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IlpH ooecne'leHHH. cs.si3H Me:>I<Ay 6JIOKaMH annapaTyphl C cym;ecTBeHHOH 
pa3HHIJ;eH pa~'lHX ypoBHeH Hanp.SDKeiiH51 B03HHKcleT npo6neMa sa~Thl ~3KO- . 
BOJibTHhiX u;ene:H OT llOMeX, B 'laCTHocTH, CHCTeM ynpaBJieHH51 H KOHTpoJI51 CHJIO
BhiX u;eneH HOHH~X HCro'lHHKOB, B annapaType KOTOphiX npHMeiDIIOTC.si CJiaOO
TO'lHble UOJiynpoBOAHHKOBhle :;meMeHThl. IlpH 3TOM llOMeX03a~eHHOcrb HC
llOJih3yeMOH MHKpo3JieKTpoHHOH 6a3hl HMeer ieHAeHIJ;HIO :K CHH~eHHIO 3a C'leT 
ll0BhlWeHH51 . 6biCTpoAeHCTBH51 H yMellbmeHH51 3JieKTponoTpe6JieHH51. 3qxpeK
THBHbiM MeTOAOM CHHx<eHH51 ypOBH51 llOMeX, npoHHKaiOiiJ;HX B u;enHynpaBJieHH51 
H KOHTpoJI51, 51BJI51eTC51 HX raJibBaHH'leCKa51 pa3B51~Ka C CHJIOBhiMH U:en51MH. Kp~:: 
Me Toro, 3TOT MeTOA n03BOJI51eT ycrpaHHTb BJIH51HHe TaK Ha3hiBaeMOH UpOAOJib:.. 
Ho:H noMexH npoMhiWJieHHo:H •IaCTOThl _H ee rapMOHHK, ·· B03Ae:Hcrsyroiu;H:x ~a 
npeo6pa30BaTenH' H YCHJIHTeJIH. 11poAOJI~Ha51 noMexaB03HHKaeT H3-3a ll051Bne
HH51 6Jiy:>I<AaiOiiJ;HX TOKOB npH 3a3eMJieHHH cirrosblx u;ene:H n ycraHOBOK [1 ]. ·. : 

. BoJibWHHCTBO cyiiJ;eCTBYIOiiJ;HX onTpoHOB npHroAliO AJI51 o6ecne'leliH51 raJih'
BaHH'leCKo:H pa3B513KH u;ene:H, no X:oiopbiM nepeAaeTC51 n;Hijlposa51 HH<f:>opMa~H51. · 
Jl,JI~ nepeAa'lH aHanoroso:H HH<i>opMan;HH Heo6xoAHM JIHHeapH30Ba~HhiH onTH
qecKH:H TpaKT. 3io o6b51c:H51erC51 MaJIJj[MAHarra3oHoM .lmHe:HiiocrH'nepeAaro.I-' 
HOii xapaKTepHCTHKH OnTp(lHoB·, a TaK)Ke TeMnepaiypHOH H Bpe:MeiiHOH ReCTa-, 
6HJihHOCThiO. B JIHTepaType [2] yKa3hlsaeTC51 m1 nepcneKTHBHOCTb HcnoJih30Ba.:. · · 
HH51 . AHqxpep(!HIJ;HaJibHbiX . AHOAHhiX . , onronap . : B • CO'leTaHHH · CO. 
cxeMoTexHH'leCKOH Ko.MneHcau;Heii Hecra6HJihHOCTeii onTpoHa A.Ji51 nepeAa'IH 
aHanorosblx cHmanos. B AH<J:><PepeHn;HaJihHo:H onTonape'AO,!J:301 .. [3 ]o6a ljloTb~ 
npHeMHHKa paooraloT OT' OAHOro HMytiaTeJI51, H B 'pe3y.rTh~aTe _:rioro B 8eii: Mo)K}{o > 

o6pa3osaTb ABa :KaHana: ocHos:Ho:H 11 scnoMoraTeJibH:bi:H. 11oocHo:8HoMy _:_ IIAeT 
nepeAatia CHmaJia H 06ecneq:HsaeTc51 pa3B513Ka OT c:BeTOAHOAa, BcnoM:oraTMb.:. 
Hhlif KailaJI Hcno.Jib:iyeTc.si AJI.si KoMneHean;HH M:cKa)KeHH:H: BbicoKa51; crerieH:b' 
llOA00H51 nepeAaTO'lHhlX xapaKiepHCTHI( 3THX KaH<uiOB. (Ko::iljlljJ~m!HT He~eH.:: 
TH'lHocTH cX:HosHoii H scnoMoraTeni-Ho:H onTonap 0;2+2,0%> '[3 1 o6ecnetl11sa-' 
lOT He3aBHCHMocrb Ko3<J:><P:Hu;:HeHTa nepeAa'lH ycrpoftcrsa' OT HMHHeHHOcTH. n' 
Hecra6:H.nbHOCTH mipaMeTpOBOnTPoHOB. IlpHHIJ;HllHMbH~l.li cxeMa yciumi-w c 
raTihBaHH'lecim pa3B513aHHhiMH u;en51MH noKa3aHa Ha<:pHc.L Oua cocroltT· H3 
ABYX KaCKMOB, nocrpoeHHhrX Ha MHKpocxeMax Ml H M2THna K553Yll,2. B nep- j 

BOM KaCKMe B u;enh OOpaTHOH CB513H BKJIIO'leH BCllOMoraTeJibHbiH KaHaJI OllTOnapbi, 
o6pa3yeMhiH CBeTOAHOAOM H <t)oronpHeMHHKOM <Ill. EJiaroA~lJ)51·AeliCTBHIO o6~ 
paTiiOH CB513H TOK CBeTOAHOAa paBeH 

---------~ 
'. { m~telir;e~tifil tm:rnryr l 
.. i ~~S~~JI~~~-?:~~a!i 

,...~')!l,t.; "1.·. •• -~--~ 
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P11c.i. 3JieK~p11'IecKaSI exeMa ycHJIHTeJISI c raJI&BaHH'IeCKH pa3BSI3aHH&IMH ·1..\enSIMH ua ocuoue 
}:IHcpcpepelil\HaJibHOI'OOnTpOHa: Ml, M2- Kl53Y,ll.2; ompOH (V) - AO,ll.301 . 

1cu. = 1sx".KM/(L+ KMlKl), "' 

~Ae JBX. ~ BXOAHOH TO~;KM1- K03¢¢nu;neHT ycHJieHHSI no TOKY MHKpocxeMbl 

. Ml; K1 ·~ fit>{/J:
8 

.. "'-K03<lJ¢nu;H~HT nepe,!\aqn n_o TOKY BCnOMOraTeJibHOro Ka-' 

a~a ~6mri~aphl. B. cx~Me o6ecneJ~sae~cSI r~y6o:KaY o6paTaa9 CBSI3h,noc:KoJihKY 

KM1f 1 ~ · i,oTCIOA~·!cu:·~ 18
x/ K 1• <llclTOTOK ¢?1-onpn~MHHKa. ocao~aori> l<aaa~ . 

mi onTonapbiJ<l>
2

=.Ic8.K2;,rAe.K2 - Ko3¢¢nu;neHT nepeAaqnno TOKY .ocaos

aoro KaHaJia' onTonaphl. lb' ABYX · noCJieAHHx 'shlpa)Keimil CJieAyeT 

~<I>2·=18x.KzlKi:' :raKKaK Ko3¢¢nu;nellTbi K 1 n K 2s onTonape OAHHaKOBhi u 

H3MCHSII?~CSI s' pas~o~p-~~e~H (~ ), ;o; K~K J10K,a?~~o ~hl,llle, TO~] <1>2 = ~~x. '[a:. 
t , , · · · , , ,, ': , , •, , ·' , . . , • . , ,. . ~ i I .,. '· '· . , ~ , , 

KHM o6pa3oM,. cse-:roso_il IT()TOK, .H3JiyqaeMhiH C,U, nponopiJ.HOHaJieH BXOAHOMY 
H~lllpSI)KeHHIO ,1\aTqHKa C ,1\0CTaTOqHO.BbiCOKOH TOqHOCTbiO. Cl>OTO,!\HOA C1>2 OllTO

naphl noAKJiroqeli ~ nH:sepcaoMy sxoAY JIHHeii:aoil niiTe~paJIMI~ft MHKpocxeMhl 
M2. K 3TOMY )Ke BXOAyno~KJiroqeaa u;enh. ilapaJIJIMhHOii: oTp~u;~TeJI~Hoil o6-, 

paTHOH C~SI3H, B K~Topyro BBe,!\eHpecyJIHpyeMhlH pe3IIC~op R14, no38omnoui.Iu . 
HJiaBHO H3MeHSITb i<o3¢Cpli~HeiiT ycwieHHSI ''(s. npe,!\enax ~L.l 0). MHKpocxeMbl 

M2~ Bb1XO,!\Hoe HanpSI)KeHHetJ . c ll,OCraro4aou' TOliHOcrhiD socnpmi3so,!\HT HJ- . 
· . . . , ·: . · •· BbiX. . .. · . · · · •· , · • · "'· ·. 

M_eHeHH.Sl CBeTOBOro llOTOKa·CBeTOH3Jiyqarom.ero ,1\HOil,a:H; B KOHeqHOM cqeTe, 

nponopu;noHaJihHO H3M.epSieMOMY TOKY. 
,lJ.JI.SI llHTaHH.SI yCHJIHTeJISI C raJihBaHnqeCKH pa3BSI3aHHhlMH I.J;ell.SIMH HCllOJib-

3YIOTCSI ,1\Ba raJihBaHliqeCKH HeCBSI3aHHbiX,HCTOqHHKa llOCTOSIHHOro Hanp.SI)Ke

HH.SI (Un ± 15B) .. 

2 

I 

.I 
I 

I 
..1 

l· 

OcaosH:hie xapaKTepncrnKn n3Mepnie.nbaoro ripeo6pa3osaTe.nSI «.ll.aTqnK 
TOKa>>! · 

1.' Bxoll,Hoe aanpSI)KeHne,'B · .. 

2: B~XOAH.oe aa~p.SI)KeH:Iie, B · 
3. ,ll,onyCTHMOe Ha~p.SI)KeH~e ~e~y BXO,!\OM 

~ BhlXO)l,OM, B . . . . . 

4 .. 0THOCHTeJibHaSI norpe'w~OCTb H3~epeHHSI, % 
5. iloTpe6JI.SieMaSI MOID;HOCTb 

.. 

75· io-3• 
' 

10; 

.1000;_ 
±2; ' 

. ±15 B; ±.10 MA • 

HecMoTpSI Iia CJIO)KHBrnyiOCSI npaKTni<y.ncnoJih30BaHHSI crpaHil,apTHhiX on-' 

T03JieKTpoHHbiX npn60pos, cyw;ecrsyeT HeOOXO,!\HMOCTb nepe,!\aqn. HH¢opMa- · 

l.l;HH C HcTOtlHHKOB aHaJIOrQBhlX CHrHaJIOB, HaXOAgiD;HXCSI nOA noTeHI.J;HaJIOM oo:. 
Jiee 1000 B no onioineanro ~ H3MepnTe.nhaoii: arin~paType~ CpaBHHTeJibHO npol 

'o > 1,, I •.•. o •- • • 

cro .. 3TOT MeTOA peaJin3yeTcSI . KOHCTpynposaaneM n H3roToBJieaneM 

HeCTaHil,apTHhlX OllTOnap C HCnOJib30BaHHeM ,1\HCKpeTHbiX OnT03JieKTpoHHbiX 

npeo6pa30BaTe.neif. 3JieKTpHqecKaSI CXeMa. H3MepHTeJibHOro npeo6pa30BaTeJISI 

Ha AHCKpeTHhlx onTnqecKHX KOMnoaeaTax npuse~eaa aa lmc.2. ,ll,se HAeHTnq

Hhle OnTpOHHbie napbl CJiy)KaT ,1\JISI pa3BSI3KH CHrHaJia OT pe3HCTOpHoro ,1\aT

qnKa(Qlll) ~'H ,1\liSI pa3Bsi3KH CHrHaJia OTpHD;aTeJibHOH o6paTHOH CBSI3H '(Qil2). 

BBe,!\eHHe OTpHD;aTeJl~HOft oopaTHOH CBSI3n' ll03BOJISieT CKOMneHCHpoBaTb HeJIH- ' 
HeHHble xapaKTepH~HKH OllTpoHOB • 

+ 1.'. 

Rt 

B:x:. 

R3 

-1~. _---L .. 1 v••• 
··~-1 

I 
U30/lUP, Oapbep 

Pwc.2. 3JieKTpH'IecKaSI cxeMa ycHJIHTCJISI c raJI&BaHH'Ie~KH pa3BH3aHH&IMH 1..\CnSIMH ua JtHCKpeTH&IX 
OnT03JICKTp011HbiX npeo6pa3ouaTeJISIX. Ml;M2)d3- Kl40Y,ll.6; Tl;T2-'- KTS14; ont, 002-
(AJII 076 + <1>)1.256) 
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B CHCTeMe H3MepeHH51 BhiCOKOf'O Hanp51;KeHH51 HOHHOf'O liCTO'lHUKa pe%:UM 
pemcrpau;nH cumanac ~aT'lUKa 6nu3oK'K'cTaTH'leCKOMy. 31-o n03B~JillJIO!fpH
MeHUTb s u;enu OTpnu;aTMbHOii: o6paTuoii CB513H onepau;uounhlii ycHJIHTeJib M 1 
c nOJIHhiM Kci3Qlqmu;uenTOM BKJIIO'leHH51 (no nOCT051HIUlMY TOKy), ·'l;~ o6ecne
'lHJIO uenuueiiHOCTb nepe~a'ln curnana ua yposue' 1% 6e3 iai<oro 6hi TO H'n 6bi.:. 
JIO no~6opa CBeTO~HO~OB. llo~6opOM CBeT<J~HO~OB, no ·MeTO~HKe, .· H3JIO)KeHHOH 
B [4 ], HeJIUHdi~Ocrb ycrpoHCTBa pa3B513KH y~aJIOCb CHH3HTb AO .ypo~H51, oitpe
~eJI51eMoro TO'lHOCTbiO · noA6opa 8 Tepl\focra6HJibHOCThiO oriTpOHHhlx ·nap, i<c>To:.. . 
pa51 B ~uana3oHe.T()KOB cseTo~uo~(>B 5 ... 25 MA ue npeshlwana'0,8%; 1-'13 :Muo-

,..; 
)KeCTBa OnpoOOBaHHhiX CBeTOH3Jiy'laiOIIJ.HX H cPOTOnpueMHhiX :;meMeHTOB 6b1Jla 
BM6paua onTonapa ua ocuose uu<fJpaKpacuoro H3Jiy'laiOm.ero ~uo~a AJI107:S u 
<fJoTo~uo~a <DA256. B ~auuoii KOHCTpyKu;nu u'cnOJih30Ba.TIHCb cneu;uanhHO no
Ao()paHHHe cseTo~uo~hl _cocrpo uanpasneuuoii u~nKaTpncoii 6e3 cym.ecrseu
uoro CMeiiJ.eHH51 HanpaBJieHH51 MaKCHMaJibHOf'O. U3Jiy'leHU51 OTHOCHTeJibHO. reo
M~Tp~'l~CK~H OCH KpHCTaJIJia H3Jiy'laTeJISI~. Ha p~c;3 cxeMaTU'leCKU noKa3aHa 

• (r 

,\f 

! 'i '· '- '-' :~' 
1 _1_, 

; Jl., _I_ 
r , ~ ;' ~- ~ .l-

7 
Janpeccooamb 

Bua A 

10 
~~· 

PHC.' 3. Koucl-pyKU.m• onTonapbi: I - ~opnyc; 2- rai1Ka, 3,5 .,..- nrynKa, · 
4- $>TOAHOA $)1,256, 6- CBeTOAHOA AJII07fi, 7- UITH<\JT ·;r 
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KOHCTpyKI.J;USI OnTOITapbl.· Ee :;meMeHThl CMOHTHJK>Ban'M B ·. pery JIHpyer.'t:bl~ pas-. 
~BU)KHhiX BTYJIKax, nepeMem.aiOm.uxcSI BHYTPH np.siMoyroJihHOro.36oHnTOBoro 
KOpnyca. Pa3Mep KOpnyca 35x10 MM2, crroco6 KpenJieHH.si omullecirn:x sm!M:eu-

·. ~oB ~ sKJieii~a. Cuman err ~aTtiHKa uanp.si)KeHH.si qepe3AMHTeJi:bi:n:wi~c.si na 
sxo~ ycrpoiicrsa onTopa3BSI3KH. Pe3ncrophl R5 u R9 oprauJiqusaiOT MaKcu

, MaJibHhiH TOK CBeTO~HOAOB omonap on 1 H· Oii2.Ha'-iaJibHhiH TOK CBeTO~HO~OB, 
paBHhlii 15 MA, ycrauaBJIHBaeTC.si nol'enu;uoM:eTpOM R6 AJI.si ,Jl). (0ll2) :HiioA6o:.. 
poM Pe3nCTopa R1 ~JISI OTI2. Pe3ncrop R1 lCJiy)KHT ~iiS.: ycraH:olli<u iiy.rni:;·. ; 

Y CTpOHCTBO ODTop'a3BSI3KU U3f'OTOBJieHO B sUJie OT~eJibHOf'O, SKpauupoBaH
HOf'O MO~YJI.si c ne'laTHhiM :MouTa)KOM, BhiDOJIHeHHhiM ua ~syxcropouneM <fJoJib
mposaunoM <fJTopolmacre <ll<ll4 Tonm;uuoii 2 MM. Mo~yJib pa3Mem.aeTc.si B CHJIO-
BOM 6JIOKe DHTaHHSI HOHHOf'O HCTO'lHHKa. . 

, Hanp~~euue miTanuSI <<ITJiaB~IOm;eii''laCTH» onTH'lecKoii pa3B.si3Im.AOJI)KHO 
no~a-Baii.c.si c ranhsauu'leCKHM pa3~eneuneM. B ~auuoM CJiy'lae ~JI.si nnTaHH.si 
«ITJiaBaiOID.eH 'laCTH>>. 6biJI HCDOJib30BaH OT~eJibHhlll CHJIOBOHTpauc<fJopMaTop. B 
HeKOTOpbiX CJiy'laSIX ~JI.si CHH)KeHHSI ra6apHTOB Tpauc<fJopMaTOpa ~YT DO DYTU 
npeo6pa30BaHH.si DOCTO.siHHOf'O HanpSI)KeHmi DHTaHH.si 3a3eMJieHHOH 'laCTH H3-
MepHTeRbHOf'O ODTOnpeo6pa30BaTeR.si B nepeMeHHOe Hanp.si)KeHHe ~acTOTOH 
10 .•• 100 Kfu;, KOTopoe 3aTeM nepe~aeTC.si ua <<ITJiasaiOID.YIO 'laCTb» tiepe3Tpauc
<fJopMaTop C <fJeppHTOBbiM HJIH nepMaJIJIOeBhiM MarHHTOnpOBOAOM [5,6 ). (<ilJia-,. ~ . ~ -

BaiOID.a.si 'laCTb>> B STOM CJiy'lae, eCTeCTBeHHO, ~OJI)l(Ha CO~ep)KaTb COOTBeTCTBy-
'IOIIJ.He BbiDpSIMHTeJIH II CTa6HJin3aTOphl DHTaHH.si. ·. ,:, 

OcuosHbie xapaKTepnCTHKH H3MepHTMbHOro onTonpeo6pa3oBa!en.K (<.lJ:aT
'lllK nanp51)KeHnSI»: 
1. MaKCHMaJibHcie sxo~uoe uanp.si)Keuue; B 

! ' '!" _, ,· • . 

2. .ll:uuaMlll!eCKHH ~uana30H, ~:S · 
L '' ; 

3. .ll:onyCTHMOe Hanp.si)KeHue Me)i(.l\y BXO~OM 
H BhiXO~O~, ,B 

4. HenliueiinoCTb, % 

5. Kos<P<fJuu;ueuT nepe~aqu 

6. lloTpe6JI.sieMaY MOIIJ.HOCTb 

5; 

68; 

~ 2ooo; 

0,8,; 
1; 
±15 B; ±10 MA; 
-6 B; -25MA. 

ABTop 6naro~apuT IO.B.fycaKosa u B.B.Cene3nesa 3a pa3pa6oTKY KOHCT
pyKu;uii onTonap. 
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PyKonHCb nOCTynHJia B Ha,o;aTeJibCKHii OT,o;en . · ' 
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llpHHHMaeTCSl no,D.nHCKa 11!1 npenpHHTbi, COO 

HHCTHTyTa Sl.itepHbtX HCCJI.eAOB~umj.j n «KpaTKHe coo6me 

YcTaHosneua CJICAYIO!U!IH CTOHMO<:fb noAnHcK·H H 

OHSIH, B~IOttasr_nep~~bJJIKY, no OTAeJibHbJM TeMaTitttel 

HHACKC TeMaTHKa 

I. 3KcnepnMeHTaJibHaH QJ1131tKa BbJCOKHX :n1epriti1 

2. TeopeTnttecKasr QJH3nKa BbtcoKnx ::mepmi1 

3. 3KcnepHMCHT3Jlbl1iJSI liCHTpOHH~ISl QJ11311Kil .· 
\ 1'',, 

4. TeopeTnttecKaSI QJH311Ka· HH3KHX ::meprnii 

5. MaTeMaTnKa 

6. SIAepHUSI cneKTpOCKOnltSl.ll PHAI10XItMit!1 

7. <1JH311K!l TSDKCJibiX l!OIIOB 

8. KpnoreHHK!I 

9. YcKopnTenn 

10. AnToMaTH3!1UHH o6paGoTKH 3KcnepHMeHT<t.ribHbiX A< 

.II. Bb!ttltCJIHTeJibH!lSI MaTCM!lTilK!I H TCXIIItK!l 

12.'XHMitSI 

13. Texii»K.a QJH3HttecKoro 3KCnepltMeHm 

14. HccneAoilaHHSI TBepAbiX Ten n )I(IIAKOCTeii HAepHbiM 

15. 3KcnepHMCHTaJibH<iSI QJH3HKa S!ACPHbiX peaKUHii 
' . . 

nplt HH3KHX 3HCprHstX 

16 • .li,o3iJMCTpHH It QJ1131tKll 3i11UitTbl 

17. Teo pHS! KOHACHCitpOBIIIIIIOfO COCTOSlHitst · 

18:. Hcnonb3osaune pe3ynbntTos 

II MCTOAOB QJYHA!IMCHTHJibHb!X QJit3lt'lCCKitX IICCJICAI 

B CMC)I(Hbl~ oGna~TstX J~ay~ll II TCXHIIKII " . . l 

19: 6noQ>n3nKa 

<<KpinKne coo6w.ennst OHSIH>> (6 BbmycKOB) ' 

llOAnllCK·a MO)I(CT 6b1Tb OQJOpMJICIUI C JII06oro MCC 

llo BCCM BOnpOCUM. OQJOpMJICHIISl• nOAniiCKil CJI( 

TeJibCKTnii OT~ OHSIH no aApecy: .141980, r • .li,y6ua, 

.. -


