HU3BECTHS
TOMCHOI'O OPJIEHA OKTABEPBCHOHM PEBOJIIOIITHH
H OPJAEHA TPYJOBOI'O KPACHOI'O 3HAMEHH
HNOJIUTEXHHYECKOTO HHCTUTYTA um. C. M. HHPOBA

Tom 301 ' , e

FTAPMOHUYECKHH AHAJIU3 MHOTOCTYNEHYATOH ¢0PMbl
BbIXOLHOI0 HANPS)XEHHS NMPEOBPA3OBATEJISA

A. M. ABAPOB, B. P. BUPIOKOB, O. l. XACAEB

X (IlpeacTaBieHa OObeHHEHHBIM HAyYHBIM CEMHHApOM Kadeap
DJIEKTPHYECKUX MAIIHH H OOLleHd 3JeKTPOTEeXHHKEH)

Bmxonﬂoe HanpsKeHHEe NPOCTEHLIHX MOJYNPOBOJHUKOBHIX NpeoGpaso-
BaTesell HANPSKEeHUs HMeeT NPAMOYTONbHYI0 GOPMY, XOTS 4acTo Tpe6ye'rcs1
4TGB! OHO ObLIO CHHYCOHZAAbHBIM. OHMM M3 NEPCNEeKTHBHBIX NYTEH pelle-
HHUS 3TOM 3aJaud ABJAseTCsl GOPMHUPOBAHHE MHOTOCTYNEHUYATOTO HANPSIKEHHS.

TapMoHHYeCKHl aHAJH3 CTYNEHYATOrO HaNpsIKeHHs PacCMOTPEH B psilie
pa6or [1, 2, 3]. B nanHBIX pa6oTax mapaMeTphl ero CTymeHe# = onpeess-
IOTCSL U3 YCJIOBUSI VHHYTOXKEHHs] HH3IIMX TaDMOHHK, YTO OOGBSCHSETCS BO3-
MOZKHOCTbIO YMEHbILIEHHSI BeCa BBIXOAHOTO (HJIbTpa NpeobpasoBareds.

OpHako cTyneHyaTass annpOKCHMaLHs CHHYCOHIbI no3Boaser  Ges
GuAbTPA NOJYYHTH HANpPsiKEHHE, YAOBIETBOPsIOllee MHOTHX noTpebuTesed.
B sToM cayuae OCHOBHBIM IIOKa3aTelleM, XapaKTepH3YIOIHM ero KauecTso,
SABJISIETCH KOS(bd)HuHeHT rapMOHUK. . , S

PaccMOTPHM CHHTE3 CTYIEHYaTOro HaHpH}KEHHH BHIa (pHC. la) u3 yc-
JOBHSI MHHHMyMa 3TOTO Koacbtbnunema ITpu 3TOM HCKOMBIMH napameTpaMH
SIBJISIIOTCS YIJIBI OTCUETA 1, Ug, ..., Gm A AMILUIHTYABl CTYNIEHEH @y, ag, ..., Gm.
Kosddunnenr rapmMoHHK Ha_Hpﬂ)KeHI/Iﬂ J1060% hopMBl paBeH

. .
, Kr=‘/mu'“ = 2 Al
' * 4 s |

rae Uy — neficTBylollee 3Ha4eHHe HANPSIKEHHUS;
Up — AeficTByiollee 3HaYeHHe HANPSXKEHHs NepBOH TapMOHHKH.
Ilencmy;omee 3HayeHHe Hanpmxemm cryneﬂqa'ron q)oprI PaBHO

rae: e
l/—ﬂ—m% Om (“m+1 — %m) , (2)

rjie p — KOJHYECTBO CTYIIEHEl HanpsiXKeHHs Ha YeTBEPTH MepHola.
AMnautyna n-ii rapMOHHKH crynquaToro Haﬂpﬂ}KeHHH onpenenﬂe'rcx
pasJioxeHueM ero B pax Dypbe: S

4_ 2p—1 1_!”“‘“ < g +1 Sk s g -
Unpm = — Y a Sinn__m.i'____.ﬁ_ e e S 3
hm Th L~ n 2 i =9 @ (3)

Ans yno6eTBa nocaexyOUINX BbIKIaA0K 0003HAYHM

5 Imil + & 3 2 — Q. -
Am=amsm-—m—‘—l—2—-—'ﬂ—}sm——m—+l—2—1—'—m—,—
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Toraa geficTByolllee 3HaYeHHE HATPSIKEHHs NMePBOH TaPMOHHKH PaBHO
41 92 D : :
e V 3 An (4)

[logcrasus (2) u (4) B (1), onpeienum 3aBUCHMOCTh KO3(dHUMEHTA Tap-
MOHHK OT aMIIHTYJ H YIJVIOB OTCYeTa CTyIeHeH

x P . P : p—1 D
16 Dipeg =gl DA 2 oA D Anna
Kr L ni—1 m—1 m—1 m=—1 5 (5)

p
2 Am
mee1

Hpyrum nokasarteseMm, XapaKTepPH3YIOIIUM KayeCTBO BBIXOJZHOLO Hamps-
HMeHud, aBasgercs Ko3QGHUHeHT GOopMbl, paBHBIH

T2 5
5 2 0’ (Om+1 — 9m)
Kp= mt :

2 ap(amer — ap)
m==1
JJsi onpeaefeHHs MapaMeTPOB CTYNEeHUYATOTO HANPSKEHHS H3 YCJIOBHS
MUHEMyMa Ko3(duuHeHTa rapMOHMK HaXOAUM 4YacCTHble MPOH3BOJAHBIE OT
3T0ro° KO3 pHIUKEHTa IO BCEM aMIVIUTYAAM H yIryiaM OTCYeTa CTyINeHeH.
[Tpoussonsble KO3 GHIHEHTA TAPMOHNUK 10 aMIVIUTyJAaM CTyMeHell paB-

(6)

HbL:

oK. P Ay :

gt 2k B — S D an' B~ n)

m—1 m—1
oK ) 5w :
T = (B — %) 3 An— =2 3 an'Omer — o) (7)
2 = 2 m=1
oK A P
) a; = (3p+1 — %p) 2 An 21 am® (Ame1 — o‘m)‘
P10

ﬂpOMSBOﬂHbIe Koa(b(pmunema rapMOHHK MO yIJiaM:OTCUeTa CTyleHeH paBHbI:

oK, P

g a, + ai) ZlAm + 2sina, 21 am® (Am+1 — “m);

m= © m=
oK S : L
@ar =(a +a) ¥ Ay + 2singy ¥ aptemsr — tm)s (8)
2 m=1 : m=1
dK P : .
dar = (ap_, - ap) 2 Am -+ QSiﬂflp 2 amz(am+l T am),
- p m=1 m=1
rse
T
ap.:_l = T P

[pupaBHuBas HyJ 0 NOJMydYeHHBle NMPOU3BOAHBIE, HAXOLHM CHCTEMY ypaBHe-
HKit, Obllee KOJIMYECTBO KOTOPHIX PaBHO 2p.
a, {2, — a;) = C(cosay — cOSay);
ay(ay — a,) = C(cosay — COS a);

9)

o i . . . . . . . . oh - L@

ap(9p+1 — ap) = C(cosa, — cos op+1) -
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say = 20s8ne ;
a, + a; = 2Csina, ;

- (10)
ap + ap— = 2Csinay, ,.
rae.
c 2y Uy
: ‘U;u : : ;
Hcknrouas u3 (9) u (10) ay, ag, ..., ap, NONYUYUM HOBYIO CHCTEMY ypaB-

HEHHH, B KOTOPOH KOJHYECTBO HEH3BECTHBIX DABHO YHUCIY CTyNeHeH — p
e 2(&2 — O(l) sina; — cosay; =0, - : : -
2(a3 — a3)(slnay, — sina,) — cosa, -+ cosag = 0; (11)

2(ap+1 — ap) [sinay — sinay_y +- sinay_, —
= el Rt R - Gase, - cOSan = W

Perenune 5Tofi CHCTEMBI IIO3BOJISIET ONpPENEJIHTb YIJIBI OTCUETa BCEX CTY-
nereir. OnpeneneHre mapaMeTpoB KpHBOH 0e3 HyJeBOH crymeHu (puc. 10)
npounssogurca nmo (11) onpu a;=0.

i L e
- A-J— % dm dp
= 1 |
e r =
e
1
7] 045 wt
= Apr S
'L.,.l r_J'
&
Pue. 1

- Kak caeagyer us (l1), yrael orcuera He MOTYT ObITb HaHJAeHbI aHaJlH-
THYECKHMH METOHLAMH, TaK KaK CBS3aHBl MeXKAy COO0H CHCTeMOH TpaHCIeH-
JIeHTHBIX ypaBHeHHH. JTa cucTeMa [/ Pa3JUYHOTO UHCIa CTyNEeHeH pelle-
Ha Ha [IBM. Pesyabratel pellenuii ansg p=1--6 npeacrasjenst B Tabs. 1
€ HyJeBOHU CTYNEHBIO U B TabJ. 2 — 6e3 HYJeBOH CTyIIeHH.

C nowmomnipio Ha#geHHBIX yriaoB u3 (9) u (10) HAXOAMTCS OTHOCHTE/b-
Has BeJMYHHA aMIUIMTYABl JI0OOI CTYIEHH HalpsiKeHHS.

& ~
- s (cosap — COS o 41)

e - 12
ap COS tp (A 4y — %) : )

Boipaxenne (12) crnpaselsiuBo W B TOM cjydae, KOTAA yIrabl OTcueTa 3ajla-
Hbl H HUMeIOT MPOH3BOJIbHOE COOTHOUIeHHEe MeXIy COOOH.

9—293 Lle



PaccmoTrpum uactHbiil cayuait dopMmyasl (12) mjast uyeThipex nauGosee
XapaKTepHbIX ()OPM CTYIeHYaTOro HAIpSIXKeHHS: C HYJEeBOH CTYIeHbio U 6e3
Hee, C PaBHBIMH Ha MOJYHNepHOJe UM YETBEPTH NepHOoAa AJUTETbHOCTAMH
cryneHeil. Takue AAMTENbHOCTH NPHHUMAIOTCS TPH HAXOXKJEHHH Mapamer-
POB HAIPSUKEHHSI U3 YCJIOBHS YHHYTOXKEHHS HH3LIMX IapMOHHK. B 3Tom cay-
yae u3 (12) nosiyuaeM oJHO o6Iee BbIPaKeHne J/ist ONpefieeHus aMILIHTy/L
CTyneHeH yKasaHHBIX (opm

a o
ar_;] =Umosm(\—k—-m——v>‘

rae Upg =1 uau Upg, = sec IJ151 HAaNpsi>KeHHH ¢ PaBHBIMHU JIHUTENb"

T
2k
HOCTSIMH CTyIleHeHl B TeyeHHe MOJIYIepUuona UJIH YeTBePTH MNepHoAa COOTBET-
CTBEHHO,

1: o
fﬁ‘ — JJs HalpaKeHHH 0es HYJEBOU CTYIIEHH,

Y
l 0 — Ana HANPSKEHHI C HYJEBOH CTYMEHbIO. ~

CpasHenue (12) c anajsornusHoit opmyJsoH, HaULeHHON H3 YCIOBHS YHHY-
TOXKEHHS HH3LIHX rapMOHHMK [2, 3] mokasbiBaeT, 4TO OHH IOJHOCTbIO COBHA-
nator. Takum o06pa3oM, pacCMOTpPeHHOe YCJOBHe $sIBJsieTCss Haubosaee 00-
IIHM, U3 KOTODOTO KaK YaCTHBIH cjayua#dl MOI'yT OBITb HOJIyueHbl BbIparKeHHs
Il OIpeJlesleHHs] nmapaMeTPOB CTyIleHeH, IPH KOTOPHIX  obecneyHBaeTcs
VHHUTOXKEHHE HH3IIUX TapMOHHK.

Ucnonb3ysi HaliieHHbIE napaMeTpm Ha puc. 2, 3, 4, IOCTPOEHbI COOTBET-
CTBEHHO 3aBHUCHUMOCTH KO3(Q¢HIMeHTa TapMOHHK, aMIIHTYABl NEePBON Tap-
MOHHKH M KO3@¢uuuenta GopMbl B PYHKIHH OT 4HCJIa CTyleHeH HampsiKe-
HHUS C HYJeBOM cTymeHbio (KpuBasi 1) u 6e3 Hee (KpuBas 2). Ilaa cpaBHe-

HHsl NpPUBEJIEHBI AHAJOTHYHble 3aBHUCHMOCTH [JIsi HaIPsKEHHH, NapaMeTphl
CTyIleHeH KOTOPHIX ONpeJesIeHbl U3 VCJIOBHS YHHUTOXKEHHS HH3UIHX rapMOHHK
(kpuBble 3, 4). BumHo, 4TO HampsiKeHHe C ONTHMAJbHHIMH mapaMeTpaMu
UMeeT MEeHbUIYI0 BeJHYHHY K03 duuueHTa rapMOHHK, OoJbliee 3HaueHUe
TOJIe3HON cocTaBasiomlell, a KoagduiuenT GopMpl GbHICTpee TPUOIHIKAETCS.
K CBOeMY NpeIeNbHOMY 3HaueHHIO, paBHOMYy 1,11,

05
Ky

04

i 9,

R
e D
01 %‘“\ _
- %
(5 1 D 3 4 3. P &
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Ha puc. 5 n3o6paxena auarpamMma aMIVIUTYJ BBICIIHX TapMOHHK Upy
JJIS TPeXCTyNeHYaThlX HaNpsiKeHHH O0e3 HYJEeBOH CTYNEeHH C HaHJAeHHBIMH
(cnowiHble JIMHHM) M H3BECTHBIMH (NyHKTHDHBIE) HapaMeTpaMH CTyIeHeM.
U3 Hee cieayer, YTO aMIUIHTY/Abl OXHOUMEHHBIX TaPMOHHK OOOHX HalpsxKe-
HHH pa3JiMYyHBI, NIPHYEM y NEPBOTO H3 HHX OHH BCerja MeHblie.

O6bi4HO OTCUET YHCJIA CTYNEHEeH NMPOU3BOAMTCS OT HYJs, B KOTOPOM YpO-
BeHb HaNpsxkKeHHs He Bcerja ompefeneH (HanpskeHue 6e3 HyJeBOH CTyme-
HH). Bosee nmpaBuibHO 32 HauaJO OTCUeTa MPHUHHUMATh MOMeHT t=mn/4, B KO-
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Puc. 5

TOPOM HalpsiKEHHe BCerja HMeeT MaKCHMaJbHOe 3HaueHHe. B atom cayuae
KOJIUYECTBO CTYIEHeHd Ha MOJyNnepuHoje [JIsI HaNPSKEHHs C HYJeBOH CTyme-
HbIO Bceraa paBHO ueTHoMy K=2p, a 6e3 nee HeuetHOMy Ki=2p—I uncruy.

Ha puc. 6 npusenens 3aBucumoctu Ky=1f(k) nns nanps:xenns ¢ ONTH-
MaJbHBIMH NapaMeTpamMH (KpuBas 1) W HampsiXKeHHs, mapaMeTphbl CTyleHen
KOTOPOTO OmNpeJe]eHbl W3 YCJAOBHS YHHUTOXKEHHS HH3IIHX FapMOHHMK (KpH-
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(RS

Ta6auma 1

-

- Koapduu. ; et e S
BennuuHbl cTyneHe# rapMOHHK | ang 0Tcl;e.‘11a_:7_CTyneHen Lin
l . Kr s Uy oy oy S Qs -~ 7
ay Qg ag a4 as as s Sl
1 1 0,2896 231397
2 0,5229 I 0,1638 132782 : 42°40°26"
3 0,3546 0,6947 1 0,1147 9°28'16” 29°8726” 51251317
4 0,2685 0,5305 0,7802 1 0,0883 s 22°13"30” 38°20'53” 57°2519”
5 0,2159 0,4284 0,6350 0,8286 1 0,0718 5°56730” | 30°38'51”  44°33/32” 61°14716”
6 0,1803 0,3587 0,5343  0,7027 0,8614 1 0,0605 4°59'46” 15°5720” - 25°32'53” 36°41/12” 49°3/45” 64°1730”
Tab6anua 2
. Koad)(pﬂu. :
Bennunuel cTyneHe FapMOHHK Yrasl oTcuera cTyneHem
p o ,
l l , ’ Kr Uy Qi) Uy s Og
a; a as - ay as as |
1 1 0,4850
2 0,3480 1 0,2089 35°9'3” ,
3 10,2127 0,6270 1 / 0,1349 22°31743” 47°561% / i
4 0,15343 0,4559  0,7441 1 7 0,0998 16237117 34°16748” 54°57'9” :
5 0,1201 0,3582 00,5896 0,8078 1 0,0792 - -13°11'2” #26°51/37 41°46'28” " '59°32"10”
6 0,09868 0,29048 04873 0,6731 0,8421 1 0,0657 10°55"14” 22°6'58” 5 ATV 62°46"45”



Baa 2). ['paduku mokasbiBaloT, uto KpuBble K, Ajas1 HanpsixeHHs C HYJIEBOH
CTyNeHblO (CBeTJble TOUKH) H Ge3 Hee (TeMHBIE TOYKH) COBNAJaioT B 00OHX
caydasx.

BoiBoapbi

1. B o6GmeM cayyae mapameTphl CTyNeHYAaTOr0 HANpSIKEHHS, ONPefeseH-
Hble H3 YCJOBHH YHHUUTOXKEHHS HU3LUINX FapMOHHK M MHHHMyMa KO3(GHIH-
€HTAa TaPMOHHK, OKa3bIBAIOTCSl Pa3/JMUHBIMHU, OJHAKO NPH KPATHLIX yrJaax oT-
€yera CTyIeHeH HaNpsXKeHHs 3TH TapaMeTpbl NOJYYAIOTCsI OAHHAKOBBIMH,
T. €. YCJAOBHE YHHUTOXKEHMSI HHU3LINX TAPMOHHK $SIBJISETCS YACTHBIM CJAydaem
VCJI0BHS MHHMMyMa Ko3¢duuueHra rapMOHHK. -

2." KosdduuueHT rapMOHHK BBIXOAHOTO HANpPSIKEHHS C mapamerpaMy,
OIpeieIeHHbIMY U3 YCJOBHS MHHHMAJbHOI'O 3HAUYeHHS! 3TOro KO3dpuuneHTa,
Jiyyile, 4yeM /s HanpsXKEHUS ¢ mapamMeTpaMH, ONpedeJeHHBIMHU U3 YCJAOBHS
VHUYTOXKEHHUsS] HU3UIMX rapMoHuK Ha 2,19% mnpu omHocTyneHuatom u Ha 1%,
TPH LIECTHCTYNEeHYaTOM HaNpsiKeHHH.

3. KpuBrble ¢ HY/eBOH CTymeHbio i 6e3 Hee COOTBETCTBYIOT HANPSAKEHUAM
€ YETHBIM H HEYETHLIM KOJHYECTBOM CTYIEHeH.
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