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! BaeaeHHe 

YnyttWeHHe KatteCTB9HHblX noKa3aTenelt KOLIHPOBWHKa, !10CTpOeHHOrO no CXeMe 

aMnnHTyL!a-BpeMllf ( T,e, yMeHbW9HHe L!HijJ!jJepeHUHanbBOlt H HHTerpanbHOlt HenHHeltHo

CTelt, yMeHbWeHHe 38BHCHMOCTH peaynbTaTa aHanuaa 0T QnBTenbHOCTH BXOLIHOrO HM

nynbCa, yMeHbW9HHe MHHHManbHOlt LlnHTenbHOCTH BXOLIHOrO HMllynbCa, aaanH3Hpye

MOrO ewe C L!OllyCTHMOlt norpeWHOCTblO, yMeHbllleHBe apeltljJOB H T.Ll.) B 3HattHTenb

HOlt Mepe 38BHCHT OT ynyttW9HHll COOTB9TCTBYIOWHX llOKa3aTenelt 38pl!LIHOrO ycTpOlt

CTBa (3.Y~). HaaecTHO, ttTo 3.Y. npocTeltwero Tuna H3-3a aanBttHll aenHHel!aoro 

sneMeHTa (c xapaKTepBCTHKOlt, OTnHttHOlt OT HL!eanbHOlt peneltHOlt) CBOitCTBeHHhl: 

3HattBTenbHal! LIHijJ!jJepeHUH8nbH8ll HenuaeltHOCTb, 60nbWal! 38BHCHMOCTb peaynbTaTa 

/3 6,8/ 
H3MepeHH!! OT QnHTenbHOCTH BXOLIHOrO HMnynbca H T,Q, 8 pl!Lle pa60T ' llOKa-

3aHO, 'ITO B 3.Y. C o6paTHOlt CB!!3bl0 STH norpeWHOCTH MOryT 6b!Tb 3H8'IHTenbHO 

CHHlK9Hbl, 8 (nl) OTMettaeTCll, 'ITO 3,Y, TaKoro THna HM910T CKnOHHOCTb K CaMO

B036ylKL!eHHIO H nepeperynHpOB8HHIO, 'ITO npHBOJlHT K llOHHlKeHH!O Ha)lelKHOCTH H K 

llOHBneHHIO 8HOManbHO 6onbWHX norpeWHOCTelt, .LleltCTBHTenbHO, B03MOlKHOCTH• CaMO

B036ylKJl9HHll H nepeperynHpOB8HHll B 3.Y, C o6pa7HOlt CB!!3bl0 HM910TCll (KaK H B 

60nbWHHCTBe CHCTeM C o6paTHOlt CBll3b10), 0JlH8KO, p8UHOHanbHblM llOCTpOeHHeM OT

JlenbHb!X KacKaLIOB aepol!THOCTb sToro MOlKHO caeCTB K ayn10. OtteBHJlHO, ttTo ua-aa 

JlOCT8TO'IHOlt cnOlKHOCTH CHCTeMbl nony'!eHBe XOpOWHX peaynbT8TOB B OTHOW9HHH 

HaL!elKHOCTH H KatteCTBa H9B03MOlKHO 6ea llp9LIW9CTBYIOW9rO TeopeTHtteCKOrO aHanH3a, 

Uenb KOTOporo - nonytteH&e llpOCThlX II BMeCTe C T9M JlOCTaTO'IHO TO'IHblX BblpalKSHHlt, 

OllllChlBalOWHX npoueccj,i· B CX9M9 H ll03BOnmoWHX paUHOHanbHO npOH3B9CTH Bb!60p 

napaMeTpOB, OnTHMH3HpOB8Tb BblXO)lHOlt peaynbTaT ( 6b!CTpO)leitCTBHe, aanac ycTolt

'IHBOCTH H T,Jl,), 
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BonpOCbl yCTOlt'I:HBOCTH H nepeXO.QHOlt xapaKTepHCTHKH .Ql!SI TaKOlt CX9Mbl 3a-

/a/ 131 
TpOHYThl a paooTe • Oauaxo aaTop , 11peanaras npaBHllbHbllt noaxoa K aHaliH3Y 

CHCT6Mbl, B. .QallbHeltweM, K COlKalleHHIO, .QOllYCKaeT pSI.Q rpyobiX H9TO'I:HOCT~lt1 'ITO 

npHBO.QHT K HCKalKeHHOMy TOliKOBaHHIO !1p0U9CCOB H HeaepHblM peKOMeH.QaUH!IM no 

BblOOpy 3H8'1:9HH!i OT.Q9llbHbiX B9l!H'I:HH, 

aanee paCCMaTpHBaeTCSI CXeMa 3,Y, (pac. 1 H 2 B Caoelt OCHOBe nO.QOOHbl pa-

/8,3,6/) H 2 uee ony6naxoaaHHhiM a • a pac. npaaeaeHa pac'l:eTHas cxeMa, rae onyme-

Hbl H6KOTOpbl9 BCnOMOI'aTe;IJ,flbl9 3$19M9HTbl 1 He BliH!IIOIIlH9 Ha pe3yllbTaTbl npaao-

naMoro 3.Qecb aHana3a, Baany oco6olt aalKHOCTH cxeMbl cornacoaaTenelt HMneaaacoa 

Ill 
( CH) ( CM, TaKlKe , cTp. 69) 3.Qecb onpoooaaHhl '1:9Th1pe aapHaHTa CH c a en on-

HeHHeM nepaoro KaCKaaa: 

1) Ha noneBOM TpaH3HCTOpe, 

2) Ha sneKTpOHHOlt naMne 6)K1B, 

3) Ha HYBHCTope 6C51 H, 

4) Ha COCTaBHOM TpaH3HCTOpe H3 KpeMHH6BbiX THna TI503, 

0nHaKO no.QpOOHbllt aHaliH3 3THX HHTepeCHhiX CXeM He npOH3BO.QHTC51, TaK KaK BBHUY 

3Ha'I:HT6nbHOI'O o6beMa M8Tepaana no 3TOMy BOHpocy OH .QOlllKeH paCCMaTpHBaTbC!I 

OTU9llbHO, 

ans npoaeaeaas aHana3a 3.Y. pa3aeneHo Ha pSI.Q OT.QenbHhiX xacxaaoa. Tipa 

3TOM npeuiiOllaraeTCSI (KpOMe Clly'l:aea OI'OBOpeHHblX OCOOO) OTCyTCTBHe Bl!H!IHH!I 

KaCKa.QOB apyr Ha apyr,a, aonyCTHMOCTb TaKOI'O pa3.QeneHH51 OyJleT nO.QTBeplKJlaTbC!I 

KalKJlbllt pa3 COOTB9TCTBYIOII1HMH BblKli8.QKaMH 1 CCblliKSMH Ha liHTepaTypy Hl!H 3KC11e-

pHM6HTOM, 

Tione3HOCTb pa3aeneHHH no cpaaHeHHIO c JlPYI'HMH cnocooaMH, 11peallonaraiO

IUHMH peiUeHae CHCTCMbl ypaBHeHHi!.1 nonyqeHHhiX (TeM Hl!H HHblM CIIOCOOOM) Ha oc

HOBe paCCMOT!J6HHSI 00111elt 3KBHBaneHTHOlt CXOMbl ycTpOltCTBa, COCTOHT 8 TOM, 'ITO: 

1) cpa3y lKe (3a C'l:eT HCXO.QH~IX npeHeopelKeHalt) nOHHlKaeTCSI nop!!.QOK OOIU6I'O 

.QH~~epeauaanbHOI'O ypaaHeHHH cacTeMhl ( ohmo Obi 8-ro nopSI.QKa, a a aaHHOM cny'I:E!e 

5-ro); 

2) XapaKTepHCTH'I:eCKOe .YPaBH9HHe CHCTeMhl IIOnyqaeTC!I B pa3pemeHIIOM OTHO

CHT6llbHO KOpHelt BH.Qe (peweHae ypaaHeHHH B-olt HliH aalKe 5-olt CTellei!H - aellpo

CTas 3aaaqa); 
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3) TO'iHOe peweHHO Ha OCHOBe paCCMOTpCHIHI 001119lt SK!lHBBliCHTHOlt CX9Mbl 

ycTpOHCTBa B KOHO'I:IIOM C'ieTe He JlaeT oonee TO'I:HOI'O pe3yllbTaTa H3-3a CHllb-

HOlt 3aBHCHMOCTH napaMeTpOB 3KBHBaneBTHOlt CXeMbl TpaH3HCTOpOB OT peli\HMil. H 

3K3CM1111Hpa. Tipa npaMeaeHHH ll<e llpeJlnarneMoro c11oco6a MOlKeT 6htTb llony'l:eH 

.QalKe oonee TO'I:Hhlfi pe3yllbTBT1 TaK KaK K03~1jJHUH8HT IIPH "1l " ( CM, .Qanee) npeJl

CTaBli516T COOOIO nocTOSIHHhle apeMeHB 3li6M6HTapHbiX 3B9Hb9b, anllpOKCBMHpyiOIUHX 

KaCKa.Q, B MO ryT OblTb onpe.QelleHbl JlOBOllbHO TO'I:HO B llpOCTeltiUeM 3KC119pHM9HTe 

110 CHSITHIO .QByX Hl!B Tpex TO'i6K liOI'BpB~MH'i6CKOfi aMIIliHTy.QHO-'I:aCTOTHOlt XapaKTe

pHCTHKH ( nAX) 1 T,e, 3.Q6Cb pemaeTCSI BOIIpOC 06 onTHMallbHOlt annpOKCHMauaa, 

4) npocTOTa nonyqeHHH a pe3Koe ynpomeHae DhlpalKeHalt, CB513hiBaiOIUHX nocTo-

51HHh19 Bp9M9HH 3li9M9HTapHbiX 3B9HbeB C llapaMeTpaMH 3li6MeHTOB 3KBHBaneHTHOlt 

CX6Mbl 1 C03Jl8IOT npeJlnOCblliKR .Qll!l H3y'l:eHH51 H.3M9H9HH51 119pBbiX llpH aapaauHH BTQ

pblX1 'ITO CO.QeltCTByeT BhiOOpy OUTHManbHOI'O pelll9HH51, 

8hlpalKeHHSI ans nepeJlaTO'I:HblX ljlyaKualt pa30MKHYTOlt [ Y (p)] 
p 

38MKHYTOlt (!I' 3 (p)] CHCTeM, a T8B:lKe nep$.Q8TO'I:BOlt ~YHKUHH 

acero ycTpoltcTaa [ K 3 1 ( p) ] 

Tipa HCCli9.QOB8HHH YCTOlt'I:HBOCTH H nepeXOJlHOlt XapaB:TepHCTHKH aeooXO.QHMO 

HMeTb BblpalKeaae anSI II' P (p) , K 3 ( p) H K 3 y (p) qepe3 napaMeTpbl sneMeHTOB 

3KBHB8lleHTHOlt CXeMbl, 8h1p83HM BB8'1:8lle !{ 
p 

(p), K 
3 

(p) a K 
3

y (p) qepea 11epe-

.Q8TO'I:Hbl9 iflyaKUHH K8CK8.QOB1 OnepapySI llpaBHllaMB 3KBHB8lleHTHbiX npeo6pa30BaBHlt 

CTpyB:TypHbiX CXeM (eM., aallpBMep, n.1 CTp, 44), Pa3Mb1K8SI CHCTeMy B TO'Ilte e I' 

(puc. 1 a 2) .Ql!SI K P ( p) nony'IHM: 

K P (p) = K p(e -+ e' 
I I 

(f!)=K 1(p)K(p)K (p)!{ (p) 
2 311 eu 

( 1) 

38M9THM1 'ITO no.Q II' I (p) K 
2 

(p) Clle.QyeT nOHHMBTb nepe.QaTO'I:HYIO ljlyHKUHIO YCHliH-

Tel!SI ( OT e .QO e ) 1 a nOSTOMy BB9.Q9M 0003Ha'leHH9: 
I 3 

OooaaaqaM TaB:lKe 

K (p)= K (p)=K (p) F (p). 
Y y!e

1
-+e

3
J t 2 (2) 

K' (p)e K' (p)=K (p)K' 
y y!ete~) I 2(e 

-+e',cp), 
2 3 

(3) 
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[[j>OllP/lCM B CXeMe rrpco6pa30B8HHe, B HMeHHO, 6yAeM C'IHTSTb B CXeMe C K = 0, 

HO c 3 f c Jl • KBK B n.2 • a c 3 = c Jl + SR H c K • .llorryCTHMOCTb TaKoro npe

o6pa30BClHHSl IIOATBep2KAaeTCSl BbiiiOJJHeHHeM COOTHOWeHHif: 

SR H c K » R H c K • 

C11»CK 

p !iCCMOTp('IJl!e 8KBHflDJieHTHOfr CXeMbl ABeT cneayJOl!lee BblpB)KeHHe Ann 

fl'"'(p)] ' 'y 

rAe 

T 1 p + 1 
K' (p)=Y. 

y 0 
a o P +a

1
p+1 

r 11 SRH 

K = K 0 ( e -+ e ,3 ) 0 I f 6 t-rll+RI 

K03cjllj>HUHeHT ycanl;)HHn IIO Harrpn)KeHHIO H8 ManbiX '18CTOT8X, 8 

T = R C 
I 

IIOCTOnHHSn Bp9M9HH KOppeKTHpyiOWelf U9IIO'IKH, 

a 

r6 

f 6 
RIC r C 

+r
11

+R 
1 

Jl 3 
I 

a 

f .6 + f Ll 

r ' R 6 +r +" lc + Jl "' I I 

f ,6 

f , 6 

+R I 

f 

+ rll+RI 

OpeACTaBHM 31!SMeHaTenb BblpS)KeHan \10) a aaAe 

(T p + 1 ) ( y T p + 1 ) . y I . 

x) 
noAp06HOCTH BbiBOAS <jJOpMynbi A8Hbl B Opano)KeHHH 1. 

6 

Jl c 3 

I<' , 
y 

(p) 

(lOx) 

( 11 ) 

( 12) 

(13) 

( 14) 

( 15) 

;~: ., : ~ ·.)'. ~~ ' 
'/ 

't .'i~(: 

1 

1 
I 
I 
!' 

K"(p)o,f{" (p) .. Jr
5

(p) K (p), 
Y y<• -+ e ) 2 

K"' (p)=K 
y 

BX 3 

(p)o. K
5 

(p) K' (p). 
• 2 

y( e -+e ) 
BX 3 

C Y'I9TOM ( 1) 1 (2) ]:Inn pa30MKI!yTOif CHCTeMbl rrony'IHM: 

K (p)=i-' (p)K (p)K (p). 
p Y 3D eu 

.llnn 38MKHyTOll CHCTeMbl H3 pHC, 1 C y'leTOM (2) H (6) 6yaeM HMeTb 

K' (p)=K' (p) 
K (p) 

p 

a<•s-+•4l 3 (1+ }( (p)j !{ (p) f( 1 (p) 
P e u 

Hna ann 

KP(p) K 
5
(p) 

y (p) = K ( P) = ----=---~----
a 3<• .. •4l [1+K (p)]K (p)R.(p) 

BX p e u I 

nepeASTO'IHSn tPYHKUHn 3Spn.OHOrO ycTpOl!CTBS IIpH 3TOM 

K (p) .. K (p)e K (p) f( (p) 
ay 3y( 8 .. e 1 3 R c 

BX BbiX 

BblpS)KeHHn Ann rrepeASTO'IHOl! ljlyHKUHH KSCKSAOB '!epe3 

rrapaMeTpbl 3neMeHTOB 3KBHBaneHTHbiX CXeM 

nepeASTO'IH851 ljlyHKUBn ycanHTenbHOrO KaCKSAa Ha TpaH3HCTOpe 

T 1 K y ( p )[ K y' ( p) 1 

(4) 

(5) 

(6) 

(7) 

(8) 

{9) 

.llnSI OrrpeaeneHHSI Y. 'y (p )(K "y ( p) J HCIIOnb3yeM ra6pHAHY!O 3KBHBaneHTHYIO cxe

MY TpaH3HCTopa, a3o6pa)KeHHyiO Ha pac. 5, rAe aaeAeHbl cneAyromae o6o3Ha'leHHSI 

( CM, TSK)Ke n.2): 

c Jl = 
b 213 b 213 

rJl=h 6 0+h )-r'-
11 21 3 0 

s = 
217fT !Jl !Jl 
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QqeBHJliiO, 'iTO 

fy r,T, .. a o 

Ty+y
1

T = a 

flerKo noKaaaTb, 'iTO ecnu 

r .a cs » R c 
I' I 

R 
I 

» r ' 
6 

R » r .a 
I 

, 

(a STO HM99T M9CTO B .QaHHOJ! CX9Me), TO 60llbW8!1 H3 HCitOMbiX BenH'iHH 

6y.QeT pasaa npuMeplio a 
1 

unu c y'ieToM \18), (19), (20) : 

Ty =r .acs 

a Yl C yqeTOM ll2), (la), (15), (18), (19), (20) 

r6 

y -I 
r6 + r .a+R 1 

Tor.Qa .Qn!l J('' (tl) OKOH'iliiT9llbHO nony'iHM: 
y 

K ' (p) • 
y 

I( o (T I p + 1 ) 

('t p+l)(y T p+l) 
Y I I 

(16) 

( 17) 

( 18) 

(19) 

(20) 

T 
y 

(21) 

(:.!2) 

(23) 

r.~:~e K 0 , T 
1 

, T y H y 1 npe.QCTasneHbi BbtpalKeHHHMH ( 11), ( 12), ( :.11) u (28). 

Bb!paJKeaue (:.!8) onpenenHeT qacTOTHYIO xapaxTepBCTHity yc·unuTenbaoro KBC

xana. Cpasaeaue aToll xapaKTepucTHKH c xapaKTepHCTHKOll aMHTTepaoro nosTopu

TenH Ha aaanorH'iHOM no THny TpliiH3HCTOpe (aanpHMep, no fl.2 C yqeTOM 3Hiil'i9HHl! 

Benuqaa T 1 H y 1 T 1 ) , noaaon!leT cnenaTb BbiBOil, 'iTO B o6nacTH qacTOT c no-

8 

II 
II 

1 

nOlKHT&llbllbiM 3l!a'i9HH9M ltOScjlljlHil.ll&l!Ta ycan&HH!I ( B ll6, ) nepe.QaTO'iHYIO ljlyHKIUIIO 

aMHTTepaoro nosTopaTeng MOlKHO nonolKHTb pasaol! enaaaue, a, cneaosaTenbao, 

C'iHTaTb K 'y (p) = K y (p). 

TorAa An!! K y (p) nony'iaM: 

K 0 (T
1
p+l) 

K (ti)=K (p)"'-------
y Yl• ... l (T p+1)(y T p+l) 

I 3 Y I I 
(24) 

C Y'I9TOM BbiBSA&HHbiX ljJopMyn H npHB9A9Hf!OrO Bb!We 3aMe'laf!H!I H3 COnOCTaBn&HHSI 

puc. 1 a 2 AnSI K 
1 
(p) , K 

2 
(p), K 

5 
( p) MOlK£10 3anucaTb: 

rAe 

K 1 (p) = K 1 C• .. t fP)"' 
I OC 

K~ (T
1
p+l) 

y T p +1 
I I 

K" 
K (p) .. K (D).. 0 

2 2(e
2 
.. e

3
) 

T y p + 1 

K n, 

K (p)= ¥. (p) .. ___ o __ 
5 5 (e ... ) 

BX - y' T' P+l 
I 1 

r J:t. 
K' 

0 
r 6 +r.a+R 1 

K"•SR 
-0 H 

K ,,, = r.a 

0 
r6 +r.a+R~' 

T' = R' C 
I I 1 
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(:.!8) 

(29) 

(80) 
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nepe.rlSTO'IHSH ~HKUHH SMHTTepaoro nqBTOpHTenH HS TpSH3HCTOpe 

Ta Ksn (p) 

LlnH BhlBO.rlS K sn (p) HCnOnbayeM SKBHBaneHTHYID CXeMy KSCKS.rlSr H3Q-

6palK~HHYID aa pHC, 7 r rne r - SKTHBHOe .rlH<jlljlepeHUHSJibHOe conpOTHBneaHe .QHO.rlSr 

(Ll) a npHMOM aanpaeneaaa, R - no6aaoqaoe conpoTaaneaae, C - aanoMaaaromaH 

(aapH.rlHSH) eMKOCTb, OcTanbHbie o6oaaa'leHHH Te JKe, '!.TO H paaee. 

npa BhiBO.rle K sn (p) nono>Keao Z BblX sn (p)= 0. 

z Ll (p)= r, cKlJ"'o 

B aaTepecyromell aac o6nacTH 'l.aCTOT H aaanaaoaoa aaa'l.eaal! r , R H C aTo 

He npHBO.rlHT K HCKSJKeHHID Ka'l.eCTBeHHOll KapTHHbl npouecCOB H Ha CHH}I{SeT 3H8-

'IHTeJibHO TO'IHOCTH nonyqaeMhlX BhlpS}KeHHll, 

3aMeTHM, O.rlH8KO, 'ITO npH R + r ;.. 0 r T,e, npH pa6oTe COBOKynHOCTH 

3n l H 3n
2 

Ha 'IHC':\'0 eMKOCTHyiD uarpyaKy CHCTaMa MO}KeT B036y}K.QSTbCH \ n.2), 

TaKHM o6paaoM, MHHHMSJibHO -nonycTHMOe aaa'l:eaae R .QOJI}KHO onpeaen!!TbCH 

auaJIH30M o6mei!: SKBHBaJieHTHOll CXaMhl 3n
1 

H on;.! C y'leTOM BCaX BXO.rlHIUHX B 

aee napaMeTpoa, TeopeTa'lecKoe accnenoeaHBe STOrO SBJieHHH npHBO.rlHT K rpOM03.[l-

KHM BhiKnaaKaM, ueaaocTb Koofoph!lt CHH}KaaTCH aa,;,aa CHJibHOll aenaael!HOCTH napa

MeTpoe SKBHBSJieHTHOll CXeMbl, liOSTOMY B .rl8HHOl! pa60Te Tpe6yeMOe MHHHMSnbHOa 

aaa'l.eaae R {aa ycnosHH OTCyTCTBH MaCTHOll reaepauaa} onpenenHJIOCb sKcne

paMeHTanbHO pSCCMOTpeHHaM nAX COBOKynJIOCTH on1 H 3n2 npa paanH'I.HblX 3HS-

'19HHHX R H C • HaTepeCHO OTM9THT~ ,TO npOH3B9.rl9HHe COOTBeTCTBYIDIUHX 

R min H C B HHTapeane 3H8'19HHll C •1 -10 T.n cjl. OCT89TCH B napBOM npa6na-

}KeHRH UOCTOHllllblM, 'ITO roaopHT 0 B03MOlKH-OCTR annpOKCHMSUHH COBOKynHOCTH (npH 

paccMoTpeaaa aaaaoro seneaaa) a sane sneMeHTapaoro Kone6aTenbaoro aseaa 

( 
x) 

KOHTypa L , C , R )J rne aaa'leaue R min onpenenHeT KpHTH'IeCKoe aaTyXaJiue_ • 

Ecna R ab16paao npaBHnbHO, TO npaaHToe peweaae_OTaocaTenbao 

Z BhiX sn (p) , Z ll (p ), CKT
3 

ocTaaTCSI a c~. 

PaccMOTpeaae sKaaaaneaTaol! cxaMhi naeT cneayromee Bhipa}Keaae: 

x} "' YTBap}K.Qeaae: R min - onpenenSI~T \A011}KHO coanaaaTb) KpHTH'I:ecKoe 
3aTyXaHBeN 6onee cnpaBe.rlJIHBO npH paCCMOTpeHHH yCTOli'IHBOCTH BCel! 38MKayToJ! 

CI!CTeMbl ( CTp, 17 <jlOpMyna 49), 

10 

'I 

i 
I 

I' ,, 

'I 
~ 

~ 
I 

't 

' I 

rae 

(T P+1)(T p+1) 
2 3 

K (p) = K (p) .. --------
sn an ( e 3 .. e 4 J ( T p + 1 ) ( y T p + 1 ) 

T = R C 
2 

T3 
Ca 

s 

sn 3 3 

Tan .. ( r + R) C 

r 6 
y 3 =1 + 

r + R 

\32) 

(33) 

(34) 

(35) 

(36) 

Y'leT aenaael!aocTa oco6eaao cymecTaeaea npa paccMOTpeaaa npoueccoa a KaCKa

ae sn
2 

BBH.rlY 6onbmoro aaanaaoaa H3MeaeHHll aapSI.rlaoro TOKa npa aana'IHH a ne

na aenaaeltahix sneMeHTOB - aapSI.rlaoro naoaa a TpaaaacTopa T 3• 

npa paCCMOTpeHHH npouecca aapana, BRAHMO, 6yaeT none3HO pa3.rlaJIHTb ero 

seCbMa yCJIOBHO Ha TpH CTa.rlHH, 

l-aS! cTa.rlHSI - aaqano aapH.rla. npouecc o'laHb aaTeacaaaoro aapSI.rla (TOK ao

CTaraeT 3Ha'leHHll 0,2-0,4 a), npa STOM cnpaBa.rlnHBbl COOTHOWaHHSI: 

« R' 

R > R HJIH 
BblX sn 

R » R. 
BhiXSn 

(8 STOlt CTS.rlHH OKS3h!B8IDT TSK}Ke CHJibHOe BJIHHHHe aeyqTaHHble l 

CKT 3). 

\37} 

(38) 

(39) 

.rlHO.rlS H 

Qqeeaaao, 'ITO xapaKTep nepexoaaoro npouecca a aanaChi ycTOli'IHBOCTR aa 

STOll CTS.QHH HaC MSJIO HHTepecyiDT, 

11 



MaKCHM8llbH8H B9JlH~HH8 38pHQHOro TOK8 MO~eT cny~Tb.OQHaM aa KpaTepa

eB QJIH Bbi6opa QaOQB .0 a TpaaaacTopa T 3' 

II - as CTaQaH - npoQon~eaae aapMa. B c:asaa c yMea&weaaeM aapMaoro 

TOK8 Bb!UOllHH&TCH COOTHOWeaae: 

(40) R" << R. 
Bb!X9U 

OcTaeTcH e cane (37} 1 nosTOMY 

II 
(R+r) .. R. 141) 

3aa~eRHe napBM&TpOB 9ll&M&HTOB Ha STOll CT8QHH QK83b!B89T pewaiDwee BnHHHH& 

aa ycToA~aeocTb cacTeMhi a xapaKTep nepexoQaoro npouecca. 

III -aH CT8QHH - aaeepweaae 38pHQ8, 3apHQHbiA TOK CTBHOBHTCH M8Jlb!M, llpa 

:&TOM aaa~eaae ( R + r ) a3M9HH&TCH B HHT&peane 

R < ( R + r ) < r .aao.aa o6p, 
(42) 

nepeQaTo~aaa ~YHKUHH cornacoeaTena aMneQaacos CH 

K (p) 
cu 

BbiKll8QK8MH1 aaanorH~IibiMH npeQbiQYDlHM1 MO~HO UOK838Tbl ~TO Uep&Q8TO~

H8R ljlyaituaa paanu~libiX cxeM CH c QOCTaTo~aoA Qna QaliHoro paccMOTpeaaa To~ 

ROCTbiD MO~&T 6b!Tb npeQCT8Bll&H8 B BHQe: 

K 
(43) cu 

(p).. -
(p) • K cu(e .. e 

1 
l T P+1 

4 c u 

8KCU&pHM&RTRJlbRQ nony~eRRbl& 3Ra~eRHH UOCTORHROA Bp&M&RH T 1 a ~acTOTbl 
cu 

eepxaero cpesa 

e Ta6nuue 1. 

f 
a.c. 

1 
217 T 

Qna CH paana~aoro acnonaeaas npaeeQ&Hbi 

cu 

12 

) 
I 
1 

l j, 

Ta6naua 

THn , sneMeHTB1 ycTaaoeneaaoro e nepeoM KBCK8Qe CH 

noneeoA KpeMaaeebiA 8n&KTpOHH8H ll8MU8 
TpaaaaCTOp TP81l3HCTOp 6)1(1B (ayBHCTOp 6C51H) 

rQe 

~ N 2498 n503 

T ·( aceK) 
<:a 

29 23 515 

f (Mru) 
a. c. 515 7 30 

nepeQaTo~aas «!JyaKuas ueno~KH RC . K R c (p). 

0~9BHQH01 ~TO 

K (p) == K (p)"' ---
Rc RC(e 4e ) 

T "'RC. 
2 

Bb!X T l'l+ 1 
2 

(44) 

.OonycTaMOCTb paaQen&aoro paccMOTpeaaa STOll ueno~Ka aa II -oA CTBQHH aapHQa 

ClleQyeT H3 COOTHQW9HHA (40) a (41 ), 

Bbipa~eaae nepeQaTo~aoA ljlyaKuaa paaoMKayToA cacTeMbl 

K P (p) ~epea napaMeTpbi sneMeHTOB aKsaeaneaTRbiX cxeM 

3aMeaaa B (6) K y (p), Y. sn 

HO 1~4), (32) H (43), QllR .K P ( p) 

(p),K (p) ax .Bblpa~eaasMa, cornac-

K(p)•K ,(p)• 
p p(e

1
4e

1
) 

(T 

B Ta6naue ~ QaHbi ~OPMYllbi T 
1 

QllR 

13 

cu 

nony~aM: 

Y (T p + 1 )( T p + 1 )( T p + 1 ) 
0 1 2 s 

(45) 

P+l)(y T +l)(T p+l)(y T p+1)(T p+l) 
1 1 sn , 3 c u 

yt Tt a npaeeQeRbl ax ~acneaahle aaa~eaas 



HeKOToporo coqeTaHBH 3HaqeaaA napaMeTpOB SKBaBaneHTKhlX cxeM1 oroBopeaaoro B 

npaMeqaHBB K Taonane. 

HccneAOBaHae 3,Y. Ha ycToiqaBOCTh 

8 ABHHOM cnyqae1 yqHThiB8H Hanaqae B CTpyKTypy Bblp8lK9HBH \45) 1 YAOOHO 

npHM9HBTh AnSI BCCneLIOB8HBH yCTQltqBBOCTB M9TOA1 OCHOBaHHbilt H8 paCCMOTp9.1tllB. 

noraplil!flMHqecKBX aMnnBTYAKo-qacTOTHhiX xapaKTepHCTHK ( nAX J. HaBeCTH01 qTo- ac

cneAoBaHBe 3aMKHYTOii CBCT9Mhl1 COCTOSIIIleA B3 ycTollqBBblX 3B9Hb9B (KaCKaAOB) aa 

ycTOJlqKBOCTb 1 C npHM9H9Hiii9M nAX H lPa30BOli xapaKTepBCTKKK ($X) CBOABTCH K 

nOCTpOeHBIO ct>X B HHTepBane qaCTOT OT HynH AO qaCTOTbl f
0 1 COOTB9TCTBYIOIU9i 

ToqKe nepeceqeHBH nAX C npS!MOA Hyneaoro ycaneHBH ( p = 20 lg I K P (p) I E 0) 

C nocneAyiOIUBM paCCMOTpeHH9M noaeAeHHH ct>X B 9TOM BHTepBane ( 0 < f < f ) 
0 

Ecna npB 9TOM cp (f)::. fT + cp (f 2 0), TO CBCTeMa HeyCTOJlqBBa, 8TO oqeBBAK0
1 

TaK 

¢(f)~rr+¢(fe0) (T,e. npa 11- >0 0< f < f 
0 

)I TO KaK ecnB npa 

0TpHnaT9nbK8H oopaTKaH CBH3b npeBpamaeTCH B nonOlKHT9nbHyiOI a ycTpOlicTBO-H3 

ycanBTenH B reaepaTop. nocTpoeHBe nAX H. ct>X no BblpalKeHHIO ( 45) He npeACTaB

naeT TpyAa B MOlKeT ObiTb npoB3BeAeHO M9TOASMB 1 OnHCaKHblMB 1 aanpKMep 1 B pa6o-
/5,7/ 

Tax • 

8 AaHHOM cnyqae TaKoro nOCTpOeHKSI He TpeoyeTCH1 TaK KaK nBIUb Ha OCHOBS~ 

HBB aH~aaa BhlpSJKeHBSI \45} c yqeTOM qacneHHhlX aaaqeaaA T
1 

B y 
1 

T
1 1 

npell

CTaaneHHhiX B Taonaue 21 MOlKHO HM9Tb OnpeAeneHHOe CylKLleHHe 00 yCTOiqBBOCTB, 

aanacax ycToiqBBOCTB1 BnBHHKK OTAenbHbiX aneMeHTOB Ha yCTOJlqBBOCTb
1 

a TSKJKe 

00 B3M9H9HBHX aanaCQB yCTOliqBBOCTB npH BapHaUBHX H9KOTOphlX aenaqBH, 

nocTOHHHhle apeMeHK T 3 • y 3 T 3 B y I T I BcneACTBiile BX ManoCTBI a 

TaKJKe qacTaqaoli aaaaMaoA KOMneacanaa ( T 
3 

- qscnaTenbl a y 
1 

T 
1

- aaaMeHaTenb) 

BnpeAb MOlKHO He yqaThlBaTb1 TSK KaK nAX 3B9HbeB1 COAeplKBIUBX 9TH BenBqaHbl
1 

HMeeT CyiUeCTBeHHOe OTKnOH9Hiil9 OT npHMOA 0 "' nHIUb B oonaCTB qSCTOT 
Au, 

f> f I "' ~ > f , noaTOMy OHB He MOryT BnBKTb Ha nAX pS30MKHy-
2rrT1 (y 1T1) 0 

TOll CBCT9Mhl 1!1 BHTepasne qacTOT 0 < f < f O • PaCCMOTp9HB9 Taonanhl :.! COB-

M9CTHO C pHC. 3 XOpOIUO BnniOCTpBpyeT CKa3aHH09, C yqeTOM 9TOrO, a TaKlK9 (33)p 

(35),B (41) BblpalKeHBe llnSI J< P(p) Ha BTOpoli CTSABB OYA9T npeACTSBneHO B BRAe: 

14 

Jj 

,__ 

~ -....:. 

~ 
~ 
" t .. .. 
2 

" .. 
"' 

I 1t:-
~ 
~ 

~ 
~ .. 
0: 
1,) • :r 

" ' ~ I II\ 

~ 

~ 
!lc:" 

~ ~ 
,~1~ .. .. 

0 0 
N '\. ~ ~ n'J' ~ p; tt r-. 

1-1 1-1 

~"l 
--;-.... 

L--.t t--.. I 
C\J 

~ 
~ r-. h., C'"'l 
~ 

~ 
~ U"\ It'\ 

"' 
t-- t--

~ 
~ II 

~---~ 
r-. 
C\J 

l') l') 

~ 
0 0 
H H 

t\J'b 
• • 1-1 C'"'l .. .. 

II C\J bC\J 
~ r-. 

4" 4" 

~"l ~ .. I 

11 
0 

k' r-. 
C'"'l 

(J 
lA U"\ 

~ t-e t--
11 

~ Nt r-. 
C\J 

~ 

~ co 
~ \0 

~ 0~ tf 
• Ill ,__, Q) 

• I .: ~ Ill .. ~ .. 1,) Q) 2 • ::1' = a."' () () 

" Ill s. 114 

" = 
l') .__, 

~ r-. 

~ .. tJ 
() 

Ill ...._, 
.... .. 

U"\ .. 
U"\ 

I • .. 
0 
C'? tt .. 0 

~ 0 
1-1 

0 0 0 II 
C'"'l C'"'l 

~ ~ 
~ r-. 

4" 

co CJ II 

~ 
r-. r-. 
1-1 1-1 .. .. 

114 

i \0 .. 
0 

0 
\0 I 

r-. 
C'"'l 

1-1 H .. .. 
C\J C\J 

II g ci N'b 
• 114 

() II It'\ 
Q) V} .. 
a .. t--
p, ::11 .. II = 0 ~ .. Q::~ 
§ ~ 0 .. ~ II .. 
() ~ 114 

H 
r-. r-. 
C\J C\J 

llll .. .. 
0 ~ It'\ 
p, l') 
0 .. II 

It'\ 

b b .. .. 
0 0 

r-. r-. 
4" 4" 

8 I 
C'? - .. 

C'"'l 

1-1 1-1 .. .. 
C\J C\J - -C\J C\J 

~ ~ .. .. 
1-1 1-1 

-t b. 
• g; 

• ·ill Ill 
t ~ 
::1' fi () s. 114 

l') 

.. g ~ .... 
Ill s. 
~ 0 II .. '~ Q) 

() N g • ~ Cl) 

• Ill 1-1 .. .. s. .. 
cd .. .. s. .. 0 

tl 
Ill 0-
0 t 'B' 

tttJ E' = 0 .. I l:l 0 
C'"'l 

C'"'l P,C\1 
H 'B' s .. 

11 
\Jr Ill 

8 I< &~ 
01-1 ~ I t ~ 
\Jr • i I~, 

() 

0 .. s II .. I< I< ~ 
114 ~ ; ..; a'-J ~-~ .. 

~§ It'\ C\J Q) .. 

u 1-1 t:l' 'B' Cl) 

Q:." ~ -= ~ li 
() l') It'\ 

1-1 II 
~ ~ 1§. II 

Ill 

t::l t::l t::l V) ~0 . . . • 
H C\J c<'l 4" 

~ ,~ 
~k ~ 

t\1 .. 
II ~ 

'-+) --
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K" (p)= 
K 0 (T

1
p +-1) 

P (T p+1)(T p+1) 
y c u (46) 

PaccMoTpaM ABa cny'Ias: nepBbifi 0 < T < T a BTopoi!: T > T 
- 1 - e u 1 eu 

B nepsoM cny'Iae ( 0 < T < T ) , C y'IeTOM coOTaomeaa51 T » T ( T ) 
- I - cu Y cu 1 

CM, Ta6n, 2 CaCTeMa YCTOll'JaBa C 38liBCOM liO ljlase, rrpaMepHO paBHbiM cp =...!!_ 

3 ' npa mo6hlx 3Ba'IeHa51X K 
0 

, Ty, T , T • (YTaep*AeHHe cnpaaeAnaao, KOHe'I-
cu I 

HO, nalllb rrpa BbinonHeHRa npaHSITbiX paaee HCXOAHb!X AnSI pBAa rrpeae6pe)l{eHHit COOT-

HorneHHi!:, OAHaKo aTO He orpaBH'IHBaeT CHllbHO Aaanasoa AOllyCTHMbiX 1!3MeHeHHll 

K o ' T y ' T cu ). 

Bo BTopoM cnyq:ae ( T > T 
I cu 

1) npH cna6oil: CTerreHll BbinOnBeHaSI aepaBeHCTBa - YCTOit'IHBa a C 60llbillHM 

sanacoM. 2) npa CHllbHOit cTeneaa, oco6eaao npa T 
1 

» T cu"-TepSieT yCToA

'IRBOCTb, TSK KaK o6naCTb rronO)I{I!TenbHOro 3Ha'I9HR51 MOAyng KOaljl~RUHeHTa H yea-

nea!HI ( f.L = 20 I g I K P I > 0 ) 

HeY'!TeHHbiX 3BeHbeB, 

AOCTaraeT 'JaCTOT cymeCTBeHHOro BnH51HHSI paHee 

PHC, 3 MO*eT cny)I{HTb xopornel!: Hllll!OCTpauaeA pac;CMOTpeHHbiX 3AeCb Clly'IaeB, 
III 

Ha · TpeTbea CTaAHH npouecca npa ycnosaH T 
1 

= T eu Bbipa)l{eHHe anSI Y. P ( p) 

Mo*eT 6b!Tb npeacTaBne·ao B BRAe: 

K
0
(T

2
p+1) Ill 

K (p) 
p 

~ (471 
(Ty p+1)(T anP+1) 

rae T BClleACTBRe H3MeHeHH51 COllpOTaBlleHRSI AH9AB ~ H3MeHHeTC51 Ha HHTep-!9ll 
sane 

T 2 < T sn < r .llRO.Ila o6p. C 
(48) 

TaK KaK npa aTOM XapaKTepHCTH'JeCKOe ypaBJieHHe CHCTeMbl 2-0A CTelleHH H C 

liDnO)I{HTenbHhlMH KoaljxpHitHeHTBMH, TO CRCTeMa H 3AeCb f>yAeT BCeraa yCTOll'IaBa. 

HO C Manb!M sa.naCOM B HeKOTOpOM HHTepaane H3MGS:eJiaSI 'f an' B MOMeHT BpeMeHH 

npa KOTOpOM T CTBHOBHTCSI paBHb!M T , sanaCbl ycTOJl'IHBOCTH ITO MOAyniO H ljlaae 
an y 

Mano OTnH'IHbl OT Hyn51, Hesa.aepmeBHOCTb 3apSIAa eMKOCTa B aTOT MOM9HT H Kp8TKD-

Bp9M9HHOCTb TBKOro COCT051HaSI ABIOT HeKOTOpbie rapaHTaH OT He)l{enaTenbHb!X SIBne

HHi!, 

16 

ill 
"' 

3KcnepaMeaT 

Ha pac, 3 (rpaljlaK 1) npeACTasnesa nony'Ieaaas sKcnepHMeHTallbao JIAX 

pasoMKayToll: cacTeMbi npa saa'Jelia51X napaMeTpoB cornacao Ta6naue 2, PasBeTsne

HRSI rp.aljlHKa 1 •a•, '6', 'r' nony'leHhl COOTB9TCTB9BHO IJ!lll 3Ha'leHH51X C I,. 0,. 

4 rrljl; 10 rrljl, Pa3B9TBn9H1!9 'a• COOTBeTCTByeT JIAX l!AaanbHOro arrepaoAa'JeCKoro 

3BeJia, JlerKo y6eAaTbCSI, 'ITO AaHRa51 JIAX nonHOCTb!O liOATBep)I{JlaeT TeopeTH'I9CKHe 

BbiKnaAKH, 

Bb!BOAbl 

1, B 3.Y, C AaliHOA CTPYKTYPOli MoryT 6b!Tb rrony'IeHbl Bb!COKHe sanacbi yCTOI.I

'IHBOCTH (aa BTQpOM 9Tarre sapSIAa) !Ipa: 

a) aaeAeHHH B cxeMy pesacTopa R c sena'JHHoA,onpeaenSieMoll: coOTaome-

aaeM 

R> r 
11 \49l 

(npH aToM T sn = T 
1 

), 

6) BblliDnJIGiiHH 'coOTHOill9HHll: 

T = T 
I cu \50! 

1 
T < -- , 

\51) 

211' f 0 

i < --. 
y3T3 211'fo 

\52) 

1 
< --

ylTI 211'fo 
(53) 

( TOnKOBaHHe f O - CM, CTp, 13 ) 

x) BTopoe ycnosae JVlSI Bhl6opa R • flepaoe AAHO HA C'I'J'• 10 • 

17 



I ,.,.,,.IIJJIU.IIW.J..-... L,~--'"· ..1 .._.,~ • .J...""'..,L..,.•,__- ........... """"' 

~. CneayeT BHHMaTe1lhHO OTHOCHTbCSI K B&I60py BenH'IHH&I T 
1 

T8K K8K He 
y 

sceraa ee MeHbwee aaa'!eHHe \ T.e. npaMeHeHae B Ka'leCTBe T 6onee B&ICOKo-
. I 

'!{lCTOTHOI'O Tpaii311CTOp8} 6onee 6narorrpHSITHO. 

3. BbiCOKHe aarracbi ycToll'IHBOCTH MOryT 6&ITb rronyqeabi rrpH 3HB'ieHHliX K 
0 

3Jla'!I!TenbH·O 6onbwax, '19M rrpHHSITbie 3.Q9Cb • npH 3TOM T .QOnlKHO 6&ITb ysena-
y 

'19110 TaK, 'IT06bi OCTanHCb B CHne COOTHOW9HHSI (51), \5~), \53}. 

8&IpalKeHae .ctnH nepeaaTO'!Holl a nepexoaaol! $YHKrraa 38MKRyTol! 

CRCT9Mbl Y 3 ( p) 

noacTSMSISI B (8) Bblp8lK9HBSI AnSI Y. I ( p) \~5), K s (p) l27} B K" u (p \43) 

nony'llfM: 

K 3 ( p) ~ K 3 I • .. • ,< p) • 
BX 4 

ecnH R' "'R 
I 

nonolKBs TaKlKe 

6y.cteM HMeTb: 

' TO y 'l ,. y I , 

T' "'T 
I 

K' eK"', 
0 0 

T "'T I e u 

K 3 (p) • 

K P(p)(T P+1)(y T p+1) K"' 
e u I I 0 (

54
) 

[l+Y.P(p)](T 1p+ l)(y~T~ p+1)K~ 

(55) 

f56) 

\51) 

K P (p) 

1+KP(p) 

H3 \58}, l46) ( T.e. c y'leToM paaee npaHSIT&IX upeae6pelKeaal! (51), (52), (53) 

a .ctnSI cnyqag r > R } uonyqaeM 

K (p) • K 
3 8 (59} 

T ~ p + 1 

18 

rae 

K .. Ko 
e • + K o \80) 

T 
T' ., y \61) 
y , + K 

0 

B&IpalKeaae \60 J, oqpe.ctenlUOmee upouecc&I aa sTopol! cTa.aaa, upe.acTaBnSieT co6ol! 

uepe.ctaTO'IHyiD $YRKUHID aneMeHTapaoro anepao.aa'lecxoro 3Beaa c MOROToaaol! 

rrepeXO.QIIOll X8p8KT9pBCTHKOll1 orrpe,aenS19MOll KSK 

-t/T' 
h3 ( t)"' K 

8 
( 1 - e Y ) • 

TaKHM o6pa30M) COOTIIOW9HHSI (41 ), (50), (51), (52), (53), (55), (56), (57) 

cne.ayeT paccMaTpasaTb KBK o.aaa H3 rryTell o6ecrre'!eRHSI MOROToaaocTa uepexo.aaoro 

upouecca B 3aMKRYTOll CHCTeMe Ha sTopol! CTa.aaa rrpouecca aapRaa. 

B&Ipa~eaae .anSI rrepe.aaTo'!aol! a rrepexo.aaol! ~yaxual! 3apRaaoro 

YCTPOllCTBa K 3y (p) = K rp) 
ay I •sx .. "s&Ix' 

BnaHaae aenaaeAaocTa .aao.aa 

Ee3 y'leTa BUBSIHHSI .aao.aa 

npe.acTasneaa B sa.ae: 

.Q rrepe,aaTO'IHSSI I!JyRKUHSI ycTpOAcTBS MOlK9T 6&ITb 

Ke 
K ( ) .. K (p) = 

3Y p ay(e BX-+ •s&Ixl (Ty p+l)(T2 p+1) 

nepeXO,!IIISSI ~YIIKUBSI 

r.ae 

-t/T' -t/T 
h 

3 
(t)"' K • ( 1 - A e Y -A e 2 

) 
y • I 2 ' 

A 

19 

T' y 

T' - T y 2 

(63) 

\64) 

(65) 



T2 
A 2 

T T' 
y (66) 

l13BeCTHO, 'ITO CHCTeMbl, HMeJOntHe nepeAaTO'IHYJO iflyHKUHIO BHA8 \63 )
1 

T,e, 

nepexonay10 BHAa \64), rne r.; H T - nonolKHTenbH&Ie Ael!CTBHTenbHble 'IHCna ae a 
MoryT HMeTb nepeperynapoaaaas. ConocTasnea:ae 'IHcneaa&IX 3Ha'leHII:A T 

2 
11 T' 

Y' 
a T8KlKB paCCMOTpea:ae 9KCDBpHMBHT81lbHO CHSITblX OCllllllllOI'paMM (piiC, 4) UOK83bl-

aaeT, 'ITO nepexona&I:A npouecc a 38MKHyTo:A cacTeMe ( e .. e ) 3aKaH'IHBa-
BX BbiX 

eTCH eme npa AOCT8TO'IHO 60n&llll!X TOK8X AHOA8 ~. Upll KOTOpblX HepaBaHCTBO 

\41 ) OCTBBTCSI B cane, T,e, Bblp8lKBHIIe AllSI nepena,.OtiHO:A iflYHKUHH CUp8BBAilHBO 

H aa 3aaepmaJOnteM STane nepexonaoro npouecca B 38MKHyTO:A CHCTeMe, TaKIIM o6-

pa3oM, AOCT8TO'IHbiMII yCilOBIISIMII Alllil MOHOTOHHOCTH nepeXOAHOI'O DpOUBCC•B \ e BX .. e 
4

) 

CllBAyeT C'IHT8Tb BCe paaee llpiiHSITbiB COOTHOlll9HHlil (41), (50}, (51), \52), (53)
1 

\55), (56), (57) II B AODOilH9HIIe K STOMY COOTHOlllBHHe 

T a > 
+ K 

0 (67) 

o6eCDB'IHB8JOntee BbiDOilHeHHe HepaBeHCTB8 \41) ( T,e, OTCyTCTBHa BllllliiHHll AHOAB}, 

B Te'leHHe BCero nepeXOAHOI'O npouecca B 38MKHyTO:A CHCTeMe, BllllOTb AO 91'0 38-

BBpWeHIIl!. ~an&aeAwae npouecc&J a cacTeMe , cs l!3aHHble c a:ana'll!eM aenaae:Aaoro 

SlleMeHTa (naona) DpH H938BapWeHHOM 3apane 9MKOCTII C 
, HOCSIT XapaKTep Men-

neaaoro B03Mymeaas B sane 

u "' ¢ ( II 38PHA8 A )[ T,e, U A "' cf> I (t)] 

KOTopoe OTpa6aT&IB8eTClil CHc;:TeMoll Dp8KTH'I9CKH 6e3 38UaplKKH H llOSTOMy He CUQ

C06Ho Bbl3B8Tb nepeperynHpOB8HHSI, 

0THOCHTen&H8SI BpeMaHH8l! UOI'pewHOCTb CIICT9Mbl ( r ( t ) ], 

~Ill! ( (t) nonolKHM 

e BX 1 ( t ) - e BX 1 ( t ) h 
3

y ( t ) 
( (t) = 

e BX 1 ( t) 
(t:l8} 

0'1esanao, 'ITO r ( t) 
6yneT npenCT8BilSITb co6o:A OTHOCIIT&nbHyJO Bp9M9HHYJO 

DOrpewaoCTb CHCT9Mbl npa BXOAHOM B03AellCTBHII e 1 ( t ) • l13 \ t:l8 J a ( 64) , y'la-sx 
TblB8H, 'ITO J( e 2 1 , aaAneM: 
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r(t)•A
1 

-t/T~ 
e +.A 

-1 /T 
e Y 2 . 

(69) 

l1na npH T' « T 
2 

IIpH61lHlK9HHO 

r(t) = e -t/Ta 
(70} 

Y'leT BllHliiHIISI AIIOU8 UpHBOAIIT K UOSIBil9HIIIO eme OAHOJ'O 'lll9H8 B Bblp8lK8HBSIX (69) 
u 

H ( 70) B BHAB --A!. , OJlRBitO IIpH AOCTBTO'IHO 60n&lll0M K O STOll COCT8Billli6-
1 + K0 

melt norpeWHOCTH MOlKHO npeae6pe'lb, HanH'IHB BblpalKeHHA (1:19) H (70) UQ3BOillilaT 

npeJlbSIBHTb onpeA&IlBHHble Tpe60B8HHll B OTH0lll9HHH MHHHMBilbHOI'O 3H8'19HHSI AllH-

TBilbHOCTB BXOAHOJ'O HMnyn&C8 r min H ee H3M9HeHHA ~r npa H3B9CTHOM 

-3 • 5• 10 . H 3118'19HBSX napaMaTpOB CHCTe-npa r(t) 
AOD 

orpaHH'I9HHH lllllil f(t) 

Mbl cornacao Ta6nai(e <I, acnon&3ysr ciJopMyny (70), nony'IHM: 

min 
· > 0,4 MKCBK , 

3xcnepa.MeHT 

Ha pac. 3 (rpalfla~~: :d npeAcTasneaa nonyqeaaag axcnepaMeHTanbllO nAX 38M

KHYTOA CHCTBMbl llpH 3H8'19HHSIX ll8p8M8TpOB cornacao Ta6ru~ue 2. Xopomee cosnane-

aae y'lacna nAX c npli!MoA, HMeJOmea aaxnoa :.10 n6/Aexany, rosopaT a non&.ay 

JlOilyCTHMOCTH upeACT8Bil9HHSI nepeASTO'IHOA ciJyHKUHH 38MKHyTOA CHCTBMbl Bblp8lK9HH-

9M ( 1:13). nonyqaeMoe H3 axcnepaMeHTa .aa:aqeaae T' aaxoJlHTCll a ;~topoweM 
y 

cornacaa c \61 ) • npeACTasneHHble sa pac. 4 ocuannorpaMMbl CHBT&I npa Tax lKe 

ycnosasx, T,e, npa 3Ha'leaasx napaMeTpos cacTeMbl cornacao Ta6naue 2, xpoMe oc

uannorpaMM e 4 H 

CHSITbl UpH 3H8'19HH!i!X 

cornacae c TeopaeA. 

e BblX • H.306palKBHHblX 118 pac, 46, llYHKTHpOM, KOTOpble 

C •1000 nciJ R • 75 OM, 3AaCb T8KlK8 BMaeTCII xopowee 
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BblBOllbl 

1. B 3.Y. C JlSHHOH CTpyKTypoA MOlKeT 6b!Tb HaJlelKHO o6ecneqeaa MOHO'I·oa

HOCTb nepeXOJlHoro npouecca nyTeM Bhmonaeaas cooTaoweaaA (41), (50), (51), 

\52), (53), (55), (56), (57), (67). 

2, Eonbwee 6b!CTpOJleHCTBHe CHCTeMbl llpH COXpaHeHHH MOHOTOHHOCTII MOJKeT 

6b!Tb JlOCTarayTo npa npaMeHeHHH B Ka'!eCTBe T 
3 Haa6onee Bb!COKO'ISCTOTHOrO 

TpaH3HCTOpa H3 HMe!OWHXCSI (TaK KSK llpH aTOM MOlKeT 6b!Tb Bbl6paao MeHbWee R 

npH HeH3MeHHOM C ) , 

3. B npeJlenax, o6ecne'IHBaiOuUIX coxpaaeane BhiWeyKaaaaHbiX cooTaoweaall, Be-

na<rHHhl K 
0 T II c 

CH He BnH51lOT Ha apeMH H MOHOTOHHO~Tb nepeXOJlHOro 

nponecca, 'ITO rOBOpHT 0 B03MOlKHOCTII: 

a) yaennqeaaa npa aeo6XOJliiMOCTH K
0 

6) llPHMeaeaas B Ka'lecTBe CY! cxeM paanaqaoll wHpoKononoc!locTa, T,e. 

paanaqgoro acuonae!IBH; 

B) llpHMelle!IHSI B KS'IeCTBe 381l0MHH8!0Illell eMKOCTII 3HS'IBTenbHO 60nbWell, '!eM 

paaee npaMeasamaecg ( 6ea yBenaqeaag apeMeaa aapSIJla), 'ITO aalKHO JlnH yMeabme

HBH paana'laoro poJla uorpemaocTell. 

OPY!JIO)I{EHY!E I 

Onpeneneaae BhlpaJKeaag nng K ' ( p) 
y 

HaitJleM aTo BblpaJKeaae, HCilOnb3YH MeTon aanpaaneHHblX rpaljloa (eM., aanpH

Mep, JI.4), Ha pac. 6 aao6paJKea rpaljl caraanoB nng aKaaaaneHTaoll cxeMbl (pac.5), 

rJle "p " - on epa Top naljlljlepeanapoaaaas \ ocTanbHhie o6oaaa'!eHBH npeJKaHe). Y!a-

B9CTHO, 'ITO 

I F t 6 t 

K' (p) .. K' (p)= -=----
y y!e -e') 6 

I 3 
\ 1 ) 

rJle F - k -bill nyTb OT e no e' 
k I 3 A - onpe.QenaTenb, ae KacaiOll!HH aToro 

nyTa; A - onpenenaTenb cacTeMbl, 

J1I06oll onpenen~~Tenb 
" II At MOJKeT 6b!Tb aaliJlea B BHJle: 
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rJle 
r 

lm 

( 1) ( 2) 
t\=1-I Lm+!Lm -:Il + ••. , 

m m 

- npo1!3BeJleHae m -oll B03MOlKHOll HeKSCS!Oll!IIXCSI KOHTypOB, 

( r l 
KoaTyphl rpaljla 11 JlOnycTHMble KOM6aaanHa Balla L m 

HenocpeJlCTBeaao 113 pac. 6 aanaweM: 

l =- r C L = -
r'6 (R

1
C

1
p+l) 

p ; 
L1 a 2 

R I 

L 
(R 1C 1 +l)r' 

l l = 
r'6 r Lie a p(R1C 1

p+l) 
=- ; 

Rl 
I 2 R 

I 

OnpeJlenaTenb cacTeMhl 

A=l-l -l -l +L l 
I 2 3 I 2 

ana nocne noncTaHOBKB aaa'leHHSI L 
t. 

H npeo6paaosaaa li nony'laM: 

rne 

A 
r'6 +r L1 + R 

1 a p 2 +a p+l), 
0 I .R1 .. 

r' 
a .. 6 o R C r 

'..6'· +r +R I I"· · ·Ll .. I r 

c 
.13 

. ~ ~. ;, . '1 

' r' 

•{=·. , [( r'6 ,+ tLI )R 1C 1+(r'6 +R)r LI Cal 
.f. r + R f. 6 L1 I 

CyMMa nyTell ! F k A It 
It 

(2) 

-.·· 

(3) 

(4) 

OyTb· OT e 
1 

· .. JlO e O.QaH a· H9K8C8!0IlliiXCSI KOHTypOB He aMeeT. TorJla 

(R 
1 
C 

1
11 + 1) r L1 S R H 

I F A 
It t 

F I (5) R, 

~···\' 
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rJJ.e 

8blp8.1KOHHO JJ.nH nepeJJ.S'I'O'IHOA 4JyaKnHH K 'y (p) 

Ha ocaoaaauu (1), (2), (3), (4) H (5) JlJISJ. K' (p) nonytmM: 
y 

K' 
y 

K (T P+l) 
0 I 

(p)=K , (p)"'---::-2----
ylel..,es~ aop +alp+I 

a s R H 
K "'-0 r , + r + R 6 a H 

T "'R c 
I I 

a a 0 H a 1 npeJJ.cTaaneabi Bbipa.lKeniiHMH \3), (4), 

ilPHDO)f(EHHE H 
OnpeJJ.enealle BbipalKeHIISI JJ.nH K an ( p ) 

(6) 

(7) 

(8) 

Hal!JJ.ell.i STO BbipalKeHIIe, acnon&sya MeTOJJ. uanpaaneHHb!X rpa4Joa, Ha pHC, 8 

11306palKeH Ppa<fl CHI'IJ.SnOB SKB.HBaneHTIJ.Ol! CX9Mbl 3il:.! (piiC, 7), 

(r) 
KouTypbl rpa4Ja 11 JJ.onyCTIIMble KOM611118Itllll L m 

HenocpeJJ.CTaeauo 113 p11c, 8 san11meM: 

r 
L ., -· a 2 ---·. , 

r' 6 

r S ( RC p +I ) L .. - _a ____ _ 
s ' c r 6 p 

L 'aca p; 

S r r L 
4 

.. __ a __ . (RCp+l) 
L = ------

s I' '6 c p 
L e .. - --, 

r, 6 '6 
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-

L 
1 

L
5 

K 

'aCap (R Cp + 1) 

r' C p 
6 

rr e 
LILe• a ap 

r , 
6 

OnpeJJ.enHTen& CIIC'I'eMbi 

e 
!:! =1- I L

1
+L

1
l 5+l

1
l 8 

noACTaanHSI Bblp8lK9HIISl JJ.nH l I H npOH3BOJJ.H npeo6pa30B8HHS, nony'IHM: 

1:! .. ' ( 2 
'6 (r a S+l)C 3 p 

1
op +& 1 P+1), 

n:~e 

c 
8 ;;;2c,•

6 
+r+R)C, 

0 s 
c 

8 ;;;_.E_ + (r+R) C. 
I S 

(1) 

(2) 

(3) 

B (2), (3) san11caahl npH6naJKeaH&Ie saa'leHHJJ. a 0 
II II C y'leTOM COOTHOWe-

aas r S»'l , T.e. npiiHHTO r S + 1 • r S 
a a a 

ClMMa npoiiSBeJJ.eHHil nyTell 11a seKacaJOWHOCSJ. onpellenHTenH I F 1:! 
k k k 

F 
I 

F 
2 

F • 

S(RCp+H 
a 

r' C p 
6 

RCp+l 

'6 c p 

2 

I Fk l:!k 
k•l 

/:! I • 1 ' 

6•l+r Cp, 
2 a a 

•F
1

+F
2

6 2 , 

\4) 

noJJ.cTaansH nony'leiJ.Hble BblpalKeHHH llnH F It H 61t a (4) B npeo6pasys, nony-

'IHM: 
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r' (r' S+l)C,-(bop'+b p+1) 
6 6 p I • 

F • 
(5) 

rae 

c 
b ;; RC _E.··, 

(6) 0 s 
c 

b ;;; RC + ---1L . 
I S {7) 

npu BhiBOae (ti} H (7) OIIl!Tb lKe Y'IT8HO COOTHOW9HH9 r S » 1 
D. 

, T.e, IlpHHHTO 

rD. S+l;;; rD.S 

nepenaTO'IHaH $yHKUHH K &II (p) 

K ( p)"' an 

a 
b 0 p +b

1
p+l 

ap
2

+ap+l 
0 I \8) 

npeacTSBHM 'IHCIIHTem. H 3HaMeHaTellb (8) B BHne: 

2 
b

0
p +b

1
p+l (T

2
p+l)(T

3
p+1) 

2 
a 0 p +a 1 p+1 =(T p+l)(y T p+l) 

an 3 ! 

T8K KaK T 2 T 3 = b0 , a T 2 + T 3 ·li 1 , TO, HenocpencTBeHHO ua {6) a (1),nony-

'IBM: 

T
2

=RC, 

c 
T .-E 

s 
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<e> 

(IO) 

Lin H T n y T aHanorn'IHO HMeeM T y T = a , a T + y T = a 
8D 3 3 r an 3 3 o C~n 3 3 1 • 

HO TaK KaK IIpH (r'0 +rD. +R)C»--D.- (eM, {2) II (3)) a 2 »4a , TO 
S , I a· 

60ilblll8H H3 IIOCTO.HHHb!X BpeMeHH ( 0003Ha'!HM ee T ) 6yneT pasHa npHMepHO 
8D 

T ;;;a
1

;;; (r+R)c, (II) an 

a 3Ha'I8HHe y S C y'leTOM (10) 

ao 
.. 1 + (12) 

y3 
Tan T 3 r + R 

0KOII'IaTellbHO aiiH }( an (p) nony'luM: 

l< (p) = K (p)= 
(T

2
p+l)(T

3
p+l) \ 13) . 

(Tan p+l)(y3 T 3p+l) 
an an (e _, e 

rae T 
2 

, T 
3 

, T
811 

II y 
3 

OIIpeaenHIOTCH BbipalKeHHHMII (9}, (10), (11) H 

(12) COOTBeTCTBeHIIOo 
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Jn R,·c 

t-e-oc_._e._~ ~ K2 ( p) 
r e.3 

- - _ _j 

K3n (P) KRc (P) ~------
...._ __ __,J 

Cu 
'-------~ Kcu (P) t-------_..J 

Pac. 1. CTpyKTypaan cxeMa aapsmaoro ycTpoii:cTsa. 
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c ·~ I 
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Pile, :.!. PaC'leTH8SI npBHllllRB81IbHaSI sneKTpllqeCJtaSI cxeMa 3apsmaoro ycTpoi!:cTsa. 
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Pac, 3, JlorapaljlMI!'Iecxae BMilolli!'J.'YJ:II!o->'lacTOTHble xapaKTepHCTI!KH: 
1 - pa3QMKByTOJ!, 2 - 38MKByTQJ! CI!C'I'eM, 

e e 
t& ' . 

I? •?So,.,, 
C •JOOQnllJ. 

tf} B) 
o----r 

Pac, 4, OcnannorpaMMbi CI!I'Hanos B 38PlUli!QM YCTpOJ!cTBe CO 3H8'19BI!9M 

napaMeTpos aneMeBTos CI!CTeMbl cornacHo Ta5111!lle 2 (KpoMe yxa-
aaaaoro a,~:~em.. cny-qag ( R • 75 OM, C • 1000 nljl)) 11 CH, acnon-
aeaHOM: a) Ha aolleKTpOHHOJ! ollBMile 6)1(1B (t!C514), 5) aa rronesoM 
Tp8H3liCTOpe (:.! N2498), s) J;:a KpeMHII9BOM Tpa.a:3BCTOpe (fl503A), 

so 

'---~"-·-----------· ·-·- -

Ct 

C~t ~ I --~U-----

~ I I e. e9s I e, 
+ c3 

u RH tg 'l.g 

CJ • Cg + SRH 'CK 

Pac. 5. 3KBBBaneBTH.aSI cxe!l4a ucxaAA sa TpaJI3BCTCpe T 
1
• 

-i 

f 6 / ~ 'l:~ "'4 "S "la 
eg 

I 
PCJ -RH 

e, ~ 

Pac. a. fpaljl SK:BBBall91!TBO.II CX9Mlll K8CK8J:Ia Ba Tp8B3BCTOpe T l' 
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