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CEKIIS «kEJEKTPOEHEPTETHUKA»

YK 621.311

Kauwan 10. T'.!, IlIpam O. A2

! 1-p. Texn. Hayk., mpo¢. HY «3amnopisbka nomirexHika»
2 kaH1. TEXH. HayK., nou. HY «3anopisbka nonitexHika»

KJACU®DIKALIA CIIOKUBAYIB IIOA0 JOLULIBHOCTI JJISI
HUX BUMOT 10 SIKOCTI EJIEKTPUYHOI EHEPI'TI

Sk BiOMO, SIKICTH €JeKTpH4YHOI eHeprii Oe3nocepenHbO BIUIMBAE HA
PEKMMHU POOOTH ENEKTPOCIIOKUBAUIB BCIX NMPOMHCIOBHX MIANPUEMCTB Y
minoMy. JlociiypkeHHs! BIUTMBY ITOKAa3HUKIB SIKOCTI €JIEKTPUYHOI eHeprii Ha
PEKUMHU pOOOTH €JIEKTPOOOIaJHAHHS Ta EICKTPOTEXHOJIOTIYHUX YCTaHOBOK,
a TaKOXX OIliHKa MOUITHHUX OOCATIB 1i B EIEKTpOMepexax MPOMHUCIOBHX
MIAMPUEMCTB € BaXIIMBOIO Ta aKTYaIbHOIO 33/1a4€lO0.

[IpobmemMaM SKOCTI €NEKTPUIHOT SHEpTii Ta eJeKTPOMArHiTHOI cyMic-
HOCTI CIIO’KHMBAaYiB MPHUCBIYCHO 0arato poOiT BITUYM3HAHUX Ta 3aKOPAOHHHUX
BueHHX: [. B. XKexenenko, I'. T'. IliBaska, 0. JI. Caenxo, . Appwmnara, I
bomxkepa, /. Bpemii Ta inmux. Tak B po6orti [1], 1e mpoaHanizoBaHO MpH-
YMHY 3HWKCHHSI PIBHSI MIOKa3HHKIB SKOCTI IEKTPUYHOI eHeprii Ta 11 BIUIMBY
Ha pOOOTY €JIEKTPOCIIOKUBAYIB, BiIMIYA€THCS, 110 MIAKIIOYCHHS HETIHIHHO-
r0 HaBaHTAXXEHHS JI0 MEPEK MPOMHUCIIOBUX MIiANPUEMCTB BiI0OYBa€ThCS Xao-
THUYHO Ta HEY3TO/DKEHO. A 1l NMPHU3BOJIUTH J0 HEKOHTPOJIBOBAHOTO 301JIb-
IIEHHS BCTAHOBJICHOI NMOTY>KHOCTI 00JIaJIHAHHS 1 BUKPUBIISE POPMHU KPUBHX
HaIpyTu Ta CTPyMy i, BIIOBIAHO, MPU3BOJUTH 10 HOPYIICHHS eJeKTpoMar-
HITHOT CYMICHOCTI CHIOHBAaYiB enexTpoeneprii [1 — 3].

JAns migBHIIEHHS PiBHS ITOKA3HUKIB SIKOCTI €JIEKTPUYHOI CHEpTil B EIICKT-
pomMepexax MPOMUCIOBHX MiJIPUEMCTB HPOMOHYETHCS 3aCTOCOBYBAaTH HH3KY
TEXHIYHUX Ta OpraHi3alifHUX 3ax0/iB. Jl0 MepInX 3 HUX BiTHOCSATHCSI BUKOPH-
CTaHHs MACHBHMX Ta aKTMBHUX (UIBTPIB BHUIIMX FAPMOHIYHUX CKIJIAJIOBHX, JIi-
HIWHUX JIpocereil, TMHAMIYHIX KOMIIEHCATOPiB BUKPHUBIICHHS HANIPYTH, BCTaHO-
BJICHHS BOJIBTO/IOZIATKOBUX TpaHchopmaropis Towio. [lo opraHizamiifHux 3axo-
JIiB MOYKHA BITHECTH ONTHUMI3AIlif0 CXEMH Ta PEKUMIB POOOTH MEPEXKi, PeryIIo-
BaHHS HAIIPYTH, BUPIBHIOBAHHS HABaHTa)KEHHS (ha3 TOIIIO.

Jlnst 3a0e3medeHHs elIeKTPOMAarHiTHOI CyMICHOCTI CIIOYKHBAYiB, a TaKOXK
JUISL KOMIUIEKCHOTO TTOKPAILEHHS SIKOCTI HATPYTH B JIOKAIBHUX CHCTEMAaXx eJeK-
TPONOCTa4YaHHs BUKOPHUCTOBYIOThCSI (PLIBTPU CTPYyMIB HyJIbOBOI TOCIIIOBHOCTI
(®CHII), nmapameTpuuHi Ta peryiboBaHi (GUIBTPOCHMETPYIOUi IPUCTPOI, a Ta-
KOX TiOpuHI (HUIBTPOKOMIIEHCYIOU] IIEPETBOPIOBAYI Ha X OCHOBI.

OueBnaHo, 1m0 3a0e3neyyBaTH BCIX CIOXKMBAUiB IMiJANPHEMCTBA SIKiC-
HOIO EJIEKTPOCHEPTIEI0 HE 3aBKAN JIOIUTHHO, OCKIUIBKH 1€ 301IBIIYE, SIK ITOKa3a-
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HO, BUTPATH Ha €JIEKTPOIIOCTAuaHHs Yepe3 HeOOXiIHICTh 3aCTOCYBaHHS TEXHIY-
HUX 3aXO[iB 3 MigBHIIEHHS sIKocTi. Kpim Toro, B 6aratbox podoTax po3risima-
IOThCS TIMTAHHS IIOI0 PI3HOTO CTYTICHS BIUIMBY OKPEMHX MOKA3HUKIB SKOCTI
eNeKTPUYHOI eHeprii Ha e()eKTUBHICTH PoOOTH criokuBadviB. Toxk Ha IaHwMit gac
CTa€ aKTyalbHUM THTAHHS 100 JOIUTFHHUX 00csTiB sikicHOi EE B emexrpome-
pexax KOHKpeTHHX mifnpueMctB. 11106 omiHuTH 1i 00CATH MPOIIOHYETHCS PO3-
JIJIATH iX CIIOKMBAdiB Ha JEKiTbKA, HATIPHKIIAI, TPH KaTeropii; KOXHa 3 KX
BU3HAYAEThCSl JIOLUIBHICTIO 3a0e3MeYeHHsT Ul HUX ICHYFOYMX BHMOT IIOJIO
SIKOCTI €JIEKTPOSHEPTii.

[lepmra kareropist — L€ CHOXKHMBayi, PEKUM POOOTH SIKMX CYTTEBO 3alle-
JKUTB BiJl IKOCTI ENEKTPUYHOI €Hepril 1 11 KX NOTpiOHO 3abe3nedyBaTy BU-
MOTH II0/I0 HEel y TOBHOMY 00cs3i. Jlo HMX MOXKHA BiTHECTH: CNICKTPUYHI JBHU-
T'YHH, €JIEKTPOII3HI YCTAHOBKH, TEXHOJIOTIYHE 00J1aiHaHHs (00JiaJHAHHS TTOTO-
YHUX JIiHIH, BEPCTaTH 3 YHCJIOBHM INPOTPAMHIM KEPYBaHHSM TOIO), OCBITIIIO-
BaJIbHI YCTAHOBKH 13 CBITJIOZIIOTHIMH Ta Ta30PO3PSIHAMH JIAMITaMH.

Jpyry kareropito cknanarots cnokuBadi EE pesxum poboTH sSKHX Homyc-
Kae He3HAYHE BiIXWJICHHS IIOJO TMOKA3HHUKIB SKOCTI €JeKTpoeHeprii 0e3 mopy-
IIeHh TEXHOJIOTIYHHX TPOIIECIB Ta Ti, [0 MAIOThH BJIACHI 3aco0H i 3a0e3reycH-
HS: 3BapIOBaJIbHI YCTAHOBKHM, OOYHMCITIOBAIGHI MAIlIMHH, PAiOCTaHIIi, TeJecTa-
HIIiT, PEHTI€HIBChKI YCTaHOBKH, KOH/ICHCATOPH Ta BEHTUIIbHI BUIIPSIMIIYI.

Jlo Tperhoi kateropii BimHOCSThCsA croxuBadi EE, pexum pobotu
SIKHX HE CYTTEBO, 200 30BCIM HE 3AJICKUTD BiJl TOKA3HUKIB SKOCTI €IEKTpUY-
HOI eHeprii: KpaHOBI YCTAaHOBKH, Ie4l ONOpY, AYTrOBi CTaJeIUIaBUIIbHI Ieui,
YCTAHOBKH €JICKTPHYHOT'O HarpiBy.

BukoprcTaHHS 3aIpoIIOHOBAHOTO MIIXOY 10 Kiacuikalii CrioXuBadiB
Ta BCTAHOBJICHHS TEXHIYHMX 3ac00iB 3a0€3IeueHHs SKOCTI ENeKTpOeHepril
TUTBKH JUTS CHIO’KMBAYiB KaTeropii I J03BOIISE 3HI3UTH KamiTajdbHI BUTPAaTH HA
HuX 110 50 %.
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PO3POBKA METOJANKU BUSHAYEHHS BTPAT
EJEKTPOEHEPIII Y HIEXOBUX MEPEXAX
EJEKTPOIIOCTAYAHHA

Jnst BUOOpy ONTHMAIBHOTO BapiaHTa CXeMH MEPEeXi [IEXOBOTO ENeKT-
pornocTrayaHHs, He0OXiTHO BU3HAYMTH BTPATH EJIEKTPOEHeprii y 11 Mepexax.

TouHe BH3HAuCHHS BTpAT 3a iHTEpBA] 4acy T MOXKJIMBO NPH BiIOMHX
napameTpax R i A Py i ¢pynxkuiii gacy I(t) i U(t) Ha Bcbomy iHTepBauti. [Tapa-
metpu R i APy 3a3Bnyaii Bitomi, i B po3paxyHKax ix BBaXKalOTh IOCTIHHUMH.
Ane py bOMY OIIIp NMPOBOIHUKA 3AJICKUTH Bil TemmepaTypH. [Hpopmaris
npo pexuMHuX mapamerpax I(t) i U(t) e 3a3Budaii aumie i THIB KOHTPOJIb-
HUX 3amipiB. Ha OumpmocTi migctaHmiii 06e3 0OCIyroBYIOYOTo IEpCOHATY
BOHH PEECTPYIOTHCS 3 pasu 3a KOHTPoNbHY n00y. Ll inpopmamis € Henos-
HOIO 1 OOMEKeHa TOCTOBIpHOI, TaK K BHUMIPH HMPOBOIATHCS amapaTyporo 3
MIEBHUM KJIACOM TOYHOCTI 1 HE OJJHOYACHO Ha BCIX IMiJCTAHMIfAX.

VY 3a1eXHOCTI Biji MOBHOTH iH(pOpMAIi TPO HABaHTA)KEHHS EIIEMEHTIB
Mepexi Uil PO3paxyHKIB HABaHTa)KYBAJIBHUX BTPAT MOXYTh BHKOPHCTOBY-
BATHCS TaKi METOMM:

— METO/H IOEJIEMEHTHUX PO3PaxyHKIB;

— METO/IM XapaKTePHUX PEXKUMIB,;

— METOJIN XapaKTepHUX 1ai0;

— METO/X YHCIa TOIUH HaHOUTBIINX BTPAT T,

METOJIU Cepe/IHIX HaBAaHTAXXKEHb, BUKOPHUCTOBYIOTH (hOPMYJTY;

CraTHCTHYHI METOIH, SKi BHKOPHCTOBYIOTh pPErpeciifHi 3alieKHOCTI
BTpaT €JIEKTPOCHEPrii Bil y3araJbHEHUX XapPAKTEPUCTHUK CXEM 1 PexHuMiB
SJIEKTPUYHHUX MEPEX.

ITpu BUKOpHCTAaHHI CTATHCTMYHUX METO/IB BTPATH €JIEKTPOCHEprii po-
3paxoBYIOTh Ha OCHOBHM CTIHKMX CTaTHCTHYHMX 3alIe)KHOCTEH BTpar Bij
y3arajlbHeHUX IapamMeTpiB Mepexi, HalIpHUKIaJ CyMapHOTrO HaBaHTa)KEHHS,
CyMapHOI JOBXHHH JIiHIH, umcna miactadmiin i T.m. Cami K 3aJeKHOCTI
OTPUMYIOTH X OCHOBI CTATHCTHYHOI OOpOOKM MEeBHO{ KiNBKOCTI CXeMOTeX-
HIYHHUX PO3PaxyHKIB, U KOXKHOTO 3 SIKMX BiIOMi pO3paxoBaHE 3HAUYEHHS
BTpaT i 3HAYEHHsS] YMHHMKIB, 3B’S30K BTpAT 3 SIKUMHU BCTaHOBIIOEThcsA. CTa-
THUCTHUYHI METO/N HE JI03BOJISIIOTH HAMITUTH KOHKPETHI 3aXO/H IO 3HWKEH-
HIO BTpArT. [X BUKOPHCTOBYIOTh JUIs OIIHKM CyMapHHX BTpaT B Mepexi. AJie
IpH IOMY, 3aCTOCOBaHI M0 Oe3miui 00’€KTiB, HampukiIaj JdiHid 6-10 kB,
JIO3BOJISIFOTB 3 BEJIMKOIO HMOBIPHICTIO BUSIBUTH Ti 3 HUX, B IKMX 3HaXOSTHCS
MicIlsl 3 TiABUIIEHUMH BTpaTtamu. lle Ja€ MOXKIMBICTH CHUJIBHO CKOPOTHTH
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00CsTr CXeMOTEXHIYHUX PO3PaXyHKIB, a OTKE, 1 3SMEHIINTH TPYAOBUTPATH Ha
iX IPOBEJECHHS.

IIpu mpoBeneHHI CXeMOTEXHIYHNX PO3PaxyHKIB Ps/I BUXITHAX JaHUX i
pe3yIbTaTH PO3pPaxyHKiB MOXKYTh MPEICTABILITHCA B WMOBIpHICHOI dopmi,
HaTIpUKJIa] y BUTJIII MaTeMaTHYHAX CIIOAIBaHb 1 TUCTIEPCii. Y nuX BHUITAA-
Kax 3aCTOCOBYETHCS amapaT Teopil HMOBIpHOCTEH, TOMY IIi METOIN Ha3WBa-
I0ThCS IMOBIPHICHUMH CXEMOTEXHUYHIMHU METOAAMH.

Mepexi 0,38 kB eneprocucreM XapakTepu3yIOThCs BIIHOCHOIO IPOC-
TOTOI0 CXEMH KOXKHIM JTiHii, BEIUKOI KIJbKICTIO TaKHX JIHIA 1 HU3BKOIO
JOCTOBIpHiCTIO iH(pOpMaIii nmpo HaBaHTaxeHHsS. llepepaxoBaHi (axTopu
pOONATH HENOLIIBHUM Ha JaHOMY eTalll 3aCTOCYBaHHS Ul PO3paxyHKIiB
BTpPaT €JIEKTPOCHEPrii y IUX MepexkaX METOJiB, aHAJIOTTYHHUX 3aCTOCOBYBa-
HHUM Yy Mepekax OLIbII BUCOKHMX HANpyT 1 3aCHOBaHUX Ha HAasBHOCTI iH(OP-
Mamil Ipo KOXXEH eIEeMEHT Mepexi. Y 3B’s3Ky 3 MM HaOy/nu HOIIHPEHHS
METOJIH, 3aCHOBaHi Ha mpencTasieHHi JiHid 0,38 kB y BHIIIAII eKBiBaJeHT-
HUX OIIOPIB.

VK 621.436:621.31:656

Kynarin J1.0.!, Knumko O.M. 2

! 1-p Texn. Hayk, npod. HY «3anopizbka momiTexHika»
2 kaHJl. TEXH. HayK., foll. HY «3arnopisbka nosiTexHika»

HNIABUIMEHHA EHEPTOE®@EKTHUBHOCTI
JU3EJb-TEHEPATOPHUX EHEPTETUYHUX
YCTAHOBOK 3ACOBIB TPAHCIIOPTY

TpancnoptHi 3aco0u 3aiiMarOTh MPOBIIHE Miclie B 33JI0BOJICHHI MOTPeO
BUPOOHHUYOI cepH, BICHKOBOTO Ta arpornpOMHUCIOBOIO KOMIUIEKCIB y Tie-
PEBE3EHHSAX, PO3BUTKY 30BHIITHPOEKOHOMIYHUX 3B’SI3KIB JIEPXKaBH 1 € BaX-
JBUM (DaKTOpPOM 3a0e3MEUYEeHHS CTAJOr0 EKOHOMIYHOTO PO3BUTKY IaHMX
ramyseit [1], Big 4oro HampsMy 3aJeXHTh 3POCTaHHS BaJOBOTO HalliOHAb-
HOTO MPOAYKTY YKpaiHH.

Jnist po3B’A3aHHS MPAKTUYHOI IPOOJIEeMH 3HW)KEHHS €HEPreTHIHNX BH-
TpaT TPaHCHOPTHOI raixy3i BaXKJIMBOIO € 3ajada ITiJBHIICHHS €HEPreTHYHOI
e(eKTUBHOCTI MapKy OU3EIbHUX arperaTiB, IS BHPIMIEHHS SKOI1 TOCIIIKY-
IOTBCSI Ta CTBOPIOIOTBCSA CydYacHI KOHCTPYKIII MOOUTBHHUX EHEPreTHYHHX
3aco0iB Ta JDKepeN eHeprii AN HUX, 30KpeMa MPOBOANUTHCS BCTAHOBICHHS
SJIEKTPUYHUX TpaHCMiciii Ha 0a3i cydacHOI MepeTBOPIOBATBHOI TEXHIKH,
PO3pOOISIOTECS CydacHi aNroOpuUTMHU yHpaBimiHHSA pyxoM [1]. O0’ekTHBHIMH
repeBaraMu TPaHCIIOPTHHUX 3ac00IB 3 €NEKTPUYHUMH TPAHCMICISIMU € 3MEH-
HICHHS eKCIUTyaTtamiitaux Butpart 10 40%, 3HIKCHHS KUTBKOCTI IIKiTHBHX
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BUKAAIB 70 25%, MeHIIWH piBeHb myMmy [2-7]. Ane THUTaHHS IiIBUIICHHSI
BapTOCTI €HEPropecypciB BU3HAYAE HAYKOBO-TIPHUKIIATHY MTPOOIEMY pO3BHUT-
Ky HayKOBHUX OCHOB 3MEHIICHHS €HEPrOEMHOCTI JU3eJIb-TeHEPATOPHUX EHe-
PreTHYHUX YCTaHOBOK 3aco0iB TpaHcropTy. B ocHOBI maHoi mpoOiemu je-
JKUTh HEJOBUKOPUCTAHHS €HEPreTUYHOTO MTOTEHI ATy TU3eb-TeHEPaTOPHUX
crcreM (poOoTa 1o3a MOKIJIMBUMU JUISl JaHOI TPAHCIIOPTHOT OJJMHUILI MeXKa-
MH MaKcHMaJbHOro crtaTHyHoro Ta auHamiuHoro KKJI ta miHiMansHOTO
MUTOMOTO piBHS BUTpAT NajiuBa) [1, 2], sike moB’s3aHe 3 HEOOXIJHICTIO TiJI-
BUIICHHS CHEPTETUYHOI €(peKTUBHOCTI JH3eNb-TeHEPATOPHUX CHEPTEeTHIHIX
YCTaHOBOK 3acO0IB TPAaHCIOPTY 3a CTAaTUYHUMHU Ta ITUHAMIYHAMH XapakKTe-
PUCTHKAaMH, a TaKOXX TPH 3aCTOCYBaHHI ENEKTPUYHOTO TaJlbMyBaHHA Ha
KOPOTKHX JWUCTAHIIAX PYyXy, HEOOXITHICTIO BIOCKOHAJICHHA CHCTEM Kepy-
BaHHS Ta allTOPUTMIB YIIPABIIHHS PYXOM.

BupinieHns 3ajadi miIBHICHHS €HEPTreTHIHOT €()EKTHBHOCTI JAHM3EITb-
TeHEepaTOpHUX EHEPreTUYHHX YCTAaHOBOK 3acO0IiB TpPaHCIOPTY B yMOBax
CKJIQJIHOT CUTyallii Ha PUHKY CHEPreTHYHHX pecypciB YKpaiHM Ta HaJaHHS
NPIOPUTETHOCTI PO3BUTKY TPAHCIOPTHOTO KOMIUIEKCY YKpaiHU JI03BOJISIE
3a0e3MeUYnTH 3POCTaHHS HE3AIEKHOCTI BKa3aHOI raiy3i BiA Linoi HU3KK
YMHHUKIB, SKi MalOTh 3HAYHHI BJIMB HAa OCHOBHI MOKa3HHWKH poOOTH Oara-
THOX IMIJIPHEMCTB Ta CYMDKHHUX chep. EHeproszoepexxeHHs Ta parioHalbHe
BUKOPHUCTAHHS €HEPTii IMiJ] YaC BUKOHAHHS TEXHOJIOTIYHHX MPOIIECIB Y BCIiX
ciyk0ax Ta TOCIIOAapCTBaX TPAHCIIOPTY € OCHOBHUM PE3ePBOM PO3BUTKY Ta
3a0e3MeUeHHs CTAO0UTPHOCTI 0araTboX CyMIDKHHX Tally3ed B HaWOMMKUiit
MEPCICKTHBI.

Bkazana npaktudHa mpoOiieMa HOCHTh KOMIUIEKCHUH, OaraToKpuTepi-
abHMI XapakTep. [1 BUpilleHHs BUMarae JOCHiKEHHs il0i HU3KU CKIIajl-
HHUX HAyKOBO-NIPAKTUYHHX 33Ja4, MOEIHAHHS IX pIlIEHb B €IUHY CHCTEMY
B32€MOIIOB’13aHOTO (DYHKIIIOHYBaHHSL.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. Tay3eBa mporpama eHepro30epexeHHs Ta BIIPOBA/DKEHHS ajbTep-
HAaTUBHMX BHJIIB nainuBa Ha TpaHcnopti Ha 2006-2010 poku Electronic
Resource. Il «epxaBrorpancH/[Impoekt». Mode of access:
www.insat.org.ua/files/menu/tk/info/programa.doc Last access: 20-03-2008.
Title from the screen.

2. Bbacos I'. T'. MeToauka OIIIHKM TEXHIYHOTO PIBHS JHM3EIb-TIOI3IIB.
[lixBuIieHHsT eKcIuTyaTaniifHoi e(eKTHBHOCTI TSArOBOTO PyXOMOTO CKIIAy.
X. : XapJIA3T. 2000. Ne 41. C. 5-8.

3. Madu Hanepu Anmu Acrap. CoBpeMeHHbIE nu3enb-moesna. JKemes-
HBIe oporu mupa. 2003. Ne 12. C. 22-33.
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4. luzenp-nioe3ia ¢ MexaHudeckoil mnepenadeil. XKenesnele noporu
mupa. 2006. Ne 10. C. 25-27.

5. AnTtomenkoB P. B., ArromenkoB B. M., I'onyormunii M. A., Illa-
noBasioB /1. I. [loBeIlIeHHEe TEXHUKO-3KOHOMUYECKUX MTOKa3aTeIeil TpakTopa
taroBoro kiacca 30 kH tuma XT3-17022. BicHuk XapKiBChbKOTO HaIliOHa-
JFHOTO TEXHIYHOTO YHIBEPCHTETY CITBCHKOTO TocmomapcTBa imeHi [lerpa
Bacunenka. Cepist « Texniuni Haykm». 2013. Bumnyck 135. C. 30-38.

6. @nopenues C. H., I'aponun /[I. JI., Bopo6ses U. K., I'opaees JI. 1.
T'oponckoit mapuipyThbeiit aBTo0yc JIMA3  5292XX c¢. koMOMHUPOBAaHHOM
sHeproycraHoBkoi. Yacte I. OOmme xapakrtepuctuku aBToOyca JIMA3
529XX. OnekrporexHuka. Ne 7. 2009. C. 20-25.

7. Pynmas K. U., Jlorunosa E.}O. TemnoBo3sl. Dnekrpuyeckoe 000py-
JIOBaHHE M CXEMBL. YCTPOMCTBO U peMOHT: Yuel. st TexH. K. M.: TpaHc-
nopt, 1991. —303c.

YK 692.92
Maxmin I1.B.
KaHZ. TeXH. HayK, noi. HY «3amopi3pka mosiTexHikay

JOCJIKEHHSA SIKOCTI EJIEKTPOEHEPT'TI Y MEPEKAX 3
INEPETBOPIOBAJIBHUMHA YCTAHOBKAMUA

Ha 3aBosiax 4opHOi Ta KOJIbOPOBOT METaIyprii Ta MiINPHEMCTBAX XiMi-
YHOT NMPOMMCIIOBOCTI, JIe TEXHOJOTIYHUI MPOIEC TPOBOIUTHCS MOCTIIHOMY
CTPYMIi IIUPOKE 3aCTOCYBAHHS CHCTEMH BHIPSMIICHOTO CTPYMY 3 BHKOPHC-
TaHHSIM BEHTHJIBHHX IepeTBopioBadiB. OCcOOIUBICTIO POOOTH TaKUX CIIOXKH-
BayiB € BIUIMB iX Ha SIKICTh €JIEKTPOEHEprii KMBUILHHX Mepex. Y CBOIO
4yepry HopMallbHa po00Ta eNeKTPOyCTaTKyBaHHS 3aJIe)KUTh BiJl SKOCTI eJeK-
TpoeHeprii *XKUBWIBHOT cucTeMH. Takuil B3a€MHHMH BIUIMB €IICKTPOOOIIAI-
HaHHS Ta XMBWJIBHOI CHCTEMH BH3HAYalOTh TEPMIHOM «eJICKTpOMAarHiTHa
CYMICHICTB». AKTyaJIbHOIO 33/1a4€l0 € 3MEHILICHHS BIUINBY II€PETBOPIOBAIIb-
HHUX YCTAHOBOK Ha MepeKi

XapakTepHOI OCOOIHBICTIO pOOOTH BEHTHIHHHX IEPETBOPIOBAYIB €
TeHepallis BHIIMX TapMOHIMHHUX CKJIAIOBUX y Hampysi. s mocimipkeHHs
BIUIMBY TaKUX YCTAHOBOK IPOBEJIEM pO3PAXyHOK BHIIMX TapMOHIYHUX
CKIIQJIOBHX HANPYTHU B EJICKTPUIHIN Mepexi 3a popmyoro:

Uvd :Zvdlvdz >
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vd

ne V4 — ganpyra v-i rapMoHiku Ha 3aTuckadax d —i JaHKH, — TIOBHHH

1
. S . d .
OTIip JIAHKH Ha YaCTOTi I1i€i rapMOHiKH, DI CyMa rapMOHIYHHX CKJIAJIOBHX
cTpyMy y d-iii aHmi, 1o oOyMOBIIeHa JIi€r0 BCIX PKepesT BULMX TapMOHIK.

Ctpym™m v-i rapmoHiku B d —i 1anku, 00yMOBJI€Ha HANpyTo0 p-1 JaHKU

1 g PO3DPAXOBYeTHCs 3a (hopmyioL0:

I,=k I

v vpd ™~ vp 2

ne kvp 4 — KOEQIllieHT pO3MoiNy HaNpyry v-i TapMOHIKU MiX p-i i d- nan-

KaMH1 CXEMU 3aMiH.[€HHH.

[TincyMOByBaHHS BMIIMX TapMOHIK HAmpyrd HENiHIMHUX HaBaHTa-
JKEeHB, IMIAKIIOUEHUX JI0 PI3HUX CEKLil (CHcTeMaM IIMH) OJHOI abo AeKiib-
KOX TIiJCTaHILil, B KOXHIH JaHII CXeMHU 3aMillleHHs TPOBOAUTHCS 3 ypaxy-
BaHHJIM XapakTepy HENiHIHHOTO HaBaHTaxeHHs. /s 12-myabCHOT BHIPSIM-
HOi YCTAQHOBKHM JOCTaTHBO OOMEXHTHCS PO3paxyHKoM 25- rapMoHiHHOT
CKJIaJI0BOI.

Sk moka3anu po3paxyHKH KOe(ilieHT CIIOTBOPEHHS CHHYCOIIN HANpy-
TH JUISL TIOTY’KHHUX CIIOXKMBAYiB IIEPEBHIIY€E JOMYCTHME 3Ha4eHHsS — Oinblire
5%, 1 Tpeba BBOOUTH (iTBTPO-KOMIIEHCYIOUI MPHCTPoi — (PiabTpH BHIIMX
TapMOHIYHHX CKJIaJ0BHX.

JJis MOTY>KHUX CHOXHMBAYiB HA BUIPSMIICHOMY CTPYMi BHOpaHi pinbT-
PH BHIIUX TAPMOHIYHUX CKIaA0BUX 3-i, 5-i, 7-i Ta 11-i rapmomnik. Ilpu pe3o-
HAHCI CTPYMIB Yy By3JIi Mepexi 3 00Ky BHUILOT HAIIPYTH 33 YaCTOTOIO V-i rap-
MOHIKH OHp MepesKi BUSIBISIETbCS YUCTO aKTUBHUM. Y 1IbOMY BHUIQJIKy Hai-
Oinble 3HaUeHHs KoedillieHTa CIIOTBOPEHHS CHHYCOIIN HANPYTH:

b = [ 1srh ],

R V=2

ne k R = Rk / X % — CKBIBAICHTHI aKTHBHHH i iHAYKTHBHHUH OIOPY KOPOT-

KOT'0 3aMUKaHHS Y BY3J1; 1 y¥ * — BIIHOCHE 3HAYCHHS CyMapHOIo CTPyMY V-

1 TapMOHIKH JDKEPE; N - HOMEP OCTaHHBOI 3 BpaXOBaHUX 'APMOHIK.
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B pe3ynbrari npoBeAeHUX AOCIIUKEHb NPH BBEAEHI (UIBTPIB BHLIUX
TApMOHIYHHX CKJIAIOBUX 3HHM3HBCA piBeHb 11-1 Ta 13- rapMOHIYHUX CKJa-
JOBHX HANIPYTH, a TAaKOXK 3MEHIIMBCS KOC(]Ii€HT CTIOTBOPEHHS CHHYCOINN
HAaIPyTH 0 HOPMOBAHOTO 3HAYCHHS.

CIIMCOK BUKOPUCTAHOI JIITEPATYPA

1. ACTY IEC 61000-2-2-2001. EnexrpomarsitHa cymicHicTs. YacTu-
Ha 2. EnexkrtpomarHiTHe oToueHHs. Po3nin 2. PiBHI cymiCHOCTI AJ1sl HU3BKO-
YaCTOTHUX KOHIYKTHBHHUX 3aBaJl Ta CUTHAIIB CHCTEM IIepe/jaBaHHs B HHU3b-
KOBOJIFTHHX EJIEKTPONOCTaYaIbHUX CHUCTEMaxX 3arajbHOro MpU3HAYCHHS
(IEC 61000-2-2:1990, IDT).

2. Cenbko B.I. CuoBa mepeTBoproBaibHA TeXHika. KOHCICKT JEKIIii.
HapuanpHuii mociOHuMK EnekTpoHHe MepexHe HaB4aibHe BHAaHHs/ B.I
Cenpko, K.B. Tpy6imun. B.l.Uubemic. — Kuis, KIII im. Irops Cikopcekoro.-
2022p. —241c.

VK 628
3abomotHsiit A.Il.
KaHJI. TeXH. HayK, nou. HY «3amnopi3bka nomirexHika»

NIABUINMEHHSA EGEKTUBHOCTI CUCTEM
EJIEKTPOIIOCTAYAHHSA I'PYIIN IIEXIB

[TpuckopeHHsT HAyKOBO-TEXHIYHOTO IIPOrpecy BHMarae BIPOBa-
JDKEHHS CYy4aCHUX TEXHOJIOTIYHHX IMPOIIECIiB, B IKUX 3aCTOCOBAaHI yCTaHOB-
KM 1 IPUCTPOi 3 BUKOPHUCTAHHSM eleKkTpuuHoi eHeprii. Lle morpebye rmo-
JIaJbIIOT0 PO3BUTKY ENEKTPUYHHMX MeEpeX NPOMHUCIOBHUX MiIIPUEMCTB Ta
CIJIBCHKOTO TOCIOAApCTBA Ta 1X MOJCPHI3allii i 3a0e3MeueHHs] eKOHOMI-
YHOTO Ta HAaJIHHOTO €JIeKTPONOCTaYaHHS CII0)KUBAYiB.

3HIDKCHHS BTpAT ENICKTPOCHEPrii y JKUBILSUIA Ta PO3MOAUIRYIA Mepe-
JKaxX TPYIHU IIeXiB, a TaKOX 3aCTOCYBaHHS €HEpro30epiraroumx TEXHOJOTIH i
CHCTEM aBTOMATHYHOTO KEpyBaHHS TEXHOJIOTIYHOTO Tpouecy 3abesreuye
3HIDKCHHSI COOIBapTOCTI MPOIYKILi, 0 BHITyCKAeThCs (0COONMMBO e(eKTHB-
HUM € 3HWKEHHS BTpaT €JIEKTPOCHEPTii Il eHEproEMHUX BHUPOOHHITB, Iie
YaCTKH BTPAT Ha EJIEKTPOSHEPTil0 CTAHOBIATH 3HAYHY BEJIMYMHY Yy 3aralib-
HUX BUTpaTax Ha BUIYCK HPOAYKMii), i B KIHIIEBOMY MiJCYMKY INpPU3BOINTH
JIO TIiIBUIIEHHS KOHKYPEHTHOI 3/IaTHOCTI MPOTYKITii.

o enepro30epirarounx 3axoiB, fKi 3aCTOCOBYIOTHCS B E€IEKTPHY-
HHUX MEpexax HaJleKarhb :
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— BUOIp palioHANBHOI KINBKOCTI 1 pO3TamIyBaHHS JKEPEeN KUBICH-
H Ta By3JiB HABaHTa)XCHHS, a TAKOXK CXEMHU iX ENCKTPHYHHX 3 €IHAHB, L0
3a0e3neuye BUMOTH HaAIHHOCTI E€JIEKTPONOCTayaHHs CIIOKMBAYiB Y Bij-
MOBIHOCTI N0 1X KaTeropii 3a [TYE;

— BUOIp panioHambHOI KUIBKOCTI 1 pexxumy poOoTH TpaHcdopMmaTopiB
KTII,

— BUOIp ONTHMAaJbHOI MOTYXHOCTI 1 MICISI YCTAaHOBKH KOMIICHCYIO-
YUX IIPUCTPOIB;

— 3aCTOCYBaHHSI aBTOMAaTHIHOTO KEPyBAaHHS €JIEKTPOCIOXXUBAaHHAM Ha
OCHOBI BUKOPHUCTaHHS KOMIT IOTEPHUX TEXHOIOTIH.

Ilpn mpoekTyBaHHI CHCTEMH €JEKTPOIOCTadaHHS TIPYIH LEXiB Ta-
KOK HEOOXiTHO 3a0e3MednTH SKICTh €JIEKTPOCHEprii y BIAMOBIAHOCTI IO
BuMor ['OCT 13109-97 — «SIKiCTh eNeKTpHIHOI SHEePTii».

KOHCTpYKTHBHE BHKOHAHHS MEPEX EJICKTPONOCTAYaHHS TPYNH Iie-
XiB IOBUHHO BpaxOBYBAaTH BHMOTHM TEXHIKH O€3IeKH, KaTeropiero Ipu-
MimmenHs 3a [IYE, a Takox MJOIUIBHICTh 3aCTOCYBaHHS KOMILICKTHHX
NpUCTPOIB, IO 3a0e3Meuye CKOPOYECHHS CTPOKIB MOHTa)Xy 3aBJAsSKH 3a-
CTOCYBaHHIO 1HAYCTpiaJbHUX METO/IIB.

Kpum TOro, peneiiHuii 3aXUCT 1 aBTOMAaTHKa € YaCTHHOK KOMIUIEK-
Cy eNeKTpooOIaHaHHA CHCTEM eJeKTponocrayaHHi. be3 HuUX Ha cydac-
HOMY TEXHIYHOMY piBHI HEMOXIIMBO 3MIiMCHIOBATH HaIiliHE EIEKTPOIIO-
CTa4aHHs CIO)KHUBaUiB.

TakoX NpH TNPOEKTYyBaHHI ENEKTPUYHHMX MEPEX NPOMHUCIOBUX IIij-
NPUEMCTB TIOTPIOHO BHMKOHYBaTH BHUMOTH OXOPOHH IIpalli Ta MPOMHCIO-
BOI caHiTapii.

YK 621.311
Hpsiuenko B.B.
KaHJl. TeXH. HayK, Jo1. HY «3amopi3bka noxirexHika»

OIIHKA E®EKTUBHOCTI KOMIEHCAIIIi PEAKTUBHOI
HOTYXKHOCTI III I YAC IIVTAHYBAHHI
EHEPT'O3BEPII'AIOYUX 3AXO/IB

OpmH¥M i3 OCHOBHHX 3aCO0iB II0/I0 3HIKEHHS BTpAT €JICKTPUYHOI eHe-
prii B cMcTeMax eNeKTPONOCTaYaHHs € KOMIIEHCALlisl PeaKTHBHOI MOTYXHOC-
ti (KPII) [1,2]. Busnauansaumu 3amagamu KPIT € BubGip motyskHOCTI KOM-
neHcyrounx npuctpoiB (KII) Ta cmocoOiB iX MIIKIIOYEHHS y MEpexi.
Po3B’sa3anns nux 3anaq 3yMoBiATh BapTicTh KII Ta 30Hy KoMneHcauii, i, sk
HACJIiJIOK, TEXHIKO-€KOHOMIYHI ITOKa3HUKHU €JIEKTPHYHOT MEpexi.
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Jns ouinku edexrnBHOCTI KPM HEoOXigHO po3paxyBaTu HacTyIHI
TEXHIKO-€KOHOMIYHI IMOKa3HUKH: KamitanoBkianeHHs Ha KII Ta komipku mis
migkmodeHas BucokoBonbTHUX KII; pivHi BUTpaTé Ha aMOpTH3aLil0 W IMO-
TOYHHH PEMOHT BKa3aHOTO €JIEKTPOOOIaJHAHHSI; BapTICTh BTPAT €IEKTPOE-
HEprii B CHCTEMI eJIeKTPONOCTauYaHHS.

Tpeba BpaxoByBaTH # IUIATy 3a peakTUBHY enekrpoeHepriro [3]. Tak,
HEe3Ba)XKAaI0YH Ha Te, 0 Tix Jac po3paxyHKy KPII momepxyroTecsi BUMoram
3abe3neueH st KoedilieHTy peakTHBHOI motyxHocti — 0,25, ogHak 3acTocy-
BaHHS CTaHJAPTHUX HOMiHAJNBHHUX TOTyXHOcTed KII 3amicTh po3paxyHko-
BUX NPU3BOJUTH JI0 HeOalaHCy PEakTUBHOI IOTY)KHOCTI, a 3HAYUTh W 10
pI3HOTO CHOXXMBAHHS pEakTHBHOI enekTpoeHeprii. Ilmata 3a peakTuBHY
MOTY>KHICTh BU3HAYAETHCS 32 (hopMyJioro, TpH [3]:

I1=TI1 + 12 — I13,

ne 1] — ocHOBHA IUTaTa 3a CIIOKMBAHHS 1 TEHEPAIlil0 PEaKTUBHOI eJIeKTpoe-
Heprii; /12 — Haj0aBKa 3a HENOCTaTHE OCHAIICHHS EJIEKTPUYHOI Mepexi
cnoxnBada 3acobamu KPII; /13 — 3HIMKKa IUIATH 32 TEHEPALII0 Ta CIOXKH-
BaHHS PEAKTHUBHOI ENEKTPOSHEPTIl y pa3i ydJacTi CIOXKMBaya y ONTUMAIBHO-
My 10OOBOMY pEryJloBaHHI PEXHUMIB MEpeXi eJeKTpoIlepeaBaIbHOI opra-
Hi3aIlii y po3paxyHKOBHUH MEPioJ.

HanbaBka /12 HauucnseTbest y pasi, K0 KOedilieHT peakTHBHOI HO-
TYXHOCTI £g¢ Ounbir 3a 0,25. 3umxka /713 piBusieTses 0, Tak sk 3aBoj He Oepe
y4YacTh Y PEryJIIOBaHHS PEXXUMY CIIOKUBAaHHS JuIs eHeprocucteMu. OCHOBHA
IUIaTa 32 PEaKTHBHY €JIEKTPOCHEPrilo (IJIsi 3aBOJy — PEKHM CIIOXKHBaHHS)
111 Bu3HAYAETHCS 32 HOPMYIIOIO:

Il = WQ-D-p )

ne WQ — cruoxuBaHHS PEaKTUBHOI eNeKTpoeHepril 3a pik, KBAp-rom; D —
€KOHOMIYHHUH EKBIBaJICHT PEaKTUBHOI MOTYXKHOCTI, (HAIPUKIAJ, UL JOCIi-
JDKYBaHOI eJIeKTporeperaBaibHol opranizaiii gopisaroe 0,0572 kB1/kBAp);
S — tapu 3a eNneKTpUIHy eHeprito, rpH/KBT o

CrnoXMBaHHS PEaKTHBHOI €JIEKTPOCHEPTi] 32 PiK BU3HAYAETHCS TaK:

WQ = Q’ex-Tmua.

OpmHUM 3 HaNpPSMKIB MiABUIIEHHS €HeProe(eKTHBHOCTI €IEKTPUIHUX
MepexX y paMKax PeKOHCTPYKIii komOiHaTy OyB BHOip THIy ioro mkepena
xuBJIeHHs. Posrisgamics HacTynHi BapianTH:l BapiaHT — IiAKIFOYEHHS
nexoux KTII 10/0,4, a Takox BHUCOKOBOJBTHHUX CHHXPOHHHX JIBUTYHIB
(C-10 kB) no mxepena xusnenHs — [1I'B 150/10 kB, sikuii po3ranoByeTh-
cs y IEHTPl eNIEKTPUYHHUX HAaBaHTa)KEHb; 2 BapiaHT — 3aCTOCYBAHHS JIBOX
mxepen xuineHHs PII1 # PII2 Ge3 Tpancdopmariii, ki po3TamoByIOTHCS
01yt HacocHO1 Ta KoMmpecopHoi, ne BctanoBieHi CJI-10 kB. 11i BapianTu, sk
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MOKa3ajau po3paxyHKH, MalOTh CBOI po3B’si3anHs npodiemu KPIT: mist mep-
IOr0 3aCTOCOBYIOTHCSl BHcOKOBONBTHI KII cymapHoro motyxHictio 1800
kBAp, a y apyromy 3600 kBAp, mo npusBene 10 pi3HOTO CIIOKUBaHHS
PCaKTHBHOI €IEKTPOCHEPrii, a 3HAYUTh i JI0 pi3HOI IUIaTH 3a Hel. BusHavu-
MO, HACKIJTBKH IS TIJIaTa Pi3HUTHCS.

3a paxynok BukopuctanHsi CJ[-10 kB HacocHOi Ta KOMIpecopHOi y
AKOCTI JKepella peakTUBHOI MOTYKHOCTI, 3HM3WIIACH BEMYNHA CIIOKUBAHHS
peaxTtuBHOI moTy>kHOCTI (Op ). Takox mpwu 3aCTOCYBaHHI PEaKTUBHOI MOTY-
)kHOCTI BHCcOKOBONBTHUX KII (QOsxkn) ckmanerbcss HebOamaHC peaKTHBHOI
notyxHocTti (4Q). Toni 3amicTh BenmmuuHn Qex (siKa HagaeThCs BiJ €HEPro-
MOCTa4yaIbHOI opraHizauii), Oyzxe croxuBaTtucs BennunHa Q’ex. [Ipu HeOa-
JIaHC1 peaKTHUBHOI MOTYHOCTI, SIKUi BU3HAYa€Thes 32 popMmyIioro:

AQ = Qp’ — (Qex + QBxkm), 4)

MOXe 3HU3UTHUCS (200 30LIBIINTHCS) BEJIMYMHA PEaKTUBHOT OTY>KHOCTI, 110
HepeaacThes Bl €eHeproCUCTEMH, TOOTO:

Q’ex = Qex = AQ. 5)

3 po3paxyH1<113 PSXUMY CIIOXKMBAaHHSA PEaKTHBHOL eneKTpoeHeprn JULst
MepIIoro BapiaHTy HeOalaHC PEaKTUBHOI IOTYKHOCTI CKJIaAe BiJg €MHE
3HaueHHa 313,3kBAp, a ckoperoBaHa BeJWYWHA PEAKTUBHOI MOTY>KHOCTI,
1110 TEePEAAEThCs Bij eHeprocucremu Oyze nopiHioBaru: 2830,1 kBAp. s
JPYToro BapiaHTy 1Ii BEJIMYMHU CKIaayTh BinnosiaHo 578,9 kBAp i 1029,5
kBAp. CrioxxuBaHHA peakTHBHOI €Heprii BiJ ABOX JyKepel *KUBJICHHS 3HH-
3uThesl y 2,7 pasu W MOPIBHSHO 3 MEPIIMM BapiaHTOM piyHA oIulaTa 3a Hel
3HU3UTHCS OLTHIT YiM Ha 2,5 MutH.rpH (1pu Tapudi 4,17 rpa/xBT Tox).

Sk TIOKa3yIOTh MOAANBII JOCIIHKEHHS, U1 KOPEKTHOI OIIIHKA e(DeKTHB-
HOCTI eHepro30epiratoumx 3axo/iB (K B yMOBaxX eKCIUTyaTallil Tak i IpoeKTy-
BaHHI) Tpeba OOOB’S3KOBO BKJIIOYATH JI0 3arajbHOMPHHHATHX EKOHOMIYHKX
MOKa3HMKIB ¥ IUIaTy 3a CIOKMBaHHS peakTWUBHOI eHeprii. Lle BiqHOCHTBCS IO
NPUAHATTS PILLICHHS ITi]] 4ac BUOOpY Takoro 3axony sik KPIL

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. kpabeus @. I1. OcHOBH eneKkTpornocTadyaHHs. J|HIIPONETPOBCHK:
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2. Mimux B. 1., ITaBnenko T. II. EnextporocrayaHHsI MpOMHCIOBHX
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VIAK 621.311

IIpam O. A.!, Kmavko O.M. !, Ceepryn A. B. 2

! kang. TexH. Hayk, gou. HY «3anopisbka IOTEXHIKa»
2 acm. HY «3amnopi3bka IOTEXHIKa»

BILJIMB HATIIBITPOBITHUKOBOI ITEPETBOPIOBAJIBHOT
TEXHIKH HA AKICTH EJJEKTPUYHOI EHEPT I
BHYTPIIIHBO3ABOJACBKUX MEPEX

HamniBnipoBigHIKOBa IepeTBOpIOBANbHA TEXHIKA — II€ TIPHCTPOT, 10 Ma-
IOTh Y CBOEMY CKJIaJli HAIiBIIPOBITHIKOBI €JIEMEHTH IS TIEPETBOPECHHS eJICK-
TpU9IHOI eHeprii 3 ofHiel popMHU B iHIIY Ta peryroBaHHSA i mapamerpis. J{o
HUX BITHOCSATHCS: IHBEPTOPH HANPYTH, L0 TEPETBOPIOIOTH TOCTIiHY HANpyry
Ha 3MIHHY Hampyry pi3HOi YacTOTH 1 aMILTITYA1, NIMPOTHO-IMITYJIbCHI MOTY-
ssitopu (LLIIM), siki BUKOPUCTOBYIOTBCS JUIsl KEPYBaHHS 3MIHHOIO HAalpyToo B
€JICKTPOIIPUBO/II, KEPYIO4i BEHTHJI, 1[0 BHKOPHCTOBYIOTHCS JJIS KEpyBaHHS
€JICKTPUYHUM CTPYMOM B €JICKTPHYHUX Mepexax, KOMyTalliifHi MPUCTPOi, SKi
BUKOPUCTOBYIOTBCS JUIsl IEPEMUKAHHSI €ICKTPUYHOTO CTPYMY B CHJIOBIH €JeK-
TPUYHIA MEpesxi, MPUCTPOI YACTOTHO-PETYIHOBAHOTO MPUBO/LY TOLIO.

SIKiCTh eNeKTPUYHOIT €Heprii — [e CYKYIHICTh OKa3HUKIB SKOCTi eNIEKTPO-
ereprii (ILAAE), mo HUX BiGHOCATHCS TaKi TMOKA3HUKH SIK: BiIXWICHHS HAIPYTH,
pO3Max KOJMBAHHS HAaNpyTH, KOSQIIIEHT CIIOTBOPEHHS CHHYCOiAIBHOI KPHUBOL
HAIpyTH, KOSPILiEHT HECUMETPIi HAIIPYT 3a 3BOPOTHOI TOCTIJOBHOCTI, Koedii-
€HT HECUMETPIl HATIPYT 33 HYJIBOBOI MOCIIIOBHOCTI, BIAXHMJICHHS YaCTOTH, TPH-
BaJIiCTh NMPOBAJTy HANPYTH, KOS(ILIIEHT THMYACOBOT EPEHAIIPYTH.

[Tonpu mHMpoOKe BUKOPHCTAHHS HAIMIBIIPOBIIHUKOBOI MEPETBOPIOBAIIb-
HOI TeXHIKH B IIPOMHUCIJIOBOCTI Ta SIK HACJIOK MOKPAIIEHHS SKOCTI TEXHOJIO-
TYHHUX TMPOLECIB, MOXJIMBOCTI IIMPOKOTO KEPYBaHHS LIBUIKICTIO 00epTiB
ACHHXPOHHOI'0 €JIEKTPUYHOTO JIBUTYHA, BUKOPUCTAHHS HAIIBIPOBIIHUKOBOT
NIepETBOPIOBAJILHOT TEXHIKM Ma€ W CBOI HENOJIKH, 30KpeMa IOTipIICHHS
ITSE [1]. B 6arathox poOoTax BITYM3HSHHUX Ta 3aKOPJOHHUX BUCHHX 3a3Ha-
YaeThCS HETaTUBHUI BILUIMB HAIIBIIPOBITHUKOBUX E€IIEMEHTIB Ha KOS(IIlieHT
CIIOTBOPEHHSI CHHYCOIIHOCTI KpuBOi Hanpyru. Tak B po6oTi [2] 3a3Ha4a€eTh-
csl, 10 BUKOPUCTAHHS BEHTHJIBHOI MEPETBOPIOBAIBHOI TEXHIKM CHPUYUHSE
TIOSIBY BHIIMX FapMOHIYHMX CKJIAJIOBUX HANpYr# 3-0oro, 5-oro, 7-0ro mopsia-
KiB. B po6orti [3] po3rmanyTo 3actocyBanHs UPII B enekTpHaHNX Mepexax,
mpu 3actocyBanHi YPII minBumryeTscst KoeilieHT CIOTBOPEHHS CHHYCOina-
JIbHOT HANPYTHU B €JIEKTPUYHUX MEPEKax.

Buii rapMoHiYHI CKJIaA0BI HAIPYTH HETATUBHO BIUIMBAIOTH Ha POOOTY
KOHJICHCATOPHHUX YCTaHOBOK, MOXKYTh MPU3BECTH JI0 BUXOY 13 Jamy pamioe-
JIEMEHTIB 1 MIKpPOCXEM KOMII'IOTEPHHX CHCTEM, HETaTUBHO BIUIMBAIOTH HA
poOOTY cHCTEM TeleMeXaHIKH Ta aBTOMAaTHKH, 3HIKYIOTh HaIiWHICTH Ta
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MIIBUIYIOTh BapTICTh BHKOPUCTAHHS EIEKTPUYHUX MEPEX, 3MEHIIYIOTh
TEPMiH eKCIUTyaTarlii elxeKTpooOIagHaHHS Ta IPU3BOAATE 10 IHIIUX HETaTH-
BHUX HACIIJKIB.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH
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Canada. — 2021 — 417p. — DOI: 10.46299/1SG.2021.1L11.
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OCOBJIMBOCTI PO3BUTKY BITPOBOI
EHEPTETHUKHA B YKPATHI

BitpoenepreTrka € criocoboM OTpUMaHHS €JIEKTPUYHOI eHeprii 3a Jo-
MIOMOT'OI0 BITpY. 3ac00M OTpUMaHHs eHeprii BITpy — BITpOoTypOiHH (BiTpOre-
HepaTopH, BITPOBI YCTaHOBKH), sIKi 00’ €IHYIOTh y TaK 3BaHi BITPOEJIEKTPOC-
taumii (BEC). BiTpoenepreTnka — ramy3pb BiTHOBHO{ €HEPTeTHKH, SKa CIEIi-
ali3y€eThCd Ha BUKOPHCTaHHI KiHETHYHOI eHeprii BiTpy. Lle onun 3 TX cmo-
c00iB BUKOPUCTAHHSI €HEPTii HABKOJIUIITHHOTO CEPEeIOBUINA, IO OYB BiTOMHUIA
3 maBHiX daciB. kepeno BiTpoeHepretuku — COHIE, OCKIIbKA came HOoro
AKTHBHICTb CHPUYMHIOE YTBOPEHHS BiTpY. ATMOcdepa 3emiti BOMpae COHsU-
Hy pajialiro HepiBHOMIPHO Yepe3 HEOJHOPIAHICTS i MOBEpXHI Ta Pi3HUI KyT
MaJiHHS CBITJa y Pi3HMX IIMPOTax y Pi3Hi Hopu poky. IloBiTpst posmmpro-
€TBCS Ta MiIIHMAETHCS yropy, yTBOPIOIOUM MOTOKU. Tam, ne moBitpst Harpi-
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BAa€ThCs OLIbIIE, 11l TOTOKH MiJJHIMAIOTHCS BHILE 1 30CEPEIKYIOTECS Y 30HaX
HHU3BKOTO THCKY, @ XOJIOAHIIIE TOBITPSI 3aIMIIAETHCS HUXKYE, CTBOPIOIOYHN
30HH BHCOKOTO THCKY. Pi3HHIS atMocepHOTO THCKY 3MYIIy€e MOBITPS Iie-
pecyBatHcs Bifl 30HH BHCOKOTO THCKY /0 30HH HH3BKOTO THCKY 3 IPOIOp-
uiftHoro mBHKicTio. Llei pyx moBiTps Mu i Ha3mBaeMo BiTpoM. 1106 Haii-
Kpaile BUKOPUCTATH BITPSHY CHEPTil0, BAXKIMBO JOCKOHAJIO PO3YMITH J00O-
Bi Ta CE30HHI 3MiHHU BIiTPY, 3MiHYy IIBUAKOCTI BITPY 3aJI€KHO BiJ] BUCOTH HAJl
MIOBEPXHEI0 3eMIJli, KUIBKICTh MOPUBIB BITPY 3a KOPOTKI BiApi3KM dacy, a
TaKOK MaTH CTaTHCTHYHI naHi Xova 6 3a ocrtanHi 20 pokiB. Bix 3arampHOi
kimbkocTi eHeprii Coni ymmre 1-2 % MepeTBOPIOETHCS HA SHEPTII0 BITPY.
s KigbKICTh BI’SATEPO MEPEBUIIYE PIYHY CBITOBY CHEPreTHYHY HOTPEOY.
CyyacHa TEXHOJIOTis J1a€ 3MOTY BHUKOPHCTOBYBATH TIIBKM TOPH30HTAJIbHI
BITpH, II0 PO3MillleHi OJU3BKO O MOBEPXHI 3eMili I MAIOTh IMIBUAKICTH BiJ
12 no 65 xm/roa. OcHOBHA BiIMiHHICTh TaKOi IEKTPOCTAHIIIT Bill TpaIuIiii-
HUX (TEIUIOBHX, AaTOMHUX) TOJISTa€ y MOBHIN BIICYTHOCTI CHPOBHHU Ta Bifl-
X0JiB. €IMHA OCHOBHAa BHMOTAa — BHCOKHH CEpeIHBOPIYHUHN PiBEHB BITPY.
[oTyXHICTh CyYacHHX IPOMHUCIOBHX BiTpoTreHepaTopiB mocsrae 6 MBT.
JItogcTBO BUKOPHCTOBYE eHEpriro BiTpy Bke Oinmbire 5000 pokiB. OgauM 3
HaWTIepIINX BUHAXO/IB, KU 3aCTOCOBYBaB BUKOPUCTAHHS €HEPril BiTpy, Oyso
BiTpmio. [le y 3500 p. 10 H. €. MOpEIUIaBIII BUKOPUCTOBYBAJIH CHJIY BITpY, 1100
iT! Tix BiTpuiiamu. BitpuibHi yoBHU xoaumu Hinom y JlaBusomy €runri. To6-
TO BITPWIO OYJIO TEPIIOIO JIONATEBOI0 MAIIMHOIO, 110 BUKOPHCTOBYBAJla €Hep-
Tifo BiTpy. 3BHYaiiHI BiTpoBi MimHH Oynu Bxe B Kurtai 2200 pokiB Tomy. Ha
Cepenrpomy Cxogi, y Ilepcii, 6musbko 200 p. 10 H. €. OYaId 3aCTOCOBYBATH
BITPSIHI MJIHM 3 BEPTHKAIBHOIO BIiCCIO JUIS TIEPEMEIIFOBAHHS 3€PHA, IX BUTOTOB-
TSN 3 B’SI3aHOK O4YEpeTy, NMPUKPIIUICHHUX 10 IepeB’THOT paMKH, 10 oOepTasacs,
koI ayB Bitep. CTiHa, 10 0TOYyBaJIa BITPSIK, CIIPSMOBYBAJIA TIOTIK BITPY IPOTH
nonateid. Hampocrimi BiTpoBi MimHN Manu nocuth Hu3bkuit KK/, He3Baxaro-
Y1 Ha Te, 110 JIOTaTi BUTOTOBJIUIUCH 3 OCUTH JIETKOTo AepeBa un matepii. [Tpu-
YUHOIO Hee()eKTHBHOCTI OYI10 Te, 110 CHJIA BITPY, SKa IITOBXAJA OHY IOJOBHHY
BITPOKOJIECA, OJHOYACHO TalbMyBaja iHINy dactuHy. Y Pamsacekomy Corosi
Tieplia BiTpoBa eJeKTPOCTAHIIis TOTYXHICTIO 8 KBT Oyna cropymkena y 1929-
1930 pp. min Kypcbkom.

Yepes pik y Kpumy Oyno nodyzosano 6inbury BEC notyxnictio 100
kBT, mo Ha Toif yac Oyna HaibinbIIow y cBiTi. BoHa ycminiHoO mpairoBaia
1o 1942 p., ane mix gac BiifHM Oyna 3pyitHOBaHa. [IpoTe HalmBHIIIE BITPO-
eHepretuka pozuBasiacs y CIHA — me y 1941 p. ram nmoOyayBanu mnepiry
BEC notyxHictio 1250 kBt. OcranHiMu pokamH BiTep Bce MIMpIIE BUKOPH-
CTOBYETBCS JUIS OJIEpKaHHs eleKTpoeHeprii. CTBOPIOIOTBCS BITPSKU BEIHKOT
MIOTY>KHOCTI 1 BCTaHOBJIOIOTHCS Ha MICIIEBOCTI 13 YacTUMM i CHIBHUMH
BiTpamu. KiJbKicTh 1 SIKICTh TaKMX JIBUTYHIB 3pOCTa€ MOPiYHO, HaJIaroKe-
HO cepiitae BupoOHHIITBO. Hanpukian, y Hineprnanmax crocrepira€TeCs Tak
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3BaHMUN MipOITHUIEKUNA OyM. YPS[I 3aIIpOIIOHyBaB BEJMKi CyOCHIIT yCiM, XTO
BimKpue BiTpak. HaBiTh mapmaMeHT kpaiHu, oo A0aHINBO OXOPOHSE «Xapak-
TEpHUH HAllIOHAIBHUN MeH3a» 1 BUCTYIAE MPOTH HAJMIPHOTO LIyMY, IIHOTO
pasy He 3arepedyBaB MPOTH BUKOPUCTAHHS €KOJIOTYHO YUCTOI BITPOBOI €Hepril.
Huni Ha tepuropii Hinepnannis, mo no3taeieHi 3anacis Byriust, HadTH i razy,
JUIOTH OJIM3BKO THUCSYl BITPOTEHEpPATOpIB CTPYyMYy, IO 3aJ0BOJIbHSE TOTPEOH
BCi€l Kpainu B enekTpoeHeprii mpubisHo Ha 10 %. Bitep € cTHXi€ro moTyKHO0
1 MpakTUYHO Bcroaucyoto. [Ipore BoHa Mae 1 HeJOMIKY, 1O 3aBawIIo i T0-
IIMPUTHCS SIK OCHOBHE JDKEPEIo 3a0e3IeHeHHSI.
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JOCJKEHHA MOXKJIUBOCTI BAKOPUCTAHHS COHAYHOI
EHEPT'II TOBYTOBUMHU CIIOKUBAYAMU

CoHsiYHA €HepreTHKa € BIJHOCHO HOBOIO Tany33i0 B Ykpaiui. [lpu
[bOMY TEMITH i PO3BUTKY € HaJI3BUYAilHO BHCOKHMH, Y MOPIBHSHHI 3 iHIIH-
MH CEKTOpaMH BITYM3HSIHOT ekoHOMikH. Tak, 3a miacymkamu 2021 poky Ha
COHSYHY €HEPreTUKY B YKpaiHi mpumaio monan 5% 3araibHOro BUPOOHHMII-
TBa eJIeKTpoeHeprii. Best TepuTopis HaIoOi AepXKaBu € MPUAATHOIO JUIS PO3-
TallyBaHHS COHSYHHUX eJleKTpocTaHuii. [Ipy npoMy HalOIIBII CIPUATINBH-
MH JUIS IOTO € TMiBACHHI perioHnm Yxkpainm (Opecbka, MUKOJIAiBCBKa,
XepcoHcbka, 3amopi3pka Ta yactuHa JloHembkoi oOmacti, AP Kpum), ne
ChOroJHI 30cepemkero moHan 60% npomucnoBux CEC. CtaHoM Ha KiHEIb
2021 poky cymapHa MOTYXKHICTh COHSYHHX EJCKTPOCTaHIIH ckiama 6320
MBTt (0e3 ypaxyBaHHSI THX, IO 3HaXOJSThCSI Ha THMYacOBO OKYIOBaHHX
Teputopisx) [1].

VY 3B’S13Ky 13 CKJIQJIHOIO €HEpPreTHYHOI CHUTYAIli€l0 B KpaiHi Bce Ouiblie
NPHUBaTHUX JIOMOTOCIIOZIAPCTB BiJIAIOTH MEpeBary abTepPHATUBHUM JDKepesiaM
eHeprii y TOMy YMCIi 1 BUKOPHCTAHHIO COHSYHHX EJICKTPUYHHX TaHeTeH i
3a0e3MevYeHHs BJIaCHUX TOTped B eNeKTpuyHiA eHeprii. OcoOnmBo akTyaabHUM
IIe IMTAaHHS TI0CTA€E I MEIIKAHIIB NPU(POHTOBHUX PETiOHIB, /e Bxke OlIblIe
POKY € mepe0oi ab0 30BCIM BIJICYTHE IIEHTPaTi30BaHE €ICKTPOIIOCTAYaHHSL.

B kiimartnuHuX ymoBax 3aropi3pkoi 00iacTi akTHBHE BUKOPHCTaHHS
COHSTYHOT eHepTii 3 Oepe3Hs Mo KOBTEHbB, MO cTaHOBUTH 1900-2400 roauH B
pik. 3arajgbpHe cepeHbOpIYHE COHSYHE BHIPOMIHIOBAHHS CTaHOBHTH 1250
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kBT roa/km? y Micsnp [2]. Buxoasuu 3 HbOro CTae MOMXIJIMBUM Ta JOIITEHUM
BHUKOPUCTAHHS COHSYHUX CIEKTPUYHUX IMaHeNeH IS BIACHUX MOTPeO.

Ci1iJ TakOX 3a3HAYMTH, IO peaiallisi IPOeKTy BCTAHOBJICHHS 1HAMBI-
IyaJbHOI COHSYHOI eJIEKTPOCTAHIIIl MoTpeOye MeBHUX 1HBECTHIIN. 3aranpHa
cXeMa MiAKITIOYeHHS BCiX HEOOXiTHMX €IIEMEHTIB CTaHIii NMpeICcTaBleHa Ha
pHUCYHKY 1.

BATTERY BANK

Pucynok 1 — EnemenTu Ta cxema 3’€HaHHS 1HAUBIAYaIbHOI COHSIHOT
CNIEKTPHYHOI CTAHIIT

Sk Mu 0auUMO 3 PUCYHKY, OKPIM COHSYHHX CJICKTPHYHUX IMaHEJNeH,
HEOOXiJTHO BCTAHOBHTH KOHTPOJIEp, HAKONMMYIYBaJbHI Oatapei Ta iHBEepTOp.
[NapameTpn ocTaHHIX MiAOHPAIOTHCS BUXOMSYM i3 3araJbHOI HOMiHAJIBHOT
MOTYXHOCTI crokuBaHHs. HeoOxinHO BpaxoByBaTH TOM (DakT, 110 MaKCH-
MaJlbHa MOTYXHICTh CTaHUIl OyJe y COHSYHI JHi, @ Y HOYi )KHMBJICHHS CIIO-
)KHMBaya BiJJOyBAETHCS 332 PaXyHOK €HEprii, 0 HAKOMHYMIACh B aKyMYJIATO-
pHHX OaTapesx.

OTxxe B HalIOMY pPErioHi MOJJIMBE BHKOPHCTaHHS COHSYHOI eHeprii
noOyTOBUMH CHOXKMBAYaMH, OJTHAK CJIiJ] BpaXOBYyBaTH HACTYIIHI EPEIOHH: —
3Ha4yHi (piHAHCOBI BKIIQJCHHS; — OOMEXCHHS B MOMJIMBOCTI HAKOIMYCHHS
€HepTii B COHSIYHI JTHI Ta BUKOPUCTAHHS ii B HOYi; — YAM BHIAa HOMiHAJIbHA
MOTY>KHICTh CTaHIIii, THM OiJIbIlIa BAPTICTH JOAATKOBOTO OOJIaTHAHHS.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1.  Odimiiauit  caiitr  «YkpaiHChKa  eHepreTmyHa  Oipka
https://www.ueex.com.ua/presscenter/news/galuz-sonyachnoi-energetiki-v-
ukraini/

2. ®opkyH f. b. ConsyHa TerIOeHepreTHKa | KOHCIEKT JIeKIH (s
CTYZIEHTIB ycCiX (opM HaBuaHHs crieniaabHOCcTi 141 — EnextpoenepreTuka,
€JIEKTPOTEXHIKa Ta eJIeKTpoMexaHika, OCBITHBOI nporpamu — «Herpagumiliai
Ta BiJIHOBJIIOBaJIbHI Jkepena enepriin) / 5. b. @opkyn, O. O. llkypnena ;
XapkiB Hall. yH-T Micbk. rocn-Ba iM. O. M. bekeroBa. — Xapkis : XHYMI'
iM. O. M. Bekerona, 2020. — 88 c.
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AHAJII3 ABAPIMHUX PEKUMIB B EHEPTETUYHINA CUCTEMI

ABapiifHi peXuMH, SKi BUHUKAIOTh B CHEPTETHYHIHN CHCTEM] Ha TIOBIT-
psAHEX, KaOeNbHUX JIHISX eNeKTpoIepenad, B TpaHC(POPMATOPHUX MiICTaH-
LiSIX T4 y PO3MOIUTBHHUX MPUCTPOSIX MPU3BOIATH J0 ITOIIKOHKEHHS EJIEKTPO-
o0nagHaHHSA, IEpePB B €ICKTPOIIOCTAYaHHI CIIOKUBAYIB Ta JO MOTipIICHHS
SIKOCTI €TIeKTPUIHOI eHeprii.

ABapiiiHi ponecy, 110 BUHUKAIOTh B €HEPrOCUCTEMI € HACIIJIKOM I10-
LIKO/DKEHBb 00JIaIHAHHS, IEPEKPUTTS Ta POOOIO 130J1s1Mii, XUOHHUX CIIpalbo-
ByBaHb INPHUCTPOIB Ta amnapariB, MOMUIIKOBHX [iii MepcoHay, BHACIIIOK
SIKUX MOXYTb BiZIOYBaTHCS BIIKIIIOYCHHS €JIEMEHTIB €HEPreTHYHOT CUCTEMH.

Jlo aBapiliHMX PEXHMIB €HEProCHCTEM MOXKHA BiJHECTH IOPYIIECHHS
CTaTUYHOI Ta TUHAMIYHOI CTIKOCTI, BAHUKHEHHSI MO3[0BXKHBOI Ta MOIepey-
HOi HecuMeTpii, KOpoTki 3amukaHHA [1, 2]. B cBoro depry, po3pi3HAIOTH
CHUMETpPUYHI Ta HECUMETPHYHI KOpOTKi 3amukaHH:. Jlo cumerpmunmx K3
BiHOCHTECS TpU(asHe KOPOTKe 3amMukanHs K, 10 HECUMETpUYHMX — BO-
¢asne K, onnodasne K ta nodasne na semmo KV (puc. 1).

KopoTki 3aMHKaHHS BUHUKAlOTh BHACIIOK HU3KH IIPUYHH, a came — CTa-
PiHHS Ta MPo0OOIO 130Js1Lii, OOPHBIB MPOBO/IB JIiHIN eNeKTporepeady, MeXaHiy-
HHUX YIIKO/DKCHb MOBITPSIHUX Ta KaOeJIbHHX JIiHIH, yAapiB OJMCKAaBKH TOLIO.
Kopotke 3amMukaHHSI B Oy/Ib-SIKOMY 3 €JI€MEHTIB €HEPreTHYHOI CUCTEMH MOIKE
MOPYIIUTH 11 (PYHKIIIOHYBaHHS Ta IIPU3BECTH J0 BAXKKUX CUCTEMHHX aBapiid.

st oOmesxenns crpymi K3 B eHeprocucTeMax BUKOPUCTOBYIOTBCS SIK
CXEMHI pillieHHs, TaK i crenianpHi npuctpoi. HalGinbin po3noBCOKEHUMHU
3ac00aMu 0OMEXEHHS CTPyMiB KOPOTKHX 3aMHKaHb € yCTAHOBKA CTPyMOOO-
ME)XYBAIBHUX PEaKTOPIB, CEKI[IOHYBaHHS EJIEKTPUYHUX MEpPEeX, BHKOPHC-
TaHHS TpaHC(OpPMATOpPiB 3 PO3ILEIICHOI0 00MOTKOI0. Ha cyuacHux mpomu-
CIIOBHMX IIPHUEMCTBAX 13 BEIMKOIO KIJBKICTIO €JIEKTPUYHHUX MAIlWH IS
0OMEKEeHHS CTPyMiB KOPOTKOTO 3aMHKaHHS 3aCTOCOBYIOTH CHCTEMY €JIEKT-
pOIIOCTa4YaHHs 3 KEPOBaHUM aBapiiiHUM pEXUMOM. B MOMEHT BUHMKHEHHS
aBapii BMUKAIOThCS CTELiaIbHI THPUCTOPHI CTPYMOOOMEKyBadi ITyHTOBOTO
THUITY, Ki OOMEXYIOTh CKJIAIOBY CTPYMY KOPOTKOTO 3aMHKaHHS Bil MEpPEXi.
[Ticnsi BUMKHEHHSI BUMUKAa4eM CTPYMY IiJDKUBIIEHHS THPHCTOPHI CTPyMOO-
OMexyBaui Biakmo9a0ThcsA. CTyImiHb 0OMEXXEHHS aBapiifHOTO CTPyMy pery-
JIIOETHCS CTPYMOOOMEKYBaJIBHIM PE3UCTOPOM.
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Pucynok 1 — IMOBIpHICTh BHHUKHEHHS KOPOTKUX 3aMHKaHb B €HEPrOCHCTEMI

He MeHII BaXJIMBUM € i TOYHUH PO3PaxyHOK CTPYMiB KOPOTKOTO 3a-
MUKaHHS, SIKAH O3BOJIsIE 00paTH yCTaBKU CIPAIFOBAHHS PEJICHHOrO 3aXHC-
Ty, OIIHUTU Ta OOpaTH CXeMy EJIEKTPHYHHX 3’€JHAHb CIEMEHTIB CHCTEMH
enekrponoctadanHs [2]. Po3pobnena imiTamiiiHa Moaenb (puc. 2) H03BOIIIE
PO3paxoByBaTH Ta aHAI3yBaTH CHMETPHYHI Ta HECHMETPUYHI KOPOTKI 3a-
MHUKaHHS Ha IIWHAX MiICTaHIii, MBUIKO 3MIHIOBATH BUXIJHI JaHi U1 PO3-
paxyHKy (KJIac HaIpyTH, OMOPH €IIEMEHTIB MEpEeKi), 3MIHIOBATH EICKTPUYIHI
3’e¢HaHHSA MOJCII Ta JOIIOBHIOBATH i IHIINMH eJIeMEeHTaMH (CTpyMOooOMe-
JKYBaJbHUMHU PEAKTOPAMHU, BUMHUKAYaMHU, PO3’€IHyBaYaMH, KOMIICHCYBaJb-
HUMH IPUCTPOSIMU TOIIIO).

KOPOTKO3AMUKAY
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PucyHok 2 — IMiTariitaa Mozenb JUTs po3paxyHKy CHMETPUYHUX Ta
HECHMETPUYHHUX KOPOTKHX 3aMHUKaHb

BuxopucTtanHs 3anponoHOBaHOTO MiAXOMY 0 Kiacugikarii crokxuba-
4iB Ta BCTAHOBJIEHHS TEXHIYHUX 3aC00iB 3a0€3MeueHHs SKOCTI eIEKTPOCHEP-
Til TUTBKY JUIS CIIOXKMBAYIB KaTeropii [ J03BOJIs€ 3HU3UTHU KaMiTaIbHI BUTpa-
TH Ha HUX 110 50 %.
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MEPCIEKTUBHY PO3BUTKY BIZIHOBJIIOBAJIBHUX
JIKEPEJI EHEPI'II B YKPATHI

3a octarHi 10 poKiB CBIT 3p00OHB BENUKHIT KPOK Ha 3yCTPid TII00ATHHOTO
«3EJICHOTO» MEPEXO0.y 3 METOIO MPOTUCTOSHHS KIIMATHIHAM 3MiHaM Ta HEO0-
IYIICHHS 3pOCTaHHs CepeHbOI IMo0ansHoi TemnepaTypu Bumie +2 °C.

BinnoBmioBaHa eHepreTrka B YKpaiHi moyana po3suatics 3 2009 po-
Ky 3 BEICHHSM «3€JIEHOT0» TapH(y SK CTUMYJIIOI0YOTO IHCTPYMEHTY.

Jo 2012 poky Ha Teputopii kpainu nisuio 120 00’€KTiB, 0 BUKOPHC-
TOBYIOTh TIOHOBJIIOBaHI JpKEpesia eHepril, cepell sKux 0yJio

2 00’€eKTH, SIKI BUKOPHUCTOBYIOTH OioMacy;

13 BiTpOENEeKTpOCTaHIIIH;

27 COHSTYHUX EIEKTPOCTAHIIIH;

78 rifipoeneKTpoCcTaHIii pi3HOT MOTYKHOCTI.

3araipHa MOTYKHICTH X 00’ €KkTiB ckiana 530 MBT, a o6csr BupoO-
neHoi enexTpoereprii — 600 mutH KBT-ToI.

B mepion 3 2016 o 2020 poxu BcTaHOBiIeHa TOTyx)HicTs BJIE B Ykpa-
fHi 30iTBIIMIack Maibke y 4 pasu, mo craHoswia 7737 MBT craHom Ha
nouatky 01.01. 2021, ta 8148 MBTt cranom na 01.06.2021. YacTka consiu-
HUX EJISKTPOCTAHIIH JJOMiHy€e B 3araJibHOMYy eHepretuaHomy Oananci BJIE i
craroButh 7166 MBT [1].

Bitposi emextpocTaHiii 3aiimarors apyre micie -1475 MBrt. Haii6i-
JBIIAME 00J1acTAMHU Y KpaiHH 32 BCTAHOBIIEHOIO MoTykHicTI0O B/IE €

Juinponerposcbka — 1163,9 MBT;

Mukonaisceka — 1073 MBT;

Xepconcbka — 1063,7 MBT;

3amopizbka — 862,9 MBT;
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Opneceka — 594,3 MBT.

3a ocranHi 7 pokiB YKpaiHi BHaJoCh BHKOHATH B3sTi Ha cebe 30-
0oB’s3aHHs B HanioHaspHOMY IUTaHi i 3 BiJHOBIIIOBaHOI €HEPreTHKH Ha
nepion mo 2020, mocsrimm moHan 11% dactku BJIE B kiHIIEBOMY €Hepro-
CIIO’KMBaHHI.

—UINIHNABE
—— GAKT

2014 2015 2016 2017 2018 2019 2020 2021

Pucynok 1 — 3aranpha yactka B/IE B eneprobananci Ykpainu (%)

VYkpaina y 2019 poui npoJoBxuia cKopouyBaTH CBOT BUKHUIH TTapHHU-
KOBOTO ra3zy. MHHYJIOr0 pOKy BOHH CKiamd 196 minbiioHiB ToHH. Y 2018-My
BUKUM Oynu Ha piBHi 203 MiibiioHIB TOHH, a y 1990 poui — 783 minblioHH
TOHH. YKpalHChKUIl TIOKa3HMK HIDKYMH 32 CepeliHl CBITOBI BUKWAM Ha JyLIy
HaceneHust — 4,9 Touan CO, y MUHYJIOMY POIIi.

Yomy noTpibOHa 3ereHa eHepreTrka ? Haiimepie ToMy, mo:

— BOHA OTPUMYETHCS 3 DKEPeN, IPUCYTHIX B MPUPO/II MOCTIHHO abo mepi-
OJIITYHO, Ha BiIMiHY BiJl BUKOITHHX, 5IKi HE € BITHIMU;

— PO3BUTOK BiIHOBIIIOBAaHOI CHEPTETHKH (B.€.) CIIPHSIE CHEPTeTHYHIN He3a-
JIXKHOCTI KpaiHu,

—niepexin Ha B/IE nornomarae 3MeHIMTH 00CST BUKHAIB BYIJIEKHCIIOTO rasy;

— BcTaHOBJIeHHsS HeBesmknx goManHix CEC npuHOCHTH XOpOIIHMH TpH-
OYTOK, BIIACHHK TIOBHICTIO 3a0€3MeUy€e EICKTPOCHEPTIEI0 CBOE JIOMAIITHE TOCIIO-
JTApCTBO, a 11 HA/IJIMITIOK TPOAE JEPKaBi 3a «3eJIEHUM) TaprU(oM.

Henoniku 3emeHoi eHepreTnku:

—y xwmapHi uu 6e3Bitpsai 1HI CEC Ta BEC mpusBoasaTs 10 aucbanas-
Cy, piBeHb iXHBOI €Heprii 3HIKYETHCS A0 HyIA. ToMy 4iM OibIne € cTaHIii
B/IE, tum Oinblne moTpiOHO MaHEBpeHHMX (3a3BHMYail MIKIIMBUX), KOTPi
OyayThb IIepeKpuBaTH HecTaui.

BiTpsiHa enepreTrka B YKpaini € HaGiIbII TIepCHeKTUBHO. [T ToTeH-
IiaJl 103BOJISIE BCTAHOBHUTH B KpaiHi BITPOEGIEKTPOCTAHLII CyMapHOIO IMOTY-
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xHicTIo 15 000 MBT. (3aranbHa BCTaHOBJICHA MOTYXXHICTh €HEPrOCHCTEMH
VYxpaiau — 55 000 MBT)

Ha BigMiHy Bif BiTpOSHEPTeTHYHHX YCTAHOBOK, COHSYHI €JIeKTPOCTAHIIT
OymyBatu Habarato npocrime i mBume. Oxaak CEC BinpizHAIOTBCS HAHIDK-
gnM piBaeM (KBBII), mo cranoButs 6mm3bko 15%. Takox HafOLIBIT BHCOKOIO
Ha €HEePrOpHHKY BapTICTIO KiloBaTa (mocsrae B moToMy 11,7 rpuBens 3a 1 kBt-
ron). 3arajgpHa MOTYKHICTh COHSYHUX EIEKTPOCTAHIIM B KpaiHi, TOJOBUHA 3
SIKUX po3ramoBati B Kpumy, ckinaznae 6mmspko 800 MBT.

Bioenepreryka Mae HaiiOIbII BUCOKUM TOTEHIa] B cepi BUpoOHHII-
TBa TeIJia. 3a Pi3HUMH OIliHKaMH, OioMaca i 6iora3 MOXYTh BUTICHUTH BiJl
10 no 20 mupn kyb6omeTpiB ra3y. Xopolli HNEpCHEKTHBH 010CHEPTeTHUKU
00yMOBJICHI KJIIMATUYHHUMH YMOBaMH YKpaiHH, HAasBHICTIO NOTY)KHOTO
arpapHOro CEeKTopa i JIOCTaTHBOI KiNBKOCTI pobodoi cwin. Y TOW ke uac
ICTOTHO CTPpUMYIOUNM (PaKTOPOM € HEJOCTaTHRO PO3BHHEHI iHYPACTPYKTYp-
Ha Ta CHPOBWHHA 0a3u A 3a0e3neueHHs Oe3nepediifHuX MOCTaBOK CHPOBH-
HY, HU3bKHH DPIBEHb PO3BUTKY Taly3ed — MOCTAYaIbHUKIB OONagHAHHSI, a
TaKOX HU3bKa F'EHEPYI0Ya MOTYXKHICTh 010yCTaHOBOK.

YkpalHCBKi TiApOeTeKTPOCTaHIii He3a0apoM 3MOXKYTh CYTTEBO 3017Tb-
IIMTH TSHEPALio 3aBASIKH PEKOHCTPYKIII Ta MOACPHi3allii arperaTiB BiTIn3-
usauaux ['EC, a Takox no0ynoBu J{HicTpoBehKkoi Ta OyaiBHuITBa KaHiBChKOT
I'AEC. B IIpAT «YkprigpoeHepro» aHOHCYIOTb, o 10 2022 poky mMojaep-
Hi30BaHI arperatu 3MoXxyThb aatu noHan 300 MBT po6ouoi noty»HocTi, a 3a
LICTh POKIB MaciitabHa Hporpama peKOHCTPYKIIi 103BOJNIUTH 301IbLIMTH
yactky [EC i TAEC B eneprofananci kpainu maiixe BaBidi, 10 15%.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Olo Take BJE Ykpainu? PeanbHa cratuctuka. [Enekrponnuii pe-
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podiyi/publikatsiyi/ shho-take-vde-v-ukrayini-realna-statystyka-lypen-2021/

2. HNocmimkenas €Bpokomicii: Ykpaina ckopouye sukugun CO2. [Ene-
KTpoHHUIA pecypc] Pexxum moctymy: https://www.dw.com/uk/doslidzhennia-
yevrokomisii-ukraina-skorochuie-vykydy-co2/a-54868014

3. 3eneHa eHepreTuKa: IUIOCU Ta MiHycu. [Enekrponnuii pecypc] Pe-
kUM goctymy:https:// galinfo.com.ua/news/zelena_energetyka plyusy ta
minusy 344614 html

4. TlepcnextuBu po3sutky BJIE B Vkpaini. [EnextponHMii pecypc]
Pexxum noctymy: https://smarteco.biz.ua/news/renewable-energy-in-ukraine-
where-to-invest/
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moa0 MOXKJINBOCTI BUKOPUCTAHHSA AJIBTEPHATUBHUX
JIKEPEJI EHEPTII JIJIS1 THAMBIJY AJIbHOT'O OITAJIEHHS

Jirodi B YKpaiHi CHCTEMH LEHTPAILHOTO TCIUIONIOCTAYaHHS € JIOCHTH
CHEepro3aTpaTHUMU. BiZICyTHICTh aBTOMATHYHOTO PETYJIIOBAHHS BUPOOHMIIT-
Ba Ta BIJIYCKy TeIUla, HEAKICHA TEIUIOBA 130JISIIisl 30BHIMIHIX TEIUIOBHX
Mepex MPU3BOIATH 10 3HAYHUX BTPAT Teruia. L[i BTpaTu HepiaKo CTAHOBIAThH
40-50%. Kpim TOro BiZCYyTHICTH aBTOMAaTHYHOTO PETYJIOBAHHS BiJITyCKY
TeIUIa € MPUIMHOI HEMOXIIUBOCTI HiT0Z000BOTO 3abe3rmedeHHsT KOMpOpT-
HUX YMOB. B To# ke "4ac 3HaUHa YaCTWHA KOTEJICHb MPOMHUCIIOBHUX IIiIIpPHU-
€MCTB, SIKi KpiM MPOMHUCIOBUX 00’€KTiB, 3a0€3MeUyIOTh TEIUIOM 1 JKUTIIOBI
OyIMHKH BUBOIATHCS 3 eKcIuTyatarii [1].

[HnuBigyanbHI CHCTEMU OMANCHHS, IO OCHAIICHI CYyYaCHHM YCTaTKYy-
BanHsaM (KKJ] sikux nopiBHioe 92-95%) Ginbll €KOHOMIYHI HIXK LIEHTpaJIi30-
BaHi. CydyacHi aBTOHOMHI aBTOMAaTHU30BaHI YCTaHOBKH OOCITyTOBYIOTHCS
HCUHUCJICHHUM TEPCOHAJIOM, J03BOJISIOTH 3MIMCHIOBATH 1X MOHTaX 1 MYCK B
SKCIUTyaTallifo B KOPOTKi CTPOKH. [0 TOro * pO3MIIICHHS OO 00JIa HAH-
HSl HE MOTPeOYyE BiBEACHHS CreI[iaibHIX TepuTopii [2].

Cepenl albTepHATUBHUX DKEpENI SHEprii IS IHAWBIIyaTbHOTO Oma-
JICHHS MOJKHA BUIIUTMTH HACTYIIHI: — BUKOPHCTAHHS COHSYHUX KOJIEKTOPIB;
— BCTAHOBJICHHS TEIUIOBOTO HACOCY; — BUKOPHCTAHHS B SKOCTI ITajvBa Bif-
XOJIIB BiJI IHIINX BUPOOHHUIITB — ATUBHI OpHKETH.

Ha nanomy etarti po3BHTKY TEXHOJIOTiH BCTAHOBJICHHS COHSYHHX KOJICK-
TOpIB IS 3a0€3MEeUCHHs TeIUIONOCTAYaHHAM TIPUMIIICHHS € He IIyXe JOITb-
HUM Yy 3B’$I3KYy 13 3HAUHHMH MEPEIIKOAMH Y MOXJIMBOCTI iX 3aCTOCYBaHHS B
3UMOBY TOpPY POKY (KUIBKICTh COHSIYHOI pajiaiii MiHIMajibHA Ta TPUBAIICTH
CBITJIOBOTO JIHS KOPOTKA). BUIBLIICTh COHSYHMX KOJIEKTOPIB NPH3HAYEHI s
rapsiaoro BOJOMOCTAUYaHHA. A OCh BUKOPHUCTAHHS TEIJIOBOTO HACOCY Ma€e Oarato
nepeBar: — €eKOHOMIYHICTh — BUTpaueHa eJIeKTpUIHA eHeprisl Ha poOOTy Hacocy
B Pa3y MEHIIA B/l OTPUMAaHOI KOPHUCHOI TETIOBOi €Heprii; — eKONOTTYHICTh — He
BUKOPUCTOBYE BHKOITHI KONAJIWHH; — HEOOMEKEHICTh pecypcy — TEIUIOBHMA
HACOC MOXe MPAIFOBATH 1 IPH HU3bKOTEMIIEPATYPHOMY CEPEIOBHIIII.

OTxe sIK aTbTePHATHUBHE JDKEPENO TEIUIOBOI €HEepril IUis OMaJCHHS
MOJKHa BHKOPHCTOBYBAaTH TEMIIEPAaTypy HABKOJHIIHBOTO CEPEAOBHUINA Ta
BiTHOCHO IOCTIAHY MiI3eMHY TEMIIEPaTypHY 3eMJIi 3a JOIOMOTO0 3aCTOCY-
BaHHS MPUHIKILY [ii TSIUIOBOI'O HACOCA.
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BUBIP KOMIIEHCAIIII PEAKTUBHOI IOTYKHOCTI HA
HIACTABI TEXHIKO-EKOHOMIYHOT O PO3PAXYHKY

KoMrmieHcalliss peakTHBHOI MOTY>KHOCTI € OJAHUM 3 Hale(eKTHBHIIINX
€Hepro30epiraloynx 3axojiB, SKAN J03BOJISE 3HH3UTH BTPATH aKTHBHOI
eJIEKTpOeHepril npwu ii nepepaBaHHi, pO3NOALTY Ta NEPETBOPIOBAaHHI y TpaH-
copmaTopax Mepexi eNeKTPOIOCTaYaHHS HMPOMHCIOBUX MiIIPHEMCTB 3a
pPaxyHOK 3HIDKCHHS BEJIMYMHH PEAKTUBHOI MOTYXXHOCTI, L0 MEPEHacThCs
Yepe3 eJIEMEHTH eJICKTPHYHOT MEepexi.

BcTaHOBIICHHS IPUCTPOIB  KOMIIEHCALIT peaKTUBHOI MOTYKHOCTI B Me-
pexax TPOMHUCIOBHX HiANPHEMCTB CTHMYJIOETBCS EHEProNOCTAYAIBLHOK
OpraHi3ami€ro IUIIXOM BU3HAYCHHS ONTHMAIBLHOTO KoedillieHTa peakTHBHOT
HOTYXHOCTI (tg (D onr) B PEXKHMI MaKCHMAIBbHOTO HABAaHTaXKEHHSI, SIKHI BCTa-

HOBJIIOETBCSL B JOTOBOPI Ha MOCTAYaHHS €JIEKTPOSHEPTii MK eHeprocucre-
MOIO Ta MIAIPHEMCTBOM. Y pa3i MepeBUIICHHS 3a1aHOT0 KoedimieHTa peak-
THBHOI MOTYXHOCTI B P&KHMi MaKCUMAJIbHUX HaBaHTA)XEHb 30LIbIIYETHCS
BeJIMYMHA Tapr(HOI CTAaBKH OILUIATH €JEKTPOSHeprii Ha BEJIWYUHY MPOIMOp-
LiiHy NepeBUILIEHHIO 331aHOT0 KoedillieHTa PEeaKTHBHOI HOTYKHOCTI.
3arajpHa MOTYKHICTh MPUCTPOIB KOMIIEHCALlIi PEaKTUBHOI OTYKHOCTI

QKy BHU3HAYAETHCS HA OCHOBI 3a0e3MedeHHs 0aJaHCy PEeaKTUBHOI MOTYK-

HOCTI Ha TpaHUIl OallaHCOBOi HAJIEKHOCTI: €HEPrornocTayajbHa OpraHi3allisa
— HIAPUEMCTBO, 32 YMOBH 3a0€3I€UeHHS 3aJJaHOT0 Koe(illieHTa peakTUBHOI
MOTY>KHOCTI B p&XKMMi MAaKCHMAaJIbHOTO HAaBAaHTAYKCHHSI.

3anpornoHOBaHO METOJl BHOOPY ONTHUMAaIBHOTO BapiaHTa pPO3IOALTY
KPIT 3a ymoBOr0 MiHIMaJbHUX 3BEJCHUX BUTpAT. Po3risiHeMO cyTh 3ampo-
MIOHOBAHOT'O METOJA.

Bubip npuctpoi KPII npoBoanTbes B Takiit MOCHIiOBHOCTI:

— mns koxHOi KTII BU3HAYa€eThCsl ONTUMANBHUA KOSQIIiEHT 3aBaHTa-
KEHHS;
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— BU3HAYaeThesa MoTyxHicTh HKY 3a yMOBOI0 3a0€31edueHHs IpoIryCK-
HOI 3IaTHOCTI TpaHC(OpPMAaTOopa 3a PEaKTUBHOIO MOTYKHICTIO;

— BU3HAYAETHCS PI3HUL NPUBEICHUX BUTPAT JUIS BapiaHTIB 3 BUKOPH-
ctanHsaM 1 6e3 Bukopucranus Kb na croponi HH tpancdopmaropa.

3MiHIOIOYH y BapiaHTax BUXIJHI JaHi (YMCIIO 1 MOTYXHICTh TpaHcdop-
maropiB KTII, BapTicTh enexTpoeHeprii i Tak Jaji) MOXJIMBO BU3HAYCHHS
ONTHMAJILHOTO BapiaHTa BUOOPY 1 pO3MOUTY KOMICHCYIOUHX MPUCTPOIB, 110

BiJIMIOBiZIa€ BUMO3i 32 =3 ..

3arpornoHOBaHUH METO] BHOOPY KOMIIEHCYIOUUX IPHCTPOIB JO3BOJISIE:

— BU3HAYUTH ONTHUMAJBHUNA BapiaHT PO3IOALTY KOMITEHCAIii peaKkTHUB-
Hoi moty>kHOcTi Ha ctopoHi HH i BH tpancdopmaropis KTII;

— BU3HAYUTH ONTHUMAIIbHE YHCIIO 1 HOMIHAJBHY MOTYXHICTh TpaHcdo-
pMaropis;

— BU3HAYUTH €KOHOMIUHY e(EKTHBHICTh BiJ| BIPOBAKCHHS KOMIICH-
calii peakTHBHOI MOTY>KHOCTI;

— (hopmaizyBaTu po3paxyHOK KOMIIEHCAIil peaKTHBHOI ITOTY>KHOCTI B
KOMILICKCI 3 BHOOPOM IHIIKX EIEMEHTIB €ICKTPHYHOT MEPEXKIi.

Januii MeTox Moxxe OyTH BUKOPHCTaHHWH SIK Ha CTalii MPOEKTyBaHHS
€JIEKTPOIIOCTAYaHHs, TaK 1 NMPH OLIHIOBaHHI €()EKTUBHOCTI EJIEKTPOIOCTa-
YaHH [TIATIPUEMCTBA, SIKE 3HAXOMUTHCS B €KCIITyaTarlii.

YAK 621.311
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INPOEKTYBAHHSA HEXOBUX MEPEK TA BUBIP
OIITUMAJIBHOI'O BAPIAHTY EJIEKTPOITIOCTAYAHHSA

Bubip cXeMH IEXOBOr0 CJIEKTPOIOCTaYaHHs 3MIHCHIOETHCS IIISIXOM
BUPIIICHHS TAKUX [TUTAHb:

— BUOIp 4KcIa By3JIiB HaBaHTaXkKeHb, IX po3TauryBaHHs i po3noaity EIT
0 By3J1aM HaBaHTaXKEHHS;

— BHOIp CXeMH JKUBJISUO] 1 PO3MOAUTEYI0T MEPEK;

— BHOIp KOHCTPYKTHBHOT'O BUKOHAHHS [IEXOBOI MepexKi;

— BHOIp mepepiziB NPOBOIHUKIB LIEXOBOT MEPEXi;

— PO3paxyHOK BTpar eJIeKTPOCHEPTii B eleMEHTaX [IeX0BOI Mepexi;

— PO3paxyHOK KalliTaJIbHUX BUTPAT, EKCIUTyaTallllHUX BUTpAT 1 3BefIe-
HHX BHUTpAT.
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3rifiHO peKOMEHALIl pafianbHy CXeMy >KHUBIICHHS JOLUIBHO 3aCTOCO-
BYBATH AJSI HOCTaTHHO MOTYXKHHUX EIl, 0cOONMBO AKIIO BOHM KOMIUIEKTHO
po3TamioBaHi (HacOCHi, KOMIIPECOpPHi CTaHIlil, BEHTWIALMIHHI CHCTEMH, TO-
o). Takox, pafianbHy CXeMy IOUIJIBHO 3aCTOCOBYBAaTH st skuBIeHHA EIL,
SIKi TTOTpeOYIOTh KepyBaHHS B XOMi TEXHIKO-€KOHOMIYHOTO TIporeca (Iedi
omopy, 3acyBka TpyOompoBoxiB i T.n.). MaricTpampHa cxema JKHBICHHS 3
BHKOPHUCTAHHSAM PO3MOAUTFHUX IIHHOIPOBOIIB 3aCTOCOBYETHCS AJISI PiBHO-
MIpPHOTO PO3MOALIEHHS HaBaHTaXEHHs y nexax,ne EIl manoi Ta cepenHboi
MOTYKHOCTI PO3TaIlIOBaHI OJIM3BKO OJIMH JI0 OJJHOTO.

MaricTpaibHi CXeMH € 3pYYHUMH JUIS €JIEKTPONOCTa4aHHsI MallHHO-
OyniBHHX BUPOOHMUTB,Je neperpymyBaHHs EIl, 3MiHM TEXHOJIOTIYHOTO
nporeca — SBHIIA JOCTaTHHO PO3MOBCIOJDKEHI.

Jlo mepeBar pajiialbHUX CXEM HAJICKHTh: MiJABUIICHA HAIIHHICTh CJIEKT-
ponoctadaHHs (TIPH aBapii y KUBILUIN JiHI TOPYIIYETHCS €IEKTPONOCTaYaHHS
obmexeHol kimbkocTi EIT abo oxpemoro EIT), rHYYKicTP Mepexi BiIHOCHO
MOXKJIMBOTO PO3IIMPEHHsT Mepeski (w1 HoBux rpyn EIl mpoknmanatoTe okpemi
CaMOCTIilHI KMBIISYI JTiHIT), 8 TAaKOXX MOXKJIMBICTh 3aCTOCYBaHHS aBTOMAaTH3aIlii
Ha CTIOPYIKEHHS Ta OpraHi3ail JOIIEHOTO KepyBaHH: pesxkxuMoM podotu EIL

HepnomixkamMu pamiadbHHX CXEeM € TOYAaTKOBI KalliTanbHI BUTPATH Ha
CIIOPY/DKEHHSI MEPEeXKi, HasABHICTh BEJIHMKOI KijbkocTi mad PY-0,4 kB KTII,
00yMOBJICHO 3HAYHOIO KUIBKICTIO XXHMBJISIYMX JIiHIHM, 11O MiJABUILY€E BapTICTh
KTII i 36inburye ii rabapuTw.

HenonikaMu MaricTpaibHHX CXEM € HMXKYa HAJIMHICTh SJICKTPONOCTA-
YaHHs B HOPIBHSHHI 3 pajlialbHUMU cXeMaMH (TIpH MOLIKOKEeHI MaricTpati
BTpavyaroTh xuBJIeHHs Oarato EIl, ski n0 Hel migKiIfOueHi), HEMOXIIUBICTD B
JeIKAX BHUIA/IKaX 3aCTOCYBAaHHs aBTOMATH3aIlil i BUKOPHCTaHHS AUCTAHIIIH-
HOT'O KepYBaHHS.

OnTuMaibHUH BapiaHT IEXOBOTO €NEKTPONOCTaYaHHs BHOMPA€EThCS 3a
YMOBH 320€311eueHHs] MiHIMaJIbHUX 3BEACHUX BUTPAT.

Ha 3BeneHi BUTpaTH 11eX0BOI MEpPEsXi BILTMBAIOTH HACTYITHI MOKA3HUKH:

— kinbkicts EIT i X HOMIHAJbHA MOTYXXKHICTh, SIKA XapaKTEPU3Y€EThHCS
BIJTHOCHOIO aKTHMBHOIO TIOTYXKHICTIO 1 CepeIHbO3BAKEHHM 3HAYCHHSIM KOe-
¢imieATa MOTYKHOCTI (COSPcs);

— pexuM eneKTpocnoxupanHs Ell, skuil XapakTepu3y€eTbCcs cepeaHbo-
3BaKCHUM 3HAYEHHSIM KoeQillieHTa BUKOPUCTaHHS;

— CIHIBBIJHOIIECHHS MK BEJIMYMHOIO Tapu(y HA eJNIEKTPOEHeprii 1 mu-
TOMI BapTOCTi KaOeJbHO-TIPOBITHUKOBOI IMPOJYKIii, MATOMOI WiHK MIMHO
MIPOBO/IB 1 IHK Ha CHJIOBI IIYHKTH TIPH iX PI3HOMY BUKOHaHHI.

JlOLiNbHICT BUKOPUCTAHHS PO3MNOIUIBHUX HIMHOMPOBOJAIB 3POCTAE
npu 30inbinenHi yncna EIl, 3MeHIIeHHs iX BiJIHOCHOT MOTY)XHOCTI 1 3MeH-
HIeHHs Koe(illieHTa BUKOPUCTAaHHS.
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2cryn. tp. E -112m HY «3anopisbka nomitexHika

JOCJIJIKEHHS HOPMAJIbHUX TA ABAPIMHUX PEXXUMIB
POBOTH CUCTEMMU EJIEKTPOIIOCTAYAHHS
OEPOCIITIABHOI'O 3ABOY

OcoONUBICTIO TEXHOJIOTIYHOTO MPOLECY BUPOOHUITBA (epOCILIaBiB €
BeJIMKa EHEPrOEMHICTh Ta HEPIBHOMIPHICTh CHOXKUBAHHS €JIEKTpOeHeprii. 3
ypaxyBaHHs TOTO, y cO0iBapTOCTI ITPOIYKIIii, 110 BUITYCKAETHCS (epoCIIaB-
HUM 3aBOJIOM, 3HAa4YHa YacTHHA BapTOCTI €JIEKTpOeHeprii 3amada 3abesre-
YEeHHS HaJIHOCTI eJeKTporocTayaHHs ()epOCIUIaBHOTO BHPOOHHITBA 3
HalMEHIIMMH BTPAaTaMH €IEKTPOCHEPTii € aKTyaJIbHOIO.

@epocrTaBHUH 3aBOJ] OTPHMY€ JKHBIICHHS B BY3JIOBOI MiACTAHIII
eHeprocuctemu 1a Bif rigpoenekrpocradmii (I'EC). [Ipudomy emexrpocmo-
JKUBAHHS BiJ] TIAPOEICKTPOCTAHIIII 3aJIS)KUTh Bi 9acy M0OH, TOPH POKY Ta
MIOJIO’KEHHS B eHeprocucteMi. Cucrema eJeKTpoIiocTaqanHs (pepocrraBHOro
3aBOJly € CKJIQ/IHOIO Ta MOJXKE JIEKibKa BapiaHTIB EJEKTPUYHHX CXEM B 3a-
JISKHOCTI BiJI IIOJIOXKESHHS KOMYTALIII{HUX anapaTiB.

Jnst BUSIBJIGHHSI ONTUMAJIBHOTO PEXUMY POOOTH CHCTEMHU EJIEKTPOIO-
CTa4yaHHs NPOBEAEHI JOCHIIPKEHHS BTPaT MOTYXHOCTI €JIEeKTpoeHeprii B
KO’KHOMY 13 BapiaHTiB.

Tak mpu BKIFOUCHI MDXKIIIMHIX Ta CEKIIHHNX BUMUKAYiB Ha BY3JIOBIH i/l
CTaHIii TpH aBTOTpAaHC(OPMATOPH BKIIIOYAIOTHCS IAPAJIENBHO 10 OOMOTKaM
cepennroi Harpyru 150 xB. IIpu mpomy Bci niHii exektponiepenau (JIEIT) crc-
TEMH €JIEKTPOIIOCTa4YaHHs ()epOCIUIABHOTO 3aBOTy ITiIKITIOYUEHI JI0 OHOTO JIKe-
pena. [Ipu BigkITrOUeHI ceKuiitHnX BUMHKadiB koxHa JIEIT oTpuMye sKuBICHHS
BiJI OKpeMoro aBToTpaHchopmaropy. [Ipr KoKHIH i3 cXeM Ha BY3JIOBIH IiicTa-
HITIi POBE/ICHI JOCIIHKEHHS PH BKIIOYCHOMY Ta BIJIKIFOUCHOMY CEKIIIHHOMY
BUMHKauy Ha TOJIOBHIH 3HWKYBAIBHIH MiJcTaHLIT (epociuiaBHOro 3aBoy. Kpim
TOr0 3 ypaxyBaHHSIM 3HA4YHOI HEPIBHOMIPHOCTI CIIOXKMBAHHS EJIEKTPOEHEpril
MPOBEZICHI JIOCIIZKEHHS TIOTOKIB TOTY)KHOCTI Ta BTpaT €JIEKTPOeHepril mpu
MaKCHMaJIbHOMY 1 MIHIMAJIbHOMY PEXKFMi.

IIpoBeneHi TakoX JOCHIHKEHHS IPH KUBIICH] CIIOXKUBadiB (hepocra-
BHOTO 3aBojy BiJ eHeprocuctemu ta ['EC npu 4acTKOBO i HIOBHOMY BKJIIO-
yeHH] ii B poboTy. Y 3a3HaueHNX peXHUMax IPOBEJCHUI PO3paxyHOK MOTO-
KiB ITOTY>KHOCTI Ta BH3HAuYC€HI BTPATH EJICKTPOEHEPTii B €JIEeMEHTaX eNeKT-
pomepexi. 3HaiiIeHni ONTUMAIBHUH PEXXUM POOOTH.

[TpoBeneHi 1OCTIPKEHHSI CUCTEMH €JIEKTPOIIOCTaYaHHs (DepoCIIaBHO-
To 3aBOJAY B aBapiHOMY pexumi. podoTu s bOTO po3paxoBaHi CTPYMH
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TprudasHux i oJHOPA3HUX KOPOTKHX 3aMukaHb (K3) nmpu pizHHX enekTpuy-
HUX cxeMax. SIK Imoka3aiu mpoBeneHi MOCIiKeHHS piBeHs cTpyMiB K3 my-
ke BUcokui. Jlmst 3HWKeHHS piBHA TpudaszHux K3 posrmsHyTa MOKIMBICTH
BUKOPWCTAHHS IUTIJIGHOI aBTOMATHKH, IO [i€ Ha BiTKIIOYEHHS CEKIiHHMIX
BuMHKadiB Ha mmHAX 150 kB By3moBoi migcranmii. [Ipu mpomMy 3MeHIITyBaIach
KUTBKICTB JTAaHIIOTIB TimkuBieHHs K3. [ 3HIKeHHS piBHS CTpyMiB oqHO]A3-
HHX Y HeHTpayb aBTOTpaHC()OpMATOpiB BKIIOYAIUCS peakTopH. BuseneHa 3a-
JIeXKHICTh cTyMy oaHogazHoro K3 Bix omnopy peakropa Ta BH3HA4YEHHH OHip
peakTopy.

Ha ocHOBI mpoBefeHHNX IOCHTIPKEHb OOpaHWH ONTUMAJIBHUI PEXUM
pOOOTH CHCTEMH eNIEKTPONOCTayaHHs (PepOCIUIaBHOTO 3aBOJY 3 TOUYKH 30pY
MiHIMyMa BTpaT IOTY>KHOCTi, pO3paxoBaHi aBapiiiHi pexxuMu pobOTH cHuCTe-
MU €JIEKTPOIIOCTayaHHs Ta 00paHi 3axX0/1 JJIst 3HWKeHHs cTpyMiB K3

CIIUCOK BUKOPUCTAHOI JTITEPATYPH

1. [IpaBuna ynmamTyBaHHS eIeKTpOycTaHOBOK: [naBa 4.2. Posmoninpui
YCTaHOBKH 1 MicTaHMii Hanpyroto noHan 1kB / MiamanuBenepro YkpaiHu.
K: HIILIP, 2017 — C. 473- 530.

2. Migaak I'.T". Tlepexigni mporecu B CHCTEMax €IEKTPOIIOCTAYaHHS /
I'I". IliBasx, B.M. Bunocnascekmii, A.SJ. Pubanko, JI.I. Hecen. —
JuinponerpoBcrk HanionanbHa ripuuya akagemis Ykpainu. 2000.— 573c.
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! xaug. exoH. Hayk, goi. HY «3amopi3bka HoTiTeXHiKa»
2 cryn. p. E-111 HY «3anopi3bka MOITEXHiKa»

BIIV/IUB HIIBUIEHHA TAPU®IB HA EJIEKTPUYHY EHEPT'TIO
HA JOBPOBYT HACEJIEHHA 3 PI3BHUMHU JOXOJAMM.

Ha croromni pehopma BcTaHOBIICHHS Tapu(y Ha €IEKTPOSHEPTit0 B YKpa-
iHi, TaKk caMo SIK i B IHIINX HEPEXiTHUX EKOHOMIKAX, € He IPOCTUM IHTAHHSIM.
AKTyanbHI TapuH Ha €NeKTPOSHEPrilo € HAWHWKIMMH B €Bpori. [{yist nopis-
HSHHA BapTicTh | KBT rox enekTpoeHeprii /it HaceJleHHS B €BPO 3a JaHUMH
€spocrary Ha 2021 p. [1] cknanmae 0,3193 — B Himewunni, 0,1548 — B [Tosbmi,
0,0851 — B Momnzosi, a B Ykpaini > Tapud nopisatoe 0,0485 eBpo/kBr-rog.
ToOTo mitounii Tapu( Ha eNEKTPUYHY €HEpriio € B 1,75 pa3iB HIKIUM MOPIBHS-
HO i3 TaprudoM Ha estekTpoeHepriro y Mososi Ta B 6,57 y HimeuuuHi.

3riIHO0 OMUTYBaHb, JOMOTOCIONAPCTBA 3 CYKYITHHM JIOXOJOM MEHIIE
10000 rpH coxuBaOTh B cepeaaboMy 152,5 kBT - rox enektpudHoi eHeprii,
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nmoMorocrionapersa 3 goxogoM B 10000-20000 rpH croxuBarots 140,6
kBt rox, 3 moxomom B 20000-30000 crioxuBarots 133,3 kBT rox, 3 moxo-
moMm B 3000040000 cnoxwmBarots 164,2 kBt roxm, a momorocmogapcTsa 3
nmoxonoMm moran 40000 croxxuBarots 217,1 kBT ron . Ha 2022 pik 3a maHu-
mu ITAT 3amopixokso0neHepro [2] BUTpaTH Ha MOCTadyaHHS EICKTPUIHOT
e”eprii HacexeHHIO cTaHOBIATE 0.34564 Tpr/KBT ron (0,00945 momapis
CIIA/xBt Tox). Burpatn Ha mocrtadaHHS eJIEKTPUIHOI eHEeprii HaceIIeHHIO
B OpraHi3allii eKOHOMIYHOTO CIiBPOOITHUIITBA Ta PO3BUTKY CTaHOBHUTH 0,143
nmonapiB CILIA/kBt-rox [3], B mOAaNmbIIuX poO3paxyHKax BHKOPHUCTAHO IIe
3HAUYCHHS 5K BEJIMYUHY UL MAlOyTHHOTO MiABHIIEHHS Tapudy. Pesynprary,
SKI OTPUMAaHO IUIIXOM OIIIHKH BTpaTH B HOOpoOyTi, CIIMpAalOYHCh HA IIPH-
MMYIWEHH, 1O CHOXUBAHHA CJICKTPHUYHO1 CHEPIil 3aJIUIINTBECA Ha TOMY XK
caMoMYy piBHI HaBeJEHO B Tabuili 1.

Haii0inbuie B 1o0po0yTi BTpatwin 6 HaHOIAHIII Ta 3 JOXOIOM HIDKYE
CEpPEeIHBOTO, B TOH Yac sK OUTBII 3aMOYKHA YacTHHA HACCJICHHS HE Bimdyna O
TaKOro €KOHOMIYHOro THCKy. Jlyisi HailOimHimmx, Oinbine 9% CyKymHOTO
JIOXO/ly BUTPaYaTUMEThCS Ha eNIEKTPUYHY €HEPTilo, /ISl HAaceJIeHHs 3 J0XO0-
JlaMH BHIIIE CEPEIHBOTO IIeH MTOKa3HUK CTAHOBUTUME OJIH3BKO 2 %.

Tabmus 1. Brpatu B 1o0po0yTi cepen HaceJIeHHs IPH ITiABUIICHH]
Tapudy Ha eIEeKTPOCHEPTio

T'pyna 3a cyxymuum goxo- 10000- | 20000- | 30000-

gcxHHa nomorocnogaperso | <10000 20000 30000 40000 >40000

3MiHa BHTpAT Ha EJEKTpoe-
Hepriro Ha ogHy 0co0y B % | >6 % 3,7% 1,5% 1,3% <1,6%
BiJI CYKYITHOTO JJOXOZy

MoxnuBe CIiBBIIHOIEHHS
BUTpPAT Ha EJCKTPOCHEPTit0
JO  CYKYINHOTO  JIOXOIY
PI3HMX I'PYII 32 JOXOJaMH

>9% 5,7% 2,5% 2% <2,3%

Takum 9uHOM, Yepe3 MmiIBUIIECHHS TapudiB 10 cepeIHbOr0 PiBHSI B Op-
raizauii eKOHOMIYHOTrO CIiBpOOITHUIITBA Ta PO3BUTKY, BTpaTH B 100p00yTi
ctanyTh 3HayHUMH. CyOcuuii /g HaHOiMHINIMX JOMOTOCHOIAPCTB TOJI
OynyTh HE MOCTaTHIMH. TOX, BCTAHOBJICHHS JIESIKOI MEXi, 10 SIKOI CTIOKUBA-
4i oIuTaqyBaiy O eNeKTPUIHY SHEPTio BiIMOBITHO A0 Tapudy, [0 YaCTKOBO
MOKpUBAaTHME BUTPATH, MOXKE CTaTH IHCTPYMEHTOM ITOCIAbJICHHS €KOHOMIU-
HOTO TATapst Isl HAWO1JHIIIHUX TOMOTOCTIONAPCTB.
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JOCJIJKEHHA EHEPTOE®EKTUBHOCTI TA HAJIIMHOCTI
POBOTHU CUCTEMMU EJIEKTPOIIOCTAYAHHA
TUTAHOMATHIEBOT'O KOMBIHATY

OCOOJIMBICTIO TPOIECY BUPOOHHUIITBA MPOAYKIT TUTAHOMATrHIEBOTO
KOMOIHATY € BEJIMKa CHEPrOEMHICTh. Y COOIBAPTOCTI MPOMYKILT THTAHOMATHi€-
BOr0 KOMOIHaTy 3Ha4YHa J0JIs BapTOCTI €IEKTPOSHEPTil.

TexHoJOTIUHMI TMpoliec BUPOOHHIITBA KPUCTATIB THTAHY HA BHIPSIMIIC-
HOMY CTPYMi, @ CHCTEMa eJIEKTPOIIOCTaYaHHA Iyke ckianHa. CoXuBadi THUTa-
HOMArHI€BOTO KOMOIHATy BiTHOCSTHCS O TMEPIIOI Ta APYToi KaTeropii. Takum
YUHOM 3aj1a4a 3a0e3Ne4eHHs HaJIfHOTO Ta eHeproe()eKTHBHOTO €JIEKTPOIIOCTa-
YaHHS € aKTyaJIbHOIO.

JIxeperoM eNeKTpOeHEprii € MiJCTaHIIIl € ABi By3JI0BI MiJICTAHIi CHEProCH-
CTeMH, JIiHil eJISKTpoIiepe/iad, Mo SKUM I0JIa€ThCs KUBJICHHST HA TOJIOBHY 3HIDKY-
BaJIGHY Ii/ICTAHIIII0 THTAHOMAaTHI€BOTO KOMOIHATY, ITiaKIIFo4YeHi 1o mmH 150kB Ta
JIO BiJraiTyKEHHS JIiHIN 3B’S3Ky WX mijacTaHmii. KpiMm Toro, mkepenom enexT-
poewreprii € rimpoenextpoctaniiisi (I'EC). B 3anmexHocTi Bif yacy no0u, mopu
POKY, TTOJIO’KEHHS B €HeprocucTeMi peskuMu poootu I'EC MoxyTh OyTH Pi3HIMIL
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Jis Bubopy HalOiIMBII eHeproeeKTHBHOTO pekuMy poOoTH BHOpaHi
MOJKIIMBI €JIEKTPUYIHI CXEMHU:

CekuiiiHi Ta MDKIIMHHI BUMHUKAYi HA MiJCTAHI] BKIIOYCHI. Y I[OMY
BUIAJIKY JKMBJICHHS CIIO’KMBAa4iB THTAHOMArHi€BOrO KOMOIHATY 3/iHCHIOETHCS
TphOMa MapaJIeIbHO BKIIIOUYEHHUMH aBTOTpaHC()OpPMaTopaMu,

CekIiifiHi BUMHKAYi BiIKITFOYUCHI, 1 JKUBJICHHS KOXKHOT 3 JIIHIH POBOTUTHCS
BiJl OKpEMOro aBTOoTpaHc(hopmMaTopy.

[pu BKiIIOYEHOMY 1 BIJKJIFOYEHOMY IOJIOKEHHI CEKIIITHOr0 BUMUKa4a Ha
TOJIOBHIH 3HIKYBaIBHIN MiACTAHIIIT KOMOiHATY.

JlocTimkeH S TIpoBEACHI MPH MaKCUMAaJIbHOMY 1 MiHIMAJIBHOMY PEKUMI
CIIeKTPOCTIOKMBAHHSL.

Kpim Toro mpoBeeHi ToCIiIKeHHs pH BKIFoYeHHI B podoty I'EC.

s nocipkeH s eHeproepeKTHBHOCTI Y BUOPaHHUX PEKUMAaX MPOBEICHO
PO3paxyHOK ITOTOKIB MOTY>KHOCTI €IEKTPOCHEPTil MO PI3HUM JIiHISM 3B SI3KY Ta
BTPaTH MOTYXHOCTI B eJIEMEHTax eJIeKTpoMepexi. BusHaueHuit pexum podoTu
CHCTEMH eJIeKTPOIIOCTAYaHHsI, IPH SIKOMY BTPATH €JIEKTPOSHEePril HaliMeHII.

Jlst 3abe3nedyeH s HaiiHOCTI pOOOTH CHCTEMH CJICKTPOIIOCTAYaHHS PO-
BEJICHI JOCII/KEHHSI B aBapiiiHMX peXuMax poOOTH. y BHOpaHMX BapiaHTax
CXEMH eJIeKTPOIOCTa4YaHHs. PO3paxoBaHi cTpyMu TpudazHuX Ta oaHO(a3HHUX
KOpOTKHX 3aMuKaHb (K3).

Sk moKa3aim MpoBeAeHi JOCTiKeHHS piBeHb cTpyMiB K3 myske BHCOKMIA,
npudoMy piBeHb ogHo(daszHux K3 nepesnmms tpudasni. s 3HIWKESHHS PiBHA
TpudazHux K3 3anponoHOBaHO BUKOPHCTaHHS JUIMIGHOI aBTOMATHKH, IO Ai€
Ha BIIKITFOUCHHS CEKIIHHNX BUMHUKa4iB Ha miHAX 150 kB By3moBoi mincraHiii.
B pe3ynbTati 3MeHIITyBanack KiTbKIiCTb JIAHITIOTIB TKUBICHH K3.

JInst 3HKEHHS PiBHS CTPYMIB ofHO(a3HKX y HEHTpast aBToTpaHcdopMaro-
PiB BKIFOYAIHCS 3a3eMITIOIOYl peakTopu. [t BUOOPY ONTHMAIBHOTO 3HAYCHHS
OIOPY 3a3eMJIFOIOUOTO PEAKTOPY MPOBEICHI TOCTIPKSHHS 3HWKESHHSI PIBHSI CTPYMIB
onHodasaux K3 Bif ioro oropy. OOpaHo ONTUMAITbHE 3HAUCHHS OTI0PY PEaKTopa.

Ha ocHOBI npoBeJeHUX J0CHIKeHb BU3HAUSCHUH HallOLIbll e(eKTrB-
HUH PEKUM POOOTH CHUCTEMH €JIEKTPOIIOCTAYaHHS TUTAHOMArHIEBOIO KOM-
OiHaTy, a HamiIWHICTH ii NOKa3aHa y 3aIpPOIIOHOBAHUX 3aXOJaX MpPH JOCIi-
JOKCHHI aBapiifHUX peXUMIB pOOOTH CHCTEMH €IeKTPOIIOCTaYaHHs

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. [IpaBuiia ynamryBaHHS enekTpoycraHoBok: ['maBa 4.2. Poznoginbui
YCTaHOBKH 1 mizictannii Hanpyroto noHax 1kB / Minnanusenepro Ykpainu.
K: HITLIP, 2017 — C. 473- 530.

2. IiBugk I'.I". Tlepexigai mporecu B cUCTEMax €JIeKTPOTOCTadyaHHs /
I'I". Ilieasx, B.M. BunocnaBcbkuii, A.S.Pudanko, JL.IL.LHecen. -
JuinponerpoBcbk HarionansHa ripanga akageMis Ykpaiau. 2000.- 573c..
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moa0 MOKJINUBOCTI !_EKOHOMIi EJEKTPUYHOI
EHEPTTI Y IOBYTI

B mam dgac Bce OUTBIN aKTyalbHUM IIOCTAa€ MUTAHHS SKOHOMII €JIeKT-
pudHOi eHeprii came oOyTOBUMH cHOXHBadyaMu. Po3pobieHo 6arato pexo-
MeH/IaIli] 010 MPABMUIIEHOTO i PaIlioHAIEHOTO BUKOPHUCTAHHS €IEKTPOCHEp-
Til cepen sSIKUX MOXHA BUOUTHTH:

— HE 3aJIMINAiTe eJEKTPONPWIaAN Y PEXKUMI OUiKyBaHHs. Byab-skuii
EJIEKTPONPUIIAJ i1’ €JHAHUN 10 MEpeXi BCe PIBHO CIIOKHBAE EHEPTIIO.

— edexTHBHE BHMKOpHCTaHHs eneKkTponpuinaniB. He Mae ceHcy
KUI'SATUTH TIOBHUM YallHUK, KOJIM BaM MOTPIOHO 3aBapuUTH OJHY KPYXKKY
qaro.

— 3aMiHa CTapHX JIAMIIOYOK PO3KapIOBaHHS Ha HOBI — eHeprosoepira-
1oui;

— Ta iHIIe.

Takox B yMOBax BiICYTHOCTI IIEHTPaJIi30BAHOTO Tapsid0Tr0 BOJOIOCTA-
YaHHS y CYCIIJIbCTBI BUHUKA€E 0araTto MUTaHb IOJ0 PAIliOHAIBHOTO BUKOPH-
CTaHHs Ooijiepa 3 TOYKM 30py MiHiIMi3amii BUTPAT Ha OIJIATY E€JIEKTPUIHOT
eneprii. Cy4acHi nobyToBi Ooitiepu MarOTh MoTyxHicTh Bix 1,1 kBT g0 1,5
kBT. 3arajgom 1e HeBelMKa MOTYXKHICTh OJJHAK 3 BPaxyBaHHSM TPUBAJIOIO
yacy Moro poOOoTH 3arajbHe CHOXKHUBaHHS 3a MIcCSIb CTaHOBHUTH moHaz 100
kBr-ron. Ciin 3a3HaunTH, 1110 LeH TTOKa3HUK Oy/ie KOJIMBATHCS B 3aJI€)KHOCTI
BiJl IOPH POKY, OCKUIbKH TeMIlepaTypa BXiHOT XOJIOAHOI BOJH Pi3Ha.

IcHyr0Th OaraTo AyMOK, III0 Kpallie HarpiBaTH BOay y Ooiiepi B HOUI, a
BJICHb BUMHKATH 3 MEPEXKi, [00 BiH HE CIOXKMBAB EJIEKTPOCHEPTII0 B PEXKH-
Mi O4iKyBaHHs. B Takomy BHIa/iky HEOOXiTHO BpaxoByBaTH psil pakTOpiB: —
HasBHICTH JBOX30HHOTO JIIYAJIBHHUKA CIIEKTPUIHOI eHepril (Ipu HOTro Bifcy-
THOCTI IDIaTa 3a €IEKTPOCHEPTII0 OJHAKOBA); — 00’eM Ooiinepa (UM BHCTa-
9UTh 00 €My Trapsd0i BOAM ISl CIOKMBaHHS MPOTATOM JHA); — OYyIeHHI
3BHYKH CIIOXMBadiB (KiJIbKICTh OCI0O B POAMHHI, PO3MOPSIOK JIHS HWICHIB
cim’i); — Ta iHme. Takox BBaXalOTh, 10 TPH 3alaHUX HU3BKHUX TEMIIEpary-
pax Goiinepa (+50°C) cnioxuBaHHs eneKTpHYHOI eHeprii Menme. Ile Tak i €
OCKUTPKHM MEHINA PIi3HUIS MK BXiIHOIO 1 33JaHOI0 TEMIIEPAaTypPOIO BOMM,
OJHAK CIiA MaMm’ ATaTH IIO TPH IHTCHCHBHOMY BHKOPHCTaHHI Ooiiepa B
TaKOMy peXHMi 9ac Horo poOoTH Oy/e OimbIIMiA pH OJHAKOBIH HOMiHAJb-
Hill IOTY>KHOCTI, a 3BiJICH 1 BUTpaTa eleKTpoeHeprii.
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B nmanmii gac B HayKOBiif JiTepaTypi HE 3yCTPIYaeThCSI OOTPYHTOBAHUX
pEeKOMEeHaIii MO0 AOIUIFHOCTI BHOOPY TOTO YH IHIIOTO PEKUMY poOOTH
Ooiinepa 1 MiHIMI3anii BUTpAT €JIEKTPUYHOIO €HEprii sl Pi3HUX M00YTO-
BUX CrOKuBaviB. ToMy HEOOXiTHO MPOBECTH KOMILJICKCHI JOCIIIKECHHS JIJIs
KOKHOT Tpynu MOOYTOBHX CIIOXKHMBadiB 3 ypaxyBaHHSM BCIX MOJMIIUBHX
BapiaHTIB 3 METOIO y3arajbHEHHS Ta MOPIBHSHHS peajJbHUX OOCATIB CIIOKH-
BaHHS ENIEKTPUYHOI eHeprii moOyTOBUM OoiiepoM Ta MOXJIMBOCTI HOTO
€Heproe()eKTHBHOTO BUKOPHCTaHHSI.
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! kanp. TexH. Hayk, gou. HY «3anopisbka momiTexHika»
2 crym. tp. E-511 HY «3amnopizbka MoTeXHiKa»

CYYACHI TEHJAEHIII EHEPTETUYHOI'O MEHEJI)KMEHTY

EnepreTnyHuii MEHEIDKMEHT € y>Ke BaXKJIMBOIO TaTy33[0 Ha Cy9acHOMY
PHHKY, OCKUTBKH 3a0e3MeueHHs cTabiIbHOTO Ta HaIiifHOTO IMOCTadyaHHs eHep-
rii Ma€e BHpIlIaJIbHE 3HAYEHHS JJIsi EKOHOMIYHOTO PO3BUTKY Ta 3aJJOBOJICHHS
NoTped HaceNeHHs, TPOMHUCIIOBOTO i CUIbCHKOTO TOCHOIAPCTB KpaiHu.

CyuacHul CHEPrOpHHOK YKpaiHu MOTpeOye MiABHUIICHOK ¢(heKTUBHO-
cti. Lli crioHykae eHepreTH4YHi KOMIIaHii MPaIfoBaTH Ha/l 3HWKEHHSAM BHTPAT
Ha eHeprilo Ta MiJBULICHHSIM eHeproe()eKTUBHOCTI CBOIX mpoueciB. OqHuM
i3 KJIFOYOBHX ACTIEKTiB €HEPrOMEHEDKMEHTY € BUKOPHUCTAHHS ajlbTePHATHB-
HUX JDKEpeJ eHeprii, TaKuX SIK eHepris BiTpy, COoHIlI Ta Boau. Lle 3menmye
3aJIOKHICTh BiJl TPAIUIIIMHUX JPKEped eHeprii, Takux K Hadra i ras, i 3HH-
JKy€ BUTPaTH HA ITAJINBO.

Jlpyroio BaXKJIMBOIO 3a/lau€l0 €HEPrOMEH/KMEHTY € BIPOBAKCHHS
€Hepro30epiratoynx TEXHOIOTIH 1 MPOLECIB I MPOMHUCIOBUX U arporpo-
MHCJIOBHX MIANPUEMCTB, a TAKOXK y MicTax i cenuiiax aepxasu. Lle no3so-
JIMTH TiIIPUEMCTBAM CKOPOTUTH BUTpPATH Ha €JEKTPOSHEPTiI0 Ta 3MEHIIUTH
BUKHJIY LIKIJUIMBUX PEUOBHH Yy HABKOJIMIIIHE CEPEIOBHIIIE.

Takox B pamkax 3ajiaq €eHEeproMEHE/PKMEHTY, BOKJIMBO OyTH B Kypci
3aKOHOJIaBYMX 3MiH 1 BIPOBAPKYBaTH HOBI TEXHOJIOTIl Ui 3MEHIICHHS
BILUIMBY Ha HaBKOJIMIIHE CepeloBHIIe Ta 3a0e3redeHHs Oe3rneKu BUpOOHHII-
TBa €Heprii Ta Il BUKOPHCTaHHSI.

OpieHTOBaHICTh YKpaiHU HA MOAANBIITY IHTErpalilo y CBITOBE CIIBTO-
BapUCTBO 3yMOBIIIOE NTOTPeOyY Y (OpMyBaHHI IHHOBaLiHHOT MOJENI PO3BUTKY
€HEepropuHKY, IHHOBAIii{HI 3pyIIeHHS Y BUPOOHMUIH 1 coliasibHii cdepax. Y
3B’S13Ky 3 IMM 0coOJIMBOi akTyajbHOCTI HaOyBae mpoOiema MiJBUIEHHS
PiBHS €HEPreTHYHOI He3aJIeKHOCTI YKpaiHN Ta HOBOI MapagurMu Jep>KaBHOI
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€Heproe()eKTUBHOT HONITHKH, 110 TPYHTYETHCS HA NMPUHLUIAX SMEpPKEHT-
HOCTI, TPAHCTIAPCHTHOCTI, €KOJIOTIYHOCTI, CYBEPEHITETy Ta COIaJbHOI Bij-
noBigabHOCTI [1].

VY cy4acHHX peaisix eHepreTHKH KpaiHH TiJIbKU 3aCTOCYBaHHS SHepre-
THYHOTO MEHEIDKMEHTY SIK CHCTEMH, 1€ BUKOPUCTOBYETHCS KOMIUICKC Hiif,
MOJKe HaJaTH KOHKPETHi, AKiCHI i e(eKTHBHI pilIeHHs mo10 3abe3rneueHHs
HAJIHHOTO Ta CTabLIPHOTO EHEPromoCTaYaHHs.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Camoiinenko 1.0. EnepreTnunuii MEHEI)KMEHT Ta eHEproeeKTHB-
HicTe: [ligpy4HUK JUIs CTYIEHTIB 31 CIELiaJbHOCTI EIEeKTPOCHEPTeTHKa,
eJIeKTpoTexHika Ta enekrpomexanika /1.0. Camoiinenko, O.I'. I'pub, A.O.
3anopoxenp Ta iH.-XapkiB: @OII bposin O.B., 2020.— 348 c.
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INEPCIHEKTUBU PO3IIUPEHHSA CKJIIALY
EHEPT'O3BEPTIT'AIOYMX 3AXO/IB /UISA CUCTEM
EJIEKTPOITIOCTAYAHHSA

[TincymxoM poOoTtH anroputMmy (GpopMyBaHHS IpOrpamMu eHeprozoepe-
xeHHst uist cucteM enekrponocradantst (CEIT) € nmepenik TeXHIYHUX eHep-
ros6epirarounx 3axomis (E33) mus peamizamii. IX exoHOMiuHO moOMimbHMIA
CKJIaJl BH3HAYAETHCS COOIBApTICTIO 3a0IIa/PKEHOT eNIeKTpoeHepril 1 mopis-
HSIHHAM 11 3 AitounM tapudom [1]. He3paxkaroun Ha 3akiiaJieHHi B IPOIIOHO-
BaHOMY aJITOPUTMI MEXaHI3M BHUSBJICHHSI MAaKCHMaJIbHOTO PE3E€PBY €KOHOMIi
eJICKTPOSHEPrii, OTpUMaHe 3HAYCHHS T'PAaHWYHOTO IOTEHLiATy eHeprosode-
PeXXEHHS 3aIi€ThCs HEe TIOBHOKO Miporo. Lle moB’s3aH0 3 MOJITHKOI GopMy-
BaHHS TapU(]iB Ha EICKTPOCHEPTII0 1 BapTICTIO Ha EIEKTPOYCTATKyBaHHS.
3aJMIIMBIIA OCTAaHHE SIK JIAHICTh B HHUHIIIHIX PHHKOBHX yMOBax IocCIojia-
PIOBaHHS, MIPOTIOHYIOTHCS HACTYIIHI IIIAXH 110 301IbIneHHIo ckiany E33 mis
CEII npoMHCIOBUX i IIPUEMCTB.

Ilepummii — 3amisiT €KOHOMIYHI MeXaHi3MHU NpaBoBOi 0a3u B 0OmacTi
€HEepro30epekeHHsI, AKi CIPHUAIOTH CTHMYJIIOBAaHHIO €HEPro30epekeHHs Ha
mianpueMcTBi. TakoX 3aKOHOJABCTBOM YKpaiHHU HepeadadeHuil psii Mmijbr
10 OMOAATKYBaHHIO MiSUIBHOCTI, IO TIOB’s3aHA 3 PO3pOOKOI0, BIIPOBAIKEH-
HaM 1 BukopuctaHHsiM EE3 i eneproedexrnBHuX mpoekTiB. Hampuximan,
nojioxxeHHsIM «IIpo onomaTkyBaHHS NPUOYTKY IiIIPHEMCTBY» BCTAHOBJIEHO,
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II0 BiJI MOJATKIB 3BUTBHAETHCSA MPUOYTOK (BIIPOJOBK I’ SITH POKIB 3 MOMEHTY
MepIIoro i OTPUMAaHHS), SKIIO 1€ CTaJOCS BHACIIAOK IiIBHIIEHHS €HEPro-
e(peKTUBHOCTI BUPOOHHIITBA 32 PaXyHOK €KOHOMII 1 paliioHaJbHOIO BUKOPH-
CTaHHs CHEPreTHYHHX pecypciB. PekoMeHI0BaHe 3HM)KEHHS BTPAT EJIEKTPO-
eneprii B CEIl npomMucIOBOTro mignpHeEMCTBA CIPUSE MOJIMIICHHIO 3arajb-
HOTO PEXUMY HOTO €JIEeKTPOCIIOKMBAHHS, & OT)KE I MiJBHUIICHHIO EHEproe-
(exTHBHOCTI BUpOOHHMITBAa. TOMYy MOMHa pO3IIISIaTH BHKOPHUCTOBYBAaHE
JUIS 11i€] METH HOBE eJICKTPOYCTaTKyBaHHS sIK eHepro3oepiraiode, OCKiIIbKA
fioro 3acTocyBaHHS Oepe yJacTh B IpoOIleci eHepro30epekeHHs, 30KpeMa s
€JIEKTPOIIOCTAYAHHS MIANPHEMCTBA.

Jpyruii muiix — BpaxyBaTH IPH CKIaJaHHI IpPOrpaMu eHeprosodepe-
JKeHHS TUHAMIKy 30UTbIIeHHS Tapu(iB Ha eJeKTpuuHy eHeprito. Jlocmi-
JokeHHs [ 1] mokasanm, 1o st KOPEeKTHOTO BUPIIICHHS 3a/adi 32 BU3HAUCH-
M ckiany E33 mrs CEIl mpomucinoBuX MiATPHEMCTB 0akaHO BPaxOBYBa-
TH TPOTHO3 30UIbINEHHS Tapu(iB Ha TEpPMiH peaizallii mporpaMHu eHepro-
30epexxeHHs1. Lle 103BOJIMTH B MEPCHEKTHBI PO3LIMPHUTH 00’€MH peasrizaiii
MOTEHIIaJly EHEepro30epeXeHHsl 1 TOYHINIE CIPOTHO3YBaTH EKOHOMIYHY
e(peKTUBHICTh IPOrpaMK €Hepro30epekeH sl B 00J1aCTi eJIeKTPONOCTayaHHs,
TUM CaMUM MOJIMIINTH il IHBeCTHLIIIHY NPUBaOINBICTS.

HigsumuTu eexTrBHiCTs [IporpaM eHepro3depeKeHHs B raiysi ele-
KTPOIIOCTaYaHHS MOJKJIMBO TaKOX IIIIXOM CHUIBHOTO BUKOPHCTaHHS OTPH-
MaHHX PE3YJbTATIB i MPAaKTHYHUX PEKOMEHIAIIN 3 Tay3i Teopii ympaBitiHHL
MPOEKTaM{ Ta PEe3yJIbTATiB HOBHX €KOHOMIUHHX HociimkeHb. [Ipomonosa-
HU# y [2] mpuHIMn ontuMizanii [IporpaM eHeproz0epekeHHS IPYHTYEThCS
Ha TOMY, L0 NO3UTHBHUI €eKT /ae caMe KOMIUIEKCHA peaisallis mporpa-
miu. Lle 3yMOBIIeHO THM, 110 ii €eKOHOMIYHO JOLUIBHHUN MMOTEHIiaN BH3HAYA-
€THCS1 EKOHOMIUHOIO e€(DEKTUBHICTIO BCIiX 3aXOJ(IB Y CYKYITHOCTI, epiofgom ix
BIIPOBA/KCHHS Ta BIAMOBIAHUM OOCSTOM 3a0MIaKCHUX EHEPropecypcis.
[Tpu Takomy migxoni, BusiBiieHi TexHivyni 3axoau ais CEIl no Hporo 3a pa-
XYHOK IHIIIMX Ha OCHOBI IIPUHIIUITY CAMOOKYITHOCTI.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. Kagan FO.I'. Onierka moTeHInana ¥ MporpaMMBbl SHEProcOepeKeHUS
B CHUCTEME DJIEKTPOCHAOKEHHUS Ha MPUMEpPEe KOKCOXUMUYECKOTO ITPOM3BO/IC-
tBa / FO.I'. Kauan, B.B. JlpsiueHko // EHepreTnka: eKOHOMiKa, TEXHOJIOTII,
exonoris. — K. :HTYVY «KIll», 2007. — Ne2(21). — C.55-59.

2. Kauan 1O.T". logo onTumizamii HOCIiIOBHOCTI peari3alii mporpam
eHepro30epekeHHsT 3a eKOHOMiuyHMM  kputepiem / HO.J. Kauan,
K.O. Bpatkosceka // BicHuk ekoHOMiuHOT Haykn Ykpaiau. — 2009 . - Nel. —
C. 97 -100.

54



VK 620.9-338.4

bparkosceka K.O.!, Xonakos S1.E.2, Kpasuenko A.O. 3, Conryc O.1.3
! kang. exon. Hayk, non. HY «3amopisbka HoiTexHika»

2 cryn. p. E-112m HY «Banopisbka moTiTeXHiKa»

3 cryn. tp. E-512m HY «3amnopisbka IoiTeXHIKa»

HNEPCHEKTUBH PO3BUTKY EHEPTETHYHUX TEXHOJIOT'TA B
YMOBAX IU®POBI3ALIII EHEPTETUKH

3a ocTaHHI pOKH TeMId IHQPOBI3aIii KUTTEMISIIBHOCTI CyCIiIbCTBA
cyTTeBO mpuckopmimck. Ludposi moxeni, miatdhopmu, anroputMu 00poOKH
iHpopManii MPOHUKHYIH Y BCi Cheph EKOHOMIKH Ta YIPaBIiHHSI. 3aBISAKH
IHHOBALIHHUM TEXHOJIOTISIM Ta AOCTYITy JJO HOBHX THIIIB JaHUX 3’ SIBISIOTHCS
HOBI Oi3Hec-TIpolecH, MOCIYTH Ha PUHKY, 3MEHIIYIOTbCS BUTPaTH Ta 3HH-
KYIOTbCSl Oap’epu Ui BXO/DKEHHS HAa PHUHOK HOBUX YYacHHKIB, 3pOCTAE
piBeHb MOIH()OPMOBAHOCTI YYAaCHHKIB IIOJI0 PO3BUTKY CHUTYallii Ta LIHOBHX
rapaMmeTpiB HEOOXIAHUX mociyr. [yl y4YacHUKIB €HEPreTHMYHOrO PHUHKY
uudpoBsi iHCTpyMeHTH Ta tuiaTdopmu 3a0e3nedyoTh eheKTHBHINLY 1HTerpa-
LiI0 PI3HUX DKEepeNl SHeprii Ta TUMIB CII0KHBAYiB, CIPHAIOYH KpPAIIOMY
3a[IOBOJICHHIO TIOTPeO CIIOKHBaYiB Ta HAMIMHOCTI (DYHKIIIOHYBAaHHS CHCTEM
eHepro3abe3nedeHHsA. Y TOH ke Jac MU(pPOBi3aIlisi CTBOPIOE HOBI MOXKIIHBO-
cTi g Gi3Hecy Ta IpKepena AOXOAY IJIsl HOCTAYalbHUKIB CHEPreTHYHHX
MIOCITYT, BOJHOYAC JIOTIOMAralydy CIOXKMBadaM Kpallle PO3yMITH CBOE CIIO-
JKMBAHHS €Heprii Ta 3MEHIIyBaTH CBOi PaxyHKH.

P03BUTOK HOBITHIX €HEPTETUYHUX TEXHOJIOTIH CYTTEBHMM YHHOM BILIH-
Ba€ Ha CTpATeriuHi MPIOPUTETH PO3BUTKY eHepreTHku. OKpemi TEeXHOJIOTii,
BOJIHOYAC, 3yMOBJIIOIOTH 3MiHYy yYMOB Ta IPHUHLMUIIB (YHKI[IOHYBaHHS He
TUIBKA OKPEMHX €HEPreTHYHUX CHUCTEM, ajie i COLIOKYJIbTYPHHX acCIeKTIiB
€HeprocroxuBanus. HoBiTHI eHepreTuuHi TexHouorii Ta Oi3Hec-mMonelni
poOOTH Ha EHEPTeTHYHNX PUHKAX BIAKPHBAIOTH HOBI MOXKIIMBOCTI JUISI BUPO-
OHWKIB, IIOCTaYaJIbHAUKIB Ta CIOXXHUBAYIB €HEPril K MO0 IiIBUIICHHS ede-
KTHBHOCTI iX BUPOOHUYOI MisITBHOCTI YW CIIOXKUBAHHS €HEPrii, TaK 1 MIOJ0
MOJKJIMBOCTi OTPUMAHHS €KOHOMIYHOI BUTO/IM Bifl Y4acTi B poOOTi Ha PHHKY,
B T.4. B pe3yibTaTi PO3LMIMPEHHS BHKOPUCTAHHS BiIHOBIIOBAHHUX KEPEI
eHeprii, AeleHTpatizalii eHepro3ade3neyeH s, yuacTi B peryJItoBaHHI 10MH-
Ty, HaJaHHI IIOCIYT 3 OaJaHCyBaHHS CHCTEMH YH IPsAMOi OHIAHH-TOPTiBII
eJIEKTpOCHEpTicr0 Ha Oipikax.

3 omgHOTO OOKY, CydJacHi TEHIEHII PO3BUTKY €HEPIeTHKH XapaKTepH-
3YIOTBCSl 3pOCTAHHSIM YaCTKH BITPOBOI Ta COHSIYHOT €HEPreTHKHU B 3arajbHO-
My OaxaHci BUpOOHHUIITBa eneKTpoeHeprii. BogHouac ix pexxumu poOoTH €
HecTaOUIBHUMH 1 IIe CTBOPIOE MPOOJIeMy JUIsl €JIEKTPOMEPEX, OCKUIBKU He-
00XiTHO Tepen0aYnTH, KOJIH HAJIXOMKCHHS SHEepril BiJ IUX JDKepeN maja-
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THUMe, KOJH 3pocTaTtuMe. 3 iHIOIOTO OOKY, PO3BHTOK HOBITHIX aKyMyJSTOP-
HUX TEXHOJIOTiH € CYTTEBOIO 3MIHOIO YMOB (DYHKITIOHYBaHHSI €HEPTOCHCTEM,
OCKIJIBKM iX MOXKHA IHTErpyBaTH B €HEPreTHYHY MEpexy Ta 3a0e3neyuTd
BUpiBHIOBaHHS Tpadiky. Ajke came piBHOMIpHUI rpadik BUpOOHHMITBA Ta
CIIO’KMBaHHS €Heprii € HalOIIbIl e()eKTUBHIM PEKUMOM POOOTH CHCTEMH
eHepro3adesneyeHHs, o Ty’Ke BAKKO 3a0€3MEUNTH Y PealIbHUX YMOBaX.

Jnst nmopanpmioro 30UIBIICHHS YacTKU BiJHOBIIOBAIBHHUX JDKEpEN B
eHepro0aIaHci, po3BUTKY €JIEKTPOaKyMYNIOIOUHX CHUCTEM Ta IX iHTerpamii
1o O6’eTHAHOT SHEPTEeTUYHOI CHCTEMH YKpaiHH 3 YpaxyBaHHIM HEOOXiTHIX
mapaMeTpiB SKOCTI Ta HAIIHHOCTI OCTAYaHHA €JIEKTPOCHEPTii TOMIIBHIM €
BITPOBA/KCHHS TEXHOJIOT1H IHTENEKTyalbHIX enekTpomepex (Smart Grid).

VY mepeBaxkHilf OIMBIIOCTI KpaiH He iCHY€E CIelialbHUX MIPaBOBUX pe-
JKHMIB MIATPUMKH PO3BUTKY €JIEKTPOAKYMYJIOIOUYHX CHCTEM, OJHAK 3aIpo-
Ba/PKEHO AepKaBHI MPOTpaMH MIATPUMKH. Tak, iCHYIOTH CIEIialibHi Ipo-
rpamMu (iHAHCYBaHHSI PO3BUTKY TaKHX CHCTEM JUisi Po30yZOBH po3ocepe-
JokeHol reHepauii (Hampukian, y Himewunni). ¥V 2016 p. CILA BcTanoBuimm
MOAATKOBI MpedepeHuii At cy0’eKTiB, 0 eKCIUTYaTyIOTh OarapeiiHi, Maxo-
BUKOBI HaKONW4YyBadi, HAKONWYYBa4l €Hepril CTUCHYTOTO HOBITPs Ta Tiapo-
AKyMYJIIOIOUUX EJIeKTPOCTaHIild. ByIIBHHIITBO HaKONMYyBayiB BEIUKOT
MOTY>KHOCTI TTOTpeOye 3HAYHUX IHBECTHIIIH 1 BCE OJHO CTHKAETHCS 3 HEOO-
XIHICTIO 3MCHIICHHS IHBECTHUIIIMHAX PH3WKIB. AKTYaJbHUMH IS TOCHi-
JOKEHB 3aJIMIIAOTHCS TaKi crieru(ivHi TUTaHHS A7 iHBECTHIIIH B eJIeKTpoa-
KyMYJIIOIOYi CHCTEMH OYIb-SKOi ITOTYXKHOCTI Ta 0allaHCOBOi HaJIe)KHOCTI:
JIIEH3YBaHHS, MAKITIOYCHHS 10 MEPEKi Ta I[IHOYTBOPEHHS.

CIIUCOK BUKOPUCTAHOI JITEPATYPU

1. HITyuHuii iHTENEKT B eHepreTHi: aHamiT. nonosigs / Cyxomomns O.
M.— K.. HICH, 2022. — 49 c¢. - https:/doi.org/10.53679/NISS-
analytrep.2022.09

2. [lepcrieKTHBH PO3BUTKY TEXHOJIOTIH €JIeKTPOaKyMyJIOBaHHS s
3a0e3MeueHHs] CTaIMX EHepreTHUHUX TpaHcdopmaliii B yMOBax HOBOIO
punky enexktpoeneprii / Y.€. ITucemenna, O.C.bukonst // ExkoHomika Ta
cycminbeTBo. — 2018, — Nel7. — C.148-152. — https://doi.org/10.32782/2524-
0072/2018-17-21
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CYYACHHMI CTAH COHﬂqHQi
TEIUIOEHEPTETUKH B YKPATHI

Buxopucrannas eneprii CoHII I OTpUMaHHS TEIUIOBOI eHeprii Mae
JABHI TPamuIlii 1 Ty>ke MUPOKHHA CIIEKTP 3aCTOCYBaHHA B cydacHOMY CBiTi
SHEpTrisl COHTYHOTO BUIPOMIHIOBAHHS INPOKO BHKOPHUCTOBYETHCS VIS TEIl-
JIONIOCTAa4aHHsI, BKJIIOYAIOUN rapside BOJONOCTAYaHHS 1 OMAJCHHS, a TaKOX
JUIsL TIOCTauaHHS XOJIOJY, KOHJAMWIIIOBAaHHS IOBITPS, Ta B DPi3HOMaHITHHX
TEXHOJIOTIYHUX Mpoliecax. TerioBy €Heprilo COHSYHOTO BHIIPOMIiHIOBaHHS
MOYKHa BUKOPHCTOBYBaTH B JKHTJIOBHX, TPOMaJICBKUX Ta IMPOMHCIOBHX Oy-
JUBJISIX, IS CYLIIHHS PI3HOMaHITHUX IPOAYKTIB Ta MaTepialiB, Uil BUKOPH-
CTaHHs B TEXHOJIOTIYHHX TPOLEcax Y MPOMHUCIOBOCTI Ta CUILCBKOMY TOCIIO-
JapcTBi. 3aCTOCYBaHHS B CUCTEMaXx TEIJIONOCTaYaHHs 00JIalHAaHHS COHAYHOT
TEIUIOBOI €HEPreTHKH € MO3UTHUBHUM 3 TOUYKH 30pYy €KOJOTii — KUIBKICTB
IIKIUIMBUX BUKHUJIB B aTMOC(epy 3MEHIIYETHCS HA BEJIMUNHY, SIKa YTBOPIO-
Bajach OW MpH 3TOPSIHHI 3a0MIaHKEHOT0 opraHiyHoro namusa. [1] 3okpema,
COHSTYHA CHEPTeTHKA - ONH 3 MEPCIEKTUBHMX HAIPSMIB 3aCTOCYBAaHHS aJlb-
TEpPHATUBHHX J[KEPeEIT CHEprii B HAIIIH KpaiHi.

[Tocrayanus Teruia, 3aBAsKW BUKOpHcTaHHIO eHeprii CoHLsl, Mae No-
CTaTHHO BEJIMKUN JOCBIJ 1 CIIUPAETHCA HAa HOpMAaTHBHY 0a3sy. IloreHmian
MIPOMHCIIOBOCTI JIa€ MOXKJIMBICTb BUPILIMTH BUPOOJIATH reflioTeXHiuHe o0a-
JIHaHHS HEOOXIJHOI KIJIbKOCTI, 8 €HEepreTHYHU I MTOTEHIia] TeIUIOBOT eHeprii
CoHIsl 103BOJISIE CYTTEBO 3MEHIIMTH BUTPATH OPraHiqyHOTO MalBa Ta 3Me-
HIIATH NIKIAJTUBUA BIUIMB Ha €KOJIOTiI0. SIK BioMO, TepMiH e(EeKTHBHOIO
BUKOPHCTAaHHS TEIOCHEPIreTUYHOr0 OOJagHAaHHA Yy MIBJSHHUX O00JacTIX
VYxpaiau — 7 MicsIiB (3 KBITHS 10 )KOBTHS), Y MIBHIYHUX 00JacTsIX — 5 Mics-
1iB (3 TpaBHA 10 BepecHs) [2, 3].

Crix 3a3HA4HTH, IO CYYacHI COHSIYHI KOJEKTOpH 3a0e3MeUyoTh JI0-
CTaTHRO BUCOKHHU PiB€Hh BUKOPUCTAHHS COHSIYHOI €Heprii Ta cTaliabHICTh
TEIUIO- Ta TapsY0ro BOAOIOCTAYaHHS BIIPOJOBXK BCHOTO POKY Ha BCill TepH-
Topii Hamoi kpainu. [Ipu nmepesenenni 10% iHAWBITyaTbHUX CIIOKMBAYiB HA
COHAYHE TEIJIONOCTauyaHHs B perioHax YKpaiHm MoxHa 3aomamuta 0,17
MJIH T y.IL./pik. IIpn eheKTHBHOMY BHKOPHUCTaHHI COHSYHOTO BUIIPOMiHIO-
BaHHA TOTYXxHIicTI0O 4300 MJx/M?> Ha piK MOXKHa 3a0e3MEYUTH TOTPedH
CIIO’KMBAYiB B omalieHHi 10 25%, y rapsiaoMy Bogomnoctadandi — 1o 50%, y
KOHJAWIiIOBaHHI — 10 75%. 3aMmiHa TpamuIifHAX KOTEJICHb COHSYHHMHU
YCTaHOBKaMH JI03BOJISIE 3aMICTHTH 1 36KOHOMUTH OPraHiYHE MaJMBO, 3HU3H-
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TH 00’€M TEIUIOBHX BHUKHIIB i BUKUIIB MPOIYKTIB 3TOPSHHS Y HABKOJIHIITHE
CepeOBHINe, a TAKOXK BUPIIINTH HI3KY COIIaIFHUX MpoOJeM y paiioHax, e
HEeMae IIEHTPaJIi30BaHOT0 SHEProNOCTayaHHsl, i 3aJisITH BUPOOHUYIHMH MOTEH-
1iajl HepeHTabeNbHUX HUHI MiApueMcTs [4].

BukopucranHsi coHA4HOI eHeprii 3marHe mokpuBatu g0 60% pidHOT
MOTpeOu eHeprii Iyisl rapsaoro BOJONOCTaYaHHs, a B JITHIO IOPY POKY Ha-
BiTh 10 100%. OOuH COHAYHMI KOJNEeKTOp IuIomeo 2,4 M? 3a JeHb MOXe
3aomaauty 6musbko 0,7 M3 IPUPOHOTO Ta3y, a pidHa HOro eKOHOMIs CKJa-
nae omuseko 145 M3.[5].

B To0if ke gac ciix 3a3HaYUTH, 10 B YKpaiHi CHCTEMH COHSYHOTO TeTl-
JIONOCTa4aHHA HE OTPHMAJIN HMIMPOKOTo 3acTocyBaHHSA. OCHOBHA NMpUYMHA —
e Opak BITYM3HSHOTO OOJAaTHAHHA HAa BHYTPIITHHOMY PHUHKY HaBIThH IS
IHIMBITyaIbHOTO CIIOKMBa4ya. TakoK HEraTHYHWH BIIMB Ma€ BiJCYTHICTh
CTHMYJTIOIOUOI JIep’KaBHOT HNOMTITHUKH Ta 0OMEKeHa, HelocTaTHs noiH(opMo-
BaHICTh MOTEHLIHUX CIIOKUBAYIB.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. BigHoBuoBaHi Jkepera eHeprii: Monorp. / bapuio A.A., benmenni
M., Bynsko B.I. Ta in.; mig 3ar. pea. C.O. Kyapi. — — KuiB: [ncTuTyT BimHO-
BmroBaHoi eHepretuku HAHY, 2020. — 392 c.

2. Kyaps C. O. Herpanumiiiai Ta BiZHOBIIOBaHI JKepena eHeprii —
Higpyunnk. — KwuiB: HamioHanpHWIA TeXHIYHWHA YHIBEpCcHUTET YKpaiHu
(«KTIII»), 2012. — 495c.

3. ATJac eHepreTHYHOro MOTEHILiany HeTPaJuliiHUX Ta BiIHOBIIOBA-
HuX pKepen eneprii. [1ix pen. H.M. MxirtapsiHa. — Kuis: TOB «BunaBHUIIT-
BO BikTopisy», - 2012. — 61c.

4. TpaauuiiiHi Ta HETPAAULIHHI CHCTEMH eHepro3ade3neyeHHs ypOaHi-
30BaHUX 1 MPOMUCIOBUX Tepuropiit Ykpainu: monorp. / I'.I'. TliBusik, O.C.
bemrra, M.M. Tabadenko Ta iu.; mix 3ar. pexa. I'.I'. IliBaska. — JI.: Hariona-
JbHUI ripHUuKi yHiBepeuTert, 2013. — 333 c.

5. TligroToBKa MpoMO3uLii i3 YUCTOI eHepril: NPaKTHYHHUN MOCIOHUK /
ITix 3aranpHOO penakmiero Topmocosa P.1HO., Pomantok O.I1., Cadiyminoi
K.P. — K.: TOB «Ilomnirpag mrrocy, 2015. — 176 c.
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CEKIIA «EJEKTPUYHI MAIIUHW»

YK 621.3.013.1
Apumbdam 1.C.
I-p TeXH. HayK, npod. HY «3amopi3pka moiTexHikay

OCOBJIMBOCTI BUBHAYEHHSI KPUTHYHUX 3HAYEHbD
OITIOPIB OBMOTOK TPAHC®OPMATOPIB 3
JTIOBIOTPUBAJIMMHU CTPOKAMU EKCILTYATAIIII

[ToTyXHi CHIIOBI BHCOKOBOJIBTHI TpaHC(hOpMATOpH, SK MpaBUIO 00Ja-
THYIOTBCSI aBTOMaTHYHUM IIiINpPEecCyBaHHIM OOMOTOK. 3 omHOTO OOKYy Iie
00yMOBJICHO TOTpeOaMu 3a0e3MEUYCHHS TUHAMIYHOI CTIHKOCTI OOMOTOK B
KOMYTalIfHUX pexuMax abo aBapiiHMX peXHMax parnToOBOrO KOPOTKOTO
3aMUKaHHS. 3 1HIIOro OOKy Iie 0OYMOBJICHO 3MiHOK BHCOTH OOMOTOK Iij
Yac eKCIUTyaTallii BHACIIIOK KOJIOIHUX BJIACTUBOCTEH TBEPIOI LEIOJIO3HOT
€JICKTPOI30JIALLT, SIKa 3MIHIOE CBOT PO3MIpH 1 00’ €M B 3aJICXKHOCTI BiJ| MUTO-
MOi BOJIOTOMICTKOCTI, & TaKOX i3-32 3MEHILCHHS CTYIEHS IMOJiMepHu3aLil
BHACIIJIOK JOBTOTPHUBAJIO] TEMIIEPATypHOI IECTPYKIIi.

3MiHH OCBOBHUX PO3MipiB MEPBUHHUX i BTOPHHHUX OOMOTOK MOTY>KHIX
BHCOKOBOJITHUX CHJIOBHX TpaHC(OpMAaTopa Ta iX B3a€MHOTO PO3TallyBaHHS
Ha CTPWXKHAX MAarHiTHOI CHCTEMH TpaHC(pOpMaTopa BIUIMBAIOTH HA 3MiHU
CKJIaJIOBHX iX OmopiB. 3MiHa iX 3HA4YEHb JO3BOJIAE BCTAHOBUTH KPHUTHYHI
BIIXUJICHHS, SIKI MOXXYTh ICTOTHO 30UIBIIMTH BIPOTIAHICTh BUHHKHEHHS
MOLIKO/IKEHb MiJ] 9ac eKCIuTyaTarlii.

Tomy icHye notpeda NOMOBHHUTH JIaHi MOHITOPUHIY MapamMeTpiB i cTaHy
CHJIOBOTO TpaHc(opmaTopa IiJ| yac eKcIutyaralii BiANOBIJHUMH JaHUMH, IO
XapaKTepHU3YIOTh TX MOYaTKOBI 3HAYEHHSI 1iJ] 4ac BBEASHH B EKCILTyaTaliro abo
JUISL ior0 TIPOEKTHOTO craHy. Tozi MOpIBHSHHS 3MiHM (DaKTHYHUX BiIXHJICHb
eJIEKTPUYHHX OTOPiB OOMOTOK 13 MOJIEIEHUMH 3MiHAMH JI03BOJIUTH BCTAHOBUTH
KPHUTHYHI BiIXIJICHHS T€OMETPii 0OMOTOK JUTSI TOBIOTPUBAJIOT eKCILTyaTaITii.

OTxe, mpoOireMa BH3HAYCHHS OTOPIiB IMEPBHHHUX | BTOPHHHUX 0OMO-
TOK HaBaHT)KEHUX BHCOKOBOJBTHHUX CHJIOBHX TpaHC(HOPMATOPIB ITiJ HaBaH-
Ta)XEHHSM 3 YpaxyBaHHSIM 3MiHHU IX T€OMETPIB 1 B3a€EMHOTO PO3TAIlyBaHHS €
aKTyaJIbHOIO SIK Y HAyKOBOMY TaK i1 IPaKTUYHOMY IUIaHI.

[ligBUIEHHS TOYHOCTI PO3pPaxXyHKY CKJIQJOBHX OIOPIB NMEPBHHHUX i
BTOPMHHHUX OOMOTOK IMOTYXHHX CHJIOBUX BHCOKOBOJITHHUX TpaHc(hopmaro-
piB i3 BpaxyBaHHSAM IX T'€OMETPHYHOI OyIOBH, T€OMETPUYHHX PO3MIpIB ii
CKJIaJIOBHX, 30BHIIIHIX PO3MIpiB i B3a€MHOTO PO3TAIyBaHHSA HA CTPUIKHAX
TpaHchopMmaTopa noTpedye po3poOku mpocTopoBoi 3D reomeTpudHOi MO-
aemi. L{to reomeTpudHy MoJienb HEOOXIHO CHONYYUTH 3 MOJAEISIMH €JIeKT-
po(hi3NYHUX BIACTUBOCTEH MPOBIAHUKOBUX, €IEKTPOI30IALIHNX (epomar-
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HITHHX 1 KOHCTPYKIIHHUX MaTepialiB akTHBHOI YaCTHHU TpaHchopMaTopa, a
TaKOX MAaTeMAaTHYHHMHU MOJEISIMU HECTAI[lOHAPHUX TPOCTOPOBHX ECIEKTPH-
YHUX 1 MarHiTHHUX TOJIIB.

Peanizanis npocropoBoi 3D Mojeni HecTalmioOHapHHUX EJIEKTPOMArHiT-
HUX TIOJIB CHJIOBOTO TpaHc(opMaTopa 3/AiHCHIOBAIACS METOJOM KiHLIEBHX
eJIEMEHTIB Y cTpyKTypi 3aco6iB Comsol Multiphysics, 110 103BOJMIO i1CTOT-
HO CKOpPOTHTH BUTPATH 4acy Ha po3poOKy aJropHTMIB i CIeliani30BaHOTrO
MPOTPAMHOTO 3a0€3MCUCHHS.

3a maHUMH CXEMHOTO MOJICIIOBAHHS aBapiiHUX PEXHUMIB CHIOBUX
TpaHC(HOPMATOPiB BU3HAYAIINICS TPAaHIMIHO JOMYCTUMI 3HAYEHHS CKIIAJIOBHX
OTIOpiB OOMOTOK, JJIsI SKAX yNApHI 3yCHIIIL B OOMOTKaxX 30UTBIIyBaJMCS
moHax 25%. MeTomoM ymopsIKOBaHOTO mepeOopy A BIIXHICHHS BHCOT
KOKHOT 3 0OMOTOK, Ta iX aCHMETPHYHHX 3CYBiB Ha KOXXHOMY CTPVIKHI Mar-
HITHOI CHCTEMM BCTaHOBJIIOBAJIMCS BUXIJHI 3HAUCHHS I'€OMETPHUYHHX Iapa-
MeTpiB 0OMOTOK Ut noaanbuoro 3D MozaentoBaHHS.

Takuii migxiz 103BOJIMB ICTOTHO CKOPOTUTH BUTPATH 4Yacy AJs 3MiHH
napaMeTpiB IPOCTOPOBOI T€OMETPUYHOT MOAeNi i He oTpeOyBaB 10JaTKO-
BUX MOJIbOBUX PO3PaxyHKIB Ul YTOYHEHHS CKJIAJOBUX ONOpPIB OOMOTOK
HHU3BKOT 1 BUCOKOI HANPYTH I KOXKHOI 13 (a3 TpaHchopmaTopa.

Kpim Toro BiH JO3BONHB MPOBECTH IOCHTIKEHHS U BUIIAIKIB Pi3HO-
BHCOKHX OOMOTOK Ha pi3HHX (pa3zax TpaHchopmaropa. Ycporo Oy 3miiic-
HEHI pO3paxyHKH I TPhOX KPUTHYHUX TIap MapaMeTpiB BUCOTH i aCHMET-
pii ans koxxHOT a3y, mo 0OyMOBIIIO BUKOHATH PO3paxyHKH Ui 27 BapiaH-
TiB TIap TEOMETPUIHUX MapaMeTpiB KOKHOI 3 (as3.

BcraHoBieHo, M0 HaWOUTHIIMK BIUTMB Ha CKJIAJIOBI OMOPiB OOMOTOK
Mae iX pi3HOBHCOKICTb, 2 aCHMETPHYHHUI 3CYB 110 BUCOTI CTPIIKHS Ma€ 3Hau-
HO MEHIIMK BIUIKB. J[OBEIEHO, M0 BiMHOCHI BiIXMJICHHS IO BHCOTI 0OMO-
TOK, 110 OOYMOBIIIOIOTHCS, HACAaMIIEpel, 3HAYHO OUIBIIOK BHCOTOI BEPTH-
KaJIbHUX CTOBIIIB MPOKJAJOK B OOMOTKaxX BHUCOKOi HANpyru, MarwTbh OyTH
MeHIMMH 2,5%. Y pa3i 30UIbIIEeHHS BiJXWJIEHb Y BHCOTI OOMOTOK ITOHa]
3,3% BiJHOCHO ITOYAaTKOBOTO CTaHy HEOOXiJHO IJIAHYBAaTH 3aXOJIU 3 PEMOH-
Ty 1 JOMOBHEHHS BEPTUKAJILHUX CTOBIIB MPOKJIAIOK JOJATKOBUMH IPOKJIIA-
JIKaMu.

IcToTHOIO mepeBarolo 3armporoHOBAHOTO CHOCOOY BiJHOBIIIOBAILHOTO
PEMOHTY y pa3i KPUTHYHOTO BIIXWJICHHS JaHUX MOHITOPUHTY BiJ JaHHX
MOJIGOBOTO MOJICIIOBAHHS CIIiJ] BBaKaTH, IO Leil peMOHT He MoTpidye ne-
MOHT2XY OOMOTOK. 30BHIIIHE pO3TAllyBaHHS OOMOTOK BHCOKOI HaIrpyru
JIO3BOJISIE JIOTIOBHUTH CTOBIH iX MPOKJIAIOK JOJATKOBUMH O€3MOCepeHbO
Ha aKTHBHIH YacTHHI TpaHC(hOpMaToOpa, IO iCTOTHO CKOPOYY€E CTPOKH i
BapTICTh TAKOTO PEMOHTY.
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VK 662.614.2:661.975:669.18
[etpuk O.A.
KaHZ. TeXH. HayK, gom. HY «3amopizbka mosiTexHikay

EKOJIOTTYHI ACIEKTHU ITPOJAYBAHHS
BUCOKOTEMIIEPATYPHOI'O ATPEI'ATY KNCHEM

Jlnst cTBOpEHHS €(PEKTUBHHX TEIUIOBUX Ta KUCHEBHUX PEXKHMMIB BHUIIIAB-
KA CTaJi CTaJeIDIaBHIBHOTO arperaty HEOoOXiIHO BpaxyBaTH EKOJOTidHI
aCIeKTH HOTO POOOTH, 30KpeMa KUIBKICTh MMy, IO yYTBOPWBCS IIiJ Hac
MIPOAYBaHHA PO3IUIABYy KHCHEM, a TaKOX BHUKUIW IMIKiIMBUX pedoBuH (CO,
NOX) y HaBKOJIHUIITHE CEPEOBHIIIE.

3ajexHO BiJ 00pPaHOTO TEIJIOBOTO Ta KHUCHEBOI'O PEXUMY BHILUIABKU
CTaJi MaloTh Miclle BUKHIM IKiAmuBHX peuoBuH (mui, CO, NOX) y HaBKo-
JIMILITHE CEPEAOBHIIIE.

Ha mifcraBi 1aHUX BUBYEHHS B3a€MOIT 3yCTPIYHMX MACOIMOTOKIB KHC-
HIO B ra3oBiii (a3l Ta napiB KOHAEHCOBaHUX (ha3 HA MOBEPXHI TOPIHHA MeTa-
JIy, IOKPUTOT'O OKHCHOIO TUTIBKOIO Y CTAJEIUIaBUIIBHUX arperarax 3 mpoJyK-
TUBHICTIO 10 60 T/Tox IPOBEAEHO AOCTIKEHHS Ta MPOAaHATi30BaHO TIMTaHHS
IIPOLIeCyY MWIOYTBOPEHHS TP NPOJYyBaHHI PO3IUIABY CTPYMEHEM KHCHIO B
CTaJICTUIAaBIIIbHIM BaHHI 3 MO3UIIT (i3UKO - TiAPOANHAMIYHUX i TEIUIO(i3nud-
HHUX 0COOIHMBOCTEH CTaHy peakIiiHOi 30HH.

3rigHO METOIMKH, MPHUBEICHOI ¥ podoTax [1, 2] po3paxyHKOBUM IILIS-
XOM BCT@HOBJIEHA 3JIEKHICTh KUJIBKOCTI ITHITY, IIIO0 YTBOPIOETHCS, BiJl IHTEH-
CHUBHOCTI IPO/IyBaHHI BAHHM KUCHEM Ta TPUBAJIOCTI TUIABKH.

[Tpu upoMy citiji 3a3Ha4MTH, 1110 BUIIApH 3ai3a Bi0yBalThCs He 3 ycCi-
€10 BaHHH, a B peaKLiiHUX 30HaX (MICISIX 3aHYpeHHs (QypM y PO3ILIaB).

BusHaueHHs paioHanbHOT IHTEHCUBHOCT] NPOJyBaHHSI BAHHH KHCHEM
TIpH MiHIMAJBHIA KUTBKOCTI Ty IPUBEICHO HA PUCYHKY 1.

Sk BumHO 3 pHCYHKY | 31 30UTBIICHHAM IHTCHCHBHOCTI TPOYBaHHS BiJ
4000 m3/rox mo 8000 mM3/ron BinOyBaeThes picT yTBOPY iy Bix 6,0 mo 8,8 kr/T,
IPH LIOMY TPUBAIICTH TUIABKK 3HIKY€EThCs Bin 3,70 10 3,38 roauH.

Ha mizcTaBi pe3ynbTariB TOCITIHKeHb, MPOBEICHHUX Y JaHii poOoTi, po3pos-
JICHUH paliOHaIbHUN TETUIOTEXHIYHUI PEXHUM IUIABIICHHS CTaJli 3 BU3HAYCHHSIM
ONTHUMAIBHOI BHUTPaTH KHUCHIO JUISl JIOCSTHEHHS MIiHIMAJIBHMX BHKHIIB Iy B
HABKOJIUIITHE CEPEIOBHIIE BIXO/ISTYH 31 CITIBBITHOIICHHS POYKTUBHOCTI arpera-
Ty (TOMy 110 31 3HWKEHHSIM IHTEHCHBHOCTI TIPO/TyBaHHSI 30LIBIITY€THCS TPUBATICT
MIPOAYBHOTO TEPIOAy, a BIAMOBIAHO I TPUBANICTh IUIABKHM, IIO MPHUBOJUTH IO
3HWKEHHS TIPOYKTUBHOCTI arperary).

ParionanpHa iHTEHCHBHICTD MMOJIa4i KUCHIO Ha BaHHY ckiana 6500 m3/rox
TIPU TPUBAJIOCTI TUTABKH 3,5 TOWHM (TIpX MiHIMAJIBHIHA KUTBKOCTI THITY 7,75 KT/T).
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OTpumaHi pe3yNbTaTH JO3BOJIIOTH MIMIHTHA IO MUTAaHHS ONTHUMIi3arii
TEIUIOBOTO i KHCHEBOTO PEXMMIB BHUILIABKH CTANi IUIA JOCATHEHHS MiHIMa-
JBHUX BUKHIIB MY B HABKOJHUIITHE CEPEIOBUIIIC.
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Pucynok 1 - BusHaueHHS parioHaIbHOI IHTEHCHBHOCTI IPOAYBAaHHS BAHHU KHCHEM TIPH
MiHIMAJIBHIHA KIJTBKOCTI THITY

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. SxomneBa L.I'. JlocnmiKeHHS BIUTUBY MapaMeTpiB MPOIYBAaHHS Me-
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YAK 621.313
Komyp I.M.
KaHZ. TeXH. HayK, gom. HY «3amopizbka mosiTexHikay

IMITAIIMHE MOJEJIOBAHHS PEXXKUMY I'AJIbMYBAHHSA
MNPOTUBKJIIOYEHHAM ACUHXPOHHOI'O IBUT'YHA 3
®A3ZHUM POTOPOM

[TepeBaxkHa OiTBIIICTD MPAMIOIOYNX KPAHOBHX YCTAHOBOK BHUKOPHCTO-
By€ peleiHO- KOHTAKTOPHE YNPABIiHHSI aCHHXPOHHOTO IBHUTYHA 3 (ha3HUM
poropom. KpiM eHepreTHdaHUX BUTPAT, BKa3aHE YNPaBIiHHA BUKINKAE J10/1a-
TKOBI MEXaHIYHI HABAaHTA)XCHHS B CIIEMEHTaX KOHCTPYKIIii KpaHa, sIKi Ipc-
KOPIOIOTh NpolLiec HOro pyHHyBaHHS, 3HUKYIOTh TEPMIH CITy:KOH, IO MPH3-
BOJIUTH 110 30UTBIICHHS BUTPAT Ha EKCIUTyaTallito.

VY 3B’A3Ky 13 3a3HaUE€HMM BHHUKA€ HAyKOBO-TEXHIYHE 3aBJIAHHS IOJO0
MO/JIEpHi3allil eJEKTPOIPUBO/IB IPU OAHOYACHOMY IPOJOBKEHHI TEpMiHY
CITy’KOU MEXaHIYHOT KOHCTPYKIIII.

B [1] Oynu moka3aHi IUIAXH yIOCKOHAJICHHSI CXEMHU IMITYJILCHOTO pe-
T'YJIIOBAHHS 9aCTOTH OOCPTaHHS aCHHXPOHHOTO JBUTYHA 3 (pasHUM POTOPOM,
0 3a0€3MeuyIoTh IUIaBHICTh PO3TOHY €IEKTPONPHUBOAY NPU BHCOKIH €Hep-
roe()eKTHBHOCTI Ta €IEKTPO- MarHITHIA CYMICHOCTI 3 MEepekKero.

3aBmaHHAM JaHOT poOOTH OYIIO TOBECTH MOXITHBICTE 3a0€3MCUeHHS eek-
THUBHOTO TaJIbMYBaHHS B PEXHMMIi NPOTHBKIIOUECHHS aCHHXPOHHOTO JBUTYHA 3
(ha3HIM POTOPOM IO CXEMi sIKa peaizye IMITyJIbCHE PeryJIFOBaHHsL.

Jnist mpoBeeHHS JOCIIDKEHHS peaizalil peKuMy rajJbMyBaHHs Hpo-
TUBKJIIOYEHHSIM aCHHXPOHHOTO JIBUTYHA 3 ()a3HUM POTOPOM 3 MOAU]iKOBa-
HOKO CHCTEMOIO IMITyJILCHOT'O PEryJjroBaHHsA y cepenoBuini MatLAB [2] 3a
JIOTIOMOTOI0 CTPYKTYpHUX 3aco0iB Simulink cdopmoBana imiTamiiiHa Mo-
JIeTIb JIEKTPOMArHITHUX TPOLECIB aCHHXPOHHOTO €JIEKTPOIPHBO/LY .

3a JOmOMOTOI0 iMiTamifiHIi Mojaemi OyiaW OTPUMaHI OCIHIOTPaMH
MIPOLIECY TaJbMyBaHHS MPOTHUBKIIOYEHHSIM KPAaHOBOTO ACHHXPOHHOTO IBH-
ryHa 3 ¢asaum poropom Tuiry MTH-111-6 motyxHictio 3.5 kBT mpu Ha-
mpy3i mepexi Un = 380 B.

Amati3 ocruorpam Mokasas, 10 B CTAJIOMY PEXXUMI IHBEPTYEMHI CTpyM
Mae TIiepepHBUacTHil xapakTep. BumpsimiieHuii cTpym poTopa MOIYyJIHOBaHO
YacTOTOIO0 KOB3aHHA. Y PEeXHMi peKymeparii BUNPSIMIICHHI CTPyM pOTOpa BHU-
3HAYAEThCS BEIMYMHOIO TiCTEpe3nca YCTABKU CTPYMY, CEPEIHE 3HAUCHHS SIKOTO
€ BEJIMYMHOIO TIOCTIHHOI. 3ampornoHOBaHa cxeMa 3a0e3reuye pekuM peKyrepa-
111 eHeprii B Mepexy B PeXKHUMI ralbMyBaHHS TPOTUBKITIOYCHHSM.

JocmipkeHHs Ha iMiTamidHIA MOoJesi oKa3any, Mo npu pesepci das i
MIOCTIHHOMY CTPYMi POTOpa CIIOCTEPITraloThCsl 3HAUHI KOJIMBAHHS MOMEHTY,
SIKi TIOB’s13aH1 3 HAsIBHICTIO arepioJMyHOl CKJIQJ0BOI IPU PeBEpCi, BETMYMHA
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SIKOT 3aJIeKUTH Bil (pa3u HAPYTH B MOMEHT peBepcy. Jiisi yCyHeHHs 3a3Ha-
YEHOTO HENOJIKy HEeOOXiIHO BHKOPHCTOBYBAaTH TiOPUIHUN KOHTaKTOp i3
KOHTpOJIeM (a3u peBepcy.

[HmuM, OLTBII palioOHAJBPHUM CIIOCOOOM, € BUKOPHCTAHHS 3a/aTYHKa
IHTCHCUBHOCTI JIQHIIOTA 3aBIaHHs CTPYMY YCTaBKH CTPYMOOOMEKEHHS, IO
JTO3BOJISIE OTPUMATH IJIABHE HAPOCTAHHS MOMEHTY JIBUT'YHA.

TakuM YMHOM, BUKOPUCTAHHS Ii€] CXEMH JI03BOJISE 3a0€3ICYUTH CHE-
proceKTUBHE KEPYBaHHS PEKUMaMH POOOTH KPAaHOBUX MEXaHI3MIB MPH iX
MOJIepHIi3aIlil.
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VK 621.316.35
Bbespepxns 10.C.
IOKT. dicod, mou. HY «3amopi3pka momiTexHika

JOCIKEHHA EJIEKTPOMATHITHHUX ITPOLHECIB ITPU
BU3HAYEHHI TAPAMETPIB TPOJIEIB IIUHOITPOBOJIA

Knacuyni imyKeHEepHI METOIN PO3paxyHKY HapameTpiB 1 eleKTpoMarHi-
THHUX XapaKTepHCTHK TPOJEHHOTo IMIMHONPOBOA B PI3HUX PEKHUMaxX poOOTH
PI3HOMaHITHHX CTPYMOIIpHIMAadiB, 3aCHOBaHI Ha IJIOMY psAi MPUITYIICHb
[1]. Hopsn 3 icHyrOUMMH METOIAMH B IH)XKCHEpHIH MPaKTHI, BIIOMHUM €
3aCTOCOBAHHS METO/IB CXEMHOTI'O MOJICIIOBAHHSI.

JlocuTh aKkTyallbHUM CIPSMYBaHHSM € pO3poOKa MaTreMaTHYHOI JBO-
MipHOi MOJIENi B YaCTOTHUX IMOCTAHOBKAX PO3PAXYHKY PO3IMOALTY MarHiTHO-
ro moins. Ll Mozmens 103BOJISiE BPaXOBYBAaTH KOHCTPYKTHBHI OCOOJIMBOCTI
CUTCEMH TPOJICHHOTO IIMHOMIPOBOJA, HETIHIHHICTh MAarHITHUX Ta €JIeKTPO-
(hi3MIHUX BIACTHBOCTEW MaTepianmiB, e€(peKTH OIM3BKOCTi, IMOBEpXHEBI Ta
30BHIIIHI MMOBEPXHEBI e()EeKTH, BILIMB TapMOHIMHUX CKIIaJOBUX CTPyMy Ha
NaJiHHS HAallpyTH Ta BTPATH IOTY>KHOCTI B TIPOIIECi eJIeKTpoIiepeiayi.

Tomy, 1 AOCHIKEHHs! €JIeKTPOMAarHiTHUX MapaMeTpiB TpoJeiB Miu-
HONPOBOJY, Ta BepH(iKallis OTPUMAHHUX PE3yJIbTaTiB PO3PaXyHKY 3a JIOIO-
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Moroto mnpocropoBoi (3D) Ta miocko-napanensHoi (2D) maremarnmuHux
MOJbOBUX MOJIEIIEH.

OTtpuMaHi 3HaYCHHS MAAIHHS HAPYTH, PO3PaXx0BaHOl 3a MPOCTOPOBOIO
MOJIEIUTIO €JIEKTPOMArHiTHOTO IOJISI Ta 3HAYEHHS PE3yJbTYIOUOro IaiHHS
HaTpyTH 3a ABOBUMIPHOIO ITOJIFOBOI0 MOZEIUIIO Y YaCTOTHIM MOCTaHOBII
3amadi. PesynbraTn Bepudikalii 3a po3paxoBaHUM MAJiHHAM HAaNpPyTH MiAT-
BEPIKYIOTh BHCOKY TOYHICTH PO3PaxyHKy Ta IOCTOBIPHICTH OTPHUMaHHX
pe3ynbrariB (moxubka He nepesunye 1,73%+1,9%) nBoBumipHOi Monemni y
YaCTOTHIN MMOCTAHOBII IO BiJIHOIIEHHIO JI0 TIPOCTOPOBOT MOJIETI B MOCTAHO-
BIIi 33/1a4i 3aJIC)KHOT BiJl 4acy eJIEKTPOMATHITHOTO TOJIS.

3anpornoHoBaHa MaTeMaTHYHAa MOJENb ISl 3aBAAHHS Y YaCTOTHOMY
(hopMyJTIIOBaHHI €JIEKTPOMArHiTHUX MPOLECIB B CTAJIEBUX Ta MiJHUX TPOJIESIX
LIMHOMPOBO/Ia MOXE 3aCTOCOBYBATHCH ISl PO3PaxyHKy IapaMeTpiB, BTpaT
Hanpyru, €Heprii MarHiTHOTO IOJsI Ta aKTUBHUX BTPaT Ui Pi3HUX (GopMm
TpoJIeiB MIMHONPOBO/IA Ta BiJCTaHEH MK HUMHM 3 ypaxyBaHHIM Ta 0Oe3 ypa-

k

XYBaHHS €KPaHYIOUHX EJIEMEHTIB U KOKHHX
CTpyMy.

-X TapMOHIK MEPEeXeBOTro

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1.®enopoB, A. A. CrnpaBOYHHK 3HEPreTHKA MPOMBIIIIEHHBIX Mpea-
npusituid. Tom 1 [Tekcr] / A. A. ®@enopos, I'. B. CepOunoBckuii, 5. M.
Bbonbmam. — M.—JL.: T'ocaneprousaar, 1961 r. — 840c.

YK 621.313
Cononosnikosa T.I1.
crapmr. BUKIL. HY «3amnopi3bka momiTeXHika

AKTYAJIBHICTb MOJEJIIOBAHHA HEPIOJUYHUX
EJIEKTPOMATHITHHUX TPOHECIB CHJIOBUX
TPAHC®OPMATOPIB

CuoBi TpancopMaTOpH MarOTh CYTTEBUH BIUTUB Ha SKICTh CKCILITya-
Talil eJEKTPUYHUX MepeX. BOHM BH3HAYAIOTh HAIMHICTH 1 CKOHOMIYHICTH
iX pexuMiB. Alle, B CBOIO 4epry, Ha 1X (pyHKI[IOHYBaHHS BIUIMBAIOTH MPOIIE-
cH, 10 MPOTIKAIOTh B 00’ €qHaHIi enexrpoeneprernyHiii cuctemi (OEC), sk
B HOPMAaJIBHMX, TakK i B aBapilHUX pexknMmax ii poboTu. [Ipudomy meit B3ae-
MOBIUIUB YCKJIaJHIOETHCS HETIHIHHICTIO X XapaKTePHUCTHK 1 MapaMeTpiB.

MaremaTH4HE MOJIEITIOBAHHS € HAaHOUIbII €(pEeKTUBHUM METOJOM BH-
BUEHHS TpoIleciB B TpaHchopMaTopax, sk enementax OEC. Ane Tpaguiiii-
HUW MaTeMaTUYHWI amapar He JOCTaTHhO TOYHO BiITBOPIOE (hi3WUHI TIpoIie-
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cu TpaHCOpPMATOPIB Ta YCKIANHIOE iX peastizamifo B KOMIT FOTEPHOMY BHIJII.
ToMy € akTyaBHOFO TIpo0OIeMa aIeKBaTHOCTI MATEMAaTHIHOI Ta (DI3MYHOI MOJICIeH.

3ajaui aHamizy i CHHTE3y 0Oe3locepesHbO IMOB’sI3aHi 3 PO3POOJICHHAM
HOBHX 00’€KTIB 1 JOCIIKCHHSM BXKE ICHYIOUHX.

3anmavi aHai3y 3a3BUYal MOAUISIOTH HA!

— PO3paxyHOK yCTaICHUX 1 MEPIOTUUHUX PEKHIMIB;

— JIOCIIJPKEHHS! IEPEXiJHUX MPOLECIB.

Jlo 3aja4 cuUHTE3y BiJHOCHTHCS BIUIMB 3MiHM IapameTpiB 00’€KTy Ha
HOro BUXigHI XapaKTePUCTHKH.

OpHi€ro 3 HaAMBaKIMBININX 3a7ad, SKi HaldacTimie 3yCTPidarOThCs B
MPaKTHUI, € aHaJli3 YCTAJCHUX 1 MePiOJUIHUX IPOLECIB, 3aBIIKA MAaCOBOMY
3aCTOCYBaHHIO B TEXHIIll MPUCTPOIB NEPiOTUIHOT [Iil.

TakuMm YHHOM YCHIX IOCTIKEHb eEKTPOMArHITHAX MPOIECIB IMITKOM
3aJIeXHUTh BiJ HAIBHOCTI MaKCHMAJIBHO IPHCTOCOBAHHMX O KOMII FOTEPHO]
peanizanii MaTeMaTH4YHUX MOJIENeH, SKi CIIUPAIOThCS HA MaTeMaTUYHHNA
arapar, CIipOMOXKHHH OJTHOYAaCHO PO3B’A3yBaTH y HENEPEepBHOMY Haci Taki
3ajaui, K MepexigHi i ycTajJeHi mporecy.

B icHyHOUHMX MaTeMaTHYHUX MOJCISIX CHJIOBHX TPaHC(POPMATOPIB He-
JHIHHICTH XapakTepy 3B’S3KIB BPaxOBYIOTh 3a JOIOMOTOI KOedillieHTiB
caMo- 1 B3a€EMOIHIYKIIii.

Po3B’a3yBaHHs TakuX MoOJENEd NOB’s3aHE 3 BUKOPUCTAHHIM MaTpUy-
HUX PO3PaxyHKIB, IO € OJHIEI0 3 HAMOULIBII TPYIOMICTKHX OIeparliii yuce-
JIBHAX METOIB.

Tomy Ha Yaci € HeoOXiHICTH po3po0IeHHS 3ac00iB MOJICITIOBAHHS TTe-
PIOIMYHUX eNEKTPOMArHITHHX MPOIECiB B CHIIOBUX TpaHCPopMaTopax, ki O
JTO3BOJBSUTH JIOCHI/DKYBATH 1 TMOKPAIIyBaTH I1X TEXHIKO-CKOHOMIYHI MOKa3-
HUKH.

VK 662.614.2:661.975:669.18
Hazapenko [.A.
KaHJ. TeXH. HayK, Ao1. HY «3amopi3bka moTiTeXHIKa»

AHAJII3 CYYACHOI'O CTAHY IMTAHHA
E®EKTUBHOI'O BUKOPUCTAHHA ITAJIMBA

YBara 110 npo0eMHu pamioHaIFHOTO BUKOPHCTAHHS CHEPTETHYHUX pe-
CypciB He cllabInae B yCiX IPOMHUCIIOBO PO3BHHEHUX KpaiHax. Hampuxian, B
HiMeuuuni po3modaTo JOCTIKEHHS 3a MPOTPaMol0, OCHOBHHUI HAIPSIMOK
SKOi - BIPOBAKCHHS HOBHX TEXHOJOTIYHHX MPOIECIB 3 OUIBII HU3BKOIO
MUTOMOIO BHTPATOK TEIUIOBOI €HEPrii, B SKUX MOPSI 3 CKOHOMIEI eHepril
nepeabadeHo MOJiMmIeHHs exojoriunoi curyamnii [1]. B Snonii TpuBae po3-
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poOKa eHepro30epiratoynx TEXHOJIOTIH I METATYPriifHUX MeYei, a B KiHIIi
80-x poKiB pO3MOYATO BIPOBAKCHHS CHCTEMH IiarHOCTYBAaHHS CTaHy Iie-
Yeif 3a JOIIOMOTOI0 IITYYHOTO iHTENEKTY [2].

VY dYopHi MeTamyprii OZHUM 3 HaAHOLIBII €HEPrOEMHUX € IMPOKaTHE
BHPOOHHUIITBO. Y TMOIYM SHUX HATPiBAIPHUX 1 TEPMIUYHUX IeYax Ifiel Mexi
BUTpadaeTses Oinbire 10 % BchOro manmBa, SIKE CIIOXKUBAETHCS ramyssio. Ilpu
IFOMY Y cO0IBapTOCTi TOTOBOTO IPOKATy BUTPATH HAa HATPiB METAy CTAHOB-
asth Big 20 % no 40 % cymu BUTpar No nepeniny, a Ha TEXHOJIOTTYHE ITAJTHBO
JIOBOJUTHCS 110 44 % 3arajbHHUX BUTpAT Ha HarpiB [3]. 3a piBHEM NalMBO BUKO-
PHCTaHHS HaIlla YOpHA METaJIypris BiZICTaBaja BiJl IEPEAOBUX KpaiH.

P03BHTOK KOHCTPYKIIi# i BIOCKOHAJICHHSI pOOOTH HarpiBajbHUX 1 Tep-
MIYHUX Me4ell MeTaaypriiHOi IPOMHUCIOBOCTI B OCTaHHI POKHU BinOyBasocs
B JIBOX OCHOBHHUX HampsIMKax: IiBUINCHHSI CKOHOMIYHOCTI pOOOTH 1 MOJIiM-
IICHHS SKOCTI HAarpiBy 3arOTOBOK, sSIKE BU3HAYAETHCA PIBHOMIPHICTIO HArpi-
BaHHA. ABTOMaTH3alis redeil BUpilTyBaa Ti K 3aBAAHHS ITiIBUICHHS €KO-
HOMIYHOCTI 1 SIKOCTI HarpiBy, MpoTe OiIBIIO Mipoo Oyia crpsMOBaHa Ha
3HIDKEHHSI TIMTOMHX BHTpAT €HEprii 3a paxyHOK ONTHMi3alii mpouecis cma-
JIIOBAaHHS [TAJIMBA 1 BAKOPUCTAHHS CHEPTil B Ievax.

3axoxu, cpsIMOBaHi Ha 3HIDKCHHS BUTPATH NMAJINBA, MOXHA PO3ALIUTH
Ha TPY OCHOBHMX HAIIPSMKH: NEPILU - OpraHizaliiHi 3aXoau; Apyre - Tex-
HIYHI Ta KOHCTPYKIIHHI 3aX0/1, TIOB’sI3aHi 31 3MIHO0 KOHCTPYKIII abo crio-
co0y omaiieHHs Ie4eil; TPeTe - BAOCKOHAJICHHS PE)KUMIB yIIpaBIiHHS Harpi-
BaHHSM METaJy B Ievax.

[Tepiui Ba HANPSIMKU MPUHOCATH €EKT 3a PaXyHOK OLIbII y3roJpKe-
HOi poOOTH CTaleIUIaBIIBHUX | MPOKAaTHUX IIEXiB, 32 PaXyHOK IOJIIIICHHS
pekynepanii Tema ra3i, M0 BiAXOAATb, 3HIKEHHS BTpaT TeIUla B HaBKO-
JUIITHE CepelOBUINE, IHTCHCU(IKAIl TEII00OMiHy B poO0OYOMY IMPOCTOpi
pizHUME criocobamu i T.n1. OmHAaK, KOJH TMEpIn JBa HAMpPSIMKH BHYCpPIaHi
CTa€ aKTyalbHOIO 3a/ladya ONTHUMAJIBHOTO YHPABIIHHA 3 BHKOPHUCTAaHHSAM
Pi3HMX KpHUTEpiiB onTHMaibHOCTI. B OcTaHHI pOKM Bce MIMpIIE BUKOPHCTO-
BYIOTBCSI MIKPOIIPOLIECOPHI MPUCTPOT KepyBaHHs 00’ €KTOM, IO JA03BOJISIOTH
peanisyBaTu Oyib-Ki JOMYCTUMI PEKHMH YIIPABIIHHS.

KinbkicHui aHami3 pi3HUX CHOCOOIB eHepro30epeeHHs MPOBOIATH 3
BUKOPHCTaHHSIM Koedimienta Bukopuctanns temiord nanmusa (KIT). ITuro-
Ma BHUTpaTa YMOBHOTO IaJMBa 3HIKYETHCS IMapajielbHO 31 301IBIIEHHSIM
KUT. 36inpmenns KUT 3abesnedyeTbes MiABUIIEHHSIM TEIUIOTH 3rOPaHHS
TavBa, MiJIrpiBOM HajMBa 1 OKKCIIOBAaYa, 3SHIKEHHSIM BTpaT 3 Ta3aMH.

Brparu TennoTy 3 BiIXiTHIMH razaMy, BU3HAYAIOTBCS iX TEMITepaTyporo i
o0csroM. 3MeHIIEHHS 00CsTY TasiB JIOCSTAEThCSl BIOCKOHAICHHSIM IIPOLIECY
CIAJIIOBaHHS NanuBa a00 BUKOPUCTAHHS KUCHIO JUIs 30aradyeHHs MOBITPSI.

ABTOpu pobotu [4], po3mIsaayn CTpaTerilo BUKOPUCTaHHS EHeprii,
BiJI3HAYAIOTH, II0 MOIUT HAa €HEPril0 B yChOMY CBiTi Oe3nepepBHO 301IbIIy-
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€ThCS, HE3BAKAIOUN Ha Te, 0 HEKOHTPOJIbOBaHE ii CIIOKMBaHHS Hece B cobi
rio0anbHy 3arpo3y HaBKOJIHMIITHHOMY CEpEIOBHINY. 3a PiK JIFOJCTBO CIAIIOE
TaKy KUIBKICTh BHKOITHOTO TaJMBa, HA BUPOOHHMIITBO SIKOTO IPHPOJa 3aTpa-
TWJIa MUTBHOH pokiB. HakomumdeHHs B atMocdepi MIOKCHIY BYIJICHIO Ta
IHIIMX TPOJYKTIB 3rOpsHHS 3arpoXye 3MiHOIO Kiimary. Eneprozoepiraroui
TEXHOJIOTIT MOXXYTh CIPHSATH 3HW)KEHHIO CIIO)KMBaHHS TajuBa 0e3 IIKOIU
JUISL EKOHOMIYHOTO PO3BUTKY.

Oco0nuBe 3HaUEHHS Ul MPOMUCIIOBOCTI 1 €HEPreTUKU YKpaiHH Mae
TaKe 3py4He IVl 3aCTOCYBAaHHS, YHCTE 1 BUCOKOKAJIOPifHE ITAIMBO SK HPH-
pomuuii ra3. Ha gacTky mpupomsoro rasy mpunagae onmnszpko 20 % BupoO-
HUIITBA 1 CIIOKMBAHHS IMPOMICIOBHX BHIIB ManuBa. Y Mipy BHCHa)KEHHS
HasBHHX JDKEpeN TPUBAaTHME 3POCTAaHHS LIiH HA NajuBO. YU cTaHe eKOHOMi-
YHO TOUUIBHO PO3POOJIATH iHINI BHIOM CHEPTii 1 BAOCKOHAIIOBATH CIIOCOOU
BUKOPHUCTAaHHS HAasBHOTO TaJIMBA.

CIIACOK BUKOPUCTAHOI JITEPATYPU

1. Neues Programm zur Forderung rationaller Energieverwendung in
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2. Kekaiicu Henpe PazpaboTka sHeprocoeperaronmx TeXHOJIOTHH ISt
merawtypruueckux medeid [Tekcr] // Henpe Kekaiticu. Meramnyprus. -
1990.- Nel.-c.11.

3. Taitm H.FO. MeTtoamka ompenencHust ce0ECTOMMOCTH HarpeBa Me-
tamna [Teker] // HIO. Tawin, T.I'. benp, E.W. 'oruapoB. Metamnyprus u
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JOCJIKEHHA 3MIHU B3AEMOIHAYKTUBHOI'O
OIIOPY PO3CIIOBAHHA MI'’K OBMOTKAMMU
TPAHC®OPMATOPA ITPHU PO3IIOALII MPC

I3 3pocTaHHSAM HOTY)XHOCTI €HEProCHUCTEM BiOYBAETHCS MOCTYIIOBE
301IBIICHHS] OTYXHOCTI OJMHUIB TPaHC(OPMATOPIB, IO MOSCHIOETHCS K
C€KOHOMIYHUMH, TaK TEXHIYHUMH 1 €KCILTyaTalliiHUMH IPHIHHAMH.
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HesBakaroun Ha CBOIO BiIHOCHY NPOCTOTY, Cy4acHi TpaHc(hopMaTopH
BHCYBAIOTh PSA MPOOIIEM, JOCUTH CKIAJHUX, MO0 NPUTATHYTH 10 cebe yBa-
Ty iHKCHEPHO-TeXHIYHHUX MPALiBHUKIB, 3aWHATHX Y BUPOOHUIITBI, BUIIPOOY-
BaHHSX 1 eKCIUTyaTalii TpaHc(hopMaTopiB.

[TompoBiI MeTOMM BU3HAYCHHS aKTUBHUX 1 IHIYKTHBHUX OIOpPiB 0OMO-
TOK TpaHC(OpMaTopa Ha MiJCTaBi KAPTHHU MOJA AAIOTH HEMOTaHi pe3ylbTa-
TH [IPU PO3PAXYHKY NMPOCTHX KOHICHTPHYHUX OOMOTOK, a TAKOK CUMETPHY-
HHUX 0OMOTOK, 110 YE€PTYIOThCS.

PeanbHi 00MOTKH TpaHC(OpPMATOPIB 3a3BUYAN CKIIAJAIOTHCS 3 JEKUIBKOX
JJISTHOK, 10 BiJPI3HSIOTHCS TEOMETPHYHIMH PO3MIpaMH B HAIIpsIMi, IEPIICHAN-
KyJSIPHOMY TIOTOKY PO3CISIHHSI, TOBIIMHOIO 130JISIL{, IMUIBHICTIO CTPyMy 1 Tak
nam. Jlnst BUpIMIEHHS IMX NpoOJIeM 3aCTOCOBYIOTH METOJ, 3aCHOBaHWA Ha
Teopii 6araTo0OMOTKOBOT'O TPAHC(OPMATOPA, METOJT MTOTYKHOCTEH.

B 0o0MOTKaX i3 BEIHKUM pamialbHAM PO3MIpOM, IUIS MMOKPAIICHHS Bifl-
BOJY TeIUTa IepeadavaloTh BEPTUKANBHI KaHANH, SKi PO30MBAIOTE 0OMOTKY
Ha JeKiTbKa KOHIEHTPIB (Hampukian, Ha nBa (puc. 1)). [Ipu msomy MPC
PIBHOMIPHO PO3MOIUIIETHCS 1O BUCOTI 0OMOTKH. Taka KOHCTPYKIisS 0OMO-

TOK MPU3BOIUTH 10 3MiHU B3aEMOIHAYKTHBHOTO OTIOPY PO3CIFOBaHHS.
A

Pucynok 1 — Po3rariryBanHs 0OMOTOK 3 BEpTHKATLHUMHU KaHAIAMHU
Ta emtopa posnominy MPC

IIpu npoMy BpaxoBYeThCs, IO emopa po3noairy MPC B pagiansHOMY
nepepizi CKIIaIaeThes i3 CeMH TUITHOK 3 JiHiitHNM po3nozinom MPC.

IIpu mocmimkeHH] MOIIBHO 3aCTOCOBYBAaTH METO] IUIAHYBaHHS €KC-
MIEPUMEHTY APYTOro MOPSIKY i CKIACTH MAaTPHIIO MJIaHy eKCIIEPHUMEHTY IUIs
YOTUPHOX (PaKTOPIB B KOJOBAHUX OJWHHUIIX.

OyHkuiero MeTn 0depeMo IHAYKTHBHUIA Omip po3citoBaHHs 1o oci d —
Xsdq, (PaKTOpamMu, IO BIUIMBAIOTH HA (YHKIII0 METH, NMPHHMEMO LINPUHY
KaHaJlB a4, b1,, Ta MiCIle PO3TAlIlyBaHHS X KaHAIIB B pajliaiLHOMY Hepe-
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pizi 0OMOTOK, TOOTO BigHOIICHHS padiaJbHHUX PO3MIpiB KOHIEHTPIB, SKi
nponopuiiiHi BizHomenasM MPC konnentpis HH; — HH, # BH; — BHa.

TakuMm 4MHOM, OTPUMAEMO TIOJITHOM 3aJIe)KHOCTI QyHKIIT MeTH Bij 4o-
TUPBOX (PaKTOPiB

Xgqa = (@12, b1z, a1/ay, bi/by).

[Ticnst woro 3HaueHHst GakTOPiB IMEPEepaxoByeEMO i3 KOJZOBaHUX y abco-
JIOTHI Ta MPOBOAMMO PO3PaxXyHOK IHAYKTHBHOTO OIOpa PO3CIIOBaHHSI
B3IIOBXK OCi CTPIDKHSL.

3a BH3HAYEHWMH KoedillieHTaMH MOJIiHOMa MPOBOANMO HOTO aHaji3,
IO JIa€ HAM 3MOI'y BH3HAYUTH ONTUMAalbHI 3HAYCHHS IIMPHHU BEPTHKAJb-
HHUX KaHAJIB Ta MICI[S TX pO3TAlIyBaHHS 32 YMOBH, IO X;q—>MiH.

YK 621.313
INamymko I,
crapm. BUKI. HY «3anopizbka nomitexHika

INEPCIIEKTHUBHU BITPOBA/I’KEHHSA
CBEPXITPOBIJJTHUX KABEJIbHUX JITHIN

JlocmikeHHs Ta po3pO0KH Pi3HUX THIIIB €JIEKTPOTEXHIYHUX MPUCTPO-
iB Ha ocHOBI BHcokoTemmneparypHoi HaanposigHocti (BTHII) Bemytbes y
BCbOMY CBITi. L{luMy npucTposiMM MOXKYTh OyTH €JIEKTPUYHI MalIMHH, CHUIIO-
Bi Kabelmi, CTpyMOOOMEXyBadi, iHAYKTHBHI HAKONMWYyBadi €HEprii Ta iH.
[IpraoMy came cHIIOBI HAaAMpOBiIHI Kabeni € HaWOUTBII PO3pOOIICHUM Ta
MPOCYHYTHM BH/IOM 3aCTOCYBaHHS HaJ{IIPOBIJHOCTI B €JI€KTPOCHEPTeTHIII.

Jlo OCHOBHUX TiepeBar HAATIPOBITHUX KaOeTiB MOKHA BITHECTH:

— JIETKY Bary 3a paXyHOK MEHIIOi KiJIbKOCTI BUKOPHCTOBYBAHOI'O Ma-
Tepiany;

— BIJICYTHICTh €JIEKTPOMArHiTHMUX Ta TEIUIOBHX MOJIB PO3CIIOBaHHS,
€KOJIOTIYHA YHCTOTA Ta MOXKEXKHa Oe3I1eKa;

— HU3bKI BTPATH €HEPTii y HaANpPOBiIHIiT KaOebHIH JiHii.

He MeHII IIHHUMA € MOXKJIMBOCTI 3aMiHHM iICHYHOUOTO KaOesro Ha Ka-
0eIb 3 OUIBIIOI0 TIEPEaHOI0 MOTYXKHICTIO 3a THX e TabapuTiB Ta mepenavya
BEJIMKUX TTOTOKIB €Heprii NpH MOPiBHAHO HU3bKIN HAIpy3i.

Bucokoremmnepatypai HaanposiaHi xabensHi minii (BTHIT KJI) moc-
TIHOTO Ta 3MIHHOTO CTPYMIB € IHHOBAIIHHOIO PO3POOKOIO, IO JI03BOJISIE
BUPIIINTH 3HAYHY YaCTHUHY ITPOOJIEMH EJICKTPUYHIX MEPEX.

IMTpu Bukopucranni BTHII KJI nocriiiHoro ctpyMmy HaOyBaeThbes 1mie i
HOBA SIKICTB TIepe/adi, Tak SIK JIiHisl cTa€ KEPOBAHUM €JIEMEHTOM MEpexi, 10
peryJioe MOTOKHM TepenaHoi eHeprii axx mo pesepcy mepemaui. BTHIT KII
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MOCTIHHOTO CTPYMY, MalOTh PsiJi JOJATKOBUX IIepeBar y IMOPIBHIHHI 3 JIiHiA-
MH 3MIHHOTO CTPpyMY, a came:

— OOMEXeHHSI CTPYyMiB KOPOTKOTO 3aMHKaHHS, IO TO3BOJISE 3’ €THATH
10 «HHU3BKill CTOPOHI» OKpeMi CEKTOPH EHEeprocucTeMu Oe3 30iNbIICHHS
CTPYMiB KOPOTKOT'O 3aMHUKAHHS;

— 3ano0iraHHsd KacKagHUM BiIKJIFOYEHHSM CIIOKMBAYIB Ta ITiABUIIICHHSI
CTIHKOCTI Mepesxi 3a paxyHOK B3aEMHOTO pe3epBYBaHHS €HEPTETUIHHX PaifOHIB,;

— PeryJoBaHHs PO3MOALTY IOTOKIB MOTY)KHOCTI Y MapaJiefIbHUX JIHISX;

— Tepeaaya MOTYKHOCTI 3 MiHIMaJbHUMH BTpaTaMH B KaOeJi Ta, K Ha-
CIIZIOK, 3HWYKEHHS BUMOT JI0 KPIOT'€HHOT CUCTEMH;

— MO>XJIUBICTB 3B’SI3KYy HECUHXPOHI30BaHUX €HEPIOCHUCTEM.

VY eNeKTpUYHUX Mepekax MOXKIMBE CTBOPEHHSI CXEMH 13 3aCTOCYBaH-
v BTHIT KJI sik 3MiHHOTO, Tak i moctiifHOro ctpymiB. OOHIBI cucTeMHU
MAaloTh CBOi Kpamli cepu 3acTOCyBaHHS, i B KIHIICBOMY IiJICYMKY BHOip
BHU3HAYAETHCS 1 TEXHIYHUMH, | eKOHOMIYHIMH MipKyBaHHIMU.

YK 669.04
Kysbmenko A.A.
crapm. BUKI. HY «3anopizbka nosiTexHikay

BUKOPUCTAHHS HU3bKOTEMIIEPATYPHUX JI’KEPEJI
TEIIJIOTH B CXEMI KOTEJIBHI 3 TEIIJIOBUM HACOCOM

OCHOBHUMH JDKepellaMH TEIUIOTH JJIsl BEIMKUX TEIUIOHACOCHHUX YCTa-
HOBOK CIJIijl paXxyBaTH IITYYHI JKepesa — TerioBi Bigxoau. [IBuakuii 3pict
CHOXKMBaHHSI €HEPropecypciB BUCHAXKY€E MPUPOJIHI OaraTcTBa i MPU3BOIHUTH
JI0 TEIIOBOTO 3a0pyAHeHHs Giocdepu.

Harpukiaz, TeruioBi eleKTpOCTaHIil, B TOMY YHCIIi aTOMHI eJIeKTpoC-
TaHII1, BTPA4alOTh 3 OXOJIOKYI0U0K0 BoJor0 (50...55) % eneprii manwusa.
[TpoMuCnOBI MiANPHEMCTBA CIIOKMBAIOTh BEIMYE3HY KIJIBKICTh BOIH IS
OXOJIO/DKEHHSI MaIlIMH Ta PpoOOYMX TUI B PI3HUX TEXHOJOTIYHMX IpOIIecax.
O06’em 3BOpoTHOI Bomu ckiamae 61 % BOIHM, IO BUKOPUCTOBYETHCS BCIEO
npomucioBicTio. i TeruoBi piku minwii pik MaroTh Temnepatypy (20...40)
°C, 110 NMPaKTHYHO J]a€ MOXJIMBICTh BUKOPHCTOBYBATH TEIIOTY Oe3mocepe-
nHBO. L Benmnde3Ha KibKiCTh BOJM OXOJIOJKYETHCS B TPATUPHSX 1 B 1HITUX
BHIIAPHUX OXOJIOJKYBadyax, Bifgaroun B arMocdepy pa3oM 3 TEIIOTOIO
YaCTHHY BOJH Y BUIJISAI MapH.

SIKIo OpiEHTOBHO paxyBaTH, IIO B 3arajlbHOMY IO YKpaiHi 00’ewmi
3BOPOTHOT'O BOJIOTIOCTaYaHHS OXOJIOKYETHCS TUIBKK 75 % Boaun, T06TO 120
kM3 3a pik, TeMreparypHuil niepenaj sxoi gopisHioe 10 oC, To opieHTOBHE
CKMJIaHHS HU3bKOIOTEHIIMHOT TEMJIOTH MPOMUCIIOBICTIO CKJIaJae = 5 Mip[
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I'/Ix 3a pik. Boma, sika oquH pa3 BUKOPUCTOBYETHCS MPOMHUCIOBHMH IiATI-
puemctBamu (= 40 % Bcporo 06’eMy), B KiHII KiHIIB Yepe3 KaHANI3aIio
MOTPAIUISIE B TIPUPOJIHI BOJOUMHU.

3HayHEe CHEePro30epeKCHHS MOXKE 3a0E3MEUUTH CHCTeMa KOTEIbHI 3
TEIUIOBUM HacocoM ( puc. 1), mo sABiIsie COOO0K0 CHCTEMY MOCTavYaHHs rapsJoi
BOJIU, B SIKili BUKOPHUCTAHHS TCIJIOTH BiJOYBAETHCS 3 BUCOKOK C(EKTHBHIC-
TIO 3aBJISKH CYMICHOMY OCHAIIICHHIO KOTEJIbHI TEIIOBUM HACOCOM 1 KOTEJb-
HOK0 YCTaHOBKOIK. 3 BHUCOKOTEMIICPATYPHOI Mapy BUIOOYBAETHCS CHEPTis 1
Terutota. 3aBOAKH 3100yTil eHeprii TeIIoBHI HacOC MPUBOIUTHCS B IO,
TEIUIOTa BiOMpaeThCs 3 aTMOC(EpHOI TEIUIOTH i HU3BKOTEMIIEPAaTypHOTO
JDKepeTia TeIUIOTH, BUKOPUCTAHHS SIKUX paHilIe 0yI0 BaKKHUM.
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A — IIMKJI TETJIOBOTO HAacocy; b — mapoBuii MK TETUIONOCTaYaHHS;

I — pereneparniiina moty>xHictb; I1 — Tpybonposin mapu; III —tpyOomnpoin rapsaoi
BOJIH;

1 — HIBBKOTEMITEpaTYPHE HKEPEIIO TEIUIOTH; 2 — BUTIAPHHK TS TOOYBaHHS TEIUIOTH 3
HIBBKOTEMITEPATYPHOTO JDKEpENa; 3 — KOMIIpecop; 4 — KOHACHCATOp XOJIOI0AreHTy; 5 —
JieTaHzep; 6 — KOHAEHCATOp BOSIHOI apH; 7 — KOTEeNIbHA YCTAHOBKA; 8 — BOASHUM
Hacoc; 9 — mapocunoBuii reneparop; 10 — obnaaHaHHS sl yTUi3alil TeIUIoTH 3aBOY,
XOJIOZMITBHE 1 OTIAJTIOBAIIbHE 00JIaAHAHHS

PucyHok 1 — Cxema KOTebHi 3 TETUIOBUM HACOCOM
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B pe3ysbTari cyMiCHOrO BUKOPUCTaHHS TEIUIOTH, KUIBKICTh CyMapHOT
OJIep>KaHol TETUIOTH 30UIBIIYETHCS 32 PaXyHOK KOHICHCAIlil BOISHOI MMapH, a
TemnepaTypa rapsaoi Bogu gocsrae (60...90) °C. Okpim TOTO, 3aMiHa IpO-
CEeNBHOTO BEHTHIIS TEIUIOBOIO HAacoca JAETaHIepOM TBHHTOBOTO THUITY JO3BO-
JIs€ 3OIMCHUTH 3BOPOTHUH 130€HTPOITHHUN TIPOIIEC, peali3yBaTH CHIIOBY pe-
reHepanito i miaBummty 3aranbHni KKJI.

B pesynbrati 37ificHEHHS 3alpOIIOHOBAHOI CXEMH PEajli3yeThCsl €KO-
HoMis nanusa (30...50) % NopiBHAHO 3 ICHYIOUMMH KOTEJIbHUMHM aHAJIOTid-
HOI MPOXYKTUBHOCTI. JlaHa cxema 3acTOCOBY€ThCS ISl OOJIaJHAHHS Miclie-
BUX CHCTEM OXOJIOJPKEHHS 1 OmasieHHs, 3a0e31eYeHHs rapsiol0 BOAOI0 BH-
POOHMYMX MiJIPHEMCTB Ta IHIIUX 00’ €KTIB.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Yymak L.I'. XonoauneHi ycraHoBku: minpyunuk [Texcr] / LI Uy-
mak, B.II. Yemypuenko, C.IO. Jlap’sHoBchkuit. Opneca:PedupurTingo,
2006. — 550 c.

2. Moposrok T.B. Teopis XOJOAWIHPHMX MAIIMH 1 TEIUIOBHX HACO-
ciB:mapyunuk [Tekcr] / T.B.Mopostok. Opeca: Crynis «Herommant», 2016. —

712 c.

YIK 621.3.013.1
Jlankina C. O.
acuct. HY «3anopi3bka nositexHika

MOJIEJTFOBAHHSI MATHITHOTI'O KOJIA ITIPOCTOPOBOI
CUMETPUYHOI MATHITHOI CHCTEMM TPUPA3ZHOI'O
TPAHC®OPMATOPA

[TopiBHSHO 3 TpaauUiHHUM TpH(A3HUM IDIOCKHM TpaHC()OpMaTOpOM 3
0araTomiapoBUM CEepAeYHUKOM, TPUBUMIPHUHN TpaHc(opmaTrop 3 0OMOTKOO
Ma€e IepeBard CUMeTpil MarHiTHOTrO JIaHIfora, HU3bKOTO piBHs BiOpawii Ta
HIyMy 1 MOXeE 3aCTOCOBYBATHCS B Tally3i CHJIOBOTO NEPETBOPECHHS CHEPIii.
[I{0o6 moKpamyTy 3arajbHy HUTOMY IOTYXHICTh CUCTEMH, HEOOXiTHO Mak-
CHUMaJIBHO 30UIBIIMTH po0OYY aMIUNITYAy LIUIBHOCTI MAarHiTHOTO IIOTOKY
ocepas TpancopMaTopa, TOMy HEOOXiTHO TOYHO OILIIHUTH POOOYi XapakTe-
PHCTHKHM TPHBHUMIPHOTO TpaHC(pOpMaTopa 3 HaMOTaHHUM OCEpIsIM B CTaHi
HacH4eHHs. Y Wil cTaTTi B OCHOBHOMY BHBYAETHCS MOJICIIOBaHHS TpHDas-
HOTO TpaHcdopmaTopa 3 MPOCTOPOBUM OCEPIISM 3 ypaxyBaHHSM HelliHIHHO-
CTi ocepsi, CTBOPIOETHCS TpH(a3zHa MOJIEh MarHiTHOTO JIAHITIOTA.
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Cepnednuk TpaHcopMaTopa CKIANAETHCS 3 TPHOX KapKaciB, HAMOTa-
HUX 31 CTPIYKH eNEeKTPOTEXHIYHOI cTami, i 00’€IHAHUX B 3arajJbHUHA MarHi-
TOIIPOBIJI SIK TOKa3aHO Ha puc. 1.

Pucynok 1 — HaBuTnii mpocTopoBHii MarHITIpoBizg

[To3HauaeMo kokeH cTpwkeHb sk A, B, C, BIINOBIHO KOKEH KapKac
MarHiTonposig marume mnosHadeHHs AB, BC, CA. MarHiTHi MOTOKH, IO
NPOTIKAIOTh y TPHOX OJUHOYHHX KapKaci TPUBUMIPHOTO HAMOTAHOTO cep/ie-
YyHUKa, JOpiBHIOIOTE Dap(t), Pac(t) 1 Pca(t), a cepeqHi MarHiTHI HOTOKU A-
(asu B-da3u ta C-pazu: Da(t), Os( t), Pc(t). PiBHIHHSA 3B’S3Ky MaTHME
BUIJISA:

@ pg(t)Rpap (t) = wily(t) — wylp(t)

Dpc(t)Rmpc(t) = wilg(t) — wylc(t),
DA Rmca(t) = wilc(t) —wily(t)

Je W; —KUTBKICTh BUTKIB IMIEPBHHHOI Ta OOMOTKU; R ap> Rmpc, Rmca —
OIIOPY KOXKHOT'O OKPEMOTO KapKacy;
Iy, Ig, Ic — ctpymu B 0OMOTKaX KOKHOT (hazm.

3 popmymu 1 orpumMaemo:

Dpp(O)Ripap () + Ppc(t)Rypc(t) + Pea(®)Rimca(®) = 0. (2)

Kosm po6oyi TOYKM KOKHOTO OJHOPAMKOBOTO MAarHiTONPOBOIY pO3-
TAlIOBaHI Ha JIHIMHIA JUISHOI KpUBOI HaMarHidyBaHHS, MarHiTHHH OHip
KO>KHOTO OJTMHOYHOT'O KapKaca B OCHOBHOMY OJJTHAKOBO, TOJI

Dpp(t) + Dpe(t) + Pea(t) = 0. 3)

3riJiHO 3 HABEIEHUM BUIIE TEOPETUUHUM aHaJi30M, €KBIBAICHTHUIA Mar-
HITHHH JaHIoT TpancdopmaTtopa Oyie MaTé BUIII, IOKa3aHUH HA PUC. 2.
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Ruca Doy
S d) | S—
Raas BC  Rupc

PucyHOK 2 — MarHiTHHMI JIaHITIOT Ta BEKTOPHA Aiarpama IHOTOKIB TpaHc(opMaTopa

Mosxna 6aunty, mo ®PAB, PBC i ®CA yTBOpPIOIOTh 3aMKHYTHIH KOH-
Typ, 1 iCHy€ IUISIX TOTOKY HYJIBOBOI MOCIIIOBHOCTI. MarHiTHHiA NOTIK OZHO-
KOPIYCHOTO 3aJIi3HOTO CEep/CYHHUKaA, 10 30y/DKY€EThCS 1/1eajlbHUM CHHYCOi-
JaJIbHUM JKEPENIOM HalpyTd, MICTUTh TiJIbKM OCHOBHI XBHJIbOBI CKJIQJIOBI 1
TFapMOHINHI CKJIa0BI HYJIbOBOI MOCHiAOBHOCTI. 3 dopmyiu (1) BumHO, 1m0
MarHiTHUH MOTIK y CEpACYHUKY CUHTE3YEThCSI OCHOBHHMI XBUIILOBOT CKJIa/10-
BOi Ta TapMOHIHHOI CKJIaOBOi HYJILOBOI MOCIIZOBHOCTI IBOX OJMHOYHUX
KapKaciB, a TapMOHI#HI CKJIaJ0Bi HYJIHOBOI MOCITOBHOCTI TBOX OJAWHOYHHUX
KapKaciB KOMIIEHCYIOTh OJWH OJHOTO, TOMY MAarHITHHH MOTIK y CTPMOKHI
ceplleyHHKa B OCHOBHOMY CHHTE3Y€ThCS OCHOBHHMH XBHJIBOBHMH KOMIIO-
HEHTaMH JBOX OJMHOYHUX KapkaciB. OCKIUJIBKH ILIONIA MOIEPEYHOro Iepe-
Pi3y CTOBIIIISI CepACYHMKA BJIBIUI MEPEBHUIIYE IUIONIY MTOMEPEYHOTrO Mepepisy
OJIMHOYHOTO KapKaca, CepelHsl aMIUTTyJa I[UIbHOCTI MarHiTHOTO IMOTOKY
cToBILs cepiaeuHrka B 0,866 pasiB nepeBHIye aMILIITyy OCHOBHOI IIiJIb-
HOCTI MarHiTHOTO MOTOKY OZAMHOYHOI PAMKH.

VIK 621.3.013.1

Hisuyk T.C.!, baokin 1.0.2

! xaHp. TexH. HayK, gon. HY «3amopizbka momiTexHikay»
2acn. HY «3anopisbka momiTexHikay»

CUCTEMA BUMIPIOBAHHA BTPAT HEPOBOYOI'O XOA4Y
TPAHC®OPMATOPA HA OCHOBI IHTEPHETY PEYEM

Bing naniitHocTi po6oTH CHIIOBOTO TpaHC(HOPMATOpY, SIK KIIOYOBOTO
oOnasiHaHHS B E€JEKTPUYHHUX MEpexax, 3aJIeKUTh Oe3leKka eHEeproCUCTEMH.
Tomy 000B’513k0BO HEOOXiJTHO KOHTPOJIIOBATH Ta OLIHIOBATH CTaH TpaHC(O-
pmaropiB. Brpati HepoOo9oro Xomy MOXKYTh BifoOpa)kaTh CTaH Oocepns Ta
0OMOTOK 1 TOMY BOHHM € BaXJIMBUM IapaMEeTPOM IpH BUIPOOYBaHHI TpaHC-
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(opmaTopa. 3a3Buuail BTpaTH HEpoOOUOTO XOAY TPaHCHOPMATOPY BUMIpIO-
IOThCS IIUIAXOM aBTOHOMHOTO BHIpPOOYBaHHA Oe3 HaBaHTaxeHHS. OmHak
BUHMKae 0araTro CKJIaJHOIIIB MPU NPOBEICHHI aBTOHOMHHX BHIIPOOYBaHb Ha
migcranmisx. HeoOximHui OIOK JKMBJICHHS 3 BHCOKOK HANPYIOK Ta BEJHU-
KOO MOTYXHICTIO, @ TAKOXX BUIPOOYBaHHI IiJ] HABAHTAKCHHSIM B aBTOHOM-
HOMY peXHuMi HEOOXiJHO BIAKIIOYMTH TpaHC(HOpPMATOp, IO BIUIMBAE Ha
OesnepepBHICTh xuBNEHHS. KpiM TOTO, MapaMeTpy MarHiTHOrO KoJia 1 TeM-
nepatrypa aBTOHOMHUX TpaHC(OpPMAaTOpiB MOXYTH BiAPI3HATHCH Bix pobo-
ynx TpanchopmaTopi. [l cBo€yacHOI OMIHKH BTpAT HEPOOOYOTO XOIY
HEoOXiHO BUMIpPIOBAaTH BTPATH TpaHC(HOpMATOpa Ha MicIli Ha OCHOBI 3aIpo-
Ba/DKECHHS Ta BUKOPHCTAHHS HOBHX TEXHOJIOTif MOHITOPHHTY.

B ocTaHHI pokH 0araTo BITYM3HSHHX Ta 3apyODKHHAX YUCHUX IOYATH
BUBYATH OINEPATHBHI METOAW BHABJICHHS BTPAT CHJIOBHX TpaHC(HOPMATOPIB.
IcHy104i MeTOIM OHJIAMH-BUMIPIOBAaHHS HE JO3BOJIIOTH 3a0€3MEYUTH BHCO-
KOTOYHE BHUMIPIOBaHHS CTPyMY HEpOOOYOTo XOIY, 1 SIK HACNIZAOK, BUMIpIO-
BaHHs BTpaT HEPOOOUOTO XOy.

Brpatu Tpanchopmaropa mia 4ac poOOTH MOKHA PO3AUIMTH HA BTPATH
HepoOO4Oro XoMy Ta BTpaTH HaBaHTaKeHHs. BTpatu HepoOoyoro xoay mo-
JKHa TMOJIUINTH Ha OCHOBHI Ta JIOJAaTKOBI BTpatu. [IpuumHaMu OCHOBHHX
BTPaT HEPOOOUOTO XOMAY € TiCTEpe3nc Ta BUXPOBI CTPYMH B ocepmi. Micuesi
BHUXPOBI CTPYMH, CIIPHYUHEHI MOTIPIICHHSAM 130JIALii B JUCTaX i3 €IEKTPO-
TEXHIYHOI CTami, MPU3BOIATH O NOAATKOBHMX BTpaT. Brpatm Hepobouoro
X0y HEepPEeBaXHO NMPOTOPILiiiHI KBagpary Hanpyri. OCKUIbKN Harpyra TpaH-
copmaTopa mij 9ac poOOTH 3aJUIIAE€ThCS MMPAKTHYHO HE3MIHHOIO, BTPAaTH
XOJIOCTOTO XOJy BBKAIOTHCS CTaJIMHU.

CtpyM B 00OMOTKaxX BUKJIMKAa€e BTpaTH HABaHTaXCHHA. BOHU mepeBa’kHO
MPONOPLiHHI KBagpaTy cTpyMy. ToMy iX Ha3MBaIOTh 3MIHHMMH BTPATaMH.

Ko TpanchopmaTop mnpaitoe B HOMiHAIBHOMY PEXHMI, aJliHHS Ha-
NPYTH IMIIEAaHCY MEPBUHHOT OOMOTKH JIOCUTh HHU3bKE, a CTPYM 30y XKSHHs
HabaraTo HWKYHIA 32 HOMIHAJILHUI CTpyM nepBUHHOT 00MOTKH. [Ipn po3po-
Oui cucTeMu BHMIpIOBaHHSI Tpeba BUKOPHCTOBYBAaTH He T-TOmiOHY cxemy
3aMimieHHs, a [-no0inHy Toxi moXuoOKa, CIpHIHHEHA alPOKCHMAITIET0, TyKe
MaJa i JI0IyCKa€eThCs JUIsl IHKEHEPHUX PO3paxyHKIiB.

[Tpn aBTOHOMHOMY BHUNPOOYBaHHI Ha HEpPOOOYOMY XOJIi JIAHIIIOT BTO-
pPHHHOT 0OMOTKHM po3iMKHYyTO. [loTouHoro crpymy Hemae. Ilin yac BumpoOy-
BaHHS IiJl HABAHTA)XEHHSIM B aBTOHOMHOMY PEXHMIi BiIOyBaeTbcs KOPOTKE
3aMHKaHHs OJIHi€T 3 0OMOTOK.

BrpaTtu HepoOO4Oro X0Ay Ta BTPaTH HABAHTAXKEHHS MOXHA PO3paxy-
BaTH IIUISXOM OHJIAWH-BUMIPIOBAHHS €JIEKTPUYHMX NapaMeTpiB MEpPBUHHOT
Ta BTOPUHHOI OOMOTOK BiJIIOBiTHO.

[[{o6 3amo6irTy MEepeBHIIEHHIO TPAaHWYHOTO 3HAYCHHS TEMIepaTypH
TpaHchopMaTopa, CcTpyM Hepobodoro xomy mae OyTu nyxe Hm3bKuM. Il]o
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CTOCYETHCS TPAHC(OPMATOPIB BEJIMKOI MOTY>KHOCTI, BIJICOTOK CTPYMY XOJIO-
CTOTO XOAy 3a3BH4Yail He epeBurye 1%.

Mertoz onepaTHBHOTO BHMIpPY TEOPETHYHO MOXKHA peaiizyBaTH, ajie BiH
BUMarae BHCOKOI TOYHOCTI TpaHchopmaTopiB cTpymy. OOMEKeHHIH TOYHICTIO
TpaHc(hOpMaTOpiB CTPyMy B TOII, CTPYM 30YIKEHHS HE MOKe OyTH OTpHMaHUi
3a paXyHOK Pi3HHI 3Ha4YEeHb CTPYMIB IIEPBHHHOI i BTOPHHHOI 00MOTOK. Kpim
TOTO, JUTS 3a0€3MeUeHHsT TOYHOCTI BUMIpIOBaHHS HEOOXiTHO pealti3yBaTH CHHX-
POHHHH 30ip 1aHuX 1po Tpr(asHy Harpyry Ta cTpyM. OCKUIBKH JaTYHK CTPYMY
TIpalfoe MPH BUCOKOMY ITOTEHIiall, KOJIM BTPAaTH HEPOOOUOro X0y BHUMIpIO-
I0TBCSI B PEXKMMI OH-JalH, HEOOX1THO 3a0e31eunTH HaAiiHy 130JIA11iI0.

ToMy OLITBHO 3aCTOCOBYBATH IHIIMN METOJ BUMIpY BTpaT HEPOOOYO-
r'o XOJIy B ITOJILOBUX YMOBax. Bin Oe3nocepeiHb0 BUKOHYE JIOCHTIPKEHHS 0e3
HABaHTAXKCHHS, BUKOPHCTOBYIOUH EJIEKTPOMEPEXY SK JDKEPENO JKUBICHHS
JUIS eKCIIEPUMEHTY. BpaxoByroun nmpoOieMu 3 i30I41i€10 IEPBUHHOI 00MOT-
KW, IJI1 BUMIPIOBaHHS CTPyMy HepoOodoro xomay HEOOXiTHO po3poOHTH
creiaibHAN OOK TaTYMKY CTpyMy Ha OCHOBI TeXHOIIOTiH [HTepHETY peueid,
SIKHHA OyZe MaTH Oe3ApOTOBHH KaHAN 3B’s3Ky MaJloi MOTYKHOCTI 1 3a0e3rre-
YyBaTU CUHXPOHHUH 30ip JaHMUX MPO HANPYTHU Ta CTPYMH HEPOOOUOTO XOLIy.

Ipuctpiit Oyme XUBUTHCS Bill BHYTPIIIHBOI OaTapei Ta KepyBaTHUCH
0JIOKOM MIKPOKOHTpOJIEpY, SKHi Oyae OTpUMyBaTH IHCTPYKILII Bia Bimmaie-
HOTO KOMIT'IOTEpY, a MOTIM MOYMHATH 30upaHHs AaHuX. J{aHi 30epiraroTbes
B MaM’sITi Ta HAJICHJIAIOTHCS HA BIJMAJICHUI KOMIT FOTEp 3a JOIMOMOTOI0 0e3-
JportoBoro 3B’s3Ky. IIpucTpiii MOBMHEH 3a0e3meuyBaTu TP OCHOBHI BHMO-
TH: TOYHICTB, 3B’SI30K Ta CHHXPOHI3AIIis.

Jnst 3a0e3neyeHHs TOYHOCTI HeOOXITHO BUKOPHCTOBYBATH CIEIiabHI a-
TYUKH JUIsI BUMIPIOBAaHHSI CTpyMy HepoOouoro xoay. Hanpukitan, mis nianasoHy
CTPYMY XOJIOCTOTO X0y 2 A — IaT4MK 3aTHCKHOTO THITy 3 TouHicTiO 0,1%.

Juist 3a0be3neueHHs 3B°s13Ky OJIOK BHMIPIOBAaHHS CTPYMY HEpoOOYOTro
X0y HEOoOXiTHO BCTAHOBUTH Ha BHXOJI BHCOKOBOJBTHOI BTYJIKH. A JuKepe-
JIO JKUBJICHHSI €KCIIEPUMEHTY 3a0e3leuyeThcs eJIeKTpoMepexero. BpaxoBy-
I0YM BHCOKHH PIBEHb HAIPyTH Y BHCOKOBOJIBTHOMY BBEICHHI, BUKOPHCTO-
BYy€ThbCsl TeXHOJOTs 3B’ 513Ky 10T i3 HM3bKKMM eHeprocnoxxuBaHHsM LoRa.

CTpyM XOJIOCTOTO XOJYy BHUMIPIOETBCS JaTYMKOM CTPyMY, a Hampyra
BUMIPIOETBCS TPAHC(OPMATOPOM Hanpyru Ha Micui. [[ys po3paxyHKy BTpat
XOJIOCTOTO XOJIy MOTpiOHE CHHXPOHHE OTPUMaHHS CTpyMy Ta Hampyru. To-
My OIS 3aIyCKy IUCKpeTH3allil MOTpiOHWH CHHXPOHHHMH CHTHAN 3aITycCKy.
Jnst 3abe3nedeHHss CHHXPOHi3amii MOKHa BHKOpPHCTOBYBaTH Moayinb GPS,
SIKMH MOJKE TTOCHJIATH TPUTEPHUM CUTHAJ 13 HeBH3HAYEHICTIO OJM3bKo 15 He.
BumiproBanHs Hanpyru 3armyckaeTrbcsi okpemMuMm moxaysiem GPS. Cucrema
BUMIipY Hanpyru Moxe 3’equyernest 3 [1K yepes nmocmijoBHUH 3B’ SI30K.

Sk paBuIIO, BUCOKOBOJBLTHUH TpaHchopmarop mae Bucokuid KK/, mo
cTaHOBUTH O1m3pK0 99% abo HaBiTh BHmIe. /g Tpudasnoro tpancdopmaro-
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pa motyxaictio 40 000 kBA mpu HOMiHaIBHINA PoOOTI HA PE3UCTHBHE HABAHTA-
JKEHHS 3arajibHi BTpaTH CTaHOBIITH MprOmHO 200 kBT. [ToxnOku BIMiproBaHHS
CTPYMIB Ta Halpyry He NOBMHHI nepeBuntyBarh 0,2 %.

Po3poOka ¥ BUKOpUCTaHHS HOBOTO METOJy BUMIPIOBAaHHS BTPAT XOJIO-
CTOTO X0y TpaHc(opMaTopa B IOJHOBUX YMOBaX, 3aCHOBaHOI0 Ha [HTepHe-
Ti pedeid, sikuil 3a0e3MeunTh Nepefady JAaHuX 3 0C3APOTOBOTO 3B’S3KY Ta
Oe3mnocepenHe BUIIPOOYBaHHS HA HEPOOOYOMY XOJIi, BUKOPUCTOBYIOUH EIICK-
TPOMEPEXY SK EKCIIEPUMEHTAJIbHE JUKEPEIO JKUBICHHS JUIl BHUPILICHHS
npobyieMn mKepena XuBIeHHs. s mepenadi JaHNX MOKHA BUKOPHCTOBY-
BaTH TexHoJorito LoRa IoT i kepyBaTi QUCTaHIIIIHO 32 JOIOMOTOIO MOIY-
niB GPS, 3a0e3neuyroun CHHXpOHHE OTPHMAaHHS JaHUX IPO CTPYMHU Ta Ha-
npyry. CucreMa onepaTHBHOTO BHMIpIOBAaHHS BTPAT HaBaHTA)XKEHHS TpPaHC-
(hopMaTOpiB TOBUHHA PO3POOIATHCH HA OCHOBI I'-MOAiOHOT cxemu 3aMileH-
Hi TpaHchopmaropy. SIKIIo MoXuHOKH BUMIPIOBaHHS CTPYMy Ta HAIpyTH HE
Oynyts nepesuiyBatu 0,2 % To moxuOka Mmpu BU3HA4YEHHI BTpatr Oyne 00-
MmexxeHa 10 %.

YK 621.31

Oleksandr Klymov!, Dmytro Yarymbash?

'PhD student, EM Dpt., NU “Zaporizhzhia Polytechnic”
2PhD (EM), professor NU “Zaporizhzhia Polytechnic”

INCREASING THE RELIABILITY AND STABILITY OF
OPERATION OF OPERATING OIL-FILLED ELECTRICAL
EQUIPMENT

Due to the fact that a large amount of electrical equipment, in
particular power transformers, was put into operation in 1960s-1980s, the
transformer oils used for the manufacture of this equipment are more than 30
years old, and sometimes 50-60 years old. It is impossible to manufacture or
import most brands of transformer oil used in domestic transformer
production. Therefore, in order to support the sustainable production of
electrical products, the further safe and reliable operation of transformers
and all oil-filled electrical equipment the following issues have become
topical, namely, finding and developing analogues to previously used types
of transformer oils and the possibility of mixing existing types of oils with
new ones without deteriorating their properties and reliability, and without
compromising the safety of electrical equipment.

The aim is to study the influence of the physicochemical and
electrophysical properties of transformer oil on the reliability and stability of
electrical equipment.
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Research is carried out using the methods given in standards and
regulations, mixing of transformer oils, determination of physicochemical
and dielectric properties. According to the research results, an algorithm will
be developed for testing and operation of transformer oil according to
physicochemical and electrophysical properties and operating conditions,
and for determination of changes in the dependence of physicochemical and
electrophysical properties when mixing different types of transformer oils.
There will also be a method and algorithm developed for evaluation of
mixed transformer oils and their application in electrotechnical equipment.

As a result, organizations that operate oil-filled electrical equipment
will receive recommendations on methods of acceptance and application of
new insulating fluid in new equipment, as well as application of new
transformer oil in existing equipment.

YK 621.365.5

Spumbamm [.C.!, Trotionnuk I11.0.2

! 1-p Texn. Hayk, mpod. HY «3amopizpka momiTexHikay»
2 acm. HY «3amnopi3bka IOMTEXHIKa»

MOJEJIOBAHHS EJIEKTPOMATIHITHUX ITPOLIECIB
IHAYKTOPIB MYHAIITYKA ITIOTYKHOI'O ITIPECY

Ha ByrierpaditoBoMy BUPOOHHIITBI JIsi BUTOTOBJICHHS 3arOTOBOK BYTi-
JIBHO-TPpadiTOBUX OJIOKIB 1 rpadiToBUX BHUPOOIB BUKOPHCTOBYIOTHCS TOTYXKHI
MpecH 3 MyHAIITYyKaMH, 00JIaJHaHUMH iHIyKTopaMu HarpiBy. [Ipu npoBopkeH-
HI Yepe3 MyHILITYK Ipecy BiIOyBa€eTbCs YIIUIbHEHHS 1 (OPMOYTBOPEHHS BYTi-
JIbHO-TpaiTOBa MaCH y 3arOTOBKHU. Bill SIKOCTI IMX MPOILIECIB 3aJICKUTh PIBEHb
BTpAT CUPOBUHH B MPOLIECIB BUPOOHUIITBA Ta SIKICTh KIHIIEBOT POIYKIIIi.

3abe3neueHHst cTa0IIFHOCTI TEMITEPATypHUX PEKUMIB HA pOOOUHX ITO-
BEePXHSAX MYHAIITYKIB € OCHOBHHM KpPHUTEpisM SKOCTi Ui (hOpMYyBaHHS
CTPYKTYpPH BITYJIEHO-TPa(iTOBUX 3aroTOBOK. [IpecyBaHHs 3aTOTOBOK OJIOKIB
3IiACHIOETRCS 13 3ycruriM 1o 63000 kH, gepes 1ie MyHAITYKA BATOTOBIIS-
I0Th JIy’K€ MAacUBHUMH. [[JI1 JOTpUMaHHS TeMIIEPaTyPHUX PEXUMIB Ipecy-
BaHHS MYHJAIITYKH Hpecy O0JaJHyIOTh NPUCTPOSIMU 1HIYKLIHHOTO HarpiBy
— IHAYKTOpaMH, SIKi JKUBJIATHCS BiJ JDKEpEN 3MIHHOTO CTPyMY IIPOMHCIIOBO]
4acTOTH. SIK NMPaBuIIO, BCTAHOBIIIOIOTH JIBA 1HIYKTOPH HArpiBy: OIUH — Ha
«3ax0/1i» BYTUIbHO-TpadiToBoi abo rpadiToBOi MacH y MyHIIITYK, a APYTHIl
— HaJl «KaliOpoM» MYHIIITYKa Tepe]] BUXOIOM 3aroTOoBKH. MacHBHI iHIyK-
TOPU «3aX0Ay» 1 «KamiOpy» MaloTh BEIHKY MOTY)XHICTh Ta CKJIAIHY KOHC-
TPYKTHBHY OYyJOBY 1 pa3oM i3 JpKepelnaMM >KHBJICHHS 3MIHHAM CTPYMOM
IIPOMHCIIOBOT YacTOTH Ta aBTOMAaTH30BAHOIO CHCTEMOIO PETYIIOBAHHS TeM-
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MepaTypHUX DPEXHUMIB HArpiBy poOOYNX IMTOBEPXOHb MYHAIITYKA SBISIOTH
c000F0 eIeKTPOTEXHIYHNH KOMIUIEKC iHAYKIiifHOTO HarpiBaHHA. OCHOBHUM
KpHUTEpiEM POOOTH IBOTO KOMIUIEKCY € 3a0e3led4eHHI BHCOKOI TOYHOCTI
TEXHOJIOTIYHUX TEMIIEPaTYypPHUX PEXKUMIB MiJl 4Yac TNPOIECy NpecyBaHHS
3arOoTOBOK. 3Ba)KAaIOUM Ha CKJIQJHICTh KOHCTPYKIii, 6araTOKOMIIOHEHTHICTh
€JIEMEHTIB, HEJIIHIHHICTD (DI3MYHUX MPOLECIB, OB’ A3aHKUX 3 NIEPETBOPCHHIM
CJIEKTPUYHOI eHeprii B TEIUI0, a TaKOX MEXaHIYHHUX 1 eJIeKTpOo(i3uuHHX
BJIACTHBOCTEH MarepialiB, IPOSKTYBaHHS TAKUX CHCTEM CTa€ CKJIaJHOIO, ale
ITy’Ke BayKINBOIO HAyKOBO-TIPAKTHYHOIO 3a1a4ero. Bimomi iHxkeHepHI MeToan
Ta METOAWKH MPOEKTYBAaHHS MAlOTh CBOI OOMEXEHHS IIOJ0 MOXKIHMBOCTI
CTBOPCHHS HOBUX KOHCTPYKTHBHHX PIllICHb 1 MOJIEpHi3allil iCHyFOUnX KOHC-
TPYKIIH.

P0O3BUTOK KOMIT'FOTEPHOI TEXHIKH, MaTEMaTHIHUX METOJIB Ta MPOTrpaM-
HOTO 3a0e3NeyeHHs BiIKpPHUBA€ HOBI MOXIIMBOCTI IUIS PO3POOKH IiIXOIIB IO
CTBOPEHHsI HOBUX KOHCTPYKIIH 3a JIOOMOTOK MaTeMaTHYHOTO MOJEIIOBAHHS
€JICKTPOTEIIOBUX IPOLIECIB B CUCTEMI «IHIYKTOPH - MyHAIITYK». OnHAK, s
YCHIIIHOT peayizalii IUX MOXIMBOCTEH HEOOXITHO PO3pOOHTH TPUBHMIpPHY
MaTeMaTH4YHY MOJIEJb, SIKa JI03BOJINTh BU3HAYATH KOHCTPYKTUBHI apaMeTpH Ta
1 BIATBOPHUTH Po0OUi PEXKUMH 3 HEOOXITHOIO JUIsl BAPOOHHUIITBA TOUHICTIO.

Mertoro pobotu Oyia po3pobka TPUBUMIPHOI €IEKTPOMArHiTHOI Moie-
i, siKka BimoOpakae CKIaJHy 0araTOKOMIIOHCHTHY KOHCTPYKTHBHY OyIOBY
IHAYKTOPIB, HENIHIAHICTG (I3WYHHUX BIACTHBOCTEH HOTO CKIIQJOBUX Ta Il
pealizallis Ha OCHOBI METOJy CKiHUEHHHX CJICMCHTIB.

I'eomeTpruHa MoOmeNb MyHIIITYKa TPECy i3 BCTAHOBIEHUMH 1HIIYKTO-
pamu cTBOprOeThes y cepenoBuii Comsol Multiphysics. Buminsttorscs rpy-
1 KOHCTPYKTUBHHX €JIEMEHTIB, 1110 MAIOTh OJIHAKOBI MeXaHiuHi, enekTpodi-
3WYHI Ta TemI0(i3uyHI BIaCTHUBOCTI 1 XapakTepucTuku. B cepenosunii Com-
sol Multiphysics cTBOpIO€TbCS MOJIEIb €IEKTPOMArHiTHUX IIPOLECIB, 3a/1a-
I0ThCSl 3HAUYEHHS MapameTpiB 1 koe(ilieHTiB Ta (yHKIIOHAIBHI OMKCH 3aJe-
JKHOCTEHl eJNEeKTPOMAarHiTHUX BJacTHBOCTed. Ha MNOBEpXHSAX CHONy4YeHHS
KOHCTPYKTUBHHX €JIEMEHTIB OOMPalOTh YMOBH CIIPSDKEHHS 3 ypaxyBaHHSIM
MUTOMHUX 3HA4YeHb TEIUIOBHX 1 JIEKTPUYHMX oropiB. J[is ommcy ricrepesuc-
HHUX XapaKTEPUCTUKH HaMarHidyBaHHS MAacHBHHMX CTaJE€BHUX OCEpAb IHIYK-
TOpa BUKOPHUCTOBYETHCS MoJielb [Ikaiinca-ArepToHa.

[TpouecaM eneKTPOMArHiTHOTO MEPETBOPEHHS EJIEKTPUYHOI eHeprii B
IHIyKTOpax MYHJIITYKa Ipeca BiANOBigae cucteMa qudepeHIiifHa piBHIHb
MakcBena y GpopMyIIIOBaHHSAX ISl €IEKTPUYHOTO i BEKTOPHOTO MarHiTHOTO
MOTEHIIAJIB KA JAOMOBHIOETHCS MPAHUYHUMHM YMOBAaMHU Ta YMOBaMH CIIpsi-
xKeHHs. Peamizamist mozeni Oyina 37iiiCHEHa METOJJOM CKIHUEHHX €JIEMEHTIB.

3acTocyBaHHs TPUBHMIpHOI MaTEMAaTHYHOI MOJENI JO3BOJWIO BH3HA-
YUTH Ta MPOAHANI3yBaTH KpailoBi eeKTH y JTO0OOBUX YacTHHAX OOMOTOK Ta
NPWIETNINX 10 HUX YaCTHHAX MACHBHUX IHAYKTOpiB. 3a pe3yjbTaTaMH MO-
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JIeTI0BaHHs OyJl0 BU3HAYECHO, IIO /IS TPAAMLIIHOI KOHCTPYKTHBHOI cXxema
poO3TanIyBaHHs iHAYKTOPIB HA 30BHIIIHII MOBEpXHI MyHALITYKa Ipecy xapa-
KTepHAa BHCOKA IHTEHCHBHICTH TeIUIONEpenadi B OTOUYIOYE CEpEIOBHIIIE.
Byno Bm3Ha4YeHO, y TOOOBHX YaCTHHAX iHIYKTOPIB TEIUIOBA MOTYKHICTh Ha
12...18% OinbIua HiX y HEHTpaIbHIN YaCTHHI 32 paXyHOK KpaioBuX e(ekTiB
B iHAYKTOpi mpH poOOTI Ha MPOMHUCIOBIM WacToTi. BHacHimok TeruroBmx
BTpaT e()eKTUBHICTh IHAYKTOPIB HE MO3BOJIIE MiABHIIUTH SKICTh HiATPH-
MaHHS TEXHOJIOTTYHOTO TEMIIEPaTyPHOI'O PiBHS POOOYMX MOBEPXOHb MYHJ-
LITyKa Ipecy Ha KiHLEBOMY €Tarli [IUKJIy PeCyBaHHs 3arOTOBOK.

Lle moTpebye MpoBeACHHS MOJAIBIIUX JOCTIHKEHb 3 MOIIYKY HOBOTO
017l e()EeKTUBHOTO KOHCTPYKTHBHOTO BHMKOHAHHS IHJIYKTOpIB Ta BU3Ha-
YeHHs. Miclb X pO3TallyBaHHS Ul ITJBHIICHHS €(QEKTUBHOCTI CHCTEMH
IHAYKIIHHOTO HarpiBaHHsA. Taki JOCTIIKECHHS AOIILHO Oy/Je MPOBOIUTH 3
BUKOPUCTAHHSM 3alpOIOHOBAHOI TPUBHMIpHOI MaTeMaTH4HOI MOJEI, IO
peanizyeTbcsi METOJOM CKiHYCHHHMX €JIEMEHTIB 1 JI03BOJISIE BPAaXOBYBATH
CKJIaHy 0araTOKOMIIOHEHTHY KOHCTPYKTHBHY OyIOBY iHIYKTOpIB, HENiHIl-
HICTh (DI3WMYHIX BIACTHBOCTEH HOTO CKIIQJOBUX.

YK 621.3.013.1

Spumbam J1.C.!, Kyuepssuii A.B.?

! 1-p Texn. Hayk, npod. HY «3anopizbka momiTexHika»
2 acn. HY «3anopisbka MoyiiTexHika»

BU3HAYEHHSA ITAPAMETPIB HEPOBOYOI'O XO4Y
OJHO®PA3HOI'O TPAHC®OPMATOPY

Onnodasni Tpanchopmaropu manoi nmotyxuocti (OTMII) orpumanu
LIMPOKE PO3MOBCIO/IKEHHS B PI3HUX €JIEKTPOTEXHIYHUX YCTaHOBKAX, Pi3HO-
MaHITHAX TPHUCTPOSX I Tepemadi i mepepoOkm iHdopmarii, cucremax
aBTOMATHKH. 3a CBO€IO (i3WmyHOIO mpupoaoio mporec podborn OTMII mo
CyTi TaKkWii ke, K B TpaHCHOpMATOpax CEpeIHBOI 1 BEIHMKOI IMOTY)KHOCTI,
ayle JesKi mapaMeTpy 1 BEJIMYHMHU, IO MOB’S3aHi 3 MOTYXXHICTIO TpaHchop-
Maropa, € 3Ha4yHO BiIMIHHUMH. 30KpeMa, CTpyM HEpoOO4Oro Xomy, SIKHi
Moxe csarati 50% 3HayeHHs IEPBUHHOTO poOOYOro CTpyMy TpaHchopmaro-
pa, BEIMYMHA HOMIHAJILHOT HAIIPYTH KOPOTKOTO 3aMUKAHHSI.

Brparu npu po6oti OTMII moainsiroTe Ha HEPOOOUOTO X0y i KOPOT-
KOT0 3aMHKaHHs. BTpaTu HepoOOuoro Xoay BUHHMKAIOTh BHACIHIZOK Mepema-
THiYyBaHHS aKTHBHOI CTali ocepis. BoHM BBa)kKalOThCS MOCTIHHOIO CKIIAI0-
BOIO ITOBHHX BTPAT MOTYXKHOCTI 1 3aJIe)KaTh BiJ AKOCTI TpaHC()OPMATOPHOI
cTaii (Mapkd, TOBIIMHM), TEXHOJOTii Ta SKOCTI BMIOTOBJICHHS MarHiTHOI
CHCTEMH, SKOCTI IIPOEKTyBaHHS Marsitonposoay. OcraHHIM 4acoMm Bci Oi-
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JBIIe yBard NPHUIULIETECS caMe PiBHIO BTPAT HEPOOOYOro XOIy, piBEHb SIKHX
3aKJIaIa€ThCSA I Ha eTarli KOHCTPYKTOPCHKOI IMiTOTOBKH BHPOOHHIITBA.

SIKicTh  KOHCTPYKTOPCHKOI IiJrOTOBKM BHPOOHHMITBA BH3HAYAETHCS
JIOCTOBIPHICTIO MaTeMaTHYHOTO OIMCY HPOLECIB, 110 MPOTIKAIOTh MpU pobo-
i OTMII, a came eIeKTPOMAarHiTHUX IPOLECIB MEPETBOPEHHS EIEKTPHUYHOT
eHeprii 3MiHHOTO cTpyMmy. [lapamerpu pexumiB HEpoOOYOro Xony, OKpiM
KOHCTPYKTUBHHX OCOOJIMBOCTEH MarHiTHOI CHUCTEMHM, BU3HAYalOTHCS BILIH-
BOM e(eKTiB rictepe3rcy i BUXPOBUX CTPYMiB, IO OOyMOBJIIOIOTH rapMo-
HItHUN CKJTa] cTpyMy HEpoOOYOro XOAy, piB€Hb MUTOMHUX BTPAT 1 MATOMOI
MOTY>KHOCTI HAMarHIiTyBaHHS.

B ocHoBHOMY MopemoBaHHS poO0TH TpaHCHOPMATOPIB Oa3yeThCs Ha
aHAMITHYHUX a00 CKiHYCHO-eIeMEHTHUX Moneisax [1]-[5]. Anamitndaai Mo-
JIeTIi XapaKTepU3yIOThCs BITHOCHOIO MPOCTOTOIO Ta OOYHCIIIOBAILHOIO eek-
THBHICTIO, JI¢ HE 3aB)XIH a/ICKBAaTHO 1 JOCTOBIPHO BPaxOBYIOTb KOHCTPYK-
THUBHI OCOOJIUBOCTI 1 OMKCYIOTH MPOIIECH, IO MPOTIKAIOTh B CAMOMY TpPaHC-
dbopmatopi [3]. 3aBAsSKH PO3BUTKY KOMIT FOTCPHOI TEXHIKH Ta CICIiaTi30Ba-
HOTO TIPOTPaMHOr0 3a0€3MeUeHHs, MOIUPEHHS Ha0Y/IN CKiHUYEHO-eJIeMEHTHI
MoJieni. BoHH 103BONISAIOTH BpaXOBYBaTH KOHCTPYKTHBHI OCOOJIMBOCTI Mar-
HiTHOT cuctemu OTMII i BractuBocTi Matepianis [4]. Ix ronoBHuit HemomiK
OB’ s13aHUI 3 HEOOXiTHICTIO HAsABHOCTI 3HAYHHUX OOYHCIIOBATBHUX pecyp-
ciB. CKiHUEHO-EIIEMEHTHI MOJICIIi He BPaXxOBYIOTh BIUIMB MapaMeTpiB i mpo-
I[eCciB y 30BHIMIHBOMY IO BiHOIICHHIO O TpaHc(opmaropa nanmro3i. Lle
00MeXye MOMKIIMBOCTI pO3PaxyHKOBHX MOJEJCH TpaHCPOpPMAaTOpiB 1 yCKIIa-
JTHIOE KOMITICKCHHH OOJIK BCiX QaxtopiB. Takum 49uHOM, st po3poOKH
MOBHOT 1 TOYHOT MOJIeTi TpaHChOopMaTopa, o BpaXxoBYe BCi (haKTOPH, HEOO-
X1JIHO MOJANBIIHNIA PO3BUTOK METOIB, SKi 3a0e3MeuaTh CIIJIbHY peai3ailito
CXEMHHUX 1 CKIHYEHO-eJIEMEHTHUX MOJIENEH.

MeToro poboTu Oyiia po3poOka po3podOka i peasizailisi MaTeMaTHYHOT
MOJIeTli, SIka BpPaxoBY€ MapaMeTPH 30BHIMIHBOTO JIAHIIOTA, KOMIUIEKCHHMA
BIUIMB e()eKTiB i KOHCTpYKTHBHUX napamerpiB OTMII napamerpu poboTtu B
pexuMi HepoOOUOro XoIy.

KommiekcHa mMareMaTHYHa MOJENb MTOBHHHA BKJIIOYATH MOZETb 30B-
HIITHBOTO JIAHIFOTa i MOJIeNb caMoro Tpanchopmaropa. [Ipu mpoMy HOIIITE-
HO MOJENb 30BHIIIHBOTO JIAHIIIOTA YSBUTH €KBIBaJICHTHOIO JI0 CXEMHOI MO-
JIeTTi, a MO/IeNb TpaHC(hOpPMaTOpa TEOMETPHYHOIO MOJIEIUTIO 1 MOJEIIIIO €JIeK-
TPOMArHiTHUX HOJIB, IO OMKCY€E IPOLECH TEPETBOPEHHS eHepril 3MiHHOTO
cTpyMy. CxeMHa MOJIeIb 30BHIIIHBOTO 110 BiJIHOIIEHHIO 10 TpaHc(opmaro-
pa nanmora Mmoxe Oytu npencrasieHa EPC cucteMu i eKBiBaJIESHTHUM KOM-
TUIEKCHUM OIIOPOM, SIKE€ MOXKE MAaTH aKTHBHHMW, aKTMBHO-IHIYKTHBHHN a0o
aKTHBHO-EMHICHUH Xapaktep. Mojiellb eJIeKTPOMarHiTHUX MPOIIECiB OMUCY-
€TBhCS CUCTEMOIO TU(EPEHIIITHUX PIBHSIHD €JIEKTPOMArHiTHOTO Moist y dop-
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MYJIFOBaHHSIX HalpY’KEHOCTI MarHiTHOTO i €JIEKTPUYHOTO I10JIsl, BEKTOPHOTO
MAarHiTHOTO TIOTeHIIaTy Ta iHAYKII1 MarHiTHOTO TOJs [4].

Ha BHyTpimHIX TrpaHUIMX pO3pPaxyHKOBOI 00JAcTi 3aJaf0TBECS YMOBH
CHOJyYCHHS! TaHTEHIIaJbHUX CKJIAJOBUX HANpPYKEHOCTI MAarHiTHOTO IIOJS
[4]. Ha 30BHIIHIX — MpUIMAIOTHCS OHOPIAHI TPAaHUYHI YMOBH [4].

Peaizamis 3ampormoHOBaHOI KOMIUIEKCHOI MOZETI I PeXKUMY HEpo-
604oro XOIy po3risfAaiacs Ha MpHUKIaAi oxHodasHOro TpaHChOpMATOpy
TBC2-0.1 B nporpamuomy cepenoBuili FEMM, skuii € 0€3KOIITOBHUM Ta
BIZIpI3HAETHCS MIPOCTOTOI0 BUKOPHCTaHHS Ta TO4HICTIO. OCHOBHI po3MipH i
napameTpu TpaHcdopmaropa:

I =56 mMMm;
Ly = 18 Mmm;
hsy = 18 MMm;
h; =36 mm;
d=36MMm;
lw = 50 MMm;
UHV =380 B;
WH\/ = 1360;
WLV = 147.

Kictak TpancopmaTopa 30MpaeThes 3 IUIACTUH rapsueKkaTaHoi TOHKO-
nuctoBoi crami mapku 1511 toBumuoro sucra 0.3 MM. MarHiTHa cuctema
CKJIaJIEHa 3 IJIACTUH NPSIMOKYTHOT ()OpMH 3 MPSMUMH CTHKaMu. BiactuBocti
1€l cTai 3a1aBaTUCh KPUBOIO HAMArHIuyBaHHSI

Jyist MOKpaIIeHHsT Pe3ysIbTaTiB MOJICITIOBAHHS Ta CKOPOYCHHS Yacy iHi-
miamizamnii mporecy MpOeKTyBaHHSA B JaHiid poOOTi 3aCTOCOBYBAJIOCH TOE]-
HaHHA nporpamHoro 3abesmedeHHs FEMM ta Octave [5], [6]. Takox e
MTOETHAHHS JO3BOJINTH NPH AWCTaHIiHOMY KepyBaHHI FEMM 3a momomo-
roro GNU Octave igeambHO TMPOEKTYBATH i OTPUMYBATH €JICKTPOMATHITHI
XapaKTEePUCTHKH.

B po6orTi 3a 10MOMOTOI0 CKPHNTY, SIKMH 3aITyCKaBCS B IIPOTPAMHOMY Ce-
penosuiii GNU Octave Ta mozeni TpaHchopMaTopa BUKOHYBAaBCSI aBTOMATHY-
HHH pO3paxyHOK BEKTOPY CTpyMy HepoOodoro xoay. Po3paxyHok Oa3yeTbcs Ha
BUKOPHCTaHHI MaTpuili iMrneaaHcy tpaHchopmaropa 6e3 HaBaHTaXeHHs! (TOOTO
BiJIKpUTa BTOPMHHA OOMOTKa) 3 MEPBUHHOT OOMOTKOIO, 110 TPALOE IPH HOMI-
HaJBHIN TpoeKTHIH Hampysi. [Ipnbnm3Huii iMmesaHc BHKOPHCTOBYETHCS I
MacITaOyBaHHS TIOXHOKH MK HEOOXiTHUM 1 0OYHCIICHUM HaNPY>KeHHSAMH IS
OTpUMaHHS HOBOTO HAOJIVKEHHS BEKTOPA CTPyMY.

BpaxoByroun Te, 10 337a4a € HENiHIHHOIO, iTepaliiHuN PO3paxyHOK
BiIOYBA€ETHCS IO THX Mip, NOKKA IMOXHOKAa MiXX HEOOXiTHOK 1 OOYHCICHOIO
Halpyror Ha KjeMax He craHe MeHmoro Hix 0,1 B.

3anpornoHoBaHa KOMIIEKCHA MaTeMaTH4Ha MOJIENIb TpaHcopmaTopa,
II0 3aCHOBaHA HA CHHTE31 CXEMHOI MOJIeNi 30BHIMIHBOTO ENeKTPUIHOTO
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KOJIa, TEOMETPIYHOI MOJIEIi Ta MOJIEIIi eNeKTPOMATHITHHIX TOJiB, JO3BOJIMIIA 3
BHCOKOIO JJOCTOBIPHICTIO OITMCATH MPOIIECH €JICKTPOMAarHiTHOTO TIePETBOPCHHS
eHeprii B TpaHc(opMaTopi. 3aBASKA LOMY OYyJI0 BPaXOBaHO KOMILICKCHUIA
BIUIMB €(DeKTIB riCTepe3nCy, BUXPOBHX CTPYMiB, KOHCTPYKTHUBHHX MapameTpiB i
mapaMeTpiB 30BHIIIHBOT JIAHITIOTa Ha MPOIIECH 1 MapaMeTpu TpaHcdhopMaTopa.

[opiBHSAHHA pe3yNbTATIB MOJENIOBAHHS 3 EKCIIEPUMEHTAJIbHUMH Ja-
HMMH OKa3aJI0 BUCOKY TOYHICTh KOMIUIEKCHOI Mozeni. [ToxnOka mo amrui-
Tyl cTpyMiB HepoOGodoro xoay He nepesuinye 0,38%, mo ¢asi 0,45%. Ilo-
XHOKa I10 BTpaTax Hepobodoro xoxy He nepesuinye 0,78%.
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2 1-p TexH. Hayk, npod. HY «3anmopisbka mosiTexHika»

AHAJII3 CUCTEMU KEPYBAHHA AKTUBHOIO NOTYXKHICTIO
MEYI TPA®ITAIIl 3SMIHHOI'O CTPYMY

OCHOBHUMH DEryJIbOBaHHMHU IIapaMeTpamy, 10 BIUIMBAIOTH Ha Maco-
BUI BUXiJ Ta SKICTb €IEKTPOJIHOT MPOAYKIIi, € eJIEKTPUYHA MOTYXKHICTh Hevi
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rpadirauii Ta 3arajgpHa KUIBKICTb €JIEKTPOEHEPTil, CHOXKHTA YU 332 OJHY
KaMIaHiro. BupoOHunTBO KapOigy KpeMmHilo, SK TPaBHIIO, 3MiHCHIOETHCA
OJTHOYACHO Ha KIIBKOX CeKIisix rpadirarii (TpancdopmaTopax), B KOKHIH 3
SIKUX TIEPIOAWYHO IMiAKITI0YatoThcst HOBI medi. KinpkicTe meueilt rpadirarmii B
cexmil Moke mocsratu 8-10 Moyke JocsraTh, KOKHa 3 SIKHX MA€ CBOI €IEKT-
POI3OIAMIHI XapaKTepPUCTHKH, IO 3aJIeXaTh BiJ 3HOCY medi. Butiku crpy-
My, BUKJIMKaHi 3HOCOM 130JIAIi1 I1edi, IPHU3BOAATE 10 HEJOCTATHROTO BUOOPY
eJICKTPOSHEPrii, HEJOTPUMAHHIO TEXHOJIOTIYHOTO IPOIECY 1 SIK HACIHiIOK
MI03HAYAIOTHCS Ha SIKOCTI eJIEKTPOJHOT MPOIYKIIii.

Po3pobneHo cucTeMy KepyBaHHS aKTHBHOO TOTYXKHICTIO Teui rpaditarii
3MIHHOTO CTpyMy 3 ypaxyBaHHsM enektpuynoro KKJI meui. 3anmpornonoBano
MaTeMaTHYHy MOJENb Tedi rpadramil 3MiHHOTO CTPyMy, CKJIaJICHY METOIOM
«BXIiJI-BUXI1» 332 MACHBOM BHUMIPIOBAHHX CIICKTPUYHHUX MAPAMETPIB Meui:

B sxocti 3MiHHOi cTaHy Momeni oOpaHa eNeKTpUYHA MPOBIAHICTH Iedi
rpadiTariii 3MiHHOTO CTPyMYy, a B SKOCTi KEPYIOUOTO BIUIMBY — HAIlpyTa Ha Bil-
BOZIaX TOJIOBHOTO IIMHHOTO TAKETY CEeKIil, IO MiJBOJUTHCS BiJl PETYJILOBAHOTO
TpaHchopMaTopy. Po3paxyHOK eleKTpHIHOI IPOBIJHOCTI 3MIHCHIOETHCS BiATIO-
BIZTHO JI0 €NEKTPOTEIUIOBOI MOJeli medi rpadiTtamii Ta JaHUX BUMIpIOBaHb Ha
CTOPOHI HU3BKOI HAIpPyTH, IO JO3BOJISIE HA OCHOBI EIEKTPUYHUX ITapaMeTpiB,
BU3HAYCHHX B [ICBHI MOMCHTH Yacy, 00UMCIUTH (haKTHYHHUH OITip KepHY Ieui.

Lle no3Bounsie ouinutu enekrpuunuii KK/l meui. B sikocti aBTOMaTny-
HOTO PEeryJisiTopa MOTYKHOCTI Oyno 3acrtocoBaHo amanTuBHuid [1I- peryss-
TOp, MapaMeTpu SKOTO PO3PAXOBYIOThCS PEKYPEHTHHM METOJOM HaiMeH-
mIMX KBajapariB. IMmiTaniiiHe MOIENIOBaHHS JIO3BOJIMIIO OLIHUTH ITIOXHOKY
peryJroBaHHs aKTHBHOI OTY KHOCTI ITedi, III0 CTAaHOBUTH 5%.

Po3pobnieHa cuctema KepyBaHHS aKTHBHOKO TOTYXHICTIO mmedi rpadi-
Tarii 3MIHHOTO CTPYMYy JO3BOJII€ BecTH Tpaditalii B aBTOMaTHYHOMY pe-
XKMMI 3a JI0BIJIbHO 3aJaHuM rpagikoM. KepyBaHHS 3 ypaxyBaHHSIM HOTOYHO-
ro KKJI BuKITIOYa€e BIUIMB i30JIAMITHAX XapaKTePUCTUK Pi3HUX Ievel Ha XiJ
TEXHOJIOTIYHOTO TIporiecy rpaditamii. Lle mpu3BoauTh 10 ORI OTHOPITHOT
SIKOCTI Ta MAaCOBOT'O BUXOJIY €JIEKTPOAHOI MPOMYKIIii, 110 JO3BOJISIE TEXHOJIO-
raM IPOBOJUTH OiNIBII TOYHI JOCIHIJXKEHHS 3 PO3POOKM HOBHX DELENTIB
LIMXTH Ta rpadikiB rpadiramii.
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YK 621.311.25
3axpeBcrkuit M.A.
acr. HY «3anopisbka nositexHika»

METO/UKA BUSHAYEHHSI IHTEHCUBHOCTI
COHSYHOI PAIIALIL

Ha crorozHi enekTpocTaHIlii, 1110 BUKOPHCTOBYIOTh (DOTOENEKTPUYHI
MepeTBOpIOBayl eHeprii HadyBaroTh Bce OLIBIIOT MOMYJISPHOCTI AJISI €JIeKT-
pONOCTa4aHHs PI3HOMaHITHUX 00’€KTiB. BUIBIIICTD NOCIHIIKEHb CIPsIMOBa-
HO Ha CTBOPEHHSI HOBMX TEXHOJIOTIH 1 00JaqHaHHs 11 €()EKTUBHOTO BUKO-
PHCTaHHS COHSYHOI €Hepril BUKOPUCTaHHS COHSYHOI eHeprii CroKnBayaMu
JUlsl pi3HuX perioHiB. IIpu npoektyBaHHI Oyb-1K0i (POTOCNEKTPHYHOT yCTa-
HOBKM TIEPIIOYEPrOBHM IHTAHHSIM € BHOIp pKepella aKTHHOMETPHUYHHX
MaHuX. [CHye BenmKa KUTBKICTD MiAXOMIB 10 BU3HAYCHHS BAJIOBOTO MOTEHIII-
aJly COHSYHOI eHeprii, oHaK HE BCi BOHM MICTATh NMOBHHH MAacHB IaHUX,
HEOOXITHUX IS IPOSKTYBAHHS, a JIesIKi 3 HUX He Jy’>Ke TOYHi, a iHIIi CKIaj-
Hi Y BUKOPUCTaHHI Ta X TOYHICTH OOMEKEeHa MEePioIOM CIIOCTEPEKCHHS.

Mertoro pobotu Oyio po3poOka METOIUKH OLIHKU MOTCHIIATY COHSY-
HOI eHeprii, sika NOeIHyE PO3PaxyHKOBI Ta €KCIEPUMEHTANIbHI JIaHHi, 1 J10-
3BOJISIE 3 BHCOKHMM CTYINEHEM JOCTOBIPHOCTI BHM3HAUaTH IIOTOJUHHI CYyMHU
BCIX KOMITOHEHTIB COHSYHOI pajiaiii Ha pi3HOOPI€EHTOBAHUX MPUIMAIBLHUX
MOBEPXHSX.

CydacHa KOHIIETIIsl PO3BUTKY IJI00aJIbHOT €HepreTUyHOl CHCTeMH Y Kpai-
HM Ta OCHOBHI T€HEHIIT ITOJITHKH PECypco- Ta eHepro30epesKeHHs BUSHAYAI0Th
HEeoOXiTHICTh CepHO3HOI iHTerpallii TpaIuIiifHUX i BiIHOBIIOBAHUX C€HEProre-
HeparopiB. Cepe[] YMCIICHHNX eNeKTPOCTAHIIIH, 1110 NPAIFOI0Th Ha BiTHOBIIIOBA-
HUX JDKepellax eHeprii, HaifOUThIT ITBUAKO PO3BUBAIOTHCS EIESKTPOCTAHIIIT, SIKi B
JIAHWH Yac peasti3yroTh y CBOIH poOOTI NMPHHIMIT BUKOPUCTAHHS COHSYHOI €Hep-
rii. [ToTik COHSAYHOI pajiamnii € OCHOBHAM JOCTYITHAM JDKEPEIOM BHCOKOSKICHOT
EHeprii, Ky JIErKo akyMyJIIOBaTH Ta IIEPETBOPIOBATH B iHIII Buu eneprii. [Ipu-
CTpOi JuIsi HOro MepeTBOpPeHHS — (POTOETIEKTPUYHI YCTAaHOBKH BiPI3HSIOTHCS
HaJIHHICTIO, CTAOUIBHICTIO, TIPOCTOTOK OOCIYTOBYBaHHS 1 MPAKTHYHO HEOOMe-
JKEHHIM TepMiHOM ciryxOu. HeBenmuka Bara, rabapuTy, MOAyJIbHA KOHCTPYKIiS
JIO3BOJIIE CTBOPIOBATH YCTAHOBKU OYy[Ab-SKOTO TPHU3HAYEHHS 1 MOTY)KHOCTI.
Tomy B maHuwii yac (HOTOENEKTPHYHI MEPETBOPIOBadl eHeprii HaOyBarOTh BCE
OLITBILIOT TOMYJIIPHOCTI JUISl €JIEKTPOIIOCTa4YaHHs PI3HUX 00 €KTIB SIK Mapajelib-
HO 3 MEpEeXelo, TaK i B aBBTOHOMHOMY PEXHMi.

ITpu npoektyBaHHI Oy b-1K01 (POTOCIESKTPUYHOT YCTAHOBKH TIpiopUTE-
THUM € BHOIp JDKepelia aKTHHOMETPUYHUX JaHUX. YCi MiIX0oIu JO BU3HA-
YCHHS IHTEHCHBHOCTI COHSYHOI pajiallii MOXXHAa PO3AUIUTH HA JBa BUJU:
PO3PaxXyHKOBI Ta €KCIIEPUMEHTaIbHI. Jl0 aHATITHIHNX METOMIB BiTHOCHTHCS
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METOJl pPO3paxyHKy BaJIOBOIO IIOTEHLIANTy COHSYHOI eHeprii 3 0OMeXeHOIo
KUTBKiCTIO iH(OpMaIli Ta 3 MOBHOIO iH(poOpmamiero. BimpmricTs 0CHOBHMX
MAXO/IB A0 BU3HAUCHHS iHTCHCHBHOCTI COHSTYHOTO BHIIPOMIHIOBAaHHS BHMa-
rafoTh TOJATKOBOI OLIHKKA TOYHOCTI B MOPIBHSAHHI 3 JaHUMH, OTPUMAHUMHU
3a JIOTIOMOTOI0 METEOPOJIOTIYHNX CIIOCTEPEKEHb MOONIN3Yy 3aJaHoi reorpa-
(igHOT TOUKH, SKa HE 3aBXKIH € Y BUIBHOMY JAOCTYIIi i BUMAarae TpyAOMiCTKOi
00po0Oxu. Kpim Toro, He BCi BOHH JO3BOJIIIOTH PO3PaxyBaTH BCi HEOOXimHI
XapaKTEPUCTHKHI COHSYHOTO BUIIPOMIHIOBaHHS. PO3paxyHKOBI METO/IH HE MOXKYTh
OyTH 3aCTOCOBaHI JUIsI PO3PaXyHKIB Te/TIOTEXHIKH, OCKLIBKU MOPIBHSHHS Ta aHAJI3
Pe3yJbTaTiB, MPOBEACHUX AHATITHYHHUMHM METOJIAMH, BHUSBHUB HEOOXITHICTH iX
TIEPEBIPKH CYMyTHUKOBUMH JaHAMU TPO IHTCHCHBHICTh COHSYHOTO BUTIPOMIHIO-
BaHHs. HaiOiibIn JOCTOBIpHI BHXigHI AaHi MicTAThCA B iH(opMaliiiHux 0azax
NpsIMUX  aKTUHOMETPHYHHUX BUMIPIOBAHb XapaKTePUCTUK COHSYHOI pamialyi,
OTPHMAHHX 3a JIOTIOMOTOI0 Ha3eMHHUX 1 CyITyTHHKOBHX BHMIpOBaHb. [t minsu-
IIEHHS TOYHOCTI MacWBy JAHUX COHSYHOI IHTCHCHBHOCTI HEpioJ] CIIOCTEPEKEHb
TIOBUHEH OyTH 3HAYHNM, 1110 HE 3aBXK/1 MOKIIMBO peasli3yBaTH.

B po6ori mpeacTaBieHO Ta JOCTIIKEHO METOJI eKCIIPEC-OIiHKH MOTe-
HIlia]y COHSYHOI eHeprii, OTpUMaHW{ HIISIXOM IO€IHAHHS PO3PaXyHKOBHX
Ta eKCTIEPUMEHTAIBHIX JaHUX, SKUH J03BOJISE 3 BUCOKOIO TOYHICTIO BU3HA-
YaTy MOTOAMHHI CYyMH BCIX KOMIIOHCHTIB COHSYHOI pajiallii Ha pi3sHOOpi€H-
TOBaHUX NMPUHAMAJIBHUX TOBEPXHSIX.

[ToroanHHI cymMH npsMOi Ta PO3CistHOT COHSIYHOT paniauii Ha npuiiMa-
JIbHIA TIOBEpPXHI, pPO3TallOBaHii TOPH30HTAIBHO IO IMOBEpPXHI 3emil mpu
SICHOMY HeOl, BU3HAYAIOTHCS IIMPOTOI0 MICIEBOCTI, 4aCOM 1 MOPSIKOBHM
HOMEpOM J100H, ITpoIiecaMy 3aJIOMJICHHS Ta MOTJIMHAHHS MPSIMOTO Ta pO3Ci-
sIHe COHSYHE BHUIIPOMIHIOBAHHS B aTMOC(epi 030HOM, CYMIIIIIIO Tra3iB, BO-
JSTHOIO T1apoI0, a TAKOX PEJICIBCHKE Ta aepO30JIbHE PO3CIIOBAHHS COHSYHOTO
BUIIPOMiHIOBaHHs. J11 BpaxyBaHHs BIUIUBY aTMOC(EPHHX YMOB Ha BEIH-
YHHY TPHUXITHOTO MOTOKY COHSYHOI pajialii BBOIATHCS KOSQIIIEHTH aTMO-
cepHHUX yMOB, 3HAUCHHS SIKMX BH3HAYAIOTHCSI HA OCHOBI CEPEAHBOMICSIUHUX
3HaueHb MPSMOi Ta PO3CIAHOI COHAYHOI pamiamii Ha 1 M? muiomti ropusoHTa-
JIbHA MpUiMalbHa 30Ha, OTPHMaHa Ha OCHOBI 0araTopiyHUX aKTHHOMETPUY-
HUX BHUMIpIOBaHb. MOHITOPUHT POOOTH COHSYHOI eNeKTPOCTaHLil B 3anopi-
3bKili 00JacTi HamaB CGKCIEPHUMEHTANbHI MaHi, OTpHMaHi 3a mepioj yacy
I’ SITh POKIB.

[HTeHCHBHICTE COHSYHOT pafialii 3a mepion 3 2016 mo 2021 pp. Oymna
OTpHMaHa HUISIXOM IMOCTIHHOTO KOHTPOJIIO €KCIIEPUMEHTAIBHUM HIJISIXOM Ta
LIIIXOM PO3PaxXyHKy 3a 3alpOIIOHOBAHOI0 METOAMKOIO JUIS 33JaHOI TOYKH.
Koporki nepioan crioctepeskeHb He MOKYTh 3a0€3IIeUNTH BUCOKOT TOYHOCTI,
TOMY II[O HaBITb 33 O/IHY 10Oy IS pI3HUX POKIB OTpHMaHi 3Ha4E€HHS 1HTEH-
CHUBHOCTI COHSYHOTO BUIIPOMIHIOBaHHS MOXYTh CHJIBHO BiJPI3HSATHCS OJWH

87



BiJl OOHOTO Yepe3 HU3KY BIUIMBAIOYHMX (AKTOPIB, BKIIOYAIOYH KOPOTKUH
nepion ycepeTHeHHs .

Otpumano cepeane BigxuieHss 0,5...7 % 118 KOKHOTO JTHS IIPOTATOM
POKy, IIO MiATBEPAXKYE BHCOKY TOYHICTH 3allPONOHOBAHOTO METOAY po3pa-
XYHKY BaJIOBOTO IOTEHIIaTy COHSYHOI eHeprii. AJyie TakoX OyJiM BHSBJICHI
nepioau 3 OB BUCOKUMHU 3HaYEHHSIMH CepeHboro BiaxuieHHs. Lle mepi-
OJTM BEJIMKOT XMapHOCTi, BOJIOTOCTI Ta HU3BKOI TemrepaTypu nositps. Cepe-
JTHE BIIXWICHHS BUMIPSHHX 1 PO3PaXyHKOBHX 3HAa4€Hb KOJMBAETHCS B Jiama-
30Hi 7...28 %.

Po3paxyHKOBi Ta akTHHOMETPHYHI 3HAYCHHS Pi3HATHCS B Jiama3oHi Bij

0,5% mo 9,2% mo micamsax poky. HafiBumii 3HadeHHS aOCONIOTHOTO BiIXH-
JICHHs 0OOBOi COHSYHOI iHTEHCHBHOCTI OTPUMAHO JUIS YEPBHS Ta Oepe3Hs
3a aHaTi30M YMOB XMapHOCTI HaBECHI Ta BUCOKOI YACTKH IPAMOi COHSIYHOT
eHeprii. IHCOoMmiHA CKIIaJIoBa BIIITKY BHACHIIOK SCHOTO Heba mix 9ac Mo-
HITOpUHTY eKcrutyaTaniitnux xapakrepuctuk CEC. Y nunHi Ta cepnni 3adi-
KCOBaHO 3HA4YECHHs COHsIYHOI pamiamii Ha 3,6-5,9% BuIe po3paxoBaHHX
eKCIIePUMEHTAILHUMH MpiIafgaMu. Taki BiIXWICHHS B OTPUMAaHHUX pe3yJb-
TaTaXx MOYKHA MOSCHHUTH TPUBAIICTIO MEPIOy €KCIEPHUMEHTAIBHHUX CIIOCTE-
pexxeHb. BinxuieHHs po3paXxyHKOBHX 1 BUMIPSHHUX 3Ha4e€Hb 3HAXOAUTHCS B
Mexax 10 3,9% i iHmmx MicsaniB i 2,7% Ut poKy, MO CBITYHUTH MPO TI0-
CTaTHIH piBeHb TOYHOCTI PE3yJbTaTiB, OTPHMAHMX 3alPONIOHOBAHUM METO-
JIOM.
BucHoBok: Po3paxyHKoBi MeTOI1 BU3HAYEHHS ITOTEHIIIATy COHSYHOI €Heprii He
3aBXKAW AFOTh Pe3yJIbTaT, KUl Ma€e TMOBHUH MacHWB HeoOXimHoi iH(opMmarlii, a
TaKOXX MOTpedye OAATKOBHUX PO3PAXYHKIB JUIS MIIBUIIEHHS 1X TouHOCTL. Cdhepa
3acTocyBaHHs 0a3 aHMX, JOBIJHHKIB, aTJaciB TaKO)K OOMEXeHa uepe3 HU3bKY
PO3raTyKEHICTh MyHKTIB CIOCTEPEKEHHS 3a COHSYHOIO PaIialli€ro 3eMHOI 110~
BepxHi Ta cTaHOM atMochepu. [ToeqHAHHS aHATITHYHOTO Ta EKCIICPUMEHTAITb-
HOTO ITiIXOJIIB CIPSIMOBAHE Ha ITiJ[BUILEHHS TOYHOCTI Pe3yJIbTATiB OLIHKH II0-
TeHIliay COHsYHOI eHepril. [y mifBuieHHS e()eKTUBHOCTI MOETHAHHS IHX
IiIXO/1IB MPOTNIOHYETHCSI BAKOPUCTOBYBATH yCEPEIHEHI JaHHi nepiof moHay 15-
20 pokiB, 3 iX MOAANBIIO0 IHTEPHOILAIIIEI0. BiAXITeHHS 11 KOXKHOI JJOOH mpo-
TSTOM POKY 3HaXoIuThes B Mexkax 0,5-7%, 1110 CBITUUTH PO BHCOKY JIOCTOBIp-
HICTb pe3yJbTaTiB PO3PaXyHKy CyMapHOI IHTEHCHBHOCTI COHSYHOI pajiarii,
OTPHMaHHX 32 3aIPOIIOHOBAHOIO METOJIMKO0. AOCOIIIOTHE 3HAUECHHS BiIXHICHb
PO3paxyHKOBHX 3HAYEHb BiJ] aKTHHOMETPUYHHX IO MICSISIX POKY KOJIMBAETHCS
Bix 0,5% 10 9,2%.
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2 1-p TexH. Hayk, npod. HY «3anopisbka momiTexHika»

BUMIPIOBAHHS CTPYMIB IINXTOBAHUX IIMHOITPOBO/IB
3 BEJINKUMHU CTPYMOBHUMU HABAHTA KEHHSIMHA

Ha mignpuemcTtBax, mo BUPOOISIOTH BEIHKOTabapuTHI eneKkTporpadi-
TOBi BHPOOH, 3aCTOCOBYIOTHCS MOTYKHI IT€4i OMOPY 3MIHHOTO CTPyMY, SIKi
00’emHYIOTBCS Y ceKIii meueil. [y KuBIeHHS TaKUX CEKIil medeit 3acToco-
BYIOTH ITUXTOBaHI 0araTopsIHi ITHHOMPOBOIN 3MIHHOTO CTPYMY, SKi MarOTh
3HAYHY JOBXKHUHY 1 MPAIIOIOTh 3 BEIMKHUMHU a00 3 HaJJBEITMKHUMHU CTPYMOBHMH
HaBaHTAXKCHHSIMU.

Taki MUHONIPOBOAM MOBUHHI MAaTH BUCOKY HaJIHHICTh B EKCILTyaTali.
[IpoTe KOHTPOJIB X CTPYMOBOI'O HABAHTAXXCHHS 3MIHCHIOETHCS PO3PAXYHKO-
BUM CIIOCOOOM 32 JaHMMH BUMIPY CTPYMIB Ha BHCOKIH CTOPOHI IIYHOTO
Tpanchopmaropa.

Ha mei gac i KOHTPOMIO CTaHy i PO3MOALTY CTPYMOBHX HaBaHTa-
KEHb 110 IIMHAX MIMXTOBAHUX IIMHOIPOBOJIB BiACYTHI anapaTHi 3ac00M 11
TaKUX CTPYMOBHX BUMiproBaHb. IIpoTe iX po3poOKy ciij BBa)XKaTH aKTyaib-
HOIO 1 y IPAaKTUIHOMY, 1 Y TEXHIYHOMY, 1 Y HAyKOBOMY IUIaHi.

[ moOyzoBHM HOBOT CHCTEMH BHMIPIOBAaHb 3allPONIOHOBAHO MOEIHAH-
Hsl 0Ope anpoOOBaHMX JATYUKIB CTPYMy Ha OCHOBI mosiciB Poroscbkkoro,
SKI MPOEKTYIOThCS 32 JAaHUMH MaTeMaTHYHOTO MOJICJFOBAHHS MarHiTHUX
MOJIB, LIO CTBOPIOIOTHCS 3MIHHMMH CTPyMaMH KOXHOI IIMHH 3 KOXKHOT'O
psily MIMXTOBAaHUX LIMHOMPOBO/IIB.

VY 3B’s3Ky i3 0OMEXEHHUMH BiJICTAaHSIMU MDXK IIMHAMH y PAax LIMXTO-
BaHMX LIMHOIIPOBO/IB 3alPOIOHOBAHO MO JIBi Mapy BUMIpPIOBAIILHUX 0OMO-
TOK T0sicy POroBCHKOTO pO3MIIIyBaTH IO MIMPHHI IIMH SK HAJ HUMH, Tak
i HIMH TePICHIUKYISIPHO OIYHUM MOBEepXHAM. Taki 0OMOTKH HEOOXiTHO
3’€IHyBaTH MiXK COOOFO MOCTITOBHO TAKMM YHHOM, 00 YTBOPHUTH OidinsapHi
KOHTYPH, SIKi OXOIUTIOIOTh KOXKHY IIUHY Y ITHHOIIPOBOI.

OTxe, Ul BUMIPIOBaHHS CTPYMY Yy IIMHAaX HEOOXiTHO 3MOHTYBAaTH IO
JBI OOMOTKH, Oa)kaHO 3 NPSIMOKYTHHM KOHTYpoM. IIpoTe ochoBuMii po3mip
3a3HauYeHUX OOMOTOK HE MOJKE MEepeBHIyBaTH MIMpUHY uHH. OTke BiH
O0yne matu oOmexxeHHs Big 10 mo 20 MM y pasi 3acTOCyBaHHS IIWH MPSIMO-
KyTHOTO NPO(Diro 3 afoMiHifo0.

V 3B’S13Ky 3 THM, 10 CHJIOBI JIiHIT MOJIS HAJl IIMHAMU 1 TIi]] HUIMH MalOTh
ICTOTHY KpHBHU3HY, TO MPOEKTyBaHHA O0OMOTOK mosiciB PoroBcekoro 3mitic-
HIOBAJIM 3a JJAHUMH TI0JIbOBOT'O MOJIETIOBAHHS OCECHMETPUYHOIO MOJIS IS
MIaKeTy MIMH OJTHOTO PsIly IIMHOIPOBOY.
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3a maHUMH MOJIEITIOBAHHS PO3IIOII TOPHU30HTAIFHOI CKIIaJOBOI MarHiTHOT
iHayKii Ha BigcTaHi 10 MM BiJ BEpXHBOI IIOBEPXHI IITMHU € BHPAKEHO HEPIBHO-
MipHuM. Tak ropu3oHTaIbHA CKIIAJ0BA IHAYKIIT HA/T OIYHOO MOBEPXHEIO IIMHU
y 2,5 —2,7 pa3 MeHI1Ie ii 3HaueHHs HaJ| CEPEeANHOIO MIUPUHHU ITHHH.

Jnst ycyHEHHsS HEraTMBHOTO BIUIMBY TaKOTO PO3IOJUTY MarHiTHOTO
moJisi OyJIo 3alpONOHOBAHO CIPOCKTYBATH OOMOTKH i3 PO3rOHOM BUTKIB 1
cepenHiii obyacti Mo iX ockoBOMY po3mipy. Toni IIUIBHICTE BHUTKIB Oyne
30iIbIIeHa Y 3BOPOTHII MPOMOPIIi 10 3MEHIIIEHHSI TOPU30HTAIBHOI CKIIa10-
BOI IHIYKIIii MarHiTHOTO MO Y3[OBX OCi BHMiprOBalbHOI 00MOTKH. Kpim
TOTO PO3TiH BUTKIB IO OCi OOMOTKH HE MPHU3BOIMTH IO 3MiHU iX 30BHIITHIX
PO3MIpiB i He YCKIIaqHIOE iX MOHTaX Ha ITHHAX.

VY 3B’s3KY i3 3MIHOIO HANpsIMy CTPYMIB Ha 3BOPOTHIN y pO3TaIlIOBaHUX
MOpyd IIMHAaX IOSCH POTOBCHKOTO KOXKHOI 3 TaKMX IIMH 3 €IHYIOTBHCA y
3yCTpivHOMY HOpPsaKy. Tozi pe3ynbpTyrounii CHTHAMN BiX ycix mosiciB Poros-
chKOro OyJie BiANOBIZAaTH CTPYMOBOMY HAaBaHTAKECHHIO Ui OKPEMOTO PsLy
0araTopsiTHOTO LIMHOMPOBO/Y i3 KOE(Dil[IEHTOM ITiICUIICHHS 2.

Pe3ynbpraT po3paxyHKy 1 MNpOEKTyBaHHS CHCTEMH BUMIpPIOBaHHS
CTPYMY JBOPSIIHOTO NIMXTOBAHOTO IIMHONPOBOJY 3 NPSMOKYTHHMH IIWHA-
MU Ha OCHOBI MOSICIB JBOXOOMOTKOBHX MOSCIB POroBChKOro Bepu]iKyBasu-
cs1 3 narnuMu 2D oIp0BOTO MOJIENIOBAHHS Y CTPYKTYpi 3ac00iB FEMM.

Bepudikariro 3aiificHIOBaIN A TUITHKA TOBKUHOKO 1 M IJIsT OHOPSI-
JTHOTO IMUHOMpPOBOAY 3 16 muHaMu mupuHON 12 MM i BHcoTOIO 120 MM
KOXHa. Bigcranp M mmHamMu ckiagana 15 Mmm.

Byna BcraHoBiieHa IpOIOpHiHHA 3aIEXKHICTh CYyMapHOTO CHTHAITy 00-
MOTOK MOSICiB POroBchkoro Bifi CTpyMOBOTO HaBaHTa)KEHHS ITMHOIPOBOY.
ToMy MOpIBHSHHS MOJIE/IbHOI TOYHOCTI BUMIPIOBAHb 13 BUXITHUMH TaHUMU
CTPYMOBOT'O HAaBaHTAXXECHHS 3AIHCHIOBAJIOCS y BIIHOCHHX OAMHHLSIX. [Ipu
3MiHI CTpyMOBOro HaBantaxkeHHs Bix 10% mo 120% Bijg HOMIHAIBHOTO BH-
XIIHUHA curHajn mosiciB Poroscekoro smiHmoBascs Bix 9,98% mo 121,11%.
OTxxe MakcHMallbHEe 3HAa4YeHHS CTPYMOBOI MOXHOKH JUIs 3alpONOHOBaHOT
CHUCTEMHU BHMIPIOBAHHS, SIKE BIJIMOBIJA€ MaKCHMAaIbHOMY CTPYMOBOMY Ha-
BaHTa)XXeHHIO, He Oyze nepesuiryBaTt 0.925%.

OTxe 3amporoHOBaHA CHUCTEMa BHUMIPIOBAHHA CTPYMIB 3 KJIacoM
TOYHOCTI | TOBHICTIO 3aJJOBOJIBHSE TEXHOJIOTIYHI BHMOTH JI0 BUMIpIO-
BaHHSl CTPYMOBOTO HaBaHTAXXCHHsI BEJIMKUX Ie4yel omopy ais 3abesme-
YEeHHsI BiJIOBIHOCTI BUPOOHHYMX INPOLECIB TEXHOJOTIYHUM 3aBIaHHIM
BBOJY MOTY>KHOCTI.

[IpoBexneHi gocmimpKeHHs, aHali3 iX pe3ynbTaTiB Ta 3p00IeHI BUCHOBKH
JIO3BOJISIFOTH PO3IIMPHUTH O0JACTh 3aCTOCYBAaHHS 3alPOIOHOBAHOI CHCTEMHU
BHUMIPIOBaHHS BEIMKHUX CTPYMIB Ha iHIII TEXHOJIOTiYHI CHUCTEMH i 00IaTHAH-
Hsl 3MIHHOTO CTPYMY, SIKE BUKOPHCTOBYETBCS Ha MIANPUEMCTBAX €JIEKTPOME-
TayprifHOTO MPOoiIIO.
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VK 621.311.25

Kpyroms O.M.!, Tepemenxo 51.11.!, Cononosnikosa T.I1.2
Ucryn. rp. E-212 HY «3anopi3bka IO TEXHIKa»

2 cr. Buxi. HY «3anopisbka HomiTexHikay»

BUKOPUCTAHHSA BITHOBJIIOBAHUX JI’KEPEJI EHEPTII U1
HAJIAHOI'O EHEPTO3ABE3IIEYEHHS JAENEHTPAJIIBOBAHUX
CIIO’KUBAYIB YKPAIHHN

EnepromocrayanHs cTano camMoOi0 Ypa3lNBOIO JIAHKOIO CiNbCHKOI iH-
¢bpactpykrypu YkpaiHn. BiZHOCHO CITBCBKHX TEpUTOPIH JOCHTH CKa3aTw,
oo poOOTH IO MIATPUMIN MEpex B poOodoMy pexkuMi He (iHAHCYIOTHCS
OiJIbLIe IECATH POKIB, MOBHICTIO MPU3YIHHEHO iX OHOBJICHHS 1 PEKOHCTPYK-
uis. Ilpy npoMy BpaxoBYIOUM HE3aJOBUIBHHH CTaH ENEKTPHUYHHUX MEPEK
perioHaIbHUM MEPEKEBHM KOMIIaHIsIM €KOHOMIYHO HE BHTiJHO IepelaBaTh
Bix 10 mo 100 kBT enekTpu4HOT MOTYKHOCTI ACSIKHM CIIOKHBadaM, IO BH-
KJIMKaHO BEJMUE3HUMH BTPaTaMHu.

VY GinbmocTi cin YKpaiHu 3a HAassBHOCTI €JIEKTPUYHOTO CBITJIa HEMAE
rapsgoro BOAOIOCTavaHHS 1 JOBOJI 4acTO LEHTPAIBHOTO OMAJCHHS. Y IHX
HACEeJIEeHHUX ITyHKTax Mpo0JeMa OMATIOBAHHS XKUTJIA CTa€ yce OUIbII HAmpy-
JKCHOI0. PimreHHs 11 3 GLIBIIOI0 YacTKOI HMOBIPHOCTI MOYKIIUBO 32 JIOTIOMO-
TOI0 BiTHOBIIOBANEHUX [kepen eHeprii (B/IE). ¥V 3B’s3ky 3 mumM, cnenngid-
Hi 0COOJIMBOCTI €HEProNoOCTaYaHHs JCIEHTPAIN30BAHHBIX CIIOKUBAUiB per-
JIAMEHTYIOTh €KOHOMIYHY JIOIJIbHICTh BUKOPHUCTAHHS MICLIEBHX €Heprope-
cypciB Ha 6a3i BJIE. Ilotpe0a B eHeprii TakuxX CIIOKHUBAYiB BUKIHKAETHCS
HEOOXIIHICTIO 3a0€3NeUYeHHs, B OCHOBHOMY, JJIsI ONAIIOBAHHS JKUTIA, TPH-
TOTYBaHHS 1K1 1 OCBITJICHHSI.

3acTocyBaHHS B SIKOCTI eHEpProHociiB pisHux BunaiB BJIE marume mst
TaKUX CIIO’)KUBAYiB BaroMHii BHECOK. Y 0araTboX CiIbCHKHX paiioHaX KpaiHu
3ocepemkeri pi3Hi Buau BJIE — coHsUHOI, BITPOBOI, OpraHiYHUX BiIXOIIB
TBapUHHUIITBA i CUTBCHKOTO TOCIIONAPCTBA, MAJHMX TiPCHKUX 1 MpPEATiIpHUX
moTokiB Ta iH. OxHe i3 ronmoBHuX nepeBar BJIE B Takux paiioHax mossrae B
TOMY, 1110 BOHHU 3HAXOJTHCS OE3MOCEPEHBO B MICISX X BUKOPUCTAHHS.

[Ipote eHeprisi BUKOPUCTaHHS OJHOTO BUY TOHOBIIIOBAHOTO JKEeperna
He JI03BOJIsIE 3a0€3MeYnTH MOBHY eeKTpudiKalilo IuX paioHiB, i3-3a HeIo-
CTIfHOCTI TpMXOAy MEPBHHHOIO pecypcy. ToMmy TapaHTiio B €Hepromocra-
YaHHI MOXe 3a0e31eunT napaneinbHa podoTa aekiibpkox Buais BJIE.

OcobnuBicTh 00’€THAaHHS eHeproycraHoBok Ha 0a3zi BJIE moB’s3ana
HE JIMIIe 31 3MiHHUM XapakTepoM NPHUXOy MEepBUHHOI €HEeprii, a Takox 3
mpobaeMoro akyMyIamii i pe3epByBaHHs. [ Toro, mo6 1i mpoGiemu 3Bec-
TH O MiHIMyMy, HEOOXIZTHO Mepen0avyuTH MOXKIHBICTh KOMIUIEKCHOTO BH-
KOpHUCTaHHS JeKiIbKoX BUAIB BJIE miisixoM cTBOpeHHS! MiKpOSHEPTOCHUCTEM.
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Hus dopmysanas MEC noTpibHe, epeaycim, 3HaTH XapaKTepUCTHKY panio-
Hy ii po3MimIeHHs 10 BUY i 00’ €My eHepropecypciB IIOHOBIIOBAHHX JKEePel
1 XapaKTepHi PUCH CIIOKUBAYiB.

IToHATTS MIKpPOSHEProCUCTEMH aBTOHOMHOTO EHEprorocTayaHHs, Ipa-
rotouoi Ha B/IE MorkHa npeacTaBuTH sSIK KOMOIHALIIO PUCTPOIB (YCTaHOBOK),
SIKI BUPOOJISIIOTH €JIEKTPHYHY €HEpTilo 3a JIONOMOrow: (oto- i TepMoneperBo-
pIOBauiB, BITPOCHEPIeTHYECKUX YCTAHOBOK, TiIPOENEKTPOCTAaHMLIN Ta IHIIHMX
eJIEKTPOCTaHIIiH, a00 KOMOIHAIi0 MPUCTPOiB (YCTAaHOBOK), IO MEPETBOPIOIOTH
ereprito B/IE B TemmoBy ereprito. I Takox mpeoOpa3oBaTeNbHUX ITiICTAHIIIH
JUTS Y3TOJDKEHHS TIapaMeTpiB eNIeKTPUIHOI a00 TETUIOBOi €Heprii i3 3aralbHAMH
mapaMeTpaMH CHEeprii B eNEKTPHYHUX 1 TEIUIOBMX MepekaX, aKyMyJITOpiB,
YCTaHOBOK CIIO)KMBAUiB ENIEKTPHIHOI, 200 TEIUIOBOI €Hepril.

B Toif e vac, 00’eqHaHHSA B OAHY €HEPrOCHCTEMY YCTAaHOBOK THX, IO
BHKOPHCTOBYIOTh JICKIJIbKa PI3HUX 33 XapaKTepOM ITOHOBIIOBAHHX JUKEPET, J1a€
MO>JIUBICTh BHUPIBHIOBATH E€HEPriio, IO BHUPOOJISEThCS, 1 Ha TPHUBAIMX, 1 Ha
KOPOTKHMX THMYacoBHX iHTepBanax. Lle mo’si3aHo, nepenycim, 3 pi3HOYaCHUM
XapakTepoM MPHUXOAY MEPBHHHOI CHEPril i HAsSBHICTIO 3HAYHOI BHIIAIKOBOI
CKJIaJIOBOi. Y NMPaKTUYHOMY aCTeKTi BUKOPUCTAHHS BEJIMKUI IHTEpeC IPEeACTaB-
JISIE PO3MIISL KOPOTKUX IHTEPBAJIB CIIOCTEPEIKEHHS - PIYHOTO, MICSYHOTO, THIK-
HEBOTO, JOOOBOTO, TOIMHHOTO 1 KOPOTIIMX 1HTEepBamiB. 3i 3MIHOIO IHTEpBAIy
CITOCTEPEXKEHHS 3AIKHOCTI JUIsI OLIHKHU MPUXO/LY €HEpTii MOHOBIIOBAaHUX JDKE-
peT BimpizHAIOTECA. MO)KHA BUIUTUTH XapaKTepHI TUMYACOBI PSIIH, BIIPOJOBXK
SKUX OJJHE JDKEPEJIO TIOHOBIIIOBAHOI €HEprii MOKEe BHCTYIIATH TapaHTOBaHUM
(o Mae MOCTIHHMI TPHXIi), a 3 1HIIOK CIIJ PO3TIINATH SK CTOXACTHIHHH.
Hampuknag, mpu KOpoTKOCTPOKOBOMY (TOAHHA, J00a) i CepeIHBOCTPOKOBOMY
(TYKIEeHDB, MiCsIIb) IHTEpBaIax 00 €HAHHS TiJPaBIIYHOI €Hepril 3 COHIYHOIO 1
BITPOBOIO 3a0e3Medye JJOCUTh CTIHKY CHUCTEMY, OCKUIBKH TiZIpOEHEpris Moxe
3a0e3neunTy JeMnQyBaHHs KOJIMBAaHb COHSYHOI 1 BiTpoBOi eHeprii. SIkiio x
y3STH TOAWHHUM i{HTEpBaJ, TO rApaHTUPOBAHHBMH JUKEpEIaMUd MOXKYTh OyTH 1
COHSIYHA 1 BITPOBA EHEPTisl.

Exonomiune 3actocyBans B/IE MOxIMBO OYKBaIbHO B KOXHii 00J1a-
CTi, KOX)XKHOMY paiioHi Ykpainu Bxke 3apa3. [Ipu 1ipomMy 1 HagiitHOTO eHep-
ro3abe3neueHHs CIIOKUBAYiB BUPIBHIOBAHHS Tpadiky BHPOOIICHHS E€Heprii
Bix B/IE, HeoOXi/tHO BpaxoByBaTH XapakTep NMpHUX0/y IepBUHHOI eHeprii. B
XOJIi JOCII/PKEHb PAlOHIB 1 TUIONI, SIKi BiIIIOBIJAIOTh BUMOTaM Ha HasBHICTh
BJIE, a Tako 1 KOMIUIEKCHOTO IX 3aCTOCYBaHHs, MOKHA OyJie miiopaTu s
TaKUX palioHIB CBOIO CXEMY CHCTEMHM eHeprorocradanss Ha 0a3i BJIE. [lns
3niHCHEHHS €(PeKTHBHOTO 3HEProoOecledeHHs CHOXHUBAYiB, MOTPiOHE pO3-
MIIEHHS TAKUX CUCTEM OJIFDKYE IO HACEICHHOTO MYHKTY.

MosxnuBiCcTh KOMIUIEKCHOTO BuKopucTaHHs BJIE B paiioHax neneHT-
pasi30BaHHOTO €HEProNOCTa4YaHHs J03BOJISIE BHPIMIUTH Psiji BOKIUBUX 3a-
BJaHb EHEPTeTUKM YKpaiHW: BHKOPHUCTAHHS YCIX JDKEpeN eHeprii, OKpeMo

92



B3ATOrO palOHy; IMOCTa4yaHHS BiJJaleHUX CIOXHMBA4iB €HEprii, HIIIXOM
CTBOPEHHS aBTOHOMHHUX €HEProo00’€KTiB; 3a0e3IeUeHHS eKOJIOTiuHOl Oe3rme-
KM pOOIT TakuxX 00’€KTiB; CTBOPEHHS NCIICHTPATI30BaHHUX €JIEKTPO- 1 Tel-
JIOCTaHIIIH; TIPOBEICHHS €HEPro30epeKHOT IO THKH.

Kpim Toro, cminpra nis BJIE nmo3Bonse BukopucTatd iX B3aeMo3ami-
HIOBaHICTh, TOHU3HUTH 3aJICKHICTH BiJl CE30HY i MMOTOIHUX YMOB, IiABHIIIATH
HaJIHHICTD €JEKTPOIIOCTaYaHHs, CKOPOTUTH KalliTalbHi BKJIAJCHHS, CTBOPH-
TH JJOAATKOBI po0oYi Micuis.

VY 3B’S13Ky 3 LIUM CTBOPEHHS 1 AOCIIKEHHS (YHKIIOHAIBHUX MOXKIH-
BOCTEH aBTOHOMHOT'O KOMIUIEKCHOTO By3Jnia Ha B/IE i 3’sicyBaHHS NpHHIMITIB
YIpaBIiHHS pexxuMaMu (QyHKIIOHYBaHHs (TeHepalii, MepeTBOPEHHs 1 CIIo-
KMBaHHS €HEpril) € OCHOBHOIO IPOOJIEMOIO0 CHHTE3y €HEeprolepeTBOPIO0-
yux npucTpoiB. 00’ €M MOCHTIHKEHb B 001aCTi HETPAAMIIIHHOI CHEPTETHKY B
VYxkpaiHi i y CBIiTi, IPOBEJCHUI Ha CHOTOJIHI, a TAKOXK IPOMHUCIOBI PO3POOKH
€HEeproyCTaHOBOK Ha OCHOBI ITOHOBIIOBAHUX JDKEpEJ, TOCTPO CTABIATH 3a-
BIaHHA POo3BUTKY BuKopucTanHs [1JIE Ha nepmodeproBuii piBeHs.

YK 661

Hazapenxko I.A.! , Bacunsesa JI.P. 2

! kann. Texn. Hayk, nou. HY «3anopisbka momitexnika»
2 cryn. tp. E-211 HY «3anopisbka nomitexHika»

METO/M JTIATHOCTYBAHHSA CUJIOBUX TPAHC®OPMATOPIB
B POBOYUX PEXKUMAX (MOHITOPUHI' CWJIOBHUX
TPAHC®OPMATOPIB)

B ocTaHHI poKu 3arocTpuiiocs 3aBIaHHs 3a0e3MedYeHHs HaliliHOT eKc-
utyaranii cunoBux Tpanchopmaropis Lle moB’s3aHo 31 3pOCTaHHIM KiJIBKO-
CTi TpaHC(OPMATOPIB, BIIAMPAIFOBAIN CBilf HOPMATUBHUI TEpMiH SKCILTya-
TaIii, Ta 3HIDKEHHSIM PO3MipiB (iHaHCYBaHHS PEMOHTHHX Ta BHIIPOOYBaJb-
HUX poOiT. B GinbmocTi BUmaakiB mepedoi B eNeKTPOIOCTaYaHHI CTI0KHBa-
YiB CIIPUYMHEH]1 PAalTOBUMH IOIIKOPKCHHAMH TpaHc(opMaTopHOTo o0man-
HaHHS, NIPU SIKUX PEeMOHT abo 3aMiHa MOIIKO/DKEHOTO TpaHcdopmaropa €
BUTPaTHUMH (K 32 4acoM,TaK i 3a (JiHAHCOBUMHM BUTpaTaMu) 3axojamu. Y
TOH ke 4ac, iCHyl04i METOAM BHNPOOYBaHb Ta IIarHOCTYBAHHS CHIJIOBHX
TpaHc(hopMaTopiB, IO HE JO3BOJITIOTH JOCTOBIPHO BHAUIUTH TpaHC(HOpMa-
TOpH, y SKUX MosABa Aedexry HarhiMmoipHima. Tomy rpadiku peMOHTIB cH-
JIOBUX TpaHCc(hOPMATOPIB CKJIAJAIOTBCS HE 3a pe3yjibTaraMd BHU3HAUYSHHS
iXHBOTO MOTOYHOTO CTaHy, a 3a TEPMiHOM CIIyk0u. B miteparypHux mxepe-
Jax TO JIarHOCTYBaHHSM CHJIOBHX TpaHC(OPMATOpiB BUKOPHUCTOBYETHCS
YOTHPH NPUHLMIN KJIacH(iKaii CHCTEM JiarHOCTYBaHHS:
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Ilo npuzHayeHH:o:

— TIOTOYHE — BU3HAUCHHS CTaHY, MPABIJIBHOCTI Ta MOXIIMBOCTI BHKO-
HaHHS 00’ €KTOM HOro (yHKIIIH;

— TIPOTrHO3yIO4e — 30ip JaHWX U MPOTHO3YBAHHS MOXKJIMBUX 3MiH
00’€eKTy;

3a 3ac000M NPOBEIEHHS AiarHOCTYBAHHSI:

— ¢yHKIIOHaNBbHE (B poOOYOMY pexuMi, Oe3 BUBOAY TpaHC(hOpMaTopa
3 eKCIUTyaTarii);

— TECTOBE.

[o pexxumy poboTh:

— Oe3mepepBHi — MOCTIHHUI KOHTPOJIh BHOPAHUX IapaMeTpiB 00’ €KTa B
nporieci fioro podotu;

— MEePiOANYHO AiF04i — KOHTPOJb MapaMeTpiB 3AiHCHIOETHCS TepioImd-
HO Yepe3 3a/1aHi MPOMIXKKH 4acy;

— Pa30Bi — BUKOPUCTOBYETKCS, KOJIM HEOOXITHO OTPUMATH JOJATKOBY
iH(pOpMaIlit0 IPO KOHTPOJIIOEMUI 00’ €KT.

3a CTyImeHr0 aBTOMaTH3aIlil:

— aBTOMAaTH4HI — aJITOPUTMU 300py, MEPETBOPEHHS i 00poOKH iH(OP-
Marlii QyHKI[IOHYIOTh 0€3 6e3MoCcepeIHbOT YUACTI JIFOUHY;

— aBTOMATH30BaHi — 30ip 1 mepeTBopeHHs iHpopMarlii BitOyBa€ThCS aBTO-
MAaTU4HO, aJie aHai3 iH(opMaIlii IPHBOAUTHCS OTIEPATHBHUAM MIEPCOHATIOM.

BimoMi HOpMaTHBHI JOKYMEHTH IO BHIIPOOYBAaHHIO CHJIOBHX TpaHCc(ho-
pMmaropiB. OnHaK, psiA aBTOPIB BiIMIYalOTh, IO CTAHAAPTHI MPOLEAYPHU
JIarHOCTYBAaHHS HE BIATOBIAAaOTH CYYaCHMM BHMOTaM HAIIHOCTI Ta €KO-
HOMIYHIH JOUUTHHOCTI Ta IPOMOHYIOTh HOBI aJbTEpHATHBHI pimeHHs[1].
[Tpu 1BOMY OCHOBHE HANpABIEHHS y PO3BUTKY METOJIB [IarHOCTYBAaHH:I
NoJsArae B OUTbII JIETAIbHOMY YSIBJICHHI TEXHIYHOTO CTaHy OOJiaJHaHHS 3a
paxyHOK 3aCTOCYBaHHS HOBHMX METOJIB [IarHOCTYBaHHS 1 aBTOMAaTH3aIlii
BUMIpIB MapameTpiB 0O0JaJHaHHS B PEXHMI MOHITOpUHTY ( IiJ poOOYOrO
Harpyroo). € npono3uiii o JOIILHOCTI opraHi3aiii KOMIUIEKCHOTO Jiar-
HOCTYBAHHS 32 CYKYITHICTIO HENpsSMHUX O3HaK IPO HasBHICTH AedekTiB [2].
Haiibinpimoro eekTUBHICTIO Y TOMEpe/KeHHI aBapiii TpaHc(hOopMaTopiB
MaroTh CHCTEMH O€31epepBHOTO KOHTPOIIIO, SIKi BUKOPHCTOBYIOTh KOMILIEKC
JIaTYHKIB, [0 pearyloTh Ha MaKCHMallbHO MOXIIMBE YHCJIO BUJIB IE(EKTiB,
SIKi PO3BHBAIOTHCS NIPH POOOTI, IHIIMMU CIIOBAMH CUCTEMH MOHITOPHHTY.

3arajJbHUMHM JUIsl CUCTEM MOHITOPHMHTY € MeTa — BUSIBJICHHS Ha paHHIN
cTazii po3BUTKY HeOe3neyHux i TpaHcdopmaropy aedexrtiB Oesnocepen-
HbO Mg 4yac poboTu. Takok 3arajbHOK € HAsBHICTh 3arajibHOI CHCTEMH
00poOKwH, aHami3zy i1 BifoOpakeHHS B 3pYYHOMY JUIA €KCIUTyaTaliifHOro mep-
COHAIIy MapaMeTpiB cTaHy TpaHchopMmaTopy. Pi3sHUMHU € KOMIUIEKCH 9yTiH-
BHX K Je(eKTaM JaT4hKiB i METOJM BUSBIICHHS HEOE3MIEYHOT0 CTaHy BY3IIiB
TpaHchopmartopis [2].
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CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. ba6ir C.B. Oco6muBocTi po3paxyHKy TpaHC(POPMATOPIB CTPYMY
3 koM0OiHOBaHMM MarHiTonpoBogoMm [Teker] / C.B. babin, B. B. Kapaces /
Enexrporexnika. — 1983. — Ne 7. — c. 42-45.

2. Dranetz power platform. Operetor’s manual. USA, dranetz
technologies, INC. - 1994. — 70 p.
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! kann. TexH. Hayk, gou. HY «3anopisbka nomitexHika»
2 cryn. rp. E-251cn HY «3anopisbka NoJliTeXHiKa»

PAJIIAIIIAHI BJACTABOCTI IOBEPXOHb
TEIJIOOEMIHY HATPIBAJIbHUX NEYEM

[TuTaHHs BUBYEHHS pajiallifiHUX XapaKTepUCTUK HaOyBalOTh Bce OLIBIIO-
TO 3HAYEHHs Y 3B’S13Ky 3 PO3IIMPEHHSIM MOXJIMBOCTEH PO3PAXyHKIB TEIIOTEX-
HOJIOTIYHMX arperaTiB. 3Ha4eHHs paJiallifHuX XapaKTEePHCTHK MOBEPXOHb, IO
OepyTh y4acTh B TEIUIOOOMiHi, JO3BOJIIE IIiABUIIUTH TOYHICTH PO3PaXyHKIB.
BornerpuBke (yTepyBaHHS € aKTHBHUM €JIEMEHTOM 1 CTBOPIOE iCTOTHHIA BIUIHB
Ha TEIUIOOOMIH BHIIPOMIHIOBAHHSAM B POO0OYOMY MPOCTOPI HOIYM SHHX TeUeH.
B mporeci ekcruryaTartii BorHeTpuBKe (yTepyBaHHS 3a3HAE 3HAUHHUX 3MiH ITij
JIEF0 BUCOKUX TEMIIEPATyp 1 arpeCHBHUX CepelOBHII. B mepiiy yepry 3miHro-
IOTBCsI TIOBEPXHEBI 11apH, BIACTUBOCTI SKUX € BH3HAYAIBHUMU TIPH pajlialfii-
HOMY TeIJIO0OMiHI B IPOMHUCJIOBUX IEeYax.

CTBOpEHHS ONTHMAJIbHUX YMOB TPOTIKaHHs MPOIECIB TEIUIOOOMIHY BH-
MPOMIHIOBAaHHSIM B CAMHX PI3HHX METAIYPriiHUX Meyax BUMAarae 3HaHHS pajiia-
[IHHUX XapaKTEPUCTHK BCiX KOMIIOHEHTIB po0odoro mpoctopy. Jlyxke maio
PpOOIT IPOBOIIIOCS 32 BU3HAYEHHSM CTYIIEHS YOPHOTH BOTHETPUBIB, II0 3aCTO-
COBYIOTBCS U1 (pyTepyBaHHs Tiedeil. EkcrieprMeHTabHI JaHi BITUM3HIHHX
BOTHETPHBIB Maike BIICYTHI, a IX CIIEKTpaJIbHA 1 IHTerpaJilbHa CTYIIHb YOPHOTH
JOCTIDKeHHI BKpail cmabo. ToMy MOCTiDKEHHS iHTETpallbHUX paiallifHIX
XapaKTepPHUCTHK PsLy MIPOMHCIIOBUX BOTHETPUBIB € aKTyaJIbHUM 3aB/IaHHSIM.

B po6ori [1] nocmipkeHo 3aIeXHICTh pagialliifHuX XapaKTepUCTUK BO-
THETPHBIB B 3aJIKHOCTI BiJ iX TepMiHy ciyxO0m. Jlocmiam mokasaid, IIo
HOBI BOTHETPUBH MAIOTh JOBOJI HU3bKY CIIEKTPAIbHY Mipy YOPHOTH B Iia-
MMa30HI KOPOTKUX XBHWIb (1...4) MKM. AJe 31 301TbIIEHHIM CTPOKY CIYXOH
CIIEKTpaibHa Mipa YOPHOTH B IIbOMY Aiala3oHi CyTTEBO 30imblryeTbes. Ta-
KMM YMHOM TICJIS TBOX POKIB eKCIUTyaTtalii Mipa YOpHOTH y Jiama3oHi ycix
JIOBXKHMH XBHJIb Ma€ NPHOJIM3HO O/IHAKOBE 3HaUeHHs. B mpomeci excruryara-
il iHTerpajbHa CTYIiHb YOPHOTH, K BUCOKOTJIMHO3EMHUCTHX, TaK i MIaMOT-
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HUX BOTHETPHBIB (QyTepyBaHHA 3pocTae B 1,4 — 1,7 pa3u B MOpIiBHAHHI 3
HOBHUMHM BOTHETPHBAMH.

IikaBi mociiKeHHs aBTOPIB [2] sSKi TaKOX CTBEP/UKYIOTh, IO TMPH
aHai31 TermJI000MiHY BUIPOMIHIOBAaHHSM HEOOXIJHO 3HATH pajiamiiiHi Xa-
PaKTEPUCTUKHU BCIX KOMIIOHEHTIB pobouoro npoctopy. st TBepanx Marepi-
aJIiB BOHU B 3HAuHil Mipi 3aJIe)kaTh BiJl CTaHy NMOBEPXHI i KOHKPETHUX YMOB
HarpiBy. B mporueci excrryaranii B IpoXiJJHUX HarpiBaJIbHUX Ie4ax MOBep-
XHIO BOTHETPHUBKOI (PyTEPOBKH MiIJA€THCS BIUIMBY BHUCOKOTEMIIEPATypPHHX
MPOAYKTIB TOPIHHSA 1 MIIOOAIOHIX MaTepiaiiB, BHACTIIOK YOTO 3MiHIOETh-
cs MIHEpaJIOTiYHWH CKIJIaJ TMOBEPXHEBOTO MIAPy i BIANOBIAHO pamiariiifi
XapaKTepUCTHKH QyTepyBaHHA. Y poOOoTi [3] HaBeneH] AOCHTiIKEHHS CIIeKT-
paiBpHOI MipH YOPHOTH BOorHeTpuBiB. [loka3zaHo, 0 Ay HAWOUIBIN moImupe-
HHUX B HarpiBaJbHHUX IeYaxX aJIOMOCEINKaTHIX BOTHETPHBIB B 3a3HAYCHOMY
CIEKTPAIBLHOMY Jiana3oHi AJIs1 HOBUX BOTHETPHBKHX MaTepialliB I BEINYH-
Ha nexuTh B Mexax (0,4 ... 0,5). [IpoBeneni Ha MpakTUI AOCTIKEHHS HO-
Kasanu, o Tutkku 70 (1,5 ... 2) poKiB eKkcIuTyaTallii BeJUYUHA € CTa€ PiB-
Hoto (0,8 ... 0,9).

BucnoBku. Ciij Bil3HAYUTH, IO CTBOPEHHS ONTHMAaJbHHX YMOB IIPO-
TIKaHHS TIPOIIECIB TEIDIOOOMIHY BHIIPOMIHIOBAHHSAM B CaMHX Pi3HOMAHITHHX
METaNyprifHuX Te4ax NOoTpeOye 3HaHHSA paTiallifHIX XapaKTepUCTHK YCiX
KOMITOHEHTIB poOodoro npoctopy. OnHaK pamiamliiHi XapaKTepUCTHKH eIeMEH-
TiB poO0OY0T KaMepH Teyi BUBYCHI HEOCTAaTHBO. J[y»ke Majio poOiT MpOBOIUIOCS
M0 BU3HAYEHHIO MipY YOPHOTH BOTHETPHUBIB, 1110 3aCTOCOBYIOTHCS sl pyTepy-
BaHHA Neyeil. ExcriepuMeHTasIbHi JaHi BITYM3HSIHUX BOTHETPUBIB Maibke BiJCy-
THI, a iX CHeKTpaibHA Ta iHTerpajbHa Mipa YOPHOTH JOCTIDKSHHI BKpaid ciado.
ToMmy mociimkeHHs iHTeTpaTbHUX paTiallifHIX XapaKTEPUCTHK PSIy HPOMIC-
JIOBHX BOTHETPHBIB € aKTyaJlbHOIO 3a/lauelo. 3a3Ha4MMO, II0 HE AWBIITIHCH
Ha okpeMi myOumikanii, O1IbIIICT HAYKOBIIB, CTBEPIKYIOTb, 1110 BOTHETPUBH
HE MaloTh paxyBaTHCs CIpUMH Ta CEJIEKTHBHICTh pajialliiHuX BIACTHBOCTEHl
(dyTepyBaHHS HEOOXiIHO BpaxoBYBaTH Yy pPO3paxyHKax TEIUIOOOMIHY BH-
MPOMIHIOBaHHSIM B p0O0OYOMY MPOCTOPI MedeH.
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MOXKJIUBOCTI BUBHAUYEHHS ITAPAMETPIB TA
XAPAKTEPUCTUK OJHO®A3ZHUX TPAHC®OPMATOPIB 3A
IHTET'PAJIBHUMU 3HAYEHHAMMU AKTUBHUX TA
PEAKTUBHUX MOTYXKHOCTEM

Opnodasni Tpanchopmaropu manoi moryxkuocti (TMII) mupoko Bu-
KOPHUCTOBYIOTBCS B PI3HUX €NIEKTPOTEXHIYHMX YCTAHOBKAaX, Pi3HOMAaHITHHX
NPUCTPOSIX JUIsl Mepesavi Ta nepepoOku iHdopmauii, y pi3HUX cucTeMax
ABTOMAaTHKH. SIK MpaBMIIO, EKCIIEpUMEHTAIbHI TapaMeTpH Ta XapaKTepUCTH-
ku TMII BU3HAYAIOTHCS 32 JTOMIOMOTOI0 JIOCIIIIB — XOJIOCTOrO X0y Ta KOpPO-
TKOTO 3aMMKaHHs, 1[0 BUMAraroTh BUBEACHHs TpaHchopMaTopa 3 podouoro
pexuMy. Y TOif ke yac pik y pik 3pOCTae iHTepec 10 KOHTPOIIIO MapaMeTpiB
i xapakrepuctuk TMII came B poGodomy pexumi [1].

3arajgbpHOBIOMI, ajJleé MaJI0 BHKOPHCTOBYIOTHCS IIPAKTUYHO MOJKIIMBOC-
Ti BU3HAYCHHS HU3KH TapaMeTpiB i XapaKTepUCTHK TpaHc(opmaTopiB 1o
aKTHBHHUM 1 pEaKTUBHHUM ITOTY>KHOCTSIM.

Crpasni, s Oyap-axoi k-toi minsaku C3 TpaHcopmaropa cripaBe-
Bl popmyim

Re=7¢ i Xe=% (1)

Ha xanp, npsMa npouenypa BU3HAUEHHS PEAKTHBHOI ITOTY)KHOCTI 3a
MHUTTEBUMH 3HAUYEHHSMH CTPYMY Ta Halpyru HeBifiomMa. PeakTHBHY MOTYX-
HICTh y TPUHIIMIII MOXHA 3HAWTH 32 (HOpMyII0I0 MiXXKHAPOIHOT eIeKTPOTEeX-
HiuHOi kKoMicii (MEK)

Jlo pedi Bi3HaYMMO, IO MOHATTS «PEAKTHBHA MOTYKHICTBY Ta il BH-
3HAYEHHsI MPOTATOM TPUBAJIOTO Yacy € MPEIMETOM CYIepedoK, OCOOIHBO
IIPU aHaJIi31 eHepronponeciB y JAHIIOrax, M0 MICTITh MPUCTPOT, IO BILUIH-
BalOTh HA CUHYCOIMHICTh ()OPMH KPUBHX HANPYTH Ta CTPymy (TpaHcdopma-
TOp — XapaKTepHUH npuKIaz Takux npuctpois!). besnia popmyi aus Bu3Ha-
YEeHHS PEaKTUBHOI NOTY>KHOCTI OTpHUMaHi NP PI3HMX BHUXITHUX MOCHIKax 0e3
HAJIOKXHOTO (Pi3MIHOTO OOTPYHTYBAaHHS, a B caMe MOHATTA PEaKTUBHOI MOTYX-
HOCTI PI3HMMH aBTOpaMH BKJIAJJAEThCSI HEOJHAKOBHI ceHc. Y OLIbIIOCTi poOiT
BU3HAYEHHS PEAKTHBHOI MOTYKHOCTI OB SI3y€THCS 3 IHTEHCUBHICTIO (Di3MYHMX
TIPOIIeCiB OOMIHY €JIEKTPOMAarHiTHOIO €HEpri€l0 MK OKPEMHMH YacTHHAMH
€JIEKTPUYHOTO JIAHIIOTa, MPUYOMY HPHYMHOIO TAKOro OOMIHY Ha3HMBAETHCS
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HasABHICTh y JIAHIIO31 peaKTHBHHUX eJieMeHTiB. Ha croromHimmHii NeHp icHye
KLIbKa OCHOBHHX BI3HAYEHb PEAKTHBHO]I IIOTY>KHOCTI JIAHITIOTa 3MIHHOTO CTPyMY.

[HI1Ie BU3HAUECHHS PeakTHBHOI MOTYKHOCTI OyJ10 qaHo Dpuse Ha MOYaTKy
TPUILSTUX POKIB 1 yTBEPAMIIOCS B TEPMIHOJIOTIT 3 eeKTpoTexHiku. TyT peakTu-
BHa TIOTY KHICTb — I1e KOPiHb KBaJPaTHHUM 13 Pi3HULI KBa/IpaTiB MOBHOI Ta aKTH-
BHOT oTy>xHocTel. Lle BU3Ha4YeHHS OBTOPIOE 3aIKC Y BUTIIS (HOPMYIIH

Q = V§2—P2= JU2]2 - P2, 2)

VY pobori [2] nmoka3aHo, 1110 peakKTUBHY MOTY>KHICTb B JIaHI[I031 3 HECH-
HYCOiaJJbHUMH BEJIMYMHAMH HEOOXiJHO PO3pPaxOBYBATH 10 1HIIOMY, HIXK y
JIaHII031, Jie Iepeaadya Ta CIIOKMBaHHs €JIeKTPUYHOI eHeprii BiaOyBaroThCs
NPH CHHYCOINaJbHUX CTPyMax Ta Halpyrax; TaM K¢ pO3rJIHYTI HpoOiIeMH,
II0 MOPOJUKYIOTHCS HASBHICTIO PEaKTHBHOI MOTYXKHOCTI Y pa3i HECHHYCOI-
JaJbHOTO HABAaHTa)KCHHSL.

3BiZIcH BHIUIMBAE, [0 BUKOPHCTAHHA SKOICh YHIBEpCAIbHOI pEaKTHB-
HOI TIOTY>KHOCTI HE € OOTPYHTOBaHUM, THM OiITbIIE 10 00M/IBa BU3HAUCHHS
(hopMaInbHi 1 He MalOTh YITKOTO (PI3MYHOTO CEHCY (X04a BOHH IIKOM TIpa-
BWJIbHI MaTeMaTH4YHO, SIKIO MAaTH Ha yBa3l JIMIIE YKHCEbHE 3HAUCHHS peak-
THUBHOI. TIOTYXHOCT1).
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AHAJII3 IMTAHHA PO3NIOALNTY TEMIIEPATYPHU B
3JIMTKAX ITPU HATPIBAHHI Y PEKYIIEPATUBHUX
HAT'PIBAJIBHUX KOJIOAA3AX

PexymnepaTtuBHI HarpiBajibHI KOJNOJASA31 3 ONAJCHHSAM 3 LEHTPY MOIY
MAaloTh ICTOTHI KOHCTPYKTHUBHI HEIOJIKH, [0 BIIMBAIOTH HA SIKICTh METay,
0 HArpiBa€ThCs, MATOMA BUTpATA MaluBa i iHIII MOKa3HUKH. [1igBUTIIEHHS
SKOCTI HarpiBy OCOOJIMBO Ba’KJIMBO JUIS IIJNPHEMCTB, 1€ BHPOOISAIOTHCS
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BHCOKOJICTOBAaHI 1 CreliaibHi cTand. Pexumu HarpiBaHHS TakMX Mapok
CTaJli BUMAararTh TPUBAJIOI BUTPUMKH, TOMY Ba)KJIMBO TOCTIKEHHS 1 BIOC-
KOHAJICHHS TETIOOOMIHHHX POIIECiB B el mepio.

JlocmimKeHHST TeMIIepaTypHOTO TOJS 37UTKIB, 1[0 HATrPiBalOTHCS B KO-
JIOZIA351X, TIOB’ sI3aHe 31 3HAYHHMH TPYJHOLIAMH, YHM ITOSCHIOETHCS HEBEJIUKA
KUTBKICTH Iy O TiKaIlii Ha [0 TeMY, IPICBIYCHUX, B OCHOBHOMY, HarpiBaHHIO
3MUTKIB pAa0BHUX Mapok craii [1]. OcoOMuBICTD TEIIOBOI POOOTH KOJOIS31B
NOJIATae B BEPTUKAILHOMY PO3TallyBaHHI (akena i HEpiBHOMIDHOMY TEIUIO-
BUJIIJICHHI TI0 BUCOTI, 1[0 MPU3BOIUTH J0 HEPIBHOMIPHOTO HATPiBAHHS 3JTHT-
KiB. JIJIs1 OLIHKKM HEPIBHOMIPHOCTI HArpiBaHHSI BUMIPH TEMIIEPATypPH MPOBO-
JIMJIMCSI B OCBOBOMY Tiepepi3i 3JIMBKa Ha TPhOX PIBHSX 110 BUCOTI: BEPXHHOMY
(y rosioBHi{ yacTuHi), cepeaHiil i HIKHIN [2].

B xoni miAroToBKH 10 MOCTIMKEHb OYyJM BHTCOTOBJICHI JiBa JOCBimTUe-
HHX 3JIUTKA 3 HEPKaBilovoi CTaii, Barorw 3,5 T 3 0TBOpaMu i TepMomnap. Y
OiuHIl CTiHI KOJNOASA3S TiX Yac PEMOHTY BHKOHAIIM MPOPI3H, depe3 AKi B
JOCBITYEHUI 3TMTOK BBOAMIIMCSA TEPMOMAPH, IICJIA YOO OTBOPH TepMETH-
3yBaTH. TepMmonapu Oyiu BCTaHOBIICHI TaKOX IEpe] i MicIs PeKyIepaTopiB
Ha JWMOBOI CTOPOHi 1 B TOPU30HTANBHUX KaHANAX MiTIrPiTOrO MOBITPS IIe-
pen marsHUKOM (IUB. pHc. 1).

VY JOCBiuUeHHMX HArpeBax 3JIUTOK 3 OTBOPAMHU BCTAHOBIIOBAIU HOPS 3
pobouoro TepMomnaporo, rmokasanHs skoi BuBeneHi Ha mut KBII. Temnepa-
Typa B JOCJITHOMY 3JIMBKY KOHTPOJIIOBAJacsi B CEMU TOYKAX: Y BEPXHHOMY
MePETHHI PO3TAILOBYBABCS JIBI TOYKH, B CEPETHHOMY - TPH, B HHXKHBOMY -
JBl. 3aMip TemIiepaTypu IPOBOJMIM TepMOIlapaMH B 3aXHUCHHX YOXJax 3
’KAPOMIIIHOT CTaNM B KOMIUIEKT] 3 MHOTOTOYEUHHM TIOTEHIIIOMETPOM.

Pucynok 1 - Cxema po3MillieHHsI TepMOTIap Ha HarpiBaIbHOMY KOJIOJS31 B
3JUTKY, 1[0 JIOCTIKyBaBCs

JocitipKyBaHi KOJIOIS31 ONATFOIOTECST KOKCOZIOMEHHOW CyMIIIIIIO 3 TeTUIO-
TO1O 3ropstHHs 6,7 MJ[x / M. Po3mipu poGouoi kamepu 4,8. ..4,6 M, Bucota 3,0 M.

Y xonoxms3i OynmyTe HarpiBaTucs IUSTHaALUATh 3JIUTKIB  cTali
08X18H10T. {ocmiaHi 3MUTKH HarpiBaTUMYThCS CITIIBHO 31 3MTUTKAMH TaKOi
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K Bary, ¢popmu i monidbHoi Mapku ctanmu. HeoOXigHO KOHTPOIIOBATH TaKOXK
BUTpATy MaJINBA, MOBITPA, THCKY B ocepenky. Burpara mositpst Oyme minr-
pPUMYBaTHCSl CHCTEMOIO aBTOMATHYHOTO PETYJIIOBAHHS CITiBBIJHOIIEHHS
«ra3-noBiTps». [locan i HarpiB MeTany MPOBOIUTHCS 3TiTHO MO MIFOYOI iH-
CTPYKLII.
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E®EKTUBHICTH BIZTHOBJIIOBAJIbHUX J[UKEPEJI EHEPTTI

CyuacHH PO3BHTOK CBITOBOI CKOHOMIKHM HEBIJ €MHO IOB’sS3aHUH 13
3pOCTaHHsIM TeMIiB BupoOHuLTBa eHeprii. bins 90 % eneprii mu oTpumye-
MO 3a paXyHOK OpraHiYHUX BUAIB manuBa- HadTH, Byriwis, rasy. Lli mkepe-
Jla eHeprii 1ie Ha3MBalOTh HEBIJHOBIIOBAHMUMH, 0O HIBHJKICTH X Harpoma-
JOKEHHS B Hajipax 3emJii HabaraTto MeHIIa OIBHAKOCTI X BUTpadaHHs (TIpHO-
m3HO y 106 pasis) [1].

JIroncTBY HeOOXiqHO Bce OinbIe i OibIlie eHEepril, OTpUMAaTH SKY 3a pa-
XYHOK HEBI/THOBIIOBaHHX JDKEPEI Y HEAJIEKOMY MalHOyTHbOMY Oy/ie BaXKKO UM
B3araJii HeMOJTHBO. J[ificHO, 32 PI3HUMH OIIHKaMH, PO3BIIaHOTO OPraHITHOTO
manuBa BucTauuTh Ha 30...50 pokiB. ko BpaxyBaTH Tak 3BaHi T'€OJOTIUHI
3aracy, siki OyZyTh CBOEYaCHO PO3BiJaHI, a eKCITyaTallis iX He 3aTPUMYEThCS,
TO, 3 ypaxyBaHHsIM BCE 3pOCTAI0UOr0 PiBHSI BUTPAT €HEPrii, OpraHivHOro MajuBa
Moxe BucTaunTH mie pokiB Ha 100...150. IIprdoMy TineKH ByTLLIA 1€ JOBTHHA
gac MOXe 30epirati cBoe Micue B eHepreTHdHoMy OamnaHci. IIporte BHKOpHC-
TaHHS HOTO CYNPOBOKYETHCS BUCOKUM PiBHEM 3a0pynHEHHsS atMochepn 3eM-
7. SlnepHa eHepreTHKa, SKa Ha CHOTOJHI Ma€ 3HAYHO OiITbIIE CHPOBHHHHX pe-
CypCiB HDK OpraHiyHe NaJMBO, JIMHAMIYHO PO3BHUBANACH Y CBITI IMPOTAIOM
ocranHix 20...30 pokis [2].

Tomy y cBiTi Bce Oiiblie 3BePTAIOTh yBary Ha BUKOPHCTaHHS TaK 3BaHUX
BI/THOBJIIOBaHUX JDKEpeN eHeprii — Temia 3emili, eHeprii BiTpy, NMPHUIUIMBIB Ta
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BIJIJIMBIB, 0iorasy, COHSYHOrO BUIPOMIHIOBaHHS, Towo. [IpakTndHo BCi 1mi
JDKepera eHeprii MoBHICTIO 3yMoBieHi npsmoto miero Conng. Cepen 3a3Ha-
YeHHX IDKEpesl OJHUM i3 HaHOUIBII TMEePCIeKTHBHUX € MPSIME ePETBOPCHHS
COHAYHOTO BHUIIPOMIHIOBAaHHS B €JCKTPUKY B HAMIBIPOBIIHUKOBHX COHSY-
HUX eleMeHTax [3].

CIIMCOK BUKOPUCTAHOI JIITEPATYPA

1. Eneprermuna  crparerizs  Ykpaimm mo 2035  poky.
http://mpe.kmu.gov.ua/minugol/doccatalog/document?id=245214948 ([lara
3BepHeHHs 02.06.2021)

2. 1o Take coHs4Ha eHepreTHka i 4uM MOTpiOHa BoHa YKpaiHi
Solarsistem: BeO caiit. URL: https:/solarsystem.com.ua/ru/shho-take-
sonyachna-energetyka-chy-potribna-vona-ukrayini/ (mata 3BepHCHHS:
15.05.2021)

3. ConsuyHa eHepreTwka B YKpaiHi Avenston: BeO caiit. URL:
https://avenston.com/articles/solar/ (nara 3BeprenHs: 15.05.2021).

YK 661

Karoxos IO.M.! , Ctykan J1.€.2

! kann. Texn. Hayk, nou. HY «3anopisbka momitexnika»
2 cryn. tp. E-212m HY «3amnopisbka noiTexHiKa»

EKOJIOTTYHI ACITEKTH BUPOBJIEHHSA EJTEKTPUYHOI
EHEPTIi BITPOTEHEPATOPAMHU

IcHyr04l Ha CHOTOJHI JpKepesia eHeprii MOJAUIIOTh Ha TpaaulilHI Ta
anpTepHaTHBHI. Jlo Tpa uIiitHUX BIAHOCATH KOPUCHI KOTIAIMHU - HAadTYy, Ta3,
BYTimIs. IX HaW6GiTeIMIA HeMOMIK MOIATae B TOMy, IIO L€ - HEHOMPABHi 3a-
nacu. Y 1poMy Ioiisirae nepuinii Gpaktop, KUl MPU3BOIUTH J0 PO3YyMIHHS
HEOOXiJHOCTI BHKOPUCTAHHS IHIIMX CHEPrOoHOCiiB. PaHO 4mM Mi3HO HAaBITh
Haii0araTir poJOBHINA BHYEPIAIOTH cede, TOMy IOIIyK HOBHUX BapiaHTIB
OTpPHUMaHHS €Heprii CTae 3 KOKHUM POKOM OiNbII akTyanbHOIO [1].

[TutanHs 30epekeHHs eKOJIOTIi CTae Bce OUIBII aKTyaJbHUM 3 KOXKHUM
pokoM. OtHMM 3 HaWBaXKJIMBIMINX HOTO YNHHUKIB € MOUIYK aJIbTEPHATHBHUX
JDKEepell eHeprii, 10 SIKUX BIHOCUTHCS 1 BITPSIHA €JIEKTPOSHEPTis.

BitpoBuii rerepatop € ApyruM HaiOUTBII MOMIMPEHNM JKEPEIOM ajlbTe-
PHATHBHOI €Heprii 1 MOCTYHAETHCS TUTBKU COHSYHNM €JIEKTPOCTAHIIISM [2].

JloBruii 4ac BITPOBI YCTAHOBKM BHKOPHCTOBYBAJIMCS BUKIIFOYHO JUIS TIPO-
MHCIIOBOI TeHeparlii eHeprii 3-3a CBOIX BETIMKUX rabapuTiB 1 JOpoXKHEUi. 3 pO3BUT-
xoM TexHonorii KK/ Bitporenepatopa BIanocst miIBHIINTH, & pO3MIpH 3MEHIIH-
TH, 1110 3pOOWMJIO BITPSIKU IOCTYITHUMH JUISl IIPUBATHHX JJOMOTOCIIOJAPCTB.
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BitpoycTaHOBKHM BHpPOOJISIIOTH €JIEKTPUIHY CHEPTril0 MpakTHIHO 0e3 3a-
OpyTHEHHSI HAaBKOJIMIIIHBOTO CEPEIOBUILIA, aJle P [IboMY X HEeraTMBHHI BIUIMB
MOB’S13aHO 3 BIJBENCHHAM Iiji OY/iBHHITBO 3HAYHUX TEPHUTOPIH 1 3MIHOO
JaHqUadTy, IIYMOBHMH €(EKTaMH, IIEPEIIKOJIOI0 MOMIMPEHHIO PaliOCUTHANIB,
BiOpaIiifHuX Ji€r0, 3aTpo30I0 3aruOei NTaxiB, METAJNIOEMKOCTBIO BITPOYCTaHO-
BOK, [0 00YMOBITIOE 3a0pyJHEHHS ITPY BUPOOHHUIITBI MeTany [3].

OCHOBHUM HEJOJIKOM BIiTPOCHEPTETUYHUX CTAHIH € BHKOPHCTAHHS
ninx OyniBHuuTBOo BEC 3HauHNX 3eMenbHUX pecypciB. I1in moTysxHI npomuc-
noBi BEC HeoOxinHa rutoma 3 po3paxyHKy Big 5 1o 15 kv 2 / MBT B 3anex-
HOCTI Bijl pO3H BITpIB 1 MicueBoro penbedy pailoHy. MakcumanbHa IOTYX-
HICTPB, SIKa MOXe OyTH oTpuMaHa 3 1 KM 2 1uromii, 3aJIie)KUTh Bl paiioHy
ycranoBku BEC, Tumy ctaHIii i TEXHOIOTIYHIX 0COONMUBOCTEH KOHCTPYKILIT;
cepeHe 3HAUCHHS OJIePKyBaHOI MMOTYKHOCTI A0piBHIOE pubIm3Ho 10 MBT.
s BEC motyxuictio 1000 MBT motpi6ono mioma B 70-200 kM 2, xoya
BeJIMKa YacTHHA IUX 3eMelib Moxe OyTu Bukopuctanow. Cami BEC 3aiima-
10Th Jintine 1% Bciel Tepurtopii, Ha 99% peniTu MoKHA 3aiiMaTHCS CLTBCHKUM
TOCIIOJAPCTBOM a00 iHIIOK MisUTBHICTIO, IO 3MIHCHIOETHECSA B TaKUX TYCTO-
HaceJICHHUX KpaiHax, 1k [danis, Hinepnanmu, Himeuunna.

Opnun 3 HenonikiB Takux BEC — HempueMmHi 3ByKH, BHUKJIHKaHI 00ep-
TaHHAM JioTaTeit poTopa. Jiio/ CKapKHUITHCS, 1O HepiaKo npu HaONMKeHHI
JIO €JIEKTPOCTaHLil BOHU MOYHMHAIH Bu:(quaTn [[I/ICKOM(bOpT i iHOZI HaBiTh
HarnaJ{ HEBMOTHBOBAHOTO CTpaxy. TBaphHH 1 ITHL BOJILTK Bmpa3y 3aJu-
IaTH 30HH, 3a0ynoBani BEC, a mepeniTHI nTaxu yXwismcs BiJf MapHpyTy i
POOMITH TaK y KiJbKa KiIOMeTpiB, MO0 iX 00JIeTiTH.

Oco0MuBy €KOJIOTIUHY MPOOIEMY TPEICTABIAIOTh ITYMOBI BILTHBH Bi-
TpoarperaTiB moTyxkHictio 250 kBT i Bumie. [Ipobiema renepanii BEY yib-
Tpa3ByKy OyJia TOJ0JIaHa IUIIXOM BHOOpPY Npo(dinto Jjonari i MBUAKOCTI
oOepTaHHsI BITPOKOJIECA, a TOUHIIIE-PENIT JIoNaTi Bitpokojeca [4,5].

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1.Enepreruyna cTpaTeris Yxpaian 10 2035 POKYy.
http://mpe.kmu.gov.ua/minugol/doccatalog/document?id=245214948 ([lata 3Bep-
Hennst 02.06.2021)

2 Enepretnunuii iepexia. [HIycTpis BiTpoeHepreTHKH B YKpaiHi Habupae
ob6epru. https://energytransition.in.ua/industriya-vitroenergetyky-v-ukrayini/

3. JleprkeHeproeheKTUBHOCTI. Bitpoenepreruka.
https://sace.gov.ua/uk/ae/windenergy
4 BitporeHeparopu: THIIH, NPUHIMI  POOOTH, edexTuBHICTD

https://comfortsellers.com.ua/vitroheneratory-typy-pryntsyp-roboty/

S.IiBusk I'. OcnoBu Bitpoenepreruku: minapy4ynuk [Tekcr]/ I'. TliBasik, @.
[kpabemnp, H. Hoitbeprep, 1. [umnenkoB. M-Bo ocBiTH 1 Hayku Ykpainu, Harr,
ripH. yH-T. {ainpo: HI'Y. —-2015. -335 ¢
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CIIOCOBU BUBHAYEHHS MATHITHUX BTPAT
TPAHC®OPMATOPY

Tpaagumiiiai cnocoOM BU3HAYEHHS MarHiTHUX BTPAT JETAlBHO OMHCAaHi
y [1]. IcHYfOTH IBa MPUHIMIIOBO Pi3HUX ITIXOAW 0 BU3HAYCHHS MarHiTHUX
BTpar. [lepmmii, i HAKOITBII PO3NOBCIOKEHIH MiIXi/I, OCHOBAaHHUH HA iHIY-
KIiHHOMY METOJi BHMIpPIOBaHHS 1 Ja€ 3MOTy 0€3MOCepeIHbOTO BH3HAYCHHS
TUIBKU €JEKTPUYHUX BEJIUYMH: €.p.C. Y BUMIPIOBAIBHIM 00MOTII 1 CTpyMY Y
HaMarHiv4yBalibHIi 0OMOTIII TpaHC(hOpMaTOpa. MPUKIAAMH TAKMX METOMIB €
METOJl aMIep-BOJBTMETPA; IMOTCHLIOMETPUYHUN METOJ, BHUMIpPIOBaHHS
BTpaT 3a JIOMOMOTOK) BATTMETPIB; MU(EPCHIaTIbHAN METOJ BU3HAYCHHS
BTpaT Ta iHmi. Jpyruil miaxin — ne KaJopuUMETpH4HI BHIIPOOYBaHHS — L€
BUIIPOOYBaHHS, NPU SKUX BTPATH y MallMHi, BU3HAYAIOTHCS HA IiJCTaBl
KIJIBKOCTI TeIlIa, IO BUAIISAETHCA, BTPATH IiJPaxOBYIOTHCS BUXOISUH 3
TeIIa, SIKE MOTIMHAETHCS OXOKYBAaJIbHUM areHTOM 1 TEeIlIa, SKE PO3CIF0€Th-
Cs1 10 HaBKOJIMIIHBOTO cepeoBuia. OUMBHIHO, 0 HA IPAKTHII Y pPoOOINX
peXuMax CHJIOBHX TPaHC(HOPMATOPIB Peai3y€eThCs TUTBKH MEPITHX ITiIXiI.
PosrisiHeMO MeTON BH3HAUCHHS MAarHiTHUX BTPAT, SIKUH ONHMCaHHUN y
[1]. Ha mepBuHHY 0OMOTKY TpaHcdopmaropa MojaTh HOMIHAJIbHY HaIlpy-
Iy, a BTODUHHY OOMOTKY 3aJIMIIAI0Th HEHaBaHTaXXEHOI0. [Ipu 1boMy BHMi-
PIOIOTH CTPYM B IEpBHMHHIA OOMOTLI TpaHchopMaTopa i Hampyry y Horo
BTOPHMHHIH 00MOTLI. BuMipsiHi cTpyM Ta Hampyra npeacTaBisiioTh y (opmi
MacHBIB MUTTEBHUX 3HAa4Y€Hb 1 30epiraroTh y mam’siTi onepaTHBHOrO 30epira-
o4oro npuctporo. I[loTiM 3 OTpUMaHMMH MacHUBaMH MHTTEBUX 3Ha4Y€Hb
MIPOBOAATH PAJ OOYMCICHb. 3a MAacMBOM CTPYMY pPO3pPaxoOBYIOTh MHUTTEBI
3HAUEHHS HANpPY)KEHHOCTI MarHiTHOro mojs. MUTTEBI 3HaYeHHS MarHiTHOI
IHIYKOii BU3HAYaIOTh 3a JIOTIOMOTOI0 IHTETpally HANpY>KEHHS y BTOPHHHIHN
00MOTIII, BBAYKAIOYH BiJIOMIMH IDIOMIMHY aKTUBHOTO IEepepi3y MarHiTompo-
BOJIy, YUCIIO BUTKIB BTOPUHHOI OOMOTKH 1 4aCTOTH NepeMarHiayBaHas. Jlami
3HAXOJITh NMUTOMI MarHiTHI BTPaTH 3a IUIOIIMHOIO HeTni ricrepesicy. Ilpu
LOMY JJIsl BU3HAYECHHS IMOLIYKaHOI IUIOIIMHH BUKOPHCTOBYIOTH (pOpMYyITy
IUTOLIMHY Tpanewii, a Juis po3paxyHKy MUTOMHUX BTpAT — IyCTUHY MaTepiaity
3pa3ka. [IoBHY MOTY>XHICTh BTpaT PO3PaxoBYIOTh 3a JOOYTKOM JiI0YHMX 3HA-
YeHb HAMpPYTH 1 CTYMY, & PEaKTUBHY CKJIAJIOBY IOTY)KHOCTI BU3HAUYAIOTh SIK
KOPIiHB 3 Pi3HMIII KBAaAPaTiB MMOBHOI i aKTUBHOI ITOTY>KHOCTEH.
AHAJIOTIYHO BHUIIISIIAIOTH 1 1HINI TPagUIiiHI METOU BH3HAYCHHS Mar-
HITHUX BTpAT: CIIOYATKy BH3HAUYaIOTh €JICKTPUYHI BEJIMYMHU — CTPYM 1 Ha-
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Npyry; MOTIM 3 BUKOPUCTaHHIM XapaKTEPUCTHK MarHiTONPOBOLY PO3paxo-
BYIOTh MarHiTHi mapamMeTpH HAIPYTH 1 IHAYKIli MarHITHOTO TOJIA 1 BKE 32 HUMH
BU3HAYAIOTh 3HA4YEHHS MarHiTHUX BTpar. OCOOJIMBICTIO OMMUCAHOTO METONY €
3aCTOCYBaHHSI MAaCHBIB MUTTEBHX 3Ha4€Hb CTPYMIB 1 HANpyrH i crienudiqHux
AITOPUTMIB PO3PaxyHKY, SIKI BUKOPHCTOBYIOTHCS Il BH3HAUCHHS 3a IIMMHU
MacHBaMH IHTErpaJIbHUX 3HAYEHb HANPYTH 1 IUIOIIMHY IETJi rictepesucy [2].

Takuii migxin mae nBa icrotHux Henoniku. [lo-mepiue, iHpopmaris
PO CEPEAHIO CHJIOBY JIHIIO Ta Mepepi3 MarHiTOPOBOAY PEalbHUX CHUIIOBHX
TpaHC(hOPMATOPIB B PAAlI BUMAIKIB MOXe OyTH HE JOCTOBIpHOIO a00 30BCIM
OyTH BiICYTHBOIO, 1 TTO-ApyTe, IIEPEXid BiJl SIEKTPHYHUX BEIUIHH IO MarHi-
THHX ICTOTHO YCKJIAJHIOE po3paxyHKH. KpiM Toro, Takuii MeTon He MoOXKe
OyTH BUKOPUCTAHUH I BU3HAYCHHS MarHiTHHX BTPaT, KOJU TpaHC(opMa-
TOp MpALIOE B CBOEMY HOPMAJIEHOMY POOOYOMY PEXUMI, a TOCII X0JIO0CTO-
r'0 X0y He IPOBOAUIICS.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1.Minux B.I. EnextporexHika Ta enekrpomexanika: Hapu. [TociOHuK
[Tekct] // Minux B.1. — K.: «Kapasena», 2000.

2.Tpanchopmaropu. 3araibHi BIIOMOCTI MPO TpaHCHOPMATOPH.
punnun  gii Ta Oymosa. JAINTH3 «BMBIIY»: Be6 caiit. URL:
http://vmvpu.vn.ua. (nata 3BepreHss: 7.04.2021)
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3 cryn. tp. E-222m HY «3anopizbka momitexHika»

AHAJII3 TPU®A3ZHOI'O CHHXPOHHOTI'O IBUT'YHA 3
HOCTIMHUMM MATHITAMUA

OCKiJIbKM OCTaHHIMH pOKaMH 3a0pyAHEHHS HaBKOJHIIHBOTO CEpelo-
BHUIIA Ta Opak eHeprii CTaroTh Aenalli MOMITHIIINMH, KpaiHU B YCHOMY CBITI
MOYaJIi 3BepTaTH yBary Ha IIi ABi MpoOJeMu Ta BUCYBaTH KOHTp3axoau. Sk
BUCOKOIPOJIYKTUBHHUN JIBUTYH 3MIHHOTO CTPYMY, CHHXPOHHHH JBUTYH 3
MOCTITHIMHU MarHiTaMH Ma€ IepeBaru HEBEJIMKOTO PO3Mipy, BUCOKOI Hail-
HOCTI, BUCOKOTO Koe(illieHTa IMOTY>KHOCTI Ta IUTOMOI MOTYXHOCTI, @ TAKOX
BUCOKOi eexkTrBHOCTI. TakuM 4MHOM, po3poOKa Ta IOIYJIIpU3allis CHHX-
POHHHX JIBUI'YHIB i3 IIOCTIHHHMH MarHiTamu 3MOK€ 3HAYHOIO MipOIO 3a710-
BOJILHUTH TOTPEOH NMPOMHCIIOBOCTI Cy4acHOTO CYCHIJILCTBA y BHCOKOE(]eK-
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TUBHHX JBUIYHaX. AJie B TOH e yac, SIK CUCTEMa, ska MOXKE peaslizyBaTH Iepe-
TBOPEHHS MiX EJIEKTPOMEXaHIYHOO CHEPTI€I0, CTPYKTYpa IBUTYHA CKIIAIA€THCS
3 ENEKTPHIHUX CHCTEM Ta MEXaHIYHHX CHCTEM, TAKUX SIK CTATOPH, POTOPH Ta
T IIIUATTHUKHY, Ta HOT0 3arajbHa CTPYKTYpa BiTHOCHO MPOCTA.

VY miif crarTi aHami3yeThCS pO3paxoBaHUU TpU(a3HUH CHHXPOHHHUHA
JIBUTYH 3 IIOCTIHHUMH MarHiTaMu HOTYXHicTio 1 kBT, a Takok MOZIETIOI0Th-
Csl Ta AHANI3YIOTHCS XapPAKTEPUCTUKN CHHXPOHHOTO ABHTYHAa O€3 HaBaHTa-
JKEHHSI Ta ITi/1 HABaHTA)XKCHHSM.

XapakTepUCTHKH MOJIENl JBUTYHa 0e3 HaBaHTa)KEHHs! OyJIM MpoaHai30-
BaHi METOJIOM KIHIICBUX €JIEMCHTIB, BKIIFOUatouH pimeHHs mpotu-EPC xomocto-
TO X0y, rapMoHiiiHoro ckiaxy npoTu-EPC i pafiaibHOro po3noiny miiibHOCTI
MOTOKY B MarHiTHOMY IIOJIi MOBITPSIHOTO 3a30py. KojM CHHXpOHHMIT ABUTYH 3
MOCTIHHUMM MarHiTaMu Tpaioe 0e3 HaBaHTaKCHHsI, ICHYIOTh JIMIIIE TOCTiHHI
MarHiTHi 1oyrs1 (OCHOBHE MarHiTHe TOJIe Ta MarHITHE ITOJIe PO3CiFOBaHH:), CTBO-
proBaHiI TOCTifHUMK MarHiTamu IBuryHa. lIpoTtmenexrpopymiitaa cuma (Eo)
XOJIOCTOTO XOJy € JIy’K€ BaKJIMBHM IapaMETPOM CHHXPOHHOTO JBWTYHA 3 TOC-
TiltHUMH MarHiTamu. Bemmuamaa Eo B 3HauHIA Mipi BIUIMBa€ Ha NUHAMIYHI H
yCTalleHI XapaKTePHCTUKH JBUTyHa. PO3yMHa KOHCTPYKIlS [BHTYHA MOJXKE
3MEHIIUTH CTPYM XOJIOCTOTO XOAYy Ta MOKPAIIUTH KOSDII[ieHT IMOTYKHOCTI Ta
e(eKTUBHICTh, Ta 3MEHILNTH TeMIepaTypy ABUryHa. [licis aHami3y BimHOLIEH-
Hs amInTiTy i poti-EPC XomocToro xomy nMpoeKTOBaHOTO CHHXPOHHOTO JIBU-
I'yHa 3 MOCTIHUMH MarHiTaMH JI0 aMILTITy 1 npukiajaeHoi Hanpyru U craHo-
BUTH Osu3bK0 0,95, 1110 TOBOMTH, 1110 KOHCTPYKIIis ABUTYHA BlIaja i Mae XOpo-
1Ii XapaKTEPUCTUKK XOJIOCTOTO XOJ1y.

Kpim TOro, Oymu 3Mo[e/b0oBaHi CTalliOHApHI XapaKTePUCTUKU CHHX-
POHHOTO ABWIYHA 3 ITOCTIHHMMH MarHiTaMu IpH HOMiHAaJbHOMY HaBaHTa-
JKCHHI Ta OTpUMaHi (opMa XBWII BUXiTHOTO KPYTHOTO MOMEHTY, BTPaTH B
MiJi B OOMOTIII CTaTopa Ta BTPaTH B 3aJli3HOMY CEPICYHHUKY (BKIIIOYAIOUU
BTPATH Ha TicTepe3uc y 3aJli3HOMY CEpJCYHHKY Ta BTPATH Ha BUXPOBI CTPY-
MH); MIPOAaHANII30BAHO IPOIEC POOOTH ABHIYHA BiJ MOJOBHMHHOTO HAaBaHTA-
JKEHHsI [0 MIOBHOTO HABaHTAXEHHS, 1 JIOBEACHO, IO JBUTYH Ma€ XOPOIILY
BaHTAXKOMITHOMHICTh Ta JUHAMIYHI XapaKTePUCTUKH. JlaHe MOCiHKEeHHs
CTBOPIOE OCHOBY IOJIAJIBIIIOTO aHAII3Y MOEITIOBAHHS.
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3AT'AJIBHI BITJOMOCTI ITPO CXEMMU 3AMIIIEHHSA
OJHOPA3HOI'O TPAHC®OPMATOPY Y POBOUYOMY PEXUMI

OnHOO 3 TOJIOBHHX NMPOOJIEM CYy4acHOT €HEpreTHKU € HAsBHICTb BEJIMKOT
KUIBKOCTI CHJIOBHX TpaHCc(OpMATOpiB, sIKi BXKE BiANPAIFOBAIN CBill HOPMATHB-
HHH pecypc. 3a AesIKUMHU TaHUMH CyMapHa ITOTY>KHICTb MapKa KITIOUOBHX CHJIO-
BUX TpaHc(opMaTopiB, sIKi BCTAaHOBJIEHI B eHeprocucteMax kpain CHJI ta ski
BimnpairoBau Oinbie 25 pokiB ckiagae Oumbnie 600I'BA. KoxHoro poky
KUTBKICTh TaKuX TpaHc(OpMaTopiB 30UTBIIYEThCS MPHOIM3HO HA IBICTI OAH-
HHLIB.

TakuM 4YMHOM, HaHOULIBII AKTYAJIIBHOK 33/1aYCH0 EJNCKTPOCHEPTeTHUKH
Ha HaMONMXK4i MEcsITh POKIB cTae 3a0e3ledeHHs TPUBAIOCTI HAIifHOI eKc-
TUTyaTarii «CTaporo» mapky. [CHye OCHOBHI ABI NMPUYMHH 32 SKAMH, HisKi
rapaHTii He 3MOXYTh 3aKpUTH IpobOieMu Oe3BimkazHOi, Oe3aBapiifHOI ekc-
ryaTanii CHJIOBUX TpaHc(hOpMAaTopiB: Mo-mepiue, TepMiH Jil BUPOOYy — €
BEJIMUMHOIO IMOBIPHOIO 1, MO-APYre, HEBIAMOBIAHICTh MPEIUCAHNX PEXKHU-
MIB eKCIUTyaTalil peaJlsbHUM MOXKE IPHBOAUTH 1O NPUCKOPEHHS BUTPATH
pecypey. Bupimyrots 1110 mpobsieMy 3a TOMOMOTO0 TIarHOCTHYHOTO KOHTPO-
J0.

VY mopanmbIMx JOCHIIKEHHAX OYAyTh PO3TIINATHCS TOB3JOBXKHI TiTKH
3aMilieHHs TpaHcopMaTopy, MapamMeTpy SKUX BiIIOBIIAIOTh aKTUBHHM OIIO-
paM 1 iIHIYKTHBHOCTSIM PO3CiIOBaHHS 0OMOTOK TpaHC(opmaTopa. AHaI3 mpoiie-
CiB, sIKi MPOXOAATH Y TpaHC(HOPMATOPI MOXKHA BECTH 32 JIOTIOMOIOKO CXEM HOro
3amimieHHs: T-mofi6Hoi, [-noxioHoI. [Ipy 1bOMy BaXKIMBO MaTH Ha yBasi, IO
T-noniOHa cxema OLTBIIT TOYHO BiOOpaXkae MporecH, sKi BiOyBarOThCS Y TpaH-
copmatopi, y TOi 4ac sk 3acToCyBaHHs [-mOmiOHOT CXeMH 3HAYHO CIIPOIIYE
NpoIieC BU3HAYEHHS MapaMeTpiB cXeMH 3aMilleHHs. J{oCi/DkeHHs IPpOBOJUMO
JUISL IBOX BHMIIAJIKIB: MEPIIMH BUMAJ0K — TpaHC(OPMATOP Ma€e OJIHY HEHABaHTa-
JKEHy OOMOTKY, JIOCTYIIHY JUIsl BUMIpIB; APyrHil — KOJIM TpaHcdopmMarop Takol
o6moTkn He Mae. OCHOBHA CKJIAHICTh pO3paxyHKiB T-momiOHOI cxemu 3ami-
IICHHSI 3aKIIFOYAEThCSl Y HENOCTYITHOCTI /Ul Oe3MOCepeIHhOro BUMIPIOBAHHS
HanpyrH i ctpymiB. HasiBHICTB y TpaHcopMaTopa 01aTKOBOT HEHaBaHTAXKEHOT
0OMOTKH JIO3BOJISIE TIOBHICTIO BHPIMIUTH It0 Tpodiemy. ToMy mo-tiepiie po3r-
JISTHEMO caMe 11iii BUMaJIoK i OyeMo Juist Horo po3paxyHKy BUKOPUCTOBYBaTH T-
noxiOHy cxeMy 3aMmilleHHS. Y ApyroMy BHIQJKy CYBOpWH po3paxyHok T-
MOAIOHOI CXEMU 3aMillleHHS He MOXJIMBHM, TOMY B IbOMY BHIIAJKy OyIemMo
BHUKOPHCTOBYBAaTH cpoireHy I'-moibHy cxeMy 3aMiIieHHsI.
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Kepyrounce MipKyBaHHsIMH, SKi BHKIAJCHI BHIE, OylIeMO MaTH Ha
yBa3i BUKOPHUCTaHHS MUTTEBUX 3HAU€Hb CTPYMIB 1 HAINPYTH, SKi MPENCTaB-
JIeHI Y BHTJIAAI MAacCHBIB YMCIIOBHX 3HA4YEHb. Y HACTYITHOMY eTarli, BKa3aHi
JIaHi TIepealoThCs Ha KOMITIOTEep a00 MIKPOKOHTPOJUIEP, e MPOBOIATHCS 1X
00po0OKa 3a JOMMOMOTOIO IPOTpaM, SKi peasi3yroTh 3a3Ha4eHi METOIUKH.

CIIMCOK BUKOPUCTAHOI JIITEPATYPA

1. Mimux B.I. EmextpoTexHika Ta emekrpomexanika: Hasu. [TociOHIK
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BUKOPUCTAHHS TPUCTYHIHYACTOI CXEMHU
BUIIAPOBYBAHHS B TIAPOBIN KOTEJbLHIN
YCTAHOBII E - 25-14 TM

B GapabaHHNX KOTEIHbHUX yCTAaHOBKAX 3 IPUPOAHOIO IIUPKYJIIILIE0, 710
SIKUX BITHOCHTBCS KOTelbHa ycTaHoBka E — 25 — 14 I'M, ans BUKITIOYEHHS
MOXIJIMBOCTI YTBOPEHHSI HAKMIIIB HEOOXiJHO, MI00 KOHLEHTpALs colieil y
BoJi Oyjia HMXKYOIK 32 KPUTHUHY, NPU K MOYMHAETHCS 1X BUNAJAHHS 3
pO34KHYy. 3 METO0 MiATPUMKH HEOOX1IHOI KOHIICHTpAIIii COJICH, 3 KOTEIbHOT
YCTaHOBKH IPOJYBKOIO BHBOJAWTHCS J€sSKa YaCTHHA BOIH, 1 Pa3oM 3 HElo
BUIAJIAIOTLCS COJII B TaKii KiJBKOCTI, SIK BOHH HAAXOIATH 3 IMOXXHUBHOI BO-
not. B pesymbraTi mpomyBaHHS KUNBKICTH COJICH, IIO MICTHTBCS y BO/I,
cTalimi3y€eThCsl HA IOMYCTHMOMY PiBHI, IO BUKIIOYAE 1X BUMAJAHHSA 3 PO3-
YuHy. 3aCTOCOBYIOTH Oe3NepepBHE Ta IEpioJYHE HPOJYBAaHHS KOTEIbHOI
YCTaHOBKH.

besnepepsne npooysanns 3abesnedye piBHOMIpHE BUAAIEHHS 3 KOTe-
JIbHOT YCTAaHOBKHM PO3YMHEHUX COJIEH, 10 HAKOIMYMIIMCS, 1 3IHCHIOETHCS 3
MicIsl HaRO1TBIIOT iX KOHIIEHTpAIIiT - y BEpXHbOMY OapadaHi.

Ilepioduune npodysanns 3aCTOCOBYETHCS Ul BUAAICHHS LUIAMY, 110
OCiB B €JIeMEHTaxX KOTEJIbHOI YCTAaHOBKH, 1 IPOBOANTECS 3 HIDKHIX OapabaHiB
1 KOJIEKTOPiB KOTENBHOI yCTaHOBKH depe3 KoxHi (12...16) roauH.

besnepepeHe mnpoayBaHHS p, %, BCTaHOBIIOETHCS 32 JOITyCTUMOIO
KOHLIEHTPALIEI0 Y BOJII KOTEJILHOT YCTAHOBKH PO3YMHHMX JIOMIIIOK, Haifuac-
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TiIIe 3a 3arajJbHUM COJIEBMICTOM, 1 BHPAXKAETHCSA Y BIJCOTKAX MapOIPOIyK-
THBHOCTI KOTEJIBbHOI YCTAaHOBKH

P=D,,/D,

ae D,,1 D - BUTpaTH NpOoAyBHOI BOJM Ta HOMiHAJbHA MApONPOAYKTUBHICTh
KOTEJIbHOI YCTaHOBKH, KI/TOA.

Burpata noxuBHoi Bogu D ,, 32 HassBHOCTI 0€3IepPepBHOIO MpPOLY-
BaHHS, CTAHOBUTb, KI/TOJT

Duw = D +Dyp.

KinpkicTh BOIH, IO BUAAIAETHCS OE3IEPEPBHUM MPOTYBAaHHSAM, BCTa-
HOBITIOETHCS 3 PIBHSHHS COJIBOBOTO OalaHCy KOTEIBHOI YCTAaHOBKH, KI/TOJ

D ngS ne =D S n +D npS np +D S oman

ne S e ;S u ;S wp - COIEBMICTH HOXXHBHOI BOJIHM, NMApH Ta MPOLYBHOI BOIHM,
MI/KT;

S oms - KUIBKICTh PEUOBHH, IO BIIKJIAJalOThCS Ha MOBEPXHSIX HarpiBaHHS,
BiZiHECEHE JI0 1 KT IapH, 10 OTPUMYETHCS, MI/KT.

B KxoTenbHHX ycTaHOBKax cepeqHboro Tucky tumy E - 25 - 14 T'M ki-
JIBKICTh COJICH, 110 BUHOCATHCS MAapor0, He3HAUHa, 1 wieH D S , MOKHA TIpH-
piBHATH 0 HyJsI. BigkmaneHHs coyieil Ha TOBEpPXHI HArpiBaHHS IPH HOpMa-
JHFHOMY BOIHOMY PEKHMIi KOTEIBFHOI YCTAHOBKH HE JOIYCKAEThCA, i WieH D
S oms TAKOXK Ma€ NOPIBHIOBATH HYIO. TOMi KiIBKICTh BOIM, IO BUAANSAETHCS
3 IPOAYBaHHSM, KI/TOJ

an= D ngS ng/S np = D Sns/(S np.~ Snﬁ)'
Tobto
P = 846 100/(Snp.- Sne)-

3acTocyBaHHs 6e3mepepBHOTO MPOTYBAHHSI, IO € OCHOBHUM CIIOCOOOM
MIATPUMKH HEOOXiIHOT SIKOCTI BoJAM 0OapabaHHOi KOTENbHOI YCTaHOBKH,
OB’ s13aHe 31 30UIBIIICHHAM BUTPATH MOXXHWBHOI BOAM Ta TEIJIOBUMH BTpaTa-
Mu. Ha KoHMIA KiJlorpam MpoayBHOI BOAM BUTPAYAEThCA TEIIIOTa, KJK/KT

q = (hnp *hne)/ﬂx ’

1€ Nup 1 hne - €HTANBIIT IPOAYBHOT Ta MOXHUBHOI BOIH, KJ[K/KT;
1« - KKJI KoTenbpHOI yCTaHOBKH.
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3 METOI0 3MEHUIEHHs BTPAT TEIUIOTH 3 MPOJYBAaHHSM, CIiJ MParHyTH
J0 3MEHIICHHS KUIBKOCTI BOIM, IO BMBOOHUTBHCSA 3 KOTENIBHOI YCTAHOBKH.
EdexTBHEM MeTOZOM 3HWKCHHS IIPOXYBAHHS € CTYIIHYAaCTe BHUIIAPOBY-
BaHHS BOJIH.

B xorenpHi#t ycranosmi E — 25 — 14 I'M peanizoBaHa cxeMa TPUCTYIIi-
HYaCTOTO BHIIAPOBYBAHHS 3 BUHOCHMMH LIUKJIOHAMH, SKi pa3oM 3 BKIFOYeE-
HUMH B HUX €KpaHAMH, YTBOPIOIOTh COJBOBI BiJICIKM KOTENBHOI yCTAaHOBKH.
CyTHICTh CTYNMIHYacCTOTO BHIIAPOBYBAaHHS a00 CTYMIHYAaCTOTO MPOAYBaHHS
NoJIATae B TOMY, IO BHIIAPHA CHUCTEMa KOTEILHOI YCTAHOBKH ITOJLISETHCS
Ha psiI BIJICIKIB, 3’ €THAHUX 3a MApOI0 Ta PO3/ALIEHHX 1o Boji. [lokuBHa Boxa
MIOJIA€THCS JIMIIE y TepIIui Bifcik. [yt qpyroro BiCIKY IMOKHBHOIO BOZIOIO
CIIy’)KHTh NPOJYBHa BoAa 3 mepuroro Binciky. IlpogyBHa Boma 3 apyroro
BiZICIKY Ha/IXO/IUTh y TPETil BIICIK.

OCKUTBKY KOHIICHTPAIis COJIel y BOZI TPETHOTO BiJICIKY 3HAYHO BHUIIIA,
HIXK Yy BOJI IPH OJTHO- Ta IBOCTYMIHYACTOMY BUIIAPOBYBaHHI, ISl BUBSICHHS
coJIeif 3 KOTeJIbHOT YCTAaHOBKHU TOTPiOSH MEHIIHI BiICOTOK MPOIYBaHHS, IO
migaiMae KKJ KOTeIbHOT yCTaHOBKHM Ta MPUBOAUTE O €KOHOMIT IajuBa.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. 3uxoB A.K. ITapogi i BogorpiitHi kotimu [Tekct] / A.K. 3ukos. Kuis:
Buma mkoia, 2017. - 128 c.

2. Tkauenko C.1. Kotensni ycTanoBku: Hapu.noci6. [Texcr] / C.1.
Tkauenko, J[.B. Crenanos, JI.LA. Bboanap. Biuuums: BHTY, 2016. -
185c.
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AHAJII3 EHEPT'O3BEPII'AIOYUX 3AXO/IB 31 SMEHIIEHHSA
BTPAT TEILIOTH 3 BIIXIJTHUMM F'A3AMHU B KOTEJIbHIMI
YCTAHOBII BM-35M

AHai3 IpoBOIUTHCS NPU CIATIOBaHHI B KOTENBHIA ycraHoBII BM —
35M mpupoanoro raszy 3 razomnpoonay [amasa - KuiB. Brpatu TerioTtu 3
BIIX1THIMH Ta3aMU 3aiiMarOTh OCHOBHE MiCII€ Cepe]] TeIJIOBUX BTPAT KOTe-
JIBHOT YCTAHOBKH 1 CTAaHOBJIATSH (5...12) % TennoTu manwBa (B HalIOMy BHIIA-
nky —7,2 % ). Lle#t Bua BTpaT BUHUKAE Yepe3 Te, Mo ¢i3udHa Teriora (eHTa-
JIBIIiST) Ta3iB /)y, 10 BUXOAATH 3 KOTEJIBHOI YCTAHOBKH IPU TEMIIEPATYPL Vyx,
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nepeBuIy€e Gi3udHy TEIUIOTY MOBITPS, IO HAAXOIUTh B KOTEIbHY yCTaHOB-
Ky Ta IaluBa.
BTpartu TemioTH 3 BiIXiTHUMHU I'a3aMy BU3HAYAIOTH 3a Gopmyioro, %

q2= (0 2/ 0/) 100,

ne O > — abcomoTHA BenIKuHa BTpatT, KIx/M>;
O — HasBHa TEMIOTa NaauBa, KJ[x/m>.

BennunHa BTpaTH TEIUIOTH 3 BIOXIAHUMH Ta3aMH 3aJICXKHUTb Bif
00’eMy, a TaKOXX CKJIa[y MPOAYKTIB 3TOPSHHS, 1 Bi TeMIepaTypH BiIXiTHIX
rasis, TOOTO

02 =1 (V. Qs O, ; D).

1. Bimnomenns v,/ O, XapakTepu3ye SKiCTh NaluBa, IOKA3ye BiIHO-
CHUI1 BUXiJ MPOIYKTIB 3ropsiHHS (IpH 0. =) HA OOUHULIO TEIUIOTH 3TOPSHHS
TaJIiBa Ta 3aJIS)KUTH BiJl BMICTYy B HhOMY 0allaCTOBUX CKJIaIOBHX (a30Ty No,
nBookucy Byriemto CO; Ta kucHio O; - U Ta30BOT0 MaauBa). 31 30UIbIICH-
HAM BMicTy B HaluBi 6anacTOBUX CKJIAJOBHX i, oTke, Benuuunu v,”/ O,° ,
BTpaTa TeIUIOTH 3 BiIXiAHUMH T'a3aMH 3pOCTAE.

2. OHUM 3 MOXKJIMBHX HAMPSAMIB 3HHKCHHS BTPATH TEIUIOTH 3 BIIXiJ-
HUMH Ta3aMd € 3MCHIICHHS KOe(illi€HTy BHTPaTH MOBITPS B BIAXIIHHX
ras3ax o, BenuduHa o, 3a1€XnTh BiZ KOe(illieHTy BUTPATH MOBITPS B TOMII
0Ly TA TIOBITPS, 10 IPUCMOKTAJIOCS B Ta30X0IM KOTEJIBHOI YCTAHOBKU Ad.

oy = amt Ao

31 3MEHIIEHHSM O, BTparta TeImioTH (: (q2) 3HWXKYETHCS, IPOTE NPH
BOMY, Y 3B’SI3KY 31 3MEHIICHHAM KiTBKOCTI MOBITPS, IO TOJAETHCS B TOII-
Ky, MOXKJIMBA TIOSIBa IHIIOI BTPATH TEIUIOTH — BiJ] XIMi9YHOI HEMTOBHOTH 3TO-
psHHEA nanuBa Oz (q3). OnTUManbHa BEIHMYUHA 0., BUOUPAETHCS 3 ypaxyBaH-
HSIM JTOCSATHEHHS MiHIMaJIbHOTO CyMapHOTo 3HaueHHs (g2 + ¢3).

MOJKITMBICTh 3MEHILECHHS Ol 3aJIEKHUTh BiJ] POJy NAJIMBA, 10 CHATIOETHCS,
1 THIy TONKOBOro npucTporo. [Ipy criamoBaHHI Ta30BOro najiyBa KoegilieHT
BUTpATH HOBITPs y TOMLI IpuiiMatoTh o= (1,1...1,15) B 3anexHoCTI Bijg mapon-
POIYKTHBHOCTI KOTENBHOT YCTaHOBKU. [[ist koTenbHOi yctanoBku BM — 35 M
NPH CHIAJIFOBAaHHI IPHUPOJHOTO Tasy o,~=1,15. TIpucocy NoBiTps ra30BUM Tpak-
TOM KOTEJBHOI YCTaHOBKM (A@) NPAaKTHYHO NPHHAMAIOTH DIBHUMH Ao =
(0,15...0,3). s manoi koTenpHOI ycTaHoBKA Ao =1,35 — 1,15 =0,2.

3. HaiiBaxxmuBimmM Qaxkropom, mo BIuMBae Ha (J; , € TeMmeparypa
BIAXIHUX Ta3iB 0)y. 3HWKEHHS Uy JOCATAETHCS YCTAHOBKOIO B XBOCTOBIH
YacTHHI KOTEJIFHOT YCTAHOBKH TEIFIOBUKOPHUCTOBYIOUHX ITOBEPXOHb BOASHO-
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ro eKOHOMai3epa i MOBITpomiAirpiBaya, 0 peasi3oBaHO B KOTEJNBHIHN ycTa-
HoBLI BM — 35 M.

UuM HIKYe TeMIlepatypa rasiB i, BiIIOBITHO, MEHIIIE TeMIIepaTypHHIHA
Hamip At MK razaMu i poOOYHMM TiJOM, IO HArpiBaeTbCs (IIOKMBHA BOJA
abo TOBITpsI), TUM OiNTbIIA TTOBEPXHA IMOTPIOHA I OXOJIOMKEHHS ra3zy Ha
OJIHY 1 Ty X BenHUnHY. [IiIBHIIIEHHS X TEMIIEpaTypH BIAXITHUX Ta3iB IpHU3-
BOJAWTH 10 301UTBIICHHS BTpaT 3 2 Ta, OTXKE, A0 JOAATKOBUX BHUTpPAT IMAINBA
IIpY BUPOOJICHH] OAHI€T i Tiel KijgbKoCTi mapu. B psal BUnajakiB 3HIKEHHS
Uyx OOMEXY€EThCS MOXKIIMBICTIO 30BHIIIHBOI KOpPO3ii XBOCTOBHX IOBEPXOHb
HarpiBaHHs 4Yepe3 KOHJEHCAI[ll0 HUMU BOASHUX MAapiB, sKi 3HAXOJATHCS Y
NpOoJIyKTax 3ropsiHHA. Temmeparypa rasiB He MOBHHHA IIEPEBUILYBATH TEM-
repatypy TOYKH POCH, 3HAYECHHS SIKOi 6araTto B YOMY BH3HAYAETHCS BMICTOM
B IMMOBUX Ta3aX OKCHUIIB CIPKH, TOOTO 0yx< Zpocu-

TemmepaTtypa BIIXiZHHX Ta3iB MPOMHCIOBHX MApOBHX KOTENBHHX YCTa-
HOBOK, 3aJISKHO BiJl iX MApPONPOAYKTUBHOCTI, SIKOCTI 1 BAPTOCTI IANBA, TEMIIE-
paTypu TOXHMBHOI BOIM 1 MOBITPS, IO HAIXOMUTh, NPUHMAETHCS PIBHOO
(110...170) °C i Bume. TemnepaTypa ra3iB Mae BUpIIIAIHHAI BIDIMB HA TEIUIO-
By CGKOHOMIYHICTh KOTEJIBHOI YCTAaHOBKH. 3HIDKCHHS TEMIIEpaTypu ra3iB Ha
(12...16) °C migumye KKJI xotenbHOT ycTaHOBKH NproOmm3HO Ha 1 %.

3MEHIIICHHS TeMIEePaTyPy BIAXITHUX ra3iB MOB’s3aHO 3 HEOOXITHICTIO
30UIBIICHHST KOHBEKTHBHUX ITOBEPXOHb HarpiBaHHS 1 3pOCTaHHIM BUTpaTH
CJICKTPOCHEPTIi Ha TATY 1 AyTTs. J[0OmaTKOBI BUTpATH, 1[0 BUHHUKAIOTH MPHU
LLOMY, MOKYTh OKYIIAaTHCS 32 paXyHOK €KOHOMII ManuBa.

B 3araipHOMY BHMIaqKy ONTHMajbHA TeMIleparypa BiAXiIHHX rasiB 3
KOTEJIbHOI yCTAaHOBKM BHM3HAYAETHCS HA IMiACTaBI TEXHIKO — E€KOHOMIYHHX
PO3paxyHKIiB 3a MiHIMyMOM pO3paxyHKOBHMX BHTpAT 3a JIaHOI IiHU NaJINBa.
Jlnst koTenbHOT ycTanoBku BM — 35 M BusHauena v, = 160 °C.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. KucenmsoB H.A. Kotenpai ycranoBku [Tekcr] / H.A. Kucensos. Ku-
iB: Buma mxona, 2015. — 280 c.

2.Bonomyk B.A. KotenbHi yCTaHOBKM  IPOMHCIOBUX MiJIPH-
emcTB: HaB4y.moci6. [Tekcr] / B.A. Bonomyk, A.K. [lenicos, L.II. Tpo-
¢umuyk. Pisae:HYBITI, 2013. — 277c.
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TEPMOJINHAMIYHI OCHOBH ITPOLIECIB
3PIIZKEHHSA TA 3AMOPOKYBAHHS I'A3IB

T — S niarpaMa nporeciB NepeBeicHHs ra3y B piAKUH Ta TBEpIUU CTa-
HM 300paxkeHa Ha pUcyHKy 1. [TouarkoBwuii cra rasy B 1.1 — Py 1 Tye. Po3r-
JstHeMO BUNAnKu, Koau 1 .. > T, , ockinbkut pu T . < Ty, piakuil cTan
ra3y Moke OyTH JOCSTHYTO JIMIIE 130TepMIYHMM CTHUCKAaHHIM 0e3 BUKOpHC-
TaHHsI 1HIIUX MPOIECiB. SIKIO 0XO0JI0MKYBaTH ra3 Bif T. 1 mpu P , . = const,
TO TeMIlepaTypa Horo OyJe 3HIDKYBAaTHCS 10 T. 2, a MOTiM y mporieci (2 — 3)
BIZIBEZICHHS TEIUIOTH OyAe CYNpOBOKYBAaTHCA  3MEHILICHHSIM CTYTICHI
CYXOCTi 0 THX IIip, MIOKKA BECh a3 HE Iepeiae B pimkuil ctan. ToOTO ra3
Oyzne mepeBeleHO B PIOKUHM CTaH MpW TOMY X 3HaueHHI P, .. Kinbkicte
TEIUIOTH, II0 TIPH LOMY HEOOXIAHO BIIBECTH ¢5= h; — h2, a MiHIMaJIbHA
poboTa I 3BOPOTHOTO MPOBEAEHHS IIOTO MPOLECY NOPIBHIOBATUME Pi3-
HHUIII €KCepriif B KIHIIEBOMY Ta OYaTKOBOMY CTaHax [y, = e3— e;.

Jlis OTpUMaHHS TBEpIOi PECUYOBHHM BIJBEICHHS TEIUIOTH HEOOXIITHO
NpoJOBXKUTH. [Ipy mojanbiIoMy BifBEAEHHI TEIUIOTH pedoBuHA ripu 1 = Ty
= const niepeiiie Cro4aTKy B piKuii, a MOTIiM B TBEpAUH CTaH T. 5.

KijbKicTh TEIJIOTH, 1O BIJABOIUTHCS MpH IOMY, Oyae Oinblie g, i
JIOPIBHIOBaTUME (sauop = N1 — hs, a MiHIMaNbHa po00Ta Liguep = €5—€1> Lyp.

[epeBemeHHs ra3y B pimKuii i TBepAHii CTaHH MOXe OyTH 3/iHCHEHO 1 IpU
P > Py, Wi 90oro NoTpiOHO CTHCHYTH Ta3 JI0 BiIIOBITHOTO TUCKY TPH 7. SK-
mo P < Py, TO mpoliec MPOTIKATAME aHAJIOTIYHO 3 TI€F0 PI3HUIICIO, 10 KOHIIe-
HCaIlil MPOXOIUTHME TP OUTBII BHCOKIH TeMIlepatypi, a MATOMa TEIUIOTa
MapOyTBOPEHHS # 3MEHIINTHCS, TIOKU IpH P = P,;, He cTane piBHOO 0.

IMpu HankputHyHOMY THCKY P > P, Ta3 NepexoquTh B piiKuil cTaH
takox npu T = Ty, (T. 7), ane 6e3 nocrynoBoi kouaeHcauii. [Toganpumii
nepexija y piakuii Ta TBepauii cranu (7 — 8 — 9) BinOyBaeThCs Tak caMo, 5K 1
NpH HIIKUX THCKax. YacTHHA TEIUIOTH, O BiABOMUTHCS NIpU T = T, 3aMEXK-
HO BiJ] THCKY, MOXe 3MiHtoBaTucs Bix 0 mo 1.

TakuM 4HHOM, MTPOIIEC 3PIPKEHHS Ta 3aMOPOXKYBaHHS ra3y MOXKe OyTH
MPOBEJICHUH TPhOMa CIOCOOAMU:

1. BinBeneHHsAM TemIOTH NpH P, = const 1 TemrepaTypax, 1o 3Mi-
HIOIOTBCS BiJl Ty, 10 TEMIepaTypH (a30BHX HEPEXOIIB.
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Pucynok 1 — 7T— S niarpamMa nporeciB 3pikeHHs Ta 3aMOPOKyBaHHS Ta3iB

B tabmumi 1 HaBemeHO 3HAuYCHHS MiHIMAJIBHOI pOOOTH Ta TEIUIOTH
MPOLIECIB 3PIIHKEHHS Ta 3aMOPOKYBaHHs JIESIKMX KpioareHTiB npu Py, = 0,1
MIla; T, =293 K, B kJ[x/KT.

Tabmus 1 — PoboTa Ta Terora nporecis 3piJpkeHHs

Ta 3aMOPOIKYBaHHS
Kpioaret 3pimKeH s 3aMOpOoKyBaHHS
lzp q sp lxa,m)p {3amop
Apron 462,5 270,0 547,2 302,5
Asor 740,5 421,0 1121,0 470,0
Bonens 15 500,0 3860,0 18800,0 4000,0
ToBiTps 710,0 4210 | e | -
Temiit 6633,0 15270 | - | e
Meran 1050,0 900,0 1320,0 1030,0
Heon 1572,0 361,0 1812,0 383,0
CcO 733,0 220,0 1538,0 658,0
CO2 363,0 208,0 656,0 309,0
Kucenp 615,0 398,0 861,0 476,0

2. BigBenpeHHAM BCi€l TETIOTH NpH Ty B TIPOIIEC] 130 TEPMITHOTO CTHC-
KaHHS 3 MOAAJBIINM 1300apHHM OXOJIO/PKCHHSM TP TEMIEpaTypax, IIo
3HIDKYIOTBCSI.

3. BinBenenusm Bciel Termnotu npu Ty 3 TOJANBIINAM aliadaTHUM Po-
3MIUPEHHSIM 10 KiHIIEBOTO THCKY P = Py,
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Tperiit cioci® He 3HAHIIOB 3aCTOCYBAaHHS, OCKUTBKU UL HOTO 3ilc-
HEHHA T'a3 He0O0XiTHO CTHCKATH 10 TUCKY B AecsATKH i cotHi MIla.

VY BCiX TPHOX BHUIMAJKaX MPH 3BOPOTHOMY IPOBEJCHHI MPOIECIB, CY-
MapHa po0OTa MOBUHHA OYTH OJHAKOBOIO 33 OJJHAKOBUX ITOYATKOBUX 1 KiH-
[[EBUX MapaMeTpax i MOPIBHIOBATH PI3HUII CKCEPTIH Ly = €xin— Cnou.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. [ABoitnoc S1.I". Ilpouecu ranOOKOro 0XOJMOMKEHHS: Teopis 1 IpaKkTu-
4Hi 3aBaanHs: HaBu.moci6 [Tekcr] / S.I'. ABoiinoc. Kuis: KIII, 2019. — 67c.

2. MacnikoB M.M. KpioremHa TexHiKa 1 TEXHOJOTis:HABY.IOCIO.
[Texcr] / M.M. Macnikos. Kuis: HYXT,2010. — 98 c.
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NEPCINIEKTUBHUM PEJKUM HATPIBY METAJTY B
HATPIBAJIBHUX KOJIOAIAX

CTBOpEHO 1 JOCHIMHKEHO ONTHUMAaJIbHI, TIEPCIIEKTUBHI 1 O€3MeYHI pexu-
MH HarpiBy MeTany B KOJOIMI, 3 BIOCKOHAJCHHAM TEXHOJOTI9HOTO MpOIle-
cy, mo Oyze 3miiCHIOBaTHCS po3paxyHKoBo. HoBuii pexkuM HarpiBy merairy
MIpU3BE/E 10 3HIDKCHHS TEMIIEpaTyp, IO BIUIMBAIOTh HA METAN IIiJ] 9ac TPH-
BaJIOTO 3HAXO/KEHHSI Y HarpiBaJIbHUX KOJOMA3SIX, IO Y CBOIO Yepry J03BO-
JIUTh 3HU3UTH yrap MeTally, 32 paXyHOK CKOPOYEHHs KiJIbKOCTI IIJIaKy, L0
3’SIBJISIETHCS TAa OTPUMATH 3HAYHUN €KOHOMIYHUH e(eKT Ha BUPOOHHIITBI.

3aBIaHHsIM HarpiBaJbHUX KOJIOJS3IB € OTPUMAHHS JOBEJCHUX JIO TEM-
repaTypy NPOKATKU Ta PIBHOMIPHO HPOTPITHX MO mepepidy 3nautkiB [1,2].
Po3poliieHnii pexxuM CHpsIMOBaHWII Ha 3HIKEHHS HaJXOIDKEHHS MeTany B
30Hi BHCOKHX Temneparyp Buine 3a 1300 oC (TOMJIEHHS MPOBOAUTHCS Tillb-
KH OJIMH pa3), IO TO03BOJIIE 3HU3UTH IX MEPerpiB y mpoIeci HarpiBaHHA i, K
HACJIJIOK, 3MEHIINTH OIUIABJICHICTh 3JMTKIB Ta MiJBHIICHE OKaIWHOYTBO-
PEHHSL.

Tabmuus 1 — [lopiBHsIIBHI TaHI pO3PaxyHKY 3 TaHUMH, IO
OTPUMYIOTHCS 38 KITACHYHOI0 METOJUKOIO

Hocnmigauii | Knacnyna .
PosrnsgnryTa BenmmunHa BIIXMJICHHSI
PEKUM METOJIHKA
Cepe;{H;{) TeMmreparypa IMOBEpXHi 1340 1320 120
3IUTKY, °C
TpuBasicTh HarpiBaHHs, 4ac B TOJH- 333 5 4133
Hax
TpuBaJicTh TOMJIEHHS, Yac B TOANHAX 1,23 2,57 —1,34
Koe(bluéesm OKaQJTMHOYTBOPEHHSI, 2.646 2,445 +0.201
Mm/ron”
KBa/ipaT TOBUIMHH OKAIMHH, MM> 12,593 19,541 —6,948
BuTpara MeTany i3 IIaKoM, Kr/m> 11,214 13,969 -2,755
Maca nuiaky, Kr 112 139,52 -27,52
Burtpara nuiaky, Kr/t 7,12 8,87 -1,75

3rilHO 3 HOBUM pPEXWMOM HArpiBaHHS, 3JIUTKH, IICISA MOCAAKH B Ha-
rpiBalIbHI KOJOM31, HarpiBatoThes o0 Temmneparypu 1200 oC (3amicts 1320—
1340 oC 3a xi1acH4HOIO cxeMolo HarpiBaHHs Metainy [3]). [TotiM HarpiBaHHs
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NPUITMHAETbCA Ta 3IIHCHIOETHCS MIATPHMKA TEMIIEpaTypH Ha 3aJaHOMY
piBHI 10 MOYATKy HAarpiBaHHS 3a MiHIMAIEHO MOKJIMBHH Yac.

Po3paxoBaHO BIUIMB HOBOT'O PEXHMMY HarpiBaHHs Ha MUTOMY BHUTpary
3BapIOBAJIBHOTO IILIAKY.

Po3paxyHOK BUTpaTH 1IIaKy NPH HarpiBaHHI 3JMTKIB 3 BUTPUMKOIO ITi-
cist nocau pu temreparypi 1200 oC i oqHUM 3 HarpiBaHHSM Yy HarpiBaib-
HHUX KOJOJSA3SX BHKOHAaHWH BiJIOBIIHO A0 MeToauku [4]. Pe3dynbraru 3Be-
neHi 1o tadummni 1.

TakuM YMHOM, NPU BIPOBAIDKEHHI HOBOTO PEXHUMY 3 BUTPHMKOIO IIPH
temneparypi 1200 oC micis mocagky 3IUTKIB Y HarpiBalbHAH KONOASA3b 1 3
OIHIM HAarpiBaHHSAM BigOyBa€ThCS OUIKyBaHE 3HIDKEHHS BUTPATH IUIAKY,
o cxiange — 1,75 xr/T.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. I'y6incekuit B.I. Metanypritiai neui: Hapu. [Tocioruk [Tekcr] / B.1.
I'y6incekuit. Jninpo: HMetAY, 2006. — 85 c.

2. I'pebenbuuii, B.M. IlinBumieHHs epeKTHBHOCTI poOOTH HarpiBab-
HHUX KOJO/s3iB nmpokatHux 1exiB [Tekcr] / B.M. I'pebenbuuii, B.M. Ilno-
tuaani. Kuis: Texnika, 2007. — 192c.

3. Axcenbpyn, JL.I'. CyuacHi HarpiBaibHi koioms3i. Ctans Ne3 [Tekcr]
/ JLT. Axcemspya. Meramypr, 2000. — 23 1c.

4. KazanueB E. U. IIpombinuieHHsle neyn. CopaBoYHOE PYKOBOICTBO
JUISL pacyeTOB U NPOCKTHPOBAHUS. 2-€ M3/laHne, JOTIOJIHEHHOE U nepepado-
taHoe [Tekct] / E. U. Kazannes M. «Metammyprus», 1975. — 368 c.
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PO3POBKA EHEPITOE®EKTUBHUX PEXXUMIB PO3IT'PIBY
BUCOKOTEMIIEPATYPHUX AT'PET'ATIB (ITOBIJOMJIEHHHAI 1)

TemmorexHoyoriyHa ycTaHOBKa (mid-arperar), sIBis€ cO0OI0 CyKyII-
HICTh poOOYOTO MPOCTOPY, Y MEkKaxX SKOTO 3IIHCHIOETHCS BHCOKOTEMIIEpa-
TypHHH TIpOIIEC, 1 yCTaTKyBaHHS, 110 3a0e3meduye Horo peati3amito.

BepxHst 4acTHHA OTOPOKEHHSI peakTopa (poOovoro mpocTopy) Ha3uBa-
eThCs ckierinasaM. CKIICIIHHS — [Ie eJIEMEHT, 110 BH3HAYAE CTIHKICTh arperary
3arajioM i BIUTUBA€ HA TEXHIKO-CKOHOMIYHI MOKa3HIUKU BUPOOHUIITBA.
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Ha nevyax 3 iHTEHCHBHMM IPOAYBaHHSM BaHHM KHCHEM CTilKiCTh
CKJICTIiHHS cTaHOBHTH O1m3pK0 300 ruraBok. Y mporieci IIaBKM Ha CKIICTIIHHS
Tedi BIUIMBAIOTH Taki (hakTopu:

—  HEpIBHOMIpHICTH HArpiBy BHYTPIIIHBOI MOBEPXHI CKIJICIHIHHSI IO
JIOBXKUHI Ta IIMPUHI BHACTIIOK HEPIBHOMIPHOCTI TEMIIEpaTypHOTO
moJis pakera mpy po3irpiBaHHI arperary;

—  KONMBaHHS TEeMIIEPAaTypH XOIY 3aJIe)KHO BiJ] TEXHOJOTIYHUX Tepi-
OHiB;

— 3MiHa XiMIYHOTO Ta (ha30BOrO CKJIAJ(iB BOTHETPHBKOIO MaTepiaity
CKJICIIIHHS B pe3yJIbTaTi BIUIUBY OPU30K LIJIAKY Ta METay, IIaBHU-
JIBHOTO MIJTY Ta Ta30Boi aTMochepu podOYOro mpocTopy meui.

IHTeHCcupiKallist TEIUIOBOTO Ta TEXHOJOTIYHOTO PEKUMIB CHPUSE TIOCH-
JICHHIO Ta MPUCKOPEHHIO Jii BUIIEBKA3aHUX MPOIICCIB.

ToMy TUHTaHHIO SKICHOTO pO3IrpiBaHHS CKJICMIHHS arperary Tpeba
MIPUIUIATH OCOOIINBY yBary.

PosrnsiHeMO cXeMy IOTOKIB TEIUIOTH y BHCOKOTEMIIEPaTYpPHOMY arpe-
raTi npu po3irpisi BHCokoTeMmepaTypHoro arperata (Puc.1).

TemnoBuit 6ananc Oye MaTH BUTIIAL;

annx = MBHTpaT (1)

[puxix TETIOTH pO3paxOBY€ETHCS MO HACTYIHIH (HopMyIIi:
anux = MXiM.T + M@is.'r + M¢i3.n05 s (2)
ne My, — XIMi4Ha TeroTa nanusa, I'Jx;

Mgisr- — Gi3uuHa Teruora nanusa, ['J1x;
Moisnos — i3uuHa TemaoTa noBiTpsl, sike Hamiiuulo Ha ropinus, I'JIx.

}\4”3“05 M oxonamaemn +

OrOPOMK KOHCTRY KUl

nanueo U

—_—

2
Pucynok 1 — [1oTOKH TEMIOTH Y BECOKOTEMITEPATypPHOMY arperari IpH po3irpisi:

1 — poboumii mpocTip medi; 2 — MATbHKK; 3 — CKIICTIHHS; 4 — TUMOBHIA KaHAI,
5 — nuMoBa Tpy0ba; 6 — BEHTHIIATOP; 7 — AMMOBHIT IOep
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Butpartu TemnoTu po3paxoBYIOThCS MO0 HACTYIHIA (GOPMYIIi:
MBI/ITpaT = MHaI‘piB + MBiLLX + MOXOJI.K + MOXO][.LT.I + MOK
+MBan0M + MBH6.F. + Mni,ucw (3)

1€ Myarpis — BUTPATH TETUIOTH Ha Harpis ckieminus, ['JIx;

M, x— BUTPATH TEIUIOTH 3 IUMOBHMH Ta3aMH, 110 BigxomsaTh 3 meui, I'Jx;
Mxonx— BUTPATH TEIUIOTH HA OXOJIO/UKCHHS KPHUIIOK 3aBaJIOYHHMX BiKOH,
T'lx;

M gxonm— BUTPATH TEILIOTH HA OXOJOKEHHs mubepis, I'Jx;

M,x— BHTpATH TEIUIOTH Yepe3 OrOpOKYBaIbHI KOHCTpYKii, I'JIxK;

Miunpow— BUTPATH TEIUIOTH BHIPOMIHIOBAHHAM Ye€pe3 BiMYMHEHI BikHa H
sk, T'Ix;

M_y6.-.— BUTPATH TEIUIOTH 3 Ta3aMH, 110 BuOMBarThcs, ['JIxK;

Mpipcq— BHTPATH TEIUIOTH BiJl XOJOAHOTO IOBIiTPS, IO MiICMOKTYETBCS B
miu, ['Jx.

PospaxysaBmm TermoBuii O6amanc (Tabm. 1) HarpiBy CKIICTIiHHS BiATIOBII-
HO J10 Kiacu4HOro rpadiky pasirpiBy [1] i metoauku [2] Big3HAYNMO TPUCYT-
HicTh TpodinmTy TerioTd. Ha mifgcraBi OTpUMaHMX pe3yNbTATIB i HASBHOCTI
Ha/UTHIIKY TeIUIOTH B NPHOYTKOBIH YaCTHHI PO3PaXyHKOBHM LIIIXOM BHKOHA€E-
MO TiAOIp TPUBAIOCTI i BUTPAT MaJMBa LI HOBOTO rpadiky (HOBOTO TEIIOBOTO
pexumy). Pe3ysbTaTi po3paxyHKiB 3BeZIeHO B Ta0M. 1.

Ci1iz 3a3HAYUTH, [0 Y MIYHIA CHCTEMi, BUTPATH TEIJIOTH 3 TUMOBUMHU
raamu, 110 BIAXOASATH 3 TedYi, CKJIANAOThCs 3 (DI3UYHOI TEIUIOTH Tapsuux
rasie, 10 BiAXOJsTh, Ta iX 00’emy [2]. IIpu npomMy Ha HHX Mae€ iCTOTHHI
BILJIMB IIBHIKICTP ra3iB, IO BiIXOIATh.

{06 MaTu 3MOr'y 3HW3UTH BUTpPATH MAJIMBa IPHU PO3IrpiBaHHI BUCOKO-
TEeMIEPaTypHOTo arperary, Tpeba 3HHU3UTH BTPATH TEIUIOTH 3 JUMOBHMH
ra3amu, o BigxoasaTs. OTHUM i3 NUIAXIB € 3MEHIIICHHS MIBHIKOCTI MPOIYK-
TIB 3TOPSIHHS IIUIIXOM 3MEHIIEHHs po3pimkeHHs (Ha 20-25%) B quMoBOMYy
TpaKTi (rasis, Mo WAYTh HA AUMOBY TPYyOY), 32 JOMOMOTOI0 KEPYBaHHS CHC-
TEMOIO JUMOBHX ITHOEPIB.

OUiHKA nammucy TETFIOTH TIPOBOIUTHCS 110 HACTYITHIH (OpMyJIi:

AH = MBHTp - (MBHTp - anux) * 100%/anux (4)

Bapto Bim3naunty, mo npu AH>0 — € npuCyTHIH HaJIMIIOK MpHUOYT-
KOBOi YaCTHHH TEIUIOTH, TOOTO B arperat BHOCHUTHCS OibIle TEIUIOTH, HiX
CIOXWBAETHCS, IO y CBOIO YepTy #e Ha 30inpmenHs BrTpat; mpu AH <0 - B
arperat BHOCHUTBCSI MEHIIIE TEIUIOTH, HiXK HEOOXiJHO Ayt 3a0e3reueH sl Ho-
PMaJbHOI TEII0BOT poOOTH arperaTy (arperat Ipaifoe 3 HEJOJIKOM TEeIuIo-
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TH), IO y CBOKO YEPry MPHU3BOJIUTH JO HEAKICHOTO MPOTPIBAHHS CKIICITIHHI.
Haii0inpm pamioHaqhbHO BECTH TEIDIOBHUH OallaHC IDIABKH 3 HAIUIIKOM
TEIJIOTH B Aiama3oHi g0 1 % [3].

Tabmua 1 — Po3paxyHkH TEIIOBOro GanaHcy

3ampo-
Knacuu-
. MOHOBA- 3amnporoHo-
HUH . No N o
N rpadix HUH I Kracuanuit BaHUIA
Tpuxin pa i rpacgix / Butpata tera | rpadix Harpi- rpadix
7 TEIIo- B:Hll;i 3 Harpi- . BaHHs 32 0[] | HarpiBaHHS
TH BaHHS 28 28 rox
i ron
TOx
T oy [ TR x| % | A %
K K K
Ximiu- 20
1| Ha 14 93, | 17 | 93, 1 Ha Harpie | 559, 27,5 | 559 294
TeIIoTa 9 ’ 7 80 8 CKJICTIHHS 3 6 ) >
naJauBa
Dizny-
2| M 20| 01 [ 20 |01 | 2|3 raamm mo om0 | 531866 |, 0
TEIUIOTa BIIXOATH 5 0
naJauBa
Ha 0XO0JI0-
®diznu- 3 | JUKEHHS  KpH- 67.0 3.30 58, 3,00
Ha IIOK  3aBaJIoy- 7
TeIUIoTa HUX BIKOH
TOBIT- 13 11 Ha 0X0JI0-
3 psa, mo | 2,7 6,2 6 6,1 4 | mxenns mmwmbe- | 24,1 1,19 211’ 1,11
Ha - piB
1o Ha Hepes —oropo- |51y 1 104 | 189
TOpiHHS 5 | mKyBambHi 3 1 4 9,98
KOHCTPYKIIT i
Bunpominro-
6 | BAHHAM CHEPES g4 035 | 69 | 036
BIZIKpUTI BiKHA
Ta TIISAIUIKH
7 3 raszamm, 110 60.4 2,98 178 9.38
BHOMBAIOTHCS 0
BiJl XOJIOJJHOT'O
g | MOBITPA, mo |,y 3 g5 | 18 ge
T ACMOKTY€EThCS 6
B 4
3araib-
HHA 21 .

. 10 18 10 Cymapui  ten- | 2029 189
npuXin | 49, 0 98 0 JIOBi BUTpATH 4 100 8,0 100
TeIuIo- 5

™
HeB’s13Ka OanaHcy KIIaCHYHUIA rpadik 5,59%
0,0%
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BuxoHannii MOpIBHSAUIBHUE aHaJi3 po3irpiBaHHSA mociigHOTO Ta 0a3o-
BOTO BapiaHTIB PEXXHMIB PO3IrpiBaHHS. 3 aHANI3Yy BCTAHOBIICHE HACTYITHE:

* TPHBAIICTh PO3IrpiBaHHS 3HIXKEHO Ha 4 roauHu abo Ha 12,5 % (3
32 no 28 roguHm);

* BUTpara naynuBa 3HWkeHa Ha 234,9 T'JIx a6o 10,7 % (3 2014,9 nmo
1780,0 I'Ixx);

* BHTpaTa TEIUIOTH 3 I'a3aMy, IO BiIXOIATh, 3HIKeHO Ha 212,7 I'Jx
a60 19,7 % (3 1079,0 mo 866,0 I'[Ix).

ITpn npoMy HeB’s13Ky 1Mo OaaHCy 3HMXKEHO Ha 5,59 % (3 5,59 o 0 %).

Hani Tabmumi 1 cBiggaTh mpo iCTOTHE MONIMIIEHHS TOKa3HUKIB HATpi-
BaHHS arperary, KOPHCHO BHKOPHCTOBYBAaHE TEIUIO arperatry 3pocTae, a
BUTPATH NAJINBA 3HIKYIOTBCSL.

OtpumaHi pe3yNbTaTH JO3BOJISIOTH BOPUTYJ MiJIMTH 10 NUTaHHS I10-
OyZOBH HOBOTO paIliOHANFHOTO Tpadika po3irpiBaHHs CKICIIHHSI BHCOKOTE-
mneparypHoro arperary. 11lo 103BONHTh 3HU3UTH BUTPATH NajuBa Ha Harpi-
BaHHSI, a TAKOXK MIJBHUIUTH MPOIYKTUBHICTh arperary 3a paxyHOK CKOPIIIo-
r'o BUXOJly Ha poOOUHil pesKuM.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1.Cyurinns Ta po3irpis neuei
https://studfile.net/preview/9329465/page:3/

2 I'y6incekuii B.I. Meranypriiiai medi: HaBu. mocionuk. / B.W. I'youn-
ckuit. Juinpo: HMetAY, 2006. — 85 c.

3.Cymenko A. B. TlopiBHsITbHHI aHATi3 METOIUK PO3paXyHKY Marepia-
JHHOTO Ta TEIUIOBOTO OallaHCiB KMCHEBO-KOHBepTepHOT tuiaBku [Tekcer] / A. B.
Cymenko// BicHuk TIpna3oBCHKOTO IepKaBHOTO TEXHIYHOTO YHiBEPCHTETY:
30. HaykoBux mpails / IIATY. — Mapiymoss, 2013. — Bum. 27. — C. 17-29.

4. Pesyn M.II. MaremaTtudyeckoe MOJEIMPOBaHNUE HArpeBa MeTaiia B
neun (coodenue 2) [Texcr] / M.IL. PeByH, A.l. Yenpacos // Meranypris:
HaykoBi nipaui 3/1IA.- 3anopixoxst: 3IA, — 2011. — Ne 23. — C. 163—171.

5. Teimuak B.M. Pacuersl HarpeBaTeNbHBIX U TEPMHUUECKHUX I€UEil:
cnpaBounuk [Tekcr] / B.M. Teimuak, B.JI. I'ycoBckuii. — M.: Mertasnyprus,
1983. - 481 c.

6. I'ybuncknii B.W. HarpeBaresnpHble €4l METAILTYPTUU — CETOJHS U
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PO3POBKA EHEPTOE®EKTUBHUX PEXKUMIB PO3IT'PIBY
BUCOKOTEMIIEPATYPHUX AI'PET'ATIB (IIOBIJOMJIEHHA 2)

3rigno [1] po3irpiBaHHS cTaNeIUIaBUIBHUX IIEYCH ITiCIII MOBHOI 3aMiHI
CKJICTIHHS 3ifiCHIOeThCS 3a 32 roguHHNMHE rpadikamu. [IBunkicTs posirpi-
BaHHS TIPH TOCTiNHIA monadi mammBa ckianmae 55-75 °C/roa. IlimifimanHs
TeMIepaTypH CKJICIiHHS 3AiIICHIOEThCS Oe3nepepBHO Ta 0€3 TeMIIepaTypHIX
BUTPHUMOK, 1110 HE BPaxOBY€ BUHMKAIOUi B MPOLECI PO3irpiBaHHs BHYTPIIIHI
MeXaHiYHI Hanpy>KeHHs1 BOTHETPUBKHX MaTepiajliB ,[I0 BUHUKAIOTh BHACII-
JIOK TIJBUILEHOTO JHIHHOTO PO3IIMPEHHS IMPSIMO3B’I3aHUX MEPHUKIA30X-
POMTOBUX BOTHETPUBKHX BUpOOIB, ITOB’I3aHUX 3 1X HEpeKpUCTai3alli€l0 B
inTepBanax 300-350 °C i 800-850 °C, mo MoXe MPHU3BECTH 10 YTBOPCHHS
TPIIIUH i, SIK HACIIIOK, CKOJY CKIICIIHb B MPOLEC] MOAaIbIIO] eKCILTyaTallil,
3HIKCHHS CTIHKOCTi TOJIOBHOTO CKJICTIiHHS.

Ha ocHOBiI po3paxyHKiB, B OCHOBI SKHX JIeXKaTh PIBHSHHS TEIJIOBOTO
OanaHCy BHCOKOTEMIIEPAaTYPHOTO arperary [2] BUKOHAHUX y [MOBiZOMIICHHI
1], a Takox pexkomeHmamii [3,4] mMOAO PO3IrpiBy BOTHETPUBKHX BHPOOIB,
po3po0IeHO HOBHIA palliOHATBHAN pexkuM posirpiBaHHs. ['padiku posirpi-
BaHHS CKJICHIIHHS BUCOKOTEMIIEPATypHOI'0 arperaTy 3a KJIaCH4HO TEXHOJIO-
rieto [1] Ta 3anponoHOBaHM# MpHUBEAEHO Ha puc. 1.

3riIHO 3aMPONOHOBAHOTO TEMIIEPATYPHOTO PEXUMY IIBHIKICTH PO3ir-
piBaHHs mpu AudepeHIianbHii moaayl najauBa ckiaagae: 3 1 mo 6 roguHy —
43 °C/ron, ButpuMka npu temieparypi 300°C (tpuBaiictio 3 roauHu), 3 9
no 17 ronuny — 62 °C/roa, ButpumMka mpu temieparypi 800°C (TpuBaiicTio
3 roxunm), 3 20 10 28 roguam —100 °C/ro.

3a po3paxyHKamHu (TIOBiIOMIICHHS 1), KITBKICTh TEIUIOTH, IO HEOOXi -
HO TIABECTH JI0 CKJICIIHHS, 00 HOTO HATPITH CKIaaE:

3a KJIACHYHOI0 TexHouoriero — 13 TIx/M?,

3a HOBOIO TexHojorieto — 11,6 I'JIxx/M? (3HmxenHs Ha 1,4 T'JIx/M? abo
10,7%).

HoBwmii TerioBmii peskuM po3irpiBy CKIEMiHHS Tedi T03BOIUTH 3a0e3-
MIEYNUTH PIBHOMIPHUH TeMIIEPAaTypHHUH I'PAJIi€HT IO BCiil MOBEPXHI CKJIEMiH-
Hs, @ TAKOXK TIpocTopy medi: 3 purpumkoro Ha 300°C i 800°C B 30Hax mij-
BHIIICHOTO JIHIHHOTO PO3IMIHUPEHHS MPSIMO3B’SI3aHUX MEPUKIA30XPOMITOBUX
Brpo6iB. [Tpn ipoMy 3HKEHHS TanuBa ckiaanae 10,7%.
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PucyHok 1 — I'padik po3irpiBaHHS CKIICTIIHHS BUCOKOTEMIIEPATyPHOTO
arperary 3a KJIaCH4HOIO TexHoJori€ro (1) Ta 3anpononoBanuii (2).

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1.Cyminas Ta po3irpis neveit
https://studfile.net/preview/9329465/page:3/

I'y6incekuit B.I. Meramypriitai mewi: Hada. moci6nuk. [Tekcr] / B.L
I'y6iacekuit. Jainpo: HMetAY, 2006. — 85 c.

2.ITat. Yxpaunna, Ne 20930. Crioco0 yrpaBieHHs TEIUIOBBIM PEXHMOM
craneruaBuiibHOi neun [Tekct] / A. H. Peokenkos, b. I1. Kpukynos, 10. B.
[MerpoB u ap. — Ony6u. 15.02.2007. Bron. Ne 2.

3. Tepewenko M.O. BoruerpuBkux matepiaiis npomucioBicts / M.O.
Tepeuienko, A.M. I'opcbkuii // Ennuknonenis Cydacuoi Ykpaiuu [Ejekr-
ponnuii pecypc] / Penxon.: 1. M. I3100a, A. 1. XKykoscbkuii, M. I'. XKenes-
Hik [ta iH.]; HAH Ykpaian, HTHI. — K.: [HCTHTYT SHIMKIONMEAMYHIX OC-
nimxers HAH VYkpainu, 2005. — Pexxum nmoctyiry: https://esu.com.ua/article-
35277
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2 p-p TexH. Hayk, npod. HY «3amopizpka momiTexHika»

METO/] PO3PAXYHKY NNEPEXIJIHUX ITPOLHECIB B
EJEKTPUYHHUX KIJT HA OCHOBI BUKOPUCTAHHS
IHOJITHOMIB JIEXKAHAPA

IIpr koMyTamisix eIeKTPOTEXHIYHMX CHCTeMaX BHHHKAIOTH IepeximHi
eNeKTPOMArHiTHI mporiecu. Lle mpu3BouTh 10 HEOE3MEeUHNX KUIKIB CTPyMy Ta
HIepeHanpyT.

Y poborti [1], BUKOPHCTAHO APOKCHMALIO PillleHHs 1711 GYHKLIT CTpyMy
B €JIEKTPUYHOMY KOJIi psijamMu 1o norinomax YeOuiosa. B pesynbrari orpuma-
HO METOJI, 110 JI03BOJISIE 3HAYHO MiJIBUILUTH LIBUJIKICTH MOJIENIOBaHHS. MeTton
PO3KITaaHHsA (PYHKIIIH y PSIU IO OPTOTOHATBHHUX TTOJIIHOM HA3UBAETHCS CIICKT-
panbauM MeTozoM. Lle € ananoriero poskiamanHs GyHKINH y psag Pyp’e mo
TPUTOHOMETPUYHUM (DYHKLISIM, Jie CYyKYIHICTh KOE(II[€HTIB PO3KIIaJaHHs €
YaCTOTHHM CIIEKTpOM. € aKTyaJbHHUM HPOBECTH JOCIIPKEHHS 3aCTOCYBaHHS
IHIMMX OPTOTOHAIBHUX IMOJIHOMIB JJIS pO3PaxyHKy HepeXiHuX mporieci. [l
JIOCTIKEHb 00paHo MOMyIsipHi noniHoMu Jlexanapa.

PosrasHeMo eneKkTpudHe KOJIO, 0 MICTHTh MOCIIJOBHO PE3UCTHBHUM R,
innykTaBHAN L 1 emuicHmit C enemenTu. Jlo KoMyTallii KOHICHCATOP BBAKAEMO
3apSDKCHUM 10 3HAYCHHS HAMpPYTH Uc(ly). SIKIIO MOMEHT (=f) MiAKIIOYUTH
moxepeno 3minHol EPC e(?), To y ko BimOyBaeThcs nepexiauuii mporec. 1leit
MPOIIEC OMUCYETHCS JIHIMHUM 1HTErpO-Au(epeHIlialbHAM PIBHSHHAM i3 TOC-
TiHUMH Koe(illieHTaMu:

di . 1t
L= +Ri +—jz(z)dz+uc(0) =e(t)
dt cs
(M

IToctaBumo ymoBy, mo6 piBHAHHS (1), M0 CKiIageHe 3a 3aKOHOM Ha-
npyr Kipxroda, 1oTpuMyBaiocst TOUHO 3aaHOMy psijii N By3JIOBHX Y4aCOBHX
TOYOK #9, 17, ... tn-7 st QyHKIIT 7 (2).

OyHKIIII0 3MiHH i(?), PO3KIAAEMO B PsifI 3a ToTiHOMaMu JIexxaHnapa:

i(t) = p(O) =R () + e B () +--cy Py, (2) )

Jie apryMeHT t€[a, b].

INoninomu Jlexxannpa MaroTh 00J1acTh BH3HAYEHHS apryMeHTy. B mpomy
BUIAJIKY JJIsL 3pYYHOCTI apryMeHT ¢ 3aMiHIMO 0€3p03MipHIM apryMEeHTOM
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2—(a+b)
xe[-L1. "7 p g
Toni po3kinananus B psiz (2) HaOyBae BUTIIALY:

i(x) = p(x)=c,Fy(x) +c, F(x)+c,P(x)+--cy_ Py (X) (3)

Psaam mo opToroHaNpHUX TOMIHOMax MOXKHA IU(EpEeHIIOBaTH, a Ta-
KOXX IHTETpyBaTH:

0y~ p'(t) = e B () + e B(0) ++--cy, Py, (1) )

b
T = [ I = [0 P60 (XD + &, I (XD + 0 I (XD - ny Pry (XDDelx
O]

®opMyBaHHSI MATPUYHUX PiBHSHB.

Buninumo Ha iHTepBai yacy [a, b] psm To4ok £, (m =0, 1, 2, ... N-1),
IO BiIOBiJa€ TOYKAM X, 3MIHHOi X Ha HOPMOBAHOMY iHTepBaii. SIKIIO
yMoBY (2) 3amucaty A KOXKHOI TOYKH, TO OTPUMAEMO CHCTEMY JIHIHHUX
piBHsIHB anreOpu, sika B MAaTpUYHIA GOpMI Ma€e BUTIISL

v.C=1-1,, (6)

ne C = [c; c2.. en-1]T — BexTOp 3Ha4YeHDb KoedimicHTis mominoMa (3) 6e3 Koe-
dimienTa co;
I =1[i(x;) i(x2)... i(xn-1)]" — BekTOp 3HAYEHD CTPyMy B Toukax I, 2, ... N-1.

Sxmo piBHSHHSA (4) U TOXiTHUX 3alHCATH JJIS KOKHOI BY3JIOBOi TO-
YKH X/, X2, ... XN-;, TO OTPUMAEMO CHCTEMY JIHIHHUX PIBHSIHB, KA B MATPHU-
Hill popMmi Mae BUTIISIA:

I'=D-C, (7
InTerpanu Bif MoJIiIHOMIB BuUpaxkaroThes (opmynamu (5). IHTerpan 3

BEPXHBOIO MEKEIO X;; MA€ BUTJIAI:

X, X, xm
J(x,)= (@R M) +eR(0)+eP(x)+ ey Py (dr=c¢, [R(x)dr+ [(PC)dx
Xy Xo Xy (8)

Jl1st By3JI0BUX TOYOK 31 3HAUEHHSIM HaBEJEHOTO apTyMEHTY Xm (m=1...
N-1) BigmoBinaroTs 3HaueHHS QyHKIIT (8) K psinka MaTpwii J:

J:[Jl Jrfl]r (9)

Toninomu Jlescanopa oouucnioromsvca 3a peKypeHmHumMu Gopmyramu.
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() =[@n=1x-P ()= (1=D-F ()0, Bx)=1, Rx)=x
BukopucroByemo BekTop noiinoM Jlexanapa, sik GyHkuio Big x. Toxi
po3knananHs GpyHknii ctpymy B psn (2) HaOyBae BUIIISAY:
i(x) = p(x) = ¢y By (x) + P(x)-C_ an
3anmc piBHSHHS CTaHy €IEKTPUIHOTO KOJIa Yepe3 IMOJIiHOMHU.
Hanmmewmo piBasHES (1) 11 BY37TOBHX TOYOK 32 3MiHH HOMepa m= I, 2, ...,
N-1. OTpuMaeMo cucTeMy PiBHSIHb, sIKa y MAaTPUYHIH (HOpPMI Ma€e BUTIISL:
LI+ RI+BJ +u, =e (12)
ne B=1/C, e — Bextop 3nayenb EPC mxepena y Toukax 1, 2, ..., N-1 yacoBo-
ro cermenta; I, I’ , J — Bekropu ctpymy (6), moxinHoi ctpymy (11) ta inrter-
pana ctpymy (13) y By3/I0BUX TOYKaX,
Uco — 3HAYCHHS HANPYTH Ha KOHICHCATOPI Ha MOMEHT .
Sxmo migcrasutu y Bupas (12) sexropu I (9), I’ (7), J (9), To oTpuma-
€Mo BHUpa3 apyroro 3akoHy Kipxroda mis 306paxenns C:

(LD + RV + BS)C = e—u,, — Riy— B-A-i, (13)

B pesymbrari pimenns (13) BusHauaeThes BekTop KoedimientiB C momi-
HOMIAJIbHOI arnpoKkcuMariii ctpyMy. Tomi mpu BigoMOMy ITOYaTKOBOMY 3HAdCHHI
ctpyMy i0 Ta MOYaTKOBOMY 3HaYCHHI HAIPYTH HA KOHICHCATOPI MOYKHA BU3HAYH-
TH 3HAYCHHS CTPYMY Y BCIX JIOBUTHHIX TOYKAX YaCOBOTO CETMEHTAa 3TiIHO (2).

BucHoBkn

1. Bekropu nostiHOMiaibHUX KOe(iLlieHTIB 33JI0BOJIbHSIOTH 3aKOHaM CTPY-
MiB Ta Hanpyr Kipxroga st cxemu 3aMillieHHs! Ta € PIllIeHHsIMH CHCTEMH ajre0-
PpaluHUX PIBHSHB.

2. I MozienbHOT 3a/iaul Bi[3HAYEHO HaMKpally HIBUAKOMIIO PO3PaxyHKY
TIOPIBHSTHO 3 BIJJOMHMH YHCIIOBUMH METOJIAMH.

CIMUCOK BUKOPUCTAHOI JIITEPATYPH

1.Tykhovod, S. Calculation of Transients in Electrical Circuits at the
Use of Solution Approximation by Tchebyshev’s Polynomials [Text] // S.
Tykhovod, D. Patalakh / 2019 IEEE 20th International Conference on
Computational Problems of Electrical Engineering (CPEE). Date Added to
IEEE Xplore: 06 January 2020 ISBN Information: INSPEC Accession
Number: 19247158 Retrieved from:
https://ieeexplore.ieee.org/document/8949129

125


https://ieeexplore.ieee.org/document/8949129

YK 621.313.3

Karromes P.A.!, Tepemenko A.B.!, Cononosnikosa T.I1.2
Ueryn. rp. E-212 HY «3anopisbKa IoJiTexHiKa»

2 crapur. Buki. HY «3anopisbka nositexHikay»

MOJEJIIOBAHHS TEMIIEPATYPHOI'O ITOJISA
ACHHXPOHHOTI'O JBUT'YHA

Cranuii pO3BUTOK NMPOMHUCIIOBOCTI BUMAara€ BUPIIICHHS MUTaHb ITiJ-
BUIIICHHS €HEProe()eKTUBHOCTI Ta HAMIMHOCTI TEXHOJOTIYHHUX IMPOIECIB Ta
KOMIUIEKCIB, 30KpeMa THX, B CKJIafl SKHX € EJICKTPOIPHUBOJIM 3MiHHOTO
ctpymy. LlIMpokoro po3noBCroKeHHsI OTPUMANH EJIESKTPOIIPUBOIH 3 aCHHX-
POHHUMH JIBUTYHAMH, €EKTUBHICTh 1 HAJIMHICTh POOOTH SKUX BU3HAYAETH-
cs mapamerpami i xapakrepuctukamu AJl. Ha mapameTpu 1 xapakTepucTHKH
AJl MaroTh 3HAYHWH BIDIMB OCOOJHMBOCTI KOHCTPYKIII Ta PEKUMH POOOTH,
mo OoOyMOBIIOIOTH iX TeMIIepaTypHHH cTaH, e(eKTUBHICTh Ta HAMIHHICTDH
pobotu. ToMy npu BHpimeHHI THUTaHb e(hEeKTUBHOCTI Ta HAMIHHOCTI poOOTH
AJl ocoOnuBy yBary HeOOXiTHO PUAUIATH JOCTIHKEHHIO Ta aHANI3Y TEIUIO-
BUX TIPOIIECIB, IO MPOTIKAIOTH MPH PI3HUX PEKUMAX POOOTH Ta BU3HAYECHHIO
(hakTOpiB, 0 HA HUX BIUIUBAIOTh.

TemnoBuil po3paxyHOK NMPOBOASATH Uil BH3HAYEHHS PO3MOALUIIB TeM-
neparyp ¢ eJIeMEHTaxX Ta BHYTPIIIHBOMY IPOCTOPI aCHHXPOHHHUX IBHI'YHIB
NpU pi3HUX peXuMax poOoTH. [ mpoBeneHHs TaKUX PO3paxyHKIB 3a3BH-
Yail BUKOPUCTOBYIOTBCS TEIUIOBI CXEMH 3aMillieHHs, NapaMeTpH SKHUX BH-
3HAYAIOTHCS HA OCHOBI aHAJIITHYHMX BWpasiB. I MiIBUILEHHS TOYHOCTI
TAKOTO MiAXOIy MOCTIIHUKA HAMAaraloThCs 30UIBIIYBATH KiTBKICTH YHCIA
BY3JIiB TEIVIOBUX CXEM 3aMIIIEHHS, ajie II¢ B CBOIO Yepry NPHU3BOAUTH 10
30UTBIICHHS KiIJTBKOCTI TU(EPEHIIITHNX PIBHSIHD y CUCTEMI Ta YCKJIATHEHHS
il po3B’s3Ky. B okpemMux NMpakTHYHHMX BHIIaJKaxX MO>KHa OOMEXHTHCH AEKi-
JbKOMa By3namu. He 3Baxaroun Ha 1ie, 1i MiIXOAN He OTPUMAIIH IT0JAJIBIIO-
r0 PO3BUTKY y Cy4YacHi IPaKTHIli, OCKIJIbKH HE BAAJIOCh IOOOPOTH CKJIAIHO-
111, OB’ sI3aHi 13 KOPEKTHICTIO BU3HAYCHHSI TEIJIOBOTO OIMOPY abo MPOBigHO-
cTi KOxHOT 0bsacti AJl yepes.

Tomy Bce OLIBIIOr0 PO3BUTKY HaOyBarOTh MiIXOMH, IO 0a3yIOThCS Ha
METO/IaX YHCEJIbHO-TIOJIBOBOTO MOJICTIOBAHHS TeMmIiepaTypHoro crany AJl i3
3aCTOCYBaHHSAM CIHEIiali30BaHUX MPOTPAMHHUX KOMIUIEKCIB, HAIPHKIIA/I
Femm. /lns peanizanii nux METOIiB Ta OTPUMaHHs JOCTOBIPHHUX pe3yJIbTATIB
HEOOXIZIHO TO€AHYBATH MOJIEIIOBAHHS E€JIEKTPOMArHiTHUX Ta TEIJIOBHX
TOJIB.

Mertoro pobotu Oyia po3poOka Ta peai3allisi YHCeIbHO-TI0IEOBOI MO-
Jeni s BM3HAuUSHHs TemrieparypHoro mosst AJ] 3acobamu mporpamu
Femm.
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B skocti 00’exTy nocmimpkenns O0yno obpaHo AJ] 4A250M6Y3 3 mo-
MIEpEeIHHO PO3PAXOBAHUMH MPOEKTHIMH ITapaMETPaMH.

Jis po3paxyHKIB €IEKTPOMArHiTHOTO i TEIIOBHX MOJIB B CEPEIOBHUIII
nporpamu Femm Oyna cTBopeHa reoMeTpudHa Mojenb gocmigHoro AJl B
morriepevHoMy Tiepepizi. st Gi3naHnX Moneneii eIeKTPOMarHiTHOTO i TeM-
MIepaTypPHOTO TI0JIST 3aBJaBAJIUCh BIACTUBOCTI MaTepialiiB o0acTe Ta yMOBH
Ha X rpaHumsx. [y 30H 0OMOTOK 3aJaBajiiick PO3paxoBaHi 3HAYCHHA (a3-
HUX CTPYMIB JJIs KOKHOT (pazu. Mojieri elleKTpOMarHiTHOro 1 TemMrepaTyp-
HOTO 1oJIiB 0yJ10 c(hOPMOBAHO OKPEMO OJIHA Bifl OJTHOI.

Po3paxyHOK IpOBOJMBCS i3 3aCTOCYBaHHAM Lua-CKpUIITY, SIKMH peai-
30BYBaB ITEpallifHUI aJIrOPUTM pO3PaxXyHKIB MIK €JIEKTPOMAarHiTHOI 1
TerIoBoro Mojeuto. CyTh SIKOTO 3BOJMIACH J0 HacTymHoro. Ha mepmomy
eTari 3a MonepeHiM TeIUIOBHX PO3pPaxyHKOM, SIKMH 0a3yeThCs Ha aHATITHY-
HUX BHpa3ax, BH3HAYAJINCh CEPEAHI 3HAYCHHS TEMIIEpaTyp Uil BY3IiB
ocepab Ta OOMOTOK 3 ypaxyBaHHAM SKHX OTPUMYBAINCh 3HAUEHHS €JICKT-
podizmuHIX mapamMeTpiB oOiacTel erxeKTpoMarHiTHoi Moneni. Ilicns mporo
BHKOHYBaJach YHCEJIbHA peaji3allis eleKTPOMAarHiTHOI MoJelni i BH3HaYa-
JIUCH BTpATH (IKepeia TeIuIoTH) B mepepisi AJl, axi Oyiy BHXiTHUMHE JTaHU-
MU IJIs1 TEIUIOBOI MoJienti. Po3paxyHKH IPOBOIMINCE 10 TOCATHEHHS YMOBH
«CTaJIOCTi», KOJM PI3HMLS TeMIlepaTyp MiX iTepalisiMi He NepeBHIlyBasia
3a71aHOT HOXUOKH.

Peani3auist 3anpornoHOBaHOTO MiAX0AY A03BOJIMIA CYTTEBO IiBHIIUTH
TOYHICTh MOJICJIOBAHHSI TEMIIEPATypHOTO IOJIi aCHHXPOHHOTO JBHUTYHA Y
MOPIBHSHHI 13 KIIACHYHUMHU 1H)KEHEPHUMH METOIUKAMHU.

BucHoBku:

3acTocyBaHHS 3aco0iB mporpamMn Femm Hamano MOXXIHMBOCTI MpoBec-
TH MOJICTIOBAHHs TeMIepaTypHOro 1ot AJl Ha OCHOBI HO€THAHHS YHCEIb-
HOTO PO3paxyHKy eJISKTpPOMarHiTHoOro i terioBoro nois. Ha 6a3i nposeze-
HUX PO3paxyHKIiB Ta MPUHIMIIAX aHAJi3y IEeKTPOMAarHiTHUX napameTpiB A/l
4A250M6Y3 MoxHA TIPOBOJWUTH aHAIOTIYHI PO3PAXYHKH JJIS {HIIUX aCHHX-
POHHHMX JIBUT'YHIB.

BukopucTaHHSI 4YHCENILHO-TIONBOBOIO MOJISIIIOBAHHS EJIEKTPOMArHiT-
HUX 1 TEIUIOBHX ITIOJIiB ACHHXPOHHHX JBHUI'YHIB 13 BUKOPUCTAHHSAM CIIeliai-
30BaHOTO TPOrpamMHOro 3a0e3redyeHHs, 30Kkpema Iporpamu Femm, moxxe
CTaTH JyXe e()EeKTHBHOI OCHOBOIO TEMIIEpaTypHHX PO3PAaXyHKIB aCHHX-
POHHUX ABWTYHIB JJIS IiABUIIEHHS e(peKTUBHOCTI 1 HAIIHHOCTI iX pOOOTH.
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YK 621.3.013.1

Kyuepssuit A.B.!, ba6kina O.JO.2

Vacn. HY «3anopisbka nosmirexHikay

2 cryn. tp. E-912M HY «3anopisbka IoTiTeXHiKa»

OCOBJINBOCTI BUBHAYEHHS OITOPIB OBMOTOK
TPUD®AZHOI'O HEHABAHTAKEHOI'O TPAHC®OPMATOPA
3ACOBAMMU ITOJIBOBOI'O MOJEJIIOBAHHSA

CydvacHi TeHAeHLIl y peani3alii CHCTEM MOHITOPUHIY CHJIOBHX TpaHC-
(dopmartopiB 0a3yroThCsl Ha TOEIHAHHI 3aCO0IB TMOJBOBOTO MOJICTIOBAHHS,
CXEMHHX MIiAXOMIB 10 NOOynOBH LM(POBHX NBIHHHKIB, cucTeMax 0OpOOKH
BEJIMKHUX OOCSATIB IaHWX BiJl allapaTHUX CEHCOPIB i METO/IaX INTYYHOTrO iHTele-
KTy JUIS IPOTHO3YBAHHA BIPOT1AHUX MiCIlb MOIIKOKEHHS aKTUBHOI YACTHHHU.

[Ipu TakoMy miAXOIi BelHKa yBara MPHUIUIAETHCS IOCTOBIPHOMY BH-
3HAYCHHIO OINOpiB OOMOTOK Ha CTOPOHAX HHM3BKOi i BHCOKOI HANpYTH, SKi
MAalOTh aKTUBHI 1 pEaKTHBHI CKJIaM0Bi. J{JIs1 MOPiBHAHHS TOYaTKOBHUX 3HAYCHD
TaKWX OIOPIB i3 TaHNMHU BUMIpiB B €KCIUTyaTallii MOTPiOHO 3 BUCOKOIO TOY-
HICTIO BU3HAYHUTHU iX MOYATKOBI MOJENBHI 3HAYCHHS, IO CTA€ aKTyaJbHOIO
3aJa4yero JUIsl BUCOKOBOJIETHOTO TpaHC(HOPMATOPHOTO 00Na HAHHS, SIKE TPH-
BaJIMi Yac 3HAXOUTHCS B CKCILTyaTallii.

Jnst Takoro oOJyialHaHHS 3HAYECHHS aKTUBHHX 1 PEAaKTHBHUX CKIIAJ0BHX
OrMopiB 0OMOTOK Ha Yac BBEICHHS B €KCIUIyaTallifo, SIK MPaBUJIO, € HEBIIO-
muMu. ToMmy iX BH3HaueHHs MOTpedye 3acTOCYBaHHS CyYaCHHX ITiJXOJIB
npocropoBoro 3D MozxenoBaHHS €NeKTPOMArHITHUX MOJNIB y 6araToKOMIIO-
HEHTHHX CEpEJOBHUIIAX 3 HENIHIHHUMH BIACTUBOCTSAMH CKJIQJHOI T€OMETPH-
9HOi (JOPMH Ha OCHOBI CITEI[ialli30BAaHOTO MPOTPAMHOTO 3a0e3ledeHHs, Ha-
npukian, Comsol Multiphysics, abo moaiOHOTO 10 HHOTO.

HeoOxigHicTe came 3D MonemoBaHHS 00yMOBJIEHA BUCOKHMHU BHMO-
raMu 10 Horo TOYHOCTI Ta HOTPeOOI0 BpaxyBaHHS 0COOIMBOCTEH KOHCTPYK-
TUBHOT OYJIOBM BHCOKOBOJIBTHHX CHJIOBHX TPaHC(OPMATOPIB Y BIAMOBIHOC-
Ti 10 HASIBHOI MPOEKTHOT JIOKYMEHTAIIII.

IobymoBa «time-depended» CxeMHO-0IHOBOI OAraTOKOMITOHEHTHOT MO-
JIeTTi CHJIOBOTO TpaHC(OpMAaTopa, sSiKa JO3BOJIMIA BiTBOPUTH €IICKTPOMArHiTHi
TIPOLIECH I Yac eKCIUIyararlii, BUMaraja BU3HAUCHHS MapaMeTpiB HEeNiHIHHNX
TICTEPE3NCHUX XapaKTepPHUCTHK, HAcamIiepes, Ui MarHiTHHX BJIACTHUBOCTEHl
SJIEKTPOTEXHIYHHX CTaJIeH 13 3aCTOCYBaHHSAM aJIrOPUTMIB POHOBOTO IHTENEKTY.

Uucnosa peamnizanis takoi «time-depended» Mopaeni y cTpyKTypi 3aco-
618 Comsol Multiphysics no3Bosiia nepeBecTy CHIOBHUH TpaHcdopmarop i3
OJTHOTO CTAaI[iOHAPHOTO CTaHy, KOJM BiH He OyB MAKIIOUCHHH O Mepexi
JKMBJICHHS B 1HIIMH CTallilOHApHWN CTaH HEHaBaHTaKEHOTO TpaHcdopmaro-
pa, MiJKII0YEHOTO 10 MEPEKi KUBICHHSI.
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[NaniHHg Hanpyru Ha NEpPBUHHUX OOMOTKaxX TpaHcdopmaropa BU3HA-
4anocs 3a PO3pPaxyHKOBHMH JAaHUMHU JJIS 3MIiHHHUX Yy 9aci MepiofNIHHX Ha-
MIPYT i CTPYMiB Ha IEPBUHHAX OOMOTKAX i3 BpaxyBaHHIM JaHUX JJIS 3MiH-
HUX y Yaci NepiogNJHUX HANpyT BTOPUHHUX OOMOTOK IpH 3HAYEHHAX KOe-
¢imienTiB TpaHCPOPMALIiT I KOXKHOTO CTYTICHS PETyJIFOBAHHS HAIIPYTH.

3acobaMu TapMOHIHHOTO aHali3y BH3HAYANWCS HapaMeTpH OCHOBHOI
TapMOHIKY TaJliHHSA HAIPyTH Ha TEPBUHHINA OOMOTI i OCHOBHO{ rapMOHiKa
CTpyMy L€l OOMOTKH Yy peXHuMi HEeHaBaHTa)XEHOro Tpanchopmaropa. Bin-
MIHHICTB BiJl P&KUMY JIOCHIITHOTO HEPOOOYOro X0y Iojsrajga y TOMYy, II0
JI0 yBaru Opajiocsi HE TIJIBKHM YMCIIO BUTKIB JJIsl IEPBUHHOI CTOPOHH TpPaHC-
(dopmaTopa mpu HOMIHAJBHIM HAMpPy3i, a TAKOXK yCi YHCIAa BUTKIB, SKi €
JOIYCTUMHMHU IIPH PEryJIIOBaHHI HAPYTH MiJl HABAHTAXKECHHSIM.

OTxe CKJIaZoBl OMOPIB IEPBUHHUX OOMOTOK BU3HAYaHCs SIK VIS pe-
XKHUMIB Tepe30yKeHHs HEHaBaHTAXXECHOTO TpaHcdopmaropa, Tak i Uil pe-
JKIMiB 30yKCHHS HIDKYHX 32 HOMiHAIBHUH.

Ile Hagamo MOXKIMBICTH BpaxyBaTH 3aJICKHICTh CKJIQIOBHX OIOPIB Ie-
PBUHHHX OOMOTOK BiJ peXHMiB 30y/KCHHS CIJIOBOTO TpaHchopmaTtopa.
BinxuneHHs1 BKa3aHUX CKJIAJOBHX OINOPIB BiJ HOMIHAJIBHOTO € JOCHTH He-
3HaYHUMH Y Mexkax Bifg — 0,5% mo +1,2%.

OCHOBHUM HEZIOJIIKOM 3aIlpOIIOHOBAHOTO MIAXOAY JAJS JOCIHIIKEHHS
OIOpIiB MEPBUHHUX OOMOTOK HEHABaHTAKEHHX CHIIOBHX TpaHcdopmaropis
3ac00aMH IMOJLOBOI'O MOJICIIOBAHHS CIIiJi BBKATH BEJIMKI BUTPATH Yacy
MOJBOBUX PO3PaxyHKIB JUIsl 3HAUHOI KUIBKOCTI CTYIICHIB pEryJIOBaHHs Ha-
npyry TpanchopMaropa IiJi HABaHTKEHHSM.

3acrocyBaHHs TU(PEPEHIIIIHHUX METOIB I BU3HAYCHHS CTPYMIB 30Yy-
JDKCHHSI CHJIOBHX TpaHc(OpMaTopiB ITiJ] HABAHTAXKEHHSM i3 BpaxyBaHHSAM
BIZIXWJICHb Y 3HAUEHHSAX CKJIAJ0BUX ONOPIB MEPBUHHUX OOMOTOK IIPH 3MiHax
HABaHTaXXCHHS JTO3BOJIIIIO 3MEHIIUTH CTPyMoOBi moxuOku 3 1,2 — 1,8% mo
0,1 — 0,5%, a xyroBi noxnu6ku Big 3 — 4,5 en. rpaxycis go 0.8 — 2,4 en. rpa-
Iy CiB.

TakyM YMHOM 3arpPONIOHOBAHUI ABTOpPAMU MiAXi JUIsl BU3HAUYEHHs 3MiHU
CKJIaJIOBHX OIIOPIB IIEPBUHHMX 0OMOTOK HEHaBaHTa)KEHOTO TpaHc(hopMaTopiB i3
TPUBAJIMMH CTPOKaMH €KCIUTyaTallii, 3a BiJICYTHOCTI BIAMOBIJHUX €KCIEPUMEH-
TaJIbHUX JIAHUX, OTPUMAaHMX IIiJl Yac BBEJIeHHsI TpaHC(OpMATOpIB B EKCILTyaTa-
11i10, T03BOJISIE IOTIOBHUTH MAaCHBH BUXIJJHUX JTAHUX TSI CHCTEM MOHITOPHHTY i
MOKPAIIUTH IIPOTHO3YBAHHS 3aJIMIIKOBOTO PECypCy eKCIUTyaTarlii oOMOTOK i
MarHiTHHX CHCTEM, a TaKOX PO3POOHTH 3aXOAN MOTOYHHX BHOIPKOBHX PEMOH-
TIB 1751 IOTO TIPOJJOBXKEHHS OHAT HOPMAaTHBHUMH TEPMiHaMHU.
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YK 621.313

Marsam M.O.!, SIkymes €. P.!, SIposnii B.I1.!,I3ocimos B. 0.2
Ueryn. rp. E-212m HY «3anopisbka nomrexHikay»

2 cryn. tp. E-222M HY «3anopisbka HOJTiTEXHIKa»

JOCJILI’KEHHSI BILIMBY HECUMETPIi ®A3HUX HAIIPYT HA
PEKMMHU POBOTU ACUHXPOHHUX JIBUT'YHIB 3ACOBAMHU
IMITAIIHOT'O MOJEJTIOBAHHS

Ipu nocmimkenHi poOOTH aCHHXPOHHHMX IBHUTYHIB (A/l) akTyansHOIO €
3a/1a4a OLIHKY BIUTMBY HECUMETpil (ha3HHX HAIpPYT Ha PEKUMHU POOOTH JBUIY-
HiB. Uepes nopyeHHs 130JLi{ IPUNHHSIOTH CBOIO poOoTy 0mm3bko 75% A/

IopywieHHs i30is1il MOXKe BUHUKHYTH B Pe3yJIbTaTi HEHOPMAaJIbHUX pe-
JKIMIB MEpexki KUBIICHHS, HAIPUKJIAJ BiIXUICHHS HANpyT y (azax i HeCMMeT-
pif pa3HUX HANpPYT, BUKINKAHKX, TIEPII 32 BCE, BEIUKOIO KUTHKICTIO 0HO(DA3-
HHX HABaHTa)XCHb, TAKUX SK Cy4YacHi JpKepesa CBiTJIa, KOMIT FOTEpHA TEXHiKa,
3aJi3HIYHA SJICKTPUYHA TATA Ta IHII CHIIOBI MPHIAIH, SIKI MICTATh HENHINAHI
neperBoproBadi. O4eBHIHO, IO BCE Lie PH3BOIMTE JI0 IIEPEAYACHOTO BHXOY 3
Ja7y ABUTYHA a00 CKOPOYEHHS HOTO TEPMiHY CITy»KOH, KpiM TOTO IOPYIICHHS i
MO>KJIUBY 3YIMHKY TEXHOJIOTIYHOTO MPOILIECY.

Jnst 3anmo6iraHHs 1 CBOEYACHOTO TPOTHO3YBAHHS JaHWUX CHUTYalllid He-
00XiZIHO BCceOIUHE JOCIIKEHHS PEXUMIB POOOTH aCMHXPOHHHUX JIBUTYHIB.
ToMmy MonemoBaHHSI 3a3HAUYEHHX PEXHMIB 1 JOCIHIIKEHHS CTaTHYHHX Ta
JMHAMIYHHUX XapakTepucTuk A/l € BaXKIIMBOIO HAYKOBO-TEXHIYHOIO 331a4elO.

JU1st nociiukeHHs pekuMiB po6oT Al BUKOPHUCTOBYETBCS CXeMa, II0
CKJIQIAEThCS 3 TPHOX OIHO(MAZHUX JDKEPENT ENEKTPHYHOI eHepTil, aCHHXPOHHOTO
JBUT'YHA 3 KOPOTKO3aMKHEHHM POTOPOM, OJIOKIB IUIsl BUMIpIOBAaHHS OCHOBHHX
mapaMeTpiB JABUTYHA, OCHMIIOrpadiB i BUMIPIOBAaHHS CTPYMY, HAIPyTH, MO-
MEHTY i IBUIKOCTI. CxeMa MOZIETIOBAHHS JUIS JOCII/DKCHHS PEXXUMIB pOOOTH
ACHHXPOHHOTO JBHI'YHa 3 KOPOTKO3aMKHEHHM POTOPOM, chopMoBaHa 3acodamu
imMiTamiiinoro MmojesroBanus B cepenosuiii MATLAB / Simulink,

Ha 6a3i po3pobieHol BipTyaabHOI MOJETI MOYKHA BUKOHYBATH TOCIi-
JUKEHHSI CTAaTUYHUX 1 IMHAMIYHUX XapaKTEPUCTHK B PI3HUX PEXUMAaxX pobo-
TH aCMHXPOHHMX JBHUTYHIB. Po3po0OiieHa Moenb 03BOJISIE BHSBUTH JIESKi
mpoOJIeMHI peXUMH, TPU SIKUX MOXKE cIiocTepiraTucs HecTabinbHA poboTa
Al ipy BUHUKHEHHI TaJbMIBHUX 1 MyJIbCYIOYMX MOMEHTIB CHII.

OtpumaHi pe3yiabTaTH AOCIIJUKEHHS OynyTh 3aTpeOyBaHi IpH Hajaml-
TYBaHHI PEJIEHHOT0 3aXKCTy eJICKTPOABUIYHIB B yMOBAaX HECHUMETPIil HaMpyT.
Takox MOXIIMBE 3aCTOCYBAaHHSA [UIsl PO3pOOKHU 1 HACTPOMKH ITPOrpaMm yIpas-
JIHHS 9aCTOTHO-PETYJIbOBAHOTO €JEKTPOIPHBOLY, B YMOBaX 3MiHH BiIXH-
JICHHSI HATIPYTH KUBJICHHSL.
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VIK 621.313

Ozepos B.C.!, Myxa M. C.!, SInancekuit A.A.!, I'pu6 I'. B.2
Veryn. rp. E-912m HY «3anopisbka nosmiTexHikay»

2cryn. tp. E-232M HY «3anopisbka IOTiTEXHIKa»

MOJEJJIIOBAHHS TEIIVIOBUX PEKUMIB EJIEKTPO/IBUT'YHIB
3A LOITIOMOTI'OI0 ITPOI'PAMHOT'O MAKETY COMSOL
MULTIPHYSICS

AHaii3 HayKOBO-TEXHIYHOI BITUM3HSHOI Ta 3apyOiKHOI JiTepaTyph
MOKa3aB, IO POOOTH, AKI NMPUCBSYCHI OIHKH TEIUIOBUX IIONIB CKIATHHUX
KOHCTPYKIIH €IeKTPOTEXHIYHUX HPUCTPOIB HEAOCTATHRO HOCHimkeHi. He-
00XiJJHO TOCII/PKEHHSI MPOLECIB PO3MOIITY TEIUIOBHX MOTOKIB BCEpEIHHI 1
30BHI NPUCTPOIB, BU3HAYCHHS Ta iJeHTH(]IKALIl BHYTPILIHIX MOUIKOIKEHb
enekTpoABUryHiB. [IpoBeneHi paHille TOCHIIPKEHHSI CTBOPUIIN MEPEayMOBH
JUIsl BUpILIEGHHS 3aBIaHb iJeHTU(]IKalil BHYTPILIHIX MOPYIIEHb, IO BILIH-
BalOTh Ha TEIUIOBUI PeXHM pOOOTH ENEKTPOJBUTYHA, I BH3HAYECHHsS HOTO
Micus po3TauryBaHHs. TOMY TEOpeTHYHE y3aralbHEHHS MPOLECIB TEIUIOBOTO
po3moxiny i imeHTH]IKaIisd Ha Iiif OCHOBI HOTO YIIKO/DKEHB (CTaHy mparie-
3[JaTHOCTI) € aKTyaJbHOIO HayKOBOIO 3agadeto. OUeBHIHO, IO MTPU KOXKHOMY
KOHKpeTHOMY nedekTi Oyae cBilf poO3MOIiNT TEIUIOBOTO MOJA, 8 3HAYHTH 1
cBoi Hachinku. [lepenOadeHHss HOBUX Ie(EKTiB 3a JOIOMOTOI aHATI3Y LBO-
IO MOJA - JJOCUTh AI€BHHA CHOCIO MONepeKeHHs Pi3HUX TTOJIOMOK €IIEKTPOA-
BuryHa. OJTHMM 3 TIEPCIEKTUBHUX HANPSIMKIB PO3BUTKY CHCTEM MOHITOPHH-
I'y B YaCTHHI JIlarHOCTYBaHHs € PO3po0OKa JIarHOCTUYHHUX MOJENel 3 ypaxy-
BaHHsAM iHQopMarii Mpo KOHCTPYKTHBHI 1 TEXHOJIOTIYHI 0COOIMBOCTI KOXK-
HOI OJMHUIII enekTpoBUryHa. [lepeBipka pe3ysbTaTiB po3paxyHKy criellia-
JII30BaHUX MOJIENIe MOXKJIMBA MPH MPHHMAabHO-3/IaBaJIbHUX a00 THIIOBUX
BUIPOOYBaHHAX. YacTo Jyisl OLIHKU CTaHy €JIEKTPOJBHUIYHIB CTBOPIOIOTHCS
MaTeMAaTHYHI MOJIEI, IO MiCTATh B COO1 BEUKY KUIBKICTh PO3PaxyHKIB, IO
BUMararoTh 0araTo 4acy IJIsi BJIACHOTO PO3PaXyHKY A KOXKHOI OKpemoi
oxuHUII. JI0 TOro X, MpH PO3PaXxyHKY CKIAJHUX CHCTEM HEPiIKO MOXHA
JOIYCTUTH HOMMJIKH YHCTO MaTEMAaTHYHOTO XapaKTepy.

Binbm nepcrieKTHBHUM 1 HAOYHUM € CTBOPEHHS IHTEPaKTUBHHUX MOJIE-
JIel B pi3HHUX NMPOTPaMHMX MakeTax. BOHN 103BOJISIOTH CTBOPIOBATH MOJENI,
OJIM3BKi 10 peaslbHUX. Y NaHiidl poOOTi JJIsl MOAETIOBAHHS BUKOPUCTOBYETh-
csa mporpamumid maker Comsol Multiphysics. Ile moTyxHe iHTEepakTHBHE
CepeIOBUIIIE JJII MOJIETIOBAHHS 1 pO3paxyHKiB OUTBIIOCTI HAYKOBHX 1 1HXe-
HEpHUX 3a/1a4 3aCHOBAaHMX Ha AW(EpEHIIaTbHUX PIBHAHHAX B YaCTKOBHX
MOX{THUX METO/IOM KiHIIeBHX €l1eMeHTiB. [I0BHY TPHBHMIpHY KOMII IOTEpHY
MOJIETIb €JICKTPOJBUIYHA, MOJKHA BH3HAYMTH SIK 3arajibHy IiaMojenb. BoHa
MOX€E BKJIIOUaTH B ce0Oe OIMMC TeoMeTpii 1 JeTabHOI CTPYKTYpH 0OMOTOK. 3a
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nmoromoroio Comsol Multiphysics MOkITHBE CTBOpEHHS BapiaHTiB MoOJeNeH T
eJNeKTpOoABHUTryHaA 3 Aedekramu i 6e3 Takux. JledhexTn MoxyThs OyTH 3a1aHi K
JIOAATKOBI JpKepesa Ternotd. O4YeBHAHO, IO TaM, /i€ PO3TAIIOBAHUM Jie-
(exT, TeMreparypa BHIIE, HK B aHAJIOTIYHOT MOJIe)Ii HOPMAJIBHOTO PEXUMY
(6e3 medexriB. Otxe, Bukopuctanus Comsol Multiphysics no3Bossie 3Moze-
JIFOBATH 1 HAOYHO MPOJIEMOHCTPYBATH PO3IOJI TEMIEPaTypHUX MOJIIB MPU
pi3HHX pexuMax poOoTH enekTpoaBuryHa. CTBOpPEHHs iHTEPAKTUBHOI MO-
JIeJTi MOXKEe CTaTH Jye 3pYYHUM 1 IePCHEKTUBHUM CIOCOOOM JIIarHOCTHKY 1
MOHITOPHHTY Ae(eKTiB B Pi3HUX HOTO YaCTHHAX.

Y]K621.318.1
I'pimenko K.A'., Illmwro I1.0.,! Kozauenxko O.C.!
Ueryn. tp E-912m HY «3anopiszbka momiTexHikay»

JNOCJLPKEHHS PO3IOALTY MATHITHOI IHAYKIII IO
BHUCOTI OBMOTOK PEAKTOPA

MarsitHe mole PCAKTOpa BHU3HAYAETHCA K CyMa IHNEPBUHHOIO ITOJIA
OOMOTKH Ta IO BTOPUHHUX KCPEIT

Ber)= 8,1, )+ 8, 1)

ITepBunHE TIOJIE OOMOTKH BH3HAYAETHCS SIK CyMa TOJIB UIIHAPUIHIX
NPOBIHUKIB (30H-KOTYIIOK), pO3TallioBaHUX 1o nepepizy O obOmotku. [lo
I[BOTO TIOJSI JOOABIISETHCS TMOJE BTOPUHHHUX JDKEPEd, SKi 3 KYCKOBO-
MOCTIHOIO HIITBHICTIO § PO3MOIUIAIOTECS HA MOBEPXHI G ITUCKPETHHX (e-
poMarHeTHKiB. BoHM BU3HAYArOTHCS 3TiJTHO TPAaHWYHUX YMOB Ul CyMapHO-
TO TI0JIS1 HA TIOBEPXHSX (PepOMarHeTHKIB.

Jns po3paxyHKy BUKOpPUCTOBYEThCS nporpama MPR [1,2]. Pesynbrar

TaKOro PO3paxyHKy y BHUIVISAI PO3MOALLY OCbOBOI B, (y) Ta pagiatbHOi

By (y) CKJIaJIOBUX MArHITHOI 1HAYKIIi MO BUCOTI y HA BHYTPIIHIA =1,

cepemHii /i = 2 Ta 30BHIMHINA i = 3 00MOTKaxX IMOKa3aHi Ha PUCYHKY.

B cuty po3ramryBaHHs B cepeHili YacTHHI OOMOTKH (B 30HI BBEICHHS
CTPyMY) TIONIEPEYHUX KaHATIB OUIBIIOTO PO3Mipy, HIXK B 1HINMX ii YaCTHHAX,
Yy BKa3aHii 30HI MAalOTh MICIE MEPEXOAM PadialibHOI CKJIAIOBOI IHAYKIIi
MAarHITHOTO HOJSI «KPi3b HyJb», BiAMIOBITHO B [il 30HI Ma€ Miclie 3MEHIIeHa
BEJIMYMHA OChOBOI CKJIaAOBOi iHAyKIii. OCHOBHA IHTEHCHBHICTh HOJS — Ha

BHYTpIiIIHil TBipHil oOMoTLi B, (y) =331,3mTo.
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Bu3HaueHe TakuM YMHOM MAarHiTHE IOJIE peakTopa BUKOPHUCTOBYETHCS
JUI pO3paxyHKy JOIATKOBUX BTpAT BiJ BUXPOBHUX CTPYMIB 1 €IeKTpOMarHi-
THUX CHJI B TPOBITHUKAX OOMOTKH, IUIS PO3paxyHKY iX MIIHOCTI Bim mii
OChOBHX Ta padiabHUX CKIAJOBHX BKa3aHWX CHIJI. Po3monin MarHiTHOTO
HOJISL Ha TIOBEPXHI CTPY)KHS BUKOPUCTOBYETHCS [UISI BU3HAYCHHS BHUXPOBUX
CTPyMiB, HarpiBiB €JEKTPOCTATHYHHX CKpaHiB. Mar"iTHe MOJe IO BUCOTI
BEPTHKAIBHUX CTSDKHMX INIMIBOK 3 HEMAarHiTHOI CTalli TakoXX BH3HAYae
BUXPOBI BTpaTH Ta iX HarpiB. Po3moain MarHiTHOro moJis Ha MOBEPXHI CTi-
HOK 0aKy BUKOPHCTOBY€ETHCS JJIsl PO3PaXxyHKY BTPAT, OLIHKM HarpiBiB.
2258 < ! — Br1

i Brz
2043 Br3
/ \ Bo1
1879 i BoZ
w ! \ Bo3

1

1616

i
ol
i}

1189

-l \
T | |
N1y /

338
AN e
59,3 20,2 18,8 57,9 95,9 1360 17502141 253,1 2562,2 3313
B, mTn

H, b

L

Pucynoxk 1 — Po3noain ckimaoBIX MarHiTHOI iHAYKIIii 110 BUCOTI OOMOTKH

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1.IBankoB B. @. Po3paxyHOK BOJIBT-aMIEpPHOi XapaKTEPUCTHKH IIyH-
TyBaJBHOI'O peakTopa 3 mpomikkamu B crpwxkHi [Tekcr] / B.®. IBankos,
A.B. bacosa, H.B. Illynbra / Texniuna enekrpoanHamika. — 2015. — No 2. —
C.70-74.
2.Isankos  B.D. Po3paxyHkoBa  mijcucTeMa — aBTOMaTH30BaHOTO
MIpoeKTyBaHH: TpaHcopmartopis i peakTopis [Tekct] / B.®. IBankos, FO.H.
Magip // Tlpami Ia—ty enextpommnamiku HAH Vkpainu. 306ipHHK
HaykoBux npamnb. — K.: In—1 enexrponunamikn HAH Ykpainm. — 2008. — Ne
18.—-C. 123 - 131.
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YJK621.318.1

HImiar E.B'., Ponano JI.A'., Puwxenkos FO.M.?

12 cryn. rp E-912m HY «3anopisbka NomiTexHikay»
3cryn. rp E-211cn HY «3anopisbka momiTexHika»

BU3HAUYEHHS BILUIMBY KOPOTKOUYACHUX HABAHTAKEHb
HA BIBPALIIMHY CTIMKICTh TPAHC®OPMATOPA

Jyis BU3HAUCHHS KOPOTKOYACHHX HABaHTAXKCHB MPH JOCIIPKCHHSIX Ta
pO3paxyHKax 3HAUCHHs JOMYCTUMHX HAMPyr NPUAMAIOTh OUIBIIMMHU HiXK
NPy 3BUYAHHUX yYMOBaX, aji¢ TAKMM 00 BOHO 3HAXOAMIOCH MK MEKEHO
[JIACTUYHOCTI Ta MEXKEIO MIIHOCTI

b - m[w,%]
Ym  Vm

b
ney, =1,05 —xoedilieHT HaTIHHOCTI BiAMOBIIHOIO MaTepiagoM;
7. = 1,4 — koediuieHt yMOB poboTH;

O, — MCXKa HJ'IaCTI/I‘IHOCTi;

T

O p — MEXKa Mil[HOCTI.

B nocnmigHiii Momeni mpu MOJEIIOBAaHHS OOMOTOK TpaHC(opmaropa
BUKOPHCTOBYBaBCSl YMOBHHUI Matepian ajis 3a0e3rnedeHHs 11 iHepuiiHUX
XapaKTEePUCTHKH.

[pu mocmimkeHHi BiAmoBigHO 1o [1] cmHycoinanpHa BiOpamis Tpuii-
Maunacs B miana3osi gactot 0,5-100 I'm 3 makcumanpHORO amrutitTyaoto 0,12
y TOPU30HTAJILHNX HAIPAMKaX.

Jocmix mpoBoIMBCS METOJIOM CKIHUEHHX €JIEMEHTIB 13 BHKOPHUCTAHHAM
nporpamaoro cepexoBuma ANSYS [2]. [licns moOymoBu TeoMeTpHyHOI
MoJiesi OyJI0 3reHepOBaHO CIiTKY CKIHYEHHMX €JIEMEHTIB BIAMOBITHO /10 PO3-
MIPHOCTI MOZETI.

ITim wac mocmipkeHHS B CepeNoBHUIN MporpamMHoro 3acody ANSYS
OyJnu BU3HAYCHI HACTYIIHI €JIEMEHTHI 00J1acTi CUCTEMHU:

1 — SHELL181 — nyommHHi e1eMeHTH, 10 BPaxOBYIOTh TOBIIMHU JIH-
CTIB — JJIs €JIEMEHTIB OCHOBH Ta IPMOBHX OaJIOK;

2 — SOLID185 — 00’eMHI eleMEeHTH JJIsl MarHiToIpoBOY.;

3 — BEAMI188 — 1151 IMIBOK Ta SIEMEHTIB KPIIUICHHS.

Mogenb 3aKpiluieHa y MicIsiX KpilIeHHs OOJITIB OTIOPHUX €IEMEHTIB.
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JocnimkenHs Oyyo mpoeneHo it 19 3HaueHb 4acTOTH, IIO A0
3MOTY BUSIBUTH CaMUIl KPUTHYHUH Jialla30H 9acTOT JAJs BiOpariifHoi CTiii-
KOCTi TpaHcopMaTopa, IKUH JocmipKyBaBcs. Takum miamazoHoM € 30-50

000 400,00 80000 (rren) (1] 400,00 800,00 (rmm)
]

200,00 600,00 200,00 600,00

Pucynok 1 — ®opma KoJIMBaHb y BUIVIAI i30II0OBEPXOHB IIpH YacToTi 37,98 I'ny

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1.ACTY 17516.1-90 Uznenus snekrpotexHuueckue. OOIme TpedoBa-
HHS K MEXaHHYECKUM BHEITHUM BO3JICHCTBYIOIIUM (HaKTOpaMm.

2.Ansys: BeO caiit. URL: https://www.ansys.com/academic (nara 3Be-
pHerHs 06.10.2022)

V]IK621.318.1
Kpir O.M.!, Cazonosa A.M.!, Cesarosens M.O.!
Ueryn. rp E-222m HY «3anopiseka momitexnika»

JOCJIIIKEHHS TAPAMETPIB KOPOTKOI'O 3BAMUKAHHS
CHMJIOBOT'O TPHOBMOTKOBOI'O TPAHC®OPMATOPA

IIpu KOpOTKOMY 3aMHUKaHHI CIIiZi PO3TiYaTH CHMETPHUYHE KOPOTKE 3a-
MUKaHHSI a0o TpudasHe KOPOTKE 3aMHKAaHHS Ta HECUMETPHYHE KOPOTKE
3aMuKaHHS: onHOGasHe, ABodaszHe abo nBodasHe Ha HeliTpans. ani Oyzae
PO3MIIsIATHCST CUMETPUYHE KOPOTKE 3aMUKaHHS TpH(aszHoro TpaHchopma-
Topa. Tak K BCi TpM KOPOTKO3aMKHEHI OOMOTKHM OZIHAKOBI TO NPU CUMETPH-
YHOMY KOPOTKOMY 3aMHKaHHI B TpaHC(OpPMATOpi MPUCYTHS CHCTEMa CTPY-
MiB PiBHHX 3a BEJIHMYMHOIO Ta 3ABUTYTHX OJHA BIIHOCHO APYroi Ha 2% .
AcHMeTpisl MarHiTHUX JIAHITIOTIB B TPUCTPMKHEBUX TpaHCHOpMaTopax He
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Ma€ 3HAYHOTO 3HAYCHHS TaK SIK BOHA BIIHOCHTHCS TUIBKH JO HE3HAYHOTO
HaMarHi4yr4oro crpymy. ToMy 1OCTaTHbO pO3IIIAAAaTH KOPOTKE 3aMUKaHHS
TUTBKY JUIst ofHi€eT (hazu TpudasHoro TpanchopmaTopa.

JlociiiHe KPOTKOTO 3aMUKaHHS IIPOBOJUTHCS AJIs1 BU3HAUCHHSI:

— OCHOBHHUX BTpaT B 0OMOTKaX;

— JIOJAaTKOBHX BTPAT B OOMOTKaX;

— OCHOBHUX BTparT y BiIBOJAXx;

— JI0JJaTKOBHX BTPAT y BiZIBOJAAX;

— BTpAaTH B CTiHKax Oaxy.

[Tpu mocnimHOMY KOPOTKOMY 3aMUKaHHI HOMiHaJbHI CTPYMH B 0OMOT-
KaxX BHHHUKAIOTh IIPU BiJHOCHO Maiii Hampysi (5—10% HOMIHaIBHOTO 3Ha-
YeHHs), a BTPaTH B MarHiTHIA cucTeMi TpaHcdopmaTopa IyXke Malli TOMY
HUMH MOJKHA 3HEXTYBAaTH.

B cunoBoMy TproOMOTKOBOMY TpaHC(OPMATOpi, MOJIENb aKTHBHOT Ya-
CTHHH SIKOTO 300pa)keHa Ha PUCYHKY 1, pO3paxoBYIOThCS Ta BUMIPIOIOTHCS
3HAYEHHs BTPAT KOPOTKOI'O 3aMHKaHHs JJISl TPOX MapHHUX MOEIHAHb 0OMO-
tok (HH-CH, HH-BH, CH-BH) npu HaBaHTa)XeHHI KOXHOI mapu 0OMOTOK
CTpyMOM, SIKili BiNMOBi/a€ MOBHIN MOTY>XHOCTI TpaHcdopmaropa. Brparu
KOPOTKOTO 3aMHKaHHS TPHOOMOTKOBOTO TpaHC(hOpMaTopa 3MIHIOIOTHCS B
3aJICKHOCTI BiJl TOTO SIK PO3MOAUICHE HABAaHTaXXCHHSA MK TpbOMa HOTO 00-
MoTKamu. JlomyckaeTbes 1r00€e pO3MOJUICHHS] HaBaHTAXKEHHS MK TphboMa
obMoTKamu, ane Take mod xoaHa 3 0OMOTOK He Oyia IOBro HaBaHTaKEHa
CTPYMOM, SIKHH OM NepeBHIyBaB HOMIHAIBHUNA cTpyM +5% mnepeBaHTaXeH-
Hsl, a 3arajbHi BTPaTH KOPOTKOTO 3aMUKaHHS TPHOX OOMOTOK HE IepEBHIILY-
BN MaKCUMalbHiI BTpatu. [Ipy 11boMy MakCHMaJbHUMH BTpaTaMH BBaka-
I0ThCSL Tl SIKI TIPUBEJICHI J0 PO3PaxyHKOBOI TeMIIEpaTypH BTPAT KOPOTKOTO
3aMUKaHHS Ti€l Tapu 0OMOTOK, sIka Ma€ HaiOIbIII BTpATH KOPOTKOTO 3aMH-
KaHHS.

B mporneci po3paxynky 13 FEMM 0yno oTpuMaHO KapTUHY pPO3MOALTY
MAarHITHOTO TOJIS CHJIOBOTO TpaHcdopMmaropa (puc. 2), M0 JAN0 MOKIUBICTH
OTPHMATH PO3PAaXyHKOBI HapaMeTpH JUIsl PSKMMY KOPOTKOTO 3aMHKaHHS CHIIO-
BOTO TPHOOMOTKOBOTO TpaHC(opMaTopa s KOKHOI 3 0OMOTOK. PucyHok 2 —
Po3znozin iHayKIii MarHiTHOTO Mosist B pexumMi kopotkoro 3amukanns (HH-CH)
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Pucynok 2 — Po3noain iHIyKIlii MarHiTHOTO TOJISI B PEXKUMI KOPOTKOTO
3amukanss (HH-CH)
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YJK621.318.1

Jlapuenko M.C.!, Kapnenxko JI.I'.! [liBuyx A.A.2
Ucryn. rp E-222M HY «3anopisbka nomiTexHika»
2 cryn. tp E-211 HY «3anopisbka HOTiTeXHiKay

3ACTOCYBAHHS KOMBIHOBAHOT O IMIAXOAY A0
PO3PAXYHKIB EJEKTPOTEXHIYHUX ITPUCTPOIB

EnexrpomexaHiuHi MPUCTPOi MArOTh AYKE IMUPOKE 3aCTOCYBAHHS Y
MPOMHUCIOBOCTI. Teopist TAKMX MPUCTPOIB J0 TEMEPIIIHBOIO Yacy po3pooiie-
Ha J0BOJI AetanbHO. OMHAK, Pa3oM 3 THM, y I 00JAcTi 3aJIUIIAIOTHCS
HEJIOCTATHBO JOCHIHKCHUMH TaKi SBUILA K BUXPOBI CTPYMH Y MarHiToIpo-
BOJIaX MPU PI3HUX MpoIlecax, HAMPHUKIAL MepexinHux. Bum xapakrepy mpo-
TIKaHHS TEPEeXiTHUX MPOIECIB Y EICKTPOMEXAHIYHHX HPUCTPOSX CYTTEBO
3JICKUTh HATIIHHICTh X poOOTH. BpaxyBaHHS BILUTMBY Ha IEpEXiJHI Mpole-
CH BUXPOBHX CTPYMIB IIOB’SI3aHO 31 3HAYHUMH TPYJHOIIaMHU. BuxpoBi cTpy-
MH BHHHUKAIOTh B MAarHITOIPOBOIAX, SAKi MICTATh MOPSA 3 ITUXTOBAHUMH
TakoX 1 MacuBHI eleMeHTH. CKIaJHICTh MPOIECIB 1 YMOB, IIPH SIKUX MOPY-
IIYIOTHCSI BUXPOBI CTPYMH, HE JIO3BOJISE 3 BICOKOIO TOYHICTIO BpaxyBaTd ix
BIUIMB HA TMEPEXifHi MPOIECH B CHJIOBHX JIAHIIOraX MOCTIHHOIO CTPyMY.
Tomy 3a3BH4ail, IpH CKJIaaHi Ta po3paxyHKax CXEMHHX MOJIENEl eneKTpo-
MEXaHIYHUX IMPUCTPOIB, BIUNIMBOM BUXPOBHX CTPyMiB ab0 HEXTYIOTb, abo
BPaxOBYIOTh HaOJIMKEHO.

B ocTaHHI pOKM HIMPOKE 3aCTOCYBAHHS OTPUMAIIM MPUKIIAJHI MAKETH
mporpamM, IO JO03BOJITIOTHCS BHKOHYBAaTH PO3PaXyHKH EIIEKTPOMArHiTHHX
TIOJIIB METOJIOM CKiHUCHHX elleMeHTiB, Hanpukiag FEMM. Ilepesaroro ma-
kety FEMM e BinkpuTa JineH3is1, oo 1a€ 3MOTy HOTO 0€30IUTaTHOTO BHKO-
pUCTaHHS.

Pimenns 3agau 3a momomoro 13 FEMM 6asyroTbes Ha audepeniii-
HUX PIBHAHHSAX B YaCTHHHUX IOXIJHHX, aHATITHYHE PIMICHHS SKAX MOXKIIHU-
BO OTpPHUMATH TINBKHM B pas3i MpocTux (OpM piBHSIHb, TPAHUYHHUX YMOB Ta
KOoHpirypaiiii rpanuip. ToMy [UIst pillleHHS OUTBIIOCTI 3a/1a4 3aCTOCOBYETh-
Csl YHMCENbHUN METOJ, KWW HA3MBAETHCS METOJOM CKIHYCHHUX CJICMEHTIB.
Inest mboro MeTOoAy MoJIATaE B TOMY IO PO3paxyHKOBa 0071acTh pO30UBAETH-
Csl Ha BENUKY KiJIBKICTh OKPEMHUX IPOCTHX 00JIacTel B AKHMX IIyKaHa (pyHK-
i ampOKCHUMYETHCSA IMPOCTUM BHpa3oM. SKmmo obiacTti oBOJi Maii, TO I
npocTi GyHKIii JOCTaTHHO TOYHO ONMCYIOTH IIyKaHy (QyHKIi0. B pe3ynbra-
Ti qudepeHilHi piBHAHHS B YaCTKOBUX IOXIJHUX NEPETBOPIOIOTHCS B CHC-
TeMy JIHIHHHUX PiBHSHB, KiJIbKICTh HEBIIOMHX SKHUX CSTa€ KUTbKA JECATKIB
tUcsd. OHAK ICHYIOTh aJITOPUTMH, SIKI BUPILIYIOTh Taki 3ajadi 3a BiZIHOCHO
HEBEJIMKUH yac.
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[Jana nporpama po30uBae 001acTb Ha TPUKYTHI €JIEMEHTH 3 JIHIHHOIO
3aJISKHICTh TOTEHIIATYy BCEpPEeIUHI TPUKYTHHKA. B OCHOBI MeToma NEKHTH
MiHiMi3amis QyHKIiOHANA, KA BU3HAYAE CHEPTII0 CHCTEMH (CHCTEMa 3aB-
KIW TIparHe OO TIOJIOKEHHS, B SKOMY €Hepris MiHiMamsHa). PosrmsHemo
3araJbHUH MiAXiA 0 pilleHHs Ha MPUKIIaAi IUTAcKoi 3a1adi.

B npoMy BHIaAKy NPUHMAETHCS, IO BCEPEIHHI KOXKHOTO TPHKYTHOTO
€IIEMEHTY ITyKaHa (QYHKIisS BU3HAYAETHCA MIPOCTOI0 (POPMYIIOI0

A=a+b-x+c-y (1)

B (1) MOXJIMBO BU3HAUUTH KOE(iLi€HT MoJiHOMA yepe3 (QyHKIIl B Be-
pIIMHAX TPUKYTHHKA!

4, =a+b-x +c~y1’ 4, =a+b-x, +c-y2’

Ay =a+b- x5 +c-y,
b

2

ne A,- 3HaueHHs QyHKII{ B BEpIIMHAX TPUKYTHHKA.

Toni

a =f1(A]’A2,A3) b=/, (ALAZ,A3) c :f3(ALA2,A3) 3)

[TincraBumm B (1) 3Ha4eHH: (3) OTpuMaeMo BHpa3 AJs IIyKaHOT QyH-

KUii B 3aJI€XKHOCTI BiJl KOOPAWHAT BEPIIMH TPUKYTHUKA Ta 3HAYCHHS LIyKa-
HOI (yHKIIT y BepUIMHAX TPUKYTHUKA

A= f‘(avbacaxl »X25X3,Y1525)3 9A17A2 3A3 aX,J’) (4)

Ewneprist noss ans piBasHHs Jlamiaca

1 —2
F4)=—=-)|v-4| -dS
(=3 -flv 5
Enepris nons mis piastaAA [Iyaccona
1 2 _ -
F\A)=—=-]|V-4| -dS—u-)AJdS
(4)=5 - J|v-4) u-f ©)

PiBasaHHS (5, 6) € yHKIIOHATIOM eHepril y BUNAIKy JIiHIHHOTO cepe-
JIOBHIIIA.
V BUMajKy HETMIHIHHOTO cepeloBUINa JIA IJIacKOl 3a1a4i
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Fla)= % w(a)-das - [4Tds -

ne W(A) = fﬁ -dB - IIBHICTh EHEPil.

MiHiMi3ytoun (YHKIIOHAT €Heprii Ul HeBiIOMUX 3Ha4YeHb ITOTEHIlia-
Jy BO BHYTPIIIHIX BY3Jlax CITKH, OTPHMAEMO CHUCTeMYy aireOpaidHuX piB-
HSHb.

d n
o : ®)

ne I - kinbKicTh HEBiOMHX BEpLIMH TPUKYTHHKA; " - KUIBKICTh TPMKYTHH-

m
kiB; ¥ - BKJaj eHeprii KOKHOro TPUKYTHHKA B (DYHKIIIOHAJ.

Cuctema (8) moBuHHa OyTH TOMOBHEHA TPAaHUYHUMHU YMOBAMH.

3acTOCyBaHHSl TaKOro KOMOIHOBAHOTO MiJXOJy, AO3BOJHUThH MOEIHATH
nepeBarn 000X METOMIB PO3PaxyHKY, MPOCTOTY 1 IIBUIKOJIIIO CXEMHOTO
METO/Y, Ta BUCOKY TOYHICTh IOJILOBOI'O MOJIC/IOBaHHS. Takuii koMOiHOBa-
HUHA METOJl MOXKHa 3aCTOCOBYBATH JUIA OyAb-SKHX EJICKTPOMEXaHIYHHX, a
TaKOX, SICKTPOTEXHIYHUX NMPHUCTPOiB. Lle macTh 3Mory 3a0e3NneunTH €HICTh
MiXOMIB Il PO3PaXyHKY TAaKHMX MPUCTPOIB, CHCTEMAaTHU3yBaTH TakKi po3pa-
XYHKHM Ta CYTT€BO IIBUIIMTH iX TOYHICTBH, IO B CBOIO YEPry IO3BOJHTH
MPOEKTYBATH HOBI IPUCTPOI 3 BUCOKUMH TTOKa3HUKaMH €Heproe()eKTHBHOCTI
Ta HaIiHHOCTI.

YK 621.316.35:006.354

Mapycenko B. A., ! Kipees M. 0. !
Tono6opomsko €. C.2 Anancekuii A. A3

Ueryn. I'p E-212m HY «3anopisbka HOTiTEXHIKa»
2 cryn. I'p E-232m HY «3anopisbka oI TEXHIKa»
Scryn. I'p E-912m HY «3anopisbka nomitexHika»

JOCJIJIZKEHHS TA AHAJII3 TIAPAMETPIB TPOJIEIB
MWHOMIPOBO/JAIB BPAXOBYIOUHN KOHCTPYKTHUBHI
OCOBJINBOCTI

Jnst MojepHizalii cyJyacHHX €HeprocucTeM IANPHEMCTB METATyprii-
HOI Ta IHIIMX MPOMHUCIIOBOCTEH YKpaiHU HEOOXiTHO 3aCTOCYBaHHS CYy4aCHHUX
pillIeHb B 00J1aCTi €HEpPropecypco30epexeHHs.
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s 3a0e3neyeHHst HaiifHOT pOOOTH CTPYMOIIPOBIIHMX CHCTEM 3aje-
KHO BiJ XapakTepy HaBaHTa)XEHHS Ta Koe(imieHTa MOTY>KHOCTI Mepexi,
HEOOXiTHO TOYHO BH3HAYMTH MapaMETPH CTPYMOHECYYO! YaCTHHH IIMHOII-
poBoxiB. B mpakTHYHUX po3paxyHKax BUKOPHUCTOBYIOTH EMITIPUYHI METOIH
OIIiHKH MTapaMeTpiB TPOJIEIB IUHOMPOBOY, SKi 0a3yIOThCS Ha BUKOPUCTAHHI
CXEMO-TEXHIYHUX METOMIB MOJEIIOBAaHHA. A€, 3a3Ha4eHI METOIH MAaloTh
BEJHKY KiBbKICTh MpUIMyIIeHb. LI MpuITymeHHs BKIIFOYAtOTh:

— HE BPaxOBY€ETHCSI BIUTUB F'APMOHIHHOTO CKJIaay CTpyMy,

— HE BPaxOBYEThCS CPEKT OJIIM3BKOCTI,

— HE BPaxOBY€EThCSI €EKT 3MILLEHHS CTPYMY,

— HE BPaxOBYETHCSI IOBEPXHEBI e(heKTH

— HE BPaxOBY€EThCS eNIeKTPO(i3NYHI BIACTUBOCTI MaTepialis.

Y pobGori [1] 3anpornoHOBaHO JOCHTIHKEHHS €ICKTPOMArHITHUX Mapa-
METpiB TPOJEiB IMHHOMPOBOLY, Ta BepH(IKAlil OTPUMAHHX pPE3yJIbTaTiB
PO3paxyHKy 3a JOmoMororw mpoctopoBoi (3D) i mrocko-mapanensraoi (2D)
MaTeMaTUYHUX MOJBOBUX Mojenei. JlocmiKeHHS IPOBOIMIINCS 3 3aCTOCY-
BaHHSAM METOHIB Teopii emekrpomarHiTHoro moist (EMII), iHTepmossmii ta
aTmpoKCHUMAIlii, MaTeMaTHIHOI (Di3WKH, CKIHYCHHUX eJeMeHTIiB. Po3pobieHo
MaTeMaTH4Hy MPOCTOPOBY MOJEIb €IEKTPOMArHITHUX MPOIECIB Y CTAJIEBO-
My TpOJISHHOMY LIMHONPOBOJI y 4YacoBili MOCTAaHOBLI 3aj1adi pPO3MOALTY
EMII.

3a nmonoMororo mi€i ABOBUMIpHOI MaTeMaTHYHOI MOJENi y 4aCTOTHIHN
MOCTAHOBII 3aJaul Ul iCHYyIOUMX (opM MaricTpajJbHUX Ta TPOJCHHHX ILIH-
HOIPOBO/IIB BU3HAYEHO BILUIMB €JICKTPOMATHITHUX MapaMeTPiB MIMHOMPOBO-
Jla 3 BpaxyBaHHSIM BHIUX FapMOHIK CTpyMy Ha ix mapamerpu. Ha migcrasi
MTOJTLOBOTO MOJICITIOBAaHHS enekTpoMarHiTHUX mporeciB L, W, X, I U —popm
(a3HUX TPOJEWHUX IMHHOIMPOBOIIB BUKOHAHO MOPIBHSUIBHUHN aHAII3 IX TOB-
HUX aKTHBHHX Ta IHAYKTUBHHUX OMOPIB 3alie)kHO Bix koedimieata THD 3a
CTPYMOM Ta MaTepiaily, 3 IKHX BOHM BUToTOBJeHI. [loka3aHuii piBeHb HecH-
MeTpii (pa3HHX TOBHUX aKTUBHUX Ta IHAYKTUBHHUX OIIOPIB PO3TILIHYTHX
LIMHOMPOBO/IIB, BUKJIMKaHUH edekraMu OJIM3bKOCTI, MOBEPXHEBUMHU edek-
TaMH, CKiH-e(DEKTaMu Ta IHIIUMH KPaHOBUMH eeKTaMH.

3a pe3ysibTaTaMu pO3paxyHKiB Oyia mpoBeaeHa Bepudikallis 3a po-
3paxOBaHUM MaJiHHSAM HaIpyrd HiATBEPPKYIOE BHUCOKY TOYHICTH pO-
3paxyHKy Ta JOCTOBIPHICTh OTPHMAaHHX pe3yibTaTiB (moxubka He mepe-
Bumye 1,88 — 2,06 %) nBOBHMipHOI MOJEINi Y YaCTOTHIH MMOCTAaHOBII IO
BIIHOIIEHHIO J0 MPOCTOPOBOI MOJIEIi B IIOCTAHOBIII 3a/1aui 3aJIeXKHOT Bij
yacy posnoxairy EMII.
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MOJEJIIOBAHHA EJIEKTPOMAT'HITHHUX ITPOLECIB
ACHUHXPOHHOTI'O IBUTYHA

TpudazHi acHHXpPOHHI IBUTYHH HaOyIH IMIMPOKOTO PO3MOBCIOIKCHHS,
30KpeMa y CKJIaJli eJIEKTPOIPUBO/IIB PI3SHOMAHITHUX CHCTEM Ta MEXaHI3MiB.
He 3Baxkaroun Ha mMOHan BIKOBY ICTOPiI0 PO3BHUTKY, CBITOBI BYCHI IPOIOB-
JKYIOTh HAIpalfOBaHHS IIOAO MiIBUIICHHS €(EKTUBHOCTI Ta PO3BUTKY Me-
TOJMK NPOEKTYBaHHS aCUHXPOHHMX ABHUTYHIB [1]. Haiibinpm nepcrexTus-
HHUM € 3aCTOCYBaHHS B METOJMKAaX PO3PAaXyHKY MapaMeTpiB Ta MMPOEKTyBaH-
Hi A/l unMceNbHUX METOJIB PO3PaxyHKy €JIEKTPOMarHiTHUX IOJiB. 3aCTOCY-
BaHHS I[UX METOJIB J03BOJISE MiJBUIIUTH JOCTOBIPHICTh OMKCY Ta BH3HA-
YEHHs EJIEKTPOMArHITHUX IapaMeTpiB Ti MPOLECIB, IO NPOTIKAIOTh NPHU
poOOTI aCHHXPOHHUX ABHUTYHIB [2]. JIis CIIpOIICHHS 1 IMiIBUIICHHS e(EeKTH-
BHOCTI peai3amii YUCeTbHUX METOJIB PO3PaxXyHKY 3aCTOCOBYETHCS CIIeIia-
Ji30BaHe MporpaMHe 3abe3neueHHs. B pa3i MoJenroBaHHS €NeKTPOMArHiT-
HUX TporieciB B A/l y IutockonapasieabHOMy HaOJIMKeHI ITMPOKOTo PO3ITOB-
CIOIDKEHHsI HaOyna mporpama Femm, sika Mae O€3KOUITOBHY JIICH3IIO Ta €
3aranpHOAOCTYIHOIO [3]. CepemoBuine mporpamu Femm pearnizye Momento-
BaHHs €JIEKTPOMArHITHUX NPOLECiB Ha 0a3i METOAY CKIHYEHHUX €JIEMEHTIB.
Bona nocuth edekTuBHa y pa3i MOXKIMBOCTI OOMEKHTUCH MOJIEIIOBAHHAM
€JIEKTPOMArHiTHUX MNPOLECIB y IUIOCKO-TapaienbHoMy Hadmmwkeni (2D) y
Maxkax akTuBHOi wactmru AJl. Ii Mo’Ha 3acTOCOBYBAaTH IS YTOUHEHHS
CHCTeMH TPOEKTYBAHHS aCHHXPOHHOI'O JBUryHa. BoHa Mae 3pyuHwuii i 3po-
3ymMminuil inTepdeiic, BOyaoBaHy MOBY TpOTpaMyBaHHS, 103BOJISIE aBTOMATH-
3yBaTH MpolecH MoOyJOBH T'€OMETPUYHHMX MopeneHd, (i3uuHHX MojeseH,
3aBIaHH] BJIACTHBOCTEH, IPAaHUYHMX EJIEMEHTIB, PO3paxyHKy, aHalizy Ta
BU3HAYCHHIO napamerpis A/l
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Mertoro pobotu Oyna peanizaiis YUCEIBHO-TIOIBOBOTO MOICIIOBAHHS
€JIEKTPOMArHITHHX MPOIIECiB Ta BU3HAYCHHS €JICKTPOMATHITHUX ITapaMeTpiB
st AL

B sxocti 00’ekTy mocmimkeHHs Oyno oopano AJl 4A250M6Y3 3 mo-
MIEpEeIHHO PO3PAXOBAHUMHU MPOEKTHIMH ITapaMETPaMH.

Jns po3paxyHKy €JIEKTPOMAarHiTHOTO TOJISL B CEPEIOBHII MPOTpaMu
Femm Oya cTBopeHa reoMeTprudHa MOAETH JOcHinHOro A/l B monepedHomy
niepepizi. s Qi3myHOi MOJENi eIeKTPOMATrHITHOTO MOJIS 3aBIaBaliCh BJa-
CTHBOCTI MarepiaiB o0nacTell Ta yMOBH Ha X rpaHuiax. Jns 30H 0OMOTOK
3aJ1aBaJIMCh PO3paxoBaHi 3HaYeHHs (pasHUX CTPYMIB JJIsl KOKHOT (azu.

Po3paxyHok npoBojuBcs y jABa eTamd. Ha mepiiomy erami npoBoau-
JIMCh PO3PaxyHKU AJIsl 171eali30BaHOTO PEXUMYy HEpOoOOYOro Xomy, KOJIu
OyJl0 3a/1aHO JIMIIE 3HAYECHHS CTPYMIB cratopy. Ha npyromy erami BHKOHY-
BaJINCh PO3PAXYHKH IPH 3aBJaHHI TAKOX CTPyMiB poTopy. Ilicis BUKOHaHHS
pO3paxyHKiB (opMyBanack IUCKpeTHa (PYHKII MarHiTHOTO IOTOKO3YeI-
neHHs, oouncroBamuch (azai EPC 000Tok, KoedillieHT TOTY>KHOCTI, BXiaHA
MOTYXHICTh, E€JIEKTPOMAarHiTHUM MOMEHT, E€JIEKTPOMAarHiTHa IOTYXKHICTB,
KOpHCHA TOTYXKHICTh. [IOpiBHSHHA pe3yJbTaTiB PO3paxyHKIB BHXiJTHOI MO-
TY>KHOCTI 33 KJIACHYHOIO METOJHMKOIO Ta 3a PEe3yJbTaTaMH MOIYJIIOBaHHS
€JICKTPOMArHITHOTO IMOJIS MOKAa3ald, IO BiAHOCHA MOXuOKa MeHIie 5%, 1o
MOXE CBIYMTH TPO MPABUIBHICTh MPOEKTHOTO PO3PAXyHKY, HE 3BaXKAIOUH
Ha 3pOOJICHI MPUITYIICHHS.

BucHoBku:

3acTocyBaHHs MpOrapaMd HaIae IMUPOKI MOMKIHBOCTI (haxiBIpIM Jist
aBTOMATH3alii PO3paxXyHKIB EINEKTPOMATHITHUX MapaMeTpiB Ta (PaxoBHX
CHIBBITHOIIEHh HA OCHOBI YHCEIHHOTO PO3PAXYHKY €JIEKTPOMAarHiTHOTO
I0JIsI aCHHXPOHHOTO /BUTYHA. Ha 6a3i mpoBeneHNX po3paxyHKIB Ta IPHH-
OUMax aHali3y elleKTpoMarHiTHHX mapamerpie AJl 4A250M6Y3 moxaa
MIPOBO/INTH AHAJIOTIUHI PO3PaxyHKH JUIA IHIIMX aCHHXPOHHUX JBUTyHiB. Ha
npuknani 4A250M6Y3 Oyno BH3HAaYeHO MPOOJIEMH TPOEKTYBAaHHS 3a Kia-
CUYHMMHU METOJMKaMH, SIKi BUKOPHCTOBYIOTh METOJM MAarHiTHUX JIaHIIOTIB
i3 HiTMM PSIOM MPHUIYIICHh Ta CIPOIICHb, 1 HE 3aBXIH MOXYTh JaBaTH
JIOCTOBIpHI Pe3yJIbTaTH PO3PAaXyHKIB, 0COOJIMBO JIIsi HOBUX MEPCHEKTUBHUX
KOHCTPYKTUBHHMX BUKOHaHb AJ].

BuKkopHUCTaHHSI CUCTEMH YHCEIbHO-TIONBLOBOTO MOJIEIIOBAHHS ENeKT-
POMarHiTHUX TIOJNIB Ta BU3HAYEHHS €JIEKTPOMATHITHUX IapaMeTpiB acHHX-
POHHHX JIBUTYHIB i3 BHKOPHCTaHHSM CIICI[iaJli30BAaHOTO IPOTPaMHOTO 3a-
OesrneueHHs, 30KpemMa mnporpamu Femm, mMoxe craTH Iyke e(QEeKTHBHOIO
OCHOBOIO JUISl TIEPEBIPOYHHMX PO3PaxyHKIB CIIPOEKTOBAHMX IBHTYHIB Ta iX
YTOYHEHOT'O IPOEKTYBaHHSI.
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JOCJIIUKEHHS JTMHAMIYHUX PEXKUMIB ACUHXPOHHOI'O
JIBUT'YHA 4AH180M6Y3 TA MOI'O MIPOEKTYBAHHSI

ACHHXPOHHI €IeKTPOJIBUTYHH € OJJHUM 3 HAWOUIbII MOIIUPEHUX THUIIB
EJIEKTPUYHHUX MalllMH B IPOMHUCIOBOCTI. BOHM IIMPOKO BUKOPHUCTOBYHOTHCS
B PI3HHX MPUCTPOSX, TAKUX SIK HACOCH, BEHTWJIATOPH Ta TPAHCIIOPTHI 3aco-
Om. Arne, He3Ba)KalOYHM HA X IMUPOKE BUKOPUCTAHHSA, iHOMI TMOTPiOHO 3ilic-
HUTH KEpPyBaHHS aCHHXPOHHHMM JIBUTYHOM Y JABOX(a3HIH cucTeMi, Harpu-
KJIaJl, TP BUKOPUCTAHHI JESIKUX THUIIB iHBEpTOPIiB 200 CHCTEM 3 MOCTIHHUM
CTPYMOM.

[leperBopenHst Tppox(}a3HOi cMCTEMH aCHHXPOHHOTO JIBUTYHA Yy JIBO-
(a3sHy Moxke OyTu 3uilicHeHe 3a gomomororo neperBopeHHs Kmapka. Le
MePETBOPEHHS JI03BOJISIE IEPETBOPUTH TPHOX(PA3HUIT CUTHAI y JIBI HE3allex-
HI (a3u, M0 03BOJISE KEpyBaTH ACHHXPOHHHMM JIBHI'YHOM Y JBOX(a3Hii
cucreMi. [lyist 1boro HeoOXiqHO 3HaTH (a30Bi CTpyMH Ta (a30Bi HAPYTH.

IMeperBopenns: Knapka nonsrae B HacTynHoMy. Criouatky 3HaXO[sThb-
csl JIEKiIbKa BEKTOPIB HANpyTH y TphoxdaszHii cucremi. [ToTiM mi BexTopu
MIEPETBOPIOIOTLCS Y J1Ba BEKTOPH y ABO(Da3Hiil cucremi. J{is mepeTBOpeHHS
HEOoOX1JTHO 3HATH KyT MDK (pa30BUMHM HamNpyramu y TphoxdasHiil cucremi,
AKni ctanoBUTH 120 rparycis.

Jnst 3HaX0/pKeHHST (pa30BUX CTPyMIB Yy 1Bo(dasHii cucteMi HE0OXiqHO
BUKOPHCTOBYBATH MaTPUIIO epeTBOpeHHs. L[ MaTpuns MicTuTh Koedirie-
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HTH, SIKi JI03BOJISIIOTh IEPETBOPUTH CTPYMH y Tphox(asHiii cucremi y cTpy-
MH y ABO(a3Hiil cuctemi.

[Ticna Toro, sixk Oynu 3HaWAeHi ¢a3oBi CTpymu Ta (Pa30Bi HAIPYTH Y
nBodasHIA cucTeMi, MO>KHA PO3paxyBaTd HEOOXiIHI mapaMeTpu Ui Kepy-
BaHHS ACHHXPOHHHUM JBHTYHOM y MBO(]A3HIA CHCTEMI, Taki SIK MOTYXHICTB,
HIBUJKICTB, CTPYM Ta HAIpyra.

IIpu nmepeBeneHHi TproX(pa3HOi CHCTEMH Ha ABO(a3Hy 3a JOIOMOTO0
neperBopeHHsi Kiapka, MOMJIMBO JOCATTH CTabinbHOI poOOTH JBUTYHa B
LIMPOKOMY Jliala3oHi IIBHIKOCTEH, 3HM3UTH BTpATH €Heprii Ta 30UIbLINTH
koediuieHT KopucHOI aii. Takox 1el MeTox Aae MOXKJIMBICTh 3HU3UTH CKJIa-
JIHICTh CUCTEMH KEpYBaHHS Ta BUKOPHUCTOBYBATH O1JIbIII €KOHOMIYHI KOMIIO-
HEHTH.

Onnak, neperBopeHHsi Kiapka mae cBoi Hemousiku. 30Kpema, METO[
noTpedye BUKOPUCTAHHS JAOJATKOBUX KOMIIOHEHTIB, TAaKHX SK KOHACHCATO-
pH Ta iHBEPTOpH, II0 MOXKE IIIABHILYBATH BAaPTiCTh CUCTEMHU. TaKOkK MOXKe
OyTH CKJIaHILIe KOHTPOJIFOBATH JIBUT'YH B PEKMMaxX HU3bKUX IIBHIKOCTEH.

OTmxe, MiACYMOBYIOYH, NEPETBOPEHHS TPHOX(PAa3HOI CHCTEMH aCHHX-
POHHOTO JBUTYHA y IBO(a3Hy Kepylouuch neperBopeHHsIM Knapka € edex-
THUBHUM 1 3py9HHM METOJOM JUIs 3a0e3Ie4eHHs] POOOTH ABUTYHA B IIMPOKO-
My Jiana3oHi mBHIKocTel. JlaHuii MeTOa Mae CBOi mepeBard Ta HEIOJIKH,
110 HEOOX1/IHO BpaXOBYBaTH MPH HOr0 BUKOPHCTAHHI.

YK 621.313

Beses €.1.1, bepexenpkuii C.0.?

letyn. rp. E-219 HY «3anopisbka IOTiTEXHIKa»
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MOJEJI TA METOJU JIATHOCTYBAHHSA CHJIOBUX
TPAHC®OPMATOPIB

OnHUMHU 3 HaWOUIBII BasIIMBUX T4 MAacOBHX €JIEMEHTIB €JIEKTPUIHHUX
Mepex € CWIoBi TpaHchopMmaropu. Buxim TpaHcopmaropiB 3 jamy mpu
aBapii CTaBUTH IIiJ] 3aTPo3y SKICHY eKCIUIyaTalilo IMiJCTaHIIH, MO MPH3BO-
JIMTh, B CBOIO YepTy, K 3HWKEHHIO HA/IIHHOCTI EHEPIOCHCTEM B LIJIOMY.

[ImanoBO-TIONIEpeKYBaIbHI PEMOHTH CHJIOBHX TpaHC()OpMaTOpiB B
HAIIl 9ac CTAIOTh BCe OLIBII MaJOe(EKTUBHUMH SIK 3 €KOHOMIYHHUX MPUIHH,
Tak i uepe3 301IpIIeHAS HMOBIPHOCTI BiTMOBH B MIXKPEMOHTHUI ITEPio.

ToMy € akTyaJlbHOIO PO3poOKa HOBHX Ta YAOCKOHAJIEHHS 1CHYIOYHX
MeTOoZiB miarHocTyBaHHSA. HoBa cTpaTerisi TeXHIYHOTO OOCIyrOBYBaHHS
BUMarae 3acTOCYBaHHS CyYacHHX KOMII IOTEPHHX TEXHOJIOTIH aBTOMaTh4-
HOTO 30upaHHs, 00pOOJIEHHS Ta aHaJli3yBaHHS JaHUX.
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JJis cydacHOi eNeKTpOCHEPTETHKH 0COOIMBO HEOOXiTHE BIIPOBAKEH-
HS CHCTEM JIarHOCTYBAHHS CHIIOBHX TPaHC(POPMATOPIB, Y 3B SA3KY 3 THM, IO
6m3bpko 40-50 % TpanchopMaTopiB YKpaiHU BiANPaIfoBaio CBilf BCTAHOB-
JICHUH TEPMiH CITyKOH.

Hapasi B YkpaiHi, kpainax €Bpocoro3y ta CIIIA BOpoBamKyOThCs Cy-
YacHI CHCTEMH J1arHOCTYBaHHS CHJIOBHX TpaHC(OpPMATOpIB, TaKi SIK: KOM-
IUIEKC JIIarHOCTYBaHHS OCHOBHOI i3oswii TpancdopmatopiB Ha 6a3i [JIK
«Perina», cuctemu TPAS, Siemens TMDS, ABB TEC, AREVA T&D MS
3000.

Taxi cucTeMu IiarHOCTYBaHHS 3a3BHYail BCTAHOBIIOIOTHCS HA TOTYXKHI
TpaHC(HOPMATOPH, SIKi TINBKH BBOIATHECS B €KCIDIyaTalilo, IO 00yMOBIEHO
BHCOKOIO BapTICTIO IPOTPaMHOTO Ta amapaTHOTO 3a0e3nedeHHs. ToMmy BH-
HUKAa€ BeJMKAa HEOOXiTHICTH PO3POOJICHHS Ta BJOCKOHAICHHS MOJETCH 1
METOJIB [iarHOCTYBaHHS U1 TPaHC(OPMATOpPIiB MaJoOro Ta CEPEAHBOTO
rabapury. LIs x npobieMa cTocyeTbesi TpaHC(HOPMATOPIB 3 BEIUKUM TEPMi-
HOM CIyOH, KOJYM BHKOPUCTaHHS TaKMX METOJIB SK BiOpamiifHuii Ta iH.
€KOHOMIYHO HEJIOLIJIbHE Ta AITOPUTMH iX pOOOTH HE 3aBXKIH JAIOTh 3MOT'Y
JIOCTOBIPHO OIIIHIOBaTH TEXHIYHMH CTaH TpaHcpopmaropiB, 00 B yMoOBax
eKCIUTyaTalil eJeKTPUYHUX MEPeX BOHU BPaxOBYIOTh TIIBKHM TPaHHUYHHI
KOHTPOJIb 32 BUMIPSIHUMH J1arHOCTHYHAMH MTapaMeTpaMH.

AKTyaJbHICTh pO3pPOOKH HOBHUX, SIK 1 BIIOCKOHAJICHHS ICHYIOUHX MaTe-
MaTUYHUX MOJENEeH Ta METO/IB BH3HAYEHHS Ta aHANI3y MiarHOCTUYHHX
mapaMeTpiB CTaHy CHJIOBHX TpaHC(HOPMATOpPiB OOYMOBIICHI €KOHOMIYHOIO
HEOOXIHICTIO B MiJBHIICHHI iX JOBrOBIYHOCTI Ta PiBHI TEXHIYHOTO OOCIY-
TOBYBaHHS B IIPOLIECi eKCILTyaTallii.

YK 621.313
[Iseus B.O.
cryzeHt rp. E-220cn HY «3anopi3bka nomitexHika»

BIIJIUB 'OPU3OHTAJIbHUX KAHAJIIB B OBMOTKAX HA
INONEPEYHE MOJIE PO3CIIOBAHHA TA OIIIP PO3CIIOBAHHA

OOMOTKH CHJIOBHX TpaHC(HOPMATOPIB CKIATAIOTHCS 3 JACKITbKOX JiJs-
HOK, SIKi BiJJpi3HAIOTHCS TEOMETPUIHUMH PO3MipaMH B HampsMi, MepreHn-
KyJISIPHOMY TIOTOKY PO3CISHHS, TOBIIMHOIO 130JIALii, TYCTHHOIO CTPyMy 1
TOMY NOAI0HE, 10 PU3BOANTH K 30UIBIICHHIO 1HIYKTUBHOCTI PO3CiIOBaHHS.

[Tpn HasiBHOCTI TOPU3OHTAIILHUX OXOJIO/PKYIOUHX KaHaliB B 0OMOTKAx
TpaHcdopmaTopa OKpiM HOB3IOBXHBOTO MOJIS PO3CIIOBaHHS BHHUKAE TIOIIE-
peuHe 1oJIe, CUIIOBI JIiHIT SIKOT'0 3aMHKAIOThCS 110 TOPHU30HTAIEHIM KaHaJaM,
301IBIIYIOYH, B CBOIO YEPTy, iIHAYKTUBHOCTI PO3CIIOBaHHS.
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MeroyKka BU3HAYCHHS iHIYKTHBHUX OIOPIB B IIbOMY BHIAIKy 0a3y-
€ThCS HA 3aMiHI HAMarHigyro4doi Aii KO)KHOI OOMOTKH CyMOIO HaMarHidylo-
4nX Oifl IBOX OOMOTOK:

obmoTkn HI3BKOI Hanpyru (HH) — cymoro piit HH; Ta HH»,

obmoTku Bucokoi Hanpyru (BH) — cymoro niit BH; Ta BHo.

O6motkn HH| Ta BH| MatoTs piBHOMipHHI PO3IIOILT MarHiTOPyIIiii-
Hux cmi (MPC) Ta CTBOPIOIOTH TTOB3/IOBXKHE TI0JIE PO3CIIOBaHHS.

Kosxna 13 oomorok HH, Ta BH» ckianeHa i3 KOTYIIOK, 110 YepryOTh-
cs1. Cyma MPC koxHOI 13 IMX 00MOTOK J1opiBHIOE Hy:H0. L{i 00MOTKH cTBO-
PIOIOTB JIMIIIE MOTIEPEYHE MOJIe.

B npomy BHnajgky B3a€MOIHIYKTUBHHMH OIp MiIX pealbHUMH OOMOT-
xamu HH Ta BH nopiBHroe

XgHH-BH = Xga + Xoquu T XoqBH-

Jnis mocIipKeHHS 3aCTOCOBYIOTh METO/I IUTAHYBaHHS €KCIICPUMEHTY .

SIKIo NpUAHATH, [0 BEJMYMHA OXOJOMKYIOUHX KaHalliB OOMOTOK
HH, ta BH, h, Mix yciMa KOTyIIKaMu 1 BUCOTOIO h; OIHAKOBAa, TO MOXKHA
TOCTITATH 3ANEKHICTD X5q = f(h,, M), BPaXOBYIOUM JianasoH 3MiHA JBOX
(axkropiB, mpu Bucoti oomotku H = n(hy + h,).

CkiageMo MaTpHILIO IUIaHy EKCIIEPUMEHTY JIPyTOro HOPSAKY AT IBOX
(akTopiB B KOJOBaHUX OMUHHIIAX. DYHKIIEIO METH OOMPAEMO 1HIYKTHBHUN
OTIip PO3CiFOBaHHSA MO OCI g.

TakuM 9MHOM, OTPHUMAEMO TIOIHOM 3aJIe)KHOCTI (PYyHKIIT MeTH 1 TIepe-
BEJICMO 3HAYCHHs (PaKTOPIB i3 KOJOBaHMX y abcomoTHi. [IpoBenemo pospa-
XYHOK Xgq , i, HICTA BU3HAYEHHA KOeQili€HTIB MOJTiHOMa Ta HOro aHanisy
OTPUMAEMO 3MOTY BH3HAUYNTH ONTHUMAJIbHI 3HAUEHHS IIMPUHU TOPU30HTAIIb-
HUX KaHaJIIB Ta MiCIs X PO3TAlTyBaHHs 32 YMOBH, WO Xgq—>MiN.

YK 621.316.35:006.354
Cana A.O.!, Tapactok J[.4.!, lInak B.M.!
leryn. rp E-211cn HY «3anopiseka momitexnika»

BU3HAYEHHSA ITAPAMETPIB B CUCTEMAX HIKMHOITIPOBO/IB
3 BPAXYBAHHSAM JiIi BUIIIUX TAPMOHIK CTPYMY

3abe3neueHHs] BUKOHAHHS OiBIIOCTI TEXHOJIOTIYHUX OMeparfii ais
BHPOOHHMIITBA TMPOAYKII HAa CYYacHUX IIiJIPUEMCTBAX BUKOPHUCTOBYIOUH
ITiIHOMHO-TPAHCIIOPTHI MEXaHi3Mi, B TOMY YHMCIIi KDAaHOBHX EJIEKTPOIIPUBO-
JIiB BBYKA€THCS JOBOJI €HEPrOEMHHUM Ta pecypco3aTpTHUM. Jly)ke BasKJIMBO,
00 CHCTEMH IIEXOBOTO €JIEKTPOIIOCTaYaHHs 3a0e3MeuyBalld BHCOKY edek-
TUBHICTH BUPOOHMYOTO MPOLECY, 1 TOMY BKpail BaXKJIMBO BiANIOBIATH 5KOPC-
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TKAM BAMOTaM BHCOKOi HaaiiHOCTi. CIiJ 3ayBa)KUTH, IO OAHUM i3 BarOMHUX
€JIEMEHTIB CHCTEM LIEXOBOTO EJICKTPOIOCTAYaHHS € TPOJICHHI IIMHOIPOBO-
mu. Ha nanwmii yac icHYIOTh iHJKEHEpPHI METOAM BHM3HAUEHHS IMapaMeTpiB,
BTpaT HANpYTrH Ta TOTY>XHOCTI, aje Npu IbOMY BCl BIJIOMi METOIM HE MO-
JKYTh 3a0€3IeUeTH ICTOTHY TOYHICTh PO3PaxyHKIB Ta MarOTh BHCOKI MOXHO-
ku [1]; iHIOI BiOMi METOAM MArOTh BUCOKY C(EKTHBHICTh PO3PAXYHKY, alie
HE JI03BOJISIIOTh BU3HAYMTH MAAIHHS HAIIPyTH B 3aJIEXKHOCTI Bix KoedilieHTa
noTyxHocTi Mepexi [2]. Tomy po3poOka HOBOTO MiAXOIY € TOCUTH BaKJIU-
BUM IUTAHHAM U1 ONTHMI3allii BUKOHAHHA TEXHOJIOTIYHHX OTepamiii Ha
BUPOOHHUIITBI.

Po3pobnennit minxix [3] mo3Boiysie BU3HAYUTH 3 BHCOKOIO TOYHICTIO
rapaMeTpH Ta MaJiHHA HalpyTH y TPOJIesX MIMHOIPOBO/IA 3AJICKHO BiJl KOe-
(himieATa MOTYXHOCTI MEPEXi, IKMI 3aCHOBAaHUH Ha TEKOMITO3HIIIT eIEeKTPO-
MarHiTHHUX MPOIECIB Y TPOJICHHOMY IIHHOIIPOBO/I 33 JOTIOMOTOI0 JKHBIICHHS
onHiel 13 (a3 MUHOMPOBOJA JJIsi BU3HAYCHHS AKTUBHOTO Ta PEAKTHBHOTO
omopiB 0e3 BpaxyBaHHs BIUIUBY 30BHIIIHBROTO MArHITHOTO MOJS, 8 TaKOXK
JBOX (ha3 LIMHONPOBO/A JUIs BH3HAYEHHS aKTHBHOTO i PEaKTHBHOI'O OIIOPiB
NPY HAsIBHOCTI 30BHIIIHBOTO MArHiTHOTO MOJIsI, BUKJIMKAHOTO JIEI0 CTOPOH-
HIMH CTpyMaMH, 1110 NPOTIKAIOTh B CYCiJHIX TPOJiesi HIMHOMPOBO/A.

Haii0inpI cyTTeBUMHU pe3ynbTaTaMH € BU3HAYCHHS Ha OCHOBI IOJIbO-
BOTO MOJICIIIOBAHHS aKTHBHUX Ta PEAaKTUBHHX OIOPIB, 3aJIE€KHO Bil YaCTOTH
TapMOHIK CTPYMYy Ta BiICTaHI MiX (a3aMu TpoJeiB IIMHONPOBOAA. 3a pe-
3yJIbTaTaMH 3alPONOHOBAHO 3aJISKHOCTI [UIsl BU3HAYECHHSI 3HAYeHb aKTHBHO-
TO Ta PEaKTHBHOTO OIOPIB JUTS BIATIOBITHUX (a3 Ta TapMOHIK cTpyMy. Brmo-
CKOHAJICHO MaTeMaTH4Hy MOJIeIb BTPAT HANPYTH B TPOJIEsiX Bix KoedirieHTa
MOTY)KHOCTI Mepexi. JlaHi eKCIepuMEeHTalbHOTO JOCIIKeHHS MiATBep-
JUKYIOTh BUCOKY €(DEKTHBHICTh Ta TOYHICTH IiJXO/y. 3HAYUMICTh pe3ybTa-
TIB moJisirae y OibLI TOYHOMY BHU3HAYCHHI MapameTpiB Ta BTPAT HAIPYTH B
KOXHiH (a3i TposieiB MIMHONPOBO/Ia HE3AJISKHO BiJl IX PO3TallyBaHHs, KiJib-
KocTi, (hOpMH, a TAaKOXK CUMETPIii CTpyMiB Oe3 BUTpAT yacy Ha MOJbOBE MO-
JICTIFOBaHHSL.
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[Iuno O.M., Iuno A.IO.
ctyn. rp E-212 HY «3amnopi3bka MoTiTeXHIKa»

BUBIP KOHCTPYKTUBHOI CXEMHM MATHITHOI CACTEMHU
CHJIOBOI'O TPAHC®OPMATOPA

OnHi€ro 3 OCHOBHMX 3aJ1a4 IPOCKTYBaHHs CHJIOBOTO TpaHcdopmaropa €
BUOIp KOHCTPYKTHUBHOI CXeMH MartitHOI cuctemu. [1pu ii po3paxyHky B mep-
LIy 4epry MOBHMHHI OyTH mepenOaueHi MOXKIJIMBOCTI 3MEHIICHHs BTpar Ta
CTPYMIB HEPOOOUOTrO X0y, MiHIMAJIbHI BUTPATH CICKTPOTEXHIUHOI cTami. J{is
IUTACKO{ IIMXTOBAHOI MArHITHOI CHCTEMM BH3HAYAIOTh: IUIAH IIMXTYBaHHS
IUTACTHH, KUTBKICTh CTYTICHIB B IIepepi3i CTPIDKHIB Ta sipMa, PO3MIpH MAKETiB
— IMMpPHHA TUIACTHH Ta TOBIIMHA IMAKETIB, PO3TALIyBaHHSI Ta PO3MIPH OXOJIO-
JUKYFOUMX KaHAaJlB, TOBHI Ta aKTHUBHI IEpepi3d CTPIKHA Ta SpMa, BHCOTA
CTPIDKHS, BiICTaHh MK BICSAMH CTPHKHIB. ['eoMeTpu4Hi po3Mipu MarHiTHOi
CHUCTEMH OOMPAIOThCS Y BIAMOBIIHOCTI 3 MOMEPEIHIM PO3PAXyHKOM, CITHPAO-
YKCh HA ONTHMAILHHUU BapiaHT CIIBBIAHOIICHHS MMapaMeTpiB HEpoOOUOro
X0y Ta po3MipiB 1l KOHCTPYKTHBHHX €JIEMEHTIB, Ta, SK HACJiJOK, BHTpAT
AKTUBHUX MaTepialliB, 110 € aKTyaJIbHUM [UTAHHSIM ChOTOJICHHSL.

IcHyI04Ya KOHKYpEHIIisl Ha PUHKY BHTOTOBJIEHHs TpaHC()OpMaTopiB Ta
€JIEKTPOIPOMHUCIIOBUX BUPOOIB B3araji BUMarae MOJEpHi3allii Ta MIBHIKOTO
pearyBaHHS Ha BHUMOTH CIIOKMBAYiB €JIEKTPOTEXHIUHOi mponykuii. Tomy
iCHy€ HEOOXIHICTh YTOUHEHHSI METO/IIB PO3PAXYHKY Ta CKOPOYCHHS BUTpAT
qacy Ha HHX.

Knacnuni MeToan po3paxyHKy KOHCTPYKIII MarHiTHOI CHCTEMH TpaH-
cthopmaTopa mependavae po3paxyHOK KUTHKOX BapiaHTiB MarHiTHOI CHCTEMHU
3a CTaHJIapTH30BaHUMHU po3Mipamy 1i makeTiB (puc. 1)

J1J1s1 KOYKHOTO 3 BapiaHTIB MPOPAXOBYIOTECS BCI KOHCTPYKTHBHI TTapaMeTpu
Ta BTPaTH Ta CTPYM HEPOOOUOTO XOTy.

Komm’roTepHe MoIemoBaHHsI TO3BOJISIE B KiJIbKA pa3iB CKOPOTUTH Hac PoO3-
PaxyHKY, CIIUPAIOYHCh TUTHKU HA PO3MOPH CTPIIKHS Ta SIPM, IO JI03BOJISIE OJTHO-
YacHO OOpaTy ONTUMANbHUI BapiaHT KOHCTPYKIII BCHOTO TpaHchopmaTopa 3
3aBJJAHNMU €JICKTPOTEXHIYHUMH TTapaMeTpamMu (TaOiuist 1) TUTbKH 32 KapTHHOIO
MarHiTHOTO TIOJIs.
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a) 0) B)
a) demin=0,22 ™m; 6) d=0,24 M, sIKuil BiIIOBiAA€ MiHIMAIBHIN BapTOCTi; B) demax=0,27 M.

Pucynok 1 — Ilepepisu cTprKHIB U 0OpaHUX J[iaMeTpiB CHIIOBOTO
Tpanchopmaropa tury TM — 1000/35-Y1

Tabnus 1 — J{aHi oTprMaHi 3a JOTIOMOTO0 KOMIT FOTEPHOTO MOJICITIOBAHHS

. Inaykmis | IHgyKIis
Jliametp ctpu- | EHepris Izﬂyiiﬁ;ﬂ; ( l? },/ ”lfln) ( I); }: ”lfln) Cepenre 3na-
o, i . - - YEeHHS 1HIYK-
e | T | e e | i 5T
¢dasu B A

0,22 21,9 2,152 2,244 2,152 2,18

0,24 23,52 2,147 2,242 2,146 2,178

0,27 18,26 2,061 2,24 2,06 2,12

BukopucranHsT KOMIT'IOTEPHOTO MOJIETIOBAHHS JJO3BOJIMIIO OTPUMATH
peanbHy KapTHHY MarHiTHOTO IOJIsI CHIIOBOTO TpaHc(opMaTopa Ta CIHparo-
YHCh Ha 3aBJaHi MapamMeTpu HEpoOOYOro Xoay BH3HAYUTH ONTHMANIBHI
KOHCTPYKTHBHI PO3MIpH MarHiTHOi CHCTEMH Ta IEpPEHTH 0 pO3paxyHKy
rapaMeTpiB KOPOTKOTO 3aMHKaHHS CHJIOBOTO TpaHC(POpPMAaTopa, a TaKOXK
3HA4YHO CKOPOTHUTH 4ac PO3PaxyHKY CHIJIOBOIO TpaHC(HOpPMATOpa B LIIOMY.
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CEKIIA «kEJJEKTPUYHI I EJIEKTPOHHI AITAPATHU»

YK 621.314.58
Kanuniuenko JI.B.
act. HY «3anopi3pka momiTexHika

AJIAIITALISI KOHTYPY 3BOPOTHOTIO 3B’SI3KY
PE30OHAHCHUX IHBEPTOPIB 3 YACTOTHO-IMIIYJIbCHOIO
MOJY.JISILIEIO (PFM) 1O IHUPOKOI'O JIATIAB0OHY
HABAHTAKEHD

Pe3oHaHCHI 1HBEPTOPH YCIIIIHO BUKOPHCTOBYIOTBHCS, HANPUKIAJ, B
ycraHoBKax iHAyKuiiHoro HarpiBy (YIH), Onokax >KMBIEHHS BEIHMKOI MO-
TYXKHOCTI 3a paxyHok Bucokoro KKJI i manux EM-BumpomiHiOBaHb 1 Maco-
rabapuTHAMH TOKa3HUKaMH (BIZHOCHO TPaTUIIHHAX IHBEPTOPIB 3 IIMPOT-
HO-IMIYJIBCHOIO MOIyJIAIiero). Ha »kanb, Il mepeBaru HiBETIOIOThCS HE00-
XiHICTIO ToAepkaHHA pOOOTH MEPETBOPIOBaYa y BY3bKHX MEXKaX BHXITHOL
MOTYXHOCTI Poyr, BXITHOT Ta BUXiJHOT HANPYTH, a TAKOX CKIIATHICTIO PO3-
PpOOKM HaIfHUX TPUCTPOIB I[LOTO THITY.

Tak sk OCHOBHAM BHOOpPOM B THIIl YIPaBIiHHS TPAH3UCTOPAMHU y pe-
30HAaHCHUX 1HBEPTOPAX € YaCTOTHO-iMITyibcHa Moxyrilis (PFM), To mms ix
PO3pOOKH TaKMX Hal4acTile BUKOPUCTOBYIOTH allpOKCHMOBAHY 3a IIEPIIOI0
TapMOHIKOI0 MOJIENIb PE30HAHCHOTO IepeTBopioBada. Lle mo3Boinse omiHUTH
rapameTpy KOMIIOHEHTIB NepeTBOpIOBaYa 3riHO 3 3a3HaY€HHMMH BHMOTI'aMHU
JI0 HBOTO. 3TIHO 1€l MOEII MOYKHA MMOMITHUTH, 1[0 MepeJaBaibHa XapaKTe-
pHCTHKa TEepPEeTBOPIOBaYa, a OT)KE 1 BUXiJHA HANpPyra, 3HAYHOIO MIpoIo 3alie-
XKWTh BiJl 3HAUEHHS JOOPOTHOCTI PE30HAHCHOTO KOHTYDY, 5IKa, B CBOIO Yep-
Ty, 3aJI€XKUTh BiJ] TPUBEIEHOTO HaBaHTaKEHHS R .

VY Toit "yac sk mpoOieMH 3 TPaHMYHIMH BHITQJKaMH MOXIIMBHX 3HAY€Hb
R’ BHpINIYFOTH TOJAaBaHHAM CXEM 3aXHCTY Y BHIIII BIIKITIOYEHHS iHBEpTOpa
npy HeOaXKaHNX HABAHTAXKEHHSX, MEHIII HAOYHOIO, aje BiJOMOIO € mpobieMa 3
HaJIAIITYyBaHHSIM CXEM PEryJIIOBaHHS BUXIHOI NOTYxHOCTI. Y Bunanky 3 PFM
CXeMaM¥ YIPAaBIiHHs, JIe OTY>KHICTh IEPETBOPIOBAYA PETYIIIOETHCS YACTOTOIO
poOOTH IHBEPTOPA, YacTO BMHMKAE MpoOieMa y IepeperyioBaHHI CXeMH YII-
PpaBIIiHHSI 1 TIOSABI MEPiOAIB Yacy, KOJIU iHBEPTOP IMPALOE HA YaCTOTI HIDKYIH 32
PE30HaHCHY, Yepe3 LI0 TPAH3UCTOPH BUXOJTH 3 JIajly Yepe3 EMHICHHIN XapakTep
HaBaHT@XEHHS Ha HuX. CHUTyaIlis MOTIipUIyeThCsS MpH 3HAYHIN 3MiHI HaBaHTa-
JKEHHS Bil HOMiHAJILHOI, Yepe3 110 peakiist iHBepTopa Ha 3MiHy po0oyoi yacTo-
TH TaKOX 3MIHIOEThCS. Yepes 11e MoXe BUHUKHYTH CUTYyallisl, KOJIM HaJIaIlToBa-
HUH Ha KOHKPETHHWH BY3bKHH jiana3oH R’ KOHTYp 3BOPOTHOTO 3B’SI3Ky € He3a-
JIOBUTBHUM Y 1HIIIUX BUIAJIKAX.

OnHUM 3 pilieHb MPOOJIEeMH HaJAIITyBaHHS CXEMH PEryJIOBaHHS pe-
30HAHCHOTO iHBEPTOpa € 3MiHA PeryJroBajJbHUX Koe(DimieHTiB 1€l cxemu
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BIJMIOBITHO 10 3MiHM HaBaHTaXeHHs. TakuM unHOM, PID-perymsarop, sxuit
HaJIAIITOBAHMI Ha KOHKPETHHUH [liaa30H HaBAaHTAXXCHHS, 3MOXKE aJEKBATHO
pearyBaTy Ha 3MiHy HaBaHTa)KEHHS 1103a [[bOTO J[iara3oHy.

VY sKOCTI nmpuKiIany peaiizauii Takoi MOAEPHI30BaHOI CXEMH PEryo-
BaHHS IOTY>KHOCTI BHKOPHCTOBYETHCS MOJIENb YCTAHOBKH IHIYKIIHHOTO
HarpiBy, Jie 3aCTOCOBYETHCSI alropuTM (a3oBOi aBTOMIJACTPOMKH YacTOTH
(DAITY). CripouieHuit BUTIIS Hi€l MOJENi TpeAcTaBlIeHU Ha puc. 1.

o

L

_____________________ I

Daz. [JeTexT.

K({Pout) *‘ -----------

Pucynok 1 — Mopens ycTaHOBKH iHAYKIIHHOTO HarpiBy 3 yIpaBJIiHASM Ha OCHOBI MOJIU-
(ixoBaHoro anmroputMy PAITY 3 po3mmpeHnM IiarmazoHOM poO0Uoi HOTYKHOCTI

VY Bunanky pezonancHux YIH PFM perymiroBaHHS MOTYKHOCTI 3 BHKO-
puctanasiM @AIIY 3a curHam 3BOPOTHOTO 3B’S3KY NPUHMAIOTH (ha3oBHI
3CyB CTPYMY Y PE30HAHCHOMY KOHTYpi BiJHOCHO (ha3u Hampyru. Toxai MHO-
KHUK K, SIKUH PO3PaxOBYEThCS 3 BUXIJHOI NOTYKHOCTI, TTOBUHEH KOMIICH-
CyBaTH 3MiHy po0OOYO0i 4acTOTH IiJ] yac 3MiHU (a3oBOro 3cyBy NpH 3MiHi R .
TakuM YMHOM, 3MEHIIYIOUM KOeQillieHT Iepenadi CXeMH peryJIroBaHH:I
CHTHAJy TOXMOKH, 3MEHUIIYEThCS WMOBIPHICTD IOSBU aBTOKOJIHMBAIBHHX
MPOLIECIB B CXeMi YIPaBIiHHs, sika npu3Bena 0 1o Buxony 3 jaxy YIH.

BumesasHauena Tteopis pobOotu 3ampomoHoBaHOi Moaudikarii Oyma
nepeBipeHa 3a jornomoroto makera YIH notyxnictio 10kBT. Excriepumen-
TaNbHI JOCIHIPKEHHs MMOKa3anu 11 nie3gatHicTh. JlaHa moxmdikamii € mpu-
BaOJIMBOIO TUM, IO PO3PAXYHOK 3aJICKHOCTI K(R ") IPOBOAUTHCS IIIE HA eTaIll
PO3POOKH IPHUCTPOIO 3 YpaxyBaHHSIM 00paHOT CXeMH yIpPaBIIiHHS.

Orxe, 3anporoHoBaHa MOJMQIKalis CTAHIAPTHUX CXEM YIpaBJIiHHS pe-
30HAHCHHX TIEPETBOPIOBAUIB MOXKE 3a0€3MEUNTH PETYIIOBAHHS BUXIJHAX Tapa-
MeTpiB poOOTH TpWiIaay HPH IMHPOKOMY Jiarna3oHi HaBaHTAXKEHHA Oe3 3MEH-
IIEHHS HOTO BiAIMOBOCTIHKOCTI.
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YK 621

Amnnpienko I1.11.!, Hemukina O.B.?

! 1-p Texn. Hayk, mpod. HY «3amopizpka momirexHikay»
2 xaHz. TeXH. HayK, nou. HY «3anopi3bka IomiTeXHiKa»

IMOPIBHSIHHS PE3YJIBTATIB CBITJIOTEXHIYHOI'O
PO3PAXYHKY BUPOBHNYOI'O IPUMIIIEHHSA
AHAJITUYHUM TA YUCEJIBHUM METOA0OM

CBITJIIOTEXHIUHI pO3paXxyHKH OCBITICHOCTI MPUMIMICHHS HPOBOISATHCS
AHATITHYHAM METOJOM a00 TOYHIIINM i CyJaCHIITNM YNCEIEHIM METOJIOM 3
BHKOPHCTAHHAM CIEIiaIbHUX CBITIOTEXHIYHUX IporpaM. B manmii gac pos-
pOOJIEHO psill CBITIOTEXHIYHUX MNpOrpaM, A0 SIKMX BXOISTh €BPONEHCHKI
nporpamu: Taki sik DIALux evo (Himeuunna), Relux (IlIBeiinapis), Litestar
(Itanist) amepukanceki Lightscape Ta inmmi. Koxkna 3 nmporpam, He3Baxkaro4u
Ha CBOIO YHIBEpCalIbHICTh, Ma€ TIEBHY OPIEHTALIIO VISl BUPIIIEHHS KOHKPET-
HUX CBITJIOTEXHIYHHMX 3aBiaHb. [Iporpama DIALux evo mpu po3paxyHKy
BUKOPHCTOBYIOTh METOJ| «BUIPOMiHIOBaHH:s» 1 Mae Ha3By RadiCal. Meron
«BHIIPOMIHIOBaHHS» IIOB’S3aHUHN 3 PIlICHHAM pPiBHSHHS TJI00ATEHOTO OCBIT-
nerraa. OcHOBHOMO nepeBaroro siapa RadiCal € He TiTBKH MOIIHBICTE Bizya-
Ji3amii CBITIIOBOIO CEpeNOBHINA 3 BHCOKHM CTYIIEHEM TOYHOCTI BimoOpa-
KEHHsI KapTHHHU OCBiTICHHS B 3D mpocrtopi, ane i po3paxyHOK UHCEIbHUX
3HAYEHb OCBITJICHHS B 33JJaHUX 00JIACTSIX IPUMIIICHHS.

O/MH 3 aHATITUYHUX METOJIB MPU PO3PaxyHKY OCBITIICHHS ISl BUPO-
OHMYUX TMPUMILIEHb, y SIKUX MPUIHATO PIBHOMIPHE OCBITJICHHS DPOOOYHMX
TOPU3OHTAJIbHUX TOBEPXOHb € METOJ| KOe(DIl[IEHTY BUKOPHCTAHHS CBITIOBO-
IO MOTOKY (K¢). BinmoBingHoO 10 1boro MeTony pakTHIHy OCBITICHICTD Egpawm
BH3HAYAIOTh, BPaXOBYIOUHM CBITJIOBHH TOTIK, IO Taga€ BiJ CBITIIHHHUKIB
0e3rmocepeTHFO Ha MMOBEPXHIO 1 BIIOUTHI BiJl CTIiH, CTEIi Ta CaMOi TOBEPXHI.
VYci CBITIOTEXHIYHI pO3paxyHKH BUMAraroTh MOOYMOBH IUIAHY PO3MIIIEHHS
CBITWIBHUKIB, BIANIOBIAHO BU3HAYAIOThCA Lcg /L, — BIACTaHb MDK CBITHIIBHU-
KaMd B PAAI/BIACTaHD MK psiiaMH CBITHIBHHKIB. s moOynoBU IUIaHy
PO3MIIIEHHS CBITWIBHUKIB TPUHHITO BUKOPUCTAHHS KOCQIIieHTY A, IO
BU3HA4a€ BiHOWIEHHS L¢ 1 L, 1O BHCOTH MiJBIiCYy CBITHJIBHMKIB HaJl po0o-
YOIO MMOBEPXHEIO /. 3arajioM Ie Ma€e HEeBU3HAYEHICTh, OCKIJIBKH A 3aJIEXKHUTh
Bix Tpbox mapameTpiB (L, Ly, /), Ta Bixg kpuBoi cunu cBitia (KCC) cBitn-
JILHUKIB, IO BUKJIMKA€ HEOOXiHICTh OaraToBapiaHTHOTO PO3PaXyHKY.

Jiist npuKiTagy HaBeleHO Pe3yJIbTaTH HMOPIBHSUIBHOIO PO3PaXyHKY ISt
MIPOMHUCIIOBOTO NMPHUMIIIeHHS Mpu BukopuctauHi LED- mamn momero S=3456
M2, TOBXHHOIO A=72 M, mmpuHOoto B=48m, Bucororo H=6,5M. BucoTta mia-
BiCy CBITWIIBHUKIB /. =0,7 M, a po3paxyHKOBa BHCOTA ITiABICY JUKEpE CBITIIa
HaJ pobodoro moBepxHel i =6,5-0,7-0,8=5 M; HOpMOBaHa OCBITJICHICTH
Euopv=300 JIk. [Toxubka piBHs oCcBiTIIEHOCTI nMpuMimieHHst AE noBuHHA OyTH
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Bix -10% mo + 20% Bix HOpMoBaHOi. KibKiCTh CBITHIFHUKIB N HeoOXimgHe
JUTS TIOOYIOBH TUTaHY PO3MIIIEHHS BU3HAYAIOTH B HACTYIHIN ITOCHITOBHOCTI
N=1(1); Pposp=f(N,Enopn,S,ks) ab0 1npu BimoMoMy @D, NaMI BH3HAYAIOTh
N=ADyos,Enopu,S,Ks) Aani BAKOPUCTOBYIOTh Ac=Leo/h 1 Ap.=L,./h 1 BU3HAUA-
I0Th KUIBKICTh CBITMJIBHMKIB y Psilli Nge 1 KUIBKICTB psiniB N,. B pesynbrati
0araToBapiaHTHOTO PO3paxyHKY KiIBKOCTI CBITWIIBHUKIB N OyJI0 MpUHHATO A
~1 +1,2 nna KCC — K ta A =1,2+2 gna KCC — ]I,

TaGurg 1 — PesysbraTi CBITJIOTEXHIYHOTO PO3PaxyHKY IpH BUKoprcTaHHi LED- mamm

Tun JIAMITH-

noTyxHicTh (BT) LED - 130 LED - 200

Tur cBeTHILHAKA JICI103-130-101 Orion 750 JICI106-200-101 Moon 750

KCC (1) K (0,4+0,7) (1,2+1,6)

Tt pospaxysicy Ananmitnyauii DIALux Anamitnyauii DIALux
a EVO a EVO

Leo/ Lp M 5,14/6 10,28/6

Ace/ Ap 1,03/1,2 2,05/1,2

N= Ncs/Np, T 112=14-8 56=7-8

CBITOBUI  IOTIK

Drion, ™™ 16 236 31451

Ez})wcm (Ecp), JIK 289, 16 474 294,25 424

AE, % -3,61 58 -1,92 41,3

ITo3HaueHHs B TabiuIi: Acs/A, — HAHOUIBII BUTIHE PO3PAXYHKOBE 3HaA-
YeHHS Ace=Lcs/h Ta Ap.=Lp./h nns Bignosinnoi KCC npu po3rantyBaHHI CBi-
TWIBHHUKIB y BEpIINHAX MPSIMOKYTHHUKA; Epaum — (AKTHYHA OCBITIEHICTH
NpUMILIEHHS; Ep — CEepelHs OCBITICHICTb.

Awnai3 Tabiuii nokasye, 0 NPU OAHAKOBIN KIIBKOCTI CBITHJIbHHUKIB
BUXOJIMTh Pi3HE 3HAUEHHS CEPEelHBbOI (Pe3yJbTaT YHCEIBHOTO PO3PaXyHKY)
Ta (hakTHYHOI (pe3yJbTaT aHATITUYHOIO PO3PaxyHKy) ocsiTieHocti. [Ipu
YHCEIBHOMY PO3PaXyYHKY CEPEIHs OCBITICHICTh 301IbIIYETHCS ORI HIXK Ha
58% MOpPIBHSIHO 3 HOPMOBAaHMMHU 3HAYCHHSMH, IO JTO3BOJIUTH 3MCHIIUTH
KUTBKICTD JIaMIT TIOPiBHSHO 3 aHATITUYHUM CBITJIIOTEXHIYHUM PO3PaXyHKOM.
3 Tabm. 1 BUIHO 3HAYHY BIIMIHHICTH PEKOMEHIOBAHOTO 3HAYEHHS A JUIS
kokHOoT KCC B MOpiBHSIHHI 3 pO3paxyHKOBUM 3HAYEHHSIM A 1 A, IPU BHKO-
puctanHi LED cBiTHIIBHUKIB.

JAnst 3MeHIIeHHS TPYI0EMHOCTI IIPU MOOYI0BI IJIaHy PO3MIIIEHHS CBi-
THJILHUKIB HEOOXIZTHO TPOBECTH KOPUT'YBaHHS Jlialla30Hy PEKOMEH/I0BAHOTO
3Ha4eHHsa A1 LED CBITHIBHMKIB 3aJIe)XKHO Bix mapamerpa s mpu moOy1oBi
IUTaHy PO3MIIICHHS CBITHIBHUKIB (Lcg, Lp).
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VIK 621.316

XKopusx JL.B.!, Nanwmrescrkuii 5.1.2, Masernkos C.C.>

! kang. TexH. Hayk, gou. HY «3amopisbka momiTexHika»
2 cryn. Tp. E3-412m HY «3anopizbka IomiTeXHIKa»

3 cryn. p. E-412m HY «3amnopisbka IOTEXHIKa»

AHAJII3 MOXKJ/IMBOCTI NIIBUIIEHHA SIKOCTI
MNOCTAYAE€MOI EJIEKTPOEHEPI'TI HAITPYT'OIO 10 10 KB

3aBmaHHA aBapiifHOTO BIAKIIOYCHHS ITOIIKOKEHO! MIITHKH Mepexi,
CEKIIIOHYyBaHHS MEPEXK, BKJIIOUCHHS PE3EPBY BUKOHYBAIH ITyHKTH CEKI[IOHY-
BauH: Mepex (IICM). [leBuuit uac mie Oymu OyAiBII i3 BCTAHOBJICHUM y HHUX
HEOOXITHUM eJIEKTPOTEXHIYHMM 00JIaiHAaHHSM, SIKE MTOTPeOyBao nepioany-
HHUX TepeBipok Ta pemoHTiB. Ha ceoromni no ocHoBHux ¢yHkuin I1ICM
JIOMAETHCS OOJIIK CIIOKUTOT €NIEKTPOSHEPTil, a JUIs TOIIYKY HeclpaBHOCTE 1
JIoKauizalii aBapiiHuX IUISTHOK Mepex 6-10 kB cTBoproBanuch cnenianizo-
BaHi CUCTEMH Ta MPUCTPOI, 1[0 OCHALIYIOTh Ti caMi Mepexi CBOIMHU JIaT4yu-
KaMu 711 300py iH(popMartii.

OcHoBHa yacTWHA (DYHKIIH MepeX ChOTOHI BUPIIIYETHCS CTOBIIOBHM
IYHKTOM CEKI[IOHYBaHHS — DPEKJIOoy3epoM. Pexnoysep — me KOMyTyrodHMi
MIPUCTPil HA OCHOBI BaKyyMHOTO BIMHKad4a, [0 BUKOHY€E (PYHKIIiF0 aBTOMa-
TUYHOTO BiIKITIOYECHHS BiJpi3Ka (CEeKIil) JIiHii eTeKTporepenadi y pasi BUHH-
KHEHHS TIepEeBaHTXXEHHS (HAPHUKIIAA, KOPOTKOTO 3aMHKAaHHA) y Wil cekmii
abo 3a TexHOJOTiYHOI HeoOXigHoCTi. BiH Mae B cBOeMy CKJia/li KOMIUIEKC
€JIEMEHTIB MOHITOPHMHTY Ta KEPyBaHHS MEpexer, HeOOXiJHHX JUis BHUSIB-
JICHHs aBapiifHOl cuTyalii Ta BiJKIIIOYEHHS IUISHKHA MEpeKi, a TaKoX st
M0/IaJIBLIOT0 MOBTOPHOTO BKIIFOUEHHS JIAHIIOTa (ABTOMATHYHOTO HOBTOPHO-
ro BioueHHs — AIIB). [lns Hporo He MOTPIOHO CHELiaIbHOTO MPUMIILEH-
Hs1, 00 BiH PO3MILIYETHCS HA OIMOPi, OCKUIBKU Ma€ HEeBeNUKy Bary. [Ipakruy-
HO He TIOTpedye 00CIyroByBaHHS — KOHTAKTHI pelie 3aMiHeHi eeKTPOHHUMHU
mpucTposMu. Mae MOXIJIHBICTH IepenaBaTH iH(popMaIiio AWcreTdyepy Me-
pexi mpo ¢axT aBapii, Mpo MOTOYHI BUMIPIOBAHHS MapaMeTPiB MEepexi Uit
JoKami3amil aBapiifHOI HiMAHKY; 3a0e3medye KOMEpIIHHNN 00K BimImyIe-
HOI €JIeKTPOEHEeprii; IucreTdyep Mae MOJIMBICTh AUCTAHIIIMHOI NMEpEeKOMy-
Tamii A7 BUKOHAHHS CEKI[IOHYBAaHHS MEpexi, IJKIIOYEHHS Pe3epBHUX
JiHIA TOIIO.

Ile no3Bose 3HMKYBAaTH BUTPATH €KCIUTyaTYIOUMX OpraHi3amii, 3me-
HIIYBaTH IEPEPBU B €IEKTpOIocTadaHHi 00’€KTiB, 30uparn naHi moxo AC-
KYE 1a ACAYE 3 po3noxinsuoi Mepexi Ta CIOKHBadiB €IEKTPOEHEpril
(muB. puc. 1).

s BuKOHaHHS nux QyHKIIN y pekiIoy3epax 3acTOCOBaHI cydacHi Me-
TOJIM BUMIPIOBaHHS Ta IEPE0Bi TEXHIUHI pillIeHHs, TaKi sK:
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— aHTU(EPOPE30HAHCHI JATYUKHU CTPYMY Ta HAIPyTH;

— BaKyyMHHMI1 BUMHKa4 3 MarHiTHOIO 3aCYBKOIO;

— GSM- abo PLC-mozem;

— cnerianizoBaHi 6oku P3A;

— MOXNUBICTh BcTaHOBIeHHs JiiunnbHUKa ACKVYE T1a iHmmi ¢yHkuii.

| Texuiunnii eexr I | ExonoMiqHmil edext 1

3HIHKeHHT Yacy HOMYKY Ta 3HIDKEeHHA BTPAT Ha MOMVKH
TOKATI3AII TOMI KOS HHES @ Ta JIOKAMI3AII0 CTIHKOro
HA THIi eIeKTponepeaBaHI TIOTIKQ K eHHST
SHIDKEHH! HeBHPOOHHIMX

HagBHICTb CHCTEMH KOHTPOTIO I@

AKOCTI eTeKTpOeHeprii BHTPAT ILTTKOM HATAHHT

isdpopmarii Tpo AKICTB
TIOCTABIIEHOI eHePril

MOMKIHBICTE BH3HAUHTH a SHIDKEHH BHTPAT Ta
TIOTEHINATBH JITBHHII Mepek TIOHepeXYBATBHHI PEMOHT
ETEKTPOMOCTATAHHA 32 TOTIOMOT QR0 -~ -
omoxy P3A pexnoyzepa a 3‘_391363{3HH’1 1H(PacTPyKTYPH,
—— TIITPHMAHHSA Pecypey Mepes,
eKOHOMLI HA PEMOHT1
abo 3aMIHH MepeK

PucyHok 1 — MOKITMBOCTI 3HWKEHHSI BUTPAT €KCILTyaTyIOUnX
opraHizalliif mocta4aHHs eNeKTPOeHePrii

Pexnoy3zep Moxke cTaTy BUPIMICHHSIM TaKHX MPo0IeM, sIK:

— CHOXKMBayi BTPAYaloTh €JIEKTPONOCTAYaHHS y pa3i aBapii 4M IOIIKO-
JOKEHHS 1, IK HACIIIOK, 3a3HAIOTH 30MTKIB BiJ HOTO 3HAYHOI MEPEPBH;

— CIIOKMBAY BHUTPAYAETE IECATKH TOJAWH Ha IOUIYK Ta JIOKaJi3amilo
TMOIIKOJKEHHS;

— 3a/IiSHICTh BEJIHMKOT KUIBKICTh MEPCOHANY Ta TEXHIKH Uil YCYHEHHS
TMOIIKO/IKEHb;

— HEMa€ HaJIHHOTO 3B’ A3KY 3 AUCIETYEPCHKUM ITYHKTOM;

— Y CHOXHBaYa € CKJIAJHOII 3 KEPYBAaHHIM MEPEXKeI0;

— 00CIyroBYBaHHS MEpPEeXi TPYIOMICTKE Ta omeparii 3MiiHCHIOIOTHCS
BpY4HY;

— y cioxxuBaya Hemae GSM-3B 513Ky Ta HE MOXKETe JIMCTAaHLIHHO Kepy-
BaTH PEKJIOY3EPOM.

Kpim noctyny 1o kepyBaHHS 003 HAHHSAM B OHJIAHH-PEXUMI, PEKIIO-
y3ep J103BoJIsie Oe3NepepBHO BIJICTEXKYBAaTH Ha MyJbTI KEPYBaHHS pe3ysbTa-
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T MOHITOPHUHTY €JIEKTPOJMHAMIUYHUX MPOLECIB, a TaKOX MEperysiiaTH pe-
3yJBTaTH B TIaM SITi IIPHCTPOIO.

B cxman pexioysepa 3a3BH4ail BXOAATH: | — KOMyTamifHUN MOIYJIb;
2 — mada KepyBaHHS; 3 — IHCTAJAMIS U KPIIUICHHS KOMYTAI[IfHOTO MOITy-
751 aHaNoriyHo madi kepyBaHHS; 4 — TpaHchopMaTOp HANPYTH (BCTAHOBIIIO-
€ThCS TOJJATKOBO y pa3i JBOCTOPOHHBOTO XHUBJICHHS) MOPSA 13 KOMyTamii-
HHUM MOZYJIEM.

P
‘ 4
3 —=||| P
—

Pucynok 2 — Cxnan pexioysepa

Pucynok 3 — KomyTaniiHuit MOZyJIb pexioy3epa

157



BucokoBONBTHHII MOAYJh € 30ipHO-3BApEHOI0 METAJICBOIO KOHCTPYK-
miero. BeepeanHi MoIyns BCTaHOBIIOIOTHCS: BaKyyMHHI BHMHKad4, TpaHC-
¢dopmaropu cTpyMmy, TpaHChOpPMATOp BIACHHMX IOTped; TpaHchopmarop
HarpyTy, 3a HasBHOCTI QYHKIII 00Ky enekrpoeHeprii. Ckiaja amaparypu
BUOUPAETHCS 3aJIEXKHO BiJl CXEMH T'OJIOBHUX KL MEPEKI.

CIIMCOK BUKOPUCTAHOI JIITEPATYPHU

1. BHenpeHnue pexyioy3epoB B LENAX MOBBIIMICHUS HAJEKHOCTU DJIEKT-
pocHaOKeHus [EnextponHmii pecypc]. - Pexum JOCTYILY:
https://energobelarus.by/articles/tekhnologii/vnedrenie _reklouzerov v tsely
akh povysheniya nadezhnosti_elektrosnabzheniya/

2. HignpuemctBo «TEY» [Enexrponnuii pecypc]. — Pexum mocryrry:
http://tavrida-ua.com/products/

YK 621.316.71

Bopucenxo B.B.!, Komyp M.I.2

Ueryn. tp. E-412m HY «3anopisbka mosriTexHikay»

2 kaHJ1. TeXH. HayK, goil. HY «3amopisbka nosiTexHika»

PEAJIIBAIIA PEXXUMY I'AJIBMYBAHHSA NPOTUBMUKAHHAM
B ACHHXPOHHOMY EJIEKTPOIIPUBOAI 3 ®PAZHUM POTOPOM

[IBunKkuit pO3BUTOK OE3KOHTAKTHUX CHUCTEM PEryJIIOBaHHS aCUHXPOH-
HOro JBHUTryHa 3 (a3zuum potopom (AJDP) npussesno 10 3HMWKEHHS KariTa-
JHHUX BUTPAT Ha MPOIYKINIO Ta IMiJBUINCHHS eHEProe(eKTHBHOCTI BUPOO-
HUYUX MexaHi3MiB. [IpoTe iCHYIOTh Taki BUPOOHHWUI UKIH, KOTPUM HEO0O-
XiJIHe BUKOHAHHS MHUTTEBHX YU aBapiitHux ramemyBanb AJI®OP. Tyt mms Beix
CHCTEM aCHHXPOHHO-BEHTWIbHOTO Kackany (ABK) Ta immysscHOTO perysmo-
BaHH (IP) BUKOHAHHS TaKWX oOIepariii IPU3BOAUTH O CYTTEBOTO IiJBH-
IICHHS CIIOKWBAHHS EJIEKTPOSHEPTii, a iHOMI 1 SKHAWIIBHIIOTO BHXOAY 3
nany enexkrpornpuBony. [TopiBHUIbHUIA aHa3 MMOKa3aB, 10 HAHOLIBII eHep-
roedekTHBHOIO € MopikoBana cucrema IP.

BinMiaHOIO0 ocoOmuBicTIO naHOoi MoaudikoBaHoi cuctemu IP € HasB-
HICTh IMITyJILCHOTO PETryJsATOpa B KOJI BHIPSMIIEHOTO CTPYMYy pOTOpa,
MPEICTaBICHOTO Y BHUIVIAI MEPETBOPIOBaYA ITiABHIYIOYOTO THITy Ta iHBEp-
Topa, KU Ha BiaMiHy Bix ABK, mpaifoe 3 mocTiiHIM MiHIMaJIBHUM KyTOM
iHBepTyBaHHS. 3a paxyHOK IbOTO 3a0e3ledyeThcss BUCOKMH KoedilieHT
MOTYKHOCTI 1 KoeilieHT KOpUCHOI Jii B IIMPOKOMY Jiarna3oHi KOB3aHHS
AJI®P. Tomy came wiii cucTeMi peryJIOBaHHS BapTO NPUAUINTH yBary npu
il cMHTE31 3 KOHTaKTOPHOIO CXEMOI0, IO peali3ye PeXHUM TralbMyBaHHS
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NIPOTH BKJIIOYEHHSIM, TaK sSK BOHA JJO3BOJIMTH ITIJBHIIMTH €HEProe(eKTHB-
HICTh BCHOTO €JIEKTPONPHUBOLY B MOMEHT TaJIbMyBaHHS 3a PaXyHOK peKyIe-
pariii eHeprii KOB3aHHS pOTOpa B MEPEKY.

ToMy MeToI0 poOOTH € TiABHINCHHS €()eKTUBHOCTI pOOOTH Ta eHepre-
THYHAX ToKa3HuKiB A/IDP 3 momudikoBanoro cucremoro IP y pexmmi ra-
JIbMYBaHHS IPOTHBMHUKAHHSM.

3a pe3ynpTaTaMu poOOTH OTPHUMAHO CHHTE3 KOHTAKTOPHOI CXEMH, IO
peaiizye peXMM TalbMyBaHHS NPOTUBMUKAaHHAM 3 CYYacHOIO CHUCTEMOIO
IMITYJILCHOTO PeryioBaHHsA. Po3poOka MareMaTHyHOT MOAENI JOCIiIKEeHHS
MoudikoBanotw cucremoro [P AJIOP i3 peanizaniero ranrbMyBaHHS IPOTH-
BMHUKaHHSIM. BH3HaueHO BeNMYMHY J0AaTKOBOTO OMOPY B JIAHIIO31 BUIIPSIM-
JICHOTO CTPYyMy pOTOpa, mo 3abe3mneuye y3romkeHHs EPC potopa AJIOP Ta
EPC inBeprop. [Ipu nipomy 3a0e3mnedyersest 0OMEKEHHSI HAPOCTaHHS CTPYyMY
cTaropa B 3 pas3H, CTpyMy poTopa — B 3,5 pasu Ta €JIeKTPOMAarHiTHOTO MO-
MEHTY — B 2 pa3u. Lle 103BOIUTE 3HU3UTH yAApHY CKIAJ0BY €JIEKTPOMArHiT-
HOTO MOMEHTY B IIEpioJ] PeBepCy, a TAKOXX YHEMOXKIMBUTH PO3CIIOBaHHS
eHeprii KOB3aHHA pOTOpa B 0OMOTKax craTopa Ta potopa AJI®P. Ipu upo-
MY EHEpTis KOB3aHHS POTOpa 4epe3 IHBEPTOP PEKYINEPYEThCS B MEPEXY, L0
TIPU3BOJUTS JI0 MiIBUILCHHS €HEProeEKTUBHOCTI €JIEKTPOIIPHUBOY.

UDK 621.316.71

Tytariev Mykyta!, Mykhailo Kotsur?

!student of group E-412m NU «Zaporizhzhia polytechnic»
2 PhD, assistant professor NU «Zaporizhzhia polytechnic»

DEVELOPMENT OF A THERMAL SUBSTITUTION SCHEME OF
AN INDUCTION MOTOR

Currently, due to the widespread use of PCs, the use of temperature
field method of thermal assessment has become possible both at the research
stage and at the design stage of the induction motor. This allows to do with-
out traditional methods of calculation and method of thermal scheme of
replacement of thermal state of induction motor, and to pass from tempera-
ture resistances, as parameters of the thermal scheme of substitution, to ge-
ometrical conductivity of the given scheme.

Thus, the development of an adequate electro-thermal field mathemati-
cal model to obtain more accurate results of the calculation of the thermal
state of induction motor is an urgent scientific and technical task.

As a result of the research the peculiarities of simulating of thermal
processes in the cross section of an induction motor are considered. A math-
ematical electrothermal field model has been developed, which allows to
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take into account the peculiarities of interconnected electromagnetic and
thermal processes in structural elements of an induction motor with a squir-
rel-cage rotor, nonlinear properties of materials, change of states of thermal
conductivity coefficients of each units of the induction motor depending on
change of its temperature.

The results of field electro-thermal calculation were compared with
empirical calculations for estimating the temperatures of the main and main
components of the induction motor according to the methods of O.D Gold-
berg and I.P. Kopylova. The relative error in relation to the results of field
calculation, according to the method of O.D Goldberg is 20.2%, according to
the method of I.P Kopylova — 15,6%.

Thus, given the fact that the field electro-thermal model has a very ac-
curate calculation, is a very important result and can be used at the design
stage of induction motor, as an alternative way to assess the thermal state of
induction motor.

YK 621.316

Iaspixos €.M.!, Hosikos B.0.2, CroTka O.1.!, Yaban [.M.!
Ueryn. tp. E-412M HY «3anopisbka oM TEXHIKa»
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AHAJII3 KOHCTPYKTUBHUX METOAIB IIJIBULITEHHA
POBOTO3JATHOCTI BUCOKOBOJIbTHHUX BBO/IIB
BUMIPIOBAJIBHUX TPAHC®OPMATOPIB

Obnannanas eneprocucreM (OEC) mae OyTH 34aTHUM YCHIIIHO Ipa-
IIOBATH B TIEPiO MAaKCUMYMIB CIIO)KMBaHHS, MO0 HaIiHHO 3a0e3medyBaTH
CJICKTPOEHEPTIEI0 MPOMHUCIOBUX Ta COILAJbHUX CIIOXKHBAYIB caMe TOMi,
KOJIM BOHAa HaiOLIpm moTpiOHA. BrcokoBompTHE OONamHAHHS i3 30BHIII-
HBOIO 130JISILIIEI0 B MOBITPI 3 1Ii€] IPUYUHM TAKOX Ma€ BUTPUMYBATH pi3Hi
BIUIMBHM HABKOJIMIIHBOTO CEPEIOBUINA, BKIOYAI0YH EKCTPEMaJIbHI TeMIepa-
TYpH TOBITPS,, BOJOTICTb, 3a0pyAHEHHS MOBITPS (HANPHUKIAJA, MPHPOIHI
3a0py/JHEeHHs, Ciib a00 MPOMUCIIOBI 3a0py/HEHHS), CYBOpi HOTOJHI YMOBH
(mampukiaa, OUKIOHH, yparanu), 1 HaBiTh 3emiieTpycy. Binbip, po3pobka ta
BUKOPUCTAHHS KpaIlMX MartepiaiiB, 3JaTHUX HPOTHCTOATH OIEpaliiHUM
HaBaHTXXECHHSIM Ta YMOBaM HABKOJMIIHBOTO CEPEIOBHINA, 1[0 BUKOPHCTO-
BYIOTBCSI JIIsI BACOKOBOJIBTHOT'O OOJIaIHAHHS 3 TaKOIO 30BHIIIHBOO 130JI1i-
€10, MalOThb OCHOBHE 3HAuUCHHs JUIs 3a0e3NeueHHs HaAidHOI eKcInTyartarii
BHUCOKOBOJILTHUX cUcTeM [1].

3HayHa KUIBKICTh €JEKTPHYHOTO OOJaJHAHHS BIIKPUTHUX PO3IIOMLTH-
Hux npuctpoiB (BPII), a Takox eNeKTpUYHMX CTAHIII Ta MiJICTAaHIIN Po3-
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TAIIOBYETHCS Ha BIJKPUTOMY IPOCTOPI, TOMY IPH PO3pPOOILI CXEM Ta KOHC-
TPYKTHBHOTO BHKOHAHHS TOJIOBHUX 3HIKYBAJIbHUX Ta PO3MOAUIBYMX MiZC-
TaHI[I HEOOXITHO BPaXOBYBATH EJIEKTPUYHI BIACTUBOCTI MPOOOIO IIHOT0 00JIaI-
HAHHA B TIOBITPSHOMY CEPEIOBHIII. A OTXKe, Yepe3 Te, 10 MiHIMaIbHI 130JILiiHi
BizicTaHi B moBiTpi 11 obmamHanHsa BPII Ta 3aKkpUTHX pO3MOAUTEHAX TPUCTPOIB
(3PII) 3 mampyroro Big 3 kB mo 220 kB, ski 3a0e3medyroTh yMOBH O€3MeKd Ta
3py4HICTh 00CITyroByBaHHS (MiHIMAJbHI BiICTaHI Bifl CTPyMOIPOBIIHIX YaCTHH
JI0 3a3eMJICHUX KOHCTPYKIiH, a TAKO)K MK CTPYMOIIPOBIZIHUMH YaCTHHAMH Pi3-
HUX (a3 Toio), periamenToBani [TYE, To e Moke mpu3BecTH 1O 30LIBIICHHS
IUIONII MPU PO3MIIICHHI Ta BCTAHOBJCHHI Takoi amaparypu [l — 4]. Ockitbku
OCHOBHE 00J1a/THaHHs1 TpaHCc(OPMATOPHUX MIJICTAHIIIH Bi/paIoBajIo CBii po3pa-
XyHKOBUH TEXHIYHHH pecypc, TO BIICYTHICTh 3aXOAiB ILOAO MojepHizamii Ta
PEKOHCTPYKIIT JFOUMX CICKTPHYHUX MEPEXK Ta MiJCTAHIIN, a TAKOXK OYIiBHULITBA
HOBWIX JIiHiH TIPH3BOUTE JI0 3HIDKEHHS HaiiHOCTI podotn OEC. OmHuM i3 romo-
BHHX IUBIXIB MATPUMKH €KCIDTyaTaIlii{HOI HaAiiHOCTI Ta TIPOIOBKEHHS POOOUO-
TO pecypcy OCHOBHOTO OONIaIHAHHA HA CTAHIISX € OpraHi3amisi e(eKTHBHOTO
KOHTPOJIFO HOTO CTaHy y Ipolieci ekcrutyararii. ToMy npy BH3HAuEHHI IepcieK-
TUBHHX 3aBJaHb 1 IPOTpaM PO3BHUTKY IMEPIIOPSIHY YBary HEOOXITHO TPHUALIITH
PpO3poOKaM, CIIpSMOBaHAM Ha ITiIBHIICHHS (PEKTHBHOCTI Ta HAIIMHOCTI poOOTH
BCHOTO O0JIa/IHAHHS CTAHLIH 1 MiJICTAHIIH, CTBOPEHHSI HOBUX METO/IB JIarHOCTY-
BaHHSI, SIKI JJal0Th MOXJIMBICTh OpTaHi3yBaTH KOHTPOJIb EJIEKTPOOOa HaHHs Oe3
HOro BIIKITFOUCHHS, ITi/1 pOOITHIKOM HAMpPYTO0, a TAKOXK HAa MOJICPHI3AILii0 001a-
JIHaHHS, 10 3HAXOIMThCS B eKciutyarawil. [Ipu 1ipoMy HeoOXiZHO BpaxoBYBaTH
Cy4acHI BUMOT'Y Ta TEH/ICHIIii CBITOBOI €JIEKTPOTEXHIKH Ta EJICKTPOCHEPTeTHKH.

Y NpHUCTPOSIX MACIISTHOTO 00J1a/THAHHS 3aCTOCOBYIOTH BBOJIM 3 TBEP/IOKO 130-
msmiero Tay RBP (Resin Bonded Paper) — marmip ckieeHuMid cMoJor0, a BXe 3
2004p. — Tumy RIP (Resin Impregnated Paper) — mamip, mpocodeHmit cMoIoro,
turry RIN (Resin Impregnated Nonwoven). [ani Buau 1301l 3a0e3medyroTh
HEOOXiHI XapaKTePHUCTUKH, IO 3a0€3Medy0Th BHYTPIIIHIO i30JIAIIiF0 BUCOKOBO-
METHUX BBOAIB. HaiicydacHima tBepma RIP-i3oimsmist, TeXX CXIJIbHA IO BIDIUBY
BOJIOTH, X04ya i MeHIow Mipor, Hbk RBP-i3ossis. Beogu OyBaroth pi3HHX
THIIIB, sIKI KNacH(IKyIOTbCS 32 OCOOIMBOCTSAMU KOHCTPYKLIT, HAIIOBHEHOCTI Mac-
JioM a00 1HIIOKO XIMIYHOIO CKJIAIOBOFO, TUITOJIOTII 130/1s11ii. HaBiTh TepMOBaKyyM-
HE TPOCOYEHHSI eTIOKCHIHIM KOMIIayHJIOM He YCYBa€ MOBHICTIO TIPOCKOIIUHICTh
narnepy. MoJIeKyJIi KOMITOHEHTIB KOMITayH/a MaloTh BEJIWKI PO3MIPH B TIOpiB-
HSHHI 3 pO3MipamMH MOJICKYJT BOAM 1 HE B 3MO031 CTBOPHUTH NOBHY HEHPOHUKHICT
JUIsL BOJIOTH, TOMY IIIO B HAWOUIBII IPiOHI TIOpH Tariepy BOHHU HE MOXYTh TIPOHHK-
HYTH. 3

[ BupieHHs npoOieMH, ITOB’S13aHOi 3 BIUIMBOM 30BHILIHBOTO CEpeJio-
BHIIA Ta TIOTOJM, 0araTo KOMIIaHiH-pO3POOHHUKIB 3aIPOIIOHYBAIN BUKOPHCTOBY-
BaTH KpeMHifopraHiuHy ryMy Ha Hampyru Oumsmioro 3a 110 kB. Bigomo, mio
crikoHOBI mopoxauUcTi i30aTopr HIVOLT [3, 4] BUroTOBIIEH] 3 BUCOKOMIITHOT
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CKJIOBOJIOKOHHOI TPYOKH 3 ()OPMOBAHOIO CHITIKOHOBOIO TyMor0. Ha 000X KiHITIX
1301TOPIB 3i0paHi MeTaneBi (hIaHIl 3 aJFOMIHIEBOTO CIUIABY, IIOPOXKHUCTI 130715
Topu 3 cuikoHOBOI r'ymu HIVOLT maroTe HeoOXiTHI SK MEXaHIYHI, TaK 1 CJICKT-
PHYHI XapakTepUCTHKH. [IpoayKuis MIHMPOKO BUKOPHCTOBYETHCS JUIS aBTO-
MaTUYHUX BUMMKaYiB, BBOJIIB CHJIOBHX Ta PO3MOJUILHUX TPaHC(HOPMATOPIB,
BUMIPIOBaJIbHUX TpaHCc(opMaTopiB, KabeTbHUX BUBOJIIB, PO3PSAHUKIB HIepe-
Harpyru Too. [Topo>KHHCTI KOMITO3UTHI 130JIATOPH B Jiara3oHi HAampyT Bif
36 kB no 500 kB 3MiHHOTO CTpyMy npoTecToBaHi Ta cepTudikoBaHi Biamo-
BigHo mo IEC 61462.

Oco0mBy BaKIHBICTh Ma€ KOHTPOJIb 33 TOTPUMAHHSAM TEXHOJIOTil BUTO-
TOBJICHHS Ha BCIX CTamisX BHpOOHMYOro mukiay. Came CKian KOMIIAyYHAY Ta
TEXHOJIOTIYHI PEXKIMH, SKi BIITIPAIIbOBYBAIHCS K PO3PAXYHKOBHM TaK 1 eKCIIe-
PUMEHTANBPHAM LITIXOM MPOTSATOM TPHUBAIOTO Yacy € rapaHTIiero 30eperKeHHs
BUCOKHX JICNEKTPUIHHUX BiacTuBocTeld RIP-i30711ii 0CTOBIB MPOTATOM TpHBa-
JIOTO TEPMIiHY eKCILTyaTamil. PeTebHUil KOHTPOJIb 32 TOTPUMAHHSIM TEXHOJIOT -
YHHUX PEXUMIB y MPOLIEC] CYILIHHS, TPOCOYSHHS, a TAKOX Iifl Yac UKy 3aTBe-
PIiHHA 3a0e3Ne4yloTh MOCTIHHY BHCOKY SIKICTh I30JIILIIHHMX OCTOBIB IOJIO
PIBHSI YACTKOBUX PO3PSIiB Ta MEXaHIYHNX ITOKa3HUKIB.
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DESIGN OPTIMIZATION OF THE ROTOR OF AN INDUCTION
MOTOR BY FIELD METHOD

The use of the field method of calculating the electromagnetic parame-
ters of an induction motor will reduce the error in determining the energy
performance at the design stage of the induction motor and allows to do
without traditional research methods based on alternate circuits.

In this regard, the peculiarities of the calculation of electromagnetic pa-
rameters of induction motors were considered. The analysis and choice of
mathematical methods for researches and optimization of geometrical di-
mensions of a rotor of induction motors is carried out.

The general characteristic of the software for field calculation of induc-
tion motors is executed. An electromagnetic field model of an induction
motor has been developed, which takes into account the geometric features
of the design of the active part of the stator and rotor core, as well as the
spatial location of the stator winding and squirrel-cage rotor winding.

An approach to the construction of a spatial mathematical model of
electromagnetic field distribution in the design of the active part of an induc-
tion motor with a squirrel-cage rotor is developed, which allows to deter-
mine the optimal dimensions of the core and squirrel-cage rotor winding to
improve the energy performance of an induction motor.

As a result of improving the design of the core and squirrel-cage of the
rotor of an induction motor, an increase in net power by 0,91% and efficien-
cy by 1,03%, while the total losses remain approximately unchanged.
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MODELING OF OLTC REGULATING TRANSFORMER IN
MATLAB SOFTWARE

Today’s advanced industrial processes are often sensitive to power
supply interruptions and voltage distortions. On the other hand, the growing
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use of non-linear loads generates interference and contributes to the in-
creased levels of voltage contamination in power networks. This situation
can affect normal operation of other customers connected to those networks.
Thus, in recent years the sensitivity towards power quality issues has been
increasing mainly as a result of the demands posed by many consumers.

Currently, the power systems use a large number of devices, which en-
sure the maintenance of the required voltage level. First of all, transformers
with an adjustable transformation ratio under load, capacitors, secondary
batteries, reactors, synchronous compensators, generators, power plants, and
so on are used. [1, 2]. These devices are equipped with regulators that main-
tain the voltage at a predetermined level. The main means of regulating the
voltage in electrical networks are power transformers with on-load tap
changers (OLTC).

To increase the regulation stability [3, 4] a model that allows take into
account the sign of the derivative enveloping the regulated voltage is pro-
posed. It allows not to make additional transformer tap switch, if regulating
my parameter is out of the deadband, but under the influence of external
factors moves in this zone.

It allows not making additional transformer tap switch, if regulating
my parameter is out of the deadband, but under the influence of external
factors moves in this zone. Assessment of the stability of the investigated
automatic control systems (ACP) in [4] is combined with the assessment of
the quality of its transient (the latter in case of stable system will damp over
time). In turn, the transition process in the system is measured by its re-
sponse to the greatest possible jumps setting or exciting effects of voltage.
Obviously, the synthesized system refers to the essentially nonlinear, and the
investigation of its stability should be carried out by computer simulation.
The mathematical model of the ACP-voltage power transformer with on-
load tap changer of RNTA — 60/630 (eight switching steps) can be imple-
mented by dependencies [3]:

Simulation model of three-phase three-winding power transformer with
on-load tap changer, as shown in figure 1, is created in the software package
MATLab (Simulink 4) [4] to solve the provided dependencies. Since the
voltage control channels in the direction of its decrease or increase work
uniformly, only one channel was implemented in the model, which greatly
simplifies the calculations. In addition, one can take into account that at
significant deviations of voltage, regulation system provides switching of
OLTC without delay (at least for two positions). Therefore, to simplify the
model, it was assumed that the device has only two tap-changer section. A
transformer with OLTC was simulated in MATLab package using controlled
transmission system (FACTS) [4]. This was possible because the OLTC
switch is used to switch the load and carry current in the windings of the
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transformer without breaking the circuit. Since the real time of the windings
switching (30 ... 60 ms) is much smaller than the actual time of selection
taps (3 ... 10 s), this block can be represented by vector model to investigate
the stability of the power system in range from several seconds to several
minutes.

A 25 kV distribution network consisting of three 30km distribution
feeders connected in parallel supplies power to a 36 MW/10Mvar load
(0.964 PF lagging) from a 120 kV, 1000 MVA system and a 120kV/25 kV
OLTC regulating transformer. Reactive power compensation is provided at
load bus by a 15Mvar capacitor bank. The same circuit is duplicated in order
to compare the performance of two different models of OLTC transformers:

1. Model 1 is a detailed model where all OLTC switches and trans-
former characteristics are represented. This model can be used with either
continuous or discrete solvers to get detailed wave shapes or with the phasor
simulation method to observe variations of phasor voltages and currents.

2. Model 2 is a simplified phasor model where the transformer and
OLTC are simulated by current sources. This model can be used only with
the phasor solution method. It is much faster to execute and it should be the
preferred model for transient stability studies, when several such devices are
used in the same system.
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Figure 1 —Model used

Both OLTC transformer models implement a three-phase regulating
transformer rated 47MVA, 120kV/25 kV, Wye/ Delta, with the OLTC con-
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nected on the high voltage side (120 kV). The OLTC transformers are used
to regulate system voltage at 25 kV buses B 2 and B 4.

Voltage regulation is performed by varying the transformer turn ratio.
This is obtained by connecting on each phase, a tapped winding (regulation
winding) in series with each 120/sqrt (3) kV winding. Nine (9) OLTC
switches allow selection of 8 different taps (tap positions 1 to 8, plus tap 0
which provides nominal 120 kV/25 kV ratio). A reversing switch included in
the OLTC allows reversing connections of the regulation winding so that it
is connected either additive (positive tap positions) or subtractive (negative tap
positions). For a fixed 25 kV secondary voltage, each tap provides a voltage
correction of +/-0.01875pu or +/-0.875% of nominal 120 kV voltage. Therefore,
a total of 17 tap positions, including tap 0, allow a voltage variation from 0.85pu
(102 kV) to 1.15pu (138 kV) by steps of 0.01875pu (2.25 kV).

Start the simulation and observe OLTC operation on the Scope (look at
fig. 2):

— trace 1 shows the tap position;

— trace 2 shows a superposition of positive-sequence voltages at 120
kV bus B1 (yellow), at 25 kV bus B2 (magenta) and bus B4 (cyan);

— traces 3 and 4 show the active and reactive powers measured on 120
kV side (buses B1 and B3).

These graphs allow estimating how quickly transient processes when
exposed to step excitation are damped in the synthesized system of automat-
ic voltage regulation of power transformer with on-load tap changer RNTA
— 60/630. More than that, whether additional tap switching of OLTC is re-
quired until the transition process ends.

Simulation of control voltage in programming software MATLab
(Simulink 4) can significantly improve not only the quality of delivered
energy in energy-producing industries, but also the efficiency of production.
The results obtained in the simulation and related calculations suggest how
rapidly synthesized in the automatic voltage regulation in the power trans-
former on-load tap changer (in this example RNTA — 60/630) is damped
transients-step winding, and whether such an additional tap-tap-changer until
the transition process is ended. Prediction of the number and speed of the
switching power transformer windings will optimize not only the regulation
of the power consumption, but also ultimately provide the requested process.
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NIJIBUIEHHS SKOCTI EJEKTPOEHEPTII 3A PAXYHOK
KEPOBAHUX HIYHTYBAJIbBHUX PEAKTOPIB

I'eHepariist enexkTpuYHOI eHeprii Ta i croKMBavi 3a3BMYail HE 3HAXO-
JAThCs OJIM3BKO OJTUH Bix oHOTO. Benuki MicTa 1 BEJTUKI IPOMUCIIOBI perio-
HM 4YacTO OTPUMYIOTh EJISKTPOEHEPTil0 BiJ JDPKepel, II0 3HaXOJIThCS Ha
BesIuKii BipcraHi. CKianoBi CHCTEMH 1 HaBaHTa)XEHHs BKIIIOYAIOTH B cebe
JDKepeia PeaKTUBHOI MOTY>KHOCTI (KOHAEHCATOPH 1 KOTYIIKH iHIYKTHBHOC-
Ti), SKi BIUIMBAIOTh Ha MPOQLTH HAPYTH MEpeXi i cTabiIbHICTE CHCTEMH.
Jlimii mepemaui BHCOKOBONBTHUX cucTeM (735 kB) MOXyTh MaTH 10
200 MBAp emHicHOT oTy>kHOCTI Ha noBxuHy 100 kM. KabenpHi 3’ €qHaHHS
MOXYTh JaBaTH HaBiTh OULTBIIY pPEaKTHBHY IOTY)KHICTh. Benmuki HaBaHTa-
JKCHHS, IO MICTATH €JIEKTPUYHI TyToBi 1medi abo MOTYKHi IPUBOAH, MOXYTh
maru 70 100 MBAp iHIyKTUBHOT peakTHBHOI MOTY>KHOCTI. be3 BianoBigHol
KOMIIEHCAllli peakTHBHOI MOTYXKHOCTI B JIOBIMX JIHISIX Iepefadyi MOXYTh
HACTYIUTH KPUTUYHI yMOBH POOOTH CHCTEMH Yepe3 CHJIbHI KOJIMBaHb Ha-
npyru 1 npobnem 3i cradinbHicTio. i mpobieMu MOXyTh OyTH BHUpILEHI 3a
JIOTTIOMOT'0I0 CXEM IMapajeabHOl 1 MocaiI0BHOI KommeHcarii [1, 2].

PeakTuBHMI CTpyM, 110 IUPKYJIIOE MK T€HEPATOPOM €HEPronocTada-
JbHOI KOMIIaHii 1 CHOXXHMBaueM, MEpPETBOPIOETHCS HA TEIUIOBY CHEPrilo B
CHCTEMI PO3MOALLY €JEKTPOEHEpTii, TOOTO CTBOPIOETHCS /10JJaTKOBE HaBaH-
Ta)KCHHS Ha TeHEPaTOpH, TPaHCPOPMATOPH, Kabelll Ta po3NOAIIbYMIA MPUCT-
piit. Lle mpu3BOANTE M0 BTpAT EICKTPOCHEPTil 1 MaaiHHSI Hampyrd. SKmo
YyacTKa PEaKTHBHOTO CTPyMy BHCOKa, HasiBHI INEPETHHY IPOBIIHHUKIB HE
MOXYTh TOBHICTIO BHKOPHUCTOBYBATHCS MAJIsl Tepeaadi KOPHCHOI eHeprii,
MOXIIMBO, iX MOTPIOHO BiAMIOBIJHO 301IBIINTH.

Cepen 1isioro psiy nepepar BiJ 3aCTOCYyBaHHs MPUCTPOIB KOMIIEHCALIIT
PEaKTHUBHOI MOTYHOCTI MO>KHA BUJIUIMTH I’ ATh TOJIOBHUX:

1. EkoHOMIisI €HeprocrnoXuBaHHS, TOOTO 32 YMOBH BIPOBAKCHHS
KOMIIEHCYIOUHX IPUCTPOIB PEaKTUBHOI MOTYXKHOCTI Ja€ CYTTEBUI €KOHOMi-
yHHUH edekT. 3HMKEHHsS PIBHA €HEprocHoXMBaHHA MoOXe ckiacTH 1o 40-
50% Bin 3aranpHOTO 00CsTY. IIpM Takux obcsArax TepMiH OKYIHOCTI CHCTEM
KOMIIEHCAIlii HOTYKHOCTI CKJIaJie He OiJIbIIe OJTHOTO POKY.

2. 30inbIIEHHS] TEPMiHY CITy>KOW 00saHaHHs, TOOTO 3acO0M KOMIIEH-
canii 301JBIIYIOTh TEPMiH CIIYKOHM CHJIOBUX TpaHC(HOPMATOPIB, OCKUIBKH X
BUKOPHCTAHHS 3HIDKYE HAaBaHTAXKCHHS Ha YCTaTKyBaHHs. BuKOpHCTaHHS
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YCTaHOBOK KOMIIGHCALlil TaKOX 3HWKY€ HaBaHTaKEHHS Ha JIiHIT mepepad i
HarpiB MPOBOJIB, IO JO3BOJISIE BHUKOPHCTOBYBATH CTPYMOIIPOBITHI KIITH
MEHIIOTO MEPETHHY.

3. ExoHOMISI BUTpAT Ha IPUCTPiii eneKkTpoMepesk, ToOTO Ha eTarmi Ipo-
eKTyBaHHS 1 OyJiBHMITBAa HOBHUX OYIiBeJlb MOHTaX CHCTEMH KOMIICHCAIIil
PEaKTHBHOI IOTYKHOCTI TO3BOJISIE ICTOTHO 3a0IIaJHTH HAa OOJAIITYBaHHI
PO3TIOAITEIOT ETIEKTPOMEPEKi.

4. ITokpalieHHs SIKOCTI €HepronocTayaHHs, TOOTO 3aCTOCYBaHHS 3aC0-
0iB KOMIIeHCallii PeaKTHBHOI MOTY)KHOCTI JJa€ MOXKJIMBICTh TIOIaBUTH Mepe-
KEBI MEPEUIKOJM, YHHUKHYTH TJIMOOKOI MPOCaJKU HANpyTH 1 MiHIMI3yBaTH
Hecumetpito (a3. Kpim Toro, cucreMu KOMICHcAIlii B CKJIAAi MACUBHHUX
(UIBTPIB 103BOJISIOTH 3HU3UTHU PIBEHb BUIIUX ['APMOHIK.

BucHoBok. Y nanuii yac BUHUKIM 00’ €KTUBHI MEPEyMOBH JIsl PO3BHU-
TKy eleKTpoeHepreTukd Ykpainnm XXI CTONITTS Ha HOBiM TEXHOJIOTIYHIN
OCHOBI, III0 XapaKTEepPHU3y€ Mepexia 10 HOBOTO PO3BUTKY CBITOBOI EKOHOMIKH
IUIIXOM ~ CTBOPEHHS  IHTENEKTyaJdbHOI E€HEProCUCTEMH 3  AaKTHBHO-
alalTUBHOIO EJIEKTPUYHOIO0 MEPEeXelo, M0 NoOyMoBaHa Ha KOHIENIii Smart
Grid («po3ymHi Mepexi») [1]. PO3BUTOK eNeKTpOCHEPTeTHKH B MEPEIOBUX
KpaiHaX CyNpOBOMKYETHCS IHTEHCHBHHM ITOLTYKOM HOBHX TEXHOJOTIH IS
BUPINICHHS MPOOJEeMH MOAANBIIOTO IiJBHIICHHS e(QeKTUBHOCTI poOOTH
MaricTpajbHUX ENEKTPUYHUX MEPEX 3 METOI ONTUMAIBHOIO PO3IOALTY
MOTOKIB MOTY>KHOCTI 00’eqHanoi eneprocucremu. Y CIIA, Iuzii, €Bporneii-
cekomy Corosi, Kanami, Kutai konneniist Smart Grid € mo cyTi qepkaBHOIO
MOJITUKOIO TEXHOJIOTTYHOTO PO3BUTKY €JIEKTPOCHEPTeTHKH MaiiOy THBOTO.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. Oleckun, E. b. YnpasnseMble NoIMarHMYMBaHUEM IIYHTUPYIOLIUE
peaxtopsl [Tekcr]| / E. b. Uleckun u ap.; mox pen. I'. A. EBmokyHuna. —
CII6: Ponnas Jlagora, 2013. — 280 c.

2. Xopmnsx, JI. b. K Bonpocy o moBsImeHnN 3QPEKTUBHOCTA PabOTHI
LIYHTUPYIOUWIMX peakTopoB Oomnbmoi MomHoctu [Teker] / JI. b. YKopHsk,
B. U1 Ocunckas., A.C. Ianeiyn // Bicauk HarioHaqsHOrO TEXHIYHOTO
yHiBepcuretry «XIII». Cepis: I[Ipobmemu yIOCKOHAJICHHS EIEKTPHYHUX
MamuH i amapatiB. Teopis i mpakTtuka, T.1. — X.: HTY «XIII». — 2014 — Ne
42 (948).— C. 10 - 15.
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CUCTEMMU KEPYBAHHJ NTPUBO/THUMU MEXAHI3MAMMU

CyuyacHi BUCOKI BUMOTH JI0 MPOAYKTHBHOCTI Pi3HUX MEXaHI3MiB Ta J10
SKOCTi BUpPOOIB MOXKyYTh OyTH 3a0e3nedeHi TIIbKK Ha OCHOBI aBTOMaTH30Ba-
HUX EJICKTPOIPHUBOMIIB. YCIIX aBTOMATU3aIll 3aJCKUTh B 3HAYHIM Mipi Bif
TeXHIYHHUX 3aco0iB ii peanizawii, TOOTO BiJ IHIUBITyaNbHUX MEXaHi3MiB a0
€JIEMEHTIB, CYKYIHICTh SIKHX YTBOPIOE IPOMHCIIOBY €JIEKTPOMEXaHIYHY
CHCTEMY — aBTOMAaTU30BaHHH €JICKTPOIIPUBOI.

Cy4acHHH €JIEeKTPONPHBOJ SIBISE COOOI0 CYKYITHICTH EJICKTPOJBHIY-
HIB, CHCTEM TIepenadi Ta 3aco0iB KepyBaHHs, sKi 3a0e3MeuyI0Th aBTOMATHU-
30BaHy POOOTY IPOMHUCIOBUX MEXaHI3MiB.

MeToro poOOTH € BHpIIICHHS HACTYMHUX Npo0ieM, SKi BUHHUKAIOTH
IIPY CTBOPEHHI CHCTEM KEpyBaHHS CyYaCHUMH €JIEKTPOIPHUBOAAMH:

1. BuTHCHEHHSI MEXaHIUYHHUX JIAHOK Ta KIHEMaTWYHHUX 3B SA3KIiB €JIEKT-
puyHuMHE. 1le 3Ha4HO CITpOIy€e KOHCTPYKIIT MaIllMH, MTOKPAIIY€E SKICTh TeX-
HOJIOTIYHOTO TIpolecy, 30UIbIIY€e IIBHIKICTh MAIHMH, IMOKpAILy€e YMOBH
00CIIyroBYBaHHsI Ta TOJIETIIYE TPALIO.

2. BBesieHHs palliOHAJIBHOTO EJIEKTPONPUBO/IA 3 aBTOMATHUYHUM Kepy-
BaHHSIM, 110 TO3BOJIMTH HOMIMIIUTH SKICTh POOOTH MEXaHI3MiB.

B Ham gac icHye BenuKka KUTBKICTh MaIllFH, MEXaHi3MiB Ta TPOMHCIIO-
BUX arperaris, AJIsl AKX ICHy€ MOTpeda B CTBOPEHHI IEBHOTO ONTHMAIIBHOTO
PEeXHMMY, III0 3aJ0BOJIbHSIE TIPOMHCIIOBUH pornec. B oHUX BUMaakax morpi-
OHOTO MIATPUMYBATH MOCTIHHY MIBUAKICTH OOCPTaHHS, B IHIINX — 3MIHIOBa-
TH IIBUIKICTH OOEpTaHHS 3a IIEBHUM 3aKOHOM Ta PETYJIIOBAaTH Ii B MEBHHUX
TPaHUIIX.

ABTOMaTH3allis KEpYBaHHS MPOLECOM JISKUTh B aBTOMATHUYHOMY ITyC-
Ky, 3yNHWHII, 3MiHI IIBUJIKOCTI Ta peBEpCYBaHHI MEXaHI3MiB 3 MOTPiOHOIO
MOCJIITOBHICTIO. ABTOMATH3allisl KEPYBaHHS 4YacTO CYMPOBODKYETHCS OJI0-
KyBaHHSIM HEraTUBHMX a00 HENPaBMIIbHUX OIepalliil.

ABTOMaTH3aIlisl PETyJIOBaHHS 3MIMCHIOE pamioHATBHHUNA TIepedir mpo-
1eciB B (yHKIIi TEXHOJOTIYHUX MapaMeTpiB 3 3aJaHOI0 TOYHICTIO, IO HE
MOXJIMBO IIPH PETYJIIOBaHHI BPYUHY.

ABTOMaTH3alis 3aXUCTy MPOIecy MPU3BOAUT 10 3HAUYHHUX HOTO IpHC-
KOpEHb, MOKPALIEHHIO SKOCTI MPOXYKIii, CKOPOUEHHIO BIUIMBY JIOJCHKOTO
BIUIUBY Ta TIOJIETIICHHIO TIpaIli.

Haii0ipIr TOCKOHAJIOI0 SIBJISIETBCSI KOMIUIEKCHA aBTOMAaTH3alis, 10
BKJIFOYA€ BCi BUILE NEpepaxoBaHi eJIeMEHTH.
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2 cryn. p. E-419 HY «3anopizbKa MOTEXHIKa»

PO3IJIAd 3BAMKHEHUX CUCTEM KOMITPUMYBAHHS

ABTOMAaTH3AIsl TEXHOJIOTIYHHUX MPOIIECIB € OJHUM 3 BUPIMIATBHUX (a-
KTOpIB Mi/JBHUIIEHHS MPOAYKTHBHOCTI Ta TOJINMIICHHS YMOB mpami. Bci ic-
HyIOUi 1 CHOPYKyBaHi 00’€KTH B Till UM IHIIIH Mipi OCHAIIYIOTBCS 3acoba-
MU aBTOMaTH3arii.

IIpoexramu HaOITBII CKIIATHUX BHPOOHHIITB, OCOOIMBO B YOPHIN Me-
Tanyprii, HapTonepepoOku, Ximii 1 HadTOXiMii, 00’€KTax BUPOOHUITBA Mi-
HepaJbHUX JT00pUB, EHEPIeTUKH, Mepe10adaeThCcss KOMIIEKCHA aBTOMAaTH3a-
LSt PSILY TEXHOJIOTTYHHX MPOLECIB.

O06’€KTOM € PO3IIISA CUCTEMHU KOMIIPUMYBAHHS B CUCTEMax KepyBaHHS
HarHiTaJIbHOMH MEXaHi3MaMH.

Mertoto poOOTH — IPOEKTYBAHHSI CUCTEMH KepyBaHHs IPUBOAOM KOM-
MIPECOPHUX arperaris.

CTBOpEHHSI CHCTEM YIPaBIiHHSA, HASBHICTH BEJIMKOI KIIBKOCTI KOHTPO-
JFOBAaHUX MapaMeTpiB 10 HEOOXITHOCTI BHUPIMICHHS 3adadi palliOHAIbHOTO
MOJaHHS 11 OTIepaTopoM, IO CTaJI0 MOXIIMBHM TUIBKH UITIXOM BUKOPHCTaH-
HS CY9acHOI eJeKTPOHHOI armaparypu Ha 0a3i 00YNCITIOBANBHOT TEXHIKH.

HaiiBa)xJIMBIlIIOI0 BUMOTOO /IO CHCTEMH YIIPaBJIiHHS Cy4acHHMX arpe-
raTiB amiaky CTayio 3a0e3MeYCHHs BHCOKOI HATIMHOCTI YIIPaBIiHHS MPOIe-
COM, 1110 BUKJIIOYa€ BUHMKHEHHS aBapiiHUX CHTYyaIliif, TaK sIK 3ylHUHKa arpe-
rary IHoB’si3aHa 3 BEJIMKUMH €KOHOMIYHHUMH BTPATaMHU.

ACY TII arperaty cHHTe3y amiaky 3a0e3Ieuye [eHTPali30BaHUi KOH-
TPOJIb MapaMeTPiB MPOIeCy Ha MU(POBUX, CAMOIHUCHUX 1 AHAJIOTOBUX IPH-
Jajiax, MoNepeKyBalbHy 1 aBapiifHy CHTHAIi3allil0, BIIXWICHHS MapaMeT-
PiB TEXHOJIOTIYHOTO TIPOLIECY Bij JIOMYCTUMHUX 3HA4Y€Hb; AUCTAHIlIHHE Kepy-
BaHHS PETYMIOIOYMMHA 1 3allipHAMHU OpraHaMU; IUCTAHIIIHHY aBapiifiHy Ta
IUIAHOBY 3YIHMHKY BHMPOOHHIITBA; IUCTAaHLIHHWN ITyCK OCHOBHHMX CTajii;
NepioiUIHa PO3APYKiBKA IMapaMeTpiB; aBTOMATHYHE PETYJIOBAHHS Mapame-
TpiB NPOIIECY; PO3PaxyHOK TEXHIKO-€KOHOMIYHHMX MOKa3HUKIB BUPOOHMIITBA
1 BHgady ix Ha OUGPOBI MOKAKYINKH, IH(Ppo-OyKBEHE IPYK 1 AUCTIICH; po3-
PaxyHOK ONTUMAJIFHUX PEXUMIB poOOTH Ta BHAAYy KEPYIOUHX BIUIMBIB Ha
3aJIATYMKH JISSIKMX PEryJIsTOPIiB; KOHTPOJIb CIIPALbOBYBAHHS 3aXHCTY, aHai3
nepeaaBapiitHux, aBapiiHUX 1 mMicis aBapifHAX CUTYAaIlii.

Cucrema OyyeTbes 3a OJJOKOBUM MPUHITUTIOM 1 332 CBOEIO CTPYKTYPOIO
CKJIQJIAETHCS 3 HOTHPHOX aBTOHOMHHUX ITiJICHCTEM.
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[igcucTema aBToMaTHIHOI cTadimizalil, sika 3a0e3medye peryIroBaHHSA
OCHOBHHX TEXHOJIOTIYHHX TapaMeTpiB IPOIECy Ta CBOE€YACHE 3HATTA 30y-
PEHB, 110 BUHUKAIOTh Y BUPOOHHIITBI.

[Tincucrema aBapiiiHOT cUTyawii, sSKa CIY>KUTh JUIsl 3arno0iraHHs aBa-
piif, MOXKJIMBUX B PE3yJIbTaTi BIIMOB amapaTypH, MEXaHi3MIiB MaliuH abo
MOMMJIKOBUX JIili omeparopa.

Indopmaniiina migcucrema, sika IpU3HaYeHa IS IIPEACTABIICHHS OTIe-
paropy BianparpoBaHoi iH(pOpMaIi PO TEXHOJOTIYHWI Mporec 1 BHayl
CUTHAJIIB TIPO BIIXWJICHHS IapaMeTpiB Ha MHEMOCXEMY, IU(PPOBY iHIWKa-
{10, OOYHCITIOBANIFHY IiJCHCTEMY 1 3BHYAMHI IIKAJbHI NMPWIAAH, BCTAHOB-
JIEH] Ha IIATI.

OOumncmoBanbHa MiICHCTEMA, sIKa 3a0e3Ieuye MaTeMaTHdHy abo JIoTi-
YHy BiampamroBaHHS iH(OpMaIii BiIIOBITHO MO 3aKJaIeHUX MPOTpaMaMH,
BUPOOJICHHS Ta BUJIady KEPYHOYMX BIUIMBIB Ha 3aJaBayi JESKHX PErysiTo-
piB. MatemaTuuHe 3a0€3MCUCHHS II€T MIICUCTEMHU CKJIAAEThCSA 3 AITOPHT-
MIB TIepIIOT Ta APYroi Yepru.

YK 621.3.048.1

Caxno O.A.!, Cxpyncska JI.C.2, Ocranenxo B.10.3

! kanp. TexH. Hayk, gou. HY «3anopisbka MomiTexHika»
2 crapmr. Buki. HY «3anopizbka MoiTexXHiKa»

3 cryn. rp. E-412m HY «3amnopi3bka IOMTEXHIKa»

MOJIEPHI3ALIS CACTEMHM 3AXUCTY CHJIOBOTO
TPAHC®OPMATOPHOT O OBJIAJTHAHHSI BIJ] ABAPIiA
BHACJIIJIOK MOIIKO/’)KEHHSI T'OJIOBHOI 130.15111[1i BBO/IIB

TTomkomkxeHHs TOMOBHOI 130JIS11i1 BBOIIB € OJHICIO 3 HANOIIBII ITOIIU-
PEHUX IPUYMH aBapiii cHiIoBOTO TpaHc(opMaTopHOTro oOnaaHaHHS HA KIAcH
Hanpyr# 110kB Tta Bume. [IpaBuna ynamryBauHas enekTpoyctaHoBok (IIVE)
y 1.3.2.60 BuMaratoTb 00OB’S3KOBHH NPHUCTPiil KOHTPOJIIO 130JIsILi1 BBOJIB
(KIB) 500 — 750 kB, 3 ai€ro Ha curHaj 3a YaCTKOBOTO MPOOO0, 1 HA BUMK-
HEHHS B pa3i MOMIKOKECHHS 130JIA11i1 BBOAY (10 MOBHOTO MPOOOI0).

Enextpomexaniunuii npuctpiii KIB BuKOpHCTOBYe HEpiBHOBa)KHO-
KOMIICHCAIIHHNI MeToJ — CTpyM HebamaHcy. Kimacudna cxema miaKITIOYeH-
Hsl BUKJIaJieHa B [1], BoHa BKiIIOYae B ceOe BUKOPHCTAHHS CIIEI1ai30BaHOTO
tpancdopmaropy Ty TIIC-0,66, skuii BUKOPHUCTOBYETBCS JUIsl «OaaHCy-
BaHHS» CXEMH, 32 PaXyHOK IIJIKIIOYEHHS BHMIPIOBAaJbHUX BHBOJIIB BBOJIB
JI0 pI3HUX BiINaloK MEpBUHHOI 0OMOTKH I1boT0 TpaHchopmaropy. IToaioHi
TpaHcopmMaropu y pa3i BHHUKHEHHS BHCOKOYACTOTHHX IIE€pEHAIpyr Ha
MIMHAX PO3MOJUIBYOr0 MPUCTPOIO CTAHOBISATHCS MPUYMHOI BUHUKHEHHS
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HENPUITYCTUMUX MEepEeHanpyr Ha i30Jsiuii BUMIpIOBAILHOTO BHBOJY, Ta MO-
XKyTh CTaTH NPUYUHOIO TTOIIKODKEHHS BBOY, 0COONMBO VISl CyYacHUX BBO-
niB 3 Tak 3BaHOKO RIP-i3o0msmiero. 3rimHO 3 pe3ynpTaTd MaTeMaTHIHOTO
MO/JICTIFOBAHHSI, TIPOBEICHOTO aBTOPaMHM, BCTAHOBIIEHO, 10 HAaBiTh O€3 BUKO-
pHUCTaHHS MOTODKYBAIILHOTO TpaHc(opMaTopy, Hampyra Ha i30JIAmii BHMi-
PIOBAIBHOTO BUBOIY MPH IEpeHamnpyrax 3 gactotoio Oimpme 18k[m moxe
TIPUBECTH 10 MTOIIKOKSHHS 130JIA1I11, alle i 9ac eKCIuTyaTarlii o0IaHaHHsI
— YacTOTa I'PO30BUX Ta KOMYTAaliWHHMX IIEpEeHANpyr MOXKe CKJIajaTH Oins
IMI'y [2], a 3a pe3ynbTaraMH IPOBEACHHX aBTOPAaMM JOCTIDKEHb — JI0
10MI'm.

Tomy aBTOpamy 3ampoONOHOBaHA CXeMa MOJIEPHI30BAHOTO IPUCTPOIO
KIB (puc.4), Ha MiKponpoLecopHii 0a3i, 10 103BOJISIE BUKOPHUCTOBYBATH
BUMIpIOBAJILHUN BUBIJI BBOJY Y PEKHUMI IIIyXOTro 3a3eMIICHHS (BUMipIOBab-
HHUH KacKaJ] TAKOTO MPUCTPOIO MPEICTABIIE COO0I0 MiHIATIOPHUN MPOXiTHAMN
TpaHc(opMmaTop cTpyMmy, 4epe3 «BIKHO» SKOTO IPOXOANTH KHUJIa CUTHAIBHO-
ro Kabeno).

Ao WHH BUCOKOT HANPYTH P3A

3

PenefHui
Mogy b

Mixponpoveccop 2

aHanoro-unhpoem

NepeTEOPBAYEM Ta
TPEHEHCTOPHUM BHXOAOM

[} 4 2

Bin iHTer panbHux
nigcunoBadie
eeogie §.B Ta d.C

c1

IHTerpansHuii
nigcunoeay

A
=
-
ik

T1 R2

Pucynok 4 — CrpykTypHa cxema MoziepHizoBaHoro npuctporo KIB:
C1 — emHicTB TOOBHOT 1307111111, C3 — EMHICTH OCTaHHIX IIApiB 1301111,
R1 —3axucHuii pe3ucTop B aganTepi MAKIOYeHH, F1 — IBUIKOIiI0Y1 €leMEHTH 3aXHCTY
Bil TIepeHanpyT (PO3PSIIHKIKH, BapucTopH), T1 — mpoximauii Tpanchopmarop crpymy, R2 —
HaBaHTaXyBaJIbHUIA pesrctop w1 T1 (kackamy a3 «By» Ta «C» yMOBHO He TIOKa3aHi)

Llei npucTpiii Mae HaCTyIHI ITepeBaru:

— OE3MeYHICTh CXeMHU MiAKIIOYEHHS JUIS 130Js1ii KOHTPOJIbOBAHOTO
BBOJY — BiIMOBa BiJl IMIIOPTHOTO ITOTOJKYBAJIBHOTO TpaHCHOpMaToOpy
TIIC-0,66, mo Mae BenHWKi Maco-rabapuTHI TOKa3HUKU Ta HETATHBHHA
BIUIMB HA 130JIALII0 BBOAY i/l 4ac MepeHanpyr;

— 3aXHUCT Big 00pHBY Kademo — 3abe3neuyro Oe3nedny (AiIst mepcoHay
Ta 00JagHAHHSA) BEIWYUHY HampyrH (Hmwkde 42B) Ha po3iMKHEHHX KiHILIX
KabeIto Ipy HOMiHAJBHUX peXuMax poOOoTH 001aTHAHHS;
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— TepeBaru MiKpOIPOIIECOPHOTO MPUCTPOIO (aBTOMAaTH30BaHE OaaH-
CYBaHHS, MOXIIUBICTh BUKOPUCTAHHS JaHUX MPO (ha3y BeKTOpy HeOalaHcy
Ta 6araro iHIINX).

3axucHuil pesuctop R1 Ta enmemMeHTH 3aXMCTy BiJ IepeHanpyr, IO
3HAXOJATHCSl B aJanTepi MiAKIIOYEHHS MPAIOI0Th TUIBKK Yy pasi MOIIKO-
JUKEHHs KaOelTio BiJl BUMipIOBaJIBHOTO BUBOY BBOY 1o madu KIB.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. MeTtoauueckue ykazaHUs IO TEXHHUECKOMY OOCIyKUBAaHHIO YCT-
porictrea KHB: MY 34-70-39-83. — [BBemen 1983-08-01]. — M.
:COXO3TEXDHEPI'O, 1983 —32 c.

2. T'OCT 13109-97 Dnextpuueckas sHeprusi. COBMECTUMOCTh TEXHH-
YECKHX CPEICTB dIIEKTpoMarHuTHas. HopMbI kauecTBa 3IIeKTpHIECKOi SHEp-
THH B CHUCTEMaxX »JJIeKTpocHaOxeHus oOmiero HasHaueHus [Texcr| Bmen.
01.01.00. — K.: I'occrannapt Ykpaunsl, 1999. — 31 c.
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BU3HAYEHHSA HIHHOCTI JIATHOCTUYHUX ITAPAMETPIB
MACJIA JJIA CUCTEM HEITEPEPBHOT'O KOHTPOJIIO
TPAHC®OPMATOPHOI'O OBJIATHAHHA

Kontpons SIKOCTI TpaHchopMaTOpHOL Macrna 3TiTHO
COV-EE 20.302:2007 [1] moBHHEH IIPOBOIUTHCH 3a OLTBIT HIXK ABOMA AECs-
TKaMU mapameTpiB. Ha cboroaHINIHINA JeHb 13 IUX MapaMeTpiB B eKcInTyaTa-
i1 BUKOPUCTOBYETHCSI HE OLITBIIIE JecATH. Y TIarHOCTHII BaYKIIMBE 3HAUCHHS
Mae onuc 00’eKTa B CUCTEMI O3HaK, L0 MalOTh BaroMy JiarHOCTHYHY IliH-
HICTh IS OI[IHKH TEXHIYHOTO cTaHy 00’ekTy. KinbKicHe BH3HA4YCHHs Jiar-
HOCTHYHO{ IIIHHOCTI O3HAKW BU3HAYAETHCA iH(OpMAIi€r, sika BHOCHTHCS
03HAKOI0 Y CUCTEMY CTaHiB. SIKicTh TpaHC(OPMATOPHUX ONHB XapaKTEPH3Y-
€TBCA JEKIIBKOMA AECITKAMHU HOTO MMOKAa3HHUKIB.

Ha mincraBi maboparopHux BunpoOyBaHbP HaOyBarOTh KOHKPETHHX
3HAYCHb MTOKA3HUKH, 110 JISKAaTb B YMOBHO PO3JUICHHX 001acTAX: 001acTbh
«HOPMAJIEHOTO CTaHY» — KOJH CTaH SKOCTI MacJia TapaHTye HafiitHy poOoTy
€JIEKTPOYCTAaTKYBaHHS; 00JIACTh «PH3HUKY» — KOJIM TOTIpIICHHS HABITH OJIHO-
ro MOKa3HUKA SKOCTI Macjia MPU3BOJUTH IO 3HIDKCHHs HAIHOCTI poOoTH
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eJIeKTpoycTaTKyBaHHs. [lepexin xoya O OJHOTO IOKa3HHMKA 3 00JacTi HOp-
MaJbHOTO CTaHy Macja B OOJNacTh PU3HKY TOBOPHTH IIPO IPHCYTHICTH B
obnagHaHHI 1eekTy Ta HeoOXiIHICTh BU3HAYCHHS HECIIPaBHOTO BYy3JIa.

Tabmuist 1 — 3aranbHa AiarHOCTUYHA IIHHICTH
(3a crragaHHsM IIHHOCTI ITapaMeTpiB Macia

IIpaxtruyna | Teopern- | Pe3ynpryio- | MOXIHBICTE BHKO-
Tlokazuuku LIHHICTD, YHAa I[iH- | Ya [IHHICTh, | PUCTAHHS MPU Herle-
B.O. HICTb, B.O. | B.O. pEpBHOMY KOHTPOJT

Tak, ane 3a pospa-
XYHKOM, TI0 JaHUM

Bouorosmict 78,34 1,5 117,51 :
BiTHOCHOTO BOJIOTO-
HACHYEHHS
Tak, aje He TUILKH
XAPI' 59,78 1,5 89,67 METOJIOM XPOMAaTor-
padii
Tanrenc kyta -
TENEeKTPUIHIX 19,58 1 19,58
BTpar
Buicr 4432 0,33 14,63 -
JIOMIIIIOK
Kuczorre 19,58 0,38 7,58 ”
YHUCIIO0
Tpobusia 22,68 0.25 5,67 -
Hampyra
Temnepatypa 412 1 412 -
criajiaxy
[Ipo3opicth 4,12 1 4,12 -
Bwmict BOJIO- -
PO3YMHHHUX 2,06 1 2,06
KHCJIOT

BpaxoByrouw, 1110 3HOIIEHICTh BUCOKOBOJILTHUX TpaHc(hOpMATOpiB Ha
ChOTO/IHI cTaHOBHUTH MoHaA 50%, a Tak camo Te, IO BHUSABJIEHHS BCiX BHIIB
nedexTiB He BAA€ThCs 3a0€3M€UNTH 3 TEXHIYHUX Ta 3 CKOHOMIUYHHX IPHYHH,
BUHHMKAaE TOTpeda y TOIIYKY OCHOBHHMX MapaMeTpiB IIOA0 3MiH SIKHX
3’SIBJISIETHCS] MOXKJIMBICTD BU3HAUCHHS CTYTICHSI CTapiHHS TpaHC(HOPMATOPHO-
ro obnagHaHHA Ta HOTO TEXHIYHOTO CTaHy IPH HEIEPEPBHOMY KOHTPOIi
(MOHITOPHHTY) TEXHIYHOTO CTaHy.

Ha ocHoBi matepianiB [2], 1e 3alrpoNOHOBaHO BHKOPHCTAaHHS PO3paxy-
HKY J1arHOCTHYHOI I[iIHHOCTI ITapaMeTpiB Ha OCHOBI TEOPETUYHOI TIarHOCTH-
YHOI LIHHOCTI, METOXy MOMNIYKYy KOpeNAlil MiX HapamMeTpamMH Ta aHali3y
CTaTUCTUYHHX JaHUX YIIKOMKEHHS BUCOKOBOJBTHOrO oOnaaHaHHs. Po3pa-
XYHOK JIiarHOCTHYHOI IIHHOCTI MapaMeTpiB HaAWOUIbII BIUIMBOBHUX IapaMeT-
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PiB Ta MOXJIMBICTh HOTO BUKOPHCTaHHS IIPH HETIEPEPBHOMY KOHTPOJII HaBe-
IeHo B Tabn. 1. BukopucTaHHS CHCTEM HENEepPepBHOTO KOHTPOIIO € He-
BiZ’€eMHUM 3ac000M IIepexojay a0 oOCIyroByBaHHs OOJaJHAaHHS 3a peab-
HHUM TEXHIYHUM CTaHOM TpaHC(HOpMaTopa, a He 3a KaJeHAapHUM 4acoM.

3 ypaxyBaHHSIM JaHuX TabJl. 1 Uil cCHCTEM MOHITOPUHTY TpaHchopma-
TOpa MOXIIMBO OOMEXHUTHCSI BOMa MapaMeTpamH, 10 MaloTh HalOLIbIIy
JIarHOCTUYHY LIHHICTb, Ta MEPEKPUBAIOTH BUSBIICHHS OJIBIIOCTI MOKIIUBHX
nedektiB TpaHcopmaropa. BukopucTaHHS LIMX HapaMeTpiB y cucTeMax
HETIEPEPBHOTO KOHTPOJIO J[O3BOJISAE 3HAYHO 3MEHIINTH TPYAOMICTKICTB,
CKOPOTHUTH Yac, [0 BUTPAYAETHCS IPU NMPOBEACHHI aHANi3y TpaHchopmaTo-
PHOTO Macya, MiIBUAIIATH MOXKIINBICTE CBOEYACHOTO BUSBICHHS E(EKTY.

CIIACOK BUKOPUCTAHOI JITEPATYPU

1. COY-H EE 20.302:2020 — Hopmu BHIIpoOyBaHHS €IIEKTPOOOIa-
HaHHs. [TIAT «HEK « YKPEHEPT'O» [Tekcrt]. —2020p. — 238c.

YK 621.313

Antonosa M.B.!, Typnos O.M.2,

Mimenko 1.C.3, Tkauenko M.O?. Hazapko M.M.2
!cr. Buki. HY «3anopiszpka momiTexHikay»

2 cryn. tp. E-419 HY «3anopizbka MOMTEXHIKa»

3 cryn. rp. E-810c HY «3anopisbka HOTiTEXHiKa»

CUCTEMM KEPYBAHHS IBUTYHAMM NOCTIMHOI'O CTPYMY

Jo TemepimrHpOro 9acy OUIBIIICTE OCHOBHIX BUPOOHUYNX MEXaHi3MiB,
10 BUMArarTh PETYJIIOBaHHS POOOUYMX IIBHIAKOCTEH B JOCHTH LIMPOKOMY
niarmas3oHi 1 popMyBaHHS IIpU IIFOMY PalliOHATBHOI TUHAMIKH, OCHAIYIOTh-
csl, K MPABUJIO, ENEKTPOIPUBOAAMH TOCTIfHOrO cTpyMmy. J{0 Takux enekt-
poMexaHiYHMX O0’€KTiB B MepIly 4Yepry MO)KHA BIIHECTH MeTaypriiHi
arperarty, OUIBIIICTh METAJI0 PDKYYMX BEPCTATIB, BCUISKI CTEXa4yM 1 MO3HU-
miitHi cuctemu. JKWBIIEHHS €JIEKTPOJBUTYHIB B TAKHX NPHUBOIAX 3MIHCHIO-
€ThCA 3a3BMYAil BiJl MEepeXi 3MiHHOTO CTpyMy Yepe3 IepeTBOpIoBadi eHeprii
PI3HOTO BUTJISIAY 200 Bifl MEPEXKi MOCTIHHOTO CTPyMy 3a JOTIOMOTOIO IITHPO-
THO-IMITYJIbCHUX TIEPETBOPIOBAUIB.

Mera poOOTH — IOCHTIJDKEHHS CHCTEM KEepYBaHHS €JIEKTPONPHUBOAAMHU
MOCTIHHOTO CTPYMY.

EnexTpoaBuryH i nepeTBoproBad € CHIIOBOIO YAaCTHHOIO €JIEKTPOIpPH-
BOJy i € 00’€KTOM KepyBaHHA B CHCTEMi aBTOMaTHYHOIO KepyBaHHS. 3a-
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MkHyTI CAK noBunHI 3a0e3neuyBaTH HEOOXiqHI 3aKOHM 3MIHM 3MIHHHX
crany OK B mepexigHuX peXuMax, HallPHUKIIad, PO3TiH 1 TalbMyBaHHS €leK-
TPOIBHUTYHA 3 MOCTIHHIM TIPHCKOPEHHIM, a00 cTaliii3aliro IuxX 3MiHHHX Ha
HEoOXiJHOMY piBHI 3 HE0OXiTHOIO TOUHICTIO. IS peamizalii 3a1aHuX 3aK0-
HiB 3MiHH KepPOBaHOI 3MIiHHO 1 KOMITEHCaIlii BIUIMBY Pi3HUX 30YPIOIOYMX il
Ha OK momaeThcst Kepyroda His, sSIka BUPOOISETHCS KEPYIOUUM HPUCTPOEM
abo perymsaropoM. Kepyroua nisg, GOpMyeTbCS PEryIsATOpPOM Ha TiICTaBi
AITOPUTMIB, BH3HAUyBaHUX METOI0 KepyBaHHS. PilleHHs KoMmpomicHOT
3amadi 3a0e3nedeHHs 3amaHoi ctatudnHoi TouHOocTi CAK mpu HeoOximHiN
SIKOCTI TIPOLIECy KEPYBaHHS JIOCATAETHCS BBEJCHHIM CIELIAIbHUX KEPYIOUnX
MIPUCTPOIB, SIKi 3MIHIOIOTH TUHAMIKY CHCTEMH B IOTPIOHOMY HarpsMi.

VY 3aMKHYTill cucTeMi peryaoBaHHs LIBUIKOCTI HEPEXil Bill pexxumy pe-
IyJIOBaHHS HAMPYTro0 JI0 PEXXUMY PETYJIIOBAaHHS MOTOKOM 30y/KeHHs 3abe3mne-
9yeThCs 32 PaXyHOK TOTO, L0 HA IIBHAKOCTSX BHILNE OCHOBHOI 3a JIOIIOMOTOO
CIICIIaJIbHOTO PETYJISITOpa, II0YOr0 Ha JIAHIIOT MOPYIICHHS, MiATPUMYEThCS
piBaicts EPC nBuryna HominanpHOro 3HaueHHs. Ockinbku EPC nBuryna €

e=c,w e, =FE, =const .
0™ B ymoBax, xomm 9 o , @ 3HAUCHHS ( 33/A€ThCS BXiIHHM

CHUTHAJIOM, TOTIK 30y/DKEHHs Oyie 3MIHIOBATUCS OOEPHEHO MPONOPLIHHO IBUIKOCTL
npuryHa. EPC meperBoproBaui y BcraHOBIeHOMY peskumi Buiie EPC nBuryHa Ha
3HAYCHHS MAiHHS HANPYTH B SKIPHOTO JIAHIEOTA BiJl CTPYMIB i, SIKIIO MOMEHT
HAaBaHTAKCHHS 3pOCTAE, TO B YMOBax, Koju ImBHAKICTh 1 EPC nBuryna miarpumy-
I0ThCSI CBOIMH CHCTEMaMHM PETYIIOBAaHHS NMOCTIHHHMH, 3pOCie MaJiHHS HAlpyrd B
JIAHITI031 SIKOps1 Oyie TIOKPHTO 3a paxyHOK BianoBigHoro 30utsmentds EPC neperso-
proBaya py He3MiHHOMY 3HaY€HHI OTOKY 30y DKEHHSI.

YK 621.314

Adanacwes O.1.!, Kocranko O.®.2, ®enopos C.C.2, Yennokos €. A2
! kann. Texn. Hayk, qou. HY «3anopisbka momitexnika»

2 cryn. tp. E3-412m HY «3amnopisbka momiTexHika»

JOCIIKEHHSA CTPYKTYPHU CTPYMOIIPOBIJIHOT'O
KOHTYPY TA BIIVIUBY HA BTPATHU IIOTY>KHOCTI B
PO3MOJIUIBHUX ITPUCTPOSX TA iX KOMILITEKTYIOUMX

CuctemMH eleKTpOoIocTayaHHs, 10 3a0e3MeuyIoTh nepenady eaeKTpH-
9YHOI eHeprii 31 30ipHHUX IIWH MiJACTaHIINA JKUBJICHHS Ta 1X PO3MOIUTBHHUX
MIPUCTPOIB 10 CIIOKUBAYiB JOCTATHBO pizHOMaHiTHI. [Ipn npoMy Mae micue
HarpiB €JIEMEHTIB CTPYMONPOBIJTHOTO KOHTYpY, Ha L0 BUTpAdaeThCs dHac-
THHA enekTpoeHeprii. KpiMm Toro, Mae micue BUTpaTa eHeprii Ha CTBOPEHHS
€JISKTPOMArHiTHUX I10JIiB IPHYOMY TiM Oifbllle, 4iM BHIE BEIWYMHA HOMi-
HaJIbHO{ HAmMpYTH Mepexi. Y MiACYMKy BCi BHINE O3HA4YCHI BTPATH MAaIOTh
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Ha3By BTPATH CJIEKTPOCHEPTii i TOBUHHI BpaXOBYBaTHUCS IIPH MPOCKTYBaHHI
Mepexi. OO0cAT Takux BTpaT y 3HAUHIA Mipi 3aIeXUTh BiJ XapaKkTepy HaBaHTa-
JKEHHSI, @ TAKOXK HOTro KOJIMBaHHs y Tpolieci ekcrutyaranii. KpiM Toro, cyrreBuit
BJIUB Ma€ Taka OCOOJIMBICTD, SIK SKICTh €IEKTPUYHOI eHepril Ta 3aco0u Juid i
3abe3neyeHHs. B yMoBax ekcrulyaTarlii SKiCTh eJeKTpHYHOI eHeprii BH3Hada-
€TbCS TIOKA3HUKAMM, 10 XapaKTEePH3YIOTh BIIMOBIHICT HAIpPyrd HOPMOBa-
HHMM BEJMYMHAM B YMOBaX HOMIHQJIBHHMX 3HAY€Hb TAKUX MapaMeTpiB, K 4acTo-
Ta MEPEXKi )KMBJICHHSI, HAIIpyTa Ta CTPyM HaBaHTa)KEHHSL.

JJis po3MOAiTPHAX MPHUCTPOIB 3a0e3MeueHHs SKOCTI SNEeKTPUIHOT eHe-
prii ckiamaeTbes y 3abe3MedeHH] piBHIB HANIPYTH Ta 9acTOTH MEPEXi Mak-
CHMaJIbHO HAaOMIKEHUX O HOMIHAJIBHUX BEIHYMH. B yMOBax eHEeproeMHHX
BUPOOHHUITB 3aCTOCOBAaHO HIJIMHA P CIIOKHWBAYiB (TMPOKATHI CTaHW, JTyTOBi
CTAICIUIABIIIbHI TIYKH, BHUIPSIMIIAIOUH TIPUCTPOi, CHUCTEMH €JIEKTPOIi3y
TOIO) 3 Pi3KO 3MIHHUMH HaBaHTAXCHHSAMH, a00 CYTTEBOIO HEPiBHOMIPHICTIO
ix posmopiny Mix ¢a3amu. Kpim Toro, npucyTHi CTpyMu Ta HanpyrH, ¢popma
SKMX 3HAYHO BIAPI3HAETHCS Bl CHHYcOimaibHOI. HasBHICTh TaKMX CIIOXKH-
BadiB MOPYLIYE SKICTh €NEKTPUYHOI, HANPUKIIAJ BIAXUICHHS HAIpPYTH, Po3-
KW/l 3MIHEHHS HampyrH, KoeQilieHT HECHHYCOiJaJbHOCTI KPHBOI HAINpyTH,
KOe(DIIiEHT 3BOPOTHIH MOCIIAOBHOCTI HANPYT, BIAXMJICHHS YaCTOTH TOLIO.

HeratuBHa nis HU3BKOI SIKOCTI €JIEKTPUYHOI eHeprii Ha poOoTy po3Io-
JIUTBHUX MPUCTPOIB Ta CHPHSE 3pOCTAHHIO BTPAT €IEKTPHIHOI €Heprii, CKo-
POYEHHIO MPOTSHKHOCTI poOOTH 0ONMagHAHHS, TEXHOJIOTIYHUX BTpaTax, IIO
CTPHSAIOTh 3HIDKEHHIO BHPOOHWYMX MOMIIMBOCTEH Ta MOTIPIICHHIO SKOCTI
NPOJYKIii, 0 BHPOOIAEThC. TakMM YMHOM, CYTTEBOTO 3HIKEHHS BTpaT
MOTY’KHOCTI MO>KJIMBO OTPUMATH IIJIIXOM PETYJIFOBAHHS PiBHIB HAIIPYTH, 110
y CBOIO 4epry, 3aJeXHTh BiJl BEJIMUMHHU BTPAT HANPYTH y MEPEXi, KU BH-
3HAYAIOTHCS 11 OMOPOM. Y PO3MOALIFYMX MPUCTPOSX aKTUBHUI Onop Oiiblie
PEaKTHUBHOTO, 10 POOHUTH HOro HaiOLIbLI e(eKTHBHE PeryioBaHHs 3a0e3-
MEeYUTH LUISIXOM 3MIHEHHSM IUIOLI 3pi3y CTPYMOIIPOBIAHUX €JIEMEHTIB. Y
JKUBJSIYMX MEPEXax HaBIAKW — PEaKTHBHHI Omip OlibllIe aKTHBHOTO, TOMY
BTPATH HAMPYTH Y 3HAYHIA Mipi BU3HAYAIOTHCS PCAKTHBHUM OIOPOM JIiHIH,
KA MaJo 3aJIe)KUTh BiJl TUTOII 3pi3y. HaiOibmn 9acTo 3MiHEHHS peaKTHB-
HOTO OIOpPY BHUKOPHCTOBYIOTH IUISl PETYJIIOBAaHHS HAINPYTH LUISIXOM BKJIIO-
YeHHs Yy JIIHIF0 KOHAEHCATOpPHMX Oaraped 3a cxeMaMu IPOKOJBHOro abo
MONIEPEYHOT0 PETYJIIOBaHHA. AKTHBHY HOTYXXHICTb JKMBISYMX MEPEX He
MOXJIMBO BHKOPHUCTOBYBaTH ISl ONEPATUBHOTO PETYIIOBAaHHS HAIpyTH,
TOMY HalOUIHII e(hEKTHBHUM 3aCO00M 3aIIMIIAETHCS PEaKTUBHA MOTY KHICTB.
Jns 3MiHEHHS pPEaKTHBHOI ITOTY)KHOCTI BHUKOPHCTOBYIOTH DPi3HOMaHITHI
PETYJIIOIYH TIPUCTPOT, cepel SIKUX HaiOUIbII IMPOKE BUKOPUCTAHHS OTPH-
MaJIi TIPUCTPOT HACTYITHUX BUIB: Oarapei CTaTUYHUX KOHICHCATOPIB, CHHX-
POHHI KOMIIEHCATOPH, CTATUYHI JDKEpena PeakKTUBHOI OTY>KHOCTI Ta iH.
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Jist gociikeHHs BTpaT MOTYXKHOCTI B €JIEKTPUYHUX MEPEXax po3po-
OJIeH] aNTOPUTMH PO3PaxXyHKY MOTPiOHMX MapaMeTpiB Ta TOJOBHHUX ITOKa3-
HUKIB SKOCTi el1eKTprdHOi eHeprii. [Ipu 1ipoMy BpaxoOBY€ThCS BIUIMB KOHK-
PETHHX OCOOIMBOCTEH MeEpexi, a TAKOXK CIIEIU(IKH CIIOKWBAYiB €HEeprii Ta
CXEeMH IX MimkiIrodeHHs. i mhoTo po3po0IeHo KOMIT' IOTEPHY MOJAETH IS
JOCIIKEHHS MIPOIIECiB MPOTIKaHHSA CTPYMIB Ta PO3IOALTY IMOTYKHOCTEH Ha
MIPUKIIAAI CXEMH PO3IOAUIFHOTO MPUCTPOIO AJS JKUBJICHHS CIIOKUBAUiB 3
IHAYKTUBHUM HaBaHTa)KeHHSIM. Ha OCHOBI 11i€i MOJIeNi CTBOPEHO MPOTpaMHe
3a0e3nedeHH s, 0 JO3BOJISIE BU3HAYUTH OCHOBHI TOKa3HHUKH SIKOCTI €JIEKT-
pHUYHOI eHeprii Ta 3MiCHUTH BU3HAYCHHS €(EKTy, 1110 OTPUMYETHCS BHACII-
JIOK BUKOPUCTAHHS THX YH 1HIIHUX 3aCO0IB.

YK 621.3.048.1

Caxno O.A.!, Ckpynceka JI.C.2, Crimmsg A.T'.3

! kang. TexH. Hayk, gom. HY «3amopisbka IOITEXHIKa»
2 crapm. Buki. HY «3anopizpka momiTexHikay»

3 cryn. tp. E-412m HY «3anopisbka IMOTiTEXHIKa»

MOJEPHI3ALISA CUHCTEMHW MOHITOPHUHI'Y TEXHIYHOI'O
CTAHY BUCOKOBOJIBTHHX BBO/IB II11 POBOY0IO
HAITPYT'OIO

OriHka CTaHy i30JiA1ii BECOKOBOJBTHOTO TpaHCHOPMATOPHOTo 001a1-
HAHHS € OJHUM 3 aKTyaJbHHUX 3aBJIaHb Cy4aCHOI €HEpPreTUKH YKpaiHu. Bu-
pillICHHSI 3aBJ@HHS MOJSra€ B MPOBA/PKEHHI HOBUX CYYaCHHMX TEXHOJOTiH
KOHTPOJIIO 130Jis11ii Oe3 BUBEICHHS OO0JIaJHAHHS 3 eKCILTyaTaii (KOHTPOJIb
i po60Y0I0 HATIPYTOIO).

[Tpu BuMipax mapameTpiB 3oLl miJ poO0UOI0 HAPYrOK OOUPAETH-
s €TAJIOHHUH 00’ €KT, BIJIHOCHO SIKOTO TPOBOJISITHCSI BUMIPIOBAHHS XapakTe-
PHUCTHK iHIIOTO 00’€KTa. B sKOCTI eTamoHHUX 00’€KTIB 3a3BUYall BUKOPHUC-
TOBYIOTH SIK OJHOTHITHI 00’ €KTH, HATIPUKIIAJ, BBiJl - BBIJ, TaK i Pi3HOTHIIHI:
BBiJl — TpaHc(hopMaTOp HANpyTH Ta i€ [1]. ¥V pasi BiACyTHOCTI MOXKITHBOC-
Ti TAKITIOYCHHS CUTHAJIIB BiJl €ETAJIOHHAX 00’ €KTIB, Ha TPAKTHIII MOITHPEHIHA
HEepiBHOBa)KHO-KOMIIEHCALIIHNIT METOJl, SIKHiI BUKOPHCTOBY€E I€OMETPHYHE
CKJIaJIaHHS TPHOX BEKTOPIB CTPYMIB MPOBIAHOCTI OCHOBHOI 130JI1ii BBOZIB
(ctpym HebanmaHCy). B eHepreTHUHHMX KOMIIAHISAX iCHye OaraTHil JOCBif
excrryaranii npunagiz KIB-500P Ta iHmux, 3acCHOBaHUX Ha 1IbOMY METO]
npunagiB Ta cucreM. OMHAK, 4acTO Ie TOCBiJ HETaTUBHUI, OCHOBHA MPH-
YHHA [BOTO - HEIOCTOBIPHICTH iH(OpMaIii, SKa BUAAETHCS TAKHUMHU CHUCTE-
MaMM B YMOBax eKcCIUTyaramii, 10 € HacJiJIKOM BIUIMBY PEXHMIB poOOTH
€HEeprocHCTEMH Ha B3a€EMHI KyTH MiX (Pa3HUMHU BEKTOpaMHU.

179



ABTOpaMH IPOTIOHYETHCS METO BUMipy ITapaMeTpiB TOJIOBHOT 1301
BBOJIiB, B IKOMY B SIKOCTI €TaJOHHOTO 00’€KTy BHKOPHCTOBYETHCS HU3BKO-
MOTCHIUIHUI eJeKTPOJI, BCTAHOBJICHUH Ha HIDKHHOMY (pIaHIl BUCOKOBOJIb-
THOrO BBOAY. [IpMHIMI MeTOAy moJsirac B TOMY, IO MDK IIMHOIO BHCOKOT
Halpyryd Ta eNIEKTPOJOM YTBOPIOETHCS TOBITPSIHUI KOHAEHCATOp, CTPYM
BUTOKY SIKOTO BBa)KaeThcs eTaloHHUM (puc.l). JlocipkeHHs, TpoBeIeH] Ha
nirouii minctannii 330kB, migTBepAMIM, 1O PiBEHb CHUTHATY, OTPHUMAaHOIO
BiJl HU3BKOTMIOTEHIIIHHOTO €JICKTPOTY, € TOCTATHIM JJIsl TOCTOBIPHOT'O BUMIpPY
€MHOCTI OCHOBHO{ i30JIAIIi1 BBOAY NPH PI3HUX IOTOJHUX YMOBAaxX 3 IOXHO-
KOr0 He Oinbie 2-3%, Ta TaHT€HCY KyTa JieJIeKTPUIHUX BTpaT (tg01) y cyxy
HOTO.Y.

Pucynox 1 — IIpyHIMI OTprMaHHsI ONIOPHOTO CUTHAITY

1 — IIOBITPsIHUIA (€TANIOHHHIT) KOHACHCATOP MiXK IIMHOO BHCOKOI HAMPYTH Ta eICKTPOIOM
y HWDKHIN 9acTHHI i307s11iiHOi KOHCTpyYKIi; 2 — Kinbuenii enektpos (KE); 3 — i3osstwiii-
HUI XOMYT 31 IITAHraMu TS KPITUICHHS eNeKTpoAy; 4 — HYokHiH danels BBoay; S —
ajanrep BuMiproBajbHoro BuBony (AMB); 6 — curnanbHuii kabens Bin KE; C — emHicTh
TOBITPSIHOTO (ETAJIOHHOTO) KOHAEHCATOPa MiXK IIIMHOIO BHCOKOT HAMIPYTH Ta €IEKTPOIOM;
C1 — emHicTb ronoBHOT 1305111i{ BBOIY; C2 — EMHICTH OCTAHHIX MIAPIB 130JISIIIT.

180



[IponoHoBaHMit METOI Ma€ HACTYIIHI IEpeBaru:

— HE3aJNeXKHICTh Pe3yJbTATy BiJ MapaMeTpiB HANPYTH JKUBICHHS (K
BiJl KOJHMBAaHHS aMIUNTYAHUX 3HA4YCHb, TaK i BiJ KOJWBAaHHSA MiK(pa3HUX
KyTiB Tpu(]a3HOI CHCTEMH);

— BIICYTHICTh HEOOXiTHOCTI «HAaBUAHHS MpPHIATy» pekuMaM poOOTH
eHeproMepesxi s GinpTparii BIUTMBIB mapaMeTpiB HANPYTH JKUBJICHHS;

— TOYHE BU3HAYCHHS Je()eKTHOTO BBEICHH TpH(a3HOI IPyIIH.

Jlo HemomiKiB METOAYy MOJKHA BIIHECTH 3aJI€KHICTh XapaKTEPUCTHUK
MIOBITPSTHOTO KOHJIGHCATOPY BiJl BOJIOTOCTI OTOYYIOYOTO CEpEelOBHINA Ta
omaniB. J{i1s BpaxyBaHHS BIUIMBY HOTOJHHX YMOB BUKOPHCTOBYIOThCS Jat-
YHMKH BOJIOTOCTI MOBITPS Ta IHANKATOPH IHTEHCUBHOCTI onaiB. [Iporpamunit
AITOPUTM METONy INepeadavac MOXKIMBICTh BIIKIIOYEHHS BUMIpIB y pasi
HAsIBHOCTI BiMOBIIHUX YMOB.

YJIK 621.3.048.1

Caxno O.A.!, Ckpyncpka JI.C.2, Makonkin B.B.?

! kang. TexH. Hayk, gom. HY «3amopisbka IOMTEXHIKa»
2 crapm. Bukn. HY «3anopizbka momiTexHikay»

3 cryn. tp. E-412m HY «3anopisbka NoliTeXHiKa»

OIIHKA CTYIEHSA 3BOJIOXKEHHSI TPAHC®OPMATOPHOI'O
OBJIAJTHAHHS HA TPUHIUIII TEMIIEPATYPHOI MITPAIIIT
BOJIOTY B TPAHC®OPMATOPHOMY MACIJII

['0IOBHUMH HEraTUBHUMH (haKTOpamMM BOJIOTH y TarepoBO-MacysiHii
1307151111 € 3HVOKEHHS JIIeJIeKTPUYHUX BJIACTHBOCTEH (€IEeKTPUYHOI MII[HOCTI)
Maciia, 3HIKeHHS CTIHKOCTI /10 YaCTKOBUX PO3PSiB, NPUCKOPEHHS CTapiHHS
LeNtoNI03HO01 130umsnil. BHacnizok moBiibHOCTI mpouecy nudy3ii Bojoru B
13071511111 OCHOBHA Maca BOJIOTH 30CEPEKYETHCS TIEPEBAXKHO B TOHKIH 1301~
HifHIA CTPYKTYpi. [cTOTHO HEepiBHOMIpHUIT PO3MOALT BOJIOTH B i30JIAIIIHHIX
JeTasix 30epiraeThesl MPOTATOM eKCIuTyaTtarii Tpanchopmaropa. [Ipu 6es3-
IocepeTHhOMY KOHTAKTI 130JI41Iii 3 HABKOJHUIIIHIM MOBITPSAM y TPOIIeCi MOH-
TaXy Ta PEMOHTY BOJIOTA KOHLICHTPYETHCS Y TOHKHX ITOBEPXHEBHX Iapax
13ois1nii. Hanpukanan, npotsirom 50 roJuH KOHTaKTy 3 TOBITPSIM IIPH BiJTHO-
cHiit BosorocTi 50% BOJOTiCTh KAPTOHY TOBIIMHOIO 3 MM MOKe 301TBIITUTH-
csa Ha 1,07%, mpote 1o 95% Bomorum 3ocepemxero mapax riauouHoro 0,3-
0,35 mm [1].

VY psni BumaakiB, 0oCOOIMBO B MOTAaHO T€PMETH30BAHOMY YCTAaTKyBaH-
Hi, MOXKJIFIBE TPOHUKHEHHS PiZKOi BOIM Ta KOHIIEHTpAIlis ii Ha Hi Oaka.

V¥ mpamtorouoMy TpaHchOpMaTOpi BiAMIHHICTH TEMIEpAaTyp OKPEMHX
30H CHPUYMHSIE BIJIMIHHICTh BIZITHOCHOI BOJIOTOCTI Maciia B KOHTAKTi 3 130J1s1-
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miero. SIKImo IpUHHITH PO3MOALT TeMIepaTypu y TpanchopMaTopi y Bifro-
BigHicTe 70 MEK60076-7 po3mozmin BojorocTi MpUOTM3HO HaBEIEHO Ha
puc.1.

Meton BukopuctoByeTbes Ha mimmpuemctBi HIL[ 3T3-Cepsic [2], i
orpumaB Ha3By Water Heat Run Test (WHRT) nepenbadae oriHky iiMOBip-
HOCTI 3HM)KEHHS 3aIlaciB €JIeKTPUYHOI MIIJHOCTI 4epe3 3a0pyJHEHHsS Macia
BOJIOTOIO Ta JOMIIIKAMH, a TAKOX OLIHKY CTYyIIEHs 3BOJIOJKEHHS TpaHcdop-
Maropa Ha OCHOBI NPHUMYCOBOI TeMIIEpaTypHOi Mirpamii BOJOTH JIOMIIIOK
TicIsl HarpiBaHHSA TpaHc(opMaTopa BHYTPIITHIMA BTPaTaMU O MaKCHMallb-
HOi po00Y0i TeMIepaTypH.

Tpancopmarop i HaBaHTOKEHHAM HArpiBaeThCs 3a JOIOMOTOIO
3MEHIICHHS OXOJIOJDKEHHS 3 METOIO 3HIDKCHHS BiIIHOCHOI BOJIOTOCTI Macia
Ta CTBOPEHHS «IOTEHIiay BOJOTOCTI» B MOBEPXHEBUX INapax i30JIsii,
CTHMYJIIOIOYHM BUAIICHHS BOJIOTH B MAacloO, 1 BUTPUMYETHCS MIPOTATOM Jie-
SIKOTO 4acy HpH MepioJMYHOMY KOHTPOJIi BOJIOTOBMICTY Maciyia abo BiJHOC-
HOTO BOJIOTOHACHYEHHS, a TAKOXK IPOOMBHOI HAIIPYTH Maclia.

Taxuii METoO/ 103BOJISIE IPOBECTH: OILIIHKY PIiBHS 3BOJIOKEHHS 130JISILIHT
Ta OI[IHUTH PO3IMOLI BOJOTH IUISXOM BHUMIPIOBAHHS IIBHIKOCTI BUAUICHHS
BOJIOTY B MacJIo.

TpuBamicTe BUTPUMKH TpaHCpOpMaTopa IMpH 3aJaHIA TeMmepaTypi
Mae OyTH TOCHTH BEJIHKOI0, MO0 3a0e3neunTr AUQY3if0 MOMITHOI KiTBKOCTI
BOJIOTH 3 MTOBEPXHEBUX IIapiB i301smii B Macio. JJocBin mokasye, mo SKII0
130715111151 3BOJIOXKEHA TOHAJ 2-2,5%, MOCTaTHHO BHTPUMATH i1 32 PO3paxyH-

KOBO1 TemIepaTypu 24 roivuHu.

L

Pucynok 1 — PiBHOBa)KHHMIT pO3MIO/ILT BOJIOTOCTI 130JISIII{ BiIIOBITHO IO TEMITEPaTypHOTO
npodinro, pekomernoBanoro MEK s cucremu oxonomxerns JIL{

ABTOpamMH 3arponoOHOBaHO 3aCTOCYBAHHs TAaKOTO INIXOJY 1O OLIHKH
3BOJIOXKEHHSI TpaHC(POPMATOPy B MpoIieci HOro eKcruryaTamnii i3 3aCTocyBaH-
HSIM aBTOMaTH30BaHOI CHCTEMH MOHITOPHMHIY, JUIS YOTO MPOIIOHYETHCS BU-
MHKaTH (200 3MeHIIyBaTH €(pEeKTHUBHICTh CUCTEMH OXOJIOMKEHHS TpaHCQo-
pMaTopa) B Mporieci Horo HaBaHTaXeHHS Ha 24 TOIWHU, a 3aBASKU MOCTIiH-
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Hilf aBTOMaTHYHIH peecTpalliif TeMneparyp Ta BiJHOCHOTO BOJIOTOHACHYECHHS
Macia (KOoKHi 2 XBIJIMHHA) POOUTH aBTOMATHYHHUNA ITPOTOKOJ Ta 3aKIFOUCHHS
PO 3BOJIOKEHHS 130JIAIIHHIN KOHCTPYKIIii Ta PO3IOILT BOJIOTH.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. Sokolov, V. V., Vanin, B. V. Evaluation of power transformer insu-
lation through measurement of dielectric characteristics [Text] / V.V.
Sokolov, B.V. Vanin // Proc. Int. Conf. Doble Clients, Boston, USA. — 1996.
—pp.- 1 —-19.

2. Sokolov, V. V. Vanin, B. V. Experience with In-Field Assessment
of Water Contamination of Large Power Transformers [Text] / V.V.
Sokolov, B.V. Vanin // Proceedings of the EPRI Substation Equipment Di-
agnostic Conference VII, New Orleans, LA, February 20-24, 1999.

YK 621.3.048.1

Caxno O.A.!, Ckpynceka JI.C.2, ITerpenxo B.M.3

! kang. TexH. Hayk, gou. HY «3anopisbka momTexHika»
2 crapm. Bukn. HY «3anopizbka momiTexHikay»

3 cryn. tp. E-412m HY «3anopisbka IOTiTEXHIKa»

JIIATHOCTYBAHHSA CTAHY HEJIHIMHUX OBMEXYBAYIB
HEPEHAITPYT 110 — 750KB III1 POBOY0I0 HATIPYT'OIO

CydacHi HemiHiiHI 00MexyBadi nepeHanpyr (OITH) Ha kimacu HampyTu
110xB Ta Bume He MOTPEOYIOTH peecTpaTopa CIpanbOBYBaHb, OCKUIBKHA B
amaparax 3aCTOCOBYIOThCSI HECTapiroUi BapHCTOPH, Ha BiIMIHY BiJl BEHTHIIb-
HUX PO3PSJHHUKIB, VISl SIKUX TaKUH peecTpaTrop HEOOXiTHUH IJIsl CBOEYACHO-
r'0 BUBEJICHHS B KaIPEMOHT amnapary (3a3Buuaii micist 20 cripaiibOByBaHb ).

Pucynok 1 — BrimoueHHs JaTumka 1 KOHTPOIIO CTPyMY BUTOKY
OITH B mmHy 3a3eMIIEHHS
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Haii6inpm inpopmatnBENM MeTomoM miarHocTuku crany OITH e xoHT-
PO TEMITepaTypyu BapHCTOpIB Yy CepenHii YacTHHI amapary, y IO€IHAHHI 3
Oe3mepepBHUM KOHTPOJIEM CTPYyMY MPOBIIHOCTI. BHACHiIOK HemiHIHHOCTI
BOJIbT-aMIIEPHOI XapaKTEPHCTUKH BapUCTOPIB y KPHBIil aKTHBHOI CKJIagOBOi
CTpyMy MicTsThest 3-4, 1 7-a, 1 11-a rapMoHIiKH, 3-1 rapMOHiKa Mae HAHOLIbILY
aMIUTITYy, 1 KOHTPOJIb aKTHBHOI CKJIa/10BOT JIOIUILHO BUKOHYBATH 32 HEIO.

Jlani BUMIpIOBaHb CTPYMiB JIOLIJIBHO NPUBOAUTH JI0 3HAYEHb TPHUBAJIO
JIOIYCTHMOI po060901 HAaNpyTH 3a GOpMyJI0I0:

I(UH): quam : UH/UClJaKT (1)

ne I(U,) — npuBeneHe 3HaYCHHS CTPYMY; Ipacr, Ugaxr — BUMIPSHHI 3HA-
YEeHHsI CTpyMy Ta HanpyrH; U, — HOMiHalIbHA HaIpyTa.

3anporoHoBaHi aBTOpaMHi METOHKA Ta MPUCTPiil AIarHOCTYBAaHHS BH-
KOPHCTOBYIOTh 3B’SI30K MDK CTPyMOM TPEThOi TapMOHIKH Ta aKTHBHOIO
CKJIa[I0BOIO PoO0OYOTo CTpyMy BapucTopiB (mpubimsuo /a = 1,8-13), 3 moxuo-
Koto, 1o He nepeBuinye 20% [1]. ExciepuMeHTaNbHO MPU TOCTIIKCHHSIX
aBTopamu ctpyMmiB OITH 500xB BcTaHOBIIEHO, 10 BETUYHUHA CTPYMIB BUTO-
Ky IO TIOBEPXHI MOXeE CKJIagaTd a0 2MA 3aJIe)KHO Bifl CTYICHS 3a0py/IHEH-
Hsl TIOBEpXHI i30JI5ITOpa Ta BOJIOTOCTI TMOBITPsl, 0O MOBEPXHsI € HENIHIHHUM
MPOBIHAKOM, IO JOPIBHIOE POOOYOMY CTPyMy depe3 BapUCTOpHU, aye
CTPYM BHTOKY IIO TIOBEpXHi 3a0pyIHCHOI i30JAIi1 HE € MOKa3HUKOM OpaKy-
BaHHA, TOMY Iepef0adeH0 aBTOMATHYHMN PO3PaxyHOK KOPEIIis 3Ha4eHb
rapaMeTpiB CTpyMy 3 BOJIOTICTIO HABKOJIMIITHBOTO CEPEIOBHINA IS JIOAAT-
KOBOTO aHaJi3y HOro BIUIMBY HA Pe3yJbTAaTH AIarHOCTYBaHHS.

Crpym BuToky OMH, mA

Yac, ¢

Pucynok 2 — Ocrunorpama crpymy Butoxy OITH 500xB
(3amip miz poOOUOrO HAMIPYTOKO Ha IOl MiACTaHIIIT)
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Caxno O.A.!, Ckpynceka JI.C.2, Xomenko C.B.3

! kang. TexH. Hayk, qom. HY «3amopisbka IOTEXHIKa»
2 crapm. Bukn. HY «3anopizbka momTexHika»

3 cryn. p. E-412m HY «3anopisbka IoTiTEXHIKa»

MOJEPHI3ANISA IIA®U KEPYBAHHSA CUCTEMOIO
OXOJIOUKEHHSI TPAHC®OPMATOPY

Ha meit vac B YkpaiHi icHye BelnKa KiNbKiCTh CHIIOBOTO TpaHchopMa-
TOPHOTO OONamHAHHA, AKe 00JamgHaHO mradaMu KepyBaHHS OXOJOIKCHHIM
Ha 0a3i «perneitHoi yorikm». BimpmmicTs TpaHChOpPMATOPiB, BUIYIICHUX IO
kiHs 90-x pokiB 20 cromiitTs He Oynu oOyiafHaHI iHIUKATOpaMH TeMIepa-
Typy OOMOTKH, TOMY QJITOPUTM poOOTH Imadu yHpaBlliHHS HE BPaXxOBYBaB
TeMIIepaTypy OOMOTKH, a TaKOX HE BPaxOBYBaB HaBaHTaKEHHS TpaHCQop-
Maropa. AJITOpUTM poOOTH TakuX Iiad HE BPaXOBYE Pecypc JABUTYHIB BEH-
TWISITOPIB Ta HAcOCIB, HE BPaxOBY€ O4YiKyBaHI 3MiHHM HaBaHTa)XEHHs (Ha
puc.1 HaBeJeHO MANIOHOK CUCTEMU 0XoJo keHHs Tuity J[L1).

Pucynok 1 — Cxema mimximodeHHs 0XO0JI0KyBada A0 TpaHchopMaTopy:
Tparcdopmarop; 2 — Hacoc; 3 — KOJEKTOp W1 Macia; 4 — BEeHTWIATOPH; 5 — Audy30p

B ocranHi necsatwiniTrs 21-ro CTOMITTS CTPIMKHIA PO3BUTOK MIKpPOIPO-
LIECOPHOT TEXHIKHM HaJaB MOXKJIMBICTh BUKOPUCTOBYBATH y madax KepyBaH-
HS mIporpaMoBaHux Jorigaux kKoHTponepis (ITJIK), sxi Ha OCHOBI 30BHIIIHIX
CHUTHAJIIB MOXYTh 3a0€3MEeUNTH THYYKy POOOTY CHCTEMH OXOJIOJKCHHS, SKY
HE MOKe 3a0e3neunTH Ha 6a3i peseiHo1 JoTika.

Ha ocHOBI npoBeeHNX JOCHTIHKEHb PSKUMIB HABaHTAXXEHHS Ta 3a Ja-
HUMH TeMIIepaTyp BEPXHIX MIapiB Macja, OTOYYIOUOro CepeoBHINa, aCTPO-
HOMIYHOTO 4acy Ta HaBaHTAXXEHHS, & TAKOXX 3 BUKOPUCTAHHSM alTOPUTMY
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MO/ICITIOBaHHS TEMIIEPAaTypu Macia Ta 0OMOTOK TpaHchopmaTopis [1] aBTo-
paMH 3alpOIIOHOBAHO CXEMY MOJEpPHI30BaHOI Iadu KepyBaHHS, IO Mae
HACTYITHI IepeBaru:

— BHOIp ONTUMAJIBHOT KIIBKICTI BEHTWIATOPIB Ta HACOCIB;

— 3rIaJIUTH TIKOBI 3HAYCHHS TeMIlepaTypd HaHOLIbII HArpiTOl TOYKH
OOMOTKHM 1 TUM CaMUM 3HU3UTH (DAKTUYHUI 3HOC 130JISIIii Ta MPOrHO3YBATH
HaBaHTAXyBaJIbHY 3/IaTHICTb;

— HE BUKOPHUCTOBYE J0OPOT1 iIHANKATOPU TEMIIEPAaTypHU OOMOTKH;

— He oTpedye okpeMHux BOYIOBaHMX TPAHCPOPMATOPIB CTPYMY;

— JO03BOJISIE 3MEHIIUTH 3HOC €JIEMEHTIB CHCTEMH OXOJOKEHHS (po3-
paxyHKoBO 10 10%, B 3a11€XKHOCTI BiJ] THIIOBOTO HABAHTAKCHHS);

— JIO3BOJISIE€ 3MEHIIIUTH 3HOC 130711 TpaHcPopmaTopy (PO3paxyHKOBO
1o 5%).

Temnepatypa ofimoTii 3 i wadoto Kepy

Temnepatypa oBMOTKM i3 3BUHaiHKMM WwWadoto KepyBaHHA
————— KoediujeHT HasaHTameHHs
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Pucynok 2 — I'pacik 3MiHN TeMnepaTypy HalOLIBII HArpiTOT
TOYKH OOMOTKH TIPHU Pi3HUX aITOPUTMaX OXOJIOKEHHS

CIIMCOK BUKOPUCTAHOI JTITEPATYPU

1. IEC 60076-7:2018. Power transformers — Part 7: Loading guide for
mineral-oil-immersed power transformers [Text]. — IEC, 2018. — 89 c.
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YK 621.3

bparina C.M.!, Bacmiescrknii B.B.2, Kammierko O.0.3 Bacunescska A4

Ueryn. mp. E-412M HY «3anopisbka HOJTiTEXHIKa»

2 xaHJ. TeXH. HayK, cTapnr. BUKIL HY «3amopisbka momiTexHika»

3 crapm. Bukn. HY «3anopizbka momiTexHikay»

4 acuct. HY «3amnopi3bka IMomTexHiKa»

HNEPCIHEKTUBU 3ACTOCYBAHHS CHATGPT Y BUPOBHHUITBI
EJJEKTPOTEXHIYHUX IIPUCTPOIB

ChatGPT — 11e Bennka MOBHaA MOJ€ENIb MAIIMHHOI'O HAaBYaHHs, 3aCHOBA-
Ha Ha apxitekTypi GPT-3.5. ChatGPT mMoxe OyTH BHKOpHCTaHH B cydac-
HOMY BHPOOHHITBI €JIEKTPOTEXHIYHUX MPHUCTPOIB Ul aBTOMAaTH3aLlil Mpo-
LieciB BUPOOHHUIITBA TA TECTYBaHHs. PO3risiHEMO AeKijgbka MOKIIMBHX 3aCTO-
cyBanb ChatGPT B wiii ramys3i.

Bupo6uunurBo: ChatGPT moxe OyTu BUKOpHCTaHUil AJsl OKpALICHHS
NpoLeciB BUPOOHHIITBA €IEKTPOTEXHIYHUX MPUCTPOiB. Hampuknan, Monens
Moe OyTH HaBY€HA MPOTHO3YBATH HECHPABHOCTI Ta MOJIOMKH BUPOOHHYOTO
oOnagHaHHA 3 BHKODHCTaHHSAM JaHMX, 310paHMX 3 JaTYMKIB BHPOOHHUYUX
niHiit. e mo3BoauTe 3abe3meunTr OUIBII TOUHY iH(OPMAIIIO PO CTaH 00-
JaJHAHHS Ta 3arMo0irTH MOXIMBHAM 3005M, IO 3MEHIIUTH BUTPATH HA pe-
MOHT Ta 3aMiHy O0JIaJHaHHS.

Kpim Toro ChatGPT moxxe OyTH BHKOpHCTaHHUU AJIS TUIAHYBAaHHS BU-
POOHHUIITBA ENEKTPOTEXHIYHUX NMPUCTPOiB. Hanpuknaa, Moaens Moxe OyTn
HABYCHA aHAII3yBaTH JaHI MPO MOMHUT Ha MPOAYKIIIO Ta MOKIHBOCTI BUPO-
OHUIITBA, 11100 TPOrHO3YBATH KUIBKICTh MOTPIOHUX MaTepiaiiB, 00JIaJHaHHS
Ta poO0Y0T CHJIM HA PI3HKUX e€Tanax BUPOOHUYOTO MPOIIECy.

VY3araneHeHHs TexHousoriuHoi pokymenTanii: ChatGPT moxHa Buko-
PHCTOBYBATH Ul aBTOMAaTHYHOTO y3arajbHEHHs BEJIUKOI KUIBKOCTI TEXHO-
JIOTIYHOT MOKYMEHTAIlil, TaKOl SIK TEXHOJIOTiYHI IHCTPYKIIii, MapmpyTHi Ta
omepamniiHi KapTH, IO MOJIETIIYE CIiBPOOITHUKAM IMOITYK HeoOXimHOI iH(O-
pMarrii.

TecryBanns: ChatGPT moske OyTH BHKOpHUCTaHHN IJIsi aBTOMAaTH3aIii
MIPOLIECY TECTYBaHHS €JIEKTPOTEXHIYHUX MPHCTPOIB HAa eTari BUPOOHHITBA.
Tak, Mozienns Moke OyTH HaBU€HA BIJIIOBIIATH Ha 3alUTaHHS TIPO PE3yJIbTa-
TH TECTYBaHHs Ta BUSBJICHI HECHPABHOCTI MPUCTPOiB. Lle N03BOMUTH HIBHI-
KO BUSIBJISITH NPOOJIeMH Ta 3a0€3MeUUTH OlIepaTUBHE YCYHEHHS HEIONAI0K.

ITokpamenns sxocti nponykiii: ChatGPT moxe OyTu BUKOpUCTaHUN
JUI TIOKpaIIeHHs SKOCTI BHPOOHHMIITBA €JIEKTPOTEXHIYHMX NpHCTpoiB. Ha-
MIPUKJIa, MOAETh MOKe OyTH HaBYCHA BiATIOBIIATH HAa 3aIUTAaHHS IPO TEX-
HIYHI XapaKTepUCTHKH MPOJYKIIl Ta HaJaBaTH PEKOMEHJalil 010 MOKpa-
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MICHHS SIKOCTi MPOIYKIii, 0 301MBIINTE 33H0BOJICHICTh KIII€HTIB Ta IIiIBHU-
IIUTh KOHKYPEHTOCIPOMOKHICTh KOMIaHi{ BHPOOHHKA.

Vi ni 3acrocyBanHs ChatGPT mMoxyTh miaBHIINTH e(EKTHBHICTH Ta
NPOIYKTUBHICTH BUPOOHHMLTBA EJNIEKTPOTEXHIYHUX MHPUCTPOIB, 3MEHIIMTH
BUTPATH Ta MOKPAILIUTH SKICTh MPOIYKIIi.

YK 621.3.048.1

Caxno O.A. !, Kamrieako O.0. 2, redan O.10.3

! kang. TexH. Hayk, nom. HY «3amopisbka IoiTEXHIKa»
2 crapur. Uk HY «3anopizbka MomiTexHiKay

3 cryn. rp. E-412m HY «3anopizbka MomTeXHIKa»

MOHITOPUHI TEXHIYHOT'O CTAHY TA HOHNEPEJ’KEHHA
BIJIMOB ITPUCTPOIB PET'YJIIOBAHHS HATIIPYTU CUJIOBUX
TPAHC®OPMATOPIB IIIJl HABAHTAKEHHAM

CTaTHCTHKA PEMOHTIB IOKa3ye, MO0 MOLIKOIKCHHS NMPHCTPOIB PEryJIro-
BaHHS HanpyTH i HaBaHTaxeHHsM (PIIH) € omHiero 3 HalimommpeHinmx mpu-
YWH aBapiii cuitoBoro TpancgopmaropHoro oonanHanHs [1]. Tomy akTyaibHOIO
3a71a4eIo € PO3poOKa KOHIIETIIT Ta IPHCTPOIO MOHITOpHUHTY npucTpois PITH, 1o
JIO3BOJISITH TIEPEHTH Bijl CHCTEMAaTHYHOTO TEXHIYHOTO OOCITyroByBaHHS /IO TEX-
HIYHOTO 00CITyrOByBaHHS 32 peaJlbHUM TEXHIYHUM CTAHOM Ta 3arodirae pamTo-
BUM BiJIMOBaM Ta aBapiiHUM CTaHaMm O0J1a/IHaHHSI.

ABTOpaMH 3aIllpOTIOHOBAHO KOHIICIII[II0 MOHITOPUHTY Ha 0a3i Bimmaire-
HOTO MOKA)XYHKa MoJjioxkeHHs npuctporo PITH, sika ocHOBaHa Ha BHKOpHUC-
TaHHI 3Ha4YeHb: CTPYMY IBHUT'YHa NpuBOAy mpuctporo PIIH, cTpymy HaBaH-
TaXCHHS, TEMIIEPaTypH Macia, BOJIOTOHACHYCHHS Maclia, MOJIOKEHHS NpH-
crpotro PITH.

usé

PucyHox 1 — 3oBHimHii BUTII11 Binmanenoro nokasurka PITH 3
¢yukuissmu Monitopuary EA-TCRD-01
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Peecrpariist BkazaHUX MapamMeTpiB J03BOJISIE TPOBOANTH:

— obmik pecypey PITH (peectparmis kimpkocti nepemukanbs PITH (me-
XaHIYHHX Ta eNEKTPUIHHX ), 9ac poOOTH Ha KOXHil oTmaiini PITH);

— KOHTpOJIb TeMIepatypHoro pexxumy PITH;

— TIOTIepeKEHHsI aBapiifHuX pexkumiB mpuctporo PITH BHacminok me-
PEBHUILIIEHHS BOJIOTOHACHYEHHS Ta TEMIIEPaTypy Macia;

— BIICTIAKOBYBaHHSA 3MiH B MeXaHIYHHX By3iax mpuctporo PIIH Ta
Horo nmpuBoAy (Ha OCHOBI aHANI3y OCLMJIOIpaM CTpyMy OOMOTOK JIBHUTYHa
IIPUBOAY);

— peanizauito GYHKLIT pesieifHOT aBTOMAaTUKK Ta curHaii3aii (06J10Ky-
BaHHS 32 HU3bKUX TEMIIEPATyp, CUT'HANI3aLlis KpaiHiX MOJIOKEeHb Ta 1HIII).

Mixponponecopruit 510k iHTepdeticy (THCTITEH, Buaok pereinoi
mabposi inTepdeticn) CHIHATi3auil
) )
‘ MikponponecopHHi 010K PO3PaxyHKY MaTeMaTHIHHX TapaMeTpis
BI0K KOHTPOTEO BIOK KOHTPOTIEO B10K KOHTPOTIO CHTHATIR
omopie CHIHATIB THITY 4-20MA 3MIHHOTO CIPYMY
JaTIHK JaTIHK JaTIHK JaT4HK CTPYMY JaTIHK CTPYMY
TeMIepaTy TOTOKEH BOTOTOHACHT HABaHTAKEHHT IBHIYHY
pH (Pt100) ms PTTH SHHS MacTa ®.B npHBOIy §.B

Pucynok 2 — CTpyKTypHa cxema IIpUCTPOIO

Ha ocHOBI 3ampornoHOBaHOI KOHIIEMINI aBTOpaMu pO3poOJIeHO Bimga-
neHni mokakdyuk nosiokeHHs npuoxy PIIH EA-TCRD-01 npusnaueHwii
JUIs BigasieHol inauKanii Homepa mosoxenHs mpuctporo PITH Ta peamizanii
¢yHKIid MOHITOpUHTY. [IpUCTpiii MOXe 3aCTOCOBYBATHCS K IS 3aMiHHU
(MozmepHi3arlii) cTapuX CTPUIOYHHUX MOKaXYUKIB, IO TPAIIOIOTH 3 IPHUBOJIA-
mu MZ, EM, ED-S, PHT, II/JI1, Tak i mpu KOMIUIEKTAIlii HOBOTO yCTaTKYy-
BaHHS.

OxpiM iHIUKAIIT TOJO0XKEHHS, PUCTPIH YKOMIUIEKTOBAHO BUXiTHIMH
iHTEepdeiicaMu, UIS BHIA4i CHUTHANIB Y MPUCTPOI «BEPXHBOTO PIBHI» abo
LeHTpatizoBaHi cucteMu MoHiTopunry Ta ACK TII.

MoiepHi30BaHUil NOKAKYMK MOJIOKEHHS CIPUSE 3HIDKSHHIO eKCILTya-
TaliiHUX BUTPAT 3 MiJBUIICHHSIM TEXHIYHOI CTIHKOCTI E€HEpProCHUCTEMH;
3abe3nedye OI[IHKY MOTOYHOI'O CTaHy Ta IPOTHO3 3aJMIIKOBOTO Pecypcy
PIIH, mis maHyBaHHSA PO3MOALTY (iHAHCOBHX aKTHBIB, B yMOBaxX KPHUTHU-
HOTO CTapiHHA MapKy yCTAaTKyBaHHS; 3a0e3ledye aBTOMAaTH3aIliI0 JTiarHOC-
TyBaHHs Ut cTBopeHHs mifgcranuii (I1IC) 6e3 mocriitHoro o6cyroByrouoro
MIEpCOHAJTY Ta CTBOPEHHSI IHTENIEKTYyalIbHUX €IEKTPOCHEPIeTHYHUX CUCTEM B
VYxkpaini.
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YK 621.314

Adanaceen O.1.!, Adanmacres A.B.2, boiiko 0.10.2, Braxno M.I1.2, ®okin
A.B.2 lllep6ak M.B.?

! kang. TexH. Hayk, noiu. HY «3amnopisbka monitexnika»

2 cryn. tp. E-412m HY «3anopisbka IOTiTeXHiKa»

JTIOCJIJUKEHHS MOKA3ZHUKIB EKCILTY ATAIIIHOT
HAJIIMHOCTI B 3AJIEKHOCTI Bl KOHCTPYKTHUBHUX
YUHHUKIB TA PEXKUMY HABAHTAKEHHS EJJEMEHTIB
BUCOKOBOJIbTHUX PO3MOALILHUX IPUCTPOIB

[TigBHIIICHHS BUMOT II0JI0 SKCIUTyaTaI[iiiHOT Ha{iHHOCTI SK MiACTaHIIIH
BUCOKOI HANpyTH, TaK 1 IX CKJIQJI0OBUX YaCTHH y MOBHIN Mipi 3aJIEKUTh Bif iX
EJIEKTPUYHOT CKJIAJ0BOI TOJOBHHX KL AHaji3 eleKTpoanapaTrHOi YacTHHU
miacTaHIii Ta iX po3moxuibHUX mnpuctpoiB (PII) mokaszas, 10 3HaYHOTO
eeKTy BiJ MIIBUIICHHS EKCIUTyaTalliiHUX XapaKTepHCTHK, HalpHKIAal,
i3omsniiiHOT koHeTpykuii (IK), € mokparieHHs cucTeMu 3axXUCTy BiJl pi3HOTO
POy MepeHamnpyr, a TaKoK OUThII PiBHOMIPHHM PO3IOIUICHHSM €JICKTPHY-
HOTO HaBaHTa)XKEHHS Ta ocoOnmuBoCTel pesepByBaHHs [1, 2].

INonanpnie 3pocTaHHs BUMOT IIOJO HOPMYBAaHHS Ta NPOTHO3YBAaHHS
MOKAa3HUKIB eKcIiuTyaTamiiHoi HamiiHocTi IK Ta ii eneMeHTIB moTpeOyIOTH
HEOOXIHICTh BHpIIICHHS 3a7adi po3paxyHKy Ta aHali3y NOKa3HUKIB Halil-
HOCTI OKpeMux eyieMeHTiB. [Ipu 1poMy cimiji OLIbII TOYHO BPaxoOBYBaTH ix
CTPYKTYPHI OCOOJIMBOCTI Ta XapaKTEpUCTUKH (Pi3MYHUX IMPOLECIB, IO OKa-
3yIOTh BIUIMB HAa OKPEMi CJICKTPUYHI anapartd, 1o ckiagaroTe PII BUCOKOI
Hanpyr# [3, 4]. OnuT ekcrutyararfii mokasye, 0 TepMiH Mparli OiIbIIOCTI
CJIEKTPUYHHX arapariB BU3HAYa€ThCS JIBOMA TOJOBHHMH YMHHHKAMH, I€
YMOBaMH TEIJIOBOI'O PEXUMY POOOTH Ta PEKUMOM EJISKTPUYHOTO HaBaHTa-
skerHs 1x [K. Skmio mepmmii Y4MHHUK JOCTaTHRO CTAOUTBHHUN Y MPOIECi eKC-
IuTyaTanii, To Jpyruidi YNHHUK Ma€ CYTTEBY 3aJICKHICTH BiJl yMOB €KCIUTya-
Talii Ta KOHCTPYKTUBHUX OCOOJIMBOCTEH, HAIIPHUKJIIA]] CUCTEMH €KpaHyBaHHS.

VY cydacHHX eJeKTPHUYHHX arapaTiB BHCOKOI HANpYrW Uil BUIOTOB-
nenns 1K Bce mmpiie 3aCTOCOBYIOTH TONIMEpHi i3omsuiiini marepiamm. Ix
BHCOKY TPEKIHI'0-epO3iiiHy Ta JyrOBY CTilKiCTbh, a Tak0X BOJOTOPO3PsIHI
XapaKTEePUCTHKH 3a0€3MeyI0ThCSI BUKOPUCTAHHIM CIIEHiaIbHOTO peOpHucCTo-
TO TIOKPUTTS 3 BUKOPHUCTAHHAM CHIIIKOHOBOI 200 €THIICHIIPOMIIEHOBOI eNleK-
TPOTEXHIYHO{ TyMH. AHali3 TOJIOBHUX XapaKTEePUCTHK BUINE ITO3HAUYEHHX
€JIEMEHTIB M0Ka3aB, 10 BOKJIMBUM YMHHHKOM, KW Ma€ BIUIMB Ha MOKa3-
HUKH eKCIUTyaTamiiHoi HaZiHHOCTI € HaNpPy)KEHICTh €JIeKTPUIHOTO moiisi. B
ctpykrypi IK Takux enxekrpuunHux amaparax ais komriekranii PIT, sk Bumi-
proBaJIbHI TpaHc(opMaTopH, 0OMeXyBadi epeHanpyr, MHHHI OMTOPH, TOIIO0
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Ma€ MiCIe CyTTEBO HEPIBHOMIPHE PO3MOJUICHHS HAIpy>KEHOCTI IMOJS y3-
JIOBXK BHCOTH a00 momxuHH 1K, [0 MOKe 3HAYHO BIUIMBATH HA TPHBAJICTH
eKCIUTyaTalli u, sSIK HaCJIiIOK [IFOTO, Ha TIOKAa3HUKH eKCIDTyaTalliifHOI HaiifHOC-
Ti. B Takux ymMoBax BUHHKa€ HEOOXiIHICTh OIIHHUTH BIUIMB HATIPY>KEHOCTI IO
Ha TePMiH eKCIUTyaTallii Ta BiITOBITHO HA MOKAa3HUKHU HaiiHOCTi [K.

Binpm toro, Ha okpemi ckiamosi PII TpanchopmaropHUX mimcTaHIii
CYTTEBHH BIUTHB OKa3y€ CTPYKTypa CHCTEMH pe3epBYBaHHS TOJOBHHX KilT B
yMOBax OOpaHHS THUX YM IHIIUX CXEMHHX pillleHb. Y OUTBIIOCTI BHIAAKIB
Ii/IBUIIEHHS TIMOMHU pe3epBYBaHHS IIPHUBOAUTD 10 IOKPAIICHHS ITOKa3HHU-
KiB HaJliIHHOCTI, ajie MPU LbOMY MOXYTh 3HW)KYBAaTHCSI €KOHOMIYHI IOKa3HH-
KM, HalpHKJIaJ 3pOCTaHHS KalliTaJIOBKJIaeHb Y OyNiBHHLTBO mifgcTaHmii. B
LIOMY BHII3JKy TOCTPO BHHHMKA€ HEOOXIJHICTb MPOBEIECHHS HU3KU JIOCIHi-
JDKEHB I10JI0 BUOOPY ONTHMAJIbHHUX CIIBBIIHOIICHH MiX TAKUMH CKJIa[OBH-
MU TIpOIIECY MPOCKTYBaHHS, K TEXHIYHI pIillIeHHS, piBEHb ITiIBUIICHHS Ha-
IIITHOCTI Ta JOJATKOBI €KOHOMIYHI BUTPATH, IO MOTPiOHI AJIS IBOTO.

3 MeTO BHUpIMICHHS i€l 3a/aqi po3pOOIIEHO alTOPUTM Ta HEoOXiaHe
nporpaMHe 3a0e3IeUeHHs 11 BU3HAYCHHS PO3MOAUICHHS HaNpyKEHOCTI
noJtst y3noBx onopHoi IK it pisHuX BuniB amapatiB. BukopHucTaHHS 1IHOTO
KOMIIIEKCY TO3BOJISIE OIIIHIOBATH TaKW MOKa3HUKIB HAIIIHOCTI, K WMOBIp-
HICTh 0€3BiIMOBHOI Mpalli, MATEMATHYHE OYIKYBaHHS CEPEAHBOTO HAIPALO-
BaHHS JI0 BIIMOBH Ta T'YCTHHY PO3IIOJITY B yMOBaX 3aCTOCYBaHHS HOPMab-
HOTO 3aKOHY PO3IMOJLIY Yacy HaIpalfOBaHHs J0 BiAMOBH. Po3po0iieHo yori-
YHY PO3paxyHKOBY MOJIENb Ta HEOOXIAHUH Ui 11 peasnizauii MaTeMaTHYHUI
arapart JJIsl OLIHKH TOJIOBHUX MOKa3HUKIB HAJIIITHOCTI CKJIaJJHUX pe3epBOBa-
HUX cxeM PII B yMOBaxX BUKOPHUCTaHHS B SIKOCTi TEOPETHYHOTO SKCIIOHESHIII-
aNbHOTO 3aKOHY PO3IOALTY BUIAJAKOBOT BETMYHHH.
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CEKIIIA «EJEKTPOMEXAHIYHI CACTEMHA ABTOMATH3AIII
TA EJJEKTPOIIPUBOI»

YK 621.3.078.3

Ps6inin A.A.!, Kpucan 10.0.?

Vacn. HY «3amnopisbka nomirexHikay

2 ka1 TeXH. HayK, goil. HY «3anopisbka nosiTexHika»

CTEH/J EJJEKTPOITPUBOJA HA OCHOBI BE3KOJIEKTOPHOT' O
JIBUT'YHA MIOCTIMHOT'O CTPYMY

BeskonekTopHi aBuryHn nocriiiHoro crpymy (BLDC) 3apa3 Buxopuc-
TOBYIOThCSI B 0araThbOX MPOMHKCIIOBUX 1 rocmoaapchkux chepax. Bonu 3a-
0e3reuyroTh BUCOKY €(EKTHBHICTh, Mally Bary, KOMIIaKTHICTb Ta HH3bKHH
piBerp mymy. BLDC 103BONAIOTH PETYJIOBAaTH MIBHIKICTH i 00EpTOBHIA
MOMEHT 3 BHCOKOIO TOYHICTIO, II0 POOUTH iX imearmbHUM BHOOpOM M 3a-
CTOCYBaHHS B €JIEKTPOTPAHCIIOPTI, IPOMUCIIOBUX Hacocax, BEHTHIIATOPaX Ta
IHIIUX cucTeMax aBToMarm3anii. Lleit Tun npuBomy, ananToBaHui 10 TEXHO-
J0Tii BEKTOPHOTO KEpYBaHHSA, 3AaTHUI NPAIIOBAaTH B TAJIbMIBHUX PEKHMax
i, KpiM TOrO, HE BUMarae CIHELiaIbHUX pillleHb B Taly3l CHJIOBOi YaCTHHH.
VHidikalis CHIOBOI YaCTHHU i1 TAKOT'O TUITY MPHUBOAY Ha 06a3i mobpe Bija-
NpalboBaHUX B MPOMHUCIIOBOCTI PillIeHb MOXKE 3ICHICBUTH MPUBOJ 1 3a0e3-
MEYUTH CKOPOUYCHHS TEPMiHIB PO3POOKH.

a)

a) MOJIeNb CTCHIY 0) peaizaris MoJeTi

Pucynok 1 — Etanu cTBOpeHHs 1a00paTOpHOTo CTeH Ia.

Jlaboparopuuii crenn (puc. 1) CTBOPEHO Ha OCHOBI OE3KOJIEKTOPHOTO
JIBUTYHA ITOCTIHHOTO CKJIAJA€ThCs 3 MapH JBUTYHIB Ha 3arajbHill OCHOBI.
Ban BumpoOoByBaHOi MallMHH TIOB’S3aHWK 3 MAIIMHOK HaBaHTAKCHHS
yepe3 JaT4uK 00epTOBOrO0 MOMEHTY. B SIKOCTI HaBaHTa)KyBaJbHOI MallMHU
BUKOPHCTOBYETHCSI OKpEeMO 30y DKEHHH JBUTYH IOCTiHHOTO cTpyMy. besko-
JIEKTOPHHH JIBUTYH 3aKpIIIEHUH KOHCOJIBHO 3 OHOTO OOKY 3a INTAaTHE KpiI-
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JICHHS CTaTOpa, a 3 IHIIOro OOKY 30BHILIHIA POTOP JBUTyHA Yepe3 MepexiaHe
MPUCTOCYBAHHSI Mepeiac 00epTaIbHUII MOMEHT Ha BaJl.

CkmazmoBi crenna: mocuigauid npuBoganit aBuryn GT36-48/600F-D;
HaBaHTaxyBanbHUH ABuryH 2ITH 100L 1.1xBT; MmydTn 3’ennyBainbHi; maT-
YHK TOJIOKESHHS Ha aHAJIOTOBUX €IEMEHTaX XOJUIa; PEOCTaT; JXKEePEIO KHB-
JICHHSL.

Cxema BUIIPOOYBaJILHOTO CTEHAY IPECTaBICHA Ha pUC 2.
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Pucynok 2 — JIaGopatopHuii crenn. Cxema eleKTprIHa IPUHIUTIOBA.

JlabopaTopHuii cTeH MOKe OYTH BUKOPUCTAHUI JJIs IPOBEACHHS Ha-
CTYIHUX JOCTIKEHb Ta TECTyBaHb:

— BHMBYCHHS BJACTHBOCTEl OE3KOJEKTOPHOTO IBHI'YHAa MOCTIHHOTO
CTPYMY B 3aJISKHOCTI Bijl HAIIPYTH Ta CTPYMY *KUBJICHHS;

— BUMIPIOBAHHS MIBUAKOCTI Ta KPYTHOTO MOMEHTY O€3KOJIIEKTOPHOTO
JIBUT'YHA TIOCTIHHOTO CTPYMY 3a PI3HUX YMOB JKHBIICHHS;

— IIOCII/PKEHHS eJeKTPUYHOT Ta MEXaHIYHOT CTPYKTYpH OE3KOJIEKTOP-
HOT'O JIBUTYHA MMOCTIHHOTO CTPyMY;

— MPOBEJICHHS EKCIIEPUMEHTIB JIJIsi BUBUCHHS B3a€MO/Ii1 OE3KOIEKTOP-
HOT'O JIBUTYHA MOCTIHHOTO CTPyMY 3 PI3HMMH THUIIAMH HaBAHTAXKEHb;

— OIliHKa e()eKTUBHOCTI OE3KOJCKTOPHOTO JBUTYHA TOCTIHHOTO CTPY-
MY 3a pI3HMX YMOB JKHBJICHHS Ta HAaBaHTa)KeHHS;

— JIOCITI/KEHHSI MOXKJIMBOCTI 3aCTOCYBaHHsI 0€3KOJIEKTOPHOTO ABUTYHA
MOCTIHHOTO CTPYMY JUISl PI3HUX ITPOMHUCIIOBUX 3aCTOCYBAaHb.

CreH/J| TaKOXK MOYKe OyTH BUKOPHCTAHUI 1JIsl HABYAHHSI Ta HABYAIbHUX
niieit. CTyJeHTH MOXXKYTh HABYMTHUCS PO3YMITH HPHHIUII POOOTH €JIEKTpUY-
HUX MPHUBOJIB, OI[IHIOBATH 1X BIACTUBOCTI Ta BU3HAYATH 1X ¢(PEKTUBHICTH 3a
PI3HUX YMOB JKUBJICHHS Ta HABaHTa)>KCHHS.

BukopucTaHHs IOTO CTEHIY MOXE JIOIOMOTTH CTyJEHTaM OTPUMAaTH
NIPAaKTHYHI HABUYKH y Tally3i eJIEKTPOMEXaHIKH Ta MiATOTYBATUCS 10 pOoOOTH
B MIPOMHCIIOBOCTI.

193



YK 621.3.078.3

Pa6inin O.A.!, Pa6inin A.A.%, Kpucan 10.0.°

Ucryn. rp. E-312M HY «3anopisbka HomiTexHikay»

2 acn. HY «3anopi3bka nosiiTexHika»

3 kaHj. TexH. Hayk, gou. HY «3anopisbka nositexHikay»

MOJEJIOBAHHS CUCTEMHU ABTOMATHYHOI'O BBOAY
PE3EPBY (ABP) HA BA3I MIKPOKOHTPOJIEPA SIEMENS
LOGO!8

CucremMa aBTOMaTHYHOTO BBe/IeHHs pe3epBy (ABP) € BaxxnnBuM KoM-
MOHEHTOM EJICKTPUYHOI MEpexi, sika 3a0e3rneuye HerepepBHy poOoTy oba-
JHAHHS Ta MPUCTPOIB, SIKI MPAIIOIOTh B YMOBaX HE3aJOBUIBLHOI HAJIMHOCTI
OCHOBHOTO Jkepena xupieHHs. ABP € cuctemoro, sika aBTOMaTUYHO Tepe-
MUKA€ KUBIICHHS 3 OCHOBHOTO JDKEpesia Ha Pe3epBHE [DKEPEIIo )KUBICHHS Y
pasi BiIMOBH OCHOBHOTO mKepena. ABP mmupoko BHUKOPHUCTOBYIOTHCS B
CHUCTEMaX eJIEKTPOTOCTaYaHHS Ha MPOMUCIOBHAX MiATIPHEMCTBAX, 00’ €KTax
3B’SI3Ky Ta TPAHCIIOPTY LI 3a0€3MeYeHHS HAMIMHOCTI €JIeKTPOIIOCTaYaHHS
cnoxwuBadviB 1-1 Ta 2-1 kareropii.

MopemoBanus cuctemMd ABP Ha 0a3i MikpokoHTposiepa Siemens
LOGO!8 € Ba)XTUBUM €TArioM MPOCKTYBAHHs Ta PO3POOKHU crcTeMu. Mikpo-
koHTtponep Siemens LOGO!8 € moTyXHUM IHCTPYMEHTOM [UIsl MIPOTpamy-
BaHHS Ta KOHTPOJII0 poboTtu cucremu ABP. Ls TexHoorist no3Bossie 3a0e3-
MeYnTH HaliiiHy Ta Oe3nepeOliiiHy poOoTy eneKTpu4yHOT Mepexi Ta o0naj-
HaHHS B YMOBaX He3aJJ0BIJIbHOI Ha [IHHOCTI OCHOBHOI'O JUKEpEJa )KUBIICHHSI.

Pucynok 1 — IlpoexryBanns kamepu kepyBaHHsS ABP.

Cxema KepyBaHHS Ta CHTHAJI3aIlil B aBTOMATHYHOMY PEKMMi KOHTPO-
JII0E HAsIBHICTBH ycixX (a3, BIACTEXKYe MOCIHIIOBHICTh depryBaHHs (a3 0060x
BBOJIB. Y pa3i HEBIAMOBIJHOCTI JaHUX YMOB CXeMa J[a€ KOMaHIy BiJKIIIO-
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YEeHHsI KOHTaKTOpa/MOTOp-aBTOMara IPOOJEMHOTO BBEJICHHS 13 BKJIIOYCHHSIM
CEeKUiHOTO KOHTAaKTOpa/MoTop-aBToMata. [lepenbadeHi THMYAcOBi 3aTPUMKH
ofiavi KOMaH/| YBIMKHEHHS/BUMKHEHHS. [IpH 1IboMy CTaHM BBEIICHHS Ta po0o-
TH KOHTAaKTOPIiB BiMOOPa)XalOTHCS CBITJIOBAMH IHIMKATOpaMHd Ha JIHIIBOBIH
mareni magu ABP. Uepe3 momaTkoBi KOHTakTH KOHTAKTOpPIB Ha KOHTPOJEP
HAIXOUTH iH(pOpMAIIisS PO poOOTY BiNIIOBIAHOTO NPHCTPOIO. Y pasi BUXOIY 3
JIay OIHOTO 3 BCTYIHUX KOHTAKTOPIB BiOYBA€ThCS BKIFOUCHHS CEKIIIHOTO 3
OJJTHOYACHOIO 3a00pOHOI0 BKJIFOYEHHS! aBapiifHOr0 KOHTAKTOPIB.

Pyunuii pexxum poOOTH MICTUTH (DYHKLIl BKIIOYEHHS/BIIKITIOYCHHS
BCIX TPhOX KOHTAKTOPIB 3 BiOOpakeHHsIM iH(pOpMaIii CBITIOBUMH 1HIHUKA-
TOpaMHu Ha JIMIBOBIH maHeni mapu ABP 1 gk npaBuiIo BUKOPHCTOBYETHCS
KkBai(pikoBaHUM OOCIYTOBYIOUMM IIEPCOHAIIOM JUISL TIEPEBIPKH Mparie3at-
HOCTI KOHTaKTOPIB, a TAKOXX B €KCTPEHHUX BUIAKAX.

PucyHok 2 — IpaxkTidyHe MOJIETIOBaHHS.

Po3pobniena MoHOO/IOUHA Kamepa y mporpami «Autodesk Inventor» Ta
CIpOEKTOBaHa MpuHIMIOBa cxema E3 ycporo komruiekcy, Siemens LOGO!8
onepye BuMmuKadamu Bucokoi Hampyru IEK SVAS50-3-0630A 3a momomororo
npusoiB IEK EIT-40, uepe3 konraku AK\/IK-40 BuKoHaHHI 3BOPOTHIit 3B’ I30K.

IIporpama ABP y nomatky «logo soft comfort v8.3» mumierbcs Ha
o6mounomy FBD pieni. FBD (Function Block Diagram) — e rpacdiuna moBa
MIPOTpaMyBaHHSI BUCOKOTO PiBHS, IO JO3BOJISIE BUKOPHUCTOBYBATH HOTYXH1
aNTOPUTMH TPOCTUM BHKIUKOM (PYHKIIIH Ta PyHKIIIOHATEHUX OJIOKIB.

JoormpanpoBana CBITIO-iHAUKALS poOoTa CXEMH y PyYHOMY PEXHUMIi
3a JIONIOMOT'0I0 OTIePaTOPCHKOI MaHe 00CIyrOBYIOYHM IIEPCOHAIIOM.

Buxopucranns cuctemun ABP Ha 6a3i mikpokoHTponepa Siemens
LOGO!8 € edextuBHUM pimeHHAM s 3a0e3meueHHs] HaAiiiHOi poboTH
CHCTEMH B pasi BiJMOBH OCHOBHOTO JDKepesia )KuBJIeHHs. Lle Moxke momomo-
I'TH YHUKHYTH 11epe0oiB y poOOTi crcTeMu Ta 3a0e3MednTH CTabiipHy pobo-
Ty BaxJuBOoro obnamHaHHsA. MogemoBanaa cuctemu ABP € BaximBum
KPOKOM Yy 3a0e3MedYeHHi HaifHOCTI TEXHIYHUX CUCTEM.
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YK 681.527.2

Oneiinikos M.O.!, Hazaposa O.C.2, Ocaqumii B.B.?
Vacn. HY «3anopisbka nosmirexHikay

2 ka1 TEXH. HayK, joil. HY «3anopizbka nosiTexHika»

OI'VIA ] CTAHY IIUTAHHSA ITIO3UIIIOBAHHS BAHTAKY HA
IT'HYYKOMY IIABICI MOCTOBOI'O KPAHA

Y IpOMHCIIOBOCTI MaCOBO BUKOPHCTOBYIOTHCSI MOCTOBI KPaHH 3aBJISIKU
3pY4HOCTi iX BHKOPHCTAHHS. IX IIMPOKO 3aCTOCOBYIOTh B MPOMHCIOBHX i
PCMOHTHHUX LieXax OyAiBEIbHHX IiANPUEMCTB JUIs HiAHOMY Ta NEPEMilLCHHS
BAHTAXiB. IX BMKOPHCTAHHS JO3BOJAE CYTTEBO 3HH3MTH TPYAOBUTDATH,
CKOPOTHTH 4ac BUKOHAHHS TEXHOJIOTIYHUX ONEpaliil y BUPOOHHYUX IpolLie-
cax. ToMy akTyaJbHHM € NHUTaHHS 3a0€3MEYCHHS TOYHOTO IMO3HIIFOBAHHS
BaHTaXXy B 33/1aHy TOUKY i3 MiHIMaJIbHIM PO3TOHTyBaHHSIM.

Mera — BUKOHATH OIJISAZ OIMyOJIKOBAaHMX JUKEPENT i3 METOAaMHU 3MEH-
IIEHHS KOJIMBaHb Ta TOYHOTO MO3UIIIFOBAaHHS BaHTA)XXy Ha 'HYYKOMY IiABICI.

VY pobori [1], sk 3aci0 3MeEHIICHHS PO3TOHAYBaHHSA BaHTaXy, TAaKOX
MIPOTIOHYEThCS BUKOPHCTAHHS CHOCOOIB TallbMyBaHHS KpaHiB (Bi3KiB) 3a
JIOTIOMOT'0}0 TaKUX MPUCTPOIB SIK PE3UCTOPH, TAXOTCHEPATOPH 1 IPOCTI eJeK-
TPUYHI CXEMHU.

B po6orti [2] 3anponoHoBaHuil METOJ KepyBaHHS NEPEMIllIeHHs KpaHy
3 MiABIIICHUM BaHTaXXEM NPH 3alaHOMY 3HA4YCHHI IIUISIXY 32 YMOBH 3a0e31e-
YeHHs HalOLIbIIOT IBUIKO/IT Ta 3MEHIIICHHS KOJIMBaHb BAHTAXy HAIPHKiH-
Il TIepeX1AHOTO IMPOIIeCy.

Metonu, po3risHyTi B poboTax [1, 2] Z03BOJISIOTh €PEKTHBHO 3MEH-
IINTH KOJIMBAHHS BaHTAaXYy. AJle iCHy€e BelnKa KUIBKICTb KpaHiB, [0 TPAIIoe
30BHI NPUMIIICHHS, € € TaKi 30yplorouu (QaKkTopH SK, HAIPHUKIAMI, BITPOBE
HaBaHTaXeHHs. HemonmikaMu mux poOiT € BiICYTHICTH 3BOPOTHOTO 3B’SI3KY
TIOJIOKEHHSI BaHTaXy, IO HE Ja€ MOXKIMBOCTI JIeMIlpyBaTH KOJIMBAHHS,
BUKJIMKaHI 30BHILIHIMYU 30ypEHHSIMH.

CyyacHa TEeHJEHIIsl PO3BUTKY MIKPOIPOIIECOPHUX TEXHOJOTIH Jae
MOXIIMBICTh BIZIMOBUTHCH BiJI pyYHOI'O KEpyBaHHs MeXaHi3MaMHu Ta po3po0-
JSITH CKJIaJIHI CHCTEMH aBTOMAaTHYHOI'O KEPYBaHHS ISl MOKPAILICHHS SKOCTI
TOTOBOI MPOIYKMii Ta 301IbIICHHS MPOAYKTUBHOCTI BUPOOHHITB [3, 4].

VY crarti [5] po3rismaeTrses cucteMma KepyBaHHA 30-TH TOHHHM IIpO-
MHCJIOBUM MOCTOBHUM KpaHOM. OCHOBHHMM €JIEMEHTOM CHCTEMH KEpyBaHHS
SBJISIETHCS 3aXUCT BiJl pO3TOHAYyBaHHS Ta KOHTPOJIb ITO3HUIIIOBAHHS BAHTAaXKY.

Indopmanis mpo pos3rolayBaHHS BaHTaXKy OTPUMYETHCS 3a JIONOMO-
rOI0 CHCTEMH MalIMHHOTO 30py. Lle kamepa 3 MOXIJIMBICTIO OTPUMYBAHHS Ta
00poOKH 300paxeHb.
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BripoBakeHHSI CHCTEMHU 3aXUCTY BiJl PO3TOM/yBaHb i3 3aCTOCYBaHHIM
3BOPOTHOTO 3B’SI3Ky y BHDJIAAI MANIMHHOTO 30pY JO3BOJHIO 3MEHIINUTH
KOJIMBAaHHS BaHTaXy npuoausHo Ha 90%. JlaHa cucTema 34aTHa BpaxoByBa-
TH HETIPOTHO30BaHi 30BHINIHI 30ypeHHs Ta 3MiHHI mapaMeTpH [6].

Bucnosku. [IpoBiBmm anaiiz poOiT, HAIIICHHX Ha PIMICHHS MpobieM
pO3roiiyBaHHA Ta TOYHOTO ITO3MIIIOBAHHS BaHTaXy MOCTOBHX KpaHiB,
MOJKHA BH3HAYHTH, IO HaHOLIGII e(hEeKTHBHUMH METOJaMH SIBIIETHCS BH-
KOPHUCTaHHS 3aMKHYTHX Ta PO3IMKHYTHUX CHCTEM KEepPYBaHHSI.

OCHOBHOIO IIepeBaro0 Po3iMKHYTOI CUCTEMH € BiTHOCHA POCTOTA Po-
3po0KH. Ajle BOHAa HE MOKe 3a0€3MEeUUTH CTIMKICTh JI0 30BHILIHIX 30yproto-
YM BIUIMBIB TaKHX SK BITPOBE HABAaHTA)KEHHSI.

Jns pimeHHs 1€l npoOseMH JOLIJIBHO BUKOPHCTOBYBATH 3aMKHEHY
CHCTEMy KepyBaHHS. Ii HENOTIKOM SIBISETHCS HEOOXiAHICTh BUKOPHCTAHHS
KOLITOBHOTO J]aBada 3BOPOTHOTO 3B 53Ky - CHCTEMH MalIMHHOTO 30Dy, OCKi-
JBKU CTAaHAAPTHI METOAX BUMIPY TYT HEMOXKJIMBI [T peati3arii.

ToMy BCTaHOBJICHO, IO MEPCICKTHBHUM HANPSIMOM JAOCITIIKEHb €
aHaJi3 3aJEeKHOCTI MOKA3HUKIB SKOCTI BiJl YACTOTH AUCKPETH3ALIl CHCTEMH
MAaIIHHOTO 30DYy.
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BIIJIUB HAITPYTU )KUBJIEHHA MEPEKI HA POBOTY
JABOIIBUAKICHOTI'O JII®PTA

UYepes ckmagHi 0OCTaBHHU POOUTH €HEprocucTeMHu YKpaiHH, Ha ChO-
TOJHI BaXXJIMBUM IUTAaHHAM IIPH POOOTI JI(PTOBOTO TPAHCIIOPTY € CTabiNb-
HICTh CHCTEM NPH BEJIMKHX Ta MHUTTEBHMX 3MiHaX 3HaYeHb HANpPYTU Ta 4ac-
TOT. JIoCSATHEHHS MOCTIHHOT HANPYTH JKUBJICHHS — OJIHE 3 HaWBAXKJIMBIIIUX
3aBJlaHb, OCKIJIBKH 10 MEHIIE KOJMBAaHb 1 MaJiHb HANPYIH Yy CUCTEMi, TO
JIOBIIIC TEPMIH CITy)XOU ycTtaTkyBaHHsA. KpiM TOro, Bil IIbOTO 3aJCKUTh CTa-
OiIbHICTH POOOTH CHCTEM YINPABJIiHHS Ta BUKOHABUMX MEXaHI3MiB. AJpke
CTaOUIBHICTh PO0OTH 00NaTHAHHS OE3MOCEPEIHBO BIUIMBAE HA OC3MEKY Ta
KUTTS JIoziei. BpaxoBytoun Bce nepepaxoBaHe BHINE, JaHAa poOOTa CIPSIMO-
BaHA Ha ITiJBUIICHHS TOYHOCTI IMO3UIIIOHYBaHHS SK 3aCTapiinX, TaK i cydac-
HHUX CHCTEM YIPaBJIiHHSA 3 ypaxyBaHHAM YMHHUX HOPM 1 BUMOT JI0 €KCILTya-
TaIlii, 3a yMOBH eKOHOMIi (piHaHCOBHX BHUTpaT [1-3].

I'padivna Bi3yamizalis MpPOBEACHUX PO3PAXYHKIB Ta EKCIICPUMEHTIB
JI03BOJIsiE IOOAYNTH BCl 3MiHHU. [ BCIX 3HA4YEHb CTYNEHS 3aBaHTaXXCHHS
CIIOCTEPIraeThcsl 3aKOHOMIPHICTh BIUIMBY HANpyTW JKHBJICHHS MEpexXi Ha
TOYHICTh MO3WIIOHYBaHHs. Tak, 3HM)KEHAa HANpyra J>KUBJICHHS ICTOTHilIe
BIUIMBA€ Ha PO3PaxyHKH, HDK MiIBUIEHA, THM CaMUM IOTIPLIYIOYH TOY-
HICTb 3yIIHKH.

Just puc. 1 npuidHATI HACTYIHI MO3Ha4YEeHHS KpUBUX: 1 — rpadik 3MiHK
TOYHOCTI IMO3UIIOHYBaHHS PH HATpy3i )kuBIeHHS 334,4 B, 2 — Tex mpu 342
B, 3 — tex npu 349,6, 4 — tex npu 361 B, 5 — Texx mpu 372,4 B, 6 — Tex npu
380 B, 7 — tex npu 387,6, 8 — tex npu 399 B, 9 — Tex npu 410,4 B, 10 —
Tex npu 418 B, 11 — tex npu 425,6 B.

3 oTpuMaHMX rpadikiB BUAHO, IO MPU 3MiHI HAIIPYTH JKUBJICHHS Me-
Ton imeHTH(iKamii HemocTaTHhO epekTUBHHA. OJHAK TpPH 3HAXOJIDKCHHI
3aJIeKHOCTEH BIUIMBY HAIPYTH KHUBJICHHS Ha PO3PaXyHKHU MOXIIMBE KOPHUTY-
BaHHS TOYHOCTI MO3WIIOHYBaHHS 3 METOIO 3MEHIIIEHHS Jiala3oHy 3yNMHHKH

(4, 5].
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Pucynok 1 — 3aiexHicTh MOXHOKN MO3MIIOHYBaHHS BiJ] BETMYUHI HATIPYTH KUBIICHHS
TIPH Pi3HUX CTYICHSX 3aBaHTa)XEHHsI KaOIHY 3 BUKOPHCTAHHSIM METOJY iIeHTH(iKaIil.

BinmoBimHO 10 HOCTiIKeHb MPOBEICHUX Ha KOMIT FOTEPHINH MOJENi Ji-
¢ra y cepenosumyi Matlab/Simulink orpumano nacrymHe. [Ipu BinxuieHHi
HaINpyry XKUBICHHS Mepexi Bi HoMiHaidbHUX 380B y mexax +£5% cucrema
YIpaBJIiHHS JiTa BiANPabOBYE 3 TOCUTh BUCOKOIO TOYHICTIO. Po3paxoBaHi
3HAYEHHSI TOYHOCTI MO3HMILIOHYBaHHs BXOIAThH Y Aiana3oH Jio4oi B €Bpori
Bumorn EN 81-20:2014, sikuit Bkazye Ha J03BOJICHY MOXMOKY 3YNMUHKH B
+10 mm. Crig 3ayBaXkuTH, 10 IJIsl 3aBaHTaXeHb BUle 25% CTyNeHs, B 10-
MyCTUMHUH Nianma3oH +10 MM BXOAATH BCi pO3paxyHKH B MeXaxX 3MiHM Ha-
NIPYTH XHUBJIEHHs Mepesxi +10% Bi HOMIHAJIBHOTO.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Rong, Q. Dynamic Elevator Group Control Algorithm Based on the
Shortest Distance and the Shortest Time / Q. Rong, F. Chen, J. Fan, W.
Chang, H. Wang, H. Guo // 2022 34th Chinese Control and Decision Con-
ference (CCDC), Hefei, China, 2022. - P. 1727-1731. doi:
10.1109/CCDC55256.2022.10033804.
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AHAJII3 MOB ITPOT'PAMHUX 3ACOBIB CUCTEM KEPYBAHHSA
MAJIMMMU JITAJIBHUMHA OB’€EKTAMUAU

VY CBITOBI#f HayKOBO-TIPAaKTHYHIN CHIJIBHOTH OCOOJIMBOI aKTyaJbHOCTI
NPUAUIIETBCS yBara A0 pO3pOOKM Ta BHUKOPUCTAHHS MAJUX JITAIBHHX
00’€KTIB PI3HOTO TEXHIYHOTO MPU3HAYCHHS Ta KOHCTPYKILIH B 3aJI€KHOCTI
BiZl BUMOr' cydacHocTi. [Ipu BHpiLIeHHI BiANMOBIAHWUX MUTaHb HEOOXITHO
BU3HAYMTHUCH 13 MPOTPAMHUAMHE 1 MIKPOIIPOLIECOPHUMH 3aco0aMK aBTOMATH-
3ar1ii, 110 HalOIIBIT ONTUMAIBHO 33/I0BOJIBHIIOTH YMOBAaM IPOEKTYBAHHS Ta
MPaKTHYHOTO BUKOPHUCTaHHS. TakuM YMHOM, NOBCTA€ MUTAHHS AKi Mporpa-
MHI 3ac00H JOIITEHO BUKOPUCTOBYBATH B 3aJIS)KHOCTI BiJl CKIIQJHOCTI 3a/1a-
4i, 0 BUPIITYETHCS.

Meta poOOTH TOJNSTaE y BHKOHAHHI MOPIBHSUIBHOTO aHANi3y Pi3HUX
MOB TIPOTpaMHHX 3aCO0IB B 3aJIKHOCTI BiJl CKJIaJHOCTI TIOCTaBICHOTO 3a-
BIaHHs B TO€JHAHHI i3 ONTUMAJIBHUM MPAKTHYHUM BHUKOPUCTAHHSM MiKpO-
MPOIIECOPHHUX 1 MPOrpaMHKX 3ac00iB aBTOMATHU3AIll Ta CKJIAAHOCTI 1 MPHU3-
HA4YeHHS JIITAIbHUX CUCTEM Ta 00’€KTIiB, SIKUM MPUTAMaHHI OOMEXEeHI Maco-
rabapuTHI MOKa3HHUKH.

Ha manuit gac y cBiti BukopucroByethest Ot 10000 MoB mporpamy-
BaHHA. Jledki i3 HHX BHUKOPHUCTOBYIOTBCSA y JOCHUTH OOMEXEHHX YMOBAX,
HANPUKIIA] Y XaKepiB, JEsKi — Yy MEIWIUHI, NesKi y BUIIUX HAaBYAIBHHUX
3aKianax, Hanpuknaa Pascal Tunbku TOMy, 0 Tak TpeOa HE3BaKaroud Ha
JIy’Ke 00MeXeH1 MOXIIMBOCTI Ta CIIPOMOXKHICTB.

KopoTko po3ristHeMo HaiOuIbII NOMyJIIpHI MOBH POTpaMyBaHHSI.

PHP € mMoBo10 mporpaMyBaHHs, 110 BUKOPUCTOBYETHCS MPHU PO3poOII
BeOpecypciB — caiitn, CMC, cuctem ympaBmiHHSA KoHTeHTOM y WordPress,
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[0 BHKOPHUCTOBYEThCSA y 1/3 Beix caifriB B inTepHeri, Facebook. 11 moBa
MIPOrpaMyBaHHS JOCTaTHHO AOCTYNHA AJSI BUBUCHHS IOIEpPIIE TOMY, IO
imeanpHO po3poOiieHa Ay 3HaifoMcTBa. JlomimbHO Bim3HaumTH, Mo y 2021
poui 111 MoBa nocimana 8 micte, a'y 2022 pomi 11. Ie mosicHroeTECS THAMI-
YHUM PO3BUTKOM HOBITHIX PO3POOOK.

Jo HemomikiB HEOOXiZHO BiHECTH HEOTHOPIMHWH CHHTAKCHUC , IO
MIPU3BOANTE J0 HEPO3YMIHHS TOTO, IO HamWcaB iHmImiA nporpamict B PHP.
ITpu po3pobui HOBHX mporpaMHux 3aco6iB Ha PHP moxiauBo orpumaru
1000 monapis.

Javascrript/JS BigHOCHTBCS 10 HAaWOLIBII JUHAMIYHOTO PO3BUTKY B
HanpsiIMKax 3arajbHOro Inpu3HaueHHs. Ha miii MoBi HamucaHo BeO-cailiTH,
MOOLIBHI JOJAaTKH, CEPBEPHI YaCTHHU Ta Oarato iHmoro. B skocTi mpuknamxy
MOJXJIMBO MOCHJIATUCh Ha Oi3Hec pecypc Linkedin abo mormykau Yahoo.
JavaSprint Ha#O1TEIT PO3MOBCIOKEHA IIPOTpaMHa MOBA Cepell MPOTPaMicTiB
IIpYU BUPIMICHHI TUTaHb QPOHTEHA pPO3poOOK. BoHa MOCTiiiHO BHKOpPHCTO-
ByeThed i3 1995 poky. [if mputamMaHHi BIacTHBOCTI JIErKOCTi Ta TOCTiHHOTO
YIOCKOHAJICHHS, TUHAMiKa PO3BUTKY Ta IIBUAKICTH POOOTH, MPOCTOTA BH-
BUCHHS Ta BUKHUI PiBEHb F03a0LIITI iHTEpQEiciB AN KOPUCTYBAYiB, MiATPH-
MKa CKpHITIB ChOTO JeHHHX BeO-OpaysepiB. OBOJOIIBIIM MOBOIO
Javascrript/JS MoxnuBO ctati BeayuuM (axiiem cremianbHocti IT B mes-
HUX HanpsMKax.

JIOiNBHO Bi3HAYMTH, 110 CYTTEBUX HEAOMIKIB y Javascrript/JS Hemae,
aJie BOHA BIJJTHOCUTHCS JIO TOCUTH CKIIQJIHOTO 3aCBO€HHS. OBOJIOMIBIIN LIEHO
MOBOIO MOJXJIMBO 3HAiTH POOOTY, sSIKa JOCTATHBO OIIIHIOETHCS y CBITOBIH
CIUIBHOTI.

Python — MoBa nporpamyBaHHsS Ha TENEPIIIHIN Yac BBaXKA€TbCs Hai-
GBI PO3MOBCIOMKEHO0 HOUMHAUH i3 1999 poxy. Ii goninsHo BuKOpHC-
TOBYBAaTH IIPW BHpILIEHI HayKOBO-TNIPAKTUYHHUX 3aBIaHb, TPHHAXKEPIB, Oe-
K€HJIa, CUCTEMHOTO aJMIHICTyBaHHs, @ TAaKOX B SIKOCTI JIOTIOBHEHHS 1O iH-
XX MOB IIPOTpaMyBaHHs.

BoHa nmoctaTHBO JOCTYIIHA Uil BUKOPDUCTAHHS B HaBYaHHI B IMOpIB-
HsAHHI 13 iHmmMu. Ha migcraBi nporo i MOMIJIBHO BHKOPHUCTOBYBATH HPHU
HaOyTTI HABHUKIB BEO-pO3POOHHKIB Ta BUPIIICHHS 1HIIMX 3aBJaHb.

TectyBanus Python mpoekTiB JOIIBHO 3IHCHIOBATH Yy BIIIOBITHHUX
cremniaizoBaHux opraizamisx. Ha ii mijctaBi MOXIIMBO HammcaTy HaBiTh 1HIII
MOBH TiporpamyBanHs. Python mo nonymsprocti BxoauTs 10 TOIT 3 y cBiTOBHX
PO3pOOHMKIB NpOrpaMHKX 3aco0iB, Harpuynaj y Google. [Iporpamictn Python
MOXYTh OTpuMyBaTH 3apmiatry go 7000 nomapiB. BBaskaerbes, mo 11 MoBa
OyJie yCHiIIHO BUKOPUCTOBYBaTHCh B HaiOmmwk4i 10 pokiB. bursimr pominsHy
iH(OpMAaILiI0 MOXKIIMBO OTpUMATH, HanprKiIaa y [imepXocr.

Java Takox JIOBOJi PO3MOBCIOKEHUH TIPOrpaMHuil TIPoayKT. it pu-
TaMaHHi JOCHTb BHUCOKi MOXUIMBOCTI, ajle BOHA € JOCTaTHhO CKJIAJHOIO, 1i
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JOLTHPHO BHWKOPHUCTOBYBATH TPH BHPIMICHHI NHUTaHb OCKEHI MOOUTRHHIX
Po3po00K, 3aXHCTy BiJ HeOaKaHWUX 3aBaJ Ta MPOTpaM, OCKUIBKH il TpUTa-
MaHHI Jy’k€ BHCOKI MOKa3HHKH JTUHAMIYHOCTI B IO€IHAHHI 13 MIBUAKOMIEIO,
BJIACTHBOCTI aJlaliTyBaHHs, JOCTATHS MPOCTOTA, L0 CIPHSE PO3NOBCIOKE-
HIO 1 BUKOPHCTAaHHIO cepeJl PO3pOOHHKIB IPOrpaMHUX 3ac00IB Pi3HOTO MpH-
3HauyeHHA. BoHa 3HauHO nuHamiuHa B mopiBHsHHI i3 C Ta C++. [JloninsHo
BiJI3HAYMUTH, 1110 HE CIIiJ] MOpiBHIOBaTH Java i3 JavaSprint.

C/C++ nHaiibinpl po3NOBCIO/KEHA MporpaMHa MoBa. BoHa, mepeBax-
HO, BUKOPHCTOBY€EThCA TIPH PO3POOI KEpyBaHHS IMIBUAKUMH IIPOIECAMHU,
MamuHHOTO HaB4YaHHA Ta iH. C Ta C++ MakCMManbHO NMPOIYKTUBHI MOBH
MpOTpPaMyBaHHSA, SIKi JO3BOJISIOTH JTOCATTH HAOiNBIIOl ONTUMANBHOCTI IPU
BHUKOPUCTAHHI MIKPOIIPOLIECOPHUX 3aC00iB aBTOMAaTH3AIIi1.

OcHnoBHa mepeBara C ta C++ mossirae y IOCATHCHHI MaKCHMAaJIbHOL
MIBUIKOCTI BUKOHAHHS TIEBHOTO KOy B IOPiBHSAHHI 13 OUIBII BUCOKOpiBHE-
BuMH MoBamu Python, Java, C#. [louineHo BigzHauuTH, 1m0 MoBu C Haii-
Oinb e(heKTHBHO BHUKOPUCTOBYBATH JUIS PO3POOKH ONEPAaTHBHUX CHUCTEM.
Ha miit moBi Hanucani Linux, Microsoft, Windows, Mac JS. Tomy BuBUeHHS
C/C++ nouinbHO BUKOPHCTOBYBATH PO3POOHMKAM 3 METOI0 3arajibHOro
posyminHs npoueciB podotu OC i3 cepennnn. CUHTaKCHC NpOrpamMyBaHHS
JIOCHTH CKJIAIHHH, a 1HOII He ImocaigoBHMI. He3Bakarouum Ha HENOJIKH IS
MOBA JIOCUTB PO3IOBCIO/KEHA 1 TOCTIIHO KOPUCTYETHCS 3alIUTaMHU.

SQL MoBa BHKOPHCTOBYETHCS IEPEBaKHO NP BUPIMICHHI MUTaHb B3a-
€MHO TIOB’s13aHUX 0a3 MaHWX. BoHa crpusie MONIyKy BiAIOBITHOTO PilllCHHS
cepell MHOKHHU MacuBY HaHuX. OCKUTPKY Ha MPAKTHUII 0a3u TaHUX MOCTIiH-
HO JIOTIOBHIOIOTBCS Ta 3MIHIOIOTHCS, TO 1€ HOTpedy€e MOCTIHHOTO OHOBIICHHS,
MOJICpHI3allil Ta JOMOBHEHHS, 10 NPU3BOJUTH JI0 IEBHOTO OHOBJIEHHS IPO-
rpaMHUX 3aco0iB. AJie 1[iif MOBI MpUTaMaHHI MeBHA CIENU(IYHICTh Ta MEH-
1K IOMUT B MOPIBHSHHI 13 TPOIIO3UIISIMU.

Kotlin € anprepHaTHBOO MOBU Java i1 po3poOieHUIl KOMITaHi€0
JetBrains Ta BUKOPHCTOBY€ETHCS MEPEBAXKHO BAXKIMBUM IHCTPYMEHTOM KOX-
HOTO aHjpoin-po3poOnuka. Liii MOBI mpuTamMaHHI HACTYIHI BJIACTUBOCTI:
(hyHKIIOHABPHE MPOTPaMyBaHHS, IO O3HAYa€ BIACYTHICTH HEOOXiTHOCTI
3aJaHHs IOCTIJOBHOCTI NEBHHX KOMaHJ, & JOCTaTHBO OIMCATH B3a€MHI
BiTHOCHMHH MK KOMaHIaMH Ta mianporpamamu. Lle ciix cpuitMaTé Takum
YHHOM, 1110 PO3pOOHHMK 3a]a€ MEeBHI MPaBuiIa, a KOJ BUPIIIY€E B SIKMX BUIAI-
KaX JOLUIBHO CKOPHUCTATHCh IIEBHUMH 3aJIEKHOCTSIMH BIATIOBITHO 110 YMOB,
o copMyBasTUCs BHACTIOK ITEBHUX 00CTABUH.

Mo nmepeBar He0OXiTHO BiTHECTH: MIPOCTOTY Ta 3PYUHICTH BUKOPUCTAH-
HSl; JTaKOHIYHICTh, COPUHAHATTA Ta 3pO3YMUIICTh CHHTAKCHCY; y3TOJUKEHICTH
i3 Java; Oe3meuHiCTh; BIACYTHICT JHMIIHIX (PYHKIH Ta MOIYTiB; YMCTOTA Ta
KOMITAKTHICTb.
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Jlo HemoMmiKiB BiTHOCATBHCS: HHU3bKA MIBUAKICT KOMITLISIIT, BiIHOCHO
HEBEJINKA KIJIBKICTH JOITOBHEHE.

C# a0 «Cu mapm» BBa)Ka€ThCS Cy4aCHUM OOEKTHO-OPIEHTOBAHOIO Ta
TUTIO-0€3IIeYHOI0 MOBOIO IporpamyBaHHs. Ha i mimcTaBi po3poOisroThes
PI3HOMaHITHI THITIOBI BHKOHAHHS O€3MEYHHMX Ta HAIIHWUX TMPHIOKEHB, IO
BukoHyI0TECS Yy NET Texnomorisx. IIpu 1ipoMy MOXKIHBO po3poOIsATH TIPO-
rpamu gk st [0S Tak i go Linux.

Jlo mepeBar JOLIIBHO BiTHECTH: MPOCTOTY, HAJIIHHICTh Ta MacmTadi-
POBaHHS; JIETKMH MOMIIYK HMOXHWOOK Ta MOPYIICHHS JIOTICTHKH; 3aXHCT Bil
BTPATH HaMSTi; BUKOPUCTAHHS BiJOMHX CHHTaKCHCTIB.

Jlo HemoMKIB BIAHOCATHCSA TOBOJI CKJIATHHUN CHHTAKCHUC Ta BiTHOCHO
HEBEJIMKA IPOIYKTHBHICTB.

Ha mizcTaBi NOpiBHSUIBHOTO aHaIIi3y iICHYIOUHMX MOB IIpOrpaMyBaHHs Ta
e(pEKTUBHOCTI BHKOPHUCTAHHS B JITAIbHUX 00 €KTaX MOXIHBO 3pOOUTH
HACTYITHI BUCHOBKH:

1. B cBiTOBIiif HayKOBiif Ta MPaKTHYHIN CHITBHOTI BHKOPHCTOBYETHCS
JOCUTh BENMKa KITBKICTh MOB MPOTpPaMyBaHHS SKi IpU3HAYCHI A BUPI-
IIEHHS KOHKPETHUX BHUKJIMKIB MIPOMHUCIIOBOCTI Ta MOOYTY JIFOACTBA.

2. Haiibinpiie poO3MOBCIOMKEHHS OTPUMAIM MOBH IPOTpaMyBaHHS
PHP, Java, Javascrript/JS, Python sikuM mputamMaHHi TOCHTH BEIHMKI MOX-
JUBOCTI 3a0e3meucHHs] KEpPyBaHHS CKIAJHHUMU  CICKTPOMEXaHIYHHUMU
00’eKTaMu Ta CHCTEMaMH alie BOa4aeThes, 10 AJIsl BUKOPUCTAHHS B JIITAJb-
HUX 00’€KTaX 1X BHKOPHCTATH HE JOIILHO BHACIIIOK BiJICYTHOCTI Mporpa-
MHHX 3aC00iB MOTOYHOTO KOPETI'yBaHHS 3B’sI3KiB M)XK OKPEMUMH TapameTpa-
MU KOHKPETHOTO 00’ €KTa.

3. JIns KepyBaHHS NMOTOYHHM CTAHOM JHTAIBHOTO 00’€KTa JOLIIBHO
BHKOPHCTOBYBAaTH MOBH IporpamyBanHsi C# abo «Cu mapm», C#, Kotlin,
C/C++ ocKiIBbKH 1M TpUTaMaHHI BIACTHBOCTI Y3TO/HKEHOCTI MiXK OKPEMUMH
rapaMeTpamH, 10 MOXYTh IPHMYCOBO 3MIHIOBATHCH Ta KOPEr'yBaHHS Bij-
TIOBIZIHO JI0 TIEBHOT'O ITPOTPAMHOTO 3ac00y.

4.JIouinbHO TPOJOBXKUTH JIOCIIIDKEHHS 3 METOI BU3HAYEHHS MOTOY-
HOI y3rOJDKEHOCTI MK MHOXKMHOIO CYKYITHOCTI TapamMeTpiB pizHOi (izndHOl
NPUPOJH, IO MPUTAMaHHI NEBHUM BHUKOHABYMM MEXaHi3MaM Ta Hporpam-
HUMH 3aC00aMH aBTOMaTu3allii MOTOYHUM CTAHOM JIiITajJbHOrO 00’ekTa abo
CHCTEMHU 0OMEXEHHUX Maco-rabapuTHUX IMMOKA3HHUKIB.
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ABTOMATHU30BAHA CUCTEMA KOHTPOJIIO IIOTOYHOT'O
CTAHY EJIEKTPOTEXHIYHOI'O YCTATKYBAHHSA
CIIEIJAJIBHOI'O ITPU3HAYEHHS

EnexTpoTexHiYHE ycTaTKyBaHHS € HEBil'€EMHUMU €JIEeMEHTaMH IIPOMH-
CJIOBHX IIANPUEMCTB, MTOOYTY Ta HalliOHANBHOI OE3MeKH Maibke BCiX KpaiH
CBITOBOI CHITHHOTH. 3HAaYHA YaCTHHA I[LOTO YCTATKYBAaHHS pPO3POOJICHO
BIATIOBITHO 10 BUMOT JAEPXKABHUX CTAaHIApTIB 70 OOJaJHAHHS 3arajibHOTO
NPU3HAYCHHS Ta JOTPUMAaHHS NMEBHUX ITOKa3HMKIB A0 SKOCTI €IEKTPHIHOL
eHeprii. Ha mpakTumi 3HaYHO 4acTWHA YCTAaTKYBaHHS IPALIOE B PEXHUMaXx,
10, B OKPEMHUX BHIA/IKaX, MEPEBUIIYIOTh HOMIHAJIbHI HaBaHTa)KCHHS, IIO
NPU3BOJNUTH 0 MOTIPIIEHHS HOPMOBAHMX ITOKAa3HMKIB SIKOCTI €IEKTPHIHOI
eHepril Ta BUXOZIB i3 JIaly MOTYKHOTO €JIEKTPOTEXHIYHOIO YCTATKyBaHHS.
30yqHMKaMH TakuX He0a)KaHUX IPOILECiB € MPHUBOIY MPOKATHHX CTaHIB,
JiHI Ta BCTaBKM MOCTIHHOTO CTpyMy, QyroBi crayeronHi neui Ta iH. Taki
HaBaHTAXXCHHS MIPU3BOJATH /10 (POPMYBaHHS HECTAIL[IOHAPHUX E€JIEKTpOMar-
HITHUX TPOLECIB B IPOCTOPI yCTaTKyBaHHS, sIKi B CBOIO Uepry MPH3BOJSTH
J0 (hopMyBaHHS JIOJATKOBHX 3arajlbHUX Ta MICIIEBUX BTpaT, TEIJIOBUX Iie-
peBaHTaXeHb aKTHBHUX JIeTaJIell KOHCTPYKIII Ta IIpecyrour BY3JiB, BTPATH
eJIeKTPOAMHAMIYHOI CTIKOCTI cHcTeM 30y IKEHHS eJIEKTPOMAarHiTHOTO OIS,
PO3BHUTKY YPiBHOBaXXYIOUMX MOTOKIB Ta iH. CyKYyITHOCTI Jii TaKUX IPOIECIB
HaWOUIbII XapaKTEPHO MPOSBISIIOTHCS B YCTaTKyBaHHI, IO TPAIIOE B Mepe-
JKax JKMBJICHHS TE€XHOJIOTIYHMUX YCTAaHOBOK 3 PI3KO3MIHHMMH HaBaHTa)KeH-
HsMu. Taki mporecy Mpu3BOIATH 10 CKOPOUYECHHS TEPMiHIB pOOOTH yCTaTKY-
BaHHs Ta aBapiiiHUM BUXOJaM i3 Jlazy.

HaykoBo-TexHiuHi my0Jikamii, 10 MPUCBSUEHI MEPEBAKHO METOAAM
KOHTPOJIFO YaCTKOBUX PO3PSIIiB, XpoMaTorpadiuHOMy aHalli3y OXOJIOIKYIO-
401 oii B MOTYKHOMY TpaHC(OPMATOPHOMY YCTAaTKyBaHHI HE JIO3BOJISIOThH
OTPUMYBaTH TIOTOYHY iH(OpPMAIil0 MPO TEXHIYHUM CTAaH yCTaTKyBaHHSI
OCKINTBKHY iH(OpMAIlisi OTPUMYETHCS B IIEBHI iHTEPBAJIM Yacy Ta MPH TEXHid-
HHX PEBIi3isX 1 PEMOHTHUX poOoOTax.

Mera poboTH nosisirae B po3poOili HayKOBO-TEXHIYHMX METO[IB 3aIl0-
OiraHHs aBapiii TOTY)XHOTO EJIEKTPOTEXHIYHOTO YCTaTKyBaHHS HIISIXOM
MOIIYKY METOJIB YIEPeIKeHHSI BUXOMIB 13 JIaJy 3 BUKOPHCTaHHIM Cydac-
HHUX MIKpOIPOLIECOPHUX 1 NPOrpaMHHUX 3ac00iB aBTOMAaTH30BAHOTO aHAIi3y
MMOTOYHOTO TEXHIYHOTO CTaHYy.
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3 MeTor0 3arnobiraHHs aBapiiHUX BUXOMIB i3 Jaqy HOTY)KHOT'O TpaHC-
(opMaTOpPHOrO YCTAaTKyBaHHS LUIIXOM aBTOMAaTH30BAHOTO aHallizy MHoro
MMOTOYHOTO TEXHIYHOTO CTaHy B poOOTI HPOMOHYEThCS aBTOMATH30BaHA
cHCTEeMa peecTpallii Ta Bi3yalrizamil CyKyITHOCTI eJIeKTPOMAarHiTHUX IapaMe-
TpiB, IO CBiTYaTh PO (POPMyBaHHS MOYATKOBUX BiAXWIEHb B KOHCTPYKIIIi.

3amporoHoBaHe HAYKOBO-TEXHIUHE PIllIEHHS MPH3HAYEHO JUISA IIOTOYHO-
IO MOHITOPHHTY CYKYIHOCTI €JIeKTPOMAarHiTHHX MapaMeTpiB YCTAaTKyBaHHS
CIIENiaTbHOrO IPU3HAYEHHS. oro MOYIIHBO BUKOPHCTOBYBATH Uil KOHTPO-
JIFO 32 TEXHIYHUMH CTaHOM YCTATKyBaHHS 1 3aralbHOTO PU3HAYCHHS.

HaykoBa HOBH3HA 3alpONOHOBAHOI'O PIlIEHHS MOJArae B BH3HAUCHI
CYKYIHOCTI BIIIOBIIHUX €JIEKTPOMArHiTHUX MapaMeTpiB, 10 BiToOpaxaioTh
TEXHIYHHUH CTaH, MOCTIHHO KOHTPOJIIOIOTHCS 1 MOPIBHIOIOTHCA 13 TUPEKTUB-
HUM 3aBJaHHSIM IUIIXOM po3po0OiieHoi aBTOMaTu30BaHoi cucteMu. [1o mes-
HUM BIIXWJICHHSM TIEBHHUX MApaMETPiB MOXIJIMBO BiJICIITKOBYBATH PO ¢o-
PMyBaHHS Ta NOAAIBIINNA PO3BUTOK HEOAXAHUX IPOIECIB, IO BinOyBatOTh-
Cs1 B IOPOXKHUHI YCTATKYBaHHS 1 TAKUM YHMHOM YIEPEIUTH aBapiiiHi BUXOAN
i3 mamy. Jlo HMX BITHOCATBCA: TEPEBHIICHHSA CTPYMIB TEXHOJOTIYHHUX i
30BHIIIHIX KOPOTKHAX 3aMHKaHb, CTPYMIB BKIIOYEHHS, IX TPOIOBKHICTE,
KUTBKICTh, XapaKkTep; 3aralbHi piBHI IIyMy Ta y CHEKTPi OKTaBHUX YacTOT,
SKi (DOPMYIOTBCSI B HACJIIOK MAarHiTOCTPUKIIHHUX TPOLECIB, BIIHOCHO I10-
YaTKOBUX MOKAa3HHKIB (1X 3pOCTaHHs B yaci CBIIYHUTH NPO HASBHICTH BiIXHU-
JICHHS y TIEBHUX BY3J1aX Ta AETaJsIX; YaCTKOBUX PO3PSAiB B OXOJIOMKYIOUO-
My cepenoBuill abo ouii ([0 CBIAYUTH PO MOTIPIICHHS AiCNEKTPUUHHX
BJIACTHBOCTEH BHACIHIJIOK TOSIBU NPOBIAHUKOBUX YaCTUHOK a00 3MiHEHHS
BHACJNIJIOK TIEPEBUILCHHS MICIIEBHX TeperpiBiB); ()a3HUX OIMOPIB CHCTEMHU
30yKeHHST €JICKTPOMArHITHOTO TOJS PO3CiIOBaHHS (IO CBIAYUTH PO MO-
PYILICHHS B3a€MHOI iHAYKTHBHOCTI MK OOMOTKaMH); BHIPOOYBaHHS B pe-
XKHMMaxX KOPOTKOTO 3aMMKaHHS, IO JIO3BOJISIE BCTAHOBUTH CTYIIHbB ITOIIKO-
JUKEHHS OOMOTOK IIUISIXOM ITOPIBHSHHS Pe3yNbTATiB OCTIKCHHS MIPH Pi3-
HUX KOoMOiHamisx oOMoTok. (CKIagHICTh 3aBAaHHS MOJSTaE B TOMY, IO Y
TpuazHOMy yCTaTKyBaHHI TEPBHHHI 1 BTOPUHHI OOMOTKH MalOTh pi3HI
CXEMH r'aJIbBaHIYHOTO MOEIHAHHS BCEPEIUHI, & BUBOJH 3HAXOJSITHCS 30BHI. );
NPOrpaMHO-aHaIITHYHA METOMKA NPHUBEACHHS MiX (a3HUX onopiB 1o daz-
HUX (I10 TpajiieHTaM 3MiHEHHS (a3HUX OINOPIB BU3HAYAETHCS MOLIKOKEHHS
MeBHOI (ha3u cUCTeMH 30y PKEHHS €JIeKTPOMArHiTHOTO TIOJIS).

Y BUManKy, KOJU CyKyITHICTh €JIEKTPOMArHITHUX ITapaMeTpiB MepeBu-
IIYIOTh HOPMOBAaHI TOKa3HWKM YCTaTKyBaHHS IepeadaueHo CHUTHaAi3allis
OIIepaTMBHOMY MEPCOHANTY Ta MOCHiAyIoue NMPUMYCOBE BiJKIIOYATH ycTar-
KyBaHHS BiJl MEpEXi. a.

JloToBib LTIOCTPYETHCS BIAIOBITHUMH 3ac00aMU aBTOMAaTHU3AIlii, cxe-
MaMH Ta pe3yJIbTaTaMH €KCIIEPUMEHTAILHOTO JOCIiKEHHS.
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YK 621.396.674.3
Pomaniuenxo .M.
crapm. BuKJ. HY «3amopi3bka nomirexHika»

PO3PAXYHOK CIIBBITHOINEHb MI’K BEKTOPAMHA
EJEKTPOMATHITHOTI'O IIOJISI B BJIWKHIM 30HI
BUITPOMIHIOBAHHSA JUITOJISA T'EPIA

KrnacuyHa Teopis eleKTPOMArHiTHOTO IOJISl MPH PO3PaXyHKY JTUMOJS
T'epria 3aBa0BXKKH £ 30YIKYBAaHOTO C(PCKTHBHUAM CTpyMOM I, SIKHii 3MiHIO-
€ThCS 32 TapMOHIHAM 3aKOHOM, BH3HA4a€ BEKTOPH EJICKTPOMATHITHOTO
ITOJISL 3a7I€KHO BiJ JOBXUHU XBUJII A, BIACTaHi ¥ BiJ JUIIONSA IO TOYKH CIIO-
CTepeXeHHsI 1 KyToBOI chepruuHOi KoopauHaTH 6.

KommiiekcHi aMIUTTyIn BEKTOPIB €NEKTPUYHOTO i MAarHiTHOTO TIOJIB
Kpallle MPeJCTaBUTH HOPMOBAHUMH Y€PEe3 XBUIILOBE YKCIIO K 1 MO JOBKHHU
XBUII A 13 BIATIOBITHUMY KOoeillieHTaMHU:

I-?
A

H.[O6 OTpuUMaTn MO,I[yJ'Ii KOMITOHCHT ITIO0JIA:

VEY =K 1

Eg=7- PN -sin(@) ; (1)
Kt +1
E, = 27T-T~cos(@); 2)
[122
|
H, :ﬂ-%-sm(@) : 3)
r

ne k=2n/A — XBWIBOBE YUCIIO.
[Micns nudepenuiroBanns (1) , (2) i (3) no 3MiHHIA r/ 1 » OTPHMaEMO
BUPA3H JJIS TPATIEHTIB MOYJIiB BEKTOPIB MOJIS:

|E®|] —0.2. Kt -k 43

grad [E_ —m'sm(@) ; “4)

0
E 2.2
grad ['E’|]:47r2-8kr—+3-cos(@) ; (5)
0

Kt A 41
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oy K2
Ey B N 41

Pizaung ¢a3 opToroHaIbHUX KOMIIOHEHT €JIEKTPUYHOTO i MarHiTHOTO
TOJTiB, SIK 1 PO3TAITyBaHHS ONFMKHBOI 1 JajieKol 30HW BUIPOMIHIOBAHHS JTH-
noJtst ['epiia, 3aexaTh TUTBKH BiJl BiTHOMIECHHS 7/4

sin(@). (6)

r

¥p, — ¥y, =arctg (kr)-arctg [kr - ij . @)

I'panient ¢pyuxmii (7) mopiBHIOE:
2.2
grad (‘PE@ - %y, ): 27 ?‘Tr $in(@).
kor +1
[IpuBeacHI CMiBBIMHOUICHHS TO3BOJISIOTH JOCHIKYBATH 3arajibHi 3a-
KOHOMIPHOCTI 3MIHM XapaKTepUCTHUK TI0JIiB BUIIPOMIHIOBAHHS 1 X I'pa/lieHTIB
3aJICKHO BiJl BiICTaHi BiJ TUTIONS IO TOYKH CIIOCTEPEKCHHSI.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Kapmos 1O. O., Beaminpkwmii FO. I'., Kyxapuykx B. B. Teopernuni
OCHOBHM eNeKTpoTexHiku. EnekrpomMarsiTHe moie; 3a pen. npod. 0. O. Kap-
noBa. Xepcon: OJIAI-IIUIIOC, 2017. - 338 c.

2. T'opobery M.M. I'pajiieHTH BEKTOPIB MPYKHOCTI EIEKTPHUYHOTO 1 Ma-
THITHOTO I0JIsi BUIPOMIHIOBAaHHS Iumoiisi ['epua Ha KiHueBii Biacrani /
M.M. TI'opobern, I'.'M. Pomaniuenko // Bichnk XapKiBCbKOTO yHIBEPCHUTETY,
1999. - Ne 427. - C. 205-208.

YIK 621.314

Ko3snos B. B.!, Ha6oxosa O. B.?

! kang. TexH. Hayk, gou. HY «3anopisbka momTexHika»
2 non. HY «3anopisbka nosiTexHika»

AJITOPUTM PO3PAXYHKY COHSYHOI EJJEKTPOYCTAHOBKHU
JJIA IPUBATHOI'O BYJUHKY

OTpHuMaHHS €JIeKTPOCHEPTil Bifl aIbTEPHATHUBHUX JUKEPEIN SIK HIKOJH €
aKTyanbHUM Yy Haml yac. COHsIYHA eJIEKTPOYCTaHOBKA MOX€E BUKOPHCTOBYBA-
THCSI SIK JOJATKOBE JDKEPETO ENEeKTPHUKH, TakK 1 SK OCHOBHE, SKIIO HEMae
MOJKJIMBOCTI OTPHMAaHHS €JIEKTPOCHEPTil Bi/l €IeKTPHYHIX MEPEK.
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[TpoexTyBaHHS Takol yCTAHOBKH 3aBXKI¥M BKJIIOYAE ONTHMI3AII0 €JIeK-
TPOCHOXHUBAaHHS (HATIPUKIIA, 3aMiHa JIAMIT PO3’KapiOBaHHS Ha CBITIOHIOIHI)
Ta BU3HAYCHHS 4 MapaMeTpiB:

— CyMapHa MOTYXXHICTh COHSIYHHX ITaHeNeH;

— CyMapHa €EMHICTb aKyMYJISITOPIB;

— BHOIp KOHTpOJIEpa 3apsi1y aKyMyJIsITOPiB;

— BHOIp THUIly iHBepTOpA.

Jlnst BU3HAUCHHSI CyMapHOI MOTYXHOCTI MaHesel € JABa BapiaHTH po3-
PaxyHKY.

I BapiaHT: OUIIXOM CKJIATaHHSA PO3PaXyHKOBOI TAONHIN B sIKili Bpaxo-
BYIOTH YCi MOXIIMBI CIIOKHBAaYi 3 ypaXyBaHHAM iX KITBKOCTI, TOTY>KHOCTI Ta
TPUBAJOCTI BKIFOYCHHs. Takuil po3paxyHOK 3pyYHO BHKOHATH Y BUIJISAIL
Tabmumi 1.

Tabmua 1 — OGuncneHHs cepeHbOI000BOTO CIIOKUBAHHS ENIEKTPOSHEPTii

Haiimenysanus | IlotyxHicTs, | Kinpkicts, | TpuBamicts po6o- | CroxXuBaHHS,
Bt IMIT. TH, TOJI. Brroxn

IIpanbhHa mamu-
Ha 1500 1 0,3 500,0

CymMmapHe couBaHHs 3a 100y, Br-rox

CkiagaHHs Takoi TaOmuUmi 3a3BMYall yCKIAJHEHO 4Yepe3 Te, M0 NesKi
CHOXKMBaui (K, HANPUKIAJ, NpajbHA MAIIWHA) BUKOPHCTOBYIOTHCS HE KO-
JKCH JIeHb 1 TOMY iXHIO 3arajibHy TPHBAJICTh poOOTH 3a MicsIs Tpeba po3i-
JIUTH Ha BIANOBIMHY KiJbKICTh AHIB. L[efl MeTO JAOMIIFHO BUKOPHUCTOBYBA-
TH, SIKIO Oy/JMHOK He OyB HiIKIIOYEHHUIl 70 LIEHTPaJIi30BAaHOTO EJIEKTPOIIO-
CTa4aHHs.

Il BapianT: sikiio OyaMHOK OyB MIAKIIIOYEHHH IO IIEHTPai30BaHOIO
€JIEKTPOIIOCTAYaHHS, TO JIOCTATHHO MICSYHI TIOKa3aHHS €JIEKTPOJIiYMIbHUKA
MOJUTATH HA KUIBKICTh THIB Ha MICAIb Ta OTPHUMATH CEPEIHBOI000BE CIO-
JKMBaHHS €JIEKTPOSHEepril. 3Hal0UM cepelHbOA000BE CIIOKHUBAHHS Ta BPaxo-
BYIOUH, 1110 COHSYHA MaHEeb 3 MAKCUMAIBHOIO MTOTYXHICTIO TPAIIOE B CEepe-
THBOMY 5 TOAMH Ha 100y (Xo4a CBITIOBHH JCHb TPHBAE JOBIIE, ae MOTPio-
HO BpaxoBYBaTH KyT MaJiHHS COHAYHHUX IPOMEHIB Ta XMapHICTh, 5IKi 3MEH-
HIYIOTh ITOTY>KHICTh MaHeNi), pO3paxoByeMO HEOOXiJHY HMOTYXXHICTh Ta Bi-
MOBITHO KUJTbKICTh CTAaHJAAPTHUX COHSYHUX MaHEeH.

BupoOiieHy MpOTAroM CBITJIOBOrO JHS €JIEKTPOSHEPril0 HEeOoOXiJHO
36epirati y 6ydepHUX aKyMynsaTOpax. IXHIO €eMHICTb Cliji BUOMpaTH i3 3a-
nacom He MeHIre 70%. Ile 3ymoBieHO, mo-mepIie, THM, 00 HE eKCILTyaTy-
BAIMCA aKyMYJISATOPH Ha MEXi X MOXIHBOCTEH, a, MO-Apyre, y AesAKi JHI
CHOXWBAHHA MOJXE ICTOTHO IIEPEBHIIYBAaTH cepeaHbon0o00Be. OCKITBKH
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cepesl CIIOXKMBaviB eJICSKTPUYHOT €Heprii 3a3BUYall € IPHCTPOI, 10 MalOTh y
CBOEMY CKJIaJi JBUTYHH: XOJOAWIBHHK, NpalbHa MallWHA, THIOCOC, TO
HEOOXiJTHO BUKOPHCTOBYBATH iHBEPTOpP SAKHUN Ma€e Ha BUXOMl CHHYCOITAIBHY
dopMy Hampyru, a He KBasicHHycoimy. MOro HOTYHICTH BHOMpAaeThCs 3
YMOBH MAaKCHMaJbHO HOTY)KHOCTI OJHOYAaCHO BKJIIOUCHHX CIIOKHMBAYiB.
ToMy HOITEHO pO3HECTH y Yaci poOOTy HAWOLIBII €HEPTOEMHUX CIIOKHBA-
4iB (HanpukiIan, Ooiiyep Ta mpaidbHa MamuHa). Lle J03BONMHUTE 3HU3UTH MO-
TY>KHICTb, BIIIOBIZHO 1 BapTicTh iHBepTOpa. HoMiHaneHy BXiJHY Hampyry
BUOUpaeMo 3i crannapTHoro psxy Hanpyr (12, 24, 48 B). Buxoasuu 3 o6pa-
HOi Hampyru BU3HAYAEMO CXeMy 3’€JHAHHS aKyMYJSITOPIB Ta COHSYHHX
naneneil. Haii6inbm 3py4yHoro € Hanpyra 24 B.

Cnin mam’staTH, MO JJIs HOPMAJBHOI Ta JOBrOCTPOKOBOI poOOTH 00-
JIaTHAHHS COHSYHOI €JIEKTPOYCTAHOBKH BCi OKpPYIJICHHS Y TiependauyBaHuX
po3paxyHKax ciif poout y Oik okpyriaeHHs. [licis BUKOHAHHS MOTIepeIHIX
CJIEKTPOTEXHIYHUX PO3pPaxXyHKIB CIiJ i3 OTPUMAHMX 3HAYCHb IapaMmeTpiB
SJICKTPOYCTAaHOBKH BHOpPATH 3a KaTaJoraMu HeoOXigHe oOnagHaHHA Ta Ioc-
TapaTHCs ONTUMI3YBaTH HOTO 3 NOTISILY IiHA-SIKICTb.

YK 621.3.01

Kosnos B. B.!, Ha6oxosa O. B.?

! kanp. Texn. mayk, gou. HY «3amnopisbka momitexnika»
2 on. HY «3anopiszbka NoJliTexHika»

CTPYM ABO HAITIPYT A, OChb Y HOMY IIUTAHHSA

BianoBige Ha NMHUTaHHS, 10 € MEPBUHHUM B EJIEKTPUYHHMX KOJIaX —
CTPYM 4H Hampyra He Mo>ke OyTH OJIHO3HAUHHM, OCKIIbKHA BOHH € B3aEMO3a-
JIOKHUMU (PI3MYHUMH BEJIMUMHAMH, SIKi TPAIOTh TOJOBHY POJIb EPEBAKAIOTH
Yy BCIX €JIEKTPOMAarHiTHMX mponecax. He3Bakarounm Ha IXHIH B3aeMHHH
3B’S130K CIIiJI TIaM’SATaTH, IO IIe JIBa IPUHIMIIOBO pi3Hi (i3uuHi sBuma. Ha-
npyra sBiIsie c000I0 PI3HMIO TOoTeHIianiB U Ha KiHIX JUITHKH €JIeKTpH-
Horo KkoJja abo mkepena EPC, a enekrpuunuii ctpym [ siBiisie co00K0 €NIEKT-
PUYHHME 3apsil ¢ , SIKKH pyXaeThcs Yepe3 MOoINepeyHuil nepepi3z NpoBiJHMKA.

ToMy HEMOXXKJIMBO TIEPETBOPHUTH HAINpyTy Ha CTPYM 1, HaBIIAKH, CTPYM
Ha Hanpyry. Hampyra abo crpym MoXyTb OyTH I€peTBOpEHI TiNbKU BixHo-
BIZIHO Ha HaIpyry abo cTpyM, IO MAlOTh iHIII 3HaYeHHs. [Ipu pomy BinOy-
BAETHCS NEPETBOPEHHS ENEKTPUYHOI eHeprii. SIKIo mpu oMY 3HAYCHHS
Halpyry 3HWKY€EThCS, TO 3HAYEHHS CTPYMY HiJIBUIY€ETHCS 1 HaBIAKH, SKIIO
3HAUEHHs HANpPYIru 30UIBIIYETHCS, 3HAYCHHS CTPYMY 3MEHUIYEThCS. Alie
KUTBKICTh €HEpTii BiAMOBIAHO 0 3aKOHY 30€peXEeHHS eHeprii Ipu IbOMY He
3MIHIOETHCSI (SIKIIO 3HEXTYBATH BTpaTaMH €HEPTii y IpoIieci MepeTBOPEHHS ).
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Enepris enexrpuyHOTo monst W — 1ie €Hepris MOJO0XKEHHS EIeKTPHY-
HOTO 3apsily B €JIEKTPUYHOMY Mo (TOOTO 3a CBOEIO CYTTIO II€ TIOTEHIIHHA
EHepris)

W=U-q. (1)

EnextpuyHmii CTpyM — 1€ TIEPEMIIIICHHS 3aps Iy 3a OJUHHMITIO Jacy !
=2 )
t

BHacmigok Ip0r0 MpH MEepPeTBOPEHHI eHeprii B OyIb-sIKOMY IEepeTBO-
proBagbHOMY HpHCTpoi 31 3HaueHHs W) =U;-g; Ha BXOAI B 3HAYCHHA

W, =U, -q, Ha Buxoji (SKIIO HEXTyBaTH BTpatamu W) =W, ), npu 3MeH-

IICHHI PI3HULI MMOTEHIIaNiB MK TOYKAMHU EJIEKTPUYHOTO IOJsI, B SKOMY
BinOyBaeTscst mepemimieHHs 3apsny (U, <U;) Ha BuXoai 30UIBIIMTBCS

KUTBKICTD 3apsay, SIKHH MEPeMIIIyeThCs 32 OMUHHIN0 dacy (¢ 5> q,) 1, Ha-

BIAKH, TIPH 3MEHIICHHI KUTBKOCTI 3apsi/ly, SKUi MEePEeMIIy€EThCS 38 OTUHULIIO
qacy (g , < ¢ ) PI3HHII MOTEHIIaNiB HA BUXOAI Oyl BUIIOI0, HIX PI3HUIL

noteHuianis Ha Bxoxi (U, > Uy ).

VY KIacH4YHIH eNeKTPOTEXHIIl CTPyM Ta Hampyra IIOB’si3aHi 3aKOHOM
Oma

==

z’ )

ne R - omip IUISHKY €IEKTPUIHOIO KOJIa.

3BiJICH BUILTHBAE, 1O JJISL TOTO, 00 y MPOBIIHKUKY IIPOTIKAB €JIEKTPHU-
YHUI CTPYM Ha HOTO KIiHLSIX HEOOXIIHO CTBOPHTH DI3HHUIIO MOTEHIIAIB.
Tomy Hampyra 4acTo CpuiMaeThCsl SIK IEPBUHHA BeJIMUMHA. AJle, 3 1HILOTO
00Ky, il 4ac aHaNi3y eNEKTPUYHMX KU 3a3BUYail pO3PaxOBYIOTh €JIEKTPHU-
HUH CTpYyM.

VY OaraThoX BUINaJKaxX BHOIp MK IIMMHU BEIHYMHAMHU 3aJCKUTHh BiJ
KOHKPETHOI CUTyaIlii Ta HeoOXiTHOT TOYHOCTI BIUMIipIOBaHHS. Y NESKUX BU-
najgKax OUIbII 3pYYHHM 1 TOUHUM MOKe OyTH BHUMIpDIOBaHHS HalpyTH, a B
IHIINX — CTPyMY.

B o0macTi enexTpoHiKH, HAIPUKIAJ, BUOIp MK CTPYMOM i Hampyroro
MoOke OyTH BaKIMBHM IIPH BHOOpPi MPaBIJIBHOTO JDKepena >KUBICHHS a0o
MIPOEKTYBAaHHS €IEKTPOHHOI CXeMH. Y IIbOMY BHIIAJKy BHOIp MOXe 3ajiexa-
TH BiJ] HEOOXiAHOIT st poOOTH MPUCTPOIO HANPYTHU Ta CTpyMy. Hampukiarn,
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SIKIIIO HEOOX1JHO MO/IaTH HANpPYTy IEBHOT'O PiBHS HA NEBHUH KOMIIOHEHT, TO
MoOke OyTH 3pyYHIIINM BHMIipIOBAaTH HANpyTy B HaHiil curyamii. 3 iHIIOTO
00Ky, SKII0 HEOOXiTHO KOHTPOIIOBATH CTPYM, TO BHUMIPIOBaHHS CTPyMY
MoOJke OyTH OB 3pyYHHM Ta TOYHHM. B ramysi enexTpornocradanHs BHOIp
MDX CTPYMOM 1 Halpyrol MOJE BifirpaBaTH Ba)XJIHBY POJb TPH BHOOpI
JDKepeTia JKUBJICHHS a0 MPOEKTYBaHHI €IEKTPUIHOI Mepexi. Y IbOMy BH-
magKy BUOIp MOXKe 3aleXaTd Bi HEOOXiZHOI MOTY)KHOCTI Ta PO3MOILITY
HaBaHTaKEHHS. SIKIIO HEOOXiJHO 3a0e3NeunTH MEBHY MOTYXXHICTH IJIS pO-
00TH MPUCTPOIO, TO BUMIPIOBAHHS HANPYTH MOXKE OyTH 3py4HILIIMM Yy Lii
curyauii. 3 iHIOro GOKy, SKIIO0 HEOOXiTHO KOHTPOIOBATH CTPYM JUJISL 3aXH-
CTy BiI EpEeBAHTAXKEHb, TO BUMIP CTPYMy MoOXe OyTH OUIbII 3pyYyHHM i
TOYHHM.

TakuMm uMHOM, BIANOBIIb HAa MUTAHHS NPO TE, LIO NMEPBUHHE - CTPYM
Y Hampyra, He MOKe OyTH OJHO3HAYHHMM 1 3aJIeKUTH BiJ KOHTECKCTY Ta
cuTyaii, B SIKiif BOHH po3risiiaroThes. OHAK BaXKIMBO PO3YMITH, IO CTPYM
1 HaTpyTra € B3a€EMOIIOB’I3aHUMH BEJIMYMHAMH 1 BIIrpaloTh KIIOYOBY POJIb B
CJIEKTPOHIIIi, EJIEKTPOTEXHIIIl Ta ECKTPOCHEPTETHII.

VK 623.3.01
Adanacsesa I, O.!
! crapur. Bukn. HY «3anopizbka momitexnika»

IVIAT®OPMA SPLAN /UISAI CTBOPEHHSA CXEM IIPH
BUBYEHHI EJIEKTPOTEXHIKHN

I'padiunuii penaktop sPlan, mpexacraBise co0ow OmHY 3 HaHOUIBII
3pYYHHUX 1 IPOCTHX HpOrpam, MPU3HAUSHUX JJIs KPECICHHS paliOeeKTPOH-
HUX Ta eJIEKTpUYHUX cxeM. J{yxe npoctuii Ta 3po3yminuii intepdeiic. Moxe
BUKOPHCTOBYBATHCS SIK TEKCTOBHH PEIAKTOP, JIETKO CTBOPIOBATH TAOJIHIIL.

B nporpami Bemuka 6i6mioTeka Halpi3sHOMAHITHIIIAX PaIioeIeMEHTIB,
3pYYHO NPEJCTaBICHUX Ha BEPTUKAJIBHWN MaHeNl Mopyd 3 iHCTpyMEHTaMH
MAJTFOBaHHS, BCTABKH TEKCTOBUX HAIUCIB 1 rpadiYHUX 300pakeHb.

Ale SKIIO He 3Halaere MOTPiOHOI BaM JeTalli, TO PUCYHOK JuIsl Hel BU
3MOKETe 3a JICKiJIbKa XBWJIMH CTBOPHUTH caMi i JojgaTH y Oi0iioTeKy s
HACTYITHOTrO 0araTOKpaTHOTO BUKOPHCTAHHS. Y Hporpami MpUCYTHS aBTOMa-
THYHA HyMepallis KOMIIOHEHTIB, 3py4Hi JIHIMKH U1 MacmTaOyBaHHS Ta
6ararto iHIINX KOPUCHUX APiOHHUIIE.

3 ApyKyBaHHIM BalllMX CXEM TEX He Ma€ 3’SIBUTUCH MpoOsieM, 00 BU
MOJKETe BCE MEPEeIUBUTHCH, 3MIHUTH MacImTad Ta oOpaTH paMKy AJsl Bamloi
cxeMH. € MOXJIMBICTh BCTaBJISITH BJIACHI PUCYHKH, IO i€ OiNIbIe pO3IIM-
PIOE MOXKIIMBOCTI BUKOPUCTAHHS IIPOTPaMHu.
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[icna 3amycky nporpamu sPlan obupaemo B ocHoBHOMY MeHIo Omii -
OcHoBHi mapamerpu - biomiorekn - mis Standard, HaTHCKaEMO KHOTIKY ITe-
perysimy KatajoriB i obupaemo y mamui «Library» notpiOny 06i0miorexy
(manpuxnan, «Crannaptaa») — Hatuckaemo kHonky OK i B mporpami crane
JIOCTYIIHA CTaHAapTHA 0i0mioTeka. i1 CTBOPEHHS CXEMHU HEOOX1IHO MPOCTO
MEepeTArHyTH HEeOOXiJHI eneMeHTH i3 bibiioTekn Ha apkymI 1 3’€IHATH Mix
coboro. Bci HeoOXimHI eleMEeHTH aBTOMATHYHO NPUB’S3YIOTHCS 1O CITKH
apkyury. B xopeni nanku «Library» Takox MicTuThCst bibriomexa Komnone-
nmig. Beporo moctynmHo § pi3HHX 0i0IiOoTeK, B HANAIITYBAHHSAX IPOTPaMHU
MOJKHa BKa3aTH AEKiNbKa pi3HUX 0i0yioTeK, BCi KaTteropii i KOMIIOHEHTH 3
HHUX CTaHyTh JOCTYIHI It poOOTH B mporpaMHOMy cepenoBumii sPlan. J{ms
MAKITIOYCHHS 1Ie OHi€i 610mi0TeKn MOoTpiOHO HATHCHYTH / KHOMIKY «CTBO-
pUTH», TOTIM BKa3aTH IUIAX A0 0i0mioTekw i ii Ha3By. [na Toro mob Bcra-
BUTH 300pakeHHS i3 mporpamu sPlan B JOKyMEHT TEKCTOBOTO pegakTopa
Word HeoOxinHo:

— BUALIMTH 300paxkeHHs B sPlan ((abo Horo yactky );

— B MeHI0« Dailim» o0patu nyHKT « bydep oOMiny»;

—y BikHI « KomitoBaHHs B Oydep 0OMiHy» BCTAaHOBHUTH SIKICTh 300pa-
JKEHHSI Ta K1 eJIeMEHTH CKOIIiIoBaTH (Bci a0 Ti, [0 BUAUJICHO) Ta HATHCHY-
™ OK;

HanamryBanHs 30epiratoTbcs i IpH HAacTYyHOMY 3alycKy. Takox B
MporpamMi MPUCYTHI W IHII HAJIAINTYBaHHA — CIPOOYHTE i HaJaIITyHTe BCE
iz ceOe.

ITepeBaru B po6oTi i3 sPlan:

— BOYJOBaHMH KaJIbKYJIATOP 1 KaJICHIap;

— He MoTpedye MmiaKItoueHHs 10 [HTepHeTy;

— IHTYiTHBHO 3p0O3yMijie MEHIO;

— IIOKPOKOBHIA MalcTep JJ1si KOM(QOPTHOTO OCBOEHHSI KEPYBaHHS;

— 3py4He HaJlaIITyBaHHs FOJIOBHOTO BiKHA 1 DYHKIIIOHAIBHUX MaHeeit;
—3acib aBTOMATUYHOIO YIPYIyBaHHs 00’ €KTIB Ta 300paKCHHS,

— MacitaOyBaHHS JI03BOJISIE HAOIM3UTH 00’ €KT y 0araToOKpaTHOMY PO3MIpI.

Henoniku: iHOAI TpaIuIItOTECS 3001 IPH oJaBaHHI 3MiH y ¢aiin .lib.

CIIUCOK BUKOPUCTAHOI JITEPATYPU
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3HAXO/’KEHHS KOE®IHNIEHTIB ITI-PETYJISITOPA B CUCTEMI
ABTOMATHUYHOI'O KEPYBAHHSA PIBHEM PI/INMHA

[linTpMaHHS 3a1aHOTO PIBHS PiAMHU € BaXXJIMBOIO 3ajadelo y Oara-
THOX c(hepax MPOMHCIOBOCTI, TAKHUX SK BUTOTOBJICHHS OyNiBEIbHUX MaTepi-
aITiB, Xap4oBa i XiMiYHA IPOMHCIIOBICTh, HAQTONIEPEPOOHUIT CeKTOp Ta iHIII.

CrabinpHuiA piBeHb H03BOIISIE 3a0e3MeunTrH O0e3aBapiiHICTh TEXHOIOT -
YHOTO MPOLECY, B TOH 4Yac SK MEPEBHIICHHS NOMYCTHMHUX 3HAYCHb MOXKE
MIPU3BECTHU JI0 BTPAT CUPOBUHHM, 3HW)KEHHS MPOAYKTUBHOCTI Ta, BiJIIOBIIHO,
JI0 eKOHOMIUHMX BTpaT. [lns 3amau cradiiizanii HAOUIbII PO3IMOBCIOKEHH-
mu € [1- Ta Ill-perynsropu [1-3]. 3Baxkatoun Ha Hepmouik I[I-perymnsitopa, a
came, CTaTH4YHa MOXMOKa MPH HAsBHOCTI BUTPATU PiJIMHH, OLIbII MpUBAOIH-
BuM € Bukopucranns [ll-perynsropa. 3 iHmoro 00Ky TpaHCIIOpTHE 3ari3-
HEHHS, MPU3BOAMUTE J0 30UIBIICHHS KOJMBAJIHHOCTI MEPEXIAHOTO MPOIECY
BIZTHOCHO CHCTEMH Oe€3 3aIli3HeHHS.

Tomy 3HaxomKkeHHs KoedimienTiB [1l-perynsaropa crcTeMu aBTOMATH-
YHOTO KEPYBaHHS PIBHEM PiIMHM IUITXOM KOMIT IOTEPHOTO MOJAETIOBAHHSA 3
ypaxyBaHHSIM TPaHCIIOPTHOTO 3aIli3HEHHS, HENIHIIHOCTI perymoBalbHOT
XapaKTEePUCTUKN HACOCY 1 HAsSBHOCTI 30HM HEUYYTJIMBOCTI, € aKTyaJbHOIO
3aj1a4ero.

Meroto pobotu € 3HaxopkeHHs KoeditienTis [1I-peryisropa, siki Mak-
CUMaJIbHO HaOJIMDKAIOTh TEPeXiTHUH IMpollecC B CHCTEMi 3 TPAHCIOPTHUM
3ali3HEHHSIM /10 IapaMeTpiB CUCTEMH 0e3 3ali3HeHHS 3 ypaxXyBaHHAM Helli-
HIITHOCTI peryJIIoBajbHOI XapaKTePUCTHKH HACOCY 1 HAasBHOCTI 30HU HEYYT-
JIUBOCTI.

JociimKkeHHs] TPOBOJAMINCS 3 BUKOPHCTAHHIM KOMIT IOTEPHOI MOJEi
nmabopatoproro creHay [4]. Tlomyk ontumansHux koedimientis I1I-
perymsTopa, ski 0 3a0e3nmedyBany OakaHI XapaKTEPUCTHKH IEPeXiTHUX
mporeciB [5, 6], MPOBOAMBCS NIIAXOM MiHIMI3aIlil BIAXMICHHS pealbHOTO
MIEPEXiTHOTO MPOIIECY BiJ] MIITLOBOTO.

VY s[KOCTI KpUTEpis ONTHMaJbHOCTI BUKOPHUCTOBYBABCS IHTETrpaJbHUM
KBagpaTuuHuil ¢yHKnioHan. Ilomyk MiHiMyMy (yHKOiOHamy NMPOBOAWBCS
LUISIXOM TIOCJIJOBHOTO 3allOBHEHHS pe3yJIbTaTaMH MOJICIIOBAHHS KOMIPOK
1’ SITH TaOIHUIb PO3MipoM 5X5, B SIKUX PSIKM BiOBIAAIOTH 3HAYEHHSIM 1HTe-
rpaibHOi CKIIaI0BOI perynsaropa ( K; ), @ CTOBIYUKH - 3HAUYEHHSIM IIPOIIOp-

iKHOT CKIIaJI0BO1 perynaropa ( Kp)' Komipka 3 HaliMeHIIMM 3HAYECHHSIM
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(hyHKIiOHaYy MOTOYHOI Tabnwmili Bu3Hadana koedimienram Ki, Kp, B Hacty-
MHIH TabIHIi po3TaloByBaIach MO HEHTPY.

[Tpu npoMy iHTEpBas MK CyCiHIMU 3HAUYCHHSAMH KOE(Illi€HTiB 3MEH-
IIyBaBCs B JBa pasu. B pe3ynbraTi MOCITIKEHHS BCTAHOBIEHO, IO TOYKH
MiHIMyMH (DYHKITIOHAITy JUIsl CUTHally KepyBaHHS 1 pIBHS piAMHM HE CIIiBIIa-
naroth. [Ipu 11boMy y TOUI MiHIMYMY (YHKIIOHaNa Ui PIBHS PIAMHM CIIO-
cTepiraeTbes OLbIIA aMIUTITYAa KOJNMBaHb CUTHANY KEpyBaHHs, a y TOYI
MiHIMyMy (YHKIIiOHaJa JJIsl CUTHALy KepyBaHHS — 30UIbIICHHS TPUBAJIOCTI
MePEeXiTHOTO TPOIIECy.

OTxe, BUKOPHCTaHHA IHTETPaIbHOTO KBAAPATHYHOTO (HYHKIIOHATY
JO3BOJISIE 3MIMCHUTH TMIONIYK ONTHMAaJIbHHUX 3HadeHb KoedimientiB I1I-
perynsaTopa, siki MaKCUMaJIbHO HAOMIDKAIOTh PealibHi IepeXiqHi IPOLIEecH 10
3a/laHuX [T CUTHATY KepyBaHHS 1 piBHS piIWHN.

OcraTtoyHe pilIeHHs MoA0 BUOOPY KOediIlieHTIB MOBHHHO 0azyBaTHCs
Ha BCTAHOBJICHHI MPIOPUTETIB MK IIBHUIKOIIEIO 1 3HOCOM OOJIa{HAHHS, SIKE
00yMOBJIeHE OUIBILIOI0 aMILTITY 00 1 KOJIMBAJIBHICTIO CUTHATY KEPYBaHHSI.
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BUKOPUCTAHHA BA3 JAHUX Y JIATHOCTHUIII
EJIEKTPOEHEPTETUYHOI'O OBJIAJTHAHHSA

ba3u naHux BUKOPHCTOBYIOTHCS B PI3HMX rajly3siX, TaKuX sIK Oi3HeEC, Me-
JIMIMHA, HayKa, OCBiTa, TPOMaJChKHH CEKTOp Ta iHII, A€ MOTPiOHO 30MparH,
OpraHi3oByBaTH Ta BHKOPUCTOBYBaTH BeiMKi oOcsru iH(opmauii. IctopuiHo
€JIEKTPOCHEPreTHYHA IIPOMHCIIOBICTh BUKOPHCTOBYBaJIa KOMII TOTEPHI CHCTEMHU
B MPOMHCIIOBHX J1a00paToOpisix, LeXax Ta HEHTpax M1 MOHITOPHHTY Ta Kepy-
BaHHS TIPHUCTPOsIMH eHeprocucTeMu [1]. ToMy akTyamsHHM € JOCIIIKCHHS
IULIXIB PO3BUTKY HANPsAMKY BHKOPHCTaHHA 0a3 JaHWX MPHU MOOYIOBI cUCTEM
JIarHOCTHKH €JIEKTPOSHEPTeTHYHOTO 00JIaTHAHHSI.

Mertoro pobOTH € OTIA] MOMXIIMBOCTEH BHKOPUCTAHHSA 0a3 MaHWX IS
JIIarHOCTUKH B €JIEKTPOSHEPreTu4Hii cdepi.

baza nanux (bJl), y Haii3araipHimoMy po3yMiHHI, Lie OpraHi3oBaHUi
HaOip JaHuX. Bkl KOHKpETHO, 0a3a JaHUX - 1€ eJICKTPOHHA CUCTEMA, sSKa
JI03BOJISIE JIETKO OTPHMYBATH JOCTYI A0 AaHMX, MaHIIyJIIOBaTHU HUMHU Ta
OHOBIIIOBATH iX. [HIIMMU cloBamu, 0a3a JaHUX BUKOPHCTOBYETHCS OpraHi-
3alier0 K MeToj 30epiraHHs, yNnpaBiliHHS Ta NOMIYKYy iHpopmarii. Ympas-
JIHHSA CyYaCHUMHM 0azaMM JaHUX 3/IHCHIOETBCS 3a IOMOMOIOI0 CHCTEMH
kepyBanHs 6a3zamu qarux (CKBJ) [2].

CKB/] mo3Bomsie KOpuCTyBadaM BHKOHYBAaTH ILTy HU3KY 3aBJIaHb. Bu-
3HAUEHHS JIAHWX: BUKOPHCTOBYETHCS JUIS CTBOPEHHs, MoAuikarii Ta peaa-
ryBaHHS cTpyKTypH B/l, sika BU3Hauae opraHizamiro JaHuX y Hiit 6a3i. OHOB-
JICHHS JTaHWX: BUKOPHCTOBYETBCS ISl BCTAaBKH, MOJU(IKaIil Ta BUIATCHHS
¢akTHUHUX JaHMX y 0a3i naHux. OTpuMaHHS JaHUX: BUKOPHCTOBYETHCS IS
OTPUMAHHS JaHUX i3 0a3u JaHWX, SKi MOXYTh BUKOPHCTOBYBATHCS IPOTpPa-
MaM¥ 71 Pi3HMX Iifeil. AqMiHICTpyBaHHS KOPUCTYBadiB: BUKOPUCTOBYETh-
¢ JUIA peecTpamii Ta MOHITOPHHTY KOPHCTYBadYiB, MIATPHMKH IIiIICHOCTI
JaHuX, 3a0e3meueHHs Oe3MeKkn NaHuX, YIIPABIiHHS MapajeIbHAM MIPOIECOM,
MOHITOPUHTY NPOAYKTHBHOCTI Ta BiAHOBIEHHS iH(pOpMALii, MOMIKOHKEHOT
4yepe3 HeoviKyBaHUi 30iit [3].
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Basu maHmWX B €NEKTPOCHEPTETHUHIH cdepi BHKOPHCTOBYIOTHCS IS
30epexeHHs Ta 00poOKH iH(HOpPMAIIil PO CIIOKUBAHHS €HEPTii, [0 JO3BOJIIE
e(peKTUBHIIIE YIPABISATH EIEKTPOMEpEekaMH Ta 3MEHIINTH BUTpaTH. IH(o-
pmarist 6a3 JaHMX BUKOPHCTOBYETHCS IPH PO3pOOLI Pi3HUX LUPPOBUX TeX-
HOJIOTIYHUX MPOEKTIB, TAKUX SK PO3yMHa Mepexka, MikpoMepexa, iHdpa-
CTPYKTYpa 3apsiIKu eICKTPOMOOLTIB Ta Oararo iHImoro. Jlani BUKOPUCTOBY-
I0ThCSL KIIIEHTaMU JJIs1 BAOCKOHAJICHHS CTpaTerii po3BUTKY Oi3Hecy Ui eKc-
naHcii Ha pi3HI pUHKY HU(poBi3aLii exekTpomepex [4].

[lependaueHo MOMXUIIMBICTH 300py IaHUX B PEaIbHOMY Haci Mpo CIIo-
JKUBaHHS €Heprii Ta aHallizy iX IUIA BHUSBJIICHHS HECIpaBHOCTEH, 300iB Ta
IHIIAX TIPOOIIeM y eJeKTpoMepekax. JlomomararoTh BU3HAYATH ITOTEHITIHHI
npoOJIeMH y eNeKTpoMepexax Ta 3abe3leuyBaTH iX IONEepeIDKeHHS 3a Jo-
MOMOI'OI0 CHCTEM MOHITOPHHTY Ta MIarHOCTHKH. BHKOPHCTOBYIOTBCS LIS
NPOTHO3YBaHHS CIIO)KUBAHHS SHEPTii Ha OCHOBI ICTOPHYHUX JAHUX Ta JAAHUX
Mo MOroAy, 0 JO3BOJISIE TUIaHyBaTH poOOTY eNIEKTPOCTAaHIIH Ta 3abe3re-
YUTH HaJiHHICTh €HEPrornoCTayaHHs; CTBOPIOBATH 3BITU NPO CIIOKUBAHHSI
eHeprii Ta aHaji3yBaTH iX 1y 3a0e3neucHHs ePEeKTUBHOCTI pOOOTH €HEpro-
CHCTEM Ta TEXHOJIOTTYHUX KOMILICKCIB [5-7].

OTxe, 3aCTOCYBaHHS 0a3 JaHUX Y AIarHOCTHII O3BOJISIE TOKPAIUTH
AKICTh Ta e()eKTUBHICTH MPOIECY MiarHOCTHUKU. bazn maHWx 3a0e3medyroTh
30epeKeHHs Ta YIPaBIiHHSA BETMKAM 00CATOM JIaHHX, IO JO3BOJISE IIBHIKO
Ta TOYHO 3HAXOJAWTH BiAMOBIAHY iH(pOpPMAIIiIO PO MOXKINBI MPUIHHA BHUHU-
KHEHHs TIpo0JIeM Ta NUISXU iX BUpIMICHHS. 3araioM, 0a3u JaHUX € HeoOXis-
HHMM 1HCTPYMEHTOM Ul €()EeKTHBHOI Ta TOYHOI AIarHOCTHUKH Ta MiATPHUMKH
pilIeHb y pi3HAX Tay3sX.
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®OPMYBAHHS KOHIENII TA BUMOT J10
JABOPATOPHOI'O CTEH/Y 3ACOBIB ABTOMATH3AIIIT
®IPMU SIEMENS HA BA3I IIK

CyuacHa aBTOMaru3allis 0a3yeTbcsi Ha MIUPOKOMY BHKOPUCTaHHI KOM-
IUIEKCHUX 3aco0iB aBTOMaTH3alii, siKi BKJIIOYAIOTh B cebe KOMII FOTepHI
TEXHOJIOTI, 3ac00M JIoauHO-MamKHHOTO iHTepdeiicy (JIMI), nmpomucnosi
Mepexi, IHTeJIeKTyallbHI J1aBadi MpoLeciB, IPOrpaMoBaHi JIOTIUHI KOHTpOJIe-
pu (IUTK) Ta MikpompoecopHi eNeKTPpUYHI MPUBOJA, a TAKOX BIAIOBiIHE
nporpamMHe 3a0e3neueHHs. Ajie 0COOJIMBY LEHTPAJIbHY POJb BHKOHYIOTh
IJIK, sKi cTaHOBIATH COOOI0 OCHOBY JIF000T CHCTEMH KEPyBaHHS.

ToMmy myske HaraJabpHOIO MOTPEOOIO T BUXOBAHHS Cy4acHOTO (haxXiBILd
141 cnemianbHOCTI € HalaHHS HOMY 3HaHb Ta MPAKTHYHUX HAaBUYOK BUKOPH-
cTanHs cydyacHuX kKoHTpoiepis I1JIK mpu nmoOynoBi cucrteM KepyBaHHS TeX-
HOJIOTIYHUMH TPOLIECAMH Ta YCTAaHOBKAMHU.

s 1iporo HeoOXigHO He TIBKH JaTH OocHOBU mporpamyBaHHs [TJIK,
asie ¥ HaBuMTH cTyneHTa BukopuctoByBatu [IJIK mms 360py maHux 3 1aBadiB
TEXHOJIOTIYHOTO TIPOIiecy, X 00poOIli Ta BUpOOUTH KepyBaHHS BUKOHABYH-
MU MEXaHI3MaMH, a TAKOXK 3a0e3MeYrTH aBTOMaTH30BaHEe KePYBaHHS 3 ydyac-
TI0 oanHM 3a oroMoroto JIMI (SCADA cuctemu, onepaTopchbKi naHedni).
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BpaxoByroun Ba)KIHBICTh 1 BiAIOBINaNBHICTH JaHOI 3a1adi aKTyalb-
HUM € JOCIi/DKCHHS CYYacHHX METOJIB, METOAMK Ta 3aco0iB, AKi 3abe3rme-
YaTh OTPUMAaHHS TaKUX 3HaHb Ta HaBUUOK. HailOlnpin eeKTHBHIM 3ac000M
€ BUKOPHUCTaHHs CTeHiB 3 peansHuMU [1JIK, siki 703BOJISIOTE HOCIIKYBaTH
po6oty IIJIK y cknazi neBHOT cucteMu kepyBaHHs. OTke, po3poOKa CTeHIY
€ aKTyaJIbHUM 3aBJIaHHSIM.

AJte HafOLIBITY MIHHICTE MAIOTh TaKi CTCHIH, K1 TO3BOJISIOTH HE TIPO-
CTO, SK TO KaXyTh «IIOMHMIaTH JIAMIIOYKaMW» Ta BKJIIOYUTH-BUKIIOYHTH
SKHAHCH €JIEMEHT, Y TO 3HATH JaHi 3 SIKOTOCh JAaT4HKy, ajle i MoOymyBaTh
AKyCh 3aKiHYEHy CHCTEMY KEpPYBaHHS IIEBHUM TEXHOJIOTIYHHUM IIPOIECOM,
ab0 HEBENMKOIO MPOMHCIOBOI0 YCTAaHOBKOI. Bce 1ie mepenbauae BUBIMTH
HE TUIBKH OKPEMi €JIEMEHTH Ta IX B3aEMOJIiI0, & 3pOOUTH MOB’sI3aHy CHCTEMY
KepyBaHHS, B AKil BCi Il eJIeMeHTH OyIyTh MPALIOBAaTH 3 METOI BUKOHAHHS
SKOTOCh TEXHOJIOTIYHOTO TIPOIIECY.

Jis  po3poOku KoHIEMIii cTeHaa Tpeba 3poOUTH aHami3 MOIIOHUX
CTEHJIiB, SIKI BUKOPHUCTOBYIOTHCS B HAIIOMy YHiBepcuTeTi [1] Ta B iHImIHMX
Bumax Ta ¢ipmax. Tomy chopMystOEMO BUMOTH 1O CTEHIY, SIKHH MH PO3-
pobisiemo. Tpeba Takoxk BpaxyBaTH, IO Kadenpa Mae Bke 3M00yTKH Ta
MCBHUIA JOCBiZ POOOTH 3 TEeXHiKOK aBToMaTm3amii ¢ipmu Siemens. Tomy
Oyno copMoBaHi HACTYITHI BUMOTH.

1. Crenn moBuHeH Matu KoHTposep S7-1200 dipmu Siemens 3 Momy-
JSIMH  PO3IINPEHHS, OJIOKaMH J>KUBJICHHS Ta KOMYHIKAI[IHHUMH MOJYJISIMH
THUX caMuX Gopm (HaKTOpiB, MO i KOHTPOIIEP.

2. B cTeHni 3acTOCOBYIOThCS 3aCO0H JIIOAMHO-MAIIMHHOTO iHTepdeiicy,
a caMe oIepaTopchka maHens GpipMu Siemens.

3 Jlo ckiaay cTeHa MOBUHHI BXOJUTH MPOTPaMHO TEXHIUHI 3ac00H 3
PO3pOOKH NPOrpaMHOro 3abe3ledyeHHss KOHTPOJIEPiB, PO3pOOKH MPOEKTIB
Bizyanizauii JIMI (mporpamaropu um KomIr’'iotep 3 IporpamHuM 3abesre-
YEHHSIM PO3POOKH).

4. CreH]1 IOBUHEH MaTH OpraHu KepyBaHHs (KHOIKH, epeMUKadi, 1o-
TEHLIOMETPH) Ta IHJUKaLi] (JIAMIIOYKH, IHAUKATOPH, CTPLIOYHI PUOOPH).

5. CTeHz TOBUHEH MaTH Cy4acHi PUBOIM 3 ACHHXPOHHUMH JIBUTYHAMHU.

6. CTeH/1 TOBUHEH MaTH J1aBavi.

7.HasBHICTH €JIEeMEHTIB SIKOTOCh TEXHOJIOTIYHOTO Mporecy abo ycra-
HOBKH, SIKUMH TOTPiOHO KEpyBaTH 3 MOXJIMBICTIO CIIOCTEpiraHHS 3MiH B
XOJI1 TEXHOJIOTIYHOTO MPOLIECY, SKi BHHUKAIOTh PH KEpYyBaHHi.

8. MOJIMBICTh BUBYUTH SIKICh THIIOBI TEXHOJIOTIYHI 3a/1a4i Ta CIIOCO-
6m iX po3B’sI3aHHA 3a JOMOMOTOIO OONaTHAHHS CTEHIY (J103yBaHHS, TO3HUIIi-
OHYBaHHsI, PETYJIOBaHHS a00 cTabii3allist SKOToCh MapaMeTpa TEXIPOIECY ).

9. Ilepenbauatu nmoeananus 31 SCADA cucremoro.
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! 1-p Texn. nayk, npod. HY «3anopispka nomitexHikay»

2 cryn. tp. E-310 HY «3anopisbka nomiTexHika»

MATEMATHYHA MOJAEJIb ITYMY INOTYKHOI'O
EJIEKTPOTEXHIYHOI'O YCTATKYBAHHA B CIHEKTPI
OKTABHUX YACTOT

HeBin’eMHOIO YaCTHHOIO €JIEKTPOTEXHIYHOTO YCTaTKyBaHHSI € CHCTEMH
30y/PKEHHS eJIEKTPOMarHiTHOrO IIOJIsl Ta MarHiTHa cuctema. Ilepia npen-
cTaBIsie OO0 CHCTEMY OOMOTOK SIKi TOE€AHYIOTHCS MK COOOO IO TIEBHUM
CcXeMaM B 3aJISKHOCTI Bil IPAKTHIHOTO MPH3HAYECHHS 1 CIYXKHUTh IS CTBO-
PEHHSI €JICKTPOMArHiTHOTO MOJISI PO3CIFOBAHHS B CEPEIOBHIIII IIEBHOTO yCTa-
TKyBaHHs. [Ipyra mnpencraBise co00I0 TPH CTPHXKHEBY KOHCTPYKIIIO, IO
BHTOTOBJISETHCS 13 €JNIEKTPOTEXHIYHOI CTali 1 Mpu3HauYeHa Uil KaHalizamii
MAarHiTHOT'O MOTOKY B MPOCTOPI CHCTEeMH OOMOTOK BHACIIJOK TOTO, HIO ii
NpuUTaMaHHa Oifibllla MarHiTHa NMPOHUKHICTH B IOPIBHSHHI 13 TOBITPSAM 1
OXOJIO/KYIOUUM CEPEIOBUILIEM.

Haii6inbI nommpeHuMy BUIaM# YCTaTKYBaHHS € MOTYXHI TpaHcdop-
MaToOpHU Ta eNeKTPONpUBOAM. B mepmomy cucrema oOMOTOK Ta MarHiTHa
cucTeMa IpU poOOTi € HENOPYIIHWMH, a B €JIEKTPONPUBOJAX Ma€e Micie
6iry4e MartiTHe IOJIe B MPOCTOPi €IEKTPUYHOTO JBUTYHA, IO TMPHU3BOAUTH
JI0 YCKJIQJIHEHHS pO3PaxyHKIB €JIeKTPOMAarHiTHUX MPOLECIB.

Jlnist BUpIIIeHHs TIOCTABJIEHOTO HAYKOBO-TIPAKTHYHOTO 3aBJaHHS PO3T-
JSIHEMO Yy3aralbHEHYy MaTeMaTHYHy MOJeNb ISl MPUBEICHOTO YCTATKYy-
BaHHA. [Ipy mpoMy BiJ3HAYMMO, IO PiBHI LIyMy yCTaTKyBaHHS OOMEXy-
I0ThCS BUMOTaMH JIEPKABHUX TEXHIUYHHMX CTAHJAPTIB Ta CaHITApHUMH HOP-
Mamu. OcoOiuBy yBary Iii HHWTaHHS HaOyBalOTh B PO3BHHYTHX KpaiHax,
OCKUTPKHM BOHM CYTTEBO BIUIMBAIOTh HA MEPCOHAN i HABKOJHUIIHE CEPEIOBH-
me. [lpyu 11poMy HOPMYIOTBCS 3arayibHi piBHI IIyMy 1 30BCIM HEXTYIOTBHCS
PiBHI IIyMy y CTIEKTPi OKTABHHUX YacTOT.

Mera pobotu mossirae B po3poOIli MaTeMaTHYIHOT MOJIET 3arajbHOTO
PIBHA Ta B CIIEKTpi OKTaBHHX YaCTOT LIYMY €JIEKTPOTEXHIYHOT'O YCTATKY-
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BaHHS Ta EKCIEPUMEHTAILHOTO IOCIHI/KEHHS AJSI TOPIBHAHHSA OTPHMAaHHUX
pe3yIbTaTIB.

MaremaTiyHa MOJeb LIyMy INpEICTaBiisie COOOI CHCTEMY HeJiHil-
HUX IHTErpo-AuQepeHialbHUX PIBHSIHb B sIKiii B3a€MHO MOB’si3aHi 30y-
JUKYI0Yl 30BHILIHI TTApaMeTpH Ta BHYTPIIIHI €JEKTPOMArHiTHI, o Big0yBa-
IOTBCSl B MArHITHIN CHCTEMi BHACIHIJOK JIii MarHiTHOTO TOJIS PO3CIFOBAHHS.
Ile MOSICHIOETBCS THM, [0 MATHITOTIPOBIJ € HAMOUIBII XapaKTEPHUM JDKEpe-
JIOM IIyMy YCTaTKyBaHHsI, OCKLUIBKU CKJIAJA€ThCS 13 MHOXKHHH IUIACTUH eJie-
KTPOTEXHIUHOI cTali sIKili mpuTaMaHHI HEJiHiiHI 3aJeKHOCTI MiX MarHit-
HHUM TI0JIEM Ta 1HIYKII€IO.

HayxoBa HOBH3HA moJsTae B po3poOIli MaTeMaTHIHOT MOZEI MOTYX-
HOCTI 3BYKY (IIyMy) B CHEKTPi OKTaBHHX YacTOT, 33J0BOJbHSE IOYATKOBUM
Ta TPaHWYHUM yMOBaM sKi (Pi3MYHO BimOOpakaroThb MAarHiTHY CHCTEMY i3
MpUTaMaHHIN i mocTiliHil "acy. [Ipn mpoMy, cuctema 30YIDKESHHS €ICKT-
POMarHiTHOTO MOJIS HE € JPKEPEJIOM LIyMY OCKUIbKHM B NOBHIH Mipi BiAIOBi-
Jla€ BUMOTaM JI0 NPECYIOUMX 3yCHJIb Ta 3a0€3MEeUeHHs eJEeKTPOJHHAMIYHOT
crifikocTi. (JIOMTBHO BIA3HAYMTH, II0 HA MPAKTHIN TOBOJI YacTO MAlOTh
MICIIC BUTIAJKH KOJIU JDKSPEJIOM IIYMY € MOIIKOIKCHHS 0OMOTOK.)

B po0oTi mokazaHo, IO BHACTIJOK MAarHITOCTPUKLITHUX (i3UUHHX
MPOIIECIiB B TOETHAHHI i3 HETMIHIHHUMH BIACTHBOCTSIMH €JICKTPOTEXHIYHOT
CTaNi LIyM TIOCHIIIOETBHCS B PEXHMMax: Iepe3OyIKeHHS MarHiTONpPOBOY;
HEJIOCTATHHOTO 3a0E3MEUYEHHsI NMPECYIOYNX MEXaHIYHHX 3YCHJb; IOIIKO-
JOKEHHSI MK IEBHUMHM ITaKeTaMH MarHiTHOI CHCTEMM; IIyM B CHIEKTPi OKTaB-
HUX YacTOT 3POCTa€ B 3AJICKHOCTI BiJl TEpPEBUINEHHS 1HIYKIi BiHOCHO
HOMIHAJIBHOTO 3HAUEHHS; IOTIPIICHHSAM IOKa3HHKIB SKOCTI €IeKTPUYHOL
eHeprii. BoHn MpHU3BOAATH 0 PO3BUTKY KYMYJSITHBHHMX MPOLECIB Ta HU3KH
HeOa)KaHWX HECTAlliOHAPHUX EeNIESKTPOMArHITHUX SIBHUII HE TIIbKM B MarHit-
Hill cucTeMi, a 1 B IHINKMX By3JaX Ta HEAKTUBHHX JCTAIAX KOHCTPYKIIi, 10
MOe OyTH 3aBJAHHSM JI0 HACTYITHUX HayKOBO-NIPAKTHYHUX 3aBJaHb.

B poboTi npuBeeHo pe3ynbTaTi MOPIBHIILHOTO aHalli3y PIiBHIB IIyMy
Ha TPhOX TpaHCHOpPMATOpaX HOMIHAIBHOI MOTYKHOCTI 63 MBA. AHami3 nux
pe3yNbTaTIB TO3BOJIMB BCTAHOBHTH, [0 HA OJHOMY i3 HUX Ma€ MicIle Iepe-
BUIICHHS PiBHIB IIIyMYy Ta y CHEKTPi OKTABHUX YaCTOT.

B pesynbrati mocmijpkeHHs BCTAaHOBJICHO, IO  3alPOIIOHOBAHY Marte-
MaTU4Hy MOJEJb JOLUILHO JOIIOBHHUTH  BIJIOBIIHMMH MaTeMaTHYHUMH
PIBHSHHSAMH, IO BiIOOpPaXKalOTh TAKOXK 1 CTAH CUCTEMH 30YXKCHHS €IEKT-
POMarHiTHOTO IOJIsl Ta BUKOPUCTOBYBATH JJISl IarHOCTUKHM MOTOYHOTO TEX-
HIYHOTO CTaHy eJIeKTPOTEXHIYHOTO YCTAaTKYBAaHHS B LIJIOMY.

JloTIoBiIF TPOIMIOCTPOBAaHA BiAMOBIIHUMH HATJSIIOBHMH IUIAKaTaMH
Ta 3aJEKHOCTSIMH i TOPIBHIBHUMH PE3yNIbTaTaMH, [0 OTPUMAaHi IPH BHKO-
HaHHI HAYKOBO-TEXHIYHOTO 3aBJIaHHS.
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3inoBkin B.B.,! 3inos’eB P.B.2, Pa6inin O.A.%, Coxomnos 5.0.2
! 1-p Texn. mayk, mpo¢. HY «3amopizbka momrexHikay»

2 cryn. p. E-312m HY «3anopisbka IOJTEXHIKa»

MOJEJIOBAHHS PEXKUMIB HABAHTAKEHHSA
ACHHXPOHOTI'O EJIEKTPOIIPUBOJIA B CKJIA AT
INIEPETBOPIOBAYA SIMOVERT MASTER DRIVES VECTOR
CONTROL

[IpiopureTHIMH HampSIMKaM{ PO3BUTKY JAEp>KaBHOI €KOHOMIYHOI TO-
JTHKH € JOCATHCHHS BW3HAYAJbHMX ITOKA3HHKIB O PiBHSA MiKHApPOIHOI
cnibHOTH. OCco0NIMBOT aKTYaJIBHOCTI LI TUTaHHS HA0YBAIOTh Y BITYM3HSIHUX
€HEPrOEMHHUX EJIEKTPOTEXHOJIOTIAX 3 BUKOPUCTAHHSM ACHHXPOHHHX €JIEKT-
POIIPUBO/IIB.

Meta po0OOTH MoOJIsITae y po3poOIl Ta JOCITIIKEHI HOBOI €Heprooia-
JDKYIOYiH eJIeKTPOMEXaHIYHIH CHCTEMH sIKa JIOCSATAETHCS IUIIXOM BIIPOBa-
JDKEHHSI HOBHX MIKpPOIPOLIECOPHUX 1 MPOrpaMHUX 3aco0iB aBTOMaTH3allil B
CYKYTIHOCTI 13 Cy4aCHHM CHJIOBHM YCTAaTKyBaHHSIM.

HaykoBa HOBM3Ha JOCSTa€ThCS ILIAXOM MiIBUINECHHS €(hEeKTHBHOCTI
ACHHXPOHHOTO EJIEKTPONpHBOAa (3a0e3NeUeHHs] BHCOKOI JWHAMIYHOCTI
peryItoBaHHS IIBUAKOCTI 1 MOMEHTY, BUXITHOI HAalPyTH i 9acTOTH) 3a pa-
XYHOK BUKOPHCTAHHS CyYaCHHX MIKPOIPOIIECOPHUX 1 MPOTrpaMHUX 3ac00iB
aBTOMaTH3alii B MOEJHAHHI 13 mepeTBoproBadeM Simovert Master Drives
Vector Control (Simovert VC) BukoHanus «Kommakt» tumy 6SE7023-
4EC61. Bin Bignosizac BUCOKMM BUMOIaM 3a0e3l€YeHHs BUCOKOI IMHAMI-
KU peryJroBaHHs NIBUAKOCTI i MOMEHTY, BUXI/IHOI Hanpyru i yactotu. [Ipu
BEKTOPHOMY KepyBaHHI HOMIHAJILHUH CTPYM JBHI'YHa He MeHIIMM 1/8 Bif
HOMIHaJIBHOTO CTpyMy mneperBoptoBada (IHomae> IHomus -1/8). Ta. piBHI
mymy 60 nbi. IleperBoproBau 3abe3redye BHCOKY TUHAMIKY PEryITIOBaHHS
00epToBOi MmBHAKOCTI i MOMeHTY nper. = 20Mc, Mper.= 5Smc. Jlo ckiamy
CHCTEeMH KepyBaHHS BXOJTh: mada KepyBaHHS MPUBOJAMH 1 mada cuiioBoi
KOMYTaIlii; madu JOTICTHKY i pOoTrpaMOBaHUi KOHTpoJIep Siemens; yrpas-
JIHHS CHCTEMOIO (TOJIOBHOTO ITyNIbTa YIPABIiHHS, TOCTIB OOJIKY); TEXHOIIO-
TYHHUI cepBep CUCTEMHM ajpecallii i cepBepoOM aHTHBIPYCHOT'O IPOrPaMHOIO
3abe3neueHHs. lIporpamoBanmii KoHTposiep Siemens NpU3HAYCHUH IS
KepyBaHHS MOCHIIJOBHUMH JIOTTYHUMH TPOLIECAMH B YMOBaX HPOMHCIOBOIO
BHKOPHCTAHHS B peaJbHOMY MacmTadi gacy. 3B 30K 3 MPHUCTPOSIMH YHUTaH-
Hf/3amucy moTodHoi iH(opMmarii MOOLTBHHX HOCIIB, MEPEeTBOPIOBAYaMHU
«Simovert Master Drives Vector Control» 3miliCHIOETBCS 32 IOMOMOIOO
inrepdeiicy PROFIBUS DP. EnekTposkuBiIeHHS IIepeTBOPIOBaviB «Simovert
Master Drives Vector Control» BHKOHY€TbCSI TPU(DA3HUMH EJICKTPUUHUMHU
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naamoramu  Harpyroro 380(+22-33) B 3MiHHOTO CTpyMy IIPOMHCIIOBOI
gactotd (50+1) I'm. [ToTykHiCTB, CIOXKMBaHa IEPETBOPIOBAYAMH BiJ] MEPEXKi
nepBUHHOTO enekrpoxxusieHHs 380 B, He nepesuitye 45 kBt. Bigznaunmo,
10 JJIsl KEpyBaHHS 4acTOTO OOepTaHHsS aCHHXPOHHOI'O JBUTYHAa BUKOPHC-
ToByeThcss mepeTBopioBau uactotd SIMOVERT VC. VYV mneperBoproBaui
3aCTOCOBYETHCSl YACTOTHE KEPYBaHHSI IBUTYHOM.

ImiTanifine MOJICIIIOBaHHS BUKOHYBAJIOCh B cucTemi MatLab. 11 Mox-
JIMBOCTI JI03BOJISIIOTH MOJIEJIOBATH MPOLIECH B HACTYITHUX MEXax: y 00JacTi
IpoTrpaMyBaHHA BOYJOBaHMX MaTeMaTHYHHUX (YHKIIN; IporpaM, HAITUCAHUX
Ha Ci i ®OPTPAH; aBromatnune mepekomyBanHs mporenyp MATLAB B
TekcTi mporpaM Ha mMoBax Ci i C++; y obmacTi Bi3yamizamii i rpadiku (maxe-
TiB IHCTpYMEHTIB - toolbox). [ cTBOpeHHS MOJEINi aCHHXPOHHOTO €JICKT-
poIlpHBO/Ia BHKOPHUCTOBYEMO CTaHAApTHI (pyHKmii Matlab Ta crammaprHi
omoxu SimPowerSystem. YV maHiif MoJenni Harpyra Ha MPUBO/T TIOAAETHCS Bil
Jokepena 3MiHHOI Harpyru 220 B 3 npomucnosoro yactotoro 50 I'u. 3aBnan-
Hs Ha MIBUJKICTh 33J]a€EMO CTYMiHYaTUM cUrHaioM. Ha BXoi cucremu kepy-
BaHHs peaJIbHUI BXIHUN CHTHAI Ma€e Tpamnereinansay gopmy. Illo 3abe3me-
4ye BiANPalIOBaHHS KOHTYPY IIBUIKOCTI BiIIOBIHO 3aBJIaHHIO.

PesynbpraTi MOJenIOBaHHS MPOLTIOCTPOBaHI BiANOBITHUMH rpadiuHu-
MU 3aJIS)KHOCTSAMH: CTpyMy craropa Is=f(t) (mo 3agoBoNBEHSIE yMOBaM TeX-
HOJIOTIYHOTO TpOIlecy); 00epTOBOI YacTOTH poTopa ABuryHa ns=f(t) (3a-
BIaHHS 00€pPTOBOT YaCTOTH POTOPA JBUTYHA Ta peajbHa 4acTOTa 0OepTaHHSI
poTtopa); MOMEHTY HaBaHTaXeHHS M=f(t) (BiqoOpakatoTh peaabHHI Mepexi-
JHHUH TPOLIEC Y CHUCTEMi EeJNEKTPONPHBOJA); HANPYTHW IOCTIHHOTO CTPyMy
Udc=f(t). OrpumMaHi pe3yIabTaTH JOCTIIHKEHHS MEPEXiTHUX MPOIECIB eIeKT-
pOMexaHiqHO CUCTEMH y CKJIaJll aCHHXPOHHOIO JIBUryHa, Simovert Master
Drives Vector Control (Simovert VC) Ta MiKpOIPOLECOPHHX 1 MPOrPaMHIX
3aco0iB aBTOMaTH3allil MiATBEPKYIOTh €()EeKTHBHICTh HAYKOBO-TEXHIYHOTO
pIllIEHHS SIKOMY TpUTaMaHHI €HEepro3aolla/UKEHHs, CKOPOUSHHS Yacy Mix
TEXHOJIOTIYHUMH OIEPaLisIMH Ta 3HIKSHHS BTPAT EJIEKTPUYHOI eHeprii, 1o
CIpHSIE BUPILIEHHIO TOCTaBIICHOT METH.
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VK 681.5: 004.5

Bamyxnuit M.IO.!, Pyxim B.10. 2

! crapmr. Buki. HY «3anopizbka momiTexHika»

2 cryn. p. E-310cm. HY «3anopi3bka IOTEXHIKa»

PO3POBKA JABAYA TEMIIEPATYPH JJIs1 CUCTEMH
MOHITOPUHI'Y

MOHITOPHHT TeMITEpaTypH B MPUMIIICHHAX € OJHIEI0 3 HAHOUTBIT Jac-
THX Ta THIIOBUX 3a]1a4d B MIPOMHUCIIOBOCTI, TOOYTi, TOPTiBEIbHUX Ta 0(iCHUX
MIPUMIIICHHAX. BaknmuBuM € 3a0e3nedeHHss KOMPOPTHUX YMOB POOOTH Ta
HaBYaHHSI, ¢ TeMIlepaTypa TOBITPS CYTTEBO BIUIMBAE Ha €(EKTUBHICTH
pobotu. Takoxx Temneparypa B MPUMILLEHHSIX MOBUHHA BIANOBINATH CaHiTa-
PHHUM HOpMaM.

Ha xadenpi «EnextponpuBoa Ta aBToMaTH3allisi IPOMHCIOBUX yCTa-
HOBOK» OyB pO3po0JeHI Ta CTBOpEHI laBadi TemIepaTypu Uil CHCTEMH
MOHITOPUHTY TeMIeparypH noitps. 3-D Mojens naBaua TemmeparypH Ha-
BeJicHa Ha pucyHky 1. Ha neit uac qaBaui Temmeparypu BCTAHOBJICHI B TBOX
ayauTopiax kadenpu.

Pucynok 1 — 3-D mMonensb naBava remneparyp.

JlaBaui BUMIpIOIOTh TEMIIEpATypy Pa3 Ha XBUJIMHY, )KUBJICHHS JaBadiB
Bix mepexi 220B. TTakeT n1aHUX HAJICUIIAETHCS 0 CEPBEPY MO OE3APOTOBOMY
3B’SI3Ky 3a J0MOMOror0 nmpotokory LoRaWAN.

LoRaWAN - 1ie abpeiatypa Big Long Range Wide Area Network. Ile
THII MaJIONOTYHOI TJ00anbHOl MepeKi, sSika BUKOPHCTOBY€E TEXHOJOTIIO 3
BIZIKpUTHM BHXIZHUM KOJIOM 1 mepenae iH(pOpMAIio 3a JONOMOI0OI0 pajio-
CHT'HAJIIB Yy HEJIIEH30BaHOMY Jiarna3oHy yactoT. Po3poOneHa st Inreprery
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peueii (IoT) texuomoriss LoORaWAN 3abe3nedye mabararo OinbImmii pamiyc i,
HiX 3’eqaanas Wi-Fi abo Bluetooth, mobpe mpatroe BcepenuHi TpHMIIeHb.

IoT Gateway BcTaHOBIEHO B ayaurTopil kadeapu Ta Mae MOKPHUTTS
BCHOT'O YHIBEPCHUTETY.

IoT Gateway — 11e MepeXeBUil KOMIOHEHT, SIKUH i€ SIK TPaHCISTOP
MK npuctposiMu [oT Ta iHmMMK 00’€KTaMU MepeXi, TAKUMU SIK CEPBEPH,
nporpamH Ta iHmi npuctpoi. OcHoBHOW ¢yHKIieto nuo3y loT € nepeknan
MaKeTiB JJaHUX 3 OJHOTO MPOTOKOJY B IHIIMH, 1100 mepexaya Oyna AOCTyII-
HOIO JJIs YMTaHHS oxepKyBadeM. Ane mpuctpoi [oT gacto matoTs oOMesxe-
Hy HPOITyCKHY 3JaTHICTh AAHHX 1 3apsii aKyMyjsTopa, ToMy nurosu loT
BIZIrparoTh iHII Ba)KJIHBI pOJli, 30KpeMa JAOAAIOTH PiBHI O€3MEeKH, 3 SKUMHU
caM IPHUCTPil He MOXKE MPAIIOBATH.

CrpykTypHa cxema cHeTeMn MOHITOPUHTY HaBEIeHa Ha PUCYHKY 2.

Lasay
TEMNEpaTYPH
1

BipTyanssi somniorapn

) L
LoRaWan loT Proxy

omer |MQTT|  sener [ HTTP Server

sveviotepa.pua

I
Knac A e
! Kopicrysas
I N
I
e E I T —— -

MNy6AiuHEe NOCUNAHHA
https://tinyurl.com/2eacsknn

Kopucryoas
1

TeMNEpaTYDN
N

Pucynok 2 — CTpyKTypHa cxema CHCTeMH MOHITOPUHTY.

LoraWAN Ta IoT Server cTBopeHi Ha BipTyalbHOMY KOMIT IOTEPI, 1€
JIO3BOJISIE MATH JIOCTYII JI0 HUX 11J10JI000BO Ta 3 Oy1b-KOT KpaiHu.

o IoT Server MoxJuBe MiJ’€AHAHHS 3 Oy/b-5SKOr0 HPUCTPOIO, KUK
Mae web browser Ta He MOTPiOy€e J0AaTKOBOTI'O IPOrPaMHOT0 3a0e3MeeHHS.

IoT Server mae ckiasiHy i€papxiro KOpUCTyBadiB. 3apeecTpoBaHi KOPH-
CTyBa4i MOXYTh CTBOPIOBATH ITaHENi NMPHIAAIB Ta JAHIFOTH MpaBmwil. Bci
IHIII MOXYTh 3aliTH 3a MyOJMIYHUMH TOCHJIAHHSAMH Ta MOOAYUTH MaHETh
TIPHTAIB.

3apa3 B myOIiYHOMY ITOCTYIII € TaHEeNb MPHJIAIiB HA SKid MOXHa II0-
JIMBUTHCH MOTOYHY TEMIIEPATypy B ayAMTODIisAX, rpadik 3MiH TeMIepaTypu
3a BUOpaHMii Iepio]l, HAJAIITYBAaTH MEXI TEMIIEpaTypH Ta Ha3By daBadiB.

VYci 3MiHE Ha TaHeNl MPHJIAAiB Ta BUXOAY TEMIEpaTypH 3a HaJaIITo-
BaHi MeXi BitoOpakatoTscs B Telegram kanai.

B noztanbuomy riei mpoext Oyse MaTH PO3BUTOK Ta YJAOCKOHAICHHS
SK Ha (QI3MYHOMY DiBHI, TaK i TMPOTPaMHOMY. Marepianu Oy yTh BUKOpHCTa-
HI B JIMINIOMHOMY MNPOEKTYBaHHI Ta IUIAHYETHCS CTBOPEHHS HABYAIBLHOIO
Kypcy AJisl CTYJEHTIB.

224



YJIK 004.9:62-83

Hasaposa O.C.!, Cairuxos [1.0.2 Iletkos A.O.2, Xpamyk M.B.2
! kanx. TexH. Hayk, gom. HY «3amopi3bka momiTexHikay»

2 cryn. p. E-322m HY «3anopisbka IoTiTEXHIKa»

3ACOBHU MOJEJIIOBAHHSA MEXATPOHHHUX 1
EJEKTPOMEXAHIYHUX CUCTEM

3 ormsAny Ha MIBUAKUKA PO3BUTOK IMPOMHUCIOBOCTI i pa3oM 3 THM OibI
CTpiMKEe BHUKOPHCTAHHS aBTOMATH30BAaHOTO BHPOOHWIITBA, BHHUKAE HEOO-
X1THICTD, Ha €Talli MepeANnpPOEKTHOI MiATOTOBKH, MaTH B HAsSBHOCTI iHCTPY-
MEHTaJbHHUN 3aci0, MPUAATHUHA IS IIBUAKOI MEPEeBIpKHU IMPamne3JaTHOCTI i
OTPUMAHHS OCHOBHHUX XapaKTepUCTUK cucTeMH [1].

MexaTpoHHI CHCTEMH, SIK OJIUH 3 BUJIB JUHAMIUYHHUX cHCTeM [2] npus-
HAYeHI JUIs peaiizallii 3aJaHOr0 PyXy W OCHOBY iX CTAHOBUTH JCSKHI BHKO-
HaBYMI MEXaHi3M Ta NMPUBOJ — €JEKTPOMEXaHIYHUI, TipaBIiyHUi abo K-
UHICH 1HIITHH.

MerToto € orssia nporpaM MOJETIOBaHHS MEXaTPOHHHX Ta eJIeKTpoMexa-
HIYHUX CHCTEM 3 YpaxyBaHHSM IX OCOOJMBOCTEH, TAKMX 5K OJHOYACHA poOoTa
BHKOHABYMX IMPHUCTPOiB, 3MiHAa EKCIUTyaTallItHNX XapaKTEpPHUCTHK BIPOIOBXK
poboYoro MKy i TEpMiHY €KCIUTyarTarlii, CIIoco0iB PeryIFOBaHHS TOIIIO.

Ha nanwuit MOMeEHT icHye 6araro mporpam, sKi JO3BOJISIOT MOJIEIIOBA-
TH MEXaTPOHHI Ta €JNEKTPOMEXaHIYHI CUCTEMH, IPHUOMY JIesIKi € BY3bKOC-
nenianizoBaHUMH, a iHmI — Ouieln yHiBepcanbHuMHU: Vensim, IThink,
Dynamo, Stella, Powersim, MedModel, Arena, GPSS, Stratum, Scilab,
Berkeley Madonna, NI MATRIXX, ACSLx,Modular Modeling System
(MMS), Virtual Test Bed (VTB), JModelica.org, MATLAB/Simulink,
Simscape, MapleSim, Dynast, Multisim, Dymola, PSIM, SamSim, SimApp,
SimulationX, Simplorer, VisSim, SystemModeler, Torio.

Jlo po3rimsaay B3STO KiJIbKa MporpaM, NMPUIAATHUX JUIS TPOEKTYBaHHSA 1
MIPOBEJICHHS] MOJAEIBHUX EKCIEPUMEHTIB 3 0araTonpuBOAHUMH LIUKIOBHMH
cucremamu: FluidSim 4.0 ta MatLab/SimuLink.

ITepeBaramu nporpamu FluidSim € MOXIIHBiCTE HAOYHOTO Bi3yaIbHOTO
BiITBOPEHHS, IMUPOKUH BUOIp BUKOHABUMX, KEPYIOUHX MPUCTPOIB 1 AaTdm-
KiB, MO>KJIMBICTB peaji3alii cXxeM 3 BUKOPHUCTAHHSM peJie THCKY, pelie 4acy,
TiIpOaKyMyIATOpiB, KOPUTYBAHHS HapaMeTpiB MPUCTPOIO, iIHTEPaKTUBHOCTI,
AKa TIOJITae B TOMY, IO TIPH MOJEIIOBAaHHI POOOTH CHCTEMH € MOXKIHBICTH
BKJTIOYAaTH 1 BUMHKATH NepeMHKadi, KHOIKH, TIEPEMHUKATH PO3MOIIIEHUKH i
T.1. Jlo HEeMOMKiB 1i€l MpOrpaMyu MOYKHA BITHECTH Te, IO 3HAYHA YACTHHA
Yyacy BUTPAYa€eThCs HA TEXHIYHY POOOTY, HE MOB’A3aHy 3 (PyHKI[IOHyBaHHAM
CHUCTEMH 1 CKJIAJHICTIO MOJICJIIOBAHHS CHCTEM 3 BEJIMKOIO KIJBKICTIO BHKO-
HaBYMX NpUCTpoiB [1,3].
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IlepeBaramn MatLab/SimuLink € MOXIHBICTD TPENCTaBUTH TOCIHi-
JUKyBaHI CHCTeMH Oe3mocepeHb0 Au(epeHIiHIMA PiBHIHHAMH, IO 3py4-
HO JUIS TIPOTHO3YBaHHS 1X MOBEOIHKH Yy 4yaci. OCKIJIbKH KOXKHAa MEXaTpOHHA
abo eneKkTpoMexaHiuHa crcTeMa Ma€ 00’€KT Ta MPUCTPIil ynpaBiiHHS, CHC-
TeMa JUIsl MOJIENIOBaHHS MOBWHHA BOJIOJITH LIMPOKUMHU MOKIJIMBOCTSIMH
II0J10 CHHTE3Y, aHami3y Ta ontumizanii CAY [2,4].

Otxe, npu BHOOPI MPOrpaMHOTrO MPOJYKTY IJIsi MOJAENIOBAHHS MeXa-
TPOHHUX YU €JIEKTPOMEXaHIYHUX CHCTEM HEOOXiJHO IUIaHYBAaTH €KCIIepH-
MEHT, TIPOBOJIUTH aHAJI3 MOXIIMBOCTEH NOCHTIKyBaHUX 00’ €KTIB Ta 3BaXka-
I0YH Ha IIe aHAJII3yBaTH MOXIIMBOCTI 3aCO01B MO/ICTIOBAHHSI.
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POJIb I MICHE MATEMATHYHOT'O MOJE/JIIOBAHHS B
IHOOPMALOIMHUX TEXHOJIOTI'TAX

OCHOBHUM [DKEPEJIOM CHCTEMHU 30UpaHHS, NEpelaBaHHS, INEPETBO-
peHHs, 30epiraHHs Ta MONAHHA B 3pYyYHOMY BHTIIAAI pizHOI iH(popmarii €
KoMI 'toTepu. [H(popMalis CTBOPIOETBCSA ISl BHKOPHCTAHHS Ta HABYAHHS
JIIONIeH, sIKI YXBaJIIOIOTh pillIeHHs y pi3HuX cdepax npodeciiHol AisIbHOCTI
Ta B moOyti. OTKe, BIPOBa/KEHHs HOBUX 1H(MOPMAIIHUX TEXHOJOTiH
03HaYa€e «IPOCYBaHHM» (OpMasi30BaHMX METOMIB Yy HOBI chepu BHKOpHC-
TaHHs [1].

[ToTy»XKHUM CTHMYJISITOPOM HayKOBOTO METOAY Ii3HAHHS € BUKOPHC-
TaHHS CHCTEMHOTO METOJY, IIO€THAHHS aHajli3y Ta CHHTE3Y, BUKOPHCTaHHS
METO/IiB MAaTEMaTHYHOTO MOZICTIOBAHHSL.

[ITono KOHKpPETHOi MOAENBOBAHOI CHCTEMH, PO3POOHHKY MaTeMaTHd-
HOI MOZETI AOTIOMararoTh JINIIE Ti MATEMAaTH9HI CXEMH, SKi IPOUTILIIN arpo-
0arito Iy MEBHOTO KJIACy CHCTEM i TIOKa3ali e(eKTUBHICTD Y TMPUKIATHIX
JOCIIKEHHSIX Ha KOMIT FOTepi.

TurnoBy MareMaTHYHy CXE€MY BU3HAYAIOTh SK JIAHKY IIPU MEPEXO0.i Bif
3MICTOBHOTO J10 ()OPMAaJIHOTO OMKCY Ipolecy (YHKI[IOHYBaHHS TEXHIYHOT
CUCTEMH 3 YpaxyBaHHSIM BIUIMBY HaBKOJIMIIHBOTO cepenoBuina. ToOTo npu
(dopmarizaiiii nporecy QyHKIIOHYBaHHS TEXHIYHUX CHCTEM HAsSBHHMA JIaH-
ILIOKOK: «OIHCOBAa MOJIENb — THIIOBA MaTeMaTH4Ha CXeMa — MaTreMaTHYHa
mozenby [1].

TurmoBi MaTeMaTH4YHI CXeMH MalOTh TIEpeBaru B HAOYHOCTI Ta IPOCTOTI
IIpY 3HAYHOMY 3MEHIICHHI MOXKJIMBOCTEH IX 3acTocyBaHHs. Tak, SIKIIO MpH
JOCII/DKEHHI TEXHIYHUX CHCTEM HE BPaXOBYIOTHCS BHITAIKOBI (akropu
(meTepMmiHOBaHI Mojelni), TO B MaTeMaTHYHOMY MOJICIIOBAHHI 3aCTOCOBY-
10ThCS AU epeHIianbHi, IHTeTpalbHi, iHTErpoArdepeHIiaNbHi Ta iHII PiB-
HSHHSA. [|J1 MOenIoBaHHS CUCTEM, SIKi (DYHKIIOHYIOTh Y IUCKPETHOMY Yaci,
PEKOMEHYIOTh 3aCTOCOBYBATH MaTeMaTHYHHUI anapar i TUIOBI MaTeMaTny-
Hi CXeMH Teopii KiHIeBUX aBTOoMartiB. Ilig yac MomentoBaHHs CHCTEM 3 ypa-
XyBaHHIM 4acy (AMCKPETHI MOJeNi) Ta BHIIAAKOBHX (haKTOPiB (CTOXAaCTHYHI
MO/IeITi) 3aCTOCOBYIOTh iIMOBipHiCHI aBTOMaTH [1-4].

YV cBoiil OLIBIIOCTI eNeKTPOMEXaHiIuHi, eeKTPOTEXHIUHI Ta €IeKTPOe-
HEepreTH4Hi 00’€KTH NPeNICTaBIAI0Th CO00I0 HENiHIHHI Ta B3a€MOIIOB’s3aH1
cUCTeMH, 110 OOyMOBIIIOE CKJIAJHICTh PETYJIIOBAHHS IPOILECIB, SKI B HHUX
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BUHHUKAIOTh. [IpoOiaeMn eQeKTHBHOTO KepyBaHHS 3a3HAYCHUMH 00’ €KTaMu
HaOyBarOTh yce OUTBIIOI aKTyaIbHOCTI, BITHOCSATHCA 0 YHCiIa (pyHIaMeHTa-
JBHUX HAayKOBO-TEXHIYHHUX IpobieM. BizoMo, 1o KiacudHi METOIu Kepy-
BaHHS C(CKTHBHI JJIsi OOMEKEHOI HU3KH 00’ €KTiB, a00 i 00’€KTiB, IO
SKAX 3aCTOCOBaHI TEBHI CIPOLIEHHS NPH MaTeMaTHYHOMY OIUCI IBOTO
00’exrta [2].

Cepen HalNOMIMPEHININX MTPOOJIEM 3aCTOCYBaHHS TPAIULIHHUX METO-
JIB yIpaBIiHHS MOXKHA BUAIIMTH TaKi: BAKOPUCTaHHS JIIHIHHUX PEryJIsTopiB
11 00°€KTIB 3 HECTaOIIPHUMHU CTaHAMH, HaBaHTA)KEHHSIMH, HEJIIHIHHOCTS-
MU, 30ypeHHs; (iKCOBaHICTH MapaMeTpiB peryisTopiB; podoTa B eKCTpeMa-
JbHUX pEXHMMax; IapaMeTpUdHa HEBU3HAYCHICTh EIEKTPOCHEPTeTHIHOT
CHUCTEMH, TOIMIO. BUMBIIICTh i3 IMX MPOOIeM MOKHA BUPINITYBAaTH, 3aCTOCO-
BYIOYM CHHEPIeTHUYHI aNTOPUTMU KepyBaHH:I, HEUITKI HEHPOHHI Mepexi i
METOIN HEYITKOT JIOTIKH.

AXTyaJIbHICTh BUKOPHCTAHHS IPUHLUIIIB ITYYHO-TO 1HTEJIEKTY B €Je-
KTPOCHEPIeTHYHHUX CUCTEMax IOJIsi-ra€ B 3a0e3leueHHi HeOOXIHOTO PiBHS
00MiHy iH(OpMAIIEI0 MiX CKIaJOBHUMH €JICMEHTAMH CHCTEMH Ha OCHOBI
IHTeNICKTYalbHUX MeETOMAiB. Ha TemepimHiii Yac OJHMM 13 [UIAXIB
pO3B’si3aHHs 3aaavi MOOYIOBU e(EeKTHBHOI aBTOMAaTHYHOI CHUCTEMH Kepy-
BaHHS a00 NMPUHHATTS PIlICHHSA € BUKOPHCTAHHS IHTEICKTyaJbHUX METOIIB
Ha OCHOBI MaTeMaTHYHOTO amapaTa HEYIiTKOI JIOTiKH, SKi Peasi3yrTh Kepy-
BaHHS Ha OCHOBI EKCIIEPTHHUX BiZOMOCTEH 1 HE HOTPEOYIOTh MAaTEMaTHYHOTO
OIHCY TIOBEJIHKU CHCTEMH [2].

HeuiTka norika jae MOXJIMBICTh IMUPOKO BUKOPHUCTOBYBATH E€KCIIEPTHI
3HAHHS NPH MOOYAOBI CUCTEM NMPUHHATTS PillIeHb Ta CHCTEM aBTOMATHYHOTO
KepyBaHHS 3aBJSIKM HasBHOCTI PO3MHUTUX B KUIbKICHOMY BiJHOILEHHI rapa-
metpiB. ToMy npu po3poOui cucTeM ymnpaBiiHHS 00’€KTaMH, IO CKIIaJHO
(hopMaTi3yIOThCsI, JOIIIBHO 3aCTOCOBYBATH MOl Ta METOAU HA TPUHIIH-
nax HeyiTkol sioriku. Taki cutyanii MaroTh Micle IpU HasBHOCTI yd4acTi
oreparopiB y GpyHKIIOHYBaHHI TEXHOIOTIYHOTO 00’ €kTa abo 3a Bil-CyTHOCTI
TOYHHUX 3HaHb II0JI0 IIHOTO 00’ €KTa KEPYyBaHHSI.
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JOCIITIKEHHA EJEKTPOMEXAHIYHUX CUCTEM 3
YPAXYBAHHSM ITPYKHOCTI iX MEXAHIYHUX ITEPEJTAY

Hocmimkernns enexkrpomexaHiuaux cucreM (EMC) 3 ypaxyBaHHIM
MPY’KHOCTI iX MEXaHIYHUX Iepenad € CKJIaJIHOI TMpo0IeMoro, IS BUPIIICH-
HS SIKOi TOTPIOHO BU3HAYHTH palioHaNbHI MiAXOJN OTPUMAaHHSI MaTeMaTH4-
HUX MoOJeJeH, BUOpaTH 3py4Hy (opMy iX MMONAHHSA, BH3HAYNTH e(DEKTHUBHI
METOJM KOMIUIEKCHOTO BHpILLICHHS 3aBllaHb aHaJli3y Ta CHHTE3y CHCTEMH
KepyBaHHs, OLIHUTH BIUIMB OCHOBHHMX 30ypeHb Ha INpoIecH, 110 BigOyBa-
IOThCA.

EnexrpomexaHiyHa cucTeMa Cy4acHHX HMPOMHCIOBUX MAIllMH Ta arpe-
rartiB (IpokatHi ctaHu, Oe3nepepBHO-TEXHOJIOTIYHI arperaTi TeKCTUIIBHOI 1
XIMIYHOT IIPOMHCIIOBOCTI, KOHBEEPH, CKiIlH, JII(TH Ta OaraTo iHIIUX MeXaHi-
3MiB) XapaKTepU3yeThCs JIOCUTH CKIAJHOIO CTPYKTYPOIO MEXaHIYHOI Ta
SJICKTPUYHOT YyacTHH. MexaHiuHa 4acTHHA sIBIIsiE 0000 OaraTomMacoBy Me-
XaHIYHY CHCTEMY 3 JKOPCTKMMHM Ta NPYXHHUMH IepeadaMmu. Enexkrpudna
YaCTHHA TAKOX € JOCHTH CKJIaJHOIO CHCTEMOIO, B 3aJIEKHOCTI Bii crIocoOy
KepyBaHHS, CXeMM 3’€/HaHb, Jiarna3oHy 1 TOYHOCTI PETyJIIOBaHHS 1 Take
iHme. ToMmy Taki eneKTpOMeXaHiYHI CHCTEMH XapaKTepU3YIOThCS B3ae-
MO3B’SI3KOM €JIeKTPOMAarHiTHUX HPOIECiB, MEXaHIYHUX SBHII 1 TEXHOJIOTId-
HUX (haKTOPiB, JIi€F0 30BHINIHIX (3MiHA MOMEHTY OIIOpY, HAIPYTH >KUBJICHHS,
TeMIepaTypH HaBKOJHUIIHBOTO CEPEJOBHINA Ta iH.) 1 BHYTPIIIHIX (3MiHa
eJIEKTPOMEXaHIYHUX THapameTpiB cucteMu) 30ypeHb. BkazaHi acmextu mo-
BUHHI OyTH BpaxoBaHI IPH MaTEeMAaTHYHOMY OIMCI €JIEKTPOMEXaHIYHOIO
00’eKra.

CrpyKTypHa cXeMa JIBOMacoBOi CHCTEMH 300paXkeHa Ha pHUCYHKY 1.
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Pucynok 1 — CtpykTypa JBOMacoBOi eJIeKTpOMEXaHITHOI CHCTEMH 3
JIBUTYHOM IIOCTIHHOTO CTPYMY HE3aJIeKHOTO 30y DKEHHS

Ils cxema mae NBi BXiJHI KOOPAWHATHU: 31 CTOPOHH KEPYyBaHHS — Ha-
npyra MoJiaHa Ha JABHUTYH BiJl ICPETBOPIOBAYa, 31 CTOPOHI 30ypeHHs — CTaTH-
YHUI MOMEHT OTIOpPY, MECXaHIYHUMH BTPATAMU B JIBUTYHI 3HEXTYEMO.

wl

=
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Trarmter Fond

PucyHok 2 — Komm'roTepHa MOJIeb TBOMACOBOI €ICKTPOMEXaHIYHOT CHCTEMH 3
JIBUTYHOM TIOCTIHHOTO CTPyMY HE3aIEKHOTO 30y KEHHS.

PesynbraTél MOIeTIOBaHHS IEPEXiTHAX MPOIIECiB HABEACHI Ha PHCYHKY 3.

g

PucyHok 3 — IepexiaHi XapaKTepUCTHKK JBOMACOBOI eJICKTPOMEXaHIYHOT CHCTEMH

Jns monentoBanHsi cuctemMu B cepepoBunli MATLAB Simulink, mo-
OyI0BaHO KOMIT'IOTEPHY MOAENb (puc. 2), 3 MOYaTKOBUMHU IapameTpamu:
HOMiHasbHA Hampyra asuryHa Un=220 B; exBiBaJeHTHHH OIip SKipHOTO
kosa Re=10.78 OmM; exBiBaJeHTHa €IEKTPOMArHiTHa CTaja 4acy SKipHOTO
koma Te=0.0082 c; KOHCTPYKTHMBHHH KOE(IIliEHT SKIpHOTO KOJIa IBUTyHA
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Ce=1.97 B-c; mexaniuna nocriiina neuryna Cm=1.42 H-M/A; npusenenuit
MOMEHT iHepmii mepmroi Macu J1=0.015 kr-m%; NpHBEACHUH MOMEHT iHEpPIIi
npyroi macu J2=0.022 kr-M2; mpy>XHICTH JBOMAacOBOI €JIEKTPOMEXaHigHOI
cuctemu C12=12; HomiHansHMI MOMeHT Mn=8.55 H-M.

JocmimkeHHs eNeKTPOMEXaHIgHIX CHCTEM 3 YpaxXyBaHHSAM iX MeXaHi-
YHHUX Iepeaad Ta MPY>KHOCTI € BKIMBHAM 3aBIAaHHIM, OCKUTBKH TaKi CHCTe-
MH MafOTh CKJIaJHY CTPYKTYpY Ta B3a€EMO3B 530K €NEKTPOMAarHiTHHX MpoLe-
CiB, MEXaHIYHUX SIBHII Ta TEXHOJOTIYHUX (akTopiB. [Ipu nboMy HeoOXimHO
BU3HAYUTH palliOHAJbHI MIIXOMU JUIl OTPUMAHHS MaTeMaTHYHUX MOJEJEH,
BUOpaTH 3py4yHy (opMy IX IMOJAHHS, BU3HAYUTH €()EKTHBHI METOIH KOM-
IUIEKCHOTO BUpILIIEHHsI 3aBJaHb aHaJTi3y Ta CHHTE3Y CHCTEMH KepyBaHHS, a
TAKOX OLIHUTH BIJIMB OCHOBHHX 30ypeHb Ha IPOILECH, L0 BiIOYBaIOTHCS.

YK 621.3.078.3

Mansues O.B.!, Aaapisac I.A.2, Kpucan 10.0.?

Ucryn. rp. E-310 HY «3anopi3bka MomiTeXHiKa»

2 xaHq. TeXH. HayK, nou. HY «3amopi3bka moiTexHiKay»

MATEMATHYHA MO/JIEJIb MEXAHIYHOI YACTUHHU
MEXAHI3MY IIEPEMIINEHHS EJIEKTPOJA AYT'OBUX ITEYEHN

TenaeHmii ocTaHHIX POKIB CBiAYATh MPO CTPIMKHIA PO3BUTOK CBITOBOI
MeTalyprii i, BIANOBIHO, IIOpiYHEe 301bIIeHHsT BUpoOHULITBA cTaji. [enani
OlIbINe KpaiH BiUIal0Th MEPEBAry €JICKTPOIYyrOBOMY CIIOCOOY BHPOOHHIITBA
craiti. CBITOBI TEHCHIIIT HAIlIJICH]I HA 3POCTAHHS CIEKTPOCTAJICIIIIABHIHLHOTIO
Ta KHCHEBO-KOHBEPTEPHOTO CIOCO0IB BHPOOHMITBA cTaimi. Ha choromHimiHiit
JICHb YaCTKa BUPOOHUIITBA CTaJIi 3a IOMIOMOTOI0 IYTOBHX €JICKTPOIICUCH 3pOCcTae
miopiyHo. Ha nmanmii MoMeHT BoHa ckiajgae 28%. 3a mpornozamu, Hezabapom
BOHa ckiaze 37%, MOCTYIIOBO BUTICHSIOUM MapTEeHIBCHKHUII CIIOCiO depe3 Horo
€KOJIOTIYHI Ta €HEepPreTHYHI IMapaMeTpH. 3pOCTaHHA MoTped y cTaii Ta 30iTh-
IICHHSI POJIi €IEKTPOCTANICTUIABUIIBHOTO BUPOOHHMIITBA PH3BOANTH /10 HEOOXi/-
HOCTi CTBOpPEHHSI HOBHX IyTOBHX €JIEKTPOYCTAaHOBOK Ta MOJEpHi3alil BXe ic-
HYIOUHX KOMIUIEKCIB, a KOHKYpPEHTOCIIPOMOXKHMII PHHOK BHMarae MoCTiHHOTO
TIOKpAIIEHHS XapaKTepPUCTHK CTBOPIOBAHMX YCTAHOBOK Ta IMiJIBHIICHHS X MPO-
JyKTUBHOCTI.

OcTaHHIM 9acoM HaiOifpII MIMPOKE 3aCTOCYBAHHS OTPUMANH IyTOBi
CTaJICTUIaBIIIBbHI TIedi TIOCTIHHOTO CTpyMYy, SIKi HE MalOTh 0araThOX HEIOTIKIB
medeif 3MiHHOTO CTPyMY, TaKUX SIK Byrap MeTally, BEJHKi KUTbKOCTI MUJIoTa-
30BUX BHUKHUMIB, BiJCYTHICTh NEpEMIllyBaHHS PpO3IUIABY, BEIWKHH Byrap
rpadiToBaHMX €JEKTPOMIB, IHTEHCHBHUHM IIyM, PpI3KO3MIHHUH Xapakrep
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HAaBaHTA)KEHb HA CHCTEMH EJICKTPO)KUBJICHHS, BUCOKUI CIIOJKMBAHHS €JIEKTpOe-
HEprii TOIIIO.

3anmava momyky HOBHX anroputmiB kepyBanHs JICII Ta cTBopeHHS pe-
TYJSTOpa TOTYKHOCTI, IO BUKJIIOYAE MOJOMKHU CJIICKTPOJIB, HA CHOTOIHIIII-
Hill IeHb € aKTYaJILHOIO.

Bimomo, mo mBuakoais peryisropa motyxHocti ICII 3anexuts Bia
MIBUAKOCTI MEPEMILICHHS eJIeKTPOAa, TOMY Ha ChOTOJHILIHIN JAeHb chopmy-
Bajacs TCHCHIliS JO 301UIbIICHHS IIBHIKOCTEH MEPEMIIICHHS CIICKTPOIB.
PoboTa enexTpomyroBoi medi Ha MiABUIICHWX MIBHAKOCTSIX IMEPEMIilICHHS
eIEeKTpPOAa Ha TOYATKOBHX eTalax IUIaBKA IMPHU3BOIANTH 10 BHHUKHEHHS
MPOIIECiB, 110 HETaTUBHO BIUIMBAIOTh HAa MEXaHIUHY IUTICHICTH €JIEKTPOIIB,
BY3JiB Ta MeXaHi3MiB 1eui. PoboTa 3 BHCOKMMH MIBHIKOCTSAMH TEpeMilIeH-
HS €JICKTPOJIIB 30UIBIIYE iX BUTPATH, OB’ A3aHi 3 OJOMKAMH IIPH 3aTaI0-
BaHHI IyTH Ha TBEPIY IIHXTY, TOMY OCOOJHMBA yBara MPUAUISETHCS TPOIe-
caMm, 0 BiJI0YBaIOTHCS MPH JOTUKY €IEKTPOJa Ta MIMXTH, Ta iX BIUIUBY Ha
POOOTY peryasaTopa MOTYKHOCTI.

Bix mBHIKOCTI MEPEMIIICHHS EIEKTPOA 3aJICKUTh CHIIa yaapy CJICKT-
poza, 10 BUHUKA€E Ha CTajii 3amalloBaHHs JyTd IPU TUCKY Ha LIMXTY. Pe-
3yJIbTaTOM BILUTUBY ITUX CHJI YaCTO € MOJIOMKA SJICKTPO/Ia.

MexaHi3M MepeMilIeHHsT eNeKTPoIa € HEBil €MHOI YaCTHHOIO pery-
JATOpa MOTYXKHOCTI. THIIOBAa KOHCTPYKINiSI MEXaHI3My HMEpEMIIIeHHsI eJIeKT-
pofa 3 eIeKTPOMEXaHIYHAM TIpUBoAOM (puc. 1) ckimamaeTses 3 enexTpona 1,
eNeKTpOATpHMada 2, peHKoBOI Imepenadi 3, MEXaHIYHOTO IEepPETBOpIOBada
(penykropa) 6, BUKOHABYOTO JBHUTYHA 4. Y SKOCTI BUKOHABYOTO MPHBOIY
Ha TIe4axX 3 EJCKTPOMEXaHIYHHM PETYISATOPOM MOTYXHOCTI BHKOPHCTOBY-
I0ThCS1 JIBUT'YHHU TIOCTIHHOTO CTPYMY Ta aCUHXPOHHI TpUQa3Hi ABUTYHH. [HI
THUIIY TIPUBOJIIB (KPOKOBI, CEPBO TOIL0) HE OTPUMAIIH ITOIIMPEHHS Y 3B SI3KY 3
TPYAHOIIAMH KEPYBaHHS Ta BUCOKOIO BapTicTio. JIjisi peanizaliii peryssropa
MOTYKHOCTI TIPUBIJ MOBHHEH OyTH KEpOBAaHHM, TOMY Ha BXIJl OKpIM KHB-
JICHHSI HEOOXIHO TT01aBaTH CUTHAJ 3aBIaHHS.

1 2

A

3ampanns

U KHBICHHA

PucyHok 1 — Cxema MexaHi4HOT YaCTHHH PEryJisiTopa MOTYKHOCTI.
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Jis MOCHIKCHHST PEryasaTopa IMOTYKHOCTI CKIIAQJIeHA MaTeMaTHYHA
MoJenb Horo MexaHigHol yacTuHU. OyHKIiOHANEHA cxema (puc. 1) msrma B
OCHOBY MOJIENTi, CTPYKTypHa CXeMa SIKoi HaBe/IeHa Ha puC. 2.

PucyHok 2 — CtpykTypHa cXxeMa MEXaHIYHOi YaCTHHH PEryJsTopa MOTYKHOCTI

AHaii3 1 CHHTE3 CHCTEMH JOIIFHO MPOBOIUTH METOJAMH CTPYKTYp-
HOroO MOJCIIOBAHHA, BHKOPHUCTOBYIOUM TAKET MNPUKIAAHUX IIpOTrpam
MatLAB/Simulink [1, 2]. [lnsg 1poro cTBopeHa MaTeMaTHYHa MOJEIb, sKa
IIpeJCTaBIeHa Ha puc. 3.

Gain3
Saturation1 Gain2

SL +

tep

. L]

- 1

L - - = Scope
Step1 + Integrator

Gsini Gain Integratori
Pucynoxk 3 — MaremaTndHa MOJEITh MEXaHI9HOT YACTHHH PETYIITOPA MOTYKHOCTI

VY nmaniit Mmoneni BiACyTHI OyAb-sKi OOMEKEHHS MO TepEeMillleHHIO, TO-
MY €JEeKTpOJ 3 PIBHOMIPHOK IIBHJKICTIO OIYCKA€ThCS IMPOTATOM YCHOTO

9acy MOJICITIOBaHHSI.
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Pucynok 4 — OcumunorpaMu iepeMilieHHs Ta IBHIKOCTI eJIeKTpoIa
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Pesynbrat qOCHiKEHHS MiATBEPIIKYIOTh aleKBaTHICTH PO3POOIECHOL
MoJeni, sika Mo)ke OyTH BHKOPHCTaHA UL MOPIBHAHHS Pi3HUX KiHEMaTHY-
HUX CXEM MEXaHi3MiB Ta BHOOpY IOULIBHOTO BapiaHTy JJs KOHKPETHOTO
peryisaropa.

YK 621.3.07

Bomnkos B.O.!, ITanapin T.P.?

! kang. TexH. Hayk, nom. HY «3amopisbka momiTexHikay»
2cryn. tp. E-311 HY «3anopizbKa MoImTEXHiKa»

IT'EOTEPMAJIBHA EJIEKTPOCTAHIIA
IHPUBATHOI'O BYAHUHKY

Inest BUKOPHCTOBYBATH TEIIO 3€MHUX HAZP JUL ONAJICHHS IIPUBATHOTO OY-
IMHKY BXE JaBHO He (haHTacThKa. ['eoTepMalibHi ONaTIOBabHI CHCTEMH J00pe
3apeKOMEHIyBAIH cele, K y MiBHIYHIX, TaK 1 B MiBAeHHNX Iupotax. [llomnpasna,
IUTSL TIHOTO TIOTPIOHO CrIeliaibHe OONIaHAHHS, 31aTHE aKyMYJFOBAaTH IPHUPOIHE
TEIUIO Ta IlepefaBaTH HOro B TEIUIOHOCIH CHCTeMH onayieHHs. [eorepMaibHe
00JIa/IHAHHS BKJIFOYAE: BUMAPHHUK, IO 3HAXOAUTHCS [IIMOOKO T[T 3eMJICi0, HEoO-
XITHUH 71 TIOTJIMHAHHS TEIUIOBOI CHEprii 3 IPYHTY; KOHICHCATOP, KW JI0BO-
JMTH aHTH(PH3 10 MOTPIOHOT TeMIepaTypH Ta TEIUIOBUI HAacoC, 3a0e3nedye [up-
KyJISiLifo aHTU(pU3y B CHUCTEMi Ta KOHTpOIIOE poOoTy Beiei ycranoBku. Jlam
HarpiTiii aHThpHU3 HaIXOAUTh y OydepHHil Oak, A 3MiHCHIOETBCS Tepenaya
eHeprii TeruroHocis. YcepeauHi OydepHoro Oaka 3HAXOMUTHCS BHYTPIMIHIN 0aK 3

BOJIOIO 13 CHCTEMH OTIAJICHHS Ta 3MIHOBHK, SIKUM PYXa€ThCS PO3ITPITHI aHTU(PH3.
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Pucynok 1 — Cxema pobotn  Pucynok 2 — Enexrpudna noTyxHicts 100yTKy ['eoEC
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TaHI{]

234



Haii6ip1 nommpeHuM Ta NpUAaTHAM B IaHWH Yac JI0 TEXHIYHOTO BH-
KOPHCTaHHS BAaHHS [DKEPENIOM TeoTepMaibHOI eHeprii B YKpaiHi € reorep-
MaJlbHI BOJHM, TPOTHO30BaHMH CHEPreTUYHHMH MOTEHI[al SKUX CKIAfae: y
3akapnartbckiit 001. — 490MBT, y MukomaiiBcrkiit 061 — 2820MBT, y One-
cpKiit 0011 — 2350MBT, y XepcoHcrkiit 061. — 4230MBrT.

YK 621.317

Jees C.I'. !, Hopodees B.€.2

! crapm. Bukn. HY «3anopisbka noyrexHika»
2 cryn. tp. E-619 HY «3amnopisbka nomiTexHika»

JJABOPATOPHUW CTEH/] 3 BATIPOBYBAHHS JIBUT'YHIB
I'BUHTOMOTOPHOI I'PYIIH JJ1 BILIA

Meroto poboTH € po3poOka Ta OOIPYHTYBAaHHsS TEXHIUHUX pIllICHb,
CHPSIMOBaHUX Ha CTBOPEHHS JIaOOPAaTOPHOTO CTEHIA JUIsl BUMIPIOBAHHS TATH,
CTBOPIOBAHOT I'BUHTOMOTOPHOIO TPYIIOI0, CTPYMY €JIEKTPOABUIYHA, HalpyrH
JKUBJICHHSA Ta KEpyBaHHSI KOHTPOJIEpAMH [BHUTYHIB OC3IMLUIOTHHX JHTAIBHHX
amapartiB (BITJIA) pizHOTO THITY 3 TSTOBHM 3yCHIULIM 10 10KT.

YV nepeBaxHiit 6inpmocti BIIJIA BHKOPHCTOBYIOTHCS O€3KOJIEKTOPHI JIBU-
TYHH, SKi B T1api 3 TBUHTOM yTBOPIOIOTh TBUHTOMOTOPHY TIpymy. Po3poOnenuii
creHn (puc.l), BUBYaTH pOOOTy E€NEKTPONPHBOAA TBHHTA, BHU3HAUYATH TATOBE
3YCHIUISA Ta CTPYM JBHIYHA, IO J03BOJISIE BH3HAYUTH 3HAUYCHHS KoeQillieHTa
kopucHoi aii (KK/I) enekrponprBoia 3 rBHHTOMOTOPHOIO IPYTIOLO.

OCHOBY CTeHzIa CKJIaJja€ TeH30AaT4HK, KU 3aKpiIIeHO 10 PyXoMoi Iw1atdo-
pMH. J1yist NiZICUIIeHHST Ta MEPETBOPEHHSI CUTHAITY 3 TeH30/IaTYMKa BUKOPHCTOBYETh-
cst 24-0itanii AIIIT Ha 6a3i mikpocxemu HX711. [l 0O6pobku curnamy Bimx ALT
Ta KepyBaHHs! KOHTPOJIEPOM JIBUI'YHA, BUKOPHCTOBYETHCSI MIKPOKOHTpOJIEp Atmega
328p y ckmami miarpopmu Arduino nano. s BHBOMY OTPHMAaHMX MapaMeTpiB
BukopuctaHo auctuied LCD2004. st sKuBIEHHS! BUKOPUCTOBYETBCS aKyMYJISITOP
BITJTA Ta KOHTpOIIEp B 3aJIXKHOCTI Bl TUITy JBUT'YHA, IO BHBYAETHCS. Pe3ymprar
JIOCIT/DKEHb JIBUTYHA TBUHTOMOTOPHOI TPYIIH IPEZICTABIICHO B TaOI. 1.

Tabnus 1 — Pe3ynbratn BUNpoOyBaHHS

Ob6epTu nBUrYHa, % Tsarose 3ycumis, r Cua crpyMmy | Hampyra »xuBnen-
JIBUTYHA, A Hi, B

20 77 1,1 11,78

40 186 3,2 11,56

60 355 6,5 11,2

80 424 11,8 11,0

100 453 12,2 10,96

235




BucHoBok. Po3po0iennii cTeHx N03BOJISIE TPOBOIUTH BHIIPOOYBAHHS
reuHTOMOTOpHOI rpynu BIUJIA 3 Bum3HauenHsM KK/I B pi3HEX peknmax.

CITACOK BUKOPUCTAHOI JIITEPATYPU

Opaiinen Ix. CyvacHi natuuku. Josiguuk. [Tekcer] / Jx. @paiinen.-
M:Texnochepa. — 2005.

YK 621.3.07

Bounkos B.O.!, ITnoxoii B.I. 2

! kang. TexH. Hayk, nom. HY «3amopisbka IoiTEXHIKa»
2 crym. tp. E-311 HY «3anopisbKa MoMTEXHIKa»

TEPMOEJIEKTPOI'EHEPATOPH

TepMoenexTporeneparop — Iie TEXHIYHUN TPUCTPiil (eNeKTpUIHHAN Te-
Heparop), NMPHU3HAUYCHHUH UI NPSMOTO IEPETBOPEHHS TEIUIOBOI €Heprii B
SJIEKTPUKY 32 IOTMOMOTOI0 BHKOPHCTAaHHS B KOHCTPYKIi TEPMOEIEMEHTIB
(TepMOeNeKTpHYHIX MaTepiaiB).

Jlo HesamepeyHHX NepeBar TEPMOECIEKTPUYHOTO MPSIMOTO IIEPETBO-
PEHHsI TEIIOBOi eHeprii B €JIEKTPUYHY CIiJ] BITHECTH BiJICYTHICTH MPOMIX-
HOI JIaHKH, SIK, HAPUKIaJ, y poOOTi TeroBoi abo aTOMHOI el1eKTpOCTaHIIil,
JIe TEIJIOBA CHEPTisi MEPETBOPIOETHCSI HA MEXaHIuHy, a IMOTIM MEXaHi4Ha
€HEeprisi IepeTBOPIOETHCS Ha €IEKTPUYHY. TakoX TePMOEIEKTPUYHI reHepa-
topu (TEI') MaroTh Taki yHiKalbHI SKOCTI, SIK TIOBHa aBTOHOMHICTb, BUCOKA
HaJIIWHICTh, MPOCTOTA eKCIDTyaTaii, Oe3ITyMHICTh Ta JOBroBivuHiCTh. Cepen
nepeBar, 10 BU3HAYalOTh IIPH BHOOPI cepell iHIINX MPiOPUTET TEPMOEIIEKT-
PUYHOTO TEPETBOPEHHS, Y 0araTbox JoJaTkax — BiJCYTHICTh PyXOMHX dac-
THH 1, K OIWH i3 HACIIAKIB, BIACYTHICTh BiOpaIliii, a TAKOXK HEOOXITHICTh

3aCTOCYBaHHS PiJFH Ta/a0bo0 Ta3iB IMiJ] BACOKUM THCKOM.
CHIa CTHCKAHHA

pecopa

JUKEPEI0 TeIlIa

CKHIAHHA TEILIa

Pucynoxk 1 — Cxema po6otu TEI'
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Jo npaktnynux npukiaanis 3actocy-sanus TED (puc.1) MoxxHa BinHe-
CTH:

— BUKOPHUCTAHHS Bi/IBEACHOTO BiJ] IBUTYHIB TEIUIa;

— aBTOHOMHI JpKepeJia JKUBJICHHS EIIeKTPOCHepTii /Uil 3a0e3nmeueHHs
Mpane3qaTHOCTI KOTEIeHb, YCTAHOBOK 3 IEpEPOOKH BiIXO/iB;

— aBTOHOMHE 3a0e3MeUeHHsI CHEPTI€I0 eeKTPOHHUX OJIOKIB Ta HACOCIB
BOJITHHX KOTJIIB Ta CMITTECHATIOBAIBHAX YCTAHOBOK;

— NIEPEeTBOPEHHS TeIula MPUPOAHUX JUKEpen (HANpUKIAA, reoTepMaib-
HUX BOJI) Ha €JIEKTPUYHY E€HEprilo;

— 3a0e3neueHHs] aBTOHOMHUM JKUBJICHHSIM MAJIOTIOTY)KHHUX €JICKTPOH-
HUX NIPUCTPOIB.

VY cnpouieHoMy BUIIISII TEPMOEGIEKTPUYHHUN TeHEpaTop MOXKHA T0/a-
TH y BHIJISJII METaJleBOi TEIUIOPO3MOJUILHOT IUIACTHHU 3 OOKy JpKeperna
TeIUTa, TePMOEIEKTpHYHOTO TeHepaTopHoro moaynsa (TT'M) # oxomomkytro-
YOro pajiatropa, M0 BiIBOJWTH TEIJIO, KOTPE MPOXOIMTH 4Yepe3 MOIYIb B
HABKOJIMIITHE CEPEOBHUIIE i CTBOPIOE HeoOXimaui 1yt podotu TI'M mepeman
TemrepaTyp. Bes KOHCTpYyKIisl TOBMHHA CTHCKATHCS 3 3YCHULIM, IO 3a-
Oesreuye HaAIHHY Iepenady TeIula BiJ JpKepela B HABKOJIMIITHE CEPEIOBHUINE
3 ofHOTO OOKY 1 HE TIEPEBHUIIy€ AOMYCTUME 3yCHILISA IPH TEINIOBOMY PO3IIH-
PEeHHI KOHCTPYKLIIi.

B VYkpaini po3poOkor0 TepMOENeKTPUYHOTO I'€HEPaTOPHOTO MOJLYJIs
3aiiMa€eThCsl HayKOBO-BUpoOHMYA (ipma «Moaynb» (M. KuiB), BoHa BuIyc-
kae MTG2-16-127T2S, KOpOTKi XapakTEpUCTHKH KOTPOTO HaBeAeHI Yy
Tabm. 1.

Tabmuus 1 — Teruosi i enexrpuyni mapamerpu MTG2-16-127T2S

Po3mip-
[Mapamerpu HicTh. 3HaueHHS
TewmmepaTypa raps4oi CTOpOHH °C 200 150 100
TemmepaTypa X0JI0JHOT CTOPOHH °C 50 50 50
Hanpyra po3aMikHyTOTO KOJIa B 8.4 5.5 1.4
Cunta cTpyMy KOPOTKOTO 3aMHKaHHS A 2.6 1.9 1.0
Ormip y3ro/pKeHHOTO HaBaHTaXKESHHSI Om 33 3.0 2.7
[loTy>XHICTh Ha Y3TrOPKCHHOMY HaBaHTaKEHHI Br 5.4 2.6 0.7

Jocuts nikaBe pinreHHs BUKOpuctaHHd TI'M eneMeHTIB 3anporoHy-
Bana ¢ipma BioLite (CLLIA): miu-3apsinka ramxeriB BioLite CampStove
(puc.2) — e mpHCTPii, M0 BUPOOIISIE ENEKTPHUYHY €HEPTifo IUIIXOM CHaio-
BaHHS JPOB Ta iHIINX OPTraHIYHUX BiAXOMIB (IIMIIOK, CyXOTO JIUCTS, KOPH).
3acTOCOBY€ETHCS ISl TYPUCTUYHUX TTOXOMIB B SKOCTI aBTOHOMHOTO JIKeperna
elekTpud-HOi eHeprii. B ocramHiX Momudikaiisx NpucTpoi BOYIOBaHO
aKyMyJISITOp €MHICTIO 10 2600 MAT.
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Pucynok 2 — BioLite CampStove
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Pucynok 3 — Enexrporenepyroua
npos’stHa i Tepmodop [nauripka

AHAJIOroM Takoro pillIeHHs Y HAIOMYy PHHKY € eJeKTpOreHepyroua
npos’siHa miy Tepmodop Inauripka 12V, 50BT (puc.3) 3 BOyIOBaHMM Tem-
JIOENIEKTPOTeHEPATOPOM, IO IEPETBOPIOE TEIUIOBY EHEprito manuBa (sKa
TOPHTH Yy I€4i) B eJICKTpUYHY eHeprito. O0’eM OnaoBaIbHOTO MPUMILICHHS
npu 1upoMmy cknanae 50 m3. Martepian BUTOTOB-JIEHHS HNPUCTPOIO — HKapo-
CTilKa CTalb.

YK 623.3.01

Pomaniuernxo I.M.!, €Bnokimos I.B.?

! crapur. Bukit. HY «3amnopisbka momitexnika»

2 cryn. rp. M-311 HY «3anopizbka HomiTexHikay»

MEXAHIYHI XAPAKTEPUCTUKU ACUHXPOHHUX JIBUI'YHIB

KoHCTpyKIlisi aCHHXPOHHOT MAIllMHK CKJIQJIAETHCS 3 JIBOX YACTHH, MiX
SKMMW € HEBEIMKHU MOBITPsIHUN 3a30p. [lepina dacTuHa, Hepyxoma — IIie
crarop. Jlpyra, o obepraeTbest — e poTop.

[TpuHIMT pOOOTH B PEKUMI JBUI'YHA IOJISITAE Y B3aEMOJIIT 00ePTOBOTO
MarHiTHOTO MOJIS CTaropa i CTPYMIB, 1110 HABEJIEHI IMM MarHiTHUM IOJIEM Y
poropi.

B acunxponHomy nBuryHi (A/l) juid oTpUMaHHS €JIeKTPOMAarHiTHOTO
HOJIS, O 00EPTAETHCS, BUKOPHCTOBYIOTHCS OOMOTKH CTaTOpa, SIKi ITiKIIIO-
YeHO 10 cuMeTpudHoi TpHudasHoi Mepexi. EnexrpomaruitHe mnose, mio
yTBOpeHe cTpyMamu cratopa ctBoptoe EPC B mposinnukax poropa. Hass-
Hicte EPC i 3aMKkHYTOI OOMOTKH pOTOpa MPHU3BOAATH /IO IIOSIBH CTPYMIB y
potopi. B3aemoziss MarHiTHOrO OIS cTaTopa i CTPyMy B OOMOTII poTopa
CTBOPIOE EJIEKTPOMArHiTHY CHJIY, IO CIPHYHHSE MOSBY KPYTHOIO MOMEHTY
Ha BaJly JIBUT'YHA.

238



Porop, mo obepraeThcs, HaMaraeTbCcs «HA3JOTHATH» IIOJIE CTAaTOpA.
[IBuaxicTe 0OepTaHHS POTOpa € MOBUTBHIMION 32 IIBHUAKICTH MarHiTHOTO
TI0JIS CTaTOpa, IO i 3a0e3rmevye aCHHXPOHHICTD IXHIX IIBUIKOCTEH.

KoB3aHHS acCHHXPOHHOTO JBUTYHa — II€ BITHOCHA PI3HMIIS IIBHUIKOC-
Teit 06epTaHHA poTopa (712) i MArHITHOTO MTOTOKY B OOMOTKaX cTaropa (711):

g=T "
ny

3ane)xHiCTh KPYTHOTO MOMEHTY Ha Bally poTopa Bi KoB3aHHS (M=f(s)) —
OCHOBHHH MOKa3HUK MEXaHIYHOI pOOOTH aCHHXPOHHOTO JIBAT'YHA.

PoTop — 11e Ban, Ha SKWi Haca[KEHO ocepAs i3 oOMoTKor. IcHye mBa
BN KOHCTPYKIIiI pOTOpIiB: KOpOTKO3aMKHeHi Ta ¢a3Hi. KopoTko3aMkHeHi
00OMOTKH — IIe CTPWKHI a00 3 aNFOMiHI0, a00 3 Miji, SKi IO TOPILIX 3aMUKa-
FOTHCS KUTBIISIMHU.

Porop i3 ¢azHOl0 0OMOTKOIO Mae OimbII CKIaqHy KOHCTpPYKLito. BiH
CKJIaJAEThCS 3 OCEp/si, B IKHI MOKIAIeHO TpU(a3Hy OOMOTKY, 1[0 € aHAJIO-
riYyHOI0 1O 0OMOTKHM cTtaropa. Lli 0OMOTKH 3’€AHYIOThCS 3 TPhOMa KOHTAKT-
HUMH KUIBISIMH, IIIO0 PO3TAIIOBAHO HA BajJy POTOpa. 3a JOMOMOTOK JCKiib-
KOX MeTaJio rpadiToBHX LIITOK (3a3BHYail ABOX), sIKi 3aKPIIUICHO Ha IIiTKO-
TpUMadYi i MPUTUCHYTI MPYKWHAMH 0 KiJelb, B JIAHIFOT OOMOTKH pOTOpa
BBOJITHCS IOJATKOBI OTIOPH.

MaxkcumanbHAN TOAATKOBUH OIp BMUKA€ETHCS TIJIBKH JUISA ITyCKY IBH-
T'YHa, II0 1a€ MOXKJIMBICTb IUTABHOTO IIyCKY NPHU MaKCHMaJIbHOMY KPYTHOMY
MOMEHTI Ha Bally 1 IMOTIM aBTOMAaTHYHO 3MEHINyeThCs. [licis 3aBeprieHHsS
PO3TOHY i BCTAHOBJIEHHIO pO0O0YO0T IIBUIKOCTI PEryJIsITOP BUMUKAE JIOJATKO-
Bi ONOPH 3 pOOOTH — POTOP TPALIOE, SIK 3BUYANHUI KOPOTKO3aMKHEHHUIA.

Crarop acMHXpPOHHOTO JBUTYHa 3 ()a3HMM POTOPOM BHUKOHAHMH, TaK
camo, sK i B 3BU4aiiHoMy JBuryHi. CaMme 3a paxyHOK YCKJIaJHEHHS KOHCTPY-
KLii poTopa, Takui JBUTYH BOJIOJI€ XOPOUIMMH ITyCKOBHMH 1 PEryJIrOBajb-
HUMH xapaktepuctukamu (Puc.1,6).

AJe 3 Ti€i ) IPUYHUHU, HOTO BapTICTh 3pOCTaEe MPUOIH3HO B 1.5 pas3u B
mopiBHAHHI 31 3Bu9aiiHuM AJ]. Kpim Toro 30imbIIyeTscs Maca, po3MipH i, K
TIPaBHUJIO, 3MEHIIY€ThCS HAaIHHICTh IBUTYHA.

VY cupux i BOJOTHX MPHUMIMICHHSX, A€ MIIOTh MiABHUIICHI BHMOTH [0
eNIeKTPOOe3neKy, Tpebda 3acTOCOBYBATH EJNEKTPOABUTYHHM i3 BIINOBIIHUM
KJIAaCOM 3axXUCTy (MOPCBHKi, TPOMiYHi, BOJIOTO3aXHUIIEHI, XIMIYHO 3aXHIICHI,
TOIIO).

MexaHiuHI XapaKTEpUCTHKH JIBOX JIBUTYHIB IIPECTaBICHI Ha PUCYHKY 1.
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Pucynok 1 — MexaHivHi XapaKTepUCTHKA ACHHXPOHHHX JIBUTYHIB.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1. Maninoscpkuii C.M. 3aranpHa eneKTpoTexHiKa: miapy4yHUK. JIbBIB:
Bupmasuunrso «beckig-bit», 2003. — 640 c.

2. Texniuni 3acobu aBromaru3aiiii (Uactuna 2) / Jlykintok M.B. Ta iH.
Hixxun: Bupasenns IIIT JImcemko M.M., 2018. - 455 c.
URL:https://ela.kpi.ua/bitstream
/123456789/49746/1/Tekhnichni_zasoby avtomatyz chast 2.pdf (mata
3pepHeHH:: 10.02.2023).

VK 620.93

®opos B.B.!, Pomanigenko I'.M.?

Uerym. tp. E-612_2 HY «3amnopi3bka MOITEXHIKa»
2 crapm. Buki. HY «3anopizbka momirexnikay

CKPAILJIEHUH A30T SIK CIIOCIB 35EPITAHHA EHEPTTI

Eneprernuni npobiemu, SKi iCHyIOTh B CY9aCHOMY CBITi, TOJIATAIOTh B
3a0e3neueHHi cTabiIbHOTO €HeProNocTayaHHs Ta 3MEHIIIEHHI BUKOPUCTAHHS
TpPaIUIIHHUX JKEPEN eHeprii, TaKuX SIK BUKOIHE BYTUUIA, HadTa Ta mpupo-
JTHUHA Ta3, SKi COPHUSAIOTh YTBOPEHHIO NMAapHUKOBOTO eeKkTy B arMmocdepi i
NPHU3BOAATE 10 3a0pyaHEHHS MOBKULIA. OIHMM i3 HANpsIMKIB PO3BHUTKY
aNbTEPHATHBHUX JUKEPEI €HePTii € COHsYHA CHEePris, SKa BBAKAETHCS €KOJIO0-
TIYHO YHCTUM Ta BiTHOBIIFOBAHUM J[KEPEIIOM EHEPTii.
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OnHak O/HIEIO0 3 TOJIOBHUX NPOOJEM, IMOB’S3aHUX 3 BUKOPUCTAHHSIM
COHAYHOI eHeprii, € {i HemOCTIHHICTh Ta MEePiOAWYHICTh, AKi 3aJeKaTh Bif
MOTOAHUX YMOB, CE30HHMX KOJNMBaHb Ta MopH 1o0u. Taka Bama BUMarae
PpO3poOKH ePEeKTHBHUX CHUCTEM 30epiraHHs eHeprii, ski 6 no3BossuIn 30epi-
TaTy Ha/UIMIIKOBY CHEPTii0 [UIS ITOJANBIIOT0 BUKOPHCTAHHS B NMEPIOJN HH-
3bKOI COHSYHOI aKTHBHOCTi 200 BHOMI.

3acTocyBaHHS HAUIMIIKOBOI COHSYHOI €Heprii A CKpamieHHS Ta
30epiraHHst a3oTy 3 aTMOC()EPHOTO IOBITPS MOXKE CTAaTH MOTEHILIHHUM pi-
LIEHHSM Li€l MpoOIeMH, OCKUIBKH CKPAIUICHHH a30T MOXKE BUKOPHCTOBYBa-
THCA SIK e(eKTHBHHMH HOCIH eHeprii Ta MaTepiai Ajs akyMyJsinii TerJia.
Taxuii miaxix no3Bosse 30epiraTi eHepriro Ta BUKOPUCTOBYBATH 11 Mi3HilIe
JUISl BUPOOHUIITBA €JIEKTPOCHEPTii.

Bci HeoOXiaHI TeXHOJOTIi OTpUMaHHS €Heprii Bii COHIS, CKparIeHHs
ra3y Ta Horo 30epiraHHs iCHYIOTb. TakuM YHHOM, OCHOBHOIO TPOOJIEMOI0 €
BU3HAYCHHS ONTHUMAJIBHUX METOJIB BIIIyYCHHS a30Ty 3 IOBITPS, CHCTEMH
HOro CKpamieHHA, a TaKOX JOCHIIDKSHHS MOXKIMBOCTI IHTerpamii Takmx
CHCTEM 3 ICHYIOUHMH CHICTeMaMH 30epiraHHs Ta BUPOOHHWIITBa eHeprii. Bu-
pimeHHs miei mpobiaeMu AOMOMOKe 3a0e3IMeYnTH OUbII CTadlIbHE eHepro-
MIOCTaYaHHs HA OCHOBI BiTHOBIIOBAHMX JDKEPEII, 3MEHIIUTH 3aJICKHICTh Bif
TPaIMLUIIHUX JKEpes eHepril Ta CIPHUATH OUIbII CTaJOMYy Ta €KOJOTTYHOMY
PO3BUTKY €HEPreTHYHOT ramy3i.

Jnst wied 1ini a30T Mae psi nepesar, sKi poOIsTh HOro IiKaBUM UL 10C-
JIJPKEHb Ta MPaKTHYHOTO 3aCTOCYBAaHHS. A30T € OJJHUM 3 HaHOUIBII TIOIIUPEHUX
elieMeHTIB y arMocdepi, cranoBistun Outbiiie 78% atMochepHOro MmoBiTPsi, 10
pOOUTH HOTO €KOHOMIYHO BHTITHUM [UIS BUKOPHCTAHHS B CHCTEMaX 30epiraHHs
eHeprii. BiH Mae HU3BKY TeMIiepaTypy ckparuieHHs (mpromim3ao —195,8°C) mpu
HOpMaJIbHOMY aTMOC(EpHOMY THCKY, IO JI03BOJISIE e(heKTHBHO 30epiraT Haj-
JIMIIKY €Heprii y BUMIISI CKPaIJIeHOTO ra3y.

Terno-akyMyJsiiiiHI  BIACTHBOCTI CKPAIICHOTO a30Ty JI03BOJIAIOTH
30epiratu Ta BiIIyCKaTH BEJIHKI KiJIbKOCTI TEILUIOBOI €HEpTil i Jac mpore-
CIB KOHJIEHCAIlil T2 BUMAapOBYBaHHS. A30T € XIMIiYHO CTaOUILHUM Ta iHEpT-
HUM Ta30M, 10 € Oe3MeYHUM IIijI Yyac MpOoIleCy CKpaIieHHs, 30epiranHs Ta
BUIIapOBYBaHHA. BiH He BCTynae y peakiito 3 iHIIMMH MaTepiajaMu IIiJ] 4yac
LUX MIPOIIECiB, M0 3HWXKYE PU3UK BUTOKY a00 BHOYXY. A30T TaKOX € HETOK-
CHUYHHM Ta30M, Oe3IEUHUM ISl JIF0JIEH Ta HABKOJIMIIHBOTO CEPEAOBHIIA.

BpaxoByroun Bci 11i (haKTOPH, BUKOPUCTAHHS a30Ty JUI aKyMyJLMii Ta
30epiraHHsl eHeprii € MepCcHeKTHBHUM DIlIEHHSM AJsl PO3BUTKY CTaioi Ta
€KOJIOTIYHO YHCTOT €HEPTeTHYHOT CHCTEMH.

Jns ckparuleHHs Ta3iB 3 aTMOC(EPHOTO MOBITPS BUKOPHUCTOBYIOTHCS
pi3Hi TexHoorii. OJHI€I0 3 OCHOBHUX € @pakyitina oucmunayis, sKa nepe-
6avyae OXOJIOMKEHHS aTMOC(EpHOIro IMOBITPS A0 KPHOTEHHUX TeMIeparyp,
IIPH SIKUX Pi3HI KOMIOHEHTH MHOBITPS (a30T, KUCEHb, apTOH TOIIO) CTAIOTh
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pimkuMu 1 MOXyTh OyTH BiJOKpEeMJICHI HAa OCHOBI IXHIX BiAMIHHOCTEH B
TeMIIepaTypi KAMIHHS.

[Hmra TexHomorist — MeMOpaHHe PO3AITICHHS, S5Ka BUKOPHCTOBYE MEM-
OpaHu 31 crieliadbHUMU TIOpaMH JJIsl BiJOKPEMJICHHST KOMITOHEHTIB Tra3y Ha
OCHOBI TXHBOT'0 pO3Mipy 200 XiMi4HUX BiacTHBOCTEH. Ll TexHosOrisT MOXe
OyTH BUKOpHCTaHa AJsl 30arayeHHs a30Ty Y KHCHIO B aTMOC(EpHOMY IOBi-
Tpi Hepe]] CKpPaIUICHHSIM.

Takok BUKOPHCTOBYIOThCS aACOPOLIiHI TEXHOJOTIT, NpH SIKHX Pi3Hi
KOMITIOHEHTH Ta3y 3 aTMOC(EpHOTrO MOBITPS BiIOKPEMITIOIOTHECS 33 JOIIOMO-
Tor0 afncopOeHTiB, TaKWX SK aKTUBOBAaHE BYTIUIA, MOJEKYJLIpHI cuta abo
amroMiHi€eBi citikaTi. el mporec BUKOPUCTOBYIOTH [Uis 30aradeHHs Ta3iB
nepen X CKparIeHHsIM.

Hapemri, kpuoreHHi TypOOeKCHaHIEpH MOXYTh OyTH BHKOpPHCTaHi
JUISL CKparjIeHHs ra3iB 3 aTMoc(epHOro mosiTps. B mux cucremax rasu mo-
MEPEAHBO OXOJIOKYIOTHCS 3a JOMOMOTOK TEIUIOOOMIHHUKA, TIOTIM MPOXO0-
JTh yepe3 TypOOeKCIaHaep, Jie THCK Ta TeMIIepaTypa rasy 3HUKY€EThCS ax
JI0 HOTO CKpaIrICHHS.

Haii6inpi eHeproeeKTHBHOIO TEXHOJIOTIEI0 CKparIeHHs rasiB 3 at-
Moc(hepHOro MmoBIiTps € (paxitiiina quUCTWIALIsA. BoHa BUKOPUCTOBYE KPHO-
TeHHI TEMIIEpaTypH IJIsi OXOJIO[KCHHS aTMOC(EPHOTO IOBITPSI IO TOYKH,
KOJIM OKpeMi KOMITOHEHTH CTalOTh PIIKUMH i MOKYTh OYTH BiIOKpEeMIICHI Ha
OCHOBI IXHIX BIIMIHHOCTEW B Temmeparypi kumiuHs. el MeTon He moTpe-
Oye MOTATKOBUX XIMIYHHX pearceHTiB a00 BUCOKHX THCKIB, SIKi MOXYTh 30i-
JBIIATH €HEPTOCIIOKUBAHHS CHCTEMH.

OnHak, BiH MOTpeOye 3HAYHOTO CIIOKMUBAHHS CHEPTil AJISI OXOJIOKEH-
Hsl TIOBITPS 0 KPUOT€HHHX TemIiepaTyp. BinnosinHo, eHeproe)eKTUBHICTb
(dhpakmiiHOT JTUCTHIISILIT T OXOJIOMKSHHS MOBITPSI MOXKE OyTH MOKpalieHa
HIJISIXOM BUKOPUCTAHHS BIJIHOBJIIOBAaHUX JDKEPEN eHepril.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. Cryogenic thermoelectric generation using cold energy from a
decoupled liquid air energy storage system for decentralised energy
networks - ScienceDirect.
https://www.sciencedirect.com/science/article/abs/pii/S0306261921010941
(mara 3BepHenHs: 13.10.2017).
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SIKUM ABTOHOMHUU T'EHEPATOP KPAILIUI?

CucteMu eNeKTPONOCTaYaHHs 3 BUKOPUCTAHHIM aBTOHOMHHX JUKEPEN
CTalOTh BCE OLNBII MOMYJAPHIIAMH CEpel BIACHHUKIB a4 Ta 3aMiCBKHX
OyaunkiB. [1oB’A3aHO 1e THM, IO BapTICTh €IEKTPOCHEPTIi, SKa MOCTABIII-
€ThCS LICHTPAII30BaHO, HEYXMIIBHO 3pOCTa€E pik y pik. [lo Toro x, y 3B 3Ky 3
BIICPKOBOIO CHTYAIli€l0 B KpaiHi, mepe0oi B eJIeKTpoIrocTayaHHi, SKi BHHH-
KalOTh B JISSKUX PEerioHax, B3araji BUKJIIOYAIOTh HOpMaJbHE KOPHCTYBaHHS
enekTpoeHeprieto. ToMy BiacHe JKepelio )KUBJICHHS CTa€ HEOOXI1THICTIO.

Sk jKepeno MO)KHa BHKOPHUCTOBYBATH IIEPEHOCHI IeHEepaTopH, SKi
IIpaLoroTh 3a cxemoro I'-/1.

HesanexHo Bij IXHBOI MOTYXHOCTI, IBUT'YHAM I'eHEPATOPiB MOTPIOHE
MaJMBO. BUIBIIICTh MOPTATHBHUX TI'€HEPATOPIB MPAIOIOTh HAa OCH3WHI Yu
razi. OGuBa TUIN MaJIKMBa MAIOTh CBOI IIEPEBAru Ta HEAOJIKH.

PimxomanuBHI TeHEpaTOpH — HAUIOMIUPEHIIINIT THI TEHEPATOPiB, TOMY
10 OeH3WH a00 COIPKY MOXKHA TpUAdaTh Ha Oyab-skiit A3C.

Iepumii HenOTiK GEH3MHOBOTO TEHEpaTOpa — IIe IiHa PIAKOTO MaInBa.
Hagith 32 chOTOMHIIIHBOTO MAMiHHA LIHW BOHA JTOCHTh BHCOKa. Burpara
piiKoro najauBa cTaHOBUTH puOIM3HO 250 r Ha 1 kBr*roauny.

Jpyruii Horo HemoJiK — TOKCHYHiCTh. [lif yac poOOTH GEH3MHOBOTO
reHepaTropa y BUXJIOIHHX Ta3aX MICTUTBCSI BEJMKa KUIbKICTh YaJHOTO Ta3y
(CO), sxkuii MOTpAIUIAIOYM B OPraHi3M HaBiTh y HEBEIUKHUX KUIBKOCTSX,
BUKJIUKA€E CHJIbHUI FOJIOBHUI O1J1b, OTPYEHHS OpPraHi3my.

Tperiii HeoJIIK — BUCOKa MokexkHa HeOe3neka. [Iponuruit miy vac 3a-
NIpaBKK OCH3WH € BOTHEeHeOe3neuHui. JlocTaTHO HaBITH HEBEIHUKOI iCKpH,
100 BUHUKIIA TTOXKEXA.

YerBepTuii HEMOIIK — 3a3BUYAl IEPEHOCHUI TeHEpATOp — IIE HKEPEIIo
SJICKTPUKK MiJ Yac Ha/J3BHYANHHOI CHTyamlii, KONM HEMae EJIEKTPUKH Bif
ocHOBHOI Mepexi. Tomy Ha A3C Takox MOKe He OyTH eIeKTpOeHeprii, moob
Hakayatn OeH3uH. lle mpu3BOMUTH 10 TOrO, IO BIACHUKH T'€HEpaTOpiB,
TOTYIOYHCH 0 HAA3BHYAWHHUX CHUTYyaIlill, poOJsTh 3amacy majinBa, 3a0yBato-
YU MPO Te, MO OEH3WH Mae OOMEXEHH TepMiH MPUAATHOCTI (3a3BHYA
MIPOTSITOM POKY BiH BTpada€e CBOi BIACTUBOCTI).

T"a30Bi TeHepaTopu MEHII MOMIMPEHi, ajlie CTa€e Aenani MOmyIIpHIIIUM
4yepe3 YMCIICHHI NiepeBary nepej 0eH3MHOBUMHU TeHEepaTOpaMH.

3pimKeHnid Ta3 TOCTABIIEThCS B 0aJOHAX 1 HABITh SKIIO HOTO TPOITH-
TH, IIPOTIAH BiJpa3y BHUIAPOBYETHCSA. BapTicTh mpomnaHy 3HaYHO MEHIIA Bif
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BapTOCTi OCH3WHY, IIO JOCHTH ICTOTHO TIPH TPHBAaJiil poOOTI reHepaTopa.
Kpim Toro, ra3oBi reHepaTopH Mpamrol0Th THXIIIE.

e onHa mepeBara — CKparuieHUH Ta3 Mae TPUBAINHA TepMiH 30epiraHHs.
Xoya peKOMEHIY€ThCS BHKOPUCTOBYBAaTH Ia3 mpoTsaroM 12-18 wicsuis, aine
NPaKTHYHUN ZIOCBIJ MOKa3ye, 10 HOro MOXKHa 30epiraTtd 3HAuHO JOBIIE 0e3
BTpaTH BiacTHBOCTeH. Lle 1o3Boisie poOKTH 3anack TpUBAJIOTO 30epiraHHsl.

30epiraTi 3amac 3pipKeHOro ra3y MOKHa B ra3oBux Oanonax mo 50 . Ta-
KOT'0 3a11acy BUCTa4UTh JUISl [A30BOT0 T'eHepaTopa MOTyKHICTIO 5 KBT npubmms-
HO Ha 15 romuH npu Ge3rnepepBHOMY HaBaHTAKCHHI.

e kpartie, SKIIO € MOKIMBICTD HiAKITIOUSHHS 0 MaricTpaabHOTO razy. B
IIbOMY BHIIAJKy TPHUBAJIICTh POOOTH OOMEXYETHCS JIHIIE PEKOMEHIOBAHUMHU
HepepBaMy Ha «BiIIOYHHOK.

HenmonikoM ra30BUX reHepartopiB € CKIIaIHIIIA CHCTEMa JKHUBJICHHS Ta He-
MOJJIMBICTh iX PEMOHTY B JIOMallHiX yMOBaX. KpiM TOro, BUKOpHCTOBYBaTH
CKpAIUICHHH ra3 PY HEraTUBHHUX TEMIIEpaTypax HEMOXKIUBO.

Jlnst Toro, 100 MO€eAHATH BCi MEPEBAry ra30BUX Ta PIAKONATHBHUX T'¢HE-
paTopiB, MO)KHA BUKOPUCTOBYBATH Ol-IIaMBHI T€HEPaTOpPH, SIKi MOXKYTh IPaLIO-
BaTW Ha 000X BHIax mnauwBa. J[Js 1bOro MOXKHA MPUAOATH T'OTOBI TeHEPATOPH
a00 mepepoOUTH ICHYIOUH HOTO BIACHUMU CHJIAMH BUKOPHUCTOBYIOUH CIICIiab-
HHI1 ra30BHi KOMIUIEKT [T IEPEPOOKH PiKONAIMBHOIO TeHepaTopa Ha ras.

JJis METIKaHIlB CUTECHKOi MICIIEBOCTI ITOUUIBHO JJIS OTPUMAHHSA Ta3y
BCTAHOBUTH CHCTEMY YTHIi3amii BigXOMiB Ta BHPOOJEHHS ra3y, Bif SKOTO
NPaOBATHMYTh I'a30BHH KOTEN, ra30BHH I€HEpaTop Ta Ball aBTOMOOIJb.
Taki cucTeMH iCHYIOTH 1 Ha3WBAIOThCS OiOYCTaHOBKH a00 YCTaHOBKH IS
oTpuMaHnHs Oiorasy (y ¥oro ckmaxi 1o 65...80% merany).

YK 681.865.8

Heer C.I'. !, Ocunos B.0.2, Xpymin [.M.?

! crapmr. Bukin. HY «3anopisbka mosmitexnikay
2ctyn. tp. E-610cn HY «3anopizbka HOIiTeXHIKa»

CUCTEMA ABTOMATHYHOI CTABLIIBAIIII
MHOB3J0OBXKHbBOI'O PYXY BILJIA

B po0oTi po3riIsTHyTO MOB3XOBXKHIH TOPU3OHTAIBHHIN PyX MYyJIBTHPOTOp-
Horo BITJIA Tumy kBagpokonTep 3 ypaxyBaHHSIM BEPTHKAIBHHUX TIOPHBIB BITPY.

BinomocTeii po MOXJIMBY peaii3alilo aBTOMAaTHYHOTO PEXHUMY HO-
JHOTY KBazpokonTepiB Ta B3araii BIIJIA B cywacHiii TexHiuHiH niTeparypi
3arajoM HeloCTaTHbo [1].
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[Ipu3HaueHHst 1 MeTa CTBOPEHHS CTPYKTYPH CHUCTeMH: 3a0e3neyeHHs
CTifiKOCTI Ta SKOCTI MOJBOTY Oe3miyloTHOrO JiTambHOoro amapaty (BITJIA)
MYJIBTHPOTOPHOTO THITY 32 HasSBHOCTI BITPOBHX 30ypeHb.

3aBmaHHsA CTa0LMi3aMii TOB3IOBKHBOTO PYXY SIBISIE COO00 YaCTHHHHUN
BMIIaJOK 3aBJaHHs KepyBaHHs oab0TOM BITJIA.

[Iporiec cTBOpeHHS CTPYKTYPH CHCTEMH aBTOMAaTHYHOTO CTadimizarii
Mae Ha MeTi QopmyBaHHA 00’€kTy aBToMarmuHoro crabimizamii (OAC),
npuctporo aBromaruuHoi cradimizauii (ITAC) ta yciei cuctemu B 1isiomy.

Ockinbku posmipu BIUIA, mo po3risaaeTsesi, € 10CTaTHO KOMITAKT-
HHUMH, TO B TaKMX CHCTEMax B 0araTboX BUIIaJKax BUKOPUCTOBYIOTHCS BUMi-
proBaui, mo no6ynoBani 32 MEMS-Texnosorismu. IxHiMu XapakTepHUME
pHcaMH € MOMITHA HeCTaOUIBbHICTh XapaKTEePHCTHK Ta BiJHOCHO HU3bKa TOY-
HICTh BUMIPIOBaHHS. Y JaHOMY BHUMAJKY PO3IIISIAETHCS, IO KyTOBE MOJIO-
KEHHSI PO3PAXOBYETHCS BUXOASYIH 3 OTPUMAHOTO CHTHANTy TipOCKOIa, a BH-
cOTa BUMIPIOETHCS 32 JONOMOTroro Oapomerpy. I1ifBUIIMTH TOYHICT B TaKiit
CHCTEMI MOJKHA, SIKIO 3aCTOCYBAaTH B CHCTEMI IONIEPEAHBO PO3PaxOBAHMI
KOPUTYIOUHIA TIPUCTPIHi.

PosrnsHyTa CTpyKTypa CHCTEMH aBTOMATHYHOI cTalimi3amii, ska mo-
BUHHA MIATPUMYBATH 3aJaHE 3HAYCHHS BHCOTH Ta MIBUAKOCTI IMOJBOTY IPH
30BHILIHBOMY 30ypEHOMY BIUTHBI ITiJI Ti€IO BITPY.

bynemo BupinryBatu Lie 3aBJaHHS 3 BUKOPUCTAHHIM HPHHLUITY Kepy-
BaHHS 33 BIAXWICHHSIM. J[1s 3ifiCHEHHS 1[bOTO 3aBJaHHSA HEOOXITHO MOPiB-
HSTH AiJiCHE 3HAYECHHS KePOBaHOI BEIMUUHH 13 33/1aBAJIbHUM Ta 3aJI€XKHO BiJ
OTPUMAHOTO Pe3yJIbTaTy IMOPIBHIHHS KepyBaTu 00’ €KTOM.

Bnok naTumKkiB BKIIOYAE DATYMKH, SIKI 3a0€3MEUyI0Th BU3HAUCHHS I10-
JIO)KEHHS KBaJpakoITepa B IMOBITPSHOMY IPOCTOPi, 30KpeMa TPhOXOCHOBI
TIPOCKOII Ta aKCeJIepOMETp,Ta 1HIIII.

3MiHa TOPH30HTAIBHOT MBUAKOCTI, BEKTOPA KYTOBOI IIBHUAKOCTI, 00ep-
TaHHS KBaJPOKONTEpa HABKOJIO MONEpPeyHoi oci (1oB’s3aHe 31 3MiHOIO KyTa
TaHTaXXy) 3JIHCHIOETHCSI aBTOMAaTHYHO YIPABIIHHAM TaHT'aKOM Ta BUCOTOIO
BIJIA. Tlpu ynpasninHi no3noBxHIM pyxoMm BITJIA ronmoBHa 3anaua yim-
PAaBJIIHHS TOJIATa€ B CTabLTI3aMi Ta ABTOMATHYHOMY YIPABIiHHS KyTa TaH-
rax<y Ta BUCOTH IOJIbOTY.

OOGepToBi TBUHTU MyIbTUpOTOpHOTrO BIIJIA CTBOPIOIOTH CHIly TSATH.
I'BuHTH, 10 pO3TAIIOBaHi AiaroHaILHO, 00EPTAIOTHCS y PI3HUX HAIpPSIMKaX
Ta 3a06€3MevyI0Th KOMIICHCAIli}0 PEaKTHBHIX MOMEHTIB.

Okpim crabinizanii kyroBoro pyxy i Bucotu nomasoty BIIJIA Tta kyTto-
Boro pyxy mnomit BIIJIA morpeGye minTpUMaHHS LIBHIKOCTI IIOJIBOTY,
TIOB’s13aHY 31 3MiHOIO BHCOTH.

3 orisay Ha BHKJIAJCHE IPH YIPaBIiHHI TAaHTKeM € HEOOXiJHICTb BH-
KOpHUCTaTH TAaKOX JaTYMK BUCOTH. [HpOpMalis npo 3MiHy OIBHIKOCTI 3 Te-
peTBOpIOBaYa MOTPAILISE B KaHAa PETYJIIOBaHHS BHUCOTH, LIO MOTpeOye Ko-
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PEKTHBH B 3HAUYEHHI KyTa TaHTAXYy 1 MiABHUIIY€E TOYHICTH IiATPAMAaHHS IIBH-
nkocTi. Po3pobneHa cxema cucteMu ctabimizaiii mpuBeaeHa Ha puc. 1.
M)

peryaatop i
| Ut | 51 lLMa) \

, Uth o AUO[ T o Lt ] g

e e Bl L% |
Uzlt)

IIAC

OAC — 00’ ekt aBToMaTiyHOI crabimizanii; [IAC — npuctpiit aBToMaTIHOI cTadimizarmii;
3]1 — 3aaT4MK ITOYATKOBHX yMOB; O(t) — KyT TanTaxa; rpa; KE — kopuryBansHuii eme-
MeHT; b/ —6mok neuryHiB; OY — 06 ekt ynpapiinast; AU(t) — Bigxunensst; B; Us(t) —
3amaBanbHUA curHai, B; JIK — natuunk kyta; [1I1 — mincumoBadi notysxHocTi; U (t) —
CHT'HAJI MiJICHITIOBada oTykHocTi, B; Up(t) — curnan 3 perymsropa, B; M(t) — mo3mosx-
Hiit MomeHT, H-M; M3(t) — MmomenT 30ypennst, H-m; UIK(t) — curnan 3 naTumkis, B.

QAC

Pucynok 1 — Cxema cTpyKTypH CHCTEMH aBTOMAaTHYHOI CTa0Ti3arlii.

BucHoBok. Po3poOneHa cTpykTypa CHCTEMH IO3BOJISIE 3a0C3MCUUTH
cTabinizamiro mMoB3I0BXHEOT0 pyxy BITJIA.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. ITaBnoBcpkmii B.€. MoaemoBaHHs Ta JOCTIKECHHS TIPOLECIB Kepy-
BaHHA KBaapokonTepa [Tekcr] / B.€. ITaBmoscekwmii , C.®. Amyn, O.B. Eme-

nbsiHoBa, A.B. CaBunpkuii / PobotoTexHika i TexHiuHa KibepHeTHka, 2014.
- Ne 4(5). - C. 49-57.

YK 621.31

®opos B.B.!, Pomaniuenko [.M.?

Ucryn. tp. E-612_2 HY «3anopi3bka IOMTEXHIKa»
2 crapmr. Bukn. HY «3amopisbka HOTiTEXHIKa»

OCOBJINBOCTI POBOTHU TEPMOEJIEKTPHYHHUX
I'EHEPATOPIB

B Ham wac BinOyBa€eThCs iHTEHCHBHE BHKOPUCTAHHS BiJHOBIIOBAHHMX
JOKEepeJt eHeprii, 30KkpeMa COHSYHUX Ta BITPOBOI €HEprii, 3 METOIO JIOCATHEH-
Hsl TIIMOOKOT iekapOoHizalii B eHepreTnaHoMy cekTopi. llIBuaka iHTerparis
BIJIHOBJIIOBAaHMX JDKEpEN €Heprii CTaBUTh Iepe]] €JIEKTPUYHOI0 MEPEKEro
BUKJIMKH, OCKUIBKH TaKi JpKepelna 3a3BH4ail IpalioloTh 3 epepBaMy, Ta He

MOXYTh O€3MOCEepeNHbO 3a0e3MeYnTH HaJiiiHe Ta CTalijgbHEe MOCTavYaHHS
€JIeKTpOEeHeprii.
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Pi3HOBHZIOM BiJHOBIIIOBAHOTO JDKEpENA € TEPMOCIICKTPUYHHUI TeHepa-
top (TED) — mpuctpiii, sknuii BUKOPUCTOBYE HAIIBIIPOBITHUKOBI TepMOeye-
MEHTH, IO CHOJYYeHi MiX co00r0 (MOCTIIOBHO ab0 MmapaienbHo), A 0e3-
MTOCEPETHROTO TIEPETBOPCHHS TEIUIOBOi eHeprii B eiekTpuuHy. OCHOBHUI
npuniun pobotn TET 3acHoBanuit Ha edexti Cibeka.

TET cxiagaeThbes i3 TEPMOCIEKTPHYHUX MOIYIiB. TepMoeneKTpuaHuA
Moxyns (TEM) ckiagaeTscs 3 JBOX Pi3HUX TEPMOEIEKTPUIHUX MaTepialis,
3’€IHAHUX HA TXHIX KIHIIX: HAMIBOPOBIIHUK TUMY 7 (3 HETATUBHUMH HOCIsI-
MU 3apsiy) Ta THIY p (3 HO3UTHBHUMHU HOCIsIMH 3apsiny). [Ipsamuit enexrpu-
4yHUI cTpyM OyJie IPOTIKaTh B KOHTYPI, SIKIIO iICHY€ TeMIepaTypHa pi3HULL
MiX KIHI[SIMH MaTepianiB. 3arajaoM, BEIMYMHA CTPYMY HPOTOPIiiiHA Pi3HUII
TeMIIepaTyp:

J=-c-S-AT, (1)

Jie: ¢ — JIOKaJIbHA eJIeKTPOIPOBiaHICTE; S — Koedimient Cideka; AT— rpami-
€HT TEMIIEPATYPH.

TEM 3a3Bu4aii BUTOTOBIIIOTE 3 MApU BHCOKOTEMIIEPATYPHHUX HAIIiBII-
POBITHIKOBHX MaTepialiB, TAKUX SIK OICMYT-TeIypHI, CEJICHI] CBUHITIO a0o
ceneHix xkaaMito. KojkHa TUTAaCTHHKA MIiCTUTP 1Bl YACTHHU — «Tapsay» 1 «XO-
JIOZHY».

HaGip Takux minactiH — ocHoBHa ckianoBa TET. [Mapsiul wactuHm a-
CTHH PO3TAIIOBYIOTh OUIS JKepena TeIla, TAKOro SK BUTST 30BHILTHHOTIO
JIBUT'YHa, & XOJIOJJHI YaCTHHH 3HAXOJHUTHCS HA MOBEPXHI, 10 OXOJIO/KYETh-
cs, HampuUKial, MoBiTpsA abo Boxa. Komm Temmeparypa raps4oi 4acTHHU
IUIACTUHM BHIIA, HDK TEMIIEPATypa XOJIOAHOI YaCTHHH, SIEKTPHUIHUN CTPYM
MIOYHMHAE MIPOTIKATH Yepe3 NEePETHUHKY, [0 3HAXOJUTHCSI MIX IIMMH YacTHHA-
mu. Llefi ctpyM MokHa 3i0paTd 3a JOIOMOTOF0 KOHTAKTiB Ha KIHIIX ILIAC-
THH 1 BUKOPUCTATH JUI )KUBJICHHS €JIEKTPUIHMX HPHUCTPOIB, TAKHUX SK JIAM-
T, MOTOpH 200 3apsIHI TPUCTPOI.

OpHoro 3 Benmukux nepear TED € 1x Oe3mryMHICTB Ta BiICYTHICTE py-
XOMHUX YaCTHH, 0 pOOUTH iX OUIBIN HAJIHHUMHU Ta JOBTOBIYHIMH B ITOPIB-
HSIHHI 3 IHIIMMHU JDKepeaaMu enekTpuyHoi eneprii. Kpim toro, TEI" MoxyTh
NpaIoBaTH Ha Oyab-sKiil TeMIepaTypi: KpiOreHHUX TeMIleparypax, KUIbKOX
necsaTKiB rpaayciB Llenbcist 10 KiTbKOX COTEHb IPajycCiB, 3aJ1€KHO BiJ MaTe-
piauiB, sIKi BAKOPHCTAHO JJIS1 BATOTOBJICHHS IIACTHHOK.

Cepen HenoOMiKiB, aki 00MexyioTs BuKopucTanHs TEI — HM3bKHIA KO-
edilieHT IepeTBOPEHHS TEII0BOI eHeprii Ha enekTpuuHy. Lle o3Hagae, mo
JIMIIE YacTHHA TeIula MoXke OyTH mepeTBopeHa Ha enekTpuky. Takox TET
HE 37aTHI T'€HEepyBaTH BEJIUKY ENEKTPHYHY IOTYXXHICTh, IO OOMEXye ix
BUKOPHCTAHHS JUIS )KUBJICHHS OLTBII HOTY>KHUX IPHUCTPOIB.

TepMmoeneKTpU4Hi reHepaTOpH BCe e PO3BHBAIOTHCS 1 JOCITIDKYIOTh-
Csl A7l BUKOPUCTAHHS B PI3HUX Tajly3sX, TAKUX SIK TPAHCIIOPT, NPOMHCIIO-
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BicTh Ta eHeprernka. Hampuxman, TEIT MOXXyTh BHKOPHCTOBYBATHCS IS
BUPOOHHUIITBA €JIEKTPOCHEPTii 3 TEIJIOBUX BIAXOIIB B aBTOMOOUIIX abo 3
TEIJIOBUX BIIXO/IB B/l IPOMHUCIIOBUX IPOLECIB.

3a3BU4ail JJIsI CTBOPEHHS TEPMOEJIEKTPHYHHUX TeHEPaTOpiB BUKOPHC-
TOBYIOTBCSI CIONyKu OicmyT-tenmypun (BixSes), cenenin OicmyT (BizSes),
tenypun ceunuo (PbTe), cuniniii-repmaniii (SiGe).

TET, siki BUpOOJICHO HA OCHOBI 0iCMYT-TEIypUIy MAIOTh JOCUTh BHCO-
KU KOe(ilieHT TepMOENIEKTPUYHOI eMicii Ta BUCOKHH KOe(IllieHT TepMiu-
Horo omopy. Lle 703BoisIe CTBOPIOBATH BENHKI TPAIi€HTH TEMIIEpaTyp HpH
HEBEJIMKUX PO3Mipax, o 3abe3rnedye iX BUCOKY €(EeKTUBHICTh B TepMOeIe-
KTPUYHUX TCHEPATOPAX.

TEI' Ha OCHOBI celeHixy OiCMyTy MarOTh HaWOUTBII BHCOKHMIA Koediri-
€HT TEPMOEIICKTPUYHOTO ITEPETBOPEHHS 1 MOXKE T€HEPYBATH EIEKTPUIHY €He-
prifo 3 TEmI0BOI eHeprii Mpu Ay’ke HU3BKUX TeMIIepaTypax, 0 poOUTh HOro
ilealIbHUM MaTepiaJioM JUIsi BUKOPUCTAHHS MPY KPIOTEHHHUX TeMIIepaTypax.

TEI' Ha OCHOBI TeJlypHJly CBUHIIIO MOXYTh IPaLlOBaTH B IIMPOKOMY
Jiana3oHi TemIepaTyp, a CHIILii-repMaHieBi — MalOTh BHCOKY TEpMidHY
CTIHKICTb, IO JI03BOJISIE BUKOPUCTOBYBATH iX B €JEKTPOHILl Ta TEPMOECIICKT-
PUYHUX IPUCTPOSIX NPH BUCOKUX POOOYMX TeMIeparypax.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Thermoelectric generator for utilizing cold energy of cryogen liquids
Y. Lobunets, Journal of Electronic Materials, 48. 2019.

YK 623.3.072.3

Pomaniuenko I.M.!, Uepnes JI.A.2

! crapur. Bukit. HY «3amnopisbka momitexnika»

2 cryn. rp. I®-411 HY «3anopizbka IoJTiTeXHIKa»

IHBEPTOPHI IBUI'YHU JJI51 TIPAJIBHUX MAIIINH

Ha cporomHimHiH Yac BHPOOHMKHM 3aCTOCOBYIOTH TPH BHAH
€JIeKTPOABHUTYHIB ISl IPAITbHUX MAIINH:

— KOJICKTOPHHUH IBUTYH (IIITKHM Ta PEMEHHUH MIPUBOJ);

— aCHHXPOHHHH IBUTyH (6€3 IITOK);

— IHBEPTOPHUI ABUTYH (TIpSIMUIL ITPUBOL).

Ile mociimKeHHs! CTOCY€ThCsl IHBEPTOPHHUX JIBUTYHIB, SIKi MIPU3HAYEHO
BUKOPHCTOBYBAaTH JJIsI NMpPAJIbHUX MAallWH. ['OJOBHI JeTani KOHCTPYKII:
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MOXOBUK (pOTOp) 3 TOCTIHHMMHM MAarHiTamMHd, HEPYXOMHH cTaTtop 3
KaTyIIKaM¥ iHAYKTUBHOCTI (0OMOTKaMM), iHBEPTOPHUH OJIOK.

IIpunun B xii iHBEPTOPHOTO [BUTYHAa TIONSTAE B IEPETBOPEHAX
pobouoro cTpymy aBuryHa. [HBepTOp (3MiHIOBATENb HANPYTH) CIIOYATKY
BHIIPSMIISIE HANIPYTY >KUBJICHHS, 3TIAIKYE ii 32 TOOMOTOI0 (piTbTpa — OTXKE
MIEPETBOPIOE CTPYM JKHUBJICHHSA 31 3MIiHHOTO B mocTidHWH [lami iHBepTOp
(opMye TIO3UTHBHI i HEraTUBHI KEPYIOUH IMIYJIBbCH. 3 iXHBOIO JONOMOTOIO
CTBOPIOETHCS 3MiHHA Harpyra (HeoOXiTHOT BEJIMYHMHH 1 4aCTOTH) Ha BUXOJ1
NepeTBOpIOBaya, sKa IOTIM MOJAETHCS HAa CTATOPHI KOTYIIKH JIBUTYHA
OtpumaemMo 1BUryH (akTHYHO HE3aleXHUM Big Mepexi Ta 3
KOHTPOJILOBAHHOIO MIBUAKICTIO 00EPTIB.

IHBepTOpHUIT ABUTYH KOMITaKTHHH, He 3aiiMae Oarato Mmicus. BiH, sk
iHIIN MEXaHi3MH, Ma€ IiIUIMITHUKH, ajic¢ He Ma€ I[TOK, MO SIKKM Ha POTOP
MOCTYTIa€ CTPYM, a TAKOXK pPeMeHs, o obepTae OapabaH. Bonn mamonrymHi
caMe depe3 BIJCYTHICTh IITOK i pEeMEHs, MAalOTh MOXIHUBICTh IUIABHOTO
mycky. JIBuryH 3 GapaGaHOM 3’€lHaHI HampsAMy 4epe3 IIacMacoBy BTYJIKY
JUTS 3a100ITaHHA pO3MAarHivyrodoi 1ii 3MiHHIX MarHiTHUX IIOJIiB HA MOCTiHHI
MarHita poropa (texromoris LG).

linBepTOpHMI IBUTYH eKOHOMHTH Oinbmie 15% enmexTpoeHeprii, Hik
IHIII €JIeKTPOIBUTYHHU.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

3arajpHa ENEKTPOTEXHIKa 1 OCHOBHM €JEKTPOHIKHM: HaB4.NOCIOH./
Cmisak B.M., I'ypxkuit A.M., Hembra A.T., Itakin O.C. Kuis: KIII, 2020.
266 c.

2. [lepeBaru pi3HUX THUIMIB JBUTYHIB y MPaTbHUX MAalIMHAX. BeO-CaT.
URL: https://gayka.com.ua/blog-majstra/perevagi-r%D1%96znix-
tip%D1%96v-dvigun%D1%96v-u-pralnix-mashinax/  (zata  3BepHEHHS:
10.04.2023).

VK 621.3.027

Kosnos B. B.!, Xne6nikos II. 1.2

! kanz. TexH. Hayk, nou. HY «3anopisbka nomiTexHikay»
2 cryn. rp. E-310 HY «3amnopisbka MomiTexHika»

BUBIP OIITUMAJILHOI HAIIPYTH Y TOBYTOBII
EJEKTPAYHINA MEPEXI

PiBeHp Hampyru — OHI i3 KPHUTEPIiB SKOCTI €IEKTPOIIOCTa4aHHS. YcCi
NOOYTOBI €JEKTPONpHIIaIi pO3paxoBaHi Ha TPHBAILY HOPMAJIbHY pOOOTY
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JWIIE 332 YMOBH JXHMBJICHHS HOTO Bil HampyTH, IO 3HAXOJHUTHCS B MEXax
JOIYCTUMUX 3HAYEHb.

Ha piBeHp Hanpyru eneKTpruYHOT Mepesxi BIUIMBa€e Oe31id pi3HUX YHMH-
HUKIB. EJekTpuka BiJ eJIeKTpocTaHLil 0 KiHIIEBOTO CIIOXKHMBaya, 30KpemMa
JI0 JKUTJIOBUX OYIWHKIB, NPUXOANUTH, NMPOMIIOBIIN KiJbKa €TaIiB I€pPeTBO-
penns. CriodaTKy Hampyra HiJBHUILYETBCS Uil Nepefadi HOro Ha BeJIUKI
BiZicTaHi Mo eHeprocucremi. Jlami enexTpuka MpoXoIUTh KijbKa eTaliB Iie-
PETBOPEHHSI HANPYTHU 10 3HaY€Hb, SIKI BUKOPHCTOBYIOTHCS B TIOOYTi.

dikcoBaHe 3HAYCHHS HANPYTH B PI3HUX IUITHKAX CHEPrOCHCTEMHU He-
MOJKJINBO 3a0€3MEYUTH, TOMY IO B €HEPTeTHYHIM cHCTeMi TOCTIHO BinOy-
BAlOTBCS Pi3HI TIpomecH: 30UTBIIyeThcS ab0 3HIKYETHCS HaBaHTAXXCHHS,
BIJITIOBITHO 3MIHIOETHCS 1 KUTBKICTh €JIEKTPOCHEPTii, M0 BUPOOIAETHCS Ha
€JIEKTPOCTAHIIISAX, BHHUKAIOTh aBapiliHi CUTyaIllii Ha pi3HUX NUISHKAX eJIEKT-
PUYHOI Mepexi, SIKi B Tif UM iHIIIH Mipi BIUIMBAIOTH HA PiBHI HApyTH. Tomy
Ha KOXKHOMY €Talli MEePETBOPCHHS EJICKTPOCHEPril 3MIHCHIOETHCS PEryIito-
BaHHsI PiBHS HANPYTH, K y OiK 301IbIIEHHS, TaK 1 y 01K 3MEHILIEHHSI.

OCHOBHUM 3aBJIaHHSM PETYJIIOBaHHS HaNpyrH € 3a0e3NeueHHs] piBHA
HAINpyTy Pi3HUX IUISHOK €JIeKTPUYHOI Mepexi y Mexkax NONMyCTHMHUX 3Ha-
YEHb.

Y no0OyToBiif onHO(Da3HIH exeKTpudHiil Mepexki 3 Hanpyroro 220 B Ho-
PMaJbHO JOMYyCTUMI BiJXWICHHS 3HAUCHHS HANPYTH 3HAXOAATHCS B MEXax
+5%. TakuM YMHOM 3Ha4YeHHs Hampyr# B mianmaszoHi 209...231 B € Hopma-
JBHUM 1 IOTPUMaHHS HAIPYTH EJIEKTPUYHOT MEPEeXi B MeXax JIJaHNX 3HaYeHb
€ OJTHUM 3 KPUTEPIiB SKICHOTO €JIEKTPONOCTAYaHHS.

VY 3B’S3Ky 3 THUM, IIO B €NEKTPHUYHIA Mepeki MOXKYTb BUHHKATH aBa-
piiiHi pexxuMu poOOTH, sIKi BILUIMBAIOTh HA PIBHI HAaNpyrd B €JIEKTPUYHIN
Mepexi, ICHy€E 11 OJJHa HOpMa — TPAHUYHO JOMYCTHMI BiJXUJICHHS 3HAYCH-
Hsl HaNpYyTH, sIKi cTaHoBiATh +10% abo 198...242 B.

Taxi BiAXWJICHHS 3HAUSHHS HANPYTH JIOIYCKAIOThCS JIMIIE Ha 4yac JIiK-
Bijanii aBapiitHoi cuTyauii B eNeKTpUYHIA Mepexi ab0 Ha Yac OlepaTHBHHUX
nepeMuKaHb, y Tpoleci SKUX BiI0OyBaeThCs TUMYAcoBa 3MiHa 3HAUYEHb Ha-
MPYTH EJIEKTPUIHOT MEpEexi.

L{i HopMH HanpyTH € 3araJbHAMH Ul HU3bKOBOJIBTHHUX €JIEKTPUYHHUX
MEpex.

VY 3B’A3Ky 3 MM NOOYTOBI €JIEKTPONpPHIAIH, SIK IPABMUIIO, MPOEKTY-
I0ThCSL JJIs1 HOpMaJIbHOI POOOTH B Jliala3oHi IPaHUYHO JONMYCTHMHX BiIXH-
JIeHb 3Ha4eHb Harpyru, TooTo 198..242 B. IIpu upoMy enexTponpuiiaan He
MOBUHHI BUXOIMTH 3 JIaAy y pa3l HETPHUBAJIOTO TEPEBUILEHHS 3HAYCHHS
Hanpyru Bue 242 B.

Buxonsun 3 miama3oHy JOITyCTUMHX 3HA4Y€Hb HANPYTH, BC1 MOOYTOBI
EJIEKTPOPUIIAZA MOXKHA PO3JUIMTH HA TPU TPYIIH.
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[lepmia rpyna - enexkTpornpuiaay, Ha siKi Majlo BIUIMBAIOTh Iepenann
HaTpyTH - [e eJEeKTPUYHI YalHWKH, eJEKTPOIedi, OOWIepH, eIeKTPHYIHI
00irpiBadi Ta iHIII IEKTPONPHIAIN, B OCHOBI KOHCTPYKIIii, IKUX MPHUCYTHIN
HarpiBaJIbHUH €JIeMEHT.

VY macmoprax eJIeKTpOIPIIIaAiB IepIIoi TpymH 3a3BUYail BKa3aHO PoO-
6ouy Hampyry, mo pekoMmMeHayeTbes, 230 B. Ase maHi eleKkTpomnpuiiaiw
OyAyTh MpaIfoBaTH 1 pH OUTBII HU3BKIN HAIIPY3i, IpaBaa MEHII e(peKTUBHO.

[pyra rpyna — 1e ejIeKTponpuiIaay, Taki sk KOHAWIIOHEPH, XOJIOIH-
JIbHUKH, THJIOCOCH, Y CKJIAJi SKUX KOHCTPYKLIHHO mependaveHi eIeKTpo-
BUTYHU.

[punanum wiei rpymu po3paxoBaHi Ha poOOTY IPY HOMIHANBHIHM HaNpy-
31 He Oumbme 220...230 B. 3MeHIIEHHS Hanpyru B €NEKTPHYHOI Mepexi
MIPU3BOJHUTH 10 3017bLICHHS CTPYMY HaBaHTa)KEHHS B €JIEKTPOJBUIYHAX, IO
Y CBO€ 4Uepry IpU3BOJHUTH JI0 HEPErpiBy iX OOMOTOK i CKOPOUYEHHS TEPMiHY
CITYy>KOH 130JIS1Iii.

Tpers rpyna — me eIeKTponpHiIaay, Taki sIK KOMIT IOTEpHA TEXHIKa,
ayJIio- Ta BiJeOTeXHiKa Ta IHMI, IO CKJIANy SKAX BXOIATH €JICKTPOHHI elle-
MEHTH.

Enexrponpunann TpeTboi rpynu, OCKUIBKM Ha HUX HAHOUIbIIE BIUIH-
BalOTh Nepenajgy Halpyrd, IPOEKTYEThCS 3 ypaxyBaHHAIM poOOTH B IIUPO-
KUX Jiana3oHax. 3a3BHYail Jliana3oH poOO40i HANpyrd TakUX MPHIALIIB BHU-
XOAUTH 33 HIDKHI MeXi gomyctumux. Hampukian, 6JI0KH KHMBJICHHS ayJio-
BiZleoarapaTrypH, 3apsaHi MpUCTPOi MOOUTLHUX TenedoHIB po3paxoBaHi Ha
3Ha4YeHHs Hanpyru B mexax 100...240 B.

TakuMm 4MHOM, 3 ypaxyBaHHSM Jiana3oHIB AOMYCTUMHX Hampyr BCiX
MOOYTOBUX €JIEKTPONPHIALiB, HAHOUIBII ONTUMAIFHOIO HAIIPYTOIO B €JIEKT-
pu4Hiit Mepexi € Hampyra 3HadeHHsM 230 B. Taka nampyra 3abesmeuye
po0OTy B HOMIHAILHOMY PEKHMI €NEKTPOTIPIIIAIIB BCIiX TPYIL.

YK 621.316.925

Ha6okosa O. B.!, Taiigam K. C.2

Uon. HY «3amnopisbka momitexnika»

2 cryn. rp. E-211 HY «3anopisbka momiTexHika»

BUJIN TA XAPAKTEPUCTHUKA PEJIE YACY

Pene wacy — e pene, sike MpU3HAYEHE U CTBOPEHHS HE3aJIS)KHOI BH-
TPUMKH 4Yacy Ta 3a0e3ledeHHs MEBHOI MOCHIIOBHOCTI pPOOOTH €JIeMEHTIiB
CXeMH. 3aCTOCOBYEThCS Y BUMAIKaX, KOJIM HEOOXiTHO aBTOMaTHYHO BUKOHA-
TH SIKYCh JIif0 HE BiJIpa3y IiCJIsl MOSBU KEPYIOYOTO CUTHAITY, & Yepe3 BCTaHO-
BJIEHUH IPOMDKOK Hacy.

251



EnextpomarHiTHe pene dacy (puc. 1) 3aCTOCOBYIOTHCS JIHIIE Yy KOJaX
noctiiiHoMy cTpyMmi. KpiM ocHOBHOT 0OMOTKH, perne i€l cepii MaroTh qoaat-
KOBY KOPOTKO3aMKHEHY OOMOTKY, SIKa SIBJIsI€ COOOIO MiJIHY TilIb3y.

Pucynok 1 -Enexrpomarsitae perne gacy

[Ipu HapoCTaHHI OCHOBHOTO MarHiTHOTO MOTOKY, Il 0OMOTKa CTBOPIOE
JOJATKOBHI MarHITHUH MOTIK, SKUH MEPEeNIKoKae HAPOCTAHHIO OCHOBHOTI'O
MarHiTHOTO IOTOKY. B Hacmifiok 1pOro pe3yJsbTyIOuWil MarHiTHHH TOTIiK
301IBIIY€THCS MOBITBHIIIIE, YUM 3a0€3eUy€ETHCS BUTPUMKA Yacy.

Leii Bua pene yacy 3abe3nedye BUTPUMKY 4Yacy IpH CHpalbOBYBaHHI
Big 0,07 mo 0,11 ¢, npu BigkirouenHi Big 0,5 no 7 ¢. Hemomikamu enextpo-
MarHiTHOTO peJie € CKJIaJHICTh KOHCTPYKIII Ta Majia 3HOCOCTiHKicTb. [lepe-
BaraM — BEJIMKI BUTPUMKH 4acy Ta BUCOKa TOYHICTBH IOCITIZOBHOCTI mepe-
MHKaHHS KOHTaKTiB.

[TeBMaTH4HE pese (pHc. 2) MpH3HAa4YeHe Uil Nepenadi KoMaH[ 3 OJ-
HOTO eNIEKTPUYHOTO KOJIa B 1HIIE 3 MEBHUMH, 3a3JaJierilb BCTAHOBJICHUMH,
BUTPUMKaMH 4acy 3 ZOIIOMOTOK BaKyyMHOT NMOBITpsiHOT KamepH. Perymropa-
TH Yac BUTPHMKH ITHEBMAaTHYHHX pejieé MOXKHA IUIIXOM 3MEHIICHHs a0o
301IbIIEHHS TPOXIIHOTO TMepepidy TPyOKH, uepe3 siKy 3/iHCHIOETHCS MijiBe-
JICHHS TIOBITPSL.

Pucynok 2 — [THeBMaTnuHe pere yacy
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Jist nux 1misied KOHCTPYKIIT MHEBMAaTHYHUX pejie 3a0e3MeuyoThes pe-
TYJTIOBAJIFHAM TBHHTOM. llapamerpm komyToBaHOTO CTpymy mo 16 A. B
SIKOCTI KOMYTaTOpa BHUKOPHUCTOBYETHCS MiHI-TIepeMHUKad Ha [1Ba KaHAJM.
Jliama3oH BCTaHOBJIEHHS THMYacOBOi 3aTPHMKH ITHEBMAaTHYHUX pEJie CTaHO-
BUTH B cepeaHboMy 1...60 c. Ha mpaxTwii Big3Ha4YeHI HEBENUKI MOXHOKH
(6mm3pko 10%) y TIaHi TOYHOCTI CIPanbOBYBAHHS 32 BCTAHOBJICHUMH 3Ha-
YCHHSIMU.

Enexrponne pene yacy (puc. 3) Mae psj nepesar: Maii rabaputu Kop-
MyCy, BHCOKa TOYHICTh CIIpalbOBYBaHHS, 3pYYHHH MEXaHi3M HacTPOWKH,
BisyanibHe BimoOpaxeHHs iHpopmanii. OCHOBOIO KOHCTPYKILIi IUX pene €
uudpoBi iMImynbeHI niuniabHUKE. CydacHi npuiaau nodyaoBaHi Ha BUCOKO-
MIPOJYKTUBHUX MIKpPOIIPOIIECOpPaXx 1 po3paxoBaHi Ha KOMYTAIil0 Majo-
IHYKTUBHUX 200 HE IHAYKTUBHUX HaBaHTa)KEHb.

Pucynoxk 3 - EnexrponHe pene uacy

Jnist HajamTyBaHHs pesie yacy 1 poBOro TUIY AOCHTh 3a/1aTH MOTPi-
OHI TUMYACOBI IapaMeTpH 3a JAOINOMOTOI0 (YHKI[IOHAILHUX KIIaBilll, pO3Mi-
HieHnx OesrnocepenHbo Ha (poHTanbHI maHeni kopmycy. HamamryBaHHs
3a3BMYail JOCTyIHA B IIMPOKHUX MEXaxX IO Yacy, IO JI03BOJISIE OXOILTIOBATH
HE TIJIbKH CEKYH/AM, XBWINHH, TOIMHH, alle TAKOX JHI THXKHs. EnexTpoHHmi
TaiiMep 3 (QYHKIISIMH aBTOMaTHYHUX BKIIFOUCHb-BIJKIIOUEHb MOJXE BJAJIO
BUKOPHCTOBYBATHCS y CXeMax YIIPaBJIiHHS PI3HUMHU BHJaMHU NpUCTpoiB. Tak
3BaHEe «TI)KHEBE» pene yacy 3abesneuye BHKOHAHHS (yHKHIH KoMmyTamil
BIJIMOBITHO /IO BCTAHOBJICHOTO NPOMIXKKOM 4acy B paMKax TH)KHEBOT'O IIHMK-
ny. Hanpuknan, 3aBsKy MpHiIagy BiJIKPUBAIOTHCS MOKIJIMBOCTI: KOMYTYyBa-
TH CHUCTEMHM OCBITJICHHS B 3a/laHMH 4ac, 3arycKaTH abo 3yNUHATH TEXHOJIO-
riyHe o0JslaIHaHHS, AKTHUBYBATH/I€aKTUBYBAaTH OXOPOHHI CHCTEMH.

BucHoBok: 3BuuaiiHo K, BCi icHyro4i Moaudikalii peie qacy He 0Xo-
MUTH OJTHUM OMJIsLAOM. [1Jist pO3riisily BChOT'O aCOPTUMEHTY MPHIIAJIIB MOTPi-
OHO HamumcaTd Iy KHHUTY. Pene 9acy 3HAWIUIO HIIMPOKE 3aCTOCYBAaHHS B
CJICKTPOTEXHiIll, CJICKTPHUKH, CIICKTPOHIKH. B 3a1eKHOCTI BN CKJIATHOCTI
MEXaHi3My MpWIaay OpPraHi30BYIOTHCS Pi3HI 3a CKIJIQJHICTIO BHKOHAHHS
SJICKTPUYHI CXeMH. 3aBJISIKM HAsBHOCTI pelie B CXEMHUX PILIEHHSX BIAETHCS
peastizoByBaTH OLTBII THYUKi (QYHKIIT YIIPABIiHHS PI3HUMH IPUCTPOSIMU.
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HOW HYDROELECTRIC UNITS WORK AT THE DNIEPER
HYDROELECTRIC POWER PLANT

The basic concept behind a hydroelectric power plant is simple: water flow-
ing through a turbine generates mechanical energy, which is then converted into
electrical energy. However, the process of generating electricity from water in-
volves many complex steps and requires a lot of engineering and infrastructure.
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Figure 1 - Cross section of the hydroelectric building
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Figure 2 - Section of the DHPP-1 hydraulic unit
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Nine vertical hydro units with a capacity of 72 MW and an auxiliary
unit of 2.6 MW are installed in the engine room of HPP-1. Each of the main
hydraulic units is connected to three single-phase transformers with a capaci-
ty of 3x30 MVA, with a voltage of 13.8/154 kV, except for hydraulic units
4,6,7,8,9, where three-phase transformers with a capacity of 95 MVA and
125 MVA were installed during the reconstruction.

Let’s take a closer look at how it works:

1. Water is collected in a dam or reservoir, which creates a large body
of water.

2. When the water is needed, it is released from the dam through large
pipes called penstocks. The penstocks direct the water to a turbine in the
impeller.

3. As the water flows through the blades, it causes the shaft to spin,
with which the rotor also begins to rotate.

4. The rotor together with the starter is a generator, which converts the
mechanical energy of the spinning turbine into electrical energy.

5. The electrical energy produced by the generator is then sent to a
transformer, which increases the voltage of the electricity so that it can be
transmitted over long distances.

6. The electricity is then transmitted over power lines to homes, busi-
nesses, and other customers.

7. After the water passes through the impeller, it is released into a river
downstream.

In conclusion, hydroelectric power plants are an important source of
renewable energy that harnesses the power of flowing water to generate
electricity. While the process of generating electricity from water is com-
plex, the benefits of hydroelectric power - including its reliability, cleanli-
ness, and renewability - make it an attractive option for countries looking to
reduce their reliance on fossil fuels.

YK 620.91

Ha6okosa O. B.!, ®icyn M. O.?

! non. HY «3anopisbka nosriTexHikay»

2 cryn. p. E-411a HY «3amopiszbka momiTexHika»

HOW SOLAR ENERGY CONVERTS INTO ELECTRICITY

Solar energy can be converted into electricity in two main ways: ther-
modynamic and photovoltaic. With the thermodynamic method, electricity
can be generated from solar energy using traditional schemes in thermal
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plants, in which the heat from fuel combustion is replaced by a stream of
concentrated solar radiation.

Solar photovoltaics is the direct conversion of solar radiation into elec-
trical energy. The principle of operation of a photovoltaic converter is based
on the use of the internal photoelectric effect in semiconductors and the
effect of separation of photogenerated charge carriers (electrons and holes)
by an electron-hole junction or a potential barrier such as a metal-dielectric-
semiconductor.

The photoelectric effect occurs when a photon (light beam) falls on an
element made of two materials with different types of electrical conductivity
(hole or electronic). Once in such a material, the photon knocks an electron
out of its environment, forming a free negative charge and a "hole". As a
result, the equilibrium of the so-called p-n junction is disturbed and an elec-
tric current is generated in the circuit.

To improve the efficiency of photovoltaic conversion of solar energy,
gallium arsenide is used as a starting material, whose photovoltaic losses at
high temperatures are much lower than those of silicon.

Two three-stage cells with high efficiency at a concentration level of
1000 or more were created on the basis of gallium arsenide. Laboratory
samples of solar cells with an area of 0.5 cm? with k = 500 and efficiency
40%.

Experts in the field of photovoltaic conversion of solar radiation show
that the most promising will be concentrators with k = 1000, which work
with multi-stage arsenidgalium solar cells of a new generation. Solar cells
are usually used as converters of solar energy into electricity, which are
connected together to form solar panels.

The average annual amount of total solar energy received annually in
Ukraine is in the range of 1,070 kWh/m? in the northern time zone.

Photovoltaic equipment can be operated quite efficiently throughout
the year however, it is most effective during 7 months of the year (from
April to October).

The conversion of solar energy into electricity in Ukraine should be fo-
cused primarily on the use of photovoltaic devices. The availability of signif-
icant reserves of raw materials, industrial and scientific and technical base
for the manufacture of photovoltaic devices can fully meet not only the
needs of domestic consumers, but also export more than two-thirds of the
products.
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COMMISSIONING OF AIR LINES

The construction of new or reconstruction of existing overhead power
line (PL), as a rule, is performed by a specialized construction and installa-
tion organization. All works are performed according to the project. Before
the start of work, the project is considered by the operational organization,
which will then have to accept the finished power line (PL) into operation.

During the construction of PL, operational staff conducts technical super-
vision over the performance of construction and installation works. The task of
operational personnel is to provide assistance to builders and installers during the
detection of defects, omissions and deviations from the project.

After the completion of the work, the construction and installation or-
ganization notifies the operating organization on the need to accept the line
into operation. For this, an acceptance commission is appointed, to which the
necessary design and technical documentation of the PL is transferred (line
project, passport and inventory description, three-line scheme with phase
coloring and transposition of drives, route plan and profile, land allocation
documentation, acts for hidden works, etc.). To assist the reception commit-
tee, working committees are created with the participation of electricians-
linemen. Members of the working commissions perform a detailed inspec-
tion of the submarine (climbing onto each support) and draw up reports
listing the defects and deficiencies found.

After the construction and assembly organization eliminates all defi-
ciencies and inconsistencies with the project, the line is re-inspected and an
additional act is drawn up. On the basis of the acts of the working commis-
sions and a review of the documentation, the acceptance commission deter-
mines the readiness of PL to be put into operation.

Switching on the PL under voltage is performed by the operational
staff of the power system upon application and with the permission of the
head of the acceptance commission. The voltage on the line is supplied by a
pulse at the minimum current and time settings on the protection relay. Be-
fore closing under the load, overhead line is phasing.

Under load, the PL is tested during the day. Upon positive test results,
an act on the transfer of PL into operation is drawn up.

The damage of overhead power line causes harm to the national econ-
omy, therefore protection of PL from damage is an important state matter.
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The "Rules for the protection of high-voltage electrical networks" were
approved by a special government resolution.

For the normal maintenance of PL, security zones have been estab-
lished along line, which pass through populated areas. They are limited by
parallel lines located from the extreme wires at distances. The distances of
the location of the outermost wires are given in the next table.

Table 1 — Distances of location of the extreme wires depending on
the voltage of a power line

Voltage, kV 20 35 110 150-220 330

Distance, m 10 15 20 25 30

The width of the glade in forest areas and green plantations must be at
least the distance between the outermost wires plus 3 m in each direction
from the outermost wires for planting heights of up to 4 m and not less than
the length of the support traverse plus a distance equaled to the height of the
main forest area in each direction from extreme wires, for the height of
plantings over 4 m.

It is forbidden to build cut-in structures, perform earthworks, construc-
tion and installation works, put haystacks, etc. within the boundaries of pro-
tection zones and passages.

It should be noted that the land area, which is under the PL, is not tak-
en from the land users, and it is usually cultivated for sowing and planting.

Only the areas under the line supports are withdrawn from land users.

YK 621.3.011.4
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DEVELOPMENT OF FLEXIBLE SUPERCAPACITOR

Scientists from Lviv Polytechnic National University, in collaboration
with the Taiwan Textile Research Institute, have come up with a flexible
fabric supercapacitor that runs on a solar battery. The device is a compact
energy saving system that bends and attaches to most surfaces.

Work on the invention began back in the 1990s in the laboratory of
Korniy Tovstyuk, a correspondent of Academy of Sciences of Ukraine, in
Chernivtsi. In 1993, LLP "Acer" was created specifically for the develop-
ment of the supercapacitor and systems that use it, which carried out several
projects with partners from the USA, Japan, and Germany. Since the first
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half of the 2000s Lviv Polytechnic National University has been working in
this direction.

The invention is an autonomous power supply system for household
appliances. The principle of its operation is that the solar cell generates an
electrical signal, which subsequently enters a supercapacitor with a large
capacity. It accumulates energy, and then optimally distributes it with the
help of a special electronic manager.

Flexible part, where solar energy is converted into electricity, has al-
ready been developed in the world. But Lviv scientists created a flexible
supercapacitor, which would allow the implementation of an autonomous
system.

First embodiment of the technology was a bag in which you can charge
just a mobile phone, because its power is only 2 watts. Now they are work-
ing on creating more powerful systems that can charge a tablet or laptop and
are also working to create a flexible light-emitting device based on it. De-
velopers say that there can be many modifications of the autonomous power
source. If you increase the power of the installation, you can supply energy
to the whole house. If used on surface of tourist tents it can be a permanent
accumulator of solar energy and make it possible to heat the tent or cook
food on electrical appliances without lighting a fire. In addition, the system
works even in diffused sunlight.

The flexible fabric supercapacitor was included in the top 100 research
and development projects in the world according to the influential scientific
journal "Research & Development". This proves that flexible fabric superca-
pacitors will be in high demand once they reach the stage of mass produc-
tion.

YK 621.313.3
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3BAPIOBAJIBHI TEHEPATOPH TA IEPETBOPIOBAYI

J1iisi MexaHI30BaHOTO 3BapIOBAHHS TIABKMMH €JIEKTPOJAaMH Y BYTJICKH-
cJIOMY Ta3i MOTPiOHO JPKEPEINIo KUBIEHHS 3 )KOPCTKOI 30BHINTHBOKO Xapak-
TEPUCTUKOIO TOMY, LIIO BOJBT-aMIEpPHA XapaKTEPUCTUKA JyTH B TAKOMY pasi
Oyne 3pocraroua. JIJis mboro crnoco0y 3BaproBaHHS MPU3HAYCHHUN MEPETBO-
proBau [ICI'-500-1 3 xonekTOpHHM TeHepaTopoM mocTiiHoro ctpymy I'CT -
500-1 i3 cucremoro camo30y/keHHS 1 BOYZOBaHUM TpH(a3HUM aCHHXPOH-
HUM JIBUTYHOM 3 KOPOTKO3aMKHEHHMM pOTOpOM. ['eHepaTop Mae >KOpCTKi
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XapaKTepUCTHKH, IO CTBOPEHI CIICHiaTbHOI CXEMOK0 CaMO30YIKEHHS Ta
0COOJIMBOIO KOHCTPYKITI€I0 MAarHITHOT CUCTEMH.

MarHziTHa cucTeMa remeparopa Mae yotupu ocHoBHI nomocH (N, S), i
YOTHPH JOAATKOBI (1, S, 1, S), AKi 3a0€3MEUYIOTh 0C3ICKPOBY POOOTY IIITOK.
YepryBaHHS TOJIIPHOCTI OCHOBHHUX IOJIOCIB — 3BH4aiiHe. JKOpCTKi XapakTe-
PHCTHKH I'eHepaTopa 3a0e3NeuyloThCs TUM, 10 OJIHA Iapa OCHOBHUX IIOJIO-
CiB, Ma€ B OCEepAsX BUPI3W, BHACIIJOK YOO IIi MOJIOCH MiJ 4ac poOOTH Te-
Heparopa Hacu4eHi. KoTymku oOMoTOK 30y DKEHHST pO3TalIOBaHi Ha HEHa-
CHYCHHX IIOJIIOCaxX, 3 €IHaHI TapajelbHO. BuximHa Hampyra reHeparopa
PETYIIOETECS PE3UCTOPOM R, BKJIIOUEHHM Y KOJO OOMOTKH 30YIKEHHS,
PO3TaIOBaHOI HA HEHACHYCHUX IIONIOCAX. 31 3MEHIIEHHSIM OIOpY HampyTa
reHeparopa 30UMBIIYETHCSA; Mialla30H PETYIIOBAHHS BHXIAHOI HAMpPyTd
16...40 B mpu cui ctpymy 60...500 A. Pesuctop CIry>XuTh AJIs peryiroBaH-
HS HaIlpyTH HepoOOYOTro XOAy IMepeTBOPIOBaYa.

3BaproBajbHI KaOei MiIKIYa0TECA 0 JBOX 3aTUCKAUIB «+» Ta «—».
[Tyck meperBoproBaya 3AiHCHIOEThCS BBIMKHEHHSIM JIBUTYHa B MEPEXy Ia-
KETHUM BHMHUKaueM. Hampyra reHepatopa peryioeTbecsi peocTaToM, KU
BKJIFOYEHO y KOJIO TapajeibHoi oOMoTkH. HanamrtyBaHHS 3BaproBalIbHOTO
CTPYMY 3MIiHIOIOTh IIBHIKICTIO TIOAa4i TPOTY HAMIBABTOMATOM.

IIpu3HaveHHs i3amyck yHiBepcaJlbHUX reHePaToOpiB

VuiBepcanbHi reHeparopu ['J1-304 i I'JI-502 BurmyckatoTbes 0e3 JBU-
ryHiB. BoHN mpu3HaueHi [is 0HOMIOCTOBOTO PYyYHOTO 3BaplOBAaHHS Ta 3Ba-
pIOBaHHS I (DIFOCOM Ha KPYTOCHANAIOYMX 30BHIIIHIX XapaKTEPHCTHKAX i
JUI HAIliBABTOMAaTHYHOTO 3BapIOBAHHS y BYTJICEKHCIOMY Ta3i Ha >KOPCTKHX
XapaKTePUCTHKAX.

Ho cxiany rereparopa I'/[-304 BXoasTh iHIYKTOPH 3 TOJOBHHMH Ta
JIOJATKOBUMH MOJIOCAMH, SIKIp, KOPIYC 3 MiJIIMIHUKOBUMH IIUTaMH Ta
cTpymo3HiMad. Ha kopiyci 3MOHTOBaHO OaslaCTHI peocTaTH Ta HPUCTPIi
KepyBaHHS. Ha ronoBHHX moiocax pPO3MIIIEHO KOTYIIKM HE3aJleXHOi Ta
MOCJTIIOBHOT 0OMOTOK 30Yy/IXKEHHS.

I'eHeparop npu3HaueHo Uiss POOOTH y 3aKPUTHX NPHUMIlIEHHAX. BiH
MPUBOIUTHCS B 0OepTaHHS ABUTYHOM depe3 Bal BiIOOPY MOTYXKHOCTI Ta
PEIyKTOP.

[epen myckoM 3ajeXHO Bij MOTPIOHOTO TUITY 30BHILIHBOI XapaKTepH-
CTHKH JIO BIJIOBITHHUX 3aTHUCKAUiB ITiJKIFOYAIOTHCS 3BaprOBANIbHI Kadeni, a
NepeMrKad Hampyrd BCTaHOBIIOETHCS Yy BIANOBigHE mosokeHHs. Ilicis
MYCKY JBUT'YHA PEOCTAaTOM IUIaBHO PETYJIIOIOTH CTPYM 200 HalpyTy.

I'enepatop I'1-502 mae ananoriuni Oy10BYy ¥ MPHHIIMAI POOOTH.

KpyTo cmanmatodi 30BHIIIHI XapaKTEPUCTUKH OICP)KYIOTh NPH BBIMK-
HEHHi TOCTTiI0BHOT 0OMOTKH TaK, 00 MarHiTHUH MOTIK, CTBOPIOBAHHUNA HETO,
OyB HampaBlIeHWH HA3yCTpid MOTOKY HE3aJEeKHOTO 30y/KeHHS. UuM Oifb-
MK CTPYM IpH poOOTi MmiJ HaBaHTAXKEHHAM, THM CHJIBHIIIA il TOCIIiT0B-
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HOi 00MOTKH. Pesynbrytounii marnitauii norik, EPC ta Hanpyra renepartopa

BHACIIIIOK I[hOTO 3MCHINYIOThCS. JKOPCTKI 30BHIIITHI XapaKTEPUCTHKH TeHepa-

TOpa OJEPKYIOTH MPU BBIMKHEHHI MOCITiIOBHOI OOMOTKH TaK, 100 HANPSIMKH il

MAarHITHOTO TIOTOKY 1 0OMOTKH He3aJIe)KHOTO 30y /KeHHS 30iraimcs.[1]
IIpu3HayeHHS] BEHTW/IHLHUX reHEPaTopiB

BunpsiMawii 6710k BEHTHJIBHUX T€HEPATOPIB CKIAAEThCS 3 KPEMHIEBHUX
BEHTHJIIB, SIKi BUIPSAMIISIOTH 3MIHHHH CTPYM ITJBHICHOI YaCTOTH, 0 HABO-
JIMTHCSI B CTATOPHUX OOMOTKaX, y MOCTIHHUHN 3BapIlOBANBHUI CTpyM. BeHTHIBHI
reHepaTopy 3a0e3MneyyoTh BUCOKY CTaOUIbHICTh TOPIHHS Ta €IAaCTHYHICTh JIyTH.
KK/I Takux reneparopis B cepegubomy Ha 10% Oursmmii 3a KKJ reneparopis
camo30ymxenns tumy ['CO i1 '], a maca 3Hayno Menina. Ile mo3Bomsie y 2-3
pa3u 3MEHIIUTH PO30pPH3KYBaHHS METaly, IMOJIMIINTH SKICTh 3BapHUX IIBIB,
3a0e3MeYnTH BUCOKY Ha/IiHICTD B eKcILTyaTaii [1].

Cepen OC3KOHTAKTHUX EICKTPUIHHX TEHEPAaTOPiB HAWOLIBIIOTO ITO-
mMpeHHs HaOylu TeHepaTopy iHAYKTOPHOTO THITY 3aBISKU IPOCTOTI KOHC-
TPYKIIii, HAAIHHOCTI B poOOTI Ta HE BUCOKOI MiHK. [HAYKTOPHI TeHepaTopH
3HAHIIIN ITUPOKE 3aCTOCYBaHHS Ha TPAKTOPaX, BAHTAXKHUX aBTOMOOLIIX,
CITbTOCIIMAIIIMHAX, Ha BITPOCICKTPOCTAHIIIAX, Ha 3ATI3HUIHOMY TPAHCIIOPTI.
OpHak OUTBII MIMPOKE TOIIHUPEHHS iX CTPUMYETHCS 13-32 HEBHCOKHX Maco-
ra0apuTHUX MTOMUX IOKa3HUKIB. Bara iX MopiBHSHO 3 KOHTaKTHHUMH I'eHe-
paropamu B 1Ba pasu Oinbiua [2].
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EJEKTPOIIPUBO/ MIAHOMY MOCTOBOI'O KPAHA

MocToBuii KpaH - IIe THII KpaHy, /I¢ MIiCT MOKJIaJeHUI Ha HaJI3eMHUH
peiikoBuii mIsIX. BaHTa)xo03axBaTHUI OpraH 3’ €THAHUH 3 BAHTAKHIM Bi3KOM
a00 eJIEKTPOTAILTIO, SIKi TIEPEMINITYIOThCS IO MOCTY.

PoGora MexaHi3My HiiioMy CKJIaIa€ThCs 3 MEPiOJIIB MiIHOMY Ta OITyc-
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KaHHS BaHTaXYy, [IEPiOiB MiAHOMY Ta OIIyCKaHHA MOPOXHBOTO Taka. [1ix gac
HaBIIIyBaHHSA BaHTaXy Ha TaK 1 3BUIBHEHHS TaKa, ABUTYH BiAKIIOYCHHH 1
MEXaHi3M HiTHOMY HE TPaIItoE.

EnexTponpuBos XapakTepu3yeThCsl 110 TTOBTOPHO-KOPOTKOYACHUM pe-
JKMMOM POOOTH TP BEJHKIH 4acTOTI BKJIIOYEHb, IIMPOKOMY Jliara3oHi pe-
TYJTIOBAaHHS MIBUAKOCTI Ta MOCTIHO BHHUKAIOYHX 3HAYHMX INE€PEBAHTAKCH-
HSX TIPU PO3TOHI 1 TaTbMyBaHHI MexaHi3MiB. Oco0nHBi YMOBH BUKOPHUCTAH-
HS €JIEKTPONPHBONY y BaHTa)XONMITHOMHUX MAIIMHAX CTall OCHOBOIO IS
CTBOPEHHS CIIEIiaJIbHUX Cepiil eNEeKTPUYHKX JIBUTYHIB 1 arapaTiB KpaHOBOTO
BUKOHaHHs. B nanuii yac kpaHOBe eJIEKTPOOOIIaIHAHHS Ma€ B CBOEMY CKJIaJli
cepil KpaHOBUX €JICKTPOJBHUTYHIB 3MIHHOTO 1 HOCTIHHOTO CTpyMy, cepii
CHJIOBHX Ta MAarHITHHX KOHTPOJIEPiB, KOMaHIO-KOHTPOJIEPiB, KHOIKOBHX
MOCTIB, KIHIIEBUX BUMHKAUiB, TATEMIBHUX CIIEKTPOMATHITIB i €IIEKTpOTiapa-
BIIIYHUX IITOBXadiB, MyCKOTAIbMIBHUX PE3WCTOPIB Ta PsJ IHIINX amapaTis,
1110 KOMIUIEKTYIOTh Pi3HiI KPaHOBI €JIEKTPONPUBO/IH.

BuMoru 10 eleKTponpuBoAy MeXaHi3My MiIiioMy MOCTOBOT0 KpaHa
[pu BI/I60p1 CTPYKTYpPH €ICKTPOMPHBOY cig BPaxOBYBAaTH 0CO-
OIMBOCTI TEXHOJIOTIYHOTO MpOIECy, BUMOTH HAmiIHHOCTI, rquKOCTl B yII-
paBIiHHI, 3pyYHOCTI HalaAkH. Jl0 €NeKTPONPHBOMAIB MEXaHI3MIB MigHOMY
MOCTOBHX KpPaHIiB, sIKi B OUTBIIIOCTI BHIAKIB KEPYIOTHCS OMEPAaTOPOM, BUCY-
BAIOTHCS KOPCTKI BUMOTH JI0 MPOCTOTH IX eKCcIulyarauii 1 HaJiifHOCTI npu
3a0e3rne4eHHi HeoOXiTHOTO Jiara3oHy peryJItoBaHHs IIBHIKOCTI.

Jlo enexTponpuBOIIB MeXaHi3My MiIHOMY MOCTOBOrO KpaHa BHCYBa-
€TBHCS PsIJI 3aralIbHUX 1 CTIeliajbHUX BHMOT.

Jlo 3aranbHUX BUMOT BiTHOCSITHCS:

- HaJIAHICTB;

- BHCOKa NPOAYKTUBHICTE;

- TPOCTOTa B PEMOHTI Ta eKCILTyaTallii;

- EKOHOMIYHICTb.

st sIKICHOro BUKOHAHHS IMIAWOMY 4YM CIYCKY BaHTaXIB EJIEKTPOIIPUBO[
MOBUHEH 33JI0BOJIbHATH CIELiaIbHUM BUMOT'aM:

- peryJoBaHHS KyTOBOI LIBHJKOCTI 0OepTaHHs Bajly JABUTYHA B IIOPiBHIHO
MIHPOKHUX Mexax (4:1).

- 3a0e3neueHHs] KOPCTKOCTI MEXaHIYHUX XapaKTepUCTHK IPHBOIY, 0CO0-
JIMBO PETYJIBOBAHMX, JJISI TOTO 1100 HW3BKI MIBHIKOCTI Maike HE 3alie)kallid
BiJl BAHTAXY,

- 0OMeXEHHS IPUCKOPEHb 0 JOMyCTUMHX MEX IPH MiHIMaJbHIA TpUBa-
JIOCTi IePEXiAHNX MPOIIECiB;

- peBepCyBaHHS EJEKTPONpPHUBONY Ta 3abe3nedeHHs HOoro poOOTH fK Yy
PYXOBOMY, TakK i y raJbMiBHOMY PEXKUMaX.

Jnst BUKOHAaHHS 3a3HAYCHUX BUMOT CHCTEMa YIPABIiHHS €JIEKTPOIpH-
BOJIOM NOBHMHHA OyTH HamiBaBTOMATHYHOIO a00 MOBHICTIO aBTOMATHYHOIO,
0COOJIIBO TIpU poOOTI B MEPEXITHUX PEKUMAX.
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EJEKTPOOLIIBTPHU. KIIACUDIKANIA TA
OCHOBHI TAPAMETPHU

Emextpuaanii GinbTp — 1e mpuian A1 BHAUICHHS a00 MPUTITYIICHHAS
CUTHANIB TIEBHUX YacTOT. BOHM KiIacm(pikyrOThCA Ha IIICTH THUINB 3AJICKHO
BiJl CMYTH 4acTOT, IKi IPOITyCKalOTh:

- QUIBTP HIKHIX YACTOT MPOITYCKAE CUTHAIM 3 4AaCTOTOIO Bix 0 10 5.

- OuUIBTp BEpXHIX YACTOT IMPOITYCKA€ CUTHAIM 3 YaCTOTOIO BiJl ®y 0
HECKIHYE€HHOCT!I.

- CMyroBuii (GiIBTP NPOIYCKAE CUTHAIH 3 YACTOTOIO BIJI Oy 10 M.

- PexextopHuil GuIBTp HE MPOMyCcKae CUTHAIM 337aHOi 4acTOTH abo
CMYTH 4acToT.

- I'peGinuacTuii GuIBTP Mae KiJibka CMYT HPOIYCKaHHSI.

- PexxexTopHuii rpebiHIaCTH Ma€ KiJIbKa CMYT IIPUTHIYCHHS.

Cxema HaHmpoCTIOro HU3bKOYacTOTHOTO (hiJIbTpa MpeJICTaBIeHA Ha PH-
CYHKY 1,a Ta HAHIPOCTIIIOr0 BUCOKOYACTOTHOTO (DUTBTpa — Ha PUCYHKY 1,0.

L I c [y
o Il I —a
o— T —o 11 11
- _|_ L
a a
a — HU3bKOYaCTOTHUH (IIBTP; 0 — BHCOKOYaCTOTHHUI (QiIBTP.

Pucynox 1 — Cxemu HainpocTimmx ¢utbTpis

263



XapaKkTepuCTUKH eJIEKTPUYHHUX PiIbTPiB
CMyra mpomycKkaHHS Ta BUOIPKOBICTH SIBIAIOTHCS OCHOBHHUMH XapaK-
TEPUCTUKAMH €JICKTPUYHUX (UIBTPIB.
Mexi cMyT TpOIYCKaHHS (s, ;) BU3HAYAIOTHCS YaCTOTaMH, A€ KO-
edinient nocunenns Kp 3Menuyethest B N2~0,707 pasis.
BuGipKoBicTs — 11 Mipa 37aTHOCTI (iIbTpa pO3AUIATH ABI TPy KOJIH-
BaHb 3 OJIM3EKUMHU YacTOTaMHU. BOHA BU3HAYAETHCS KPYTICTIO Criamy KoedirtieH-
Ta nepenavi K(®) Ha nepexiaHii AUISHII MiXK CMYTOIO TIPOITYCKaHHS Ta CMYTOIO
TIPUTYIICHHS. 3a3BIYail OLIHIOETHCS B JIOTapH(DMITHIX OUHUIISIX.
K K

a 0
a— AUX HuspkouactoTHOrO (inmbTpa; 6 — AUX BHCOKOUacToTHOTO (BiTBTpa.
Pucynok 2 — AUX peaibHUX QinbTpiB

OiTbTpH MOXKYTh OyTH aKTHBHHAMH, SKI MICTSATH IiACHIIOBAIBHI eJe-
MEHTH Ta ITACUBHUMH, 1110 MICTATH TiJIbKHM NACHUBHI €JIEMEHTH, TaKi sIK pe3uc-
TOPH, KOH/IEHCATOPHU Ta KOTYIIKU 1HAYKTHBHOCTI.

[MTacuBHI GiNBTPH TUIBKK BUKOPHUCTOBYIOTH €HEPIil0 CUTHAJY sika (i-
JBTPYETHCSL, TOJI SIK AKTUBHI (DLIIBTPH BUKOPHCTOBYIOTH JI0JJATKOBY €HEPTIIO.

J1yist moKpaieHHsl XapaKTepUCTUK (GiIbTPIB BCIX THUMIB JOIIJIBHO BHU-
KOHYBAaTH iX y BHIJISIII JIAHIIOTOBOI CXEMH 3 UYOTHUPHIIOJIIOCHUKAMH, SKi
BKJIIOYEHO KackagoM. [Ipu 3abe3nedeHHi y3roKeHOro pexXumMy poOoTH BCix
JIAHOK CXEeMHU KOeQiI[ieHT 3aracaHHs TaKoro (ibTpa 3pocTae, Mo HaOImKae
(higBTp 0 iMeaTBHOTO.

CIIUCOK BUKOPUCTAHOI JITEPATYPU

1. OcHoBu Teopii nanmroris: Hasu. ms By3iB / I'. B. 3eseke, I1. A.
lonkin, A. B. Herymin, C. B. Ctpaxos. -5-e Buj., [lepepa6. -M.: Buma mik.,
1989. 528 c.

2. TeoperuuHi ocHOBH enekTpoTexHiku. / Kammgucekuit A. E. Ta in.
Bun. 2-re. HaBu. mociOHUK IS €IEKTPOTEXHIYHUX Ta €HEPTeTUYHHX CIIei-
anpHOCTeH By3iB. -M.: Bum. mk., 1972. 448 c.
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CUTHAJI TA TOT'O OCHOBHI XAPAKTEPUCTHUKH

Curnan — me crocib nepenaBaT iH(pOpPMAIIiO Bif OTHIET TOYKH IO
iHmoi. PosrmsgmaruMemMo MeTon repenadi 3a JOIOMOTO0 €IeKTPOMArHiTHHX
CUTHAIIB, TOOTO eJIeKTpo3B’si30K. Takuil cmocid 3B’s3Ky mepembadae mepe-
nmadi iHopMmarii 3a paxXyHOK 3MiHH OyIb-sIKOTO Iapamerpa eIeKTPHIHOTO
curHaiy. Lleit mpouec oTpuMaB Ha3By MOAYIIALIl. Y HaHIPOCTIIIOMY BHITa-
Ky HECY4YMM CHT'HAJIOM BHCTyIae cuHycoina. CHrHan Mae TpU OCHOBHI ma-
paMeTpu: aMILIITYy 1y, 4aCTOTY Ta IIOYaTKOBY (asy.

AMIuTiTy 12 — 116 MaKCHUMalbHe BiIXWICHHS HalPyT CUTHAIY Bil Hy-
JIbOBOT'O TIOPOTY, 00JaCTh MO3UTHBHUX YW HEraTHBHUX 3HAueHb. SIBIsie co-
0010 MeXi, B IKMX 3MIHIOETHCSI CUTHAIL.

YacToTa — KiJbKICTh KOJMBaHb CUTHATY B ONUHUIO Yacy. Jlist cran-
JTapTu3aii IpUHHATO SK OAMHMI 9acy BHKOPHUCTOBYETHCS OIHA CEKYH/A.
OpxuHUIEI0 BUMIPY 9acTOTH ciyxuth [ epy (I'y). BemnanHa, sika € 3BOpOT-
HOIO 10 YacTOTH — TIEPioA, SIKMH TMOKa3ye PIi3HUIIO B Yaci MiX CyCITHIMH
3HAQUEHHSAMH CHTHAITy PiBHOI BENUYMHM (HANPUKIAA, MaKCUMaJIbHUMH 3Ha-
YCHHSIMH).

daza nokasye, 3 SKOro MOYATKOBOI'O 3HAUEHHS 3MIHIOETHCS CUTHAJL.
daza BUMIPIOETBCS Yy Tpajycax 4M pajiaHax.

Jnst mepespavi CUrHajliB BHKOPUCTOBYIOTH KaHaiM 3B’si3Ky. Kawnan
3B 513Ky — II€ CYKYITHICTh TEXHIYHUX 3aC00iB, SIKi CHPHUSIIOTH MPOXOKEHHIO
curHaiy. Kanan 3B’s13Ky opraHi3oByeTbcsi B Oyb-sIKili JIiHIT 3B’S3KY: y Me-
TaJieBOMy ab0 ONTHYHOMY Kale, pajiopelieiiHa, CyIyTHUKOBa a0 sSKach
1HIIA JiHIS 3B’ 53Ky .

EnexTpo3B’si30k 0a3yeTbcsi HA TOMY, IO CHTHAJIM HE MAalOTh BJIACHOL
iHpopmaniiiHoi 3maTHOCTI. BoHM mepenaroTs iHpoOpMAIlito TUTBKH 3aBISIKH
TIOTIepeIHIM JIOMOBJIICHOCTI MDK JDKEpEeNIOM Ta IpuiiMadyeM Mpo 3HaYeHHS
3MiHH OyAb-SIKOTO IIapaMeTpa CUTHAIY, 10 MepelaeThCs. 3 bOT0 BUILUINBAE,
110 TOJIOBHA Mpo0IieMa mpoliecy Inepenadi iHpopMallil noisrae B MOXXJIUBO-
My 30BHIIIHBOMY BTpY4aHHI (yMHCHOMY a00 HEHAaBMHCHOMY), SIK€ Iepel-
KOJDKae Tepeadi CUTHANY y cepeloBHIli. TakuM BTpy4aHHSIM MOXYTh OyTH
€JIEKTPOMArHiTHI HaBEACHHS HIIUX JiHIA 3B 3Ky, BIUINBHU BiJ IPOMHUCIIOBO-
ro Ta mobyTOBOTO 00JIaAHAHHS, 3JIOBMUCHE Ais TpeTiX oci6. [1[06 3axuctutn
CUTHAJIM BHKOPHCTOBYIOTH pPO3MaiTh 3aco0Ou: IU(pyBaHHS, KOJYBaHH,
CIeliaabHi METOIM MOXYJISIil, eKpaHyBaHHS JiHii 3B s3Ky 1 T.. OmHaue
MIOBHOTO YCYHEHHsI NEPENIKO/, SIK IIPAaBUIIO, HE JIOCSATAIOTHCS, TOMY PO3TJIs-
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JAIOTh Pi3HI MOKAa3HHWKH SKOCTI Mepenadi: KiJIbKiCTh MOMIJIOK 32 CEKyHIY,
MaKCHMaJIbHE YUCIIO TIOCIiTOBHAX MOMUJIOK 1 T.1I..

BaknMBHMH BIAaCTHBOCTSIMH CHTHAIy €: IIMPHHA CIEKTPY CHTHAILY
(4F), tioro nuHamiuHui nianazoH (D) TpuBanicts curHaiy (7¢).

upuna criexTpy — Lie pi3HMI MK HAHBHINOIO 1 HAHHMKYOIO YacToO-
TaMHM CHEKTPY CUTHAIY, SIKi 3/1aT€H 3a0e3MeUnTH KaHal 3B’ S3KY JUIsl SKiCHOT
nepenadi iHhpopmarii.

JluHaMidHUN [iarma3oH — Iie BiJHOIIEHHS MaKCHMaJbHOI MUTTEBOI ITO-
TY>KHOCTI CHTHAITy 10 MiHIMaNbHOI. 3a3BU9ail HOTO BUMIPIOIOTH B JIOTapHU(]-
MigHAX ofgmHUIIX — Aaennoenax: De= 10-1g(Pumax/Pmin). JuHaMiuHuiA miama-
30H 3a0e3meuye 3amany SKiCTh mepenadi inopmartii.

ITpoMixoK Hacy, HMpOTATOM SIKOTO TIEPENAETHCS CHUTHAJ, HAa3WBAIOThH
TPUBAIICTIO CUTHATY.

JoOyTok mux mapameTpiB BH3Ha4dae Horo o0'eM curHamy: V. =
AF DT, .

KinpkicHo iH(MOpMaLi0 BHPaXKalOTh B CHELIAIBHUX OIMHHUIAX — OiTax.
OnuH OiT — Le KUIBKICTh 1H(pOpMAaLlii, SIKy MICTUTh OJMH PO3pSJ JBIHKOBOTO
u¢posoro koxy. IlIBunkicte mepenaui iHdopmanii BupaxaroTh B 0iTax 3a
cekyHny (0i1/c) 1 mo3Hauarotk Jiteporo C. Oxke, 00'em curnany: Ve = C-T,.

Curnanu K1acuQiKylOTh 0 YOTUPHOM THIIAM:!

- AHaiorosi — HeTlepepBHi B Yaci i HA MHOYKUHI 3HAYCHB;

- Jluckperu3oBaHi — OWCKPETHI B Yaci Ta HENEPEpBHI HA MHOXHHI

3HAYCHb;

- KpanroBani — HemepepBHi B 9aci Ta AUCKPETHI HA MHOXXHHI 3Ha-

YeHb;
- Uudposi —auckpeTHi 0JJHOUACHO B Yaci Ta HA MHOXKHHI 3Ha4Y€Hb.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. Yacrotni Xapakrepuctuku unamiunux JlaHok B Llinomy: BeG-
caiir. URL: https://elib.Intu.edu.ua/sites/default/files/elib_upload/1 (mara
3BepHeHH:: 23.03.2023).

2. Mangmziii B.A., XKene3usik P.I. OcHOBH Teopil CHTHAJIIB: HaBY. MOCIO.
JIpBiBCHKA momiTexHiKa. 2022. 240 c.
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CEKIIA «PI3UKA»
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TEINJIOBAM BAJTAHC ONNAJIIOBAJIBHOI KIMHATH

Jedinut manuBa Ta HOro MOAOPOKYAHHS B YCHOMY CBITI OCTaHHIMH
pOKaMHu CIIpHsi€ TOIIYKY NUIAXIB €KOHOMIl TeIula y JKUTJIOBHX NPHMIIICH-
HiX. [ OTpUMaHHS NPaKTUYHHUX PEKOMEHAAIii 0akaHO MaTH PO3paxyHKH
CKJIaJIOBHX TEIUIOBOTO OanaHCy, SIKMH BiOYyBAa€ThCS MK JKUTIOBUM HPUMi-
LIEHHSM Ta 30BHIIIHIM CEPEOBUILEM Y XOJIOJHY TOpYy poKy. ToMy Ha3zBaHy
TEMY JIOCHI/PKEHHS CJIiJl BBAXKATH aKTyaJlbHOIO.

Po3risiHeMO TeryioBMi CTaH KiMHAaTH 0OaraTOKBapTHPHOTO OYIUHKY.
Bynemo BBaxaTH, IIO TEIUIOBHH MNOTIK MiJABOJUTHCS JABOILIACTHHYACTHM
paniaTopoM ONajleHHS Ta COHSYHUM BHUIIPOMIHIOBAHHSIM, a BiJBOJAMTHCS
JIUIIE Yepe3 30BHIMIHIO CTIHY 3 BIKHOM Ta BEHTWILANiMHWN KaHan. Bamanc
SHeprii Mae BUIIIS

Op+Qc=0cm+Q6+Qkx, (1

ae Op ta Qc — OTYKHICTh PajiaTopa ONaJeHHs Ta COHIYHOTO BUIIPOMIHIO-
BaHHS, K€ HAAXOANUTH 4epe3 BikHO; Ocm+(e+(k — BUTpaTh €Heprii yepes
30BHILIHIO CTIHY, BIKHO Ta BEHTHISILIHHUN KaHai. BU3HAa4nMo KOXHY CKiia-
JIOBY OallaHCy eHeprii, BpaxoBYIOYH, 1110 BUMIPSIHI TeMIepaTypu KiMHaTH Ta
paniatopa ckiaganu 20 °C ta 45°C, BiAmOBiIHO.

IMoTy:kHicTh pagiaTopa onajeHHs BU3HAa4ajacs 3 ypaxyBaHHIM KOH-
BEKTHBHOTO Ta pajialliiHOrO TEIJIONEePEHECeHHsT 3 HarpiTol MOBEpXHi 3a
(bopmymoro:

Op=aS(tp-t)+0,5eSa(T'p-T*)=390+119=509 Bm,  (2)

ne a=5,6+4V=7,6 Br/m?> K — koe(illicHT TeIIOBiAIaYi IIpH BUCXiHIH INBH-
nkocTi moBitps V'=0,5 m/c; S=2 M? — 3arajbHa HarpiBar4a MOBEPXHS JBOI-
JIACTHHYACTOTO pajiaTopa; p=45°C — BuUMipsHa TemIepaTypa pazaiatopa;
=20 °C — rtemmeparypa kiMHatu; £¢=0,78 — CTymiHb YOPHOTH pajiaTopa,
MIOKPUTOTO MacisHOW ¢apboro; o — crtanma Credana-bombimana. Bpaxosa-
HO, 1110 30BHIIIHS BUIIPOMIHIOBaJbHA ITOBEPXHS JIBOIUIACTHHYACTOTO pajia-
TOpa yABidi MEHIIa 3a HOTO 3arajibHy HarpiBaJbHYy MOBEPXHIO.
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ButpaTtn Temsia yepe3 KOHAYKTHBHY TEILIONPOBIAHICTH 30BHIIIHBOL
CTiHU:

QOcm=Scm-A-At/Ab=150 B, 3)

ne Scm=8 M? — IIIoIIa OBEepXHi 30BHIIIHKOI cTinm; A=0,75 B1/M-K — Temno-
NPOBIJHICTD CTiHU 3 neriu; A#/4b=25 K/M — rpajieHT Temreparypu y CTiHi
toBumHOW 0,8 M npu pizHuLi Temneparyp At=20 °C. BBaxkanocs, 1o 30B-
HilIHS TeMnepatypa ckiaanana 0 °C.

ButpaTn Temna yepes BiKHO IUIOIMIE0 S6=3 M> BPaXOBYBAJIA MOTIK Te-
IIonepeaadi Ta MPOMEHEBY CKIIaI0BY:

06=Se-[K-Ato +eo(T'k-T'3)]=198+109=307 Bm,  (4)

ne K=3,3 Br/m*'K — koe]illieHT Temonepeaadi 11 MOABIHHOrO CKJIa BiKHA;
Ato=20 °C; Tk i T3 — TeMmnepaTypu KIMHAaTH Ta 30BHIIIHEOTO CEPEOBUINA B
K; &=0,3 — mpuBeneHa CTyIiHb YOPHOTH BiKHA!

e=(1/e;+1/e2-1)", 5)

ne €/=0,5 ta £,=0,5 — cTymneHi YOPHOTH KIMHATH Ta 30BHIIIHBOTO CEPEIOBH-
ma.

[MpuitMaemo, 10 HAarpiB KIMHATH COHSIYHMM BHIIPOMiHIOBAHHSIM Bijl-
OyBa€eTbCsl OIWH NIeHb Ha THKICHD MPOTATOM mepioay 7c¢=3 roxm i COHSYHI
MPOMEHI MMAJar0Th IiJ] CepeIHIM KyToM 10 HopMaili BikHa 0=60°. Tomi cepe-
JTHS TIOTY)KHICTH COHSYHOTO HArpiBy KiMHATH BH3HAYHUTHCS Yepe3 COHSIUHY
crainy Re=1,4 kBT/M? HACTyITHUM YHHOM:

Oc=(T/24-7)-Rc-Se-cosa=50,3 Bm. (6)

Burpatn Tenna yepe3 BeHTWIAUIHHUI OTBip, 110 NpUNAfalOTh Ha
OJIHYy KIMHATy, CKJIQ/IaJlid YETBEPTY YacTHHY 3arajlbHUX BHUTpAT Ta BU3Ha4a-
ncs 3a GOpMYJIOH0:

Ok=pVSeCp(Tr-13)/4=69 Bm, (7
ne p=1,25 k['/m? — ryctuna nositpsi; =1,1 M/c — MBUAKICTH MOBITPS y KpH-
THYHOMY TI€pepi3i  BEHTHNALIMHOI  pemniTkum  wiomero  Sk=102 Mm%
Cp=10° I/xI""K — Temnoemuicts noBitps; Tx-753=20 °C — pi3HHIS TeMmIle-
paryp KIMHaTH Ta 30BHIIIHHOTO CEPEIOBHIIIA.

[HTerpanbHuii 6anaHc eHeprii Ui HarpiBy KIMHATH:

Op+0c=509+50,3=559,3 Bm. (8)
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Butpartu eHeprii, o NpU3BOASTE A0 OXOJIOIKCHHS KIMHATH:
Qo=0cm+Qs6+Qx=150+307+69=526 Bm. 9

Bananc eneprii Mk HArpiBOM Ta OXOJIOIPKEHHSIM KiMHATH CXOIHUTHCS.

BucHoBkw.

1. 3a pe3ympTaTamMu po3paxyHKiB OTPUMAHO IPAKTUIHO BAXKIIHBI CKIIa-
JIOBi TeIyIoBOrO OanaHcy. Bu3HadeHo, M0 BUTpaTH eHEprii depe3 BiKHO Y
JIBa pasd MEPEeBUIIYIOTh BUTPATH Yepe3 CTiHy KiMHATH, [0 POOHUTH aKTyab-
HUM JIOJJATKOBY TEIUIOI30JIAIII0 BiKHA.

2. Eneprisi BUnpoMiHIOBaHHs uepe3 BIKHO ckiagae Ourst 50% eneprii
MIOTOKY Teruionepeaadi. BUKOpHUCTaHHS BIKOHHHX IITOP 3MEHIIY€E TEIIOBE
BUIIPOMIHIOBAaHHSI BiKHa 3aBJSIKH €KpPaHYBaHHIO.

VK 620.9:662.61.004.1

€pmos A.B.!, 3enenina 0.A.2

! 1-p Texn. Hayk, mpod. HY «3amopizbka momiTexHikay»
2 crapmr. ma6. HY «3anopi3bka HOTITEXHIKa»

PO3PAXYHKOBI OIIIHKH! BILIMBY JTOJATKOBOI
TEILJIOI30JIALI KIMHATH

TemnoBuit omip KiMHATH Ro BU3HAYAETHCS SK BiIHOIICHHS PI3HUII Te-
MIlepaTyp KIMHATH Ta 30BHIIIHBOTO cepenoBumma Ar=20°C mo TerioBoro
MOTOKY 13 KiMHaTH (Q0=526 Br):

Ro=20/526=0,038 °C/Bm. 1)

[TiniBKka «TpeTe CKIIO» MPH LIILHOMY NPHISITAaHHI 32 MIEPUMETPOM pa-
MU 3MEHIIy€e HOTIK Teruonepeaadyi 8 Ha TpeTHHY, 1o ckiane 40=66 BT.
3MiHa TEeMIepaTypH y KIMHATI BU3HAYAE€ThCS SIK TOXiZHA 3MIHHM TEIJIOBOTO
MOTOKY Ha TEIJIOBHii OMip KIMHATH

ATek=40-Ro=66-0,038=2,5 °C. ©)

JIBoOivHA IDTiBKa MPH MPIIATaHHI 32 IEPUMETPOM paMH 3MEHIIYE TI0-
TiK TeruIonepeaadi HaonoBuHy (40=99 Br), mo aae

ATex=99-0,038=3,8 °C. 3)

[TiBmpo3opa mmriBka «TemmoBe A3epKaio» B OJHOKaAMEPHOMY CKJIIOIA-
KETi 3aTpUMY€ TEIUIOBE BHIIPOMIHIOBaHHA 13 KiMHatu Ha 90%, mo i Ha-
moro Bumangky ctaHoBuTh 100 Bt. Cxema BikHa «TemsoBe a3epkano» B
OJIHOKAMEPHOMY CKJIOMAKETI [T0Ka3aHa Ha puc. 1.

269


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiI6rySm-38AhUHgosKHXTjBv4QFnoECCEQAQ&url=https%3A%2F%2Fknutd.edu.ua%2Fpublications%2Fpdf%2FVisnyk%2F2013-6%2F146_149.pdf&usg=AOvVaw09jCSGfP83NrUrvABVGW4O
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiI6rySm-38AhUHgosKHXTjBv4QFnoECCEQAQ&url=https%3A%2F%2Fknutd.edu.ua%2Fpublications%2Fpdf%2FVisnyk%2F2013-6%2F146_149.pdf&usg=AOvVaw09jCSGfP83NrUrvABVGW4O

Puc.1 — Cxema BikHa «TeruioBe a3epkaioy.

Kpim Toro, miiBka 3MeHIIy€e MOTIK TEIUIONPOBIIHOCTI Ha 66 BT. 3ara-
oM AQ=166 BT, mo nae

ATex=166-0,038=6,3 °C. “4)

VYTemneHHs CTiHM MiHOIUIEKCOM 5 ¢M 3MEHIIY€ TOTIK TeIulonepenadi
yaBidui — 4Q=75 BT, mo ananoriudo mgae 4Tcm=2,8