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TpaHn3ucTop Kak 4eThIPEeXIOJIIOCHUK

Uy = Hnli +Hi2Uy,
Uy, I Io = Hzl1 +HxU;,
I nddepernmaabHble TapaMeTPhI:
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ol» ol
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ol AU, =0 ol AT =0
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H - mapamMmeTpsbl A/Ig 0JIEBOTO TpaH3UCTOPa
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YcuiieHue QJIEKTPHNYIECCKUX CUI'HAJIOB

Knaccudukaius:

e [locTostHHOTO TOKA (HAIIPAYKEHUST).
e Ilepemennoro Toka (HAIPSIKEHUS).
® Y3KOITOJIOCHBIE.

e [IImpokomnosocHbIE.

e lIMmysThbCHBIE.

e OmnepalioHHBIE.

e (CBepXBBICOKOYACTOTHBIE.
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K — koaddurimenT ycusienus (Iepeiayin)

K Uspprx
— — oIIpeJieIeHne
Upx
Y B Upprx (w)
Klw) = — YacTOTHAas 3aBUCUMOCTD
Upx (w)
K(w)| — aMIUIATy THO-9aCTOTHASL XAPAKTEPUCTHKAA,
arg(K(w)) — dhasoBo-4acTOTHAS XAPAKTEPUCTHUKA,

K(Upx) — ammiuryaHas xap-kKa  (yIeT HEeJTUHEHHOCTH )
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Jermubesb:
WhrIx Ugprx
N = 101lo =20 lo ,
® Wex *Upx

u
K — BbIX,

Uspx

IIpumepsr:
Kacka1 ycniuresneii:
KZ = K1 XK2><K3,

Ny = Nj+ N2+ Ng3,
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PacuyeT nienu ¢ HeJJMHEHBIM COIIPOTUBJIEHUEM Ryemnu

Hesmneitnas xapakrepuctuka Igenmm(U) u3ssecrua.

IHeJII/IH(uab) — (U—O — uab)/R

="

U
U
—
Ugp =<— Ur —= Uy
- J

Tpansucrop — HeJMHEIHOE COINPOTUBJICHIE, YIIPABIISIEMOE

HaIPsi>KeHNeM Ha 3aTBope (mim 6aze).
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I'padbuueckmnit pacder crarndyeckoro K

g RH — 20 kOMm )

AUcpp 4B

Ku = —8, Uy =—2B

AUs;;  0,5B

NMuBepTupyrommii ycuanrejlb = 3HakK Ky oTpuilaTeJIbHbIMN.
13 rpacduka Bunnbl HesmHelinble nckaxkenus = Ky (Ugyg).
IIpu AUrpp = —1 B koapdunment ycnnenns menbine: Ky ~ —4.
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Pacuer ko3 dunuenra ycujgeHus 1o TOKY U IO MOIITHOCTU

[Tpumem Rpx = 107 Owm, Torna us rpaduka moaydaem

0,5 B
107 Q

Alcpr = 5 MA (cm. rpadux). CnenosaTebo,

Algx ~ ~5.107% A

Al
K, CH _ 105,
Algx

2
AlgyRa _x2 R qg10 10° 106.

AIZ Rpx | Rpx 107

Kw =
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AHaJquTn4iecKuii pacder

AU
AU- = 0 = RyAlgpix + AUgpix = Algpix = — RBMX
H
ol ol
Algpix = OSI:;( AlUpx + 6U§§< AUgpx
H/—/ H/—/
S 1/R;
HanovmwHaanue: kpyTusna S = AAIIJZI; [Toxcrasasiem (1) — (2):
—AU AU
BHIX ¢ AUpy + BbIX,
RH Ri
AU R R; R
Ky = BBIX:_S.L:_SRi.—H
AlUgx Ru + R ~— Rug + Rj

L

i = SR;. Ilpu R; > Ry mmeem Ky ~ —SRyg ~ —SZux(w). Besmmunnbr

S m Ri He MOCTOSIHHBI, & 3aBUCAT OT BbIOOpa “‘paboueil ToOUKM .
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DKBHUBaJIEHTHbIE CXE€MBbI ycniinTeJiAa

AUBHX = S AUBX X T —

13



C. II. Baruyanun, Paguodusuka. Tpansucroprel. Ycuaurenau. Jleknus 5. 14

PacyeT npocToro ycuianresis

0 = RuAlgix + AlUppx (3)

AlUgprx n AlUgprx
R L
(4)

AIBBIX — SAUBX ‘|‘

[Momacrasisist (3) B (4) mosrydaem:

1 1 1
SAUrvw = —AU _
BX BBIX (RH + R, + Z) , (5)
R_ + R; ] 1 1
SR;AUgx = uAlUgx = —AU : 4
BX H BX BBIX X R_ R_ Re + 7 (6)
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DTO COOTBETCTBYET 3KBUBaAJICHTHBIM CX€E€MaM:

- J

Comnporusiiennsi Ry n Z BKJIIOUEHBI HapaJiieJabHo (!)
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YcuanreJb IIepeMEeHHOI'O HAIIPA2KEHNA Ha COIIPOTUBJICHUNAX
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Cgx, Ceprx — IapasuTHBIE EMKOCTH.
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DKBUBAJICHTHAYd CXeMa

|
A

o

%
|
A

-]

R3 Rsks
Upx b HUal,
_______________ 1____________________J
AK
w
| I —
wg ~ 1/(C3R3) wg =~ 1/(CoRsks)
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Pe3zonaHCHBIIT yCHJINTEIb

-

Aw

Ecan Rg < Ry, Z, T0

Wo C
~ — = Rut/ —
Aw Q, Q H L
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IlepexomHasa XxapaKTepuCcTUKA yCUJINTEJIS

AN Uppix /\uBbIX

19
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Bpemsa 11 omnpenensier ObICTpOAEiCTBHE.

DTO BayKHO B PaINOJIOKAINN (CT| — SKBUBAJEHTHAS JIJIMHA), B

silepHOit pusmKe (cxema COBIIAJIEHUIT) U JIp.

Ugx = H(t), = Uppx = Upx SRy (1 — e_t/T1) ,

T1 = CzRo = Cz ~ RHCZ,
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OOpaTHble CBS31 B YCUJIUTEJISIX

N N

IlocnenoBarensnas no U [Tapannensras o U

1 mmocie1oBaTEeIbHON 110 HAIIPSIXKEHUIO OOPATHON CBSI3M:

Uspy = Upx + BUpnx,
Uppix = KlUgy,
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Ugpy = Upx+ PUppx, Uppx =KUgyp,

K _ Upprx _ Upprx _ K(w)

¥ Ugpx Uab — PUBRIx 1 — (B(w)K(w)'
Kw) = Ko(w)e®“)  Blw) =Bo(w)e'®r!®)

Ko

a) dr + dp = |Kg] T BoKs’
b) b t+dg=nt = [Kgl= Ko

K b= S 1+ BoKo

(a) — mostoxKuUTEJIbHAS 0OpaTHAsT CBSI3b,

(b) — orpunaTesabHast 0OpaTHas CBSA3b.

Ecmu Koo > 1, T0 Kpg >~ —r~
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VcToKOBbBIiT (9MUTEPHBIN, KATOAHBIN) TOBTOPUTEJIH

Eime onqnH npuMmep ycTpoiicTBa ¢ 0OOpaTHOM CBSI3BIO

(e e e - - — - — — — )

\

— — e — m— m— m— e o — m— m— m— —

Rr < Rpx = AlUgp ~ Up, Rpx > Ry,
AUsgy = AU,y — RyAlap = Algp, — RySAUsy



C. II. Baruyanun, Paguodusuka. Tpansucroprel. Ycuaurenau. Jleknus 5.

RI‘ < RBX = ALl(lb =~ uF) RBX > RH)

AUs;p = AU, —RyAlny = Algp — ReSAUsy,
AU
AUnpp = —ab
sU 1+ RyS’
RyS
AuBbIX — RHICI/I = RHSAUBI/I — Auab H——RS ~ Auab,
H
Ky = AUgpx ~ RuS <1
AUgx 1+ RyS
A]:BI)IX RBX
: Algx YRy

YCTPOHCTBO JIJIsA COTJIACOBAHUS COITPOTHUBJIEHUIA.
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VnBepTupyromnmnmit ycuianreiab: K < 0

\

Bripakaem 1ok I B nenu OC n Ugyx gepe3 Hanpszkenue Uqs:

I uBbIX T uBX

— C Ujs = Upx +1Z7, |Ugpx = —KU
Z]—|—Z2 12 BX 1 BbIX 12

—Upprx Uppix — Upx
—Uu Z
K BX T Z + 72, 1)

Upprx KZ; />
— 1+ = Uu
K ( Z1—|—Z2) B (Z1—|—Z2)
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Kosddunuenrt ycnaenusa Kg:

Ko — Yeex 4o 1. 4
P Upx Zi+Zy) \K " Z1+Z,)"
Z
KB:_Z_? npu K — oo.

3uak Kg oTpunareabHblii — MHBEPTUPYIOIIUNA yCUIUTEb.

MaHunymupyst 9acTOTHBIME 3aBucuMocTIMu Z1(w) u Zo(w)
MOXKHO II0JIyYaTh HYKHbIE BEJIUYUHBLI KO3(MMUIMEHTa YCUICHU 1

paboueit MOJIOCHI YCUJIUTEA.
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Heunseprupyronimii ycuanreab: K > 0
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Kosdpumnment ycnaenuna Kg

Uppx —Uppix UppixZ1
I — , = u = 4+ — u ,
1+ 72 K 12 VAR A Bx
1 e
u = U —
BX BbIX (K—l_Z] —|—Z2>
3 nocsietHETO COOTHOIEHUST HAX0MUM KoaddunuenT ycunerus Kg:
Ky = uBbIX:]/(l_l_ Z4 )
uBX K Z] ‘|‘ Zz
Z Z
Kg =~ 12_ 2, npu K — oo.
1

3uak Kg MOJIOXKUTEIbHBIA — HEMHBEPTUPYIOIUN yCUJINTEb.
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CymMmaTop

Omnpenesmum Toxku 17 u I, u Beipasum Upgprx :

U;, —u

U, = Wh+hsy, = L= 12Z L
]

U;, —u

Uz = W+hZ, = L=-—" =3

/)

29



C. II. Baruyanun, Paguodusuka. Tpansucroprel. Ycuaurenau. Jleknus 5.

S U, — Uy 0 _ U -1
1 Z] y 2 Z2 y
Uppx = Wiz + (L1 +12)Zp =
Wi —Uy U —Up
= U Z
12 + ( 2 + Z, ) 0)
Zo Zo u] uZ
u = U 1+ =24+ =2 ) 7z [ = + =2,
BBIX 12( —I_Z]—l_Zz) O<Z1+Z2>
HNcnoms3yem Ugpix = —KU 72 1 BosbMeM mpenenr K — oo:
1 Zo Zo U1 uZ
u 14+=(1+—=—+—=— =7
BHX<+K(+Z1+Zz)) O(Z1+Z2)’
u u
UBMX ~ —ZO (Z—: + Z—j> , ecii K — o0

B3Bemennas CyYMMa OT BXOAHBIX HaHpH}KeHI/IfI.

Ouesnjino obobmenue: Uppix >~ —Zo ) Uy, /Z,
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Bxomnoe conporuBienne B ycusureje ¢ OC

~

be3 obparnoii cBa3n: Rpx =

» : B _
C oOpaTtHOii CBaA3bI0: Rpy =
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BeiBosn REX

U2 = IsxRex = Usx + PUspmx,
Uprx = KlxRpx,
IgxRex = Usx + Kf IgxRsx,
[pxRex (T —KB) = Usgx,
R = 2 (1-Kp).
BX

Ri5 = Rax (1 - Kp)

32



C. II. Baruyanun, Paguodusuka. Tpansucroprel. Ycuaurenau. Jleknus 5. 33

Brixognoe conporunjienue B ycusurtesie ¢ OC

~

A%
be3 obparHoii cBA3M: Uppix = KUgpx ,
Zyu + Rppix
L
C 0OpaTHOIT CBSI3BIO Uppix = KgUsx &

Ly + REBIX
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uBbIX

Ugx + BUpmpx,
Iy

KU = K(U u
127 TR (Upx + BUppix)

Uppix [ Zu + Repix
— K
K ( A% 6>

UBbIX(1 —KE’) (1 n RBBIX )

Iy
Zy + Rppix |
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IlapaMmerpunyecknii yCunjanTe b

T 2T wot

q = CUc¢ =const

Wot AUc /Ue ~ —AC/C

AU_Uc x AC/C

35
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AU . T
Penakcamusa 3a T/2 : ¢ = — (1 _el/2T ) ~ — o
UC Tel 2t
AU Ad
ITapameTpuyeckas IOJIKadKa: ¢ =+ — = +m,
UC param d
AU T
ITostHOE M3MeHEeHNE: = = ———+m,
Ue [ 2Q
Q

DKB. JOOPOTHOCTD: Q3xp = 15 2mQ/n
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OIHOKOHTYPHBIII MapaMeTPUYeCKUil YCUJINTEIIb

ut —u-

Co(T +msin(2wot + ¢)).
UJ sin(wot — woz/c)

dJ q :U,

—~~ o~
O o0
—_—  — —

C’ C

g+ L. (10)
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Bripakaem | yepes q (9) u audpdepenmupem (9, 10):

. . R
ur+u = =

+ c
utr—-u- .
0 - 97 ¢

Hemmm (11) ma p u ckmaapiBaem ¢ (12):

2ut . q q
o 9TcTicT
_ d_|_%0q_|_w%(1—|—msin(2wot—l—d>))%
1 1
u- = 2-uf, 2= Wg = =

C Q pC’ LC

(11)

(12)

(13)
(14)

(15)
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Her moaynsainuu emkoctu (m = 0):

20Ut
@Wolty _ Wdo qo =2UJC
P pC
u = US_ sin(wot + woz/c).

Ectb moaynamusa m # 0. | OrOpachkiBaeM WI€HBI ¢ IaCTOTOM

3wp (Copaska: sin asin B = 1/2(cos(ax — ) — cos(ax + B)):

2Ut (1)
o

12

2w0U+
CcCos Wot =
P
do sin wot ((—w% + w%ﬂ + msin(2wot + (I))) +
2
Wydo
+ cos wot =
Q
w%m do w%OIo
5 cos(wot + ) + 0 cos wot
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2wolU™ w%CIo (mQ
CcOos Wot ~ 5

p Q
IIpu ¢ =0 moay4uaem: | (Q = pwoCo)

cos(wot + &) + cos wot)

2U Co

. q N
— Uu =-2—-u
_ 2
14 <
+ 2
- mQ
u = Ug 2 sin(wot + wopz/c)
mQ
Tt

AMIInTy 18 OTparXkeHHO# BOJIHBI MEHbBIIIEe aMILJINTYIbI 118 1a0IIeil.
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2woUT 5
<Y s Wot ~ @odo (mQ cos(wot + ¢) + cos wot>

p Q \ 2

IIpu ¢ = 1 noay4uaem:
2U4 Co _ 2
u, =us — 1
2
u- = ug 0 sin(wot + woz/c)

2

AMImuTyna oTparkeHHOM BOJIHBI OOJIBIIIE aMILIUTYIbI 118 0.

41



C. II. Baruyanun, Paguodusuka. Tpansucroprel. Ycuaurenau. Jleknus 5. 42

KBaHTOBBII OCIMJIJIATOP N C2KaTbI€ COCTOAHNA

KorpeHTHbIEe COCTOSTHUS

Haﬁ,ZLeM QHEPI'NUIO OCHOBHOI'O COCTOAHNA KBaHTOBOI'O OCHUJILJIATOPA:

mw?x?>  p?  mw?Ax?  Ap? | mw?Ax? 1 h?
&= + = —— > + X ,
2 2m 2 2m 2 2m 4 Ax?
2 R* h R
Emin = 2 ™ = w) IPU ONTUMAJIbHOM AXg = 4/ ——
2 8m 2 2mw

[Ipu meficTBuU KJIaCCHIECKOM CHUJIBI Ha OCIHUJIJISTOP B OCHOBHOM
COCTOAHUN CPeIHAA KOOPAUHATA JIBUTACTCA 0 KJIACCUYCCKOU

TPAaeKTOPUN, & HEOIPeAeJIEHHOCTh KOOpANHATEI ocTaeTcd Ax.
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KorepenTHble cocTogHus

p/mw

—

LA,
bk

43



C. II. Baruyanun, Paguodusuka. Tpansucroprel. Ycuaurenau. Jleknus 5.

CkaTbiii BaKyyM

A p/mw /4\ Ny

——=

44



C. II. Baruyanun, Paguodusuka. Tpansucroprel. Ycuaurenau. Jleknus 5.

CkaTble COCTOdHUY

A p/mw X A
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Hocturayro B ontuke (Kimble, Polzik):

Ax%
Ax?

squeezed

~ 3

CxeMa 3KcIIepuMeHTa (HeTNHEeHHbIN KPUCTAJLT: € = € + X(Z)E

s a




