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AHaJi3 nepeTBOpIOBaYa NOCTIIHOTO CTPYMY, IO MPALIOE HA MJIA3MOBY AYTY

B pobomi nposederno ananiz cmabinizosanoco nepemeoprosaua NOCMIUHO20 CMpYMY, Wo Npayroe Ha niasmosy oyey. Oopyrmosaro besnepe-
PBHY MOOeb cucmemu 3 Ypaxyeanusm it ocobiueocmeti. Busnaueni napamempu He3MIHHOT 4acmuty Ni0 4ac aHaizy cxemu 3aMilyeHHs 3a-
MKHYMOI CIPYKIYpU Cucmemu enekmpoicuenents Ol 0208020 HABAHMANCEHHS 13 8i0 emHuM Oughepenyianshum onopom. IIposedeni do-
CTIOXHCEHHS POSIMKHYMOT cLUCMeEMU «0dicepeno HCUBIeHHs - 0yeay. Bemanosnero, wo posensmyma cxema 3 GUXIOHUMU OAHUMU, NPULTHATNUMU 8
Oaniii cmammi, Mae 4acmomuuil Koegiyicnm nepedaui maKozo Jic Uy, Wo i HeMIHIMATLHO-PA3068a NAHKA nepuloeo NopsaoKy. Ompumaro
YACMOMHI XapaKmepucmuKu 6XiOH020 ma 8UXIOHO20 ONOPIE NePemBopIosaya, HA6aHmaxceHo2o Ha dyey. bioi. 22, tabn. 1, puc. 7.

Kniouosi cnosa: BXinumii Ta BuxigHuii onip, gineTp, iMneganc, cucrema cradijaizauii, crilikicTs, KOMIUIEKCHe HABAHTAKEHHS.

Beryn. ¥V cyuacHnx nepenoBux cepax HayKH, TEXHi-
KA Ta IMPOMHCIIOBOCTI IIMPOKO 33aCTOCOBYIOTBHCSI €IIEKTPO-
IUIA3MOBI Ta 3BAPIOBAIBbHI TEXHOJIOTIi, B IKUX BUKOPUCTOBY-
€THCS HU3BKOTEMIIEpaTypHa IU1a3Ma (IIPUCTPOI 3 Bil’ €MHUAM
mdepeHIiadbHIM OTIopoM). Benmmkuii kiac Takux Tpu-
CTPOIB CTAHOBJATH IUIA3MOTPOHH IIOCTIHHOTO CTPyMYy.
Haiftuacrime BHKOPHUCTOBYIOTBCS IUIA3MOTPOHH UTSA Pi3aH-
HS MarepiaiiB, HarpiBaHHS Ta3y, AK IDIa3MOBI CHCTEMHU
3amajeHHs B Kamepax TOpiHHs ra3oTypOiHHHX JBHI'YHIB
pizHoro npusHauenHs i T.4. [1-3]. Tyt cnig 3razary i ma-
3MOBY IUIaBKY, 3MIiIIHEHHS METaJIIB, IUIA3MOXIMIl0, CIIeIMe-
TaJIyprito, BUPILIEHHS €KOJOTIYHHUX MpoOJIeM, OTPUMAaHHS
HOBHX YHCTHX MaTepiayiB, HAHECCHHS TUTIBOK Ta IOKPHUTTIB
BaKyyMHO-IUIa3MOBHUM METOZIOM TOLLIO.

YaockoHaneHHS OyIb-KOi €IeKTPOILUIa3MOBOI TeX-
HOJIOTIT Mae MOYMHATHCS 3 IOKpALICHHS NapaMeTpiB po-
0OTH OCHOBHOT'O €JIEMEHTA IUIa3MOBHX YCTAHOBOK — JIXKe-
pea XKHBJICHHS, 0 JOCATAETHCS IUIIXOM HPOSKTYBaHHS
Ta KOHCTPYIOBaHHS HOTO OCHOBHHMX BY31iB. TakuM 4u-
HOM, JIOCIIDKCHHS IEepEeTBOPIOBada IMOCTIHHOTO CTPyMY,
11O MPALIOE Ha [UIA3MOBY YTy, € HE TUIbKH IPAKTUUHHUM,
a i TEOPETHYHUM IHTEPECOM, a TAKOXK BAKIMBOIO Ta aK-
TyaJbHOIO HayKOBO-IPHKJIJHOIO MPOOJIEMOIO.

Jist aHami3y mporeciB B iMITyJIbCHUX TT€PETBOPIOBa-
Yax eJIEKTPOEHEPTii BUKOPUCTOBYIOTHCS JBa KJIACH MOJIe-
nei — ximo4oBi (imitauiiiHi) Ta HenepepsHi [4-7]. Herme-
pepBHi (ycepenHeHi) HaHOIMBIIOTO0 MOMMPEHHS HAOyIH
IIiJ] Yac aHali3y CTiHKOCTi 3aMKHYTHX CHCTeM cTalimi3armil
3 ypaxXyBaHHSAM IMITyJIbCHUX TIEPETBOPIOBAYIB €HEprii Ta
CHHTE31 PETyJSATOPIB KX cUCTeM [4-7].

3ayBaxxuMo, 10 AudepeHianbHui omip OyTd Ry
3aJICKHO BiJl 3HAXOMKCHHS pPOOOYOi TOYKM Ha TiH YU
iHmid gusam BAX nyru Mmoske HaOyBaTu SIK HYJIbOBHUX,
JIOJaTHHX, TaK 1 Bil’eMHHUX 3HaueHb. Came B pasi 3Haxo-
JUKeHHsT po0Oouoi TOYKM Ha crmamgHii auissHii BAX nyru
NIEPETBOPIOBAY, 3 ypaxyBaHHSAM IOBEIiHKH 00’€KTa, cTa-
HOBHUTH CHCTEMY 3 Bin’€MHHUM oropoM. [ToBemiHka Takux
CUCTEM ICTOTHO BIAPI3HSAETHCS BiJl CHCTEM, OMHCAHUX Yy
JiTeparypi IpH MOCTIHHOMY HaBaHTa)kKeHHi. B cucremi 3
BiI’€EMHUM OIIOPOM MOXXYTh BHHHKHYTH HECTIHKOCTI Ta
ABTOKOJINBAIIbHI pekuMH [8]. ABTOKOJIMBAHHS, SIK MPaBU-
JIO, MAOTh HETATHBHI HACIIAKH: MMOTIPIICHHS SKOCTI TEX-
HOJIOTIYHOTO TPOLIECY, 3HIKEHHS IPOLYKTHBHOCTI TOLIO.

JlocnifKeHHs] CUCTEM i3 Bifi’€MHUM Ry CTAHOBHTD
HE TUIBKM TPaKTUYHUH, a W TeopeTwuHHil iHTepec [8].
Jlo1iIbHUM € BHBYEHHsI OCOOJIMBOCTEH IUHAMIKH DO3i-
MKHEHHX cucTeM. Lle Mae ceHc He TUIbKM uYepe3 IIHpOoKe
3aCTOCYBaHHS iX y HPakTHIi, a § TOMY, 10 Ha MPOCTUX
MIPUKJIaJax MOKHA 3aCBOITH BHKOPHCTOBYBAHHH METOJ
aHaizy ¥ MOKa3aTW BIUIMB THX YU IHIIAX 30BHIMIHIX
3BOPOTHHX 3B’SI3KiB HA IWHAMIYHI BIIACTHBOCTI 3aMKHEHO1

CHCTEMH II[0JI0 PO3IMKHEHOI.

CkyagHicTh HENHIHHOI TUCKPETHOI MOl iMITyJIb-
CHOTO TIepeTBOpIOBada (TOYHOI MaTEeMAaTHYHOI MOJei
{oro), 10 Tpamroe Ha HeJiHiIHE HaBaHTa)XKEHHS, pOOUTH
aHaJIi3 OCTaHHHOTO B aBTOMATHYHIN cHCTeMi crabimizamii
CTpyMy (3aMKHYTOI CHCTEMH YTPABIIHHA) BKpail BaXKKIM
[5]. ¥ Toif ke gac y pobotax [1, 5, 6] mokazaHo, 10 Ipu
3MeHIIeHH] nepiony komyTtauii 7 (7—0) HeniniiHI iMmy-
JbCHI CHCTEMH HaOJMKAIOThCS 3a BJIACTHBOCTSMH [0
niHiiHUX Oe3nepepBHUX cucreM [1, 5]. BpaxoByroun
BUCOKY 4YacTOTy KOMYTalil Cy4YacHHX IE€peTBOpPIOBAYIB
JUIsl eNIeKTPOTEXHOJIOTIH, 3aBAaHHs MMOOYAOBH X rpaHHY-
HUX Oe3NepepBHUX MOAEeIeH BUSBISETHCS JIyXKe MepCrek-
TUBHHM. Y cepeHeHi MOoJiesi HaOUIbII 3pydHi AJIsl Ipak-
THUKH, OCKUTBKH JTO3BOJISIOTH 3aCTOCOBYBATH JO HENiHIH-
HUX AUCKPETHUX CHUCTEM J00pe po3po0IieHi MEeTOau aHa-
T3y Ta CHHTE3Y JiHIHHUX Oe3MepepBHUX CHUCTEM.

Ipu npoeKkTyBaHHI KIFOYOBHX [PKEPeN KUBJICHHS LIU-
POKO 3aCTOCOBYIOTH Oe3lepepBHi JIiHIITHI MOAENI IMITyIIbC-
HUX TepeTBoproBadiB [1, 5]. ¥V pi3aux podorax oOrpyHTOBa-
Hi Ta LIMPOKO BUKOPUCTOBYIOTHCS 1X ycepeHEeH1 MOIE.

VY pobori [9], Hanpuka, HaBeaeH Oe3mepepBHi Ji-
HeapHu30BaHi MOJIEJ OCHOBHMX IepeTBOproBauiB. Mero-
JIMKa iX o0y10BH 06a3yeThcs Ha NPUITYICHH] BiJICYTHOCTI
y JApoceist akTUBHOTO onopy. Kpim Toro, BUKOpHUCTaHUHA
MiAXi HE JO3BOJISIE BpaXyBaTH BUXITHHMA OIp pKEpena
JKUBJICHHS, PUTBTP HA BXOZI IIEPeTBOPIOBAYA TOIIIO.

B poborax [4, 5] 3a3HaueHO HEOOXITHICTH OOIIKY
TIPY aHANI31 Ta CHHTE31 CHCTEM YIIPaBIiHHS IMITYIbCHUMHA
HEepPEeTBOPIOBaYaMH aKTHBHOTO OTIOPY KOJIa JPOCEIIL.

CTpykTypHi IUHAMIYHI MOJENI IMITyJIBCHHX IIepe-
TBOPIOBAYiB MOCTIIfHOT HANPYTH, IO MPAIIOIOTh Ha KOM-
IUICKCHE HABAHTAXCHHS 3 1 0€3 ypaxyBaHHS ONOPY JpO-
ceJis, OOTPYHTOBaHI, HANPUKIIAM, y podoTax [4-7].

B [8] po3risiHyTI 3arajibHi IMTaHHS JKMBJICHHS Ta B3a-
€MOJIii eJIEKTPHYHOI AYTH Bij JUKepena HalpyrH, KepoBaHO-
TO CTPYMOM Ta JPKEpelia CTpyMy, KEpOBaHOTO HAIIPYTOIO.

B [10] mocmimkeHO HKEpeno XKHUBICHHS 31 CTPYyMO-
BOIO XapaKTEPHCTUKOIO, SKE BUKOHAHE 3a HACTYIHOIO
OJIOK-CXeMOI0: JKepesIo 3MIHHOTO CTpyMy — TpaHcgop-
MaTOp — BHIPSIMIISY — IHAYKTHUBHICTH, IO MiAKITIOYEHA
HOCIIIIOBHO 3 IyTOBUM OIIOPOM.

OCKUTBKH IMITyJTECHHM TIEPETBOPIOBAY, IO MPAIOE HA
JIyrOBE HaBaHTa)KEHHsI, HEJIOCTATHHO BUBYEHHUH Y JiTEpaTypi,
3aBJIaHHs 1Ii€l CTaTTi — Mo0Y/0Ba Oe3MmepepBHOI MOICITI TIepe-
TBOPIOBaua Ta JIOCIIPKEHHS 0COOJIMBOCTEN HOro poOoTH.

Jani poOutkcst cipoba BUKOHATH aHalli3, BUKOPHC-
TOBYIOUHM TIPOCTy Oe3nepepBHY MOJEb NepeTBOpIoBaya,
110 BPaxOBy€ aKTUBHMH OIIp KIIIOYiIB, POCENs Ta BUXiM-
HUH OIip JyKepera >KUBJICHHS 1 MPAIIOIYoro Ha JTyroBe
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HaBaHTaXeHHA. [lependadaeTnes, MO PEryTIOBaHHS BHXi-
JTHOTO TIapaMeTpa 3IiHCHIOETECS 3a qormomororo [IITM-2.

MeTor0 cTaTTi € MOOyHOBa Ta JOCITIMKEHHS Hele-
PEpBHOI MOZETI IMITyJIBCHOTO JDKepesia BTOPHHHOTO eJe-
KTPOXKHBIICHHS, IO TIPALIIOE HA EIEKTPHYHY 3BapIOBAIbHY
Ta IJIa3MOBY IYTY.

MartemaTHyHuii onuc nepersoproBaya. Cxema 3a-
MIILIEHHS CHCTEMH JKUBJICHHS IS eJIeKTPOLYrOBOrO HaBa-
HTa)XEHHS, 10 BKJIIOYae HaBaHTakeHUi LC-QinbTp, KOpH-
rytounii npuctpiii (CD), monynsitop (M), mo peartizye
IIM-2, immynscauil nepersoproBau (PC), mo Gopmye Ha
BXOJi (DiNbTpa IMITYJIECH 3 aMILTITYAOI0 HANpPYTH >KUBJIECH-
H nU,, 1 TPUBAJICTIO, SIKa BU3HAYAETHCSA KOMYTAI[IITHOO
¢dyHKUiero kr MomymsaTopa, 1 qatdukiB Hanpyru VS i crpy-
My CS 3 koedirieHTaMu ky i Rcs BiAMIOBIHO, 300pakeHa Ha
puc. 1, me s CHOIMBHOCTI MOKa3aHO OImip R, BKIFOUCHHUN
mmapaieisHo KoHaeHcaTopy C BUXiTHOTO (QiIbTpa.

nU, <’D :

|
|
|
L

Puc. 1. Cxema 3aMillieHHS 3aMKHYTOI CTPYKTYpPH CHCTEMH
€JIEKTPOKUBIICHHS JJIs1 [yTOBOTO HABAaHTAXXCHHS 13 Bill' €eMHUM
nudepeHIiaIbHIM OIIOPOM

Ha puc. 1: i — mxepeno cTpyMmy, IO pO3IIsLAAETHCA
sK 30ypeHHs (3MiHa) CTpyMy HaBaHTaxeHHsA. Omip ry
BKJIIOYAE SIK BHXI/IHI OTOpH IIEPETBOPIOBAYA 1 BUIPSMIIS-
4a, Tak i OMiuHI BTpatu Apocens ¢imerpa. [lpu mpomy
OITip BTpaT MOXe 3ajexaTH Bif gactoTw [11-15]. HaBan-
TaXEeHHS (Ta30pO3psAOHUN TPOMIKOK) € IIOCIiZOBHO
3’eaHaHi mxepeno Hanpyru Uy i 1MHaMidHuUi ommip R .

[TepeTBoproBau Ha cxemi MPEACTABICHUI y BHUIIISI
CHIJIOBOTO YOTHPHUITOIIOCHHUKA 3 iH(GOpMAIIiHIM KepoBa-
HUM BxoqoM (puc. 1) [5, 16], ne n = wa; / wi = wy / wy.
Koediuient nepenaui mopynsiropa PC, sikuil y Hamomy
BUIAJIKY BU3HAUEHHH 5K ki(f), SIKIO CUTHAJI TIOMUJIKH HE
3aJIeXKHTH BiJl Yacy BU3HAYA€ETHCS CITiBBIJHOILICHHSIM:

kpwyr =T 1Up
ne U, — ammnityna (po3max) npo6oBoi ¢yHkuii (muiko-
noi0HOT HanpyrH), T — Mepioj PO3ropTKH.

3a3Buyaii R >> ry (30kpema R BiJCYyTHI, TOOTO R—0).

[To3HaumBIIM 32 JONOMOroI0 Z,(s) onepaTopHHiA
onip napanenbHoro 3’eqHanHsA C 1 Ryyp:

Zn(S) =- Rdlﬁ‘O/(l - SRd[ffOC):_ Rdlff()/(_ s+ 1), >0,
OTPHIMAEMO HACTYIHHH BHpa3 IepeNaToqHoi (QYyHKIi
(I1®) Buxigaoro LC-pimpTpa 3a HAPYTOIO:

Koy 2o 2l
Ziy(s) ry+sL+Z,(s)

=k 1 (s%k pLC + 5(L/(rs = Ryigro) + RpgC) + 1) 7" =

_ ky _ ky
T2 428 Tps+1 TP (s+ap) + o1

ae = RymC > 0 — crana yacy KoJjia BUXiHOTO KOHJIEHCa-
TOpAa, Req =TIy || (*Rdm()); kf = 7Rd;'/‘]0/(7Rdif/O + }”Z) >0 -
koediuieHT nepenadi (inbTpa Ha MOCTIHHOMY CTPyMI;
Z,(s) — BXiZIHUIA OTlepaTOpHUIA Omip perysiTopa rnpu R = co
y pexumi 6e3nepepBHoro ctpymy; Iy i ¢ — cranma yacy Ta
koediuieHT nemryBaHHs GUIBTPA, 110 BU3HAYAIOTHCS K

sz,/kac;ff/-:%\/k_f rs C/L+R1 JL/C |=

4iff 0
1 1
:Ex/E(I/Q+ds):E\/E(dr+ds); ar=EplTys

o :\/1/T}—a} :\/wg—a} ; a)g =1/(ksLC),

1 . .
ne Q=—,/L/C =p/rs — nobporuicts LC-(instpa 6e3
Ty
ypaxyBaHHS 3TacaHHs, [0 BHOCHTBCS OIIOPOM R, Ta percHe-
pauii; dy =-Sg7VL/C — perenepauis, IO BHOCHTHCS B
Jyroro);
d, =rgyC/L — 3aracaHHs, IO BHOCUTHCS B KOHTYp OIIO-

KOHTYp HaBaHTAXXCHHAM (CHCKT‘pI/I‘lHOIO

poM; p=4/L/C —XapaKTepuCTHKa KOHTYpY, IO YTBOPIOE
dineTp; d = d, + d; — IOBHE 3racaHHA (pereHeparis) KOHTY-
pY; Saig= 1/ Rago — nuepenuiiina kpyricts BAX nyru.

Juis cxemu Ha puc. | piBHSHHA, III0 BU3HAYAE CTPYM
y npoceini ¢inbTpa zNL Oyze TaKuM:

Z(s)i, = nDiiy, +nUpyd + Z,/(5)1 —(Z,,(5)/ Ryir )iy
e

Rdlﬁ‘()[szkf‘lzc-{' S
K(s)

CHMBOJI «~» TIOKa3y€ HECKIHYEHHO Majly 3MiHy 3MiHHOi
IIOJI0 3HAYEHHSI B TIEPIOIUMUHOMY pexumi; d = 2t, / T — xoe-
(himieHT 3anoBHEHHST; D — 3HAUeHHs KoedillieHTa 3all0BHEH-
Hsl Y BCTAaHOBJICHOMY (Trepiofiyaomy) pexnmi [17-20].

[Ipu C = 0 ocranHe piBHAHHS HaOy/e BUTISLY

7 B 7 - 170 /Rdijfo + (nD/RdeO)Em + (I’l Ul'n /Rdlij)d
L= .
! S[L /(I’E — Rdlff())] +1
BubpaBmm B SKOCTI BUXIOHOI 3MIHHOI CTPyM IyTH
igre = 1y, AKAN HE 30iraeThCs 31 3MIHHOIO CTaHy, OTpUMAE-

MO TepeaTo4Hi (YHKIT M0 KepyH4dOMYy BIUIUBY «CTPYM
JIyTH — KEPYIOUYUM CUTHAID»:

Tye(s) Z,(5)
= = I’lUl'n
d(s) Zy(s)+ Z,(s)
i M0 30ypIOBANLHUM BILIMBaM — YyTJIMBICTh CTPYMYy OYTH

JI0 3MIHU BXIZHOT HANPYTH U;, 1 10 CTPyMY, IO 30ypIoE, I i
HaTpy3i Uy:

+R,
rs ~Rapro

kp(~zs+1)

¢C |+1]

Z(s)

Sdlff = nUinK(S)Sdi)j“ 5

T (5) - Lae(®) .
(7[,—(:) = nDK(s)Sdlﬁ« N TS; = _Zl (S)K(S)Sd[ff 5
Toe(s) __ 2 _
l70(s) =—(s"LC+srsC+DK(s)Syp7 »

ne Z(s) = Ls + ry— onepaTopHHii Omip Koja APOCEsl.
BusznaueHHss mnapaMeTpiB He3MiHHOI 4YacTHHH
cxeMu. 3HaleMo CKJIAIOBI KoedillieHTa MOCHUICHHS
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He3MiHHOI YacTHHU. BuOpaBmm KpyTH3HY JaTduKa CTPy-
My Rcs = 0,75 MOM, BU3HA4a€MO BiJHOCHUH KoedillieHT
curainy CS k; = 82 Ta xoedinient nocunenns 111IM
kpyas /T =F(TIU,)1/T)=F/U, =1/25=04B7",

ne Qaxrop mynbcaniit F npuiasaTwii pisamMm 1; U, = 2,5 B
— aMIutiTYa (po3Max) MIIIKOOJI0HOT HAaNPyTH.

KoedimieHT mocuneHHsS HE3MIHHOI YAaCTHHH MPH
kp=1taF=1

ko = kikpwpnU,y (Res /= Ryigro) I T =

=-82-250-0,4-75-1072/0,49 = —12,55.

YacroTy nepeMuKaHb NPUHHATO piBHOO 26 KI 1y, 1H1Y-
KTUBHICTB Jpocers Buxigaoro LC-¢imsrpa — L = 300 Mx[H,
a €MHICTh BHXIJIHOTO KOHJEHCATOpa, IO 3aJISKUTH Bil
BUMOT, 10 BHCYBaThcst — C = 3 MKD, s = 0,01 Owm,
Raigo = 0,49 Om [21].

JlocriTkeHHs1 PO3IMKHYTOI CHCTEMH <«(IKepeJIo JKH-
BJIeHHS — ayra». CtBopumo 00’ ekt MATLAB — 6e3nepep-
BHI MaTeMaTH4Hi MOJIeNi Haloro 00’exTa y Gopmi repena-
TouHMX QYHKIIN (fransfer function form). Binnoinmto Oyne
HACTYITHUH pe3ybTaT y KOMaHJHOMY BikHi (a0 1).

Tabmums 1
INepenarouni GyHKIT 06’ €KTa

Ne [Mepenarouna ¢pynkis™*

416.4
1 -10 2
9:-100" -5 —0.000612-s +1

208.2

2

9.10719. 5% ~0.000612 -5 +1
—0.000612 -5 +416.4

9.1071%.52 - 0.000612 -5 +1
~0.000306 - 5 +208.2

9-1071°-5% —0.000612 -5 +1
*papiant 1, 2 — IO «CcTpyM Ayru — Kepyrodwil CHrHAID) 3
kcr = 33,18 1a kcg = 16,59; Bapiantu 3, 4 — [1D «cTpy™ apocens
— Kepyrounid curHaim» 3 kcg = 33,18 1a kg = 16,59.

Just TI® 06’ekra 3-4 OKa3HUKH JOPIBHIOIOTH: MOPS-
JIOK Ta iHAEKC HEeCTIMKOCTI JOPIBHIOIOTH IBOM 71 = §, = 2,
CTyMiHb rc =n —m =2 — 1 = 1, iHIEKCH anepionuyHol Ta
KOJIMBAIGHOI HEHTPAIEHOCTI JOPIBHIOIOTH HYIMIO S, = 5, = 0,
iHIeKC HeMiHiManbHO-(a30BoCTi s, = 1, KoedirieHT mo-
CUIIeHHSI k = kokcp. 3aBIaHHS ITUX MTOKA3HUKIB Ta KOeiIi-
€HTa MOCHICHHS k BimoOpaxae cytresi pucu [1D W(s) Ta
HAMH MO>XKHa XapaKTepU3yBaTH Ti YU IHII BIACTHBOCTI
CHCTEMH, IO BU3HaUaloThes miero [1D [22].

Iepeximni xapakrepuctuku (I1X) mis BapianTiB 1, 3
TIOKa3aHo Ha puc. 2. PO3IMKHYTI cuctemMu HecTiiki s, = 2>0.
Hiarpamu HatikBicta A7t pO3TIITHYTHX BapiaHTIB ITOKAa3aHO
Ha puc. 3. Sk cBiquuth puc. 3, AUX xomHOro pasy He 0XO-
ILTI0E TOUKY —1, j0, TOMY 3aMKHYTi CHCTEMH TaKO>K HECTIHKi.

Bxinnuit onip cuinosoi yactuau (CH) BiImoBiIHO 10
CXeMH Ha puc. | B omepaTopHiit popmi
Sk LC+s(- LIR gy —15) — RegC)+1

Zio()=—(Ryipro —15) — ,
—7c

4

ae 7¢ = RyyC > 0 — cTana yacy KoJjia BUXITHOTO KOHJIEH-
caropa; R, = 7z || (—Raip); kr = Rago / (Raygo — 75) — xoedi-
Li€HT Tiepenadi GiTpTpa Ha TOCTIHHOMY CTPYMi.

Jlerko nokasaTw, 1110 ii BUXiZAHUIT OMip BU3HAYAETHCS
BHPa3OM
sL+ry

LC+s(-LIRygro—15)+ RegC)+1

Zoo(s) =ky 7
N f

Siep Response
T T

Time (sec) w100

Puc. 2. I'pacpixu I[IX necridikux cuctem: Bapiant 1 (1), Bapiant 3 (3)
Nyquist Diagram

Imaginary Axis
o

Real Axis:
Puc. 3. liarpamu HaiikBicTa ais HECTIHKHUX CHCTEM:
BapiaHT 1 (1), BapianT 3 (3)

OCKIJTBKY omip BTpaT JOCUTh MaJHH, TO

/C
Zoo(S): 3 5 .
s —S/(Rdiﬁ'oC)-i-l/(LC)

M

[omiTuBIIH, IIT0 Y 3aTATFHOMY BHIIAJIKY 1/ VLC =,
— UaCcTOTa BJIACHMX KOJNWBAaHb KOHTYpy 0e3 BTpar i
a=-0,584/C=-0,509)0 — Koebili€HT 3aracaHHs KOH-
Typy, HEpENUIIEMO BUpa3 HACTYIHUM YMHOM (IIPU LOMY

OCHOBHI YMOBU BHOUpAIHCS TaK, 100 MOTIM BHHUKHYTH
HECTIHKOCTI)

s/C
Zoo(s) = — S (a>0).
sT=2as+
B LBOMY BUNAAKY a)ozl/\/L =

=(V300-107°-3-1070)7" =33,33-10° ¢ a0 fy = 5,307 k'L

OTmxe, y pa3i HECTIMKOCTI 4acTOTa 3allOBHEHHS aB-
TOKOJINBaHb, 110 BUHUKAIOTH y JIIHIHHOMY peXuMi, OIu-
3bKa JI0 YaCTOTH BIACHHUX KOJIIMBaHb KOHTYPY fo.

Sxmo C =0, TO

Z00(s) = SL(=Tjpaqs + 1", @)
1€ Tioqa = L / Ryip > 0 — cTana gacy Kosia HaBaHTaXKEHHL.
Bapiantu (puc. 4) 3anexxHocTeil MOAYJIs 1 apryMeHTy
BXigHoro omopy CY iMITyJBECHOTO JpKepena eIeKTPOXKHB-
JIEHHS 3 TApaJIeNIbHOI0 EMHICTIO EEKTpUYHIl 1y3i 1 6e3 Hel
MaloTh 4acTOTHI XapakTeprcTuku (UX), 110 30iratoThesL.
Brmmspkicts UX CBiqUUTH TIPO MOAIOHICTH 1 Mal Bin-
MIHHOCTI B TIEpPEXiTHUX TPOIecax 3a OCHOBHUMH IOKA3HHU-
KaMH SIKOCTi. TakuM YHHOM, CXEMa, L0 PO3TIISIAEThCS 3
BUXIJHUMH JaHUMH, TIPUIHATHMH B NaHIA CTATTI, Ma€ 4yac-
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TOTHHH KOe(ILIEHT mepeadi Takoro K BUIY, IO 1 HEMiHi-
MaJbHO-(a3oBa  ((hazoorepexyBajbHa) JaHKa IEepIIoro
TOPSIIIKY

Z(jo)=k(go-1),
I[Ck:Rd,-ﬁ,‘[:L/RdWo>O.
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Puc. 4. YacToTHI XapakTepHCTHKHU BXigHoro immenancy CU
JDKeperia )KUBJICHHS], HABAaHTKEHOTO Ha IEKTPHYHY IyTY,
it C=0Ta C=3 Mxd

I'padixn AUX st Buxinsoro imnenancy CY, moOymo-
BaHi BigmoBizHO 110 BupasiB (1), (2), 300pakeHi Ha puc. 5.
3aznaunmo, mo 3a C # 0 mana CY € mMpOKOCMYTOBOIO
YaCTOTHO-BHOOPUOIO cHUCTEMOIO (B 707 / fo >> 1) 31 cMyTor0
riporrycKanHs By o7 = 100 k[
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Puc. 5. I'padiku AUX (Bropi) Ta ®UX (BHU3Y) BUXIIHOTO
iMIIe1aHCy KOHTYPY

JlorapugmiuHi XapaKTepUCTHKA MOJYJISI Ta (ha3u BXif-
Hoi nposigaocTi CU PC ju1s BUMaKy BiJICYTHOCTI €MHOCTI
Ha BUXOJIl IMITyJIbCHOTO cTabiti3aTopa CTpyMy — HECTIHKOTO
3 BiI’€MHUM CaMOBHUPIBHIOBAaHHSM arlepioINIHOT JTaHKH

Yio()=1/Zjo(s) = k(-1 + )" 3)

moOyoBaHi Ha puc. 6,a; miarpama Haifkicta mokasaHa Ha
puc. 6,0. AcHMITTOTHYHA XapaKTEpHCTHKA Mae, 3rimHo (3),
3maM y Touti @, = 1 / 7. Cmyra npomyckanas 0 — 465 I'm.

Ha puc. 7 HaBe#eHO aMILTITYAHO-4aCTOTHI Ta (a3o-
YaCTOTHI XapaKTEPUCTUKH CUCTEMHU «DKEPEJIO KHUBICHHS
— IIyra» B pO3iIMKHYTOMY CTaHi.

Bode Diagram
Gm=-6.33 dB (at 0 Hz), Pm=61.3 deg (at 465 Hz)
T

Magnitude (dB)

fa

o

-135

Phase (deg)

Frequency (Hz)

a
Nyquist Diagram

Imaginary Axis

-5 L L i
-25 -2 -15 -1 05 0

Puc. 6. Moayne ta apryment BxigHoro aamitrancy CU (a);
rozporpad HaiikBicra st naHoro BUNajaky (6)

Bode Diagram
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Magnitude (dB)

Phase (deg)
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Bode Diagram
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Puc. 7. A®UYX po3iMKHEHOTO KOHTYpY IMITyJIbCHOTO cTabimi3a-
TOpa CTPYMY IPH KepyBaHHI 33 BUXiJHUM CTPYMOM i, (1-2)
i ctpymoM npocens i; (3-4)

3 HaBezneHMX Ha pHC. 7 rpadikiB BUILUIMBAE, IO 3a-
MKHEHa CHCTeMa [Vl PO3IJIIHYTHX BapiaHTIB BHSABUTHCSA
HecTiHKoo (L(®) > 0, Pmargin(@) < 0; L — 0, Qrargin =
= —51,9° + 90,2°), ml0 BHOCHUTH JONATKOBI CKJIAIHOCTI Y
o0y I0BY CXeMH KepyBaHHsI IiepeTBoproBayeM [21].

3 xapakrepy ¢(w) Ta A(w) (puc. 7) BUIIMBAE, 110
noOyZoBa 3aMKHYTHUX CHUCTEM cTabimizamii ctpymy po3-
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IJISIHYTOTO MEPETBOPIOBAYa BHKJIMKAE TPYIHOLI, OCKIIb-
KU 320€3MeUnTH TOCTaTHIN 3armac CTIHKOCTI MPHU BUCOKO-
My Koe(iIliEHTI TOCHJICHHS B 3aMKHYTOMY KOHTYpIi JyXe
CKJIQJIHO 4Yepe3 Mayke IIBHAKE 30UTbIIEHHS (Ha30BOr0O
3cyBy (KyT |p| nepeBuitye 180°) mpu nMpakTUUHO HE3MiH-
Hilt AUX neperBoproBaua.

Takum 4rHOM, PO3TIBIHYTI Oe3mepepBHI Momeni Mo-
JKYTh BUKOPHCTOBYBATHCSI B TPOIIECI NPOEKTYBaHHS IIpH-
CTPOIB Ha OCHOBI IMITYJIECHUX TIEPETBOPIOBAYIB HAIIPYTH IS
HaBaHT)XEHb 3 Bil'€MHUM JU(EpeHIIIHHAM OMOpOM: JiKe-
peN BTOPHHHOTO €JIEKTPOKUBJICHHS TOLIO, POBOIUTH JIO-
CJTI/DKEHHST OCHOBHHX BJIACTUBOCTEH 11X MEPETBOPIOBAYIB.

Bucnoskmn.

1. MeTtonoM ycepenHeHHs Ta JiiHeapu3alii oTpuma-
Hi BHpa3W U YaCTOTHOI IepenaToqHoi (yHKIii, BXiTHO-
ro Ta BHXIJHOTO OINOPY IMITYyJIbCHOI'O IEPETBOpIOBaYa
Hapyrd, MO TMpalioe HA IyroBe HaBaHTAXKEHHSA 3
Bil’€MHUM AU(EPEHLIHHUM OTIOPOM.

2. [lepenarouni ¢pyHKIIi TEpeTBOPIOBAaYA 3 BUXOJOM
3a CTPYMOM IIyTH 1 CTPYMOM JIpOCelii HE € MiHIMaJIbHO
¢dazoBumu. LM mosicHIOETBCS XapakTep (Pa3oBUX Xapak-
TEPUCTUK TIEPETBOPIOBaYa 1 CKJIaJHICTh CUHTE3Y peryJs-
TOPIiB CTPYMY [UIS HBOTO.

3. JlocmipkeHO 4acTOTHI aMIuTiTYAHI Ta (a3oBi xa-
PaKTEpPUCTHKU ISl IMITyJILCHOTO IIE€pEeTBOPIOBAYa Harpy-
T 3 BUXOJOM IO CTPYMY OYTH Ta CTPyMy APOCEJIs.

4. Tlepenarouni ¢ynkuii Ge3nepepBHOI Mozemni 3a
CTPyMOM JAYTH Ta CTPYMOM JIpoceis Ipu 3aJaHuX Iapa-
METpax OJHAKOBi, IO HEOOXiTHO BpPaxOBYBaTH IIiJ Yac
IPOEKTYBaHHS PETYJIATOPIB.

Konduaikr inTepeciB. ABTOpH CTaTTi 3asABISAIOTH
PO BiJICYTHICTh KOHQIIKTY iHTEpECIB.

CIIMCOK JIITEPATYPU
1. Bepemaro E.H., Koctiouenko B.1. Moderuposanue ucmoy-
HUKO8 NUMAHUs Ol 91eKMPONIA3MEHHBIX U C6APOUHBIX MEXHO-
noeuti. LAP Lambert Academic Publishing, 2022. 112 c.
2. Paton B. E. Advanced studies and developments of the E.O.
Paton Electric Welding Institute in the field of welding and
related technologies. Automatic Welding, 2018, vol. 11-12, pp.
5-18. doi: https://doi.org/10.15407/as2018.12.01.
3. Bepemaro E.H., Ksacuuukwmii B.®., Mupomnnuenko JLH.,
ITenrero N.B. Cxemomexuuxa uneepmopHoix uCMoyHuKo8 numa-
Hust 01 dyeoeou naepysku. Huxonaes: YIMTY, 2000. 283 c.
4. Jenuctox C.IL., [depes’ssuko H.I'. Ilpomucnosa enexmponi-
ka. Mooentogannsa npucmpois cunogoi enexkmponiku 6 MATLAB
Simulink. Kuis: KI1I im. Irops Cikopebkoro, 2019. 95 c.
5. JlazapeB 10.®. Mooenwsanna oumamiunux cucmem 'y
MATLAB. Enexmponnuii naguanvhui nocionux. Kuis: HTYY
«KIII», 2011. 421 c.
6. Taescbkuit O.1O., IBanuyk B.}O. Ocnosu nepemsoprosans-
noi’ mexnixu. Ipaxmuxym. Kuis: KIII im. Irops Cikopcekoro,
2023. 63 c.
7. bonmap P.I1., [logoneue O.1 Moodentosanmns enexmpomex-
niynux npucmpois. K.: KHYBA, 2012. 391 c.
8. Cupopen B.H., [leareros U.B. Jemepmunuposannwlii xaoc
8 HeluHelHbIX yenax ¢ dnekmpuyeckoli oyeou. Kues: MexayHa-
poanas accouumanus «Ceapkay, 2013. 272 c.
9. Chetty P.RK. Switch-mode Power Supply Design. Tab
Professional and Reference Books, 1986. 179 p.
10. Bonkos U.B., I'y6apesnu B.H., Cmpun B.M. VYcroitun-
BOCTb CHCTEMBbI HCTOYHHK TOKa — DJIEKTPHYECKas yra ¢ OTpH-
Lare’abHbIM AuddepeHInaNbHbIM CONPOTHBICHUEM. TexHiuHa
enexkmpoounamixa, 1998, Ned, c. 43-45.
11. Vereshchago E., Kostiuchenko V., Hrieshnov A. Calculation and
Analysis of Dynamic Properties of a Soft Switching Converter under
Operation on the Arc Load. 2020 IEEE 40th International Conference

on Electronics and Nanotechnology (ELNANO), 2020, pp. 820-825.
doi: https://doi.org/10.1109/ELNANO50318.2020.9088776.

12. Chen G., Sun Q., Hu T., Guo Q. A Novel Digital Control
Algorithm for a DC-DC Converter in Plasma Application. 2011
Asia-Pacific Power and Energy Engineering Conference, 2011,
pp. 1-4. doi: https://doi.org/10.1109/APPEEC.2011.5748827.

13. Pastor M., Dudrik J., Revak O. High-Frequency soft-
switching DC-DC converter with full-bridge output rectifier.
2016 IEEE International Power Electronics and Motion Control
Conference (PEMC), 2016, pp- 110-115. doi:
https://doi.org/10.1109/EPEPEMC.2016.7751983.

14. Bordry F. Power converters: definitions, classification and
converter topologies. In Proc. CAS—-CERN Accelerator School
and CLRC Daresbury Laboratory: Specialized CAS Courseon
Power Converters, Warrington, UK, 2004, pp. 13-41.

15. Zulauf G., Tong Z., Plummer J.D., Rivas-Davila J.M. Active
Power Device Selection in High- and Very-High-Frequency
Power Converters. IEEE Transactions on Power Electronics,
2019, vol. 34, no. 7, pp. 6818-6833.  doi:
https://doi.org/10.1109/TPEL.2018.2874420.

16. Kwon M.-J., Kim T.-H., Lee W.-C. Analysis of the Gain
Characteristic in LLCC Resonant Converter for Plasma Power
Supply. The Transactions of The Korean Institute of Electrical
Engineers, 2016, vol. 65, no. 12, pp. 1992-1999. doi:
https://doi.org/10.5370/KIEE.2016.65.12.1992.

17. Suntio T., Hankaniemi M., Karppanen M. Analysing the
dynamics of regulated converters. [EE Proceedings - Electric
Power Applications, 2006, vol. 153, no. 6, pp. 905-910. doi:
https://doi.org/10.1049/ip-epa:20050481.

18. Hankaniemi M., Suntio T., Sippola M., Oyj E. Load-
Impedance Based Interactions in Regulated Converters.
INTELEC 05 - Twenty-Seventh International Telecommunica-
tions Conference, 2005, pp- 569-573. doi:
https://doi.org/10.1109/INTLEC.2005.335161.

19. Lee B.-H., Kim M.-Y., Kim C.-E., Park K.-B., Moon G.-W.
Analysis of LLC Resonant Converter considering effects of
parasitic components. INTELEC 2009 - 31st International Tele-
communications Energy Conference, 2009, pp. 1-6. doi:
https://doi.org/10.1109/INTLEC.2009.5351740.

20. Hankaniemi M., Suntio T. Dynamical Modeling and Control
of Current-Output Converters. International Journal on Energy
Conversion (IRECON), 2019, vol. 7, no. 5, pp. 197-206. doi:
https://doi.org/10.15866/irecon.v7iS5.18544.

21. Vereschago E., Kostiuchenko V., Novogretskyi S. Analysis
of dynamic characteristics of the inverter operating on a com-
plex load. Eastern-European Journal of Enterprise Technolo-
gies, 2020, wvol. 5, mno. 5(107), pp. 23-31. doi:
https://doi.org/10.15587/1729-4061.2020.215145.

22. Kynueuu B.M., Yexosoii 0.H. Heauneiinvie cucmemoi
VNPABNEHUst ¢ YACMOMHO- U WUPOMHO-UMNYIbCHOU MOOYAAYU-
eti. K.: Texnika, 1970. 340 c.

REFERENCES
1. Vereshchago E.N., Kostiuchenko V.I. Modeling of power
sources for electroplasma and welding technologies. LAP Lam-
bert Academic Publishing, 2022. 112 p. (Rus).
2. Paton B. E. Advanced studies and developments of the E.O.
Paton Electric Welding Institute in the field of welding and
related technologies. Automatic Welding, 2018, vol. 11-12, pp.
5-18. (Ukr). doi: https://doi.org/10.15407/as2018.12.01.
3. Vereshchago E.N., Kvasnitsky V.F., Miroshnichenko L.N.,
Pentegov 1.V. Circuitry of inverter power supplies for arc load.
Nikolaev, UGMTU Publ., 2000. 283 p. (Rus).
4. Denisyuk S.P., Derevyanko D.G. Industrial electronics.
Modeling of power electronics devices in MATLAB Simulink.
Kyiv, Igor Sikorskyi KPI Publ., 2019. 95 p. (Ukr).
5. Lazarev Yu.F. Modeling of dynamic systems in MATLAB. Elec-
tronic study guide. Kyiv, NTUU «KPI» Publ., 2011. 421 p. (Ukr).
6. Gaevskyi O.Yu., Ivanchuk V.Yu. Basics of conversion technol-
ogy. Kyiv, KPI named after I. Sikorskyi Publ., 2023. 63 p. (Ukr).
7. Bondar R.P., Podoltsev O.D. Modeling of electrical devices.
Kyiv, KNUBA Publ., 2012. 391 p. (Ukr).

Enexmpomexnixa i Enexmpomexanixa, 2023, Ne 5

35



8. Sidorets V.N., Pentegov 1.V. Deterministic chaos in non-
linear circuits with an electric arc. Kyiv, International Associa-
tion «Weldingy», 2013. 272 p. (Rus).

9. Chetty P.RK. Switch-mode Power Supply Design. Tab
Professional and Reference Books, 1986. 179 p.

10. Volkov LV., Gubarevich V.N., Spirin V.M. Stability of the
system current source - an electric arc with a negative differential
resistance. Technical Electrodynamics. 1998, no. 4, pp. 43-45. (Rus).
11. Vereshchago E., Kostiuchenko V., Hrieshnov A. Calculation and
Analysis of Dynamic Properties of a Soft Switching Converter under
Operation on the Arc Load. 2020 IEEE 40th International Conference
on Electronics and Nanotechnology (ELNANO), 2020, pp. 820-825.
doi: https://doi.org/10.1109/ELNANO50318.2020.9088776.

12. Chen G., Sun Q., Hu T., Guo Q. A Novel Digital Control
Algorithm for a DC-DC Converter in Plasma Application. 2011
Asia-Pacific Power and Energy Engineering Conference, 2011,
pp. 1-4. doi: https://doi.org/10.1109/APPEEC.2011.5748827.

13. Pastor M., Dudrik J.,, Revak O. High-Frequency soft-
switching DC-DC converter with full-bridge output rectifier.
2016 IEEE International Power Electronics and Motion Control
Conference (PEMC), 2016, pp- 110-115. doi:
https://doi.org/10.1109/EPEPEMC.2016.7751983.

14. Bordry F. Power converters: definitions, classification and
converter topologies. In Proc. CAS—-CERN Accelerator School
and CLRC Daresbury Laboratory: Specialized CAS Courseon
Power Converters, Warrington, UK, 2004, pp. 13-41.

15. Zulauf G., Tong Z., Plummer J.D., Rivas-Davila J.M. Active
Power Device Selection in High- and Very-High-Frequency
Power Converters. IEEE Transactions on Power Electronics,
2019,  vol. 34,  no. 7,  pp- 6818-6833. doi:
https://doi.org/10.1109/TPEL.2018.2874420.

16. Kwon M.-J., Kim T.-H., Lee W.-C. Analysis of the Gain
Characteristic in LLCC Resonant Converter for Plasma Power
Supply. The Transactions of The Korean Institute of Electrical
Engineers, 2016, vol. 65, no. 12, pp. 1992-1999. doi:
https://doi.org/10.5370/KIEE.2016.65.12.1992.

17. Suntio T., Hankaniemi M., Karppanen M. Analysing the
dynamics of regulated converters. /EE Proceedings - Electric
Power Applications, 2006, vol. 153, no. 6, pp. 905-910. doi:
https://doi.org/10.1049/ip-epa:20050481.

18. Hankaniemi M., Suntio T., Sippola M., Oyj E. Load-
Impedance Based Interactions in Regulated Converters.
INTELEC 05 - Twenty-Seventh International Telecommunica-
tions Conference, 2005, pp- 569-573. doi:
https://doi.org/10.1109/INTLEC.2005.335161.

19. Lee B.-H., Kim M.-Y., Kim C.-E., Park K.-B., Moon G.-W.
Analysis of LLC Resonant Converter considering effects of
parasitic components. INTELEC 2009 - 31st International Tele-
communications Energy Conference, 2009, pp. 1-6. doi:
https://doi.org/10.1109/INTLEC.2009.5351740.

20. Hankaniemi M., Suntio T. Dynamical Modeling and Control
of Current-Output Converters. International Journal on Energy
Conversion (IRECON), 2019, vol. 7, no. 5, pp. 197-206. doi:
https://doi.org/10.15866/irecon.v7i5.18544.

21. Vereschago E., Kostiuchenko V., Novogretskyi S. Analysis
of dynamic characteristics of the inverter operating on a com-
plex load. Eastern-European Journal of Enterprise Technolo-
gies, 2020, wvol. 5, mno. 5(107), pp. 23-31. doi:
https://doi.org/10.15587/1729-4061.2020.215145.

22. Kuntsevich V.M., Chekhovoy Yu.N. Nonlinear control
systems with frequency and pulse width modulation. Kyiv,
Tekhnika Publ., 1970. 340 p. (Rus).

Haoiuwna (Received) 08.11.2022
Iputinama (Accepted) 07.02.2023
Onybnixosana (Published) 01.09.2023

How to cite this article:

Bepewazo €seen MuKOﬂalioguql, K.M.H., 00Y.,
Kocmiwouenko Bimaniu Isanoeuql, K.M.H., 00Y.,
Hosozpeyviuii Cepeiti Muxonatiosuu', x.m.u., doy.,

! Hanionanesiii yrisepcuter kopabaeOy1yBaHHs

iMeHi agMipana Makaposa,

54025, Mukomnais, np. I'epoiB Ykpainuy, 9,

e-mail: venmkua@gmail.com;
vitalii.kostiuchenko@nuos.edu.ua (Corresponding Author);
sergii.novogretskyi@nuos.edu.ua

E.M. Vereshchago', V.I. Kostiuchenko', S.M. Novogretskyi'

! Admiral Makarov National University of Shipbuilding,

9, Heroyiv Ukraine Ave, Mykolaiv, 54025, Ukraine.

Analysis of a DC converter working on a plasma arc.
Introduction. The article is devoted to the analysis of a stabilized
direct current converter operating on a plasma arc. Electro-
plasma technologies of the new generation cause the need to
design workable systems that provide control of technological
processes and their dynamic optimization in real time. The im-
provement of any electroplasma technology begins with the im-
provement of the operating parameters of the main element of
plasma installations — the power source. Goal is to build and
study a continuous model of a pulsed source of secondary power
supply, which works on an electric welding and plasma arc.
Methodology. In the work, a mathematical description of the
converter was performed. The continuous model of the system is
substantiated, taking into account its features, namely, the load
(gas-discharge gap) is a source of voltage and dynamic resis-
tance. The parameters of the constant part during circuit synthesis
are determined: the components of the gain of the constant part,
the relative signal coefficient of the current sensor and the PWM
gain. Studies of the open system «power source - arcy have been
carried out. Results. MATLAB objects were created - continuous
mathematical models of the object in the form of transfer func-
tions. The obtained transient characteristics for different options:
«arc current - control signaly and « inductor current - control
signaly showed that open systems are unstable. It was found that
in the case of instability, the filling frequency of self-oscillations
occurring in the linear mode is close to the frequency of natural
oscillations of the circuit. The dependence of the module and the
argument of the input resistance of the power part of the pulsed
power supply with parallel capacitance to the electric arc and
without it, which have matching frequency characteristics, is
established. The circuit considered with the initial data adopted in
this article has a frequency transfer coefficient of the same type as
the first-order non-minimum-phase (phase-shifting) link. Fre-
quency response graphs for the output impedance of the power
unit show that this power unit is a broadband frequency-selective
system with a bandwidth of By 7y; = 100 kHz. Originality. Expres-
sions for the frequency transfer function, input and output resis-
tance of the pulse voltage converter operating on an arc load
were obtained by the method of averaging and linearization. The
frequency amplitude and phase characteristics for the pulse volt-
age converter with an LC filter and the output according to the
arc current and the choke current were studied. The transfer
functions of the continuous model in terms of arc current and
choke current at the specified parameters are the same, which
must be taken into account when designing regulators. Practical
significance. The frequency characteristics of the input and out-
put resistances and transfer functions can be used when forming a
technical task for designing a power source to assess the stability
of the «pulse converter - arcy system and rational calculation of
input filters. References 22, tables 1, figures 7.

Key words: input and output resistance, filter, impedance,
stabilization system, stability, complex load.
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