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IMpeaucaoBue

DJIIeKTPOAYTOBbIC TJIA3MATPOHBI SIBJISIOTCSI OCHOBHBIM 00OpY0BaHMU-
€M HUCIOJIb3YEMbIM B KOHCTPYKIIMM MHOTO -, OOBIYHO TPEXCTPYHHBIX Tpsi-
MOTOYHBIX BEPTUKAJIBHBIX IUIA3MEHHBIX PEAKTOPOB, MCIOJIB3YEMBIX JIsS
Pa3JIMUHBIX TEXHOJOTUYECKUX IIeJel: IJIa3MOCUHTE3a MHOTO(YHKIIHO-
HaJbHBIX COCAMHEHUH, IIA3MEHHOTO0 MOAU(PUIIUPOBAHUS PA3IUYHBIX Ma-
TEepHUasoB, MepepaboTKu OTXO0J0B. biaromaps cBoeil yHHBEPCATIBbHOCTU U
CIIOCOOHOCTH TE€HEpUpPOBaTh IIJIA3MEHHBIM IIOTOK C BBICOKOM YyIelbHOM
MOIIHOCTBIO PEAKTOPHI TAKOTO TUIA HAXOJAT IPUMEHECHHUE, KAK B IIUPOME-
TAUTYPrUYeCKUX, TaK HU B DJIEKTPOTEPMHUYECKUX  XUMHKO-
TEXHOJIOTHUYECKUX mporeccax. [I[py mpoekTUpoBaHMH TAKOrO pojaa MOpo-
LIECCOB  3a4acTyl) MPUXOJUTCA  pPEIaTh  Pa3IUYHbIE  IPOEKTHO-
KOHCTPYKTOPCKHE 3a7a4d, 00CCIICYMBAIOIINE MOBBIIICHUE YHEPTO— U pe-
cypcocOepekeHue IMpHu MCTOJb30BAHUH TIJIA3MEHHOTO 000pYI0BaHMUS.

Metoanyeckre ykKa3zaHus BKIIFOYAKOT METOJUKY pacuera 3JEeKTpHhue-
CKHX, TEIUIOTEXHUYECKUX U PECYPCHBIX XapaKTEPUCTHUK DIIEKTPOIYTOBOIO
MJIa3MOTPOHA, HEOOXOJUMBbIE PEKOMEHAAIMA W MPUMEPHI BBITIOJHECHUS
pacyeToB, BapHaHTHI 33JIaHUM ISl CAMOCTOSATENIbHON pa0oThl. MeToanue-
CKO€ YyKa3aHHWE€ TMPEIHA3HAYEHO /IS OOyYarolIuXCsl IO HaIlpaBICHUIM
noaroroBku 18.03.01, 18.04.01 Xwmmuueckass texHoisorus, 22.03.02,
22.04.02 Metamnyprusi, © MOTYT OBITh HMCIIOJIB30BAaHBI JIJISI TPAKTUYECKUX
3aHSATUM, KYpCOBOTO MPOEKTUPOBAHUS MO AUCUHUILIHHAM «O00pyI0BaHUE
XUMUKO-TEXHOJIOTUUECKUX TTPOU3BOACTB», « O0OpyIoBaHUE 3JIEKTPOTEP-
MHUUYECKUX M YIIIEXUMHUYECKUX MPOU3BOACTB», «O0OpyAOBaHHE U 00BEM-
HO-TUTAHUPOBOYHBIE PEHICHUS COBPEMEHHBIX MPEANPUATHN LIBETHOU Me-
TAJLTypPrUun», «PEIUKIMHIOBBIE TEXHOJIOTHU B MPOU3BOJICTBE ATIOMUHUSY,
«TexHonorus HaHomarepuanony, «llupomMeramnyprudueckue npoueccsl U
obopyaoBanue», « TeXHOJIOTHUS INEKTPOTEPMUUECKUX U YTIIEXUMUUYECKUX
POU3BOJICTB». MeToaudYecKue yKa3aHusl TakKe MOTYT OBITh MCITOJIb30Ba-
HBI TIPU BBITIOJTHEHUH BBIITYCKHBIX KBATH()HUKAIIMOHHBIX Pa0oT.



1 OOmiee ycTPOMCTBO M TEXHUYECKHE XAPAKTEPUCTUKHI
3JIEKTPOAYIr0BOr0 MJIa3MOTPOHA

HuskoremrieparypHas 1miazMa MOKET T'€HEPUPOBATHCS B JJIEKTPOLY-
IOBBIX U BBICOKOYACTOTHBIX IIJIa3MOTPOHAX, B TJICIOIIEM U KOPOHHOM pas-
pAlax, B JIA3€PHBIX U JIPYTUX CHEIUAIbHBIX ycTpoucTBax [1]. ns peanu-
3allMM [JIA3MOMETAJUTYPIHUECKUX IMPOIECCOB MEpepadOTKH AUCHEPCHOIO
CBIPbsI, KOI'ZJa OTCYTCTBYIOT OI'PaHUYEHHUs 10 IPUMECSAM IPOLYKTOB JpO-
3UM 3JEKTPOAOB B MPOAYKTaX, HauOosiee LenecooOpa3HO MPUMEHEHUE
AIEKTPOLYTOBBIX IIJIa3MOTPOHOB, OCHOBHBIMH JIOCTOMHCTBAMHM KOTOPBIX
sBisroTCs [1-4]:

- BBICOKas €quHUYHasg MoIIHOCTh (1o 10 MBT) nipu cpaBHUTENb-
HO HEOOJbIINX radapuTax;

- DKOHOMHMYHOCTB, 33 CYET BBICOKUX TEIJIOBOTO U JJIEKTPUYECKO-
ro KIIJI, nocturaromux 80 %;

- OTCYTCTBHUE OTPaHUYEHUH 0 POy MIIa3MO0Opa3yIoIIEro rasa;

— JUTUTENIbHBINA (COTHU 4acoB) pecypc padoThI;

- IPOCTOTA CXEMBI JIEKTPOMUTAHUS U PETYJIUPOBAHUS NTapaMeT-

pOB pabOTHL.
HaubGonee npocTbIMU M HAACKHBIMU B AKCILTyaTallMK SIBISIOTCS OJHOKA-
MEpHBIE IUIA3MOTPOHBI C CaMOYCTaHaBIMUBAKOLIEHUC MIMHOU Ayru. Heno-
CTaTKOM 3THUX ILIa3MOTPOHOB SIBJIIETCS MaJaronias BOJbT-aMIIEpHAs Xa-
paKkTepucTHKa, TpeOyromas MNPUMEHEHUs OauIaCTHOIO CONPOTUBIIEHUS.
DTOro HeIOCTaTKA JUIIEHBI IIa3MOTPOHBI C (PUKCUPOBAHHOM JIITMHOMN 1Yy-
ru, Harpumep, DI1-104A, KoHCTpyKIMs KOTOPOro MPEACTABIICHA HA PU-
cynke 1. [1].

[1na3mMoTpoH o0nagaeT AOCTaTOYHON YHHBEPCAIbHOCTHIO. B ero xoH-
CTPYKIIUM OOBEIMHEHBI CXEMbl OJHOKAMEPHBIX IIa3MOTPOHOB C (DUKCH-
POBAaHHOM M CaMOYCTaHABJIIMBAIOLIECUCA IJIUHOM AYyTH. B 3aBUCUMOCTH OT
Ha3HAYEHUs IUIA3MOTPOHA, MOIIHOCTH, MCTOYHMKA NUTAaHUS BBIXOJIHOU
AEKTPOJ (aHOI) BBIOUpAETCS JTMOO C MOCTOSHHBIM MO JIJIMHE TUAMETPOM,
an00 cTyneH4aTsiM. Jlyra Bo30yXIaeTcsl MEXAY JIEKTPOJAMU IIPU BKIIIO-
YEHWH TJ1a3MOTPOHA. ['a30BBIM MOTOK BBIAYBAET AYTY M3 MEXKIJIEKTPOIHO-
ro MPOCTPAHCTBA U BBITATHUBAET €€ BJOJb OCH BBIXOJHOIO 3JEKTpoa. BeI-
XOJTHOM 3JIEKTPOJ U3rOTOBJISETCS U3 MEAU UM HEMarHuTHOM CTAaJIH.



1 - BHyTpeHHUH 3EKTPO/I (KaTo); 2- BBIXOAHOM 3JIeKTpo (aHOM); 3-
y3€ll ojJilaur pabodero rasza; 4 — u30J5Top; 5 — MOCTOSIHHBINA MarHUT
(conenou)

Pucynok 1 — Koncrpyknwms mmazmorpona D/111-104A

BuyTtpennunii snektpos (karon) — u3 BoJdb(pama, HUPKOHUS, TpaduTta U
APYTUX MaTEpHaJIOB, B 3aBUCUMOCTU OT PEXXHUMOB pabOTHI U poja rasza. B
cpellax BOAOpOJa U a30Ta 0OBIYHO IPUMEHSETCS Boib(ppaM. TeMrepaTypa
miasieHns Boabdpama, oxono 3500 °C, Bmonne mocraTouna mis obecre-
YEHUS 3HAUYUTEIBHOUN 3JIEKTPOHHOM IMUCCUU MIPHU TEMIIEpaType HUKE TOU-



K 1uiaBieHus. Bonbdpam nerupyercs JaHTaHOM, UTTPUEM, TOPUEM IS
YMEHBIIICHHUS pabOTHI BbIXoza [5].

Jl1s1 yBeIMUeHUsI BpEMEHU HEeNpephIBHOM PadOTHl KaTo a MPUMEHSIOT
MHOTOKOMITO3UIIMOHHBIN 3JIEKTPOJIHBIN Y3l (PUCYHOK 2).
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1 — xaToaHast BCTaBKa; 2 — MEAHBIA BOAOOXJIAXKIaeMbli OapabaH

PucyHok 2 — MHOTrOKOMITO3UIIMOHHBIN 3JIEKTPOIHBIN Y3€T

DIIeKTPOAHBIE BCTABKH U3 JIETUPOBAHHOTO BOJIb(ppama 3ajeiaHbl B
MEJIHBIA BOJIOOXJIAKIAeMbIi OapabaH paBHOMEPHO IO €ro OKPY>KHOCTH.
[ITaroBslif MPUBOJ TTO3BOJISIET 3aMEHUTH OTPAOOTAHHBIN JIEKTPOJI TOBOPO-
TOM OapabaHa Ha 3aJIaHHBIN Yyroji 0€3 OTKJIIOYEHH AyTU. Y CIIOBHS padOThI
OT/ICJIbHOM INEKTPOTHON SUCUKN OJMHAKOBBI C YCIOBUSIMU PAOOTHI OOBIY-
HOT'0 TOPIIEBOTO djiekTpoaa. B Tabmuie 1.1 npeacraBieHbl TEXHUYECKUE
xapakrepucTuku miasmMorpona J/I1-104A [4].



Tabnuma 1 — Texuudeckue xapakTepucTuku miazmMorpona SI1-104A

XapaKkTepuCTUKa 3HaueHUE

1. Pabouwmii ra3 BO3/yX, @30T, apTOH,
YTJIEKUCIIBIN Ta3

2. Pacxopn rasa, kr/c (1-5)10°3
3. JlaBnenue rasa Ha Beixoje , H/m? (1-5)10°
4. TenmoBou KIIJ] 0,6-0,8
5. MakcumalbHBINA TOK, A 250
6. MakcumanbHOE HalpspKEHUE AyTH, B
aproH 60
BO3/1yX, a30T, YIJICKUCIIBIN ra3 400
7. MakcuManpHas TeMreparypa Harpesa
ra3os, K 5500
BO3IYX, a30T 4500
YTJIEKUCIIBIN Ta3 8000
aproH
8. Pecypc BonbdpamoBoro katoma (pado- 100
YUl ra3 — a3oT, aproH), 4
9. Pecypc nupkoHureBoro karoja (padounii 30
ra3 — BO31yX, yIJICKUCIBIN Ta3), 9
10. OxnaxkaeHue 31eKTPOI0B BOJSIHOE
11. Pacxox Boabl, Kr/c 0,25
12. aBnenune Boasl, H/m? (4-6)10°
13. BeIxogHOM quaMeTp 3JIEKTPoaa, M (5-10)103
14. I'abapuTHas AjiuHa, M 0,21
15. Macca, kr 1,45
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2 Bb100op 1m1azmoo0pa3ymonieii cpeabl

OcHoBHBIE (PU3UKO-XUMHYECKUE XapaKTEPUCTUKH IJIa3MO00pa3yro-

KX Ta30B IpHBEACHBI B Tadmuie 2 [3,5].

[Ipu BBIOOpE TIa3MOO0Opa3yrolel cpeabl HEOOXOIUMO YUYUTHIBATH

cieaymomye GaKkTOpBHI:

— BO3MOXHOCTb JOCTHKECHUA BBICOKUX 3HA4YCHUU OHTAJIBIINU,

— BO3MOKXHOCTb UCITOJIb30BAHHA B KAUCCTBC PCArCHTA,

- HHCPTHOCTDH 110 OTHOIICHHIO K HCJICBLIM ITPOAYKTAM;

- CTONUMOCTB.

Tabnuia 2 — PU3UKO-XUMHUECKUE XapaKTEPUCTUKHU Ta30B

XapakTepucTuKa Apron Azor | Bogopon | I'enui
[110THOCTD, KI/M°
- IPU H.Y. 1,78 1,25 0,084 0,178
- ipu T=10* K, P=1 aTm. 0,048 0,018 - -
VY nenbHas TEMJIOEMKOCTh IIPH 0,52 1,04 14,2 5,26
H.y., KJ[x/(kr - K)
Koaddunuent temnonpoBo-
HocTH, B1/(M - K):
- TIpH H.y. 0,0163 0,0243 0,174 0,151
- mpu T=0,5-10* K, P=1 arwm. 0,125 0,701 3,45 -
- ipu T=10* K, P=1 atm. 0,42 2,63 3,45 -
DIeKTPONPOBOAHOCTE, OM/M, 3650 2740 7400 6300
npu T=10* K, P=1 arm.
DHeprus IUCCoLUaInH, - 0,94 0,43 -
MJI>x/Momb
ITorennman nonn3anuu, B:
- IEPBBII 15,76 14,53 13,59 24,58
- BTOpO# 27,62 29,59 - 54,40
DHTAJIBIHNS IUIa3MBI, KJK/KT -
103
- ipu T=0,5-10* K, P=1 arwm. 2,53 7,0 310,2 10,5
- mpu T=10* K, P=1 atm. 6,15 50,3 460,9 49,9
- IpH T=1,510* K, P=1 arm. 34,6 1215 1383 74,4
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OHTaNbNUS SBISETCS OJHUM W3 OCHOBHBIX MapamMeTPOB MJIa3MEHHOTO
MOTOKA, B 3HAYUTEIBHON Mepe OMNpeNesIoNMM TEXHOJIOTHYECKUE BO3-
MOXHOCTh peakTopa. ComocTaBieHUE 3aBUCUMOCTEN SHTAIBIINK TJI1a3MO-
o0pa3yomux ra3oB OT TEMIEPATyphl MPU aTMOCHEPHOM JaBICHUU, MOKa-
3bIBACT, UTO AHTAJBIINUS MOJICKYJISIPHBIX Ta30B (a30Ta, BOJAOPO/A) MPHU OT-
HOCHUTEJILHO HU3KHX TeMnepatypax (4:10%-1-10% K) B pesynbTaTe AuCCOLHM-
aliyd MOJIEKYJI JIOCTUTaeT BBICOKMX 3HAYEHUW M MOYTH HA MOPSIAOK Ipe-
BBIIIACT SHTAJBIHMIO OJHOATOMHBIX Tra3oB (apros, remnwil). [IpuMeHneHue
MOJICKYJISIPHBIX Ta30B MO3BOJIET JOCTUTATh BHICOKMX 3HAYCHHUM TETLIOBO-
ro KIIJI mnasmorponoB, cocrasistomiero 60-80 % mis Bomoponaa u a3ora,
B TO BpeMs Kak /IS MJIa3MOTPOHOB, pa0OTAIOIIMX HA aprOHE U T€JIUU, STOT
noka3zaresb cocrasisieT 40-50 %. Hapsny ¢ 3TUM CTOMMOCTh aproHa U re-
JUsl 3HAYUTENIBHO TPEBBIIIAET CTOMMOCTH BOAOpoAa U aszora. Ilo 3Tum
MpUYMHAM HCIIOJIB30BaHUE B KAYECTBE IIa3MOOOPA3YIOIMIMX MOJEKYJIISp-
HBIX T'a30B MPEJICTABIISICTCS 00JIee MPEAIOYTUTEIIBHBIM.

Bomopon 1 a30T B pszie MPOIECCOB MOTYT OBITh MCIIOJIb30BAaHBI O/I-
HOBPEMEHHO B Ka4YECTBE TEIJIOHOCUTEINA U XUMHUYECKOTO pearenrta. Cre-
IyeT TaKX€ OTMETHUTh B3PBIBOOE30MACHOCTh a30Ta, MPOCTOTY KOHCTPYK-
MY ¥ HAJIC)KHOCTh B DKCIUTyaTallMk pabOTaIONIMX Ha HEM IJIA3MOTPOHOB,
Hanpumep, II1-104A.

3 PacueT XapaKTePHCTHK JJIeKTPOAYTrOBOro Mia3MoTPOHA

3.1 PacyeTt paGounx napaMeTpoB M reOMeTPUIECKUX pa3Me-
POB JIEKTPOAYT0OBOM KaMepbl

3aganHas MOITHOCTH I1a3MoTpoHa — 50 kBT1. YpaBHeHne nagaromieit
BETBU BOJIbT-aMIIEPHON XapaKTEPUCTUKH IJIa3MOTPOHA, pabOTaroIIEero Ha
azote [1]:

_ 11044 ( G &
10°° (1.4,

, 1)

rae U- Hanpsbkenue, B;
M — MouiekysisipHas Macca a3ora;
G — pacxon m1a3mMo00pa3yromero rasa, Kr/c;
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| — cuna Toka, A;
di — IMaMeTp IyroBOro KaHaja, M.
JlnameTp ayroBoro kaHaja omnpeaensercs [2]:

P
d1_2,4.{LJ - 2)

T Pyp * Ay

€ Pxp- KPUTHYECKAs IUIOTHOCTD 3ByKa, KI/M>;
axp — KpUTUYECKAs] CKOPOCTh 3ByKa, M/C.

Pacxon mia3zmoo06pa3syrolero rasa Jjis mia3MoTpoHa MOIIHOCThIO 50 kBT
coctasnser 0,003 xr/c [3]; pxp=0,128 kr/m3, a,,=988 m/c [5]. Torna aua-
METpP AyrOBOTO KaHaja, M:

%
d, =24.[ 0003 ~6-107, (2 a)
7-0,128-988

Paccuntaem nanpspkenue mno dopmyne (1) mpu 11=250; 1,=200; 15=150;
|4:100 A, B:

11044 0,003 )7

~ 000828 (250 6. 103j =200, (1a)
11044 ( 0,003 j% s (16
~10%%2 | 200.6-10°° !

11044 ( 0,003 )% o (i
~10°%%28 (150.6.10° ’

11044 ( 0003 )3
4= 1000328 '(100 6 _103j =210. (1)
MOIIHOCTH IJIa3MOTPOHA TTpHU JIaHHbIX 3HaYeHusx | u U, Bt:
P=1-U, (3)

13



P, =1,-U, =250-200 =50000, (3a)

P,=1,-U, =200-215= 43000, (36)
P, =1,-U, =150-240 = 36000, (3B)
P,=1,-U, =100- 270 = 27000. (31)

s monydeHus 3agaHHo morHocTd S50 kBT pabouumu mapamerpamu
ma3moTpona oynyt: 1=250 A u U=200 B.
JlrHa myroBoro KaHajia paccuuThiBaeTcs no popmyse [2], m:

| — 0,49.17°%% 4
1_(1_’_515'10_3.')1,05’ ( )
-0,32
| = 0,49 - 250 —_ 36-1072. (4 a)
(1+55-10-250)"
Huametp ycrymna [2], Mm:
d,=2-d, ()
d2=2-6-10_3:12-10_3. (5a)
JnvuHa ycryna, M:
l,=3-d,, (6)
|, =3-12-10° =3,6-107. (6 a)

JrameTrp KaHaIa 3aBuxpurens [2], m:

dy= |+ @)
T-N-p-v

14



rae N - YKCI0 KaHAJIOB;

p — INIOTHOCTH a30Ta, KI/M°;

L — CKOPOCTb a30Ta B KaHAJIaX 3aBUXPUTEIS, M/C.
IIpu arMocdepHOM HaBIEHHU CKOPOCTh a30Ta, KaK MPaBUIIO, COCTABJISET
150-200 m/c [2]. IIpuaumaem, V=200 m/c, n=4. Toraa ds, Mm:

\/ 4-0,003 3

-2.10°%, (7 a)
7-4-1,25.200

3

Termnosoit KII/] mimasmorpona onpenensercs [1,2]:

2 0,27 G 0,27 | | 05771
1+585-10° - A= (Ped)? | 22| | (8)
G-d, d, d, d,

rae P=10° I1a — naBiieHMe a30Ta Ha BBIXOJE M3 INIa3MOTPOHA.

2 0,27 0,27
n=[1+585-10"°- 220 - ( 0,00st X
0,003-6-10 6-10

—2 —2\05
x(105.6.103)0’3(3'6 0", 3019 ] 1" =06

]7:

(8 )

6-10° 12-10°°

3.2 Pacuer cucTeMbl OXJIAXKICHUSA

ITpu paboTte mIazMoTpoHa B KaTOJI M aHOJ TIEPEAACTCs 3HAUUTEIHPHOE KO-
CTBO TEIJIOTHI Ue€pe3 OMOpHBIE MATHA 1yTH. CyMMapHbI€ TEIJIOBBIE ITOTEPU COCTABAT,
Br:

Qu=U-1-(1-n),(9)
Q, =200-250-(1-0,6)=2-10". 9 a)

[Tprmem [2], 94TO Y316l IIA3MOTPOHA OXJIAKIAFOTCS TEXHUUYECKON BO-
noi ¢ HauaneHOM Temmeparypoit T,=300 K u koHeuHO# TemMnepaTypoit
T,=320 K; Boa mpoXOUT MOCAEI0BATEIBHO MO OXJIAKIAIOIINM TpaKTaM
Katojia u aHoaa. Heobxoaumoe KoIU4ecTBO OXJIaK a0 BObI, KI/C:
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. Qy
GB _CB'(TK_TH)’ (10)

rae ¢;=4,1810% Ix/(xrK) [4] — TemnoeMKoCTh BOJBI IIPU CPEIHEH TeMIIe-
patype.

2.10%

G =
418-10°-(320—300)

=0,25. (10 a)

B

UtoObl 00€CIIeUUTh MHTCHCUBHBIN TETJIOOOMEH U TPEAOTBPATUTD 3a-
KUIaHUE BOJIbI, IPUHUMAEM TYypOYJICHTHBIM PEKUM TEUEHUS KUJIKOCTH.
PexkoMenayemoe 3Hauenue uncna Peitnonsaca Re=1910% [2].

w-d

Re = : (11)
|4

r7e W — JIMHeHHas CKOPOCTh BOJIbI, M/C;
d — nnameTp KaHaia, M;

V — KHHEMaTHYECKUH K0d(Q(UIIMEHT BA3KOCTH BOJIBI, M2/C.
YpaBHeHUE pacxoaa BOJbIL:

2
GB=w-“'f ™ (12)

e p —IUIOTHOCTH BOABI IIPU CPEIHEH TeMIepaType, Kr/m>,
Pemas coBmectHo ypaBHeHus (11). (12) u npuHuMas 3Ha4eHUSI P U V 10
JTQHHBIM [3], TOJIYUYHM, M:

d=— 4G (13)
n-p-v-Re

i 4.0,25
-994.0,65-10°-19-10"

=5.10"°. (13 a)

OnpeieuM TeEMIEpaTypy cTeHKH aHojaa. CunTaeM, 4To Bes TepseMasi B
MJI1a3MOTPOHE TEIJIOTA IIEPEAAETCs K OXJIAKIAIONIEH KUIKOCTH 4epes
CTEHKY aHoja. Toraa II0THOCTh TEMIOBOrO MIOTOKA Yepe3 CTEHKY COCTa-
BUT, BT/M?:
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_ Qn
q_ﬁ'(d1'|1+d2'|2)’ (14)

o 2-10°
7-(6-10°-36-102+12.10°-3,6-102

)=9,8-106, (14a)

TemnoBo# MOTOK OT ra3a K CTEHKE OyJIeT mepeaaBaThCcsi KOHBEKIMEH (pu-
CYHOK 3).

=0y (T —Terr), (15)

rae o1 — KodQQHUIHUEHT TEII00TAa4YH OT rasa K crenke, B1/(M?K);
T1— Temneparypa rasa, K;
Tem1 — TEMIIEpATYpa CTEHKH CO CTOPOHHI Ta3a, K.

TCTl
TCT2

T,

PI/IC}’HOK 3 - Cxema pacducTa TCMIICPATYPbl CTCHKHU dHO/la

qepes CTCHKY TEIJIOBOM MOTOK nepeaacTcs TCIJIOIPOBOAHOCTBIO!

A
q= g ) (TCT]. - TCT2)7 (16)
rae A - Ko3QPUIUEHT TEIJIONPOBOAHOCTH MaTepraia CTEHKH, IJIsI Mer
A=4-10% B1/(mK) [5];
8 - TonmmuHa cTeHKH, npuHuMaeM 6=1102 m [2];
Tem2 — TEMTIEpaTypa CTEHKH CO CTOPOHBI BOJIBI, K.

TennoBoW MOTOK OT CTEHKHU K BOJE MEPENACTCS KOHBEKIIUCH:
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q=0(Terp = T2), (17)
rae o2 — KOO(QQUIHMEHT TEIUIOOTAa4YH OT CTEHKH K Boje, Br/(M>K);
T, — cpenHsia TemnepaTypa oxJaxaaromnen Boas, K.

T :%'(TK _TH)’(18)

T, :%.(320—300)=310. (18 a)
(XZ:NU'%a (19)

rae Nu —awucno Hyccenbra;
Ax — KOO(PGUITUEHT TEIIONPOBOHOCTH KUAKOCTH (BOIBI),
Ax=A5=0,63 B1/(MK) pu 310 K [5].

J1st TypOyJIEHTHOTO peKrMa TeUCHHUS:

Nu = 0,023-Re’®. Pr®*, (20)

rae Pr—uaucio [pasatiis, npu cpeaHeii Temneparype )KuIKoCTH (BOJIbBI)
310 K, mns Boasr Pr=4,32 [5].

Nu =0,023-(19-10* )" - 4,32°* = 690, (20 a)
o, =690- 0’60:: =86940. (19 a)

N3 hopmyst (17) onpeaenum Tp,»:

TCT2 = i + T2 ) (21)
a2
_98:10° +310=422 (21 a)
T2 " 86940 ’

N3 popmyiel (16) Haxomum Tep ;.

18



-0
TCTl = qT + TCT2 ’(22)

9,8-10%.1072

2107 +422 =667. (22 a)

T

cr2 —

OnpenenuM KpUTHYECKYIO MIIOTHOCTD TEIJIOBOTO MOTOKA, COOTBET-
CTBYIOIIYIO Hadaly KMIICHUS OXJIaXIaroIen BOIbI:

O =2 (Tp — T2): (23)

rae T, — TeMneparypa KuneHus Bosl, K.
[IpyHrMaeM JaBjieHHE OXJIAKIAIOIICH BOJbI P=10° ITa, Torma T.,=453 K

[5].
Oy =86940-(453-310)=12,4-10°. (23 a)

Tak kak (Jxp~>(, TO OXJIAXKJAKOIIasd BOAa HC 3aKHUIIUT.
OHpGI[CJII/IM I'naAPaBINYICCKOC COIMPOTUBIICHUC INIA3MOTPOHA I10 BOJC, I1a

[2]:

2

(pr-é+ng, (24)

re Arp — TMHEHHBIN KOA()PUIUEHT CONPOTUBIIEHUS TPEHUIO;
| — IJIMHA OXJIAXKIAIOIINX TPAKTOB, M;
2. - cyMMa MECTHBIX COITPOTHBIICHHUH;
W — CKOPOCTb JKHJIKOCTH B OXJIQXKJAIONINX TPAKTaX, M/C.
Jl71st TypOyJIEHTHOTO pekuMa TCUCHUS:

hrp =0,316-Re 0%, (25)

0,25
Ao =0316-(19-10° ] "*° = 0,0151. (25 a)

CKOpOCTB KHUIKOCTH onpeaeanm u3 dpopmyinsl (2.12), m/c:
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W= , 26
. (26)
W= 4 0’2‘2’ —128. (26 a)
7-(5-10°) -994
[Mpumem 1=1,5 M [2] u 2.E=10 [4], Torna AP, Ila:
2
AP = P4-128° (0,0151- 1’3_3 +10) =11-10°, (24 a)

OO1iee gaBiIeHUE BOAbI, MOABOAUMON JJIs OXJIaXKICHHUS M1a3MoTpoHa, Ila:
P=P,+AP, (27)

rac Po — AaBJICHUC BOJbI HA BBIXOAC U3 IIJIA3MOTPOHA, I1a.

P=10°+11-10° =21-10°. (27 a)
MoInHOCTb, 3aTpadyrBacMas Ha MepeKaunBaHUe OXJIaKIAIomeH BOIbI, KBT:
G,P
N=—2 | 28
105 (28)
rae M — KIIJ] Hacoca, mpuaumaem 1,=0,8 [2].
25-21-10°
N=O’56’ 0 =0,66. (28 a)
10°-0,8

HecMmoTpss Ha J0CTaTOYHO BBHICOKOE THAPABIMYECCKOE COIMPOTHBIICHUE
TUIa3MOTPOHA, MOIIHOCTh, 3aTpaunBacMasl Ha MEepPeKauYuBaHUE OXJIAXIaro-
el BOABI, HE3HAUUTE/IbHA, 10 CPABHCHHUIO C TEIUIOBBIMH IIOTCPSMH B
TUTa3MOTPOHE.

3.3 PacueTt pecypca padoThl JIa3MOTPOHA

Pecypc pabGoThl MIa3MOTpoHAa NPHHUMASTCS PaBHBIM MEHBIIEMY
3HAYCHHIO pecypca pabOoThl OHOTO U3 AJIEKTPOIOB.
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Onpegenum pecypc paboTel aHoja. JlJis 3TOro 3aMEHUM CJIOKHBIN
npouiIb U3HOMIEHHOW YacTH aHOJla B MECTE MPUBS3KU DIICKTPUUECKON
AyTH 3a ycrynoM TpeyroiasaukoM ABC (pucyHok 4).

aHOoq KaTton

Pucynok 4 — Pacuer 31eKTpo/10B

O6beM MaTepuana, yaaleHHOTO B PE3YJIbTATEe DPO3UH, M.

V,=05-h-n-1-(d, +h). (29)

[Ipumem 1=17; h=107? M (0603HaYeHMs HA pUCYHKE 4), Tor/a:

V,=05-102.7-36-1073-(12.103 +1072)=684-10°°. (29 a)

[Tpoa0KUTENBHOCTD HENPEPHIBHON PAa0OTHI aHOJ1a U3 MEJIH COCTABUT:

Ta = —2 ] (30)

rae P, — IIOTHOCTE Meau, P»=8,9-10% xr/m3 [4];
G, — yaensHas 3posus snekrpona, G,=3 - 101 kr/Kn (no sxcnepu-
MEHTaJIbHBIM JaHHBIM);
| — cuita Toka nyru, A.

. 89-10°-6,84-107°

31010950 =811-10°¢, 2253 u (94 cyr.) (30 a)

Ta

OnpenenuM pecypc karoja. B kauecTBe marepuaia Karojia BbIOHMpaem
BoIb(pam [2,3]. Jluametp kaToAHOM BOJIBb(PPaMOBO BCTABKH [2], M:
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q - 13-1074.19°
© 1-215.1072.105°

-4 0,5
g - B0 s
1-2,15-1072 250

(31)

(31 a)

JlnHa BCTaBKU JOJKHA OBITH MEHBIIIE JTUOO paBHOU AUAMETPY, MPUHUMA-

em 1,=0,003 m. JlonmycTrmas rimyOuHa 3p0o3uH KaTtoja, M:
l, =031,

|, =0,3-0,003=9-10"*.

(32)

(32 a)

HuameTrp oOpasyromierocs B KaToje MOJl BO3JACUCTBUEM IyTU KpaTepa pa-

BCH JUAMCTPY IIPUBA3KU AYI'H, M:

d, =B-1°°,

rae B — koo umment, pasubiii ms azora 1,3:10% [2].
d =13-10"%.250%° =2.1073,

3

O6bem Marepuaia, yiaJCHHOI O B pE€3YyJIbTAaTC DPO3HH, M™.

2
t-ds -1
V, =,

v - TC-(2-10_34)2 -9-10™

~28.1077,

(33)

(33 a)

(34)

(34 a)

ITo popmyne (2.30) paccuntaeM BpeMs HEIPEPHIBHOM pabOTHI KaToaa,

yYHTEIBass, 4To I Bonbppama p,=19,34-10° kr/m® [3], G,=2,5 - 10

13 kr/Kn (110 9KCIIEPUMEHTAIBHBIM JJAHHBIM):
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3 -9
o 2193410728107 g o6 105¢, 240,64 (10 cyT) (34 6)
2,5-10713. 250

Tak Kak T¢<Ts, TO pecypc pabdOThl IUIA3MOTPOHA OyJeT ONpeAeIsaThCs pe-
cypcoM paboThl kaTtoja u coctaBuT 240,06 .

3.4 Pacuer cpeaHeMaccOBOH TeMIepaTypbl IMJIa3MeHHOI
CTPYHU HA BbIX0/€ U3 aHO/A IJIA3MOTPOHA

BreraucnsieTcs yaenapHas 3HTaIBIHS T1a3M000pa3yrolero rasa
M/Jx/KT

_ P
Hy, = L (33)
rIe

P — 3amannas MOomHOCTh, KBT

n — teruioBou KIIJ] rurtazaMoTpoHa, 101 € IMHUALBI

G — MaccoBBIN MEPEXO0/T MIa3MO00PA3YIOIIETO Ta3a, KI/c

50-0,6

Hy, = wrein 10,0 mJIx/kr

CpenHnsisi MaccoBas TeMIiepaTypa onpeaesieTcs mo Tabyuie B 3aBU-
CUMOCTH OT dHTaAJIbIUU U coctaBisaeTr 5700 K.
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Tabnuua 3 — 3aBUCUMOCTh TEMIEPATypbl a30Ta OT IHTAJTIBIIUU

OHTtanbnus a3ora, kKJHk/Kr Temneparypa, K
1373 1250
1680 1500
1995 1750
2314 2000
2572 2200
2832 2400
3093 2600
3356 2800
3620 3000
3885 3200
4152 3400
4423 3600
4698 3800
4982 4000
5282 4200
5606 4400
5967 4600
6383 4800
6877 5000
7480 5200
8229 5400
9166 5600

4 3ananue ISl CAMOCTOSITEJIbHOI PadoThI

3afgaHue AJisl CaMOCTOSITEILHONM pabOThl BKJIOYAET 27 BapUAHTOB U
pemnoaracT BBIMOJIHEHUE BCEX HEOOXOIUMBIX PACUETOB IS DJIEKTPOIY-
rooro miasMorpona DJII1-104 A mo 3agaHHBIM 3HAYEHUSAM MOIIHOCTH H
MacCOBOMY pacxojay IuiazaMoo0pa3yroniero rasza (tadbmuua 4).
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Tabnuna 4 — BapuaHThl 3aJJaHUM 111 CAMOCTOSTEIIbHOM pabOThI

Ne P, kBt G, kr/c
1 10,0 0,0025
2 12,0 0,0025
3 14,0 0,0025
4 16,0 0,0025
5 18,0 0,0025
6 20,0 0,0028
7 22,0 0,0028
8 24,0 0,0028
9 26,0 0,0028

10 28,0 0,0028

11 30,0 0,0028

12 32,0 0,003

13 34,0 0,003

14 36,0 0,003

15 38,0 0,003

16 40,0 0,003

17 42,0 0,003

18 44,0 0,003

19 46,0 0,0035

20 48,0 0,0035

21 52,0 0,0035

22 54,0 0,0035

23 56,0 0,0038

24 58,0 0,0038

25 60,0 0,004

26 62,0 0,004

27 64,0 0,004
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