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Abstract. Purpose of the article. Development of a theoretical justification for the stable operation of a circuit solution
for improving the voltage quality of a constant voltage (current) source with intermediate frequency conversion, which
allows reducing the ripple of the three largest harmonics. Development of a rectifier circuit, the smoothing filters of
which allow obtaining a significant reduction in ripple. Additional devices should not significantly increase the power
of the entire device. Method. During the study, methods were used to calculate the rectified voltage and calculate the
amplitude of harmonics, calculate the dimensions of the filters, calculate the required number of inverters, calculate
the power of additional inverters. An economic justification of the proposed method was performed: the power of
additional inverters does not significantly increase the total power of the device; the device can be used with a load of
any power, since the current does not depend on the load. Results. A method for smoothing the ripple of the rectified
voltage using inverters present on the three highest harmonics was developed. The power of the auxiliary inverter is
a third of the power of the smoothing filter. LC circuits are created, the output current of which does not depend on
the load, which allows the use of loads of any power. It has been proven that it is sufficient to install inverters only
on three fundamental harmonics, which significantly reduces the ripple coefficient. The dimensions of the filters have
been reduced by half. Scientific novelty. A comprehensive method of rectifying alternating voltage with frequency
converters for three fundamental harmonics has been proposed. The schematic solution allows you to obtain a rectifier
with additional inverters, but without significantly increasing the total power of the device. Practical importance. The
proposed method allows you to obtain high-quality voltage on a load of any power. The power of auxiliary devices does
not significantly increase the power of the entire device. The ripple coefficient of the rectifier is significantly reduced
due to the use of inverters on the three largest harmonics.

Key words: invertor; harmonic; direct current; frequency converter, filter; pulsations; load.

Anortanis. Mema cmammi. Po3po0ka TeOPETHIHOTO OOTPYHTYBaHHS CTIHKOI pOOOTH CXEMHOTO PIilIeHHS IS ITiIBU-
LICHHS SKOCTI HAIIPYTH JDKeperia IMOCTIHHOT HapyTrH (CTpyMy) 3 IPOMIKHHUM NEPETBOPIOBAHHSAM YaCTOTH, 10 JI03BO-
JIsi€ 3MEHIITUTH MYIIbCAIlii TPhOX HAHOITBITNX TapMOHIK. PO3p0o0Ka cXeMH BUIIPSMITTYA, 3TJI1a/KYBaIbHI (DLTBTPH SKOTO
JI03BOJISIFOTH OTPUMATH 3HAYHE 3MEHIICHHS myJbcaii. lonaTkoBi MpUCTpol He MOBHHHI 3HAYHO 30LIBIIYBATH HOTYX-
HICTh BCHOTO NPHCTPOI. Memoouxa. I1in 4ac BUKOHAHHS JOCITIIPKEHHS BUKOPHCTOBYBAJIMCh METOIH PO3PaxyHKY
BHIIPSIMIICHOI HANIPYTH Ta PO3PaXyHOK aMILUTITYIH TapMOHIK, PO3PaxXyHKH TrabapuTiB (iTBTPIB, PO3PAXyHKH HEOOXI -
HOI KiJIBKOCTi iHBEpTOPIB, PO3paxXyHKH IMOTYKHOCTI TONATKOBUX iHBEpPTOpiB. BUkOHAHO eKOHOMIYHE OOTPYHTYBaHHS
3aIPOIIOHOBAHOTO METO/IA: TIOTYKHICTh JOJATKOBUX 1HBEPTOPIB HE A€ 3HAYHOTO MiJIBUIICHHS 3arajbHOI MOTYKHOCTI
MPUCTPOIO; PUCTPiii MOYKHA BUKOPUCTOBYBATH 3 HAaBAaHTA)XXCHHSM Oy/b-KOT MOTY)KHOCTI, OCKIIBKH CTPYM He 3ajie-
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JKUTH BiJl HABaHTaXeHHsI. Pe3ynomamu. Po3po0ieHo MeTo 311a Ky BaHHsI MyJIbCALliil BUIPSIMIICHOT HATIPYTH 3 JIOTO-
MOT0I0 IHBEPTOPIB, 10 MPUCYTHI HA TPHOX BUIMX TapMOHiKax. [I0TyKHICTh I0MIOMI>)KHOTO IHBEPTOpA CKIIa€ TPETUHY
MOTYKHOCTI criaKyouoro ¢insrpa. CTBoproroThest LC-Kojia, Ha BUXO/I SIKMX CTPYM HE 3aJIC)KUTh BiJl HABAHTAKCHHSI,
1110 JI03BOJISIE BAKOPHCTOBYBATH HABAHTAXKEHHSI Oy/1b-5IKOT MTOTY»HOCTI. Jl0BeeHO, 1110 IHBEpTOPHU JIOCTaTHHO BCTAHOB-
JIIOBATH TIJIbKM Ha TPH OCHOBHI 'APMOHIKH, 1I€ JIa€ 3Ha4YHE 3MEHIICHHs KoediuieHTy mynbcanii. ['adaputn QinsTpiB
3MeHIIIeHI B [Ba pa3u. Haykoea Hogu3Ha. 3aipONIOHOBAHO KOMILIEKCHHI METO/ BUTIPSIMIICHHS 3MIHHOT HaIIpyTH 3 mepe-
TBOPIOBAYaMH YacTOTH JUIS TPHOX OCHOBHMX rapMoHIK. CXeMHE pillleHHs JI03BOJISIE OTPUMATH BHITPSMIISY 3 JIOAAT-
KOBUMH 1HBEpPTOpamH, ajie 0e3 3HaYHOTO MiJIBUILECHHS 3arajibHOI MOTYKHOCTI MPUCTPOIO. [Ipakmuuna 3Hauumicme.
3anpornoHOBaHUN METOJ JI03BOJISIE OTPUMYBATH SIKICHY Halpyry Ha HaBaHTaKEHHI Oyab-sikol moTyxHocTi. [lToTyxk-
HICTh JIOTIOMDKHHUX MPUCTPOIB HE JIa€ 3HAYHOTO ITiJIBUIIEHHS MOTY>KHOCTI Bchoro npucTporo. KoedimieHt mynbcaiit
BUIPSIMIISTYA 3HAYHO 3MEHIIIY€EThCS], 3aB/ISIKH BUKOPUCTAHHIO IHBEPTOPIB HAa TPHOX HAHOLIBIINX TapMOHIKAX.

KorouoBi ciioBa: iHBepTOp; rapMOHiKa; TTOCTIIHUI CTPpyM; IEPETBOPIOBAY YaCTOTH, (BIIIBTP, MyJIbCallii; HAaBaHTAXKEHHSL.

BCTYII

Bci enekrpoHHI NMpHUCTPOi CHOXHMBAIOTH ITOCTIHHY
HAarpyry, TOMy IpOILeC NepeTBOPEHHS 3MIHHOI HallpyrH
Ta CTPYMYy B IIOCTIHHY Halpyry i CTpPyM BHKOPHCTOBY-
€TBCS JIOCUTH YacTO, OTHKE TIEPETBOPEHHS TOBUHHO OyTH
JIOCTaTHBOT SKOCTI T4 EKOHOMIUHHM.

B ymoBax 3Ha4HOTO IMiZABHUIIEHHS BAPTOCTI EJIEKTPO-
eHeprii, miaBUIIeHHs KoediieHTa epeKTUBHOCTI Iepe-
TBOPEHHSI CTA€ CYTTEBOIO CKIJIAJOBOIO IIPU BHOOPI TOTO
YH HIIOTO PilICHHS.

IHOCTAHOBKA 3AJTAYI

3amaga po3pOOKH CKIAMAEThCA 3 BHOOPY CXEMHOTO
PpIIIEHHS Ta TEOPETUIHOTO OOTPYHTYBaHHSA CTiKOi po0o-
TH CXEMH 32 YMOBH 3a0€3MeueHHST BUCOKOT SKOCTI HAIpy-
TH JDKepena TOCTIHHOI HanpyTH (CTPyMy) 3 TIPOMIKHUM
NIEPETBOPIOBAHHSAM YaCTOTH.

AKTYAJIBHICTBb TPOBJIEMH

[lpun BumpsMiIeHHI 3MIHHOT Hanmpyru Ha BHXOJI
BUIIPSIMJISIYA MPUCYTHS MyJIbCyIO4a Hampyra, 1o CKJa-
Ja€TbCsl 3 MOCTIHHOT Ta 3MiHHOI CcKIanoBoi. SIKicTh
TaKol HAPYT'U OLIHIOETHCS KOe(ilieHTOM ITyJbcallii, 110
BU3HAYAETHCS CEPETHIM 3HAUCHHSIM BUIIPSIMIICHOT HATIpY-
I'M Ta aMILTITY/I0I0 OCHOBHOI (HaiO1IbIIIOT) TApMOHIKH.

OcCkilbKM  3MIHHA CKJIaJ0Ba MICTUTh TapMOHIKH
PI3HMX YacTOT, Ha HAaBaHTAXXEHHI MPUCYTHIH 3MIHHHUN
CTPYM, 1110 HETAaTUBHO BILUIMBAE HA EIEKTPOHHI NPUCTPOI.

TakuM 4YMHOM BHHHUKAa€ HEOOXIIHICT 3MEHIIMTH
myJbcallii HalOIbII ONTUMATBHAM CIIOCOOOM, a TAKOXK,
CXEMHE DIlICHHs TTOBMHHO OyTH €()eKTHMBHUM 3 E€KOHO-
MIYHOT TOYKH 30DY.

AHAJII3 OCTAHHIX JOCJIIXXEHb
I IYBJIIKALIA

Jns 3MeHmIeHHS ITynbcamid  BMXIJTHOI Halpyru
nocuigaukami [ 1, c. 4037] Oyna 3amporroHOBaHa CTpare-
Tisl yNpaBiIiHHS, 10 J03BOJISIE 3MEHIINTH 3arajibHe rap-
MoriuHe criotBoperHs (THD) BuxinHoi Hampyru iHBep-
Topa. Di3WyHA iHTEpIIpeTallisi CTpaTerii mojisrae B Mij-
KITFOYCHHI K BUXOIy ITYHTYIOUHX PE30HAHCHUX (PUIBTPIB
Ha YacToTax TI'apMOHIK TAaKUM UYHHOM, I00 CKIJIAJ0BI
TapMOHIYHOTO CTPYMY HE IPOXOIWJIM Yepe3 1HBEpTOp.
B pesynsrari Hanpyra THD migrpumyeTbest Ha HU3BKOMY

piBHI HaBiTh NPH MiAKIIOYCHHI HENTiHIHHOTO HaBaHTa-
sKeHHsl. OTPUMaHO JIOCTaTHIO YMOBY, IO TapaHTy€e CTa-
O1TbHICTH CHCTEMH.

[Tpu HasIBHOCTI JEKITHKOX BHITPSIMILTIOUUX MOMYIIIB,
CTPYKTYypa KepyBaHHs, 1[I0 3aCHOBaHa HA METOJI droop,
3abe3neuye aBTOHOMHY pOOOTY KOXKHOTO BHIPSIMIIS-
1040T0 MOIyJsi. Moy MiIKIIOYaloThCs MapaliesibHO.
3anporoHOBaHa CTpaTerisi KepyBaHHS JJO3BOJISIE OTpPH-
Mard BHUCOKY HPOIYKTHBHICTH 1 SIKICTh PEryJIrOBaHHS
[2, c. 726].

Jis 3axmcety iHpOpMAIlT BUKOPUCTOBYIOTBCS PEry-
mpOBaHI (GUIBTPH 13 3MIHHAMHU TMapaMeTpaMu B CKJIali
CHCTEMH TIEPETBOPEHHS €JIEKTPOCHEPTil IS KHUBICHHS
MIKpOIIPOIIECOPHOI cHcTeMU. MIKponporecopHa CHc-
TEMa TJIKITIOYAETHCS 1O BTOPHHHOTO HalliBIIPOBITHUKO-
BOTO JDKEpesa >KUBJICHHS 4Yepe3 PeryiaboBaHuil (iIbTp
3 MaCKyBaHHSIM CTpyMy crioxkuBaHHs [3, ¢. 101].

SIkmro cucrema Jry’e 4yTiauBa 10 3MiH HaBaHTAKEH-
HSl, TO KOJMBAHHSA HANpyrd Ha MIMHI MOXE BHKIUKATH
nepekic (a3, ane mpu IofaBaHHI HAKOIIMYIyBada €HEepril
JIO CTaTUYHOTO CHHXPOHHOTO KommeHcaropa (StatCom)
MOXXHAa KOMIICHCYBaTH 3MiHY MOTYXHOCTI. B po0OoTi
[4, c. 66] mpencTaBneHO AEKiITbKA CXEM KOMITCHCAITIT.

BIZOKPEMJIEHHA HEBUPIINEHNUX PAHIIIE
YACTHH 3ATAJBHOI TPOBJIEMHU

Jist 3abe3mneucHHs HaAiHOT pOOOTH CIOKHBaUiB
eHeprii NOCTIHHOTO CTPYMY BUKOPHUCTOBYIOTHCS pi3HOMA-
HITHI CXEMH TEPETBOPEHHS, ajie OUIBIIICTh cXeM abo He
3a0e3MeuyroTh MOTPIOHY SIKICTh BHIIPSIMIIEHOTO CTPYMY
abo € CKJIaJHUMH B MPOCKTYBaHHI Ta OOCIyroByBaHHI,
a00 He IpU3HaYeH] JUIs TIOTY)KHOTO HABAaHTAKEHHSI.

ToMy po3poOKa Ta BIPOBAIKCHHS CXEMHHUX PIIICHB,
1110 320€31eUYI0Th TiIBUILEHHS SKOCTI HAIIPYTH JpKepea
MOCTIHOT Harpyru (CTpymy) JUisi HaBaHTaXKEHb Pi3HOT
MOTY>KHOCTI — € BOYKJIMBUM 3aBJaHHSM JUIS JIOCJTiPKSHHSI.

META JOCJLIKEHHS

Mertol0 JIOCTI/DKEHHST € PO3poOKa TEOPETHUYHOTO
OOTpYHTYBaHHsI CTilikoi pOOOTH CXEMHOTO PIllICHHS JIJIs
ITiIBUIIEHHS SIKOCTI HANPyTH JPKEpelia MOCTIHHOT Hanpy-
ru (cTpyMy) 3 TIPOMIKHHM IEPETBOPIOBAHHIM 4aCTOTH.
Lle n03BOJIsIE 3MEHIINTH IyJbcalil TPhOX HAHOLIBIINX
TapMOHIK.
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METO/IH, OB’EKT TA MIPEJIMET
JOCIIKEHHS

Metomu NOCHIPKEHHS — aHaji3 Ta OOTpyHTYBaHHS
MOXKJIUBOCTEH BHKOPHMCTAHHS 1HBEPTOpa Ta OOTrpYyHTY-
BaHHS CXEMHM JUI 3MEHIIEHHS ITylbCaliid BUIPSMICHOT
HarpyTH.

OO0’ €T MOCTIHKCHHS — BUIPSAMIITY 3MiHHOT HAIPYTH
(cTpymy).

[IpeaMer nOCHiDKEHHS — TPOIEC BUIPSMICHHS
3MIHHOT HaNpyTy 3i 3MEHIIEHHSIM HU3bKOYAaCTOTHHX rap-
MOHIK.

BUKJIAJLl OCHOBHOI'O MATEPIAJTY

B cxemy Bumpsmisda 3MiHHOT Halpyru BCTaHOB-
JIOETHCS JTOIATKOBUIT 1HBEPTOP 3 IMOTPIHHOIO YaCTOTOIO
xomyTtauii (puc. 1). [lo Buxomy m-(pa3HOro BHIPSIMIIS-
ya UEII-1, napanenbHO HABaHTQKEHHIO MMiIKIFOYAETHCS
nonomikauit ogHodazumit METI-2, ne UEIT — ingyxTus-
HO-€MHICHUI nieperBoproBad. [1oTyXHICTh 1BOTO TEepe-
TBOpIOBaua HEBEIIMKA — BOHA JIOPIBHIOE MOTY>KHOCTI
mynbcanii ctpymy UEII-1. JJomomixkuamit UEII-2 otpu-
Mye€ JKUBJICHH BiJ mepeTBoproBada yactotu (I14) abo Bix
IHBEpTOpA, B 3aJIS)KHOCTI BiJ] KOHKpETHHX YMOB. YacToTa
omHO(a3HOI HANPYTH Taka, sK 1 9acTOTa MyNbCalliii Ha
BHXOJ1 BUNPSIMIISYA, @ CaMe:

Ju=2m .

Cxema MEII-2 Ta HamaromkeHHus il eIeMeHTIB 00HU-
paEeTbCs TaKUM YHHOM, MO0 3a0e3meunTH HeoOXiTHHA
3CYB i piBeHb 3MIHHOTO OHO(A3HOTO CTPYMY IIO BiITHO-
LIEHHIO J10 MYJbCYI0Yoro BunpsamieHoro crpymy MEII-1.
B 1ipoMy BUMajKy MOXHA OTPHMaTH Maike TOBHE YCy-
HEHHS MyJIbcaliii B CyMapHOMY CTPyMi HaBaHTa)KCHHS,
a 3a JIOIIOMOTOI0 3BOPOTHOTO 3B’SI3KY O CTPYMY, MOJKHA
JIOIATKOBO IABUIINTH SIKICTh cTaduIizamii ta Gpirsrparii
CTpyMy.
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Puc. 1. Bunpsmiisd 3MiHHOT HaIIpyTH 3 IEPETBOPIOBAYEM

[ocnioBHE 3’€1HAHHS JIBOX JKEpETl HAIIPYTH 3 Yac-
ToTamu f, i 3f abo mapasnenbHe 3’€HAHHS JIBOX JKEPET
CTpyMy Ja€ KPHBY BHIIPSIMIICHOTO IapaMeTpa, BUIIISA
SIKOTO BiJIIOBina€e puc. 2.

CepenHe 3HaUCHHS BUIIPSIMIICHOT HATIPYTH:

2\2E

Uy = %foﬂ(sin wt+ psin3wt)dwt = — (1+ g).
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Puc. 2. Hanpyra nmpu BCTaHOBJIEHHI JOIATKOBOTO iHBEPTOpa

CepenHeKkBaipaTHIHE 3HAUCHHS [IyMiB KBAHTYBaHHS
BU3HAYAETHCS 32 (POPMYIIOFO:

O = VU>
ne D — nucriepeis nIymiB KBaHTYBaHHS.
Bemmunna D 3HaxoauTcst 3a GOpMyYIIo:
D= %fD”Em(sin wt + psin 3wt) —U, I2dwt =

2V2 U4E
I

2
(ﬁ:) fo”(Sin wt + usin 3wt)? dwt — foﬂ(sm wt + psin 3wt)? dwt +

2 2
+ %fuﬂdwt = %fuﬂ(sinzwt + 2 sin wt + sin3wt +
2gin2 8e? ) x “ ) ﬁ( &)2
+u?sin?3wt)dw + = (1+-+—3 X coswt+3cos3wt += 1+3

[Ticns moganpIIuX NEPETBOPCHD OTPUMYEMO:

_28%[x 2 8E? “©\?

D=2+ )] =2 (1+5)

Jns po3paxyHKy (inbTpiB HEOOXiTHO 3HAWTH KOpe-
TAMIHHY QYHKIIO, TOTIM CIIEKTPaIbHY MIITBHICTS.

R(Y) = coswoty, B2 [1 - 2(1+ )] + cos3worm B [u? = % (1 + o) 4]
3HaX0AMMO CIIEKTPaIbHY IIIIBHICTD, SIKa BiIMOBIAAE
Kopessniiaii GyHknii R(t).
S(w) = ZEZ[l - % (1 + g)] fow COSWq Tpy COSWT dT + 2E2 [,uz _niz (1 +
+%) %] fom c0s3wq Tpy cOSWT dT = E? [1 - % (1 + g)] §(w —2wg) +

8 I
+EZ[ o— 1+—]5 -6
W =55 (143)[6@ ~ 6wy)
Jucniepciss BUMpsSMIIEHOI HAmpyTu micns (QiTsTpiB
BH3HAYAETHCSA 32 POPMYIIOIO:

Dy=5- 17, 8(w) Wa (@) ~ [ 8(w) Wy (jw)I?

s I'-nopi6HOTO QimBTPY:
Wy——__
4 L
LCw? + jog+1
Jie L— IyKTUBHICTh (DUIBTPY, ¢— EMHICTH (PUIBTPY, R —
omip GimbTpy.
Jlnst BU3HAYEHHS CTYIEHIO 3HIDKEHHS rabapuTiB
¢insrpa 3HaxomuMo Dy, Ipu 4 = 0.
EZ

Dcl)O = (4w?LyCo)

Buxonyroun po3paxyHku, oTpumyemo npu E=I1, mo
radaput (ijgbTPiB 3MEHIIYIOTHCS B JIBA Pa3H.
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CepeiHEKBaIpaTUYHE 3HAYCHHS BHIMX TaPMOHIK
B BUXIJJHOMY CHTHAJII BUIPSMJISIYA BHU3HAYAETHCSI BHPA-
30M:
1

A== la(t) — A )% dt

Bupa3s mis xoedirieHTa mybcaiii BUXiTHOTO CHTHA-
JIy BUIMPSIMJISTYA:

s

m? (1425541 Bsn)

A 8 ko Haks1)\?
a (1+22k+1 2k+1)

3 OCTaHHBLOI'O BUPa3y MO>KHA BCTAHOBUTH, 1110 OITH-
MaJjlbHe 3HA4eHHS ,,,; BU3HAYEHE BUXOJAYHU 3 MiHIMyMy
K,, 3Hax0omuThCs 3a (OPMYIIOH:

1

2K+1
OnTtumansHe 3HaueHHs K, npuiiMe BUIIsA:

Hokx+1 =

2 1
— X

8 1+Z‘2‘K+1(ﬁ)2 .

K, =

3 ¢dopmynu, mo Oynaa oTpuMaHa, BUTIKAE, IO 1CXOM-
Hull koedimient K,, mo nOpiBHIOE, TPH BiACYTHOCTI
Bunmx rapmonik, K, = 0.483, samkyerscsa npu K=1 no
0.332, a mpu K=2 no K, = 0.267. Takum yuHOM, CIIOCTE-
piraeThcst epeKTHBHE 3HIMKECHHS Koe(]ilieHTa myIbcarii
BUXIIHOTO ITapameTpa BUIIpAMIILYA.

Takwmii crioci0 103BOIsAE €PEKTHBHO 3HIKYBATH KOe-
¢imienT mynapcanii BUXiAHOTO TTapaMeTpa BUIPSIMIIIUIB,
B TOMY 4Hci 1 OaraTtoa3Hux, 3 )KUBJICHHAM 5K Bifl JKe-
peI HampyTH, TakK i BiX Ipkeped cTpyMy. Tak, B TPHITYIIb-
CHUX BHIPAMIISYAX KOCQIIiEHT Mynbcalliii BUXiTHOTO

napameTpa 3HWXKY€EThCs B ,9 pas, a B LIECTHITYIbCHUX —
B 11,62 pasu.

3aBJISIKH LIbOMY, 3HIKYIOTHCSI BCTAHOBIICHI IOTYKHOC-
Tl SIK CIVIQJKYBaJIbHUX (LIBTPIB, TaK 1 BCLOTO MPHCTPOIO,
TaK SIK MOTYXKHICTh F€HEPATOPIB BUIIMX FAPMOHIK BUTpPa-
Ya€eThCsl HE TUIBKHM Ha 3MEHINCHHs BenuunHu K, HO 1 Ha
30UIBIIEHHS CEPEeJHROTO 3HAYEHHs BUXIJIHOIO Iapame-
Tpa BUNpPsIMIISTYA. 3MEHILIEHHS! BCTAHOBJICHOT MOTYHOCTI
CIIJKYBArOUUX (DUTBTPIB TO3BOJISIE MIIBUIIUTH THHAMIY-
Hi OKa3HUKH IPUCTPOIB MPU KOMYTallii HaBaHTa)KEHHSI.

TakuMm 4yMHOM, NpY BBEAEHHI 3-1 TapMOHIKHM 3HMKY-
€ThCSl HAINPyTa Ta MOTY)XHICTh CHIJIOBHX IE€PETBOPEHb Ha
11%, TaKoX 3HMKYIOThCS TTapaMeTpH (LIBTPIB MPU OJIHA-
KOBIH sikocTi Hanpyru Ha Buxoi Ha 37,8%. Ilpu upomy
MOTYKHICTh JIOTATKOBOTO iHBEpTOpa cKianae 33,3%, Takum
YUHOM, 1€ OUIBIII JOITBHO 3 €KOHOMIYHOT TOUKH 30DY.

OBTOBOPEHHA OTPUMAHUX PE3YJIBTATIB

CyTTIO JaHOTO PIIIEHHSI € Te, 10 CTBOPIOIOTHCS
LC-xona Ha BUXO[Ii IKUX CTPYM HE 3aJI€KUTh BiJl HABAHTA-
JKeHHSI, TAKMM YHHOM, MOYKHA BUKOPHUCTOBYBATH HABAHTA-
JKeHHS OyIIb-SKO1 ITOTYKHOCTI, 2 BCTAHOBIICHHS iHBEPTOPIB
TLUTBKA Ha TApMOHIKH 1, 3, 5, gKi € HAHOITBIIUMHA 32 aMII-
JITY/IOF0, Ta€ 3HAYHE 3MEHIICHHS KOe(IMi€HTY TMyIbCaIliil.

BHUCHOBKHI

BpaxoByroun aHaii3 Ta oOIpyHTYBaHHS ITapameTpiB
CXEMHOT'O pillleHHs, BU3HAYEHO, IIO JI0JaBaHHs JI0 CXe-
MU BUIPSIMIISIYA THBEPTOPIB JJIsl KOXKHOT 3 TPHOX BHIIMX
TapMOHIK, Ja€ MOXJIMBICTh €(DEKTHMBHO 3MEHILIUTH KOe-
(diieHT mynbcarliii 0e3 3HaYHOTO MMiABUIICHHS 3arajibHOT
MOTYXKHOCTI IIPUCTPOIO.

PitieHHs € yHiBepcanbHUM, B 3B’13KY 3 TUM, 1[0 HOTO
MOKHa BHUKOPHCTOBYBAaTM B CXEMax 3 HaBaHTAKCHHSIM
Oy/1b-5IKOT OTY>KHOCTI.

(1]
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