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B paooTax 1 l, 21 ynbTpaxonollHbie Heil:TpOHhi ( YXH), T.e. HeiiTpOHbi 

e 8HeprHeii E "" }Q-7 8B 0 H3BneKanHeb H3 TOHKOii rrnaeTHHKH - KOHBepTO

pa, rae OHM o5pa30Bb!BanHeb rrpH o5ny'IeHHH KOHBepTopa ITOTOKOM TeiTnOBbiX 

Heil:T poHoB. KaK H3BeeTHo, yBenH'IeHHe Bbixona o'IeHb MenneHHhiX HeiiTpoHoB 

H3 peaKTopa Mo>KeT ObiTb rrony'IeHo 3a e'IeT oxna>KtleHHSI 3aMellnHTenSI. DpH 

pa5oTe e YXH, KoTopbie BbiXOllSIT H3 T OHKoro rroBepxHoeTHoro enoS! 3aMeanH

TenSI TomuHHOii rropS!llKa nnHHbi eBo5onHoro rrpo5era YXH ( < 5 MM), nocTa-

TO'IHO a<fJ<fJeKTHBHbiM MO>KeT Ob!Tb oxna)KlleHHe nHII!b 8TOrO IIOBepXHOeTHOrO 

enoS! HnH KOHBepTopa, a He. Beero 3aMennHTenSI B uenoM /3,4/. 

HaMH ohinH paee'IHTSHbi BbiXOllbi YXH H3 pa3nH'IHhiX KOHBepTopoB, HMe-

~lllHX TeMIIepaTypy T 
K 

H o5nyqaeMblX H30TpOIIHb!M IIOTOKOM TeiinOBbiX Heil:T-

poHoB e MaKcBennoBeKHM erreKTpoM e TeMrrepaTypoii T • l.JaeTH'IHaSI 
H 

aKerrepHMeHTanbHaSI rrpoBepKa rrpoBeneHHbiX pae'IeToB Obina BhiiiOnHeHa Ha 

KaHane YXH, yeTaHoBneHHOM Ha HMrrynbeHoM peaKTope YIEP-30. 

MeTOll paeqeTa 

PacCMOTpHM IInOCKHii KOHBepTop, paerronO>KeHHb[(! BHyTpH ropH30HTanb

HOro KaHana YXH (pHe. 1). 3a e'IeT rronHoro oTpa>KeHIHl no KaHan:> MoryT 
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pacrrpOCTpaHHTbCH BCe BbiXOJl.IUIUle H3 KOHBepTOpa Hetl:TpOHbl C 8HeprHetl 

211 2 
E < U "'(---rJ) rr n b 

CT m 72 CT CT 

( n CT - IInOTHOCTb HJlep, b CT - KOrepeHTHa51 JlnHHa pacce51HH51 HetiTpo-

HOB JlnH M8TepHana CTeHKH KaHana, 

CTeHOK U CT ""'"1,7• lQ-7 SB), 

m -Macca HettTpoHa; JlnH MeJlHbiX 

OoToK HettTpoHoB c aHeprnett B HHTepBane oT E ao E + dE , BhiXo

JlHmHtt C 1 CM
2 

KOHBepTopa, MO~HO 3aiiHCaTb B BHJle! 

d rrl2 2rr sin(} d (} 
$(E)dE=dEf$ (E')n a(E' ... E)dE'fdxfW(E,x,(}) ·(1) 

0 T K 0 0 4rr 

3aec~:. $ ( E ') dE ' 
T -rroToK HettTpoHoB c saeprnett oT E ' ao E ' + dE ' 

rraaaJOmHti Ha KOHBepTop ( rronaraeM STOT IIOTOK paBHOMepHbiM IIO BCeMy 

05beMy KOHBepTopa), n -rrnoTHOCTb HJlep B KO.HBepTope; a ( E ' ... E) dE -
K 

ceqeHne aeyrrpyroro pacceHHHH aettTpoHoB c aHeprHett E ' B HHTepsan 

xnk a1 (E) 
aaeprntt E , E + dE ; W ( E, x, (}) = exp ( (} ) -BepoHTHOCTb 

cos 

BbiXOJla HettTpoHa c aHeprHett E H3 cnoH d X t HaXOJlHmerOCH Ha paCCT051-

HHH X OT IIOBepXHOCTH KOHBepTOpa; (} -yron Me~ay HOpManbJO K rroBepx-

HOCTH KOHBepTopa H aarrpasneHHeM BhineTa HettTpoHa, a 
1 

(E) -rronHoe 

ceqeHHe B3aHMOJletl:CTBHH HetiTpOHa C BellleCTBOM KOHBepTopa. BpeMeHHO Mbl 

He yqHThlBaeM OTpa~eHHH HetiTpOHOB ~T rpaHHUhl KOHBepTOp - BaKyyM. 

J1HTerpHpyg ( 1) IIO d X H d (} H rronaraH, qTo TOnlllHHa KOHBepTOpa 

d >> 1 I n k a t , rronyqnM rronHbiti noToK YXH B HHTepsane aHeprntt OT 0 

JlO U CT 

(I> 1 

4 

u 
fCT 

0 
(T 

dE 
... 
r <I> . T ( E ')a ( E' ... E) dE ' • ( 2) 

(E) o 

4 

I 

! 

C/JT 

Puc. 1. CxeMa Haqan~:>Horo yqacTKa HeATpoHOBOJlB 

YXH, o5nyqaeMhiti nsoTpoiiHbiM rroToKoM HettTpOH! 

HOBOJlo 

OpHMoe ncrronbsoBaHHe «PopMynhi ( 2) ang pacqeTa 

HblX KOHBepTOpOB He rrpeJlCTaBngeTCH B03MO~HbiM 

pHMeHTanbHbiX aaHHbiX o ceqeHHHX a 1 ( E ) H a 

HHTepBane aHeprHfi H TeMIIepaTyp KOHBepTopa TK 

B cHny saKoHa 1 I v ceqeHHH saxBaTa a c H Hey 

"" '1Iy = J a ( E ... E ') d E ' anH YXH sHaqHTenbH 
0 

yrrpyroro R8CCeHHHH, 008TOMy, HCIIOnb3Y51 COOTHO 

secHH a ( E ... E ') • E • exp (- E IT ) = a ( E ' ... E) ·E 
K 

ceqeHHe at (E) MOX<HO 38IIHC8Tb B BHJle! 

y, •Y, ·•;, 
a

1
(E)"'a +a =[a (E

0
)·E

0 
]E +E J[a(E' 

C Hy C 0 

B ( 3) sennqHHhl B KBanpaTHbiX cKo5Kax He saBHC 

TopaH !PHKCHpOBaHHaH SHeprH51, 
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CH 

u 

Bee BbiXO.O.HUIHe H3 KOHBepTopa Hell:TpOHbl C ::meprHell: 

2tf 2 
,. ( ~) TT n b 

CT m 72 CT CT 

OCTb H.O.ep, b CT - KOrepeHTHaH .O.nHHa pacceSIHHH Hell:TpO-

Hana cTeHKH KaHana, m -Macca Hell:TpoHa; .o.nH Me.O.HhiX 

1,7• IQ-7 aB), 

ll:TpoHOB c aHeprHell: B HHTepBane oT E .o.o E + dE , BhiXO-

KOHBepTopa, MO~HO 3anHCaTb B BH.O.e! 

d 1712 2TT sin (J d (J 
<I> (E')n a(E' ... E)dE'fdxfW(E,x,fJ) .(1) 

T K O O .4TT 

dE' -noToK Hell:TpOHOB c aHeprHell: oT E ' .o.o E ' + dE ' 

OHBepTOp ( nonaraeM 9TOT nOTOK paBHOMepHbiM no BCeMy 

Topa), n -nnoTHOCTb H.o.ep B KO.HBepTope; a ( E ' -> E) dE -
K 

roro pacceHHHH Hell:TpOHOB C 8HeprHell: E ' B HHTepBan 

xnk a1 (E) 
+ dE ; W ( E, x, fJ) = exp ( (J ) -BepoHTHOCTh 

cos 

Ha c aHeprHell: E H3 cnoH dx 0 HaXO.O.HUieroCH Ha pacCTOH-

epXHOCTH KOHBepTopa; fJ -yron Me~.o.y HOpManbro K noBepx-

pa H HanpaBneHHeM BhmeTa Hell:TpoHa, a 
1 

(E) -nonHoe 

o.o.ell:cTBHH Hell:TpoHa c BemecTBOM KOHBepTopa. BpeMeHHO Mhi 

OTpalKeHHH Hell:TpOHOB OT rpaHHUbl KOHBepTOp - BaKyy~. 

YH ( 1) no d X H d (J H nonaraH, qTo TonUIHHa KDHBepTopa 

, nonyqHM nonHhill: noToK YXH B HHTepBane aHeprHll: OT 0 

dE ... 
(<I> (E')a(E' ... E)dE' . T 

0 

( 2) 
( E ) 

4 

r~ 

(/JT 

PHc. 1. CxeMa Haqanl>Horo yqaCTKa Hell:TpoHoBo.o.a YXH: 1 - KOHBepTop 

YXH, o6nyqaeMhill: H30TponHhiM noTOKOM Hell:TpoHoB; 2 - BaKyyMHhiH Hell:Tpo-

HoBo.o.. 

npHMOe Hcnonb30BaHHe QJopMynhi ( 2) .o.nH pacqeTa Bb!XO.O.a YXH H3 pa3nHq

HhlX KOHBepTOpOB He rrpe.O.CTaBnSieTCH B03MO~HbiM H3-3a OTCYTCTBHSI 8KCne-

pHMeHTanhHhiX .o.aHHhiX o ceqeHHSIX a 1 ( E ) H a ( E '->E) dEB umpoKOM 

HHTepBane aHeprHll: H TeMnepaTyp KOHBepTopa TK • M olKHO 3aMeTHTl>, qTo 

B cHny 3aKoHa 1 I v ceqeHHSI 3axBaTa a 
c H Heynpyroro pacceHHHSI 

~Y =fa ( E ... E ') dE ' .o.nH YXH 3HaqHTenhHO rrpeBhiWaroT ceqeHHe 

0 
ynpyroro pacceHHHH, noaTOMy, HCnonl>3YH COOTHOWeHHe .o.eTanl>HOrD paBHO-

BeCHH a ( E -> E ') • E • exp (- E I T ) = a ( E ' ..., E) ·E ', exp ( - E 'I T ) rronHoe 
K K 

ceqeHHe at (E) MO:>!<HO 3aiTHCaTb B BH.O.e! 
E '-E 

a
1 

(E)"'ac +a = [a 
Hy C 

00 

V2 ·lh • 1/2 -·1 ---
(E0)·E0 ]E +E f[a(E' ... E)·E~''.l·E'e TK dE'. 

0 (3) 

B ( 3) BenHqHHhl B KBa.o.paTHbiX CK06Kax He 3aBHCHT OT 
E Eo -HeKO-

TOp8H QJHKCHpoBaHHaSI 8HeprHH. 

5 



~ 

lloacTaBnHH (3) B (2) H cquTaH, qTo KOHBepTop oonyqaeTCH MaKCBen

nOBCKHM crreKTpOM TerrnOBbiX HeliTpOHOB C ITOnHbiM ITOTOKOM ~ O U TeMne

paTypott 1 , T.e. 
H 

~ ( E,) 
T 

~0 

.1 2 

.H 

E' exp(-E'I1 ) , 
H 

nonyquM npu ycnoBHH E « 1 k 

8 

u 2 

CT 'G ( 1 H ' T K ) ' 

~0 UcT 
~ =-- f E • 'G (1 , T ) dE 

4 O H K 

<llo 

rne ¢yHKUHH 
po 

(4) 

G ( 1 , 1 
H K 

1 J E ' [a ( E ' ... E) E -Y,] • exp ( - E 'I T ) dE ' 
) = _._. __ o ____ ----.....-________ H ___ ...._..,... 

1 2 [a (E,)E't.>]+f[a(E'.,.E)E"Y,]·E'·exp(-E'/T)dE' 
H C 0 O . K 

He aaBHCHT oT aHepruH E BbiXOllHIUHX H3 KOHBepTopa ynbTpaxonDllHblX 

HettTpOHOB H orrpenenHeTCSI TOnhKO X8p8KTepHCTHK8MU KOHBepTopa. nng pac

qeTa BXOllHIUero B G ( 1H , ;ifK ) ceqeHHSI Heynpyroro pacceRHHSI MO~HO HCITOnh-

30B8Tb onHo¢oHOHHoe HeKorepeHTHoe npu6nu~eaue 15!. Torna rronyquM: 

00 

f y, -1 
1 .o E ' g ( E ') exp ( - E 'l t ) ( 1 - exp (- E 'I 1 )) dE' 

'G(T , T )=~·· K .. \ 

H K 1aa (E0 )E
0
y, a-

1
A +{ E' y,g(E')exp(-E'/1 )(1-exp(-E'/1 ))-~E', 

C s 0 K K 

( 6) 

rne g ( E J -cneKTp HopManbHbiX KoneoaHHit KOHBepTopa; a ,. -nonHoe ceqe-

HHe pacCeHHUSI nng CBSI38HHOI"'O Hllpa KOHBepTopa; A -Maccosoe qucno 

KOHBepTopa. llpu BbiBOlle ( 6) ¢aKTOp neoag-Bannepa ITOnaranCSl paBHblM 1. 

llpH OTCyTCTBHH 38XB8Ta H rrpH paBeHCTBe TeMrrepaTyp HeltTpOHHOI"'O 

raaa H KOHBepTopa Bbipa~eHue (4) aaeT 

6 

~ 
~0 

8 

u 2 
CT 

1 2 
H 

qTo cooTBeTCTByeT nnoruaau yqacTKa YXH B em 

PesynhTaTbi pacqeToB 'G ( 1 , 1 
H K 

anH HeK 

TopoB npuseaeHbi B Taonuuax 1-5 u Ha puc. 2 

38 '1' rrpUHSITO 3HaqeHUe 'G ( 1 , 1 anSI 
H K 

TH = 300°K). 

CneKTpbl qacTOT opanUCb U3 pa6oT /6-9/. 

TOB MO~HO B HeKOTOpOH Mepe CYllUTb ITO puc. 3 

paccquTaHHbie U 9KCITepUMeHTanbHbie /5,10/ 3Haq, 

pacceRHUH a HY E¥2 , CBH3aHHoro c HarpeBoM 

PacqeTbi noKasanu, qTo yqeT MHoro¢oHOHHo 

HhlX cnyqagx MeHReT 3HaqeHHH G ( 1 , T 
H K 

KOTOpbie COMHeHUH MO~eT Bbi3B8Tb npaBOMepHOC 

peHTHOI"'O rrpu6nu~eHUSI llnH T8KUX KorepeHTHbiX J 

Mg Be • OnHaKo, KaK OTMeqeHo, Hanpul\ 

UHTep¢epeHUUOHHbie a#eKTbl nng TSKOI"'O UHTerpl 

nonHoe ceqeHue Heynpyroro pacceHHUH, nnH non1 

seruecTB He npeBbiiiiaeT 20%. 

KaK'sunHo us puc. 2, nnR nonuaTuneHa, rE 

Bbixon YXH npu ¢uKCHpoBaHHott TeMrrepaType Hei 

B03paCTaeT llpU OXna~eHHH KOHBepTOpa. 3TO SIB, 

rrpu yMeHbllleHHU T ceqeHne Harpesa YXH ( B~ 
K 

Tene Bhlpa~eHHH (6)) yMeHblllaeTCH ropaano ohlC 

HUSI TennOBbiX Hei!TpOHOB ( 1BICnJJTenb Bb!pa~eHHSI 

U Mg 1 H8llpOTHB, Cna6o 38Bl!CIIT OT TeMnepaT) 

HO ~ OTHDCIITenbHO Manol! BenHqJIHOII ceqeHJISI Ha 

HIIIO C' Ce'JeHUeM 38XB8T8 DnH 9TIIX BellleCTB. 
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T8BnHH (3) B (2) H cqnTaH, qTo KOHB8pTOp oonyqaeTCH MaKCBen-

II8KTpOM TeiinOBbiX Hell:TpOHOB C IIOnHbiM IIOTOKOM !II 
0 n TeMrre-

T , T.e. 
H 

!Po 

r2 
.H 

E' exp(-E'IT ) , 
H 

pn ycnosnn E « T k 

Uc:T 
f E 
0 

'G (T , T ) dE 
H K 

!II u 2 
0 CT 

8 'G ( TH ' T K ) ' 

HH 
po 

1 
)=-·. 

J E ' [a ( E ' ... E ) E -Y,] • exp ( - E 'I T ) dE ' 
0 H 

"" 

(4) 

T 2 [a 
H C 

(E) E y,] + f[ a (E '-.E)E-Y'] ·E '. exp(-E'IT )dE' 
0 0 O . K 

T oT aaeprnn E BhiXOJlHIUHX H3 KOHBepTopa ynbTpaxonOilHblX 

H OIIpenenHeTCH TOnbKO X8p8KT8pHCTHK8MH KOHB8pTOpa. nnH pac

HIUero B G ( TH , ;,rx ) ceqea:nH a:eyrrpyroro pacceHHHH Moll<a:o ncnonb

Ho~oa:oa:a:oe a:exorepeHTHoe rrpn5nnll<eHne 15!. Torna rronyqnM: 

1 
JE, 
.0 

y, -1 
g ( E ') exp ( - E 'l t ) ( 1- exp (- E 'I T x )) dE' 

T~a (E0 )E 0y, a-
1

A +f E' y,g(E')exp(-E'IT )(1-exrJ(~E'/T ))-~E', 
C s 0 K K 

( 6) 

) -cnexTp aopManbHhiX xone6aa:nll: xoa:sepTopa; a s -nonaoe ceqe-

HHHH JlnH CBH38HHOrO HJlp8 KOHB8pTopaj A -Maccosoe qncno 

a. Opn Bb!BO)le (6) ~aKTOp ne5a.s~-Bannepa nonarancSJ paBHblM 1. 

OTCyTCTBHH 38XB8T8 H IIpH p8B8HCTBe T8MIIepaTyp Hell:TpOHHoro 

HBepTopa Bbipall<eHne ( 4) JlBeT 

6 

4 

~ 

r 

!II 
!Po 

8 

u 2 
CT 

T 2 
H 

qTo cooTBeTCTByeT rrnoruann yqacTxa YXH B crrexTpe TerrnoBbiX a:eATpoHoB. 

Pe3ynbT8Tbi pacqeToB 'G ( T , T 
H K 

JlnH H8KOTOpbiX MaTepnanOB KOHBep-

TOpOB IIpHB8Jl8Hbl B Ta6nHU8X 1-5 H Ha pnc. 2 ( nnH YllOOCTBa HOpMHpOBKH 

38 '1' IIpHHHTO 3HaqeHHe 'G ( T , T 
H K 

TH = 300°K). 

nn.s~ rronnaTnneHa rrpn T = 
K 

CrrexTpbi qacToT 6panncb H3 pa6oT 16- 91 • 0 cTerrea:n ToqaocTn pacqe

TOB MOlKHO B H8KOTOpOll: Mepe CYilHTb IIO pHCe 3, H8 KOTOpOM IIpHBe)leHbl 

paccqnTaHHbie n axcrrepnMeHTanbHbie /5, 10/ 3Haqea:n.s~ ceqea:nll: a:eyrrpyroro 

pacceRHHH a ay EVl , CBH38HHoro c a:arpeBoM aell:TpoHoB. 

PacqeTbl IIOK838nH, qTo yqeT MHOrO~OHOHHOro pacceRHHH B paCCMOTpeH-

HhiX cnyqa.s~x Mea.s~eT 3a:aqeanH G T , 1 ) a:e 6onee, qeM a:a 15%. He-
H K 

KOT0pbi8 COMHeHHH MOll<eT Bbi3B8Tb npaBoMepHOCTb ncnonb30B8HHH HeKore-

peHTHoro rrpn6nn?KeHHH nnH Taxnx xorepeHTHhiX paccenaaTenell:, xax AI 

Mg Be • Onaaxo, xax OTMeqea:o, a:arrpnMep, a 151 , nonpaaxa a:a 

HHTep~epeaunoHHhie a<P<f>exThi nnH Taxoro HHTerpanbHoro rrapaMeTpa, xax 

nona:oe ceqea:ne a:eyrrpyroro pacceHHHH, nnH rronasnHIDIUero 6onbWHHCTBa 

seruecTB He rrpeBbiWaeT 20%. 

Kax BHJlHO H3 pnc. 2, nnH rronnaTnnea:a, rnnpn!e unpKOHHR n Be 

BhiXOil YXH npn ~nxcnposaa:a:oll: TeMnepaType a:ell:Tpoa:a:oro cnexTpa 3aMeTHO 

B03p8CT8eT npH oxnalK)leHHH KOHBepTOpa. 3TO HBnea:ne OO~HCHHeTCH TeM, qTo 

npn YM8HbllieHHH TK ceqeHJie Harpesa YXH ( BTOpoe cnaraeMoe a 3HaMeHa-

Tene Bhipa:H<eHHH ( 6)) yMeHbmaeTcH ropa3AO OhiCTpee, qeM ceqea:He oxnali<Jle

HH.R TennOBbJX a:et!TpoHoB ( qncmJTenb Bbipa:H<eHH.R ( 6)). BbiXOil YXH na AI 

H Mg 1 HanpOTHB, Cna6o 38BJJCIIT OT TeMnepaTypbl KOHBepTopa, 'ITO CBH38-

HO r OTHDeJJTenbHO Manotl BenH'IllHOtl C8'18HIIH HarpPB8 HeftTpDHDB no Cp8BH8-

HIIIO (' ceqeHII8M 38XB8T8 DnH 9TIIX BeWeCTB. 

7 



-'j( TH, ~) 

20 

10 

0 100 200 300 T.. °K 
K 

PHc. 2. 3aBHCHMOCTb 'G ( T H , T K ) oT TeMnepaTyphi KOHBepTopa. TeMne

paTYJ>a HefiTpOHHOro cneKTpa T H = 300°K. 1 - nonH9THneH, 2 - 5epHnnHfi, 

3 - rHllPHll UHpKOHH.II 0 4 - M8rHHfi. 

a. fE 
(6apH•H3/J~ 

2 

1 

0 
... -

/ 
, ... "&"" 

A __,..,.....r __ ... 
100 200 300 400 500 600 700 7: OK 

K 
PHc. 3. 3KcnepHMeHTanbHhle H pacqeTHhle 3HaqeHHH ceqeHHfi HarpeBa 

a E '12 anH MeaneHHhiX HefiTpOHOB ( E < 1 M3B). MarHHfi : 0 - 3Kcne-

pnKteHT, - -pacqeT; AmoMHHHfi: ~ - 3KcnepHMeHT; --- -pacqeT. 

8 

.I npH <fJHKCHpOB8HHOft TeMnepaType KOHB9pTOj 

CHnbHO 38BHCHT OT T9MnepaTypbi H9fiTpOHOB: npJ 

oxna*ll9HH.II BeftTpoHoB TaK*e yMeHbwaeTc.II (Ha· 

MOft llOnH qaCTOTHOrO cneKTpa) H 9TO B 3HaqHTE 

<flaKTop T - 2a ( 6). Haao aaMeT,HTb TaK*e• qTo E 
H 

KOHB9pTOp8 OXn8*!19HH9 38M9llnHT9n.II npH nOCTOJ 

npHBOllHT K yM9HbW9HH~ TennOBOrO noTOK8 ~ 
0 

<flaKTOpOB, 5) B 38M9llnHT9nHX C llH<fJ<flyaHOHHOft ll 

C llnHHOft 38M9lln9HH.II H p83M9p8MH 38M9llnHTen~ 

noCTO.IIHHOfi nnoTHOCTb H9ftTpOHOB, nOTOK *9 yME 

KHM o5paaoM, B HCToqHHKax YXH MO*HO orpaHH 

HOrO nHWb KOHB9pTOpa • 

.LlnH cpaBH9HH.II OTHOCHTenbHbiX BbiXOllOB Y) 

poB aeo5xollHMo yqecTb BnHHHHe oTpa*eHHH YXf 

BepTOp - B8KyyM. npHHHM8.1I BO BHHM8HH9 TO, q~ 

BbiXO.ll9 H3 KOHB9pTopa B 

uk 

BM9CTO (4) nonyqHM 

B8KYYM M9H.II9TC.II H8 B 

2-li 2 
(~) 11nkbk, 

m 

U -U 
CT K 

~ 
~0 

.4 
G ( T 

H 
T ) f E T (E) d 

12 K 
0 

rae ycpeaHeHHhiil no yrnaM Koa<fl<fJHuHeHT npoxo*l 

rpaHHUy KOHB9pTOp-BaKyyM E -aHeprH.II aeATp 

B cnyqae nono*HTenhHofi BenHqHHbi noTeHuHana 1 

T (E) 
12 

8 

3 
yy, (( y + 1 //2 3/2 - 3/2 y y 
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~) 
20 

10 

0 100 200 300 T.. °K 
K 

CHMOCTb 'G ( T H ' T K 
OHHOI'O CIIeKTpa T H = 
HpKOHIHI 1 4 - M8I'HHlt. 

) OT TeMrrepaTyphl KOHBepTOpa. TeMrre-
3QQ0K. 1 - rronHaTHnea, 2 - 6epHnnHlt, 

IE 
•H38'4J 

2 

1 

0 

/ 
., 

6 .,.....tr ........ ____ ...... ,.. 
100 200 300 400 500 600 700 [OK 
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nepHMeHTanhHbte H pac'!eTHbie aHa'leHHSI ce'leHHlt Harpeaa 

lnSI MeaneHHbix HeliTpoHoB ( E < 1 M3B). MarHHA : 0 - 3Kcne-

-pac4eT; An!OMHHHi!: ~ - 3KcrrepHMeHT; --- -pac'leT. 

8 

·'I 
';::'\' 

'< 

·" 

• 1 

I npu if!HKCHpOB8HHOA TeMnepaType KOHBepTopa BbiXOLl YXH He O'leHb 

CHnhHO 38BHCHT OT TeMnepaTypbi HeitTpOHOB: npH yMeHbllleHHH T H Ce'leHHe 

oxna~eHHSI aeATpoHoB Tax~e yMeHbUiaeTcSI (ua-aa coxpameHHSI ucnonbaye

Molt LlOnH '18CTOTHOI'O cneKTpa) H 9TO B 3Ha'IHTenbHOit Mepe KOMITeHCHpyeT 

.PaxTop T -
2
a ( 6). Haao aaMe"I:HTh Tax~e, 'ITO B oTnH'IHe oT oxna~aeHHSI 

H 
KOHBepTOpa oxna~eHHe 3aMeLlnHTenSI npH IIOCTOSIHHOit MOWHOCTH peaKTOpa 

npHBOLlHT K yMeHbllleHHIO TennoBoro nOTOKa ell : a) H3-38 KOHCTpyKTHBHhiX 
0 

if!aKTOpOB 1 6) B 3aMeLlnHTenRX C LlH.pifJyaHOHHOlt LlnHHOlt1 ManoA no cpaBHeHHIO 

c anuaoa aaMeaneHHR H paaMepaMu aaMeanuTenR, rrpu oxna~aeauu ocTaeTcR 

"T~ nOCTOSIHHOit nnOTHOCTb HeltTpOHOB, IIOTOK ~e yMeHhlllaeTCSI KaK • Ta-
R 

KHM o6paaoM, a ucTo'IHHKax YXH MO~Ho orpaHH'IHBaThCH oxna~aeaueM oa-

Horo nHUih xoaaepTopa. 

llnH cpaBHeHHH oTaocuTenbHhiX BhiXOLlOB YXH Ha paanH'IHhiX KOHBepTo

poB aeo6xoauMo yqecTb BnHHHHe OTpa~eHHH YXH OT rpaHHUbi paaaena xoa

BepTop - BaKyyM. npHHHMSSI BO BHHMBHHe TO, 'ITO 9HeprHH HeltTpOHOB npH 

BhiXOLle H3 KOHBepTOpa B 

vk 

BMeCTO (4) rrony'IHM 

BBKYYM MeHHeTCSI HB 

2fi 2 
(~) 7Tnkbk, 

m 

U -U 
CT K 

BenH'IHHy 

ct> 
cliO 

.4 
G ( T 

H 
T ) f E T (E)dE 

12 K 
0 

( 7) 

rae ycpeaHeHHhiA no yrnaM xoaif!.PHuueHT npoxo~aeHHH YXH T
12 

(E) qepea 

rpaauuy xoasepTop-saxyyM E -9HeprHH HeltTpOHB BHyTpH KOHBepTopa) 

B cny'lae rrono~uTenbHoil senH'IHHhi rroTeauuana KOHBepTopa V paBeH 
K 

T (E) 
12 

8 

3 
y~ (( y + 1 //2 3/2 ~ 

y - .3/2 y ) ; y = E/ VK • 

9 

( 8) 



HaTerpHpoaaaHe (7) JlaeT 

<ll 

I'Jl9 

<llo 

8 

u2 
CT 

UK . 
K (--)·G (T ,T), 

VeT H K 

1 
y, 

- X 3 2 
K (X) = ( 3 X + 2 X -24 X + 16 ) + 

12 X 
2 

y, 
x 2 1 + ( 1 - x) 

+--en Y: 
8 1- ( 1- x) ' 

:4 

,3 

(1-x 2)(1-x) 2 

X 2 

fpa$HK K ( x) rrpeJlcTaaneH Ha pHc. 4. 

K( x) 

1,0 

0,5 

0 
X=J:!A. 

UcT 

(9) 

PHc. 4. 3aBHCHMOCTh BhiXOJla YXH oT aenHqHHhi oTHollleHHH rroTeHuHanoB 

KOHBepTopa H CTeHKH HeftTpOHOBOJl8 ( UK I ·u CT) • 

ct>opMyna ( 9) orrpeJlenSieT rronHhift HarrpaaneHHbift rroToK YXH H3 KOHBep

Topa B aeftTpOHOBOJl. floToK YXH, perHcTpHpyeMhift JleTeKTopoM, cooTBeTcT

aoaan 6hi BhiPB*eHHIO (9) nHlllh B cnyqae HJleanhHo aepKanbaoro aerrornoma-

10 

.,~ 

f~ 

;',\; 
,, 

JOl!lero aeftTpoHoBoJla. Cor nacHo I I, 21 , pacrrpoc 

My HeftTpOHOBOJlY M0)!(9T 6b!Th OIIHC8HO Ha OCHO: 

JlH$$y3HH. flpH 9TOM HeftTpOHOBOJl X8p8KT9pHaye• 

Koa$$HuHeHTOM llH$$yaHH D H JlH$$yaHoHHoft llnl 

flpeJliiOnO)f(HM 1 qTo Y*9 B6nH3H KOHBepTOp8 

UHSI H8IIpaBneHHOI'O IIOTOK8 B JlH$cjly3HOHHhiH. To1 

rpaHHqHQI'O yCnOBHSI )lnSI ypaBHeHHSI JlH$$y3HH 68 

KOHBepTop-BaKyyM, MO)f(HO IIonyqHTh 1 qTO JlH(Jl~Jy: 

T9KTOp paBeH 

<ll 
<ll =__Q_G (T 

I'Jl9 

.4 • H 

T21 H 
T , 

21 

UCT- UK 

) f 
E • T exp ( -

12 
T 

K 
0 T + a ( 1 -

21 

-ycp9JlH9HHhl9 ITO yrnaM K091 

HeftTpOHOB qepea rpaHHUy BaKyyM-KOHB9pTOp /lnl 

KOMIIOH9HT JlH$$y3HOHHOI'O IIOTOKa COOTB9TCTB9HI 

T , 
21 

2 
y ( 4 + 5 y ) - - ( 5 y - 1 ) ( 1 + y ) • arc tg y . 

17 

4Q. 
a = L v v -CKOpOCTh H9HTpOHOB B H9HTp1 

HeATpOHOBOJlB (f > L). 

3KcnepHM9HT 

CxeMa ncnonhaoaannoro KaHana YXH rrpHBE 

KaK II B pa6oTaX 11,21, KaHan H3I'OTOBneH 113 an 

Tpyf., mta~teTp KOTOphlX aoaeuen JIO 200 MM. Dn 

1 ] 



HHe (7) aaeT 

u2 
CT 

UK 
K(--)·G(T 

VeT H 

y, 

'T ) , 
K 

1 - X 3 2 
K ( X) = ( 3 X + 2 X -24 X + 16 ) + 

12 X 
2 

2 
X en 1 + ( 1 - x) y, 

1- ( 1- x) y, 

,4 

3 

) IIp9JlCTaBll9H Ha pHC, 4, 

K( x) 

1,0 

0,5 

(1-x 2)(1-x) 2 

X 2 

L_ _ _j_l ----=~~~ 0 
0,5 1,0 

(9) 

CHMOCTb Bbixoaa YXH oT senH"iHHbi OTHOllleHHH rroTeHuHanos 

cTeHKH HefiTpoHoBoaa ( U K I ·u cT). 

a ( 9) orrpeaemreT rronHhiH HanpaBneHHbiti: noToK YXH Ha KOHBep

oHosoa. Do-rox YXH, perHcTpHpyeMbiti: .neTeKTopoM, cooTBeTcT

Ipa*eHHIO ( 9) nHlllb s cnyqae HJleanbHo aepxanbHoro Henornome-

10 

·.~ 

{'" 

~ 
"it~ 

!Olllero Heii:TpoHoBoJla, CornacHo /1,2/ , pacrrpocTpaHeHHe YXH no peanbHO

My H9ii:TpOHOBOJlY MO)f{9T 6b!Tb OIIHC8HO H8 OCHOB9 :'3119M9HT8pHoil: TeOpHH 

JlH~~yaHH. DpH aTOM Heii:TpOHOBOJl xapaxTepHayeTcH JlByMH napaMeTpaMH: 

K08~~HUHeHTOM JlH~~yaHH D H JlHqxpyaHOHHOH JlliHHOH L 

OpearronO)f{HM, 'iTO Y*e s6nH3H KOHBepTopa rrpoHCXOJlHT TpaHc~opMa

UHH HanpaBll9HHOro IIOTOKa B JlH~¢y3HOHHblH, Torna, HCIIOllb3YH B KaqecTBe 

rpaHH"iHOrO ycnOBHH JlliH ypaBH9HHH JlH~~Y3HH 6anaHC IIOTOKOB Ha rp8HHU9 

KOHBepTop-saxyyM, MO)f{HO rrony"iHTb, 'iTO awjJ~'Y3HOHHbiH rroToK YXH Ha ae-

T9KTOp paBeH 

41 
4l=__a_G (T ,T 

UCT- UK 

) f 
E • T exp ( - P I L ) d E 

12 
( 10) 

A . H K 
0 T + a ( 1 - 1/2 T ' ) 

21 21 

rne T21 H 
T , 

21 
-yCp9JlH9HHbl9 IIO yrnaM KO aqxpHUH9HTbl IIpOXO)f{)l9HHH 

H9HTpOHOB "i9p93 rpaHHUY BaKyyM-KOHBepTop JlliH H30TpOIIHOH H HaiipaBneHHOH 
y 

KOMIIOH9HT JlH~~y3HOHHOrO IIOTOKa COOTB9TCTB9HHO T 
21 

7
12 1 + Y 

T , 
21 

2 - 10 y, 7 
y(4+5y)--(5y -1)(1+y)·arctgyy--y (y+-

" " ~ 
4 ) 

15(1+y) 

4D 
a= I:;-

H9HTpOHOBOJla 

v -CKOpOCTb H9HTpOHOB B H9HTpOHOBOil9i e -IIOliHaH JlliHHa 

(f > L). 

3xcnepHM9HT 

CxeMa ncnonbaosaHHoro KaHana YXH npHseaeHa Ha pHc. 5, Tax *e, 

xaK 11 B pa6oTax I I • 2/, KaHan M3rOTOBneH 113 :omeKTporronMpoBaHHhiX M9JlHbJX 

Tpyf,, aua~1eTp KOTophiX aoBeaeH ao 200 MM. DnuHa KaHMJa ·- 13.~ :,teTpos, 

J J 
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HH3KaR cpeaHRR MomaocTb peaKTopa aasana B03MO*I 

nH'IHblX KOHBepTopoB, oxna~aeMbiX *HaKHM 830TOM, 

neHOBbdf KOHBepTOp n03BOnRn paOOT8Tb C HHM B Te'IE 

HOro UHKna ( ~1 MeCRU) oe3 cymeCTBeHHoro paaHaJ 

KOHBepTopa. B Ka'leCTBe aeTeKTopa YXH Hcnonb30Ba 

c'leT'IHK aa ocaose Li OH • H 
2 

0 + Zn S ( A g ) nnom1 

H3MepeHHR $oaa aeTeKTop nepeKpbiBancg Meaaoa $on 

"'}Q MHKpOHo C nonH9THneHOBbiM KOHBepTOpOM npH 

C'leTa YXH npH MomaocTH peaKTopa 25 KBT ( <I> 
0 

cocTaBnRna 0,30 :!:.. 0,01 ceK-1. 3neMeHTapaag TeopHl 

napaMeTpax, nepec'IHTaHHbiX H3 aaHHbiX paooTbi /2/ 

D ~ 3,4 M2.ceK-l), aaeT ocnaoneHHe noToKa YXH 

pOHOBOaoM B~ pa3a; H3MepeHHR noKa3anH, 'ITO a$$ 

TeKTopa LiOH • H 
2

0 + ZnS (A g ) ne*MT B npeaE 

C y'leToM aToro D*HaaeMaR cKopocTb C'leTa YXH B 

nposeaeHHbiX oueaoK ( ~50%) cornacyeTCR c H3Mepe. 

B reoMeTpHH pHc. 5 noTOK TennoBbiX aei!:Tpoaoe 

Ob!Tb 3H8'1HTenbHO ysenH'IeH noCT8HOBKOi!: BHyTpH aea 

TenbHoro 3aMeanHTenR. BbiBOll YXH H3 KOHBepTopa 1 

9TOM 'lepe3 CKB03Hble OTBepCTHR 1 c.nenaHHbie B .llOnOl 
• 

ne H BbiCTnaHHbie Me.naott aneKTpononHposaaaoa $onh 

H3MepeHHR Bbixo.na YXH npH ycTaHOBKe BHyTpH KaHal 

nHaTHneHOBOrO 38Me.llnHTeng TOnmHHOi!: 100 MM1 B KO 

sepcTHR .nHaMeTpoM 20 MM. Cornacao 181, noToK Ter 

9TOM cny'lae B pai!:OHe KOHBepTOpa yBenH'IHBaeTCR B 

C TeM, Koraa OTCyTCTByeT .nononHHTenbHbli!: 38MeanH1 

aToro 3aMe.nnHTenR .nano npHMepao 2,5-KpaTaoe ysen 

npH cyMMapaoa nnoma.nH OTBepcTHi!: ~ 23% oT nnoma.n~ 

13 
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'~ 

j 

( 

I , 

HHSK8R cpeaHRR MOWHOCTb peaKTopa aaBana BOSMO*HOCTb yCT8HOBKH pas-

nH"'HbiX KOHBepTOpOB 0 oxna~aeMbiX *HaKHM 8SOTOM, B "18CTHOCTH, IIOnHaTH-

neHOBbi:l!: KOHBepTop IIOSBongn pa60T8Tb C HHM B Te"'eHHe rromroro peaKTOp

HOrO UHKna ( ~1 MecRu) 6es cymecTBeHHoro paaHauHDHHoro nospe*aeHHR 

KOHBepTopa. B Ka"'eCTBe aeTeKTopa YXH Hcrronbsosancg cuHHTHnnRUHOHHhii'i 

C"'eT"'HK Ha OCHOBe Li0H·H
2

0 + ZnS (Ag) nnowaabiO ~25 cM2 /l/.ilng 

HsMepeHHR <f>oHa aeTeKTop rrepeKpbiBancH MeaHo:l!: <f>onbroi!: TonwHHo:l!: 

""10 MHKpOHo C IIOnHaTHneHOBbiM KOHBepTOpOM IIpH T K = 3Q0°K CKOpOCTb 

3,6• lO}OH /cM2CeK) cqeTa YXH rrpH MOlllHOCTH peaKTopa 25 KBT ( II' 
0 

COCTaBnHna 0,30 :!:,. 0,0} CeK-1. 3neMeHT8pH8H TeopHH aH<l><f>ysHH IlpH ee 

rrapaMeTpax, nepeC"'HTaHHhiX HS aaHHhiX pa6oThi /2/ ( L ~ 10 M, 

D ~ 3,4 M2.ceK-1), aaeT ocna6neHHe rroToKa YXH HcrronbsoBaHHhiM Hei!:T-

pOHOBoaoM s~3 paaa; HSMepeHHH IIOKaaanH, 'ITO a<l><f>eKTHBHOCTb Hamero ae

TeKTOpa LiOH·H
2

0 + ZnS (Ag) ne*HT B rrpeaenax 0,2-0,25/lll. 

C y"'eToM aToro o*HaaeMaH cKopocTb cqeTa YXH 8 rrpeaenax TO"'HOCTH 

npo8eaeHHhiX oueHoK ( ~50%) cornacyeTcH c HaMepeHHO:l!:. 

B reoMeTpHH pHCo 5 IIOTOK Teiin08blX He:l!:TpOH08 Ha KOH8epTope MO*eT 

6biTb SHa"'HTenbHO y8enH"'eH IIOCTaHOBKO:l!: 8HyTpH He:l!:TpOH080aa aononHH

TenbHOrO saMeanHTenR. Bbi8on YXH Ha KOH8epTopa ocymecTBnHeTCH rrpH 

aTOM qepea CKB03Hble OTBepCTHH, caenaHHhie B aorronHHTenbHOM SaMeanHTe-

ne H BhiCTnaHHbie MeaHoft aneKTpononHpoBaHHO:l!: <f>onbroA. 5hinH nposeaeHbi 

HSMepeHHH Bhixoaa YXH npH ycTaHOBKe BHYTPH KaHana aononHHTenbHoro rro

nHaTHneHoBoro aaMeanHTenH TOnwHHOft 100 MM, B KOTOpOM HMenocb 23 OT

BepCTHH aHaMeTpOM 20 MM. CornaCHO /3/, IIOTOK TennOBblX HeftTpOHOB 8 

aTOM cnyqae B paftoHe KOHBepTopa yBenH"'HBaeTCH B 7 pas IIO CpaBHeHHIO 

c TeM, Koraa oTcyTCT8yeT aorronHHTenbHhiA saMeanHTenb. HcnonbaoBaHHe 

aToro aaMeanHTenH aano rrpHMepHo 2,5-KpaTHoe ysenH"'eHHe Bhixoaa YXH 

rrpH cyMMapHoA rrnowaaH OTBepcTHA ~ 23% oT rrnowaaH ce"'eHHH KaHana. 

13 



B Ta6Jmue 6 11pHBeaeHbi BbiXO.llbi YXH H3 aeKoTopbiX KoHBepTopoB 110 

oTaoweHHIO K BbiXO.llY YXH H3 110JIH9THneaa, 11paKTH'IeCKH ae o6naaa10mero 

riOT9HUH8JibHb!M 6apbepoM ( T8K )1{91 K8K H .QJISI I'H.QpH.Q8 UHpKOHHSI 1 .QJISI ITOJIH-

9THJI9H8 U K riOJI8I'8JIOCb paBHb!M HYIIIO) • 3aMeTHM 1 'ITO 11pH paC'IeTe Bb!X0-

.1:18 YXH 110 ¢opMyne ( 10) HCI10Jib3oBanocb aaa'leHHe a "'0,3, nepeC'IHTaaaoe 

/2/ H3 aaHHbiX pa60Tbi anSI cpenaetl cKopocTH YXH B aeftTpoaosone. 

0XJI8)1{neaHe 110JIH9THJI9HOBOI'O KOHBepTopa OT KOMH8THOH TeMnepaTypb! 

T K = 300°K) no T K = 130°K H T K = 90°K 11pHBonHno K ysenH'IeHHIO 

11oToKa YXH cooTBeTcTseaao B 2,2 :!:.. 0,2 H 4 :!:.. 0,2 pa3a, 'ITO aecKOJ!bKO 

M9HbW9 p8C'I9THb!X B9JIH'IHH ( 3 H 5,5 pa3 COOTB9TCTB9HHO) • A H8JIOI'H'IHbiH 

a<fxiJeKT H86JIJOnaJICSI H rtpH OXJIB)KneHHH rHnpHna UlpKOHHSI: 110HH)I{9HH9 TeMnepa

Typbl KOHBepTopa OT KOMH8TH0ll no T K = 130°K npHBOnHJIO K yBeJIH'I9HHIO 

noToKa YXH B 2,3 :!:.. 0,2 pa38 1 '1TO TBK>Ke Meabwe pac'leTaoft senH'IHHbi 

( .., 3,4 pa3a). BoaMo>Kaol! npH'IHHol! pacxo>KneaHSI aKcrrepHMeaTa c pacqe -

TaMH Mo)l{eT SIBIISITbCSI yrrpyroe pacceSIHHe. YXH aa Sinpax KOHBepTopa. Onaa

Ko rrposeneaHbie oueHKH rroK83biBaJOT, 'ITO na>Ke nnSI sonopona rrpH TK =0°K 

a¢¢eKT yrrpyroro pacceSIHHSI YXH MO>KeT H3MeHHTb Bbixon YXH scero JIHWb 

aa 10%. 

Eonee cymecTBeaao aa Bbixon YXH npH rroHH*eHHH TeMrrepaTypbi Mo-

)l{eT 110BJIHSITb aanH'IHe B MaTepHane KoasepTopa aeonaoponaocTeft c paaMe-

1 
paMH d 0

"' A ( nnHHbi BOJ!Hbi YXH). ~13-aa yrrpyroro pacceSIHHSI a a TaKHX 

aeonaoponaocTSIX Bbixon YXH non>KeH yMeHbWBTbCSI. 3#eKT soapacTaHHSI rron

aoro C9'I9HHSI B38HMoneftCTBHSI O'I9Hb MenneHHb!X H9HTpOHOB C BemeCTBOM H 

peaK oro oTKnoaeHHSI a t oT 3aKoaa 1 I v ( B 2+3 pa3a) paaee 6biJI o6aapy>KeH 

9KCrrepHM9HT8JibHO nnH U9JIOI'O pHna M8T9pH8JIOB 
1121

• 

Koae'IHO, pacxo)I{.QeHHe c aKcnepHMeHTOM OT'IBCTH B03MO*HO H3-38 

11pH6JIH)K9HHOI'0 X8p8KTepa p8C'I9TOB 1 H811pHMep, H3-38 H9TO'IHOCTel! 3H8HIISI 

CI19KTp8 'I8CTOT nnH 110JIH9TH119H8 H ~npnna UHpKOHHH1 TeM 6onee 'ITO MN 

14 

!c 

HCI10J!b30B8JIH cl1eKTpbi 'IBCTOT, 11ony'IeHHbie rrpH T 
~ 

naHHbiX 110 C119KTp8M '18CTOT nnSI 9THX B9!U9CTB 11pH 

He 1103BOJIHJIO H8M OU9HHTb HX BJIHSIHHSI H8 Bb!XOn y; 

B 38KJIIO'I9HH9 OTM9THM, 'ITO, K8K 6biJIO 9KC119! 

aBTopaMH pa6oTbi 121 , oxna*neaHe BJIIOMHHHeBoro K 

Typbl )I{HnKOI'O 830T8 C TO'IHOCTbiO no 30% He H3M9B 

nnTepaTypa 
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nue 6 rrpnseaeHhi BbiXOLihi YXH H3 aeKoTophiX KoHBepTopoB no 

K BhiXOLIY YXH H3 rronHaTHneaa, rrpaKTH'ieCKH He oonaLiaiOIIIero 

hiM oapbepOM ( T8K )1{9 0 K8K H LIJISI I"'HLipHLI8 UHpKOHHSI 0 LIJISI IIOJIH

K rronaranoch paBHhiM ayn!O). 3aMeTHM, 'iTO rrpH pac'ieTe BhiXO

$opMyne (10) HCIIOJib30B8JIOCb 3H8'i9HH9 a ~0,3, nepeC'iHT8HH09 

/2/ aoOTbl LIJISI cpeaaefi: CKOpOCTH YXH B aefi:TpOHOBOLie. 

L19HH9 IIOJIH8THJI9HOBOI"'O KOHBepTopa OT KOMHBTHOft TeMIIepaTypbl 

T K = 130°K H T K = 90°K rrpHBOLIHno K ysenH'ieHHIO 

COOTB9TCTB9HHO B 2,2 ;!:_ 0,2 H 4 ;!:_ 0,2 pasa, 'iTO HeCKOJibKO 

qeTHblX BeJIH'iHH ( 3 H 5,5 pa3 COOTBeTCTBeHHO) • A H8JIOI"'H'iHblft 

!OLIBJICSI H IIpH OXJIB)I{LI9HHH I"'HLipHLIB U~OHHSI: IIOHH)I{eHHe TeMrrepa

pTopa OT KOMH8THOH LID T K = 130°K IIpHBOLIHJIO K yBeJIH'ieHHIO 

B 2,3 ;!:_ 0,2 pa3B 0 'iTO T8K)I{e MeHbllle paC'ieTHOft B9JIH'iHHbl 

Bo3MO)I{HOfi rrpH'iHHOil pacxo)l{)leHHH aKcrrepHMeHTa c pacqe -

SIBJISITbCSI ynpyroe pacceHHHe,YXH Ha Hapax KOHBepTopa. Oaaa

HHbie oueHKH IIOK83h!B810T, 'iTO L18)1{e LIJISI BOLIO POLIS II pH T K = 0°K 

yroro pacceHHHSI YXH MO)I{eT H3MeHHTb BbiXOLI YXH scero JIHIIIh 

cymecTBeHHo aa BhiXOLI YXH rrpH IIOHH)I{eHHH TeMrrepaTyphi MO-

Tb HBJIH'iHe B MaTepHaJie KOHBepTopa HeOLIHOpOLIHOCTefi C pa3Me-
\ 

A ( LIJIHHhi BOJIHbi YXH). Hs-sa yrrpyroro paccestHHst a a TaKHX 

ocTHX BbiXOLI YXH LIOJI)I{eH yMeHbiiiBThCH. 3#eKT B03pacTaHHH rron

HH B38HMOLiefi:CTBHSI oqeHb MeLineHHblX HefiTpOHOB C BeiiieCTBOM H 

KJIOHeHHH a t oT saKoHa 1 I v ( B 2+3 pa3a) paaee 6biJI o6aapy)l{eH 

;12/ 
HT8JibHO LIJISI uenoro pSILI8 MaTepH8JIOB • 

HO, p8CXO)I{LieHHe C 8KCIIepHMeHTOM OT'i8CTH B03MO)I{H0 H3-38 

01"'0 xapaKTepa pacqeTOB, H8IIpHMep, H3-38 HeTO'iHOCTeH 3H8HHSI 

CTOT LIJISI IlOJIH8THJieHa H ~LipHLI8 UHpKOHHSI, TeM oonee 'iTO MM 

14 

HCIIOJib30B8JIH CIIeKTpbi 'i8CTOT, IIOJiy'ieHHbie II pH T K "'300°K, 0TcyTCTBHe 

L18HHblX IIO CIIeKTpaM 'i8CTOT LIJISI 8THX BeiiieCTB IIpH HH3KHX TeMnepaTypax 

ae rrossonHno HaM oueHHTh HX BJIHHHHH Ha BbiXOLI YXH. 

B saKJIIO'ieHHe oTMeTHM, 'iTo, KaK ObiJIO aKcrrepHMeHTanhHO rrpoBepeHo 

8BTOp8MH paoOTbl / 2 / 0 OXJI8)1{LieHHe 8JIIOMHHHeBOI"'O KOHBepTOpa LID TeMrrepa

Typbl )I{HLIKOro asoTa c TO'iHOCTbiO LID 30% He H3MeHHno rroToKa YXH. 
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Ta6JIH~a I 

tj (~ t-4 
1
C'f' ac:.) ~JIH UOJIHSTHJieHa 

~· rr 0 )( 
4 20 40 80 ISO 220 300 

20 ~? ?,2 ?,8 S,6 2,8 2,2 I,? 
40 I3,9 I3,9 Il,8 ?,8 3,9 2,8 2,0 

- ?0 20,0 I9,4 I6,? 9,4 4,4 2,8 2,0 0) 

IOO 22,2 21,? I?,8 9,4 3,9 2,8 I,6 
ISO 21,6 21,1 1?,2 8,9 3,3 2,2 I,S 
200 20,S lO,O 16,1 ?,8 3,3 I,6 I,I 
2SO 18,9. I8,3 IS,O ?,2. 2,8 1,6 I,I 
300 I?,8 I?,2 13,9 6,6 2,8 I,6 I 

Ta6nH~a 2 
~J (cr ~ 

1 
tpK) )VIfl C)epHJIJWH 

~ ~ 4 20 40 80 ISO 220 300 

20 0,3 0,3 0,4 o,s 0,28 O,I? 0,11 

40 0,8 0,8 0,9 0,9 0,4 0,2 0,1? --..1 ?0 2,2 2.,2 2,2 2,1 0,9 0,4 0,2 

roo s,o 5,0 5,0 4,2 1,6 0,? 0,4 

150 10,0 10,0 9,4 8,3 3,0 1,3 0,? 
TT T 7 n T f"J _._() 



~ (fJ' ._, 
1
!f' 1(.) JtJIH llOJlHSTHJieHa 

~ '1' (jk 4 20 40 80 ISO 220 300 

20 6,7 7,2 7,8 S,6 2,8 2,2 I,7 
40 I3,9 I3,9 I2,8 7,8 3,9 2,8 2,0 

... 70 20,0 I9,4 I6,7 9,4 4,4 2,8 2,0 0:> 

IOO 22,2 21,7 I7,8 9,4 3,9 2,8 I,6 
ISO 21,6 2I,I I7,2 8,9 3,3 2,2 I,5 
200 20,S 20,0 16,I 7,8 3,3 I,6 I,I 
2SO 18,9' 18,3 IS,O 7,2. 2,8 I,6 I,I 
300 17,8 I7,2 13,9 6,6 2,8 1,6 I 

Ta6JIHUB 2 
~1 (cr ~ ,lf'K) ~ c>epHJIJIBfi 

.;; ~ 4 20 40 80 1SO 220 300 

20 0,3 0,3 0,4 o,s 0,28 0,17 O,II 

40 0,8 0,8 0,9 0,9 0,4 0,2 O,I7 
... 

70 2,2 l,2 2,2 l,I 0,9 0,4 0,2 -.1 

roo S,O - s,o s,o 4,2 1,6 0,7 0,4 

ISO IO,O IO,O 9,4 8,3 3,0 1,3 0,7 

200 I3,3 I3,3 13,3 II,1 3,9 I,7 +0,9 

2SO IS IS I4,4 I2 4,4 I,8 ·r 
300 IS IS IS Il,S 4,4 I,8 I 



Tac>un,a 3 

Y(rrr~,?~) AJIH 8JWMHHHH 

~ 4 20 40 80 150 220 300 400 500 

'}f~el<. 

20 0,02 0,02 0,02 0,03 0,05 0,07 0,08 0,10 0,12 

- 40 0,05 0,05 0,06 0,07 0,09 O,II 0,14 0,16 0,18 
00 

70 O,II O,II O,II 0,12 0,15 0,18 0,22 0,25 O,l8 

roo 0,14 0,14 0,14 0,15 0,18 0,21 0,25 0,29 0,32 

150 0,14 0,14 0,14 0,15 0,18 0,20 0,23 -
200 0,12 O,I2 0,13 0,13 0,15 0,17 O,lO 0,24 0,27 

250 O,II 0,11 O,II O,II 0,13 0,14 0,16 -
300 0,09 0,09 0,09 0,09 O,II 0,12 0,14 0,17 0,18 

Ta 6JIHJ.t8 4 
.,~ (lf1k, ~ ~) AJIH 118rHHH 

~ '}'Ho)( 
4 20 40 80 150 220 300 

20 0,45 0,45 0,55 0,7 0,8 0,8 0,8 - 40 1,4 1,4 1,5 co 1,6 1,6 1,55 1,5 
70 2,3 2,3 2,3 2,3. 2,2 2,1 2,0 

100 2,4 2,4 2,4 2,3 2,2 2,0 1,9 
150 2,0 2,0 2,0 1,9 1,7 1,6 1,5 
~()() T c;c; T C:C: T C:C: T C T 7 T .... T "' 



Tac>JIBn.a 3 

g (rtt~ ,? ~) AJIH 8JIIOYI4HHH 

-

~ 4 20 40 80 150 220 300 400 500 

"'' .. CI( 

20 0,02 0,02 0,02 0,03 0,05 0,07 0,08 O,IO 0,12 

- 40 0,05 0,05 0,06 0,07 0,09 0,11 0,14 0,16 0,18 
co 

70 0,11 0,11 0,11 0,12 0,15 0,18 O,l2 0,25 O,l8 

100 0,14 0,14 0,14 0,15 0,18 0,21 0,25 0,29 0,32 

150 0,14 0,14 0,14 0,15 0,18 0,20 0,23 -
200 0,12 0,12 0,13 0,13 0,15 0,17 O,lO 0,24 0,27 

250 0,11 0,11 0,11 0,11 0,13 0,14 0,16 -
300 0,09 0,09 0,09 0,09 0,11 0,12 0,14 0,17 0,18 

Ta c>mu~a 4 

~ (lJ1 H, CJ1 ~) AXH uarHJIJH 

~ '}lkok 
4 20 40 80 150 220 300 

20 0,45 0,45 0,55 0,7 0,8 0,8 0,8 

- 40 1,4 1,4 
co 

1,5 1,6 1,6 1,55 1,5 
70 2,3 2,3 2,3 2,3 2.,2. 2,1 2,0 

100 2.,4 - 2.,4 2,4 2,3 2.,2. 2.,0 1,9 
150 2,0 2,0 2,0 1,9 1,7 1,6 1,5 
200 1,55 1,55 1,55 1,5 1,3 1,2 1,2 
250 1,2 1,2. 1,2 1,2. 1,0 0,9 0,9 
300 1,0 I,O 1,0 0,9 0,80 0,7 0,7 



1\:) 
0 

1\:) -

Ta6mtu;a 5 

~(<rH,Cft~) ~nH rH~pH~a UHPKOHHH 

;:; ~ 4 20 40 80 150 llO 

20 
40 
70 

roo 
ISO 
200 
250 
300 

0,9 1,0 1,3 1,8 2,2 1,7 

1,4 1,4 1,7 2,0 2,2 1,7 

1,8 1,8 1,9, 2,1 2,1 1,6 

1,8 1,8 1,9 1,9 1,9 1,4 

1,8 1,8 1,8 1,8 1,6 1,2 

2,3 2,3 2,3 2,2 1,8 1,2 

3,2 3,3 3,3 3,0 2,3 1,4 

4,3 4,5 4,5 4,1 3,0 1,8 

Ta6JIHU8 6 
B~XO~ YXH HS H6KOT0p~X KOHB6pTOpOB no OTHOill6HHD 
K nOJIHSTHJl6HY npH? t-;. 7 U = 300°K 

KoaBapTop Pac'tleT no SKcnapwuaaT IJ)opMyJia (10) 

'll, ]..{ /(~ 
I 

0,9 I,O .± O,I 

JL~ 0,414 0,48 .± 0,07 
() ()Q'7 " nac • n nT ,, 

300 

1,0 
1,0 
0,9 
0,8 
0,6 
0,6 
0,7 
0,9 



1\:) 
0 

1\:) -

~ (<rH,Cft~) ~XH rM~pM~a UUPHOHMH 

;::R 4 20 40 80 150 220 

'1'k 0 k 

20 
40 
70 

100 
150 
200 
250 
300 

0,9 1,0 1,3 1,8 2,2 1,7 

1,4 1,4 1,7 2,0 2,2 1,7 

1,8 1,8 1,9, 2,1 2,1 1,6 

1,8 1,8 1,9 1,9 1,9 1,4 

1,8 1,8 1,8 1,8 1,6 1,2 

2,3 2,3 2,3 2,2 1,8 1,2 

3,2 3,3 3,3 3,0 2,3 1,4 

4,3 4,5 4,5 4,1 3,0 1,8 

Ta<5JIMUB 6 
BNXO~ YXH Ha HSKOTOP~X KOHB6pTOpOB no OTHOIDSHHD 
K nOJIHSTHJlSHY npH ? ~ '=- 7 U = 300°K 

KOHB6pTOp PaclleT no 
I})OpMyJie (10) Sxcne,PHU6HT 

X t t, ]1_1 ~ 0,9 1,0 ± 0,1 
I 

0,414 0,48 ± 0,07 

300 

1,0 
1,0 
0,9 
0,8 
0,6 
0,6 
0,7 
0,9 

JL)! 
0,087 0,096 ± 0,014 

x) axcnepuMeHTaJI:&HHe ~aHBhle noJiylleHH c l-r. J.l ~ 9 • 
I 


