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Tomkent Jlanar Tpancnopr YHuBepcurertu

Annomayun: Ky3raTvin yynraMy KydJaHUOUIAp €KUM TOKJIAP PE30HAHCUIA CO3JIAHTAaH SIHTH
muddepernman TpancGopmMarop AATIYMKIAPUHUHT UILTA0 YUKWITaH MaTeMaTHK MOJIEIIap TaXJIMIn
KY3FaTUII 3aHKUPU KyWIaHUIUIAD PE30HAHCUTA CO3JIAHraH SHIM JATYUKIAPHUHT CE3TUPIIUIH
TOKJIAD PE30HAHCHUra CO3JaHraH [aTYMKIAp CE3rUpIUTHAaH KY3FaTUIl 3aHKUPUHUHI aCJUIUK
KAAMaTy MapTa IOKOpH, ymly AaTYMKIApHUHT MaHOaJaH UCHhTEMOJ KHiIaéTraH KyBBaT OMpIIMTHTa
HucOaraH OJIMHTaHAa »7Ca TOKJIAp pPE30HAHCUTa CO3JIAaHTaH SIHTU JaT4yuKiIap CE3THPIINTU
KYWIAHHIIAD PE30HAHCHUra CO3JIAHTAaH JAaT4YMKIAp CE3TMPIMIMAAH XYIOU IIyH4Ya Mapra IOKOpPH
OynmumuHu Kypcatau. Ky3raTuin 3aHKMpU MOC paBUIa KyWIAHUII Ba TOKJIAp PE30HAHCHUTa
CO3JIaHTaH MKKHUTA OMp XWi sSHTH TuddepeHuan TpaHchopMaTop AaTdyuKaa I0KJIamMa KapIIuinra
KUHAMAaTyl Ba XapakTEpUHUHI Yy3rapully KydJlaHUIUIap pe3oHaHcura cosnanrad T/l xysraruiu
YyIIFaMUard TOK KHMMaTUHUHT KYIPOK Y3rapyuimira ojauod KeauIly aHUKIaHId.

Kanum cyznap: puddepenunan TpancdopMmarop AaT4WK, MareMaTHK MOJAENb, WHIYKTHUBIUK,
KOH/ICHCATOP, KYWIAHHIILIAP PE30HAHCH, TOKJIAP PE30HAHCH, CE3TUPIIUK, aKTUB KyBBaT, TYJia KyBBaT,
3aH)KUPHUHT aCIUTUTH, UIITYH XaBO OPAJIUFH, MATHUT KAPIIMIIUTH; MAarHUT CUFUMH

TexHomoruk kapaéHyiap Ba MIUIA0 YMKApUIIHM  aBTOMAarUK  OOMIKApPHMII  THU3UMIIApHJIA
OomkapwiaéTran oObeKTIapAaru KypwiMajiap CHDKUIUIApU TYFpPUCHIArd MablIyMOTIapHU
OJMILAA TYPIM XHJI pycyMmJaru, xycycan auddepenuuan tpanchopmarop naruuk(ATd)map xeHr
kynamaa KymwiaHwinO kenuamoxaa [1,2]. Ymoy AT nmap acocuii xapakrepHCTUKaJapUHUHT
KUECUM TaxJIMIM LIYHM KYpCAaTAWKH, ynap yidaml Avana3oHuJa HUCOAaTaH MacT CEe3THpIIMKKa Ba
HOUM3MK Y3raptupuin ¢yHkiuscura sra [3,4]. by xamumnuknapra sra Oynran AT napauHTr
aBTOMATHK  OOLIKAapHII THU3UMJIApUJA  KYJUIAaHWIUIIM ~ OOLIKAapHIl  >KapaéHUHUHT  cudar
KYpCaTKUWIAPUHU MacaluIINra oo Kenaau.

FOkopuaa Kaif STHITaH KaMUMJIMKIApHU Oaprapad »Tum Makcaauaa TOIIKEHT AaBiaT TPAHCIOPT
yHHMBepcUTeTHAAa CUIKUIIHN YiruoBud JITJ[ HUHT SHrH KOHCTpYKUMsicH uiad yukuiarad (1- pacm)
[5]. YOy AT na ger Ba ypTana >koinamrad y3yH ¢peppoMarHuT CTepKEHIap Opacuaard MKKUTa
WITYH XaBO OPATMKJIAPUHUHT KUMMATIapu 3aHXHUp Y3YHJIMTH OYyinad Moc paBulga Kydugaru
KOHYHUSTIap OuiaH y3rapagurad KWinb scairaH:

5x1 = Smin + ﬁ(XM + X)21 (1) 5x2 = 5min + yih(XM - x)Z’ (2)

Oy epma pu — (QeppoMarHUT CTEpXKEHJap MAarHUT MaTepUAJMHUHT HUCOMH  MarHut
CHUHITIUPYBYAHIUTH OYMO, MarHUT 3aHKUPUHUHT TETHMIIUIM F€OMETpHUK Yidamiapu 1- pacm, a na
KEJITUPUIITaH.

Auru AT/l vnuiam npyuHOUMON YHUHT TPOTOTUIH [3] MILIal NPUHIMIKAAH (apK KuiMaca-z1a, ssHTH
AT nma wumam XaBo OpalMKIapHW KaTTAIWKIApW MarHUT 3aHKUPUHUHT Y3YHJIUTH OViinad moc
pasuma (1) Ba (2) udonanapra OuHOaH y3rapaauraH KWiInO TaHJIAHTaHAA, KY3FaTUII Ba Yadarl
YyIIFaMJIIApUHUHT Xap Oupuiaru ukkana MHAYKTUBIMK KD KoopauHaracu y3rapraHaa YU3UKIN
KOHYHHMAT OwWiaH y3rapaau, Ky3faTuIl Ba yiyall 4YylFamjiapd Xxap Oupuaarda ymyMui
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WHIYKTUBIUKIAp 3ca KD HUHr OyTyH CHIDKHUIN JUana3oHWJa y3rapMmaciaH cakjiaHaad. byHHWHT
HATIDKACUIa 3ca Ky3FaTUI 3aHKUPUAArHd Pe30HAaHC pexkuMu KD HHUHT ucTanraH KOOpAuHATacuia
cakyiananu (1- pacwm, 0), AT/l HuHT cTaTK TaBcH(U dca YN3UKIN KYPUHUIIIA OY1au.

Cumxuinapuu yigosuu JT/] nap ce3rupauruHy KECKUH OLUMPUILI MaKCaAUAa YIApHUHT KY3FaTuIl
Ba yiyam 4yiaFamiiapu €Kd yiaapjaaH Oupu pe3oHaHcra cosnananu [6,7]. bynga AT/ map ymuam
yynraMpa (akar KywiaHUIIap PE30HAHCH 103 OEepHIIM MYMKHH OViica, KY3FaTHIN YyIFamMHa
KyWwIaHUILIap KU TOKJIAp PE30HAHCH PeXUMIIAPH XOCHI KUITMHUIIM MyMKHUH OVaau.
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! O
a)
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Z — — 1- pacM. CwpkuuuiapHu YI40BUYU
cesrupnuru  okopu Oymran ATA: a -
Loi(x) KOHCTPYKTUB cxeMacu; O —uynramiap
T WHIYKTUBIUKIAPK Ba KOHJEHCATOPHUHT
U NG U VIAHUII  CXEMAacCH: 1,23 -  y3yH

dbeppoMaruut CTEpIKEHJIap; 4,5 —
dbeppomarHuT Tyramruprudiap; 6,7 sa 8,9 —
MOC paBUIla Ky3FaTUII  Ba  yJdamn
yynramiapu; 10 — Ky3fFaayB4aH 3JIE€MEHT
(aynraMm, sKpaH, y3ak); 11 — koHaeHcarop.

1)

Ymly nuccepranusiia TaaKUK STHIIAETraH Ky3FallyBuaH 3JIEMEHTU Y3yH ()eppOMarHUT CTEp)KEHra
HWUFUK KYpUHUIIA Ypairad yadam gyinramuaad uoopar 6ynran AT/l napuna ymyam qyaFraMUHUHT
acJUry (4yafaM MHAYKTUB KApUIWJIMTMHUHT YHUHT aKTUB KApIIMJIUTUra HUCOATH) KUYUKIUTU
O0HMC YH/Ja PE30HAHC PEeXUMMHHU XOCWJ KWJIHUII camapacu3 xucoOmanaau. LIyHuHr yuyH xam Ou3
nuccepramusiga JTJ[ HuHT (dakar Ky3FaTUIl 4YylIFaMya XOCWJ KWIMHAQJAWTAH PE30HAHC
pekumIIapura TyXTanub yTamus.

Jactna0, ynyam yynFaMu KapIIMIUTH KarTa OYaraH lokKjamara ylaHraH, sS’bHM Yidaml yyjiFaMu
CaIT MII peXUMHra skuH Oynran pexumaa uuuaérrad AT ky3ratuin 3aHXKUpUAAard pe30HAHC
PEKUMIIAPUHHY TAJKUK TUIIA YII9all YyJFaMUAard TOKHA KY3FaTHII YyIFaMHAJIard JJIEKTPOMarHuT
*apa€Hnapra TabCHUpUHM wHHOOarra onmaitmu3 [8]. AT/ ky3ratvmn 3aHXupu KywIaHUILIAp
(ToKJap) pe3oHaHCHUra Co3Jall YUyH KY3FaTHII YyTFaMUHUHT UHAYKTUBINIY Ba MaHOa Ky4JIaHUIIN
YaCTOTACMHUHT KUMMaTiIapuaaH XamJa pPe30HaHC MIapTHIAH KeIud YMKKAH Xonjga KY3FaTHIl
YyynFaMura KeTMma-KeT (Mapajienb) ylaHaJuraH KOHAEHCATOp CHUFUMHHMHI KUMMaTtu Kylujaaru
dopmynanap Epramua xucoobnad tornunanu [8]:

Cor = 1/(w?2Ly), 3) Co—n = L/ (wZL% + RZ), (4)

Oy epma Ry Ly, Cig, Ch_, — MOC paBUIIa KY3raTUIl YyIFaMUHUHI aKTUB KapIIWJIMIU,
VH/IyKTHBIIMITY, YHTa KETMa-KeT €KM Napajiesb YJIaHraH KOHIEHCATOp CHFUMM, W, — PE30HAHC
YaCTOTACH.
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Masbnymku [9], kyunanunuiap (K.p.) Ba TokJiap (T.p.) pe30HAHCHAA 3aHXUPJIard TOK Ba KyBBaTiap
Kyluaaruinapra TeHr Oynaau:

Ip. = U/Ry, (5) Lp = UR/(RZ + X2,)i Lupwy = U/JRZ + XZ, (6)
Sep. = Pep. = U /Ry, (7) Sep. = Pop. = UR/(RZ+ X2,). (8)

Tagkuk »TUmaéTran Kys3rajayByaH 3JE€MEHTH Yidall 4yJIFaMH KYpUHUIINAA ScalraH sHTU

HAT/] cesrupiuru Kyiuaaruia TONUIAN:
dE,

Cun
K ==2 = owWyu Iy “TOZx, 9)

Oy epma A=1+ Z,oCunoXy + Z,mCunoXﬁ, [—]; Cuno — uKKuTa y3yH (eppoMarHUT CTEpHKEeHb
OpacHaryl MArHUT CHFMMHHHUHT 8y, Jard HOTOH(comumrupma) Kuitvarn, [H/m™']; Z,, - y3yn
(eppoMarHUT CTEPKEHIAP MArHUT KAPIIMIMKIAPUHMHT moroH Kuitmarn, [H™'-m™']; Z,,
(eppoMarHUT TYTAIITHPIHYIAp MATHAT Kapimturd, [H ™' ]; Wy, Wy, — MOC paBHIIIa Ky3FaTHII Ba
Ydan gyyjiFraMiiapyuard ypamiap COHH.

Ky3rarum yynramu kydnaHumap (K.p.) Ba Toknap (T.p.) pe3oHaHcura cosnanran saru T map
CE3TUPIUKIIAPH Ba YIAPHUHT MaHOATaH MCTEhMOJ KWIaéTraH KyBBaT OMPIIMTUTA TYFPH KelaJuraH
HUCOMI KMIIMaTIIapy MOC paBHILIA KylHIaruiapra TeHr Oy aHUKIaH Iu:

_ 2UxCuno
Kip. = oW Wy, ;KA , (10) Krp = oW Wy, ZUKC”HO/<A /R,% + X}%L).(ll)
K}?.p. = wW}cW}"/m{. Zcﬂ’ (12) K* = 2Cuno 1 X R 2 13
Ugh T.p. — (‘)WK,W}”IJH. U + ( K.L/ K) ) ( )

Oy epna Uy — man6a xyunanuiy; X, ; — Ky3FaTUII YyJIFaMUHUHT MHIYKTHB KapPLIMJIUTH.

(10) Ba (11) xamma (12) Ba (13) mdomamapau ¥y3apo Takkociam IryHH Kypcaramukw, JT]]
KY3FaTuIl 3amKMpUHMHr Ry, L Ba C mnapameTpaapu Ba MaHOa KyWIaHMIIMHUHT OUp XHII
KUHMaTnapyuia Ky3FaTuil 3aHKUPH KydJIaHUIUIap pe3oHaHcura cosnanrad J[TJ[ HUHT ce3rupiauru

2
TOKJIap pe3oHaHcura cosnanrad [Tl cesrupnurunax \/ 1+ (XK_L/RK) MapTa [OKopu O¥ymaau,

MaHOa/laH UChTEMOJI KUIA€TraH KyBBaT OMpIIMIHra HUCOATaH OJMHIaHAA 3ca TOKJIAp PE30HAHCUTa
cosnanrad JT/[ cesrupmuru KywiaHumiap pe3oHaHcura cosnanrad [T/l HUHT ce3rupiauruaaH

2
\/ 1+ (XK_L/ RK) MapTa IKOpu Oyiaau, MacaylaH KY3FaTHIN 3aHXUPUHMUHT aciuuru 10 ra TeHr

o .. 2
oynran JTJ[ na roxkopuaa TakKOcJIaHa&TraH KaTTaJHKIIap J 1+ (XK_L/ Rx) = 10,05 ra dapk
KWJIaIH.
OHIu ymyam 9ynFamu Z,,, KapIIWIMKIM FOKJamara yJlaHraH Ba KY3FaTUII 4YyJIFaMy pe30oHaHcra

CO3JIaHTaH XaMJa KYy3FaTuIl Ba Yirdail dyyiaramyiapu y3apo MHAYKTHB Oofnanrad suru JATJ[ na o3
OepaauraH >IeKTPOMArHuT KapaéHIapHu Tax M 3TaMu3 (2- pacm).

ATl HuHr 2- pacMaa KeITHPWITaH KYy3FaTHII 3aHXUPU KyWIaHHWIUIAp PE30HAHCHUra CO3JIaHTaH
BapHaHTU Y4yH KupXropHuUHT MKKMHYM KOHYHHM acocuja KyHuJarn MyBO3aHAT TEHIVIaMaJapHU
Ty3amu3 (OyHJa cxemazard y3JIyKiIM YM3MK OMilaH KypcaTuiraH moxoOua nHoOarra OJMHMANIN)

[9]:
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p—»i'—| G; Ry

2- pacM. Ynuam 9yiaramMu Z, KapIIdIuKId
IOKJIaMara yJlaHraH Ba KY3FaTUII 4YyJFaMu

pe3oHaHcra CO3JIaHTaH SIHTH AT
ANEKTPOMArHUT  3aHXKUPUHUHT  aJMallljiant
cxemacu

Uy = [Re +j(wL — 1/@C)) i1 — joM(x)iL, (14)
(R}“UI'{. + Ziok +ij}“7nq.)iL2 _ja)M(x)iLl =0, (15)

Gy epma  R¢=RO+RO  Lo=Lo+LL M) =M —M" = wwy, 22X, +x) -

Cﬂnox

Cuno .
WKW}»,JN_%(XM —X) = 2ZWy Wy, — YyaFamiapu y3apo KeTMa-KeT Ba WHAYKTUB KHXATIaH
Kapama-Kaplii yJaaHTaH KY3FaTUII Xam/ia Ky3ralyByaH yiidall 4yJFamiapu ypracuaacuiaru y3apo
WH/TYKTHBIIHK.
1
Kyunanunuiap pesonancuaa wly —o = 0 sxannuruHu uHOOarra onraH xonga (14) Ba (15)
1
TeHramaiapuu [;; Ba [;, Tokmapra HucOaraH Oupraaukaa e4uO, YIApHUHT KyHUJaru
KUMMaTIapUHA XOCHUIT KUJIaMH3:

I Ul Ul
L, = — 16
L1 (WM (Rypy +Ziok) . [@M@PwLgyy, Zinp (16)
! 2 2 J 2 2
(Ry,m.+zm) +(wL}v,m.) (R}v,m_+zm) +(wL}v,m_)
i jwM (x)Uy
I, = JO 17
L2 ™ R (Rypa+ jwLyna +Zio) HwM(x)]2’ (17)
[wM ()% (Rypy +2Z . [wM ()12 WL,
Oy epma Zg, = Re + ) (2YJH m)z —J ( )2 2~ — T 50eKTpOMarHuT
(R}“mq.‘l'z}ox) +(wL37J1q.) (R}“UH."'ZHJK) +(wL37J1q.)

3aHKUPUHHUHT MaHOara HucOarad KHUPUII KapHIIUJINUTU.

K¥y3raruin uynraMu KydjaaHUIIAp PE30HAHCUTa CO3JIAHTaH Ba Yilyalll 4yJFaMM IOKJIaMara yjaaHTaH

AT]] 3amxupnapujard TOKIap ydyH xocwi KuiauHrad (16) Ba (17) udomanap TaxJIuiau LIyHU
. . . . ; U

KYpCaTaiiku, Z,,, — o0 0ynranaa I, = 0 O0Ymu0, Ky3rarTuil 4yaFraMuard ToK Ipq) = R—1 ra TeHT
K

Oymamu. Zo #0 ma osca  Zyg,, KapUIWIMK TapkuOWIa YHHUHI PE30HAHC PEKUMHUIATH
[wM (x)]? (R}"mq."'Z}OK)

2 2
(Rynu.+Ziox)” +(@Lyny.)

KUAMATU(Z o, = Ry )ian  dapkiv  paBullga  aKkTUB ( ) Ba  PEAKTUB

( [wM(x)]? WLy,

2 2
(R}"fnq.+zlok) +(wL}“mq.)
Ky3FaTI/II_H qyllfaMd TOKHHHHI aMIUIMTygacHl Ba (I)a3aCI/IHI/I S’/3FapI/II_HI/II“a fe)30% (0] KEJICa, UKKHHYU
TOMOHIAaH, PCAKTHB TAlIKWJI 3TYBUYMHWHI MaBXYIJIUTHU PE30HAHCTa CO3JIaHI'aH KS’/?)FaTI/IHI 3aHXUPU
XYCYCI/Iﬁ JaCcTOTaCUHHU SIISTaPI/IH_II/ITa o6 Ke€j1aau, HaTHXKalda 3Ca 3aHXXHP PE30HaHC PEXUMHIAH
MabJIYM gapaxkazma Oragau.

) TaIIKWI 3TYyBUMJIApH Naigo 6ynaau. by Tamkun sTyBumiap, 6up TOMOHJIaH,

Oumu [T ky3raTtuin 3aHXUpU TOKJIAp PE30HAHCUTa CO3JIaHraH BapHaHTH y4uyH Kupxrod
KOHYHJIAPH acOoCHIa KyHHJaru MyBO3aHaT TeHIJIaMaJlapHH Ty3amu3 (OyHa 2- pacMm/a KeITHPHITaH
CXEMaHUHT yMyMHUH II0X004ajard KOHJEHCATOp WHOOarra OJMHMAHM, Y3JIYKIM YHM3UK OWJIaH
KypcaTwiral moxo04a nHoOaTra OJMHAaN):

Iy = I3 + Icq, (18) Uy = —jXcley, (19)
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Uy = (R + jwL )l — joM(x)11,, (20)
(Rym{. + ZmK + jwyﬂq' )iLZ - jwM(x)iLl = 09 (21)

(19) tenrmamanan I-; Tokuu, (20) TeHmiamanan sca I;; TOKHU TONMHUO, YITAPHUHT KUMMATIApUHU

(18) ra kyiin0, 3aHKUPHUHT IIOX00YaTaHMaral KUCMHUIAr [; TOK y4yH Kylnaara udogaHu XOCHI
KHAJIAMU3:

2 Ll
RUy ja)C1 [sz"‘(("LK) —C—'ﬂ Uy . wM(X)iLs
RZ+(wLy)’ [Ri+(wL)*|xc Ry+jwLy

1= > (22)

Arap taakuk dtiaérran [Tl Ky3raTuin 3aHKupy TOKJIAp PE30HAHCHUTa CO3JIAHTAHIUTH UHOOATTa
OJIMHCA, y XoJaa (22) TeHramMa YHT TOMOHHMIard MKKMHYH KYIIWJIyBYM HOJTa TEeHT Oyianu. byHra
MKKWUHYM KYIIMIyBYuaard Oypyak 4acToTa « YpHUra YHHHI PE30HAHC PEKUMHAATH W, =
1 Ly/C1—Rg?

VIxcy L/ Cy

FOKxopuaaruay y6THOOpra onu6 Ba (20) xamaa (21) TeHrmamanapun Gupranukna eau6, I, I, Ba I,
TOKJIAPHUHT KyHHJIard KHAMAaTIApUHU TOTIAMU3:

KUMUMAaTHHY KYWHUO WIIIOHY XOCUJ KUJIHII MyMKHH.

i, = ZRlKUl [wM(x)]2(R1x—jwL1x)Us .(23)
R +(wl)” [Rm HwL1)*|[(RuxctjwLa) Riz+ Zo+ L) +HwM ()12
1= (R1K+ij1$E;;ZZ$:$J'L;)LZ)1+[wM(x)]Z’ 24
2 = (R11<+JwL1K)(Ri(zvivlzfoi)fjlez)+[wM(x) 7 (29)
AffiTuin n03uMKH, Zy, — 00 6Yiranna (23)-(25) Tenrmamanap Moc paumpa Iy = - Kzil("j;x)z,
iLl(p) = ﬁ Ba [}, = 0 KypuHMIITA YTaIH.

Ky3rarumn dynramMugard TOKHHM YHHMHI PE30HAaHC peXuMuAaru KuhMmarunal Zg, Ba JTJI
KY3FallyBUaH JJIEMEHTH OVJiTraH Viadaml 4ylFamMH KOOpJWHAaTacura OOFIIMK paBUIIA OFHUIINHUA
Oaxonamaa KywlaHunuiap (Tokjiap) pe3oHaHCH(K.p. Ba T.p)ra cosznanrad T/l yuyH kyhumaru
byHKUMsUIapiaH q)oﬁnanaHmH MYMKHH:

R
Iagepy = —, = fip (6, Zi) = & . 26)
L1(p) [Rl oM@ (R34 Zi0r) +[ [wM()]2wl, ]
(RL2+ZKJK)2+(‘*’L2)2 (RL2+ZwK)2+(0JL2)2

[(RLo+ Zio)? +(@L2) 2] [Re+(wL1) |

7
[R1k(RL2+Zio) +[wM ()2~ w2 L1kL2) " +[R1x@La (RL2+ Zior) |

Izl(T.p.) = fT.p.(x; ZEOK) = 2- (27)

Surm AT/l HUHr scanraH KOHCTPYKUUACH KyHUZArd TEOMETPUK YyiIdaM Ba JIEKTPOTEXHHK
napamerpiapra sra: Uy, = 1810 (1512 mapkanu s1€KTPOTEXHUK MYJIaT TyHyKalapiaH WUFUIraH
MarHuT YTKazruyjaard MarHuT uHaykuusaudar 0,4 <+ 1,5 T auanazonuparu yprada Kuiimat); b =
0,02m;h =0,01m; 5 =0,02m; X,, = 0,075 m; w, = 500; wy,,, = 50. Ky3rarum uynmramu yayH
UIJIAaTHIITaH JeKTp YTKa3rud cuMm auameTpu d = 0,38 mm Ba KapIIWJIMTHHUHT TOTOH KUHMAaru
R = 0,152 Q/m, ymuam dgymramu ydyH sca moc pasumma d = 0,2mm Ba R = 0,572 Q/m.
3aHKMp TApaMeTpIapuHUHT YirdaHraH kuiimartmapu: R, = 13,7 Q; Ry, =2,6Q; L, = 0,19 H;

Ly = 9,57 107* H; My = - = 1,27 107 H/m.

M
(26) Ba (27) Tenrmamanap Ba yJap acocuja IOKOpUIa Kal 1 STHITaH MabIyMOTIap Oyiinya Kypuiran

Iaepy = fip. (0 Ziow) Ba I (2p) = fip. (X, Zio) GyHKIMsIAD rpaduKiapy (3- pacM) TaxXJIHIM IIYHA
Kypcaraauku, Ky3FraTHII 9yJFaMiIapd MOC PaBHIIIA KYUIaHHUII Ba
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3- pacm. Tankuk STHUIAETTAaH CHIDKUIIIAPHU YITYOBYM Ba KY3FaTUII YyJIFaMH KyWIaHHUIILIAP
(a) xampaa Tokiap (6) pezonanciapura co3nanran JITJ map [ Z‘K(K_p_) = fup. (X, Zioi) BA

I, (rp) = fiep.(%, Zio) GynKumsinap rpaduxnapu

TOKJIap pe30oHaHcHura cosjaHraH ukkuta Oup xui suru JTJ] na roxnama Kapiiwiura KUiiMaté Ba
XapaKTepUHUHT Y3rapuIld KywIiaHuuuiap pesoHancura cosianrad ATl Kky3raruin yynramuaara TOK
KMMUMaTUHUHT KYIPOK Y3rapuiinra ojaub Keiaaau.

Hlynnait kumm6, ymoOy Makomaga Ky3FaTHII YyJFaMd KyWwIaHWOUIap €KW TOKJIAp pPE30HAHCHUTa
cosnanrad sHru JTJ] Huar maremaruk monemtapu (10)- (13), (16), (17), (23)-(27) aHamuTHUK
TEHIIaMajap KypUHUIINWIA XOCWUI KWINHIU. Yiap €épAaMuaa Ky3FaTUIl 4yJiFaMy KyWIAHHUILIAP EKH
TOKJIAp pe3oHaHcura cosnanrad sHru JT/] TeXHUMK MMKOHUATIAPUHU y3apO COJMIUTHUPUII Xamaa
TEXHUK TaBcU(IapuHU Hazapuid TaAKUK OSTHIAA (oinananum MyMKuH Oymamu. Kysrarum
yyJFaMu KywIaHUIUIap €KM TOKJIap pe3oHaHcura cosznanHrad T/l map ydyH unua® 4MKHIraH
MaTeMaTHK MOZEIIAp TaXJIWIN IIYHU KYypCaTAUKHU, KYy3FaTHIL 3aHKUPU KYWIAHUIILIIAD PE30HAHCUTA
cosnanrad T/ HUHr ce3rupnuru TOKJap pe3oHaHcura cosnanran JT/[ map cesrupnurugan

/1 +X }f L / RZ mapra rokopu 0ymanu, MaHOa/[aH NCHTEMON KUIAaéTraH KyBBaT OMpIIUIUra HUCOaTaH

OJIMHTaHJa 3ca TOKjJap pe3oHaHcura cosnanrad JITJ] cesrupnuru KywiaHunuiap pe3oHaHCHUra

cosnanrad JATJl HUHT ce3rupiuruiaH ’1 + XéL / RZ mapra 1okopu Oymany, MacallaH Ky3FaTHII

3amkupuHUHT acumrd 10 ra tenr Oynran JIT/] na roxopuaa TakKoclaHAETraH KaTTaJIHKIap

/1 +X£_L/ Rz =10,05 ra dapk kumamu. Kysratmm dynrammapd MOC paBHINJA KydIaHHII Ba

TOKJIAp PE30HAHCUTa CO3JaHTaH WKKWTa Oup xun suru JTJ] ma rokiama Kapuiimra KuiMaTé Ba
XapaKTepUHUHT Y3rapUIild KywIaHuuuiap pesoHancura cosyanrad AT/l Ky3raruin yynramuaara TOK
KMUMaTUHUHT KYIPOK Y3rapuiimra ojauo Kejaaau.
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