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1y,r 'J1t}epHwx ucciiet}oeailuu ,ll:Y6Ha 

Ilpo6neMa, CBJI3aHHaJI C aBTOMaTHqeCKHM H3MeHeHHeM 
BpeMeHH 3a,nep»<KH HMnynhCHhIX CHrHanoB H HanpJI»<eHHH 

. nHTaHHH Cl(HHTHililHl(HOHHhIX cqeTqHKOB, CTafaHTCH OCOfieH-
HO OCTPO npH pa3pa60TKe CHCTeM aBTOMaTHqecKoro CHHTHH 
xapaKTepHCTHK Cl(HHTHnnHl(HOHHhIX C'IeT'IHKOB no Hanp,i
»<eHHIO H no 3a,nep»<Ke /l, 2, 31. 3.ne Ch 06LJqHo npHXO.UHTCH 
MeHJITh 3a,nep»<Ky H HanpH»<eHHe aBTOMaTHqecKH no nHHeii
HO BO3pacTaIOll(eMy 3aKOHy nnaBHO HilH CTyneHqaTo. IlpH
MeHeHHe nepeKn10qaeMLIX YCTpOHCTB C 3neKTpoMarHHTHhlMH 
nepeKn10qaTenHMH /2,4/ He acer.na y,no6Ho HJ-Ja oTcyT
CTBHJI no.nxo,nJill(HX cTaH.napTHLIX nepeKn101.m Teheii c xopomeii 
ua.ne»<HOCThIO. B 3TOM CMhICne cxeMhl C 3neKTpOHHhIM 
ynpaanenHeM HMeIOT npeHMyll(eCTBo. B nHTepaType no.npo6-
uo OCBell(eH aonpoc, CBJI3aHHhlH C MeTo,UaMH H cxeMaMH 
apeMeHHOH 3a,nep»<KH HMnynLCHhIX CHrnanoB / 5/, Qqeuh 
xopOIUHe pe3ynLTaThl .UOCTHrHyThl B MHKpoceKyH.UHOM 
H MHnnuceKyn.nnoM .nuana3ouax. K comane11u10, B HaHo
ceKyu.nnoM .nuana3oue. H3BeCTHLie cxeMLI / 3, 5/ noKa qTo 
ue HMeIOT .nocTa Toqnoii ToqnocTH H CTa6HnhHOCTH. 

C u;enLIO ,naJILHeiimero pa3BHTHH H yconepmeHCTBOBaHHH 
no.no6HhlX ycTpOHCTB n nacTOHll(eH pa6oTe aBTOPhl npe.n

naralOT .nae cxeMLI aaToMaTuqecKoro nepeKn10qe11HJI apeMe
HH 3a,nep»<KH H uanpuKeHHJI, ynpaBnJieMble reuepaTopoM 
cTynenqa Toro uanpJI»<eHHH. 

1. E1101< aem0Mamu11ec1<ozo nepe1<111011e11uJ1 
3aoepx1<u /EAfl3/ 

Ha puc. 1 noKa3aua 6noK-cxeMa liAII3, H3 KoTopoii 
BH.n'no,; qTo 3TO ycTpOHCTBO MO»<HO OTHeCTH K cxeMaM 
3a,nep»<KH C <>T.nenhHLIMH <l>YHKl(HOHanLHhIMH 3lleMeHTaMH 

~ 
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n. 
cron 

Bxogl4Jop11upo
Y1 ~amenb 

CTAPT 

PHc. 1. linoK·c.xeMa 6noKa aBT0MaTH"lecKoro nepeKJilO"le_-
HHH 3a,n;epmKH~ . 

npH Hcnonb30BaHHH npHHI.1;Hila cpaBHeHHH HanpHmeHHH HnH To
KOB. KaK H3BeCTHO,TaKHe ycTpOHCTBa npHHa.n;ne)KaT K 'IHCny 
3a,n;epmHBaIOll.1;HX ycTpOHCTB BbICOKOH TO"IHOCTH / (1 <5 .10 .;..-a /15~ 
3TOT npHHI.1;Hil ,n;aBHO H3BecTeH H WHpOK0 npHMeHHeTCH 
B MHKpoceKyH,D;HOM H MHnnHCeKyH,D;HOM ,n;uana30Hax. 3.n;ecb 
OH ucnonL3oaaH B HaHoceKyH,n;HOM ,n;uana3oHe. 

Ha• puc. 2 npHBe,n;eHa npHHI.1;HnuanLHaH cxeMa 1iAII3. 
Bxo.n;HOH cpopMHpoaa Tenb BbIITOnHeH Ha ,n;uo,n;ax ,lJ; 1 , ,lJ; 2 , 
TyHHenbHOM· ,n;uo,n;e T ,lJ; I H TpaH3HCTope Tl • Ha ero BblXO,D;e 
cpopMupye'rcH nono)KHTenbHblH HMnynbC, KOTOpbIH 3anycKaeT 
reHepaTop nunoo6pa3Horo ToKa, cocTaaneHHLIH H3 reHepaTo· 
pa nunoo6pa3HOrouanpHmeHHH /T 3 , T4 / H HCTO"IHHKa T0Ka 
/T 5 /. CKopocTL cna,n;a nunoo6pa3Horo HanpH)KeHHH 3aBHCHT · 
OT BenH"IHHbl eMKOCTH C H TOKa pa3pH,n;a, onpe,n;enHeMoro 
TOKOM TpaH3HCTopa T 3 , a CKOPOCTb HapacTaHHH - OT TOKa 
3apH,n;a, npoTeKaIOll.1;ero qepe3 TpaH3HCTOp T 4• Ha, BbIXO,D;e 
TpaH3HCTopa T 5 cpopMHpyeTcH nuHeHHO Bo3pacTaIOIIlHH 
TOK, KOTOpbIH no,n;aeTCH Ha BXO,Il; aMnnHTY,D;H0ro KOMilapaTo-· 
pa-,n;HCKPHMHHaTopa /T)];2, T6, T7/- 3,n;ecb cpaBHHBaeTCH 
cyMMa _TOKOB IlHnbI u ynpaBneHHH c TOKOM nopora cpa6a
TbIBaHHH TYHHenbHoro ,n;uo,n;a T ,n; 2. CTa6HnbHOCTb 3TOro 
nopora ii ero cna6aH 3aBHCHMOCTb OT TeMnepaTypbI onpe
,n;enHIOT BbICOKHe Ka"leCTBa cxeMbl KaK no TO"IHOCTH, TaK 
H no CTa6HnbHOCTH. BpeMH 3a_,n;ep)KKH onpe,n;enHeTCH MOMeH
TOM cpa6aTbIBaHHH T,lJ;2H 3aBHCHT OT CKOpOC:TH HapacTaHHH 
nunoo6pa3Horo T0Ka H BenH"IHHbl ToKa ynpaaneHHH, npoTe
KaIOll.1;ero qepe3 TpaH3HCTOP T7 '. lfaMeHeHHe BpeMeHH 3a
,n;epmKH ocyll.1;eCTBnHeTCH nyTeM H3MeHeHHH TOKa ynpaBneHHH. 
IIpH COBMeCTHOH pa6oTe c reHepaTopoM CTyneH"laToro 
HanpHmeHHH rcH 3a,n;epmKa Tome MeHHeTCH cTyneH1.JaTo. 
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Ilpu 3TOM war onpe,n;enHeTCH BenH"IHHOH CTyneHbK_H. ,lJ;Hana-
30H H3MeHeHHH 3a,n;epmKH nerKo MO)KHO paCWHPHTb nyTeM 
yMeHbWeHHH CKOpOCTH pa3pH,n;a eMKOCTH. BLIXO,Il;HOH 4;>op
MHPOBaTenb BbIIlOnHeH Ha OCHOBe O,Il;HOBH6paTopa H TOKOBO· 
ro Knroqa /T,D; 3 , T 10 , Tu/. B cxeMe aoccTaHoaneHHH 
yqacTByIOT ,Il;HO,Il;bl ,lJ; 3 , ,n;4 H TpaH3HCTOpbl T 2 , T 4 H T 8 • 
Ha puc. 3 noKa3aHa .n;HarpaMMa HMnynb'CHbIX HanpH)KeHHH, 
a Ha pHC. 4 - 3aBHCHMOCTb BpeMeHH 3a,n;ep)KKH OT HanpH)Ke • 
HHH ynpaaneHHH npu pa3HbIX TeMnepaTypax. 

OcHOBHbie napaMeTpbl 6noKa cne,n;yIOll.1;He: 

Bxo,n; 

Bxo,n;Hoe conpoTHBneHHe 

MHHHManLHaH ,n;nuTenbHOCTb 
BXO,Il;HbIX HMnynbCOB 

- OT norH"leCKHX HaHO· 
ceKyH,D;HblX HMilynbCOB 

- 100 OM 

-· 5 HCeK 

-t2r 

-6v 

T,.T4,Ts.T1,1i,Ts -TTJTJA 
Tz,T1,T111,T11 - TTJTT}f{; 7j -11311/,1 
Tll,. Tllz, Ta3-AHJ015 
.Cl,,llz,ll3.IL,-K/l5035 

I?. Or ~/4r 
8xoiJ 
!lnp. 

,. u:a., - . 
647 -6r 11.,, 

1<~1m. -tzv lz 
-t2v 

·c, ..fL - SL 
3'iiH I so,, I :r zo.o !!.av 

Puc. 2. IIpHHUHnHanLHaH cxeMa 1iAII3. 
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U&c Puc~ 3. ,D;uarpaMMa UMilYJihCHhIX HanpJDKeHuii 

B EAII3. 
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Puc. 4. 3aBHCHMOCTh BeJIHqHHhl BpeMeHH 3a.u.ep)KKH OT 
ynpaana10rue ro Hanpa)KeHHH. 
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AMilJIHTy.u.a BhlXO)J.HOro 
UMDYJihca TOKa 
,D;nureJihHOCTh BhlXO)J.HOro 
UMilynhca 
Bhlxo.u.Hoe conpoTHBJiem:e 
,D;uana30H H3MeHeHUJI 
BpeMeHH 3a.u.ep)KKU 

"HHTerpanhHaJI HeJIUHeiiHOCTh 
xapaKTepuCTUKU ynpaBJieHUJI 
TeMnepa TypH1,1ii .u.peiicp 
MaKcuMaJILHaH. pa6oqaa 
qacToTa 
YnpaaneHHe 

,I 

· 18 MA. 

10 HCeK 
- 50 OM 

- 25+125 uceK/.u.onycKaeT· 
CH IlJiaBHOe U3MeHeHue 
3Tux rpaHuu B HeKoTo· 

PhIX npe.u.enax IlOTeHUUO -
_MeTpoM R 13/ npu U3Me· 
HeHUU HanpJI)KeHUJI yn

paBJieHUH . B npe.u.enax 
-6 B+O B 

- He 6onee 0,5o/o 
0,2 11ceK/°C 

- 5 MI'ij 

_;,;. 

pyqHoe /nOTeHUUOMeT· 
poM P18 / u aaToMaTuqec
Koe /cM. nepeKmoqaTen1, 
II1/; war nepeKmoqe
HUH 3a.u.ep)KKU npu aa
TO.MaTuqecKoM ynpaBne
Huu 3aBHCUT OT BeJIUqHHhl 
CTyneHhKU HanpJI)KeHUJI 
ynpaaneHUH, no.u.aaaeMo· 
ro C rCH, U COCTaBJIJieT 
1 11ceK npu aenuquHe 
CTyiieHhKH 60 MB 

\ ... 

IluTaHue - 12 B 
TOK IlOTpe6neHHH - OKOJIO 40 MA. 

KpoMe TaKHX KaqecTB, KaK ToqHoCTh, CTa6HJihHOCTh, 
npoCTOTa H 3KOHOMHqHoCTh, cxeMa IlOKa3aJia BhlCOKYIO Ha· 

)J.e)KHOCTh B YCJIOBHHX pa60Thl B CHCTeMe aBTOMaTnqecKoro 
CHHTHJI K3C /l/H c ee IlOMO[UhlO 61,mo CHHTO MHO)KeCTBO · , ~ 

KpHBhIX 3a.u.ep)KaHHhIX coana.u.eHHH. 
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2 . .5AOK aemoMamut.tecK020 nepeKA10t.teuw1 
uanpJ1J1Ceuw1 /EAIIH/ 

Ha PHC. 5 II0Ka3aHa IIpHHUHIIHam,HaH cxeMa ::noro 
6noKa. CxeMa C0CT0HT H3 ycHnHTenH II0CT0HHH0ro T0Ka 
c perynupyIO~HM TpaH3HCTopoM /T2, T3, T4·, T5/, 
rrpeo6pa3oBaTenH II0CT0HHHoro HarrpH:>KeHHH B rrepeMeHH0e 
Ha TpaH3HCT0pax /T6, T7/ H ~eppHTHOM TpaHc~opMaTope, 
a TaK:>Ke BLIC0K0B0ilLTH0r0· BLIIIPHMHTenH C Y,ll;B0eHHeM 
BhIIIpJJMneHHoro il:arrpJJ:>KeHHH. HarrpH:>KeHHe o6paTHOH CBH3H 
no:ri;aeTCH · qepEfa ,ll;enHTenL R 4 , R 5 Ha BX0,ll; YIIT. Ha 3T0T 
:>Ke BX0,ll; II0CTyrraeT H HaIIpH:>KeHHe yrrpaaneHHH, CHHMaeMoe 
C BLIX0,ll;a 3MHTTepHoro II0BT0pHTenH /TI /. HarrpH)KeHHe 
M0:>KH0 K0HTponHp0BaTL UH~POBLIM Bon,LTMeTpoM, II0,ll;
KRIO'laeMLI-M K K0HTponLH0MY BLIX0,ll;y. B cxeMe YIIT npH
MeHemi. Te.pMOCTa6HnH3aI.J;HH /cM. pe3HCT0P Rs /. linoK 
pa6oTan "coaMeCTHo c reHepaTopoM cTyrreH'laToro Harrpg-

Bx.gnp. 
>-

/Or 
-6v 

-,z, 

~,zv 

.f§_ 
qt 

T,,-IT3086; Tz-Mnt16 
T1,T+-SFT351 Mn166 

Ts,T,,T1- T250(n21'6) 

/?'7 
1011 

KOHT/1.&trod 

0,9,~6• 

R11; 
,01( 

Puc. 5. IlpHHUHIIHanLHaH cxeMa 6noKa aBT0MaTH'leCK0ro 
rrepeKRIO'leHHH HanpH:>KeHHH. 
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:>KeHHR, B 3T0M cnyqae Ha BLIX0,ll;e rronyqanocL nHHeiiHo 
HapacTaIO~ee CTyIIeH'la T0e HaIIpJl)KeHHe. ,!J;HaIIa30H H3Me
HeHHH BLIX0,ll;Horo HaIIpJI)KeHHH M0:>KH0 perynHpoBa TL rrnaBH0 
II0TeHn;HoMeTp0M R 3 • 

II a pa M e T p LI: 
IIonHpHOCTL BLIX0,ll;H0ro 
HanpJJ:>KeHHH - 0TpHn;aTenLHaH 
,!J;Harra30H H3MeHeHHH BX0,ll;H0ro 
HanpJJ:>KeHHJJ - 900 +2600 B rrpH H3Me -

HeHHH HarrpH)KeHHH yn -
paaneHHH B rrpe,1J;enax 

BenH'IHHa CTyIIeHLKH 
MaKCHManLHO ,ll;OTIYCTHMLIH 
TOK Harpy3KH 
HHTerpanLHaJJ HenHHeHHOCTL 
xapaKTepHCTHKH yrrpaaneHJ!1Ii 
OTHOCHTenLHOe H3MeHeHHe 
BblX0,ll;H0r0 HarrpJI)KeHHH IIPH 
H3MeHeHHH Harrp1J)KeHHH. 
IIHTaHHH Ha l B H T0Ka 
Harpy3I<H Ha I MA 
TeMnepaTYPHLIH ,ll;peii~ 
BpeMH ycTaHoaneHHH 
HaIIpH:>KeHHH 
BpeMH nporpeaa 
HanpJJ)KeHHe rrynLcan;HH 

-6,000 B+-0,060 B 
- 16 ± I B 

- 4 MA 

- He 6onee O,5o/o 

- He 6onee ±O,I5o/o 
- He 6onee 0,7 B/°C 

- 0,2+0,5 ceK 
15 MUH 

Ha BLIX0,ll;e• cxeMLI - He 6onee 30 MB 3~~ rrpH 
To1<e Harpy3KH 3 MA H 
BLIX0,ll;H0M 
2000 B 

HarrpJJ)KeHHH 

MaI<CHManLHO IIOTpe6nJieMLIH 
TOK rrpH T0Ke Harpy3KH 4 MA - 1,2 A rrpH - 24 B. 

A a H H LI e T pa H c ~op Ma Top a-rr p e o 6 pa 3 o Ba Ten H: 
Map1<a ~eppHTa THIIa 3OOOHM.·Ce'leHHe - 3 CM 2 • 
HoMep o6MOTI<H qHcno BHTK0B ,!J;HaMeTp 'rrpoBO,ll;a 

l; 4 8 0,4 MM 

2; 3 25 0,8 MM 
5 • 3200 0,1 MM 
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EnoK pa6oTan ycnemHo B cHtTeMe aBTOMaTHqecKoro 
CHHTHH K3C H . "nnaTo" · cqeTqHKOB H noKaJan BbICOKyro 
Ha,n;e:>KHOCTb . 

• 
reHepaTop CTyneHqaToro HanpH:>KeHHH, C KOTOpbIM pa-

6oTalOT OilHCaHHbie 6nOKH, IlOCTpoeH Ha OCHOBe BOCbMHpa3-
pH,n;Horo .n;BoHqHo· ,n;ecaTuqHoro u;u<lipo-aHanoroaoro npe
o6pa30BaTena c MHHHManbHOH aenuquHoii cTyneHbKH 60 MB 
H BbIXO.D;HblM conpOTHBDeHHeM 50 OM. · 

3a1<A101.1eHue 

EnoKH BbIIlODHeHbl B CTaH,n;apTe "BHWHH" H xopowo 
cornacylOTCJI c OCTaDbHbIMH CTaH,n;apTHbIMH 6noKaMH. Ha 
ocHoae ucnonbJoaaHHH 6noKoB EAil3 u EAilH 6bma nocT
poeHa CHCTeMa aBTOMaTuqecKoro CHHTHH K3C u "nnaTo" 
CIJ;HHTHDDHIJ;HOHHbIX cqeTqlfKOB, pa60Ta10~aH BilODHe ycnew
HO. 

B 3aKnroqeHHe aBTOphl Il0Db3YIOTCJI cnyqaeM Bwpa3HTb 
6naro.n;apHocTb A.H.CuHaeey u B.r .3HHOBY Ja no·neJHb1e 
o6cy:>K.n;eHHH. 
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