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BBEAEHHE 
0AHHM H3 Ba*H~X napaMeTpOB nOTOKa ABYX~a3HOrO renHA, HC

nonb3yeMoro AnA KPHOCTaTHPOBaHHA o6~eKTOB, ABnAeTCA ero HC
THHHOe o6~eMHOe napOCOAep*aHHe, KOTOpOe onpeAenAeTCA no ~pMy
ne 

a .. 
8Vn 

8V 
/1/ 

rAe 8V n - o6~eM napa a sneMeHTapHoM o6~eMe 8V. AnA onpeAe
neHHA ana*HOCTH BOAAHOrO napa npHMeHA~TCA pa3H~e MeTOA~, B TOM 
~HCne eMKOCTH~e HnH pe3HCTHBH~elti,KanopHMeTpH~eCKHe H paAHa
~HOHH~e l21. 

KanopHMeTpH~ecKHH MeTOA 6~n HcnonbsoaaH AnA onpeAene
HHA napOCOAep*aHHA B nOTOKe ABYX~a3HOrO renHA Ha B~XOAe 
H3 o6~eKTa KpHOCTaTHPOBaHHA lSI. 

OcHoBH~M HeAOCTaTKOM 3Toro MeTOAa ABnAeTcA TO, ~To a npo
~ecce H3MepeHHA napOCOAep*aHHA K nOTOKY HeOfiXOAHMO nOABeCTH 
Tenno AnA HCnapeHHA *HAKO~ ~a3W, B pesynbTaTe ~ero ABY~a3HW~ 
renH~ npeapa~aeTcA a nap. 

no3TOMy AnA KOHTpOnA napOCOAeP*aHHA Ha BXOAe B o6~eKT TaKO~ 
MeTOA HenpHeMneM. Tpe6oaaHHA K MeTOAY onpeAeneHHA napocoAep
*aHHA a TaKOM cny~ae MO*HO c~pMynHpoaaTb cneAy~HM o6pasoM: 

- coxpaHeHHe aenH~HH~ napOCOAeP*8HHA Ha BXOAe H B~XOAe no
TOKa H3 ·AaT~HKa napaMeTpa, T.e. MHHHManbHOe 3Ha~eHHe Tennoaoro 
nOTOKa OT A8T~HKa K KpHoareHTy; 

- ManaA HHep~HA H3MepHTenbHOH CHCTeM~; 
- MHHHManbH~e pa3Mep~ AaT~HKa; 

- HaAe*HOCTb AaT~HKa H H3MepHTenbHO~ CHCTeM~; 
- npocTaA KanH6poaKa CHCTeM~; 
- ManaA ~yacTBHTenbHOCTb AaT~HKa K MarHHTHOMy non~ H paAHa-

~HOHHOMY o6ny~eHH~. 
Ha OCHOBe npHBeAeHH~X BWWe Tpe6oaaHHH H ~H3H~eCKHX CBOHCTB 

*HAKOrO H rasoo6pa3HOrO renHA MO*HO HCnOnb30BaTb eMKOCTH~H 
MeTOA, KOTOp~~ OCHOBaH Ha pa3HH~e AH3neKTPH~eCKOH npOHH~ae
MOCTH rasoo6pa3HOrO H *HAKOrO renHA. XOTA 3Ta p83HH~a OTHOCH
TenbHO HeBenHKa /HeCKOnbKO npo~eHTOB/, eMKOCTH~e CHCTeM~ H3Me
peHHA ypOBHA *HAKOrO renHA HaWnH WHPOKOe npHMeHeHHe 14·61 , 

B pa6oTe o6CY*AeHa npo6neMa onpeAeneHHA napocoAeP*aHHA AByx
~asHoro paaHoaecHoro renHA eMKOCTH~M MeTOAOM, npHBeAeH~ pe-
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• 
synbTaT~ aHanH3a Tpe6oeaHH~ T04HOCTH H3MepeHHR eMKOCTH AaT4HKa 
H TeMnepaTyp~ nOTOKa renHR. 

OnPE~EnEHHE nAPOCO~EPIAHH~ EMKOCTH~ METO~OM 

~H3neKTPH4eCKy~ npOHH~aeMOCTb £ OAHOPOAHO~ CHCTeM~, COCTOR
~e~ H3 *~Ko~ MaTpH~~ H nys~pbKOB napa, onpeAenReT ~pMyna 
BHHepa 11 : 

1-£/flK 

2+£/flK 
-=a• 

1-£/flK 

2+£r/ElK 
/2/ 

rAe En,ElK- AH3neKTPH4ecKaR npoHH~aeMOCTb *HAKOro H rasoo6pas
Horo renHR COOTBeTCTBeHHO, a- 06DeMHOe napOCOAeP*aHHe. npH 
HcnonbsoeaHHH eMKOCTHoro AaT4HKa /KOHAeHcaTopa/ c OAHOPOAH~M 
3neKTPH4eCKHM noneM MO*HO 3aMeHHTb B ypaBHeHHH /2/ BenH4HH~ 
£, £ lK H £ n COOTBeTCTBeHHO BenH4HHaMH e, elK H en, rAe e -
eMKOCTb AaT4HKa, sanonHeHHoro ABYX<I>a3H~M renHeM, elK - eMKOCTb 
AaT4HKa, sanonHeHHoro *HAKHM renHeM, H en - eMKOCTb AaT4HKa 

. ' 

c rasoo6pa3HWM renHeM. B Ta6nH~e npHBeAeHw eenH4HH~ AH3neKT
PH4ecKo~ npoHH~aeMOCTH *~Koro H rasoo6pasHoro renHR e AHana
soHe TeMnepaTyp 3, 5+5 K ~ a TaK*e eenH4HHbl b .. E IE H k .. 1 - b, 

v n lK 
HcnonbsyeM~e B AanbHe~weM. 

B cny4ae nys~pbKOBoro HnH 3MynbCHOHHoro Te4eHHR ABYX<I>a3Horo 
renHR B HanpaeneHHH, nepneHAHKynRpHOM 3neKTPH4eCKOMy nonn KOH
AeHCaTopa, He06XOAHMO BBeCTH TaK Ha3b1BaeM~~ <!>aKTOP ~PM~ f, 
KOTOP~~ BKn~4aeT ~PMY ny3WPbKa H OpHeHTa~H~ ero rnaBHbiX oce~ 
OTHOCHTenbHO 3neKTPH4eCKoro nonR Ill, 
·. YpaBHeHHR AnR napocoAeP*aHHR MO*HO noToM HanHcaTb 

a"' 
(1-e/elK )[l+(f-1) eu~elK] 

(1-en/elK)[l+(f-1) e;elK] 

Hcnonb3YR o6osHa4eHHR b = £n IE lK H f 
0 
.. f- 1 , nony4aeM: 

a -=~A 

rAe 

~A "' 

2 

1- e;elK 

1+f0 .e;elK 

1+fo·b 

1-b 

/3/ 

/4/ 

/5/ 

!rl'' 

:~11 
}lit: 

. \•. 

~ 

Ta6nH~a 

~ e.- e,., • ~ 

'·50 1.,0511' 1,00300 0.,95421 4.,579.10-2 

'·60 1,05066 1 ,00,4 0,95496 4.,504 

,.,70 1.,05016 1.,00,71 0.,95576 4,424 

,.,eo 1,0496, 1.,00411 0.,9566' 4,,,., 

,,90 1,04906 1,00455 0,95757 4.,24' 

4.,00 1,04845 1.,0050' 0,95858 4,142 

4.,10 f,04780 1,00555 0,95967 4,0, 

4,20 1,04710 1.,00612 0,96086 ,.,914 

4.,,0 1.,046,5 1.,00674 0,96214 ,.,786 

4.,40 1,0455, 1.,00744 0,96,56 ,,644 

4,50 1,0446, 1,00821 0,96513 ,.,487 

4.,60 1.,04,64 1.,00909 0.,96689 ,,,11 

4.,'70 1,04252 1.,01010 0.,96890 ,,110 

4.,80 1.04125 1,01128 0,97121 2,879 
I' 

4.90 1,03974 1.01273 0,97402 2,598 

5.00' 1.,0,785 1,01461 0.,97760 2,240 

Hs ~pMynw /4/ nony4aeM 

_2__.., A-a 

elK A+fo·a 
/6/ 

B cny4ae CHMMeTpH4HbiX /c<t>epH4eCKHx/ nyswpbKOB c pasMepaMH Ha
MHoro MeHbWe, 4eM pasMep A8T4HKa, <!>aKTOp <!>OPMW paBeH BenH4HHe 
1 , 5 /1/ H, cneAOBaTeilbHO, f O • 0,5 · 

Mo*Ho noKasaTb, 4TO npH annpoKCHMa~HH <t>opMynw /6/ nHHe~Ho~ 
38BHCHMOCTb~ THna 

e;elK -=1-ka, 

rAe k ... 1- b, pasHH~a a onpeAeneHHH aenH4HHbl 
H /6/ He npeewwaeT 0,5%. Ha ~ npHBeAeHa 

171 
a no ~pMyne /7/ 
TeMnepaTypHaR sa-
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"!! .. 
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B~CHMOCTb een~4~HW k B A~ana-
30He 3,5+5 K, Ha p~c.2 
TeMnepaTypHaR aaBHC~MOCTb 
& = f - f n • YpaaHeHHe 
AnA o~~eMHoro napocoAep~aHHR 
MO~HO HanHCaTb ~3 171 8 BHAe 

1 e az:-{1- -). 181 
k elK 

YpaeHeH~e 181 ABnAeTcA oc
HOBH~M AnA onpeAeneH~A napo
coAep~aH~A Ha ocHoee aen~-

o 4~H~ eMKOCT~ AaT4~Ka. B cny-
J,S - 4•0 4,5 T,K S,O 4ae OAHOPOAHOro noTOKa AByx-

P~c.1. TeMnepaTypHaA sae~c~
"'MOCT'b een~4~H~ k .. 1 - fn I£ lK 
e ofinacT~ TeMnepaTyp 3,575 K. 

s,...-----r-----r-----, 

) 
w • 

4 

-., 

1 ~------~--------~--------~ 
~~ 4,0 4,5 

T,K 
5,1 

P~c.2. TeMnepaTypHaA sae~c~-
MOCTb Ben~4~H~ ~f ==f. -f. 

e o6nacT~ TeMnepaTyp*J,57~ K. 

~3HOro paBHOBeCHOrO renHR 
(dal dt ,., 0) ~MeeT c~ny 

npeAnono~eH~e e .. const. A~4M!Ie
peH~~poeaH~eM 181 nony4aeM 

_<h_ - - ___...1 ___ 191 
de k·elK. 

Ha OCHOBe 191 MO*HO Han~caTb 

da ~e 
1 1 ~a .. - • ~e-- . I 0 

de k·elK 

AnA onpeAeneHHA een~4~Hw a 
C T04HOCTbll'l ~a He06XOA~MO 

~sMep~Tb eMKOCTb AaT4HKa 
C OTHOC~TenbHO~ norpeWHOCTb~ 

~e 1-1 <k·~a. e -lK 
I 11/ 

Ha p~c.3 np~BeAeHa sae~c~
MOCTb ~e /e lK B TeMnepa
TYPHOM A~anasoHe 3,5+5 K 
e cny4ae ~a == 0,01: , T. e. 
norpewHOCTb paeHa 1%. 

11a <l!opMynbr 181 cneAyeT, 4TO KpoMe een~41o1Hbl eMKOCTI-1 AaT41o1Ka 
He06XOAio1MO 3HaTb Benlo141o1Hbl k ~ elK, KOTOp~e RBnRIOTCR <I!YHK~Io1AMH 

TeMnepaTypbl. Heo6XOA~MYI0 T04HOCT b ~3MepeHio1A TeMnepaTypbl MO*HO 
o~eH~Tb cneAYO~~M o6pasoM. 
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-· 5·10 

Ao(~O,OI 

0 ~----~-----~---------J 
3,5 4,0 4,5 5,0 

T,K 
PHc.3. Heo6xoAHMaR 4YBCTBHTenbHOCTb H3MepeHHR eMKOCTH 
AaT4HKa AnR onpeAeneHHR BenH4HHbl napOCOAep*aHHR C T04-
HOCTbiO 1%. 

·0,1 

P~c.4. Heo6xOAHMaA T04HOCTb H3MepeHHA TeMnepaTyp~ 
ABYx<llaaHoro noToKa ren~A AnA onpeAeneHHA eenH4HH~ 
napOCOAep*aHHA C T04HOCTb0 1%. 

EMKOCTb AaT4HKa MO~HO npeACTaBHTb KaK CYMMy eMKOCTH, KOTO
paA aanonHReTCR ABYX<I!a3H~M ren~eM, H eMKOCTH, KOTOpaA He aa
nonHReTCA ABYX<I!a3Hb1M renHeM leMKOCTb KOpnyca AaT4HKal 

e == e AO + e A . f. • 1121 
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AH~epeH~HPYR ypaeHeHHe /12/ no TeMnepaType, nony4aeM 

dC dCA0 dCA·c dc.CA 
-;yr=~+-~+ dT • /13/ 

BenH4HHbl dCAO I dT H dC A I dT onpeAeneHbl TeMnepaTypHbiM HSMe
HeHHeM reoMeTpHH AaT4HKa, KOTOPbiM e AHanasoHe 3,5+5 K MO*HO 
no cpa&HeHHIO c eenH4HHO.:l <If I dT npeHe6pe4b. HTaK, 

dC -c. J!L. 
dT A dT 

Ha OCHOBe /14/ MO*HO HanHCaTb: 

~C = dC • ~T 
dT 

HcnonbSYR ypaeHeHHA /14/, /15/ "'/10/, nony4aeM 

~T de 
~aa- ·--. 

k (C w /CA H lK) dT 

/14/ 

/15/ 

/16/ 

06naCTb He06XOAHMO.:l T04HOCTH H3MepeHHR TeMnepaTypbl onpeAeneHa 
rpaHH4HbiMH KpHBbiMH 

~T(O)., ~a k(CAOICA +ElK ) 

de lK I dT 

~T(l) = ~a k(C8ol C A H lK) 

den I dT 

/17a/ 

/176/ 

•· 
npH npeAnonolKeHHH, 4TO CA0 IC A =0,1 H ~a=0,01 ,nony4aeM o6-

nacTb Tpe6yeMO.:l T04HOCTH HSMepeHHR TeMnepaTypbl, KOTOpaR noKa-
3aHa Ha pHc.4. 

Heo6xOAHMo e~e pas noA4epKHYTb, 4TO npHBeAeHHbl.:l BbiWe aHanHS 
OTHOCHTCR K nySbiPbKOBOM,Y HnH 3MynbCHOHHOMY Te4eHHro. 

8 o6~eM cny4ae, KOrAa pe*HM Te4eHHR He HSBeCTeH, onpeAeneHHe 
napOCOAep*aHHR RBnReTCR saTPYAHHTenbHO.:l npo6neMOH, H Ha cerOA
HRWHH.:l AeHb HaM HeH3BeCTHO ero npaKTH4eCKOe peweHHe. 

B saKn~4eHHe aBTOP BbiPa*aeT 6naroAaPHOCTb r.r.XoA*H6arHRHY 
sa none3Hble saMe4aHHR H E.H.AbR4KOBY sa noCTORHHbl.:l HHTepec 
K pa6oTe. 
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