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fipB pemeHBB H9EOTOphlX T9XHH~9CKBX 3aAa~, CBB3aHHhlX C HCUOnb30BaHaeM 

sneKTpOHHo-ny~eBOA Tpyi)EB (B ~aCTHOCTB1 npa C03AaHBB CKaHBpyiOmero aBTOMaTa AnH 

06Mepa <jlOTOCHHMKOB C Tp9EOBbiX KaMep) 1 HM9IOT M9CTO cneAyiOWH9 cny~aa: 

a) Tpel)yeTCH C03AaTb M9AneHHyiO (c nepHOAOM B H9CKOnbKO C9EYHA) pa3B9pTEYi 

6) Tpe6yeTCH C03AaTb maroByiO (OCHOBaHHYIO Ha HCDOnb30BaHHH C~eT~HKa Ha Tpar

repax) pa31119pTKy, npa~eM AoruKHa RMeTbCSI B03MOlKHOCTb OCTaHaBnHBaTb n~ B ni060M 

MeCTe SKpasa sne&Tposso-ny~eeoA Tpy6KB (3Jrr) sa seonpeAeneHHo nonroe »peM~ 

TaKoro poAa aaAa~H npHBOAHT K seo6XOAIMOCTH nocTpoeHHH cxeM paaeepTOK aa oc

soee ranLBaHR~eCEHX CBB3eA Me)I(Ay KaCKHJ{aMI H npB:M9H9HBSI (Jrpa HCUOn&aOBaHRH 3nT C 

MarHHTHhlM OTKnOH9HH9M ny~a} Ha BhlXOAe npHf50pOB1 SIBnHIOWRXCH MOIIlHhlMH RCTO~IllUIMH 

TOKa, 3TH Tpe6oBaHHH Bhl3hlB8IOT Beo6XOABMOCTb UOCTpoeBBH TaKHX CX9M Ha TpaB3BCTopaX 

C BenocpeACTB9BBhlM BJUII0~9HH9M OTKnOIIHIOWeA UTymKB B OKOHe~syiO U9Ub BhlXOAHOrO 

/1 2 3/ 
TpaH3HCTOpa. 1 1 

, 

Ha pac. 1 B Ka~eCTBe npaMepa npaseneHa TBDR~Hasr cxeMa BhlXOAHOro KacKaAa 

/1/ 
'MeAneHHoA' TenesuauossoA paasepTEB • HenOCTaTKOM TUBX cxeM BBnaeTca npOTeKa-

HBe UOCTOSIHHOA COCTaBnHIOIIleA TOKa BhlXOAHOrO Tp8H3HCTOpa ~epea OTKnOHHIOIIlYIO KaTym

Ky, .nnsr KOMUe&CaUBH BnBSIBBH STOA UOCTOSIHHOA COCTaBnmomeA B BhlBOAa pa3BepTKH B 

HYlKHYIO ~aCTb SKpasa 3nT npBMeHHIOT AOUOnHBT9nLHhl9 06MOTKH (sa pKC, 1 &aTymKa L') 

C DBTaHBeM TOKOM1 C03AaiOmRM COOTB9TCTBYIOW99 s=pe~Hoe HanpasneHBe M:arHIITHOro 

nona. nocKOnLKY npoMMmnessocTb He BldnyCKaeT OTKnosmomax ca=eM c TaKBMB Aonon

HBTenLHhlMB &aTymKaMH, TO ux npBXOAIITCH AenaTb co6cTBeHHhlMH cunaMJI, BM:ecTe c TeM 

OTKnOHHIOIIlH9 CHCTeMhl AnSI 3nT C BhlCOKBM paapemeHBeM HBnHIOTCSI AOCTaTO~HO cnolKHhl

MH npu6opaMR u nepeAenKa ax &ycTapHhlMI M&TOAaMB M:OlKeT npuse=Ji K yxyAmeaiO 

HX XapaKTepBCTHKo 

8 AaHHOA pa60Te ODBCldBaeTCSI CX8M8 BldXOAHorO KaCKaAa Ten&BB3BOBHOA p83B9pTKH1 

U03BOIIHIOIIlaH DpB pemeBBB yEa3aHHhlX BhiWQ 38.1{8~ TaKlK9 ocymecTBnHTb BhlBOA pa3B9pTKB 

B HYlKHYIO ~aCTb 9Kpasa 3nT 6ea npBM9118BBH AOUOIIBBT9nLHhlX 06MOTOK B OTKnOIIHIOIIleA 

CRC'reMe. 
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I 

KpoMe y:a:aeallllbiX npotin:eM, call3allllblX c nOC'I'poea:a:ew cxew 'MeAil&BBblX' paaaepTo:a:, 

B patiO'l'EI npaNeBIITenbBO :a: OBKCblB89MOllfY BbiXOAJIOMY Jt8C:a:&AY paCCMOTpeB BOUpOC 0 Bnllg,

Bllll IIIIJlYKTIIBIIOCT:&: OTJtllOB51101118A lt8TylliKII aa llllll&llaOCTb 'tibiCTPOll" (c nepBOAOM B Re

CitOnbltO MCelt H M8!1hWe) RenpepbiBJIOll (BIIIIOotipa3JlOA) . pa3BepTitB B R8 Bp9MII ycT8ROBn&

RB51 nepexoAKoro npo!lecca npa waroaoA paaaepT:a:e. 

QnpeAelleJIBOe BBBM8RB8 npB p8C'IeT8 BblXOABorO Jt8CUA8 YA81l8BO OllTIIM8nbBOMY 

C TO'IItll 3p8Bll51 CT86BnbBOCTB Bb16opy napaM&TpOB Bll8M8BTOB CX8Mblo 

CxeMa BbiXonaoro xacxaAa Teneaa3BOllllOA paaaegrltB 

YnpomeanaB exaMs xacxalla npaaeAeaa aa pac. 2. CxeMa npeACT8Bil518T co6oll 

yCBnBTenb MOIIIROCTII, OXB8'18BRblll QTPBil8Te.JibROll o6paTROll CBB3hl0 no TOKYo nocTOSIRR851 

COCT8Bn5110111851 TOK8 1
0 

'18p83 oTKnOB5110111YlO K8TYIIIK1 L KOMI18BCBpyeTCH TOKOM i 

OT BCTO'IIlllK8 E • ConpOTIIBileBae R 1 CTSBIITCll Anll noablweaaa conpOT:&:aneRBll co 

CTOpOBbl 9MBTT8p8 Tpall3BCTOP8 T2 B Bbl6Bp8eTCll nOpliAK8 BIIB 6om.we 81tTBBHOrO COnpc>-

TBBneWISI OTJtllOB5110llleA JtSTylllltB L nntoc R0 • ConoOTBBlleBBe R2 sbl6apaeTC51 TaKBM, 

'IT06bl ll8Bh BCTO'IBBK8 UBT8BBSI E Be wyRTBpOB8118 BRAYKTKBBOCTb L B COnpOTBBIIG-

HB8 R
0 

• 

npoBeAeM 8R811B3 OUBC8RROll CXeMbl C lle.JibiO OlleHKB BIIBliBBll BRAYKTBBROCTB L 88 

IIBBellROCTb p83BepTitB. HaliAeM Bblp8lK8BBe TOK8 iL ( t) B OTKilOB5110Well K8TyWJte npB nB-

aellHO R8p8CT8101118M Banp51lKeBBB 118 BXOAe CXeMblo npeae6pera51 TOKOM 683bl Tp8R3KCT0p8 

Tl, MOlKeM 38UHC8Th: 

iL(t)= URQ(t) "l 
Ro 

rAe U R ( t) - BanplDKeHBe B8 conpOTBBileBHH R O 

0 

(1) 

HaiiAeM UR
0
(t) • npea~6perall B pSIAe Clly'IAeB BllKHRB8M BXOABbiX COUpOTIIBneBBll, 

COUpOTBBileBBll BByTpeHBKX o6paTHblX CB513ell B C06CTBeHBO BByTPeHRBX COUpOTKBn8Bllll 

TPanaacTopoa, 8 TaxJKe myHTBpytomRM snaHnReM ·conpOTaaneaaH 
/5/ 

R2 , 3anameM MaTpR-

llY npOBOABMOCTH CXeMbl B onep8UHORBOM BRAe : 

1 2 

1 I S I 0 

2 -Sz ~+ _L+__L_ 
I\ Ru Rl>z2 

v-
3 0 0 

4 0 -s 2 

4 

• 

3 

-s~ 

sl 

1 1 
1<- + R +R +pL 

I I L 

1 
R 1+RL+pL 

4 

0 

0 

1 
R

1
+RL+pL 

s +__J 
2 R ~t~,R~+pL 

., 

,I 

·.~;p 

• I 

... 

,j 
r" 
'it' 
: ·~ . 

rue S1 H S 2 - JtpyTR3Hbl xapaKTepBCTRK cooTBeTCTBeaao TPSB3RCTopo 

TRBHOe conpOTRBneaae KaTywKR L ; R11 - BByTpeaaee conpoTRBnel 

I' Rl>z2 - sxouaoe conpOTRBneHRe TpaaaacTopa T2. OTctoua aaxonRM ' 

<jlauaeaTa nepeAS'IR nanplllKeHR!I K Ro {p) 

~u R 0 1 
KR/P)•-nJ'I•Kif;"tT+-K)+R 1+R~ --r+p 

s 
rAe K = ~~-----T-Koa<jl<jlR!lReHT ycaneHHH aanp!llKeHRR Tp8H3BC 

- + --- +--'--
Rt Ril Rbz 2 . 

6paHHOA !leUR 0TpR!l8Te.JibHOA o6paTHOII CB513Ri f= L 
R 0 (1+K)+R1 + RL 

HRll ( 1) R (2) , H8XOARM H306palKeHRe TOK8 B OTKIIOHliiOWeA KSTYWKe 

I>XOLI CX8Mbl IIRHellHO H8p8CT8IOlllero H8UplllKGHRSI, x,/ U b z (t) • 8 t 

iL (p) = Ubz (p)•KR
0

(p) _ aK 
R 0 - ""'R"""

0
--,(,...l-+:;;K;:r) -+-;;R:-

1
-+"""R"""L-

16/ 
Hcnom.ayg Ta6nRUbl nepexoAa oT aao6paJKeHRII x oparRHany , aaxo 

i L(t) a 
aK -l 

• [t- r(l-e')l, 
R 0 (1+K)+R1 +RL 

Ha PRC, 3 npaseAeH XOA ljlyHKURH (4). Kax BRAHM, H3MeHeHRe BE 

MOHOTOHHblA X8p8KTep, R UOBTOMy- B COOTseTCTi>HB C onpe~:~eneHReM ItO 

/4/ 
HOCTR p83BepTKB MOlKeM 38UHC8T&: 

rAe 

.~ 

y = 

d i L d IL 
-d-t -It= T- "'d'tl t=t

0 

diL I 
_d_t_ t•T 

Y - K03<jl<jlB!lReHT HellRHellHOCTR pa3sepTKRi T -MOMeHT BpeMeHI 

KOHUy UpS!MOrO XOA8 p83BepTKRi t0 - MOMeHT speMeHR, COOTBeTCTBYI 

3yeMOA '18CTR npliMOrO XOA8 pa3BepTKH, 

X) npa H8XOlKA8HBB l>blp8lKeHRll 

CoRa. 
U ax< p) RCUOilh30B8H8 ljlopMyn 

5 



tq>oiSneM, caSl3allHbiX c nocorpoesaew cxew 'MeAnesshtx' paaaepToK, 

11: onBChlBa&MOMY BhlXOASOMY E8CK8AY paCCMOTpes aonpOC 0 BnBB

OBSliOW&li EaTymEB sa nsseltsOC'l'b 'IShlCTpOli' (c nepBOAOM B se-

) senpephlasoll (n&nooiSpaasoA) paaaepTEB H sa apeMB ycTaaoane

ca npH maroaoll paaaepTxe. 

aBBe Iq>H pAC"'I8T8 BbiXOABOrO IUICUAa yA&neBO OllTHMAIIbBOMY 

HOCTB BhlOOpy napaMeTpOB 8Jl8M8BTOB CX8Mhl, 

biXOABOrO xacKaAA T9J19BI13BOilHOII u 

:a xacxaAa npBBBABBa sa p11c. 2. CxeMa 
npeACTaanseT co6oll 

•XBa'I911Rblli OTpRUaT91IbBOII ol5paTBOII CBSI3&!0 UO TOEy, nocTOBBB8SI 

'lepea orxnosmomy10 xaTymxy L EOMII9BCBpyeTCII TOEOM i 

onpOTRBJ18BI19 R I CT8BBTCB AJ151 UOBbiW9liB51 conpOTBBn9UB CO 

aBcTopa T2 a Bbt6BpaeTC51 nop!!AKA BnB ISom.me aETBBHoro conp~ 

KaTYmXB L nruoc R
0 

• Conooraaneue R2 abiiSBpaeTCSI TaEBM, 

UBTaHIIB E He myHTilpOBana IIHAYETBBROCTD L R ConpOTRBn&-

OUHCallHOli CX9Mbl C Uellb!O OU9HU BJIHHRB51 HHAYETRBHOCTR L Ra 

HaliABM BbtpalKeRRe Toxa il- ( t) B OTEJIOHSIJOIU911 KaTYWit9 npR nB

npHlK9SHII Ha BXOA9 CX9Mbl, npeaeiSperall TOEOM 1Sa3bl TpaR3BCTOpa 

iL(t)= URo(t) -, 
Ro 

BJK9RHe sa COUpOTHBJiellRB 

(1) 

Ro 

, npea~15peraH B pHA9 cny'laea BnBHU9M BXOARbiX conpOTBBneHHA, 

HHBX o15paTRhlX CBH3911 R coi5CTB9HHO B&yTp9HHBX COUpOTHBn&HBII 

9 myHTBpy!OIURM BnRBHII9M ·conpOTIIBJ19HHH R2 , aanameM MaTpB-

/5/ 
bl B onepaUHOHHOM BRAe : 

0 

0 

2 

0 

_l_+ _L + _L. 
'\_ Ru Rbz2 

0 

-s 2 

4 

'* 

3 

-s~ 

sl 

1. 1 
1r. + R +R +pL 

I I L 

1 
R1+RL+pL 

4 

0 

0 

1 
~+RL+pL 

s +__l 2 R 1+RL+pL 

" 

~ 
'I 
" !i;, 
''I. 

I
'/:; 

' I 
,. 

' ~ 
.;~ 

-------~ 

rlle \ H s2- KpyTH3Hbl xapaKT9pHCTHX COOTB9TCTB9HHO TpaH3BCTOpOB Tl R T2; RL- aK

THBH09 conpOTasnesue KaTymKB L ; R11 - ssyTpessee conpoTas.neRBe TpasascTopa Tl; 
' T2 /5/ Rbz2 - BXO)lHOe COUpOTHBJ19HH9 TpaH3HCTOpa • 0TCIO)la H8XOllBM R306p8lK9HH9 K03$-

<jJHUH8HT8 tiep9Jl8'1B HanpHlK9HBH K Ro (p) 

~u R 
KR 0(P) =-~ • K ~+K--')"-+-R=-1+~R~ l+ pr (2) 

s 
rlle K = 1~-----,- -Koa<jJ<jlauaeHT ycaneRBH sanpHJKeRHH TpasaaCTopoM Tl npa paao

- +---+~ 
Rt Ril Rbx 2 

6paaaoll nena orpauaTem.soll o6paTHOII CBH3H ; r = L • Y'IHTbtBaH Bbtpa;Ke-
R0(l+K)+R1 +RL 

HHH ( 1) H (2) 0 H8XOJlHM H306p8lK8HHe TOK8 B OTKJIOHHIOWell KBTYWKe UpH UOCTyn.neHHH ·sa 

axon cxeMbt nasellso HapacTaromero sanpHlKeHHH, xlubx(t)=at 

i L (p) = 
Ubz (p)•KRa(p) = 

Ro 
aK 

R0 (1+K)+R 1 +Rt-
__ 1_, ..!... • (8) 

1 + pr P 

161 
J.1CU01Ib3YH TaeinHUbl nepeXOA8 OT H306palKeHHSI K oparasa.ny , H8XOJlHM: 

aK _t 
R

0
0+K)+R +R ·[t- r(l-er)]. 

I L 
(4) 

j L(t) = 

Ha pac. 3 npasenes XOA <jlyHKUHH (4). Kax BRAHM, H3Mesesae se.nB'lBHbt TOKa HOCBT 

MOHOTOHHhlll X8p8KT9p, H U03TOMY B COOTBeTCTBHH C 0Up9JleJ19HBeM K03¢$BUBeHT8 He.llBHell

/4/ 
HOCTB pa3B9pTXB MOlK&M 38UHC8T&: 

* 
d i L _ d iL 

-d-t-1,. T- -d-t -lt=t
0 y (5) 

rAe 

diL I 
--dt- t=T 

Y - K03q,¢HUHeHT H9JIBH9IIHOCTH paasepTKBj T -MOMeRT speMBHB, COOTBeTCTayromull 

EORUY UpHMOrO XOA8 pa3B9pTKBj t0 - MOM9HT BpeM9HB 0 COOTB9TCTBYIOWHII H8'18J1Y BCUOIIb-

3yeMOII 'l8CTS npsMoro XOAa paasepTKB, 

x) 
npa R8XOlKA8HHH Bblp8lK9HHH 

CORa, 
U ax< p) acnom.aosasa <jlopMyna XesacaiiAa-Kap-

5 



I __ _ 

YCJIOBil&M nparOIUOCTil CX&Mbl Alii! t!JopMKpOBAJIJUt US:&ABoA (c AODyCTilMl>IM KO&tj>~ 

IU9BTOM BenaalfABOCTB) pa3B8P'f'JtK Ba !Som.maA 'liiCTil DpiU.IOrO XOAA HBJISIBTCIC 

to«T ~ (6) 

llllllo DOACT8BilB ( 4) B (5) B ODp&AenBB OTCJOAA 

nony'IB:u: 

tO 1 C'IB:T811 B COOTB9TCTBKII C ( 6) T-> oo, 

L 
Ro(l+K)+Rl+R L 

·ln.l.«T 
y (7) 

3aA8BWI!Ch AOnyCTBNbiM KOStj>tj>K!lB9BTOM BenllBebOCTB y Dpll 38AaBBOlt AUTenhBOCTil 

DpiiMOrO XOA8 p83B9pTKB T 1 NOlKitO DOA06paTh Beo6XOABMbiQ B9IIB"'BS:bl nap8N9TpOB0 

BXOAI!mBX B Bblp8lK9De (7), B Oli.9B:KTI> T9XKK"'9Cityl0 ocymecTBKMOCTh 38AaBBhlX Tpe60B8B:BA, 

fipa BCDOilh30BAS:BB ODBC8HS:OrO BbiXOIUOrO KACJtaA8 Allll tj>opMKpOBaB:BH marOBOA (cTy

D9H"'8TOA) p83B9P'J'XB OCHOBS:OA xapaK'I'epBCTBKOA ero HBJISieTCSI Bp9MSI yCTallOBn9B:BH nepe

XOAHOro DpOD.EtCCa TOK8 B OTUOHIIIOWeA K8T;yWite D.pa B03AeACTBBB aa BXOA lt8Cit8A8 CT;yD&-

HB HaDpHlK9S:IISI U •Ud' flclion&:a111 (2), B8XOABN: 
BX 

OTKyAa 

rAe 

0rCIOA8 H8XOIUM 

I L(p) = u (p). KRg (p) -
Ra 

U0 K 1 
R0(1+K)+R!+RL --r+pr" 

~ U0 K , (1- e ) , 
iL(t)= R 0 (i+K)+Rl+RL 

r -
L 

R0(1+K)+R 1 +RL 

(8) 

bp9MH yCT8S:OBn9S:BSI nepeXOAHOrO 1Ipott~CC8 TOK8 B OTitnOHSIIOW9A K8TYWKe: 

t•r-lo(l-M) 1 
lc 

rAe ic TOK CT;yD9Hil B yCT8HOBBBW9MCSI peJKBMe; ~~ - pa3B:Bll.8 M9lKAY MrHOB9HS:biM 

3H8"19DI(IM TOK8 B nepeXOAHOM Dp0ll9CC9 B ycTaB:OBIIBWBMCSI 3H8"1eUeM, fiocneD.HIOIO tj>op

M;yny, C"'BT8H1 "'TO OTJtnOH9HB8 B nepBOM npa6UlK9DB DpODOpllllOH8n&HO TOJty B OTKIIOHSIIO

WBX Jt8T;yW11:8X1 MOlKHO 381UC8Th cneAylOWBM o6p830M! 

t • r • lo ( 1 - .AIL ) 
h c 

(9) 

3AeCh h
0 

- BenB"'HHa CT;yD9HB CM9W9HBSI CB9TOBOrO DSITHA B8 8Kpaae sneKTpOHHo-ny"'eBOA 

Tpy611:B B ycTaHOB.RBW9MCSI peJKBMe; ~h - p83HBII.8 M9lKA;y MrHOB9HHbiM 3H8"19HB9M ponoJKe-
((, 

HBSI CB9TOBOrO UHTHA B nepeXOABOM pelKilMe B yCT8HOBBBWBMCH 3H8"19H.RQM, 

6 

• 

'--l_f_-·· f( \, 
'\1 ' 

~,At~~, 

J 
' \i 

·~jl 

~~ ', 

\ ,! ~ 
;j~·-
I 1'3 
11. I. 

~'!It, 

·:t}i -rt:·~-
,, 
'\', 

('! 

fipll 8KCDny8'1'8Uil CX9Mbl llp9ADonaraeTCJr IIpOBeA&De DepllOAil"'eCKO: 

paa B BeCKGm.KO CyTOK) JtOBTpOllH 38 YXOAOM JlapaMeTpOB, llpa TaltKX Y' 

CTa6an&BOCTh pa60Tbl CX&Ml>I 6yA9T BnBS!Th 1!1 OCBOB)IOM B3M&BeDQ TeMJie' 

llpoBeAeM as:anaa T&MnepaT;ypaoA cTa6an&BOCTil cxeMbl, PaccMaTpBB 

cnf'IAIA, KOrAa npa B3M&.Re1Dl.R TeMD&pAT;ypbl Cny"'BABI>IA CTATBCTB"'eCKBA j: 

pOB CXeMbl COBD8A88T liO 3BBKY ('l',e. p8CCM8TpllBASl BUSIBBe STBX napall< 

llX C'fMl\11) 0 BAXOABM B&na"'Bay OTBOCBT&nJ.IlOit BeCT861ln&BOCTB 'I'OU B 0T1t 

lt8T;yWKe: 

~-~· I 
I L IL x•RO'Rl'Rl!K 

iHL 
~ • Ax(~t") , 

fiOACTBBBB Bblp&lK9HB9 ( 4) llpB T-> oo B (8), liOllY"'BM: 

R ~- R K+RI+RL IL I 

~K(~ t 0 ) 

K 

R1 ~ Ru (~to) . 

R0K +If1+RL R-
1 

R0 K 
R 0 K+R1 (RL 

RL 
Rg Ir+Rl + RL 

0np&A9nBB 3BaqeH.RH Be 38BBCI!mBX OT S:8C nap8M8TpOB0 BXOAI!mllX B 

MOlKHO DOA06paTh ODTBM8ni>Hbl8 (c TO"'KB 3p&DSl OTBOCBTenhHOrO Bn.RS!HBSI 

OCYWQCTBBMOCTB) Tpe60B8HBSI It OCT&m.Hbll\1 napaMeTp8M1 TeM C8MblM Ma 

/8/ 
3'1!11 3BnOlK9HBbl9 B CX9M8 B03MOlKHOCTB C"'.RTaSl, "'TO B3MeBeltlle TeMDo 

t0 '• 50°C B .C"'BTBSI, "'TO B3M9HQBII CTBY&T DOBbiWeBBIO OT t0 
• 20°C AO 

ycaneltliSI 

171 
ARM 

B cxeM;y, 

K B OCHOB_w,pM 38BBCBT 0T B3MeB&B.RH KpyTB3Bbl xapaK'I'9pBC' 

~KK = (l;l ~ 0,3 , TeMDepaTypBbl9 Jtostj>tj>BIUl9HTbl CODPOTBB 
1 

C'IBTBeM OTPBD8Ten&BbiMB, TeMDepaT;ypBblll: ttostj>tj>BUeHT 8KTBBBC 

KSTYWitB R L , BaMOTaaaoA M&ABblM npoBOAOM, paaea 

R l + R L OTliB'llllOWilM.RCil Be 6onee "19M Ba nopS!AOK ( 

0,004. C'IBTSSI ae. 

Rl +RL 6om.we 

xostj>tj>aD.BeBT ycaneBB!l K • 300 - 500, MOlKHO p8CCM8TpBB8Th 11:8Jt ODT.RMl 

Bbl6op OCTan&BblX nap8M9TpOB1 BXOAI!mBX B BblpalKeBBe (9): TeMnep8Typl 

conpOTasnenSI R 1, pSBBbiA 
-3 

,S: 10 ; T9MDepaT:ypHbiA K09tj>tj>HD.B9BT COl 

-4 
paBHbll! ,S 2•10 , fipa DOACT8BOB11:9 yJta38BBblX DapaMeTpOB B tj>opMyny (l 

MeB9BBe BMDnHT;yAbl TOK8 llpB B3M9H9BBH TeMDepaTypbl B YUI38BBbiX BblW• 

pSBBbiM 2%. Pean&ao cneAYeT OlKBABTh ·aeCKOn&KO 6on&wero aaMeHeBilSI T 

npa pac"'eTe ae 61>1n y"'TeB pRA cpaBBBTen&ao Mano BliiiSIIOWHX aa sTo na~ 

7 



OCTR CX&Mhl AnSI cjlopMBpOBADSI nBaallaoJt (c AOJiyCTRMbiM Jt08cjlcjla

pa3B9P'l'!ti aa ISom.mell 'IACTR upSIMoro XOAA SIB1!S19TC.IC 

to«T ~ (6) 

) R OJip9A9nBB OTCIOAA tO , C'IRTASI B COOTB9TCTUII C ( 6) T.. oo, 

L 
R0 (1+K)+RI+RL 

• ln.l.«T 
y (7) 

xoscjlcjlanaeHTOM aenaaellaOCTH y IIpR 3AAARROll AQT9n&HOCTR 

T , MOJKRO DO,[lOtipaTb aeoi5XO,[lRMhl9 B&IIR'IRRhl napAM9TpOB1 

(7), a oneaJITh T9XRR'I9CXYIO ocymecTUMOCTh 3A,!IARRhiX TpeiSOBARRll, 

ODRCSHKOrO BhiXOAKOro XACKAAA AnSI cjlOpMB;pOBaRRSI maroaoll (cTy

HOBHOll xapaXT9pHCTRJtOll erO SIB1lli9TCSI Bp8MR YCTAHOBn8RRR Depe

B OTMOHSIIOWell XSTYWX8 UpH B031leliCTBRil Ra BXO)l UC!t8,[l8 c-ryne-

1! HcnonhS;ya (2), aaxo,[lllM: 

u U0 K 1 (p) • KR0 (p) = 
Ro R 0 (1+K)+R 1 +RL ~ 

U K -1-
o ·(1-e ), 

R 0 (i+K)+R 1+RL 

r = L 
RDTf+K1+ R 1 + R L 

(8) 

ycTaaoaneaHSI nepexoAaoro 

t.· 
nponecca Toxa a OTxnoaHIOmell KaTymxe: 

t=r• In (1--.-1 ) 1 
'c 

a ycTaaoaaameMCSI peJKRMe; A; .... paaona M&JKAY MraoaeaaJ>IM 

OAHOM Dp01l9CCQ R yCTaROBBBWHMCSI 3Ha'I9D9M, Tiocne)lHIOIO cjlop

H8HHe a nepaoM np&6naJKeHRH nponopnaoaam.ao Toxy B oTxnoaRIO

nacaTh cneAyiO!llHM o6paaoM: 

t = r • In ( 1 ........ !l.IL) 
h 

0 

(9) 

neBR CMemeH&H caeToaoro naTaa aa sKpaae sneKTpoaao-ny'leaoll 

ll P&lKHMej llh .... paaa&na M&lKJlY MrHOB9HHhlM 3H8'18HH9M DOnOJKe-

DepeXO)lHOM pelKHMe R YCTSHOBHBWHMCSI 3H8'19HRQM, 

6 

.,p. 

.I 

.(~ 

,:(l 

~
·~ 

·.i 
i 

'!/I 

Tipa sKcnnyaTaoa cxeMbl upe,11nonara8TCa npoBell&HRe nepHOilH'Iec~toro (aa pe•e qe~ 

pas B R8CltOllltKO CyTOK) KOBTpona 38 YXO)lOM DapaM&TpOB, Tip& TAitlllt ;ycnOBHSIX He Re

CT46RnbROCTh pa60Tbl CX8Mhl 15y)lQT BnR~ B OCROB80M H3M8H8Hie TeMnepATfPhlo 

TipOB81l91'f SHanKS TeMnapaT;yPROll CTAISHnbROCTR CX8Mb1, PaCCMATpHB8ll HAHXYJllDRll 

cnJ'IAll, XOrAa IIpR H3M9R8RRR TeMU&pA'l'yphl Cn;yqAliHblll CTATRCTR'I9CKHll pas6poc napaMeT

poa CX&Mhl COBDAAA8T UO SHAKY (T,a, pACCM8TpRBASI BnRORe 8THX napaMeTpOB qepea 

RX CfMM;y), RAXOilRM Bena'llla;y OTROCRTen&ROll R8CT815HnbHOCTR TOK8 B OTJtnOHSIIOWell 

K8TYillXe: 

iliL ~-~· I 
I L IL x•RO'RI'Rt!K 

a;:-· !\x(At") (10) 

TioACTABilB Bb1palK8JIH9 (4) llpR T .. oo B (8), IIOny'IRM: 

Rl ~- K R +RL IL R, + l 

AK(A t 0 ) 

K 
R0 K 

R 0 K+R 1 +RL 

AR 0 (Ato) 
R ........ -

o 

Ra A R. (A t 0 ) RL ._ARL(Ato) ·, 

R 0 K+R 1 +RL RL (11) R 0 K +R 1 +RL R, 

01Ip&Jl911BB 3118'19B1lll 119 aaa&ClUllHX OT 1180 nap8M8TpOB1 BXOJllUllRX B Bb1pAlK8JIB9 (9), 

MOlKHO UO)l06paTb OnTHM8n&llb18 (c TO'IXH 3p9B1lll OTIJOCHTen&HOrO BnHl!Hilll R T9XRR'I9CKOll 

ocymeCTBHMOCTH) TpeOOBSIJRll K OCTAnhRbiM 

/8/ 
SySI sanOJKeHJihle B CXeMe B03MOlKROCTR 

napaMeTpaM, TeM CSMblM MaKCHMSn&IJO HCDonh-

CTBY&T DOBhiWeRHIO OT t 0 
• 20°C AO 

C'IRTaa, 'ITO HSMeHeHRe TeMUepa'l'ypl>l COOTBeT

t0 '• 50°C H .C'IHT85I, 'ITO H3M9H811R9 KOscjlcjlRnaeaTa 

ycaneHRSI 

171 
ARM 

K B OCROBROM 38BHCRT OT H3M9B911Rll KPYTH3~ X8p8KTepHCTHKH S , aaxo-

flK ~S• K = S ~ 0,3 • TeMUepaTypRl>le xoscjlcjlRnlleRThl conpOTHBneBHll, BXOASUilHX 
I . 

B CX9MYo C'IRT88M OTPRil8TenhllhiMH, TeMD8P8TYPRl>lll xoscjlcjl&llReRT SKTHBHOro conpOTaaneBJlll 

KeTYlDKH R L , aaMOTaaaoll Melllll>IM npoBOAOM, paae11 

R I+ R L OTnB'I8IOWRMBCll 119 15onee '19M He DOpllllOK ( 

0,004. C'IRT8ll B9nR'IRHbl R
0 

R 

Rl +RL 6om.we R
0 

) H C'IHTASI 

xoscjlcjlRueHT yc&neHHll K "300 .... 500, MOlKIJO pacCM8TpHB8Th XSK OllTBMSnhHhli! cneAyiOWHll 

Bhl6op OCTSnhllblX napaMeTpOB, BXOASUilRX B Bblp8lK8BHe (9): T&MnepaTypllhlll KOScjlcjlHUH9HT 

-3 
~ 10 ; TeMnepaTYpHl>Ill xoscjlcjlanaeHT conpoTaaneHHll conpOTHaneBRll R 1 , paaBhlll 

-4 
R o' 

paBIJblJ! ~2•10 , Tipa DOilCT8HOBKe yX838HHbiX napaMeTpOB B cjlopMyny (9) DonY'IRM a a-

MelleRHe SMUnHTyllhl TOXa DpH R3M8119HRH TeMnepaTypbi B yui3811HbiX BhlWQ npe,llen&X 

paaHhiM 2%. Pean..ao cneAyeT OJKRilaTb aecxom.xo 6om.wero HSMeHeHHB Toxa, nocxon..xy 

~~ p8C'IeTe He, .6l>ln Y'IT&IJ pHil Cp8BHRT&nhHO MellO BnRSIIOWHX He STO napaMeTpOB, 

7 



I , 

I 

Ha pac. 4 npaaeneaa npaKTH~ecxag CX9Ma BHXOnaoro K4CE4Qa T&n9BH3BOHHOil paa-

BepTKB. 3anaBWHCb KOS~BDB9HTOM HenaaeiiHOCTH paaaepTKB 

cornaCHO BHP8*9HHID (7) HaxonaM: 
y • 0,02, nna naaaoa cxeMbl 

L ·Ia.!. .. 10 -
2 

·la-1--30·10-e 
R,(l+K)+R,+RL )' S(1+300)+SO+f0 0,02 

CnenoaaTenbao, npa nnaTenbaOCTa npaMoro xona paaaeJlTKR T>300 •10-6 cex M0*9T 

ISbiTb RCDOnb30B8.110 !Sonbwe 90% pa3Mepa pa3BepTEB. 0CTan&ayiD, H8~8nbHyiD ,~aCTio pa3B9JlT

KB MO*Ho OTISpocaT&, HanpaMep nonaa Ha snexTpoHHo-ll}"leByiD Tpy!Sxy racawae aMnynbc&r 

COOTB9TCTBYIDIDeil nnaTenbHOCTH. npa RCDonb30BaHRa CX9Mbl nna cjlOpMapOB8HRH waroaoil 

paaaepTxa cornacao (9) aaxonaM, ~To npa aena~BHe mara h
0
= 20 MKM B TO~HOCTR YCT~-

HOBD9HBH COOTB9TCTByiDmeil 

t• 

/';. h a 2 MKM Tpe!SyeTCH 

10-2 

5(1 +30) +50+ 10 
I D ( 1 2 20 ) - 15 • 10-6 CeK • 

AHanorB~Ho nna h
0
•40MMa /';. h'" 10 MKM TpeoyeTCH t • 60• 10~6 cex. CxeMa 

D03BOJIH9T non~BTb Ha BblXOne 8MDnaTyny TOKa p83BepTKH i L m ax'" 400 Ma. npa H900XOQB

MOCTa BM9Tb ISon&wyiD 8MnnaTyny BbiXOnaoro TOK8 MO*HO ana YM9HbWHTb COnpOTHBDeHae R I 
1 

ana yaena~aT& sanps*eHae naTaus npa yaena~eaaa aanpslKeaas caraana aa axone, ana yaena

~T& MOIDHOCTb CTOHWHX Ha BbiXone Tp8H3RCTOpoa. CTOHWae B CXeMe CODpOTaaneHRH R 
1
-50 OM 

R R2• 300 OM aMeiDT nonyCTHMyJO MOIDHOCTb pacceaaaua COOTB9TCTB9HHO 50 a 100aaTT. 
' 2 

nnomaQb noaepxaocTa panaaTopa nocnenaero TpaaaacTopa paaaa 600 CM • CxeMa aCDI>ITI>IBa-

nac& Ha CTa!SanbHOCTb paiSOTbl B Te~eHae 7 ~ac npa DOCTOHHHOil T9MDepaType OKpylKaiDIDeil 

t
0

- 23°C,. a T&KlKe npa noa&Imeaa• TeMDepaTypbl no t 0 '• 55°C. HaMepeua aenHc& cpenl>l 

c TO~HocTbiD no 1%. B nepaoM cny~ae aaMeHeHas aMDnHTyn&I BbiXOQHoro ToKa ae Ha!SniDna

noc&, ao BTopoM - Ha!SniDnanoc& ee yaenH'Ieaae aa 3%. Ha pac. 5 npaaeneBa ocnannorpaM

~ Ma TORS B OTKDOHHID!Dell K8TyWK8 Dpa nnaTenbHOCTB DpHMOro xona p83BepTKB T-4•10 CeK. 

Ha pac. 6 npaaeneaa nonaaa cxeMa cjlopMapoaaaaa paaaeJlTKB c nepaonoM 2,5 cex. 

AaTopH C'IHTaiDT npaHTHI>IM nonroM no!SnaronapaTb M.H. Peauxa aa oxaaaaayiD 

DOMOIDb DpH paaoaiSOTKe CX9Mbl1 a T&KlK9 A.H. Caaaeaa 38 pHQ DOJI93HI>IX 3aMe'laHRll npa 

O!Scy*neaaa CTaTba. 
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npaETB~eCKBH CXeMa BWXOABoro K8CK&Aa TeneBH3ROBBOA paa-

paaaepTU )' • 0,02, Alllil A8BBOA CXeMLI 

(7) JIBXOAHM: 

L 1 10 -a 1 -s 
..-""TT_,rr--;::-~ • In - • • In- .. 3 0 • 10 
R 0 0+K)+R 1 +RL y S(l+300)+SO+f0 0,02 

AnBTeiihHOCTB llpHMOro XOA8 paaaepTEH T>300 •10-8 Celt MOlKeT 

paaMepa pa3aepTitR, OcTBIIhByiO,_Ha~aiihHyiO ,~acT& pa3BePT

noAaB JIB sneltTpOBJio-~eByiO Tpy!Sity r&CSIIIIRe BMIIYIIhCb! 

npu BCIIOIIh30BBRRB CXeMbl AllH ojJOpMRpOBBBBH marosoA 

RBXOARM, ~TO llpR B91IB~BBe mara 

f'1 b = 2 MEM TpefSyeTCH 

h c • 20 MEM B TO~ROCTR YCTI'I-

10-2 
t-

5(1+30}+50+10 
I n ( 1 2 20 ) - 15· 10-6 CeE , 

0
= 40 MM B f'1 b= 10 MKM TpefSyeTCII t • 60•10-

6 
celt, CxeMa 

DB BbiXOAe BMIInBTYAY TOita paasepTitR I L m a z• 400 MB, npu Heo6XOAH-

8MIInRTyAy BbiXOAHOro TOKB MOlKJIO BnB YMellhWifTb COnpOTBBileHBe R I 
0 

e IIRTBBRR IIplf yBenB'JeRRR RBIIPHlKeHRR CRrHana H8 BXOAe, RnB ysena

RB B&IXOAe TpaH3RCTopos, CToSilllae B cxeMe conpOTRBneBBH R 
1
-50 OM 

AOIIyCTBMYIO MOWBOCTb pacCeRBABBH COOTBeTCTBeHHO 50 R 100BaTT. 

2 PBARaTopa IIOCileAHero TpBJI3BCTOpa pasHa 600 CM , CxeMa BCIIWTLIBa-

paiSOTbi B Te~eHae 7 ~ac IIPR IIOCTOBJIHOA TeMIIepaType OKPYlKBIOIIleA 

0' 
TeMIIepaTypLI AO tc•• 55 C, I13MepeBBB BenRCb 

Cny~ae R3MeHeHRB aMIInBTyAbi BLIXOAHOro TOita He JtafSniOAa

ee ysenaqeJtae ltB 3%, Ha pac, 5 npaBeAesa ocnannorpaM

-3 K8TyWEe npa AnBTeiihROCTR IIpBMOro XOA8 pa3aepTU T-4•J0 Celt, 

CX9M8 ljlopMRpOBBBRH pa3B9PTU C nepROAOM 2,5 Celt, 

IIPBRTHWM AonroM IIOI51UlroAapRTb M,H, Pe3BBK8 3a Olta3aHBy10 

cxeM&I, a TBKJKe A.H. Casaesa 3a PBA noneaHLIX aaMe~aua npa 
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