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JLEAOPATOPOB

YKasaHuem MuHuctepcTBa 3SHEPreTUYEeCKOro MalWHOCTPOEHUA OT
02.02.78 Ne IMC-002/849 cpoKk jpeilcTena yCTaHOBAEH

¢ 01.01.79
——

A0 01.01.84

Hacrosimuit pykoBoasiiiuii Texuuueckut marepuasa (PTM) pacnpo-
CTpaHseTcs Ha TePMHYECKHE [eadpaTophl, COCTOAINIHE M3 Jeas3pallHoH-
HBIX KOJIOHOK I JeaspaTopHBIX GAKOB M HpelHA3HaueHHble /IS yAaJe-
HMS! KOPPO3HOHHO-arpeccHBHHBIX Ia30B H3 IHTATENbHOH BOJABI H2apPOBHIX
KOTJIOB ¥ MNOAINMTOYHOH BONBI OTKPBHITHIX H 3aKPBITHIX CHCTEM TeEINIO-
cHabXKeHHsI, 4 YCTaHAB/IBaeT METONUKY pacuera H TNPOEKTHPOBAHHA

YKa3aHHHIX AeaspaTopos.
1. OCHOBHbBIE OBO3HAYEHUS U HHJEKCHI

p — mapuuajibHOe JaBJeHHE, NaBjaeHue, Kre/em?;
X — MOJISIpHasi JOJisT KOMIOHEHTa;
E — xoapdunuenr Tenpu, xre/cm?;
¢ —MaccoBasg KOHIEHTpAllusg KOMIOHEHTa B Boje (pacTBOPH-
MOCTbB), KI/M3, MI/Kr;
M — MosekynsipHasi Macca KOMIIOHEHTA, KI/MOJb;
M, — MonekyasipHasi Macca PacTBOPNTENs, KI/MOJb;
1 — VAeJbHHI Bec, Kre/m?;
a® — Koadhouunestr abcopOunHn, M3 M3,
© — OTHOCHTEJIbHAST HACLIIEHHOCTb BOJBI Ia3oMm;

Yspauue othuuuanbHoe MNepeneyaTHa BOCNpeLieHa
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Q — kKoaHuecTBO TemJsa, KKaa/u;
¢ — teMmneparypa, °C;
Af — remnepatypHbiil Hamop, °C;
Ac — KoHLEHTPAHOHHKI HaMop;
F — noBepxHOCTD, NIOAAD, M?;
G — pacxoj cpendi, Kr/u;
L — pauna crpyn, m;
D, d — nuamerp, wm;
W — CKOpPOCTh, M/c;
W, — CKOPOCTh HCTEUEHHsI BOAH H3 OTBEPCTHUS, M/C;
[ — ynesbHast SHTANbOHS, KKaJ/KT;
V — o6pem, M3
r — ynenbHasi TEIJIOTa NapooOpa3oBaHHs, KKaJ/KT;
Ap — nepenapn napaeHust, Kre/cm?;
H — Bricora, M;
& — ypoBeHb BOJBL Ha TapeJjke, BHCOTA CJA0S, MM BOX. CT.;
g — ycKopeHHe cBOGOLHOrO najieHus, m/c?;
€ — promwanb XKHUBOrO ceyeHHs, MZ;
N — KOoJIHuecTBO OTBEPCTHI, LIT.;
U — yAenbHbil 06beM, M3/Kr;
H — orHocuTENIBHBIN YPOBeHDb BOABL Ha TapeJiKe;
{ — kK03((HUIHEHT MECTHOrO CONPOTHBICHHS;
JSya — ylelbHast NOBEPXHOCTb HAacafKu, M2/M3;
U — nnotrocts opomrenus, Kr/ (M2-u);
So — mjIomaap 0OHOTO OTBEPCTHS WM LIENH, M2;
6 — k03P PHULHEHT NOBEPXHOCTHOTO HATAXKEHHS, KIC/M;
p — HJIOTHOCTB, KI/M3, (knc-c?)/m?;
® — K03 PHIHEHT AHHAMHUYECKOH BSI3KOCTH, Krc-c/M?;
v — K03 dHuIHEeHT KUHeMaTHUeCKOH BA3KOCTH, M2/c;
T A. B. — TOHHA JIea3pHPOBAHHON BOJHI;
k — xosppunuent Temnonepenaud, Kkaua/(m2-4-°C);
o — Ko3(pHIHEeHT TelI00TAa4H, KKaa[(M2-4-°C);
A — koadunHeHT TenIONPOBOXHOCTH, KKaa/(M-u-°C);
WY — BecoBasi CKOPOCTb, Kref(m2-c);
K — xoaddunuent macconepenaus, krcf(m2-d-xr/md).
O, — KHCI0POX;
CO, — yraekdcjora;
N, — asor;
OB — neaspatop BaKyyMHHIH;
O A — peaspatop atmochepHOro faBlieHus;
J1[1 — #easpaTop NOBHILIEHHOro XaBJEHHS;

Huagexcu

o — map;
B — BOJa;
I —ras;
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( -— OTBEpCTIiE;
Cp -— cpenHuii;
H.Il — HEeKHNSWHA NOTOK;
K.l — KUNOSUWHHA N0TOK;
J.B — Jeaj’pupoBaHHas BOAA;
$ — yCJIOBHSI HachlllleHHs XKHAKOH H napoBoit a3 npu AaBjeHHH p
B Jeaspartope;
BBINT — BBINAP;
JIHH — IHHAMHYECKHH;
H — Hacajka;
rc — TFHAPOCTATHYECKHH;
BX — BXOJL B OTCEK;
BBIX — BBIXOJ, H3 OTCEKa;
P — PaBHOBECHBIH;
min — MHHHMaJbHBIH;
max — MaKCHMaJbHbIH;
BH — BHYTPEHHHH;
K — KOHJ(eHcaT;
6ap — GapoMerpHUECKOE;
HAp — HapyXKHbIf.
OcHoBHblE TEepMHHBI H OlpeleJedHsi NPHBEAEHBI B CIPaBOYHOM
npujaoxenu 1.

2. PACTBOPHUMOCTDb IA30B B BOLE M BbIAEJIEHHE UX U3 HEE

2.1. PacTBOpuMOCTb ra3oB B BOJe

2.1.1. Cratuka npolecca JecopOUHH OCHOBLIBAETCS Ha 3aKOHE paB-
HOBeCHA MEXJy KHIKOH W rasoBoii pasamu. B obimem cayuae yciao-
BHS COBMECTHOI'O CyLIeCTBOBaHHA (a3 OmpenessiloTCs HaJHUYHEM JHHA-
MHUYECKOr0 paBHOBECHS MeXKJY HHMH, NOAYHHSIOULIErocs npaBuay ¢as.
CoraacHo 3TOMy NpaBHJIY IPH OnpejeseHHbIX AaBJeHHH H TeMIiepatype
HEKOTOPOMY COCTaBY OAHOH H3 (a3 cOOTBETCTBYET ONpeNe/eHHbIH «paB-
HOBecHBIH» coctaB BTopoii ¢as3el. Eciu comep:kaHHe (KOHUEHTpAIHs)
KaKoro-1u60 KOMIIOHeHTa B ra3oBod ¢ase 6oJibllie PaBHOBECHOTO, TO
OH NEpPEexXoJHT B XKHAKYI ¢a3zy u Haobopor. CocTosiHHe IuHAMHYE-
CKOTrO0 paBHOBeCHSI MeXIy (azaMH yCTaHaB/HBAaeTCs HPH MPOXOJIKH-
Te/IbEOM BPEMEHII CONPHKOCHOBeHHs (as.

2.1.2, PacTBOpHMOCTb KHCJIOPOZA, a30Ta M YIJIEKHCJIOro rasa
B BoAe pa3nuuHa. Boabmasi (o cpaBHenno ¢ Oz W Nj) pacreopu-
MOCTbh YIVIEKHCJOTO ra3a B BOJe 0O0yc/jaBlHBaerc ero XHMHYeCKHM
B3anMmoAeficTBHEM ¢ BOZOH ¢ 06pa3oBaHHEM YTOJBHOH KHCJIOTH

H,0+CO, 2 H,COs. (1)

2.1.3. B neaspanyioHHbIX YCTAHOBKAaX PacTBOPHI ra3oB MOIYT CYH-
TaThesl GecKOHeYHO pa3baBJjieHHBIMH. B 3TOM ciyuae mepexof TOro Hiau
HHHOTC KOMIIOHEHTa M3 XHAKOH ()a3bl B ra3oByl0 He 3aBHCHT OT HaJH-
uMsl B PACTBOPe APYTHX KOMIIOHEHTOB 1 ONpelensieTcs JHLIb CofepKa-
HlieM B HeM JaHHOro KoMmIlOHeHTa. [l HAealbHBIX PacTBOPOB, TEM-

1=
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nepatypa KOTOPBIX Bbillle KDHTHUECKOH TeMmepaTyphl ra3a, Npd HH3-
KHX napiidajbHBIX AaBJCHHSIX ra3a paBHOBecHe oONpefensercfd 3aKO-
HoM T'enpu

p=Ex, &)

rae E — xoadounnet 'eHpH, UMeIIHHA pa3MepHOCTDL AaBJIEHHS,
X — MoJIsipHasi HOJST KOMIOHEHTa B KHIKOCTH.

3aBUCHMOCTh KO3 dHumMenta aGcopOuuu
KHCI0POJa, a30Ta M JABYOKHCH Yriepoaa
BOJLO}i OT ee TeMnepaTypbl
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2.1.4. Ilpn paBHOBecHH, onpejesieMoM 3akoHOM I'eHpu, MaccoBad
KOHIIEHTPAUHUsi HJIH DAaCTBOPHMOCTb KOMIMOHeHTa B BoAe (Mr/kr) co-
CTaBJjsieT

ir Pr
¢ =g2 L LT 108 3
s Po ] ©)
rae o —kosbouuuent adcopbunM NPH NAaHHOH TeMIeparype BOMALI
(npuBejennHi K TeMnepatype 0°C u gaBsenuio 760 MM p. CT.)
NpH ITapUyaJbHOM [aBJeHHH rasa, paBHoM 760 mMwm pr. cT.,
M3 M
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Yr — YAeJbHLIl BeC ra3a NnpH HOPMAaJbHBIX YCIOBHSX, Krc/m®;

s — YAEJbHBIH BeC BOAHI, Krc/M3;

Po— bu3snyeckas arMmocepa, Kre/m2;

Pr—nNapuManbHoe JaBJeHHe ra3a HaJ MOBEPXHOCTBIO BOJHI,
Kre/m2,

2.1.5. Ilpu temneparypax zo 120°C kosd¢uuuenr leHpu ans pa-
CTBODOB T'a30B B BOJIe BO3pPacTaeT C MOBBILIEHHEM TEMIIEPATypHl, uTO
NPHBOAMT K NMOHHXKEHHIO PacTBOPHMOCTH KoMnoHenTa. Ilpu rtemmnepa-
Typax 6onee 120°C xoadpduunent I'eHpH NOHHKAETCHA, YTO NPHBOAHT
K MOBBLIIIEHHIO PACTBOPHMOCTH.

2.1.6. 3aBucuMocTb Koadduinenta abcopOuuu OT TeMIepaTyphl
BOAB JJs KHC/AOpOAA, ABYOKHCH yrjiepoda H a3oTa NpHBeAeHa Ha
yept. 1. 3HayeHns sroro xoadduunesra ans Kucaopoaa — B taba. 1.

Tabauya 1
Koapuunent a6copGumn KHCAOPOAA BONOH, NPHBENEHHbIH K T patype 0°C
M pasJennio 760 MM pT. CT., NPH NapunanbHOM AaBJieHWH rasa,
paBHomM 760 MM pT. cT.

Jomepa: | ent s, | Tewnepa: | gt | Tewnepa | SO

°C copfunn, °C cop6uHH, °C cop?mgn,
M3/m3 M3/m3 m3/m

0 0,0489 110 0,0173 250 0,0417

5 0,0489 120 0,0174 260 0,0458

10 0,0380 130 0,0180 270 0,0500

15 0,0342 140 0,018 280 0,0543

20 0,0310 150 0'0192 290 0,0590

25 0,0283 160 0,0197 300 0,0640

30 0,0261 170 0,0209 310 0,0689

40 0,0231 180 0,0221 320 0,0736

50 0,0209 190 0,0238 330 0,0784

60 0,0195 200 0,0257 340 0,0838
70 0,0183 210 0,0282 — —
80 0,0176 220 0,0313 — —
90 0,0172 230 0,0346 — -
100 0,0170 240 0,0378 — —

3aBHCHMOCTb PacTBOPHMOCTH KHCJAOPOAA B BOAE OT TEMMEpaTypbl
H [IOJIHOTO RaBJEHHS BO3[lyXa H NMapoBO3AYLIHOH CMeCH HaX BOXOH IpH-
BefeHa B TabJ. 2.

3aBHCHMOCTb PAcCTBOPHMOCTH KHCJOPOAAa H a3oTa 13 BO3AyXa

B BOJIe NPH NaBJIEHHH CYXOro BO3AyXa Haj Helt, pasHoM 760 MM pT. cT.,
npnsejieHa B TabJj. 3.



Ctp. 6 PTM 108.030.21—78

M AABJEHHS HACHIIUEHHOH MAapoBO3AYWHOM cMecH napn Hel

Tabauya 2
PacrBopumocth KHCnoposa B BOmE (Mr/KF) B 3aBHCHMOCTH OT TEMNEPATYPLl BOJbI

35 JlaBJieH1e HacbillleHHOR NMAPOBO3AYUIHOA CMecH, Krc/cm?
=0 | 272
o4 2E, 1,0 2,0 30| 40| 506,070 8,0
55 | =58
~ /@ H o'~
14,20 | 14,11 | 28,31 | 42,51 56,71|70,91 |85,11{99 31((13,51
5 12,44 | 12,33 | 24,77 | 37,21| 49,65(62,09 [74,53 (86,97 99,44
10 11,04 | 10,9 | 21,94 | 32,98| 44,02(55,06 | 66,10}77,14| 88,18
15 9,92 9,75 19.67 | 29,59 39,51[49,43 [59,35(69,27 ]| 79,19
20 9,02 8,81 17,82 | 25,84/ 35,86(44,88 |53,91(62,92| 71,94
25 8,24 7,97 16,21 | 24,45| 32,70| 40,93 [49,17|57,41| 65,65
30 7,60 7,27 14,87 | 22,47 30,00|37,67 {45,27{52,87 | 60,47
35 7,12 6,71 13.83 | 20,95| 28,07 (35,20 |42,31|49,43 ] 56,55
40 6,74 6,23 12,97 | 19,71| 26,45|33,20 | 39,93 46,67 53,41
45 6,41 5,78 12,19 | 18,60| 25,01 31,42 |37,83|44,24| 50,65
50 6,13 5,36 11,49 | 17,62] 23,75]29,88 | 36,00} 42,14 48,27
60 5,74 4,57 10,31 | 16,05] 21,80|27,53 }33,27 39,01 44,75
70 5,44 3,71 9,15 | 14,60 20,03|25,47 {30,91{36,35| 41,80
80 5,25 2,71 7.96 | 13,21 18,46]|23,71 |28,96|34,21 | 39,46
9% 5,17 1,47 6.64 | 11,81 16,98|22,15 |27,32{32,50| 37,66
100 5,15 — 4,98 | 10,13] 15,28{20,43 | 25,58(30,73| 35,88
110 5,18 — 2,79 | 7,97]13,15|18,33 {23,51|28,70 33,87
120 5,30 _ _ 5,17 10,47{15,77 {21,0726,37| 31,67
130 5,48 — _ 1,35| 6,83[12,31 {17,78)23,27| 28,75
140 5,70 . _ — | 1,80 7,50 |13,20]18,90| 24,60
150 6,00 —_ — — — | 0,876] 6,88{12,88| 18,88
160 6,38 _ _ - —_ — — | 4.45] 10,83
170 6,75 . . _ . _ _ — —
180 7,28
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Tabaruya 3

PacTBOpHMOCTb KHCIOPOAA H 2307a B BOAE NPH RABACHHH CYXOTO BO3AyXa Hap Hef,
paBHomM 760 MM pT. CT.

Temneparypa
5O, °C 0 10 20 30 | 40 | 50 ) 60 | 70 | 80 | 90 | 100

Pacrsopn- 14,6111 41 9,28} 7,77| 6,90 6,22 5,81{5,48]5,2615,15|5,12
MOCTb KHCJIO-
pona, Mr/kr

Pacrsopn- 23,2118,3|15,30{13,3 |11,7 | 10,70|10,1 |9,70}9,50|9,40}9,30
MOCTb a30Ta,
MP/Kr

2.2, KnHHeTHKa mpouecca peaspauuu BOJbI

2.2.1. KuHeTHKa HJH CcKOpoOCTh mpollecca AecopOuun (MaccooOb-
MeHa) onpejessieTcsl CTENeHbIO OTKIOHEHHS CHCTEMB! OT PaBHOBECHOTO
COCTOSIHHS, CBOHCTBAMH pacTBOpHTENs (BOAbI), OCHOBHOrO KOMIIOHEHTa
(Og, COz, N2) W uHepTHOH cpenbl (mapa), BeqHUHHOH M ¢opmoil no-
BEPXHOCTH KOHTaKTa a3 H CHAPOAHHAMHYECKHMH YC/IOBHAMH.

2.2.2. Ilpu TepMHuyecKOH JeaspallHu BOABI MOJHOE BbIAE/NEHHE pa-
CTBOPEHHBIX B Hell ra30B HEeBO3MOXHO. BhiflesleHHe KaXKa0ro rasa npo-
HCXOAMT JIMLIbL A0 TeX NOP, NOKa PaBHOBeCHOEe NMapluaJjbHOe JaBieHHe,
COOTBETCTBYIOLEE er0 KOHLEHTPallHi B XHAKOH (a3e, npeBbllIaeT nap-
uHaJbHOE JaBJeHHe TOro rasa Haj pacTBOpoM, T. e. B napoBoii dase.
ITostomy aas rayGoKoil neaspanuyu BOAK HeOGXOAHMO HMCMOJIL30BATh
nap ¢ BO3MOXKHO MeHBbIUHM cofepXKaHHeM yAa/jfieMbIX H3 BOAB KOMMO-
HEeHTOB BO3AyXa.

2.2.3. B neaspatopax BCJAeACTBHE OrpaHHYEHHOCTH TNOBEPXHOCTH
KOHTaKTa ¢)a3, a COOTBETCTBEHHO H BpeMEHH CONPHKOCHOBEHHS BOABI
¢ napoM, paBHOBECHOe COCTOfIHHe, KaK MpaBH/IO, He HAOCTHraercs.
K paBHOBECHOMY COCTOSTHHIO MOXHO TOJIbKO NMPHGAH3HTBCA TMYyTEM YBe-
JHYEHHS] NIOBEPXHOCTH CONPHKOCHOBEHHS Napa H JeaspupyeMoit BOAbI
HJIH HHTeHCHHKalHH MaccooOMeHa.

2.2.4. YBennueHHe NOBEPXHOCTH KOHTaKTa (a3, crmocobeTBylollee
AecopOUHM ra3oB, JOCTHraeTcs NyTeM TOHKOro pa3sapobJieHHs BOAbI Ha
CTPYH, NJIEHKH H KaljlH MJH NPONyCKaHHA napa B BHIAE MEJKHX
Ny3bIPbKOB Yepe3 CJOH AeaspHpyeMoit BoaH (6ap6oTax).

2.2,5. K3 3axona I'eHpu ciedyer, YyTo NPU NOBBIIEHHH Temmepa-
TYpPBl BOAB A0 TeMNepaTyphl HachIUleHHA NPH NaHHOM JaBJeHun pa-
CTBODHMOCTb ra3a CTaHOBHUTCA paBHOH HYJIO, TAK KaK €ro mapudanb-
HOe JaBJieHHe Haj BOAOH cHHXaercA Ro HyJaf. OaHako 3akoH TleHpnu
CrnpaBeAJIHB TOJIbKO AJIS YCJOBHH paBHOBeCHS! $a3 H HENPHMEHHM MNpH
pPaccMOTPEHHH H30TepMHYECKOH H B OCOOEHHOCTH HEH30TEPMHYECKOH
Jecop6uuil, orpaHHYEHHLIX BO BPeMeHH H NPOTEeKalOUUX NPH HEepPaBHO-
BecHbIX ycaoBHAX. ITo3TOMY HemocTaToOuHO TONBKO Harperb BOAY MO
TeMNepaTyphl HAChILEHHs IS NOJIHOTO BBHIieNeHHsI H3 Hee PACTBOPEH-
HBIX ra30B.
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2.2.6. Ilpu tepMmirueckoit neaspalliil BOABl ra3bl yAA/lsIOTCA H3 Hee
IByMsl NyTAMH-—B pesyabTaTe AHGPY3HH H BheAeseHHs o6Gpasylo-
IIHXCA B 0ObeMe XKHMIKOCTH MEJKHX ra3oBbiX Ny3LIPbKOB (ZHCIEpCcHOe
BBIZIeJieHHe ra3a). [Iuddysns npoHCXOAHT B TeuyeHHe Bcero Ilpoiuecca
Jlleaspallyd, AMCIEpPCHOe Bhbifie/leHHe rasa M3 BOABI HaYHHAeTCd ¢ TOro
MOMEHTa, Korja B pe3yJbTaTe MOBBHILUIEHHS] TeMNepaTypbl BOALI AOCTH-
raercs HacblllleHHe ee YAa/IfeMbIM ra3oM.

2.2,7. OTHOCHTeNbHAS HACHILIEHHOCTb BOJBl ra3oM ¢ XapakTepu-
3yeTcsl OTHOIIEHHEM ()aKTHUECKOro COAEpIKaHHf ero K npefesbHO BO3-
MOXXHOMY TIpH TeX XK€ TePMOJHHAMHYECKHX napameTpax:

- — C¢(P: t) (4)
N N
rae ¢y (p, t) — axruueckas KOHUEHTpAUHs rasa B BOAe NMPH AaBJje-
HHH M TeMIlepaType B Touke oT60opa npoObbl, MI/Kr;
cu (p, t) — npemenbHasi KOHUEHTpALUMs rasa, COOTBeTCTBYyloLLas
COCTOSIHHIO HACLILIEHUS] NPH TeX 2Ke YCJOBHAX, onpe-
nensiemas no 3akoHy [eHpu, Mr/kr.

IIpn p<1 Bopy Ha3HIBAIOT HEJOHACBILIEHHOH, MpH ¢=1— Hachbl-
weHHoll ¥ npu ¢>1-—nepeHacolleHHol. Ilom «mepeHachIlleHHOI»
BONOH TOHHMMAeTCH B MNAHHOM cayuae AByxdasHas cmech BOALI
¢ ny3blpbkaMu Bo3ayxa. Ilpu npunsitoii Meromuke orGopa M aHa-
Ji3a npo0bl «NepeHachllleHHOH» BoJAbl ra3oBble Ny3blpbKH He o0Hapy-
JKHBAIOTCA, TaK KaK ra3 pacTBOpfeTcs B BOLC TNPH €€ OXJAaxKACHHH.

2.2.8. B peasparope OTHOCHTEJbHAs HAachILleHHOCTb BOABI Ia3oM
Hapacraer Il0 NyTH ee JBHKEHHSI H3-3a TOTrO, YTO HArpeB BOJAbI MPOHC-
XOAHT OBICTpee, ueM BhifeneHHe (Hecopbuusi) rasa.

3aporkieHHe ra3oBHIX NMY3HPbKOB NpH GOABIIOH HAayaldbHOI Koli-
ueuTpauli rasa B JeaspHpyeMol Bole nalJlojaeTcs B BepXHEH yacTh
KOJIOHKII, T'le BCJA€ACTBHE OLICTPOro noJAorpeBa BOABI PEe3KO YBeJHUIH-
BalOTCsl YyIPYrocTb BOASIHOTO NMapa 1i paBHOBECHOE TapuHaJibHOe JaB-
JeHlle vaaJasieMbix rasoB. EciH cymMMma 3THX JaBJeHHH cCyLLeCTBEHHO
npepbiliaeT AaBJeHHe Maporas’oBoil (asbl, TO rasbl BbAENSIOTCS B BH/E
ny3blpbkoB. O6bIullo o6pa3yercsl oueHb GOJMbIIOE YHC/I0 MHKPOCKOMNIIYe-
CKHX Ny3BIPbKOB, B pe3ysnbTaTe 4ero NPH BH3yaJabHbIX HAG/IOXEHHAX
o6HapyX1uBalOTCsi He OTAeJbHbie Ta30Bble MY3LIPbKH, a H3MeHeHile
OKpacKkH (MOMYTHeHHe) fea’spHpyeMOH BOJBI.

[1pu manofi Haua/ibHOH KOHUEHTpPALMH Tasa B JieaypPHPYEMOii Boie
H NMPOYNX PaBHLIX YCAOBHAX Hauyaso AHUCIEPCHOro BblAeJeHHS CcMe-
ufaercs 10 BHICOTE KOJOHKH BHI3, B 06jacTh 6oJsiee BHICOKHX TeMInepa-
TYDP BOJHI.

2.2.9. Bona B mea3pauHoOHHON KOJIOHKE W HA BHIXOJC H3 Hee MOKer
cojep:kaTb NMy3blpbKH rasa Takxe B pe3y/]bTaTe 3axBaTa (3KeKIHi)
napora3oBoil cMeCH ABHXKYUIHMHCH BHH3 BOASIHBIMH IJIEHKAMH, Najalo-
HHMII CTPYAMH M KanJasiMH.

2.2.10. ducnepcHoe Bblae/ieHHE ra3oB B JAea’paTope NPOHCXOMHT
KakK B cOOCTBEHHO AeajpupylolleM ycTpoHcTBe (KOJIOHKe), Tak H B Gake-
aKkyMmyJsarope. BeaeacTBue TOro, 4to B JAea’PALHOHHBIX  KOJNIOHKAX
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Harpes BolAbl TpebyeT oObLIYHO MeHbleH MOBEPXHOCTH, yeM AecopOuus,
BOJa, NOCTynamlliasi U3 KOJOHKH B 6aK-aKKyMyJifiTOP, COAEPXKHUT CPaB-
HHTEJIBHO OOJIBIIOE KOJHYECTBO AHCHepcHOro kKHeaoponaa (xo 100 Mxr/kr
u 6onee).

2.2.11. VIHTeHCHBHOCTb BBIAE/EHHS JHCNEPCHOro KUc/a10poAa B Oake-
aKKyMyJsiTOpe 3HauHTeJbHA H MOXeT cocTaBaath 40-—709% nHauanbuoi
KOHIEHTpPalUH KHCJIOpPOJAa B BOJe, MOCTynawiled B 0ak-aKKyMyJasiTop.
MeHnblllne 3HaYeHUA OTHOCATCS K COAEDPIKAHHIO KHCIOPOAA B BOJE, MO-
crynawouieil B 6aK-akKyMyJaaTop, He npesslmatouiero 100 Mkr/kr.

2.2.12. [lerazauuq MmoxeT OBITb OCYileCcTBJE€Ha B Aea’parope <«ie-
perperoii» Bojb. B 3TOM cayuae BoAa NpeABapHTEJ]bHO HarpeBaercs
JI0 TeMnepaTtyphl, NpeBplllaloulell TeMIepaTypy HAachlllleHHs] B KOJIOHKe,
H IIPH NOCTYMJIEHHH B KOJIOHKY BCKHIIAeT.

PacrBopenHble ra3bsl NPOHHKAIOT B o6pasylouinecs MpH BCKIMaHIII
Ny3LHIPbKH Napa M yAanAsloTcs BMecTe ¢ HAM. DTOT crnocob Aeaspaliuu
BOAH MeHee 3(D¢eKkTHBEH H3-3a HeJOCTAaTOYHON BEHTHJAIMH NapoBOro
o6beMa annapara 1 He6JaronpHATHBIX yCJAOBHH AJSI BHIJENEHHS MeJi-
KOJLUCIIePCHBIX Ny3hIpbKOB. KoHeuHoe cofep:KaHHe KHCJI0pPOJa B BOJie
nocje GaKka-akKymyJsitopa cocrasisier He meHee 50 mkr/kr. IToatomy
TaKle 1€a3paTopbl HaXOAAT OrPaHHYEHHOE NMPHMEHEHIe.

2.3. Meroasl onucaHus npouecca aeaspauMy BOAbI

2.3.1. CyoKHOCTb YCJ10BHH npouecca Jecop6UHH B Jea3spaTopax
CO3/1aeT 3HAUHTENbHbIE TPYIHOCTH AJA Pa3palbOoTKH CTPOro TeoperHue-
CKOro Meroja ero pacuera. PacueT 1ea’paTopoB NPOHM3BOAHMTCS MO
sMnupHueckuM GopmysaM, OCHOBAHHBIM Ha 0000LIEHHH 3KcIOepHMeH-
TaJIbHBIX AAHHBIX C MOMOUILIO TeopHil NOAOOGHA 1 pa3MepHOCTeH.

2.3.2. YpaBHeHlIsiIM NepeHoca TeflJa N BellecTBa NpHAAETCst HAEH-
THYHBIH BHA:

G = KAcF, (6)
rue Q H G—COOTBeTCTBeHHO KOJHYECTBO IEepeAdaHHOro Temiaa 1
Macchl;
k u K— coorBeTcTBeHHO KO3(D(OHUHEHTH Temlo- M Mmaccomepe-
aayu;

F — noepxHoCTb KOHTaKTa ¢as;

At — TemMneparypHbIfi Hanop;

Ac — KOHLeHTpaUHOHHHIH Hamop (ABHXKyWlasi cuJja npouecca
yAa/NeHHsl rasa) — cpefiHsisi pas3HoCTb (akTiuecKoii 1
PaBHOBECHOM KOHLEHTpalHi yAa/seMOro rasa B Jfeas-
pHpyeMoii Boe.

2.3.3. Koatdduunentol Temjonepenaun k u macconepenaud K 3a-
BHCAT OT MapaMeTpPOB U CBOHCTB KIAKOH H napoBod cpeinl, GopMbl 1
pa3MepoB NMOBEPXHOCTH KOHTAaKTa (a3 II CTemeHH HX TypOyJ/H3alHH.

2.3.4. @opmynamu (5) u (6) MOXKHO HOJNB30BATBLCS TOJBKO B CJY-
yae TMOBePXHOCTH KOHTaKTa (as, noasaamwolledcss ylo6HOMY H TOYHOMY
onpeje/ieHHI0, HaupIMep AJs KOMOHOK ¢ HAacafAKaMH.
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Jlnsi npakTHYECKHX pacueTOB pPEeKOMEHAYIOTCS (OPMYJBl, YYHTHI-
Baloune (hakTophl, BAHAIOMHE HAa NMPOLECCH MepeHoca Telsa H Macehl:

= f (L, do W, ), (7)

A
—A—f_';—: ¢ (L, do, Wy, Wy, Gy, Go), )
re Gp— KOJIIMeCTBO Napa, CKOHAEHCHPOBABUIETOCS B OTCEKE;
Gy — riiipaBjauyecKast Harpy3ka KOJOHKH.

2.3.5. B nocrynaiouieii B Jeaspatop Boje YIJIEKHCI0TA COAEPKHTCA
B Buje pacrBopenHoro raza COp (cBobogHasi yriaekucjora), Gukap-
6onara HaTpuss NaHCO; u 6ukap6onara ammonuss NH,HCOs.

INpoueccnl BoifeaeHHs CBOGOAHOM YIJIEKHCJIOTH W pasfoxe-
HiAg Gukap6oHaTa HaTpHsl B3anNMOcCBsI3aHBL. TepMiuueckoe pa3foxkcHie
6vKap6OHATOB HAaYHHAETCs C MOMEHTA, KOrjAa KOJHuecTBO cBOGOLHOIO
CO; B pacrope Oyner MeHblle pPaBHOBECHOTO, HeOOXOAMMOro s
yAep:KaHHS B pacTBOpe AaHHOro KoJsuvyecrBa 6uxapbonaros. Has wop-
MaJbHOTO OCYLeCTBJIEHHSI mpolecca pa3sioXeHHs 6HKapOOHATOR HAT-
prsa (amMoHns) Heo6X0AHMO o6GecneudTh HelpepLIBHLI OTBOA 113 Aeas-
pHpyemoil BOAB B mapoByl dasy BblAeasiouiedcs cBOGOJAHOH yrJe-
KHCJIOTH H HEMPepLIBHYIO BEHTHSALHI napoBoro o6bema. [Tockonbky
peakuHH B pacTBopax MpoTeKaloT oObIYHO GBICTPO, HHTEHCHBHOCTD YAa-
JgeHust u3 BoAbl CO; onpenensier o6lLLYIO MTPOJOJIXKHTENbHOCTh BPEMEHH,
Heo6X0AHMOro 1151 I1yGOKOro pa3JoxkeHus 6HKapOOHaTOB.

2.3.6. Ilpouecc mosHoro TepMHUECKOro pasJoxeHiis GuKapGonara
HaTpHA NpOTeKaeT B JBe CTAAHH: BHauase o6pa3yercsi KapOoHAT war-
pHsl, a 3aTeM elKHit HAaTp:

QNaHC03 > Na;;co:; + Cogf -+ Hgo; (9)
Na,CO; + H,0 - 2NaOH + CO,A. (9a)

ITon 100%-HbIM passioxkeHHeM OGiKapO6oHaTa HaTpHs NOHHMaeTcs
nepexo], BCEro ero KOJMHYecTBa, cojeprKallerocsi B Aea3plipyeMoii soue,
B eKHil HATp, T. €. NMoJIHOoe 3aBeplueHue obenx peakuuii. B coorgercr-
BIII C THM COCTOfIHHE, NIPH KOTOPOM B BOAE OCTaeTcsl TOJbKO kapOo-
Hat Hatpus Na,COj;, ouenuBaercs kak 509 -Hoe pasno:xeHHe Guxap-
6onara.

2.3.7. Conepxautasica B nape csoGojHasi yrjekicjaora 3amenasier
TepMHuYecKoe pasJioxeHne OHKapGonata. OaHako ee cofepiKaHie
B TpelollleM nape, NOCTYNAIOUIeM B [€a3paToOpbl Ha 3JEKTPOCTArr UsX,
OGBIYHO HACTOJIbKO HE3HAylITEJAbHO, UTO OHO NPaKTHUeCcKH He OKa3bl-
BaeT BJHSIHHA HH Ha CTeneHb pa3joxeHUss GHKapOOHATOB, HH Ha koHeY-
Hoe colepXKaHHe CBOOOAHOH YIJIEKHCJIOTH B Jlea3pHPOBaHHOH BOZe.

2.3.8. Cremenb (mpoueHt) pasJjoxeHus GHKapGOHAaTOB YBesHull-
Baercs ¢ NMOBHIleHHeM TeMnepaTypul (AaBJieHHust B Jeaspartope), c yBe-
JIHUeHHEeM BpeMeHIl npeGbiBaHlisi BOABLI B amnapaTe H HayaJbHOH KOH-
HeHTpauHuu G6ukap6oHaTa HaTpHsi B HCXOXHOM peaspupyemoi Bofe. [Ipn
noBbIlIeHHH 3¢ ¢PeKTHBHOCTH BbIJAeNEHHsI H3 BOAbI CBOOORHOM yrJeKHC-
JIOTBI yCKOpsieTCsi Mpoliecc TEPMHYECKOTO pasiozkeHHs GnKapOoHATOB
HaTpHusa K Haobopor.
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3. OBIMHE NPHHLUHUNBI NPOEKTHPOBAHHS NEAIPAILMUOHHbDIX
YCTAHOBOK

3.1. OcHoBHble TpeGoBaHHA, NPEeAbLABASEMble K AeaspaTopam

3.1.1. KOHCTPYKUHH Hea3paTopoB AOJNKHBE COOTBETCTBOBATb TpeGo-
BanusiMm ['OCT 16860—77, KoTophi#i onpegessier THIBI H THNOPasMep-
HBle PAABI 1€ea’paTopoB, YCTaHABJIHBAET AHANA30HbLI H3MEHEHHS MPOHU3-
BOJHTE/JbHOCTH H CPeJHero mnojorpesa BOAH B HHX, TpeGOBaHHH K Ka-
4YecTBY Jlea3pPHPOBAHHOH BOJbI B 3aBHCHMOCTH OT HauyaJbHOH KOHIlEH-
TPalLHK KHCJIOPOAA H CBOGOAHON YIJIEKHCJOTH H Ap.

3.1.2. B neaspatope gonxkHa obGecneyuBaThcsi Aeaspaliusi BeeX MO-
CTYNAIOUHX NMOTOKOB BOAK!, B KOTOPHX MOTYT COAEPXKATbCH PacTBOPEH-
Hble rassl.

3.1.3. B neaspartopax, Kak NpaBHJO, AOAXKHZ NPHMEHATBCA ABYX-
CTyneHyaTasi cxema Jeaspaliy BOJBI, NPHYEeM B KaueCcTBE BTOPOil CTy-
nenu Haubonee uenecoobpasen 6ap6oTax.

3.1.4. CtyneHn paeaspaTopa JOJIKHBI NpeacTaB/siTb co6oil sJe-
MEHTHl annapara HenpepuLiBHOro AEHCTBHSA, Al Yero BHYTPH Kaxaofl
CTYNEHH JIOJKHBI OTCYTCTBOBATh LHPKYJSAIMOHHblE TOKM, KOTOpbIE
MOTYT NpPHBECTH K NPOCKOKY HeoOpaboTaHHbBIX Macc BOAblL B OTBOAR-
wHA TpyO6onpoBoA.

3.1.5. B neaspatope He NOJKHO ObLITb 3aCTOHHBIX 30H HH MO BOAe,
HH No napy.

3.1.6. deaspaTop ROJKEH BEHTHJHPOBATbCA HEOGXOAHMEIM KO.HuE-
cTBOM napa. Takxe Jo/kKHa ObiTh obecneyeHa BEHTHJSILNHSA MapoBOro
obbema baka-akKymyJasaTopa.

3.1.7. Ha BceM nyTH Mexxy napoM H BOAOK B AeaspaTope A0J KHbI
ofecneynBaTbcst NPOTHBOTOK H MAKCHMaJbHas Pa3HOCTb MEXAY paBHO-
BECHBbIM JlaBJEHHEM rasa, COOTBETCTBYIOIHM €ro KOHUEHTPaluH B BOJe,
I ero napuuajibHLIM JaBjieHHeM Hal BOLOH.

3.1.8. B Kaxnaylo CTyneHb Jea’paropa AOMKHO NOABOAHTBLCH HEOG-
XORHMMOEe KOJIHUeCTBO mapa. [TapunanbHoe AaBieHHE yAaJNsieMBIX Ua308
B nape RAOJIKHO ObITb MHHHMAJbHBIM,

3.1.9. Hcxopnble NOTOKH BOAB B Jea’spaTope AOJMKHB GHITL 110L0-
rpeThl 10 TeMNepaTyphl HACHILEHHS NIPH JaBJEeHHH B HeM.

3.1.10. ITpumensieMble B nAeaspaTopax cnocolbl B3aHMOAEICTBHSA
BOJAKW H napa, oco6eHHO Ha BTOPOM CTYNEHH AerasaluH, JOJXKHbl obe-
CleYHBaTh MHOTOKpPaTHYI0 00paboTKy BOABI MapoM I MakcHManabHOe
pa3BHTHe NOBEPXHOCTH KOHTaKTa (as.

3.1.11. B neasparope HeoGXOAHMO CO3[aBaTh YCJOBHS /s yaaJje-
HHSl MeNbYyalIlINX rasoBhIX NY3bIPbKOB, BO3HHKAKIIHX B BOAe MpH Ha-
rpeBaHHH HJIH CHHXKEHHH JaBJIEHH.

3.1.12. B peasparopax JAo/xkHa ObiTb HCK/IIOYEHd BO3MOXHOCTH
BTOPHYHOH aspalHy BOMLHL

Ha uepr. 2 npuBeseHa npuHUMIHA/NbHAs cXeMa JABYXCTYMNEHuATOl
ZleaspallHOHHOH YCTAaHOBKH, HanOoJjiee NMOJHO YJOBJETBOPAIOLLAs nepe-
YHCJEHHBIM TpeOOBaHHAM.
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3.2. Mopsanok cocTaBJeHHs TEXHHYECKOro 3ajlaHdsl Ha pa3paboTKy
W COo3JaHMe Kea3apaTopos

3.2.1. Texunueckoe 3afiaHHe Ha pa3paboOTKy TepMHYECKOro jeaspa-
TOPa JOJKHO COCTaB/AThcA B oObeMe M 1o ¢opMe, YCTAHOBJIEHHBIMU
FOCT 15.001—73 u OCT 108.001.08—77 ua ocHoBaHMH 3asiBKH 3aKas3-

yHUKaA.
NMpuHUKNHAABHAS CXeMa JABYXCTYNEHYATOH AEAIPAUMOHHON ycTa-
HoBKH cuctemnt [LKTH

‘ ] 9 ‘75

I — JeaspauMoHHasi KOMOHKA; 7 — aKKyMyaartop, 3 — oxJaiuTesNb Bhbinapa;
4 — perynaTop AaBaeHHS; § — peryJasiTap YDPOBHSA; 6 — rujapaBAuvecKuit 3a-
TBOP; 7 — NpefoXpaHHTebHLI KJaamaH; & — PeryisTop nepejgHBa M CHrHa-
JIH3ATOP YPOBHS; 9 — BEHTHJAb C 3JEKTPOMArfMTHHIM MNPUBOAOM; [0 — Mon-
BOA XHMHUECKH oUHIIeHHolt Boanl; I/ — MoABOX OCHOBHOrO KOHOeHCATa:
12 — noaBoA KoHAEHCATa MoZorpesaredeil BLICOKOTO AaBJeHns; /3 — noiBoj
rpewouiero napa; !4 — noapon ©GapfoTaxkHoro mnapa; 15 — oTBOA jAeadpu-
poBaHHofl Boabl; /6 — OTBOA BeIMapa; /7 — BeiXJion B aTMocdepy; /8 — npe-
Ha); [9 — tennooOMeHHHK; 20 — orpaHH4uTeabHas] aHadparma; 2/ — tep-
MomeTp; 22 — maHomerp; 23 — BonoMmepiuie cTexkna; 24 — Gap6oTakioc
ycrpoitcTtBo

Yepr. 2

3.2.2. Tlpu pazpaborKe TeXHHUUECKOro 3afaHHs HeoBXOMIIMO PYKO-
BOJICTBOBAThCA TexHHYecKUMH TpeboBanuamu [OCT 16860—77 u peko-
MeHJauHsiMH Hacrosulero PTM.

3.2.3. B TexHHuecKoM 3aJaHHl JOJIAKHbI pPaccMaTpHBATLCS HOMH-
HaJbHBIT H Npefie/ibHHe (MAaKCHMaJbHBIH H MIIHUMAaJIbHBIH) peKHMBbI
paboTHl YCTAaHOBKH, a Takxke ocoOble pexnmbl. K ocobbiM pexcHMam
OTHOCHATCA peXIMbl €O 3HAYUTEJbHBIMH OTKJOHEHHSIMH MapaMeTpoB,
NOCTYNAIOWKUX B lea3paTop OCHOBHBIX MOTOKOB BOJLI M mapa, Halpu-
Mep, PEXHM IyCKa, PEeXHM C TOHHXKEHHOH TeMIepaTypoH OCHOBHOIO
KOHJIeHCAaTa, MOoCTynawllero B 1ea’?parop, BCIEACTBHE OTKJIIOUEHHA Of-
HOTO NIl ABYX PereHepaTHBHBIX IOoJOorpeBaTesiefi HH3KOro AaBJeHHSA
T I
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3.3. TennoBod M MarepnaibHbii GanaHcpl AeadpalMOHHOIl ycra-
HOBKM

3.3.1. TennoBoit GanaHc AeaspalllioHHOR YCTAaHOBKH cOCTaBJsercs
AJs onpejeseHHs IOJHOIO pacxoja napa, noJBOAHMOro K 1€a3patopy.

B 3aBHCHMOCTH OT TenJioBOH cXeMbl HEProyCTaHOBKH B J€a3paTop
BBOAHTCS TO IJIH 1HOE KOJHYECTBO MOTOKOB BOAbI H napa. Temosble
GasaHchl JO/DKHBI paccMaTpHBaThbesd 1A PeXKHMOB pabGoThl Aeaspa-
TOpa, YKa3aHHLIX B TeXHHYECKOM 3a/aHIiH.

3.3.2. B cnyyae u3bpiTka Temsa B Jeaspartope (OTpHUATEILUDLIH
pacxoi mapa) TexXHHuUecKoe 3aj/laHHe NOMJIEXKHT YTOUHeHHIO, B XOLE KO-
TOPOTo AOJIKHBI ObITh JONOJHITEIbHO NPOAaHAJH3HPOBAaHblL M MpOBe-
peHbl ycaoBHA pafoTbl Aeasparopa B TEMJOBOH cxeMe YCTAHOBKH.

3.3.3. B o6uiem Buae ypaBHeHHe TemJoBoro 6anaHca JAeaspatopa
3anHCbIBaeTCA KaK PaBeHCTBO NOTOKOB TenJia, BBEAEHHLIX B Aea3parTop
I BHILIEAUIHX H3 HEero

QI+Q2+Q3+Q4:Q5+Q6+Q7+QM (10)
rie Q) — Temnyao, BHeCEHHOE ¢ OCHOBHBIM TNOTOKOM TIpelollero napa,
KKaJa/u;

Qz — TenJyo, BHCCCHIOE ¢ HEKHNSLIHMH NOTOKAMH BOJABI, KKi.i/u;
Q3 — Tenyo, BHECEHHOe C KHNAILMMH NOTOKaMH BOJABI, KKaJj/d;
Q4 — TenJyo, BHeCEHHOEe C NMPOYHMH NMOTOKAMH Napa, KKana/u;

Qs — Tens0, OTBe/leHHOE ¢ Jea’pPUPOBAHHON BOAOI, KKaJ/u;

Q¢ — Temso BhINapa, KKaJj/u;

Q7 — noTeps TenJa [1easpaToOpPoOM B OKPYXKAWILYIO cpefy, KkaJ/u;
Qs — Tenso napa, oTOHpaeMoro 13 geasparopa, KkaJ/u.
3.3.4. Cocrasafiomiyie TenjoBoro 0ajaHca onpeAe/silOTCA 0o c.e-

AyioLLM GopMyiam.
KoJuectso Tenna, nojBeAeHHOI0 ¢ OCHOBHBIM NMOTOKOM Ipelouiero

napa,
QliGnin- (11)

DHTaJbNA napa iy onpefensercs No ero AaBJeHHI0 H TeMnepartype
Ha BXOAe B Aea3paTop.
KosnuecTBo TenJsa, NojBeleHHOTO ¢ HEKHOAHUIHMH MOTOKAaMH BOIBI,
m

Rk
Q‘J:EGH.HLH.H' (12)
k=1
KOJ”llleCTBO TenJaa, nOlIBeneHHOFO C «KHOAUIHMH» TIOTOKAMH BOMDI,
P
Q= E Ginbin. (13)
Koanuecrso rena, nonBeILeHHOFO C TIPOYHMH IOTOKAMII Tiapa,
QL_“‘VGUPLHP’ (14)

rae Gf, — pacxof napa AaHHOTO NIOTOKA, KI/4;
lkp——-y,lIeJ'IbHaﬂ SHTANBNHA Napa JAHHOTO NOTOKA NMPH JAaBJeHHH
H TeMIepaType Ha BXOJe B JeaspaTop, KKaJ/Kr.
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KoJHuecTBO Tensa, OTBOAHIMOrO ¢ J€a3pHPOBAHHOI BOAOI,
Q=01 (15)

2.8 1.8°
ITponsBoanTe IbHOCTL fAea3paTopa (pacXold AeaspHPOBAHHOI BoAb)
onpeneasiercs no popmyne

k

S X / n— a '
Gn.n = ElGﬁn + 2 [Gzn - G:n = 7 = ] + Gn' (16)
Re= k=1

rie G,-—KOJHYECTBO CKOHAEHCHDOBAHHOTO MNapa B [easpaTope,
Kr/4;
r,—Temnora napooGpa3oBaHHA NPH JABJIEHHH B Jea’lpatope,
KKaJ/Kr.
Benuunna G, onpenesnsieTcs H3 COOTHOILEHHS

G = 2 [Gﬁ.n (ln.n - t:.n)]

+ Gn.o.c' (l 7)

lL‘p - i;.n

rAe  icp— CPeAHA 3HTAJBLIHA Mnapa, KKaJ/Kr;
Gn.0.c — Pacxoi napa Ha NOKPHITHE NOTEPb Temja B OKPYyXKaloulyio
cpeny.
Benuuuua icp onpenensiercs no popmyJe

m m i —i
Guln + X} Gholhy + X G g (_L_u.) is
k=1 k=1 Tn

iCP= m m lk —1 . (]8)
Go+ X GE + D Gh, (.L'Lr_u'_)
k=1 R=1 .3

Ten.no, OTBOAMMOC C BbINIaPOM,
Ql; = Gsuni-uns (19)

rae Gyun —Pacxol Bemapa, Krfu. 3Ta BeJHYHHA ROJKHA NPHHHMATbHCA
13 pacuera 1,0—2 xr Ha | T lea3pHpPOBaHHOH BOABI.

Pacxoja Beinapa Ha Aeas’paTop COCTaBHT

G,..=10=-2)aG,.. (20)

DHTaNbNUA MapOBO3AYUIHOH cMecH BhiMapa YCJIOBHO MoOXKeT OBHITb
NPHHATA PaBHOIl 3HTAJbOMK HACHLILEHHOrO NMapa npH AaBJEHHU B Ae-
asparope, T. €. iypn=/Is.

IloTepss Temsia B OKpYXKaloILylo cpefy onpegenasiercs mno ¢opmy.e

Q'I =aF (tna - tno:m)1 (21)

rAe  a— Ko3(h(HUUEHT TENVIOOTAAYH OT H30AAUHH K OKpYXKalolieMy

BO3AYyXy, NpuHUMaemblii paBHbiM 8—I10 kkau/(M?-u-°C);

F — noBepXHOCTb KOpnyca [ea3paTopa, BK/uas O6aK-aKKymy-
asitop, Mm%
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!us — TemnepaTypa NOBEPXHOCTH H3OJSIUHH, NMPHHHMAcCMas pas-
Hoit 50°C;
fwoan — TEMMepaTypa BO3JyXxa B MOMeLUeHHH Aea3paLHOHHOI ycTa-
HOBKII,
Pacxos mapa Ha NoKpbITHe MOTEPb Temja B OKPYKaloUlylo cpepy
onpepneasiercs no dopmyne
n.0.c = grl M (22)
TloTeps Tensia B OKpYKalollyio cpeaAy AOMKHA CHELHANLHO onpefe-
JATBCA B Clyuae PacnosOXKEHHs Aea3paTopos BHe 3xaHHH. Bo Bcex
OCTaJIbHBIX CAy4Yasix OHa MOXeT NPHHHMaTtbes pasHol 1—2% obuiero
pacxofa TefnJa Ha Jiea3panHOHHYIO YCTaHOBKY.
KoJ/iHyecTBO TenJia, OTBEAEHHOr0 H3 JaeaspaTopa ¢ NapoM Ha fo-
CTOPOHHHE HYXAHI, onpeaensercd no gopmy.e

Q! = 2 an.uts' (23)

rae G, — pacxof HacHILlEHHOro napa H3 AeaspaTtopa, Kr/u.
Pacxon mnapa Ha neaspalMOHHYI0 YCTAaHOBKY onpejesiercs no
ypaBHEHHIO

Gn= Qn+00+01+oa—02—03'—0¢ . (24)

n~ Iis

YpaBHeHHe (24) cnpaBeAJHBO, ec/lH Temlo BhiMapa B Npeaenax
leaspallHOHHON YCTaHOBKH He HCNOJAB3YeTCR; MPH ero HCMOJb30BAHHH
C BO3BPaTOM KOHAEHcaTa BeJHUYHHA Qs He YYMTHBaeTcs B CBSI3H C pe-
LHPKyJasuHell 3TOro Tenja B yCTaHOBKe.

YpaBHeHHe MaTepHaJbHOro GajaHca Aeaspatopa B ofliuem BHAe
3anHcbiBaeTcsl KaK paBeHCTBO DacXo/l0B NOTOKOB, BBOAHMHIX B feas-
paTop H BHIBOAHMBIX H3 HEro,

Z Gu.n + 2 Gk.n + on -+ 2 an = Gu.n + Onun + On.u' (25)

4. KOHCTPYKILHH TEPMHYECKHX JEA3PATOPOB

4.1. Knaccudukauus neasparopos

4.1.1. B 3aBicHMOCTH OT pabouero AaBJjeHHS, IDH KOTOPOM ocylile-
CTBJSIETCH BblJe/NeHHe Tra3oB M3 BOAbl, TePMHUECKHE [Aea3paTophl
corsiacio FTOCT 16860—77 meastcsi Ha caeayloliue THINbIL:

BaKyyMHble, B KOTOPHIX Jera3ailHsi NPOHCXOAHT npH aGCoJIoTHOM
nasaennn 0,075—0,5 kre/cm? (0,0075—0,05 MI1a), 1B;

atMmocdepHble, paboralomue npu Aasienuu 1,2 kre/em? (0,12 MITa),

DOBLILIEHHOTO [aBjeHHsi, paboTaowue npu AasieHun 6; 7 (pexe
8—12) xrc/cm? (0,6; 0,7 MITa), Al

4.1.2, leaspatopbl MOryT HHOTAa paGoTaTbh M NPH RABJEHHSX, OT-
JuunblX oT ykasanHbix B TOCT 16860—77. B sThx cayuyasx BeIGOp
LaBNeHHs] B HUX TPOU3BOJAMTCH 1A OCHOBE TEXHHKO-IKOHOMHYECKHX
pacueros.
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Kpome npuBeseHHOil KaaccHduKaiiiy, MoJyuuao pacrnpocTpaHeHue
JejleHHe [ea3paTopoB No NpHMeHeMOMY B HHX crnocolby pacnpepnese-
HHUSl JleadpupyeMoil BOJAbl B Hape: NJcHOYHble, CTPYiiHble, Kame/bHbIE;
H napa B BoAe: 6apbotaxknbie. B cayvae npumenenus B Jeaspatope
OMIHOTO H3 yKa3aHHBLIX cnocoOOB pacnpefieieHdsl annapar cuuraercs
OJIHOCTYNEeHYaThIM, NPl KOMOHHAUHH HECKOJbKHX CNoco60B — ABYX-
HJIH TPEXCTyNeHYaTbiM.

HanGonee npaBuabHOll siBAsieTcsl KJaaccHHKaUHs 1ea’paTopos Mo
NpHHLMIY o0pa3oBaHHA MeK(a3HOH NMOBEPXHOCTH, KOTOpasl MO3BOJSIET
Bce annaparhl pasOHTh Ha JBe IPYNNbl: Aeas’paTopbl ¢ GUKCHPOBAHHOM
NOBGPXHOCTbIO KOHTaKTa (a3 M JeaspaTopsl ¢ II0BEPXHOCThI0 KOHTaK-
Ta, obpasylolleiica B npouecce ABHXeHHs napa W BoAbl. OAHAKO H
JaHHaa KaaccHMHKaLHA ABJASETCA YCNOBHOM, TaK Kak B 3aBHCHMOCTH
OT THAPOAHHAMHYECKOro pexHMa paboThl OAMH M TOT /Ke [deaspatop
MozKeT ObITb OTHECEH KaK K nepBoil, TaK M BTOPOH rpynne annaparos.

K nepsoit rpynmne oriocsitca 1easpaTopbl MJELOUHOr0 THNA ¢ yIIO-
PsilOYEHHOH HacajaKkoH, KO BTOPOIl — lea’paTopbl ¢ HeynopsiiouyeHiof
HacaaKoH, cTpyiHble, KanejbHble 11 0apOoTaxKHbie [ea’sparTophl.

J1/1 KOHAEHCALHOHHBIX 3JIEKTPOCTAHIHA H KPYMHBIX GJIOYHBIX ycTa-
HOBOK B HacTosllllee BpeMsl NPHMEHSIOTCS ABYXCTyHeHuYaTble CTpyiilo-
GapboraxHble fea’paTophbl ¢ 6apOOTAKHON CTYNEHBIO B HUXKHEI 4acTH
KOJIOHKH. OfiHaKo B 3KCIUIyaTauHH HaXOAUTCSH M 3HAYHTENbHOE YHCJIO
OIHOCTYNEeHYaThIX (HacaJOYHBIX H CTPYHHBIX) Jea3paTOpOB.

BakyyMmHble fleaspaTopbl TaKXe BbIIOJHAIOTCSA N0 JBYXCTYNeHYaTOH
cxeme.

Hast TOLL 11 KorenbHBIX, pa6oTalOUHX ¢ OOJbWHMH JA00aBKAMH
BOJBI, HaHboJiee LIMPOKOE PACNpPOCTPAHCHHE MOJYYILIH cTPYiHO-6apsdo-
TaxKHble JeaspaTopbl ¢ 6ap6oTaxKHbBIM YCTpPOHCTBOM B OaKe-akKKyMmy-
JSITOpEe, OJHAKO HAUMHAIOT MPIMEHSATbCS H Jea’paTopbl ¢ He3dTOolICH-
HoiM OapOorazxeM.

4.2. Jleasparopbl CTpPYHHOrO THRA

4.2.1. JleaspaTopsl 3TOr0 THNA JO HelaBHEro BPpeMEeHH HMeJH Mpe-
umyuecrsentoe pacnpocrpaHenie B CCCP. Cxema feaspaunoHHoii Ko-
JIOHKH CTPYHHOrOo THIa npeAcTabjeHa Ha vepT. 3. Hekunswue (Xos01-
Hble) NOTOKH BOJH uepe3 IWITyHep 2 NOCTYNalOT B CMECHTeJbHYI Ka-
Mepy I, coBmelleHHYIO ¢ BOAOCIHBOM. [Ipo6J/ieHHe BOABI HA CTPYH OCY-
HIECTBJSETCS C IOMOILBIO CHTYATLIX TapeJok 3, creneHb nepdopauiu
KoTophix goctiiraer 8%, a npuBeaeHHast NJOTHOCTh opolueHHs 60—
100 1/(M2-4).

Jleaspanust BoJibl OCYIUECTBJISETCS B OMbIBAEMBIX NAapOM Kackajax
CTPYH; YHCIO KacKaloB (Tapenok) oO0ycCJOBJAMBAeTCs HadyaJbHBEIM H
KOHEYHBIM coJepIKaHHeM KHCJIOopoJa B Aea’pHPOBaHHOH Boje.

JleaspaTopsl cTpyiiHOro THIla Hapsily ¢ H3BECTHLIMH MpeHMYyIlecT-
BaMM — MPOCTOTOM KOHCTPYKUHH H MaJsibIM NapoBbIM CONPOTHBJICHHEM
annaparta — HMeIOT HeJOCTaTOK: CPABHHTEJIbHO HU3KYI0O HHTEHCHBHOCTD
Jleaspaluud BOABI, OTHECEHHYIO K eJHHHIE NJIHHGLI cTpyH. Beaexcrpue
3TOTO KOJIOHKH CTPYHHOTO THIA HMeIOT 604bLIYIO BEICOTY (3,5—4 M # 60-
Jee) H Tpe6GYIOT A/ pa3MellleHHss OTHOCHTEJIBHO BBHICOKOIO MOMeLUIeHH .
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HeaspaunonHas KonoHka cTpyiiHoro THna

]
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l — kamepa mBojochHBa (cMewedus); 2 — HITYLEep HEKHNJIEro TMnNoToxKa BOAH,
d — Tapenka Kamepsl BOJAOCAHBA;, 4 - TYNeP KHNSLETo NOTOKa BOALI; 5 — WTYyNep
Bhll1apa; 6 — Kopnyc

Yepr. 3

2 3akaa 147
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H3srotoBnenne cTPyHHLIX KOJMIOHOK, Kak NpaBijio, CB3aHO ¢ 00Jb-
uiofi 3aTpaToil MeTa/sa M, YTO He MeHee BaykKHO, MPH GOJNBLIOH BhICOTE
KOJIOHOK 3aTpyAHAIOTCA HX obcayxuBaune u pemoHT. [losTromy neaspa-
UHOHHBIE KOJIOHKH CTPYHHOrO THNA CJedyeT NPHMEHATb B Tex CJy-
yasix, Korga 3TOMY He MpensTCTBYIOT orpaHHyeHHble rabapHThl feaspa-
TOPHOTO MOMELIEHHS, a A/ H3rOTOBJEHHS KOJOHOK He Tpebyerca
B 0OOJIbUIOM KOJIHYECTBE AOPOrOCTOSIILAS BbICOKOJETHPOBAHHAS CTAJb.

yl‘lOpﬂ}lO‘lEH Hbie HaCcaakKu
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Yepr. 4

4.3. JleaspaTopnl NJIEHOYHOrO THNA C YNOPSAAOYEHHOH HACALKOMH

4.3.1. B annaparax storo THna geaspHpyeMast BoJa CTeKaeT B BHAE
IVIEHKH 110 MOBEPXHOCTH HacaJKH TOH HJIH HHOH ¢opMbl. YnopspoueH-
HYI0 HacajAKy BBINOJIHAIOT H3 BePTHKAJbHBIX, HAKJIOHHBIX, 3Ur3arood-
pPasHBIX JHCTOB (4epT. 4), a TakXe M3 YKJaJAbiBaeMblX MPaBHALHBLIMH
PAAaMH KoJell, LWHAHHAPOB WJIH APYIHX 3jeMeHTOB, [Ias GoJee pasHO-
MEPHOro OpOLIeHHS BEePTHKAJbHBIX JIMCTOB leiecooOpa3Ho MpeaycMat-
pHBaTh NepepacnpejieseHde BOABL MO BbicOTe HacaakH. s 3Tol we.au
JHCTHl cOOHMpAIOTCA B YKJaJdblBaeMble ADYr HAJ APYroM NakeThl, TIPH-
yeM Hanpas/JeHHe JIHCTOB B JABYX CMEXHBIX IlaKeTax H3MEHSeTc Ha
45 nam 90°. Takylo Hacaaky yacro HassiBalT XopaoBoH. Ecan sep-
THKaJibHBIe JHCTHI MO BCeH BbBICOTE HACAZKH He MEHSIOT HalnpaB/eHus,
TO HacaJKy HA3hIBAIOT MJIOCKONApPaJaeabHOMH.
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Ha ueprt. 4 npuBeaeHn THObl Hanbonee pacnpocTpaHEHHLIX ynopsi-
JOUEHHBIX HAacaJoK:

a) Hacaika M3 BepTHKaJbHBIX JicToB ¢ warom 20 MM (nsockona-
paJJienbHan);

6) HacagKa H3 BepPTHKAaJbHBIX JIUCTOB, COOpaHHLEIX B YCTAHOBJEH-
Hble APYr Haj ApyroM nakerbl BbicoToit 300—600 MM, ¢ H3MeHeHHeMm
PACMOJIOXKEeHHS JIHCTOB B CMEXHBIX naKerax Ha 90°;

B) Hacajlka M3 HaKJOHHBIX JaHcToB ¢ 1arom 20 MM, coGpaHHbIX
B yCTaHOBJIEHHble ApPYyr Haj APYroM nakersl Bbicotoit 50 MM; yroa ot-
KJIOHEHHS JIHCTOB OT BEPTHKaJbLHON ocH 24°;

r) suraaroofpasHas Hacaflka € lIaroM MexJy JHCTaMH 5—8 MM,
paccTOSTHHEeM MeXAy BHICTYnamu (BbicOTOH 3ursara) 20 MM u ofueit
Bricotoit 300 mm.

Ha wuepr. 5 mnokasada pea’pallHOHHAf KOJOHKA KOHCTPYKIHU
OPI'P3C ¢ ynopsinoueHHoH HacaAKoH M3 BEPTHKaJbHBIX KOAKCHaJb-
HbIX HHAHHAPOB. [loanexalas geaspalHu BOAa NOCTYyNaeT B KOJOHKY
yepe3 NOABOAsIIHA NaTpyboK H KOHHYecKoe comno 3. Buixomsiias u3
cOmJia CTPysl NonajaeTr Ha po3eTKy 4, NpeiHa3HaYeHHYIO JJist pa3OphIa-
ruBaHys BoAnl. Hacajgka MOHTHpyeTcs M3 CTaJbHHIX JIMCTOB & TOJILH-
Ho# 0,5—1,5 MM, onupalrouHxcsi Ha ONOPHYIO KpecTOBHHY 6. Paccros-
HHE MeXAY JINcTaMH (PHKCHPYeTCA HPH NOMOLIH COEAHHHTEJNbHBIX IUTHI-
peit 7 H AHCTaAHIHOHHBIX BCTaBOK. B BepXHell 4acTH KOJIOHKH pacrnoJfo-
>KeH OoTOOHHBIN JINCT AJISl OTHeJIeHHs! Bjard 9.

4.3.2. OcHOBHOE NMPEHMYUIECTBO KOJOHOK C YNOpA/JOYEHHO! Hacan-
KOW — BO3MOXHOCTb pPaloThl ¢ BLICOKHMH INVIOTHOCTAMH OpOILIEHHS
(200—300 1/(M2:u)) mpu 3HayHTEeJAbHBIX NOAOrPeBax Aea3pHUPyeMoi
Boabl (20—30°C npu atMmocdepHoM RaBaeHuH). TakHe KOJIOHKH MOT'YT
ObiTh HCIOJb30BAHK A/ JeadpallH HeyMATr4eHHOH BOALL.

Jlis xopowero yaanenus kuciopofa tpebyercss Gosbluas BhICOTA
c10s1 Hacaaku (2—3 m).

4.4. Jleasparopbl ¢ HEyNOPSAOUEHHOH HACAAKOMH

4.4.1. Heynmopsinouenuas, HJH HeperyaspHas, HacalKa BBHIIO.-
nsercsd M3 HeOOJBbILHX 3JIeMEHTOB TOM HJH HHOH (OpPMBI, 3acblllaeMbix
B annapat 6e3 BCAKOro MOpsAKa, YTo M OUpefessieT ee Ha3paHHe. die-
MEHTHl TaKOH HacaJKH MOTYT UMeTb (HopMy OOBIUHOIO KOJbLA, KOJbL2
C MNPOAOJbHBIMH HJH CNHPAJBHEIMM [ePeropofikaMH, MponeJiepa,
ulapa, cefa, rpeveckoil GyKBHl OMera HJH Jip.

[Tpu npounx paBHBIX YCJOBHAX HeYNopsiloueHHas HacaAKa J01Y-
CKAaeT MEHbUIYI0 NPeAeJbHYI0 THAPABAHUYECKYIO HArpy3ky, ueM YIlOpsi-
JouyeHHas Hacalka WJu CTpyliHas KOJOHKa, Ho 3aTo obeclneunsaer
6oJiee BHICOKHH 0ObeMHbIH KO3(POHUUEHT MaccooTJauyd W COOTBETCT-
BEHHO MeHNbllee OCTaTOMHOE COAepXKaHHe ra3oB B BOJE.

Ha uepT. 6 npuBeeH nMpoao/bHEIA paspes AeaspalHOHHON KOJOHKH
1IOBLIIIEHHOrO JaBJeHHS NpPOH3BOAUTENbHOCTHI0 500 T/u ¢ Heynopsigo-
uyeHHOil HacaikoH. KoJoHKa cocTOHT H3 pa3dbemuoro kopnyca [ u 2,
Kamepbl cMelleHHsl, BOAOpPAcnpefe/]uTe/NIbHOH KaMepbl, BepxXHero 7 i
HH)KHero 8 c/oeB HacalAKH M3 OMeroo6pa3HbiX 3JeMeHTOB C OTBep-
CTHSIMH, pacnpejejuTens napa 9, narpy6kos s moasolda mapa I8 u

2*
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lMaenounbiit peaspaTop CMewWHBaio-
1MEro TMNAa

Boda Bwnap

A-A

I — xKopnyce; 2 — Kphluka; 3 — conao;

4 — poseTka; § — cTajJbHple JHCTHL 6 —

Onopiiast KPeCcToBHHa, 7 — COCAMHHUTENL-

Hole WThipH; & — maTpyGoK AAs npeno-

XpanguTeapHoro kJaamnada; 92— orGolnbifi
aneT; JO — Gak-akKyMmyJasTop

Yepr. 5
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poaw 19, pns orsosa Beimapa 20, Ko/eKTOpa ¢ OTBePCTHAMH 21 aasi
BBOJa KOHJeHcaTa NojorpeBaTesied BbICOKOrO AaBJeHHs H Kapkaca 22
ANA CeKIHOHUPOBAHHS HACAJKH.

Cxema KOJIOHKH C HeynopsfO4EHHOH HAcafKOH
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Yepr. 6

Kopnyc KoJOHKH B BepxHell uactd uMeerT ¢uaHueBbl#t paszwem 10.
B kpblmike koprnyca / pacrosoxeHbl KaMepbl CMelleHHss M BOJoOpac-
npejleaHTe/NbHAsA Kamepa.

Kamepa cMmelieHnss obpasyercsi, B OCHOBHOM, CTEHKaMH KpBILKH
KOpnyca M BepTHKaJbHOIl KOJbLleBOH meperopoAkoil 6. Bodopacnpeze-
JHTebHAs KamMepa, NMOMHMO INeperopoikd 6, BKaoyaeT BepXHH#l 3 H
HHU)XHHH 4 TOPH3OHTAJbHbLIE JHCTH, B KOTODble BBapeHHl AJf Nponycka
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BBIIApa OTKPHITHIe ¢ 0oGeux cropoH natpy6ku §. Huxuuii aucr 4,
onvpaloluiicss Ha KoJsibllo /6, WMeeT OTBepPCTHS AJs NPOXola BOMHHI.
Kamepa cMelueHus u BoZopacnpefe/uTesNbHas KaMepa COeJHHSIOTCS
MeXAay cofoil ¢ MoMolUbIO YeTbipeX NMPaKTHYeCKH PaBHOMEPHO pacimpe-
JleJIeHHBIX N0 Pa3BePTKC KOJIbLEBOIl NMeperopofAKH NMPAMOYTOJbHBIX OT-
BEePCTHH,

‘Bepxnuit caoit Hacaaku Hacuinaercss Ha ceTKy // M3 KOPPO3HOHHO-
cTOHKOH (HepkaBeloulei) cTajii, 3aKPeVIEHHYIO 1O NepH(EPHH MeXAY
ABymst koabuaMu /2. CeTka cBOGOAHO onupaercsl Ha peluetky I3, ko-
TOpasi TakXe cBOGOJHO ONMpaeTcst Ha KoJblo /4, npuBapeHHoOe K KOp-
nycy KoJoHKH. [TOCKOJbKY paccTosiHHe OT HHXKHeH ceTKI Ao ¢JaHIe-
BOrO pa3beMa MeHbllle BBICOTHI BEPXHEro cJosi HacaJkH, mepej 3achlil-
KOIil 2JIeMeHTOB HacafKH B KOPNyc KOJOHKH BcTaBasieTca obeuaiika /5,
KOTOpasi A0 YCTAHOBKH KPBIUIKH KOJIOHKH omlpefesnseT AHAaMeTp Ha-
callK{ Bblllle (IaHleBoro pasbema.

Ceepxy HacafkKH pacllojlookeHa CeTKa TaKoil e KOHCTPYKUHI Il
pa3mepoB, Kak i HixkHAA. OHa NpH:KIIMaeTcst K Kapkacy 22 ¢ Io-
MOULBIO WIMHJIEK H CErMCHTOB,

Ha3snauenne ceTkd — npeaynpexJelne yHoca 3JeMEHTOB HacaaKH
ycpe3 naTpy6KH A5 NPOXoja Bhimapa.

Huxuuit croit Hacaaxu Beicotoil 150 MM 3azxaT Mexkay ABYyMs ceT-
KaMH M KapkacoM (Mo KOHCTPYKUMH He OTJAHUAIOUIHMHCH OT YNOoMi-
HaBILIHXCA CETOK I Kapkaca BEpXHero cJos HacalkH), CTSHHYTHIMH 110
nepudepHH LIMHIbKAMH.

B nmapoBoe npocTpaHCTBO MeXkYy BEDXHHM 11 HHXHHM CJOSIMH Ha-
calKH ¢ MOMONIBIO KOJIJIEKTOpa ¢ OTBepCTHAMH 2/ BBOAHTCA KOHAEH-
caT rpeioulero napa nojorpeBatesell BbICOKOro AaBaeHus. Ias npen-
OTBpallleHHs OTXKaTHA HAacalKH K CTEHKaM Koplnyca noTOKOM napa,
BLIXOJSIIHM H3 0aka-akkyMmyJisiTopa, B OOOMX CJOAX Hacajku ycra-
HOBJIEH CEKUHOHHPYOWHH KapKac 22, npeAcTaBasioinil coboil ABa Ko-
aKCHAJbHBIX LUMJHHAPAE, COEAHHEHHBIN YeTHIPbMS pajHaJbHBIMH mepe-
ropoiKaMmH.

Pacnpeneantens mapa 9 npeicraBiasier coGoit KoabLeBOit Kopob
C paBHOMEpHO pacnoJIOXKEeHHBIMH lleJeBHAHbIMII OTBepcTHAMH. [lox-
BOJ Napa K KoJiblLieBoMY KOpoOy ocyllecTBJsIeTcS uepe3 chellHajabHblil
natpy6ok I8, He mHMelOUIHH# HeENOCPeACTBEHHOrO CONPHKOCHOBEHHA
C KOPNYCOM KOJIOHKH, BCJAEACTBHe uero jAa)ke npu OoJbLIOH cTeneun
neperpesa rpeloliero napa MecTHbie TePMHYECKHe HanpsiKeHHS B Kop-
nyce KOJIOHKH He ApPeBLIIAIOT AONYCTHMBIX 3HAaUeHHH.

Jlist yMeHbUIEHHsI TePMHYECKHX HanpsiKeHHH B TOPH30HTAJAbHBIX
JIHCTAX BOAOpacnpejenHTeJ]bHOH KaMepbl, BOSHHKAIOWHMX B cayvyae no-
JayH BOJABl C HHM3KOH TeMmepaTypoH, MPeAyCMOTPEHO HeXKEeCTKoe coe-
JINHEHHe C KOPNYCOM KOJIOHKH, J0INycKaloliee B H3BeCTHBIX MNpejenax
KOMIIEHCALHIO TePMHYECKIIX HaNpsiKeHHH.

Toanexauas neaspauuu Bofa nocrynaer yepes natpy6oku /9 s xa-
Mepy CMelleHHs!, TAe MepeMelIHBaeTcs, Mocjae yero yepe3 4eTbipe npsi-
MOYro/bHEIX OTBepcTHA 17 B BePTHKaJbHOH KOJbLeoOpas3HOH nepero-
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pollke 6 HampaBJsieTcsi B BOAOpacnpeieiuTenbHyio kaMepy. Ee HasHa-
ueHHe — ofecneyeHHe PaBHOMEPHOIO OPOUIEHHS HAaCalKH.

Tlpoiina BomopacnpenenuTe/bHYIO KaMepy, Aeaspupyemasi BOAa pa-
CTeKaeTcsl IPAKTHYECKH 1O BCeM 3J1eMEHTaM HacalKH, OJaronaps uemy
obGpa3yercsl pa3BHTasi CMOYEHHAs MOBEPXHOCTb, (1aronmpHsTCTBYIOLLAS
AecopOLHH pacTBOPEHHLIX B BORe rasoB. ['peiolluil nap, ABHKYUIHIICS
B TPOTHBOMOJIOXKHOM Hanpas/leHHH (CHH3y BBepX), OMbIB2eT 3Ty IO-
BEPXHOCTb H 6ap6OTHPYeT BOAY B MecTaxX ee ckomieHus. IIpH sTom
NPOHCXOJAHT BhIe/IEHHEe Ta30B M3 BOJH B IapoBYIO cpeAy H OAHOBpe-
MEHHO NMOJAOrpeB BOABI A0 TEMNEPATypbl HACKIIEHHS, COOTBETCTBYIOILCH
JlaBJIEHHIO B KOJIOHKe.

4.4.2, Ina HeynopsanoyeHHO# Hacaiku 3PheKTHBHBHIM siBJsieTCS
oMerooOpasHEelll aaeMeHT ¢ orBepcTHsMu. onycTumMas maoTHOCTL OPoO-
nIeHHs TaKoH Hacaaku npu mnojorpeBe BoAb Ha 40°C cocraBaser
90—110 T1/(M%2.u). Ee yaennHast NOBePXHOCTb JpoctHraer 190—
195 mM2/m3.

4.4.3. KoJOHKH ¢ HeynopsJOYeHHBIMH HacaJKaMH, BIIOTh A0 KOJO-
HOK NpPOM3BOAHTENbHOCTbIO 500 T/4, UMEIOT 3aMeTHOe MpPeHMYILecTBO
110 BbICOTE Nepel KOJIOHKaMH cTpyiHoro thna. [Ipu Goablunx npousso-
JIHTENbHOCTSAX H HeOOGXOLHMOCTH CONPSAXEHHS KOJOHKH ¢ GaKOM-aKKy-
MYJISTOPOM 3TO NPEHMYLIECTBO Hcue3aeT; Tak, NPH LonyckaeMoH njioT-
Hocrs opowenuss 110 1/(M2-4) aHaMeTp KOJOHKH npubavxKaercs
K JHaMeTpy TpancnoprabenbHoro 6Gaka-akkymyasTopa. BceaencrtBie
9TOro AJA CONPSXKEHHA TaKoH KOJNOHKH ¢ 6aKOM NMPHXORHTCA BBOAHTD
nepexoAHHH MaTpy6oK, KOTOPHIH B CBOI ouepelnr Tpebyer A/1s KoJo-
HOK IOBBIIIEHHOTO [aBJIEHHs YCTAHOBKH JAONOJHHTEJbHOrO HHUMKHEro
Anuuia. BoaMoxkHa Takxke ycTaHOBKa Ha ONHOM 6ake ABYX KOJIOHOK
MeHbllIeH NMPOH3BOAHTENbHOCTH.

4.5. Bap6oTaxHble yCTPOHCTBA AeaspaTopoB

4.5.1. B 6ap6orakHoM ycTpPOHCTBe COMPHKOCHOBEHHEe mapa H Aeas-
pHpyeMOH BOABI OCYLIECTBJASETCA MNPONYyCKaHHEM mnapa uepe3 CJoOii
XKHAKOCTH. B 3TOM ciyuyae Hapsaay co 3HauUHTe/JbHBIM Pa3BHTHEM CyM-
MapHOH NOBEpXHOCTH KOHTaKra (a3 obecneyuBaercsi M HHTEHCHBHAas
TypOY/NH3aUHsA XKHAKOCTH.

VnenpHast MOBEPXHOCTb KOHTaKTa (a3 npu Gap6oTake B 3aBHCH-
MOCTH OT KOHCTPYKLHH YCTPOMCTBA W pexHMa ero paboThl MOXKeT 10-
cruratb 670—1500 m2/m3. IToatoMy GapGoTaxuble AeaspHpPYIOLLHE yCT-
poiictBa obsamaior GoJsblleli KOMIAKTHOCTBIO, YeM YCTpoHcTBa, pac-
CMOTpeHHbIE B MoApasjenax 4.2—4.4.

KoHcTpykuun HX BecbMa pasHooGpasHbl. [asi ocyliecTBjaeHHS
6ap6oTaxa HCNOJb3yIOTCA JbIPYaThie JHCTH, 3aTONJeHHble B Gake-
aKKyMyJsTope, cHeuHa/JbHble G6ap6oTa)KHble TapeslKH B KOJOHKe,
COMJIOBble anmapaThl, yCTaHaBJuBaeMmble B OakKe-aKKyMYJSATOpe HJAH
B 6ap60TaxXHOH CTyNMeHH Moj Aea3palHOHHON KOJOHKOH, H AbIpYaThbie
TpyObl (nepdopupoBaHHBIE KOJLIEKTOPHI), paclosaraeMble, Kak Inpa-
BMJIO, TOIBKO B Gake-akkymyJsrtope. IlepeuncienHble Gap6oraxcHbie
YCTPOHCTBA HMEIOT pa3J/H4YHYI0 3¢ ¢deKTHBHOCTb pabOThl H COOTBETCT-
BEHHO Pa3jHyHbBle 00JIaCTH NPUMEHEHHS.
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4.5.2. Eciu pasHocTb JaBJ/ieHU Ap rpelollero napa 4 JIaBjeHust
B Aeasparope mpesblnaer 1,0 kre/cM?, pacuiupeHue napa, nojaBaemMoro
B JeaspupyeMylo BOAy, clelyeT NPOH3BOAHTh B MOABOASILIHX colJjax,
HCHOJIb3ysl ero CKOPOCTb Ha BHIXOJEe H3 CONJa AJS OCyLUECTBJEHHS
MHOTOKDATHOH IHPKYJSIHA Jea3pupyeMoil BOAHI.

ITpu 1,0>Ap>0,3 Krc/cM?2 MOXKHO MPUMEHSITh HH3KOHANOPHBIH Gap-
f6otax Aeaspupyemolt Boibt B Gake-akkymynasatope koHcerpykuuu HIIO
IIKTH, a npu Ap<0,3 krc/cm? — He3aTomieHHoe 6ap6oTa)cHoe YCT-
POACTBO B HHXKHeH YacTH KOJOHKH, obGnapampuiee OTHOCHTENbHO HU3-
KHM CONPOTHBJEHHEM IO Napy.

Cxema G6ap6oTakHoro ycTpoiicTBa C peKOMEHAYEeMbIMH KO-
CTPYKTHBHBLIMH COOTHOLIEHHAMH

]
-~
3
w01] 1\
—_—

! — Gak-akkymyJasitop; 2 — GapGoTaXHmft auct; 3 — moaBoX mMapa Ha

Oap6orax; b — Beicota GapGoramKHoro Kanana, ! — anuna mnepdopn-
posanuoft wacth GapGoTaiKHOTO JMCTa; &, — BLICOTAa NEPETOPOAKH
Yepr. 7

4.5.3. dddektuBHocTh GapOOTaXKHBIX YCTPOHCTB CHH:KAeTcsl MPI
3HAYHTEJBHOM YMEHDbINEHHH pacXoja napa. MUHHMAJbHO JONYCTHMDII
pacxol mapa 3aBHCHT OT KOHCTPYKUHMH YcTpoicTtBa. [IpubanxeHHO
pacxoa mapa Ha 6ap6orax peKoMeHAyeTcs INIpDHHHMaTb B npefesax
15—25 kr napa Ha | T neaspupoBaHHoil BoAabl. IIpH 3TOoM MeHbIule
3HaUeHHs] OTHOCATCS K JeaspaTopaM MNOBBILUEHHOrO AaBJjeHust, 00./1b-
mue — K atMocepurim geasparopam. [losromy Taxoii cioco6 cospanus
NMOBEPXHOCTH (DA30BOr0 KOHTAaKTa HENPHUMEHHM Ha TeX Jea3PallHOHHDLIX
yCTaHOBKAX, rie pacueTHas pa3HOCTb TeMuepaTyp Jea3pHPOBAHHOW
HCXOAHOH BOABI HO YCJOBHAM 3KCIJIyaTallHH MOXeT KPaTKOBpeMeHHO
MU JJHTebHO CHHXKATbCA N0 5°C H MeHee H rie HeT BO3MOKHOCTH
U1 YBEJNIHYEHHS! pacXola Bbinapa. DKOHOMHUHBIMH H NPOCTBIMH B H3-
TOTOBJIEHHH SBJASIIOTCA YCTPOMACTBA C JIUCTAMH, B YACTHOCTH KOHCTPYK-
uun  LKTH (uepr. 7). B atux ycrpofictBax 6apGoTaxKHbIil JIHCT
pacrnojaraercsi ropM30HTa/JbHO B HHXKHeH yacTH 6aka-aKKyMmyJsiTopa,
oJ cJioeM Bolbl mopsiaka 1,5—2,5 M.
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Jeaspupyemasi Bolla, mpouleAuas yepes Takoe yCTpoMcTBO, mepe-
rpeBaeTcsl OTHOCHTEJNIBHO TeMMepaTyphbl HACHIEHHS, COOTBETCTBYIONLel
[aBJIeHHIO B MapoBoM oObeMe GaKa-akKkymyJasitopa. Beauuuna mepe-
rpeBa onpepensercs ray6GHHOH norpy:KeHust 6ap6oTaxKHOro JIHCTA.

Taxum o6pa3oM, npouecc AeaspalHH BOABI B 3aTonjeHHOM 6apbo-
TaXKHOM YCTpOHCTBE ocyulecTBJseTcs 3a cuer 6apOOTHPOBaHHA ee INa-
poM } noc/eRyoouUlero BCKHIAHMs, 00YyCJA0BJeHHOrO NeperpeBoM BOIHI.
CoBMellleHHe 3THX ABYX NPOLECCOB cnocoGeTByeT 6osiee HHTEHCHBHOMY
BbIleIEHHIO ra30B H3 BOABL. BcileficTBHe BCKUNAHHA BOABI NPH NMOA'bEME

Bap6otaxHnbie ycTpoHcTBa A€a3paTOpPOB NOBbIMIEHHOTO AaBJe-
Hus koucrpykuun ILKTH — BK3

A

]

L

i

|

]

a d

@ — gapuaHT I: / — Kopnyc KOJOHKH; 2 — GapGoTaxuuil aucr; 3 — me-

penyckHble TpPyGnl; 4 — BoJoCAUB; 5 — TpyOH 3aJiHBa THAPO3aTBOpA;

_ 6 — noanoH; 7 — Kopnyc 6aka;

6 — papuanT II: /I — Kopnyc KonoHkH; 2 — GapOoTaXKHuit JAHCT; 3 — CeK-
UHOHHPYIOIIHE IeperoPOAKH; 4 — BOLOCHHB; § — KOKYX

Uepr. 8

K YPOBHIO B Oake-aKKyMyJ/IATOpe TeMmllepaTtypa ee Ha BXOJAe BO BCACHI-
BawHIHA MaTpy6OK nuTare/bHBIX HACOCOB OCTAaeTcs PaBHOH TeMIepa-
Type HacHILEeHHsI, COOTBETCTBYIOUe!i AaBJ/IeHHIO B JeaspaTtope.

Bap6oraxHoe ycrpoiicteo LIKTH, Tak xe kak u apyrde Gapdo-
Ta)XHble YCTPOWCTBA, pacnoJsiaraeMble B GaKax-aKKyMyJsTopax, B cly-
Yyae NMHTAHHA nMapoM H3 otbopa TypOHH TpebGyeT yCTaHOBKH cliellHafb-
HOro 3allHTHOrO YCTPOKCTBA, NpeAoTBpaulallero 3a6poc BOALL B TYp-
6uny npH cbpoce ee Harpysku.

4.5.4. bonee TeXHOJIOTHYHBIMH B M3rOTOBJIEHHH M NPOCTBIMH B 3KC-
nJyaTauHd SBJSIOTCST HesatonJieHHble 0apOoTaxkKHbhle yCTPOHCTBa.
B pasanuHbix MoAH(HUKAUHMAX OHH MNPHMEHSIOTCH B JAea’pallHOHHBIX
KOJIOHKAX BceX AaBjeHHi. [TpuHuMnuaibHBle CXeMbl 3THX YCTPOMCTB,
pacnosnaraeMbiX B HHXKHEH 4acTH Jea3PalHOHHBIX KOJOHOK, MPHBEAEHb
Ha vepT. 8, 9, 10.

4.6. LeaspaTopbl KOMOUHHPOBAHHOIO THNIA

4.6.1. Tpe6opanve ray6oKoi JAerasaluH M YyAajaeHUs CBOGOAHOM H
«CBA3aHHON» [ABYOKHCH yrJepoja H3 NUTATENbHOH H NOANHTOUHOMN
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BOJbl NMPHBOAUT K HEOOXOAHMOCTH NPHMEHEHHA JBYXCTyNeHyaToH JAe-
a’pallHH  BOABI, KOTOpas MAOJMKHA OCYUECTBJSITbCA B JeaspaTopax
KoMOGHHHpOBaHHOrO THNa. B KOMOHHHDOBaHHBIX Jea’paTopax MOTYT
coueraTbesl pas3siMuHblie THNBI AeadPalMOHHBIX KOJOHOK ¢ Oap6orais-
HBIM YCTPOHCTBOM, NMPHMEHSIEMBbIM B KauecTBe BTOPOH CTYNEHH Jeaspa-
JIIHH BOABI ¥ paclioflaraeMbiM B 0aKe-aKKyMyJaaTope WM B HWXKHel ua-
CTH Aea’palHOHHOM KOJIOHKH.

[TpuMeHeHne KOMOGHHHPOBAHHOW CXeMbl Jea’pauuu NO3BOJSET Tak-
JK€ COKPATHTb BBICOTY KOJOHKIL.

4.6.2. Oust obGecneueHns riayGokoil fera3aldd NHTaTeJbHOH H noi-
innrounodi soast LIKTH paspaGortanel AByXcTyneHuaTble BaKyyMHDIC

BapGoraxuoe ycrpoitctso
TOPH3OHTAJIbHBIX KOJOHOK

Bap6otaxuoe ycTpoiicTtso IKTH — BK3 — C33M
YpaaBTH
7 2 J 4
{ — KOpnyc KOJAOHKH, 2 — BOJAO- ] — Kopnyc KOMOHKH; 2 — ROKGCAUB:
caug; 3 — GapGoraxibit  JHCT, 3 — Gap6oTaxHbit auct; 4 — napo-
4 — naponepenycknoe ycTpoficTBO nepenyckHoe ycrpoficTBo
Yepr. 9 Yepr. 10

Adeaspatophl. Ha uept. 11 npuBefgeHa KOHCTPYKUMS CTPYHHO-6ap6oTak-
HOoro BaKyyMHOro jleaspatopa BeprHKaJsbHoro tHma cucrembl LIKTH.
Bona, manpapasiemas na Aerasaivio no tpybe [, monajaetr Ha Bepx-
nioto rapenky 2. OHa ceKUHOHHPOBaHa C TAKHM PacyeToM, YTO IPH MH-
numanpho#t (30%) Harpyske paGoTaeT TOJLKO 4acTh OTBEPCTHH BO
BHyTpeHHeM cekTope. Ilpi yBennueHUH HAarpy3kH BKJIOYAKOTCH B pa-
00Ty RMormoJHIITebEble PAAb oTBepcTHH. CeKuHOHHpOBaHNe Bepxieil
TapesKH No3posisger H30exKaTb IHAPaBJAHYECKHX MepeKOCoB no napy I
BoJe NMpH KoseGaHHAX HArpyskH M BO BceX cyyasix obGecrneudTb obpa-
OOTKY cTpyH Boabl mapoMm. [Ipoiias crpyiinyo dacTb, Boda nomnajaer
Ha nepenyckhyio rapeixky 3. Oua npeaHasHaueHa musi cGopa H nepe-
NnycKa BOALI HA HAUANLHBEI YYacTOK PacnosioXKeHHoro nuxe Gapdo-
TaxHoro JHcra 5. [lepenycknas tapeika umeer orBepctHe 4 B Bille
CEeKTOpa, KOTOPLIi € OJHOM CTOPOHBI NPHMBIKAET K BEPTHKAJIBHON
CIJIOILHON Meperopofixe 6, HAylled BHH3 [0 OCHOBAaHHS KOpmMyca Ko-
JOHKH. Boja ¢ mepenyckHO#H TapesikH HanmpaBpJsieTcst Ha HeNPOBaJbHbII
6ap60TaKHBIHl MHCT §, BBINOJHEHHBIH B BHAE KOJblUA €O LUEIAMH H.1H
OTBEPCTHAMH 7, OPHEHTHPOBAHHBIMH NEPNEHAMKYJIPHO NOTOKY BODI.
B konue 6ap6oTa:kKHOro JIHCTa MMeeTCs BOAOCJAHBHOI mopor 8, KoTo-
pBIfl NPOXOAHT 10 HHKHEro OCHOBAaHHA Jeaspatopa. Boma mporekaer
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no 6ap6oTaKHOMY JHCTY, NlepeqHBaeTcd uepe3 NOpPOr H mnomnagaer
B ceKTop, o6pa3yeMblil noporom 8 u neperopoaxkoit 6, a 3atem camoTe-
KOM oTBOAHTCA1 B TpyOy 9. Bech nap B KOJIOHKY noABoAHTCA noA Gap-
GoraxHbli aucT no Tpy6e 10. Tlox JHcTOM ycTanaBiHBaeTcs naposas
MoAylliKa W nap, NpoxoAs yepes wenan 7, 6ap6orupyer Bony. C ysein-
yeHHeM Harpys3KH, a cJepjoBaTesbHO, H PacXofa napa BhICOTAa NMapoOBOH
MOAYUIKH yBeJHUHBaeTcd U H3OLITOUHLIA Nap mepenyckaercsi B 00BOJ

Bakyymubiii  cTpyiino-6ap6oTaXHblii  ]1€a3paTOp BEPTHKAJBHOTO
THna cuctembl HKTH

S
pAM

Yepr. 11

6apGoTaXcHoro Jucra uepe3 otBepcTHs [2 w 18 B TpyGax /1. 3arem
nap npoXOJAHT yepe3 roOpPJIOBHHY B MepenyckHoil Tapejke H NOCTynaer
B CTPYHHBI oTcek, Tie GOsbluasi yacTh napa KoxagHcupyercs. Ilapo-
BO3/ylIHast cMech oTcackiBaerca no Tpybe I4. Ilpu Heo6XoAHMMOCTH
nofayH B fleaspaTop ropsiyero KoHAeHcaTa ero cjelyeT BBOAHTb uepes
mtynep /5 Ha nepenycKHYIO Tapesky.

[Ipn orcyTcTBHH mapa K jgeaspaTopy B KadecTBe rpelolleil cpeibl
NOABOAMUTCH JAea3pHpoBaHHas neperperas Bofa. OHa TakxKe Hampas-
Jasercs nox Gap6oraksuil auct mo tpybe /0. [Tonanas B obaacTh nAaB-
JIEHHSI HHXKe aTMOC(pepHOI‘O, BOJla BCKHMAeET, oﬁpasy;{ noa JUCTOM na-
posyio noayiuky. Bona, ocraBumasics mociae Bckunauus, no tpybe 16
yAaJjsieTcsl Ha HavyaJbHBIH yyacrok 6ap6oTa)KHoro JHcTa, rie Npoxo-
IUT 06pabOTKYy COBMECTHO C HCXOAHBIM NMOTOKOM Boxbl. Tpy6a 16 Bbl-
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crynaer Hap 6ap6oraxkHeiM JuctoM Ha 100 mm. [danbHefmuét nyrb
napa, BHAGMBIIErocs U3 neperperoil BoAbl, He OTAHUAETCE OT ONUCAH-
HOro BHILIE.

Bcest KosloHKa M3roTtasidBaetcs LesbHOCBapHO. Jlas1 BO3MOMXHOCTII
ee pa3beMa NMPeAyCMaTPHBAETCA MOHTAXHBIA CTHIK, PacnOJOXeHHBIH
Bbllie nepenyckHoit Tapeakd. ITocsie pas3bema KO/JOHKH Jerko cHUMa-
IOTCSl BEpPXHfSA, a 3aTeM H MepenycKHas TapesKH.

4.6.3. B 1968 r. LIKTH coBmectHo ¢ CapaTOBCKHM 34BOAOM 3Hep-
retHyeckoro MaiunHocrpoenuss (C39M) paspaGoraHbl BaKyyMHbie
cTpyiiHo-6ap0OoTakHble A€a3paTopbl TOPH3OHTAJbHOrO THHA TPOU3BO-
nuteabHocThio 400, 800 n 1200 T/4 a9 NOANHUTOYHON BOAB! TEMJOBBLIX
cetelt.

KoHCTPYKUHS 3THX annapaTtoB NpPeAycMaTpHBaeT BO3MOXKHOCTh HX
1ICMONIb30BAHUS TaKXKe U s MHTaTesbHOl Boabl KotioB TIL npu 3a-
MeHe Mea’paTopoB aTMocdepHoro naBiaeHHs. B KayectBe GapboTaik-
HOM CTymeHH B 3TOH KOHCTPYKUHH NPHMCHEHA HeMpoBaJibHAA Ablpua-
Tasn Tapeska.

Ha uepr. 12 npeacraBnena npHHUHIIHAJLHAsl cXeMa BAaKYyMHOro
neasparopa LUIKTH — C39M. Hcxonnas Bona uepe3 wryuep / mocry-
naeT B pacnpeleuTeJbHBIH KoJsJeKkTop 2 (clofa e Mojaercs IOTOK
XIIMOUHILEHHOH BOALI OT CHCTEMBI OXJa’KA€HHsl NapOCTPYHHOTO 3XKEK-
TOpa) H Zajee Ha nepBylo Tapeaky 3. Ilepdopauus nmepBoil TapeskH
paccuntaHa Ha nponyck 30% BoAbl NPH HOMHHAJBHOH Harpy3ke jeas-
paropa. OcranbHas BoAa uepe3 mopor /3 cauBaeTcsi Ha BTOPYIO Ta-
penky 4. Ilpn Harpyskax, OTVIMYHBIX OT HOMHHAJIBHOH, NPOUCXOIAHT
nepepacnpejiesieHie pacxo/lOB BOALI uepe3 OTBEPCTHHA M NEpeauB, Ol-
HAKO, pacXofl BOALI B OTBEpPCTHAX He MoxeT npesbicuTh 30% HOMMU-
HaabHOH Harpy3ku. [lpouwleamasi ckBO3b OTBEpPCTHS NEPBOH TapeJskH
BOAA CJAMBAETCSI CTPYSIMH Tak)Ke Ha BTOpPylO Tapenky. Takasi KOHCT-
PYKUHST IEPBOH TapeJKH oObsCHSAETCS TeM, UTO OHAa BHIOJHAET PyHK-
ILHIO BCTPOEHHOTO OXJIaAHTeNs Bbilapa M JA0JKHA obecneyHTb KOHJIEH-
caltulo HeoOXOAHMOro pacxojia Bbilapa B pacyeTHOM JAHala3oHe nU3Me-
HeHlss THAPAaBJHUeCKOH Harpysku jAeaspartopa. Bropasi Tapenka sB-
JNA€TCcsl OCHOBHOH: ee 30Ha NepgopalHH CEKUHOHHPOBAHA INeperopom-
Koii TakuM ofpa3om, uTo 1pH MHHUMAJAbLHONK Harpyske paboTaer TOJNb-
KO uacTtb orBepcTHii Tapenku. C yBenHYeHHeM Harpy3KH BKJIO4YalOTCA
B pabory Bce oTBepctusi. TakuM 06pa3oM, HCKJIOYaeTcsi BOIMOXMHOCTb
nepexkocoB no napy u sofe. Co BTOpoil Tapenku BOLA CTEKAeT CTPYAMH
Ha TPeTblo TapesKy 9, KoTopas CAYXXHT B OCHOBHOM /i OpraHH3alHH
nmofauyu BOAb Ha Hauajo bapboraxkHoro Jucra 8. IlepbopupoBanHas
yaCTbh 3TOH Tape/JKH HeBeJWKa H MaKCHMaJbHO mpubiauxeHa K ee 6op-
Ty. O6paboTaHHad Ha HenpoBa/JbHOM OapboTaKHOM JHCTe BoJda OTBO-
J1Tes M3 JieaspaTtopa no Tpybe 6.

B neasparope BoiieseH otrcek [0, Kyma no TpyGe /2 nopaercs
rpeloulasi cpefa — leperperast [easpHpoBaHHas BoJa HJH nap. B or-
ceKe BOMA BCKMMaeT W BbifeauBuiMMics nap nocrymnaer noj 6ap6oTax-
HBIT JIKCT, @ ocTaBIUAscs BoJa MO KaHaJy 7 BHITeCHSeTCS Ha YPOBEHb
6ap0oTaXKHOrO JIKCTa H OTBOJAHMTCA, CMeUIHMBaschb ¢ /ea’pPHPOBaHHOM
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sBono#. Ilap, npoxoasi ckBo3b oTBepcTHst GapOoTaKHOro JHcTa H choil
BOJbI Ha HeM, JIoTpeBaeT H HHTeHcuBHO o6pabaTeiBaer BoAY. [IpH sToM
noa JIHCTOM 8 o6pa3yeTc51 COOTBETCTBYHOLlAasA MnapoBasa noAyukKa, ko-
TOpasi ¢ yBeJIHYeHHEM pacxoia napa Bo3pacTaer, H H3GLITOUHBIA map
nepenyckaercsi Tpy6oi 9 B cTpy#HBI oTcek Mmexay 2-it u 3-ii Tape.-
kamu. Cilofa ke Hanpasasercd nap, NpolleAWHHA CKBO3b OTBEPCTIA

NpuHuunnasbhan cxeMa BaKYYMHOPO Reaspatopa KOHCTDYKIHH

IKTH — C33M
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Uepr, 12

O6ap6oTaKHOro JHCTa, epecekass NPH 3TOM CTPYHHBIA NMOTOK, CJHBalO-
uuiics ¢ 3-# tapeaku. B 3ToM orceke ocyuiecTBisercss OCHOBHOH MoJ0-
rpeB. BOJAbl U KOHJeHcauuda napa. B orceke mexay 1-it u 2-it tapeskamu
NPOHCXONHT KOHJAEHCAUHMs OcTaBllerocs napa. OxJaxKJeHHble HEKOH-
IOeHCHPYIOLLHEecs Ta3bl OTCACHIBAIOTCS 2)KEKTOpPOM no Tpybe 14.
[Tatpy6ok [/ cnyxut 4as nogauH B Aea’paTop napa B KauyecTse
JIOTIOJTHUTEJNBHOTO TEIVIOHOCHTENSl B CXeMaX NpHrorosjaeHus aobGasou-

HOH BOABI 3HepreTHueckHX KorJoB. Ilo Tpy6e /2 B 3TOM cCayuae mno-
AaeTcd KOHJAEHCAT ¢ NpOH3BOJICTBA.
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ITo aHanoruyHoMt cxeme BBINOJNHEHAa H TOPH3OHTaJbHas KO-
JnoHKa noBblieHHoro pasnaenust [I1-1300 xowcrpykuuu LIKTHU — BK3.

4.6.4. OcHoBHbBIE TEXHHYECKHE XapPaKTePHCTHKH BaKYyMHBIX CTpYii-
HO-6ap6OTaXXHBIX Jlea3paToOPOB BEPTHKAJbLHOrO Il TOPHIOHTAJBLHOIO
THOOB MNPHBEAEHb B CIIPABOUHBIX MPHJOXEHHSIX 2 u 3.

MpHHUHNKHAIbLHAA CXEeMa AeadPaLHOHHON
kononku JM-1000

14)

Yepr. 13

4.6.5. KoHcrpykuusi n paboTa ABYXCTYNEHYaTbIX Aea’3paToOpPoOB Mo-
BHILIEHHOr0 [aBJjeHHsi ¢ BePTHKAJABHBLIMH  KOJOHKAMH  CHCTEMbI
LIUKTH — BK3 npusesenst Ha npumepe aeaspatopa JII-1000
(uepT. 13).

Pa6ora koJsoHku ocyuiecTB/sieTcss cieayioutiM obpasoMm. XoJioa-
Hble KOHJeHcaThl / MOCTYMaloT B CMecHTeNbHOE YCTPOHCTBO 2 M uepes
ropJoBHHY 3 CcAMBAIOTCS Ha JAblpuatyio Tapeaky 4. YUepes orTsepcrns
ABIpYATOH TapejKH BOJA CAHBAETCs HA NEPEenyCKHYK Tapelky 5, or-
KyJa yepe3 cerMeHTHOe OTBePCTHe 6 MOCTynaeT Ha HauyajabHBIH yua-
CTOK TapeJskH 7.

Ilo HenpoBanbHOH GapGoTaKHOM Tapenke 7 BoAa ABHXKETCHA B CJOe
H o6pabaTbiBaeTcs MapoM, NPOXOASILNM yepe3 ee orBepcTHA. O6pabo-
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TaHHAasi BOAA NepesHBAETCS uepe3 Nopor 8 U N0CTYHaeT B 3a30p MEXKAY
KopnycoM KoJoukn /0 u auctom 9, oGpasyiomiM BMecTe ¢ TOpPJIOBH-
noli /1 6axka rujapo3aTBOp, KOTOPbIH NpensiTCTByeT MNpONycKy napa
B 00BoJ OGap6oTtaxKHOro ycTpoHcTBa. 3aTemM BOJa CJHBAETCA 4vepes
ropJoBrHy B Gak-akkymyaatop /2. Tlap nogaercs uepes Kosajaekrop I3
11 noctynaetr noi Gap6oTaxHblii snct. CreneHb nepgopauuy 6ap6o-
Ta)XHOTO JIHCTAa MPHHATA TaKoOH, YTO MPH MHHHMa/bHOH Harpyske nop
HUM oOpa3yeTcsi ycTOHuYHBasi napoBasi MoAylIKa, HCKJIOYawllas npo-
BaJl BOAKW uyepe3 orBepcTHA. C yBesNHYeHHeM MPOH3BOAHTENBHOCTH H
pacxoza napa JAaBJeHHe B Nojyllike Bo3pacraeT. IIpn naBjieHHH B na-
poBoit noaywke 130 MM BoA. cT. B pabGoOTy BK/IOYaloTCs naponepenyck-
Has Tpy6Ga /4, nmo KoTopoit B 06Bof 6ap6OTaXKHOrO JHCTAa OTBOAMTCSH
1136biTouHbI map. HuxKHH# KoHell naponepenyckHOH TpyObl NOrpyXex
B noanoH 15 n obpasyer ruapo3aTBop. 3aJHBKa rujpo3atBopa obecne-
YHBAETCH MOCTOSIHHOM Mojauell yacTH BOABI uYepes BOAOMEPENyCKHBIE
TPyOBl, coefMHAOUINEe MOAAOH C KoHUoM 6apb6oraxkHoro Jucra. Ilap,
npoiAst ropJIOBHHY B Tapeske 5, nojorpesaer BoAy B oTcekaX. Brimap
orBoauTcs yepe3 wryuep I7. B cTpyfinom oTceke ocyliecTBJsieTcs 10-
1oTpeB BOABl IO TeMNepaTyphl, GJIH3KOH K Temmeparype HachilleHHS,
COOTBETCTBYIOLIEH JaBJieHHIO B KOJIOHKe, H rpy6as pmera3alusi BOAHI.
Ha 6apGoTtaxxHOM JsiMCTe€ NMPOHCXOAMT MHTEHCHBHAas naposas o6pa6ort-
Ka BOAbl H ee boJsiee ray6okasi nera3auus.

4.6.6. YcrpoiicTBO AeaspaTopa MNOBHILEHHOTO AAaBJEHHS /st 3Hep-
ro6aoxos MoutHocTbio 500—1200 MBT npuBeseHo Ha uept. 14. Ilpun-
LHITHANBHO €r0 KOHCTPYKUHS He OTJIHYaeTcs OT onucaHHO# B m. 4.6.5,
B HeM TaKXe NMpUMeHeHa ABYXCTYyMeHYaTas cXeMa jaea’palliH BOJHI.
OnHako B BBIMOJIHEHHH PaboOYHX 3/1eMeHTOB, cOOPOYHLIX €LHHHL HMe-
10TCS onpeleseHHble oTyHuuA. [loaBox OCHOBHOro KoHAeHcata B KO-
JIOHKY OCyILeCTBJsieTCs CBepXy uepe3 LiTyuepa I, YTO MNO3BOJHJIO
HEeCKOJBKO COKPAaTHTh BePTHKAaJbHBI raGapHT KOJOHKH M GoJee pa-
IIHOHANLHO pa3MecTHTb nepdopaluio TapeikH 3. BomocMecutenbHoe
ycTpoiictBo 2 M Tapenka J coBMmellleHbl. Bhoinap oTBoAHTcs uepes
natpy6ok 15.

[TapoBoit Kossekrop 1/ BBefeH B MepeXOAHOH LITyUep, COENHHSIO-
IHA KOJIOHKY ¢ 6akoM, YTO TaKXe NO03BOJSeT HEeCKOJbKO COKPATUTh
BBICOTY LMJHHAPHYECKOH 4acCTH KOJOHKH NpH TOM »Xe rabapurte no
Bbicote. Han 6ap6oTa<HbIM YCTPOHCTBOM yCTaHOB/eHa NepenycKHas
Tapesaka 4.

Hanb6osee cyuiectBeHHOe OT/IHYHE 3aK./iOuaercssi B KOHCTPYKLHH
6ap6orakHoro ycrpoicrBa. bapOoraxHulii Juct 6 pa3GuT Ha TpH
KOJIbIieBEIE NepGOpPHPOBAHHBIE 30HBI, OrpaHHYeHHbE CHH3Y PAa3HOBBICO-
KHMH KOJIbLIeBHIMH neperopofakaMu. [Ipn MHHHUMaJbHOR Harpyske
leaspaTopa paboraer neppasi (BHyTpeHHss) 3oHa. Ilpu yBesnuenun
pacxoja napa maposas noAywmka nop 6ap0oTaX<HbIM JIHCTOM yBeJHUH-
Baercst H B paboTy BKJIOYAIOTCS CHayasa BTOpas, a 3aTeM TPeTbs 30Ha
nepdopauuu. [Ipn panbHeiimieM yBennueHHH pacXofa napa (B TOM
YHC/e NpH MaKCHMaJbHOH HAarpysake) ero H3JIHIIKH NepenycKaroTcs
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uepe3 KoJbLEeBOH KaHaJ, pacnoJjoeHubii no nepudepun 6apdorax-
HOro JIHCTa, B OCHOBHO/ OTCEK.

TIpx yMeHbllleHHWH TeNJOBOW Harpy3knu jAeaspatopa BOJa uepe3
KOJIbIIEBOH KaHaJl MONajfaeT B KOXYX 7, ypOBEHb BOAbl B HEM YBEJH-
yuBaercsi, # 30Hbl nepdopalHH nepekpbBalOTCA B 06pPaTHOM MOpPSLKE.

Npuuurnuanbuas cxema neaspatopa JIM-2000

Yepr. 14

Bnarogapsi cekuHoHHPOBaHMIO  30HB  nepdopallHH  CKOPOCTb
napa B OTBEPCTHAX JIHCTA NPH H3MEHEHHM TeNnJoBOH Harpyskm Me-
HsleTcsl He3HAUHTEJNbHO, YTO CO3AAeT YCJOBHA 1Jsi ero pPaBHOMEpPHOH
3(pdexTHBHON H Hame:xkHOH pabOTLl NPH NMepeMeHHBIX Harpys3kax geas-
paropa.

Ilpu pabore neaspatopa nap B 6ap60oTakHOM OTceKe NBHXKeTcHd OT
UeHTPa K nepudepHu JHCTa, a B CTPYHHOM OTceKe — OT TNepHpepuu
K HeHTPY. DTO MO3BOJSIET YNPOCTHTb KOHCTPYKLHIO 6ap6OTaKHOrO yerT-
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pPOHCTBA H TEXHOJIOTHIO €ro H3roTOBJECHHA Ha MNpPeANpPUATHH-H3TOTO-
BUTEJIE.

Bona, npowenmas o6paborky Ha 6ap6oTaxkHOM JiHCTe, uepes
ruapo3atBop 9 ciauBaercs B 6aK-aKKyMyJsToOp 10 NpH 3TOM OHa pas-
OpbI3rHBaeTCsl M CHHMaeT neperpes napa.

4.7. NeaapaTopHbie 6aku

4.7.1. OeasparopHble 6akH npenHa3HaueHbl B OCHOBHOM M aKKy-
MYJIHPOBAHHS 3anaca NHTaTeJbHO# (MoAMHTOYHOH) BOAB. Kpome Toro,
B JleaspaTopHoM 6aKe 3aKaHYHBAeTCs MNpolecc Aera3aliid BOAK, TO
€CTh OCYLIECTBJSIeTCS BBbIfeJeHHe RHCMEPCHbIX ra3oB H pa3soXeHHe
6ukap6onaroB. [TosToMy ycTaHOBKa feaspalHOHHON KOJOHKH Ha GaKe-
aKKyMyJsiTOpe fBJsieTcs NPeANOUTHTeNbHON, KaK M MOLBOA Dpelollero
napa K JeaspaTopy uepe3 napoBoe NMPOCTPAaHCTBO 6aKa-aKKyMyJsTopa,
uTO crnoco6CTBYeT XOopolue#l BEHTHJALHH ero naposoro o6beMa H obe-
cnieyuBaetr 6osiee rayOoKylo Aeaspanuio Bojkl. Temneparypa napa, mo-
naBaeMoro B 6aK-aKKyMYJsiTOp, He JNOJKHa npesbnath 250°C.

Tak kak AJs ocyllecTBJEHHS IPOLECCOB pasjoXeHHs OGHKapOoHa-
TOB TpebyeTcsi 3HauHTesJbHOe BpeMs, NpH Goabuinx no6aBKax B neas-
paTrop XHMHYECKH yMSr4eHHOH BOABI, cojepKalled CBOGOAHYIO yrije-
KHCJIOTY H OHKapOoHaT HaTPHA, HeOOXOAHMO CTPEMHTLCH K NpPHMeHe-
Huio Ha ocHoBe I'OCT 16860—77 akkymyssTopHhIX 6akoB 6Oablieit
€MKOCTH.

B nacroslllee BpeMsi AJf [ea3paTopoOB NOBHILUEHHOrO JaBJeHHS
BHINYCKal0TcA 6Gaku mnoJse3Ho#i emkoctbio 65, 100, 120, 150 u 185 m3.
ATMochepHble Gaki pasdpaboTaHn eMKocThlo 2, 4, 8, 15, 25, 50, 75 m3.

4.8. Marepuannl, NMpUMeHsieMBle A HM3rOTOBJEHHS [1€a3PaTOPOB

4.8.1. Ins HM3roToBJeHHs [Aea3paToOpoB NOBHIIEHHOrO AABJECHHS
NPHMEHSAIOTCS C/IeAYIOLIHe MaTepHaabl: AJs KopnycoB (o6Geyaek) KoJio-
HOK K GakoB — ctaab Mapku BCt3ncd TI'OCT 380—71, nas aHum —
craab Mapki 20K I'OCT 5520—69. Kopnyca neaspallMOHHEIX KOJIOHOK,
yCTaHaBJIHBaeMBIX Ha OAHOKOHTYPHHX ADC, H3roTOBJASIOT M3 KOppO-
3HOHHO-CTOMKOH (HepxKaBemwouleli) cranH.

Kopnyca aTmocdepHbIX # BaKYYMHHIX 1ea3paropoB H3rOTOBJSIOTCA
n3 cranu mapku BCr3ncd T'OCT 380—71.

BHyTpenune paGouHe 3JileMeHTH J€a’paropoB BceX THIOB B COOT-
serctBHH ¢ TOCT 16860—77 BHINOJIHAIOT M3 KOPPO3HOHHO-CTOHKOM
(nep>kaBetoueii) craan mapok 08X18HI10T, 12X18H10T T'OCT 5632—72
1t Ap. Matepunaa wrynepos u 1py6 — craab mapku 20 TOCT 1050—74,

5. PACYET H KOHCTPYHPOBAHHE JEA3PALLHOHHBIX KOJIOHOK
CTPYAHOIO (TAPEJILYATOIO) TUNA

5.1. Nopanok pacuera

5.1.1. Llenbio pacuyera siBnsfieTcs onpejelieHHe YHC/Ia OTCEKOB (Ta-
pesioK) B KOJIOHKE, HEOOXOAHMEIX 1Jisi obecneuendsi TpeGyeMoro Kaue-
CTBA Jiea3pHPOBAHHOH BOMHI.

3 3akas 147



Ctp. 34 PTM 108.030.21—78

HcxonHpiMH DaHHBIMH AJIS pacueTa BbIAEJEHHS KHCJAOpPOAa SBJS-
I0TCA Haya/JbHOE W KOHEYHOe ero cojepxaHHe B JeaspHpyeMoll BoAe
H pacyeTHble XapaKTePHCTHKH MOTOKOB BOABI M Iapa B OTCeKax, onpe-
JeJssieMble B TeMJOBOM pacueTe KOJOHKH. [lo3TOMy npu omnpejejeHHH
pa3mMepoB CTPYHHOH KOJIOHKH TENJOBOH pacueT mpejlllecTBYeT pacuery
BbleJIEHHS. KHCJIOPOJa.

5.1.2, Pacuer uncia oTCEKOB NPOBOAMTCA MOCAEAOBATENbHBIM MpPH-
6/uAeHHeM, BIJOTb A0 JOCTHXKeHHS TpeGyeMOro octaTOYUHOro COAep-
JKaHHA KHCA0POJa MpPH BXOAEe BOAH B GaK-aKKyMYyJATOP.

5.1.3. B cayyae npuMeHeHHS CTPYHHOH KOJIOHKM B KayecTse mep-
BOW CTyHeHH NMPH ABYXCTYNeHYaToH Heaspauuu BoAH (cTpyiiHO-6ap6o-
TaXXHBIN [easpaTop) 4YMC/IO OTCEKOB B KOJIOHKE MOXKeT ObTh COKpa-
uiedHo. BennynHa Hegorpesa BOAB B HEH O TeMnepaTyphbl HacHILEHHS
B 3TOM CJyyae MOXKeT IpHHHMaTbcs B npefenax 5—10°C; npH 3Tom
eie obecneunBaercss GecwyMHas pabora 6ap6oTaxKHOro YCTPOHCTBA.
Henorpes BoAbl B cTPYHHOH KOJOHKEe NMPHBOAMT K yBeJHUEHHIO pacxoxa
napa Ha 6apboTax<Hoe yCTPOHCTBO, UTO He Bcerja MoxkeT OBITh jomy-
LIleHO N0 TEeXHHKO-3KOHOMHYECKHM TpeOOBaHHAM.

5.2. TenaoBo# pacuet

5.2.1. B 06beM TensioBOro pacuyera CTPYHHOH KOJOHKH BXOHAHUT Of-
peleJsieHde TeMNepaTypel BOAbI Ha TapeJkaX M pacxojla mapa B Kax-
JoM H3 orTcekoB. TenaoBo# pacueT BefeTCs IMOCAENOBATENbHO IJs
KaXI0ro H3 OTCEKOB KOJIOHKH, HauHHasi ¢ BepxHero. OH HauHHaeTcst
c BeI6opa reoMeTpHuYecKHX NMapaMeTPOB NMyyKa CTPYH.

IMos reomeTpuuecKHMH XapaKTEeDHCTHKaMH [y4yKa CTPYH [IOHH-
MaeTcsl AJIHHA CTPYH, HX HayaJbHbI AHaMeTp W wWar (AHAMETp H Liar
OTBEPCTHH Ha TapeJke).

Hnuna crpyit L npuHHMaeTcsl paBHOH PacCTOSTHHIO MEXIAY HHXKHel
NIJIOCKOCTBIO BBILIEPACIIOIOMNEHHOH TapeJKH H BHIHMBIM (ZHHAMH4e-
CKHUM) yDOBHEM BOAB /iy, HA HHXKesiexalleH TapesaKe TOro e OTCeKa.
Paccrosihie Mexay rapenkaMmu (BblcoTa orceka 1) pasHo

He=L -+ hyp (26)

JHHaMHYecKHi ypoBeHb BOJABI Ha TapeJske omnpejedsercs cyMMOi
DHAPOCTATHYECKOrO YPOBHA BOABI fi,c M mepenajga AaBJeHUN 10 NMapo-
BOH CTOPOHE MEXKJYy CMEXHBIMH OTceKaMH Ap

h;um = llrc + Ap' (27)

Beauuuubl A,, u Ap ompefensioTcss B Xofe THAPOAHHAMUYECKOrQ
pacuera Ko/OHKH. TIpH nMpoH3BOAHTENBHOCTH Jea’pPalHOHHOH yCTaHOB-
KH 10 400 T/u aauMHy ctpyit L pekoMeHAyeTcsi NPHHHMATb PaBHOM
350—500 MM, a aas Gosiee KPYMHBIX Aea3palHOHHBIX YCTAaHOBOK LeJe-
coo6pa3Ho ysenuuHBaTh ee 10 800—900 MM c UebI0 OrPpaHHYHTH CKO-
pPOCTh mapa W NPEAOTBPATHTb TAKHM NYTEM YHOC KamneabHOH BJaru.
Pacuer npenenbHO LONYCTHMBIX MO YCJIOBHAM YHOCA KaleabHOH BJArH
CKOpOCTel mnapa B OTCEKaX KOJOHKH paccMaTtplBaeTcs B MoApas-
nene 5.4.
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Huamerp orBepcTHil d, Ha TapeJkax No YCJOBHAM PasBHTHS 10-
BEPXHOCTH CTPYH H 3KCNJyaTalLHOHHBIM YCJOBHSIM clefyeT NPHHHMATh
paBHEIM 5—8 MM.

Ilar orBepcTHil Ha TapeJKaX H0JKEH NPHHHMATbCH PaBHBIM He Me-
Hee 18—20 MM npH pacnoJIOXKEHHH HX B BepLIHHAX PaBHOCTOPOHHEro
TPeyroJbHHKaA.

5.2.2. lna onpejeneHns TeMuepaTypsl BOAbl Ha TapejKaX U pPacxo-
Ia napa B OTCEKaX BbIMOJHSIETCS pacyeT NMOAOrpeBa BOAHL B OTCEKax.

B neaspauHoHHBIX KOJMOHKaX oOTeKaHHe NyuYKa BOASHBIX CTPYH
MIOTOKOM napa npubanKaercsi K monepeuHomy. [IpH nomepeunom oGre-
KaHHMH nyuka cTpy# napom JasjeHueM GoJsee aTMocdepHOro aast onpe-
JesieHHs NOAOrpeBa BOAH cJeAYeT Noab30BaThesi HOPMYJIOH

fs—lox _ L -03_ 0,3
Igm——- A—@.T’Wo Wn' (28)
HJH
ts— 1,
box = £, — e (29)
104 o w033
o
rie A — k03 hHIMEHT, 3aBUCAILHI OT JaBJeHUS B JeaspaTope

H onpejeasieMblit no uept. 15;
{s—TemMmepaTypa HachllleHHs TNIPH JaBJeHHH B Jeaspa-
tope, °C;
fax. pux— TEMIeEPaTypa BOALl HAa BXOJE H BHIXOLe H3 oTrceka, °C;
L, do — niuHa cTpyit M quaMeTp OoTBEpPCTHH B Tapesike, M;
Wo — CPeHAA CKOPOCTh HCTeueHHS! BOABL H3 OTBEPCTHS B Ta-
pesike, M/c;
Wy — CPeHAsl CKOPOCTb Mapa B MyuKe CTPYy#H, M/cC.
YpaBHeHHe (28) COMEPKHT TPH HEU3BECTHHIE BEIHUHHBI: W, Wy H
taux, IPHUEM MOCJIEAHAS SABASETCS HCKOMON.
CKopocTb BOJBI Ha BbIXOJE H3 OTBEPCTHS TapeJKH onpeAesieTcs no
dopmyae

wo=a,p,V 2gh,., (30)

rae po— KoadduuHeHT pacxoAa Ana nepHOpHPOBAHHOrO JHCTA;
a; — K03QQHUHEHT, YYHTHIBAIOWHUA BJHSHHE ABHXKEHHS BOIABI MO
TapeJKke Ha KoahGhHIHEHT pacxofa (Uo);
h;c — PHAPOCTATHYECKHH YPOBEHb BOABI Ha TapeJdke, M.

Ilpy auamerpe oTBepcTHH 5—8 MM M TOJILIMHe MHHUL TapesioK
4—6 MM KO3b(dHUMEHT p, npuHumaercs paBHbiM 0,75. Kosdpduument
a; 15 NPaKTHYECKHX PAcyeTOB MOXKHO NPHHHUMAaTh paBHbeIM 0,9

Jas paBHOMepHOro pacmpejefieHHsi BOJAbl N0 BCEM OTBEPCTHAM Ta-
pesiku Heo6XonHMO, 4TOGHl NPH HOMHMHANBHON THAPABJHYECKOH Ha-
rpyske Be1MunHa h,. paBHssaach 60—80 mm.

Hns  omnpenejeHust HeHCTBHTeJbHOM cpejHeH CKOPOCTH napa
B CTPYHHOM Ny4YKe PEKOMEHAYeTCs NO/Mb30BaThCAd METOMAOM MOc/ejoBa-

3*
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TeJbHOTO NPUGAHKeHHsl. B mepBOM BapuaHTe pacueTa BepXHEro OoTceKa
JAea’paTopoB 3HAYEHHE w; OPHEHTHPOBOYHO NPHHHMAETCA PAaBHBHIM
0,5—1 m/c. Tocne BL6Opa MO yKa3aHHBIM BHIEe peKOMEHZAIMAM 3Ha-
uennit L u do onpenensiior TeMnepaTypy BOAbI fpux HA HHIXKHeH Tapes-
K€ PacCMaTpHBAeMOro BEpPXHEro oTceKa. 3aTeM ONpene/sioT KoJHue-
CTBO Napa, KOHAEHCHPYIOUIErOCs Ha CTPYSX NMepBOro OTCeKa, NMpu Haii-
NEHHOM BeJIHYHHE MoJOrpeBa BOABI B HUX no dopmy.e

m
2 GH.H (iubIX - lu.n)
k=1

in — dpux

n ’ (31)
rae ipyx — YA€NbHAsH SHTAJbIHS BOJBI NPI TEMNEPaType famyx, KKaM/KT.

Jlns yTOuHEHHS! NPHHATOH cpeiHeidl CKOPOCTH mapa B NyyKe BHa-
yaJjie MOACYHTHIBAIOTCA CKOPOCTH Napa Wyx H Wyyx COOTBETCTBEHHO Ha
BXOJl€ B NYYOK CTPVH NepBOro orceKka H BLIXOJE M3 Hero:

G, +G,

Wyx = '{GWL!:{" ’ (32)
Gl’lblﬂ

Wypx = 360077 Cpers’ (33)

rae G, . — Pacxoj napa Ha BBIXOJle H3 CTPYHHOro NMyuKa, BKJIOYaio-
INHIl pacXof BBIapa H3 Jea’paTopa H KOJHYECTBO Napa, KOHAEHCH-

pyouierocss Ha NOBEPXHOCTH BOAB B CMECHTE/JbHO-pacnpeaeHTe/bHOM

ycTpolicTae.
JKnpoe ceueHHe Ha BXojle napa B NMyYOK CTPYH mepBOro orceka
Qu =L (D, —n,d)) (34)
W Ha BBIXOJe Mapa H3 myuYKa CTpPyH nepBoro orceka
gm,lx =L (“D2 - n-zdo), (35)

rae D, Dy — nuamerphl YCJIOBHOH OKPYXKHOCTH N0 HAapy>KHOMY H BHY-
TPeHHeMy JHaMeTpaM Nyuka, M;
ny, ng— YHCJO OTBEPCTHH, BLIHECEHHBIX COOTBETCTBEHHO HA YCJ/0B-
HyI0 OKpYXHocTb AHamerpoM D; u Do, wr.
CpeaHsis CKOPOCTb apa B NePBOM OTCEKe NMPH Wax/Wanx < 1,25 moa-
cuuTHBaeTca no gopmye
wf,p—_—__'?.“_"_'%ﬂ"_- (36)

’

1pH Wex/Wsux> 1,25 — no dopmyse

<P Wax — Whpix
Wy == 5ar—E | 37
n 2,3 lg Wox/Wenx ( )
TTonyuenHasi cpeliHsisi CKOPOCTb napa B NHepBOM OTCeKe COMOCTaB-
AseTcs ¢ TPHHATON B Hauaje pacyeta. B cuiywae, ecau pacxoxjaeHHe
mexny nuMu npesblimaer 0,1 M/c, pacuer NOBTOpsieTCA IPH HOBOM HcC-
XOJHOM 3HayeHHH CKOPOCTH.
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Pacuernas ennuuna cpelHeil CKOPOCTH Napa B OTCeKe He JOJAHA
NpeBHINATh lIPefeNbHO JONYCTHMYIO M3 YCJOBHS NpeAOTBpaLieHHs]
yHoca Kaneab. IlpenesbHo HomycTHMas cpegHAs CKOpOCTb Mapa
B Iy4YKe CTPy# N/ JNaHHOTO NaBJEHHS B JleadpaTope onpenensiercs o
yept. 16. Juamerp Kaman NpHHHMaeTcsi NpHOJHMKEHHO PaBHLIM Hd-
MeTpy OTBEPCTHH B Tapeiike.

32BHCHMOCTH NpeleNbHO NONYCTHMOH CKOPOCTH napa B
CTPYHHOM OTCEKe OT HAYaJbHOTO AWAMETPa CTPYH NPH
pasaMyYHbIX AABJEHHAX B JeadpaTope

W, M/c
/4\4
T
S
// /////\\ 4\1
7~ \\“Z\
5 /// éf\g “::
o~
0 1 2 J % 5§ 6 7dpam
Yepr. 16

Ilo pacueTHoMy 3HaueHHIO CKOPOCTH Napa B NePBOM OTCeKe HaXo-
AAT (aKTHYeCKYIO TeMrepaTypy BoAbl Ha BBIXOAe H3 NEPBOro OTCeKa
(Ha HHXKHeHl Tapesike ero), KOTopas SIBJAfeTCA HauanbHOH Temnepary-
poii BoAbI A1 pacyeTa NMOJOrpeBa ee BO BTOPOM OTCEKe.

Pacxol Boabl uepe3 BepXHHe TapeJKH pacCUHTHIBaeMbIX OTCEKOB
onpejlessieTcd ¢ YueTOM pacrpefeJieHHsi MOCTYNAIOWHX NMOTOKO8 BOALI
Mo TapejKaM H KOJHYeCTBa napa, CKOHAEHCHpOBaBlUerocs B npeille-
CTBYIOLILEM OTCEKe.

IlaBnienne mapa Bo Bcex OTCeKaX MPHHUMAETCSt MOCTOSIHHBIM U pas-
HBIM HOMHHAJIbHOMY JlaBJIeHHIO B Jlea3paTope, a Nmap — CyXHM Hachl-
ILLeHHBIM.

Tennosoit pacuer cTpyiiHO# KOJOHKH NPOBOAKUTCS NPH OAHOBPEMEH-
HOM BBLINOJIHEHHH CXeM OTHAEJbHbIX OTCEKOB KOJNIOHKH, BKJloOYas pas-
MeTKY OTBEPCTHH Ha TapesjKaX, uTo CBA3aHO ¢ He0OXOXHMOCTBIO ompe-
JeJleHusl cpefiHell CKOPOCTH napa B NMyuke CTPy# (oTceke).

[Tpumep Takoil cxeMbl JaH Ha uepT. 17.
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Ilpu ynenvHoMm pacxofie Bhimapa 2 Kr Ha | T JeaspHpoBaHHOM BOAH
colepXKaHHe HEKOHAEHCHPYIOUIHXCA ra3oB B NapoBO3AYHIHOH cMecH
MOXET He YYHTHIBATbCA NMPH pacyere NMOJOTPeBa BOJAH BO BCEX OTCEKax
CTPYHHOH KOJIOHKH.

3aBucumocTy Kosdpduunentos A, W B, ot

Cxema orceka crTpyhnoi a6CoNMOTHOTO JIaBJIEHHA H TEMMEPaTypbl
KOJIOHKH HCXOMHOH BOABI
‘1-—' T T 80’
\ [ |
i Trj : l el 30
Webix - \ A
e - <X XV_QX \ \
e 15149 \ \ N
ol |
\
tT
3 VN 70
S my g
10130 NA SN
AN 50
/AN =
LANL/ 3 —
It QR =S
O ﬂ “;_20
—
11 10
0420 :
0 02 04 06 0,8 1,0
A, xrc/em?
Yepr. 17 Yepr. 18

B oTcekax BaKyyMHBIX Aea3paTOpPOB MOAOIPEB BOAB onpelefsiercs
no dopmyJe

o te _
Y WATEN EN (38)

KospdHunent A, onpeaensierces no yepr. 18.

B oTcekax ¢ npoAoabHBIM OOTEKaHHEM Ny4yKa CTPy# mapoM pacuer
IoforpeBa BoJAbl B fAeasparope aTtMocdepHOro JaBJEHHS pPEKOMEH-
JlyeTcst NPOBOAHTD No popmyne

Ig £ =0,0586 () ws ™. (39)

BriGop ckopocTH nmapa B OTCEKaX ¢ NpOIOJbHBIM OOTeKaHHeM cTpy#
OCYILUECTBJAETCHA Ha OCHOBE BhbILIeNpPHBEAEHHBIX peKomeHnalmﬁ.
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5.3. Pacuer Bbigetenus (mecopOunu) Kucaopoaa
5.3.1. Pacuer BhIeNeHHS KHCJIOPOJa B OTCEKe C IONEPeyHbIM 06Te-
KaHueM cTpyd napoM jasieHHem Oosblie atmoctepHOro NPOH3BO-

3asucumocTs Kosdpuumnenta B ot pasnequs B dopMyse gecopOuuu KMCAOpoaa B CTPYAX

7 7 3 4 5 § 7 8 I puresem z

Yepr. 19

auTCcA no gopmy.e

Cox L —0,350,3 ( Gy )*0‘5
S gL gy -0agea(Gn 40
lg Cpuix B d((:./ o n G, ’ ( )

FA€ Cgx H Cuic —— KOHUEHTPALUHH KHCJOpOAA B HadaJjJse M B KOHUE

CTPYH, Mr/KrT;

B — kost¢uuneHT, 3aBHCALLHA OT AaBJeHUs B Jeaspa-
Tope, onpede/sieMblil mo uept. 19;

Gy -— KOJIHYeCTBO Mapa, CKOHAEeHCHPOBABIIErocs B JaHHOM
oTceke, Kr/u;

G, — pacxol BOJABl yepe3 BEPXHIOIO TapejaKy oTceKa, Krfu.
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Jannasa ¢opMysia NpHMEHHMa Uil HeNOHACHUEHHOH BOAHL, T. €.
o< 1. KoHIeHTpaLUs KHCJIOpPOAa B Hape He YYHTHIBAeTcd B CBSI3H
C He3HayMTeJbHOH ee BeJIMUHHON NpH pacxoje BhNMapa B pa3Mmepe 2 Kr
Ha 1 T Aea’pHpPOBaHHOH BOABI.

oT
ITo dopmyne (40) onpene- 2;:::;::;:: n:::gli’:u:e:::nepgrypu
JSIeTC5 KOHUEHTPAIHS KHCIO0PO- BcxomnoR BOAM
Ba Ha HIKHeil Tapesake JaHHOTO
OTCeK?. £-1¢
[MapaaneabHo ¢ pacyerom
npouecca Aecop6UHH KHCIOpPOAA 80
no ¢opmyne (5) ompepensercs ‘
CTeneHb HACHIUEHHS] BOABI KHC- 70
JIOPOJOM @ Ha KaxKIo# M3 Tape-
JIOK. 60

Pacuer no ¢opmyane (40) mpo-
H3BOAHMTCA [0 OTCeKa, Ha HHXK-
Heil TapeJKe KOTOPOro Boja IO-

S
>
//—

—

CTHFA€T COCTOSIHHS HaCbILeHHUs “ \ wh K60
KHCJOpPOAOM, T. €. p=1. 70 \{,\

B pacyeTax OTCEKOB, Ha Ta- N - \
peJiKax KOTOPLIX BeJuuiHa > 1, w—2 BN - !
nepecuillleHHe He Y4YHTbIBAaeTcs. m\ttEEE |
B sTom cayuae 3a HauaJbHYIO W
KOHLEHTPAUHIO KHCJIOpOAa Ha '
BEpXHHX Tape/jKaX OTCeKOB INpH- 0 [X] WJ,O
HuMaercs MNpede/bHasi KOHIEH- b
Tpauusi, COOTBETCTBYIOLLAS CO- Yepr. 20

CTOSIHHMIO HACLILIEHHS NIPH TeMre-
paType BOAB HAa JaHHOH Tapesike H NaBJeHHH B eajpaTtope, ompefe-
asieMas mo ta6auuaM pactBopumocti (cM. Taba. 2).

5.3.2. B orcekax BaKyyMHBIX 1€a3paTOpOB C MOIlepeYHLIM OMbIBa-
HHeM iIyuka cTpyil BbIZeJeHHe KHCJIOpPOJAa paccuHThiBaeTcs no ¢op-
myJie

lg2 =B,V 0, L]d, (41)

Koapouuuenr B onpeaensiercs no yepr. 18.
To xe, AN YIJIEKHCAOTHI

g = B(£)" Vem (42)

cnux do ;:/tl.lbﬂ( - tnx

Koadduuneur E onpenensierca no uept. 20.

5.3.3. Tlpu npogonbHOM OGTeKaHuH Myyka CTPy# mapom pacuer Bbi-
JeJieHHA KMCJI0pola B JeaspaTope aTMocgepHOro HaBJEHHs I[POBO-
IHTCA no dopmy.ie

Ig 22 =0,021 1(7,Lo-)°'5w;0»3. (43)
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BrIGOp cKOpPOCTH Iapa B OTceKax ¢ NPOAOJNbHBIM OGTeKaHHEM CTPYH
NapoM NPOBOAUTCS Ha OCHOBE BhIlIeNpPHBEAEHHBIX PeKOMeHalul.

5.4. 'mppopHHaMHUYECKH#H pacuer

5.4.1. B 3agaun ruapogHHaMHUECKOTO pacuyeTa BXOAAT ONpeleseHne
rHApaBJHYECKHX XapaKTEPHCTHK M IPOBEPKa TIH/POJHHAMHUYECKOMN
YCTOHUHBOCTH OTAENBHBEIX OTCEKOB H KOJIOHKH B LEJOM NPH Pa3/HYHbIX
pex<umax paboThl.

5.4.2. TugpocraTiueckHii ypoBeHb BOABI NPH MAaKCHUMaJbHOH THA-
paBJHyecKoil Harpy3ke KOJOHKH BHIOMPAeTCs HCXO/JA H3 YCJAOBHS, 4TO
NPH MHHHMaJbHOH FHADPABJHYECKOH HArpy3Ke BeJHUHHA 3TOr0 YPOBHs
6yner He MeHblue Are=5-+10 mMm.

5.4.3. Uncso oTBepcTHH Ha Tapedke onpefe]seTcs NpeABapHTENbLHO
no Gopmyne

a.,Gyuy
=2l 44
3600-0,78542w,, ’ 9

rae Gy — noMHLIH pacXof BOABI uepe3 JaHHYIO Tapenky, Krfu;
vy — yleabHbl 06beM BOABI NPH TeMmmepaType ee Ha TapeJke,
M3/Kr;
a; — Ko3pdHUHeHT 3anaca Ha 3arpsi3HeHHe nepdopalHH Tapeaku
(a;=1,00+1,10).

PacuerHoe uncio oTBepcTHH B HasibHEHIIEM YTOYHSIETCS NPH KOH<
CTPYHPOBAHHH TapeJKH.

FIpy OTCYTCTBHH TOABOAOB B KOJIOHKY KHISIIUHX NOTOKOB BOALI
UMCJIO OTBEpPCTHH Ha BCeX TapeskaX NpHHUMaercs OJHHaKOBHIM. B cuy-
yae BBOJla KHNALIMX NOTOKOB B OfIHH H3 OTCEKOB KOJIOHKH YHCJIO OTBep-
CTHil Ha HHXKeJleXallHX TapejKax (Mo CpaBHEHHIO C BEDXHHMH) YBeJH-
uHBaercs.

5.4.4. T'napaBivueckH ycTOHUHMBBIM Ha3blBaeTCs TAaKOH PeXHM pa-
60Tbl CTPYHHOH KOJIOHKH, MPH KOTOPOM He MOSIBASETCA MEeCTHOH peLiip-
KYJASiLHY BOAbl B OTCEKax NOJ Bo3XelicTBHeM nortoka napa. Hapyue-
HHE THIPOJMHAMHUECKO]l YCTOHUMBOCTH MOXKeT OblTb BHI3BAHO HEJONY-
CTHMO BbICOKHMH CKOPOCTAMH Napa B OTAE/NbHbIX CEUeHHAX KOJOHKH.
ITosTOMy NpH NpPOEKTHPOBaHHH cJjlelyeT BBIGHpPATb XKHBble CEUEHHS /5
npoxoja napa B KOJOHKe TakHM 006pa3oM, uToObl NnpH BceX BO3MOK-
HBEIX B YCJOBHAX 3KCIIyaTalHH peXXHMax paboThl deaspaTopa CKOpO-
CTH napa JexaJaH B npejejax, NpH KOTOPbIX He BO3HHKAIOT 3HaYUTEJIb-
Hble Nepenajbl AaBJaeHHH MeXX/]y OTCeKaMH M YHOC KamneJbHOH Bjaru
B pacnoJIoXKeHHbIH Bblile oTcek (cM. uepT. 16).

Hapyuenue ruipofHHaMHYecKOM YCTOHYHBOCTH MOJYKET TakKuKe
O6bITh BHI3BAHO 3arpsi3HeHHeM OTBEPCTHH B TapeJsiKe, TaK KaK NPH 3TOM
NIPOHCXOJHT NepenoJHeHHe TapesaKH H NepejHB BOABl uepe3 ee GoprT,
cnoco6CTBYOIHE YBENHUEHHIO YHOCA BOABI H CKOMJIEHHIO €e B OTCeke.

Tlpn HapyweHuH rugpojHHaMHUYeCKOH YCTOHUHBOCTH KOJIOHKH C Ta-
pelKaMH B OJIHOM H3 OTCEKOB MPOUCXOJHUT «3axJeObIBaHHE», T. e,
3axBaT BOALI MOTOKOM Napa, YTO NPHBOAHT B JaJjbHeHlleM K 3aTamiH-
BaHHIO JIaHHOTO M PacNoOJOXEHHBIX BHILE OTCEKOB If B pe3yabTaTe —
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K YHOCY BOAH ¢ mapoM. IIpu moctyn/ieHun B AeaspaTop BOAB C OTHO-
CHTEJbHO HH3KOM TeMNepaTypod HapylleHHe THAPOJAHHAMHUeCKOMH
YCTOHUHBOCTH MOXET NPHBECTH K CHJIBHBIM THAPABJIHYECKHM ylapaMm
H MeXaHHYeCKOMY NMOBPEXJEHHIO AeaspaTopa.

5.4.5. Kpome ckopocreit mapa B oTceKaX KOJOHKH, CJeAyeT TaKKe
KOHTPOJIHPOBATh BEJMYHHY OTHOCHTENLHOTO YPOBHSI BOALI Ha TapeJ-
KaX, KOTOPHH onpepennerca no ¢popmyie

— he.+Ap
rae He— Bricotra GopTta TapeskH, MM.

ST0 npelOTBPATHT BO3MOXKHOCTb NEPeJHBA BOAB uvepe3d OopT H
YMEHbILHT BEPOSITHOCTb HACTYMJIEHHS MpEefebHOro peKHMa paGoTh
KosoHKH. OTCyTCTBHE NepennBa BOAb 06ecneyHBaeTcsA NPH OTHOCHTEb-
HOM ypoBHe Boanl H<1.

Ilpn paspaGoTke KOHCTPYKUHH Tape/loK CTPYHHLIX KOJOHOK peKo-
mMenayetcs npuuumaty H < 0,7.

Bricora 60pTOB TapesioK BHIGHPAETCH B 3aBHCHMOCTH OT AMHaMHUue-
CKOrO YPOBHSI BOABI Ha HMXKHeH H3 HHX NPH MAKCHMaJbHOH NPOHU3BO-
JIUTEJbHOCTH KOJIOHKH

b+ Ap
Ho=2it 22 (46)

B stoMm cayuae ans BhIIEpacnoJoXeHHBIX Tapenok Oyjaer oGecie-
yeHo ycaosue H<0,7.

5.4.6. CmapocraThHyecKHi ypoBeHb BOALI NMPH 3aZaHHBIX pacxolax,
yHCsIe M AHaMeTpax OTBEPCTHH Ha TapesKe onpefeasieTc no ¢opmyse

h =1 GyYs 2 47
e = gg (3600.0,78570Np,,a,) ’ 47

5.4.7. Tlepenaj NaBJeHHH MeXAy COCELHHMH OTCEKaMH omnpene-
JNFETCS H3 BHIpAXKEHHUs

m
Ap =Ap1 +glAng, (48)

rae Ap, — napoBoe cOnpoTHBJIEHHE NyuKa CTPYH BOAbI, MM BOA. CT.;

m
3Apy, — cyMMa MecTHRIX CONPOTHBJEHHH NapoBOrO TpakTa Me-
B=1 KAy OTCEKaMH, MM BOX. CT.
[TapoBoe CONPOTHBJIEHHE ONHOTO PAAa CTPYH MOXKHO NMPHOJHIKEHHO
NPHHYMATb PaBHLIM | MM BOJ. CT.; TOrAa

Ap,=n, (49)

TAe N — YHCJO PSIAOB CTPYH Mo XoRy mapa.
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5.4.8. MecTHOe CONMpPOTHBJEHHE 110 NYTH ABHUMKEHHs Mapa U3 OTCEKA
B OTCEK C/Jaraercsi M3 COMPOTHBJIEHHH MOBOPOTa MOTOKA H BHE3aNHBIX

H3MEHEHHH ceueHHs
m m y
wn
D 8pse= Dtk 5o T (50)
k=1 k=1

5.4.9. Koa¢pduuuenr MecTHOro colnpoTHBJNEHHS NPH NOBOPOTE Mapo-
Boro noroka Ha 180° cocrasisier BeJIHYHHY §igo=3,5-+4. Haa apyrux
clyuaeB 3HayeHHe 3THX KO3((HUHEHTOB cjeAyeT HaXOAHTb IO crpa-
BOUHHKAM.

Ko puuueHr MeECTHOrO cONPOTHUBJEHHA TOPJIOBHHDI
TapeJiKH C OCTPLIMH KPOMKaMH

{
LT
2 A
0 2 J 4 5 6 7 R,/%,
Yepr. 21

5.4.10. KosdduuHeHT cONpOTHB/ICHUST TOPJOBHHBI TapeJKH C He3a-
KPYT/IeHHBIMH KPOMKaMH onpefedasiercs no ueprt. 21 uan no dopmyne

QB[ X Qﬂblx /’/ Q; 2 QBHX 2

Qnux

5.5. OnpeaeneHne OCHOBHBIX KOHCTPYKTUBHBIX Pa3MepoB KOJOHKH
M ee J1eMEeHTOB

5.5.1. leaspauHoHHble KOJOHKI yCTaHaBJAHBAIOTCA JHOO Hemocpen-
cTBeHHO Ha 6ake, nu60 oTAenbHO. B nmepBoM ciiydae koJIOHKA MpHCOe-
TUHFEeTCA K 6aKy-akKYMYJAATOPY C OMOUILIO crielHanbHOro narpyoka,
IHaMeTp KOTOpPOro MoxeT OLITh MeHbIIe JHaMeTPa KOMOHKH HJH PABCH
cMy. Bo BTOopoM caydae coeAHHEHHE KOJIOHKH ¢ 6akoM OCYLIeCT-
BJRETCR € NOMOUILIO TPyOBl, AlHaMeTp KOTOPOH CYyL1ecTBEHHO MeEHblle
lHameTpa KOJIOHKH,

5.5.2. ConpsxKeHnue KOJOHKH ¢ 6AKOM HE BbI3bIBAET KOHCTPYKTHB-
HbIX OCJIOXHEHIIH, ¢CH OTHOIIeHHEe AHAMETPAa KOJOHKH HJAH Nepexoi-
HOTr'o mTyuepa K quamerpy 6aka meubuie 0,7.

BesiiunHa faHHOro OTHOLIGHHS fBJAAETCA IpefesbHOll MO YCJOBHAM
KOHCTPYKTHBHOH NpPOYHOCTH 6aKa-aKKyMmyJasTopa.

[IpuMeHeHlle 1epexofHOro LITYlLEepPa CTAaHOBHTCH HeOOXOAHMBIM
Y KOJOHOK NPOH3BOJAHTeNbHOCTBIO cBble 1000 T/u. KosoHKH Takok
NPOH3BOJHTENLHOCTH JOJKHB MMeTb OOBIUHO JIBa [JHHILA H COEXH-
HATLCA ¢ 6aKOM-aKKyMyJadaToOpoM [PH [OMOLUIH nepexoiHoro natpyobka.
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5.5.3. B neaspartopax cTpyliHo-6ap60TaXHOro THMA C OAHOH KOJNOH-
Ko# 1esiecoob6pa3Ho KOJOHKY H 6ap60TaxKHoe ycTpONcTBO pacnoJsiaraTb
y NPOTHBOMOJIOXHKIX TOPLOB 0aKa-akKyMyJsiTopa.

5.6. Pa3apa6oTka KOHCTPYKUHH 3JIEMEHTOB KOJIOHKH

5.6.1. Kosnonka (cM. uepT. 3) COCTOMT M3 C/eAyIOIHX OCHOBHDIX
3JIEMEHTOB: KOpnyca, BOJAOpacnpeje/HTe/IbHOIO yCTPOHCTBA, TAapeJox,
KOJIJIEKTOPOB BBOAA I'PEIOLUErO NMapa M «KHMSAIIWX» NOTOKOB BOALI, a
TakXKe mITylLepa OoTBOAA BHMNApa.

5.6.2. Kopnyc KOJIOHKH BLINOJHAGTCS B BHAE UH/JIHHIPHUYECKOTO
COCyAa C OAHHM MJH ABYMS IHMIlaMH. B Kopmyce Ko/JOHKH pekomeH-
IyeTcsl MpeAycMaTpPHBATh Jia3 JJfl NPOBeIdeHHST TeXHHYECKHX OCMOTPOB
H peMOHTa ee BHYTPeHHel yacTH.

s KonoHOK aTMocgepHOro AaBJeHHS PeKOMeHAyeTCs MPUMEeHMTD
3JVIHITHYECKHE WM KOHHUYeCKHe AHHINA, IS KONOHOK MOBHILIEHHOrO
nasienns — sjaauntiueckne (FOCT 6533—68).

Kopnyc KoJMOHKH H3rotoBasieTcss oOLIHO H3 cranu Mapku BCr13nch
I'OCT 380—71. K HeMy npuBapHBaloTcsa WiTyuepa AJs NOABOAA [OTO-
KOB BOJAH, Napa H Bbinapa.

ITynepa «HeKHNAUIHX» NOTOKOB BOJAB pacnoJaralrcss B OJHON
rOpH30HTaNbHO!N TJOCKOCTH Ha YPOBHEe BOAODPACNpeAeHTENbHOro yCT-
pofictBa. HItyuep nna orBoja BHINapa, Kak NpaBHJO, YCTaHABJII-
BaeTCs Ha BePXHeM AHIILlE KOJNOHKH.

5.6.3. BomopacnpeaenureqbHoe YCTPOHCTBO NpeiaHa3Hauaercs 1Js
CMelleHHs «HEeKHIALIHX» MOTOKOB BOAKW H APOO/NEHHSI HAa CTPYH.

HOns pacnpeneneHHs BoAbl B CTPYHHBIX J€a’3palHOHHBIX KOJIOHKAX
NPHMEHSIIOTC B OCHOBHOM KaMephbl co CBOGOAHLIM cIHBOM (Kak GoJiee
npocthbie B H3rOTOBJIEHHH H IKCIJAYaTalUHH), MOT'YT NPHMEHSTbCH TaK-
JKe BojlopaclpefiesuTeNbHble KaMepbl HanopHoro tuna. B Bomopacnpe-
JeNHTeNbHOM YycTpolicTBe JoJXKHO obGecleyHBaThcsl XOpollee INepeme-
IIHBaHHe NMOTOKOB BOAbI, HMEIOIHX Pa3Hyl0 TeMmepaTtypy, TaK Kak
HepaBHOMEpPHOE pacnpefiesieHHe TeMNepaTypbl BOALI NO CEYEHHIO KO-
JIOHKH Ccnoco6GCTBYeT MOSBJIEHHIO TaK Ha3blBaeMbiX TEMJOBHIX MepeKo-
CoB H yxyamaer 3¢ (eKTUBHOCTL Jeaspauuu. B xaMepe co cBOGOAHBIM
C/IMBOM JJIl 3TOW LIeJIH CJIy»KaT JBa KOJIBLUEBHIX KaHaja, 06pasyiouinx
JaGHPHHT, B KOTOPDOM NepeMellnBaerTc Boja. Ilocsae 3Toro oHa nepe-
JHUBaeTcs Ha BepXHIOI TapesKy mepBoro orceka. Boaopacnpepesn-
TeJbHHIE YCTPOHCTBa, NpHMeHsieMble OOnYHO Ans jaeaspatopoB A 1
AIT (uept. 22), o6ecneunBaloT yAOBJETBOPHTEJbHOE NepeMelIHBaHHe
BoAbl. OHH KpensiTcsi HemocpeACTBEHHO K KOPNYCy KOJIOHKH, uTo obJer-
YyaeT HX TeXHHYEeCKHH OCMOTP M PEMOHT IpPH CheMe BEepPXHero JHHILA
KOJIOHKH 6e3 JeMOHTaxa TPyOonpoBOJAOB «HEKHNAUIMX» NMOTOKOB. [ax
BOJlOpacnpele/INTeNIbHBIM  YCTPOWCTBOM  pacrnosiaraetcss  OTOOHHBIM
LHT, NpelloTBPallaloUINii YHOC KaneJbHOH BJAaru ¢ BHINApOM.

5.6.4. BBox rperouiero napa B KOJIOHKY OCYLIECTBJASIETCS uepe3 KoJi-
aekrop. I'petowuit map npu temnepatype no 250°C uesnecooGpasHo
MOABOANTL B Aea’pPallHOHHYIO KOJOHKY 4epe3 NapoBOe IPOCTPAHCTBO
6aKa-aKKyMyJsiTopa C IeJbI0 YJAYUIIHThE BEHTHJASIHIO 3TOTO NMPOCTPaH-
CcTBa.
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B 3ToM cayuae Heo6XoRHMO oGecneuynTb CAHB BOAbl U3 KOJIOHKH
HEMOCPEACTBEHHO B GaK-aKKyMYJfTOp, He AONycKasi HaKOIJIEHUs ee
B MeCTe COeAlHEHHS! KOJOHKH ¢ GakoM H MOC/aedyiollero nepeiunsa
BOABI Yepe3 rop/ioBHHY 6aka.

I'peromuit nap ¢ remnepatrypoit 6onee 250°C (BcaeacTBHE oMacHoO-
cTH 06pa30BaHHs TPEIIHH H3-32 TEPMHYECKOH yCTaJOCTH MeTasJsa CTe-
HOK 6aka) c/ielyeT NOABOAHTL HEMNOCPEACTBEHHO B KOJNIOHKY C IIO-
MOLIBIO IITYLEPa ¢ ABOHHBIMH CTEHKaMH H NepdOPHPOBAHHOTO KOJJIEK-
TOpa, Pa3faloulero nap no BceMy CEYEHHIO KOJOHKH. [JnameTp KoJJiek-

Kamepa CMEUIEHHA NeaspaTopa NMOBLIWEHHOr0 NaBRJEHHR

[N

‘LJ..L.:

Yepr. 22

TOpa IPHHHMaercsl PaBHBIM AHaMeTpy mNojBoAasulei mnaposoit TpyObl.
CyMMapHyI0 IJIolLajib OTBEPCTHIT MM LleJell JUIst pasjaul napa peko-
MeHAyeTcsl NPHHHMATh PAaBHOM >KMBOMY ceueHHI0 KoJjektopa. Otsep-
CTHS pacnoJaraioTcsi HECKOJbKHMH PSAaMH Ha HUXKHEH yacTH KOJJIeK-
topa (uept. 23). Huamerp orBepcTuil npunumaercs 10—12 mMm, war
Mexay orBepcTHAMH 20—25 MM.

5.6.5. Kunsilune noTokH BBOASATCA B [€a3PalHOHHYIO KOJIOHKY ue-
Pe3 KOJJIEKTOP «KHMSLIEro» IIOTOKA.

Ilpn onHOocTyneHuaToH cXxeMe JeaspaudH BBOM <«KHISILEro» IOTOKA
BOJbI OCYLIECTBJISIETCS B 3aBHCHMOCTH OT IleperpeBa BOAbI B OJAHH H3
HHXKHHX OTCEKOB KOJIOHKH ¢ MOMOIIbIO nep(opHpPOBaHHOrO KOJIJIEKTOpa.

ITpn nByx u GoJiee cTymeHAX Aea’palMM BBOJA «KHMSLIEro» I0TOKa
BOIbI 11eJeco06pa3HO OCYLIeCTBJSATh HENOCPEJACTBEHHO B MapoBOil
o6beM 0aKa-aKKyMyJsiTOpa CO CTOPOHBI, IIPOTHBOIOJIOXKHOH pasMmelie-
HHIO GapGoraxkHoro orceka. «Kunsmuil» noTok MoxKeT BBOJIHUTbCH
C NMOMOILBIO CYXKHBAIOLIETO COMJA HJAH (NMPH 3HAUMTEJBHOM pacXoje)
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nepdopupoBaHtoro koasekropa. [liowanb BHIXOAHOro ceueHus conaa
npunuMaercsd o6blyHO paBHOH npumepHo 60% naomwaan BXOAHOro ce-
yeHnus. CKOPOCTb BOAbLI B OTBEPCTHAX KOJJIEKTOPA MPUHHMAETCsl He Go-
aee 3—5 m/c. Tlpu 66bIWIHX CKOPOCTAX BOABI HA KOJJIEKTOPE AOMKHbBI
yYCTaHaBAUBAThCA HeO(O/bLUIHE CheMHblE COMIa M3 KOPPO3HOHHO-CTOI-
KOro Marephasna.

Mapopacnpeaeante/bibie KONAEKTOPLI

e
8 2 .

a ~- NOABOJ, HacChlIleHHOro HAH Ccaalo neperpeToro
napa; 60— MOABOA CHALHO neperpeToro napa;
1 — Kopnyc KOJIOHKH; 2 — KOAJMIEKTOP AAsl NoAadH
napa; 3 -— YCTaHOBOYHOE KO/bLO; 4 — YCTaHOBOYHOE
pe6po; 5 — naTpyGoK AAR YCTAaHOBKK KOJJIeKTOpa;

6 — noasoAsKA naponpoBoa; 7 — npHBapsin;
8 — oTBepCTHA AJA BbIXOAA mapa
Yepr. 23

5.6.6. JuameTp NpPHCOENAHHHTENBHBIX LITYLEPOB, PACMOJOXKEHHBIX
Ha Jea’paliHOHHOM KOJIOHKe, paccuHThiBaeTcs no dopmyJe

Gv
By = V‘saoo‘ .0,785mw ° (52)

CKopocTh napa B IUTYUEPax PEKOMEHAYeTcs NPHHHMATh:
npu p=1,2 krefeM? w,=40-70 m/c;
npu p=7-10 krc/cm? wyp=230--40 m/c.

CKopocTb BOJABl B LITyllepax peKOMeHAYeTcsl BHIOHDAThb B mpeienax
wp=1,0+2,5 M/c.

Ilpu ManbIX Hanopax 3HaueHHst CKOPOCTEH cpejibl cleJyeT YTOUHATh
Ha OCHOBE THADPaBJHYECKOTO pacyeTa COOTBETCTBYIOLIMX TpakToB. [ns
JeaspaTopoB aTMochepHOro AaBjeHHS, THTAEMBIX NapoOM OT TemaodH-
KalHOHHBIX OTOGOPOB TYpOHH, ciefyer Takxe HCXOAHTb H3 ofecmeue-
HUSi ONTHMAanbHOH JHHAMHUeCKOH camopery/Hpyioulell crnocoBHOCTH
JleaspalMoOHHOIl yCTaHOBKH.
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6. PACYET H PA3PABOTKA KOHCTPYKLLHH B EAPALLHOHHBIX KOJIOHOK
C HACAJKAMHU *

6.1. Pacuer rHApOAMHAMHYECKOH YCTOHYUBOCTH KOJOHOK C ymops-
NOYEeHHOH HacaaKoH

6.1.1. Pacyer Tenjosoro GasaHca Aea3pallHOHHLIX KOJOHOK ¢ Ha-
caJlKaMH NPOBOAMTCH TaK JKe, KaK H IS CTPyHHBIX KoJoHOK. Tem.o-
Fpagmk  ams  onpenenewms SO0 pacyeT 3THX KOJIOHOK He IPOM3BOAUTCH,
npeneanHoli miotHocTn opo-  [AK KaK OnpejleJiseMble ONHCLIBAEMBIMH Me-
IIEHHS HJM npeae’bHOH CKo- TOAaMH JAHaMETp KOJOHKH 1 BBICOTA CJ04
pocTw napa AAs HAcajikk W3 HACAJKH JAOCTATOUHbl AJas obecrneyeHus Tpe-

BEPTHKAJLHLIX JHCTOR O6yemoro nojorpeea BOAL. B HacrodAulem
w: fir B /P e\ pasjiesie IPHBONHTCS pacyeT IHAPOAHHAMM-
M= (-——4) ueckKoii yCTOMYHBOCTH (IpefesbHBIX pPeXH-
gV Tacl M MOB) I pacyeT npouecca AecopOuuil KucJo-

\ poaa.
0.8 6.1.2. Tlog HapyuwenueM ruipoguEamu-
0.7 \ ueCcKOH YCTOHYHBOCTH [ea’pallHOHHOH Ko-
j\ JOHKII ¢ HacaJKoi TNOHHMaeTcs nepexoj ee
46 Ha npeJleJbHbIH pPeXHM, TPH KOTOPOM BCJIel-
0.5 \ CTBHE BBICOKOH CKOPOCTH NapoBOroc MOTOKA

HayHHaeTcA 3axJeObIBAHHE KOJOHKH, T. e.
Oy obpauleHHoe (HanpaBJieHHOe CHH3Y BBepX)
ABH:KeHHe uYacTH Jeaspupyemoi Boasl. OG-

b4 paleHHOMY JNBHXKEHHIO BOIbl OGBIYHO Npen-

02 \\ LIeCTBYeT HHTEHCHBHBIA CPBIB Kame/ab C 3Je-

o MEHTOB HacalKi, PacHOJIOKEHHBIX B HHXK-

‘ \ HeM ee cJoe, H JaxKe MOJHOe paspyuieHue
MJEHKI Ha 3THX 3JeMeHTaXx.

o 0 05 05 07 08 09 14 ]
" 8 [lpn HacTynJaeHnn npefeabHOTO peikH-
(U’_m_) (_T_n_ﬂ) va HaOJlofaeTcss yHOC BOALI € BbIIAPOM,
Wo T CHIIZKEH1le TeMmepaTypbl Bhilapa H Heclo-
Yepr. 24 Koitnas pafoTa Bcedl ycCTaHOBKH — BHOpa-
IHsi KOJOHKH H CBA3aHHBIX ¢ Hew Tpybo-

NpoBOLOB, NOABJEHHE BHYTPH KOJIOHKH IMOCTODOHHHX LIVMOB If T. M.

I1pH HexOTOPBIX YCJIOBHSAX, IVIaBHBIM 06pa3oM mpu Goablloil pasHo-
CTH TeMmNepaTyp [ea3pHPOBAHHON M HCXOAHOH BOAbI, lIpeAebHBI
pe:KHM paboTbl MOXKeT BbI3BaTh JOBOJIBHO CHJbHBIE THApPAB/HdeckHe
yaapbl B KoJoHke. asg Toro uto0bl B YCJOBHSIX 3KCILAVATALUIl CHAPO-
JMHaMHucecKasi yCTOHYHBOCTh KOJIOHKH He HapyllaJjach, CKOPOCTb napa
NpH JaHHHX INIOTHOCTH OpolUeHUA H TeMmnepatype BOAB Mmepex
KOJIOHKOH He [JO0JXKHa TpeBhLIIaTh ONpELeJEHHBIX Npe1c/bHblX 3HA-
UeHHUH.

Jas HacaaKH H3 BEPTHKAJbUBIX JHCTOB HE3aBHCHMO OT Xapakrepa
HI3MEeHeHNS HAMPAaBJEHHs] HX B JABYX CMEXHBIX nakerax (cM. uepr. 4,a)
npefesabHas MJIOTHOCTb OPOLUEHHS NPH AaHHOH CKOPOCTII 1apa mnepej

* BHMOJNHEHB! HAa OCHOBaHNH «PyKoBOAsIMHX YKa3aHHII MO NpPOEKTHPOBAHHIO Tep-
MHYeCKHX lea3DallHOHHbIX YCTAHOBOK NHTAaTENbHON BOAb KOTI0B» (M., «3JHeprus», 1968).
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HacaZlkoHl WJH NipeflesbHas CKOPOCTb Napa nepex HacaAKoi NpH 3afaH-
HOH NVIOTHOCTH OpOIIEHHS ONPeAe/SIOTCs N0 4epT. 24 UJik U3 ypaBHEHHSA

2 2 : '
‘u’nfyll 1 P'”(- 3 _‘V_x( - _YL +
el T(;;——) _],75—1,813(Wn> (m) , (53)

rl€ W,— CKOPOCTb Napa, OTHECEHHas K NOJHOMY CeueHHIO KOJOHKH, M/C;
Jyz — yAe/NbHAs IOBEPXHOCTb HACALKH, M?/M3;
v, — cBOGOAHBI 06beM HacaAkH, M3/M3;
Ty — yIlenbHBIH Bec Jea3pHPOBAHHON BOAHI, Kr/M3;

pml—cpenmlﬁ KO3 PUUHEHT NHHAMHYECKOH BS3KOCTH BC€X TO-
TOKOB BOAB H KOHAEHCATOB Nepej Aea’palHOHHOH KOJIOH-
Ko, (Krc-c)/m2;

Px, — TO Xe, Jlea3pHPOBaHHON BOAH, (Krc-c)/M2;

W, —BecoBasi CKOPOCTb BOJAbI, OTHECEHHAs K NOJIHOMY CeYeHHIO
KOJIOHKH (NJIOTHOCTb OpolueHHs), 6e3 yueTa pacxoza KOH-
JleHcaTa nperollero napa, xne/ (M2-c);

W, — BecoBasi CKOPOCTb. Napa, OTHECEHHasl K MOJHOMY CEYEHHIO
KoJoHKH, Kre/(M2«c); Wh=wyyy.

YpaBHeHne (53) cocraBiieHo B pe3yJbraTe 060OLIEHHS ONBITHBIX
JlaHHBIX, TOJYYEHHBIX NpPH MCCJHeJOBAHHH Aea3PaUHOHHBIX KOJOHOK
C YNOpsiIoYeHHHMH HacalKaMH (cM. uepT. 4, a, 6) B 1Hana3oHax H3Me-
HeHHsi pasiaeHus 1,2—6,0 Krc/cM2, MaccoBoM CKOpOCTH BOAH  (1JOT-
HocTb opoleHdsn) 58—282 1/(M2-y), noxorpesa BOAK B KOJOHKe 28—
150°C u Temnepatyps rpetomtero napa 110—330°C.

Ons HacaloK H3 HAaKJIOHHBIX H 3Hr3arooOpasHBIX JHCTOB (CM.
yepT. 4,6,2) Takas oOoOlLleHHas 3aBHCHMOCTb NOKa OTCYTCTBYET.

OpHeHTHPOBOYHO, HO C YYeTOM pe3YJbTAaTOB HCINBITAHHS ONBITHHX
KOJIOHOK MOXKHO MOJIb30BAaThCS AJA HUX uepT. 24 wiH ypaBHeHHeM (53),
YMHOXasl NOoJy4yeHHBle NpefesbHbie 3HAYEHHS IVIOTHOCTH OPOIIEHHS H
CKOpPOCTH napa Ha nonpaBouHu#i Ko3dpduuueHt, pasumii 0,7—0,8. Bo-
Jiee BBICOKHI mOnpaBouHbI KO3((HLUHEHT cJjelyeT NPHHHMATb IpH
MaJjIbIX 3HayeHHsX npelesbHOH CKOPOCTH Mapa, COOTBETCTBYIOLIHX
HeGONBIINM NOAOTPEBAM BOALI B KOJOHKax — nmopaaka 10—30°C, 6o-
Jiee HHU3KHH — NPH NMOAOrpeBax BOAH, NMpesHIlalownx 60°C.

MakcuManbubie paGouHe 3HaueHHS NJIOTHOCTH OPOLUEHHS H CKOPO-
CTH mapa JOJIKHBI COCTaBJATb He Gosee 85% HX pacyeTHBHIX Npenesb-
HBIX 3HaYeHHH.

6:2. Pacuer BuiseseHHs (aecopbuHH) KHCAOPOAA B KOAOHKE C ymo-
papouenHoit Hacaakoi

6.2.1. IIpeHeGperasi cONpOTHBJEHHEM IePeHOCY Macchl B MapoBoOii
tda3e, NOBEepPXHOCTb HJIH O00BEM HAcaAKH MOXHO ONPeAe]siTb NPH MO-

MOLIH YPaBHEHHIi: G, .
yP F=b,55; (54)
_ G
V=b, g, (55)
rae by — Koad¢uuHeHT 3anaca, npHHUMaeMHi# paBHbIM 1,2;

G — pacxof yAanseMoro rasa, Kr/y;
4 3exes 147
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K u Kfyx — cpeiHHe NOBEPXHOCTHBII M OOBeMHBIH Koa(dHLH-
€HTBl MacCOOTAAYH B XKHAKOH dase, Kr/(m2-u-kr/m3),
kr/(M3-4-Kr/m3);

Ac — cpellHsisl Pa3HOCTb KOHLEHTPAUHH (KOHIUEHTPAaHOH-
HbIfl Hanop), Kr/m3.

PekoMeniyercs onpefenstb Ac Kak cpefHesorapupmMuueckyio pas-
HOCTh (PaKTHYECKOH H PAaBHOBECHOH KOHLEHTpalUUH paccMaTpUBAaeMOro
rasa B Jleaspupyemoi Boje

Ac=

Cpx — €p — Cpux

bt (56)

rie Csx H Cnux — KOHIEHTPALHH YAAJsieMOro raza COOTBETCTBEHHO Ie-
pel KOJIOHKOH M B BOJle Ha BhIXOJle H3 6aKa-aKKyMy-
JasATOpa, Kr/T;

Cp — PaBHOBeCHasl KOHIEHTPALHs 3TOrO XKerasa B BoJe Ha
BXOZAe B KOJIOHKY (B 30He yjxaJieHHs BBIIapa), Kr/T.
Ipu pacxone Brinapa Gosee 1 Kr Ha 1 T JeaspupyeMoil BoAH BeJH-
YUHOH Cp NPH pacueTe aTMOc(EpHBIX [ea’paTopoB H Aea’paTOPOB MO-

BBIIIEHHOTO JAaBJIEHHS MOXHO nmpeHe6peub. B aTom cayuae

A¢ = Cpx — Cauix .
2,31g ox/Coux (57)
Pacxon ynansiemoro u3 Boanl Kucjopofa Gy (Kr/d4) MoxKHO onpene-
JATH 110 YPaBHEHHIO

G - Gr ulvsxcnx G'”nblxcsux' (58)

riAe Gru B G —ruapaB/inyeckas Harpy3ka HacaJKH U NPOH3BOJHTE/b-
HOCTb KOJIOHKH, T/u;

v, M U, — ylelbHble 06beMbl BOAB A0 H MNocne HacalkH, M3/T;

¢, H C, — COfepxaHHe KHCJAOPOJA B BOAE A0 M MOc/ae HacagKH,
Kr/T.

Ilpu HanuuMu nepex HacajaKoH He3aNoOJHEHHOrO0 NApoOBOro Mpo-
CTPaHCTBA PacXOf KHCJOpoIa, YAaIseMoro B npejesax HacaaKH, onpe-
JNeasieTcsl IPH NMOMoLUH ypaBHeHHA (58); mIpH 3TOM TrHApaBJIHYecKas
Harpy3ka HacajKH COCTaBHT

Gr wo GB + Gnl' (59)

rie Gy — pacXox BOJABl Ha BXOJIE B KOJIOHKY, T/d;
Gui — pacxof napa Ha NOAOTPeB BOAB! B CTPYAX meped HacaaKoil,
T/u.

11

"‘_G ig— i

(60)
3nechb i, M i, —yReibHble SHTAJBNHH BOAbl Ha BXOAE B KOJOHKY K
nepes Hacaako#, KKaJ/kr;
— yAeJbHasi SHTAJbIUS HacHIlEeHHOro mapa npH pa6o-
yeM MaBJEHHH B KOJIOHKE, KKaJ/KT.
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Conep:xanpe KHcaopona B Boje nepell Hacajko#l onpefeisieTcsi 1no
YpaBHEHUIO

lg 22 = AL ) ™, (61)

BX

rae A — BennunHa, H3MeHswmasics B npegenax 0,021—0,030 npu u3-
MeHeHHH AaBJeHus ot 1,2 10 6,0 krc/cm2.

3aBucuMoOCcTb BeaHWHHM B OT cpepheli no BhICOTe
KOJIOHKH TeMNEPaTyphl BOAbI

8-10°1-8 108
950 4
2 -ase /
758
/
| 650 J
15
558 2
250
"L 350 ’ b
250 W
150
sL

54 70 0 1m0 w0 150 ¢,°C

1 — pepTHKanbHBlE JKHCTH; 2 — HEYNOpSLOYeHHas HaCaRKa;
3 —- HaKJIOHHBIE H _3Hraaroo6pa3Hnle JHCTH; [, 2 — OTHO-
cATC K OCH B - 10% 3 — oTHOCHTCA K och B - 10°

Yepr. 25

B cayyae npuMeHeHHS YNOPSAJLOYEHHBIX HAacafOK NPH pacyere Ae-
copO6iHH KHCJOpPOAA M3 BOAH Lenecoo06pa3Ho N0/Ib30BATHCA IOBEPXHO-
cTHHIM Ko3dduuueHToM Maccoorfayn K, Koropulii onpemessercs 1o
dopmyJe ‘

rie bp — kKo3hHUIUEHT, YUUTHIBAIOWNI BJHUSIHHE HAUaJIbHOH KOHUEH-
TPalUKH B BOAE KHC/IOPOAA C, M CBOOONHOM YIVIEKHCIOTHI

Cco,p MPH Co >1 Mr/Kr u ceo >3 Mr/kr—by=1, npu
c0’< 1 Mr/kr u ccozg 3 Mr/kr — b,=0,9;

4%
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B — pyukuua QU3MUECKHX T1aPAMETPOB BOAB, 3HAUEHHE KOTOPOIl
HaXOAHUTCS B 3aBHCHMOCTH OT CpeJHeH IO BBICOTE KOJIOHKH
TeMNepaTypbl BOAH 1O 4epT. 25;

I’ — nuHeiinas rujgpas/iuuecKkasi Harpy3ka HacaakH, Kr/(M-u);

hy — BHICOTA Hacalky, M.

JIuHeliHas ruapaBJiHyecKash HAarpyska Hacajkd oOnpefpesercsd no
dbopmyae

r<%, (63)

rae Gg— pacxol BOJBI, MOCTynamwllell B KOJIOHKY, Kr/u;
[1 — nauua opoluaeMoro nepHMeTpa HacaAkH, M.
3HaveHus nocrosiHHOM A U nokasateseil cTeNeHH mapaMeTpoB, BXO-
NSIIHX B ypaBHeHHe (62), 145 pa3/HUHBIX THMOB HACAAOK MPUBEIEHHI
B TabJ. 4.

Tabauya 4
3HaueHHs BEJMYHH
Tan nHacaaxkH
Hn K A n »
Hacaaka M3 BepTHKaJbHBIX JHCTOB 119,8 0,7 —0,85
(uepT. 4,a)
Xopnopas Hacaaka (uepr. 4,6) 5,53-108 1 0
Hacasgka #3 Hak/JOHHHIX JHCTOB 6,65 0,6 0
(uepT. 4,8)
Hacanka u3 3uraaroo6pasHbiX JiH- 8,18 0,6 0
CTOB C OTBEPCTHSAMH 1 6€3 OTBepCTHii
{(uepT. 4,2)

Jlanuble Tabs. 4 cnpaBeAJHBH [Js1 JHaNna30HOB H3MEHEHHS JaBJie-
HHs 1,2—6,0 krc/cm?, naotHocTH opoiteHuss 40—240 1/(mM2-y4), Harpesa
BoAbl 12—120°C, nauaspHoro cogepxaHus Kucaopona 0,8—12,5 mr/xr,
MPOJOJIKHTENbHOCTH  NpeOblBaHHA  BOAbl B  GaKe-aKKyMyJasaTope
1—20 MuH H BbicoThl Hacaaku 0,15—0,9 M.

IMocne onpenenennss no ypasHeHuio (54) oGieil NoBepXHOCTH Ha-
CalKH BHICOTA ee NpH BHIOpaHHOM Luare onpeaesnsieTcsi no ¢popmyJe

= Lu
’zH— FO ’ (64)
rae Fy—obwmas noBepXHOCTb HacajakH, M2;
Fo— noBepxHOCTb HacaJKH BHICOTOH | M, uHCJEHHO paBHaf Opo-
maeMomy nepumerpy I1, M2

6.3. T'uppopnHaMHuecKHA pacyeT KOJOHKM ¢ HeynopAAOYEeHHOi
HacapKoit

6.3.1. MakcumanbHO AonycTHMas paGouast NJOTHOCTb OpPOLIEHHS
NSl HEYNMOpSAOYeHHO# HacaJkH M3 OoMeroo6pasHbiX 3JeMeHTOB C OT-
BEPCTHSIMH NIPH JaHHOH CKOPOCTH Mapa nepei HacalAKoi HJAH MaKcH-
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Ma/bHO JONyCTHMasi paGouas CKOPOCTb Mapa mnepef Hacaiakoil npu
HNaHHOMN TIOTHOCTH OPOIIEHHA ONpeldeNsA0Tcs no yepT. 26 uiaH U3 ypaBs-

HEHHUA
T,,=0,1755(1 —2,8904)", (65)

rae Tnp— MoaudHUHpPOBaHHKIA Ge3pa3MepHEIl mapaMeTp CONPOTHB.E-
HHS TIpH MaKCHMaJbHO AOMyCTHMOH paboueit Harpyske;
A — Ge3apa3mepHBbIi MapaMeTp OpPOLUEHHS.

3asHcuMocTL MopuduUKpoBaHHOro Gespa3mepHoro na-

pameTpa conpoTHBaeHHa ot GespasmepHoro napametpa

OPOIIEHHN AJIN HEYNOPAROYEHHOR HACAAKH M3 OMerool-
PasHbIX 3AEMEHTOB C OTBEPCTHAMH

iz
04
N
03 <
a2 ™ AN
o1 \

0,1 0,2 0,3 04 0,5 0,6 0,7 0,8
3 2
ax»

3na0,3
&y, Re,«’

A=

Yepr. 26
ITapamerp Tn, onpenensiercs no ¢popmyJe
0,2
r=7 ()" (66)

a y,*’
rae Ta— Ge3pa3MepHBHi napaMeTp COMPOTHBJIEHH MPH MAaKCHMaJbHO
nonycthMoii paboueit narpyake, npeanoxenunit H. M. )Kasopouko-

BbIM. A
Peyx
T,= ’ (67)
,
3fech Apcyx — YAeJbHOE CONPOTHBJEHHe cyxofi (HeopolllaeMoit) Ha-
cagku mo mapy (Ha 1 M BHCOTH MOpH CKOPOCTH Mapa nepep Ha-
calKoW Wy, COOTBETCTBYIOIIEHA MaKCHMAaJbHO AOMYCTHMOH HArpyske),

Kr/(M2-M);

Ap,
Apcyx = “‘“l;i!x’ .



Crp. 54 PTM 108.030.21—78

Beapasmepnbiil mapaMerp opoluenus A onpepensiercsa H3 ypas-

HeHHsA
n nv2fyn
= 68
A V SRe(l 3 l SGOOQgUSReO 3 ( )

rie  fyn— yAenbHas NOBEPXHOCTb HAacaIKH, M2/m3;
Rex,— uncao Pefinonbaca 151 XKHAKOCTH B HACaZOYHBIX KOJIOH-
Kax;
Uny— npepenbHo AONycTHMAast MJIOTHOCTb opouleHHusi, Kkr/(m2-u);
U2 — yAeabHHH 06bEM feaspupoBaHHON BOABI, M3/KT.
vy — cBOGOJHBI 06beM HacaakH, M3/m3;
Uncio PeftHoabaca B 3TOM cayuyae onpefensiercsi BbIpaKeHHEM

4w, W, Vs
Re, = = =307 (69)

ya Ky

rae Vi, — K03O(UUHEHT KHHEMAaTHYeCKOH BS3KOCTH Aea’pHpOBaHHOI
BOJHI, M2/c.

YaenbHoe conpoTHBJIEHHe CyXOii (HeopowiaeMoil) HacaJKH omnpeje-
Jasietcs no dopmyJe
0,2 1,8 (1,2
Pn (wn'rn) fyn

T (70)

Apcyx=
rae pn-— Ko3Q@UuUHEeHT AHHAMHYECKOH BA3KOCTH Napa nepel Hacai-
KoM, (Kr-c)/M2,

YpaBsHeHne (65) oGoluiaer pesyabTaThl HCCJEOBAHUST OIBITHBIX
neas3palHOHHBIX KOJIOHOK C HeyMopsAJoueHHOH HacagKoH H3 oMerool-
pPAa3HbIX 3JEMEHTOB C OTBEPCTHSIMH B JHaNa3oHe H3MeHEHWs daBJieHHs
1,2—6,0 xrc/cM?, MaccoBOM CKOPOCTH BOJAbI, OTHECEHHOH K MOJHOMY
CEYEHHIO KOJIOHKH (MJOTHOCTH opoulenusi), 6,1—55,6 xr/(M2-c) wuan
22—200 1/(M2-4), nogorpesa BoAas B KosoHKe 18—135°C u Temnepa-
TypHl rpeoltero napa 110—300°C.

6.4. Pacyer sbipenenus (aecopGuMH) KUCJIOPOAA B KOJOHKe C He-
ynopsaoueHHol Hacan Kol

6.4.1. Tlpu pacuere npouecca AecopOUHM B JeaspalHOHHOH KO-
JIOHKE ¢ HeynopsJoyeHHLIMH HacallKaMH 11eseco06pa3Ho NoJib30BaThCs
06beMHBIM Ko3dduuuentom maccootaaun Kfyy. Bennuuny ero 8 cay-
yae JAecopOUHH KHCJIOPOAA M3 BOJBI CJeLyeT ONpele]fiTh H3 CJelylo-
11ero BbIpaXKeHHs:

K fya=9,26-10°%,B 57Uk 7, (71)

rie fyn— yAenbHasi MOBePXHOCTb HACAAKH, M2/M3;
U — naotHocThb opowenust, 1/ (M2-u).
3HaueHHe B onpegneasiercsi no yeprt. 25.
Bripaxenue (71) npuMeHuMo Ansi pacuera AeaspallHOHHBIX KOJIO-
HOK C HeynopsiJOYeHHBIMH HacaJKaMH H3 OMerooGpa3HBIX 3J1eMEHTOB
¢ OoTBepcTHAMH H 0e3 OTBepCTHH, a TaKxke JMJfA KOJeL pa3MepoM:
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Dyap=18; h=18, s=1,5 MM ¥ B [jHana3oHe H3MeHeHHs AaBaeHHs 1,2—
6,0 krc/cm?, naotHoctH opoireHHs 20—140 1/(m?.4), noxorpesa BOALI
B KosioHKe 5—60°C, Bricotn HacaakH 0,15—0,6 M H NPOAOJIKHUTENLHO-
cTi npeGrIBaHUS BoAbl B 6ake-aKKyMyastope 2—27 MHH.

6.4.2. [Ina pacnpocTpaHeHHOH B Jea’pPalHOHHHIX KOJIOHKaxX Hacal-
KH H3 OMeroo0pa3HblX 3JEMEHTOB C OTBepCTHAMH (uepT. 6) fyp=
=194 m?/M3%, cOOTBETCTBEHHO

K fya=26,6-10°6,BU" ", (72)

B cayuae pacuera pecop6uuu npu nomomu ypaBHeHui (62) u (71)
3a eJJHHHLY H3MepeHHsT BpPeMeHH NPHHAT | u B OT/IHYME OT APYrHX
pacueToB, e 32 elHHUIY H3MePeHHs BpeMeHH npuHsrta 1 c.

Bce ocrasnbHBle pacueThl 1O OnpeleNeHUI0 BhAeNeHHs KHCI0poaa
IJ1S1 KOJIOHOK ¢ HeymopsiloYeHHHIMH HacafKaMH MpPOBOAATCS MO ypaBs-
HeHusaAM (55)—(61).

6.5. BoiOOp KOHCTPYKTHBHBIX Pa3MepOB KOJOHOK € HAacaaKamMu H
HX OCHOBHBIX 3JIEMEHTOB

6.5.1. JluaMeTp KOJIOHKHM H BHICOTA CJIOSl HacalKH (Kak M CBSI3aH-
Hasl ¢ Hell BBICOTA KOJOHKH) ONpeaesAIOTCH Npu pacueTe THAPOAHHA-
MIYEecKOH YCTOHYMBOCTH KOJIOHKH H AecopOLuH KHCI0pOAa.

ITonoxeHne ymopsioueHHOH HacagKu (HUKCHPYeTCH ¢ INOMOILBIO
HHUXKHeH M BepXxHedl pewieToK. I1Jonans XXHBOro ceueHUst peleToK cJe-
ayeT mpHHHMaTb He MeHee 809%. HuxHasA peluerka, KakK mpaBH.o,
HaIJIyXo COeJHHAeTCS ¢ KOPINYCOM KOJIOHKH, BepXHsis JAOJ2KHa OHTb
cbeMHOH. KpenseHne BepXHeH peleTKH AOJIKHO HCKJIIOYATh BO3MOK-
HOCTb BEpPTHKAJbHOI'O NepeMellleHHs 3JeMEHTOB YNopsaovyeHHoli Ha-
CalKH.

Heynopsizouennas Hacazika YKpenasiercs B KOJIOHKe ABYMs ceT-
KaMH: HHXXHell — HeNOABHKHON, B GOJNBIIHHCTBE CJAYuaeB XECTKO coe-
RHHEHHOH ¢ KOpNycOM KOJIOHKH, H BepXHeil — NMOJABMXKHOI, uMeloueH
BO3MOXHOCTb HeGOJBbLIOr0 BePTHKaJbHOro mepeMeuleHus. Ilpu ycra-
HOBKe CeKLUHOHHDYIOILEro Kapkaca caefyeT NPHMEHATDb »KecTKoe Kpen-
JeHHe 006enux CEeTOK.

Paccrofinie MeXAy BepPTHKAaJbHBIMH HJIH HAKMOHHEIMH JIHCTAMH
ynopsafoyeHHo#i Hacagku ¢uKcHpyeTcs WaiGamH, rpeGeHKaMH HIH
JIPYTHMH MPHCIOCOGIEHHAMH.

Ilpn nuamerpe kKosonku Goaee 1,0—1,5 M ynopsinoueHHylo mJaocko-
napaJJeabHyI0 HacajaKy uesnecoo6pa3Ho coGHPaTh H3 KOPHITOOGPA3HbIX
3/1eMEHTOB, YCTAHABIHBAEMBIX B KOJOHKe B I1axmaTHoM nopsiake. Ha-
npaBjieHHe KOPHTOOGDA3HBIX 3Je€MEHTOB B JIBYX CMEXHHIX CJO0SIX
Moxer HaMmeHsATbess Ha 90°. [IpuMeHeHHe KOPHITOOGPA3HBIX 3JIEMEHTOB
N03BOJSAET JIETKO KOMIOHOBATh H3 BEPTHKAJNbHBIX JHCTOB YNOPSAOYEH-
HYIO HacajaKy GOJbIIOHA NMOBEPXHOCTH.

OpollleHHe yNOPAAOYEHHON MJHM HeynmopsiloueHHOH HacalloK peKo-
MEeHJIyeTCsl OCYLIECTBAATD CJAeAYIOIHMH Coco6aMH.

— OpoleHde HacaKH ¢ TNOMOILbIO BOJOpacmpelne/UTeNbHON Ta-
pesky, ¥MMeouwel OTBePCTHA IS pacnpelesieHHs BOABL M OTKpHITHE
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CBEepPXY H CHH3y naTpyOKH AJs nponycka Bemapa. B stoM ciayudae ypo-
BeHb HaJ Tape/JKOH JHMHTHpYyeTCA BbicoTOH maTpy6koB. Bomopacnpe-
JeJINTeIbHAA TapesKa 3a)KHMaeTcs MeXAy (aaHUaMH HJAH NPUBapH-
BaeTcsl K KOPMyCy KOJIOHKH, HJIH Ke YCTaHaBJIHBaeTCH Ha NpPHBapeH-
HOM K KOpNyCy KOJIOHKH KoJablie ¢ rupposatBopoM. Bopopacnpenenu-
TeJbHOE YCTPOMCTBO TAaKOro THINIA JIerKO OYMLIAETCH OT OTJOXEeHHH
rpA3H H Hakunmi. Ha nnMine KOJNOHKH cllenyeT nNpeAyCMOTpeTh ycTa-
HOBKY JIIOKa /sl NMPOBEAEHHS TEXHHYECKOTO OCMOTPAa M YHCTKH BOJO-
pacnpelleJHTeNbHOTO YCTPOHCTBA.

— Opotenne HacajKu ¢ MOMOULbIO 3aKPLITOH BOAAHOH KaMmephl,
cocrosuueﬁ H3 ABYX TOPH3OHTAJIbHBIX JIHCTOB H CKBO3HBIX, OTKPBIThIX
¢ 060X KoHUOB naTpy6kos. HuKHM# JUCT MMeeT paBHOMEpHO pacnpe-
IeJeHHBle OTBEPCTHS AJs mpoxoda BoAabl. IlaTpyOGKH npeaHasHaueHb!
Aas nponycka shinapa. [Ipumenenne 3akphiToil BOASHON Kamephl mo3-
BOJISieT BHE 3aBHCHMOCTH OT BBICOTH MaTPYGKOB MOBLICHTH B JKeJaeMblX
pasMepax rHapaBJHyecKHil Hamop (¢ Uesblo yBeJHYeHHUS pacxoda BOJIbI
yepe3 CJHBHBIC OTBEPCTHA).

B cayuae Heo6xoauMocTH (npH GoJIBIIOM AHaMeTPe KOJOHKH) ycrT-
poHcTBa JIOKAa AJAS TEXHHYECKOro OCMOTPAa HACAafAKH Hiau c6poca OTHO-
CHTEJNbHO MaJo NeperpeTono KOHAEHCcAaTa B BEPXHIOI YacTh KOJOHKII
nenecoo6pa3Ho, ecaH HeT OrpaHHuYeHHH 10 BHICOTE KOJIOHKH, npeny-
CMaTpHBaTh PasphiB MeXJAy BOAOpACIpeleHTeNbHEIM YCTPOHCTBOM K
Hacajakoil BeicoTo# okoso 0,5 M.

TIpu 3TOM, ec/iu pa3HOCTH TeMmepaTyp Aea3PHPOBAHHOH H HCXOA-
Ho#i Boabl Gosbiie 40°C, pekoMeHAyeTcs pacmoJjaratb OTBEPCTHS AJs
HCTEUeHHs! BOABI 113 3aKPHLITOH BOASIHON KaMephl 110 BHHTOBOH JHHHU
B natpy6Kax AJf NMponycka Bhnapa.

TIpyu TakoM cnocofe pacnpenesneHns BoAbl OCHOBHOI Harpes ee npo-
HcXoauT B marpy6kax. dto obycnaBianBaeT NOBLILIEHHE CPelHEH CKO-
pocTH napa M cpefHeil TeMnepaTyphl fea3pHpyeMoH BOABI 10 BbicOTE
He3anoJ/IHEHHOr0 NapoBOro NPOCTPAaHCTBA Nepel HacalKoH H, ciaefoBa-
Te/JbHO, NMOBbILIEHHe HHTEHCHBHOCTH BEHTHJAUHH H BhlIeJeHHe KHCJO-
polxa B 3TOH YaCTH KOJIOHKH,

B oraenbHbIX cayuyasix, HanpHmep npi GoJblUOM Harpese BOAbI
B KoJloHKe (Gosee 60°C), moxer GbiTh UenecooGpa3Ho mpeaycMaTpH-
BaTh OCHOBHOH Mojorpes fea3pupyemoii BoAbl B natpy6Kax aJsi OTBoAa
Bhilapa TaKXe H NpH HeGo/IbLIOA BHICOTE HE3aNOJHEHHOTO NMapoOBOTO
npocTpaHcTBa nepej HacalKoH HJH Aa)ke NpH OTcyTcTBHU ero. [lpn
39TOM HYXXHO YCTaHaBJHBaTb INPOMEXYTOUHYIO BOAOpPacCHpeNeNUTE/b-
HYIO TapesIKy MeXJy BOASHOH KaMepoH M HacaJKo#.

IToTOKH BOAB! H KOHJEHCATOB, NEperpeThie Mo OTHOLIEHHIO K TeMIe-
patype HacHILEHHS, COOTBETCTBYIOLLEH JaBJEHHI) B Aeaspatope, HO
He coAepXallde KHCJIOpOAa H CBOGOJHOM YIJIEKHC/IOTH, AQNYCTHMO
cOpachiBaTh, NOMHMMO [A€a’PaUHOHHON KOJOHKY, HENOCPEACTBEHHO
B 6aK-aKKyMyJsTop.

TIpn Hannuuu B yKa3aHHLIX NMOTOKaX BOABI H KOHAEHCATOB KHCJIO-
poxa u cBobGoAHOil ABYOKHCH YIJIepOla HX cleAyeT HampasjAThb uepes
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KOJIJIEKTOP C OTBEPCTHSIMH B He3amoJIHEHHOe INapoBOe TMPOCTPAHCTBO
MEXAYy ABYMS CJAOSIMH HacaikH (cM. uepr. 6).

Ecan cyMMapHBIA pacxoj meperpeTbiX MOTOKOB BOABI H KOHJEHCA-
TOB He MpeBHIIaer npu6ausurtespHo 5% obuiero pacxosa BOAHI, KO.-
JIEKTOP C OTBEPCTHAMH MOXKeT PacnojaraThbcsl HeNmocCPeACTBEHHO BHYTPH
Hacaaky, 6e3 ycrpoiicTBa pa3phiBa MeX/Ay ABYMS ee CJIOSIMH.

MecropacnosoxeHue BBOAA B KOJNOHKY IeperpeTbiX KOHAEHCATOB H
BOJbl OnpeflesiseTcs CTeNeHnio HX neperpeBa. Uem Gosblue cTeneHb mne-
perpeBa AaHHOrO NOTOKa, TeM HHXKE 110 BHICOTe HAaCaAKH OH JOJDKEH
BBOAHTbCA B KOJOHKY. HeponycTum c6poc cH/IbHO neperpeThiXx KOHJEH-
CaTOB B BEPXHIOIO 4aCTh KOJOHKH.

Jas ycTpaHeHHs HepaBHOMEPHOCTH pacrpeje/]eHHs TemaoBoi Ha-
IPy3KH KOJIOHKH 1O NMOTMEePeYHOMY CEeYeHHIO H CBA3aHHOTO C Hell CHHIKe-
HHS1 3()$EeKTHBHOCTH Jea3PallH BOAH He0o6X0AHMO MepeMellHBaTh IO-
TOKH BOAM H KOHIEHCATOB, €CJH .OHH NMOCTYNaloT B flea3paTop NpH pas-
JIHYHHX TeMnepartypax, B CHNElHaJbLHOM CMeCHTeJbHOM YCTPOWCTBe,
pPacrnosioXXeHHOM B KOJIOHKe.

CMecHTeNIbHOE YCTPOHACTBO COCTOHT H3 JIBYX KaMep — 3aKpHITOH 1t
OTKPHITOH. B 3aKkphITYl0O Kamepy uepe3 naTpyOKH BBOAATCA [OTOKH
BOJB H KOHAeHcaToB. C 1esbio Jy4llero nepeMeulHBaHHsA MOTOKOB OT-
BEPCTHS B ABYX CMEXHBIX NaTpybKax HOJIKHBI OBITb pPacrosoXeHbl
JApyr NpOTHB APYra H pacCYHTHIBAThC TaKHM 00pa3oM, YTOGH CKO-
POCTb HCTEUEHHS NMOTOKOB Gblia He MeHee 10 M/c. OTKpHTas BoAsHaSA
Kamepa coo6llaeTcsi ¢ 3aKPHITOH TOJbLKO uepe3 [Ba AHaMETPAJIbHO
PACIOJIOXKEHHBIX OTBEPCTHS B BEPTHKAJbHOH Neperopojke MexAay Ka-
MepaMmu. Yepe3 3Ti oTBepcTHA cMechb BOABI H KOHAEHCATOB NOCTymaeT
B OTKPHTYIO KaMepy, a 3aTeM uepe3 BOJOCAHB — Ha TapeJKy, HMeo-
LLlyl0 PaBHOMEDHO pacnpefieJieHHble MO €e MJAOIAAH OTBEPCTHS AJIs
OpOIIeHHs] HacaAKH, H MaTpy6KH AAs Mponycka BhMapa, KOTOphIe CBO-
60HO BXOAAT B CKBO3HBIE NaTpPyOKH, pacnosioxeHHue no nepudepuiu
CMECHTeJIbHOrO YCTPOHCTBA.

ITpH oTHocHTeNbHO HH3KOHM cpeAHell TeMnepaType BOAK Nepej KO-
JIOHKOA H COOTBETCTBEHHO OOJBIIHX NOAOrpeBax ee (NPHMepPHO Ha
30°C u Gonee) HeoOXOAMMO NpPEAYCMATPHBATL B BEPXHEH uacTH
KOJIOHKH eCTeCTBEHHYIO KOMNEHCAIHIO TePMHYECKHX HanpsiXeHHA Hal
YCTaHOBKY CneLHa/JbHBX KOMIEHCaTOpOB.

YacTHyHas ecTecTBEHHAast KOMIEHCAaUHS TePMHUECKHX HanpsiyKeHHH
B BoAOpacnpeie/uTeNbHOA KaMepe MoxeT GbIThb AOCTHIHYTA NMPH Hexe-
CTKOM COEAHHEHHH ee ¢ KOPNYyCOM KOJOHKH (cM. yepT. 6).

ITopauy B KOJIOHKY HacCHILIEHHOrO Napa HJH Nnapa, HMeKLero He-
Gosabwioi meperpeB (30—50°C), caeayer oCyWeCTBJAATH CJAERYIOLUIHM
o6pasom:

yepe3 YCTaHOBJIEHHHIH B LEHTPe MOMNEPEeYHOro CeyeHHsS KOJIOHKH
pacnpepe/nHTenb, NPeACTaBAAIOUINHA o060l OTKPHITHIA CHH3Y IUJIMHAD,
Ha GOKOBOH NOBEPXHOCTH KOTOPOTO MPELYyCMOTPEHbl NMPOPE3H AJA BHI-
Xxoga napa (uept. 23);
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yepe3 IPHBapeHHBIH K CTEHKaM KOphmyca KOJOHKH KoJbLieoOpasHblii
pacnpefienuTeslb ¢ PaBHOMEPHO pPa3MEIUEHHEIMH TNIPOPEe3sIMH JAJA BHI-
XoZa mnapa;

yepes KoJJeKTOD C OTBepCTHAMH (uepT. 23).

6.5.2. [lpn GosblioM JnameTpe KOJOHKH (6osee 2 M) peKoMeH-
qyercs NPHMEHATb KoJbLeoOpa3HbIA pacnpeienHTe b napa iJH KOJ-
JIEKTOP C OTBEPCTHAMH.

EciH pacyeTHHIl JQHamMeTp naponpoBOfa K KOJOHKE NpPEBHIIAET
500—600 MM, TO MOABOA Mapa K pacipefeNuTe/ 0 He3aBHCHMO OT €ro
KOHCTPYKUHH Lieiecoo6pa3Ho OCYIIeCTBJIATb ¢ ABYX NPOTHBONMOJIOXKHEIX
CTOPOH.

6.5.3. Ilpn nogaye B KOJOHKY CHJBHO NpPerperoro napa HJIH KOH-
JCHCcaTa uepe3 KOJJIEKTOpP C OTBEPCTHAMH Ha ONHOM KOHUE KOJIeKTopa
JLOJIKHO NPUBapHBAThCsl YCTAHOBOYHOE KOJbLO (cM. uepT. 23), Ha Opy-
roM — ycTaHOBouHble peGpa. YcTaHOBOYHOe KOJbLO 3a)KHMaeTcs
Mmexay ¢aannaMmy nmatpy6ka M noaBoAsuiero TpyGonpoBoja, a ycraHo-
BOuHbIe peGpa cBoOOJHO BXOAAT B NPHUBApHILI.

Onpejenetine pasMepoB naTpy6KoB AN NOABOLA Pa3JHUHBIX NOTO-
KOB BOJIBl H Nnapa MPOH3BOAHTCS MO METOAHKe, ONIHCAHHOI B pasfcic 5.

7. PACYET H PA3PABOTKA KOHCTPYKUHH
BAPBOTA)XHbBIX YCTPORCTB

7.1. Tenaosoii 6ananc 6ap6orarkHoro ycrpoicraa

7.1.1. TennoBo# GanaHc 6ap6GOTaKHOTO Jea’3pHPYIOLLEro YCTPoOi-
CTBa COCTAaBJSETCA C HeJbio ONpENeNeHHs] MHHHMAaJbHO HeoGXOLHMOro
pacxona napa. lefictBHTeNbHBIH pacxon napa Ha 6GapOoTax Mosker
6bITH NPHHAT 0oJiee BHICOKIM, HO JOJ2KEH GhITh COTJIacoBaH ¢ OOLIHM
pacxoloM mnapa Ha Aea3paTop NPH Pa3/HYHBIX peXXHMax ero padoThl.

¥Ypaenenne Ttensoporo OajaHca 14 06ap6oOTaKHOro YCTpOHCTBa
HMeer BHI:

Gnis + Gnin = (GB + Gn.x) i,'l.n + Gn,(»is’ (73)

rae G, — pacxol BOJAH Ha BXoAe B OapOoTaxkHOe yCT-
poOiiCTBO, Kr/u;
i, — 3HTAJbIIHS BOJAHl Ha BHIXOLE U3 KOJIOHKH (Ha
BxoJle B 6ap6oTaxkHoe YCTPOHCTBO), KKaJ/KrI;
G,=0nx -+ Gn6 — pacxol napa, noABOAHMOro K 6ap6oTa:KHOMY
yerpolicTBY, Kr/u;
i, — YHTAJbIHs NMOABOAHMOrO Napa, KKaj/Kr;
G .x — KOJIHUECTBO MNapa, CKOHIeHCHPOBAHHOTO MpPH
nojorpeBe BOJLl OT TeMNepaTyphl Ha BXoAe
B YCTPOWCTBO RO TeMNEpPaTyphl HaCHIUEHHS,
COOTBETCTBYIOIEH JAaBjeHHio B 6ap6oTaKHOM
KaHaJe, Kr/u;
irs — SHTAJBIHA BOAH Ha BHIX0Je M3 6apboTaxkKHOro
yCTpoHCTBa, KKaJ/KT;
G, — pacxod mapa Ha coGcTBeHHo Gap6oTax, Kr/u;
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g — 9HTAJIBIHS HACBHILEHHOro Mapa NpH AaBJICHHHK
B MNapoBoi moJocTH OGaka-akKKyMyJasiTopa,
KKaJ/Kr.
Onpegnenenne BeJHYHH, BXOAAILIHX B ypaBHeHHe (73), IPOH3BOAHTCA
cjaenyouuM o6pa3om:

Gy (inn— i) |
G ==*T"i:1:—' (74)
G, 5 =3600w,7,F,, (75)

rie w;— CKOPOCTb mapa, NpHBefeHHas K NJjoliafn paboueil uacTH
JHcTa, M/c;
Fp— nnomanp paboueii yactn aucra, m2

INpuBenennas BecoBasi CKOpPOCTb Dapa NPHHUMaeTcst paBHOM
WyYn = (0,15-+0,20) xrc/(M2-c).

[Mpensapurensho s onpenenenusi Gpe naolaib ALPUATOro Jil-
cTa npHHHMaeTcs pasHOH 1 M2 W B mocjefyiolleM yTOYHAETCA.

7.2. TupponuHaMuueckuit pacuer 6ap6oraxknoro ycTpoicTsa

7.2.1. HeoTbeM/IeMbIM 3/1eMeHTOM GOJILIIHHCTBA COBPEMEHHBLIX KOH-
CTpYKuHu# aeasparopos, npumensemelx B CCCP, sBascTes HenmpoBafb-
Hoe 6ap6oTakHOE YCTPOHCTBO.

CXeMBl TaKHX YCTPOMCTB NpHBeJeHH Ha uept. 7—10.

S¢ddexruBHag, ycroilunBas pabora HenpoBajibHOH 6ap6oTaXKHOM
TapeJ]KH HMeeT MeCTO NpPH OTCYTCTBHH NpoBaja KHAKOCTH uepe3
oTBepcTHA B Heil. Pexxum paboThl TapeJKH B 3TOM cJydae omnpene-
JsieTcsi CKOPOCThIO Mapa B ee oTBepcTHAX. IIpH He3HAuHTENBHBIX CKO-
POCTAX mapa BOMA NMOJHOCTbIO NPOBAJHBAETCH 4epe3 OTBEPCTHA Tapei-
KH H Ha He#l OTCYTCTBYeT CJ0# >KHIAKOCTH.

VYBeJHUeHHe CKOPOCTH Mapa NPHBOAHT K NOSBJAEHHIO CJIOSl XKHIKO-
CTH Ha TapeJsiKe; NPH 3TOM Yepe3 4acTb OTBEPCTHH NPOXOAMT nap, uepes
Jpyriue OTBEPCTHS NPOTEKaeT XHAKOCTb. IlosHoe mpekpauleHHe mpo-
BaJla JXHMJKOCTH HAacCTynaeT NPH onpejeseHHOH CKOPOCTH mapa B OT-
BepCTHAX (Ha3blBaeMOH MHHHUMAJbHO HeoOGXORHMON), Koraa I[oja
JHcTOM obpasyeTcsl ycTofiuuBas naporas moaywka. Onpejeseniie Mu-
HHUMa/NbHO HeO0OXOJHMOH CKODOCTH mapa peKOMeHAYeTCS NPOH3BOAMTH

1o ¢opmy.e
12 S/~ —
2 4 peeo
1,25 ‘/m V &% (1e—1n)
W pin = . lf‘/-:{i ’ (76)
n
rie 6 — K03 dHIHEHT NOBEPXHOCTHOrO HATSKEHHS CHCTEMHl BORA —
nap, Kr/m;

Ys — YReJbHBIH Bec BoAb B 6ap6OTaXKHOM YCTpOMCTBE, Krc/m3;

Yn — YAEJbHHIA Bec napa B napoBo# noayuike 6ap6oTaKHOro ycr-
poiicTBa, Krc/mé;

d, — nuaMeTp OTBepCTHH MJH IHPHHA Wiejedl B 6ap6oTaXKHOM JIH-
cTe, M.
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PacueTHast MHHHMa/bHasi CKOpOCTb Mapa B OTBEPCTHAX (WaH lie-
Js1X) 6apGoTaXKHOro NHCTA NPHHUMAETCH B 3aBHCHMOCTH OT JUIHHBL
JINCTA M €ro reoMeTpHH w;,“'“=(2+4)wm,,.

Jlns npaxkTHuecKHX DAacyeTOB MHHHMaJbHYIO PAacyeTHYIO CKOPOCThb
napa B OTBePCTHAX 6ap60TaxKHOro JIHCTa MOXHO ONpelessTh MO
sMnupHuyeckoit hopmyne

wmin — 22 (77)

JKuBoe ceuenute A1 npoxoaa napa B 6ap60OTaXKHOM JHCTe onpene-
Jasiercs no dopmyse

Gav
Q — . Unln
" 3600w’ (78)

rie vy — yAeabHbl o6beM napa B napoBod nojymike Gap0oTaxHOro
ycrpoiicrsa, M3/kr.

Huamerp orBepcTHif Ha 6ap6OTaxHOM JHCTE PEKOMEHAyeTCsl MpH-
HUMAaTb paBHBIM 5—8 MM, a wupuuy weneit 3—4 mm. Hucno orsep-
cTHit (weseit) Ha 6ap6oTaxkHOM JaucTe OyAeT

N=2u, (79)
fo
rae fo— MJolaab eJHHHYHOTO OTBEPCTHA HJIH LIEJH Ha JIHCTe, M2

Janee npoH3BOANTCA pa3MeTKa PacHoJOXKEeHHS OTBEPCTHH MM ule-
Jeli Ha paboyeli yacTH JIHCTa.

Hlar oTBepcTHil B pALY NPHHUMAaeTCsl PaBHBHIM S, =3d,.

Yucsao orsepetiil B OAHOM PSAAY

m= A (80)
Uucno paaoB oTBepCTHI
n=2, (81)
Pa6oyas pauna aucra
I=(n—1)s,, (82)

rie S, —1ar Mexjay psaaMH OTBEPCTHIl (WM llesIMH), NPHHAMAe-
Mblit paBibpIM 0,050—0,100 M.

Inowans aucra Feqa=al.

[lpn HecoBnagenum pacyeTHoW muomiagn 6apGoOTaKHOro JIKMCTA
¢ TpelJBapHTe/]IbHO NPHHATON ee BeJqHUHHOH, paBHOH 1 M2, npoBoAaHTCA
yTOUHEHHe BeJHYHHBI pacXxoa napa Ha 6ap6oTakHoe yCTPOHCTBO.

Takum o6pa3oM, pacyeT H KOHCTpyHpoBaHHe 6ap60Ta)KHOro ycrt-
poficTBA NMPOBOAATCS METOAOM MOCJEAOBATENLHOrO NPUOAMKEHHUH,

7.3. Pacuyer BbICOTH NapoBoOH MOAYIIKH NMOJA, JHCTOM

7.3.1. Ons obecneueHus paBHOMepHON pasfauyd mapa yepe3 oTBep-
CTHAl 1M Wead Gap6oTa)KHOro JHCTAa HeO6XOAHMO OO6ecrnevyuTp Mo
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HHM YCTOHUHBYIO MapoByl0 MOAYUIKY. BricoTy noayikn pekomenayercs
nMmerb He meHee 40—45 MM npu aaune aucra 600—800 MM u He MeHee
50 MM npu anuse aucra Gonee 800 MM. Bricora napoBoli noAyulku
NPHOJIHIKEHHO MOXKET ONpeAessaTbesi No ¢Gopmyse

n1n
- 'In)2 do + & 2¢(ts—1n) "’

-2}/

(83)

rie Wp— CKOPOCThb mapa B OTBepcTHsAX 6ap60TaKHOTO JHCTA.

Jlasi npakTHyecKHX pacueToB MepBLIM cjaraeMbiM B ¢opmyJe (83)
MOKHO npeHe6Gpeub BBHAY €ro MaJioif BEJHYHHH.

Jas uieneBoro JMcTa BMeCTO JHaMeTpa oOTBepcTHS d, CleAyer
B Gopmyny (83) noacrTaBaAThL WHPHHY weaH. KospduuuerT MectHoro
CONpPOTHBJIEHHS { npHHHuMaeTcs B ¢opmyae (83) pasumm 1,9—2.0 ans
oTBeptTH nuHaMerpoM A0 8 MM 1 .paBHHM 1,5 Ana 1lenel WHDPH-
HOH 3 MM.

[TapoBas moaywka poJkHa obGecneyHBaThcs MPH BCEX pexilMax
paborthl neaspatopa. B cBs3u ¢ atHM 6ap6oTakHBI JIMCT peKoMeH-
JyeTcsl CEKUHOHHPOBaThb CO CTOPOHBI NapoBOH MNOAYIIKH OHOH HJIH
JBYMs1 MeperopojKaMH, pacrno/ioKeHHbBIMH MNepNeHJHKY/JIAPHO Hampas-
JIGHHIO JBHXKeHHs BOAL HaJl JHCTOM, YTO MNOBHIIAET PaBHOMEPHOCTb
pa6oTHI JiMCTa MPH MaJblX Harpyskax geaspatopa. MHHHMAaNBHHI pac-
Xo/L napa Ha 6ap6oTaxkHoe YCTPOHCTBO He JOJKeH NpeBbLIATb MIHHU-
MaJibHO HeOGXOAHMBIH pacxoj nmapa Ha fleaspartop.

B cBsisu co 3HauHTeNILHBIM H3MeHEHHEM pacxola mapa Ha jAeaspa-
TOP NPH W3MEHEHHH DeXHMa ero paboThl peKOMeHAyeTcsl 4YacTh mapa
nepenyckaTb B 06Boj 6ap6otaxkHoro JaHcTa (uepr. 8—10). Koanue-
CTBO NepenycKaemMoro napa MozKeT MeHsThc B npeaenax 30—70%.
KosddHuHeHT MeCTHOrO CONpOTHBJIEHHS NEpPeNnyCcKHOro yCTPOMCTBA 3a-
BHCHT OT ero KOHCTPYKUHH H FeoMeTpPHH H cocTtaBaser ot 4,5 (cm.
yepT. 8,a) mo 13,2 (uept. 9).

7.4. PexoMeHpauru no sni6opy pasmepoB aieMentoB 6ap6oTaxuo-
ro ycrpofictea ILKTH B Gake

7.4.1. Bap6oTaxHoe yCTPOACTBO COCTOHT M3 KaHaJsa, IPHUEMHOH mna-
pOBOH KaMepH M NoAbeMHOH mWaxThl (4eprT. 7).

Bap6oTaxHHii KaHa1 npefcraBaser co6oil NPAMOYroJNbHYIO Kamepy
IUIHPHHON a, BBICOTOH b H AnuHON [. BHYTpHM KaHaja Oas XKECTKOCTH
BCEro YCTPOHCTBAa YCTAaHABJMBAIOTCA BEPTHKaJbHEIE TNEPEropOAKH.
Pasmep a nomkeH BuGHpaThCs B 3aBHCHMOCTH OT JHaMeTpa
6aka. PaccTosiHne oT HHXHeH o6pasyloleit 6aka Ko 6apG6oTaKHOro
JIHCTa He JO/KHO OhiTh Gosee 150—200 MM, Tak Kak yBeJHUYeHHE ero
NIPHBOAIHT K 3aMeTHOMY COKpalileHHIO moJie3Horo o6bema 6aka. B cay-
yae HEBO3MOXHOCTH BBIMOJIHEHHS 3TOro TPeGOBaHHS yCTaHABJIHBAIOTCA
ABa 6ap6oTaxKHBIX YCTPOHCTBA, BKJAIOUAEMBIX NapaJlieqbHO H YyCTaHaB-
JIHBaeMBIX B NMPOTHBOMOJIOXKHBIX TOpuaX 6aka-akKyMyJasTopa.

DaeMeHTEl 6ap6OTaXKHOTO KaHafaa ClelyeT H3rOTOBAATH H3 KOpPpPoO-
3HOHHO-CTOHKOTO MaTepHaJa.
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Pexomenayercsi IpHHEMATh caelylOLlHe OCHOBHbIE KOHCTPYKTHBHBI®
pa3mepnl 6ap60TaXKHOTO YCTPOHCTBA:

Beicota napcBoit kamepn . e 150—250 mm
Paccrosnne Mexnay mneperopogkamd . . . . 100—150 mm
Bricora BepTHKaJLHOM NEPETrOPOAKH MIAXTH . . Ha 150 MM Bbime

BEPXHEro YPOBHS
BOAH B Gaxe

BricoTa UHPKYJAUHOHHOH NeperopoiKH LIAXTH . Jo ocu Gaka
Paccroanne ot koHna 6ap6oTaxXHOrO KaHana

M0 UHUDPKYJALHOHHON NEpPeropoakH . . . 700 mm
PaccrofHue 0T UMPKYJIALHOHHOH neperoponxu

AO0 ocd BCacelBalomero narpybka ., . 500 mm

JKuBoe ceueHne Ha BXojJe BOAB B 0ap6GoTaxKHbIH KaHaM cOCTaB/IfAET

e Gavy
Qo =0b= 3600w, * (84)
rile a— WHPHHA KaHaJa, M;
b — BbicoTa KaHaJa, npuHHMaemas pasHo#l 0,150—0,250 w;

Gz — pacxoi BoAbl uepe3 6apOoTaKHHI KaHaJ, Kr/y;

@y — CKOPOCTb BOABLI BO BXOJHOM ceueHHH KaHaJa, NIpHHHMAeMas

pasHo#t 0,10—0,25 M/c. ‘

[Tpu nomown dopmyab (84) HaxoAAT WHPHHY KaHaja a.

7.5. Pacuer pera3zaunu

7.5.1. HUccnenoBanue HenpoBaJbHBEIX 6apOOTaXKHBIX JIHCTOB I0OKa-
3aJ/10, 4YTO NPH NMEHHOM peXXHMe Ha HUX Npoliecc AerasallHH BOAH MpO-
HCXOAMT 32 cueT ABYX (DAaKTOPOB: yBJieueHHs! ra30BHIX Iy3LIPbKOB MO-
TOKOM napa H TypOy/ieHTHOH AuddYy3un.

TTpu nogorpese Boasl Ha 6ap6oTaxkHoM JHcTe GoJee yem Ha 4—5°C
(R0 TeMmmepaTyphl HacblLIEHH) He NPOMCXOAHT JOCTAaTOYHOrO pa3BH-
THS 1eHHoro cnios. IIpH 3TOM HHTEHCHBHOCThL npolecca AerasalliH
pe3ko mnaxaer. TemnepaTypa BoAbl, nocrynawouiedi Ha 6apGora’<HBIH
JIUCT, MOJI2KHA OTJIMYATLCA OT TeMMNepaTyphl HachbILEeHHS Ha BQJIHUUHHY
He Goaee 4—5°C.

OjHoi H3 OCHOBHBIX XapaKTepHCTHK, onpeaensomnx apdexr gera-
3allUM Ha HenpoBaJbHOH O6ap6oTakHO# TapenKe, sIBASETCH AHHAMHue-
CKHH Hamop BOASIHOTO mapa B paloueM ceueHHH Gap6oTa)KHOro JiHcTa
pas (uept. 27).

M3 ueprt. 27 BHAHO, 4TO yBeJuueHHe 3¢ deKTa AerasalHd NPoOHCXO-
JIHT JI0 ONpeje/eHHbIX 3HauYeHHWH BeJMYMHH JAMHAMHYECKOro Hamopa
noToka BoAsiHoro napa. ONTHMAJbHBIMH 3HAUEHHSIMH MOXHO CUHTATD:
ANA KHCIOpoRa pu®@a =95-10-3 Kre/M2, 44 cBOGONHON YIJIEKHCIO-
Thl 115-10-3 kre/m2.

JanbHeiilee yBe/HueHHe JHHAMHYECKOrO HAmopa MOTOKA Mapa
NpaKkTHYeCKH He BJHAeT HAa mnpoliecc Aerasauud. [IpH yKasaHHBIX
3HAUEHHAX NHHAMHYECKOro Hamopa [OOCTHralTCsl MAaKCHMAaJIbHO BO3-
MOXXHAf B JQaHHBIX YCJAOBHAX TypOyausauus ABYXasHOl cHCTeMB
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JasucumocTs rasocoaepkanua 6ap6oTaXKHOro ciaof  OT
AHHAMHAYECKOro Hanopa BOARHOrO napa

= 1-(ha/hp)

a7 //
4

i
0%

0 J0 190 150 200 »0 ,
in,,-m N

Yepr. 27

¥Ynanenue cBoboAHOM YriAeKHCIOTH M KHCAOPOAA HA
6ap6oTaKHOM JMCTE B 3ABHCHMOCTH OT AHHAMHue-
CKOT0 Hanopa napa

75x/€y

’
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09 \ |
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h \‘\__,
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P,,w,,z-lﬂ‘ffra/uz

H
KOHUEHTPAUHHK KHCJAopoAa H cBOGOZHOM YIJIEKHCJAOTHI B

BOAe MNpH BXOoAe H BbIXoae ¢ GapOOTaXKHOro JHCTa MNPH
AaBneHHH B pneasparope p=0,05- 0,5 krc/em?

Yepr. 28

1 — cno6onHas  yraekucnaora; 2 — Kuciopon; €y H € —
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Y1 MaKCHMaJ/bHas MOBEPXHOCTb KOHTAaKTa (has, uTo XOPOLIO COTJiacyercs
C 3KCHEePHMEHTaJbHBIMH JaHHBIMH yepT. 28, Ha KOTOPOM NpeacTaBJeHa
3aBHCHMOCTb rasocojep:kanus 6ap60Tax<HOro CJ0st OT JHHAMHYECKOro
Hamopa mapoBOro moToKa.

IlpenenbHble 3HaueHHs BeJIHUHHBI AHHaMHUYECKOrO Hamopa mapa
COOTBETCTBYIOT HaHOOJbllileMy Pa3BHTHIO MOBEPXHOCTH KOHTakTa ¢as
B JaHHBIX YCJOBHSIX, TaK KaK Da3BUTHEe NOBEPXHOCTH KOHTakKTa (as
NpsiMO NPONOPLHOHAJDLHO Tra3oCOAEpP:KaHHIO ABYX(asnoro caos. To
KayecTBEHHO M KOJHYECTBEHHO TOATBEPXKAAeTCS TIPH CpaBHEHUH
uepT. 27 u 28. Ilpu npeBbilIeHHH ONTHMAJILHOIO 3HaYeHHS pnwf BeJIH-
YHHa ras3ocoacpaHHus H 3(1)(1)CKT Jera3alHH CTAHOBATCA aBTOMOIEJb-
HBIMH 110 OTHOLUEHHIO K AHHaMHYeCKOMY Hamnopy napa.

[ToBbllleHHe HayaJbHOH KOHIEHTPALHH ra3a B BoA€ NpPH MMOCTOSH-
HOM 3HaYeHHH pnw?, BeJleT K pOCTy KOHEUHOIl KOHUEHTpauHH rasa,
a KHCJIOPOX yAaJisieTcssl MHTelcHBHee cBOOOAHOM yraekucaorhl. [Tocaen-
Hee OGBACHfETCA Pa3/HYyHOI PacTBOPHMOCTbIO 3THX ra3oB B BOJE, PH
3TOM HHTEHCHBHOCTb Heras3auin obpaTHO NpoOMoOpuUHOHAJbHA pAacTBO-
PHMOCTH rasa B BOJe.

Jaa pacyera npoulecca maccomnepefauyd Ha HenpoBaJbHbIX 6ap6o-
TaX{HBIX JIHCTAX NMOJ BAKYYMOM PEKOMEHAYIOTCH CJeAYIOUIHe KPHTepH-
aJlbHble YPaBHEHHS:
1J15 KHCJopoja

M=1,32La%%; (85)
AAs ¢cBOGOAHOMN yryIEKHCNOTH
M= 0,805La"*, (86)

rae M — kpurepnit Mapryanca. M= —5—_-;

K
La — kpurepuii Jlanaaca.
3aecs K — koaduuneHT Macconepenayu;
W% — CKOPOCTb TeyeHHs XKHIKOCTH 110 6ap60TaKHOMY JHCTY, M/4.
2
p wid
La: n - no .
]
rie Wn— CKOPocTb napa B paboueM ceueHHH O6apOOTaXKHOrO JH-
cra, M/c;
Pn — IVIOTHOCTb Mapa, COOTBETCTBYyloLlash AaBJjeHHIo nox OGap6o-
TaXHBIM JIHCTOM, Krc-c2/m4; p, = —1,‘1-;
do— WIHPHHA WeJAH MM AHAMETP OTBePCTHA Ha 6apGOTarKHOM
JHCTe, M; peKoMeHJAyercs NpHHHMATh Aaa weded 0,003—
0,005 M, naa orsepctuit 0,005—0,008 M.
YpapHenns (85) u (86) melicTBHTENbHEI B [JHana3oHe H3MEHEHHs
Kputepust Jlanaaca aas kucaopoaa or 1-10-3 no 40-10-3, aas cBo-
6onHof yriekucaors ot 1,8+10-2 no 60-10-3,
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YpaBHenus (85) u (86) omuceiBaloT mpolecc JerasalHH BOALI L0
ONTHMAaJIbHBIX 3HAaYeHHH JHHAMHUeCKoro Hamopa napa.

Koagouunesr macconepenayu B 3THX yPaBHEHHAX ONpeNC/IsiCTCS
H3 BHIpaXKeHHd

G,
K=-rig (87)
rae  Gp— KOJHYECTBO yAaNsieMOro rasa, Kr/d;
F — pa6ouyas naowaas 6ap6oTaxKHOro aHCTa, M2
AC¢p —cpenHsisi ABHXKYILAsA CHAA Ipolecca Mmacconepeiayd NpH
TniepekpecTHOM TOKe, Kr/M3, onpesensiemast no (opmyne

AC,, = (Cn — Cnp) = (6« —Cup) _ cx.p;‘ Cy.p (88)

23 lg%‘—%
3 H.p
31ech €y H Cx — KOHUEHTPAIHH KHcaopojda WIH cBOOOAHOH yriekuc-
JIOTH B BOJE NMPH BXoje H BhIXoAe ¢ Oap6GoTa<Horo
JHCTa, Kr/M?;
Cyp H Cxp— KOHUEHTPAUHH YAAJAEMOIO ra3a B KHAKOCTH, PaBHO-
BeCHble ¢ HayaJbHOH KOHUEHTpalHed rasa M ¢ KOH-
UeHTpalHell rasa, nokuaaiouero 6ap6oraxHulil JHCT,
Kr/M%, Tak Kak pacxoj napa, nokuaatomero GapGo-
TaXKHbI#l JIMCT, 3HAUHTEABHO MPEBOCXOAHT PACXOX BHI-
JeJHBIIHXCSA Tra30B, TO BEIMUHHB Cap M Cxp OKAa3hHl-
BAlOTCA NPAKTHYECKH DaBHHMH HYJIO H HMHM MOXHO
npeHebpeub.
CKOpOCTb TeYeHHsl XKHAKOCTH no 6GapOoTaKHOMY JIHCTY onpefe-
asietcqd no Gpopmyae
i

’
thll

rae i — MHTEHCHBHOCTb NMOTOKA XXHAKOCTH, M3/(M-u);
Rypwn — BBICOT2 QHHAMHYECKOTO €JIOSl XKHJIKOCTH, KOTOPHI ocTajcs
61 Ha 6ap6oTaXKHOM JHCTe nocje pa3pylueHHS AByxdas-
HOr'0 NMOTOKa, M.

wm =

aL,Q

i=-=2,
rjie a— JJHHA TepeJHBHOrO Nopora, M.
2
B nunanasoHe H3MeHEHHA ppwy OT 15-103 go 150-10-3 xnc/M? BHI-
COTy AHHAMHYECKOro C/I0f MHIKOCTH DEKOMEHAyeTcs ONpelessiTb IO
dbopmyaam:

hmm = (018 - 1,15Pn’w?|) hos (89)
hy= by +3VP, (90)
rae  ho— BHICOTA CJOSA XHAKOCTH Ha JIHCTE NpPH OTCYTCTBHH GapGo-

Taxa, M;
hn.n"‘ BbICOTa NEPEJHBHOIO nopora, M.

5 3axas M7
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Ha ocHose ypaBuennii (85) u (86) pexoMenayrorcs dopMysl Ans
onpefieseHns Ko3ddHIHeHTOB Maccolepenayn:
RJISL KHCJIopoa

g

2 0,33
pa@rd »
Ky = 1,32w,,(—"-l£) : 1)
U1 cBOOOAHOH YrJIeKHCJIOTHI

it
Ko, = 0,805, (-"—-—") . (92)

8. OXJIAJIMTEJIH BBITTAPA

8.1. BuiGop THNa H KOHCTPYKUHKH OXJNafHTeNs Buimapa

8.1.1. Oxnapurens Bhnapa npegHa3HauaeTcss M KOHAEHCAHHH
nmapa, cofepxallerocs B NaporasoBoii cpeXe (BhImape), ¢ IeJbio CO-
XpaHeHHs Tella H KOHJeHcaTa B TelJOBOH cxeMe oObeKTa.

Oxnaaurens BHINapa NOBEPXHOCTHOTO THNA

T 277277

NS

IVosss

=

YepT. 29

8.1.2. Ilo Tuny oxsiaguTesu BblIapa MOTYT OBLIThb MOBEPXHOCTHBIMH
(Tpy6uaThIMH) ¥ CMeIIHBAIOIUUMH, BBIHOCHBIMH MJH BCTPOEHHBIMH
B JleadpalHOHHYIO KOJOHKY.

8.1.3. Han6osee pauuoHaJbHEIMH SIBJASIOTCS KOXKYXOTpyGHbIe anma-
paThl BHIHOCHOTO THIId, KOTOPHI€ HAIJIM HIMPOKOE NMPHMEHEHHE B OTe-
YeCTBEHHOH NpAaKTHKe.

KoHcTpykuust oxnaguresneil Bhmapa AJist 1ea’patopoB H3GBITOUHOIO
IaBJIeHHS W BaKYYMHBIX NpHBeJeHa Ha yeprt. 29.

8.1.4. B xauecrtBe Marepuasna nisi TPyGHOH cHcTeMbl OXJaJHTeNs
JOJIKHBl TIPHMEHSATBCS KOPPO3HOHHO-CTOHKHE MaTepHaJbl. DTHMH Ma-



PTM 108.030.21—78 Ctp. 67

TepHanaMu Moryrt OblTb JaTyHb Mapku JIO-71-1 TOCT 15527—70,
cnnas MH)K-5-1 TOCT 492—73 u kKoppo3HOHHO-cTOHKasi (HepiKaBelo-
uiast) cradb.

8.1.5. Haunbosee ynorpeOGuTeNbHBIMH AJS [JaHHBIX anmapaToB $B-
JAA0TCA TPYOB € HAPYXKHBIM JAHaMeTPOM drap=16 MM H TOJLUHHO#H
creHku 6=1,0+1,2 MM.

8.2, Cxema BKAIOUEHHS OXJIaJMTENs BhinMapa

8.2.1. Oxsnamurenb BHINapa fBJAseTCH O00A3aTEJbLHHIM 3J€MEHTOM
Jllea3palHOHHOH yCTaHOBKH. MoryT ycTaHaB/IHBaTbCsi HHAHBHAYaJbHblE
(Ha KaXXAH#A mea3paTop) HJH IpPynnoBhe (Ha rpynmy jeaspatopoB)
OXJIaIMTeJIH BhINapa.

J1a BaKyyMHHIX ea’paTopoB M JeaspaTopos aTtmochepHoro Aas-
JIEHHsl YCTaHaBJNHBAIOTCA TOJNbKO WHIAMBHAYaJbHHE OXJAAHTENH BHI-
napa.

Jns peaspaTopoB NOBLIIIEHHOTO JAaBJEHHUA ¢ OLHOH KOJOHKOH Ha
IHeaspaTopHoM Oake cJjeflyeT NPHMEHSATb HHAHBHAYaJIbHBIH BBHIHOCHOMH
OXJIafiuTe b BHIApa, a NPH ABYX KOJOHKAax Ha Gake, paGoTaloliuX na-
panjiesapHo, — OAUH (rPYNNoBOM) OXJajHTeJNb BHNapa.

8.2.2. B TexHHyecKH 0OOCHOBAHHBIX c/ydyasiXx pa3paGOTYHKAMH MO-
TyT IPHMEHATbCS YacTHbie pelleHHs B BONpPOCe YTHJAM3alLHM BHINApa.
B uacrHocTd Ha T3Ll BO3MOXKHO HCMO/Mb30BaHHE BHIapa AeaspaTopos
MOBLILIEHHOTO AaBJIeHHA B JeaspaTopax aTMocepHOro AaBJeHHS.

8.2.3. B kauecTBe oxsaxzuaiomeHd BOAB B OXJaAHTeJSX BHMNapa
Jlea3paTopoB MOBLILIEHHOTO AaBJeHHS OOBIYHO HCMOJAb3YeTCS OCHOBHOI
KOHAeHcaT Typ6HH HJH Ao6aBoyHast BOZa MOC/Ae Aeas3paToOpoOB aTMO-
chepHoOro faBJieHHS.

B TexHHueckH 0GOCHOBAHHEIX CAyYafX MOMeET NPUMEHATHCS OCHOB-
HOHl KOHJAeHCAaT ¢ TeMnepaTypod, paBHOi TeMnepaType KoHAeHcara
nocne ITHI-2; 310 OTHOCHTCA K paioHaM [elIeBOr0 TONJIHBA.

8.2.4. lna oxnapuTeneil BHNapa Aea3paTopoB aTMocepHOro AaB-
JIEHHS B KayecTBe OXJaKJalolleH cpeibl caefyeT NPHMEHATb MOJHBIH
HJIH YacTHYHBIH pacXol OCHOBHOTO Jea’pHPyeMOro NOTOKa BOJHI,
HMEIOILero NPHeMJIeMYIO TeMIIEPATYpY.

8.2.5. Ina oxsnanuTeselt BHNapa BaKyyMHBIX 1€a3paTOpPOB IIpHMe-
HSIeTCSE UCXOJHas BOJA NpHeMJeMOH TeMIepaTyphl.

8.2.6. KonmeHcat M3 oxsamuTteseil BHNapa [ea’paTOpPOB BCeX TH-
NoB OOBIYHO CJHBAeTCH B ApeHaXKHble OakH.

8.3. TennoBo#t M rHAPABAHYECKUH pacueTbl oXxJaajauTesieil Buimapa

8.3.1. YpaBHenue TensioBoro GOasaHca oxJajHTeas Bhinapa (Ges
yueTa NOTEpH TelJa B OKPYXKalolLyI0 cpely M NpH SHTAJBIHMU BBIIApa,
PaBHOH 3HTAJBINH HACHILLEHHOro napa)

GBhIniBbln = Gn (in,— in,) + Gxik’ (93)

rde  Guun— pacxol BHIIapa, Kr/u;
ipran — YJA€JbHAs 3HTaJbNMs HACHILIEHHOTO Napa, colepiKalle-
rocsi B BHITape mepef OXJaaureleM NPH JaBJEHHH B Je-
asparope, KKaJ/Kr;

5*
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Gy — pacxoj oxJaxaamlleil BOAb, Kr/y;
lp,, Iy, — 3HTAJABNUA BOJALl NPH BBEIXOAE M3 anmaparta H BXoje
B HEro, KKaJ/Kr;
Gy — pacxoji KOHIeHcaTa mapa W3 Bbinapa, Kr/y;
ix — SHTAJIbNHA KOHAEHCATa, KKaJ/Kr.

8.3.2. B coorserctBun ¢ TpeGoBanusimu I'OCT 16860—77 yneiib-
HBI pacXoj Bbinapa npuHHMaercs s geaspatopos HAIT— 1 ko/ta.B.,
ans peaspatopos JA— 1,5 kr/ra.B. ¥ aas  geaspartopos B —
5 Kr/T &. B.

8.3.3. TlockonbKy OTHOCHTeJbHOE coAepxkaHHe BO3AYXa B B8blmape
HE3HAaYHUTEIbHO, MOZKHO NPHHATDL

G oy =~ Gy.

Orciona NpH OTCYTCTBHM MNepeOXJda)KACHHs KOHAEHcara mnapa M3
Bblllapa pacxoxn oXNnaxaaolled BOAbI

Goapn”
G,= T—5 (94)

TAE 7=iguy — ix — YAeJbHad TemjoTa mapooGpa3oBaHHA NpH AaBJje-
HHM B Jeaspatope, KKaJ/Kr.

8.3.4. Mnowanb NOBEPXHOCTH OXJAXKAEHHST OXJALHTENS BhINapa
Tpy6uaroro THna onpefensercs no dopmyae

bGy
F,, =g, (95)

k — xoadduuneHT Tensonepenayu, Kkaa/(mM2.q.°
b — xo>dpduunent 3anaca.

8.3.5. 3nauenHe xoa¢uuHeHTa b BHIGHpaeTcsi B 3aBHCHMOCTH OT
matepuana Tpybok. B cayuae npumeHeHus TpyGOK, NMPaKTHYECKH He
1I0/lBEPXKEHHHIX KOPPO3HOHHBIM pa3pyluieHHsiM (u3 cniiaBa MH)KS-1,
113 KOPPO3HOHHO-CTOHKOH CTajlu M Ap.), NPH onpeleNeHHH MNJoWanu
NOBEPXHOCTH OXJaxJeHHsi Fop caenyer npunuMarts b=1,1. B ocranb-
HBIX cJyyasiX, B 3aBHCHMOCTH OT KOPPO3HOHHOH CTOHKOCTH TPYO6OK,
B TOM uHcae H aasi aatynu JI-68 'OCT 15527—70, b=1,2+1,3.

8.3.6. CpenHenorapudMHuecKass pa3HOCTb TeMnepaTyp HaXoXHTCA
M3 BbIpaXEHHA

rie Af— cpenHesorapudMuueckas pa3HOCTb TemnepaTgp, °C;
).

My (96)

t —
231g ;_2'-
s

tB

rae ty, M f, — TEMNepaTypnl oxJaxkaawlleHd BOAL A0 H NOCJe oxaa-
nurenst Beinapa, °C;
{s— TeMIepaTypa Bblllapa, IpHHHMaeMasi paBHOH Temmnepa-
Type HacHlleHHS, COOTBETCTBYIOLLE! AaBJEHHIO B fead-
parope, °C.
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8.3.7. KostduuHeHT Ttensionepenaun onpefensiercss mo dopmyse

k=, o7
1,08, 1,
rae R=-a;'+ ‘)‘—+:,
on — KO3(Q@HUHEHT TemJOOTAAYH OT napa K CcreHke TpyoOKH,
Kkaa/(m2-4y-°C);
8 — TonMHA CTEeHKH TPYOOK, M;
A — kosdduHEeHT TenJIONPOBOAHOCTH Metasia  Tpybok,
Kkaa/(M-4:°C);

oy — KO3(P(PHIUHEHT TEeMJIOOTAAYH OT CTEHKH TPyOKH K OXJa)KAaio-

we# cpene, kkaa/(m2-4.°C).

8.3.8. TIpu pacxoae Bumapa Gosee 1,0—1,5 kr Ha 1 T Reaspupye-
MO¥ BOAB H JaBJeHHH B oxJajnurene suinapa 1,0—6,0 krc/cm? 3Haue-
HHE g CJeflyeT NPHHHMAaTh B 3aBHCHMOCTH OT HayaJbHOrO CORepiKa-
HHA KHCJIOpOfia B MOCTyMHaiolllefi B AeaspaTop BOAE M CTENEHH M3BJe-
yeHHs napa u3 BeINapa corJacHo Tabu. 5.

Tabruya 5
HavansHoe comepxanne Kosdduunenr
KHC/IOPOZA B BOAL, g;;:e::: ::‘:":;’;"‘;/: TenlooTxauH,
MT/KT KKaJu/(m2-4.°C)
1 99,5 7000
10 99,5 6000
1 99,9 5000
10 99,9 4000

8.3.9. Ko3ad¢puuueHT TenJooTAauH OT CTEHKH TPYOKH K OXJIaXKAalo-
e Boje peKOMeHJyeTcs ONpeResiTh H3 BhIpaXKeHHS

w8

ty=2 (98)

rie 2— MHOXHTe/lb, 3aBHCAUIHA OT TeMmepaTypbl oxJa)kAaalolueil
BOZH, M/c;
dgn — BHYTPeHHHIl AuaMeTp TPYOKH, M.

3HaueHust 2 A/s1 BOABI HAa JIMHHH HacChILIEHHA npHBEAEHH B taba. 6.

Tabauya 6

Temnepa-
Typaocsonu, 0 20 40 60 80 | 100 | 150 | 200 | 250
Beauuuna z 1230 | 1615 | 1990 | 2310 | 2670 | 2740 | 3230 | 3590 | 3590

8.3.10. Ckopoctb oxnaxaamowel BoAbl B TPyOKax wy BHGHpaeTcs
B 3aBMCHMOCTH OT MaTepHa/aa TPy6OK M JAONYCTHMON NMOTEPH AaBJEHHA.
IMpu ~naTyHHbIXx TPyOGKax peKOMeHAyeTcsl NDHHHMaTh Wy He OoJsee
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2,0 M/c, npu Tpy6rax us cnsaa MH)KS-1 uau xopposnonuo-croixoi
craan o 3,5—4,0 M/c, oGecneunBas BHOPOCTOHKOCTL TPYGHOH cHCTe-
MBI annapara.

8.3.11. Odunamerp TpyGonpoBoja BeINapa onpenenasercs no gopmyJe

GannUsuin
yun = 0,785Wgyy ’ (99)
TA€ Upyn— YASAbHBEIH 00beM BHNapa, NPHHHMAEMBIH DaBHHIM Yylenb-
HOMY 0o6beMY HacCHIIEHHOTO Mapa IpH aBJeHHH B Jeas-
patope, M%/Kr;
Wy — CKOPOCTD BHIapa B oTBOAALLEM TPyGompoBone, m/c.
Ckopocrb BblIapa Wgy,n NPHHHMAaeTcss B JleaspaTopax arTMmo-
cepHoOro nasinenust 50—60 M/c u B fleaspaTopax MOBHILIEHHOro AaBJe-
Hust (6—8 krc/cm?) 30—40 m/c.
8.3.12. Ha TpyGonpoBojie Beinapa ycTaHaB/JIHBAETCA OrpaHHYUTE/ND-
Has anadparma, paccyHTaHHAsi Ha HOMHHAaJBHBIA pacXofA BeIIapa.
8.3.13. Inamerp TpyGonpoBoia oXJaxKJalolleH BOAB H NMPHCOEXH-
HHTEJDbHBIX WITYUEPOB PAacCYHTHIBAETCH MO CKOPOCTH BOJBI, NPHHHMae-
moit pasHo#t 1—2 M/c. ConpoTHBJEHHE ABHKEHHIO BOJAH B OXJajguTese
CKJ1aJlblBaeTcsl H3 CyMMbl MECTHHIX CONMpPOTHBJEHHH BX0OAa H BHIXOAd
(MpHCOeHHHTENbHBIX IITYIlePOB), MOBOPOTOB (YHCJAO XONOB) H Tpe-
HHA Ha NPAMHIX ydyacTKax Tpyo.
8.3.14. MecTHble cONPOTHBJEHHS ONpefesoTcs 1o GopMye
2

wB
Bpu =L 5 (100)

rie KoaQQUIHEHT COMPOTHBAEGHHS MPUHUMAETCH MO JAaHHBIM CIPaBoOY-
HHKOB.
8.3.15. ComnpotuBJ/ieHHe TpeHHS onpefelsiercs no GopmyJe
2
l wB
Aprp = l’l‘p a E Tes (101)

rae Arp — K03 bHIHEHT TpEHHS;
{ — pnuHa NPAMBIX y4acTKoB TPYGHI, M;
d — nnaMeTp TPyGONpPOBOJA HAH SKBHBAJEHTHLIH NHAMETD, M;
W, — CKOPOCTb BOAHI, M/C;
s — YAEAbHBIA BeC BOABI, Kr/m3,
8.3.16. KoadpuuneHT conpoTUBNEHHS TPEHHs] TEXHHUECKH TAaJKHX
Tpy6
03162

= 3
Vv Re
rie Re—uncno Peitnonbaca noroka Boas B TpyGe.

8.3.17. O6ee conporHB/JeHHe annapara onpeiensiercs Kak cymma
€ro COCTaBJSIOLHX

\ , (102)

8p = Apy+Apy,. (103)
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9. TASOOTCACBIBAIOUIHE YCTPORNCTBA AJil BAKYYMHbBIX
JLEA3PATOPOB

9.1. BbiGop THNA ra3ooTcachiBaOMUX YCTPOACTB

9.1.1. TaszoorcachiBalollee ycTPoACTBO SBAsieTCH BaKHEHIIHUM 3Je-
MEeHTOM BaKyyMHOH Aea’spauHOHHOH yCTaHOBKH, 6e3 HaleHOH paboThl
KOTOPOTr0 HEBO3MOXKHO 06ecneyuTsb riayGoKy1o JerasaiHio BOAHIL.

Ilns npuMepHOro pacuera ra3ooTCachBAIOLIHX YCTPOHUCTB BaKyyM-
HBIX JleadpPaTOPOB PacXoji OTCACHIBAEMBIX HEKOHAEHCHPYIOUHXCS ra3oB
npHHHMaeTcsl M3 pacuera 60 r ra3oB Ha OLHY TOHHY Jea3pHpPOBaHHOH
BOJHI.

B kayecTBe ra3ooTcachHBaOUIHX YCTPOACTB BaKyyMHHX N€asparTo-
POB MOTYT HCHOJIb30BaThCfi NApO- ¥ BOXOCTPYHHHE 3XKEKTOPH, a TaK-
JKe MeXaHHYeCKHe BaKYyMHbie HacOCHl.

I'aszooTcaceiBalouine ycTpoHCTBa JOKHBI YCTAHABAHBATHCHA B HEIO-
CPeACTBEeHHON OJMH30CTH OT BaKYYMHBIX [€aspaTopos.

Ilpu Be6ope THNMA ra3o0TCAachHBAIOIIEr0 yCTpPOHCTBA AJAS BaKyyM-
HOTO Jea’paTopa HeOOXOAHMO YYHTHIBATh:

06bEKT HCIOJNbB30BAaHHS M TEIJIOBYIO CXEMY YCTaHOBKH;

pasMellleHHe JeaspaTopa M HaJIHuHe 3HeproHocHuTesel;

naBJieHHe B JdeaspaTope (TeMiepaTypy AeaspHPOBAHHOi BOAb) H
BO3MOXHLIA paGouyuil 1Hanas’oH ero H3MeHeHHUs;

collepKaHHe napa B OTCacChiBaeMO# NnaporasoBoil cMecH;

TEXHHKO-3KOHOMHYeCKHe TpeboBaHuA.

9.1.2. ITapoctpyiiHble 3:KeKTOPH obGecneyHBalOT HaAeXHylo pabory
BaKyyMHHX Hea3paTopoB MpPH BceX HEOGXOAHMMBIX PeXUMax MX 3Kc-
nayarauud. OHH MOTYT MCNOJb30BaThCA KaK B CX€MaX MOXMHTKH Tell-
JIOCeTH, NPEAYCMAaTPHBAIOIUX NOJAAEePXKaHHEe NOCTOAHCTBA N aBJeHHs
B Jea’paTopax, TaK M B CXeMaX NepBo#l CTyNeHH AerasalHH NHTa-
TeAbHOH BOJIBl KOTJIOB, KOTAa B 3aBHCHMOCTH OT BEJHYHHH H TeMnepa-
TYpPH BO3BpaTa KOHAEHCaTa NPOU3BOJACTBA, AaBJeHHe B Jeaspartope
MOXKeT KoJseGaThci BO BceM pabouem pauamasoHe or 0,075 mo
0,5 krc/cm2 TIpu NOCTOSTHHHIX pacxofax ¥ mapamerpax paGouero nmapa
H OXJaXKJAaloleil BOAH MapoCTPYyiHHEle 3XeKTOpPH 00ecneyHBaIOT YCJ0-
BHfl CaMOpEeryJIMpOBaHHA B YKa3aHHOM JHana3oHe H3MEHEeHHs JaB-
JIEHHS.

IIpuMeHeHHe NMapoCTPYHHHX 3)KeKTOpoB Tpebyer obecrmeyeHHS HX
pabouuM napoM JaBjieHHeM He MeHee 6 Krc/cM?, uTo He BO Bcex cay-
YasX MOXeT OHTh OCYIIECTBJEHO ONTHMAJ/bHLIM clloco6OM H mpexkae
BCEro NPH YCTAHOBKE BAKyyMHHX Jlea3paTopoB B cXeMaX INOAMHTKH
TEIJIOCETH Ha oTonuTeJbHHX TOLl H B KOTeJbHbIX.

ITapocTpyfiHbHe 3)KEKTOPHl PEKOMeHAyeTcs NPHMEHATb B KayecTse
ra3o0TCaCHBAIONIHX YCTPOHCTB BAaKYYMHBIX Jea3paTOpoOB: JUISL CXeM
NOAMHTKH KOTJIOB; AJS CXeM MOANHTKH TeNJOCeTH Ha NMPOMBIIIEHHO-
oronuteabHHX TOL] npu ycraHoBKe AeaspaTopoB B IJIaBHOM Kophyce
T31I.

9.1.3. BonocTpyiiHble 3XKEKTODH B KauecTBe Tra300TCacChIBAIOIHX
yCTpoiicTB BaKyyMHBIX [easpaTopoB HaHGoJee lesecoob6pasHO HCMOMb-
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30BaTh B CXeMaX NMOANMTKH TENJIOCETH, XapaKTepH3yeMbIX cTaGHAbLHEIM
pexHMOM paboTHl AeaspaTopa H HaJHYHEM HOCTATOYHOrO KOJHYECTBa
HMCXOLHOH XOJOAHOH BOAH MOCTOSHHOW TeMNepaTyphl, Ha OTONUTEABHHX
T3L u B KoTe/NbHBIX, a TaKXe Ha NMPOMBIIIJIEHHO-OTONMHTeNbHEIX TIL]
NpH YCTAaHOBKe [1€a3paTopoB B NOMeEINEHHH LeXxa XHMHUYECKOH OYHCTKH
BOJH WM NMHKOBOH BoAOrpeHOM KOTeNLHOM.

IIpumeHeHHe BOAOCTPYHHBEIX 3XKEKTOPOB B cXeMaX BaKyyMHOI aeas-
paunu obecneyHBaeT cieAylOLiHe NPEHMYLIECTBa:

OHH MOTYT OBITh YCTAHOBJEHBI B JIOOBIX CXeMaX, TaK KaK MX HC-
NoJIb30BaHHe He CBA3aHO C HaJIHUYHEM BBICOKOTEMIEPaTypPHBIX TEMJIOHO-
curteseil (mapa);

OHH MOTYT HMEeTb BBICOKYI0 NPOH3BOAHTENBHOCTE MO OTCOCY mapa,
YTO NO3BOJIAAET HM COBMECTHTh (PYHKIHH ra3o0TcachiBaiollero ycrpoii-
CTBa H OXJIaJHTEJNS BHIMApa.

9.1.4. B KOTeJNbHBIX C BOAOIPEHHBLIMH KOTJaMH JIJsi BaKyyMHBIX
Nea’paTopoB MOTYT NPHMEHATHCA MeXaHHUeCKHe (BOJOKOJbLEBbE) Ba-
xyymHnle Hacocnt tHnma PMK u BBH. Mx rtexuuueckne xapakrepu-
CTHKH NpPHBelEHbl B CNIPaBOYHOM MPHIOXKeHHH 13.

ITH yCcTPOiCTBAa HMEIOT XOpOLIHe TEXHHKO-IKOHOMHYECKHe MoKa3sa-
TeJH N SIBAAIOTCA HanGoJlee SKOHOMHYHBIMH (1O 3HEpreTHYECKHM 3a-
TpaTaM) H3 rasooTcachiBaloOLHX YCTpoHcTB. OfHAKO XapaKTepHCTHKH
BaKyYyMHBEIX HacOCOB CH/IbHO 3aBHCAT OT TeMIepaTtyphsl paboueit XKHA-
KOCTH (BOABI) M, YTO 0cOOEHHO CYyLLeCTBEHHO, OTHOCHTEJbHO MaJjioe ee
KOJIH4ecTBO He ofbecrneynBaeT HafeXHOH paboThl YCTAHOBKH NPH G0Jb-
LIHX cOfepXKaHHAX Napa B OTCaCHIBAEMOH CMeCH, KaK 3TO HMEET MECTO
B BAaKYYMHBIX AeasparopaXx 6o ibluoil mpouaBoaurenbHoctH (95—98%
no Macce). B atom ciyyae tpe6yeTcs BKJIOYEHHE B CXEMY BaKyyMHOro
ZReaspaTopa BHIHOCHOTO OXJaAHTeNs BbINapa 3HAUYHTEJNbHOH NOBEpXHO-
CTH, UTO NPHBOAHT K YCNOXKHEHHIO CXEMbI, yBEJHUEHHIO ee MEeTanJ0eM-
KOCTH H YXyIUEHHIO BceX NMOKasaTesnell 3KOHOMHUHOCTH arperara.

9.2. TlapocTpyfiHble 3)KEKTOpBI

9.2.1. ns BaKyyMHBIX Jea3paTtopoB, paGoTalOLIHX MNPH aGCOMIOT-
HoM JaBaenuu 0,2—0,3 Krc/cM2, MOTYT NPHMEHSATbCA OLHOCTYIEHYaThIe
napocTpyiinbie 3xKekropnl. [ins AeaspaTopos, paboTalomuX Npu pasJe-
HuH MeHee 0,2 Knc/cm2, HeOGXOAHMO NPHMEHATH ABYX- H TPEXCTyNEH-
yaTele MapoCTPYHHbIE 3XKEKTOPHI.

OcHoBHBIE XapaKTEPUCTHKH MAapOCTPYHHBIX 3XKEKTOPOB, BbilycKae-
meix I1O JIM3, XT3 um. C. M. Kuposa u KasyKcKHM TypGHHHBIM
3aBOJOM, NpPHBEAEHbl B CNIPABOYHBIX MPHJIOXKEHHAX.

Tak, AByXcTyneHyaThie BaKyyMHble Aeasparopnt [1B-400, AB-800 u
JB-1200 KOMN/IEKTYIOTCS TPEXCTYNEHUATHIMH NapOCTPYHHBIMH 3)XKEKTo-
pamu 3I1-3-25/75 XT3 um. C. M. KupoBa (cnpaBouHoe npHJoMXKeHHe
10), KoTophle 0GecneuHBalOT HAfEKHBIH OTCOC NMAPOra3cBOM cMecH U3
neaspartopos npu Aasaenusx ot 0,075 mo 0,5 krc/ecm?, CxeMa 3xkexropa
3I1-3-25/75 npuseaena Ha uept. 30.

Ias HapexxHo#t paGoThl MapOCTPYHHOro 3¥XKeKTOpa HEOOGXOAHMO
obecneunTs:

GecrnpenaTCTBEHHBIH CJIHB KOH/JEHCATa;
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NOCTOSAHHOE HOMHHAJ/IbHOE AaBjeHHe pabouero napa;

HeoOXOMHMBIA PAacXoX oxJaxjalolel BOALL.

KoHgeHcar U3 nmapocTpyHHBIX 3XKEKTOPOB cjaeflyer CJIHBarTe B 6ak
HH3KHX TOYeK, ApeHaxKHHH GaK uaH JA1060# Apyrofi 6ak aTMocdepHoro
JIlaBJeHHsl NOCTAaTOYHOH €MKOCTH IMoJ rapaHTHPOBAHHEIA YyPOBeHb BOJIBI.

O6Bn3ka 3xekTopa JM-3-25/75

) f
! | /
I emynens I Jemynewp :Mcmylmb
I
\ |
t ]
! | ‘
! !
- , 1 1 F—,«/_
il
=
gl N—" :
§ f | | g
a [
J

I — noasoa mnapoBoaAyWHOA cmecu; 2 — noasoa paGouero

napa; J-- snixon B0o3AYyXa; 4-— caus KosmeHcarta M3 II1 ety

neHH; 5 — NOABOA OXJAA}AAIOMER BOAL; 6 — OTBOR OX-

naxnawouel Bofn; 7 — CAHB KOHAEHCATa u3 | CTYneHu;

8 —cudon  Mexay 1 u 11 crymessnis, BBcoTOf 25 w™;
9 — cudpor Mexpy Il u IIl crynennio, Brcotoit 8,0 M

Yepr. 30

DxexTop Ao/XKeH ObiTb pacnosiokeH KaKk MHHHMYM Ha 10 M Bbie
BEPXHEro YpoBHfl BOAbI B GaKe.

TpyGonpoBoa cauBa KOHAEHCATA H3 3KEKTOpa JOJKeH UMEThb AO-
CTaTOYHOE CeyeHHe ¥ MHHHMMaJIbHOE KOJIHYeCTBO KOJIEH M FOPH3OHTAJb-
HBIX YYacTKOB.

T'OpH30HTA/bHbie YYACTKH JOJIKHB BBIMONHATBCS ¢ YKJIOHOM B CTO-
POHY CJAMBA KOHJeHcara. .

He ponyckaercss o6beAHHATb CJAHBHbBlE KOHAEHCATONPOBOALI 3MEK-
TOPOB NapaJjJenbHo paboTaloLlHX /ea’paTopoB.
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9.3. BopocTpyHHbIE 93KEKTOPBI

9.3.1. BoaocTpyfiHble 3KEKTOPBI OTJHYAKIOTCH INPOCTOTOH YCTPOH-
cTBa ¥ 3Kcnayaranuu. Ilns ux HagexHo#t paGothl Tpebyercs obeclie-
YHTb HeoOXOAHMMBIH pacxol pabouell BOABI C HaBJeHHEM He MeHee

BonocTpyiinnii 9XeKTop
cucremnt LKTH

-

1 — nopeon paGoueit  Boawl;

2 — conno; 3 — natpyGok na-

poBo3apywinofi cmecH; 4 — Ka-

Mepa cMemenus; 5 — auddy-
30p

Yepr. 31

£
N
<«

3 Krc/cM? H ¢ Temnepatypoii He Gosiee 30°C.

B cxemMax BaKyyMHBIX yCTaHOBOK PEKOMEH-
AyeTcsl NPHMEHATb BOJOCTPYHHBIE 3XKEKTOpHI
koHerpykuun LUKTH (ueprt. 31), paspaboran-
HHle clelHaJbHO MJIs BAKYyMHBIX Jea’paTo-
POB INPOH3BOAMTENBHOCTBIO OT 5 Ho 1200 T1/u
C YYeTOM MX HOMEHKJATyphl H IBYX HauboJee
XapaKTepHBIX peXHMOB paboThl (NmpH HasJe-
HUsAX B peasparope 0,075 u 0,3 krc/cm?). Oc-
HOBHBIE TeXHHUYECKHe XapaKTEePHCTHKH 3THX
3XEKTOPOB TIPHBElEHB B CIIPABOYHOM HpHJIO-
xKenuu 12. Jlas kaxkjaoro THnopasmepa geas-
paropa, HCXOJf H3 INPHHATOrO peXHMa ero
paboThl, MoxeT OBITb MOXOOpPaH oONpeaeseH-
HBIH THIOpasMep 3XeKTopa.

BonocrpyiiHble 3)XKEKTOPbl MOTYT BKJIO-
4yaTbC B CHCTEMY BAaKyyMHOH Jea3spauHoHHOIi
YCTAaHOBKH 1O ABYM cXeMaM: Pa3OMKHYTOH H
3aMKHYTOH.

Ilpu pasomkHyTO#ll cxeme (uepT. 32) mpe-
IycMaTpHBaeTcsl OTBOJ BOJBI 1IOCJIE 3XKeKTopa
B 0ak-ra3ooTAeJHTeNb, B KOFODHH nNoxaercs
TaKKe BcA HCXOAHasA cemipas Bojga. M3 Oaka
BoJa mojaeTcss Ha XHMBOMOOYHCTKY H 3aTeM
B BaKyyMHBIH Jea’paTop, a TaKe Ha 3:KekK-
TOp B KauecrBe pabouedt Boanl. [Togaua soxnt
Ha 3XKEKTOD MOXET OCYLIeCTBJATbCS Hemno-
CPEACTBEHHO H3 MarucTpaJH ChIPOil  BOAHL.
B sTtom ciayuae norpefyeTrcsi ycTaHOBKa che-
UHaJIbHOTO Hacoca AJs Bo3BpaTa oTpaboTaH-
HOM Boanl H3 6aKa-ra3ooraeqanTtens B Mari-
CTpajb CHIPOH BOABI.

[TpenmyuiecTBO pPa3OMKHYTOH cXeMbLl 3a-
KJloyaeTcss B MPOCTOTE H OTCYTCTBHH NOTEpPb
TelJa, OTCACHIBAEMOro 3:KeKTOPOM H3 Jeas-
paropa. HemocraTkoM Takoil cXeMBl sIBJsieTCst
BO3MOXKHOCTb HEYyCTOHYHMBOH pabOTHl 3AeK-

TOpa NpH NepeMeHHOM pacXojle H AaBJeHHH HcXoAHON BoAbl. ITosTomy
pPa3oMKHyTasi CXeMa BKJIOYEHHS BOJOCTPYHHOro 3)KEKTOpa peKOMeH-
AYyeTcsl K MCNOJIb30BAHHIO B CXeMaX NMOANMHTKH TemJaoBOH ceTH (Temso-
CeTH), XapaKTepH3yeMBIX CTaGHAbHLIM G6a30BLIM pEXUMOM PabOTH
lleasparopa H Ha/HYHEeM JOCTATOYHOTO KOJHYECTBA HCXOZHOH XOJOJ-
HOH BOJBI NMOCTOSHHOH TEeMNepaTypHl.
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B cHucTreMax MOANMMTKH, XapaKTepH3yIOWHUXCSA CyLIeCTBEHHBIMH KOJIe-
GaHHsIMH pacxofla M TeMIepaTyphl BOARI, MoXeT ObITb NIpHMeHeHA
3aMKHyTasi cXeMa BKJIOUEHHsS BOJOCTpyHHOro sxekTtopa (uept. 33).
B 310l cxeme nogaua paboueil BOABl K 3XKeKTOPAM OCYLIECTBJSAETCA 1O
3aMKHYTOMY KOHTYDY OTAE/JbHBIMH HACOCAMH C MOCTOSIHHEIM HaropoM.
[Tocse orcoca M KOHAEHCAlUlHH NapoBO3AYIIHOK cMecH pabouasi Bofa M3
3xeKTopa cbpaceiBaeTcss B 6akx-rasooTAenuTenb. UToOb HCKAIOYHTD

Pa3omkHyTas cxema BKJOuYe- 3aMknyras cxema
HHS BOJAOCTPYHHOro 9:KeKTOpa BKJIIOYEHHA BOJO-
PRSP CTpy#HOro 9xKeKTopa
ayuemny
-
I
Hs baryymuozo
a3 p%vm opa Hs banyymuoze
deaspamopa
J
1 § 2
Coiprs =T
_.Z/C doda J y
] — 3xeKTop; 2 -—- Gak-razoorae- 1 — 3XexkTOp; 2 — Gak-ra-
JHTeNb; 3 — HacoChl CHIPOfl BOAEI 300TAENHTENDb; 3 — NOABOA
oxnaxnawower Boan; 4 —
Yepr. 32 UHPKYAAUHOHHHA  Hacoc;
5 -- c6poc HarpeTrofi BoAW
Yepr. 33

HarpeB paboueil BoAH, B 6aK npeaycMaTpHBaeTcsd NOCTOsiHHas Ao0aBKa
XOJIONHOH BOABL M CJIHB H3 HEro 4acTH MOAOrpeTofl BOAHI.
Heo6xoauMoe kosiuecTBo 0GHOBJSIEMON BOLL B KOHTYPe PaCCUHTHI-
Baercd no ¢opmyJe:
Gn (ta"'t )
G,,= :

X.B 1, — 1ty 4

(104)

rae  Gys, Gs— NoGaBKa XosoAHOH H o6wui pacxoll BOAH B cXe-
Me, T/4;
tp, I, Ix— TeMmmepaTypa BOJAB, COOTBETCTBEHHO, A0 H MoOcJe
3)XeKTopa M J100aBouHOM xosoxaHo# BoAaw, °C.
9.4. PacueT BOBOCTPYHHLIX 3XKEKTOPOB
9.4.1. Pacuyer BOZOCTPYHHBIX 3XKEKTOPOB NMPOBOJHTCS [/ ONpeie-
JIEHHSI Pa3MepOoB OCHOBHHIX HX 3J1eMeHTOB (pabouero comyia, mpHeMHOH
KaMephl H KaMepHl CMEUIeHHs), IHaMeTPOB COeAHHHTENbHHX TPYGompo-
BO/OB, BHICOTH YCTaHOBKH annapaToB H pa3MepoB Gaka-rasooTHeNH-
Teu,
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Has pacyera BOROCTPYHHOro 3KeKTOopa 3aAaloTcs:

pacxoj nmapora3osoit cMecH Gu= Gp+ Gr;

JlaBJIeHHe py o TeMmmeparypa £y HHXKEKTHPYeMoil mapora3oBoii
cMmecH;

JlaBJIeHHe pp M TeMnepatypa fp paGoueH BOAEL

OcHoBY NpUBOAHMO! METOAHKH COCTABJSIOT H3BECTHble JaHHBIE M0
pacueTy BOAOCTPYHHBEIX 3XKEKTODOB NIPH OTCOCE ra3oB H De3y/bTaThl
uccaenoBanuii LIIKTH no ucnosnb3oBaHHIO 3THX YyeTpoHCTB B cXeMax
BaKyyMHOH Jeaspauiu.

ITepBoHaya/ibHO onpejensieTcss MHHHMAJbHO AONYCTHMOE MPOTHBO-
JlapNeHHe Ha BHIXOAE H3 3XKeKTopa p¢, obecneuHBaiollee yCTOHYHBYIO
paboTy 3:KeKkTOpa

pe=prr = 1,Tp}. (105)

OcHoBHoll reoMerpuyeckuii mapamerp fs/f, BhiGupaercs Ha ocHoBe
cJelyIOUIHX COOTHOUIeHHH:

f: Bpe __ pe— Py .
f—;— , €CJH -A—p;—pp_p:<0,l, (106)
fi Apc \—0.68 Ap.
& _o,ss( App) . ectn F25>0,1, (107)

rae f; — miouiafb KHBOIO ceUEHHs KaMephl CMeIleHHs!, M2;
fp— nyomane kHBOro ceueHus pabouero comia, M2,
OG6beMHBH KO3 @HIHEHT HHXKeKUHH 3¥KekTopa Up ompeneasiercs
1o ypaBHeHHI0 XapakrepucTHk H. M. 3unrepa

Ap. fP _-&’_2 .
o =175 2 107 (L) 1 —vpy. (108)

Jlns NpHHATHIX HCXOAHBIX ZAHHBIX HAXOAHTCH OGBEMHBIA pacxox
HEKOHAEHCHPYIOUIHXCH Ta30B, M3/Kr

V, =2RT (109)

WO P Pan

raie Gr— MaccoBblil pacxoj ra3oB (onpefensiercs u3 pacuera 60 r ra-
30B Ha | T dea’pupOBaHHOH BOAMI), KI/u;
R — yHuBepcasbHasi ra3oBasi MOCTOSIHHAS;
Psx— NapuHa/bHOe JaBjeHHe BOASHEIX NAapoB IpH TeMmeparype
paboueii BOJHL.
TpeGyemblit 06beMHBIH pacxon paGoueii BoAb Vy onpepensercs 1o
dopmyJae
Vu.r
Vo= Ty * (110)
fo= ke
P™ ¢c V22 8pp-3600
rie  @c — Ko3dduuHeHT cKopocTH;

(@c = 0,9 113 oxHOCTpPYliHOrO ComJa,
¢c = 0,75+0,80 aus ueThIpex- HJIH CEMHCTPYHHBIX comei).

Ceuenne pabouero comsa
(111)



PTM 108.030.21—78 Crp. 77

Pa6ouee consno Moxxer ObTb BHIOPAaHO KaK OAHOCTPyiHHOe, Tak H
MHOrocTpyiiHoe (C YyHCaOM OTBepPCTHH oT 4 A0 7). DKBHBaJEHTHbIA
AHaMeTp colsia onpejeasercs no GpopmyJe

dp_—_]/iufa, 112)

Hicnonn3oBaiHe MHorocTpyiiHoro comsa nossonsier Ha 10—15%
YBEJIHYHTL HNPOH3BOAHTE/NIBHOCTD 3XKEKTOpa MO CPaBHEHHIO C OIHO-
CTPYHHBIM.

llnaMeTp KaMephl cMellleHus onpene.nxe'rcn 3aBHCHMOCTLHIO

dy=d,Vfslfo (113)

Paccrosnne ot consia RO KaMepwl cMelleHHs Ic M JJMHa KaMepbl
cMelleRHs [y onpejesisiloTcsl COOTHOLIEHHAMH:

l.=6d,; (114)

l,=17d,. (115)

Jluamerp naTpy6ka paGoueii BOAB paccyHThIBaeTcs no ¢opmy.e

4v,,

rie Wpp— CKOPOCTb BOAB B prﬁonponone (npunnMaercs pasHoil
1,6 M/c).
Juamerp onyckHoHt TpyGel MoxeT ObLITh PacCYUHTaH MO CJEAYIO-

HIEMY COOTHOUIEHHIO:
2py )
_‘/4‘/1, l+ T+ pe )
T 15%a600

Pa3mep naTpyGka HHXXeKTHPYeMOH Napora3oBOi CMecH ompele-
asierca ee o6beMHbIM pacxoAoM V. IIpH 3TOM MOXKHO YYHTHIBATH TO/Ib-
KO NapoBYIO KOMIIOHEHTY, IOCKOJIbKY r'a3bl cocTaBasior 1—2% or 06-
wero o6beMa cMecH

Vu= V=07, (118)

riae vy — yAeJabHb 06beM Napa, M3/Kr.
Torna auamerp TpyGnl NOABOJAA Mapora3oBOH CMECH COCTAaBHT

4V|-|
4, =) A (119)

rie @wp— CKOpPOcTh napa B TpyGonpoBose (NPHHHMAaETCs pPaBHOM
50 M/c).

[lpn pacuere onNTHManbHOH BHCOTH YCTaHOBKH BOAOCTPYHHOrO
3XKeKTOpa Hajl ypoBHeM BOJbl B CJAHBHOM 6aKe-ra3ooThesHTele Heob-
XOHHMO YY€cTb CONMPOTHBJEHHE TPAaKTa ABHXXEHHS BOROra3oBOH 3MYJb-
CHH OT 3XeKTopa Ao Mecra cbpoca.
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Ko3s¢pduunenr conporus/iieHHs ABIZKEHHI0O B ONYCKHOI TpyGe orm-
penessiercs no ¢dopmyJse baasuyca
0,316
)\Tp = W . (120)
I[lo npennonaraemoii npuMepHo obueil AaunHe TPYOH [ OT 3:KeKTOpa
N0 6aKa-ra3ooTAe/HTENs ONpefesasieTcsl CONPOTHBJIEHHE TPAKTa ¢ yue-
TOM BO3MOKHBIX MECTHBIX CONPOTHBJEHHH (NpH NMOBOPOTAX)

Tw? | w2
Ap-rp=)“2_g'7+§u2_gt‘n (121)
rie w — CKOpPOCTb ABHXKEeHHS BOABI B TpPyGe 6e3 yuera NPHCYTCTBHS
npHMmeceil rasos.
CpenHssi yAenbHasi IVIOTHOCTb BOAOra3oBOi 3MYJBCHH B TPyGe you
onpenensierca Gopmy.o

Tow= fo
M~ 2P
1+ Uy ——H—
0 14 pc
OnTHManbHas BHICOTA YCTAHOBKH 3XKEKTOpPa HajJ yPOBHEM BOAbI
B CIHBHOM Gake onpejeasiercs GpopMyaoi

1
Hon-r:,{s_u(pﬁap’i'Aprp —pc)- (123)

Han6Gosee uesnecoo6pasHo pacno/araTb BOAOCTPYHHHH 3}KeKTOp
BEPTHKAJIbHO H obecrneyHBaTh CJAHB H3 Hero oTpaGoOTaHHOH BOAH uepes
BEePTHKAJbHHIH TPyOONPOBOA IOA YPOBEHb BOABI 6aKa-ra3oOTAeHTE/S.
daxTHyeckas BbICOTA YCTAHOBKH 3XEKTOPa Haja ypoBHeM BoAw H moa-
JKHA HAaXOAHTbCA B Mpelenax

3<H<Hom-

Bak-rasootaenutenb pekoMeHnyercss BeIGUpaTh 00bEMOM, COOTBET-
CTBYIOLIHM He MeHee 3—5-MHHYTHOMY DacXoAy BOABI uepe3 3:KeKTOop.
B o6ake Heo6XonMMO DpELYCMOTPETb YCTAHOBKY IepPeropofok (CM.
yepT. 33) AJIA HCK/IIOYEHHS CPblBA BAaKyyMa B 3)KEKTOPe M YJYYIIeHHS
yCJ0BHI Aerasauuu BOJIBI.

. (122)

10. CXEMbI BKJIIOYEHHS I EA3PATOPOB

10.1. Heaspauus nurateanHoi Boawl Ha TPIC, TALL n B Korean-
HBIX

10.1.1. Ha uepTt. 34 npencrassena ogHocTyneHuaras cxema aeaspa-
LHI BOJALI SHEPreTHYECKHX YCTaHOBOK B Jlea3paTope MOBBLILIEHHOro AaB-
Jgenusi. Jlo6aBouHast obeccosieHHasi Boja NPH 3TOM HampasJjsieTcs
B KOHJAeHcatop TypOHHB. HexocTaTKoM TakKoi#i cxeMbl SIBJSIeTCSl BO3-
MOXXHOCTb KOPPO3HH TPyO KOHAeHCcATOpa NPH 3HAUHTeJbHBIX K0GaBKax
BOABI H Tpakra OT obeccojHBalouleil yCTaHOBKH 4O KOHIEHcaTopa.
B sKkoHoMMYeckH ONpaBAaHHBIX CJy4YasiX [Jisi BOCIOJHEHHS TOTEpPb
napa H BOAbI MOTYT NPHMEHATBCH HCHAPHTENbHBIE YCTAHOBKH.
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B Hacrosiliee BpeMsi 1ea’PaTopbl MOBBLILIEHHOTO AABJEHHS MOUVT
BKJIOUAThCA B TeNJIOBYIO cxeMy TypOoarperara cjefywuinm obpasom:

¢ MOABOAOM Trpeiollero Mnapa H3 HeperyJaHpyemore otbopa
(uept. 35,4a);

¢ MOJABOAOM Trpelollero napa u3 peryaupyemoroorbopa (uepr. 32,6).

IIpu maneHuu AaBjeHHs B HeperyaupyeMoM oT6ope MeHbllle omnpe-
JleJIeHHOH BEJHUYHHBI JOJXKHA OHTh NpeflycMOTPEHa BO3MOXXHOCTb aBTO-

OzHOCTYNeHUATas CXEMa ReaspalHu BkawuveHue neaspatopa B
BOAN TenAoBylo cxemy TtypGoarperata

© O

¥
:

1
)
I — xoren; 2 — typ6uHa; 3 -~ KOHAeHCa- 1 — neasparop
TOp; 4 — KOHNEHCATHBIE HACOCH; 5 — MO-
AOTDEBaTeNH HH3KOro AABJeHus; 6 — He- Yepr. 35

aspaTop MNOBLILEHHOro JAaBJeHUR; 7 —
NHTaTeNbHbIe HacoChl; 8 — nmoporpeparenn
BHICOKOro naBjieHHsi; 9 — peryasaTop nAas-
AeHHs; 10 — noporpesatenn; /1 — oGec-
COMHBaloast yCTaHOBKa

Yepr. 34

MaTHYECKOIO Nepek/IoueHHus Aeaspartopa Ha or6op ¢ Gosiee BLHICOKHM
HaBJeHHEM.

[Tpu paGoTe Ha cKOJb3flILEeM aBJeHHH [1ea’paTop INOAKAIOUAETCS
K Hepery/JHpyeMoMmy oT60py TypOGHHBI H JaBJi€eHHE B HEM MeHseTcs
B 3aBHCHMOCTH OT €e Harpy3kH (peryJupyiouHil KJ1amnaH He ycTaHaB-
JIMBaeTCAA); NpeAycMaTpHBaeTCs TakiKe NHTaHHe fea’PaTopa mapoM OT
pe3epBHOr0 HCTOYHHKA. [IpHMeHeHHe CKOJb3fILUIEr0 MABJEHHUS [OBHI-
IWwaer 3KOHOMHYHOCTH TYPOOYCTAaHOBOK 3a CUET JIHKBHAALHH NOTEPb,
CBSI3AHHBIX C JIPOCCEIHPOBAHMEM mapa, GoJiee NOJHOTO HCIMOJB30BaHIA
NpH MOHHXKEHHbIX Harpy3Kax NojorpeBaTesiefl BLICOKOrO [daBJeHHS I
ap. B To e BpeMa LeaspaTop AOJKeH PacCYUTHIBATLCA Ha JaBJieHHe
paBHOe MAKCHMaJbHOMY HaBJEHHIO B OTOOpE, NO/KHH OHITh obGecne-
YyeHbl MUHMMAaJbHBle PHAPaBAHYeCKHe NOTEPH M palHoHa/bHAS KOMMO-
HOBKa BCAaCHIBalOIIMX TPYOONPOBOJOB MeXJAy 1ea3paToOpoOM H [HTa-
TeJbHHIM HAaCOCOM BO H30eXaHHe BCKHIaHHs BOJB B Hacoce.

’
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OpHocrynenuaras Jeaspalidf BOAB NpHMeHsercd, I1aBHHIM o0Opa-
30M, B cXeMaX 3Hepro6JOKOB KOHJEHCAaUHOHHBIX 3/JeKTPOCTAaHUHIl H
oronnteabunx TILL.

10.1.2. Ha npombiunedHo-otonuTeNbHBIX TALL co 3HauuTENbHBIMH
pacxosamu no6aBoyHoil BoAwl (Gosnee 5%) mnpeHMyuLlecTBeHHOe pac-
NpocTpaHeHue NMOJy4YH/aa [ABYXCTyleHUaTas cxeMa Jerasalllii BOAHI,
npH KoTOpoH N06aBoyHas BOAA H OYHLIEHHbI! NMPOH3BOACTBEHHbIH KOH-
JIeHcaT HanpaBAsOTCA B JAea’paTop aTMocdepHOro  AasiacHHS

(uept. 36). H3 neasparopa armo-

Asyxctynendaras cxemd easpalm  chepHoro HaBJeHMss BoAa MofaeTcs

BoR B NUTATENbHBIH TPaKkT CHCTEMBI pere-

HepallHH 3a BTOPBLIM NOAOrpeBaTesneM

HU3KOFO JAaBJjeHusi. Besi nuratenbHas

Boga obGpabaThiBaeTcs B JeaspaTope
MOBBIIEHHOr0 J&BJEHHS.

dra cxema objanaer cJaeNYOUHMA
OCHOBHBIMH HENOCTAaTKaMH:

no06aBouHas Bolda nepef MOCTYM-
JeHHeM B Jeaspatop aTMmocdepHoro
INaBJieHHs JAOJKHA mNoJorpeBaTbesl B
IIPeABKIIOYEHHBIX  NOAOTpeBaTessXx,
YTO NMPHBOAHT K HHTEHCHBHOIl KOppoO-
3HH NMOCJeJHHX H TpakTa RO [ea’pa-
TOpa, K YBeJHYeHHI0 NOCTYNJIEH!S B

1 — noaBun obecconenHoil Bopbl; 2 — 6ax -
o6GecconenHofl Boawl; J — Hacoc; 4 — orpa- NHTaTe/NbHYI0 BOAY OKHCJIOB Kejesa

HUUKTeNbHBIE Walln;, § — xéouneucamp; H MenH;
6 — KoHAeHCaTHbHe Hacocw:; 7 — nomorpe- .
BaTeqH HH3KOTO AaBJeHus; 8 — neaspa- BbICOKas TeMicparypa BOABI 3a

TOP NOBLIMEHHoro AaBJeHHsA; 9 — nuTa- \ ¥ -
TeabHbIA Hacoc; 10 — nosorpesatenu AeaspaTtopoM a]MOCq)epHOFO AasJe

oGecconeHHolt  Boawbl; .ll—neaapaTop HHSA He 103BOAAECT HCINOJAB30BATL Ba-

NoWRencaTa ¢ npowssonciva; 13 - watec KYYMHBIE OTGOpH TYPGHH Aasi ce M-

Yepr. 36 JorpeBa B NMepBOM H BO BTOPOM [0A0-
rpeBaTe/ifiX HH3KOrO JaBJeHHUA;

HCKJIIOHYAeTCA BO3MOXKHOCTh IOJIHOrO HCIOJNb30BaH S HH3KOMOTEHIIH-
aJbHBIX OTOOPOB COBpPEMEHHBIX TenO(PHKAUHOHHBIX TypPOHH H3-3a He-
06X0AHNMOCTH NOAJEpPXKaHHS B OTONHTEJbHBIX oTOOpax AaBjeHusa 1,5—
1,7 krcfem?.

10.1.3. B nacrosuiee spema Ha TILl B xauecTBe nepsoit cTyneHu
JderasaluH Bce LIHPe NPHMEHAIOTCA BaKyyMHble Aea3patopsl, [Ipu 3tom
yCTpaHATCA BhlllenepevyHc/aeHHBe HelOCTaTKH H 3HAYHTENbHO YBEJIH-
unBaercs 3ddexTnBHOCTE TypGoycTaHoBok. Ha uepr. 37 npusepena
cxema JierasauMu no6aBoyHOH BOAH B BaKYyMHOM Jea3paTope C HC-
NoJib30BaHHEM TemJa NPOU3BOACTBEHHOro KouaeHcata. Korma Ttemsa
KOHIeHCaTa HeJOCTaTOYHO AJA MNoJUlepXkaHHsA Temnepatypsl 40—
45°C, B measpaTop aBTOMAaTHYeCKH INOJaeTcsi IOTOK Trpelouiero napa
(M3 napoBofi ypaBHHTeJbHOH JHHHH 1ea3paTOpPOB NOBHLIILIEHHOIO JaB-
JeHHS WJIH H3 Apyroro lcTouHHKa). [easpupoBaHHas Boja Hamnpab-
JSieTCH B HHTATeJbHLIH TpaKT pereHepallHy HH3KOIO JaBJECHHS N0 HJIH
noc/ie NEepPBOro NOJOrpeBaTesif HHU3KOro AamijeHHus. Ina obecnevenusn
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HajlekHol paGoThl NMOANMHTOYHOrO Hacoca B cXeMe npeaycMorpeH 6ax
arMoc¢epHOro flaBJeHHsl ¢ PeryJHPYeMbIM YPOBHEM BOJAHI.

10.1.4. Jlna nerasaliHH NMHUTATEJbHOH BOAB B KOTeJbHBIX IpHMe-
HSIOTCSl Jea’paTopbl aTMOC(hEpPHOTro AaBJ/EeHHSl ¢ YCTAHOBKOW B cayyae
HeoGXONHMOCTH INPEABK/IIOUEHHBIX Mojorpesarejeii XHMHYECKH OUH-
LIEHHOH BOAL M OXJajHTeseld Jea3pHPOBAHHOM BOIBI.

CxeMa BKJIOUEHHSA BAKYYMHBIX A€a3paTopoB B TPAKT
AMTATEALHON BOAL! Ha NPOMBIINIEHHO-0TONRTEAbHLIX
T3

2],

1 — BakyyMHBfl neasparop; 2 — akKyMyasaTopubii  Gak;
3§ — Hacoc; 4~ TypGHHa; 5 — KOHAeHCaTop; 6 — KoHpeHcaT-
HbBIR Hacoc; 7 — seKTopras rpynna; 8, 9, 10, 11— nopmo-
TpeBaTeNH HH3Koro JaBneHus; I2— Hacoc; I3 — nmoporpe-
Batenb; J4 — oxJajHTeNb NPOHIBOACTBEHHOrOo KOHMEHCATa;
15 — xuMBofoOMHCTKA; 16 — 3XexTop; /7 — noABoA napa;
18 — nonmoA NPOH3BOJACTBEHHOr0 KOHAEHcaTa; 19 — NOABOL,
Chipofl BoAbl; 20 — KOHAEHCAaT B Jea’parTop MNOBHIIEHHOTO
AAaBJaeHHA; 2/ — AONONHHTeNbHBI rpeiowiuii nap

Yepr. 37

10.2. Jleaspaums BOAM B CHCTEMax TenJocHalXKeHHs M ropsyero
BOAOCHaOXenus

10.2.1. Ha T3l ¥ B mnpOH3BOACTBEHHO-OTONMHTEJIbHHX KOTEJAbHBIX
Iasi JeaspaluH MOANHTOYHOH BOAB IO HelaBHEro BpeMeHH NPHMeHs-
JHCb TOJBKO AeaspaTopu aTtMocdepHoro nasienus (uepr. 38). Xumu-
4YeCKH OYHILIEHHAas BOJAA NMoAorpeBaeTcd B NPeABKJIOUEHHBIX NOAOrpeBa-
TeJsIX A0 TeMnepaTypn =~94°C u nopaercs B IeaspaTop, NHTaeMblil

6 3axas 147
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or6opHHM napom. [leaspupoBaHHasi BoAa mnpH Temmeparype 104°C
oxaaxgaercsi A0 =~ 70°C B BOAOBOASHBIX OXJAAHTEJNAX H HaNpaBjsercs
B GaKH-aKKyMYyJSITOPH, OTKyAa MNOCTYNAeT Ha MOANHTKY CHCTEMBL.

Cxema neaspaluy NOANHTOYHOH BOABI
B Aeasparopax arMocqepHOro AasAeHHA
npH HEnmoCpeACTBEHHOM BOAopa3Gope

2
M
oY 9
s Jm.i. 5
s
5F® 2
6
,, }QYJ
9 ®5 y S
4 N> >
:
® 5
5. -
@F N

1 — nukoBmft Korea; 2 — TypOGHHa; J — BoAa
H3 ropoAcCKoro sosaonposona; 4 -— BCTPOEHHBIE
TenAoPHKAHOHIBIE LA TH § — Hacoc;
6 — CHCTEMa XHMHUYECKOro YMArdeHHS BOAH;
7 — BOAOBOASHOR TenNoOGMEHHHK; 8 — mojo-
rpeBaTelH NOANHTOYHOR BoOAbI, 9 — Aeaspa-
Top aTMocdepioro paeneHus; 10— Gak-ak-
Kymyasrtop; I1 — ocHOBHONt ceTeBo#t mogorpe-
BarTesb; /2 — NUKOBLIA ceTeBoil MosOTrpeBaTeNb

Uepr. 38

Taxkas cxema uMmeer cielylollHe OCHOBHbIe HEJOCTATKHU:

3HAYHTENbHBlE NIOTePH KOHAEHCATA rPelollero napa;

yCTAaHOBKA MNpeJBKJ/IOUEHHBIX MojorpeBaTe/el H BOAOBOAAHBIX OXJa-
IMTesieHd, paboTaloNHX Ha Helea’pHPOBAHHOW BOJE B KOPPO3HOHHO
OMaCHOM MHTEpBaJie TeMMepaTyp, UTO NPHBOAHT K HX HHTEHCUBHOH
KOPPO3HH ¥ ObICTPOMY BEHIXOAY M3 CTPOS;

HCIONBb30BaHMe Mapa 3HAYHTEAbHOrO NMOTeHIHaJa H CHHXKEHHE 3KO-

HOMHYHOCTH TYPOOYCTAHOBKH;
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HeLOCTaTOYHas 3arpy3ka HH3KOMOTEHUHAJbHHIX (BaKyyMHBIX) OT-
OopoB Typ6uH;

HEeBO3MOXHOCTh MPHUMEHEHHS B KOTEJbHBIX € BOJAOTPEHHBIMH KOT-
J1aMH.

ITHX HeAOCTAaTKOB NPAKTHYECKH MOJHOCTBIO JHIIEHBl CXEMBbI ¢ HC-
No/Jb30BAHHEM JJIS1 Jera3saldd NOANHTOYHOH BOAB ABYXCTYNeHYaThIX
BaKyyMHHX AeasparopoB. Ha uept. 39 npeacrasnena paspaboranHas

BxJloyeHHe BAKYYMHBLIX [€a3pPATOPOB MNOAMM-
TOYHOH BOALI B CXEMY OTONHTENbHO-NPOH3BOA-
creennofi TIL,

1 -- pakyymHnll neasparop; 2 — Hacoc; J — KoHAeH-
carop; 4 — Typ6oycTauoOBKa; 5 — KOAAEKTOD; 6 — nof-
n¥TOYHHA Hatoc; 7 — moAnopHul Hacoc; 8 — certe-
BHE nojorpesatenu; 9 — cerepoft Hacoc; /0 — aKKy-
MYNATOPHLIf 6ak; 11 — nognuTouHbIN Hacoc,
12 — xumBOoAOOMHCTKA; 13 — SKeKTOp; J4 — mpAMasx
cereBast Boma; [/5 — ofpaTtHas ceTreBafx BOJAA;
16 — noagroa BORONPOBOAHON BOALI

Yepr. 39

udicturyramd LIKTH, Tennosaekrponpoektom u BHHUITH3suepromnpo-
MOM THIIOBAsl CXeMa Jea’palliH NMOATHTOYHOH BOALI HAa IIPOH3BOJCTBEH-
Ho-oronHTe bHOH TAL] ¢ BakyyMHBIMH measpaTopamu, paGoTaloUIHMH
B peXXMMe NOCTOSHHOH 0a3080M HarpyskH, paBHOH cpeliHell BeJMyHHe
MOANHTKH, H HCHOJNB3YIOUIHMH B KayecTBe TENJIOHOCHTeN NPAMYIO ce-
teBylo Boay. [leaspupoBaHHas mnoimuToyHast BOAA C TEMMeEpPaTypoil
40—45°C nopmaercs MNOANHTOYHBIMH HacocaMH B 00paTHYyW MarH-
cTpaab. Jna obeclieueHHst HaleXHOi paboTH HACOCOB HENOCPEACTBEHHO
MO/ 1ea3paTOPOM YCTAHOBJIEH BaKYyMHBIH KOJJNEKTOP C PEryJHpYyeMbIM
ypoBHeM BoAbl. M30BITOK JeaspHpoBaHHOR BOAK HANpaBasieTcd B 6aK-
aKKyMyJsIITOp, Te€MIlepaTypa BOJH B KOTOPOM NOAAEPXKHBACTCA pPaBHOM
70°C 3a cyeT NMoAMeNIMBAHHA NMPAMOH ceTeBoH Boib. M3 Gaka-akkymy-

6*
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JSTOpa BOZa mojpaercss B oOpaTHY0 MarucTpajb TEIJIOCETH HACOCaMM,
aBTOMAaTHYeCKH BKJIOUaeMbiMU NpPH NajJeHHH 1aBJeHHS B Hefl,

10.2.2. B psane cayuaes Ha TOIl, a TakKe B OTONHTEIBHLIX KOTE/b-
HBIX, MpHMeHsieTcsl OoJiee MpocTasi cXeMa CO CJAHBOM J€a3pHUPOBAHHOM
BOABI NpH TeMnepatype 65—70°C caMOTeKOM M3 BaKYYMHBIX Jea3parTo-

CxeMa BKJIOYEHHS BaKyyMHBIX jeaspatopoB Ge3
noTepH KOHAEHCATA

AKRKKARAR AR RN

! — noason XOB; 2 — napopoafiHOl nojorpenbarenn; 3 — Ba-

KyymHbIfl aeaspaTop; 4 — akKyMYJATOPHbIt 6ak; 5 — Hacoc;

6 — napoBoAsHON mojorpesaTtenab, 7 — HWOABOA rpewuteit

cpeabl; &8 — PEryJHPYIOUIHR KJanmaH; 9 - oXJajHTeNdb Bbl-

napa; 10 — noason napa; 11 — perynsarop YPOBHHA;
12 — ruaposarsop

Yepr. 40

pPOB B akKKyMmyJasTopHbi 6ak (uept. 40) mpH ycTaHOBKe Jea’paTopoB
Ha jocTaToyHoli Bhicote. McxomHas Boga B 3TOM cJyuyae MNoAorpe-
Baercsi a0 temneparypsl 45—50°C. B kauecTBe TENJOHOCHTENS MOXKET
HCIIONIb30BAThCA MOAOrpeTast Jea3pHpPoBaHHAs WM NpsAMas cereBas
Bona. Ilpu oTcyTCTBHH 3HAYHTEJbHBIX BHICOTHBIX OTMETOK JAea’pHpo-
BaHHasi BOJa MOXET CJUBaThCcSl B NPOMEKYTOUHBbIH Gak aTMocgepHOro
JlaBJIeHHus ¢ nocjaenyloileii nepekayko HacocoM B aKKyMYJATOPHEIH
6ax. B oronuTeqbHBIX KOTEJbHBIX MOXKET TaKXe NPUMEHATLCHA cxema
(uepT. 41) measpauuu NOANHUTOYHOH BOABI NMPH Temnepatype 45—50°C
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¢ nocaenylomwumM rnogorpesom o 70°C. IlpeumyuiecTBO 3TOH CcXeMbl
B TOM, YTO Bce MojJorpeBaTesd B Heft paboTaloT Ha Jea3pHPOBAHHOM
BO/JLE.

10.3. Pexomenpaumn no napaaieabHoii pabore aeasparopos

10.3.1. JeaspauuoHHasi yCTAHOBKA MOXKET COCTOSITb M3 OJHOIO HJH
HECKOJIBKHX [1€a3paTOpOB, BKJKOYEHHBIX NnapaJJe/bHO 10 BOJe H napy.
Yuc/0 napajsieNbHO BKJIIOYEHHBIX Jea3paTopoB, KaK NpPaBHJIO, He Tpe-
poiiaer 4—5. C yBesIHUeHHEM 3TOr0 4HCJa BO3PAcTAae€T BO3MOXKHOCTH
HEpaBHOMEPHOrO pachnpeje/eHHs NOABOAHMBIX MOTOKOB BOABI H Ilapa
MEXJy Jea’paTopaMH H HEPaBHOMEPHOro OTBOAA MAea3pPHPOBAHHOH
BOJALI 43 6aKOB-aKKyMYJSITOPOB K OTAEJbHBIM IHTaTeJbHbIM HacocaM.

Cxema jeaspallHH NOANHTONHOA BOAB NpPH TemMnepaTtype
45—50°C ¢ nocienywoumum noaporpesom ao 70°C

7
"%
O}
2

2
r

1 — nopBox HCXOAHOW BOABI; 2 — XHMBOMOOYHCTKA; 3 — BaKYYMHBIft

measpartop; 4 — KoaaekTop; 5 — Hacoc; 6 — nojgorpesatreab; 7 — ak-

KYMYJATOPHbIfi Gak; & — noxasoA rpeiouteit cpeani; 9 — peryastop
ypoBHSi; 10 — peryaupyioumuft xnanax; // — 3xKekTop

Yepr. 41

3TO MoXKeT BHI3BaTh:

pasJHYHe JaBJieHHil B Jeasparopax;

pasauune ypoBHeil BOAH B 6akax (mo I—1,5 M);

HepaBHOMEPHYIO TeIJIOBYI0 Harpy3Ky [ea’paTopoB H, KakK CJelCT-
BHE 3TOro, pas3jHyHyl0 3PeKTHBHOCTh JAeas3palHit BOABI, BNJIOTh M0
HapylleHUsi HOPM KauecTBa BOJHI.

10.3.2. Idana obGecneyeHHss HOPMaJbHO#l paGoTH NMapaJJesbHO BKJIO-
YEHHBIX Jea’paTopoB aTMOC(EepHOro H MNOBHLIIIEHHOrO JaBJEHHS HX
6aKH COeAMHAIOTCH MeXAY coO60H MapoBHIMH H BOASIHBIMH YPaBHHTEJb-
HpiMu JauHHAMH. [Ipu BrIGOpe AMamerpa ypaBHHTEJABHBIX TPyGomposo-
J0B, KOTOpHIH onpenensercsi NPOH3BOAHTEJNbHOCTLIO [ea’paTopoB H
laBJeHHeM B HHX, PEKOMEHAYeTCsl PYKOBOJACTBOBATbCSl MAHHBIMH, NpH-
BeJleHHBIMH B TabJ. 7.

I1pu manoM KonndecTBe (2—3) mapajjiebHO BKJIOYEHHBIX feaspa-
TOPOB NAPOBYIO YPaBHHTEJbHYIO JIMHHIO MeXJy HHMH MOXHO He ycCTa-
HaBauBaTh. B 3ToM cayuae TpyGompoBoj rpeiollero napa AoJKeH
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ObITh pacCuHWTaH TakK, uToObl MPH THAPABJIHYECKOH neperpyske Jto6oro
IeaspaTopa Ha 209% u nogorpeBe Bojbl B HeM Ha 40°C pa3HocTtb ypoB-
Hell Boibl B 6aKaX-akKKyMyJasitopax He npebimasna 300 MM.

Tabauya 7
JuaMerp napoBbiX H BOASIHbIX YPAaBHHUTENbHbIX JHHHHA
Jnamerp ypaBuu- | Juamerp soasiHoro
neas-n:ir;'op a H;:):;a:pog(l)rpe:b:chu TEJILHOTO NapOonpo- YDPaBHHTEJIbHOrO
P ’ BOJA, MM Tpy6onposoga, MM
JA n OI Jlo 150 200 200
A n II1 200 — 400 250—300 300
Al 500 — 1600 500 500

10.3.3. B cxeme 6/104HOIH 3HEpreTHUYECKOH YCTAaHOBKH MNpPeANOuTH-
TEJbHO HMeTb OJHH Jleasparop.

Ecin Jea’paunoHHasi ycTraHOBKa 3Hepro6JoKa COCTOMT #3 ABYX
JleaspaTopoB, Bce TPyOONpOBOALI MOABOAA BOABI H Mapa K KOJIOHKaM,
a Tak>ke OTBOAA MAea’pPHPOBAHHOH BOJAB JOJKHEI OBIThb BBINOJHEHHI
CHMMETPHUYHO N0 OTHOLIEHHIO K JleaspaTopaM: 3amopHble H peryJaupyio-
lHe OpraHbl Ha OTBeTBJEHHSX He YycraHaBauBaOTcA. OTBeTBJEHHS
Tpy60IpOBOJOB Aea3pHPOBAHHOH BOAH K 0o6UIEMY KOJJNEKTOPY AOJIKHBI
HMETb MHHHMaJbHble CONMPOTHBJIEHHS BO H36eXKaHHe CHHXKEHHH Mol-
nopa nepej NMHTaTeJbHBEIMH HacocaMH. [IBe AeaspalHOHHBIE KOJOHKH
MOTYT YCTaHaBJHBaTbcsi Ha OOHOM Oake-aKKyMYyJsTOpPe, 4YTO CyliecT-
BEHHO ynpollaer cXxeMy TPy6ONpoBoJOB NeaspallHOHHOH YCTaHOBKH.

He pekomeHayeTcsi BK/iO4aTh B napaJe/bHyl0 paboTy ZeaspaTtophl
pa3HbIX KOHCTPYKLHIl (HanpHMmep, OLHOCTYyNMeHUYaThle H JABYXCTyIeHua-
THE).

10.3.4. BkaioueHne BaKyyMHBIX 1€a3paTopOB B mapaJllenblyio pa-
60Ty He peKOMeHAyeTcs, TaK KaK NPH OTKJIIOYEHHH ORLHOr0 K3 HHX
MOTryT MOSIBHTbCS 3HAYHTEJbHble MOACOCH BO3AYXa 4Yepe3 HEemAOTHYIO
3aMOPHYI0 apMartypy.

ITpn Heo6XOAMMOCTH MapanJejbHON paGoThl BAKYYMHEIX Jea3paTo-
pPOB NPH HHAHBHAYANbHOM H IPYINOBOM PeryJHpOBaHHH BCS 3amOpHast
apMaTypa J0JXKHa HaXOLHTbCA HA OTMeTKaX, HCKJIOUAIOWHX BO3MOIK-
HOCTb MOJICOCAa BO3JyXa yepe3 OTKJIOYEHHbIH Aea’paTop.

Bce oTBerBieHHs K JeaspaTopaM ROJIKHBI GBITb CTPOrO CHMMeET-
PHUHBI H PaBHOrO T'HJPaBJHYECKOro compoTHBJeHHsA. Ecan aeaspupo-
BaHHasl BOJA B 3TOM cJyuae C/JIHBAeTCs CaMOTE€KOM B 6aK ¢ MOMOILbIO
06 be/IHHAIOIEr0 KOJJIEKTOpPa, TO MNOC/AEedHHH CaelyeT NPOKAaXbIBATh
Ha BBICOTHOH OTMeTKe, oGecneyHBaloLlell HalnuHe cTO16a BOABI B CJHB-
HOM TpyOONpOBOJE OTK/IOUEHHOro Aea’paTopa NpH BceX peXHMax pa-
60Tbl CHCTeMbl. 3anopHas apMaTypa Ha CJIHBHBIX TPyGOmpoBomax H
oObeHHAOLIEM KOJJIEKTOpe He YCTaHaBJHBaEeTCS.

ITpu napasanenvHoit paboTe BaKyyMHBIX Aea’paTOPOB Heseco06-
pasHo mpelaycMaTpuHBaTb HHAHBHAYyaJIbHOE DEryJHPOBaHHe [AaBJeHHs
B HHX.
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10.4. OcobGennocTn pa3paGoTku CXeM ¢ BaKyyMHbIMH Jeasparo-
pamn

10.4.1. T'pelomeit cpemoii B BakKyyMHBIX JeaspaTopax NpeHMyLIecT-
BEHHO CJAYXHT Neperperas OTHOCHTE/NbHO JaBJeHHs B HHX Jea3pHpo-
BaHHas BoAa ¢ temueparypoil 70—180°C. UeM Gosbure Temneparypa
neperperoii BOJH, TeM MeHblle HeoGXoAMMbIH ee pacxon. Pacxonx mne-
perperoii BOAH B HOMHHAJILHOH NPOM3BOAHTENBLHOCTH Aeaspartopa He
YYHTBIBAETCH.

B cxemax peaspanuu no6aBounod Boan Ha TILL (cm. uept. 37)
PacXol HCNOJb3yeMOro B KauecTBe Trpelolleil cpegs NpPOH3BOACTBEH-
HOro KOHIEHCATa BXOAHT B HOMHHAJIbHYIO NPOH3BOAHTENbHOCTb Aeas-
paTopa.

MaxkcuManbHBI pacxol neperperoi BOAL B AeaspaTop He AOJrKeH
npesBHWaTh €ro HOMHHAJAbHOH NPOH3BOJAMTENLHOCTH (HampHMep, ANs
neaspartopa JIB-400 makcuMasnbHBIN pacxoj neperperoil BOABI COCTaB-
asier 400 1/u).

10.4.2. TIpn npoekTHpOBaHHH BaKyyMHbIX 1€a’spalHOHHBIX YCTaHO-
BOK CJIEyeT CTPEMHTbCS HCKJIYaTh H3 CXeM NpelBK/IOYEHHHE MOoIOo-
rpeBaTenH HeleaspHpoBaHHO# BoAW. IIpn HaNHuYHH TakMX nojmorpesa-
TeJeH BOA2 B HHX He JOJKHa noxorpepatbcsi Goabure, yem ao 50°C.

10.4.3. CnenyeT NOMHHTb, YTO ABYXCTyNleHYaThie BaKyyMHbie Aeas-
paTopul cepun [IB He nMelor 3amaca M ypoBHS BOALI B CBOEM Kopmyce.
Ilosromy npn pabote neaspatopa Ha Hacoc A/if YCTOHYHBOH paGoTH
nocjaejgHero Heo6XoAHMO NpeaycMaTpPHBATh POMEXKYTOUYHHHA 6aK aTMo-
chepHoro JaB/MeHHS HJIH BaKyyMHBIA KOJJEKTOP ¢ peryJHpyeMbiM
ypOBHeM BOIB B HHX. BakyyMHHH KOJJIEKTOD MOXXeT NPHMEHATbCS
TOJIBKO B CXeMaX ¢ MOCTOSIHHOH (6a30BOd) rHApaB/IMUYECKON Harpyskoi
Jlea3paTopoB M YCTAHABJIHBAeTCS HENMOCPEJACTBEHHO NOJ AeaspaTopoM
(cm. uept. 39). O6beM cOCyZOB H NOBEPXHOCTh 3€pKaJia BOAKW B HHX
BHIGHPAIOTCA B 3aBHCHMOCTH OT KOHKPETHHIX YCJIOBHHA cxeMH. [uamerp
BAKYYMHOro KOJIJIEKTOpa He RoJi:KeH OHTb Mehee 1,2 M.

10.4.4. JIns HajeXHOro CJMBA Jea3pHPOBAHHON BOAbI B AKKYMYJIS-
TOpPHHIE (NPOMeXYTouHule) Gaku aTMOchepHOro AaBjeHHS CaMOTEKOM
BaKyyMHBI® JeaspaTophl NOJIKHH pasMemarhtss Ha OTMETKe, IPEeBHI-
maloueli BEpXHHH ypoBeHb BOJAH B Oaxe He MeHee ueM Ha 10 M (cM.
uepT. 40). YpoBeHb BOAH B STOM CJyyae KoJieGJeTcsi B CAMBHOM TPY-
GonpoBoje B 3aBHCHMOCTH OT JaBJIeHHS B Jeaspatope, ypoBHsi B Gake
Il THAPABJHYECKOH HarpysKH.

10.4.5. Cepneatoe BHUMaHHE cjefyeT o6paulaTb Ha BKJAIOYEHHE H
06GBA3KY TPyOONMPOBONAMM MHOTOCEKIIHOHHBIX BaKyyMHHIX JleasparTo-
POB, COCTOSIIHX H3 ABYX M GoJee cexuuii. 3anopHast H peryaupyrouas
apMmatypa NOJXKHA yCcTaHaBAHBaTbcsd Ha o6wiHx TpyGompoBoaax. Bcee
OTBETBJIEHHS TPYGONPOBOAOD K CEKUHSAM AOJIKHbLI BHMOJHATBCS CHM-
METPHYHO M DAaBHOrO CONPOTHBJEHUS, YCTaHOBKa Kako#-anbo apma-
TYPHl Ha HHX He JOMYCKaercs.

10.4.6. Becst cxemMa BaKyyMHOIl JeaspalMOHHOH YCTaHOBKH JOJIXKHA
NPOEKTHPOBATLCS! TAKHM 00pa30M, YTOOH MAKCHMAJBHO HCKJIOYAAach
BO3MOXHOCTb NPHCOCOB aTMOC(epHOro BO3AyXa B CHCTEMY, B 0cobeH-
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HOCTH B TPaKT Aea3pHPOBaHHOH BOJKI, BO H30eXxaHHe yXyalleHus pabo-
Thl YCTAHOBKH H BTOPHYHOTO 3apaKeHHsl A€a3PHPOBAHHOH BOXBI BO3AY-
XOM. B cBfi3H ¢ 3THM cJelyeT CBeCTH K MHHHMYMY KOJIHYECTBO 3aNOPHO-
peryaupymoiiei apMaTyphbl NoJi BAKYYMOM, HCKJOuHB 06BOAHBIE TPYOO-
NMPOBOJK DeryJHPYIOIHX KJIaNaHOB, 3alOpHBle 3aJBHXKKH Ha mojaue
oXJlaxaaioue BOAbl 3KEKTOPOB B AeaspaTtophl u T. 4. Hacochl aeas-
PHPOBaHHON BOJHI AO/XKHEI 06A3aTebHO HaXOAHTbCSA MOJ H30BITOYHBIM
JlaBjleHHeM BO H30ekaHHe MPHUCOCOB yepe3 CAJbHHKH; YCTaHOBKa 3a-
NOpHOH apMaTyphl Ha TPyOonpoBojax Rea3pHPOBAHHOM BOJAHL NOJ pas-
pexxeHneM He gonyckaercs. IloBTopHoe 3apaxkeHuHe aeaspHpOBaHHOMH
BOJLI BO3ZYXOM MOXKET MPOHCXOAHTb B aKKyMYJATOPHbIX 6akax. Bo

FuapasAHYecKHH 3aTBOP AAA 3auuThi 6aKOB-aKKYMYJATOPOB

1 — Gak-akkymyaatop; 2 — I'HADO3aTBOp; 3 — NofABOA  JAeaspHpoBaHHON
BOAbI; 4 — MoABOA Napa HJAH NeperpeTol BOAbl; § — peryafiTop HaBJNeHHA;
6 — BecroBasi TpyGa

Yepr. 42

H3bexaHHe 3TOro, a Takxe A/ HEKOTOPOro CHHXKEHHS! COAepI<aHHs
KHCJ0poAa M cBOOOAHOM YIJIEKHC/IOTH B aKKyMyasitopHoMm 6ake, HeoO-
XOJHMO BBINONHHTD CJEAYIOLIHEe MEePONPHATHS:

NOABOA Aea’pHpoBaHHOH BOAEI B 0aK M OTBOA ee H3 Oaka ocyule-
CTBJATHL MapaJjenbHbiMH NepPOpPHPOBAHHBIMH KOJJIEKTOPAMH B €ro
HHUXKHIOIO 4acTh; OTBEPCTHA B KOJIIEKTOPaX AOJKHbI GBITb HanpaBJeHb
BHH3; 3TO NO3BOJHT H30eXaTb HHTEHCHBHOM LUHDKYyJAALHH BOAbl B Oake,
KOH/JeHCAllHH napa Ha NOBEPXHOCTH BOAbl H Jp.;

Hajl MOBEPXHOCTbIO BOAB CJAeAYeT NOJAAEepPKHBATh H3GBITOYHOE [aB-
JeHHe (no oTHoweHHio K atmochepHomy) 100—200 mM Boa. cT. 3a
cyeT NOJayd B MapoBoe NPOCTPaHCTBO 0aka mapa HJAM Neperperoi
Jlea3pHpOBaHHOM BOAB (NMapoBas MOAYLIKA).

Pacxon napa ans KocTaTOYHOH BEeHTHASUMH 6aka JoJXeH COCTaB-
astb 0,3—0,5 kr/t a.B. [Ipu atom 6ak coeauusietca c atmocdepoil Be-
cTOBOH TPYGOH.

Iast 3alHThl OT NMOBBILIEHUS H Pe3KOrO MOHHXKEHHS (4O BaKyyma)
IaBJeHHS! aKKyMyJSTOPHBI OaK cJjenyer o060pyaoBaTb THAPO3aTBO-
poM, COEJHHSIOWHM €ro mapoBoe NpPOCTPAHCTBO ¢ aTMocdepoii
(uept. 42). Inn obecneueHHs MOCTOAHHOrO 3a/lHBZ K [HAPO3ATBOPY
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clelyer MOABECTH Aea3PHPOBAHHYI0 BOAY. AKKyMyJsATOpPHBIH Gak 06o-
pYAyeTcs Tak¥Ke [epeJHBHBIM YCTPOACTBOM C IMApPo3aTtBopoM. Ero BHy-
TPEHHAA NOBEPXHOCTb AOJXKHA HMETb CTOHKOE aHTHKODPO3HOHHOE IO-
KpHITHE.

10.4.7. Cxemo#t BaKyyMHO#H Jlea3palluOHHOM YCTAHOBKH A0JKHA GLITH
npeaycMoTpeHa BO3MOXHOCTb NPOBEJAEHHS ee THAPaBIHYECKOTrO HCIbITA-
HHS (mepel BKJIO4YeHHeM B paboTy H NepHOAMYECKH IO Mepe HeoOxo-
RHMOCTH) RaBJjleHHeM 2 Krc/cM2 s onpejesieHuss W YCTPaHEHHsl He-
nioTHocred. Jlast storo Ha cauBHOM TpPYyGONpOBOJE JeadpHpPOBaHHOI
BOJAbl (NPH OTCYTCTBHH 3aNOPHOH apMmaTyphl) clelyeT YCTaHOBHTb
(praHueBH pa3beM AJAA NPOIVIYIIKH Ha BBHICOTE, HCKJIOYalollel BO3-
MOXHOCTb IoJicoca BO3/yxa, a Ha TpybonpoBole oTcoca Nnapora3oBoi
CMecH K 3XKeKTOpYy — 3anopHylo 3anBHxKy. Haauuue 3amopHoit 3a-
IBHMXKKH NMO3BOJIMT BBHITIOJIHHTL NPOBEPKY paboTH 3)KeKTopa B mpoiecce
3KCINIyaTallHH, a TaKXKe NPOBEPKY BaKyyMHOH NJIOTHOCTH CHCTEMBI N0
CKOPOCTH NafieHust BakyyMma. UToOnl Jierye 06HApYXXHTb H JIMKBHAHDO-
BaTh HEMJIOTHOCTH [0 OKOHYaHHS NMyCKOHAJaJOYHHIX paGoT measparop
H OTBOAsALIHE TPYOONPOBOALI H30JHPOBATHL HE Cledyer.

11. OCHOBHBIE PEKOMEHJALIHH NO ABTOMATHYECKOMY
PETYJIMPOBAHHIO H 3AIMUTE NEASPAILHOHHDBIX YCTAHOBOK

11.1. OcHoBHBIE NPUHUMOB ABTOMATHYECKOr0 PEryJHPOBAHMA [e-
23PaUHOHHBIX YCTAHOBOK

11.1.1. CHcreMa aBTOMAaTHYECKOro peryJHpPOBaHHA JAeadpalHOHHOMH
YCTaHOBKH L0JIXKHA 06ecrneyHBaTh:

TIOABOA K Zea’paTopy rpelolllell cpelbl B KONHYeCTBe, HEOOXOXHMOM
JJIs1 IOOrpeBa HCXOJAHBIX NMOTOKOB BOABI A0 TeMIepaTyphl HachILEHHS

noafepxaHHe HeOOXOAMMOro JaBJIEHHS,;

Heo6XOAHMBIH pacxol mapa Ha 6ap6oTax;

HeoOXOAHMBLIH pacXoj BhINapa;

nopjepxaHHe pPaBeHCTBA MeXJY PacXolaMH MOTOKOB, NOJBOAUMBIX
K /lea’spaTopy U OTBOAHMBIX M3 HEro.

Jasi BHIONHeHHs] NepBbIX ABYX TpeGoBaHHH ycraHOBKa o0opy-
AyeTcsi PeryJsiTopoM AaBJIeHHSl C Pery/HpPYIOIIHM KJIanaHoM, YCTaHaB-
/JMBaeMbIM Ha TpyGonpoBoAe NOJABOAA OCHOBHOI rpeowei cpeaut. He-
o6xoqHMBIA pacxon napa Ha 6ap6oTaxk, Kak npaBuiao, obecneyuBaercs
KOHCTPYKTHBHHIM pellieHHeM G6GapboTaxkHoro ycrpoiicta. Pacxos BHI-
napa H3 YCTAHOBKH B mnpouecce ee pabotThl He peryaupyercs. C mo-
MOLUBIO PeryJHpyiouero (WaIH 3amOpHOro) opraHa ycTaHaBJAHBaercs
HeoOXOAMMBIH pacxoj Bblllapa U3 Aeaspartopa NpH paboTe B HOMHHAJIb-
HOM pexHuMe. B ocrasbHRX peXuMaXx NPH TOM JKe NOJIOXKEHHH peryJiu-
pylollero opraHa yjaeJbHbIfi pacxofl Bbhimapa OyAeT NpeBHIUATb HOMH-
HaJIbHBIH, YTO rapaHTHPYeT HOpMaJabHylo pabory Aeaspatopa. Ilocaen-
Hee Tpe0OBaHHE BHINOJIHAETCH C NOMOIILbIO peryasTopa ypoBHs. Pery-
JATOP BO3JelCTBYET Ha KJanaH, YCTaHOBJIEHHHH Ha JIMHHH Jo06aBoy-
HOHI BOJHI.
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11.1.2. B pBsyxcryneHuaTtelx jeasparopax (uept. 43) ¢ 3aTomJeH-
HEIM B Gake G6apOoTa)KHbIM ycTpoiicTBoM KoHCcTpyKunn LIKTH,
HMEIUHX ABa NMOABOJAA Napa, olHH — B MapoBoe NPOCTPaHCTBO Gaka,
BTOPOH — Ha Gap6oTaXXHOE yCTPOHCTBO, pery/JHpoBaHHe oOcCyllecT-
BasieTcsl caepyowuM obpasoM. Ha 6ap6oTaxHoe ycTpoicTBD nojaercs
NOCTOSTHHBIA pacxoA napa MNOBBILIEHHOro JXaBJjieHHSA H3 HE3aBHCHMOIo
HHCTOYHHKA, OrpaHHYEHHHH JHadparmod, onpefeseHHbIH NPU HOMH-
HaJbHOH Harpyake u3 pacuera 20—25 xr Ha | T 1easpupoBaHHOM
Boabl. OcranbHoit nap u3 orbopa TypOGHHBI (HJIH JpPYyroro HCTOYHHKA)
TIofaeTcs B NapoBOe NPOCTPAHCTBO Jea’paTopHoro 6aka uepes perynn-
pyloulnit ka1anaH peryastopa Aasjenus. Ha o6bekrax, rie nckaoueHa

HByxcTyneHyaThiit TepMuuecknii neasparop cucremnt LKTH

it
-

! — aKKyMyasTopHnifi Gak; 2 — neaspauMoHHas KoJoHuka; 3, 4—

NMOABOJ XHMHYECKH OYHUleHHOA BOABI K KOHAeHcaTa; 5 — BBOA ToO-

PHYHX KOUREHCAToB; 6 — NOABOA Napa Ha 6apGoTax; 7 — 0CHOBHOM
noaBox napa; 8 — 6apforaxKHoe YCTPoORCTS80

YepT. 43

BO3MOXHOCTb 3a6poca BOAbl 113 JeasparopHoro 6axka B TypOuHy npH
MTHOBEHHOM c6poce HarpyskH M Ile 3TO He BeleT K AOMNOJHHTEJIbHBEIM
IHepreTHYeCKHM TOTEPSM, Bech map cJeAyeT noldaBath B 6Gapboraxk-
Hoe YCTPOHCTBO Reaspartopa. llItyuep nmoaBoja rpeiouiero napa B na-
pOBO€ MPOCTPAHCTBO HCMO/b3YEeTCH B 3TOM CJyyae TOJIbKO ISl MOAAYH
napa B /iea’paTop B NYCKOBLIX peXXKHMaX.

11.1.3. TIpHHUNNB peryaHpPOBaHHS pabOTH CXeM ¢ BAKyyMHBIMH
JleaspaTopaMH H3J0XeHbl B pasnese 10 (cM. uept. 37, 39).

11.1.4. Bce onepaunu no NMOATOTOBKE M BKJIOUEHHIO JAea3paLilOH-
HOM ycTaHoBKM B paboTy, Kak npaBuJio, Npou3BoisTcs ppyunyw. He-
06X0AMMO NMpeaycMaTpPHBaTh BO3MOXKHOCTb YINpaBJeHHS Aea3paulioH-
HOM ycTaHOBKO#H ¢ 6/10YHOTO WWHTA YNpaBJ/eHHS.

11.1.5. I'pynna napajJenbHo paboTaloLluX AeaspaTopos (Keaareb-
HO He GoJiee YeThipex) MOJKHA paccCMaTPHBATbCs KaK OJAHH OOBEKT aB-
TOMaTHYECKOro peryiaupoBaHus. I1pu sToM Heo6xonHMO o6ecneynTs paB-
HOMEPHYIO Harpy3ky /easpaTopoB IO BOAE H TemJay, a TaKXe BO3MOX-
HOCTh OTKJ/IOYEHHS MI06oro neaspaTtopa H3 rpynnel NPH COXpaHeHHH
aBTOMATHYECKOro YNpaBJeHHsd 1/ paGoTalollHX 1ea’paTopoB.
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11.1.6. lns neaspaTopoB 3Hepro6JOKOB clefyeT NpelycMaTpHBATh
aBTOMAaTHYeCcKoe BKAIOYeHHe aBapHiiHOro xobaska n nojaauvy GoJblIOro
KOJIHYECTBa BOJABl H3 GaKOB 3amacHOro KOHIeHcaTa B NMepPHOL NycKa.

11.1.7. Tlpu najneHHH JHaBjieHHss B HeperyJjupyemom oTbOpe Typ-
OMHBI, K KOTOPOMY NpPHCOENHHEH Jea’paTop INOCTOSIHHOIO JaBJeHHS,
MeHblue onpeneneﬂ}loﬁ BE€JHYHHBI NOJXKHA OBITh npeaycMoTrpeHa Bo3-
MOXHOCTh aBTOMAaTHYECKOrO MNepeKkJIoYeHUs JAeaspatopa Ha oT6Op
¢ Gonee BLICOKMM JaBneHHeM. Bpems nepex/iiouennsi He JOJIKHO mnpe-
BHIIATH 1,5 MMH.

11.2, 3amura peaspauHOHHBIX YCTAHOBOK

11.2.1. B kaxno#t neaspallHOHHOH! ycTaHOBKe JA01/KHA GHITh HpeRy-
CMOTpPeHa 3alllHTa OT ONAcCHOI'0 NMOBHLILIEHHSA [1aBJeHHS H NEePEHOJHeHHS
BOJOH. B ciyuae HeoGXOAHMOCTH YCTaHOBKa 0/KHa TakKxKe 06opymno-
BAaTbCA 3alUHTHHIM YCTPOHCTBOM, NpeAOTBpallaouiiM 3a6poc BOABI
B TypOuHy uepe3 TpyGonpoBoji orbopHoro mapa npH peskom cOpoce
Harpysks TypOHHBI; TaKoe YCTPOACTBO AOJKHO HMeTh BPeMs 3aKpbITHS
He GoJee | c.

11.2.2. B kauecTBe 3allHTHBIX YCTPOHCTB, NMPeNOTBpPALLAIOWIUX ONaC-
HOe TOBHILIEHHe NaBJeHHs B Jeasparopax thna JI1 npumeHnsiorcs
npeloXpaHHTeNbHbIE KJamnaHbl, a B Aeaspatopax tuna A — ruapas-
JnyeckHe 3aTBOPH. OHM MOAKJIOYAIOTCA K MOJABOASLIEMY I1apONMPOBOAY
MeXAY PeryJHpyIomHM KlanaHoM (JAaB/eHHS!) 1 JeaspaTopoM WJH
K NapoBOMY NPOCTPAHCTBY JAeaspaTopHoro Gaka. Ecan rtemmeparypa
napa npeBHINaeT AONYCTHMYIO AJsl 6aKa, 3aliuTHHe YCTPOHCTBA A0J-
JKHBI TOAKNIOUAThCA K NMOABOAALILEMY NMaponpOBOAY.

11.2.3. B neasparopax tuna IIT npu paGore npenoXpaHHTENbHDLIX
KJIallaHOB JONyCKAaeTcs NMOBHILEHHe AaBaeHust Ha 25% cBepx pabo-
4ero; NpeloXpaHHTENbHBIE KJanaHbl AOMKHEI cpabaThiBaTh NpH JaB-
neHny Ha 0,2 xrc/cm? npesniwaioiem paGouee,

11.2.4. BricoTa ruapas/Hueckoro 3aTBOpa AJS 3alUHTH OT MNOBbI-
IIeHHS JaBJieHHA B Jeaspartopax tuna JIA cocrasisier 5 M, AaBJeciue
cpabGareiBaHusA rugposatsopa — 1,5 kre/em? (abc), MakcHMasbHO Jony-
CTHMOe [aBJeHHe B JeaspaTope mnpH pabore rHApo3aTBOpa —
1,7 krc/em? (a6e).

11.2.5. ITponyckHas cnocoGHOCTb YCTPOHCTB Asi 3allMTH Jeaspa-
TOPOB OT ONACHOIQ NOBLILJEHHsE ZaBJEHHS DACCYHTBIBAECTCA HCXOAA H3
YCJI0BHS OLHOBPEMEHHOrO NOCTYMJEHHA B YCTAHOBKY MaKCHMAJ/IbHOIO
KOJIHYeCTBa Iapa, H3 BCeX BO3MOXKHBIX HCTOYHHKOB (BKJlouasi map,
obpasyloluiics NPH BCKHNAHHH NOTOKOB meperpetoil BOABI, Hanpas-
JSIEMBIX B J€a9paTop) NPH MQGJIHOM OTKPHTHH 3aNOPHBIX H PEryJaHpYIO-
IHX OPraHoOB H MaKCHMaJbHOM JlaBJEHHH B HCTOYHHKaX napa.

11.2.6. lna orpaHuyeHHs pacxoia mapa B Aea’paTop B AWOLIX
CHTYaUHAX A0 MakCHMaJbHO HeOOXOLHMOro Ha NOABOASILIEM IapoONpO-
BOJe MOXET YCTaHaBJHBATbCS OrpPaHHYHTEJNbHAs Auadparma.

11.2.7, Ha nuuuax c6poca B Jeasparop OT PacTONOYHBIX cemaparo-
POB MPSIMOTOYHHIX KOTJOB HeOOXOAHMO NpeAycMaTPHBaTh OrpPaHHuM-
TeJbHble AHMparMbl 1 HMOYJIbCHLIE NPEOXpaHATEeNbHEIE KJaNaHHI.
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11.2.8. [Ina 3amuTsl OT NepeNoJHEHHS Aea’pPaTopbl NMOBBLILIEHHOTO
ZLlaBjeHusl o60pyayIOTCs aBTOMAaTHYECKHMH peryJsTOpaMH MepesHBa,
obGecneynBaoliumMu c6poc H3GHITOUHOH BOAB. B gmeaspartopax armo-
chepHOro faBjeHHs A 3TOH LeJH NPHMEHSIOTCS THApaBJHYEcKHe
3aTBOPH BHCOTO!H 6,0 M HJIH CHTHaJH3aTOP YPOBHS C 3aNOPHBIM YNpaB-
JsieMbIM KJamaHoM Ha cGpocHof JimHHH. JlHameTpHl NnepejHBHBIX THA-
PO3aTBOPOB H COPOCHBIX TPYOONPOBOJAOB ONpENESAIOTCS B 3aBHCHMOCTH
OT MaKCHMAaJbHO BO3MOXHOTO pacxofa BOAbI B JeaspaTop B aBapHi-
HbIX CHTyallMsiX 1 KOHKDETHOH CXeMBl YCTaHOBKH. PekoMeHAyeMble
JUaMeTpHl NepeqUBHBIX THAPO3aTBOPOB, ONPelesieHHble IO MaKCHMAaJb-
HO¥W NIPOH3BOJUTENBHOCTH JAeaspaTtopa, npusefeHsl B TabJ. 8.

Tabauya 8

Pekomenayembie aHaMeTpbl NEPeAHBHbIX
THAPO3aTBOPOB AeasparopoB THna JA

[Tpon3sBoaUTENbHOCT YenoBHbI nHameTp
Reasparopa, T/u THAPO3aTBOPA, MM

25 70

75 100

100 100

150 125

200 150

300 150

11.2.9. B neaspatopax aTmocdepHOro naBjieHHS AJS 3aU(HTH OT
ONacHOTo NMOBHILIEHHS NABJEHHS H YPOBHS LIHPOKO NMPHMEHSIOTCA KOM-
OGHHHDOBaHHBIE NpeAOXpaHHTeJbHble YycTpolicTBa (uept. 44). Ycrpoii-
CTBO COCTOHT M3 JABYX CaMOCTOSITEJbHBIX THAPO3aTBOPOB (OAHH H3 KO-
TOpHX, OoJiee KOPOTKHH, 3aliullaeT [leaspaTtop Mo JAaBJeHHIO, a ApPY-
ro#i — 1o YPOBHI0), 06beANHEHHBIX B O0ILYIO THAPABJIMYECKYIO CHCTEMY,
H pacuisputenbHoro 6auka. ITocienuuii o6GecneuuBaer aBTOMAaTHYe-
CKYI0 3aJIMBKy YCTPOHCTBAa NOC/e YCTPAaHEHHS HapylueHusi B pabore
YCTaHOBKH.

11.2.10. BakyymHble [easpaTopbl TaKxkKe c/eAyeT 3aliHUIaTh OT
nepenoJIHEHHs: H OT ONAcHOTo NoBbIlIeHHs1 AaBiaeHHsa. Haubonee npocro
BONPOC 3aLIHTBl BaKYyMHHIX [€a3paToOpoB pellaeTcs NpH CJAHBe Aeas-
pPHPOBAHHOH BOJABI CAMOTEKOM B aKKyMYJSTODHble (HJIH NPOMEXYTOU-
Hble) 6aku aTMocdepHoro AaBieHHs NPH 06A3aTENLHOM OTCYTCTBHH
3anopHoOl H peryjupylouiefi apMaTypbl Ha CJAHBHBIX TPyGONpPOBOZAX.
B sToM cayyae 3amuTa OCYILECTBJISIETCH Yepe3 INepejiHBHbBIE THAPO-
3aTBOpPHl 0aKkoB, PacCUHTaHHblE Ha NPONMYCK MAKCHMAaJbHOTO pacxoia
BOABI, [OCTynamolled B Jea’paTop MPH aBapHAHBIX CHTYAIHAX.
B ocranbHBIX ciyyasix 3auiHTa AOJXKHA BHIIOJHATBCA C MOMOULBIO THJA-
paBJIHYECKOro 3aTBOpPA, MPHCOEAHHAEMOro K CJAHBHOMY TpyGomposoay
HJIH  IIPOMEXYTOUYHOMY KoJJIeKTopy. Bricora ruapo3aTBopa NpHHH-
MaeTcd B 3aBHCHMOCTH OT MecTa ero NpHCOeJHHEHHS K cHucTeMe, a JHa-
MeTp — [0 MAKCHMAaJbHOMY pPacXoAy BOABI, NOCTyNalollel B Aea3paTop
npu aBapuiiHbIX cuTyauusx. [Ipu pabore ruaposatBopa JAomyckaercs
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TIOBHILIEHHE JlaBJeHusl B JeaspaTope A0 1,7 Krc/cM?. YcTaHOBKa ruapo-
3aTBOpa AOJDKHA HCKJII0YaTb BO3MOXXHOCTb MNOSIBJEHHS YPOBHSI BOAHI
B BaKyyMHOM Jeasparope M obecrneyHBaTb HeoGXOAMMBIE YCJIOBHS s
HOPMaJbHOTO BKJIIOUEHH CHCTeMBbl B paboty.

Kom6uHHpOBaHHbIE npeaoxXpaHHTEAbHEIE

YCTPOACTBa JAAA 3aIKTH OT ONACHOrO

NOBLIWEHHA RABJEHHA M YPOBHS BOAbI
B Aeasparopax

I —caus B ApeHax; 2 - mepenHB BOAW H3 je-

asparopa; 3 —map B armochepy; 4 — Gavok;

§ — 3anoanenne ycrtpoiictBa; 6 — nap K3 geas-
patopa; 7 — ApeHHpoBaHKe YcTpoficTBa

Yepr. 44

Ipu nopBone X BaKyyMHOMY .nea3paTopy B KauecTBe Trpelolieil
cpedbl napa HeoOXOAMMO TaKXe YCTaHABJHBAThb NPEeAOXPaHHTEJbHBIH
THAPO3aTBOP Ha NORBOASAIIEM INapONpOBOJe MEXAY PperyJHpPYIOUInM
KJ1anaHOM H Jlea3paTopoM.

11.2.11. Pacuer npefoXpaHHTEIbHBIX NaPOBHIX K/J1aNaHOB H IrHApaB-
JIHYOCKHMX 3aTBOPOB JIOJKEH BHINOJNHATLCA MO MeToAHKe pacuera BI'TIN
«Tenyo3aekTPONpoeKT».
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12. YKAZAHHSA MO 3KCMJIYATALHH

12.1. O6mue ykasaHus

12.1.1. JeaspaTopbl QO/IKHB 3KCIJYaTHPOBATHCA B COQTBETCTBHII
C TDEGOBQHHHMH HHCTPYKUHH MO 3KCIJIyaTauHHd NPEeANPHATHA-H3TMOTO-
Blitesis, paspadarteisaemoit no F'OCT 2.601—68.

12.1.2. TIpxn MoHTaXe H 3KCMJyaTallHH TEPMHYECKHX [1ea3PaTopoB
IOJXHB cobmonarbcss Mepel 6e30NMacHOCTH, onpefedeHHble TpeGoBa-
HusiMu Tocroprexnapgsopa CCCP, coQTBETCTBYIOLIHMH HOPMATHBHO-
TeXHHYECKHMH NOKYMEHTaMH, HOJMHOCTHHIMH HHCTDYKUHSMH H T. H.
TepMuyeckne deaspatopbl JOJNKHH [OLBEPraTbC TEXHHUECKHM OCBH-
JleTeIbCTBOBAHUAM (BHYTPEHHHM TEXHHYECKHM OCMOTPAaM H THAPaBJIH-
4eCKHM HCNHTAaHHAM) B COOTBETCTBHH ¢ npaBH/iaMH IocroprexHaisopa
CCCP. [easpaTopsi, He noaBefoMcTBeHHbie ['ocroprexuagsopy CCCP,’
I0ABEPraioTCA rHAPABJIHYECKOMY HCIBITAHHIO NPH H3GHITOMHOM AaBJe-
HHH He MeHee 2 Krc/em?.

12.1.3. JleaspaunonHbie KOJOHKH H Hea’paTOPHble GakKH HOJXKHbI
HMETb XOPOWIYIO0 TEIVIOBYI0 H30JsIXHIO. TennoByl0 H30/SUHIO BaKyyM-
HBIX Nea’pPallHOHHBIX YCTAHOBOK CJ/eLyeT BHINOJHATBL NOC/ae 3aBepllie-
HHUSA HaMaJoYHbIX PaboT H HAaJEXKHOH 3KCMIyaTallHOHHON MPOBEPKH.

12.2. ApmaTypa H KOHTPOJbHO-H3IMEePHTEJNbHasA annapatypa

12.2.1. Kaxnas neaspallHOHHas YCTAaHOBKa JO/DKHa HMETh C/eqyio-
IYI0 apMaTypy H KOHTPOJbHO-H3MEDHTEJbHYI0 anmaparypy:

peryJaTop AaBJeHHd, obecneyHBaIOWIHA Heo6GXOAMMOE AaBJieHHe
B JeaspaTope, NyTeM H3MEHEHHS PacXoAa TeNJOHOCHTe/s;

peryaarop pacxofa, o6ecneunBalOIHi HeoOXOXHMHI pacxon geas-
pHpyeMoit BOJAH B fleaspaTop;

BOJOYKAa3aTeNbHble NPHOOPH M KOHTPOJAS 3a YPOBHEM BOABI
B yCTaHOBKE;

NPefoXpaHHTENbHEIE YCTPOHCTBA A/ 3aLUHTBHI OT MPEBHIUEHHA XO-
NYCTHMBbIX AaBJeHHs H YDOBHA;

3anopHYI0 apMatypy, ycTaHaB/lHBaeMylo Ha TpyGonposojax B mpe-
lenax ycTaHoBKII;

I’IOBerHOCTHb!ﬁ XOJIOAHJBHHK AJA OXJ/JaXXACHHA NMEPHOAHYECKH OT-
6rpaeMbix npo6 Aea3pHpPOBaHHON BOJHI,

MaHoMeTp (MaHOBaKyyMMeTpP, BAKYYMMETD) AJSI U3MepPEHHS faBJe-
HHSl B Jea3paTope;

TEePMOMETPBl /151 H3MEPEeHHSI TeMMepaTyphl AeaspHpyeMoH H Heas-
pHPOBAHHOH BOAB! H TENJIOHOCHTEJS;

VCTpo#cTBA AN H3MEPEHHA pacXofa BceX MHOABOAHMBIX B ycTa-
HOBKY TOOTOKOB.

12.2.2. OcHOBHHIE U3MEPEHHS — faBJeHHe H YPOBEHb B Aea’partope
I TeMneparypa [Aea3pHPOBAHHOH BOABLI AOJKHB Takxke (HKCHPO-
BaTbCH PerHCTPHPYIOWIUMH NPHOOPAMH, YCTaHABJHBAEMBIMH Ha IUHTE.

12.2.3. JleaspaulioHHble YCTaHOBKI 0GOPYAYIOTCH TaKMe AOMNOJHHU-
TeJbHBIMH U3MePeHHAMH, CBA3aHHBIMH ¢ KOHTpoJeM 3a paboroil oxna-
AMTENst Bbilapa Il Ta300TCAacHIBAIOMHX YCTPOHCTB BaKyyMHHBIX Jeaspa-
TOPOB.
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12.3. Noaroroska peasparopa k padore

12.3.1. Tlepen nyckom aeaspartopa 1eoONOANMO YGeAUThCs B c.e-
AylolLeM:

BCE MOHTa#Hble H DEMOHTHBle paloThi Ha YCTaHOBKe 1I TPyGonpo-
BOJaX 3aKOHYEHb!, HHCTPYMEHTH H MaTepHa/abl yOpaHsl;

BpeMeHHble 3arJylKH U3 TpyGONpOBOAOB YAa/eHH,

JIOKH Ha Jlea3paTtope 3aKPHTH; Bce 3aJABHXKH H BEHTHJH lHCNpas-
Hbl ¥ 3aKPBITH;

Bce 6O/NITHl Ha apMaType H QJaHUAX 3aTAHYTH;

KOHDPOJIbHO-H3MepHTeJNbHEle NMPHOGOPH YCTaHOBAEHH, NOAKJIOUEHBI
H HCIIPaBHHI.

12.3.2. 3aTtem Heo6xOQHMO NPOBEPHTL BPYYHYI0O H JAHCTaHIHOHHO
paGoTy peryaupyloutefi apMaTyphl, NPOBEPHTb H NMOArOTOBHTL K paboTe
NpefoXpaHHTeNbHEEe YCTPOACTBA, BK/IIOYHTb HMEIOLIHECS B CXeMe
BCIOMOraTeJbHbHE annapathl (OXJafHTe/Nb BHIIapa, TEMJI0OGMEHHHKH,
rasoorcachHBaloliHe ycTpoficTBa, HacocH).

12.3.3. ITepen KaxAHM NYCKOM BaKyyMHON nea3pallHOHHOH ycTa-
HOBKH HeOOXOJAHMO NPOBEPHTb TaKKe THIAPABIHYECKYIO NJIOTHOCTb
CHCTEMBI.

12.4. Bxaouenue B pabory

12.4.1. TlocnenoparenbHOCTh oONepaluii NO BKJAIOYEHHIO KaxAoH
Ilea3pallMOHHON YCTaHOBKH B paboTy onpejeisieTcd HHCTPYKUHeH no
3KCMAyaTaluMH.

12.4.2. IIpu Bxmoyenun B paboTy Aea3paTopa, He 3aMOJHEHHOro
BOLOM, HeoOXoAHMMO cO6/I0AaTh CAEAYIOLLYI0 NPHMEPHYIO MNOcC/Jef0oBa-
TeNbHOCTh ONnepauHi: ‘

NPHOTKPHTDH 3aABHXKKY Ha TpPyOONpoBojle OTBOAZ BHIapa B aTMOC-
$hepy NOMHMO OXJ1afHTENS BHIAPa;

nporpets Tpy6onpoBoa NOABOAA TENJOHOCHTENS H caM Jiea3paTop;

NIPOrpeB YCTAHOBKH AOJIXKE€H NPOH3BOAHTLCA MeJIEHHO B TeuyeHHe
30—40 MuH 1o temnepatypn 100—105°C;

CJMTh M3 [lea’paTopa HAKOMHBIIHACA KOHHEHCAT M NpPOAYTb ero
TIapoM;

MeJ/IEeHHO TMOJAHSTh B Jeasparope AaBjeHHe N0 BeJHUHHBI, NPH KO-
TOPOH JOJNXKHO NMPOHCXOAHTb cpabaThiBaHHe NMpPENOXPAHHTEJIbHBIX YCT-
POHCTB C LEAbI0 MPOBEPKH H PEryJHPOBKH NMOCJAeAHHX, NOCHAE Yero CHH-
3uTb ero Jno 1,2 krc/cm? (a6c);

MeJUICHHO 3aMOJIHUTL JeaspaTopHHii 6aKk [AeaspHpPyeMOH BOJON,
noajepxupas aaBierHe 1,2 xrc/cM? (abc) 3a cuer yBeJiMueHHs pac-
Xola nmapa B Jea’parop;

MeJlJIeHHO MOAHSATh JaB/IeHHe B AeaspaTope X0 paGouero;

BKJIIOYHTb B paGoTy PeryJsiTopbl pacxofa (ypoBHs) 1 JaBJEHHs;

BKJIOUHTb B paboTy oXJajuTeNb BbiNapa;

YCTaHOBHTbL HeOGXOAHMMIH pacXoj Bhinapa.

12.4.3. Tlyck neaspaTopa, 3amOJHEHHOrO BOAOH, HYXXHO OCYILECT-
BJSATH CJefylOlHM 00pasoMm:

co6paTb cXeMy NPOKAa4yKH BOABI O KOHTYPY PEUMPKYJIALHH B Heas-
PaUHOHHYIO KOJIOHKY;
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BBIBECTH YCTAHOBKY Ha pexXuM paboThl npu AaBaeHuH 1,2 krc/em?
(a6c), nosens temnepatypy BoAbl B 6aKe JO TeMNEPaTypbl HaCHIILEHHS
NIPH 3TOM JAaBJCHHH;

DlajbHeHlIMe omepalHH NPOH3BOAHTb B COOTBETCTBHH ¢ TpeboBa-
HHAMH molpa3jena 12.4.2.

12.4.4. Tlpu BKJIOYEHHH Jea3paTopa B napaJliesibHylo paboTy c ol-
HHM MJIH rpynnoii paboTalolluX Aea3paTopoB HEOOXOANMO cjenyioulee:

YCTAHOBHTb OJIMHAKOBLIH YpOBeHb BOAB BO BCeX Jea3paTOpPHHBIX Ga-
Kax H ONHHAKOBOe JaBJjieHHe BO BCeX JeaspaTtopax;

obecneynTb NPHMepPHO OAHHAKOBLIE THADABJIHUECKYI0O H TENJIOBYIO
HarpyskH KaxJoro aeasparopa;

OTKPHITh MEIJIEHHO 33a/iBHXKKH Ha OTBETBJAEHHMAX K NapoBoil (cHa-
yaJja) H BOASIHOH YDaBHHTEJIbHBIM JHHHAM,

BKJIIOYHTb B PabOTy CHCTEMbl DeryJMpoBaHHS NaBJEHHS H YPOBHs
B JleaspaTopax.

12.4.5. Bxaouenne B paboTy BaKyyMHOro jeaspaTopa MOXET ocCy-
LlecTBJAATLCA MO ciejylouleil cxeme:

BKJIOYHTb B paboTy rasooTrcachiBaiouiee YCTPOHCTBO; yGeauTbcs,
4TO OHO paboTaeT HOpMaJibHO H ofecneuHBaeT HeoOXOAHUMBIH BaKyyM;

YCTAHOBHTb MHHHMAJbHBI pagcXol Aea’pHPyeMOH BOAB H BKJIO-
4HTb B pabory nomorpeBarteni 3ToH BOAB (NPH HAaJHYHH B CXeMe);

NOoRaTh B [leaspaTop TEIVIOHOCHTEJb H, MENJNEHHO YBeJHYHBasi erp
pacxol, YCTaHOBHTb B JleaspaTope He0OXOAHMOE HaBJeHUE;

YCTaHOBHTb HEOOXOAHMBIH THIAPAB/JIHYECKHH H TeNJOBOH PEXHMBI
paboThl feaspatopa, NOCTENEHHO YBEeJNHYHBAsi PacXONbl JeaspHpyemoii
BOJbl H TENJNOHOCHTE/S;

BKJIIOYHTb B PaGoTy cHCTeMy aBTOMATHYECKOTO DeryJHpOBaHHS H
KOHTpOJIA.

12.4.6. Tlpu HanHyuH B cXeMe NPOMEKYTOUHOH €MKOCTH C peryJiu-
pyeMbiM YpOBHeM BOJABI i KOHTYpa PeUHPKYJIAUHH AJS NPOKAaUKH BOIbI
H3 3TOH eMKOCTH B [lea’pallHOHHYIO KOJIOHKY NMYCK BaKyyMHOH Jeaspa-
IUTHOHHOH YCTaHOBKH HYJKHO OCYLLeCTBJIATH CJeAYIOIUHM 006pa3oM:

co6paTh CXeMy NpOKauKH BOJABI N0 KOHTYPY DPeuHpKYJsiLHH;

BKJ/IIOUHTb B paboTy rasoorcachiBaioiliee yCTPOHCTBO;

3anoJIHHTb BOJAOH NMPOMEXYTOYHYIO €MKOCTb H BKJIOUHTb B paboTy
KOHTYP PeLHPKYJALHH;

BHIBECTH YCTAaHOBKY Ha pexXMM paGoThl npH Heo6XOAMMOM [aBJe-
HHH, JIOBeJfl TeMIepaTypy BOJAbl B €MKOCTH N0 TeMNepaTyphl Hachillle-
HUA [IPH 3TOM AaBJAEHHH.

JanbHeilline onepalui NPOH3BOAATCS B MOCIEN0BATENbHOCTH, MPH-
BeJleHHOH B 1. 12.4.5,

12.5. OTKa0ueHHe feasparTopa

12.5.1. INocnegoBaTebHOCTb onepauHil NMpU OTKJAIOYEHHH deas3pa-
TOpa JIOJKHA ONpejensiThc HHCTPYKIHEN MO 3KCIIYyaTalluH.

Onepauyy no OTKJIOYEHHIO Nea’paTopa MOBLILIEHHOTO HJH aTMOC-
t¢epHoro naBJjeHHss HeoOXOAHMO BHINOJHATL NPHMEPHO B CJAEAYIOLIEH
NocJeA0BaTENbHOCTH:
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BHIKJIIOYHTb U3 PabOTHl OXJaJHTeJb BHIIApa H OTKPHTb 3aJABHXKKY
Ha Tpy6onpoBoje OTBOAA BhiMapa B aTMoctepy NMOMHMO OXJaaHTedNsl;

HPEeKPaTHTh Nofayy B Jeas’paTop AeaspHPYeMoH BOABI H <«XOJOJ-
HBIX» KOHAEHCAaTOB;

NPEeKpaTHTL MoJayy B AeasparTop «ropsAuux» KOHLEHCATOB W I'Peio-
Llero napa,;

CAPEHHPOBaTh BOJASIHOH M napoBod o6GbeMBbl OXJajHuTeadsi Bbinapa;

CJMTh BOAY H3 JleaspaTopHoro Gaka;

3aKpBITh BCE 3aJIBHXKKH.

12.5.2. JeaspaTophl 3HeproGJOKOB nepel OTKAIOUEHHEM MepeBo-
JNATCS Ha NHTaHHe NMapoM OT CTOPOHHEro HCTO4YHHKa (BMecTO «oT6Op-
Horo»). IIpH MoJHOM OTKJIOYEHHH BOoAa He 00s3aTelbHO AOJKHA CJH-
BaTbhCA H3 Jlea’paropa; B 3TOM cJyyae B [easpaTope AOIKHO Moilep-
KuBaTbhcsl H36HITOYHOe AaBieHHe 0,2 Krc/cm? 3a cueT nojaud B HEro
napa Bo H30eXxaHHe 3apa’KeHHS BOABI KMC/JIOPOJOM BO3JAyXa.

12.5.3. TIpH yacTHYHOM OTKJIOUEHHU [1ea3pPaTop MONKET OCTaBaThCA
BKJIIOUEHHBIM B NapajJenbHylo paboTy c APYrHMH JAea3paTopaMu H
HCNOJbL30BAaThCH KaK JONOJHHTENbHAs eMKOocTh. B 3ToM ciyuae 3akph-
BalOTcA BCe 3aJBHXKH Ha TPyOonpoBoJax YCTAHOBKH, 32 HCKJIIOUEHHEM
3alBHKEK Ha NapoBOH H BOAAHOWH ypaBHHTEJNLHHIX JIHHMSIX, H B Jeas-
paTtope noajepxuBaetcs paboyee naBieHHe.

12.5.4. OrknioueHHe BaKyyMHOH Jea3pallHOHHOM YCTaHOBKH HYXXHO
OCYIUIeCTB/IATh CEAYIOWUM 06pa3om:

NpeKPaTHTb NMoJayy B JAea’paTop TEMJOHOCHTEs;

NpeKpaTHTb NOJauy AeaspHpyeMol BOAHI;

BHIKJIIOUHTb H3 PabOTH ra3ooTcachiBawlliee yCTPOHCTBO;

CAPEHHPOBaTh Aea’paTop H Apyroe o60PyAOBAHHE CXEMHI;

3aKPHITh BCE 3aJBHIKKH.

12.6. IKcnayaTauHOHHBIH KOHTPOAL 3a paboTodt AeaspauHoOHHON
YCTaHOBKH

12.6.1. Ins obecrieuerusi HafexHoH pa6oThl 1 TpebyeMoro KauecTsa
BOJH NPH 3KCNyaTalHH JeaspaTopa HeoGXOAHMO ciaedylollee:

NOANEPKHUBATL 3alaHHOe NaBJEHHe B Jea’paTope;

cneauTh, yTobHl TeMnepaTypa Jea3pHPOBaHHON BOJABI COOTBETCTBO-
BaJia TeMmepaTtype HaCHIULEHHS NPH RAaBJEHHH B Jlea3paTope;

CleANTb, YTOOL BEeJHYHHA MOMOTPeBa BOALI B JeaspaTope HaXOAH-
Aach B AONYCTHMBIX Npejenax;

CJeIHTb 3a YPOBHeM BOABI B aKKyMYJsTOpPHOM Oake; peryaupye-
MEIl YPOBEHb He J0JKeH OTKJIOHATbCA OT HOMHHAJBHOrO GoJibllle yeM
Ha *=100 MM;

NOALePKUBATh HOMHHAMNBHBIA pacXoj BHNapa H3 JeaspaTopa INpH
BCEX peXXUMax paboThl H MEPHOLHYECKH €ro KOHTPOJNHPOBATb TEM HWJIH
HHEIM cnoco6GoM;

He JOMycKaThb TeNJIOBOX M T'HAPABJAHYECKOH NeperpyskH naeaspa-
TOpa, MosABJEHHS BHOpPAlMH M THAPABJIMYECKHX YAapOB;

He AONYCKATb CHHXKEHHS TeIJIOBOH M THAPABJIHYECKOH Harpysku
Zleasparopa MeHblU€ JOMYCTHMBIX 3HAa4YeHHH;

7 3axas 147
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CJIEJAHTL 3a HOpManabHOH pabGoTOH KOHTPOJIbHO-H3MEPHTENbHBIX
NnpUOOPOB H peryanpyloLllix YCTPOicTB;

nepHojuueckn (He pexe OJHOrO pasa B CMEHY) NpPOLYBaTh BOO-
MepHbIe CTeKJla yKa3saTteJell ypoOBHS;

peryJsipHo (He pexe ABYX pa3 B CMeHY) NPOU3BOALTE 0TGOP mpo-
Obl JeaspHPOBAHHON BOAMI NOCJe fea’paropa AJs onpejeseHis coaep-
JKaHusl B HeHl KHCJOpoAa H CBOOOIHOM YIJIEKHCIOTHI; JHHHH oT6Opa U
3MEeeBHK OXJAaJHTeJsl NPOOhl AOKHBEI ObITh H3TOTOBJEHB U3 KOPPO3H-
OHHO-CTOMKOH (HepxKaBelolel) cTaJu.

12.7. OcHoBHble Henoaaaku B paGore geasparopa U MX yCTpaHeHHe

12.7.1. TloBhileHHe comepKaHHST KHCIOpPOAa H CBOGOAHOH yrie-
KHCJIOTH B [1ea3pHPOBAaHHOR BOAE MOXKeT NPOHCXOLHTD MO CJAeAYIOUHM
HOPHYUHAM,

— HenpaBuibHO NPOH3BOAMTCS oNpelejeHHe KOHUEHTPaUHH KHC-
Jlopoia U cBoGOJHOM yrieKHCJOTH B npo6Ge. B 3toM cayuae Heo6Gxo-
IIHMO NPOBEPHTD:

NPABHJBHOCTb BHINIOJMIHEHHS XHMHYECKHX aHAJIM30B;

npaBUJBHOCTL O0TOOpa npoGH BOJH, e€e TeMmeparypy, pacxof, OT-
CYTCTBHe B Hell Ny3BIPLKOB BO31yXa;

IJIOTHOCTb TPYGHOH CHCTEMBI OXJafHTesl NPOGHL.

— 3HayuTeJabHO 3aHIKEH pacxoj Bbnapa. [Ipu 3ToM He0OGXOAMMO
TIPOBEPHTD:

CTeneHb OTKDBITHA M HCNPABHOCTb 3aJBHXKKH Ha TpyGompoBoje
OTBOJA NAaporasoBod cMecH M3 Jea3paropa;

TeMIepaTypy H PacXof oXJaxJAamlled BOJAbl Ha OXJaJAHTeNb BHI-
napa U CHH3HTh ee TEMIIepaTypy HJH YBEJHUHTb PAacXof;

JNOCTATOYHOCTh NMOBEPXHOCTH OXJAAHTENsd Bbinapa (mpu HeoOXOmH-
MOCTII 33aMEHHTD €ro).

— B neaspatop nojgaercsi TenJIOHOCHTeNb ¢ NOBLILIEHHBIM COJep-
JKaHueM KHcJaopoaa H cBobGomHoil yriekuHcaoThl. Heo6xonumo ompepne-
JINTb H JHUKBHAHPOBATH OYAard 3apaKeHHs TENVIOHOCHTEJSI ra3aMi Hju
B3ATh TEIVIOHOCHTE/b H3 APYroro HCTOYHHKA.

— KoHnpencatsl u JpeHa)ku, Hanpas/sieMble B JAea3paTopHbIi 6ak,
collepyKaT 3HAYHTEJNbHOE KOJHYECTBO KHCJIO0POoJa H CBOOOAHOH yrijeKHuc-
a0Tel. Heo6x0AHMO JIHKBHAHPOBATb HCTOUHHKH 3apPa’KeHHs] HJIH MOAATHb
3apaKeHHble IOTOKH B KOJIOHKY (MeCTO BBOJA ONpefiensieTcsl TeMnepa-
TYpoii nmoToka).

— Hepgocratouen pacxoj TemsioHOCHTeNst B Jeaspatop (3HaueHue
cpeliHero NMoAOrpeBa BOALI B JleaspaTope MeHblle HeOGXOAHMOil BeJsH-
yHHB). B 3TOM cayuae cilefyer NOHH3HTBL CpPENHIOI TeMNepaTtypy
JleaspupyeMblX MOTOKOB BOAB H 0GecneYHTb HeOGXOAUMYIO BEJHUHHY
nojorpesa BOJAbl B leaspaTope.

— [Ilonuxeno pasnesHe B Heaspartope. [IpH 3TOM HEOOXOAHMO
IIPOBEPHTH:

JaBJieHHe H JOCTaTOYHOCTb PAcX0[Aa TEIVIOHOCHTEJISl B HCTOYHHKE
TINTaHHS;

HCNPaBHOCTb PeryJaTopa AaBjeHHA (B ciaydae HEOOXOAHMOCTH Ie-
peiiTi Ha Py4YHOe peryJHpoBaHHe);
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JOCTaTOYHOCTb IIPOXOAHOrO CeueHHs peryJupyloulero KkJjanada
(B cityuae HeOOXOJHMOCTH 3aMEHHTDb KJamaH).

— Heucnpasen jgeaspatop: 3acopeHHe OTBepPCTHH B TapeJkax; Ko-
poOJienye, NOJOMKa, O6pLIB, HeNpaBHJAbHAS YCTAHOBKA (CO 3HAYMTEJIb-
HBIM YKJIOHOM) TapeJioK; pa3pylieHHe 6ap60oTaxKHOro yCTPOMCTBa H Ap.
Heo6xoaumo neaspaTtop BbIBecTH H3 paboThl H NPOHU3BECTH €ro OuH-
CTKY H PEMOHT.

— TennoBasi 1 ruapaBaHyecKas meperpy3ka OTAeJbHBIX Aeas3paTo-
poB NIpH HX napaJsuiesbHoit pab6ote. Heo6xoaumo obecrneyHTb pPaBHO-
MepHOe pacnpejeseHHe Harpy3ok Mexay paGoTaloluMH Jeas’paro-
paMHu.

B sakyyMHBIX Iea’pallHOHHBIX YCTAHOBKAaX YXyAlleHHe KayecTBa
Jlea3pDHPOBAHHOH BOJAH 4acTo HabJ/IOfaeTcsl TakxXe H3-3a HapylleHHs
IIJIOTHOCTH BaKYyMHOTro TpakTta (NMPHCOCH BO3AyXa) U HEYAOBJIETBODH-
TeJIbHOM paboTel ra3ooTcachiBalOWuX ycrpolicts. Ilpu aTtom Heo6xo-
IHUMO caeaylolee:

TNPOM3BECTH THAPABJHYECKOE HCNBITaHHE BCell yCTaHOBKH H npo6o-
OTOGODHBIX JIMHHI H30BLITOYHBIM AaBiaeHHeM 2 Krc/cM? M yCTPaHHTh Bce
BhISIBJIEHHBIE HEMJIOTHOCTH;

BHIMOJIHHTb MEpPOTIPHATHS MO NpoBepKe paboOThl TIa300TCAChiBAKO-
11ero yCcTpPoHCTBa;

NIPOBEPHTb NPABHJIBHOCTL BHIGOPA ra3o0TcachIBAIOLLEr0 yCTpOHcTBa
H B clyuae HeoOXOLMMOCTH 3aMEeHHTh ero.

12.7.2. TloBullleHHe AaBJeHHSI B Jeaspatope H cpabaThiBaHHe Hpe-
JOXPaHHTEJILHOTO YCTPOHCTBA MOXKET MPOHCXOAHTL BCJEACTBHE HEHC-
NPaBHOCTH peryasTopa MAaBJeHHS H pPe3KOro YBeNHYEeHHs pacxoa
TENJIOHOCHTEJS HJH CHHXXEHHSl pacXofa AeaspHpyeMOH BOAbI, WJIH MO-
BHILIEHUS ee TeMIepaTypH. B Takux cayuasix ciaefyer nepedTH Ha JH-
CTAaHLUOHHOE MJH PYUHOE Pery/JHpoBaHHe JaBJeHHs, a NPH HeHCIpaB-
HOCTH DeryJHpylolllero KjaanaHa HCNO/Ab30BaTh 3alOPHYIO 3aJBHIKKY
Ha JIMHHH MOABOJA TeMJOHOCHTeNd. [IPpH HEBO3MOXKHOCTH CHHKEHHS
JlaBJIEHHUS] TIPH NOJIHOCTBIO NpeKpallleHHOH Nnojaue B Aea3paTop TemJo-
HOCHTeN HeoOXOLHMO YBEJHYHTb pacxoj B Aea3paTop XOJOAHBIX MNO-
TOKOB WJIH CHH3HTBb HX TeMmnepaTypy. B mporusHoMm ciyuae measparop
JoJ2KeH ObITb OTKJIIOUEH.

12.7.3. TToBhllleHNe W MOHUKEHHE YPOBHS BOJAH CBEPX JOMYCTHMOTO
MOXKET IPOHCXOMHTb H3-3a HEHCNPAaBHOCTH pEryJafTOpa  yPOBHA.
B sroMm ciayyae HeoGXoAHMO nNepefiTH Ha AHCTAHUHOHHOE H/M PYYHOE
perynupoBaHHe ypoBHA. IloHuXKeHHe YpPOBHS Boibl B 0aKe BO3MOXKHO
TaKxKe H3-3a 3Ha4YHTEeJbHBIX yTeueK yepe3 HENJIOTHYIO HJIH MOBpEeXIEH-
HYI0 3anopHYK apMarypy, NPH HaJHYHH CBHIUEH H pPaspbliBOB TPYO
it T. 1. IIpy HEBO3MOXKHOCTH NOJAepPKaHHS HOPMAJbHOLO YPOBHSI BOABI
JleaspaTop HOJKeH OBbITh OTKJIOUEH.

12.7.4. Hapymenne HOpMaJbHOrO THAPOAHHAMHYECKOrO pexHMa
paboThl JeaspaTopa NPHBOAHUT K IOSIBJEHHIO 3HAYHTENBHBIX BHOpauui
H THAPABJMYECKHX yAapOB, KOTOpPble B 3KCIJIyaTalHH HeJONYCTHMBI,
TaK KaK MOTYT NPHBECTH K Pa3pylleHHIO pabouHX 3/7eMeHTOB Jeaspa-
TOpa H T. A. Takue HapylleHUS MOTYT BO3HHKATh:

T*
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NPH HEHCNPABHOCTH Aea’paTtopa (AeaspaTop cjelyeT OCTAHOBHTH
H NIPOM3BECTH PEMOHT);

NPy THAPABJAHYECKOH Il TENJOBOH Neperpy3kax jgeaspatopa (peskKHM
«3axJeObIBaHHA»); HeOGXOAMMO MPOBEPHTH PACXOJ HCXOAHBIX HOTOKOB
B Jlea’paTop H BeJHUHHY CPeJHero moJorpeBa BOJbI B HelM;

ANpH HENnpaBHJbLHOM BKJ/IOYEHHH JeaspaTopa B paboTy (BKJAKWYaTh
Jea’paTop HeoOXOAMMO CTPOro MO HHCTPYKLUHH 6e3 THApaBJIIueCcKHX
yiapoB).

B BakyyMHLIX Aea’paTopax FHApaBJHYECKHE yxapbl MOTYT Takike
NOSIBASATCS B TOM cJydyae, €C/aM ra3ooTcacbiBaiollee YCTPOHCTBO He
obecrieunBaeT HeOOXOAMMBIA BaKyyM HJIM H3-3a HaJM4HSA 3HAYHTE/b-
HBIX TPHCOCOB BO3AyXa B CHCTEMY uepe3 HeMJIOTHOCTH.
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HNPHJIO)KEHHE 1
Cnpagounoe

OCHOBHbIE TEPMHHbBI H ONIPEAEJNEHHA

TepmuH Onpenenenne
TIpoKsBOANTENLHOCTD CyMMapHHIl pacXoA BceX IHOTOKOB BOJBI, MOCTY-
AeaspaTtopa NaOIHX B Aea3paTop, H CKOHAEHCHPOBAHHOrO B HeM

[Toporpes BoAWM B Ae-
asparope

JlaBnenne B Jeasparo-
pe

YneabHas noBepXHOCTh
KoHTakra ¢as

Yaenpuuit pacxoj BHI-
napa

YneneHnii pacxop mna-
pa na Gap6oTax

Maccosas 1 o6beMHas
NJIOTHOCTE OPOLIEHHSA

Jlunehinas  rugpapau-
yecKas Harpy3ka HacajkH

Pasunopechoe nasJjetie
rasa

napa, T. €. pacXof AeaspHPOBAHHON BOALI H3 Jea3’-
patopa, npH kotopoM ofecneudBaercsi TpeGyemoe
KauecTBO Jlea3pHpoBaHHOH BOABL. IIpou3BojHTE/b-
HOCTb yKa3unBaeTcd B T/u

PasnocTh Mexay TeMmnepaTypoil HacHILeHHS, CO-
OTBETCTBYIOMEA paGouemy LaBJIeHHIO B Jeasparope,
U cpefiHeli pacyeTHOH TeMnepaTypoil IOCTYNAaIOLMIHX
B JleajpaTop NOTOKOB BOABI, NOAJIENKAUIHX jea3pa-
uu. ITogorpes Boan ykasmBaercs B °C

JlaBneHne B NapoBoM npocTpaHcTBe Gaka-akKy-
MYJfTOpa, Kre/em?

OTHoleHHe CyMMapHOR MOBEPXHOCTH KOHTakTa
$a3 k o6beMy, 3aHHMaeMOMY UMH

OTHoulenne pacxofia BHNAPa K MPOH3BOAHMTENb-
HOCTH fea’3paropa, Kr/T

OrHolueHne pacxopa napa Ha Gap6orax K mpo-
H3BOJHTENLHOCTH Aea’paropa, Kr/t

CoOOTBETCTREHHO OTHOLIEHHE MaccoBOro H o6mnheM-
HOTO pacxofia BOAH K TMONEPeUHOMY CeyeHHIo an-
napara, 1/(M-u); Mm% (M2.q)

OTHOLUeHHe MACCOBOTO pPacXofia BOAHW K AJHHE
OpOUIaeMOro MnepuMeTpa YHOPAXOUEHHON HacalKH,
/M

JaBaenne, npu KotopoM ra3osag H  KHAKAEA
¢dasel ¢ AaHHBIM COMEpPIKaHHEM PaCTBOPEHHOro rasa
HaXOAATCA B COCTOAHMH AMHAMHUECKOTO DaBHOBECHS,
Kre/em?
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TIPHJIO)KEHHE 2

Cnpasounoe

MPUMEPBI ONPEAEJEHUA COJAEP)XAHHSi PACTBOPEHHOTO B BOJE
TF'A3A, PABHOBECHOTO C TA30BOH CPEJOH

Mpumep 1. Omnpepennts paBHOBECHOE COJEpIKAHIE PAaCTBOPCHHOTO
B BOJE KHCJAOpOAa NpH GapoMeTPHUECKOM [aBJAEHHH Pgap= 750 MM
pT. cT. u TeMneparype Boasl 20°C.
[lapunanbHoe AaBjieHHe BOASIHOrO Mapa MNPH TeMIepaType HAcLI-
nienst #,=20°C
pn==0,02383 krc/cm* = 17,5 MM pr. CT.

[NTapunanbuoe naBreHHe BO3AyXa
Poosn = Peap — Pn=T750-—-17,5 =T732,5 MM pT. cT.

Hapuuanbuoe JAaBJIcHHe KHCJ0POoaa
Po, =021p,  =0,21-732,5=153,8 MM pr. cT.

BO31

YaenbHEI Bec KHCIOPOAA TPH HOPMAJBHBIX YCIOBHAX Yo ==
= 1,429 kr/m3. Ynrenvunit Bec Bofab npu ¢=20°C y,=10002 xr/m>.

PaBHOBecHOe collep:kaHHe PacTBOPEHHOro B BOJAE KHCJIOPOAA ompe-
JensieM 1o ypaBHeHHIO (3)

a _lo, Po, 1,429 153,8 :
€o, = a* =2 =% -10°=0,0810 ~[55- g5 - 10° = 8,95 mr/xr.

Beanunua a? onpepensiercsi no uepr. 1.

IIpumep 2. lns ycaoBuil, npUBeJeHHbIX B MpuMepe 1, ompeneiuts
PaBHOBECHOE coJepxKaHHe CBOOOJHOH YrJEeKHCJAOTH B BOJe NPHMEHH-
TeJBHO K NPOMBIILIEHHOMY PaHOHY C BBICOKOH 3ara3’oBaHHOCTbIO BO3-
ayxa.

ITapunanbHoe naBjieHHe cBOGOLHON JBYOKHCH yriepoja

Pco, = 0,001p,,,=0,001.732,5=0,7325 mm pr. CT.
PaBHOBecHOe cofep:KaHHe PacTBOPEHHOH B Boje CBOGOAHOH JBY-

OKHCH yIaepoja

— 8 10, Pco, 1ns 1,977 0,7325
Ceo, =0 R +10° = 0,95 555 750 — 1,68 Mr/kr.
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Mpumep 3. Onpegennts OTHOUIEHHe KOHUEHTPAUHH KHCJIOpOAA M
asoTa B BO3JlyXe H HX PaBHOBECHbIX KOHLEHTpAIH# B BOJAE NPH TeMIe-
patypax 20 u 80°C u GapoMeTpHueCKOM [aBJeHHH Ppap=735,6 MM
pT. CT.

TlapunanbHoe faB/ieHHe BOASIHBIX IapoB

npu £,=20°C p,=0,02383 krc/ecm®>= 17,5 MM pT. CT.;

npu £, =80°C p,=0,4829 xrc/cm®=2355,5 MM pT. CT.
[MTapuuasbHoe LaBieHHe BO3AYXa

npu £ = 20°C  Pyogy = Poap—Pu = 735,6 — 17,5 =718,1 MM pT. cT;

npu t =80°C  Pyyy = 735,6 — 355,5 = 380,1 MM pr. CT.
Hap[ma.nhﬂoe AaBJIeHHe a3oTa

npu ¢ =20°C py =0,7803 psoss = 0,7803-718,1="560,1 mm pr. cT.;

npu t=80°C p, =0,7803-380,1 =296,1 mm pr. cT.
TlapuuanbHoe naBieHHe KHcaopona

npu t = 20°C Po, = 0,21 Pyos = 0,21-718,1 =150,8 MM pr. CcT.;

npu t=80°C p, =0,21-380,1=79,7 mm pr. cT.
PasHoBecHoe coJepKaHHe KHCIOpPoAa B BOAE

1,429.150,8.10¢

Yo, Po,' 10°
npi ¢ =20°C  co, =0’ 2 o= 0,0808 e =8,72 mr/kr;
1,429.79,7.106
npu t=280°C co1=0,0176-—w775-0——=2,71 MT/KT.
paBHOBeC;Hoe collepKaHHe a30Ta B BOJE
mpu t=20°C ¢y =0,0128 2L 11 78 wrur;
npu t=80°C ¢, =0,0006 22LILIE 489 yrykr.,
OTHOIIIEHHe BECOBbIX KouueHTpauuﬁ KHCJIOpOoa H a3oTa B BO34yXxe
23,1
pxoan-‘:ﬁ = (,306.

OTHOlIEHHe DPaBHOBECHBIX KOHIEHTPALMi KHCJIOPOAa M a3oTa
B BOZe
npu t=20°C

npu ¢=80°C



IIPHJIO)XXEHHE 3

Cnpasounoe

OCHOBHBIE TEXHNYECKHE XAPAKTEPHCTHKH CTPYAHO-BAPBOTAJKHBIX BAKYYMHBIX B EA3PATOPOB
BEPTHKAJIBHOTO THINNA CHCTEMbBI LKTH

O6o3Hayesne Aea’paTopoB

H
auvenopaniie nokasatened | nps l AB-15 | IB-25 | OB-50 | IB-75 | IB-100 ’ J1B-150 . IB-200 | IB-300
HoMHuHaabHas NpOH3BOAH- 5 | 15 25 50 75 100 | 150 1 200 300
TEJAbHOCTD, T/
PaGouee alCconoTHOE AAB- 0,075—0,5
JieHne, Kre/em?
Temnepatypa aeaspHpoBa- 40—80
Hojl BoAH, °C
BricoTa KOJOHKH, MM 2400 2400 2500 2600 2600 2600 2670 2670 2730
JluaMeTp H TOJIUHHA CTeH- 6168 | 7168 | 8168 | 10168 | 10168 | 12168 | 142010 | 162010 } 202010
KH, MM
TemnepaTypa TenJIOHOCHTe- 70—180
ast, °C
Macca KOJIOHKH, KT 475 534 680 1094 1094 1375 1910 2275 2990
Macca KONOHKH, 3an0JIHEH- 1115 1424 1780 3050 3050 4200 4770 6675 11 150
HOIf BOROM, Kr
[Tpo6Hoe aGconoTHOE THMA- 3
paBJHUeCKOe JaBJieHHe, Krc/cm?
JonyckaeMoe nosuinienue a6- 1.7
COJIIOTHOT'O AaBJIeHHs npu paGo-
T€  3allHTHOrO0  YCTPOHCTBA,
Kre/cm?
IToBepxHoCTb  OXsamuTens 2 8 | 16 24

BRIapa, M2

y01 "d1D

8.—1¢'0€0'801 Wld
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ITPHIO)KEHHE 4

Cnpasouroe
OCHOBHBIE TEXHHYECKHE XAPAKTEPUCTHKH
CTPYAHO-BAPBOTA)KHbIX BAKYYMHbBIX AEA3PATOPOB
FOPH3OHTAJleOFO THNMA LLKTH — C33M

OGo3nauenHe fea’paTopos
Haumenopanue nokasatenei J1B-400 J1B-800 J1B-1200
HoMuHanbhas npoH3BOAUTENLHOCTD, 400 800 1200
T/4
Pa6ouee aBcomoTHoe ZNaBJIeHHE, 0,075—-0,5
Kre/cm?
TeMmnepaTypa AmeaspHpOBaHHOl BO- 40—80
awt, °C
Idnamerp M TOMUMHA CTEHKH, MM 303216
Hnuna, MM 1992 3968 5950
TemnepaTypa TenaoHocuteas, °C 70—180
Macca xohoHkH, Kr 6900 11700 16 700
Macca KOJIOHKM, 3anOJIHEHHOH BO- 21 000 40 000 60 000
nof, Kr
Ilpo6Hoe a6coaloTHOE THApaBJHYe- 3
CKOe jnaBaeHHe, Krc/cm?
Jonyckaemoe noBhiienHe aGCcoMIOT- 1,7
HOTO faBJeHHSI NpH paboTe 3aLMUTHOrO
yerpoiictBa, Kre/em?
UHcao TPeXCTynmeH4aThiX NMapocTpyil- 1 1 2
HBIX 3XKeKTopoB Tuna II1-3-25/75 XT3
uM. C. M. KupoBa B KoMmnjekre ¢ ne-
a’3paTopom, LT,




TEXHHYECKAS XAPAKTEPUCTHKA JBYXCTYNEHYATBHIX JEA3PATOPOB
ATMOC®EPHOIO JABJIEHHS C BAPBOTA)KHBIM YCTPOACTBOM B FAKE

IIPHJIO)KEHHE 5
Cnpasouroe

HaumeHnoBahue
nokasarene#

THnopasmepsl 1easpaTopoB

aa-1 | nas | na-s | na-1510] na-25 | na-50 | ma-75 | ma-100 |na-150 ma-200 | mA-300

Howmunanbuas npous-
BOJHTEJBHOCTD, T/4
PaGouee aGcomoTHOe
AasJieHne, Kre/cm?
Temneparypa aeaspu-
poBaHHoil Boxbl, °C
Cpenuuii noforpes
BOAHl B feaspartope, °C
JlraMeTp H TOMILHHA
CTEHKH KOJIOHKH, MM
BricoTa KOJIOHKH, MM
Macca KOJIOHKH, KT
Macca Gap6oTaxkHOTO
YCTpOMCTBA, Kr
ITpo6Hoe ruapasauye-
cKoe AaBjeHue, Krc/cm?

Jlonyckaemoe noBblile-

nie abconmoTHOrO HaBJe-
s npH paboTe 3aWHUT-
HOTO YCTpOiicTBa, Kre/em?

ITone3nas  emkoctb
axgxymy.nmopﬂoro 6axa,
M

JluaMerp M TOMIMHA
CTEHKH aKKYMYJATOPHOTO
6aka, MM

[ToBepxHOCTL OXJMagH-
TeJs Bbimapa, m?

1
1,2
104,25
10—40
3,0

1,7

’

0,6

111648

3
1,2
104,24
10—40

3,0
1,7
1,0

1116:<8

5
1,2
104,25
10—40
5468
1387
194
161
3,0
1,7

4,0

12168

15/10
1,2
104,25
10—40
716 %8
1115
265
240/225
3,0
1,7

]

10/7,5

16168

25
1,2
104,25
1040
8168
1335
370
330
3,0
1,7

15

20168

50
1,2
104,25
10—40
12126
1330
520
370
3,0
1,7

15 1 25
2016<8 u

2216 <8
2

75
1,2
104,25
10—-40
12126
1330
520
440
3,0
1,7

35 11 50

2216:<8

100
1,2
104,25
10—-40
12126
1330
520
445
3.0
1,7

35 1 50
22168 u

3020310
8

150
1,2
104,25
10 -40
14126
1610
750
676
3,0
1,7

50 u 75
3020¢

%10
16

200
1,2
104,25
10—40
14126
1610
750
801
3,0
1,7

75 u 100

302010
u 3220
X10
16

300
1,2
104,25
10—40
18126
1728
1120
839
3,0
1,7

75 1 100

302010
1 3220
X 10
24

12°020°801 W1d 901 "diD
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TEXHHYECKAS XAPAKTEPHCTHKA JEA3PATOPOB
MOBBLIEHHOIO JABJIEHUA

MTPHJIO)KEHHE 6
Cnpasounoe

Haumenosanne nokasareneit

Tunopa3mepH KeaspaTopoB

ATl-13 IIU'I-225»7 |IlI'I-500M-2 ATI-1000 | AIT-1300 * ‘Ilﬂ-lSOOM JIIT-2000

AM-6

HoMuHanbHash npoH3BOLHTENbHOCTb, T/4 6 13 225 500 1000 1300 1600 2000
Pa6ouee abconoTHOe AaBJeHHE, Krc/cm? 8 8 6 6,7 7 7 7 7
PaGouas temneparypa, °C 169,6 169,6 158 |158;164,2| 164,2 164,2 164,2 164,2
JHaMeTp KOJOHKH, MM 1100 1100 1800 2000 2400 3400 3000 3400
BricOTa KOJIOHKH, MM — — 3340 3150 4000 4000 4300 4570
Macca, kr — 2800 3500 5250 7100 22 700 10 000 12 500
Teomerpuueckasi emMkocTb, M? — 5,0 8,0 8,5 17,0 52 23,0 32,0
[Tonesnas eMkocTh 6aKa-aKKyMYJATopa, M3 — — 65 651;21000; 120 120 120; 150 | 150; 185

* Neaspartop HI1-1300 cuat ¢ npou3soactBa 8 1977 r.

8.—12°080°801 Wld
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TNPHIIO)KEHHE 7

Cnpasouroe

MPHMEP PACYETA JABYXCTYNEHYATOTO N EA3PATOPA
ATMOCSEPHOTO JABJIEHHS NMPOU3BOJHUTEJIbHOCTbIO 200 1/4
C BAPBOTA)KHbIM YCTPOHCTBOM KOHCTPYKUHH LKTH B BAKE

PaccmaTtpuBaeMblil npumep pacuera Aea’paTopa OrpaHHYHUBaercs
HIIIOCTpalUyed NpUMeHeHHs] METOAHKH TelJOBOro, THAPOAHHAMHAYECKOTO
pacuera W pacueTa JAecopOUHH KHCJIOPORA. DTH pacueThl [O3BOJSIOT
ONpPelesIHTh OCHOBHBIE Pa3Mepbl iea3paLHOHHON KOJOHKH H ee 3JIeMeH-
tToB. Paspa6oTka KOHCTPYKUHMH Aea3paTopa B NOJHOM oObeMe, KakK H
pellleHHe BONPOCOB, OTHOCALIUXCA K MNPOEKTHPOBAHUIO YCTAaHOBKH, He

paccMaTpUBACTCS,

Tabauya 1
HcxopHbie panHble AAS NPOEKTHPOBAHMA
HanmenoBarne nokasareJeil 3navenue
O6uue Oannoie
Hovmuunanbioe a6conoTHoe aapaeHHe B J1easpa- 1.2
Tope p, Krc/cm?
Homuuanbnas npoussoautenashocts G, T/u 200
TeMmneparypa Aea’pHpOBaHHON BOAb fg.a, °C 1042
Homunanbioe a6conioTHOe jaBjeHHe mapa B KOT- 100

Jae px, Kre/em?

Conepxanue KHCOposa B feaspupyeMmoii Boae
(no I'OCT 16860—77) ¢q,, Mr/kr

Cocrositide HACLIU[CHHA

To ke, B neaspHpoBaHHONH BoJe cz)x, MTI/KT 0,02
Cogepixanne cBOGOMHOM YIJIEKHCHIOTH B feaspH- Caeast
poBanHoil Bolde Ccq,» Mr/Kr
Xapaxrepucruku noroxoe 8odol U napa
. OcHOBHON KOHAEHCAT

Pacxon Gy, T/u 140,7
Temneparypa fx, °C 70

2. Ho6apoyHas (XHMHYECKH

o6paboTaHHan) BOXaA

Pacxoa Gun, T/4 440

Temneparypa tu.n, °C

30
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ITpodosrxcenue Taba. 1

HanmeHoBanue noxasarteneit 3naueHue

3. OcnoBHOK rpewwmwuilt nap
(McToOaHHK napa—oT16o0op Typ6UHHN)

JasneHue napa pu, Kre/cm? 12—14
Temnepatypa napa fn, °C 104,2
JHTaJLNHA  HACHILEHHOrO napa MpH JAaBJeHHH 640,7

1,2 Kkrc/em? i, KKaja/kr

MpumMmeyannsn,

1. Tenno H XoHAeHcaT BbiNapa B npeaesiaXx AaHHON JAeaspallHOHHON YCTAHOBKH HE HCNONb-
3y10TCH.

2. MartepHaabnuifl Ganake AeaspaTopa COCTaBJeH € YYETOM NPHMEHNEHHS B HeMm HacblleH-
noro napa. [IpH ucnoab3oBalun B Aea’paTope fieperpeToro napa €ro nNpoM3IBOAHTENBHOCTb CO-
XPaHHTCH B TOM <Jyuae, eC/lH pPacXxof XHMHYeCKH o6pabGoTaHHoil BoAw OYReT NOBLIllel Ha Be-
JAHUHHY Pa3HOCTH PacXxoJoB HacCbILLeNlloro H neperpetoro napa.

Tadauya 2
TenaoBoi pacuer aeasparopa

. Pacuernas ¢opmyna Peayab-
a
HaumeHoBaHHe nokasareneit HAK Cn0ca6 onpenedeHus * TaT
1. TennoBoih 6anaHnc
Konnuyecrso konpencara Gy, T/4 Cm. Taba. | 140,7
SHTanbnus KOHAGHCATA iy, KKAJA/KI ITo- repmoaunamuueckum| 70,0
Tabanuam
Tenno, nonsefieHHOe C KOHAencaToM, Qx, Mo dopmyae (12) 9,848
Ckan/y
Ko/qnuecTBOo  XHMHuecKH  o6paGoTaHHO# Cu. Taba. | 44,0

Boab Gy, T/4
SHTaAbOHA XHMHYECKH 06paBoTaHuoil BOAL ITo TepmoavHaMHueCKHUM 30,0

fu.n, KKaJ/KK Ta6auuam

Tenso, moiBeleHHoe C XHMuuYeckn o6pa- ITo dopmyae (12) 1,32
6otaHnoi BOMOR, Qu.u, [kanfu

Tenjio, noiBeleHHOE C XOAOAHBIMH HOTO- Q:=Qx+Q, 11,169
KaMH BOAH, Q, I'kanfu

Konnuecrso Bunapa Ggun, T/4 IMo dopmysae (20) 0,400

DHTaNbNHg BHNAPA ispmn, KKAJA/KT [To TepmoanHamuueckum | 640,7

Tabauuam

Tenno, orsegenHoe ¢ BhonapoMm, Gewn, Mo ¢opmyne (19) 0,256
I'kan/u

Koanuecreo nea’spupoBanHof soanl (mpo- Cwm. Taba. 1 200,0

H3BOXHTENBHOCTL Jeaspatopa) Og.s, T/u

* Qopmyan, TabaHUM, NYHKTBI, YepTeXXH NPHBEAEHH B COOTBETCTBHH € TekcTom PTM.
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[Tpodoancenue tTaia.

2

H Ho HoKA3aTeneR Pacuernas dopmyaa Peay.b-
anMeHoBanue ¢ HJaH cnocob onpeaeJieHHs Tar
Surtajbnus NeaspHPOBAHHOH BOABl  Ig.a, ITo tepmonuHamuueckum| 1044
KKaJj/u Tabaunam
Tennio, oTseeHHoe ¢ J€a3pPHPOBAHHOH BO- [To dopmyse (15) 20,88
noit, Qs, I'kanfu
Koauuecto Tensa, Heo6XOAMMOe AJs Ha- AQ =Q5— Q2 9,711
rpesa Boanl B Aeaspatope, AQ, Tkan/y
Pacxon tenna Ha fpeaspatop XQ, Ikanfu 1Q =4Q + Qs 9,972
Pacxon mapa (HachllleHHOTO) Ha peaspa- [To dopmyne (24) 15,7
T0p Gy, T/u
2. TenaoBol pacuer
Aea’pauiHoNHON KOMNOHKH
Orcex Ne | (sepxnudi)
Obrexanue cTpyid nonepednoc
Paccrosnue mexany Tapeakamn L, M Mo n. 5.2.1 550
Ilnamerp orBepcTHil Ha Tapenke do, MM » 6
Hlar oTsepcTHit Ha Tapeske s, MM » 20
PacnonoxeHye OTBEpCTHII 1O PaBHOCTO- —_ —
POHHEMY TPEYyroJbHHKY
Pacxon sojbl uepe3 BepxHiow Ttapeixky G, G=G +G, 184,7
T/u
. G i G, i
CpenHsisi 3HTAJbIHS BOABl HA BEpXHejl Ta- iep ;_"_“_j—__.i'.m‘ 60, 0
pesike icp, KKaA/Kr G +G,q
CpenHsia TeMmepatTypa BOABI Ha BepXHeil [To tepmoanunamuueckam| 60,0
Tapenaxre fcp, °C Tabaunam
KosdHuuuent pacxoga jpas Kpyrjoro oT- [To n. 5.2.2 0,75
BEpCTHA o
CuppocTaTyyeckHii  yposeHb BOAM  Ha > 50
BepXHeli Tapeake fr.c, MM
CKOpOCTb BOABl B OTBEDCTHAX BEpXHeil Ta- ITo popmyae (30) 0,74
peskH Wo, M/cC
Uneao oTmepeTHit Ha Tapeake N, wirt. [To dopmyne (44) 2520
YcJ10BHOE KOJIHUECTBO OTBEPCTHH Ha BHeLl- _ =Dy 215
Heil OKPYXHOCTH HX Pa3MeTKH 7, IUT. m=-—3
Bugumbli nmoanop BOZLI Ha HHXHeH Ta- [TpeaBapuTeJbHO MpH- 60
peake Anun, MM HHMaeTCsd H yTOUYHAETCH
pacyeTom
JauHa cTpyH B oTceke [, MM L=L—h, 490
JuaMeTp BHellHe#l OKPYXXHOCTH INYyYKa Onpenensiercs no npex-| 1095
crpyit D, MM BAPUTENBHOMY 3CKH3Y
To xe 540

JnameTp BHyTpeHHeil OKPYXHOCTH my4Ka
crpyit Da, Mm
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Crp. 111

ITpodoaxcenue ra6a. 2

. . Pacuernas ¢opmyaa Pesyab-
HanmeHoBaHue nokasarteseil WM CMOCOG ONpELeaeH s aT
Yca0oBRO® KOJMHYECTBO OTBEPCTHIl HA BHYT- o — 107
peHHell OKPYXHOCTH HX DasMeTKH fg, IIT, ‘ s
JKuBoe ceueHHe AJs NpoXoAa napa cHa- [To dopmyne (34) 1,056
PYKH NMyuKa cTpyét Qsx, M
To e, ¢ BHYTpeHHEH CTOPOHBI mYyuka [To dopmyne (35) 0,517
cTpyin Quux, M2
Kospouuuenr A, sapucsmuit ot RanJe- Onpepensiercs  no 0,0311
HHMS B JAeasparope yepr. 15
CpenHsf CcKOpOCTh mapa B NydKe CTpyH IpenBaputensHo npu- 1.6
Wn, M/c HHMAETCH H YTOYHAETCA
pacuetoM
Temneparypa BoAZbl Ha HHXKHEl TapeJke Ilo ¢opmyne (29) 95,1
t?y °
DuTaJbluA BOAB HAa HHXKHEH TapesKke i, Ilo Tepmoaunamuyeckum| 95,2
KKan/kr TabaHuam
Konnuecrso HACBIILICHHOTO napa, CKOHJEH- Ilo ¢opmyne (31) 11,9
cupoBaBiuerocs B orceke, G, T/u
KoauyecTBo napa npe Bxoge B  OTCEK GX=0G,+G,, 12,3
G, /4
To ke, npu BhiXxoge H3 oTceka Gp'Y, T/u GM=a, 0,400
CxopocTb napa mpH BXOAe B NY4OK CTpy# [To popmyae (32) 4,77
Wex, M/C
To ke, npH BHXOAE Wpux, M/C [To dopmyane (33) 0,31
CpenHsis CKOpPOCTb mnapa B MyuKe CTpy# w = Zex Wonx 1,62
wly, mfc P g 31g W
P’ i Wenx
Orcex N2 2 (Huscnuii)
O6rexanue crpyil npodorvroe
Jauna crpyu Iz, MM o npeasapHTenbHOMY 1000
YepTeXY KOMINOHOBKH KO-
JIOHKH H 6aKa-akKyMyJs-
TOpa
JluameTp orBepcTHfi Ha Tapeake Ne 2 d,, ITo n. 5.2.1 6
MM
Pacnonoxenne oTBepPCTHil MO TPeyrosbHH-
KY HAY KBagpaty
Yucao oTBepeTHil Ha Tapeake Ne 2 N, wir. ITo dopmyne (44) 2520
Hlar oreepcTHit Ha Tapenke Ne 2 s; MM ITo n. 5.2.1 20
Pacxos Bomm uepes Tapesky Ne 2 G;, G;:G;l—l-G 196,6
T/u
CkopocTs BOABI B OTBEPCTHSIX  TApPeJKH ITo ¢opmymne (30) 0,80

Ne 2 w,, M/c
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ITpodormenue raba. 2

. PacuetHas ¢opmyaa Pesyan-
HanmenoBauue rnokasateneit K CHOCO6 onpeneenis Tar
I'mapocraTHuecKuit ypoBehb BOAbl Ha Ta- [To dopmyae (47) 58
peaxe Ne 2 hrc, MM
Temnepatrypa Boabl B CTPye NpH BXOje B ITo ¢opmyae (39) 102,7
6aK-aKKYMYJAaTOp f3,
AHraJbnHA BOAbI, BXoadllel B 0aK-aKKy- [To Tepmonunamuyeckum| 102,8
MYJSTOP i3, KKaA/Kr Ta6auuam
Koanuectpo napa (HachHILEHHOTO), CKOH- ITo dopmyae (31) 2,800
OCHCHPOBaBLIErocst BO BTOPOM otceke, G,
T/u
Harpes Boibl B /[ea’spaluMOHHON KOJOHKE Ay =1t,— 1, 1,6
A0 TemMnepaTypbl HacblileHus Afp, °
KosnyecTso Bofibl, BHIXOLALLEE H3 KOMOH- Gy= G, + G| 199,4
K, G, T/u
KosnuectBo napa (HachlEHHOTr0), CKOH- Gux=0,+ G, 14,7
[leHCHpOBaBuIerocsi B KojoHke, Gu.x, T/4
G P;:/S‘xoxx HACHIIWEHHOTO [1apa HA KOJOHKY G, =G+ Gy 15,1
my
KosnuectBo napa, cKoHAeHCHPOBAaBLIETOCH ITo dopmyae (75) 0,60
B 6ap6oraxuom ycrpoiicree, Gns, T/u
Tabauya 3
CuppaBakuecksit pacuer AeaspaunOHHON KONOHKH
H HOBa 3a . Pacuetrnas ¢opmyaa Pesyan-
aMMEHOBAHKE noKasareneH HAH Coco6 onpeneenus * Tar
|
Tapeaka Ne 1
Junamerp ropsosuHn D, MM IIpunumaercsi B  COOT- 500
BETCTBHH C KOHCTPYKUHEH
Kamepnl BOAOCAHBa (cMe-
LIeHHs)
Cx == g O O 0,82
OpOCTL napa B TOpJAOBHHE W, M/c = ~3600-0,785 D2 ,
HonycrTiumas CcKopocTb Napa Wapex, M/C Wiper = 11,2
2g (0,65H s — hmas) Un
= 3
TuapocratyuecKHil YpoBeHb BOAMW Ha Ta- IMo n. 5.2.2 50
penke hr.c, MM
0
ConpoTus/ienve HABHXKEHHIO napa yepea Ap = __1_01__
p - c 7 0,06
ropJIOBHHY Ap, MM BOA. CT. 2gv
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I podoaxcenue rada, 3

HaumeHnoBauune moxkasarenei

Pacuernas ¢opmyna
WJIH crioco6 onpeneseHns *

PesyJib-
Tar

BuanMblii YpOBeHb BOLBI Ha Tapedke Anun,
MM

napoavHEamMHyeckasl XapakTePHCTHKAa Ta-
peaxn H,

Tapeaka Ne 2

Hapyxupiii anamerp tapeasu Dr, MM

IlIupnHa xoJbueBoro 3asopa &, MM
BHyTpeHHnit auaMerp KOJMOHKH Dyon, MM

JKuBoe ceuenHe g mnpoxojaa mnapa B
KOJbLEBOM KaHaje Q, m?

CKopocrb KOJIbLIEBOM  KaHaJe

Wn e, M/C

napa B

KoagdunueHT conpoTHBJEHHS KOJbLEBOro
KaHana §

ConpoTHB/eHHe NPOXOAY mnapa B KoJble-
BOM KaHaJje Ap, MM BOA. CT.

Conporusjenie OLHOro pAga cTpyit Api,
MM BOX. CT.

Yca0BHOE 4YHCAO PANOB CTPYA m, WIT.

ConporupJienye npoxoAy napa B IYuKe
cTpyit Ap, MM BOA. CT.

ConpoTup/ieHHe NPOXOAY Napa BO BTOPOM
orceke Aps, MM BOZX. CT.

BunnMuifi yposenb Boabl Ha BTOpOil Ta-
peake Ay, MM BOX. CT.

To e, npu mneperpyake JaeaspatTopa Ha
209% hy (Makc), MM BoA. cT.

I'napoRHHaMHYECKass XapaKTepPUCTHKA BTO-
poit Tapeakn M,

r
Pacvernass BeicoTa Gopra Tapeaku H g MM
IIpunsraa BhicoTa Gopra Tapeaku Ho, MM

JleficTBuTE/bHAS THAPONMHAMMYECKAs Xa-
PEKTEPHCTHKA BTOPOH TapeJKH INPH  HOMH-

Ha/MbHOM Harpyake f1

To xe, npu Harpyske 1209% Hyaxe

Ry == h,-'c + Ap

Onpenensietcst no ¢op-
myJe (45) mocie peibopa
BBICOTH! 60OpTa MM TOp-
JIOBHHBL TnocaelHei Ta-
pCaIKH

ITo ycnosuio xoncrpyk-
HHH TapeskH

IIpuunmaercs
DKO.'I = Dr + 231«
0,785 (D}, — D?)

_ Gy,
wn.x_ 36002

ITo nynkty 5.4.9

ITo dopmyne (50)

Tlo dopmysne (49)

Onpegenserca no yep-
TEXY Tapesku

[To dopmyne (49)

Mo dopmyne (48)

IMo dopmyae (27)

Mo dopmyse (46)

ITo dopmyae (45)

To xe

* GopMyanl, TaGAHIL, NYHKTEI HPHBEAEHH B COOTBETCTBHH C TEKCTOM PTM.

8 3akas 147

50

0,29

1110

145
1400

0,59

8,45
4,0
10
1,0
18
18
28
86
116
0,70

166
170
0,50

0,68
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Tabauya 4
Pacyer BbijieneHHss KHCOPOAA B 1€a3PALUOHHONH KOJOHKE
- Pacuernas ¢opmyna Pesyuan-
HalnmeHoBaHue mokasarelieit WK CHIOCOG OnpeaeneHHs * TaT
Otcex N 1
Colepxanue KHCJIOPOZA B BOLE Ha Bepx- [o ra6a. 2 PTM 5,7
Heft Tapeaxe c?’, Mr/kr
Kos¢p¢uunenr B B pacuetHoit dopmyne ITo uepr. 19 0,0011
BBHIJIE/IEHHST KHCAOPOAA
CollepKaHHE KHC/OPOAA B BOJAE HA HHX- [To dbopmyse (40) 3,66
Heil TapeJke c?’. Mr/Kr
To ke, NPH COCTOSIHHH HACHILUEHHS H AdH- [To ra6a. 2 PTM 1,4
HOIl Temnepatype ci(,.)"’ac, MI/KT
OTHOCHTeIbHOE HACHIIlEHHEe BOABI HA HHXK- ITo ¢opmyae (4) 2,66
Hell TapeJke @
OTcex Ne 2
PacyetHoe cofiepKaHHe KHCIOPOJA B BOJe [MpuHuMaeTcs no Ha- 1,4
Ha BTOpOIt TapesKe €%, Mr/Kr crofwemy PTM paBHbiM
COCTOSIHHIO HACBILIEHHA
ConepiKaHne KHC/IOpOAa B BORE NMPH BXO- ITo dopmyne (43) 0,9
ne B OaK-aKKyMyJasaTop c?*. MF/KD
To e, MPH COCTOAHHH HACHIILEHHS cgfacv I[To ta6a. 2 PTM 0,3
MI/KT
OTHocuTe/bHOE HACHILLEHHE BOABI KHCJO- ITo dopmyse (4) 3,0
pofloM npi BXoxe ee B 6aK @
PacyerHas KOHUeHTPauHs KHCAOPOAA MpH IlpuHHMaeTcss paBHO# 0,30
BXOZe BOIH B 6aK c}?;c, MF/KT KOHUEHTpALUH [IPH HACH-
ueHHn @=1
* Dopmyast, TAGAUIbI H YEPTEXKHN UPUBEAEHLI B COOTBETCTBHH C TekcTtom PTM.
Tabauya §
Pacyer GapGoramnoro ycrpoitctsa UKTH
. Pacuernas ¢opmyaa Peayas-
Hanmenosanue noxasatesneit HIH C1OCO6 onpeneieHHs * AT
Koanyectso Bogwl, nopsefeHHoe K 6ap6o- H3 TensoBoro pacyera 199,4
TaxHOMY YycTpoicTBY, Ga, T/4 KOJIOHKH
DHTaJbNHA BOABI mnepeft  6ap6oTaKHBIM H3 rensosoro pacuera 102,8
YCTPONICTBOM £, KKaJ/Kr KOJIOHKH
Buicora cnom Bognl Haj ocbio Gap6oTax- Mo ueprexy Aeasparo- 2,0
HOro Kauana h, M pa
JaBjenne B GapGoraxkHOM KaHale pe, 1,4
Kre/em?
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Crtp. 115

MMpodoaxenue tada. 5

Huaiimenonanne nokasaredaes

Pacuernas ¢opmyna
Hau crocob onpeaenenns *

Pesyinb-
Tart

DHTanbLnuA BOoAb B Gap6oTaKHOM KaHaje
NpH COCTOSHHH HACHIEHHS t'ﬁ, KKaJa/Kr

Konmuecrso napa, Heo6xoZumoe s mo-
AorpeBa BOAB A0 TeMNepaTyphl HaCHIUIEHUHA,
Gn.m T/‘-l

Koanuectso napa, npoxoasiuiee Ha Gap-
6oTaxuoM yuacTke kaHana, Gn.g, T/u

MunumanpHB  pacxof napa Ha 6ap6o-
TaxHoe yerpoierso GO, T/u

Bricota Gap6oTa)kHOro KaHana b, M

CkopocTb IBHXKeHHS BOAB B KaHane w,
M/c

IInpuna 6ap6OTaxKHOrO KaHajna @, M

Hunamerp oTsepcTHil Gap6oTaxKHOro JucTa
d, MM

MunumanbHas cKopocTb fapa B OTBep-
cTHAX 6apGOTaXHOTO JIHCTA Wmin, M/C

IMonpapounniit xosduuuent &

Pacyernag CKOpOCTh napa B OTBEPCTHAX
6ap6oTaKHOro JHUCTA Wpacw, M/C

Uneso oTBepeTuit Ha 6GapGoTa)kHOM JH-
cre N, wT.

Hlar oreepcTHit B paay si, MM
llar mMexAay psaaMu Sa, MM
Yucno psaaosB orsepeTHil n, wWT.

AxTuBHas aJamnHa GapGoTaxxHoro Jaucra I,
MM

Ilo TepMOAHHAMHYECKHM
TabanLaM

o ¢opmyne (74)

To dopmyne (75)
Gg =Upy+Gup

Ilo n. 7.4.1
»
_ GUQ
4= 3800 aw
Mo n 721

Mo dopmyne (77)

ITo n. 7.2.1
Wpacy = R min

[To dopmyne (79)

IMo n. 7.2.1
>

Onpegensierca pasmer-
Koil 6ap60Ta}XHOro JIHCTA

Onpenensietcs 0o yep-
TEXY

* (opMynbl, HEPTEKH, NYHKTHI NPHBEAEHLI B COOTBETCTBHH ¢ Tekctom PTM.

8*

108,9

9,275

0,475
2,75

0,27
0,21

1,104
6,0

6,0

4,0
24,0

1218

18
75

750
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MPHIOXEHHE 8

Cnpasounoe

MPUMEP PACYETA JIBYXCTYNMEHYATOTO BAKYYMHOI'O IIEA3PATOPA
NMPOU3BROAUTENBHOCTBIO 200 r/u (FTPEIOILAA CPEJA — MAP)

Tabauya 1

Hcexonuele navubie A8 NMPOCKTHPOBAHHS

Haumenopanne noxaszarenaeii 3uauenie

Q6mwne nanupe

HoMmunaanioc abcodioTHOC RaBJCHUC B Jleaspa- 0,3
Tope p, Krefem?

HoMunansuast upouspoguteastocts Gnp, T/4 200

Temniepatypa JeaspupoBaHHON Boawl fys, °C 68,7

Cozmepxanne Kicaopofna B jaeaspupyemoil Bouc Cocrosinue Hacwilenns, 6,0
(
¢ )’, MI/KT

To ke, B 1CA3PHPOBAHHON BOAE c?_’ln. MTI/KT 0,03

Coiepxanie CcBOGOAHON Yr/IEKHCJAOTHL B Jl€ds- 20.0
pupyemoii Boac O, mr/kr

To XKe, B Aca’pHpPOBAHHOI Boe cﬁg”, Mr/KT OrcyTcrpie

XapakTepHcTHKA NOTOKOB
BOAB H mapa

1. XiiMHYCCKH yMsirueHHasi BOAA
Pacxon Gy.u, T/u 191,1
Temnepatypa HaculilleHHOro mapa fy.n, °C 44

2. T'petowuii nap

JlaBaenne napa pu, xrc/cm? 0.3
Temneparypa napa fg, °C 68,7
DHTa/NbNHA HACHIUIEHHOrO napa M[pW AaBJeHHH 626.8

0.3 krc/cM? iy, KKaa/Kr

IMoumeyaune TennoBol K MaTepHalNbHbli 6ajlaHc neaspaTopa PEeKOMEHAYCTCS COCTAR-
ASITh MO HACHLILEHHOMY MNapy, OTBEYAIOL(CMY AaBJEHHIO B JAeaspartope.



Pacyer BakyyMHOro neaspatopa

Tabruya 2

PesyJanrar
. Pacuernas ¢opmyaa
HaumenoBanue nokasateneit . 30%-#an | Hommunanewan | 120%-uan
AY CrOcob onpenesenis Harpysxa Harpyska Harpyska
l. TennoBon 6anaHnc
KosauuecTBo xHMHUECKH YMArYeHHOHM BOAM Tlo TexHHYecKoMy 3alaHHIO 57,1 191,1 229,4
GH,]I, T/'-l
DHTAJBIHA XUMHYECKM YMSTY4eHHOA BOAK Ilo TepmoAKHAMHYECKHM TaGIHLaM 44,0 44,0 44,0
(., KKaJ/Kr 10,1
Tenno, moxseneHHOe € XHMHYECKH YMSAT- Qun =Gyniny 2,51 8,4 ’
4eHHOR® BOAOH, Qx.u, I'kan/a ’ ’ 0. 40
Kosmuectso Bunapa Geum, T/4 2 KT Ha TOHHY A€a3pHPOBAHHON BOAK 0,40 0’:0 626,8
ORTajbNHA BHNapa, KKaJ/Kkr Tlo TepmopnHaMuyeckHM Tabanmam 626,8 626’255 0,255
Orsezeno Tensna ¢ BHNapoM Qswn, Fkaafu Qeun = Gaunisun 0,255 0(')0 940
KonunuecTBo peaspupoBaHHOR BOAM (mpo- ITo TexHHueckomy 3agxaHHiO 60 2
H3BOAHTENbHOCTE JeaspaTtopa) Gnp, T/4 66 68.66
OHTaNbNHA 1ea3pPHPOBAHHON BOAH  ig.a, [To TepMoaHHaMHUYeCKHM TabJHuaM 68,66 68,
KKaa/Kkr
13.7 16,5
OTpeseHo Tenja ¢ Aea’pHPOBAHHOR BO- Qs = Gnpiyy 4,12 ’
noft Qn.s, Txanfu 3 6 4
KosnuecTBo Tenna, moTpeGHOE HA HArpes AQr=0Q;:—Qun 1,61 5
BOABl B Heaspartope, AQz, I'kanfu 56 6.66
Pacxon Tensna Ha peaspatop XQ, Tkaa/u 2Q = AQ; + Qsun 1,86 5, 6
7 10,
Pacxox HacHileHHOro mnapa Ha Jeaspa- h= E}Q- 2,96 88

top Gn, T/4

* GopMyabl, TYHKTH NpPHBEef€HW B COOTBeTCTBHH € TeKcToM PTM.

8L—120£0'801 Wld
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IIpodoaxcenue raca. 2

. PacuetHasn dopmyaa Peayavrar
HaumeHoBaHHe nmokasareseii . 30%-nas Homunanbnas | 120%-uas
Harpyska Harpyska Harpyska

2. TennoBOA H THAPABJHYECKHI

pacueT CTPYfHOTroO oTcCeKa

Bucora crpyn L, MM ITo n. 5.2.1 750 750 750

Inamerp orsepcThit Ha Ttapeake do, MM 6 6 6

Hiar orBepcTuii Ha Tapeke (pacnojoxe- 20 20 20
HHE M0 TPEYrOJBHHKY) S, MM
, Pacxox Boam uepes BepXHIOlO Tapeiky G,=G,, 57,1 191,1 229,4
G, T4
, TemmepaTypa BOAN Ha BepxHeit Tapeke t,=1t,. 44,0 44,0 44,0
£,°C

THRpaBiHuecKHAi ypOBeHb BOAM Ha Bepx- Mo dopmyne (47) 50 50 70
Hefl Tapeaxe h. ., MM

CKOpOCTb BOAM B OTBEPCTHAX BepXHel W, = 0,75V2ghr.c 0,766 0,74 0,88
TapeskH Wo, M/C G

H.I
Yucao oTBepCTHA Ha Tapeake N’, wr. 7 am ee———— 750 2560 2560
P pedte Wo1af 3600

Cpeassa CKOpOCTb Napa, HaGeraiouiero Ha [TpuuHMaeTca TPEABAPHTCALRO K 1,68 5,06 6,02
CTPYAHHA NOTOK, Wu.cp, M/C yTOuHsieTcs pacueToM o ¢opmyse (32)

TeMnepatypa BOAH B KOHUE CTpYHOro o ¢opmyne (38) 60,6 63,8 63,8
notoka £, °C .

, Gop (‘a - ’u.n) .

KonHyecTBO HACHIIEHHOrO Napa, CKOHIEH- Gy = —F—7 1,71 6,8 8,14

cHpoBaBwerocss B CcTpyiiHoM orceke, G, T/u o tanm

8.—12'020'801 Wid 811 "diD




Mpodo.axerue ra6a 2

Tapenke Qy

Y= TR—7

Pesyabrar
Pacuernan ¢opmyaa
HanmeHoBaHHe nokasarteaef 30%-naa Homunaasuas | 120%-nas
HAH C10Co6 onpeneeH s marpy3Ka Harpyska Harpyaka
3. Pacuyer nmepenycKHOf TapeJakH
Bricota Goprta Tapeaku He, MM TIpHHEMAeTCA Ha OCHOBAHHH Npel- 200 200 200
BAPHTENBHHX PAaCYETOB
MaxkcaMaabHEA YPOBeHb BOAM Ha TapesKe TpuBEMaeTcs Ha OCHOBAaHHM mpen- - - 70
Rpax, MM BapHTEJILHHX PacyeToB
HonyctiMoe 3HaueHHe CKOPOCTH Napa B | w}®" = 28 (065H s — huu) = 39,6 39,6 39,6
ropJioBHHe TapeakH @i, M/c LT
_ 19,62 (0,65-200 — 70)
h 4,0.0,188
JinaMeTp rop/aoBHHH Tapeaku Drop, M Tpuuumaercs ¢ yuetom wy™" 1,0 1,0 1,0
[lromans ropAOBHEM AA% mpOXoNa mapa Frop =0,785D% 0,747 0,747 0,747
Frop, M
Pacxon napa B ropaosune GiP, 1/q GoP = G,’, 4+ Gaun 2,11 7,2 8,54
GPu,
rop op _ 14,2
CkopocTb mapa B TOpJOBHHe W, ", M/q w)] Frop- 3600 4,17 ,25 16,9
G
Tliowanb OTBEPCTHA AN CJAHBA BOAH C For= —_ 0,088 0,088 0,088
NEepenyCKHOR TAapeJKH MPH MaKCHMAJILHOM TsPp V 2ghmax - 3600
yposHe BOAH Fn.r, M? F_.360
LenTpanbHuifl Yroa BHpe3a B nepenyckHon P 27 27 27

611 'diD 8L—12°080'801 Wid



Ipodoasxncenue raéa. 2

PesyasTar
HaumeHnoBakne nokasartesneft Pacuerias Gopuy1a 30% H 120%
-Has OMHHaJIbHast -Hast
HJH crioco6 onpejeseHus Harpyaxa Harpysxa Harpysxa
. an'360 2
PaxTHYecKH ypoBeHb BOJAB Ha Nepenyck- hgf‘_rz 3 40 50
noit Tapeake h¥ ., Mm  ayYettp ¥ 2¢-36007 (R? — r?)
4. PacueT npounecca pgerasauuf
B OBl
Konugmpaum KHCJIOPOla Ha BepXHefl Ta- c?z/co“’ = 0,47—0,0027¢, . + 4,42 4,42 4,42
peske ¢y?, Mr/kr + 0,27 (P — 0,003, 0,33
Kounentpauus CcBOGOAHOM  YIJIEKHCIOTH ch*/ccoa =1—00118 (p; + 18,8 18,8 18,8
a Hell Tapeske Cy % MI/Kr -
Ha BEpXHEH p 1 / + 0132_0'008tﬂﬂ) 1,25
KoHuenTpanus KHCJIOPOA2 B KOHUe CTPY#- Tlo dopmyane (41) 2,43 2,43 2,43
HOTO MOTOKa Cy %, MI/KF
Konuentpauns csoGOAHOR YIJIEKHCAOTH B Mo dopmyne (42) 9,58 9,95 9,95
KOHUE CTPYHHOTO MOTOKA ‘,2(: %, Mr/KT G
HIHTeHCHBHOCTL NOTOKA KHAKOCTH Ha Gap- J=— 81,2 271,0 325,0
6otaxHoM aucre J, M3/ (M - u) a
CkopocTb TeyeHHs BOAB MO GapGoTax- 775 1800 2000
HOMY JIHCTY @Wg, Mf4
Koabouuuenr pmecopbumn kucaopoja Ha Mo ¢opmyae (91) 415 965 1080
Gap6oraxHom mmcte Ko, M/u
Kosbouuuent aecop6bunu cBoGOAHOR yrie- [To gpopmye (92) 280 645 720
KHCA0TH Ha GapbotaxHoM Jjucte Keo, M/4
CpelHHil KOHLUEHTPAMOHHHM HAanop KHC- TTo ¢opmyne (88) 0,547 0,547 0,547

JIOpOAa Ha 6apGoTaKHOM JIHCTe Ac?p“, Mr/Kr

0zl "diD

8L—12°080°801 Wld




Ipodosrxcenue Taba. 2

Pesyabrar
Haumenosanne nokasaredeit Paciethas gopuyaa o
€ 309% -Hasn Homunanpuas | 120%-unan
HAH cnoco6 onpenedeHHs HATpy3Ka Harpyaka Harpyaxa
CpeaHnit KOHUEHTPAIHOHHHA Hamop cBo- o dopmyne (88) 2,43 2,5 2,6
OGORHOM YIJIeKHCJOTH Ha 6ap60Ta)KHOM JAHCTE
AL‘EI?*, MTI/KT
Heo6xoanmas naoumaas GapGoTaxkHoro au- [To dopmyne (87) 0,617 0,89 0,957
CTa JJA yAaJeHHs KHCJIopoAa Fg’j,. M2
HeoGxonumas naomanbs 6ap6oTaKHOTO JH- ITo dopmyae (87) 0,81 1,18 1,27
CTa AJf YHAaJeHusi CBOGOZHON YIVIEKHCJIOTH
Fcoa 2
6a' M
dakTtuyeckan pabouas naomagp Gap6o- ITo KOHCTPYKTHBHHM c00GpaXeHHAM 1,72 1,72 1,72
TaxkHoro Jucra Fp, M2
5. TUZpaBNHUYUECKHH pacuerT
G6ap60oTaX HOTro ycTpoicTBa .
Heo6xoaumas n/omazp OTBEpPCTHE Ha Fo = 0,152F, vV (Pn®n) s 0,0886 0,0886 0,0886
Gap6oTaxHoM Jucte Fo, M2
daxTHYeCcKas MJOLLEAb OTBEPCTHN Ha Gap- I1o KOHCTPYKTHBHHM COOGpaXKEHHAM 0,078 0,078 0,078
GOTaXKHOM JIHCTe Fg’, M2
MunuManbHO JOMyCTHMAash CKOPOCTb mapa ITo popmyane (77) 47,5 47,5 47,5
B OTBePCTHAX 6ap6OTaXKHOTO JHCTA Wmin, M/c
Pacxop napa uepes G6apGOTaKHWHA JHCT Onpegensiercst Npu pacyete NapoBoil 2,96 5,0 5,3
Gs.a, T/4 noaywku no gopmyae (83)
Pacxox mapa uepes maponepenyckHmle TPY- To xe 0 3,9 5,3
6o (TpH TPYOW Dgap=219; s=8) Guep, T/
Ckopoctb napa B oTBepcTHAX OGapboTax- Wy = .__05_"'1‘_ 56,1 94,7 100,3
HOro JHCTAa Wy, M/C 3600}"':,b
Gnepvu
CKopocTb napa B mnepenyckHeiX Tpy6ax 0 59,4 90,7

Woep, M/C

“nep = 3600 Frep

8.—12°080'801 WLd
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HPHJIO)KEHHE 9
Cnpagouroe

NPHMEP PACYETA NMOBEPXHOCTHOIO rOPH30HTAJIbBHOIO
OXJAJHUTEJNSA BbINAPA NJIAd NEA3PATOPA AN-1000
NMPOU3BOAHKTEJIBHOCTbIO 1000 1/4

HUcxonHbie paHHbIE

Ao6conoTHoe pafouee gaBjeHHe B MapoBOM o0beMe Jea3paTopHoro
6axa 7 krc/cm? B kauecTBe oxJsaxzpalolleli BOAbl HCIONb3YeTCH OCHOB-
HOM KoHjeHcaT TypOGHHEI ¢ TeMnepartypoil 154°C (uenorpes fo temc-

paTyphl HachilleHus B geaspartope 10°C).
Boi6pada KOHCTPYKUHS KOXYyXo-TpyOHoro tHna c¢ U-o06pa3HbIMH
Tpy6KamHu JHAMETPOM dyap=16 MM M TOJLIHHOH cTeHKH s=1,0 MM.

Martepuan  tpyO6HO#
I'OCT 11383—75.

CHCTEMbI — JIATYHb

OJIOBAHHCTAA

TennoBo#t W rHApaBAHYECKHA pacuer

JI070-1

Pacuernas ¢opmyaa Pesyasb-
Hanwenonamne HJH cnoco6 onpenenerus * Tar
Vaeavuwit  pacxon Bmmapa Gi,, Kr/T Tpuuumaercs 1o 1,0
ZeaspHpPOBaHHON BOABI rocCT 16860—77
Pacxon Bhnapa nps HOMHHAJNbHON NPOH3- Goun = G31Guou 1000
BOJHMTEJNBHOCTH KOJOHKH (NIOCTORHHAS BeNH-
ynHa) Gpun, Kr/u
Koanuectso Tensa, OTBOAMMOE B OXJaiH- Qsun = Ggunr 536-103
Tene BuNapa, Qsum, KKaja/y 0
Harpes oxaaxpaiomed BoA B OXJARH- Aty = =20 5,0
Tesie Bwnapa Aty, °C cpGs
Temneparypa oxJaxjalomeii BOAH nocae t, = t;+ Aty 159
oxJaajHTens Bumnapa I, °C
Cpeanss pasHOCTL TemMmepaTyp B anmna- ITo ¢opmyae (96) 7,0
pare Afcp, °C
Cpgmum TeMnepaTtypa oxJaxAaiouei BOAbI toep= 0,5 (tII + t;) 156,5
tl.cp, :
Kosd¢uunent TenaooTaaun OT CTEHKH Mo ¢opmyae (98) 13 300
TPyOB K oXJiaXK Aalolei BoJe g,
KKaJ/ (Mm% -y .°C)
Kos¢duuuent TenootTaaud OT KOHAEHCH- ITo Ta6a. 5 PTM 5000
PYIOLLErocs napa K CTeHKe &y, Kkaa/ (M2 -y - °C)




PTM 108.030.21—78 Crp. 123

I1podoascenue

HanmenoBanue

PacuerHas dopmyna
HAH cnocob onpenesenus *

Pesynb-
Tar

Teopernyeckuit ko3dpuuHeHT Tensonepe-
Jlaun OT mapa K Bose K., Kkana/(M2-y.°C)

Kospdpuuuenr koppeasimu
HHSl NOBEPXHOCTH Harpesa),

Pacuernnfi xos¢¢puunent Ttensonepepaun
B annapare Rp, kxaa/(M2.y-°C)

(ucnoansosa-

Pacvernas NOBePXHOCTb OXJAXKIEHHS OX-
nafuTens BHnapa Fo.m.p, M2

To e, KOHCTPYKTHBHAA Fo.5.x, M2
Yucao XomoB nO BOARHOM cropoHe i

ConpoTHBJieHHe OXJaAHTeAsl BHapa uo
BOASIHOH CTOpPOHe Ap, M BOA. CT.

BuyTrpennnit auamerp Kopnyca anmapara
dl.lllv MM

ITo ¢popmyae (97)

[To sKkcnnyaTanHoOHHBIM
AaHHBIM

ky = ky
ITo popmyne (95)
Tlo KOHCTPYKTHBHBIM

coobpaxeHHaM

B cooTBercTBUM C Tex-
HHYECKHM 3ajaHHeM

o ¢opmyne (103)

Ipaduueckum cnocobom
H B COOTBETCTBHHM C
I'OCT 8732—70

* GopMyan NPHBEAEEL B COOTBETCTBHH C TeKcToM PTM,

4000
0,7

2800

97,4

30

5,7

460
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MPHJIO)XEHHE 10
Cnpasouroe

TEXHHYECKHE XAPAKTEPHCTHKH MAPOCTPYAHDBIX 3)KEKTOPOB,
BbIMMYCKAEMBIX JIM3 M XT3 um. C. M. KHPOBA

Tun 3xKekTopa

Xapakrepucrika AI1-3-25/75 AI1-1-80 3I1-3-700-1 3I1-2-400
XT3 XT3 JIM3 JIM3
KoJinyectso oTcachipae- 75 80 70 55
MO# NapoBO3AYIIHOMH cMe-
cH, Krfy

B Tom umucne:

BO3ZyXa, Kr/y 25 — — —
napa, xr/u 51 — - -
A6comoTHoe  HabJeHue 0,0273 0,245 0,0273 0,036
B OTCOCe, Krc/cm?
Pacxon paGouero napa, 1000 500 700 400
Kr/y4
A6comoTHoe  JaBJeHHE 6 6 5,5 13
paGoyero napa, Krc/cm?
Temnepatypa pa6ouero 158 158 160 400
napa, °C
Pacxon oxJaaxpaamwouei 70—165 — 60—150 60

BOABI, T/u
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Crp. 125

TIPHJIO)KEHHE 11

Cnpasounoe

TEXHHYECKHE XAPAKTEPHCTHKH 3)KEKTOPOB, BblIITYCKAEMBIX
KAJY)KCKHUM TYPBEHHHBIM 3ABOJIOM

Tun sxextopa

X
apaxTepHeTii 30-50 30-30 30-20/2
Koaunuectso oTcachiBaemoit mnapo- 50 30 20
BO3AYINHON CMECH, Kr/f4
AGcosoTHoe JaBjieHHe B OTcoce, 0,036 0,034 0,05
Kre/cm?
A6comoTrHoe  faBjeHHe  paGouero 6 16 16
napa, Krc/cm?
Temneparypa pa6ouero napa, °C 158 420 400
Pacxon paGouero napa, Kr/u 450 175 85
Pacxoa oxJaxKpawouen BOABI, T/y 26 18 9,5




MTPHJIO)KEHHE 12

Cnpasounoe
OCHOBHbBIE TEXHUHYECKHE XAPAKTEPHCTHKH BOAOCTPYHAHbDIX

3)KEKTOPOB, PABPABOTAHHBIX HKTH OJi BAKYYMHbBIX I EA3PATOPOB
NMPOH3BOJAHTEJNBHOCTBIO 5—1200 T/u

O6o3nauenne BOAOCTPYHHHX 3KEKTOPOB
3B-1| 9B-3 | 9B-6 | 3B-12 | 3B-25 | 3B-50 | 3B-75 | 9B-150 | 3B-200

Haumenogaune

agl "dip

8.—12°020'801 WLd

ITpousBoguTeNnBHOCTE NO OTCOCY He-
KOHJEHCHPYIOIIHXCA Ta30B, Kr/u, 1npH
JAAaBJCHHH B Jeaspatope:
0.3 kre/em? 1 3 6 12 25 50 75 150 200
0,075 krc/cm? 0,3 1 2 3 6 12 20 50 65
[TapaMerpu paGouell BOABL:
JlaBJeHue, Kre/cm? 5 5 5 5 5 5 5 5 5
Temnepartypa, °C 10—20
pacxof, T/4 4 12 25 50 | 100 | 210 310 | 610 | 830
OGmasn BrcoTa, MM 300 | 520 | 750 860 | 1420 | 1910 | 2250 | 2760 | 3480
Macca, kr 5 27 | 45 73 | 165 | 370 540 1010 1960

HapyxHuit anamerp nozxcoeauHsie-
MBIX TPYGONpOBOROB, MM:

pabouefi BoLH 32 57 89 108 159 219 273 325 426
napoBO3AYWIHOA cMecH 45 89 108 159 219 273 325 426 530
ONYCKHOM TPYOH 38 76 108 133 219 273 325 426 530

PekomenayeMas BHICOTA YCTaHOBKII
3)KEKTOPa Haj YPOBHeM BOAbl B CJHB-
HOM 6Gaxe, M, NpH JaBJeHHH B Aeas’pa-

TOpE:
0,3 krc/em? 5 5 5 5 5 5 5 5 5
0,075 kre/cm? 7 7 7 7 7 7 7 7 7
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MTPHJIO)XEHHE 13

Cnpasgouroe

TEXHHYECKHE XAPAKTEPUCTHKH BAKYYMHbBIX HACOCOB
THINA PMK H BBH

Mapxa Hc:lz};l‘qa Manxcuma.nb- Mouwsocts |Ta6aputhele pa3mepsl | Macca
70%-1oM | Hblit BAKYYM,| ABHrartens, (anuHa, wWHpHHa, arperarTa,
Hacoca BaKkyyme, % kBT BICOT@) arperara, MM KT
M3/MHH

PMK-2 1,0 90 10,0 730X 416X 390 114
PMK-3 3,0 96 30,0 1310X 515X 840 593
PMK-4 7,0 96 75,0 1645X 670 1088 1285
BBH-1,5 1,6 90 4,0 1170 1110X 860 348
BBH-1,5M 1,5 93 4,0 677 X450X938 169
BBH-3 3,0 90 7,5 1370 1100 X 855 418
BBH-3H 3,0 90 7,5 13701110855 490
BBH-6 6,0 95 17,0 1430 1150 X 1000 706
BBH-12 12,0 97 22,0 1865 X 1450< 1240 1055
BBH-12H 12,0 95 22,0 1865 1450X 1240 1252
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PACYET ¥ IPOFKIVPOBAHIE
TEPHMIYECX JEASPATOPOB

Yrasannem LUEECTEDCTBA TALENOTO IHEPTETUYECKOTO M
TPAHCNOPTHOI'0 MAlMEOCTPOSHUA

or 28./2.87 % BA-002 -//&fﬁcpox BBEIGHNA YCTAHORIBH
¢ 0I.0I.89

lIpommars cpor neficrsma PIM mo 0I.01.94.

TOyuxr 4.8.1 u3%OXUTH B HOBOM DeNAKUKE:
"4,8.1. Kopnyca (oCedailxn u puMma) Hea’paTOpOB NOBHIEHHOTO KaB-
JIeHUA M3TOTOBLAOTCA U3 CTatH Mmapkd 20K~3 T0GT 5520-79 wim
BCr3on5 TOCT 380-71.
Kopryca aTMOCfiepHHEX M BaKYYMHHX HeadpaTopoB H3TOTOBIAOTCA ¥3
cTamM Mapky BCT3ngs TOCT 380-7I.
BuyTpeHHUe DaCOYue BJEMEHTH XeaspaToODOB BCEX THIOB B COOTBETC-
reEx ¢ TOCT I6860-~77 BHMOJNHAOT M3 KODPOBKOHHO-CTOHKOU CTaM
Mapoxr O8XISHIOT, IXISHIOT TOCT 5632-72 (wm mx samesxsoueii).,
Marepuas mTynepoB B TpyS - cTaks mapxu 20 I'OCT I050-74.%

Iysxr 5.2.1. llatufi ad3an,. Hoclentee npemioxeHwe H3JOXMTE
B HOBO{ DPenaxium:
“"BHOOD DPeNeNbHO NONYCTUMHX JIO YCHOBMAM YHOCA KAliJIbHON BJIATu
CKOpOCTe#f Lapa B OTCOK&X KOJIOHKM DACCMATDUBAOTCA HAXE B HACTO-
fem noppasaens.”

flyxr 5.2.2. Popmysy (29) 3aMeBATH:

Zpsx = s —W . (29)

Tlyurr 5,2.2. Bocemuanuarut ad3an. [epsoe NperioxeHne Ha
CTD,39 H3JOXUTE B HOBOH pemaKmui:
“lipn ymexsdom pacxome Bunapa I xr #a 1 T nmeaspupopasHofi BORH
B SoJlee CORSpXAaNne HOKOHICHCUDYIXUXCA Tas0B B MapOBO3HYLHON
CMECH MOXET M6 yUMTHBATHCA NPH DECYeTe HMOJOTPeBa BOIH BO BCEX
orcerax otpyluolt xonoEKM."

Oysxr 5.3.1. Bropoft adaan. Bropoe mpeuroxesue CBepXy Ha
c1p.41 m3soxaTe B HOBOR penanipm:
*Kosmentpaman xecxofia B MADS M6 YIMTHBAOTCH B CBAIH ¢ HOSHAYH~
TeXBHOR el pewmauHO# NpH yumesbHOM pacxome Bunapa I xr mHa I T
HeadpupoBanHoft BOXH M Ooree."
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UysrT 5.4.I0. Yepr.2l. Bamemurs 0Go3RATOHEE %2 JL%;}
HyHET 8.3.2. 8J0RUTE B HOBOE peNaKIMu: &,

"8.3.2. YAeJBMd pAcXon BHIapa B pacyeTe HNpUHEAMAETCA: WA Heae-—
paropos I ~ 1,5 kr/T n.B,,50 KeaspaTopoB JA - 2 KI/T H.B. B
IS neaspatopos IB —- 5 KI/T K.B."

HOymxr 10.2.1. Tperuii adsanm #a cTp.83. SaMenuTs CJI0Ba:
"lleaspEpoBaiinag NOMMUTOYHAA BOKA C ToewmIepaTypoi 40-45°C nonasr-

CA MONIMTOUAEME HACOCAME B O0paTHYD MaTHCTpaJEs." Ha

"NeasprupoBainasg BOKA HOJNASTCHA NOTNMTOUHEIGI HAacocama B 05paTHyR
MATHCTPENb. "

lyuxr 10.2.2. Hocuenuue NB2 NPENJOFEHES KCKMOIHTE.
Yeprenr 41 HCRIGYATEH.

Iymwr 10.3.3. monoaHmTk: ad3auamm:
"BBox BCeX HOTOROR (B ToM umcre koHmencaToB IIBE z CHII, permpKyJia-
IAE HACOCOB H HP.) TOJEH OCYHEOTBAATHCH B 00a NAapaLredbHo paso-
TANIEE NeaspaTopa. 7
Cxemy pasBOEKZ TpPyCONPOBONOB OCHOBHOTO KOHEEHCATA MERLY Xeaspa-
TODaM M J[eadDanuOHHHMA KOJIOHKAMYM CJeNYyeT BHIOJHATE NOMHOCTHI
CEMMETDHYHO: C HENPEDHBHHM HORBEMOM KOHIEeHCATa B HANDaBJIeoHHH
MOEBOLANMX MTYLEPOB KONOHOK, YYACTKE ¢ ONYCKHHME TPyOOnpoOBOna-
My, BEDTEKANBAHE NETIN CleryeT MCKANYATH. [IpE 5TOM B IONBOHNENAX
KoBIeHCaTONPOBOIAY LeNeco00Pa3H0 yCTaHaBMUBATh NONIODHHE
(mpoccesbHEEe) maliGH WM yBEJWUMBATH COLPOTHBIENHE NONBOMANEX
KOHeHCATONDOBONOB IPYTIIM M3BECTHEMI CHOCOO0AMM,
Paspomsamue TPyGOOPOBOXH OCHOBHOTO KOHISHCATA K NeasDauMOHHHM
KOJIOHKAM (WM K OfHOH KOJOHKE) IONRHH DACHONATATHCA KAK MOXHO
HIRE COOTBETCTBYOIX HTYIISPOB NE3dPAIAOHINK KONOHOXK (MMHIMyM
Ba 500 m4).
Ha TpyGonmpoBOnax NATATENLHOL BOIH MERIY LHeaspATopaM# n GycTep—
pEvE (MHTATENBHEME) HAacocaMy He CJeLyeT MOIYCKATh TODU3OHTANE-
HHX Y92CTKOB 3HAUMTEJBHOX NDOTAIeHHOCTH, [IpM Hajdmymu TakHX
yUACTEOB HX CJSLYyeT DacmojaraTh Cy:ecTBEMHO IufZe XeaspaTopoB
(ue MeHee deM Ha ICm).
Jiia MCrJmYeHMs BLOpalNH TPyOOIPOBONOB “nepsTrpeTix" IOTOKOB
(xoumencara 1B w CIlli, peruPKy/AME HACOCOB X ID.) DPETYANPYIO~
mie ¥ MPOCCEXNbIe YyCTPOLCTBA HeOGLOME:0 yCTAlaBINBATE B HEIO—
CPENCTDexf04 CAK30CTH QT TeasDaTopa.
Pagpannyi HOWIERTOP Tpewmelo mapa B Jleasparopi  (KOIQHUHM) HOILIEH
DACHOJAATATECA Bliie COOTBETCTBYDMEX HOUBOLMUIX HMTYUEPOB BO H3=-
Oenaliie CROINIeH¥A B HeM KoHnmeHcaTa.
Orpor PUTAPAR 13 MEaBPAUHONHHX KOJOHOK CMENYeT OCYHeCTBIATH
TOVGNFNNROTALET (03 PADTHKAABENX NOTEJE,.
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9T TPyGOUPOBOGH NOJRHHE MMETE [DeHAXH."

Iyner 10.4.2. KODOJNHEATEL CHOBAME 2
"HdSxommat NOHOIpeE HeaspupyeMoli BOOH MORET OCYmECTBIATHCS
TAKRe 33 CYeT NOFMelmBafnd B Hed Tpewmueit Boau. Pacxos mocien—
rofi (nocTynanmufi B COCTABE MCXOBHOTO LOTOKS HA BEDXMUD TaPEJKY)
BXOEAT B HPOMSBOLETOABNOCTH HO&3DPATOPa."

Hyrrr 10.4.3. lpennoxeEucy HAUMHADMESCH CO CJOB “Baxyywmmmit
KOJUIGKTOD. » "y BBROKETD B HOBOE Demaximi:
“BakyyMEHE ROZNERTOP MOKET IDEMOHATHCH B OTHENBHHX CJydYasX TOMb-
KO B cxemax ¢ mocrosuuoll (Gasopofl) IWmpamiwdecrOf Earpysxoft Keaspe-
TOPOB,IIpM 3TOM OH YOTAHABRNMBAGTCH HENOOPSHCTROHHO [OJ AG83DATODOM
{cm.9epr.39); HA MONBONG NEASDUDPYEMOH BOXH K Iea3PATOPy HOIRSH
OHTE NPERYCMOTPEH DEryJaTrop HOCTOfHHOTO pacxona."”

Nonpasuen I10.4 pononawnts mynrTomM 10.4.8. @
"10.4.8. Ilpy NMpOEKTHPOBAHAN YCTARHOBOK HONIMTKE CHCTEM TeIuocHad-
FeHMS ¢ BAKYYMHHME [685DATODAME CJIGLYeT CTPEMHTHCA K o0ecleye-
HEp BEIEAMA WX DeXMMa He3aBHCEMO OT DeREMA PaGOTH OCHOBHHX
arperaros T3l, YoTaHOBKE,KAK OPABAIO, HOJRHH OHWTE OCHMECTAHIHMOH-
Huvi. TemmepaTypa neaspHpPOBAHAOR BONH B 9TOM oiydae IOIRHA NipH-
mmarses He Hwke 55°C, a OpE BCNONEB0BAHAN AJA MONIATKE TODOI-
CKOil BOIONpPOBOLHOH BOIM ¢ HI3KOH GURapOOHATHON MeJOMHOCTHR
(mmte 0,7 mr-sxp/®T) ~ 65-70°C,"
lpwroresue 6. Tadmury 54 3aMeHHTH:
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TexXHI9eCKAS XADAKTODHCTERA JCAIDATOPOB NOBHNGHAOTO AEBISHEN.

Tao‘ma o4,

TanopasMeps  KOJOHOR

Hapawes,
paNers m-225 | Wi-500 | LI-I000 | AN-1600A] JH-2000 | JEi-2200A | Mi-2800
HompHamsHan /rrponasomem’aocn -

ROJOHK®, T/Y% 225 500 1000 I60C 2000 2200 2800
Padouee namlenme (8c.), KTG/Cu> 6 6; 7 7 % 7 9,5-12 7,5
Padouan TemmepaTyDa,“C 158 1583164,2] 164,2 |I64,2 I64,2 176,8-i87 167

. ArameTp KONOHKE, WM 1800 2000 2400 3400 3400 3400 3400

Beprrxambaull raséaprT KONOHKE, MM 3366 3150 4000 7800 5066 7536 7166
iiacca KOJOMXH, RT 3285 _ 4250 700G 20000 12500 26000 ‘18850
TeoMeTDEYOCKAA @MKOCTh KOJOHKH N 8,0 8,5 7,0 58,0 32,0 62,0 49,0
llosieaHar 8MROCTS OaKe AKKYMyJIATOPS, : :
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