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Pedepat. Pemenne 3amaun obecredeHnst HaJIeKHOH pabOTHI IIEKTPOIHEPTETUIECKOH CHCTEMBI
B CTallMOHAPHBIX U NMEPEXOJHBIX PEXKUMaX, MPEAOTBPAIIECHUS NEePEX0a B aCHHXPOHHBIN PeXUM,
COXPaHEHUsI U BOCCTAHOBICHUS YCTOWYMBOCTU IOCJICaBAPUMHBIX IPOLIECCOB OCHOBHIBACTCS HA
(hOpPMHUPOBaHUY U pean3alii MaTeMaTHYECKUX MOJIesIeil PoIeccoB Takoi cucteMsl. [Ipu pabo-
T€ JIEKTPOIHEPreTUUECKON CUCTEMBI B AaCHHXPOHHOM PEXXHUME, IIOMHUMO OCHOBHBIX 4YacTOT, B CO-
CTaB TOKOB M HANpsHKEHHH BXOAAT TAPMOHHYECKHE COCTABIAIOIINE, YACTOTHI KOTOPBIX KPAaTHBI
Pa3sHOCTH OCHOBHBIX 4acTOT. IIpy AByX4acTOTHOM aCHHXPOHHOM PEKUME CHCTEMa DKBUBAJIICHTU-
pyercst B BUJIe IByXMAIIMHHOM CHCTeMBI, paboTaromeil Ha 0000meHHyro Harpy3Ky. B craTbe npu-
BEJICHbl MaTEMaTHYECKUE MOJENHU MEPEXOAHOTO MpoLEcca ABYXMAIINHHON CHCTEMBI B HAaTypallb-
HOIt Gpopme u B cucteMe koopauHat d—(. PaccMoTpeHa MateMaTn4eckasi MOJENb AByXMAaIIHHHOM
CHCTEMBI IIPH HAJIMYUK Yy POTOPOB JIBYX OOMOTOK BO30Y>KAEHMS, TIOKa3aHbI PA3HOBHIHOCTH MaTe-
MaTUYECKUX Mopeieil (TpuBHallbHAs, YNPOIICHHAs, IIOJHAS) MEPEXOAHBIX HPOIECCOB 3JIEKTPO-
SHEpreTuYecKon cucreMsl. Ilepexonnplil polecc CHHXPOHHOM BYXMAIIMHHOW CHCTEMBI OIUCHI-
BacTCs MOIHOHM Mozenbto. KauecTBO mepexoaHbIX MPOLECCOB CUHXPOHHON MAalIMHBI 3aBUCUT OT
yucina oOMOTOK BO30YxIeHus: potopa. IIpm Hanmumu AByX oOMOTOK BO30OY)XKIEHHS Ha pOTOpeE
(myampHast cucreMa BO30YXKICHHS) MaTeMaTHUecKas MOJENb SJICKTPOMArHUTHBIX II€PEXOJHBIX
HPOILIECCOB CHHXPOHHOM MAIIMHbI IIPE/CTaBIACTCS B KOMIUIEKTHOH (hopMe, T. €. B CHCTEME KOOp-
quHaT d, g, a TOK poTopa — 00OOLICHHBIM BEKTOPOM. IIpH acCHHXPOHHOM XOJ€ B CHHXPOHHOM
JBYXMAIIMHHONW CHCTEME MPHU HAIUYUM ABYX OOMOTOK BO30Y)KAEHHS Ha POTOPE CHCTEMBI TOKOB
U HaIpsKCHUH colepaKaT FapMOHUKH TOIBKO ABYX uyacToT. IIpuBeneHa MareMaTHuecKas MOJCIb
CHHXPOHHOTO CTallHOHAPHOTO MPOIECCa CHHXPOHHON ABYXMAIIMHHON CHCTEMBI U PACCMOTPEHBI
CTallMOHAPHBIC PEKUMBI IPH PA3IMUHOM CTPYKTYpE 3aJaHusl MCXOAHOH HHOpMALIUH.
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Study of Transient and Stationary Operation Modes
of Synchronous System Consisting in Two Machines

V. S. Safaryan”

UClosed Joint-Stock Company (CJSC) Scientific Research Institute of Energy (Yerevan, Republic
of Armenia)

Abstract. The solution of the problem of reliable functioning of an electric power system (EPS) in
steady-state and transient regimes, prevention of EPS transition into asynchronous regime, mainte-
nance and restoration of stability of post-emergency processes is based on formation and realiza-
tion of mathematical models of an EPS processes. During the functioning of electric power system
in asynchronous regime, besides the main frequencies, the currents and voltages include harmonic
components, the frequencies of which are multiple of the difference of main frequencies. At the
two-frequency asynchronous regime the electric power system is being made equivalent in a form
of a two-machine system, functioning for a generalized load. In the article mathematical models
of transient process of a two-machine system in natural form and in d-q coordinate system are
presented. The mathematical model of two-machine system is considered in case of two windings
of excitement at the rotors. Also, in the article varieties of mathematical models of EPS transient
regimes (trivial, simple, complete) are presented. Transient process of a synchronous two-machine
system is described by the complete model. The quality of transient processes of a synchronous
machine depends on the number of rotor excitation windings. When there are two excitation win-
dings on the rotor (dual system of excitation), the mathematical model of electromagnetic transient
processes of a synchronous machine is represented in a complex form, i.e. in coordinate system d, g,
the current of rotor being represented by a generalized vector. In asynchronous operation of a syn-
chronous two-machine system with two excitation windings on the rotor the current and voltage
systems include only harmonics of two frequencies. The mathematical model of synchronous
steady-state process of a two-machine system is also provided, and the steady-state regimes with
different structures of initial information are considered.

Keywords: mathematical model, asynchronous regime, two-machine system, transient process,
dual frequency mode, generalized load, stationary mode

For citation: Safaryan V. S. (2017) Study of Transient and Stationary Operation Modes of Syn-
chronous System Consisting in Two Machines. Energetika. Proc. CIS Higher Educ. Inst. and
Power Eng. Assoc. 60 (3), 228-236. DOI: 10.21122/1029-7448-2017-60-3-228-236 (in Russian)

Beenenne

MaremMaTiHyecKie MOJIETH MEPEXOMHBIX MPOIECCOB MOXHO pas3leiuTh Ha
TPH KaTErOpHH:

a) TpUBHAIIbHAS MOJIEb — YUUTHIBAIOTCS TOJIBKO DJICKTPOMEXaHHUUECKHE T1e-
PEXOIHBIE MPOIIECCHI CHHXPOHHBIX M aCHHXPOHHBIX MaruH [1, 2], anekrpomar-
HHUTHBIC TIEPEXOIHBIC TPOIECCH B KOHTYPax pOTOpa M CTATOpa MAIIUH, a TAKKE
B DJIEKTPUIECKOH CETH HE YUUTBHIBAIOTCS

©0) yIpoIleHHass MOJIE]b — YUHTBIBAOTCS 3JIEKTPOMEXaHUIECKHE U DIICKTPO-
MarHMTHbBIE MEPEXOIHbBIE MPOIECCHl B AICKTPHYECKUX MAIIHHAX, a dJIEKTpUIe-
CKasl CETh MPEICTABISETCS MOJEIBI0 YCTAHOBUBIIETOCS (CTAlMOHAPHOTO) pe-
xwma [1, 3-10];

B) TIOJIHAsE MOJIEJb — DJICKTPUYECKHAE MAIIWHBI TPEICTABISIOTCS DIICKTPOME-
XaHHYECKOM M 3JEKTPOMArHUTHOM MOJESIMH, a DJICKTPUYECKasi CeTh, B OTIIH-
Ype OT YNPOLIEHHOH MOJIEIH, TaKKe MPEIACTaBISAETCS MOJIEIbI0 IEPEXOIHO-
ro mporecca.
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Jlis uccnenoBaHus U aHau3a MEPEXOJHBIX IPOLIECCOB COBPEMEHHBIX 3JIEK-
TPOIHEPTETUUECKUX CHCTEM HCIOJB3YyeTCs YIPOIIEHHas MOJEINb, MOCKOJIBKY
IPUMEHEHHUE [TOJHON MOJENN NPUBOJUT K YBEIMUYEHUIO Pa3MEPHOCTH CHUCTEMBI
HeNMMHEHHBIX nr(depeHnnanbHbIX ypaBHEHNH MEepexoHbIX mporeccoB. Kauge-
CTBO TEPEXOIHBIX MPOIECCOB CHUHXPOHHOM nByxmammuHOW cuctembl (CC)
3aBHCHT OT YHCIIa 0OMOTOK BO30YKIEHHS pOTOPOB [4, 6].

[Ipu acHHXpPOHHOM pEKUME B DIIEKTPUUIECKOH cHcTeMe HaOMI0Jar0TCs KoJe-
0aHusl BCEX PEXUMHBIX MapaMeTPOB CHHXPOHHBIX T€HEPATOPOB, BHI3BAHHEIC
BIIMSHUEM ACHHXPOHHO palOTalOIIMX MAIlWH JIpyr Ha apyra. B stom ciyuae
B COCTaB TOKOB M HAIPSDKCHUH TCHEPATOpPOB OYAYT BXOIUTH COCTABJISIOIIUE,
COOTBETCTBYIOIIHE OCHOBHBIM 4aCTOTaM aCHHXPOHHOTO X0J1a, KOTOPHIE SBISIOT-
cs ONpenesIoIKUMU s paccMaTpuaemoro mponecca [1]. Ilpu nmoctpoeHun
MaTeMaTUYECKOM MOJIEIM CUHXPOHHOIO TE€HEpaTopa TMPUHATO AOMYyUICHUE
O TOM, YTO TOKHU M HANPSKCHHUA CKIAAbIBAIOTCA M3 ABYX YAaCTOTHBIX COCTAaBJIA-
IOLINX, COOTBETCTBYIOLINX CPEIHUM CKOPOCTSIM BpAILEHHUS POTOPOB aCHHXPOH-
HO WAYIIMX MamuH [1].

Henp pabotel — GopMupoBaHue U UCCICIOBAHUE TTOJHOW MaTeMaTHUECKON
MOJIEIH NTEPEXOTHOTO U CTALMOHAPHOTO PEKUMOB IBYXMAIIIMHHON CHCTEMBI.

Pe3ym>TaT1>1 HCCJICJ0OBAHUA

ITpy BO3HMKHOBEHHMH IBYXYacTOTHOTO ACHHXPOHHOTO PEKMMAa CHHXPOHHBIC
MAaIlMHBI PAa3IeIOTCS Ha JBE aCHHXPOHHO padoTaromue TpyIbl, a aJeKTpuye-
CKasl CHCTEMa — Ha J[B€ MOJCUCTEMBI. TO €CTh /I NCCIEOBaHMS JBYyX4acTOT-
HBIX peXxuMoB DDC MOIenupyeTcsi SKBUBAJICHTHON ABYXMAIIMHHOW CHCTEMON
¢ 00001IeHHO Harpy3koii [1] (puc. 1).

; Iy |
L —> ! 2 2 -«—.

CM,

Puc. 1. CunxponHas apyxmammnnHas cucrema: CMj, CM, — CHHXpOHHAas MalliHa;
iy (i1a, I1by 110)s 12 (i2a, I2b, I2¢) — TPEX(a3HBIA TOK CTATOPA CHHXPOHHOM MAIIHHBL,
ry, |y (ry, 1) — akTHBHOE COMPOTHBIICHNIE U MHIYKTUBHOCTb JIMHUH;

Iy |, — aKTHBHOE CONPOTHBIICHHE 1 MHAYKTHBHOCTD HATPY3KH

Fig. 1. Synchronous two-machine system: CM,, CM, — synchronous machine;
iy (i1a, I1py I10)s 12 (i2a, I2b, I2¢) — three-phased current of stator of synchronous machine;
r1, Iy (ra, 15) — resistance and inductance of the line; r,, |, — resistance and inductance of the load

CocraBuM cuctemy auddepeHInaabHbIX YpaBHEHHH MEPEXOIHBIX MPOLIEC-
coB CJIC:
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a1 HES — .
Ryiy + L1 +M, - mllrlsmal:|_ Ua

di -
Ry + L1 oL+ - p)— oy sin(oy - P)} = —Upy»

Rllcl + Ll C1 + M + p) - (DlirlSin(al + p):| =—Ugy

(1)
di, di o di
i+l L gt —+ Ml[ dil — i, Sina, +d—21cos(oc1 —-p)-
— iy Sin(oy —p +p) — i, sin(o, + p)} €.
d
‘] ;t)l Mal + Mml
1 d|a2 i r2 . .
Ryl + LZTJF M, Tcom2 — o, sina, [=-U,,
. di i o
Rz'b2+L2ﬁ+M2 —p)—mzlrzsm(az—p)}:_ubz;
. di [ di,,
Roe, + L, d_ct2+ M, dt +p) —o,i,, Sin(a, + p)} T
: ()
: di di,, o di
Li, +1,s dE[Z +M |: at cosa, —m,l , Sina, +ﬁcos(a2 —p)—

— @yl SiN(0, —p) +p) — @ylc Sin(aL; +P)}=er2;

do,

dt

J,—2=M_,+M

m2;
rme R, =1, +Rg, (R, =1, +Rg,), Ry (Rg,) — akTHBHOE CONPOTUBICHHE CTa-
topa; L, =1 +Lg, (L,=1,+L,), Ly (Lg,) — MHIYKTUBHOCTH paccesHus

cratopa; M, (M,) — B3amMHas MHIYKTUBHOCTH MEXKIy OOMOTKaMH cTaTtopa

U poTOpa NpU HX MapajuieJbHOM pacmonoxenuu; i, (i,,) — TOK poropa;

t
& =a+ J.(Dldt (az =y, + I(ozdt} — KOMIUICKCHAsI KOHCTaHTa; o (©,) — yr-

0 0
J0Bast ckopocTh potopa; J; (J,) — MOMEHT UHepuuH poTopa; €, (€,,) — Iek-
TPOJBMXKYIIAs CHiIa 0OMOTKH Bo3Oyxaenus; M, (M,,,) — MexaHuueckuit Mo-
MEHT, NPHIOKEHHBIH K Baiy poropa; p = 120° M, (M,,) — anmeKTpoMarHut-

HBIA MOMEHT:
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M., =My [iy sino, +iy, sin(o, —p) + i, sin(o, +p)]; 3
M,, =—M,i, [i,, sina, +iy, sin(o, —p) +ig, sin(a, +p)].
IIpaBeie wactu cucteM (1), (2) onpenemnstores mo GopMyIam:
Uy =Uqp = r(lal+|a2)+LH ( +ig);
d
Upy = Upp =Up =T, (I +1p5) + LH ('m +ipy); 4)

.. d ..
Ugg =Ugp =Ue =T, (Icl + Icz) + Lﬂa(lcl + Icz)'

IIpenctasum (1) u (2) 000OIMIEHHBIMA BEKTOPaMH B CHCTEMaxX KOOPIWHAT,
BPALIAIOIIUXCS C YIIIOBBIMHA CKOPOCTSIMH (1 H (3!

(Z,+ pl—1)|.1 +J(p+ jo )Myiy, Z_[ra +(p+ J(Dl)LH] |.1 -
_[rn +(p+ jwz)l-n]l.zejﬁi

%)
L5pMyly; +(ry + pLy) =64
Jipoy ==1L5Myi I + My
(Z,+PL) I, + j(p+ jo )My, = [r +(p+ jo,)L, ]I -
—r. +(p+ jo el
[H (p J l)LH]l (6)

L5pM,ly, + (1, + Plyy) =€
J,p0, ==15Myi, 1 + M,

rne Z, =R+ JoL; Z,=R,+jo,L,; I,= Iql + g 1= qu + 1y
d

dt’

[lepenecst nepBbie craraemMble MpaBoi yacTu B cucteMax (5), (6), moxydnm:

p:

(Z,+Z,+ pL])Ill +j(p+ jo )M, :—[ZH2 + pl-n] I.zejs;
L5pMylgy + (G + Pl )iy =€y
3,y = —1,5Mizics + My
(Zo +Z,+ P, + j(p + jo, )My, :_[Zﬂl + pLH]I‘leijE;
L5pMlg, +(fp + Plo)ir, =65

J, Pw, =—=15M,i,iq, + My,

(")

rne ZHI :rH + J(DILH' ZH2 = rH + JO‘)ZLH’ 6:a2 _al'
Cucrema (7) OIMMCBIBACT HECTALIMOHAPHBIC, B O6H.[€M CJIy4aC — HCCMHXPOHHBIC

(acuaxponnsie) mporecchl CIC (MCKOMBIMU SIBIISIFOTCS Il, irl, o, IZ, irZ’ o, ).
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CunxponHnslii nponecc (o, =0, =®) CIAC onuceiBaeTcs CTALlMOHAPHON cUCTe-
MOI ypaBHEHHH, B KOTOPOW pEXHMHBIE MapaMeTpsl HE 3aBUCAT OT BPEMEHM.
Matemaruyeckas MOAENb CHHXPOHHOTO ((®; = ®, = ®) cTtaruoHapHoro (p =0)

npouecca CJIC nmeet cnenyromuii BUA:

(Z,+Z )1, +Z,1,e"®° =oM,i,;
s . .

Z1e*+(Z,+Z)1, =oM,i.,;

ri,=e.;
l’l-l’l B rl . (8)
rr2|r2 - er27

L5Myijig = My

1,5M i, = M.

[IpeoOpasys mepBbie 1Ba KOMIUIEKCHBIX YPaBHEHUS CUCTEMBI (8), MOTydnM:
: NG .
Z,+zZ )1, +Z,1,e"° =E;

. D . 9)
Z I, +(Z,+2)l,eP =Eel,

rae E =oMi,; E, =oM,i,.
Cucreme ypaBHEHHI COOTBETCTBYET CETh, CXeMa KOTOPOW IpelCTaBiIcHA
Ha puc. 2.

Zl ZZ
1
| J
— «— 5
I o

30 : e

Puc. 2. Cxema 3aMenIeHUs] CHHXPOHHOH JBYXMAIIMHHOM CHCTEMBbI
B CHHXPOHHOM CTallHOHAPHOM PEKUME

Fig. 2. Equivalent circuit of synchronous two-machine system
in synchronous steady state regime

PaccMOTpuM CUHXpPOHHBIN CTAIlMOHAPHBIM PEXUM MHPU PA3TUUYHBIX MOCTa-
HOBKax 3agauu. [Ipumem, uro koHCTpykTHBHBIE mapameTpbl C/IC (akTuBHBIC
CONPOTHUBJICHUS U MHAYKTHUBHOCTA CHUHXPOHHBIX MAIlWH, JTUHUNH U HArpy3KH,
B3aMIMHbIE HMHIyKTHBHOCTH, MOMEHTHl WHepUWH) 3amaHbel. [Ipm pazmudaHoi

CTpYKType 3ajanuu BHemHux napamerpos CIAC (e, €,, M., M,,) pac-
cMotpuM peskumubie mapametpsl (I, I,, i4, i,, ©, §), Bocnoas3oBaBuTHCH
MaTeMaTHIeCKON Moenio (8).

1. 3a1aHHBIMA SBISIOTCS: €, €5, O, ®, HCKOMBIMH — I, Iy, iy, iy,
ml» M

Onpez[enﬁeM irl’ ir2 HCIMOCPEACTBCHHO U3 TPECTHETO U YETBCPTOI'O0 YpaBHC-

M

m2*

HUU cucTeMsl (8):
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i _ er1 i _ er2
[ v 2 T
rr1 r-r 2

Haxoaum I.l, I'2 COBMECTHBIM DEIICHHEM TEPBBIX JBYX YpaBHECHHUH CHC-
TeMbl (8):
I, =[E,(Z,+Z,) - E,Z,e"1/ A;

. . (10)
I, =[E,(2,+Z,)-EZe"1/A,

e A=(Z,+2,)0(Z,+2,)-22=2,2,+Z,(Z,+Z,).

IMapamerper M ,, M, ompenensem u3 mocieaHuX ABYX ypaBHeHHi (8).

3aBucuMocTH KoMIUIeKcHbIX TOkoB |, |, (10) or 8e€[0,2n] BBIpaxaroT-

cs IpOOHO-IMHEHHOW (YHKIMEH KOMIUIGKCHOM IMEPEeMEHHOW W H300paXaroT-
¢ OKpyxXHOCThIO (puc. 3a). 'paduk 3aBHCHUMOCTH MEXaHHYSCKHX MOMECH-

toB M;, M, or mapamerpa §<[0,2n] umeeT BUJ SILIMIICA, IPEICTABICHHO-

ro Ha puc. 3b.

Im(jl)‘

Puc. 3. Tpadukn 3aucumocteit I,(8) (@) 1 My (8), Mo (8) (b)

Fig. 3. Dependence curves: I;(8) (a) and M ;(8), M»(8) (b)

2|

, & paJINyC OKPY>KHOCTH paBeH Elw. I'padux

sunca Ha puc. 3b pacnonoxen Beime npsmoit M, + M, = 0. Tloctasnen-

- E(Z,+Z
Ha puc. 3a |, =%

Had 3aJa4a UMCCT CAMHCTBCHHOC PCIICHUC.

2. 3ajaHHBIMU ABIAIOTCS: €4, €.,, M M, ,, uckombiMu — I, 1,, iy,

ml’ m2’

Ip, 0, 0.
OnpenensieM |, |, HEOCPEACTBEHHO U3 TPETHETO M YETBEPTOTO BBIPAXKE-

auii cucremsl (8). M3 mociaequux AByX ypaBHeHH# (8) HaxomuM igi, ig, ®, O,
CBEJIl K PEILIEHUIO0 HEIMHEWHBIX TPAaHCUEHACHTHBIX ypaBHeHWU. B orimuume ot
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TPEIBIYINEH TIOCTAaHOBKH, PEIICHHE 3a1aul MOKET HE CYIIECTBOBATh MIIH 3ajava
MOYKET MMETh HECKOJIBKO PELICHHUH, Y KOTOPBIX €4, €5, I, I, OIMHAKOBBIC.
[Ipu acunxpoHHOM nBrkeHHH (0, # 0,) CIC obpa3yercs JlaBUHA 4acTOT,
comepkamas o, o,u k(o, —0,), rne K — nemnoe 4ucno, a Toku, HANPSHKEHUS,
AIEKTPOMArHUTHBI MOMEHT MOJIy9aI0TCsl HECHHYCOMIaIbHBIMU. [ToKaxeM, 4To
OpH HAJIWYUK HA POTOpPAaX CHHXPOHHBIX MAIIMH JIBYX OOMOTOK BO30YXKICHHS
npu acuHXpoHHOM JBkeHnd CJIC TOKHM M HalpsDKEHHs COICPKAaT rapMOHHUKH
TOJIBKO JIBYX 4acToT (M H ©,). MaremMaTnyeckass MOJENIb IEPEXOIHOrO dJIeK-

TPOMAarHUTHOTO MPOIIecca MPU HAIMYMK HA POTOPAxX ABYX OOMOTOK BO30YKne-
HUS UMEET CIACAYIOIINN BU/I;

(Z, +Z,+pL)I + j(p+ jo )M, I, =—(Z,, + pL,)1,e%;
l,5leI1+(rr1+.plrl)lrlze'rl; | o a1
(Z,, +Z, + pL)L, + j(p+ jo,)M, I, =—(Z,, + pL)I,e
L5pM, 1, + (1, + plyy)l,, =€y,

rae |, (I,,) — KOMIUIGKCHBIH TOK POTOpA, KOMIIOHEHTAMH KOTOPOTO SIBIISIFOTCS

toku 1o ocsim d, g; €,, (€,,) — xomrutekcHas DJIC BO36YKAECHHS POTOPA, KOM-
MOHEHTaMH KoTopoit sBistioTcst DJIC mo ocsim d, (.
[IpenmonaraeM, yto ToKu cTaTopoB u poTopoB C/IC MEHSIOTCS MO Cleqyro-
UM 3aKOHaM:
I, =a +be’;
|-2 =a, + bzeijﬁ; (12)
I, =c, +d,e’”?;

_ _is
I, =c,+d,e™

TIE a1, da, D1, Dy, C1, Cy, di, d» — KOMIUIEKCHBIE KOHCTAHTEL.
HemnocpencTBenHo# moacTaHOBKOHW BhIpakeHnid TokoB (12) B (11) ybexna-
eMcs, YTO OHU YAOBIETBOPSIOT cucteme (11).

BbIBO/IbI

1. [lomrydeHsl MaTeMaTHYECKHE MOJENN MEPEXOIHBIX MPOLECCOB CHHXPOH-
HOW JBYXMAIIMHHOW CHCTEMBI B HATypaJdbHOW (pOopME M B CHUCTEME KOOpPIU-
Hat d, g.

2. MccaenmoBad cTallMOHApHBIA MPOIECC CHHXPOHHOM JBYXMAIIUHHOW CH-
CTEMBI IIPU Pa3IIMYHBIX CrIOcOo0aX 3a/laHus He3aBUCHMOI HH(OpMauy.

3. B acHMHXpOHHBIX peXUMaxX CHHXPOHHOW JBYXMAIIMHHOW CHCTEMBI 00-
pasyercs JlaBUHA YacTOT, KOTOpas COIEPKHUT TIapMOHHKH YacToT @, O,

u k(o —,), tae K — nenoe uuco.

4. Ilpu HaMM4YKMK Ha POTOpPaxX CHHXPOHHBIX MAIIUH JBYX OOMOTOK BO30YyKIe-
HUS [IPU ACUHXPOHHOM JBM)KEHMM CUHXPOHHOW JIByXMAIlIMHHOM CHCTEMbI TOKH
Y HAaIPsDKEHHUSI COZIEPIKAT TapMOHHKH TOJIBKO JABYX 4acToT (M, ¥ ®,).
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