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PyroBonAmm NOKYMEHT

MeTon#ra oInpeleIeHHs NYCKOBOI'O IABNEHUA IJIA HefTe-
IPOBOAOB, TPAHCHODTHEPYNIMX IapahMHOBHE  HePTH.

Pl 39-0I4831I- 329 -~ 88

BBomuTca B3ameH Pl 39-30-648-81
"MeToI¥Ka OIpeleJeHus IIYCKOBOI'O
IaBJIEeHAA IJA HedTeIpoBOIOB,
TPAHCIOPTUDYIMHUX NapadUuHOBHE
HedhTH"

Crox BBEIEHUA YCTaHOBJASH ¢ I saHBapa 1989 rT.
Cpox ne#crtems no I samBapa 1992 r.

MeTomuka ompelneJieHUA OYCKOBOI'O JHaBIeHUA 1A HedTelmpo—
BOLOB, TPaHCIODPTHUDYXINX NapadWHOBHE HE(DTH, HO3BOJIAET NIpele-—
JUTH MAHUMAJIBEHO® IAaBIeHMe, HeoOxommMmoe IJA cIBmra "3a8CTHB-
mer" B TpydonpomBone HedhTH NpH 3aIJaHHOM BDEMEHY OCTAaHOBKHA,
BpeMAd 0e30IIaCHOE OCTaHOBKM TPYOOIPOBOIA TPYX M3BECTHOM IOIyC—
TAMOM IABJEHUW HA HACOCHOR cTaHuuiu.

MeToIKe COCTaBJieHa Ha OCHOBAHKY TeOPeTUYEeCKUX K JKCIe-
PUMEHTaJBHNX DPadoT, IPOBEIEHHHX B UHCTUTYyTe "IMIPOBOCTOKHEDTH'

I. OBIME TIONOXEHVA

T.I. MeTonuka pacdeTa IIYCKOBOI'O JABJIGHUA IJIA HedTenpo-
BOIOB, TPAHCHOPTUPYIMX IIapadMHOBHE HeOTH, INO03BOJIAET DaCCYd-
TaTh MIHIMAJIFHOE llaBRJeHue cIBura "sacTuBmei"” HedTH IJIA MATUC—-
TDAJNBHHX TPYOOIPOBOIOB, TEXHOJOIMYECKMX XKOMMYHUKAIUZ HACOCHO-
[IepeKavyuBaniiX CTaHIX, Y3JI0B IOIOIPEeBa ¥ Pe3epPBYADHHX Nap-
KOB IIOCJE€ OCTAHOBKM IIePEKaYKHA.

T.2. MeTonmka pacdeTa IyCKOBOI'O JaBJEHHUA IpelHa3HAYeHA
IJIA Ha3eMHHX TPYyOONpOBOLOB; TPYyOONDOBONOB, IIPOJIOXEHHHX B BO-
Ie; OON3EMHHX TPYOOIPOBOLOB, IJIA KOTODHX IIPOLUECC OXJIaXNEeHUA



MOXHO CUKTATH OCECEMMETPUYHHM.

T.3. MeTomuka pacueTa NIYCKOBOI'O JIARJIEHUA HOpelHa3HaYeHa

IVIA y9aCTKS TPyoompoBOIa, Ha KOTOPOM MOXHO IIpeHedpedds Ipolec
caM KOHBEKIUY (M3-3a BHCOKOH BA3KOCTM HedTH) ¥ CIUMTATH, 4TO

OXJIAXIEHUEe HedTH HUIeT TOJBKO 34 CYEeT TeILIOIPOBONHOCTH.

2. IEPEYEHH YCJIOBHHX OBO3HAYEHUM

2.1. [lapameTpu TpyoompoBoza:

(; = IOPOM3BONMTEJBHOCTH IEDEeKadYKu, KI/C;

R, — Hapy®Huit pazuyc TpySoumpoBOna, M;

Rey— BHYTDOHHE! pajuyc TpySONpOBOIA, M;

l. - mmHa yuacTKa, HA KOTODOM OCYMECTBIAETCH IYCK TPYGO-
IIPOBOZA, M;

H - rry0umHa 3aJ0XeHUS TPYSOIPOBOIA IO OCH,M;

\ -~ TEKymUI pammyc, M;

L - rexymas mmma , M;

EK.(- IJIMHa y4YacTKa TpyoonpoBOIa IO cedYeHudA, B KOTOPOM
IpexpamanTcAd NPOLEeCCH CBOCOIHOX KOHBEKIMH, M;

b, — wmHEA yyacTka TpySompoBoza IO CedeHUS, B KOTOPOM
TeMIepaTypa HedTH Ha ocH TPYOH paBHa TeMiepaType
38CTHBAHNUA, M;

AX — 3JIeMEHT IJIMHH, pacnojoxerHolff Ha y4acTKe TPYOOIPOBO-
Ila, Toe TeMiepaTtypa He®TH Ha OCH TPYOH DaBHA WIN

HUXE TeMIepaTypH 3aCTHBAHUA, M.

2.2. [lapaMeTpH neperavuBaeMo} HedTH.

{
Ty = TemmepaTypa HeTM B MOMBHT OCTAHOBKA II@DEKAYKM B Ha-

YaJHbHOM CEeUYeHUN ydJYacTKa TpyoormpoBoia, Ha KOTOPOM OCy-

mecTBIAETCA IYCK, OC :

CH- yIeJlbHasa TeILIOeMKOCTH: He(QTH, —-l%{— »
Tx Kr. C

A~ TemTompoBoNHOOTs Ko, —LE— -
" Mc-°C ?



a, - KOSHIUIMEHT TEMIepaTyPONPOBONHOCTA HePHTH,M/d;
T3 - TeMuepaTypa 3aCTHBAHUA HePTH, °c;

Ty - Texymas TemmepaTypa HefTH Ha pamuyce b, °C:
Boin - MAHMMATEHO® HAYANBHOE HANDSAXexue cusura, H/M%;

B - xosddmmment TmrcoTpomm®, I/y;
A - DoxazaTens KPyTH3HH TEH3OI'DAMMH

2, % >
I = IOKA3aTeNIh CTEIeHN napacdonH, OmICHBawme! SMODH TEM=—
IepaTyp N0 PaIuyCcy TPYOH.
2.3. [lapamMeTpH OKpyxawme® cpenH:

Ty - TeMmepaTypa oxpyzaimet Cpend B HEHADYMEHHOM TEILIOBOM

COCTORHTH, “C;
2
(- TeMIEPaTyPONPOBONHOCTE IPYHTa, M WA ¢
A . = TEIIONPOBOJHOCTE TPYHTA, L
P M-C -°C

Ae, - TEILIOIPOBOLHOCTH BO3IVXA, ._E}%E;
M.C -

l)e, - KMHeMATHYeCcKas BA3KOCTEH BO3LyXa, M2/c;

k - KEREMATIYECKAR BASKOCTH BOIN, M°/c;

f’b" ROBQPUIMERT O6BEMHOTO pacmrpenus Boanyxa, 1/°C;
P = KOIPPUIMEHT O0BEMHOI'O DACIMDEHNS BOIH, 1°C;

(, — yIerpHas TeIUIOEMKOCTH BO3ZLyXa, —-—%%— ;
KT-

Cy = yIeJpHag TeIIOeMKOCTH BOIH, —-ﬂ%{— ;

K. ~C

-PB - [DJIOTHOCTL BO3iYyXa, RI'/M?);

3
ﬁ”‘- IUIOTHOCTSL BOIH, XIT/M°.

®
A, — TEIIOTPOBONHOCTE BOMH, _1.:;1@5_66



2.4. JIONIONHUATENBHHE TNapaMeTpH:

P. - naBnenve cieura "“3acTuBmeit" medTH, Ia;

Pios = ZomycTHMOe NaBieHMe H& HacocHo#t crammm , Ila;
1 - BpeMA OCTAHOBKM IIEDEKAYKN, Y;

15, - BPeMA 6e30mAcHOR OCTAHOBKM TPYGONMPOBOA,

tT - BPEMA THKCOTPOIHOI'O BOLCTAHOBJIEHUA,Y;

Tapr TEMIEPATYDA HA HaDYXHOM IIOBEPXHOCTH TPYOH, °C;

K - mosHHE Ko3pfUIuMeHT TeIUIonepelavd, --2-2— o
M<.M-

duap BHEIHZ! KOSGPUILEHT TEIIOOTIAUN, =it

MQ'C'OC ;

% - VCKODEHVe CUJIH TaAxecTH,M/c2.

2.5. Bes3pasMepHHe NapaMeTDH:

27K Keu L
LUg:‘ G = - KpuTepuit llyxoma;
o
Py = -?-E-i—%- - KpuTepuht Tpasmifa;
89 PR (Tuap~T,
G"L- Qﬁpz i o) - KpuTepul I'pacroda;
. Kyap. Ren
Bi z ———— - KpHTepuit Buo;
An
F G.u'f. “
0= % - Kputepuu Pypre;
BH
F* 1 n 1 1 9

¢ :Bi(nH) (ﬂ+4)(n+2) Bi " 2a(n+1) ) 2Bi(n+1)(n+2) B 3n(ﬂ+1)(q+2)—

e 1] i)
(nHJ Bi L (n+2)B¢ -~ KpuTepuit dypre, oTBevanuuil Bpe-
MEHI HavaJla CHAXeHUA  TeMIepPaTyDH HedTH Ha ocu TDYyOOompoBOIA

B JIOOOM CEYEHUM Ha yYacTKe, I'le B MOMEHT OCTAHOBKY KOHBeKmuel
MOXHO IIpeHeopevyYhb:



* Fo = Fo*
Fo- { ]

o+

2n+2) " 2B

- 00o0meHHH? KpuTepuh Dypre;

!

Fo,, -00o0merHHE xpuTepr# dypre, OoTBevVAIMHAN MOMEHTY IPHXOna
TeMIIepaTypH HedTH, PABHOY TeMIuepaType ee 3aCTHBAHUW,
Ha OCH TPYOH B KOHEYHOM CeYEeHUM yvYacTKa TpyOoIrnoBola,
Ha KOTODOM OCYUWECTBJIAETCHA CIBUTI:

E - T-;:,- To
TH""TO

3. VUCXOIHHE IAHHHE U PACUETA U UX ONPENEIEHVE

3.1. [lapameTpH TpPyOOIDOBOIA.:
— IDOU3BOIUTENBHOCTEH IIEPEKAYKH,

- BHYTPEHHUII ¥ HapYXHHX panuyc TpyOoonpoBoOxa,

- IJIMHA y49acTra, Ha KOTOPOM OGYMECTBJIAETCA IYCK TPYOOIpO-
BOIA,

- TUI[yOWHA 3aJIOXSeHEA TPYyOoIpoOBOIa IO OCH.

3.2. [lapaMeTpH nepexkadnBaeMoh HedTH:
- TeIIOPW3AYECKHEe CBOYCTBA HEPTH
- TemnepaTypa 3aCTHBAHUA HePTH,

- TeMraepaTtypa HedTH B MOMEHT OCTAHOBKMA B HAYAJILHOM Ce=-
YeHHY y4YacTKa TPpyoonpoBOlla, H8 KOTOPOM OCYymMEeCTBIIAST-
CA IIYyCK,

- KO9(QPUIMEHT TUKCOTPOIMY;
- [IoxKa3aTeNh KPYTH3HH TEeH30I'DaMMH;

- TIOKA3aTeJib CTeIeHH I1apaCoJH, OIMCHBAKWIUA SHOPY TEM=-
nepaTryp mo pajpuycy TPYOH.

3.3. [J[apaMeTpH OKpyXawme#t CpenH:

- TeILIOPH3NYEeCKHe CBOMCTBA OKDyXalmeX CpenH C,/f,a, £, B, 9;

~ TeMrepaTypa OKpyxamgell CpelH B HEHApPYIeHHOM TeIUIOBOM

COCTOAHUE (IJIA SaIVIyGJIeHHHX TPYGONpOBOLOB [, GepeTcd
Ha YPOBHE OCH TpydompoBona) .



3.4. JIODOJHUTEJHbHHE NapaMeTpH:

- NOINYyCTHMOE IaBJIeHNE Ha HACOCHO! CTaHIUU;
— BPeMA OCTAHOBKN IIEeDPEKAYKH;

— INOJMHHE XOo30PHIMeHT Telnonepenadu.

3.5. OnpeleneHne MokasaTeNd CTelleHu IapaloJH,
OIMMMCHBAKIUA 30OWDPY TeMiepaTyp IIO0 paluycy TpPYyOH.

3.0.1. [JokasaTenr CTEIeHM napadoJH, OIUCHBawme# 30py
TeMIepaTyp IO pamyuycy TpyOH, CBA3aH C TelLTIOPU3NYEeCKNMHA CBOACT-
BaMd HeOTH W IJIA KaxIor'o .CopTa HePTH INOJXEH ONpenesAThCA JKC—
[I6PUMEHTAJIPHO B JAO0OPaATOPHHX YCJOBUAX.

3.5.2. YcranoBka IJA onpefeqesud M (puc.I) nmpencTaB-
JAeT co0ofl BEPTUKAJNHFHO YCTAHOBJEHHYI MeTaJLINYecKywn Tpyoy I

BHYTpeHHUM jauametpoM 0,31 M, IymHOZ 0,6 M M TOJMIUHOA CTEHOK
0,0 M. Ha ROHIAX TPYOH yCTAHABJIUBAKWTCHA 3AIVIVIIKM <2 U3 TeIO=-

U30JUPYHIeTro MaTepuasa.

TeMmepaTypa IO CeYeHHD TPYOH onpenesfieTcA WeCTh-0 TePMO-
apaMi, CMOHTHPOBAHHHMUA Ha OINHO ILIATO 3 ¥ COEIVHEHHHMM C CaMo-
MANyIYM TOTEHIMOMETPOM 4 ( TOYHOCTH ONpeNeJIeHnd TeMIePaTyPH
+ 0, 2590) . TepMonapH pacnoyarailTc B HePTU NepPIEeHIUKYJIAPHO
OCH TPyOH. HarpeB HedpTH LO TeMIepaTypPH OIHTa OCYWECTBIAETCHA
JJIEKTpOoCIMpasAM 5, Pa3MelieHHHEMU B CHEMHOM KOXyXe 6. 3alaHHad
TeMieparypa HarpeBa OOLNEPXUBaeTCHA KOHTAKTHHM TEPMOMETPOM 7.
OxXJaxneHue HepTH OCYIeCTBJIAETCA WJIX HA BO3IyXe, MIN C IIOMOMBI
oIeBaeMoit Ha Tpyly paszsreMHOR "pydamxku" ¢ mOpoTodHoOR BoOIOR
3a8HHO} TeMImepaTypH.

TemMnepaTypa BO3IyXa ¥V CTEHKA TIPYOH B IIpolieCcCe OXJaXNeHUd

PEKCUDyeTCH Tepmonapoit 8.
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3.5.3. [[opANOK NPOBEHEHUA SKCIOEPHMEHTOB: HedpTh B YCTAHOBKE
HaI'pesaeTCa IO TeMIepaTypH OpX KOTOPOW OH& CTaHOBUTCA HBOTOHOB=—
CKOt cucTeMoft ¥ BHIEDXUBAETCA IIPHM TeMiIepaType Harpesa 30 MUHYT,
[I0OCJIe YeI'0 HaI'PeB OTHINYAETCHA ¥ HATDEeBATEJNFHHI KOXyX CHUMAaEeTCH.
[IpoBOIMTCA OXJIAXNeHWEe, M3MEHEeHVe TeMIlepaTypH MO CeYeHHD (PUKCH—

DYEeTCH HA IOTEHIUOMETDe.

3.5.4. g onpeleneHud MM UCHOJB3YITCA 3IWNPH TeMIepaTyp,
HaAYAHafA C BPEMEHW OXJaXIeHUdA, KoTrma TeMuepaTypa HepTH Ha OCHU

CTaHOBUTCA Ha I°C BHNE €e TeMIepATyPH 3aCTHBANNA.

[lokasaTesqpr N OIpelesaeTCA MEeTOINOM HAUMeHBIMX KBAIPATOB

t 2
42 Cul * ‘D
EXP {2( 2 Qn(m-i) 3n(n+)(n+2) }

32 HAUAJIBHYD TEMIepaTypy |y HedTH NDUHUMAETCH TeMIepaTy—

N3 YDaBHEHUA:

To= T+ (Tu T

mlrz

pa, HUXe KOTOPOHA OXNMaxIeHVe IODPOUCXOINUT 34 CYEeT TEIVIONPOBOIHOCTH
(cBOGONHAA KOHBEKIUA OTCYTCTBYeT). MOMEHT IOCTUXEHMA 3Toi Temie-
PATYPH IIPUHHAMAETCHA 34 HavaJi0 OTCYeTa BPEeMeHU oxnaxlIeHWA. OKOH-
YaHVEM KOHBEKTUBHOIU OXJIaxIeHUsI cuuTaeTcsd MOMEHT, KoI'la pas3-
HOCTE MeXIy HOOKa3aHeM TepMomapH, PACIOJOXEHHOM V CTEHKH, U
CpelHeapUMe THYEeCKIM IIO TTOKaA3aHUAM OCTAJBHHX TepMoIap COCTaB-—
JIfeT IBe IOTPEeNHOCTH UIOTEeHLMOMeTpa IIo Temiepatype. CpenHeapud-—
METHAYECKOe [0 IIOoKa3aHuAM Tepmornap (HMCKInYad TepMonapy, pPaclo—

JIOXEHHYD Yy CTeHKM) IJIA 3TOr'O MOMEHTa IpuHuMaeM 3a T, .

3.5.5. PasMepH YCTEHOBKH IJIA OIpeneJyIeHUA IIoKal3aTeNf CTe—

e napadoJH (1 MOryT OHTHL WHHMHM, JUILE OH BHIIOJHANOCH YCJIOBHE

L > 2. KomrgecTBO TepMonap IJA OUPEeNeJIeHWS pPAcCHpelesieHuA TeM-

D
IepaTypH He®TH IO paIyycy TPYOH IHOJXHO OHTHL HE MeHee IATH.



3.6, OmpelneneHMe IOKA3aTeN KPYTU3HH TeH30TpaMMH A
¥ ROHIMIMEHTa THKCOTDOIHOI'O BOCCTaHOBJIEHUA B

3.6.1. MEHMMAJNFHOE HaYaJNBbHOE HAIPAXEHWEe CIBUTa B 3aBUCH-

MOCTH OT TEMIIEPATYPH OIHTA ¥ BPEMEHH TUKCOTDPONHOI'O BOCCTAHOBJIG-
HIA OIPEeleNAeTCs COOTHOMEHNEeM:

ngn: A(Tg, “T)[i-EXP(*B‘tT) (2)

3.6.2. IIpu0oOp ¥ crocol onpeneJeHUd MAHAMAJIBHOI'O HAYAJNBHOI'O
HANPAXSHUA CIBWIra omrcauH B /I,2,3/. KamuwiAp IPOU3BOIBHOR Iiv-—
¥ L 1w pammyca Rsu 3aIIQIHASTCA ncconenyeMor HedThro ¥ TEepPMO-
CTaTUPYEeTCA IDH TeMlIepaType OnHTa. Ha KOHIax Kanwmnifpa yCeTaHaB-
JUBAWNTCA MAHOMETPH. (OOWH KOHED 3aKpPHBAEeTCA, & K IPpyI'oOMy IDPHKJIA-
INBaeTCA HABJIIeHNe, KOTOpoe IOoLNepXWBAETCHA HOCTOAHHHM B TeYeHHEe
BCET'0 3KCIIEDHMEHTA., JKCHEeDHMEeHT IPOBOIUTCHA 10 YCTAHOBIEHVA NO-
CTOAHHHX BEJUYUH JaBJEHUA HA MaHOMeTpaX. MUHUMAIBHOE HAYaJIRHOE
HAIDAXeHAEe CIBUIa DPACCYATHBAETCH IO QopMmyJe:

AP Reu
Qmiﬂ: 2L.

(3)

je:

AP - mepenan naBlenud Ha KOHTDOJIBHOM Y4Y2CTKe KamALIApa TOCIe

YCTAHOBJIEHUA IIOCTOAHHHX BEJUYWH IABJEHUA HaA MaHOMeTpax.

3.6.3. QOpeneJeHrne MUHUMAJIIBHOTO HAYaANBHOI'0 HAUPAXEHUA
CIBUTa IPOBONUTCHA HUXE TEMHIEPATYPH 32CTHBAHMA He(TH Ha IBYX
TeMIIePATYPHHX YPOBHAX IPX ONHOM ¥ TOM Xe BPEeMEeHU TepMoCcTaTUDO-
BaHuA (BpeMA TePMOCTATHDOBAHUA IOJIXHO GHTH He MeHee 4 JacoB) -

[lokasaTelb KDPyTH3HH TeH3orpamvu A DacCYuTHBAETCH IO
dopMyJIe :



A X Qmin(T-"-"m‘ Bmin (T=T2)

To-T
{
3.6.4. JyIg onpenesyeHuss Ko3dpPuleHTa THKCOTPONHOI'O BOCCTa-

(4)

HopleHMA B  mpoBomMTCH SKCHepUMEHT IpM TemmepaTtype 1, o
BpeMEeHU TepMoCTaATHPOBaAHUA HE MeHee 4 4acoB, HO OTVIMYHOM OT Bpe-
MEHU, TIPX KOTODOM oIpeiesancd koapduumedHT A . KosddumueHT

B paccumrTHBaEeTCH IO GOPMYIIe:

Bmin(T=T4)
| A (Ts-Ty) | (0

1
Ba- fn
t

3.7. QUpenesleHUE KPUTepuA buo

3.7.1. IJIA NON3eMHHX TPYOOIPOBONOB KpuTepuil Buo He ABIA-
eTCA BeJUYUHON NTocTOoAHHO!. 3MeHeHue eI'0 CBA3aHO C U3MEHEHEHU=-

eM BHEIHEeI'0 Ko3PuuueHTa TeIUIOOTIAYM 33 BPEeMA OCTAHOBKH.

3.7.2. 1A pacyeTra IaBieHUA CIOBHIa Kputepui#t Bro OepeTcH

OTBEYAKIMM BPEeMEHW OCT2HOBKM ¥ DPACCUUTHBAEeTCHA corviacHo /4/ mo

dopmyJIe:

Row (6)

Xuap.
Bz Kex (7)

8(x) (8)

JHIEeKCH "B" ¥ K" OTHOCATCA COOTBETCTBEHHO K BO3ILYXY X

BOIO, & KOSPPMIMEeHTH & # U 3aBUCAT OT IPOU3BEICHUA

(G'Q,'P‘L) "
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4. PACYUET JABJEH/A CIBJTA "3ACTHBIEAL"
B TPYEOIIPOBOIE HEQTY

4.I. [locsie OCTAHOBKMY II€PEeRAYKH MOKHO BHIEGJUTE IOBE 30HH
OXJIAXISeHUA HepTH B TPyOOHmpPOBOIE: KOHBEKTUBHYND ¥ HEKOHBEKTHUB-
Hy©, I'I€é B CBA3U C HAYAJIOM CTPYKTYPOOOPA30BAHWA ¥ BHCOKON BA3-
KOCTHI KOHBEKTHBHHE IIDOIIECCH B Hed@TH IpekpamawTca. [Io mepe
YBEeJIUYEHNA BPEeMEeHM OCTAaHOBKM TeMlepaTypa HePpTH Ha OCH B CeYew-
HUM  X= b CHUX2EeTCSA ¥ CTAHOBUTCH DaBHOI TemmepaType 3acCTH-
BaHWA., HaumHag ¢ 3TOro MOMeHTa, B TPyOOOpPOBOIE NOABJIAETCSA
y9aCTOK, BO3OOHORBRIEHUE IIePEeKaYKy Ha KOTOPOM MOXET OHTH OCYy=-

MEeCTBIEHO TOJNBKO IoCJIe cIBHIa " 3acTHele! " Ha HeM HepTH.

Ha puc.2 OprBelleHa cXema "ropavero”" TpyOOIpPOBoOHA IIOGTHE

ero ILIUTEeNRHOI OCTaHOBKHU.

4.2. \IMHIMAJIRHOE JABIEeHWe cABuUTra "s3acTuBmeit B TpyOompo-
Bole He®TH onpeneJAeTCA C YYeTOM H3MEHEHUA TeMIepaTypH HedTH
10 IJIUHEe ¥ B CEeYeHHH TPYOOIPOBOIA, & TakXe C Y4YeTOM yBenYe-

HUAA IIVHH y9aCTKA, I'le HeoOXOonMMO OCYmMEeCTBUTEL CIBUT.

IaBJe HASA
4.3. MeTon pacueTa BeJVWIVHHY, HEOOXOIMMOI'O IJA CIBUTA

"sacTHBUER" B TpyoompoBone HedTH, OIpeneJisieTCA COOTHONEHUEM



f
3HAYeHW! OGOGmMEeHHOTO KpuTepud dyphre Fo , OTBedammero
33JAHHOMY BDEMEHU OCTAHOBKE, ¥ OGOOMEHHOTO KpUTepus dypse Fo,
OTBEYanmero MOMEHTY IDHXOIa TeMIepaTypH HedTH, pPaBHOX ee TeM-

IepaType 3aCTHBAHUA, HA OCh TPYOH B cederuy «=hL

Fc;i:-an-Ufg[ (9)
3
FJ: FO"‘ FO (IO)
I
2(n+s2) 2B

BO3MOXHH IBa CJIydYad:

t
a) Fo>F, - pacueT JABJIGHUA CIBUTA IPOU3BOIUTCS

corviacHo naxuo# "Meromurm".

I !
6) Fo<Fgy = pacuer ImyCKOBOIO IABJIEHUA NPOBOLUTCH
IO MEeTONVKAM, pPa3palOoTaHHHM B UHCTHTY=-
Te BHIUCIITHE]TE.

4.4, PacyeT IaBJIEHUA COBHTa IJIA 3aI0aHHOT'O BPEMEHH OCTa-

HOBKY t ITPOU3BORUTCA Ha IBM mo thopmyae:

4
..-...,.‘ £ Y,
AT T H-exp(-B,)n(n-4)" | F-y "W
poo LTIV ~ [(ED dy o
PH( Bi LUH EXp(-My-FJ)
azeck  O( - xpuTeputt Buo, omperexseMult 1o §.6 WM
o @.7;
Fo‘ - o6oOmeHHHt xpuTepuit dypre, oupenesseMuit
no ®.I10;

A, BN - xosfduveHTH, ompeleNAeMHe SKCIEPUMEH-

TAJIBHO COIVIACHO pas3nery 3;
! %
TH,‘};,RBUL,LU%E, Paon, @, Fo

~lIapaMeTpH, pacimMppPOBKA KOTODHX
NIpUBEEHa B pazlene 2.
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Prc.2. Cxema "ropAuero" TpyGOIPOBOME IOCJE €I'0 IJITENbHOM OCTaHOBKH



J
4.5. HPH I € n = 2,0 U FoﬁFo'f“Ujf{‘eﬂ% daBJ/IeHU e
CIBUTA MOXET ONTH BHYMCIEHO OO NPUCHM®XeHHON dopmyse. OmIdka IpH

3TOM COCTABUT He Cojiee 4%: {
L
— 2_,6

2Ty T)[FeplBtnlad)" £ " } Jeaed), (8- 4)

Pc: TN U S L 2
RBH(“E%)%Wy 2‘% 5‘% / (‘{-%) f (I2)

£~ exp(-hly-Fo')
E

4.6. TIpr pacuerax mo dopmyiam (I0,II) mpuevmaercs Lo

TIe 'f::

DPABHHM t , uro Bezer k HEKOTOPOMY 3aBHIIEHUO DACYeTHOI'0 3Ha-

YeHUA NaBJIeHUA clBUIa.

5. PACUET BPFMEHV BE3OIACHO/A OCTAHOBKU
TPYBOIIPOBOLOB, TPAHCIIOPTUPYIOUMX
[TAPAQVHOBHE HEDTU

5.I. BpeMag OGe3o0nacHO! OCTAHOBKM TPYOSONPOBONOB, TPAHCIIOD=
THPYIUX NapajuHoBHe He@TU onpelensaeTcd BeJMYUHOM pacnoarae-
MOT'0 NABJIEHWUA HACOCHOR CTaHIIMM ¥ MeXaHUUYEeCKO! IPOYHOCTRKH TPYOH.

5.2. BpeMa 6e30MnacHO? OCTAHOBKU II€DEKAYKUd DU IOIYyCTEMOM

TABJECHUY ONPeleNseTCA ¥3 pelleRUA CUCTEeMH YpaBHEeHNH:

ditso - J (13)

f
3NeCh f o, = OOOOCmMeHHH! KpETepmit OyTERe, LIpEIlelsen’?
no ®.9;



BiL - xpurepni Fwo, ompenenseMuit mo §.6 wiz §.7;

A BN — ROSPOUIMEHTH, ONpeIeNAeMHe PKCIEDUMEHTANBHO COTVIACHO
pasgersy 3;
Th s To 't'ra]", RBH‘JLU!'!) E1 Paony Qu, Fo™ - [apaMeTpPH,

pacmPpPOBKE KOTODHX NPUBENEeHa B pa3nene 2.

PenmeHne CHCTEMH YpaBHeHUZ mpuBomuTCA Ha 3BM.

5.3. Mcnons3ya NpUOJIMIXEHHOE pelleHue, MOXHO OmpelesviTh

BpeMa 0e30IaCHOX OCTaHOBKM IepeKadky IpadoaHaNluTUIeCKUM MEeTO-

JOM., )
RS, { 4 _1F.*
s, {?"E_T 2[2{01&2) QBL]FO“ g }

CTPOUTCH I'DAPVK 3aBUCUMOCTH "HaBJieHNe CIBUTra - BPEMA OCTaHOBKH

nepexayxu” (prc.3) C ZCTONB30BAHVEM YDABHEHNA:

1. L : 2
P_‘ZA(T;:-E)B-—exp{-BU]n[n-{)n {LE 502 ' {% (‘1"%’)(2'%)‘{7*‘ (1(-?{{}(2*%‘) *‘loéj (14)
c Reul1* S;)% Lidy 2- 5 % 2( _L)

aat X
ﬁ'f - Fo }
g

E-GXP{:'UJS‘ PR
I N W
r're 9. #(n2)" 280

E

[Io oCy OpPIVHAT OTKIAIHBAETCHA 3HAUEHWE IOIYCTUMOI'O0 IaBJICHUA

7 IPOBOINTCHA NpAMAA, NAapayIeshbHas oCY adClU¥cC, IO Iepecedenusd
¢ xpuBolt Pe=Pe (t)  .AGcmmcca Towxm IepeCeYeHNA OTBeYaeT IPe=—

IeJIBHO IOINYyCTHEMOMY BPEeMeHV O0e30IaCHOM OCTAHOBKY IIEDEKAYKH.

5.4, 32VMHTEePECOBAHHHM OPTaHE3aIUAM, 3JKCILIyaTUDPYHIVM Hed-
TeOPOBOIH ¢ "3acTHBaximuMu' HedTAMI, HEOOXOIUMO 3apaHee Olpe-
IeJMTE BpeMA O0e30MacHO¥ OCTaHOBKU HepeXKadKy IJA BO3MOXHHX



b )

IlaBJyeHue ciusura

Bpeiist OCTE&HOBKH

Prc,.3. 3aBUCUMOCTE JABJEHHST CIBATa OT BpENE!H
OCT&HOBKU IEePEK UK.



YCJIOBUX OCTAHOBOK TPYOOIPOBOIOB M INOJYYEHHHE DPe3yJhTaTH
IMEeTh B BHUIe IpaduxoB. I[IpEMeD NOCTPOEHUA TAKOT'O I'pafiKa M

OOJIF30BaHAe MM IIDABEIeH B IPWIOXeHUHU.

6. [IPUMEPH PACYETA

6.I. [lpumep I. PaccuuTars HIaBJIeHNE, HEOOXONUMOe I BO-
300HOBNIEHNA IIePEeKauYKy Ha yvacTke Tpyodomposoma @ 720xI0, yiuao-
XSHHOT'O B IDYHT Ha ITvyowHy I,I M no ocm, nocyse II0 wacoB ocTa-
HOBKH .

JICXOIHHE NaHHHE:

8) ImapaMeTpH TPySoNpoBOIAa:

G--- 330 xr/c
R,= 0,36 M
RB" =0185 M
|, = 200000 M
H=I,IM
6) mapameTpH HedTH:
C, = 2090 L&
KT -C
A, = 0,0175 ~&&
M-C. C
T3 — 2300
T, = 58°C
B
H
A =58 50
Nn= 1,7



B) TIapaMeTpH TpyHTAa:

T,= 4°C
a,P 0, 002 MB/tI

MCOC

I') IOHNOJHUTENLHHE NapaMeTpH:

K :I,IGB il
M2.¢. O

+ = TI0 u6

T) PaccarTuBaem xputepuit Bi mo dopmyame (8) mig IIO 4acom

OCT2HOBKM .
3 - Arp Ron ) 1,39 0,35 .
WY +“Hﬂn © 00415.0,36(1+4 0”24@mﬁwf"i5
0,36° 0,36

2) Tlo cpopmyJIaM (9) 1 (I0) paccHUuTHRaEM Fa, " F;J CPaBHU=-
BaeM Mexny cololt:

Fc:‘ = -bn E --Ulg y
. Fo-R"
Fo = N Tne:
2{042) 28(
E - *-—-[?-:‘—IE—-——- - -'—-2—-3-':""{‘——-'- -— Oy 8519
TH - T{) 58 - "’
~ lnE= €n03519 = - 1,0444
Wy 2T Reu KL __2-3,T4-1,163-0,35-200000 _ ¢ mg
= a“z{ - QLQQ.QZ__LI.Q_ -~ 0, I795
RBH 0,852
o4 __,n 4 42 . n__
g " {n+4)Bi (ﬂ+4)(n+2)BL 2n(n+4) 2(n+4)(n+2}5; 3n(n+4)(ﬂ+2) (n-vl) B &
11+ A : En +§-L f + --———-i-?———-—-- $ .........{..._..__-- -
[ WPJBJ ( J A+ 4055 (4¥+1)(41+2).55%  2-42(41+1)
] 2 1,¢ 4? 55
- - - e {+ — {n ({+ == )= 0,104
1%t} (t1+2)5,5  341(41+)(17:2) /{,m)s,ﬁ[ ({,1+.2)5,5J . 4,7) .



-3
O
»
o'}
- N
]

R, 90,1796 = 0,101 _ 0,3477

AL+ L
2(T,7+2) 25,5

! {
T.K. Fo> R, PacueT JABNEHUS CIBUIa HPOBONMTCA COIVIACHO NAHHON

*Meronwrz".

3. Tax kax  h =I,7, T.e. I < R < 2,5, afly-tas) =
0,9976, T.e. Fo:,< ﬂ'<*w9~&x% , TO McrnoussyeM dopmysy (I2)

IS BHYUCHICHUA IaBJIeHMA CIABUI'A:

|
9. E-etpllly-Fo) _ 0,35T9 = exp (-0,74 - 0,3177)

E 0, 3519

= 0,04234

W P +(¥-§)(2*%) lM(1'---jﬁ")(a--1,:'.--)"202
Res{ 1+ 5™ Ly 2 { 37 2..(4-%1 }
= 0,35(1 + gﬁ"ﬁ 0518 2_{_;

-y
—

C-."’_

{ { {2

£~ Z’? 2("/- T?-

6.2. IIpmMmep 2. JCHOMB3YA NaHHHE IpuMepa I, ompelesMTh
BpeMa 0e30nacHO! OCTaHOBKY IEePEeKAYKY, €CJU IOIIyCTHMOe IaBJEHUE
PaBEO 6 Ma.



I. Bpema Oes3onacHO OCTAHOBKY OIpenesyifeM IpafoaHa U TU-—

YeCKUM CIIOCOOOM IS
$5 R%H [ 1 . _’_l____} o' R F_*J
7 Qg 2(n+2) 2Bt °

PaccYuTHBaeM 3HAYEHNE BHDAXeHUA:

Rew [[_1 1 o %] 035% (5 y }
P Y > - + ‘ 5 ‘/‘{ >
Qu {[2(ﬂ+2) 2861 F°4+ Fo } " 00002 {[ 2{142) 0.5 5] 0,044 +0 4041 =104 «.

2. IUI BpeMeH OCTaHOBKM IIepeKauky Oonbimx 104 9acoB 1o Qop=-

Mmyse (I2) paccuMTHBaeM, a 3aTeM CTPOEM T'padMK 3aBUCUMOCTH
P.(t) (cm.pumc.4).

3. [JocTpoeHHEM HAaXOIUM BpeMA O0e3onacHo@! 0CTAHOBKU IIepe-
KaYKy IIPDX JAHHOM IOIIYCTUMOM JISRJIEHUYM Ha HACOCHO® CTaHIUU:

t ., = II6 wacos.
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Puc.4. 3aBUCIMOCTE JABJICHUS CHBUT'A OT BPEMEHU OCTAHOBKU IEPEKAUKH



[IpraIoxReyue

[TocTpoeHue IPadmKOB IJIA OIpeleJeHus

BpPeMeHN O0e30NacHO® OCTaHOBKY IEePEKAYKH

[l[poBelleH pacdeT BpeMeHW 06e30macHO! OCTAHOBKY IEPEKAYKH B
3aBUCUMOCTHY OT TEMIepaTypH I'PYHTA B HEHapYlleHHOM TeILIOBOM CO-
CTOAHMY ILIA PA3IWYHHX TeIUIOTUIPABIWYECKUX YCIOBU Hepekavyky Io
OCTaQHOBKM TpPYyOONpPOBOIA, KOTODHE XapaKkTepulywTcA Kputepuem [ly-—-
XoBa. PaccMoTpeH yvyacTok HefrempoBona "I'ypeeB - Ky#Oumesn"
BHYTPeHHUM IvameTpom 0,7 M, IiauHOI 200 KM, KOTODPHM BHJIWYAET
B ceOs OIHY HACOCHYW CTAHIIVKN X IBa NOYHKTa IIonorpena, OIUH U3
ROTOPHX’COBMGIHGH ¢ HacocHoft cTauymueh, a Ipyro¥t HAXONUTCA B

cepennHe y4acTka (puc.I). TemmepaTypa mnomorpeea HedTm 50°C.

[To TpyOONmpPOBOLY IeDeKayyBaeTCA MAHTHIUIAKCKAA HedTh C TeM-
nepaTtypot 3aCTHBAHUA 230(}, noxasaTeJpb CTENeH! Iapadosd n =I1,7,
IOKa3aTeJb KPYTU3HH TeH3orpaMmH A =5,8 s , KO3hPU I -

70
M& «7C
eHT THKCOTpOmIX® D = 0,67 I/4, TeMIepaTypoupOBOLHOCTE HehTH

Ay =0,0002 M3/“51. , KDUTepusa hHo Bi =5,5. Mocae mmaTenryolt
OCTAHOBKY IEePeKaAYKy DOopMUDPYITCA IBa HIEHTUYHHX y4Ya&CTKA C "3a-
cTHBOe#" HedTHI. PacueT JaBieHUSA CHBUIA IODOBOINUTCH IJA Yy4acTKA
Holt TOO M, a 3aTeM OHO yIBamBaeTcs. JONyCTUMOE IaBJIEeHHNEe Ha
HAcOCHO! cTaHmuy 5 Mla. PacyeT BpeMeHM 0e30InacCHOX OCTaHOBKHA
IIPOU3BOIMITCA COIVIACHO pasneny S5, Pe3yJbTaTH NpencTaBJIeHH B
BUIne TrpadukKa Ha DpUc.Z2.

I3 paccMoTpeHuA I'pafuKoB HA pPUC.Z2 CJIelyeT, 4TO BpeMdA 0e30-
NacHO! OCTAHOBKM TPYOONPOBOIA B 3HAYUTEJNBHOM CTElleH! 3aBUCHUT
OT TeMiIepaTypH I'PYHTa (BpeMeH: TI'olld) KW TeIIOTHIpABIUYECKUX
YCJIOBUA IE€PEeKadYKy IO OCTaHOBKM. Tax, IpH orx=c# u Tolit Xxe Temie-

paType rpyHTa (6°C) mis ly =0,7 oHo cocrazanser 106 4., a



g Wy =0,5 ~ I34 4., a mng ONHOTO M TOTO Xe 3HAYEHHA
KpuTepua lyxoBa ( Lllg =0,7) TpH To =2°C BpeMa Ge30naCHO!
OCTAHOBKM - 88 ¥., & npu 12°C ~ J48 4,
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Pnc.I. Cxema yuacTxa HefTenposoga "I'ypreB-~KyiGHueB" mocJe MJATEJNBHON OCTAHOBKU MNOpPeKAIKA
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Prc.<. 3aBACUMOCTL BPEMEHM GE30HACHOII OCTAHOBKY NEPeKaYK

OT TeMIEPATypPH TDpyHTa IJA DA3HHY sHavYeHHE Kpurepnd
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