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HAYqHBR nPH6OPHblR KOMngEKC A~R HCC~EAOBAHHR CBEPXBblCTPBX BB~EHHR B 

O~THqECKO~ C~EKTPOCKOg~H 

H. KEMnE, X. 3H~EPT 

~eHTp Hay~Horo npH6opoCTpOeHHR AH F~P 

1199 ~ep~HH, r~P 

~peACTaB~ReTCR pa3pa~aTBBaeMaR B ~Hn AH F~P MO~y~bHaR CHCTeHa y3~OB H npH~OpOB, no3Bo- 
~R~~aR KOHnOHOBKy pa3Hoo~pa3H~X H3MepHTe~bHblX KoMn~eKCOB A~R HCC~~~OBaHHR npo~eccoB B nHKO- 

ceKyH~HOM BpeMeHHOM ~HaRa3OHe, 

BBeAeHHe 

5onb~oe pa3Hoo~pa3He 3aAaq H BO3MO~HOCTe~ RpHHeHeHHR nepecTpaHBaeM~tx ,nHKO ~ H cy~RHKO- 

ceKyH~H~X ~a3epH~~ HMRy~bCOB C O~HO~ CTOpOH~~ H ~OBO~bHO B~COKaR C~O~HOCTb COOTBeTCTBy~~HX 

yCTaHOBOK~ Tpe~y~lt~lX~ KaK ~paBH~O~ cne~Ha~HCTOB-@H3HKOB ~~R pa~OTB C HHMH~ C Apyro~ CTOpQHM~ 

RO~y~H~H HaC K C03AaHH~ RpH~opH�91 KOHR~r191 no3BO~R~~ero KO~~OHOBKy ~3MepHTe~bH=X ycTaHo- 

BOK B 3aBHCHMOCTH OT 3aAaq H C B~COKOH cTeneHbR aBTOKOHTpO~R H a~TOMaTH3a~HH npoBeAeHHR 3K- 

cnepHHeHTa~ BK~~qaR o~pa~OTKy ~aHH~X t cpeACTBaMH COBpeMeHHOI;I MHKpO3~~KTpOHHKH* Pa3pa~aTBBa- 

e~a~ s ~H~ RHKOCeKyH~HaR MO~y~bHaR CHCTeHa (~MC) nOaBO~ReT Co3~aHHe KOHTpO~HpyeMIr noc~e~o- 

sa~e~~HOCTe~ ~a3epMux H~ny~bcoB B AHanaaoHe 0,7 - 15 nc,  nepecTpaHBaeMux B o~AaCTH ~80 - 

~00 HM (a TaK~e BTOpy~ vapMOHHKy OT HHX ~O 2~0 HM) C 3HepVHRMH OT n~~ ~o M~~ B HMny~bce H 

C HaCTQTaMH nOBTOpeHH~~ KaK B o~~aCTH'~eCRTKOB ~~~ TaK H COTeH Mr~. KpoMe TorQ~ CHCTeHa ~MC 

BK~~~a~T B Ce~R ~~eHeHT~ ~aHHRy~R~~H~yNa (ce~eKTopM~ ~HH~H 3a~ep~KH H T ,~~)~  a TaK~~ ~e~B~ 

pR~ KOHTpORbHMX H H3MepHTe~bHblX npHeMHBX yCTpO~CTB ~~R pa~OTB C 6BCTpBMH ORTHqeCKHHH CHrHa- 

~a~Ho 0~HO~ H3 cy~eCTBeHHUX H KaqeCTBeHHO HOBMX Oco~eHHOCTe~ CHCTeM~ RB~ReTCR WHpOKOe npH- 

MeHeHHe coBpe~eHHO~ HHHTe~~eKTya~bHO~H MHKpo3~eKTpOHHKH KaK pJIR y~paB~eHHR OT~e~bH~MH ~~O" 

Ka~H H y3~a~H~ TaK ~ BCeM KOM~OHye~BM H3M~~HTe~bH~~ KO~~ReKco~ ~ ~e~O~. 

HCTO~""K .Mnyn~co8 

NMC nDe~~araeT pa3HBe KOH~HFypaqHHo PaccMoTpHM~o~ee no~po~HO ~Ba 6a3OBUX BapHaHTa, 

ABTOMaTH3HpOBapHB~ HCTONHHK Ha ,OCHOBe CTpy~HOrO ~osepa Ha KpaCHTe~RX 

3TOT npe~CTaBReHH=~ Ha pHC. | KOMRneKC ~~R n0~yqeHHR flHKOCeKyH~HBX ~a3epHBX HMRy~bCOB 

B ~Hana3oHe 5~0 - 750 HM (~ KpacHTe~~) Hcno~bayeT CTPy~Hw~ ~a3ep PSL 101 c CHCTeMO~ npoKaq- 

KH KpaCHTe~fl L ~  lO0 j  HaKa~Maae~B~ aproHoBuM naaepOM ILA 120 (Kap~ ~e~cc ) ,  KoTop=~ B CeO~ 

oqepe~b MO~y~HpyeTCR aKyCTO-OnTHweCKHM MO~y~RTOpOH A0H ~OOD 3anycKaeMMM 3~eKTPHqeCKHH KBap- 

qeSMM-reHepaToPOM s 100, HMNy~bcB HaKa~KH KOHTpO~Hpy~TCR cRe~Ma~bHI~H y3~OM ~ 100, a 

no~ywaeM~r nHKOCeKyH~HMe NMRy~bCM - CKaHHpy~~HH KOppe~RTOpOM KRI+ lOQ. 0CHOBHMe napaMeTpw OT- 

A~RbH~X y3~o8 c ~ e ~ y ~ H e :  

IL& 120: BMXO~Ha~ MO~HOCTb RO BceM ~HHHRM - He MeHeE ~ BT~ ce~eKTHBHO ~~~~~ HM 6o~ee 1,2 BT~ 
kSB H~ 5o~ee 1 , 3  BT, ~~HHa pe3oMaTopa 1200 ~~. 

FSL 101: KO3@~H~HeHT npeo6pa3oBaHH~ nyq=e 20 t  s MaKCHMyMe RDH ~~ 6~ H HaKaqKe Ha 51~ HM He 
M e H e e  1 BT (HeRpepMBHU~ pexr WHpHHa ~HHHH He 6o~ee 0 ,25  HM~ RO~RpH3a~HR E s 
3OHTa~bHaR~ ~HaMeTp nyqa 1~~ MM~ ~HBepreH~HR ~yqwe 1~~ Mpa~~ pe~HMM Pa~OTMJ Henpe- 
pMBHM~. HMRy~�88 (nacCHBHaR H~H aKTHBHaR CHHXpOHH3a~HR MO/~)~ ~~HH~ pe3oHaTopa 

600+2 ~ . .  
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LV]~ I• AaB~eHHe B CHCTeMe 100 - ~00 K~a, cpeAHRB CKOpOCTb B CTpye 4 - l0 H/CeK, o6~eM 
~HAKOCTH (KpaCHTe~b B paCTBOpe) OKO~O ] ~, ox~a~AeHHe BOA~HOe, 

AOH 1OO: OnTHqeCKHe noTepH MeHee 5~, A~HTe~bHOCTb HNny~bcoB MeHee 150 nc~ qaCTOTa noaTope- 
HH~ 125 MFq. 

EAOH i00: 3~eKTpHqeCKaR BblXOAHaB MO~HOCTb Ha 50 0M He MeHee 5 BT, CTB~H~bHOCTb qaCTOTbl: 

10 MHH 10 -7, 10 Nac 10 -6. 

KEL 101: AHana3oH CKaHHpOBaHHR 30 nc, pa3pemeHHe 30 ~c, aHHe~HOCTb no OCH BpeMeHH 2%, qac- 
TOTa CKaHHpOBaHHR 20 Fq, 

LVE I00 

I [ i~oo i ILA 12O 

�89 F 

[ a.cn,,e~ ] F - " l  .,,?oZ~,-,.~ (~,,o,~~.~ 

PHC, 1 ABTOMaTI43HpOBaHHIdI~ I4CTOqHHK flHKOCeKyHAHblX HMfly,rlbCOB Ha 
(~a3e cTpyI~HOI-O J1a3epa 

Ha npHMepe npHSopa FSL 101 (pHC. 2) paCCMOTpHH npHHqHn nOCTpOeHHQ Ny~bTHHHKponpouecco~ 

HO~ CHCTeMbl, npH e ro  pa3pa6oTKe ~U~H ROCTaB~eH~ c~eAy~~He 3aAaqH: 

- ~a3epHw~ TaH~eM He ~o~~eH Tpe~OBaTb cne~Ha~bHO~ KBaRH~HKaqHH B ynpaB~eHHH, 

- ~a3epH~R CHCTOM~ ~O~~Ha rapaHTHpOBaTb KaK HenpepblBH61~ pe~HM C BbJCOKHM KO3~~H~HOHTOM 

no~e3HoFo ~eHCTBHR ~~R pa3~HNHe~WHX RpHMeHeHH~~ B TOH qHC~e~ H ~~R CReKTpOCKOnHH BblCOKOrO 

pa3pe~eHHR~ TaK H HenpepblBHO-HMfly~bCHbl~ pe~HM C RaCCHBHOH CHHXpOHH3a~HeH MO~ H~H C CHHXpOH- 

HO~ HaKa4KOH OT MO~yNHpOBaHHOrO ~a3epa~ 

- MaKCHHa~bHO 803MO~H~R RpHrO~HOCT6 ~~R CReKTpOCKOnHHj T . e .  CT~~H~bHOCTb BblXO~H~X na-  

p~MeTpOB (HanpaB~eHHe ~yqa~ BbI~paHHaR ~~HHa BO~HbI~ 3HeprHR H ~~HTe~bHOCTb HMny~bCOB). 

HH~eORHCblB~eHaR CHCTeMa RO~HOCTb~ pemaeT ~TH 3a~aNH~ B~~paHa K~aCCHqeCKaR pe3OHaTOpHaR 

CHCTeHa KoFe~bHHKa. npH ~TOM ~OKyCHpy~~ee H ROBOpOTHOe 3epKa~a ~eCTKO 3aKpeR~eHbl B ro~OBKe. 

Hx s J3pOH@BO~HTCR B npo~ecce HOHTa~a C ROMO~b~ CRe~Ha~bHhlX ~CTHpOSOqHb]X ~pe~H3HOH- 

H~X Ko~eN. Congo HMeeT TpH CTeReHH CBO~O~M H Mo~eT ~blTb yCTaHOB~eHO OnTHMa~bHO ~e3 ~e~CTH- 

pOBKH pe30HaTOpa. B~xo~Hoe 8epKa~o H npH3Ma 3aBo~a ~y4a ~a3epa HaKaqKH MoryT ONeHb TONHO Re- 

peMe~aTbCR ~e3 KaqaHH~ H He3aBHCHMO ROBOpaNHBaTbCR BOKpyr ~ByX B3aHMHOnepneH~HKy~RpHBX OCeH. 

3epKa~o HHeeT TpH~ a RpH3Ma ~Be CTeReHH CBO60~M. HCRO~b3yeM~e 3~eCb R~e3oTpaHC~RTOpbl nO3BO- 

~R~T nepeMe~eHHR Ha HeCKO~bKO HaHOMeTpOB (100 B Ha 1 M K ) .  Aea no~ynpoBOAHHKOBUX ceHcopa S 1 

H S 2 KOHTpO~Hpy~T MO~HOCT6 H3~yHeHHR ~a3epa HaKaNKH H ~a3epa Ha KpaCHTe~Rx. COOTBeTCTBeHHO 

ABe 3aMKHyT~e neT~H pery~HpOBKH B ~HK~e CHCTeMbl pea~bHoro BpeMeHH (200 MCeK) nOACTpaHBa~T 

~a3ep Ha MaKCHMyM H3~yqeHHR~ npH 3TOM KOHTpO~HpyeTcR TaRde KaNeCTBO CTp~H C noHo~b~ CeHcop~- 

~HHe~KH C RepeHoCOM 3apR~a $3~ ynpaB~ReMoro CO~CTBeHH~~ O~HOKpHCTa~~bHMM MHKponpoqeccopoM, 

H TeMnepaTypa aKTHBHO~ cpeAbi CeHcopoM S 4, ~epecTpo~Ka no AnHHe BO~H~ npOH3BOAHTC~ OAHO- H~H 

AByXCTyReHNaTMM ~H~bTpOM ~HO~ npHBOA KOTOpOro Ocy~eCTB~ReTCR 3~eKTpOMOTOpOM. Cne~Ha~bHM~ no- 

~yRPOBOAHHKOB~H CeHCOp S 5 KOHTpOnHpyeT ~~HHy BO~HM. goAAep~aHHe ee c TONHOCTblO AO~eH aHrCT- 
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42 H. KEMIIE x X. 3H,~EPT 

peMa TaK~e Ocy~eCTB~ReTCR B 3aHKHyTO~ neT~e peFy~HpOBKH. Bce peFy~HpOBOqH~e ~eT~H ~H~pOBMe~ 

4epe3 MHKponpoqeccop, ~pH 3TOM BCR yRpaB~R~~aR MHKpO3~eKTpOHHKa BCTpOeHa B Kopnyc ~asepa, 

TaK qTO Hapy~y BMBO~HTCR ~H~b ceTeBO~ ~Hyp ~ ~Ba mTeKKepa nOC~e~OBaTe~bHOFO CTaH~apTHOFO HH- 

Tep~e~ca, O~HH ~~R COe~HHeHHR C CHCTeMHO~ 3BH BepXHeFO yposHR, ~pyro~ - /~nR BO3HO~HO~O ROA" 

K~~4eHHR KaKOFO-~H~O npH60pa nHc. 

no TO~ ~e ca~o~ cxe~e pa3pa~aTMBa~TcR H ~py~He y3~M H npH~op~ ~HC, HanpH~ep~ npHeHH~e 

yCTpO~CTBa, H3HepHTe~bHMe KOppe~RTOpM H T,~ .  gpH 3TOM OHH KoHnoHy~TCR B CHCTeHy ~~R 3KcnepH- 

~eHT8, ynpaB~ReHyIo ~ ~ 0 ~  COBpe~eHHO~ MHHH3BH nOTpe6HTe~R, H~e~~e~ Ha~Op CTaH~apTH~X ~oc~eAo" 

BaTe~bH~X HHTep~e~COB. CTpOFO HepapxHHeCKH~ RpHHqHn coepHHeHHR.MHKpORPOqeCCOpOB H 3BH no 

npHH~Hny HBe~OHU~-Be~y~H~ =m nO3BO~ReT HeTKOe pa3~e~eHHe O~R3aHHOCTe~: 3BH BepXHeFO ypOBHR yn-  

paB~ReT KOMR~~KCOM B ~e~oM~ Ocy~eCTB~ReT AHa~oF C noTpe~HTe~eH H O6pa~aTBBaeT ~aHHWe~ HHKpO ~ 

Rpo�88 ~~OKH B OT~e~bHBX y3~aX KOHTpO~Hpy~T ROpy4eHH~e HM RpH~opB~ RpBMeM BB3OB H KO- 

HaH~OB6HHe HMH BO3HO~HO ~H~b 4epe3 yRpaB~R~ULY~ 3BH. TeM caMMM AOCTHF8eTCR ~O~bffiaR FH~KOCTb 

BCe~ CHCTeNbl. ~~aFo~apR 3TO~y~ a TaK~e fiOTOHy~ HTO BO Bcex HHKpoRpo~~CCOpHMX ~~OKaX Hcno~b- 

3yeTCR e~HHaR ~O~y~RpHaR onepa~HOHHaR CHCTeHa pea~bHOFO BpeM~HH~ B ~HC flO~FOTOB~eHB yC~OBHR 

~~R CO3~~HHR CoBHeCTHO CO cne~Ha~HCTa~H-noTpe~HTe~RNH 3KcnepTH~X CHCTeH. 

ABTOHaTH3HpOBaHH~~ HCTO4HHK Ha OCHOBe POC-~a3epa 

~OTpeSHTe~RH~ ~e~a~HH HMeTb 50nee MO~HUe HHny~bCU H 6o~ee =HpOKH~ AHana3oH (~80-~00H~ 

npe~naraeTc~ TaKO~ BapHaHT (pHc. ~) .  

j / G T Z , 5 0 J  ) 

I--2 
~ ~ ~ , ~ , ~  ~p~~~o '" 

S, - ce~cop ~owm/~onw OnuH, I ~o~~e~ 
Cv2-C.~HCOp KOHm/3O//,R .'.IO/.�91 /�91 

~y�91 ,4 o 3e~ G( 
~,~exrT~/~�91191 COe~ol4~H�91 

. . . .  do~ern 

PHC. ~ ABTOMaTH3HpOBaHH~~ HCTOqHHK cBepxKopOTKHX HHny~bCOB Ha OCHOBe ~0C-~a~epa 

3~ec~ HHRy~bCU ~OpHHpy~TCR B p63pa~OTaHHOM COBMeCTHO C HHCTHTyTOH ~H3HKH AH BCCP ~aae-  

poH AHETHCT, HaKa4HBaeMMH HamHM TpaHcBepca~bH~H a3OTHWM ~a3epoM IGT-250 c napaMeTpaHH: BH- 

pHHa H~ny~bCa KOpO4e 500 nCp MO~HOCTb ~onee 250 KBT, HaCTOTa nOBTOpeHHR ~O �91 r~o Ha suxo~e 

CHCTeH~ no~yHa~TCR HMny~bCM B HeCKO~bKO ~eCRTKOB no B WHpOKOM ~Hana30He (10" KpaCHTe~e~) /~IHH 

BO~H H BWCOKHH KO3(~HUHeHTOM npeo6pa30aaHHR. 

3aK~0HeHHe 

B ~H~ H/~/T ~a~bHe~ffiHe pa3pa6OTKH ~~OKOa H y3~OB CHCTeHU gHCo TaK ~~R yCHJleHHR nHKOCe- 

KyH~H~X HHny~bCOB npe~~araeTc~ MO~HU~ oTnaRHHM~ a3OTHW~ naaep NIL -1000 c oco6o T~aTe~bHO~ 

ROMeXO3a~HTO~~ HNe~~H~ HO~HOCTb B HHny~bCe He MeHee �91 KBT, ~~HHy HX 10 HC H HaCTOTy nOB- 

TOpeHHR 2~ rq~ Be/~yTC~ pa~oTW no BBe~eHH~ B CHCTeMy HAF-~aaepoB, KaK ~~R HaKaHKH~ TaK H ~~R 

yCH~eHHR nHKOCeKyHAHUX H~ny~bcoB. HaCTOR~He pa3pa~OTKH Be~HCb B TeCHOM KOHTaKTe C rpynno~ 

n~o~. B.BH~bre~bHH (YHHBeDCHTeT HH, ~pH~pHxa BH~~epa B ReHe). 
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