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Y CTpoitCTB8 0 BXOASIWHe B COCT8B COBpeMeHHbiX ClleKTpOMeTpH'IeCKBX 

Tp8KTOB 0 o6na.na10T Bb!COKHM IIOCTOSIHCTBOM OCHOBHbiX rrapaMeTpOB0 HallpHMep, 

HX KOS~~HUHeHT ycHneHHSI .non*eH COXp8HSITbCSI C TO'IHOCTbiD nopSI,nKa 

-3 
10 IIpH H3MeHeHHH TeMrrepaTypbl OKPY*BJOIUeit cpeLibi 0 H811pSI*eHHSI 11HT8HHSI 0 

HMIIynbCOB H T.II. 

qT06bi H3MepS1Tb H KOHTpOnHpOB8Tb H3MeHeHHSI T8KOrO llOpSILIKa C AOCTa-

TO'IHOit LIOCTOBepHOCTbl0 0 COOTBeTCTBYIOIUHit H3MepHTenbHbiit KOMIIneKC ( HCTO'I-

HHK aTanOHHbiX KOHTpOnbHbiX CHrHanoB H CHCTeMa HHLIHK8UHH) .non*eH 110380-

ITS'.Th llpOBO.t:lHTb H3MepeHHSI C TO'IHOCTbiO B HeCKOnbKO p83 Bbil!Ie 1 T.e. IIOpSI.t:l-

Ka 0,01 - 0,05 %. no.no6Hbie KOMIIneKCbl llpHMeHSIIOTCSI Bee qame He TOnbKO 

B KS'IeCTBe H3MepHTenbHbiX 0 HO H B KS'IeCTBe yrrpaBnSIIOIUHX0 T.e. llpH HX 110-

MOIUH IIOLI):lep*SBaeTCSI llOCTOSIHHbiM 06IUHit KO~HUHeHT YCHneHHSI crreKTpo­

/ 1,3 4/ 
MeTpH'IeCKHX TpaKTOB BbiCOKOrO paspel!IeHHSI 

0 
• 

nnSI STHX uenelf, K8K llp8BHn0 0 HCIIOnb3YIOTCSI rrpeUH3HOHHble reHepa.TOpbl 

-4 
penelfHoro THIIa C BbiCOKOit CTa6HnbHOCTbiO ( 110pSIAK8 10 ) 0 a B KS'IeCTBe 

CHCTeMbl HHLIHK8UHH - 8MilnHTYLlHbie aHanH38TOpbl C 6onbl!IHM 'IHCnOM K8Ha-

noB ( aarrpHMep, 5000). K co*aneHHJO, TaKHe MHoroKaHanbHbie aaansaaTopbi 

06bi'IHO SIBnSIIOTCSI '1:8CTbiO H3MepHTenbHbiX ueHTpOB H IIpH pa3p860TKe 0 K8K H 

B rrpeLIBapHTenbHbiX HCCne.noBaF~SIX1 KOTOpbie '18CTO .t:~nSITCSI AOBOnbHO ,nonro, 
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HX npHMeHeHHe ae HBnSJeTCSI B03MO)KHbiM, J1cnOnb30B8HHe npeUH3HOHHbiX reae­

paTOpOB peneftHOI'O THITS B K8)1{}:10ft 9KCnepHMeHT8nbHOft ycTaHOBKe T8K)Ke He 

aceraa uenecoo6paaao. 

JiCXO.t\SI H3 BbiWeH3nO)KeHHblX C006pa)KeHHft1 .t~nSI H8CTpOftKH H KOHTpOnSI 

cneKTpOMeTpH'l:eCKHX TpaKTOB 6bin paapa60T8H H3MepHTenbHbift KOMnneKC, COC­

TOSIWHft H3 npoCTOI'O reHepaTopa KOHTpOnbHbiX HMnynbCOB C BbiCOKOJl: CTa6Hnb-

HOCTbiO H npeUH3HOHHOI'O ITOpOI'OBOI'O ycTpOftCTBa, JiaMepeHHSI npOBO}:ISITCSI 

nyTeM Cp8BH9HHSI aMnnHTY.tlbl HMnynbCOB U C HeKOTOpbiM noporoM 
BX 

U
0 

npH 

ITOMOWH qyBCTBHTenbHOI'O ycTpoftCTB8 HH.t\HK8UHHo npH aTOM AOn)KHO co6n10-

}:18TbCSI ycnOBHe U • Uo 
BX 

TaKHM o6pa30M1 TO'l:HOCTb H3MepeHHSI ( KaK H BO Bcex HyneBbiX M9TOAax) 

onpeaenHeTCSI B nepBOM npH6nH)KeHHH TO'l:HOCTbl01 C KOTOpOft aaaaeTCSI nopor, 

H qyBCTBHTenbHOCTbiO HH}:IHKSTOpHOI'O ycTpOftCTBa cpaBHeHHSI, llnH 9TOA uenH 

MO)KHO npHM9HSITh 06bi'!HbiA aMnnHTY.t\Hblft 8H8nH38TOp C ae6onhWHM 'l:HCnOM 

KaHanoB, a B pSI.t\9 cnyqaeB - HMfiynhCHbiA MHnnHBOnhTMeTp B CO'I9T8HHH 

c ocuHnnorpa4J<>M, 

npH HCfiOnb30B8HHH STOI'O MeTO.t\8 H9TO'IHOCTb H3MepeHHA1 B03HHK810W8SI 

H3-38 OWH6KH HHAHK8TOpHOI'O ycTpoftCTB81 yMeHbW89TCSI B 

U - U 0 BX 
paa. 

Uax 

COB C fiOMOillbiO HH.t\HKSTOpa Knacca TO'l:HOCTH 1, pa60T810W9I'O 

SO MB, 
-4 

BBO.t\HMSSI OWH6Ka COCTSBHT TOnhKO S~ 10 , 

4 

HMnynh-

' Fenep8TOp KOHTpOnbHbiX CHrHano 

K reaepaTopy KOHTpOnbHbiX CHI'H8n081 npHM9HSieM• 

cneKTpoMeTpH'l:9CKHX TpaKTaX, npea~HBnSIIOTCH cneuH4 

no OTHOW9HHIO K 4JopMe, 'l:SCTOTe Cne.t~OB8HHS1 1 .t\nHTen 

HMfiynbCOBo 3TO, B nepByiO oqepeah, Tpe6088HHS1
1 

CBSI38i 

/2,4-10/ 
aMnnHTY.tlhi cHraanoa , KOTopag aon)I{Ha coxpaHSITb 

-4 
HHJl: CO CT86HnbHOCTbiO fiOpSI.t\KS 10 • 

Bo Ha6e)KaHHe aononHHTen&HbiX OWH6oK B H3Mepe. 

cjJopMhi curaanoa OT aeTeKTopos H oT reaepaTopa )KenaTE 

tme HMHTHpOBanH TO'l:HO AeTeKTOpHbie HMnyn:bCbi ( Hnl! 

Mepe 1 BpeMeHa HapaCTSHHSI H .t~nHTenhHOCTh KOHTpOnh 

HMnynbCOB 6binH 6&! TOI'O )Ke nopSIAKa) • 

Ha apyrHx coo6pa)KeHHA (6onee.yao6aoe Hccne~ 

xapaKTepHCTHK, npocToTa cxeMaoro peweHHH H T.a.) a ( 

uenecoo6pa3HO He TO'l:HOe MO.t~enHpOB8HHe1 HO HCfiOnh~ 

ITpSIMOyronbHOA 4JopMbl1 C MHHHManhHbiM Cfil'.r:IOM rop: 

6ea Bbl6pocoa H nepexoaHblX npoueccoe. TaKoe )Ke pe 

OfiHCbiBaeMoro reaepaTopa KOHTpOnhHbiX CHI'HanoB (. .. 
TaK K8K r K c npellH83Ha'l:eH, B nepByiO oqepelli 

H3MepeHHll:1 npoBepKH H H8CTpOJl:KH 1 'l:SCTOTa cnellOBSHHSI 

.. 1000 HMn/cex. B cnyqae' xoraa r K c HCnon&ayeTCSI 

HCTO'l:HHKa pecjJepeHTHbiX HMnynbCOB llnH CTa6HnH~ 

PH'l:eCKOI'O TpaKTa )K9naTenhHO npellyCMOTpeT:b H 6onE 

cneAOBSHHSI (HafipHMep, C 3anyCKOM OT CeTH 50 HMfil 

KOHe'l:HyiO eMKOCTb KaHanoB 8HanH38TOpa H o6wee BpeMS1
1 

ro rrpOBO.t\HTCSI ~KCIT6pHM9HT, 

5 ~-. • ·- J 
I ·• r . ,, •• <~ Iff .tHIUQJIUIIIII . -.Ill I .. 



SIBnSieTCSI B03MO>KHb!M. J1cnOnb30B8HHe npeUH3HOHHbiX reae­

THIT8 B Ka>KaOA aKcnepHMeHT8nbHOA ycTaHOBKe T8K>Ke He 

coo6pa>KeHHA, ansr H8CTpOAKH H KOHTpOnB 

TpaKTOB 6bin paapa60T8H H3MepHTenbHb!A KOMrrneKC 1 COC­

reaepaTopa KOHTpOnbHbiX HMITynbCOB C Bb!COKOA CT86Hnb­

rroporOBOrO ycTpOACTB8o liaMepeHHB npoBOaBTCB 

U
0 

npH 

ycTpOACTB8 HHaHK8UHHo npH aTOM aon>KHO co6n10-

U • Uo 
BX 

H3MepeHHB (KaK H BO scex ayneBbiX MeToaax) 

rrepBOM ITpH6nH>KeHHH TO~HOCTbl01 C KOTOpOft aaaaeTCB rropor, 

HHaHK8TOpHOrO ycTpOACTB8 cpaBHeHHB. llnsr aTOA uenH 

06bi~HbiA aMnnHTyaHbiA 8H8nH38TOp C ae6onbiUHM ~HCnOM 

cny~aeB - HMITynbCHbiA MHnnHBOnbTMeTp B CO'IeTaHHH 

aToro MeToaa HeTO~HOCTb H3MepeHHA, B03HHK8101Il8B 

HHaHK8TOpHoro ycTpoftCTB8 1 yMeHbiUaeTCSI B 

U - U 0 BX 
paa. 

U BX 

aarrpHMep, npH orrpeaeneHHH aMnnHTyabl oaaoeonbTOBbiX HMnynb-

lllbiO HHaHK8TOp8 Knacca TO~HOCTH 1, pa60T8101Ilero aa aHarraaoae 

~ 
OIUH6Ka COCT8BHT TOnbKO 3~ 10 • 

4 

~ 

' 

'•,: 

j 
r 

TeHepaTOp KOHTpOnbHbiX CHrHanOB 

K reHepaTopy KOHTponbHbiX CHrHanoB, rrpHMeHSieMOMY ansr H3MepeHHA B 

cneKTpOMeTpH~eCKHX Tp8KT8X, npea~SIBnSIIOTCSI cneuH~H'IeCKHe Tpe60B8HHSI 

no OTHOIUeHHIO K ~pMe, '18CTOT9 CneaoBaHHSI 0 anHTenbHOCTH H 8MfinHTyae 

HMnynbCOBo 3TO, B rrepByiO O~epeab, Tpe60B8HHSI 0 CBSI38HHbl9 C ITOCTOSIHCTBOM 

/2,4-10/ 
8MITnHTyabi CHrHanoB o KOTOp8SI aon>KH8 COXp8HSITbCSI BO BpeMSI H3Mepe-

-4 
HHI CO CTa6HnbHOCTbiO rropsraKa 10 • 

Bo H36e>K8HHe aononHHTenbHbiX OIUH60K B H3MepeHHSIX H3-38 pa3nH~HSI 

tf>opMbi cHraanoB OT JleTeKTopos H oT reaepaTopa >KenaTenbHo, ~T06bi nocnell­

HHe HMHTHpOBanH TO~HO aeTeKTOpHbie HMnynbCb! ( HnH ~T06bi 0 no KpaAHeft 

Mepe, BpeMeHa HapaCT8HHSI H anHTenbHOCTb KOHTponbHbiX H aeTeKTOpHbiX 

HMrrynbcos 6bmH 6bi Toro >Ke nopsraKa). 

l1a apyrHx coo6pa>KeHHA (6onee yao6aoe HccneaoBaaHe nepexoaablx 

xapaKTepHCTHK, rrpocToTa cxeMHoro peiUeHHSI H T.a.) B 6onbiUHHCTBe cny~aes 

uenecoo6pa3HO He TO~HOe MOaenHpOB8HHe, HO HCnonb30B8HHe HMnynbCOB 

npsrMoyronbHOft ~pMbi1 C MHHHM8nbHbiM Cnf'aOM ropH30HT8nbHOft '18CTH1 

6ea Bb16pocoB H nepexoaHbiX npoueccoB. TaKoe >Ke peiUeHHe npHHBTO Jlns 

OITHCbiBaeMoro reaepaTopa KOHTpOnbHbiX CHrHanoB (. r K' C ) • .. 
TaK K8K r K c npeaaaaaa~eH, B nepByiO o~epeab, ansr KOHTponbHbiX 

H3MepeHHA 0 nposepKH H H8CTpOftKH 1 ~aCTOTa cneaoBaHHSI HMnynbCOB Bbi6paHa 

.. 1000 HMn/ceK. B cny~ae. Koraa r K c Hcnonb3yeTCB TOnbKO B K8~eCTB9 

HCTO~HHK8 pe~epeHTHbiX HMnynbCOB ansr CT86HnH38UHH cneKTpOMeT-

pH~ecKoro TpaKTa >KenaTenbHO npeaycMoTpeTb H 6onee HHaKyiO .qacToTy 

cneaOB8HHSI (HanpHMep1 C 38TIYCKOM OT CeTH 50 HMn/ CeK) 1 HMeSI B BRay 

KOHe~HYIO eMKOCTb KaHanoB 8H8nH38TOpa H 06IUee BpeMSI 1 B Te~eHHe KOTOpO-

ro rrpOBCIIliiTCSI :E>KCITepHMeHT. 

i 
5 



llnHTellbHOCTb HMIIYllbCOB B OIIHCbiBaeMOM r K C, HCXO/lil H3 napaMeTpOB, ' 

r 

i 

npHM9Hi19MblX B Cll9KTpOM9TpHqeCl{OM Tp8KTe ycTpOitCTB1 H KOHKpeTHbiX ycno­

-6 
BHil: 9KCII9pHM9HT8 Bbi6paHa paBHOit 10 CeK 1 npH He06XO/lHMOCTH OH8 6e3 OC06bl~ 

3aTpy/lH9HHit MOJK9T 6biTb yeenHqeHa, 

CneJlyeT oTMeTHTb, qTo B 6onbwHHCTBe cnyqaes cTa6HnbHOCTb qacTOTbi 

IIOBTOpeHHil KOHTpOllbHblX HMIIYllbCOB1 a T8K>Ke HX /lllHT9llbHOCTb HM910T 

BTOpOCT91llHH09 3HaqeHHe, 

AMilllHTy/la KOHTpOllbHbiX HMIIYllbCOB cornaCOB8H8 C ypOBHiiMH CHrHana B 

aneM9HT8X Cll9KTpOM9TpH'i9CKOit annapaTypbl1 ee M8KCHM8llbH8SI BellH'iHH8 

COCT8BllSieT 10, 1, 0, 1 H 0,01 B, 

lliar perynHpOB8HHil BbiXO/lHOft 8MilllHTY/lbl llpHHSIT paBHbiM 0,01 MaK-

CHM8llbHOil: B911HqHHblo 

t{To6br ynpocTHTb cxeMHoe peweaue H yMeHbWHTb BnHHHHe KOMMYTHPY­

/2,4/ 
IOlllHX aneMeHTOB H8 CTa6HllbHOCTb 8MilllHTY/lbl BbiXO/lHbiX HMIIYllbCOB1 

ponb 38.1l810Inero reaepaTopa H KlliO'i9BOro ycTpOACTBa B r K c BblllOllHS!eTCSI 

6noKHHr-reHepaTOpOM1 a CT86HllH38UHSI 8MilllHTY.Ilbl npoBO.IlHTCSI H8 ero Bbl-

xoae (eM, puc. 1 ) • 

C uen• 10 nonyqeHHSI 6onee paBHOMepHoA cPoPMhl sepwHHbi HMnynbca 

Bbl6paH B8pH8HT 6nOKHHra C 6a3HCHhlM K~H/l9HC8TOpOM H /lOIIOllHHTenbHOft 

(Ru,Ce) KoppeKuueA. KoMneHcauus TeMnepaTypaoa aaBHCHMOCTH aMnnu-

TY.Ilbl HMirYllbCOB f K C BClle/lCTBHe H3M9H9HHSI Ha1IpSI>K9HHil IIHT8HHSI 1 HallpSI-

>K9HH.SI H8 Tp8H3HCTOpe B H8Cbllll9HHOM COCTOSIHHH 1 TOK8 qepea Tp8H3HCTOp 

B "aaKpbiTOM" COCTOHHHH H Te~nepaTypHOft 38BHCHMOCTH CT86HllHTpOH8 .1!;8 

BbiXO/le ocyrnecTBnHeTCH npH no~ornH TepMHCTopa ( R 45 ) B JlenuTene 6a3bi, 

B cnyqae 1IpHM9H9HHil CKOMileHCHpOB8HHbiX CT86HllHTpOHOB ( H81IpHMep, THII8 

I
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Puc. 1. npusuunuallbHas cxeMa resepaTOpa KOHTpom 

n 818) I TeMnepaTyp.llhlft KOacPPHUH9HT TKU KOTOphlX II( 

CX9MHOe peweHHe ynpornaeTcs (HeT aeo6xo.llHMOCTH 

CTa6HnHTpOH8X) 1 ~eMnepaTypH8SI 38BHCHMOCTb YM9HbW81 

U91IH .llOll>KHO 6b!Tb IIO/l06paHO .llpyroe COOTHOWeHHe COil) 

3aBHCHMOCTb aMilllHTY/lbl CHr'Hana Ha BbiXO/le reHej 

HHH aanps>KeHHSI HCTO'IHHKa DHTaHHSI A U + 12 e(HnH of 
IIHT - -

noe/lcTasneaa a BH/le: 

A Uv A UIIHT. .. 
U V U IIHT f1 9KB' 

7 
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HMnynbCOB B OllHCbiBaeMOM f K C, HCXOJlSI H3 napaMeTpOB, 

TpoMeTpH'!eC!{OM TpaKTe ycTpoacTBo H KOHKpeTHblX ycno­

-6 paBHOa 10 CeK, npH He06XOJlHMOCTH OHB 6e3 OC06biX 

yBenH'!eHa. 

cnyqaeB CTa6HnbHOCTb qacTOTbl 

IPOnbHbiX HMnynbCOB, a TaK:lKe HX JlnHTenbHOCTb HMelOT 

HMnynbcOB cornacoBaHa c ypoBHHMH cHrHana B 

MeTpH'IeCKO:lt annapaTypbi, ee M8KCHManbH8H aenH'IHH8 

Bb!XO)lHO:lt aMnnHTYJlbl npHHHT paBHbiM 0,01 MaK-

cxeMHOe perneHHe H yMeHbiilHTb BnHRHHe KOMMYTHpy-

H8 CT86HnbHOCTb aMnnHTYJlbl BbiXOJlHblX HMnynbCOB, 

HepaTopa H KnJO'!eBoro ycTpO:ltCTB8 B r K c BbmonHReTCSI 

a CT86HnH38UHSI aMnnHTYJlbl npOBOJlHTCSI H8 ero Bbl-

HHSI 6onee paBHOMepHOft 4iopMbl aepWHHbl HMnynbC8 

6nOKHHra C 6a3HCHhlM KOH)leHC8TOpOM H JlOUOnHHTepbHO:lt 

lpeKuHe:lt. KoMneHcauHH TeMnepaTypHoA saBHCHMOCTH aMnnH-

r K C acnencTBHe H3MeHeHHH HanpH:lKeHHSI nHTaHHH, HanpH-

B H8ChliUeHHOM COCTOHHHH, TOK8 qepe3 Tp8H3HCTOp 

H Te~nepaTypHO:lt 38BHCHMOCTH CT86HnHTpOH8 H8 

npH not.toiUH TepMHCTopa ( R 411 ) B nenHTene 6a3bi. 

HeHHH CKOMOeHCHpOB8HHbiX CTa6HnHTpOHOB (HanpHMep, THU8 
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PHCo J. npHHUHllR81lbH8H cxeMa reHepaTOpa KOHTpOnbHbiX CHrHanOBo 

. -8 -7 
ll 818), TeMnepaTypHblft KOactxllHUH9HT 1'1CU KOTOpbiX nopHJlK8 10 -10 0 

cxeMHoe peWeHH9 ynpomaeTCSI ( HeT H906XOJlHMOCTH B KOMfi9HCHpylOWHX 

CTa6HnHTpOHaX), TeMnepaTypHaSI 38BHCHMOCTb YM9HbW8eTCSI, H B 6a3HCHOft 
\ 

uenH non:lKHO 6hlTb nono6paHo npyroe cooTHoweHHe conpoTHBneHHA. 

3aBHCHMOCTb aMnnHTYJlbl CHrHana H8 BbiXOJle reHepaTopa OT H3M9He-

HHH Hanpsr:lKeHHH HCTO'IHHK8 nHTaHHSI AU +12 a(HnH +24 a) MO:lKeT 6biTb 
fiHT- -

noencTasneHa B aHne: 

• 

A Uv 

uv 

A unHT. (1) 

' 
UnHT 71 aKB 

7 



B B OITHCb!BaeMOM r K C, HCXOJ:UI H3 napaMeTpOB, 

MeTpH'leCKOM Tp8KTe ycTpOtiCTBo H KOHKpeTHbiX yCJIO-

-6 a paBHOi% 10 ceK, npu aeo6xoAHMOCTH oaa 6ea oco6biX 

b yeenH'leHa. 

'iTO B 60JiblliHHCTBe cnyqaeB CTa6HJibHOCTb 'l8CT0Thl 

a T8K)K9 :UX AJI:UT9JlbHOCTb :UM9lOT 

HMITYJibCOB cornaCOBaHa C ypOBHHMH CHrHana B 

KOf:l: arrrrapaTypbi, ee MaKCHM8JibH8H een:n'IHHa 

,1 H 0,01 B. 

HHH Bb!XOAHOI!: 8MITJIHTYJ:Ibl ripHHHT paBHb!M 0,01 MaK-

cxeMHOe perneHHe H yMeHblliHTb BJIHHHHe KOMMYTHpy-

H8 CTa6:UJibHOCTb aMITJIHTYilbl BbiXOilHbiX :UMITYJibCOB, 

paTopa H Kmoqeeoro ycTpOii:CTBa B r K c Bb!ITOJIHHeTCH 

0 
a CT86HJI:U3aUHH 8MITJIHTYilbl rrpOBOil:UTCH H8 ero Bhl-

H 6onee paBHOMepHOil: 4JopMbi Beplli:UHbl HMnyJibC8 

KHHra C 6a3HCHbiM KOHJleHC8TOpOM :U JlOITOJIH:UTeJibHpil: 

KoMnencaunH TeMrrepaTypHoA aae:ucHMOCTH aMnn:u-

BCJiellCTBHe :U3MeHeHHH H8ITpH)KeHHH ITHTaH:UH1 HanpH-

B HaCblllleHHOM COCTOHH:U:U 1 TOK8 qepea Tp8H3:UCTOp 

H TeMrrepaTypnoil: 38B:UC:UMOCT:U CTa6:UJI:UTpOHa Ha 

rroMOlllH TepMncTopa ( R 
45 

) B aenHTene 6aabi. 

CKOMITeHCHpOB8HHbiX CT86:UJIHTpOHOB ( H8ITp:UMep, T:UIT8 
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Puc. 1. npHHUHITH8JlbH8B CXeMa reHepaTOpa KOHTpOJibHbiX CHrHSJIOBo 

' -8 -7 n 818). TeMrrepaTypHbiA Koaclxl>:uu:ueHT TKU KOTOpbiX nopSIIlK8 10 - 10 • 

cxeMnoe pelllen:ue, ynpomaeTcH (neT neo6xoaHMOCTH a KOMrrenc:upy10m:ux 

CT86HJI:UTpOH8X), TeMrrepaTypH8SI 38BHCHMOCTb YM9Hblli89TCSI 1 :U B 6a3:UCHOft • 
uen:u llOJI)KHO 6biTb rroJlo6pano Jlpyroe cooTnowen:ue conpoTHBnen:uA. 

3aBHCHMOCTb 8MITJIHTYilbl CHrHana H8 BbiXOJle renepaTopa OT :U3Mene­

H:USI HarrpH)KeH:USI HCTO'IHHK8 ITHT8HHSI A U ITHT ±.12 e( HJI:U ±.24 B) M0)1{9T 6b1Tb 

noeacTaeneHa B B:Uile: 

' 

A Uv 

uv 

i 

.. A unHT. (1) 

• 
UITHT 71 SKB 

7 



~' 

' 

rne 7J 9KBo - 9KBHBaneHTHbdl: KoacfuflHUHeHT CTa6HllH38UHH 1 KOTOpbllt onpenenSI­

eTCSI KO~~HUHeHTOM CT86HnH38UHH HSllPSI*eHHSI llHTSHHSI 7Jl H KO~~HUHeHTOM 

CT86HnH38UHH Bb!XOLlHb!X HMllyllbCOB 7J 
2 

R+ Ril Uo 
( ) 

, I .. R u llHT 
i J 

(2) 

3necb R - o6mee nocnenoaaTenbHoe conpoTHBneHHe nsyx cTa6HnHTpoHoB, B 

uenH nHTaHHS!( R 47 H R 48 Ha pHc. 1), 

R1 1 - HX o6mee LlH~~epeauHanbHoe conpoTHBneaHe, a 

Uo HX YJlB08HH08 HOMHH8llbH08 H8llPSI*eRHe CT86HnH38UHH, 

Ko~HuHeHT CT86HnH38UHH "I H8 Bblxone r K c naeTCSI BbiP8*eHHeM: 

Rsxa R 
SKB U CT 

+ ') '72 .. (1+· RH 
Rin 

-UH 
', (8) 

R sxa - o6mee nocnenoaaTenbRoe conpoTHBneHH~ a uena Bb!xonaoro 

CT86HllH38TOp81 

Rht - na4>41epeHUH8llbHOe COllpOTHBneRHe CKOMneHCHpoB8HHOro CT86HnH-

Tpoaa, 

R H - conpoTHBneaHe HarpyaxH, 

U0 T- H8llpSI*8HHe CT86HnH38UHH CKOMlleRCHpOB8HHOrO CT86HnHTpOH8 1 

U H - 8MllllHTyJla ReCT86HllH3HpOB8HHblX HMllYllhCOB. 

3KcnepHM8HT8llbH8SI npOB8pK8 llOK838ll8 1 qTo npH H3MeH8HHH llOCTOSIHHO-

ro H8llPSI*eHHSI llHT8HHSI H8 :!:_ 1% 8MllllHTYLl8 HMllYllbCOB MeHS!eTCSI He 60llbiiie, 

-5 ( ) -6 
qeM H8 8.10 JlllSI U = + 12 B pHC. 2 H npHMepHO H8 1,5,10 B 

llHT -

C.olyqae HCllOllb30B8HHSI HCTQqHHK8 llHT8HHSI C HallpS!*eHHeM .±..24 B. 

8 

• I . 

' 

t
•·. 

- ; 

, 4/lr ==/(~(/,_,.~) 
4- 1.1~ 

.aUr/%1 
l1r 
+42 

r~~ 
!:0 

-41 

-42 

-fO -J :10 -~>S -~>II) 

PHCo 2. 0THOCHT8llbHOe H3MeHeHHe 8MllllHTYJlbl HMllyllbCOB H.! 

(B npoueHTax) K8K ~YHKUHSI OTHOCHTellbHOrO H3MeHe 

H8llpS1)1(8HHSI llHT8HHSI ( :!:,12 B) o 

3aBHCHMOCTb 8MllllHTY/lbl HMllyllbCOB U V OT T8Mll8J: 

Cpe/lbl B nepBOM llpH6nH*8HHH M0*8T 6blTb llp8/lCT8BneRe 

"' 
30Mo 11MeSI B BHJlY1 qTo 

U V 00 U C'l' -U OS 

rile U OS - H8llpSI*eHHe "llb8/l8CTana" H8 SMHTT8pE 

"38Kpb!Tb!lt" BO Bp8MSI nay3bi Tp8H3HCTOp1 H3M8H8HH8 8M 

HMnynbcoB AU v npH H3MeHeHHH TeMnepaTypb! Ha At 

9 



SKBHBaneHTHblll: Koa¢)(j>HUH9HT CT86HnH38UHH, KOTOpblll: onpeaenSI­

HTOM CT86HnH38UHH H8ITpS!)K9HHSI flHT8HHSI 7) 1 H Koa<lJ!jJHUH9HTOM 

HMnynbCOB 7) 
2 

R + R i I Uo 
( ) 

'7 1 • R UnHT 
i I 

( 2) 

nocneaoaaTenbaoe conpoTHBneaHe aayx cTa6HnHTpOHOB B 

H R 48 aa pHc. 1), 

o6mee aH!jJ!j!epeauHanhHOe conpoTHBneaHe, a 

yasoeaaoe HOMHHanhaoe aanpg)KeHHe cTa6HnHaauHH. 

CTa6HnH38UHH "2 aa BbiXOL19 r K c L189TCSI Bb!p8)K9HHeM: 

RaKB R U CT -
UH 

' ' 
SKB 

+ ,) ( 1 +---
Rill RH 

( 3) 

nocneaosaTen&aoe conpoTRBneHHe B uenH Bhlxoaaoro 

conpoTHBn9HH9 CKOMneHCHpoB8HHOro CT86HnH-

CKOMII9HCHpOB8HHOrO CT86HnHTpOH8 1 

HeCT86HnH3HpOB8HHhlX HMnynbCOBo 

npoaepKa ITOK83ana, ~TO npH H3M9H9HHH flOCTOSIHHO-

Ha :!:_ 1% 8MflnHTYL18 HMnynbCOB MeHS!eTCSI He 6onbme, 

-6 = + 12 B (pHC. 2) H npHMepHO Ha },5.10 B 
flHT -

u 

lb30B8HHSI HCTO~HHK8 ITHT8HHSI C HanpS!)KeHHeM :!:..24 B. 

8 

J. 

' i 

t· 
. ,, 

r . 
, 41/r =J(,aiJ,_,-1) 

llr u~ 
.. Url%1 
llr 

+42 

tO 

~ 

~ 
~ 

~ 

~ 
~ 

__........ 
,... 

r~~ 

-41 
I 

-42 -1--- ! 

-fo -s ~o <~-S <~-fiJ 

PHCo 2. 0THOCHTenbHOe H3M9HeHHe 8MnnHTYLlbi HMITynbCOB Ha BbiXOL18 reHepaTopa 

(a npoueHTax) K8K !j!yHKUHSI OTHOCHTen&HOrO H3M8H8HHSI flOCTOSIHHOrO 

aanpS!)K8HHSI ITHT8HHSI (~12B)o 

3aBHCHMOCTb 8MDnHTYL1hl HMnynhCOB U V OT T9MDepaTypbl OKpy)KSIOWeA 

cpeabi s nepBoM npH6nH>K9HHH MO>KeT 6hlTb npeacTaeneHa cneayiOmHM o6pa-

30M. 11MeSI B BHL1Y1 ~TO 

U V • U CT -U oa (4) 

rae U 
03 

- aanpS!)K9HHe 'nbeaecTana' aa SMHTTepe H3-38 TOK8 ~epe3 

"38Kpb!Tblit' BO BpeMSI nay3bl Tp8H3HCTOp1 H3MeHeHH9 8MMRTYL1bl BbiXOL1HhlX 

HMDynhCOB L\U V npH H3M9H9HHH T9MDepaTypbl Ha L\t 6yaeT: 

~ 9 

• 



11 Uv • 11 UcT + 11 U 
t t CT 

-&.Uost 
(5) 

3.aecb 11 U CT. = &. t TKU CT - Henocpe.acTBeHHoe HsMeHeHHe HanpsrlKeHHSI Ha 
t 

CTa6HnHTpoHe Hs-sa H3M9H9HHSI TeMnepaTypbl (TKU CT - TeMnepaTypHbiA 

KOS<jl<j>HUH9HT CT86HnHTpOHa)1 &_ UcT I - H3M9H9HH9 HaiTpS1lK9HHSI Ha CTa6HnH­

TpOHe HS-38 H3M9H9HHSI TOKa qepe3 Hero ( BCne.llCTBHe H3M9H9HHSI H8ITpSilK9~HSI 

ITHTaHHSI CX9Mbi, o6ycnoeneHHOrO TeMnepaTypHOA 38BHCHMOCTbiO CTa6HnHTpOHOB 

B uenH ITHT8HHSI) 1 &_ U OS - H3M9H9HH9 HaiTpSilK9HHSI "ITb9.ll9CT8n8" HS-38 
t 

H3M9H9HHSI TeMnepaTypblo 

HaMeHeHHe HaiTpSilK9HHSI H8 CTa6HnHTpOH9 HS-38 H3M9H9HHSI ero TOK8 

MOlKHO BbipaSHTb: 

&. t ( TKU 0 + TKU SK - TKU CT) ( 6) 

R iII ' .. 11 I CT R i l1 /1UCTI 
R SKB 

( r.ae TKU 
0

- TeMnepaTypHhiA Kos<i><I>HuHeHT HaMeHeHHSI aanpsrlKeHHSI npoMelKyT­

.....3 0 
• 0,15.10 e/ C). Ka SMHTTep - KOnneKTOp B H8CbiiU9HHOM COCTOSIHHH 

3aBHCHMOCTb HarrpSilK9HHSI "'ITb9.ll9CTanh"' OT TeMrrepaTypbl B nepBOM npH-

/13/ 
6nHlK9HHH .ll89TCSI COOTHOW9HH9M 

&. u 03 t • R 3 
1 a&. t 

o e 

r.ae: R 3 - corrpoTHBneHue B 3MHTTepHo~ uem1 ( R 311 

(7) 

Ha pnc. 1), l cr TOK 

qepe3 "saKpb!Tblif" TJ18H3HCTOp .llnSI H9KOTOpO~ HCXO.llHOH TeMnepaTypbl H 

a -TeMnepaTypHbiM KoaqxpnuneHT MaTepnana TpaHSHCTopa (.anSI repMaHHSI 

a ;;. 0.075/°C). 

10 

•-~ ·'.·~· 

.$ 

t • I . '1 i 

Toraa H3MeHeHHe aMnnHTY.llhi HMrrynbca B 38BHCHM 

TeMnepaTypbl MOlKHO Bblp83HTb: 

11Uv•l1tTKU +At 
CT 

R in 
-- ( TKU 0 + TKU - TKU ) -

R SK CT 
3KB 

TaK KaK o6bJqHo 

/1 U CT + &_ U CT - &_ U OS >0 

TO Ha IIpaKTHKe no.a6opOM BenHqHHbl peSHCTOpa R 4& MOlK} 

ToqHO nonHO~ KOMIT9HC8UHH TeMnepaTypHOft 38BHCHMOCTH 

orpaHHqHB89TCSI IIHllib H9IIHHe~HbiM BKII8.llOM OT.ll9IIbHbiX COC 

0 0 
H .llliSI H3M9H9HH~ TeMnepaTypbi OT 15 .!10 45 C 8MITIIHTy, 

.dUr{~J 
llr +IJ,f 

ro 

-41 

-{},I 

1;a/{T} 

--.... ~ 

\• 

to 

- 1"""-o.. 

30 40 

Pnr-. 3. 0TJIOCHTenbHoe H.'3MGHGHHe AMIIJIHTYAhi HMIIynhcon KBK 

HIHl TE'MIIepaTyphl OKpy)f(BJOl!lGJ.i CpG/lhi. 

11 

<;, I . '· ... 



fl. U • 6. UcT vt 
+AU 

CT 
-6. u 09 t 

( 5) 

T~ 

= 6. t TKU CT - uenocpeacTBeauoe H3MeaeaHe uanpsnKeHHSI ua 

H3-38 H3MeHeHHSI TeMnepaTypbl (TKU CT - TeMnepaTypHbiA 

CTS6HilHTpOHS ) 1 
fl. U cT - HaMenenHe uanpsr>KeHHSI ua cTa6HnH-

t 

H3MeHeHHSI TOKS qepe3 aero ( BCnellCTBHe H3MeHeHHSI aanpsr>KeHHSI 

o6ycnOBileHHOrO TeMnepaTypaoft 38BHCHMOCTb~ CTa6HnHTpoHOB 

fl. U 
09 

- H3MeneuHe nanpsr>KeHHSI 'nbeaecTana' H3-3a 

t 

a.r..c't..A'nAnA'T'VDbl• 

Ha CTa6HilHTpOHe H3-38 H3MeHeHHSI erO TOKa 

6. t ( TKU 0 + TKU 9K - TKU CT) ( 6) 

.. fl. I CT R iII Rin' 
R 9KB 

TeMnepaTypHblft K09!j>4JHUHeHT H3M6H6HHSI aanpsr>KeHHSI npoMe>KyT­

.....3 0 
• 0,15.10 Bl C). - KOillleKTOp B HSCblllleHHOM COCTOSIHHH 

I 
uanpsr>KeHHSI "nbeaecTana"' oT TeMnepaTypbi B nepBoM npH-

/13/ 
Sl COOTHOllleHHeM 

6.Uos "'R9 
t 

I a6. t 
o e 

(7) 

corrpoTnBnemw B sMHTTepuoH: uem1 ( R Sll Ha pnc. 1), t cr TOK 

pb!Tb!H" Tp8H3HCTOp Llll!il HeKOTOpOH HCXOLlHOH TeMnepaTypbi H 

paTypHb!H K09tf_>cpnuHeHT MaTepH81l8 Tp8H3HCTopa ( LlllSI repM8HH!il 

/oC) • 

10 

.# 

'·f ~~')\t 

~ 

{ 

Toraa H3MeHeHHe SMflllHTYLlbl HMnynbca B 38BHCHMOCTH OT H3MeHeHHSI 

TeMnepaTypbl MO>KHO Bbip83HTb! 

Auv .. /l.tTKU +ll.t 
CT 

Rin 
--- ( TKU 0 +TKU -TKU 

R9KB 9K 

(8) cT ) - R I oll.t s o e 

TaK KaK o6hiqao 

fl. U CT + 6. U CT - 6. U 09 > 0, 

TO Ha rrpaKTHKe IIOJl60pOM BenHqHHbl pe3HCTOpa R 48 MO>KHO Ll06HTbCSI LlOCTa­

ToqHO IIOIIHOH KOMIIeHCSUHH TeMrrepaTypHOft 38BHCHMOCTH, CTeneHb KOTOpoi!: 

orpaHHqHBSeTC!il llHlllb HellHHeAHb!M BKil8LlOM OTLlellbHbiX COCT8BJI!il~lllHX ( pHc,3), 

0 0 
H Llll!il H3MeHeHHi!: TeMrrepaTyph! OT 15 LlO 45 C SMflJIHTylla COXpaHSieTCSI CO 

~Ur{~J 
llr +11,1 

tO 

-41 

-at 

~af(T) 

~ .-
.... ~ 

tO 

~ 

., 

30 40 

" f\ 
~ 

\ 

JO 

rr·c1 
Pw-;, 3, 0TJIOCHTCilbHoe H.3MCHCHl1C AMITl!HTYJILI HMnynbcon KBK ti>YHKUIHI H3MeHe­

HHH T€M11epaTypb! 0Kpy>Kfli0!1{€H CpCilh!, 

i 
11 



CT86HnbHOCTbiD He 
xyme ±. O,OS% ( unu B . JluqxtlepeHuHanbHOM 

-5 0 
He xyme, qeM 5.10 I C ) • 

3aBHCUMOCTb JlnHTenbHOCTU U '18CT0Thl cneJlOB8HUH HMnynbCOB 

M9H9HUA HanpH:lK9HHH nHTaHUH H TeMnepaTyphl npeJlCTaaneHa Ha puc. 

7, a xapaKTep ycTaHoBneHUH TeMnepaTypHoro 6anaHca nocne nep~oHa'lanbHoro 

BKniD'I9HUH - Ha puc. 8. 

TipH peanusauuu f K C oco6oe BHHMaHHe He06XOJlUMO o6paTHTb H8 

cneJlyromee: 

• 

1) PesucTopbi a BbiXOilHOM JlenHTene JlOn:lKHbi 6biTb BbiCOKOCTa6unbHbiMH 

( HanpHMep, Tuna C2-13 Knacca 0,1 unu, a KpaAHeM cnyqae, 

BflTI), OT06paHHhlMH C TO'IHOCTbiD 0,01 - 0,05% US napTHH OllHOI'O ,. 

BbmycKa. 

2) TipH MOHTame Jl9nHTenH cneJlyeT npHHHTb ace Mepbi, 

K MUHUMYMY napaSHTHbi9 HHilYKTHBHOCTH H conpoTHBneHHH C09JlHHH-

TenbHbiX sneMeHTOB. 

3) )KenaTenbHO fiOJlBeprHyTb CTa6HnHTpOHbl npeJlBapHT9nbHOA TpeHHpOBK8 

a Te'leHue 200 - 500 qacoa. 

4) qT06hl HS6emaTb cnyqaAHbiX HSM9H9HUA B TeMnepaTypHOM 

OTJl9nbHhlX Jl9TaneA reHepaTORa (us-sa KOHB9KUHH) B9Cb 

He06XOJlHMO SaWHTUTb COOTB9TCTByiDWHM SKpaHOM. 

0CHOBHbl9 napaMeTpbl reHepaTopa KOHTpOnbHbiX CHrHanoB · npUB9Jl9H 

b Ta6nuue 1. 

12 

' 

~tv[: .. " t ,. 
r +2 

r tO 

-z 

r ~ tr =I(" u,r, J 
tr ii,.,.J' 

v ~ L v 

-to -s ~0 

---~ 

I .,., +11J 

PHc, 4, 0THC:,CHTenbaoe H3MeHeHHe nnHTenbHOCTH HMrrynbc 

H3MeHeHHH H8liPH*eHHH IIHT8HHH (~12 B), 
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ae xy>Ke :!:. 0,03% ( HnH a .auqxpepeHuHanbHOM au.ae 

H 'ISCTOTbl cne.QOBSHHH HMnynbCOB 

>K9HHH ITHTSHHH H TeMnepaTypbl npe.QCTaaneHS HS pHC. 

TeMnepaTypaoro 6anaaca nocne nep~oaa'lan&aoro 

K C oco6oe BHHMSHHe aeo6xo.aHMO o6paTHTb aa 

B BbiXO.QHOM aenHTene llOn>KHbl 6biTb BbiCOKOCT86HnbHbiMH 

Mep, THIT8 C2-13 Knacca 0,1 HnH 0 B KpaftHeM cny'lae 0 THIT8 

C TO'IHOCTbiO 0,0 1 - 0,05% H3 napTHH O.QHOrO 

.aenHTenH cneayeT npHHHTb ace Mepbio 'IT06bi caecTH 

napa3HTHhle HHilYKTHBHOCTH H conpOTHBneHHH COellHHH-

CT86HnHTp0Hhl npeaaapHTenbHOft TpeHHpOBK8 

200 - 500 'ISCOBo 

H3MeHeHHA B TeMnepaTypHOM 

~aenbHhlX aeTaneA reaepaTopa (Ha-aa KOHBeKUHH) B~Cb 
6XOilHMO 38WHTHTb COOTBeTCTByiOWHM 9Kp8HOMo 

napaMeTpbi reaepaTopa KOHTpon&HbiX cHraanoa · npHaeaeHbl 

Ta6nHue 1. 

12 
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\ 

~tv[:•" t ,. 
r +2 
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tO 

-2 
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tr .,.~ 
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PHC 0 4. 0THOCHTenbHOe H3MeHeHHe AnHTenbHOCTH HMrrynbCOB KBK ~YHKUHH 
H3MeHeHHH H8ITpH)K6HHH ITHTBHHH ( :!:.,12 B) •. 
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PHCo 5. 0THOCHTenbHOe H3MeHeHHe ~nHTen&HOCTH HMnynbCOB KSK ~yHKUHR 
aaMeaeaas TeMnepaTyp~ oKpyJKaJOmeA cpe~bl. 

'1:l 
:s: 
£> 

? 
=o :s: o-j 
IQ = 
:s: 0 
6l 0 

i: ~ 
~ .. ~ 
<D b' = = :s: 0 
IQ <D 

= :s:· 
a> 6l 
::I l: 
'C <D IQ = !1: <D 
<D = = :s: 
:s: <D 
IQ 

..: 
::I a> 
:s: 0 
o-j o-j 
a> 0 

= o-j 
:s: !!: 
IQ 
~0 

I+ a 
-):I 

"'o 
tJI tJI 
~a> . ~ 

IQ 

:s: 
l: 

~t~ ::I 
~ 

I 

~ 

~ 

a 
... 
"" 
... ca 

I -
\ 
\ 
\ 
\ 
\ 
\ 

... -
~~~ 
~ 
~ 

fli: ;: ... 
~ 

', 



-1 

...... " 

-

01 

Tf~Cl 

PHCo 5. 0THOCHTSnbH08 H3M8H8HH8 AnHTSnbHOCTH HMnynbCOB K8K ~YHKUHB 
H3M8H8HHH TeMnepSTYPhll OKpyJK810IIl8A cpeAblo 
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Pl!c. 7. 0THOCI!TenbHOe 1!3MeHeHI!e '!aCTOTbi cnenoaaHI!ll l!MnynbCOB KaK ¢>YHK­
Ul!ll 1!3MeHeHI!Il TeMnepaTyphi oKpylKaiOmelt cpellbi. 
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• 

AUr(';,] 
Uv 

141 

~o 

-42 

-44 

~uE:f (tYCTANII•A) 
/Jr (tiiCP = 22'{) 

10 tO 

Pl!c. 8. OTHO~l!TenbKOe H3MeaeaHe aMnnHTYilbi HMnynbCOB 

(apeMll ycTaaoaneKHll). 
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PHC, 8, 0THOCHTellbHOe H3MeHeHHe aMIIIIHTY.!lbl HMIIYilbCOB IIOCile BKniO'IeHHSI 

( BpeMSI ycTaHOBneHHSI), 
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Ta6nHua 1 

0CHOBHb!e napaMeTpb! reHepaTopa KOHTpOnbHbiX CHI"'HanOB 

XapaKTepHCTHKa 

l. AMnnHTyaa BbiXOaHbiX HMnynbcos 

2. flonS!pHOCTb BbiXO,OHbiX HMrrynbCOB OTpHUBTenbHBSI 

3, lfacToTa cne.oosaHHSI HMrrynbCOB 

4, ilnHTenbHOCTb HMIIynbCOB 

5. BpeMSI HapacTaHHSI HMrrynbcos 

8. BpeMSI crra.oa HMrrynbCOB 

7. HepasHoMepHoCTb ropH30HT,y'l:aCTKa 

B. TeMrrepaTypHaSI 38BHCHMOCTb aMrrnHTY.Obi 

HMIIynbCOB 

9, 3aBHCHMOCTb 8MIInHTY.Obl HMIIynbCOB OT 

IIHT8HHSI 

10. BpeMSI ycTaHosneHHSI nocne rrepsoaaqanb-

HOrO BKn!O•IeHHSI 

11, flHTBHHe 

]2, 4acno Tp8H3HCTOpOB 

IToporoBoe ycrpoRcrBo 

DpHMe'l:aHHe 

0- 10 B (qepe3 0,1s) 

0 - 1s ( qepe3 10MB) 

0 -0,1 B ( qepe3 1 MB) 

0 - 0,01 B ( qepea 0, 1MB) 

HMrr/ceK 1000 

10-8 
ceK 

100·10-
9 

CeK 

200·10-
9 

ceK 

5·10-4 

-4 
3,5• 10 .Om! H3MepeHH1!: 

TeMrrepaTypb! OT 15-45°C 

-5 ( -5 
8·10 /% 1,5•10 1% anSI 

IIHTBHH.II .::!:.24 B) 

15 MHH 

-3 + 12 s 12•10 a 

12 s 12•10-3a 

B KaqecTBe rroporosoro ycTpoi!:CTBa B H3MepHTenblmil: ycTaHoBKe Hcrrom,-

112/ 
3yeTCSI 9KCII81i!J.epHhTH OIIOK 1 8MIIIIHTY.08 Bb!XOJ~HbTX HMIIynbCOB KOTOporo 

B IIeDBOM flpH6nH}KeHHH m'\nsJeTCSI p83HOCTbiO BenH'l:HH BXOIJHOI"'O HMnynbCU 

U H nopora 
BX 

U 0 , T,e. 

18 

• r 

u Bb!X - A ( u BX - u 0) ' 

r.oe A - KO~HuHeHT rrepe.oa'l:H: 

npH U BX <0 

A • ! 
0 

U BbiX 

U BX -U 0 
rrpH U BX > 

B peanbHOM noporoBOM ycTpoi!:CTBe, oaHaKo, xapaKTep nep• 

cno}!{He:l!:: xoraa u <Uo HB BbiXO.Oe IIOSIBnSieTCSI E 
BX 

•npone38HHSI' 1 KpOMe TOI"'O KO~HUHeHT rrepe.08'1H He SIBrrSie 

OH yMeHbW8eTC.II B 3H8'1HTenbHO:I!: CTerreHH 1 KOI"',Il8 8MIIIIHTy.Oa 

coB ae6onbwa.ll. 

l..fT06bi yMeHbWHTb OWH6Kif M3MepeHHSI1 9KCII8H.OepHbl~ 

pe}KHMe cpaBHeHHSI 1 T,e, 8MIIllHTyaa BXO.OHblX HMIIynbCOB 

BenH'IHHe HaiipSI~eHHSI nopora, COOTBeTCTByroWei"'O HeKOTC 

HOpMHpOBSHHO:I!: 8MIIIIHTy.Oe U Ha BblXO.Oe: 
HH.O 

.. 
U .. U 0 + U 

BX MH.Il 

QqesHaHo, 'ITO nepsocTerreHHoe aHa'leHHe 3.0eCb 6y.oeT H 

KOTopoil: onpe.oenSieTCSI serrH'IHHa noporosoro aarrpS!}KeHHSI u 

C KOTOpOH OHO ITO,Il,llep}KHB8eTCSI, 6 Ka'l:eCTBe HCTO'iHHK8 IT( 

liHii npowe BCe!"'O HCITOIIb30B8Tb TeMrrepaTypHO CKOMITeHCHp 

19 



TaonHua 1 

0CHOBHbi9 napaMeTpbl reHepaTopa KOHTpOnbHbiX CHI"'HanoB 

a 

BhiXOLlHhiX HMITynbCOB 

BhiXOLlHhiX HMITyllhCOB OTpHU8T9nbH8SI 

noaaHHSI HMrryn&coB 

ropH30HT.y'I8CTKa 

38BHCHMOCTh 8MITnHTYLlbl 

8MllliHTYLlbl HMITYllhCOB OT 

rrocne rrepBoHaqan&-

lloporoBoe ycrpoilcTBo 

flpHM9'1aHH9 

0- 10 B (qepe3 0,1B) 

0 - 1B ( '19p93 10MB) 

0 -0,1 B ( 'l9p93 1 MB) 

0 - 0,01 B ( '19p93 0, 1MB) 

1000 HMrr/ceK 

-6 
10 ceK 

100·10-9 
ceK 

200·10-9
ceK 

5•10-4 

-4 
3,5· 10 LlnSI H3MepeHHH 

T9MITepaTyphl OT 15-45°C 

-5 -5 
8·10 /% ( 1,5•10 /% .anSI 

ITHT8HHSI ±..24 B) 

15 MHH 

-3 
+ 12 B 12•10 a1 

-3 
12 B 12•10 a 

llOpOrOBOI"'O YCTpoifCTB£1 B H3MepHT91IbHOH ycTaHOBKe HCITOnh-

" . 112/ 
Fhll1 finoK , 11MflriHTyLla BblXOJUibiX MMIIYllbCOB KOTOporo 

pa,3HOCThiO BeliM'IHH BXOllHOro HMIIYilbCa 

U 0 , T,e. 

18 

lilt 

U a&IX • ~ ( U ax - U o> • 
( 9) 

rne ~ - KO~HUH9HT nep9Ll8'1H: 

~ -
\ 

O QBNX 

U ax -U o 
npu U ax >·u 0 • 

npH U ax <0 

(10) 

B peanbHOM noporoBoM ycTpoAcTBe, onaaKo, xapaKTep nepenaTO'IHOA ~yHKUHH 

cno>KHel!:: Korna U < U 0 ax 
H8 BbiXOJl9 ITOSIBnSI9TCSI H9KOTOpbiJ!: CHrHan 

"npone3aHHSI'
1 

KpoMe TOI"'O KO~HUH9HT nep9Jl8'1H H9 SIBnSieTCSI rrOCTOSIHHhlM H 

OH yM9HbW89TCSI B 3H8'1HT9nbHOJ!: CTeneHH 1 KOI"'Jl8 aMITl1HTyJla BbiXOJlHbiX HMITY11b-

COB H90011bW8Sio 

'l{TOObl yMeHbWHTb OWH6KU H3M9p9HHSI1 aKCITaHJl9pHbiJ!: 6noK pa6oTaeT B 

pe>KHM9 cpaBH9HHSI
1 

T,e, aMITilHTyJla BXOJlHblX HMrrynbCOB orrp9Jl911SI9TCSI ITO 

BenH'IHH9 HarrpSI>K9HHSI rropora, COOTB9TCTBYJOUl9rO H9KOTOpOl!: MHHHManbHOA 

HOpMHpOBaHHOH aMrrnHTYll9 
U H8 Bb!XOL19: 

HHLl 

( 11) 

U BX "'U 0 + U HHLl 

0'19BHJlH0
1 

'ITO rrepBOCT9IT9HH09 3Ha'I9HH9 3Jl9Cb 6y.aeT HM9Tb TO'IHOCTb 0 C 

KOTopoi!: onpenenS!eTC51 B911H'IHHa noporosoro aanp51>K9HH51 U 0 H cTa6HnbHOCTb 1 

C KOTOpOH OHO ITOL1Jl9p>KHB89TC51o 8 Ka'19CTB9 HCTO'IHHK8 ITOpOI"'OBbiX H8ITp51>K9-

BFn rrpowe Bcero HCITOI!h30B8Tb TeMnepaTypRO CKOMrr9HCHpOBaHHblH CT80Hl1H-

• 
19 



-5) Tpoa ( e TeMnepaTypahiM xoacM>auaeaTOM nopB.IlKa 10 , a TO'Iaoe .11eneaae 

oeymeeTBnSITb npa noMOUIH npeuaaaoaaoro renanoTa e BhleoxoA JIHaeAaoeTb~ 

( aanpaMep, 0,02%). Tioene.llH.SUI o6saaTenbHO .llOn>Kaa 6biTb nposepeaa H3MepHTenb-

Hb!M noTeHUHOMeTpOM HllH BOJ1bTMeTpOM UHcppoBoro THna. Kor.11a renHnOT He o6na-

eT He06XO.IlHMOI!: TO'IHOCTb~1 BeJIH'IHHy nopora MO>KHO onpe,lleJI.IITb BbiWeyK838HHbi­

MH yeTpofteTB8MH. 

'lfTOI5b! o6eene'IHTb .llOeT&TO'IHO Bb!eOKOe BXO.IlHOe H HH3KOe BhiXO.IlHOe 

eonpOTHBl19HHSI 0 B 9Ken&H.IlepHOM 6noxe (eM. pl!eo 9) npe.llyeMOTp8Hbl BXO.Il-

HOA H eoeTaBHOA BhiXO.IlHOA 9MHTTepHhiA noBTOpHT8llH (eM. pae. 10 H 11). 

Bnaro.11apg ,llononHHTenbHoA o6paTHoA eBSI3H 9MHTTep-6aaa B noBTopHTengx, 

9KBHBal18HTHOe BXO.IlHOe eonpOTHBJleHHe yBellH'IH889TeSI 8 

1 

1- Ksn 
paa 

( K - xos$cllnuneaT nepeso.11a 9MHTTepaoro noBTopHTeng) H senH'IHHa R 
an sx 

npe8hJUI8eT 100 KOM npH ep88HHTellbHO HH3KOOMHbiX uenSIX no noeTOSIHHOMy 

TOKy. 

B. xonnexTopaoA uenu BXO.IlHoro 9MHTTepaoro nosTopHTeng sse.11eaa .110-

nonHHT9l1bH8SI aarpy3K80 .ll8~1118SI 803MO>KHOeTb exoMneHeHp088Tb 8 3H8'1H-

TenbHOA eTeneaa nponeaaaue enraana (aMnnHTy.lla nponeaa~mero earaana 
I 

H WyMa npH U • 9 B H U o • 10 B npH6JIH3HTenbHO 0 05 MB). B nopo-
BX 

rOBOM yeTpofteTBe npHMeHeHa .llBYX.IlHO.IlH8SI uenO'IK8 ep8BH9HHSI 0 XOTOpag no-

3BOJ1SI9T YllY'IWHTb TeMnepaTypHy~ eTa6HllbHOeTb H yMeHbWHTb KOs#HUHeH'•' 

nepe.lla'IH, eena u < u 0 
BX Tax xax HaMepeHH.II Be.llyTcSI B pe>KHMe cpas-

H9HHSI0 8Mnl1HTY.Il8 earaana H8 BbiXO.Ile He6onbW8SI H o6a .llHO.Ila OTKphiTbi: 

20 

.. 
~--~~- t 

::.. 
~ 
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~ 
CQ 

ca.: a 
I I I 1,.. cc:: 

~ 

~ 

21 

H 

:::.. 
~ 
+ 

t:a ...,:if 

11:1 

;::~ 

II: 
Ql 
II: 

0 

8 
~ 
(I) 
» 
(') 

~ g 
(.) 

= 
,; 
II: 
0 
t: 

10 

2 
0 = 0. • 
(I) t:( 

[if~ 
Ql = = t: (.) = 
lli ~ 
Ql Ill 

~ § 
I( (I) 

(.) = 111 ca ca o. = (.) 
~ 0 ca 111 = .. = 0 11101 

i 8. = .. o.u 
t:::.. 
a) 

0 = 0. 



-6) ~nepaTypHbiM xoacM>HuHeHTOM nopsrJlxa 10 , a TO'IHOe Jleneaue 

npH DOMOIIIH npeUH3HOHHoro renHDOTa C BbiCOKOft nHHeftHOCT:biO 

02%). TiocneJlHSISI o6HaaTen&.ao JlOn)I(Ha 6&ITb npoeepe.aa H3MepHTen&-

•.rn.<ATnoM HnH eon&TMeTpoM uH«flpoeoro THna. KorJla renHnoT .ae o6na-

MOll: TO'IHOCTbiO, BenH'IHHy DOpora MO)I(HO ODpeJlenSITb Bbiiii9YK838HHbi-

B8MHo 

o6ecne'IHTb Jl0CT8TO'IHO BbiCOKOe BXOJlHOe H HH3KOe BbiXOJlHOe 

B 3KCD8HJlepHOM 6noxe (eM. pi!Co 9) npeJlyCMOTpeHbl BXOJl-

BbiXOJlHOft 3MHTTepHblft DOBTOpHTenH ( CMo pH Co 10 H 11) 
0 

mononHHTen&HOft o6paTHOft CBSI3H 3MHTTep-6aaa B DOBTOpHTenBX
1 

CODpOTHBneHHe yBenH'IHBaeTCB B 

1 

1- Kan 
paa 

~HUH8HT nepeBOJl8 3MHTTep.aoro DOBTOpRTens) R BenR'IRHa R 
BX 

KOM DpH Cp8BHRTen&HO HH3XOOMHbiX UeDSIX no nOCTO.RH.IIOMy 

KTOpHOft U9DH BXOJlHOro 3MRTTep.aoro DOBTOpRTen.R BBeJlaHa JlO-

Harpyaxa, Jl8IOIII8SI B03M0)1(.1fOCTb CXOMD9HCHpOB8Tb . B 3Ha'IH-

nponeaa.aue cur.aa.na. ( aMn.iiHTYJla nponeaa.IOmeno cur.aa.na. 

• 9 B H U 0 • 10 B npu6nH3HTen&.ao 0,6 MB). B nopo-

npHMe.ae.aa llBYXJlROJlHasr uenoqxa cpaeae.ausr, xoTopa.sr no-

TeMnepa.TypHyiO CT86HnbHOCTb H yMeHbiiiHTb KOacM>RuHeH'•' 

Tax xax HaMepe.aHsr BeJlyTcsr B pe)I(HMe cpa.e-

CHrHana Ha BbiXOJle He6on&III8Sl H o6a JlHOJla OTXpb!Tbl: 

20 • 
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:~ 
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H 
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0 
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0 
::i 
~ 
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~ 
0 
t:: 
() 
:s: 
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1.: 
0 
t;: 

10 

~ 
0 = Po • 
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<:( >. 
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t:: t;: 
() t:: 

iii ~ 
as 111 

~ § 
I< Cll () :a 
111 as 
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t;: 0 
as 111 
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151>151 = 0 = Po 
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·-
lsx= / (Usxu) 

----
100 

/ 
v 

, 
-"'"' 

2 6 8 

PHc~ -10, nonaoe BXOilHOe conpoTH!meaHe sKcnaaAepaoro 6noKa KaK cjlyHKDHH 
8MnnHTYilbl BXOilHblX HMnyn&COB, 

Z&lx = / ( U !Wxu) 

RHJI"P= 150 sz 

-~ 

1 

2 6 8 

~ 



f !OOr--+--;---r--+--;---r--+--,_--+-_ _, 

100 

2 6 8 

PHc~ ·10. noli.Hoe BXOAHOe conpoTHBne.HHe 9KCna.Httep.Horo 6noKa KaK IPYHKIIHSI 

aMnnHTYAbl BXOA.Hb!X HMnynbCOB, 

1 

ZBIJx = / ( U 1WX11) 

RHAfP= 150 sz 

-

2 6 

PHc. 11. BHyTpeH.Hee conpOTHBne.HHe aKcnaattep.Horo 6noKa KaK lflyHKIIHH 

aMnnHTYAbl BbiXOAHbiX HMnynbCOB, 



!Ill 

'il 
,n· 

'[:' 
.. 

:11, 

''I 
:;1 

':.tl 
,, 

·II 
'i· ,, 

U -u -U -U +U 
Bb!X BX 0 Jl} A2 

H ~T06hl o6ecne~HTb TeMrrepaTypHy~ CTa6HnbHOCTb He06XOAHMO HCIIOnb30B8Tb 

OAHHSKOabie JlHOJlbl C OJlHHSKOabiM H8IIpHJK9HHeM Ha HHX
1 

T.e. npoTeKa~IIIHe 

~epea HHX a MOMeHT OTC~~Ta TOKH JlOnJKHbl 

J1'Mes a aHJlY1 ~TO 1 
I Jl2 • 2 1A20 

6hlTb paaHbiMH 

Ua 
(Ill "'-

20 .R 

I A 1 .. I 
Jl2' 

- TOK ~epea 

napannenhHbi:ll: AHOA .a
2

, KOI'Jla u < uo 
ax H nocneAoaaTenhHbi:ll: JlHOJl .U 

1 
He IlpOaOAHTj' U a - HSIIpHJKeHHe HCTO~HHKa IlOJliiHTbiaaHHH JlHOAHO:ll: ueno~KH 
~epea conpoTuaneaus R11 H R12 H T.K. axoAHoe conpoTuaneaue aToporo 

SMHTTepHOI'O rroaTopHTenH MHOI'O 6onbme COIIpoTHaneHHH OTKphlTOI'O JlHOAS 

.a2, MOJKHO onpeJlenHTb 8MIInHTYAY abiXOJlHOI'O HMrrynbca, ans KOTOpo:ll: co6n~­

aaeTCH ycnoaHe TeMrrepaTypHO:ll: KOMIIeHCSUHH: 

u .. u - u 
abiX K Jl 20 A2 

{13) 

I'Ae U ~O H U a 2 - IIOTeHUHSnhl Ha JlHOAe T .U 
2 

a cny'!ae, KOI'AS 'le.pea 

Hero npoxoauT TOK I Jl 20 H I .a
2

, CO<i>Tl38TCTaeaao: 

U A20 .. IC Jn I A20 + ~ 

UA2 "' K Jn 
1 
2 

I A2o + e 
( 14) 

(aaeCb IC H e - KOacj>cpHUHeHTbli AnH AHOJIOa THIIS .UJ8 1C • 0,03-t0,06)
1 

HnH ycnoaue TeMnepaTypHo:ll: KoMrreHcauHH co6nroaaeTcs, ecnH aMnnHTyAa 

abiXO,IlHOI'O CHI'Hana 6yaeT: 

24 

• 

U • IC Jn 2 .. 0,7 K • 
Bb!X 

u ( B orrHCbiBaeMoM rrpH6ope aenH~HHa .. u 
abiX HHLl 

20 MB). 

Ha pHc. 12 noKaaaHbi peaynbTSTbi uaMepeHH:ll: aM 

fKC, rrony~eHHbie HenocpeacTaeHHO H3 OTC~~Ta Hanps> 

PHm[%) 

1 
+(),1 

tO 

A _ Uo-Usxu 
; U81Jxu = 1{j mV H3H-

UoHAKc 

__!l_ 

-01 I 

2 4 6 

" 
PHc. 12. · MaKCHManbaoe OTKnoaeHHe (a npoueaTax) npH H3M4 

HMIIynbCOB OT reaepaTopa KOHTponbHbiX CHI'HSnOBo 

u = H u I1p9UH3HOHHOM renHIIOT9 npH 
abiX HHJl 

BH,IlH01 ~TO aenH~HHS OTKnOH9HH51 He npeahlW89T 0,0 J-0, 

H omH6Ka1 aBOJlHMa.ll fKC) • 

noaeaeaue HaMepHTenbHoro ycTpo:ll:cTaa npu H3M4 

H8IIp51JK9HH51 IIHT8HH51 (;!:J2 a) IIp9JlCT8BneHO rpa4j>HKOM 1 IIOl 

25 



U =U -U -U +U 
Bb!X BX 0 .rl} .rt2 

( 12) 

TeMrrepaTypay~ CTSOHnbHOCTb HeooXO.rtHMO HCITOnb30B8Tb 

O.rtHHSKOBb!M HSITpSl)l{eHHeM Ha HHX
1 

T.e. ITpOT9KB~!IIHe 

OTC'I~Ta TOKH .rtOn)I{Hb! Ob!Tb p8BHb!MH 
I .Ill I 

.ll2' 
BH.IlY1 'ITO I .ll2 

.. _1_ I 
2 .ll20 

UB (Ia .. _ 

u < uo 
BX 

20 .R - TOK 'lepea 

.rtHO.Il 11
2

, KOI'.Qa 
H rrocneaoeaTenbH&rA .llHO.Il 11

1 
- HBITpSl)l{eHHe HCTO'IHHKa ITO.QITHThlBBHHSl .llHO.QHOjt UeiTO'IKH 

Rll H R l2 H ToKe BXO.IlHOe COITpOTHBneaHe BTOpOI'O 

MHOI'O oonbure COITpoTHBneHHSl OTKpb!TOI'O .llHO.QS 

Bb!XO.rtHOI'O HMrrynbC81 .llnSl KOTOpOA COOn~­

TeMrrepaTypaoA KOMrreacauHH: 

u .. u - u 
Bb!X K .ll20 .ll2 

( 13) 

H Ua2 - rroTeHuHan&r aa .llHoae T 11
2 

B cnyqae, 

I .ll 20 H I 112• COOTB8TCTB9HJIO: 

Koraa 'le.pea 

TOK 

U .rt20 .. " Jn I .ll20 + ~ 

ua2 .. K Jn 1 
2 

1 a2o + ~ 
( 14) 

" e - KOS!jl4JHUH9HTbi; .llnSl .rtHO.IlOB THrra 1118 K,. 0,03 -t0,06) 
1 

TeMnepaTypao~ KOMneacauHH coon~aaeTcsr, ecnH aMrrnHTyaa 

OY.rteT: 

24 

U Bb!X • K Jn 2 • 0,7 I( • 

( 15) 

( B orrHCbiBaeMoM rrpHoope aenH'IHHa 
BbiX 

u = U COCTaBnSleT ITpHMepHO 
HH.rt 

20 MB). 

Ha pHCo 12 ITOK838Hbl peaynbTSTbi H3MepeHHA SMITnHTY.Ilbl HMrrynbCOB 

fKC, rronyqeaa&re aerrocpeacTBeHHo H3 OTC'I~Ta aarrpsr)l{eHHSl nopora U 
0 

aa 

plf11'1 [%] 

1 
+{),1 

A _ Uo-Usxu 
H31f - U ; UBNxu = 1lJ mV 

0 lfAKC 

!0 0 

-01 
I 

2 4 6 8 
---Usxy [V} 

PHc. 12. · MaKCHMan&Hoe oTKnoHeHHe ( e npoueHTax) npH H3MepeHHH aMnnHTY.rtbi 

HMITyn&COB OT I'eHepaTopa KOHTponbHblX CHI'HSnOBo 

u U = 18 MB. 113 pHCyHKa 
HH!l 

rrpeuHaHOHHOM renHrroTe npH 
BbiX 

BH.QH01 'ITO BenH'IHH8 OTKnOHeHHSl He npeBbiWBeT 0,01-0,015% (C~.Il8 BXO.IlSlT 

H OWHOK81 BBO.IlHM8Sl fKC) • 

TioeeaeHHe H3MepHT9nbHOI'O YCTpOftCTBa rrpH H3M9H9HHH ITOCTOSIHHOI'O 

HanpsnKeHHSl ITHTSHHSl (:!:,12 B) rrpe.QCTBBneHO rpa<j>HKOM 1 ITOK838HHOM H8 pHCo 13 • 

• 25 



DnH CTa6HJIH3HpOBSHHOro HCTOqHHKa llHT8HHH C KO~HUH9HTOM CTS6HJIH38UHH 

OKOJIO 50 OlllH6Ka 0 BBOLlHMSH 10% H3MeHeHHeM HanpH>K9HHSI CeTH
0 

He npeBbi-

lll89T 0,0 1%. 

TeMnepaTypHaH 38BHCHMOCTb H3MepHTenbHoro ycTpoAcTBa ansr pa3nHq-

HbiX 8MllJIHTYLl BXOLlHbiX HMnyn&COB llOK838Ha Ha pHCo 14 H He npeBbilllaeT 

0 :!:. 0,04% ansr H3MeHeHHSI TeMnepaTypbi oxpy>KBIOllleA cpeabi OT 20 no 50 C, 

-5 0 a B LlH~epeHuHan&HOM BHLle TepMOCTa6Hn&HOCTb He xy>Ke qeM 4.10 I C. 

OcHoBHhie napaMeTphi axcnaHnepHoro 6noxa B cnyqae Hcnon&30BBHH.H 

ero LlJISI H3MepeHHSI 8MllJIHTYLl HMllYJibCOB npHBeaeHbi B Ta6nHue 2. 

Ta6nHua 2 

OcHoBHble rrapaMeTpbi SKCIIaH.aepHoro 6noKa IIpH Hcrronb&OBBHHH 

ero KBK YCTpOiiCTBB .anH CpBBHeHHH BMIIIIHTyp 

XapaxTepHCTHKa 

1. AMnnHTyna BhiXOLlHhiX HMnynbCOB 

2. OonSipHOCTb BXOllHhiX HMllYJibCOB 

3. 00JIS1pHOCTb BhiXOllHhiX HMnyJibCOB 

4. BxoaHoe conpoTHBneHHe • 

5. BbiXOLlHoe conpoTHBneHHe 

6. ConpoTHBneHHe Harpy3KH 

7. 0THOCKT9nbH09 OTKnOH9HHe OT RKH9~HOCTK 

B aHanaaoae oT 1 ao 10 B 

B. illyMbi H nponeaaJme HMnynbca Ha Bhlxoae 

npH U ~ 9 B H 
BX 

U 0 = 10 B 

9. TeMnepaTypHaH aaBHCHMOCTb 

10, 0HT8HHe 

II. qHcno TpaH3HCTopos 

26 

• 

OpHMeqaHHe 

0 - 10 Bo 

OTpHUaTeJibHSSI 

OTpHUST9JibH8SI 

> 100.10
3 

OM 

<2OM 

150/100/oM 

±.. 0,01% 

-3 < 0,5.10 B. 

He xy>Ke ±_0,04% am1 

HgMeHeHMQ TeMnepa-

Typhi OT 20 llO 50°C 
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HCTO~HHK8 flHT8HHH C KO~~HUHeaTOM CT86RnR38UKH 

BBOAHMSH 10% H3MeHeHHeM HanpH>KeHHH CeTR 0 He npeB&I-

paaH 38BHCHMOCTh H3MepHTen&HOro ycTpoftCTBS AnH paanR~-

HMnyn&cos noKaaaHa Ha pHc. 14 H He npeB&JwaeT 

TeMnepaTyphi OKpy>KBIOIUeA cpeAhl OT 20 AO 50°C, 

-5 0 
~eM 4.10 I c. ~HUHSnhHOM BHAe TepMOCT86HnhHOCTh He Xy>Ke 

napaMeTp&I aKcnaHAepHoro 6noKa B cny~ae Rcnon&aosaHHH 

aMnnHTYA HMnynbCOB npRBeAeHbl B Ta6nHue 2. 

Ta6nHua 2 

aapaMeTphl 3KCllBHaepHoro 6nOK8 llpH HCllOflb30B8HHH 

KBK yCTpOhCTB8 anH Cp8BHeHHH 8MllflHTya 

Harpy3KH 

OTKJIOHeHHe OT l!HHeJ;\'HOC'l'H 

OT 1 AO 10 B 

Ha BhTXOAe 

9 B H U 0 = 10 B 
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