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uvuenenhu

Lhwnwgnuinpjuu opjtlyunt £ wwpwdbnpwlwu nbgnuwuup Gpunypp' $hghlulwu
dtYuwpwuntejwu wnbuwulyniuny:
LGnwgnunyejwu  bwywunwyu £ pwgwhwjnb]  nwwnwunnulwu  2ppwuwyhtu - wnbsynn
wwpwdbwnmpwlwu  nbGgnuwuwuh  Gpunyph  Jwutwynp  nbwpbphg  dGyp, bpp
wwpwdbunpwywu  opowtwynd  wnlw Gu  dwdwuwyhg Ywhudws nuwynypuu L
hunnwywnhyniypjwu nGwywnmhyniejniuubpp:
<hdp punniubin $hghywywt optwswihniginiuutipp dJwebtdwwnhlwlywiu wwpg wwwpwunnh
oqunijwdp wnpynd Gu npwywlwu Jbpnwdnyeynwiutp, hwdwnpbingd dwetdwnhjuywu W
dhghywlywu dninbignudubiph ubipnwuwynieiniup:
Muwpwdbunpwlwu nEgnuwuup swihwquug pwpn Bplnye £ Yuwdwd gdwihu hwdwlwpgbph
wuhwywuwpwyonnipjwt hbwn: <Gnbwpwp wuhwwuwpwyonnieniup hpwlwuwgynw L
dwdwuwyh wudby dhowlwypnd thnpp  Ynwnwynwubph  hwodphu:  buswbiu  thnpp
Ynwnwynwdubipp, wjuwbu £ dwdwuwyh wuybipe dhowlwiptipp hwpdwp s6U nbgnuwtup
wwwlybpwynp ubpyuwjwgdwu b bphghlwlywu dEluwpwudwu hwdwp: Un wywunbwnny
wwpwdbwnmpwlwu  nbgnuwuuh  hGunwgnunyeyniup - hwugbgynud  § abwlwu
dwpbtdwwnhlywlwu fuunhpubph, npnup  pnbwjwlywuwgywséd Gu W gnpduwlwuh hbwn
hwdwnpbhu wnwowund Gu ndwpnieiniuubin:
Upluwwwupnd ogwwgnpdyty Gu  hphduwpuunpp JbGpwpbpjw] wbuwywu  dbpnnubn,
dwulwghunwywu ghwlywunypjuu  nwnwtwuhpnieintl, huswbu twl  unwgywd
wnnyniupubiph pwuwlwywu ybipinwdnieyniu:
Nwnhndhghywywt gpwywunyejwu dby pwlwpwpwp nunpneniu sh - hwnlwugynd
dwdwuwyhg Ywpudwsd bGpynt  nbwywnhynienuutph  nwnuuwuppdwup, suwjwd
wwpwdbunpwywu opowtuwyh oguwgnpddwu huwpwynpnyeniuubipp qqwihnpbu wpnn Gu
punuyb;: Kwwnuwbu wju fuunhpt £ nhuynwpywd unytu hnnjwdnid, pwuh np wju nwdyby
E pwgwnwuwbtiu $hghywlwu dbennubpny:
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Pwbwih  pwnbp' wnwunwunnulwu  opowtwy, wwpwdbnpwlwu ntignuwuu,
nbwywnhynyenibubin, Ynuwniph  Eubpghw, nwwynyeintu, hunniynhynyenit,  enhspwal
thnthnfunypniu:

LEMUONR@3NKL

Mwpwdbnpwlywu nbgnuwuuh  Gpunypu wjiu £, np wwppGpwpwp  thnthnfuynn
nbwywnhy (hunnynpy U niuwluiht) wwppbip (wjunthbn' nBwyunhyniggniuubp) ywpniawlynn
ElGYwpwlywt nwunwunnulywu Ynunnpnud wqun ypngbup wybng wénu £, wjuhupt' puwn
Lyjwwniunyh Ynunnipp hwjwuwpwyongws sk (Buprok H. ., Kpusuos A. ., Kprenac B. B.,
2013): Wu bpunyph hGunwgnunwp juwyywsd £ dwpebdwnphulywu dté nddwpnyeniuubph
htivn, npnup Jhus wydd wdpnnonyhtu hwnpwhwpywéd sku, nwwnh, Yupbh £ wub, np wn
Gpunyph gnpduwlwu Ytpnwdnigjwu wwhwugywdnyeiniup nbinbu nidh dby £ (Mangenblutam
N. N., 1972): buswbu hwjnup E, nwnhndhghywywt fuunhpubpu hGunwgnunbihu wnblyywin
dwpbdwunhlwlwu wwywpwunu ntuh ny thnfuwughynyejuu hdwuwn: Undnpwpwn Shghuywu
fuunppubpnd Jwebdwwnhlwywu hwjwuwpnwutph Yuqidwtu dhowuljw; b ybpouwlwu
wpnyniupubipu ninGlygynud Gu pwywlwupht wwpq dhghjwywt  dGEluwpwunejwdp: Ujn
nbwpnw  unwgynud £ dGp dhghlywlywu  wotuwphwjwugph  htin hwdwdwjubgwd
wnpwdwpwunpbu Juwwlygywsd ywwnytin: Unynpwpwn, winwhuh nbwpbpnd wnwowunwd Gu
unwgywsd [nddwt qupgugldwup U punhwupwgdwup bwywuwnnn gunwthwnubip:
Muwpwdbnpwlwu nbgnuwtup’  Yuwdwsd dpghlwywu  deluwpwudwtu  nbuwuyniuny,
pwpnnyeniuutip £ hwpnignd nignuwtup Gpunypep punyewagptiint hwdwp (Aky6osuny B. A.,
CrapmuHckuii B. M., 1972):
Cpowuwyh wuhwywuwpwyonnipjniup Yuwywsd L dwdwuwyh wudby dhowlwjpnud thnpp
Ynunwynwubph htwin (Oemuposuy b. 1., 1967), dhusnbn, huswbu thnpp Ynwnwynwiubipp,
wjuwbu £ dwdwuwyh wudtne dhowlwiptipp bwywwmwlwhwpdwn st nbgnuwuuh Gplnyph
dhghywywu dYuwpwudwu hwdwp, nwuwnh wwpwdbiunpwlwu ntiqnuwlup
htunwagnuniejniup hwéwfu hwugnud £ dLlwywt dJwebdwnhlwlwu fuunhpubiph:
Unyu hnnjwénud  wnwudtwgyt) wwpwdbwmpwlwu nbgnuwuuph  punypwgpwywl
dwutwdnp nbwp L wpdbp b npw npulwlwu  Jbppndngeyniup’ wnwydbjugnyuu wwing

dwpebtdwunhluywu wuwwpwnh ogwnwgnpddwdp, htudbing dhghlywywu
ophuwswthnyejntuutph Yypwi:
Ubpnnwpwunipejniu

Uwnnple ubpyuyjugdwsd ulupnd (uwp 1) ywwnlybpdwsd b nbgnuwtuwihu opowtwyp’ wlynhy
U nbwywnhy wwppbiph hwonpnwlwu dhwgdwdp:

Ubpnnwlwu uwwuwwlubphg Glubind' uygpnud Gupwnpbup, np Ynunnph C,L,R wwppbipp
hwumwwnu Gu: buswbu hwynup £ wquu wypngbut wiu £, np nlwunhyniggniuubpnid
Ynnwyywsd tubpghwtu downwwbu  thnfuwnpynud &
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Ul 1

hunnwywnhynipiniuhg niwwynieiniu b hwlwnwyp, huy wyn pupwgpnud EGYunpwdwquhuwlwu
tubpghwih Jdh dwup Ynpsnd £ wynhy nhdwnpnyeniund, ybpwodytiing obipdniygywt: Ujn
pupwgpntd 2npwind hnuwupt pun dwdwuwyh thnfuynid

i=1.e" cos(at+g)

(M
«dwpnn Ynuhunwp» opkupny, npinbin g=R/2L-p' dwpdwu gnpdwyhgu t, o, =./af - > -U'
wquwn nmwwnwunwubph hwbwfunyeniup, @, =1/LC-u' Ynuwnniph ubithwlywt nwwnwuniubph

hwéwlunyeniup (tpp R=0): Muwynieiniunwd b punniywhynyeniund wwhbuwnwynpgwsd
Eubpghwubiph wyupwnppw)ht wpdtputipp hwdwwwunwufuwlwpwn hwywuwn Gu.
2 2 2 2
npinbn  q-U'  Ynunbuuwwnph (hgpu L, U U qwpndp  Ynunbuuwnnph Jpw, @ -U°
hunniyuhynigjuu Ynénd  wwphwlywd  Jwquhuwlwu  hnupp, i -p' hnuwupp
hunnwywnhyniyejwu Yypw (ngjw) nbwpnid wju hwdpuyund £ Ynuwnniph hnuwuph htwn): (2)-nwd
gpywd  tpyne  Eubpghwubpu | dwdwlwyhg Ywpuwés wnwnwugnd B wquin
wmwwnwunwubph  Ypluwyp 20, hwbwpunewdp'  wunhdwuwpwp  udwgbing:  huswbu
wnbutunw Gup, wqwun wpngbup unynpwlwu (hpwlwt) Ynunnipnud R >0 nbwpnud dhown
dwpnn k, wyupupt' undnpwlwu Ynunnipp wupdwyununpy Yuyna £ pun Luwndindh: buy
Grbt ntGywhyniejniuubptu pun dwdwuwyh thnfuynwd Gu
C(t+T)=C(t), L(t+T)=L(t)
(3)
wuwppbpwlwu optupubpny, npunbin T -u' wwppbpnyejniut |, wwyw wquwn wpngbup Yupnn &
thuti] huswbu dwpnn, wjuwbtu £ wuybipg wénn: Ybpohu nbwpnid Ynunnipp wuljuyniu § puwn
Ljwwnwndh b wnbnh niwuh wwpwdbnpwlwu nbgnuwuu: <uwpwynp £ b dhowulyjw) nbwpn.
Bpp Ynuwnnipp sdwpnn £ ng £ wudbpg wénn, wjuhupt' upw hnuwupp dnnnyny dhawn thnpp &
hus-np hwuwnwwnnit wpdtiphg: Wnwhuph nGwpnd Ynunnipp wuhdwwnunhy Yugniu £ puwn
Ljwwnwnyh: Pwdwub] win npwlywwbu wnwppbp Gpunypubpp, pwpn fuunpp £ puswbu
dwpbdwwnhlwlwu, wjuwbu £ Phgphjwlwt  wnnwng: Mwpwdbnpwlwu  nbgnuwlul
wnwybjwwbu ndtin £ wpunwhwjndnd, Gpp nbwyumhynieniuubpp thnfuynd Gu pnhspwal:
“Yhunwnytiup npny dwutuwynp nbwpbp:
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Thgnp' niwyneyniup  pnhspwdl Ujwgnud bowjiut wwhpu, Gpp Upwund  Ynunwlydws
Eubpghwu wnwybjugnyuu £ b hwdwuwp £ Ynunnpnd Ynunwydws |phy Lubipghwjhu:
Lwnnpn  wwppbpniejniuphg  hbwnn - Ynunbuuwwmnpp  Yihuph  shgpwynpwd b upwunid
Ynwnwyywsd tubipghwt Yihuph gpnjh hwjwuwp, nt wjn ywhht upw niuwynyeniut wuyby
wénw £ dhusk uwfuyhu wpdtipp: Un pupwgpnd Ynunnipnd wwhbumwynpwd Lubipghwu
sh thnjuyh: 64 unyu duny wdbu hus wwppbpwpwp Yplyuynd E, hush wpryniipnd Eubipghwu
nibwynyejwu dhongny Ynuwnnip £ ubpnpdnud dbYy wwppbpnigjwu pupwgpnd Gpynt wugqud:
Wu bGpunyep JGpinwtjhu  swihwquug  Ywpunp £ Eubpghwih  hwdwp  puwnpb
hwiwwwwnwuluwu wpwnwhwjnnieiniu: Uu wnnudny nhunwpytiup Gpynt nbiwp:

Jbpnwdtiup

2

W, :q—”‘, ( = const

2C
(4)

wpunwhwjnniejniun:
Llwuwh £ wnuynwd, np niwynigjwt pnrhspwiht thnthnfudwt wywhhtu g, =CU_ =const : Ujn
nbwpnd wlyuhwjwn E, np Gt nuwynientup prhspwal ujwgnud k, wwyw jwpdwt jwjunypep
pnhspwdl wénwd £, wjuwbu np bpwug wpwnwnpjwip dund £ hwuwnwunniu:
Ujdd nhunwplytiup

CuU’
T2

W, , U, =const

()

wpunwhwjnniejniun:

Wu nbwpnud U, =q,/C =const: Grbt C-u pnhspwdl uwgnd k, wwyw U q,-u § pnhspwal
ujwqgnud, wjuwbu np q,/C Ynwnnpwyp dunwd £ hwuwnwunniu:

bpwglblhu (4) wpunwhwjnnyeNt  wnwuduwyh  wnwpynyeynutp  sh - wnwowgund:
Ununtuuwwnnph unwunwpwn Yunnigywéph nbwpnw phpetinutph dholt tnwd LiGYunpwlwu
nwowh jwpyjwénieniup hwodynud £ wju Gupwnpnyejudp, np wyn phptinutiph dwybptuutipu
wuytipg Gu U (hgpwynpywd hwjwuwpwswih: Un nbwypnid’

E=__—=, (6)

8y Seeg

npwbn S -p' Ynunbuuwwnph phebinh dwybpbul k:

huswtiu Gpunw £ EGywpwlwu nwonh E  jwpdwsdnyeniup Ywiujwsd sk phrbinubph dhol
tnwé d hbnwynpnieiniupg:  Ynunbuuwwnnph phrtinubph dhol jwpnwip' E=Ud: bGphb
Gupwnpdh, np nwynyeniup  pnhspwdl ujwgnd £ phpetinutph  dhot  Gnwé d
htinwdnpniygjwu pnhspwdl wédwu hwyyhtu, wwyw phetinutph dhol (wpnwu g £ wénd
pnhspwdl: Ujn pupwgpnd q-u, E-u dunud GU hwuwnwwnu: Gt Gupwnpdh, np q-u
thnfuynwd £ pnhspwdl, www npw hwdwp wuhpwdbown Yhup wuyby dGd i=dg/dt hnuwup:
Wuwhuny' (4) wpnwhwjnnipniup dJhwugwdwju punniubih £ hpuwuwgdwu hwdwp:
“Yhunwnytiup (5) wpwnwhwjnnyeginiup: Wuwnbn, Get C -u ujwqgnud £ enhspwdl, wwyw b q-u k
ujwqgnud pnhspwél, huy Upw htinn dhwuht E-U § ujwgnd pnhspwaél: Wn pupwgpntd
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unwgynud k, np i =dg/dt = : Gpb tupwnnyh, np niuwynyeynitup bjwugnud k phptinutiph dhol
d hbGnwynpnypjwu JdGdwgdwdp, bpp U =const, www wbtwp £ ujwgh L E=U/d
jwpwdniejniup b g |hgpp: fGhebtnubph htnwgdwup hwdwwwwnwufuwu |hgpp wbwp k
ujwqgh phrebinutph dhony wugunn hnuwuph hwydhtu: d-u pnhspwdl dEdwuwihu hnuwupp
hwywuwp £ wudbponpyuu:  Wuwhund'  niiwynegniup pnhspwdl  thnfudbihu - (5)
wnpuwhwjnnieiniup nhunwpydwu hwdwp punniuygb) sh upnn, pwugh npw hpwlwuwgdwu
hwdwp wwhwugynd £ pnbwwywt wwydwuubph ppwywuwgnd: Wuwhund' (4) L (5)
wnuwhwjinnieiniuutipp unynpwywt Ynunnipnd hwjwuwpwanp Gu, hul ywpwdbunpwlwu
Ynuwnipnud 6hoin | dunud (4) wpunwhwjnnyeniup:

Unuwnnipnd ywhbunwynpdwsd Eubpghwu Yupbh £ dGdwgub punniyunhynygjwi pnhspwdl
thnthnfudwt hwoyht: Wuwnbin unyuwbu huwpwynp £ Gpyne mwppbpwy: Unwohup Yuwywsd k
hunnyunhynipiniunid wwhbunwynpgwsd tubipghwjh pwuwdlh htiw, tipp wjt wnwybjwagnyuu
k.

q)Z

W, =—=, ®=const:
2L

(7)
hunniywhynieginiup pnhspwdl ujwgnud k£, wyn nbwpnd Ynunniph Eubipghwt pnhspwal
woénw £ Un pupwgpnud @, = LI, =const, wyuhtpt' hunniyunhynipniuntd hnuwph jwjunypen
pnhspwdl wénw E: Ujn nbwpnud ¢ =—-dd/dt hunniynhynigjw fnt sh wnwowunud: Ujuinbin
hpwlywuwgdwu hwdwp nddwpniyeyniuutp sGu Gpunwd: buswbiu  hwyntuh £ unjGunhnp
hunntyunhynipyniup’

L= popnV,

(8)
npinbn n-p' qujwpubph funngejnut £ (unitunpnh dhwynp Gplwpnejwu Jypw quijwpubph
phdp), #-U' unlunhnh ubpup dhowdwiph JwqUpuwlywlu pwwugbihnygnup, V -U'
unitunphnh dwywip: bunnwywunhynyeynwup Yupbih k£ thnfubi, opptwy, tGplwpet Ywd wnudb
dhontyp ubpu duigubindg U hwubiny: Unwohu nbwpnud  hunniynhyniginiuu wénw |
Gpypnpnnud® ujwgnud: Uyuwhund' Gpp punniyunpyniggniundd Eubpghwt wnwybjugnyuu k,
Gpywpeb (Ywd wnudb) dhonyp nnipu Gup hwunwd, hunnwyunhynieiniup udwgnud £, huy tpw
(7)-nJ npnaynn Lubpghwt' wénuwd: Rwnnpn wwppbpnyejniuhg hbnn Gplweb dhontyp ubpu
Gup dungunud, wyn dwdwuwly phunnynpynyeywu tubipghwu hwwuwp £ gpn, wjuwbu np
Ynuwnnipnd ywhbiunwynpywéd Eutipghwu sh thnfuynid:
Gpt punniyunpyngniut wyn - dund  wwppbpwpwnp  thnthnfugh,  wwyw - Ynunnipnud
wwhbunmwynpwsd Lubipghwt d6Y wywppbipniyejuu pupwgpnid Ywédh Gpynt wuguwd:
Ujdd nhunwplytiup

wnuwhwjinniejniup:
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Mutup 1,=®,/L=const: Lowuwynw L, Gt L-p pnhspwdlh uwgnud £, www @ -
unyuwbiu pnhspwdl Uwgnud b wjuwbu, npwbugh Ywwwnpyh @, /L=const wuwjdwunp:
Uwlwyu, bt @, -p pnhspwdl ujwuqagnd k, wwyw wyn nbwpnwd wnwowunwd £ wuydting dtéd
dwlwddw Epn.

(10)
Wuwhuh nbwpnw, pun LGugh Ywunuh, YnunGuuwwnph dhontyp sh Yupbih ng ubipu
wmbnwownpdt, ns £ nnipu: tw hpwlwuwgubjhu - wnwowunw  Gu - wuhwnpwhwpbih
ndqupnyejniuubp: Wuwhund' undnpwlwtu Ynuwnngph hwdwp  hwdwuwpwgnp (7) W (9)
wnpwwhwjnniginiuutipp Wwwpwdbnpwwu Ynunnipnd  nunund G ns  hwjwuwpwgnn:
hunnywnhyniejwu thnthnfunienitt hpwlwuwgutbifhu wnbnh nwh dhwju (7) pwuwdlp:
Jdbpp owpwnpwuphg wwnpq £ nwnunw nGwywnmhynieiniuutph thnthnfudwu dwuwwwphny
Eubpghwih Ynuwnnyp tbpdniddwu dGfuwtuhqdp: Suwhwwnbup hwdwwywunwubuwu EGYnubpp
npwywuwbu: Nwyngyniup hnfudbipu (wubup' AC -nY) ulygpuwlwt (dhus niuwynyejwu
thnfjudbip) UL dbpouwywt  (nuwynieyniup  thnfudbing  htiwn)  Eubpghwtbipp  wnwug
ndwnniejwu gunuynid Gu (4) pwuwdlny.
O O .

Wer =2 Wcz=m- (1)
Wuwnbinhg gwunud Gup tubpghwjh ubpnpnup Ynuwnnpnd nitwynyeyuu ujwqgbigdwtu dky
wlywnh dwdwuwly.

AC

O On _ On
AW, =W, ~Wy = ——m— —m _ “n, : 12
© 2 7 2(C-AC) 2€ 2C C-AC (12)

Mwnpqynw E, gnpduwywund Ywplunp  AC<<C nbwpp pwpdp pwpnpwynipnit niutignn
Ynuwmnipnud, bipp 4% << @ U o, ~ 0, =1/<LC : Wn ntiwpnud®
chgﬁ.ﬁzi.ﬁzlmpﬁc, (13)

2C C 209C C 2
npuinbin p:\/l_/_C—‘u Ynuwnniph  punipwgpwlwu nhdwnpnyenut £: Uquun wpngbiup  dby
wwppbpnyeywu  pupwgpnd  Ynuwnnyp £ ubpdnidynd  Eubipghwih  Gpynt  dnunwynpuiwbu
wjuwhuh pwdhuubp, wjuhupt'

W, =2AW, =12 p*AC:
(14)

Wu tubpghwu Ynuwnyp £ ubpdnidynd wwppbpnygjwu pupwgpnw: Wdd hwpdbup wju
tubpghwtu, npp  wwppbpnyejwu  pupwgpnd  Ynpsnid £ R nhdwnpnygyuu  Jpw
ElGYyunpwdwquhuwlwu Lubpghwu obpdniejwt thnfuwybipwdwu hwayhu.

2 2
_ I”"zRT= 'ran.z_”=ﬂ|;RJE: (15)
@,

Muwpwdbunpwlwu ntignuwtup nbnh Yniubuw, et W, >W; YJwd

WR
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Lacsaryic, 2.7 (16)

C o)
npnbn Q= p/R-p' Ynunniph pwpnpwynieyniut £ Unwgybg wwpwdbnpwlwu nbgnuwuup
wwpqwagnyu wwjdwu. niwwynyjwu hwpwpbpwywu thnthnfunieiniup Ywpgny wbivp £ d6d
lhup pwpnpwynyejwt «-1» wunhtwuhg:
Ptptup hwdwudwu quwhwwwlwu hunnyunpyneinitup  thnithnfudtijhu:  Oqundbind  (7)
pwuwdlphg'  unwunWd  Gup  punniyupygngniund wwhbunwydnpdwsd  Eubipghwu
hunnwywnhynyejwu ujwgtbiinig wnwy U htiwnn.

@7 ®, .

Wo =20 WLz=m- (17)

Wn pupwgpnd unnwgynud £ Eubipghwih hGunlyw| ubipnpnwip Ynuinnipned.
D ®: @ AL LIZ AL

2(L-AL) 2L 2L L-AL 2 L-AL
AL << L nbwpnud (18)-hg unwuntd Gup'

A\NL :WLZ _WLl =

AW, zﬁALzll,iAL:
2 2

(19)

Muwppbipniejwu pupwgpntd Ynunnipp unwund § htnlyw| Eubipghw.
W, =2AW, = I2AL

(20)
Mwpwdbnpwlywu nbgnuwuuu hpwagnpdynwd £ W, >W, wwpdwuh nbwpnd: (15) L (20)
wnusniniuubpph hwodwndwdp gpdwd ywjdwuhg unwund Gup'

AL>7zRJLC  Lud A—L">1: (21)

Q

huswbtiu niuwynpywu nbiwpnwd hunnyunpynipjwt hwpwpbpwlwu thnthnfunieiniup  Ywpgny
wbtwp L pwpdp [hup Ynuwniph pwpnpuyniejuiu  hwlwnwnpsd dténipnituhg: Uwnwgybg
wwpwdbwmpwlwu nbgnuwuuh wwpg wwjdwu hunnyunpynyjut enhspwaél thnthnfudwu
nbwpnu:

Ubkup nhunwpytighup nbwpbpp, Gpp niwynyeniup pnhspwdol tjwqbg hwnuwbiu wyt
wwhpu, Gpp upwund wwhbunwynpwd Lubpghwtu wnwybjugnyuu k, dhon unyu &duny
wpntu udwgb| £ hunnyunpynieniut wju wwhhu, Gpp upwund ywhGunwynpywéd Lubipghwu
wnwybjwgnyuu E: <wugnwunptu Yupblh § nhunwpybp niuwynigjwu W phunniyunpynyeju
pnhspwdl wép, tpp upwugnd wwhbunmwynpwd tubipghwubipp wnwybjwagnyuu tu: Wu
nbwpnu  uwnwgynud £ Eubipghwh  unyuwyhup  wé, puswbu  vwfuypund (13) L (20)
wpwwhwjnngyniuubpny, dhwju  «dhunwy Upwlubpny, wjupupl' Lubpghwu Ynuwnip sh
ubpwnynud, wy ybipgynwd £ upwuhg: Udd oguwgnpdtiing unwgqwd inbntlwwnynyejniup'
Ywpblh £ nhwwpyb Gpynt nGwywmhdnieiniuubph  dhwdwdwuwyjw  thnthnfudwt nbwpp:
Wuwnbin huwpwynp Gu 2w nwppbpwyutp: Ubkup Yuwhdwuwdhwlyybup tpynt wnwyb)
punipwagpwywi nbiwptph nhunwpydwdp. w) p =const, p) @, =const :

36



w)  “Yewpp  hwjwuwpwgnp b L(t)/C(t)=const  wwjdwupht:  Wn  wwwdwnny

nGwlunhynipntuubph winwhup thnthnfuniejniup, puwywu k, wujwub| uhufupnu:
p) Yowpp hwjwuwpwagnp b L(t)-C(t)=const wwydwuht: Nhwlnhyniygyniiubiph wynwhuh
thnthnfunieniup Ywujwubup wuhufupnu:
“Hhuwpybup nbwywnhynipniuttiph L(t)=const-C(t), AL =const-AC uhufupnu
thnthnfunipyniup: Bupwnpbup' nwynginiup b hunnyupyngeyniup - ujwgnd Bu wyu
dwdwuwy, tpp niwwynyeyniund ywhbunmwynpywsd Lubipghwtu wnwybjwgnyuu k:
Wn nbwpnd  niwynygjut  thnthnfudwu hwodhu  Ynuwnnip £ ubpdmdynud  (13)-ny
wpwuwhwjnynn Eubipghwu.

AW, —%IszAC—%I L% (22)
Lwnnpn wwppbpnygyniuhg  hGwn,  Gpp Ynunnipp - EuGpghwtu  hnfuwnpynud |
hunnwywnhynipinwu, hunnityunpynieiniup b nitwynyeyniup dhwdwdwuwy pnhspwdl wénud Gu:
Wn dwdwuwy Ynunniphg Lutipghwtu nnipu £ dnynd hunniyunhyniejwu thnthnfudwt hwayhu:
Wjn Eutipghwyh dGdnyeiniup npnaynid £ (22) pwuwdlny, «dhunw» tupwuny.

AW, __Lype AL_—ll LAE_ 1y L£ (23)

2 " 2" L 2" C
Uwnwgytig, np (19) Eubpghwu, npp uyqpnud ubpdnidyt) £ Ynuwnnip, punnpn wwppbpniejniuhg
htGwnn, hwdwdwju (20)-h, nnipu £ dndnud  Ynbwniphg:  tw pwbwynd  E,  np
ntwlunhynipyniuubpp uhufupnu thnfudbihu ywpwdbumpwlwu Ynunnipp wuuyniu |hubg sh
Ywpnn, wjn ntwpnd wwpwdbnpwwiu nbgnuwuu huwpwynp sk Ywpbh § Luwwniungp
Gpypnpn dGennh oqunygjwdp gnyg wwi, np wyn Ggpuwhwugnup dhown £ pun dwdwuwyp
hunniyunhynypjwu bW nwwynippwt  thnthnthdwtu  gwulwgwd dhuunyu optiuph nbwpnud:
Lbwnbwpwp, Geb Ynuwnnipp gpagnyt] £ dGYh (opptwl, nwwyniejwl) pun dwdwuwyh
thnthnfunipjwt ywwnbwnny, wwyw wju Ywpbih £ Yuntbwgub) uhufupnu Yepwny thnthnfubinyg
djnu (hunnwyinpy) nGwyunhynipniup:
Wdd nhunwnpybup nbwyunhynigyniubph wuhtufupnt thnthnfudwt L(t)-C(t)=const nbwpp:
Mubup

const AC
L(t)=——, AL=-const—-: 24
Wn nbwpnud (13) W (19) pwuwdlbpp Ywpnn Gu pbpyb hGinlyw| nbuph.
1 1., AC
AW, == 12p°AC==12L— 25
Cc 2 mp 2 C ( )
AWL—lleL—ll LAb_ Ly L£ (26)
2 2 L 2" C

Unwgynwd £, np Gpp nwynyeniup tjwgnud £,  hunniyunpyniggniut wénd  £: Gpb
niuwynyeynut Eutipghwtu dnnud £ Ynuwnny, www wyn ywhht hunnynpynyeiniup Eubipghwu
nnipu £ dnnud Ynuwniphg: Upryntupp Ywudwsd £ win ywhhtu Gpyne nGwynhynyeyniuubpnid
wwhbunwynpywsd tubipghwubpp hwpwpbpwygnieiniuhg: Ubp nbwpnd
ntwywhynienibubiph pun dwdwuwyh thnhnfunyeniuubipt wnwuduwhwwny Gu, nwwnh
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wbiwp § uywub] wnwuduwhwuwndy wpryniuph: Tthgnp' dwdwuwyh hus-np wwhh Ynuwnniph
wdpnne tubipghwt wwhGunmwynpywsd £ niiwyneniund, W wyn wwhpht niiwynyentup
pnhspwdl ujwgnw k, hush hGunbwupny tubpghwtu dnynwd £ Ynuwnip: Un huly wwhhpu
hunniyuhynieyniup enhspwdl wénu k, hush hwoyhu, punhwupwwbu wuwé, Lubipghwu
wbwp £ nnipu dndh Ynuwnniphg: Uwuiu wyn wywhhtu  Eubpghwt  hunniyunhynieiniuntd
hwqwuwp £ qpnh, wn huy wwwbwnn nnipu dnnid - inbinh sh - nibGunw:  Lwnnpn
wwppbipnyeintuhg  hGunn - YnunGuuwwmnph  wdpnne  Lubipghwtu  Yhunpnuwgywd Yihup
hunniywnhynigyniund,  wyn  wwhhu  hunniynhydnieiniup  pnhspwéal  uwanud L, huy
niuwynyeiniup enhspwdl wénd E: hunnunhyniejwu ujwqdwu hwoyhu Eubpghwtu dnynud |
Ynuwnp: Nuwynyeyniuu wébkjhu Fubipghwtu wbwp £ wpunwdndh Ynuwnngphg, uvwuwiu
dwdwuwyh ndjw) ywwhhu nwwwynieiniund Eubipghw syw, nunh win ywwnbwnny tubpghwjh
wpunwdnnu winbnh sh nwbund: 6 wjunthbinle wyu pninpp wwppbpwpwp Ypyudnd E:
Uwnwgynud E, np jntpwpwtgnip pwnnpn ywppbpnyeginiuhg htunn Eubpghwt dnynud £ Ynuinnip
dbYy nibwynyjwdp, d6Y hunnynpynypjudp: MNHGwynhyniginiuutip wupufupnu thnthnfuybihu
Ynuwnipp Ywpnn £ o(pub Yuwd wilwinu, Ywd Yugnt, vwluwyt o wyn Jugnungggniup
hwibdwunwd w)| hwdwudwu nGwpbph htwn, wnwyb] dnn £ wulwyniunyeyuup: Wu wunnwp
wwpqupwudw Yuphp nih: Gupwnpbup L(t),C(t) nbwhwhynyeyniutbph thnihinfudwt npny
optiupubph nbwpnwd nubup wupufupnu  thnihnfunyeyniu, pun npnud” Yupbh £ dinguly
dwdwuwlwiht nwunwnnu Ywd wnw9 ww| wyn opbkupubiphg npuk dGynw, wubp,
niwlnupjwu hwdwp C(t+t,), npwnbin t,-u' Ywpnn Gup ww| Yudwjwlwu, wuhupt' hupp'
niuwynyjwu  thnthnfudwt optupp sh thnfuynd, uvwlwju Ywpnn Gup pun dwdwuwyp
wnbinwowndti|, t,=0-nwd uwnwgynud £ wuhtfupntu thnithnfunyeyniu: Ujdd Jbpp  unwgywsd

wunnwp Ywpbh £ suwybpwb] Gogppin: Grb nbtwlupynieniuubpp  thnfudbihu (t, =0)
Ynuwnnipp Yuynit £, wwyw gwuwugwsd t-nid wju Yhup wybih Yuyniu: Gpb t, =0-nwd
Ynuwnnipu wulwyniu £, www, punhwupwwbu wuwsd, guulugwsd t,-nw nshus sh Yupbih wub)
Ynuwniph Yuyniuniejwu dwuht:

GRMUUUSNRE3NRL

Lbtipyuwjwgywsd dtpndnigyniuutiphg wyuhwyn £ nwnund, np pwpn $hghywywu fuunph
[ndnwdp, npwbiu  Ywuntu, hptuhg ubpywjwugund £ $hghlwlywu L dwpbdwnhluwlwu
ophuwswihnyeiniuutiph nmpwdwpwlwlwu hwonpnwlwunyeiniuhg Yuwnnigwsd jnipuwmnbiuwly
«hwdwaénywdp»: Wn «<hwdwdnwdp»-nid dtyh b djnwh inbuwlwpwp Yohnp Yupnn £ hubg
wmwppbp, uwlwyu jppwpwugnip fuunph hwdwp, Ywwwpw] dund, wt wbwnp £ (hup
dhwugqwdwju npnawyh: <Gwnwppphp £ UG, np nwnhnbhghlwlywu gpwlwunyeuu dby
wuhwpyh phs npwnpnenu £ hwnlwgynd  pun dwdwuwyh  thnthnfuynn  Gpyne
ntwywhynyeniuubp ywpniwynn wwpwdbunpwlwu Ynunnippht, suwywsd, wyuhwn £, np
wjnwhuh nbiwpnd Ynunniph ynuinbughw| huwpwynpniegjnibubpp bywunbihnpbu punjwjuynud
Gu: dwwnwuwbu, hnnywdnw dbup ybpnwdtighup, rb huswbu Yupbih £ wdjw) fuunhpp nwdt|
pwgwnwwbtiu Phghywlywu dbennubipny: Cuwn Enyejwu, npwup huwpwynpniejnit inybtight,
Gpup G wnwoht wuqwd, wnwudUwgubint uhtfjupnt W wuhtufupnt  punywgpwWywu
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ntwywhynieyniuutiph thnthnfudwu nbwpbpp: Shghlwywiu b dwpbtdwnhywywu nwdnwdubiph
Yppwnthniejwu nhpnyputipp twpptip Gu, npwup hnfuwnwpdwpwn pwgunw Gu Jhdjwug
b, Ywpdtu b, eny| BU wwihu fuunhpp nhuwnpyt) nmwpptp nhpptinhg: “Hw hynwnpughw
Ywpnn £ hub] wwpwdbnpwlwu Ynuwnnipp pun Uy. 1-h, npnd nbwyunhynieniutbpp
hwunwwnw U, huy R=R(t)>0. whwhy nhdwnpnieniup pun dwdwuwyh Yupnn t

thnipnfudl  gwulugwd opbupnd’ duwind dhoin npulwu:  Ujunbnhg k|,  unwgqud
wnnynitupubipp Ywpnn Gup punhwupwgub) Gpynt ninnniejwdp. wybh pwpn ywpwdbunpwlwu
nwnhnonpwubtph U ny qdwjht nwnhnonpwutph tywwndwdwp Yhpwnbihnygjudp: Snjnyeniu
ntuh, nwnhndhghlwlwu 2powuwyubpnud, hwdtdwwnwpwp phs hwjnuh, géwihu dhwgdwu
uyqpntupp, npp wunnu E, np ny qdwiht hwdwlwpgh gwuwgwd ndnd Ywpnn L
ubpywjwgyb) npwbu npwu hwdwpdbp géwihu hwdwlwnpgh (Nnud: Ujunbin géwjhup wnwy
Gupwnpynud £ hwunluwwbu wwpwdbnpwywu hwdwywngp:
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ABSTRACT
PHYSICAL INTERPRETATION OF PARAMETRIC RESONANCE BY ENERGY APPROACH
PETROSYAN L., ELOYAN G.

The object of study is the phenomenon of parametric resonance from the point of view
of physical interpretation.

The purpose of the study is to identify one of the special cases of the phenomenon of
parametric resonance associated with an oscillating reference frame, when the parametric
system contains time-dependent capacitive and inductive reactance.

Based on physical measurements using a simple mathematical apparatus, qualitative analyzes
are given that combine the harmony of mathematical and physical approaches.

Parametric resonance is an extremely complex phenomenon associated with the imbalance of
linear systems. Therefore, disequilibrium occurs due to small accumulations in an infinite time
interval. Like small clusters, infinite time intervals are not suitable for graphical representation
and physical interpretation of resonance. For this reason, the study of parametric resonance
leads to formal mathematical problems that are idealized and difficulties arise when comparing
them with practical ones.

Theoretical methods, analyzing professional literature, also a quantitative analysis of the
obtained results are used.

In the radio-physical literature, insufficient attention is paid to the study of two non-stationary
reactivity, although the possibilities of using a parametric circuit can be significantly expanded.
The article analyzes this problem, since it was solved exclusively by physical methods.

Key words. Oscillatory contour, parametric resonance, reactance’s, contour energy,
capacitance, inductance, step change.

PE3IOME
PUSUYECKAA UHTEPNPETAUUA K NMAPAMETPUYECKOMY PE3OHAHCY

QHEPTETUYECKUM NOAXO0400M
INMETPOCAH J1, 3JIOAH T.
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ObbekToM uccnepoBaHUA ABNAETCA ABMEHWE MapamMeTpPUYEeCcKOro pe3oHaHca C TOYKM
3peHna r3nyecKon nHTepnpeTaLum.
Llenb uccnepoBaHMA — BbIABUTb OOMH W3 YacCTHbIX ClyvyaeB ABAEHUA MNapaMeTPUYECKOro
pe3oHaHca, CBA3aHHOroO ¢ KonebntoLueica cucTemoil oTcyeTa, Koraa B napaMeTpuyeckon cucteme
MPUCYTCTBYIOT 3aBUCALLME OT BPEMEHU EMKOCTHbIE U UHAYKTUBHbIE PEAKTUBHbIE COMPOTUBNEHUA.
Ha ocHoBe chusnyecknx namepeHuii ¢ NOMOLLbIO NPOCTOro MaTemMaTMyecKoro annapara JaroTcaA
KayecTBeHHble aHanu3bl, couyeTarolme B cebe rapMOHWUIO MaTeMaTMyeckoro U PU3M4ecKoro
NOAXOL0B.
[MapameTpyyecknii  pe3oHaHC —  4Ype3BblYaliHO  CNOMHOE  ABNEHWE, CBA3aHHOE C
HEYPaBHOBELLEHHOCTbIO JIMHelHbIX cucTeM. [1oaToMy HepaBHOBECME OCYLLECTBAAETCA 3a cyeT
ManbIx HaKkonneHwii B OecKoHeYHOM WHTepBane BpemeHu. Kak u HebonbluMe CKOMMEHWA,
6ecKoHeuYHble WHTepBajibl BPEMEHW He MOAXOAAT pAA rpaduyeckoro usobpameHna u
cm3nyeckoil nHTepnpeTtaumm pesoHaHca. [lo 3Toii NpuumMHe uccnegoBaHMe NapameTpUyecKkoro
pe3oHaHca MpUBOAMUT K cpopManbHbIM MaTeMaTUYECKUM 3afiladaM, KOTOpble UAeannu3npoBaHbl U1
BO3HMKAOT TPYLHOCTU NMpPU CPaBHEHUUN UX C MPaKTUHECKUMMU.
B pabote wucnonb3oBaHbl TEOPETUYECKME  METOAbl  PELIEeHUA  npobnembl,  U3yyeHue
npocheccMoHanbHO MTEPATYpPbl, a TakkKe KONMYECTBEHHDbIIN aHann3 NonyyYeHHbIX pe3ynbTaToB.
B papmodmsnyeckoin nutepatype M3y4YeHUIO ABYX HECTaLMOHAPHbIX PeakTUBHOCTEN ypenAertca
HEeLOCTaTOYHO BHMMAHWUA, XOTA BO3MOMKHOCTU MCMONb30BaHUA NapamMeTpUYECKON CXeMbl MOMKHO
cywiectBeHHo pacwmnputb. OcobeHHo 3Ta npobnema paccmaTpuBaeTcA B [aHHOW CTaTbe,
MOCKONIbKY OHa peluanacb UCKNHOYUTENBHO (PU3NYECKUMU METOAAMM.
Knroyesbie cnosa. KonebatenbHblii  KOHTYp, NapamMeTpUYECKU PE30HAHC, pPeaKkTUBHblEe

CONpPOTUBNEHNA, KOHTYpPHaA 3HEPrnAa, EMKOCTb, MHOYKTUBHOCTb, CTYyNEH4YaT0€ U3MEHEHNE.
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