOX TPUITYCKAETHCS MPAKTHYHA BIIICYTHICTh OJIOYHUX €(EKTIB, sIKi 3a3BUYall CIIOCTEPITAIOTHCS
IPU JIOCUTh BEJIMKHX 3HAYCHHAX KoedilieHTa CTHUCHEHHS. ToxX MH (OKyCyeMoCh Ha TaKOMY
CTHUCHEHHI 300pakeHb, MPHU SIKOMY BUKPHBIICHHS, III0 BHECEHI BHACHIJIOK CTHCHEHHS 3 BTpaTaMH
MOXYyTb OyTH BizyanbHO mnoMiTHUMH [10], ame He apaTiBAMBMMHM, L0 SKpa3 1 BIAMOBiIa€
O0YEeBHIHOCTI (TIOMITHOCTI) OoyHUX edekTiB. Came TakuxX PiBEHb BUKPHBIICHH € THUIIOBUM IS
CY4YaCHHX 3aCTOCYHKIB CTHCHEHHs 3 BTpaTaMM Ha piBHI a0 Bi3yaJbHO HENOMITHUX BHKpPUBJICHb,
a00 BUKPUBIICHb, IO € TPOXH OLIbIN IHTEeHCUBHUMH [4]. OCKUIBKM HaIa i7es 3HAXOIUThCA Ha
MOYaTKOBOMY €Talli JIOCIIKEHb, TO BOHA MIEPEBIPAETHCS AJIs 300paxKeHb B rpajiallisix ciporo.

80



Icaye 6e3niu meToniB (impTparii 300paskeHb, M0 CIIOTBOPEHI IIYMOM 3 XapaKTepUCTHKAMH,
K1 € ONM3bKUMHU J0 aTUTHUBHOTO raycoBa Oigoro myma. B sSKOCTI mepmioro Kpoky HamMu OyJio
posrisiayTo QineTp BM3D [11], sikuii 3anummaeTscst OMHUM 3 Haikpammx Ha naHuil gac 3 2007
POKy, KOIH #0ro 6yjio 3aIpoloHOBaHO. Moro mepeBaraMu € HACTyHHi: 1) OCHOBHa Bepcis
po3pobinena came st ABI'I; 2) 3aBasku momyky mOAIOHMX OJIOKIB Ta IX CHUTBHOMY
BUKOPHUCTaHHIO 3a0e3neuyeTbes edekTuBHE 30epekeHHsT Mexx 00’ €kTiB; 3) GinbTp (Ha BiIMIHY Bij
JeSIKUX Cy4YacHHUX MeTOMAiB (inbTpamii Ha OCHOBI HAaBYCHHX HEHpOMEpEK) Mae 3pO3yMUIHA
MeXaHI3M NpUIyLIeHHS 3aBaj; 4) € TOCUTh MIBUIKI peamizalii Hsoro GiieTpy; 5) XapaKTepUCTUKH
GUTBTPY MOXHA JIETKO aJanTyBaTH A0 PiBHS 3aBajl Ta Y IEBHUX MEKaX 3MiHIOBATH.

OctaHHs BJIaCTUBICTh BUMArae J0J1aTKOBOro nosicieHHsa. @uibTp BM3D ananoriuno iHmmm
¢inerpam Ha ocHoBi JIKII BukopucroBye mopir T, sSKuii BCTaHOBIIOEThCS SK o, A€ G —
CepeIHbOKBAJ[paTHUHE BIAXWIEHHS 3aBaj, a [} — mapamerTp, L0 3aJa€ThCsi KOPUCTyBadeM abo
BCTAHOBJIIOETHCS TPUONM3HO piBHUM 2,7. 30inblieHHS [3 3a3BUYail MPU3BOAUTH 10 OLIBII
e(eKTUBHOIO MPUIYIICHHS 3aBaj 32 PaXyHOK TIpIIOro 30epeXeHHS MEX Ta TEKCTYp (JIOKaJbHO-
aKTUBHUX JUITHOK 300pakeHn). I1[o crocyeTbes 6, TO #oro Tpeda 3HATH 1O MOYATKY (DUIbTpaIii.
Hama ines monsirae B ToMy, 110 3Ha4eHHs G (a0o mucmepcii BUKPHUBIEHB) MOXKE OYTH IIBHAKO
PO3paxoBaHO MICIsi CTHCHEHHS 300pa)KeHHsI Ta 30€peKeHO y CTUCHEHUX MaHux. KpiMm Toro, 3apa3
ICHYIOTh JJOCUTh TOYHI METOJU aBTOMaTHUHOro Bu3HaueHHs nucnepcii ABI'I [12, 13], ski moxkHa
3aCTOCYBaTH MICIIs AEKOMIPECii 10 MocT-(iabTparii.

BtimM, sk mokazanu pe3yJabTaT JOCHIIKEeHHsSI B po0oTi [8], mpu mocT-(hiabTpariii MOXKINBI
CUTYyallii, KOJH ONTUMaJbHI 3HAYCHHS [} TIOMITHO BIJIPI3HSAIOTHCS BiJ PEKOMEHIOBAHUX JIO
BUKOPUCTAHHSA 1O JedonTy. KpiM TOro, MOKIHMBOIO € TAKOX 3aJI€KHICTh ONTUMAIBHOTO 3HAYEHHS
B Big xapakTepuUCTHK (CKIAJHOCTI) 0OpoOIIOBaHOTO 300paxkeHHs. ToMy B XOJi HAIIOTO aHAJi3y
po3risigaBcss Hallp TECTOBUX 300pa)keHb, B SIKHH BXOAWUIM 300pa)K€HHS PI3HOI CKIAIHOCTI,
BKJIFOUAIOYM BITHOCHO TPOCTI (3 BETUKHUM BiJICOTKOM TIIKCENIB, IO HAIEKATh KBa310JHOPIIHUM
JUIIHKaM) Ta TeKCTYpHI 300pakeHHsI. 3HaUCHHS 3 3MIHIOBAJIMCH I11]] 4YaC MOJICIIOBAHHSA B IIUPOKUX
Mexax. AHamizyBanuch AaHi i koaepy BPG (better portable graphics) [14], skuii € ogHuM 3
HalleeKTUBHIIIMX Ha JaHMH Yac Ta BHUKOPUCTOBYEThCS SK CKIaJ0Ba 4YacTUHA CTAaHIAPTY
crucHenns Bineo HEVC. [lapamerpom, mo kypye crucHennaMm (I1IKC), nns BPG-konepy € Q, sikuit
€ IIJTUM YHUCJIOM, IO 3MIHIOEThes Bif 1 g0 51, ge Ourbmi 3HadeHHs BiAMOBiAar0Th Oibmomy KC ta
OUTBIIOMY DIBHIO BHECEHHMX CIIOTBOPEHb BIJNOBITHO J0 PI3HUX METPHUK SKOCTI, BKJIIOYAIOUU
TpaAWIliiiHe MKOBE BigHOMIEHHS cuUTHAI-IyMm (peak signal-to-noise ratio — PSNR) Ta merpuku
Bi3yanbHOi sikocTi, Hanpukiaa PSNR-HVS-M [15]. binbmi 3nauenns PSNR ta PSNR-HVS-M
(0OMBI METPUKH BUMIPIOIOTHCS B 1B) BIAMOBIIAIOTH KpaIlliil sSIKOCTI.

B Tabnumi 1 maBeneHo nmaHi anst TectoBoro 300pakenHs Barbara. Jlani B TaOnwuin HamaHi
TUIBKY JJIS1 ONITUMaJIbHUX 3HaYeHb f.

Sk MokHa TO0auMTH, B IIMPOKOMY Jiana3oHi 3Ha4eHb Q, IO BIAMOBINAIOTH SIK JIeABE
MIOMITHUM CITIOTBOPEHHSIM (cepenHbokBaapaTudHa moxudka (MSE) BHECEHUX CIIOTBOPEHB MOPSIAKY
30-50), Ttak 1 cyrreBuM BukpuBieHHAIM (MSE>100), moct-¢inbTparis 3aaTtHa 3a0e3MeyuTH
MMO3UTUBHUHN pe3yibTaT, To0TO mokpamieHHs ssk PSNR, tak i PSNR-HVS-M. Ile nokpaiienss He €
BENUKUM (B Hallkpamomy pasi 6musbko 0,5 n1b). Takoxk crioctepiraeTbest TEHASHITIS 10 301TbIICHHS
ONTUMAJIFHOTO 3Ha4YeHHs 3 mpu 301mbmeHH Q.

AHaJIOTIYHI TEHJEHIIsl CIOCTEePIraloThes 1 JUIs TeCTOBOro 300paxenHs Peppers (tabi. 2),
Xoua ¥ MO3UTUBHHUMA eeKT BiJ MoCT-PinbTpalii aemno MeHmre. Btim, ams 300pakeHpb 13 CKIagHOI0
CTPYKTYpOIO (IMBHUCH JaHi AJisi TeCTOBOTO 300pakeHHs Baboon B Tabn. 3) mo3utuBHUN e(deKT Bix
(bimpTpaIlli He crocTepiracThCcs 30BCiM (onTUMalibHE 3HadeHHS =1 (PpakTUIHO CBITUHTH TPO TE, IO
oCT-(PUIBTPALisl KHIYOTO HE POOUTHY).

Bigznaunmo, 1o A€o aHajaorigyHl TeHASHIIT CIIOCTEPIraarch I BUTIAIKIB (DUTbTpallli 300pakeHb,
mo crnorBopeni ABI'IL, ¢insrpamu Ha ocHoBi AKII, a Takox iHIIMMU cydacHUMH MeToaamu [16].
Tox, 3 01HOTO OOKY MOYKHA KOHCTAaTyBaTH, 110 MOCT-(PIIbTpaIlis 31aTHA 3a0€3MeUYUTH MOKPAIICHHS
SKOCTI 300paskeHb miciis Jekomrpecii. BTiM, 11e Mae Mmiciie He 3aBX4 1 TOMY B MOJaJbIIOMY HaMH

81



TUTAHY€ETHCS PO3POOMTH METOIM IPOTHO3YBaHHS €(PEeKTUBHOCTI MOCT-(iNbTpamii Ta MPUHHSTTS
PIIIEHHS 1OJI0 TOIIBHOCTI 11 BAKOPUCTaHHS.

Taomuus 1
Hani anst 300paxenns Barbara
Q| MSE B PSNR, nb PSNR, nb PSNR-HVS-M, nb | PSNR-HVS-M,
(o dinmprparii) (micns (o imprparii) ab (mics
diabTparii) dbinbTparii)
37 | 34,56 4,4 | 32,74 33,25 33,58 34,08
38 | 40,63 4,5 | 32,04 32,56 32,53 33,10
39 46,84 4,6 | 31,42 31,94 31,66 32,19
40 | 55,30 4,7 130,70 31,21 30,67 31,24
41 | 64,84 4,5 130,01 30,51 29,58 30,13
42 | 74,23 5,1 12942 29,92 28,84 29,39
43 | 87,15 5,9 [ 28,72 29,17 27,79 28,37
44 1100,22 |49 | 28,12 28,50 26,96 27,44
45 | 115,74 | 5,1 | 27,49 27,83 26,14 26,58
46 | 129,22 | 5,5 | 27,01 27,32 25,53 25,95
47 | 149,67 |59 | 26,37 26,62 24,66 25,05
48 1169,94 | 5,6 | 25,82 26,08 23,86 24,24
49 | 188,73 | 5,1 | 2537 25,61 23,30 23,64
50 214,58 | 5,8 | 24,81 25,02 22,78 23,07
Tabmurs 2
Hani nuist 306paxenus Peppers
Q| MSE B PSNR, nb PSNR, nb PSNR-HVS-M, nb | PSNR-HVS-M,
(o dinmprparii) (micost (o ¢imprparii) ab (micus
dbigpTparii) dbinpTparii)
38 132,39 1,7 | 33,03 33,15 33,12 33,23
39 | 35,41 1,9 | 32,64 32,78 32,44 32,58
40 | 39,16 2,5 132,20 32,36 31,60 31,76
41 | 43,64 3,1 | 31,73 31,90 30,77 30,95
42 |1 47,90 3,2 131,33 31,49 29,99 30,19
43 | 53,94 4,9 130,81 31,01 29,09 29,32
44 | 59,18 5,0 30,41 30,59 28,40 28,59
45 | 66,84 5,6 29,88 30,07 27,56 27,76
46 | 75,80 4,7 129,33 29,51 26,63 26,82
47 | 84 5,9 | 28,89 29,07 25,94 26,13
48 | 95,62 54 | 28,33 28,48 25,06 25,23
49 110521 |5,7 12791 28,07 24,43 24,58
50 120,93 |5,8 | 27,31 27,48 23,56 23,76
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Tabmums 3
Hani s 300pakenns Baboon

Q| MSE B PSNR, nb PSNR, nb PSNR-HVS-M, n1b | PSNR-HVS-M,
(o ¢inbTparii) (micns (o ¢inbTparrii) nb (micns
GbinpTparii) dinpTparii)
32 | 30,47 1 33,29 33,10 39,53 39,05
33 | 37,61 1 32,38 32,18 38,16 37,67
34 | 45,95 1 31,51 31,33 36,81 36,36
35 | 56,62 1 30,60 30,44 35,37 34,94
36 | 67,94 1 29,81 29,66 34,09 33,69
37 | 81,72 1 29,01 28,87 32,81 32,44
38 |1 98,10 1 28,21 28,10 31,61 31,28
39 | 11527 |1 27,51 27,38 30,41 30,09
40 | 135,58 |1 26,81 26,69 29,22 28,99
41 | 162,8 1 26,01 25,90 27,95 27,70
42 119093 |1 25,32 25,21 26,81 26,58
43 222,02 |1 24,67 24,57 25,70 25,50
44 | 258,06 |1 24,01 23,92 24,57 24,39
45 129531 |1 23,43 23,34 23,51 23,37
46 | 336,21 |1 22,86 22,80 22,57 22,45
47 1379,64 |1 22,34 22,29 21,62 21,53
48 |429,2 1 21,80 21,76 20,68 20,60
49 | 475,5 1 21,36 21,33 19,84 19,78
50 | 529,56 |1 20,89 20,87 18,98 18,94
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VY cydacHOMy CBiTi Be0-3aCTOCYHKH Ui TOLIYKY pOOOTH BiJIrparoTh Ba)XIJUBY POJb y
mpoleci MpalneBIalliTyBaHHA. BoHM 1omomararoTh KaHAMJIATaM 3HAWTH MIAXOIAIN BakaHCIii, a
poGoTomaBIsiM — 3HANUTH KBadidikoBanux ¢axiBmiB. Ilporte, icHye HH3Ka MpoOieM, TIOB'A3aHUX 3
e(eKTHUBHICTIO TAKHX CUCTEM, BIICYTHICTh MEpPCOHaNI3allli, HEAOCTATHICTh 1HPOPMAIIIl PO BaKaHCIi
Ta KaHIUJaTiB. barato cucreM MarOTh CKIaJHUN iHTEepdeiic, HeeeKTUBHI AITOPUTMH TOMyKYy. Lle
CTBOpIOE TOTPeOy B po3poOIll HOBUX pIllIeHb, SKi O MOINK 3a0e3neynTH Oulbll e)EeKTHUBHHUM Ta
3pYYHHI TPOIEC MOMIYKY POOOTH. AKTYalbHICTh TEMH IOJISTa€ B HEOOXITHOCTI CTBOPEHHS BeO-
3aCTOCYHKY, SIKUI OM BpaXxOBYBaB CydacH1 BUMOTH JI0 MOIIYyKY pOOOTH Ta Mii00py HMepcoHay.

Buxomsun 3 aHamizy mpeaMmeTHoOi o0iacTi, OCHOBHE 3aBJaHHS IOJISATa€ B PO3poOIi BeO-
3aCTOCYHKY JJIsl MOLIYKY poOOTH, SKMH MOENHY€e B cOOl MepeBard iCHyIOUYMX. 3aBIaHHS MPOEKTY
CIpsSIMOBaHE Ha CTBOPEHHS TUIAT(HOPMH, IO JO3BOJUTH HE TUTBKH IIyKadaM poOOTH e()EeKTHBHO
3HAXOJIUTU BakKaHCIi, aje i poOOTOAABIIM 3HAXOJUTH BIAMOBITHUX MPAI[IBHUKIB 32 JOMOMOTOIO
6a3u pestome. [Tnaropma Takox MOBHHHA MiATpUMYBaTH (YHKIIT J0JJaBaHHS BaKaHCiH Ta pe3rome,
peecTpariii KOpUCTyBayiB, a TAKOXK MOIIYKY 3 (UIbTPAIETO.

Mertoro manoi poOOTH € HaTaHHS KOpHCTyBauaMm iHQopmamii, HEOOXiqHOI I MOLIYKY
poOOTM Ta mpaleBlaALITYBaHHS, a TAaKOX IOJIETIIEHHS IMpolecy MiI00py HepcoHaly JUls
poGoronasiiB. KitouoBuMu BUMOTH 10 CUCTEMHU € €(DEKTHBHHUI MONIYK, 3py4HUH iHTepdeiic Ta
BHCOKHH piBEHBb OC3IEKH TaHUX.

byna po3pobiiena apxiTekTypa Be0-3aCTOCYHKY Ha OCHOBI MOJIENI KIIEHT-CEpBEp, IO
JIO3BOJTIIO  PO3IIIUTH  (PYHKITIOHAIBHICTh CHCTEMH Ha KIIEHTCHKY Ta CEpBEpHY YaCTHHHU.
Knienrcpka vactuna peanizoBana 3a gonomororo HTML, CSS ta JavaScript [1, 2], a cepBepHa
yacTuHa — Ha MoB1 nporpamyBadds PHP. Byna Bukopucrana pemsmiiina 6a3a qanux MySQL, sxa
3a0e3rneuye BUCOKY MPOXYKTHBHICTh, HAJAIWHICTh Ta MAacIITa0OBaHICTh CHUCTEMH. {1 TecTyBaHHs
Be0-3acTOCYHKY BUKOpHCTOBYBaBcs (periMBopk PHPUnit. TecTtyBanHS miATBEPAMIIO KOPEKTHICTH
POOOTH KIIFOUOBHX KOMITOHEHTIB CHCTEMH.

Be6-3acTocyHoK miATpUMYyE peXUMHU SK IIyKadya poOOTH Tak 1 PoOOTOMaBIsL. Y pexUMI
1rykaya poOOTH KOPHCTYBaul MOXYTh PEECTPYBATHUCS, CTBOPIOBATH Ta peAaryBaTH pe3ioMe, IyKaTu
BakaHCIi Ta HAJACWIATH BIATYKH HA HUX. B pexxumi poOOTOIaBIISI KOPUCTYBadl MOKYTh CTBOPIOBATH
BaKaHCIi, KepyBaTl HUMH, IIyKaTH KaHIUATIB Ta IEeperisaaTi BiATYKH.

OCHOBHUM pE3yJIbTATOM TPOEKTY € PO3pOOJICHHI Be0-3aCTOCYHOK IS TOIIYKY pOOOTH,
KU 3a0e3nedye 3pydHUd Ta €PeKTUBHUNA IHCTPYMEHT Ul B3a€MOJIi MK HIyKadamMu poOOTH Ta
poboromaBisiMu. Lleit 3acTOCYHOK TTOKpaIIye MpoIiec mpareBIalTyBaHHs, MABUILY€E e(EeKTUBHICTh
BUKOPUCTaHHS Cy4yaCHHUX TEXHOJIOTIH y 1iHl cepi Ta BiANOBIAa€ BUMOraM Cy4YaCHOTO PUHKY Ipalli.

CnucoK BUKOPUCTAHMX JIKepeJt

1. Bopoakina, I. Web-texnosnorii Ta Web-au3aiin : 3acrocyBanus moBu HTML st ctBopeHHs
enexkTpoHHuX pecypceis / 1. boponkina. — Kuis: Jlipa-K, 2020. — 212 c.
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[ryunnii intenexkt (L) y memumuni Bimirpae aenani BaKIMBIILY POJb, MPOMOHYIOYH
IHHOBAIIIMHI pilIeHHS s TIarHOCTUKH, JIIKYBaHHs Ta YIpaBJiHHS mainieHTamu [1]. 3acTtocyBaHHs
HII oXOoruTro€e IIMPOKHIA CIIEKTpP 3aBAaHb, TAKUX K 00pOOKa METUYHUX 300paKeHb, TPOTHO3YBaHHS
3aXBOPIOBaHb, NIEPCOHAII30BAHA MEIUIIMHA Ta aBTOMATH3AIlisl PYTUHHUX MEIUYHHX IpoIeciB [2].
Bucoka NMpOayKTHBHICTH Ta TOYHICTh QJITOPUTMIB MAIIMHHOTO HABYAHHS JO3BOJISIE €()EKTUBHO
aHaJIi3yBaTH BEJIMKI 00CATH MEIMYHHUX JaHUX, 320€3MeUyl0ud TOYHICTh IarHOCTUYHUX BHCHOBKIB
Ta CKOPOYCHHS Yacy Ha MPUHHATTS KIIHIYHUX PIIIICHb.

[ToreHmianu pyxXoMuX OJMHHI, BUMIPIOBaHI 3a JOMOMOrolo Mmiorpadii, € Ba)KIUBUMHU
MOKa3HUKaMM Ul TIarHOCTUKU Ta MOHITOPHMHIY CTaHy M'sI30BOi Ta HEpBOBOiI cucteMu. OTpuMaHi
MOKA3HUKHU JTO3BOJISIIOTh OIIHUTH (DYHKIIOHATBHUN CTaH M'A31B 1 HEPBIB, BUSBIIATH MATOJIOTII Ta
IIPOTHO3YBATU PE3yJbTaTH JiKyBaHHA. OJHaK, aHaii3 HelpoMiorpaiuHuUX JaHUX € CKIAIHUM 1
Jaco3aTpaTHUM MPOIIECOM, IO BHMAara€ BHCOKOI TOYHOCTI Ta 3HaHb, TOMY W BUKOpPWCTAHHS
texnosorii LI 1yt aHani3y MOTeHIialiB PyXOMHUX OJMHUI MOXKE 3HAYHO MOKPAIIHUTH IIeH MPoIec,
3a0e3Mmeuyrovn aBTOMATH3AIIiI0, TTiIBUIIEHHS TOYHOCTI JIarHOCTHKY Ta MIBUAKICTE OOPOOKH JTaHUX.

MeTow a0mMOBiAI € OCTIKCHHS BHUKOPHCTaHHS INTYYHOTO IHTEICKTY Ui aHalli3y
MOTEHI[iaJIiB PyXOMHUX OJUHHMIIb Y Helipomiorpadii Ta MOpiBHAHHS PI3HUX BapiaHTIB BUKOPUCTAHHS
[I. Po3ristHyTI MOKIMBOCTI aBTOMATH3aIlll PO3MIIIICHHS MITOK Ha Tpadikax MOTEHINATIB, TMOIIYK
CXOXKMX TATOJIOTIYHUX 3pa3KiB 3a 300pakeHHSM a00 YHCIOBHUMH JAaHUMH, IO JO03BOJISE
3a0€3MeYUTH TOYHICTh Ta €(EKTUBHICTh aHamizy. HelWpoHHI Mepexi BHKOPHCTOBYIOTHCS IS
HaBYaHHS PO3Mi3HABAHHS PI3HUX THINB MATOJOTIH, aHANI3YIOUM MOTEHIIATH PYXOMHUX OTUHUIIb.
BukopuctaHHs ~ Takoro Mmigxoay JOMOMarae JiKapsM IIBUANIE Ta TOYHINIE BCTAHOBIIOBATH
miarHo3u. LI TakoX MoXe BHKOPHCTOBYBATHCS JJIsl PI3HUX 3aBAaHb, TaKMX SK aBTOMATUYHA
pPO3CTaHOBKA MITOK, TOIIYK CXOXKUX IMOTEHIIIAJIIB 32 300paKeHHSIM a00 32 YMCIIOBHUMH JaHUMH, 1110
3a0e3neuye KOMIUIGKCHUM MiAXig 10 aHaiily. BHCOKONPOIYKTHBHI alrOpUTMHU MAIIMHHOTO
HaBYaHHs 37aTHI aHAJI3yBaTH BEJHMKI OOCSITH MaHMUX, 3a0e3Meuyloud OINepaTHBHE OTPUMAaHHS
iHpopMaii Ta yxBaseHHs pimieHb. JlocnipkeHHs mopiBHIOE pi3Hi BapianTu Bukopuctanus LI ns
MOITYKY TIOTEHIIIaiB: BUKOPHCTAHHS QJITOPUTMIB MAIIMHHOTO HaBYaHHS IS  Kiacudikarii
MOTEHIiaJIiIB PYXOBUX OJUHMIIL HA OCHOBI MOINEPEJHHO MAapKOBAaHMX JIaHUX; BUKOPUCTAHHS
HEUPOHHUX MEPEX I aHali3dy MiorpadiuHMX CHUTHAIIB 1 BUSABJICHHS XapaKTEPHUX MATCPHIB;
BUKOPUCTaHHA TJIMOOKMX HEHPOHHUX MEPEX Ul aHajli3y TOTOBUX MOTEHINANiB PyXOMUX OJUHMIIb
y BUTIIAII 300pakeHb;, BukopuctanHs aiaroputmiB Il nmns amamizy gaHux, 310paHUX MPOTATOM
TPUBAJIOTO Yacy, JUIsl CTBOPEHHS 0a3u TOTOBUX MOTEHI[iaJiB, PO3MOAUICHUX 1O MEBHUM KPUTEPIsIM
Ta Tpymnam.

CnucoK BUKOPUCTAHMX JIKepeJt

1. Mesko, B. Will artificial intelligence solve the human resource crisis in healthcare /
B. Mesko, G. Hetényi, Z. Gyorffy / BMC Health Serv Res. — 2018. — vol. 18. — p. 545.
DOI: 10.1186/s12913-018-3359-4.

2. Jiang, F. Artificial intelligence in healthcare: past, present and future / F. Jiang, Y. Jiang,
H. Zhi, Y. Dong, H. Li, S. Ma, Y. Wang, Q. Dong, H. Shen, Y. Wang, // Stroke Vasc
Neurol. — 2017. —vol. 2. —iss. 4. — pp. 230-243. DOI: 10.1136/svn-2017-000101.
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MOJIEJI TA THOOPMAIIMHA TEXHOJIOTI'IA INIAHYBAHHSA JIOTICTUYHUX I
J10O BIZHOBJIEHHSI BUPOBHUIITBA BUCOKOTEXHOJIOTTYHOI IMPOIYKIIIT
Hamionanenuit aepokocmiunuil yHiBepcurtet iM. M.€. JKykoBcbkoro
«XapKiBCHKUH aBiallifHUIA IHCTUTYT»

CyuacHe BHCOKOTEXHOJIOTIYHE BUPOOHMIITBO 3HAXOAWUTHCS B MIHJIMBHX YMOBaxX MOJITHKO-
€KOHOMIYHOro  cepefioBuila.  3ale3nedyeHHs  (QyHKIIOHYBaHHA  KOHKYPEHTOCIPOMOXHOIO
BUPOOHUIITBA MOTpeOye (OpMYyBaHHS CTpaTerii uis BiAHOBJIECHHS BHpPOOHHUNTBA. llpu mboMy
HeOoOX1JHO BpaxOBYBaTH PHU3UKHU BIUTUBY (PAKTOpIB 30BHILIIHBOTO Ta BHYTPILUIHBOTO XapakTepy.
ToMy, akTyaJlbHa TeMa JIOTIOBiJIi, B SIKii MPeAICTaBICH] Pe3yJIbTaTH JOCIIKCHHS JIOTICTUIHUX JTiH,
K1 CIIPSIMOBaH1 Ha BITHOBJIEHHSI BUCOKOTEXHOJIOIYHOTO BUPOOHULITBA.

Mertoro nomoBifi € po3poOka KOMIUIEKCY MoOJeNed Ta NpUKIaAHOI iH(opMaIliitHol
TEXHOJOr1l, sKi 3a0e3nmedarh IJIaHYBaHHS TPOEKTIB 100 BiJHOBIECHHS BHPOOHHUIITBA
BUCOKOTEXHOJIOTIYHOI mpoaykiii. I[IpoanamizoBaHi MOXIJIMBI cTparerii, sKi COpsMOBaHI Ha
BiJIHOBJICHHS BHPOOHMITBA Ta 3a0E3MEYCHHIO HOT0 KOHKYPEHTOCIpPOMOXHOCTI. Jlo crpareriii
BITHOCATBCS: MOJICpHI3allisl BUPOOHUIITBA; AMBEpcU(IKAIlisl; PECTPYKTYpHU3allis BHPOOHHUIITBA;
CTBOpPEHHSI BIPTyaJbHOTO BHUPOOHUIITBA; IH(poBa TpaHchopmallisi BUPOOHUITBA. MHOXKEHY
CTpaTerii  MoXKHa  30UTBIIyBaTH, BPaxOBYIOUHM  OCOOJMBOCTI  KOHKYPEHTOCIIPOMOXKHOTO
BUCOKOTEXHOJIOTIYHOTO BHPOOHUIITBA, @ TAaKOXX BHIIB MPOAYKLii, SKi MAaOTh MONUT HA DPUHKY
cnoxuBaviB. HaBeneHi OCHOBHI MOKa3HUKU BiJTHOBJICHHS TEXHOJOTIYHOTO BHPOOHUIITBA: BUTPATH
Ha MozepHizauiro (W), dac, moTpiOHuil Ha MoxepHizamito (T), pU3HKK MPOEKTY BiIHOBJICHHS
BupoOHunTBa (R). Bupminena MHoOXHWHA (akTOpiB BIUIMBY HAa CTaH BHCOKOTEXHOJIOTIYHOTO
BUPOOHHUIITBA. 3alIPOIIOHOBAHO METOA Ui (POpMyBaHHS CYTTEBHX (PaKTOPIB BIUIMBY 3aCHOBaHHMH Ha
BIpTyaJIbHUX EKCIEPUMEHTaX 3a YydYacTi eKCHepTiB-(paxiBLiB 3 MOJAEpHi3amii BHPOOHHIITBA.
BunineHi KOMIOHEHTH BUCOKOTEXHOJIOTIYHOTO BUPOOHHUIITBA, K1 MIASATAIOTh BITHOBIEHHIO 3-32 1X
(GI3MYHOTO Ta MOPAIBHOTO CTaHy. 3alpONOHOBAaHO METOMA, SKUHA BUKOPUCTOBYE JIHTBICTHUYHI
OLIIHKK eKCHEepTIB Ta JeKCUKorpadiyHe BHOPSAKYBAaHHS BapiaHTIB MOXIHMBOTO BITHOBIICHHS
BupoOHuITBa. CTBOpEeHa ONTHMi3amiiiHa MOZENb IS MiHIMi3alii BUTpaT Ha MOJEpHI3AIII0
BUPOOHMIITBA, SIKa Mae OOMEXKEHHs 3a 4acoM MOJEpHi3alii Ta pU3MKOM IpoekTy. Po3pobiena
areHTHa MOJENb IS JIOCHIDKCHHS  IOCIIJOBHOCTI  JIOTICTUYHHMX M Yy  BiJHOBIICHHI
BUCOKOTEXHOJIOT1YHOTO BUPOOHUIITBA.

HaykoBa HOBM3HA [OCHi)KEHHsSI IOB’S3aHa 3 PO3POOKOI0 OpPUTIHAIBHUX MOJENEH s
IUTAaHYBaHHS TPOEKTIB IIOA0 BiJHOBJICHHS BUPOOHMIITBA, B CyYaCHMX YMOBaX BOEHHOTO CTaHY
KpaiHH.

CnucoKk BUKOPHCTAHUX JKepe
1. ®emoporuy, O. €. MeTo hopMyBaHHS JTOTICTUYHUX TPAHCIIOPTHUX B3a€EMOJIIN /I HOBOTO
MOPTQEo 3aMOBJICHb PO3MOAIIICHOr0 BipTyanbHOro BupooHuuTsa / O. €. denoposuy, 1O.
JI. IlponuakoB // PagioenexkrponHi i komm’1otepHi cuctemu. — 2020. — Ne 2. — C. 102-108.

https://doi.org/10.32620/reks.2020.2

87



YK 004.8
Jemenko 0. O., k. T. H, TOIICHTKa
j.leshhenko@khai.edu
MBeup P. C., Marictp
k302@khai.edu
Maxkapenko T. C., marictp
k302@khai.edu

MOJIEJI TA IH®GOPMAIIMHA TEXHOJIOI'ISA ®OPMYBAHHS 3ATIACIB
KOMIVIEKTYIOUNX BUCOKOTEXHOJIOTTYHOI'O BUPOBHUILITBA
HarmionanbHuit aepokocmiunuii yHiBepcuteT iM. M. €. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

Jlo BUKOHaHHS aKTyaJIbHHX 3aMOBJCHb BHCOKOTEXHOJOTIYHOTO BUPOOHHIITBA IS
MOCTA4aHHS B yMOBaX BOEHHOTO CTaHy KpaiHH Mae OaraTo TpPYAHOINIB, $Ki TOB’si3aHi 3
(GOopMyBaHHSM MHOXXHHM TIOCTa4aJbHUKIB KOMIUIEKTYFOUMX Ta JOBIMMH JIOTiICTUYHUMH
JaHIoramMu. B 1mmMx yMmoBax, Tema 3ampOolOHOBAaHOi JOMOBifi, B SKiH HaBeACHI pe3yJbTaTd
JOCIIPKEHHST (POPMYBaHHS 3a11aciB KOMIUICKTYIOUUX JJIsl BAPOOHUIITBA, € aKTyaJIbHOIO.

MeToro OCTi/DKEHHSI € CTBOPEHHS KOMIUIEKCY MOjeNiell Ta MpHKIaAHol iHdopMariiitHol
TEXHOJIOTIii Ui TUTaHYBaHHS JIOTICTUYHUX il 10 (OpMyBaHHS 3amaciB KOMIUICKTYIOUHX IIPH
BUKOHAHHI aKTyaJIbHUX 3aMOBJICHb KpaiHU.

[lpoBeneno aHamiz mpoOjeM TOB’S3aHUX 3 MOCTAYaIbHUKAMH — KOMIUICKTYIOUHX
BHCOKOTEXHOJIOTIYHOTO BUPOOHMIITBA B YMOBAaX BOEHHOTO CTaHy KpaiHH: MpoOiiemMa BiJICYyTHOCTI
(moBHOT ab0 YacTKOBOI) BHPOOHHUIITBA KOMIUIEKTYIOUMX B KpaiHi; mpobiema (opMyBaHHS
HEOOXiTHOI KUTBKOCTI MOCTaYaJbHUKIB KOMIUIEKTYIOUHX, 3 ypaxXyBaHHAM MOXIJIMBOCTEH €aMoOro
BUPOOHUIITBA; TpobieMa (opMyBaHHS JIOTICTUUHUX JIAHIIOTIB TOCTayaHHS B PI3HOPITHOMY
TPaHCIIOPTHOMY CEpeAOBUII; podiieMa GopMyBaHHS HEOOXITHOTO PIBHS 3aIaciB KOMIUICKTYIOUMX
JI0 TUIAHOBOTO BHUPOOHHUIITBA;, mpoOsemMa ¢GOpMyBaHHS 3amaciB KOMIUIEKTYIOUMX B YMOBax
BIMCHPKOBUX 3arpo3; mnpoOjemMa BHUKOHAaHHA 3aMOBJIEHb Ta JOTPUMAaHHS TEpPMiHIB B yMOBax
BIMCHKOBHX 3arpo3.

[IpoBeneHo omnTuMizallilo CKJaxy MOCTAaYaJbHUKIB 3 ypaxyBaHHIM IX MOXKJIMBOCTEH 3a
KUTHKICTIO Ta HOMEHKJIATYPOIO, Yepe3 MOCTauYaHHd KOMIIEKTYIounX. CTBOPEHO IMITaIlIiHY MOJIETh
i GOpMyBaHHS 1 JOCHIPKEHHS MOMKJIMBHX MapIIPYTiB 3a JOBTHUMHM JIAHIIOTAMU IMOCTaYaHHS.
[IpuaineHo yBary OIliHIIl BIUIMBY BIMCHKOBHX 3arpo3 Ha MIISXHM MOCTAYaHHS Ta MICIISI THMYacOBOTO
po3TalnryBaHHS KOMIUIEKTYIouuX. [IpeacTaBieHO airopuT™ TMOHIYKY MAapUIpyTiB IMOCTayaHHS
KOMIUICKTYIOUMX 3 MIHIMaJbHUMHU pPHU3UKAMH, III0 TIOB’SI3aHI 3 MOXJIMBHUMH BIHCHKOBHMH
3arpo3amH.

[Tix yac poGoTH OyIM BUKOPUCTaHI TaKli MaTeMaTUYHI METOJHM Ta MOJIEJI: CHCTEMHHI aHai3
JOTICTUYHUX [Jid 1O (OpPMYyBaHHIO 3amaciB KOMIUICKTYIOUMX; ONTUMI3alliiiHa MoOJenb JJis
dbopMyBaHHS MHOXXHMHHM TTOCTAa4YaJIbHUKIB, IMITamiiiHa MOJENh I JIOCTIDKCHHS MapIIpyTiB
MOCTAQUYaHHS; areHTHE MOJETIOBAHHS  JIOTICTUYHMX Jil 10  ¢OopMy/IIOBaHHA  3araciB
KOMITJICKTYIOUHX.

ATeHTHE MOJIeNIOBAaHHS JIOTICTUUHUX Iill A7 (opMyBaHHS 3amaciB KOMIUICKTYIOUHMX B
yMOBax BIHCHKOBHX 3arpo3 OyJji0 NMpOBEIEHO 3 BHUKOPHCTAHHAM IPOTPaMHOI IIaTHOPMH IS
iMiTariitHoro MmoaentoBanus AnyLogic.

CnucoK BUKOPUCTAHMX JIKepeJT
1. Fedorovich, O. Modeling the impact of threats and vulnerabilities in transport logistics of a

developing enterprise / O. Fedorovich, Yu. Pronchakov, Yu. Leshchenko, A. Yelizieva //

Pagioenektponni 1 komm’rorepHi cucremu. — 2021. — Ne 3. - C. — 29-36.
https://doi.org/10.32620/reks.2021.3.03.
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MOJIEJII TA IH®OOPMALIMHA TEXHOJIOI'IA INIAHYBAHHSA JIOTICTUKHA
TPAHCHHOPTYBAHHS BAHTAKIB HA IIEPEJOBY TA THJI
Hamionanenuii aepokocmiunuil yHiBepcutet iM. M.€. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN IHCTUTYT»

BoenHuil ctan kpaiHu pi3KO 3MIHUB JIOTICTUKY INOCTauyaHHS BaHTaxiB. € 1Ba OCHOBHMX
HamNpsSMKHA JIOTICTHKM TOCTAa4aHHS: IMOCTa4aHHS BIMCBKOBOI TEXHIKM Ta 30poi Ha MeEperoBy,
MOCTayaHHs BaHTAXIB J0 THIYy. ToMy, akTyalbHa TeMa JONOBifi, B SIKil PEACTaBICHI pe3yIbTaTH
MOJICJTIOBAHHS JIOTICTHKH TPAaHCIOPTHUX IOCTauyaHb y MEpPiojJ BOEHHOTO CTaHy KpaiHu. MeToro
JOCIIPKEHHSI € CTBOPEHHS KOMIUIEKCY MoOJeNieil Ta MpHuKiIaaHoi iH(GopMamiiHOi TEeXHOJIOTIT s
TUTAHYBaHHA JIOTICTUKMA TOCTA4aHHS BaHTaXIB Yy TMEpioJ BOEHHOTO cTaHy KpaiHu. Jlorictuka
MOCTayaHHs BaHTAXIB Ha IMEpPElIOBYy Ma€ CBOi OCOOJMBOCTI, SIKI PO3TJSAAIOTHCS Y POOOTI.
[IpoBeneHo MonenMOBaHHS IIISAXIB MOCTauyaHHS BiMCHKOBOI TEXHIKM Ta 30poi B yMOBaX BOEHHHUX
3arpo3. JlOCHiIKYIOThCSI MOXIIMBI MapuIpyTH, sKi 3a0e3medyioTh BIJHOCHY O€3IMeYHICTh
MOCTAa4YaHHs, MOJEIIOIOTECS THMYACcOBI 3YNMUHKH Ta CKJIAJAyBaHHS BaHTaXiB TaKUM YWHOM, 1100
3a0e3MeyuTH MiHIMI3allil0 PU3HKIB Aiil BIHCHKOBUX 3arpo3. Po3pobiena ontuMizariiiiHa MOJeNb s
BUOOpPY palliOHATbHUX MAapIIPYTIB TIOCTauyaHHS B YMOBAaX IIJIBUIICHUX BIMCHKOBUX 3arpos.
OcHOBHUM (paKTOPOM B ONTHUMI3allli BUCTYNA€E PU3MK (OPMYBaHHS IIIAXY MOCTayaHHS B yMOBax
oOMexeHOro uacy mocrtadanHsa. [l onTumizamii 3almpONOHOBAHO METOJ  LIJIOYHCETHHOTO
(6byneBoro) mporpamyBaHHS, B SKOMY B SKOCTI IUIEBOi (YHKINI BHUKOPUCTOBYETHCS PHU3UK
BUHUKHEHHs BiiicbkoBHX 3arpo3. CTBOpeHa omnTuMizaliiiHa Mozenb, B SKid, npu (HopMyBaHHI
NUISIXY IMOCTa4aHHS BICHKOBOI TEXHIKH, HAKOIMUYYETHCS PU3UK TIPH MTPOXOKEHH] BAaHTAXKIB CKPI3h
OCHOBHI KOMIIOHEHTH Pi3HOP1IHOT TPAHCIOPTHOT MEPEXKI.

TparcnopTyBaHHSI BaHTaXIB 10 TWIYy OB’ s3aHE 3 €BAKYaIll€0 Ta PEIOKAIIEI0 MiAMPUEMCTB
3 NMPUQPPOHTOBOI 30HU A0 THIY. Y IIbOMY BHIAJKy, B SKOCTI OCHOBHOTO TOKa3HMKA peJlOKallii,
BUKOPHCTOBYETHCSI 4Yac TPAHCIIOPTYBAHHA TEXHOJIOTIYHOTO OONAAHAHHA B MOXIIMBE MICIIE
poO3TallyBaHHs, SIKE€ BIHOCHO Oe3ledyHe A BUPOOHMITBA CKJIAJHOI TeXHIKM (y Mepuly 4epry,
BIMCHKOBOI TEXHIKH Ta 030po€HHs). B sSKOCTI 00MEXEHh BUKOPHUCTOBYIOTHCS JIOMYCTHUMI PU3UKH
TPaHCHOPTYBaHHS Ta BapTiCTh nepeBeseHHs. CTBopeHa iMiTaliiiHa MoOJAENb S  IOIIYKY
palioHaJIBPHOTO MAapHIPYTy TIOCTa4aHHS 3a JOMOMOror areHTHoi tatdopmu Any Logic.
[IpoBeneHe MoOJeNOBaHHS TPAHCIOPTHHUX IEpPEBE3€Hb Y PI3HOPIAHIN TpaHCHIOPTHIM Mepexi Ha
MepesioBy Ta y THI. 3alpOTNOHOBAHMM TMIX1A JOIMUIPHO BHUKOPHUCTOBYBATH HJisi TUTAHYBAaHHS
JIOTICTUKU TIepeBe3eHb BIMCHKOBHX BaHTaXIB Ha MEPEIOBY, a TAKOXK IUIAHYBaHHS MEPEBE3CHb NpHU
peroKarii BACOKOTEXHOJIOTTYHIX BUPOOHHIITB 10 THITY.

Cnucox BUKOPHCTAHUX JKepeJt

1. ®enopouy, O. €. MogentoBaHHs TPAHCIIOPTHOI JIOTICTUKH BIMCHKOBHX BaHTaXIiB 3
ypaxyBaHHIM 30UTKiB, sIKi BHHUKAIOTh y 30H1 O0HOBUX il uepes3 3ami3HeHHs Y oCcTavyaHHi /
0. €. ®enoposuy, O. C. Ypycekuid, . b. YUenkos, M. 1. Jlyxanin, 1O. JI. IIponuakos,
K. O. Pubka, 1O. O. Jlemenko // PanioenekTpoHHi i KoM t0TepHi cucteMu. — 2022, — Ne 2. —
C. 63-74. https://doi.org/10.32620/reks.2022.2.05.
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MO/IEJI TA IHOOPMAILIMHA TEXHOJIOI'ISA YIIPABJIIHHS AISIMU 1151
3AIIOBII'AHHS BIIVIUBY 3AT'PO3 HA KPUTUYHY TEXHOI'EHHY CUCTEMY
Hamionanenuii aepokocmiunuil yHiBepcutet iM. M.€. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN IHCTUTYT»

Kputnuni TexHOreHHI cuCTeMH (aTOMHA EJIEKTPOCTaHIlisf, €HEePreTU4yHi 00’€KTH, TOIIO)
3HaXOAThCS B yMOBaX (haKTOpiB BIUIMBY TEPOPUCTUYHUX Ta BIICHKOBUX 3arpo3. Lle npu3BoauTh 10
NPUCKOPEHHS iX Jerpajamii, oo crpuse BUHUKHEHHIO Ha/J3BHYAHUX CUTYyalidl Ta 3a0pyIHEHHIO
HaBKOJIMIIIHBOTO cepelioBuia. ToMy, akTyaJlbHa TeMa 3alpoIllOHOBAHOI [OMOBIiMl, B SKiH
PO3TIIAAAIOTECS PE3YJIBTATH JOCHIPKEHHS 1010 TUIAHYBaHHS MPEBEHTHBHUX JIOTICTUYHUX JiH JUIS
3HWKEHHsI (DAKTOpIB BIUIMBY HAa KPUTHYHI TEXHOTEHHI CHCTEMH. METOI0 JOMOBiJi € CTBOPEHHS
KOMIUIEKCY MoJenei Ta iHpopMaIliiiHOi TeXHOJOT1i I TUIaHyBaHHS IMPOEKTIB 13 3a0e3MedYeHHs
CTIMKOCTI KPUTHYHUX OO’€KTIB Ta MPOLECIB HA BIUIMB TEPOPUCTHYHHX Ta BIHCHKOBHX 3arpo3. B
SKOCTI OCHOBHOTO TIOKa3HHWKAa, Uil OLIHKM €(EeKTUBHOCTI TPOBEACHUX NPEBEHTUBHHUX JiH,
BUKOPUCTOBYETHCS PHU3UK 3arpo3 TEPOPHCTUYHOTO Ta BiiCbKOBOTO xapakrepy. CTBOpeHa
onTHUMIi3alliiiHa MoJenb, B SIKiM IpoBeJaeHa MiHiMizallis pusukiB (R), BIMBY 3arpo3 B ymoBax
oOMeXeHb Yacy Ta BapTOCTI MpoBeaeHuX Nii. Po3pobiieHa onTuMizamiiHa MOAETH 32 TOTIOMOTOIO
[uIouncenbHOro (OyJaeBoro) mporpaMyBaHHs 13 3MIHHUMH Xjj, A€ 1 — BIAHOCUTBCSA 0 OCHOBHHX
KOMIIOHEHT KPUTHYHOI CHCTEMH, a ] — OO MOXJIHMBHX 3aXOJiB IIOAO MiHIMi3alii 3arpo3 mnpu
(byHKIIIOHYBaHHI KPUTHYHOI cucTeMd. CTBOPEHO JIOTICTHYHUN JIAHITIOT Y BHTJISAI MOCIIJOBHOCTI
Jiil o0 3amo6iraHHs BIUTUBY MOXKJIMBHX 3arpo3 Ha (YHKLIOHYBAaHHS KPUTHYHOI TEXHOT€HHOL
CHCTeMH: MHOJKMHA 3aTP0O3 — BUSIBIICHHS BPA3JIMBUX KOMIIOHEHT KPUTUYHOI CUCTEMH — ()OPMYBaHHS
MHOXMHM TPEBEHTUBHUX Ji — ONTHMI3allis NPOBEACHHS 3ax0AiB 10 MiHimi3amii, abo
HeWTpamizaiii 3arpo3. 3a I0MOMOror IHTepaKTUBHOI iMiTariiiHoi moaeni (tutardpopma Any Logic)
MIPOBOJIUTHCS JOCIHI/PKEHHS JIOTICTUYHOTO JIAHIIOra MPEBEHTUBHUX il 3a PI3HUMH CLEHApisIMU
YIIPaBIIiHHA.

HaykoBa HOBHM3Ha JOCHIDKEHHS IOB’s3aHAa 3 PO3POOKOI0 KOMIUIEKCY MOAENeH s
TUTAaHYBaHHS TPEBEHTUBHUX [iH 1010 BIUIUBY 3arpo3 BiICBKOBOTO Ta TEPOPUCTUYHOTO XapaKTepy
Ha KPUTUYHY TEXHOTEHHY CHCTEMY.

Bukopucrani matemMaTHyHI METOAM Ta MOJENI: CHUCTEMHHW aHaji3, JeKCHKorpadidHe
BIIOPSIIKYBAaHHS, TE€OPis EKCIIEPUMEHTY, LiJIOUUCeNbHa (OyJieBa) ONTUMI3allisl, areHTHE IMiTaIliitHe
MO/ICTTIOBaHHSI.

CHuCcOK BUKOPUCTAHUX JXKepet
1. Fedorovich, O. Modeling the impact of threats and vulnerabilities in transport logistics of a
developing enterprise / O. Fedorovich, Yu. Pronchakov, Yu. Leshchenko, A. Yelizieva //

Pamioenextponni 1 komm’rotepHi cuctemu. — 2021. — Ne 3. — C. 29-36.
https://doi.org/10.32620/reks.2021.3.03.
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MOJEJII TA IHOOPMAIIMHA TEXHOJIOT'TS MMOITYKY PAIIIOHAJIBHAX
MAPIIPYTIB IOCTAYAHHS B PI3HOPIJTHIM TPAHCIIOPTHII MEPEXI B
YMOBAX BOEHHOI'O CTAHY KPATHH
Hamionanenuit aepokocmiunuil yHiBepcuret iM. M.€. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

CknazHa CTPYKTypa pI3HOPIIHOI TpPaHCHOPTHOI Mepexi (aBTOMOOUIbHA, 3ai3HUYHA,
MOpCBbKa,  TONIO)  YCKIamHioe  (OpMyBaHHS  NDIAXiB ~ [MOCTaYaHHS  BAHTAXIB  JUIA
BUCOKOTEXHOJIOTIYHUX MIJNPUEMCTB B YMOBaX BOEHHOTO cTaHy KpaiHM. OCHOBHI KOMIIOHEHTHU
PI3HOPIAHOT TPAHCHIOPTHOI Mepexi (Miclis MepeBalioK, PO3NOAUIBYI EHTPH, CKJIAIHN PI3HOTO PiBHS,
TOIIIO) BIUIMBAIOTh HA Yac IMOCTA4aHHs Ta BapTICTh IepeBe3eHb. B yMOBax BOEHHOTO CTaHy KpaiHW,
MOJKJIMBE BHHUKHEHHS BIHCHKOBHMX 3arpo3, IO YCKJIaaHIOE (OpMYBaHHS BIJHOCHO Oe3MeuHUX
IUIAX1B MocTayaHHs. ToMy, akTyanbHa Tema JIOMOBii, B SKi HaBEJCHI pe3yJbTaTH TOCIIHKEHHS
IUIAXIB TMTOCTaYaHHS KOMIUIEKTYIOUHX BHCOKOTEXHOJOTTYHMX BHUPOOHHUITB B yMOBaX BifiCHKOBHX
3arpo3. MeTorw JOCHiKEHHSI € po3poOKa KOMILUIEKCY MOJeNled Ta MpHKiIaaHoi iH(opMaliitHoi
TEXHOJIOTI1 ISl MOIIYKY pallioHAIbHUX MapuIpyTiB MOCTadyaHHS BUCOKOTEXHOJIOTIYHUX BHPOOIB B
yMoBax BiiicbkoBuX 3arpo3. CdopMoBaHi OCHOBHI MOKAa3HMKH ISl OLIHKM MOXJIMBHX MUISXIB
nocravyanHs. Po3pobiieHa ontuMizaniiiHa MojAeNb Ui MOLIYKY BiAHOCHO O€3MEYHOT0 MapuIpyTy
MOCTa4YaHHS B PI3HOPIAHIA TPAaHCIOPTHIM MEPEXi B YMOBAaX BHHHUKHEHHS BIHCHKOBHX 3arpos. s
BUOOpPY ONTHUMAIBHOTO MApIIPYTy 3 MIHIMAJIbHUM PHU3UKOM, MPOBEIEHO AOCHIHKEHHS Ta aHawi3
MOYJIUBUX MapIIPYTiB, IUIIXOM iX IMOPIBHSAHHS 32 OCHOBHHMH MOKa3HHKaMH. CTBOPEHO alrOpUTM
MOIIYKY palliOHAJILHOTO MAapIIPYTy MOCTayaHHS 3a JOMOMOIOK IHTEPAaKTUBHOIO IMITALIHOTO
MOJICJTIOBaHHS TIEPEBE3CHb B PI3ZHOPIAHIN TpaHCHOPTHIA Mepexi. OCOONMBICTIO alTOPUTMY €
BUKOPUCTaHHS KIJIOHIB (KOMiil) 3asiBOK Ui 1X HepeMilleHHs Ta pyXy B Pi3HOPIAHIA TPaHCHOPTHIN
Mepexi. [lpu nboMy GopMyeThcss HAHOUTBIT MEPCHIEKTHBHI MapIIPyTH, 3 TOYKHA 30PY OCHOBHOTO
MOKa3HUKY onTuMizamii (pU3MK BIMCHKOBHUX 3arpo3). 3HAYEHHS OCHOBHOIO IIOKa3HUKa
HaKOMMMYYEThCS TIPH PyCl 3asiBOK (KJIOHIB) MIISAXOM IMITallli TPaHCIOPTYBAaHHS BaHTaXIiB B
PI3HOPIAHINA TPaHCHOPTHINA Mepexi. Pe3ynbTaTi MOAETIOBaHHS 103BOJISIOTh CHOPMYBATH MHOKUHY
MEePCIEKTUBHUX MAapIIPyTiB MOCTaYaHHSI KOMIUIEKTYIOUMX BHCOKOTEXHOJIOTIYHMX BHUPOOHHITB B
yMOBaXx il BIHCHKOBHX 3arpos3.

HaykoBa HOBM3HA MOCITI[PKEHHS IMOB’S3aHa 31 CTBOPEHHSIM KOMIUIEKCY MaTeMaTHYHHX Ta
iMiTamiiHUX ~ MojJened Ui IUTAHYBaHHA ~ MapuUIpyTiB  MEPeBE3eHb  KOMIUIEKTYIOUHX
BHUCOKOTEXHOJIOT1YHIX BUPOOHHUIITB B YMOBaX BOEHHOTO CTaHy KpaiHH.

Bukopucrani MmareMaTHYHI METOAM Ta MOJIEIIi: CUCTEMHUH aHaji3, ONTUMI3allisl MapUIpyTiB,
€KCIIEpTHE OIlIHIOBAHHS, TEOPIis PU3HKIB, IMITAIlIfHE ar€HTHE MOJICTIOBAHHS.

CHuCcOK BUKOPUCTAHUX JXKepet
1. Fedorovich, O. Modeling of supply logistics and training of military personnel for the
successful use of weapons in a combat area / O. Fedorovich, I. Chepkov, M. Lukhanin,

Y. Pronchakov, K. Rybka, Y. Leshchenko // PagioenexTpoHHi 1 KOMIT FOTEpHI CUCTEMHU. —
2022. — Ne 3. — C. 33-46. https://doi.org/10.32620/reks.2022.3
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EKCHPEC-IEPEBE3EHHA SIK JIOTICTUYHA CKJIAIOBA B AISIJIBHOCTI
TPAHCHHOPTHO-EKCHE/MIIMHUX ITIAITPUEMCTB
®inist KJIACUYHOTO MPUBATHOTO YHiBepcuTeTy y MicTi Kpemenuyk, Ykpaina

Excnpec-niepeBe3eHHs — 1€ IisUIbHICTH, MOB'S3aHAa 3 HAJaHHAM IOCIYT 1 poOOoTaMu, IO
3a0€3MevYy0Th BHBI3, TPAHCTIOPTYBAaHHS 1 JOCTaBKY 3a CXEMOIO «BIJ JBEped 10 JBepei»
JIOKYMEHTIB 1 BaHTaXiB B CTpOro oOMexeHi 3a yacoMm Tepminu [4]. ToOTo mif ekcmpec-10CTaBKOIO
MH PO3YMIEMO JOCTaBKy MPOTITOM 1-4 1HIB BaHTaXIB JOKyMEHTApHOTO 1 HE JTOKYMEHTapHOTO
XapakTepy, Bara sSikux He nepeBuurye 31,5 kr, a rabaputu oomexeni 150 cm ais 61IbIIOT JOBKUHU
(L<150) 1 300 cm mis cymu OUTBIIOI JOBXKHWHM, JBOX BHUCOT 1 JBOX IIUPOT BIAMPaBICHHS
(L+2H+21<300)».

OO6mexeHHs 3a Baroro OyJso 3amo3udeHe y MbKHApOIHUX MOMITOBUX OMEPaTOPIiB, CEHC SIKOTO
nojsirae B TOMYy, IO If0 Bary Kyp'epu/NpaliBHUKA COPTYBAJIbHUX IIEHTPIB MOXKYTh
MIEPEHOCUTH/KaHTYBaTH BPYUHY.

OOMexeHHs1 3a rabapuTaMM TOB'S3aHl 3 THUM, 110 OCHOBHHMH OOCST Kyp'€pChbKHX BAaHTaXIB
MIEPEBO3UTHCS ABIATPAHCIIOPTOM, y SIKOTO PO3MIPH 3aBaHTAXKyBaJbHUX JIFOKIB TaKOX JIIMITOBaHI.
Jlesiki excrpec-NepeBi3HUKM PO3LIMPIOIOTh BaroBUM [Jiama3oH OJHOTO MicClis, BUKOPUCTOBYIOUU
TaKH# MAXIT K CBOIO KOHKYPEHTHY TepeBary.

TepMiHONOTIYHUI aHaNI3 MOHATH «EKCIPEC-JOCTaBKay, «IOIITOBA JOCTaBKa», «Kyp €PChKa
JIOCTaBKay, «aJIpecHa JOCTaBKa» HaBeAeHO y Tabnuii 1.

Taomums 1
TepMiHONOTTYHUIN aHAalli3 MOHSTh, 1[0 CTOCYIOThCSI TEPMIHOBOI JOCTaBKU

BusHaveHHs [xepeiio

Ilowmosa 0ocmagka — 11e IOWITOBI BiNPABJICHHS - JIUCTH, MOIITOBI KapTKH,
Oanzaepoi, cekorpamu, ApiOHI TaKeTH, MDKHAPOAHI  BIAMPAaBICHHS 3
OTOJIOUICHOIO LIHHICTIO, MOCHJIKH, IpsMI MOIITOBI KOHTEHHEepH, opopMIIeHi
BIIMOBI/THO JI0 3aKOHO/IABCTBA Y KpaiHM.

3axon Yxpainu
«IIpo nowmoasuii
38'530K»

Kyp’epcvka 0ocmaeka - 11e 10CTaBKa BIANPABICHb KYPEPOM 32 TEXHOJIOTIEIO:
«JIBepi-[IBep1” - kyp’ep 3milicHIOe 3abip BiampaBieHb 3 AoMy/odicy Ta
JOCTaBKY BiJllIpaBIieHs J00My/Ta abo B odic;

“IIBepi-Cxian” - Kyp’ep 3abupae BiAMpaBlIeHHS 3 AoMy/0odicy, IpoTe BUaada
BiOyBaeTbess B JliIbHMII Kyp €pChbKOI TOCTaBKU Ta/abo 00’€KTI MOILTOBOTO
3B’SI3KY;

“Cknan-/JlBepi” — npuiimManHs BianpasieHb B JJUIbHUII Kyp €pChbKOi JOCTaBKH
Ta/ab0 B 00’€KTI MOIITOBOTO 3B 53Ky, @ JIOCTaBKa - Kyp €pPOM JIOAOMY Ta/abo
B odic.

http://www.ukrpos
hta.com/www/upos
t.nsf/(documents)

Kyp'epcoka oocmaexay (8i0 d0sepeii 00 0gepeii) - 11€ TOCTaBKa JIOT1ICTUYHOIO
KOMIIaHIEI0 ~ BaHTaXy  Baroro 1-500 xr  Oe3nmocepenapo  Bix | TOB «AccTpA
BAHTAXKOBIIMPAaBHUKA J0 BAaHTAKOOAEPKyBaya, IMPH K1 TOJTOBHUM KpuTepiem | JloricTuky»

JUISI KJTIEHTA € MAaKCUMAJTbHO CTUCII TePMIHH.

«Excnpec-0ocmagka» - 1e TpIOpUTETHA JOCTaBKa IMOCHUJIOK 1 BaHTaxiB, a | http://b2blogger.co

TaKO JAUCTPUOYIIist TOBAPIB MPOTATOM OJHOTO POOOYOTO JIHS. m/pressroom/2009/
8/36164.pdf

MiXHapoaHI  eKCHpec-BiNMpPaBICHHS - HAJSKHAM YHHOM  yIaKOBaHi
MDKHApOAHI BIJMPaBJICHHS 3 JOKyMEHTaMH YHM TOBApHUM BKJIQJCHHAM, sKi | “MuTHul Komekc
MIPUIUMAIOTBCS, OOPOOJIAIOTHCS, MEPEBO3ATHCS CKCIPEC-TICPEBI3SHUKOM Oy Ib- Ykpainm»

SIKUM BHJIOM TPaHCHOPTY.
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OCHOBHUMH O3HaKaMH €KCITPEC-I0CTABKH €:

IIBuaKicTb. bBulbLIicTh KOMIAHIM 3 €KCHpec-JI0CTaBKM IPOIOHYE CBOIM KIIEHTaM
00CITyrOBYBaHHS MPOTATOM HOY1 YM HACTYITHOTO JIHS;

Bincre:xkeHHsi Ta KOHTPOJb. HasBHICTH TOUHOI iH(OpMAI] 1MIOAO0 CTaTyCy BiAINPaBOK B
TPaH3UTI JO3BOJHIIO BUPOOHWYMM (pipMaM BHUKOPUCTOBYBATH TaKi CydacHi Oi3HEC-TEXHIKH SK
«1touHO B cTpok» (JIT) Ta ynpaBiiHHA JaHLIOraMM MMOCTABOK, a TAKOK CKOPOTUTH 4ac BUXOIY Ha
PUHOK, BUTPATH Ha YTPUMaHHS 3aI1aciB Ta EKOHOMIIO CKJIAJICHKUX TUIOIII;

Cucrema aucrpuoynii «Hub & Spoke». 3a wiei cxemoro BuOip By3JI0BOIO aepomnopry €
KHUTTEBO HEOOXITHUM, TaK SK BIH I'pa€ IEHTPAJbHY POJb B ONEpaIlisiXx KOMMaHIi iHTErpOBaHUX
eKcIpec IepeBe3eHb. By3l0BI  aepomopTd  BUKOPHCTOBYIOTH Al OOpOOKM — MEHIIMX
BAaHTAXKOIIOTOKIB, SIKI HE MOKYTh OYTH BIAINIpaBIIeH] HAMIPSIMY 3 €KOHOMIYHOI TOYKH 30DY;

I'pagix. Kommnanii iHTErpoBaHUX €KCIpPEC MepeBe3eHb BUKOPUCTOBYIOTH (PIKCOBAHUM
rpadik. XKopcTkuit rpadik Ta cTaHIAPTH30BaHE OOCITYTOBYBaHHS POOJIATH MOCIYTH IHTETPOBAHUX
eKCIpec-NepeBe3eHb JEI0 HErHy4YKHMMH, 00 Tpadik OOCIyroByBaHHS Ba)KKO HAaJaIUTyBAaTH I
IHIWBIAyaTbHI MTOTPEOH;

Bucoki crangapru 6e3nexu 1 30epexxeHns EB;

®dinancoBi rapaunTii — noepHeHHs a0 100% BapTOoCTi TMepeBe3eHHS NpPU TMOPYIIEHHI
3asBJICHUX CTPOKIB Ta TapaHTOBAaH1 CTPOKH JIOCTABKH.

Jlis Kpamoro po3yMiHHA creuu@ikd eKclpec-nepeBe3eHb Ta CKIAJHOCTI MpOLECiB ix
oprasizarlii 1 BAKOHaHHs HaMU y3araJbHEHO iX Kiacu(ikallito, sKa mpeacTaBlieHa Ha puc.l.

[TomrroBa KOpeCTIOHAEHTIIS

(;uctu, Ganaepoi)
3a BuIom
BinpaBieHHs ITocunku |
HerabGaputHuii BaHTax |
= ABTOMOO1IBHI
jan}
2 —
= ) ; ABIiamiiifi1
o VYHIMOANTRHI
e a BUJIOM . .
e 3 A 3ami3HnuHi
5 TPAHCIIOPTY
() .
= Mopcbki
(]
~
M ; o .
ABTOMOO1IbHO-aB1aIIiiHI
MynbTu-
MOIAJILHI 3am3HUYHO-aBlainHi
I'moOanpHi
MixHapo
3a IH1 Perionansui
perioHamu
OCTaBKH R
MIKMICBKI
BayTpimmHi —
yP MicbKi
[Tpumicbki

Puc. 1. Knacudixkariis ekcripec-nepeBe3eHb BaHTaXIB 1 MOLITH
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JlocmipKeHHsT TEHJACHIIH PO3BUTKY EKCIIpec-TiepeBe3eHb JO3BOJMIO BHUSBUTH  Taki
3aKOHOMIPHOCTI:

1) 3MIHIOETBCS CTPYKTypa €KCIIpec-BiANpaBICHb NIISAXOM 301IbIIEHHS MHUTOMOI Baru
MOCHUJIOK Ta JpiOHUX BaHTaXIB, II0 0OYMOBJIEHO 3pOCTAHHSAM KaTaJIOHOI Ta €EKTPOHHOT TOPriBIIi
TOBapaMH IMIMPOKOTO BXXUTKY;

2) HaWOUTBIINM MTOMTUTOM KOPUCTYIOThCS 3MilllaHI aBTOMOO1IbHO-aBIalliifHI MepeBe3eHHs, 1110
00yMOBJICHO 3pOCTaHHSIM TOMUTY Ha JOCTaBKY «BiJl IBEPEH 10 BEpEi»;

3) excrmpec-niepeBe3eHHs 3A1MCHIOIOTHCS Y TI00aIbHOMY MaciiTali, TOOTO B OCHOBHOMY 11€
MDKHApOJHI TIepeBe3eHHS BaHTAXIB 1 MOWITH Y TMOETHAHHI 3 Kyp €pChKOI a00 IOIITOBOIO
JOCTaBKOIO B ITyHKTaX CIIO’KUBAHHS TOBAPIB.

Opranizamist eKCIpec-JI0CTaBKH TMEBHOTO BUAY BaHTAXIB 13 JIEKIIBKOX IyHKTIB
BIANIPABICHHS B JEKUIbKAa IIyHKTIB NPU3HAYCHHS NPUIYCKa€ BHUPINICHHS IIUPOKOTO KOJja
ONITUMI3AIIITHUX 3aBJaHb: AOCHIPKEHHS reorpadii nmepeBe3eHb, BUOIp MapIIpyTiB JTOCTaBKH, BUAY
TPAHCIIOPTY Ta CHOCOOY BHKOHAHHS Tpouenyp 3 O(OPMICHHS JOTOBIPHHX 3000B’s3aHb MiX
CTOpPOHAMH TOIIO.

SIk mpaBMIIO, OpraHi3aTOpaMU TaKUX IEPEeBE3CHb BUCTYMAIOTh eKcreauTopu.  [IpoBigHa
MibxHapogHa kommanis DPD (Dynamic Parcel Distribution) 3anpornonyBana Ha puHKY YKpaiHu
HOBY TIOCIYTY — €KCIIPEeC-eKCIICIMPYBaHHS BAaHTAXiB, TapaHTYOUd NPU I[OMY JIOCTaBKY
JIOKYMEHTIB, IOCHJIOK 1 301pHUX BaHTaXIB 3a CTaHAAPTAMU EKCIPEC-I0CTABKH.

OTXe BHUKOPHCTAHHS E€KCIEAUTOPCHKUX KOMIIAHINA SK TOCEPETHUKIB MK MiANPHEMCTBAMU
TPAaHCHOPTHOI raixy3i Ta BaHTAXXOBJACHUKaMU 3a0e3Meuye OCTAaHHIM psiji MepeBar, sKi MOJAraroTh,
TIepI 3a BCe, Y 3BUIBHEHHI iX Bl TypOOT 1 mpobiieM 3 opraHizailii JOCTaBKH TOBApiB Ta CKOPOUCHHS
TPAHCHOPTHUX BUTPAT.

Y 3BS3ky 3 UM BHUPOOHMYI 1 TOPrOBENbHI TMIANPHUEMCTBA BOJIIOTH YKJIAaIaTH 3
TPaHCHOPTHO-EKCIIEAUTOPCHKUMHU KOMIAHISIMM BIJNOBIJHI JOTOBOPM Ha HAJAHHSA KOMILJIEKCY
TPAHCTIOPTHO-EKCIETUTOPCHKUX TOCTYT, TEpeJopydarodr iM BHUKOHAHHA HEOOXITHHWX OIeparii,
MOB'SI3aHUX 3 TPAHCIIOPTHUM OOCITyrOBYBaHHSM TOBAaPOIOTOKIB.

Chucokx BUKOPUCTAHHUX JIZKEPEJI

1. Trones, H. V. Jlorictuunuii MeHepKMeEHT : koHcIl. jekl. / H. V. I'tones. — Xapkis: Ha. yu-
T. MicbK. roci-Ba iM. O. M. Bekerosa, 2016. — 52 c.

2. Kononenko, A. B. Jlorictuka: HaBu . moci0. / A. B. Kononenko, 0. O. PomaHeHKOB,

B. II. Tatmmo. — Xapkis: Harr. aepokocM. yH-T iM. M. €. JKykoBckoro «XapkiB. asiail.

1H-T», 2019. — 56 c.

Odiniiiaunii caitt Jlorictnanoi kommanxii Jlenisepi. URL: https://www.delivery-auto.com

4. CaBuyk, T. IHTepHeT-TOpriBiIi Ta HIOAHCH ONOJATKyBaHHs], MOB's3aHi 3 Hero. FOpucr i1
3akoH. 2020. Ne 07. URL: https://idlegalgroup.com/ua/novosti/internet-torgovlya-i-
nuansinalogooblojeniya--svyazannie-s-nei----tatyana-savchyk--ayditor-IDLegal-Group--lya-
jyrnala-urist-izakon.
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JIOTICTUYHA NIATPUMKA B IIIBULIEHHI KOHKYPEHTOCTPOMOKHOCTI
NIANPUEMCTB
®inist KJIACUYHOTO MPUBATHOTO YHiBepcuTeTy y MicTi Kpemenuyk, Ykpaina

O1iHKa KOHKYPEHTOCIIPOMOXHOCTI MiAMPUEMCTBA TOJIATAE€ B TOMY, 110 BOHO € BIJKPHTOIO
PEaKTHBHOIO CHCTEMOI0, SIKa 3/IIMCHIOE aKTUBHUI 0OMiH 1H(OpPMAITIEIO 13 30BHIIIHIM CEPEIOBUIIIEM:
TeHepYye 1 MOCTaBIIsIE BIACHY 1H(GOpPMAIIIO K Y BHYTPILIHE, TaK 1 30BHIIIHE CEPEIOBHUIIE, a TAKOX
cripuiiMae Ta pearye Ha 30BHIIIHIO iH(opmMartiro [3]. [Hakme Kaxxydu, B MOACHTI MIAMPUEMCTBA SIK
BIJIKPUTOI CUCTEMHU (PYHKLIOHYIOTh JIBa TUIH 1HPOPMALIHHUX MOTOKIB — BHYTPIIIHIHN 1 30BHILIHIMH,
K1 y CYKYITHOCTI BU3HAYAOTh MIpy i1 OpraHizoBaHOCTI.

bararopiBHeBuil XapakTep KOHKYPEHTHOI B3a€MOJIl IOCHOJAPCHKUX CYO'€KTIB 3yMOBIIIOE
IIUPOKUH [T1arma30H MIIXO/IB 0 OIMHKKA 1X KOHKYPEHTOCTIPOMOXKHOCTI OCOOJHMBO 3 TOYKH 30Dy
JOTICTUYHOTO YMpaBIiHHSA. Y CYKYIHOCTI BOHHM OXOIUIIOIOTH SIK BEpPTHUKAJIbHUM, Tak 1
TOPU3OHTAIILHUN O0'€KTHUHW P — BiJl OIIHKH KOHKYPEHTOCIIPOMOXKHOCTI TOBapiB, MiANPHEMCTRA,
perioHy, ramys3i Ta €KOHOMIKH KpaiHU JI0 OLIHKM KOHKYPEHTOCIIPOMOKHOCTI OKpEMHX TOBapiB
TITPUEMCTB Ta BUIB TISTEHOCTI.

Konkypentna mnepeBara Oynb-sSKOTO MiJOpUEMCTBA (Taly3i, pErioHy, KpaiHH TOIIO) €
BU3HAYAIPHIM YMHHUKOM HOTO KOHKYPEHTOCIPOMOXHOCTI. lle eKCKiIro3MBHA MHiHHICTB, KOO
BOJIOJIIE€ 00 €KT 1 sIKa Jja€ oMy mepeBary Haj CylepHUKaMu (KOHKYpPEHTaMH). ICHYIOTh pi3HI BUAU
KOHKYPEHTHHX IIepeBar.

KOHKYpEeHTOCTIDOMOXKHICTh ~ MIANPUEMCTBA  3aJE€KUTh BiJl KOHKYPEHTOCIPOMOXKHOCTI
OKpEMHUX HWOTO TOBapiB, a TaKOX BiJ KOHKYPEHTOCTIPOMOXKHOCTI Tally3i, PETiOHy, KpaiHH, y SKHX
BOHO fi€. ['omoBHI oricTuyH1 (HaKTOpH, 110 BILUIMBAIOTh HA KOHKYPEHTOCIIPOMOXKHICTD MPOIYKIIIi
MiANPUEMCTBA TIpEJCTaBlIeH] Ha puc. 1.

30BHIIIHI ()aKTOpH, 1110 BIUIUBAIOTH HA
KOHKYPEHTOCTPOMO>KHICTh TOBapiB Ta

MPOIYKITIT

BuyTpimHi hakTopu, 1110 BIUIMBAIOTh Ha
KOHKYPEHTOCTPOMOXHICTh TOBapiB Ta
MPOAYKIIIT

PiBeHb KOHKYPEHTOCIIPOMOJIHOCTI KpaiHH,
TerioHy, raimysi

Cuia KOHKYpeHIIii Ha BXO/1 1 BUXO/I1
JIOTICTUYHOI CUCTEMH (ITOCTa4albHUKH-
HOKVIILI)

JloricTuHa nmigTpUMKa opraHizarli Ta
YIpaBIIHHS JOTICTUYHOT CHCTEMH
TiAIPUEMCTBA

JloricTnuHe ynpaBiiHHS EPCOHATIOM
HiAIpUEMCTBA

[TosiBa HOBUX MOTPEO PUHKY

PiBeHb opranizarii JIOriCTHYHOTO
yIpaBIIiHHS MiAMPUEMCTBOM

AKTHBHICTb KOHTAaKTHUX ayAUTOPIH

[IporpecuBHICT BUKOPUCTAHHS
JIOTICTUYHUX 1H(POpMAIIHHUX

OOrpyHTyBaHHsI MicCii opraHizarii sika
MOBHHHA OyTH 30pi€HTOBaHA Ha
JOCSITHEHHS

Puc. 1. I'onoBHi norictuyHi GpakTopu BIUIMBY Ha KOHKYPEHTOCTPOMOKHICTD MiAPHEMCTB
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B3arami, B JIOCHIDKCHHI MIiAIPUEMCTBA JIOTICTUYHO-CIIPSIMOBAHOTO  CJiJI TOETHYBATH
Metoaun SWOT-ananizy, TpeHAOBOr0 Ta KOpEeNALIHHOrO aHali3y. SIK pe3ynbTaT, BaIJIMBICTh CaMe
METOJ[IB TIPOTHO3YBaHHS y BHOOpI HalepeKTUBHIMIOI cTpaTerii pO3BUTKY IS JIOTiICTUYHO-
CHPSIMOBAHOTO MiIPUEMCTBA.

B3zarani iness SWOT- aHani3y momisirae B HAaCTyITHOMY:

— NPUMHATTSA 3yCWIb Ul NEPETBOPEHHS CIa0KOCTEHN y CHUITY, a TOrPO3 — y MOXKIIMBOCTI.
— PO3BUTOK CHJIBHUX CTOPIH MIAMPHUEMCTBA-BUPOOHHKA I[yKPOBOI raimy3i BIAMOBITHO 10 HOTO
00MEKEHUX MOMIIUBOCTEH.

SWOT- anani3 MmoxHa po30UTH Ha PsJT €TAIIIB.

Ha mnepmomy eranmi SWOT- ananmizy riamOoko BHBYAIOTBCS KOHKYPEHTHI IepeBaru
MIIMPUEMCTBA B TaKuX cepax:

— TAaTEHTOCIPOMOXHICTh MPOIYKIIii, IO BUITYCKAETHCS,

— IIiHa MPOIYKIIIi;

— TPOTPECUBHICTH MPOAYKIIIi,

— kBami(ikarlis Kajapis;

— BapTICTh pecypciB, sIKi BUKOPUCTOBYE MiAMPUEMCTBO;

— BIK OCHOBHUX BUPOOHMYUX HiANPHEMCTB;

— iH(ppacTpyKTypa;

— CHCTEMa MEHEDKMEHTY (y T.4. MApKETHUHTY );

— CWIM KOHKYpEHIIi Ha «BXOMi» ¥ «BHUXOM» CHCTEMH MEHEKMEHTY IIiIPUEMCTBA-

BUPOOHMKA Ta 1H.

Ha npyromy etani SWOT-anamni3zy BUBYa€ThCS CIAOKICTh MiANpHEMCTBA. BiH mounHaeThes 3
aHaJi3y KOHKYPEHTOCITPOMOXHOCTI TIPOIYKIIii, 10 BUITYCKAETHCS, TIO BCIX PHHKAX. 30UpaEThCs a0o
MIPOTHO3Y€ThCSl CJIAOKICTh 3a BHUBYCHMMH Ha IMEpUIOMY e€Talll KOHKYpPEHTHHMH IepeBaramu
T ITPUEMCTBA.

Ha tperbomy erami BHBUYAIOTHCS (PaKTOPH MaKpOCEPEIOBHUIIA MiIPUEMCTBA-BUPOOHUKA
(oI TUYHI, €eKOHOMIYHI, TEXHOJIOT1UHI, PHHKOBI Ta 1H.) 3 METOI MPOTHO3YBaHHS CTPATETIYHUX 1
TaKTHYHUX 3arpo3 MiJIPUEMCTBA i CBOEUACHOMY 3arl00iraHHIO 30U TKIB BiJ HUX.

Ha gerBepTrOomMy eTami BHBYAOTHCA CTpPATEriyHI 1 TaKTHYHI MOXKJIMBOCTI IIAMPUEMCTBA-
BUPOOHMKA (KariTall, akTUBU U T.I1.), HEOOX1/IH1 A7 3a100IraHHs 3arpo3, 3MEHIIEHHS cllabKocTel i
POCTY CHIIH.

Ha ocrarounomy m’sitomy erami SWOT-aHaiizy HOropKyrOThCs CUIa 3 MOXKIIUBOCTSMH JIJIS
(hopmyBaHHS TPOEKTY OKPEMHUX PO3LIIB CTpaTErii MiAIpHEMCTBA-BUPOOHHUKA.

[lignpueMcTBa TMOBUHHI MparHyTH TMOCHIUTH KOHKYpeHTHI mo3umlii. OcobmuBo 1€
CTOCY€EThCS MIMPUEMCTB TIEPEPOOHOI Tamy3l arponmpoOMHUCIOBOTO KOMIUIEKCY SIK ITyKPOB1 3aBOIH.
Takum mignpueMcTBaM AOIUIBHO KOHIEHTPYBATH YBary Ha 3HIDKEHHI piBHS 3aTpaT 1 MiJIBUIIECHHI
KOHKYPEHTOCITPOMOXKHOCTI TIPOIYyKIlii. 3aTpaT, sIK BiJIOMO, MaloTh O€3Mocepe/Hid BIUIMB Ha
noxoau mignpuemcta. Ilpore 3arpatu € pi3ni. Haiibinbin 3araneHuil moain 3aTpaT — BUPOOHUYI,
aaMiHicTpaTUBHI Ta 30yTOBI. Takok BapTO AOCTIIUTH PiBEHB BIUTMBY BKa3aHUX BUTPAT HA TOXO/I.

[IpoBenenuit  aHamiz  iICHYIOUMX  METOAMYHUX  MIAXOAIB  [IOJ0  BU3HAYCHHSA
KOHKYPEHTOCITPOMOIKHOCTI TMPHUEMCTB JT03BOJISIE 3pOOUTH BUCHOBOK TIPO T€, IO OUIBIIICTh 3 HUX
3aCHOBAHA Ha MOPIBHAHHI TOCIIIX)KYBaHOTO MIAMPUEMCTBA 3 BIANOBIAHOIO 023010 (JIi1epom).

KoHKypeHTOCTTPOMOXKHICTh MOXe OyTH BH3HAUYC€HA TIIBKH 3ICTaBICHHSM JEKUIBKOX
aHaJIOTIYHUX 00'€KTIB 1 TOMY SIBJIsIE COOOIO BITHOCHUIM MMOKa3HUK.

PiBeHb KOHKYPEHTOCTIPOMO>KHOCTI CJIiJT BU3HAYAaTH B YMOBaX KOHKPETHOTO PUHKY a00 HOTO
CEKTOpa (CerMeHTa).

ExoHOMIYHUI MPOTHO3 JAaCTh MOKJIMBICTD MIATOTYBAaTUCA J0 3MiH, SIKI MAaTUMYTh 3HAYCHHS
i OyIb-AKOi cepu KHUTTSA CYCHUIbCTBA 1 OJTHOYACHO PO3POOUTH JEKiJIbKAa BapiaHTIB MOBEIIHKU
€KOHOMIYHOI CUCTEMH.

OTxe, 3aCTOCYBaHHS METOJIIB MPOTHO3YBAaHHs NpU (OPMYBaHHI CTPATETIYHUX AJIbTCPHATHB
JIACTh 3MOTY TIPH PO3MIISIIL PI3HUX MOJEJIEH €KOHOMIYHOTO PO3BUTKY BIIIOpaTH 3 HUX Ti €JIEMEHTH,
SIK1 BIJITIOB1IaTUMYTh KOHKPETHIl cUTyaIlii.
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[Ipu mporHozyBaHHI Ta pO3pOOIll HOBHUX CTpaTeriii JOIUIBHO BHKOPHCTOBYBAaTH
KOpEJAIIHO-pEerpeciifHuil aHami3, SIKMH Ja€ 3MOTYy HE JIMIIE BU3HAYWTH BIUIMB THX YM IHIINAX
(dakTopiB Ha pE3yJBTATUBHUN TIOKA3HWK, aje ¢ CIOPOTHO3YBATH TMOMAJBINY JisUTbHICTh
HiANPUEMCTBA IIYKPOBOT rairy3i 1 po3poOUTH MPOTHO3HUIN OanlaHC.
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CYB’€EKTHO-OB’€EKTHA B3AEMOIA JIOT'ICTUYHOI'O 3ABE3IIEYEHHS PUHKY
TPAHCHOPTHUX MACAXKUPCBKUX ITOCJIYT
®inist Kimacuynoro mpuBaTHOTO yHIBepcHTETY y MicTi KpemeHuyk

CyyacHMH PO3BHTOK CYCHUIBHO-BUPOOHMYOTO CEPEIOBHUINA TOBHHEH 3a0e3nedyBaTu
ONTUMAJIbHUM piBeHb (YHKLIOHYBaHHS HApOIHOIO TOCHOAApCTBa Ta (HOPMYBaHHS aKTHBHOI
JKUTTEOISUIBHOCTI  HaceneHHs. KiIrouoBOrO JIAHKOIO, 34aTHOIO 00’e¢oHat Ta 3a0e3IeunTH
NPUAHATHUMA pPIBEHb CYCHUIBHUX Ta BUPOOHMYMX BIJIHOCHH, € PHHOK TPAHCIOPTHUX IOCIYT.
TpaHCIOPTHUMHU TIOCIYTaMH € CYKYIHICTh IMOCIYT, TMOB’SI3aHUX 3 (DI3SUUHUM TEpeMilleHHSIM Y
MPOCTOPI MAcCaXHpiB, Oaraxy Ta BaHTaXiB [1].

EdexTuBHICTS TPAHCTIOPTHUX MOCIYT TOJSTAE Y OTPUMaHHI SKICHOTO MEPEBE3CHHS, a CaMe:
BYACHOT0, KOM(OPTHOTO, OE3MEYHOT0 MEePEeMIIIeHHs 3 MiCIIsl BIAIPABICHHS y Miclie PU3HAUYEHHS 3
MiHIMQJIbHUMH BUTpaTaMH.

@dopMyBaHHS caM€ TPAHCHOPTHUX MACAKUPCHKUX MOCIyI Mae€ OCOOMUBE 3HAYEHHS,
MOPIBHSHO 3 IHIIMMHU TPAHCIIOPTHUMHU TOCITYTaMH, OCKUTBKY TIOJIATAE Y TPYAOBOMY (10 MicIb Tparti
Ta HABYaHHSA), KyJbTypPHOMY (€KCKYpCiiiHi, TYpUCTHYHI EPEBE3CHHA) Ta MOOYTOBOMY (TIepEBE3CHHS
JI0 TOPTiBEIBHUX TOYOK, HA BiIMTOYNHOK, 32 OCOOMCTHMH MOTpedaMu) nepeMilieHHi HaceneHHs. Lle,
B CBOIO YEpry, Ma€ MO3UBHUM EKOHOMIYHHMN €(EeKT 3a paxyHOK:

3a0e3neyeHHss MOOIUTBHOCTI HAaCENeHHS y MepeMillleHHI MK MiCIsMHU BiITpaBIeHHS 1
MPU3HAYEHHS, 10 Ma€ BaXKJIMBICTh JJISl TIOBCAKICHHOTO XHTTS, COLIAIbHOI B3a€MOJIT Ta PO3BUTKY
JIIOJICH;

3a0e3MeYeHH]  €KOHOMIYHOTO  3pPOCTaHHsS, OCKUIBKM  IAaCaKUPChKI  IEepeBE3EeHHS
3a0e3MeyyloTh JOCTYNl HACEJEeHHS JO0 CBOIX pOOOYMX MICIb, MiICLlb HABYaHHS, PO3BUTKY Ta
OTPUMAaHHS PI3HOMAHITHUX TMOCITYT. TakuM YHWHOM TPAHCIOPTHI TACAXUPChKI TOCITYyTH Ta
BIJNOBITHA 1H(pacTpyKTypa 3abe3medye >KUTTE3JATHICTh Ta CTUMYIIOE€ PO3BUTOK Oi3Hecy Ta
TOPTIBIIL;

3a0e3MeyeHHs COLiaJIbHOI 1HTerpallii HaceleHHS Y CYyCHUIbHE JKUTTS MicTa Ta PETiOHYy
OKpEMO Ta KpaiHH B I[IJIOMY Pi3HUX COIIAJIBHUX BEPCTB HACEIICHHS,

3a0e3MeUeHHs MOKPALCHHS SIKOCT1 )KUTTS HACEJCHHS 32 PaXyHOK MOXKJIMBOCTI HIBHJIKOTO Ta
3pyYHOTO JOCTYITY A0 MOTPIOHMX MICIlb, HAPUKIIAM, 10 MICIb pOOOTH Ta HaBYAHHS (IT1IBUIICHHS
IHTENIEKTYaJIbHOTO PiBHS Ta (DIHAHCOBHUX MOXJIMBOCTEM), MapkKiB, TEarpiB, TYPUCTUYHHX 00’ €KTIB
(TABUIIIEHHS KyJIBTYPHOTO PIBHS) TOIIIO.

Takox BapTo 3a3HaYMTH, 110 (PYHKIIIOHYBAHHS TPAHCIIOPTHUX NACAKUPCHKUX MOCIYT 37aTHE
MIEBHOIO MIPOK0 IMOKPAIUTU €KOJOIIYHUI CTaH HaBKOJIMIIHBOTO CEPEAOBUINA, OCKIIBKM MacoBe
BUKOPHCTAHHS MMACaXUPCHKOTO TPAHCIOPTY (OCOOIUBO TPOMAJICBKOr0) CKOPOUYYIOTH KUIBKICTh
3aCTOCYBAaHHSI OCOOUCTOTrO TPAHCIIOPTY.

OTxe, 4iTKa Ta BHM3HAUY€HA B3a€MOJIS y Traay3i TPAHCIOPTHUX MACAXUPCHKUX MOCITYT
3a0e3neuyeThes (POPMYBAHHSIM BIJIMOBITHOTO PUHKY. PUHOK TPaHCIIOPTHUX MACaKUPCHKHUX MOCITYT
ABsie cOOOI0 JMHAMIYHE CEpelOBMIE, 37aTHE IIBUAKO pearyBaTd Ha 3alUTH CIOXHUBAdiB Y
3a/I0BOJICHHI 3pOCcTarounx motped y epextuBHux nepesezeHHsx. Mopos O.B. ta Kopniecpka T.M.
BU3HAYaIOTh, 110 BIJIMIHHOIO OCOOJMBICTIO PHHKY TPAHCHOPTHUX IMACAXHUPCHKUX TOCIYT BiJ
BaHTAXHUX € Te, IO II¢ CIOKUBUHI PpHUHOK [2]. TOMy TOJIOBHE MICIIE TyT Iocijjac caMe CIoXKHBad,
TOOTO macaxxup, i 3amoBojieHHs1 Horo norped. F0.C. bapam ta T.}O. Yapkina BH3HA4a0Th PUHOK
TPAHCHOPTHUX MACAXKUPCHKUX MOCIYT SIK YMOBHE MiCIle KyIiBIIi-IIPOJaKy IOCIYTH Ha IEPEBE3ECHHS
MacakupiB, sKi BiOyBalOTbCA Ha TEpeHaX YKpaiHM Ta 3aKOPJAOHOM B yMOBaxX I1HTEHCHUBHOI
KOHKYPEHIII1 3 JOTPUMaHHSIM €THYHHUX ¥ TIPABOBUX HOPM 1 TIpaBMII [3].

Ha ¢opmyBaHHS pUHKY TPaHCIOPTHUX NACAKUPCHKUX TOCIYT BIUIMBAIOTh HACTYIHI
YUHHUKU:
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neMmorpadivyHa Ta collialbHa CHTyallisl B PETiOHI Ta KpaiHi: KUIBKICTb HACEJCHHS, Y TOMY
YHCITI MPAIIOI0Y0ro, TPYAOBa Ta KyJIbTypHA MITpallis HacelIeHHs MK perioHamMH, BOEHHUI CTaH B
KpaiHi 3HAYHOIO MipOIO BILIMBAE HA MOMUT TPAHCTIOPTHHUX TTOCIYT;

€KOHOMIYHI yMOBHU: IUIATOCIPOMOXKHICTb HACEJIEHHS Ta 1HBECTUIIHHI MOMIIUBOCTI
TPAHCIIOPTHUX ITiAMTPUEMCTB BU3HAYAIOTHCS 13 3aTrAJIbBHOTO €KOHOMIYHOTO 3a0€3IeUYeHHS KpaiHu;

IHHOBALIIHI TEXHOJOTIi: 1X 3aCTOCYBaHHS J03BOJISE MOKPALIUTH SKICTh ITOCIYT, 3HU3UTH
BUTPATH Ta, 3PEIITO0, TOKPAIIUTH €(PEKTUBHICTh TPAHCIIOPTY;

MOJNITUYHI Ta CYCIiJIbHI ()aKTOPH: HA PO3BUTOK PHHKY TPAHCIIOPTHUX MACAKUPCHKHUX MOCITYT
BIUIMBAIOTH TMOJITHYHA CTAOUIBHICTh KpalHH, 3aKOHO/ABUE 3a0€3MEUeHHS Ta JIep)KaBHA MiATPUMKa
raysi.

B yMoBax HEBHM3HAYEHOCTI Ta HECTIHKOCTI OTOYYIOUOro Oi3HEC-CEpeOBHINA PHHOK
TPAaHCIIOPTHUX MACAXHUPCBKUX MOCIYr TMOTpedye UiTKOTO Ta 3J1aro[KEHOTr0 JIOTiCTHYHOTO
3a0e3neueHHs TPOIECiB, M0 TONSAra€ B KOOPAWHALII YIPaBIiHCHKUX (YHKIIH pPHUHKY, SKi
BHUPAXXalOThCsl y IJIaHYBaHHI, OpraHizaiii, MOTHUBallii Ta KOHTPOJI JIOTICTUYHUX TporeciB. Takum
YMHOM CHUCTEMHHUH MiIXiJl A0 YHPaBIiHHSA JIOTICTUYHUMH TMPOLECAaMH PHHKY TPAaHCIIOPTHUX
JIOTICTUYHUX TOCIYT nepeadayae B3aeMoAi0 y popMyBaHH1 Ta 3a0e3neueHH1 Cy0’ €KTHO-00’ €KTHOTO
B3a€MO3B 3Ky AaHoro mnpoiecy (Puc.1).

1
1
. 1
| T _ JlepskaBHi opranu (opranu !
I aHCIIOPTHI .
I 'p p BHUKOHABYOT BIIAIH, [Macaxxupu !
1 .
| MAIPUEMCTBA OpraHu MiCLIEBOTO !
1
! CaMOBPsILyBaHHS) !
1
1
. . 1
i | diHaHCOBI yCTaHOBU [Tocepennuku .
I CYB’EKTHU !
1
' |
X 1

PUHOK TPAHCHIOPTHUX MNACAKUPCBKHUX ITOCJIYI

1 1
| OB’CKTH |
i | Tacaxwupceki Ta i Tapudu na |
: MOCITYTH NePEBE3EHHS :
| |
1 1
! [Hdpactpykrypa . !
E (bppﬂ Ifgy yp TpancnoptHi 3acobu TpancropTHa Mepeka E
1 1
1 [}

Puc. 1. CyG’extu Ta 00’ €KTH pUHKY TPAHCIIOPTHUX MACAKUPCHKUX TOCTYT

OTtxe, cy0’eKTaMu JIOTICTUYHOTO 3a0€3MEYCHHS PHHKY TPAHCIOPTHUX MAaCaKUPCHKUX
MOCJIYT BUCTYMAKOTh (Di3UYHI Ta IOPUAWYHI OCOOM, 1X MiIPO3MALIH, JIep:KaBHI Ta BIAJHI OpTraHH,
MOCEepeTHUKHN (HAPUKIA/, TYPUCTUYHI KOMITaHii), SIKi 31iCHIOIOTh MAacakKUPChKi MepeBe3eHHs a0o
K BIUIMBAIOTh HA iX BUKOHAHHS, BIPOBAPKCHHS Ta PO3BUTOK.
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JisITBHICTh Cy0’€KTIB JIOTICTUYHOTO 3a0e3MeUeHHs PUHKY TPAaHCIOPTHUX MaCaKUPCHKHUX
MOCIIYyT HalpaBlieHa Ta LIJIKOM 3aJeKWUTh BiJ BIAMOBIIHUX IPOLECIB, PECYpPCIB Ta pe3yJbTaTiB
JISUTBHOCTI, IO BUCTYMAIOTh 00’ €KTaMH PUHKY TPAaHCIIOPTHUX MAaCaXHUPCHKUX MOCHyT. [lo 00’ €ekTiB
JOTiCTHYHOTO 3a0€3MeUeHHs] PUHKY TPAHCIIOPTHHUX IMAaCaKUPCHKUX TOCITYT BKITIOYAIOTh:

TPaHCIIOPTHI TOCHyru (MOB’s3aHI 3 Oe3MocepeqHIM NepeMillleHHSIM JIIOei), a TaKoX
JOTIOMDKHI TTaCaXKUPChKI MOCIyry (oprasizaiis koMpopTy B Moi3Akax, 3a0e3neueHHs] IHTEPHETOM
TOIIIO);

1H(paCTPYKTypHI 00’€KTH PUHKY: MACAXHUPCHKI CTAHIl Ta BOK3alu, 3yMUHOYHI MyHKTH,
JOpOTH, 10 320e3MeuyroTh (PyHKITIOHYBaHHS TPAHCIIOPTHOI CHCTEMU;

TPAHCIOPTHI 3aCO0M PI3HUX BUJIB TPAHCIOPTY, MPU3HAYECHI JUISl IEPEBE3CHHS MACaXHPIB;

tapudu Ta IIHKM Ha TEPEBE3CHHS, IO BKIIOYAIOTH BAPTICTh TPAHCIIOPTYBaHHS, CEpPBICHI
HaJ0aBKH, MUTBIOBI 3HIKKH, @ TAKOXK CEPBIC OHJIAIH-KYIIIBI1 KBUTKIB;

Macakupcbka Mepeka, sika c(opMOBaHa CYKYITHICTIO HUISXIB CHONYYEHHS PI3HUX BUIIB
TPAHCIIOPTY, @ TAKOX MapIIpyTHU3allis, sSKa MOJATrae y BU3HAYEHHI ONTUMAIBLHOTO MapUIPYTy PyXy
MIPU MACAKUPCHKUX MEPEBE3CHHAX SIK OKPEMHX BHIIB TPAHCIIOPTY, TaK 1 X B3aeMOii.

Takum ynHOM (PYHKIIOHYBaHHS PUHKY TPAHCHOPTHHX MAaCaXMPCHKHUX MOCITYT HEMOKIHBUN
0e3 B3aemomii Ta KoopaWHAIi Cy0’€KTIB Ta 00’€KTIB BIAMOBITHUX JIOTICTUYHHUX TMPOIIECIB.
HaiiGinpm 4iTko 1e BUpakeHO y (OpMyBaHHI KOHKYPEHTHOTO CEpElOBHINA, aKe 3710pOoBa
KOHKYPEHIIiSl MK TPAaHCTIOPTHUMH MIANPHEMCTBAMHU, HE3BaXKAIOUM Ha ()OPMY BIIACHOCTI, TO3BOJISIE
HiBUIIUTH SKICTh HAJAHUX TOCIYT, ONTHMI3yBaTH Ta YAOCKOHAJIHMTH JIOTICTHYHI TPOLECH Ta
MOKPAIIUTH PiBEHb 3a0€311eUeHOCTI TPAHCTIOPTHUMH MACAKUPCHKUMH MTOCITyTaMH.

Otxe, cy0 €KTHO-00’€KTHA B3a€EMOJIs JIOTICTUYHOIO 3a0€3MEYeHHs PUHKY TPAHCHOPTHUX
MACaKUPCHKUX TMOCIYr 3HAYHOI MIpOI0 BHPAXKAETbCs y (opMyBaHHI OallaHCy IIONMUTY Ta
MPOTO3UIIK HA MOCIYTW 3 MEpPeBE3CHHS, TOOTO 0OCAT 1 YacTOTy mepeBe3eHb Ta iX SKICTh, IO
3peImTo 3a0e3MeynTh HaiOLIbml MoBHE Ta e(eKkTuBHE (YHKIIOHYBaHHS [TaHOTO PHHKY Ta
OINITHMAJIbHE 3a/I0BOJICHHS TTOTPEe0 HACEIECHHS y NePEBE3CHHSX.
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MMPAMA 3AJJAYA KIHEMATHUKH IUISA POBOTA MOJEJII ANNIN ROBOTICS AR3
HamnionansHuit aepokocMiuHuit yHiBepeureT iM. M.€. XXykoBcbkoro
«XapKiBChKUH aBialliiHUI IHCTUTYT»

Ha cporognimmHiii yac pobor-manimynstop moxeni AR3 Big kommanii Annin Robotics
IIMPOKO 3aCTOCOBYETHCA, IMEPII 32 BCE, Y HABYAIBHOMY ITPOLECI y PI3HMX OCBITHIX 3aKjagax Io
BChOMYy CBITi. KpiM TOro, 1m0 cdep #HOro 3acTOCyBaHHS BIIHOCATHCS KOHTPOJIb SIKOCTI
TEXHOJIOTTUHUX oOIepaliil 1 neBHi onepauii Ha BUpoOHUITBI. OCHOBHMMHU IepeBaraMum pobdoTa €
BIZTHOCHA JICIICBU3HA, SIKA TOETHYETHCS 3 PO3BUHEHOIO MEXaHIYHOIO CHCTEMOIO, 10 BKJIIOYAE B cede
CYKYITHICTh IIECTH MEXaTPOHHHX BUPOOIB — KPOKOBUX JIBUTYHIB, MOJIEKYyOU — 13 BOYIOBaHHUMU
penykropamu (71 HaBaHTKCHUX IS KiHeMaTWIHHX map). Annin Robotics AR3 — me mecru-
OCBhOBHI pOOOT (POOOT-MaHIMYJIATOP), MIO MPALIO€ 3 HABAHTAXXEHHAM 10 | Kr Ha OUCTaHIII A0
600 mm. TounicTh mosuiioHyBaHHs Annin Robotics AR3 cranoButh 0,2 MM, a Maca poOora
puban3HO nopiBHIOE 10 KT

J11st IpOTHO3YBaHHSI MOJIOKEHHSI BUKOHABUOTO OpraHy po0oTa-MaHIImyssITopa (3aX0IuioBaya,
3BapIOBAJIbHOT TOJIOBKH, KPACKOMYJBTa TOIO) HEOOXIAHO pO3PAaXOBYBATH 3aJIEKHOCTI Opi€HTAIN 1
KOOpJIMHAT IhOTO OpraHy y 0a30Biii cHcTeMi KOOPIWHAT, BIAHOCHO SKOi BEIETHCS BIUTK TPH
3MIHEHHI y3arajdbHEHHX KOOPIWHAT, SIKi, y CBOIO Yepry, 3ajeXaTh BijJ TONIOKEHHS BUKOHABYMX
MpUBOJIB (BaJIiB €JICKTPUYHUX IBUTYHIB, IITOKIB IMHEBMO- Ta TiAPO-IMIIHAPIB TOMIO) Y NEBHHUN
MOMEHT Yacy.

[IpsiMa 3aa4a KiHEMAaTUKW MaHIMYJISATOPiB (POPMYITIOETHCS TaK: 33JaHa KiHEMaTHYHA CXeMa
MaHIMyJIATOpa 1 B TEBHUH MOMEHT 4Yacy BiJIOMi 3HAu€HHS Yy3aralbHEHHWX KOOPIHMHAT, II0
BU3HAYAIOTh IOJIOKEHHSI BCIX JIAHOK MaHIMyNIATOpa OAHA BiTHOCHO onHOi. [loTpiOHO BU3HAYHTH
MOJIOKEHHSI 1 OPIEHTALllI0 OCTAHHBOI JJAHKM MAaHIMyJsATOpa (3aXOIUIoBaya) y CHCTEeMI BIJIIKY, SKa
MOB'sI3aHa 3 HEPYXOMHM CTOSIKOM. | @OMeTpU4Hi pO3MIpH JIAHOK BBAXKAIOThCA 3agaHuMu. Jlis
pO3B’si3aHHS TMPsIMOi 3a/adi KiHeMaTuku poOora-maHimynsropa moneni AR3 OyB 3acTocoBaHMi
Metoy JlenaBita-XaprenOepra. Ha puc 1. mokasana kiHemMarndHa cxema poOOTa-MaHIMyJSITopa
Mmozxeni AR3, mo 3acTOCOBY€TBCS Uil PO3B’SI3aHHS NMPAMOi 3a/1adi KiHEMaTHKH, i3 HaHECCHUMH
3TiIHO METOAY CTeLiaTbHUMHU CUCTEMaMU KOOPAWHAT.

BignmoBigHo nmo wmetony JlenaBiTa-XaprtenOepra, Oyiau OTpHMaHi PO3LIMPEHI MaTpPHIIi
nepexofay s KOKHOI 3 IIecTH KiHeMaTmyHuX map. I[Ipy mpoMy KOKHOMY 3 YOTHPHOX
€JIEeMEHTAapHUX PYXiB BIANOBIIA€ OAHA 3 MATPUIlb Nepexoay (B-marpuiib): a00 MaTpuils oO0epTaHHs,
abo MaTpuisg 3cyBy. Pe3ynbTyroua MaTpuilsl epexoay, mo 3B's3ye cuctemu i — 1 Ta i, € J00yTKOM
X MaTPUIIb:

A; = Byy(K, 0.)Ben (K, 5)Bey (0, @) By (1, ). 2.1)

Ockinbku poOora-maHimynstopa mozaeni AR3  xapakrepusyeTbesi IIiCTbMa CTYNEHSMHU
cBoOonu (n = 6), B pe3yibTaTi po3paxyHKy OOUYHCIIEH] eleMeHTH MaTpulll Ty, K1 OMUCYIOCH MepexiJl
BiJl CHUCTEeMH KOOpAMHAT, TOB’S3aHOi 13 3aXOIUTIOBAJIBHUM TIPUCTPOEM, 110 0a30BOI CHUCTEMHU
KOOPJIMHAT:

t1y tiz l13 lyg
T, = a1 laz Loz laaf 1)
t31 t32 33 t34

0 0 0 1
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Puc. 1. Kinematnana cxema poboTa-MaHimyisitopa Mmojaeli AR3, mo 3acTocoByeThest st
PO3B’sI3aHHS NIPSMOT 3a/1aui KIHEMaTHK!

SIk Bimomo, CTOBMII MaTtpuii 7, MalOTh TeOMETpHYHE TiayMadeHHs. [lepmri Tpu enemeHTH
MEPIIOTo, JIPYTroro i TPEThOTO CTOBIILIB € HANPSIMHUMU KOCHHYCAMHU BiIOBITHO OCEH X, Vi, Zn Y
cucremi 0, a TpH €IEMEHTH YETBEPTOTO CTOBILS — 1€ KOOPAMHATH X, V¢, Z. LEHTPY 3aXOIUTIOBaYa B

TIN K€ CUCTEMI:

[ cos(izi’\o) cos(j’;,_i’\o) cos (En, TO) x|
T, = cos(ﬁ) cos(ﬁ) cos (En, _’0) Vel ?)
cos (?n, I_c)o) cos (fn, I_c)o) cos (En, EO) Z,
| 0 0 0 1-

Orxe, orpuMana MaTpuis Ty BU3HAYAE HANIPAMHI KOCHHYCH:
t1y = cos(Ty,Tp) = c0s01[c0s0,c0504 + sinb,cos055inbs] — sinb;sin(6, — 03) X
X [sinf,c0s04 + cos6,c0s05sinbg] + sinb,cos(0, — 03)sinbssinbq;  (3)

ty1 = cos(Tn, Jo) = sinb;[cosO,c0s8, — sinb,cosO5sinbde] +
+cos6,sin(0, — 83)[sinb,cos0¢ + cosO,cos05sinbg] —

—c0s6;,c05(0, — 05)sinbssinby; 4)
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t31 = CoS (Z)TU Eo) ==
= —cos(6, — 05)[sinb,cos0¢ + cos8,c0505sinbg] — sin(6, — 03)sinbssinb; (5)

t12 = cos(Jn, 1p) = —sinbicos(0; — 03)cosOs — cosB;sinb,sinbds —
—sinf;sin(8, — 05)cosf,sinbs; (6)

tys = cos(Ju Jo) = cosOysin(0, — 03)cos0,sinbs +
+cos6,cos(6, — 05)cosOs — sinf;sinb,sinbs; (7)

t,3 = coS (fn, EO) = sin(0, — 65)cosOs — cos(6, — 03)cosf,sinbs;  (8)

ti3 = cos (En,fo) = c0s6,[cos6,sinbg + sinb,cosOscosby]| —

—sinf,;sin(0, — 65)[sinb,sinb, — cosO,cos0ssinby| —
—sin@;cos(8, — 65)sinbscosby; 9)

ty3 = cos (En,j’o) = sinb,[cos6,sinbg + sinb,cosOscosbg] +

+cos6;sin(0, — 03)[sinb,sinb¢ — cosO,cosOscosb¢] +
+cos0,cos(6, — 03)sinbscosby; (10)

t33 = oS (En EO) = sin(0, — 65)sinbscosb, —

—cos(6, — 65)[sinf,sinby — cos,cos0scosb]; (11)
a TAKOXK KOOPJMHATH [IEHTPA 3aXOILTIOBAILHOTO IPUCTPOIO:

tis = X, = —sinb;(a; + l,co0s6,) — (1, + lgcosBOs)sinb;cos(6, — 03) —
—lgsinBs[cosO,sinb, + sinb;sin(6, — 05)cosb,]; (12)

tys = Y. = cosO(a, + l,cos6,) + (I + lgcosOs)cosB cos(6, — 03) —
—lgsinfs[sinb,sinf, — cosf,sin(6, — 05)cosb,]; (13)

t34 S ZC S Sl + lzsinez + (l4 + l6C0595)Sin(92 - 93) -
—lgcos(6, — 63)cosb,sinbs; (14)

@opmynu (3)—(14) Oynu BUKOPUCTaHI U TECTYBaHHS TOJIOKEHHS MaHIMyJIATOpa, [0 Mae
Taky > KIHEMaTH4YHy cXeMmy, 10 1 poOor-maHimynarop moxaeni AR3, ame 3 HacTymHUMH
napaMeTpamMu JIOBXHH JaHOK:

51=a1=12=l4=l6=1, (15)

a yacoBa IIOCITIOBHICTE KYTIB TMOBOPOTY 64 — B¢ 3amaHa 3 ModYaTKoBOro TmojiokeHHs 0, sk
mociimoBHicTh moBopoTiB 6;(0c...1¢c — 0°...—90°) — mosmmis 1; 6,(1c..2¢c - 0°..90°) —
mo3umis 2; 63(2c..3¢c - 0°..90°) — mosumis 3; 0,(3c..4c — 0°..90°) — mosumis 4;
Os(4c..5¢c — 0°..90°) —mo3umis 5; Bg(5¢c...6 ¢ = 0°...90°) — mo3wmis 6.

VY SIKOCTI OOPHUX TOUOK OOpaHi MOJIOKEHHS 3aXOIUTI0Baya MaHIIMYJISTOpa, SIK1 BIANOBIIal0Th
nosuitisiMm 0—6. Pesynbrati po3paxyHKy KOOPIMHAT IEHTpa 3axoruroBada (X, V., Z.) y 0a30Biii
cucTeMi koopauHar (X, Yo, Zo) JJIs IOCITIJOBHOCTI ToNokeHb 0—6 HaBe/IeHI HA PUCYHKY 2.
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24p—=-506
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0 1 0 (3 o 0 12 -1 0 o0 [2
_*0[]—1[]“"01[]1_’!]101
-1 0 0 |2 -1 0 0|2 0 0 —1]2
oo o T 0 0 0 1 0 0 0 1
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Puc. 2. Pe3yabratu po3paxyHKy KOOPAHHAT [ICHTpa 3axorutoBada (X, Ve, Z.) y 0a30Biit cucremi
koopauHar (Xg, Yo, Zo) VIS TOCIIIOBHOCTI 1OJI0kKeHb 0—6: a — aKCOHOMETPUYHA ITPOEKIIist;
0 — MpOEKIIisg Ha IJIOUINHY Yo — Zg; B — IPOEKIisl Ha TUIOIUHY X — Zo; T — IMPOEKIIisl Ha TUIOLHHY
Xo — Yo; A — MOCIIIOBHICTh 3MiHEHHS €JIEMEHTIB MaTpulll epexony T MiJ 4ac pyxy Mix
noyiokeHHsiMu 0—6
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POBOT-ITABYK IMIJIBUIIIEHOI BE3BIZIMOBHOCTI
IBano-DpaHKIBCHKHUI HAIlIOHATBHUN TEXHIYHUH yHIBepcUTET HaTH 1 razy, Ykpaina

ITocTanoBka npodieMn B 3araJibHOMY BHUIJISIAi. AKTyaJIbHOIO 33J1a4€l0 € MPOECKTYBAHHS
HEZIOPOTuX 1 HaAIMHUX MOOUTBHUX poOOTIB. M0OUTEHI poOOTH peani3yroThCS Ha OCHOBI Pi3HUX
watdopm, ajie Kpokyroda rardopmMa BOJIOJIE€ YA HE HAWKPAIIOK THYUYKICTIO 1 mpoximHicTio [1].
Takuit poOOT MOXKe HE TUIBKM XOJUTH MO CKJIAJHIM MOBEpXHi, ane il cTpuOaTH, 3aXOIIIOBATU
npeaMeTy Ta poOuTH iHII Aii, Ki HEMOXUIMBI JUIs 1HIKMX TuiatdopmM. IIpoTe KiIacu4Hi KpOKyrodi
PpOOOTH BOJOIIIOTH CKJIAJAHOI0 KOHCTPYKIII€0 1 00MEXEHOI0 HaIHHICTIO.

Ananiz pocaimkenb Ta myOgikauniii. Tpaaumiiini mectuHOri poOOTH, BiAOMI SIK
«hexapodsy», ocHalieHi IicThbMa HOTaMH 1 MOXKYTh TIEpeMilaThCs Juiie xoap0010. KoxHa Hora Mae
TPHU CEPBOTPUBOAM: OJUH JJisi 00EPTaHHS HABKOJIO BEPTUKAIBHOI OCI 1 J1Ba /Ui 0OCpTaHHS JIAHOK
HaBKOJIO JIBOX TOPHU3OHTaJbHUX oced. [l y3ro[KeHOro pyxy JaHOK BUKOPHCTOBYETHCS
CrHeliaJbHUN aNTOPUTM, IO 3a0e3redyye BHUCOKY NPOXIAHICTH poOOTa, Xo4ya MOTO MIBUAKICTH HE
MOK€ KOHKYpPYBaTH 3 KOJiCHUMH poboTamu [2, 3]. JJomaTkoBi cepBONpUBOIM 301IbIIYIOTH Bary Ta
BapTicTh poOora. POOOTH-aBykW i3 ImICTPbMAa HOTaMH € CTIMKMMHM Ha HEpIBHIM IOBEpXHI,
MaHEBPEHUMHM, MPOXiJTHUMHU Ta YacTO BOJOMIIOTH JOJATKOBUMH MOXKJIMBOCTAMHU. Po3pobnenuit y
Kapneri-Memnmon po6or RiSE [4] mae O0KOBY CHUMETpit0 1 MpU3HAYEHUH IJIsi MEPEMIIICHHS MO
BEPTUKAJIbHUX NOBepXHsX. Po3pobnenuit y JPL paniansao-cumerpuunuii rexcanogq ATHLETE [5]
(All-Terrain Hex-Legged Extra-Terrestrial Explorer) € Bcromuxomom i MOXe BUKOPUCTOBYBATHUCH
HaBITh AN AOCHKeHHs 1HmUX raHeT. KomOiHoBani MoOinbHI tuatdopmu [2, 3] MOXKYTh
MOEIHYBATH TiepeBary pisHux miatdopM. B mpami [2] 3anponoHoBaHa KOHCTPYKIIiSI TEKCATIONy 3
KBa3iKoJIeCaMH Ta CHCTEMOIO PE3epBHOIO 3a0e3medeHHs] HaaiiHoCTi. bymo 00’e¢qHaHo mepeBaru
KoJieca, HOTM Ta MaHIMyJsATOpa B €IMHIA KOHCTPYKIIi, sIKa TaKOX BKIIOYA€ CUCTEMY PE3EpBHOTO
3a0e3medyeHHs] HAAIMHOCTI 3 T’ SITHKPATHUM pPE3EPBYBAHHAM Ta MOXJIHMBICTIO CIUIBHOI POOOTH
OCHOBHUX Ta pE3epBHUX eneMeHTiB. B mpoekTi [3] pO3pOOHHMKM 3MEHIIWIM KIUIBKICTh
CEPBOMPHBO/IIB aJie PO3MHUPUITH (YHKITIOHATEHI MOMIIMBOCTI pOOOTa IUISIXOM J0IaHHS KOJIIC.

BugineHHsi HeBUPIIEHWX 4YACTHH 3arajibHoi mnpodjeMu Ta (oOpMyBaHHA MiJiel
aocaigxenHsi. OCHOBHOIO TIPOOJEMOIO TEKCAIoAIB € HEBHUCOKA HAIMHICTH, MO TOB’SI3aHO 31
30UTBIIEHOI0 KUTBKICTIO JBUTYHIB Ta JeTajieil MPUBOMAIB, a TaKOX CKIAJHUMHU YMOBaMHU poOOTH
MIPUBO/IIB, K1 BKIIOUYAIOTh BUCOKI CTATUYHI Ta yJapHI HaBaHTaXeHHs. J[07aTKOBOIO MPoOIeMOIo €
T€, 10 OUTBIIICTh HEAOPOTUX CEPBOIMPHUBO/IIB, 10 BUKOPUCTOBYIOTHCS B KOHCTPYKIIiSIX, BOJIOIIFOTh
HU3BKOI HafdilHICTIO. PoOoTH-Tekcamoam, sIKI MPaloTh BIIAAICHO, y TEpIry dYepry
TJTAHETOXOM, TOBMHHI MaTH 3aco0u 3abe3rnedeHHs 1 0araToKpaTHOTO pe3epBYBaHHS HaIiHOCTI.
Uumaro BUNIAJKIB TOBHUX BIIMOB IIJIAHETOXOIB [6-8] TTOB’s13aHi 3 BIICYTHICTIO 200 HEIOCTAaTHHOIO
KUTBKICTIO TakuX 3aco0iB. Sk mpaBWiIO, BIAMOBIEHI JeTali MOKE 3aMIHUTH TUIBKH JIIOAMHA, SKa
npucyTHs 61511 podoTa. [IpoTe icHye MOKITUBICTh pO3pOOUTH KOHCTPYKIIIIO 3 aBBTOHOMHOFO 3aMi1HOKO
BIIMOBJICHUX JieTajieil. B KoHCTpykii moTpiOHO mepeadadynTH HE TUTBKU 3ac00M 3aMiHM BY3JIiB Ha
HOBI, aJie ¥ JOJATKOBI 3ac00H, SIK1 JO3BOJSITUMYTh (DYHKIIIOHYBaTH pOOOTY 10 PEMOHTY HAaBIThH 3
KIJIbKOMa BiTMOBJICGHUMU CEPBOIPUBOIAMHU.

MeTo10 po60TH € CTBOPEHHS 1 aHaI3 OCOOIMBOCTEN peanizalii HeJOPOToro MECTHHOTOTO
poboTa-rekcanofia 3 MeXaHi3MaMH pe3epBYBaHHS HAIIHHOCTI MPHUBOAIB Ta MOXKJIHMBICTIO
ABTOHOMHOI 3aMIHM BIIMOBJIEHUX BY3diB. PoOOT moBHHEH OyTH TpU3HAYECHUU MJIT POOOTH B
BAXKOJIOCTYITHUX MICIIX 1 TOBHHEH MICTHTH IIICTh POOOYMX OpraHiB, sKi MIATPUMYIOTh
ABTOHOMHY «Trapsdy» 3aMmiHy 0e3 ydacTi jroauHu. [loBuHHA OyTH TaKOX MOKIIMBICTH 3aMICTh
poboYOro opraHy BHUKOPUCTOBYBATH JIOJATKOBI 1IHCTPYMEHTH JJIsi BUKOHaHHS POOOTOM IEBHUX
CrieliaJbHUX 3aB/IaHb (HAMPUKJIIA]] 3aXBaT MPEAMETIB, OYpIHHS, B3SATTS MPOO IPYHTY TOIIO).
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PesyabTaT nocaimkens. KoHueniis onucaHoi gani KOHCTPYKIii poOoTa 3amponoHoBaHa
aBTopamMu. KoHCTpykwito 1 mapaMeTpuyHy Mojenb podora pospobieHo y SOLIDWORKS 2020
(puc. 1) aBTopom (Muxaiino ["onineit) mix yac BUKOHAHHS AUTUIOMHOI poboTH [9].

Puc. 1. TpuBumipHa MoJienb pobOTa-1aByKa
1 - poGoumii opran y 360pi (6 mr.); 2 - TuIMTa OCHOBU (akpuin); 3 - akymyssarop 18650 3 Tpumavem
(2 mrr.) [10]; 4 - po3'em 3 marniToM (6 mIT.); 5 — MikpokoHTpoIep esp32 [11]

Koxxnuit pobounii opran (puc. 2) mae Tpu Henopori ceponpuBoau sg90. Ilepmmii 3 HEX
3abe3mnedye 00epTaHHs poOOYOro Oprany HaBKOJIO BEPTHKAIBHOI OCI Ta mepenavy pyxy Ha XparosBi
MeXaHi3MH. [HIIi aBa CepBONPUBOIM OOEPTAIOTh JIAHKM HIl' HABKOJIO TOPU3OHTAIBHHX OCEU IS
MOKJTUBOCTI X0160M. OCHOBHUM TIPU3HAYCHHSM ITUX CEPBOIPUBOIIB € TIEpecyBaHHS poOOTa.

Po6or Mae MOXIUBICTH «raps4oi» (0e3 BUMKHEHHS JKUBJICHHsS) Ta aBTOHOMHOI (0e3
0e3mocepeIHbOT yUacTi JIIOIMHH) 3aMiHl poOounx opraHiB. s boro pe3epBHi poOOYl OpraHu ta
JOJIATKOB1 IHCTPYMEHTH MOBUHHI OyTH pO3TaIllOBaH1 HA CHelialbHIN cTallioHapHiNA 0a3i Ta MOXKYTh
Oyt oOyamHaHi MITKaMU JJIsl TIOJIETIIEHHS iXHBOI i1eHTHdiKalii podoroMm. PoGoT mepecyBaeTbes
no uiei 0a3u, 3a JOMOMOrow xpamoBoro wmexanizmy (10, 11) 1 mepmioro (BepUKaTIbHOTO)
CEpBOMPHUBOJY BiATBUHUYYE TBUHT po3’emy (14) i Bimminsge Hepoboumii opran. Ilicist mporo BiH
MepECyBAETHCS 0 HOBOTO pOOOYOro opraHy Ha 0asi, MiJ €IHYETHCS 0 PO3’€EMY 3a JIOIIOMOTOO
MAarHitTy 1 3arBUHYy€ T'BUHT po3’emy (14). Jns monmermeHHs Takoi omepariii poOdoT moxe OyTH
obnagHaHuil ceHcopamu. HasBHICTh MarHiTy 3BepXy KOHTaKTHOT'O po3’e€My J03BOJIsI€ 3a0€3MeUnTH
i’ €AHaHHS T1'ATH ENEeKTPUYHMX KOHTAKTIB: 3€MJIs, JKUBJICHHS cepBomnpuBoniB (5 B) 1 Tpu
KOHTaKTH Uil IU(POBOrO KEpyBaHHS CEPBONPUBOAAMH. SIK TINBKH KOHTAKT BiIOYBCS, MOYHHAE
MPAaLIOBATH BEPTUKAJIBHUN CEPBOMPHUBIJ, SKUH 00epTae BEpTHUKAIbHY BiCh 3 JBOMa XparOBHKAMHU
(10) 1 cekropHuM eBoJIbBEHTHUM KosiecoM (8). Lleit cepBonpuBig sg90 MOBUHEH MAaTH MOKJIMBICTh
obepraruck Ha 360°. CepBornpusij nmoBeprae xpanoBuk (10) Ha 3amaHuil KyT, IICHIS 9OTO 3IHCHIOE
nepioanyHe odepTranHs XpanoBuka Buepen (+10°) 1 Hazax (-10°), To6TO 00epTaeThes B 3aJaHOMY
iHTEepBaJi KyTiB (IUB. IUKJIOTpaMy Ha puc. 3). TakuM 4HMHOM XparoBe kojeco obeprae raiky (12),
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ska 3arBuHuye TBUHT (14) B po3’em. B pesynbraTi poGounii opran Oyae HaIiifHO 3aKpiruieHUH i
poOOT MOXke TpatroBaTH aajii. Skio notpiOHo BiArBUHTUTH IBUHT (14), To xpanoBuk (10) obeptae
iHIe mapHe xparoBe kojeco (11) 3aBasku ToMy, IO BiH MOXe O0€pTaTUCh B 1HIIOMY iHTEpBali
KyTiB (AuB. UKIOTpamy Ha puc. 3). Poboui inTepBanu kyTiB xpamnoBukiB (10) i cekTopHOro Koeca
(8) He meperunatoThcs. Po3’eMm mae crnemianbHy (Qopmy, ska 3a0e3rnedye Mia'eJHaHHS KOHTAKTIiB
3aBXKIM TPAaBUIBHO 1 BUKIIOYae MOMWIKy. Jns igeHtudikamii posranryBaHHS pPO3 €My MOXeE
BHUKOPHUCTOBYBATHCh MArHIT i repkoH abo AaTtyuk edexry Xosa.

Puc. 2. PoGouuii opran B po3ibpanomy (a) Ta 3i0panomy (0) Burisgax
1 - ceppompuBizg sg90 (3 mt.) [12]; 2 - 6oyaeH-TpoC; 3 - TUIUTA HIKHS, 4 - TUTHTA CEPETHS;
5 - uTa BepXHs; 6 - JaHKa BEPXHs; 7 - JIAaHKA HUXKHS; 8 - CEKTOPHE KOJIECO; 9 - KOJIECO-IITEKED
(ueitnon); 10 — xpanoBuk (2 mr); 11 - xpanose koneco (8 mwr.); 12 — raiika (4 wr.);
13 - rBUHT-KyJa40K; 14 - rBUHT mTekepa; 15 - rBUHT OOyAeH-Tpocy

Ha pucynky 3 mokazaHa mukiorpaMa poOOTH XparoBHKIB Ta CEKTOPHOTO Kojieca. BuiHo,
mo B Mexax KyTiB Bix 31° mo 51° mpamtoe xpamoBa nepeaaya 1R, pobounm pyxom sikoi €
o0epTaHHsIM TMpPaBOPYY, a XOJIOCTHM — oOepTaHHA JiBopyd. Takuii pyx 3abesnedye oOepTaHHs
xpanoBux koisic 11 3 raiikotro (12) B ogHy cropony. lle mpu3BoauTh 10 pyXy IBUHTa B OJHY
cTopoHy. PyX B MpOTHIIC)KHY CTOpOHY 3a0e3neuyeThesi crapeHoro 3 1R xpamosoro mepemaueto 1L,
sIKa MPALOE B IHILIOMY 1HTEPBaJI KYTIB.

XpanoBi MeXaHI3MH JTO3BOJISIFOTh TAKOXK 3a0€3MEeYUTH pe3epByBaHHS HAMIMHOCTI APYroi Ta
TPeThOi (TOPU3OHTANIBHUX) OCEH y BHUMAJIKY, SKIIO IPYTHil 1 TpeTiit cepBonpuBig (1) BUXoAsTh 3
nany. Hampuknaa, sSKOio Apyruil CEpBONPHBIA BHUXOAWTH 3 JIaay, TO XPAlOBHA MEXaHi3M
nepemimye TBUHT 3 T-momibnum kymaukoMm (13), sakuii mToBxae Hory pobGota (6). s
3a0e3neueHHs MepeMilIeHHsT HOTH B TPOTHUJICKHOMY HAIPSIMKY BHUKOPHUCTOBYETHCS NMPYXKHHA (HA
PHUCYHKY 2 HE IIOKa3aHa). SIKI10 BIIMOBIISIE TPETIH CEpPBONPUBIJ, TO XPAIOBUN MEXaHI3M IepeMillae
rBuHT (15), sikuil mepenae pyx Ha HUOKHIO JTaHKY (7) HOTH 3a 101OMOror0 0oyaeH-Tpocy (2). Takox,
U1 3a0€3MeYeHHs pyXy B IPOTUJIEKHOMY HAIPSIMKY, BUKOPHCTOBYEThCS NPY>KHHA (HAa PUCYHKY 2
He mokazaHa). [IpobmeMoro Moke OyTH TOJOJaHHS CYMapHOTO OIOpYy MPYXKUHU 1 HEPOOOUYOTro
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cepBorpuBoy. Tomy OakaHo, 1mo0 HEpoOOUYl TOPU3OHTAIBHI CEPBONMPHUBOIU BOJIOALTA MEHIIUM
OIOPOM KPYTHOMY MOMEHTY. TakuM YMHOM, HaBiTh SKIIO 1[I CEPBONPHBOAM BiIMOBISIOTH, TO
poOOT Ma€e MOXIMBICTH MPOJOBXKUTH pyX TO 0a3u 3 pe3epBHHUMH POOOYMMH OpraHamH, e BiH
3MOX€ BMKOHATH 3aMiHy. OueBUAHO, 110 BEPTUKAIbHUI CEpBONPHUBIA MOBUHEH BOJOAITH BHUIIOIO
HajidHicTIO. Hampukman ioro mectepHi MOXYyTh OyTH METaJeBUMH, a HE IUIACTHKOBUMH. B
OMNHUCaHIM KOHCTpYKLIi HOro BiZIMOBa HE JO3BOJIMTH BHUKOPHCTOBYBATH MEXaHI3M pPE3€pBYBAHHS
HQTIMHOCTI Ta «raps4oi» aBTOHOMHOI 3amiHU. [IpoTe KOHCTpyKIis poOoTa 1 HOro mapamMeTpuvHa
MOJIeJIb MarOTh HOTEHIal JUIsl po3BUTKY. [l mpukiany, y BUNAAKy BIJIMOBH BEPTHKAJIBHOI'O
CepBONPHUBOIY, PyX Ha HOro Bich MOXHa OyJe mepeaatd 3a JOMOMOTOK BEPTHKAIBHUX
CEpBOIPHUBOJIIB CYCIIHIX poOounx opraHiB. [[ns 1bOro BOHM MOBHHHI MOBEPHYTHCH HABKOJO
BEPTUKAJIBHOI OCi Ha BIANOBITHHHA KyT, 1 3a0€3MEYUTH KOHTAKT JOAATKOBOI CBO€I IIECTEpHI 3
JOJJAaTKOBUM KOJIECOM Ha BIJIMOBJIIEHOMY poOouoMy opraHi. AG0 MokHa 3a0e3NnedyuTd nepenavy
PYXY 3 CYCiIHIX poO0OUYMX OpraHiB IHIIMM YHHOM, HANPHUKIIA], SIK 1€ peali3oBaHo B [2].

Puc. 3. [luknorpama poGOTH MepIIOTro CEPBOMPUBO/IA AJISI BOCBMH XPANOBUX KOJIIC (TOHKI Ta
HITPUXOBI JIiHIT) Ta CEKTOPHOTO KoJieca (KUpHa JiHis) (a) Ta Bizyanizaiis nojgoxxeHHs 0° (0)

Bcboro B pobouomMy oprasi € yotupu napu xpanosux kouic (11). Ilepiia BukopucToByeThes
JUTSl 3arBUHYYBaHHS-PO3TBUHYYBaHHS po3’eMy (9), apyra - mis nepemimieHds T-moaioHoro Kyisadka
(13) 1 BepxHbO1 TaHKK HOTH (6), TPETiH - A1 IepeMillleHHs] HUKHbBOT JIaHKK HOTH (7) 3a 10TIOMOTOF0
OooyneH-Tpocy (2). YerBepra mapa HE BHUKOPHCTOBYETHCSA, aje€ 10 HEI MOXKHA TPHUEIHATH
JIOJaTKOBUH MexaHi3M. Hampukman Takuif MexaHi3M MOXKE JOMOMOTTH MEpEeBEpHYTH poOOTa B
HOpMAaJIbHE TTOJIOKEHHS, SIKIIO BiH MEpEKUHEThCs. UeTBepTy mapy MOKHA TaKOK BUKOPUCTATH IS
nepeayi pyxy Ha CycifiHi poO6o4i OpraHu, y pasi iXHbO1 BiZIMOBH.

BucnoBku Ta pexkomenaauii. [lepeBaroro po3po0aeHOT KOHCTPYKIIi € 1i TEXHOJOT1UHICTD,
TaK SIK OUTBILIICTH JAeTaleil MOXKYTh OyTH BUTOTOBIICH] IIUIIXOM Pi3aHHS aKPUJIOBOTO JUCTA JIa3€pOM
Ha BEpCTaTi 3 YUCIOBUM IIPOTrPAMHUM KEpyBaHHSM. 3arajibHa BapTIiCTh poOOTa HE € BUCOKOIO Yepe3
BUKOPHCTaHHSI HeAOporux cepBonpuBoiiB sg90 (Ommspko 1 §), nmeraneid, ski BUpi3alOThCs 3
aKPHJIOBOT'O JIUCTA, a TAKOX HEJOPOro MiKpoKoHTposiepa esp32 (6mu3bko 4 $), skuii Mmae BOy10BaHi
3acobu pamio3s's3ky (Wi-Fi ta Bluetooth), Bucokuii moTenmian st aBTOHOMHOI pOOOTH Ta 3pyYHO
nporpamyeTrbcsi B cepepoBuini  MicroPython. ba3oBi mporpamu myis  pydHOTO KEpyBaHHS
po3pobiieHo B [9].

VY mepiry depry poOOT NMpU3HAYCHHA I aBTOHOMHOI pOOOTH y BIIJAJICHUX MICISX, /i€ HE
Moske mepeOyBaTu moguHa. e MoxxyTh OyTu HeOe3neuyHi 30HH 3 BHUCOKOK 3a0pyIHEHICTIO abo
pamioaKTHBHICTIO, a00 iHIII TUIaHeTH. Takok poOOT MoXKe OyTH BUKOPHCTAHHA JJISI PO3MiHYBaHHS
MICIIEBOCT1 200 B IHIIMX 0OOPOHHMX LUIAX. Y HaHOPOCTILIOMY JUIsS IPOrpaMyBaHHs BUIAIKY poOOT
MOX€E KEepyBAaTHUCh LUIAXOM BiJJTAJIGHOTO KEpyBaHHsS JIOAMHOIO-omiepaTopoM. s mporo Oasza
IIOBMHHA MaTH OLIbII NOTYXHUH pajionepenanad, Tak sk BOynoBanuii Wi-Fi moayns abo Bluetooth
HE MOXYTh 3a0€3IEYUTH BIJICTaHb Tiepenadi Ounbie cra MeTpiB. POOOT 3B's13yeThesl 3 6a3010 uepe3
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Wi-Fi a6o Bluetooth, a 6aza mepenmae paxiocurHain JIOJUHI-ONEpaTOpPy 3a JOMOMOTOI0 OLIbII
HOTYKHOTO pajionepenaBaya.

Habip 3MiHHMX cremiani3oBaHuX poOOYMX OpraHiB JIO3BOJISIE 3HAYHO PO3IIUPUTH
(GyHKIIOHANBHICTh poOoTa. OHUM 3 TaKUX OpraHiB MoXe OyTH ajantep, U0 KOPCTKO 3’ €IHY€E Ba
poGotu. Taki agantepu AO3BOJAIOTH 00’€THYBAaTH JBa 1 OUIbIIE POOOTIB B €IMHY CHUCTEMY JUIS
JOCSITHEHHS €(DeKTy CHHEprii Ta BUKOHAHHS OCOOJIHMBO CKJIaTHHUX 3a1ad.

Ha ocHoBi 1i€i Mopmeni TUaHyeTbcsi BHUPOOHMITBO TpoTOoTHIy pobota B LleHTpi
iHHOBauiitHoro po3Butky IOHTVYHI 13 marepianis, siki Oynu npuadaHi 3a (piHaHCOBOT MIATPUMKHU
cryaentcekux npoekTiB T30B «JIEOHI Baepiar Cucremc YA I'MoX».
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Beryn. AKTyanpHOIO B PI3HHX Tally3sfX IPOMHUCIOBOCTI € MpobOjieMa aBTOMAaTH3aIlis
CKJIQIaHHA 13 3aCTOCYBaHHSIM pPOOOTIB (MaHinmeTopiB) JUTsE 30UTBIIICHHS HpO,Z[yKTI/IBHOCTi Tpaiti,
BUBUIBHEHHS! poOOYMX PYK, MIIBUIICHHS SKOCTI POOIT, a TAKOK NPU BUKOHAHHI HEOE3MEUHUX IS
37110pOB s, q)131/1qu BOXKMX 1 MOHOTOHHUX po0iT. OJHUM 3 MNEpCHEeKTUBHUX HANPSIMKIB MpU
BUpILICHHI IIi€] TPOOJEeMH € 3aCTOCYBaHHS TaK 3BAaHMX HEKEPOBAHUX, 30KpeMa, BiOpariifHHX
MOHTa)XHUX TPHUCTpoiB. BukopucTaHHs iX J03BOJIsSIE BIIMOBHUTUCS TIpU CKJIaJaHHI HaBiTh
HEOCECHMETPUYHHX JeTaneid 0e3 (acok BiJ AOPOTHX JAaTUYMKIB 1 CEPBONPUBOJIB, HE BUCYBA€
BUCOKHMX BHUMOT JI0 JKOPCTKOCTI BCi€i KOHCTPYKIIi po6oTa. CKiaJaHHs 3/1HMCHIOETHCS HACTYTHUM
gypHOM. ['peiipep pobora “rpy0o” miABOAWTH JeTaib, SKa BCTAaHOBJICHA B BiOpaliiiHOMY
MOHTa)XHOMY NPHUCTPOIO, 10 MICLS 3’€JHAHHSA 3 1HILIOKO ACTAUII0 (HAIpPUKIAA, IUIyHXep 10 T'UIb3U
TUTyH>)Xepa). BKiloyaeTbesi MOHTQXXHUN MPUCTPI, 1eTallb MOYWHAE 31MCHIOBATH TIEBHI MMPOCTOPOBI
KOJIMBAHHS, TP LIbOMY BiJIOYBA€ThCs 3 €IHAHHS JIeTallel, HaBITh HE3BaXKat0uu Ha Te, 110 CIIOYATKY
TIOJIO’KEHHS JISTaTi, 1[0 MOHTY€EThCA, 0yJI0 HeTOYHUM. [IpOCTOpOBI KOJMBAHHS MPUCTPOIO Ta JACTAIi
HAJIal0ThCS €JIEKTPOMOTOPOM 3 J1e0alaHCOM, BCTAHOBJICHUM Ha MOHTaXHOMY ITPHUCTPOI.

AHaJi3 ocTaHHIX /JO0CATHeHb Ta NyOJikaniil. AHaii3 KOHCTPYKTHBHUX OCOOJMBOCTEH
BiOpaIifHUX MOHTOKHHX MPHUCTPOiB JgaHO y pobOorax [1, 2]. Tam ke BUKIAAEHO HAWIPOCTIII
npuitoMu BUOOPY MapameTpiB MexaHi3MiB. MOJIeNIOBaHHIO JUHAMIYHUX MPOLIECIB Y PO3IIISAyBaHUX
MPUCTPOSX, CHHTE3Y IXHIX IMapaMeTpiB 3a BIaCHUMHU (hOpMaMH KOJIMBaHb MIPUCBUYEHI CTATTI [3, 4].

CTBOpEHI 3pa3Ku CKIaJaIbHUX MPUCTPOIB MIATBEPAUIH IXHIO BUCOKY e(eKTUBHICTb. OaHaK
HEIOCTAaTHS PO3po0Ka MaTEMAaTUYHUX MOJEJEH 3a3Ha4e€HUX MPHUCTPOIB, METOMIB iX JOCIIIKEHHS,
ONTUMAJILHOTO BHOOpY MapaMeTpiB 1 peXUMIB poOOTH YCKIAJHIOE LUIAXH BIOCKOHAJCHHS
ICHYIOUHX KOHCTPYKIIIH 1 palfiOHaIbHOTO KOMITOHYBaHHS aHAJIOTTYHUX MEXaHI13MiB.

Meta Ta mocraHoBka 3agavi. Meroio poboTH € moOyaoBa KOMIUIEKCHOI MaTeMaTUYHOI
MOJIENTl TUHAMIYHUX TPOIECIB y BIOpAITHOMY MOHTXXHOMY TPHUCTPOI 7Sl CKIaJaIbHOTO po0oTa,
sKa J03BOJIAE TOCTIUTH MpOIEC IMyCKy MeXaHi3My, YCTaJCHHI PEXHMHU, MPOCTOPOBI pyXu OyIb-
SAKUX TOYOK JeTalli, 0 MOHTYEThCS. Bulip pamioHaqTbHOI MOAEHI PeryjJbOBaHOTO ITyCKY
CJIEKTPOABUIYHAa 3 Je0aJiaHCOM, SIKHMM HaJae TNPOCTOPOBI KOJMBAaHHA Tpeidepy 1 merani.
[IpoBeneHHsT PO3paxXyHKOBUX JOCTIIKEHb AMHAMIYHUX TMPOIECIB MPU IYCKYy MEXaHi3My 1 Ha
yCTaJCHUX peXuMax IpU MOHTaxi Aetanm. JloCHiPKeHHS! MPOCTOPOBUX PYXiB XapaKTEPHUX TOUYOK
JIeTal, 0 MOHTY€ETHCA.

MartemaTtuyHa Mojge/b BiOpaniiiHoro MoHTa:XHOro mexasizmy. Ha puc. 1 nmokasana
cXeéMa MeXaHI3My Ul CKJIAAaIbHOrO NpUCTpor0. KOHCTPYKTHBHE MPUCTPIil CKIAJAETHCS 3 KUIBKOX
KOPCTKHMX TiJ, 3 €IHAHUX MDK COOOI0 MPYKHHUMH eJIeMEHTaMu: 1 — OCHOBa sl KpIIJICHHS
MEXaHI3My JI0 PYKH MaHIMyJATOpa; 2 — KiIbIle; 3 — MOXWJIl CTepxKHI; 4 — rpeidep; 5 — nerans, mo
MOHTY€ThCS; 6 — TIACTMHYACTI MPYXUHU; 7 — TaXoMeTp; 8§ — enekTpoMoTop; 9 — nebananc; 10 —

IUIACTUHA NPYXKHOI OIOpH 30yIHMKa, IKa BUIHYTA Mix KyToM 45° 1 KpiUThCs 10 KiNbls Tak, o0

BICh E€JIEKTPOMOTOpA YTBOpIOBaia KyTH B 45° 3 HampsMKaMu MapajelbHUMH OCSM IUIOCKHX
NPY>KUH.

Y3aranbHeHi koopanHaTU. Hepyxomy cuctemMy KOOpIMHAT 3B’ SDKEMO 3 MAHIITYJIATOPOM, ii
MOYaTOK MOMICTUMO B IJIOLIUHI KPITUICHHS Tpeiidepa M0 MIOCKUX MPYXKUH (mependadaeThes, M0
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BOHU cTaTHyHO jJedopmoBani). Oci Ox i Oy HampaBIsIEMO B3JIOBX 3a3HAUCHUX NPYKHH, a BIiCh
Oz BepTHKalbHO Bropy. IlooskeHHs KUIbI B HEpyXoMiil cuctemi koopanHat OXxyz 3 TOYHICTIO

0 HECKIHYEHHO MaJIuX BHUIIOI'O MOPAAKY BU3HAYAETHCA TPbOMA y3araJJoHCHUMH KOOpJWHATaAMHU: X ,
y, Q. KOOpIII/IHaTI/I x 1 Y BH3HAYaKOTh ITOJIOXXCHH LICHTPY Mac KiJ'IBI_IH. KOOpI[I/IHaTa (0 BU3HAYae

MOBOPOT PYXOMHMH, >KOPCTKO IOB’SI3aHOI 3 KUIbLIEM CHCTeMHM KoopauHat O x,y;z;, IO
BIJTHOLIECHHIO 10 HEPYXOMOT.

Puc. 1. Cxema BiOpamiitHOr0 MOHTa)KHOTO MEXaHi3My

MoskHa TOoKa3aTH, IO TOJOXEHHS Tpeiidepa Mo BIAHOMICHHIO A0 KiJbIM 3 TOYHICTIO O
HECKIHYEHHO MaJIMX BHUIOUX TMOPSAIKIB TaKOXX BU3HAYAETHCS TpPhOMA  y3arallbHCHHUMHU
KOOpJIMHATAMH: KOOPJMHATH ¥, , ¥, XapaKTepHu3yITh oOepraHHs rpeiiepa HaBKoJIO ocell Ox; 1
O y|; KOOpAUHATA z|=z— BEPTUKAJIbHE 3MIILEHHS TOUYKHU MiABicy. ExciepuMeHTH nokasanu, 1o Ha

eKCIUTyaTalliiHUX peXuMax poOOTH MeXaHi3My, MOJI0KEeHHs 30y/IHUKA MO BiJIHOIIEHHIO O KU
IIJTKOM BHU3HAYAETHCS KYTOBOIO KOOPJAMHATOIO 7Y, a MOro MpYyXHY OINOPY MOXHA MOJEIIOBATH

LIAPHIPOM 31 CHIPaJbHOIO MPYXHUHOIO (Touka O, Ha puC. 1), KOe]ilieHT KOPCTKOCTI SIKOI JIETKO
BU3HAYAETHCS EKCIICPUMEHTAIIBHUM IUIIXOM.
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TakuMm yuHOM pyX MEXaHi3My XapakTepuU3YIOTh CiM y3arajlbHeHUX KOOpAHWHAT: Xx, )V, O,
ﬂxl, ﬁyl » 21, Y-

JAudepennianbHi piBHAHHA KOJUBAaHb MeXaHi3My. BukoHaBmm ctanmapTHi omepartii 3i
CKIaJaHHa piBHAHL Jlarpamxka 2-ro poay (CkimamHi Ta TPOMI3IAKI BUKIAAKH, IOB’S3aHI 3
OTPUMAHHSIM KIHETHMYHOI €HEeprii Ta y3araJbHEHUX CHJI, 4Yepe3 OOMEXKEHICTh MICId TyT HE
HaBeJIeHO), nu(depeHIliaibHI PIBHSHHS MaJUX KOJWBaHb MEXaHI3MYy BHSBHIOCS MOXJIUBUM
MPECTaBUTH Y BUTIISI

Mq+Bq+Cq=P, (1)

T
ne q= [x, Y90, 0 yl,zl,y] — BEKTOP y3araJbHEHUX KOOPAMHAT (T — 3HAK TpaHCIOHyBaHHs); M—
marpuns inepuii; B =diag{ Bx,By,B(p,BﬂXI ,Bﬂyl ,BZI,BY}— JiaroHanbHa MaTpulls AeMIyBaHHS;
Be» Bys Bos Bgﬂ , Bﬁyl . B.,» B, expiBanenTHi koedilienTH B’s3K0ro0 ONoOpy, Mo Bi/NOBIAIOTH

O, 2, s C=diag{4c,4c,4cR§,E,5,4cl,c2}—

xp2 Uy
JiaroHanbHa MATpPUIl KOPCTKOCTi; ¢, €, ¢;, C,— CKBIBAJIGHTHI KOE(ILi€HTH KOPCTKOCTI

y3arajJbHEHUM IIBUAKOCTIM X, V, ¢, O

BIIMOBITHO CTEP KHS HA BHUTHH, IJIACTUHYACTUX TPYXKUH MPHU MOBOPOTI rpeidepa, mIacTUHIACTOT
MIPY>KUHU HAa BUTHH, MIPY>KHOI OMOPH 30y THUKA;

F3

P= 5 sin( @t +),—

T
F;/g sin((ot - w),— F Rsin 0t,0,0,0,— Fcos (otﬁsin(S —45° ) — BEKTOp
36yproBanHs; F = m o’

¥ — BIICTaHb BiJ] ICHTPY Mac jJe0aaaHcy 10 0Cl eJIEKTPOABUTYHA.
JU1st HeHYJIBOBHX €JIEMEHTIB MaTpUIl 1HEPIil OTPUMaHO TaKi BUpa3u:

r — aMIUTITy]a BIAIEHTPOBOI CHIIM iHEepIIii AeOanaHcy; m — Maca fedalaHcy;

m1’1=m1+m2+m3, m173:m3’1:—m2,3:—m3’2:—m3RocOS450, ml’szms’lz—mzl,

m1,7:m7’1:m2’7:m7’2:—m3R*SinBCOS4SO, m2,2=m1+m2+m3, m2,4=m4:2=m21,
2 2 2

m3,3:JZI+JC+JZ3+m3R0’ M4,4:J§+m21 5 m5,5=Jn+m21 5 m6’6:m2,

2
mq 4= m3R + Jx’ .
Ie m;—maca KUIbLSL; m,—Maca rpefiepa Ta neram; m;—maca 30yIHHKA (€IEKTPOMOTOP,
TaxoMeTp Ta AebanaHc); R — BifcTaHb Bij HeHTPYy Mac 30yJHMKA 70 OCi IIApHipa; J, — MOMEHT
IHepUIl KUIbLs BIAHOCHO BepTHKaIbHOI ocl; J¢, J¢, J,—MomeHTn iHepuii rpefipepa Ta neram
BigHOCHO Bigmosimuo oceit CE, Cm, CC, ski € TONOBHUMH LEHTPAIbHUMM OCAMH iHEpLii i B

MOJI0KEHHI PIBHOBAru IMapajeibHi BIANOBIIHMM OCSIM cucTeMu koopaunart Oxyz; J., J o

MOMEHTH iHepii 30yqHuKa BiIHOCHO BiamoBiaHO oceit Cx" n C,z;. [HIII MO3HaYeHHs JaHO Ha
puc. 1.

Po3paxyHkoBi JOCHIIKeHHSI yCTaJeHMX Ta MepeXilHMX [IMHAMIYHHUX Hpouecis.
[ToGynoBana noBHa mMojenb (1) Hagae MOXKIIMBICTD aHANI3yBaTH JUHAMIYHI IPOLIECH SIK MPHU MyCKY
MEXaHI3My, TaK 1 Ha yCTAJICHUX PEKUMax, BUBYATH T€OMETPII0 PyXiB JJAHOK MPUCTPOIO Ta JIeTaJEH,
SIK1 MOHTYIOTBCSI, III0 Pa30M 13 3alIPOIIOHOBAaHUM y poOoTax [3, 4] anropuTMOM CHHTE3y MapaMeTpiB
MPUCTPOIO 32 BJIACHUMH (POpMaMH KOJHBAHb PO3IIUPIOE MOKIUBOCTI PaIiOHATLHOTO BHOOPY
napameTpis.

3anexncnicmo Kymoeoi wieuoKocmi pomopa enieKkmpoosuzyHa 6i0 uacy Tpu BKIIOYCHHI
IPUCTPOI0 Ma€ BUIVIAL, HaBeAeHUH Ha rpagiui puc. 2. Jlnsa iHTepBamy udacy 0<?¢<{, B3ATO
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KBQJIpAaTUYHUN 3aKOH 3MIiHM KyTOBOi IIBHJIKOCTI, IO JOOpE TMOTODKYEThCS 3 JaHUMH
€KCIIEPUMEHTIB. 3alleXKHICTh KyTa MOBOPOTY POTOpa €NEKTPOJIBUTYHA BiJl Yacy BUSBIAETHCS MpU
IIbOMY HACTYITHOIO:

o
3
_________ o —%+mot—w§t°, 1<ty;
| y= 0
| 2
o, E(’)oto"‘(‘)o(f—to)a 1>,

e (,— KyToBa IIBHIKICTh pEXHUMY (KEpOBaHHM

~ 0

napamerp); f,— 4ac BCTAHOBJICHHS.

Iy

XapakTep 3MiHU y3arajlbHEHUX KOOPJAUHAT X ,
Puc. 2. 3aKoH 3MiHI KyTOBHH IIBHAKOCTI @, O IpH MyCKy NpPHUCTPOIO LIFOCTPYIOTH

. X]
€JIEKTPOABUTYHA 1] 4ac MyCKYy puc. 3-6 1

Pospaxynku mnposemeni mpu f,=2c, ®,=152,05pag/c (n,=1452006/xB). Y mnpomy
BHITQJIKy PEali3yIOThCSI PE30HAHCHI KOJWMBAaHHSA TOONM3Y 5-01 BIACHOI YacTOTH MEXaHi3My
(vs=24,2Tu) [3, 4], xonu 3HAYHO 3MIHIOKOThECS KoopauHatd U, , ¥, 1 HOCHTb CYTTEBI 3MIHH
KOOpAMHAT x, ¥, @. Takuii pexkuM Cripusie MBHIKOMY MOEIHAHHIO JCTalCH, IO MiATBEPIKYETHCS

JIOCBIJYEHUM IIUIIXOM.

X,CM y,cM
1 1
05 05 Il Il'lllll.
0 O =N I\ t,c
Nos| 1 1";
-0,5 -0,5 Ll | ""|u"
-1 -1
Puc. 3. 3akoH 3MiHU KOOpAMHATH X Puc. 4. 3akoH 3MiHU KOOpIUHATH y
o 2(p’pan O,lﬁxl apa)l

", il
i L1 ‘L

Puc. 5. 3akoH 3MiHM KyTa IOBOPOTY Puc. 6. 3akoH 3MiHH KyTa [IOBOPOTY ¥,

[TpocTopoBi pyxu AESKUX XapaKTEPHUX TOUYOK OCHOBU JIeTani (pHUC. 7; KOOpAUHATH JIaHl B
MUTIMETpax), 0 MOHTYEThCS, TIOKa3aHi Ha puc. 8-10.

BucnoBku. 1. [loOynoBaHa KOMIUIEKCHa MaTeMaTHYHA MOJENh IWHAMIYHHX IMPOIIECIB Yy
BiOpaIliitHOMy MOHTQXHOMY MPHCTPOI I CKJIAaJbHOTO POOO0Ta, MO JT03BOJISIE AOCIIHKYBATH
MpoLec MyCcKy MEXaHi3My, YCTaleHi PeXHMH, MPOCTOPOBI PyXH OYIb-sIKUX TOYOK JETaii, IO
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MOHTYETHCS. 2. 3alpONOHOBAHO PAlliOHATIbHY MOJAENb PETYJIbOBAHOTO ITyCKY E€JIEKTPOJIBUTYHA 3
nebamaHcoM, IO HAJa€e MPOCTOPOBI KONMBaHHA rpeddepy Ta neram. 3. HaBemeno pesynbraTu
PO3paxXyHKOBHX TOCTI/KEHb JAMHAMIYHHUX IMPOIECIB MpH IYCKy MEXaHi3My 1 Ha YyCTaJeHHUX
peKUMax MpH MOHTaxi jaetani. 4. JocmiIkeHO MPOCTOPOBI pyXH XapaKTepHHX TOUYOK JIETaii, IIO
MOHTY€ThCS. 5. PesynpraTh AOCHIDKEHb TEPCIEKTHBHI NpPU CTBOPEHHI Ta BIOCKOHAJCHHI
AQHAJIOT1YHUX KOHCTPYKIIIH.

M,(-23;-23) M(<23,23)

! !

| M(00) ! y
! |

i

M (&—46)\/_ O\JMZ (0;46)

M (23230 Yx  M,(2323)

Puc. 7. Po3ranryBaHHs XapaKTEPHUX Puc. 8. Tpaekropist pyXy TOUKU M,
TOYOK OCHOBH JI€TaJll, 1[0 MOHTY€ETHCS

Puc. 9. Tpaekropis pyxy Touku M, Puc. 10. Tpaekropid pyXy TOUku M,
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IO ONTHUMIBAII BUTPATH OXOJIOKYIOUOT' O MMOBITPS Y CYUYACHHUX
BUCOKOTEMIIEPATYPHUX I'TJ]
Hamionanenuit aepokocmiunuil yHiBepcurtet iM. M.€. JKykoBcbkoro
«XapKiBChKUH aBiallifHUIA IHCTUTYT»

EdexTuBHICTE pOO0YOro MUKy Ta30TypOIHHOTO JABUTYHA 3aJICKWTh BiJ BEITUYWH CTETEHI
MIJIBUIIICHHS] THCKY y KOMITpECcOpl, TeMIlepaTypa ras3iB Ha BXOMl 10 TypOIHM Ta ra30JuHaMIYHOT
JIOCKOHAJIOCTI HOro BY3IIiB.

MOXIIMBICTh 3pOCTaHHS TEMIIepaTypu rasiB mnepen TypOiHOIO, XapakTepHe I Cy4acHHX
I'TH , 3a0e3nevyeThbes 3aCTOCYBaHHIM HOBUX JKapOCTIMKMX MaTepiaiiB i OUIbII CydacCHHX CUCTEM
OXOJIOJKCHHSL.

SIKICTP  OXOJIOJDKEHHS TPOTOYHOI YAaCTHHM Ta JIONMATOK TypOiHM, IO BHU3HAYAETHCS
KoeQillieHTOM  e(QEeKTHUBHOCTI OXOJIOJKEHHs, SKHH 3aJIe)KUTh BiJl CHOCOOY OXOJOMKEHHS, IIO0
BUKOPUCTOBYETHCS, MaTepialiB Ta BHUTPATH OXOJOKYyBAJIBHOTO  TOBITPA. sl OXOJIOMKEHHS
TypOiHH MOBITPS BIAOMPAETHCS 3 MPOTOYHOI YACTUHH KOMITPECOpa, IO MPU3BOJIUTD /10 3HIKCHHS
rioro KKJI, sixe BU3Ha4yaeThcs MiclieM BiIOOPY,a came 3a sIKUM CTYIIEHEM, Ta BUTPATOIO Bi/1IOpaHOro
noBiTps. IlifBix MOBITPS y ra3oAMHAMIYHUN TpakT TYpOiHM MICHs MPOXOHKEHHS Yepe3 KaHaIH
CUCTEMH OXOJIO/DKCHHS KOPIIyCy, JIOMATOK Ta nAuckiB BrumBae Ha KKJ[ TypOiHu , mpu3BOAUTE 10
JIOTO 3HW)KCHHS .

3umxenHs KKJ[ kommpecopa Ta TypOiHM, y CBOIO 4epry, NPU3BOAUTH O MOTIpIIEHHS
epexTuBHOCTI pobotu I'T/] B miomy, 1mo odMexye mnapaMeTpu JITaJIbHOIO amapary, Ui SKOTro
JaHWW ABUTYH MPU3HAYCHUH,a00 1HIIOTO arperarty, IO IMPAIoe€ CyMIiCHO 3 LIUM JBHTYHOM. Tomy,
BHUTpAaTa IMOBITPs, IO BUKOPHUCTOBYETHCS ISl OXOJIO/UKEHHS TypOiHH, MMOBHHHA OyTH PpETEIhHO
BU3HAUYEHA Ta JIMITOBaHA.

JUnist TOCiJKeHHs TapaMeTpiB IBUT'YHA B MPOLECI IPOSKTYBAaHHS MOKe OyTH BUKOPUCTaHA
Horo MareMaTH4Ha MOJIENb. 3pO3yMiJIO, IO JUIs pO3B’sI3aHHs Takoi 3ajjadi 3aCTOCYBaHHS MoOJeen
0-ro ta I-ro piBHA (y BIAMOBIZHOCTI 0 HassBHOI Kiacudikarii [1,2] He MOXKe JaTH HEOOX1THUX
pe3ynbrariB . TinbKu Moneni 2-ro piBHS , 110 OCHOBAaHI Ha MOBIHIIEBOMY OIKCI TypOOMaIIuH,
MOXYTb J03BOJIUTH AJCKBaTHO OIIIHUTU BIUIUB BUTPATU MOBITPS, IO BiAOMPAETHCS 3 MPOTOYHOI
YaCTUHH TPOMDKHOTO CTYNEHsS KOMIIpEcopa, TIapamMeTpH TOBITPS, SKE HampaBJIeHO Ha
oxonoxeHHs, BianosigHo, KK kommpecopa, aHamorivHO MOBIHIIEBA MOJEb TYpOiHU y CHCTEMI
I'TJl no3Boyisie OLHUTH BIUIMB BUTPAT MOBITPS,IIO HAAXOMUTh y TOTIK Ta3y 3 CHCTEMH
OXOJIOJDKEHHS, Horo Temneparypu Ta BuTpatd Ha KKJ[ TypOiHHM, a Tako)X BH3HAYUTH KPUTHYHI
PeKUMHU OOTIKaHHS OKPEMHUX BIHIB, MOsSIBA SKUX BU3HA4Ya€ OCOOJIMBOCTI OOTiIKaHHSA TypOiHH B
iomy.

Marematuuni moxeni ['T/] 3HaX0AATHCS B MOCTIHHOMY PO3BHUTKY.

B HamionanbHoMy aepokocMmiuHOMY yHiBepcuTeTi «XAl» mporarom OaraTbox pOKiB
MIPOBOJIUTHCS PO3pOOKAa MaTeMaTHYHHUX MOJENEH Tra30TypOiHHUX JIBUTYHIB.

Oxpim Mopnenelr 0-ro piBHA, SIKi BUKOPHUCTOBYIOTHCSI B HaBYAJIbHOMY Tporeci, B «XAl»
po3pobnena mogens ['T/l, 3acHOBaHa Ha MOBIHIIEBOMY OMHKCI KoMIipecopa [3], ika BHKOPHUCTOBYE
OJTHOBUMIPHMI MiAXiA A0 aHami3y Tedii. Lls Monmens q03BoMsie ypaxyBaTy BIUIMB BiAOOpY MOBITPS 3
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MPOMDKHOTO CTYNEHS MPOTOYHOI YaCTUHH, BH3HAYUTH MApaMeTPU MOBITPS, SIKE HAIXOAWTH 0
CUCTEMH OXOJIOJIKEHHS, 1HTerpasibHI MapaMeTpu KOMIIpecopa Ta JIBUTYHA B LIJIOMY Ha 3a/laHOMY
pexumi. Moaenb Hajae MOXIJIMBICTh ONTHUMI3YBaTH MpOTpamMy pPETyNIOBaHHS KYTiB yCTaHOBKH
MOBOPOTHHUX HAINpaBJIAIOYUX anapaTiB kommpecopa B cuctemi ['TJ .Bukopucranus IBOMipHOTO
MiIXOAY 10 MOJCIIOBAHHS KOMIIpecopa JO3BOJISE IMiJBUIIUTH TOYHICTh Ta 1H()OPMATHUBHICTH
Mozem ABuryHa [4]. MOXIMBOCTI Takoi MOAENI BUKOPHUCTOBYBAIMCH IIPH aHai31 BIUIMBY
abpazoBHOTO 3HOCY JonaTok Ha podoty I'T/I [5].

Hactynaum kpokom y po3BuTKy mareMatuuHux wmognened ['TJl cramo BuUKOpHUCTaHHSA
MTOBIHIIEBUX METO/IIB MOJICITIOBaHHsI 0araToCTyIIeHEBUX KOMIIpecopa Ta TypOiHu. [6,7].

Po3paxyHok mapameTpiB MOTOKY y TypOiHI y 3a3HaueHId BHUIIE MOJCI BUKOHYETHCS
MOBIHIIEBO Y OJIHOMIpPHIA MOCTAHOBIIl , CIHUPAIOYUCh HA TEOMETPHYHI MapamMeTpud MNPOTOUYHOI
YACTHHHU Ta JIONMATKOBUX BiHIIIB HAa CEPETHHOMY PaIiyci.

Typ6ina B cuctemi I'T/] mpaiitoe y JOCTaTHRO MHUPOKOMY Jialla30Hi PEXUMIB, 10 TOBHHHO
BIIMOBIIHUM YWHOM OyTH BigoOpakeHo y ii Mozem. ToMy BHUMOTH 10 pPO3pPaxyHKOBOTO
MOBIHIIEBOTO aHANI3y Teuli y TypOiHi JOCTaTHBO KOPCTKI.

Benuke HaBaHTaXeHHS Cy4YacHUX TypOiH NPU3BOAUTH /0 TOSBU PEKUMIB 3allUpaHHS
JONAaTKOBUX BIHINB y HAWOUIBII BY3bKHX TEpepi3ax Ta peajizallii MmpHu MoAaIbIlioMy PO3MIMPEHHI
30UIBIIIEHHS MIBUKOCTI TEUii 32 paXyHOK OOTIKaHHS KOCOTO 3pi3y PENIiTOK. 3amupaHHs OJHOTO 3
JIOTIATKOBUX BIHIIB MPU3BOAMUTH 10 3MIHU Te4ii y IHIIMX JIOTMATKOBUX BIHIAX 1 TypOiHi B ILIOMY.
OueBUIHO, 11O 11€ BIUIMBAE HA 0coOMMBOCTI pobotu TypOinu y cucremi ['TJI. Lli edexTn moBuHHI
OyTH BpaxoBaHi Ipu MOOYI0BI METOY PO3PAXYHKY.

HasiBHiCTH 0XOJI0/PKEHHS psATy JIONATKOBHX BIHIIIB TYpOiHH 3a JOTIOMOTOIO psifa GakTopiB
BIUIMBA€E Ha BEJIMYMHY BTpatT eHeprii 1, BianosinHo, KKJI. Okpim Toro, noBiTps, sSKe MiIBOIUTHCS 3
CHCTEMHU OXOJIOJDKCHHS Y MIX JIOMAaTKOBUM KaHall, MOXX€ BIUIMBATH HAa BUHUKHEHHS KPUTHYHOIO
peXuMy Tedii y HbOMY Ta 3MiHY XapakTepUCTHUKH JIOMATKOBOTO BIHIL a00 CTYIEHS Ta PEXHUM
poGoTHu TypOiHH B IIIIOMY.

JI1st TbOTO TOBMHHO OYyTH BU3HAYEHO MICIIE MIABOMY TMOBITPS B MDKJIOMATKOBOMY KaHaJIi:
70 TOPJIOBHHH, IIICJIsS TOPJIOBMHUM a00 y BICBOBUH  3a30p MDK BiHIAMU . OYEBHIHO , YTO
XapaKTepUCTHKA JIOTIATKOBOTO BiHL Oy/ie 3aJIeXKHOIO BiJl BUTPAT OXOJIOKYIOUOT0 MOBITPs Ta HOTro
TEMIIepaTypH.

Takox MaroTh OyTH BpaxoBaHI BTpaTH poOOYOTro Tija..

MOXIUBICT, PO3paXyHKy CTYINEHIB 3 paliaJbHUM  3a30pOM Ta OaHIa)KOBaHUMH
MOBEPXHSMHU JIOTIATOK.

VYpaxyBaHHs 3MiH TEPMOAMHAMIYHUX IapaMeTpiB poOOYOro Tijla y pe3yibTaTi 3MilICHHS
OXOJIOJKYIOYOTO TIOBITPSI Ta TPOAYKTIB 3ropstHHSA (y PI3HHX Tiepepizax 10 TOPJIOBUHH
MDKJIONATKOBOTO KaHally a0o micis Hel).

Benuuuna BTpaT eHeprii mpu po3paxyHKy MapamMeTpiB MOTOKY BU3HAYAETHCS 3a JOIMIOMOTOI0
OIyOJIIKOBaHUX ~ HAIIBEMIIPUYHHUX 3ATIEKHOCTEH, SKi O3BOJSIOTH YpaxyBaTH BTPAaTH Ha TEPTH,
KpOMOYHI1 BTpaTH, BEJIMYMHY KyTa HaTiKaHHS MOTOKY,uucia Maxa ta yucna Pelinonb/ca.

VYci ui BuMoru Oynu BpaxoBaHi npu OylyBaHHI MaTeMaTHYHOI Mojeli TypOiHM y cucTeMi
I'TA. Ha puc. 1 HaBeneHO pe3yibTaTH pO3paxyHKY BIUIMBY BiZOOpY MOBITPS Ha XapaKTEPUCTHKY
KOMIIpecopa.
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Puc. 1. Pe3ynpTatl po3paxyHKy BIUIMBY B1AOOPY MOBITPsSI HA XapaKTEPUCTUKY KOMIIpecopa

Ha puc 2 nokazaHo, sik BUTparta MoBITPS , 0 HAJAXOAHWTH Y JIOMATKOBUN KaHAJI 3 CUCTEMU
OXOJIO/DKEHHS, BIUTMBAE HA 3aJICKHICTh BIAHOCHOT BTPAaTH poOOYOro Tijia y TOPJIOBHHI COIIOBOTO
anapaty (CA) Bia 3HIKEHHSI TUCKY Y CTYIIeHI. 301IbIIECHHS BIAHOCHOI BUTPATH OXOJOKYHYOTO
MOBITPS 0 TOPJIOBHHU NPH HE3MIHHOMY 3HAY€HHI HOTO TeMIepaTrypu MpU3BOJUTD 10 MiABUIICHHS
MIBUJIKOCTI Te4li y KPUTUYHOMY Iepepi3i Ta 3MEHIIEHHIO MPOMYCKHOI 3/IaTHOCTI JIOMAaTKOBOTO
BiHL. Lle BruMBae Ha XapakTepUCTUKY BCi€l TypOiHHM 1 BIAMOBIAHO , ABUTYHA B IIOMY.
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Puc. 2. 3anexxHicTh BIIHOCHOT BTpaTH poO0OYOTro Tijla y TOPIOBUHI COTIOBOTO arapary Bij
3HMWKEHHS THCKY Y CTYIEHI

Takum umHOM, peani3alisi ypaxyBaHHS BIUIMBY BiOOpYy MOBITPS 3 NMPOMIDKHHX CTYIEHIB
KOMIIpecopa Ha MapaMeTpu KOMIIpecopa Ta OXOJIODKEHHs 0araToCTYINEHEeBOi TypOiHM y Mojeni
ra3oTypOIHHOTO JIBUT'YHa MOXXYTb JO3BOJMTH HPOBECTH aHalli3 Ta ONTUMI3allil0 BHUTpaT
BiZIOMpaemMoro noBiTps y cucremi npoekroBanoro I'T/], migBUIuTH HOTO iIHTETpasIbHI MapaMeTpH.
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AHAJII3 TA JOCJIKEHHS KOHCTPYKTOPCBKO-TEXHOJIOTTYHUX
ITAPAMETPIB ®PE3EPHO-HEHTPYBAJIBHOI'O BEPCTATA 3 UIIK
HanionansHuii TeXHIYHUHN yHIBEpCUTET «XapKIBCHKUN MOMITEXHIYHUHN IHCTUTYT»

V 3B'13Ky 31 3pOCTaHHSIM NOTPEO CHOXKUBAUIB Y MPOIYKIIIi 3 TOUHICTIO 10 KIJIBKOX MIKpPOHIB,
BHHUKA€E HEOOXIIHICTh BIAMOBITHOTO O0IaTHAHHS, siKe O 3a0€31euyBaio BUCOKY SIKICTh Ta TOYHICTh
00poOKM netaneid. Ase A Toro o0 OTPUMATH SKICHY Ta BUCOKOTOUHY JIETallb TyXKe BaXKIHBO IS
I[OTO MATH SKICHHUM, HAAIMHHUIA Ta TOYHUH BEpCTAaT.

®pe3epHO-LIEHTPYBAIBHUIA BEPCTAT € OJHUM 3 TAKUX MIPUCTPOIB, SIKMI BUKOPHCTOBYETHCS IS
MorepeIHb0i 00POOKH 3ar0TOBOK 3 BUCOKOIO TOYHICTIO Ta MIOBTOPIOBAHICTIO OTIEPAIIiid.

MeTtor poboTu crama po3poOka Ta aHami3 (pe3epHO-LIEHTPYBAJIBLHOTO BEpcTara, SIKWil Ou
BIJIMOBIZJAB BUMOTaM SIKOCTI Ta TPOXYKTHBHOCTI 00poOku nmeranein 3 UIIK. Jlns mocsrHEHHS
nmocraBieHoi MeTH Oyiau cdopMoOBaHI HACTYIMHI 3aJayi: MpoaHANI3yBaTH KOHCTPYKIIIO Ta
KOMIIOHEHTH BEpCTaTa, po3paxyBaTH €JIEMEHTH Ta iX MIIHICTh, TEPEeBIPUTH 3aTHCKHE
NPUCTOCYBaHHS, TNPOBECTH pAochimkeHHs Bepctata 3 YIIK Tta pospaxyBarm HOro TexXHiKO-
€KOHOMIYHI TTOKa3HUKH.

KoM’ toTepHi eKCepiMEHTH MPOBOAMIMCH METOJIOM CKIHYEHHX €JIEMEHTIB B CEpeOBHIII
KOMIT'FOTEPHOTO MOJIYJIFOBAHHS, aHAI3Y Ta JIarHOCTUKU AnSys.

3a pe3ynbTaTaMM aHAJI3y BEJIMKOi KUIBKICTI (haKTOpiB, TaKuUX SK: THI OOpOOIIOBAHOIO
Matepianly, po3Mipu JAeranei, oOpoOJIIOBaNIbHI oOleparlii, MOTYXHICTh BEpCTaTy, HAasBHICTbH
JOIATKOBUX TIPHUCTPOIB TOMO OYJIO 3ampONOHOBAaHO pAIiOHATIEHY KOMIIOHOBKY (hpe3epHo-
neHTpyBaigbHOro Bepcrara 3 UIIK ams o6poOienHs aeraneit Tumy Tin oOepTaHHs.

Jlns BUKOHaHHSI ONTHUMI3allii KOHCTPYKINI CKIaJaIbHUX MOIYJIIB BEpCTaTa BHPINIyBajach
3ajada IX CTaTUYHOTO IMiTallifHOTO MOeNmoBaHH: (puc. ).

lil 8 - -~ i‘ - > S ~

Puc. 1. Cranndne iMiTamiiiHe MOJICTIOBAHHS CKJIQIOBUX MOAYJIIB KOHCTPYKIIii (hpe3epHO-
LEHTPYBAJIBLHOTO BEepCcTaTa

3a pe3ynbTaTaMu IMITAIIITHOTO MOJENIOBaHHS 3pO0JEHO BHCHOBOK MO0 MIIHOCTI YCIX
BY3JIiIB Ta CTBOPEHHS PEKOMCHIAIIA MO0 KOHCTPYKIIMHHOI Ta EKOHOMIYHOI ONTHMIi3allii
BEPCTATHUX MOJYJIB.

HactymauM eTamoM JOCIHIKEHHS CTaHE aHali3 po3po0JICHOTO BepcTaTa B IUIOMY Ta HOTO
MOJTyJIiB OKPEMO Ha TEXHOJIOTIYHY OPCTKICTh Ta TEMIIEPATypHI HANPYKECHHS, 10 B TOJAIBIIOMY
JIO3BOJIUTh ~ OILIHUTH TEXHOJIOTIYHI MOJIJIMBOCTI CIPOSKTOBAaHOTO BepcTara. 3ariaHOBaHi
JOCITIJIKCHHS JI03BOJIATh BUSIBUTH BIUIMB MPYXHHUX JIedopMalliii OKpeMUX €JIEMEHTIB Ta 3arajibHoi
KOMITOHOBKH CITPOEKTOBAHOTO BEpPCTaTa HA OT0 TOYHICTh 0OPOOKH Ta (DYHKITIOHAIBbHI MOMIIUBOCTI.
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BUBIP KOHCTPYKTUBHO-TEXHOJTTYHOI'OI'O PIIIEHHSA XBOCTOBOI BAJIKHA
JIETKOI'O BATATOHIJIBOBOI'O BEPTOJIBOTA
HamionanbHuit aepokocMiuHmii yHiBepcuteT iM. M.€. JKykoBchkoro
«XapKiBChbKUH aBlalliiHUIN IHCTUTYT»

B KOHTEKCTI TMpOEKTyBaHHS Ta BUPOOHHIITBA CY4acHI BEPTOIBOTH SIBISIOTH COOOIO
CKJIQJIHy TEXHIYHYy CHUCTEMY 3 BEJIMKOK KUIBKICTIO €JIEMCHTIB Ta BHYTPIIIHIX 3aB’s3KiB SIKi
noTpeOyIoTh 1HHOBAIIWHUX pilIeHb [Uisi  3a0e3MeueHHsT BHUCOKOI MIIHOCTI, JIETKOCTI Ta
JIOBFOBIYHOCTI KOHCTPYKIIN. ¥ Cy4acHHX yMOBax, KOJHM BUMOTH JIO aBialiiHOI T€XHIKH MOCTIHHO
3pOCTal0Th, 3a0e3MeYeHHs] BHCOKOi HAAIMHOCTI, Oe3nmeku Ta eQEeKTUBHOCTI eKCIUTyaTamii
BEPTOJILOTIB CTA€ MPIOPUTETHUM 3aBaaHHAM. OCHOBHMMH IpoOiieMaMH TpU TMPOEKTYBAaHHI Ta
BUPOOHUIITBI BEPTOJIHOTIB € 3MEHILIEHHSI Bard KOHCTPYKIIi, MABUIIEHHS MIIIHOCTI Ta KOPCTKOCTI
KOMITOHCHTIB, 3a0€3MCUYCHHSI BUCOKHX aepOJUHAMIYHHUX XapPAaKTEPUCTHK Ta 30UTBIICHHS PEecypcy
po6otu. OHUM 13 KIHOYOBUX 3aBJlaHb MPOEKTYBaHHS BEPTOJIbOTA € BU3HAYEHHS HANBUI1IHIIOTO
MOEJHAHHS MOTO OCHOBHHX IapaMeTpiB, IO 3a0e3MeuyroTh BUKOHAHHS 3aJlaHUX Y TEXHIYHOMY
3aBJaHHI BUMOI, 3HA4Hy YacTHUHY SKMX CKJIaJal0Thb YMOBH eKCIUIyaTamii 1 JIbOTHO-TEXHiYHi
XapaKTepuCTHKH MaiiOyTHbo1 Mammuu. CydacHi TeHIEHIII B aBiamiiiHOMy MaTepiajJO3HaBCTBI Ta
IH)KEHEPHUX TEXHOJIOTISIX HANAlOTh MOXJIMBOCTI JUIi BHUKOPUCTAHHS HOBHX, JIETKHX Ta
BHUCOKOMIITHMX MaTepiaiiB, M0 JO3BOJSIOTH 3MEHIIUTH Macy BEpPTOJLOTA, IIJBHIIUTH HOTO
BaHTAXKOIT THOMHICTB Ta MOKPAIINTH EKCIUTyaTaliiiHi XapaKTepPUCTHKH.

OpHuM 13 KIIIOYOBHX €JIEMEHTIB KOHCTPYKIi BepToiboTa € XBocToBa Oanka (Xb) ska
3a0e3meyye HWOro CTaOUIBHICTH 1 KEpPOBaHICTh. XBOCTOBa Oajgka BEpPTOJBOTA KIACHYHOT
OJTHOTBUHTOBOi CXEMH € KPUTHYHO BaXXJIMBUM arperaTrom, JJsi sSIKOro MOTPiOHO 3abe3meyuTu
JIOCTaTHIO MIIHICTh 1 JKOPCTKICTh MPHU OyAb-SIKUX YMOBaxX €KCIUTyaTallli, OCKUJIbKH BUXIA 3 Jaay
JIAHOTO arperary 3/JaTHUH MPU3BECTH 0 pyWHYBaHHS BChOIO BEPTOJIbOTA. MeToro poboTi € BUOIp
ONTUMATBHOTO KOHCTPYKTHBHO-TexHOOoT4HOTO pimenHs (KTP) Xb nerkoro Bepronsora.

XBOCTOBI OajKy BEpPTONHOTIB BHKOHYIOTH 3a OallouyHOO, (epMEHOI0 abo 3MIIIaHO0
cxemamu. banmkoBi kapkacHi KoHCTpyKiii Xb TOMUIAIOTBCA Ha JEKUIbKA THIIB: JIOHXKEPOHHI,
MOHOOJI0YHI (MOHOKOKOBI) Ta HamiBMOHOKOKOBI [1]. ¥V JIOH)K€pOHHMX KOHCTPYKISIX 3rMHAIbHIN
MOMEHT CIPUHMAETHCS TIOB3JOBXHUMH CHJIOBUMH €JIEMEHTAaMH —JIOH)KEpOHAMH, a OOIIMBKa
cnpuiiMae KpyTHJIbHUHM (oOepTatounil) MOMEHT Ha MiCLIeBI HaBaHTaXeHHA. B Toil ke dwac y
MOHOKOKOBIM CXeMi 3THHAJbHUW $SK H KPYTWIBHUH MOMEHTH CIPUUMAIOTHCA KOPCTKOIO
OOIIMBKOIO, sIKa MOXe OyTH MiAKpIIUIEHa CTpUHIepamMH abo CKJIalaTHCs 13 TPhOXCIOWHUX MaHenen
31 CTUIPHHKOBUM 3aroBHIOBadeM. KOHCTpYKTMBHE BHKOHAaHHS OaramapoBHX ITaHENeH Iyxke
pi3HOMaHITHE 1 BH3HAYA€THCS MaTepiajlaMd 30BHIIIHBOIO Ta BHYTPIIIHBOTO INAPIiB, BHIOM
HaIOBHIOBa4a, METOJIOM 3'€ THAHHS 30BHINIHIX MIAPIB 13 HATIOBHIOBAYEM.

3pocratoye BHUKOPUCTaHHA  KOHCTPYKLIH 3 TOHKOK OOIIMBKOIO Ta CTUIBHUKBUM
3alOBHIOBAYEM SIK CHJIOBHX €JIEMEHTIB (DIO3€JsKIB BEPTOJIBOTIB Maike BCIX TPAHCIOPTHUX
KaTeropii 3yMOBJIEHO BHCOKOIO MMUTOMOIO MIITHICTIO Ta CTIHKICTIO 70 BiOpaliiHUX HAaBAaHTAXKEHb.
ToMmy Ha CyYacHHX BEPTOJIHOTaX TPAHCIOPTHOI KaTeropii HAHOUIBII IIUPOKO 3aCTOCOBYIOTHCS
MOHOKOKOBI (6araTomapoBi) a00 HaIiBMOHOKOKOBI (TIAKPIMJIEH], METAIEBl) CXEMH 3 aIFOMIHIEBUX
criaBiB Ty J{16A-T ta AK-6.

CyuacHi TeHJeHLIi PO3BUTKY BEPTOJIbOTIB NependadaroTh BUKOPUCTAHHS KOMIIO3UTHHUX
MarepiajiB, IO J03BOJISIE 3HAYHO 3HU3UTH Bary KOHCTPYKIIH, MIABUIMUTH IX MIIHICTh Ta
JIOBIOBIYHICTh. ByriiernacTiku 3a6e3neuyoTh BUCOKY MMUTOMY MIIHICTb 1 dKOPCTKICTh, L0 3HAYHO

120



MEPEBUIIYE BIAMOBIAHI XapaKTEPUCTUKU TPATUIIMHAX MeTaneBux wmatepianiB. Lle pobuts
KOMITO3UTHI MaTepiaiy Bce OUIbII MOMYJISIPHUMHU B BEPTOIHOTOOY IyBaHHI.

OpHuMu 13 OUIBII  TEPCIEKTUBHUX KOHCTPYKTHUBHO-TEXHOJNOTIUYHMX cxeM Xb 3
BUKOPHUCTAHHAM KOMIIO3UTHUX MaTepiajiB Ui JIETKOTO BEPTONbOTa € 130rpigHa (ciTyacra) Ta
(hepMeHa KOHCTPYKITii.

CityacTi KOHCTpYKLIi, a00 130rpiiHI KOHCTPYKLIi, CKIaJal0ThCs 3 OBTOPIOBAHUX LIapiB
CHCTEM CIipaJIbHUX 1 TO3OBXKHIX CTPIYOK 3 OJHOHANPABIEHUX HUTOK CKPIIUICHUX MOJIMEPHUM
3B’SI3YyIOUMM fKi TepexpenrytoTbes. Li cTpiuku yTBOPIOIOTH CIHipaibHiI Ta MO3J0BXHI pedpa, 1o
3a0e3rnedye BUCOKY MIIHICTh Ta JKOPCTKICTh KOHCTPYKIii. CiT4acTi KOHCTPYKIT 3 KOMIO3UTHUX
MarepialiB MalThb BHUCOKHH pIBEHb MacoBOi Ta €KOHOMIYHOI e(EeKTUBHOCTI, YCIHIIIHO
3aCTOCOBYIOUHCH B a€POKOCMIYHIN TexHimi. BoHN 3a06e3meuyoTh HaAiiHICTh, OCKUIBKY MOPYIICHHS
OOIIMBKY HE MOIIKOPKYE OCHOBHI KOHCTPYKIIIMHI €JIeMEHTH, Taki sk peOpa B TOH ke Yac, JOKalbH1
MOIIKOJKEHHS pedep He 3HIKYIOTh HECYdy 3[aTHICTh KOHCTPYKIIi B IIIJIOMY /10 KPUTHYHOTO PiBHS,
10 MiJBUIILYE pecypc KOHCTPYKIII.

Sk BiMOMO, CydYacHi BOJIOKHHUCTI KOMITO3UTH MAlOTh BHKJIIOYHO BHCOKY MHTOMY (TIO
BIJIHOIIEHHIO JO INITbHOCTI) MIIHICTh 1 JKOPCTKICTh, IO 3HAYHO TIEpPEBEpPIIyE BiAMOBIAHI
XapaKTePUCTHKH TPAAUIIIHHIX METaJeBUX KOHCTPYKIIHHUX MaTepianiB. OqHAK Il XapaKTePUCTUKU
peai3yloThCs JIMIIE B OAHOMY HAINpPSIMKY — B3JOBX apMyIOUMX BOJIOKOH. Takuil cripsMoBaHUii
XapakTep BJIACTUBOCTEH KOMIIO3UTIB MOBHICTIO BIJIMOBIA€ CTPYKTYpi CITYACTOI KOHCTPYKIII,
OCHOBHUMH HECYYHMH €JEeMEHTaMH SKoi € peOpa, apMOBaHi B MO3IOBXHBROMY HampsMKy. Pebpa
CITUACTOI KOHCTPYKIi YTBOPIOIOTHCSI METOJOM HAMOTYBaHHS, TPHU SKOMY BOJIOKHA, TOKPHTI
MOJIMEPHUM CITOJYYHUM, MTOJAIOTHCS Ha ONPABKY, 110 00EPTAETHCS, 1 YKIAJAIOTHCS B KaHABKU Ha ii
MTOBEPXHI.

MeTtoa aBToOMaTUyHOTO O€3MepepBHOIO0 HAMOTYBAHHS € HAaHOUIbII €()eKTUBHUM CIIOCOOOM
BUTOTOBJICHHSI KOMITO3UTHMX KOHCTPYKIIH Ta O3BOJISIE OTPUMYBATH IHTETpaibHI KOMITO3HUTHI
KOHCTPYKIIii MOPIBHSIHO HU3BKOT BapTOCTi. Taka ciTyacta KOHCTPYKIiS € IHTErpalbHOIO: 3'€ THAHHS
pebep MK co0OI, a TakoX 3 IHIIMMH €JIeMEHTaMM KOHCTPYKUIi peasli3yeTbcs B Ipoleci
ToTiMepu3altii CroIyYHOTO KOMITIO3UTHOT'O MaTepiajiy 1 He BUMarae J01aTKOBUX €JIEMEHTIB.

B onepyBaHHWX KOHCTPYKIISIX, HAlpUKIaA, A BHCOKOMOAYJIBHUX BYTIJICIUIACTHKIB,
MOMyJIb TpYyX)HOCTI pedbep ctaHoBuTh 185 I'lla, 1m0 mpakTUYHO BIAMOBITAE MOIYJIO CTall MPH
HIIBHOCTI, B 5,2 pa3u MeHmow [2]. OOmuBKa B TaKUX KOHCTPYKUISX BUKOPHUCTOBYETHCS TUIBKU
JUISL CIIPUMHSATTSL aepoJAMHAMIYHUX HABAaHTaXXEHb 1 MOKe OyTH BHTOTOBJICHA HAMOTYBaHHSM a0o
BUKJIQ/IKOIO.

Peamizariis i3orpumHoi (ciTyacToi) KOHIEMINT € TEPCHEKTUBHUM HAMPSIMOM PO3BUTKY
KOHCTPYKTHBHO-TE€XHOJIOTIYHUX TPOLECIB B aBialliifHii TEeXHilli, MPOTe yepe3 BIJHOCHY HOBHU3HY
npobjieMa TMPOEKTYBaHHS CITYACTHX OOOJOHOK 3 KOMIIO3UIIMHUX MaTepialliB HEeIOCTaTHbO
BHBYCHA.

depMeHHI KOHCTPYKINI CKJIANalOThCs 3 HA0OpPY CTPHHTEpIB Ta MIMAHTOYTIB, IO
YTBOPIOIOTh KapKac, MOKPUTUH OOIMBKOIO. Taki cXeMH HIMPOKO BUKOPUCTOBYIOTHCS Ha JIETKUX
BEPTOIHOTAX J0OpE MPAIOI0YM HA 3THHAHHA Ta Ha PO3TATYBaHHA. Bupism y oOmmBKax Takux
XBOCTOBUX 0alloOK HE BHMAararoThb 3HAYHMX IOCHUJIeHb. He3Bakaiounm Ha BCi IepeBaru, Mae psij
HEJIOJTIKIB, cepejl HUX: TPYAHOIIl yCTAaHOBKM TPAHCMICIi, TPYMHOII BIIOYIOBU BiJ pPE30HAHCIB
KOHCTPYKIIii, HU3bKa *KMBYYICTh 1 TIOPIBHSIHO BEJIMKAa Maca MpU TUX K€ MOKa3HUKAX MIIHOCTI Ta
)opcTkocTi. [IopiBHAHO BenWMKa Maca TMOSCHIOETHCS YCTAHOBKOK MPO(UIIOIOUMX IIIMAHTOYTIB,
CTPUHIEpIB Ta METaleBOi OOIIMBKM, HEOOXIAHUX Ui OTPUMAaHHS XOPOILIMX aepoIUHAMIYHHX
MOKa3HUKIB (Pro3esspKy. AJie OUTBIIICTh IMX HEMOIIKIB BHPIITYETHCS 3a JOTIOMOTOK0 BUKOPHUCTAHHS
KOMIIO3UTHHUX MOJIMEPHHUX MaTepialiB AJIsl BATOTOBJICHHS €JIEMEHTIB (hepMEeHOi KOHCTPYKIII.

depmoBi KOHCTPYKIIT (Pepmu) 3 KOMITIO3UIIIHHUX MaTepialliB BAKOPUCTOBYIOTHCS IOCHUTH
IIMPOKO B PAaKETHO-KOCMIYHIM TeXHIll A 3'€HAHb YaCTUH 30IpHUX KOHCTPYKLIH, CTEP>KHEBUX
naHeneld coHsuHux Oatapeit 1 Tm. Kommo3uTHi dhepMu 3HAUIIUIM JOCUTH IIMPOKE 3aCTOCYBaHHS B
CYYaCHHUX KOHCTPYKI[ISIX PI3HOIO NpU3HAYEHHS 1 IIe OOyMOBJEHO, Mepul 3a BCE, 3HAYHUM
3HIDKCHHSIM MacH B TTOPIBHSHHI 3 TPAAUIIIHHUMHA METAJICBUMU aHAJIOTaMU MPHU 30€peKEeHHI HECYUOol
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3maTHOCTI. Lle cToCcyeThes K «3eMHHUX» rairy3eil MpOMHUCIOBOCTI, HANPHUKIIAA, OYIBHUITBO, TaK 1
JUISL PI3HOTO 3aCTOCYBaHHS B a6pPOKOCMIUHI 007acTi

XBocToBa Oanika (epMEHOro THUIy BUTOTOBJICHA 3 BHUKOPHUCTAaHHAM KOMITO3UIIIHHUX
MatepianiB OyJie MaTu OUIbIIY MUTOMY MIIHICTb 3aBASKH HE TUIbKH BUKOPUCTAHHS OUIBII JIETIINX
MaTepiaiiB ane i uepe3 OUThIINN CTYMiHb IHTEIPOBAHOCTI TaKOi KOHCTPYKIIii (3HIKEHHIO KIJTBKOCTI
JOJTATKOBUX 3’ €IHYIOYHMX JeTaneid Ta By3NiB). OpHak, Il KOHCTPYKIii MarOTh MEBHI HEIONIKU:
CKJIa[IHICTh BUTOTOBJICHHS Ta BUCOKY BapTICTh BUPOOHHIITBA. TakoX MOXKIIMBI JOKaJIbHI 1e()EKTH B
KOMITO3UTHUX MaTepianax, o MOXKYTh BIUIMBATH HA 3arajbHy MII[HICTh KOHCTPYKIIii.

VY BHCHOBKax BapTO 3a3HAYMTH IO Oyja 3alpoONOHOBAaHA KOHCTPYKTHBHO-TEXHOJIOTiUHA
CXeMa XBOCTOBOi OajJKH JIETKOTO 0araTolibOBOTO BEpPTONHOTa 3 KOMIIO3HUTHHX MarepialiB
JIEMOHCTPY€ 3HAUYHI TEpeBard y BaroBiil Bijyiaui Ta HaAIMHOCTI. BHKOpPUCTaHHS CITUYACTHX Ta
(depMeHNX KOHCTPYKLIH 3 KOMIIO3UTHUX MaTepialliB 103BOJISIE€ 3HU3UTH Bary KOHCTPYKIIi Ta
MIIBUIIATA i1 MIIHICTh, IO € KPUTUYHUM Ui ©()EeKTHBHOI eKCIUTyartallii BepTOJbOTIB.
PexoMeHnnmyeTbcs monanbline JOCHIPKEHHS Ta BIPOBAHKEHHS IIi€l CXEMH Y BHPOOHHUIITBO IS
3a0e3neueHHs eEeKTUBHOT eKCIUTyaTallil 0araToIiibOBUX BEPTOIBOTIB.

CnucOK BUKOPHCTAHUX JKepeJt
1. T'pebenikos, O. I'. AHamni3 KOHCTPYKTHBHO-TEXHOJIOTIYHIX OCOOJIMBOCTEN XBOCTOBUX OaJIOK
BEPTOJILOTIB TpaHcnopTHOi Kareropii / O. I'. I'pebenikoB, M. M. OpnoBcbkuii,
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RESEARCH AND DEVELOPMENT OF NONMAGNETIC TIN/NI-9.5 AT.% W
COMPOSITE SUBSTRATES FOR COATED SUPERCONDUCTORS
National Science Center Kharkiv Institute of Physics and Technology

This article marks a significant stage in a comprehensive effort to address the contemporary
scientific challenge of fabricating paramagnetic flexible substrate tapes with cubic texture for
second-generation high-temperature superconductors. The study reveals the phenomenon of
correlated texture enhancement in both components of the bilayer system TiN/Ni-9.5 at.% W,
demonstrating that interfacial stress at the coating-substrate interface significantly influences the
texture formation process. Additionally, a conceptual framework has been developed for creating
textured composite substrates using nickel-tungsten paramagnetic alloys with FCC crystal structure.
This framework involves controlling the composition and mutual orientation of both components in
the bilayer system TiN/Ni-W.

To improve the performance of energy devices like power lines and rotary electric machines,
it is important to reduce energy losses during the flow of electric current. This can be done using
YBCO-coated conductors that work at a temperature of 77 K [1]. One of the main challenges in the
field of high-temperature superconductors for high-current applications is finding the best design. A
long ribbon substrate, on which the superconductor film will be deposited, must have the desired
texture, be non-magnetic at low temperatures, and have high mechanical properties [2,3]. So far, it
has been difficult to find a substrate material that meets all these conditions.

This research focuses on two-layer systems TiN/Ni-W. Nickel and tungsten powders with a
purity of 99.99% were used to make Ni-W alloys. The Ni-W alloys with different compositions
were made by sintering in a high vacuum (p ~ 107 - 10 Pa) at around 1250 °C for 4 hours. The
ingots for rolling were 1.5x10x40 mm. Table 1 shows the results of the certification of FCC (space
group Fm3m) Ni-W alloys [4], which are important for this work. To make a thin Ni-W tape, the
process involves cold rolling and final high-temperature annealing in a reducing medium (Ar + 4%
H;) at 1000 °C for 1 hour. Titanium nitride coatings on the surface of Ni-W tapes were applied
using the vacuum-arc method [5]. To reduce the unwanted droplet phase, the TiN coating was
applied to the shaded side of the Ni-W substrate (outside the direct line of sight of the plasma
source cathode) at a working gas pressure above 1 Pa.

Table 1
Some properties of various compositions
W content, Lattice Density, Grain size, um  Hardness, Resistivity at T
at. % parameter, g/cm3 kg/mm’ =273 K,
A nQ-cm
0 3.524 8.757 115 100 7.817
2.5 3.531 8.802 80 134.3 18.237
5 3.543 9.521 71 171.9 35.154
7.5 3.548 9.573 50 193 34.421
9.5 3.561 9.766 33 194.4 64.464
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This paper focuses on the experimental results regarding texture formation processes in the
bilayer system TiN/Ni-9.5 at.% W: a) the evolution of diffraction spectra, particularly the growth of
the (h 0 0) diffraction lines in the Ni-9.5 at.%W substrate under TiN coating, which exhibits a
complex nature; b) the variation in the crystal lattice parameter of the paramagnetic Ni-9.5 at.% W
substrate in relation to the thickness of the TiN layer; c¢) the correlated texture enhancement
observed in both components of the two-layer system TiN/Ni-9.5 at.% W.

Figure 1 (curve a) shows the dependence of the intensity of (2 0 0)NiW diffraction lines on
the coating thickness for the two-layer system TiN/Ni-9.5 at.% W. The curve consists of two
branches. In the range of 0 < hTiN < 1 um, an increase in the intensity of the (h 0 0)NiW diffraction
line with increasing coating thickness is observed. It is notable that the lattice parameter of the
substrate Ni-9.5 at.% W significantly increases (Figure 1, curve b) near the transition point from the
ascending to the descending branch at hTiN = 1 pm. In the section hTiN > 1 um, the intensity of
diffraction decreases with increasing coating thickness, in accordance with the Beer-Lambert law.
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Fig. 1. Intensity of the diffraction line (h 0 0) (a) and the lattice parameter (b) of the NiW tape on
the thickness of the TiN in TiN/Ni-9.5 at.% W system

The changes in the crystal lattice parameter in Ni-9.5 at.% W under the TiN coating might
show changes in macroscopic stresses in the substrate tape. It is suggested that stress redistribution
in the two-layer system TiN/Ni-9.5 at.% W causes rotation of Ni-W crystallites, reinforcing cube
orientations, especially in the Ni-9.5 at.% W substrate.

The data in Figure 2 also indicate the formation of cubic texture in the Ni-W substrate and
TiN coating layer. The diffraction pattern in the TiN subsystem, obtained in the transverse direction
(TD) when the sample surface is oriented perpendicular to the rolling direction, contains peaks
exclusively from the (2 0 0) and (4 0 0) planes.

Besides improved magnetic behavior and texture, the Ni-9.5 at.% W substrate tape has
another advantage. The higher tungsten concentration in the alloy increases strength, especially at
high temperatures. This is due to tungsten, a refractory metal and alloying element for high-
temperature materials. This strength improvement is important for processing during buffer and
YBCO deposition, typically done via a reel-to-reel method at high temperatures.

Based on the study of mechanical, electrophysical, and thermal properties, the optimal
composition of the paramagnetic alloy, specifically Ni-9.5 at.% W, and the conditions for its
deformation and heat treatment have been optimized. A strategy for controlling the architecture of
the two-layer system TiN/Ni-9.5 at.% W, required for the formation of cube texture in both
components, was developed based on changes in nitrogen pressure during titanium evaporation,
deposition time, and coating geometry [6].
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Fig. 2. 6260 x-ray scan (Cu Ka-radiation) of the TiN/Ni- 9.5 at.% W bilayer system. Transverse

direction. Coating layer thickness hriy = 1 pm.
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3ACTOCYBAHHSA HAHOCTPYKTYPHUX ITIOBEPXHEBUX HIAPIB 13 3A/TIAHUMHU
PI3UKO-MEXAHIYHUMMU BJIACTUBOCTAMMU AJIS1 OBPOBJIEHHSA
BUCOKOMIIIHUX MATEPIAJIIB I 3ATAPTOBAHUX CTAJIEA
Hamnionanenuit aepokocmiunuil yHiBepcutet iM. M.€. JKykoBcbkoro
«XapKiBChKUH aBialliiHUI IHCTUTYTY,

Ha ocHOBi anamizy ocoOnuBOCTEH Cy4acHOro JpiOHOCEpIHHOrO ¥ OZMHUYHOTO
BUPOOHHUIITBA,  XapaKTepHOro Uil  aBilaOyAyBaHHs, J€  IIUPOKO  BHUKOPUCTOBYETHCS
BHCOKOABTOMATHU30BaHE TEXHOJIOTiUHE oOONajHaHHsA, y ToMmMy uumciai Bepcratu 3 UIIK, Oyro
BCTaHOBIICHO, I1I0 OJIHIEIO 3 MPOOJIEM € HEOOXITHICTh 3a0e3MedeHHs] CTa0lIbHOCTI TEXHOIOTIUHHIX
mporeciB  00poOJICHHS pI3aHHSAM [UISIXOM ITJIBHINEHHS HAMIMHOCTI W pecypcy pi3aabHOro
iHCTpyMeHTY. Sk 00'eKT AociimkeHHs Oyno BHOpaHO METOA OTPUMAaHHS IUTIBKOBUX CTPYKTYpP
HAaHOPO3MIPHOTO MacmTaly Ha pPOOOYMX TMOBEPXHSX 3MIHHMX TBEPIOCIUIABHUX IUIACTUH, IO
KOMIUIEKTYIOTh 301pHUH pi3alibHUN 1THCTPYMEHT.

AHani3 HasgBHUX METOMIB CHHTE3Y HAHOCTPYKTYPHUX IOKPUTTIB J1aB 3MOTY BiJJIaTH
nepesary PVD-meronam HOplBHSIHO 3 metonamu CVD, pean13au1$1 AKUX TIOB'I3aHAa 3 BUCOKUMU
TEMIIepaTypaMu 1 MOXIIMBICTIO 3HIDKEHHS MIITHOCTI 0a30BOTO IHCTPYMEHTAIBHOTO MaTepiaiy.
[Ipenmerom 1poro pocimxeHus ctaB meton KIb + ITI1, skuit Hanexxuts 1o PVD-MeToniB, y skux
BUKOPUCTOBYIOTh BaKyyMHO-IYTOBE BUIIAPOBYBAHHS, OCKUIBKH € HAWOUIbII YHIBEPCAJbHUM 1 Ja€
3MOTY OTpUMATH OLIBII IIUPOKUNA CHEKTP HAHOCTPYKTYPHUX TMOKPHUTTIB, IIO MICTITH KapOiaw,
HITpHUAX, OOPIIX Ta 1HIII XIMIYHI CIIONYKH NEPEXiTHUX METAJIB 1 iX KOMITO3UIIIH.

Hoxnagamii anamiz ocobmuBocterd metoxy KIb + IIMII BuABMB IOIIBHICTE HOTO
MOJIepHi3alii 3aBSIKM 3aCTOCYBAaHHIO CHEIIAbHUX MPHUCTPOIB, SIKI IUISXOM MOAAYl IMITyJIbCHOTO
MOTEHITIATy 3MIIEHHS 3a0€3MeuyI0Th OTPUMAHHS BUCOKOSIKICHUX HAHOCTPYKTYPHHUX IMOKPHUTTIB, 110
JIA0Th 3MOT'Y 1CTOTHO IiJIBUIIUTH PECYpPC IHCTPYMEHTY 1 SIKICTh BUTOTOBJICHUX JieTaneil. Ha ocHOBI
aHaJizy CydYacHOrO CTaHy THTaHHS, BHU3HAYEHO OO0JAcTh PAaIlOHATBHOTO 3aCTOCYBaHHS
HAHOCTPYKTYPHHX IMOKPHUTTIB, IPOAHAII30BAHO OUIBIIICTh HASIBHUX METOJIIB iX OTPUMAaHHSI.

[TopiBHAnbHUN aHaT3 (DI3UYHUX 1 TEXHOJOTIYHUX OCOOJMBOCTEH HAWOUIBII TMOIIMPEHUX
METO/IIB /1aB 3MOTY OLIIHUTHU IepeBaru i HeJOJIKU KOKHOTO 3 HUX Ta OOTPYHTYBaTu BUOIp 6a30BOr0O
METOZy OCaJKEHHS HAHOCTPYKTYpHUX TMOKPHUTTIB. HaiOinblry mNEepCreKTUBHICTE Ma€ METON
KOHJIEHCallli peyoBUHH, JI€ 13 MIa3MOBOi (a3u B yMOBax 10HHOro OoMOapayBaHHS B MO€IHAHHI 3
IMITYJTbCHOIO TIOJIa4€I0 TOTEHIANy 3MIIICHHS Ha MIIKIAAKy 3 IUIACTHHAMHU MOYKHA OTPUMATH
HAHOCTPYKTYPHE TOKPHUTTS HEOOXIHOTO CKJIALy 13 3aJlaHUMM BJIACTUBOCTSAMH. AHAJi3 METOJIB
MPOTHO3YBAaHHS 3yMOBHUB JOIIBHICTh TPOBEACHHS TEOPETUYHUX JOCTIIHKCHBb I OyayBaHHS
MoOJIeJNi, 10 Ja€ 3MOT'y 3JIHCHIOBATH MPOTHO3YBAaHHS XapaKTEPUCTHK, OTPUMAHUX BIANOBIAHO 10
BHOpPAHOTO METO.Y.

Po3rnsiHyTO 3arajibHe piBHSHHS, IO ONMUCY€E (DYHKIIIO PO3MOAUTY OCTPIBLIB HOBOI (a3u 3a
po3mipamu. [lpumineHo yBary a”amizy MIBHAKOCTI 30UIbIIEHHS JIHIMHOTO PO3MIPY OCTpIBIS 1
HIBUJIKOCTI 3MiHEHHS KUIBKOCT1 OCTPIBLIB OJHOTO JIIHIHHOTO PO3MIpy uepe3 3ITKHEHHS. Y PaxoBaHO
KOMIUTIEKC (I3WYHUX SIBHIN, 10 Bi0Opa)kaloTh OCHOBHI 0coOMMBOCTI KoHaeHcarii. [IpoBeneHi
pecypcHi BUITPOOYBaHHS MJIACTUH 3 HAHOCTPYKTYPHUX MOKPUTTSIMH, OTPUMAHUMU 32 PO3POOIIEHOIO
TEXHOJIOTI€I0, MATBEPININ AHAIOTITYHHM XapakTep PO3BHUTKY 3HOIICHHS IS TUIACTUH 3 PI3HUMH
MOKPUTTSIMU, TIPOTE BUSBUIIM ICTOTHI BIIMIHHOCTI B MOMEHTAaX MOYAaTKy MPHUCKOPEHOTO 3HOIICHHS.
s ymoBa nana 3MOTy BU3HAUWTH NUIAXH 30UTBIICHHS MEPIOAY CTIMKOCTI TUTACTHH 3 JOTPUMAHHSIM
KOMILIEKCY BUMOT, 1[0 CTABJIATHCS 10 AKICHOTO 00pOOJICHHS.
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PO3POBKA TEXHOJIOI'TI OBPOBKU KEPAMIYHUX BTYJOK JJISI IOHO-
IIJIABMOBUX JIBUI'YHIB XOJJIIBCBKOI'O TUITY 3 HIKEJIb-MOJIIB/IEHOBUM

MNOKPUTTAM
Harmionaneuuit aepokocmiunuii yHiepcuteT iM. M.E. JKyKoBcbKkoro
«XapKiBChKUI aepOKOCMIUHUI IHCTUTYT)»

Kepamiuni BTyJnKM Ui 10HO-TUIa3MOBHUX JBUTYHIB XOJUTIBCBKOTO THITY MOTPEOYIOThH
crieniajgbHOi OOpOOKM JJIsi JOCATHEHHS HEOOXIHMX MapaMeTpiB TOBEpXHI Ta 3abe3nedeHHs
JIOBTOBIYHOCTI Ta €(eKTUBHOCTI poOoTu aABUTryHa. OTHUM i3 KIIOYOBHX AaCIEKTIB € HAaHCCCHHS
HIKEJTh-MOJIIOICHOBOTO TIOKPHUTTS, SIKE CKIAJAEThCS 3 MIapy HIKeIo TOBIMHOKW 8-10 MikpoH Ta
mapy Mojio/ieHy TOBIIMHOIO OJ1n3bKO 20 MIKpOH.

OCHOBHI eTarnu TeXHOJIOTIYHOTO MPOLIECY:

1.

[TigroToBKa KepamidHOT BTYJIKHU:

— TIOTIEpE/IHE OYMIICHHS TOBEPXHi U BUAANICHHS 3a0pyIHEHb Ta 3a0e3redeHHs
aaresii MOKPHUTTS;

— BUKOHAHHS MEXaHIYHOI OOpOOKM HJisi JOCATHEHHS HeoOXimHoi ¢opmu Ta
TOYHOCTI PO3MIpIB.

2. HanecenHs HiKeIb-MOII0J€HOBOTO MOKPUTTS:

— BUKOPHUCTaHHA IOHHO-TUIA3MOBHX METOMIB [UIi PIBHOMIPHOTO HaHECEHHS
MOKPHUTTS Ha BCIO TOBEPXHIO BTYJIKH.

— KOHTPOJIb TOBIIMHU TIOKPHUTTS JUIS 3a0e3MedYeHHs BIAMOBIIHOCTI 3aJaHUM
napamerpam (8-10 mikpoH Hikemto Ta 20 MIKpOH MOJiOIEHY ).

2. ®inampHa 00OpoOKa:

— BUKOHAHHS KiHIIEBOTO (ppe3epyBaHHs Ta MOJIPYyBaHHS ISl HOCSTHEHHS TJIaJKOi
MOBEpXHi 06€3 Ie(eKTiB;

— KOHTPOJIb SKOCTI TIOBEpPXHI Ta TOBIIMHU TIOKPUTTS 3 BUKOPHCTAHHSIM
BIJIMOBITHIX METO/IB BUMIPIOBAHHS.

[TepeBaru 3amponoHOBaHOI TEXHOJIOTI:

1.

[Tokpamiena anaresisi: BuUkOpuCTaHHS 10HHO-IZIA3MOBHUX METOJIB 3a0e3Ieuye BHCOKY
are3iro HiKeIb-MOIiI0JEHOBOTO TOKPUTTS A0 KEPaMidHOI OCHOBH;

Bucoka TouHiCTh: 3aBOSKHM pETETbHOMY KOHTPOJIO TOBIIMHH MOKPUTTA Ta
BUKOPUCTAHHIO Cy4YaCHUX METOMIB OOpOOKH, JOCATAETHCA BHCOKA TOYHICTH
TCOMETPUYHUX MTAPaMETPIiB BTYJIOK;

3mennienHs aedekris: [I1aBHe HaHECEHHS MOKPUTTS Ta HOTo PIBHOMIPHUNA PO3IOJILT IO
MOBEPXHI 3MEHIIyE KUIbKICTh AE(EKTiB, M0 MiABHINY€E HAIIWHICTh 1 JOBTOBIUHICTH
poOOTH BTYJIOK Yy CKJIaJll 10HO-TIJIA3MOBHX JBUTYHIB.

IlepcnexkTuBu pocaix:kenHsi. [loganbmn JOCHITKEHHS CHPSIMOBAaHI Ha ONTUMI3allio
napaMeTpiB TMpPOLECYy HAHECEHHS TMOKPUTTA Ta eKCIEPUMEHTalIbHYy TMEPEeBIPKY OTPUMaHUX
pe3yNbTATIB y pEAIbHUX YMOBaX eKCIUTyararlii. 30Kpema, IUIAHYEThCS aHai3 BIUIMBY Pi3HUX
TEXHOJIOTIYHHUX ITapaMeTpiB Ha SKICTh TIOKPUTTS Ta BHBUYCHHS MOXJIMBOCTEH IOJAIBIIOTO
BIOCKOHAJICHHS TIPOIIeCY OOpOOKH KepaMidyHHUX BTYJIOK.
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Puc. 1. Brynka kepaMidHa 3 HIKETb-MOJII0JJCHOBUM ITOKPUTTSIM

Puc. 2. YcraHoBka 1uisi HaHECEHHS TIOKPUTTS HIKEIb-MOTi01eH

HayxkoBuii kepiBHUK K.T.H., 10LIIeHT bpeyc Anapiit OnexcanipoBuy
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3ABECIIEYEHHS CTIMKOCTI 3MOUYYBAHHS IOBEPXHI HEPJKABIFOUYOI CTAJII
3A PAXYHOK FS-IMIUVIEMEHTAIIIl TPA®EHY ITPU JIABEPHIN MOJUDIKAIIT
MOBEPXHI AT'PEI'ATIB NOABIMHOTI' O TPU3HAYEHHSI
HaI_IIOHaJ'IBHI/II/I TeXHl‘-IHI/II/I yHlBepCI/ITeT «XapKlBCBKI/II/I HOHITCXHIHHHH lHCTI/ITyT» YKpalHa
HO3HaHCBKI/II/I yHlBepCI/ITeT IIPUPOAHNYMX HayK, [lonbina
YHlBepcheT iMeHi Agama Minkesn4a, ITonpima

IHTeHcudikaliss TEXHOJOTIYHMX TMPOHECIB 1 TONIMIIEHHS TEeXHIKOTEXHOJIOTTYHHX
XapaKTepUCTHK  (YHKIIOHAJBHUX TOBEPXOHb € TMPIOPUTETHUMH 3aBIAHHSMH CY4aCHOTO
MalmrHOOYlyBaHHs. BukopucTanHs (eMTOCEKYyHIHOTO Ja3epHOr0 CTPYKTYpYBaHHS MOBEPXHIi
HEp)KaBilO4Oi CTajl € MEepPCHeKTUBHUM METOJ0M Moaudikaiii MOBEpXHI 3 METOI HaJaHHS Tif
IHHOBAIIMHUX BJIACTMBOCTEH. Y MJOCHIUKEHHI PO3IJISIHYTO HHUTaHHS, MOB'sA3aHl 3 (POPMYyBaHHAM
MO (IKOBAaHUX MTOBEPXOHB 3 BUCOKHM CTYIIEHEM T1apo(oOHOCTI Ta riapodiIbHOCTI.

BinzHaueHo, 110 OBEPXHS HEP)KABIIOYMX CTaJICH BiJpa3y K MICIs JIa3epHOTO OMPOMIHEHHS
Mae TiApodiIbHI BIACTUBOCTI, SK1 3 TUNIMHOM 4acy Ha0yBaroTh TiApodoOHUX BIACTUBOCTEH, TOOTO
CTyHiHb HecTaOUIbHUI y 4yaci. TakuM 4YMHOM, OKpecjeHa IpobOiiema cralumizauii CTymneHs
rizpogoOHOCTI Ta CTymeHs TigpodiIbHOCTI MOBEPXHI HEpXkaBilouoi CTalli B 3aleXKHOCTI Bij
3aIUTAHOBAHOTO 3aCTOCYBaHHs BUPOOiB. [liAKpecienHo, mo cepe ynuciaa NePCIeKTUBHUX MIXOMIB 13
BUpILICHHA 1IIi€i mpoOieMu ICHye CTpareris, [0 3acHOBaHa Ha 3acCTOCYBaHHI METOJIIB
(heMTOCEKYHTHOTO JIa3€pHOTO0 BUIIPOMIHIOBAHHS 3 METOI0 CTPYKTYpPYBaHHS IOBEPXHI Ha MIiKpoO- 1
HaHOpiBHAX. Taka cTparerii € NEepCHeKTHBHOIO JUIs 3a0e3MedeHHs JOTPUMAHHS MPUHIIMIIIB
Cy4acHOro BUpOOHHMITBa Leangreen, OCKIJIbKM 3a3BMYail He BUMAara€ BUKOPUCTAHHS XIMIYHHUX
pO3uuHIB a00 TOKCMYHHUX PEYOBHH, L0 3HWXKY€ HETaTMBHUI BIUIMB Ha HABKOJMILIHE CEPEIOBHIIE.
[IpencraBneno anamiz mMexani3MiB ctaOim3aiiii rizpodoOHocTi MoaudikoBaHoi moBepxHi. Cepen
MEPCIEKTUBHUX Ta TOTCHLIWHO I[IKAaBUX METOMAIB, 3 TOYKH 30py 3a0e3meueHHs] CTiHKOCTI
3MOYYBaHHs MOBEPXHi, OyJI0 BUIUIEHO METO (peMTOoCceKyHIHOI iMIIeMeHTallii rpadgeny. Bukonani
eKCIepeMEeHTaIbHI JOCHIHKeHHS! (PEeMTOCeKYHAHOI IMIUIeMeHTauii rpadeHy npu Monaugikaiii
HepxkaBitouoi cram AISI 321 3 MeToro nmpoBeeHHsI OL[IHKHM CTYINEHIO BIUIMBY OKCHUIY rpadeHa Ha
cTabumi3amio 3MOYyBIbHUX BiacTuBocTed moBepxHi ctami AISI 321 micns i ¢ce-immmanTamii.
Mopudikariiro moBepxHi 3pa3KiB, 00POOICHNX BUTPOMIHIOBAHHSIM fS-j1a3epa B MPUCYTHOCTI OKCHITY
rpadeHa Ta 3a HOro BIJICYTHOCTI, aHANi3yBadW MeETONOM PamaHiBChKOI criekTpockomii. B
JOCIIJDKeHHI MPOaHaIi30BaHO 3B'I30K MK KyTOM 3MOYYBaHHSA Kparuli BOJM Ta HIOPCTKICTIO
MiKpOCprKTypOBaHOI noBepxHi. JlochmiykeHHsI 3MOYYBAaHOCTI IOBEPXOHb, CTPYKTYPOBaHHX
BUIIPOMIHIOBaHHAM fs-nasepa, mokaszano, 10 ii MOYKHA peryJitoBaTH I.HOpCTKlCTI() 1 XIMIYHUM
ckiamoM oOpoOmoBaHoi moBepxHi. Hamm Oysno TpoBEAEHO TOPIBHSIBHI  TOCHIIKEHHS
3MOYYBaHOCTI TMOBEpPXHI HAHOCTPYKTYpOBAHOI CTalxi 3 BUKOPUCTaHHSAM rpadena i 6e3 #oro
BUKOpUCTaHHA. Lle 103BoiMI0 00rpyHTOBATH pojib OKCHIY rpadeHy B cTabumizamii 3MOuyBaJbHUX
BrnactuBocted ctami AISI 321. [IpakTu4Ha IIHHICTH IOCIHIIKCHHSI TMOJIATAE Y BUBYCHHI MPOIECY
(dbopMyBaHHSl CTaOUIBHUX TiAPOGOOHUX 1 TIAPOPUIBHUX BIIACTUBOCTEH MOBEPXHI HEPXKaBlHOYOi
ctami, o0O0poOJieHOT MeTomoM fS-CTpYKTypyBaHHS NUISIXOM IMIUIEMEHTAIli OKcuay Tpadena
Ja3€pHUM BUIIPOMIHIOBAaHHSM.

I[ocnimKeHHsI po3pobiieno B mexxkax HJ/IP «®opmyBanHs i TpaHchopMaris mepioguaHux
HaHOBer'IeI_IeBOBMICHI/IX CTPYKTYp Ha TMOBEpXHI MeTalliB KOPOTKOIMITYJIbCHUMH JIa3€pPHUMH,
MIKpPOXBHJIOBUMHU 1 I[U1a3MoBUMH MeToaammu» (AP Ne0124U000481), 1m0 BHUKOHYEThCS Ha
3amoBneHHs MOH VYkpainu.
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JNOCJILIKEHHSI TAPAMETPIB IOPCTKOCTI TA TBEPJOCTI TUTAHOBMICHOI1
CTAJII AISI321 CTPYKTYPOBAHOI HAHOCEKYHIHUM JIABEPHUM
OINPOMIHEHHAM
"Harionansuuii TeXHl‘-IHI/II/I yHlBepCI/ITeT «XapKiBChKUH MOMITEXHIYHUHN IHCTUTYT», YKpaiHa
HO3HaHCBKI/II/I YHIBEPCHUTET MPUPOTHUYHX HAYK, ITonemia
3[Mo3HancbKa nojitexHika, [Toapiia

Hapasi HaHO- 1 MIKpOCTPYKTYypyBaHHS IOBEPXOHb 3AIMCHIOETHCA 32 JOMOMOTOK HaHO-,
MiKO- 1 )eMTOCEKYHTHUX Ja3epiB 3 METOI 3aCTOCYBAaHHS OTPUMAHUX PE3yJIbTATIB y PI3HHUX TaTy3sX
poMHUCIOBOCTI. Lle MOTHMBOBaHO ABOMa OCHOBHMMHM (akTOpaMu: MO-TIEpIe, TaKUi JiazepHHUM
BIUIUB Ja€ 3MOTY MOIM(]IKyBaTH IOBEPXHI JO CTaHy, IO HEMOJMJIMBO JOMOTTHCS iHIIUMH
METOJIaMHd MEXaHIuYHOI OO0poOKH; TO-Apyre, Ha TEMEpIIIHIM Yac CHOCTEpIraeThCsi HOBUM BHUTOK
cripaii y AIaIeKTUYHOMY PO3BUTKY TEXHOJOTIYHOTO OONaJHAaHHS — IHTEHCHBHA PO3poOKa 1
BHpO6HHHTBO HOBHX KJIaciB nasepiB TaKUX SIK BOJIOKOHHI Ta JIOMHI Ja3epu, IO JIETKO
lHTeI‘py}OTBC}I B HasBHE OOJIAJHAHHS 1 HE MalOTh CEPHO3HUX MPOOJIEM 3 JOCTABKOIO Ja3epHOTO
BUINIPOMIHIOBAaHHS /0 TOYKH OOpOOKHU (KOHTaKTy Ja3epHOr0 TMPOMEHIO 13 TOBEPXHEIO
o0poOumoBaHoro 00’ekTy). [Ipn BUKOpHCTaHHI KOPOTKOIMITYJILCHOTO JIA3€PHOTO BUIPOMIHIOBAHHS
OCHOBHOIO MPOOJIEMOIO € BUCOKA Yy TJIMBICTh OJIEP’)KYBAHUX PE3YJIBTATIB JI0 MMapaMEeTPiB JIa3€PHOTO
iMIyJbCcy Ta 00paHoi crparerii oopoGienns. Lle o3navae, mo edexkruBHICTs MOAM(DiKaLii MTOBEpXHI,
30KpeMa OTPUMAaHHS MapaMeTpiB HIOPCTKOCTI Ta TBEPIOCTI, MOXKE iICTOTHO 3MIHIOBATHUCS 3aJI€KHO
Bl TOro, fKi MHapaMeTpH JIa3epHOro IMITyJbCy Oylo 00paHO 1 SKy TPAEKTOPIIO Ja3epHOro
CKaHyBaHHS OyJO 3aCTOCOBAaHO y KOHKpeTHOMY BuMajiky. CTBOproBaHI MOAM(DIKOBaHI MOBEPXHI
MOXXYTh MaTH SK BUIAQJKOBY, TaK 1 MEPIOAMYHY CTPYKTYpY MOBEpPXHi 1, SIK HACIIJOK, HAasABHICTb
BHIAQIKOBOI Ta MEPIOANIHOI TOPCTKOCTI.

B po6oTi mpoBezeHi ToCTiKEHHS TapaMeTpiB MOPCTKOCTI Ta TBEPIOCTI ayCTEHITHOI CTali
AISI321, mo yTtBOpHiacs BHACIIOK HAHOCEKYHIHOTO Ja3epHOr0 OMPOMIHEHHS MOBEPXHI 3pa3ka
MaTepiany 3a pi3HUMH TEXHOJIOTIYHMMH MapaMeTpaMH Ta cTparerisiMu ckanyBaHHs. OcoOnMBiCTh
Ta iHTepec A0 oOpaHOi MapKu CTalll MOJSATae y HasIBHOCTI TUTaHy y XIMIYHOMY CKJajli MaTepiany,
110 1CTOTHO MIABHUIIY€E KOPO31HHY CTIHKICTh Ta 1HII XapaKTEPUCTHUKUA BHPOOIB 3 TaKOi CTall.

Bcranosieno, mo 3a Majoi 1HTEHCHBHOCTI JIa3€pHOTO BHIPOMIHIOBAHHS Ha TOBEPXHI
(GopMyeThCSI MIOPCTKICTH 3 IMOBIPHICHMM (BUNAIKOBMM) pO3MOAUIOM aMIuntyn i (opm
CTBOPIOBaHMX CTPYKTyp. OJHaK 3a3HaueHo, IO y Mipy 30UIbLICHHA IHTEHCHBHOCTI JIa3epHOTO
BUITPOMIHIOBaHHS MOYMHANIACs IHTEHCUBHIIIA MepedyoBa MOBEPXHI Ta YTBOPEHHS MEPIOAMYHUX
CTPYKTYp, SKi MOKHA OXapaKTepH3yBATH SK KBa31BUIIA/IKOBI, @ 3 MOJAIBIINM 30UIBIICHHSM CHIIH
TTa3PHOTO MPOMEHIO OTPHMAITH KBaSIHeplo,HI/I‘IHI/II/I i neploz[Hqu/I npodins. Byno Bin3HaueHo, M0
na3epHe BHHpOMlHIOBaHHSI Jla€ 3MOTY 3MiHIOBAaTH CTyanB 3CyBYy (1)0pMI/1 mopcmocn i eKciecy
00po0seHOi TMOBEpXHi. 3a3HA4eHO, IO aHI30TPOMis IIOPCTKOCTI TOBEPXHI B3JIOBX JIIHIN
CKaHYBaHHS JIa3epHOTO TPOMEHI0 MOKe OyTH BHUKOPHUCTaHa MpPU PO3MIIAAI MHUTaHb TPUOOJIOTII.
3po0eHO BUCHOBOK, III0 HAHOCEKYH/HE JIa3epHE BHIIPOMIHIOBAHHS € YHIKaJIbHUM TEXHOJOTTYHHM
IHCTPYMEHTOM, II[0 Ja€ 3MOTY CTBOPIOBAaTH Ha TOBEPXHI SK BHUIIAJKOBI, TaK 1 MEpIOANYHI
cTpykTypu. OpHaK BHCOKa YYyTJIWBICTH METOJY BHMAarae oOcoOJMBOI yBaru JOCIITHUKIB 0
CTBOPEHHS CTPYKTYD

HocnimpkenHss po3podineHo B mexax HJIP «®opmyBanHs 1 TpaHcopmallis MepioguyHuX
HAHOBYTJICIICBOBMICHIX CTPYKTYpP Ha TIOBEpXHI MeETaliB KOPOTKOIMITYJbCHUMH JIa3epHHMH,
MIKpPOXBHJIOBUMHU 1 IU1a3MoBUMH MeToaamu» (AP Ne0124U000481), 1m0 BHKOHYEThCS Ha
3amoBieHHss MOH VYkpainu.
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ONTUMIBALIA PEXKUMIB TEPMOOBPOBKHN PO3MIPOCTABIJIBHUX
BYTJUIEIINIACTUKOBUX TPYBYATUX EJIEMEHTIB
Hamionansuuii aepokocmiuamuil yHiBepcHuTeT iM. M.€. )KyKOBChKOTO
«XapKiBChbKUH aBialliftHUI IHCTUTYT»

[Tonimepni komno3uniitni marepianu (IIKM) apmoBaHi ByrieneBUMHU BOJIOKHAMU, BiIOMI SIK
BYTJIEIJIACTUKH, IIUPOKO 3aCTOCOBYIOTBCA B PI3HUX Taly3sX Cy4acHOi TE€XHIKHM, Y TOMY YHUCII B
KOHCTPYKIIISIX KOCMIYHHMX Ta MEPCIEKTUBHUX JIITAIBHUX amnapaTiB. 30KpeMa, BHCOKOMOYJbHI
BYIJICTUIACTUKH TIOPSJ 3 YHIKQIHPHUMH XapaKTEPUCTUKAMHU MIITHOCTI 1 MOl IIIIBHICTIO, MAaIOTh
BUCOKHMI OMip BTOMH, MEHIIY YYyTIUBICTh 1O KOHIIEHTpALlll HAaNpyXeHb, HHU3bKY IIBUJAKICTH
TIOIIMPEHHSI TPIIIKH, 10 3a0e3Mevye MiABUIIEHY TOBTOBIYHICTh KOHCTPYKIIIN 3 IIMX MaTepiaib.

SIk mpaBUIIO, MATPUIICIO JJIs ApPMOBAHUX BYTJICIUIACTUKIB € TEPMOPEAKTHUBHI 3B’SA3yl0Ul Ha
enokcuHii ocHoBl. Lli 3B’s3yrodul MalTh HU3BKY XIMIYHY YCaJKy 1 TapaHTYIOTh OTPUMaHHS
MOJIIMEPHUX KOMITO3UTIB 3 HAUOUIBII BUCOKMMU TNPYKHO-MIIHICHI BIACTUBOCTSIMH, L0 JTO3BOJISE 3
BYIJICTUIACTUKIB Ha iX OCHOBI BHUTOTOBJISATH PO3MIPOCTa0LIBHI €leMeHTH. ToMy B KOCMIYHHX
amapaTax 13 BHUCOKOMOIYJBbHHMX BYIJICIUIACTHKIB BHUTOTOBIAIOTH TpyOuacti enementu (TE) 3a
TEXHOJIOT1EF0 HAMOTYBaHHS.

TexHosoriss HaMOTYBaHHS TMOJATa€ B OTPUMAaHHI LWIIHAPUYHHUX BHUPOOIB CIOcoO6oM
HaMOTyBaHHS HHTOK, BOJIOKOH, CTPIUOK, JDKTYTIB a00 IHIIMX pYJOHHHUX MaTeplamiB Ha
(hopMOYTBOPIOIOUY LWIIHAPUYHY ONPABKYy 3 MOJANBLIOI TepMOOOpPOOKOI B aBTOKJIaBl abo
TepMokamepl. HaMOTyBaHHS BHUKOHYIOTh K «CYXHM» METOAOM pYJOHHUM IIPENperoM, Tak 1
«MOKPHM» METOJOM, IIPU IKOMY HaMOTYBaJbHUI HAaNlOBHIOBAY 0OE3MOCEPEHBO Mepe]] YKIaJaHHIM
Ha OIPaBKY MPOCOYYIOTh 3B’ SI3YIOUUM.

VY TexHosorii HAMOTYBAaHHS ICTOTHO Ha OJep)KyBaHi (Pi3MKO-MEXaHI4HI XapaKTePUCTHUKU
apMOBaHUX IUIACTUKIB Hajae TexHonorigyHa cxema (TC) tepmooOpoOku TE, ToO6TO. mOCIIIOBHICT
TaKUX TEXHOJIOTIYHMX OIepaliil sk 00TUCKaHHS, BUTPUMKA MOBITPS, MOJIMEpH3allis, iX TPUBAIICTb,
4yeproBicTh 1 moenHanHs. HaiiOinpine 3nadeHHs B TC TepMooOpoOKy Mae mporiec mojiMepu3arii
abo 3arBepiiHHA. B pesynbraTi 3aTBepAiHHS (Di3MKO-MEXaHIUHI XapaKTEPUCTHKH apMOBaHHMX
IJACTUKIB 3MIHIOIOTHCS Y IMHPOKUX MeXaX, IO MOXE NPHU3BOAUTH JO HECTaOlIbHOCTI
BJIACTUBOCTEN MaTepiany y Bupobi. Kpim Toro, B mporieci 3aTBepaiHHS KOMIIO3UTHUX BUPOOIB Ha
OCHOBI TEPMOPEAKTUBHUX 3B’SI3yIOUMX, SK TMPaBHIIO, MPOTIKaE ek3oTepMmiuHa peakuis. [lpu
BUKOPUCTAHHI HEONTHUMAJIBHOIO TEMIIEPATYPHO-4aCOBOIO PEXHMY 3aTBEpIIHHS L€ BUKIMKAE
CYTTEBHMI TEperpiB BHYTPIIIHIX MIapiB MaTepiany, AECTPYKIIIO 3B’A3YI0UOr0, HAKONWYECHHS
BHYTpIIIHIX HaNpy>Xe€Hb, L0 BUKIUKAIOTh 3HI)KEHHS XapaKTepUCTUK MIIHOCTI Marepiaiy,
KOpOOJIeHHS Ta 3MiHY TE€OMETPHYHHX pO3MipiB. YCYHYTH 3a3HaueHi HEIOJIKM 1 TUM CaMHUM
MIJBUIIUTUA SIKICHI TMOKa3HUKU Ta (DI3UKO-MEXaHIyHI XapakTepucTHku BupoOiB i3 [IKM moxna
[UIIXOM 3aBJaHHS ONTHUMAIBHOTO TEMIIEPATypHO-4aCOBOTO PEXHMY 3aTBEpAIHHSA y MOETHAHHI 3
IHIIMMHU TEXHOJOTIYHUMHU npuiioMamu. OcoOMMBO 1€ 3aBJaHHS aKTyaJbHE NPU BUTOTOBJIECHHI
JIOBTOMIPHHX TPyOUYaCTHX €JIEMEHTIB.

Tomy meroro poOOTH € JOCHIIKEHHS BIUIUBY PEXHMIB TEPMOOOPOOKHM Ha T€OMETPUYHI
XapaKTEPUCTHKH Ta PO3MIPOCTAOLIBHICTh BYTJICTNIACTUKOBUX JIOBTOMIPHUX TPYO4acCTHX €JIEMEHTIB
(hepMOBHX KOHCTPYKIIIH KOCMIYHUX armapaTiB.

BuszHauyennss pexumy TepMooOpoOKM  TpyO04acTUX  ejieMeHTiB. BusHaueHHd
TEXHOJIOTIYHOTO pexumy TepMooOpodkun TE 13 modiMepHHX KOMIIO3UTIB € CKIAQJHUM Ta
BIJMOBIAILHUM 3aBIaHHAM. BOHO TIOB'A3aHe 13 CYTTEBUMH TpPYAHOIIAMH, BUKIMKAaHUMU
BIJICYTHICTIO TEOpIi, 1110 OMHUCY€E MPOLEC TEPMOOOPOOKH, BKIIOUAIOUN 3aTBEPAIHHS KOMITO3UTY. Jlo
HEeIaBHBOTO Yacy BOHO 3IHCHIOBAJIOCS METOJIOM NMPOO 1 MOMMIJIOK HAa OCHOBI BUKOHAHHS BEJIHKOI
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KUTPKOCTI TpPUBAJIMX EKCIIEPUMEHTIB ab0 MeToJaMH TEpPMIYHOTO aHajlizy, 0[O0 BKJIOYAIOTh
mudepeHuianbHy ckanytouy kanopumerpito (JICK), tepmomexaniunuii ananiz (TMA), aunamiaHuii
MexaHiuamid anani3z (JIMA) 1 T.1.

CyuacHi MeTOOu TPOEKTYBaHHS ONTUMAIbHUX PEXHMIB TEpMOOOPOOKH Ta, 30KpeMa,
nporiecy 3arBephinHs [IKM 06a3yroTbcs Ha BHKOPUCTaHHI MAaTeMaTHYHHMX Mojeield. BoHwm
MOJIATAIOTh Y TIOCTAHOBII Ta YMCEIbHOMY BHPIIICHHI €KCTPeMallbHOI 3a/1ayl MiHIMi3alll JesKoro
KPHUTEPII0 ONTHUMAIBHOCTI, 0 3a0e3Medye CTBOPEHHS SIKICHOTO TOTOBOTO BUPOOY 3a MiHIMaJIbHHUN
yac 3 MiHIMaJIbHUMHU 3aJMIIKOBUMH HaNpyKEHHSAMH. 3a JOMOMOIOK IIMX METOAIB MOXHa
BU3HAYATH PEKUMH 3aTBEPIiHHS BUPOOIB 3 MOJIMEPHUX KOMITO3HUTIB OyAb-IKUX T€OMETPHYHHUX
(hopM 1 po3MmipiB, BKIIIOUAIOYU TPYyOUACTi TOBIrOMIpHI eleMEHTH (PepMOBUX KOHCTPYKIIIH.

Tomy B 1IbOMY IOCTI/DKEHHI BH3HAUeHHS pexxuMy TepmMooOpoOku TE mpoBommmm y asa
eTamny, CIoYaTKy METOAaMH MaTeMaTUYHOIO MOETIOBAHHS Ta ONTHMI3alii, a MOTIM eMIipHYHIM
nepedopoM pI3HHMX TEXHOJIOTIYHMX cxeM. Ha mepmiomy erami NpOBOAWIM  JOCHIJKCHHS
BIIACTMBOCTEH Marepially, fKi € T[apamMeTpaMd MaTeMaTHYHOi MOJeNi, Ta pPO3paxoBYBalIH
ONTUMANIbHI pEeXHUMHU 3aTBepAiHHA. Ha papyromy erami, po3paxoBaHi ONTUMANbHI PEXHUMHU
3aTBEpAIHHS JOTIOBHIOBAIH PI3HUMH TEXHOJOTTYHUMH NMPHAOMAaMH, SIKi HEMOXKJIMBO MaTeMaTHYHO
3MOJICTIIOBATH 1 TMPOBOAWJIM JIOCHIPKEHHS BIUIMBY OTPUMAHOTO KOMOIHOBAaHOTO PEXUMY
TEepMOOOPOOKH Ha TEOMETPUYHI XapaKTEPUCTHKH Ta pO3MipOCTaOIbHICTh. ByTiIeIiacTHKOBUX TE.

OcHOBHI 3aBHaHHA, SIKI HEOOXiTHO BUPIMIUTH IMPH PO3PAXyHKY ONTHMAIBHOTO PEXKUMY
3aTBepAiHHSA TpyOwacTux enemeHTiB 3 [IKM, mo rapaHTylOTh BHCOKY SKICTh Ta HHU3BKY
co0iBapTicTh BUPOOiB, € HACTYTIHI:

- 3HU3UTH TeMIlepaTypHO-KOHBEPCiitHI HeoaHopinHocTi Matepiany TE;

- IOBHICTIO 3aTBEP/IITH 3B’ 3yI0Ue B TOTOBOMY TPyOUacTOMY €JIEMEHTI;

- 3HU3UTH TPUBAIICTH PEXKUMY TEPMOOOPOOKH Ta CHEPrOBUTPATH;

- YIIUTBHUTH KOMITO3UT JI0 3a7jaHuX po3mipiB Ta reometpii TE.

OcobnuBicTio npouecy HamoTyBaHHsl TE € BUCOKa MOPUCTICTh BUPOOIB, 110 OJEPAKYIOTHCS
3a I11€10 TEXHOJIOTI€I0, BUKIMKAaHA 3aXOIUICHHSIM IOBITPS HAMOTYBaJIbHUM MaTepiajoM y Hpoleci
HAMOTyBaHHA. J[ 3MEHIIEHHS MOPHCTOCTI HAMOTAaHOTO BHPOOY HAMOTYBAHHS apMyIOYOToO
HaIOBHIOBaYa 3[IHCHIOIOTH MiJ NEBHUM 3yCHUIIM. B pe3ynbTaTi CHIOBOrO HAMOTYBaHHS KOXEH
BUTOK, 1[I0 HAMOTYETHCS 3 HATSATOM, CTBOPIOE TIEBHUI «KOHTAKTHHI» THCK Ha HIDKYEJEkKadl IapH
HeotBepkaeHHoro IIKM. Ilpu mpomy BifOyBaroTbcs MiXKIIapoBa (ibTpallis 3B’A3yIHOUYOr0 10
30BHINIHIX IapiB Ta MEPEMINICHHS Y 3BOPOTHOMY HANpsIMKYy apMylouoro HamoBHIoBauda. lle, B
OCHOBHOMY, BiZIOyBa€ThCsl Ha €Tali HAMOTYBaHHs Ta BUAAJICHHS JIETKMX PEYOBUH MPHU HarpiBaHHI
Ta PO3M'SKIIEHHI 3B’SI3yI0OUOTO, BUTPUMIII Ta oOTHCHEHHI. Ha ertami rapsdoro 3aTBepaiHHS B
aBTOKJIaBl MEpepo3noaia 3B’s3ytodoro Beepeauti TE mpakTuuHO He BigOyBaeThCs, 1 TOMy HeMae
HEOOXITHOCTI BpaxOBYBaTH B MaTeMaTHYHIA MOJENI MacCONEPEHECCHHs Ta JIOKAIbHY 3MIHY
KoedillieHTa HATOBHEHHSI KOMITO3UTY.

MarematnuHa MOJeb TPoIeCy TepMOoOpoOKu Ta 3aTBepAinHs TE B Tepmokamepi, mpu
HarpiBaHHI MOTOKOM TOBITPS, 1110 TPi€E, SABIIsE€ COOOI0 cucTeMy nudepeHIiaIbHUX PIBHSHD:

- TETUTONIPOBITHOCTI

of 19 oT B
Ci— )

Yot ar[ ! j Oni 5 (1)
T=T(n1), 0SRu<r<Ry, 0<T<tq, i=1,2,

C=Ci(D, M=M(D), 0u=0,
C = CQ(T,B), 7\,2 = 7L2(T,B), an;t 0,

T(r0)=fr), 0SSRy <r<R,, (2)
oT
- 7*18— =olT,(0)-T(Ry, D 0<r<1, (3)
r }"=R0

132



oT

M=  =dl,()-TR. D] o<r<1, @)
ar }’=R2
oT oT
Ai— N > 0<1t<1(, I=1,2 5
O l=r;~0 O |,=r, +0 - T ©)
T 0|, _p o =T V,ip 1or  0<TST, i=1,2, (6)

- KIHETHKY 3aTBEPIIHHS

% _ Jo®rew -5 pe

ot k-1 )
0, PB=1

B=P(r1), 0SSR <r<R,, 0<t<t,

B(,0)=Po(r), 0<SRi<r<R,, (8)

h:Rz—RI. (9)

ge  C - ob'emna temmoemuicts, Jx/(MK); E — eHeprisi akTuBaiii 3aTBephiHHA, J[K/MOb;
f — movatkoBui posnojain temneparypu, K; 4 — topmmna ctinku TE, m; O, — MOBHMIA TEMIOBHI
edext, /M5 § — HOMep mapy; R — yHiBepcalnbHa MOCTiiiHa Ta30Ba; R;, r -eKBIBANCHTHHIT pajiyc,
M; T — Temmeparypa, K; o — koebimienr temmoigmaui, Br/(M*-K); B — CTymiHb 3aTBepHiHHS;
¢ — kiHetmuHa Qyukuis, 1/c; A — TtemnmomnposigHicts, B1/(M*K); T - wac, c¢; mapu:
1 — popmoyTBOpIOtoua onpaska, 2 — TE 3 [TIKM.

ITpu TepmooOpodmi B aBTokiaBi TE, mo 3aTBepikyeThes (map 2) i3 30BHINTHBOTO OOKY
HarpiBaeThCcsl HOTOKOM HOBITPSI, 110 00IrpiBaeThCs, pu Temnepatypi 7s(T). Temio 10 BHyTpilIHbOT
nosepxHi TE migBoauthcs uepe3 (GopMOyTBOpIOBANbHY ONpaBKy (map 1) MOTOKOM MOBITPS, L0
o0irpiBaeTbcs. Y pesynbTaTi Ha 30BHINIHBOI MoBepxHI TE 1 BHyTpiIIHROI MOBEPXHI OMPABKUA Ma€E
MiCIle BHUMYIICHHA KOHBEKTHBHUH TEIUIOOOMIH 3a 3akoHOM HploToHa, TOOTO 3HIHCHIOETHCS
rpaHUYHa YMOBA TpeThoro poay. Temneparypa noBitps, 1o rpie U(t)=Tx(T) € KepyrounM BILTUBOM,
3a gomomoror skoro warepian TE, mo 3arBepakyeTbcs, MIJNAETbCS TEMIEPaTypPHOMY
HABaHTAXCHHIO 33 IEBHUM CTPOTO 3aJJaHUM PEKUMOM.

3anponoHOBaHa MaTeMaTH4YHAa MOJIENb, JONOBHEHAa KOHKPETHUMH XapaKTepHUCTUKAMU
KOMIIO3UTY, OyJ1a BUKOPUCTaHa JJIsl pO3paxyHKy pexxumy 3arBepainas TE.

HeoOxiani nns BUpilIeHHs PIBHSHb MaTEMaTHYHOI MOJIENl XapaKTEPUCTUKU KOMIIO3UTY
BU3HAYAIOTHCS 3 TOCTI/IIB 3 BUKOPUCTAHHSIM CIIELIaTbHAX METO/IIB Ta YCTAaHOBOK, 110 BiJATBOPIOIOTH
YMOBH, OJIM3bKI 70 TEXHOJOTIYHOTO MpOIlecy HaMOTyBaHHA. Byno po3poGieHo HHU3KY METOIB,
QITOPUTMIB Ta iHpopMamiitHo-BuMiproBabHy cuctemy (IBC) mocmimkeHHs mpoliecy 3aTBEpAiHHS
nosiMepHux kommno3uTiB. IBC mo3Boisie mocmikyBaThd B Mpolleci 3aTBEpIiHHS HACTYIHI
xapakrepuctuku [IKM: Ttemmodizumuni xapakrepuctuku (00'emMHy TermoemHicts C(7,B) Ta
TerutonpoBiaHicTs A(7, B) 3aiexHO Bix TemmepaTypu I Ta cTymneHs 3aTBepAiHHS (), MOTYXHICTb
TETUIOBHIICHb W(T), TOBHMIA TeIUIOBHH edekT 3arBepmiHHA (J,, KIHETHMYHI XapaKTePUCTUKU
(eneprito akTHBallii nporecy 3aTBepaiHHsA E(B), KiHeTuuHy QyHKLI0 Q(B), 10 BKIIOYAE MIBUIKICTH
1 mopsAIoK XiMiuHOI peakii). [HIII mapameTpu MmaTepiany Ta BUpPoOy, Taki SIK TOBIIMHA OJHOTO
mapy 3B’s3yI0UOT0, MITBHICTH, Maca, KUTbKICTh IIapiB BYTJICIIEBOTO BOJIOKHA Y BUPOOi 3aal0THCS 3
MIPOEKTHOI JOKyMeHTalii ab0o BU3HAYAIOThCSA 3a CTAHJAPTHUMU MeTojukamu. JlocmiJpkeHi 3a
noromoroto IBC xapakrepuctuku [IKM € iHpOpMaiiiHOIO OCHOBOIO Ui KOMII'IOTEPHOTO
MOJICJIIOBAHHS PI3HUX CUTYallill y Mpoleci 3aTBEPAIHHS Ta PO3PAXYHKY ONTUMAIBHUX PEXHUMIB
3aTBEpIiHHS ByTJIeIUIacTHKOBUX TE.

MaremMaTHuHa OCTaHOBKA 3aJa4dl onTUMIi3aLii mpouecy 3arBeplinHs TE nmomnsrae B momyky
TEMIIEPaTypPHO-YaCOBOTO PEXUMY TOBITpA, 1m0 rpie U(T)=Tp(T), IO € KePyIOUYHM BIUTUBOM, SKHA
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Ty

JIOCTABIISIE MiHIMYM JIESIKOMY KpHTepito onTuMansHocTi /¢, = UI(Irl-irn ) Jd’c 1 3a0e3mevye CTBOpPEHHS
) |
SKICHOTO TOTOBOTO BUPOOY 3 MIHIMaJbHOIO TPHUBAIICTIO MPOIECY Ty MPU BUKOHAHHI 3B'S3KIB B
BUTIISAI MaTematuaHol mMozeni (1)-(9), mo BiamoBinae po3TJSIHYTIH TEXHOJIOTIT HAMOTYBaHHS Ta
TEepMOOOPOOKH, a TaKOX OOMEKEHHSM Yy BUIVIAAI HEPIBHOCTEH, IO HAKIAIAlOTHCS HA MPOLEC 3
ypaxyBaHHSM JOITyCTUMHX OOJIaJHAHHSIM TEMIIEPaTypPHO-YaCOBUX PEKUMIB.
[lykanuii CTymiHYaCTHIA TEMIIEpaTypHO-9aCOBUI peXUM HepeOyBae y BUTIIS

B T, 1 +K;T, ’Cj_1<‘t<‘cnj
Uj(t)= 7 =12k,

. <1<1T;
s Ty, STST;

ne K ; — wBuakicTs HarpiBanHs nosepxHi TE, K/c; ker — inbkicTb wabnis Harpisy; IN‘] — TeMIeparypa

130TepMIYHOI BUTPUMKH Ha j -TO CTYIIeHs HarpiBy, K.

YucnaeHHi 3HAYCHHS 06M6)KCHB, oo BHUpaXarTb 3B'I30K 3 MeEXaHIYHUMH XapaKTCpUCTUKAMU
KOMIIO3UTY, BH3HAY€EHI CKCIICPUMCHTAJIBHO.

JUJIss TOCITIKEHOTO THUITy BYTJICTUIACTUKY HA OCHOBI ermokcuiHoro 3B’sizytouoro EJ[T-10,
apMmoBaHoro ByrienesuM JkryroM YKH-5000 Oyno BHKOHAaHO YHCENBHHM PO3pPaxyHOK
TEMIIepaTypPHO-KOHBEPCIHHUX TMOJIIB TMPH 3aTBEPAIHHI Ta PO3PAXyHOK ONTHUMAIBHUX PEXKHUMIB
3atBepliHH TE 3 ypaxyBaHHSAM pI3HMX TEXHOJOTIYHUX cXeM. B pesynpTari oTpumanu
MOJKJIMBICTh, BHKOPHCTOBYIOUM pO3PaxOBaHi ONTHMAaJbHI PEXKHUMH, TOCTIIKYBAaTH pi3HI
TEXHOJIOT14HI cxeMu BUrotoBieHHs TE.

BucHoBku:

1. IlpoBemeHno aHami3 Cy4yaCHOrO CTaHy CTBOPEHHS pPO3MIpOCTaOIIBHUX TpPyOUacTUX
€JIEMEHTIB 1 TEXHOJIOTIYHUX MPOOIIEM, 110 BAHUKAIOTH NIPU X BUPOOHHUIITBI.

2. IlokazaHo, MmO MOpsAA 3 EMIIINIYHUMU METOJAMHU JIOCHIJKEHHsS BIUIMBY pI3HHX
TEXHOJIOTIYHUX CXEM Ha  pO3MIpPOCTa0UIBHICTh TPYOUaCTHX  €JIEMEHTIB KOPUCHHUM €
BUKOPHUCTOBYBATH Uil TEPMOOOPOOKM ONTHMAJIbHUNA TEMIIEpPATypHO-4aCOBHM PEKUM Ta Ha HOro
OCHOBI BHOMPATH ONTHUMAJIbHY TEXHOJIOTIYHY CXEMY.

3. 3anpomnoHOBaHO MaTeMaTHUYHY MOJEIb MPOLECY TePpMOOOPOOKH TpyOuacTUX €IEeMEHTIB
METOJIOM HAaMOTYBaHHs, MOKa3aHO IUISXM ONTHUMI3alli PeKUMY 3aTBEPAIHHS BYTJIEIJIACTUKOBUX
TE.

4. BUKOHAaHO YMCEIBbHUN PO3paxXyHOK TeMIIEpaTypHO-KOHBEPCIHUX IOJIIB MPHU 3aTBEPIIHHI
Ta pO3paxyHOK ONTHUMAJIbHUX PEKUMIB 3aTBEPIIHHS TPyOUaCTHX €JIIEMEHTIB 3 ypaxyBaHHSIM PI13HUX
TEXHOJIOTIYHUX CXEM.
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Nanomaterials and nanotechnology research in the 21 st century promises breakthroughs in
areas such as materials, nanoelectronics, energy, medicine, biotechnoly, information technology and
security [1]. Materials' properties can be modified at the nanoscale to providedesired attributes.
Enhancing mechanical, thermal, and electrical properties are the goalsof nanocomposites, which
incorporate nanoparticles into bulk materials. They have uses in consumer goods, construction,
automobile, aerospace, and the automotive industry.

The use of the latest engineered nanomaterials in nuclear energy systems has opened doors
for improving the performance and safety of nuclear power. Nuclear nanotechnology deals with the
use of engineered nanomaterials for future nuclear energy applications.

In medicine, the use of nanometric or nanostructured materials has resulted in
nanomedicine, which benefits from the unique properties of these materials to improve the
diagnosis and treatment of diseases [2].

The aim of the work is to obtain a nanostructured zirconium alloy and study the properties
of this material.

The initial material for nanostructured zirconium materials obtained was zirconium and
Zr1%Nb alloy ingots [3]. The chemical composition of the alloy ingots is presented in Table 1.
Ingots were checked for internal defects by ultrasonic method using a UD-270 device with a set of
emitters, which allows detecting defects as small as 100 pm.

Table 1
The content of impurities in zirconium ingots, wt.%
Element N C O Fe Si Ni Ti
wt.% 0.006 0.016 0.14 0.03 0.01 0.01 0.001
Element Al Ca Cr Mn Hf Nb Zr
wt.% 0.003 0.03 0.001 | 0.0005 | 0.024 1.0 98.7

For production of a fine dispersion structure of zirconium alloys hot forging of ingots to
wrought barstock was used. Ingots for forging were heated in a furnace to a temperature of 850 °C
and then forged using a pneumatic air forging hammer MA4136. After machining the wrought
barstocks, subsequent deformation was carried out on a rolling mill in shaped rolls at room
temperature. The maximum percentage of deformation did not exceed 45%. After rolling zirconium
or zirconium alloy was then subjected to an abrasive surface preparation process by centerless
grinding machine. The abrasive surface preparation process was used to induce an altered surface
roughness (R,). The appropriate altered surface roughness is induced by altering the pre-existing
surface roughness to an altered surface roughness of such a magnitude as alloy, each having a fined
microstructure and an appropriately altered surface roughness, is subjected to an oxidation process.
After such processing, bars with diameters of 16-30 mm and a lengths of 300-500 mm were
obtained.

The structure and microhardness of the samples were studied in the longitudinal and
transverse sections of the resulting bars. The microstructure of the samples was studied by the
standard metallographic method on an MMP-4 optical microscope. The microhardness (H,)
measurements were made using a PMT-3 device; the load used was 0.1 kg. The Brinell hardness
(HB) measurements were made using a TSh-2 device; the load used was 100 kg. Studies of the
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mechanical properties of zirconium rods were carried out on the installation Instron-5581 at a
temperature of 20 °C.

The surface structure of the obtained coating and their elemental composition were
investigated by the autoemission scanning electron microscope JSM-7001F with energy dispersive
microanalysis system INCA Energy 350.

The microstructure was analyzed at each processing steps. The microstructure of the studied
alloys after hot forge and rolling are given in Fig. 1,a and b. The structure obtained during the forge
process is heterogeneous (see Fig. 1,a). The structure of zirconium alloy after rolling is
homogeneous fine (see Fig. 1,b) and an acceptable degree of fine microstructure for formation of a
tightly adhered, diffusion-bonded coating of uniformly thick zirconium oxide on its surface.
Microstructural analysis showed that as a result of the application of free forge at high temperature
and hot rolling, bars of zirconium alloys were obtained in a finely dispersed (nanostructured) state.

a
Fig. 1. The microstructure of the Zr1%Nb alloy after hot forge (a) and rolling (b) in transverse
section of the resulting bars

The tested values of microhardnes and Brinell hardness of the zirconium alloy after various
processing are tabulated in Table 2 [4]. Comparing the values of hardness of the obtained bars is
observed increasing the values of hardness for alloys after hot forge and rolling.

Recrystallization annealing of the obtained zirconium bars was carried out to relieve internal
stresses arised during machining. Recrystallization annealing was carried out without structural
change, while the values of microhardness and hardness decreased as shown in Table 2.

Table 2
Comparison of results of measurement the values of hardness

Hardness Values of hardness of Zr1%Nb

Hot forging Hot forging and rolling Annealing
H,, MPa 2100 2360 2210
HB, MPa 2500 2770 2090

The mechanical properties of the resulting zirconium rods, as well as for comparison, data
for titanium alloys, are given in Table 3.
Table 3
The mechanical properties of the resulting Zr1%Nb rods. In the last columns the data for the
titanium alloys is given for comparison

Zr1%Nb « s
Property After deformation | After annealing BT-1-0 BT-6
Ultimate tensile strength, MPa 910-920 630-670 355-540 860
Yield strength, MPa 630-420 340-390 — 780

* — GOST 26492-85; ** — SO 5832-3
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A comparative analysis of these data shows that according to the indicated parameters, the
zirconium alloy meets the requirements of the ISO 5832 standard (Implants for surgery — Metallic
materials) and has higher physical and mechanical properties than some titanium alloys.

The obtained results indicate that the use of a zirconium alloy with special mechanical and
thermal treatment, in comparison with traditional titanium alloys, makes it possible to obtain
structural elements with a predominantly higher level of mechanical properties responsible for the
operational durability of the products [3, 4].

Thus, the peculiarities of production nanostructured alloy Zr1%Nb using methods of hot
forging and rolling were investigated. Basic properties of this material were studied. The resulting
nanostructured zirconium alloy can be used for the fabrication of implants in bone surgery and
dentistry, as well as for the manufacturing of surgical instruments. In addition, such material has a
finely dispersed microstructure with strong intercrystalline bonds which will improve the conditions
of them mechanical processing and increases strength and can be successfully used in other fields of
science and technology.
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OTPUMAHHSA BATATOKOMIIOHEHTHHUX INIOKPUTTIB ITPU BUKOPUCTAHHI
CKJIIAJJTHOI'O KATOJHOT' O BY3JIA IMITIYJIbCHOT O JI’)KEPEJIA TIVIASMHU
Hamionansuuii aepokocmiuauil yHiBepcuTeT iM. M.€. )KyKoBChbKOTO
«XapKiBChbKUH aBlalliiHUM ITHCTUTYT»

Bumoru minBuImeHHs mpaie3aaTHOCTI IeTajaei MaliuH Ta 0OpoOHOTO IHCTPYMEHTY Y PI3HHX
rayry3sx MPOMUCIOBOCTI BUCYBAIOTh OCOOJIWBI yMOBH 10 (DOpMyBaHHS iX MOBEPXHEBUX IIapiB.
OcTtaHHIM YacoM IIpU CTBOPEHHI MOKPUTTIB 3 MiIBUIICHUMH (YHKIIOHAJBHIMHU XapaKTePUCTUKAMU
BCE UYACTIIIE 3aCTOCOBYIOTh OaraTOKOMITIOHGHTHI TOKPHUTTSA. J[Isi [BbOrO BHKOPHCTOBYIOTH
kommo3utliHi karoau (cuctemu Co-Cr-Fe-Ni-Mn [1], Zr-Ti-Na-Hf-V-Nb [2] Ta in.). Kinbkicts
BHIB 0araTOKOMIOHEHTHHX TOKPHUTTIB, B TOMY 4YHCJIl 0araToIiapoBUX, TPajllEHTHUX,
HAHOCTPYKTYPHHX, TOCTYITHUX HAa IHCTPYMEHTAJIBHOMY PHHKY, Hapa3i HApaXoBYEThCS OUIBIIE COTHI
[3,4].

B pob6oti HaBeneHO KOHCTPYKIIIO 1 OMHCAHO MPUHIHUI Jii pO3pOOJEHOTO IMITYJIBECHOTO
BaKyyMHO-JyTOBOTO JpKepena rmiuasMu (puc. 1) 31 CKIagoBUM KaTOTHUM By3JoM (puc. 2) s
OTpUMaHHS 0araTOKOMITIOHCHTHUX ITOKPUTTIB.

/

St ' C1

Puc. 1. IMmynbscHE BaKyyMHO-TyTOBE JDKEPEIIO IIa3MH 31 CKJIQJIOBUM KaTOJHHUM BY3JIOM:
1 — aHO#; 2 — OCHOBA KaTOAHOTO BYy37a; 3 — TOpEllb CKIAJHOTO KaTOIy, 110
OXOJIOJKYETHCS; 4 — IMITIHAPUYHI BCTABKH y 3 METAIB, 10 BXOSTH JI0 CKIIATy MMOKPUTTS:
5 — i3omnsATOpP; 6 — MANATIOIOYNI €NEKTPO; 7 — MKEPEeTIO KUBJICHHS

[Tpu po3poOili IMITyJIbCHOTO BaKyyMHO-AYTOBOTO JiXKepesa TIa3MH 31 CKIAJOBUM KaTOJOM
OyJ10 371CHEHO HACTYIIHE:

1. 3a0esneyeHO eQeKTUBHE OXOJOKEHHSI CKIAJ0BOTO KaTOJHOTO By3Ja 3a PaxXyHOK
BUKOHAHHI OCHOBHM KaTOAYy 3 METaly 3 BHUCOKOIO TEILIONPOBiMHICTIO. J[0AaTKOBO €(PEeKTUBHOMY
OXOJIOJKEHHIO BCTABOK CTIPUSIE X pIBHOMIPHE pO3TallyBaHHS (Ha OJHIN 1 TiH e BiJICTaHI OJ{HA BiJ
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OJIHOT) 1O KOHIICHTPUYHMX KOJaX BiTHOCHO OCi OCHOBH. Takuii pexXuM OXOJOMKEHHS BCTABOK IIPH
poOOTI KaTOAHOTO By3/la CTBOPIOE iX HHU3KY TeMIEparypy, ONM3bKY IO TeMIeparypH
OXOJIO/DKYBJIBHOI DITUHM, IO, BiAMOBIAHO, MPUBOIUTH 10 3MEHIICHHS KIUTBKOCTI Kpameib y
MJIa3MOBOMY TIOTOIII JDKEPeia MIa3MH, TOOTO OTPUMAaHHS TIOKPHUTTIB BUCOKOI SKOCTI.

2. Pecypc cucremu iHiLiIOBaHHS BaKyyMHOI JIyTM Ha CKJIAJOBOMY KaTOJHOMY BY3IH
JpKepena 1uia3Mu 30ibmeHo y N pasiB, e N — KUIbKICTh 3aCTOCOBAHMX BY3JIIB MiAMAIIOBAHHS, 11O
B CTIJIBKH X pa3iB MiJIBUILY€E HATIHHICTD JPKEpena IIa3MH 3 3alpONOHOBAHUM KaTOIHUM BY3JIOM.
binpm Toro, Take TEXHIUHE PILICHHS MO3BOJIAE JDKEpENy IUIa3MM MPALIOBATH B IMIYJIbCHOMY
peXuMI 3 TPUBATICTIO IMIYJIBCIB Y MIKpOCEKyHIHOMY piamasoHi. Lle, B cBoro depry, 3abe3nedye
3MEHILEHHS, TOPIBHSAHO 31 CTAIlIOHAPHOIO QYTO0, KUTHKICTI MaKpOKpareib y IIa3MOBOMY MOTOII],
SKHMI TOTPAIIS€ HA MMIKIAAKY 1 GOpMyBaHHIO SKICHUX ITOKPUTTIB.

3. Po3po6ieHo METONMKY BHU3HAYCHHS TPUBAJIOCTI IMIYJBCIB AYTH Ha BTYJKaxX 3 PI3HHUX
MeTaniB [5], KooM KaroxHa IUIsIMA AYTH ICHY€ TUIBKM Ha poOOYOMY TOpII BTYJKM (1 yMOBa
3a0e3neuye BiICYTHICTh HECAHKI[IOHOBAHOTO IOTPAIUISHHS MaTepialiB CKJIAJIOBOTO Karoia o
TTOKPUTTH).

4. Tloka3aHO B3a€MO3B’SI30K MK BMICTOM MaTepialy BCTaBOK y MOKPHTTI 1 ix ¢i3uko-
TEXHIYHUMHU XapaKTEPUCTUKAMH Ta TapaMeTpaMH BaKyyMHO-IyTOBHX IMITYJbCHUX PO3PSIIIB, SKi
BUHHKAIOTh HA pOOOYHI TIOBEPXHi BTYJIOK.

3anporoHOBaHUM CKIIAIOBUN KaTOIHUMN BYy30] (pUcC. 2) Ma€ OCHOBY, BUKOHAHY 3 METaIly, 1110
Ma€ BHCOKY TETUIONPOBIIHICTh, Y BUTJISAI MWIIHAPA 3 TOPISMH, OUH 3 IKUX OXOJIOMKyeThes (3). B
OCHOBI KaTo/Ja BUKOHAaHI HACKpi3HI OTBOPH, SKi PO3TAIIOBaHI PIBHOMIPHO MO KOHIIEHTPUYHUM
KOJIaM BITHOCHO OCi OCHOBH 8 1 9 1 B sIKi BMOHTOBaHI IWIIIHIPWYHI BCTAaBKH 3 METAJIB, 110 BXOJISIThH
70 CKJIaly TOKPHUTTS. BeTaBky MaroTh (hOpMy BTYIIOK i JOBXKHHY, OJTHAKOBY 3 TOBIIHHOIO OCHOBH Ta
BaKyyMHO IIIJIbHO BMOHTOBaHI y OCHOBY. BcepeawHy KOXXHOi BTYJKM HIUTBHO BMOHTOBAHO
130JTOp 3 MIANANIOIOYNM €JIeKTPOJAOM. Y BHUMAJKY, KOJIM MaTepiall OCHOBH BXOIUTH 0 CKIAIy
MOKPHTTS, 3aMICTh, SIK MiHIMYM OJHOTO OTBOPY JAJIS BTYJKH, Y LMJIIHAPHYHOI OCHOBH BHKOHAHO
OTBOPH, B fAKii BAKYyMHO LIUIbHO BMOHTOBAHO 130JIITOPH 3 MiJANATIOI0YHM EJIEKTPOIOM.

View A

Puc. 2. CxnagoBuit KaTOAHUN BY30J1 IMITYJIBCHOTO JIKepera IUIa3Mu:
8,9 — KOHIIEHTPHUYHI KOJIa, TI0 TKUM PIBHOMIPHO PO3MIIIICHI BCTABKH;
1HIII1 MO3UIii SIK Ha puc. |

Jlns  BunpoOyBaHb OyJI0 BHUTOTOBJIEHO CKJIQJAOBUH KaToJ 3TiAHO puC. 2, sKii
MicTHB 13 BCTaBOK: BICIM 3 THTaHy, PO3MIMIEHUX IO KOHIEHTPUYHOMY BIJHOCHO OCi OCHOBH
KOJIy 8; YOTHPH 3 IIUPKOHIIO, PO3MIIIICHUX MO KOHIICHTPUYHOMY BiJIHOCHO OCi OCHOBH KOJIy 9 1 o1Ha
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3 MomiOaeHy, ska Oyna po3MilieHa y IIEHTpi OocHOBU. [si 3a0e3mnedeHHs] TepMETHYHOCTI MK
pOOOUYMM TOPLIEM 1 TOPLIEM, 110 OXOJIO/PKYETHCS, CKIIaJOBOI0 KaTOJHOIO By3/1a BiH BUTOTOBIISIBCS B
Takuii crnoci6. CrmodaTky Ha MeTtaneBi BTyJikH 4, i3omstopu 5 (TpyOkm 3 kepamiku 22XC) i
T IMTAJTIOI0YH €JIEKTPOIM 6 HAHOCWIIM Y 30H1 iX MTOETHYBAaHHS IIap CIMOIYYHOTO MaTepialy, B SKOCTI
SIKOTO BUKOPHUCTOBYBanu cumikaT HaTpiro (NapSiO;-9H,). Ilicns BUTpUMKH LUX €IEMEHTIB MpH
KIMHATHIi TeMreparypi MpOTArOM TOAWHH, iX TOEIHYBaTM 1 B TakoMy 3i0paHOMY BUIJIsII
noMilaiyu B My(enabHy M4 MIAXTHOIO THIY, B SIKIH MOCTYMOBO MHiABMILYBAJIM TEMIEPATypy IO
1200 °C. Ilicns BUTpUMKHU Ipu 1iit Temnepatypi npotsarom 30 XB. 1 HACTYIIHOTO OCTUT'AHHS, BY3JIU 3
enemeHTiB 4, 5, 6. Oynu roroBumu. Ha HacTymHOMY eTami BHTOTOBJICHI BY3JM 3alPECOBYBAIH B
OTBOPU OCHOBHM KaTojy 2 IO MOCaJIll 3 HATArOM, sika 3abe3neuye repMeTndHicTs. Ha npoMy npouec
BUTOTOBJICHHS CKJIaJOBOTO KaTOAHOTO By3Jia 3aBEpIITyBaBCsl.

Ilicna BCTaHOBJIEHHS BUTOTOBJIEHOIO CKJIAJ0BOIO KaTOJHOIO BY3Jla Y BaKyyMHO-AyIrOBE
JDKEpEeJIo TUIa3MU Horo (JKepesio) BCTAHOBIIIOBAJIM Ha BaKyyMHY KaMmepy ycTaHoBKU «bymnar-6», B
AKii Oynu po3MmilieHi YOTHpH 3pa3ka 1 Ha SKi 3A1MCHIOBAJIOCH OCAHKEHHS MOKPUTTIB. BakyymHy
KaMepy BigkadyBami 1o po6ouoro THcky (2-107 ITa) i momaBanu Hampyry Ha anox | i ckiamoBuii
KaTtol 2 JpKepena Iula3Mu B Qopmyrodoi JiHii (Ha puc. 1 ymoBHO mno3HaueHo C), sika
3apsypKaach Bif Jokepena kuBieHHs 7. Ilicisg 1poro 3aiHCHIOBANM OCAJKEHHS IHOKPUTTS Ha
3pa3ky, 30yIKyI04l MMyCKOBI IMITYJIbCHI PO3PSAIHN MO poOOUiil MOBEPXHI 130IATOPIB 5 MOCIIJOBHUM
BMUKaHHSIM KOMYTYIOUHX €JIeMEHTIB Si...Sy. B Hamomy BHIagKy 3acTOCOBYBAaBCS AJTOPHTM
MOCTIIOBHOTO 30yJ’KE€HHsI BaKyyMHO-IYIOBOTO pO3psily Ha BCTaBKax 3 IUIA3MOYTBOPIOIOUMX
MatepianiB Ciii BIAMITUTH, IO 3MIHOK aJrOpUTMy 30YKEHHS BaKyyMHOI JAyr'M Ha BCTaBKax
CKJIaIOBOTO KaTOMy 3 pI3HUX METaliB MOXIJIMBO B LIMPOKOMY Jiana3oHi 3MIHIOBAaTH CKJaJl
OTpUMaHUX MOKpHUTTIB. HaBenenuit Ha puc. | xoMyTyroumii eneMeHT S; 3a0e3nedyBaB HEOOXIIHY
TPUBAIICTh IMIYJIBCIB JUI KOKHOT IPYIIH BCTAaBOK 3 OHOTO METAIy,

[TpakTruHi BUIpoOyBaHHS pO3pOOJICHOTO JKEpEIa TIa3Mu y PEKUM HAaHECEHHS TTOKPHUTTIB:
aMIUTITYHE 3HAYeHHA CTpyMy AyTH — 450 A, TpUBaiCTh IMIYJIbCIB IyTH HA TUTaHI Ta [UPKOHIIO —
50 mxc, Ha momiOaeni — 45 mkc, Ha amoMminii — 330 MKC, 4acToTa MPOXOJKEHHS IMITYJIBbCIB —
25...500 T'u, gac HaHeceHHs MOKpUTTIB 30 XB. MOKa3ajH, IO OTPUMAHHI 0araTOKOMIIOHEHTHI
MOKPUTTS MAlOTh TOBIIUHY OJIN3BKO 4 MKM 1 BMICT KOMIIOHEHT Y CKJIa/li TOKPUTTIB, SIKUI BUBYABCS
3a JIONOMOTOI0  eNEeKTPOHHOTO Mikpockorna PEM-106 i3 cHCTEeMOIO E€HEeproaucrepcHOro
MIKpOAHaJIN3y, MPONMOPLINHUA CcyMapHili TpPUBANOCTI 3HAXOJKEHHS IMITYyJBCHOIO BaKyyMHO-
JYTOBOTO pO3psAy Ha HUX.
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BU3HAYEHHS TPUBAJIOCTI IMIIYJIBCIB IYTI'I HA EJIEMEHTAX 3 PI3BHUX
MATEPIAJIIB CKJIAJOBOI'O KATOJA IMITYJIbCHOI'O I’KEPEJIA IIVIA3SMH
HarmionanbHuit aepokocmiunuii yHiBepcuteT iM. M. €. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

Jl51s oTpUMaHHS SIKICHUX 0araToeleMEeHTHUX MOKPUTTIB He0OX1IHO, MO-Tepiiie, CTBOPIOBATH
0araToeleMeHTHY IUIa3My, [0 MOYKHA 3pOOWTH BUKOPHUCTAHHSIM CKJIAJJOBHX KaTOJIB 3 CIIEMEHTIB
(3a3BHuail, BOHM BUKOHAHI y BUIJISAL BTYJIOK 3 PI3HUX METaliB), SIKI BXOJATh JI0 CKJIATy TMOKPUTTS
[1], mo-mpyre, 3aCTOCOBYBATH IMIYJIBCHUNA PEKUM pOOOTH BaKyyMHO-IYTOBHUX JDKEpEN IJIa3MH, B
SKOMY KIUJIBKICTh Kpameinb MaTepiany KaToja y IUia3Mi, IO TeHEPYEThCsS, y MOPIBHAHHI 3i
CTaIllOHapHUM PEKUMOM, Habarato MeHie [2].

30yMKeHHsT IMIYJIbCHOI BaKyyMHOi Jyrd 3a JIOMOMOTOIO 130JIITOpa 3 MiAHATIOIYUM
€JIEKTPOZIOM Ha pPOOOYOMY TOpILI BTYJIKH CKIQJ0BOTO KaToJa IMPHUBOAMTH JIO BHUIIAPOBYBAHHS
MeTaly, 3 SKOro 3poOjieHa BTYJKA, 1 MOTPAIUISHHIO HOTrOo 10 MOKPUTTS. JOCSATTH yMOB, KOJIH
KaToJlHa IUISIMA JYyTU iICHY€ TUIBKH Ha poO0OYOMY TOpIIi BTYJKH (151 yMOBa 3a0e3reuye BiJICYyTHICTh
HECaHKI[IOHOBAHOTO TMOTPAIJITHHS MaTepialiB CKJIaJ0BOTO KaTrofa A0 TOKPUTTS), MOKIHBO
BUKJIFOYHO B IMITYJIbCHOMY PE€XKHMI TOPIHHS BaKYyMHOI IyTH MPH TPUBAIOCTI IMITYJIbCIB HE OiIbII
4acy, HOTPiOHOTO Ui MPOXOHKEHHS KATOIHOI IUISIMU MPOMDKKY B MICIs 11 BUHUKHEHHS (Mexa
Ha poOodiii MOBEpXHI BTYJIKH MK ii BHYTPIIIHBOIO TOBEPXHEIO 1 130JIATOPOM) J0 MeXi MiX ii
30BHIIIHBOI TOBEPXHEIO 1 MOBEpXHEI OCHOBU. OCKIUIBKM BEIMYMHA TAKOTO MPOMIKKY Maia
(mexinbka MITIMETPIB), a MIBHIKICTh PyXy KaTOJHOI IUISIMH MOKE JIOCSTaTH JIEKiIbKa JECSTKIB
METpIB y CEeKyHAy [3], TO TpHBAIICTh IMIYyJIbCIB BaKyyMHOI IyI'M HE MOXE IEepeBepIIyBaTH
JIeKibKa JIeCATKIB MiKpocekyHH. Tpeba BpaxoByBaTH TakoX Te, L0 HIBHJKICT PyXy KaTOJIHOI
IUISIMA  3QJICKATHh BiJ (DI3UKO-TEXHIYHUX XapaKTepUCTHUK MaTepiandy, Ha SKOMY BOHa ICHYyeE 1
BEJIMYMHM MAarHITHOTO TOJIA, K€ 3a3BMYall MPUCYTHE Yy JoKepesax IiasMu A (OKyCyBaHHS
IJIa3MOBOTO TIOTOKY Ha TpUMay MIAKIAAKH, a TaKOX PsAAy 1HIMHUX oOcTaBUH. TOoMy TpHBATICTh
JYTOBOTO pO3psily Ha BCTABKaX 3 PI3HUX METANIB JUIsl BUKOHAHHS YMOBH ii ICHYBaHHS TUIbKHM Ha
poOoUmit TOBEPXHI BTYJIOK Oy/Ie pi3HOIO.

Jlns BU3HAUEHHS TPUBAJIOCTI IMITYJIBCIB JyTH, KOJM KaToAHA IUISIMA ICHY€ TIIbKM Ha
pobounii TMMOBEpPXHI BTYJIKH, I PI3HUX MaTepialiB BTYJIOK OyJ0 BHKOHAHO CEpII0 TaKHX
€KCIIEPUMEHTIB. BUroTOBIAINCH KAaTOAH, Y SKMX B OCHOBY OyJM BMOHTOBaHI BTYJKH (BCboro 13
BTYJIOK) TUIBKH 3 OJHOTO 13 MaTepiaiiB — TUTaHY, IIMPKOHII0 a00 MomioaeHy. OCHOBA SBIsIa COOOI0
WTHAP 3 amoMiHito aiamerpoM 60 mwm 1 ToBmmHOW 10 MM. Ilicias ycTaHOBKM Takoro KaToay B
IMITYJTbCHE JDKEPEJIO TUTa3MHU 1 PO3MIIICHH] 3pa3Ka Ha TpUMadl MiAKIaAKH, BIH TOYWHAB TIPAIIOBATH
15 xBwIMH B pexuMi 30y/DKEHHS IMITYyJBCHOI JIYTd TUIBKM Ha OJIHI€T BCTaBIl NMpPU TPHUBAJIOCTI
iMITysibCiB 1yrd 30 MKC, KOJIM TapaHTOBAaHO KaTOJHA IUIsIMa JYyTH ICHyBaja TIIbKH Ha POOOYMIA
MOBEpXHI BCTaBKU. Jlaii, 3a JOOMOT010 CUCTEMH €HEPrOAUCIIEPCHOTO MIKPOAHATi3y €JIeKTPOHHOTO
Mmikpockorna PEM-106 mocmimkyBaBcsi CKaj MOKPUTTS Ha OTpUMaHOMY 3pa3ky. Koiau B OKpHUTTI
OyB BIJICYTHIH aJIOMiHii, Ipoliec MOBTOPIOBAIM — B BAKYYMHY KaMepy 3arpy>kaBcs 1HIINHN 3pa3ok, 1
HaHECEHHs TOKPHUTTS 3I1MCHIOBAJIOCH MPH POOOTI KATOAHOTO By3Jia Ha HACTYIHIA BCTaBIl MPH
30IbIIYBaHOI HAa 5 MKC TPHUBAJIOCTI IMITYyJIbCHOIO JYyTrOBOrO pO3psiny. TpuBamicTh iMITyJIbCIB
BAKyyMHOI JyTH PETyJIOBAIACS KOMYTYIOUHM €JIEMEHTOM (THPHCTOPOM), K1 3 €qHYBaB aHoO 1
KaToJ juKepena ria3Mu. CrpalboByBaHHs TaKOTO THPUCTOPA MPUBOJUIIO IO IPUITUHEHHS JyTOBOTO
po3psLy.

Tak BinOyBanocs 10 MOMEHTY, MOKM B MOKPUTTI Ha 3pa3Ky He 3'ABisABCs amtoMiHid. [licms
[IOT0 BHU3HAYAJIW MAKCHMaJIbHYy TPUBAIICTh IMIYJIbCIB AyTW HA JAHOMY MaTepiaii BCTaBIli, KOJIH
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KaToJIHa IUISIMA IMIYyJIbCHOI IYT'H iCHy€ TUIBKM Ha poOOYiil MOBEpPXHI BCTAaBKH, SIK OCTAHHIO
TpI/IBaJ'IiCTB IMITyJIbCIB, TIPH SIKUM B HOKpI/ITTi Ha 3pa31<ax OyB BiACyTHIM amoMiHiid. Bukonani
JOCITIJDKeHHST TIOKa3aliM, IO MarTepiall OCHOBU HE 3’SBISETHCA Y TMOKPUTTIB 3pasKiB Mpu
MaKCHMAJIbHOI TPHBAJOCTI IMITyJBCIB AYyTW: Ha BTYJKaxX 3 THTaHy 1 LUpPKOHII0O — 50 MKc; Ha
BTYJIKaxX 3 MOJiOieHy — 45 MKc.

Y BumanKy, KOJAM JO CKJaay TMOKPHUTTA BXOJUB Marepial OCHOBU (alIOMIiHiN),
BUKOPUCTOBYBAJIACh KOHCTPYKIIiS KaTOTHOTO BYy3Ja, B AKOi 3aMiCTh BTYJIOK BCTAaHOBIIOBAJIHCH
TUIBKH 130JIITOPU 3 MIANATIOIYUM €JIEKTPOAOM. Y IIbOMY pa3i, OCKUJIbKHU MBUIKICTh PYXY KaTOIHOI
IUISIMA Ha QJIIOMiHIi HA TIOPSIOK MEHIIE HiK Ha THTaHI, IUPKOHIi 1 MomiOaeHi [3], TO TpuBamicTh
IMITyJIbCIB IyTH Ha atoMiHIl TpeOa 3HauHO 30uiblryBaTH. Lle moB’s43aHO 3 TUM, IO MPHU BEIUKIN
PI3HUII y MBUAKOCTI pyXy KaTOAHOI IUISIMH HA MaTepiajax MpU OAHAKOBOI TPHBAJIOCTI IMITYJIbCIB
BaKyyMHOi JAyru OyJe cIocTepiraTucs CyTTe€Ba pI3HHUIS Yy pPO3Mipax 30H BHUPOOJICHHS
(BUmapoByBaHHS) Ha BCTaBKax 3 IIMX MeTamiB. Tak, NMpPH OTHAKOBOI TPHBAJIOCTI IMITYJIBCIB
BakyyMHOI ayru y 50 MKC IIMpHHA 30HM BHPOOJCHHS Ha BCTaBI 3 TUTaHy Oy/ae CTaHOBUTH
OMM3bKO 2,5 MM, a Ha BCTaBIi 3 ATIOMIiHIIO IIUpUHA 1i€l 30K He Oyne nepepimyBaru 0,15 mm. Taka
Maja 30Ha BUPOOJIEHHS Ha BCTaBIIl 3 aJIOMIHIIO OyJe MPU3BOJIUTH A0 HIBUAKOTO 1i BUPOOJIECHHS 1
3aHypeHHsI KaTOJHOI MuIsiMu Briaud BcraBkd. Lle, y cBoro yepry, Oyae MpU3BOIUTH J0 3HMKCHHS
HafiitHOCTI 30yKeHHSI BaKyyMHOI JIyrM Ha HEW 1 MpoIycKaMm IMIYyJbCiB IyTd Ha BCTaBli. Takuii
nporiec € HebakaHUM, OCKIIBKA HEKOHTPOJIBOBAHO Oy/i€ 3MEHIITyBaTH BMICT aJIIOMiHIIO Y TIOKPHUTTI.

g 3amo0iraHHs 1bOMY SIBUIMY TpeOa 30UIbIIyBaTH 30HY BUpPOOJIEHHI Ha Marepiaii 3
HU3bKOIO MIBUKICTIO IEpECyBaHHs KaTOIHOI IUISIMU. (Y IIbOMY BHUITaJIKy — Ha amomiHii). Lle moxHa
3poOUTH, 30UTBIIYIOUM TPUBATICTH IMIYJBCIB BaKyyMHOI JyTW Ha TakoMmy marepiani. Tak, mpu
30UTBIICHH] TPHUBAJIOCTI IMITYyJIBbCIB JYTHM Ha BCTaBIl 3 aJIOMIHIIO 0 665 MKC, OTPUMYEMO 30HY
BUPOOJICHHS Ha HEH OJIM3BKY 10 2 MM, IO BXKE € IPUHHATHHUM.

IMmynbcHuil pesxuM  poOOTH JpKepena IUla3MH TP BHU3HAYCHHUX TPUBAIOCTIX JIyTH
3a0e3neuye BUpPOOJEHHS TUIBKM MaTepiaiiB BCTAaBOK IMPH MiHIMAlIbHOI KUIBKICTI KparuidH, SKi
NOTPAIUISAIOTh Y MOKPUTTS. buiemn Toro, mpu BUpOOJIEHHI BCTAaBOK CTIHKM, SIKI YTBOPIOIOTHCH,
MEePENIKOKAOTh TOTPAIUIIHHIO Kparelb y TEeHEPOBaHHWM IUTa3MOBIM MOTIK [1], 1m0 mokpamrye
SKICTb TOKPUTTIB.

Takum YWHOM, BHUKOHAHI EKCIEPUMEHTAIBbHI JIOCTI/DKCHHS BHW3HAYWIM TPUBAJIOCTI
IMIYJIbCIB BaKyyMHOI JYI'M Ha BCTaBKax 3 PI3HUX MarepiajiB, KOJIU 3/1HCHIOETHCS BUPOOICHHS
TITBKH MaTepially X BCTABOK, IO JO3BOJISIE OTPUMYBATH 0AaraTOKOMITOHEHTI TIOKPHUTTS 3aaHOTO
CKJIaJly IIPU BUCOKIH iX SKOCTI.

CnucoK BUKOPUCTAHMX JIKepeJT
1. AngpeeB, A. O. Texnomnoris MammHOOyayBaHHA. OCHOBH OTPHUMAHHSI BaKyyMHO-IyTOBHX

nokputTiB : miapy4d. / A. O. Aumpees, B. M. Ilasnenko, FO. O. CucoeB. — XapkiB : Harr.
aepokocM. yH-T iM. M. €. XXykoBcbkoro «Xapkis. aBiail. iH-T», 2018. — 288 c.
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METOIU HAHECEHHS 3HOCOCTIMKOI'O IOKPUTTS TA iX KOMBIHYBAHHSI
Hamnionansnuit aepokocmiunuil yHiBepcutet iM. M.€. JKykoBcbkoro
«XapKiBChKUH aBiallifHUIA IHCTHTYT»

HaneceHHs1 MOKPUTTS — 1€ CKJIaJAHUN MpoOIleC KOTPUN MOENHYE B cOO1 Oarato HampsIMKiB:
MaTepianio3HaBCTBO, (i3uka, Ximis. ICHyI0TH pi3HI METOAM HAHECEHHS NOKPUTTIB TMOB’s3aHi 3
TEPMIYHMM HarpiBOM Ta pO3MIJICHHAM. XiMi4HI Ta XIMIYHO-TEpPMiYHI METOIM TIOB’s3aHi 3
BUKOPUCTAHHSAM arpecUMBHOrO CepelloBHILNA Ta BUCOKOi TemmepaTypu. Cepen (i3WYHHX METOMIB,
MO’KHA BHJIUTMTH: HA OCHOBI BHITAPOBYBaHHS MaTepialy Ta Ha OCHOBI pO3NIJICHHS MaTepiatiB.

[IIupoko 3acTtocoByeTbest Tiitouuii [1] Ta ayroBuil po3psa 3a pPaxyHOK XapaKTepHHUX
BIIACTHBOCTEH, TaKWX SK BUCOKA aare3is, 30€peKCHHS XIMIYHOTO CKJIaTy BUXIJIHOTO Marepiany,
OJTHOPITHICTh KPUCTANIYHOI CTPYKTYpH. Tiit0unii po3psia GopMyeThCS 32 BUCOKHX THUCKIB rasiB B
peakropi (10%...10" ITa), mo moripmye ajresiro MOKPHTTS Ta BIUIMBA€ Ha XiMiuHmii ckmam. s
3MEHILIEHHS THUCKYy Ta, BIAMOBIAHO  30LMBIIEHHS  IIBUAKOCTI HAHECEHHS  IMOKPUTTS,
BUKOPHUCTOBYETHCS METO/I MATHETPOHHOTO PO3MIJICHHS. 32 PaXyHOK MAarHITHUX IOJIIB BiJOYyBa€ThCS
e(peKTUBHE TPAHCIOPTYBAaHHSI PpO3NMJIEHOIO MaTepially Ta 3MEHIIEHHS THCKY B PEaKTopi.
HenonikoM MarHeTpOHHOTO PO3MHIICHHS € HEOOX1THICTh OXOJIOKEHHS ITiIKIaAKH. BripoBamKkeHHS
IMITyJTbCHOT MOAa4i XKUBJICHHS Ha MIAKIAIKA a00 eneKTpoau GopMye KOPOTKOUACHI BUCOKOTIOTYKH1
po3psaM, KOTpi 3MEHIIyIOTh 1i Temmeparypy. KomOiHyBaHHS METOMIB Uil TOJIMIICHHS
XapaKTePUCTHK, TaKUX SIK TYCTHHA MOKPUTTS, HIOPCTKICTh, 3HOCOCTIHKICTh, T€pPMiUHA CTIHKICTH,
KOB3aHHSI Ta aJre3is pO3MUPIOE MOXKIIMBOCTI 1HAUBIIyaATbHUX METOMIB. [Ipu TiOpuaHuX MeTomax
HAHECEHHS MOKPUTTS [2] BIAKPUBAETbCA MOXKIMUBICTH 151 (POPMYBAHHS HAHOCTPYKTYPOBAHOTO
MOKPUTTS 3 TIOKpAIIEHHsIM MiX (a30BoOi ajaresii Ta 3MiHOIO CTPYKTYpH NMOKpuTTa. HactynHa cxema
MoJa€ CTPYKTYPY METOMIB (iI3MYHOTO OCA/PKCHHS 3 MapoBoi (a3u Ha OCHOBI BUIIAPOBYBAHHS Ta
PO3MUIICHHS MaTepially 3 ypaxyBaHHIM IepeBar Ta HeJOJiKiB IIUX MeToAiB (puc.l).

MNpobnemu

MianyHe ocapKEHHA 3 4 Teperpis miweHi

1 PiBHOMIipHE BMNapoByBaHHA MmilleH]

naposoi ¢asu (PVD) 5 Mana aaresia
2 Mana npoayKTUMBHICTE 6 3anobiraHHAa
i TBOPEHHIO Ay
3 MNeperpis BUNapOByBaHHA 2 3 PosnwneHHa yTBOpP Ay
3 2
TepmiyHe Balyysinn KarogHe MarHeTpoHHe
Ayrose
6
loHizosaHe dizmuHe
PesucTMBHMA OCARMKEHHA :
, AHogHa 3 naposoi a3 3 CTpyMOM
Harpis pyra (iPVD) 4 g BHUCOKOI
YacToTH
IHOYKUIAH WA KatonHa BM_caKonnTyH{He
Harpie ayra IMnynbCcHE 1 HezbanaHcosaHe
MarHeTpoHHe MarHeTpoHHe
PO3nNWAEHHA DO3MNUNEHHA
EnekTpoHHKA Nazepruii (HIPIMS)
NPOMiHb i . :
P npomMiHb |OHHA iMNAaHTaLUIA Ta OCALMEHHA 33

Aonomorok naazmu PHID

Puc. 1. Cxema po3nonizy MeToay (pi3H4HOr0 OCaHKEHHS 3 TapoBOi (pa3u

[TpucytHi nBa Meroau (Pi3MYHOIO OCAIKEHHS 3 MapoBOi (a3d — BHUIIAPOBYBAHHSA Ta
posnuiieHHs. Po3mwieHHS TOKa3ye Kpaimly TpOXyKTHBHICTH Ta 3amoOirae meperpiBy. [lpum

143



PO3MUJICHHI MOTPIOHO TOKpAIIyBaTH aJres3iro Marepialy, 3amodiraTd yTBOPEHHIO JyTH, Ta He
neperpiBaTé MilleHb 1 piBHOMIpHO ii BHIIpanbOBYBaTH. PyxaTHch B LbOMYy HAaIpsSMKy AalOTh
MOJJIMBICTh OKpEeMi METOAM fKi BHPINIYIOTH OAHY 3 mpoOsiem. IIpm xoMmOiHyBaHHI AEKUIBKOX
METO/1iB MOTPIOHO MparHyTu 10 (GopMyBaHHS KpallluX MapaMmeTpiB MpoIlecy OCaKeHHs MaTepiaiy
Ta MOKPAILICHHS XapaKTEePUCTUKH MOKPUTTSL.

CnucoK BUKOPHCTAHUX JKepelt

1. Simeni, M. S. Townsend to glow discharge transition for a nanosecond pulse plasma in
helium: space charge formation and resulting electric field dynamics / Marien Simeni
Simeni, Yashuang Zheng, Edward V Barnat, Peter J Bruggeman // Plasma source science
and technology. — 2021. — 30. — 055004. — 12 pp. — DOI: https://doi.org/10.1088/1361-
6595/abf320

2. Vetter, J. Characterization of advanced coating architectures deposited by an arc-HiPIMS
hybrid process /J. Vetter, K. Kubota, M. Isaka, J. Mueller, T. Krienke, H. Rudigier // Surface
& Coatings Technology. —2018. — DOI:10.1016/j.surfcoat.2018.05.075
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E®EKTUBHICTb BUKOPUCTAHHS ITAPAMETPIB BIIVIMBY TEMIIEPATYPHUX
MOJIIB B 30HI JIIi IASEPHOI'O BUITPOMIHIOBAHHSI HA CTAJII 3 PIHUM
BMICTOM BYIJVIEHIO
Hamionanenuii aepokocmiunuil yHiBepcuteT iMmeHi M.€. XKykoBcbkoro
«XapKiBCHKUH aBiallifHUIA IHCTUTYT»

Jlnst BucokoByrieneBux craned Y8 i Y12 mpu aii teruoBoro motoky 3-1010 Br/m2 i
2,5-1010 Br/M2 MmakcumainbHi TeMIepaTypu mnepeBuilytoTbh Takox 1500 K 1 HaGmmxkaroTbest 10
2000 K, ane gac aii Takux Temnepatyp He nepeBuirye 2-10-7 c. s Takux MartepiaiiB MpH 1HIINX
pexumax no yacy naii 10-6 ¢ TeMmeparypHHil PeKUM CHpHUS€ YTBOPEHHIO HAHOCTPYKTYp, Ta M
HMIBUJIKICTE HapocTaHHs TeMmrmepartyp mnepeBuinye 107 K/c. Ile minTBepmkye, mo 1 Ui Takux
MaTepialliB BUCOKa HMOBIPHICTh YTBOPEHHS HAHOCTPYKTYp [1].

OuiHuTH PO3Mip 30HH YTBOPEHHS HAHOCTPYKTYPHU MOXKHA 33 PaJlyCOM 30HU yTBOPEHHS
HAHOCTPYKTYp. s 1boro moOyJoBaHa MPOCTOPOBO-YACOBA KAPTHHA PO3IMOJUTY TEMIIEpaTyp IO
paniycy Ta B yaci juis ctaii 40X npu i TermioBoro moToky 3 migbHicTio 3 1010 B1/M2 mpu paniyci
msivu 0,1 MM.

Bunno, mo 3a pamgiycom TemmepaTypa 3HWXKYETbCS B TIOPIBHSHHI 3 MaKCHMaJIbHOIO Ha
200...250 K, 1o cBiguuTh PO HE3HAUYHMN BIUIMB 30HH, JIe TeMIIepaTypa MEpPEeBUIIYE OMYCTUMY
(1500 K), na xapakrep 3pocTaHHs 3epHa, kMl Oyne He3HauHUM. Bce 1e mie pa3 miaTBEpaXKye
MOXJIMBICTh OTPUMAHHS HAHOCTPYKTYp y Iapi TIMOWMHOI TMOPSAIKY MIKpOMETPIB 1 pajiycom
oinpmie 0,1 Mm.

Jlnst BUOOpY TEXHOJOTIYHUX TapaMeTpiB JIa3€pPHOTO BHUIPOMIHIOBAHHS TPU OTPUMAaHHI
HAHOCTPYKTYpP Ha OCHOBI MMPOBEICHUX PO3PAaXyHKIB TeMIepaTyp 1 LIBUAKOCTEH iX HApOCTaHHS OyiH
n00y/I0BaHI 3aJIE)KHOCTI KPUTUYHUX HIUIBHOCTEH TEIIOBHUX MOTOKIB (ypmax 1 up min B HACY iX
i1, IpU SIKUX YTBOPIOIOTHCS HAHOCTPYKTypHu Ha ctaii 40X (puc. 1).

JoHa TRPMONDYHHCI

. [ ENT
10° +

JoHa yTeopeHHA HO

-
Qup. main

JOHA 3 HW3BKOK WEHAKICTIO Harpisy

10!
i b i }

0T ot 10 1o 10+ 10° ¢

Puc. 1. 3anexxHicTh KpUTUYHUX 3HaYEHb HITBHOCTEH TEIIOBUX MOTOKIB, 10 3a0€3ME€YyI0Th
OTpPHMaHHS HAHOCTPYKTYP Bif yacy ix mii
BupnHo, 110 30Ha TEXHOJIOTIYHHMX MapaMeTpiB, MO 3a0e3redye OTPUMaHHS HAaHOCTPYKTYP,

OOMEKeHa MPAMUMHU (yp maxs Gup min, 30HOK, JIE HENOCTATHS IUBUJAKICTH POCTY TEMIEPATypH i
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30HOI0, JIe BUCOKA HMOBIPHICTh TEPMOIPYKHOTO pyiHyBaHHS [2,3]. [TokazaHO MOXIIMBICTE BUOOPY
TEXHOJIOTIYHUX TapaMeTpiB JIa3€pPHOTO BHITPOMIHIOBAHHS, IIUIBHOCTI TEIJIOBOTO MOTOKY Ta 4acy
foro nii, o 3a0e3MevyoTh OIep)KaHHSI HAHOCTPYKTYP Y TOBEPXHEBOMY IIIapi.

CnucoKk BUKOPHCTAHUX JKepe

1. Baranov, O. Current Distribution on the Substrate in a Vacuum Arc Deposition Setup. / O.
Baranov, M. Romanov, // Plasma Processes and Polymers. — 2008. — Ne 5. — P. 256.

2. Bazaka, K. On the growth and electrical characterization of CuO nanowires by thermal
oxidation / K. Bazaka, O. Baranov, U. Cvelbar, B. Podgornik, Y. Wang, S.Huang, L. Xu, J.
W. M. Lim, I. Levchenko, S. Xu// Nanoscale. —2018. — Ne 10. — P. 17494-1751.

3. Shyrokyj, Y. V. Simulation of an arc discharge on copper cathode for the generation of
nanostructures / Y. V. Shyrokyi, G. 1. Kostyuk // Open Information and Computer
Integrated Technologies, — Ne 91. — 2021. — C. 62-76.
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STUDY OF OPTIMAL LASER PARAMETERS FOR OBTAINING NANOSTRUCTURES
IN THE SURFACE LAYERS OF CARBON STEEL
National Aerospace University named after M. Ye. Zhukovsky
«Kharkiv Aviation Institute»

For the general verification of the model, the temperature fields in the zone of action of laser
radiation on steel 20 (Fig. 1. a) and steel 50 (Fig. 1. b) were determined, and both the heating and
cooling processes were considered. Calculations were performed for heat flow densities and time of
its action, which are close to those required for obtaining nanostructures (500...2000 K), and at a
rate of temperature increase exceeding 107 K/s. Yes, in fig. 1 shows the dependences of the
maximum temperature in the spot r = 0,1 mm under the action of heat flows with peak densities
qlmax= 1010 W/m?, g2max= 2-1010 W/m* and q3max= 3-1010 W/m” with an action time of 10~
with steel 20 (Fig. 1, a) and steel 50 (Fig. 1, b).
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Fig. 1. Temperature distribution at a depth of 1 um during the action of laser radiation
on steel 20 — a and steel 50 — b. The peak density of the heat flux acting at the initial moment of
time is 3.5-107 s

Also, in order to determine the optimal technological parameters of laser radiation when
obtaining nanostructures, based on the calculations of temperatures and their growth rates, the
dependences of the critical heat flow densities qypmax and Gypmin On the time of their action,
during which nanostructures are formed on 40X steel, were constructed.

The zone of technological parameters that ensures the production of nanostructures is
limited by the lines qyp maxs Gupmin, the zone where the rate of temperature growth is insufficient
and the zone where the probability of thermoelastic destruction is high. The paper shows the range
of choice of which technological parameters of laser radiation, i.e. heat flux density and its action
time, which ensure the production of nanostructures in the surface layer.
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MOJEJIOBAHHSA YMOB OTPUMAHHSA HAHOCTPYKTYP
IPU IOHHO-IIVIA3SMOBIN OBPOBII]I
Hamionanenuit aepokocmiunuii yHiBepcuret iM. M.€. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN ITHCTUTYT»

VY cydacHOMY BUPOOHHMITBI HAHOTEXHOJIOT1i BUKOPUCTOBYIOTHCS J1y’>K€ IIUPOKO, SIK 3aXHCHI
MOKPUTTS I71s1 TPUOIB Ta pO3MOIUIBHUX BaJliB 200 sIK KaTalli3aTOpPH XIMIYHHMX peakiiid. Takox BOHU
3aCTOCOBYIOTBCS Y EJIEKTPOHIIl Ta MIKPOGJEKTPOHIIl, SK TOKPUTTS JJs eKpaHyBaHHS
€JIEKTPOMATHITHUX XBHJIb a00 K aBTOEMICIHHI JpKepesia eeKTPOHIB Yy BaKyyMHIM €JIeKTpOHilli, a
TaKOX y CEHCOPHHX, €IEKTPOHHUX, ONTOCICKTPOHHUX HAHOMPHUCTPOSIX.

OTpuMaTyd HAHOCTPYKTYpPOBaHI MaTepiali MOXHa PI3HOMAHITHUMH OlOCHHTETUIHUMH,
€JIEKTPOXIMIYHUMHM, IJa3MOBUMHU Ta IHIIMMU MeTogamu. OcoOiaMBO 1iKaBl BaKyyMHO-IYyIOBI
METOJM, SIKIi MOXYThb BHUKOPHUCTOBYBATHUCS Ui OTPUMAaHHS TOHKHMX TIOBEPXHEBHX abo
OararomrapoBuX HAaHOCTPYKTYD.

OCHOBHI TEOPETHUYHI MOCTI/KEHHS Ui OTPUMAaHHA HAHOCTPYKTYpP Yy KOHCTPYKIIIHHHX
MarepiajJax 3 BHKOPUCTAHHSIM 1OHHO-TJIa3MOBHX TEXHOJIOTiH 0a3yloThCS Ha BHKOPHCTaHHI
TETUTOTIPOBITHOCTI, TEPMOMNPY>KHOCTI Ta 3arallbHUX XapaKTEpUCTHK Marepiaimy. AJe 1i METOIu He
BpPaxoOBYIOTh OCOOJHMBOCTI €JIEKTPOHHOI TEIUIOMPOBIAHOCTI Ta TEIUIONPOBITHOCTI PEILIITKU
Matepiany (poHOH-(DOHOHHOT TETUIOMPOBITHOCTI), TOOTO MOXKYTh HEKOPEKTHO BPaXOBYBATH
3aNIeKHOCTI KoedillieHTa JIHIHHOTO PO3LIUPEHHS, MOMAYJS MPY>KHOCTI TEMJIOEMHOCTI Ta IHIIUX
(h13MKO-MEXaHIYHUX XapaKTePUCTUK MaTepialy BiJl XapaKTepy TEIIOBOTO Ta MEXaHIYHOTO BIUIMBY
Ha HBOTO.

B 1mpoMy nociiJKeHHI NpPOBENEHO YIOCKOHAJIEHHS MONEpeIHbO PO3pOoOJIeHOT MOAemi
TETJIOMPOBITHOCTI ¥ TEPMOMPYKHOCTI 3 ypaxyBaHHSM BCIX MOMUIMBHX 30BHIIIHIX Ta BHYTPIINTHIX
TEIJIOBHX BIUIMBIB 3 BUKOPUCTAaHHAM KBAaHTOBO-MEXaHIYHOTO MiAXOIy JI0 ONUCY OYJJ0BU MaTepiaiy.
Ile m03BONMMIO TOYHINIE BU3HAYWUTH TEXHOJOTIUHI MapaMeTpPH TOTOKIB 10HIB IJIi OTPUMAHHS
HAHOCTPYKTYp y 00poOII0BaHOMY MaTepiaJi.

3a BIOCKOHAJICHOI MOJCIUII0 3 BUKOPHCTAHHAM TEIIO(I3HUYHUX, MEXaHIYHUX 1 KBAHTOBO-
MEXaHIYHUX XapaKTepUCTUK Npu oOpoOIi Mial 10HAMH KHCHIO PO3pPaxOBAHO TEXHOJOTIUHI
rapaMeTpu, HEOOXiAHI I TOSBH HAHOCTPYKTYp IEBHOrO OOCSATY sSK 3a 00’€éMOM, Tak 1 3a
IMOMHOIO 1X yTBOpeHHs. OTpuMaHi pe3yibTaTH MOPIBHSAHI 3 BIJOMUMH €KCIIEPUMEHTAIbHUMU Ta
JIOBITKOBUMH JTAaHUMH. 3pOOJICHO BUCHOBKH, IIIO TIPHU PO3paxyHKaxX MapameTpiB HAHOCTPYKTYD IS
TexHoorii 3 eneprismu ioHiB (100 — 500 eB) moTpiOHO KOPUCTYBATUCS paHIIIe 3aMPONOHOBAHOIO
MozeuTo [1] 3 3arabHUMU TETUTO(DI3UYHUMHU Ta MEXaHIYHUMH XapakTepuctukamu. [lpu eneprisx
ionis y miamasoni 10° — 2:10° eB mpu KOpHCTYBaHHI Ti€r0 % MOJIENTIO HEOOXIIHO BPAaXOBYBATH
KBaHTOBO-MEXaHIUHI BIUIMBH, a TpH eHeprisx Bume 10° eB moTpibHO IPOBOIMTH PO3PAaXyHKH 3a
JIBOMa BapiaHTaMM 1 TICJIsA TOPIBHSAHHA BUKOPUCTOBYBaTH BapiaHT, HaWOMMK4Yuil 10
eKCIIEPUMEHTAIBHIX ~Ppe3yJbTaTiB. BIockoHameHy Momenb MOXHAa BHKOPHCTOBYBATH  JUIS
KOpEryBaHHS TEXHOJOTIUYHUX MapaMeTpiB 10HHO-TJIa3MOBOI OOpPOOKM 3 METOI0 OTPUMAaHHS
HAHOCTPYKTYP B 3aXHUCHHX Ta 3MIIHIOIOUMX TOKPHUTTSIX.

Cnucoxk BUKOPUCTAHUX JI3KepeJt
1. Kostyuk, G. Prospects for producing nanostructures in the volume of parts under the action

of plasma flows / G. Kostyuk, O. Melkoziorova, E. Kostyuk, Tur. Shirokiy // Rizannya and
tools in technological systems.— Khr'TU «KhrTU» .—2020.— 92.— pp. 107-121.
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BATATOKAHAJIBHA, BATATOBIJVIIKOBA TH®OOPMAIIIMHO-BUMIPIOBAJIBHA
CUCTEMA
Hamnionanenuit aepokocmiunuil yHiBepcutet iM. M.€. JKykoBcbkoro
«XapKiBCHKUH aBiallifHUIA IHCTUTYT»

bararokananeHi iH(popmariitHo-BuMiptoBaibHi cuctemu (IBC) mmpoko 3acTOCOBYIOTHCS Y
eKCIIEPUMEHTAIbHO-HAYKOBUX a TaKOX Y BUPOOHMYMX JOCIHIKEHHSAX MMapaMeTpiB TEXHOIOTTYHHUX
nporeciB. KoHTponp mapameTpiB — HalBaXJIMBilIa YaCTMHA TEXHOJIOTIYHOTO IMPOIECY, AKa Y
MEXaHIYHIM BUPOOHMUTBI csArae 15% poOoyoro yacy LUKIY BUTOTOBIICHHS, a Y €JIEKTPOHILI- e
OurbIIe. ABTOMATH30BaHI BUMIPIOBAJIbHI CHCTEMH 3a3BHYail BUKOPUCTOBYIOTh TaM, Jie € moTpeda
IIBUJIKOTO BUMIPIOBAHHSI BEJIMKOI KIJIBKOCTI ITapaMeTpiB, HANPUKIIA[ OISl PO3NOALTY TEMIIEpaTyp B
kamepi 3ropsiHES AJl, a00 MexaHIYHUX HAaBAaHTA)XCHb HA CHJIOBI €JIEMEHTH KpHWJa TPAaHCIOPTHOTO
JiTaKa Mpy 3MiHHIA JUHAMII MONBOTY, T. 1.

Mertoto poboTH € modyaoBa YHIBEpCaIbHOI CTPYKTYpHO- iHpopmauiitHoi moxaeni IBC, sika
HajaBaia 0 MOKJIMBOCTI MOAAJBIIOI CTPYKTYPHOI Ta alrOPUTMIYHOI ONTHMI3allii y BiAMOBIIHOCTI
70 3aBJaHHS TPOCKTY. AKTyaJbHICTh 3a/adi BU3HAYAETHCS TMOBCIKICHHUM 3pPOCTAaHHIM PO
KOHTPOJIBHHUX 3aX0/I1B Ta METOIB 1X 3/11iiCHEHHS Y OyIb-siKiii chepi HApOIHOTO rOCTIOAaPCTRA.

Oco6muBocti MmonemoBanHsi IBC peranbHO po3risiHyTi, Hampukian, B [1], me HaBiTh
3alpONIOHOBAHA BX1JHA MOBa IO3HAYEHHS CTPYKTYPHO-aJTOPUTMIYHUX pIlIEHb BHUMIPHOBAJIbHUX
CHCTEM.

CrpykrypHa cxema y3aragbHeHoi IBC mnoxexHoi Oe3nekd, IO CTBOPEHAa B MeXax
KypCOBOTO NMPOEKTYBaHHS, HaBeJIeHa Ha puc.l, 1e A- 4yTIHBI BUMIpIOBaJIbHI €JI€MEHTH (CEHCOPH);
B - xommaparopu; C - eneMeHTHM maMm’sTi cTaHy 00’e€kTa; D - enemMeHTH BIUIIKY Hapamerpy
(MYUITBHUKH).

Cuctema 103BOJII€ CKaHYBaTH JTATUMKU TOXKEKHOI O€3MeKH, 10 pPO3TAIIOBAHI y JEKUIBKOX
TEXHOJIOTIYHUX MPUMIMICHHAX (Ha MOJENi PO3IIITHYTO TPH), KOXKEH 3 SIKMX HaJIAIITOBAHUN Ha
NIEeBHY TEMIIEpaTypy CHpalbOBYyBaHHs. JIIYMIBHUK HOMepa 00’€KTa 3MOJEIbOBAHUM Ha TpUrepax
(5, 6) Ta nemmgparopax (7...10), M0 CUHXPOHI3YIOTHCS TAKTOBUMH IMITyJIbcaMU TreHepaTopa (4).
Hemmudpatopu (7, 8, 9) mia’eqHani 10 BXOJIIB 103BOTY ONUTYBaHHA 00’ €KTiB (14), AKi 3A1HCHIOIOTH
JIO3BLJ MPOXOJKEHHS CHTHAIY CTaHy O0’€KTa CIIJIBHOI IMUHOK (HAa MOJEN HE TOKa3aHa) Ta
3amaM’AITOBYIOThCSl y Tpurepax ctany o0 ’ektiB (16). Buxin enemenrta 10 3aiiicHioe ckuj mam’sTi
CTaHy O0’€KTiB Ta 30UIBIICHHS OMHUTYBAaHOI TEMIIEPATypH Ha OJMHHUINI0 MOJIOMAIIOTO PO3PSAY Y
niana3oHl BUMIPIOBAHb.

3MiHa TeMmIepaTypH 3O0BHIIIHBOTO CepeloBHINa 3MozaenaboBaHa OmokoM (12 — Ramp).
TpuBoxxHuit piBeHb TeMmnepaTypu 3aganuil 61okom (11 — Const), a cxema nopiBHsAHHS 6510k0M (13
— Relation operator). Jlns BuBeneHHs iHGopMalii Mpo MOXKEKHUH CTaH 00’€KTY ONHUTYBaHHSI
MMPOBOUTHCS ICKIIbKA MUKITIB TIOps (Y Mojieni - §), micis 40oro OTpUMaHi J1aHi iHTerpyroThes (17 —
Transfer function), 3aBasiku YoMy BiIOYyBa€eTbcs OCTaToyHEe (OPMYBaHHS CUrHaimy TpuBor (18 -
Relay) — tpurep IlImita. 3 Buxoxy tpurepa IlImita curnan Hamaetscs 1o enemeHty (20 — and2),
KU JI03BOJISIE TPOXOJDKEHHS IMIyNbCiB reHeparopa (19) no miumnbHHMKa Temmeparypu (22 —
Counter). Enement 21 3miiicHIOE CKUJ JIYMJIBHUKA TEpe]] MOYaTKOM Horo poboTtu. CxemMu BCiX
KaHaJTiB MalOTh 1IEHTHYHY CTpPYKTypy. Ilicis cnpanboByBaHHS KOMIapaTopa TPUBOTH JIIYECHHS
MIPUTIMHSAETBCS, a CHTHAIW, SKI BIOOOpakalOTh CTaH OO0’ €KTIB, MPOWIIOBIIN dYepe3 eIeMEHT

149



MyJbTHIUIEKCIT (23) Ta KaHalOM 3B’A3Ky 3 OTpUMyBadeM JaHUX (Ha MOJENi BIJCYTHiH)
B1J100pakaroThCsl HA MOHITOP1 CHCTEMU MOKEXKHOI Oe3mneku (24).

D
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Puc. 1. CtpykTypHa Mojaenb 6araTokaHaIbHOI 0araToB1AIIKOBOI 1H(GOPMAIIIITHO-BUMIPIOBAJILHOT
cucremu (CAIIP MATLAB)

Taxum yuHOM B poOOTI MpoBeaeHU aHali3 icHyrounx TumiB IBC Ta anropuTMiuHUX OCHOB iX
¢dyukmionyBanas. Po3pobieHa cTpykTypHa MoAelb OaraToKaHaJbHOI 0araTOBIITIKOBOI CHCTEMH
BUMIipIOBaHHA Temreparypu o0’ekra 3acobamu CAIIP MATLAB, sika 103BoJisi€ BIICTEKUTH BCl

0co0IMBOCTI 1H(MOpMAIIHHUX TIepeTBOopeHb B ckitaaHii IBC.

Cnucox BUKOPHCTAHUX J7KepeJt

1. TNommyk, €. C. BumiproBanbsHi iepeTBoproBadi (ceHcopu) : HaBd. noci0. / €. C. Tlomimyk,
B. M. Bansko. — JIpBiB: JIbBiBCcBbKa momiTexHika, 2015. — 584 c.
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MOJIEJII TA IHOOPMAIIMHA TEXHOJOT'IS YIIPABJAIHHSA NPOEKTAMM IIOJ0
YTIIIBAIII BACOKOTEXHOJIOTTYHUX BUPOBIB
Hamionanenuii aepokocmiunuil yHiBepcutet iM. M.€. JKykoBcbkoro
«XapKiBChbKUH aBlalliiHUIN IHCTUTYT»

CrapiHHS BUCOKOTEXHOJIOTTYHMX BHPOOIB (aBialiiiHa TexHiKa, BIiiCbKOBa TE€XHIKa Ta 30pos,
TOIO) MPHU3BOAUTH JO HEMOXKIUBOCTI Ta HEOE3MEYHOCTI i1 BUKOPUCTAHHS Y IMOJAJBIIOMY.
Bunukarote mnpoOnemu, siKi MOB’s3aHI 3 YTHII3aIl€l0 BHCOKOTEXHOJOTIYHUX BHUPOOIB B yMOBax
PU3UKIB BIUIMBY Ha HAaBKOJUIIHE cepeoBuIne. ToMy, akTyajabHa TeMa 3alpOIIOHOBAHOI JIOTIOBii, B
SKIH ~ TpencTaBieHl  pe3yJbTaTH  JIOCHIIKEHHS ~ MOXJIMBHX  CTpaTerii  yTuiizamii
BHCOKOTEXHOJIOTIYHUX BHUPOOIB, SKi MarOTh CKIAJHY KOMIIOHCHTHY CTPYKTYpy Ta CTBOPEHI i3
pi3HuUX MatepiamiB. MeETOK JOCTIKCHHS € CTBOPECHHS KOMIUIEKCY MOJEICH Ta MPUKIaIHOL
iHpopMamiifHOi TeXHONOTil s TUIaHyBaHHS MPOEKTIB IOAO YTWIi3amii BHCOKOTEXHOJIOTTYHHX
BUPOOiIB. AHaNI3YIOTbCSI MOXIIMBI cTpaTerii yTwii3aiii: MOBTOpPHE BUKOPHCTAHHS OKPEMHX
KOMIIOHEHT BUpPOOy, PEMOHT Ta MOJEpHi3allisl 3acTapiliX KOMIIOHEHT, ()OpMYBaHHS BTOPHUHHOI
CHUPOBHHH, 3HUIICHHS 3aCTApiIMX KOMIIOHEHT, TOIIO. J[JIsl MOBTOPHOTO BUKOPUCTAHHS KOMITOHCHT
po3pobiieHa onrTuMmizamiiiHa Moxaenb Ui MiHiMizamii Butpar (W) B yMoBax O0OMEXKEHHX
MOJKJIMBOCTEH. B SKOCTI 00MEXEHHSI BUKOPHCTOBYETHCS YaC BUKOHAHHS MPOCKTY MO0 YTHIIi3alii
(T). MonepHi3oBaHi KOMIIOHEHTH BUKOPHUCTOBYIOThCS, y MOJANBLIOMY, JJISl ICHYIOUUX CUCTEM, SIKi
ekcruryaTyroTecsa. CTparteris  (GopMyBaHHS BTOPMHHHX MaTepialliB TOTPEOYy€e CHEmialbHOTO
0araToBapTICHOTO TEXHOJOTIYHOTO OOJaJHAaHHSA Ta CTBOPEHHS MiAMPHEMCTB 13 MepepoOsIeHHS
marepianiB. Lle pisko miaBumrye Bapticth (W) ta uwac mpoekty (T). CtBopena omTumizariitHa
MoJenb Juis MiHiMizanii ButpaT. CTpareris 3HHUILEHHS KOMIIOHEHT CHCTEMH BHMAara€ BUKOHYBATH
€KOJIOTIYHI BHMOTH Ta CTaHJApTH. ToMy, B SKOCTI OCHOBHOTO TIOKa3HHKA, SIKIH HEOOXI1THO
MiHIMI3yBaTH, BHKOPHCTOBY€ThCS pu3MK (R) 3a0pyaHeHHS OOBKULIS, a B SKOCTI OOMEXKEHb
BUKOPHUCTOBYIOThCST BUTpaTu (W) Ta crpoku mpoekty (T). CTBopeHa 1HTEpaKTHBHA IMiTarliiiHa
MOJENb JUJIS JOCIIPKeHHS TOCTIOBHOCTI JOTICTHYHUX i MpH IJIaHyBaHHI MPOEKTIB YTUIi3alii
CKJIa/IHOT BUCOKOTEXHOJIOTIYHOI TEXHIKH.

HaykoBa HOBM3HaA JOCHIJUKEHHS TIOB’si3aHa 31 CTBOPEHHSM KOMIUIEKCY MOJAEIeH i
IJIaHyBaHHA TIPOEKTIB IIOAO YTWJII3alii BHCOKOTEXHOJIOTIYHMX BHUPOOIB 3 BHUKOPHUCTAHHSIM
MOXXJIUBUX CTpaTeriii yTuiizamii Ta ypaxyBaHHSM MOKJIMBOTO BIUIMBY Ha HAaBKOJUIITHE
CepeIoBHIIIE.

Buxopuctanni mareMaTddyHi METOAM Ta MOJENi: CHUCTEeMHHUU aHaii3, ONTUMI3alis 3a
JIOTIOMOTOFO ITIJIOYHCEeTbHOTO (OyIeBOTr0) mMporpaMyBaHHsS, METOJI BUKOPHUCTAHHS SIKICHUX OIIIHOK
€KCIIePTiB, iIMiTalliifHe Ta areHTHE MOJCIIOBAHHS.

CnucoK BUKOPUCTAHMX JIKepeJt
1. Fedorovich, O. Method and information technology to research the component architecture
of products to justify investments of high-tech enterprise / O. Fedorovich, O. Uruskiy, Yu.

Pronchakov, M. Lukhanin // PagioenexkrponHi i komm totepHi cuctemu. — 2021. — Ne 1. —
C. 150-157. https://doi.org/10.32620/reks.2021.1.13.
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MOJIEJI TA IHOOPMAIIMHA TEXHOJIOI'IS YIIPABJIIHHS
PECTPYKTYPU3ALI€IO BUCOKOTEXHOJIOTTYHUX NIANTPUEMCTB
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Boennmii cTaH KpaiHM HOTIPIIMB YMOBH iCHYBAaHHS BHCOKOTEXHOJIOTIYHUX MiANIPUEMCTB.
[ToripiieHHs cTaHy MiAMPUEMCTBA OB’ s13aHE 3 JBOMa OCHOBHUMH (pakTopaMu: cTapiHHs ((pizudHe
Ta MOpajbHE), BIUIMB BIHCHKOBUX 3arpo3. lle mpusBeno a0 HEOOXIAHOCTI pecTPyKTypHu3alii
MiANpUEMCTBA, (OPMYBaHHS HOBUX HAINPSIMKIB JiSUIBHOCTI, TOB’S3aHUX 3 BIHCHKOBHM CTaHOM
(BUMycK BIHICHKOBOI TEXHIKM 3aMiCTh IUBLILHUX BUPOOiB). ToMy, akTyarabHa TeMa 3alporoHOBAHO1
JIOTIOBI/Ii, B SIKiH MpeICTaBlIeH]I Pe3yIbTaTH JTOCIHKEHHS JIOTICTHYHUX JIii 010 pEeCTPYKTYpU3arii
BUCOKOTEXHOJIOTTYHUX BHPOOHHUITB. METOI0 JOCIHIKEHHSI € CTBOPEHHS KOMIUIEKCY MOAeiel Ta
MPUKIAIHOT 1H(OPMALIHHOT TEXHONOTIT g IUIAHYBaHHS TPOCKTIB IIOAO0 PECTPYKTypHU3allii
BUCOKOTEXHOJIOTTYHHX BHPOOHHUIITB B yMOBaX BOEHHOTO CTaHy KpaiHH. AHAaJi3yIOTHCS MOKJIHBI
CTpaTerii pecTpyKTypHu3allii B yMOBax BIHCHKOBHX 3arpo3: peCTPYKTypHU3allis CKIIaay Ta CTPYKTYpH
CUCTEeMH; TuBepcHdikallis BUpOOHUIITBA; peoKallisl MiMPHUEMCTBA HA HOBE MICIIE pO3TaIllyBaHHs,
tomjo. Oco0nuBy yBary NpPUAUIEHO YMOBaM, B SIKMX IPOBOJUTHCS PECTPYKTypH3allis (BOCHHHN
CTaH), IO BIUIMBAE HAa pECypCcH, 4Yac Ta PU3UKH MPOEKTy pecTpykTypusauii. CTBOpeHa
onTUMi3aliiiHa MoJeNnb JUIsl OLIHKM Ta BHUOOpPY palliOHAJLHOIO BapiaHTy peCcTpyKTypu3auii B
YMOBax 00OMEXEHHX MOXKIUBOCTEH. TOMy, B IKOCTI OCHOBHOTO TTIOKa3HUKA PEeCTPYKTypH3allii, Oyio
obOpano wminiMizauito Burpatr (W). Ilpu onrtumizarii BpaxoBYIOThCS 4Yac, SIKId 3alUIaHOBaHMN Ha
BUKOHAHHS TPOEKTy pectpykrypm3arii (T), Ta pusuku npoekty (R), ski moB’s3aHl 3 3arpo3amu
BilicbkoBoro xapakrepy. CTBOpeHa TMOCHIZOBHICTh JIOTICTUYHUX JiH Ui [POBEICHHS
pPECTPYKTypH3aIlii y BUTJISAAI MOCTIAOBHOCTI €TamiB MPOEKTy. MOACIIOIOTHCS MOXKIIMBI CTPYKTYpH
yHOpaBIiHHS MiANPUEMCTBOM, PO3TAlLIyBaHHS BUPOOHUITBA B PI3HUX MICIMX, IO MOB’A3aHO 3
BICHPKOBHUMH 3arpO3aMH Ta YMOBaMH €HEProrocTadyaHHsA. AHAII3YIOThCSA HOBI IUIIXH ITOCTAYaHHS
KOMIUIEKTYIOUUX JJIsi poOOTH MiANpPUEMCTBA B HOBMX yMoBax. CTBOopeHa omnTuMi3alliiiHa MOJEINb
JUIsi BUOOPY MapmIpyTiB TIOCTavyaHHS B YMOBaX PI3HOPIAHOTO TPAHCIIOPTHOTO CEPEIOBHINA Ta
NepeBajIoK 3 OJHI€T TPaHCHOPTHOI Mepeki Ha iHmy. CTBopeHa areHTHa Mojenb (riatdopma Any
Logic) mis MopaemtoBaHHA TIOCHITOBHOCTI  JIOTICTHYHHMX MM MO0  PECTPYKTypHU3arii
BHUCOKOTEXHOJIOTIYHOTO BUPOOHHIITBA.

HaykoBa HOBHW3HA MOCHIIKEHHS TIOB’si3aHa 31 CTBOPEHHSIM OPHTIHAIBHUX MOJCICH st
aHaJIi3y JIOTICTUYHMX Ji{ 11010 PECTPYKTYpHU3aLlii BUCOKOTEXHOJOTTYHOTO BUPOOHUIITBA.

3anpornoHOBAaHUN TIAX1A JO3BOJSE IUIAHYBAaTH TIPOEKTHI MAii Ta TMPOBOAWTH BHOIp
palioHabHOI CTpaTerii pecTpyKTypH3alliil MiJIpUEMCTBA B YMOBaX BOEHHOTO CTaHy KpaiHH.

CnucoK BUKOPUCTAHMX JIKepeJt
1. Fedorovych, O. MoentoBaHHs peioKallii BUCOKOTEXHOJIOTIYHUX MIIPUEMCTB ISl BUILYCKY
iHHoBanianX BUpoOiB / O. Fedorovych, O. Prokhorov, Yu. Pronchakov, A. Popov, M.

Momot // PanpioenextpoHHi i komm’rorepHi cucremu, 2023, Ne 2. — C. 180-192.
https://doi.org/10.32620/reks.2023.2
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MOJIEJI TA IHOOPMAIIMHA TEXHOJIOI'IA 3AIIOBITAHHA CTAPIHHS
TEXHOI'EHHUX CUCTEM
Hamionansuuii aepokocmiuamuil yHiBepcHuTeT iM. M.€. )KyKOBChKOTO
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bararoBapoTicTHi CKJaJHI TEXHOT€HHI CHUCTEMHM CTBOPIOBAJIUCh HA JOBTHHM TepMiH
ICHyBaHHS B yMOBax NPOTHO3y TIOBEIIHKM HABKOJIMIIHBOTO CEpPElOBHINA Ta MOJITHKO-
€KOHOMIYHOTO CTaHy MHHYJHUX POKiB. AJle, MIHJIMBICTh MOJITUKO-€KOHOMIYHOTO CEpelOBHILIA Ta
PI3Ki 3MIHHU TJIOOQIBHOTO KJIIMaTy MPHU3BENH JI0 TOTIPIICHHS YMOB €KCILTyaTarlii TaKuX CHUCTEM Ta
MIPUCKOPEHHIO iX Jerpajaiii, o BIUIMBA€ HA CKOPOUEHHs TepMiHy iX icHyBaHHsS. Tomy, akTyaiabHa
TeMa JOIOBI/II, B AKIM MPEACTABICHI Pe3yabTaTH IOCITIKEHHS CTpaTerii yImpaBIiHHS CTapIHHIM
CKJIaJHUX TEXHOTCHHUX CHCTeM. MeTOI JOCHIUKEHHS € CTBOPEHHS KOMIUIEKCY Mojenell Ta
1H(opMaIlIfHOT TEXHOMOTIT I TUTAaHYBaHHS MPOEKTIB MO0 3amo0iraHHs CTapiHHS TEXHOTCHHHUX
cucreM. [IpeacraBneHi MOXKIIMBI CTpaTerii yIpaBliHHS CTapiHHAM, K1 OB s3aH1 3 MPOAOBKEHHSIM
TEPMIHY ICHYBaHHS TEXHOTCHHOI CHCTEMH 3 ypaxXyBaHHSM 3HAau€HHs IMMOKa3HUKIB: BapTicTh (W),
npojoBxkeHHs TepMiHy ekcrutyataiii (T), pusuku mpoekty (R). AHamizyioTecs Ta (popmyroTbes
CYTTeBI (paKkTOpH, SIKi BIUIMBAIOTH HA CTaH CTapiHHSA (30BHIIIHI, BHYTPIIIHI) Ta JIErpajamito OKpeMux
KOMIIOHEHT CHUCTEMH. 3ampollOHOBAaHO METOJ BHSABICHHS HAWOUIBII 3acTapuIMX KOMIIOHEHT
TEXHOTEHHOI CHCTEMH 3aCHOBAHHMH Ha SKICHUX OIIHKAaX €KCIEPTiB. 3a OMOMOTOI0 JIHTBICTHYHUX
3MIHHHMX, CTBOPIOETHCS ONTHMI3alliiHa MoOJeNb s MiHIMI3alii BUTpaT, fAKI TOB’s3aHl 3
MIPEBEHTUBHUMH [IIIMH Ta 3aX0/JaMH, CIPSIMOBAHMMH Ha TPOJOBKEHHS TEPMiHY eKCILTyaTamii
CKJIIaAHOI cucTeMu. Benmky yBary NpHIUIEHO KPUTHYHUM TEXHOTCHHUM CHUCTEMaM, Ui SKUX
CTapiHHS CyTTEBO BIUIMBA€ HAa HABKOJIMIIHE cepenoBHile Ta soneil. CTBopeHa onTHMisamiiHa
MOJIeNIb MiHIMI3allli PU3MKIB BIUIMBY KPUTUYHUX TEXHOTC€HHHX CHCTEM Ha JOBKLUIA (ATOMHI
€JIEKTPOCTaHIIii, HeOe3reyHe BUPOOHUIITBO, CUCTEMAa €HEPronocTayanHs, iHppacTpyKTypa BETHKHX
MICT, TOIIO). AHAMI3ye€ThCA MOCTIAOBHICTD AiM MO0 yIPaBIiHHS CTapiHHAM TEXHOTEHHUX CHCTEM
y BHUIJISLI JIOTICTUYHOTO JIAHIIIOTA: aHaJli3 CTaHy CUCTEMH — OLliHKa ()aKTOpiB BIUTMBY Ha CTapiHHS —
BUSIBIICHHSI 3aCTapiInX KOMIIOHEHT CHCTeMH — (popMyBaHHS cTpaTerii YNpaBIiHHS CTapiHHSAM —
NPOBEIEHHS NMPEBEHTHUBHUX il Ta 3aXO0/iB 0 MPOJOBXKEHHS TEPMIHY €KCIUTyaTalii TeXHOTECHHOT
CUCTEMH. 3allpONIOHOBAHUH MiAXiA 103BOJIATH IUIAHYBAaTH MPOEKTH, AK1 CIPSIMOBAHI HA yIPaBIiHHA
CTapiHHIM TEXHOTEHHHX CHCTEM.

HaykoBa HOBM3Ha MJOCIHIKEHHS IIOB’s3aHa 3 PO3POOKOIO OpPHUTIHAIBHUX MOJENECH s
CTBOPEHHS TPUKJIaIHOT iH(HOPMAIIIITHOT TEXHOJIOTI{ yIpaBIiHHS CTAPIHHAM TEXHOTEHHUX CUCTEM.

Cnmcox BHKOPHCTAHUX JTKepes
1. Fedorovich, O. Method and information technology to research the component
architecture of products to justify investments of high-tech enterprise / O. Fedorovich,

O. Uruskiy, Yu. Pronchakov, M. Lukhanin // PagioenekTpoHHi i KOMIT IOTEPHI CHCTEMH. —
2021.—Ne 1. — C. 150-157. https://doi.org/10.32620/reks.2021.1.13.
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