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Hayionanvnuu mexniunuu ynisepcumem Yrkpainu

«Kuiscokuti nonimexuiunut incmumym imeni leopsa CikopcbKkoeo»
(m. Kuis, Yrpaina)

Anomauin. Yoice 6 vomupnaoyamuil paz wopiuHo Ha Kageopi HapucHoi
ceomempii, IHIICeHepHOi ma KoMn’iomepHoi epaghiku hizuko-mamemamuuno2o
Gaxynememy Hayionanenoco mexniunozo ynieepcumemy Yxpainu «Kuigcovkuil
nonimexuiynuti  incmumym  imeni  leops  Cikopcbkoeo» — npoeooumucs
Miscnapoona naykogo-npaxmuuna KoHgpepenyia «llpuknaona eeomempis,
iHdicenepHa epaghika ma 00’ exkmu IHmMeNeKmyanvbHoi eracHocmi». 1 0106H0I0
Memoio Yyb020 3ax00y € 0OMIH HOBUMU OMPUMAHUMU HAYKOBUMU Pe3VTbmMamamil,
B8CMAHOBNIEHHS U POUIUPEHHSL 38 S3KI8 MIJC YUeHUMU, SIKI Npayrowms y 2any3i
NPUKIIAOHOI 2eomempii, IHJCeHepHOoi 2paghiku ma 00’ €kmie iHmeneKkmyanibHoi
BIACHOCMI, HANACOO0NCEHHS NAPMHEPCOKUX BIOHOCUH MINC GIMYUSHAHUMU U
3aKOPOOHHUMU HABYALHUMU MA HAYKOBUMU 3AKIA0AMU, 3ATLY4UeHHST CIYOeHmi8
00 HAyKo8oi pobomu, po3euUmMoK ix meopyo2o nomenyiany. Y yiu nyonixayii
NOOAHO KOPOMKUU ICMOPUYHULL 02180 OaHOi KOHghepeHyii, 8uceimieHo neeHi
HAsABHI il 3000yMKU, OKPECIeHO NepCneKmusy no0AIbUL020 PO3GUMK) .

Knwuoei cnoea. Mixcnapoona Hayko8o-npakxmuuHa KoH@epenyis,
NPUKNIAOHA 2eoMempis, IHJceHepHa 2pagika, 00’ e€kmu iHmenNeKmyaibHoi
enacnocmi, KIII im. lzops Cikopcvkoeo.

IlocranoBka mpoGuaemu. HunimHIA eTanmn po3BUTKY  YKpaiHH
XapaKTepU3y€eThCsl BEIMKUMHU TPYIHOIIAMH, 110 OB’ s13aH1 3 BINCHKOBUMU J1IMHU
Ha 1i TepuTOpii. ¥ TenepiliHiii yac TpariyHo TUHYTh JIOJIU, OTPUMYIOTh KaJlIITBa,
pyiHY€EThCS IHPPACTPYKTypa Aep>KaBU, MaIOTh MICII€ PI3HOMAHITHI 1HII 30UTKHU.
3a3HayeH1 00CTABUHU CTAHOBJIATH FOJOBHY IPOOJIEMY CHOTO/ICHHSI HAIIO1 KpaiHU.
He3Baxkaroum Ha O3HA4YeHlI CKPYTHI yMOBH, XKUTTA MpoaoBxkyeTbes. lle
CTOCY€EThCS, B TOMY YHCIIi, # HAYKOBO-OCBITHHOT AISUTBHOCTI, SIKa 31ACHIOETHCS
Ha kadenpi HAPUCHOI TEOMETPIi, IHKEHEPHOT Ta KOMII I0TepHOI rpadiku Pi3uKo-
MarematuyHoro ¢akynbrety KIII im. Irops Cikopcekoro. 3okpeMa, MaeTbcsi Ha
yBa3l MPOBEJEHHS MOPIYHOT MIKHApOAHOT HAYKOBO-MIPAKTUYHOI KOH(pEpeHIil
«IIpuknagna reoMeTtpis, 1HXeHepHa Tpadika Ta OO0 €KTH I1HTENEKTyaJIbHOI
BJIACHOCTI».



AHaui3 gocaikenb i myOJikaniii. [leBHe ysABIEHHS NMPO ICTOPUYHUNA
IUISIX  [BOTO  OpTaHi3allifHO-HAYKOBOTO 3aXOJy MJarTh BuaaHHs [1-6].
3ayBaxxuMoO, 10 TPOTITOM POKIB Ha3Ba KOH(EpeHIii Jemo 3MiHIoBamacs,
aJIaNTyIOYKCh JIO ICHYIOUHX ToTped. Yke nepmuii 30ipauk [1] maB oOcsr 168
cTopiHok Ta MmictuB 58 crareit 6mu3pko 100 aBTopis. Ile Oynu mpeacTaBHUKH
0araTbOX BHIIUX HABYAIBHUX 3aKJIaMIB 1 BITYU3HAHUX MIAIPHUEMCTB.
OxormroBaHa TeMaTuKa AOCTIHKEHb JOBOJII PI3HOMAHITHA, CTOCYETHCS NMHUTAHb
HapucHOi, audepeHuialbHOI, (pakTanpHOi Ta O0araTOBUMIPHOI Te€OMETPIi;
aBTOMATH30BAHOTO  MPOEKTYBAHHS; HABUYAJIBHUX  METOJUK;  CUICHKOTO-
CIOAAPChKOT0 MAIIMHOOYIYBaHHS, KOMIT IOTEPHUX CHCTEM OOYHMCIIIOBAIIBHOL
MaTeMaTUKH, KOMIIO3UI[IMHUX MaTrepialiB, OMpalIOBaHHS (PI3UYHUX SBUILI,
COIIaIbHO-EKOHOMIYHUX TIpoOsieM 1 T. aA. Marepiamm Il koudepenmii [2]
BUCBITIIOIOTH poiib [Ilumonenka Mukonu KopHiiioBuya sik 3acHOBHUKa Kadeapu
rpadiku KHiBCBKOrO MOMITEXHIYHOTO 1HCTUTYTY B YacH CTAHOBJIEHHS HAIIOTO
HAaBYAJILHOTO 3aKjiaay, TPaAUIiiHO TMOJal0Th HOBI pe3ylbTaTH B Taly3i
MPUKIIAIHOI TEOMETPii, OCBITHHROTO MPOIIECY, MOJEIIOBAHHS PI3HOMAaHITHUX
TEXHIYHUX OO0 €KTIB, OXOPOHM 3JIOPOB’Sl, HAHOTEXHOJOTid, OO0’ €KTIB
IHTENEeKTyallbHOI BJIacHOCTI Tomo. Ha Aonatok [0 HaBeIeHUX TEMaTUK Ha
V-iii koHdepeHIli oO0roBoproBaiucs 3ajadl JAUCKPETHOIO TE€OMETPUYHOIO
MOJICIIOBaHHs,  JWCTaHIIMHE  HaBYaHHS, KOMII'IOTepHa  TIpadika B
kiHeMarorpadii, GopMmyBaHHA MaTepialbHUX BHPOOIB HAa OCHOBI HHUPPOBUX
MoJiesIeld, CTBOPEHHS PEKIaMHOI MPOAYKUIi. 3 OUIBII Cy4acHUMH 301pHUKAMHU
[4 - 6] MoxHa O3HAHOMHTHCS B €JICKTPOHHOMY BHIVIAI 33 HaBEICHUMHU B
010s10rpaiuHOMY CHHUCKY /10 LI€T CTATTI NOCUIIAHHSMH.

Metoro mnyoOuaikamii € CTUCIUNA OMUC ICTOPUYHOTO MUIAXY MIOPIYHOL
HayKOBO-MpakTU4YHO1 KoH(epeHiii «[Ipuknaana reomerpis, iHX)KeHepHa Tpadika
Ta 00’ €KTHU IHTEJIEKTyalbHO1 BIACHOCTI», III0 MPOBOJUTHCS Ha Kadeapl HapuUCHOT
reoMeTpii, 1HXXEHEepHOI Ta KOMII IOTepHOi Tpadiku (Pi3UKO-MaTEMaTUUHOTO
¢daxynbreTy KIII im. Irops Cikopcebkoro.

OcHoBHa yacTuHa. OgauMm 13 ¢pyHIaTopiB KoH(epeHii OyB 1. T. H., TPod.
IOpuyx Bonogumup IletpoBud, skoro, Ha *xayb, yk€ HeMae 3 HaMH. OCHOBHUU
HanpsIMOK HOr0 HAYKOBOI1 MISUIBHOCTI CTAHOBUJIM TE€OMETPUYHE MOJETIOBAHHS B
rajy3i CUIbChKOTOCIIOAAPCHKOTO MAIIMHOOYTyBaHHS Ta arpOTEXHIYHUX MPOIIECIB,
00’€KTU IHTENIEKTyaJIbHOI BJIACHOCTI, IO 1 3HAMIIIIO HaleXHE BIAOOpaKEHHS B
MaTepianax 1i€i KoHdepeHIli. Sk cBiMYaTh HasBHI 30IpHUKH, B OMNpAIlOBAHHI
OKpECJIEHO1 TeMaTUKU Opajia akTUBHY YYacTh BEJIMKA KUTbKICTh BUKJIa1aviB Kadeapu,
acMipaHTiB, CTYCHTIB, a TAKOXK MPEICTABHUKY 1HIITNX BUIINX HABUYAIBHUX 3aKJIa/I1B,
CHIBPOOITHUKY BITUM3HSHUX MTPOMUCIIOBUX M1ANPHUEMCTB.

HesBaxkaroum Ha moyaToK BIMCHKOBHX JIIM HA TepUTOPii YKpaiHu, yeprona
koH(pepenmis BimOymacs  y 2022 pomi. 3a ii marepiajamMu OITyOJIIKOBAHO
39 mpams, O0OrOBOpeHHS BigOyBaJiocss B JOHUCTaHIIHHOMY (opmaTi 3
BUKOPUCTAaHHAM BIJ€03B A3Ky. Yepe3 meBHI CKiIaaHI OOCTaBHUHM 3a3HAUYECHMIA
PEXHUM CIUIKYBaHHS 3aCTOCOBY€ETHCS 10 TeNepiHboro yacy. XII MixHapoany
HayKOBO-TIPakTU4YHY KoH(pepeHiito «IIpuknagna reomeTpis, iHXKEHEpHa Tpadika
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Ta 00’€KTH IHTEIEKTyaTbHOI BIACHOCTI» mpucBsiueHo 125-ii piuawmi KIII im.
Irops Cikopcbkoro. CniBopranizatopamMu BUCTynuiau HarioHanpHa axangemist
HayK BHIIOI OCBITH YKpaiHu Ta YKpaiHCbKa acoliialis 3 NPUKIAJIHOI TeOMETPIi.
MiXHapOIHUN MPOrpaMHUNA KOMITET MPEACTABISIM YKpaiHChKI BYEHI Ta
3aKOpJIOHHI KoJIeTH. Y KoH(MepeHIlii B3sIM y4acTh 58 HAayKOBIIiB, BUKJIAIAdiB,
acmipaHTIB Ta CTYyJEHTIB. bynum mpucyTHI 1HO3€MHI NPEICTaBHUKH, 30KpeMma,
University of Malta, Georgia Civil Council on Defence and Security, ITK-
Engineering GmbH (Germany), a takox BiTum3HsHI (axiBui HarionaasHOTO
YHIBEPCUTETY IUBIIBHOTO 3axucTy Ykpainm (M. Xapki), HJI ¢izuku HAH
VYxkpainm (M. KwuiB), MeniTOMONBCHKOT0  JEPKABHOIO  IEJAroriqHOTO
yHiBepcuTeTy iMeHi bornana XmenpHunbkoro (M. 3amopixoks), HamionansHOTO
yHIBEpCHTETy OlopecypciB 1 TpupogokopucTyBaHHs Ykpainu (M. Kwuis),
KuiBchKOro HalliOHaIbHOTO YHIBEPCUTETY Oy IIBHUIITBA 1 apX1TeKTypH, KuiBchKO1
JepKaBHOI aKaJieMii JIEKOpPATUBHO-TIPUKIIAJHOTO MUCTENTBa 1 AU3aiiHy 1MEH1
Muxaiina boitayka. Omy06iikoBaHi MaTepiaiv BKIIFOYAlOTh 32 HAyKOBi CTaTTi.

Ha XIII xondepeH1ii, Ha JOAATOK J0 NEPEPaXOBAHUX BUIIE, OyJIH KOJETH
3 HamionanbHOTO yHIBEpcUTETYy KopaOneOymyBaHHs iMeHi aaMmipana CremaHa
MakxkapoBa (M. Mukosnais), HarioHaapHOTO YHIBEPCHUTETY BOJOTOCIIONAPCTBA Ta
npupoao-kopuctyBanus (M. PiHe), TaBpilicbKOro HaIliOHAJILHOTO YHIBEPCHTETY
imeni Bepnancekoro (M. KuiB). 3 J0moBiAsMu Ha ILICHAPHOMY 3aciaHHi,
3okpema, Buctynuiu: Kynenko JILM., n.T.H., mnpodecop HamionansHoro
YHIBEPCUTETY IMBLIBLHOIO 3aXUCTy YKpainu; Bepemara B.M., 1. T. H., npodecop
MeniTononbChKOro AEp>KaBHOTO MEJAaroriyHoOro yHiBepcHTeTy iMeHi borpana
XMenpHHUIIbKOTO.  Martepiaad  BUKOHAHUX  JHUCEPTAIlIMHUX  JTOCIIIKEHBb
npe3eHTyBanu J0noncekuit I[1.M., K. T. H., ToLIeHT KadeIpyu HAPUCHOI TEOMETPIi,
imkeHepHoi Ta komm torepHoi rpadiku  KIII iMm. Irops Cikopchbkoro;
Xponoct B.l.; acmipanT HamionansHOro yHiBepcutery OlopecypciB 1
npupoaoKopucTyBaHHsi Ykpainu; Maszypuk P.B., acmipant KIII im. Irops
Cikopcekoro Takox Oysiud TOMOBIJI, SKI aKTUBHO OOTOBOPIOBAIHUCS, 0araThoX
BUKJIAJ[a4iB, CTYACHTIB 1 MPE/ICTABHUKIB MPOMUCIOBUX MIIMPUEMCTB Y KpaiHH.

Temaruka XIII koHdepeHlli OXOIIOBala MNUTAHHS KOMII IOTEPHOIO
BapIaHTHOTO  (POPMOYTBOPEHHS  CLIHLCHKOTOCMOAAPCHKUX TIPYHTOOOPOOHUX
3HApSIAb 13 METOIO MPOBEACHHS IXHBOT KOMIUJIEKCHOI ONMTUMI3allii; 3aCTOCYBaHHSI
BIIACTUBOCTEN KpuBHUX be3be 1 BIATBOPEHHS OOBOJIB TEXHIYHHMX OO €KTIB,;
MPOEKTYBAHHS  COHSYHUX  KOJEKTOPIB;  pAIlOHAIBHOTO  PO3TAllyBaHHS
CBITJIONPO30PUX KOHCTPYKIIIN HA TpaHsX OyAiBelb; ePEeKTUBHOTO PO3B’ A3yBaHHS
3aga4 JaudepeHIiaaTbHol Ta JUCKPETHOI TeoMETpii; MOJEIIOBaHHS HACOCIB
MyaHo; aHani3y KOHCTPYKIIMHUX 1 TEXHOJOTTYHUX CXEM JIUCKOBUX Ta SKIPHUX
COIIIHUKIB JJIsI TPSIMOTO MOCIBY 3€pPHOBHUX; PETYJHOBAHUX CUCTEM KpaNeIbHOTO
spomieHHst;  3D-mpyky;  po3B’S3yBaHHS — T€OMETPHUYHO-HETIHIWHWUX  3ajad;
BUKOPUCTAHHA METOAIB OIOHIKM B KOMIT IOTepHIA rpadimi; 00’ €KTIB
IHTENEKTYaJIbHOI BIACHOCTI, HAPAIlbOBAHUX Y pAMKaX BUKOHYBaHHUX PO3BIJIOK Ta
MIITOTOBJICHUX /IO 3aXHUCTy JAHMCEpPTAIIHHUX poOIT; CaMOCTIHHOI poOOTH
CTYJCHTIB B YMOBaX JIUCTAHI[IMHOTO HABYAHHS Ta Pl IHILIUX.



TakuM 4MHOM, 3[1MCHIOBAaHI HayKOBI IOCTIKEHHSI i OTpUMYBaH1 BHACIHIJOK
[[LOTO PE3YJIbTATH CIPSMOBaHI Ha BUKOHAHHS aKTyaJIbHUX 3aBJIaHb, SIK1 CTOSATH MEpel
HAIIIOIO JIEPKaBOIO B3araji Ta BUIIMMHU HaBYaIbHUMHU 3aKJIafaMu 30KkpemMa. Maetbest
Ha yBa3i, HapUKJIaJl, poodieMa MoJAIbIIOrO MiIBUIICHHS €(PEKTUBHOCTI CLTBCHKOTO
rOCHOJIAPCTBA, SIKE B HUHIIIHINA BaXXKKUW BOEHHHMM 4Yac BIJITpae OJHY 3 MPOBITHUX
poJei B ekoHoMilll YKpaiHu. Takox 11€ CTOCY€EThCS TOKPAIICHHS €eHePro30epeKeHHS
B Taiy3i OyAIBHMIITBA, HAJEXKHOI OpraHizaiii OCBITHBOTO IpPOLIECY B YMOBax
JMCTaHIIIHOT (JOPMU HABYAHHS CTYICHTIB. He BUKITIOUEHHSIM € MUTaHHSI 3arajIbHOrO
PO3BUTKY TEOPETHUYHUX OCHOB MPUKIAJHOI TEOMETpii Ta METOMOJIOrii i
MPOAYKTUBHOTO MPAKTUYHOTO 3aCTOCYBAHHS.

BucnoBku. Y paniil myOmikamii NoJaHO KOPOTKHM OMUC 1CTOPHUYHOTO
IUISIXY HayKOBO-MpakTu4HO1 KoH(pepeHiii «IIpuknagna reoMeTpis, iHXXEHEpHA
rpadika Ta 00’ €KTH 1HTEIEKTYyaJbHOI BIACHOCTI», IKa BXKE B YOTUPHAIISATUN pa3
MPOBOAUTHCA Ha Kadenpi HAPUCHOI reoMeTpli, 1HKEHEPHOI Ta KOMIT IOTEPHOT
rpadiku  ¢i3uko-mMarematuyHoro ¢axynprety KIII im. Irops Cikopcekoro.
[IpencraBieHOo OCHOBHY 1ii TEMAaTHKy, MpOaHANI30BaHO JAesKi 3700yTKH Ta
OTpUMaH1 pe3yJbTaTH, BU3HAYEHO TMEPCHEKTUBHI HAMPSIMKH TMOJAJBIIOTO
po3BuTKy. Opranizatopu KoHdepeHlii BASYHI BCIM 1ii yYacHUKaM, SKi,
HE3BaXKAaIUM Ha ICHYIOYl TPYAHOIIl Cy4acHOTO KUTTS B YKpaiHi, IPOJOBKYIOTh
YCOIIHO 3aiiMaTHCAd HAYKOBOIO Ta BHKJIAQJALBKOK JISJIBHICTIO B ramysi
MPUKIAHOI TeOMEeTpii, 1HXeHepHOi rpadikud, OO0 €KTIB IHTEIEKTyalbHOT
BIacHOCTi. OKpeMa Mojisika 3aKOPIOHHUM KOJIETaM 3a HaJIeXKHY MIATPUMKY.
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Menimononvcoka wkona npuxkiaoHoi ceomempii imeni Borooumupa Hatiouwa

Anomauia. Bnepuie HA0aHO BU3HAYEHHS KOMNOZUYIUHOI 2eomempii, V
SAKOMY 8KA3YEMBCS, WO 0YO0b-AKUU 2eOMeMPUYHULL 00 '€KM 8 Hill, pO32110AEMbCSL
SAK KoMno3uyiss mo4ok. Haconouyemocs, wjo mouxkosi piGHAHHS YMEOPIOIOMbCs
BIOHOCHO OA3UCHUX MOYOK 00 ’ckma, mobmo 60HU € 0e38I0HOCHUMU U000
cucmemu  koopounam. Kpim  moco, Haoaromvcsi  nosicheHHA U000
iHOUGepenmuocmi KOMNooO '€KMi8 CMOCOBHO PO3MIPHOCMI KOOPOUHAMHO2O0
npocmopy. llokazano, wo @yrHkyioHarvHul 6A3UC CMBOPIOEMbCSL IHOUBIOVANLHO
OJIs1 KOMHCHO20 KOMNOOO €KMYy, 8UX00AYU 3 U020 PO3MIDIE [ KOMNCHUL eleMeHm
@yHKYiOHANbHO20 6A3UCy € IHBAPIAHMOM NAPANENIbHO20 NPOEKMYBAHHSL.
Hoemvca npo me, wo 6y0b-aKi npoexyii napaneibHo2o NpoeEKmySaHHs
VMBOPIIOMbCS Yepe3 NPOEKMYBAHHs Ha 0Cl cucmemu koopounam. Ilokazarno, wjo
0y0b-s1Ka KOMRO3UYITIHA MOYKA (KOMNOMOUKA) MOIHCE ONUCYBAMUCT MOYKOBUMU
NOJIIHOMOM N-20 cmeneHs. Bnepuie nadaemwvcsi memoo ymeopeHuHs piGHSAHHSL
2e0OMempuUYHO20 MiNa OO08LILHOI Gopmu Yy 6uiadi MpunapamempuiHo2o
MOYKOB020 NOJNIHOMY, SAKUL OeMePMIHYE MOYKU KOMNOMINA SIK HA 1020 NOBEPXHI,
mak i ecepeduti Hb020. Bkazyemucs, wo 6 Komno2eomempii po3pooieno meopito
KOMRO3UYIUHUX Mampuyb 01 Gopmanizayii Komnood €kmis i y3a2aibHeH020
po38’sa3anns 3a0ay 3 Humu. Iloxazano, wo memooom KOMNO3uyitHoi ceomempii €
Memoo GIOHOULEHb, MOOMO 0151 KOHCHO20 00 €KMY P032110aromvCsi He po3Mipu,
a BIOHOWLEHHS PO3MIPIB, WO BUOYO0BYIOMbCS 3a NEGHUMU NPABULAMU.

Knrouosi cnosa. Komnosuyiiina ceomempis, KOMROZUYIUHI Mampuyi,
MOYKOBULL NOJIIHOM 0OHONapamempuyHuil, MOYKOBULL NOJIIHOM
osonapamempuytutl, mouKo8ULl NOJAIHOM MPUNAPAMEMPUYHUIL.



IlocTtanoBka npoodJIeMH. Komno3uiiitna reoMeTpis, 101(4)
pPO3MISAATUMEThCS Y 1Ml CTATTi, SIBJIA€ COOOI0 MOTYKHUN 1HCTpYMEHTapiil Jjist
OMHUCY Ta AOCIIJKEHHSI MPOIIECIB 3 BEIUKUMU Oa3zaMU JTaHUX Yy N-BUMIPHOMY
npoctopi. OfHAK y I CKPYTHI YacH ii pO3MOBCIO/KEHHS CHOBUIbHMIIOCA. JlJist
MONIYKY HOBUX HaMpsMIB JOCHIKEHb 13 3aCTOCYBAHHSM KOMIIO3UIIIIHOT
reoMeTpii MaeEMO PO3MOBCIOXKYBAaTH 1H(pOpMaIlio mpo ii MoxkiauBocTi. OTxe,
Hapa3l € akTyallbHOI TpobiieMa TOmyJisipu3alii MOMJIMBOCTEH METO/IIB
KOMITO3HIIIITHOT reOMEeTpii, IKa YaCTKOBO BUPIIIYETHCS 1y LIHA CTATTI.

AHaJi3 ocTaHHIX HociiaKenb. [Tepiroro podororo [1], B sikiii iieThCs Ipo
KOMIO3UIIIIfHE TeOMETpUYHE MOAeNoBaHHsI Oyna MoHorpadis mnpodecopa
Bepemaru B.M. binbii IpyHTOBHI JOCHIIPKEHHS KOMIO3UIIITHOTO METOY
F€OMETPUYHOTO MOJIeNIIOBaHHsS 0araToakTOpHUX CHUCTeM OylM BHKOHaHI
€BresoM AnonbeBuM [2]. Tlogambmuiéi pPO3BUTOK TEOPETUYHHX METOJIB
YTBOPEHHS KOMITO3UIIMHUX JIIHIN 1 TOBEPXOHb JICTANIA B IUCEPTaLiitHIA poOOTI
Kcenii Jlucenko [3]. CyuacHi muTaHHS KOMITO3HIIHHOT FeOMETpii Ta HANPsIMU
MOJIAJTBINIOTO 11 PO3BUTKY PO3MIISIHYTI Yy poboTax [4, 5, 6] Ta iHmmX.

®opMyJIIOBaHHSA Wijell cTaTrTi. 3 METOI PO3MIHMPEHHS 3aCTOCYBAHHS
KOMIMO3UIIMHOI reoMeTpil Haxatu 1i BU3HAYEHHS, CHOPMYITIOBATH OCHOBHHI
METOJl Ta AHOTALIIHO BHUKJIACTH KOJIO MHUTaHb, Kl MOXYTh PO3B’s3yBaTuCA 13
BUKOPHCTAHHSM ii METO/IB.

OcnoBHa 4acTtuHa. Po3poOka MeTOAIB KOMMO3UILINHOI TreoMeTpii
posmnouanocs y 2015 pomi 3 qocnimkens €BreHa AnmonbeBa. OMHaK il BU3HAYCHHS
BIIEpIIIE€ HAJIA€EMO JIUIIE 3apa3 y 1iil cTaTTi.

Kommno3umiitHa reoMmeTpisi — 1€ CHUHTETHYHA TEOMETpisl, Yy SKii
napaMeTPUYHI PiBHIHHS 00 ’€KTIiB (TOYOK, JIiHIH, TOBEPXOHb, TCOMETPUYHUX TiJ)
YTBOPIOIOTHCSI Ha OCHOBI (DYHKI[IOHAJIBHUX Oa3uCiB, CKJIAI0BI SIKUX €
1HBapiaHTaMU MapaJieIbHOrO MPOEKTYBAHHS, a IXHsI CyMa JIOPIBHIOE OAUHUILIL, IPU
bOMY, MapaMeTPU3YIOThCA €JIEMEHTH LHUX 0a3uCiB BPAaXOBYIOUHM BIJICTaHI MIX
TOYKaMH 00’ €KTa, 110 SABISIOTH COO0I0 HOr0 BUX1IHY TEOMETPUYHY KOMIIO3HUIIIIO.

Hanamo mosicHeHHs 11070 HaBEIEHOI0 BU3HAUYCHHS. Byab-akuil 00’€KT y
KOMIMO3ULINHIA TeoMeTpii pO3MNISIAAEThCA SIK KOMIO3UIlISL 0a3UCHUX TOYOK,
BIIHOCHO SIKHMX 3/IIHCHIOETHCSI HOTO MapamMeTpHu3allii Ta CTBOPIOIOTHCS HEMEepEepBHI
MHOXWHH TOYOK Yy BUTJISAJII MAPAMETPUYHUX (PYHKIIIN BUXITHUX O0a3UCHUX TOUYOK
uporo 06’exty. [lapameTrpuuni QyHKIIi BIAHOCHO BHXIIHMX Oa3MCHUX TOYOK
00’€KTIB HA3BaHO HAMU — TOYKOBI piBHAHHS. OTKe, TOYKOBI PIBHAHHS €
0€3BIIHOCHUMHU II0JI0 OYAb-SKOI CHUCTEMH KOOPIWHAT, BOHU YTBOPIOIOTHCS
BIIHOCHO 0a3UCHUX TOUYOK. bibIie Toro, 1 po3B’sI3KkM METPUYHUX Ta TO3ULITITHUX
3a/lad Y KOMIIO3HUIINHIA TeoMeTpil 3IIMCHIOEThCS MK 00’exkTamu  0e3
BUKOPHUCTAHHS CUCTEMH KOOPAUHAT, TOOTO y CMHTEeTHYHUH crociO. Lle qokopiHHO
BUPI3HSAE 11 BiJl METO/IIB aHAJITUYHOI F€OMETPIi, AKa, JUIsl PO3B’ A3aHHS OYb-IKOT
3a/a4i, Ma€ MONEpPeAHHO JOBUIBHUM YHMHOM OOpaTh CHUCTEMY KOOPAMHAT,
BIJHOCHO 5IKO1 1 3IHCHUTH PO3B’A30K.

TakuM 4YMHOM, PO3B’SI3KM Y KOMIIO3UIIMHINA reoMeTpii 3A1HCHIOIOTHCS
Oe3nocepeIHbO MIK 00’€KTaMH BIJHOCHO iXHIX 0a3uCHUX TOYOK. OmHAK, IS
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o(ppoBYyBaHHS 3700yTOro pPO3B’A3KY, BIJHOCHO HBHOTO JIOBUIBHUM UYHHOM
oOUpaeThCcsl CcHUCTEMA JIEKAPTOBUX KOOpPJAWHAT cepea O0e3lniul MOXIUBUX. B
pe3yJbTaTi YKUCIOBI 3HAYEHHSI KOOPJMHAT PO3B’SI3KY BITHOCHO PI3HUX CHUCTEM
KOOpAWHAT OyAyTh PI3HUMH, OJTHAK PO3B’A30K 3a/1a4l Mik 00’ €kTaMu Oyje OJUH
1 TOM caMuid.

Kpim Toro, y KoMmo3uiliiiHiii reoMeTpii yci 00’ €kt € 1HAU(PEPEHTHUMHI
I0JI0 PO3MIPHOCTI MPOCTOPY, Y SKOMY pO3B’S3YIOThCS 3ajada. OCKUIbKH
KOMIO3UIIIHI MaTeMaTU4YH1 MOJEIN1 00’ €KTIB CTBOPIOIOTHCS Y TOYKOBIiH (popMi sik
cyma J00yTKIB TOUOK Ha BIAMOBIJHI XapaKTepUCTUUYHI (PYHKIT 1, IPU I[LOMY,
B3araji He WAEThCS MPO KOOPJAWMHATHU, TO PO3MIPHICTH MPOCTOPY B Mpoleci
pPO3B’sI3aHHS 3ajlaul 3aJMIIAEThCS MO03a yBarow. Y TOYKOBIM ¢opmi, sika €
3arajibHOIO ISl OyAb-SIKOTO PO3Mipy MPOCTOPY, PO3B’SI30K MAaTUME OJWH 1 TOM
camuii 3anuc. Yepes Te, 110 CKIa0B1 (PYHKIIOHAIBHOTO 0a3UCy KOMITO3HIIIITHOTO
00’€KTy € 1HBapiaHTaMU TNapaJeIbHOTO TMPOEKTYBaHHS, — PO3B’SI30K MIXK
00’€KTaMU y TPOCTOPl MPOEKTYETHCS HA yCl HOro oci KoopAuHAT Oe3 3MIHU
3aMKCIB CKJIAJOBUX (QYHKLIOHAIBHOrO 06a3ucy. ToOTO y mpoekwisix po3B’ 3Ky Ha
OCl, 3MIHIOIOTBCS JIMIIE 3HAYEHHS BIAMOBIIHUX KOOPJAWHAT, a 3allUCH
MapaMeTpUYHUX XapaKTepUCTUUYHHMX (PYHKIIM Ha BCIX OCAX € OJHAKOBUMHU 1 HE
MIJAI0TBCA  MEPETBOPEHHSIM. Buxonsguum 13 cKa3aHOro, HEMae 3HAYEHHS
PO3MIpPHICTh MPOCTOPY YU TO BIH OAHO-, YU TO JIBO-, YU TO TPHU-, YU TO N-
PO3MIpHHIA, 3aNIUCU XapaKTepUCTUUHUX (YHKIN (YHKI[IOHATBHOTO Oa3ucy Ha
yCIX OCsX, IO BHU3HAYAIOTh MpOCTIp, OyAe oauH 1 Tod camuil. ToOTto,
XapaKTEepUCTUYHI byHKIi HE H1JISITaTUMY Th MIEPETBOPEHHSM.
3MIHIOBATUMYThCSl JIMIIE 3HAYEHHS KOOPJIMHAT IS BIAMOBIIHUX OCEH
KOOPAMHAT.

3ayBaxXuMO, y KOMIIO3UIIMHIN TeoMeTpii, sl 3HAXOKEHHS Oyb-IKUX
MPOEKIIIM, € 00OB’SI3KOBUM MPOEKTYBAHHSI PO3B’SI3KIB Ha yCl OCl KOOpAMHAT
pPOCTOPY, B SKOMY 3HAXOAUTHCSA O0’€KT. Y NOAANBLIOMY, 00’€IHYIOUYU Yy
CYKYITHOCTI HEOOXIJTHI TPOEKIi Ha OCl, [JICTaBaTUMEMO PO3B’SI3KH Y
napaMeTpuuHii  GopMi Ha TOBEpPXHAX, TINEPHOBEPXHIX, MPOCTOpax,
rineprnpocTtopax. TakuM 4MHOM, JUIs Oyb-IKUX 00’ €KTIB y KOMIIO3HIIITHOMY N-
MpPOCTOPI  MOKHA  YTBOPIOBATH MPOEKIII  OJHOPO3MIpPHI, JIBOPO3MIpHI,
TPUPO3MIpHI, 1 Tak gam 10 (N — 1)-po3mipHi.

Bynb-siki TOUKM KOMIO3ULIMHUX 00’ €KTIB sIKk 0a3UCHI TaK 1 TOTOYHI MICTSITh
KUIBKICTh KOOPJIMHAT, IMO BIJAMOBIIA€ PO3MIPHOCTI MPOCTOPY, B AKOMY
3HaXOJUTHCS 00’ €KT. 3ayBaXXUMO, 110 apiHHUN MPOCTIp Oyab-SKOi PO3MIPHOCTI
BBAXKAETHCA KOMIIO3UIIMHUM MPOCTOPOM, KOJIM B HBOMY PO3TIISIAIOTHCS
KOMIIO3UII1HI 00’ €KTH.

Bynp-sika koMIo3uiiiiHa TOYKa y KOMIO3ULIKHOMY N-IPOCTOPI MOKE
OINMKACYBATHUCS TOYKOBHM TojiiHOMOM cterieHs (K — 1). /I 1iporo HeoOXiaHO 10
TOYKY po3risgatu sk K-kpaTHy, TOOTO Taky, B skKiid 30iraetbcsi K ToYOK
KOMIIO3UIlifiHOTO N-TipocTopy. [Tpu 1iboMy, K-kpaTHa Touka (TOOTO, KOXKHA 3 HUX)
Matume N koopauHaT. CTaBjiaeHHs 10 K-KpaTHOT TOUkH Mae OyTH SIK J0 JIiHii, 110
nojaHa CynpoBiHOIO JJaMaHOIO JIIHIEIO, JaHKH SIKOi TOPIBHIOIOTH HYJIIO.

10



Y KOMMNO3ULIMHUX TeOMEeTpii AMCKPETHI JiHII MOJarThcs Oa3uCHUMU
TOYKaMH, sIKi B HaWOUIblIiid Mipi omucyroTh ii ¢opmy. Ili Oa3ucHi TOUKH
3’€JHYIOTbCS BIATHUHKaMHU NPSIMUX 1 YTBOPIOIOTH CYIPOBIAHY JIaMaHy JIiHIIO,
Y3MI0BXK JIAHOK $KO1 3IACHIOETHCS 11 MapameTpu3allis OJHOMAPUMETPUUYHUM
TOYKOBHUM TOJIIHOMOM.

JIuCKpeTH1 TMOBEpXHI MJOBUIBHOI (OPMH HEMEPEPBHO OMUCYIOTHCS
JBOMapaMETPUUYHUM TOYKOBUM MOJIIHOMOM, 1110 YTBOPIOETHCSA Ha OCHOBI KapKacy
HEeMepepBHUX KOMIO3UIIIMHUX JIIHIH, OpraHi3oBaHUX 3a ABOMA apaMeTPUUYHUMHU
HarnpsMaMu.

PeanbHi Tima noBUIbHOI (GOpMU Hapa3l BHU3HAYAKOTHCA CYKYIHICTIO
HEpIBHOCTEH, sIKI OOMEXYIOTh YAaCTHHY MPOCTOPY BIAHOCHO IMEBHOI CHUCTEMH
KoopAuHAT. | HaBmaku, METOAM KOMIIO3UIIIMHOI T€OMETpii, U4 HE BHEPIIE B
MaTeMaTHulll, 103BOJISIIOTh 33/1aBaTU PIBHSAHHS T€OMETPUYHOTO Tij1a, IKE BU3ZHAYAE
TOYKU SIK Ha MOBEPXHI Tak 1 BcepeAauHl Tuia. [lpu mpomy, TpunmapamerpuyHe
PIBHSIHHS TEOMETPUYHOTO TiJ1a JOBUIbHOI (hOpMU € 0€3BIIHOCHUM IIOJ0 CUCTEMU
KoopAuHaT. BOHO yTBOPIOETHCA BITHOCHO 0a3UCHUX TOYOK T1JIa, SIK1 OpraHi30BaHi
3a TpbOMa NMapaMETPUYHUMHU HANPSIMaMH y BUIJISIAL TPHOX KApKACIB TUCKPETHUX
JiHIA, SKI MOAAIOTHCS BIAMOBIAHUMU TOUKOBUMHU psiaamu. [lpu mpomy, udepes
KOKHY TOYKY T€OMETPUYHOIO TiJIa MPOXOASThH JIiHIT TPhOX KapKacCiB.

UYu He HaWrojoBHINIOW OCOOJUBICTIO KOMIO3ULINHOI TreoMeTpli €
CTBOpPEHHA 1 po3poOKa Teopli KOMIO3UIIMHUX MAaTPHUIllb, SIKI JOKOPIHHO
BIIPI3HSAIOTHCA BiJ] ICHYIOUMX B MaTeMaTHIll MATPHUIIb.

IcHytoui Marpull mpu3HAYeHl i OOCIYroBYBaHHS —alre0paidHux
METOJIB, a KOMIIO3HUIIIMHI MaTpUIll — IS aHaJITU4HOI dopmanizamii
reOMETpUYHUX QIryp 1 y3araJbHEHOrO0 PO3B’SI3Ky METPUYHHUX Ta MO3ULIHHUX
3a/1a4 METOJIaMH KOMITO3UIIHHOT TeOMETPii.

VY yomy mnoJArae pizHHUIL MDK anreOpaiyHUMU METOJaMHU 1 METOJaMH
KOMIMO3ULIIHOI reomMeTpii? Y KOMMO3UIIMHIN reoMeTpii piBHSAHHS CKIaJAat0ThCs
BIJIHOCHO Oa3MCHUX TOYOK F'€OMETPUYHUX 00’ €KTIB 1 PO3B’SI3KHU 3/I1MCHIOIOTHCS
0€3BIIHOCHO CHCTEM KOOpPJIMHAT, a ICHYIOYl B TI€OMETpisii 3aCTOCOBYIOThH
aHAJITUYHI METOAW PO3B’S3aHHsS 3aJad, MOYMHAIOYM 3 OOpaHHS CHUCTEMHU
KOOpAWHAT. Y KOMIO3UIIMHINA reoMeTpli TaKOK BUKOPUCTOBYIOTHCS CHUCTEMHU
KOOpAMHAT aje iX MNPU3HAYEeHHS MOJsArae He Uil PO3B’A3KYy 3ajad, a s
OOYHCIIEHHSI YK€ OTPUMAHOI0 PO3B’SI3KY BITHOCHO OA3UCHUX TOYOK.

OTxe, A KO)KHOTO KOMITO3UIIMHOTO O0’€KTY yTBOPIOKOTHCA TPU BUIU
KOMIIOMaTPUIlb — TOYKOBI, OOYHMCITIOBaIbHI (KOOpAMHATHI) Ta mapamMeTpUYHi.
ToukoBa KOMIIOMATPHUIIS CKIATAETHCA OAHA Ji1 00’ €KTa, MPU LIbOMY, KUIbKICTh
€JIEMEHTIB y HiM 3aBXKIU JOPIBHIOE KUIBKOCTI Oa3UCHUX TOYOK 00’ €KTA.

KoopanHaTHUX 00YUCTIOBATILHUX) KOMIIOMATPUIL HE MOXE OyTH OIbIIe
HIDXK € PO3MIPHICTh IPOCTOPY, B IKOMY PO3IISIAAETHCSA TEOMETPUYHUN 00’ €KT.

[TapamMeTpuyHa KOMIIOMATPHUIISI 3HAXOAUTHCS Y TMOBHIA BIJIMOBIAHOCTI 3
TOYKOBOIO KoMnoMaTpuiiero. OcoOIUBICTIO MapaMEeTPUYHOI KOMIIOMATPHUIII € T€,
110 BCl ii €IEMEHTH € 1IHBapiaHTaMH MapalieIbHOr0 MPOeKTyBaHHA. Buxonsuu 3
YChOT'O CKa3aHOr'0 HAaroJIOyeMO, HI0 METOJ0OM KOMIIO3UIIIHHOI TeoMeTpii €
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METOJ] BiIHOILIIEHb M1k po3Mipamu 00’ekTta. ToOTO po3mipu 00’ekTa HEOOX1IHI
JUIs. OOYMCIICHHS BIIHOIICHb IS HHOTO, a MOTIM BCTAHOBJIEHHS BITHOIICHHS
3aCTOCOBYETHCS ISl pO3B’SI3aHHS 33724 32 Y4aCTIO IbOr0 00’ €KTA.

BucnoBku. Hamano Bu3HadYeHHS KOMIIO3WIIIMHOI TeoMeTpii Ta
METO/H 1 MOXJIMBOCTI, IO JIO3BOJIUTH AIMTH OLTBLIIOr0 pO3yMIHHS MOXJIMBOCTEH
KOMIMO3HULIIHOI TeOMeTpii.

Bucnosmoemo noasiky npodecopy Bipuenky I'.A, 3a HOro nmpucKIrminBoi
yBaru J0 HaIIUX JOCHIPKEHb 3HAYHOrO MiJBUIIMIACH SIKICTh BUKIIAJICHHS
KOMIMO3HULIHHOI TeOMeTpii.

Bnstani npodecopui HImensosiit T.®. ta npodecopy Kopanbory HO.M.,
Mopaju SIKUX CHPSMYBAJIM JOCHIKEHHS B OIK IITy4HOro iHTenekty. Hapasi
pe3yJbTaTh BpaXkaroul.

[Topanu npodecopa Banina B.B. cxununu 10 HE0OX1AHOCTI TOCHIKEHb
1110710 AU epeHIianbHOT KOMIIO3UIIMHOT reoMeTpii. Yike nmovanu. Jlyxe 1mikaBo!

bioniozpaghiunuit cnucox

1. Bepemara B.M. Kowmmno3uiiiHe T€OMETPUYHE MOJEITIOBAHHS:
Momnorpadis. Menitonons. ®OIT Oxnopor T.B., 2017. 108 c.

2. AnonbeB  €.0. KomnosumiiiHuidk  METOJl ~ T€OMETPUYHOTO
MOJIEIOBaHHsI 0aratoakTOpHUX CHCTEM: JAHC. ... J-pa TexH. Hayk. Kuis.
KHVYBA, 2018. 512 c.

3. Jlucenko K.HO. TeopernuHi OCHOBM METOIIB  YTBOPEHHS
KOMITO3UIIIMHUX JIIHIN 1 TOBepXOoHb: Auc...K.T.H. Kuis. KHYBA, 2022. 267c.

4. Jluceako K.}O., Bepemara B.M. EneMeHTH KOMMO3HUIIIHHOTO
nudepeHilitoBaHnis y ToukoBid ¢opmi. [lpuxknagHa reomerpis, iHXEHEpHa
rpadika. Bumyck 103. KHYFBA, 2023. C. 114-122.

5. MyprazieB E.I'., Bepemara B.M. Y3aransnenuit rpadiunuii anamnis
KpUBUX 3 BUKOPUCTAHHAM iXHiX moxigHux. [IpuknagHa reomeTpist Ta iH>XKeHEpHA
rpadika. Kuis, 2022. Bumn. 103. C. 142-150.

6. [TaBnenko O.M. [lopiBHIbHUN aHAJ13 KOMITO3HUIIIMHOT IHTEPITOJISIIIT
3 TpaguuiiHuMu Metogamu. [Ipukiianna reomerpis Ta iHkeHepHa rpadika. Kuis,
2022. Bun. 103. C. 162-174.
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YK 514.18

HEINEPEPBHE 3rMHAHHSI KATEHOIZIA PIBHOMIPHUM
PO3TATYBAHHSAM B3JJOBXK HOI'O OCI

[MTumunaka C.®., mpodecop,
psfS5@ukr.ua, ORCID 0000-0002-1496-4615
Hecsinomin A.B., tokTopant'

Hayionanvnuii ynisepcumem 6iopecypcis i npupoookopucmysanus Ykpainu,
(Vkpaina, m. Kuis)

Anomauia. 32iono meopemu bypa i3 kypcy oughepenyianvroi ceomempii
KOJICHY NOBEPXHIO 0DEPMAHHS MOJHCHA 3ICHYMU Y 28UHMOBY | HA8NAKU. 32UHAHHSL
2BUHMOB0I NOBEPXHI 30ILCHIOEMbCA NOCMYNOBUM 3MEHULEHHAM i1 KPOKY 00 HYJIs
abo oHc po3mA2YBAHHAM NOBEPXHI 00epmManHs 630084C il 0ci, MOOMO 30i1bULeHHAM
KPOKY 810 HYJ5l 00 MAKCUMAIbHO MONCAUBOL GEIUYUHU.

Po3zenanymo 3eunanusa kamenoioa y e8UHmMo8Ull KOHOI0, KU MAE UWUPOKe
3acmocysannsa y mexuiyi. Hakxnaoanuicmv nosepxHi 26UuHmMo6020 KOHOIOA Ha
NOBEPXHI0 KAMeHOoi0a € KIACUYHUM NPUKIAOOM 32UHAHHS HEpPO320PMHUX
nosepxonv. Bona osnauae moocnusicmes oegpopmayii nouamrkosoi nosepxmi 6
Kinyesy ¢hopmy 6e3 po3ensidy NpoMIdCHUX NnonoxceHb. Henepepene 3eumnamnms
nepeobauae nob6yoo8y 00HONAPAMEMPUUHOT MHONCUHU NPOMINCHUX NOJIONHCEHD.

Knrwowuoei cnoea. I'sunmosuii KoHoi0, KpOK, nepuia keaopamuina gopma,
napamempuyHi piHAHHA.

IloctanoBka mnpoOJsieMu. I[loBepxHS TBHHTOBOrO KOHOiAa IIUPOKO
BUKOPHUCTOBYETHCSA MPU MPOEKTYBAHHI TBUHTOBUX KOHBeepiB. OIHAK BOHa €
HEPO3TrOPTHOI, TOMY HE ICHY€ TOYHOI MJIOCKO1 3arOTOBKH, TOOTO PO3TOPTKH, AJISI
BUT'OTOBJICHHS BUTKA. B 3B’SI3Ky 13 IUM BUKOPUCTOBYIOTH HAOJIUKEHY PO3TOPTKY,
gka O yuHWIA HaWMeHIIM omip mpu aedopMyBaHHI ii Y BUTOK TBUHTOBOTO
KOHOina. MIoro 3rvHaHHS Y KaTeHOIN J03BOJISAE 3HAHTH HAGIMKEHY PO3TOPTKY.
JIns 1pOTO KAaTeHOiJA MO’KHA anpoOKCUMYBaTHU 3pi3aHUM KOHYCOM 1 TOYHY
PO3rOpPTKY 3pi3aHOT0 KOHyCa MPUNHATH 32 HAOIMKEHY PO3TOPTKY TBUHTOBOTO
KOHO1ZA.

AHaJi3 ocTa”HHiX AocjixxkeHb. HenepepBHe 3ruHaHHS PO3TOPTHHUX
MMOBEPXOHb, B TOMY YKCJII TBUHTOBUX, pO3risiHyTO y mipail [1]. KonctpyroBanHs
BUTKA MPSAMOTO BIAKPUTOTO T'eIIKOi/Ia 13 MIOCKOI 3ar0OTOBKU PO3TJSHYTO B Ipaiii
[2]. B Hill moKa3aHO, 110 MOBEPXHEI0 OOEPTaHHS, HA Ky 3TMHAETHCS MPAMUN
BIIKDHTHII ~TeNiKOiI, € OJHONOPOXKHMUHHHI TimepGonoin. Moro Tex
PEKOMEHAYEThCS  AlPOKCUMYBAaTH  3pi3aHMM  KOHYCOM 3  MOJQJIbIINM

! HaykoBHii KOHCYJIBTAHT — II.T.H., Tipodecop [Tumumnaka C.D.
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3HAXO)KEHHSIM MOTO TOYHOT PO3TOPTKH. TaKkui CIIUTBHUAM IT1AX1]1 A€ MOKIIMBICTh
MOPIBHITH OTPUMAaH1 Pe3yabTaTH JUIsl OAIOHUX MTOBEPXOHb.

@®opmyJ0BaHHA Hijle. Onucatn MaTeMaTUYHO MPOLEC HEMEPEPBHOTO
3TUHAHHS MTOBEPXHI KATEHO1/]a y TBUHTOBUIA KOHO1I.

OcHoBHa yacTHHA. SKII0 MepuUIiaH MOBEPXHI OOEPTaHHS OMUCATH IBHUM
piBusHHAM Z=f(p), TO cama TOBepxHI OyJae oOmMUcaHa HACTYITHUMH
napaMeTpUYHUMHU PIBHSIHHIMU:

X =pcose; Y =psina;  Z=1f(p), (1)

Jie o 1 p — KpUBOJIHIMHI KOOPJIUHATH MOBEPXHI, MPU LILOMY p — BIICTaHb
B1JI BEpTUKAJILHOI OC1 00E€pTaHHS 10 TOYKH Ha MTOBEPXHI, 0 — KyTOBa KOOPANHATA.

[Tepma kBagpatnyHa Gopma moBepxHi (1) Mae HaCTyITHHIA BUTJISI:
dS? = Eda?® + 2Fdadp + Gdp?, 2
ne xoedimientu E, F, G 3HaX0a5Th 13 HACTYITHUX BUPA3iB:
. :(%) +(ﬂ)2 +(£)2; £ o OX 0X oY aY 07 7.
oo oo oo Ja 0p Jda 0p Jda 9Jp

X\ (oYY . (ozY
G=|—| +|— | +|—| .
0o 00 00

3uaiimoBiy Bupasu (3) mis moBepxHi odepranHs (1), oTpuMaeMo
HACTYTHY KBaJpaTudHy GopMy:
ds? =[1+ £2(p)|dp? + p’da?, @)
BincytHicTb y (4) cepenuboro koedimienta F cBiTuuTh Mpo T€, M0
CITKa 13 maparnesuei 1 Mepu/iaHiB € TPIMOKYTHOIO.
Tenep 3anuieMo nmapamMeTpUydHi piBHSIHHSA TBUHTOBOI MOBEPXHI, B SIKy MU
X04EeMO 3IrHyTH NoBepxHI0 obepTanHs (1):
X =wcose; Y =wsina; Z=¢+hea, (5)
Jie 1 W — He3aJIe)KH1 3MiHHI TTOBEPXHI,
h — rBUHTOBHMIA TapaMeTp, SIKUH € CTAIOI0 BETUIHHOIO;
@=@(W) — HEeBiZlOMe PIBHSIHHS OCHLOBOTO IEpepiy TBHHTOBOI IMOBEPXHI,
AK€ TIOTPIOHO PO3LIYKaTH.
[ToTpiOHO 3HaWTH Take piBHSHHSI @=@(W), mo6 mpu h=0 BoHO
OIMHCYBAJIO TaKy X KPHUBY, TOOTO MepuiaH, sk i piBHsHHS f=f(p).
KoeoimienTn nepmoi kBaapaTuanoi Gopmu nosepxHi (5) i cama
dopma 3rigao dpopmyir (3) 1 (2) HaOyBarOTh BUTIIAIY:
E=1+¢*  F=hg), G=w+h" (6)
dS? = (L+¢/%)dw? + 2hgldwd e + (W2 +h?)der’. (7)
I3 Bupasis (6) i (7) 6aunmo, mo F£0, TOOTO CciTka KOOPAWHATHUX JIHIHA €
KOCOKYTHOIO. BiJloMO, 110 MpH 3rUHAHHI TBUHTOBHUX IOBEPXOHb y MOBEPXHI
oOepTaHHS TBUHTOBI JIHIT HAKJIAJalOThCS HA Mapalielll, a iX OPTOTrOHaJbHI
Tpa€eKTOpli — Ha MepuaiaHu. TakuM YUHOM, NOTPIOHO MEPEUTH 10 MPSIMOKYTHOT
CITKM TaKMX KOOPJMHATHUX JiHIN. JlJisi Takoro mepexoay MOTpiOHO po3B’si3aTH
nudepeHifiaibHe PIBHSIHHSA:

©)

14



Fdw+ Gda =0. (8)
[licns migctaHoBKU B piBHSIHHSA (8) BHpasziB koedimieHTiB F 1 G 13 (6)
OJIEPKUMO:

a——hf v dw+t (9)

1ie t — cTaja IHTerpyBaHHS.

Craniii iHTerpyBaHHs / MOKHA HaJaBaTH PI3HUX UYMCIOBUX 3HA4Y€Hb. IM
BIIMOBIAATUMYTh NEPHEHAUKYISPHI JIiHIT 10 TBUHTOBUX. Lle 03Hauae, o cramy
f MO’KHA B35THU 32 HOBY He3aJIeXHY 3MiHHY. [licisl nboro 3anumemo:

hy'
da=dt -————dw. (10)

2
w? +h’

Tenep mincrtaBumo Bupasu do 13 (10) y (7) 1 micnsa nepeTBOPEHb
OTPUMAEMO:

ds? =1+ X% __ W‘p dw? +(w +h?)dt’. (11
w’ +h’

Ak Bugno 13 (11), xoediumient F BiACYTHIM, IO CBIAYUTH MPO
OPTOTOHAJIBHICTh KOOPAMHATHOI CITKU. Jlanmi moTpiOHO MpUBECTU KBAAPATHUHY
dbopmy (11) no Burmsimy (4). Lle o3nauae, mo norpidHo B (11) mepeittu Bixg
3MIHHUX W 1 ¢ 10 3MIHHHX o 1 p Tak, 00 BIH 3aJUIIUBCS He3MIHHUM. JJIs 11IbOTO
CIIOYATKY HPHUPIBHAEMO IpaBi yacTHHE npy aubepenuianax d’ i do’: p°=w’+h’,
[Ticns boro oTpuMaemMo:

dw
_ /W2+I’l2; dp=w—- 12
Y ey (12)

Hactynauii kpok — TpPUPIBHIOEMO JiBlI YAaCTUHH, B3SBIIM BHpa3

mudepenmiana dp 13 (12):
, 2 W2¢’2
(1+f2)w e =(1+—2 )dwz. (13)

. ! .
Po3B’sxkemo (13) BIAHOCHO @ 1 OTPUMAEMO:

, /W2 2 _ p2
@Y = fw ) (14)

J¢ ¢ — mox1gHa PI1BHSIHHSA KPHUBO1 OCbOBOT'O Iepep13y rBUHTOBO1 ITOBCPXHI1, SAKY

MOTP1OHO 3HAUTH;
f' — moximHa piBHAHHS MepHIiaHa y noBepxHi o0epranns (1).
Jani notpiObHo miidpaTu Taky KpUBY MepuaiaHa z=f(p), mo0 MoxHa 0yJio
npoinTerpyBaTtu Bupas (14) 1 3poOuUTH BIAMOBIJIHI MOAANbIII MEPETBOPEHHS. 3a
TaKy KpUBY B3s5UIM JIAHLIOTOBY JIIHIIO — Iepepi3 KaTeHoiaa:
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) a
f = aArccosh(B); [ = (15)
a 2 2
0 -a
B noxianiit (15) notpiOHO nepeiTu 10 3MiHHOT W 3TiaHO (12):
' a
/= = 16
\/pz_az \/W2+h2—a2 (16)
Hani nigcraBnsemo (16) y (14):
d@ [WZf/Z _ h2 1 a2W2 5
- =z 22" (17)
dw w wiw +h” —a

¥V Bupasi (17) noBepraeMocs 110 3MiHHOT p. 3rigHo (12) 3anuiiemo:
N ey dw=%. (18)
[Ticns uporo mimcrtaBumo Bupasu (18) y (17) 1 micns mepeTBOPEHb
OTPUMAEMO:
dp 0> |d® -
dp=p2—h2 0 —dt (19)

3naiineny mnoxiguy(17) miacraBiasemo y (10) 1 micas cOpoOIIEHb
OTPUMYEMO:

h a-n
do=dt —— dw 20
w\/(w2+h2—aZXW2+h2) ' (29)
[Ticns poro nepexoaumo B (20) go 3miHHO1 p. [Tigcrasisemo B (20) Bupasu
(18) 1 micnst cipolieHb OTPUMAEMO:
da " h a-n
ST al— : 21
dp p2 _ hZ pZ _ aZ ( )
3naiineni Bupazu (18), (19) 1 (21) miacTaBnsieMo y piBHSIHHS TBUHTOBOL
noBepxHi (5) 1 OTpUMY€EMO HACTYIIHI TApaMETPUUHI PIBHSHHS:

2 2
X =+p*-h cos(t—hfpz l—h2 az—hzdp];

0’ —a
a’ - h?
Y = p*-h’sin t—hf - 2a’,O :
P - (22)

-’ a —h2
7= / —h2 /
f -\ p-a’ —h2 ‘_a’
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[Mepma kBagpatuuna popmy piBHsSHB (22) 3riguo (3) 1 (4) Mae HacTymHUH
BUTIIA;
2

ds? = ﬁ do® + p’dt*, (23)
[Mpu miacranoBui y (4) Bupasy moximuoi i3 (15) orpumaemo mepiry
KBaJIpaTHUHy (opMy, aHajoriuny (23) 3a BUHATKOM 3MiHHUX o i1 t. OJHaK 11e He
Mae 3Ha4eHH:, 00 TO3HAYEHHS 3MIHHO1 1HIITUM CUMBOJIOM HIYOT'0 HE 3MiHIOE. JI1s
MOBHOI aHAJIOT1i IpuiiMaemo o=t.
[TigiHTerpaibHi BUpa3u y piBHAHHAX (22) MOXKHa mpointerpyBatu. [licis
IHTETpYBaHHS 1 3aMiHH CUMBOJTy «t» Ha CUMBOJI «0» piBHSIHHS (22) HaOyBarOTh

OCTaTOYHOT'O BUTJIAAY.

X =,/ p° =h*cos| a - Arctg%

Y = p*-h%sin a—Arcth
0
Z =+ya*-h’? In((0+\/,02 —a2)+ he.

Y mnepmy kBaapatuuny ¢opmy (23) crama h He BXomuTh, X04a BOHA
BILTUBAE HAa TeOMETPit0 MoBepxHi. OTKe BOHA € TapaMeTPOM 3TUHAHHSI. SIKIIIO SISt
h mamgatn 3uadenns h=0, to piBHsIHHS (24) omMMCHIYTh MOBEPXHIO OOCpTaHHS —
kareHoin (puc. 1, a). Crajia a BHU3HA4Yae pajiyc HaAWMEHIIOI Tapaieli, OTKe,
3MiHHAa p HE MOXXe HaOyBaTWM 3HA4Y€Hb MEHIIUX 3a a. Y TMpoIlleci moOyaoBH
MMOBepxHi BoHA 3MiHIOBanacs B Mexax 0,1-0,2 u, o BugHO Ha puc. 1, a.

[Ipu nedopmarnii KaTeHoina y KOHOIJI Mapajiesil NepeTBOPIOIOTHCS Ha
rBUHTOB1 JiHIl. Taka nedopmaiiiss JOCATAEThCA MOCTYNOBUM 301IBIICHHSAM
napamerpa h. 3a MakcumanpbHOro 3Ha4yeHHs h=a, HaliMeHIIa mapajieib i3
pazlycoM @ BUTATYEThCA Yy MpAMY JIIHIIO, SIKa CTa€ BICCIO I'BUHTOBOIO KOHOiIJa
(puc. 1, ©0). [omxwuHa 1€l mapaien JOpiBHIOE 27d, IO BH3HAYAE KPOK
TBUHTOBOTO KOHO1/a.

[Tpu 3amanoMy MakcuMaabHOMY 3HaueHH1 p=0,2 u, Ha KaTEeHOI i Tapayieh
mae pamiyc R. (puc. 1, a), a Ha TBUHTOBOMY KOHOiJlI — TBHHTOBAa JIiHIsA
po3TamoBaHa Ha WITHIAPI paaiyca R, (puc. 1, 6).

Coig 3BepHYTH yBary, mo IpH MakcuMaibHOMY 3HadeHHI h=a=0,1 B
piBHsAHHSAX (24) BUHHKAE AiICHHS Ha HYJb. [1[00 3amo0irta oMy, MakCUMaIbHE
3HayeHHs h Oyno mpwuitasaTo menmumM, a came h=0,099. Otpumane npu oMy
300pakeHHsI TBUHTOBOTO KoHOIAa (1, 6) OTpUMaHO TOYHO, MPO IO CBIIYUTH BiCh
KOHOI/a, fKa € MpsAMoIo JiHiero. [Ipu iHIMMX 3HAYCHHSAX mapameTrpa N, 3HaYHO
MEHIINX Bl MaKCUMaJIbHOI'0, BIAMOBIIHOIO JIIHICIO € TBUHTOBA.

Axbu motpibHO Oyno chopmMyBaTH OJMH BUTOK TBUHTOBOTO KOHOINA,
300paxeHoro Ha puc. 1, 6, 3 BHyTpIIIHIM KpaewM, 1110 301raeThes 3 BICCIO KOHOI/a,
TO AJist fedpomartii ciiji 0yso 0 B3sITH KaTeHOIH, Mpe/icTaBieHUi Ha puc. 1, a.

; (24)
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YMOBHO HOro MOKHA 3aMIHUTH 3pi3aHUM KOHYCOM, SIK IIOKa3aHO Ha
puc. 1, a. ¥ TakoMy BUIIaJKy TOYHA pO3ropTKa LIbOr0 KOHyca Morja 0 ciyryBaTu
HaOJIMKEHUM BapiaHTOM PO3TOPTKHU BUTKA KOHOina. [IpoTe cyTTeBa pi3HUI MIXK
dbopMOIO TIOBEpXHI KaTEHOiJJa Ta KOHyCa CBIIYUTH MPO 3HAYHI IUIACTHYHI
nedopmaitii, Kl BHUHMKAaTUMYyTh y Ipoleci (OpMyBaHHS BHUTKa 3 IIJIOCKOL
3aroToBKkd. OJHaK 4YacTHMHA TBHUHTOBOI'O KOHOi/la BWJIYYAa€eThCS, TOMY BOHA
MICTUTBCSI BCEpPEAMHI Bally, TOOTO Ta 4YacTMHA IIOBEPXHI KATEHOiJa, sKa
3HaXOJUThbCsl B HoOro HikHIA yactuHi. [Ipu Takomy oOMeEXeHHI KaTeHOina
YacTHHA, 10 3aJIUIIMIACS, 3HAYHO Kpallle alpOKCUMYETHCS 3p13aHUM KOHYCOM.

a 0
Puc. 1. ®poHTanbHi NPOEKIIiT ITOBEPXHI, OMUCAHOT PIBHIHHAMU (24)
npu a=0,1 u i pi3HUX 3HaUeHHSX h:
a — xatenoin (h=0); 6 — reunToBuit konoix (h=0,099)

3a piBHsIHHAIMH (24) MOXXHA OTPHMATH MPOMIXKHI 300pakKeHHS TOBEPXHI
npH ii 3rUHaHHI, 33/1aI09M 3HAYCHHS mapameTpa 3ruHaHHs h B mexkax 0,1>h>0.

BucHoBku. 3actocyBaHHs TeopemMu bypa pano MOXKIMBICTH OTPUMATH
napaMeTpuyHi pIBHSHHS, SKI ONHUCYIOTh HENEpPEepBHE 3THUHAHHSA IOBEPXHI
o0epTaHHS y TBUHTOBY. BUXITHOIO yMOBOIO € 3aJaH€ HESBHE pPIBHSHHS
MepHaiaHy.

bioniozpaghiunuit cnucox
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I. // Journal for Geometry and Graphics. Volume 27 (2023), No. 2, 151-157.
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Anomauin. B cmammi HasedeHi Kpusi piuHoi acmpoHOMIYHOI mMpuUsaiocmi
IHCONAYIT 0151 NIOWUH PI3ZHOI opienmayii ma HaAxu1y 00 NIOWUHU 20PU3OHNY HA
npuknaoi wupomu 51,4° (m. Capnu Pisnencoxoi obnracmi). Kpuei piunoi
Mmpueanocmi - IHCONAYIl OMPUMAHI  ULIAXOM MOOENI0BAHHA 6 Cepedosulyi
«MathCad». Hasedeni pesynomamu mooeniosants € NOKAZHUKOM MAKCUMATIbHO
MOdACIUB020 pecypcy iHcoasayil naowun 00sinbroco naxuny (6i0 0° 0o 90°) ma
asumymanvroeo kyma 6i0 0° (niedenv) oo 90° (cxid) ons micyeeocmi Oanoi
wupomu. OmpumaHi pe3yromamu MONCHA BUKOPUCIIAMU Ol BUSHAYEHHSL
MOJCIUBO20 ONPOMIHEHHS NAOWUH YU OJIsl BUSHAYEHHST MPUBALOCMI THCONAYIL
NAOWUH Ma IX ONPOMIHEHHs, 38aXHCAIOUU HA IMOBIPHICMb COHAUHO20 CASAHHSA 8
OaHitl micyesocmi.

Knwuosi cnosa. Azumymanouuti Kym, piuna acCmpOHOMIYHA MPUBATICD
IHCONAYIT NIOWUHU, KYM HAXUTLY NAOWUHU 00 NIOWUHU 20PU3OHNLY, 4AC CXO0O0)
Conys nao naowunoro, yac 3axo0y Conys 3a nIowWuHy.

IHocranoBka mnpoGuaemu. COHIE3aXHUCT Ta BUKOPUCTAHHS COHSYHOL
eHeprii B apXiTeKTypi MOTPeOYIOTh YHAOYHEHHS acTPOHOMIYHOI (MOXKIIMBOI)
TPUBAJIOCTI 1HCONAIII TUIOMIMH PI3HOI OpI€HTAIlli Ta HAXWUIY 10 IUIOMIMHU
TOPU3OHTY B PI3HI MEPIOJIU POKY, 30KpeMa, — MPOTATOM BChOTO poky. Ilmocki
COHSIYHI KOJIEKTOPH PO3MILIYIOTh 4acTO Ha Aaxax OyJiBeJb IiJl IEBHUM KyTOM
Haxujiay JI0 TOPU3OHTAIBHOI IUIOIIMHHU. TOMYy BaXKJIMBO caMe IS TMOXUIIUX
IJIOIIMH PI3HOI Opi€HTAIlli MOKa3aTH, SIK 3MIHIOETbCS iX piyHAa acTPOHOMIYHA
TPUBAIICTH 1HCOJIAIIII.

AHaJi3 ocTaHHIX JochaixkKeHb. MoOJETIOBaHHA  PIYHOTO  XOIYy
ACTPOHOMIYHOI TPUBAJIOCTI 1HCOJISALIT TOXUIION IUIONIUHU PO3TJISAanocs B poooTi
[2]. PoGora [1] npucBsiueHa BU3HAYEHHIO MOKIMBOI'O OIMPOMIHEHHS IUIOLIUHHU,
poOota [3] — BU3HAUEHHIO TPUBAJIOCTI 1HCOJIALII IUIOIIMHHU Ta ii OMPOMIHCHHS,

19



3Ba)KalOYM Ha IMOBIPHICTH COHSYHOTO CSSHHS B JaHiil miciieBocti. B Te3zax [4]
pO3MIsiAaBCs PIYHUM X1JT ACTPOHOMIYHOT TPUBATIOCTI 1HCOJISIIIT MOXMINX TLTOIINH
MIBACHHOT Opi€HTAIlli pI3HUX KyTIB HaXWwiy 10 IUIOIIUHU TOPHU3OHTY,
a B po0oTi [5] — BepTUKaIBbHUX IJIONIUH Pi3HOI Opi€HTAITI1.

®opmyroBaHHA 1Hijieil. B 111t po0oTi mocTaBieHa MeTa — Biyalli3yBaTu
pIYHY acCTPOHOMIYHY TPUBAJIOCTI 1HCOJSALII MJIOIIMH PI3HOI Opi€HTAllli Ta KyTa
HaxXuIy J10 TUIOIIUHU TOPU3OHTY.

OcHoBHa YacTUHA. ACTPOHOMIYHA TPUBATICTD 1HCOJAIII TUIOIMIMHU — 1€
Yac 1HCOJIAILIT B TOJIMHAX, KOJIM KOXKEH JIEHb POKY € COHSYHHUM, a cama IJIOIINHA
HE 3aTyJIOEThCS I1HIMMMH OO0’ €KTaMu, HANpUKIal, AepeBaMH, OyIWHKAMU 1
cropyziamu, penbedom. B Takomy BUMaAKy 4yac 1HCOJISIIT TUIOIIMHU 3aJICKUTh
Jauiie BiJ 11 OpieHTalli, KyTa Haxwily [0 IUIOIIMHUA TOPU30HTY Ta IIMPOTH
MICIIEBOCTI. ACTPOHOMIYHA TPUBAIICTh 1HCOJSALII € TOKAa3HUKOM pecypcy
THCOMAIIT (MAaKCUMAJIbHO MOXKJIMBUM 3HAYCHHSIM) 1T KOHKPETHOI TUIOIIMHN Ha
JNAHWUH JEHb POKY.

B miii po6oTi 3a MOMOMOIoOH aBTOPCHKOI MPOrpamu, pPo3poOJEHOI B
cepenopumi «MathCad», moOynoBaHi KpWBI pPIYHOTO XOJIy TPHBAJIOCTI
ACTPOHOMIYHOI 1HCOJSAIII TUIOIIMH Pi3HOI OpIEHTAlll Ta HAXWUIY 1O IUIOLIUHU
ropu3oHTy Ha mpukiaai M. Capuu PiBHEHCHKOI 00NacTi, iK€ po3TalllOBaHE Ha
mpoTi 51,4°. B HbOMY € aKTHHOMETPHUYHA CTAHITIS.

[Toxuna miuomMHa 3aJeXHO Bl Opl€HTAllli, KyTa HaXWiy A0 IUJIOIIMHU
TOPU3OHTY Ta JHS POKYy MOXke mneperuHaTu Tpaektopito CoHust abo He
nepetuHatu. lle mpu3BOAUTH N0 PI3HUX BapiaHTIB BU3HAYEHHS COHSYHOIO 4Yacy
cxony 1 3axoay CoHug HajJ IUIOMIMHOIO, SKII0O BOHA 1HCOJIIOETHCA, Ta
imeHTHdiKaIii BUOAIKIB, KOJM IUIOIIMHA HE 1HCOMIOEThCS B3arami. Jlis
aBTOMATUYHOI'O0 PO3PaxXyHKY TPHUBAJIOCTI 1HCOJIALII Tpeda BIACIIIKOBYBATH BCi
MOXKJIMB1 BapiaHTHU B3aEMHOTO TOI0KeHHS COHIIA 1 TITOITHUHH.

TpaHclueHACHTHE PiBHAHHSA [2] I BU3HAYEHHS COHSYHOTO Yacy, IO
BI/IMOBIa€ MEPETUHY TPAEKTOPIi COHILISI HA HEOECHIH miBcdepl 3 BENTUKUM KOJIOM,
YTBOPEHUM Ha HIA TOXWIOK IUIONIMHOKW (CoHsYHUN uac cxomy CoHIS Ha
TUTOIIMHOIO 200 3aX0/1y 3a IIONIUHY) MOXE MaTH JiBa a00 OJWH 3MiCTOBHI KOpEHi
(mepetrHM (MIEPETHH) BHIIE IIONMHH TOPU3OHTY), Ba a00 OJWH HE3MICTOBHI
KopeHi (mepeTuHu (MepeTHH) HUXKYE TUIOIWHU TOPU30HTY) a00 30BCIM HE MaTH
nificanx kopeHiB (CoHIile abo 1HCOJIOE IUIONIMHY BiJl CXOAY JIO 3axojay, abo
B3araii He iHcoioe). B po3pobneniii MathCad-niporpami Bu3Hauazacs cymapHa
TPUBAJIICTh ACTPOHOMIYHOT 1HCOJIAIIT 3a KOXEH JI€Hb pPOKY, 3BakKaloud Ha
MOXJIMBI 1HTEpBaU 1HCOIAIII. J[11g 1iboro po3risananucs 14 BapiaHTiB MOKIIUBUX
CUTyalllid, MOB’SI3aHUX SIK 13 B3a€EMHUMH IMOJOKEHHSAIMU TpaekTopii CoHIS 1
IJIOIIMHY, TaK 1 3 OCOOJUBOCTSIMHU OOYHUCIIOBANILHOTO mpoltiecy. Koopaunaru
CoHi11st 00YHCITIOBATIUCH 32 BIIOMUMH (POPMYJIaMH.

JI1st BUBHAUEHHS aCTPOHOMIYHOI TPUBAJIOCTI IHCOJALIT a3UMYTAIbHUNA KYT
3amaBaBes Big 0° (miBaens) mo 90° (cxim) wepes 10° a KyT HaXWITy IJIOUMUHH BiJ
0° (ropm3onTanbHa TwiommuHa) 10 90° (BepTHKanbHa TUIOMKHA) Tex depe3 10°.
TpuBanicTh 1HCOMALIT 32 PiK BU3HAYATIACh SIK CyMa TPUBAJIOCTEH 3a KOXKEH JI€Hb
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poky. B pe3ynbrari po3paxyHKIB OTpUMaHi JECATh KPUBUX 3aJE€KHOCTI PIYHOT
aCTPOHOMIYHOI TPHUBAJIOCTI IHCOJSLITI B TOAWMHAX Bl KyTa HaXWiy IUIOIIMHU
(puc. 1, ropu3oHTadbHA BICh — KYT HaXWIly IUIOIIWHU, Tpan.). Bepxus xpuBa
BIJINOBIJIa€ azuMyTaidbHOMY KyTy 0° (miBAeHHa opieHTauisi), a HWKHI — 90°
(cximHa opienTaiis). KoxkHa KpuBa 3 OUIBIINM a3UMYTAJILHUM KyTOM PO3MIIIEHA
HUKY€ KPUBOI 3 MEHIIIMM a3UMYTaJIbHUM KyTOM. Bl KpHB1 NOUYMHAIOTHCS 3 OHOL
TOYKH, SIKa BIANOBIJA€ PIYHIA TPUBAJIOCTI ACTPOHOMIYHOI  1HCOJIAILIT
TOPU30OHTANIBHOT TUIOIIMHM (JJ11 Hel TpUBANICTh HaWO1IbIma 1 cTaHoBUTH 4380
ronuH). HaliMeHIa TpuBalicTh PIYHOT ACTPOHOMIYHOI 1HCOJISIIL cepen
PO3TIAHYTUX IUIOMIMH CTaHOBHUTH 2190 rommH — 11 BEPTUKAIBHOI IUIOIIMHU
cxinHoi opieHTanii. [llo OubmMiI a3uMyTaIbHUIA KYT IUIOIIMHU, TO CTPIMKIIIE
3MEHIIYETHCS plUYHA TPUBAJICTD i1 ACTPOHOMIYHOI 1HCOJIALIII.
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Puc. 1. Kpusi 3a5eXHOCTI TPUBAJIOCTI B TOJUHAX PIYHOT aCTPOHOMIYHOI 1HCOISIIT
TUTOIIMH Pi3HOI Opi€HTAMI] Bil KyTa HaXWTy IIOIIHHA

Jlns HAOYHOCTI OTpUMAaHI pe3yJbTaTH IMOKa3aHl y BUIJSAI MOBEPXHI
nuisixoMm 00’ eHaHHS KpuBuX B cepenonuiii «MathCady» 3a gonmomororo GpyHkIii
«augmenty (puc. 2). [ToBepxHs npeicTaBieHa y BUTJIAIL JIHIHYATOr0 KapKacy Ta
y BUIISAl 130J1HIM PIYHOT TPUBAJIOCTI ACTPOHOMIYHOI 1HCOJALIT (KOHTYpHUI
rpadik 13 3aTUTUMUA KOHTYpPaMH).

BucnoBok. OTxe, Bi3yaini3allisi KpUBUX Ta MOBEPXHI PIYHOI TPUBAIOCTI
ACTPOHOMIYHOT 1HCOJIAIIT MOXUIUX IUIOMIMH PI3HOI opieHTalii (Bia MIBIHS 10
CXOJly) Ta KyTa HaXuiy 10 TJIOMIMHU FOPU30HTY (BiJl TOPU3OHTAIBHOI TUIOIIUHA
710 BEPTUKAJIBHOT) J03BOJIMIIA BUSBUTHU 1X XapaKTep Ta MEX1 3MIHHU, 1110 BaXKJIUBO
JUTSL OLIIHKM MaKCHUMAaJIbHOTO PECypPCy 1HCOJIALIII.
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(Kuis, Ykpaina)

Anomayia. Y pobomi po3enAHYMO  3ACMOCY8AHHS — NPOSPAMHO20
sabesneuennss Autodesk ReCap Pro [1] ons cmeopenns 3D-mooeneii
apximexkmypHux 00’ €Kkmie Ha OCHO8I (homozpammempii 8 0C8IMHLOMY NPOYECI.
Ilposedeno anpobayiro memoouxu Ha 080X mMunax o6 €kmie — MAIUx
CKYIbNMypax ma apximexmypuux cnopyoax. Ilpoananizoeano munogi nomuixu,
wWo uHUKaOmMs nid yac nobyo0osu mooeneli, ma 3anponoHO8aHo NioxXoou 00 ix
VCYHEeHHS wiisixomM onmumizayii  ¢pomosuomxu. Ompumani  pe3yibmamu
oemMoHcmpyroms 0oyiibHicms enposaddicents ReCap y nasuanvny i npoekmuy
npakmuxy 0jisi cmyoenmie apximexmyprozo gaxyaromemy KHYBA.

Knirouosi cnosa. @omoepammempisn, 3D-mooenosanns, Autodesk ReCap
Pro, yugposa pexoncmpykyis, apximekmypHna cnaowuHa, oceimuiti npoyec.

IMocTanoBka npoodJemu. CyyacHi HUPPOBI TEXHOOT11 BIAKPUBAIOTH HOBI
MOJIUBOCTI  JJIi  JOKYMEHTYBaHHs, 30€peKEeHHsI Ta PEKOHCTPYKIIL
apXITEeKTYpHUX 00’€KTIB, 30KpeMa NUISIXOM BUKOPHUCTaHHS (oTorpamMMeTpii.
doTorpaMmeTpis 1€ JUCIUILIIHA sIKa BUBYAE ABUINA, (HOPMHU, MOJIOKEHHS Ta
pO3MipH  PI3HMX MNOPEAMETIB Yy TMPOCTOpI NUISIXOM BUMIPIOBaHb 3
dortorpadiunoro 3o00paxkenHs. [Ipore Ha mpaktuii npu cTBOpeHHI 3D-
Mojiesiell Ha ocHOB1 ¢ortorpadiii yacTo BUHHKAIOTh JAedeKTH: apredaxTi,
HETOYHOCTI T€OMETpii, «IIPKU» B TEKCTypax, L0 3HUXKYE SKICTh KIHIIEBOIO
pe3yabpTaty. OCoOIUBO 11€ CTOCYEThCS CKIaAHUX 3a (opMoro abo MacmTabom
00’€KTIB, SIKI HE MOXKJIHMBO OXOINWUTHU IMOBHICTIO MiAg 4ac (OTO3HIMAHHS. Y
3B'A3KY 3 LIMM aKTyaJbHUM € JOCIHIJKEHHS BIUJIMBY YMOB (DOTO3HIMaHHS,
KIJIBKOCTI Ta SIKOCTI 3HIMKIB Ha TOYHICTh TOOYJ0BU LIU(DPOBOT MOJIEI1, a TAKOXK
MOIIYK CIOCO0iIB ONTUMI3alliil [OTO MPOIIECY B paMKaX HaBUYAIbHUX 3aBJIaHb.
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AHauri3 OCTaHHIX AOCJI/IAKEHb. doTtorpammeTpis AKTUBHO
BUKOPUCTOBYEThCA I LU(PPOBOI PEKOHCTPYKII apXiTEeKTYpHUX OO’ €KTIB,
30KpeMa y cdepi 30epekeHHs KyIbTYpPHOI criaamuHu [2].

VY GaraThbox IOCHIIKEHHAX MIIKPECIIOETHCA €PEKTUBHICTh 3aCTOCYBAHHS
nporpaMHoOro 3abesmneueHHs1, Takoro sk Autodesk ReCap Pro, mis cTBopeHHs
BHCOKOTOYHOI 3D-mokyMeHTaIii apXiTeKTypHOI CIIa IIIHHHI.

3HayHa yBara npuAUISIETHCSA NpoOIeMaM IKOCTI MOJIENEH, IO 3aJIeKaTh Bl
yMOB ¢oTorpadyBaHHs, SIKOCTI KaMep, KITbKOCTI 3HIMKIB Ta arOPUTMIB 00pOOKHU
[3]. Po3BuTOK HOBHX criemiai3oBaHUX MporpaM st podoTu 3 3D-00’exTamu, 1o
MOYMHAIOTh AKTUBHO BIPOBA/KYBATUCh Y HABUallbHI MPOTPaMH CTBOPIOIOTH
noTpedy B ajanTallii METOMK BUKJIaaHHs (DOTOTpaMMeETii.

®opmy 1i0BaHHA Hijeid. MeToro JOCIIIKEHHS € BUBUCHHSI MOXKIUBOCTEN
nporpamuoro 3adesneuenns Autodesk ReCap Pro mns crBopenns 3D-moneneit
apXITEeKTypHUX 00’ €KTIB, a TAKOXK yJAOCKOHAIEHHS M1AX0/1B 10 hoTorpadyBaHHS
Ta 00poOku (hoToMarepialy 3 METOIO MiJABUIIEHHS TOYHOCTI Ta SIKOCTI U(POBO1
PEKOHCTPYKIIIi.

OcHoBHa yacTtuna. [IpencraBuuku kadenpu iHPopMaIIHHUX TEXHOJIOT1H
B apxXiTEKTypi U kadeIpu HapUCHOI reomMeTpii Ta 1Hx)eHepHoi rpadiku KHYBA
3aiiMalOThCA JOCHIIPKEHHSIMH, SIKI JIO3BOJISITh CTBOPUTU PEMO3UTapiil AaHUX
1ICTOPUKO-apXITEKTYPHUX NaM ATOK. Y Mpoliecl TPOBEACHHS TaKUX JOCIIIKEHb
MPOTIOHYETHCSI  BUKOPUCTAHHSA  KUIBKICHO-SIKICHOTO  aHallidy  MPOEKTHUX
XapaKTEePUCTUK 1ICTOPUKO-0Y11BEIbHO1 IHPOPMAIIIHOT MOJENI 13 3aCTOCYBaHHSIM
JA3epHOr0 CKaHyBaHHS Ta (OTOTpaMMETPIi, a KIHIIEBOKO METOIO € aBTOMATHU3aIlisl
Takoro ananizy. CTBOpEHHS CKJIaJAHOI OpraHi3aliifHOi CTPYKTYypH Cy4acHOTO
apXiTEKTYpPHOTO CEPE/IOBHUINA, sIKa BUXOAUTH 13 PI3HUX KPUTEPIiB, JO3BOIUTH B
pa3i MOIIKOKEeHHsI a00 pyHHYBaHHS [aM ATKH apXITEKTYpH MijJ 4ac BIMCBKOBUX
Ii{, pecTaBpyBaTH, BIJHOBUTH ICTOPUYHY OYMIBIIO Yy BUIJISAMI MaKCHUMalbHO
HaOJIMKEHOMY /10 OpUTiHATY. 3’ SIBISETHCS MOXKIIUBICTH ONIEPATUBHO BUTOTOBUTH
MPOEKT pecTaBpaliii OyIiBIIL.

VY cyyacHili apxiTEKTypHIM Ta pecTaBpaliiiHiil NpakTUIll BCE UIUPIIE
3aCTOCOBYIOThCSI 1U(POBI MeToau (ikcamii Ta MOJEIIOBaHHS 00’ €KTIB
KyJbTYpHOI criaiuuHu. OJHUM 13 NEPCIEKTUBHUX 1HCTPYMEHTIB € IPOrpaMHe
3abesneueHnHs Autodesk ReCap Pro, ske 103BoJisie mepeTBoproBaTH (OTO3HIMKH
peaabHUX 00’ €KTIB Ha BUCOKOTOYHI 3D-Moxem.

Meroro AOCHIPKEHHS € BHUBYEHHS €(QEKTHMBHOCTI Ta YAOCKOHAJIEHHS
METOJUKH CTBOPEHHS (hOTOTPAaMMETPUUYHUX MOJIETIEH B OCBITHHOMY MpPOIEC 3
BukopuctanHsMm Autodesk ReCap. 3aBmgaHHsM cTajmo ampoOyBaHHS I[HOTO
IHCTPYMEHTY B YMOBaX HaBYAJIbHOTO CEPEJOBHUINA 13 3aTyUYCHHSIM CTYJCHTIB
apXiTEKTYpPHUX CHELIATIbHOCTEH.

VY paMkax eKCIepUMEHTAILHOTO KypCy CTyAeHTaM OyJo 3alpOonOHOBAHO
oOpatu JiBa TUIHU OO’ €KTIB, IO BIAPI3HSIIOTHCS 3a PO3MIPOM Ta T€OMETPUYHOIO
ckiIamHicTIo [4]:
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1) manmii apXiTeKTypHUH 00’ €KT, )i AKOTO MOKJIMBE IIOBHE OXOILICHHS MPH
¢doTorpadgyBaHH1, HAIPUKIaA, CKyJbNTypH 3 npoekty «llykaiil» y micri
Kuesi Ta iHmmx mictax Ykpainu (puc. 1);

Puc. 1. Mogens ckynbentypu ['anmku ['yneBudiBau npoekty “IHykaii!”

2) apxiTeKTypHa criopyja ado i YacTuHa, TOCTYITHA JIJIS 3HOMKH 3 JACKIITBKOX
O0KI1B, 30KpeMa, «30J0Ti BOpoTa», «Xpam Ycminas boropoauni», «My3ei
reTbMaHcTBa» ToIIO (puc. 2).

Puc. 2. lludposa korrist apxiTeKTypHOi Oy miBTi

JInst DOCSTHEHHS MAaKCUMAaJbHOI TOYHOCTI HUQPPOBOI PEKOHCTPYKIIii
HeoOXiTHO 3a0e3neun T MiHIMaJTbHIH Ha0ip 3HIMKIB — He MeHIe 20 goTorpadiit
y (dopmari .jpg. 3iOMKa MOBUHHA MPOBOIUTHCS 32 KOPOTKUH MPOMIKOK Yacy,
00 YHUKHYTH 3MIiH YMOB OCBITIIEHHS. Yci (ororpadii MaroTh OXOIUIIOBATH
00’€KT 3 PI3HUX paKkypciB, 3a0e3MeUyr0Yd TMOBHE MOKPUTTS HOTO reoMeTpii.
BaxnuBo, mo0 mxepena CBITIA 3aJUIIAINCh CTAO0ITbHUMH, a Ha MOBEPXHI
00’exTa Oyiu BIJICYTHI CUJIbHI TiHI, SIKI MOXYTh MPU3BECTU 10 COTBOPEHHS
reomeTpii B 3D-momeni [5]. PexkoMeHmyeTbcss DOTpHUMYBATHCh OCHOBHHUX
NPUHIUIIB (POoTOTpaMMETpli: MEPEKPUTTSI CYMIKHUX 3HIMKIB Ma€ CTAHOBUTH
50-80%, HEOOXiTHO MiHIMI3yBaTH CIIOTBOPCHHS TIEPCIICKTHUBH,
JOTPUMYBAaTUCh OJHAKOBOi BIJCTaHI 70 00’€KTa, a TaKOX BPaxOBYBATH
CBITJIOTIHROBE MOJIEIIOBAHHS MPU BUOOP1 Hacy 3MOMKH Ta MOJIOKEHHS KaMepH.

VY mpoiieci BUKOHaHHSI 3aBAaHHSA OyJIO BUSIBJIEHO THUMIOBI AedEKTH, sKi
BUHUKAIOTh MpPHU MOJENIOBaHHI OyjiBenb — apTedakTtu, nedopmaiiii, «IipKu» B
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reoMeTpii Ta Tekctypax (puc. 3). Lle crmoHykayio 10 MPOBEACHHS JTOJaTKOBOTO
JOCIIKEHHS aHAITI3y BILUIMBY PaKypcCy, IOCIIIOBHOCTI 3HOMKH Ta OCBITJIEHHS Ha
AKICTh MOJIEJl, a TaKoX 3AIMCHEHHS BHUOIpKOBOro migdbopy Qoromarepiainy.
3aBISKU IIbOMY BJAJIOCSA CYTTEBO 3MEHIIUTU KUIbKICTh JE(MEKTIB 1 MiJBUIIUTH
aetaiizamniro mudporoi kormii (puc. 4).

Puc. 3. ledextn moneni mudpoBoi komii

Puc. 4. Tlokpamiena aeranizaliis Mol nudpoBoi KOmii

Takuil miaxig MDIATBEPIKYE HEOOXITHICTH CUCTEMHOTO MIiAXOMy MO
(dboTorpaMmeTpii B OCBITHBOMY MPOIIECI, @ TAKOXK JEMOHCTPYE MOTEHINAN JIs
PO3BUTKY IHJIMBIIyalbHUX JOCIIIHULIBKUX MPOEKTIB y Uil cepi.

BucHoBku. Bukopucranus Autodesk ReCap y HaBuanbHOMY Iporieci He
JUIIEe  JO3BOJISIE  O3HAWOMUTH  CTYAEHTIB 13 Cy4YacCHUMU LU(PPOBUMU
TEXHOJOTIIMU, a U ¢GOpMye HAaBUYKA KPUTHUYHOTO aHAI3y pe3yJbTaTiB
MojienoBaHHA. [IpoBemeHe MOCHIKEHHS TIOKazalo, IO SKICHUM Miaoip
dboTomarepiany Ta JOTPUMaHHS IPUHIUIIB (OTOTPAMMETPil ICTOTHO BILIUBAIOTh
Ha TOYHICTh Ta IiTicHICTh 3D-mozeni. OTpuMaHni pe3yiabTaTH MOXYTb OyTH
BUKOPHUCTAHI [JIsi ONTHUMi3alii MeToAiB HudpoBoi ¢ikcalii apXiTeKTypHUX
00’€KTIB y IPaKTHUIIl pecTaBpallii Ta apXiITEeKTypPHOTO MPOEKTYBaHHS.
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[1ix yac BifiHK B YKpaiHi 3aIUIIAETHCA OUEBUIHOIO TPAKTHYHA 3HAYUMICTh
CTBOPEHHS PEIMO3UTapil0 JTaHUX 1CTOPUKO-apXITEKTYpHHUX Mam’sToK. Po3poOka
MPOTPAMHOT0 1HCTPYMEHTY Ha OCHOBI MPEICTABICHOTO MIAXO0Ay Ta MOJAJIbIIHIMA
aHani3 crBopeHux BIM-Mozenel 103BOJIUTE 3A1MCHIOBATH KEPYBaHHS SIKICHUMU
XapaKTepUCTUKAMHU  ICTOPUKO-apXITEKTYpPHUX OO €KTIB 3TIHO ICHYIOUYHUX
HOPMAaTUBHUX MapaMeTpiB, BpaXOBYBATH YMOBH, 3a/1aHi 3aMOBHUKOM. KpiMm Toro,
MpEACTAaBICHUN MiAXiJA JIO3BOJIMTH TOYHINIE BU3HAYUTH MAaTEPIalOEMHICTD
apXiTEeKTypHOI KOMITO3UIIli Ta 3araJibHy BapTICTh PECTaBpalliiiHUX POOIT.
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Abstract. Vibration phase measurement errors, caused by phase sensor
installation — misalignment are considered and estimated. Practical
recommendations that allow one to decrease influence of misalignment are
presented.

Keywords. Vibration phase measurement, phase measurement error,
balancing.

Statement of the problem. Imbalance is the most probable root cause of
high vibration levels on heavy machinery, especially steam turbines and
generators [1, 2]. In order to reduce imbalance, balancing of the machine is
performed; to achieve acceptable vibration levels, one has to measure both
vibration magnitude and phase at the rotor rotation frequency. Thus, one has to
ensure high measurement precision of both those values, which, in turn, cannot
be achieved only by using a high-end instrumentation.

Analysis of recent research. In heavy machinery balancing, influence
coefficients method [3, 4] is used most often. In order to use that method, one
has to know precise values of both trial (or correction) mass and its installation
angle and vibration phase and magnitude. Values of mass and of its installation
angle can be precisely measured on a stopped machine; vibration phase and
magnitude in each measurement point, however, must be measured using two
synchronized channels — one is used as a reference, and another as a signal
channel. As a reference channel, either eddy current or optical sensor is used.
In both cases, when wedge key or optically contrast mark is in the sensor’s
field of view, pulse is formed at the channel output; that pulse is used as a
reference point to calculate phase of the vibration maximum (so-called “heavy
point”). Such an approach is prone to errors when the optical phase sensor is
used, as its position relative to machine’s shaft is always set with some
misalignment.

In paper [5], a novel balancing method is presented, which does not require
phase measurements. However, in order to implement that method, one has to do
two trial runs instead of one per each trial mass, and each trial run significantly
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decreases lifetime of the heavy rotating machine; therefore, method is impractical
for steam turbines and similar machinery.

In [6], method of fast vibration phase estimation using FFT is proposed; its
main drawback is complex phase calculation via trigonometric functions,
including sine, cosine and arctangent. Moreover, method, proposed in [6],
assumes only ideal sensor positioning, and does not take possible misalignment
into account.

Authors of work [7] investigated the effect of imbalance on a rotor shaft
using both vibration characteristics and a smart experimental setup based on an
algorithm embedded on a FPGA. That setup includes vibration sensors and
optic phase sensor, but possible phase estimation errors in [7] are not
considered.

Thus, errors of vibration phase measurement caused by phase sensor
installation are not discussed or studied in the known references.

Formulation of goals. The goal of the study is to estimate errors, caused
by phase sensor misalignment, and to give practical recommendation that allow
one to reduce those errors significantly.

Main part. Consider a machine with the horizontal shaft of radius R, on
which contrast optic mark is placed. In the ideal case, optic phase sensor should
be installed along OA line at the distance / from the shaft surface (Fig. 1); in
practice, however, sensor is installed with either angular misalignment a (Fig. 1)
or linear misalignment % (Fig.2), or both.

Vibration transducer’s
sensitivity axis

Optic sensor

Contrast mark

Heavy point

Fig. 1. Typical vibration phase measurement setup with angular
misalignment of the optical sensor
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Vibration transducer's
Sensitivity axis

Optic sensor

D \

Contrast mark

Heavy point

Fig. 2. Typical vibration phase measurement setup with linear
misalignment of the optical sensor

If optic phase sensor is installed with an angular misalignment o, as shown
in Fig. 1, or with a linear one 4 as shown in Fig. 2, measurement system will
measure vibration phase as shown if Fig. 3. Grayed pulse is the pulse that
corresponds to the real vibration phase ¢, + ¢; dashed pulse corresponds to the
phase ¢,, measured by the system with misalignment. So, phase measurement
error is equal to ¢.

Optic sensor A QP
output A 9 "

=

»
>

I

p——— _7

—
o

time/phase

SN N

time/phase

Vibration

Fig. 3. Phase measurement error, caused by phase sensor installation errors
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If only angular misalignment is present (Fig. 1), then using sine theorem

for triangle OAB, one can easily write down, that
R R+l

sin (o) - sin (m—¢@—a) (1)
After simple algebraic transforms, and taking into account that both a and

@ are acute, one can deduce that
@ = arcsin (RTH sin (a)) +a (2)

If only linear misalignment is present (Fig. 2), then from the right-angled
triangle OBD one can deduce, that

@ = asin (%) 3)

Assuming that R=150 mm, and different values of distance 1, error

estimation for different angular and linear misalignment values using (2) and (3)

were calculated. Results of calculations are presented in Table 1 and Table 2
respectively.

Table 1. Phase measurement error with angular misalignment

Angular misalignment Phase measurement error ¢, degrees
a, degrees [=300 mm (=600 mm
1,0 3,0 5,0
2,0 6,0 10,0
5,0 15,2 25,0
10,0 314 60,0
15,0 50,1 shaft 1s out of
sensor’s field of view

Table 2. Phase measurement error with linear misalignment

Linear misalignment 2, mm Phase measurement error ¢,
degrees
1,0 0,38
2,0 0,76
5,0 1,91
10,0 3,82
20,0 7,66

As one can see from Table 1, depending on the distance from optic sensor to
the shaft, phase measurement error may have a value from 3-5 degrees
(comparable to typical vibration phase angle measurement error) to as much as
50-60 degrees, which is unacceptable. At that, the nearer sensor is to the shaft,
and the smaller misalignment is, the smaller phase measurement error is and vice
versa. Calculation results, presented in Table 2, show that linear misalignment of

even 20 mm causes phase measurement error of 7,66 degrees; thus, angular
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misalignment has a much higher influence on the phase measurement error than
linear one has. Therefore, in order to mitigate misalignment influence and reduce
phase measurement error, one has to minimize angular misalignment of the optical
phase sensor in the first place.

As for eddy current sensors, due to small installation distance from the shaft
(I is up to 5 — 10 mm) and the fixed place of sensor installation, the above
conclusions do not apply. Those sensors usually provide minimal phase
measurement error.

Conclusions. As one can see, phase sensor installation error may have a
significant influence on the precision of vibration phase measurement and, as a
result, on balancing quality overall. In order to mitigate that influence and thus to
reduce phase measurement error, one has to provide minimal angular
misalignment of that line of view from the horizon. Minimal vertical
misalignment of the optic phase sensor’s line of view from the shaft axis is also
desirable. Practical check and improvement of the above recommendations may
become a goal of the future research.
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«Kuiscokuti nonimexuiunuu incmumym imeni lzops Cikopcbkoeo»
(m. Kuis, Yrpaina)

Anomauia. Ha cyuacnomy emani po36umk)y CYCRIIbCMBA, 3 Memoio
CYMMmMEBO20 NIOBUWEHHS NPOOYKMUBHOCMI npayi, 8 6a2amvox 2any3sx HApOOHO20
20CN00apcmea  WUpPOKO  3ACMOCO8YVIOMbC  PIZHOMAHIMHI  pOOOMU308AHI
cucmemu. B ocmanni poxu 00601 nonynsapui e1ekmpomexaniuii Maninyasamopu
wapuipno2o muny. Y Oaniti cmammi po32110a€EmbCsa mMakuti Npucmpii i3
OUCMAHYINIHO KEPOBAHUMU HE3ANEeHCHUMU eNeMeHmamu, AKUil Modxce Oymu
BUKOPUCMAHULL 015 30IUCHEHHS PIBHOMAHIMHUX 8UpOoOHUYUX onepayii. Ocobauso
ye cmocyemucsi 6UNAOKIB, KOJIU BUKOHAHHS NOCMABIEH020 3A80AHHSL YCKIAOHEHe
abo nebesneune 05 NOOUHU. Y HAW CKIAOHUL YacC, WO NO8’ A3AHULL 3 BOEHHUMU
oismu Ha mepumopii Ykpainu, axmyanibHoo nocmae npooiema MexamivHo2o
00poOImMKY IpyHmy HA a2papHux nousax, AKi Oyau  3aminogani. Tomy
NPOEKMYBAHHS, BULOMOBIEHH MA eKCNLyamayis i0ON08IOHUX POOOMU308AHUX
KOMNIEKCI8 € 8ANHCIUBOIO HAYKOBO-NPUKIAOHOIO 3A0aUero.

Knrwuoei cnoea. I'nyuxuii 6aeamonankosuilt. Maninyasmop, Oucmanyiine
Kepy8anHs, pobomu308ana cucmemda, 3Hapso0os OJisi MeXamiuHo2o 00poOIimKy
IPYHMY, KOHCMPYKYIUHO-eKCNAYamayiuni napamempu.

IHocTanoBka npodaemu. Ha HUHINIHBOMY €Tami PO3BUTKY HAIIO1 KpaiHH,
OB’ 13aHOMY 3 BIHOIO Ha 11 TEPUTOPIi, OJIHIEIO 3 MPOBIAHUX Traly3ei eKOHOMIKHI
€ CLIbChbKE rocrnofapcTBo. ToOMy MiJBHILEHHS HOro €(pEeKTUBHOCTI CTAHOBUTH
aKTyallbHy mpo0seMy JepxkaBHOro piBHs. Ha ii BUpillIeHHS cIpSMOBaHE BEIUKE
YUCJIO0 HAYKOBUX JOCHIIIKEeHBb. Uepe3 3anuiik BUOyXOHEOe3MeUyHUX MPEeIMETIB
Ha MOJISIX MEXaHIYHUI 0OPOOITOK IPYHTY 3 BUKOPUCTAHHSM JIIOJICHKOT Mpalll cTae
J0BOJII HeOe3NMeYHUM. 3a3HayeHl 0OCTaBUHU OOYMOBIIIOIOTH FOCTPY MOTPeOy B
3aCTOCYBaHHI HaJEXKHUX POOOTHU30BAaHUX 3HApsAAb. [IeBHUM 4YMHOM BUPIMIUTH
OKpECJICHE CKJIaJHE MHUTaHHS J03BOJISE MPOAHAII30BaHMM B JaHii myOmikarii
THYYKUAN MaHIMYJSTOP 3 AUCTAHIIMHUM KEPYBAHHSIM.
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AHati3 nochigkens i myoaikanii. Y monorpadii [1] y cuctemaruzoBaHiit
dbopmi MojaHo 3arajabHl BIIOMOCTI IIOJI0 CYYaCHUX HA3€MHUX POOOTH30BAHMX
KOMIUIEKCIB, IXHBOT KOHCTPYKIIi Ta cepu 3acTOCyBaHHS, BUKJIAJAECHO METOAN
HaJIeKHUX JOCTIKEHb BIAMOBIIHUX JAWHAMIYHUX TpoleciB. Bunmanas [2]
MPUCBSIYEHO CUCTEMHO-CTPYKTYPHOMY acneKkTy (opmanizallii BUOOPY €JIeMEHTIB
poOOTEXHIYHUX cucTeM. Posrmsinytuil y po6oti [3] Mopdonoriynuii aHami3
JI03BOJIsIE OINpPallbOBYBAaTH 3HAYHE YHWCIO BApIaHTIB CTBOPIOBAHUX TEXHIYHUX
00’€KTIB 31 CKJIAJOBUX CTPYKTYpHMX KOMIOHEHTIB. Y cTarTi [4] HaBeaeHO
YIOCKOHAJIEHHS TeOMETpUYHOT (OpPMHU €JIEMEHTIB JUCKOBUX MAaHIMyISTOPIB.
[M'Hydkuit MaHITYJISTOP 3 AUCTAHLIMHUM KEPYBaHHSM, MPEICTABICHUN Yy ATEHTI
[5], mpu3HaYeHM JIs1 BUKOHAHHS PI3HOMAHITHUX TEXHOJIOTIYHUX OIeparlii.

Merorw myOJikanii € onuc KOHCTPYKLIi Ta (PYHKI[IOHYBaHHS THYYKOTO
MaHINyJIsAToOpa 3 JUCTAHI[IMHO HE3aJeXKHO KEPOBAaHUMH E€JIEMEHTAMH SIK
MOTEHLIMHOTO KOMIIOHEHTa POOOTH30BAHOI CHCTEMHU CUIbCHKOTOCTIOAAPCHKHUX
3HAPsIIb JAJIS1 MEXaHIYHOTO 0OPOOITKY IPYHTY.

OcHoBHa YyacTHHA. 3apPONOHOBAHUN MPHUCTPIA 300pakeHO Ha puc. 1.
Moro KOHCTpPYKIIsl CKIANA€Thcsd 3 OCHOBH 1, MEBHOI KiIBKOCTi OJHOTHIIHHX
€JIEMEHTIB (CerMeHTIB) 2 Ta poOo4oro oprany 3. 3a3HaueHi KOMIIOHEHTH 3’ €/THaHi
MOMDK CO0O0I0 €NEeKTPOINPOBIIHUM TPOCOM, IO € KPUBOJIHIHOIO BICCIO
MaHinynstopa. Ha naHoMmy pucCyHKYy Tpoca HE BHUIHO, ajie KoH(pirypauimo y
MPOCTOP1 BKAa3aHOI OC1 BIITBOPIOIOTH MOKAa3aH1 €JIEMEHTH.

Puc. 1. 3aranbHuii BUTJISA] THYYKOTO MaHIMyJIsTOpA:
1 — ocHoBa; 2 — cermeHT; 3 — pobounii opran

HeoOxinna ii h)opMa BU3HAYAETHCS TOTOYHUMHM TTOJI0KEHHIMU CETMEHTIB,
Kl KEepPYIThCS AUCTAHLINHO Oe3n1poToBUM criocoboMm. [lpu 1mpoMy KokeH
€JIEMEHT Ma€ JIBa 00epTaibH1 CTYIIEHSI CBOOO/IH.

Jlxepeno )KUBIEHHS] MaHIMYJISITOpa 3HAXOAUTHCA Ha MOOUIBHIN m1aTgopmi
pOOOTHU30BAHOTO KOMIUIEKCY Y BHIJISI aKymylsitopa abo TeHeparopa.
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JlieneKTpUYHUIM CETMEHT 2 Ma€ KOPITyC 3 YOTHpPMa MEeNOCTKaMH, Ha 30BHIIIHIX
MOBEPXHAX SIKUX PO3MIIIEHI €JIIEKTPOMAarHiTH, a Ha BHYTPIIIHIX — MeTajeBi
IJIACTUHU. YCEepeAuHl KOpPHyCcy € TOpOXXKHHMHA, € pO3TallloBaHa CHUCTEeMa
KepyBaHHS, 10 CKJIAA€ThCS 3 OJIOKY >KUBJIEHHS, MIKPOIPOIECOPa, YOTUPHOX
MIKPOKOHTPOJIEPIB 1 MOAyJsl mpuilomy Oe3npotoBoro curHany. [IpusHaueHHs
MIKpOTMpoliecopa MoJsArae B KepyBaHHI MIKPOKOHTPOJIEpAMH Y BIAMOBITHOCTI 3
CUTHaJIaMU BiJl MOJYJisl 0€3ApOTOBOIO 3B’ s13Ky. JKUBIIEHHS I 010Ky KEpYBaHHS
Ta €JEKTPOMArHITIB TMOJAEThCS 3aBISKH OCbOBOMY Tpocy 1 chepruduHum
KOHTaKTaM.

OCHOBHUM KOMITOHEHTOM IMPAaKTUYHO KOXKHOTO MaHINMyJIaTopa € Woro
pobGounit opran. Ili 3acobu MOXyThb OyTH JOBOJII PI3HOTO NpPHU3HAYECHHS,
3aCTOCOBYBATUCS, HaNpUKIaA, JJIS 3aXBaTy Ta TMEPEHECEHHS IMPEAMETIB,
3MIHIOBaHHS iXHBOI OpI€HTAIlll, BAKOHAHHS TTEBHUX BUPOOHUYHUX OIepaliiil TOIIO.
KoHcTpykilig 3a3Ha4eHUX NPUCTPOIB TEK NOCTATHHO OararomaniTHa. Ha puc. 1
MOKa3aHO pOOOYMI oOpraH 3 JOCTaTHIM YHUCJIOM CTYNEHIB PYXJIUBOCTI
KIHEMaTUYHOTO JIAHIIOTa BHACIIIOK HEOOX1THOT KIJTbKOCTI HOTO JIAHOK.

[Tin yac MexaHIYHOTO OOpPOOITKY TPYHTY B CLIBCBKOMY TOCIOJApCTBI
BUKOPHUCTOBYETHCS BEJIMKA HOMEHKJIATypa 3HapsAb. 30KpeMa, 1€ MOJIUIIEBI,
4yu3elibHI Ta 1McKoBi. HaBeneHuit pakT CipuamHEHO METOO TOCATHEHHSI BUCOKUX
arpOTEXHIYHUX TIOKAa3HUKIB B YyMOBax IIMPOKOTO pPO3MAITTA TIPYHTIB 3a
MEXaHIYHHUM CKJIaJ0M (IilllaH1, TTTUHUCT1, YOPHO3EM TOIIIO), IXHBOIO CTPYKTYPOIO
(TBepAi, mMyXKi, TPYAKYBaTi 1 T. 1I.), IHIIUMH BIACTUBOCTAMHM (BOJIOTICTh, aeparlis,
MPOIEHT TyMyCy, MHOMNEPEeAHl KyJIbTypu TOIIO0). ApanTaiis A0 OKPECICHUX
00CTaBUH 3a3BUYail JOCITAETHCS HEOOXITHOIO KOHCTPYKIIIEID IPYHTOOOPOOHHX
OpraHiB Ta pallOHAJbHUMHU pPEXHMaMH IXHbOI €KCIUlyaTaulli. Y mnepmomy
BUMAJKY 1€ IeBHa ¢opma, po3MipH il MaTepial 3Hapsib, a Y APYyromy — rinouHa
Ta MIBUIKICTH OOpOOITKY, MOTpiOHE MNO3UIIIOHYBaHHA 3HapsiaAb. OcCTaHHE B
Cy4YacHIN arpapHiii TEeXHIIl, SK MPABUIO, PEANI3yEThCA MEXaHIYHUM YHHOM 3
¢dikcamier0o HaWOUIBII MOPUTIIHUX PO3TAlllyBaHb [ BCHOIO  BKa3aHOTO
TEXHOJIOTTYHOTO MPOIIECY.

binbi mporpecuBHUN HAMPSIMOK 3aCTOCYBaHHSI PO3IIISIHYTOI ClIBCHKO-
rOCMHO/IapChKOT TEXHIKU MOJSTa€ y BUKOPUCTAHHI BIJMOBIAHUX POOOTU30BaHUX
KOMIIJIEKCIB, OCHOBOIO SIKMX MOK€ OyTH MOAIOHHMII 1O ONHCAHOIO BUIIE
MaHIIyJIsTOp 3 AMCTAHLIMHMM KepyBaHHAM. IXHBOIO NEpEBArol0 € 3JATHICTH
THYYKO KEepyBaTH pallOHAJbHUM MO3UIIIOHYBAaHHAM IPYHTOOOPOOHMX OpraHiB
3T1JIHO 3 HAasSBHUMH OOCTaBMHAMH B PEKUMI peaibHOTO yacy ekcruryataii. Lle
3a0e3Meuye He TUIbKU MiJBUILICHHS OTPUMYBAHUX arpOTEXHIYHUX MOKA3HUKIB, a
1 EKOHOMIIO EHEPreTUYHUX BUTPAT Ta JIIOACHKOI npaili. CyTTeBUN (HAKTOP TaKOXK
ckJiajiae yHi(ikaiisi, TOOTO 3MEHIIIEHHS] TOTPiIOHOI HOMEHKJIATYPH BiJIMOBIIHUX
CUIBCHKOTOCIIOJAPCHKUX 3HAPSb 32 PAXyHOK 3alpOINOHOBAHOI ajamntaiii. Ase
TOJIOBHUM € 30€pEeKEHHS KUTTA Ta 3J0POB’s MPalliBHUKIB arpapHoi cepu mpu
pOOOTI HA MOCTPpAKAATUX BIJl BOEHHUX A1l B YKpaiHl MOJIAX.

TakuM 4YMHOM, BHUKJIQJCHUM BHINE MPOAHANIZ30BAHO JAESKI MUTAHHS
MOXJMBOCTI Ta JIOUIJIBHOCTI 3aCTOCYBaHHS THYYKMX MAaHINYJSTOPIB 3
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JUCTaHIIITHUM KEPYBaHHSM SIK CKJIaJIOBUX KOMIIOHEHTIB pOOOTU30BAHUX CUCTEM
3HApPSIAb JAJISI MEXaHIYHOTO 0OPOOITKY IPYHTY.

BucnoBknu. [Togani B miif my0sikarii BiJIoMOCTI MPUCBAYEHO BAXXKJIMBIN Ta
aKTyallbHIM TEeMaTWIll 100 BIPOBAKEHHS HOBUX 3aco0iB aBTOMAaTHU3aIlli B
rajxysi CuUIbChKOro rocmojapctBa. Lle crocyeTbes pobOoTuzaiii 3HapsSAb AJis
MEXaHIYHOro O0OpOOITKY TpyHTYy. Byno omnucaHo rHydkuid OaraToJaHKOBHIA
MaHIMYJISATOP 3 TUCTAHI[IMHUM KEpyBaHHSM SIK 0a30BUI KOMIIOHEHT 3a3HAYEHUX
TEXHIYHUX CHUCTEM. PO3IIsSHYTO OCHOBHI HalEXHI iXHI KOHCTPYKLIMHO-
eKCIUTyaTalliiiHl MapaMeTpu Ta XapakTepucTuku. OcoOJMBO MiAKPECIEHO
JOLJIBHICTh 3allPOMIOHOBAHOIO MIAXOAY B YMOBaxX HAasBHOCTI HEraTUBHUX
HACIIJIKIB 111010 O€3MeKH Ipalll Ha arpapHUX MOJIIX HAIIOL Jep:KaBU Yepe3 BOEHHI
nii Ha 11 TepuTopii. [IpoaHamizoBaHa BHUIIE METOJIOJIOTIS CIIPSIMOBaHa HE TIIBKH
Ha PO3BUTOK HAyKOBO-TEXHIYHOI'O MPOTrpecy, a 1 30epeKeHHs 37J0pOB’sl JIIOAEH,
3aHATUX Y CUIBCHKOTOCIOAAPCHKOMY BHUPOOHHUIITBI B TMOTOYHHMI CKIIAJHUI
nepioj )KUTTS B YKpaiHi.
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Abstract. This article investigates the implementation of STEAM (Science,
Technology, Engineering, Art, and Mathematics) principles in the academic
discipline ““Engineering Graphics” and “Technical Drawing and Computer
Graphics™. The subject is presented as an integrative educational tool that
connects analytical thinking, spatial visualization, and technological proficiency.
By incorporating tasks such as technical drawing, parametric modelling, and
object visualization, the course provides a platform for developing students’
creativity, engineering literacy, and multidisciplinary problem-solving skills.
Practical examples of STEAM-oriented assignments are discussed.

Keywords. STEAM education, engineering graphics, spatial thinking,
creativity, technical drawing, 3D modelling, educational tasks, engineering
training.

Problem statement. Modern higher technical education requires
innovative approaches to developing engineering competencies that integrate
analytical thinking, creativity, spatial reasoning, and digital literacy. The
disciplines “Engineering Graphics” and “Technical Drawing and Computer
Graphics” have traditionally been viewed as tools for mastering the graphical
language of engineering, primarily focused on adherence to standards and the
preparation of technical documentation. However, with the emergence of the
STEAM education paradigm, there is an increasing need to reconsider the content,
instructional strategies, and integrative potential of these courses. It is now
relevant to explore how these disciplines can serve as a foundation for combining
science, technology, and engineering in the education of future professionals.

Analysis of Recent Research. Modern technical education increasingly
demands a rethinking of the role of creativity, visual literacy, and interdisciplinary
integration. The STEAM framework — an extension of STEM through the
inclusion of the arts and cultural components — has received significant attention
in recent educational discourse. It is based on the recognition that innovation and
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creative solutions often arise at the intersection of disciplines and in response to
real human needs [1]. Within this approach, the arts are not secondary to science
and engineering but are equal contributors to the development of flexible,
imaginative, and socially responsive thinking (Table 1).

This integrative vision has important implications for educational practice.
Preparing professionals for the challenges of the 21st century requires more than
technical accuracy and analytical reasoning; it also calls for the development of
design-based problem solving, visual communication skills, and cultural
awareness [2]. In the digital era — where the lines between technology, media, and
design are increasingly blurred — the traditional division between technical and
creative competencies is no longer valid.

Formulation of Goals. The goal of this study is to show how engineering
graphics can support STEAM education by combining technical precision with
creativity and spatial thinking. The study proposes ways to integrate visual,
digital, and interdisciplinary tasks into the curriculum to better prepare students
for modern engineering challenges.

The main part. This shift opens new perspectives for traditionally
technical disciplines such as Engineering Graphics and Technical Drawing and
Computer Graphics. These subjects can serve as effective platforms for
implementing STEAM principles, as they combine graphical precision, digital
modelling, and creative expression. Furthermore, the integration of digital tools
into educational ecosystems enhances interdisciplinary connections and supports
flexible, learner-centred approaches that meet the demands of contemporary
technical education.

Table 1. Key Differences Between STEM and STEAM Approaches in Education

Characteristic STEM STEAM

Focus Areas Etr:]i;r;‘:r?ﬁ;h&o;&gy, + Art, Creativity, Design

Type of Thinking Analytical + Integrative, Creative

Problem Approach Technological solution ;ru?;in;ﬁgicentred, aesthetic and
pplcation ranpies | e davinos, | Fon made o

The disciplines of Engineering Graphics and Technical Drawing and
Computer Graphics play a central role in implementing the STEAM approach by
combining the precision of technical reasoning with the creative potential of art.
Studying projections, constructing drawings, and developing 3D models foster
spatial imagination, geometric intuition, and aesthetic perception of form.

Example 1. Within the engineering graphics course, student’s complete
tasks involving axonometric projection, which require precise calculations while
enhancing their understanding of the relationship between two-dimensional and
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three-dimensional object representations. This approach simultaneously
cultivates analytical skills and spatial visualization.

Example 2. In the technical drawing and computer graphics course, students
design 3D models using software such as AutoCAD. After constructing the basic
geometry of a component (e.g., a shaft using a revolve operation), they refine the
model by applying ergonomic and functional improvements — adding chamfers,
fillets, or structural features. This encourages a shift from mechanical modeling
to thoughtful, design — oriented technical creation.

One of the key competencies formed through graphical training is visual
literacy — the ability to “read” and “generate” graphical information according to
national standards that are standardized and universally applied in engineering
practice. Technical drawing serves as the universal language of engineers;
however, mastering it requires not only knowledge of rules for presenting and
formatting graphic content but also strong spatial imagination, abstraction skills,
and the ability to visually structure objects.

Example 3. Students analyse working drawings of mechanical parts based
on 2D projections and construct corresponding 3D models. This exercise deepens
their understanding of projection principles and their connection to real object
geometry.

In Fig. 1, a solid model of a mechanical part is presented alongside a brief
design specification, which serves as the starting point for the laboratory task.
Students use the provided geometry and dimensions to reconstruct the model in a
CAD environment, applying parametric and spatial modelling tools.

In Fig. 2, a projection drawing is shown, generated directly from the 3D
model. The drawing includes standard views (front, top, and left), visible and
hidden edges, dimensioning, and tolerancing — all according to technical drawing
norms. This example demonstrates how engineering graphics enables
bidirectional conversion between 2D and 3D formats and strengthens students’
skills in both interpreting and producing documentation.

Fig. 1. Solid model and initial task for the laboratory assignment

Example 4. In practical assignments, students are given the reverse task: to create
complete working drawings based on 3D models. This develops their ability to
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accurately and logically represent the shape, dimensions, and functional
characteristics of a technical object using engineering graphics. The presence of
various constructive elements (e.g., holes, chamfers, grooves) provides
opportunities to practice dimensioning, view selection, the use of sections, and
the specification of technical requirements.

3D modelling serves as a powerful tool in STEAM education, enabling
students to combine engineering knowledge with creative problem-solving
approaches. Utilizing 3D modelling software such as AutoCAD, SolidWorks, or
Blender fosters the development of spatial reasoning, technical skills, and
aesthetic sensibility.

Parametric modelling is one of the key digital technologies that vividly
demonstrates the integration of mathematical, engineering, and visual
components. Working with parameters helps students not only build precise
digital models but also develop design-oriented thinking — by analysing how
dimensions and form affect functionality and appearance. Therefore, educational
tasks involving parametric modelling naturally support the interdisciplinary logic
of the STEAM approach.
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Fig. 2. Projection drawing generated from the solid model in Fig. 1

Example 5. In the computer graphics course, students create flat geometric
profiles with variable parameters — such as side lengths, fillet radii, and the
number of holes. The model automatically updates when the values are changed,
allowing them to explore various design configurations. This approach fosters

40



adaptive digital design skills that are essential in engineering, product
development, and modern customizable manufacturing.
Example 6. Another example of implementing the STEAM approach is the

task of restoring or repurposing existing technical devices using 3D modelling
and printing tools. In the study [3], a broken DEWALT DCF610S2 screwdriver
was redesigned by students and transformed into a testing device for car window
lifting mechanisms. As part of the project, a new 3D model of the casing was
created with geometry adapted to the altered function.

This case illustrates not only proficiency in digital tools, but also the
application of design thinking, ecological awareness, and engineering creativity.
It demonstrates how STEAM-oriented education empowers students to generate
innovative solutions that extend the product lifecycle and reduce waste.

One of the promising directions for implementing the STEAM approach in
courses such as Engineering Graphics and Technical Drawing and Computer
Graphics is the introduction of project-based tasks that combine technical
reasoning, visual literacy, aesthetics, and applied engineering. These tasks can
simulate real-world scenarios and help students develop interdisciplinary skills.

The practical application of STEAM-based approaches in graphical
disciplines is further demonstrated through real examples of student assignments.
Samples of work produced within the Engineering Graphics and Technical
Drawing and Computer Graphics courses are available on the website of the
Department of Descriptive Geometry, Engineering and Computer Graphics at
Igor Sikorsky Kyiv Polytechnic Institute [4].

Idea 1. Designing a device casing optimized for 3D printing. Students can
be tasked with designing a protective casing for a conceptual electronic module,
considering structural, ergonomic, and aesthetic requirements. The model would
be created as a parametric sketch using CAD software, adapted for 3D printing,
and supplemented with graphical documentation. The theme can be adapted — for
instance, a casing for a mobile sensor, mini fan, or battery pack.

Idea 2. Redesigning a household or technical object for use in crisis
conditions. As part of a learning project, students may be assigned the task of
selecting or being provided with a basic household item (e.g., a handle, container,
mount, or connector) and redesigning it to improve its usability under specific
conditions such as limited mobility or emergency settings. Special attention
should be given to accessibility for people with disabilities. The assignment
encourages adaptation to real-life constraints — minimum material use, ease of
production, user-friendliness, and modularity.

Idea 3. Microproject “One Object — Three Use Scenarios”. Students may
be assigned the task of selecting a basic household item (e.g., a pen, spoon, lamp,
or hanger) and designing three versions of it: one for a typical user, one for a child

or elderly person, and one for a person with a disability. The project involves
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adapting the form, dimensions, and functionality based on anatomical, sensory,
and motor characteristics of different users. This type of assignment fosters
critical thinking, empathy, and the ability to design human-centred engineering
solutions.

Conclusions. The implementation of STEAM principles in courses such as
Engineering Graphics and Technical Drawing and Computer Graphics opens new
opportunities for developing interdisciplinary thinking among students of
technical disciplines. By combining technical precision with a creative approach
to form, function, and visualization, these courses can serve as effective tools for
shaping modern engineering culture.

Project-based tasks, the integration of digital technologies (CAD/3D
modelling), and the inclusion of human-centred design foster spatial reasoning,
design sensitivity, and real-world problem-solving skills. The STEAM approach
enables the transformation of traditional graphics education into a dynamic,
meaningful, and relevant practice.
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Abstract. In the conditions of domestic agriculture, especially in the soil
protection system of tillage, when a significant part of crop residues remains on
the soil surface, both disc and anchor coulters do not form a seed furrow with
sufficient quality. The created seedbed is not dense enough, including due to soil
shedding, which reduces the field germination of seeds and, as a result, crop
yields. The article substantiates the initial conditions for developing a model of
seed furrow formation when soil is compacted with a wedge-shaped disc.

Keywords. Geometric modelling, seed furrow, wedge-shaped disc, soil
reaction components.

Problem Statement. Special attention is paid to the quality indicators of
the technological process of sowing crops, as they affect the germination of sown
seeds, the labour intensity of crop care, and, most importantly, the final result —
the yield. It has been established that in order to ensure the most favourable
conditions for germination, seeds should be placed in a furrow with a compacted
bottom and covered with loose soil. The compaction of the furrow bottom causes
the inflow of moisture and nutrients to the seeds from below, which increases their
germination, and the loose top layer above the seeds in the furrow does not allow
moisture to evaporate and, at the same time, provides air flow to the sprouts,
which also has a favourable effect on their growth and development [1, 2, 3].

The analysis of the existing technological methods of sowing crop seeds
and the design of furrow forming implements has shown that modern implements
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do not create favourable conditions for seed germination and do not work
satisfactorily in domestic agriculture, especially in the system of soil
conservation tillage, where up to half of the plant residues remain on the soil
surface. For example, single or double disc coulters do not compact the bottom
of the furrow sufficiently and place the seed unevenly over the depth, anchor
coulters get clogged with plant residues, especially in direct drilling, and
combined coulters have a complex design. Therefore, the problem of shaping
the furrow profile, i.e. improving the furrow forming bodies, is relevant.

Analysis of Recent Research. The quality of the sowing process depends
heavily on the technical sophistication of the implement used. Usually, this
process is performed by the working bodies of seeders-coulters. Domestic and
foreign scientists have proved that the process of sowing seeds includes several
operations [4, 5]:

— formation of a furrow of the required depth and width with a compacted
bottom;

— directing the seed to the compacted bottom of the furrow;

— random shedding of soil from the furrow walls and partial covering of
seeds;

— forced additional soil recycling in the area of the row axis and its
compaction.

In addition, according to Salo et al. (2024), seeds that fall to the bottom of
a seed furrow at a certain speed after a vertical flight do not remain stationary
at the point of contact with the furrow bottom, but bounce several times to
different heights before remaining stationary, fixed by the soil. During the next
downward fall, after bouncing off the furrow bottom, the seed in most cases
falls on a layer of soil of a certain thickness that has covered the bottom as a
result of shedding. As a result, the coulter forms a furrow of a given depth, and
the seeds are located in the furrow at different depths [4].
In addition, the “galloping” of seeds worsens the uniformity of their placement
along the row [6].

Formulation of Goals (Task Setting). The aim of the study is to
substantiate the initial data for modelling the technological process of seed sowing
under the condition of forming a seed furrow with a wedge-shaped disc.

Main Part. Taking into account the disadvantages of disc and anchor
coulters, we propose an improved sowing technology, in which the uniformity of
the seed placement depth is increased by eliminating soil shedding from the walls
to the bottom of the furrow, i.e. to the seedbed. In this case, a wedge-shaped disc
Is used as a furrow-forming tool.

A wedge-shaped disc consists of a cylindrical part with radius r; and width
b, and a conical part with taper angle a, height h, and width by, i.e., the disc has
the shape of an equilateral trapezoid in its periphery in radial section (Fig. 1).
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b1
Fig. 1. Diagram of interaction between disc and soil

Rolling at a certain depth %, = i, under the influence of traction force P and
deepening under the influence of vertical force G, the disc compresses the soil
like a roller and forms a seed furrow with a depth %,. In the adopted xOy coordinate
system, the disc is subjected to a reaction R from the soil (Fig. 2).

4

g —z|s Ry
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Fig. 2. Diagram of forces acting on the cylindrical part of the disc

The projections of R onto the coordinate axes Ox, Oy are as follows:

Rx = Rlx + 2R2xa (1)
Ry =Ry, + 2R, (2)
where Ry, R;, are the reaction components of the cylindrical part, R,,, Ry, — — of

the conical part.

The expressions for determining the reactions R, R;, are known from the
classical theory of calculation and design of tillage rollers of agricultural machines

[7]:
Rix= qhy’by/2, (3)
Ry, = 2qb,(2r)" 1?13, 4)

where ¢ is the coefficient of soil volume compression, H/m’.
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R, 1s the vertical component of the soil response, which is approximately
determined by solving the integral:

X0

Ryy = j qhb,dx. (5)
0
Given that the angle between the force vectors R;,, and R, is quite small, for

practical calculations, we can take R;, = R,, similarly to R,, = R,, with sufficient

accuracy.
In addition to the normal reaction N, the conical part of the disc is also

subjected to the friction force Fr (Fig. 3), so the total reaction R, will be equal:
R, = Ntgpcosa+Nsina = Nsin(o+ ¢)/cosg, (6)

where ¢ is the angle of friction of the soil on the disc.
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Fig. 3. Diagram of forces acting on the trapezoidal part of the disc

Let us represent the conical part of the disc by an infinitely large number of
cylindrical discs of width db, each of which 1s subjected to the
elementary normal reaction given above in (4). Then, in accordance with (4)
and (5), the elementary reaction dR, acting on the element db of the conical
part width:

dR> = 2gb(2r)"* h *’sin(a + ¢)/3coso, (7)
where h = b/tgo,; r =r;— hy + b/tga. (8)

Let’s integrate expression (7) and expression (9), which is derived from (3):
dR>, = gh® dbsin(o. + ¢)/2¢cos0, 9)
get R2 " Rgx.
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Conclusions. As a result of the conducted research, initial data were
obtained for the development of a model of the process of forming a seed furrow
by a wedge-shaped disk in the form of soil reaction to working surfaces. Further
research is associated with specific calculations of parameters depending on soil
conditions and size and weight characteristics of seeds.
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Hayionanvnuu mexniunuu ynisepcumem Yxpainu

«Kuigcokuii nonimexniunuti incmumym imeni leopa Cikopcbkoco»,
(Vkpaina, m. Kuis)

Anomauia. Y cmammi po3zensgoaemvcsi 0coOIUB0Cmi BUKOHAHHS POOOU020
Kpecnenuka oemani muny «Kopnyc» 6 ymosax OucmaHyiiiH020 HABYAHHSL.
Ilpoananizosano memoouxky nooaui Ha84aAILHO20 Mamepiary, CKIAOHICMb meMu,
aneopumm BUKOHAHHS KpPeCleHUKd, a makoxc 3HadeHHs yiei pobomu Yy
Gopmysanni npogpecitinux Hasuuok cmyoenmis. OKpecieHo O0OoYilIbHICMb
BUKOPUCAHHST MUNOB020 3A80AHHS 8 HABUAILHOMY Npoyeci sIK 3pYYHOI Mooei
OJI51 3AC8OEHHSL KYPCY SIK THHCEHEPHOI, MakK i KoM’ iomepHoi epagixu.

Knwuoei cnosa. Inocenepna ecpagika, pobouuti Kpecienuxk, munosa
oemaib, KOpnyc, OUCMaHyiiHe HA8YAHHSL.

IHocranoBka mnpobGaemu. Po3poOka eckiziB 1 poOOYMX KPECICHUKIB
TUTIOBUX JieTajell € 0a30BUM €TaroM BUBYEHHSI KypCy IHXKEHEpHOi rpadiku.
Cepen nux pnerans tuny «Kopmyc» 3aiiMae 0cOOJMBE MICIIE, OCKUIbKH €
OCHOBHOIO HECY4YOI JETaJII0 OararboXx MexaHi3MmiB. BoHa moenHye B co0i
KOHCTPYKTHBHI, TEXHOJIOT1YHI Ta €KCIUTyaTalliifHl 0COOIMBOCTI, SIKI BUPI3HSIOTh
il cepes IHIIUX TUMOBUX JeTajed — railku, Bajna, KpUILIKH, 3y0UacToro kojieca
tomo [1, 2].

B yMoBax pAuCTaHLIHOrO HaBYaHHS, KOJM CTYJEHTH M030aBJeHI
MOKJIUBOCTI O€3MOCEepPETHHOT0 O3HAMOMJIEHHS 3 PEeajbHOI0 ACTaJIII0, IMPOILEC
3aCBOEHHS Marepially yckiaaHseTbcs. Bunukae morpeba B ajganToBaHOMY,
e(eKTUBHOMY 3aBllaHHi, 110 Ja€ 3MOTYy BIJINPALOBATH BCl KJIIOYOBI €Talu
CTBOPEHHS pOOOUYOT0 KpECICHHUKA.

AHaJIi3 OCTaHHIX J0CJTiIKeHb i MOCTaHOBKA 3aBAaHHsA. Tema «Kopmyc»
OXOIUTIOETHCSL B PO3/ILTIAX KypCy, MPUCBIYEHUX E€CKI3yBAaHHIO Ta JETATIOBAHHIO
3araqbHOro BUAYy. llpu TpaauiiiHOMy HaBYaHHI CTYJEHTH NPAIlOIOTh 3
peasbHUMH 00’ €KTaMH, 110 J03BOJsi€ CHOPMYBATH MPOCTOPOBE YSIBICHHS Yepe3
30pOBE CIIPUUHSATTS.
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VYV nucranuiinomy ¢opmati M0 (QYHKIII0 BUKOHYE AKCOHOMETPHUYHE
300pa)KE€HHS I€Talll, IKE JOIMOBHIOETHCSI OMMCOM il OCHOBHUX KOHCTPYKTUBHHX 1
TEXHOJIOTIYHUX MapaMeTpIB.

3anponoHOBaHa MOJIENb 3aBJaHHS — L€ CIPOIIEHA YHIBEpCAJIbHA J1€Talb
TUIY «KOPIYC MIAUIUIIHUKA», SKa J03BOJisiEe €(EeKTUBHO 3aCBOITH €Talu
CTBOPEHHS po00YOT0 KpecleHHuKa HaBiTh 03 (i3MdHOro 3paska. Takui migxifg
crpusic (hOpMYyBaHHIO CHUCTEMHOTO YSIBIEHHS MPO AETall Ta BIOCKOHAJIEHHIO
HaBUYOK POOOTH 3 KPECICHHSIMH.

3a pe3yJpTaTaMu CIIOCTEPEKEHb Ta BIATYKAMH CTYJEHTIB, 3aBIaHHS Ha
PO3pOOKY KpecIeHuKa KopIycy cripusie popMyBaHHIO LUTICHOI KAPTUHU MPOLIECY
KpPECJICHHS Ta CUCTEMAaTHU3allil 3HaHb.

Ile 3aBmanns He nuiie Gopmye rpadidyHy T'PaMOTHICTh, a H PO3BUBAE
HAaBUYKH aHaJ13y KOHCTPYKIIii, JJOTIKH MOOYI0BU Ta MPOEKTHOTO MUCIIEHHS, 11O €
OCHOBOIO 1H)KEHEPHOI JIISUTbHOCTI.

B ymoBax nmucTaHIiiHOr0 ab0 3a04YHOTO HABYAHHS BOHO BHUSIBISETHCS
HaWOUTbII 3pyYHUM Ta €(EKTUBHHM I1HCTPYMEHTOM, IO JAO03BOJSE JOCITTH
BHCOKOTO PiBHSI 3aCBOEHHS MaTepiaily 0€3 BTpaTH SIKOCTI.

OcnoBHa wyactuHa. J[lerans «Kopmyc» po3risiialoTb B po3zaiiax
TEXHIYHOTO KpecieHHs «Po3poOka ecki3iB 1 poOOYMX KPECIECHUKIB THUIIOBUX
neTanein» Ta «/lerantoBaHHs KpECIEHUKIB 3araJIbHOTO BUAY» KypCy 1HKEHEpPHOI
rpadiku.

B xoni1 BuBueHHs TeMu «P03po0Ka ecki3iB 1 poOOUNX KPECICHUKIB TUIIOBUX
JeTajei» KoXKHa JIeTallb PO3TIISIIAETHCS B «HATYPD» 1 Uepe3 30pOBe CIPUUHSITTS 11
32 JOMOMOTOK CTaHAAPTHOI CUCTEMHU 300pa)K€Hb CYMIIIAETHCSA 3 IUIOLIMHOIO
KpecieHHKa 1 0 OpMIIIETHCS 332 OCHOBHUMU MPaBUJIAMU BUKOHAHHS KPECICHUKIB,
3T1JIHO CTaHJIAPTIB.

BukoHaHHS KpecieHuKa MPOBOJUTHCS 3a CTAaHAAPTHUM aJITOPUTMOM, aJie 3
ypaxyBaHHSM 0coOIMBOCTEN (hOPMU Ta MPU3HAYEHHS JIETall.

OcCHOBHI eTanu:

1. O3HaliloOMJIEHHS 3 KOHCTPYKIIEIO JeTall: BA3HAaYEHHs TOBIIWHU CTIHOK,
(dnaHLiB, BUCTYIIB 3 OTBOPAMH MJis KPIIJIEHHS, HAPI3€BUX MOBEPXOHb, pedep
AKOPCTKOCTI, (hacoK TOIIIO.

2. BuszHaueHHs KIJIBKOCTI HEOOXITHHMX 300pakK€Hb: TOJOBHHMI BHIJIAI,
JI0/IATKOB1 BUIH, PO3PIi3H.

3. [TliaroToBKa hopmaTy KpeciaeHUKa 3riHO 31 CTaHIapTaMH.

4. TloOynoBa 300paxkeHb JeTajl y BUOpaHii MPOEKIIii.

5. HanecenHs po3MipiB, O3HAYEHHS IIOPCTKOCTI MOBEPXOHD, IOMYCKIB Ta
MOCaJI0K.

6. 3anuc TEXHIYHUX BUMOT, 1110 PErJIaMEHTYIOTh BUTOTOBJICHHS Ta KOHTPOJIb.

JleTantoBaHHS KPECICHUKIB 3arajJbHOIO BUY — 1I€ BJKE MMOYATKOBUH eTam
TBOPYOI JISUIBHOCTI 1HXKEHEPA-KOHCTPYKTOpA. AJTOPUTM BUKOHAHHS POOOYOTO
KpECJICHHKa KOpIyCy B XOJ1 YHMTaHHS KpECICHHKa 3arajbHOro BHIY a0o
CKJIaJIaJIbHOTO KpECJIeHUKa Takuil camui, aje mepeadavae HasIBHICTh MEBHOTO
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3amacy 3HaHb 3a BCIMa MONEPEIHIMH pO3aiIaMu Kypcey 13 TeMoro «CkitaganbHUi
KPECJIEHUK» BKIIFOUHO.

B yMoBax AMCTaHIIHHOrO Ta 3a0YHOTO HaBYaHHS CTYJIEHTIB, TOOTO 3
BIJICYTHICTIO «HATypW», MOJEIIOBaHHS KPECICHHKA KOPIIyCy peali3yeTbcs 3a
HaBeJCHUM 3aBlaHHsIM (puc. 1), sike MICTUTh aKCOHOMETpPUYHE 300pa’KeHHS
netani (puc. 2) Ta ii KOHCTPYKTUBHI, TEXHOJIOT1YHI MApaMETPH.

Tema: «BHKOHAHHA po0o0ro KpecieHHKA AeTaai Kopmyce»

3aedanna: BuxkoHaTH KpecneHuk getam «Kopmyc», Ha dopmati A3, B MacmTad: 1:2,
3rigHo BapiaHTy (Tabmumi 1).
Marepiam: wasys CU21 I'OCT 1412 — 85

Tabmmma 1 3aBaaHHA

Houep L, |L. |[E |p, |D: |D: [B: |B: |B P P PR Lo

BapiaHTY 1 2 1 2 3 1 2 3 | S 1 KpOK
Hap131

1 13 250 | 210 | 95 160 (135 (110 |62 58 42 25 12 |20 | MI0| 1.5

2 14 255 1210 | 95 165 (142 | 120 |64 60 |44 25 13 |22 | MIO| 15

3 15 270 | 226 (105 | 180 | 160 [ 140 [66 |62 |46 |26 |14 |22 |MI12|1.75

4 16 260 | 216 | 100 | 170 | 150 | 130 | 64 60 |44 26 |13 (22 [MI12]1.75

5 17 245 1205 |95 155 (132 [ 100 |60 56 |40 24 |13 (20 [MS8 |1.25

6 18 250 | 210 |95 160 (135 [ 110 |60 56 |40 24 |12 (20 [M10]| 1.5

7 19 255 | 210 | 95 165 (142 [ 120 |62 58 42 25 13 |22 | MI0O| 15

8 20 270 | 226 | 105 | 180 | 160 | 140 | 64 60 |44 26 |14 (22 [MI12]1.75

9 21 260 | 216 | 100 [ 170 | 150 [ 130 |62 58 42 25 13 |22 | M12(1.75

10 22 245 1205 |95 155 (130 | 100 |58 54 38 24 |13 (20 [MS8 |1.25

11 23 250 | 210 | 95 160 (136 [ 110 |58 54 38 24 |12 (20 [MS8 |1.25

12 24 255 1210 | 95 165 (142 | 120 [ 60 56 |40 25 13 |22 | MIO| 1.5

d*- HomiHaTPHHI HiaMeTp KpimmwisHol Aetam (mmameka JCTY T'OCT 22034:2008)

osioro6i mamepianu

Posnmipu gpacox ¢ 1 ¢ odupatn 3a [OCT10948-64* 3 paxy mHopmansHux goBxuH:(0,5;
0.6: 0.8: 1: (1.2); 1,6; 2,0; 2,5: (3): 4:...

PexoMerayetbes Buoupata ¢1< 0.1D3 1a ¢2< 0.1-d;.

I'nyxuil Hapizesuli omeip nio WNUILKY

o 4T N d'=d-1.0825p; d'~0.85d
! Iz ZX45° l1=1,25d+x
h l:: l1 +0
2
Puc.1 Puc.2
ITapamempu Hapizesozo omeopy
Taomuma 2 Tabmuma 3
d. oR
miametp | ~d' | I b KPOK X a z
Hapizi Hapisi
8 6.8 |12.5]|16.5 1.25 1.8 4 1.6
10 8.5 155|195 1.5 2 4 1.6
12 10.2]18.5]|23.5 1.75 2.5 5 1.6

Puc. 1. 3aBganns no temu «Pobounii kpecnenuk aeram Kopmycy
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Puc. 2. AkcoHoMeTpruyHE 300pakeHHSI KOPITYCY.
OCHOBHI T€OMETPUYHI TAPAMETPH

3aBnaHHs J03BOJISIE HA MPAKTUIl PO3IJISHYTH MUTAHHS 300pa)K€HHS
KOPITYCHO1 JIeTalli, BU3HAYEHHs MapamMeTpiB ii KOHCTPYKTHBHUX €JIEMEHTIB,
HAaHECEHHSI PO3MIPIB 3 YpaxXyBaHHSIM TEXHOJIOTIYHUX MPOLECIB ii BUTOTOBICHHS
Ta HaOyTTd HaBUYOK poOOOTH 31 CcTaHAapTaMd Ta IHIIOK JOBIJKOBOIO
JTEepaTyporo.

BoHO MiCTUTB:

1.

2.
3.

3.

3HayeHHs PO3MIpIB MapaMeTPiB KOPITyCy, HABEJECHO 3a BaplaHTaMH B
Tabmui 1.

JloBiJIKOB1 MaTepiau.

AKCOHOMETpUYHE 300paKEHHS KOPITYCY MIAIIMITHUKA 3 HAHECEHUMH Ha
HbOMY NapaMeTpaMu po3MmipiB (puc. 2).

3pa30K KpecleHHKa, Ha SIKOMY IOKa3aHO O0COOJIMBOCTI OGOpPMIICHHS

po0O0UYOTO KpeclieHnKa KopIycy (puc. 3).

> 7
B3
< /??ﬂi.?
ez T T .
L | = S /Rab.3
- odr o | \Ra63 |
~ 20mB. Q) N | N cx45°
k‘Q:g S 9 2¢acku a
\j | M~ T ASY
b ‘;(g ~ [
| \/Ra0.8
H— A \/Ra32
120m8.M...(d)
N | zx45° \/Ra63
S L4
|z ~O/Ra32
B

1.#Po3mip G215 doBidok
2. Hebkasawi nubBaphi padiycu 2..3MM
3. Yxunu gopmybansHi 3a FOCT 3212-92

%4”—2“' TEd=  Kopnyc
ebipul

Lounp.

Frapmp CY21 1OCT 1412-85 |1 K
ulyid

iM. lzops Cikopcskozo)

Puc. 3. Po6Goumnii kpecieHuk aeTaini «KOpILyc
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BuOip 3ampomnoHoBaHOi B 3aBJaHHI KOHCTPYKIII KOpPOYyCY HiIIIMITHUKA
(puc. 2) oOyMoBIeHHMII TUM, MO0 MOAIOHI (GOpMH MOBEPXOHb, XapaKTEpHI
KOHCTPYKTHUBHI €JIEMEHTH JUIs1 3’ €IHAHHS 3 THITUMU JAeTalsIMU Ta MOro yCTaHOBKA
HaWO1IBII TTOIITMPEH] B TEXHIIT.

Taka Moienb € O/IHIEI0 3 HAUOUTBIT MPOCTUX 1 0A30BOIO I MOJICTIOBAHHS
KPECJICHHUKIB MOII0HUX JIeTaleH.

HaBegena KOHCTpYKIliSI JO3BOJIA€ TIOKa3aTH JIesiKi  OCOOJMBOCTI
300paxeHHs Ta 0(OPMIICHHSI KPECIEHUKIB KOPITYCHUX JIeTalieil, TOOTO HasIBHICTh
€JIEMEHTIB 3 pIi3HUMH (QopMamMu TIOBEPXOHb, PI3SHUMU TEXHOJOTIYHUMHU
MPOIIECAMU iX BUTOTOBJICHHS.

Ha puc.l B tabmuumi 1 3agaHl Taki KOHCTPYKTHBHI Ta TEXHOJOTIYHI
napaMeTpu, K JiaMeTpu OTBOPIB Hi MimUNHUK D;, kpinuibHi Bupoou d; Ta d,
(dhacku ToI1110.

JIns BU3HAYEHHSI PO3MIPIB IIyXUX HApi3eBUX OTBOPIB 3a CTAaHIAPTOM
HaBeJIeHO TaOIUI0 2 1 Ta0NuUIto 3 3 BIAMOBIAHUMH PUCYHKAMH Ta popmyaaMH.

Posmipu ¢dacok Ha gertani (puc. 1) BiANOBIAAIOTH HABEIECHOMY PSIy
HOPMAaJIbHUX JOBXKHUH 33 CTAHAAPTOM 1 TaOIuIIl 3.

VY X0/l BUKOHAHHS IILOTO 3aBJAaHHs CTYAEHT POJIOBXKYE BUBUATH MPaBUIa
HAaHECEHHS PO3MIpPIB HAa POOOUYUX KPECIEHUKAX, MOMNIHOIIOI0UN PO3YyMIHHS
BAXKJIMBUX ACTIEKTIB, OB’ A3aHUX 13 MOJICIIIOBAHHIM KOPITYCHUX JeTajeil.

OpHiero 3 XapakTepHUX OCOOJIMBOCTEN KOpIyCy SIK JETalll € MO€THAHHS
00po0seHnX 1 HEOOpOOJICHWX ITOBEPXOHb, IO TOB’S3aHO 3 TEXHOJOTTUYHUM
MPOIIECOM BUTOTOBJICHHS.

TakoX Tmpu MOJENIOBaHHI KOPIYCHOI JeTajl CJiJ BpaxoByBaTH
HEOOXIHICTh PalllOHAJBLHOTO BUKOPUCTAHHS PO3MIPHUX JIAHIIOTIB  JJIS
3a0€3MeUeHHs] TOYHOCTI y KJIIOYOBUX 30HAX, 30KpeMa B 30HAX BCTAHOBIICHHS
MIIITUITHAKIB, OCEH, YIIITbHEHbD.

VY pe3ynbrari CTyA€HT HE MPOCTO HAHOCUTH PO3MIPU, a HABYAETHCS
BAXKJIMBUM KPOKOM J10 ((OPMYBaHHS 1HKEHEPHOTO MUCIICHHS.

Po6oTa 3 KOpIyCHOIO JAETaJUII0 PO3BUBA€ BMIHHS MPALIOBATH B MEXax
CTAHJAPTIB 1 MPAKTUYHUX BHUMOT BHUPOOHHUIITBA, (OPMYy€E BIANOBIIATBHE
CTaBJICHHS 10 TEXHIYHOI TOYHOCT1 Ta YUTAHHS KPECIICHHKA.

BucHoBkH. 3anporoHoBaHe HaBYaJIbHE 3aBJAaHHS, aalTOBaHE O YMOB
JUCTAHIIITHOTO Ta 3a0YHOTO HaBYaHHA, e€(PeKTUBHO crpusie (GOPMYBaHHIO 1
3aKpIIUICHHIO MPAKTHYHUX HABUYOK CTYJIEHTIB Y BUKOHAHHI €CKI31B Ta poOOUYnX
KpeciaeHukiB jaetaneid. OcoOnuBy yBary HPHUAUIEHO BUBYEHHIO CHEHU(IKH
MOJIETIOBaHHS KOPIYCHOI JeTali, sika BIIIrpa€e KJIIYOBY POJIb Y KOHCTPYIOBaHHI
MaIllUH Ta MEXAHI3MIB.

YiTKO CTpyKTypOoBaHa CXeMa TMOJIaHHS 3aBJaHHs, 10 BKIIOYAE
AKCOHOMETPUYHE 300paKCHHS JEeTall Ta OMUC il KOHCTPYKTUBHUX €JIEMEHTIB,
JI03BOJIsI€ 3HAYHO ONTHUMI3YBaTH MPOIIEC oNpaltoBaHHs Matepiany. Lle ocobnuBo
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aKTyaJbHO B YMOBax BUBUYEHHS KypCy I1H)XKEHEpHOi Ipadikyd 3a CKOPOYEHOIO
MPOTPaMOI0, KOJIM OOMEKEHO 00CST ay IUTOPHOTO Yacy.

Takuii miaxig 3a0e3nedye JIOTIYHY MOCHIIOBHICT [1d, Ja€ 3MOTY
30CEepeIMTUCH HAa TOJIOBHUX €Tarnax po3poOKU KPeCIeHUKa KOPIYCYy Ta YHUKHYTH
3alBOI0 IIEPEBAHTAXKECHHS CTYICHTA.

3aBgaHHS Ma€ BHMCOKY NPAKTUYHY IIIHHICTh, OCKIUJIBKH 3aKJIaJla€
dbyHIaMeHT JJ1s OAaNbIIOl HAaBYAIBHOT 1 TPOQECIHHOI MISIIBHOCTI CTYJICHTIB —
BUKOHAHHS KYpPCOBUX, JIUIUIOMHHUX TPOEKTIB, a TaKOX i pealbHOI
KOHCTPYKTOPCHKOT poOoTH. 3700yTI HABUYKM OpPIEHTOBAaHI Ha Cy4acHI BUMOTH
BUPOOHUIITBA Ta CTAHJAAPTH TEXHIYHOI JOKYMEHTAIII].

OxkpiM TOro, 3aBJaHHSI JIETKO IHTErPYEThbCS B HaBYAJIbHUU MpoOIEC 13
BUKOPUCTAHHAM 1H(GOPMAIIHHO-KOMII IOTEPHUX TEXHOJOT1H, 10 pOOUTH HOTro
3py4yHUM JJi1 BUBUEHHS qucuuiuiiH «lHxxeHepHa rpadika» ta «Komm roTepHa
rpadikay B yMOBaxX JUCTAHIIINHOTO Ta 3a04HOr0 (hopMaty. Taka yHiBEpCaabHICTh
1 aJanTUBHICTh 3MICTY J03BOJIA€ €(PEKTUBHO BHUKOPHCTOBYBATH MaTepia
He3aJIeXKHO BiJl GOpPMU HABUAHHS Ta PIBHSA MMONEPEIHbOI MATOTOBKHU CTYICHTIB.
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Abstract. This article explores the key differences between classical
(manual) and digital (computer-based) drawing methods. A comparative analysis is
conducted in terms of accuracy, efficiency, cost, flexibility of changes, and learning.
The article also outlines the areas where both approaches remain relevant.

Keywords. Computeraided design (CAD), classical drawing methods,
digital drafting, engineering graphics, design automation, AutoCAD, SolidWorks,
3ds Max, hybrid design approach, technical education, virtual reality,
augmented reality, MAXScript, Simulation API, spatial design.

Problem Statement. Modern technical design requires a constant
choice between traditional and the latest drawing methods. Classical methods,
despite their long history and certain advantages, are gradually losing
relevance due to limited speed, accuracy, and high labor intensity. At the
same time, digital methods, although they provide speed and accuracy,
have their challenges, particularly in the context of learning, adapting to
software, and possible limitations in the creative part of design.

In light of this, the problem arises of integrating classical and digital
methods into a unified system that will provide maximum efficiency
and convenience for engineers and designers. It is important to find an optimal
balance between hand drawing methods that foster the development of
engineering thinking and spatial imagination, and digital tools that allow for
rapid editing, complex calculations, and the creation of highly accurate models.

Moreover, a significant problem is the adaptation of educational
programs to new technologies. Many technical specialties still rely on traditional
methods as the foundation for learning, while graduates face difficulties when
transitioning to digital tools, which complicates their professional training
process. Effective strategies need to be developed for integrating new methods
into the educational process, as well as ways to preserve the value of classical
methods in the training of future professionals.

Thus, the problem lies in finding a balanced approach to using classical
and digital drawing methods that would ensure efficiency, accuracy, and
creative potential at all stages of design. It is also important to address the
issue of education and training personnel to use modern technologies,
while still preserving the foundations of classical engineering graphics.

Drawing is the foundation of technical design and the visualization of ideas
in engineering, architecture, and design. With the shift from drawing boards to
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computers, the tools have changed, but the fundamentals of geometric thinking
remain unchanged. This article investigates whether it is worth abandoning
classical methods in favor of digital ones, or whether effective integration is
possible.

Analysis of recent research. Recent studies have increasingly focused on
the automation of engineering design processes in CAD environments. In
particular, Cenaj and Leti [ 1] proposed the use of AutoCAD scripts for optimizing
spatial planning and reducing the number of manual operations in drawing. In
SolidWorks, the Simulation API is actively used to automate analyses,
significantly speeding up calculations and standardizing design solutions [2].
Meanwhile, in the 3ds Max environment, approaches to automating routine tasks
using MAXScript are being developed, opening opportunities for personalizing
workflows and reducing labor costs [3]. All of these approaches reflect a trend
towards shifting from manual to algorithmic interaction with digital design
systems.

Classical drawing methods involve the use of paper, pencils, rulers,
compasses, templates, and drawing boards. These tools have formed the basis of
technical illustration for centuries and are still used in the educational process.
Manual drafting allows for deeper immersion in the construction process,
promoting the development of spatial imagination. Students gain a better
understanding of design principles when they construct geometric figures by
hand, apply dimensions, and perform projections.

Moreover, classical drawing does not require electronic equipment, making it
accessible in any conditions. It develops attentiveness, precision, and a consistent
workflow. On the other hand, making changes to such drawings often requires
redrawing the entire sheet, which complicates editing. When creating a large number
of similar drawings, the time investment grows exponentially. Archiving and sharing
such drawings between professionals also becomes more challenging. Nevertheless,
manual graphics remain indispensable in the early stages of creative exploration
or when producing sketches. They are actively used in artistic modeling,
architectural sketching, and situations where the individuality of the image is
important. Therefore, classical drawing methods retain their value, especially as
a foundation for learning and developing engineering thinking.

Digital drawing methods are based on the use of computer programs such
as AutoCAD, SolidWorks, Fusion 360, and ArchiCAD, which offer extensive
capabilities for creating 2D and 3D models. The main advantages of such methods
are automation and precision. With the help of coordinate grids, snapping tools,
and templates, users can quickly construct geometrically accurate objects with
minimal error probability. It is easy to make changes in digital drawings: altering
a single parameter can automatically update the entire model. This is particularly
important in engineering projects where revisions are frequently required.
Furthermore, digital drawing allows for storing drawings in digital archives, sharing
them via the internet, and integrating them with other software. For example, drawings
from AutoCAD can be exported to CAM systems for direct manufacturing of parts on
CNC machines.
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Programs like SolidWorks provide simulation, load analysis, and even
photorealistic visualization capabilities. These features significantly expand the
boundaries of classical drafting. However, digital methods require technical
equipment — a computer, licensed software, and user training. They demand basic
knowledge of computer literacy and the logic of digital object construction. In
some cases, beginners may lose sight of the essence of geometric constructions
due to excessive automation. Therefore, it is important to combine digital drafting
with the study of geometric fundamentals and engineering graphics. Despite this,
digital methods are becoming the standard in modern design activities due to their
versatility, scalability, and compatibility with other digital technologies. They
significantly increase an engineer’s productivity and the quality of the final result,
while opening up new possibilities in production automation.

The integration of classical and digital drawing methods is a promising
direction that allows for maximizing the advantages of each approach. For
example, in the early stages of design, hand drawn sketches can be used to rapidly
develop ideas and maintain creative freedom. Meanwhile, in more detailed phases
of a project or when precise measurements and complex models are required,
digital tools are employed. This integration helps to avoid the limitations that may
arise from using only one method. Modern CAD systems also support hand
sketching as part of the design process — for instance, AutoCAD allows users to
create sketches by hand and then refine them in a digital environment. The future
development of this integration can be seen in areas such as virtual reality (VR)
and augmented reality (AR), enabling engineers and designers to combine real-
world sketches with digital models for a more accurate representation of the final
product. A comparison of the main characteristics of classical and digital drawing
methods is presented in Table 1.

Table 1.
Comparison of Classical and Digital Drawing Methods by Key Criteria

High accuracy depends on the Automatic accuracy provided

skill of the person. Errors may
occur due to human factors

Significant limitations in speed,
especially with large volumes of

drawings.
Do not allow direct reuse; each
element  requires manual
redesign.

Low costs for equipment (paper,
pencils, rulers, etc.).

Require significant time to learn
the basics of geometry and
drafting.

by software. Lower likelihood
of mistakes

Faster execution due to
automation and the ability to
copy and edit elements.

Easy to reuse elements, create
templates, and make copies.

High initial costs for software
and computer hardware.

Require training in software
usage, but reduce the need for
geometric skills.

Conclusions. Classical and digital drawing methods have their unique
advantages and disadvantages, and their effective use depends on specific tasks
and stages of design. Despite their limitations in speed and accuracy, classical
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methods remain indispensable in the early stages of the creative process, when
flexibility and freedom in developing ideas are crucial. They help to better
understand the fundamentals of geometry, projection, and precision.

On the other hand, digital drawing methods significantly increase
efficiency in the subsequent stages of design, where high precision, speed of
execution, and the ability to edit are important. Software such as AutoCAD,
SolidWorks, or Fusion 360 allows for complex calculations, simulations, and
visualizations, making the design process more integrated and convenient. These
methods also offer convenience in data storage and exchange, which is especially
important in modern manufacturing processes and global teams.

However, it is important to note that technologies, even the most advanced,
should not replace the fundamentals of classical drawing, especially in the
learning process. Without understanding the basics of geometry and engineering
graphics, even the most powerful software cannot be used to its full potential. An
engineer who masters both classical and digital methods can quickly adapt to the
demands of different projects and environments.

The conclusions of this article suggest that the optimal approach is the
integration of both methods. Using classical methods for the creative stage and
digital methods for technical realization allows for the best results. This
combination helps to maintain engineering thinking at the proper level while
reducing task execution time and improving accuracy and quality of the final
product.

Furthermore, the development of cutting-edge technologies such as virtual
and augmented reality opens new horizons for the combined use of classical and
digital methods. For example, the ability to interactively view drawings in VR or
AR could significantly improve the understanding and evaluation of projects at
all stages of their creation. In the future, engineers and designers will be able to
use hybrid methods that combine hand drawing and modern digital technologies
to achieve the best results in design.
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Abstract. The article discusses the current situation and prospects for the
use of software products in distance, asynchronous and blended learning in
higher education institutions, in particular in the field of mechanical engineering.
The emphasis is placed on the peculiarities of perception when using multimedia
tools, their disadvantages and advantages from the point of view of specialists
from different countries.
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Problem Statement. The Covid-19 pandemic and the military invasion of
Ukraine have led to a change in the organisation of the educational process in
higher education institutions and led to an urgent transition from traditional full-
time education to distance learning in synchronous, asynchronous or mixed forms.

In this regard, there is a need to find new approaches and methods in
teaching technical disciplines, select and improve innovative technologies for use
in distance learning in higher education institutions that would ensure high quality
training.

Analysis of Recent Research. In the opinion of Ovsyannikova V.V.
(2016), the existing experience of using the newest technologies in higher
technical education in the online format shows that they are sufficiently effective
and have broad prospects for development and application. In addition, it can be
reasonably predicted that even after the circumstances of forced use of distance
learning are eliminated, such education will be in demand, as its advantages have
become apparent: visibility, convenience, accessibility, the ability to choose the
schedule and form of education or work.
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According to the theory of multimedia learning developed by psychologist
Richard E. Meyer (2001), optimal perception is achieved when verbal and visual
materials are synchronised in time. Such conditions in the presentation of
educational materials and in the development of new devices may be achieved by
using animated geometric modelling with appropriate text or voice commentary.

With Clark, Ruth Colvin (2003) delve deeper into the study of perception
issues in e-learning and develop recommendations for software developers.

Grabchenko A.l., Dobroskok V.L. (2009) devoted much attention to the
mathematical apparatus of 3D modelling for solving problems of computer-aided
industrial design (design). The use of computer modelling enables us to see an
object that does not yet exist, obtain its geometric characteristics, study its
physical properties by setting up numerical experiments, make the necessary
changes, prepare production and, finally, manufacture the object.
CAD/CAM/CAE systems serve as a tool for solving these tasks. One of the
elements of such systems is a mathematical model of the geometry of the designed
object.

Romanko I.1. (2021) analysed the didactic problems and prospects of using
information technologies in education. According to Romanko I.I. (2021),
informatisation of education will ensure the transition from illustrative and
explanatory teaching methods and mechanical assimilation of factual knowledge
to mastering the ability to independently acquire new knowledge using modern
methods of information presentation, means of information interaction with
objects of the subject environment created on the basis of multimedia
technologies, "virtual reality", using the capabilities of peripheral equipment of
modern computing.

Formulation of Goals (Task Setting). The purpose of this article is to
demonstrate some approaches to the use of multimedia in higher education
institutions in teaching engineering disciplines.

Main Part. Geometric modelling is considered as a branch of mathematical
modelling that includes the description of geometric images and the performance
of certain operations on them in two-dimensional, three-dimensional or
multidimensional space.

The theoretical basis of geometric modelling is differential and analytical
geometry, topology and branches of computational mathematics. Geometric
modelling studies methods of constructing curved lines, surfaces and solids,
methods of performing various operations on them various operations and
methods of managing numerical models.

For example, G. Raikovska (2018) interprets geometric modelling as "a set
of operations and procedures that include the formation of a geometric model of
an object and its transformation in order to obtain the desired image of the object
and determine its geometric properties".
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According to Boyko V.A. (2015), geometric modelling is a basic function
of engineering and design practice, which is widely used in professional design
and development activities and in the system of professional training of
engineering and technical specialists. At the present stage of development, this
type of modelling involves the necessarily use of computer modelling.

Raikovska H.O. (2018) concludes that the formation of metalworking
machines today puts forward a lot of fundamental questions to the designer. The
clarity and simplicity of the forms are intended to optimise the working conditions
and use modern technology of machine tools production.

The main conditions for the rational ergonomic design of products in the
machine-building industry include the necessary consideration of the specific
components of the human-technology-environment system that manifest
themselves in the functioning of the product. These features include: the type of
product and its operation; the characteristics of the human body; and
environmental conditions. However, for the large majority of consumers, the
ergonomics of any product is easily determined.

Grabchenko A.l., Dobroskok V.L. (2009) devoted much attention to the
mathematical apparatus of 3D modelling for solving problems of computer-aided
industrial design (design).

The use of computer modelling enables us to see an object that does not yet
exist, obtain its geometric characteristics, study its physical properties by setting
up numerical experiments, make the necessary changes, prepare production and,
finally, manufacture the object.

CAD/CAMICAE systems serve as a tool for solving these tasks. One of the
elements of such systems is a mathematical model of the geometry of the designed
object.

Polischuk M.M., Tkach M.M. (2021) presented the history of CAD
systems, the main functions of CAD/CAM/CAE systems, as well as the
Architecture and principles of CAD construction and Structural subsystems in an
expanded manner.

The list of CAD systems is quite numerous and is constantly being enriched
by new applications.

The most famous are the following:

— SolidWorks: 3D modelling and creation of associative drawings, a
system for engineering calculations SolidWorks Simulation (strength
calculations, etc.), SolidWorks Motion (kinematics and dynamics of technical
systems), CAMWorks module for SolidWorks (creation of programmes for
computer numerically controlled machines), and Intermech (design and
technological preparation of production — Cadmech and Techcard).

— AutoCAD is a two- and three-dimensional computer-aided design and
drawing system that includes a full set of tools for complex three-dimensional
modelling (solid, surface and polygonal modelling is supported). AutoCAD
allows you to get high-quality visualisation of models using mental ray rendering.
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The programme also implements 3D printing management (the modelling
result can be sent to a 3D printer) and support for point clouds (allows you to work
with 3D scanning results). However, it should be noted that the lack of three-
dimensional parameterisation does not allow AutoCAD to compete directly with
engineering CAD systems such as Inventor, SolidWorks and others.

— Inventor (Autodesk) 3D CAD software for creating and studying the
behaviour of digital prototypes of products and parts. Developed by Autodesk.
Created for 3D design of mechanics, product emulation, and toolkit creation.

Conclusions. As practice has shown, the use of computer geometric
modelling in CAD systems allows us to organise a number of training courses at
a qualitatively new, modern level to organise a number of training courses in
professional training in the the field of mechanical engineering.
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Anomauia. Y cmammi po3enaHymo mMemoou KOMN IOmMepHoi cUmMyaayii 6
00CNIOJHCEHHAX Y CYYACHTU Oion021i ma MeOuyuHi, Ki 8i0icparomsv 8aNHCIUBY POJb
YV B8UBUEHHI MONEKYl ma ix 83aeMo0ili, 30Kpema OiOMONEKYl, MaKux sIK OLIKU,
JIHK, PHK ma niniou. Cumynayii MOnekyIsApHOi OUHAMIKU 8 NOEOHAHHI 3
IHOICEHEePHO-KOMN 10MepHOot0  epaikoio  003801510Mb  MOOeI08amu  ma
gizyanizyeamu OIOMOJIEKYIAPHI Npoyecu HA AMOMHOMY PI6HI, W0 0a€ 3M02y
OOCNIOHUKAM AHANI3Y8aAMU MOJEKVIAPHI CMPYKMypu ma iXHio OUHAMIKY.
Bisyanizayis makux npoyecié € NOmyM#cHUM IHCMPYMEHMOM Ol PO3YMIHHS
MONIEKVISIPHUX MEXAHIZMIB, U0 8ANCIUBO OISl PO3POOKU HOBUX JIIKAPCLKUX 3AC0018
ma mepanesmu4Hux cmpameeit. Y yiu cmammi po32ensioaromvcs OCHOBHI
mMemoou ma nioxoou 0o gizyanizayii  OIOMONEKYIAPHUX —npoyecis, ix
3ACMOCY8AHHA 8 CUMYNIAYIAX MOAEKVIAAPHOI OUHAMIKU, A MAKONC BUKOPUCHAHHS
epaghiynux mooeneti 0l BUBUEHHS MONEKYISIPHUX 63AEMOOIU Ma 3MIH Y YACI.

Knrwuoei cnoea. Biomonexynu, 6inku, MONeKyaapHi MoOeni, CUMYIAYIs
MONEKVIAPHOI  OUHAMIKU, KoMn'lomepHa 2pagika, e6i3yanizayis MOAeKyl,
peHoepuHe N08epPXoHb, MONEKYIAPHI IHMmepaxyii.

IMocTtanoBka mpodJsemMu. Y cydyacHOMY CBITI HayKa CTPIMKO PO3BHBAETHCS
3aBJSIKM BUKOPUCTAHHIO HOBITHIX T€XHOJOT1M. OJIHI€I0 3 HAUMEPCTIEKTUBHIIIUX
rajxy3ed € cumylisiiis O10JOTIYHMX TPOLECIB, SKa JI03BOJISIE JOCIIIKYBATH
CKJIaJIHI ME€XaHI13MH KUBUX OPTaHI3MIB 32 JOMOMOTOI KOMIT IOTEPHUX MOJEIeH
Ta rpadiku. Taki niaxoau JOMOMAararoTh HAyKOBIISIM IMITyBaTH B3a€EMO/I11 KJIITHH,
OpraHiB 1 HaBITb OPraHi3MiB, CTBOPIOIOYM YMOBHU IJisl aHANI3y, Kl HEMOKIIUBO
JOCSITTH B TPAAUIIMHUX JTa00paTOPIsX.

Lle#t meTonm mO3BONSE HE IMINC BHUBYATH OIOJOTIYHI CHCTEMH, a U
IIPOBOJIUTU EKCHEPUMEHTH, SKI B peajJbHUX YyMOBAaX CBITI MOXYTb OyTH
HeOe3MeYHUMH, JOPOTUMH a00 TEXHIYHO CKJIaJHUMU. Hampukiaa, MoaeTOBaHHS
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MOIIUPEHHS 3aXBOPIOBaHb, CTBOPEHHS JiKIB a00 JOCHII)KEHHSI TeHEeTUYHHUX 3MIH
CTaJlo Habarato epeKTUBHIINIMM 3aBISIKA PO3BUTKY CUMYJIAIIN [1].
®opmy1oBaHHA HIed. MeToro 1€l poOOTH € OIS Cy4YaCHUX METO1B
KOMII FOT€pHOT rpad ik, Kl 3aCTOCOBYIOTHCS JJIsl Bi3yasizallli 010MOJIEKYJISIPHUX
MPOIIECIB, 1X 3aCTOCYBAHHS B JIOCIIKEHHSIX Ta pO3pOOI[l IHHOBAIINHUX PIIICHb.

OcHoBHa 4acTuHa. MojenoBaHHs Ta CHUMYJAIIS CHOPsIMOBaHI Ha
BUKOPHUCTAHHS CHUCTEMAaTUYHHMX KUIBKICHUX JaHUX 300pakeHb NJiS M0OYI0BH
MPOTHO3HUX MOJeNell O10JIOTIYHMX CHCTEM, SKI MOXXHAa 3MOJECIIOBATH 3a
JOTIOMOT0I0 KoMIT toTepa. Lle m03Bosie BIAOKPEMUTH MOJIEKYJISIPHI MEXaH13MU
Bi1 eekTiB (hopMU Ta reoOMeTPii.

MopentoBaHHsl O10JIOTIYHHUX MPOLECIB HE JIMIIE JI03BOJISIE€ aHANI3yBaTu
CKJIJIHI CUCTEMU OpraHi3My, aje il BIAKpUBA€E HOBI TOPU3OHTH JJISI TOCTIKEHHS
Ha MOJIEKYJSIpHOMY piBHI. OCHOBHa MeTa MOJIEKYJSpHOI Bi3yamizamii —
NIATPUMATH HAalle PO3yMIHHS 0aratroro, CKJIaJHOTO MarepialbHOro CBITY,
3pOOMBIIM  MOJIEKYJISIpHI ~ CTPYKTYpPH, 1IXHI BJIACTUBOCTI Ta B3a€EMOJIIIO
3posymimnmu. Kpim Toro, muel MeToA CHpPSMOBAaHUNW Ha MIATPUMKY
«PpalllOHAIBHOTO» AU3aiiHYy HOBUX MOJIEKYJ, TaKUX SIK (papMaleBTU4HI aKTHUBHI
CIIOJIyKH, 00 HaJIallITOBaH1 pEUOBHHMU 31 cTie[U()IUYHUMU BIACTUBOCTSIMHU.

Cdepa 6iomonexyasipHOT Bizyamnizaillii - rpadiudi 300paxeHHs] CTPYKTYpPH,
B3aeMOJIi Ta (PYHKUIOHYBaHHS O10MOJIEKYJ, O10MOJEKYJSIPHUX KOMILIEKCIB,
MOJIEKYJISIPHUX MAIlMH 1 [UIMX O10JOT1YHMX (PYHKIIOHAIBHUX OJMHHUILb, SIK1
3yCTpI4arOThCS B O10JIOTIYHHUX KIITHHAX. J[0 TOro » MoJieKyJsipHa Bi3yasizalis
JOTIOBHIOE HAOIp 1HCTPYMEHTIB OloiHQOpMATHKH, HaAAlOYM 3aco0u IS
IHTErpPOBAHOI'0 BI3yaJIbHOT'O aHaJi3y JaHUX MOCIIIOBHOCTI Ta CTPYKTYPH.

Cumynsuis  O1OMOJIEKYJSIDHUX IPOLECIB € BaXKJIMBOIO  CKIIAJOBOIO
YaCTHMHOIO CY4YaCHOI HayKd, WLI0 JO0NOMarae JOCHIKYBaTH MOJIEKYJIIPHY
nuHamiky, B3aemonii Ounkie, JIHK, PHK, Ta iHmmx wmakpoMmomieky.
BukopucranHs iHXEHEPHO-KOMIT I0TEpHOI rpadiku A03BOJISE Bi3yalli3yBaTH Iii
MIPOLIECH Ta MIJIBUILYBATH TOYHICTh aHaNi3y, 10 MAa€ 3HAYEHHS ISl pO3pOOKH
HOBHUX JIKApChKUX MPENaparis.

CyuacHa Bi3yamizamiss OioMOJeKysn Oa3yeTbCcsd Ha KUIBKOX OCHOBHHUX
M1IX0JaX 10 MOJICIIOBAHHS.

1. Aromictruni mojeni (puc. 1), siki 3a0e3MeYyI0Th TOUHE 300payKEeHHS
OKpPEMHMX aTOMIB MOJIEKYJ 1 XIMIYHMX 3B’SI3KiB MK HuMH. Haltwacrime Taki
MOJIEI1 BUKOPUCTOBYIOTHCS ISl CUMYJISILIIT MOJICKYJISIPHOI TMHAMIKH, JIeé KOXKEH
aTOM ONHCYEThCA SIK OKpeMa YacTHUHKA, sIKa PyXae€TbCs 3TITHO 3 3aKOHAMHU
KJIACUYHOT MeXaHiku [2].

2. Monexynspaa nuaamika (MD), sika onmucye pyx aTOMiB y 4aci i
JI€I0 MDKATOMHHUX CHJI, Ta BUKOPHCTOBYETHCS IJIsl aHAI3y JMHAMIKUA OLIKIB,
JIHK, PHK, mimigiB Tomo.

3. Meton Monrte-Kapino (puc. 2), 10 BHKOPHUCTOBYIOTHCS IS
JOCJIIKEHHS] PIBHOBAXKHUX CTAHIB MOJIEKYJI IUISIXOM CTATUCTUYHOTO aHal13y.
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4. KBaHTOBO-M€XaHIYHI pO3paxyHKH, W10 3a0€3MeUyl0Th BHUCOKY
TOYHICTb Y PO3paxyHKax €HEpriil 1 eJIeKTPOHHUX CTPYKTYp, ajie MalOTh BUCOKY
OOYHUCITIOBATIBHY CKJIAJHICTb.

[ -
pmmmmp .

Puc. 1. MonekymsipHi CTPyKTYpH, OTpUMaHI B pe3yJIbTaTi CUMYJISALIi:
a — TPUBUMIipHA MOJIENIb MOJIEKYJIM 3 IOKa30M ITPOCTOPOBOI Opi€HTALlli aTOMIB;
0 — CTpyKTypHa cxemMa MOJIEKYJISIPHOI PEIIiTKH; B — JiHIWHA (hopMa MOJIEKYJ;
I — BifoOpa’keHHS MOJIEKYJ B pi3HUX opmax

ATOMICTHYHI MOJIel 3a0€3MeUy0Th BUCOKHUIM PIBEHb TOYHOCTI 3aBISKHU
JETATLHOMY ONKUCY MI>KATOMHHUX B3a€MOJI1d. BOHM IUPOKO 3aCTOCOBYIOTHCS AJISI
BUBYEHHS CTPYKTYpH, (QYHKHiA 1 auHamiku Oiomosexyn [4,5]. Ii momeni
JO3BOJISIIOTh ~ MPOBOJUTH  OOYHMCIEHHS, $KI  HEMOXIHMBO  peanizyBaTH
EKCIEPUMEHTANIbHO, HAaNpUKIaJ, MOPOTrHO3yBaTH TMOBEAIHKY MOJIEKY1 B
eKCTpEeMaIbHUX yMOBax. 3aBMSIKA 3aCTOCYBAHHIO MOJICKYJISIPHOI AMHAMIKK Ta
IHIIUX METOJIB, MOXKHA TJIHOIIE 3pO3YMITH MEXaHi3MHU O10XIMIYHUX IMPOIECIB.
ATOMICTUYHI MOJIEJIl € YHIBEPCAIbHUMM 1 MIAXOASATH JJIsl JOCHIIKEHb Yy
(dapmakosorii, 610TeXHOJIOT11, MOJIEKYJISIpHI 010JI0T1i Ta IHIIUX ramy3sX.

['onmoBHEM OOMEKEHHSIM € BHCOKAa OOYHCIIOBAJIbHA CKJIAJHICTH, IO
BUMAara€ 3Ha4HUX PECYPCIB JUIsl MOJIETIOBAHHS BEIUKUX CUCTEM ab0 TpHUBAIUX
npoueciB.  YacoBi  macmTabu  cUMyJSOId  3a3BUYall  OOMEXYIOTHCS
HAaHOCEKYHJaMU Y1 MIKPOCEKYHJIaMHu, 1110 MOXe OyTH HEI0CTATHBO JIJIsl TOBHOTO
BUBYEHHS MOBUIBHUX 010JIOTIYHUX MpolleciB. KpiM TOro, TOUHICTh pPe3yiIbTaTiB
3QJIEKUTH BIJ TapaMeTpiB MOJieNll Ta OOpaHUX MOTEHIIaNbHUX (QYHKIH, sKi
MOXYTh CIpPOIIYBAaTH peasibHI (I3UKO-XIMIUHI SIBUIA. ATOMICTHYHI MOJAENI
BUMAaralmTh PETEIbHOr0 KajJiOpyBaHHS 1 HE 3aBXKIU BPaxOBYIOTh BCl KBAHTOBO-
MeXaHiuHi e()eKTH Yepe3 CKIIAIHICTh 1X PO3PaXyHKIB.
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[ToBepxHEB1 MOJIeli BKIIOUYAIOTH B ce0e BIOOpakeHHST (HOPMU MOJIEKYIH
yepe3 11 Mexi. HaltmonynsipHiliuM MpUKIaAOM € BaH-AEp-BajlbCcOBa MOBEPXHS,
sKa BU3Ha4Ya€ MpoCTip, 3alHITHI aTomamu [3].

Puc. 2. JIsoBumipHa cxema noBepxHi vdW (BaH-1ep-BalibcoBa) (CHUHS),
SAS (xoBta) i SES (uepBona). SAS i SES Bu3HavyaroThCS
chepuaHUM 30HIOM (Cipuii), SKUH KOTUTHCS oBepxHero VAW.

3aBIsSKHM Takid Bizyamisanii [3] MokHa aHamizyBatu ()i3W4HI BJACTHBOCTI
MOJIEKYJIU, HANpUKIAM, ii 00’€M, MOXIJIHMBICTh YTBOPEHHS 3B’SI3KIB 3 IHIIUMH
MOJIEKYJIaMU Ta CTPYKTYPHY T'€OMETPIIO.

IntoctpaTuBHi Mozeni (puc. 3) cOpoulyOTh Bi3yanizailito, J03BOJSIOUU
KOPUCTYBauaM 30CEPEIUTHCH HAa KIFOYOBUX OCOOJIMBOCTSAX MOJIEKYJIH, TAKUX SIK
(yHKLIOHATIBHI TPYIU YA aKTUBHI JUISTHKH.

Puc 3. CtpykTypHi Ta moBepxHEBI MOJENI O1IKa 3 Pi3HOIO AETaTi3aIl€r0

Metoau Bizyanizaiii 610MOJIEKYyJl MOKHA MOJIIUTH HA KiJIbKa OCHOBHUX
KaTeropid B 3aJIeKHOCTI BIJl THUIY MOJEKYJIApHOi 1HGopMalii Ta pPIBHS
AeTani3anli, SK1il BOHH 3a0€311e4YyI0Th.
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30Kpema, po3pi3HAIOTh:
1. PeHaepuHT MOJEKYJISIPHUX TOBEPXOHb.
ImrocTpatuBH1 Ta a0CTpaKTHI MOJEINI 111 BETUKUX MOJIEKYJI.
3. Bizyamizairist MoJeKyIsIpHOI TMHAMIKH 32 JOTIOMOTOO aHIMaIlii.

N

[li miaxomu 3abe3reuyloTh TOYHHUM aHaN3 CTPYKTYpU Ta JUHAMIKU
010MOJIEKYJI, CHPHUSIOYU PO3POOLI HOBHUX JIKAPChKUX 3ac00iB, BHUBYEHHIO
T€HETUYHUX 3MIH 1 IPOTHO3YBAHHIO MOBEIHKU MOJIEKY] Y PI3HUX YMOBax.

BucnoBku. Cumynsuis OIONOrYHMX — MPOILECIiB 32 JTONOMOTOKO
KOMIT FOTEpHUX MoJiesel 1 rpadiku € MOTY>KHUM 1HCTPYMEHTOM CY4YacHOI HayKH.
Bona no3Bossie aHamizyBaTH CKJIaJIHI CUCTEMH Ha MOJIEKYJSIPHOMY pIBHI,
pPO3ILIMPIOIOYM HAllle PO3yMiHHS (yHIaMEHTaJIbHUX MPUHLIMMIIB O10JIOTii.
3aBIAKM TAaKUM TEXHOJIOTISIM MOXJIMBE CTBOPEHHS €(EKTUBHMX IHHOBAIl Yy
(hapMakoJiorii, reHeTUYHIN 1HX)eHepli Ta 610TexHoor1sX. [loganbunii po3BUTOK
KOMII' FOTEPHUX METO/11B MOJIEIIFOBAHHSI BIIKPUBA€E HOB1 TOPU30HTH JIJIsl HAYKOBUX
JOCIIDKEHB Ta 3a0e31euye OUIbI INTMOOKUN MOTIIA Ha (PYHKIIOHYBaHHS KUBUX
opraHi3MiB. BUKOpUCTaHHS METOAIB TaKOTO MOJICNIOBAHHS Ta Bizyaii3allii He
0OMeXyeThcsl JuIIe Oionoriclo  abo MeOWIMHON. IX MHOTeHIianm s
BIPOBA/IP)KEHHS B rajy3l MaTepiajlo3HABCTBA, XIMii Ta €KOJIOTii BIIKPHUBAE HOBI
MOXKJIUBOCTI JIJIs1 MUKIUCHHUIUTIHAPHUX TOCIIIKEHb.
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Abstract. After Ukraine joined the World Trade Organization, the task of its
integration into the international community arose. One of the priority areas in
resolving these issues is the harmonization of standardization systems. This is
solved by introducing international and European standards through the national
standards of Ukraine. In this regard, the standard DSTU 1.7:2015 (ISO/IEC
Guide 21-1:2005, NEQ; ISO/IEC Guide 21-2:2005, NEQ) National
standardization was developed. Rules and methods for adopting international and
regional regulatory documents, which regulates the procedure for performing this
work. That is, significant changes are taking place in the modern national
standardization of Ukraine. This article provides a brief overview of the first
group of standards relating to the general provisions for the development and
execution of design documentation. Familiarization of students with the
provisions of these standards at the beginning of studying the course of
engineering graphics lays the foundations of their engineering education.

Keywords. National standards of Ukraine, international standardization
system, design documentation, professional competencies of students.

Statement of the problem. One of the main links in the creation of
technical products is the development of design documentation. The level of
execution of design documents is significantly reflected in the terms and labor
intensity of the production of designed technical objects, their quality, reliability
of operation and other characteristics of the product. The quality of execution of
technical documentation largely depends on the standards that regulate this
activity. The use of standards in the development of design documentation allows
the use of a single technical language and terminology, which ensures mutual
exchange between enterprises both within the country and between partner
countries without its re-registration. Therefore, it is important to reflect in the

educational process changes in the modern system of standardization when
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studying by students of educational institutions of the technical direction of
courses in engineering and graphic disciplines, which form the professional
competencies of students starting from the first years of their studies.

Analysis of recent research. The International Organization for
Standardization has developed international standards (ISO), which are not
mandatory for use in the development of design documentation in any country in
the world. They often operate on an alternative basis. The level of application of
international standards in the development of design documentation in a country
depends on the solution of the issue of its integration and cooperation with
international organizations.

Formulation of goals. Since Ukraine has become a member of the World
Trade Organization, the issue of its integration into the international community
Is quite relevant. It is also being addressed in the area of the creation and
formatting of technical documentation. Largely, the quality of creating this
documentation is influenced by the use of relevant standards. Currently, the
transition and harmonization of state standards of Ukraine with the international
standardization system is underway. Therefore, it is advisable to consider this
issue in terms of standards that relate to the general rules for formatting design
documentation, which are studied in courses of engineering and graphic
disciplines.

Main Part. Currently, the standards GOST 2.301, GOST 2.302, GOST
2.303, DSTU GOST 2.305, GOST 2.109, etc. are no longer valid. Instead, the
DSTU ISO standards [1-8] are valid, which have been in effect in Ukraine on an
alternative basis since 2005. That is, current recommendations on the use of sizes
of drawing sheets for use in design documentation are regulated by the DSTU I1SO
5457:2006 standard [1]). Compared to the DSTU GOST 2.305:2013 standard, the
sizes of drawing sheets have remained the same, but the margins have changed
(left 20 mm, top, right and bottom — 10 mm). The location of drawing sheets
should be only landscape (A4 drawing sheets is located portrait). The current
standards for basic inscriptions are DSTU GOST 2.104:2006 and DSTU EN 1SO
7200:2005. The DSTU ISO 5455:2005 standard [2] regulates a number of scales
(see Table 1).

Table 1
Scale series

Category Recommended scale ranges
Enlargement 50:1 20:1 10:1
scales 5:1 2:1
Full size scale 1:1
Reduction scale 1:2 1:5 1:10

1:20 1:50 1:100

1:200 1:500 1:1000

1:2000 1:5000 1:10 000
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The DSTU 1SO 12824:2005 standard establishes the types of lines used on
drawings [3]. The DSTU ISO 3098-6:2007 standard establishes the recommended
font for technical drawings [4]. According to the DSTU ISO 5456-2:2005
standard [5], two methods of orthogonal projection are used — first angle
projection and third angle projection. In this case, it is recommended to use a
graphic symbol on technical drawings to indicate the method
of projection (Fig. 1).

Fig. 1. Image of graphic symbols of the projection method

The graphic symbol indicates the use of the selected projection method
(a — first angle projection, b — third angle projection), which is indicated in the
corresponding column of the main inscription (above its upper right corner). The
first angle projection method is used in the vast majority of countries and is
considered European. The depiction of species is regulated by the standards
DSTU ISO 128-30:2005 [6] and DSTU I1SO 128-34:2005 [7]. The requirements
for the location of the main views are the same as in the canceled standard DSTU
GOST 2.305:2013. According to the specified DSTU ISO standards the views:

* views that are determined by the chosen projection method,;

* extended views;
* partial views;
* special position of views;

* local views.

Extended views are views that are not placed in direct projection relation
with the main image. In this case, the direction of projection is indicated by a
reference arrow on the corresponding image and is indicated by a capital letter of
the Latin alphabet. The size of this letter should be 1.4 times larger than the height
of the dimension number on this drawing. In this case, it is recommended to give
preference to the font type B without inclination in accordance with DSTU ISO
3098:2005 [4]. Other fonts of this standard can be used.

Partial views are used when it is necessary to show the design features of
the part, but the image of the full view is impractical. The partial view is limited
by a thin solid line with zigzags (type 01.1.19 in accordance with DSTU ISO 128
— 24:2005 [3]). If the image of the view is symmetrical, it can be limited to parts

of the axes of symmetry (Fig. 2). In this case, the long-dashed line of symmetry
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is denoted by a special graphic symbol of symmetry (thin parallel lines). The
length of these lines is h, and the distance between them is 0.3 h (h is the height
of the inscription).

Fig. 2. Using a graphic symbol indicating image symmetry

Special position of views are views obtained in positions other than the
selected orthogonal projection method to obtain the main views. If necessary, they
can be rotated on the drawing. In this case an arc arrow is used in the view
designation and the angle of rotation is indicated (Fig. 3). The height and radius
of the arc arrow are shown in Fig. 3 (h is the height of the inscription).

Fig. 3. Arc-shaped arrow indicating image rotation

Local views are images of a separate type of symmetrical parts. They are
performed by projection in the third angle projection, regardless of the method
selected on the drawing for obtaining other images. The image of the local view
is performed with a solid thick line of type 01.2. The local view is placed next to
the main view and connected to it with a thin long-dashed-dotted line of type 04.1.

General rules for sections and cross-sections are regulated by the standards
DSTU ISO 128 — 40:2005 and DSTU ISO 128 — 44:2005 [8]. When applying
sections and cross-sections an imaginary plane is used, which is called a section.
The positions of the cutting planes on the images are shown with a long-dashed-
dotted thick line (according to DSTU ISO 128 — 24:2005 [3]) of type 04.2. If
necessary, the line of the cutting plane can be additionally shown completely with
a long-dashed thin line of type 04.1. The direction of view is indicated by section
arrows. For mechanical engineering drawings, arrows with an angle of 30° are
mainly used. A capital letter of the Latin alphabet is placed next to the arrow
parallel to the main inscription of the drawing. Its size should be 1.4 times larger
than the height of the dimensional number on this drawing. Above the image of
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the section or cross-section, its designation is placed, consisting of two letters that
denote the cutting plane, written through a hyphen. Sections are divided into:

1) sections made with one cutting plane;
2) sections made with two (or more) cutting planes:

— the cutting planes are parallel (Fig. 4);

— intersecting secant planes (then the planes not parallel to the main
projection planes are returned to coincide with the position of the
projection planes selected by the main projection method) (Fig. 5);

3) local sections.

Fig. 4. The section is made by two intersecting parallel planes

Fig. 5. The section is made by two intersecting cutting planes

Sections are used revolver in the relevant view and extended. Sections and
extended sections may not be in a projection relationship with the main image. In
that case, they are marked. If they are rotated, then the marking must be
supplemented with an arc arrow and the angle of rotation must be indicated.

Conclusions. This article briefly presents material on changes in the design
of design documentation in relation to the first group of standards. Changes in
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standards relating to other sections of design documentation and used in the
educational process are planned to be covered in subsequent publications.
Changes to the national standardization system relating to the rules for design
documentation require constant attention as the process continues. Teachers of
technical educational institutions are faced with the task of familiarizing
themselves with the changes taking place in the national standardization system
and timely introducing them into the educational process [9, 10]. Timely
implementation of innovations in the educational process allows students to
obtain knowledge that meets the modern requirements of society and be
successful in their chosen profession.
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Abstract. The article demonstrates how additive manufacturing can
enhance the functionality and ergonomics of industrial testing devices. A redesign
case of a control unit housing for heavy industry is presented, emphasizing form
optimization, power portability, and connector limitations. The design process
included concept analysis, comparison with existing solutions, modelling in
SolidWorks, and adaptation for 3D printing.

Keywords. 3D printing, industrial design, additive manufacturing, device
housing, SolidWorks, redesign, rapid tooling.

Problem statement. In modern engineering practice, the ability to rapidly
and effectively redesign or replace components of a technical system is essential.
Devices frequently need to be adapted for new working conditions, space
constraints, or operational improvements. Traditional manufacturing methods are
often limited by time, tooling, and production costs. In contrast, 3D printing offers
a flexible and efficient solution, enabling quick customization of components in
response to real-world requirements. It allows engineers to modify the
configuration, shape, and internal structure of a part without significantly
increasing development time or resources. This approach is particularly relevant
for enclosures and functional housing in industrial devices, where ergonomics,
size, power supply, and mounting constraints often vary. This paper presents a
case study in redesigning housing for an industrial control unit, demonstrating
how 3D modelling and printing support the creative engineering process.

Analysis of Recent Research. Modern engineering increasingly demands
faster and more creative approaches to problem-solving. Over the past decade, 3D
printing has become a widely adopted tool across nearly all engineering
domains — from aerospace to automotive industries. Additive manufacturing
enables rapid prototyping, ergonomic optimization, and miniaturization of
existing systems while maintaining functionality and structural integrity [1].

3D printing, as a form of additive manufacturing, constructs physical
objects layer by layer based on digital CAD models. This method offers flexibility
in producing complex and customized components quickly and cost-effectively,

73



especially for low-volume applications. Unlike traditional prototyping systems,
modern 3D printers are more accessible and seamlessly integrated with CAD
environments, making them well-suited for tasks such as functional prototyping,
small-batch manufacturing, and fast part replacement [2]. At the provided link [3],
viewers can watch a video that demonstrates how 3D printing is used for rapid
tooling — producing molds, patterns, and dies for low- to medium-volume
manufacturing. The video outlines the workflow from CAD design to the practical
use of the printed tool in real production settings.

Formulation of Goals. These examples illustrate the broad potential of 3D
printing in both household and industrial settings, from part replacement to rapid
tooling. In this paper, we focus on a practical redesign case involving an industrial
testing device enclosure. The goal was to reduce the overall dimensions of the
housing, improve its ergonomics, and integrate a portable power supply — while
preserving compatibility with a fixed central connector. The redesigned model
was developed using SolidWorks and prepared for 3D printing, demonstrating
how additive manufacturing can be used not only for prototyping, but also for
functional, customized product improvement.

The main part. The subject of this case study is a control unit used for
testing industrial control panels. The original device featured an outdated and
oversized plastic enclosure that was no longer optimal for use. The main
constraint in redesigning the housing was the presence of a fixed HARTING
central connector measuring 145.6 x 55 mm, which could not be altered due to
standardized mounting requirements. Additionally, the locking mechanism
required significant force to secure, necessitating strong and well-aligned
attachment points.

The objective was to improve the form factor of the device without
compromising its functionality. The updated design included the following
improvements:

1. Reduced external dimensions to enhance portability and usability in

constrained workspaces.

2. Internal optimization of component placement, including LED

indicators and control elements.

3. Integration of a 9V battery slot, allowing the device to function

independently from a stationary power source.

4. Refined geometry of mounting brackets and wall thickness to ensure

durability under mechanical stress.

The entire redesign was executed in SolidWorks [4], where the geometry
was modelled parametrically for flexibility. Attention was paid to tolerances
relevant for FDM or SLA 3D printing, and materials were selected based on the
required mechanical strength and thermal resistance. After completing the model,
prototypes were printed and tested to verify fit, ergonomics, and component
access. Minor adjustments were introduced, and the final version was prepared
for deployment.
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The print settings were configured to achieve a balance between mechanical

strength and printing efficiency. Some selected parameters are illustrated in Fig.
1-2. The part was printed using FDM technology with the following key
parameters:

1.

2.

3.

Layer height: 0.2 mm; first layer — 0.24 mm, for better adhesion to the build
plate.

Wall structure: 3 perimeters and 3 solid layers for both top and bottom
surfaces, ensuring sufficient mechanical strength.

Infill: 15% grid pattern with aligned rectilinear structure, balancing strength
and material efficiency.

Print speed: up to 140 mm/s for perimeters and infill, with reduced speeds
for external walls and first layers to improve surface quality.

Acceleration and autospeed: Acceleration for external perimeters was
limited to 5000 mm/s? to reduce vibrations, while infill and general motion
reached up to 10,000 mm/s2. Autospeed limited the max print speed to 140
mm/s.

First layer speed: set to 100 mm/s for reliable adhesion.

. No ironing or extra top surface smoothing was used, prioritizing

mechanical functionality over aesthetic finish.

Fig. 1. Layer height and wall structure parameters

The selected parameters represent a typical balance for technical

enclosures: moderate wall thickness, low infill density, and reduced speed for
outer surfaces to improve accuracy. The model was printed using the Anycubic
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Kobra 3 Combo FDM 3D printer [4], equipped with a high-speed CoreXY system
and multi-material capabilities. Its stable structure and auto-levelling system
ensured high dimensional accuracy and adhesion throughout the process.

As printing material, Polymaker PLA filament (1.75 mm) was used [5].
This filament is known for its high rigidity, excellent surface quality, and low
warping, making it a reliable option for functional prototyping of enclosures.

Fig. 2. Infill configuration with 15 % grid pattern and aligned rectilinear structure

The final version of the redesigned enclosure is shown in Fig. 3 and Fig. 4.
A similar redesign task was conducted in a previous student project, where a
broken DEWALT screwdriver was successfully repurposed for testing
automotive components [6].
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Fig. 3. Front view of the finalized 3D-printed enclosure for the industrial control uni
t

Fig. 4. Front view of the finalized 3D-printed enclosure for the industrial control unit

The presented case study demonstrates the practical value of 3D modelling
and additive manufacturing in solving real-world engineering problems. Through
the redesign of an industrial testing device enclosure, we showed how 3D printing
enables compact design, functional integration, and improved usability, while
adapting to fixed structural constraints such as standardized connectors.

Importantly, this project highlights the educational potential of additive
technologies, encouraging students to apply technical knowledge creatively and
to iteratively improve their designs. The use of SolidWorks and FDM 3D printing
offered a flexible, cost-effective, and accessible workflow for rapid prototyping
and functional customization.
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When combined with other examples, such as the repurposing of an old
power tool, it becomes clear that 3D printing supports diverse applications — from
sustainable product reuse to small-batch manufacturing. This confirms its
relevance not only as a prototyping tool but as a viable method for engineering
innovation in both academic and industrial contexts.

This and the current case illustrate the versatility of additive manufacturing
in addressing different engineering objectives — from component miniaturization
and functional integration to the creative reuse of existing devices. This example
highlights how additive manufacturing facilitates iterative product development
and supports functional redesign tailored to specific technical and environmental
constraints.

Conclusions. This article presented a practical application of 3D modelling
and printing in the redesign of an industrial device enclosure. The project
demonstrated how additive manufacturing supports compact, functional, and
customizable design solutions. The approach proved effective for both technical
problem-solving and creative engineering tasks.
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Anomauia. Huniwne sxcumms 6 HAWitl 0epicasi nog’si3ame 3 8adCKUMU
BOCHHUMU BUNPOOYBAHHAMU, SKI NPUHOCAMb CMPANCOAHHS NI00SAM, DYUHYIOMDb
micma ma cena. YHAcMiOoK Yyboeo 3ZHUWYEMbCSA HCUMILO, NPOMUCTIOB]
nIONpUEMcmea, 3aKaiaou 0ceimu, OXOpoHU 300p08’ s ma iHwa ingpacmpykmypa.
He suxnouennsam € ti 00’ ekmu icmopudHoi apximekmypHoi cnaowunu. /esaxum
NUMAHHAM — IXHb020  BIOHOBNEHHSI 3a  OONOMO20I0  CYYACHUX  3aco0is
KOMN’ IOMEPHO20 2e0MEeMPUUHO20 MOOENI08AHHS NPUCBAUEHO OaH)y CMAmmio.
Maemovcss na yeasi 30epedicenHsi, 3 Memow 3a0e3nedeHHs MONCIUBOCHI
no0anIbLU020 SKICHO20 eQpeKmusHo20 GIOMBOPEHHS, HANEHCHUX NaApamempis
Gopmu, po3mipie  ma  NONOMCEHHA  6KaszaHux  Oydieenb 1 Cnopyo.
3asnaveni enacmugocmi  ciyeyoms 00’ €OHyOUUM pakmopom 0isi bazamvox
cneyianicmie pizHO20 NPo@inio, HANPUKIAO, ICMOPUKIB, MUCMEYMBO3HABYIS,
apximexkmopig, 6y0ieenbHUKi6 ma IHWUX Gaxisyis, Wo peaizyioms Ha NPaKmuyi
OKpecileHe 8axiciuge 3a60aHHS.

Knwuoei cnosa. Apximexmypna  cnaowuHa, GIOHOBIEHHSA  md
DEKOHCMPYKYIs, 2eoMempuyHe MOOEN08AHHS, MemOoO0N02isi CMPYKMYPHO-
napamempuuna popmo-ymeopenusi, BIM mexuonoeii.

IHocranoBka mpoGaemu. CborojeHHss YKpaiHU € BaXKUM MEpPIOJOM
KUTTS HAIIOI JIEpKaBU, OB’ 3aHUM 13 BOEHHUMHU JisiMU. [licis HacTaHHS MUPY
3pyHHOBaH1 Oy[IiBIl Ta CHOPYyAWM MNOTPeOyBaTUMYTh CBOTO BIJIHOBJICHHS,
PEKOHCTPYKIIi Ta pecTtaBpailii. OCOOIUBO TOCTPO CTOSTUME 1€ MUTAHHS IS
00’€KTIB 1CTOPUYHOI apXITEKTYpPHOI CHAIIIWHU, OCKIIBKH BOHH, SIK IPaBUIIO,
XapaKTepU3yThCS 3HAYHOI 1HAUBITYaTbHICTIO BAKOPUCTAHUX KOHCTPYKIIHHUX
dbopm. ToMy HanexxHe 30€peKeHHS BKa3aHMX BIACTUBOCTEH HAa HUHIIIHHOMY
€Tarll CTAHOBUTH aKTyaJIbHY HaAYKOBO-TIPUKJIAIHY MPOOIEMYy.

AHaxiz gochaimkenb i myOaikaniid. ba3oBl HOpMaTHBHI MOJOKEHHA
CTOCOBHO OXOpPOHM KYJIbTYPHOI CIAAIIMHUA YKpaiHU BUKIAACHO y BHUIAHHAX
[1, 2]. ITpamto [3] mpucBsiUeHO TaKOMY MPOTPECHBHOMY CyYaCHOMY HAIPSIMKY B
apXiTeKTypHIN Trany3i, sk iHpopMalliifHe MOJIeNIOBaHHS B OYIIBHUITBI, TOOTO
BIM (Building Information Modeling). Ile crocyeTbcst 00’ €KTHO-OPi€EHTOBAHOTO
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MapaMeTpUYHOIO0 aBTOMATHU30BAHOIO TMPOEKTYBAHHS. 3a3HAYEHUM MIXiA
KOMIUIEKCHO TIOE€HY€E HAmNpsMH KOMIT IoTepHOTro KoHcTpytoBanHs (CAD -
Computer-Aided Design), xepyBanus ganumu npoaykiii (PDM — Product Data
Management) ta ympaBiiHHA >KATTEBUM [ukioM BupoOiB (PLM - Product
Lifecycle Management). B ocHOBI HaBeICHOrO JIKUTh TPHUBUMIpHA
KOMIT IOTE€pHAa T€OMETpUYHAa MojeNlb OynaiBmi abo crnopyau, 1Mo e(EeKTUBHO
IHTErpy€e pI3HOMAHITHY 1H(pOpMAII0 NpO OMpalbOBYyBaHUM 00’€KT, 30Kpema,
HOro KOHCTPYKIIIO, TEXHOJOTIK0 3BEACHHS, KOIITOPUC, EKCILTyaTallilo,
yTuiizaiio 1 T. A. Onucana MeTo10J0ris 3a0e3neuye NpoBeACHHS BIANOBIIHOT
ontuMizamii. ¥ nyomikarii [4] po3risgaeTbcsi MOXKIUBICTD 3acTocyBanHs BIM-
TEXHOJOTIA JUIsl BIJHOBJIEHHS IaM SITHUKIB apXITEKTypH, MOUIKOJXKEHUX
YHACT1JJOK BOEHHHX JTIH.

Merorw mnyoOuaikanii € BHKIAQJE€HHS 3alpONOHOBAHOIO MiAXOAY IIOJI0
BUKOPUCTAHHS METO0JIOT11 CTPYKTYPHO-TIapaMeTPUIHOT0 POPMOYTBOPEHHS JJIsI
30€peKEeHHS apXITEeKTYPHOI CHAAIINHU.

OcHoBHAa 4acTHHA. YsBJIEHHS Mpo pyHHauii OyJiBelb YHACIIJOK
BIMCHKOBUX J1{ y Hallllid Aep>kaBl HA MPUKIAAl ICTOPUYHUX OCBITHIX 3aKJIaJliB
Hajae ctarta [5]. Y HIH aKIeHTYyeThCs, IO HAHOUIBII PO3MOBCIOKEHUMU
MOIIKO/KEHHSAMH € CIPUYMHEHI BUOYXaMU TPILIMHU y CTiHAX 1 QyHIaMEHTax;
BUPUBAHHA TMEBHUX IXHIX ()parMeHTIB, MOPYIIECHHS OOJIUIFOBAHHS, 3HUIICHHS
MEePEeKPUTTIB Ta MOKPUTTS 1 T. M. BakimBuil acmekT BIJHOBICHHS 00’ €KTIB
apXITEeKTypHOI CHAJAIIMHU TMOJSra€ B MAaKCUMaJIbHOMY 30€peKEeHH1 IXHBOI
ICTOPUKO-KYJIBTYpPHOI IIHHOCTI NpH MIHIMAJIbHOMY BTpPYYaHHI B ICHYIOUI
KOHCTPYKIIii Ta 30BHILIHINA BUTJISLA OyA1BEIb 1 CIIOPY.

Puc. 1 intocTpye TenepimiHi MONIKOKEHHS IBOX ICTOPUYHUX HABYAIBHUX
3aKJajiB YKpaiHu.

a o

Puc. 1. 3pyiiHoBaHi 00’ €KTH apXiTeKTypHOI ciaammau [5]:
a — ninel imeHi Mukomm Apkaca (M. MukonaiB); 6 — kopiryc XapKiBCbKOTO
HAIIOHAJILHOTO TEXHIYHOTO YHIBEPCUTETY CLIBCHKOTO rOCHOIapCTBA
imeHi [lerpa Bacuenka (M. XapkiB)

OpHuM 13 HUIAXIB BIJHOBJIEHHS OYIIBEJIBHMX 00 €KTIB 3a BIACYTHOCTI
MOTPIOHUX IS 1OTO JOKJIQJHUX KPECIEHUKIB, TOOTO TIIbKU 3a HASBHUMH
dbotorpadisiMu, oOmipaMH TOIIO, € CTBOPEHHS HAJICKHUX KOMII IOTEPHUX
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TPUBUMIPHUX MapaMETPUYHUX TEOMETPUUYHUX Mojelield. ['0JoBHY BUMOTY [0
OCTAaHHIX CTAaHOBHUTbH peali3alis THy4YKOl MPOJAYKTHUBHOI afganTalii 10 MOTPIOHKUX
dbopM, pPO3MIpPIB 1 TMOJIOKEHHSI PI3HOMAHITHUX apXITEKTYPHO-KOHCTPYKIIHHUX
€JIEMEHTIB. 3 HAaBEJCHUX BUILE 300paXKe€Hb BUJTHO, 1110 1€ B MEPIILY YEPTy CTOCYETHCS
CTiH, BiKOH Ta jBepeil. IXHe eQekTHBHE MOJENIOBAHHS 3a JONOMOIOKO
CTPYKTYPHO-TIAPAaMETPUIHOI METOI0JIOTIT PO3TIISAA€ThCS, 30KpemMa, B poOoTi [6]
Ha MPUKJIA/Il TAKUX ICTOPUYHUX OYiBEIIb, K MPABOCIaBHI XPUCTUSHCHKI XpaMH.

BucHoBku. Jlany nyOmikaiiio OpPUCBAYEHO aKTyaJlbHOMY B Halll 4ac
MUTAHHIO 3a0€3MEeUeHHS] HEOOXIMHUX YMOB [Jii MailOyTHHOTO BiJIHOBJICHHS,
PEKOHCTPYKIIi Ta pecTaBpallii apXiTEeKTYpHUX OO0’ €KTIB KyJIbTYPHOI CHAIIIUHU
Vkpainy, skl 3pyilHOBaHI a00 MOTEHLUIMHO MOXYTh OYyTH IOUIKOIKEHHI
BHACJIIIOK BOEHHUX J1M HA TEPUTOPIl HAIIOT Iep>KaBH.

3anponoOHOBAaHUM MIAXIJ PEali3yeThCsl 3aBASIKU IOEIHAHHIO HAsSBHHUX
neBHUX Jukepen (pororpadiit, 0OMipiB TOIIO) 3 KOMIT FOTEPHOIO METOI0JIOTIEO
CTPYKTYpHO-IIapaMeTpruuHoro QgopmoyrBopeHHs. Lle 3abe3nedye noOyaoBy
PEATICTUYHUX TPUBUMIPHUX TBEPJAOTUIBHUX TE€OMETPUYHUX MOJENeH, SKI 3
JOCTaTHbOIO TOYHICTIO BIATBOPIOIOTH OyAIBEIbHI KOHCTPYKLINHI €JIEMEHTH
00’ €KTIB ICTOPUYHOT apXITEKTYPHOT CIIA IIUHU.
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«Kuiscoxuti nonimexuiunut incmumym imeni lzops Cikopcbko2o»
(Ykpaina, m. Kuis)

Anomauin — y cmammi po3eisaHymi numanHs 3anodieanus Kibepamakam
ma auanizy ix Hacuioxie Ha mepedxcegy iHpacmpykmypy. Memorwo pobomu
€ po3pobneHHs IMimayitinoi moodeni, wo 003601UMb NPOMECmy8amu 6HIUE
NOWUPEHUX MUNI8 AMaK HA Mepexcy ma OYiHUmu eqheKmugHiCmeb 8NPOBAOIHCEHUX
mexanizmie 3axucmy. [na oocsenennss memu 0yno euxopucmano Cisco Packet
Tracer — cepedosuwje, w0 003601UMb HANAWINYEAMU MEPENCY, Peariz08yeamu
nonimuxku oesneku ma 30IUCHIO8AMU IMImMmayiline MoOemo8anHs amakx. Y xo0i
00Cni0CeHHs: Oyna cmeopeHa IMimayiiHa Mooenb, wo O0d€ MONCIUBICID
30IUCHUMU OYIHKY epheKmueHoCmi 3axucHux mexauiamis. Ompumani pe3yiomamu
NOKA3anu, wo 3ACMOCYB8AHHS KOMOIHOBAHO20 NIOX00Y, WO GKIYaE 8 cebe
ACL, VPN ma ¢haepsonu, 3HauHo 3nudxcye wanc ycniwnoi amaxu. byno maxoorc
ecmanosneno, wo euxkopucmanns Syslog ma NetFlow o0o03601a€ ceoeuacHo
i0eHmughikysamu aHoManbHy aKMUBHICIMb ) MEPEHCL.

Knrwuoei cnosa — xioepszaxucm, DDoS, MITM, SQL Injection.

IlocranoBka mpooaemu. Ilepexin Bim 1HAYCTPiaTbHOTO CYCHUIHCTBA [0
iHbOpMaIliitHOTO, 10 BiAOYBAETHCS B TEMEPINIHINA Yac, mOpsia 3 0e3CyMHIBHUMHU
nepeBaraMu Hece 3 co0Ol0 W HeratuBHiI (DakTOpu, OOYMOBIIEHI MOKIIMBICTIO
3aBJIaHHS 30UTKIB 3 BUKOPUCTAHHSAM JIMCTAHIIIMHOIO OCTYMy 0 1H(pOpMaLiiHuX
1 aBTOMAaTU30BaHUX CHUCTeM. Ha ChOTOAHIIIHIN J€Hb BIJACYTHS HEOOXIIHICTH
6e3nocepeHOro (Hi3MYHOTO BILTUBY HA TEXHIUYHY CHCTEMY 3 METOIO TIOPYIICHHS
il HopManbHOTrO (DyHKUIOHYBaHHsA. HabGarato mpocriiie, aemesiie i Ge3neqHine
MOPYIIUTH KEPYyBaHHS TAKOK CHCTEMOIO, IO ¢ 3IMCHIOETBCS IIIITXOM
JIECTPYKTUBHOTO 1H(OPMAIITHOTO BILTMBY HAa 00’ €KTH KPUTHYHOI 1HPOpMAIIIHHOT
iH(dpacTpykTypu. UNCIIeHHI NPUKIAAN CBIAYATh PO 3pOCTAaHHS YaCTOTH BUIIAJIKIB
KOMIT'IOTEPHUX aTaK Ha BHILE3rafaHi OO0 €KTH, IO 3IIACHIOIOTH KEpyBaHHS
PI3HUMH TEXHIYHHUMH CHCTeMaMH 3a0€3MEUCHHS KUTTEMISUIBHOCTI JIepyKaBu M
CyCIUJIbCTBA. binblme TOro, OCTaHHIM YacoM BiJI3HAYAETLCSA TCHACHINSA Ha
MIJBUIIEHHS BUOIPKOBOCTI TakuxX BIUIMBIB. OueBUAHUM € TOU (HakT, 110
pO3pOOJICHHS CHCTEM BHSBJICHHS KiOepaTak TIOB’si3aHa 3  YHCIICHHUMH
BUKJIMKaMHU, SIKi BUMAraroTh BiJl TOCIITHUKIB MOIIYKY ONTUMAIBHHX ITiIXO/IIB JIJIS
3a0e3MeueHHs BUCOKOIO PIBHS 3aXUCTY MEPEKEBUX CEPEIOBUIII.

82



3 KOXXHUM POKOM KUIBKICTh KiO€paTak Ha MeEpEKeBY IHPPaCTPyKTypy
3pOCTae, 10 BUMAra€ CTBOPEHHs OUTbII €(PEeKTUBHUX MEXaHI3MIB 3aXHMCTy. ATaku
tunry DDoS, MITM Tta SQL Injection MO>XyTh HAIKOAUTH poOOTI 1H(HOPMALITHIX
cucteM abo0 CIPUYMHUTH BUTIK KOHOQIAEHUINHOI 1HQopmamii. BracHe kpim
nepepaxoBaHuX BTpar, (IHAHCOBI € HAMOLIBIN HemepeAdadyyBaHUMH Ta iX JyxkKe
CKJIaJTHO MPOpaxyBaTy, a X BAPTICTh 3 KOKHUM POKOM IMPOTHO30BAHO 3POCTAE, 1110
MIPOJIEMOHCTPOBAHO HA PUCYHKY 1.

<
=
o
2
a
g
S
a
x
o
- 4
o
=
b
=
=
>

Puc. 1. Cepennst BapTicTh 30UTKIB BiJl OJTHOTO BUTOKY JaHUX [1]

®opmyaoBanna nisei (IlocranoBka 3aBaanHsi). MeTow TOCTIHKEHHS
€ pPO3pOOJIEHHS IMITAIIfHOI MOJENi, IO JO03BOJIUTH IPOTECTYBAaTH BIUIMB
NOLIMPEHUX THUMIB aTak Ha MEPEeXy Ta OLIHUTU €(EKTUBHICTh BIIPOBAHKEHUX
MexaH13MiB 3axucty. Jims uporo Oynme BukopucraHo Cisco Packet Tracer —
CepelioBUIIE, IO JO03BOJIHMTH HAIAIITYBAaTH MEPEXY, pPEali30BYyBaTU MOJITHKU
0e3MeKH Ta 3/11MCHIOBATH CUMYJIALIT aTak.

AHaJIi3 0OCTaHHIX JOCTIKEHb. Y CydaCHUX JIOCIIPKEHHSX 3HaUHY yBary
NPUALIEHO METOJIaM 3arno0iraHHs aTakaM Ta aHami3y iX HaciiakiB. Hampukian,
CUCTEMHU BUSBJICHHS BTOPTHEHD, 1110 AaHATI3YIOTh MOBEIHKY MEPEKEBOI0 TpadiKy
Ta JI03BOJISIIOTH BUSBIATH aHomanii [2]. Taki cucremu ¢opmyroTs npodiiab
HOPMAJIbHOI aKTUBHOCTI Ta (DIKCYIOTh BIIXWJIEHHS, SIKI MOXYTh BKa3yBaTH Ha
AMOBIpHI aTakW, HECAaHKLIOHOBAHWU JIOCTYNl UM 3JIOBMHCHE MPOrpaMHe
3a0e3nedyeHHs. BOHM BHKOPHUCTOBYIOTH METOAM MAIIMHHOTO HaBYaHHS,
CTaTUCTUYHOI'O aHaJI3y Ta €BPUCTUYHUX MIAXOMAIB JJisi BUSBICHHS HE3BUYHUX
SBMILl Y MEPEKEB1I aKTUBHOCTI.

B TenepimHiii yac KOpUCTyBadl 4acTo 3IMCHIOIOTH MHIAKIIOYEHHS 110
IHTEpHETY uepe3 3araibHonocTynHl Wi-F1 mepexi, siki O1bII Bpa3iuBi JO aTak
nepexoruieHHs qanux (Packet Sniffing). VPN € Brnanum npamiorounm pilieHHIM
3axXUCTy Tpadiky 3aBIAKU MKUPpyBaHHIO 3’ €JHAHHS MIXK KJIIEHTOM 1 BiIIaJICHUM
cepepoM. VPN cTBOpIO€ 3axMILEHUN TyHEIb MDK HMMH, BUKOPUCTOBYIOUH
MIPOTOKOIM MIU(PPYBaHHS, IO YHEMOXJIMBIIOE NEPEXOIUIEHHS JAaHUX TPETIMU
ocobamu. JlochimkeHHs edektuBHOCTI VPN nmns 3axucty KOH(iASHLIHHUX
JaHUX y MyOJIIYHUX Mepexkax [3] BUSBWIM psif IepeBar, MpoTe BUABICHO JESKI
O0OMEKEHHS Ta PU3UKH.
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Jleski poOOTH MPONOHYIOTh BUKOPUCTaHHS IITYYHOTO I1HTENEKTY s
nporHo3yBaHHsA arak [4]. Lleil meTon Mae BENMKHI MOTEHLIaN, OJHAaK Oararto
JOCIIKEHb HE BPaXOBYIOTh TECTYBaHHS 3a PEAIbHUX YMOB, 1110 MOX€E IPU3BECTH
10 XMOHHX clhpanboByBaHb. KpiM TOro, moaiOHi cucTeMHu mepeadadyyBaHO
MaTUMYTh 0OMekeHY e(PEeKTUBHICTh pearyBaHHsl Ha HOBI 200 KOMOIHOBaH1 BUU
aTak, 110 HE BXOAATh JJO HABYAJIBLHOTO HA0OPY MOJIEI.

OcHoBHa 4acruHa. Hacmigkm xkiOepatak Ha 00’€KTM KPHUTHYHOI
1HQpacTpyKTypu TOPIBHAHO 3 TPAAMIIHHUMH Taldy3siMH 3aCTOCYBaHHS
1H(OpMaIIHHUX TEXHOJIOTI MOXyTh OyTM Habarato BaXYUMH, HaBITh
katactpodiunumu. EdextuBHa mpotuais artakam, 10  3A1MCHIOIOTHCS
3JIOBMUCHUKaMU Ha aBTOMAaTU30BaHI CHUCTEM YIPaBIIHHSA TEXHOJOTTYHUMHU
mpoliecaMu, HEMOXJIMBAa 0O€3 BpaxyBaHHS OCOOJMBOCTEl Ta BIJMIHHOCTEH
KiOEep3axucTy TaKMX CHUCTEM BIJ 3aXHCTy TPaJUUIMHUX 1HPOPMALIIHO —
KOMYHIKaIliifHUX 00’ €KTIB Ta PECypciB.

Cepen cyyacHUX HIAXOAIB A0 NPOTUCTOSIHHS 1HPOPMALIIITHUM 3arpo3am €
cuctemu BusBIeHHs BToprHeHb (IDS/IPS), ¢aepBonmu ta VPN, mnpore y
KOHKPETHHUX CLEHapisAX iX e()eKTUBHICTh € HEAOCTATHHO BUBUEHOIO.

3a nanumu McAfee ta Cybersecurity Ventures 30MTKH BiJl KIOEp3JI0YMHHOCTI
ypaay Ta OI3HeCy OOUYMCIIOIOTBCS TPWIBHOHAMHU JOJNApiB, IO YCKJIAIHIOE
MOJKJIMBICTD iX EPEIOAYUTH Ta € BAXKUYUM 3aBJAHHAM MOPIBHSAHO 3 TPATULIIIHUMUY,
10 BHUKJIMKAIOTH (PIHAHCOBI BTpAaTH, HANPUKIAA CTUXIMHI JIMXa YK KJIACHUYHA,
¢13nyHa 370uMHHA JisU1bHICTE. Ha prcyHKy 2 300pakeHa Jiarpama KiOep3/104rHiB,
3niicHenux y 2022-2023 pokax.

OckulbKkM OUIBIIICTh JOCHIIKEHb aHANI3YIOTh aTakd TEOPETUYHO abo
HAJaloTh METOAM 3axXHCTy 0e3 iX BUKOPUCTaHHS Ta TECTYBaHHS Yy MeEpexi
NPU3HAYEHHS, 100 HE Jla€ MOXJIMBOCTI MPOBEACHHS OUIbII “‘UyTIMBUX
HaJalTyBaHb — 1€ BCE 1€ 3aJIMIIAEThCS MpodiemMoro. Came Touy HEOOX1HICTh
CTBOPEHHS CEpeJoBHUINA JUIs IMITAlli aTakku Ta 3aCTOCYBAaHHS 3aXHUCHHUX
MEXaHI3MiB y BIANOBIAb € aKTYaJIbHOIO, & TAKOXK 1€ AACTh 3MOT'Y Kpalle OLIIHUTH
e(DEeKTUBHICTh IIUX MEXaHI3MIB 3aXUCTy MaKCUMaJbHO HAOJIMKEHO JO0 LUIbOBUX
CUCTEM.

DitwmHr

BUTOKMN penyrauinHa wkona
f

Puc. 2. [liarpama ki6ep3nouunnis 3a 2022-2023 poxku [5]
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OCHOBHUMHU METOJAaMHU JOCIIKEHHS € aHajil3 HayKOBUX NyOmikamiil y
ctepi kibepOe3neKy, HATAIITYBaHHSI TECTOBOTO CEPEIOBUIIA, MOJICTIOBAaHHS aTak
Ta OLIHKAa €()EeKTUBHOCTI 3aCTOCOBAHUX MEXaHI3MIB 3aXHUCTY. 30KpeMa, y poOOoTi
oyne Bukopucrano mexanizmu ACL, ¢paepsomu, VPN, VLAN, NetFlow Ta Syslog
3 METOIO KOHTPOJIIO MEPEKEBOro TpadiKy Ta BUSBICHHS aTak.

Y xomi pmochmimxkeHHs Oylia CTBOpEHa IMITalliiiHa MOJENb, W0 Ja€
MOXJIUBICTh ~ 3JIMCHUTH OLIHKY €(QEKTHUBHOCTI 3aCTOCOBAHMX 3aXUCHUX
MexaHi3MiB. Byno HajmamToBaHO Mepexy 3 KII€HTaMH, CEpBEpaMU Ta TOUYKAMHU
JOCTYIy, TICJSI YOT0 3MOJETbOBAHO KiIbKa THUIIOBUX aTak, 30kpema DDOS,
MITM Ta cnopobu HecaHKIIOHOBaHOTO Joctyiny. OTpuMaHi pe3yJbTaTh
MoKa3aJj, 10 3aCTOCYBaHHs KOMOIHOBAHOTO MiIX0y, 110 BKIo4ae B cebe ACL,
VPN Tta ¢aepBonn, 3HaAYHO 3HUXKYE MIAHC YCHIIIHOI aTaku. byno Takox
BCTaHOBJICHO, 10 BukopuctanHs Syslog ta NetFlow mo3Boisise cBoewacHo
11€HTU(IKYBaTH AHOMAJIbHY aKTUBHICTb Y MEPEXI.

BucHoOBKH. 3anponoHOBaHa MOJIENb J03BOJIE€ TECTYBaTH Ta aHAII3yBaTU
Kibep3arpo3u B 0€3MeYHUX, 130JbOBAHUX Ta KOHTPOJIHOBAHUX YMOBAX, III0 MOXKE
OyTH BaXJIMBUM [Ji1 HaB4YaHHsA (axiBLIB 3 KiOepOe3NeKu Ta MOKPAIIUTH
MOKa3HUKUA MEPEKEBOI OE3MEKH y KopropaTHBHUX cucremax. Haykosa HoBu3HA
MOJIATa€ y MPAaKTUYHOMY AOCIIHKEHH] BIAMPAIIOBAHHS 3aXUCHUX MEXaHI3MIB Ha
aTakd y €IUHOMY CEpEelOBULII Ta y poO3po0JEHHI alrOpUTMy 3 METOIO
aBTOMaTHU3allli OJI0KyBaHHS aTtak. Pe3ynbratu po60TH MOKYTh OyTH BUKOPHCTAHI
y HaBYAJIBHUX 3aKjajax JJis MArOTOBKU (paxiBIiB 3 KiOepOe3leku, a TaKoxK y
peaTbHUX OpraHi3alisx sl TECTYBaHHS MEpPEeXKeBUX MOMITUK Oe3neku. [nsaxom
ix omrumizauii Oyne 3HM)KEHO PU3MKHM Ha BCIX €Tanax B3aeMOJIi 3 MEpEXelo.
Takuil miAXiJ 3MEHIIUTh Yac peakiii Ha aTakd, HaJal4d MOXJIHUBICTD
30CepeIMTUCHh Ha BJJOCKOHAJIEHHI CTPATETiid 0e3MeKH.

bioniozpaghiunuii cnucox

1. Cepenns BapricTh 30MTKIB Big BUTOKY manmx. URL: https://www.h-
x.technology/wp-content/uploads/2023/12/The-average-cost-of-damages-from-
data-breach-ua-1024x678.jpeg (nata 3Bepaenns: 24.02.2025).

2. Parhizkari S. Anomaly Detection in Intrusion Detection Systems.
IntechOpen, 2023. URL: https://doi.org/10.5772/intechopen.112733 (mara
3pepHeHHs: 24.02.2025).

3. Sharma Y.K., Kaur C. The vital role of VPN in making secure connection
over internet world. International Journal of Recent Technology and Engineering
(IJRTE). 2020. V. 8, Ne 6. P. 2336 —2339.

URL.: https://doi.org/10.35940/ijrte.F8335.038620 (nara 3Bepuenns: 24.02.2025).

4. Ahmed T., Kim D. Al-Based Anomaly Detection in Cybersecurity.
IEEE Transactions on Network Security. 2023. V. 19, Ne 1. P. 1-14.

5. Craructuka kidepsnounnHocti 2022-2023. URL: https://www.h-
x.technology/wp-content/uploads/2023/12/cybercrime-2022-2023-diagram-ua-
min-1024x534.jpg (nata 3Bepuenns: 24.02.2025).

85



VK 514.18

CTPYKTYPIBAIIA EHEPI'O3AXOAIB 3 OIITUMI3ALICIO
TEOMETPII 3EJIEHUX BYAIBEJIb

Maptunos B.JI., 1.1.H., mpodecop,

arx.martynov(@gmail.com, ORCID: 0000-0002-0822-1970

Maptuniok O.J1., acniipant kadenpu apxitekrypHux koHcTpykiiii KHYBA
martynuk@ukr.net

[Tonsk FO.1O., acniipanT kadenpu apxitektypHux koHcTpyKuiit KHYBA
y_polyk@gmail.com

Cranniituyk JI.M., acnipanT kadgeapu apxitekTypHux koHCTpykiii KHYBA
111222@ukr.net
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i apximexmypu (m. Kuis, Ykpaina)

Anomauia. Y cyuacnux ymoeax 3pocmarodoi KiiMamudHoi Kpu3su,
Ooepiyumy pecypcié ma HeoOXIOHOCMI CKOpOUeHHs 8yeleyesux BUKuois,
NPOEKMYBAHHA 3elleHux 0yoigenb Haby8ae Kaou08o2o 3HaveHHs. Taki 06 'ekmu
inmeepyloms  [HHOBAYIUHI ~MEXHON02li, BIOHOGNIOBANILHY eHepeemuKy ma
eKON02IYHI Mamepianu, wo He Juule 3MeHULYE HABAHMANCEHH Ha 008K, a U
3abe3neuye eKOHOMIUHI 6ueo0u O 61acHuxie. Bionosiono 0o ocopcmkux
ekocmanoapmie i nompebu 6 CMIUKUX pIUeHHAX, 3eleHi O0Y0iell cmarmo
OCHOB0I0 CMA020 PO3BUMKY MA KOHKYPEHMHOI nepesazu y 6Y0iGHUYMEI.

Illpoyec npoexkmysanus ma moolepHizayii 3eneHux 0y0igeib nompeodye
CUCMEMHO020 Ni0X00y 00 8UOOPY 3axX00i8 niosuujeHHs enepeoehekmugrocmi. [
Yb020 3aNPONOHOBAHO CMPYKMYPOBAHUU KOMNAEKC PIUleHb, CNPAMOBAHUX HA
BHUMICEHHS. eHepP2OCNOJNCUBAHHA, 30Kpema:onmumizayio 2ceomempii  06y0i6ni
(hopmu, opicHmauii, Menio3axucHUX XxapaKmepucmux mouio),payioHanizayiio
napamempie iHjiceHepHUX cucmem 015 inmezpayii 8i0HOGII0BANIbHOI eHep2emUKU.

Ha ocnosi docniooicensv susnaueno 6aco6i koe@iyicHmu nau8y KOMCHO20
3aX00y HA eHepeOCHONCUBAHHS, A MAKONHC PO3POOIEHO AHANIMUYHI MOOeNi Ol
oyinku  ix  egexmusnocmi. Ille  0036018€:NPOEKMYBANILHUKAM — MdA
eHepeoayoumopam OnepamueHo NPOSHO3Y8AMU 3MIHU eHEeP2OCHONCUBAHHS NPU
BNPOBAOIHCEHH] KOHKDEMHUX piuleHb; OmpumMyeamu 0OIPYHMOBAHI NOKASHUKU
eghexkmugHocmi we Ha emani NPOEKMYBAHHS AOO PeKOHCMPYKYIL.

3anpononosanuii  nioxio  cnpow)ye  npulHamms  piuleHb U000
eHepeoonmumizayii, 3abe3neuyrouu Mmo4YHiCmsb PO3PAXYHKI@ ma adanmayiio 00
CYUACHUX BUMO2 CMILIKO20 OYOigHUYmMEa.

Knrwouoei cnoea. 3eneni 0yoieni, enepeoeghexmugni 6yoieni, onmumanvti
napamempu,  2ealoCucCmemu, ONnmuMizayis 2eoMempudHux napamempis,
2eomempuite MOOeN08AHHS, APXIMeEKmypHe NPOEKMYBAHHSL.
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AkTyanabHicTh. ChOrofgHI NPOEKTYBAaHHS 3€JCHHX OyaiBesib HaOyBae
0co0ImMBOi Baru sk B YKpaiHi, Tak | B ychoMy cBiti. Lle 3yMoBIIeHO HU3KOIO
r100aJbHUX YMHHHKIB, a caMe KJIIMAaTUYHUMH 3MIHAMHM, CTPIMKUM 3pPOCTaHHSIM
HACCJICHHS, OOMEXEHICTIO TPHUPOIHUX pPecypciB, HEOOXITHICTIO 3HIKEHHS
BUKHJIIB MMAPHUKOBUX Tra3iB, BHUMOTaMH JIO CKOPOYCHHS CHEProCIOXUBAHHSI
OyniBeb.

Enepeoegpexmueni pluenns 6 zeneniu apximexmypi

CydacHi 3emeHl OyniBial IHTErpyrOTh ecHeproe®eKTHBHI IHHOBaIIHI
HiIX0aH, Takl K. BUKOPHCTAHHS COHSYHHUX MaHEJICeH, CHUCTEMHU PEIHMPKYIISIIIT
BOJH, «PO3YMHI» CHCTEMH VYIpPaBIIHHSA OCBITICHHSAM Ta BCHTHJIAIIEIO,
ONTHUMI3aIllsl F’ECOMETPUYHUX Ta TEIUIOTEXHIYHUX MapaMmeTpiB Oyaisens (puc. 1).

L{i pimieHHsS MO3BOJISIOTH ICTOTHO 3HHM3UTH BUTPATH HAa €HEProHocii Ta
CIIPUSIIOTH CTA0IIbHOMY €KOJIOTIYHO OpIEHTOBAHOMY PO3BUTKY.

Puc. 1. EneproederuBHi 3eneni OyaiBii 3 BAKOPHCTAaHHIM (POTOCTCKTPUIHUX MOIYIIB
Ta TEIUIOBHMX HACOCIB JIsl eHepro3abe3nedyeHHsl

Jlisi TOCATHEHHST ONTHMAJBHOTO PIBHS €HEProeQeKTHUBHOCTI 3EICHUX
OyxiBens HEOOXITHO PO3POOMTH KOMIUIEKCHY CHUCTEMY 3aXOIB Ta BH3HAYUTH
Koe(IieHTH 1X BIUIMBY Ha CIIOKUBAHHS €HEPrii.

Takuii minxig Mae KIIFOYOBE 3HAUCHHS SIK JIJIT HOBOTO OyIBHHIITBA, TaK I
IS TEPMOMOJIEpHI3allii ICHyFoUnx 00’ €KTIB.

OcHOBHI ertamu peanizanii ObOTO MIAXOMY BKJIFOYAIOTh BHU3HAYCHHS
nepeniky eHeproe(eKTHBHUX 3aXO0JiB, PO3PaxXyHOK BaroBuX KoeQIlieHTIB
BIUTMBY KOKHOTO 3aX0Jy, PO3pOOKY aHATITUIHOT MOJIENI ISl OIIIHKH CyMapHOTO
edeKry.

CTBOpPEHHS TaKOi CUCTEMH aHAJTITUYHUX PO3PaxXyHKIB T03BOJIUTH TOYHIIIE
NPOTHO3YBAaTH EHEPrOCIOXHMBAHHA Oy/iBENb, ONTUMI3yBaTH BHOIp 3axoliB
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MIABUIICHHS €HEeproe(EeKTUBHOCTI, JOCITaTH 3alUIAaHOBAHUX IMOKA3HUKIB
€Hepro30epekeHHs, 0OTPYHTOBYBATH 1HBECTUIIIT B €eHEProe(EKTUBHI PIIlICHHS

Peanizamiss nmporo miaxoay —3a0e3Me€YUTh CHCTEMHE  yIpaBJIIHHS
eHeproe(eKTUBHICTIO Oy/IiBENIb HA BCIX €Tamnax iX )KUTTEBOTO LUKITY.

AHaJi3 mnomepeaHiX OCJTIIKeHb. Y  HaNpsAMKY BHKOPHUCTAHHS
reJIOCUCTEM, MIJABUILEHHS €HEeproeeKTUBHOCTI  Oy/iBeNib, BHU3HAYCHHS
ONTUMAJbHUX T€OMETPUYHUX MapameTpiB OyJiBedb OyJI0 MPOBEACHO HACTYIIHI
JOCJT1IKCHHS.

VY po0Gorti [1] nuTanHs onTUMi3allii HapaMeTpiB yTEIIoBaYa PO3TISHYTO B
3arajJlbHOMY BUIJIsIAI 0€3 ypaxyBaHHs rpaHHO1 popmu OyaiBal. Y TocaipKeHH!1 [2]
JOCIIIKYBAJIOCA 3aJIeKHICTh ONTUMAalbHOI (OpMH Tija BiJ XapaKTEPUCTUK
TEIUIOBOTO TOJISI, Y SIKOMY BOHO 3HaXOAUThCA. Take TIIO Ha3BaHO KBa3iKYJICIO.
[IuTaHHA ONTUMAIBHOTO PO3NOALTY YTEIUIFOBAaya MO TEIUIO130JIALIHHIM 000I0HIII
He posrsipanocs. Y mpausx [3, 4, 5] po3rasiganocs NUTAHHS BU3HAYEHHS
ONTUMAJbHOI Ta palllOHATIBHOI OpIEHTAIll CBITJIONPO30PUX KOHCTPYKIHM 3
ypaxyBaHHSM TEIUIOBOTO OaJIaHCy KOHCTPYKIIH. Y poboTtax [6, 7] po3risaanucs
MUTAaHHS ONTUMI3AIli FeOMeTpUYHO1 (opMU OYIIBIII Ta PO3MIPY CBITJIIONPO30PUX
OyniBenb. Y pobOoti [8] mochipKyBalmocss NUTaHHS onTuMmizamii  (gopmu
eHeproepeKTUBHUX OyJliBelb, ONTHUMI3AIlll OpIEHTAIll Ta IUION[ BIKOH,
ONTHMI3alll TEIUIOI30JALUIHHOT 000JOHKKM OyAiBenb. AJ€e NUTAaHHA BaroBUX
KOe(]III€HTIB Ta BIUIMBY 3aXO/[IB Ha €HEProOCIOKUBAHHS 3€JICHUX OYJIBEIbh HE
posrisaaanocs. Y nociipkeHH1 [9] po3rnsganucs MUTAHHS 11010 BUKOPUCTAHHS
COHSIYHOT eHeprii s eHepro3ade3medyeHHs OyAiBenb. Y pochimxeHHi [10]
PO3IIIAIaIUC TUTAHHS ONTUMI3allli MPOLECY MPOEKTYBAHHS BUCOTHUX Oy1BEIb
3 IHTErPOBAHUMU T'eTI0OCUCTEMAMH, aJie MUTAHHS BaroBUX KOE(ILI€HTIB 1 BIUIUBY
iX Ha eHeproeeKTUBHICTh HE PO3IIISAAIHCS.

Pazom 3 TuUM, y HaBeA€HUX IOCHIKCHHSX MHUTAHHS CUCTEMaTHU3allii
BIUIUBY (DAKTOPIB HAa €HEPrOCIOKUBAHHS 3€JEHUX OyiBENb Ta BU3HAUYECHHS iX
BAaroBHUX KOE(ILIEHTIB sl pO3PAXYHKY HE PO3TIsSIAI0Cs.

Meta pocaigkenns. [IpoBectu MOCHiKEHHSI Ta PO3POOUTH CTPYKTYPY
3aCTOCYBaHHS 3aXOJ1B Ta BaroBi KoeQili€HTH X BIUIUBY Ha €HEPrOCHOKUBAHHS
3eJIeHUX OyliBedb, a TaKOXX AaHaJIITUYHI 3aJieKHOCTI BIUIMBY 3axOJiB Ha
€HEProcroKUBaHHs Oy/IBEIb.

Xin jgocaimxennsi. I[IpoBeneHo  aHami3  OCHOBHHUX — IMOKA3HUKIB
€HEpProcrnoKuBaHHd OyjiBenb (puc. 2) BHUKOPUCTOBYIOUM  E€HEPITHYHI
ceptudikatu. 3riIHO EeHEPreTUYHOTo cepTUudikary OyaiBeIb EHEProCnoKUBAHHS
Oy[1BJIl BUTJISIAA€ HACTYITHUM YUHOM.
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[TepeBaxkHy OITBIIICTh CHEPIETHYHUX BHUTPAT, SIK MPABHIO, CTAHOBJIATH
HACTYITHI TTOKa3HUKH.

1.EHeprocniokuBanHsl cucteM onaieHHs Q.. (Tpancwmiciiitni Butpatn Q.
Yyepe3 OropoKyBaJIbHI KOHCTPYKIll Ta BUTpatn Q, Ha BEHTWISIIIO Ta HarpiB
TOBITPS).

2 EneprocnoxuBanas Q,, CHCTEM TOPSYOT0 BOJIOIIOCTAYaHHS.

3.EneprocnoxuBanis Q,., CHCTEM OCBITICHHS.

4. EneprocroxxuBanHst Q. CHCTEM 0XOJIOKEHHS (KOHIUIITOBAHHS).

5. EneprocnoxuBaHHs CUCTEM BEHTHIIAIT Qpepr.

Puc. 2. Ceprudikar xutinoBoi Oyisii.
Jiarpama pi9HOTO €HEPTOCIIOKUBAHHS OyiBIII

[TpoBeneHO TOCIIKSHHS, Ta ISl SMEHIIICHHS CHEPTOCIIOKUBAHHS 3€JICHUX
OyziBeNb 3ampoIOHOBAHO KOMIUIEKC 3aco0iB (puc. 3), MmO MNPHUBEAYTH [0
3MCHIIICHHS CHEPTOCIIOKUBAHHS Oy TIBEIb.

Koxxuwii 3aci0 xapakTepu3yeThest BaroBuM koediienTom K, , 3MEeHIIICHHS
CHEepProCIoKMBaHHA. TakoX BH3HAYCHO TI'eOMETPHYHI mapameTpu Oyximi Ta
IIDKEHEpHUX  CHCTEM, ONTHMI3amis SKUX [Opu3BeAe 10  MidiMmizarii
CHEePTOCIIOKUBAHHS OYIIBEIb.

Hanpuxiang Barouii koedimieHT «OnruMizamii mpornopiiiid  OymiBii»
K113 [1, 0.66] moxe 3minroBatucs Big 1 mo 0.66. 3MiHHMMH TapamMepamu €
reoMeTpuyHI mapameTpu Gopmu (OBXKHHA ¢, MpuHa b, Bucora h, paxiyc r) ta
IHIIIE.

3axonu s 3MEHIICHHS CHEPrOCIOKMBAHHS 33 PAaxXyHOK ONTHMI3amii
TrC€OMETPUYHUX MTapaMeTpiB OyiBeIb HA MATIOHKY BHIIICHO KOJIBOPOM.

[Ticnst mpoBeneHHS 3ax0/iB 31 3MEHIIICHHSI €HEPrOCIIOKUBAHHS OYIIBEIb
MPOEKTYBAIBHUK MOXE BU3HAYUTH 3MIHEHI TToKa3HUKH DQ,, eHeprocmoxuBaHHs
3a Tpynamu ta OyAiBil ymimomy.
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31 opynie,
OpiEHTaLYI T3 nAOLY

A nirkporonepiogy K31 €1, 0.01]

AR 3M10B0r0 nepiogy K 3.1 €[1, 0.5]

3.2 BUKOPHCTHHA EYEKTHBHMX CHCTEM OCBITABHHA, RI0A0AHMX NaMN
K32 €[4, 0.2] Taik.

[ 162 omuisauin gopun ysisem Kisa €L, 03]

I 3.3 BUKOPHCTZHHA CHCTEMM "PO3YMHuH 4iM" K 33 E[1, 0.85]

| 2.3 0z nponopuGygeno K€ [1, 055] |

| Ta iHwe

11 i

OrOPOHYBABHi KOHCTPYKL K1 14€[1, 0.5]

. > —
Kuis€[1, 09]

" e o
e €l1, 08]
0.3] OnMHMZauiA reomeTpisHoi $opit C3N
h— €1, 03] 1.1.7 YAOCKOHaAEHHA CHCTEMM ONANEHHA
BMKOPUCTEHHA TENAOBHX Hacocis
42 e " sopaeoa3 Kii7€[1, 0.25]
pa3. wu.!lp- noeirpReoas Kiir€[1, 0.5]
Henpo30pIX KOHCTPYKH Ke. L CyMaCHUX KOTAIB AR ONaneHKA  Ki.17€[1, 0.8]
CaTA0NPO30PiX KOHCTPYKLGH K42 E[1, 1/N]
TaiH.
I 1.1.8 BUKOPHCTaHHA CHCTEMM "PO3yMHMH Ain" K124 €[1, 0.8] |
4 . % €[1, 001 Ta iHwe |
ONTUMi3auiA NapameTpie OpieHTaL Ta naow.
| Ta iHwe

|u.: TaHiA patopie K12.1€[1, 025] I

1.2.2 3meHweHKA noeiapoobminy Gynienie N pas Ki2.2€[1,1/N] ‘

1.2.3 YAOCKOHANEHHR CHCTEIMM ONNEHHA
BUKOPHCTIHKA TENOBHX HACOCIE

i3auii i i, dopmm T2 8033 803 K123 €[1, 0.25]
opiewTaLi NOBITPA 8083 K123€[1, 0.5]

CYMACHIX KOTAIB [U1A ONaneHHs K123 €[1, 0.8]
5€3 KOHUEHTPATOPIS COHAYHIX NPOMEHiB  Kx:€[1, 0.5]
3 KOHUEHTPITOP3MM CORAYHMX NPOMEHiB Ka:€[1, 0.3]

21

| 1.2.4 BUKOPHCTaHHA CHCTEMM "PO3yMHIH BiM" K124 €[1, 0.8] |

|nim|e |

|T:iu|ue

Puc. 3. CtpykTypa 3ax0/1iB JIJIsl 3MEHIIIEHHS €HEPTOCIIOKUBAHHS 3€JIEHUX OyTiBEIb 3
BaroBuMu Koedimienramu K, i BIUIMBY Ha €HEPrOCIIOKUBAHHS

Ananimuunui PO3PAXYHOK BUSHAYEHHA €HEPCOCNONCUBAHHA

OCHOBHI TOKa3HUKIB €HEpProClOXUBaHHS OyJliBelnb (puc. 2) micias
3aCTOCYBaHHS 3aXO01B 3 €HEPro30epeeHHs PO3PAXOBYIOThCS aHATITUYHO.

1. EneprocnoxuBanHsa cuctem onaineHHs DO,
1. 1. TpancMiciiiHi BUTpatu DQ, yepe3 oropoKyBajibHi KOHCTPYKIIii

DO:-0: Ky 11K 12K 13K 14 K5 K16 K7 Ky gs. (1)

1. 2. EneprocnoxuBaHHsl 3a paxyHOK €HeproBuTrpar D(Q, Ha MIIIrPiB
MOBITPSL, 110 HATXOIUTh

DOu- 0 K21 K22 K 23K 24. (2)

2. EneprocnoxuBaHHs DQ;; CUCTEM TOPSYOT0 BOJIOMOCTAYAHHS
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DQFB= QFB~K2.1. (3)

3. EneprocnoxxuBanus DQocB cucteM OCBITICHHS

DQOCB: QOCB‘KS.]..‘K3.2‘K3.3' (4)
4. EneprocnokuBanis DQox cucreM 0xoomKkeHHs (KOHIUIIFOBAHHS)
DQox= Qox~K4.l.~K4.2'K4.3- (5)

3aragom eneprocnokuBanHs DQom micis BHUKOPUCTaHHS 3axXxOJiB 3
eHepro30epeKeHHs BU3HAYAETHCS

DQOH: DQT+DQB+DQFB+DQOX +QB€HT' (6)

TakuM YUHOM TPOEKTYBAILHUK MOXKE BH3HAYMTH MEXKI JIOIMYCTHMOTO
3MCHIIICHHS CHEPTrOCIIOKUBAHHS Oy/IiBesIb | BUOpaTH parjioHaaIbHEe BUPIMICHHS.

BucHoBku. [IpoBeficHO KOMIUIEKCHE JOCHIIKCHHS, B paMKax SIKOTO
3alPOIIOHOBAHO  CTPYKTYpPy  3aXOJiB, CHPSIMOBAaHWX Ha  ITIIBHIICHHS
CHEeProePeKTUBHOCTI 3eeHnX OynaiBelh Ta 3MEHIICHHS 1X €HEproCHOKUBAHHSI.
Busnaueno Barosi koedimientn K, ,, 1m0 BigoOpaxaiTh BIUIUB KOXHOTO 3
3alpPOBAKECHUX 3aXOJIB, a TaKOX PO3POOJICHO aHATITHYHI 3aJIeKHOCTI s
PO3paxyHKY 3HWKCHHs pIBHS eHeprocnoxuBanas DQ,,, OyaiBems.

OxpeMy yBary MpHIIICHO 3aXoAaM, IOB’S3aHUM I3 ONTHMI3aIi€ero
reOMETPUYHUX TapaMeTpiB OyIiBedb Ta IHKCHEPHUX CHCTEM, IO JO03BOJISE
JOCSITTH CYTTEBOTO T IBUIIICHHS €(PEKTUBHOCTI €KCILTyaTaIlli.

3amponoHoBaHa CTPYKTYpa Ta aHATITHYHHUH IHCTpYMEHTapiii MOXKYTh Oy TH
BUKOPUCTAHI TPOEKTYBAaJbHUKAMH Ta EHEProayIuTOpaMH SK Tia  dvac
TepMOMOJIepHIi3aii icHyrounx OyniBenb, Tak | mpu HOBOMY OymiBHHITBI. Lle
J03BOJIUTH OOTPYHTOBAHO BHW3HAYATH ONTHMAJbHI PIMICHHS IS OCATHEHHS
3HAYHOTO 3HWKCHHS CHEPrOCIOKMBAHHS Ta CTBOPEHHS EKOJIOTIYHO CTIHKHX
00’ €eKTIB.
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Abstract. The method for constructing spatial polynomial Pythagorean
hodograph curves (PH curves) from the given Gauss-Radau polygon is
considered. An equation has been found that describes infinitely many RH curves
that have the same Gauss-Radau polygon.

Key words. Pythagorean hodograph curves; Gauss-Radau quadrature;
Gauss-Radau polygon; interpolation.

Problem statement. Spatial Pythagorean-hodograph (PH) curves were
first studied independently by Farouki and Dietz [1], and by Dietz et al. [2]. They
established the conditions under which the arc length derivative of such curves
with respect to the curve parameter is a polynomial rather than a radical function.
This property offers numerous computational advantages in areas such as
computer-aided geometric design, animation, robotics, and motion planning. The
polynomial speed functions of PH curves allow for exact arc length computation,
rational offset generation, and the determination of rational unit tangent vectors.
PH curves are effective for interpolation and approximation of space curves,
especially when a specific shape is required. The problem of constructing spatial
PH curves with a given shape is of important practical importance.

Analysis of recent research. To control the shape of PH curves, the use of
a straightening control polygon based on Gauss-Lobatto quadrature was proposed
in [3]. This approach preserves the desirable properties of PH curves while
avoiding the drawbacks associated with modifying Bézier control points. As an
alternative to the Bézier polygon, the Gauss-Legendre polygon of a PH curve is
considered in [4, 5], with its vertices obtained by evaluating derivatives at the
nodes of the Gauss-Legendre quadrature. A drawback of the Gauss-Legendre
polygon is that it does not define tangent vectors at the endpoints. PH curves with
the same Gauss-Legendre polygon may have different endpoint tangents, since all
quadrature nodes are interior points.

Formulation of goals. In this work, we consider the construction of spatial
PH curves using a control polygon derived from Gauss-Radau quadrature,
building on the methods described in [4, 5]. Employing the Gauss-Radau polygon,
as an alternative to Gauss-Legendre and Gauss-Lobatto polygons, enables the
development of another class of adaptive-shape spatial PH curves. A notable
advantage of this method is that the Gauss-Radau polygon naturally defines the
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initial tangent vector of the PH curve, since the initial point of the Gauss-Radau
quadrature is a predetermined node.

Main part. Let a spatial polynomial PH curve be defined by a quaternion-
valued function p(t) =x(t)i +y(t)j+z()k, x(t), y(), zt)ER[t], tER . We
consider the concept of a Gauss-Radau polygon based on the Gauss-Radau
quadrature over the interval [0;1]. The Gauss-Radau quadrature with n nodes for
an integrable function f (x) defined on the interval [0;1], is a quadrature formula

given by the expression

}f@ﬂxzwﬁﬂb+§@ﬁ0@+sw
0 =1

Pi(X) + R (X)
x+1
where P (x) is the K -th Legendre polynomial of degree k. The weighting
coefficients have the form:
1 1-x _ 1

_2’ (Di -

T 2R ) 2-x)(PLa(x)

Nodes x; for i =1,...,n—1 are the roots of the polynomial

W, =

= (% =1),i=1..,n-1

22"2n((n-1))’
((2n-11)°

The Gauss-Radau polygon of a curve p(t) with m edges is defined as
Gm(p) =[rp,1,.... 1y ], Where
I, = p(0),
hy =h +o p'(x), for k=0,.,m-2. (1)

Residual term is ¢, = f@D(E), (0<E<1).

rm = rm—l + mm—lp l(Xm—l) + €m-
In [6] it is shown that the derivative p'(t) is the * -square of some
quaternion polynomial A(t) of degree n: p'(t) = A(t)® = A(t)i A(t). We write the

polynomial A(t) in the form of a Bezier polynomial A(t) =EB,”(t)A1 , Where
=0

B/(t)=C' (1-t)"'t' are Bernstein polynomials.
Let [ry,n,....1,41] b€ the Gauss-Radau polygon of the curve p(t) with

n+1 edges. Let us write equation (1):
2*

2 =wkp'(xk)=wk(|§ B.”(xk)/s,) . k=0,...n-1,
=0

2*

r-n =y, p'(xn)+ En :mn(iBln(Xn)Al) +8n'
1=0
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Each of these equations can be represented in the form ([5]):

iBln(Xk)A‘ :*’(i) eicpk’ k:O,.-.,n—l, (2)
1=0 U)k

. n / h — €, i

EB| (Xn)Aﬁ =*(w—8)eq3”,Where Cpo,(pl,,(anR

1=0 n

Equations (2) form a linear system with a unique solution
Ay, AL,..., A, so the quaternion polynomial A(t) = Algyg, ..., ¢, 1(t) depends on the
n+1a set of free parameters ¢g,qy,...,0, ER. We show that the function
Algg,....p,1(t) with a fixed parameter ¢, =0 describes all possible spatial PH

curves in which the Gauss-Radau polygon with n+1 edges is the given polygon
[r9,1,..,F41] . Thus, the polynomial p[O,¢y,...,p,](t) , as a solution to the

equation p'(t) = A(t)”, specifies all spatial PH curves of degree 2n +1 such that
Gpa(P) =[ro, Ay sl

Conclusions. Constructing spatial polynomial PH curves from a Gauss-
Radau polygon yields infinitely many curves with the same polygon, defining the
tangent only at the initial point. This is useful for spline interpolation, where the
initial tangent at internal nodes must be specified.
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Anomayia. Y cmammi pozenswymo aneopumm nodyoosu 3D mooeni
KOMNOHEHMI8 peaKkmueHo20 08ULYHA, 3 HABEOEHHAM HeOOXIOHUX 0] no0y0osu
komano y npoepami Fusion 360 ma noscuennsm npunyuny ix pooomu. Taxoorc
oKpemy ysazy Npuoileno aHaunizy uYACmMuHu Mexawizmy 00’ e€kma, wo
MOOENIOEMbCS, OCKIIbKU PO3YMIHHA 1020 (DYHKYIOHANbHO20 NPUSHAYEHHS €
BAJHCIUBOIO CKIAOOBOK) KOPEKMHO20 NPOCMOP0B8020 6iomeopenHs. Mamepian
Oyoe Kopucnum 0 Qaxieyie i cmyoenmis, ki 3aumaromovcs 3D-moodenosannim
IHOICEHepHUX 00’ eKmis.

Knrouoei cnosa. Fusion 360, 3D moodenosanns, osucyn, Revolve, Circular
Pattern, Fillet, arcopumm nobyoosu.

IocranoBka mnpobueMu. Y cydacHI IHXKEHEpPHIN NpPaKTUIl CTPIMKO
po3BuBatoThcsa TexHosorii 3D-mopemtoBanHs Ta 3D-ApyKy, SKi CyTTE€BO
MPUCKOPIOIOTh, CIPONIYIOTh Ta aBTOMAaTU3YIOTh BUPOOHUYI MPOLIECH. 3aBASKU
UM TE€XHOJIOT15IM CTaj0 MOXJIUBUM CTBOPEHHS MOJielieil 00’ €KTIB Oy Ib-IKOTO
pIBHS CKJIaqHOCTI. Y mpolleci HaBYaHHs Ta npodeciiiHoi miaAroToBku (HaxiBIliB
1H)KEHEpHOTro Npo(diII0 BUHUKAE HEOOXIAHICTh HE JUIIE B TEOPETUUYHOMY
BUBUECHHI MPUHUMMIIB poOOTH CKIQAHUX TEXHIYHUX CHCTEM, 30KpeMa
PEaKTUBHUX JBUTYHIB, ajle ¥ y Bi3yanizamii iX KOHCTPYKIIi 3a JOMOMOTOIO
Cy4acHUX 3ac001B KOMII IOTEpPHOTO MojientoBaHHsa. OnHAK Ha MPaAKTHIN
MaiOyTHI 1H)K€HEPHU YacTO CTUKAIOThCS 3 TPYIHOIIAaMU MpHU CTBOpeHHI 3D-
mozeneil TexHiyHUX 00’ekTiB y CAD-cepenoBumiax, 0coOIMBO TakKuX SK
Fusion 360, mo nmotpeOye po3yMiHHs SK IHCTPYMEHTApiiO MpOrpamMu, TaK i
(GYHKIIOHAIBHUX 0COOJIMBOCTEN 00’ €KTa, U0 MOAETIOETHCS.

AHaJII3 HeloAaBHixX JOCTI’KEHD. IIutanus TPUBUMIPHOTO
MOJICTIOBaHHSI 1HXXEHEPHUX O00’€KTIB € MPEeAMETOM YHUCICHHUX HAayKOBUX Ta
MPUKIATHAX JOCTIIHKEHb. Y MpalsiX HU3KH aBTOPIB PO3TIISAAI0THCS 0COOIUBOCTI
Bukopuctanus CAIIP-cucteM mjisi CTBOpEHHS TEXHIYHMX MOJENEeH pi3HOl
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CKJIaJIHOCTI, 30KpeMa y cdepl MamMHOOYJAyBaHHS Ta aBiallifHOT TEXHIKHU.
JIOCIIHUKYA aKIEHTYIOTh yBary Ha BaKJIMBOCTI IMOETAMHOTO MPOEKTYBAaHHS,
BpaxyBaHHs TEXHOJIOI'TYHHUX JOIMYCKIB 1 B3aEMO/I1i KOMIIOHEHTIB y CKJIaaJbHUX
onuHuLgX. OxpeMy Hilly 3aiiMaroTh NyOJikamii, NpPUCBSYEHI pPoOOOTI Y
nporpaMHoMy cepenoBuin Fusion 360, ske BHUPI3HAETbCS IHTYITUBHUM
iHTepdeiicoMm, MUPOKUM (QYHKI[IOHATOM Ta MOKJIUBICTIO IHTErpaIlil 3 XMapHUMHU
cepBicaMH.

®opmyawBaHHa niviei crarri. Mera myOmikaiii — NpoAEeMOHCTPYBaTH
aJITOPUTM MOOYAOBU TPUBUMIPHOI MOJIE€JIl KOMIIOHEHTIB PEAaKTUBHOTO JIBUTYHA B
cepenopuii Fusion 360 i3 MOsSCHEHHSM MPHUHIMIYY POOOTH 33aCTOCOBAHUX
KOMaH/.

OcHoBHA yacTUHA. MO/Ie/IIOBaHHS PEAKTUBHOIO IBUTYHA, SIK 1 0y 1b-5IKOTO
iHmoro o0’ekta y 3D, moymHAETHCS 3 aHANI3y MOTO TeOMETPHYHOI (HOpMHU.
BukopucroByroun KpecleHHs, aHalli3yeMO TeoMeTpudyHy (opMmy mpodins
KaMepu 3ropsHHsA Ta comta (puc. 1, a), gam BIATBOPIOEMO 3a HasSBHUMH
po3mipamu ix miBKOHTYp (puc. 1, 0). BukopucroByroun komaHay «Revolve,
BUKOHYEMO OO€pTaHHS CTBOPEHOIO IMIBKOHTYpa HAaBKOJIO OCi CHUMETpii, Ta
OTPUMYEMO TPUBUMIpHY 00’ eMHY (irypy (puc. 1, B).

a 0 B

Puc. 1. [TocnigoBHICTh cTBOpeHHS 3D-Momemni kKaMepu 3TOPSIHHS: @ — KPECICHUK
npodisi; 6 — MIBKOHTYp KaMepu 3ropaHHs Ta coIula ABUTYHA, 6 — Pirypa,
OTpUMaHa B pe3yJbTaTi 00epTaHHSA

[Ticns goro momaemo Ha oTpuMaHy ¢irypy 18 iHXKEKTOpPHHX ITUCKIB
OpIEHTYIOUUCH Ha KpeclieHuK (puc. 2, a). Po3ramoByemo 12 piBHOBiITATICHUX
OJIMH BiJl OJJHOTO IHCKiB Ha HIKHBOMY PiBHI, Ta 6 AMCKIB HA BEPXHHOMY PiBHI.
Jlaii 1o1aeMo 0XO0JI0KYyBaIbHI TpyOH Ha ropsioBuHHU (puc.2, 0). Po3TamryBanHs
€JIEMEHTIB, PIBHOBIIAAJICHUX OJHMH B1J OJHOIO Y3JI0BXK KOJa, 3[1HCHIOETHCS 32
nonomororo komanau «Circular Pattern».
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a 0

Puc. 2. OtpumanHsa MozieNi coTIa Ta KaMEPH 3rOPSIHHA 32 KPECIEHUKOM:
@ — KpECIIEHUK COIUIa Ta KaMepH 3ropaHHs; O — rOTOBE COIUIO Ta KaMepa 3rOPAHHS

Jam Oynyemo TypOOHAacOCHHMl arperaT Ta 3’€JHYEMO HOro 3 KaMmepolo
3ropsiHHA. /{7151 1bOr0 BUKOPUCTOBYIOTHCS (hoTOMATEPiaiH, sIKi pO3TAllIOBYOTHCS
y dbpoHTanbHIN momuHl. Macitab 300pakeHHsI BCTAHOBJIIOETHCS TakK, 1100 Mpu
HaKJIaJJaHHI MOoro Ha B)KE€ TOTOBY KaMmepy 3TOpSHHS Ta COIUIO, OCHOBHI JIIHIL
30iranucs. [1o0ynoBy TypOOHACOCHOTO arperaty MOYMHAEMO 3 HOTO KOHTYpY
(puc. 3, a), motiM oOepTaeMo ¥oro HaBKoJIO oci cuMmeTpii Ha 360° 3a TOOMOTOI0
komauau «Revolve» (puc. 3, 0). Ha mactymHomy kpoli gomaeMo pedpa
KOPCTKOCTI, 1[0 MOBTOPIOIOTH (POPMY JIONATOK TYpOIHU, Tallku Ta 11aii0u, TOUKH
BXOJy Ta BUXOMy MajuBa 1 okucioBada. CHOpspKeHHS AeTaleil BUKOHYEMO 3a
nonomororo komauau «Fillet». B pe3ynprari orprMyeMo roToBHid TypOHACOCHUI
arperar (puc. 3, B).

a 0 B

Puc.3. IlocninoBHICTh OTpUMaHHS TPUBUMIPHOT MOZIEIi TYpOOHACOCHOTO arperary:
a — KOHTyp TypOoHacoca; 6 — (irypa, oTpuMaHa B HACIiIOK 0OepTaHHS,
6 — BUTJIAJ TOTOBOTO TYPOOHACOCHOTO arperaTy

CTBOpeHHS MEpEeXiAHUX BY3JIB JJIsl MIAKIIOUECHHS TPyOOIpPOBO/IIB MO 14l
rasy 1 piIKoro KUCHIO IOYMHAETHCS 3 MOJICTIOBAHHS IBOX PO3MOIIBHUX JeTalIeH
(puc. 4, a). [aii 1i eJIeMEeHTH pO3TalnyXylThcs Ha 6 TpyOok (puc. 4, B), a Ti B
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cBOIO uepry Ha me 3 TpyOku (puc. 4, 0). Ile 3a0e3nedye piBHOMIpHY Mmojady
OKHCIIIOBaya Ta MajJuBa JI0 KaMEPH 3rOPSHHS.

[ToTiM 3mIMCHIOETBCS MOJICTIOBAHHS 1HIIUX MaricTpayiei, sSKi IMOJarTh
MaJMBO B KaMepy 3TOPSHHS, Mepej] TUM SK BOHH MPOUAYTh Yepe3 MPOCTIp Mik
MOJIBIMHUMH CTIHKaMu ABUTYHa (puc. 4, 1).

B r

Puc. 4. CTBOpEHHsI NepeXiIHUX BY3TIB JJIsl MIKIIOYEHHS TPYyOOIPOBO/IIB:
a — pO3MOJIiIbHA JIETAJTh, 10 SIKO1 BXOJUTH PiIMHA 3 HACOCY; 6 — TPYOKH, SIKi
3’€JHYIOTh MK CO0010 3 1HXKEKTOPHI TUTUTH; ¢ — JB1 3’ €JHAHI PO3IMOIUIBHI JETaIi;
2 — TpyOKH, 110 MPOITYCKAIOTh MAJIMBO KPi3h MOABIHHI CTIHKH COTLIA

OcTaHHIM €TarnoM CTBOPEHHS MOJIeJIi € KOHCTPYIOBaHHs ra3oreHeparopa ta
OajioHa 31 CTUCHEHUM TIOBITPSIM, S$SIKI TPUBOMASTH BCIO TYypOIHY B pyX.
BcTanoBneHHs Kapkacy MOpPCTKOCTI, SIKUH MIATPUMYE BeChb TypOOHACOCHHIt
arperar HaJl KaMepoOIO 3TOPSIHHS, Ta IHIINX HEBEJIUKUX JETajIeH.
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Puc. 5. 3D monens nBuryHa, mokasaHa B pi3sHHX paKypcax
B cepenosuii Fusion 360

BucHoBku. Y pe3ynbTaTi BUKOHAHHS poOOTH OyJ0 CTBOPEHO TPUBUMIPHY
MOJIeJIh PEAKTUBHOTO JABUTYHA (pHC. 5), sika BKJIFOYA€E BC1 OCHOBHI KOHCTPYKTHBHI
€JIeMEHTH, HEeOOXI1HI i Horo ¢yHKuioHyBaHHA. [locTaBneni 3aBnaHHs OyJio
YCIIIIIHO peaji30BaHO: MOOYA0BaHO AETalTi30BaHy Ta KOPEKTHY 3 1HXKEHEPHOI
TOYKU 30py MOAENb 00’ €kTa. PO3rNIsIHyTO HaliBaXJIMBII KPOKU MOJCIIOBAHHS,
KOMaHAM Ta TrpadiyHi 300pakeHHsl €TamniB MOOYJOBH JBUTYHAa B CEPEAOBHIIIL
Fusion 360. JlocBim, oTpuMaHUWil MmiJ 4Yac CTBOPEHHS Ii€i MOJENi € IyxKe
KOPUCHUM Il CTYJEHTIB, 110 HABYAIOTHCA Ha CIELIAJBHOCTI aBlaliiiHa Ta
pPaKeTHO-KOCMIYHA TEXHIKa.
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Abstract. Ukrainian architectural heritage was formed under the influence
of a complex interaction of climatic, geographical and historical and cultural
factors. This study reveals characteristic geometric forms and spatial planning
solutions in different architectural and climatic regions of Ukraine, analyzing the
key factors of their formation.

Keywords. Geometric shape of the building, spatial planning solutions,
geometric modeling, architectural design.

Ukraine has diverse climatic, historical-cultural and natural conditions that
influence the architectural forms of buildings in different regions. The architecture
of Ukraine is a pattern woven from climatic conditions, historical influences and
material capabilities of each region. From the dense forests of the Carpathians to
the endless steppes of the Black Sea region, from the rocky cliffs of the Crimea
to the industrial spaces of the Donbass — each region has developed its own unique
spatial planning solutions that combine functionality and aesthetics.

Objective. To analyze the geometry of spatial planning solutions for
buildings for different regions of Ukraine.

Research progress. Research [1], [2] was conducted for different regions of Ukraine.

1. Western Ukraine (Carpathians, Galicia, Bukovina).

Building forms. Use of high roofs (gable, four-pitched) with steep slopes
for snow loads. Elongated rectangular plans (long houses) with porches and attics.
Compact volumes with wooden log cabins or frame-column structures.

Factors that influenced. Climate — high precipitation (over 150 mm), snow
loads (over 150 mm), temperature. Materials — availability of wood (spruce, fir).
Traditions — influence of Hutsul, Boyko, Lemko architecture.

2. Central Ukraine (Podillia, Kyiv region, Poltava region) [3, 4].

Building forms. Forms are close to cubic volumes with small roof slopes. Cross-
symmetrical plans (houses with 3 or 5 windows). Use of white walls and wooden
clay structures.
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Factors that influenced. Climate — temperate, less snow than in the
mountains. Materials — clay, wood, later brick. Historical influence — baroque,
classicism in sacred architecture.

3. Southern Ukraine (Steppe zone, Black Sea region, Crimea) [5, 6].
Forms. Flat or single-pitched roofs (due to low rainfall). Spacious layout with
courtyards (from Turkish-Tatar architecture). Use of stone and adobe walls for
thermal insulation.

Factors. Climate: arid, hot, windy. Influence of Crimean Tatar and Greek
architecture.

4. Eastern Ukraine (Donbas, Slobozhanshchyna) [7, 8].

Forms. Brick buildings with simple rectangular shapes. Tall brick pipes (due to
industrial traditions). Combination of brick decor with wooden elements.
Factors. Industrial development (impact of mines, factories). Climate. Cold
winters, dry summers.

Conclusion. Analysis of architectural and climatic regions of Ukraine
allows us to identify fundamental patterns.

Geometric determination. A clear connection between climatic parameters
and the geometry of forms, Mathematical expression of architectural proportions.
Spatial organization as a function of natural conditions.

Volumetric and planning adaptation. Optimization of internal space for
specific climatic requirements. Development of unique constructive solutions for
each region. Formation of local architectural schools

Cultural and historical perspective. Accumulation and transfer of
construction experience. Formation of regional architectural identities.
Interpenetration of different construction traditions. This heritage is not only of
historical value, but also contains the potential for modern architectural
development. The study of traditional design principles allows us to create
energy-efficient, environmentally balanced, green buildings that organically fit
into the local context.
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Abstract. In the training of mining engineers, it is necessary to master the
means of developing projections with numerical marks that are most rational
when depicting surfaces in which the height dimensions are much smaller than
the horizontal ones. The absence of the usual coordinate system, namely the
frontal and profile planes of projections, makes some adjustments to the
methodology of depicting geometric elements and leads to the need to use specific
notations and methods for solving geometric problems. The paper considers the
peculiarities of solving a typical problem of descriptive geometry on a drawing
with numerical markings. Also, the basic terms and concepts used in the
development of surveying drawings are given.

Keywords. Numerical marks, topographic drawing, intersection of a line
with a plane, embedding, horizontal spacing, line of incidence, scale of
embedding, lines of extension.

Problem statement. For the training of mining engineers, a very important
component is mastering the course of surveying and topographic drawing. This
gives students the opportunity to master the necessary tools and skills to draw up
surveying drawings, which are an integral part of the design of mining enterprises.
Such drawings depict the shape and conditions of minerals, as well as the surface
topography. The use of projections with numerical markings should be introduced
into the professional training of students of mining specialties.

Analysis of recent research. The vast majority of works devoted to the
development of numerical markings drawings consider in detail the principles of
depicting geometric objects and surface relief, but insufficient attention is paid to
covering methods for solving geometric problems. Paper [1] describes in detail
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the features of depicting a line and a plane on a drawing with numerical marks,
but does not provide features of solving geometric problems. Work [2] discusses
some basic concepts of the relative position of two lines and a straight plane, but
does not provide methods for solving practical problems related to the intersection
of these geometric elements.

Formulation of goals (task setting). The method of using projections with
numerical marks is the basis of graphic documents of mining enterprises (plans of
mining operations; floor, horizontal, summary and other plans). knowledge of this
method is a necessary component of the professional training of a mining
engineer.

The main part. In descriptive geometry, three orthogonal projection planes
are used to depict an object. But this is possible only when the vertical and
horizontal dimensions of the object are approximately the same. If the height of
the figure 1s much lower than its horizontal dimensions, it is inconvenient to use
the system of three projection planes. In this case, instead of building frontal and
profile projections, you use numerical marks that are placed near the projections
of points on the horizontal plane. Numeric marks indicate the distance to the
horizontal projection plane (Z coordinate of a conventional drawing book). They
are positive (the point is above P) or negative (the point is below P;). In surveying
plans, the most common unit of measurement is the meter. To set points, you need
to have a scale (Fig. 1).

° A(5)
B(-3)

f
|
|
I
8
Fig. 1. A point on a drawing with numerical marks
The position of a line in space can be determined by two points or by one

point and a direction with a given slope angle (Fig. 2), where 1 is the slope of the
line. It is calculated as the ratio of the difference in the heights of the points to the
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line’s slope. The line’s intercept is the length of the line’s projection onto the plane
P,. The arrow indicates the direction of the line’s slope.

B(-3)

Fig. 2. Image of a line on a drawing with numerical marks

The length of the embedding that corresponds to the unit of excess is called
the line interval. To solve problems, it is convenient to use graduated lines, i.e.
lines with integer numerical marks. The line is graduated using Thale’s theorem

(Fig. 3).

Al3)

C(2)
D(1)
E(0)
B(-1)=B'

A’ C' D’ E'
Fig. 3. Graduation of a straight line

A plane can be defined by three points that do not lie on the same line,
two intersecting lines, two parallel lines, and so on. In drawings with numerical
symbols, it i1s customary to define a plane using its characteristic lines: the
horizontal and the plumb line (line of greatest inclination) of the plane. In
mining, instead of the term “line of greatest inclination”, the term “dip line” is
used and instead of “horizontal” — “strike line”. In the projection on Py, a is
indicated — the angle of extension of the plane, which is measured from the
north direction (X coordinate) clockwise to the direction of projection of the
extension line. The plan depicts the “embedding scale” — a graded projection
of the dip line. It is depicted as a double line (thin and thick) with divisions that
correspond to the elevation (Fig. 4).
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Lines of extension

Y

Fig. 4. Image of a plane on a drawing with numerical marks
Let’s consider solving the problem of intersection of a line with a plane on

a drawing with numerical symbols. To do this, we include the line in the auxiliary
plane-mediator of the general position (Fig. 5)

|
X Line

p M(7)

Intermediate plane

Y <

Fig. 5. Intersection of a line with a plane
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Next, we look for the line of intersection of the given planey and the
intermediary plane. To do this, draw a horizontal at the numerical mark of the line
through point A(7). Using the rule of parallelism of plane horizontals, we get the
line of extension at point B(3). The line C(7)D(3), drawn through the obtained
intersection points of the horizontals with the same numerical values, is the line
of intersection of the intermediary plane and the given plane Y. Next, we define
the desired point K as the point of intersection of the line of intersection of the
planes with the given line. The numerical designation of the resulting point is
sought by projecting it onto the slope scale line of the given planey or by
graduating the line A(7) B(3).

Conclusions. The paper considers the issues of creating drawings with
numerical marks. The basic principles of creating images on topographic maps
are presented. The application of general methods for solving problems of
descriptive geometry when using images of objects with numerical marks is
shown. An example of solving a typical problem of descriptive geometry is given.
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Anomauia. Bioomo, wo no niowumni, HaxuieHiu nio Kymom mepms 00
2OPU3OHMY, YACMUHKA MOXMCE PYXamucsi no NpAMIU HAUOIIbUI020 HAXUTY I3
3a0aHo0 cmanolw weuokicmio. L{a weuokicms 3anedxdcumos 6i0 NOYAMKOBO
3a0anoi i Modce mamu pi3Hy 8eluduHy exkuouarodu i Hylv. Lle osnavae, wo npu
8IOCYmMHOCMI NOWMOBXY YACMUHKA pyXxamucs He 6yde, a il cmana weuoKicmo
pyxy 6yoe 3anexicamu 6i0 CUNU NOWMOBXY 8 HaNPSAMI JNIHII HAUOLILULO20 HAXUTLY.

B cmammi pozensnymo numawmnsa, uu  ICHYE KPUBONIHIUHUU  AHANO2
NPAMONIHIUHOI  MPAEKMOPIi  pyxXy YaAcCmMuukKu no niowuHi. /i1 yvboco
PO32N10AEMbCL KPUBA OPMO20HAILHO20 Nepepi3y YULIHOPUYHOI NOBEpPXHI 3
20PU3OHMANbHUMU IPAMUMU. AKwo 83amu 008iIbHUL YULIHOP, MO UEUOKICHb
KOB3AHHS YACMUHKU NO KPUsill 1020 Nnonepeunoz2o nepepizy Oyde 3MIHHOI.
Po3zg’sazyembea  3a0aua  3naxoodoicennsi Kpueoi nomepeunoz2o nepepizy O
YUNiHOpa, no AKit YaCMUHKA MO21a O pyxamucs i3 Cmajion weuoKicmio nio 0i€io
CUIU B]IACHOL 8a2U.

Knwuoei cnosa. Ilpuckopenns, eioyemmposa cuia, cula 6acu,
ougepernyianvHi pieHanHs, mpuepaHHuk Pperne, cmana WeUOKICMb.

IHocTanoBka npo6aemu. Bigomo, 1o mig Ai€r0 CUIU TSKIHHS YaCTUHKA
PYXa€eThCA MO MOXWIIIN IUIOLMIMHI B3JOBX HaNpsiMy HaHOUIbIIOro cmycKy. Takui
pPyX MOXke OyTH pIBHOMIPHHUM, SIKILO KYT HAXWUJTy IUIOLIMHU JOPIBHIOE KYTY TE€PTH,
ab0 pPIBHONPHUCKOPEHUM — KOJIM LEH KyT MepeBHIlye KyT TepTs. BuHukae
MUTAHHS: YA MOXYTh ICHYBaTH LWJIIHAPWYHI TOBEPXHI 3 TOPU30HTATBHUMHU
OPSMOJIIHINHUMY ~ TBIPHMMHM, $SIKI 3a0€3MeuyloTh CTally IIBHJIKICTb PYyXy
gacTUHKU? PyX 110 TakOMy LUJIIHAPY MOXKHA PO3IJIAIATH K PYX 10 KpUBIii y Oro
nonepeyHomy rmepepizi. OTke, OPOCTOPOBY 3ajady MOXKHA 3BECTH [0
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IJIOIIMHHOI, @ BU3HAYEHHS (JOpMH LWIIIHAPA — JI0 MOLIYKY BIJIMOBIAHOI KPUBOI,
10 € MOTO MOMEPEIYHUM HEPEPIZOM.

AHaJi3 OCTaHHIX AOCJiIKeHb. [CHYIOTh YHCIEHHI TMpalll 3HAXOKECHHS
TPAEKTOPIA PyXy OKPEMOI YACTUHKHU SIK MO HEPYXOMHUX, TaK 1 MO PYyXOMHUX
noBepxHsx. [1{og0 HepyxoMmux abo cTalioHApHUX MOBEPXOHD 371€01IBIIIOT0 BOHU
CTOCYIOThCSI TBUHTOBHX MOBEPXOHb SIK TaKUX, IO MIHPOKO BUKOPUCTOBYIOTHCS
JUTSL cemapallii TEXHOJIOTIYHOTO MaTepiaidy B TIPHUYOPYIHIM MPOMHCIOBOCTI Ta
pI3HOTO pojy rpaBiTaliiHuX ciyckiB. [IpukiaagomM Moxe ciaykuTH npaus [1], B
SAKIA PO3TIISIHYTO PyX YaCTUHKH 1] I1€10 BIACHOT Bar 1o NOBEPXH1 pO3rOPTHOTO
renikoiga. CTOCOBHO HMJIIHAPUYHUX CTalllOHAPHUX IMOBEPXOHb 3aCIyrOBYE Ha
yBary mpais [2], B sIKiif pO3risiHyTO pyX YaCTUHKH MO 1X BHYTPIIIHIN TOBEPXHI.

®opmyaoBaHHA wijeil. Po3poOuTu aHaTITUYHUN ONMUC PyXy YACTUHKH,
sKa KOB3a€ MO KPHUBIN MOMEPEYHOro Mepepizy TOPU3OHTAIBHOTO LIIIHAPA i
JI€10 CUJIM BJIACHOI Baru 1 MpM [IbOMY Ma€ CTaly IIBUIKICTb.

OcHoBHa yacTuHa. fkio B Toulli A (puc. 1, a) TOMICTUTH YaCTUHKY, TO
MiJl JI€I0 CWJIM BJIACHOI Baru BOHA PYXaTUMEThCA MO KPUBIA MOMEPEUHOTO
nepepizy muitinapa. [Ipu nbomMy MoXke BUHUKATH SIK TAHT€HI[1aJbHE TPUCKOPEHHS
BHACJIIIOK 3MIHH HIBUJIKOCT1 V pyXy, TaK 1 JOIIEHTPOBE BHACIIJOK KPUBOJ1HIIHOI
Tpaektopli. CkinamanHs OudepeHIiadbHUX pPIBHSAHb PYXy YAaCTUHKU 3PYYHO
pOOUTH B MPOEKIISIX HAa OPTU CYHpOBIAHOTO TpurpaHHuka @Dpene Kpusoi
MONMEPEYHOro Tmepepidy uuiaiHapa. BepmumHa TpurpanHuka 30iraerbcs 13
TIOJIOYKEHHAM YaCTHHKY, IPU LLOMY OPT OiHOpMasi b MPOEKIIIOETHCS B TOUKY
(puc. 1, 06). ITix yac pyxXy TOYKHA MO KPHUBIN 3aBXKIU BUHUKAE MPUCKOPEHHS W,
HaBITh SIKIIO MIBUJKICTh V 3anuiaerbcst ctanow. lle mpuckopeHHs Mae JBi
cknagoBl. Ilepma — TaHreHIlalbHE NPUCKOPEHHS — OIHUCYE 3MIHY MOJIYJIS

IIBUJIKOCTI, MPOEKIIIOETHCS HA HAMPSIM TIOTUYHO1 10 TPAEKTOPIi, TOOTO HA OPT T
Ta BU3HAYAETHCA K ITOXI1HA IIBUIKOCTI 3a 4acoM t: w,=dV/dt.

Y /ﬁ

a
Puc. 1. I'padiuni imoctpaii 10 pyxXy YaCTUHKU 1O KPUBIH
HOTIEPEYHOTO MePepi3y rOPU30HTAIBFHOTO HUITIH/PA:

@) TPAEKTOPIS PyXy YaCTHHKH 110 TIOBEPXHI IIMITIHPA B3JIOBXK
KPHUBOI IMOMIEPEYHOTO Tepepi3y; 0O) CyNmpoBiHUI TpUrpaHHuK Dpene
TpaekTopii (6iHOpManb b MPOEKIHIOETHCS B TOUKY)

Ta MPOEKIIIFOBAHHS HA OTO OPTH JIIFOUUX CHII
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Hpyra cknagoBa — HoOpMaidbHE a0 JOIIEHTPOBE MPUCKOPEHHS —
BiloOpaxkae 3MiHY HaNpsIMKy BEKTOpa IIBUAKOCTI 1 MPOEKIIIOETHCS Ha OPT
roJIOBHOI HOpMani TpurpanHuka ®pene. BoHa po3paxoByeTbes K JT00YTOK
KpUBHMHH K Ha KBajgpar MIBUIKOCTI V: Wn:V2k. [Tix gac Takoro pyxy opieHTaIlis
CYHpPOBIIHOTO TPUTPAHHUKA 3MIHIOETHCS, 1 11 MOKHA OXapaKTepU3yBaTU KyTOM d,

SKUW yTBOPIOE OPT MOTUYHOI T 3 Biccto OX HEpyxomoi CHCTEeMH KOOpIWHAT
(puc. 1, 6).
3anuieMo BiioMi AudepeHIialibHI PIBHIHHS PyXy YACTUHKHU B MPOEKIIISAX

Ha OPTH CYNPOBIAHOTO TpUrpaHHUKa DpeHe:
dv 2
mE_F” mV°k=F,, (1)
7€ M — Maca YaCTUHKH,
F.1 F, — opoekii npukiIageHux 10 YaCTUHKHA CHII.

[IpuKiIageHUME CIUIaMH €; cna Baru mg (9=9,81 w/c?), cripsMoBaHa BHU3;
peakiiss N moBepxHi, cripsMOBaHa B3[0BXk I'OJIOBHOT HOpMaJll TPUTPaHHUKA, CUJIa
TepTs F1, copsMoBaHa B MPOTUIIEKHY CTOPOHY HANpsIMy pyXy YacCTUHKHU
(puc. 1, 6). /IBi ocTaHHi CHIIK 30iraloThCs i3 OpTaMU TPUTPAHHUKA 1 HE 3MIHIOIOTh
CBOT'0 HarpsiMy B ioro cuctemi. Cuily Baru po3KjialaEMo Ha OPTH TPUTPAHHUKA

gepe3 KyT a. [Ticis mporo piBHsHHS (1) HAOyBarOTh BUTIISIY:
dv :
mE:mgsma—F ; mV ’k =N —mgcosa. (2)

Cuna teptss Fr BusHawaetncs uepe3 cwiry peakiii N: Fr=fN, ne f —
koedimieHT Tepta. Peakmito N 3Haxomumo i3 jpyroro piBHSHHS (2):
N=mgcosa+mV°k. Takum dYHHOM, BHpa3 I CHIM TEPTS 3aIIUIICTHCS
Fr=fm(gcos a+V°k). IligcraBasemo meii Bupa3 y mepiue piBHsHHS (2) i micis
CKOpPOYEHHSI Ha Macy M oTpuMaeMo AudepeHiiaibHe PIBHAHHS PYXY YaCTUHKH
10 KPUBIH:

Z—\:: g(sine - f cosa)- fV 2k, ©)

Otpumane piBHAHHA (3) HEMOXIHMBO PO3B’sI3aTH, TOMY IO 3MiHHI
Beianunbu t, V, a, K He mpuBeneHi y QyHKIIOHAIBHY 3aJIe)KHICTh Bif OJHIET
HEe3aJIeXKHO1 3MIHHO1. 3a TaKy 3MIHHY PUMUMEMO KYT o HAXUITY OpTa JOTHUYHOI JI0
TOpPU30HTAILHOT TpsiMoi. OTke MBUAKICTE V € QyHKITIE KyTa o, To0T0 V=V(a1).
KpuBuHy, sika BU3HAYA€THCS, K MBHUIKICTh 3MIHHA KyTa ¢ BiJl JOBKHUHH JYTH S,
t00T0 k=da/dS, 3amuimemo uepe3 obepHeHy BenuumHy p. p=1/k=ds/do.
3niticHioeMo HactymnHe neperBoperss: dV/dt = dV/da-da/dt = w-dV/da, ne o -
KyTOBa MIBUJKICTh MOBOPOTY AOTHYHOI JO KPHUBOi. 3HaiiieMo ii BUpa3 uepes
MIBUJKICTh PyXy YACTUHKHU 1 KPUBUHY KPUBOI HACTYITHUM YnHOM: @ = do/dt =
do/ds-ds/dt = V.da/ds = V/p. Takum uuHOM, BUpa3 NPUCKOPEHHsS HaOyBae
HacTynHoro Burisiay: dV/dt = V-V’/p. I3 BpaxyBaHHSM IIbOTO PIBHSHHS, a TAKOXK

iCJIsl 3aMiHU KPUBUHHM K Ha 0OCpHEHY BEIMYUHY p PIBHAHHSA (3) 3amUIICTHCS:
’ 2

W - (sine - f cosa)—%. (4)
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Po3B’siakeMo (4) BiTHOCHO p= ds/da 1 oTpuMaemo:

ds v+ 1v)
= ; (5)
da g(sma - fcosa)
Jie MBUIKICT V € GyHKIII€0 KyTa ¢ 11 MOoX1/1HAa BU3HAYA€eThes sk V' '=dV/do.
3anexHiCTh p=ds/do. € BHyTpIIIHIM PIBHSHHSIM KPUBOi, HE IPUB’SI3aHUM JI0
cuctemMu koopaunHat. llepexim [0 KOOPAMHATHOTO 3amucy Yy BUIJISIOL

NapaMeTPUYHUX PIBHSHB 3/I1IMCHIOEMO IHTETPYBAaHHIM B1JIOMHUX BUPA3iB:
x=f,0cosada; y=f,0sinada. (6)

[Ticnsa migcranoBku (5) y (6) 1 IHTETpyBaHHS OTPUMYEMO MapamMeTPUUHI
PIBHSHHS KPUBOI MOMEPEYHOTO MEPEPI3y MITIHIpPA:

V. cosada  fV° N T
X = . fsina—fcosa_g(]+f2)[ln(fcosa sina)- fal;
Jia sinada v’ )

y= p fsina—fcosa = g(]+f2)[fln(fcosa—sina)+ a].

3a piBHaHHsAMU (7) Ha puc. 2 MOOYJAOBaHO KPUBI MPHU PI3HUX CTaJIUX
3HAQYEHHSAX IIBUAKOCTI V' 1 koedimieHTi TepTsa f. BiTku KpuBOi NmpAMyroTh y
HECKIHYEHHICTh, PU I1IbOMY ACHUMITOTHUYHO HAOJMKAIOTHCS 1O MPSAMOi JIiHil.
MoxkHa TOMyCTUTH, 1[0 IPSIMOJTIHIAHI AUISTHKA BITOK HAXHWJICHI 1] KyTOM TEepPTSI
o=arctg f 1o ropu3oHTaIbHOI psiMoi. Jlo piBHIHB (7) BXoAUTH BUpas In(fcos o —
sin ¢). 3HAHIEMO TPAHUIIIO I[HOT'O BUPA3y MPHU MPSMYBaHHI KyTa o 10 KyTa TEPTS:
lim ln(fcosa—sina)= —00., (8)

a—>arctgf’

Y. M

04, . .
-1 -0.8 0.6 0.4 X, M

a 0
Puc. 2. Kpusi nonepedynoro nepepisy MIIiHAPA, sKi 320e31e9yI0Th
CTaJTy MBUJKICTh pyXy YACTHHKH V110 HUX ITiJ{ TI€F0 CHIIA CBOET Baru:

a—V=2wm/c, f=0,3; 6 — V=3 m/c, [=0,2

[le Bkazye Ha Te, IO Hale AONylIeHHsS NpaBwibHe. KpuBi Ha puc. 2
po30UTI Ha JB1 NUIAHKUA TOYKOIO A. SKmo B Toulll 4 HajgaTh MarepialibHii
YaCTHUHIII MOYATKOBY MIBUAKICTH V, CIpsIMOBaHy BII1BO, BOHA MOYHE PYyXaTHUCS IO
OMYyKJI CTOPOHI KpPHUBOI, SIKa MOCTYNOBO HAOJIMXKATUMEThCS JO MPAMOI,
HaxXUJIEHO1 O TOPU3OHTY MiJ KyTOM TepTsA. Y pasi, KOJU YACTUHKA OTPUMYE
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MOYaTKOBY IIBUAKICTH V, CHPsIMOBaHY BIIPaBO, BOHA TaK CAMO PyXaTUMETHCS 1O
KpUBIH, 110 3 4aCOM HAOJIUXKAETHCS JO MPSIMOi, ajie BXKE 3 YBITHYTOI CTOPOHU. Y
bOMY BUIAJIKY JUISHKY KPUBOI MOXKHA PO3IJISIAATH SIK CBOEPITHUN KOXKYX, SIKUM
3MIHIOE TPAEKTOPIIO PyXy YACTUHKHM IiJl 4ac ii BUIBHOTO MoJiboTy. be3 Takoro
KOXKyXa 4YacTHHKa pyxanaca O mo mnapaboii 3 NPUCKOPEHHSIM (SKIIO HE
BpaxOBYBaTH OINIp CEpeNoBUINA). 3aBASKH TEPTIO, 110 JI€ B MeXaX KOXKyxa,
MIPUCKOPEHHS TaCUTHCS, 1 YaCTUHKA MPOJIOBXKYE PyX 13 cTanoro mBuiakictio. Ha
BIIMIHY BIJ] TMOXWJIOi IUIOMMHHU, (opMa KPUBOI B MOMEPEUHOMY TMepepisi
LUJIIH]Ipa BUBHAYAETHCS 33JIaHOI0 MIBUKICTIO V PyXy YaCTUHKHU. SIKIIO MJIOMIMHA
HaxuJeHa MiJl KyTOM TepTsl 10 TOPU30HTY, TO MO Hii YaCTUHKA MOXE pyXaTHucs 3
Oy 1b-SIKOIO 3a/IaHOI0 TTOYATKOBOIO MIBHUAKICTIO. J{J1s1 HUIIHAPUYHOT MOBEPXHI PyX
YaCTUHKU B1JI0yBaeTbes iHakie. KpuBa nepepizy 3HaXOIUTHCS 11 KOHKPETHOT
mBUIKOCTI. J[Jis pi3HUX cTanux MIBUAKOCTEW dopma nepepizy 3miHoeThed. Lle
MOSICHIOETHCS TUM, 1110 TIPU PYC1 YACTUHKH 110 KPUB1M BUHUKAE BIJILIEHTPOBA CUJIA,
SKa BIICYTHSI IPU PYyCl MO TMPSIMIA.

BucHoBkn. OTprMaHO aHANITUYHUN OMUC PyXYy YAaCTUHKH M1l AI€I0 CHIIH
CBO€1 Baru Mo KPUBUX, K1 MPEJICTABISAIOTH COOOI0 MONEePEeYHU epepi3 HITIHAPA
13 TOPU3OHTAIBHUMH MPSAMOJIHIMHUMU TBipHUMHU. Po3B’sA3aHHsS 3adadi
B1IOyBaeThCs y JBa eranu. Ha mepmomy erami CKJIagaeTbCs AUQEpeHIianbHe
PIBHSIHHSA PyXY Y MPOEKIISX HA OPTU CYNPOBIAHOTO TpUrpaHHUKa OpeHe KpUBoi.
Moro po3B’sA3KOM € BHYTpIilllHE DIiBHAHHSA KpPHBOI, IO 3aJa€ 3aJeKHICTH
JOBXUHU IYTW BiJ KyTa Haxuiy JOoTH4HOi. Ha apyromy erami 311HCHIOETHCS
nepexiJi Biji [bOr0 BHYTPIIIHBOTO OMKCY, HE3aJIEKHOTO B1J] IEKapPTOBOI CUCTEMHU
KOOpPJMHAT, O MapaMEeTPUUYHUX PIBHSIHb. 3aMpONMOHOBAHUM MiAX1J J03BOJISE
OynyBaTu (opMy MOIMEPEUHOro Mepepidy HIIIHApa BIAMOBIIHO A0 3aJaHHUX
YMOB pyXy YaCTUHKHU. 30Kpema, 3HaiJICHO KPHUBY MONEPEYHOIo IMepepi3y
HWTIHAPA, sIKa € TPAEKTOPIEI0 PYyXY YACTHUHKH 13 33JIaHOI0 CTAJIOK MIBUJIKICTIO.
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Anomauia. byov-axi cyuacHi 00CniodxicenHs, 8 momy 4YUcii ceomempudme
MOOeN0B8anHs mexHiuHux popm, npoyecie ma a8uy Memooamu OupeperHyianbHoi
2eomempii Kpusux JHIl ma Nno8epxoHsb, nompeodyioms po3pooKu 6i0n08iOH020
NpPOCPAMHO20 3a0e3NeYeH sl 8 ICHYI0UUX NaKemax cumeonvHoi mamemamuxu. Ha
npuxaadax nobyoosu mpuepaunuka Ppene nokazaHo o0codbIUBOCMI 1020
npoepamyeannsi 8 CAS MapleSoft ma ¢ynxyiti Wolfram Mathematica.

Knwuosi cnoea. /{ughepenyianvna ceomempis, Kpusi JniHii, NOBEpXHI,
MpucpanHuK Dpetne, 00 €KmHO-0picHmosane ma, @yukyionanvHe
npozpamyeanHs.

IocranoBka mnpodJemn. Jlo xapakTepHUX O3HaK AudepeHIIATbHOL
reoMeTpii KpUBUX JIiHIHM, SIK MPEeIMETHOI 00JacTi mporpaMyBaHHS, BiIHECEMO:
1) HeoOMeXeHy KUIbKICTh iX Ha3B Ta PI3HOMAHITHI (QOpMH iX aHaJIITUYHOIO
3amucy, 1o mnoTpedye QgopmyBaHHA 0a3 MaHUX, HAMPUKIIAI, 32 JTOMOMOTOIO
acoIlaTUBHUX CIHCKIB; 2) METOAM TOCTIKEHHS iX T€OMETPUYHUX BIACTUBOCTEH
HApaxOBYIOTh IE€CATKHA HA3B, HAIIPUKJIIAJ JJI1 KPUBOI, 3HAXOKEHHA 1i JOBXKUHU,
JOTUYHOI, HOpMaJTi, O1HOpMaJi, KpUBUHU, CKPYTY TOLIO; 3) MO10H1 JOCIII)KEHHS
BUKOHYIOTHCSl 4€pe3 BHUKOHAHHS JIAHIIOTa AaHAJIITUYHUX [EePETBOPEHb 3
BUKOPUCTAHHAM AU(EpeHIIabHO-THTErPATIbHUX YHUCIICHb, PE3YJIHTATOM SKUX €
JOCUThH TpoMi3ziKi popmynu; 4) CYyTTEBY poib Yy JOCHIKEHHI KPUBUX JIHIN Ta
MOBEPXOHb BiJIIrpae HEOOXIIHICTh PI3HOMAHITHOI Bi3yasi3allii X 0araToBHU/IIB
JUTSl IPAKTUYHOTO iX BUKOPUCTAHHS Ta IHTEPAKTUBHOTO I1aJIOTy BIUTMBY 3MIHHUX
nmapameTpiB ¢GOpM Ta MOJIOKEHbD.

BpaxoByroun BuIlIeBUKIIaICHE, TOTPIOHO BU3HAYUTHUCS Y BUOOP1 HAHO1IBIIT
3py4yHOi Ta e(PEeKTUBHOI MapaJurMu MporpaMmyBaHHs METOMIB AudepeHIiaabHOT
reoMeTpii B ICHYIOYMX IIaKeTaX KOMITI'IOTepHOi aire0pu (CUMBOJIBHUX
nepetBopensb). s cepennnoro kiacy 1K Ha crorogni Takum CAS-nmaketamu €
B3a€EMHO KOHKYpytoui Maple [1] 1 Mathematica [2], sIKi PI3HATHCS CTUIISMHU
MporpaMyBaHHsI, MOXJIMBOCTSIMU PO3LIUPEHHS KOPUCTYBAIILKOTO (PYHKIIIOHAIY,
3aco0aMu 1HTerpailii 3 IHIIUMHU CEPEJOBUIIIAMHU MPOrPAMYBaHHS.
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AHaJi3 OCTaHHIX OCJiIKeHb. AHANI3YIOUM ICHYIOUl JOCIHIIKEHHS 3
KOMII toTepu3allii AudepeHiaibHol reoMeTpli KpUBUX JIiHIM Ta MOBEPXOHb 3
BUKOPHCTAHHSM pPI3HOMAHITHUX CEpBICIB MmTy4HOro iHtenekty (LLM) Ta
koayBaHHs (vibe coding) Ha ChOTOMHI MOYKHA CTBEPIKYBATH IMPO HEOOXIIHICTH
OpraHIYHOTO TIOE€JHAHHS HAYKOBLS 3 I[MMU HEBIUHHO PO3BUBAIOYUMHU
TexHoyorisMu. BuOip mapagurMu mporpaMmyBaHHSI 3aJICKHUTh BiJlT HAyKOBIIA,
OCKUIbKM BIUIMBA€ HE TUIBKU HA CTPYKTYpy KOAY Ta 3arajbHUM MIAXiA 10
pO3B’sI3aHHS 3ajlayl, ajge 1 Ha CHoci0 MUCJIEHHS PO3POOHUKA MPOrPaMHOTO
3a0e3Mne4eHHsl, Horo OaueHHs KIHLIEBOTO pe3yJsbTaTy.

®opmyaoBanHa  mijieil. Po3kputu  0coOMMBOCTI  3aCTOCYBaHHS
Mathematica Ta Maple 10 po3poOku BiAMOBIAHO (PYHKIIOHATBLHOTO Ta 00’ €KTHO-
OpPIEHTOBAHOTO MPOTrpaMyBaHHS METOMIB AU(EpeHIliaTbHOI T€OMETPil KPUBHUX
JHIA Ta MOBEPXOHbB, iX MPEACTABICHHS Ta ONEPYyBAHHS.

OcHoBHa yacTuHa. Buxoasyu 3 OCHOBHMX TMPUHIMIIB 00’ €KTHO-
opienToBanoro nporpamysanus (OOII), komm otepusaiito audepeHIaTbHOT
reoMeTpii KpHBHX JIiHIH Ta moBepxoHb B Maple Oymemo 3milicHIOBaTH SIK
CTBOPEHHS CHCTEMH B3a€MO/IIFOYNX OaraTOBHIIB:

1. CURVes - kpuBa JiHis, K BeKTOp-PyHKIIS r(U) 0AHOT 3MIHHOT U.

2. SURFace - nmoBepxHs, K BeKTOp-PyHKIIis r(U,V) TBOX 3MIHHUX U 1 V.
3. SOLID - Tin0, sik BeKTOp-QyHILis r(u,v,w) TpboX 3MIHHHX U, V 1 W.

4, SURF_CURYV - kpuBa miiHis r(t) Ha moBepxHi r(u,v) 1 T.1.

Xoua Maple (Bepcis 2024 poky) Mae TOTYXHHHA I1HCTpyMEHTapii
nporpaMmyBaHHS BiacHUX mporexyp (proc) Ta wmoayniB  (module), ame
MOBHO(DYHKIIIOHANIbHA ~ MIATPUMKA  NPUHIMUMOIB 00 €KTHO-OPIEHTOBAHOIO
nporpamyBanHs (kiac, mosiMopdi3M, HaCHIiTyBaHHSI) B HBOMY BIJCYTHS.
HuxuenaBegenuid ¢parMeHT MOpPOrpaMHOTO KOAY JEMOHCTPYE MOMIHUBICTD
iHKancysnii  arpuOyTiB KpuBoi (HAa WPHKIAAI TBUHTOBOI JIiHII, 00JacTh
BH3HAYCHHS IMapamMeTpa U) Ta MeTOIH 11 JOCIiKeHHS (KUTBKICTh SKUX HapaXxOBYeE
oinbie 60 Ha3B).

CURV:=proc(fr::list:=[a cos(u),a sin(u),b u],fu::anything:=u=0..2Pi)
description "Curve methods":
module()
export set,get,..., frene;
frene := proc(uu::anything := NULL, 5)
description "Frene vectors of the curve cr at the point u=ui";
[tang(uu), norm(uu), binorm(uu)];
end proc;

CtBopeHHs 00’€KTa «TBHUHTOBA JIHIS» 3MIMCHIOETHCS  BHKIHUKOM
npouenypu CURV:

01 := CURV(uabHelixCylinder(u, a, b), u = 0.. 2 Pi);

BusnadeHHs opTiB Tpurpanauka ®pene (I0TUIHOT, HOpMaJIi Ta GiHOpMaUTi)
B TOYLIl U=7 TBUHTOBOI JiHIi B1I0yBa€ThCS BUKIUKOM MeTOy frene o0’exra 01:
ol.-frene(u=Pi);

[ __asin(u) acos(u) b bsin(u) _ bcos(u) a H

- —. - —. = — |. [—cos(u). —sin(u). 0], - —. - —. = =
\/a'—b' \/a'—b' \/n'—b' \/a'—b' \/a'—b' \/a'—b'
114



300paxeHHs] TBUHTOBOI KPUBOi 3 TpUrpaHHUKOM DpeHe 3I1HCHIOETHCS
BUKIIMKOM Metony frenePlot 06’ekra 0l (puc. 1, a), a HOro BUKOPUCTAHHS IS
(dhopmyBaHHS OBEPXHI JOTUYHUX MMOKAa3aHO Ha puc. 1, 6.

a 6

Puc. 1. I'BunTOBAa NiHIis: @ — opTH TpurpanHuka Opene; 6 — po3ropTHUI reTiKoin

JI0o OCHOBHHX TNPUHIUIIB (yHKIIOHAIEHOTO TporpamyBanHs (PII) B
nakeTi Mathematica BiIHOCUTBHCSI HE3MIHHICTH JaHUX, JCKJIAPAaTUBHUN CTHIIb
OMUCY 3aJlayl, MEPETBOPEHHIO JaHUX 3a JIONMOMOTOI KOMIMO3UIlli QyHKiiil. Bes
0araTorpaHHICTh KPUBHX JIiHIM, IIOBEPXOHb, iX METOAIB JOCTIIKEHHS B
Mathematica peamizyeTbcst 3a jgomomoror makeTiB (packages) dyHkmid, sk
3agaHHs OaratoBuIIB AUGEpPEHINANbHOI TeoMeTpii, Tak 1 iX JOCIIIKEHb.
Hanpuknaa, cTBOpeHUI MakeT CUrves BKIIIOYAE€ COTHI (PYyHKIIH mapaMeTpUuyHO
3aJlaHUX KPHUBHUX JIHIA y BUIJIAIl acOLIMOBAHOIO CHUCKY — Ha3Ba KPHUBOI, ii
MapaMeTpyuyHe PIBHIHHS, TapaMeTpu (popmu, He3aleKHUN MmapameTp, HOoro
obnmactb BU3HAueHHA Tomo. [l TBUHTOBOI JiHIT 1e Oyae QyHKIs
abHelixCylinder[a, b][u], IKa TOBEPTA€E ACOI1MOBAHUMN CITUCOK Y BUTJISAII:

< |rr - {a Cos[u], a Sin[u], b u},uu - {u, 0,27},pp — wff —» helixCylinder > |

[Hmmit maker ¢yHKIIN curveProperties BKIIIOYae JECATKH HA3B METOIB
JOCHIKEHHST OyAbsSKOI KpUBOI, SK BEKTOp-PyHKIII OAHOI 3MiHHOI r[u].
3HAXO/PKEHHSI BEKTOpa JOTHUYHOI Yy CUMBOJBHOMY BHUIJISAI a00 K y BUIIISIAIL
YUCIIOBUX JAHMX B 3a/laHlil TOYLl KPHBOI MOTPIOHO BUKJIMKATH OJHY 1 TYX
(YHKIIIIO crTangent aji€ 3 PI3HUMU MTapaMeTpaMu, HAIPUKIIA!

crTangent [abHelixCylinder[a, b][u],u] = {—Sin[u], Cos[u],0.5};
crTangent[abHelixCylinder[1,0.5][u], {u, Pi}] = {0,—1,0.5}.

[ToOymoBa optiB Tpurpanauka @®pene B Tourmi u=Pi (puc. 2, a)
3I1MCHIOETHCSI BUKJIUKOM (PYHKIIIT Cr'TNBfrenetPlot:

crTNBfrenetPlot[abHelixCylinder[1,0.5][u], {u, Pi}].

Jyis moOyoBU eBOJIbBeHTH (pHC. 2, 0) TBUHTOBOI JIiHIT MOTPiOHA (YHKITis

crEvolventPlot[abHelixCylinder[1,0.5][u], {u, 2Pi}].

3BEpHEMO yBary Ha BKJIAJCHICTh PYHKIU1N — BHYTPIlIHS (DYHKIIiSl BUBHAYAE
3a/1aHy KPHUBY abHelixCylinder[1,0.5][«] 3 BIAMOBIIHUMH MapaMeTpamu ii ¢popmu, a
30BHIITHSA (YHKINS crEvolventPlot[..] — i BiactuBicth (Metox). O0’exr, sSKui
30epirae BIACTUBOCTI TBUHTOBOI JIiHIi, TYT BIACYTHIH, a IaHl NEPEeAArOThCS M1k
(YHKISIMH Y BUTJIAIL iX KOMIIO3HUIIIH.
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-4

a 0
Puc. 2. IIpoctopoBi Mopeni; @ — OpTa Tpurpanuuka Opene;
6 — €BOJIbBEHTA TBUHTOBOI JIiHI{

/_4

3a3HaunMo, 10 MakeT Maple B MOBHIM Mipl peanidye 1 (QyHKIIOHAIbHE
MporpaMmyBaHHs MOJIOHO 10 nakeTy Mathematica.

Takum 4yuHOM, BHUOIp MapagurMd MPOrpaMyBaHHA Ti€el YM 1HIIOI
MpeaIMEeTHOI 00JIacTi 3aJeXUTh HE TUIBKM BiJ CKJIQAHOCTI 3ajJad, BUMOT 0
HaJIMHOCTI Ta 3pPY4YHOCTI CYNpOBOJNY KOAy, aje 1 Big creuudiku
BUKOPUCTOBYBaHOI CAS, 3BUYKaMH pO3pOOHUKa MporpaMHoro 3abesneuenHs. Ha
Hally JyMKy, mHapagurmMa o0’ €KTHO-OPIEHTOBAHOTO MPOTpaMyBaHHS OUIBII
MPUPOHO JIO3BOJISIE MOJIENIOBATH TaKi T€OMETPUYHI CYTHOCTI SIK KPHBI JIiHIii,
MOBEPXHI, Ti1a — 00’ €KTH, 110 00’ €HYIOTh P13HOOIUHI BJIACTUBOCTI Ta OINeparlii
Haj HUMH. Lleil miaxig € 1HTYiTUBHO OUIBII 3pO3YMUIMM HpPH MOJEIIOBAHHI
KOHKPETHUX TEOMETPUYHUX OaraToBUAIB, MPOrPaAMHUN KO/ € OUTBII KOMIAKTHUM.
B Toi1 ke yac, QpyHKIIIOHATBHE IPOTrPaMyBaHHS Ma€ CBOI MepEBark B HaIIMHOCTI Ta
nepen0auyBaHOCT1 KIHIIEBOTO PE3yJbTaTy, BUPA3HOCTI KOMY, 1 IO B MOAAIBIIOMY
KOJ[yBaHHI BaXXJIMBO — 1€ pO3MapalietoBaHHs 00UncieHb (UuM Mathematica CyTTEBO
BIJIPI3HAETRCS BIT Maple).

BucnoBku. Ockibku AudepeHiiaibHa reOMeTpis BKIIOYAE SIK BEIIUKY
KUIBKICTh JIOCUTh CKJIAJHUX CYTHOCTEH (KpHUBI, IOBEPXHI, KPUBI HA MOBEPXHSIX,
TJIa), TaK 1 CKJIaJHI MOCIITOBHOCTI MaTeMaTUYHUX T HaJ HUMH (OOUYHCIICHHS
KPUBUH, CKpPYyTy, KBaJapaTUYHUX (OpM TOIIO), TO KOJAHA 13 MapaJUrM
MporpaMyBaHHs 171eajJbHO HE MOKpPUBaEe 0o0uaABa acnekTu ogHoyacHo — OOII
OpraHi30BY€ KOJ HAaBKOJO cyTHOCTeH (00’ekTiB), ToAl sik DI opranizoBye oro
HaBKOJIO M1 (pyHKIIN). YCyHEHHS TpYIOMICTKOCTI KOJIYBaHHS Cy4YaCHUMH
CepBICAMU IITYYHOI'O IHTEJIEKTY MPHU3BEAE /10 MOXMJIMBO\ 1HTErparii 1ux ABOX
napagurM MporpamyBaHHsA AuQEpeHLIAbHOI TEeOMETpil KpHUBUX JIHIA Ta
MTOBEPXOHb.

bioniozpaghiunuit cnucox

1. https://www.maplesoft.com/
2. https://www.wolfram.com/mathematica/
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«Kuiscokuti nonimexuiunuu incmumym imeni leops Cikopcbko2o»

Anomauia. Y cmammi pozenanymo npoyec cmeopenus 3D-mooeni
asiayiunoi cmiuku waci aimaxa manoi asiayii Cessna 205 3 suxopucmauusim
cyuacHo2o npozpamuozo 3abesneuenus Fusion 360. I[looano emanu no6yoosu
Moo0eji, 0cOOIUBOCI 3aCMOCYBAHHSL IHCIMPYMEHMI8 npo2pamu ma 0OTPYHMOBAHO
8UOIp eceomempuunux napamempis. Oxkpemy ygazy npuoileHo nio2omosyi Mooeii
00 3D-0pyky ma npaxmuuniti peanizayii hizuunozo 3pazka 3a 00NOMO2OI0
npuumepa Bambu Lab A1 Mini. Pe3ynomamu pobomu moxcyms 6ymu KOpucHuUMU
onsi  cmyoenmie I haxisyis, ki  eueyaromev  3D-moldentosanns  ma
NpOMOMUNY8AHH 8 AGLAYIUHIU ALY 3.

Knruoei cnosa. Aoumueni mexnonocii, Fusion 360, 3D-mooenrosanus, 3D
opyk, 3D npunmep, cmitika waci.

IMocranoBka mnpobGaemn. CyyacHa IH)XKEHEpHa OCBITa Ta aBialiiiHa
MIPOMUCJIOBICTh BUMAraroTh €()eKTUBHUX MIAXO/IB O BUBUECHHS Ta BIITBOPEHHS
MPOCTOPOBUX TEXHIYHUX OO €KTIB, 30KpemMa 3a JOMOMOrorw 3aco6iB 3D-
MOJICJIIOBAaHHS Ta NpOTOTUNYBaHHA. OJIHUM 13 akKTyalbHUX 3aBJaHb €
dbopMyBaHHS TPAKTUUYHUX HABUYOK CTBOPEHHS CKJIAJIHUX KOHCTPYKTHUBHHX
€JIEMEHTIB aBlallfHOI TEXHIKUA. BIpoBa)KeHHs TAKUX TEXHOJIOT1M y HaBYaJIbHHIA
MPOLIEC CHPHUSIE HE JIMILE 3AKPIMJICHHIO TEOPETUYHUX 3HAHb, alle U PO3BUTKY
1HKEHEPHOI'0 MHUCIICHHSI Ta TEXHIYHOI KPEaTHUBHOCTI. Y 3B’S3KYy 3 LIUM IOCTA€
HEOOXIAHICTh Yy JOCHIPKEHHI METOJAWKU CTBOPEHHS (QyHKIIoOHaANIbHUX 3D-
Mojienel Ta X BIATBOpPEHHs 3acobamu 3D-apyky.

AHagi3 octaHHix gocaimkenb. OcTtanHi AochikeHHsS y cdepi 3D-
MOJICJIIOBAaHHSI Ta AaBIALIMHOINO MPOEKTYBAHHS JEMOHCTPYIOTH aKTHBHE
BIIPOBA/DKCHHSI TE€HEPATUBHOIO JAW3allHy Ta aJUTUBHUX TEXHOJOTINA IS
onTUMI3alli KOHCTPYKuik. 30kpema, BukopuctanHa Fusion 360 nae 3mory
CTBOPIOBATH JIETKI, aJle MILHI MOJEN1 aBlallliHUX KOMIIOHEHTIB, Y TOMY YHCII
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criiok miaci. JlocBim mpaktmuHOTO 3acTocyBaHHS 3D-apyky, 30kpema Ha
KOMIIAaKTHUX MPUCTposxX Tuiry Bambu Lab, miarBeppkye edekTHBHICTE TaKOTO
MIIXOAY $K B OCBITHbOMY IIpOIIECl, Tak 1 JUIsi CTBOPEHHS MPOTOTHUIIB Yy
MalMHOOYAyBaHHI Ta aepOKOCMIUHIH cdepi.

@opmyawBaHHa wijieil. MeToro mocmimkeHHs € po3podka 3D-momeni
ctiiiku maci 1o mitaka Cessna 205 B cepemosuii Fusion 360 Ta ii peanizaiiis Ha
3D-mpuntepi. PoboTa cipsmMoBana Ha BUBUEHHs cydacHuX iHCTpyMeHTiB CAD Ta
aJUTUBHUX TEXHOJIOT1H JIJIsl CTBOPEHHS (PYHKIIIOHAIBHUX TPOTOTHUITIB aBlalliiTHUX
KOMIIOHEHTIB.

OcnoBHa 4actuHa. Ilpomec ctBopenHs 3D-momeni cridiku 1Iaci
po3MoyaBcsl 3 aHali3y KOHCTPYKTHMBHUX BUMOT 1 MapaMmeTpiB, siIki HEOOX1THO
BpaxyBaTH JJI TOYHOTO BIITBOPECHHS KOMIIOHEHTa. ¥ cepemoBuiii Fusion 360
Oy70 BHKOPHUCTAHO IHCTPYMEHTH I TApaMEeTPUYHOTO MOJICTIOBAHHS, IO
JI03BOJISIOTH 33JIaBaTH TOYHI TeOMETPUYHI XapakTepuctuku (puc.l).

B T

Puc. 1. Etanu ctBopeHHs Mojelni B cepenouii Fusion 360:
a — OCHOBHA 3aroToBKa; 6 — cTBOpeHHs Hapi3i komanaow THREAD,;

6 — 3aKpyIJIeHHs KyTiB 3a qoromororo komanau FILLET; 2 — Burnsg tppox aetaneit

[Ticnst  3aBepIICHHS  MOJCTIOBAHHS, HACTYITHUM  €TalloM  CTaJio
ITOTOBJICHHS MO JI0 JIpyKy. BpaxoByroun ocobmuBocTi 3D-nipunTtepa, 0yiio
MIPOBEJICHO aHaJli3 TOBUIMHU CTiHOK, BHOIp matepiany (PLA) Ta HamamryBaHHS

napameTpiB JIPYKY, TAKHX SIK BUCOTA IIapy Ta MBUJKICTb IPYKY (pUcC. 2). 3aBIAKU
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BUKOpHcTanHIO Fusion 360, monens Oyna ekcrioproBana y gopmat STL, skuii €
cymicHUM 3 OinbnricTio 3D-npuHTEpiB.

Puc.2. Etanu apyky

Jis npyky Oy Bukopuctanuii mpuaTtep Bambu Lab Al Mini, sxuit
MPOJIEMOHCTPYBAB XOPOIIY TOYHICTh Ta CTaOLIBHICTH MiJ 4YaCc BUTOTOBJIEHHS
JeTal.

Mogens Oyna po3apykoBaHa 3a KiIbKa €TariB, IO JO3BOJIMIO MPOBECTH
HEOOX1IH1 KOPUTYBaHHSI B pa3i BUSBICHHS MOMUJIOK. 3aB/ISIKU BUCOKIM TOYHOCTI
MPUHTEPA, MPOTOTHUIT BUABUBCS (PYHKIIOHATILHUM Ta IPUAATHUM TSI MOJATBIITUX
TecTyBaHb. Po3pobnena 3D Mopenp mpeactaBisie co0O0 CTiMiKy miaci 3
MOJIEPHI30BAaHOK  KOHCTPYKIII€IO, $IKa TMO€IHye B CcO01  MINHICTh 1
GYHKIIOHATBHICTS (3).

Puc. 3. I'oroBa 3D-Momens CTIMKH mIaci

OcoONMBICTIO KOHCTPYKIII € pyXOoMUH MeXaHi3M, 1[0 3a0e3nedye
e(eKTHBHE TOTIIMHAHHS Ta PO3MOIiI YIaPHUX HABAHTAKCHb.
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[Ipu nii 30BHINIHIX CUJ CTiKa Mpallo€ SIK aMOPTU3YIOUMM €JEMEHT,
KOHTPOJIbOBAHO J€(POPMYIOUYUCH JI1 3MEHIICHHS YIApHOro IMIYJbCYy, IIO
NEPENAETHCS HA KOHCTPYKLIIO B IIIIIOMY.

BucnoBku. Po3poOka ta npyk 3D-moxeni CTIMKM mIaci JiTaka Maoi
asiarii Cessna 205 nmoka3zana epexktuBHICTh BUKOpucTanHs Fusion 360 ta 3D-
IPYKY JJIs CTBOPEHHSI TPOTOTUITY LIbOTO aBlalllfHOr0 KOMIIOHEHTY. He3Baxarouun
Ha JIedKl TPYAHOIII, Taki SIK BUCOKAa BapTICTb OKPEMUX BHU/IB OOJAJHAHHS Ta
HEOOX1HICTh Y HaBUUKaX MoJeNtoBaHHs, 3D-npyk Mae 3HaUHUN MOTEHIaN I
MOJANBIIOr0 BUKOpUCTaHHS. [loeqHAHHS IIUX TEXHOJIOT1H JO3BOJISIE 3HUKYBATH
BUTPAaTH Ha BUIOTOBJIEHHS, CKOpPOUYBaTH 4Yac PO3POOKM Ta MOJIETHIYBaTH
BepuQikaniro KoHCTpykuid. [loganbimi AOCHIPKEHHS MOXYTh BKJIHOYATH
BJIOCKOHAJIEHHS MOJENl Ta aJanTalilo Mpouecy Juisl OUIbII  CKJIAJHUX
KOMIIOHEHTIB.
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Abstract. The article investigates the average residence time of a product
in a rotary film apparatus with hinged blades in the mode of evaporation of
various liquids, including thermolabile ones.

Keywords. Rotary film apparatus, rotor, blades, evaporation,
concentration, thermolabile substances, average residence time.

Problem statement. Mass transfer processes are one of the main processes
of chemical technology, among which a significant part is carried out in gas-liquid
systems. They are mainly used for separation of liquid mixtures or isolation of
individual components from gas or vapour media.

Analysis of recent research. The equipment used for such processes
remains relatively metal-intensive and inefficient in most cases. At the same time,
the requirements for the quality of final products are constantly increasing, due to
both competition between different manufacturers and the increasingly important
role of environmental control. Therefore, the task of designing the equipment for
modern mass transfer passages is to find the most efficient devices that will
improve the quality and quantity indicators.

Objectives. Insufficient data on the operation of rotary film apparatus in
the evaporation mode of various liquids, including thermolabile ones, hinders
their widespread introduction into various sectors of the national economy. There
are no thorough studies of hydrodynamics and heat transfer in the methods of
mechanical intensification of the process, which requires further research.

The main part. Rotary thin-film apparatus are widely used for
concentrating solutions with high viscosity or evaporation to a high concentration
of solids. There are two groups of RFAs. The first group includes devices in which
the process takes place in a film created on the inner surface of a fixed housing by
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a rotating rotor. These devices are widespread due to their versatility, which
allows them to carry out various technological processes: concentration of
solutions, distillation, deodorisation, etc. Apparatus of the second group have a
rotating surface of phase contact in the form of a cone, cylinder, spiral, along
which the solution moves under the influence of centrifugal force.

Fig. 1 shows the design of the first type of RFA.

9— | \ |
8 ——
— ' i i L
7 | }
6 |
D
= =
ril
5 1T
| " 10
| A
4 ]}}%[ ?
| ’
3 |
- I
2 |l
- g BUL
y " LJ‘_J "

|-
| 1

Fig.1 Construction of rotary thin-film apparatus with articulated blades

The main elements of these apparatuses are a body (1) with a heating jacket
(2) for heating with dry saturated steam. Through an intermediate bearing the
apparatus body was connected to a cage (8) of inertia type.
Four-bladed impeller (7) of the separator was mounted on one shaft (3) with the
rotor. The hinged rotor of the apparatus is collapsible. It consists of a shaft, blades
(4) and three hubs (5). At the ends of the blades are welded pins to install them in
the hub sockets. After assembly, the blades were free to rotate both sides by forty-
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five degrees. On the rotor shaft above the upper hub was attached to the distributor
ring (6), designed for uniform irrigation of the working fluid of the inner surface
of the housing apparatus. The lower part of the housing ended with a conical
bottom (11). The angle at the top of the cone was chosen one hundred and twenty
degrees, which favoured quick removal of the product from the apparatus. On the
upper end of the shaft there was placed the sensor (9) of the tachometer.

One of the objectives of the research was to study the dependence of the
heat transfer coefficient on a number of factors: fluid flow rate, rotor speed and a
number of other factors. Since the local and average heat transfer coefficient
depend on the heat flow and temperature head, it was necessary to study the
temperature distribution in the liquid film at the height of the apparatus. For this
purpose, 5 thermoelements were installed in the apparatus wall at a distance of 80
mm from each other (10).

This allowed us to study the local variation of the heat transfer coefficient
along the length of the apparatus.

An important feature of rotary film evaporators is the intensification of the
process by conducting it in a thin intensively stirring film. Film formation on the
vertical surface of the apparatus body is provided by a distributing ring and a
rotary mixers with blades fixed on it. Types of rotary mixers are shown in Fig. 2.

a b C
Fig. 2 Rotary mixers: a — rigid fastening, b — with joint fixing, ¢ — with movable blades

In apparatuses with rigid fastening of rotor mixers a strictly fixed gap is
created between the body and rotor, and in apparatuses with joint or movable
blades the film thickness is determined by the centrifugal force and physical and
chemical properties of the solution. The liquid flowing down the film is smeared
by the rotating rotor along the perimeter of the heating surface. This contributes
to the intensification of the heat transfer process and, consequently, the
evaporation of the solvent.

However, the wider implementation of thin-film rotary evaporators in
various sectors of the economy is hindered by insufficient information on the
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operation of these apparatuses in the evaporation of various liquids, especially
thermolabile.

For thermolabile products the time of contact with the heating surface of
the apparatus is strictly regulated. This was the reason for our research.

Distilled water, glycerine, its aqueous solutions (50; 85 % wt.), additive C-

150 and its solutions in petrol (40-95 % wt.) were used as working liquids in
experiments on determination of average residence time. The joint influence of
rotor rotation speed, liquid flow rate, number of rotor blades and its type on the
average stay time of liquid residence in RFA was studied.
It was found that with the increase in the number of revolutions there is an increase
in the average residence time. This is due to the fact that the reduction of the gap
between the edge of the blade and the body of the apparatus due to an increase in
the centrifugal forces acting on the blade leads to an increase in the mass of liquid
in the ‘bow wave’ in front of the rotor blades.

Increase of irrigation density at constant rotor speeds leads to increase of
liquid volume in rollers, which gives possibility to more liquid mass to move in
axial direction.

The data characterising the influence of the number of blades and its type
on the average residence time show that the increase in the number of blades leads
to an increase in the average thickness of the liquid film (which is similar to the
increase in the rotor speed), while the tangential component of the liquid velocity
increases and, consequently, the average residence time of the liquid in the RFA
Increases.

Conclusions. A considerable number of factors influencing hydrodynamics
and heat exchange in RFAs indicates that the analytical solution of the problem
presents serious difficulties and is not yet available. RFAs can be calculated on
the basis of experimental data, empirical formulae and criterion equations. Due to
the complexity of the processes occurring in RFAs, it is desirable to use the data
obtained by us under conditions approaching the experimental ones. The joint
influence of liquid flow rate, rotor speed, number of blades and their type, and
thermophysical properties of liquid on the average stay time of liquid residence
in RFA has been investigated.
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Abstract. This paper presents a mathematical approach to the construction
of various types of conjugations between circular arcs and straight lines, which
can be used to expand the capabilities of algorithms for constructing conjugates
using CAD systems.

Keywords. Conjugation, circle, straight line, arc, conjugation points,
mathematical approach.

Problem statement. In modern mathematical modeling and applied
geometry, the problem of constructing geometric conjugation plays an important
role. Such constructions are widely used in engineering graphics, computer
modeling, architectural design, and mechanical engineering.

Despite the development of numerous methods for constructing geometric
conjugation, there remains a need for in-depth analysis of this process from a
mathematical perspective. In particular, relevant issues include the formalization
of transition concepts, the development of algorithms for various cases (such as
transitions between an arc and a line, or between two arcs), and the study of the
conditions for existence and uniqueness of such constructions.

Thus, the problem considered in this study is the formalization and
mathematical justification of the processes for constructing conjugation between
various geometric objects. This will improve the accuracy and efficiency of
applying these methods in practical tasks.

Analysis of Recent Studies. Current research is focused on enhancing the
capabilities of transition construction algorithms within the framework of
computer-aided design (CAD) systems. These studies highlight the importance of
not only geometric accuracy, but also numerical stability and computational
efficiency.
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Formulation of goals (Problem statement). The goal of this publication
is to develop an understanding of the computational processes involved in the
construction of conjugation.

The main part. The surfaces of many parts on drawings are depicted with
lines that smoothly transition from one to another. Smooth transitions are
determined by the structural properties of the parts, their manufacturing
technology, functional purposes, etc.

The smooth transition of a straight line or arc into another is called
conjugation. To construct a conjugation using an arc, you need to find the center
of conjugation and conjugation points. Let’s analyze some cases of conjugation
of arcs and straight lines.

The construction of conjugations is based on the following theoretical
provisions:

1. A line is tangent to a circle if it is perpendicular to the radius drawn to
the point of contact (Fig. 1, a). To draw a tangent line from a given point 4 to a
circle with center at point O, construct a right angle OKA4 (Fig. 1, b) as the interior
angle of an auxiliary circle of diameter OA.

2. Two circles will be tangent if the point of contact K is on the line
connecting (Fig. 1, ¢) the centers O, 1 O.. The contact of a circle can be external
(Fig. 1, ¢) and internal (Fig. 1, d).

3. The center of the arc of conjugation O of two circles of the same radius
lies on the median perpendicular to the line connecting their centers O; 1 O,. The
conjugation of two circles by an arc can be external or internal.

Fig. 1. Construction of conjugation

Let us consider the internal conjugation of two circles from the point of
view of geometric constructions. From the centers O; and O, auxiliary arcs are
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drawn with a compass spread equal to the sum of the radii for the given
conjugation arc (Fig. 2, a). The radius of the arc drawn from the center O, 1s equal
to R; + R;. The conjugation center is located at the intersection of the auxiliary
arcs — point O;.

By connecting point O; with point O; and point O, with point O; with
straight lines we find the conjugation points 4 and B (Fig. 2, b).

From point O; we build an arc between points A and B with a compass
deviation equal to R;.

Fig. 2. Construction of the inner conjugate of two circles

Let’s analyze the internal conjugation of two circles from a mathematical
point of view. Given two circles on the coordinate plane with radii R; and R,, with
the coordinates of the centers O,(x;;y;) and O,(x,,y,) respectively, and a tangent
circle with a known radius R; and unknown center O; with coordinates (x;,v;3)
(Fig. 3). Now we need to find the coordinates (x;,y;). Consider circles 1 and 3.
Since they are tangent, the distance between their centers must be equal to the
sum of their radii. Thus, we get:

0103: R] +R3. (1)

On the other side, the length of the segment O;0; can be found as the
distance between two points [4, p.77]:

(0103)* = (x3 —x1)* + (¥3 — ¥1)*. (2)

Substituting equation (1), we get:

(Ry + R3)? = (x3 — x1)* + (¥3 — y1)*. (3)
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Fig. 3. Geometric interpretation of the mathematical description of the
conjugation of two circles

Based on similar considerations, we obtain equations for circles 2 and 3:

(R + R3)? = (x3 — x2)° + (¥3 — ¥2)°. 4)

Since the numbers x; and y; must satisfy equations (2) and (3) at the same
time, it is possible to make a system of two equations:

(Ry + R3)? = (x3 — x1)* + (y3 — y1)? ®)
(Ry + R3)* = (x3 — x3)° + (¥3 — ¥2)°

As a result of solving the system, we will obtain two pairs of possible real
solutions. One pair of coordinates will correspond to the point O;, and the other
to — O;’. he number of solutions is confirmed graphically.

After finding the coordinates of the center of the third circle, it remains to
find the coordinates of the conjugation points (in this work, we will consider
finding the coordinates of the conjugation points only for one of the two cases of
the position of the third circle (O3), in the case of O;’ the coordinates of the
conjugation points are found similarly). Let’s mark the points of conjugation

A(x4; y4) and B(xp; yp) (Fig. 4).

0,(%5,y,)

Fig. 4. Geometric interpretation of the definition of conjugation points
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Consider point A. The points of conjugation correspond to the points of
contact of two circles, so point A will belong to circle 1 and circle 3 at the same
time. So the distance from 4 to O; should be equal to R;, and from 4 to O; — R;.
Let’s use the formula for finding the distance between two points [4, p. 77] and
create a system:

{R% = (x4 — x1)2 + V4 — ¥1)? (6)

R} = (x4 — x3)* + (V4 — ¥3)?

After solving the system, we will obtain only one pair of real roots, this is
confirmed graphically (circles 1 and 3 have only 1 point of contact).

Based on similar considerations, let’s make a system for point:

RZ = (xp — x2)* + (V5 — ¥2)* (7
RS = (xg — x3)* + (¥ — ¥3)?

Conclusions. The article provides a mathematical justification of the
process of creating a conjugation, which can be the basis of CAD algorithms,
where not only geometric correctness is important, but also numerical stability
and efficiency of calculations.
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Anomauia. Poszensidoaemvcsi nUmMaHHs BUHUKHEHHSI HEA8HUX HNOMUTLOK
npu  BUKOPUCMAHHI  CHAQUH-KPUBUX NPU  NPOEKMYBAHHI  KOHMYpI&  Oiisl
nooanvuloco ix susedenrs Ha sepcmam 3 4I1V.

Knwuoei cnosa. Cniaiin-ninis, cnaauH-Kpuea, anpokCuMayis mpackmopii,
IHMepnoaAYis KPUeoi.

IloctanoBka mpoOjemMu. Y J[aHuii yac B I[POMHUCIOBOMY Ta
1HAMBIIyaJIbHOMY BUPOOHMIITBI IIMPOKO 3aCTOCOBYIOTBHCSI Pi3HI BEpCTaTH Ta
KOMIUIEKCH 3 mporpaMHuM ynpapiiHHsMm (UITY). V 3B’sa3ky 3 UM Yy KATTS
KOHCTPYKTOpIB, TEXHOJOrIB, a Temep 1 OararboX HeQaxiBLUiB Yy Taimys3l
KOHCTPYIOBaHHSI Ta OOpOOKHM YBIMIIUTM CIEIliaibHI TporpaMud MOOyJO0BH Ta
mozaemoBanHss (CAD mnporpamm), a Takox 3aco0u, 110 JIONOMAararTh
aBTOMAaTU3yBaTH TOOYJ0BaHI MOJECII JUIsi BUBEACHHS HA BUPOOHWYI KOMIUICKCH
(CAM mporpamu). [lpuuomy BenMKy BaXJIMBICTh HAaOyB Mpolec MNOO0YyJ0BH
KpPECJIEHHSI ISl CKJIAJaHHA KOHCTPYKTOPCHKOI JOKYMEHTAIii 3 TOJaIbIIUM
YUTAHHSAM ii JIIOJJMHOI0 Ta TMpaBWbHA ajanTailisi moOyJaoBaHOI MoAenml IS il
TpaHCTAIIT B KO, 3p0o3yMinnii 00poOHiit mammHi. [ Tema cama mo co6i BakiuBa
1 I[IKaBa, ajie IOBOJII MAaCHBHA JJIA 11 OTJISIZIOBOTO PO3IJIALY B ME¥Kax OJIHIET CTATTI.
TomMy npuainuMo yBary oJHOMY HEBEJIMKOMY aCIeKTy: HEe OUEBUIHUX Ha TEPIIHiA
norysiy mpo0sieM, siIKi MOXKYTh BHHUKATH TIPH BUBEICHHI IUIOCKOTO KOHTYPY,
OIKCAHOTO CIUIaH-TiHI€I0 Ha Bepertar 3 UITY.

AHaji3  ocraHHix jgochaimxennb. Cepen rTpadiyHMX — TOPUMITHBIB
(IHCTpYMEHTIB) MPHU3HAYEHUX JJIsl TOOYAO0BU rpadiuHUX MOJIENeH TaKuX SIK JIHi,
KOJI0, AyTa, IMOJUTIHIS Ta 1H. € CIIIANH JIHisL.

Crnaitn (crutaiiH-GyHkis) ne GyHKuis, 001acTh BU3HAUYEHHS SKOi po30uTa
Ha KIHIIEBE YHWCJIO BIJIPI3KIB, HA KOKHOMY 3 SKHMX BOHa 30iraeTbcs 3 JCAKUM
anrebpaiunum 6aratowieHoM. [1o Teopemi Beliepiitpacca koxHa Oe3nepepBHa
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GyHKIIA, 33a7aHa Ha BIJIPI3KY, MOXKe OyTH SIK 3aBIFOJHO TOYHO allPOKCHUMOBAaHA Ha
HbOMY 0ararouJi€HOM.

Buznauenns niHii 3a gomomororo crutaiiH-(yHKIil BuHaiimoB I1. e
Kactemno y 1959 poky. [1i3uime B 1962 p. Teopito nux kpuBux po3po6dus I1. besbe
B IIpoliecl poOOTH HaJ CUCTEMaMU aBTOMAaTUYHOTO MPOEKTYBAHHS ISl KOMITaH1H
Citpoen 1 Peno. 3 Toro wacy Taki KpHBI Ha3uMBaIOThCA KpUBUMHU besbe
(kBampaTuyHa KpuBa, mapadoIidyHa KpUBa APYTrOro MOpsaKy).

®opmyaroBanHs Hijiei. [0 cTarTi € BUSBICHHS MOXKIUBUX OMUIIOK,
[0 BUHUKAIOTh MPU TPAHCISIT 300pa)Ke€HHS 3 IporpaM MPOEKTYBaHHS Ha
BUPOOHUYHUN KOMILJIEKC

OcHoBHa 4vacTHHA. Y CTaHJApTHOMY BHU3HAY€HHI KpuBOi be3be
BUKOPUCTOBYIOTHCS JIB1 KIHIIEB1 Ta JB1 KOHTPOJbHI TOUKH. Take BUSHAUCHHS JTyXKe
HA04YHO 3 TEOMETPUYHOI TOYKH 30py, TOMY BOHO JI00p€ MiAXOAUTH MJIs
IHTEPAKTUBHUX MaHIMYJISIIIN.

[Ipu mporpamyBaHHI YacTillle BUKOPUCTOBYEThCS BHU3HAUEHHS, KOJHM BCI
YOTUPU TOUYKHM mepeOyBaloTh Ha KpuBik. [ Oyap-SKUX 4YOTUPHOX TOYOK Ha
IJIONIMHI iCHYe KpuBa be3be sika depe3 HUX MPOXOAUTh. binbine Toro, MoxxHa
CKa3aTH, 110 KOXHI TPU TOYKH BU3HAYAIOTh IMOJOKEHHS UYETBEPTOi TOYKH HaA
KpUBIH.

VY OaratpoX BHIAJKaxX alpOKCUMYBAaTH CKJIAJHY KpPUBY 32 JOIOMOIOIO
ofHl€l KpuBOi be3be 3 MOTPIOHOIO TOYHICTIO HEMOXKIIMBO, Y LIbOMY BHUIAIKY
3aCTOCOBY€THCS OCTIAOBHUMN JTAHIIOT 3 TAKUX KPUBHUX.

Crni 3a3Ha4UTH, 110 MU OTPUMYEMO LUIANA MyYOK MOXKIIUBUX TPAEKTOPIN
3QJIEKHO BiJ 00paHuX KoedilieHTiB ¢GyHKIII. 3arajJoM MH MOXEMO OIHCaTH
TPAEKTOPIIO 3 BUCOKOIO TOUHICTIO, OCOOJIMBO SKIIO PO3AIIMMO ii HA K1JIbKA YaCTHH
1 KO’)KHY 3 HUX MPEJCTaBUMO CBOEIO KPUBOIO.

TakuM 4YWHOM, MpPU BUKOPUCTAHHI CIUIAHH-JIHIT CHiJ BpaxXxoByBaTH, IO
(dopma 00’eKTa BU3HAYATUMETHCSI BHYTPIIIHIMU HAJAIITYBAHHSIMHU CUCTEMH, SIKA
apOKCUMYBAaTUME KPHUBY IO 3aJaHUX KpalHIX 1 KOHTPOJbHUX TOYKAX 1 MOXKE
oytu BiaminHa B CAD 1 CAM nporpami. Kpim Toro, ciijf 3BepHyTH yBary Ha Te,
SAKUU 13 aNTOpUTMIB anpokcumaiiii 3actocoBanuii y CAD ta CAM mnporpami.

[[upoko nomupeni crnaiiiu besbe, BSpline, Epmita. Haitripinuii Bapianr,
KOJIU mpu moOyAOBI Ta MoAaibiIiii oOpoOIl OymayTh 3aCTOCOBaHI Pi3HI THUIHU
crutaiiHiB. Lle mMoxe mpu3BeCTH A0 pI3HUX HACIHIJKIB, OJHUM 13 SKUX OyayTh
3HAYHI1 BIAXWICHHS B TPAEKTOPIAX POOOUOro X0y IHCTPYMEHTY.
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Puc. 1. IIpuknan anpoxcumariii KpUBOI MO OHUX 1 TUX K€ TOUKAX,
ajie 3 pi3HUMU Koe]illieHTaMu IepeTBOPEHHS [2 ]

Bezier
BSpline
Ermit

Puc. 2. Anpoxcumariisi TpboMa pi3HUMH BHIaMU cIuiaiiHa [3]
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Bci nmepepaxoBani Buiie (paktopu MOXYTh NpsSIMO BIUIMBAaTH Ha (opmy
ejeMeHTa 300paxkeHHs 1 mpu 00poOili Ha BEPCTaTI MOXKYTh CIPUSITH MOSIBI Opaky.

Jani HeoOX1AHO PO3MISTHYTH MPONEC IHTEPIOIISIT OTPUMAHOI KPUBOI MTPU
BUBEACHHI B Kepyrouuid kof. Tyt € nBa nuisaxu. [lepmwuii nepenbauae mogaHHs
KpUBOI y BUIJISAMI JyI Ta BHUBEACHHSA IUX AYr y Kepyroumit kon. Hpyruit —
Oe3nocepeiHe MepeBeICHHS] KpUBUX Y MiKpoBeKTOpHU. Hacrpap/ii nepeBeieHHs y
MIKpPOBEKTOP B pe3yibTari Oyae 3/A1iiCHeHO B 000X BHUIIaJIKaX, ajie MOXKJIMBO Ha
pI3HUX eTarnax MiATOTOBKU TpaekTopli. Ilepmmii BapiaHT 3aomiamkxye micue y
nam’sti UITY, ane nepekinanae po3paxyHoK iHTepnofsiii Ha Hel. JlogaTkoBo 10
bOTO 3HAYHO YCKJIQJHIOE KOJA Mporpamu mneperBopeHHs. Tomy mpocriiie
MEePEBOANTH KPUBY B MIKPOBEKTOP 0O€3M0CEPEIHBO.

PosrmsHemo cuctemMy, 10 MOpaIlOe Yy JEKapTOBUX KOOpIUHATaX.
[lepeminieHHs: KpUBOJIHINHOT TpaekTopii B Hi Oyle MNpPENCTAaBICHO SIK cyma
MIKpOMEpEeMIllIeHb M0 KOOpAWHaTax y BuUOpaHuX IulomuHax. [lepeTBopeHHs
KpUBOI 3J1MCHIOETHCS BIJpa3y y MIKpOBEKTOp. TyT MOCTa€ MUTAHHS TOYHOCTI
THTEpIOJISIT 3aJIeKHO BiJl BHYTPIIIHIX HaJAIITyBaHb MPOTPaMH MEPETBOPEHHS.
Y TomMy BHUMajAKy, SKIIO BEKTOPIB Oyle HEJOCTAaTHbO, TO TpaEeKTOpis Oyxae
«py0OaHOIO», KO Oarato — 1e 3aliMe OaraTo Micisi B MaM’siTi 1 YHOBUILHUTD
BUBEJCHHS MPOTpaMH HAa BUKOHABYI MexaHi3Mu. lle muTaHHsA HalamTyBaHHS
nporpamu Ta UITY, 1 6e3nocepeiHbo HE MOB’si3aHE 3 MOOYAOBOIO TpaeKTOpIi (Ha
MPaKTUI[l Ma€ TaKOXK BpaxoByBaTUCA). AJle TaKOXK CXOXKY CHUTYyallll0 MOXe

BUKJIMKATH 3aCTOCYBaHHS CIUIaH-KPUBOI (puc. 3).

Puc. 3. [Ipuknan TpaexTopii, ONKUCAHOI CIUTAWH-KPUBOIO
3 MaJIOKO KIJTBbKICTIO BY3JIiB [3]

[Ipu upomy, UITY He poOutume cipoO 10 ii 3r1aKyBaHHs, OCKUIBKA BOHA

3aJlaHa OAHO3HauHO. He wMeHmy mnpobieMy MoXe CHPUYMHUTH HaaAMIpHA

KUIBKICTB BY3JiB.
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Puc. 4. KoopauaarHa ciTka — MiHIMQJIBHHA KPOK CUCTEMHU:
YepBOHMI — 3a/1aHa TPAEKTOPISA 3 HAIMIPHUMH BY3JIaMH,
CHHIN — peajybHa TPAEKTOPIs, sika MOXe OyTH BiANpanboBaHa [4]

Sk BUIHO, YaCTHHA BY3J11B Oy/i€ MPOCTO BIIKMHYTA 3 PO3IVISILY, OCKUIBKH 1X
HEMOXJIMBO ompaiftoBatu. 3pemroro UIIY mpamtoe y mpupocrax (BIIHOCHIM
cucteMi koopauHar). ToMy, SIKIO Ha SKIMCh AUIAHLI HE Oyzae 3pOOJIEHO 3yCHIIb
I0JI0 YCYHEHHSI X €(EeKTiB, MOXKYTh BUHUKHYTU apTe(pakTh CXOXK1 Ha BILUIUB
modTy B cucteMi (puc. 5).

——

Puc. 5. Ilpuknaa mOMUJIKY i 9ac MPOXOMKEHHS KPYTOBOi TPAEKTOPii

i edexTn nocuth 100Ope yCyBarOThCS aHATI30M TPAEKTOPIi B aOCOTIOTHIM
CUCTEMI1 KOOPJMHAT, aJie 11€ Y CBOIO Yepry MOTripuIye sIKiCTh MOBEPXHI.

Bci 11 edexktyt mpu3BOAsATH 10 CIIOTBOPEHL (POPMU Ta SIKOCTI MOBEPXOHb,
aje B JIEAKUX BUIMAAKAX BOHU MOXKYTh IPU3BOJAUTH 1 0 TOMUJIOK PO3TAlTyBaHHS

(puc. 6)..
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Puc. 6. [lommiika po3ranryBaHHs

s mnomMunka BHHUKIA BHACHIIOK TOrO, IO CHUCTEMa BIAKHUHYJA
MIKpPOBEKTOPH, SIKI HE MOXYTh OyTH BiampainboBaHi. [Ipu nibomy KoMrmeHcyBaia
MIOMMJIKY pO3TalllyBaHHS TOYKH BXOAY (CJIIJ MaTy Ha yBas3il, O Ha 300paKeHH1 He
KOJIa, a CIUIalH-KPUBI — KOMIUIEKCHI 00’€KTH, BOHH HE MAalOTh MPHB’I3KH 10
LEHTPY, a OTXKE, 1 0 MIXKIIEHTPOBOI BIJICTaH1, TOMY, 3 TOUYKH 30py CUCTEMH, 11€ HE
€ TIOMUJIKOIO! ).

BucHoBku. Bce nokazane BHiIlle TOBOPUTH MPO T€, IO MPU pOOOTI 3 TAKUM
YyJIOBUM IHCTPYMEHTOM NPOEKTYBaHHS SIK CIUIAH-JTIHISA HEOOX1IHO BXHUBATH
3anmo0KHUX 3aX0/(1B 1 HE BTpAaYaTH MUJIbHOCTI, 00 YHUKHYTH MPUKPUX TOMUIOK
IIPY BUTOTOBJICHHI NPOAYKIIIi.
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Anomauin. Posensdaromvca ocobausocmi  npogecitinoi  niocomosxku
iHOICeHepi8 amoMHOI eHepeemuKky 3 HA20JN0COM HA BAMNCIUBICb ONAHYB8AHHSL
iHJICeHepHOi epaghiku. 3aysascyemupcs, Wo uepes GUCOKUL Pi6eHb MEXHON02IYHOL
CKIAOHOCMI ma 6e3neKo8Ux 8UMO2 AMOMHOIL 2any3i, MauOymui ¢axisyi NOGUHHI
Mamu WUPOKULL CHeKmp MINCOUCYUNTIHAPHUX 3HAHb [ HABUYOK. I[HoKceHepHa
epaghixa sucmynae  KuO408UM — IHCHIPYMEHMOM  MEXHIYH020  MUCTIeHH,
CRIIKYBAHHS 8 KOMAHOI MA OCHOB8010 OJisi no0anvulo2o oceocHus CAD-cucmenm.
Okpema ygaca npudinaemvbcs NPaKmuyHOM) 3HAYeHHIO epaQiuHoi ni02omosKu 6
KOHmMeKcmi ManomooyivHux peaxkmopie (MMP), de mounicms Kpecienv ma
gi3yanizayiil Mac supiulaibHe 3SHAYeHHs. Had 8CIX emanax — 8i0 NPOEKMYB8AHHS 00
eKcniayamayii.

Knrwouoei cnosa. Amomna enekmpocmanyis, cucmema agmomamu308aHo20
NPOEKMYBAHHS, MATOMOOYIbHUL PeaKmop, iHceHepHa spaghixa.

IloctanoBka  mpodaemu. ImwxeHepna  rpadika €  0a30BOIO
3arajibHOIH)KEHEPHOIO  JUCHUIUIIHOK, 10 (QOopMye  KIIOYOBI  TEXHIYHI
KOMIIETEHTHOCTI: YUTAHHSI, CTBOPEHHS Ta aHami3 rpadiyHoi nokymeHTauii y 2D
ta 3D ¢popmarax. Bona po3BuBae mpocTOpOBE MUCIIECHHSI, HABYA€ IHTEPIPETYBATH
W mepemaBaTH TEXHIUHI 1/€i, MPUHIMIK POOOTH MEXaHi3MiB, KOHCTPYKIIii
BHUPOOIB 32 JOTMIOMOTOI0 KPECIICHb.

JInst MaifOyTHIX 1HXKEHEPIB aTOMHOI €HEPreTUKU 111 HAaBUYKH € KPUTHUYHO
BAKJIMBUMHU 3 OIVIAy Ha BUCOKI BUMOTHM JI0 TOYHOCTI, BIANOBIJAJBbHOCTI Ta
TEXHOJIOT1YHO1 CKJIAJHOCTI 00’ €KTIB Taily31. 3JaTHICTh MPALIOBATU 3 TEXHIYHOIO
JOKYMEHTAIIIEI0 € 3alopyKol O€3MeYHOTO MPOEKTYBaHHS, e€(PEKTUBHOI
KOMaHAHOI B3a€MOJIi Ta MiHIMI3allil TOMUJIOK Ha BCIX €Tamax *KUTTEBOTO ITUKITY
SJIEPHUX YCTAHOBOK.

Oco0nuBy yBary CbhbOrOJIHI TMPUBEPTAE PO3BUTOK MaJIOMOMYJIbHUX
peaktopiB (MMP), ski mnorpeOyrooTh HAA3BUYANHO TOYHOIO 1HKEHEPHOTO
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MozentoBanHsa. Came Ha nmpukiaal MMP y miit ctatti Oyae mpouTIOCTPOBAHO
3HAYYIICTh TpadiyHOI MIJATOTOBKU SK CKJIAJHHUKA (PaxoBOro CTaHOBJICHHS
MaiOyTHIX 1HKE€HEPiB-1€PHUKIB.

AHaJNi3 ocTaHHIX gocjimKeHb. [HxeHepHa rpadika poO3rISTAETHCA SIK
BAXKJIUBUN IHCTPYMEHT PO3BUTKY 1HXKEHEPHOIO MUCJIEHHS Ta TEXHIYHOI
KOMyHiKaii. Y myOumikanii Mi>kHapoIHOTO areHTCTBa 3 aTOMHOi eHeprii Nuclear
Engineering Education: A Competence-Based Approach to Curricula
Development miiKpecnt0€TbCsl BAXKIUBICTh (DOPMYBaHHS B CTYAEHTIB 3JaTHOCTI
MpaioBaTu 3 rpa@iyHUMU MOJEISIMU SIK €JIEMEHTOM MpodeciiiHoi 1HXKEHEPHOT
KOMITeTeHTHOCTI [1].

[nimiatuBa Nuclear Education Hub, mo o0’eqnye akanemiuHi ycTaHOBU
CHIA Ta VYkpainu, (QOKyCyeTbCs Ha OHOBJICGHHI OCBITHIX MporpaMm y cdepi
SAJIEPHOI €HepreTuku, 30kpema uepe3 iHrterpaunito CAD-texnonoriii, 3D-
MOJIETIOBaHHs Ta HU(PPOBUX 3ac001B Bizyamnizalii [2].

B Vxkpaini nposiani Texaiuni yHiBepcuteTd — KIII im. Irops Cikopcebkoro,
HTY «XIIl», JIpBiBCchbka NONITEXHIKA — pEaNi3yl0Th Cy4YacHI MIAXOIU [0
BUKJIQJAHHA 1HXXEHEPHOI rpadikyd 3 aKIEHTOM Ha MPAKTUYHY MIATOTOBKY Ta
po0OTY 3 aKkTyadbHUMHU HU(POBUMH IHCTpyMEeHTaMu [3]. AHaJIOTi4HI MiAXOIU
OOTpyHTOBAaHO ¥ Yy momnepenHiid myOsikaiii aBTOPCHKOTO KOJICKTUBY, JI€
aHaJ13yBaJINCs IEpeBaru OHJIIAWH-KYPCIB 3 TEXHIYHOTO KPECIEHHS SIK 1aTGopMu
IUIsL CAMOCTIMHOI'O 3aCBOEHHS MaTepially Ta THyYKOi OpraHi3auii HaB4aHHs [4].

TakuM YMHOM, Cy4YacH1 TOCHII)KEHHS Ta OCBITHI 1HILIATUBH M1JKPECTIOIOTh
BAXKJIUBY POJIb IHXKEHEPHOI rpadiku y GopMyBaHHI KOMIIETEHTHOCTI (DaxiBI[iB AJIsI
aTOMHO1 €HEPreTHKH, OCOOJIMBO B KOHTEKCTI PO3BUTKY MAaJIOMOIYJIbHUX
pPEaKTopiB, J€ TOUHICTh Ta €(PEKTUBHICTh 1HKEHEPHOT'O MPOEKTYBAHHS MalOTh
BUpIIIAJIbHE 3HAYEHHSI.

®opmyaoBaHHA Hijieil. MeToro cTarTi € OOIPYHTYBaHHS 3HA4yLIOCTI
1HXeHepHOi rpadiku B MiATOTOBII MailOyTHIX QaxiBIIiB JIJIsi aTOMHOI €HEPTETUKH,
30KpeMa y KOHTEKCTI PO3BUTKY MAaJOMOJYJIbHUX peakTopiB. Y poOoTi
MpoaHaIi30BaHo, sIK rpadivyHa MiAroTOBKa crpusie (OpMyBaHHIO MPOCTOPOBOTO
MUCJIEHHS, TEXHIYHOI KOMYHIKalli Ta Bi3yali3alii CKIaIHUX CHUCTEM. Takox
3aIIpONIOHOBAHO MPUKJIAJAX HaBUYAJbHUX TMIIXOAIB 1 3aBJaHb, 5Kl JO3BOJISIOTH
IHTErpyBaTU NpPaKTUUHY TpadiyHy MIATOTOBKY B 1HXEHEPHY OCBITY 3
ypaxyBaHHSIM MOTPeO SAEPHOT rary3i.

OcHoBHa uyactuHa. [liArOTOBKA I1HXKEHEPIB-aTOMHUKIB € OJHUM 3
HaWCKJIaAHIIINX 1 HAMBIMOBIIAbHININX HAMPSAMIB Cy4acHOI 1H)KEHEPHOI OCBITH.
Bucokuii piBeHb TEXHOJOTIYHOI CKJIAAHOCTI, cmenudika podotn 3
paJloaKTUBHUMM MaTtepiajlaMH, CyBOpe IOTPUMaHHS HOpM O€3MeKu — yce Iie
BHUCYBAa€ IMIJABUIIEHI BUMOTHU JO0 NPOQeciiHOi KOMIETEHTHOCTI ManOyTHIX
¢daxiBuiB. Binrak, y)e Ha paHHIX eTanax HaBYaHHS CTYJEHTH MalThb
OomaHyBaTH 0a30Bl1 AUCHUIUIIHM, AKI GOPMYIOTh (QYHAAMEHT JJisi MOAalbIIOi
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cremianizaii. Cepen TakuX AUCIHUILUIIH BaXXJHUBE MiCIe 3aliMa€e 1HXEHEpHa
rpadika.

ImxenepHa rpadika He JHUIE HABYA€ YUTATH Ta CTBOPIOBATH TEXHIUHI
KpeclieHHs, a U (opMye MPOCTOPOBE, JIOTIKO-CTPYKTYpHE Ta aHAIITHYHE
MUcCIeHHs. BoHa ciyrye MOBOIO TEXHIYHOIO CIUJIKYBaHHS, OCOOJIMBO BaKJIMBOIO
B MIKIUCHUIUIIHAPHOMY CEpPEIOBUILI aTOMHOI Tany3l, jJe ¢axiBIli pi3HUX
npod17iB MOBUHHI TOYHO MEpeIaBaTH MPOEKTHI pillieHHs. B aToMHIii eHepreTuili
HE JIONYyCKAIOThCS MPUOIM3HOCTI — Oyab-1Ka [OMHJIKA, JAONYyIIeHa MpHU
3UUTYBaHHI 200 CTBOPEHHI KPECJIEHHS, MOXXE MAaTH KPUTUYHI HacHigku. Tomy
BAXKJIMBO 3 MEPIIUX KypCiB (OpMYyBaTH BMIHHS MPAIOBATU 3 KPECICHHSIMH:
MIPaBUIBHO HAHOCUTH PO3MIpH, JOMYCKH, TEXHIYHI MO3HAYEHHsS Ta OyAyBaTH
F€OMETPUYHO TOYH1 300paKEHHS.

OnaHyBaHHsI 1H)KEHEpHOI rpadikd Ha paHHIX eTamnax € MIATPYHTAM s
MOJAJIBIIOTO 3aCBOEHHS CYYaCHUX CHUCTEM aBTOMATHM30BAHOTO MPOEKTYBAHHS
(CAIIP), takux sax AutoCAD, SolidWorks, Fusion 360 tomo. HaBuuku po6oTu 3
CAD-cepenoBuilieM € BaXJIMBUM KOMIIOHEHTOM IPAaKTUYHOI MIATOTOBKH
MaifOyTHIX aTOMHHKIB, OCOOJIMBO 3 ypaxyBaHHSAM IMEpexoay 10 UUPPOBUX
TEXHOJIOT1 MOJIEIIOBaHHS W TOKyMEHTALli y SIIEpHIN rary3i.

3 MpakTUYHOTO OOKYy, BAXKIUBICTH TpadiyHOI MIATOTOBKU 3pOCTAE B
KOHTEKCTI PO3BUTKY MaJOMOJIYJIbHUX PEAKTOPIB — HOBOTO MOKOJIHHS SIAEPHUX
YCTAHOBOK, SIKI OPIEHTOBAaHI HAa THYYKE PO3TOpPTaHHS, 3HUKEHHS BapTOCTI
OyIIBHUIITBA Ta MOKpaileHHs Oe3neku. OcobauBocTi KOHCTpyKiii MMP —
KOMMAaKTHICTh, 3aBOJCHKE BUTOTOBJIEHHS, MOXJIMBICTh MOJIYJIBHOI 30ipKH —
NOTPeOYIOTh HAA3BHUYANHO TOYHOrO TrpadiyHOro CYMNpPOBOJY HAa BCIX eTamax
AKUTTEBOTO LIUKITY TIPOEKTY.

[lo-nepmie, iHXkeHepHa Trpadika 3a0e3neyye CTBOPEHHS JAETAIbHUX
KpECJIEHb KOKHOIO 3 MOJIYJIIB, TPUBUMIPHHUX MOJIEJEH 1 CXeM KOMIIOHYBaHHs, SIKi
Jal0Th 3MOTY Ha paHHIX eTanax BUSBUTU TMOTEHIIHHI KOHQIIKTH MIXK
enementami. [lo-apyre, ockiibku MMP TpaHCnOpTyIOThCSl Y TOTOBOMY BUIJISIAL,
HEOOXIHICTh Y MPEU31IMHOMY IPOEKTYBAHHI i KPECIEHHSIX 0COOJIMBO BUCOKA —
OyJllb-sIKa HETOYHICTh MOXKE MPU3BECTU JI0 HEBIAMOBIJTHOCTI HAa MaWJaHUYUKY
MoHTaxy. Ilo-Tpere, rpadiuyHa MIATOTOBKA OXOIUIIOE W CTBOPEHHS CXEM
MIJKJIIOYEHHS /10 €HEProCUCTeMH, ONTUMIZAIII0 MPOCTOPOBOIO PO3MIIIECHHS
KIJTbKOX PEaKTOpIB Ha OAHIN TepuTopii (puc. 1).

I HapemTi, Bi3yauni3alisi CUCTEM € Ba)XJIMBOIO CKJIQJIOBOIO IiJATOTOBKHU
nepcoHany: rpadgiyHi MojelNl i HaBYaJIbHI TPEHaXKEPU BUKOPUCTOBYIOTHCS IS
(dhopmMyBaHHS PO3YMIHHS POCTOPOBUX 3B’ SI3KIB MK (DYHKI[1IOHATTLHUMU OJIOKaMHU
1 3HMKEHHS PU3UKY MTOMUJIOK ITiJ1 Yac eKCIUTyaTailfi.

[Tomani Ha puc. 1 Tta puc. 3 mMoaenl UIFOCTPYIOTh YMOBHY KOMITIO3HIIIIO
OCHOBHUX (DYHKIIIOHAJIbHUX €JIE€MEHTIB MaJIOMOAYyJIbHUX peakTopiB MMP. Takuii
MPUKIIAJ, 110 BIAMOBIJAE aKTyaJIbHUM HampsiMaM PO3BUTKY Tally3i, 30Kpema
BIIPOBA/DKCHHIO MAaJOMOAYJBHUX PpEAaKTOPiB, MOKE OYTH IHTEIrpPOBAHUMA Yy
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0a3oBuil kKypc «[HKeHepHa Ta KOMIT I0TepHa Tpadika» sIK HaBYaJIbHE 3aBJIaHHS 3
OCHOB TPUBHUMIPHOTO MOJIEJTFOBAHHSI.

Ha puc. 2 HaBemeHa TpuBHMipHa KOMIIO3UIIHHA MOJENb OCHOBHUX
(yHKIIIOHATBHUX eJIeMEeHTIB Maiinanunka MMP, 3monenboBaHa cTyJeHTamMH B
cepenopuii AUtOCAD Ha ocHoBi 3paska [5]. Ilin yac BUKOHAaHHS MOAIOHOT
pOOOTH CTYJEHTH MPALIOIOTH 3 0230BUMH F'€OMETPUUYHUMH (POpMaMU, TAKUMH K
NPU3MHU, UAJIIHAPH, MTapajeieninein, BUaTbcs MOEAHYBATH 1X Y CKIIaJIHI 00’ €MHI
CTPYKTYpH, a TakOXX MOXYTb €KCIHEpPUMEHTYBATH 3 TEKCTypaMH, KOJbOpamH,
Opl€eHTalll€l0 00’€KTIB y mpocTopi. Bizyamszanis Moxke CyHnpOBOKYBAaTHCh
YMOBHHMM 30HYBaHHSIM TEPUTOPIi, IMITALI€I0 TEXHIYHUX MIJAKIIOUYEHb Ta CUCTEM
(13M4YHOrO 3aXHUCTy 00’ EKTIB.

OxpiM pO3BUTKY HaBUYOK 3D-monenroBaHHS, CTYJIEHTH MAlOTh 3MOTY
O3HAMOMUTHCS 3 TOTOYHUMH TEXHOJIOTIYHUMU TpeHIaMu y cdepl aTOMHOI
E€HEPreTUKH, 30KpeMa KOHCTPYKTMBHUMM NPUHIUIIAMH KOMIAKTHHX 1
aBToHOMHMX MMP. Take noenHaHHs TEXHIYHOrO 3MICTy U rpadiuHux 3aco0iB
103BoJIsi€ OPMYBATH MDKIUCHUILTIHAPHE Oau€HHSI, CTUMYJIIO€ IHTEpEeC A0 rary3i
i BOJHOYAC PO3BUBAE 3[IaTHICTh BI3yalli3yBaTHU CKJIaAHI 00’€KTH, IO OCOOJIHUBO
BAKJIMBO JJIsl 1HXKEHEpIB, SIKI B MallOyTHbOMY MpaLIOBaTUMYyTh 13 KPUTUYHO
BOKJIUBUMU CHUCTEMaMHU.

Puc. 1. TpuBumipHa KOMIO3HLIHHA MOJENTb
maiiganurka MMP Holtec International [5]
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Puc. 2. TpuBumipHa monenp maiinananka MMP, 3MoenboBaHa CTy IeHTaMU

Puc. 3. 3pa3ku MOXKIMBHX KOMITIOHYBaHb MaiIaHUMKIB JJIs1 BAKOPHCTAHHS Yy
HaBYAJILHOMY mpoiieci [6]

BucnoBkn. Takum ynHOM, 1HX)EHepHA rpadika y IiAroToBIl (axiBIiB AJis
aTOMHOI €HEPTreTUKH — I He JuIle 0a30Ba HaBYaJbHA AMCIIMILIIHA, @ U OJUH 13
KJIFOYOBHX 1HCTPYMEHTIB dbopmyBaHHS npodeciitHoi 1HXXEHEPHO1
KOMIIETEHTHOCTI. 1i 3HaYeHHs OCOOIMBO 3pPOCTAE B YMOBAaX BIIPOBAIKEHHS
HOBITHIX TEXHOJIOT1YHUX PIlI€Hb, Kl BUMAararTh KOMIUIEKCHOT'O, TOYHOTO Ta
Bi3yaJlbHO 3pO3YMUIOr0 MPOEKTHOIO CYMPOBOAY. I[HTerpaiisi axkTyaibHUX
NPUKIAAIB 1 OpPIEHTOBAHMX Ha 3400yTTS MNPAKTHUYHUX HABUYOK 3aBJAAHb Yy
CTPYKTYpPY AUCUUIUIIHM HE JIUIIE CHPUS€ PO3BUTKY HEOOXITHUX TEXHIYHUX
HaBUYOK, a i JIBUIIY€ MOTHUBALIIIO CTYJIEHTIB Ta IHTEPEC JI0 1H)KEHEPHOI rpadiku
SK Cy4acHOTO 1IHCTpyMEHTa MpodeciiiHOl AISTbHOCTI.
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