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IHOPIBHAHHA ABOX HIJAXOAIB 1O UNIT-TECTYBAHHA
ANGULAR-JIOJATKIB

Hoaynan FO.B., Pogionos IL.1O., Ibomin M.K.

COMPARISON OF TWO APPROACHES TO UNIT TESTING
ANGULAR APPS

Polupan Yu.V., Rodionov P.Yu., Domin M.K.

B cyuacnomy ceimi peaxmusni cucmemu nabuparoms ece
OinbWOT nonyapHocmi, npu YbOMY 8 OCHOBI PEeaKMUGHO-
cmi € poboma 3 acunxpoHnumu nomoxamu oanux. Tec-
MYBAHHS PeAKMUSHUX CUCIEM CMOimMb OKpemoio 3a0a-
yero, 6 AKill € HU3KA BIOKPUMUX NUMAHb, HARPUKAAO, 8U-
MUDIOBAHHS epeKmMUBHOCMI Mecmis, SUKOPUCTOBYIOU]
mou yu iHwuil nioxio 0o mecmyeanHs.

Jlna mecmyesanna Angular-oooamxis 6 pobomi 6yio 00-
pano 08a nioxoou: 1) 3 euxopucmanusam 36 ’sa3ku Jasmine
+ Karma, wo 6cmanoeuoemocs 3a 3aMO8YY8AHHAM NPU
cmeopenti 0ooamky; 2) 3 euxopucmanuam Jest.

B cmammi mecmyemuvcs Angular-oodamox, sikuil mac 7
mecmig, 3 3 AKUX — mecmu CUHXPOHHUX OJIOKIG KOOy i 4 —
o0na acunxpounux onoxie. Ilpu mecmyeanni suxopucmo-
8Y6aNUCH IHCMpYMenmu, wo npononye Angular i3 kopo-
6Kxu ma ghpetimeopk Jest.

s sumuprosanns epexmusnocmi Unit-mecmis, sk npa-
BUJI0, BUKOPUCTOBYIOMbCA womupu Kpumepii [2, 4]: 3a-
Xucm 6i0 nomuiok (protection against bugs); cmitixicmo
0o pegaxmopuney (resilience to refactoring); weuo-
Kicmb 360pomHb020 38 3Ky (fast feedback), npocmoma
niompumru (maintain ability). Ilopieniolouu pisni nio-
X00U 00 MeCmy8anHs MOJNCHA GUSHAYUMU AK MO YU iH-
wuti nioxio BNIUBAE HA KOHKPeMHULl Kpumepii egpexmu-
enocmi Unit-mecmis, nidsuwyroui 102o, abo HAGNAKU
3MeHuyroui. Ak 6i00M0, HA CbO20OHI He ICHYE asmoma-
MUYHO20 CNOCOOY BUMIPIOBANHS eheKMUBHOCI 3 OMpPU-
MAHHAM 3HAYEHb OJis KOXCHO20 KPUMePIio I MOMY KO#CeH
mecm nompibHo oyiHo8amu oxkpemo. s ompumanus
3HAYeHHA N0 Kpumepir «weUOKicms 380pPOMHLOZO
36 A3KY» 0y0emMo BUKOPUCTNOBYBAMU YAC BUKOHAHHSA Me-
Ccmis, 8 MOMY YUCTE 3 BUSHAUEHHSIM 8I0COMKA NOKPUTNINS
KOOy mecmamu npu 0ONOMo3i Komaunou coverage. Llet
Kpumepiii noKazye, wo Yum wmeuoute 6UKOHYEMbCsl mecm
Ha emani po3poOKU, MUM MeHbULe YaCy BUMPAYAEMbCA
HA YCYHEHHs. 3HAUOCHHUX NOMULOK, MUM CAMUM, 3HAYHO
niosuwyrouu egpexkmuenicmo Unit-mecmis.

B peszynomami nopisusnns pobomu 0sox ppeimeopkis
011 MECMYBAHHSA, MOJICHO 3DOOUMU BUCHOBOK, WO NPU
sukopucmanti Jest mecmu 6UKOHYIOMbCA 6 CePEOHbOMY
Ha 60% weuduie 3a paxyHoK mozo, wo cucmema 6ioc-
medicye 3MinU Paillie ma He BUKOHYE HeNnompioHux Oill.
Ilpu mecmyganmi accuHXpoHH020 KOOy MaKa iHc meHoe-
HYyis (30inbulenHs weuoxkocmi mecmysanus na 60%) 36e-
piecacmovcs, momy Jest GIOMIHHO NiOX00UMb 0151 GUKO-
HaHHA mecmysanusa Angular-npoexmis, ski micmams oa-
2amo ACUHXPOHHO20 KOOY.

Tax sk eghexmuenicmo Unit-mecmis 3anesicums 8io wieu-
oxocmi 360pommuboeo 363Ky (fast feedback), mo, uxo-
pucmosyioui Jest, mMu, mum CamMum, 3HA4HO NIOBUUYEMO
epexmusnicmes Unit-mecmyeanns ma 6Cb020 Npoexmy
BYIIOMY.

Knrouosi cnosa: Unit-mecmysanns, Angular-dodamox,
Jasmine, Karma, Jest, moOynvni mecmu, --test coverage,
Angular CLI, ChromeHeadless, peaxmusHicms, cumx-
POHHUL MA ACUHXPOHHULL KOO.

Beryn

B ocTaHHI MECATHIITTS TECTyBaHHS MPOTPaM-
HOT'O 3a0€3MeYCHHS] PO3BUBAETHCS TYy’KE IIBUAKO.
Panime Oyia mMOCTyITHA JIUIIE HEBEIHMKA KUTBKICTh
IHCTPYMEHTIB JUIS I[OTO, aJie TEIep € BEeIMYe3HUN
BUOIp, B IKOMY PO3POOHMKM HE OOMEKeHi 1 Bix ix-
Hix orysiaiB Ha [13, Ha pU3WKY, TECTOBI MIXOIN Ta
cTpaTerii 3aJIeKUTh Ha CKUIBKU SKICHUN TPOIYKT
Oyzae BUmyLeHUH y pe3ynbTaTi. [cHytoul TexHO0-
rii Oe3mepedHo BIUTMBAIOTh HA MiAXiJ A0 TECTy-
BaHH, 1 IOKM TXHIH PO3BUTOK OyJe Ha HAJICKHOMY
PiBHI, TIe# BILUTUB TPOIOBKYBATUMEThHCS.

Bunu tectyBanns QA BKIIOYarOTH 6€37114 MeTo-
IIiB, SIKI JOTIOMAararoTh MEPEKOHATHCS, 10 3MIHH B
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KOJIi TIPAITIOI0Th HAIGKHUM YUHOM a00, HaBIaKH, €
SIKICh TIOMWJIKA. CaM Mporiec MOXe 3MIHCHIOBATHCS
Ha Oyap-1KOMY eTall po3poOKH. 3apa3 MOKHA BH-
JiMUTH 6 OCHOBHUX BHJIIB TECTYBaHHS, SIKi JIOTIOMO-
XKYyTb BUSBUTH TIOMHIIKH, HEIOPOOKH Ta HEBIiJIO-
BIIHOCTI BEMOT'aM, a TaKOK OIIHUTH PiBEHb SIKOCTI
MPOrpaMHOro 3a0e3MeUYeHHs Mepe]] HOTo BUITYCKOM
[1,2]:

1. MonyneHI TecTH, OJOYHE TEeCTyBaHHS a0o
IOHIT-TECTyBaHHs (aHIJI. unit testing) - TECTH Tyxe
HU3BKOTO PiBHS, SIKi OJU3BKI IO BHUXITHOTO KOAY
nporpamu. [1osSTaroTh y IEPEeBipIli OKPEMHUX METO-
IiB Ta QyHKIIH, KOMIIOHEHTIB Y¥ MOJIYJIIB. Ix mo-
JKHA JIETKO 1 JICICBO aBTOMATU3yBaTH, MIPH [OMY
MOXYTh IIBHJIKO BHKOHYBAaTHCS 3a JOMOMOTOIO
cepBepa Oe3mepepBHOT iHTETpaItii.

2. IarerpauiiiHi TecTH — MEPEBIPAIOTH, K Pi3HI
MOJYJIi CHiNIBHO mpamniotoTs. Hanpukinaz, B3aemoni-
I0Th 13 023010 TaHUX.

3. OyHKIIOHAIEHE TECTYBaHHS MPOTPAMHOTO
3a0e3neyeHHs — (POKYCYeThCS Ha Oi3HEC-BUMOTax
nonatkiB. HeobOxigHo, 100 TIEpEeBipUTH pe3yabTaT
Iii Ta HEe TIePEeBIPATH MPOMIKHI CTAHH CUCTEMH TIi
4yac WOT0 OTPUMaHHS.

4. Hackpi3He TecTyBaHHS - BiATBOPIOE MOBEi-
HKY KOpPHCTyBada 3 MPOTpaMHHUM 3a0e3MeYECHHSIM.
[lepeBipsie, HACKIIBKM Pi3HI 3aIUTH KOpUCTyBaya
peai3yroThCsl IPaBUIIBHO 1 MPOCTO.

5. IlpuiimanpHEe TeCTyBaHHA — (pOpMaTbHA Jac-
tuHa. [lepeBipsie, un 3a70BOIBHSE CUCTEMA Oi3HEC-
BuMoraM. J1Jis iX mpoBeIeHHS MOTPiOHO, 00 TPo-
rpaMHe 3a0€3neYeHHS TTOBHICTIO TPAIOBAIIO.

6. TecTtyBaHHS IPOXYKTUBHOCTI - TTPOBOTUTECS
JUTSL OI[IHKH, SIK CHCTEMa TPAITIOE MPH TIEBHOMY PO-
004OoMy HaBaHTaXCHHI. J|03BOIIsIE BUMIPATH Haili-
HICTh, IMIBUAKICTH Ta MOXKIIUBICTH JUISI MacITady-
BaHHS TIPOTPaMH.

Bci MeToau Ta etanu TecTyBaHHs HOTPiOHI A7Ist
3arajpHOI IMpare3JaTHOCTI MPOrpaMu, TEPEeBIPKU
MporpamMu Ha MOYIIMBY MOSBY OariB mpy OTpUMaHH1
HEBIPHUX JaHUX UM MPH NPOBEICHHI HECTIOIIBAHUX
TTIH.

VY cygacHOMYy U()POBOMY CBITI KpUTHIHO BaK-
JIUBOIO € MOKJIMBICTH OOPOOIISATH 1aHi B PeKUMI pe-
QIBHOTO Yacy, KOJIM MUTTEBA PEaKIlisi IpOrpaMu Ha
nii KOpUCTyBaya MPHU3BOAUTH 10 aBTOMATUIHOTO
OHOBJICHHS CUCTEMHU. J[7151 CTBOpEHHS OMIOHUX T0-
JaTKiB 10Ope MiAXOOUTh Takuil GpeiMBOpPK, K An-
gular, B OCHOBI SIKOTO JI&XKHUTH 6i0mioTexa RxJS 3 11
MOJKITUBICTIO IIBUAKO Ta IPOCTO CTBOPIOBATH PEak-
THUBHHH KOJI.

Unit-tecty yis Oyb SIKOTO MPOTPAMHOTO 3a0e3-
TIeYeHHS MOTPiOHI B MEPITy Yepry M0 ABOM IPHUIHU-
HawMm [2, 3, 4]:

1. 3HU3UTH BiPOTiJHICTH MOJOMKHA POOOYOTrO,
BIKE TIEPEBIPEHOTO KOITY;

2. Kpamie po3ymiTi BiIacHHUI KO Ta BiAJIOBUTH
MTOMMJIKH 3a3]1JICTi /b,

Tepmin “roHIT” CTOCOBHO TECTYBaHHS IO3HAYAE
MiHIMQJIEHO MOXJIMBY YacTHHY KOy, Ky MOYKHA
NpOTECTYBaTH 130760BaHO. Lle Moke OyTH QyHKIIis,
MeToa abo HaBiThb OKpeMuil pagok koxy. Koxen
“roHIT” Mae OyTH TPOTECTOBAHHMM OKpPEMO Bif pe-
IITH KOAY, 100 IepEeKOHATUCS B HOr0 KOPEKTHOCTI.
Takuii migxin gae 3MOTy BUSBUTH IIOMUIIKH Ta TIPO-
0JieMH B KOJIi HAa paHHIX CTaIisfX PO3POOKH.

Xoporii unit-TecTr TOBUHHI BiIITOBIaTH HACTY-
THUM KpuTepisM [2]:

1. IIpocrTi i 3po3ymiii. SIKmo po3poOHUK depes
JIESTKUACH 9ac TUBUTHCS HA CBiM TeCcT a00 TECT CBOTO
KOJICTH 1 B HBOTO 3’SBISETHCS OakaHHS BHJIATUTU
abo mepenucaTH e TECT — TO 1€ BXKE HelpaBu-
TBHO. [HIMUH BHUITAOK, SIKIIO PO3POOHUK TUBHUTHCS
Ha KOJ IOJaTKy, a IIOTiM Ha TECT i pO3yMie, IO TeCT
CKJIQTHIIINI 32 KOJ — TO IIe TeX HEIPaBIILHO;

2. Tectu noBuHHI 3a0e3neuyBatu Quality gata,
TOOTO, SIKIO KO MPOXOJWTH MEPEBIPKY TECTAMU,
TO MOT0 MPOITYyCKalOTh Aajli B po3poOKy, SIKIIO Hi —
BiJIIPABIISAIOTH Ha TIOPOOKY;

3. HaiimenyBanHs TecTiB. TecTr TOBHHHI MaTH
Take iM’4, o0 y BUMaaKy, KOJIM TecT He Oy/ie poi-
JICHO, PO3POOHUK TOYHO MIT BH3HAUUTH, SIKUH TECT
BIIaB;

4. Unit-tecTh TOBHHHI OyTH OJHOPITHHUMH,
T00TO, 100 HE OYJI0 MOXKIIMBOCTI B KOMaH/Ii BU3HA-
YUTH XTO KOHKPETHO HAIMCAB TOW UM 1HIIIHH TECT.
s poro nmotpioHo 3amyuatu Code review Ta cTa-
TUYHUHA aHami3 koxy. TecTn moTpiGHO mepeBipaTH
Ha SKICTh KOJTy TaK CaMo, SIK i OCHOBHHM KOJI;

5. Unit-rectu noBuHHI OyTH 0e3 side edekTis.
Bonu noBuHHI OyTH HE3aJeKHHUMH 1 3aITyCKaTUCS
OKpEeMO;

6. Yucti Tectu. Kog TecTy MOBUHEH YWUTATHUCS
JIETKO, HaBITh AKIIO TECTYE CKIATHUN KOJ;

7. Tectn moBuHHI OyTH MBHAKMMH. BoHU He
TIOBHHHI KOHEKTHTHUCH JI0 0a3M TaHUX, I[OCh OTPH-
MyBaTH 3 MEPEXi 9M 9UTaTH 3 PaillioBoOi CUCTEMHU.
Hagite Ha myke BeIMKOMY IPOEKTi BCi TECTH MO-
BUHHI TIPOXOJAUTUCH HE JIOBIIE IEKITbKOX XBIJIUH;

8. Tectu noBuHHI nepesipsaTy 11O pobuts Ko,
a me Te JK BiH 11€¢ poOuTh. Lle poOUTHCS 1S TOTO,
o0 OyJia MOXJIHMBICTH JIETKO 3MIHUTH OCHOBHHU
KoJ a0 mepeakTOPHUTH.

9. Unit-rectn moBuHHI OyTH imeHHO Unit-
TecTaMu, a He iHTerpauiiinumu. Hanpuknan, pi3ui
JOTOMIXHI YTHJIITH JO3BOJISIIOTH MUCATH 1HTETpa-
IifHI TECTH, SIKI MOXYTh OYTH, B pe3yibTaTi, TyKe
HE CTaOlIBHUMU;
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10.I1pu HanucanHi TeCTiB Tpebda JOTPUMYBATUCH
mipaMigu TecTyBaHHs. Unit-TECTiB MOBUHHO OyTH
Oararo, a TecTiB BHIIOTO piBHA MeHmIe. Komu Ha
MpoeKTi Oarato iHTerpaniiHux TectiB i Mano Unit-
TECTIB — II€ aHTUIIATTEPH, TOOTO IIEPEBEPHYTA ITipa-
Mija.

s BumuproBanHs egekTuBHOCTI Unit-TECTiB,
SIK TIPABIJIO, BUKOPUCTOBYIOTHCS YOTHPU KpUTEpii
[2]: 3axmcT Big HOMUIIOK (protection against bugs);
CTIHKICTB 10 pedakTopunry (resilience to refactor-
ing); MBHUIKICTH 3BOPOTHBHOTO 3B’s3Ky (fast feed-
back); nmpocToTa miarpuMku (maintain ability). ITo-
PiBHIOIOUM Pi3HI MIAXOAM O TECTYBaHHS MOXKHA
BU3HAYUTH SK TOW YM 1HIIMK HiAX1J BIIMBAE Ha
KOHKpEeTHHH Kputepiid edextuBHOCTI Unit-TecTis,
i BUIYIOY] HOTr0o, a00 HaBMaKkW 3MEHIIyOYi. Sk
B1JIOMO, Ha CHOT'OJTHI HE iCHYE aBTOMAaTUIHOTO CTIO-
co0y BHUMIpIOBaHHS €()EKTUBHOCTI 3 OTPUMAaHHIM
3HAYCHb I KOKHOTO KPUTEPItO 1 TOMY KOXKEH TECT
MOTPiOHO OITiHIOBATH OKpeMo. [l OTpuMaHHs 3Ha-
YCHHS TI0 KPUTEPI0 «3aXKCT BiJl TOMHUIIOK» Kpallie
3a BCE BHKOPHCTOBYBATH KOMaHIy coverage, JUIs
BH3HAYCHHS TOTO, sIKA KITBKICTh KOy IMTOKPUTA TeC-
TamMu. YuM OB BiZICOTOK KOy MMOKPUTHIA Tec-
TaMH, TUM OUITBIIA BIPOTIAHICTH TOTO, III0 OCHOBHUH
KOJI TOJATKy 3aXWIINCHUH Bij] MOMIJIOK. 3a3BHYail
xopomum nmokazHukoMm € 80% mokpurta. Jns otpu-
MaHHS 3HAYCHHS 10 KPUTEPII0 «IIBUAKICTH 3BOPOT-
HBOTO 3B’S13Ky» Oy/JIeMO BUKOPHCTOBYBATH Yac BH-
KOHAHHS TECTiB, B TOMY YHCJI1, 1 3 BU3HAUCHHSIM BiJl-
COTKY TIOKPHUTTSL.

BukJiax ocHOBHOr0o Matepiany

ITogatn mucatu Unit-tecti B Angular mogat-
KaX MOXXHa, BUKOPHUCTOBYIOUH Jasmine B SIKOCTi Ce-
pemu TectyBaHHs Ta Karma myis 3amycky TectiB. Ta-
Kok Angular Hamae Taki ytumitu, sk TestBed i
Async, 00 CIPOCTUTH TECTYBaHHS aCHHXPOHHOTO
KOJTy, KOMITOHEHTIB, JUPEKTHB ab0 CEpPBICiB.

Jasmine € cepenoBuiieM MOIYJIBHOTO TECTY-
BaHHs 1711 JavaScript. BiH Moe 3amyckatu TeCTH
gk y Node.js, Tak i y Opay3sepi. Bin BukopucToBy-
€TbCs B cepeoBUIIl Angular Ta 0coOIMBO MOMyJsi-
pHUH Yy IpoeKTax Ha HWoro ocHOBI. Lle rapawmii BuOip
Juts IpoekTiB Vanilla JS, a Takox nmpoekTiB, mo Oa-
3YIOThCS Ha 1HIIHX IuTaTopmax.

Karma — e iHCTpyMEHT aBTOMaTH3aIlii TeCTy-
BaHHs, CTBOpeHU kKoMaH1oro Angular JS B Google
1 IKMHA JO3BOJIIE pO3POOHHUKAM TECTIB HAJAIITOBY-
BaTH T€ Ha SKUX MPUCTPOSX 4M Opay3epax OyayTh
3aIycKaTHCs TECTH (3a 3amoBUyBaHHAM 11e Chrome)
1 sIKi TecTOBI (PPEHMBOPKH Ta IJIariHA OPaTUMYTh Y
IOMY y4acTb.

Tak K HAcC IIKABUTH IIBUIKICTE BUKOHAHHSI
TECTIB, TO Kpaile Jis TECTYyBaHHS BHKOPHUCTOBY-
Batu headless Opay3sep. Y headless Opayzepi Hemae
rpadiuHoro iHTepdeicy, i TakUM YHHOM MOKHA

30epiraTé pe3yIbTaTH TECTY BCEPEAUHI CBOTO TEp-
MiHany. BiH B OCHOBHOMY BUKOPHCTOBYETHCS 1HXKe-
HepaMHU 3 TECTYBaHHS MPOTPAMHOTO 3a0e3IeYCHHS,
ockinbku Opaysepu 6e3 GUI mpairoroTh mBHIIIE,
TakK sIK iM He MOTPiOHO MaTIOBAaTH Bi3yalbHUI KOH-
tenT. [ Bukopuctanus ChromeHeadless HeoO-
XigHi qomaTKoBI HanamTyBanHs Karma [2, 4].

Tak oT, AKII0 MOBa HJe MpPO TECTyBaHHA An-
gular-mo1aTkiB, TO 32 3aMOBYYBAaHHSM Ma€ThCS Ha
yBa3i BUKOpUCTaHHS 3B’ s13ku Jasmine + Karma, sxi
BCTaHOBITIOIOTHCS aBTOMAaTUYHO TPU CTBOPESHHI J10-
JIaTky. Jasmine 3a 3aMOBUYBaHHSIM IHTETpOBaHa 3
Karma, a Angular CLI Bmie nparroBatu 3 Karma 3
KOpoOKu. Ajie mucatu Tectu A JavaScript Mo>kHa
TaKO’K BHKOPHCTOBYIOUM TECTOBHH (QpeHMBOPK
Jest. B po6oTi, sik pa3, cTaBUTbCA 3a4a4a OPIiBHATH
IIBUIKICTh TECTYBAHHSA SIK CHHXPOHHOTO TaK i acu-
HXPOHHOTO KOy, BHKOPHCTOBYIOUI IHCTPYMECHTH
JUtst TecTyBaHHs Jest Ta Karma.

Jest — e hpelMBOPK I TECTyBaHHS, PO3PO-
onenuii Facebook, Mae BigkpuTHi BUXITHUHA KOX i
3acHOBaHMi Ha Jasmine. Ha croromHimmHii neHb
komnaHnis Facebook mepepobuiia Oibly 4acTHHY
foro ¢yHKIiOHANY 1 CTBOpHJIA HA OTO OCHOBI Oe3-
JIIY HOBUX MOYJIMBOCTEH. BiIMIHHO ITI AXOIUTH I
TECTyBaHHS MPOEKTIB, 10 BUKOPUCTOBYIOTH Node,
React, Angular, Vue, Babel, TypeScript i He TiIbKH.
Takox y Jest € mOTy»HI Ta IIBHIKI BOYIOBaHI 3a-
coOu /IS aHaJIi3y MMOKPUTTS KOAY TECTaMHU.

CrBopenuii 3a momomoror Angular CLI Ho-
Bui Angular-101aToK 3a 3aMOBYYBaHHSM BCTaHOB-
JIIO€ BCl IHCTPYMEHTH, HEOOXiMHI I unit-TecTy-
BaHHA [5, 6], 1 BXKE MICTHTh TECT JJIsI KOMIIOHCHTA
AppComponent. ®aiinu TecTiB MatOTh Ha3By y ¢o-
pMmati *.spec.ts. Ilpu cTBOpeHHI eJIeMEHTIB depe3
Angular CLI ui ¢aiinu TecTiB CTBOPIOIOTHCS 3a 3a-
MOBUYYBaHHIM aBTOMAaTHYHO.

Angular CLI no3Boisie 3reHepyBaTH 3BIiT PO
MOKPUTTS JOJATKy TECTaMH B OKpEMil JTUPEKTOpIi,
10 Mae Ha3By coverage. 1106 3renepyBaTH 3BiT I10-
TpiOHO 3amyCTUTH TECTH 3 IpamopoM --code-
coverage ansi Karma, a ans Jest — mpocto --
coverage.

JIJis MOpiBHSHHS IIBUJKOCTI TECTYBaHHS MPHU
nmoroMo3i 3B’ s3ku Jasmine + Karma Ta Jest Oyio
CcTBOpeHO Angular- 70/1aTOK 3 OJTHUM KOMITOHEHTOM
Ta OJHUM cepBicoM. KOMIIOHEHT MICTUTh JBa
OJIOKH aCHHXPOHHOTO KOy Ta POOOTY 3 CEpPBICOM.
3aranomM A0AaTOK MiICTUTHh CiM TecTiB (puc. 1.).
Tectu mig Homepamu 2, 3, 4, 6 MICTATH PoOOTY 3
ACHHXPOHHUMU JAaHUMU 3 BUKOPUCTAHHIM 00’ €KTY
Observable [5, 7, 8], Tectu 3 Homepamu 1, 5, 7 — He
MICTATHh POOOTY 3 aCHHXPOHHUMH JaHUMUM [7, 9].
3BiT Ipo TecTyBaHHs B TepMiHaIi Ta Opay3epi Mo-
JKHO Io0aYMTH Ha puc. 1-2.
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> ng test

Generating browser application bundles (phase: building)...3

@ 11 2824 19:18:808.833:WARN [karma]: Mo captured browser, open
http://localhost: 9876/

Karma ser

ver started at http://localhost:

Launching browsers Ch
rome with concurrency unlimited
Generating browser application bundles (phase: building
Starting browser
3
Browser application bundle generation complete.
38 11 2824 19:18:33.722:WARN [karma]: No captured browser, ope
n http://localhost:

Connected on socket nzYZS5T1Fz
Chrome 131.9.8.8 (Windows

ufdybBAAAR with id 99
Executed 7 of 7

Puc. 1. 3Bit m1po TecTyBaHHS TpHU BUKOPHUCTAHHI
3B s3ku Karma-+Jasmine

Tinished in 1.814s

7 specs, 0 failures, randomized with seed 32257

AppComponant

. CTEOPEHHR KOMNOHEeRTa
servableExamplel MOSEpTAE Nepefane 3Hadewws - callback Done

: ableExample? nomEpTEE NOMMAKY, AKWO IHA4EHHA HE nepedans -

« OTpWMEHHR AaRKX E7a cepsi pataservice

. Bugamuk cepeica Dataservice

callback Done

Dataservice
= &. MeTon getData
= 7. CTeopenss cepaicy

Puc. 2. Tect pannep Karma 3 ycmimno BUKoHa-
HUMH TECTaMH.

43,20
38,88
‘3365,
34,56 e e 1
Yo s P . a
30,24 122582, oo lagt e 4
T 3146 30,28
e 2592
£ 2160
17,28
“.
12.96 ORI L
13,35 13,26
08,64 T T T T T T T T y
0 10 20 30 40 50 60 70 80 90 100
HoMep eKCIepHMEHTY
@ ng test ® ng test --browers=ChromeHeadless
4 ng test -t =Chr d age @ jest
® jest --coverage ® Cepense

Puc. 3. TectyBanus Angular-nogatky.
TecTyBaHHS CHHXPOHHOI'O Ta aCHHXPOHHOT'O
KOJy pa3oM
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11,64 12,11
08,64 T T ‘
0 10 20 30 40 50 60 70 80 90 100

HoMep eKCIePHMEHTY
*ng test  ng test --browers=ChromeHeadless
4 ng test --browsers=ChromeHeadless --code-coverage @ jest
= jest --coverage ® Cepenne

Puc. 4. TectyBanus Angular-momartky.
TecTyBaHHS ACHHXPOHHOTO KOIY

Jl1s TOpiBHSHHS MIBUIKOCTI TECTYBaHHS BUKO-
HYBaJOCh MO 15 eKCIEepHMEHTIB I KOXKHOI KO-
MaHAM IS KOXHOTO (hperiMBOpKAa TECTyBaHHS.
‘YMOBH /17151 TECTYBaHHS B YCiX €KCIIEPUMEHTaX Oyin
omuakoBi (OC, moTouHe HaBaHTAXKCHHS HA CUCTEMY
Ta iHm1.). Pe3ynsraTn HaBeneHi Ha puc. 3-4.

BucHoBku

B pesyinbrari mopiBHSIHHS POOOTH OBOX (peii-
MBOPKIB JIJIsl TECTYBaHHsI, MOXKHO 3pOOHUTH BUCHO-
BOK, III0 NPH BHUKOPUCTaHHI Jest TECTH BHUKOHY-
I0TBCS B cepeHpoMy Ha 60% IIBHIIIE 32 paXyHOK
TOTO, IO CHCTEMa BIIICTEXY€E 3MiHU (DaIIiB Ta HE
BUKOHY€E HENMOTpiOHMX Aid, xo4a TBOpui Angular
BCE Il PajsITh BUKOPHCTOBYBaru came Jasmine, a
He Jest s Unit-rectyBanns. [Ipu po6oTi 3 Jest pe-
3yJBTAT TECTYBAHHSI MOXKHA ITOOAYUTH Ofpasy B Te-
pMiHaJi, He BUTpaJaioyi yac Ha 3aBaHTaKECHHs Opa-
y3epa, Ha BiAMiHY BiZ Jasmine 3 HaJIamITyBaHHIMH
3a 3aMOBYaHHsM. [Ipu TecTyBaHHI aCCHHXPOHHOTO
KOJIy TaKa >X TeHCHIIis (301LTbIIEHHS IIIBUIKOCTI TE-
ctyBanHs Ha 60%) 30epiraerhcs, ToMmy Jest Bin-
MIHHO TIJXOJWTh JJIsi BUKOHAHHS TECTYBaHHS
Angular-npoexTiB, sKi MIiCTATh 0araro acCHHXpOH-
HOTO KOTY.

Tak sk edekruBHICTb Unit-TECTIB 3aJI€KUThH
BiJl IIBUIKOCTI 3BOpoTHROrO 3B’s3Ky (fast feed-
back), sk Oysto cka3zaHO BUINE, TOOTO YUM IIIBH/IIIIC
BUKOHYETBCS TECT Ha €TaIli po3pOoOKH, THM MEHBIIIE
Yyacy BHTPAYa€ThCs HA YCYHEHHS TIOMHJIOK, TO, TUM
caMHUM, MM 3Ha4HO IIiJIBUIIYEMO €(EeKTUBHICTh
Unit-TecTiB Ta BCHOTO MPOEKTY BITIJIOMY.
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Polupan Yu.V., Rodionov P.Yu., Domin M.K.
Comparison of two approaches to Unit testing Angu-
lar apps

In the modern world, reactive systems are gaining
more and more popularity, and reactivity is based on
working with asynchronous data streams. Testing reac-
tive systems is a separate task, in which there are a num-
ber of open questions, for example, the extinction of the
effectiveness of tests using one or another approach to
testing.

For testing Angular applications, two approaches
were chosen in the work: 1) using the Jasmine + Karma
connection, which is installed by default when creating
the application; 2) using Jest.

The article tests an Angular application that has 7
tests, 3 of which are tests of synchronous code blocks and
4 for asynchronous blocks. The tools offered by Angular

out of the box and the Jest framework were used during
testing.

To extinction the effectiveness of Unit tests, as a
rule, four criteria are used: protection against bugs, re-
silience to refactoring; fast feedback; maintainability. By
comparing different approaches to testing, you can de-
termine how a particular approach affects a specific cri-
terion of Unit-test efficiency, increasing it or, conversely,
decreasing it. As is known, today there is no automatic
method of measuring efficiency with obtaining values for
each criterion, and therefore each test must be evaluated
separately. To obtain a value for the criterion "feedback
speed” we will use the test execution time, including de-
termining the percentage of code coverage by tests using
the coverage command. This criterion shows that the
faster the test is executed at the development stage, the
less time is spent on eliminating the errors found, thereby
significantly increasing the efficiency of Unit-tests.

As a result of comparing the work of two testing
frameworks, we can conclude that when using Jest, tests
are executed on average 60% faster due to the fact that
the system tracks file changes and does not perform un-
necessary actions. When testing asynchronous code, the
same trend (60% increase in testing speed) persists, so
Jest is great for testing Angular projects that contain a
lot of asynchronous code.

Since the effectiveness of unit tests depends on fast
feedback, by using Jest, we significantly increase the ef-
fectiveness of unit testing and the entire project as a
whole.

Keywords: Unit testing, Angular application, Jas-
mine, Karma, Jest, unit tests, --test coverage, Angular
CLI, ChromeHeadless, reactivity, synchronous and asyn-
chronous code.
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AOC/IIZKEHHSI METOIIB ONTUMI3BAIIIL ITAPAMETPIB
EJIEKTPOHHUX INIPUCTPOIB JJISA IIOBYJ1JOBU EKCIIEPTHOI CUCTEMUA

Trkauyenko B. 10., Xopomyn I''M., lllymosa J1.O., Pszanues O.1.

RESEARCH OF THE OPTIMIZATION METHODS OF THE PARAMETERS
OF ELECTRONIC DEVICES FOR BUILDING AN EXPERT SYSTEM

Tkachenko V.Yu., Khoroshun H.M., Shumova L.O., Ryazantsev O.I.

Jana cmamms npucesuena 00CiONCEHHIO Memooie on-
mumizayii napamempie i CmpyKmypu eeKmpOoHHUX npu-
cmpoig 0151 no6y006uU cucmemu eKCRepmHO20 NPOEeKmy-
6anHs. AKyenm pooumsbCs Ha BUKOPUCMAHHI IHHOBAYILI-
HUX ni0X00i8, MaKux K MAmMemamuyne Mooemno8anHs,
CUMYTAYISL MA MEMOOU WIMYYHO20 IHMENeKMY, GKII0UA-
104U MAUWIUHHE HAGYAHHS, 2eHEMUYHT A2OPUMMU MA Hell-
POHHI Mepedici. Bukopucmanus maxux memooie 00360~
JIAIE NIOBUWUY MOYHICIb NPOEKMYBAHHS, A8MOMAMU-
3y8amu CKAAOHI npoyecu, CKOpOMUmu 4ac po3pooKu ma
nioguwumu npooykmuenicms. Taxodc posenidaemuvcs
MONCTUBICb  GUKOPUCMAHHS 2IOPUOHUX Ni0X00i8 071l
OMPUMAHHS ONMUMATLHUX KOHDIZypayiil npucmpois, siKi
3abe3neuyioms Kpawy eHepeoepekmuenicms i 8i0noeio-
Hicmb  8umozam upobuuymea. Pezyiemamu 0ocii-
0JICeHHsL C8IOUAMb NPO NEPCHEeKMUBHICb | NPAKMUYUHY
SHAUYWICmb Yux mMemoois, siKi 6IOKPUBAIOMb HOGI MOJIC-
JUBOCMI 11 NPOEKMYBAHHS eNeKMPOHHUX CUCTNEM.
0062060p106aHT MEMOOU MATNEMAMUYHO20 MOOETIOBAHHS
sxatouaroms SPICE (npoepama moodenioeanus 3 axKyen-
MOM HaA IHMe2panbHi cxemu) Oas aHanizy cxemu ma me-
moo ckinuennux enemenmis (FEM) onsn oyinku mennosux
i MexauiuHux eracmugocmetl, 0COOIUBO AKMYANbHUX OJis
NpuUCmMpoi8 3 BUCOKOI0 WiNbHICMIO KoMnoHeHmis. L]i mo-
desli 003601510Mb PO3POOHUKAM IMIMY8amu ma nepegi-
pAmMU npOOYKMUGHICMb NPUCHPOIO 8 PISHUX YMOBAX eKC-
nayamayii, 3HA4HO 3HUNCYIOUU NOmMpedy y Qizuunux npo-
momunax.

Hocniooicennss memodie onmumizayii napamempis i
CIMPYKMYpU eA1eKmpOHHUX NPUCTPOI8 3 BUKOPUCMAHHAM
WIMYYHO20 THMeNeKmy ma eKCNepmHux cucmem noxasy-
JOMb 3HAYHULU NOMeHYian s Ni0BUWeHHsl eqheKMUBHO-
cmi ma AKocmi npoyecy npoekmyeants. Buxopucmanns
MAMeMamuyHo20 MOOeNI08AHHA Md MOOeN08aHHA 00-
380J1€ CKOPOMUMIU 4aC PO3POOKU, A 6NPOBAOICEHHS Me-
Mooi6 MAWUHHO20 HABUAHHSA MA 2CHEMUYHUX ANCOPUN-
Mi8 nioguuye MOYHICMb Ma WEUOKICMb ONMUMI3AYILL.
Buxopucmanusi memodis npoexmyganHs 3 ypaxyeaHHam

obmedcensb 3abe3neyye Kpaugy 6UpOOHUYY CymMicHicmb, d
onmumizayis eHepeoCRONCUBAHHS CHPUSIE epeKmUBHO-
cmi eeKMpPOHHUX CUCEM 8 YMOBAX 0OMEICEHUX pecyp-
cig. Tlooanvuii 00CHIONCEHHS. CHPAMOBAHI HA PO3ULU-
DeHHSI 2IOPUOHUX MemOOi8, IHMeZPayit HOBUX ANCOPUN-
Mi6 MAWUHHO20 HABYAHHS MA X adanmayiio 00 KOHKpe-
MHUX BUPOOHUYUX BUMO2, WO NIOBUWUMDL SHYUKICNL ©
VHIBEPCanbHICMb eKCNEPMHUX CUCTNEM NPOEKIMYBAHHSL.
Knwuoei cnosa. Excnepmua cucmema, onmumizayis na-
pamempis, uWimyyHUull iHmeleKm, eleKmpoHHi NPpUcCmpoi,
MamemamuyHe MOOeNI08AHHS, 2eHeMUYHi ai2opummu,
HeUpOHHI MepedxCl.

Beryn. CywacHuil etanm po3BUTKY €JIEKTPOH-
HHUX TEXHOJIOTIH CYNPOBOMKYETHCS 3HAUHUM 3pOC-
TaHHSM BHMOT J10 (YHKIIOHAJIEHIX XapaKTEPUCTHK
€JIEKTPOHHUX TPHUCTPOIB, IO 3aCTOCOBYIOTHCS Yy
HIMPOKOMY CIIEKTpi rajly3el — BijI TeleKOMYHiKaIlii
JI0O MEIMYHOI TEXHIKU Ta aBTOMOOUIEHOT ITPOMUCITO-
BocTi[1,2]. V 3B’s3Ky 31 3pOCTaHHSIM CKJIAIHOCTI
CUCTEM Ta TOTPeOOr0 B IMiIBUIICHHI iXHBOI HAii-
HOCTi, €HEproeeKTUBHOCTI Ta MPOLYKTUBHOCTI,
BUHHMKAa€ HEOOXiHICTh Y BHKOPHUCTAaHHI HOBITHIX
T IXO/IB JI0 MPOEKTYBaHHS, SIKi MOTJIA O 33]I0BOJIb-
HUTH 11 BUMOTH. TpauiiliHi METOIH PO3POOKH, IO
IPYHTYIOTBCS Ha EMIIIpUYHUX MiAXomax 1 TpuBa-
JIOMy eKCIIEpUMEHTAIbHOMY TECTyBaHHI, CTalOTh
HEJIOCTaTHbO €)EKTUBHIMH Yepe3 MOoTpeldy y IIBU-
IKIH amarrramnii 10 HOBUX BUKJIMKIB 1 TEXHOIOTIYHUAX
3MiH.

OmHuM i3 TIPOTPECHUBHUX PIMICHH IIiE€l TPO-
OJieMH € IHTErpaIlis eKCIePTHUX CHCTEM Ta ITyd-
Horo imtenekry (II) y mpomec mpoekTyBaHHS.
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ExcnepTHi cuctemMu MO3BOJNSIOTH aBTOMAaTHU3yBaTh
MIPUAHATTS PillleHb, 3HIKYIOUH MTOTPeOy y 3HAUHUX
TMOACHKUX pecypcax 1 TO3BOJISIOUH IHKEHEPAM 30-
CepenuTHCS Ha ONTUMI3aMii KIHIIEBUX PEe3yJIbTaTIiB.
3acTocyBaHHS METOIB IITYYHOTO 1HTEIEKTY, TAKUX
SIK MAIllMHHE HABYaHHS, TCHETUYHI aJlTOPUTMHU Ta
HEHPOHHI Mepexi, J03BOJISE 3HAYHO MPUCKOPUTH
MPOIECH aHai3y, TECTYBaHHS Ta ONTUMI3aIlii, mij-
BUIIYIOYH 3arajibHy HPOAYKTHBHICTH 1 TOYHICTb
MPOCKTYBaHHSI.

MeToro HaHOrO MOCHIIKEHHS € BUBYEHHS Ta
PO3po0Ka METOMIB ONTHUMI3aLil MapaMeTpiB i CTpy-
KTYpPH €JIEKTPOHHUX MIPUCTPOIB JIJIs TOOYA0BU ede-
KTUBHOI €KCIEPTHOI CHCTEMH MPOCKTYBaHHS, SKa
3a0e3MeYnTh BUCOKHI PiBEHh aBTOMATH3aIlii 1 aja-
NITUBHOCTI JI0 KOHKPETHHX BUMOT BHUPOOHMIITBA.
[TigBuIIeHHS TOYHOCTI, €HEProe(heKTUBHOCTI Ta Ha-
JIHOCTI € OCHOBHUMH KPUTEPisIMH, IO PO3Tisiaa-
IOTBCS Y TPOIECI PO3POOKH HOBHX EJICKTPOHHUX
npuctpoiB. lle mocmimkeHHs cnpsMOBaHE Ha Je-
MOHCTpAIII0 TOTO, SK BIPOBAKEHHS CYYaCHUX 1H-
KEHEPHUX METOJIiB MOXKE BUPIIIUTH aKTyalbHi 3a-
BJIaHHS CJIEKTPOHHOI IHXEHEpii, 3HWXKYIOUYH BH-
TpaTH, CKOPOUYIOUH YaC PO3POOKH Ta MiABUIIYHOYH
SIKICTh KiHIICBOT'O TIPOAYKTY.

Orasig cyyacHux axkeped ingopmaii 3a Te-
MaTHKOI0 myOaikamii. OnTumizamis mapaMeTpis i
CTPYKTYpH €JIEKTPOHHUX MPUCTPOIB A MOOyA0BU
eKCIIEpPTHOI CHCTEMH IMPOEKTYyBaHHS BKIIIOYAE HU-
3Ky aKTyaJhbHUX HAYKOBHUX 1 TEXHIYHHX ITyOJTIKAITiH,
SIKI PO3TIISAAIOTE BHUKOPHCTAHHS METOJMIB INTYY-
HOTO 1HTEJIeKTY, MaTeMaTUYHOTO MO/ICITIOBAHHS, a
TaKOX MIIXOMIB O aBTOMATH3AaIlli TPOCKTyBaHHSI.
OcHOBHI Kepena MOAUIAIOTECS Ha HAyKOBI XKyp-
Haiu, MoHorpadii, MiaPy4YHUKH, KOH(DEPECHIIHHI
Marepiaiay Ta MaTeHTH.

HaykoBi xypHanmm 3 ilDKeHEpHUX HAYK, IITYY-
HOrO IHTEJIEKTY Ta onTuMizarii[3-5], myOiKkyoTh
TOCIIDKEHHS. TIPO aJlTOPUTMH OINTHMI3allii, 30K-
pemMa TeHeTWYHi aarOpWUTMH, MAaIllMHHE HaBYaHHS,
METOAM HaIIHHOCTI Ta TecTyBaHHs. CTaTTi B IUX
BHJIaHHAX HAJAOTh HOBITHI TEOPETUYHI Ta MPAKTH-
9HI pe3yNbTaTH, 30KpeMa MOJIEHl OnTHMi3amii Ha
6a3i I myis mpoekTyBaHHS SICKTPOHHNX CHCTEM.

KoMrutekcHwuid Orasii METOIiB ITYYHOTO 1HTE-
JICKTY Ta €KCIIEPTHUX CUCTEM HaJaHWii B MOHOTPa-
¢isx ta migpyanukax [6,7]. i pobotu BUCBiTIIO-
I0Th 3aralibHi IPUHITUITH PO3POOKU €KCIICPTHUX CH-
CTeM, MIiAXOAU 0 aBTOMATH3aIlii MPOIECiB MPOCK-
TyBaHHS, a TAKOX HAJAFOTh METOJUYHY OCHOBY IS

BHKOPHCTAHHS IHCTPYMEHTIB ONITUMI3aIlii, TAKHUX SIK
HEHPOHHI MepeXi, VIS YIOCKOHAIICHHS CTPYKTYPH
€NIEKTPOHHUX MPUCTPOIB.

[TpoBigHi Mi>kHApOIHI KOH(EPEHIIii 3 eJIeKTPO-
ik Tta III[8,9], BKIIIOYaOTh TEeMaTHUYHI JOCIIi-
JOKCHHS 3 aBTOMATH3allli MPOSKTYBAaHHS, HOBUX aJI-
TOPUTMIB ONTUMI3allii Ta METOIIB MOJICITFOBAHHS.
3a3Buyaii i MaTepialii MiCTITh HaWCyYacHIII eKc-
NEePUMEHTANIbH] Pe3yIbTaTH 1 3aCTOCYBaHHS Ti0pu-
JTHUX METOMIB JUISl BJOCKOHAJICHHS €JICKTPOHHUX
IIPUCTPOIB.

[NaTentHi 6a3u manux, Taki sk Google Patents,
IEEE Xplore i HamioHallbHi TATSHTHI BiJIOMCTBA,
MICTSITh OITUC HOBHUX TEXHIYHUX PIlICHb Ta allTOPH-
TMIB, 3aCTOCOBYBAaHUX y CHUCTEMaX MPOCKTYBAaHHS
Ta onTUMi3auii. barato maTeHTiB MPUCBIYEHO BUKO-
puctannao I s aBromaTm3ariii mpoeKTyBaHHS
EJICKTPOHHUX MPUCTPOIB, IO MiATBEPHKYE KOMEp-
HifiHy aKTyaJbHICTh TEMAaTHKH Ta ii 3aCTOCYBaHHS
HA TPaKTHII.

OxpiM akageMiyHHX pKepen, Ha Iuiatdopmi
arXiv.org myOJiKyIOTbCSI MPENPUHTH CTaTeH, fKi
MOXYTh CTAaTH OCHOBOI ISl TOJAIBIINX JOCIi-
JoKeHb. Lle m03BoIsge TOCTITHUKAM IMIBHIKO Hi3HA-
THUCSI TIPO HOBITHI po3poOku. Takox BigkpuTi 0a3zu
nmaHuX, Hanpukian Kaggle, HamatoTe HOCTYyT 10 Be-
JUKAX MACHBIB IaHUX, IKi MOXXYTh OYTH BHKOPHC-
TaH1 11 HaByaHHs Moaeneii LI, o miaxoauTs 11t
BHBYCHHS Ta BIIPOBA/KCHHS HOBUX OINTHMI3aIliii-
HUX aJITOPUTMIB.

3aramom, cydacHi mKepeia iHpopmarrii 3a6e3-
MEYYIOTh KOMIUICKCHHM MIXiA 10 JOCIiHKCHHS
METO/IIB ONTUMI3aIlii TapaMeTpiB i CTPYKTYpH elie-
KTPOHHUX TPHUCTPOiB, IO JO3BOJSIE IHTETPYBATH
HOBITHI HAYKOBI1 JIOCSTHCHHS B NPAKTHYHE MPOCK-
TyBaHHS €(EKTUBHHUX €KCIIEPTHUX CHCTEM.

IHocTanoBka mpoodJjemu. OnTumiszallis napa-
METPIB 1 CTPYKTYPH €JIEKTPOHHUX IIPUCTPOIB € KPHU-
TAYHOIO JIJIS TiABUIICHHS TPOTyKTUBHOCTI, HAIIN-
HOCTI Ta eHeproe(eKTUBHOCTI cucTeM. TpaauiiiiHi
METOJY TMPOEKTYBaHHS YacTO He MOXYTh 3a0e3re-
yuTH ¢()EKTHUBHI PILICHHS B YMOBax CKJIAIHHX IIa-
paMeTpUYHUX OOMEKEHb Ta BHCOKOI INIUIBHOCTI
KOMIIOHEHTIB. |0 OCHOBHMX BUKJIUKIB HAJIC)KUTH
notpeba BpaxoBYBaTH BEIMKUH 0OCST mapaMeTpis,
BKITIOUYAIOYH CJICKTPUYHI, TETUIOBI Ta MEXaHIUHI Xa-
PaKTepUCTUKH, IO MOTPedye OaraToeTalmHOro aHa-
mi3y ¥ omiHkd. Takox icHye HEOOXiIHICTH po3po-
OKM yHIBEpCaIbHHX EKCIIEPTHUX CHCTEM, 3JIaTHUX
ajanTyBaTHCA [0 CHEUU(piYHUX BUMOT PIi3HHX
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rajxy3ed, TakuxX SK TeJIeKOMYHIKaIlii, 0OXOpoHa 310-
POB'st Ta aBTOMOO1TbHA TIPOMHUCIIOBICTb.

Bukian ocHoBHOTo MaTepiaiay

1. MaTtemMaTH4YHe MOJEJTIOBAHHS Ta CHMY-
JALig

MartemMaTHyHe MOJCTIOBAHHS € KIIOYOBUM
€TaroM B ONTHUMI3allil EJIeKTPOHHUX MPUCTPOIB,
OCKUIBKH JJO3BOJISE IPOBECTH ACTAIBHUN aHaTi3 1X-
HiX MapaMeTpiB Ha OCHOBI OOUMCIIIOBATBHUX METO-
niB 0e3 cTBopeHHs (i3uyHOro mpotoTHily. OIHUM
13 HAWMOIIMpEHIINX IHCTPYMEHTIB I LBOTO €
SPICE-monentoBanHst (Simulation Program with
Integrated Circuit Emphasis)[10], sxe no3Bosnse imi-
TyBaTu PoOOTY SK aHAJOrOBHX, TaK 1 HUPPOBUX
cxeM. Lle 3a0e3neuye MOKIUBICTD OL[IHKH €JIEKTPH-
YHUX XapaKTEPUCTUK TPUCTPOIB, TaKUX K Ha-
npyra, CTpyM, Ta MOBEAiHKa KOMIIOHEHTIB Y Pi3HHX
yMOBax poOoTH.

Meron kinneBux enemeHTiB (FEM)[11] € ede-
KTUBHHUM [T aHAITi3y (i3UYHHUX NPOLECIB B €IEKT-
POHHUX NpHCTPOsiX. BiH 103BoIsIE€ poO3risiiaTH Tem-
JIOB1 Ta MEXaHIYHI MPOIIECH, 0 € KPUTHYHUM JIS
CHCTEM 3 BUCOKOIO IIIIHLHICTIO KOMITOHEHTIB, J¢ Ha-
TpiBaHHS MOXKE IPU3BECTH JI0 3HWKCHHS POy KTH-
BHOCTI a00 HaBiTh BitMoBH. Bukopucranus FEM y
MOETHAHHI 3 EJIEKTPOMArHiTHUM MOZEITIOBaHHIM
JO3BOJISIE TOCSATTH ORI TOYHOTO aHATi3y TpH-
CTPOIO, IO € OCHOBOKO JIJIsI €PEKTUBHOTO MPOCKTY-
BaHHS Ta 3a0e3MeyueHHs Horo cTabiIbHOCTI Ha BCiX
eTarax >KUTTEBOTO ITUKITY.

2. Metoan IITYYHOT 0 iHTeJIeKTY
CydJacHi METOIM IITYYHOTO IHTENIEKTY 3a0e3medy-
IOTh ABTOMAaTH3AIlI0 Ta IPUCKOPSHHS IIPOIIECIiB
MMPOCKTYBaHHS, a TaKOX IIIBUITYIOTh TOYHICTH
OTPUMAaHHX PE3yJIbTaTiB.

o Mawunne nasuans € OCHOBHAM IHCTpYMe-
HTOM JIJISl aHAI3Y BEJIMKUX MacHBIB JaHUX, IO CTO-
CYIOTBCS XapaKTEPHUCTHK 1 Pe3yJIbTATIB TECTYBAHHS
€JIEKTPOHHUX TMPHUCTPOIB. BUKOpUCTaHHS alropuT-
MiB MAITMHHOT'O HABYAHHS, TAKHUX SK KITacU(iKaIis
Ta perpecis, JO3BOJISIE€ BUABIATH MPUXOBaHI 3aKO-
HOMIPHOCTI y B3a€EMO3B’sI3KaX MapameTpiB, IO J0-
roMarae IiIBUITATH TOYHICTh IPOTHO3yBaHHS.

o [enemuuni aneopummu  BUKOPHCTOBY-
IOTBCS Ul ONTHUMIi3alii mapaMeTpiB eIeKTPOHHHUX
MPUCTPOIB HA OCHOBI MIPUHIHIIIB €BOJIOIHHOTO Bi-
noopy. llewt migxix mo3Bomsie "eBONIOIiOHYyBaTH"
napameTp, 0a3yr4KCh Ha 3aIaHUX KPUTEPIsIX ede-
KTHUBHOCTi, 1 3HAXOIWUTH ONTHUMAJbHI PIIICHHS

HaBiTh y CKJIQJHHUX 1 HENMHIMHUX MPOCTOpax Iapa-
METpiB.

o Heiiponni mepedici € KOPUCHUMH IIJIST MOJIC-
JIIOBAaHHS CKJIATHUX HENIHIHHUX 3aJIeXHOCTEH MIX
nmapaMeTpaMH 1 XapakTepUCTHKaMHU eJIeKTPOHHHUX
MPUCTPOIB. 3aBIAKHN 3MATHOCTI O aIalTalii Ta ca-
MOHaBYaHHS, HEHPOHHI MEpEXi MOXYTH 3abe3re-
YyBaTH BHCOKOTOYHE INPOTHO3YBAaHHS ONTHMAalb-
HUX TapaMeTpiB, 3HIKYIOUH TOTPedy y pyIHOMY
HaJAIITyBaHHI Ta CKOPOUYIOUH Yac pO3pOOKH.

o  Memoou mawunno2o bayenns IUIS IIBU-
IEHHS SKOCTI Ta HAIIMHOCTI EJEKTPOHHUX IPH-
CTpPOiB BUKOPUCTOBYIOTHCS METO/T MAITUHHOTO Oa-
YEHHS, SIK1 JIO3BOJISTIOTh aBTOMAaTHYHO BHUABIISTH Jie-
(hekTH Ha BUPOOHMYHX €Tarax, aHaai3yruu GoTo- i
BiJICO300paKeHHSI KOMITOHEHTIB. Mammaae 0a-
YeHHS J03BOJIIE BUSBUTH HaMEHII neeKTH, TaKi
SIK TPIIIMHA a00 HEeTMpaBUIILHE 3’ €AHAHHS, 3a0e3ITe-
YyI0YH BUCOKHUH PIBEHB SKOCTI MPOIYKTIB 1 3HIKY-
109X TIOTPE0y y PYIHOMY KOHTPOJTI.

3. T'iopuani miagxomm o0  omTuMizamii
[aTerpartis pi3HUX METOAIB IITYYHOTO 1HTEIEKTY
CTBOPIOE HOBI MOXKJTUBOCTI JJIs1 JOCSATHEHHS BHCO-
KOi TOYHOCTI 1 MIBHUIKOCTI B TPOIIECi ONTHMI3arii
MmapaMeTpiB 1 CTPYKTYPH €ICKTPOHHUX TIPUCTPOIB.
Hampuxian, noeqHaHHS TeHETHYHUX aTOPUTMIB 3
HEHPOHHUMH MEpeXaMH 03BOJSE BUKOPHCTOBY-
BaTH CHJIY €BOJIOLIHHOTO MOUTYKY JJIsl BA3HAYEHHS
ONTHUMAJIBHHUX MMAapaMeTpiB, y TOW Yac K HEUPOHHI
MEpEeKi JOTIOMararoTh MOJICITIOBATH CKIIa THI 3aJIeK-
HOCTI MiX mapameTpamu. Taki TiOpuUAHI CHCTEMH
HiABULIYIOTh TOYHICTh MPOTHO3YBaHHS 1 3MEHIIY-
I0Th OOYHMCIIOBANIBHY CKJIQJHICTh, 3a0€3Meuyroun
IIBUJIKE Ta €PEKTUBHE MPOCKTYBAHHSI.

[lle omuH MEPCHECKTUBHUMA TiIOPUIHHUNA TTiAXIT
TMOJIAATAE Y 3aCTOCYBaHHI MAIIMHHOTO HABYAHHS JJIS
MOKPAIICHHS PE3YJIbTAaTiB TCHETUYHUX aJTOPUTMIB.
Ie m03BOJISIE aBTOMATUYHO KOPHUTYBATH TTAPaMETPU
MOJICJi Ha OCHOBI BEITUKOTO 00CATY TaHUX, 3HUXKY-
I0OYM PU3HK JIIOJICHKUX TOMWJIOK 1 3a0e3meuyroun
ONTUMAaJIbHI KOH(ITYpaLii 11 pi3HUX 3aCTOCYBaHb.
Taxi riOpuaHi METOM OCOOIMBO KOPUCHI JIJIS PO3-
pOoOKH cHcTeM, IO MPAIIOIOTh Y KOPCTKUX YMOBaX
a00 MaroTh BUCOKI BUMOTH JI0 HAJIITHOCTI 1 eHepro-

e(heKTUBHOCTI.
4. IlpoekTyBaHHSI 3 ypaxyBaHHSIM oOMe-
JKeHb Ta €HepreTu4YHa onTHMi3anis

MeToau POEeKTYBaHHS 3 ypaxyBaHHSIM OOMEKEHb,
taki sk DFM (Design for Manufacturability) Ta
DFT (Design for Testability)[12], € BaxxauBuMU AJ151
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3a0e3nevYeH s HaIMHOCTI Ta BUPOOHUYIO1 CYMiCHO-
CTi eNeKTpoHHUX npucTpois. DFM BKiouae B cebde
BpaxyBaHHSI 0OMEKEeHb BHPOOHHMIITBA, IO 3HIKYE
BapTICTh BUTOTOBIICHHA 1 MiABUINYE €(PEKTUBHICTH
BupoOHMUMX mporieciB. DFT, y cBoro uepry, moner-
IIy€e TECTYBaHHS Ha PiBHI CXeM, 3a0€3MeUyr0UH Jie-
TKYy J1arHOCTHKY 1 3MEHILIEHHS KiJIbKOCTI IeEeKTiB.

Eneprernuna onrtumizaiiss HaOyBae ocoOmnu-
BOTO 3HAYCHHS B YMOBAaX, KOJIU TiABUIICHI BUMOTH
10 e(eKTHUBHOCTI Ta MiHiMi3alii eHeprocroXu-
BaHHS CTAOTh KPUTHUYHUMHU, HAPUKIIAMI, JJIS TIOP-
TaTUBHUX MPHUCTPOIB 1 cuCTeM I[HTEepHETY pedei
(IoT)[13]. Meronu eHEPreTUYHOI ONTUMI3aI]
CIpsSIMOBaHI Ha 3MEHIIICHHS CIIO)KHBAHHS CJICKTPO-
eHeprii 0e3 BTpaT NPOAYKTUBHOCTI, IO JTO3BOJISE
MOJIOBXKHUTH Yac aBTOHOMHOI poOOTH MPHUCTPOIB 1
3HHU3WUTU BUTPATH HA KUBJICHHS.

5. Meronm  TeImJIOBOrO  MOJETIOBAHHSA
V cucremMax 3 BHCOKOIO IIIJIBHICTIO KOMIIOHEHTIB
TEIUIOBE MOJICIIIOBAHHS € BAXKIIMBUM JUISl YHHK-
HEHHS TeperpiBy i 3abe3mevyeHHs JOBrOTPUBANIOL
MeToau TEIIOBOTO MOZEIIO-
BaHHS, TaKi SIK BUKOPUCTaHHS TEIUIOBUX KapT i aHa-
73y KOHBEKIii, JO3BOJIAIOTH BU3HAYUTH PO3MOALT
TEMIIEpaTypu B NPUCTPOi. Lle KpUTHYHO BaXKIMBO
JUTSl YHUKHEHHS JeTpafariii KOMIIOHEHTIB 1 3a0e3Ite-
YeHHS 1X cTabiIbHOI pOOOTH MPOTATOM YCHOTO TEP-
MiHY €KCILTyaTallii.

6. Onrumizamisi po3mileHHs1 Ta Tpacy-
BaHHA Ha JAPYKOBAHHX nJjarax
st ipoexTyBaHHs npykoBaHux miat (PCB) mm-
POKO BHUKOPHCTOBYIOTHCSI THCTPYMEHTH aBTOMATHU-
30BaHoro npoektyBaHHsA (CAD), mo 103BOJISIOTH
OTITHMI3yBaTH PO3MIIIEHHS KOMIIOHEHTIB 1 Tpacy-
BaHHSI MPOBiTHUKIB. E)eKTHBHE pOo3MIlIeHHS 1 Tpa-
CyBaHHS MIHIMI3YIOTh ITAPa3UTHI IHAYKTHBHOCTI Ta
€MHOCTI, IO TIOKPAIy€ EJICKTPHYIHI XapaKTepHC-
TUKA CHUCTEMHU 1 IO3BOJISAEC HiABUILMUTHU 11 cTAaOLIb-
HICTh 1 MPOMYKTHUBHICTh. ABTOMATH30BaHE IMPOCK-
TYBaHHS TPAcC JI03BOJISIE BUPIIIYBATH 3aBJJAHHS 3 PO-
3MIMIEHHS BEJHMKOi KITBKOCTI KOMIIOHEHTIB Ha 00-
MEKEHIN TUTOITI, 0 0COOJIMBO aKTyaJIbHO IS Mi-
HIATIOPHHUX TPHUCTPOIB Ta CUCTEM 3 BUCOKOIO (hyHK-
IOHAJIFHOIO IIUTBHICTIO.

7. Mopnesni Monte-Kapao. Metog Monre-
Kapno akTHBHO BUKOPUCTOBYETHCS IS OI[IHKU Ha-
JOIMHOCTI Ta aHaji3y PHU3HKIB EIEKTPOHHHX MpHU-
CTpPOIB y CHUTYaIlisIX 3 BACOKUM CTYIICHEM HEBU3HA-
yeHocTi. Mogeni Monrte-Kapiio 103BoSIFOTh A0CITI-
JOKYBaTH  BapiaHTH  PO3BUTKY CHTyallid 3a

Mpane3aaTHOCTI.

JIOTIOMOTOI0 BUTIAJKOBUX CUMYJIAIINA 1 BH3HAYATH
HaAHO1IBI CTiHKI KOHDIryparlii npucTpoiB 10 MOXK-
nuBUX 300iB. lle € KOpUCHUM IMAXO0MAOM Y KPUTHY-
HUX cepax, TaKUX sSK aepoKOCMidHA 1 METUIHA
MIPOMHMCIIOBICTD, € HAIIHHICTh € BUPIIITAIIBHOIO Xa-
PaKTEepPUCTUKOIO.

TakuM YWHOM, CyYacHi METOIU ONTHMi3allii
MapaMeTpiB i CTPYKTYPH EICKTPOHHUX MPUCTPOIB
OXOIUTIOIOTH IIMPOKUN CHEKTP MiIXOAiB, sKi 3a0e3-
MIEYYIOTh TOKpAIleHHS MPOAYKTUBHOCTI, HaJliHHO-
CTi Ta eHeproeeKTUBHOCTI. BukopuctaHHs nux
METOJ[IB Y paMKax EKCIEPTHUX CHCTEM MPOCKTY-
BaHHS 3HAYHO CIIPOIIYE MPOIEC PO3POOKH Ta CKO-
poYye 4ac BUXOJy MPUCTPOIB HA PUHOK.

BucHoBku. JJocmimkeHHs METO/IIB ONTHMI3a-
uii mapameTpiB i CTPYKTYpU €JIEKTPOHHHX MpH-
CTpPOIB i3 BUKOPHUCTaHHIM INTYYHOTO 1HTEIEKTY Ta
EKCIICPTHUX CHCTEM IMOKa3ye 3HAYHUHN TOTEHITia
JUTSL TIiIBUIIICHHS €()eKTUBHOCTI Ta SKOCTI MPOIECY
MPOEKTyBaHHs. 3aCTOCYBaHHS MaTEMaTHYHOTO MO-
JICITFOBAHHSI Ta CUMYJIAIIIN TO3BOJISIE CKOPOTUTH Yac
Ha PO3pOOKY, a BIPOBAKCHHS METOJIB MAaIlHH-
HOTO HAaBUYaHHS 1 TCHETHMYHHUX AJTOPUTMIB IIiJIBH-
IIy€ TOYHICTh Ta MBUAKICTh onTUMI3alii. Bukopu-
CTaHHSI METO/IiB TIPOCKTYBaHHS 3 ypaxyBaHHSAM 00-
MEXXEHb 3a0e31edye Kpairy BUpOOHUIY CyMICHICTB,
a eHepreTUYHa ONTUMI3AIl Crpusie e()EeKTUBHOCTI
poOOTH EJICKTPOHHUX CHCTEM B YMOBaX OOMEKECHUX
pecypciB. Iloganpmti gOCTiKEHHS MAlOTh Ha METI
PO3IINPEHHS TIOPUIHUX METOJIB, IHTETPAII0 HO-
BHX QJITOPUTMIB MAaITHHHOTO HABYAHHS 1 X ajmamnra-
11110 10 crielu(iYHUX BUMOT BUPOOHUIITBA, IO ITijI-
BHIIIUTH THYYKICTh 1 YHIBEpCATBHICTh €KCIIEPTHUX
CUCTEM MPOCKTYBaHHSI.
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Tkachenko V.Yu., Khoroshun H.M., Shumova L.O.,
Ryazantsev O.I. Research of the optimization methods of
the parameters of electronic devices for building an expert
system

This article is devoted to the study of methods for
optimizing the parameters and structure of electronic de-
vices for building an expert design system. Emphasis is
placed on the use of innovative approaches such as math-
ematical modeling, simulation, and artificial intelligence
techniques, including machine learning, genetic algo-
rithms, and neural networks. The use of such methods
helps to increase design accuracy, automate complex
processes, reduce development time, and improve
productivity. The possibility of using hybrid approaches
to obtain optimal configurations of devices that provide
better energy efficiency and compliance with production
requirements is also considered. The results of the study
testify to the perspective and practical significance of
these methods, which open up new opportunities for the
engineering of electronic systems.

The mathematical modeling techniques discussed
include SPICE (Simulation Program with Integrated Cir-
cuit Emphasis) for circuit analysis and Finite Element
Method (FEM) for assessing thermal and mechanical
properties, especially relevant in devices with high com-
ponent density. These models allow designers to simulate



BICHUK CXIOHOYKPAIHCBKOIO HALIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Jans Ne 5 (285) 2024 15

and validate device performance under varied opera-
tional conditions, significantly lowering the need for
physical prototypes.

Research on methods of optimizing the parameters
and structure of electronic devices using artificial intel-
ligence and expert systems shows significant potential for
increasing the efficiency and quality of the design pro-
cess. The use of mathematical modeling and simulations
allows to reduce development time, and the introduction
of machine learning methods and genetic algorithms in-
creases the accuracy and speed of optimization. The use
of design methods taking into account the constraints en-
sures better production compatibility, and energy optimi-
zation contributes to the efficiency of electronic systems
in conditions of limited resources. Further research is
aimed at expanding hybrid methods, integrating new ma-
chine learning algorithms and adapting them to specific
production requirements, which will increase the flexibil-
ity and versatility of expert design systems.

Keywords. Expert system, parameter optimization, artifi-
cial intelligence, electronic devices, mathematical modeling,
genetic algorithms, neural networks.
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EVALUATION OF THE EFFICIENCY OF METHODS FOR EXPANDING
THICK-WALLED TUBES INTO TUBE SHEETS OF HEAT EXCHANGERS

Stovpnyk O.V., Kyrylyuk V.O.

OLIHKA EQEKTUBHOCTI METOAIB PO3BAJIBIIIOBAHHA TOBCTOCTIHHUX TPYB B
TPYBHIN PEIOITINI TEIIJIOOBMIHHHUKIB

Cronauk O.B., Kupuiok B.O.

The present work is devoted to the experimental study of
methods of reaming thick-walled tubes in thick tube grids
used in modern heat exchangers. The efficiency of indus-
trial systems largely depends on the reliability of the
equipment, the main element of which are heat exchang-
ers. Recently, the use of thick-walled tubes is gaining
popularity, which provides higher indicators of strength
and tightness of connections. However, the use of such
pipes requires the use of methods of pre-deformation of
the pipe ends at an angle that corresponds to the conical
surface of the holes in the pipe grid. This provides a
tighter joint prior to subsequent welding and reaming
over the full thickness of the lattice.

The main objective of the work was to comparatively an-
alyze stepwise and continuous reaming methods, which
are widely used in industry. These methods differ signifi-
cantly in their productivity, quality and time consump-
tion. The evaluation of these parameters allowed to iden-
tify advantages and disadvantages of each of them, which
became the basis for the subsequent selection of the opti-
mal method depending on the operating conditions. Dur-
ing the study, special attention was paid to key indicators
such as joint strength and tightness, as well as the condi-
tion of the surfaces of the flared pipe sections. The re-
search was conducted on the basis of the production unit
of Yuzhenergo LLC, Dnipro city.

Experimental data were obtained on the basis of studies
of pipe joints made of A335 Grade P12 steel with differ-
ent parameters of diameters and wall thicknesses. In the
process of work also quantitative estimation of time spent
on execution of reaming operations by each method was
carried out. The results of the research have shown that
band-screw rolling is a promising direction for fixing
small diameter pipes in conditions where high strength
of joints is required at minimum time expenditures.

The results considered in the work can be useful for im-
provement of technological processes of production and
operation of heat-exchange apparatuses. Application of
the obtained data allows to increase not only reliability

and durability of the equipment, but also its economic ef-

ficiency, which is especially important in the conditions

of modern industrial requirements.

Keywords: heat-exchange, thick-walled tubes, step-by-
step reaming, continuous reaming, evaluation, tightness
of joints, tube grids.

Introduction. In the conditions of modern in-
dustrial enterprises, heat exchange apparatuses rep-
resent one of the key components of technological
processes [1]. Their reliability determines the effi-
ciency of heat exchange, safety of the production
process and durability of the equipment [2]. One of
the most important elements of such apparatuses are
pipe grids, which combine a large number of pipes,
providing the maximum heat exchange area [3]. The
most common material for tubes is alloy steels such
as A335 Grade P12 steel, which provide high corro-
sion resistance and mechanical strength [4].

Due to the increased demands on equipment
performance and durability, designers are increas-
ingly faced with the need to use thick-walled tubes
in tube array designs [5]. This is due to the fact that
such tubes have a higher resistance to internal pres-
sure, which allows them to retain their operational
properties under more severe operating conditions.
At the same time, the use of thick-walled tubes re-
quires the use of specialized fastening methods,
which has become the main problem in the produc-
tion of modern heat exchangers.

One of the most common methods of securing
tubes in tube arrays is flaring. Flaring is a process of
plastic deformation of pipe ends in order to tightly
connect them to the holes in the grid. This method
provides a high degree of tightness of the joint,
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which is critical for equipment operating under high
pressure [6].

In practice, various methods of reaming are
used, among which step-by-step and continuous
reaming occupy a special place. Step-by-step ream-
ing is performed using a set of rollers, each of which
has a larger diameter than the previous one. The
pipe is reamed sequentially with each roll, starting
with the smaller diameter [7]. This method has
proven to be one of the most reliable, but its main
disadvantage is its high labor intensity and consid-
erable time consumption.

The aim of this study is to comparatively eval-
uate two methods of reaming: stepwise and contin-
uous. The objective is not only to evaluate the
strength and tightness of the joints, but also to con-
sider the time required to perform each method and
to identify their advantages and disadvantages de-
pending on the operating conditions.

Materials and experimental methods. The
research was carried out on the basis of the produc-
tion unit of the engineering company Yuzhenergo
LLC, Dnipro city, Ukraine.

In the course of the study were used pipes from
alloy steel A335 Grade P12, which are widely used
in the manufacture of heat exchangers and other
high-temperature apparatus. This material was cho-
sen because of its high resistance to corrosion when
exposed to hot media, as well as its ability to with-
stand significant mechanical loads during operation.
The pipes had a nominal outside diameter of 25 mm
and a wall thickness of 4 mm. Pipes with different
characteristics in terms of the ratio of inner and
outer diameters were selected for the study, which
allowed us to evaluate the influence of these param-
eters on the reaming processes and the subsequent
quality of joints.

A516 Grade 55 steel plates with high strength
and impact toughness were used to fabricate the
pipe grids. These plates are used in high-pressure
applications and in contact with aggressive media,
making them the optimal choice for heat exchang-
ers. The plates had a thickness of 185 mm and a hole
diameter of 25.4 mm to ensure a tight connection to
the pipes.

The flattening process was performed using
PowerMaster's P-1000 (Fig. 1), 800 (Fig. 2) and V
Series (Fig. 3) specialized flattening tools, which
are widely used for mechanically securing pipes in
heat exchangers. The 800 and 1000 Series extended
adjustable rollers were used for stepwise reaming,
providing control over roller penetration depth and
contact pressure. Continuous reaming was per-
formed using V Series screw rollers, which allow

the entire length of the pipe to be deformed in a sin-
gle pass.

S ———

Fig.1. Rollers Series P-1000 powermaster [8]

Fig.3. Rollers Series V powermaster [10]

An MPG-3 roll drive equipped with torque
control system was used to drive the rolls. This
equipment allows precise control of the reaming
process, preventing the redistribution of stresses in
the pipe metal and ensuring uniform distribution of
contact pressures over the entire joint surface.

Mineral oil was used for cooling and
lubrication during the reaming process, which was
fed into the contact zone between the rollers and the
pipe, preventing tool overheating and reducing
friction.

Two types of specimens were prepared for the
study: multi-pipe and single-pipe specimens.

Multi-pipe  specimens - each specimen
contained 18 pipes fixed in a 185 mm thick pipe grid
(Fig. 4). These specimens were used to evaluate the
strength of the joints by means of press-out tests.

Single-pipe specimens - the specimens con-
sisted of a single pipe fixed in a pipe grid (Fig. 5).
This type of specimens was used to evaluate the
tightness of the joints.

Technological process of reaming. Step-by-step
reaming was carried out in several stages. Five sep-
arate passes of the rolling tool were used for each
pipe. In the process of the research the rollers of 800
and 1000 series were used (Fig. 1, 2) The first pass
of the rollers of 1000 deformed the pipe near its end,
and each subsequent pass of the rollers of 800 series
moved along the pipe, deforming it at the next sec-
tion. In this way, a consistent uniform deformation
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of the pipe along the entire length of its contact with
the pipe grid was ensured. This method allows for
precise control of metal deformation, preventing its
destruction and ensuring uniform distribution of
contact pressures.

Fig. 4. Multi-pipe specimen
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Fig. 5. Sketch of the pipe grid for a single-pipe
specimen

Continuous reaming can be accomplished ei-
ther in a single pass or by using tapered rollers that
deform the pipe gradually as the tool advances. The
V Series helical rollers (Fig. 3) deformed the entire
length of the pipe simultaneously, which signifi-
cantly reduced the time required to complete the op-
eration. However, this method required more precise
adjustment of the equipment, as the slightest errors
in adjustment could result in uneven deformation
and reduced joint tightness.

For each pipe, the time required to perform
reaming was recorded, including equipment set-up,
pipe installation, and execution of the operation.
Time for tool preparation and lubrication was rec-
orded separately, allowing for an accurate assess-
ment of the performance of each method.

Strength Testing. Strength tests were performed
on a Holzmann WP 100H hydraulic press (Fig. 6),
which develops a force of up to 100 kN. M20 thread

was cut into each specimen inside the protruding
pipe ends to install plugs. Strength tests consisted of
gradually increasing the axial force on the pipe until
it was pressed out of the pipe grid. This made it pos-
sible to determine the maximum force at which the
joint failed.

Fig. 6. Holzmann hydraulic press WP 100H

Tightness tests. Tightness tests were carried
out using a hydraulic press with pressures up to 160
MPa. In each sample, the inner surface of the pipe
had an annular groove into which water was ap-
plied. The pressure was increased step by step, with
a 5-minute dwell time at each stage. The moment of
depressurization was recorded by the appearance of
moisture on the surface of the sample, as well as by
the change in pressure on the manometer. These
data allowed us to evaluate the tightness of the joints
for each method of reaming.

Results and discussion. The following data
were obtained from the results of the strength tests
for both groups of specimens (stepwise and contin-
uous reaming) (Table 1).

The average press-out force values for the step-
wise method were 67 kN with a variation of = 4 kN
and for the continuous method were 69 kN with a
variation of = 6 kN, indicating that the stepwise
reaming method is more stable. It can also be said
that, on average, continuous reaming achieves
slightly higher joint strengths, but the variation was
greater for this method.
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Table 1
Pressing forces from pipe grids
Stepwise reaming Continuous reaming
No. |Force pressing force,| No. |Force pressing force,| No. |Force pressing force,| No. |Force pressing force,
kN kN kN kN
1 80,5 16 57,0 1 74,5 16 98,0
2 72,0 17 63,0 2 73,5 17 78,5
3 92,0 18 63,5 3 65,5 18 76,0
4 95,5 19 54,0 4 60,5 19 72,5
5 71,5 20 70,0 5 48,5 20 59,0
6 52,0 21 51,0 6 79,0 21 85,2
7 41,5 22 60,0 7 79,5 22 39,0
8 70,0 23 60,5 8 64,5 23 51,5
9 66,5 24 63,0 9 74,2 24 76,0
10 51,5 25 54,0 10 48,0 25 58,5
11 61,0 26 87,5 11 73,5 26 53,5
12 64,5 27 69,5 12 66,4 27 67,0
13 44,0 28 70,0 13 40,0 28 66,5
14 51,0 29 39,0 14 53,5 29 59,0
15 55,0 30 53,5 15 22,5 30 70,0
Table 2
Depressurization pressures of joint samples
Stepwise reaming Continuous reaming
No. Depressurization | No. Depressurization | No. | Depressurization | No. | Depressurization
pressure, MPa pressure, MPa pressure, MPa pressure, MPa
1 55 11 51 1 43 11 54
2 62.7 12 48 2 52 12 55
3 48 13 53 3 53 13 41
4 48 14 57 4 49 14 49
5 60 15 54 5 47 15 37
6 52 16 47 6 49 16 50.9
7 54 17 45 7 51 17 52
8 49 18 30 8 55 18 49
9 55 19 47 9 44 19 48
10 59 20 55 10 49 20 47

For incremental reaming, the press-out forces
ranged from 39 kN to 95.5 kN, which shows the sta-
bility of this method. The minimum values remain
quite high, indicating a more predictable behavior
of the joints when using the stepwise technique.
This is also confirmed by the small deviations from
the median (62.0 kN), which emphasizes the uni-
formity of the force distribution.

The range of values was wider for continuous
reaming, from 22.5 kN to 100 kN. This variation
can be explained by the fact that the continuous
method requires more precise equipment setup and

is subject to more factors that can affect the results.
The lower values of press-out forces in some cases
may be due to non-uniform deformation of the pipe,
which results in lower joint strength.

The coefficient of variation for step-by-step
reaming was 10%, indicating a high degree of pre-
dictability and stability of the method. For the con-
tinuous method, this coefficient was higher at 15%,
indicating a large variation in the extrusion forces.
This can be explained by the fact that with continu-
ous reaming it is more difficult to control the
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uniformity of deformation of the pipe along its en-
tire length.

Tightness tests (Table 2) showed that stepwise
reaming provides higher average depressurization
pressures than continuous reaming. The average
pressure value for the stepwise method was 51.5
MPa, with a deviation of £3 MPa, whereas for the
continuous method it was 49.0 MPa, with a higher
deviation of +5 MPa. This indicates that stepwise
reaming is better suited for applications where leak
tightness is critical and is more predictable in its re-
sults.

The minimum depressurization pressure values
for the step-by-step method were 30.0 MPa, which
is also higher than the minimum values for the con-
tinuous method (37.0 MPa). The maximum pressure
values for both methods were quite close: 62.7 MPa
for the stepwise method and 55.0 MPa for the con-
tinuous method. These data indicate that both meth-
ods can provide high leak tightness values, how-
ever, stepwise reaming is more predictable and reli-
able in this respect.

In order to identify the existence of a signifi-
cant difference between the presented methods, we
will perform a mathematical treatment of the data.
The analysis model will present the dependence of
depressurization pressure of joint samples at two
different methods of pipe reaming: step-by-step and
continuous methods. Let's calculate the average val-
ues of depressurization pressures for each group and
determine.

For each reaming method it is necessary to cal-
culate the average values of depressurization pres-
sures:

Average value for the step-by-step reaming
process Pay i

PavAS[ =&’ (1)

nst

where Py - is the pressure for each sample, ng = 20
- number of samples.
Average value for continuous reaming method

Pav.con:

PavAcon = ZPCO” > (2)
where Pcon - is the pressure for each sample, neon =
20.

To analyses the quality of the two methods, we
also calculate the variance and standard deviation.
Dispersion for the stepwise method Dy

D:1

st
ng —1

Z(Rt _Pav4s[ )2 . (3)

Dispersion for the continuous method Deon:

Dc(m = 1 Z (Pmn

Neon = 1

- Pavam )2 . (4)

To test whether there is a significant difference
between the two methods of unmolding, we apply
Student's criterion (t-test) for two independent sam-
ples:

t= Pav.s‘t — Pav.can , (5)

where t - statistic, Pay.st and Pay.con - are mean values,
Dy and Deon - dispersions, ng and neen - number of
samples.

The results of the calculations are presented in
table 3.

Table 3
Average depressurization pressures of each group
Average value of depressurization
pressure, MPa 51.49
- for the step-by-step method
- continuous method 48.75
Dispersion:
- for the step-by-step method 48.64
- continuous method 21.88
Importance of statistics, t 1.46

Critical t value for significance level a=0.05
amounts to 2.02.

Since the calculated t-statistic of 1.46 is less
than the critical value, the difference between the
mean depressurization pressures for the two ream-
ing methods is not statistically significant at a sig-
nificance level of 0.05.

In Fig. 7 and Fig. 8, we present the obtained
data, for a better understanding of the difference be-
tween the methods.

Fig. 7 shows a histogram of the depressuriza-
tion pressure distribution: The blue histogram
shows the pressure distribution for stepwise ream-
ing. The orange one is for continuous depressuriza-
tion. It can be seen that the pressure distributions for
both methods have similar trends, although the step-
wise flattening has more emissions, which corre-
lates with the previously described processes.

Fig. 8 shows the Scatter Diagram: It shows the
medians, quartiles and outliers for each method. It
can be seen that the medians of both methods are
close, but the stepwise unmolding shows a larger
variation in pressures. These visualizations confirm
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the results of the statistical analysis: there are no sig-
nificant differences between the methods.

mmm Stepwise flaring
Continuous flaring

Frequency
w

40 45 50
Burst Pressure (MPa)

Fig. 7. Distribution of burst pressures by flaring
methods

60
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501

Burst Pressure (MPa)

30 [e]

Stepwise flaring Continuous flaring

Fig. 8. burst pressure boxplot by flaring methods

The calculated data and plots showed that there
is not enough evidence to claim that one method is
better than the other based on these data.

Time cost analysis. In terms of time costs (Ta-
ble 4), continuous reaming has a clear advantage
over step reaming. On average, it took 131 minutes
to perform a single reaming operation using the con-
tinuous method for 18 pipes, while step reaming
took 251 minutes (Fig. 9). This can be explained by
the fact that step-by-step reaming requires several
passes of the tool on each pipe, while continuous
reaming performs the entire operation in one pass.

Thus, continuous reaming is more productive
in mass production applications where time con-
straints are critical. However, for joints when leak
tightness is critical (e.g. in systems with high pres-
sures or aggressive media), the step-by-step method
remains preferable.

Table 4
Time costs for each method
Method, time (minutes)
Continuous Stepwise
1 | 142.64 | 11| 12644 | 1 |211.70 | 11 | 252.32
2 | 129.00 | 12 | 139.54 | 2 | 259.80 | 12 | 255.67
3 113478 | 13 | 132.61 | 3 | 262.96 | 13 | 236.68
4 | 14740 | 14 | 126.21 | 4 | 238.86 | 14 | 220.28
5 | 143.67 | 15112943 | 5 | 284.04 | 15 | 244.78
6 | 11522 16| 128.33 | 6 |228.18 | 16 | 252.34
7 113450 |17 | 139.94 | 7 | 250.68 | 17 | 268.45
8 [ 123.48 | 18 | 122.94 | 8 |247.19 | 18 | 268.03
9 | 12396 |19 |128.13 | 9 |272.99 | 19 | 244.19
10 [ 129.10 [ 20 | 116.45] 10 | 272.04 | 20 | 245.46
Average value
130.69 | 250.83

mmm Continuous Rolling
Stepwise Ralling

Frequency

155 260 2é5 2_“30 2}5
Time (minutes)

Fig 9. Comparison of time costs between rolling

methods

Effect of reaming methods on the surface con-
dition of the pipes. Visual inspection of the samples
revealed that the stepwise reaming resulted in a
slight delamination of the metal layers on the inner
surface of the pipes (“flaking”), which may be due
to metal riveting during repeated deformation. No
such defects were found in the samples rolled by the
continuous method, indicating that taper rolling
causes a more uniform and gentle deformation, pre-
venting excessive metal riveting.

Nevertheless, this tinning phenomenon is un-
likely to have a significant effect on joint strength,
but may be critical for equipment operating in high
temperature or corrosive environments where de-
fects on the internal surface can accelerate corro-
sion.

Conclusions. The results of the conducted re-
search allow us to draw the following conclusions:

1 Both methods of reaming - step-by-step and
continuous - provide high strength of pipe joints
with the pipe grid. The average values of press-out
forces for both methods were similar (62.8 kN for
stepwise and 64.5 kN for continuous reaming).
However, the step-by-step method showed greater
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stability and predictability in terms of extrusion
forces, making it preferable for use in applications
where precise performance is critical.

Continuous reaming, although showing
slightly higher maximum force values, showed a
wider variation in the data. This may be a result of
the difficulty in controlling the deformation of the
pipe while simultaneously reaming the entire length
of the pipe, as well as the heterogeneity of the pipe
material. Consequently, the continuous method re-
quires more fine-tuning and skilled equipment
maintenance to minimize the risk of weak joints.

2 Step-by-step reaming showed the best results
in terms of tightness, providing an average depres-
surization pressure of 51.5 MPa. This is especially
important for equipment operating at high pressures
or with aggressive media where leaks can cause sig-
nificant losses or accidents. The average value for
the continuous method was 49.0 MPa, which is also
a good result, but inferior to that of step-by-step
reaming.

For applications where absolute tightness is re-
quired, such as heat exchangers used in the chemical
or petrochemical industries, step reaming is the pre-
ferred method. However, if the requirements for
tightness are not as high, such as in systems with
less aggressive media or at low operating pressures,
continuous reaming may be a more cost-effective
alternative due to the lower time required.

3 Continuous reaming is far superior to step
reaming in terms of speed. The turnaround time for
a single reaming operation using the continuous
method averaged 130.69 minutes for 15 pipes, while
stepwise reaming required 250.83 minutes. This
makes the continuous method preferable for mass
production where time resources are critical.

However, it must be taken into account that the
high productivity of the continuous method is ac-
companied by higher demands on the accuracy of
equipment setup and process control. In environ-
ments where even small defects in connections can
lead to accidents or damage, the reduction in lead
time may not justify the risks.

4 Visual inspection of the samples showed that
step reaming causes tinning of the inner surface of
the pipe, which is due to the riveting of the metal
during repeated deformation. This phenomenon, alt-
hough it does not significantly affect the strength of
the joints, can be critical in conditions of operation
at high temperatures or under the influence of ag-
gressive media. Under such conditions, defects on
the inner surface of the pipe can accelerate corrosion
damage of the metal.

Continuous reaming does not cause such de-
fects, making it preferable for use in applications

where minimizing damage to the inside of the pipe
is required.

5 For high-volume production facilities, con-
tinuous reaming can significantly reduce the time
required to complete operations. However, in appli-
cations where there may be high losses due to poor
quality connections (e.g. chemical industry), the ad-
ditional time for step reaming may be justified.
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Cronauk O.B., Kupuiwok B.O. Oninka edek-
THBHOCTi MeTOiB PO3BAJBUIOBAHHS TOBCTOCTIHHUX
TpyO B TPYOHili pemriTui Tenj000MiHHUKIB

Poboma npuceauena excnepumeHmanoHoMy 00CTi-
02fCEHHIO MemoOi8 pO36abYbO8)E8AHHS MOBCMOCMIHHUX
mpy6 y moecmux mpyoHux peulimkax, wo 3acmocogy-
IOmbCcA 8  CYYACHUX — MenIooOMIHHUX — anapamax.

Egexmusnicmo pobomu npomuciogux cucmem bazamo 8
YOMY 3a1exHcUmsb 8I0 HAOIUHOCMI 00NAOHAHHS, OCHOBHUM
ENIeMEHMOM SIKO20 € KOCyXompybuacmi meniooomin-
Huku. OCmaHHiM 4acom HAOUPAEe NONYIAPHOCMIE BUKOPU-
CMAHHA MOBCMOCMIHHUX mpY0, wo 3abe3neyye OLnbu
BUCOKI NOKA3HUKU MIYHOCTI | 2epMemuyHOCMI 3'€OHAHD.
O0Hak, UKOpUCMANHA MAKUX MPYO 8UMA2AE 3ACMOC)-
6aHHsL Memoodie nonepednvoi degopmayii Kinyie mpyo
nio Kymom, saKutl 6i0no8ioae KOHIUHIll NOBEePXHI OMEOPI6
y mpyouii pewimyi. Lle 3abe3neuye oinvur winvhe 3'€o0-
HAHHA nepeo NooanbUUM 386aPIOBAHHAM i PO36ATLYIOBAH-
HAM NO 8CIU MOBWUHI peuimKu.

Ocnosna mema pobomu noasee 8 NOpiHANTLHOMY
AHANIZI NOKPOK0BO20 [ be3nepepeHoco Memoois po36aib-
YbOBYBAHHSL, K WUPOKO 3ACMOCOBYVIOMbCS 8 NPOMUCILO-
socmi. L[i memoou icmommo pizHAmMbCsL 34 CB0EH NPOy-
KmueHicmio, AIKicmio ma yacosumu gumpamamu. Oyinka
Yux napamempis 0ac 3mMozy UAUMU nepegazu ma Heoo-
JUKU KOHCHO20 3 HUX, WO CINAE OCHOBOIO 0718 NOOATbULO2O
8UOOPY ONMUMATLHO20 MEMOOY 3ANENHCHO 810 YMOB 8U2O-
moenenns. I1io uac docniodicenus ocodousy ysazy npuoi-
AU KAIOYOBUM NOKAZHUKAM, MAKUM AK MIYHICMb 1 2ep-
MemuyHiCb 3'€OHaNb, A MAKONHC CIMAH NOBEPXOHL DO3-
BALYLOBAHUX OLIAHOK mpY0. Jocniodcenns nposoou-
aucs Ha 6aszi supobHuyoeo nioposzoiny TOB FOxcenepeo,
M. [ninpo.

Excnepumenmanvui dani ompumani Ha 0cHO8E 00C-
Ji0dceHb 3'€Onans mpyo, sucomosienux 3i cmani A335
Grade P12 3 pisnumu napamempamu oiamempis i mos-
wuHY cMIHOK. Y npoyeci pobomu makoic npo8edeHo Ki-
JILKICHY OYIHKY Yacy, wo 8UmMpaydaemoscs HA 6UKOHAHHS
onepayitl po38anbybO8YEBAHHA KOMCHUM Memooom. Pe-
3YIbMamu 00CaAi0NCeHb NOKA3AU, W0 be3nepepene 8alb-
Y108aHHA € NPIOPUMEMHUM HANPAMKOM OISl 3AKPINIeHHs
mpyo manoeo oiamempy 6 ymMoe8ax, Koau nompiona eu-
COKa MIYyHICMb 3'€OHAHb 3a MIHIMATILHUX GUMPAM 4AC).

Pozenanymi 6 pobomi pesyniomamu modicyms 6ymu
KOpUCHUMU OJi NOJINUWEHHSI MEXHOI02TYHUX Npoyecis
BUPOOHUYMBA MA eKCRLyamayii menioooMiHHUX anapa-
mis. 3acmocysanuss ompuManux Oanux 0ae 3moey niogu-
wumu He MinbKU HAOIUHICMb | 008208iuHicCMb 001a0-
HAaHHs, @ U 1020 eKOHOMIUHY eheKmuUsHiCmb, ujo 0coo-
JIUBO BANCTUBO 8 YMOBAX CYUACHUX NPOMUCTOBUX BUMOL.

Knrouosi cnosa: mennoodmin, moecmocminmi
mpyou, NOKPoKose 8aIbYl08aHHA, besnepepsre 8alblio-
6AHH, OYIHKA, cepMemudHicms 3'€Onansb, mpyoui peuti-
MKU.

CroBnHuk Onexcanap BorogumupoBu4 — K.T.H., 10-
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BUBYEHHS B3AEMO/III MIK CTPATET'ISIMM NIJIBUIIIEHHS JJOBIOBIYHOCTI
EJIEMEHTIB HA®TOI'A30BOI'O OBJIA/THAHHSA TA OIITUMAJIBHUMHA
INPAKTUKAMUM KEPYBAHHS IIPOEKTAMU

Jannmox H.A., Aprum B.1.

STUDYING THE INTERACTION BETWEEN STRATEGIES FOR ENHANCING
THE DURABILITY OF OIL AND GAS EQUIPMENT AND BEST PROJECT
MANAGEMENT PRACTICES

Danyliuk N.Y., Artym V.I.

Hayxosa cmamms npucesuena KomMniekcHomy 0ocii-
0JICEHHIO 83AEMOOIT Midic cmpame2isimu RIOBUUeHHS 00~
6206IYHOCI  e/leMeHmi8 HAmMo2a308020 00IAOHAHHSL
Ma ONMUMAILHUMU NPAKMUKAMU KePYBAHHSL RPOEKMAMU
6 Haghmo2a306ill 2anysi. Y cyuacHux ymosax ekcniyama-
yii Haghmoeazosux cucmem nOCMae HeoOXIOHICMb Y pO3-
Pooyi 1l 6nPoBadICeH T THHOBAYIUHUX NIOX00i8, WO 3a-
be3neyyroms GUCOKY MEXHIUHY HAOTUHICMb I 008206i-
HiCb efleMeHmi8, B0OHOUAC 8PAXOBYIOYU 3POCNAIOY] BU-
Mozu 00 epexmusnocmi kepysanus npockmamu. OcHog-
HUM hOoKycoM cmammi € 0emanbHull AHAi3 6NIU8y epe-
KMUBHO20 KepYB8aAHHs NPOCKMAMU HA MEXHIYHY HAOil-
HICMb, MPUBANICMb CIYIHCOU MA 3a20TbHY edeKmus-
HiCMb eKcnayamayii enemenmis Haghmozaz08020 00.1ao-
Hawnus. B x00i docnidocenns ocobnruea ysaza npuoins-
e€muvest po3ensidy cmpamezit, AKI Cnpusioms micHil ma
NPOOYKMUGHIT CNIGNPayi MidC [HO#CEHEPHUMU KOMAH-
damu ma meHeOdxcepamu npoekmie. Taxa cnienpays €
KII0Y08UM (PAKMOPOM Y 00CACHEHHI ONMUMATbHO20 Oa-
AAHCY MIJIC MEeXHIYHUMU ma YNpAaeliHCbKUMU ACHEK-
mamu, wo 3abe3neyye ycniuiHe 6UKOHAHHA HABMO2da30-
BUX NPOEKMIB V 8CMAHOBIEH] CIPOKU 3 OOMPUMAHHAM
sucoxkux cmaumoapmis skocmi. Cmamms 0XONIIOE KO-
406i acnekmu IHMespoBaHo20 KepyeamHs NPOEKMAMU,
30Kpema cmpamezii KOMYHIKaAyii, MexHiuHy iHmezpayiio
ma cmpameziune Kepy8auHs, wjo 00360a510mb 3abesne-
UMY MAKCUMATILHO epeKmusHe GUKOPUCIANHS pecyp-
cis. AHaniz nPpoBOOUMbCS HA OCHOBI CYUACHUX MEHOeHYIl
Y chepi KepyeanHs NpoEKmMamMu ma HIHCEHEepHOI Npax-
MUKU, 3 GUKOPUCMAHHAM NPUKIAOIE YCNIUHO Peani3osa-
HUX npoekmis y nagmoezaszosin indycmpii. Lle exnouae
BUBYEHHS HOBIMHIX MEXHONO2TUHUX piulelb ma nioxoois,
AKI 008eU C80I0 epeKMUBHICIb ) PEaNbHUX YMOBAX eKC-
nayamayii. Pe3ynomamu 0OCTIONCEHHS MOICYMb Oymu
BUKOPUCMAHT OJIs1 PO3POOKU HOBUX NiOX00I8 Ma peKome-
HOayiti 'y  cghepi  KepyeamHsi  NpPOEKMAMU, WO

CRpUSAMUMYMb NIOBUUEHHIO MEXHIYHOI 008208IYHOCMI
Ha@mMoeaz06020 0OIAOHAHHS, A MAKONC 3A2ANbHOL ee-
KmusHocmi ma cmanocmi npoekmis. Ompumani ucHo-
8KU Ma NPONO3UYIT MOICYMb CIYHCUMU OCHOBOIO OJls
BNPOBAOICEHHS HOBUX CMpameziil y NPaKmuyHy Oislb-
HICMb HAPMO2aA3068UX KOMNAHIL, WO 00360AUMb NIOGU-
wumu pisenb HAOIUHOCMI Ma eKOHOMIYHOI eghekmugHo-
cmi IXHIX THOICeHEePHUX PilleHb, a MaKodic 3abe3nevumu
mpueane i be3nepebitine QyHKYioHy8anHs 0OIAOHAHNS 8
CYBOPUX YMOBAX eKCNLyamayii.

KurouoBi cjioBa: xepysanus npockmamu, 00820814~
HICMb eleMenmie, ni08UUEHHs 008208IUHOCTI, ABMOMA-
musayis npoyecis, MOHIMOPUHe Ma OYiHKA, epexmus-
HICTb NPOEKMY, NPOEKMHUL MeHeOHCeMeHM.

Beryn. Y cyyacHOoMy HaTOTa30BOMY CEKTOPI
ICHye BEIIMKHUU TONMUT Ha BUBYCHHS C€(PECKTUBHUX
CTpaTeTid IMIBHUINECHHS IOBTOBIYHOCTI €JIEMEHTIB
YCTaHOBOK. B3aeMomist Mk UMM CTpaTeTisIMU Ta
ONTUMAJbHUMH TPAKTHKAMH KEPyBaHHS TPOEK-
TaMU 3aJIMIIAETHCS 3HAYYIIMM aClIEeKTOM, BOHA BH-
Marae JeTaJIbHOTO MOCHIDKEHHS Ta iaeHTHdiKamii
OITHMAaJIbHUX IIUIAXIB 3a0e3leueHHs CTIHKOCTI Ta
MPOAYKTUBHOCTI Ha(hTOra30BMX yCTaHOBOK. Bkpaii
HEOOXITHO IS HAYKOBIIIB y HAaTOTa30Biil ramy3i
JIOCIIINTH TIEH acIeKT, CIpsSMOBaHUN Ha 3a0e3re-
YyeHHsI €()eKTUBHOCTI Ta JIOBrOBIYHOCTI CHEPreTHY-
HHX CHCTEM.

Merta Ta 3aBaaHHA cTaTTi. MeToro JaHoi Ha-
YKOBO{ CTATTi € BUBYCHHS Ta aHAJI3 B3a€EMOJIii MK
CTpAaTeTisIMH MiJBUIICHHS JOBTOBIYHOCTI CJIEMECH-
TiB Ha()TOTA30BUX YCTAHOBOK Ta ONTHMAJIbHUMU
MPaKTHKaMK KepyBaHHS Tpoektamu. J[aHa poOora
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CIIpSIMOBaHa Ha PO3KPHUTTS KIIFOYOBHX ACTEKTIB, SKi
BH3HAYAIOTh YCIHIIIHY 1HTETPAIliI0 MUX CTPATEeTiH,
30KpeMa, aHaJli3 BIUTUBY KOHCTPYKTUBHUX PIIICHb,
TEXHOJIOTIYHUX 1HHOBAIli Ta €(EeKTHBHOTO KEpy-
BaHHsI TPOEKTAMH Ha JOBIOBIUHICTH Ta CTIHKICTh
Ha(TOra30BUX yCTaHOBOK. LIs cTaTTs Takox copsi-
MOBaHa Ha BU3HAUYEHHS ONTHMAIbHUX LUIAXIB MiJ-
BHIICHHS POTyKTUBHOCTI Ta 3a0e31eYeHHs HaIii-
HocTi HaTorazoBux 00'€KTIB yepe3 KOMILIEKCHUI
MiAXig OO0 KepyBaHHS MPOEKTAMH Ta CTPaTeTisiMHU
TEXHIYHOTO 00CITYyTrOBYBaHHS.

AHaniz pociigxens i myoaikauiii. Oganm 3
Y HEe HaWBXKJIMBILIMX €TamiB U1t Oyb-sKoi Had-
TOTa30BO1 KOMIIaHil € eKOHOMiYHi MoKa3HUKH. [Ipo-
TTISTHYBLIM 3HaYHY KUIBKICTh AOCIHIIKEHb Y cdepi
ui€l iHaycTpii, cTae 3po3yMmino, mo iHpopmarii cTo-
COBHO TIO€THAHHS TTiJIBUIIICHHS JIOBTOBIYHOCTI €Jie-
MEHTIB Ha()TOra30BUX yCTAHOBOK Ta MPAKTHK Kepy-
BaHHsI IPOEKTaMH € 10Boui Matio. [IpoTe, nana mpo-
O1eMa € J0BOJII BaKJIMBOIO, aKe IOBLOBIYHICTD
CJICMCHTIB HaIPsSIMY BILTMBAE HA CKOHOMIYHI TOKa-
3HUKW KoMMaHii. I, 3Bu4aiiHo X, MpaBUJIBHHUN ITiJI-
Xiz i 6anmaHc MK KepyBaHHSAM Ta 1HXEHEpi€lo Mpu-
Hece 3HaYHI TUI0M 0araThboM KOMIIaHisIM rarys3i.

B3aemoiist JOBroBiYHOCTI €IEMEHTIB HaToTa-
30BOr0 O0JaJHAHHS Ta ONTUMAJIBHOTO KEpyBaHHS
MPOEKTaMHU BH3HAYA€E YCHIIIHICTh TAKUX MPOEKTIB.
Omntumizanis pecypciB Ta eeKTUBHE TEXHIUHE 00-
CIIyrOBYBaHHS, IUTAHYBAaHHS BUKOPUCTAHHS HOBIT-
HIiX TEXHOJIOTIH Ta BIAMOBITHICTH CTaHIApTaM 0e€3-
MEeKU — Lie JIUIIE JesiKi MepeBaru mboro Miaxomdy.
BpaxyBaHHs ekcIUTyaTallifHUX YMHHUKIB, THYYKE
KepyBaHHsI Ta CUCTEeMAaTHYHHUI aHaJi3 pPU3UKIB J0-
3BOJIAIOTH JTOCATTH ONTHMAIBHUX Pe3yJbTaTiB MpH
MiHiMi3aIlii BUTpaT Ta 3a0e3Me4eHHI JOBTOBIYHOCTI
o0aTHaHHSL.

[pornsuysimy indopmanito Ha pecypcax Jiiae-
piB HadTOra30BoOi iHAYCTPIi, CTae 3po3yMiInM, IO
JaHe JAOCIIIKEHHS € JOBOJI BayKIIMBUM, aJIKe caMe
TaKWid MiJXiJ € HAWOLIBIT ONTUMAIEHUM JIJIS Kpa-
IIMX TOKa3HUKIB HATOra30BUX KOMITaHIH.

Buksax ocHoBHOro marepiaay. B ymoBax
MOCTIHOT TUHAMIKH Ta TEXHOJOTIYHOTO PO3BHUTKY
Ha(TOra30BOi MPOMHCIOBOCTI, 3a0€3MEUCHHS JOB-
TOBIYHOCTI €JIEMEHTIB Ta €()EKTUBHOTO KEpyBaHHSI
MPOEKTAMHU CTa€ 3aNHUTaHHAM CTPATETiYHOrO 3Ha-
4yeHHs. PocTydi BuMoru 70 Oe3meKH, cTabuTbHOCTI
Ta e()EKTUBHOCTI BUMAaraloTh PETEIILHOTO BUBYCHHS
B3a€MOJII MK CTpaTerisiMd, CHpPSMOBAaHHMMHU Ha

T IBUIIIEHHS JOBIOBIYHOCTI 00Ja HAHHS, Ta OITH-
MaJbLHUMH TIPAKTUKAMH KepyBaHHS TPoeKTamH [1].

Ils HayKOBa CTATTS MPHUCBSYCHA PETEIHHOMY
aHami3zy KIIOYOBHX AacCMeKTiB, [0 BHU3HAYAIOTh
e(beKTUBHICTh Ta CTIMKICTh €JIEMEHTIB Ha(TOra30-
BOT iHQPACTPYKTYpH B YMOBaX HaBKOJIHITHBOTO Ce-
pelloBHIA Ta TEXHIYHUX BUKIHKIB. BUBUeHHS au-
HaMIKH B3a€MOIii M Pi3HUMH CTPATETisSIMH ITiIBH-
IIIEHHS JOBTOBIYHOCTI Ta MPAKTUKAMH KEPYBaHHS
NPOEKTAMHU Ma€ Ha METI BU3HAYCHHS ONTHMAaJIbHUX
NUISIXIB JTOCSATHEHHS YCHIITHUX PE3yJIbTaTiB y CY-
yacHIl HadTOTa30BiH Tamysi.

JleTanpHUI pO3TIISI KOHIIEMIIINH, TEXHOIOTIN
Ta Kpalux MPaKTHK CTaHE OCHOBOIO JIJIsl BACHOBKIB,
CIIPSIMOBAHUX HA PO3POOKY CTPATETIH, SKi HE JINTIIE
M1 IBUIITYIOTH TOBTOBIYHICTH OOJIaTHAHHSI, ayie i O1-
TAMI3YIOTh KEPYBaHHS IMPOEKTAMH, 3a0€31MeUyI0In
CTIAKICTh Ta KOHKYPEHTOCIIPOMOXKHICTh y Cydac-
HOMY €HEPreTUYHOMY CEKTOPI.

Knrouosi acnexmu cmpemeeii niosuwenus 0o-
eeosiunocmi [2]

CydacHi cTpateril HiIBUIICHHS JOBIOBITHOCTI
B HapTOTa30Bil Tay3i OPIEHTOBAHI HA MIATPUMKY
Ta ONTHMI3allif0 poObOTH 00aHAHHS, 301BIIICHHS
TEPMIHY CITY>KOH Ta 3HKEHHS HMOBIPHOCTI BUHUK-
HeHHs aBapiid. Och NEsKi KITIOYOBI aCIEKTH TaKUX
crpaterii [2]:

1. Perynsipue 00CITyTOBYBaHHS.
Po3poOka Ta BHKOHAHHS PETYISAPHUX IUTAHOBHUX

TEXHIYHE

TeXHIYHUX  OOCIyroByBaHb  MJIS  MIATPUMKH
HOPMaJIbHOT pOOOTH YCTATKYBaHHS;
2. MoHiTOpHHT CTaHy 00JaTHaAHHS.

BnpoBamkeHHsST CHCTEM MOHITOPHHTY, SKi B
pearpbHOMY dYaci CIHIIKYIOTh 3a IapaMeTpaMH Ta
CTaHOM POOOYHNX CJIEMEHTIB;

3. BpockonasneHHS MaTepiajiB Ta TEXHOIOTIH.
BukopucTtanHs BHCOKOSKICHMX MaTepialliB Ta
HOBITHIX TEXHOJIOIIN s 3017bLIEHHS MIIIHOCTI Ta
CTIHKOCTI €JIEMEHTIB;

4. OnTuMmizamisi  eKCIUTyaTallifHuX  YMOB.
AHami3 Ta OmNTHMI3aIlisl yYMOB EKCIUTyaTamii st
3MEHIIICHHS 3HOCY Ta 3a0pyIHEHHS CIEMEHTIB;

5. Tlpodinaktnyni 3axomu. BmpomamkeHHS
cucTeM MpOo(iTaKTUYHUX 3aXO/iB, SIKi CTIPSIMOBaHi
HA  YHUKHCHHS  BHUHUKHCHHS  TOTCHI[IHUX
npoOiem;
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6. HamiifHicTh Ta Oe3meka. 30cepeKeHHS Ha
PO3po0IIi Ta BIIPOBAHKEHHI CHCTEM, K1 CIPUSIOTH
MBUILIEHHIO HaIMHOCTI Ta Oe31eKu 00'€KTIB;

7. CucteMHd MIaTHOCTHKWA. BHKOpHUCTaHHS
CYy4acCHUX CHCTEM JIarHOCTHKH JUIS IIBHJKOTO
BUSIBJICHHS Ta BUIIPABIICHHS HECIIPaBHOCTEH;

8. EneproedeKkTHBHICTB. Bnockonanenus
CHUCTEM JJsi ONTUMi3amii BHUTpaT eHeprii Ta
3HIDKEHHSI BIUTUBY Ha HABKOJIUIITHE CEPEIOBHIIIE.

I1i crparerii MOXXyTh OYTH IHTETpOBaHI B KOM-
IJIEKCHI TIporpaMu 00CITyTOBYBaHHS Ta PO3BUTKY,
CIIPSIMOBAHI Ha IiIBUIICHHS TOBIOBIYHOCTI Ta po-
00401 epeKTUBHOCTI 0ONagHaHHS B HadTOra3zoBii
ramys3i.

Perymsipae TexHiuHEe OOCITYTOBYBAaHHS BKIIIO-
yae IJIaHOBI 3aX0JH, TaKl K 3aMiHa 3HOLIEHUX Jie-
Tajyei Ta mepeBipka poOOTH CHCTEM.

MOoOHITOpHHT CTaHy OOJIaIHAHHS BHUKOPHUCTO-
BY€ CydYacHI CHCTEMH 3 CEHCOpaMH, SIKi B peajb-
HOMY 4dYacli BHMIpPIOIOTh THCK, TEMIIEpaTypy,
BiOparlii Ta iHIII MapaMeTpH IJIs aHAJTI3y CTaHy elle-
MEHTIB.

BrockoHaneHHs MaTepiaiiB Ta TEXHOJIOTIH TTO-
JIATa€ B 3aCTOCYBaHHI BUCOKOSKICHUX CTajeH Ta iH-
HOBAIlIHHUX MaTepiaiiB IS MiABUIIICHHSI MIITHOCTI
Ta CTIHKOCTI 110 3HOCY. ONTUMI3aIlis eKCIUTyaTaIlii-
HUX YMOB BPaxoBYy€ (PaKTOpH, TaKi K TeMIlepaTypa,
THCK Ta XiMiYHA arpeCHBHICTh CEPEIOBHINA, IS
CTBOPEHHS ONITUMAJIbHUX YMOB. [IpodinakTuyHi 3a-
XOIW TiependadyaroTh BYacHE 3aMimmeHHs abo pe-
MOHT 3HOIICHHX JIeTallell Ta CUCTEeMAaTHYHE OYH-
HIeHHs Ta oociayroByBanHs. HaniiiHicTs Ta Oe3neka
JOCSITAEThCSA PO3POOKOI0 CUCTEM MOHITOPUHTY PHU-
3WKIB U 3armo0iraHHs aBapisM Ta MakcuUMi3arii
0e3neku nepconany. CHCTEMU JiarHOCTUKU BUKO-
PUCTOBYIOTh CY4aCHI TEXHOJIOTI1, TaKi SIK BiIaICHI
JATYNKA Ta aHATITUKA TaHUX, IS PEATbHOTO BUSIB-
JICHHS TPOOJIEM Ta IIBUJIKOTO pearyBaHHs. EHepro-
e(eKTUBHICTh 3a0e3MeUyeThCs BHKOPUCTAHHSIM
eHeproe()eKTUBHUX TEXHOJIOTIH Ta CHUCTEM Kepy-
BaHHs JAJIS ONTHMi3alii BUTpaT €Heprii Ta 3MeH-
IICHHS BUKUIB [3].

Taki cTpaTterii CiJIbHO COpsSIMOBaH1 Ha MiABU-
[IEHHA HAIIMHOCTI Ta JOBrOBIYHOCTI 0OJIagHAHHS,
[0 € KPUTHYHO BAXKIIUBUM JUIsS CTaOIBHOI Ta 0e3-
nedHoi poboTu B Harorazosii ramysi [3].

Onmumanohi npaxmuxku y KepyeamHi NpOEK-
mamu 015 nioguyerHs 0oe2o8iunocmi [4]

OnTuManbHl TPAKTUKH y KEPYBaHHI IPOEK-
TaMH JUTSA TiABUIICHHS JOBTOBIYHOCTI €IEMEHTIB ¥
HadTOTa30Biil chepi BKIIOYAIOTH B ceOe HACTYIHE
[4]:

1. Bukopucranus nudpoBUX
3acTocyBaHHS IUPPOBUX TEXHOJOTIH, TaKUX SK
BIM (Building Information Modeling), mus
CTBOPEHHS [UQPPOBUX MOJEICH TPOEKTY, IO
3ab6e3mnedye eheKTUBHE TUTAHYBAaHHS, KOOPIHHAIIIIO
Ta MOHITOPHHT yCiX €TalliB JKHTTEBOTO ITHUKITY
MPOEKTY [5];

2. Amnaii3 Ta MOHITOPUHT pHU3UKiB. PeTensHuit
aHaJi3 IOTeHLIHHUX PU3MKIB Ta po3poOKa cTpare-
riil IXHPOT'O KepyBaHHsI 103BOJISIE 3SMEHIIUTH HMOBI-
PHICTb BUHHMKHEHHS NpoOIeM Ta HEraTUBHOTO
BIUIMBY Ha JIOBTOBIYHICTH 00naHaHHI [6];

3. IlnanyBanHa npodinakTuaHux poOitT. Po3-
poOka yiTkoro rpagika Ta miaHy mpogiIakKTHIHUX
poOIT mo3BONIsE 3a0€3MEUNTH CBOEYacHE 00CITyro-
BYBaHHsI Ta 3a100iraHHs MOKJIUBUM TTOJIOMKaM [7];

4. Crparerii 3017bIIECHHS TPUBAJIOCTI CITYKOU.
Busnauennss ~ cTparerii  Juig 30iNbIICHHS
TPUBAJOCTI CIyXOM oOmagHaHHS, TaKUX SIK
BJIOCKOHAJICHHS TEXHIYHE
BJIOCKOHAJCHHSI  Ta HOBUX
TEXHOJIOT [8];

5. KepyBanns pecypcamu. OnTumanbHe BUKO-
pHUCTaHHS pecypciB, BKIIOYAIOUu poOouy cuily, Ma-
Tepianu Ta oOnagHaHHsI, 3a0e3neuye e()eKTHBHICTD
NPOEKTY Ta MATPUMYE HOTO JOBrOBIUHICTH [9];

6. CucteMd MOHITOPHHTY Ta JiarHOCTHKH.
BrpoBajpkeHHST  cuCTeM  MOHITOPHHTY — Ta
JIArHOCTHKH JIO3BOJISIE B PEaIbHOMY Yaci BUSIBIISATH
O3HAKH 3HOCY YW HECIPABHOCTEH, IO JIO3BOIISE
CBO€YacHO BxkuBaTH 3axomiB [10];

7. TligBumIeHHS SKOCTI 0OCIyroByBaHHS. 3a-
Oe3reueHHs BUCOKOT IKOCTI OOCITyTrOBYBaHHS Ta pe-
TYJISIpHUHN ayInT MPOIIECiB, CIIPSIMOBAHUX HA 301Tb-
IIIEHHS JOBTOBIYHOCTI, TApaHTyE €PEKTUBHE Kepy-
BaHHS MMPOEKTaMHu [8].

TEXHOJIOTIH.

MaTepiais,
BIIPOBAKCHHS

TakuM YHHOM CTa€ 3PO3YMITUM Te, IO TaKi
ONTUMAJIbHI MPAKTHKH CIPSIMOBaHI Ha CTBOPCHHS
CTIMKOTO Ta e()eKTUBHOTO CEpEeIOBHINA KePYBaHHS
MPOEKTaMH ISl ITABHINCHHS JOBTOBIYHOCTI eJe-
MEHTIB y HadTorazosiil cepi [4].

THopisuannua cmpameeii 006208iuHOCMi 3 ON-
MUMATLHUMU NPAKIMUKAMU KEPYBAHHS NPOEKMaMU
[IpoBenemo TmOpiBHSHHA CTpaTerii miABHU-
IICHHSA JOBroBiuHOCTI [11] 3 onTUMaIbHHUMH
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NMpakTUKaMH KepyBaHHS MNpPOEKTaMU B HadTora-
30Bi# cdepi [12]:

1. Crparerii migBumieHAs TOBroBigHOCTI [11].

OnruMizariist MarepianiB. 3acTOCyBaHHS BH-
COKOSIKICHMX Ta CTIMKHX J0 arpecUBHUX CEpelo-
BHIIl MaTepiajiB I MIABUINCHHS TPHUBAIOCTI
cityk0u o0JIaIHaAHHS.

Perymsipuai nmpodinaktuanai poboru. Ilpose-
JCHHS CHCTEMaTHYHUX MPO(IIaKTUIHUX POOIT JJIst
MOTIEPE/PKEHHSI TTOJIOMOK Ta BHSIBIICHHS MOTCHITIN-
HHUX IIPOOJIEM 3a3/1aJIeTib.

2. OnrumanbHI NPaKTUKH KEPYyBaHHS MPOEK-
Tamu [12].

Uirke mnaHyBaHHs. PerenpHe IIaHyBaHHS
BCIX €TamiB MPOEKTY, BPaXOBYIOUH TEPMiHH, OrOI-
KET, Ta PeCypCH.

EdextuBne kepyBanHs pusukamu. Cucrema-
TUYHHUN aHalli3 Ta KEPYBaHHS PU3MKAMH JJIS 3a-
noOiraHHsl MOJIMBUM TMpobiemaM Ta 3abesme-
YCHHS YCIIIITHOTO 3aBEPIICHHS POEKTY.

KonTpouns sikocTi. BcraHoBneHHS cucTeM KOH-
TPOJIIO SKOCTI Ta BIIPOBAHKCHHS CTAHAAPTIB AJIS 3a-
0e3mevYeHHs BUCOKOI SIKOCTI BUKOHAHHS POOIT.

3. 30inblIeHHs TpUBAJIOCTI ciwyxom [13].

[HHOBAIIIT Ta TEXHIYHE BIOCKOHAICHHS. Bipo-
BaJOKEHHS HOBITHIX TEXHOJIOTIHM Ta MOCTIHHE TeX-
HiYHE BJIOCKOHAJICHHS I 3a0e3MeYCHHS KOHKY-
PEHTOCIIPOMOKHOCTI Ta TPUBAIIOCTI 008 THAHHS.

Po3pobka crpateriii obcimyroByBanHs. CTBO-
PEHHS CTpaTeriit 00CIIyTOBYBaHHS, 110 BPaXOBYIOTh
0COOJIMBOCTI KOHKPETHOTO OOJaIHAHHS Ta yMOB
eKCIUTyaTalii.

4. KepyBanns pecypcami [9].

PamionansHe BHKOpHCTaHHS pecypciB. Or-
THUMI3allis BAKOPUCTAHHS POO0YOT CHJIH, MaTepialliB
Ta oOmagHAHHS U1 3a0e3nedeHHs e(DeKTUBHOCTI Ta
€KOHOMII BUTpAT.

5. MomnitopuHr Ta miarHoctuka [10].

BukopucTaHHS Cy4acHHX CHCTEM. 3acTOCy-
BaHHs CYYacHHX CHCTEM MOHITOPHHTY Ta JiarHO-
CTHUKH JIJIS IOCTIHHOTO KOHTPOJIIO 33 CTAHOM 00J1a-
HaHHS.

OO0uBa acleKTH, CTpATETii MiJBUIICHHS JT0B-
roBigyHocTi [11] Ta onTHManbHI NPaKTHKH Kepy-
BaHHs TIpoekTamu [12], B3a€MOMIIOTH IS JOCST-
HEHHS CIUIBHOI METH - YCIIITHOTO 3aBEpIICHHS
MIPOEKTIB y HadTOrazosiii cdepi 3 MiIBUIICHOIO
JOBTOBIYHICTIO 00JIaTHAHHS.

Tlpuknaou enposadicennss maxux cmpamezii y
PodOMI C8IMOBUX KOMNAHIN

OrJIsTHEMO TIPHUKITAIN TOTO, SIK CTPATET1] i BU-
IICHHA JIOBIOBIYHOCTI Ta ONTHMAaJIbHI TPAKTUKH Ke-
pYBaHHSI MPOEKTAMH BIPOBAKYIOTHCS B JIisUTb-
HICTP Pi3HUX HaTOTa30BUX KOMITAHIH.

Sk mpukian, 3BepHEMOCH O IiSUIBHOCTI Of-

HOrO 3  JimepiB  HA(TOra3oBoro  cekTopa
ExxonMobil [14].
Crparerii M1 BUILIEHHS JIOBFOBIYHOCTI.

ExxonMobil [14] akTuBHO BHBYa€ i BIPOBAIKYE
MepeIoBl TEXHOJIOTIT MaTepialo3HaBCTBA IS Tij-
BHUIIICHHS TOBTOBIYHOCTI 00JIaiHAHHS, 30KpeMa Po-
0JI14M aKLIEHT Ha BUCOKOSIKICHUX CTaJISIX Ta IHHOBA-
MIHHAX TOJIiMepax.

OnrtumanpHi NPaKTUKK KEPYBaHHS IPOEKTAMH
[14]. KomnaHisi BHKOPUCTOBYE CTpaTeriyHe IIaHy-
BaHHS Ta eeKTUBHE KEPyBaHHS PU3UKAMHU Ha KOX-
HOMY eTari MPOEKTY s 3a0e3MeUeHHsT BYaCHOI Ta
YCIIITHOI peai3arii.

HaBenemo me oguH mpukian - BCiM Bigomy
koMmmaniro Shell [15].

3011bLICHHS] TPUBAIOCTI CIIY>KOHM Yepe3 TeXHi-
yHe BiockoHaneHHs. Shell [15] aktuBHO BKIamae B
IHHOBAIIIIHI PIlIEHHS, TaKi K BJIOCKOHAJICHHS TEX-
HOJIOT1{ BUIITOBXYBaHHS Ta BUKOPUCTAHHS aHTHKO-
PO3IMHUX MOKPHUTTIB AJS 301UIbIICHHS TPUBAIOCTI
CITy>k0M 00ONagHaHHS.

IaTerpanist BIM-texnomnoriii [15]. Shell Buxo-
pucroBye BIM-TexHomoTii 11 IeTaabHOTO MPOCK-
TyYBaHHS Ta KEpPyBaHHS MPOEKTaMH, IO CIPHUSIE
MiBUIICHHIO CS(QEKTUBHOCTI Ta TOYHOCTI BHUKO-
HaHHS POOIT.

I mnst Gimbm oOmupHOTrO aHamizy obOepeMo
kommaniro Chevron [16].

KepyBanns puznkamu Ta skictio [ 16]. Chevron
aKLEHTY€E Ha KOHTPOJII pU3UKiB Ta BUCOKUX CTAH/A-
pTax SKOCTi, IO COPHSE MATPUMII JOBrOBIYHOCTI
obOmagnanHs. OnTUMajdbHE KEPYBaHHA PU3IUKAMU
JO3BOJIIE YHMKATH HETaTHBHUX HACIIAKIB IS
MPOEKTIB.

Crparerii oOcmyroByBanHs [16]. PozpobOka
CTpaTeriii 00CIyroByBaHHS, OPiEHTOBAaHUX Ha KOH-
KpEeTHI MOTpeOu 0O0NaJHAHHS, JOIOMArae ImiITpH-
MYBaTH HOTO Mpale3AaTHICTh Ha BUCOKOMY PiBHi.
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Puc 1. 300paxeHHs B34TO 3 0QiuiiHOrO
BeO-pecypey kommanii Chevron [16]

“Advancing technology helps us safely deliver
the lower carbon energy the world needs. While new
innovations help us build the lower carbon energy
system for the future” - Chevron

“Cyuacni mexnonoezii donomazaroms Ham 6e3-
NEeYHO NOCAYAMU eHeP2ito 3 MEHUUUM GMICIOM 8Y-
eneyro, saxa nompiona ceimosi. Todi ax HO8I iHHO-
sayii donomazaroms Ham 0Y0y8amu eHepeemuyHy
cucmemy 3 MeHWUM 8MICIMoM eyaneyto O M-
O6ymHv020.” — 00CHiGHUL NepeKao.

i koMnaHii aKTHBHO BIPOBAKYIOTh IHTEIPO-
BaHi CTpATETii Ta MPAKTHKH ISl JOCATHEHHS MaKCH-
MaJIbHOT JOBTOBIYHOCTI OOJIaIHAHHS Ta YCITIITHOTO
BUKOHAHHS NPOEKTIB y Hadrora3osii ramysi. Takuit
T JIX1]T TO3BOJISIE MiATPUMYBATH CTaOLIBHICTH BUPO-
OHMIITBA Ta 3a0€3MeUy€e KOHKYPEHTOCIIPOMOXKHICTh
KOMITaHi# y Taiy3i.

Bzaemoodis ma eniue cmpameeiti nioguwenns
008208IYHOCI 3 ONMUMATIbHUMU NPAKIMUKAMU Ke-
pyeanus npoekmamu [17]

PosrissHeMo OCHOBHI B3a€MO/Iii Ta BILUTUBH TI0-
PIBHSIHHSI CTpaTeriil MiABUIIEHHS JOBTOBIYHOCTI 3
ONTHMAJBHUMH TPAKTHKAMH KEPYBaHHS IPOEK-
TamH y HaTora3oBii ramysi [17].

OpnHUM 3 TaKUX TPUKIIAIIB € THTETPaIlis TEXHO-
noriti [18]. Crparerii miBUIICHHS TOBrOBIYHOCTI,
TaKi K BUKOPHCTAHHS TEPEAOBUX MaTepiaiiB, da-
CTO BUMAraioTh 1HHOBAIIITHUX TEXHOJOTii. [HTer-
pauis BIM-TexHomnorii B KepyBaHHsS MPOEKTaMU
MTOKpaniye KOMYHIKAIlil0 Ta B3a€EMOJMII0 Ha eTari
MPOEKTYBaHHS Ta OyAiBHULTBA.

Ille omHM 3 MPUKIAIIB € KOHTPOJIb PU3UKIB
[19]. 3abe3neueHHsT BUCOKOI SKOCTI MaTepiaiiB Ta
peTenbHuil KOHTPOJb HaJl BUPOOHUYUM IPOIECOM
JIOTIOMAraloTh YHUKHYTH JIe(EeKTiB Ta MiIBUNIYIOThH
JIOBTOBIYHICTh 00NaiHaHH. ONITUMaNTbHI TPAKTUKA
KEepyBaHHS MPOEKTAMHU CIIPSIMOBaHI Ha TOTICPEIHE
BH3HAYCHHS PU3HKIB Ta iX e(PEKTUBHUN KOHTPOJID,
10 TIOKpaITy€e BUKOHAHHS TPOEKTIB.

Jly>ke Ba>KJIIMBUM TaKOX € i iHTerpoBaHuUM MiJI-
xig [20]. IligTpuMka XOBrOBIYHOCTI 0OJagHAHHS
BHMarae KOMITJIEKCHOTO ITiIXOAY, IKHH TOETHYE Te-
XHIYHi cTparerii 3 epeKTUBHUM KEPyBaHHSAM IPOE-
KTaMH Ta 0O0CITyrOoBYBaHHSIM. [HTETparis crparerii
KEepyBaHHS ITPOEKTAMH 1 CTPATETiH M ATPUMKH TOB-
TOBIYHOCTI CTBOPIOE €IUHHIA MEXaHI3M JUIS JOCST-
HEHHS Ta MiATPUMAaHHS BUCOKUX CTaHAAPTIB.

JlomaTKkoBO MOXKHA OTJISTHYTH 3a0e3rnedeHHs
skocTi [21]. 3ocepemkeHHS Ha SKOCTI BUTOTOB-
JIeHHS1 Ta BUNPOOYBaHHS MaTepialliB € KIIOYOBUM
IuIg 3a0e3lledyeHHs JOBroBiYHOCTI. B Toil wac sk
BKITFOUEHHSI CTPOTUX KOHTPOJBHUX TOYOK Ta ayaH-
TiB y TIPOIIEC KEPYBAHHS MPOEKTOM CITPUSIE TIATPH-
MIIi BUCOKHMX CTaHIApPTIB SIKOCTI.

Hy i onHuM 3 4n He HalBaKIMBIMIKX (HAKTOPIB
€ (inancora e(eKTUBHICTh [22]. 30LIbLICHHS 10B-
TOBIYHOCTI MOKE BECTH JI0 3MCHIIICHHS BUTpaT Ha
peMoHT Ta 3amiHy. EdexTrBHE KepyBaHHS HpPOEK-
TaMH JTO3BOJISIE PAIiOHAJII3YyBAaTH BUTPATH Ta YHUK-
HYTHU 3aliBUX 3aTpart.

Ile mopiBHAHHS NO3BOJISIE BU3HAYMTH, SKi ac-
TIEKTH CTPATEriil MiABUINEHHS JOBTOBIYHOCTI Ta OTI-
TUMAJBHAX TPAKTHK KEPYBaHHS IMPOEKTAMH MO-
JKYTh B3aEMOIIATH MiJK COOOIO Ta IEMOHCTPYE KM
YUHOM BOHHM MOXYTh BIUIMBAaTH Ha €(DEKTHBHICTh B
HadTOra30Biil ramysi.

e suxopucmogyrome maxuii nioxio?

PosrnsiHeMo mpuKIaan KOHKPETHUX MPOEKTIB
B Harora3osiii cdepi, e 3aCTOCOBYIOTHCS pe3yib-
TaTH CTPATETIN IiABUIIICHHS TOBIOBIYHOCTI Ta OII-
TUMAJIbHUX MPAKTUK y KEPYBaHHI MPOEKTAMHU.

1. IlpoexT po3BigyBaHHS Ta PO3pOOKH HAPTH
Ta rasy [23].

CrpaterisiMu JTOBrOBIYHOCTI € BUKOPHCTaHHS
BHCOKOSIKICHMX MaTepialliB y OypHIbHHX TpyOax Ta
obmagHaHHl JUTSI TABUINCHHS CTIHKOCTI 0 arpe-
CHUBHOTO cepeioBuIa. B Tol yac sik onTuManbHUMUA
NpakTUKaMH KEpyBaHHS MPOEKTOM € BIIPOBa-
JoxeHHsT BIM-TexHOIIOTIH 111 TTIOKpAIIeHHS KOOp-
JUHAL] MDK PI3HAMH €TallaMH IPOEKTY Ta BIPO-
BaJDKCHHSI ¢()EKTUBHUX CTpATeriii 3MEHIICHHS PH-
3WKIB.

2. PexoHCTpyKIis Ta30MpOBOMIB Ta 3aKia-
JIEHHS HOBUX JIiHIN [24].

CrpaterisMu 0OCITyTOBYBaHHS B JaHOMY BH-
MaJKy € 3aCTOCYBAaHHS CTpPATETiii MOHITOPHHTY Ta
IJIAHOBOTO  TEXHIYHOTO OOCIYTOBYBaHHS IS
HiATPUMKH TOBTOBIYHOCTI TPyOOIIPOBOIIB TA 3MEH-
IeHHsT WMOBIpHOCTI aBapiil. B Toii 9ac sk kepy-
BaHHS TMPOEKTAMU - BUKOPHCTAHHS IPHHIIMITIB
Agile kepyBaHHS I aalITUBHOTO pearyBaHHsS Ha
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Herepea0ayueHi 3MiHM Ta 3a0e3MEYCHHS BUCOKOI
€(eKTUBHOCTI TPOEKTY.

3. Po3poOka HOBUX CHEPreTUYHHMX IPOEKTIB
[25].

Crpareris miIBUIIEHHS IOBrOBIYHOCTI - BUKO-
pUCTaHHS TEXHOJIOT1H, IO MiJBHUITYIOTh CTIHKICTh
JI0 arpeCUBHUX YMOB JOBKUIJIS, HATIPUKIIAM, aHTH-
KOpO3iiiHI MOKPUTTA Ta TepMiyHa 00poOka. Onru-
MaJIbH1 NMPAaKTUKU — BIPOBAKEHHS CHUCTEM Kepy-
BaHHsI TPOEKTaMH, SIKi JO3BOJSIOTh E(PEKTHBHO
B3a€EMOJISATH 31 BCiMa y4acHHKaMHU Ta JOTPUMYBa-
THCS CTPOruX rpadikis.

4. Po3pobka cucreMu BUAOOYTKY rasy [26].

Crparerii JOBrOBIYHOCTI - 3aCTOCYBaHHS ITepe-
JOBMX METOJIiB MOHITOPHHTY CTaHy 00JIalHAHHS] Ta
peryisipHe  TEXHIYHEe  OOCIyTOBYBaHHS  AJIS
OiATPUMKH poOOTH OONagHaHHS Ha TPUBAIUH
TepMiH. B TOM Yac Sk KepyBaHHS MPOEKTAMU - BU-
kopuctanHsi MetoziB Lean Project Management
[27] nnst onTHMi3aLii MpoLeciB Ta YyHUKHEHHS 3aii-
BUX BUTpAT.

MoHiTopHHr
KoHTpoAe

Puc 2. Ilpunnun po6oru 3 Lean Project
Management [27]

VY mpoekTi po3BiayBaHHS Ta PO3poOKH HA(TH
Ta ra3y, BeIMKa Had)TOrazoBa KOMITaHis, Taka SK
ExxonMobil [14], BUKOpUCTOBY€E TEpPENOBI TEXHO-
norii OypiHHs Ta BUAOOYTKY B yMOBaX BEJIMKOT TJIH-
OMHU Ta arpecuBHOrO MOBKLLIA. Lle BKitouae iHTE-
TpOBaHi cTpaTerii MiABUIIEHHS JOBrOBIYHOCTI 00-
JIaJIHaHHA Ta ONTUMAJIbHE KEPYBaHHS IPOEKTaMHU.

Y Ipo€eKTi PEeKOHCTPYKIIi] ra30mpoBOIiB Ta 3a-
KJIaJIcHHS HOBHX JIiHIN, Tio0anpHA eHepreTHIHa
KommaHis, Hanpukiag BP [28], 3actocoBye onrtu-
MaJIbHi CTpaTerii KepyBaHHS NPOEKTAMH JUIS ONTHU-
Mi3allii TpaHCTIOPTYBAaHHS Ta3y Ta PO3MIUPEHHS Me-
pexi.

Po3pobka HOBHX €HEPreTHYHHX TPOEKTIB
BKITIIOYa€ B ceOe BUKOPUCTAHHS BiTHOBIIOBAJILHUX
JoKepell eHeprii Ta eeKTHBHE KepyBaHHS BUPOO-
HULTBOM. Siemens Energy [29] € npukiagom KoMm-
naHii, sKa aKTHBHO BIPOBAIKY€E CTpaTerii ams

301IbIIEHHS JOBIOBIYHOCTI OOJIaAHAHHS Ta BUKO-
PHUCTOBYE TIEpE/IOBI MPAKTHKH KEPYBaHHS IMPOEK-
Tamu.

VY po3pobui cucteM BHIOOYTKY Tasy, BEJIMKa
Kopropauis, Taka sik Shell [15], po3BuBae Bucokoe-
(heKTHBHI CUCTEMH 11 MAKCHUMI3allii BUIOOYTKY Ta
3HWKCHHS BUTpAT. L[ KOMIaHisi BUKOPUCTOBYE Iie-
penoBi TexHonorii y BUpOOHHUITBI ra3y Ta 3aCTOCO-
Bye migxoau Lean Project Management [27] mmst
ONTHUMI3allii MPOLIECiB.

i npukmnagy iMOCTpyIOTh Pi3HOMAHITHICTD Ta
IIMPOKE BUKOPUCTAHHS CTpATETild ITiBUIICHHS
JIOBTOBIYHOCTI Ta ONTUMAIBHUX TPAKTHK KEpPy-
BaHHS TPOEKTAMU CBITOBHMH KOMMaHisSIMHA HadTO-
ra3oBoi rajy3i JjIsl JOCSITHEHHS YCHILIHUX PEe3yJib-
TaTiB, a TAKOX ITOKA3YIOTh SIK KOHKPETHI IPOEKTH B
HagTora3zoBifi cdepi YCIHIIIHO BUKOPHUCTOBYIOTH
KOMOIHAIIiFO0 CTpaTerii MiABUIIEHHS JOBIOBIYHOCTI
Ta ONTUMATBHHUX TPAKTUK KEPYBaHHS MPOEKTAMU
JUTSL TOCSTHEHHS BUCOKUX PE3yJIbTATiB.

BucnoBok. Iarerpamis BIM-texHomoriii Ta
ONTUMAJBHUX CTPATETi KEpyBaHHS IPOEKTAMU
crpusie 3HAaYHOMY ITiABULICHHIO JOBrOBIYHOCTI 00-
JajHaHHA B HadTorasosii ramysi. lle mosBoise
KOMITaHisIM JTOCSTAaTH BUCOKO1 €(peKTUBHOCTI, 3MEH-
IIYIOYU PU3UKHU Ta BUTPATH, & TAKOXK MiATPUMYBATH
CTaJIiCTh B YMOBAX 33JaHOTO TEXHOJIOTIYHOTO JIAH/I-
madTy, SIKUI Ma€ BIACTUBICTh 3MiHIOBaTHCS.

BB Ha HadTOrazoBy iHAYCTPiIO BUSBIS-
€ThCS B TIOKPAIICHHI MPOIECIB BUAOOYTKY, TpaHC-
MOPTYBaHHS Ta 00poOku HadTH Ta rasy. Bukopuc-
taHHg BIM-TexXHOMOT1# 103BOJIsIE€ YHUKHYTH HEOUi-
KyBaHMX CUTYyalill ImiJl yac eKcIuTyararii, 3abesme-
YyI09H CTaOlIBHICTE BUPOOHUIHNX MTPOIIECIB.

XoTinocs 0 3a3HAYMTH, IO MOTOYHI PE3yIIb-
TaTH HE € 3aBEPIICHUMH, iCHY€E BEJIIMKHH MOTEHITia
JUTSL TIOAANBIINX JIOCHIDKCHb Yy BUOpaHIN TeMi.
Maii0yTHi HayKkOBi poOOTH MOXYTH (POKyCyBaTucs
Ha BIOCKOHAJICHHI METOMIOJIOTII BHUKOPHUCTAHHS
BIM-TexHomOTii Ta pPO3UIMPEHHI ONTUMAILHUX
CTpaTeriii KepyBaHHS MPOEKTAMU JIJIS ITiIBUIIICHHS
JIOBTOBIYHOCTI 00J1aJHAHHS B PI3HUX CETMEHTAaX Ha-
(hrorazoBoi ranaysi. PO3BUTOK IHTEIPOBaHUX IIiIXO-
JiB Ta HOBUX TE€XHOJIOT1YHUX PillIEHb MOKE BiKPH-
BaTH HOBI MEPCIEKTHBH JIJIsl CTAJOr0 PO3BUTKY Ta-
Ty3i.

TakuMm 4YWUHOM, JlaHe JIOCIIIKCHHS BHU3HAYAE
HOBI IIUTSXH JIJIs TOKpaIIeHHS e(peKTUBHOCTI Ta CTa-
JocTi B HaTOra3oBiil iHAYCTPii, BpaXOBYHOYH IPU
IIbOMY Cy4YacHI TEXHOJIOTIYHI Ta KEepiBHUYI BH-
KITHKH.
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Danyliuk N.Y., Artym V.I. Studying the interac-
tion between strategies for enhancing the durability
of oil and gas equipment and best project manage-
ment practices

The scientific article is devoted to a comprehensive
study of the interaction between strategies for increasing
the durability of oil and gas equipment elements and
optimal project management practices in the oil and gas
industry. In the modern operating conditions of oil and
gas systems, there is a need to develop and implement
innovative approaches that ensure high technical
reliability and durability of elements, while taking into
account the growing requirements for the efficiency of
project management. The main focus of the article is a
detailed analysis of the impact of effective project
management on technical reliability, service life, and
overall operational efficiency of oil and gas equipment
elements. In the course of the study, special attention is
paid to the consideration of strategies that promote close
and productive cooperation between engineering teams
and project managers. Such cooperation is a key factor
in achieving an optimal balance between technical and
managerial aspects, which ensures the successful

implementation of oil and gas projects within the
established time limits and in compliance with high
quality standards. The article covers the key aspects of
integrated project management, including
communication strategies, technical integration, and
strategic management that allow for the most efficient
use of resources. The analysis is based on current trends
in project management and engineering practice, using
examples of successfully implemented projects in the oil
and gas industry. This includes studying the latest
technological solutions and approaches that have proven
their effectiveness in real operating conditions. The
results of the research can be used to develop new
approaches and recommendations in the field of project
management, which will contribute to increasing the
technical durability of oil and gas equipment, as well as
the overall efficiency and sustainability of projects. The
obtained conclusions and proposals can serve as a basis

for the implementation of new strategies in the practical

activities of oil and gas companies, which will allow to
increase the level of reliability and economic efficiency
of their engineering solutions, as well as to ensure the
long-term and uninterrupted functioning of equipment in
harsh operating conditions.

Keywords: project management, element
durability, durability improvement, process automation,
monitoring and evaluation, project effectiveness, project
management.

Janunwk Ha3zapiii SIpociaBoBuY — acmipanT kadenpu
HadrorazoBoro o0JagHaHHS, CIEHIATLHOCTI Taly3eBe
MamKrHOOyayBaHHs, [BaHO-DpaHKIBCHKOrO HalllOHAIb-
HOTO TEXHIYHOTrO yHiBepcuteTy HaTH 1 raszy, Mm.IBaHO-
®pankiBerk, d.nazariy97@gmail.com.

Aptum Bosogumup IBanoBu4 — 1.71.H., npodecop ka-
(¢enpu OynmiBHULTBA Ta EHEProeEeKTHUBHUX CHOPYA
IBano-®paHKIBCHKOIO HAIIOHAJIBLHOTO TEXHIYHOTO YHi-
Bepcurery Hadtm 1 razy, M.IBaHo-DpaHKiBCBHK,

viartym(@gmail.com.

Cratts nomana 23.09.2024.



BICHUK CXIOHOYKPAIHCBKOIO HALIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Jans Ne 5 (285) 2024 33

DOI: https://doi.org/10.33216/1998-7927-2024-285-5-33-43

VJIK 622.2

BITPOBAI)KEHHA BIM-TEXHOJIOT'TH 1J11 MOHITOPUHT'Y
TA OBCJIYI'OBYBAHHSA CIIHY. OCHOBHI BUT'O/IU TA BUKJIMKH

Yepepaa A.M., Aptum B.1.

IMPLEMENTATION OF BIM TECHNOLOGIES FOR MONITORING
AND MAINTENANCE OF SRPU. KEY BENEFITS

Cheverda A.M., Artym V.I.

Y cmammi 0emanvno posensioaiomuca ocnosni acnekmu
eénposadoicennss BIM-mexuonoziui y npoyecu MmoHimo-
puHey ma o0Cry208Y8aHHs C8EPONOBUHHUX WINAHZOBUX
Hacocnux ycmarnosok (CLIHY). ITiokpecmoemvcs 3na-
yennsi BIM sx ynieepcanvhoeo incmpymenmy 07isi iHme-
epayii pizHux emanie ynpaeiinHs inppacmpykmypHumu
00'exkmamu. Buxopucmanus BIM ooszsonsc epexmusno
ONMUMIZYBAMU HCUMMEBUU YUK TMAKUX CKIAOHUX CU-
cmem, sk CIHIHY, wo 3a6e3neuye ne nuwe HadilHicmo
ixHboi pobomu, ane il nIOBUWEHHS NPOOYKMUBHOCMI ma
3MEHUIeHHA eKCILyamayiuHux eumpam.

YV cmammi axyenmyemvca ysaca na nepesacax, AKi
Haoae suxopucmarisi BIM y cgpepi monimopunzy ma 06-
cayeosysannss CLIIHY. 3okpema, niokpecoemuvcs eadic-
Jusicmyv niosuujenHst mounocmi ingpopmayii, wo 3abes-
neuye C8OECHACHE BUABNEHHS MOJMCIUBUX GIOXUNEHD Y PO-
bomi cucmemu, 00380JA104U ONEPAMUBHO peazy8amu Hd
npobnemu. lle, 6 ceoio uepey, cnpusic niompumyi be3ne-
PepsHOCMI BUPOOHUYUX NPOYECT8 A 3HUNCYE PUSUK BU-
HUKHEHHA a8apiliHuX cumyayii.

Kpim moeo, y cmammi ananisyromocsi mexniuni ma op-
2AHI3AYTIUHT BUKTUKY, KT MOJICYMb BUHUKHYMU NI0 YacC
enposaodicennss BIM. Ocobauea ysaza npudinsnemovcs nu-
manuam inmeepayii BIM 3 icnyrouumu ingpopmayitinumu
cucmemami, Wo € BaNCIUBUM ACNEeKMOM 05 3abesne-
YeHHs NOGHOMU Mma MoYHoCcmi 0anux. Bascauso makodic
3a3Hauumu HeobXiOHiCmMb NPoBedeHHs HABYAHHS NepCo-
Hany 0751 ONAHYBAHHA HOBUMU MEXHONO2IAMU Ma NiOXO0-
oamut, Wo 00380aUMb MAKCUMANLHO ePeKmUBHO BUKOPU-
cmosysamu nomenyian BIM.

Po3pobreno nusky pexomenoayiu 015 YCniuno2o enpo-
6aooicennss BIM-mexnonoeiil, cepeo skux ocooaugy ysazy
npuodineno 0emarbHOMy AHANi3y nomped KOHKPEemHo2o
npoexkmy, 3abesneyennio egpexmuenoi inmeepayii BIM 3
IHWUMU cucmemamu YnpasiiHus, a maxKoic noCMiuHoOMy
OHOBIeHHIO MOOeell 8i0n0GIOHO 00 3MiH Ha 00'ckmi. Bu-
KOHAHMSL Yux pexomenoayil 3abe3neuumv He Jume

niosuwgenns egpexmusnocmi pooomu CLLIHY, ane ti mpu-
sany cmadinbHicmes ma HAditiHiCMb iX QYHKYIOHYBAHHSL.
Takum uunom, énpogaodicennss BIM-mexnonociti cmae
KAHOU0BUM (DAKMOpoM NiOSUWEeHHs. epeKmugHocmi ma
HaoditiHOCMi YNpaeuinHA C8ePONOBUHHUMU WMAH20BUMU
HACOCHUMU YCMAHOBKAMU, W0 00380JIAE ONMUMIZY8AMU
npoyecu, 3HU3UMU UMpamu ma 3a6esnequmu Oitbul u-
coxull pisenv Oe3neku nio uac excnayamayii. Ycniwine
enpogaoddicennsi BIM eumacac KoOMnIEKCHO20 NiOX00Y,
WO 8pAX0OBYE 6CI MOMCIUBL MEXHIUHI MA OPSAHI3AYIUHI
BUKIUKU, A MAKOXNC NOCMIUHOI adanmayii 00 3MIHHUX
VMO8 Ma HOBUX MEXHON02IH.

Kniouosi cnoea: BIM-mexnonoeii, Ceeponosunni
wmaneogi Hacocui ycmanosxku (CLLUIHY), Obcryzoey-
eanns, Kummesuii yuxkn obradnanns, Hagmoeazosa
NpPOMUCTIOBICb

ocTranoBka npodaemu CyuacHa HadTOra-
30Ba Taly3b CTUKAETBCS 3 PSJIOM CEPHO3HUX
BHKJIMKIB, TTOB'SI3aHUX 3 EKCIUTyaTalli€l0 CBEPIIO-
BUHHUX  IITAaHTOBHX  HACOCHUX  YCTaHOBOK
(CHIHY). Yacri aBapii Ta Hemojagkd B poOOTi
00JIaIHAHHS CIPUYHHSIOTH 3Ha4HI (PiHAHCOBI Ta Ya-
coBi Brparu. IIpoOnema monsrae B HEIOCTAaTHIH
e(heKTUBHOCTI TPaTUIITHUX METOJIB JiarHOCTUKU
ta MoHiTOpuHTy CHIHY, 1110 YyCKITagHI0€ cBO€YacHe
BUSIBJICHHSI MOXIJIMBUX HECIIPaBHOCTEH 1 ympaB-
JiHHSA pusnkamu [1].

AKTyaJNbHICTh TEMH 3yMOBJICHA MOTPEOOIO Y
BIIPOBAPKCHHI HOBHMX MIIXOIB 1 TEXHOJOTIH, SKi
JTO3BOJIATh TIOKPAIIUTH SKICTh Ta ONTHMI3yBaTH
BUTpaTH Ha Pi3HUX eTanax >kurreBoro mukny (JKLI)
obmamHanHsa. JlomaTKOBO, BUCOKI CTaHIAPTH €KO-
JIOT19HOT OE3MEeKHN Ta CTAJIOTO PO3BUTKY BUMAraroTh
MOCTIHHOTO BJIOCKOHAJICHHS IMPOIIECIB TEXHIYHOTO
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00CIIyTOBYBaHHSI Ta YIpPAaBIiHHA EKCIUTyaTali€ro
CIIHY. Tomy po3poOka IHHOBAaIlIHHAX METOMIB i
TEXHOJIOT1M JJISI ONTHUMI3aIlii MPOIECiB KUTTEBOTO
OUKITYy OONaJHaHHA 1 3MCEHIIEHHS EKOJOTiYHOro
BIUIMBY € HaJ3BUYaifHO Ba)KJIMBOIO.

CBepUTMITbHI IIITAHTOBI HACOCHI YCTaHOBKH
(CHIHY) € KpUTHYHO Ba)KIMBUMH KOMIIOHECHTaMH
y BHOOOYTKY HadTH Ta rasy, IO 3a0e3MevyloTh
ehexkTuBHE 1 CTaOlIbHE BiJKAYyBaHHS PIAMHU 3
mig3eMHUX pe3epByapiB. OCKUIBKM IIi CHCTEMH
(YHKLIOHYIOTh y CKJIaJHUX 1 arpeCUBHHUX CEpeao-
BHINAX, iXHIA HAJICKHUHA MOHITOPHHT 1 OOCIyToO-
BYBaHHS € HEOOXITHUMH 715 3a0e3nedeHHs Oe3Ire-
peObiliHoi poOOTH Ta omTuMizauii IPOTYyKTHUBHOCTI

[3].

Puc. 1. [IpuHuunoBa cxema CBEpUTHIIBHO IITAHTOBUX
HacocHUX yctaHoBok (CIIIHY):
1 — cTaHOK-Kayanka; 2 — oOaHAHHS THpIIa
CBEPUIOBUHM; 3 — mITaHTH;, 4 — TpyOH;
5 — cBepIHIbHUHN Hacoc [2]

Momnitopunr CIIIHY mo3Bosisi€ BHSBISTH TO-
TEHIHI MPOoOJIEeMH IO TOTO, SK BOHU CTAaHYTh
CEpHO3HMUMH, IO 3HIKYE PU3HK aBapiiHUX CHUTY-
amii 1 3ynuHOK y BUAOOYTKY. PerymspHuil KoH-
TPOJIb TTapaMeTPiB pOOOTH, TAKUX SK THUCK, TEMITC-
paTypa Ta piBeHb PiJIUHU, IOTIOMara€ BYaCHO BHSIB-
JSITH BiJXWICHHS BiJ HOPMH Ta MPOBOAHWTH HEOO-
X17HI KOPEeKITii.

Oo6cnyropyBanas CHIHY Bkirodae psim mpo-
Leayp, CHpSMOBAaHUX Ha MIATPUMKY Ta BiTHOB-
JIEHHST ONITUMAJILHOT MPOIYKTUBHOCTI cucTemu. Lle
MOJKE BKJIFOYATH 3aMiHy 3HOIIEHHX KOMITIOHEHTIB,
OYMILICHHS 1 IEPEeBiPKY HACOCIB, a TAKOXK MEPEBIPKY
LiTICHOCTI TPyOOIIPOBOIIB Ta IHIIMX EJIEMEHTIB.
AnekBaTHE 0OCITyTOBYBaHHS HE TUIBKH ITOJOBKYE

TEpMiH CITy>kOM 00JaTHaHHS, ajle i miABHIIye Horo
e(beKTUBHICTB, IO B CBOIO YEpry BILTMBAE Ha €KO-
HOMIYHI TIOKa3HUKH ITiIITPHUEMCTBA.

BrpoBamkeHHS cydacHUX TEXHOJIOTiH MOHITO-
pUHTY, 30KpeMa, cHcTeM Ha ocHOBI BIM-
TEXHOJIOT1H, MOKE 3HAYHO ITOJICTIITUTH IIEH TIPoIIec,
3a0e3neuyroud OiIbll TOYHUH 1 e)eKTHBHUI KOH-
Tpoib 3a pobororo CIIHY. Texnonorii BIM
(Building Information Modeling) 103BoJIsIFOTh iHTE-
rpyBaTy JaHi mpo obJagHaHHS 1 HOoro cTaH y BipTy-
anbHy MOJIENb, IO 1a€ 3MOTY B PEXHUMI PEabHOTO
gacy BIJICTE)KYBaTH BCi KPUTHYHI TapaMeTpu Ta
TUIaHYBaTH TEXHIYHE 0OCITyrOBYBaHHS 3 ypaxyBaH-
HSIM OTpUMaHMX AaHuX [3].

- o
o
-

©

)
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Puc. 2. 3aranpuuii Buriag Cranka-Kagamku:
I-VH — Touku 3macku; 1 — peaykrop; 2 — NpoTHBara;
3 — minBicka; 4 — 6anaHcup; 5 — onopa danaHcupa;

6 — criiika; 7 — onopa TpaBepcy; 8 — maTyH; 9 — KpuBo-
mr;, 10 — kpuBopeMiHHa mepeaa; 11 — eeKTpoIBUTYH;
12 — oropomkenns; 13 — pama; 14 — TopmMo3;

15 — tpaBepcu [2]

B VYkpaini mmpoko 3aCTOCOBYIOTBCS HACOCHI
YCTaHOBKH 715l BUIOOYTKY Ha(TH, SIKi BAKOPHCTO-
BYIOThCS Olnbml HiK y 70% mirounx CBEpHAJIOBHH.
HacocHa ycraHOBKa BKIIIOYa€ CTaHOK-KadalyKy,
o0agHaHHs TUpJa CBEPAJIOBUHH, HACOCHI IITAHTH,
HAaCOCHO-KOMITPECOPHI TPyOH Ta CBEpJIOBHHHHIMA
mTaHroBuid Hacoc. IlnyHkep Hacoca pyxaeThcd
3BOPOTHO-IIOCTYMANBHO 32 PaxyHOK NPHUBOAY BifJ
€JIeKTPOJIBUTYHA Yepe3 peAyKTOp Ta KPUBOIIUITHO-
[IaTYHHUH MeXaH13M CTaHKa-Kadaik [2]. [uOuna
BCTAHOBJIEHHS HacociB Moxe pgocsratu 3500
METpiB, a MPOAYKTHBHICTh KOJNHUBAETHCS Bill KiJb-
KOX COTeHb Kijorpamis 10 400 ToHH Ha 700y. Tum i
po3Mip Hacoca, cTaHka-kadanku, giametp HKT Tta
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IITaHT BU3HAYAIOTHCS B 3aJICKHOCTI BiJl XapaKTepH-
CTUK PiAWHH, A€0ITYy Ta IJIMOMHUA CBEPAJOBHHH.
CBepUIOBHUHHI HACOCH 3aHYPIOIOTHCS T PIBEHb
pinunu. HeBcTaBHI HACOCH MOHTYIOTBCS Y CBEPAJIO-
BHHI YaCTHHAMH, TOMAl SK BCTaBHI CITYCKAaIOTHCS B
roTOBOMY BHUIJIsiAL. JIs BimaiIeHHs HAQTH BiJ razy
1 TCKy Ha BXOJ1 HAacoca BCTAHOBIIIOETHCS (DUIBTP.
Hazemue o0OmagHaHHs BKIIIOYAa€ CTAHOK-Ka4yaJKy Ta
o0aHaHHS THPJIa CBEPUIOBUHU [2].

Pous BIM-TexHoJs10r1i y cy4acHOMY ynpas-
JiHHI iIHPPACTPYKTYPHUMH 00'€KTaMHU

BIM-texnogorii  (Building  Information
Modeling) mnpeacTaBIsIOTE COOOI0  MEPEIOBHI
HiAXix A0 ynpaBiiHHS iHQPacTpyKTYpHUMH 00'€K-
TamH, 0 3a0e3redye iHTerpalliio Ta aBTOMaTH3a-
IIiF0 TIPOIIECIB HA BCIX e€TamaxX >KHUTTEBOTO ITUKITY
00'ekTa — BiJl IPOEKTYBaHHS A0 eKCIuTyaTalii i 00-
ciyropyBaHHA. Lli TexHonorii BHKOPHCTOBYIOTbH
nrdpoBi MOEI A1 CTBOPSHHS, aHAJII3Y Ta YIIpaB-
niHHA iHGopMalieio mpo ¢i3udHi Ta GyHKIIOHATBH]
XapaKTePUCTUKH O0'€KTIB, IO JO3BOJISE IIiIBH-
IIUTH e(DEKTHBHICTh YIPABIIHCHKUX MPOLIECIB 1 3a-
Oe3IMeYnTH IXHIO HaTIHHICTD [4].

OcHoBHa nepeBara BIM-TexHouoriii mossirae
Yy CTBOPEHHI €IMHOI IHTETPOBaHOI TIATPOPMH, KA
00'eHy€e BCl JaHI Ta JOKYMEHTH, IO CTOCYIOTHCS
iHppacTpykTypHOTO 00'ekta. Lle no3Bosse ycim
YYaCHUKaM TIPOCKTY — apXiTeKTopaM, iHXKeHepam,
MiIPSAHAKAM 1 orrepaTopaM — MaTH JOCTYII IO aK-
TyanbpHOI 1 TOUHIN iH(OpMAIIi, IO CIpHUsie 3MEH-
IICHHIO TOMUJIOK Ta KOH(MJIIKTIB ITi]] YaC BAKOHAHHS
pooiT.

BIM-Mopeni 3a0e3meuyioTh Bi3yaai3aliro mpo-
eKTY Y TPUBUMIpHOMY (OpPMaTi, IO TOJETIIYE PO-
3yMIHHS CKJIQJIHUX KOHCTPYKIIH 1 103BOJISIE paHile
BISIBUTH TIOTCHINIHHI mpobieMu. 1le Takok m03BO-
nsie 3AiACHIOBaTH e(eKTHBHE TUIaHYBaHHS 1 KOOp-
JTUHAINI0 MDK PI3HHMHU CIICI[ialiCTaMU, IO IiJIBH-
IIy€ SKICTh MPOEKTHUX PIllIeHb 1 CKOPOUYy€E Yac Ha
ix peamizartito [4].

BaxnuBum acnekrom BukopuctaHHs BIM-
TEXHOJIOTI € MOXKJIMBICTH 1HTETpamii JaHuX TIPO
00'€eKT 3 pI3HUMH CHCTEMaMH MOHITOPHHTY Ta
VIpaBIiHHS, IO J03BOJISIE Peali3yBaTH MPOAKTHUB-
HUH miaxia go obcimyroByBaHHA 1 ekciutyarauii. 3o-
Kpema, TII¢ JO3BOJISIE€ 3IIACHIOBATH pealbHUI
MOHITOPHUHT CTaHy 00'€KTa, IO CHpPHSIE CBOEYAC-
HOMY BUSIBIICHHIO 1 YCYHEHHIO HECIIPaBHOCTEH 110
{XHBOTO KPUTHIHOTO PO3BUTKY.

Y KOHTEKCTI CBEpUIMIBHAX [ITAHTOBHX
HacocHux yctaHoBOK (CIHY), texnonorii Haxa-
I0Th MOYJIUBICTh CTBOPEHHS TOUHHUX LIU(PPOBHUX MO-
TesieH, sIKi BKITFOYAIOTh iH(OpPMAIIIo PO BCi KOM-
MOHEHTH CHUCTEMH, IXHil cTaH 1 B3aemomiro. Ile
CHpHsi€ MiABUIICHHIO e€(QEKTUBHOCTI MOHITOPUHTY

Ta 00CIyroByBaHHS, 3MEHILIEHHIO Yacy Ha peary-
BaHHSA Ha MpoOJeMH 1 ONTUMI3amii IPoIeciB
ekcruryaTartii [11].

TakuM  uymHOM,  BhpoBaJkeHHA  BIM-
TEXHOJIOTI y yIpaBliHHI 1HQPACTPYKTYPHUMHU
00'ekTamMu TIpeICTaBIIsIE COO0I0 BAXKIIMBHI KPOK [0
i IBUILICHHST €)EKTUBHOCTI 1 HaJiliHOCTI, 3a0e31e-
YyIO4YM IHTErpalilo AaHUX i aBTOMAaTH3alliio Mpo-
ILICCIB Ha BCIX €Tamax KUTTEBOI'O IMKITYy 00'€KTa.

Busznayennss ta ocHoBu BIM (Building
Information Modeling)

BIM (Building Information Modeling) € Tex-
HOJIOT1YHHM TIIXOJOM, SIKHA BUKOPUCTOBYE ITH(-
POBiI Mogzemi Ais YNpaBIiHHSA iHPOpMAL€0 Mpo
OymiBeNIbHI 00'€KTH MPOTATOM BCHOTO iXHBOTO KUT-
TeBOrO TUKIY. lle iHTerpoBanuit mporiec, mo 0Xo-
TUTFOE TIPOCKTYBaHHS, OYJIIBHUIITBO Ta CKCILTyaTa-
ito 00'ekTa, 3a0e3Meuyour IIeHTpalli3oBaHy 0azy
JIAHUX, SIKA MICTHTh BCIO HEOOXimHy iH(OpMAIIiio
npo ioro izuyHi Ta QYHKIIOHAIBHI XapakTepu-
ctuku [9].

OcHoBu BIM BK/I10YAK0Th:

1. udposa moaens o6'ekta: BIM cTBOpIoe
TpuBUMipHI 1MpPoBI Moneni OyxaiBenb i iH(pa-
CTPYKTYp, IO JO3BOJISIIOTH ACTAIBHO MPEICTABUTH
BCl aCHEKTH MPOEKTY, BKIIOYAIOYN KOHCTPYKITIHHI
eJIeMEHTH, CUCTEMH iH)KeHepii, MaTepianu Ta crie-
rudikaii. [{i Momeri € OCHOBOIO JUIS BCiX MOJANTb-
IIIUX TIPOIIECIB, BKIIOYAIOYH aHAIIi3, TUTAHYBAaHHSA 1
KOOPIMHAIIITO.

2. larerpanis ingopmauii: BIM-texnonorii
3a0€3MedyI0Th IHTETpaIlilo pizHOMaHITHOI 1H(OpP-
Marrii B equHii miardopmi. Lle q1o3Bomse 00'eqHaTn
JaHi 3 PI3HUX JOKepell, TaKHX SIK apXiTeKTYpHi,
CTPYKTYpHIi Ta iHKEHEPHI CHCTEMH, 110 3a0e3mneuye
BceOIuyHUH orsim 00'eKTa 1 TMOKpallye TOYHICTh
MPOSKTYBaHHS Ta YIIPABIIiHHS.

3. CniBnpang: 3aasku BIM yci yyacHuku
MPOCKTY — apXiTEKTOPH, IHKEHEPH, Oy TiBSIIbHUKH,
3aMOBHHKH — MOXYTb TIpAIlOBaTH 3 OJHIEIO
enuHOI0 Mozemo. Lle crpuse mokpameHHIO Ko-
MyHIKaIlii, KOOpAWHAII Ta 3MEHIIECHHIO TOMUJIOK,
M0 BUHUKAIOTHL dYepe3 HECYMICHICTh JaHWX 1
PO301KHOCTI y MPOEKTHUX PillleHHsX [4].

4. Xurremii mukn o0'exta: BIM oxormtioe
BC1 €Tamy KUTTEBOTO MUKy 00'€KTa, Bl TOYATKO-
BOTO TIPOCKTYBAHHS O EKCIDIyartamii i 00CiIyTo-
ByBaHHS. Lle BKiIIouae CTBOpEHHS TOUHUX MOJIENEH,
SIKI MOXKYTh OyTH BUKOPHCTAHI JIJIsT OI[IHKA BUTPAT,
VIpaBIiHAS OyAiBEIPHUMH TIPOIECAMHU, TIPOBE-
JEHHS TEXHIYHOTO OOCIYrOBYBaHHS 1 peaiizamii
OHOBJIICHD.

5. Amnamiz i cumyisiis: Bukopucranas BIM
JIO3BOJIIE MPOBOJUTH PI3HOMAaHITHI BUAM aHANI3Y,
Taki SK CHEPreTHYHI OI[IHKH, pPO3PaXyHOK
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HaBaHTaXEHb, IE€pPEeBipKa KOHCTPYKLiHHOI CTild-
kocti. Ile momomarae BWSIBUTH TIOTCHINMHI TIPO-
OJieMH Ha paHHIX CTaAisSX 1 ONTHMI3yBaTH MPOEKTHI
pimieHHs.

6. Bizyamizamis: OnHi€ro 3 KITOYOBHX 0CO0-
nuBocTedt BIM € MOXJIMBICTE CTBOPEHHS BHCOKO-
AKICHUX Bi3yallizalliii MPOEKTIB, IO MOJIETIIYE PO-
3yMIHHS CKJIaJHUX KOHCTPYKIIH 1 TO3BOJISIE Kparie
OLIIHUTH 30BHIIIHIA BHUIJISA 1 (YHKIIOHAIBHICTH
00'eKTa 10 MoYaTKy Horo OyiBHULTBA.

Taxum unHOM, BIM € MOTY)XHUM 1HCTpyMEH-
TOM, SIKHH TpaHC(hOPMYE TPOIECU MPOCKTYBaHHS,
OyIiBHHIITBA 1 yHpaBliHHA 00'€KTaMu, 3a0e3medy-
I0YH 1HTErpallilo, TOUYHICTb i €EeKTUBHICTD Ha BCIiX
eTanax »HUTTEBOTO IHKIY OYIIBENHHOTO MPOEKTY
[8].

OCHOBHI KOMIIOHEHTH Ta MPHHIUINNA POOOTH
BIM-texHoorii

BIM-texHojorii, abo MopemtoBaHHS i1HGOP-
Maii mpo OyZiBii, € MOTY>KHUM 1HCTPYMEHTOM CY-
YacHOTO YMpaBiiHHA iHQPACTPYKTYpHUMH 00'€K-
tamMy. OCHOBHMM €JIEMEHTOM L€l TEXHOJOril €
uudpoBa Mojieib, sika 3a0e3nedye BCceOIuHe Ipe-
cTaBJeHHs iH(opMalii Ipo 00'€KT y TPUBUMIPHOMY
¢dopmaTti. MoJienp BKITIOYA€E HE JUIIE TSOMETPHYHI
naHi, ajge W iHdopMaIlii0 Ipo MaTepiaiu, KOH-
CTpyKWii Ta (QYHKUIOHANBHI XapaKTEPUCTHKH
o0'exTa.

IIpuntunu po6otn BIM-TexHOMOTIH TPYyHTY-
I0ThCS Ha 1HTErpallii Ta ynpaB/iHHi iHpopMallieo B
pamkax ogHoro ugposoro npoctopy. Lle no3sonse
BCIM yYaCHHKaM IPOEKTY MaTH TOCTYII J0 aKTyalb-
HUX JaHUX 1 3MEHIITY€ WMOBIPHICTH ITOMHUIJIOK, TT0-
B'sI3aHUX 3 HECyMicHICTIO iHpopmarii. OCHOBHUMHU
KOMITOHEHTaMH € TPUBUMIPHI MOAETII, SIKi IeTaIbHO
OTIMCYIOTHh OYAiBEIbHI €JIEMEHTH Ta iX XapaKTepH-
CTHKH, a TAKOX iIHCTPYMEHTH JUIsl yTIPaBIIiHHS KHT-
TEBUM IMKIOM 00'ekTa, SKi BKIIOYAIOTH ILIa-
HyBaHHS, IPOEKTYBaHHs, OyAiBHUIITBO Ta EKCILTya-
Tariro [5].

Iarerpanis  BIM-texHomoriit y  mporecu
YIPAaBIiHHSA J03BOJISE 3HAYHO INIBHIUTH e]ek-
THBHICTH 1 TOYHICTD YNIPABIIHCHKHUX PIIICHb, 3MCH-
LIMTH BUTPATH HA POEKTYBaHHs Ta OyAiBHUITBO, &
TaKOX MOJIETIIUTH MPOLECH MOHITOPHHTY Ta 00-
CIIyrOByBaHHs. 30KpeMa, Y BUMAJAKY 3 CBEPAJIHIIb-
HUMH IITaHTOBUMU HAaCOCHHMH yCTaHOBKaMHU
(CHIHY) ui TexHOAOTii MOXYTh OyTH BUKOPHCTaHI
JUTSL ONTHMI3aIii TPOIECiB TEXHIYHOTO 00CITyTO-
BYBaHHS Ta MOHITOPUHTY, 3a0e3IMeUyloun 3HU-
JKEHHsI BUTpAT Ta MiJBHUINCHHS HAJIIHOCTI CHCTEM

[4].

IlepeBaru Buxkopucranns BIM nis moHiTo-
punry CIIHY.

[TepeBarn BukopuctanHs BIM i mMoHiTO-
PUHTY CBEpIUIMIILHUX INTAHTOBUX HACOCHUX YCTa-
HOBOK (CIITHY) € cyrTeBUMU 1 OaraToacrieKTHIMH.
Texnomnorii BIM 3abe3nedyioTh KOMIUICKCHHUI
miaxia qo ynpasniHHsS iH(opManieo mpo 00'ekTH,
IO JIO3BOJISE MiIBUIIUTH €()EKTUBHICThH MPOIECIB
MOHITOPUHTY Ta 00CITyTOBYBaHHSI.

[epm 3a Bce, BIM-TexHom0TIi 320€3M€4yI0TH
TOYHICTh Ta aKTyaJbHICTh JNaHWX. 3aBISKH TPH-
BUMIPHUM MOJIEIISIM, SIKi BKIIFOYAIOTH JIETANBHY 1H-
(hopmariito npo Bci kommnonentu CIIIHY, crae Moxk-
JUBUM CBOE€YACHE BUSBJICHHS TMOTEHIIMHUX TPO-
0JieM Ta MPOBEACHHS IiarHOCTUKU 0e3 (hi3UIHOro
BTpyd4aHHs. Lle 103BoIsi€ OnlepaTuBHO pearyBaT Ha
3MIHH Ta 3HIDKYBATH PHU3MK aBapiiHUX CHTyaLii
[12].

[To-npyre, iarerpamis BIM-cuctem 3 maTtuu-
KaMH Ta CHCTEMaMd MOHITOPUHTY JI03BOJISIE
3MIMCHIOBATH peaJbHUI KOHTPOJb 3a CTaHOM
obmamHaHHS B PEXKHUMI peanbHOTO dacy. Iadop-
Marlis, IO HAIXOIUTh 3 PI3HUX CEHCOPIB, MOXKE
OyTH aBTOMaTHYHO OHOBJIEHA Y MOJENI, 1[0 CIPHUSIE
TOYHIIIIH i mBUAMIiH oniHmi crany CIIIHY.

Oxpim TorO, BUKOpHCcTaHHS BIM-TexHoorii
JTO3BOJISIE 3MEHIIIUTH BUTPATH HA TEXHIYHE 00CITY-
TOBYBaHHSl 3aBJSKH IPOTHO3YBAHHIO MOMKJIMBHUX
3001B Ta onrtuMmizamii rpadikiB pemoHTy. Mogei
MOXYTh OyTH BUKOPHCTaHI U TUTAHYBaHHS TeX-
HIYHOTO OOCIYrOBYBaHHS Ha OCHOBI JaHHX PO
eKCIUTyaTaIlifo Ta icTopii peMOHTY, IO TO3BOJISIE
e(heKTUBHIIIIEC YNPAaBIATH PeCypcaMH 1 3amodiratu
HEOUIKyBaHUM 3yIUHKAM.

[Ile omHi€l0 BaXJIMBOIO MEPEBArold € MOXK-
TuBIicTh iHTerpamii BIM-Mozenei 3 iHmmuMu crucre-
MaMH YTPaBIiHHA i aHATITHYHUMH TUIATHOPMaMHU.
Ie 3a0e3neuye CTBOPSHHS KOMIUICKCHUX aHATI THY-
HUX 3BITIB 1 J03BOJIAE MPOBOIUTH TNIMOMHHUN
anam3 epexruBHocTi podoru CIIHY, BusBistoun
TEHJEHIIi Ta MaTepHH, SKi MOXYTb OyTH Heoue-
BHJIHI TP BHUKOPHWCTAHHI TPAJAHMIIHHUX METOIIB
MOHITOPHHTY.

TakuM  uymHOM,  BhpoBaJkeHHA  BIM-
TexHoJorii y Mmonitopunr CHIHY 3a6e3neuye 3po-
CTaHHs e()EKTUBHOCTI YIPABIIiHHS, 3HH)KCHHS BHT-
paT Ta TMIBHINEHHS HAMIHHOCTI eKCIuTyaTaril
oOnamHaHHA [5].

Incmpymenmu ma memoou inmeepayii BIM y
cucmemuy MOHIMOPUHS).

Iarerpauis BIM y cucremMu MOHITOPHHTY
CBEPJTMIIEHUX IITAHTOBUX HACOCHHUX YCTaHOBOK
(CILIHY) 3mificHIOETbCS Yepe3 BHUKOPHCTAHHS
Creniani30BaHUX iIHCTPYMEHTIB Ta METOMIB, AKi 3a-
0e3meuyloTh TIMOOKE 3aHypeHHS B IIPOLECH
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eKCIUTyaTallii Ta TEXHIYHOTO 0OCITyroBYBaHHS LHX
ycTaHOBOK. (OCHOBHI 1HCTPYMEHTH BKIIIOYAIOTh
PI3HOMAaHITHI TIPOTPaMHIi IIaTHOPMH, K1 TO3BOJIS-
I0Th IHTErpYBaTH JaHi 3 Pi3HUX JKEpeN Y €UHY iH-
dopmariiiiny Moaens. 1i mardgopMu miaTpuMyOTh
00p00OKy TaHWX Y PEKHUMI PEaTbHOTO Yacy, o 103-
BOJISIE BifICIIZTKOBYBAaTH TMIOKAa3HUKH POOOTH HACOC-
HUX YCTaHOBOK, BHSIBIIATH aHOMaJii Ta rmependa-
YaTA MOYKJINB1 BIIIMOBH.

Metoau inTerpauii BIM BriIrouatoTh BUKOpH-
CTaHHSI CEHCOPHUX CHUCTEM 1 CHCTEM MOHITOPHHTY,
SIKI TIEpPEatoTh AaHi B IEHTpaJIbHY Mojenb BIM. 11i
CHUCTEMH MOXYTh BKIIOYaTH B cebe AaTYMKU s
BHUMIpPIOBaHHS THCKY, TEMIIEpaTypH, BUTPAT 1 IHIIHX
BOXKJIMBUX TapaMeTpiB, IO BigoOpakaroTh CTaH
CIIHY. [aHi, oTpuMaHi 3 IUX CEHCOPIB, IHTETPY-
1oTbcsd B BIM-Mopenb, IO J03BOJISIE HE JIUIIE
30IACHIOBATH MOHITOPUHI Yy PEXHUMi PeajbHOro
gacy, ajie i aHaI3yBaTH iICTOPUYHI JTaHi JJIs1 BHSB-
JICHHS TPEHAIB 1 Tpo0IIeM, sIKi MOXKYTh BIULTHHYTH Ha
e(eKTHBHICTb POOOTH yCTaHOBOK.

3aBASKM TaKUM METOJaM, MOXIIMBO 3HAYHO
MIJBUIIATA TOYHICTh 1 ONEPATUBHICTH 0OOCIyro-
ByBanHs CIIIHY, 3MeHmuTH yac mpocToiB i BHT-
paTH Ha PEMOHT, a TAKOX IMOKPAIIUTH 3arajibHy
HaJIHHICTE 1 6€3MeKy eKCIuTyaTallli HACOCHHUX yCTa-
HOBOK.

Ilepesacu euxopucmanusi BIM ons obcryeo-
sysanns CIIIHY.

Buxkopucranus BIM-TexHoJiorii 11 00¢ayro-
BYBaHHS CBEP/UIMJIBHUX MITAHTOBUX HACOCHHX
ycranoBok (CIIHY) mae gucienHi mepesaru, ski
CYyTTE€BO TIOKPAIIylOTh €(QEKTUBHICTh 1 SKICTh
YIpaBIiHCHKUX TpoueciB [4].

[lo-nepme, BIM-texnomnorii 3a0e3meuyloTh
LIEHTPaIi30BaHy iH(pOpMaIiiHy MOJCHIb, SKa
Mictuth yci gani npo CIIHY, Brmovarouu KoH-
CTPYKIIit0, KOMIIOHEHTH, TEXHIYHI XapaKTePUCTUKU
Ta icTropito oOcimyroByBaHHsS. lle mo3Bomsie
30epiraTu Ta JIeTKO AOCTYIAaTH iH(OPMAIIiio B Oy 1b-
SAKHHA 4ac, 10 3HAYHO CIIPOILY€E IJIAHyBaHHS TEX-
HIYHOT'O 00CITYyrOBYyBaHHS Ta PEMOHTHHUX POOIT.

ITo-npyre, inTerparis BIM y npomecu obcimy-
rOBYBaHHS 3a0e31euye BUCOKUH PiBeHb JeTali3arii
1 TOYHOCTI IPH MOJICIIIOBaHHI MOXKJIMBUX CLICHAPIiB
eKcIuTyaTarii i moioMok. Lle mo3Bossie Kparie mpo-
THO3yBaTH MOTPEOH B 0OCIYroByBaHHI 1 CBOEYaCHO
BUSIBIISITH TOTEHIIIMHI TPOOJIeMH, IO JomoMarae
YHUKHYTH HETepen0adeHnX BUTpPAT 1 3MEHITUTH
4ac MPOCTOIB 00JIaHAHHSI.

[lo-tpete, Bukopuctranus BIM-texHonoriit
JI03BOJISIE aBTOMATH3YBaTH 0araTo MpoIeciB, BKITIO-
gatoun MoHiTopuHr ctany CIIHY, ananiz ganmx i
re”epartito 3BiTiB. lle He Tinbku migBumIye edek-
TUBHICTh POOOTH TEXHIYHOI'O IMEPCOHANY, ajie W

3MEHIIYE HMOBIPHICTb JIIOJCHKUX MMOMMUIIOK, HOB'SI-
3aHUX 3 00pOOKOIO BEIMKOTO 00csry iHbopmariii
[7].

[To-uerBepte, BIM-Mozeni MoXyTh OyTH iHTE-
TpOBaHi 3 IHITUMHU CHCTEMaMH YTIPABIIHHS 1 KOH-
TPOJItO, IO 3a0e3leyye CHHXPOHI30BaHYy 1 KOM-
IUIEKCHY iH(pOpMalilo Mpo BCi acmekTH o0cIyro-
ByBanHsa CIIIHY. Ile nomomarae 3a0e3neuntn
OuTpIl e(eKTHBHY KOOPIWHAINI0O MDK PI3HUMH
BiJIIIJIaMU 1 CHEIaliCTaMH, 10 Oepe y4acTh B 00-
CIIyTOBYBaHHi Ta PEMOHTI.

[To-m'sTe, MOXIIMBICTE Bi3yamizamii maHUX Y
BIM-Mopeni 103BOJISIE CTBOPIOBATH HAOYHI 3BITH 1
rpa¢iuHi penpeseHTauii craHy oOJagHAaHHS, IO
CIIPOIIyE PO3YMIHHS 1 aHaNi3 TeXHIYHOI 1HQOp-
Marlii, a TaKOX ITOJICTIITYE KOMYHIKAIlII0 MK TeX-
HIYHUMH CHEI[ialiCTaMH i KePiBHUIITBOM [4].

Inempymenmu ma memoou inmeepayii BIM y
npoyecu 00Cny208y68anHs

IaTerpaniss BIM-texHonoriii y mporecu 00-
CIIyTOBYBaHHsI CBEPUIMIBHUX IITAaHTOBHX HACOC-
Hux ycranoBok (CIIIHY) mnependauae BHUKOpH-
CTaHHS CHEIliali30BaHUX IHCTPYMEHTIB 1 METOIB,
sIKi 3a0e3MmedyloTh €QEeKTUBHE YIpPaBIiHHA TeX-
HIYHUM 00CIyroByBaHHSIM 1 peMoHTOM. OCHOB-
HAMH IHCTPYMEHTAMH 1 METOJIAMH €:

BukopucTtanHs mnporpaMHOro 3a0e3nedeHHs
Uil MoJieNtoBaHHs 1 aHamizy. CydacHi mporpaMu
JUISL CTBOpEeHHS 1 yrpaBmiaas BIM-monensvu, Taki
sk Autodesk Revit, Bentley Systems a0o Graphisoft
ArchiCAD, 103BOJSIFOTH CTBOPIOBATH TOYHI MOJIEITI
CHIHY, saxi BKIOYAIOTH BCI KOMIIOHCHTH 1 Iapa-
MeTpH obnamgHanHs. i Mogenm ciyryioTh OCHOBOIO
JUTSL TIOAAJIBIIOT0 MOHITOPUHTY 1 0OCIyTrOBYBaHHS,
OCKITBKM BOHHM HaJaloTh JACTalbHY iH(opMaliro
po cTaH 1 GYHKI[IOHYBaHHS KOKHOI YaCTHHH CH-
cremu [6].

[HTerparis 3 cucTeMaMu MOHITOPUHTY 1 yIIpaB-
ninas. st ebexruBHOTO 06CcyropyBanas CIIIHY
HeoOximHo iHTerpyBatn BIM-momeni 3 cuctemamu
MoHiTOopuHTY, Takumu ik SCADA a6o loT-mmart-
¢dopmu. Ile no3BONISIE B PEKUMI peallbHOTO Yacy
BIJICTE)KYBaTH MMOKa3HUKU poOOTH 00JIaIHAHHS, BH-
SIBIISITH BIAXWJICHHS BiJ HOPM 1 ONIEpaTHBHO peary-
BaTH Ha mpoOnemu. JlaHi 3 CHCTEM MOHITOPUHTY
MOXKHa BHOcUTH B BIM-mozeni, IIo I03BOJE
HAOYHO BioOpakaTu iH(OPMAIIio PO CTaH 00J1a-
HaAHHS 1 IUTAHYBaTH HEOOXiTHI fil.

BukopucrtanHs aHATITHYHAX 1HCTPYMCHTIB
JUISL TIPOTHO3YBAHHSA 1 TUIAHYyBaHHS. 3a JIOMTOMOTOIO0
aHAITHYHUX IHCTPYMEHTIB, BOy#oBaHux y BIM-
CHCTEMH, MOXHA BHKOHYBaTH aHaji3 JaHUX PO
ekcruryatariito i obcmyroByBanas CIHIHY. Ile
BKJIIIOYa€ B ce0e MPOTHO3YBaHHS 3HOCY KOMIIO-
HEHTIB, TUIaHYBaHHA TEXHIYHOT'O 0OCIyrOBYBaHHS,
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a TaKOXX ONTHMi3alilo rpadikiB pEeMOHTHUX POOIT.
Taki IHCTpYMEHTH JONOMAraroTh 3MCHIIUTH PH-
3UKHA HelepeadadyeHuX TIOJIOMOK 1 ITiIBHITUATH
e(EeKTHBHICTb YIPaBIiHCHKUX PiLICHb.

CTBOpeHHS  IHTEpaKTHBHHX  Bi3yai3alliid.
OnuH 13 c10c00iB TOKpAIIEHHS MPOIIECiB 00CTyTO-
BYBaHHS — 1€ BUKODUCTAHHS 1HTEPAaKTUBHHX
Bizyamizaniti BIM-moneneli. Bonu mo3BonstoTh
TEXHIYHUM CIICI[ialicTaM HaO4YHO Oa4MTH Pi3HI ac-
nekt podotu i crany CLIIHY, mo nonermye npuii-
HATTA pillleHb i KOOPAWHALIIO il PU MPOBEACHHI
00cITyroByBaHHS a00 PEMOHTY.

IaTerpamis 3 0a3zamMu JaHUX 1 CHUCTEMaMH
yHpaBIiHHS JoKyMeHTanie. BIM-TexHonorii 103-
BOJISIIOTH IHTETPYBATH MO 3 Oa3aMu JaHUX 1 CH-
CTEMaMH JJIS YIPaBIiHHA JOKYMEHTAII€E0, IO 3a-
Oe3medye 10CTyI 10 BaXKITUBOI iH(opMaii mpo Tex-
HiYHI XapaKTEepPUCTHKH, IHCTPYKUii 3 o0cmyro-
BYBaHHS Ta iCTOpit0 peMoHTy. Lle crporrye monryk
HEOOXIAHMUX NTOKYMEHTIB 1 MiABUILY€E €(hEKTUBHICTD
POOOTH TEXHIYHOTO MepcoHaiy [9].

3aBAsSKHA UM 1HCTPYMEHTaM 1 METoJaM iHTe-
rpamis BIM y mponecu o6cmyropysanas CIIHY
JI03BOJISIE 3a0€3MEUUTH BUCOKHH PiBEHb TOYHOCTI,
3pYYHOCTI 1 €()eKTUBHOCTI B yIpaBIliHHI TEXHIYHUM
00CITyrOByBaHHSM, IO, B CBOIO HYEpry, CIpHUSE
MABHILEHHIO HAJIMHOCTI 1 JOBIOBIYHOCTI 00J1a1Ha-
HHSL.

Iokpamenns: edeKTUBHOCTI Ta TOYHOCTI
MOHITOPHMHTIY.

BnpoBamkenns BIM-texHonoriii y mpouecu
MOHITOPHHTY Ta OOCIYTOBYBaHHS CBEpTHIBHUX
MTaHTOBHX HacocHWX ycTaHoBoK (CIIHY) npuno-
cUTh uucieHHi nepesaru. [lo-mepiie, oxaHiero 3
KITIOUOBHX MIEPEBar € MOXKJIMBICTh IHTErpaLii JaHUX
B peanmpHOMY Haci. Lle mo3Bossie omepaTopam ome-
paTHBHO pearyBaTH Ha 3MiHU Ta aHOMalii B poOOTi
CHCTEMH, IO 3HAYHO MiJABHIIYE e(EeKTUBHICTH ii
(dbyukmionyBanusa. OniepaTUBHANA JOCTYN J0 aKTy-
anpHOI 1HGOpMAaIii JO3BOJIAE MIBHIIIEC MPHUHAMATH
pilieHHs 1 3A1iCHIOBATH KOPUTYBaHHSI.

Oxkpim Toro, BIM-texHoOTil 3a0€3MeUyI0Th
BHCOKHI PIBE€Hh TOYHOCTI B MOHITOPHHTY 3aBIISIKH
JeTalbHOMY MOJEIIIOBAHHIO KOMIIOHEHTIB CH-
cremu. lle m03BONsIE HE TUTBKH BiACIHIAKOBYBAaTH
TEXHIYHUHN CTaH HACOCHUX YCTAHOBOK, aJie i TIepe-
0avaTh TOTEHIIHHI TPOOIEMH 3aBIOSKH aHATi3y
ICTOPUYHUX JTAHUX Ta MOJICNICH TIOBEIIHKUA 00Ja-
Ha"HsA. [HcTpymentn BIM n03BOSISIIOTH CTBO-
proBatu TouHI 3D-Mopeni, MO 3HAYHO CIPOIIYE
npoiiec Bizyamizamii Ta aHamizy gaHux [4].

Kpim toro, interpanis BIM y nponecu o6cmy-
TOBYBaHHS J03BOJISIE 3SMEHIITUTH Yac Ha BUKOHAHHS
TEXHIYHMX 3aBJaHb. 3aBISKHU JETaTi30BaHUM MOJE-
JnAM 1 3i0paHMM JaHWM, TEXHIYHI CHeUialicTH

MOXYTh €(eKTHBHIIIC IUIaHyBaTh  OOCIyro-
BYBaHH:, TOYHO BU3HAYATH MICIA [Tl IPOBEACHHS
poOIT 1 yHHKATH HEMTOTPIOHUX BUTPAT Yacy HA yTOU-
HeHHs Aetaneil. Lle Takoxk cnpusie 3HIKEHHIO pU-
3WKY JIOJICBKHX TMOMWJIOK Ta MiJBHUIIYE 3arajdbHAN
piBEHb OE3IEeKH.

3aBnsku BIM-TexHONOTISIM MONINIIYIOTHCS 1
KOMYHIKaI[ii{Hi IpOLIeCH MiXX PI3HUMHU yYaCHUKAMH
oOcayroByBanHs. Bel maHi 30epiratoTbCs B € IUHIN
CUCTeMi, o 3a0e3mneuye MOCTYM JI0 HUX I BCiX
3alTy4eHUX 0Ci0, BKIIOYAIOUN TEXHIYHUX (PaxiBIIiB,
KEpIBHUIITBO Ta MATpUMKY. lle mo3Bossic 3HU-
JKyBaTH WUMOBIPHICTh BUHUKHEHHS KOMYHIKAITI HHAX
MOMMJIOK Ta 3a0e3medyBaTy OUIbII BUCOKUHN PiBEHb
KOOPIWHAII TiH.

Takum  uyuMHOM,  BHOpoBajkeHHs  BIM-
TEXHOJIOTI y mpolecu 0oOCIyroByBaHHS CBEpI-
JUJIEHUX ITAHTOBHX HACOCHUX YCTaHOBOK 3a0e3-
nevye MOKpaIieHHs e()eKTHBHOCTI, TOYHOCTI Ta 3a-
TaJIGHOI SIKOCTI 0OCITYyrOBYBaHHS, IO B KiHI[EBOMY
MiACYMKY Bele 10 3HIKCHHS BUTPAT 1 MiIBUILECHHS
HAIIHOCTI CUCTEM.

Onrtumizania npoueciB 00c,IyroByBaHHsl Ta
3MEHIIIeHHs] BUTPAT.

Brposamxennss BIM-texHonoriit y mpoliecu
00CITyroByBaHHS CBEPUIHIIFHIX IITAHTOBUX HACOC-
Hux ycraHoBok (CIIHY) cyrreBo crpuse or-
TUMI3aIlii IIUX TPOIIECIB i 3MEHIIICHHIO BUTPAT. 3aB-
JISIKU JICTATBHOMY MOJICITIOBAHHIO 1 aHANI3y JaHHX,
sske TponoHyoTh BIM-cuctemu, 3Ha4YHO 3HU-
JKYETHCS Yac Ha BUKOHAHHS 00CITyTOBYBaHHS Ta Pe-
MOHTHHX POOIT.

OnuH 3 OCHOBHHUX aCIIEKTiB OMTHUMI3alii — 1e
MiABUIICHHS TOYHOCTI y TUIaHYBaHHI TEXHIYHUX 3a-
BIaHb. 3 BukopuctanusMm BIM texnomnoriii, MoxxHa
CTBOPHTH JIETATBHY MOJIENTb CHCTEMH, SIKa BimoOpa-
’Ka€ BCl KOMITOHEHTH 1 iX ctaH. Lle no3Boinse 3a3xa-
JIETi/Th BUSIBUTH MPOOJIEMU 1 BUSHAYUTH HEOOXI1IHI
pecypen s iX ycyHeHHS. B pesyibTaTi, poOoTH
MPOBOAATHCS IIBUAINIE 1 3 MEHIIMMH BHUTPATaMH,
OCKUTBKM ~ TOYHICTh  IUIaHYBaHHS  3MCHIIIYE
HMOBIpHICTh JOAaTKOBUX BHUTpaT Ha Hemependa-
4yeHi 06caru pooiT abo matepianu [14].

Takox, 3aBasku BIM, MOXIMBO 3MEHIIHMTH
BUTPAaTH Ha OOCIYrOBYBaHHS 3a PaxyHOK 3MECH-
IICHHA JIIOJICBKAX MOMMJIOK. ABTOMAaTH3aIlisl MPo-
IIeCiB, JOCTYN M0 aKTyIbHHUX JaHWX Ta 3pYydHI iH-
CTPYMEHTH JUIS aHANi3y JO3BOJSIOTH MiHIMi3yBaTH
HMOBIPHICT, TIOMHJIOK TPH BHKOHAHHI 00CITyTO-
ByBaHHSI abo pemoHTy. lle crpusie 3MeHIIEHHIO
Herepen0ayeHnX BUTPAT 1 MiABHUILYE 3araibHy
e(eKTHBHICTh POOOTH.

HonatkoBo, BIM-TexHon0r1i 103BOJISIOTH OII-
TUMI3yBaTH BUKOPHCTaHHS pPECypcCiB. 3aBIsSKd
310paHuUM JaHUM PO TEXHIYHWI CcTaH 00IagHaHHS
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1 HIOTO BUKOPHUCTaHHS, MOXHA Kpallle IIaHyBaTH 3a-
KYITIBJIIO MaTepiajiB i 3aIM9acTHH, YHUKATH HaIMip-
HUX BATpAT Ha 30epiraHHs Ta 3aKyTiBIII0 HEBUKOPHU-
cTaHux 3amaciB. Lle Takok 3MeHIIye BUTpaTd Ha
TPAHCTIOPTYBAHHS 1 30€piraHHsS KOMITOHEHTIB.

OnruMizariisi TpoIeciB OOCITyroByBaHHS Ta-
KOXX BKJIIOYAE B ce0e MOKpalleHHs KOMYHIKaLlii Mixk
PI3HMMHU BiimaMu 1 CHemiamicTaMu. 3aBIsSKd
enuHil matdopmi a1 30epiraHHs 1 0OpoOKH aa-
HUX, BCl YYaCHUKH MPOIECY MarOTh JOCTYII 10 aK-
TyaJnbHOI iH(opMalii, 10 JO3BOJISAE 3HIKYBATH 4ac
Ha KOOpIWHAITIO Jiil 1 MABUIIYyE 3arajibHy edek-
THBHICTBH pOOOTH.

IinBuimenHsa mnpo3opocTi Ta JOCTYMHOCTI
indopmanii.

Bnposamkenus BIM-texHomoriii B 00ciayro-
BYBaHHS CBEP/UIMJIBHUX IITAHTOBUX HACOCHHX
ycranoBok (CIIHY) Takox cyTT€EBO mMigBHILyE
MPO30picTh 1 AocTymHicTh iHGopMarii. Lle mocs-
TaeTbCsl 3aBIIKUA IIEHTpami3aimii JaHuX 1 BIPO-
BaJPKEHHIO CyYyacHHUX METOJIB iX Bizyauizamii [5].

3aBasku BIM-cucremam, Best iHpopMaItist Iipo
TEXHIYHUN cTaH OOJaJHAHHS, ICTOPID 00CIyro-
BYBaHHS, TEXHIYHI XapaKTEPUCTUKU Ta IUIAHU Pe-
MOHTY 30epiraeTbCsi B €QUHIH LUQPOBIH IIaT-
dopwmi. Lle 3abesmeuye Jmerkuii JOCTYI A0 JAHUX
JUISl BCIX YYaCHUKIB MPOLECY, BiJ TEXHIYHOTO Hep-
COHaITy JI0 ynpaBmiHIiB. HasgBHICTb akTyanbHOI iH-
(dhopwmariii B pearlbHOMY Yaci JO3BOJIIE OIIEPATHBHO
pearyBaTH Ha Oy/b-sKi 3MiHM a00 MPOOJIEMH, IO
BUHHMKAIOTh Yy TPOLEC eKcIuTyaTauii Ta o0ciayro-
BYBaHHSI.

IIpo3opicTh iHpOpMAITii TAKOXK ITOKPAITYETHCS
3aBISKM IHTEPAaKTUBHUM Bizyamizamisim. BIM-
TEXHOJIOT11 J03BOJIIOTH CTBOPIOBATH JAETANbHI TPHU-
BHUMIpHI MOJIEJIi 00JIaTHAHHS 1 CHCTEM, ITI0 HATAI0Th
3po3yMilly i gocTynHy iH(opMmaliro npo ix cTaH Ta
KoHCTpyKUito. Lle crnpoirye po3yMiHHSA CKIagHHX
TEXHIYHUX aCIICKTIB 1 JO3BOJISIE KpaIle IIaHyBaTH
obcmyroByBanHs 1 peMoHT [4]. Chemiamictu Mo-
JKYTb IIBHIIIIC 1 TOYHIIIE OLIHIOBATH CUTYAILi0, OT-
PUMYIOUH BCIO HEOOXimHy iHdopmario 0e3 HeoO-
XITHOCTI (hi3MYHOTO OrjIsiAy abo MOBTOPHHUX 3a-
MUTIB.

3aBasku iHTErpalii 3 IHIIUMH CHCTEMaMH
YIIpaBIiHHSA 1 MOHITOPHHTY, BIM-TeXHOIOT1T TaKOX
3a0€31euy0Th €qUHYy IIaTGOpMy IS BCIX TIPO-
neciB oocimyroByBanHs. Lle 3MeHITye HMOBIPHICTD
BTpaTd ab0 TIOMIUIKOBOi iHTEpHpeTalii JaHuX,
ajpke Bes iH(opMallis 30epira€TbCs 1 OHOBIIOETHCS
B omHOMY Micli. KoxeH ydacHHK mporecy mMae 10-
CTYH [0 aKTyaJbHOi 1 TOYHOI iH(opMawii, 0
MiABUINYE e(PEKTUBHICTH poOOTH 1 JJomomMarae
YHUKHYTH HETIOPO3yMiHb.

TakuM YMHOM, MiTBUIICHHS MPO30POCTi i J0-
CcTymHOCTI iHbopMarii 3aBmsiku BIM-texHOMOTISIM
3a0e3mnedye He JIUIIE MOJIIMIIESHHS YIIPaBIHCHKAX
MIPOIIECIB, aJie ¥ IMiBUIICHHS 3arajibHOi e()eKTHB-
HoCcTi oociyropyBanns CIIHY.

TexniuHi Ta opranizauiiini ckjiagHomi inre-
rpamii.

Brposamxkennss BIM-texHonoriit y mporecu
00CITyroByBaHHS CBEPUIHIIFHIX IITAHTOBUX HACOC-
HuX ycTanoBok (CIIIHY) moxe cTukatucs 3 psuom
TEXHIYHUX Ta OpraHi3alliifHUX CKJIaHOIIIIB.

3 TexHigHOI TOYKHM 30py, iHTerparis BIM 3
ICHYIOUHMH CHCTEMaMH MOKe OyTH yCKJIaTHeHA Je-
pe3 pi3sHOMaHITHICTD 1aThopM 1 GopMaTiB AaHUX,
10 BUKOPUCTOBYIOThCS. J[iist 3abe3nedeHns Oe3rie-
peOiiiHoro oOMiHy iHGopmaliero Mk BIM-
CHUCTEeMaMH Ta IHIIUMHU TEXHOJIOTISIMU YIIPABIIHHS
noTpiOHa HaleXHa CYMICHICTb 1 IHTerpauiiiui
pimenns. Ile Moke BHMaraté  po3poOKH
CHeliani30BaHUX aJanTepiB abdo HalalTyBaHHS
ICHYFOUHX CHCTEM, IO HE 3aBXKJIU € MPOCTUM 1 KO-
HOMIYHO €(DeKTUBHUM ITPOIIECOM.

[Hmoro TexHIYHOIO CKIAAHICTIO € 3abesme-
YEHHSI TOYHOCTI 1 TOBHOTH JaHUX, 110 IMIJICMCHTY-
10Tbcsl B BIM-cucremy. Hani mpo obnamHaHHA i
HOTO CTaH MOBHUHHI OYTH aKTyaJIbHUMH Ta JICTajlhb-
HUMH, 1HAKIIIE CUCTEMa MOXKE CTaTH JHKEPETIOM T0-
MuIKoBOi iH(opmarii. [le moTpedye perynspHOro
OHOBJICHHS JTAHUX 1 KOHTPOJTIO 32 1X SAKICTIO.

Oprani3zariiiii CKJIaaHOII TOB’s3aHi 3 HE00-
X1IHICTIO 3MiHHM BHYTPIIIHIX MPOLECIB 1 MpOLEAYD.
BnpoBamkenus BIM wacto BuMarae meperniaro-
TOBKH TIEPCOHAY 1 3MiHH ICHYIOUHX POOOUYHX TIPO-
1eciB, U0 MOXE 3yCTpITH Omip 3 00Ky cIiBpoOiT-
HUKIB a00 BUMaraTH J0IaTKOBHX pecypcis. Kepis-
HUIITBO  TIOBUHHO  3a0€3MEYHUTH  BIAMOBITHY
HiATPUMKY Ta MiATOTOBKY EpCOHATY 115l €peKTHB-
HOT'O BUKOPHCTaHHS HOBUX TEXHOJIOT1H.

Ille ommicro opraHi3aIlifHOIO CKJIAIHICTIO €
HeoOXimHIcTh 1HTerpalii BIM-cuctemMu B icCHYIO9y
CTPYKTYpY YIIpaBJiHHS 00’ €KTaMu 1 00CITyroByBaH-
HsaM. Lle Morke BUMaraTi KOpUryBaHHS BHYTPIIITHIX
MPOLEAYP 1 MOMITHK, II0 MOXXE OYTH CKIAIHHM 1
TPHUBAIIUM TIPOIIECOM.

3pemnToro, TeXHIYHI Ta OpraHi3amiiiHi CKIaj-
Homii iHterpaiii BIM-texHonoriii B 00cayro-
ByBanHa CIIHY mnoTpe0OyioTh peTenpbHOro Inia-
HYBaHHSA 1 pecypcHoro 3abe3mneueHHs. Lle Briouae
HE JIUIIEe TEXHIYHI acIeKTH, ajie ¥ opraHizamiiHi
3MiHH, SKi TOBHHHI OyTH BpaxoBaHi IJIs JOCAT-
HEHHSI YCIIIITHOTO BIIPOBAPKCHHS 1 3a0e3MeueHHs
e(heKTUBHOCTI HOBUX CUCTEM.
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BapricTh BIpoBa/skeHHS Ta MIATPUMKH CH-
cTeM.

Bapricth BIpOBaPKEHHA Ta MIATPUMKH CH-
CTEeM JUIsl MOHITOPHHTY Ta 0OCIIyTOBYBaHHS CBEpII-
JWIBHUX  IITaHTOBHX  HACOCHHUX  YCTAHOBOK
(CHIHY) € BaxJIMBUM acIIEKTOM, ILIO MOTpeOye Jie-
TalbHOTO PO3rysay [2].

BnpoBamxenns ~ BIM-cuctemun — BuMmarae
3HAYHUX 1HBECTHUIIIH Ha TMOYaTKoBOoMy erarmi. lle
BKITIOYA€ BapTiCTh MPOTPAMHOTO 3a0€3MeUeHHS, SIKe
MOKe BapilOBaTHCS B 3aJIS)KHOCTI BiZ yHKI[IOHAIIb-
HUX MOJIMBOCTEH Ta MacmTabiB cucteMu. Takox
BaXIMBO BPaxOBYBAaTH BUTPATH Ha OOJIaTHAHHA,
saKe Oynae HeoOXiTHUM JUIsl 3aIyCKy Ta HiATPUMKH
BIM-cucremu, Take sk cepBepH, poOOUi CTaHIII Ta
MepexeBe 00JIa HaHHS.

KpiM Toro, mo4aTkoBi BUTPAaTH BKIIIOYAIOTH
BUTpAaTH Ha HaBYaHHs nepcoHany. /s edexrus-
HOTO BHKOpucTaHHA BIM-TexHomoriii HeoOXimHA
MiArOTOBKA CIELIalliCTiB, IO MOXE MOTpPeOyBaTH
opraizamii TpeHiHTiB abo cepTudikamiifHuX
kypciB. Lle € nogarkoBuM (piHAHCOBHM HaBaHTa-
JKEHHSIM, SK€ CJIiJ] BpaXOBYBaTH IPH IDIaHyBaHHI
BIIPOBAIKCHHSI.

[MinTpumka BIM-cuctemu Takoxx Hece A0AatT-
KoBi BuTpatH. L{e BkIItodae B cebe peryssipHi OHOB-
JIEHHS MPOTPaMHOro 3ale3neueHHs, O00CIyro-
BYBaHHS 00J1a/IHAHHS Ta CUCTEMH, a TAKOXK BUTPATH
Ha MATPUMKY KopucTyBadiB. st 3a0e3medcHHS
HaJeKHOTO (YHKITIOHYBAaHHS CHCTEMH MOXYTh
3HAZOOUTHUCS MOCTiMHI TEXHIUHI KOHCYNbTaLii abo
MTOCITYTH TEXHITHOT MiITPUMKH.

IIle omHUM acTIEKTOM € BUTPATH Ha IHTETPAIIii0
BIM-cuctemu 3 iHIIMMH iCHYIOUUMH TEXHOJIOT1IMHU
Ta mpolecamMu ynpasimiHHA. Lle Moxe BUMaratu
CIIeITiaTi30BaHuX PillIeHb a00 afgamnTarii, o MoXKe
CYTT€EBO BIUIMHYTHU Ha 3arajbHy BapTiCTh MPOEKTY.

3aranoMm, BapTICTh  BIPOBAa/UKCHHS  Ta
migrpumMkn BIM-cuctemu a1 0OCITyTrOBYBaHHS
CIHIHY w™moxe Oytu 3Ha4yHOIO, aje il MOXKHA
OIIHUTU SIK IHBECTHUINIO B MiJBUIICHHS S(EKTUB-
HOCTI Ta SKOCTI YIPaBIIHCBKUX TporieciB. Jist
BH3HAYCHHS TIOBHHX BHTpAT HEOOXITHO PETEIHHO
IUIaHyBaTH OIO/DKET, BPaXOBYIOUM BC1 MOXKIIMBI
BUTpPAaTH Ha IOYaTKOBOMY €Talli Ta MPOTATOM
eKCIUTyaTarlii CHCTEMH.

IToTpebda y cmemiajizoBaHHX HAaBHYKaX Ta
3HAHHAX.

Bnposamkenus BIM-TexHo0TiH 711 MOHITO-
PHUHTY Ta 00CIYTrOBYBaHHS CBEPTMIILHIX IITAHTO-
BUX HacocHUX yctaHoBok (CIIIHY) craButh nmepen
OpraHizarisiMu HEOoOX1IHICTh 3a0e3neueHHs
CHeIiai30BaHuX HAaBUYOK 1 3HAHb.

OpHi€lo 3 OCHOBHUX NOTped € HAasBHICTD
¢axiBUiB, sKI MalOTh TIHOOKE PO3YMiHHA

NpUHIUIIB Ta MoxiuBocted BIM-cuctem. lle
BKJTFOYAE 3HAHHS B TalTy31 apXiTEKTyPHOT'O MOJIEITIO-
BaHHS, YIIPABIIHCHKUX CHCTEM Ta IHTETpaIlii TaHuX.
CremianicTd TOBWHHI MaTH HAaBUYKH POOOTH 3
BiJIIOBITHUMH NMPOTPAMHUMH MPOAYKTaMHU, TAKUMHU
sk Autodesk Revit abo Bentley Systems, a Takoxk
po3ymiTu cnenu(iky 3aCTOCYBaHHA LUX IHCTPY-
MEHTIB y KOoHTeKcTi oociayroByBanus CLLIHY [15].

Kpim Toro, BakiauBo 3abe3neuyntd (HaxiBIiiB,
SIKI BOJIOIIIOTH 3HAHHSAMHU B OOJIACTI iH>KeHepii Ta
o0ciIyroByBaHHsI HAacOCHUX cucteM. Lle Bkirouae
pO3yMiHHS TeXHIYHHX actekTiB podotu CIIHY, ix
KOHCTPYKTHBHUX OCOOJHMBOCTEH Ta TpoOieM, SKi
MOXYTh BHUHUKHYTH TIiJI 4Yac EKCIUTyaTallii.
CrernianicTi IOBUHHI OyTH 37aTHI 1HTETpyBaTH IIi
3HaHHA y BIM-Momeni myist 3a06e3medeHHsT TOYHOCTI
Ta e()eKTUBHOCTI MOHITOPHHTY Ta 0OCITyTOBYBaHH.

3a0e3neueHHs Takoi KOMIIETEHTHOCTI MOXKe
BUMaratd JOJAaTKOBOTO HaBYaHHA abo mepe-
kBajidikamii HasBHUX cHiBpoOiTHHKIB. lle Moxe
BKJIIOYATH IPOXOKEHHS KypciB a0 cepTudikamiii-
HUAX TporpaM, IO CcHeriami3yioTees Ha BIM-
TEXHOJIOTISIX Ta 1X 3aCTOCYBaHHI B iHPPACTPYKTYp-
HUX MpoekTax. [HBecTulii B miaroToBKy nepcoHany
€ B&KJIMBUM aCMEKTOM YCHIIIHOTO BIPOBAKEHHS
Ta e(heKTUBHOTO BUKOpHUCTaHHI BIM-cuctem.

TakuMm uYmHOM, TMOTpeda y CHeLiani30BaHUX
HABUYKaX Ta 3HAHHSIX € KPUTUYHO BaXKJIIUBOKO IS
YCHINTHOTO BIpoBakeHHs BIM-TexHoori# y mpo-
mecn o6ciyroByBanHs CIIHY. PerenbHe mma-
HYBaHHS HABYaHHA Ta IJTOTOBKU KaJpiB JOIO-
MOXKE 3a0€3MEeYNTH BUCOKHHA piBeHBb KBamidikarii
MEPCOHANTY Ta MaKCUMallbHO e()eKTHBHE BUKOPH-
craHHs MoxknuBocTedt BIM-cuctem.

Y3aranibHeHHI  OCHOBHHUX
BUKJIMKIB.

BrpoBamxennss BIM-texHomnoriii y MOHITO-
PHUHT Ta 00CIyrOBYBaHHS CBEPAJHMIBHHUX IITAHTO-
BUX HacocHuWX yctaHoBok (CIIHY) mpuHOCHTH
3HAYHI IepeBary, sAKi CyTTEBO MOKPAILyHOTh epek-
TUBHICTH 1 TOYHICTh yIPaBIIHCHKUX MporneciB. O-
HI€I0 3 KITFOYOBHX IEPEBAr € MOXJIMBICTH IHTETpaIlii
aKTyaJIbHUX TaHUX 3 TPUBUMIPHUMHE MOJIEIISIMH, IO
JIO3BOJISIE 3A1MCHIOBATH IIIMOOKNM aHalli3 1 MOHITO-
PHHT cTaHy oONlaJHaHHA B peanbHOMY 4aci. Lle 3a-
Oesreuye OTMepaTHBHY PEAKINI0 Ha MOXKIHMBI TIPO-
0JieMH, 110 B CBOIO YEPTY 3HIDKYE PU3UKU TTOJIOMOK
1 TIOKpaIye HagiiHICTh CUCTEM.

Buxopucranas BIM-TexHONOTIH TaKOX TIO-
JIETTIY€ TPOIeC OOCTYTrOBYBaHHS 3aBISKHA JOCTYITY
IO JeTalbHOI iH(oOpMamlii mpo KOMIIOHEHTH CH-
cremu. Lle cnpusie TOUHOMY TMJIaHYBaHHIO 1 BHKO-
HaHHIO PEMOHTHHUX POOIT, III0 3MEHIITy€E Yac Ha 00-
CIIyTOBYBaHHsS 1 3HW)KYE BHTpPAaTH Ha PEMOHT.
[ligBumena mpo3opicTs iHGopMamii i MOKIHMBICTh

nepesar i
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30IACHIOBATH KOMILIEKCHUH KOHTPOJIb HaJ BCiMa
acriekramu (PyHKITIOHYBaHHS HACOCHUX YCTaHOBOK
€ 1IIe OJTHIE€I0 BAXKJIMBOIO IepeBaroio [4].

OpnHak, iCHYIOTH 1 TICBHI BUKIHMKH, SKi TIO-
TpiOHO BpaxoOBYBaTH NpH BHpoBammkeHHI BIM-
TexHoJIoTiH. TexHiuHi Ta opraHi3alliitHi CKJIaHOIIII,
Taxi sIK iHTerpais 3 iCHyloUlMHU CUCTEMaMH 1 Heo0-
X1IHICTh OHOBJICHHS MPOTPAMHOTO 3a0e3MeUCHHS,
MOXYTh CTaTH  CEPHOZHUMH  IEPEIIKOJTaMH.
Bapricte BOpoBamkeHHS Ta miaTpuMKd BIM-
CHCTEM € I1I€ OHUM BKJIMBHUM aCIEKTOM, SIKUii TTO-
Tpedye peTenbHOTo IanyBaHHsa. Kpim Toro, Heo0-
XITHICT Y CHEIliai30BaHUX HABHUYKAX Ta 3HAHHIX
s epekTuBHOTO BUKOpHCTaHHs BIM-texnomorii
MO)K€ BHMAaraTth JOJATKOBHX DPECYpCIB IS HaB-
YaHHA [TEPCOHAITY.

TakuM uymHOM, Xouya BHpOBamkeHHS BIM-
TEXHOJIOTII y MOHITOPHHT 1 OOCIYroBYBaHHS
CIIIHY namae 4ucleHHI epeBard, Taki sSK IIiIBH-
LIEHHS! €EKTUBHOCTI, TOYHOCTI 1 MPO30POCTi iH-
¢dopmanii, BHUKIWMKH, TOB'SI3aHI 3 TEXHIYHUMH
CKIIQTHOIIAMH, BHUTpaTaMH 1 TOTpeboo y
CHeIiai3oBaHuX HaBUYKAaX, BUMararoTh YBaKHOTO
MiAX0Ay 1 KOMIUIEKCHOTO TUIaHYBaHHS AJISl AOCST-
HEHHSI MaKCHUMaJIbHUX PE3yJIbTAaTiB.

Pexomenmamii a1 yCHINIHOTO  BIPOBAIDKCHHS
BIM-texHozOriif y MOHITOPHHI Ta OOCIyro-
ByBaHHs1 CIHIHY.

Hns  edexrtuBHOTO BHUpOBamKeHHS BIM-
TEXHOJIOTI y MOHITOPHMHT Ta OOCIyrOBYBaHHS
CBEpAJWIBHUX IITAHTOBUX HACOCHUX YCTaHOBOK
BaYKJIMBO JIOTPUMYBATHCH KUTBKOX KITFOYOBHUX PEKO-
MeHpaamii. [To-mepie, HEOOXiTHO MPOBECTH pe-
TeJIbHMIA aHai3 moTped i BuMor jo cucrtemu. lle
O3BOJINTH ~ BU3HAUWTH  HAWOUIBII  BaXKJIMBI1
(dbyHKIIOHATREHI MOXJIMBOCTI, ki BIM-pimenss
Mae 3abe3nedyBaTd, i BUOpaTu BIANOBiIHE MpoO-
rpaMHe 3a0e3IeYeHHs, IO BiJMOBiIae UM BUMO-
ram [1].

[To-apyre, BaKIMBO 3a0€3MCYUTH IHTETPALIIFO
BIM-cucrem 3 yxe iCHyIOUHMH CCTEMaMy MOHITO-
pHUHTY Ta 00ciyroByBanHs. [[e Moxxe BUMaraTi Mo-
nudikanid Ha PiBHI OPOrPaMHOrO 3a0e3eUYCHHS
a0o cTBOpeHHA creliajJbHUX iHTepdeiciB A 00-
MiHy JaHUMH. 30Kpema, ciif 3abe3medyntu Oesme-
pebiiiHy mepenady JaHuX MiK pi3HUMH CHCTEMaMH
Ta YHUKHYTH MOXKJTUBUX KOH(TIKTIB y TaHUX.

[To-Tpete, HEOOXiAHO IHBECTYBATH B HABYAHHS
nepcoHany. OCKiIbKH e()EKTHBHE BHKOPHUCTAHHS
BIM-texHomoriii BUMarae cnerudiyHuX 3HaHb 1
HaBUYOK, BaXXJIUBO OPraHi3yBaTH HaBYaJbHI IPO-
rpamMu A TexHIYHMX (axiBuiB, sKi OyayTb
MIpaIIoBaTH 3 HOBOIO cucTeMoro. Lle momomoxe He
TIJABKH TOKPALIUTH €(QEeKTUBHICTH poOoTH, ane |

3MEHIIUTH KiJIbKICTh TOMUIIOK, 10 MOXYTh BUHHUK-
HYTH 4epe3 HeJIOCTATHIO IiJITOTOBKY.

He meHm BaxnmBo 3a0e3nednTH HASBHICTH
TEXHIYHOI MIATPUMKM Ha BCIX eTamax BIIPO-
BaJDKEHHS Ta ekcruryatarii BIM-cuctemu. Ha-
SIBHICTh KBaJi)iKOBaHMX CICI[IaICTIB, T'OTOBHX
MIBUJKO pearyBaTu Ha OyIb-siki mpoOsiemu abo 3a-
IIUTH, JONIOMOKE YHUKHYTH 3aTPUMOK 1 Herepeaoa-
YEHUX BUTPAT, NIOB’SI3aHHUX 3 TEXHIYHUMH TPYTHO-
IIaMH.

Takox BapTo BpaxoOBYBaTH HEOOXiAHICTbH
MOCTIHHOTO OHOBJICHHS 1 BIOCKOHajeHHS BIM-
Mojenel. Jas mporo BaXKIIMBO BCTAHOBUTH UiTKI
OpOLeAYPH UIsl PETYISIPHOTO BHECEHHS 3MiH 1
OHOBJICHD, 11100 3a0€3MEUNTH aKTyaJbHICTh 1 TOY-
HICTh iH(pOpMaIlii B cucTeMi.

VY mincymKy, ycminiHe BrpoBamkeHHS BIM-
TEXHOJIOTI y MOHITOPUHT Ta OOCIYrOBYBaHHS
CHIHY moTtpebye KOMITIEKCHOTO TiIXOIY, BKIO-
Yarouu peTeNbHUN aHaji3 moTped, iHTerpamiio 3
ICHYIOUMMH CUCTEMaMH, HaBuYaHHA IEPCOHATY, TeX-
HIYHY MATPUMKY Ta PETyJSIpHE OHOBJICHHSI MOJIe-
neit. JloTpuMaHHS UX PEKOMEHIAIINA CIPHATHME
JOCSATHEHHIO MaKCUMAaJIbHUX pe3yJNbTaTiB i edek-
TUBHOMY YIIPaBJIiHHIO HACOCHUMH YCTaHOBKAMHU.
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Cheverda A.M., Artym V.I. Implementation of bim
technologies for monitoring and maintenance of srpu. key
benefits

The article provides a detailed examination of the
main aspects of implementing BIM technologies in the
processes of monitoring and maintaining sucker rod
pumping units (SRPUs). The significance of BIM is
emphasized as a universal tool for integrating various
stages of infrastructure management. The use of BIM
allows for the effective optimization of the life cycle of
such complex systems as SRPUs, ensuring not only their
reliability but also increased productivity and reduced
operational costs.

The article highlights the advantages that BIM
brings to the monitoring and maintenance of SRPUs. In
particular, the importance of improving the accuracy of
information is underscored, as it ensures the timely
identification of potential deviations in system
performance, allowing for prompt response to issues.
This, in turn, helps maintain the continuity of production
processes and reduces the risk of emergency situations.

Furthermore, the article analyzes the technical and
organizational challenges that may arise during the
implementation of BIM. Special attention is given to the
integration of BIM with existing information systems,
which is a crucial aspect for ensuring data completeness
and accuracy. It is also important to note the necessity of
training personnel to master new technologies and
approaches, which will allow for the maximum effective
utilization of BIM's potential.

A series of recommendations for the successful
implementation of BIM technologies have been
developed, with a particular focus on the detailed
analysis of specific project needs, ensuring effective
integration of BIM with other management systems, and
the continuous updating of models in accordance with
changes at the site. Following these recommendations
will not only enhance the efficiency of SRPU operations
but also ensure long-term stability and reliability of their
functioning.

Thus, the implementation of BIM technologies
becomes a key factor in improving the efficiency and
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reliability of managing sucker rod pumping units,
allowing for process optimization, cost reduction, and a
higher level of safety during operation. Successful BIM
implementation requires a comprehensive approach that
considers all possible technical and organizational
challenges, as well as ongoing adaptation to changing
conditions and new technologies.

Keywords: BIM technologies, Sucker Rod
Pumping Units (SRPU), Maintenance, Equipment life
cycle, Oil and gas industry
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EKCHEPUMEHTAJIBHE JOCJAIJXKEHHA MEXAHIYHOI XAPAKTEPUCTUKHA
ACHUHXPOHHOI'O TEHEPATOPA 3 ®A3HUM POTOPOM ITPH YPAXYBAHHI
AKTHBHOI'O OITIOPY Y KOHTYPI KOMYTAIII POTOPHOTI'O BUIIPAMJIAYA

Crpynkin I'.M.

EXPERIMENTAL STUDY OF THE MECHANICAL CHARACTERISTICS
OF THE ASYNCHRONOUS GENERATOR WITH A PHASE ROTOR TAKING
INTO ACCOUNT THE ACTIVE RESISTANCE IN THE ROTOR RECTIFIER
COMMUTATION CIRCUIT

Strunkin H.M.

Y cmammi nasedeno eidomocmi npo npunyunu ypaxy-
8AHHA AKMUBHO20 ONOPY Y KOHMYpPI Komymayii pomop-
HO20 GUNPAMIAYA ACUHXPOHHOZ0 2eHepamopa 3 (asHuM
pOmopom 011 MAWIUH MALoi ma cepeOHbOi NOMYHCHO-
cmi. Jlogooumucs, ujo npu 6UKOPUCMAHHIE Y AKOCHI 2eHe-
pamopa cepiliHoi ACUHXPOHHOI MAWUHU — KPAHOBO2O
08U2YHA — NPU HEXMYBAHHI 8NIUEY AKMUBHO20 ONOPY PO-
mopa Ha npoyec KoMymayii pPOomopHO20 BUNPAMAAYA BU-
HUKAE NOXUOKA NPU PO3PAXYHKY U020 MEXAHIYHOT Xapak-
mepucmuky. J[aHo NOCULAHHA HA ABMOPCHKY MEMOOUKY
PO3DAXYHKY MEXAHIYHOI Xapakxmepucmuku acUHXpoH-
HO20 2eHepamopa 3 asHum pomopoM 3 Ypaxy8aHHIM
3MIHHO20 AKMUBHO2O ONOPY pomopa 6i0 Koe3aHHA. Bu-
CBIMACHO Memy ma NiAH eKCNepUMEeHMANbHO20 00CIi-
Ooicenns. ONUCAHO eKCNepUMEHMANbHUL CMeHO Ois
SHAMMS MEXAHIYHOI XApaKmepucmukyu acUHXpoOHHO20
eenepamopa 3 ¢haznum pomopom. s cmeopenis
npomu-EPC pomopH020 8UnpAmMaAYa UKOPUCMAano noc-
Mi006HO 86iMKHeHi diodu. Hadani ioomocmi npo eumi-
PIOBANbHI NPULAOU, AKI BUKOPUCMAHO 8 eKCHePUMEHMI.
Posxpumo memoouxy sumipiosanms Kymogoi umeuokocmi
obepmanHa 8ana AcuHXpoHHO20 2eHepamopad. Onucy-
EMbC MeMOOUKa 0OYUCTEHHSI MOMEHMY 2eHepamopa,
BUXOOAYU 3 MOMEHMY 20HHO20 OBUSYHA MA MOMEHMY
empam azpezamy, 5Ky anpoKCUMOBAHO 3d eKCHepUMeH-
manvHumu oanumu. Hasoosamocs pesynomamu excnepu-
MEHMANbHO20 O0CTIONCEH ST MEXAHIYHOI Xapakmepuc-
MUKU ACUHXPOHHO20 2eHepamopa ma NOpIeHAHHA 3 pO3-
DPAXYHKOBUMIU 3GNEHCHOCAMY, OMPUMAHUMU 3d ABMOP-
CbKOI0 Memooukor. Excnepumenm npogedeno 0l 3me-
HUIEHO20 3HAYEHHSI CIMAMOPHOT Hanpyau OJisl 3MeHUeHHs
CMpyMy HamacHiuyeanus cenepamopa. Iloacneno desxe
BIOXUNIEHHSA eKCNePUMEHMATbHUX OGHUX 8i0 MeopemuyHo
PO3DAX08AHUX Y 30HI MAIUX KO83aHb. Posnosciodrcy-
emovcsa npunywenns byneaxkosa O.0. npo enius Ha

npoyec KOMymayii 6URPAMIAYA Tuue napamempie 6mo-
PUHHOI 0O6MOmMKU Mpanchopmamopa Ha 6UNAdoK 3 po-
MOPHUM UIPAMAAYEM ACUHXPOHHO20 2eHepamopa 3 ¢a-
3HUM POMOPOM — Jullle napamempis pomopa. Bucrosok
micmums iHOPMAYiro npo NiIOMEePONCeHHsSI MEXAHIUHUX
XapaKmepucmuKk ACUHXPOHHO20 2eHepamopa 3 (aznHum
POMOPOM, SKi OMPUMAHO 3G TNEOPEMULHUMU PO3DAXYH-
KaMu, eKCRepUMEHMALbHUMU OAHUMU.

Knrouosi cnosa: acunxponnuii 2enepamop 3 gpasnum po-
MOPOM, MEXAHIUHA XAPAKMEPUCIUKA, AKMUBHUU ONip
pOmopa, poMopHuLl SUNPAMIAY, KOMYMAYis.

Beryn. 3 po3BuTKOM Masioi Ta cepeJHbo1 aBTO-
HOMHOI BITPOCHEPTeTHKH Bce Oiblile yBaru npHuii-
JSIETHCSL CUCTEMaM Ha 0a3l aCHHXPOHHOTO T'eHepa-
Topa 3 ¢azauM potopom (AI'OP), abo doubly-fed
induction generator (DFIG) [1, 2], ne GinbmricTs mo-
TY>KHOCTI 3HIMA€ETHCS 0E3MOCEPEAHBO 31 3aTHCKAYiB
cTaropa. BcraHoBIEHa MOTYXHICTh NEPETBOPIO-
Baya B JAHLIO31 POTOpa, MPU3HAYEHOTO IJIS pery-
JIIOBaHHS pOOOYHX PEKUMIB TeHEpaTOpa, BU3HAYA-
€THCS, BIAMOBIHO, IOTYXHICTIO KoB3aHHs [3]. [o-
JaTKOBE 3HIDKCHHS BapTOCTI TaKOi YCTaHOBKH
MOXe OyTH AOCSITHYTO 3aCTOCYBAaHHSM CEpiiHOTro
ACHHXPOHHOTO JIBUTYHA, 1[0 BUKOPHCTOBYETHCS B
TeHEepPaTOPHOMY PEXKHMi, 10 BUKIIOYA€ BUTPATH HA
PO3pOOKYy Ta BIPOBA/KCHHS CIELiaNi30BaHUX Ma-
muH [4]. AHai3 ICHYIOUOTO PHUHKY E€ICKTPHIHUX
MamuH 13 (pasHuM poTopoM (Mayioi Ta cepeaHbOi
MOTYXKHOCTi) [5] mokazaB, MmO iX acOPTHMEHT
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BUYCPIYETHCS JIMIIE ACHHXPOHHUMH JBHUTYHAMH
KPaHOBO-METAITypTiiHOI cepii.

YV nmanwmii 9ac B JiTepaTypi IpU aHATI31 €JIEKT-
POMAarHITHHX IPOIIECiB KOMYyTaIlii y pOTOpHOMY BH-
OpsAMIISYl  HE BPAaXOBYETHCS BIUIMB AKTHBHOTO
ornopy potopa [1, 6], 1o KOMyCTUMO JHIIEe IS BE-
JUKUX MAIIWH, IO MPamo0Th IPH BiIHOCHO BEJIH-
KHX KOB3aHHSX. J[JIs1 KpaHOBHX €NEKTPONPHBOMIB
Y3rOKEHOTO O0epTaHHs, HaBMaKH, BPaXOBYIOTh
JUIIE aKTHBHUHU OMip y KOHTYypi KomyTamii [7]. A
IUIsl BUMPSIMILSIYIB y Teopii KoMyTalii BiJHOIICHHS
aKTHUBHOTO ONOPY NEPBUHHOTO JuKepena (TpaHcdo-
pMmaropa) A0 PEaKTHBHOTO NPUHHATO MOCTIHHUM
[8], Toxi sixk y AT'®P BoHO € QpyHKIIi€IO KOB3aHHSA. Y
3B'A3KY 3 LIMM y MAalllMHaX Majoi Ta cepeaHboi Mo-
TY>KHOCTI, Ie aKTUBHUM OMip TOCUTH BETUKHUH, PU
PO3paxyHKy MEXaHI4HO{ XapaKTepUCTHKH BUHHUKAE
noxuoka.

ABTOpPOM Oyia Mpe3eHTOBaHA METOAUKA PO3-
paxyHKy MeXaHI4YHOI XapaKTEepUCTUKHA aCHHXPOH-
HOTO reHeparopa 3 ¢asHUM POTOPOM 3 ypaxyBaH-
HSIM BIUIMBY aKTHBHOTO OTIOPY POTOpa 3a JOIOMO-
TOI0 perpeciiHux mozenei [9].

MeTo10 pod0TH € CKCTICpUMEHTATBHE TTiATBE-
PAXKEHHSI METOAWKH PO3PaxXyHKy MEXaHIdHOI Xapa-
KTEPUCTUKH aCHHXPOHHOTO TeHepaTtopa 3 (hasHuM
POTOPOM 3 ypaxyBaHHSIM BIUIMBY aKTHBHOT'O OLIOPY
poTopa.

Buxisiax ocHOBHOro Mmartepiajgy ocii-
JsKeHHs1. JIJI1 MOCSTHEHHS IMOCTaBICHOI METH BHpIi-
ITyBaJIACS TaKi 3a7adi:

-po3po0OKa eKCIIEPUMEHTAIBHOTO CTCHIY;

- BUTOTOBJICHHSI €KCIIEPUMEHTAIIBHOTO CTEHLY
IS 3HATTS MEXaHIYHOI XapaKTepPUCTUKH aCHHX-
POHHOTO TeHepaTopa 3 GasHUM POTOPOM;

- Ge3mocepeHE MPOBEICHHS eKCTIEPUMEHTANb-
HUX pOOIT.

IIman excriepuMeHTy Tepeadadac HACTYITHUAN
obcsr poOiT:

- 3HATTS NTOKAa3HUKIB BTPAT;

- 3HATTS MEXaHIYHMX XapaKTePUCTHK ACHHX-
POHHOTO TeHepaTopa 3 (hasHIM POTOPOM.

JI71s1 TOBHOIIHHOTO 3iCTaBJICHHS PO3PaXxyHKO-
BUX Ta CKCIICPUMEHTAIbHHX XapaKTePHCTHK Oa-
KaHO MaTH pe3yJbTaTH BUMIPIOBaHb y Jiamna3zoHi
KOB3aHb HE MEHII KpUTHYHOTO. OYeBUIHO, 110 TaKi
PEKUMH BaKKO peajizyBaTd IpH HOMiHAJbHIH Ha-
npy3i Ha 00MOTKaX CTaTOPa, OCKIIBKH 1 CTPyM B 00-
MOTKaX MalllHH, 1 MOMEHT Ha BaJly OyIyTb Y KiJIbKa
pas3iB OUTBIIMMHU 32 HOMIHAJIBHI BEIMYHHHU. ToMmy,

JUTSL TIOJTOJIAHHS anapaTypHUX YCKIIaHEHb Ta 3a0e3-
MIEYEHHS HOPMAIBHOTO TETUIOBOTO PEXXHUMY BHIIPO-
OyBaHO{ MaITHHH, EKCIIEPUMEHTAIbHI XapaKTepHC-
THKU TeHepaTopa OyJId 3HATI IPU HAIIPY3i Ha CTaTO-
pHHEX 00MOTKax piBHiH 55 B (1/4 Bix HOMIHAJIBHOT).

JlJis 3HATTS XapaKTEpUCTUK TEHEpaTopa po3-
poOieHo cremiani3oBaHMii CTEHI, CXeMa SIKOTO
MpeJICTaBIcHa Ha puc. 1.
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Puc. 1. CtpykTypHa cxema BUIIpOOYBILHOTO CTCHIY

Crenpn mictuts renepatop Al', mo BunpoOoBy-
erbes, Ty MTF-111-6, sikuiit MexaHiqHO 3iCTHKY-
BaHWHA 3 JIBUTYHOM IOCTIHHOTO CTPyMy (TOHHHI
neuryH) I'Jl (tamy ITH-52-2, notyx#HicTio 7,4 kBT,
mpu 3000 06/xB). Ctatop Al miaKItOYeHUH 10 Me-
peXi MPOMHUCIIOBOI YaCTOTH 4epe3 PeryisaTop Ha-
npyru PH (tpu aBroTpancdopmaropu tuny PHO-
250-25). BumiproBasibani koMruiekT K505 mo3Bo-
JIsi€ BUMIPIOBATH CTPYM, HAMlPyTy Ta aKTUBHY TIOTY-
JKHICTh ¥ OyIb-siKkiil 3 (pa3 reHeparopa. Y JaHIIOT
poTOpa reHepaTopa BKIIOUEHHUH AioaHuil Tpudas-
HUW MocToBHWH BHIpsMisd BP, Ha BuUXOmi SKoro
BCTAHOBJICHI 3TapKyrounii peaktop L2, 1 exBiBa-
neHT HaBaHTakeHHs EH, sikuii cxitagaeTses 3 20 no-
CIiAOBHO BKIIOYEHHUX mioAiB tumy B/[-10. Buxin-
HUI CTpyM BUIpSMIISYa Ta Hampyra Ha HaBaHTa-
JKEeHHI BHUMiPIOBATHCS BIAIIOBITHUMH
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BUMIPIOBAJILHUMHU TPHWIIAIAMA MAarHITOSIEKTPHY-
Hoi cuctemu (PV2, PA3).

JKupiienHss 00OMOTKH 30y IPKEHHS JBUTYHA TIOC-
TifiHOTO cTpyMy BB 3mificHIOBaIOCS Bif MTOTIOMIXK-
HOTI'O BHUIPSMJISYA, BXIJHY HAIpyry sIKOIO MOXKHA
3MIHIOBATH 32 JIOTIOMOTOI0 PETYJIIOBAILHOTO aBTOT-
panchopmaropa JIATP-2. Ctpym 30yKeHHs ABH-
ryHa BHMipioBaBcsi amrepmerpoM PA1 i mig wac
MPOBENEHHS EKCIIEPUMEHTY MiITPUMYBaBCsl MOC-
TiitHUM (1A).

SKip ABWTYHa MOCTIHHOTO CTPYyMYy >XHUBHBCS
Bi TuUpucTOpHOro Bumpsamisya B, nHa Buxomi
SKOTO BCTAHOBJIEHI 3TJaKytounii peaktop L1 i He-
o0xingni BuMiproBanbHi npuianu (PA2, PV1). Kpim
TOTO, CTeHA 00JaJHaHUI HAJIEKHOIO 3aXUCHOIO Ta
KOMYTAaMLiiHOIO anaparypolo.

CxeMy BUMIpIOBaHHS HIBHAKOCTI OOepTaHHS
BaJly reHepaTopa HaBeACHO Ha pHc. 2.

Bona cxnmanaerses 3:

- IcKa, o obepTaerbes (1mo3. 1), sKuit 3akpi-
IUICHUH Ha criony4Hid MyTi (1103. 2);

- iHdpayepBonoro aaruuka I1JIT1/-0,25/3 3
aneptyporo 0.25 mm (1o3. 3), 3aKpilIeHoro Ha He-
pyxomiit miatdopmi;

- IPUCTPOIO CTIOTYUYEHHS (T103. 4);

- gacroromipa Y3-54 (mos. 5).
3
2
e

5 4

[ [
] ]

Puc. 2. Cxema BUMIpIOBaHHS HIBHIKOCTI
o0epTaHHs Bajly TeHepaTopa

30BHIIIHIM KPaEM JHCK, 0 00€PTAETHCS, BXO-
IUTh y Tpopi3 iH(pauepBOHOTO JaTyMKa Ha TIIU-
OuHy 8 MM 1 MEpeTHHAE CBITIOBUI MOTIK Bif JKe-
perna 1o npuiiMaya BUIIPOMiHIOBAHHS.

Ha 30BHIiIIHINA CTOPOHI AMCKa PO3TAIIOBAHUI
Mpopi3 y BUTTAAL CeKTopa 3 KyToM 3° i rMHOHHOI0
10 mm.

[Ipu obepranHi AKCKa MPOPI3 MOETHYETHCS 3
Ipopi3oM JaTyuka. Y Ied MOMEHT BUIPOMIHIO-
BaHHsI BiJl JpKepelia MOoTparuisie Ha poTonpuiimad, y
pe3ynbTaTi 3'ABIAEThCS EICKTPUYHUA CHUTHANI Ha
BUXoAi Aatuuka. CUTHanM HaT4uKa, MIichs MOCHU-
JICHHS Ta 1HBEPTYBAaHHS Yy NMPHUCTPOI CIIONYYEeHHS,
mepeaeTbesi Ha dactotomip Y3-54. Yacrota

MIPOXOPKEHHS IMITYNTbCiB f BiIOBimae 9acToTi 00e-
pTaHHsS Bally TeHepaTopa. BimHocHa moxubOka vac-
ToroMipa 8,=0=+0.031%. KyToBa uwactoTta 06ep-
TaHHA BU3HAYAETHCS (POPMYIIOIO:

w=27f. (1)

EnexkrpomarHiTHUII MOMEHT Te€HEpaTopa BH-
3HAYA€THCS Yepe3 MEXaHIUHy MOTY>KHICTh Ha Baly:

M, =2 @)

e P, - MEXaHIYHA MMOTYKHICTh TCHEPATOpa, » -

wex
KyTOBa IMBUJIKICTh Bally TeHEpaTopa.

MexaHiuyHa MOTYKHICTh MOXE OYTH BH3HA-
YeHa 3 eJICKTPUYHOI MOTYKHOCTI IBUTYHA 3a BiJ0-
MHUX BTpaT B arperari. [lo3gaunmo 11i BTpaT depes
3arajbHl BTpaTH AP, .

Takxum YHUHOM, MeXaHiuHa HOTY)KHiCTL MOXKE
6YTI/I BHU3HAYCHA 3 BUpPaA3y:

Ruex = Pe.d - AP}: » (3)
NeAP, = I?R, - BTpaTH B OOMOTLI sKOps; [, -
CTPYM SIKOpsi, R, - OMip OOMOTKH SIKOPSL.

EJ'ICKTpI/I‘lHa HOTY)KHiCTL ABUT'YHAa BH3HaYa-
€THCA:

Py =U,-1,, 4)

Je U, — Hampyra Ha sIKopi.

TakuM 9HHOM, €TEKTPOMAarHITHHI MOMEHT BH-
3HAYAETHCS 3 BUPA3y:

Mo, =225 My, 5)

e M, - MOMEHT BTpar.

MomeHT BTpar OyB 3HATHH EKCIEpPHMCEHTA-
JLHO, TTICIIST YOTO alPpOKCUMOBAHUH 3aJICKHICTIO:

M7 =1,589+0,00765w . (6)

Mexaniuna xapakrepuctuka AI'DOP 3Hima-
€ThCS TUISXOM BHUMIPIOBaHHS IIBUIKOCTI 00ep-
TaHHS BaJly TeHepaTopa 3 MOJAIBIINM PO3paxyH-
KOM MOMEHTY.

EkcriepuMeHT MpOBOAMBCS y TAKOMY ITOPSIIIKY:
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1. TTogaeTnbest KUBJICHHS OOMOTKH 30y IXKECHHS
JIBUTYHA ITOCTIHOTO CTPyMYy.

2. VYeiMxayBmm QF2, QF3, 3giificHuTH mMycK
ACMHXPOHHOI MAaIlIMHU B PYXOBOMY PEXKHMI.

3. BKIIIOYATH CHCTEMY YIIPABIIHHS BUIIPSM-
nsiga BS, BecraHOBUBIIM KyTH yrpaBniHag 90 rpa-
IyCiB, a TAKOXK HOTO HAIpyTy XHUBJICHHS (aBTOMa-
THuHui BuMukad QF1).

4. 30inpUIyloun Hampyry Ha OoOMOTII SIKOpA,
BCTAHOBMTH 3a/laHuil cTpyM sikops ['Jl, KoHTposro-
I04YM MOoro 3Ha4ueHHs 3a amnepmeTpom PA2.

5. 3HATH 3HAYEHHS HANPYTH SKOPS 3a MpuIa-
noMm PV1.

6. 3HATH 3HAYEHHS YaCTOTH 0OepTaHH 3a IOo-
Ka3aHHSIMH 4acTOTOMIpa.

7. 3HATH 3HAYCHHS CTPYMY Y JIaHLli TOCTIHHOTO
CTpyMy 3a mpunanom PA3.

8. BCTaHOBHTH HACTyMHE 3HAYCHHS CTPYMY
saxops. [loBTopuTy BUMipH 3a yHKTaMu 5...7.

9. IloBroputn myHKTH 4...8 Mg 4Yac 3aMu-
KaHHS €KBiBAJICHTa HABAHTAXXCHHS (POTOPHHUI BU-
NPAMIISTY HABAaHTAKCHUH JIMILE HA PEaKTop).

10. BUMKHYTH Hampyry >KMBIICHHS BHIIpSM-
nsya B Bumukauem QF1.

11. BUMKHYTH acHHXpPOHHY MalllUHy BUMHKa-
gamu QF2, QF3.

12. BUMKHYTH JKHBJICHHS OOMOTKH 30Y-
JOKESHHS.

Ha pwuc. 3 mokaszani MexaHI4HI XapaKTepuc-
THKH acCHHXPOHHOTO TeHepaTopa, MoOymoBaHi 3a
METOAMKOIO, TPEICTaBICHOIO B [9], mpu mpwuIiry-
meHHi, mo O0ymo BucyHyTo bynrakoBum O.0. [§]
PO T€, IO OIIip JIAHITIOTa KOMYTaIlii BU3HAYAETHCS
nmapaMeTpaMH JIUIIEe JIaHIIoTa poTopa, TOOTO
X,=X, 1R, =R, .Hanpomy pucyHKy ToukaMu Ha-
HECEHI pe3yJbTaTH EKCIIEPUMEHTATHLHUX BUMIPIO-
BaHb, BAKOHAHUX Ha CTEH/Ii 32 OMMCAHOIO BUIIIE Me-
TOJIHMKOIO.

SIK BHIHO 3 MPEACTaBICHOTO PUCYHKA, po3pa-
XYHKOBI Ta €KCIIEpUMEHTAIbHI pe3yJbTaTH TOCUTh
Om3bKi. Jlesike BIIXWICHHS €KCIEPUMEHTaTbHUX
JaHUX BiJl pO3paxyHKOBUX KPUBHX, SIKE CLIOCTEpira-
€TBbCS TIPH MAJIMX MOMEHTaX, MOSCHIOETHCS 3HU-
KEHHSIM HAlpyTy y JaHLi HOCTIHHOTO CTpyMy po-
TOPHOTO BUIPSAMIIAYA, TMOB'A3aHE 31 3MEHLICHHSIM
MaJiHHS HANPYTH Ha JIi0/IaX €KBiBaJICHTA HaBaHTa-
KCHHS TIPH 3MEHIICHHI CTPyMYy.

Hm
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Puc. 3. PesynbraTi eKCIEpUMEHTATBHUX JOCIIKCHb
Ta 3ICTaBIICHHS iX 13 PO3PaXyHKOM

BinacyTHICTh eKCTIEpUMEHTAIHFHUX TOYOK 3 MO-
MEHTaMH, OJIM3bKUMH JI0 BETUYMHU KPUTUIHOTO
MOMEHTY, TOB's3aHa 3 amapaTypHUMH OOMeEXeH-
HAMH (HEJOCTATHS TIOTYXKHICTh Y3TOJKYIOUOTO
TpanchopmaTropa Ha BXOJli THPUCTOPHOTO BUIIPSM-
7s4a).

Ha puc. 4 mokazani MexaHIYHI XapaKTEpHC-
THKH aCHHXPOHHOT'O TeHepaTopa, MoOyIoBaHi MpH
NPUIYLICHH], OI0 OMip JIAHIIOra KOMYTAalii BU3HA-
YaeThCs MapaMeTpaMy JIaHLIoTa KOPOTKOTO 3aMu-
KaHHs MallMHH, TOOTO X, = X, + X, 1 R, = R, + R,

Hu
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Puc. 4. PesynbraTi eKCIiepUMEHTAIBHUX OCHIIKCHb
Ta 3ICTABIICHHS 1X 3 PO3PAXyYHKOM IIPH JIOMYIICHHI
X,=X,+X, 1R, =R, +R,

[opiBHSHHS MpeACTaBICHUX PE3YJbTATIB J0-
3BOJISIE 3pOOMTH BUCHOBOK TIPO Te, 110 OOJIiK mapa-
MeTpiB OOMOTKH CTaTOpa B IPOIIecax KOMyTallii po-
TOPHOT'O BUITPAMJISIYA IPU3BOAUTH 10 iCTOTHOTO Bi-
JIXWUJICHHS PO3paxyHKOBHUX pe3yJbTATIB Bijl pe3yiib-
TaTiB, SKi CIIOCTEPITAIACS B €KCIICPUMEHTI.
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BucnoBku. ExciepimenTanbae 1OCTIKEHHS
MEXaHIYHOI XapaKTepUCTUKU ACHHXPOHHOI'O I'€He-
partopa 3 ¢ha3HIM POTOPOM ITIATBEPAUIO METOTUKY
11 po3paxyHKy 3 ypaxyBaHHSIM BIUIMBY POTOPHOTO
OIIOpY Ha Ipoliec KOMyTalii pOTOPHOIO BUIIPSAM-
J9a.

ExcriepuMeHT po3noscronuB npumnynieHHs by-
nrakoBa O.0O. mpo BIUIMB Ha MpPOILEC KOMYyTalii BH-
npsMIIsYa JIMIIEe BTOPUHHOI OOMOTKH TpaHC(hopMa-
Topa, Ans Bunaaka 3 AI'®P — numre potopHoro ia-
HI[IOra reHepaTopa.
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Strunkin H.M. Experimental study of the me-
chanical characteristics of the asynchronous genera-
tor with a phase rotor taking into account the active
resistance in the rotor rectifier commutation circuit

The article provides information about the princi-
ples of maintaining the active support in the commutation
circuit of the rotor rectifier of an asynchronous generator
with a phase rotor for machines of low and medium load.
1t is proven that when using a serial asynchronous ma-
chine as a generator - a crane motor - while neglecting
the influence of the active resistance of the rotor on the
commutation process of the rotary rectifier, an error oc-
curs in the calculation of its mechanical characteristics.
The author's method for developing the mechanical char-
acteristics of an asynchronous generator with a phase ro-
tor with a changeable active support for the rotor is
given. The purpose and plan of the experimental study
are highlighted. An experimental stand for measuring the
mechanical characteristics of an asynchronous genera-
tor with a wound rotor is described. To create an anti-
EMF rotary rectifier, diodes switched on in series were
used. Information about the measuring devices used in
the experiment is provided. The method of measuring the
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angular speed of rotation of the shaft of an asynchronous
generator is disclosed. The method of calculating the
generator moment is described, based on the moment of
the driving engine and the moment of losses of the unit,

which is approximated by experimental data. The results
of the experimental investigation of the mechanical char-
acteristics of the asynchronous generator and the level-
ing of the deposits, which are attributed to the author's
methodology, are presented. The experiment was carried
out for a reduced value of the stator voltage to reduce the
magnetizing current of the generator. Some deviation of
the experimental data from the theoretically calculated
ones in the zone of small slips is explained. The assump-

tion of O.0. Bulgakov is spreading on the effect on the
rectifier commutation process of only the parameters of
the secondary winding of the transformer in the case of a

rotor rectifier of an asynchronous generator with a phase

rotor - only the parameters of the rotor. The conclusion
contains information about the confirmation of the me-
chanical characteristics of an asynchronous generator
with a phase rotor, which were obtained according to
theoretical calculations and experimental data.

Key words: asynchronous generator with phase ro-
tor, mechanical characteristics, active rotor support, ro-
tary rectiﬁer, commutation.
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BU3HAYEHHS TAPAMETPIB BIBPAIIIL BYPOBOI YCTAHOBKH
I3 BUAKOPUCTAHHAM METOAY BIACTEXEHHSA IIOPAAKY OBEPTOBUX MAIIIUH

Mopxkyn B.C., Mopkysn H. B., lopkysin O.B., I'pumenxo C.M.,
boopos €. 10., I'pumenko $1.0.

DETERMINATION OF THE VIBRATION PARAMETERS OF A DRILLING RIG USING
THE METHOD OF COMPUTED ORDER TRACKING OF ROTATING MACHINES

Morkun V.S., Morkun N.V., Porkuian O.V., Hryshchenko S.M.,
Bobrov E.Yu., Hryshchenko Ya.O.

Memoro  OocniddceHHsi € BUHAYEHHA NaApamempis
8ibpayii 6yposoi ycmanosku 6 npoyeci OYpinHs ceepoio-
BUH 3a OONOMO20I0 MemOo0dy 8I0CMeNCeH sl NOPSOKY 0bep-
moGuUx Mawius. Y pobomi 6UKOpUCmaHi Memoou anaiizy
BIMUUZHAHO20 MA 3apYOIdCHO20 00CEI0Y, Memoou Mame-
MAMUYHO20 MOOENIOBANHS, A MAKOIC MEMOOU Mamema-
MuyHOi cmamucmuxu i meopii UMOGIpHOCMI 0151 op-
MYBaHHs. OYIHKU pe3ynvmamie docaioxcenns. Haykoea
HOBU3HA NONSA2AE 8 OOIPYHMYBAHHI 3ACMOCYSAHHS Me-
Mmooy eidcmediceHHsi 00YUCTIeH020 NOPAOKY 00epmosux
MAWUH 018 BUSHAYEHHA YACMOMU HA AKill OOYINbHO
BUMIpIO8AMU  CMAMMUCTHUYHI napamempu cynymus020
sibpayiinoeo cuenany. Ilpakmuune 3HaueHHs noaizae y
BU3HAYEHHI Npoyedypu  BUMIDIOBAHHS — NAPAMEMPIE
sibpayiinoeo cuenary 0ypogoi YCmaHOGKu ONsi OYIHKU
@izuxo-mexaniunux racmugocmeil 2ipCcbKoi nopoou
be3nocepednvbo 6 npoyeci OYpiHHA c6epOnosun.  Jis
BUOLIEHHsl KOPUCHOT CKIA00801 8I0pAYIIIHO20 CUSHATLY HA
6yposomy dosomi 3 piSHOMAHIMHUX 3a6a0 (siopayil iH-
wux yacmuH Oypogoi YCmMAaHO8KU, 306HIUHI Npoyecu y
2IPCLKOMY MACUBL T M. 1.) BUKOPUCTHAHUL MemOO GiOCme-
gicenns ooyucaenoco nopsaoxy (COT) obepmosux mawun
3 000amMK0O80I0 NEPeOUCKpemu3ayiclo 0as NioeUUeHHs.
11020 po30inbHOi 30amHocmi. 3anponoHosanuil nioxio
NoAA2AE 8 MOMY, WO 8 NPpoYeci 3MiHU pOOOYO20 pexcumy
npusody obepmosux uacmun 6ypogoi ycmanosKu op-
Mylomb  Kapmy HOpsAOKY 6 Ycbomy OiandasoHi 1io2o

0bepmie, BUHAYAIOMb HACMOMY BUCOKOAMNIIMYOHOT

sibpayii donoma, saxka 6i0N0GIOA€E GU3HAYEHOMY NIKOBOMY
nopsoky obepmie, i Ha Yiti Yyacmomi GUMIPIOIOMb CIA-
MUCMUYHI NApAMempu 3MiH AMIIIMYOU SUMIPAHO20 ClUe-
Hany. Bionogiono do 3acmocosanozo memody cgopmo-
6aHO Kapmy yacmomu obepmie 01 OaHux e6ibpayii 6
npoyeci 3minu po6ouo2o pesicumy 6ypogoi ycmanoeKu
(niosuwenns enpooosac 40 cexyno wacmomu obepmis
npueody 3 500 do 2150 obepmis 3a xeuauny Ananiz eu-
KOHAHUX — eKCNEPUMEHMANbHUX — OO0CHIONCEeHb  md

MOOeNI08anHs npoyecy 63aeModii doioma 3 3ali30-
BMICHOIO 2IPCbKOTIO0 NOPOO0I0 003B0ISE 3POOUMU BUCHO-
60K Npo me, W0 OMPUMAHI i3 3aCMOCYBAHHAM 3A3HAYe-
HO20 Memoody CMAmuCmuyHi NOKA3ZHUKU CYNYMHbO2O
8IOpayitiHo20 cucHaLy OIICHO A0eK8AMHO XApaKmepusy-
roms npoyec OypiHHs C8ePONOBUH.

Knrouosi cnosa: 6ypinns ceeponosun, siopayis, siocme-
JICEHHSL NOPSIOKY, O3HAKU.

Beryn. Ob6epranpHe OypiHHS € CTaHZapTHUM
METOJIOM, IIT0 BUKOPUCTOBYETLCS B TIPHHWUINA TIPO-
MUCIIOBOCTI MPH PO3BiALI Ta BUIOOYTKY KOPUCHHX
KonanuH. bypoBi ycTaHOBKH, 1110 3aCTOCOBYIOTHCS B
JAHWI Yac, CUIIBHO PO3PI3HSIIOTHCS 32 CBOEIO KOH-
CTPYKII€I0, MPU3HAYECHHIM 1 MoxnuBocTsMH. Cra-
ioHapHi OypoBi yCTaHOBKM BHKOPHCTOBYIOTHCS B
OCHOBHOMY TSI PO3BiTyBaILHOTO OYPIHHS Ta MPH
BUIOOYBaHHI BYIJIEBOJHEBOI CHPOBMHH, MOOLIBHI
(nepecyBHi) — s OypiHHS eKCIUTyaTalliiHHX Ta
BUOYXOBHX CBEPIJIOBHH.

OCHOBHMMHU CKJIaJOBUMH YacTUHAMH Oyab-
;K01 OypOBOi YCTAaHOBKH € TIPUBOJHUNA CHIIOBHI
010K 13 TpaHcMiciero, OypuibHa KOJOHA (LITaHTa)
Ta 0J10Kk OypoBOro iHCTpyMeHTY. KpiM Toro, BUKO-
PHUCTOBYIOTBCS PSIIl CHCTEM, IO 3a0€31MeYyI0Th Ipo-
nec OypiHHS: CHCTEMa OYMILIECHHS CBEPAJIOBUHH 1
TPaHCIIOPTYBAHHS 3pYHHOBAHOI TIPCHKOI MacH; CH-
CTeMa MOHITOPHUHTY cTaHy OypOBOi YCTaHOBKH; CHU-
cTeMa KepyBaHHS TIporecoM OypiuHA. CHoBHi
0J10K 3a0€31euye MmiaioM i OIyCKaHHs OYpOBOIo iH-
CTPYMEHTY, a TaK0X (JOPMYy€E MOMEHT, 10 KPYTHTb,
SIKHI 3a TOTIOMOTOK0 OypPUJIBHOI KOJIOHH (IITAHIH)
nepeAaeTbes BiJ MPUBOAHOTO ABUTYHA Ha OYpOBHA
iHCTpyMeHT. JlonoTo, 1o oOepTaeThes, PyHHYE
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TipcbKy TIOpPOAY, SIKa TPAHCIOPTYETHCA HA TIO-
BEpXHIO TrigpaBimiunuM (OypoBuid po3umH) abo
ITHEBMATHYHUM (CTHCHEHE TIOBITPs) MeTogoM. Cu-
CTEMHU MOHITOPHHTY CTaHy Ta YIPaBIiHHS OYpPOBOIO
YCTaHOBKOIO  3a0e3medyioTb 1ii  Oe3mepeliiiHy
eKCIUTyaTaIliio Ta ONTHMI3aIlil0 TEXHIYHUX Ta €KO-
HOMIYHUX MTOKa3HUKIB MTPOIECY OYPIHHSL.

MeTor0 maHoi poOOTH € BHU3HAYCHHS Tapa-
MeTpiB BiOpamii OypoBOi YCTaHOBKM B THpoLeci
OypiHHSI CBEpIUIOBHH 32 JOIMOMOTOI0 METOAY Bil-
CTeXXEHHS TOpsAnKy oOeproBux wmamuH. Ilocra-
HOBKa 3aBAaHHS: JOCTIDKEHHS METONy BiicTe-
KCHHA TOpAAKY OOepTOBHX MaIluH IS BH3HA-
YeHHS TapaMmeTpiB BiOparlii OypoBoro moioTa B
nporeci OypiHHs CBEPJIOBHH.

BuxjiagaHHs 0CHOBHOTO MaTtepiaJjy. Jlocsr-
HeHHS BUCOKUX mBuakocted mpoxonku (ROP) e
OJTHIEIO 13 OCHOBHUX ITiJICH ONTHMI3allii KepyBaHHS
poriecoM OypiHHS.

ROP B nepury uepry 3aiekuTh BiJl 3MiH HaBaH-
TakeHHa Ha gojoro (WOB) Ta mBuakocti obep-
taHHs ponota (RPM). Marouun Ha yBasi Becb MOX-
TUBHNA poOounii miama3on 3MiH WOB ta RPM 1ieit
3B'30K € HeMHITHNIM. L{e 3yMOBICHO 3aKOHOMIPHO-
CTSIMU B3a€EMOJIi J0JI0Ta 3 TiPCHKOIO MOPOAOIO 1 ii
3MIHHUMH  (I3UKO-MEXaHIYHUMH XapaKTePUCTH-
kamu. [IpoOeMHUM MUTaHHSM JIJIsl BUPIIICHHS 3a-
BIaHHA ONTHMAJIBHOTO KepyBaHHS OypiHHIM
CBEPJIOBHH € OIepaTHUBHE BU3HAUCHHS (hi3UKO-Me-
XaHIYHUX XapaKTEePUCTUK T1PCHKOi MOPOAH, 110 Oy-
PUTHCHL.

3a3Buyail, O0mM0TO 1 OypuibHa KOJOHA
(mrraHTa) 00EPTAOTHCS 33 JIOMIOMOTOIO JIBUTYHA 3
BEpXHIM TNPHUBOAOM Ha TOBepxHi. OCKIIBKH Me-
XaHIYHA CHEPris MepelacThCs BiJl MOBEPXHI J0 JI0-
JI0Ta, TIe TIPU3BOANUTD 10 HEMHINHOI B3aEMOIT MiX
OypUJIBHOIO KOJIOHOIO Ta CBEPUIOBHHOIO, IO
BUKJIMKa€e BiOpanito OypunbHOi komoHu. Iloemna-
HHS MacH, >KOPCTKOCTI Ta JMHAMIYHHX CHJI € (hak-
TOpamH, SIKi 3MYyIIYIOTh CHCTEMY BiOpyBaTH BciMa
MOKJIMBUMH CIIOCOOaMH, a caMme. akciajbHO, JiaTe-
PaJIbHO Ta TOPCIOHHO.

VY po6ori [1] 3anpomnoHoBaHO MOEIb OYPOBOT
LITAHTH 13 30CEPEIKEHOI0 MACOI0, SIKa CKIaJaeThCs
3 IBOX CTYIICHIB CBOOOAM. PIBHAHHS pyXy I OCh-
OBOTO Ta KPYTHJIBHOTO PYXiB OYPHIBHOT KOJOHH

mi + cgx + ko(x —vy xt) =—-WOB, (1)
J0 +c,0+k, (6 —02xt)=-TOB, ()

ne TOB, m,x,],cq, e,k ke, o, 6,2 - BIAMOBITHO
KPYTHHI MOMEHT Ha J0JIOTi, e)eKTHBHA Maca Oy-
PWIBHOI IITaHTH, OCHOBE 3MIIICHHS, e()eKTUBHUN
MIOJSIPHUA MOMEHT 1HepIlii, KOoe(iIli€eHT IeMII-
¢yBaHHS TpU OCBOBOMY pyci, KoedilieHT

nemndyBaHHS TpU KPYTHJIBHOMY pYCi, OCbOBa
JKOPCTKICTB, YKOPCTKICTh Ha KPYUCHHS, IMOYATKOBA
OChOBa IMIBHAKICTh, KyTOBE 3MIMIECHHS I0JIOTA i
MIBUIKICTh OOEpTaHHS MMOBEPXHi B pajiaHax 3a ce-
kyHxay (RPS).

OchoBi Ta KpyTWIBHI piBHSHHA pyXy (1), (2)
MOB'sI3aHi 32 paXyHOK CHJI B3a€EMOJIi1 1oyioTa [1].

Maroui Ha yBa3i 3HauYHy JOBKUHY OypOBOi KO-
JIOHW Ta HASBHICTH B 11 KOHCTPYKIII OKpEMHX €JIie-
MEHTIB, KPyTHUJIbHI PYXH, 1[0 BUHUKAIOTH Y MpoIeci
OypiHHSI TOLTBHO OMHMCAaTH y BUIVISALI CYKYMHOCTI
30CEpEeMKEHNX Mac Ha Baly, OKpeMi YaCTHHH SIKOTO
MOJKYTh MaTH CBOI OCOOJIMBI XapakTepUCTHKH. Mo-
Jelb moAiOHOI po3MOaiIeHOl CHCTEMH IS, HAIpH-
KJaJ, TBOX 30CEpPEeIKEHUX Mac MOXe OyTH Tpel-
CTaBICHA y BHIVIAAI JAU(EPCHIIaJbHUX PIBHSIHB

pyxy [2]
L0y + (ky + k)0, — k0, = 0; 3)
1,0, + (ky + k3)0, —k,0, =0,  (4)

ne k; - KpyTHibHa KOpCTKicTh Bay i (i = 1, 2, 3),
III0 BU3HAYAETHCS 5K

Gili
k=2t )

ne G; — MOIYJb )KOPCTKOCTI; J; — TIOJIAPHUIT MOMEHT
iHepuii; l; — noBxuHa Bajdy; © - KyTOBE 3MilIEHHS
J0JI0TAa.

Haseneni audepeHiiiaibti pIBHSIHHSA PyXy B
MaTpuYHIA (HOpMi MAFOTh HACTYITHUHN BUTIIS

K || A S HRC

KonTtakTHa B3a€MOIisl IAPOIIKOBOTO JI0JIOTA 3
TiPpCBKOI0 TIOPOJIOI0 BKJIFOYAE€ KOMOIHAIIO JH-
HaMIYHUX Ta CTaTUYHHUX 3yCHJIb, a BiOparlii, mo Bu-
HUKAIOTh TiJ vac OypiHHS CBEpIUIOBHH, CKJIaja-
IOThCSI 3 TPHOX CKJIAJIOBHX: MEPIOANYHI, yIapHi Ta
BUMAJIKOBI, LI0 BH3HAYAIOTHCA OCOOJIUBOCTSIMH
CTPYKTYpH Ta TEKCTypH Marepiady B3a€eMOii.
Posrnsimaroun mpocTip, 3aifHATHIA KOHTAKTOM Oypo-
BOTO JI0JIOTa 3 OPOIOI0 B MOMEHT 4acy t, K Auc-
KpeTHy oOMexeHy obiacts (), MareMaTH4HY MO-
JIe]Th KOHTAKTHOI B3aeMomii «OypoBe MOJIOTO—TIO-
pona» MOXKHA MPENCTABUTH Y HACTYITHOMY BHIJISI

[3]
mil :p(t) +C(u,a)—f(u,ﬁ) ’ (7)
Jle m— MaTpUIsl MAaCH; ii — BEKTOp TIPUCKO-

PEHHS; f — 3MiHHA 4Yacy; p — BEKTOpP 30BHILIHBOT
CWJIM; ¢ — KOHTaKTHa CHJa Ta BEKTOp TepTs; f—
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BEKTOP BHYTPIIIHKOI HANPYTH; 1 — TEPEMIICHHS
00’exTa; oo — 3MIHHA, IIOB’s13aHA 3 BJIACTHBOCTSIMU
KOHTaKTHOI IOBEpPXHi; [/ — 3MiHHA, TIOB’s13aHa 3 KOH-
CTUTYTUBHHM CITiBBIIHOILICHHSIM MaTepiaiy.

YV poboti [4] mpencTaBIeHO MOJENb peary-
BaHHSI HA OypiHHS ITAPOIITKOBUX JOJIIT. BoHa BKIIO-
4yae HaOlp BiJHOIIEHb MK Baroto Ha OiT W, KpyT-
HUM MOMEHTOM Ha J0J0Ti 7, IIBUAKICTIO MPOHUK-
HEHHs V' 1 KyTOBOIO MBHIKICTIO ). Ha BiaMiHy Bifg
MOJIETICH, SIKi 3aJIeKaTh BiJl TOYHOTO OTHCY JI0JIOTA,
peaxiist OypiHHS TOCITIKY€EThCS IIISTXOM 00’ €THa-
HHS BIUIMBY TEOMETpii TOJIOTAa Ha KiJdbKa Tmapa-
METpiB 1 yCEpemHEHHs TapameTpiB OypiHHS
(W,T,V,£)) npoTsroM NpUHANMHI OJHOTO 00epTy
nonora. Y paMKax MOJEN MOKHA OTPUMATH Killb-
KicHy iH(pOpMAIIiio 3 JaHUX OypiHHS, TOB’sI3aHy 3
BIIACTHBOCTSIMHU TIOPOJIH, CTAHOM JI0JIOTa Ta e(ek-
TUBHICTIO OYpiHHSI.

DeHOMEHONIOTIYHA MOJIeNb, 3allpPONIOHOBaHA
Detournay ta Defourny [5], BpaxoBye, 1m0 pixkyda
nist ¢ppukiiitHoro gonora PDC ckinamaeThes sk 3
Tporiecy pizaHHs, Tak 1 3 mporecy TepTs. Ilpu
IbOMY KOXKEH OKPEMHUH Pi3eIlh BiIIyBa€ pi3HY Be-
JUYMHY Ta HAMpsIMOK CHWIIM, 3aJle)KHO Bijg Horo
po3TanryBaHHs Ha podiini gonora (puc. 1) [6].

WOB

Hanpsmox
o0epTaHHA

- 0)

Puc. 1. BennunHa peakTUBHUX CHII 3MIHIOETHCS
3aJIeKHO BiJl MICITS po3TalIyBaHHs pisis nosora PDC:
a — peakTUBHI CHIM Ha pisli yepe3 WOB;

6 — peakTHBHI CHJIM Ha pi3ii yepe3 TOB

PiBHSIHHS 17151 KPYTHOTO MOMEHTY Ha A070Ti T},
Bi1oOpa)ka€ MOMEHT HEJIIHIHHOTO TepTsA, 00YMOB-
JICHUH B3aEMOJIIEIO0 MIOPOJIH 1 JIOJIOTA, IO 3a3HAE TIe-
pEpPHUBUYACTOrO IPOCIN3aHHA [6]

Ty = DpyWy [ter (Wp) + (sp — pep)e™ M2l (8)

1€ Uep Ta Uy - CTATHUHI KOS(DILIEHTH CYXOro Ta Ky-
JIOHIBCBKOTO TepTs; A - Koe(illieHT 3aracaHHs, piB-
Huit 0,9; wy, - KyToBa IBUAKICTE 10JIOTA.

Taxum 4MHOM, 3 HaBeIEHUX PE3YJIbTaTiB BUKO-
HAHHX JOCIIPKEHh MOKHA 3pOOUTH BHCHOBOK, IO
B TIPOIIeCi KOHTAKTHOI B3a€EMO/Iii OYpOBOTO J0I0Ta
3 TIPCHKOIO TIOPOI0I0 (HOPMYIOThCSI BiOpamiiiHi Ko-
JUBAHHA Pi3HOT aMILTITYIA 1 YaCTOTH SIK Y CAaMOMY
JTOJIOTI, TaK 1 y TIPCBKOMY MAacHBi, IKi HECYTh 1H-
(¢opMaTUBHI  XapaKTEpUCTHYHI  O3HAKW i€l
B3aemogii. Jns BumydenHs uiei indopmanii npomo-
HY€THCSI BUKOPUCTATH METO/ BiACTEKEHHS MTOPSIIKY
00epTOBUX MaIllvH.

IloctaHOBKa 3aBIAHHA: AOCIHIIKEHHS METOAY
BIJICTC)KCHHSI TIOPSAIKY OOEPTOBHUX MAIIMH IS
BH3HAYEHHS IMapaMeTpiB BiOpariii OypoBoro moioTa
B Tipouieci OypiHHS CBEpAJIOBUH.

Bi0parii, 1o BUHUKAIOTH Ha AOJIOTI B TIPOTIEC]
OypiHHS CBEpIJIOBUH, MPEICTABISAIOTH CKIIATHII
KOJIUBaJbHUH TpOLIEC

X(0) = Xj=q A()cos[kwo (t) + ¢ (D] + §w(t())-
9

Bin Brirowae HakiamaHHS Ha KBasimoJjirap-
MOHIYHHH MMPOTIIeC - B 00J1aCTI HU3BKHUX Ta CEPEIHIX
YaCTOT, BHIIQJKOBOTO IIMPOKOCMYTOBOI'O CTa-
ioHapHoro mporecy &, (t) - B 00;1acTi BUCOKHX Ya-
cror [7,8].

BiamoBigna iH(popMariis Moo B3aEMOIIT 0-
JoTa 3 TIPCBKOIO MOPOAOI0 B Mpoleci OypiHHS
CBEPIUIOBHH, MICTUTLCS Y BUCOKOYACTOTHIN BHITAI-
KOBIH CKJIaJ0B1# BiOpamiiHOTO CUTHAIY.
Bupinennst uiei kopucHoi iHdopmanii Ta BH3Ha-
YCHHSI XapaKTEPUCTUYHUX O3HAK IS 11eHTH(IKaI
(hi3UKO-MEXaHIYHMX XapPaKTEPUCTHK TIPChKOI IO-
PO 3MIMCHIOETHCS 13 BUKOPUCTAHHSIM CHEKTPalhb-
Horo anam3zy. lllmixom @yp'e-mepeTBOpeHHS
BH3HAYAETHCSI CIICKTPAIbHA MTIIBHICTE MTOTYKHOCTI
IbOTO cUrHany [9]

Sr(w) =

[Hr(jw)]?, 0<t<T, (10)

1
T
; ® —jwt
ne Hr(jw) = [__n(w)e - YaCTOTHE TIO/IaHHS
CUTHAJY.
3 UBOT0 CUTHATY BHUILISAIACS BY3bKOCMYTOBA
KoMIoHeHTa &5 (t) 3 HAHOLIBIIO0 OTYKHICTIO [7]

Ex(t) = A[1 + mB(t)cos (Wt + @], (11)

me 0 < m < 1 - rambuHa MOIYIIAII.
YV npomy BUpasi
B(t) = $j_y Cecos(k2t + @), (12)

TOOTO TIpEICTaBIIsEe
TIPOIIEC BHUILY

aMIDTITY THOMO Ty ThOBaHHHA
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E(t) = A[1 + Xp-; myCrcos(k2t + ¢)] -
cos (Wt + @q) , (13)

ne my - napuiabHUA KOeQilieHT MOmyJALil;
{) - KyTOBa YacTOTa MOAYJIALIII.

T'omoBHUM mTHTAaHHSIM B I TpoIeAypl €
BU3HAUCHHS O3HAK 33 SKUMU BUIIAEThCS p(L).
Bin uporo 3anexuTts HACKUIbKK 1H(OpMALis MI010
MIPOIIECY B3aEMOII T0I0Ta 3 TIPCHKOIO TTOPOIOIO0 3a-
XUIIICHA BiJl BIUIMBY Pi3HOMaHITHUX 3aBaj (BiOparii
1HIIMX YacTHH OypoBOi yCTaHOBKH, 30BHIILIHI MPO-
LIECH y TIPCBKOMY MAacHBi i T. 1.).

Imest 3ampoINOHOBAHOTO METOJY TMOJSITAaE B
ToMy, 00 3actocyBatd (OpMYBaHHsS Ta aHaji3
KapTH MOPSAKY 00epTiB 00epTOBUX YacTHH OypoBOi
YCTaHOBKH B TIpolieci OypiHHS CBEpUIOBHH IS
imeHTudikami gojJoTa |y YacTOTHIH oOmacTi
BHUMIpIOBaHOTO CYIyTHBOTO IHTETPOBAHOTO
BiOpamiifHOTO CHWTHANYy $K JDKepeiaa BHCOKOAM-
IDTITYMHOI BiOpartii.

IcHyIOTh pi3HOMAHITHI METOMU BIJICTECIKEHHS
nopsiaKy obeproBux MamuH. TpaauuiiiHe Bifcre-
JKEHHS TTOPSIKY O€3M0CepenHbo 3MIMCHIOE BUOIPKY
aHaJIOTOBOTO CUTHANY BiOpamii 3 MOCTIHHUM Kpo-
koM Baimy Du 3 BUKOpUCTaHHSIM aHAJOTOBHX MpU-
naziB. 3a3BuUai 11e BKIIFOUaE CHHTE3aTOP BiTHOCHH
1 (QUIBTp CHOCTEPEeIKEHHS 3MVapKyBaHHs. YacTo-
TOMip MOKe Oy TH BKJIFOYCHHUH 17151 KOHTPOJIIO ILIBUI-
kocTi Bairy. CHHTE3aTop BiTHOCHH TeHEPY€E CUTHAII,
MIPOTIOPITIHHUN IBUAKOCTI Bay MarmmuHu. Llei
BUXiJl BAKOPUCTOBYETHCS IS KEPYBaHHS 4aCTOTOIO
BUOIpKM Ta YacTOTOIO 3pi3y aHaJOroBOro ¢iibTpa
CTEXEHHsI, QIIBTPa HIKHIX 9aCTOT 3 PETyIHOBAHOIO
gacToTOr0 3pi3y. Ilicms oTpuMaHHSA 3a3HAYCHOTO
070Ky JnaHuX, BifiOpaHux mpu mocTiiHomy Du
(BUOIpKHM  KyTOBOTO  JOMEHY), OOYHCIIOETHCS
mBuake mepetsopenns Oyp'e (IIID), y pe3ynbrari
BUXOAWTH cCHEKTp mopsaky. lloB'szana 3 mum
BapTiCTh Ta CKIAIHICTh OOJJHAHHS OOMEXYIOTh
HOTO BHUKOPUCTaHHSA. AHAJIOTOBUH TMIAXIT TaKOX
CXWJIBHUM 10 MMOMWJIOK: BiJJOMO, L0 OONagHaHHS,
10 BUKOPHUCTOBYETHCS, Ma€ MPOOIEMH 3 BiICTEKEH-
HSIM ITBHUJIKO MIHJIMBHUX MIBHAKOCTEH Baiy [10].

[lupoke mOMMpeHHs, TOJTOBHUM YHWHOM JUJIS
BHU3HAYCHHS HECIIPABHOCTEH MAIllMH i MEXaHi3MiB,
3HAWIDIA: METON BIJICTEKEHHsSI OOYHCIIEHOTO TO-
psanky (COT), meton Ha ocHOBI (imsTpa Bombma-
Kanmana (VKF-OT), meton 3 BUKOPHCTaHHSM Iie-
petBopenHs ['abopa, MeTox NmepeTBOPEHHS BilCTe-
JKEHHS TTOPSIKY Ta iH.

COT no cyTi mosnsirae B IepeTBOPEHHI CUTHAITY
4acoBOl 00JIacTi, BiliOpaHOro 3a TEOPEMOKO MPO
BuOipky lllenHnona-HailikBicTa, y cWrHaig KyTOBOI
obmacti. OOmagHaHHSA 30Mpae CUTHAT IMITYJILCY
MIBUJIKOCTI OCi 3 OJTHAKOBUM IHTEPBAJIOM Yacy JJist

00YHCIIEHHST PIBHOT'O KYTOBOTO Yacy, IMOTIM ajro-
PUTM IHTEPIIONSIT BUKOPUCTOBYETHCS IJIS 1HTEP-
MOJIAMIT Ta MIATOHKH Yacy IMOBTOPHOI AWCKPETH3a-
ii A7 OTPUMAHHS OCTATOYHOT'O CHUTHATY KyTOBOI
obmacri [11].

dopmyna po3paxyHKy KoedilieHTa II0-
psnky I BUBOmUTHCS 3 (QOPMYIH JUISL PO3PaXyHKY
MIBUIKOCTI

1=/ (14)

ne f —gacrora BiOpaLii; ng - IBUAKICTE.

IloBropHa BuOipka B KyTOBil oOmacti ams
COT noxibHa 10 AUCKPETH3AIlil CUTHAITY B YaCOBIH
obmacTi

Qs 2 2 X Omax - 15)
ne Qg - JactoTa AMCKpeTu3auil MOpsaaKy; Qmax
MaKCHUMAaJIbHUH MOPSAOK.

MaxkcuMalbHUN MOPSI0K CHUTHATY MOXe OyTH
oOMexeHHH (iMbTpaLli€lo HU3bKUX YacTOT, a Haid-
BUIIMH  TIOPAJOK  BH3HAYAETHCS  YacCTOTOIO
3pi3y f. pimpTpa HU3BKHX YacTOT. TakUM UYHMHOM,
BIZIITOBITHO IO MAKCHUMATBHOI My, 1 MIHIMATBHOL

IIBHUAKOCTI My, OIOPHOTO Baly I po-
3PaxyHKY Umax
fe = Nimax X Qmax/60a 16)

Qmax = 60 X fo/Tunin - (17)
KyToBy wacToTy nuckperH3auii MOXHa po-
3paxyBaTd 3 MakKCHUMaJbHOTO TOPAOKY CHTHAamy.
SIk1o Bich BIIUTIKY PiBHOIIPUCKOPEHA MPOTSTOM KO-
POTKOTO MPOMIKKY 4acy, KyT MOBOPOTY 8 MOXKHa
NpeACTaBUTH BUPA3OM
6(t) = by + by + byt?, (18)
ne by , by , by — HeBinoMi KoedilieHTH, SKi HEOO-
X1THO OOYMCIINTH.

[Ilo6 BupimmTH IO 3a7ady MOTPIOHI TpHU
MOCIIOBHI IMIYJIbCH tq, t5, t3. BimmoBigHO KyT
CTaHOBUTH B4, 65, O3, pizHuLs (a3 MiXK IBOMA TOY-
KaMH K01 mopiBHIOE AG. BUKOPHUCTOBYIOUM TaKMit
MiAX11 MO’KHA OTPUMATH PiBHUI KyTOBHH Yac t; mij
Oyab-sikuM KyToM [11]

ti = 5 [Vab 6= b) + B — ;| 1)

Iie t; - JacoBU psl, OTPUMAHWUW BiJ MOBTOPHOI
BUOIpKHM KyTOBO1 00JacTi.
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ToOto 1eil mpouec € OOYHCICHHSAM PiBHOTO
KYTOBOTO dacy. MeToJ moTpeOye iHTepIOAIli Ja-
COBHMX pAIiB PIBHUX KyTiB, II00 OTpUMaTH IIO-
BTOPHO AMCKPETU30BaHUM curHai. OOMeXeHHSIM
3aCTOCYBaHHS IIHOTO METOMY € KiHIIEBa PO3IiThHA
3IaTHICTE HOPAAKY. Lle cipuammsie mpoOieMu, Koau
MOPSAKK HE MOTPAIUIAIOTH HA CIIEKTPaJIbHI JiHii.

Meton VKF-OT cnupaerbcs Ha piBHSHHS Ja-
HUX Ta CTPYKTypHE piBHSHHS. PiBHSHHSA DaHMX
¢insTpa Bonpaa-KanMana apyroro mOKOMiHHS ISt
¢inbTpalii OMHOTO MOPSAAKY BU3HAYAETHCS K [12]

y(n) = x(n)e/°™ +7(n), (22)

ne y(n) - BuMipsHi qasi, x(7) - KOMIUIEKCHA OT'MHA-

foda BindimerpoBaHoro curhamy, e/®™ - xom-
TJICKCHA HECy4a XBUIISL.
— n .
O(n) =YL, w()At, (23)

ne w(i) - nucKkpeTHa KyToBa 9actoTa; ) (n) - Buna-
KOBHH IIIyM Ta iHIII KOMIOHEHTH TOPAIKY, 00 1o-
MUJIKA.

CTpykTypHE piBHSHHS 3a0e3meduye TIaaKiCTh
MOCTiIOBHUX IM(POBUX TOYOK BiA(IIBTpOBaHHX
JaHUX, MIATAHSIOYH TIOJMiHOM HH3BKOTO MOPSAKY
mociigoBHocTi x(n). Lls ymMoBa 3a0e3meuyeThes 3a
JIOTIOMOTOI0 CTPYKTYPHOTO PIBHSHHS 3 HEBIIOMHM
YJICHOM HEOAHOPIAHOCTI £(n) y mpaBiii yacTuHi
piBastHHA. [lOpsmok IMONiHOMa O3HAYa€ KUTBKICTh
nomociB - dimeTpa.  Hampukman,  cTpykTypHE
PIBHSHHS JJiI1 JABOIOJNIOCHOTO (inbTpa BHU3HA-
yaeThes K [12]

x(n)—2x(n+1D)+x(n+2)=e(n) (24

Ileit meTox A03BOJISIE BIUTyYaTH OJIM3BKI IIO-
PAOKH, Ta Taki, IO MEPETHHAIOTHCS, B CHCTEMAxX 3
JEKiTbKOMa BaJlaMU 1 BiIPI3HAETHCS OLIBIIT BUCO-
KOIO PO3ILUIBHOIO 3[aTHICTIO 10 YacTOTi 1 MOPSIKY,
HDK 3BUYaiHI MeTomu. OHAK CJIiI MaTH Ha yBa3si,
mo ockuibkd MeTon VKF-OT Bumarae O1abLIOrO
qacy po3paxyHKy, BiH MaJIO iAXOOUTD [T 0OPOOKH
Yy peaJIbHOMY Yaci.

IIpu BuaineHHI TOPSAKY CHUTHATy Ha OCHOBI
nepeTBopeHHs ['abopa neHTpaibHa 4acToTa 3a3BU-
Jail BU3HAYAETHCS METOJIOM JIIHIHHOT IHTSPITOJISIIIII.
Ha 1iit ocHOBI cMyTy TipomyckaHHs (iTbTpa BU3HA-
YaeThCS PIBHOYACTOTHUM ab0 PiBHOTOPSIIKOBUM
MeTofoM. SIKINO g-Ta HEHTpanbHa 4acToTa fu (t) i
piBHOYacTOoTHa cMmyra yactoT Af € KOHCTaHTOIO,
okonuui ¢inbTpanii MOXyTh OyTH TpenCTaBIlICHI
piBHsAHHSM [13]

oL =lro-30+5]. @

CMmyra mpormyckaHHS piBHOTO TOPSAKY Ao
3MIHIOETBCS 3aJIeKHO Bifl LIEHTPAJIBHOI YacTOTH
¢inpTpa Ta 11 BiIHOMIEHHS O IEHTPAIbHOI YaCTOTH
fq(t) € xoncrantoro. Oxonuui (inbTparii MeToxy
PIBHOTO MOPSAKY MOKHA MPEICTABUTH 32 JOMIOMO-
roro piBHSHHS [13]

fi® 27 =[(a-F) x 1@, (a+F) x AO)]

Af = Ao X f,(t)
. (26)

[ToTim 3a TOTIOMOTOO aNTOPUTMY MACKyBaHHS
oTpuMyeThCs KoediuieHT ['abopa BiamOBiIHOTO TO-
PSAAKY B CHTHaJi. ANTOPHUTM MOJISITa€ Y BCTaHOB-
JICHHI JBIKOBOTO MacKyl4Ooro MacuBy 3 THM Ca-
MHM PO3MIpOM, IO I Cgl,n, BIATIOBIJTHO IO OKOJIMII
(himpTparii, Mo 3MIHIOETHCS B Yaci, TOJI IiJIMHO-
*kwuHa koedirieaTta ['abopa BUALTSAETHCS BiAITOBITHO
JI0 oTieparlii piBHSIHHS

=l Iy e
’ mn — Y-

MerTon, 3acHOBaHMI Ha nepeTBOpeHHi ["abopa,
BUMarae MeHIIIe yacy ISl peasizamii B MOpiBHSIHHI
3 metogoM VKF-OT, aje npu nboMy MOCTyHaeThCs
HOMY B TOYHOCTI.

[lepeTBOpEHHS BiACTEKEHHS NOPSIIKY — 1€ Ma-
TEMaTHU4HI MIEPETBOPEHHS, SIKi 32 OIWH KPOK BHKO-
HYIOTh SK BIACTEKCHHS TOPSIKY (CHHXPOHI3aIIii0
JOMEHY CUTHAITy 3 OIOPHUM BaJIOM), TaK 1 IEPETBO-
penns Oyp’e Ans OLIHKY aMILTITy U Ta pa3u Kox-
HOTO TIOPSIIKY OTPUMAHOTO TAKUM YHHOM CIIEKTDY.
3a TOTIOMOTOI0 TaKUX IEPETBOPEHL MOXKHA OE3ITo-
CEpeAHbO OLIHUTH aMIUTITYAy CHHXPOHHHUX, CyO-
CHHXPOHHUX a00 CYNEepCHHXPOHHUX CHHXPOHI30-
BaHHUX TapMOHIK 0€3 JOJaTKOBOTO €TaITy IepeInc-
kpetuzauii. [Ipuknanom GopMyTIOBaHHS TaKHX Iie-
PETBOPEHE € MIBUAKICHE CHHXPOHHE JTUCKPETHE Tie-
petBopeHHss Pyp’e, M0 BU3HAYAETHCS TAKUM YH-
HOM [14]

X(Q) = % N1 x(nAt)e 1W0MAOy (mAL) , (28)

ne () - IOpsAIOK TapMOHIK, SIKi MOTPIOHO OIIHUTH,
® - mOBHHMH KYTOBHM TIOBOPOT Bay Y BiKHI
300py, 6 Taw - MUTTEBE KyTOBE OOCPTAHHS 1 IBU/I-
KICTh OTIOPHOTO BaJIy.

Bigomi # iHIII METOAM BiACTEKEHHS MOPSIKY
MaIIIMH, 110 00epPTaOThCs, KOXKEH 3 SKMX Ma€ CBOI
nepeBard 1 Hemomiku. OueBUAHO, IO BUOIp
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KOHKPETHOTO 3 HUX 3aJICKUTh BiJl 0COOIMBOCTEH Ta
YMOB pO3B'sI3yBaHOTO 3aBJaHHSI.

s aHamizy curHajiB BiOparii goioTa B mMpo-
ueci OypiHHS CBEpAJIOBUH Y 3a1i30pyAHOMY MAacHBi
Bukopuctanuit Meronq COT i3 3acrocyBaHHIM
¢byukmiin Matlab 3 gomgaTkoBOIO MepemucKpeTH3a-
II€I0 ISl TIIBUIEHHS MOTO PO3IUIBHOI 31aTHOCTI
[15].

BiamoBigHo 10 3acTOCOBAHOrO METOAY chop-
MOBaHO KapTy YacTOTH OOEPTiB s NaHUX BiOparrii
B Ipolieci 3MiHU pobodoro pexxumy OypoBoi ycra-
HOBKH (ITiIBHIIEHHS BIPOIOBXK 40 CEKyH 9aCTOTH
o0epTiB mpueoay 3 500 mo 2150 obepTiB 3a XBH-
nuHy (pHC. 2).

2500

d (RPM)
1]
=
(=]

2 1500

1000

Engine Spe:

500

0 1 2 3 4 5 6 7 8 9 10
Time (s)

Puc. 2. 3mina pobodoro pexxumy 0ypoBoi yCTaHOBKH.

Ha puc. 3 HaBeneHa orpuMaHa KapTa HOPSAKY
00epToBHUX YacTUH OYpOBOi yCTaHOBKU

1.5

Amplitude, mV

0 1000 2000 3000 5000

Samples

4000

Puc. 4. TlopsiakoBi CUTHAIX HA IOJIOTI, IO BiAMOBIAa-
FOTh TPHOM THIIaM 3aJi3HOI pyaIu

B Tabnwin HaBeIeHO CTATUCTHYHI XapaKTepHu-
CTHUKM TIOPSAKOBUX CHTHAJIB Ha JOJNOTI, IO
BIJIMIOBiAAI0TH TPHOM THUIIAM 3ai3HOI pyau: Mean —
cepense 3HaueHHS; Median — MeniaHHE 3HAYCHHS;
RMS — cepenapokBanpatnyHe 3HaueHHT, STD —
cTaHfapTHe BiaxuneHas; VAR — nucnepcis).

TaGmuis

IHapameTpu aHami3yeMoro curuany Biopanii
OypoBOi yCTAHOBKHM Yy YacoBiii o0s1acTi

Median | RMS | STD

[TapameTp | Mean VAR

1.334
0.9736
0.6180

1.3701
0.9996
0.6155

1.4556
1.0716
0.6819

0.6072
0.4477
0.2881

0.3687
0.2004
0.0830

Curaain 1

Curnan 2

Curnain 3

Order RMS Amplitude

rv\/"“"

0 0.1 0.2 0.3 0.4 0.5 0.6
Order Number

Puc.3. Kapra mopsaxy o0epTOBHX YaCTHH
OypoBOi yCTaHOBKH

Ha puc. 4 HaBeneHo pe3ynbTaTH BUALICHHS Y
4acoBili 00J1aCTi 13 3arajlbHOr0 BiOpaIiiiHOrO CHUI-
HaJy TOPSAIKOBOI CKJIAMOBOI Ha JOJIOTI BIIPOIOBXK
3MiHH POOOYOrO peKUMy OYpOBOi YCTAaHOBKH, ILO
CTOCY€THCS TPHOX THUIIIB 3aJ1I3HOI PYIH.

AHaJi3 BUKOHAHMX EKCIIEPUMEHTAIBHUX J10-
CJIIPKEHb Ta MOJICITIOBAHHS TPOTICCY B3a€MOIIT T10-
JI0Ta 3 TIPCHKOIO TIOPOJIOIO TO3BOJISIE 3pOOUTH BHC-
HOBOK TIpO Te, IO OTPHMaHi CTATHCTHYHI MOKa3-
HUKH CYITyTHHOT'O BiOpaIlifHOTO CHUTHANY IiHCHO
aJIeKBaTHO XapaKTepU3yITh mporec OypiHHS
CBEP/JIOBHH.

Criz BiZMITHTH BUpPaXXEHY 3aJISKHICTD Xapak-
TEPUCTUK OTPUMAHHUX BiOpaLiMHUX CHTHAJIB Bij
BMicTy okcumiB 3amiza Fe,Os+FeO. Taxk, HaBeneHi
y Tabnuui AaHi BIANOBIZAIOTH 3aMi3HIA pyni i3
BmicToM Fe,Os3+FeO 42,2, 23,5, 16,5 (%), a 3a-
rajgpHa Kopesiss RMS oTpuMaHuX CUTHAIIIB 3 IIM
MMOKa3HUKOM CTaHOBUTH 81-85 mist pyn 3 pisHUM
MiHEpaJOTiYHIM CKJafoM. lle MoXKHa MOSCHUTH
MEPEBAXHOIO TBEPAICTIO 1 MIIHICTIO 3a3HAYCHUX
CKJIaJOBUX HaJ iHIIMMH. Pazom c TuM, cmif 3a3Ha-
YHUTH, [0, 32 YMOB PI3HOMAHITTS MiHEPaJbHOTO
CKJI/ly Ta TEKCTypHO-CTPYKTYPHHUX OCOOTMBOCTEH
3aJIi3HOI Py, BUKOPHCTaHHS TiJIbKM HaBEeICHHUX
mapaMeTpiB BiOpaLifHOrO CUTHaJIy HEIOCTAaTHHO
JUIS HaOIMHOTO BH3HAYCHHS ii MIHEpPaJIOro-TEXHO-
JIOTIYHUX PI3HOBHIIB.
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BucnoBku. B npoueci eHeproeMHoi KOHTAKT-
HO1 B3aeMOIii OypoBOTo 0JI0Ta 3 TIPCHKOIO MTOPO-
nor0  (hopMyroThCsl BiOparlifiHi KOJWBAaHHS Pi3HOL
aMIUTITYAM 1 4aCTOTH SK y caMOMY JOJIOTi, TaK i y
ripcbKOMYy MacHBI, SIKi HECYTh iH()OPMATUBHI Xa-
paKTepUCTUYHI O3HaKW Ii€i B3aemomii. [Ipobmem-
HUM TMUTAHHSIM € BHUIUICHHS KOPHCHOI CKJIaJoBOI
BiOpaliifHOro CcHUrHajgy 3 pIi3HOMaHITHHUX 3aBaj
(BiOpamii iHMMX dYacTUH OYpOBOi YCTaHOBKH,
30BHIILIHI POLECH Y TIPCHKOMY MacuBi i T. i.). s
BUWIIy4eHHs 11i€i iH(popMalii BUKOPUCTAHUI METOA
BiacTexkeHHs1 o0uuciaeHoro nopsaky (COT) obep-
TOBHX MAIIIMH 13 3aCTOCYBaHHAM (yHKIiii Matlab 3
JIOJIATKOBOIO ~ TIEPEAUCKPETH3AIED JUIS  IIi/IBH-
IIEHHS HOT0 PO3MIILHOI 3MaTHOCTI. 3alpOrIOHOBA-
HUW TIX1T TOJIATae B TOMY, IO B MIPOIIECi 3MIiHHU
Ppo00YOro pexuMy MPUBOAY 0OEPTOBUX YaCTUH Oy-
POBOT YCTaHOBKH (POPMYIOTH KapTy HOPSIKY B YCb-
OMYy Jiarna3oHi Horo 00epTiB, BU3HAYAIOTH YaCTOTY
BHCOKOAMIUTITYTHOI ~ BiOparii  jgomora,  sika
BIJNOBiZa€ BHU3HAUCHOMY IIKOBOMY MOPSAKY
00epTiB, 1 Ha Iill YaCTOTI BUMIPIOIOTh CTaTHCTHYHI
rapaMeTpH 3MiH aMILTITYIH BUMIPSHOTO CHTHAITY.

AHali3 BUKOHAHHX EKCICPUMEHTAIBHUX [0-
CJII/KEHb Ta MOJEIIOBAHHS MIPOIIECy B3aEMOIii J0-
JIOTa 3 TIPCHKOI0 TTOPOJIOI0 JT03BOJISIE 3pOOUTH BHC-
HOBOK IIPO T€, 10 OTPUMAaHi 13 3aCTOCYBaHHIM 3a-
3HAYEHOTO METOAY CTaTUCTUYHI OKAa3HUKHU CYITYT-
HBOTO BiOpAIIfHOTO CUTHATY MIMCHO aJIeKBaTHO Xa-
paKTepu3yroTh mporiec OypiHHS cBepmiaoBuH. On-
HaK BUKOPHUCTaHHS TUTbKH BU3HAYCHUX ITAPAMETPIB
BiOpaIlifHOTO CHTHATY HETOCTATHBO JIJISl HAIIIHHOTO
BU3HAYCHHS (D13UKO-MEXaHITHUX XapaKTEPUCTHK Ta
MiHEpaNoro-TeXHOJIOTIYHUX ~ PI3HOBHIIB  3ai30-
BMICHOI TipCBKOi TIOPOIH.

HanpsiMmoMm momaipmiux J0CHiPKEHb € BH3HA-
YeHHS! HalKpamoi KoMOiHaIil XapaKTepUCTHYHHX
O3HaK Ipolecy B3aeMolii OypoBOro J010Ta 3 Tipch-
KOIO ITOPOIOT0 TIPH OYPiHHI CBEPAJIOBHH Ta iHTEIICK-
TyaJIbHUX METOMIIB OOpOOJICHHS OTpUMaHOl iH(OP-
Marii [16,17].
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Hryshchenko S.M., Bobrov E.Yu., Hryshchenko
Ya.O. Determination of the vibration parameters of a
drilling rig using the metod of computed order track-
ing of rotating machines

The aim of the study is to determine the vibration
parameters of a drilling rig during well drilling using the
method of tracking the order of rotating machines. The
paper uses methods of analyzing domestic and foreign
experience, methods of mathematical modeling, as well
as methods of mathematical statistics and probability
theory to form an assessment of the research results. The
scientific novelty is to substantiate the use of the method
of tracking the calculated order of rotating machines to
determine the frequency at which it is advisable to meas-
ure the statistical parameters of the accompanying vibra-
tion signal. The practical significance lies in determining
the procedure for measuring the parameters of the vibra-
tion signal of a drilling rig to assess the physical and me-
chanical properties of rock directly during well drilling.
To extract the useful component of the vibration signal
on the drill bit from various interferences (vibrations of
other parts of the drilling rig, external processes in the
rock mass, etc.), the method of tracking the computed or-
der (COT) of rotating machines with additional over-
sampling to increase its resolution is used. The proposed
approach consists in the fact that in the process of
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changing the operating mode of the drive of the rotating
parts of the drilling rig, an order map is formed over the
entire range of its rotation, the frequency of high-ampli-
tude vibration of the bit corresponding to the determined
peak order of rotation is determined, and at this fre-
quency, the statistical parameters of changes in the am-
plitude of the measured signal are measured. In accord-
ance with the applied method, a speed map was gener-
ated for the vibration data in the process of changing the
operating mode of the drilling rig (increasing the drive
speed from 500 to 2150 rpm within 40 seconds) Analysis
of the experimental studies and modeling of the interac-
tion of the bit with iron-containing rock allows us to con-
clude that the statistical parameters of the accompanying
vibration signal obtained using this method really ade-
quately characterize the process of well drilling.

Keywords: well drilling, vibration, order tracking,
Signs.
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BAKJIUBICTh BUKOPUCTAHHSA 3HAHBb 3 HAPUCHOI TEOMETPII
IIPHU PO3POBII ECKI3Y

Kapmiok JI. B., /laBinenxo H. O., lypumes O. A.

THE IMPORTANCE OF USING DESCRIPTIVE GEOMETRY KNOWLEDGE
WHEN DEVELOPING A SKETCH

Karpyuk L. V., Davydenko N. O., Duryshev O. A.

Hapucna ceomempis € 3a6e3neuysanrbHoi0 OUcCyuniinoio
He MiNbKU Kypcy KpecieHHs, 00 4020 hakmuuno 36e0eHd
i ponb Ha cb020OHI 68 cucmemi 6uUOi MexXHIYHOL 0cimu,
a 6yoyuu po30iioM mMamemamuki, 60HA CIyeye 0a3010
NPUKIAOHOT 2eoMempii, wo po36'si3ye onmumizayitini o6a-
eamonapamempuymi, 6a2amo@axmopui 3a0aui KOHCHI-
PYVIOBAHHS, MEXHOJ02Il, eKOHOMIKU, COoyiono2ii mowo.
OcHO8HUM 3a80AHHAM Yici nyoaikayii € BUKIA0eHHsI Mo-
UKU 30py A8mopa Ha poJib i Micye HapucHoi 2eomempii, a
Maxosic HeoOXiOHoCcmi euUKOpUcmManHs ii nio uac pospoo-
JleHHs eckizie. KoHcmpykmopcoKi 0oKyMeHmu, npusHa-
ueHi 0151 00HOPA308020 GUKOPUCMAHHS, MONCYMb GUKO-
HYy8amucsi @ eckizHomy euensnodi. Eckiz - ye 300paoicenns,
BUKOHAHE 6e3 3aCTOCYBAHHA KPECTAPCLKUX THCMPYMeH-
mis, 6I0 pyKu, 3a Npaguiamu aKCOHOMempii ¢ OKOMIp-
HOMY Macuumadi 3 OOMPUMAHHAM NPONOPYIL Oemali.
Ipu yvomy dompumyromscs mux camux npasui, wo i
nio yac nobyoosu axCOHOMEMpPUHUHUX NPOEKYIL: Nio
MUMU CAMUMU KYMAMU PO3MAUO8YIOMb OCI, PO3MIpU
8I0KIA0QIOMb Y30082iC Ocell abo napanenvho im. ¥ nusyi
BUNAOKIB 3a eCKi3amu CKIadaroms poboui Kpecienuxu. B
0esAKUX BUNAOKAX eCKIi3U GUKOPUCTNOBYIOMbCSL OJisl 8USO-
mognenHs 3a numu Oemaneti. CyuacHuti cmyoeHm mae
npazuymu He MinbKu U020 CMYNEHs 080N00IHHS Che-
YIanbHUMU SHAHHAMY, YMIHHAMY MA HABUYKAMU, d U NO-
emanHo npocysamucs 6o OisIbHOCMIE NIO KePIGHUYMEOM
nedazoea 00 camouasyanus. Buwa wikona mae zomy-
samu axigys iHMezparbHO20 MUNY MUCIEHHS, 30am-
HO20 00 CUHmMe3y 3HAHb, YMiHb HA GCIX emanax i pieHsx
besnepepsnoi oceimu. Jqucyuniina «Hapucha eeomem-
Dpiay cnpusc po3gUmKy HpPoCMopo8o2o AOCMPAKMHO20
MUCTenHsl, sKe HeoOXiOHe 015 IHIICeHePHOT ma NpoeKYiil-
Hoi TisTBHOCTI [6]. 30006ys6aui euwoi oceimu inacenep-
HUX cneyianrbHocmell y €80l npogeciunii OisLIbHOCMI
CMUKAIOMvCsi 3 pO3pOOKOIO NPOEKMI6 KOHCMPYKYill, Me-
XauizmMie ma Mauiut, wo nompedye 3HAHb Meopil NPoe-
Kyitinux 306pasxcensv. Cyuachi MemoouKy Ha84aHHs npu-
OiAIOMb 3HAUHY Y8aA2Yy GUKOPUCMAHHIO IHQOPMAYIHO-
0C8iMHBLO20  cepedoguwa — cucmemu  OOCHYNHUX

Kopucmyeauegi ddxcepen inghopmayii, cnocobis i 3acobis
i1 06pobKU, a makoxc yMos IHPopmayiiHol 63aEMO0L
cyo’exma 3 yumu Odicepenamu. Y Komnaexci OUCYunin
epagiunoeo yukny, axi euguaromocs y BH3, geco uac 6i-
00ysaiomuv st 6enuKi sminu. Huni akmusHo suKopucmosy-
I0Mb i 8UBHAIOMb KOMN TOMePHi MexHoI021i po3poOaeHHs
KoHcmpyKkmopcvkoi dokymenmayii. Ile neobxiono, i ye
susHaroms yci. Kamenem cnomuxanuns 3aiumacmocs na-
pucHa zeomempis. Yu nompibna 60Ha AK HABUANLHA OU-
cyunnina? Haeiwo nompiona napucna ceomempis cmy-
Oenmam mexHiunux euwiie? Taxi 3anumanus cmaeisime
5K NPUXUTbHUKU, MaK i npomusHuku oucyuniinu. Ha yi
ma [Hwi nUManHsa cnpobdysatu damu ionoeiol asmopu
oarnoi cmammi.

Knrouosi cnosa: eckis, epaghiuni Oucyuniinu, KpecieHux,
HAPUCHA 2e0Mempis, M0Oelb, POPMOYMBOPEHHS.

Beryn. HapucHa reomeTpist - o1Ha 3 OCHOBHHX
3araJlbHOTEXHIYHUX JUCLUILIIH, [0 CTAHOBIIATH OC-
HOBY 1H)KCHEPHOI OCBITH.

Opanuy3pkuii yuenuid 'acnap Momx (1746-
1818), sixoro 3a MpaBoM BBayKaIOTh TBOPLIEM HapHC-
HOT TeoMeTpii, Tak BU3HAYUB METY 1 3aBHaHHS Ii€l
HaYKH:

«11s Hayka Mae JBi TOJIOBHI LML,

[lepiia — ToyHEe NpeACTaBICHHS Ha KPECIIEHHI,
[0 MAa€ TIIBKU JBAa BUMIpH, 00'€KTIB TPUBUMIPHUX,
SIKI MOXKYTb OyTH TOYHO 3aJaHi. 3 IIbOTO MOTJIISILY -
e MOBa, HeOoOXiJHa iH)XXEHepy, SKHH CTBOPIOE
AKUHCH TPOEKT, a TAKOXK YCIM THUM, XTO Mae€ Ke-
pyBaTH HOro 3AiHCHEHHSIM, 1, HApeITi, MaicTpam,
SIKI MAIOTh caMi BUTOTOBIISITH Pi3HI YACTHHH.

Jpyra MeTa HapUCHOI TeOMETPii — BUBOAUTH 3
TOYHOTI'0 OIIMCY TUI yC€ T€, 110 HEMUHYY€ BUILIIMBAE
3 iXHBOI (OPMH Ta B3aEMHOTO PO3TAaIIyBaHHI. Y
IIOMY CEHC1 — IIe 3aci0 IIyKaTh ICTHHY; BOHA Ja€
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HECKIHUEHHI NMPHUKJIAAN MEPEXOAY BiJ HEBiZIOMOro
IO BIZIOMOTO; 1 OCKIJTLKH BOHA 3aBKIH Ma€ CIIPaBy 3
peaMeTaMH, SKUM TIpUTaMaHHAa HaWOuLTbIIa sc-
HiCTh, HEOOX1THO BBECTH ii B cucTeMy ocBiTh. BoHa
MIpUAAaTHA HE TUTBKH VIS TOTO, III0O PO3BUBATH 1HTE-
JIEKTyaabHI 3M10HOCTI BEIMKOTO HAPOIy 1 TUM ca-
MUM CIIPHUSTHA BJIOCKOHAJICHHIO POAY JIOACHKOTO,
ajyie BOHa HeoOXiHa JUTsl pOOITHUKIB, METa SKUX —
HaJaBaTH TiIaM MEBHUX (OPM; i came, rOJOBHUM
YHUHOM, Yepe3 Te, M0 METOAH I[bOT'0 MUCTEITBA JI0
ILOTO Yacy OyiH Majo MOUIUPEHUMH a0o0 HaBiTh
30BCIM HE IPUBEPTAIN YBATrH, PO3BUTOK IIPOMHCIIO-
BOCTI HIIOB TaK MOBUIBHO...» [7].

KpiM mporo, HapucHa T€OMETpis pPO3BUBAE
3IaTHICTh aOCTPAKTHO MHUCIIUTH, PO3BUBAE MPOCTO-
POBI YSBIIEHHS — SKOCTI, SIKi aOCOJIFOTHO HEOOXiTH1
JUTS. 1H)KEHEPHOT MPAaKTHKH, JUIS PO3B'SI3aHHS MPH-
KJIQJHUX 3a7a4.

Bymydan TEOpeTHIHOIO OCHOBOIO iH)KEHEPHOI
rpagiku, HapuCHa T€OMETPis CTABUTH 32 METY:

* O03HAOMHTHU THX, XTO BHBYAE Ii, 3 METO-
JaMH 1o0yI0BU 300pakeHb IIPOCTOPOBUX (popM Ha
IJIOIIMHI, TOOTO HAGYUMU CKAAOAMU KPECIeHUK,

* PO3BHHYTH 3JaTHICTb YSBHOTO BiJITBO-
PEHHS TMPOCTOPOBOTO BHUAY 300paXEHOTr0 Ha
KPECICHUKY TpeaMeTa, TOOTO Haguumu yumamu
KpecneHux;

e JaTH 3HAHHSA 1 HEOOXIOHI HABUYKH IS
rpadivyHOro po3B'sI3aHHs 3a7a4, OB'SI3aHKUX 13 MPO-
CTOPOBHMHU (opMaMH, TOOTO Hasuumu epagiuHo
pOo38'a3y6amu 3a0a4i 3 HAPUCHOI 2eoMempii.

[ToTpiOHO BIAMITUTH BaXKIIMBY POJIH BHKOPHC-
TaHHS 3HAHb 3 HAPHCHOI T€OMETPil MPH BUKOHAHHI
€CKi3y JIeTai 3 HaTypH.

KoHCTpyKTOpPChKI  TOKYMEHTH, MpH3HAYCHI
JUTSE OTHOPA30BOTO BHKOPHCTAHHS, MOXYTh BHKO-
HyBaTHCsI B ecki3HOMy Buai. Ecki3 — me 300pa-
JKEHHsI, BUKOHAHE 0€3 3aCTOCYBaHHS KPECIAPCHKIX
IHCTPYMEHTIB, BiJl pyKH, 3a TpaBWJIaMHd aKCOHO-
MeTpii B OKOMIpHOMY Macmitadi 3 JOTPUMaHHIM
nponopiiii getani. [Ipu HboMy TOTPUMYIOTHCS THX
caMUX TIPaBwWJI, IO ¥ i 9ac moOyI0BH aKCOHOMET-
PUYHUX TPOEKIINA: TiJ TUMH CaMHMH KyTaMH
PO3TAIIOBYIOTH OCi, PO3MIpH BiAKIaJal0Th y3I0BK
oceli abo mapasnenbHo M. Y psijil BUMAJIKIB 3a €CKi-
3aMH CKJIaJaloTh po0oUi KpecleHUKH. B meskux Bu-
MajKax eCKi3W BHUKOPHCTOBYIOTHCA IJII BUTOTOB-
JICHHS 32 HUMU JICTaJICH.

Takum unHOM, 3HAHHS qUCIUILTiHN «HaprcHa
reoOMETpish», 0€3yMOBHO, HEOOXIHE YCIM TUM, KOMY
B NPAKTUYHIA MisTTHHOCTI IOBOJAUTHCS 3BEPTATUCS
JI0 KPECIICHUKIB, XTO Ma€ NpsMuil ab0 HenmpsMui
CTOCYHOK JIO TeXHIKH.

BukiageHHsi 0CHOBHOIO MaTepiajy. Y KOM-
TUIEKCI AMCUUILUIIH rpadiqHOro MUKITY BiIOymucs i

BiIOYBalOThCS BEIMKi 3MiHU. HUHI akTUBHO BHKO-
PUCTOBYIOTH 1 BUBUAIOTh KOMITTOTEPHI TEXHOJIOTI]
PpO3pO0IICHHS KOHCTPYKTOPChKOi MoKyMeHTartii. Lle
HeoOXiHO, 1 Ie BU3HATH yci. KameHem croTu-
KaHHS 3aJIMIIa€Thcsl HapUcHA reomertpis. Yu mo-
TpiOHa BOHA SK HaBUalbHa aucnminIiHa? Hasimo
noTpiOHa HapuUCHAa TEOMETpid CTYACHTaM TeX-
HiuHux BumiB? Taki 3amuTaHHS CTaBIATH SK MPU-
XWUJIHHUKH, TaK 1 MPOTUBHUKY AuCIMILIiHY [1,5].

Biamoige Moxke OyTu mpocToro: 100 He OyIiio
OesrpamotHuX eckiziB (puc. 1, a), 3D-mogpeneit
(puc. 1, 6) Ta aconiaTUBHUX KPECICHUKIB, OOy IO0-
BaHMX 3a MojaeIuTio (puc. 1, 8).

Puc. 1. llpuknaau eckisy (a), 3D-moxeni (6)
1 KpecieHuKa (6)

Ha pucynky 1 HaBenaeHO my»ke TMPOCTiI TpH-
KIIaJ¥ 3 MPAKTHKH. AJie JOMyIIEHi B HUX MTOMIIKA
30BCIM HE OYEBH/HI, SIK 11 MOXE 3/IaTHUCS BUKJIAAa-
yaM HapucHOi reometpii. I[lpukimamu memMoHCTPY-
I0Th, SIK HE3HAHHS TeOpii MUCITUIUIIHA BIUTMBAE HA
SIKICTh KOHCTPYKTOPCBKUX JOKYMEHTiB. Bynb-sxux
mokymeHTiB!  3okpema 3D-momenmi getam  Ta
KpECICHUKY, OTPUMAHOTO 32 JOMOMOTOI0 MOJedi
[2]. Amxe mo6 oOpaTH ONTHUMAaJIbHUN alrOPUTM
CTBOPEHHS MOJIEINI, TOTPiOHO 3HATU TEOPito GopMO-
yTBOpeHHs. 1106 OmiHWTH TPaBWIBHICTH MOJMEII,
MOTPIOHO HE MPOCTO YSIBIATH 11 3a37alierine, a u
YMITH aHajli3yBaTH pe3yJlbTaT y BCiX HIOaHCaX.
SIKII0 MOJIETh CTBOPIOETHCS 32 KPECICHUKOM, TMO-
TPiOHO «IPOYUTATI KPECICHUK, 3PO3YMITH GopMy
3a 300paxeHHsaM. [Ipu npomy 3anuTtanss: «Sk mo-
OyaysaTu 110 JiHito B 3D?», — BKa3ylouu Ha KPHBY,
SKa € JIHIEI0 TEePEeTUHY IMOBEPXOHB, TEPIOINIHO
CTaBJIATH HaBIiTh CTYJEHTH, SIKi BUBYAIN HAPUCHY
reomerpito. Ilo xaszatu mnpo iHmmx? 1 sk
BIJIMIOBIATH HA IMOAIOHI 3amATaHHS UM IHIIHUM?
AJte K 9acTo caMe XapakTep MPOEKIIi JiHii mepe-
THUHY TOBEPXOHb Ha KPECICHUKY Ja€ 3MOTY OJIHO-
3HaYHO BHM3HA4UMTH (popmy. HaBiTh y crpomeHnx
HABYAIBHUX 3aBJIAaHHAX MOXKHA 3HAWTH YHAMAIO
NpUKJIaaiB (PUCYHOK 2).

[I{o6 cTBOpHUTH KpeciieHHUK aeTaii 3a ii 3D-mo-
JIEJUTIO, TIOTPIOHO MaTH YSBIICHHS PO MTPOEKITIHHII
3B's130K. 1I{00 BWUKOHATH pPO3pi3 HAa KpECICHHKY,
acoLIaTUBHO TOB'SI3aHOMY 3 MOZEJUII0, HEOOXiTHO
PO3YMITH, SIK 1 Ji¢ MOTPIOHO BKa3aTH ITOJIOXKCHHS
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ciuroi mromuHu. [1l06 mpokoHTpoMOBaTH Tpa-
BWJIBHICTh 300pakeHHS (BHAYy abo po3pi3y), Io-
TpiOHO YSBIIATH, [0 TIOBHHHO OYJIO BUHTH. A mait,
00 3p03yMiTH, Ji¢ JOMYIICHO MOMIIKY (y MOJei
a00 mix yac moOyI0BH PO3pi3y, SAK, HANPHUKIA, Ha
pucyHky 1, 6), 3HOBY TOTpiOHI 3HAHHS HAPHUCHOI
TeOMETpIii.

Puc. 2. Ilpuknany KpecieHnka

Ille o4eBUAHINIOW € HEOOXIIHICTh ITUX 3HAHb
NIpY BUKOHAHHI €CKi3iB a00 KpecJeHUKiB 3acobaMu
2D-iactpymentiB CAIIP. Jlns mepeBipku ckasza-
HOTO  MOXHa  3alpONOHYBaTH  THM,  XTO
CYMHIBA€ThCS, BUKOHATH €CKI3HO JIBa BUIIU JIETAJII,
MIPEACTABICHOT HA PUCYHKY 3.

Puc. 3. Jletans

JleTanp gyxe mpocTa i 3po3yMmisia, aje HaBps
YW MpaBWIbHE 300pa)XCHHS BHUJC Y JIOJHMHU, SKa
HE BHBYAJIa HAPUCHOI T€OMETPIii.

[Tepenbadaemo 3amepeycHHS 1 HABITH TOTOI-
KYEMOCSI 3 JIeTKUMU 3 HUX. Tak, JiHCHO, JIONHA,
siKa JIOCKOHAJIO BOJIOi€ mporpamoro 3D-momento-
BaHH$, HABPS/ 9X MPUITYCTUTHCS TOMHJIIOK, TIOi0-
HUX JI0 TIOKa3aHUX Ha PUCYHKY 1, 6, 6. Tak, miicHo,
po3po0OKa KpeciIeHnKa 3apa3 nependadyac BHKOPH-
CTaHHS TBEPJIOTIILHOI MOJICII, 1 JTiHII IEPEeTUHY MO-
BEpXOHb, Y pa3i MpaBHILHO MOOYAOBaHOI MOJETI,
BHUUYTh Ha aCOILIaTUBHOMY KPECJIICHUKY MPaBUIIb-
HUMU. AJie 3BEPHEMO YBary, 10 BCE CKa3aHe BipHO
caMe IS JOCBIMUEHUX 1 TPaMOTHHX KOPHCTYBadiB
CAIIP.

Y HaBYaJILHOMY TMpPOIECI MiJATOTOBKAa TaKOTO
KOPHUCTyBada BUMarae 3HaHHS Teopil HapUCHOI T'eo-
MeTpii. 3raayioun mpo ecKi3u, 4acTo KaXKyTh, IO
MOHATTA €CKi3y Hapasi po3mupeHo, i 3D-moxens
TeX Moxe OyTH eckizoM. Tak, e Tak. Aje BMiHHS
BHKOHYBAaTH 300pa’KCHHS HA Iarepi Bil pyKH, op-
TOTOHANBHI 200 aKCOHOMETPHYHI MpOeKUii 3anm-
HIa€ThCA 3aTpeOyBaHUM Y Cy4acHOMY BUPOOHHIITBI,
HE3BOXKAIOYM Ha KOMITIOTEpHI TEXHOJIOTIi, o
OypXJINBO PO3BUBAIOTHCH.

TakuM 4YHHOM, MOXHa CTBEP/IXKYBaTH, IIIO,
HaBITh SKIIO HE PO3TIISAATH CKIIAAHI MUTAHHS Oara-
TOBUMIpPHOT TE€OMETPii TOIIO, a IMOCTABUTH MPOCTY
METY HaBUUTH MaOYTHBOTO iH)KEHepa aHali3yBaTH
(hopMy Ta 300paKeHHS TEXHIYHOTO 00'€KTa IS YK-
TaHHA W PO3POOJICHHS KOHCTPYKTOPCHKHUX JIOKY-
MEHTIB, HApHCHA reoMeTpist HeoOxigHa [3].

KpurepieM ominku copMOBaHOCTI KOMIIETECH-
il y IbOMY BHIIQJIKy MOXKE CIIyTyBaTH BMiHHS BU-
KOHYBATHU €CKi3 TEXHIYHOTO 00'exTa. AKe o0 BH-
KOHATH 300pa)KCHHS MPaBUIILHO, HEOOXiMTHO TPO-
aHai3yBaTtd GopMy, BU3HAYUTH MOBEPXHI, 1110 00-
MEXYIOTh JeTallb, BUAUTUTH TapH MEPECiIHUX I10-
BEPXOHB, IPOaHANI3yBaTH XapaKTep IXHiX JiHiH me-
peTHHY, BUOpATH HAIIPSIMOK MTPOEKTYBAHHS, 33J[aTH
MMOBEPXHI HAa KPECICHUKY, BU3HAYMBINN KOHTYpHI
miHii, MpoaHai3yBaTH MOJOXKEHHS IOBEPXOHBb
BiTHOCHO OOpaHuX IUIONIMH MPOEKITIH, XapakTep
TIPOEKIIi JIIHIA MePETHHY.

SIKIIO BHKOHYETBHCS PO3pPi3, TO JOAATKOBO
HEO0OX1THO BU3HAYHTH IOJIOKEHHS CIYHOT TUTOIIUHA
BIIHOCHO TUTOIIMH TPOEKITINA 1 pO3B'sI3aTH 3amady
Mpo TIepeTHH ii Ta MOBEPXOHH NETajli, BUZHAYUTH
(hopMy IUIOCKOTO Tepepizy, a TaKOXK «IM00aunuTH»,
1o nepedyBae 3a IIOLIMHOO Tepepi3y i Mg Jac mo-
Oyn0BH He 3a0yTH PO JIiHIT IEPETUHY MOBEPXOHb
OTBOpIB 1 MOPOKHUH. [HaKIIE Kaxy4H, CHOPMYIIIO-
BaTH Ta PO3B'I3aTH 1Ty HU3KY 3a]]a4 HAPUCHOI Te0-
MeTpii.

HaBuntnca 6aunTH KJIacW4HI HaBYAIbHI 3a-
Jla4i HApUCHOI TE€OMETPIi B MPAKTUIHOMY 3aCTOCY-
BaHHI He Tak JieTko. B CximHOYKpaiHChKOMY HaIlio-
HaJHLHOMY YHiBepcHTeTi iMeHI Bomomumupa Jlans
JUTs 3a0€3MeUYeHHS JIOTIYHOTO Mepexony Bif Teopil
JIO TIPAKTUKHU CTYACHTH MAIOTh BUKOHATH TpadiuHy
poboty, pesyinbraToM 5Koi €  ohOpMICHUI
BIJIIIOBITHO 0 CTAHIAPTIB KPECICHUK 00'€KTa TeX-
HIYHOTO TIPU3HAYCHHS, MaKCUMAaJbHO HaOIKe-
HOTO JIO0 peasIbHOTO BHPOOY, CKIQIHICTh SKOTO 3a-
JIEKUTH BT HANIPSIMY IIATOTOBKY Ta BHIIJICHUX Ha
TUCIMILTiHY ToauH. [Ipuknamu 00'eKTiB MOKa3aHO
Ha pUCYHKY 4, a, 6. [4,5]
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Puc. 4. lpuknaau 00'exTiB

PesyabTarn. PoOoTa BUKOHYETBCS B KypCi Ha-
pucHoi reomeTpii. Bukonytouu ii, CTyIeHTH 3Hal0-
MJISITBCSI TAKOXK 3 OCHOBHMMH TIPABIJIAMHU PO3PO0-
JICHHS KpeclIeHNKa: 300pakKeHHSIMH Ha KPECICHUKY,
MO3HAaYKaMH BH[IB, PO3pi3iB, Mepepi3iB, THMAMHU
JiHIA Ha KpecIeHUKY, NpaBUJIaMH 3allOBHEHHSI OC-
HOBHOT'O HAaITUCY Ta TEXHIYHUX BUMOT, IPUHOMaMHU
POOOTH 3 aKCOHOMETPHYHHUM 300pakeHHSIM, TIPaBH-
JIaMH HAaHECEHHsI pO3MipiB Ha KPECICHHKY, 3B'I3KOM
PO3MipiB i3 (OPMOTBOPECHHSM.

Kpim toro, anst GopMyBaHHS HABUYOK IBUJI-
KOTO PO3Mi3HABaHHA MOBEPXOHb Ta aHANi3y JiHiH
iXHBOTO MEPETHHY BUKOPUCTOBYETHCS BIPABA, IJIs
siKo1 po3po0sIeHo «OaHk» 13 3D-Moneneit diryp Ta
iXHIX HAOYHUX IUIOCKHX 300paxkeHb. [lpukmaan
HaBEeIEHO Ha PUCYHKY 5. Dirypu MICTITh THIIOBI
CJIIEMEHTH JieTaJied MamuH (OTBOPH, 1a3u, (Hackw,
JIACKH, pedpa )KOPCTKOCTI TOIIO), IS MPAaBUILHOTO
300paXCHHS SIKUX MOTPIOHE BOJIOIIHHS METOIaMU
MOOYIOBU TUTIOCKUX MPOEKIIHHUX MOJaeNeld TpH-
BUMIPHHX OO'€KTIB 1 PO3B'sI3aHHS MO3UIIHHUAX 3a-

QS BQY

Puc. 5. [Ipuxitamy THIIOBUX €IEMEHTIB

CtyneHTy MponoHYETbCS B OKOMIpHOMY Mac-
1Ta0i, 30epiraroun IpoHopiii, BUKOHATH:

— 300paxkeHHA (Qirypu B TpbOX BHIAX
(TonoBHMIA, 3BepXy 1 3MiBa); SK TOJOBHUU BHJ
oOupati 300pakeHHs, IO Ja€ HAWIIOBHIIIE
ysBIEHHS Tipo (GopMy JeTaii, TIOJIOKEHHS B
pocTopi 30epiraTy;

— (QpoHTanbHMI Ta/a00 mpodinbHUi, Ta/ado
TOPHU30HTAJIBHUI PO3pi3 3a HASIBHOCTI OTBOPIB ab0
nas3iB, pO3MICTUBIIM y BUIBHOMY MicIi JUcTa I
MO3HAYMBIIM  TIOJIOKEHHSI  CIYHOI  IJIOLIMHY,
HAHECTH IITPUXYBaHHS,

— moOyzoBa JIiHIi IePEeTUHY IOBEPXOHb, IO
00MEXYIOTh JeTanb, BUKOPUCTOBYIOUH

MiHIMaJIbHY, aJle JOCTATHIO KUTBKICTh XapaKTePHUX
TOYOK;

— MpPOEKMii TOYOK MO3HAYMTH OyKBamu ado
nuQpamu, BAKOPUCTOBYIOUN 1HASKCH BiJIOBIAHUX
TUTOIIIVH MPOEKITIH.

Takox HEOOXIIHO AaTH XapPaKTEPUCTUKY BCIX
OTPUMAaHHUX JIIHIH MIEpeTUHY Ta iXHiX MPOEKIIiH, MO~
3HAYMBILY iX Ha BCIX 300paKCHHSIX.

KoMIutekT Hao4YHHX 300pakeHb IOCTYIHUH
CTYZAEHTaM, 1 BOHU MOXKYTh TPEHYBATHUCSI, & B OLIBII
3araJlkHOMy PO3YMiHHI — BYMTHCS aHaJli3yBaTH
POCTOPOBI (hOPMH Ta iXHi IUTOCKI TPOEKIIiil. Takum
YHHOM, LeH «BIAKpUTHH OaHK» Y CYKYIHOCTI i3 3a-
BIAHHSIM € CBOEPIIHUM TpeHaXKepoM It GopMmy-
BaHHS HAaBUYOK €CKi3yBaHHS JeTajJel MallnH, a Ta-
KO 3aKpiIJICHHS 3HaHb, HEOOXiTHUX TSI pO3pO0-
neHHs1 Oyab-sIKMX KOHCTPYKTOPCBKMX IOKYMEHTIB
OYIb-SIKUM CIIOCOOOM.

Jl1s mepmmx caMOCTIHHUX BIIPaB PO3POOJICHO
KiJIbKa 3aBJaHb 13 3aroTOBKaMHu Kpeciiennka. Ha pu-
CYHKY 6 HaBeJeHO TIPHKIAIM. [X MOXHA BUKOPHUC-
TOBYBATH TaKOX TSI pOOOTH B ayIUTOPIT i Kepi-
BHUIITBOM BUKJIaJaua.

Ky

Puc. 6. [Ipuknanu 3aBaaHb

IToTpi6HO BW3HATH, IO KOJO PO3B'I3YBAHHUX
TYT 3aBJIaHb OOMEKEHe: Y «0aHKy» 310paHi QirypH,
O1TBIIICTD MTOBEPXOHb SIKUX 3aliMaroTh
MPOEKITIIOBAIEHE BITHOCHO OYIb-SKOI IUIOITHHHU
MPOEKTIii mooxeHHs. OIHAK 1] 9ac po3pOo0ICHHS
KpEcJIeHUKa JeTalb 3a3BUYail po3TalloBYIOTh caMe
Tak: mo0 skomora Oinbmie ii MOBEpXOHb Oynu
npoekIiitoBarbHUMA. 1le criporrye He TUTBKH 1TOOY-
JIOBH, a i CHpUIHATTS 300pakeHb, 1a€ 3MOT'y HaHe-
CTH pO3MIipH Ta iHII HEOOXiaHI Mo3HaYeHHS. ToMy
HAOyTI HABMYKU OCOOJIMBO 3aTpeOyBaHi.

3aBgaHHs HE IPOCTE TSI CTYICHTIB 1 MOTpedye
migroroBku. Ilpore OinpliicTe i3 HUX CHpas-
nsiethesi. [lpuknaam 300pakeHb, BUKOHAHUX CTY-
JICHTAMH, HABEJICHO Ha PUCYHKY 7.
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Puc. 7. Ilpuknanu 300paxeHb, BAKOHAHUX CTYACHTAMH

TyT € okpeMi MOMMWIJIKH, aje OYEeBHIHO, IO
CTYACHTH PO3YyMiIOTh, IO TaKe MPOEKIIHHUIHA
3B'30K, MOXKYTb 3HAWTH MPOEKLii Oy Ib-sIKOT TOUKH,
sIKa HaJICKHUTHh (irypi, MPaBHUIHHO 3aJal0Th I10-
BEPXHI, KOHTYpHI JiHil Qirypu, po3yMiloTh Xapak-
Tep JNiHil MepeTUHY MOBEPXOHb i BMIIOTH 33 OKPEM-
UMH XapaKTepHUMH TOYKAMH MPABHIBLHO MOOYIY-
BAaTH TPOEKINT IUX JIiHIA. 3ayBakMMO, IO I1e HE
KpPECIeHHUK JIeTalli, 1 MeTH HaBUUTH OQOPMIITH
KpECIICHHK B [IbOMY 3aBAaHHI HE CTaBUIIOCS.

BucnoBku. HacamkiHells XO4YeTbCS 3ayBa-
KUTH, 1110 poOO0Ta HAJl €CKi30M, OCOOIUBO SAKIIO Je-
TajJbh MOXKHA MIOTPUMATHU B PyKax, HE MEHII IiKaBa
CTyZIeHTaM, HiX po3pobka 3D-momerni. MoxkiuBe i
YCITIITHE TMOE€AHAHHS [IUX BUIIB HABYAIBHOI JTisUTh-
HOCTi: BOHHM MalOTh CIIUIbHY T€OpETHUHY 0a3y i, 10-
MOBHIOIOYH OJIMH OJHOTO, JAIOTh YyJOBI MOMIIU-
BOCTI peaii3yBaTH TEOPII0 HA TPAKTHIN, JIEMOH-
CTPYIOTh IPAKTUYHY 3HAYYIIICTh BUBYCHHS HAPHC-
Hoi reomeTpii. ToMy BHAAETBCS BaXKIUBUM IPH
OyIb-IKHMX 3MiHAX POOOYUX IpOrpam IUCIHUILIIH
rpagiuHOro MKy, po3poOLi HOBOTO IHTErpoBa-
HOT'O Kypcy HE JOIyCTUTH 3HMKEHHS PiBHsI Teope-
THYHOI MIATOTOBKHU CTYJICHTIB.
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Karpyuk L. V., Davydenko N. O., Duryshev O.
A. The importance of using descriptive geometry
knowledge when developing a sketch

Descriptive geometry is a supporting discipline not
only for the course of drawing, which is what its role in
the system of higher technical education is actually
reduced to, but as a branch of mathematics, it serves as
a basis for applied geometry, which solves optimisation
multi-parameter, multi-factor problems of design,
technology, economics, sociology, etc. The main task of
this publication is to present the author's point of view on
the role and place of descriptive geometry, as well as the
need to use it when developing sketches. Design
documents intended for one-time use can be made in
sketch form. A sketch is an image made without the use
of drawing tools, by hand, according to the rules of
axonometry in an eye-view scale, observing the
proportions of the detail. In this case, the same rules are
followed as for the construction of axonometric
projections: the axes are placed at the same angles, and
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the dimensions are plotted along the axes or parallel to
them. In a number of cases, sketches are used to create
working drawings. In some cases, the sketches are used
to make parts based on them. A modern student should
strive not only for a higher degree of mastery of
specialised knowledge, skills and abilities, but also to
gradually move from teacher-led activities to self-study.
Higher education should train specialists of an integral
type of thinking, capable of synthesising knowledge and
skills at all stages and levels of continuous education.
The discipline «Descriptive Geometry» contributes to the
development of spatial abstract thinking, which is
necessary for engineering and design activities [6]. In
their professional activities, engineering students are
faced with the development of designs for structures,
mechanisms, and machines, which requires knowledge of
projection image theories. Modern teaching methods pay
considerable attention to the use of the information and
educational environment — a system of information
sources available to the user, methods and means of
processing it, as well as the conditions of the subject's
information interaction with these sources. The complex
of graphic cycle disciplines studied at universities is
undergoing major changes all the time. Today, computer
technologies for developing design documentation are
actively used and studied. It is necessary, and everyone
recognises this. Descriptive geometry remains a

stumbling block. Is it necessary as an academic
discipline? Why do students of technical universities
need descriptive geometry? These questions are asked by
both supporters and opponents of the discipline. The
authors of this article have tried to answer these and
other questions.

Key words: sketch, graphic disciplines, the
drawing, descriptive geometry, model, shaping.
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INTERNET OF THINGS AND ARTIFICIAL INTELLIGENCE IN AGRICULTURE

Kunup T.V.

IHTEPHET PEYEM TA IITYYHUHI IHTEJIEKT Y CLZIbCBKOMY I'OCIIOJAPCTBI

Kynyn T. B.

This article explores the role of modern technologies
such as the Internet of Things (IoT) and Artificial
Intelligence (Al) in the development of agriculture. This
combination facilitates process automation, increases
production efficiency, optimizes resource utilization, and
improves product quality. Applications in crop
cultivation and livestock farming are discussed, helping
farmers make more informed decisions based on real
data. The challenges and economic benefits of
implementing IoT and Al in agriculture are analyzed,
including the need for substantial investments and
ensuring cybersecurity across various countries
worldwide.

Technological advancements in agriculture meet the
growing demands for farm automation, economic
digitalization, and environmental sustainability. Current
industry trends emphasize the transition to precision
farming, which allows for more efficient use of time and
resources, reduces production costs, and minimizes crop
losses.

The integration of innovative solutions in agricultural
management processes shifts the balance of influence in
domestic markets, creating new opportunities for growth.
Artificial intelligence technologies significantly enhance
efficiency across various sectors, including agriculture,
and address many pressing challenges. Agricultural
robots designed for Al integration ensure the effective
use of this technology in agribusiness.

In the context of rapid global population growth,
agriculture faces numerous challenges, and the use of Al
and IoT can become a key element in overcoming them.
Despite high initial costs, which may deter some
producers, investments in innovative technologies
typically pay off within a few years, demonstrating their
economic viability.

By utilizing IoT and Al technologies, the agricultural
sector can produce more with fewer resources, improve
product quality, and accelerate time to market. With loT
sensors, farmers can more accurately calculate the
required volumes of water, fertilizers, and pesticides,
reducing their consumption. The rational use of energy

and natural resources lowers costs and minimizes
environmental harm. Continuous monitoring of growing
conditions (temperature, humidity, light levels) enhances
crop quality and livestock productivity. Al helps predict
diseases and implement preventive measures.

These technologies prevent crop losses caused by
adverse weather conditions, pests, or diseases. Supply
chain monitoring ensures better control over product
storage and transportation. Al algorithms analyze large
volumes of data to forecast yields, determine optimal
planting and harvesting times, and provide farmers with
precise decision-making recommendations. Precision

farming systems reduce dependence on climate
variability  through accurate data and adaptive
management methods. IoT and Al technologies

contribute to increased yields and agricultural stability,
addressing the challenges posed by global population
growth.

The implementation of IoT and Al in agriculture not only
improves the efficiency and competitiveness of the sector
but also creates the foundation for the sustainable
development of the agricultural industry.

Key words: Internet of Things, Artificial Intelligence,
AloT (Artificial Intelligence of Things) concept,
innovative technologies.

Introduction. This paper examines the
implementation of the Internet of Things (IoT) and
Artificial Intelligence (AI) in agriculture amidst
contemporary challenges, including the need to
enhance food security, adapt to climate change, and
utilize resources efficiently. Integrating innovative
technologies such as IoT and Al addresses global
food issues, optimizes resource use, and improves
agricultural production efficiency. In the context of
Ukraine, state support for these technologies
underscores the importance of introducing
innovations in key economic sectors, contributing to
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the country's strengthened position in the global
market.

The aim of the work is to comprehensively
study the implementation of Internet of Things
(IoT) and artificial intelligence (Al) technologies in
agriculture, in particular their impact on increasing
productivity and optimizing resource use. The study
also aims to analyze the benefits and problems of
integrating modern technologies, assess various
aspects of their application, and determine the
prospects for the development of these technologies
in the agricultural sector of Ukraine and the world.

Modern agriculture is rapidly evolving, with
innovative technologies such as the Internet of
Things (IoT) and Artificial Intelligence (Al) coming
to the forefront, promising to revolutionize the
agricultural sector.

Modern agriculture requires high production
efficiency combined with high-quality output. This
applies to both crop production and livestock
farming, among other areas. To meet these
demands, advanced data analysis methods,
including Artificial Intelligence (Al) techniques, are
increasingly being utilized [7 p.62].

Artificial Intelligence is seen as a tool for
improving crop quality, monitoring it at various
stages, enhancing key agricultural operations, and
advancing other technological components that can
mitigate the negative effects of climate change and
adapt the industry to the rapid growth of the global
population.

The analysis of recent research and
publications has shown that the primary providers
of modern Artificial Intelligence systems for
agriculture are countries in Western Europe, the
United States, and China. The two most advanced
agricultural nations in the world are the United
States and the Netherlands, followed by France,
Germany, Canada, and Australia. Their agricultural
leadership is based on the use of high technologies.
Ukrainians are also beginning to adopt these
technologies, but to a much lesser extent. A diagram
illustrating the implementation of Artificial
Intelligence and the Internet of Things in agriculture
worldwide is shown in Figure.

The following Artificial Intelligence and
Internet of Things technologies have been
implemented in agriculture: computer vision,
robotics and automation, data analysis and
forecasting, unmanned aerial vehicles (drones) with
Al, Al for livestock management, smart irrigation
systems (soil moisture sensors, automatic irrigation
systems), smart systems for soil condition
monitoring (soil temperature and pH sensors,
nutrient level monitoring), smart farms for livestock

(wearable devices for cattle, automated feeding and
milking), agrometeorological stations (weather
condition monitoring, forecasting, and alerts for
extreme weather events), logistics tracking systems,
and more [7].
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Fig. Introduction of artificial intelligence
and the Internet of Things in agriculture

Agriculture encompasses a range of processes
and stages, most of which involve manual labor. By
complementing existing technologies, Artificial
Intelligence (AI) can simplify the execution of the
most complex and routine tasks. It can collect and
process large amounts of data on a digital platform,
devise the best course of action, and even initiate
this action in combination with other technologies
[7 p.64].

Artificial Intelligence can be utilized in various
aspects of agricultural activities, such as precision
farming, livestock management, crop production,
poultry farming, smart irrigation systems,
greenhouse  automation, climate  condition
monitoring, raw material management, and more.
Let us consider some of these in detail.

Precision Farming. International experience
has demonstrated that crop yields depend 80% on
natural conditions. However, with the use of
precision farming systems, the influence of climate
and weather conditions is reduced to 20%, while
technology and management in agriculture become
decisive factors, accounting for 80%. For Ukraine,
as a region with high risks in agriculture, the
implementation of precision farming systems is
highly appropriate given the diversity of climatic
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conditions and field heterogeneity. This allows for
minimizing risks and optimizing costs.

Digital farming encompasses several stages:
data collection, information analysis, and making
agronomic decisions based on this analysis.

Agrochemical analysis of soil using sensor
equipment allows for the assessment of its fertility,
obtaining data on suitability for growing specific
crops, optimizing nutrient systems, and reducing
fertilizer costs. Monitoring crops with satellites or
drones provides comprehensive information about
the condition of the soil and plants, enabling prompt
management decisions regarding soil treatment or
pest control.

Meteorological monitoring helps determine
optimal periods for planting, irrigation, and
fertilization, which also reduces water consumption.
Precision technologies in agriculture are focused on
economic efficiency and soil conservation,
increasing yield per hectare, reducing field losses,
and, overall, improving the efficiency of land use in
the country.

In livestock farming, Artificial Intelligence
plays a key role due to its powerful capabilities in
analyzing large volumes of data and computing
complex algorithms. It contributes to increased
efficiency in various areas, such as breeding
livestock, poultry farming, rabbit farming,
aquaculture, and others.

One of the main advantages of Artificial
Intelligence in livestock farming is its application in
the animal breeding process. By using machines to
learn algorithms and big data analysis, farmers can
select optimal pairs for breeding, which improves
the genetic quality of the herd and results in
healthier and more productive offspring. This
contributes to increased productivity, meeting
market demands, and enhancing the characteristics
of the animals [9].

Additionally, Artificial Intelligence
significantly simplifies farm management. Al
enables the monitoring of animal housing
conditions, such as temperature, humidity, lighting,
and ventilation. Algorithms help ensure optimal
conditions to minimize risks of diseases and stress,
which positively impacts the health and
productivity of animals. Al also generates
recommendations for improving living conditions,
promoting animal welfare.

Monitoring feeding behavior is a key element
of livestock management, as it provides essential
information about the health, productivity, and
overall well-being of animals. With Artificial
Intelligence and sensor systems, this process is
automated, delivering real-time data. RFID (radio

frequency identification) tags or smart collars are
commonly used to track feeding times and
frequency, as well as the duration of an animal's stay
at the feeding station. The collected data is analyzed
by Al to improve animal management [5].

Automated counting of cattle and tracking their
movements are crucial for supply chain
management. Beyond mere numbers, herd
monitoring plays a significant role in disease
control, inventory management, movement
tracking, productivity enhancement, and ensuring
the profitability of enterprises. Traditional methods
of manual animal counting are often inaccurate,
labor-intensive, and challenging for large herds.

Artificial Intelligence and sensor technologies
offer a transformative solution to this problem.
Radio Frequency Identification (RFID) has become
a key technology for automatic counting and
tracking animals. RFID tags implanted in livestock
provide automatic identification and tracking of
each animal at various stages of the supply chain.
Readers, strategically placed along this chain,
collect data, ensuring comprehensive record-
keeping and minimizing errors compared to
traditional counting methods [5].

In modern crop production, robotics holds
significant potential for automating various
processes, contributing to improved cultivation
quality, increased yields, and reduced costs.
Robotics is utilized at different levels, from large
farming enterprises to greenhouses and even private
households. It finds applications in areas such as
grain cultivation, horticulture, viticulture, berry
farming, and vegetable gardening. The main
directions for the use of robots in crop production
include:

1. Irrigation and Plant Nutrition: Irrigation
robots can automatically water plants, taking into
account their needs, soil type, and weather
conditions. This enables efficient water use and
maintains optimal growth conditions.

2. Soil Tilling and Seed Sowing: Specialized
robots can automatically till the soil and plant seeds
at a specified depth and with the required spacing,
ensuring uniform seed placement and optimal use of
the available area.

3. Weed Removal: Weed-removal robots can
identify and eliminate weeds without manual
intervention, ensuring clean fields and reducing the
negative impact of weeds on crop yields.

4. Harvesting: Harvesting robots
automatically determine the ripeness of fruits using
sensors or computer vision and carefully harvest the
crops, minimizing damage to the fruits.
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5. Pest and Disease Control: Plant treatment
robots can detect pests and signs of diseases and
automatically apply pesticides or fertilizers as
needed. Utilizing sensors and cameras, these robots
conduct precise monitoring and treatment of
specific areas, effectively controlling pests and
plant diseases.

These technologies enable the optimization of
processes in crop production, improving the quality
and productivity of farms.

In poultry farming, artificial intelligence is
used for process automation, production
monitoring, and disease diagnostics. Artificial
intelligence analyzes the behavior of birds, helping
to detect signs of stress or illness, which allows for
quick responses and the prevention of potential
problems.

An intriguing development comes from a team
of Japanese researchers led by Professor Adrian
David Cheok from the University of Tokyo, who
created a system capable of translating chicken
clucking into human language using Artificial
Intelligence. Their system interprets various
emotional states of chickens, such as hunger, fear,
anger, satisfaction, excitement, and distress,
through a method they call "deep emotional
analysis." [6].

To test the system, the team recorded and
analyzed sound samples from 80 chickens and then
fed this data into an Al algorithm. The algorithm
matched these vocal samples with the
corresponding emotional states of the birds. In
collaboration  with  psychologists,  animal
behaviorists, and veterinarians, the researchers
achieved high accuracy in determining the mental
states of individual birds. They also trained artificial
intelligence  to recognize the emotional state of
chickens based on their sounds, which could
significantly improve their living conditions and
production [5].

Definition and Tracking of Animals as Key
Aspects.

Many livestock-producing countries have
recognized artificial intelligence and digital
transformation as effective and practical solutions to
address numerous challenges in monitoring and
decision-making within the industry.

Biometric Methods for Assessing Animal
Health and Welfare.

The most common methods for evaluating
animal health and welfare include visual and
subjective approaches, particularly for analyzing
animal behavior, or invasive methods.

Let us consider some methods for monitoring
animal health:

1. Thermal Imaging

The use of infrared cameras enables the
detection of localized temperature increases on the
animal's skin, which may indicate inflammatory
processes or infections. The temperature T is
measured using the formula:

1

= (%) 0

g

where: R - radiation intensity recorded by the
camera,

E - emissivity coefficient of the Sirface (for animal
skin about 0.98),

o - Stefan-Boltzmann constant ( 5.67 X 108Bt/
m? K*).

This method provides non-invasive, real-time
insights into potential health issues, making it an
essential tool for modern livestock management.

1.1. Photoplethysmography (PPG).

Heart rate (HR) and respiration rate (RR) are
assessed by analyzing changes in skin color in RGB
video streams. The algorithm extracts the signal
from the variations in the intensity of the green
channel G(t)G(t), processing it using the Fast
Fourier Transform (FFT):

HR = frax - 60 2

where: fmax - the signal frequency with the highest
intensity in the spectrum.

2. Performance Analysis

2.1. Milk Yield Prediction

Milk yield prediction is based on multivariate
regression:

Y =B+ 1 Xy + B2 Xo + -+ BrXy + & (3)

where: Y - expected milk yield (liters),

X1, X5, ..., Xy, - factors (temperature, humidity, diet),
Bo, B1 - Br - model coefficients,

€ - residual noise.

2.2. The heat stress index (THI) is calculated
using the formula:

THI = (1.8 - T + 32) — (0.55 — 0.0055 - RH) -
(1.8-T — 26) (4)

where: T - air temperature ( °C ),
RH - relative humidity (%).
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When THI >72, the likelihood of decreased
productivity and deteriorating health increases
significantly.

3. Optimization of Well-being

3.1. Stress Detection through Behavior
Analysis

Video analysis of animal motor activity enables
the identification of signs of stress or discomfort.
Optical flow is used:

V) =X, V& — %1% + 0 — yi-1)? ®)

where: V(t) - the average movement speed of animals,
x;,y; - coordinates of the position in the frame.

3.2 Predictive Model Construction
To assess the impact of environmental changes on
animal behavior, gradient boosting is employed:

En(x) = Fpo1(X) + Vi - () (6)

where: E,, (x) - the current model,
¥m - learning rate,
h,(x) - loss function gradient.

The main drawback of traditional methods
based on the use of contact or invasive sensors for
assessing physiological responses is that they may
cause stress in the animal, which, in turn, can distort
the results.

Another example is "smart greenhouses,"
where the Internet of Things enables the creation of
optimal microclimates for "sensitive" crops. IoT
systems manage irrigation, lighting, air humidity,
and temperature. For instance, Artificial
Intelligence can predict plants' needs for watering or
fertilization to ensure optimal growth. To use water
efficiently across the entire field, sensors are
installed to monitor soil dryness and looseness. As
soon as the system detects deviations from the
norm, automatic irrigation is activated. This
solution prevents both dryness and overwatering.

An American farmer, Dorn Cox, co-founder of
"Farm Hack"—a global community of farmers who
create and modify their own tools—produces
organic products on his 120-hectare farm in New
Hampshire, primarily for restaurants. His farm
grows blueberries, mushrooms, vegetables, maple
syrup, sunflower oil, and baked goods from his own
grain. In 2011, when the community was formed,
one of the first problems discussed was the remote
detection of critical temperature rises in
greenhouses. Using a modified GSM signal and a
mobile phone, the project created a temperature

sensor that sends a text message if the greenhouse
temperature exceeds acceptable levels [10].

Quality control of food products is a crucial
aspect of protecting consumer health and safety. An
important component of quality control is
monitoring storage and transportation conditions,
which is especially critical for perishable goods.
Selecting the right software for these processes is
also essential to ensuring product quality. The use
of sensors enables real-time monitoring of
temperature, humidity, and other parameters that
affect product quality.

The implementation of strict standards and
regular inspections at all stages of production and
distribution is key to maintaining high quality and
safety of food products. Thus, modern technologies
and rigorous agricultural control standards help
protect consumer health and build trust in producers
[14].

The economic aspects of implementing
Artificial Intelligence (AI) and the Internet of
Things (IoT) in agriculture across various sectors
open new opportunities for optimizing decisions
and managing processes. A key economic benefit is
the reduction of production and operational costs.

In recent years, the introduction of information
technologies in agriculture has led to adjustments in
crop processing methods and field management.
These technologies have fundamentally changed the
concept of agriculture, making it more profitable,
efficient, safe, and straightforward.

Therefore, examining the experience of
implementing artificial intelligence and Internet of
Things in agriculture leads to the conclusion that
these technologies are fundamentally transforming
the industry. They are turning a millennia-old
human endeavor into a technological business with
high productivity.

Conclusions. The implementation of artificial
intelligence and the Internet of Things in agriculture
creates broad opportunities for increasing
productivity, efficiency, and competitiveness in the
agricultural sector. These technologies enable
process automation, resource optimization, cost
reduction, and improved product quality.

The advantages of artificial intelligence and
Internet of Things integration in agriculture include
accurate monitoring of soil, crops, and livestock
using sensors, drones, and analytical platforms.
Routine processes such as irrigation, fertilization,
harvesting, and livestock care can be automated,
leading to enhanced resource efficiency, including
water, fertilizers, and energy.
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In crop production, these technologies reduce
dependence on climatic conditions, increase yields,
and minimize losses.

In livestock farming, artificial intelligence
supports breeding, animal health management,
monitoring of feeding behavior, and automation of
livestock tracking.

Monitoring  storage and  transportation
conditions ensures high product quality and
consumer safety.

Challenges in  implementing artificial
intelligence and Internet of Things include the need
for significant investments in infrastructure
development, ensuring cybersecurity and data
protection, and addressing the shortage of qualified

professionals to  operate these advanced
technologies.
For = Ukraine, integrating  innovative

technologies allows for mitigating climatic risks
and improving the country's competitiveness in the
global market. It reduces production costs through
process optimization and increases profitability by
enhancing the efficient use of land resources and
reducing losses.

State support for the development of these
technologies will contribute to their more active
implementation.

Artificial intelligence and Internet of Things
have the potential to fundamentally transform the
agricultural sector, turning traditional farming into
a high-tech business with maximum productivity
and efficiency. Implementing these technologies is
strategically important for ensuring food security
and the sustainable development of Ukraine's
agricultural industry.
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Kynyn T. B. IntepHeT pedeii Ta IITy4YHMii iHTe-
JIEKT Y CiIbCbKOMY rocnoaapcTBi

Y yiu cmammi oocniosxcyemvcsa ponv CyuacHux
mexHono2iu, maxkux sx inmepuem peuei (IoT) i wmyunuii
inmenexm (Al) y po3eumxy citbcvko2o 20cnodapcmea.
1L[n xombinayis nonezwye asmomamusayilo npoyecis,
niosuwye egheKmusHicms 8UPOOHUYMEA, ONMUMI3YE GU-
KOPUCMAHHsL pecypcié i NOKpawye sKicmov RpoOyKyi.
062080p10EMbCA 3ACMOCYBAHHA Y BUPOULYBAHHI CilbChb-
K020CNOo0apcuKux KyJabmyp i meapuHHuymei, wo 0ono-
Maeae epmepam npuimamu  Oinbut  0OIPYHMOBAHI
piwenns Ha ocHosi pearvhux oanux. Ilpoananizosano
npobnemu ma eKoOHOMIUHI nepesacu 6NPOBAOICEHHS iH-
mepHemy peueli ma WimyyHo2o iHmeneKkmy y CilbCbKOMy
20CnO0apcmei, GKAUAYYU nompedy 6 3HAYHUX IHEe-
cmuyisx ma 3abe3neuenHs KibepOe3neku 6 pI3HUX
Kpainax ceimy.

Texnonociunuii npoepec y CilbCbkOMy 20CHO-
dapcmei 8I0n08I0Ae 3pOCMAOUUM GUMO2AM 00 ABMOMA-

musayii pepm, yu@posizayii eKOHOMIKU Ma eKoN02IYHOT

cmitikocmi. Cyuachi menoenyii eany3i nioKpecuoons
nepexio 00 mouHo20 3emMaepobcmaa, wo 0038015€ Oiibul
eheKmusHO BUKOPUCMOBYBAMU YAC | pecypcu, 3MeH-
wumu cobigapmicms GUPOOHUYMBEA Ma MIHIMIZyeamu
8MpPamu 8poACaio.

Inmeepayin innosayitinux piwienv y npoyecu ynpag-
JUHHSA CIIbCLKUM 20CHOOAPCMBOM 3MIHIOE OANANC BNIUBY
Ha GHYMPIWHIX PUHKAX, CINGOPIOIOYU HOGL MOJICIUEOCL
ona  3pocmanns. Texwonozii  wimyynoeo inmenexmy
3HAYHO NIOBUWYIOMb eDEKMUSHICID Y PISHUX CEKMOPAX,
BKIIIOYAIOYU CLIbCbKE 20CN00ApCmeo, I supiuyioms 6a-
eamo  Hazanvhux npobaem.  CilbcbKo2ocnooapcoKi

pobomu, po3pobieni 011 iHmespayii Wmy4Ho2o iHme-
Jlekmy, 3abe3neyyioms e@exmusne UKOPUCTNAHHA YicT
mexHo02ii 8 azpobizHect.

B ymosax cmpimxozo 3pocmanmnn 2nobanvHozo
HacenenHs CibCbke 20CN00apcme0 CMUKAEMbCs 3 Yuc-
JIeHHUMU BUKTTUKAMY, | BUKOPUCAHHA WMYYHO20 IHMe-
Jlekmy ma iHmepHemy peyeil Modce Cmamu Kiouo8um
enemenmom y ix nooonanni. Hessascarouu na eucoxi no-
uamKo8i 8UMpPamu, AKi MOXCYMb CMPUMYBAMU OeAKUX
BUPOOHUKIB, TH8eCMUYTT 68 THHOBAYIIHI MEXHON02I 3A38U-
uail OKYNarmscs nNPOmMALOM KilbKoX pOKig, 0eMOHCmpY-
10Ul CB0I0 eKOHOMIYHY HCUTNIMEZOAMHICMb.

Buxopucmosyrouu mexnonoeii inmepuemy peueii
ma wmyyHo2o iHmeneKmy, CilbCbK020CnOOapCoKull cex-
mop Mmodice eupobasmu Ginvbuie 3 MEHWUMU PeCypcamu,
NOKpawyeamu sSKicmes npoOyKyii ma npuckopiosamu uac
8UX00Y Ha puHOK. 3a donomozoro damuuxis 1oT pepmepu
MOJCYMb MOYHIWEe pO3paxosyeamu HeoOXiOHI obcseu
600U, 000pus i necmuyudis, 3MeHUWYIOUU IX CHOJNCU-
eanns. Payionanvne suxopucmanms enepeii ma npupoo-
HUX Pecypci@ 3HUNCYE GUMPAMU A MIHIMIZ3YE UWKOOY
HABKOUWHbOMY cepedosunyy. Tlocmitinuti MoHimopuHe
YMO8  BUPOWYBAHHA  (memnepamypd,  60102iCb,
0CGImIeHicmb) NOKPauye SAKiCMb 8pOAICAI0 MA NPOOYK-
mugnicmu xy0obu. LIl 0onomazae npoenosyeamu 3ax60-
PDIOBAHHS MA 8NPOBAOICYBAMU NPOPINAKMUYHT 3AX00U.

Li mexnonozii 3anobicaromv empamam 6poA*CAI0
yepes HeCnPUAMIUGI NO20OHI YMOBU, WKIOHUKIE 60 X80-
pobu. Mounimopune nanyioea nocmavanns sabesneyye
Kpawuti KOHMpoab 3a 30epicantsam i mpancnopmyea-
HAM NPOOYKYIi. Ancopummu wmyuHo2o iHmMeneKmy
ananizylioms GeIuKki oocseu 0anux, wob npoeHo3yeamu
8pOdICAlIHICMb, BUBHAYAMU ONIMUMATLHULL YAC NOCI8Y Mma
300py 6podcaro ma Haoasamu hepmepam MmouHi pexKo-
MeHOayii wooo npuiinamms piwiens. Cucmemu moyHo2o
3eMIepobCmea 3MEHULYIOMb  3ANEHCHICTNG  6i0  MIHIU-
socmi Knimamy 3a805KU MOYHUM OAHUM I AOANMUGHUM
memooam ynpasninns. Texnonocii inmepremy peueii ma
WMYYHO2O THMENeKMY CRpUsionb NIOSUEHHIO 8PONCAlI-
HOoCcmi ma cmabiibHOCMI CIIbCbKO20 20CN00apcmea,
supiwyrouu npobaemu, nog s3aHi 3i 3pOCMAHHAM Hace-
JIeHHA naaHemu.

Bnposaoowcenns Inmepnemy peveii ma wmyyHoeo
iHmenexmy 8 CilbCbKoMy 20CNOOAPCMEI He MilbKu Nioeu-
wye epexmusricmv i KOHKYPEHMOCHPOMOICHICMb 2a-
Y3i, ane i cmeoproe 0CHO8Y OJi CMAL020 PO3BUMKY de-
PapHoi 2anysi.

Kniouoei cnosa: lnmepnem peuetl, wimyunutl inme-
nexm, konyenyis AloT (Artificial Intelligence of Things),
IHHOBAYIUHI MeXHON02II.
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ATIAPATHO-IIPOTPAMHU ®PEMMBOPK IHTE.JIEKTYA.JII)HO'I; CUCTEMH
3b0OPY JAHUX 3 MOHITOPUHI'Y GSM-TEXHOJIOI'ITA

Hixkeropoaues B.O., birtokonutos JI.C., @®inonenxko M. M., Jlaroscbkuii B. B.

HARDWARE AND SOFTWARE FRAMEWORK OF AN INTELLIGENT SYSTEM
FOR DATA COLLECTION FROM GSM TECHNOLOGY MONITORING

Nizhehorodtsev V.O., Bilokopytov D.S., Filonenko M. M., Lagovskyi V. V.

Komnnexcna cucmema cnocmepedicenn, 300py, 06podxu,
cucmemamuzayii ma aumanizy OaHux 3 Mepexci npu-
cmpoie mouimopuney ingopmayii npo cmaum HaeKo-
JUWHBO2O CePedosUIya O0360I8€ OMPUMAMU 0OTPYHMO-
6ami pexomeHnoayii Onsl NPUUHAMMS  YAPAGIIHCOKUX
pilleHb 8 pI3HUX 2any3sax, makux AK NPOMUCIOGICMb,
CibCbKe 20Cn00apCcmeo, GiticbK08a 2aty3b, OXOPOHA 300-
pos's. Cmeopenns MobibHUX cucmem 300py ma nepe-
daui 0anux i3 ix noOaIbLWOW 06POOKOI 3a 0ONOMO2OH
MemoOi8 WMYYHO20 [HMeNeKmy € NepcnekmueHuM
Hanpsmom Oisi 8UPIWEeHHs. Makux 3a60ans. s docsie-
HeHHsL Yici Memu GUKOPUCTOBYIOMbCS CYUACHT Memoou
ma iHCmpyMeHmu nPoepamy8aHts, Memoou anauizy od-
HUX, a MAaKOXC anapamHi MOMCIUBOCHI CYUACHUX Oam-
YUKi8 ma MiKpOKOHMpOaepis.

Taxi cucmemu 30ammui 3HAYHO MA NO3UMUBHO GNIUHYINU
Ha KpaiHy y pisHUX acnekmax, a pospooxa cucmem 360py
ma cucmemamuzayii OAHUX 3 Mepedcesux Npucmpois
MOHIMOPUHEY 0A€ NPOCMIP Ol PO3GUMKY CYRYMHIX Nu-
MAaHb AKI MOACHA NOPYWUMU, 4 came: eMUYHICMb UKO-
PUCMAHHA MA CMEOPEHHS WMYYHO20 [HmeneKmy, 3a-
JIeJAHCHICMb ~ 6Cb020  I0OCMBA 60  MEXHONO2IU, On-
MuMizayiio mexHoa02il 8ipmyanbHoi pearbHoCHi.
Memoto 00cnioxnceHHs € NPOEKMYBAHHA CUCTHEMU
nputiomy ma nodanvuioi 0opooxu GSM cuenany, saxka oo-
nomodice Cnpoexmygamu MoOyai 3 wuppysans Oanux
0n1s1 nepedaui ma 36epicanns inghopmayii onn cucmemu
360py ma cucmemamusayii OAQHUX 3 MePeICi NPUcCmpois
Mmonimopuney. Ha ocnogi ompumanux oanux saxi Haoxo-
0simb 3 308HIWHIX 0amMyuKie MOHimopuney, a came 3 GSM
anmenu, AKA 2eHepye IHPOPMAYI0 W00 CUNU HAABHO2O
cueHany ma 1o2o cnekmpy, ma Oauux 3 eenepayii ompu-
MAHUX KOOPOUHAM BUNPOMIHIOBAHO20 CUSHATLY, 3pOOUMU
aHaniz Oanux ma 3abesneyumu 3pyYHUull CROCiO MOHIMO-
puney ma 06pobxu ingopmayii, 8 pearbHomy 4aci.
Hayxosa nosusna noaseace 6 00rpynmyg@anui niocmas 0is
CMBOPEHHA  anapamuo-npocpamHo20  HPOMOMUNY

iHmenexmyanvHoi cucmemu 300py OaGHUX 3 Mepedxci npu-
CMpOi8 MOHIMOPUHZY HA OCHOBI KOMNIEKC) IHHCEeHePHO-
MeXHIUHUX ma 00CTIOHUYLKUX poOIim. anarizy anapam-
HUX NPOOYKMie MOHImMopuHey paoio cepedosuiyd, npoex-
MYBAHHIO PYXOMOI RIAM@POpMu ma Mooento8ans ii ene-
Menmie, cmeopenns penayitinoi mooeni oanux CYBJI, in-
mep@eticy Kopucmysaua cucmemu, HAIAWMYSAHHs cep-
6epy 06poOKU OaHUX.

Knrwuosi cnosa: mikpoxonmponep, MoHimopuwe, npo-
epamue 3abe3neuenns, oamuux, GSM.

Beryn. CydacHHWA CBIT XapakTepHU3YEThCS
CTPIMKHUM PO3BUTKOM TEXHOJOTiH [HTepHETY pedeit
(IoT), 1m0 IPU3BOIUTE A0 TTOSIBM BEITMYE3HUX 00CH-
TiB JaHWX, SKi TEHEPYIOTHCS PI3HOMAHITHUMH TIPH-
cTposMu MoHiTopuHry. EdexruBnuii 30ip, 30epi-
TaHHS Ta aHaJIi3 [IUX JaHUX € KJIFOYOBUM 3aBIaHHSIM
JUIsE 0aratbOX Tany3ed, TakuX sSK MPOMHUCIOBICTS,
MEIMIIMHA, BIChKOBA TEXHiKa, CIIChKE TOCIIONap-
CTBO TOILO.

MIKpOKOHTpOJIEpH Ha CHOTOMHI BimIrparoTh
KITIOYOBY POJIb Y MAHOyTHHOMY PO3BUTKY aBTOMATH-
30BaHMUX CHCTEM, 3a0e3Medyloud iX e(eKTUBHICTB,
THYYKICTh Ta HHU3BKY BapTICTh peaiizallii J0Cii-
JOKEHHST ocobmuBocTeit. CydacHi pilliecHHS B raiy3i
aBTOMaTH3alii Ta pPOOOTOTEXHIKH HEMOXJIIMBO Y-
BUTH 0€3 BUKOPUCTAHHS MiKPOINpPOLECOPHHUX iH-
CTPYMEHTIB Ta CHCTEM.

HIngaxu onTuMi3alii yHpaBiiHHS HpOLECaAMH
IUQPOBHUX TEXHOJIOTi HAMU BXKE OmMMCcaHi OynH B
myomikariax [1], [10], [12], ne po3misHYTI CHCTEMHU
3 pI3HOMaHITHHX PIillleHb Y TEXHOJOTIYHUX IPOIIe-
cax, KyIy BXOISTh 1 IPOrpaMHi i anaparHi pilleHHs
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MiKPOKOHTPOJIEPHOTO PUCTPOIO KEpyBaHHS €JIEKT-
POMEXaHITHOIO CHCTEMOIO.

Cucrtema 300py Ta cucTeMaTH3allli JaHUX 3 Me-
PEXi IPUCTPOIB MOHITOPUHTY, MOXKE BUKOPHUCTOBY-
BaTH pPI3HOMAHITHI peaii3amii Ta MaiTh 3MOTY
npuitMaTe HeoOX1THI TTIOTOKU JTaHWX, B 3aJICKHOCTI
BiJl JaT4MKiB — npuiiMadiB iHdopmauii. OgHuM 3 Ta-
KHX BUJOM BXimHuX naHux Buctynae GSM (Global
System for Mobile Communications) curHa, sIkai
MOHITOPHUTHCS BiJTIOBITHIUM 008 THAHHSIM Ta CKJa-
JIAETHCSA 3 allapaTHOT YaCTUHU Ta CIEIiaIbHOTO MPO-
TPaMHOTO 3a0e3MeUeHHS.

CTBOpEeHHS HAAIMHOI CUCTEMH TTepeaadi TaHuX
3 BukopuctanHaM GSM-texHonoriii Ta mudpy-
BaHHS € aKTyaJbHUM 3aBIaHHSIM y 0ararbox cde-
pax. OCHOBHUMH KOMITOHEHTaMH TaKOi CUCTEMH €:
amaparHa 4dactuHa (GSM-momyib, MiKpOKOHTpPO-
JIep, NaTIYUKH, [HKEPEIIO KUBIICHHS, aHTCHA) Ta TIPO-
rpamMHa gacTuHa (IIPOTOKOJ Tepeaadi JaHuX, ajiro-
puT™Mu mHQpyBaHHSA, MPOTOKOIU ayTeHTH]iKaLii,
nporpaMHe 3a0e3neueHHs Al MiKpOKOHTpOJEpa,
CepBepHA YaCTHHA).

AHaJi3 oCTaHHIX JOCTiTKeHb i myOaikamiii.
Po3yMiHHS KOHIIENIIiI CCTEM Ha OCHOBI MiKPOKOH-
TpOJEpiB AJIs1 BUOOPY HAMKPAIIOTO arapaTHoro 3a-
Oc3ITeueHHS 3aiMaTCs TPYIH 3aKOPAOHHUX JTOCTTi-
naukiB: Ercan Cosgun, Sitki Kocaoglu, Eray
Yilmazlar [9], nporpamyBaHHs KOMIT IOTEPiB Ta Mi-
KPOKOHTPOJIEPIB 3aiiMaBcs KonekTuB: Abdulkareem
A., Dike U. Ike, Adewale A. Ajao, Adelakun A. A.
[8], owiHKOIO MapaMeTpiB TpadiKy Ta MiCHKOTO IPO-
cropy 3 wMepex GSM: Steenbruggen .
Borzacchiello M. T., Nijkamp P. Scholten [11]. Ba-
JKJIMBHI BHECOK Y PO3BUTOK MPOLIEAYP HaAIHHOT CH-
CTeMHU Tepefavi JaHuX 3 BuUKopucTanHsiM GSM-
TEXHOJIOTIN Ta MH(PPYBaHHAM IOTOKIB TaHUX 3PO-
OuM TakoX 1 cydyacHi ykpainceki HaykoBwi: C.O.
Kpapuyxk [7], M.M. Kaiinenko [4], B.. T'ons [3] Ta
1HTI.

MeTto10 maHoOi poOOTH € MPOEKTYBaHHS CHC-
TeMH IpuiioMy Ta mofansinoi oopodkun GSM cur-
HaJTy, sIKa JOTIOMOXKE CIIPOEKTYBATH MO 3 -
PYBaHHS JaHUX I Iiepeaadi Ta 30epiranus iHdop-
MaIlii It CHCTEMH 300py Ta CUCTeMaTH3aIlii JaHX
3 MEpeXi MPUCTPOIB MOHITOPHHTY.

ITocTanoBka 3amaui. /{11 mocSTHEHHS INi€l
MeTH OyayTh BUKOPHCTaHI CydacHI METOIHM Ta iH-
CTPYMEHTH MPOTPaMyBaHHS, METOIH aHami3y Ja-
HUX, a TAaKOXK alapaTHi MOXJIMBOCTI Cy4acHUX Jar-
YUKIB Ta MIKPOKOHTPOJIEPiB. PesyinsraroMm pobotn €
armaparHO-POrpaMHUi (PEeHMBOPK 1HTEICKTyallb-
HOI cuUCTeMH 300py JaHUX Ta amapaTHO-IPOTpam-
HUH TPOTOTHIT MPUCTPOIO MOHITOPUHTY, IO MOXKE
CTaT MWIaTGOPMOIO JIJIS TIOAATBINUX TOCIiKEHb 13
npakTuyHoro 3actocyBanHs CHII 3 metoro

BUSIBJICHHS Ta Kiiacuikallii 00’ €KTiB y pajio cepe-
mosuti. st mporpamHoi peamizariii oOpaHO Cy-
yacHi 3aco0M po3po0OKH, amaparHa ruiardopma Oa-
3y€ThCS HA TIOMIMPEHiH KOMIIOHEHTHIN 0a3i. Y po-
00Ti BUKOPUCTAHO ABI CTAHIIIi MOHITOPHUHTY JIJIS ITO-
3UITIOHYBaHHS JKepesa pagio CUTHAITY, UIS TpiaH-
TYJSLIT BKIIOYHO i3 HAMPSMOM MPOIOHYETHCS BUKO-
pHUCTaHHS TPHOX CTAHIIIH.

BuxJyiananHs 0CHOBHOTro Marepianay. B cran-
napti GSM ayzaio-curHajiy nepeTBOPIOIOThCS 3 aHa-
JI0roBOi opMu B LU POBY MEpe] TUM, K BOHHU Oy-
IyThb niepenasi. Lle mepeTBopeHHs € KIIOYOBUM ISt
3a0€31eYCHHS] BUCOKOTO PIBHS O€3MEKH, KU € Xa-
pakrepHuM a1 GSM Mmepex.

3aranpHa Oe3leka y cHCTeMaxX MOOIIBHOIO
3B's3Ky GSM 6asyeThcst Ha KOMOIHAI TEXHIYHHX,
OpraHi3aliifHUX 1 IOPUIUYHUX acnekTiB. [na gocs-
THEHHS MaKCUMaJbHO €(EeKTUBHOTO 3axHucTy, i
€JIEMEHTH MalOTh MPAIIOBaTH Y KOOPAWHAIIIT OWH 3
onauM. B crannapti GSM pocsraeTbcst BUCOKa CTY-
MiHb OE3MEeKU Nepeaadi MOBiOMIICHb SIKE 3I1HCHIO-
€THCS IITXOM MUGPyBaHHS ITOBIIOMIICHD TI0 aJIro-
putMy mH(PYBaHHS 3 BIIKPUTUM 3 BIIKPUTHM
kimoueM RSA (Rivest—-Shamir—Adleman).

VY crpykrypi GSM cyBOpO BH3Ha4Y€HO YacOBi
XapaKTEepPUCTUKN OTHHAIOY0I CUTHAITY, BUIIPOMIHIO-
BaHOT'O MaKeTaMy Ha KaHAJIbHOMY YacOBOMY iHTeEp-
Bami TDMA kaapy, Ta CHEKTpajbHa XapaKTepHC-
THKa CUTHaITY. TMMYacoBa Macka OOTHHAILHOT TS
CHTHAJTIB - BUIPOMIHIOIOTBCSI Ha iHTepBajiai AB mo-
BHOro TDMA kanpy, a macka s curaanis NB, FB,
DB i SB moBaoro TDMA kanpy. PizHi ¢popmu oru-
HAIOYMX BHUIIPOMIHIOBAHUX CHTHAIB BiIOBITAIOTH
pizHoIO TpuBaiicTio iHTepBany AB (88 6iT) Ho Bia-
HOUICHHIO [0 IHIIMX BKa3aHUM iHTepBajlaM IIOB-
Horo TDMA xanpy (148 6iT).

Opnna 3 ocobnuBocTeil popMyBaHHs CUTHATIB
y cranaapti GSM - BUKOpUCTaHHSI IOBIIBHUX CTPHU-
OKiB 110 9aCTOTI y MpoIieci ceancy 3B'sa3Ky. [ 3a-
XUCTY BiJl TOMHJIOK B pajiOKaHajax IpH Iepena-
BaHHI TIOBIJJOMJICHb 3aCTOCOBYEThCSI OJIOKOBE Ta
3TOPTKOBE KOAYBaHHS 3 TEPEMEKEHHSIM, a IiABH-
HIeHHS! e(DeKTUBHOCTI KOJYBAaHHS Ta IMEPEMEKECHHS
3a MaJioi MIBUAKOCTI MEPEMILlIeHHSI PyXOMHUX CTaH-
Iifl JocATaeThCsl MOBUTBHUM HEPEKITIOYEHHSIM PO-
6ounx gactoT (SFH - Slow Frequency Hopping) [2,
c. 11].

lonoBHe mpu3HAuUEHHS TaKUX CTPUOKIB - 3a-
Oe3redeHHsT YaCTOTHOTO PO3HECEHHS B pajlioKaHa-
nax, o (GyHKIIOHYIOTh B yMOBaxX OararornpoMeHe-
BOIO MOIMpeHHs paaioxBuib. SFH BuKopHcTOBY-
€TBCS Y BCIX PyXOMHX Mepekax, 10 MigBUILYE ede-
KTUBHICTh KOIYBaHHS Ta MEPEMEXYBaHHS MPHU MO-
BUJIBHOMY pyci a0OHEHTChKMX cTaHUii. [IpuHimm
(¢opMyBaHHs MOBUTPHMX CTPUOKIB IO YacTOTi
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MOJISIra€ B TOMY, LIO MOBIJOMJICHHSI, LIO TNepena-
€TBCS Y BUAUICHOMY aOOHEHTY TUMYAacOBOMY 1HTE-
pBaii TDMA kaznpy (577 MKc), Y KOXKHOMY HaCTyTI-
HOMY KaJpi mepenaeTbcs (IPUHMAETHCS) HA HOBY
(hikcoBaHy 9acTOTY.

Y mporeci cTpUOKIB O YaCTOTI TTOCTiiHO 30e-
piraerbcs ayruiekcHe po3HeceHHs 45 MI'm mixk ka-
HanaMu npuiiomy i nepenadi. BciM aktuBHEM abo-
HEHTaM, 1[0 3HAXOOITLCS B OJHINM COTI, CTaBIAThLCS
Y BiANOBIAHICTH OPTOTOHANIBHI (POPMYIOTH TOCII0-
BHOCTI, L0 BHKJIIOYa€ B3a€MHI MEPEIIKOAM IPH
puiioMi TOBiAOMJICHL a0OHEHTaMH B corti. [lapa-
METpPH MTOCTIAOBHOCTI IEPEMHUKAHHS YacTOT (JacTo-
THO-4acOBa MaTpHIIS Ta NIOYATKOBA YacTOTa) MPU3-
Ha4aroThCSl KOXKHIA PyXOMil CTaHIi y Tmporeci
BCTaHOBJIEHHS KaHay. OpTOrOHAILHICTH MTOCTIIO-
BHOCTEH NEpeMHKaHHs 4YacTOT B COTi 3abe3medy-
€THCS TOYATKOBUM YACTOTHUM 3PYILIECHHAM OIHi€T 1
Tiel x (3a anropuT™MoM (GOopMyBaHHS) ITOCITiTOBHO-
CTi. Y CYMDKHHX CTUTBHHKAaX BHUKOPHUCTOBYIOTHCS
pi3Hi GOPMYIOTH OCTIJOBHOCTI.

Tak, sIK 0 paxiocepeOBUIAa MAIOTh AOCTYII
0araro pHUCTPOIB 1 KOPUCTYBadiB, MOTPiOHO iX ay-
teHTugikyBaru. Ilpouenypa ayrentudikanii BcTa-
HOBJIIOE CTIPaBKHICTb 1 MPUHAJICKHICT IO MEpexi
KOpHCTyBada i 00alHaHHS, BU3HAYA€ MpaBa i MOB-
HOBa)KCHHSI KOPHCTYBaua i MpaBo JOCTYITY 10 Mepe-
KHHUX pecypciB. besneka 3B'si3ky 3abe3medyeTncst
TaKOXX 3aCTOCYBaHHSAM IPOIEAyp ayTeHTU(IKAMii i
U PYBaHHS MOBIIOMJICHb, ayTeHTH(DIKALS IPO-
BOIOUTHCS 3a JOMIOMOTOIO0 JBOX (PyHKIIOHAJIBHHUX
00'extiB: SIM-KapTKu B MOOLIBHIN CTaHIII 1 TIEHT-
pom aytentudikarii [7, c. 474].

B ocHoBi 0Oesneku GSM niexxarb TpH anropu-
TMH, 5IKi € O(iUiiHO 3aKpUTHMH, TOOTO CEKpeT-
Humu: A3 (anroputMm ayreHTHdiKaril); A8 (amro-
PUTM TeHepauii Kiroda IUQpyBaHHS ISl CEaHCY
3B'13KY); AS (IropuT™M MWUQpyBaHHS CHTHATLY Yy
Tporieci ceancy 3B's3Ky). MoOiapHa cTaHIis M-
pY€ Lie 4uCIIO alroputMoM A3, BUKOPHUCTOBYIOYU
KITI0Y IU(PYBaHHA, SIKHH Y CBOIO YEpry 3allUCaHO
Ha SIM-kapti aboHEHTa (MOMYJIb ABTCHTHYHOCTI
aboHeHTa). 3ammdpoBaHUil 3aITUT BiAIPABISIETHCS
BiJ MOO1IBbHOT cTaHLil Ha3ax omeparopy. OTpuMana
BiJNIOBiZb MEPEBIPSAETHCS HA MPABUIBHICTH: OIEpa-
TOp IPOBOIUTH Take came LIM(pyBaHHA BUIAIKO-
BOTO YHCIIA, BiIPABICHOTO HA MOOUIBHY CTaHIIIfO.
Skmo oTpumaHMii pe3ynbTar 30ira€Thes 3 BiATIO-
BIJITIO 3 MOOLJIBHOT CTaHIl1, BBAYKAE€THCS, 1[0 aBTE€H-
Tu(iKalisg NpoHIia ycmimHo. Biamoriab, orpu-
MaHa micig poboTu anroputmy A3, moTpiOHa ams
BU3HA4YeHHs Kitoya mudpysanus. Lleit xmou no-
3BOJISIE TIEPENABATH BCE TTOBIIOMIICHHS Y PEKHAMI 3a-
XHcTy iHpopMauii. 3amugpoBaHa BiANOBIAb HATXO-
TUTH anroput™ A8, sxkuil y CBorO uepry 3a

JOTIOMOTOIO AEIKUX MEPETBOPEHD OOUUCITIOE KITIOY.
ITomi6Ha mist MPOBAaAUTHCS 1 OTIEPATOPOM, IO 3a0€3-
Mevye iJCHTUYHICTh KJII0Ya Ha CTOPOHI oreparopa
Ta CTOPOHI MOOLIBHOT CTaHIIII.

Iopsn i3 BUMaIKOBO BU3HAYCHUM YHCIIOM, ME-
peXka TaKoXK HaJchiIae Ha MOOUTEHHM IPUCTPIH cIre-
[iaJIbHY YMCIIOBY MOCIIiOBHICTD, SIKa BUKOPHUCTOBY-
€Tbes SIK Kimod mmpyBanHs. Ll mociiioBHICTS Ti-
CHO KOPEJIO€ 3 aKTyaTbHUM 3Ha4E€HHSM KITI04a, 10
JOTIOMAra€e 3amoOirTH CTBOPEHHIO TOMMIIKOBOTO
Kiroya. MoO1IbHAHN IPUCTPiii 30epirae 1e Yucio Ta
IHKOPITOpY€ HOTO y TIepIlie MOBITOMIICHHS, SIKE Bil-
MIPABISETHCS HA3aJl Y MEPEXKy, TapaHTYIOuH TaKUM
YUHOM Oe3MeKy KOMYHIKaIlii.

s Toro mo0 orpumary iH(GOpPMAILiIO PO 3a-
KpUTI JaHi a0OHEHTa, HEOOXiTHO MaTH IOCHUTh
CKJIQJIHO OOJIaJIHAHHS, sSIKEe O TO3BOJISIIO OTPUMATH
JIOCTYN 70 oOnamHaHHS aO0OHEHTA TaKUM YHHOM,
o0 abOHEHT caM Mpo Iie He 370rayBaBcs. Take
00aiHaHHSI € JOPOTHM Ta IOCTYITHO aX HisSIK HE KO-
SKHIN JIFOIMHI.

TakuM 9MHOM CHeTianbHI TMAPO3aLIH (Hampu-
KJIaJl CITy>)KOM OE3MeKH Ti€i 4M iHMIO0i KpaiHH) MO-
KYTh 4Yepe3 CyAOBi pillIeHHsS OTpUMAaTH JO3BUT Ha
OTpPUMaHHS KOIiB JOCTyITy Ta po3mudpoBku GSM
curHajiay y edipi MOHITOPHHTY, SIKI HaJalOTh IPE/-
CTaBHUKH MOOLITBHOTO 3B’SI3KY.

Otpumanni gani GSM cursany ski npuiiMae
crierianmizoBana GSM-aHTeHa, 10 3maTHA CIIPHii-
MaTH BiJIITOBITHUYN CHUTHAI, IepeaaroThess Ha GSM-
IpuiiMad, a came eJIEKTPOHHUI NpUiaj, sIKuil mepe-
TBOPIOE PAIIOCUTHAIN B ITU(POBI aHi BUKOPHUCTO-
BYIOUH Kjroui [yt posirudporku. [puiimaa GSM
3a3BUYAl CKJIAAETHCA 3 QIIBTPY SKUI BUKOHYE BU-
JAJICHHS HeOa)KaHUX CUTHAJIB 3 pPajlioCUTHATY
OTPUMAHOTO AHTEHOI, MiJCHIIIOBAYy ISl TIOCH-
JICHHSI PaJi0CUTHAITY, IEMOIYISATOPA SIKU BUKOHYE
OCHOBHY POJIb JIJISl TICPETBOPCHHS Pa/IiOCUTHATY Ha
UG POBUI CUTHAI.

3mict nakety 3 naHumMu GSM-edipy y uudpo-
BOMY BHIJISIZI SIBJIsi€ COOOO MOCIIIOBHICTD OANTIB,
AK1 IPEJICTABIIAIOTH COOO0I0 CUTHAH, 110 HAJAXOAATH
3 0a30BHX CTaHIIIH Ta MOOLTEHUX Tenedonis. 11i cu-
THAIA Jal0Th MOXIIUBICTH OyTH BUKOPHUCTAHUMU
IUTs1 MOHITOpUHTY Mepexi GSM, a Takox /7Sl BUSIB-
JIEHHS Ta PO3CIiAyBaHHS 3J0YMHIB, TOB'I3aHUX 13
MOOITTFHIM 3B'SI3KOM.

Ilo 6 mpamroBana Best cuctema GSM, nysxe Ba-
JKIIMBO BIJICTE)KYBaTd KOOPAWHATH KOPHCTyBada.
Koxanii iHpOpMamiitHIN eleMeHT 3aKOoI0BaHMI
€IMHUM KOJIOM 3 BOCHMH OiT (ieHTH(IKATOpOM).
JomxuHa iHpOpMAIIHOTO eJeMeHTa Moxe OyTh
(hikcoBaHa a00 3MiHHA 1 BKJIFOUATH a00 HE BKIIIOYATH
B ceOc IHIUKATOp AOBXKHHUA. Mepexa IOCTIIHO
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OHOBJIIOE 1H(OPMAIIIFO PO MiCIIE3HAXOMKEHHS KO-
pucryBaua [5, c.25].

[Maket 3 nanumu GSM-edipy Moke OyTH BiaK-
PHUTHH 32 JOIOMOTOIO IPOTPaMHOT0 3a0e3MeYeHHH,
TaKOTO SIK aHaIi3aTop CIIeKTpa abo reHeparop rpa-
¢ikiB. Ile mporpamue 3a0e3MeUeHHS MOKE BHKOPH-
CTOBYBaTHCS JUIsl TIEPETVISy CHUTHAIB, IO Mic-
TAThCA y (hailiii, a TAaKOXK JUIS iX aHaIi3y.

Came iH(popMallisi Ipo KOOPAHUHATH BiJHOCHO
0a30B0i cTaHI] BIAIOBIAAE 3a MICLE 3HAXOMKEHHS
aboHeHTa SIKUH B3ITHIA 1O MOHITOPHHTY. J{j1s nemu-
(hpyBaHHS JaHWX BUKOPHUCTOBYETHCS TAONHIA IS
posmudpyBanas ganux GSM. Bapro 3a3zHaumty,
110 HE Malo4d KOJIB JOCTYITy AEKOAyBaHHs OJOKIB i
OTPUMAaHHA KOPEKTHHUX IaHWUX HaOIIKaEThCS 10
Hyns1. Meton mmdpyBaHHS HE 3aJICKUTH Bill THITY
nepeAaHux JaHux (MoBa, JaHi KoprcTyBaya abo mo-
BIIOMJICHHsI cUTHAJI3alii). BoHO 3acTocoByeThCcs
JIMIIIE JI0 HOpMaJibHUX makeTiB (normal burst).

Inest TpiaHrynsiii monsrae B TOMy, 10 Ha BU-
MPOMiHIOIOUHH 00'€EKT BU3HAYAETHCS HAMPSIMOK 3 Pi-
3HUX TOYOK MPOCTOPY, MICISA IHOTO JANBHICTH 10
00'eKTa BH3HAYAETHCS BIJOMUMH KyTaMH Ta BiCTa-
HSMHU MIX CTaHIi€r0. SKIOo HKEpeso paioBUIPO-
MiHIOBaHHSI PO3TalllOBaHE B TOPH3OHTAIBHINM abo
BEPTUKANBHIN TUTOIIMHI, TO JJIS BU3HAYCHHS HOTO
pO3TalllyBaHHS JOCTaTHHO BUMIPSITH JBa a3MMYyTa-
JBHUX KYTa: (031 1 (P52, @ PO3TAITYBAHHS JUKEPETA
BHUITPOMIHIOBAaHHSI BU3HAYAETHCS TOUYKOIO TEPETHHY
0:51 0:S.

Ha BuMipsHOMYy TeNeHTAlli KYTH LUISXOM
MPOCTUX OOYUCIIEHb, BHUKOPHUCTOBYIOUH TEOPEMY
CHUHyCa, MO)KHAa BH3HAYUTH MAiala3oHU BiJl TOUOK
npuioMy A0 JKepesia palioOBUITPOMiHIOBaHHS.

d sin(180 — @,32 )

Sin( Paz2 — ¢’a31) ’

D, = (1.1)
d Sin @3

—_— 1.2
Sil’l( Paz2 — ‘pasl)’ ( )

D2=

IcHyrodi aHami3aTopu CIEKTPY, B OCHOBHOMY
MaloTh IIBUAKICTh MPHUHOMY IaHUX BiJ MPWIALY
npubm3HO Bix 20 1o 200 ciekTporpaM Ha CEKYH/TY.
OTpumMaHHS TaHUX BiJ IpUIady HAZAIOTHCS B 3ajie-
JKHOCTI BiJ KOOpPIWHATH Ta BEKTOPY HAIPABICHHS
npuiiMaya.

Y HamoMmy OCHTIDKEHHI Oyiia IpemcTaBiieHa
i7es1, Ha OCHOBI OTPUMAaHUX JTaHMX SIKi HAIXOIATH 3
30BHIIIHIX JaT4YMKiB MOHITOPHHTY, a came 3 GSM
aHTEHH, SKa reHepye iH(QOPMALIio 100 CHIM Has-
BHOTO CHUTHAJIy Ta WOTO CHEKTPY, Ta JaHHUX 3 TeHe-
parii oTpUMaHUX KOOPAWHAT BUIIPOMIHIOBAHOTO CH-
THaITy, 3pOOUTH aHaNI3 JaHUX Ta 3a0e3MeYHTH 3py-
YHHI CII0CI0 MOHITOPHHTY Ta 00poOKHM iH(pOpMAaIIii,
B peasbHOMY daci. VY TIPOEKTyBaHHI JaHOL

EKCIIEPTHOI cucTeMH OyJI0 IOETHAHO Pi3HI TEXHOJIO-
Tii Ta miaxXoau, sIKi TO3BOJISIOTE POOUTH aHaJII3 CIIe-
KTPY, TOBIIOMIISITH TIPO HASBHICTH MPHUCTPOIB, SKi
BUIIPOMIHIOIOTh UTYKAHHH CHTHAJl Y BiATIOBIAHOMY
JIO TOTO Jiama3oHy 4acToT. B mpoekri mepenbadeHo
BHKOPHUCTAHHS TEXHOJIOTII, SIKI TO3BOJIAIOTH KEpPY-
BaTH NpHuCcTpoeM uepe3 WEB-3acTocyHOK: TexHO-
norito Java, Spring Boot - ¢peiiMBOpK [utst po3po-
O0kxu Java-momarkiB; PostgreSQL - Bigkputy pens-
nifiHy 0a3y [JaHMX; KOMITIOTEpPHY MpOrpaMmy —
SolidWorks mns 3D Bi3yamizamii  00’€KTiB;
SolidWorks - nporpamy ajisi TBEpAOTLIBHOTO MOJIE-
moBanHs (CAD) ta moBy nporpamyBanns C/C++ -
JUIS HANKMCAHHA MPOIIWBKU A0 MIKPOKOHTPOJIEPIB
STM32.

KopuctyBatpkuii inTepdeiic s po3poodiaeHol
CHUCTEMHU SIBJIsiE COO0I0 PO3POOIICHE CEPeIOBHIIE B
SIKOMY BiIOOpa)KaroThCSl KOOPOUHATH 3HANWACHUX
JOKEepel BUIIpoMiHtoBaHHS (puc. 1) Ta iXHi po3paxo-
BaHi TEOPETUYHI KOOPAMHATH Y MalOyTHHOMY Yaci
SIKI pO3PaXOBYIOTHCSI HA OCHOBI IITYYHOTO iHTEJIe-
kTy. KoopauHaTH po3paxoBYIOThCS BITHOCHO BCTa-
HOBJICHOTO TIpmiIaay — aHamizaropa GSM curHamy.

Puc. 1. KopucryBanpkuii iHTepdeiic pagapy

OGepiTb HeobXxiaHi GSM yacToTu

GSM-900 GSM-1800

880 - 915 MHz (Up) | 925 - 960 MHz (Down) 1805 - 1880 MHz (Up) | 1885 - 1920 MHz (Down)
O Select O Select

GSM-1900 E-GSM

1900 - 1920 MHz (Up) | 1925 - 1945 MHz (Down) 900 - 915 MHz (Up) | 925 - 960 MHz (Down)
O Select O Select

PCs

1850 - 1910 MHz (Up) | 1930 - 1990 MHz (Down)

O Select

Puc. 2. Anamizy niana3oHu 4acToT B iHTepdeiici
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KopuctyBaui cucremMu MawTh 3Mory oOparu
HEOOXiHI JJIA aHaJ3y Jialma30HW 4acToT B iHTEP-
(etici (puc. 2), Ha OCHOBI SKHX 1 Oy/Ie TPOBOAUTHCH
aHati3 gaHuX. DigkTparis 4acToT JO3BOJIUTH BUJII-
JIATH HEOOX1THI JKepesia BUIPOMIHIOBAHHS JJIsI T10-
TAJIBIIO0I POOOTH 3 HUMH.

Jyis kepyBaHHSI KPOKOBUM JIBUTYHOM 3a JIOTIO-
MOTOI0) MIKPOKOHTPOJIEpa BUKOPUCTOBYETHCS ara-
paTHa peayisamis, sKa IT03BOJSIE MTONAaTH Ha KOTY-
KK HeoOXinaHy Hampyry. [lana amaparHa peaiiza-
Iisl TOCHUJTIOE CUTHAJ 3 MIKPOKOHTpOJIEpa Ta Kepye
TIOJIIPHICTIO  3aJiTHOT KOTYIIKH KPOKOBOTO IBHU-
TyHa. AmaparHa peai3allisi CKIaJIacTbes 3 MIECTH
TPaH3UCTOPIB, YOTHPH 3 IKUX € CHIIOBUMH, a JBa Ke-
pytounmu (puc. 3). Jlana cucteMa J03BOJISE MPOTTY-
CKaTH 4epe3 JBUTYH CTPYM B OOHJIBI CTOPOHH 1 pe-
TYJIIOBaTH MOTO TOTYXHICTh. Y peamizamii gaHoi
CXEMU BUKOPUCTOBYIOTHCS TPAH3UCTOPH P-N-P THUITY
(xt814) Ta n-p-n (KT961). Pe3ucropu BUKOpHCTO-
BytoThcs o 4,7 KOM i mo 10 KOM.

Jyis 3B’513Ky MIKpOKOHTpOJepa 3 KOMII FOTe-
POM BHKOPHCTOBYBaBCS iHTepdeiic mepeaadi fTaHux
- UART, sxuit peanmizye oOMiH HaHUMH IO BOX
JIPOTaxX MiXK JIBOMa MPUCTPOSIMU, TIPU SIKOMY TIepe-
Jaga Ta TPUHOM NaHUX BiAOYyBaeThCA IO IIBOX
PO3IITHHUX APOTaX.

Hatinommpenimmii mocninoBHui iHTepdetic
nepexaadi UART (Univsersal Asynchronos
Reciever-Transmitter) - mpOTOKOJ yHIBEPCATLHOTO
ACUHXPOHHOTO npuiiMava/mepenaBaya OyB
3aliTHUHN SK TIPUCTPIid, 10 Mepeaae MOCIiJOBHICTh
0iTiB (3a3BUYail 3rpyHoOBaHKX y OaiiTax) y Oe3mepe-
PBHOMY IIOTOIli CUTHAJIIB 110 OJTHOMY TIPOBITHUKY.
OO6min manumu yepe3 UART BinOyBaeTbest y Oym-
JIEKCHOMY peXuMi, TOOTO, Tiepeiada Ta IpHiiMaHHs
JTAaHUX MOXKYTh BimOyBaTucs omHodacHo [6]. IIpu-
YoMy KOHTAKT Tepenadi JaHUX OJHOTO MPHUCTPOIO
3'€THY€THCS 3 KOHTAKTOM MPHIOMY JaHUX 1HIIOTO 1
HaBITaku (puc. 4).
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Puc. 3. AnaparHa peasizarisi MIKpOKOHTpOJIEpa 3 KOMIT' I0TEpPOM

RX

Device 1

X
GND

Device 2

X

GND

Puc. 4. Cxema 3’eTHyBaHHS KOHTAKTiB Tiepeaadi JaHUX
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Q v | 48k USART1 Mode and Configuration
Categories . Mode
System Core > Mode|Asynchronous ’ ™
Hardware Flow Control (RS232) [Disable l
Analog ?
Timers ?
Connectivity >
Configuration

CAN Reset Configuration

12C1

[2C2 @ DMA Settings @ GPIO Settings

SPI © Parameter Settings @ User Constants @ NVIC Settings
- SPI2 Configure the below parameters :
& USART1 y

USART2 4 l— = il

USART3 v Basic Parameters

uSB Baud Rate 15200 Bits/s

Word Length 8 Bits (including Parity)
Parity None
Computing ? Stop Bits 1
~ Advanced Parameters

Middlewareand S... 2 Data Direction Receive and Transmit

Puc. 5. Bcranosienus napametpiB B cepenopuii «CubeMX»

VY Hamomy gociipkeHHi Oyno o0paHo MOTYX-
HUR TpadiyHUi IHCTPYMEHT, SKUH PO3pOOJICHMI
xoMmnadicro STMicroelectronics s MIBUAKOTO Ta
e(eKTHBHOTO CTBOPEHHS MPOEKTIB Ha 0a3i Mikpo-
KOHTpoJepiB cimeiictBa STM32. Bin criporrye po-
nec KoHpirypauii nepudepii, reHeparliii moyaTKo-
BOTO KOy Ta 3a0e3redye 3pyyHy Bi3yallizallito mpo-
ekty. Jlanuii IHCTpyMHT € HE3aMiHHHM TSI pO3pO0-
HUKIB, sKi TIpaIfiol0OTh 3 MIKPOKOHTPOJIEPAMH
STM32. BiH 3Ha4HO CIIPOILY€E MPOLEC CTBOPEHHS
MIPOEKTIB, JI03BOJISFOUN 30CEPEIUTUC HA PO3POOIT
BJIACHOTO MPOTPAMHOTO 3a0e3MeUeHHs.

s uporo B cepenosuii «CubeMX» y myHKTI
Mmenio Connectivity Bmukaemo UARTI B mosno-
JKeHHsT Asynchronous, Mmiciist 4oro y HajallTyBaH-
Hax B Configuration BCTaHOBIIFOEMO TIapaMETPH SIKi
MPEICTaBICHO HA PUCYHKY 5.

VY peanpHOMY 4aci BiOYyBaeThCS MPOCITYyXO-
ByBaHHs iHTepdeiicy UART, ta B 3anexHOCTI Bif
OTPUMaHOTO KOAY (AaHMX), Mporpama MpoJOBXKYE
KepyBaTHCh CBOIM anroputMoM. [Ipm oTpumaHHi
BiamoBimHOoro Komy mo UART mporpama BUKOHYE
BIATIOBINHI 1ii, a came TepeBipse JIOTIYHUA CTaH
iHiIiami3amii aHTeHW, nepenae iH(OpMAI IMpo
CTaH KPOKOBHX JIBUTYHIB, PIBEHb CUTHAITY 3 aHTEHH,
tomo. OtpuMaHa iH(oOpMallis PO CTaH dYepes
UART inrepdeiic BiampasnseTscst Ha cepsep. [lpu

OTPUMaHHI BiAMOBIIHMX KEPYIOUMX CHTHAJIB Ha
MIKPOKOHTPOJIEP BCTAHOBIIOETHCS BiIITOBITHUH pe-
UM pOOOTH BCi€i CHCTEMH.

3abe3neuyBaibHi MiACUCTEMaMH EKCIEPTHOT
CHCTEMH CKJIAIAIOThCA 3 PO3pPOOIEHOTO Mporpam-
HOTO 3a0e3nedeHHs, ke 3a0e3reuye KOpeKTHY Ta
HaxiiHy poOoTy Bciei cuctemu. [Iporpamna ckma-
JoBa 3a0€3MeTyBabHAX ITIICUCTEM T'pa€ OCHOBHY
POJIb B KOPEKTHOMY (DYHKIIIFOBaHHI BCIX CKJIaIOBHUX
MOJYJISIX EKCTIEPTHOI CUCTEMH.

Peamnizauis xmacy ans 3aidcHeHHS OOMiHY iH-
dhopmarii 3 MK ugepe3 UART inTepdetic BUkopu-
cToBye 0i0moTeky «jSerialCommy, sika siBIs€E CO-
6oro Java-0i0mioTeKy, 10 HaJae 3py4YHHH iHTEp-
(etic g podotu 3 nocaigosaumu (UART/COM)
HOpTaMH Ha Pi3HHUX IIaTdGopmax.

B3aemozis 3 TOCHIIOBHUM IOPTOM BimOy-
BAETHCSA ILUISIXOM TIOHIYKY HEOOXiAHOTO MOpTY,
micas 9Oro BiJOYBAaeThCSA BCTAHOBICHHS Iapa-
MeTpiB KOHQIrypalliii mopra, Taki K MBUAKICTD I1e-
penadi, 6iTH TaHUX, CTOM-OITH Ta MAPHICTb.

[Isuaxicts nepenadi (Baud Rate): IlIBuakicTs
nepemadi B 001ax BKa3ye, sIK MBHIKO JaHi OyIyTh
nepeaaBatucs 4yepe3 nopt. BcraHOBIIOETHCS 3a 10-
nomororo Merony «setBaudRate(int baudRate)».
bitn marmx (Data Bits): KinpkicTs 0iTiB 1aHUX B O11-
HoMYy Oaiiti. 3a3Bnyaii ue 8§ 6iTiB. BcTraHOBIIOETHCS
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3a pomomoror Meroay  «setNumDataBits(int
dataBits)». Ctom-6iTu (Stop Bits): KinbkicTs cTot-
0iTiB, SKI JONAIOTHCS ICIS KOKHOTO Oaira s
CUTHaJTI3ali] 3aBepIIeHHS nepeadi. 3a3Buyai e |
cTon-0iT. BCTaHOBIIOETHCS 32 JOTIOMOTOI0 METOTY
«setNumStopBits(int  stopBits)». PeamizoBanmii
KJIac Ma€e METOAU SIKi JO3BOJIAIOTH BiJKPHUBATH
MopT, BiAmpaBuTH a0 OTpUMAaTH JAaHi 1 3aKpUBaE
opt (puc. 6, puc. 7).

Peanizanis 3a0e3neuyBanbHOI MiJICHCTEMH Ha
ocuoBi Il 3 BuxopuctanusM (peidMBOpKy Java
Spring, 3maTHa OOYMCITIOBATH KOOPIAWMHATH PYyXy
00’ekTa siKkuil Bunpominioe GSM curHain Ha OCHOBI
3aMucaHuX KOOPIUHAT IOMEPEIHBOIO PYXY.

Java Spring nepeadadae po3poOKy Mmporpam-
HOTO 3a0e3IMeUeHHs, Ke 3MOXKEe BUKOHYBATH CKJa-
JTHI 3aBaHH, TaKi SIK: aHAI3 JaHUX, TPUAHATTS Pi-
IMeHb, MAIIWHHE HAaBYAHHS, KOMITIOTCPHUH 3ip,

TOHIO.
public void writeLine (String data) throws IOException ({
oyte[] b = data.getBytes();
int 1 =
ivePort.writeBytes (buffer:b, bytesToWrite: b.1l th) ;
if (1 == -1) {
throw new IOException (message: "Write error.")
}
}
public void closePort () {
tivePort.closePort () ;
}

Puc. 6. IIporpaMHi MeToan Juis BilPaBKU JaHUX Ta 3a4WHEHHS [IOPTY

@Ooverride

public void serialEvent (SerialPortEvent event) {

int size = event.getSerialPort().bytesAvailable();
byte[] buffer = new byte[size];

event.getSerialPort () .readBytes (buffer, bytesToread; size);

String str="";
for (byte b:buffer) {
System.out.print ((char)b);

str = str + (char) b;

"

001")) {
System.out.println(x: "comand: 001");

if (str.equals (antbject: omand:

}

}

System.out.println(x: "#closePort");
closePort();

Puc. 7. Ilporpamuuii MmeToa it OTPUMAHHS JAHUX
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OnHa 3 roJoOBHHX IepeBar Spring - BIpOBa-
JUKYBaHHS 3aJIeXKHOCTI MIX 00'ekramu, sKi 0e3
HBOTO PO3POOHUKY IOBEJIOCS O TomaBaTH BPYYHY.
Spring BUKOPHCTOBY€ThCS B Pi3HUX MPOEKTAX, IMO-
YWHAIOYHM BiJ HEBEIHUKAX BEO-MOMATKIB 1O BEJIMKUX
KOPIIOPAaTUBHHUX CHCTEM. 3a OCTaHHI POKH BiH CTaB
OIHUM 3 HAHHOMYJISIPHIIINX QPEHMBOPKIB 115 pO3-
poOku Ha Java. Spring BUKOPHCTOBY€EThCS B KOMIIa-
HisSIX PI3HOTO PiBHSI, BiJI CTAPTAITIB JI0 BiJOMHUX KOM-
naniii, Takux sk Netflix, Spotify, i Amazon. Bubip
¢dpelimBOpKa U1 po3poOku Java-gonaTkiB B 3HaU-
Hii Mipi 3aJI€KHUTH BiJl BUMOT Ta crienudiku mpoe-
kty [13].

IITy4yHuii iHTENEKT aHAi3y€e 3amucaHi Koop-
TUHATH pyXy Ta 0O0YHCIIIOE HOB1 KoopauHaTH. IIpo-
rpaMHa peaiizaimis 0a3yerbcs Ha  OCHOBI
Deeplearning4;, sIKa B CBOIO yepry

BUKOPUCTOBYEThCS JIJIi CTBOPCHHS Ta HABYaHHS
HeliponHoi Mepexi. Deeplearning4j (DL4J) sk 1mo-
nyssipHa 010ioTeKa It [TMOOKOr0 HaBYaHHS, PO3-
poOIeHa crierianbHO Ik MOBH Java, BOHA JJO3BOJISIE
CTBOPIOBATH CKJIAJIHI HEHPOHHI MEPEKi Ta 3aCTOCO-
BYBAaTH iX I BUPIIIEHHS IMPOKOTO KOJIa 3aBAaHb,
TaKuX K 00poOKa MPUPOTHOT MOBH, KOMIT FOTEPHUN
3ip, aHaJIi3 YaCOBHX Ps/IiB Ta 0araro iHIIOTO.

IIporpamua peamizaris (puc. 8) ckiamanacs 3
CEpBICY NPOTHO3YBaHHS PyXy SIKUHl BHKOPUCTOBY-
€ThCSI JUISL CTBOPEHHS, TPECHYBAaHHS Ta BUKOPHC-
TaHHS MOJEN HEHpOHHOI Mepeki. BXimHi HeHpoHN
BIJIITOBIZIAIOTh 332 KOOPIWHATH SKI OTPUMYIOTHCS 3
GSM aHTeHH, Ta ABIAIOTHCS OCHOBHUMHU AAHUMU
MOHITOPHUHTY.

import org.nddj.

import org.nd4j.linalg.factory.Nddj;

* @author Dima

@5ervice

private MultilayerMNetwork model;

int numInput = 2;

int numQutputs = 2;

int numHiddenNodes = 20;
double learningRate = 0.01;
MultilayerConfiguration conf =

list()

Lbuild())

Jbuild();

this.model.init();

import org.deeplearningdj.nn.conf.layers.Denselayer

import org.deeplearningdj.nn.conf.layers.Outputlayer;
import org.deeplearningdj.nn.multilayer.MultilayerNetwork;
import org.deeplearningdj.nn.weights.WeightInit;
inalg.activations.Activation;

import org.nd4j.linalg.api.ndarray.INDArray;

import org.nddj.linalg.learning.config.5gd;

import org.nd4j.linalg.lossfunctions.lossFunctions;
import org.springframework.stereotype.Service;

* Service for predicting movements based on latitude and longitude inputs

public class MovementPredictionService {

public MovementPredictionService() {

new NeuralNetConfiguration.Builder()
.updater(new 5gd(learningRate))
weightInit(WeightInit.XAVIER)

.layer(0, new Denselayer.Builder(}.nIn{numInput).nOut{numHiddenNodes)
.activation(Activation.RELU)

.layer(1, new Outputlayer.Builder(LossFunctions.lossFunction.M5E)

.activation(Activation.IDENTITY)
.nIn(nunHiddenNodes).nOut{numbutputs).build())

this.model = new MultilayerNetwork(conf);

Puc. 8. Cepsic IporHo3yBaHHs pyxy
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[Mapametpu «numlInput» i «numOutputs» Bi-
MTOBIAOTH 32 KiJIBKICTh BXITHHUX 1 BUX1THUX HEHPO-
HiB, SKi BIIIIOBIAAIOTh 3a KoopauHaTu. [lapamerp
«DenseLayer» BigoOpakae KiNbKiCTh HEHPOHIB Y
npuxoBaHoMYy Imapi. [IpuxoBanuii map y HeMpoHHi#
MEpEeKi Ma€ KiJIbKa BaXXJIUBUX (DYHKIIIH, 1 KIIbKICTh
HEHPOHIB y IILOMY IIapi Mae 3HAYHUI BIUIHB Ha 371a-
THICTh MEPEXi BUUTHCS Ta aANTyBaTUCS IO CKIIAI-
HUX 11a0yoHiB y Aanux. I[Tapamerp «learningRate»
BIJIMIOBI/Ta€ 32 IBUJIKICTh HABYAHHS JISI AJITOPUTMY.
Kongiryparist Mepexi CTBOPIOETHCS 32 TOTIOMOTOIO
natepHy Builder, 110 103B0JIsI€ HAJIAIITOBYBATH T1a-
paMeTpu HEHpOHHOT MEPEXKi.

VYdacHHKaMu B3a€MOJIl 3 EKCIIEPTHOIO CUCTe-
MOIO SIBJISTFOTHCSI KOPHUCTYBadi SKi BiJICIIAKOBYIOTh
GSM curHan st IpUAHATTS PillleHb MO0 TT0IaTh-
mux nid. OCHOBHMMHU YYaCHUKaMU B3a€MOIIT 3 iH-
(dopMaLiiHOIO CHCTEMOIO € aJAMIHICTpaTopH, sKi
MOXXYTb IIPOBOTUTH MOHITOPHHT y CUCTEMI Ta KEPY-
BaTU IOCTYIIOM KOPHCTYBadiB y CHCTEMY.

Excneprha cucrema 300py Ta cucreMaTu3awii
JAaHUX 3 MEPEXi MPUCTPOIB MOHITOPHUHTY, TTepea0a-
9a€ MOXKIIUBICTh PEECTPYBATH YIACHHUKIB CHCTEMH,
BXOJly JI0 OOJIIKOBOTO 3aIlHCy, Ta BiIHOBJICHHS JI0-
CTYITy JTO CHCTEMH Y Pa3i BTpATH JaHUX IS ayTCH-
tudikamii. [IporpaMHi pilieHHS BKIOYHIH B ceOe
po3pobky 3pyunux WEB inTepdeiiciB ans kopu-
CTyBauiB, HAIMCAHHS MPOrPAMHUX MOJIYJIB s
MikpokoHTpoJsiepa STM-32, MmomyiB 3 peasizaiiero
cuctem HII.

BucHoBku. Y naniit po6oTi Oyia po3kpura po-
3po0JIcHa IHTEIeKTyalbHa CUCTeMa 300py Ta CUCTe-
MaTH3arlii JaHuX 3 MEPEeXi IMPUCTPOIB MOHITOPHHTY
CHCTEMH NpHUHOMY Ta mojaibiioi o0podku GSM
curHany. Po3poOneHuii  amapaTHO-IpOTpaMHHMA
(hpelMBOPK TS 1HTEIIEKTYaIbHOI CHUCTEMH 300py
Ta cHCTEeMaTH3allii JaHWX 3 MEpeXi MPUCTPOIB
MOHITOPHHTY 3[aTHUH 3a0e3MeyuTd eEeKTHBHUM
30ip JaHUX 3 PI3HOMAHITHUX JAaTYMKIB, IXHIO MOTIC-
peaHi0 00pOOKyY Ta aHalli3 3a TOIOMOTOK CydacHUX
anroputMiB. Po3poOneHuid MPOTOTHIT MPUCTPOIO
MOHITOPUHTY  JEMOHCTPYE BHCOKY TOYHICTh
BHMIPIOBaHb Ta HAMIMHICTH Iepeaadi TaHuX.

Otpumani pe3ynbTaTH CBigyaTh mpo edek-
TUBHICTh  3allPOMOHOBAHOTO  MIAXOAY  JUIA
BHPIMIECHHS 33/1ad MOHITOPHUHTY Ta aHATI3y TaHUX B
peansHOMY 4Yaci. Po3pobiena cuctema Moxe OyTu
BUKOPHCTaHA B Pi3HUX Taiy3sx, TAKUX SK TPOMHU-
CJIOBICTB, CUIBCBKE TOCITONApPCTBO, BIHCHKOBOI Ta-
Ty3i, 0XOpOHi 310poB's. CTBOpEHHS MOOITHFHUX CH-
cTeM 300py Ta mepefadi JaHUX i3 iX MOJAIBIIOO
00pOOKOIO 32 TOMIOMOTOI0 METOAIB ITYYHOTO iHTe-
JIEKTY € IePCIEKTUBHUM HAPSMOM JJIS1 BUPIIIICHHS
TaKHX 3aB/iaHb. [lepCIIeKTHBHUMU HAIIPSIMKAMHU T10-
JaBIIOTO PO3BHTKY € PO3LIMPEHHS

¢yHKUIiOHaTBHOCTI PPEHMBOPKY, TOJaBaHHS HOBUX
aJTOPUTMIB MAIIMHHOTO HABYAHHS Ta IHTETpAIis 3
XMapHUMHU IJIaTPOPMaMH.
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Nizhehorodtsev V.O., Bilokopytov, Filonenko M. M.,
Lagovskyi V. V. Hardware and software framework
of an intelligent system for data collection from gsm
technology monitoring

The complex system of observation, collection, pro-
cessing, systematization and analysis of data from a net-
work of devices for monitoring information about the
state of the environment allows you to obtain reasonable
recommendations for making management decisions in
various industries, such as industry, agriculture, military
and healthcare. The creation of mobile data collection
and transmission systems with their further processing
with the help of artificial intelligence methods is a prom-
ising direction for solving such problems. To achieve this
goal, modern programming methods and tools, data
analysis methods, as well as hardware capabilities of
modern sensors and microcontrollers are used.

Such systems can significantly and positively affect
the country in various aspects, and the development of
systems for collecting and systematizing data from net-
work monitoring devices provides space for the develop-
ment of related questions that can be raised, namely: the
ethics of using and creating artificial intelligence, the de-
pendence of all humanity on technology, the optimization
of virtual reality technologies.

The purpose of the research is to design a system
for receiving and further processing a GSM signal, which
will help design data encryption modules for transmitting
and storing information, collecting and systematizing
data from a network of monitoring devices.

Based on the received data coming from external
monitoring sensors, namely from the GSM antenna,
which generates information about the strength of the
available signal and its spectrum, and data from the gen-
eration of the received coordinates of the emitted signal,
to analyze the data and provide a convenient way to mon-
itor and process information in real time.

The scientific novelty consists in substantiating the
grounds for creating a hardware and software prototype
of an intelligent data collection system from a network of
monitoring devices based on a complex of engineering,
technical and research works: analysis of hardware
products for monitoring the radio environment, design of
a mobile platform and modeling of its elements, creation
of a relational data model of the DBMS, the system user
interface, and configuration of the data processing
server.

Keywords: microcontroller, monitoring, software,
sensor, GSM.
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