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3anpononosano i 0ocnidxnceno cnocio KepysanHa mampudnum nepemsoprosavem (MII), sxuii bazyemvcsa Ha 3a2a1bHOMY
aneopummi pe2yno8antsa 6XiOHOI peaKmueHoi NOMYHCHOCMI i CAPAMOBAHUL HA NOINUIEHHS AKOCMI 8XIOHUX CIpYMi6 6
VYMOBAX HeCUMEMPUYHO20 HABAHMANICEHHS MA HEeCUMEMPUYHOT CUCeMU HANpYye Mepexci JHCUSleHHsA. 3 yieio memoio
PO32ISIHYMO npoyec (popMy6ants RPOCMopo6o2o eekmopa 6xionozo cmpymy MII sik pesyniomam cKiadanus 080X He3d-
JIeHCHUX CNOCO0i6 OUHAMIYHOTI MOOYAAYIT 11020 peakmusHoi cka1adosoi. Ilepwiuii 3 HUX 3ACHOBAHO HA 8U3HAYEHHI CNig-
BIOHOUIEHHS BUXIOHO20 i 8XIOHO20 CIMPYMi8 NPU CUMEMPUYHOMY HABAHMANCEHHT A HECUMEMPUYUHILL MePeXCi HCUBNEeHHS
3 YPAXYBAHHAM CUMEMPUYHOL CKIA0080I 360POMHOI NOCIIO08HOCMI 6XIOHOT Hanpyau, a Opyeull — NPU HeCUMEemMpPUYHOMY
HABAHMANCEHHI 3 YPAXYBAHHAM PEaKmMUuGHOl 4acmku CUMEmPUYHOL CKIA0080i 360pOMHOI NOCAIO0BHOCMI BUXIOHO20
cmpymy. Busnaueno poboui epanuyi, 6 sSIKUX 3anponoOHO6AHI CnOCoOU MOOYIsyil nosHicmio peanizyiomscs. Jlicgicme
3anPONOHOBAHO20 NIOX0OY NIOMBEPON’CEHO Pe3YIbMaAmamit MOOem08ants exionux cmpymie MII 3 ypaxysannsm peano-
HUX YMO8 KoMymayiil i OUCKpemuo2o ¢opmysanus yux cmpymis. bion. 13, puc. 5.

Knrouosi cnosa: MmaTpudHUi IepeTBOPIOBAY, BXITHUI CTPYM, MUTTEBA IMOTYKHICTh, HECHMETPis HABAHTAKCHHS.

Beryn. Marpuuni neperBoproBadi (MII) maroTh nesiki 0coOMHMBOCTI B TIOPiBHSHHI 3 1HIIIMMU TIEPETBO-
PIOBAILHUMH TIPHCTPOSMH: TIOJIIIIEHI Maco-rabapyuTHI MOKA3HUKH 3aBISKU BiJICYTHOCTI MPOMIXKHUX HAKOITH-
YyBayviB €JIEKTPOSHEPTii y BUTIISAI TPOMI3IKUX CHJIOBHUX PEaKTUBHIX KOMITOHEHTIB, BUIbHUI €HEProoOMiH Mix
MEpEKer0 JKUBJICHHS Ta HABAHTKCHHSM, IO J03BOJISIE KEPYBaTH BXIMHUM KOE(DilliEHTOM IOTY>KHOCTI, BUCOKI
JUHAMIiYHI XapaKTepUCTHKU Tolo. B Toit camuit uac MII 4yTimBi 10 nopyIeHb CUMETPIi 3 OOKY >KUBJICHHS YU
HAaBaHTA)XCHHS, 4 TAKOXK CIIOTBOPEHb BXIIHUX HAIIPYT Ta BHXITHUX CTPyMiB. SKIIIO MaTH Ha yBas3i, IO OCHOB-
HHUM IIPU3HAYCHHSM IIePETBOPIOBaya € 3a0e3neyeHHs TOTpiOHOT /11 HaBaHTA)XKEHHS [TOTOYHOI HAPYTH Ta MO-
TYXHOCTI, TO (QyHKIIT OT0 MPUCTOCYBaHHS IO YMOB >KUBIJICHHS! Ta HABAHTA)XCHHS Y 3B’S3KY 3 BiJICYTHICTIO
Oy(epHHUX HaKOMUYyBayiB 3BOASATHCS BHKIIOUHO 0 yAOCKOHAJICHHS alrOPUTMIB KEpyBaHHS CHIOBHUMH KITIO-
gaMH JTBOCTOPOHHKOI HpoBigHOCTI. [lominmrenns cymicaocTi MII 3 Mepexero XuBiIeHHs, TOOTO (popMyBaHHS
OB NPUUHATHUX U1 HET CHIOKMBAaHUX CTPYMIB y HEilealTbHUX YMOBAX 3i CTOPOHHU BXOIY UM BHUXOXY Tepe-
TBOPIOBaYa, MOXKJIMBE IIITXOM JOJATKOBOI MOAYJIAIIl peakKTUBHOI CKJIaIOBOI BXiTHOTO CTPYMY, IIIO HE TI03HA-
Ya€eThCsS Ha HEOOXIJHIH MHUTTEBIN TMOTYXHOCTI HaBaHTa)K€HHS. MOXKIMBOCTI PO3IIMPESHHS Jlialla30Hy PEryJio-
BaHHS BXiHOI peakTHBHOI MOTykHOCTI MII 1 3aBASIKM IbOMY BUKOPHICTAHHS BapiaHTIB MHUTTEBOI (Tak 3BaHOI
JUHAMIYHOT) MOAYJISILIT BXiTHOTO 3CyBY (ha3 MiXK HaIPYTOIO Ta CTPYMOM PO3IIISIHYTO Y YHCIEHHUX MyOmiKari-
sx, Harpukotan [1], [5]-[7], [9]-13]. 3okpema, aBTopaMu CTATTi 3aIPOIIOHOBAHO BapiaHTH aJTOPUTMIB Kepy-
BaHHs MII 11 popMyBaHHS BXiJHOTO CTPyMYy B YMOBaxX HECUMETPii HaIpyr Mepexi xuBjieHHs [2] abo HaBaH-
TaxeHHs [3]. Y maHoMy BHITQAKy pO3TVITHYTO OJHOYACHHUH AvcOaNaHC K BXiTHUX HANpYT, TaK i HABAHTaXKCH-
HS (peXUM TepeMOAYJILIl He pO3MIAAETHCS). 3aranbHO0 0a3010 3alpPONOHOBAHOTO ANTOPUTMY KEpPyBaHHS,
K 1 paHillie, € peryIioBaHHS BXiTHOI peakTHBHOI moTykHOoCTI MII nmumsixoM Oe3mocepeTHsoro 3aBaaHHsI Koe-
¢imieHTa nepeaavi BUXiHOTO CTPYMY B PEaKTHUBHY CKJIaJOBY BXiJHOTO CTPYMY SIK ITapaMeTpa, 10 BXOIUTH 0
KoeiIlieHTIB MaTpHIli Kepyrounx GhyHKITiH. Ha BiqMiHy Bix 3ramaHux Bumankis [2], [3], MOIyIISIIisS HAPSAMKY
MPOCTOPOBOTO BEKTOPA BXITHOTO CTPYMY 3AIHCHIOETHCS 3 OTJISILYy Ha CHMETPHYHI CKJIAJOBI 3BOPOTHOI HOCITi-
JTOBHOCTI OJHOYACHO SIK BXiTHOI HAIPYTH, TaK 1 BUXiTHOTO CTPYMY.

MeTto10 cTaTTi € po3podKa MPOCTOro i MPUAATHOTO IJISl MPAKTUYHOTO 3aCTOCYBAaHHSA METOIY PO3pa-
XYHKY BiTHOCHHIX TpUBajiocTel ctarionapaux ctaHiB MII Ha TakTti IIIIM i 3acHOBaHOTO HA HHOMY aJTOPHT-
My KepyBaHHS Ul HOJIMIICHHS (OPMH CHOKMBAHOT'O CTPYMYy B YMOBaX HECHMETpii Hampyr Mepexi >KUB-
JICHHS Ta HABAaHTKCHHSI B 3aJICKHOCTI BiJl TOKa3HUKIB ITi€T HECUMETPIi.

3MiHHI CTaHy MaTpUYHOT'O NIEPETBOPIOBaYA, IKUMH € BUXiIHI HANPYTH U, Ta BX1IHI CTPYMH iy, OTH-
CYIOThCS BUpa3zamu [7]
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3 3
Uoh = D Mpklif » ik = 2 Mpkion (1)
k=1 h=1
IIe My — eNeMeHTH MaTpulli 3x3 kepyrounx GYHKIIH, # — HOMep psaka MaTpulli (Homep BuximHOI dazn), k —
HOMEp CTOBHIS (HOMep BXifHOT (a3n).
EnemeHnTn MaTpuIi 3a10BOJIBHSIOTH YMOBaM
OSmhkﬁl, mhl+mh2+mh3=1. (2)
s ux eneMeHTiB oTpuMaHo HacTymHui Bupas (1) — (3):

Mpge = Apk + Moy » 3)
ae
Ay = 1,2 qcos[@i — (k- 1)2—”} cos[é’o —(n- 1)2—7[}— bsin{&i —(k - 1)2—”} cos{&o —0,—(h- 1)2—”} 4)
3 3 3 3 3 3
— (yHKIIOHAIEHO 00OB'SI3KOBA YaCcTHHA,

moy, = Re{moej(l—k)27z/3} (5)

— CUMETPHUYHA CKJIAJI0Ba HYJbOBOI MOCIIZOBHOCTI 777, NPOCTOPOBUX BEKTOPIB KEPYIOUUX QYHKIIH 71, , IO

PO3IIISIIAETHCSA SIK CTYIIHD CBOOOIH,

b=gqgcosg, tan g, (6)
— Koe(illieHT mepenayi BUXiIHOTO CTPyMy B PEaKTHBHY CKJIaJOBY BXiJJHOTO CTPYMY, ¢ — KOSQILiEHT nepeaadi
HarpyrH, 6; i 6, — MoTO4HI 3HAUYEHHS KYTOBUX MOJIOKEHb [IPOCTOPOBUX BEKTOPIB BX1IHOI Ta BUXiAHOI HALIPYT, ¢,
Ta ¢; — HOTOYHI KyTH 3CYBY (ha3 MiXK IIPOCTOPOBUMH BEKTOPAMH HAIIPYTH Ta CTPyMY Ha BHXOJi Ta Ha Bxoi MIL

3 3
3 (2) — (5) BuIumMBaE, 1O ZAhk =1, ZmOk -0. )
=1 k=1

AJITOpPUTM 3HAaXOJ/DKEHHSI €JIEMEHTIB MaTpHIli KepyrounX (YHKIIH 71, Moxe OyTH 3aCHOBaHHH HA TOMY,
IO CMOYaTKy OOpaxOBYIOTBCS CKIAJOBI Ay, MOTIM 3 KOKHOTO CTOBIIS OOMPAIOTHCS MiHIMAIbHI 3HAYEHHS 1 0
JTBOX 3 HUX, sIKi 3HAXOMIATHCS JIBIITIE HAa YUCIIOBIH 0Ci, TOOTO HANMEHIITNX B aJIreOpaiTHOMY CEHCI, IIPUPIBHIOIOTHCS 3
TPOTUIIEYKHIM 3HAKOM [IBA 3 TPHOX EJIEMEHTIB g, Y BIIIOBITHUX CTOBIIIISIX, @ TPETil aBTOMAaTUYHO MPUPIBHIOETHCS
JI0 iXHBOI CyMH 3 MPOTHIISKHUM 3HAKOM BiAToBiqHO 110 (7).

Leti anroput™ MOKHA TIPEACTABUTH TIO 1HITIOMY, SKIIO Brpasu (4) Ta (5) nepeopMyIIroBaTH TAKAM YHHOM:

A= %{q cos[é’i — (k- 1)27”}0{90 = 1)27”} bsin[&i — (k- 1)%”}0{90 ~p,—(h- 1)2—”}} ., (8

3
m'Ok :§+Re{1706j(l_k)2”/3}. &)
3 3
Le o3Havae, Mo > Ay =0, >om'y, =1. (10)
k=1 k=1

Toni MoBTOPrOEMO ONMCAHMI aATOPUTM BIZHOCHO BU3HAYEHHS MIHIMAJIbHHX 3HaueHb A4',, 1 IBOX elle-
MEHTIB m',, , @ TPeTiif aBTOMAaTUYHO 3HAXOANUMO IUIIXOM BiHIMaHHS LUX ABOX BiJ oAMHULI 3rifgHO 3 (10).

Onucanuii croci0 BU3HAYECHHS CTYMEHS CBOOOAM y BUIJISI HYJIHOBOI CUMETPHYHOI CKJIAJIOBOI MPOC-
TOPOBHX BEKTOPIB Kepylourx (PyHKLi NPU3BOAUTH 10 TOTO, 110 MPUHAKMHI JBa 3 TPhOX BEKTOPIB NPHUMYCOBO
3aIMalOTh €KCTPEMAJIBHI TTOOXKEHHS M0 MeXaX JOIMyCTUMOI 00JacTi icHyBaHHs. ToMy 1151 00J1aCTh BHKOPHC-
TOBYETHCS Y TIOBHOMY 00CSI31 Ta Bi/IMOBITHO TOCATAE€THCSI MAKCUMAJIBHUH Jiana3oH peryioBanus [1]- [3].

KoediuieHT nmepenayi BUXiTHOTO CTPYMY B PEAKTHBHY CKJIaJOBY BXiJHOTO CTPYMY € TaKUM IapaMe-
TPOM, SIKH JTO3BOJISE BILTMBATH Ha (GopMy BXigHOro ctpymy MII 6e3 mopymieHHs (yHKI 3a0e3nedeHHs
HABaHTAKEHHS MOTPIOHOI0 MHUTTEBOIO MOTYKHICTIO. MOAYIALS BOTO MapaMeTpa y MpoIeci perytoBaHHs
BXiTHOI peakTHUBHOI MOTykHOcTi MII 03HaYae MOAYNALI0 HampsMKy HPOCTOPOBOTO BEKTOpa BXiJHOTO
CTPYMY BiTHOCHO IPOCTOPOBOIO BEKTOPA BX1THOI HAIIPYTH.

Jlns BU3HaUCHHS napamerpa b CKOpUCTaeMOcCs 0alaHCOM MHUTTEBHX IOTYKHOCTEH Ha BXOJI Ta BUXO-
ni MII. Crnioyatky HaBeIeMO BHpPa3H, IO BiAMOBIJIAIOTH 3arajlbHOMY BHITQJKy HAsSBHOCTI HECUMETPUYHHUX
TpruazHUX CHCTEM Hampyr Ta cTpyMiB. [IpocTopoBuii BEKTOp Hanmpyru
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2 3 (-1 2 2 Y J(eot+
ﬁ:_ZU[eJ( E cos[a)it+¢,—(l—l)7ﬁ:|=Ue]( +9) (11)
=1
PO3KIIAIAa€ThCS B IIbOMY BHUITAJKY HA CHMETPHYHI CKJIaI0Bi

F=ii, +ii, =0 e +Tle ™= U ') 7 el (12)

1S~ _ A _ 1S~ Dan! A A .
EZUle«/[m(z 1)27/3] :Upem” , Un :EZUle/[W(l n27/3] _ Unem” , - HOMeEp (1)2131/1, U — avmmityna,
I=1 I=1

@ — nouarkosa (asa, 3HAUOK * MMO3HAYAE KOMILIEKCHO CIIOJydY€eHY BEJIUYMHY, iHAEKC p BIINOBiIa€ CKIamo-

e Up:

BHM TIPSIMOT TIOCTTIJOBHOCTI, a iHAEKC # — CKJIaIOBUM 3BOPOTHOI ITOCITiTOBHOCTI.
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i=i,+i,=1e"" +1e’"=1, +1e : (14)

ne I —ammrnityna, $ — modatkosa (asa.
VY 3aranbHOMY BHIAJIKy MUTTEBA IOTYKHICTH JJOPIBHIOE [4]

p:iuli, =%(ﬁ?*+ﬁ*7):7)+ﬁ, (15)
JIe TIOCTiiHA (YCcepeIHeHa) CKIa10Ba HOTI;)KHOCTi
ﬁ:%[ﬁpfp cos(¢p—l9p)+UnIAn cos(¢n—l9n)], (16)
a 3MiHHa (3 MOJIBIHHOIO YaCTOTO0) CKIIAI0Ba MOTYKHOCTI
p= %[Upfn cos(2a)t +¢,+9, ) + Unfp cos(Za)t +4,+39, )] =p-D. (17)

SIKmo nomiHye CMMETpHYHA CKIIa/0Ba MpsAMOi mociigosHocti Hanpyru U, >>U, , a cumeTpuiHa

CKJIaJI0Ba 3BOPOTHOI OCIIIOBHOCTI MMPUCYTHS TUIBKH Y CTPYMi, TO

— 3.~ 3~

pzzUpIpcos(@—Sp):EUpIpcosgop, (18)
3. 3 A a
pzaUplncos(Za)t+¢p+19n)=5UpIncos(2wl+(on). (19)

g Bumanxy, mo po3risaacThes y naHii crarrti, MII cuHTE3y€e 3 cMCTEeMH HECUMETPUIHUX BXiTHUX
HaIpyT 33JaHy CHCTEMY BUXITHHX CHMETPHUYHHUX HAMpPYT, TOMY NPH HECUMETPHUYHOMY HABaHTA)XKEHHI CKJIa-
JIOBMM MHUTTEBOT BUXI1IHOT MOTYKHOCTI BiAMOBIAat0Th came Bupasu (18), (19).

Ha migcraBi 6anancy MUTTEBUX aKTMBHHUX HOTY)KHOCTEH Ha BXoAi Ta Buxoxai MII p, = p 1 Bupasy
(15) s mIPOCTOPOBOTO BEKTOPA BXITHOTO CTPYMy MaeMo [§]

e e 20)
wy tupy
Jie / — NesKui OTIOPHHUIA BEKTOP, 110 30iracThesl 32 HAPSIMKOM 3 BEKTOPOM BXiJIHOTO CTPyMy, TOOTO i ® ji; =0 .
VY BHUNAJKy HECUMETPHYHOI CHCTEMH CHHYCOIaIbHUX HAIPYT MEPEXki )KUBIICHHS JOBEJICHO, LIO J0-
UILHO OOHMPATH HANPSMOK BEKTOPa CTPYMY TaKUM, III0 BPaXOBY€ HANPSMOK BEKTOPa 3BOPOTHOI CHMETPHY-
HO{ CKJIaJI0BO1 HAIIPYTH 3 MPOTUIIEKHUM 3HaKoM [6], [8]

7 =Upe! " —T e %t =, —it"in. (21)
[Mincrapnstoun (21) y (20), orpumyemo
T 2 p - —* 2 p 7 Jjot rTt ot
f=———"——~ u, —u, == Ui e’ —Ume o), 22
! 3 LTipZZp _]’_linl7in ( P ) 3 1'1.72 _Uin2 ( ip ) ( )
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Y mpocTopoBOMY BEKTOpPi BXiIHOTO CTPYMY TPHCYTHs 3BOPOTHA MOCIIIOBHICTh (CHCTEMa CTPyMIB
HECHMETPHYHA), TOMY CTPYMH CHHYCOi/[a/IbHi, OCKUIbKHM HEMae BHIIMX rapMOHIK. OJHaK Takuid Crocié mo-
Iyl IIKOM BUTIPBJIOBYE ceGe JTHIIE Y BUITAJKY CHMETPHYHOIO HABAHTAKEHHS, KOIH y OalaHCi MUTTE-
BUX IOTY)XHOCTEH BIJICYTHS 3MiHHA CKJIaJ0Ba IMOTYXHOCTI. lle BHIUIMBa€ 3 MiICTaHOBKM CHMETPHYHHX
CKJIaJIOBUX BEKTOPIB BXiAHUX Hampyru Ta ctpymy y (17). Cknanosi ctpymy 3rigHo 3 (22) AOPiBHIOIOTh

i = Z—po = U o/letr) i =—E—A Po U,e o) (23)
P 3 U :12 4 in 3 U 2 U*z s
TOMy D :#[U U, cos(2a)t+ ., + m)—U,.pUm cos(2a),.t+ .+ b, )] =0. (24)
ip “Yin

HesanexxHo Bi XapakTepy MUTTEBOT IOTYKHOCTI HAaBaHT)KEHHSI 3rafiaHa MOAYJIALIS HANPSIMKY BeK-
Topa BXigHOro ctpymy MII y mpuB's3ii 0 BEKTOpa 3BOPOTHOI MOCIIOBHOCTI BX1THOI HAPYTH 3 MPOTHIIEHK-
HUM 3HAKOM He JTO3BOJISIE TEHEPYBATH 3MIHHY CKIIAIOBY MOTYXKHOCTI 3a BupasoM (17). Konu y HaBaHTa)keHHI
MTOYHMHAE MPOSBIISATUCS HECUMETPIS CTPYMiB, TO B HOMY 3'SBIISIETHCS 3MiHHA CKJIAZ0Ba MTOTYXXHOCTI, KA BU-
KJIMKa€e HeOoOXiHI JJIsi BUPIBHIOBaHHS OallaHCy MOTY>KHOCTEW mylbcamii BXiqaux ctpymiB MII, mo o3Hauae
HasBHICTh TAPMOHIYHUX CKIIQJIOBUX y CIEKTpi cTpyMiB. [lominimmeHHss TapMOHIYHOTO CKJIaTy BXiAHHX CTPY-
MIB MOXJIMBE 3aBISIKU JOJATKOBIM TMHAMIYHIM MOJYJIAINII, SIKa 3amporoHoBana B pobotax [3], [S] mia Buman-
Ky HECUMETpil HaBaHTaKeHHs. J[OIIbHICTh TAKOTO MiAXOIy MOJISATrae B reHepyBaHHI IMPOCTOPOBOTO BEKTOpa
BXimHOTO cTpyMy MII 3BOpOTHOI MOCTIJOBHOCTI Ta MOLYJISILI HOTO HAPSMKY BiZIHOCHO MPOCTOPOBOTO BEK-
TOpa BXIIHOT HATIPYTH.

VY naniit cTaTTi 3aMpONOHOBAHO MpsSIME 3aBAaHHS KoedillieHTa Iepeaadi BUXITHOTO CTPyMy B peak-
TUBHY CKJIJIOBY BXiHOTO CTpyMy, TOOTO mapamerpa b (6), TaKuM, 110 JO3BOJISIE MOKPAIIUTH SIKICTh BX1IHO-
ro CTPyMy OJHOYACHO TPU HECHUMETpii CHCTEM BXIJHUX HANpyr Ta CTPyMiB HaBaHTaxeHHs. Leit mapamerp
3TiTHO 3 MIPUHITUIIOM CYIIEPIO3HIIT CKIIAAAEThCs 3 JBOX HE3AICKHUX YaCTHH b = by + b;, 0fTHA 3 IKUX BU3HA-

4a€eThCsl KOe(iLieHTOM HECUMETPil BXIAHUX HAIpyT &, U /U,

ip» @ JIpyra — Koe(illieHTOM HECUMETPii BHXI-

naaux crpymis MII &, = fnn / fop . [lepma ckiiafoBa koedirieHTa nepeaadi CTpyMy Bigoma 3 [2]

by = 2qk, cosp, sin(?.a),-t + ¢,-p + P ) , 25)
2
1-k{;
ne q=— - Y, , (26)
0,1+ k2 +2k,cos(2w1 +¢, + 4, )

Jpyra cknanoBa BU3HAYAETHCS Ha MiACTaBl THX MipKyBaHb, 110 Koe(illieHT mepenavi y peakTUBHY
CKJIaJIOBY BXiIHOT'O CTpyMy MO)Ke OyTH MpeICTaBICHUM y BHUIJISAI OKpeMHX KOoedillieHTIB Mepeaadi akTHUB-
HOT Ta/ab0 PeaKkTHBHOI CKJIAJOBUX CTPyMy HaBaHTaXeHHs [1], a MepIIONpPUYMHOIO MyJbcaniii MUTTEBOT TO-
TYXHOCTI € CHMETpHUYHa CKJIQ[I0BAa 3BOPOTHOI MOCIIZOBHOCTI I[bOTO CTpyMy. TOMY HIYKaHOIO BEIHYHHOIO
00paHO KoedilieHT nepenavi peakKTHBHOI CUMETPUYHOI CKIIaI0BOT 3BOPOTHOI MOCIIAOBHOCTI CTPYMY HaBaH-
Ta)KEHHS y PEaKTHBHY CKJIQJIOBY BXITHOTO CTPYMY

qklfop sin(2a)0t +o, )
7 .

o

b=~ 27)

PeakTuBHa CKi1aJ0Ba BUXITHOTO CTPyMY I o sin(Za),.t + ¢0n) Moxe OyTH BUMipsiHa Ta/abo oOuncieHa
1 3a7aHa Ha mijacTasi Bupasis (15), (18), (19).
Ha puc. 1 noxasaHo (bopMyBaHHﬁ IPOCTOPOBOTO BeKTOpa BXigHOTO cTpyMy MII y cucremi koopau-
HAT d—q 5K CymMH 1, —l +l in +l , Jie TIepIli /IBi CKJIaI0B1 BIIMOBIAHO JI0 criBBigHOMIEHS (23) Ta (18) mopis-
- 00 A) cosQ, =~
HIOKOTb D=1 e =" T
v U,(1-k,*)
ip U

f SiQatdax) _ g | (200, (29)

u”ip s

(28)

a TpeTs CKJIaZoBa BiINOBIAHO 10 (27) (10JaTKOBUI BEKTOp CTPyMY) —
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i’ = —qklfop sin (20, + @, )e‘i(%’”/z) . (30)

AHajiTHIHe BU3HAYCHHS BXiAHOTO cTpyMy MII 30iliCHIOETRCS 32 TOTIOMOT OO BiIOMOTO BUpasy [1]

7 =(qcosp, — jb)l e = [gcosg, — j(b, +b, )]foej”" . (31)

3 ypaxyBanHsaM (27), (30) i Toro, 110 akTHBHA CKJIaJ[0Ba CTPYMY HAaBaHTKEHHS JIOPiBHIOE
I, cosp, = fop cos¢0p+IA{m cos(2at+¢,,), (32)

)\ q <'
AN OTPUMAEMO

> s ML _ ~ . A .
lip.” in B i = {q[op [cosgoap—i-kle*](zw”t“/’"”):| —jb.1, } et (33)
Uip 0 ! Ile cBimUUTH TIPO HASBHICTH Y CIIEKTPi BXIIHOTO CTPYMY

— T xoMOiHauiiinnx yactor (@, +2,), ane B NOPIBHsHHI 3 mOYAT-
KOBHM CTPYMOM, TOOTO CpOpMOBaHUM O€3 MOAYJIALIT HOro peak-
TUBHOI CKJIQJIOBOi, 3HAYHO 3MEHIIEHO BMICT BHIIUX T'apMOHIK i
(hopMa cTpyMy HaOJIMKAETHCS 10 CUHYCOINaabHOI. BuieHaseme-
% HE MiITBEP/HKEHO pe3ysIbTaTaMU MOJICITIOBaHHS.

P Mexi, B IKHX 3HaXOISThCS mapaMeTpu by 1 by, Bu3Haua-
I0Th MOJKJIMBOCTI KOMIIEHCALlil HETaTUBHOTO BIUIMBY HECUMETPIl
Puc. 1 HaBaHTA)XXEHHS Ta MEPEexi

by|<1-q 12 0<|py|<43/2,

bl <1-g ta 0<|p|<43/2, (34)

by +by|<1-¢ Ta 0<[py +b;|<V3/2.
IlincranoBka HepiBHOCTEM (34) v (25) Ta (27) mae yactkoBe pimeHHS I KoedilmieHTa HeCUMeETpii

BXIJTHOI HAIpyTH, HECUMETPil HaBaHTAXXCHHS Ta IXHBOI CyMH BIIIOBITHO 70 KoedilieHTa mepeaadi Ta Xxapak-
TEpy HaBaHTaKEHHS (COSY,)

2 2 - 2 .
b < \/q cos” ¢, sin (21a)l-t+¢,~p + i, )— 2g+1 qcosg, s1n(12a)l-t+¢,~p +¢,~,Z)’ < l1-g¢ : 35)
—-q —-q q

1-kf
(1 - klzj ) (1 + ky sin(2a)ol +@on ))+ 2ky cosg, sin(2a)l-t + ¢,~p + i ) .
OtpumaHni HepiBHOCTI (35) MOXKHA TIpeACTaBUTH TpadivHO TOBEPXHAMH Ta TpadikamMu, sKi 300paxy-

IOTh TPAHUITIO TPUBEICHUX OOMEKEHb MaKCHMAaJIbHO MOXKIIMBOTO KOe(iIlieHTa HECUMETPii, 0 KOMIICHCY-
€THCS 3alIPOTIOHOBAHUM AITOPUTMOM (puc. 2).

<

(36)

05 06 07 08 09 q

a o
Puc. 2
Ha puc. 2, a nokazaHo moBepxHIoO, 0 BigoOpaxkae KoedilieHT nepenadi HaIpyrd B 3aJ€KHOCTI Bix
3CyBY (a3 BUXITHOTO CTPYMY COS@, Ta Koe]illieHTa HEeCUMETpPil Mepexi KUBJICHHS, TKUH KOMIIEHCY€EThCS aJl-
roputMoM. OTpuMaHi pe3yJIbTaTH MMOKa3yIOTh, 110 30UIBIICHA YacTKa PEAKTUBHUX CKJIAJOBUX BHXIIHOIO
CTpyMy (3MEHILIEHHS COS(,) 30UIbIIIye MaKCUMaIIbHE 3HAUCHHS Koe(illieHTa HECUMETPil MEepexi, SKUN TOB-
HICTIO KOMITEHCYeThes. Ha puc. 2, 6 mokazano rpadik 3aleXHOCTi Koe(illieHTa HeCUMETPii HaBaHTKEHHS
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BiJ Koedinienra nepenadi Harnpyru MII. [lana 3anexHicTe Mae xapakrepHy o0xacth mpu ¢<0,5, komu y MIIT
€ MOKJIMBICTh KOMIIEHCYBaTH HECUMETPil0 HaBaHTaKCHHS OyAb-sIKO1 BENMWYMHU k| € [O, 1].

VY3araibHIOI04a HepiBHICTh (36) IMpW MOEAHAHHI HECUMETPii HaBaHTAXKEHHs Ta HECHMETPii Mepexi
JTO3BOJISIE OTPUMATH 3alleXKHICTh KoedimieHTra nepenadi Hanpyru MII Bin xoedimientiB Hecumetpii. Taka
3JICKHICTD JTa€ 3MOTY OIIIHUTH MEXi HECIIOTBOPIOIoUOro GopmyBaHHs BuXimHOi Hanpyru MII 3 MoxuBic-
TIO KOMIICHCallii BINTUBY HECUMETpii HABaHTAXKEHHS Ta HECUMETPii Mepexi NpH iXHpOMY HoenHaHHi. Ha oc-
HOBI OTPUMAaHOI HEPIBHOCTI MOOYZOBaHO MOBEPXHi (pHUC. 3), MO BiIOOPaXKYIOTh MaKCHUMalIbHO MOXKITUBUI
Koe(imieHT mepenadi HapyTH, MPH SIKOMY 3MIHCHIOETHCS MaKCHMaIbHa KOMIICHCAIiS HeTaTUBHOTO BILTUBY
HecUMETpil HaBaHTaKEHHs Ta HecuMeTpii mepexi. Benmuuna koedinienTta nepenayi (36) Takoxk 3aleKUTh
BiJl XapakTepy HaBaHTa)KEHHS Ta 30UIBIIYETHCS 31 3MEHILEHHAM COS@,, TOOTO 301IbILIEHHS PEAaKTUBHOI CKJla-
JIOBO1 Y BUXITHOMY CTPYMi PO3IINPIOE MOKIMBOCTI KoMIteHcartii. Puc. 3, a Bianosimae cosp, =1, puc. 3, 6 —
cosp,= 0,8, apwuc. 3, 6 — cosp, =0,3.
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a
Puc. 3
Jist MoeTroBaHHS BXiTHUX 1 BUXITHUX HampyT Ta cTpyMiB MII BUKOpHCTaHO MOMIENb 3 i/ICaTbHUMHU
KJIIOYaMH, B SKil BiJTHOCHI TPUBAJIOCTi CTAHIB KOXKHOTO 3 HUX (BUMKHEHO UM YBIMKHEHO) 3a1al0ThCs €JIEMEH-
TamMu MaTpuIli 3x3 Kepyrounx QyHKII 3rimHo 3 Bupa3amu (3) — (5) 3 ypaxyBaHHSM BUMIPIOBAaHHX Ta 00UHCIIe-
HUX TIOTOYHUX 3HAYCHH KYTOBHX TIOJI0XEHb, a TAKOXK KOe(DIIi€HTIB TIepeaadi HalpyTH Ta CTPYMY.
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MonenroBaHHsI POBEEHO SK B aHATITHYHOMY BHIJISIII, Tak 1 Ha Kio4oBiid moxeni 3 [IIIM wgacro-
toro 5 k['1 1 BuCOKoYacTOoTHOW (inmbrpamiero. OTprMaHi KpHBI MEUTTEBHUX 3HAYCHD BXiJHUX CTPYMIB CIIiBIIa-
JIAIOTh B 000X BUMAJIKAX JIJISl Pi3HUX CITIBBIJHOIICHb BXiJHOT Ta BUXiJHOT YaCTOTH, KOCQIIIEHTIB Iepeayi Ta
HecUMeTpil Hampyr i cTpymiB. HaBeneni pe3ynbTaTh MOJIENIOBaHHS BiIIOBIAIOTh HACTYITHUM YMOBaM:
fi=50Tw; ¢=0,6; @.,=n/3; @,.~=1/3.

Ha puc. 4 ans Buxignoi yactotu f,=50 'y y niBiit wactuHi (puc. 4, a-6) Moka3aHO CHOTBOPEHI KPUBi
BXIIHUX CTpyMiB (0e3 AMHaMIYHOI MOIYJIALIT BXiAHOTO 3CyBY (pa3) mpu HECUMETPIi HAIIPYT MEPEkKi KUBIICH-
Hsa as ky=0,2, k=0 (puc. 4, a), HecumeTpii HaBanTaxeHds s k=0, k0,2 (puc. 4, 6), OTHOYACHOI HECH-
MeTpii Hanpyr Ta HaBaHTaxeHHs s k=0,2, k=0,2 (puc. 4, 6), y npasiit yactuni (puc. 4, 2-¢) — Te K came
JUTSL TIOJIMIIICHUX BXiJTHUX CTPYMIB 3a JOMOMOTOI0 3alPOITOHOBAHOI MOYJIAILII, y HWXHIM yacTuHi (puc. 4,
J#c-I) — CIIEKTPOTPaMHU, Jie CBITIII CTOBIII BiAIIOBIIAIOTH KPUBUM Ha puc. 4, a-6, a TEMHI — KPUBHUM Ha puc. 4,
2-e BIIIOBIIHO.

Ha puc. 5 3a ananoriero y ABOX KOJOHKaX CIIBCTaBISIOTHCA NPH OJHOYACHIN HECHUMETPIii 1O BXOAY
Ta 10 BUXOAY CIIOTBOPEHi Ta mouiniueHi Bxigni ctpymu MIT mis wactot 6,25 ', 17 ' i 33 .

[MoninmmenHs sikocTi BxigHUX ctpymiB MII y HaBeJeHUX MPHUKIIAAaX MiITBEPAKYEThCS IXHIM rapMo-
HiYHUM ckJiagioM. Cepe/Hii 3a mepiol BXiTHUH KOSQII[iEHT MOTYKHOCTI JIOPIBHIOE OJWHUII. SIKIO J103BO-
Ts110Th poboua Touka MII ta koedinieHTH HECUMETpil BXiTHUX HANPYT Ta BUXiTHUX CTPYMIB, TO MOXIIUBE
PETYIIIOBaHHS BXiTHOTO Koe(ilieHTa MOTYKHOCTI B IOMyCTUMUX JUISI TaHUX YMOB MeXax, To0To b=f{f) Mmoxe
MaTH TIOCTIHHY CKJIaJIOBY.

BucHosku.

[TinTBepKEHO TIEBICTH 3alIPOIIOHOBAHOTO aNrOpUTMY KepyBaHHs MII mist mominmieHHs popMu BXia-
HUX cTpymiB MII mpy HECUMETPUUHIN CHCTEMI HAMPYT KUBJICHHS Ta HECHMETPHYHOMY HaBaHTaKeHHi. Mosy-
Jsiist (ha30BOTrO 3CYBY MPOCTOPOBOTO BEKTOPA BXiAHOTO CTPYMY BiJHOCHO MPOCTOPOBOTO BEKTOPA BXiIHOI Ha-
NPYTH 3AIACHIOETHCS 3@ JOIIOMOTOI0 BUMIPIOBaHHS Ta PO3paxyHKy IMOTOYHUX 3HAYE€Hb NPOCTOPOBUX BEKTOPIB
BXiJJHAX Ta BHUXIJJHAX HAMpPYT Ta CTPYMIiB, iXHIX CUMETPUYHHX CKJIAJOBUX 1 3aBIaHHs KoedillieHTa mepeadi
BUXIJIHOTO CTPyMy B PEAaKTHBHY CKJIQJIOBY BXIIHOTO CTPYMY y BUIJIAII CyMH JIBOX HE3aJISKHHMX MapaMmeTpiB,
AKI BM3HAYAIOTHCSl CUMETPUYHMMH CKJIAJOBUMM 3BOPOTHOI NOCTIJOBHOCTI BXiIHOI HAampyru Ta BUXiAHOTO
ctpymy MII BiamoBigHo. HaBemeHo aHaMTHYIHI BHpa3d AJI1 PO3pPaxyHKY IHOTO Koe(illieHTa Tepemadi K Ima-
paMeTpa KepyBaHHS /IS 3aJaHHs BiJHOCHOI TPUBAJIOCTI CTaHIB KIIOYIB NEPETBOPIOBAYa BIPOAOBXK TAKTIiB
LIIM. [To3uTHBHMIA €PEeKT MPOIEMOHCTPOBAHO Ha MPUKIIaJaX MOJCIIOBAHHS.
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V]IK 621.314

VJIYUYHIEHUE ®OPMbI BXOIHBIX TOKOB MATPUYHBIX TIPEOBPA3OBATEJIEN B YCJIOBUSIX
HECUMMETPUYHOM CUCTEMBbI HAIIPSI)KEHW CETU IATAHUSI U HECUMMETPAYHOM
HATI'PY3KH

B.M. MuxaJjbckuii, 10kT.TexH.Hayk, B.M. Co0oJieB, kaH.TexH.Hayk, B.B. Honuk, kaHa.TeXH.HayK,
H.A. lllanoBaJ, KaHA. TEXH.HAYK

HMucrutyT 2sexkTtpoaunamuku HAH Ykpaunsl,

np. [o6eawl, 56, Kues, 03057, YkpauHa.

E-mail: mikhalsky@ied.org.ua

Ipeonodcen u uccredosarn cnocob ynpasnerus mampudHsim npeobpasosamenem (MII), komopwiil basupyemcs Ha odujem
aneopumme peyiuposanus BXOOHOU PeaKxmugHOL MOWHOCTU U HANPABIEH HA YIyYuleHUe Ka4ecmea 6XOOHbIX MOKO8 8 YCIo-
BUAX HECUMMEMPUYHOU HASPY3KU U HECUMMEmPUUHOU cucmemvl HanpaxceHuli cemu. C amoil yenvlo paccmMomper npoyecc
DOPpMUPOBAHUA NPOCIMPAHCMEEHHO20 8eKMOPa 6X00H020 moka MII kak pe3ynemam cloxceHus 08yX He3a8UCUMBIX CNOCOO08
OUHAMUYECKOU MOOYIAYUU e20 peakmugHou cocmasnsiowel. [lepsuiii u3 Hux ocHosan Ha onpedeneHuu Kodgppuyuenma ne-
peoau 8bIX0OOHO20 MOKA 80 BXOOHOU MOK NPU CUMMEMPUYHOL HAZPY3Ke U HECUMMEMPUYHOL Cemu NUMAHUA C Y4emoM CUM-
MempudHoll cocmaensioweli 00pamHoll nocned08amenbHOCHU 6X00H020 HANPSIXHCEHUA, A 6MOPOL — NPU HECUMMEMPUYHOU
HazpysKe ¢ yuemom peakmusHol Yacmi CUMMEMPUYHOL cocmaeistowell 00pamHoll HOCIe006aMeNbHOCIU 86IX00H020 MO-
ka. Onpedenenvl pabouue Spanuybl, @ KOMOPbIX NPEOIONCEHHbIE CNOCODBL MOOYIAYUU NOTHOCIbIO peanusylomcs. Dggex-
MUBHOCMb NPEONOACEHHO20 NOOX00A NOOMBEPHCOEHA PE3VIbIAmamu MoOeauposanust 6xo0Hsix moxkoe MII ¢ yuemom pe-
ANILHBIX YCII0BUL KOMMYMAYULL U OUCKPEMHO20 (hopmuposarus smux mokos. buodmn. 13, puc. 5.

Knrouesvie cnosa: MaTpu4HbIiA peoOpa3oBaTesib, BXOJHOH TOK, MTHOBEHHAs! MOIITHOCTb, HECHMMETPHS Harpy3KH.
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IMPROVEMENT OF THE INPUT CURRENT WAVEFORMS OF A MATRIX CONVERTER IN THE CASE
OF UNBALANCED POWER SUPPLY VOLTAGES AND UNBALANCED LOAD

V.M. Mykhalskyi, V.M. Sobolev, V.V. Chopyk, I.A. Shapoval

Institute of Electrodynamics of the National Academy of Sciences of Ukraine,
Peremohy pr., 56, Kyiv, 03057, Ukraine.

e-mail: mikhalsky@ied.org.ua

Matrix converter control method which is based on the general algorithm of input reactive power control and aims to
improve the quality of input currents in conditions of unbalanced load and input voltages has been proposed and stud-
ied. For this purpose, the process of formation of the matrix converter space vector input current has been considered
as a result of the addition of two independent dynamic modulation methods of the input current reactive component.
The first one is based on the determination of the transfer ratio of output current into input current under balanced load
and unbalanced power supply taking into account symmetric component of negative sequence of the input voltage, and
the second one is under unbalanced load taking into account reactive part of symmetric component of negative se-
quence component of the output current. Operating limits, where the proposed modulation methods are fully realized,
have been defined. The effectiveness of the proposed approach confirmed by simulation of matrix converter input cur-
rents based on actual switching conditions and discrete formation of these currents. References 13, figures 5.

Key words: matrix converter, input current, reactive power, unbalanced load.
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