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rHAPOAHHaMH4eCKHe xapaKTepHCTHKH ropH30HTanbH~X KaHanoe 
npH ABHmeHHH B HHX renHR Heo6XOAHMW AnR npoeKTHpoeaHHR npOTR
meHHWX CBepxnpOBOAR~HX MarHHTHWX CHCTeM, TaKHX, HanpHMep, KaK 
YHK 1 11. 0AHaKo o6"beM TaKoH 3KcnepHMeHTanbHOH HH<IlopMai..IHH eecbMa 
orpaHH4eH 1 ~. CpaBHHTenbHO He6onbwoe 4Hcno 6nH3KHX no TeMaTH
Ke pa60T /.S..B/ nOCBR~eHO HCCneAOBaHHRM B HH~X ycnOBHRX -
B eepTHKanbHWX KaHanax H 3MeeBHKax. B CBR3H C 3THM HaMH Ha4a
T~ 3KcnepHMeHT~, 1..1enb KOTOp~x COCTOHT B nony4eHHH rHAPOAHHa
MH4eCKHX xapaKTepHCTHK rOpH30HTanbHWX KaHanoB B aAHafiaTH~X 
ycnOBHRX H npH nOABOAe Tenna, a TaKme B COnOCTaBneHHH 3THX 
pe3ynbTaToe c H3BeCTHWMH AaHHWMH. 

CxeMa 3KCnepHMeHTanbHoro cTeHAa noKa3aHa Ha PHC. 1. noTOK 
renHR H3 YCTaHOBKH xrY-250/4 ,5 171 npH AaBneHHH oT"T":2· 10 5 na 
H BWWe npOXOAHT nocneAOBaTenbHO APOCCenbHble BeHTHnH /1 H 2/, 
nOAa~~y~ MarHCTpanb /3/, Tennoo6MeHHHK /4/, TpeXXOAOBOH BeH
THnb/5/,0AHO H3 ycTpOHCTB AnR H3MepeHHR paCXOAa renHR- AHa
<!lparMy/6/,<llOPMHPOBaTenb BXOAHOro napOCOAepmaHHR/7/,npo3pa4HWH 
3neMeHT /8/ AnR BH3yanbHOro Ha6n~AeHHR 3a CTPYKTYPOH noToKa 18( 
3KCnepHMeHTanbHWH y4aCTOK /9/, KepaMH4eCKY~ 3neKTPOH30nHpy~
~y~ BCTaBKY /10/, MarHCTpanb B03BpaTa /11/, APOCCenbHWH BeH
THnb /12/. nocne 3Toro renHH nonaAaeT B COCYA /13/ XrY-250/4,5, 
rAe cenapHpye~cR Ha nap H mHAKOCTb. nap e Ka4ecTee o6paTHoro 
nOTOKa nOCTynaeT B XrY-250/4,5, a 4aCTb mHAKOCTH H3 COCyAa 
/13/ 4epe3 MarHCTpanb noAnHTKH /14/ HanpaenReTCR B KPHOCTaT 
/15/ c a30THWM 3KpaHoM /16/. KpHOCTaT MomeT 6wTb coeAHHeH 
C ra3rOnbAePOM nHOO HenocpeACTBeHHO, nH60 4epe3 BaKyyMHWH Ha
COC /17/. 3a C4eT pa3HOCTH AaBneHHH B Tennoo6MeHHHKe /4/ H 
KPHOCTaTe /15/ nOTOK renHR KOHAeHCHpyeTCR, a 3aTeM oxnamAaeT
CR AO COCTORHHR HeAorpeTOH AO HaC~~eHHR mHAKOCTH. 

3KcnepHMeHTanbH~H y4aCTOK /9/ BKn~4aeT Tpy6y H3 CTanH 
12X18HJOT~5,03x0,21 MM H AnHHOH 2,5 M, npH4eM 2M npHXOAHTCR 
Ha o6orpeeaeMbiH y4aCTOK H no 0, 25 M - Ha 11npeABKn~4eHHbiH 11 H 11 noc
neeKn~4eHH~H"y4aCTKH. Ha o6orpesaeMOH 4aCTH Tpy6~ ycTaHosneH~ 
Ha pacCTORHHH 1 M APYr OT APYra TPH KaMepbl AnR OT6opa Aasne
HHR. K ABYM KpaAHHM KaMepaM nOABeAeH~ npoeoAa AnR 3neKTpH4e
CKoro o6orpeea. Tpyoa AnR renHR oKpymeHa MeAH~M 3KpaHoM, ox
namAaeM~M mHAKHM a30TOM, H nOMe~eHa B BaKyyMH~A KOpnyc. 

~3MepeHHe TeMnepaTyp renHR nepeA AHa<!lparMaMH Tt H B KpHo
cTaTe /15/ OCy~eCTBnRnOCb C nOMO~b~ yrnepOAH~X pe3HCTOPOB <!>Hp
Mbl "Allen Bra<D.ey", a !:!!! sxoAe To 11 Bblxgne T.. 3KcnepHMeHTallb-
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PHc.l. CxeMa 3KcnepHMeHTanbHoro CTeaAa /o6osHaqeHHR 
"'B'TeKcTe/. 

Horo y4aCTKa - nocpeACTBOM repMaH~ee~x TepMoMeTpoe conpoT~e
neH~fl/91. AaeneH~e Ha exoAe onpeAenflnocb no noKaaaH~flM o6paa
~oeoro MaHOMeTpa. nepenaA~ AaBneH~fl Ha 3KCnep~MeHTanbHOM y4aCT
Ke ~3Mepfln~Cb OnT~4eCK~M~ A~$$epeH~~anbH~M~ MaHOMeTpaM~ T~na 

OM-2. PacxoA ren~fl onpeAenflnCfl c noMo~b~ nporpaAy~poeaHH~x 
A~a~parM, ~Me~~~X npeAen~ COOTBeTCTBeHHO 0,65+4,2·10~3 ~ 
3.5~22,0·10~3 Kr/c. napaMeTp~ ren~fl nepeA 3Kcnep~MeHTanbH~M 

' y4aCTKOM ~3MeHfln~Cb nocpeACTBOM cne~~anbHOro 3neKTpH4eCKOro 
HarpeeaTenfl /7/, ycTaHoeneHHoro e Kp~ocTaTe /15/. Tennonp~TOK 
K Mar~CTpan~ C 3KpaHOM, oxna*AaeM~M *~AK~M a30TOM, KOTOpaR 
COeA~HReT KP~OCTaT /15/ H 3KCnep~MeHTanbH~~ y4aCTOK /9/,Haxo
A~nCR Ha ocHoee ~3MepeHH~x pacxoAa, TeMnepaTyp T 1 , T2,Aae
neH~~ pl ~ P2 Anfl cny4aR Te4eHHR HeAOrpeTO~ AO HaC~~eH~R *~A-
KOCT~. 

Ka*AaR cep~R 3Kcnep~MeHTOB no onpeAeneH~~ r~Apaen~4ecK~x 
conpoT~eneH~~ KaHana npoeoA~nacb npH ~~Kc~poeaHH~x Tennoeo~ 
Harpy3Ke, paCXOAe ren~R, AaBneH~~ Ha B~XOAe* ~ ~3MeHR~eHCR 

Ben~4~He BXOAHO~ 3HTanbn~~ nOTOKa, KOTOpaR paCC4~T~BanaCb Ha 
OCHOBe ypaeHeH~R Tennoeoro 6anaHca. nony4eHH~e peaynbTaT~ 

npeACTaBnRn~Cb B B~Ae 3aB~C~MOCTe~ OTHOC~TenbHOro r~Apaen~-

* np~ pa6oTe no np~BeAeHHO~ CXeMe nOCTORHH~M nOAAeP~HBaeTCR 
AaBneH~e B COCyAe /13/, KOTOp~~ COeA~HeH CO BCaC~Ba~eH Mar~cT
panb~ KOMnpeccopa YCTaHOBK~ XfY-250/4,5. 
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4ecKoro 

C~TenbHO~ 

.1P1 -.1P' 
nepenaAa AaeneH~R .1P1 = -----

.1P "-.1P' 
3HTanbnHH ABYX~aaHoro noToKa x~ = 

OT cpeAHe~ OTHO
i i - i, 
i, -i, 

np~ paa-

n~4H~x YAenbH~X Tennoe~x noToKax q ~ Maccoe~x cKopocTRX m.Be
n~4~Ha .1P' onpeAenRnacb 3Kcnep~MeHTanbHo, a cooTeeTcTey~~~e 
3Ha4eH~R 6P" paCC4~T~Ban~Cb no COOTHOWeH~~ .1P "=hP' _p_ :. 

. p" 
3KcnepHMeHTanbHO nony4eHHble K03~~~~HeHTbl r~Apaen~4ecKoro co
npoT~eneH~R TpeH~R Ha een~4~HY AO 20% npeB~Wan~ COOTBeTCTBy~
~~e 3Ha4eH~R, Ha~AeHH~e no ~opMyne H~KypaAae 11°~ KOTopaR cnpa
BeAn~ea AnR rnaAK~x Tpy6 npH 10 4 < Ri! .< 10 s~. CpaeHeHHe onbiTH~x 
AaHH~x c pac4eToM no HcnonbaoeaHHOH e 161 ~opMyne Konb6pyKa ~ 
Ya~Ta AnR wepoxoeaT~x Tpy6 noKaaano, 4TO 3KB~eaneHTHaR wepoxo
eaTOCTb 3KCnepHMeHTanbHOrO y4aCTKa COCTaBnReT OKOnO 1 MKM,4TO 
cornacyeTCR c 16( CooTBeTCTBY~~He pacxO>KAeH~R He npeBblwa~T .:!:_6%. 
BenH4~Ha .1P1, ~3MepReMaR B 3KCnep~MeHTe, CKnaA~BaeTCfl B OCHOB
HOM ~3 ABYX COCTaBnR~~~x: nepenaAOB AaBneH~R aa C4eT TpeH~R 
~ ycKopeH~R ABYX~aaHoro noToKa. 

norpewHocT~ onpeAeneH~R i 1 H ~P1 , o6ycr.oeneHHble cne~H~HKO~ 
MeT.OA~KH H ~CnOnb3yeMbiX np~60pOB, COCTaenfln~ COOTBeTCTBeHHO 
oKono 11 H 5%. Ha p~c.2 noKa3aHo conocTaeneH~e nony4eHH~x pe
aynbTaToe AnR nepeoro 3Kcneo~MeHTanbHoro yyacTKa c ypaeHeH~eM 
AnR rOMOreHHO~ CMeCH H 3aB~C~MOCTb~, o6o6~a~~e~ 3KCnep~MeH
TanbH~e AaHH~e AnR eepT~KanbHOH Tpy6bl e aA!-!a6aTH~x ycnoe~Rx16•8 :' 
Ua :noro PHCYHKa B~AHO, 4TO B AHan330He 0 < X 1 < 0,6 nepenaAbl 
AaBneHHR B rOpH30HTanbHOM KaHane Ha 20~30% H~*e COOTBeT
CTBY~~~X eenH4~H AnR ero eepT~KanbHoro aHanora. 0AHaKo npH1 
0,6 < i 1< 1 3TO pa3nH4He He npee~waeT 15%. PHc. 2 TaK>Ke noKa-
3bleaeT, 4TO npH X t< 0,2 AaHHble AnR rop~30HTanb'H'OrO KaHana YAOB
neTBOpHTenbHO cornacy~TCR c ypaeHeH~eM AnR roMoreHHO~ cMec~, 

XOTR B AHana30He 0,2 < Xl < 1 paCXO*AeH~e BeCbMa 3Ha4HTenbHO. 
0 COOTBeTCTBH~ nony4eHH~X peaynbTaTOB APYr~M ~3BeCTH~M pac4eT
H~M 3aBHCHMOCTRM MO*HO CYA~Tb ~3 TOro, 4TO np~BeAeHHOe e 181 

cpaeHeHHe AnR eepT~KanbHO~ Tpy6~ cBHAeTenbcTeyeT o6 YAOBneTeo
P~TenbHOM cornacoeaHH~ 3Kcnep~MeHTanbH~x AaHH~x c aaeHCHMOCTb~ 
MapT~Henn~-HenbcoHa AnR BOA~ H napa npH BbiCOKOM AaBneH~H I P = 
= 200.106 HJM2/. BMecTe c TeM 3Ha4eHHR 3THX on~TH~x AaHH~X cy
~ecTBeHHO MeHbWe paCC4~TaHH~X no ypaBHeH~~ noKKapTa-MapT~Hen
n~ Ill~. 

PHc.3 Hnn~cTp~pyeT en~RH~e Tennoeoro noToKa Ha rHAPOA~Ha-

MH4~ xapaKTep~CT~KH £P 1 (x1) npH MaCCOBO~ CKOpOCTH m = 
= 120 Kr/M2c. Ha 3Toro PHCYHKa BHAHO, 4TO Anfl o6orpeeaeMoro 
KaHana 3~cnepHMeHTanbH~e aaeHCHMOCTH pacnonara~TCR e~we ~pH

eo~, xapaKTepH3Y~~e~ Te4eHHe B aA~a6aTH~X ycnOBHRX. npH 3TOM 
AnR x1 = idem c yeenH4eHHeM q eenH4HHa .1P 1 eoapacTaeT. CneAyeT 
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PHc.2. ConocTaBneHHe nonytleHHh!X 
pe3ynbTaTOB c AaHHh!MH An.fl BepTH
Kani>Hoii Tpy6hl/1),6/ B aAUa6aTHhiX 
ycnoBH.nx: I - roMoreHHa.n MOAenb; 
2- 0606~~~a.n 3aBHCHMOCTh/S/; 
3 - m=l20 KriM 2c Pa= 
= /1 ,31+1 ,33I·IO&ITa, L\P'=286 ITa; 
4 - m =150 KI'IM2c, Pa = 

11,31+1,351·10 5 ITa, 1\P'=446 ITa; 
5 - m = 240 KriM2c, Pi = 

11,34+1,411·10 5 ITa, 1\P'=997 ITa. 

_II Puc. 3. CpaBHeHHe nonytleHHbiX AaH-
HbiX lm = 120 Kr IM 2cl c pe3ynbTa-
TaMH An.fl BepTHKanhHOH Tpy6bl lm = 
= 145 KI'IM2cj16/ npH llOABOAe Ten-

ll61 I I I !.! WI I na: I - q = 0, P841 ,31+1 ,331 · I05ITa; 
2 :- q =360 BTIM 2, P'8 . 

I i , 29+ I , 321 · I 0 5 ITa; 3 - q = 

~!+I I 't""':~?1 I 720 BTIM2,ps=I1,31+1,33I·I05ITa; 
4 - q =1080 BT/M2 , Pg = 
= 11,31+1,321.105 ITa; 5- q = 

1800 BTIM 2, Pa=ll/34+1 ,36II0 5ITa; 
6 - q = o, AaHHh!e 16 ; 7 - q = 

1000 BTIM 2, AaHHh!e·/6/ ; 8 - q = 
0,~ 0,~ 0,6' 0.8 'K1= 2000 BTIM 2, AaHHh!e /61. 

oTMeT~Tb, 4TO np~ q= 1860+1880 BTIM2 Ha6n~Aanocb Kone6aH~e pac
XOAa ren~R e npeAenax + 1 0%, np~4e·M aMnn~TYAa Kone6aH~171 eo3pa
cTana no Mepe AanbHei:1wero yeen~4eH~R q, 

Ha p~c.3 npeACTaeneHo TaK>Ke cpaeHeH~e nony4eHHbiX AaHHblx 
c noA06HbiM~ pe3ynbTaTaM~ AflR eepT~KanbHoro KaHana. TaK, AnR 
nocneAHero np~ m = 145 Kr IM2c ~ 0 .<it< 0,15 en~RH~e Tennoeoro 
nOTOKa Mano 3aMeTHO /5~TOrAa KaK AnR rop~30HTanbHOi:1 Tpy6bl 6o-
nee CYUleCTBeHHO. B A~ana3oHe 0,15 .< i 1< 0,55 AnR eepT~Kanb-
Horo KaHana xapaKTepeH r~Apaen~4ecK~H KP~3~c, conpoBO>KAa~Ul~HcR 
TeM 6onbW~M CH~>KeH~eM een~4~Hbl 5P 1, 4eM BbiWe YAenbHbiH TennOBOH 
nOTOK. np~ X l> 0,55 1\l»L npaKT~4eCK~ He 3aB~C~T OT q, a co
OTBeTCTBY~Ul~e 3Ha4eH~R l\P 1 HeCKOnbKO npeBbiWa~T nepenaAbl AaBne
H~R B aA~a6aTHbiX ycnOB~RX ,/6/. 
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PHc,4. BnH.flHHe TennoBoii Harpy3·AP1 . ' •I 
&J 

KH Ha I'HAPOAHHaMHtleCKHe xapaKTe
PHCTHKH I'OpH30HTanhHOH Tpy6hl 

ll' r 0 S' 
It 8 npH m =240 KriM 2c: 1 - q = 0, 

P3=11,34+1,41/.105ITa; 2 
q = 360 BT/M 2, Ps 0.1 ~--i-

11,35+1,43/. 10 5 ITa; 3- q = 
720 BT/M ,PS:/1,34+1,43/105ITa; 

4 - q =1430 BT/M2, Pa = O,lf 
11,35+1,45/.I0 5 ITa; 5- q = 
2150 BT/M 2, Pa = 

=· · I I , 36+ I , 46 I· I 0 5 ITa; 6 - q = 
= 3580 BTIM 2, Pg = 
= /I ,40+1 ,48/.10 5 ITa /6on~>JUHe 
3Hati~HHH p S COOTBeTCTBYIOT 6onb
WHM X 1l, 

0.2 0.+' q6 o.• 

CpaeHeH~e nony4eHHbiX AaHHbiX c 3Kcnep~MeHTanbHbiM~ pe3ynb
TaTaM~ AnR o6orpeeaeMoro 3Meee~Ka 141 I q = 600 BT 1M2 I noKa3bl
eaeT AOBOnbHO 3Ha4~TenbHOe ~X paCXO>KAeH~e. 0 Ben~4~He 3TOro 
paCXO>KAeH~R MOlKHO CYA~Tb no TOMy, 4TO AaHHble/4/ YAOBneTBOp~
TenbHO cornacy~TCR c pac4eTaM~ no ypaeHeH~~ AnR roMoreHHoi:1 
CMec~. 

xf 

Yeen~4eH~e MaCCOBOH CKOpOCT~ AO 240 KriM 2c np~BOA~T K TOMy, 
4TO nepenaAbl AaeneH~R npaKT~4eCK~ OA~HaKOBbl KaK AnR aA~a~ 

6aTHoro Te4eH~R, TaK ~ AnR q = 360 BT IM 2 eo eceM A~ana3oHe OT
HoC~TenbHbiX 3HTanbn~l:1 lp~c.41. B 3TOM cny4ae ~3MeHeH~e i1 OT 
0,15 AO 0,55 BeAeT K YB~H~~ 1\P1 np~MepHO Ha 35%, TOrAa 
KaK AnR m =120 KriM 2c lp~c.31 e TOM >Ke ~HTepeane i 1 een~4~Ha 
&P1 eo3pacTaeT no4T~ Ha 90% IAnR aA~a6aTHbiX ycnoe~~l. 3To 

MOlKHO 06DRCH~Tb pa3n~4HbiM~ pe>K~MaM~ Te4eH~R ABYX~a3HOrO no
TOKa ren~R. TaK, B COOT~eTCTB~~ C/S/MaCCOBOi:1 CKOpOCT~ 125 KriM 2C 
B OTMe4eHHOM A~ana30He X 1 COOTBeTCTByeT npe~MYUleCTBeHHO CHa
PRAHbli:1 pe>K~M Te4eH~R, a np~ m:220 KriM 2c Ha6n~Aa~TCR ny3blpb
KOBbiH ~ cHaPRAHbiH pe>K~Mbl. 

- np~ HarpyaKax q > 360 BTIM 2 ~ i1>0,4 xapaKTep 3aB~C~MOCTeH 
1\P1 (x 1) AnR m = 240 Kr IM2c Ka4eCTBeHHO TaKOH >Ke, KaK AnR m = 
120 KriM2c. 0AHaKo e oTn~4~e oT pe3ynbTaToe, npeACTaeneHHblx 
Ha p~c. 3, 4aCTb 3Kcnep~MeHTanbHbiX AaHHbiX np~ x1 < 0, 4, m = 
= iiioi<riM2c, Q= 720 BTIM 2 ~ Q=1430 BTIM 2 Ip~c.41 npaKTW 
4eCK~ He OTn~4aeTCR OT aHanor~4HbiX AnR aA~a6aTHoro-pe>K~Ma.3TO 
MOlKHO 06DRCH~Tb KaK HeOA~HaKOBOCTb~ pe>K~MOB Te4eH~R np~ pa3-
HbiX m,TaK ~ HeKOTOpbiM pa3n~4~eM AaBneH~H B Ka>KAOH Cep~~ Onbl-
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TOB, KOrAa m = 240 Kr/M 2c 1-1 Q = idem. CneAyeT TaKlKe OTMeTHTb, 
LITO Kone6aHHH paCXOAa AnFI m = 240 Kr /M 2c He Ha6niOAanOCb npH 
soapacTaHHH YAenbHbiX Tennosblx noToKos snnoTb AO 5700 BT/M 2 .• 

TaKHM o6paaoM, npH ABHlKeHHH ABYx~aaHoro noToKa renHFt rHAPO
AHHaMH4eCKHe xapaKTepHCTHKH ropH30HTanbHOro KaHana cy~eCTBeH
HO OTnH4aiOTCFI OT COOTBeTCTBYIO~HX xapaKTepHCTHK sepTHKanbHbiX 
1-1 3MeeBHKOBbiX KaHanOB KaK B Kal.leCTBeHHOM, TaK 1-1 B KOnH4eCTBeH
HOM OTHOWeHHH. npH4eM 3TO pa3nH4He npOFIBnFteTCFI 6onee 3Ha4H
TenbHO no Mepe ysenH4eHHFI TennOBOH Harpy3KH. 

nPHJlOlKEHHE 

0603Ha4eHHFI, HCnOnb30BaHHble B pa6oTe: 

m - MaccosaFt cKopocTb; P1 , P2 , P3 , P3 - AasneHHFt cooT
seTCTBeHHO nepeA paCXOAOMePHbiM YCTPOHCTBOM, Ha BXOAe B 3KCne
PHMeHTanbHbiH y1.1acToK, s ero cepeAHHe 1-1 Ha BbiXOAe; AP1 , APH 
1-1 AP' - nepenaAbl AasneHHFt, cooTseTCTBYIO~He ABYX~a3HOMY noTo
Ky, HaCbl~eHHbiM napy 1-1 lKHAKOCTH; ~I - OTHOCHTenbHbiH rHApas-
nH4eCKHH nepenaA AasneHHFI, AP 1 = AP 1 -AP' /AP" -AP'; 
it , iH 1-1 i' - 3HTanbnHH COOTBeTCTBeHHO ABYX~a3HOro nOTOKa, 
HaCbl~eHHbiX napa 1-1 lKHAKOCTH; i 1 - OTHOCHTenbHaFt 3HTanbnHFI, 
XI= it -i '/i"- i' ; i = 1, 2 - HHAeKCbl, OTHOCFI~HeCFI K nep-
BOMY 1-1 BTopoMy 3KcnepHMeHTanbHOMY y4aCTKaM; pH , p' - nnoT
HOCTH HaCbl~eHHblx napa 1-1 lKHAKOCTH; T 1 , T 2 1-1 T 3- TeMnepaTYPbl 
noTOKa renHFI COOTBeTCTBeHHO nepeA paCXOAOMepHbiM YCTpOHCTBOM, 
Ha sxoAe 1-1 BbiXOAe 3KcnepHMeHTanbHoro y4acTKa; Re - 4Hcno 
PeAHOnbACa; q - YAenbHbiH TennosoA nOTOK, OTHeCeHHbiH K BHYTPeH
He~ nosepxHOCTH KaHana. 
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