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AHoTaWiA. Y npomuciosocmi 3nauna uyacmuna eumpam eleKmpoeHepeii, uo
CNOJICUBAE eNeKMPONPUBOD, NPUNAOAE HA Pe2YTbO8AH] NPUBOOHT CUCEMU BeHMUISIMOPIS,
KOMNpecopis, HACOCI8 ma [HWUX YCMAHOBOK 3 YUKIIYHUM pPeXCUMOM pobomu.
Pecynioganvni cucmemu, wo SUKOpUCMOBYIOMbCS, CMEOPIOIOMb GUWIL 2APMOHIKU ab0
Maromov UCOKY 6apmicme.

Mema Oocniodxcenns — NOPIBHANbHUL AHANI3 epeKMUBHOCMI pPIZHUX cucmem
KepyB8aHHsl eleKMpOnpU80O0OM GeHMUNAYIUHUX CUCNEM.

Ananiz egoexmuenocmi 6ubpanoco cnoco6y Kepy8anHs NPOBOOUBCS 3 BUKOPUCTIAHHAM
NON0JHCEHb Meopii eneKmponpusood, CMAamucCmuyHux Memooie 0OpoOKU pe3yibmamis
00CNi0JCeHb Ma MemoOUKU BUHAYEHHS eKOHOMIUHOI e@eKmueHocmi NpuKkiaoHux
00CNI0XHCEND.

Pospaxynox egexmuenocmi po3pobku, AKow € pe2yibo8aHull eneKmponpugoo
BEHMUNAYINIHOI  cucmemMu 3  WUPOMHO-IMIYIbCHUM — KEPYBAHHAM, NPOBOOUBCS 34
NOPIBHAILHOIO MAadIUYer0 MexXHIKO-eKOHOMIYHUX NOKA3HUKI6 OMPUMAHUX 34 8i00MOI0
MeMOoOUKOI BUSHAYEHHS eKOHOMIYHOI eghekmusHoCmi NpuKIaoHux 00ciiodcetsb. 3a 6a308i
sapianmu  63M0  eNeKmponpusod GeHmuiAmoproi ycmanoeku "Knumamuxa-5" 3
MUPUCTNOPHUM ~ DeCYNIAAMOPOM HANPYeU ma pecyibo8aHd GeHMUIAYIUHA cucmema 3
yacmomuum nepemeoprogayem. (OCHOBHI MEXHIYHI XAPAKMEPUCUKU GEHMUTIAYIUHOL
cucmemu: Uy =380 B, I; = 63 A.

YV pesynemami 0ocniodcenb 8CMAHOBIEHO, WO PO3POONEHUll  pe2ylbO8aHUll
eIeKMPONPUEO0 BEHMUNAYIUHOI cucmemu 3 WUPOMHO-IMNYIbCHUM KepY8AHHAM MA€
Kpawjy eKOHOMIYHY e@eKmusHicms HNOPIGHAHO 3 eNeKmpPONpuoOOM 3 MUPUCHOPHUM
pe2yiamopom 3 (hazo-iMnyibCHUM Kepy8auHam i ckiadae 16391 epw., a 3 yacmomHum
enekmponpugooom — 18042 epm.

Exonomia enexmpoenepeii yacmomnozo enekmponpueooa 3a paxyHox ni08UUeH020
Koeghiyienma KopucHoi 0ii enekmponpugooa i3-3a Huzvkoeo KK/ i manonomyoscnocmi
08USYHA HE3HAYHA, A KanimaibHi 3ampamu Habazamo Oiibuli NOPIBHAHO 3 pecylbO8AHUM
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eleKMpOnpuU8oo0OM Ha 0a3i MUPUCOPHO20 pecyisamopa Hanpyeu 4Yu peyisimopa 3
WUPOMHO-IMNYIbCHUM KePYBAHHM.

KuouoBi ciioBa. HanienpogioHukoei nepemeoproeaui Hanpyeu, nepemeoproeay
yacmomu, Qazo-imnynvcne  Kepyeamusa,  WIUPOMHO-IMNYIbCHE  KEPYBAHHA,
Pe2y1b08anuil e1eKmponpueood, 0CbOBUIL 6EHMUNAMOP, NPUOYMOK

AKkTyajabHicTb. HuHi 3HauHa uacTka enekTpooOiagHAaHHS BUKOPHUCTOBYETHCS 3
MaJOMOTY)KHAMH  PETyJIbOBAaHUMHU eNeKTPOTIPUBOJIAaMUA  OCHOBUX  BEHTHJISATOPIB.
PerymoBannss mBuakocti ABuryHiB cepii AUPII ta 4AITA npoBOAUTBCA 3MIHOKO
MiJBEICHOT HATIPYTH JKUBJICHHS. 3MiHY MiBEACHOI HAMPYTH 31HCHIOIOTH 32 JOMOMOTOI0
TUPUCTOPHUX PETYJSTOPIB HAMPYTH 3 (Pa30-IMIyJIbCHUM KepyBaHHIM. Taki perynsaropu
HAlpyrd CTBOPIOIOTH BCl HEMapHi BUINI TapMOHIKH, $KI TOTIPIIYIOTh SAKICTh
enekTpoeneprii. IlepeBarn mneperBoproBavya 4YacTOTH, 30KpeMa JIiHIHHA peryiroBajibHa
XapaKTEePUCTHKA 1 PO3MUPECHUN aiana3oH perymtoBanHs 10:1, 6utbn morpedye MpUBOL 3
TOYHHMM PETYJIIOBAaHHAM (J103aTOPH, BUKOHABY1 MEXaHI3MH), @ EKOHOMIsI €JIEKTPOCHEPTil 3a
paxyHOK poOOTH ABUTYHA B Jiana3oHi perymoBaHHs 3 HoMiHanpbHUM KKJ[ HEe mokpuBae
BapTOCTI C€aMOro TIEPEeTBOpPIOBaYa YACTOTH 4Yepe3 HHU3bKI CHEPreTHYHI MOKa3HUKH
eJIEKTPOJIBUTYHA.

AHamiz  e(pEeKTMBHOCTI  BUKOPUCTAaHHS  PETyJIhOBAHOTO  EIEKTPONPHBOJIA
BEHTWISIIIIMHOI CUCTEMU 3 PI3HUMH CTIOCOO0aMH KePYBaHHS 1 IPUCBSYEHO IO pOOOTY.

AHaJi3 oCTaHHIX gocaigxkensb Ta myoJikanii. bins 60 % 3arpaT enekTpoeHeprii B
IIPOMUCIIOBOCTI MPUIAJAE HA JIONI0 €JEeKTPOABUryHIB. [Ipu 1iboMy 3HauHa yacTHUHA LUX
BUTpAT MPUIMAAA€ HA TPUBOJIHI CUCTEMH BEHTUJISATOPIB, KOMIIPECOPIB, HACOCIB Ta 1HIIUX
YCTAaHOBOK 3 IMKJIIYHUM PEXKUMOM pPOOOTH. EQexThBHE 3HMIKEHHS BHUKOPHUCTAHOI
MOTYXHOCT1 MPU 3MEHIIEHH] MPOAYKTUBHOCTI arperary MOXJIMBE TUIbKH MPU 3HUKEHHI
MIBUAKOCTI enekTpoaBuryHna. lle o3Hauae, mo s poOOTH BEHTWISATOpAa YM Hacoca 3
MakcuMainbHUM KK/, BUKOPHMCTOBYIOTh 4aCTOTHO-PETYIbOBaHMN enexkrponpuBor. KK/[
npu upoMy 3poctae Ha 15...20 %. Ane Takuil npuBOj NOTpPeOye BEIMKUX KamiTaJIbHHUX
BUTpAT, SIKI HE 3aBXKIU OKYMAIOTHCA 332 PAXyHOK 3HMKEHHS 3aTpaT Ha E€JIIEKTPOCHEPTIIo,

0COOJUBO JIJIs1 MPUBO/IIB MaJIOIO MOTYKHOCTI.
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Mera fgociigsKeHHsi — TOPOBECTH  aHaNi3  €(PEKTUBHOCTI  BUKOPHUCTAHHS
pPEryabOBaHOTO E€JIEKTPONPUBOJA BEHTWISILIMHOI CHCTEMH 3 PIZHUMH CIIOCOOaMH
KepyBaHHS.

Marepianu i MeToAH JOCTiTKeHHsI. AHaII3 E€KOHOMIYHOI e(EeKTHBHOCTI IIpH
BUOpaHOMY cmoco0l KEepyBaHHS MPOBOJMBCS 3 BUKOPUCTAHHSIM TIOJIOXKEHb TEopil
EJIEKTPOIPUBO/IA, CTATUCTUIHUX METOJIB OOPOOKH PE3YNIbTATIB JOCIHIKEHb Ta METOIUKHU
BU3HAYECHHS €KOHOMIYHOI €()EKTUBHOCTI MPUKIATHUX JOCI1HKEHb.

Pe3yabTaTé AociaigkeHb Ta iX 00roBopeHHsi. AHaii3 e(pEKTUBHOCTI PO3POOKH
MIPOBOJIMBCS 32 MOPIBHAIIBHOIO TAOIHUIICI0 TEXHIKO-CKOHOMIYHHMX MOKA3HUKIB, OTPUMAaHHUX
3a BIJOMOIO METOJUKOI0 BH3HAUYEHHS EKOHOMIYHOI e(EKTUBHOCTI MNPUKIATHUX
nociipkeHs [1]. 3a 6a30Bi BapiaHTH B3ATO €JIEKTPONPUBOJ, BEHTHIISITOPHOI YCTaHOBKHU
"Kiumatuka-5" 3 THUPUCTOPHHMM pPEryjasiTOPOM HAalpyrd Ta peryiboBaHa BEHTHJIALIIHA
cCUCTEMa 3 YacTOTHMM IiepeTBoproBayeM. (OCHOBHI TEXHIYHI XapaKTEPUCTUKHU
BeHTHWIANINHOI cuctemu: Uy = 380 B, /= 63 A.

[TpuOyTOoK BiJ 3HIKEHHS KalliTaIbHUX 3aTpPaT Ha CTBOPEHHS €JIEKTPOIIPUBOIA:

Tk = Kpaza — K, (1)
ne  Kgaza, Kunm — OCHOBHI KamiTayibHI 3aTpaTd 0a30BOTO BapiaHTy (THPUCTOPHUM
PETYIATOp UM MEPETBOPIOBAY YACTOTH) 1 pO3pOOKH (IIMPOTHO-IMITYJIbCHUHN PETYIIATOD).

BianoBimHo mnpuOyTOK BIiJ 3HWKEHHS KalliTaJbHUX BUTpPAT Ha CTBOPEHHS
SIICKTPOIPUBO/IA 3 IIMPOTHO-IMITYTLCHUM KEPyBaHHS CTAHOBUTHME:

ITx; = Kgaza e — Kunnm = 19200 — 4000 = 15200 rpH,

[Tk = Kgaza.my — K = 25000 — 4000 = 21000 rpH.,
ne Kgaszatea, Kpaszamu — OCHOBHI KamiTaibHI1 3aTpaTu 0a30BOro BapiaHTy, BIJMOBIAHO, 3
TUPUCTOPHUM PETYIISITOPOM HATPYTH 1 MEPETBOPIOBAYEM YACTOTH.

Jlisi TOpIiBHSIHHS, KamiTaJbHI 3aTpaTH Ha YacTOTHO-PETYJIbOBAHWN ACHHXPOHHHM
CIIEKTPOIPHUBOJT CIIBPO3MIPHOT MMOTYKHOCTI B CEPEIHHOMY CTAHOBJIATH 25,5 TUC. TpH [2].

Cranmis  "Knmimatuka-5" pospaxoBaHa Ha oaHO4YacHy pobotry 20 0chOBHX
BeHtusiTopie BO-7,1M 3 nBurynom AUPII80A6Y?2 moryxnictio 0,37 kBt. 3aranbpHa

MOTYXKHICTh cTaHIii 7,4 kBT.

150



"Enepzemuka i asmomamuxa'’, No5 2023 p.

ExoHOMIsI CrIOXXKMTOT1 €Heprii MpoTAroM JITHBOro mepioay (3 Micsli) 3a paxyHOK

MOKPAIIEHHS] eHEPreTUYHNX XapaKTEPUCTUK PO3POOKHU
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Wen = 0,1-PsT=0,1-7,2-720 = 518 xBt-rox., (2)

ne 0,1 — exkoHOMIisl eNeKTpPOeHEprii po3pOOJEHUM EIEKTPOIPUBOJOM IOPIBHSHO 3

TUPUCTOPHUM E€JICKTPONPHBOIOM 3 (ha3o-iMmyabCcHUM KepyBaHHsM [3], Py - cymapha
MOTYKHICTh TIpuBoja, KBT; T — yac pobotu npuBoay, ro/.

ExoHOMIs CIIOKUTOT €HEeprii YaCTOTHUM PEryJbOBaHUM EJIEKTPOIPUBOJIOM MPOTATOM
JITHBOTO mepioAy (3 Micslll) 3a paxyHOK MOKpPAUIEHHS €HEPreTUYHUX XapaKTEPUCTHK B
MOPIBHSIHHI 3 pO3POOKOIO

Wg, = 0,25-PsT=0,25-7,2-720 = 1286 xBt-rozx., 3)
ne 0,25 — eKOHOMIs eJIEeKTPOCHEPrii YaCTOTHUM €JIEKTPONPUBOJIaM TOPIBHSIHO 3
po3pobkoro [3].
BapricTh 3eKkOHOMJIEHOT eHeprii
Cem = cgrWem =2,3-518 = 1191,40 rpH., 4)
Cemn = cgrWemp = 2,3-1286 = 2957,80 rpH., (5)
1€ Cgj — BapTICTh eJeKTpoeHeprii, rpH/(kBT-rox.).

3aranpHul MPUOYTOK BiJ BIPOBAKEHHS PO3POOKH MOPIBHIHO 3 EIEKTPOIPUBOIOM 3
TUPUCTOPHUM peryastopoM Hamnpyrd (I1;) 1 wactrotHum enekrpornpuBogoM (I1,)
CTaHOBUTHUME:

I1; =TIy + Cgpp = 15200+1191= 16391 rpH; (6)
I, = Ik, — Cgp = 21000-2958= 18042 rpH. (7)

OcCTUIBKH pO3paxyHOK MPOBOAMBCS MOPIBHSUIBHUM, TO 1HIII €KCIUTyaTaliiiHl 3aTpaTH,
Taki K BapTICTh OOCITYroBYBaHHS, aMOPTH3alliiiHI BiApaxyBaHHS, BiApaxyBaHHS Ha
MOTOYHUN PEMOHT, 3araJbHOTOCIOAAPChKI BHUTpPATH TOIO, PIBHO3HA4YHI, TO iX HE
BpPaxoBYyBaJIU.

BucHoBkn i mnepcnekTuBH. Po3poOneHuit  peryiaboBaHUN  €IEKTPONPHUBOJ
BEHTWISAIIAHOT CUCTEMHU 3 IIMPOTHO-IMITYJIbCHUM KEpPYBaHHSM Ma€ Kpally €KOHOMIUHY
€(EeKTUBHICTh TOPIBHAHO 3 EJIEKTPONPHUBOJIOM 3 THUPUCTOPHUM PETyISITOpoM 3 (azo-
IMITYJIb.CHUM KE€pYyBaHHsIM 1 ckiiagae 16391 rpH, a 3 yacToTHUM enekTpornprBooM — 18042
TPH.

ExoHOMIsT efeKTpoeHeprii 4aCTOTHOTO EJIEKTPONPUBO/IA 3a PAXyHOK IiJABUIIEHOIO

Koe(iieHTa KOPUCHOI Jii enekTpornpuBoja i3-3a HuU3bkoro KKJ[ Ta mMamomoTykHOCTI
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JIBUT'YHA HE3HAyHa, a KamiTaJlbHI 3aTpaTyu HabaraTo OUIbIII TOPIBHAHO 3 PEryIbOBaHUM
€JIEKTPOIIPUBOIOM Ha 0a3l THUPUCTOPHOTO PETryJsATOpa HANpPyTH YW pEryadaropa 3

HIUPOTHO-IMITYJIbCHUM KEPYBaHHSM.
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TECHNICAL AND ECONOMIC ANALYSIS OF ADJUSTABLE ELECTRIC FAN
DRIVE WITH VARIOUS CONTROL SYSTEMS
I. Golodnyi, A. Sanchenko

Abstract. In industry, a significant portion of the energy consumed by electric drives
Is accounted for by variable drive systems of fans, compressors, pumps and other units
with cyclic operation. The control systems used create higher harmonics or have a high
cost.

The purpose of the study is a comparative analysis of the effectiveness of various
electric drive control systems for ventilation systems.
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An analysis of the effectiveness of the selected control method was carried out using
the principles of electric drive theory, statistical methods for processing research results
and methods for determining the economic efficiency of applied research.

The calculation of the efficiency of the development, which is an adjustable electric
drive of a ventilation system with pulse-width control, was carried out using a
comparative table of technical and economic indicators obtained using a well-known
method for determining the economic efficiency of applied research. The basic options are
the electric drive of the Klimatica-5 fan unit with a thyristor voltage regulator and an
adjustable ventilation system with a frequency converter. Main technical characteristics of
the ventilation system: Uy=380V, 1,=63 A.

As a result of the research, it was established that the developed adjustable electric
drive of the ventilation system with pulse-width control has better economic efficiency
compared to an electric drive with a thyristor regulator with phase-pulse control and
amounts to 16,391 UAH, and with a frequency electric drive - 18,042 UAH.

The energy savings of a frequency electric drive due to the increased efficiency of the
electric drive due to the low efficiency and low power of the motor are insignificant, and
the capital costs are much higher compared to an adjustable electric drive based on a
thyristor voltage regulator or a regulator with pulse-width control.

Key words: semiconductor voltage converters, frequency converter, pulse-phase
control, pulse-width control, adjustable electric drive, axial fan, profit
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