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§ L Pac•-reT Ha tta.oe>KHOCTb aneKTpOHHbIX cxeM 

HopManbHbil! _(HnH• rayccoab1i!) 38KOH pacnpe.oeneHH!I cnyqal!Hol! aenH'll!HbI X non-

HOCTbIO xapaKTepHayeTC!I .!lBYM!I 'IHCnOBb!MH xapaKTepHCTHK8MH! MBTeMBTH'leCKHM O>KH,!l8HH-

eM X0 ( cpe.oHHM apHCpMeTH'leCKHM) H cpe.OHHM Kaa.opaTH'leCKHM OT/<:nOHeH11eM a [XI , 

vfoaecTHo (nI,JI2), '!TO a npe.oenax o6nacTH 

(I.t) 

38KnIO'leHo 99, 7% acex B03MO>KHbIX 3HB'leHlll! aeml'IHHbl X • 

XapaKTepllCTIIKH aneKTpOHHbIX cxeM (HanpHMep, K03<p<pHUlleHT yc11neHH!I, n11Hel!HOCTb, 

ll
0

0nOC8 nponyCKBHH!I H T,.!l,) T8K>Ke !IBn!IIOTC!I cnyqal!Hb!MH BenH'IIIHBMH, 3BBHC!llllHMH OT 

paa6poca onpe.oen!IIOlllHX HX napaMeTpOB, 0HH He llO.!l'IIIH!IIOTC!I TO'IHO HOpManbHOMy 3BKOHY, 

HO npH6nH>K8IOTC!I K H8My,' I{ MO>KHO C'IHT8Tb ( n3). '!TO B npe.oenax o6nacTH, OllHCblBBeMol! 

cpopMynol! ( 1.1), 38KnIO'leHO no.oaan!IIOlllee 6onbWHHCTBO HX 3H8'18Hlll!, 

Hcxo.011 H3 3Toro, MO>KeM 38llHCBTb HepaaeHCTBO, BbmonHeHHe KOTOporo 6y.oeT onpe­

.oen!ITb .!lOCTBTO'IHO BblCOKYIO .on11 6onbWIIHCTB8 npaKTH'l8CKHX cnyqaea H8.!l8>KHOCTb paccMaT­

pHB88MOl! xapaKTepHCTHKH CX8Mbi! 

rp.m•x , 
X 

( 1.2) 

r.oe X0 j;.3a[Xl, o6np.CTb B03MO>KHblX 3H8'18HHl! paCCM8Tp11aaeMol! xapaKTepHCTIIKH X 

X • X rp.mtn 
pa6oTe cxeMbI, 

rp.max 
- rpaHH'IHbie 3H8'18HH!I X , COOTB8TCTBYIOlllHe y.ooaneTBOpllTenbHOl! 

3a.oa'IH pac'!eTa Ha HB,!le>KHOCTb xapaKT8pHCTHK cxeM,KBK npaaHno,cBO,!l!ITC!I K OTb!CKa-

HHIO X(I, llpH H3B8CTHblX rpaHH'IHblX 3H8'18Hll!IX 

TO ecTb CBO.!l!ITC!I K peweHIIIO HepaaeHCTB! 

~x 
· rp.max 

X .::t X + 3aLX) 
0 rp,mln 

X 
rp,nln 

3a[XI 

H X 
rp.max H 11aaecTHoM alx) 1 

(I.2a) 

(1.26) 

!IBn!IIOlllHXC!I cne.ocTaHeM HepaaeHCTB8 ( 1.2). rpaHH'IHble 3H8'18HH!I xapaKTepllCTHK X 

II X rp.max HBXO,!l!ITC>! nyTeM norH'!eCKOrO paccy>K.oeHH!I, _Cpe.oHee KB8.!lpBTll'l8CKOe OTKnOHe­

Hlle xapaKTep11cTHKH a[ XI, ( o6bI'IHO xapaKTepHCTHKa X' 11an11eTc11 HeKOTopol! cpyHKu11el! OT 

napaMeTpOB aneMeHTOB cxeMbI Y t , Y 2 , ... y n , He 38BHC!llllllX .opyr OT .opyra II 
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IIMeIOWIIX cpaBH11TenbHO HeoonbWl!e pa3t5poCbI, 113BeCTHble KOHCTpyKTOpy) Bbl'IHCnsrnTCH 

no q:>OpMyne (nt,n2); 

n 2 2 
11[Xl=·11lf(Y1 ,Y2 , ••• Yn )I,. .,j"I.{il)

0 
11[; I, 

. l=ri/'it 
(1.3) 

HaKOHeu (cM. n3). C'IIIT8SI 113BeCTHbi0 pa3opOCbl napaMeTpOB aneMeHTOB cxe!-'lbl t. ~r1' 

± ~Y 
2 

, ... ± ~Yn paBHbIMII .± 311[Y1 I\ i311[Y2 l, .. ,1;~11L Yn I , MO>KeM onpe.o.enHTb HX 

cpe.o.1111e KBB.o.paTH'leCKl!e OTKnOHeHHSI: 
hv. 

a[Y1 } .. ---i- (1.4) 

nPv!ME'-IAHv!E. Ha npaKTHKe 11epe.o.Ko BCTpeqaeTcSI TaK>Ke pa3opoc c paa11O­

BepoSITHblM 3aKOHOM pacnpe.o.eneH1111; B 3TOM cnyqae 

~y 
a[Y1 ] =·--' 

.1,7 

HanpHMep, cpe.o.11ee. KB8.D,paTH'lecKOe OTKno11e1111e KpyTH3Hbl naMnbI S 

opoc ±. 30%, cornac11O <j,opMyne ( 1.4), paa11O: 

. ~. 0,3,S 0 11( SI ... - =· =· 0 l • S 
3 --r- ' o• 

, 11Me10wei! pa3-

B 11paKTH'lecK11x pacqeTax qacTo obrnaeT y.o.0611ee BMeCTO cpe.o.11ero KBa.o.paT.H'lec­

Koro . OT.KnOHeHlllI nonb30B8TbClI. OTHOCIITenbHOi! xapaKTepllCTIIKOi! pa3opoca, Ha3b!BaeMOi! 

Koact,ct,11n11e11ToM aap11au1111 ( n2): 

v[Y) ,= r,[ YI, 

Yo 

~y 

3Yo (1.5) 

8 3aKnI09:eHHe OCTaHOBRMCH Ha aHanH3~ cxeM, CBR38HHOM C pacqeTOM HB HBJle>K­

HOCTb, PaCC'IIITb!BaSI cpe.o.1111e KBa.o.paTH'leCKlle OTKnOHeHIISI oT.o.enbHblX xapaKTepllCTIIK 

cxeMbI no cpopMyne ( 1.3), nonyqaeM K8>K.!J.bli! pa3 Bh1pa>Ke111ie BH.o.a 

11[f(Y1 ,Y2 , ... Yn)] .... .,Ja 2·•u 2 [Y 1 ],1-:b
2•u\'i'21+ ... +t

2
,,;~[Ynl'. 

PaccM'aTpllBaSI no.o.KopeHHOe Bb1pa>Ke1111e, MO>KHO, BO-nepBblX, BbIAenHTb (np11 q11c­

neHHOM pacqeTe) COCTaBnSIIOWlle, ·11a116onee BnlllIIOW110 Ha pa3opoc, II, BO-BTOpbtX,, onpe­

.o.enllTb nyTII YM0HbW0HlllI 3TIIX COCT8BnlIIOWIIX. Cne.o.OB8TenbHO, npeACTaBnSieTClI 5O3-

MO>KHOCTb pacqeTHbIM nyTeM CKOHCTpyHpOB8Tb cxeMy C MIIHl!ManbHb!M pa3opoCOM pac­

CMaTp11B8eMOi! xapaKTepllCTIIKII. 

CxeMa, ace xapaKTepHCTIIKII . KOTOpoi! paCC'll!TaHbl cornaCHO cpopMynaM ( l .2fl) 11n11 

( 1.26). Mo>KeT paccMaTp11B8TbClI K8K TeopeTll'leCKII H8A0>KHaSI. Ecm1 TaK>Ke peanH30BaHbl 

. Bee nyTII yMeHbWeHlllI pa3opoca acex xapaKTepllCTIIK, TO cxeMa MO>K0T paccMaTp11BaTbClI 

ewe II KBK MaKCHManbHO 11cnonb3yrowaSI 3ano>KeH11b1e B03MO>KHOCTII, vi HaKO11eu, paccqH-
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TaB TaKHM o6paaOM paanH'lllb!e BapnaHTb! cxeMbl,, MO)KHO Bb!,llenHTb ny'IWHl! BapHBHT no 

ny'IWHI'-!, nony'IHBWRMCH xapaKTepHCTHKaM. 

§ 2, 17pHMepb! 

J • .[{HCKpHMHHBTOp 

PaccMaTpHBaH Aal!Hbil! rrpHMep, Mb! CTaBHM 38)1S'ly rrpoBeCTH paC'leT OAHOl! H3 

rrpocTel!WHX cxeM C rrpHMeHeHHeM paC'!eTa Ha HS,lle)KHOCTb, CxeMa .llHCKpHMHHSTopa rrpn­

Be,lleHa HS PHC. !. 11MnynbCbl nono)KHTenbHOl!. nom,pHOCTH, npoXO.llSI 'lepea .llHCKPHMHHSTOp, 

.llOn)KllbJ OTpesaTbCH no OCHOBaHH!O Ha ypoaHe Do 2: 5 a. Hanp,i)KeHHe nnTaHHH E •+150a. 
a 

Pas6poc conpOTl!BAeHl!l! RI I! R2 paaeH :!:. 20%. Tpe6yeTCSI paCC'IHTSTb BBAH'IHHbl conpo-

THBA0HHll RI H R 2 , HCXO.llSI H3 yKaaaHHbIX ,llaHHhlX, 

Pac'!eT. By.lleM C'IHTSTb, '!TO ,llHO.ll sanHpaeTCSI npH CMBlllBHHH, paBHOM OB, YcnoBHe 

(xapaKTepHCTHKa) OTpesaHHlt npOXO,llltlllHX HMnynbCOB Ha ypOBHe 15onb,WB HAH paBHOM +5B 

oy,lleT BbIIIOAHltTbClt npH BblnOAHBHHH HepaaeHCTaa: 

U O 2:_ 5 B, {2.1) 

CornaCHO q,opMyne ( J.215), HS,llB)KHOe Bb!IIOnHeHHe HepaaeHCTB8 {2'.l) oy,lleT npH 

{2.2) 

Bhl'IHCAHM u[u
0 

I • PacKpoeM u
0 

'lepes napaMeTpbI sneMeHTOB cxeMbI 

R2 
U1)• E.---

RI + R2 
n, npHM8HHB q,opMyny ( 1.3), nocne p>1,lla anrel5paH'l8CKHX npeo6pasoaaHHl! rrony'lHM: 

{2.3) 

Kosq,q,HUHBHT nepe,lla'!H 

11, TBKHM o6pasoM, 

uluo I • 150 · 0,033· '( 1-0,033). •./ 0,067 
2 

+0,067 
2 

• 0,44 B; 

Uo 2: 5 + 3 '0,44 • 6,3 B, 

npHHSIB U O 6,3 B, MO)KHO ITO,llOOpaTb COOTBeTCTBYIOlllH8 conpOTHBABHHlt, HanpHMep, 

R 1 • 82 KOM H R 2 • 3,6 KOM • 

AHaAH3 cxeMbl. PaccMSTpl!BBSI Bbtpa)KeHHe {2.3), MO)K!IO OTM8THTb, 'ITO YMBHbWeHHlt 

pas15poca Hanp>t)KBHHH Uo MO)KHO ,llOCTHrHyTb AHOO npHMeHBHHBM conpoTHBneHHJ!: RI H R2 

C M0HbIIIHM pas15pocoM, AHOO yMBHbIIIBHHBM HanpmKemrn Ea. 

2. TPHrrep-c'!eT'IHK 

PaccMOTpBHHe ,llBHHOro npHMepa CTBBHT uenbJO: a)noKaaaTb HS 'lllCTHOM npHMepe, 

5 



KaK, HCllOllb3Yll Teopmo, BbI6paTb nyqllllfll (H3 H3B9CTHbIX) aapHaHT CX9Mbl H .!lOB9CTH ero 

.no upe.nenbHOro HCllOllb30B8HHll B03MO:>KHOCTell (TO ecTb npHMep aHanH3a); 6) npoaeCTH 

B KaqeCTBe npHMepa nonHhill pacqeT cxeMbI Tpflrrepa c npHMeHeHHeM pacqeTa Ha Ha.ne:>K­

HOCTb • 

PaccMoTpHM cxeMy TpHrrepa, npHae.neHHy10 Ha p11c. 2. Onpe.nenHM Tpe6yeMy10 aenH-

q11Hy nepena.na HanpSI:>KeHHll Ha ceTKax naMn tiu = I u - uk I x), Heo6xo.n11Mym 
ceT o saKp. · 

.nnll Ha.ne:>KHoro ocyllleCTErneHHll .nayx ycTollqHl'bIX COCTOSIHHll cxeMbI. 3Ty sa,naqy paccMo-

TPRM .nnll .nayx KpallHIIX cnyqaea : Kor.na cxeMa Haxo.nHTCll B CTaT11qecK_OM COCTOll'1HII H 

B ycTaHOBHBlll9MCll pe:>KHMe nepHO.!lHqecKHX KOne6aHHll. 

CTllTHqecKHll pe:>KHM. YcnoaHe (xapaKTepucTHKa) nony,1eHHSI o.nHoro 11s ycTollqHBbIX 

COCTOllHHii cxeMb! npe.ncTaBnSieT co6oll ycnOBHe sanHpaHHll 0.!lHOll naMnhl npll OTKpb!TOll 

.npyroii: 
uo, 3aKp. -uk s - I E~M I ' l2.5) 

r.ne uo'-3aKp. - HanpSI:>KeHHe Ha ceTKe 3aKpb!TOii naMllbl 1\; Uk - HanpSI:>KeHHe Ha KaTo.nax; 

-I E' CMI - HanpSI:>KeHHe sanHpaHHll naMnbI no ceTKe. CornacHo cj:,opMyne ( J.2a), HagelKHhIM 

Bb!llOUH0HHe HepaaeHCTBa (2.5) 6y.neT npH Bb!llOUH9HHH cneJ.(ylOUlero HepaaeHCTBa: 

u , 
o GaKp. 

- u < 
k - - I E, CM I - 3a[uo'•saKp. -•uk I• (2.6) 

Hail.neM a[u , - uk I 
C 38Kp. 

• PacKpoeM sHaqeHHll u
0

,_
3

aKp. n uk qepes napaMeTpb! ane-

MeHTOB cxeMbI: 

u = (E - ,\ u" )k" = ( E - E k' S"R'.' ) k " 
~ 'ealS,p. a. " a a 1 + S"'Rk 

k' = 
R' 

2 k" = 
R'+ R' 

I 2 

R" 
2 

R" -+R" 
I 2 

Uk= E. k '. S"Rk 
1 + S"-R k 

,\ u • - HanpSI:>Kem1e nepena.na B aHo.ne 11
2

; S" - KPYTH3Ha Jl
2

; E. - HanpSI:>KeH11e nHTa­

Hllll, no.ncTaBnSieM nonyqeHHbl9 Bblpa:>KeHl!ll noi:i 3HaK (7· H, npHM9HHB cj:,opMyny ( 1.3) • 

nocne pSI.na anre6paHqecKHX npeo6pasoaaHHil nony'laeM: 

u ' - u < -, IE' I - 3a [ ] o SaKp. k _, CM Uo3aKp.- Uk = 
(2.7) 

= - I E' I -, 3y 4( E 
2 

+c\u 
2 

)k 
2 

( 1-k) 
2 

v 
2 

[ R 1 2 ] + 
CM a a , 

2 2 SR 2 2 1 2 2 
v+(i\u k)v [R.l+(tiu k~) V [Rk],+( ,\u k __ ) V [SI 

a • l+SRk . a l+SRk 

x) 
uo 3a'Kp. ~ ttanp51>KeHHe Ha ceTKe 38Kpb1TOi-1 naMilbl~ Uk - H8IlpSl>K8HHe Ha KBTO.nax. 
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TaKIIM o6pa3oM, qJopMyna ( 2. 7) onpe,:1e1rneT ycnoane ttaaeA<noro ocyll.leCTBnemrn 

O.llHOro H3 ,X:CToHqaBhIX COCTOSlHU:H Tpnrrepa B CTllTH:qecKO~ peA<HMe. 

PaccMoTpnM Ycnoa11e HB!l0}KHoro aonyqeuu5-l BToporo ycToifqnnoro cocTostHnH. nycTh 

118 BXO/l Tpnrrepa··npnxo/ll!T C'!0Tllhlll HMnynhC, nepBOll'!'!llllbHO BBH/ly "3allOMHH8HlllI" eM­

KOCTb!O c~ . H811plll!{0HHII Ha ce·T1rn paHee OTI<ph!TOfi ll8MCTb] nepeXO/l BO BTOpoe ycTpfiqnBoe 

COCTOSIHl!e ocymecTBHTCSI 003 3DTPYllHeHH!i, 0Jlll8KO no IICTeqe111111 BpeMeHII CK nepe3a-

plI/lHTCH, II Hll/l0}J<!IOCTb BTOporo YCTOii'!IIBOro COCTOSIHHSI pe3KO YXY/llllHTCSI II oy/leT onpeae­

nHTbCSI ··n cnny ClfMMeTpHH CX0Mbl cpopMynofi, a11anor11'!HOll ,j)opMyne ( 2, 7). 11 B COOTBeTCT­

Bllll C q,opMyno!i ( 1,3) MOJKOM 38IUIC8Tb, '!TO H8ll0JKHOe ocymecTnneHl!e llBYX ycTollql!Bb!X 

COCTOSIHll/l cxeMbl (cyMMbl llBYX He3aBHCIIMblX COOb!THfi) Bb!p83HTCSI qepe3 Bb!IIOJIH0Hll0 

ttepanettcTaa: 

2 2 
IE'· I- 3{.u •+u 

CM 
(2.8) 

Tenepb paCCMOTpHM JCT8HOBIIBWll_ltCSI pe}KHM nepllOJlllqeCKllX KOneoaHHl!, Paccy}KJl0HlllI 

BHanorHttHhl. TonbKO cnenyeT yqeCTh, '{TO '} 3TOM cnyqae 

E k '. S '!Rk + E k "- S Rk E k '+ 
a 1 + S'~ a 1 + S'Rk a --~~---

E k" 
& 

2 

YcnoaHe H8)l0>KHOro ocywecTBneHHSI JlBYX YCTO!l'{llBb!X COCTOSIHlll! nonyqaeTCSI B Bll)le 

Tpe60B8HIHI K BbIIlOnHeHHIO HepaaeHCTaa: 

2 2 2 2 2 
u

0 38
Kp, uk ~- JE~MJ - 3,j(Ea + 2t.ua + 2Eat.u.)k (1-k) v ['.R 1) + 

(2.9) 

y+:2(t.u k)
2

v
2 [R ).+- 2(t.uak)

2
v

2 [$). a a 

nPYIME'-!AHYIE. np11 Bhraone cj:,opMynh1 (2.9)non KoptteM OJlHH 113 qnettoa nonyqa-

eTCSIBBHJle ½EakSRa 

paBHblM t.u. 

; ·y 1UiTbIB8SI aenHHe8:HbI8 CBOACTB8 naMribI, 3TOT qneH npHHSIT 

TaKl!M o6pa30M, llM00M JlBll HepaaeHCTBa -(2.8) l! ( 2.9). Bh!IlOJIHeHHe KOTOpblX xa-

06ecneq11aaeT Haae>KHOe ocymecTBll0Hl!e JlBYX ycTOl!'!l!BblX COCTOSlHllil CX0Mbl B JlBYX Kpall­

HllX peJIO!MllX - CT8Tll'l0CKOM ll YCT8110BllBWeMCSl peA<llMO nepl!O)lll'!OCKIIX KOne6am111. 

np11 pacqeTe ttanpSIA<eHHe I ·u - u k 
• 38Kp, 

BbI6HpaeTC'1 H1"160llbWll~I 1!3 3TllX peweHHR, 

Pacc'!HTaeM nn" npHMepa aenH'IHHy I u - ¾ I • floncTaBHB B cj:,opMyny (2.8) 
o 38Kp, 

TIICTH'!Hbie 3HB'leHHSI axoaHLUIIX B Hee nenH'!llH: Ea = 250 a; JE '·cMI = 5a; t.u a s 100 a; 
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k = 0,4; · SRk = 20; pa36poc conpoT11BneH111! + 20 % 

xapaKTep~CTIIKII naMnhI ~ 30 % , nonyqaeM: 

pa36poc KPYTll3HbI 8HO,!lHO-ceToqHol! 

!u -uk I> 5 + 3 8(250 + 100 )•0,4 •0-0,4) •(..!,,-) + 
Is 2 2 2 2 020 2 

o 38Kp. - .J 

2202 ryo 2 
v'+2-(100-0,4) ·(--,,-) +2-(100-:0,4--· ~_) 

., 1 + 20 
0,20 ) 2 + 

-3 

. I 2 O 30..,- . v·+ 2· ( 100 • 0,4 • ·--) (-'-) = 5 +:3y' 130 + 9 + 8 + 0,1 ~ 40 a • 
1 + 20 3 

(2.10) 

np11 IlO.!lCT8HOBKe 3TIIX )Ke .!lBHHblX B cf:,opMyny (2.9) pe3ynbTBT nonyqaeTC5I MeHbllle 

( 28 B) II Il03TOMY OT6pacbIBBeTC5I. ncinyqeHHhII! pe3yilbTBT COOTBeTCTByeT o6bJqHo np11MeH5IeMblM 

Ha npaKTIIKe (Hal!.!leHHhlM 3Kcnep11MeHTanbHo) ae1111q11HaM I .u - uk I • 
o 38Kp. 

AHan113 cxeMhl. 3a.!laqel! aHan113a !IBn!leTc!I Bbl!laneH11e nyTel! yMeHbllleHll!I 

pa36poca paccMaTp11aaeMol! xapaKTep11cT11K11. no.!lcTaa11a a cf:,opMyny (2.8) Bb16paH-

Hh!e op11eHTllpOBOqHo q11cn0Bb!e ,!laHHbie, ycTaHaan11aa0M CM. Bb!p8)KeH11e 2. 10 ) • 

qTo a cTaT11q0cKoM pe)KIIMe pa36poc Hanp!!)K0Hll!I I u - uk I 
o 38Kp. 

B OCHOBHOM 

onp0.!l0Il!10TC!I qneHOM, CB!l38HHhIM C pa36pocoM conpoT11aneH111! ,!len11Ten!I RI II R • 2, 

Billl!!Hlle pa36pocoa OCTBilbHblX qn0HOB HeB0IlllKO, npu IlO,ll.CTBHOBKe )1(0 3TIIX ,!l8HHb!X B 

cf:,opMyny (2.9) Bbl!ICH!leTC!I, qTo B YCTBHOBIIBll!eMC!I pe)KIIMe n0pllO.!lllq0cKIIX KOne6aHHI! 

Billl!IHll0 pa36poca RI II R2 yMeHblll80TC!I, HO 38TO .!lO 3naq11TenbHblX pa3Mepoa B03pacT80T 

Billl!!Hll0 pa36poca KPYT113Hbl s . Y'M0Hblll11Tb anu,rnue pa36poca RI II R2 MO)KHO nyTeM 

np11M0H0Hll!I conpOTIIBil0HIII! C M0Hbll!IIM pa36pocoM. Y'MeHblllllTb Billl!!Hll0 pa36poca KpyTll3Hbl 

s MO)KHO, npHM0HIIB CX0MY Tp11r-repa C 3anycKOM B KBTO.!lbl (cM, puc. 3), np11 3TOM eM­

KOCTb C OTCyTCTayeT ( 38 IICKmoqeHlleM npeHe6pe)KIIMO MBilblX napa3HTHblX eMKOCT01!)' II 
K . 

Tp06yeMa!I a0n11q11Ha lu - uk I a mo6oM pe)K11Me onpe.!len!l0TC!I cf:,opMynol! (2.8), a oaaKp. 
KOTopol! amrnH110 pa36poca S np0H06p0)Kl!TenbHO Mano u3-3a Koacf:,cf:,llltlleHTa ~ 

L + SRk 
TaK, nanp11M0p, paccMaTp11aa!I Tp11r-r0p no cxeMe Ha puc. 3 11 np11M0HIIB conpoT11Bnen11!! 

.!len11Teng R 1 11 R 2 T11na .!. 1 % , · np11 Tex )1(0 npoqux .!lBHHblX nonyq11M Tpe6oaan11e 

K aen11q11H0 I u - uk I 
o 38Kp. 

paBHblM 

I - u - u 
o 38Kp, k 

,:_ 12 B, 

8 3BKmoqeij11e a KpBTKOII cf:,opMe npoae.!leM nonHhIII pacqeT cxeMb! Tp11rrepa, npuae.!len­

nol! Ha p11c. 3, C np11MeHeHll0M pacqeTa Ha HB,!l0)KH0CTb. 

KaK noKa3BHO Bbllll0, ycnOBlle (xap8KT0pHCTHKa). H8,!le)KHOro oCyll!eCTBneHll!I .!lBYX 

ycTol!qllBb!X COCTO!!Hllll paccMaTp11B80MOI! CX0Mbl onpe,!len!leTC~ cf:,opMynol! ( 2.8). 

3anycK cxeMbl ocymecTBil!10TC!I qepe3 HOpMBilbHO 38KpbITbll! KBTO.!lHb!I! IlOBTOpllTenb Ha 
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naMlle JI3. YcnOBHe Halle>KHOro aam1paHHll ,II3 B COOTBeTCTBHH C cpop_Mynoll ( 1.211) 3alIHWeT­

Cll B BHLle·; 

rlle · u 
0
,;, - Hallpl!>KeHHe Ha ceTKe JI

3
• 

"PacKp?IB 3Ha'leHHll Uk H u ... , qepea 11apaMeTpbl sneMeHTOB cxeMbl H 1IpHMeHHB cpop-

MyJly ( l.3), IIOCJle Plllla anre6paH'{eCKHX 11peo6paaoaaHHll IIOJIY'IHM Tpe6oaaHHe K BeJlH'IHHe 

aa11Hpa10wero Hallpl!>KeHHll: 

rlle k ~ 

THIIHb!MH. RI +R 2 

COllpOTHBJieHHll R I , R 
2 

(2.11) 

R 
4 

C'IHTalOTCll OllHO-

YcnoaHe Halle>KHoro aa11HpaHHll pattee OTKpblTOl! naMllbl C'leTHb!M HMIIYJlbCOM aalIHWeT· 

Cl! a COOTBeTCTBHH c cpopMynoll ( 1.26) a BHLle: 

- aMIIJlHTYLla C'leTHoro HMIIYJlbCa Ha ceTKe JI3; k O - KOS(p(pHUHeHT 11epella'IH 

KaTOLlHOro IIOBTOpHTeJlll Ha JI3. 

PacKpblB 3HaqeHHll Uk , u.,,, H llpHMeHIIB <pOpMyny (1.3), IIOCJle HeKOTOpb!X 

y11pouteH11j HaXOLlHM Tpe6oaaH11e K aenH'll!He C'leTHoro HMIIYJlbCa: 

I
.,, I . 1- k. ,---2-2 ___ 2_2_( _' ----2--2 ---

u u.:. u k - uo,,,+ "'cM ,_-_k __ + 3 ✓ 4Eak (1-k) v R
10208

,J,1,uuv [uu)J (2,12) 

0 

rlle v[tiu I 011pelle1Il!eTCll 113 ycnoa11ll q,opMHpoaaHHll C'leTHoro HMllynbca. 

Ycnoa11e Halle>KHoro OTIIHpaHHll paHee aaKRbIToll naMllbI 11p11 B03LlellcTBHH cqerHoro 

IIMIIYJibca aalIHuteTCll B Bllll8 Tpe6oaaHl!ll K BbIIIOnHeHHIO LlBYX HepaaeHCTB, IIM810ll{HX B 

COOTBeTCTBIIII c q,opMynoll ( 1.26) Bllll: 

3u [r - r I 
Il u 

rlle r Il - IIOCTOllHHall BpeMGHH aaTyxaHl!ll 11epeXOLlHOro 11pouecca Ha ceTKe OTKpb1Ba10mell-

Cll naMllbI; r u - IIOCTOllHHall BpeMeHII aaTyxaHl!ll aallHGro <ppOHTa C'leTHoro HMIIYJlbCa; 

U B - aMIIJlHTYLla BbIOJ?OCa Ha ceTKe OTKpbrna10utel!Cll naMllbl. 

nPJ,!MEtIAHJ,!E. nocnellHee HepaBeHCTBO COCTaaneHo C HeKOTOpb!M 3a11acoM, TaK KaK 
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nepe6poc ocymecTBJIR8TCR II np11 H8CK0ilbK0 M8HbWIIX 3H8'18HIIRX U B' onHBK0 np11 3T0M 

noRBilR8TCR IICK8M8Hlle cpp0HTB aHonHoro H8IlpRM8HIIR, 38'18CTY!O HenonyCTIIM0e, 

PacKpblB 3H8'18HIISI r B t 

T0pbtX ynpomeH11i! nonyqaeM 

u a' Uk ' 
u ,,, 
• 11 np11MeH11a· qiopMyny ( 1.3), nocne Hexo-

r ~ •u + 3 
B 

Tpe6oaaHIISI K B8Illl'IIIH8M H u 
B B 

2 2 2 c 2 2 2 c 22 2 2 
r v [R

1 
J,1- r (--) v [C] + r 8 (__E<:) v [Ci,xl,1- r v [rul , 

a ' a C + Cax C +c,.x u 

, 1 2:a 2 2 2 2. 
u8 >(u -uk+l~M!:+u,.)_+3y'4Eak(l-k)v [R

12 
l.+-uv [uul+ 

- u o ko , ,3, u 

/ 2 22 2 c 2 C 2 2- 2 
y'+:l2~u k (1-k) v LR12l+~u ( __ ) 0---) (v [C]n [C ])+ 

a ' a C BX C +: E>lc ~+:G3x 

R C -•R C. 2 2 2 2 2 2 2 
+(. I 2 BX ) ,l\.u ,[2(1-k) V [RI .1+:v [-R ],1- II [Rk ll,le ' 

{R 1+:R
2

)(C +:<;,,J a • a 

(2.13) 

(2.14) 

rne 0 onpenen>1eTCSI C00TH0W8Hll8M noCTOSIHHb[X apeMeHII B aHone 38Kpb1B8!01Uei!c>1 II HB 

ceTxe OTKpblBBIOIUei!cSI naMn; npaKTH'18CKH 0 = 0,3-:- 0,5. 

Onpenen11a r B II u B ' MOM8M nono6p8Tb COOTB8TCTBYIOIUY!O aenll'IIIHY eMKOCTII c. 

nono6paa uapaMeTpbl aneMeHTOB CX8Mbl B COOTB8TCTBHII C qiopMynaMII (28), (21_1), 

(212),(213) 11 (2.14)," nony'IIIM TeopeTll'l8CKII HB)le>KHY!O cxeMy. !ln>1 MBKCHMBilbHoro 

IICilOilb30B8HIISI B03MO>KHOCTei! cxeMbl cnenyeT npoBeCTII 8H8Illl3 3TIIX qiopMyn no Bbl>IBil8Hll!O 

nyTei! yMeHbW8HIISI paa6poca II peanH30B8Tb IIX, 

nocne aToro MoMeM BbI'IIICilllTh pa3pewaromee apeM>1 TpHrrepa T, onpenen>1eMoe 

KBK apeM>I 38TYXBHIIR nepexonHoro npouecca Ha C8TKe 38Kpb!TOii naMnbl (JI4): 

R1R2 
T = 3 ___ ( C + C ) • 

R1+R2 BX 

B COOTB8TCTBIIII C qiopMynoii ( I .~6) OHO 6y neT He xy>Ke 

T ~ T +. 3o- l T l , 
max 

(2.15) 

rne o-['.rl MO>KeT 6btTh nerxo BhI'lllcneHo npH noMOIUII qiopMynh1 (t.3). 

3. l:ln11>1H11e BH8WHIIX cbBKTODOB Ha pa36poc COIIDOTIIBil8HHi! 

non BilHSIHHeM BH8WHIIX <pBKTOpOB (113M8H8HIISI TeMnepaTyphl, apeMeH11, pa6oTb[ non 

Harpyaxoli, yana>KH8HIISI II np.) conpoTHBil8HIISI cymecTB8HHO 113M8HSl!OT CBOII 3H8'18HIISI, Om'. 

nony'la!OT HeKOTOpblli nocTOSIHHblli C)lBllr CBOIIX 3H8'18Hllli, a TBK>Ke yaenll'lll~aeTCSI cnyqali­

Hhlli pa36poc. 
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C'!IIT8eM (c 113BeCTHb!M np116n11:»<eHl!eM). BTil!l!Hllll BHeWHIIX cpaKTOpOB He38BIICl!Mb!Mll • 

Terna cyMMapHbrlt pa36poc np11 so3nel!cTs1111 4-.5,np11MepHo on11HaK0BbIX no sn11>1HHJ01 sHew­

H11x cj:,aKTOpOB 6y_neT l!MeTb B nepnoM np116n11:»<eHl!ll HOpM8Tibllb!l! 38KOH pacnpeneneHl!ll, 

n,a>Ke ecn11 38KOHhI pacnpeneneH11l! pa36pocos OT oTnenbHbIX so3nel!cTBHl! He 6ynyT Hop­

Man_bHbIMII (J11,J12 ). VI ,cnenoBaTeTibHO, s COOTBeTCTBl!ll c cj:,opMynaMI! ( 1. 1) 11 ( 1.3) s 

peanbHbIX ycn0Dl!llX 9KcunyaT8lUIII conp0TIIBTieHl!e M0:»<eT 6bITb npencTaBneH0 B Bline: 

(2.15') 

n 

rne Ro - HOMIIH8IlbHoe 3H8'!eHlle conpOTl!BneHl!ll; ~ Y, Ro- TIOCTOl!HHbll\ cns11r OT B03nel!-
--- l=t 

CTBl!ll BHeWHIIX q:,aKToj)os; + ,3 ...;f a 2 LRI - cny'lal!Hhll! pa36poc B peanbHbIX ycnos11>1x. 
- l=l I 

noncTaBTillll B cj:,opMyny (2.15) CT8Tll'!eCKl!e cseneHl!ll O H8'18IlbHOM pa36poce ll O pa3-

6poce OT BJilll!Hllll BHeIIIHl!X cpaKTopoa, MOJKHO onpene;mTb Bb!paJKeHne ll o6naCTb B03MOlKHblX 

3Ha'leHHli paccMaTpHBaeMoro conpOTHnneHHll B peanbHbIX ycnOBl!l!X, 

Han11q11e TIOCTOl!HHOro cna11ra np11 B03nel\CTBIIII BHeLtlHIIX cj:,aKTOpOB MO:»<eT cymecTBel! .. 

HO 38TpynHIITb pac'leT. OnHaKo B p>1ne npaKTl!'!eCKIIX cnyqaea ero BTil!l!Hl!e MO:»<HO yqecTb 

noBOTibHO npocTO. 

Bo-nepBb!X, TIOCTOl!HHblM cnsllr(2M MO:»<HO aoo6we npeHe6pe'lb,. ecn11 ero BeTill'll!Ha 

cpaBHl!TenbHO Mana. 

Bo-aTopbrx, ero 

rne 

MO:»<HO BKJI!O'll!Tb B cnyqal\Hblll pa36poc (cM.pHc.4): 

I~ }' R I 
R = R~ ± ( 1~1 1 o 

2 

n 2 
+ v I a

1 
[ RI ), 

1-=·1 

np11 9TOM, eCJIII TIOCTOl!HHb!l! cns11r BGTIIIK, TO OH MO:»<eT 3H8'11!TGTibHO 113MeHl!Tb 38KOH 

pacnpeneneH11>1, np116n11:»<a>1 ero_ K pasHoaepo>1TH0My. 

B-TpeTbllX, ecn11 corrpOTIIBJieHl!ll onHoro T!!ll8 II onHoro nopllnKa p83MepHOCTII 06pa3y­

!OT nenl!Tenb Hanpl!:»<GHl!ll, TO nnll K09cpcj:,11u11eHT8 nepena'III ( xapaKTGpllCTl!Kll, KOTOpasi H8C 

o6bi'IHO IIHTepecy':T B nen11Tene) TIOCTOSIHHb!ll cna11r HCKTI!0'18eTCll aoo6we. Del!CTBHTGTibHO, 

nyCTb 38 C'IGT BJIHllHIISI BHGWHIIX cj:,aKTOpOB conpoTHBTIGHllll nonyq11n11 np11pameHl!SI + /:J %. 

Ko9cpcp!!UHGHT :»<e nepena'II! nenllTGTill, COCTaBneHHOrO 113 9THX conpOTIIBJIGHllll, paaeH 

R 1 ( 1 + /:J) +:R
2 

(l+l:i) 

nocnenHee oco6eHHO aa:»<f!o nnll BblCOKOTO'IHbIX conpOTHBneHHll, nnll KOTOpb!X TIOCTOl!HHblll 

cnsur oco6eHHO BGTil!K (oTHOCl!TeJibHO) II KOTOpble HaxonsiT csoe OCHOBHoe np11MeHeH11e B 

nenl!TGTil!X HaTipl!:»<GHllll. 
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B aaxmo'ienne oTMeTHM aoaMOlKHOCTb yMeHbW9HH>t OTHOCHTeJibHoro paa6poca conpoTnB• 

neHHll: ( n aoo6we sneMeHToa) nyTeM nocnenoaaTenbHoro nnn napannenbHoro coenaHeHnst 

H9CKbnbKHX WTyK. 0THOCHT9!1bllblll paa6poc coennaeansi H3 n • OllHOTH!IHb!X conpOTHBne-

l!IIll: yMeHbWaeTC>t B yo pa3 / n3/; 9TO Henocpe!lCTB9HHO Bb!T9K89T H3 paCCMOTpeHH>t 
i . 

,j,opMyn ( 1,3) 11 ( 1,6). OnanM na HaH6onee uaTepeCHhIX cny'iaeB ,rnnlleTcst coennHeHne na 

nBYX conpoTHBneHnll:,xorna 'iHCno sneMeHTOB B coennHeHnn MHHHM8llbHO, a y'M9HbW9Hl!e 
. I 

paa6poca cocTaBnlleT ( 1 - ff ) • .100% = 29%. 
) 
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