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~YHK~HOHanbHWe reHepaTOpW 4aCTO npHMeHR~TCR AnR 3aAaHHR 
11

np041Hne~ 11 
/TeMnepaTypw, CKOpOCTH,TOKa, HanpRlKeHHR H T.A./ a 

ynpasnR~Hx CHCTeMax, a TaKIKe AnR ynpaaneHHR perynHpyeMWMH 
napaMeTpaMH a HCnWTaTenbHWX H H3MepHTenbHWX CHCTeMaX. 8 4aCT
HOCTH, TaKHe reHepaTOpW HaXOART WHPOKOe npHMeHeHHe a 3KCne
PHMeHTaX a o6naCTH RAepHO~ ~H3HKH. npH YCKOpeHHH 3apRlK8HHWX 
4aCTH~ a CHHXp041a30TpOHe K T04HOCTH H CTa6HnbHOCTH nOAAeplKa
HHR C8R3H 4aCTOTW YCKOpR~ero HanpRlKeHHR C MarHHTHWM noneM 
npeADRBnR~TCR lKeCTKHe Tpe6oaaHHR. 3TO OC06eHHO aalKHO AnR pe
lKHMOB MeAneHHOro H 6WCTporo BWaOAOB ny4Ka H3 YCKOpHTenR. AnR 
CHCTeM nHTaHHR MarHHTOB H nHH3 caepxnpoaOAR~ero HHlKeKTOpa 
HYKnOTpOHa /1/ He06XOAHMW YCTpO~CTBa, KOTopwe o6ecne4HBanH 6w 
Tpe6yeMy~ ~OpMy TOKOa H HanpRlKeHH~ HCT04HHKOa nHTaHHR 8 ~HKne 
YCKOpeHHR. npH4eM OHH AOnlKHW 6WTb CHa6lKeHW yanaMH nporpaMMHO
ro ynpaaneHHR AnR CTaTH4eCKO~ H AHHaMH48CKO~ KOppeK~HH. 

HenHHe~Hwe ~YHK~HH aocnpoHaaoARTCR aHanoroawMH/ 2~/ HnH 
~H~pOaWMH MeTOAaMH/6+11/.Bo aTOpOM cny4ae 4aCTO HCnonb3Y~TCR 
3anOMHHa~~He YCTpO~CTaa /3Y/ a C04eTaHHH C ~H~pO-aHanoroaWMH 
npeo6paaoaaTenRMH /UAn/. B HaCTOR~ee speMR cy~ecTay~T ~H~po
awe nporpaMMHpyeMwe reHepaTopw CHHYCOHAanbHWX, npRMoyronbHWx 
H TpeyronbHWX CHrHanoa H reHepaTopw cHrHanoa npoHaaonbHO~ ~p
MW, pa6oTa~~He B AHana30He 4aCTOT OT TWCR4HWX AOneH rep~ AO 
Mer a rep~ I 12/. 

UH~poaaR peanHaa~HR ~YHK~HH c noMo~b~ Kyco4HO-nHHeHHOH an
npoKCHMa~HH C nOCTORHHWM warOM pa36H8HHR apryMeHTa /pHc.la/ 
CpaBHHTenbHO npOCTa, HO Tpe6yeT 3H~HTenbHOrO 06DeMa naMRTH 
2°J, rAe n -pa3PRAHOCTb apryMeHTa, f - pa3PRAHOCTb 3Ha4eHHH 
~YHK~HH. 3TOT cnoco6 Tpe6yeT OAHOrO 3Y pa3pRAHOCTb~ f H HH
KpeMeHTHpyeMoro aApecHoro c4eT4HKa paapRAHOCTb~ n • War npHpa
~eHHR apryMeHTa onpeAenReTCR H3 ycnoaHR, 4T06W MaKCHManbHaR 
norpewHOCTb He npeawwana 3aAaHHOH senH4HHW. 

B HaCTOR~eH pa6oTe onHcwsaeTcR cnoco6 peanHaa~HH ~YHK~HH 
C HCnOnb30aaHHeM KYC04HO-nHH8~HO~ annpoKCHMa~HH C nepeMeHHWM 
waroM paa6HeHHR apryMeHTa /pHc.la/. B 3TOM cny4ae Hcnonbay~TCR 
ABa 3Y AflR XpaHeHHR 3Ha4eHH~ apryMeHTa H ~YHK~HH B ~H~POBOH 
~pMe /CM. pHc.2/. 3TO AaeT B8CbMa rH6Ky~ CTPYKTypy, nerKO ne
peCTpaHsaeMy~ npH H3MeHeHHH peanH3yeMOH ~YHK~HH, H o6ecrie4H8a
eT, KaK 6yAeT noKa3aHO HHlKe, 3Ha4HTenbHWH BWHrpw~ 8 06DeMe na
MRT~, OC068HHO KOrAa Tpe6yeTCR BWCOKaR T04HOCTb npeACTasneHHR 
~YHK~HH. OnpeAeneHHe T04eK H3noMa annpoKCHMa4HH npoHSBOAHTCR 
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PHc.l. Cnoco6~ annpoKCHMa~HH 
peanHsyeMoA ~YHK~HH: a/ KycoqHo
nHHeAHaH annpOKCHMS~H C DOCTOHH
~ maroM pas6HeHHH aprYMeHTa; 
6/ KycoqHo-npHMoyronbHaH c ne
peMeHH~ maroM; a/ KycoqHo-nH
HeAHaH c nepeMeHH~ maroM. 

V-f(x) 

y hI I L ·'-X 

03~y 
I I p I f' I X 

03Yx 
I ', \ I \ \ I \ X 

PHc,2. Cnoco6 KycoqHo-nHHeAHoA 4An
annpoKcHMa~HH c nepeMeHH~ ma--~ 
roM aa 6ase ABYK 03Y B coqeTa-
HHH c UAII. -------------------------X 

Ha Ka*AOM y4aCTKe no 38AaHHO~ norpewHOCTH peanH3a~HH ~YHK~HH. 
B o6oHx cny4aRx ~YHK~HR aocnpoH3BOAHTCR nyTeM HHTerpHpoaaHHR 
TOKa Ha awxoAe UAn. norpewHOCTb annpoKCHMa~HH ~YHK~HH onpe
AenReTcR pa3PRAHOCTb~ UAn H T04HOCTb~ HHTerpaTopa. B HacToR
~ee apeMR cy~ecTay~T MHKpocxeMw 12- H 16-pa3pRAHoro UAn /13,14/. 
npH noMO~H cxeMw HHTerpaTopa Ha ocHoae wHpoKononocHoro onepa-
4HOHHoro YCHnHTenR, CTa6HnH3HPOBaHHOro H~H-KaHanoM, MO*HO AO
CTHrHyTb AOBOnbHO BWCOKO~ T04HOCTH. 

Heo6xOAHMwe ~YHK~HH MO*HO peanH3oBaTb H c noMO~b~ KYC04HO
npRMoyronbHOH annpOKCHMa4HH, TaK*e C nOCTORHHWM HnH C nepeMeH
HWM ~aroM /pHc.16/. 0AHaKo 3TOT cnoco6 AaeT 6onbwy~ norpew
HOCTb annpOKCHMa4HH HnH Tpe6yeT 6onbwero 4HCna pa36HeHHH, TO 
ecTb 6onbwero 3Y. 
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OnPE~EflEHHE T04EK H3flOMA 

nycTb o6naCTb onpeAeneHHR ~yHK4HH f(X) COAeplKHT Xo,X }''"' 
X i ,, , , , Xn T04eK H3nOMa, Ha KOTOpbiX OHa annpOKCHMHpyeTCR 

OTpe3KaMH npRMWX C 3aAaHHOH norpewHOCTbO. ~onyCTHM, AaHa TOI 
Ka C a6C~HCCOH x1.Heo6XOAHMO HaHTH cneAY~YO T04Ky Xi+l • Ha 
PHC.3 ~yHK~HR npeACTaaneHa KpHBOH 1. npRMaR 2 eCTb annpOKCH· 
Ma~HR ~YHK~HH f(x) B HHTepaane (Xi , Xi+ 1 ) npH 3aAaHHOH no
rpeWHOCTH £. YpaaHeHHe npRMOH 2 HMeeT BHA 

f(xi+l- f (x 1) 
Y ( x) .. 

( xi+l-x i) 
(x -x 1) + f(x 1). I 1, 

Pa3HOCTb Me*AY OPAHHaTaMH 
f(Xj+l )-f(x1) 
-----eCTb 
(x i+l- xi) 

KpHBO~ 1 H npRMO~ 2 Mx).C(x)-y(J 

BenH4HHa He 4TO HHOe, KaK ·npOH3BOAHaR ~YHI 

~HH f (X) B T04Ke X£ , rAe !i (X) MaKCHManbHa H paBHa 3aAaHHOI 
norpeWHOCTH, TO eCTb 

f (x i+l )-f(x 1) 
a f' (X£ ) , /2, 

X i+J-Xj 

no3TOMy X£ onpeAenReTCR Bblpa*eHHeM 

f(x) -f'(x ) ( x -x .) -f(x1) • t 
( ( ( I 

/3, 

Ha~AR xc H3 ypaaHeHHR /3/, MO*HO onpeAenHTb xi+l H3 /2/. Pe· 
weHHe ypaaHeHHH /2/ H /3/ awnonHReTCR MeTOAOM Hb~ToHa /15/. 

PHc.3. OnpeAeneHHe ToqeK• 
HSnoMa annpoKCHMHPYeMOA 
~YHX~H. 

~(J:) 

0 X1 Xe, l.L+1 :X: 

B Ta6nHye npHBeAeHw pe3ynbTaTw pac4eToa AnR ~YHK4HH ·sin J 

1- e-x, X/,/ X 2 + a 2 npH norpeWHOCTRX annpOKCHMa~HH B AHana30I 
1 0 - 2 +1 0 -6 , awnonHeHHwe Ha 3BH. 

BaeAeHw cneAY~He o6o3Ha4eHHR: f - pa3pRAHOCTb UAn /To e1 
pa3PRAHOCTb 3Yy AnR xpaHeHHR 3Ha4eHHH ~YHK~HH/, KOTOpaR 061 
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PHc,l, Cnoco6~ annpoxcHMaQHH 
~syeMoA ~YHKQHH: a/ KYCOqHo
nHHeAHaH annpOKCHMaQHH C DOCTOHH
~ maroM pas6HeHHH aprYMeHTa; 
6/ xycoqHo-npHMoyron&HaH c ne
peMeHH~ maroM; a/ KycoqHo-nH
HeAHaH c nepeMeHH~ maroM, 
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~· Cnoco6 KYCOqHo-nHHeAHoA 4An
annpoKCHMaQHH c nepeMeH~ ma--~ 
roM ua 6ase AByx 03Y a coqeTa-
HHH c UAU. 

---------X 

Ha Ka*AOM y4aCTKe no 38AaHHO~ norpewHOCTH peaJ1H3ai.IHH <I>YHKL!HH, 
B o6oHx cny4aRx <I>YHKL!HR aocnpOH3BOAHTCR nyTeM HHTerpHpoeaHHR 
TOKa Ha a~xoAe UAn. norpewHOCTb annpoKCHMai.IHH <I>YHKLIHH onpe
AenReTcR paapRAHOCTbO UAn H T04HOCTbO HHTerpaTopa. B HacTOR
I!Iee apeMR cylllecTayoT MHKpocxeM~ 12- H 16-paapRAHOro UAn I 13,14/. 
npH nOMOUIH CXeM~ HHTerpaTopa Ha OCHOBe WHPOKOnOJ10CHOrO onepa
LIHOHHOrO YCHJ1HTeJ1R, CTa6HJ1H3HPOBaHHOrO MaM-KaHaJ10M, MO*HO AO
CTHrHYTb AOBOJ1bHO B~COKO~ T04HOCTH. 

Heo6XOAHM~e <I>YHKL!HH MO*HO peanH30BaTb H C nOMOI!IbO KYC04HO
npRMOyronbHO~ annpOKCHMai.IHH, TaK*e C nOCTORHH~M HJ1H C nepeMeH
H~M waroM IPHc.16/. 0AHaKo 3TOT cnoco6 AaeT 6onbwyo norpew
HOCTb annpOKCHMai.IHH HJ1H Tpe6yeT 60J1bWero 4HCJ1a paa6HeHH~, TO 
eCTb 6onbwero 3Y. 
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OnPEaEnEHHE T04EK H3nOMA 

nycT~ 06J1aCTb onpeAeJ1eHHR <I>YHKL!HH f(X) COAeP*HT Xo,X 1''"' 
X i ,, , , , X0 T04eK H3J10Ma, Ha KOTOp~X OHa annpOKCHMHpyeTCR 

0Tpe3KaMH npRM~X c 3aAaHHO~ norpeWHOCTbO. aonycTHM, AaHa T04-
Ka C a6CI.IHCCO~ Xj,Heo6XOAHMO Ha~TH CJ1eAYOIIIY~ T04Ky Xi+1, Ha 
PHC.3 <I>YHKLIHR npeACTaaneHa KpHBO~ 1. npRMaR 2 eCTb annpOKCH-
M'.i'4HR <I>YHKLIHH f(x) B HHTepaane (Xi, X i+1 ) npH 3aAaHHO~ no-
rpeWHOCTH (, YpaaHeHHe npRMOH 2 HMeeT BHA 

f(xi+1- f (xi) 
(x -xi)+ f(xi). Y ( x) .. 

/1/ ( xi+l-x i) 

Pa3HOCTb Me*AY OPAHHaTaMH KPHBO~ 1 H npRMO~ 2 Mx) • f(x)- y(x). 
f(~+l )-f(xi) 

BenH4HHa ---- ecTb He 4TO HHoe, KaK ·npOH3BOAHaR <I>YHK-(xi+l-xi) 
LIHH f (X) B T04Ke x( , rAe 
norpeWHOCTH, TO eCTb 

L\ (x) MaKCHMaJ1bHa H pasHa 3aAaHHO~ 

f(xi+l )-f(xi) 
~- a f' (X f ) , 121 Xi+J-Xj 

no3TOMy Xf onpeAenReTCR B~pa*eHHeM 

f(x) -f'(x) ( x -x.)-f(x.) .. f 
( ( ( I I /3/ 

Ha~AR x( H3 ypaaHeHHR /3/, MO*HO onpeAenHTb xi+l H3 /2/. Pe
weHHe ypaaHeHH~ /2/ H /3/ a~nonHReTcR MeTOAOM HbOTOHa /15/, 

PHc,3, OnpeAeneHHe Toqex 
H3nOMa annpOKCHMHpyeMoA 
4JYHKQHH, 

~(:I) 

0 

., 

x, Xt, XL+t X 

B Ta6nHye npHBeAeH~ peaynbTaT~ pac4eToa AJ1R <I>YHKL!H~ ·sin x, 

1- e-x, X/\/ X 2 + a 2 npH norpeWHOCTRX annpOKCHMai.IHH B AHana30He 
1 0 - 2 +1 0 -6 , BblnOJ1HeHH~e Ha 38M. 

BaeAeHw cneAYOIIIHe o6oaHa4eHHR: f - pa3PRAHOCTb UAn /To ecTb 
pa3PRAHOCTb 3Y 1 AJ1R XpaHeHHR 3Ha4eHH~ <I>YHKL!HH/, KOTOpaR o6ec-
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e t f<~) I cL w J\. K l II m f, 

10-2 7 1,6 0,20 8 3 2 I ? 3 I ,0 

10-3 10 1,6 o.~ 20 5 3 2 I8 5 0,9 

2 .104 13 ~ 1,6 0,04 40 6 3 2 3? 6 0,9 

10-4 14 ~ 1,596 0,028 5? 6 3 2 52 6 1,0 ·~ .., 
10-5 17 1,576 0,000 197 8 6 3 I?4 8 I,O 

10-6 20 I,570 0,002 ?85 10 I2 4 62? 10 I ,0 

10-2 7 4,80 0,30 I6 4 5 3 9 4 I,2 

Io-3 10 6,93 0,09 ?? 7 20 5 27 5 I,9 

• I0-4 13 H 8,52 0,04 213 8 34 6 62 6 2,3 I 

10-4 
u 

I4 I 9,2I2 0,028 329 9 56 6 89 ? 2,6 
2 

10-5 I? ~ II ,520 0,008 I440 II 226 8 285 9 3,4 

m-s 20 13;8I6 0,002 6908 13 635 10 9IO 10 5,1 

10-2 ? 135,0 5,0 2? 5 I3 4 9 4 1,9 

10-3 IO 0 426,6 I,8 237 8 84 ? 2? 5 5,2 

.m-4 
(0 

13 ft\ 949,6 0,8 liS? II 533 10 62 6 I0,8 
II 2 

I0-4 I4 ~ 2684 12 IIOO II 89 ? 16,9 

~ 
1342,0 0,5 

m-5 I? 4245,0 0,1 42450 I5 15?11 14 293 9 ?9,4 

I0-2 ? I92,0 8,0 24 5 II 4 9 4 I,? 
........ 

I0-3 IO li 0 600,0 2,0 
C\1 

300 9 I06 ? 29 5 6,I 

.ID-4 13 
ft. 

II 1342,0 I,O 1342 II 604 IO 64 6 II,8 
10-4 14 ~ I898,4 0,8 23?3 I2 9?? IO 8? ? I5,9 

Io-5 I?. 6002,0 0,2 30010 I5 IIIIO I4 293 9 56,2 

ne4HBaeT 3aAaHHY~ norpewHoeTb f. BHAHO, 4TO* 

e = r log2f -ll 

Ta6JIHQa 

z 
0,9 

0,8 

0,9 

0,9 

0,9 

0,8 

0,7 

2,6 

2,7 

2,8 

2,7 

5,3 

1,3 

4,7 

IS,I 

I?,9 

?0,2 

I,3 

9,4 

IS,I 

18,? 

35,I 

X- MaKeHMaJlbHOe 3Ha4eHHe apryMeHTa, npH KOTOpOM OTKJlOHeHHe 
$YHK4HH OT noeTORHHOH BeJlH4HH~ /aeHMnTOT~/ eTaHOBHTeR MeHbWe £, 

4 

• 

*fDl- HaHMeHbwee 4enoe 4Heno, 6onbwee HllH paaHoe D. 

'l 
" 

d - MHHHMaJlbHaR AllHHa wara KBaHTOBaHHR *; N = --%- 4HeJlO pa~ 
6HeHHH np~-t noeTORHHOM ware; n =r log 2N1- He06XOAHMaR pa3PRA" 
HOeTb aApeeHOrO eJlOBa 3Y npH noeTORHHOM ware; K - 4HellO M~ 

MallbH~x waroe (d) a HaH6onbweM oTpesKe xi ; k=r log 2Kl - paspf 
HOeTb 3Yx AllR xpaHeHHR 3Ha4eHHH apryMeHTa; M- 4HeJlO paa6~ 

HHH np~-t nepeMeHHOM ware; m ... r log 2 Ml - Heo6xoA~-tMaR pa3PRAHC 
aApeeHOrO enoaa 3Yx H 3Yy npH nepeMeHHOM ware; e- K03$$~ 
4HeHT eoKpa~eHHR 4HeJla R4eeK naMRTH npH nepeXOAe K nepeMeH~ 
My wary pa36HeH~-tR; Z - peaJlbH~H K03$$H4HeHT eoKpa~eHHR /e ~ 
TOM AHeKpeTHOeTH npHpa~eHHR OfiDeMa 3Y/. 

Heo6XOAHMOe 4Heno R4eeK naMRTH np~-t noeTORHHOM ware paaHc 
NCJIOB,x e pasp.' a npH nepeMeHHOM - MCJIOB~f+k)pasp •• TaK~ 

oGpaaoM, 

N e --M f+ k 
{ :0 

To4HO TaK *e MO*HO noKasaTb, 4TO 

Z • 2n-m _j__ . 
f+ k 

jl 

jl 

B Ta6111-14e npHBeAeH~ pesyllbTaT~ pae4eToB AllR HeKoTop~x $~ 
4HH npH norpeWHOeTRX annpoKeHMa4HH 1 o-2 +1 0-6. $yHK4HR f ~ 

·-===-- AeMOHeTpHpyeT 3aKOHOMepHOeTb eBR3H 4aeTOT~ yeKC 
J x 2+ a2 
pR~ero HanpR*eHHR e MarHHTH~M noJleM npH yeKOpeHHH 3apR*eH~ 

4aeTH4 a eHHxpo$asoTpoHe. KoHeTaHTa a = 720,48 All" npoToHc 
( (A/z~ 1 ), a • 369,24 - AllR AeHTpOHOB (A/z,. 2), rAe ~A- MaeeoE 
4Heno; Z - 3apRA 4aeTH4~· 

EenH a Ka4eeTae annpoKeHMa4HH npHHRTb npRMY~ 3 /eM. pHe. 
onHcwaaeMy~ ypaaHeHHeM 

y* ( x) • y(x) + _£_ , • 

2 
/1 

TO norpeWHOCTb OKa3~BaeTeR no eaoei1 BeJlH4HHe BABOe MeHbWe. 
HHa4e roaopR, ecnH aw6paTb npRMY~ 3, To AllR AOeTH*eHHR nor~ 
HOCTH E He06XOAHMO MeHbWee 4Heno R4eeK naMRTH, eOOTBeTCTByK 
cny4ac npHHRTHR npRMOH 2 npH norpewHoeTH 2£ IAilR Hlln~cTpau 
a Ta6nH4e npHBeAeHw pesynbTaTw pae4eToa AllR ( ... 2 · 10 -• I. 

Ha pHc.4 npeAeTaaneHa 3a&HeHMOeTb K03$$H4HeHTa eoKpa~eH~ 
4Hena He06XOAHM~X R4eeK naMRTH OT AOnyCTHMOH norpeWHOCTH an 
npoKCHMa4HH AllR $YHK4HH, npHBeAeHH~x a Ta611H4e. BHAHO, 4TO 
enoeo6 e nepeMeHH~M waroM paa6HeHHR 4e11eeoo6pasHo npHMeHRTb 
AllR $YHK4HH e nepeMeHHOH KPHBH3HOH H npH B~eOKHX T04HOeTRX 

*Bee OeTaJlbH~e 0Tpe3KH pa36HeHHR apryMeHTa B~pa*a~TCR 4E 
llWM 4HCJ10M d, 
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PHc.4. 3Ha~eHHR xo9~H~eHia coKpa~eHHR o6~eMa 3Y 
npH pasnH~~ norpemHocTnx. 

annpoKc~Ma4~~. B npoT~aHoM cny4ae,HanpHMep AnR ~YHK4HH c no
CTORHHOH KpHaH3HOH * , 3TOT cnoco6 He AaeT 60nbWOro awHrpwwa 
a 4HCne R4eeK naMRTH H3-sa YABOeHHR ycTpoHCTB naMRT~. 

*T@4Hee, AnR ~YHK4HH, annpOKCHMa4~R KOTOPbiX C OOCTORHHbiM 
warOM AaeT npHMepHO OAHHaKoay~ norpeWHOCTb Ha Ka*AOM y4aCTKe 
pa36HeHHR. 

6 

.. 
!l's 
-~,~ 

.,(' 
:f, 
~·, 

,( 
'll} 

§J::. 
·~ 

·--~ 

OnHCAHHE fEHEPATOPA ~YHKUHA 

Ha pHc.S npHaeAeHa 6noK-cxeMa reHepaTopa ~yHK4HH. 3Ha4et 
apryMeHTa H ~yHK4HH a T04KaX H3nOMa no nHHHRM MarHCTpan~ 
W 1 + W 12 H W13 + W24 cooTBeTcTBeHHO 3aHocRTCR e 03Y x H 03} 

/o6a 03Y- eMKOCTb~ 28x12 pa3pRAOB/. 
6noK pa6oTaeT cneAY~~HM o6pa3oM /eM. pHc.6/. B Ha4anbHO~ 

COCTORHHH aApeCHble C4eT4HKH X , Y H peae~biH C4eT4HK C6j: 
cwea~TcR a "011 • TpHrrep 3an~cH-4TeHHR /Tp.3/4/ ycTaHaanHaae 
cR a pe*HM 3anHCH, a Tp~rrep 3anycKa TaKToaoro reHepaTopa 
a pe*HM 3anpeTa. U~<~Kn reHepa411~ ~YHK4H~ 3anycKaeTCR HMnynbc 
"nycK". Tp.3/4 nepexoAHT a pe*HM 4TeHHR, H aenH4HHa apryMeH 
a nepaoi1 T04Ke H3noMa, coxpaHReMaR a Hyneaoi1 R4ei1Ke 03Yx• n 
CTynaeT a peaepcHaHbiH C4eT4HK. npH 3TOM cpa6aTb1BaeT Kn~4/Kn 
pa3PR*a~~HH HHTerpHpy~~HH KOHAeHCaTop, nocne 3Toro HH~pMa4 
0 ~YHK4HH, coxpaHReMaR B HyneaOH R4eHKe 03Yy,nOCTynaeT Ha a 
UAn. TpHrrep 3anycKa nponycKaeT cepH~ ~Mnynbcoe TaKToaoro r 
HepaTopa Ha AeKpeMeHTHbiH BXOA /-1/ peaepCHBHoro C4eT4HKa. H 
TerpHpOaaHHe npOAOn*aeTCR AO TeX nop, OOKa He OORaHTCR 11HM
nynbC AOC4eTa 11 Ha BbiXOAe 1 ~.0" peaepCHBHOrO C4eT4HKa. 3TOT Oj 
4ecc npeAcTaanAeT co6oi1 OAHY 3neMeHTapHy~ onepa4H~ 3aHeceHHi 
3Ha4eHHH apryMeHTa H ~YHK4HH. 3aTeM 3T~ onepa4HH BblnOnHR~TCI 
AnA acex 256 A4eeK naMRTH. Ka*AbiH paa TaKaA 3neMeHTapHaA ont 
4HA HHHqHHpyeT.CA 3aAHHM ~pOHTOM npeAbiAYtllero HMnyn~tca AOC4eTc 
CneAyer orMeTHTb, 4TO aaHeceHHe aHa4eHHH apryMeHTa H ~YHK4HI 
awnonHAeTcA a re4eHHe apeMeHH, Koropoe He 6onbwe nepHoAa rat 
TOBbiX HMOynbCOB. 

HaKCHManbHBA 4aCTOTa OOBTOpeHHR BWXOAHOrO CHrHana orpaHH~ 
Ha CKOPOCTb~ Bb160pKH 03Y H 4~CnOM T04eK H3nOMa /TO eCTb 3a~ 
HOH norpewHOCTb~ AnR Ka*AOH ~YHK4HH/. 0Ha cocraanRer npHMep~ 
1/(350 HC X 60} .. 35 Kf4 npH norpeWHOCTH J0-4 /M::"80, CM. raf 
nHI.Iy/. 

B reHeparope HcnonbsyercR M~KpocxeMa 12-pa3PAAHOro UAn c 
apeMeHeM ycraHoaneH~R 400 HC /no ToKy/. A~~peH4~anbHaA Hen 
HeHHOCTb BWXOAHOrO TOKa - +0, 1 i{), 05%. HaKC~ManbHWH BWXOAHOH 
TOK -2 MA. -

Hcro4HHK onopHoro HanpR*eH~A /HOH/ AnR UAn awnonHeH Ha oc 
Be MHKpocxeMW ~A723. 0H npeACTaBnReT C060H npei.IH3HOHHbiH HCTO 
H~K HanpR*eH~R 10 B c HH3K~M ypoaHeM APeH~a. OnopHoe HanpA*e 
TaK*e MO*eT 3aAa&aTbCR aHeWH~M ~CT04H~KOM 4epe3 BXOA 118Hew.H 
Ha nepeAHeH naHenH. 

YpoaeHb BXOAHWX c~rHanoa UAn coaMecTHM c c~rHanaMH TTL ~~ 
TerpanbHbiX cxeM. Ha awxoAe UAn B03MO*HO nony4eH~e OAHononRpHr 
H AayxnonRpHbiX HanpR*eHHH. nocneAHee npOH3BOAHTCR CMe~eH~eM 
BXOAHOro HanpR*eHHR BbiXOAHOro onepa4HOHHOrO yc~n~TenR /0Y/ n1 
o6pa3oaaTenA, He aKn~4aeMoro a UAn. B 3TOM cny4ae caMbrH eTa pi 
pa3PRA UAn ~cnonb3yeTCR a Ka4ecTae 3HaKoaoro. 
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HMa41111. B npoTHBHOM cny4ae,HanpHMep AnR ~YHK4HH c no
H KPHBH3HOH * ,3TOT cnoco6 He ~aeT 6onbworo B~Hrp~wa 

R4eeK naMRTH H3-3a y~BOeHHR ycTpOHCTB naMRTH. 

Hee, ~nR ~YHK4HH, annpOKCHMa4HR KOTOP~X C nOCTORHHbiM 
~eT npHMepHO O~HHaKOBy~ norpeWHOCTb Ha Kam~OM y4aCTKe 
~R. 
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OnHCAHHE rEHEPATOPA ~YHKUH~ 

Ha pHc.5 np~ae~eHa 6noK-cxeMa reHepaTopa ~yHK4HH. 3Ha4eHHR 
apryMeHTa H ~yHK4HH B T04KaX H3nOMa no nHHHRM MarHCTpanH 
W 1 + W 12 11 Wl3 + W24 cooTBeTCTBeHHO aaHOCRTCR a 03Y x 11 03Y y 

/ofia 03Y - eMKOCTb~ 28x12 pa3pR~OB/. 
6noK pa6oTaeT cne~y~HM o6paaoM /eM. pHc.6/. B Ha4anbHOM 

COCTORHHH a~peCHble C4eT4HKH X , Y H peBe~biH C4eT4HK cfipa
CbiBa~TCR a 11 011

• Tp11rrep aanHCH-4TeHHR /Tp.3/4/ ycTaHaanHaaeT-
CR a pemHM aanHCH, a TpHrrep aanycKa TaKTOaoro reHepaTopa -
a pemHM aanpeTa. UHKn reHepa4HH ~yHK4HH aanycKaeTCR HMnynbCOM 
11nycK''. Tp. 3/4 nepexo~J.1T a pemHM 4TeHI1R, 11 aeni1411Ha apryMeHTa 
a nepaoH T04Ke H3noMa, coxpaHReMaR a HyneaoH R4eHKe 03Yx• no
cTynaeT B peaepCHBHbiH C4eT411K. np11 3TOM cpafiaTbiBaeT Kn~4/Kn 307/, 
pa3pRmaO~I1H HHTerp11py0~11H KOH~eHCaTop. nocne 3Toro 11H~OpMa411R 
0 ~yHK4HH, COXpaHReMaR B HyneBOH R4eHKe 03Yy,nOcTynaeT Ha BXO~ 
UAn. TpHrrep 3anycKa nponycKaeT cep11o 11Mnynbco$ TaKToaoro re
HepaTopa Ha AeKpeMeHTHbiH BXO~ /-1/ peaepCI1BHoro C4eT411Ka. HH
TerpHpOBaHHe npOAOniKaeTCR ~0 TeX nop, noKa He nORBHTCA 11HM· 
nynbC ~OC4eTa 11 Ha BbiXO~e 1 ~.Q 11 peaepCHBHOrO C4eT4HKa. 3TOT npo-
4eCC npeACTaBnReT C060H O~HY 3neMeHTapHyO onepa4HO 3aHeCeHHA 
3Ha4eHHH apryMeHTa 11 ~YHK4HH. 3aTeM 3TH onepa4HH awnonHROTCR 
AnR acex 256 R4eeK naMRTH. Ka•AwH pa3 TaKaR 3neMeHTapHaR onepa-
4HR HHHqHHpyeTCA 3aAHI1M ~pOHTOM npe~WAYIItero HMnym,ca AOC4eTa. 
CneAYeT OTMeTHTb, 4TO 3aHeceHHe 3Ha4eHHH apryMeHTa H ~YHK4HH 
awnonHAeTCR a Te4eHHe apeMeHH, KOTopoe He 6onbwe nepHOAa TaK
Toawx HMnynbcoa. 

HaKcHManbHaA 4acToTa noaTopeHHA BWXOAHOro CHrHana orpaHH4e
Ha CKOPOCTbO B~fiOpK11 03Y H 411CnOM T04eK 113nOMa /TO eCTb 3a~aH
HOH norpeWHOCTb~ ~nR Kam~OH ~YHK4HH/. 0Ha COCTaBnReT npHMepHO 
1/(350 HC X 60) .,35 Kr4 np11 norpeWHOCTI1 1Q-4jM::"80, CM. Tafi-
~~. ~ 

B reHepaTope HcnonbayeTCR MHKpocxeMa 12-paapRAHoro UAn c 
apeMeHeM ycTaHoaneHHA 400 He /no TOKy/. AH~peHqHanbHaA HenH
HeHHOCTb B~XOAHOrO TOKa - +0, 1 +0, 05%. MaKCHManbHbiH BWXOAHoH 
TOK -2 MA. -

HcTo4HI1K onbpHoro HanpRmeHHR /HOH/ AnR UAn awnonHeH Ha OcHo
ae MHKpocxeMw ~A723. 0H npe~cTaBnReT C060H npe4H3HOHHbiH HCT04• 
HHK HanpR*eHHR 10 B c HI13KHM ypoaHeM ~peH~a. OnopHoe HanpAmeHHe 
TaK*e MOmeT aaAaBaTbCR BHeWHHM HCT04HHKOM 4epe3 BXO~ 118Hew.HQH 11 

Ha nepe~HeH naHenH. 
YpoaeHb BXOAH~x CHrHanoa UAn coBMeCTHM c cHrHanaMH TTL HH

TerpanbHbiX cxeM. Ha a~xo~e UAn aoaMomHo nony4eHHe o~HononRpH~x 
H ~ayxnonRpH~X HanpRmeHHH. nocne~Hee npOH3BO~HTCR CMe~eHHeM 

BXO~Horo HanpRmeHHR B~XO~Horo onepa4HOHH0r0 YCHni1TenR /0Y/ npe
o6pa3oBaTenR ;· He BKn~4aeMoro a UAn. B 3TOM cny4ae caMbiH cTapwi1H 
paapR~ UAn 11cnonbayeTCR a Ka4ecTae aHaKoaoro. 
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PHc.6. BpeMeHHaH AHarpaMMa pa6oT~ reHepaTopa ~YHK~HH. 

8 -

PHC,], MHTerpaTop Ha OCHOBe 
YCHnHTenR CO CTa6HnH3HPYffi~ 
KaHanoM M,[{M. 

AnR AOCTH*eHHR BWCOKOrO 6wCTPOAe~CTBHR H Manoro APeH~a 
11HynR 11 HHTerpaTop awnonHeH no ABYXKaHanbHO~ cxeMe ycHnHTe 
C WHPOKOnOnOCHWM KaHanoM H CTa6HnH3HpyO~HM KaHanOM MOAYnR 
AeMOAYnR~HH IMAM/ /eM. pHc.]f/16~WHpOKononocHw~ KaHan o6p 
aaH AH~epeH~HanbHWM yc~neM K140YA8 c noneawMH TpaH3H 
paMH Ha BXOAe, a ycHnHTenb MAM - MHKpocxeMOH K140YA13/17/. 
TOTa MynbTHBH6paTopa 3aAaeTCR BHeWHHM KOHAeHCaTopoM /CJ/, 
AYnHpoaaHHW~ CHrHan ycHnHaaeTCR ycHnHTeneM nepeMeHHoro TO 
K140YA7. B pe3ynbTaTe CHHXPOHHO~ AeMOAYnR~HH /BXOA 5 MHKP 
CXeMW K140YA13/ BOCCTaHaBnHBaOTCR nOCTORHHaR COCTaBnR~aR 
CHrHana H nonRpHOCTb BXOAHOrO CHrHana. nepBOHa4anbHWH Cne 
4aCTOT BXOAHOrO CHrHana BOCCTaHaBnHBaeTCR C nOMO~b~ ~HnbT 
HH*HHX 4acTOT R9-C6. HanpR*eHHe cMe~eHHR ycHnHTenR MAM/p 
UcM • ..20 MKB, THnH4Hoe 3Ha4eHHe TeMnepaTypHoro APe~~a /'l Uc1 

cocTaBnReT 0,1 MKB/ °C, a apeMeHHoro APe~~a-/'l U f /'l t -1 MK CM. 

XAPAKTEPHCTHKH fEHEPATOPA ~YHKUH~ 

Bwxoa ' 

feHepHpoaaHHe n~6o~ 
\ 

~YHK~HH C 
... 1 0 - 4 -

.. z. 1 o-4 -

norpewHOCTbO 
OAHOnOnRpHaR ~YHK~HR 
ABynonRpHaR ~YHK~HR 

MaKCHManbHaR 4acToTa noaTopeHHR ~YHK~HH .. 35 Kf~ 
MaKCHManbHaR aMnnHTYAa awxoAHoro HanpR*eHHR 10 B 

~ 
118Hew.H0H 11 nOAKn~4aeTCR K He06XOAHMOMY BHewHeMy HCT04HHK) 
Horo HanpR*eHHR 
11BHew.feH11 

- ypoBHH TTJl 
/npHMeHeHHe HHTerpanbHO~ cxeMw THna SN75107 o6ecne4HBael 
rH6KOCtb B BW60pe HCT04HHKa CHHXPOHMnynbCOB/ 



cxeMa·reHepaTopa ~YHK~. 

--Vlf-

. BpeMeHHaH AHarpaMMa pa60TN reHepaTopa ~YHKQHA. 

•· 

PHc,7, HHTerpaTop Ha OCHOBe 
ycHnHTenn CO• CTa6HnH3HPYID~ 
KaHanoM M,nM. 

AnR AOCTH*eHHR B~COKOrO 6~CTp0Ae~CTBHR H Manoro APe~~a 

.!1 
51• 

, 11 HynR 11 HHTerpaTop a~nonHeH no ABYXKaHanbHO~ cxeMe ycHnHTenR: 
C WHPOKOnOnOCH~M KaHanoM H CTa6HnH3HPY~~HM KaHanOM MOAYnR4HH
AeMOAYnR4HH IMAM/ /eM. pHc.7f/16~WHpoKononocH~~ KaHan o6paao
aaH AH~epeH4HanbH~M yc;n;TeneM K140YA8 c nonea~MH TpaH3HCTo
paMH Ha BXOAe, a ycHnHTenb MAM - MHKpocxeMo~ K140YA1J/17/.4ac
ToTa MynbTHBH6paTopa 3aAaeTCR BHeWHHM KOHAeHcaTOpOM /CJ/. Mo
AYnHPOBaHH~~ CHrHan YCHnHBaeTCR YCHnHTeneM nepeMeHHOrO TOKa 
K140YA7. B peaynbTaTe CHHXpOHHO~ AeMOAYnR4HH /axoA 5 MHKpo
cxeM~ K140YA1J/ BOCCTaHaBnHBa~TCR nOCTORHHaR COCTaBnR~~aR 
CHrHana H nonRpHOCTb BXOAHOrO CHrHana. nepBOHa4anbH~~ cneKTp 
4aCTOT BXOAHOrO CHrHana BOCCTaHaBnHBaeTCR C nOMO~b~ ~HnbTpa 
HH*HHX 4acTOT R9-C6. HanpR*eHHe cMe~eHHR ycHnHTenR MAM/pHc.7/ 
UcM.-20 MKB, THnH4Hoe 3Ha4eHHe TeMnepaTypHoro APe~~a ~UcM/~T 

cocTaenReT 0,1 MKB/ °C, a apeMeHHoro APe~~a-~ U I~ t -1 MKB/84. CM, 

XAPAKTEPHCTHKH fEHEPATOPA ~YHKUH~ 

B~XOA ' 
~ 

feHepHpOBaHHe n~60~ ~YHK4HH C norpeWHOCTb~ 
.. 1 0 - 4 - OAHOnOnRpHaR ~yHK4HR 

~2.10-4 - ABynonRpHaR ~YHK4HR 

MaKCHManbHaR 4aCToTa noaTopeHHR ~YHK4HH ... 35 Kf4 
MaKCHManbHaR aMnnHTYAa B~XOAHoro HanpR*eHHR 10 B 

~ 
118Hew.HQH 11 nOAKn~4aeTCR K He06XOAHMOMy BHewHeMy HCT04HHKY onop
HOrO HanpR*eHHR 
11BHew.feH11 

- ypoeHH TTil 
/npHMeHeHHe HHTerpanbHOH cxeM~ THna SN75107 o6ecne4HBaeT 
rH6KOCtb B B~fiope HCT04HHKa CHHXpOHMnynbCOB/ 
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$yHK41-11-1 KAMAK 

NA(O) F(O) 

NA(O) F(O) 82 
N:A(O) F (16) 

NA(O) F(16)82 

- 4TeHI-1e AaHHbiX no 111-'!HHRM Rl + R12 -
c 03Y X ' Rtl + R24 - c 03Y y 

- A06aa11eH1-1e 11 111 K C4eT4HKaM aApeca 
- aanHcb AaHHbiX no 111-'!HHRM Wl + W12 -

B 03Y X • W13 + W24 - B 03Y y 

- A06aa11eHHe 11 111 K c4eT4HKaM aApeca 
f NA(O)F(9)+ Z+Cl 82 - C6poc aApeCHbiX C4eT4HKOB, peaepCHB-

N:A(O) F(25) 

HOrO C4eT4HKa 1-1 pe*HMHbiX TpHrrepOB 
/pe*HM 113anHCb 11

, 
113anper11

/ 

- aanyCK reHepHpoaaHHR $YHK4HH 

TOKH, noTpe611ReMWe 6110KOM OT HCT04HHKOB nHTaHHR: 
+6B -2A 

+24 B - 60 MA 
-24 B - 80 MA 

B 3aK11~4eHHe aBTOpbl C4HTa~T CBOHM A011rOM Bblpa3HTb 611arOAap
HOCTb n.K.MaHbRKOBy sa n011eSHble KOHCY11bTa4HH H n.f.6y11aeao~ 
sa nOArOTOBKy B ne4aTb. 
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~y6Ha, 1977. 
3. 6esHorHx ~.~ .• BoeBOAHH M.A., Ca~$Y11HH W.3. OH~H, 9-11128, 

~y6Ha, 1977. 
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, H., 1975. 
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<l>yHK41111 KAMAK 

NA(O) F(O) 

NA(O) F(O) 82 
NA(O) F(16) 

N A(O) F(16)82 

- 4TeHHe ,qaHHbiX no 1111HI1f1M Rl + R12 -
c 03Y X ' Rll + R24 - c 03Y y 

- ,qo6aeneHHe 11 111 K c4eT411KaM a,qpeca 
- aan11cb ,qaHHbiX no 1111H11RM Wl + W12 -

a o3Y x , w1a + W24 - a oay Y 
- Ao6aeneHI1e 11 111 K c4eT411KaM aApeca 

r NA(O)F(9)+ Z+Cl 82 - c6poc aApeCHbiX C4eT411KOB, peaepCI1B-

NA(O) F(25) 

HOrO C4eT411Ka 11 pe*I1MHbiX Tp11rrepoe 
/pe*I1M 113ani1Cb 11

, 
113anpeT11/ 

- aanycK reHepl1poeaHI1f1 <I>YHK41111 
TOKI1, noTpe6J1ReMble 6J10KOM OT 11CT04HI1KOB n11TaH11f1: 

+6B -2A 
+24 B - 60 MA 
-24 B - 80 MA 

B 3aKJ1~4eHI1e aBTOpbl C411Ta~T CBOI1M AOJlrOM Bblpa311Tb 6narOAap
HOCTb n.K.MaHbRKOBy aa nOJ1e3Hble KOHCYJ1bTa41111 11 n.f.6ynaeao~ 
aa no,qroToeKy e ne4aTb. 
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