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Hacrosmue PexoxeHzalimi YCTAHABIMBADT AHANMTH~
yeciue 3ABMCHMOCTH (YDABHSOHKA), CBABHBADNHE MEXZY
co0o? #3MeHeHHEe 00BEMa (YTeuky) BOAH B TPYSONpPOBO~
A€ C M”MCHEHMEM JaBNEHMs M TeMlepatypH TPyOompoBO~
8, KX NMIpAMEeTDaMM, KONMYECTBOM BOBZYXR, OCTABEE -
Trosf B TPYOONpPOBOAE MOCAE BANONHEHMA €ro BoZoft, &
T4Kre TPAJKUYECKUE 3ABHCHMOCTM M METORMKY ANA oOpe-
LieLeHMs BPEMEHK TOMIIEPATYDHOH! CrTacMIUBalKK NpK
THAPCACTINIAHMAY MATHCT DAIBHHX LPOAYKTQNPOBOZOB,

Pexonerpau#in- paspadorann corgynum na6oparo~
PHE CTPOMTENBCTEA ClelAaNEHNX TPYyOONpOBOLOB KHep~
exere uuinana 3HiECT4: radpumard TexH.wayx B.H,Ko-
SMin/d, E.d.Morislisi, AJA.CBepanns; wuxeqepH AU,
Bageerr, =.,B.T;C, A .Xuainr,
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MUHUCTEPCTBO CTDO-;PeKOMEHIallKA M0 METOAHEE 'P 586-85

UTENBCTBa npempn—,pacuema napaMeTpoB TEAPARIE-|

ATHA HeDTAHOM M [YECKMX MCINTAH uarncrpans-; BuepEue

rasosoit NpOMHIIEH- {HEX NMPOAYKTONDOBOACE HA rep-| P
HOCTH i MEeTHYHOCTH i

1. OBLui L 04EHMA

I.1. PeroMenzialiuy PRCOPOCTPAHANTCA HA TEXHOJOIHN I'RpaB~
NHUSCKAX HCTNTAHUY NaHeAHof 9acTH MRIHECTDANBHEX TDPyOonpopnros,
HPOKNAZEBAEMHX NMOZ3EMHO,

1.2. PexolsHzadky pasdpadoTaxu B pasmuTie raas CHull Li-42-80
"KarKCTpannbHke TPYGONPOBOZAH. [IpaBHNa NPOMBBOACTEBA 4 NPHEMKH pa-
Gor",

I.3. B PexomeHzaliuAx H3N0KEHHE 3aBACMMOCTH, ONMCHBANIHE OC-
HOBHHE 3aKOHOMEPHOCTY MBMEHEHMA NapaMeTPOB NPH NPOBEXEHMM TBX~
PAaBUMYECKEX UCIHTAHMI MAaruCTPANBHHX TDPYGONPOBOZOB.

I.4. llps pacyeTe ¥ MBMEPEHUM NBPaMeTPOB HEOOGXOZUMO PYKO-
BOZCTBOBATEGA MIpaBUZaMi TEXHUKM GE30MACHOCTH NPA CTPOUTEND -
CTBE MATMCTPANBHHX TPYGOMPOBOACE", — K Heppa, 1982,

2. USMEHEHME OBBEMA BOAA IIPY iSMEHELMH
JABJEHMA U TEWIEPATYPH B TPYLOL:POBOLE

2.1. Hsueuenne oOpexsa BoizH AV B MCONTHBACMOM IUfipaBAA~
YeCKM BAIVyCNeHHOM TPYOONPOBOAE NMPH /3MEHEHMH ASBIEHHA I Teu~
NIepaTypPH ONPEZeNflT »3 VNABHE: A
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E - MOAYAB YOPYTOCTH MATepHANA PPyCu, Mla;
J- TONMMHE CTOHKM TDYOH, M;
M- rosdduuuenr llyaccona;
Pr u P, - zaBnende HaNoOpHO# CPeAH (BOAM), COOTBETCTBYyRWEe
Havany B KOHUY Mcnuraunud, Mla;
C - xospduument cxmmaemocT¥ Boau, I/Mla;
/3 ~ KOohfMuUMeHT OGheMHOr0 pacmUpeHMs BOZH, L/rpam;
o - gospfuuMEeHT ITUHeRHOrO PACHHMDEHMA MATEpHana TPYOH,
I/rpax;
T- 4 T, - memneparypa HAnmopHOK cpean (Bogu), COOTBETCTBys~
maf Havyaly M KOHUY mcrnuraums, K;
P~ armocgepuoe aamnenue, Nla;
T .- reuneparypa, K KOTOPOK NPHBOZMTCA OGHEM BOAH M
Boaayxa, K (npmuuuaercs pasuolt 293 K);
& - oGpeMHan Zons BOagyxa B TPyoonpoBoze (NMPH napauer-
pax Po YO H
Z cp~ CP&AHEe BHAUEHUE KOBPPMUUEHTA CXUMAECMOCTH BOSAYXR
B npollecce MUCIHTaHu#,

2,2, BuyTpeHHH}t OObeM HCIHTHBAEMOI'O YUACTKA TDPYOSONPOBOAR
ONpeReNANT H3 YPABHEHHS

2
v =1412 L, @

84
rae L - ANMHA MCIHTHBAEMOIO yYacTKa TDPYGONPOBOZR, M.

9T0T OCbEM HECKOABKO OTAMYAETCH OT LeHACTBUTENBHOTO 00D~
eMa TpyOONpOBOAA, NOCKONBKY €r'0 PACCUMTHBANT C IPUMEHEHUEM
HOMMHARIBHOI'0 BHYTPEHHEr0 ZMaMerTpa TPYOH M NMPOEKTHON ANKMHH
Tpydonporona. OZHAKO 9TO HE NPHBOZUT K CymMeCTBeuHoH omulke,
NOCKONBKY NO Npexjaraesoft MeTOZWKe PACCYMTHBANT MSMEHOHEE 00B-
eMa, a He ero a6CONNTHOE 3HAYEHME.

2.3, Jlna uHTepBana ZaBJeHMd K TeuneparTyp, MMEOOMX KecTo
NIpH MCINTAHHAX MAarMCTpajbHHX TDPyCONPOBOAOB, KOBDEMUMEHT Cxit—
MaeMoCTE BogH C onpemesifoT 43 ypaBHEHUA

C = [47,62 - 0,217 (T - 273)] - 107, (3)

a8 xosddunueHT 00HEMHOTO DACHMDEHHMH BOZHN /3 - K3 YPaBheduA
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B = [47,268 + 17,0005 (T - 273) - 0,20369 (T -273)° +
+0,0012 (T - 273)*] - 107, )

rae T - cpepdee sHAUeHKe TeMNEpaTyPH BONH BO BPSMA MCHHTAHEA
Tpydomposona, K.

2.4, JlIA TepMeTHUHOT'O TPYGOUPOBOZA MBMeHeHHe ofbeMa BOJAL
AY , onpegeasieMoe Mo ypaBheHEo (I), ZONXHO OHTH PABHO HymD,
Ecag AY > 0, T0 mMeercA yreura B TPYyGONPOBOZE M sHayeHHeAV
onpepeciAer BENUYHHY YPEYKH Vyr B TOUYEHHKE BPEMEGHK BHZEDXKK
PPYGONPOBOZA NMOX MCNHTATENBHNM AABICHHKEM,

JinA cTaCAIMBHPOBA HHOTO MO TeMneparType TpyOONpOBOAS
(TI = T2) npx OTCYTCTBUHM BOBIYNHHX NPOGOK BONMUMHY YTEYKM NDH
CHAXEGHMM ZABIEGHRA B HeM M8-83 HANUWIA aedexra ONpeRendADT KB
yPaBHEHHUA

¥/
vl/”7=V5H 53(77"2)(@'@)*”(5"72)/- 5)

2,5, [Ipn HanuuM¥ BOBAYWHHX NPOCOK B PPYyOONPOBOAE BEelHYE-
HY yTEUKH NDY CHUXCHMM ZBBICHHA B HeM K8-3a HANHuMA pefexra
ONpefeNANT M8 yPaBHEHMA

y/) z TP, 2-P
O R AR R R o)

B ypasuexun (6) nepBoe ciaraeMoe 0G03HAUAET AOND YTEURY
or znefopManuy TPYOH NPK NaZGHHH ZARIEHHA B Heil oT PI X0 PZ,
BTOPOE — ZONW YTEYRH, OCYCAOBISHHYD CXMMAGMOCTED BOAH, &
TPeThE - 0NN yTeukd, OOYCIOBIEHHYD DacmUpeHHeM BOSAYymHOR
NpoCKM OT zaBACHMSA PI p: (0] P2.

lips Hanuume BoSAymHOR NPOOKHM yTEYRA BOAH K3 TPyGONPOBOAA
CONPOBOKZAETCH OZHOBPEMEHHHM DAaCHMDeHMEeM BOSAYX& NpPH NOHHKE—
HHM er0 AaBleHHA. B 9TOoM ciyuae NPH OAHHAKOBOM NOHHXEHHH XAB~
JIeHHfl HANMOPHON CpexH M3 TPYCONpPOBOAR C BOBAYHHOR mpoOKOH# BHTE-
gyer GONBIEE KONKYECTBO BOAH, YEM KB TPYGONPOBOAA NPK OTCYTCT-
Buu Bo3ayxa ( € = 0), T.e. OPH OZKHAKOBOM ZMAMETDe CBUIA HANH~-
YHEe BOBAYmMHOX NPOGKA B TPYOONPOBOAE yBeIMUMBAET BPEMA NaxeHUA
A8BIEHKA B HEM IO CPAaBHEHHD ¢ TpPyConpoBozoM (e3 BOBZYXA 8a
CUeT yTEYKH XONONHHTENBHOI'0 00bEM8 BOAH, OGYCIORIGHHOT'O paCHmM-



PesdeM BOSAYX8 B Pe3yAbTaTE CHEKGHHA ZABNGHHA (DEKOMEHAYeEMOe
npunoxesne I, npmMepu I1,2),

3, DKBUBAJNEHTHHH JMAMETP JEQEKTA

3.I. B nepBoM npuCnuxeudu AsdexT PacCMATPUBEETCH KAK
CBUE C DKBMBANCHTHHM HAMETPOM dg » OKBHBaISHTHHA RHAMETD A6~

fexrra onpenenfbT K8 YPABH
d = & ’ (7
0 04785¢ ’-/' ? .%z. )

IE? « = pAcxXox XMAKOCTE (BOZH) depes OTBEPORME, ua/c;
& - xosdduuMeny pacxoma;
PI + PZ

pop - Cpeplee XaBIGHNE HANODHOR CPeaN (BOAH),

NPK KOTOPOM NPORCXOAMT MCTeuenme, lia;
P - nmoTHOCTH BOAH, KT/MC,

3.2. Pacxon BOZH uepes OTBEPCTHE ONPERGXADT KB JPaBHE -

- Vym
] = = 8)

rae V- BeliEHa yTEURM, COOTBETCTBYDNAR ONpEAGNEHHOMY Ha-~
ZeHUD zaBleHHds B TpyGonposoae (oNpexensiercs us
ypasaennh (I), (5), (6) ), u%;
7 - BpeMA majeHWA ZaBleHMs, C.

HEH

3.3. lipy McTeueHuM BOAH ypapHeHMe (7) NPHHEMAST Clexyr—
A BHAL

d =671 4 . ®)
o / Per
3.4.Bpema maNeHEA NABJISHEA BOXH B TPYCOmpOBOZe OT SHATEHHA
PI Zo P, B pesyasrate yTeurM yepes AedexT C SKBABANCHTHHM AU~
auMeTpoM (J, onpegenAa0T X3 ypaBHEHud

7 = 45,86 Vo (10)

95 V4,
(cM.pexoueHayeMoe npunoxedre I, npumep 3).
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4, COLEPAAHUE BOSRYXA B TPYEOI'POBOLE

4,1, L1 onpefeneHun o0beMa BOBAYUHHX NPOCOK B MCIIHTHBAaE-
MOM YYacTKe Tp;CoNpoBOZA CIKBADT BOAY U3 TPysonpoBoAa B oCbe-
Me AVso7 B MepHHE CocyA. Ilpy BTOM CHHECHHE NABIEHHA BOZH
AP = PI - P, zonzno OuTH B Npesenax 0,I - 0,2 Mla. lazeune
AABICHUA HEOGXOAMMO MaMepsTs ¢ ToyHocT® 0,0I Mla, a oUnemu
BOZH = C TOYHOCTED 70 I X.

4,2, Jlom Boszyxa, HaXOXAMErocA B TPYGONPOBOZE, ONPERS—
nA0T M3 ypanm 7 ,
Vo N gy (-8B LR R )BT

o PRy gy
ch T, A, Ay
4,3, JUIA cTaGuIMaMpoBaliHOro mMo TeMfiepaType TPySOMpPOBOAR
(TI = Tz =T ) zom0 BOBAYXS, HAXOAANETOCH B TPyGONpoBoZe, OO-
PemeamnNT s ypamHemus
Ve %ﬁ"»“ﬁ(’?ﬂj{f}’@“f("’r “4)
== = 2

=7, 7 Llo (BT (I2)
cp o .
(cX.pexoueHayeNos npaicxeske I, HpmMep 4).

&= (I1)

5, MBMEHEHME ZIABIEHMR BOZH B SABHCHMOCTM OT TEMIEPATYPH

5.1. WsueHeHue TemnepaTypH TpyColpoBOZa, SaNOAHEHHOIO
BOZO!, NPUBOAMT KAK K HSMeHEHHD oGbeM8 CAaMoro TpyGonpoBoza,
TAK M K WBMEHEHHD O00beMa8 BOZH 83 CHET TEILIOBOI0 PACUMPEeHKA
(mns cxaTHA) BOZH. Il0BTOMY B 3aMKHYTOM TPYOONpOBOZE, SaNON-
HeHHOM BOZOR MOZ MBOHTOUHHM ZARIEHMEM, MBMEHEHWE TEMIepaTypH
TPYSONPOBOAR MPHBOZHT K HBMEHEHEMD ZaBIEHMA BHYTpU TPyOH. Hs-
MBHEHUe ZaBJEeHMA HANOPHOK CpeaN (Bogu) A P B MCNHTHBaEMOM
yYacTKe TPyConpoBoZa, OCYCIORIEHHOE BIMAHMEM HBMEHEHHUS TeMme-—
PaTypH, ONPeAensDT HB YPaBHEHUA

ap = LB-201# ) ](Ta-7) (13)
AL




Ananxs ypaBueuus (I3) noxasupaeT, 4?0 NPH ONpeXeXeHHOH
TeMIepatrype HarpeB BOAH MOXET NPMBECTH KAK K NOBHUEHHD, TAK
B K NOHKXEHMD ZABNEHMA B KCNHTHBAGMOM YYACTKE TPYGONDPOBOZA.

5.2. Tlpu Teunepatypax TpyCompoBoas T!p > 278 K nosume=
HEE TEMNEePATYDH BHABNBAST POCT AABIGHHA MCINTATENBHOR CpeaM
(roau). Npr TeMmneparype T!p < 278 K noBumeHme TeMIepaTypH
TpyCGonpoBOoAS BHBHBAET, HAOGOpPOY, NazeHde ZABIEHEA, Yr0 OGBAC-
HABTCH XADAKTEPOM HBMEHEHMA KObPOEIMEHTA OCHOMHOI'O PACHMMPEHMA
Boad /3 . [lpu MOHEKeHME TeMmepaTypu TPyGONPOBOZA BIEYKABAH~
HHE MBMGHOHHA ZABNGHMA OYAYT NPOMCXONKTEH ¢ OCPATHHM BHAKOM
{cu.perouenayenoe nparoxenue I, mpumep 5).

6. TEMIIEPATYPHAfl CTABMIMBALMA TPYBOTIPOBOJA

6.1. TpydonpoBax CIEAYET CUXTATH CTACAAMSHDOBAHHHM NO
reumneparype, 6Cld CYPOUHOS H3MEHeHHe ZARIGHMA BOAH B HEM B
MpoNecce BHAGPXKM 107 HCINTATENEHHM AABIEHHNEM, OGYCIOBIGHHOE
TennoodueHoM TPyGONpoOBOA C T'DYHTOM, HE NpPEBHmAET AONYCTHMOM
OCHOBHO!l NMOrpemHOCTH MAHOMETDA, NDUMEHAEMOTO ZIA MBMEpeHus
MCTHTATENBHOI'O AABNGHHA,

6.2. NlpoxoIXKTeABHOCTS T, TeMOeparypHoil craluiusa-
UEE TPyOONPOBOAA, OTCUMTHBAGMYD C MOMEHTA 3aNONHEHHA eIo BOJOR,
ONpezeNalT U3 YPaBHEHKA

CZ;'/n =Ta KJ Kd ’ 14)

TAE ?; ~ NPOAOIKMTENBHOGTE TEMNepaTypHo#k CTAaCHAMBALMM HC—

NHTHBAEMOT'0 YyYacTKa TDYyOONDOBOZA XMAMETDOM 273 MM
(cy?) npu sHauenud KOSPMUHEHTA TeNIONPOBOZHOCTH
rpysra, paskod 0,93, Br/u-rpag (0,80 xran/u-ue.rpag),
4 38ZaHHOM CYTOYHOM MBMEHEHMH AAaBIeHudA, Klla;

K&{ - GespasmepHHR x0BQDUUMEHT, YUMTHBAOWKE BIUAHKE Tell~-
JOMPOBOZHOCTY TPYHTA HA MCHHTHBAEMOM YYaCTKe TPac—
CH HA NPOAOIXKTENIBHOCTH TeMIepaTypHo# CTalmwiusa~
Hung

Ky = Cespasmeputil KOSQPUUMEHT, YUMTHBAOMMY BIKAHME AU~
auerpa TPYyOONpOBOZa Ha NPOAOAXUTENBHOCTH €ro Tel-
nepazypsofl CTaOMAMBALHK,.



6.3. TIDOAOCIXHTENBHOGTS TeMlepaTypHoit craCunusauud 7,
y4YacTRAa TPYGONPOBOAR AMAMETPOM 273 MM CIenyeT ONpefendATd: U8
puc,I~4 no TeMnepaType IPyHTA Ha PAyOMHE BaXoKeHus rpyoompo -
BOZa M TeMIepaType BOAH, saxauupaeMoll B TPyGOMPOBOZ NpH €ro0
BANONHEHAH.,

6.4, Koopdumuent K, ANA MCMHTHBAEMOrO yuacTxa TPydompo~
BOZA ONPEAeNSDT MO TENNONPOBOAHOCTE T'PYHTA KA TAYCHHE 3810KE =~
HEA tpydonpoBoza (pHc.5).

6.5, BCny MCHHTHBAGMHN yuacrTox TPyGORPOBOAA NMPOXOKEH B
TPyHTaxX C DPRBIMYRNIHMHUCA BHAYCHHAME KOaQQUIMEHTOB TENAONPOBOA~
HOCTH, TO Xoaddunuenr K 4 OHDeneAmnT N0 MMHMMANBHOMY M3 HHX

6.6. IIpu OTCYTCTBEHM ZaHHHX IO TEMNONDPOBOZHOCTH I'DYHTA
AR MCINTHBAGMHX YYaCTKOB TPACCH Koaffuuuext K ; onpexenso?
N0 MMHEMANBHOMY BHAYEHMD KOBPQMUMEHTA TENNONPOBOAHOCTH AAA
7aNoro I'PyHTa C yyeToOM 6ro0 BIAXHOCTM B MOMGHT KCIHTaHHMA Cor—
zacuo Ciull I-I8-76 "OcuoBauMs u dyszaMesETH Ha BeYHOMEPSIHX
rpyarax. Hopun npoexrupomaama",

6.7. Koapdunuenr K ; ANA MCNHTHBAEMOrO yyacTKa TPyGONpo~
BOZA ONPERENA0T MO OTHONEHHD AAHHOTO zuaMerpa ¢ X ZUAMETDY
Gy = 273 wu (prc.6).
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Puc.I. 33BHCHMOCT® NPOXCAXKTENB~
HOCTM TEMNEpaTypHoO# CTaCMIMBA -
MU TPYOONPOBOAA ZMAMETDOM

273 uu’ OT Teuneparyp rpydra t,,
H 3aKauuBaemoll BOAH 7, NpH
KOBQ(HIMeHTE TEINONPOBORHOC TR
pgyara A = 0,93 Br/w-rpaz

(0,80 xkan/M.uerpag) K CYTOUHOM
HBMEHEHUM JAABIEHHA B Ap =

= 10 xlla &,I xcrc/cugu

Puc.2, 3aBUCUMOCTD IPOZOHKH~
TENBHOCTH TeMnepaTypHo# cra-
Ounuaaipu¥ *pyconposoza aua -~
METDOR <73 UM 0T TeMnepaTyp
TpyHTa  fzp W 3aKAYKBAEMOU
BOAH ¢ty [pPE KoagduilueHTe
rﬁmonpp}soguocm rpysTa
= 0,93 Br/M-rpag

(0,80 xxaxn/Mev.rpag) 4 cy-
TOUHOM MBMEHEHMH JdBICHHA,
BozH Ap= 20 Hla (0,2xre/cue)



Puc.3. 3aBUCHROCTH NPOZONXH-
TEIBHOCTH TeMNepaTypHOR cra-
OMIK3aluy_TPYCONpoBoAa Aua~
METPOM 73 MM OT TeMnepary
TpyH?a 7, i 3aXAu4BAEMO
BOXH ¢, ~ GpA KOBQGHUKEHTE
rennongosonuocmn TpyHTa

= 0,93 Br/n.rpag
(0,30 kral/M-yeTpag) H Cy~-
TOYHOM M3MEHEHMK XaABIEGHUA
BozN 4 .

= 50 _dl
(0,5 ﬁrc/cmz) :

Puc.4. 3aBACHMOCTE NMPOAOIEL-
TENBHOCTHE TeMIepaTypHOu CT&-
OMAN32L KK TDRYOONPOROAA Xua -~
uerpou 273 uii OoT Temmepar;yp
TpyRT2 Tgp ¥ 3axAvABAExOl
BOAK tg  IiD# OSGGMUMEHTE
TeIICNL OEOAHOCTY rpydTa A =
= 0,75 Lr/ueTpaxg

(G,éC XK4I/Mey*Tpaz) 4 cyrou-
HOM MZkeHEeHHH ZABAEHHA BOgAH
Ap = 100 wlla (I xrc/cuc)
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Puc,5. 3aBHCHMOCTH Kosbluukesta K, oF
KOBPHUIMEH T TENAONPOBORHOCTH T'DYH
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Puc.6. SaBMCHMOCTH xos@mu;u!a Ky or o=
HONEHRA Z4aMeTpoB 4 /d,
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Lpunoxeiide I
Pexoueszyexoe

NPEMEPH PACYETOB IIAPA .oTPCo TiiPaBia4icHuX MCLKTA.dus

Ipuxep I, PACUST BEAUGHE JTuYxs BOLE TPR aufiidil
AABIEIS W TEMIEPATYPN B MCLHTLBARWOM JYACTKE TPYBOINPOS04A

HiCXOnHEE A3HHKE:

I = 0,406 u_~ BHYTDEHHHE AuaMeTp TPYSONLOBOZAS
L 50'103H-mxozmuaaeuomyvacm;
4 =1 . 107 M TOMIMHA CTEHKH TDYGONLUBONA;
P = 7,0 Mla - zapleHKe BOAN B MOMEHT HAYANA JCNIHPAHLR;
P2 c 6,7 iklla - zasneHMe BOAH B MOMEHT OKOHYALHMA MCMLTA~
g1
TI = 285 K - cpegHee BHAaueHHME TeMnepaTyPH BOZH HA yyacT-
K& B MOMEHT HAyala MCINTAHMA,
T, =287 K - TO Xe B LOMEHT OKOHYAHMS NCHHTAHUA;

T =285 ; 287

"

- cpegHee 3HAUEHHE TeMNepaTypH BogH, K;

& = 0,03 - gons BO3KyXa, COZEpxAmErocd B Tpy6ompozoze,
NPHBEAEHHOI'O K cocroamm TIIPK P = 0,1 Mlla & T = 293 K;
E = 0,2IT - IO alla - uqnyns JIPYTOCTH uamepnana TpyOH,
M =0,3 - xomgmuw! Tllyaccoua;
A« = I,II » I07° I/rpag - KoS(GMUMEHT NUHEAHOT'O pACINpe-
HMA MaTepmana TpyOH;
Z,;p= I - KOD(GMIMEHT CZMMAEMOCTH BOBAYXA.
Onpezensier ¥3 ypaBHeHHA (2) BHYTPeHHMK OCBEM HCIH-
PHB2EMOTO YyaCTKu TPYOONpPOBOZA
V. = 3al4 = 0,406 50 - 103 = 6469,8 u°.
7] 4
Onpezelried u3 ypapHenda (3) xoodPuiuMesT CXUMAENOC-
TH BOZH
- [47,62-0,217 (286-273)] +107= 44,8.10™ una™L,

I5



OnpepensieM s ypapueuud (4) Xondfuuues? oCbEMHOT'O
pacmspeHUs BOZLH

B= [( - 47,268 + 17,0105 (286 - 273) - 0,20369(286-273)2+
+0,00I2 (286 ~ 273)° ]| « 1076 = 14,2110~ I/rpaz.
I.4. OnpenenseM 48 ypamBuenun (1) BENMUMHY YPEUKH

AV = 6469,8 | —r2a06 — +(1-0,3%)- (7,06,7) +
5 L0,2IT - 10° « 10 5 -5
+ 44,8 « T07 (7,0 =76,7) - (4,21 * I0 ™=~ 2.I,1I.10™° ~-

2 1.11°10°3 +0.3) + (285 - 287) + 0,03 Qal. (287 _ 285 ) ,
’ »3) * ( ) +0, 253 (6’7 7.0 )

6469,8(5,2530 + 13,4400 + 22,640 + 2,1729) » 10™ =
6469,8 + 43,5059 + 107° = 2,8147 uC.

Kax BAZKO B8 NPKBEAEHHOrO IpKMEDA, DM BAZAHHHX MCXOZHHX
JAHHHX OTHOCMTENBHOE BAMAHME KAXZOTO0 M2 (AKTOPOB HA BEIUUMHY
JTOUKM COCTaBIAET:

zedopuanua TPYOH NDH NOHHXEHMM Z8BIEHEA - 12,1%;

pacuMpeHye BOAH ND¥ NMOHMKEBHH ZaBieHus - 30,9%;

pacmiupeHde BOAH ¥ TPYOH NPK TOBHNEHHUH

1

TeMnepatTypH - 52,0%
paCHUpeHHe BOBAYWHOR NPOOKH NP NMOHUXEHKH
ZABICHUA ¥ NOBHUEHHH TeMIEPATYDH - 5,08

WTOTrO0 ... IO0%

Ipuwmep 2., PACYET BENIMYMHH YTkYKd BOZH DIPY M3MEHEHMK
ZABJEHHA B UCHHTHBAEMOM YYACTKE TPYBOIPOBOZA
(TeMnepaTypa BOAH OCTAETCH HEHBMEHHOH)

HAcxorHHe ZAHHHES

o~
it

50 KM - NIPOTAXEHHOCTD> HCIHTHBAGMOT'O YUYSCTKA;

= 0,406 M_- BHyTDEHHHA xuaueTp TPyOCONpOBOAS;

d =1 .10 u ~ TonmMsa cTeHkM TPYGONDOBOAR;

7,0 dlla - zapreHue BOAH B MOMEHT HAvala MCNHNTAHUA;
6,7 Mlla - pamrneHKe BOZH B MOMEHT OKOHYAHMA MCNHTa-

&y
\

v
N -
P n

HUA;
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T = 286 K - cpeAsee suaueHHe TeMneparypH BOAH MO ZANHS
HCTIHTHBAEMOI'0 yUaCTEA;

¢ = 0,03 - zons Bosayxa (Mo 0GBeMy), COAGPKANOT0CH B
TPy GONpoBOKe NpK Po = 0,1 MIa x To = 293 K;

E = O,ZII-IO6 Mlla - MOAYAB YUPYroCTH MATEDMANA TPYOH;

M = 0,3 = rospuunent Nyaccoua;

& = I,I1.10™° I/rpaz - xosbfAUMEHT IHHeMHOrO PACHKDEHMA
Mmarepuana TpyOoH;

Zp= 1 - RODDIMOUGHT CEEMAGMOCTH BOBAYXE;

C = 44,8 * 1077 Mla - KOBQQUIMEHT CXUMAEGMOCTH BOZH,.

OnpexenseM M8 ypaBupHuA (2) BHYTPeHHME 00BeM ECHH-
THBAEMOI'0 YWACTKA 2PYOONDPOBOAR

Vo = éali_‘;._‘laﬁ 50 . 10° = 6469,8 u®.

OnpezenneM WS ypasueuds (6) BeNHUMHY YTOUKM NDH Ba-
ZAQHHOM IAXEHKN RaBIGHMH

+

Vir = 0,406 . (1-0,3%).(7-6,7
e 0,8 | QU - @0,). 0610

+ 44 8 « I0 - 0 —de, ¢ P
’ I (7,0 6,7) + 0,03 » ( X '7)I

= 6469,8 (5,2530 + I13,440+1,873)-10™> = 6469,8+20,566.107°
= 1,331 u®,

Tlp 8af@aHHHX MCXOAHNX ZBHHHX BIMAHME KAXZOro K8 (QaxTopos
HA BeNMYMHY yTEUKH COCTaBAAST:

Aedopuali¥f TPYOH NDK NOHMXEHMM ZaBIEHHA - 25,5%
pacmMpeHne BOAH IIPM NMOHMKEHMM AaBIERHA - 65,4%

pacmupeHue BOBAYNHOA NPOCKA HpU TMOHMEECHHM
AaBneHun - 9,1%
BTOTO ... 100%

id puwumep 3. PACYET SHBIBAIEHTHOTO LMAMETPA LEDEKTA

WcxozHue ZAaHHLHE:

Vyr = 2,8147 &° - Benuumba yreumu;

T = 360024 ¢ - BpeMA BHEPXKN NOJ HKCIHTATeNBHHM AQBIE-
HHeu;
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PI = 7,0 Mlla - naBuenMe BOZH B MOMOHT BAyala MCHHTAHUSA;
P, = 6,7 Mila - zaRIeHue BOAH B MOMEHT OKOHYAHMA MCIHIA-
HHA

OnpegenneM U8 ypaBueH®R (8) pacxay BOAH
2,8147 -5 .38
= = 3,26 - 107 u®/c.
a 3,6 + 10° » 24 ' /
OnpezendeM cpepHee SHAYEHRE ZABNEHHA

Pop = alt6.7 - ¢ g5 uMa,
2

OnpezensieM W3 ypapHeHHs (3) BEAHYKHY SKBMBANGHTHOTO

6 .
3,26 + 107 - 7,57 . 107 u = 0,7% uu.

d, =6,
=" /6,85-10°

Npuxep 4, PACYET COZEPXAHNA BOBAYXA B TPYBONPOBOAE

AKaNeTDa

HexopHue nauuue:

I = 0,406 ¥ - BHyTpeHHAX EHaMeTD TDYCONDPOBOAR;
L =50 » I10”°M- pnuua MCINTHBAEGMOTO yUacTRa TpyCOONPOBOZA;
AVyp= 1,0 N8 ~ oObeM cuurol ¥8 TPYCONDOBOAR BOM;
=1 107 u - ToImMHA CTeHKE TPyOONpOBOZE;
PI = 7,0 Mla - sagansHOe BHAUEHHE JABNOHMS BOZAH;

P, =6,8 Mla - ROHOUHOE SHAvUeHMe ZARIEHMS BOAH (B MOMEHT
NpeKpameH KA CIUEA );
T = TI = TZ = 286 K - TeMnepaTypa CTaGHAMSKPOBAHHOIO NO
TeMnepaType TpyOooNpPOBOZA;
E = 0,2II * IQ®° klla - womyns yUpyrocTH Marepuana Tpyok.
OnpenenseM B3 ypaBuedus (2) BHyTpeHHMNl OOBEM MCITH-
IHBAEMOTO YuacTKa TpyOonposoga

2
Voo a4 c 0,406° | 50 . 105 = 6463,8 uB,
BH 4

OnpezensioM ¥3 ypaBuesBa (3) KODPEMLMEHT CEXUMAEMOCTH
BOZH
C = [47,62-0,217 (286-273)] - 107> = 44,8-107 MmalL.
18



OnpegenseM ¥3 ypaBueHus (I2) zomo BosAyxa

q TV -5
6‘{-29 —- = Zgl‘f?gs_m_d(1-0,32)(7,0-6,8)-44,8-10 )
] ]

286:0,1 ( 7,0-6,8 )
293 ' 7,046,8

+ (7,0 - 6,8) - ¢,072,

Ipumep 5, PACYUET MBMEHEHUA JARIEHMA BOAH
B SABMCUMOCTH OT TEMIEPATYPH TPYBONPOBOZA

Hexozune zauHHe:

TI = 285 K - cpephee 8HRYOHME TEMNEPATYPH BOAH HA YWACT-
Ke B MOMEHT HAYANA MCNHTaHMH;

T, = 287 K ~ cpejHee BuaveHxe TEMNEPATYPH BOAH HA yUACT~
K6 B MOMEGHT OKOHUAHMA MCNHTAHHR;

D = 0,406 M ~ BuyTpeuuufl zuaMe?p TPyCONPOBOAS;

= I-IO'?' M - TOIMHHA CTEHEKM TPyOONpoBOAA;

E (),ZII-IO6 Mlla - uMozyAP yNpyrocTH MaTepmana TPyOH;

M =0,3 - RosdfummerT Liyaccoma;

K =1,I « 15° I/rpax - kosdduumesr NMHERHOTO PACHMPEHHEA
uaTepuana TpyOH;

B = 14,21 + 10~ I/rpax - KosPlUUMEHT OOBEMHOTO DaCEEDe-
HEA BOAH;

C = 44,8 * 10~ I/rpag - KoodPUUHEHT CEKHMRGMOCTH BOZH.

OnpezenseM k8 ypaBueuus (I3) usMeHEHHE ZABIEHHF

AP = 04,21:1072 - 2(140,3).1,11+107 ] (287 - 285)

0,406 > ~
8 o
0,2II » I0® .I0~¢ (I =0,3%) + u4, 10

[za.21 - 1075 - 2,886 - 107°) . 2
17,51° 10~ + 44,8 » 10™°

= 0,363 Mla,
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Opuuep 6, OIPEJEIEHME NPOJONXUTENBHOCTH TEMIEPATYPHOH
CTABUJIMSALMM HCTINTHBAEMOTO YYACTKA TPYBOIPOBOZA

dexozane zauuHe:

U = 0,325 u_~ zuaMerp TpyConpoBOZAa;
L =40 « 10° u - ZNKHE MCIINTHBAEGMOIO YHACTXA;
AP = 0,5 xrc/cu2 - LOMYCTHMOE CYTOUHOE KBMEHEHUEe JABIG~

HUA;
8 12% - TeMnepaTypa HanOpHOM CPenH (BOXH);
trp= 6°C = TeumnepaTypa rpysTa Ha I'IyCHHE SaleraHus;
A =1,8 kran/mevu.®C = 2,2 Br/M-Tpag ~ TEIIONPOBAZHOCTS
TpyHTA,

Onpepensex Mo puc.3 NPOZOAEKTENBHOCTH TeMlepaTypHo#l cTa-
Gunusanu¥ ¢, AuA ds= 0,273 M npy sHaveHus 4 = 0,93 Br/u.TPAX

1A% SANAHHHX t, =12%, {,=6%
%= 2 CyT.
Onpezensie No DHC.S5 BENHUHHY /(A zas A = 2,2 Br/u-rpaz
K3=0,7.

Onpeaeanies mo pac.6 sexmumsy K7 zas @ = 0,325 u npu
dld,= 1,2
Kg=I,I.
Onpegensned 48 ypaBHeHEA (I4) BpeMs TeMIEePAaTyPHO! CTaGu~
IRBALMK
T,p= 240,7-1,I = 1,5 cyr,

Dpuwmep 7. ONPEIRAEHUE NPOZONKUTENBHOCTH TEMIEPATYPHOH
CTABAIMSALMA MCUNTHBAEMOTO YYACTKA TPYEQNPOBOZA

McxozuHe faHHHG:

D = 0,219 M - zuauerp TPyGONpPOBOZA;
L =5010° u - ANEHA HCOHTHBAEMOrO YYaCTKa;
14 = 80C - TeMnepaTypa HamopHO# cpeAM (BOAH);

to 6°C - TeumepaTypa rpyHTa HA TIyOUHe SaNeraHus;
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AF = 0,2 xrc/cu2 = LONYCTHuO€ CYTOYHOE 4BMEHEHUS LABIEHHS;
Jexm = 1800 krc/u® - oGheMuuit BEC CKeNeTi IPYHTL ~ cyme-
cu Tanoit;
W, = 0,1 (nomm emuvidls) - CyMMapHa®i ITAMEOCTH TPYHTA.
Ofipezesfien COrIacHo NM,6.6 C MCHOAB3OBAHAEM DexXMeumye—
MOT'O NMDPUAOKEHHA 2 KOSQGUIMEHT TEMJONpOLOLHOCTH IPydTa /

A= 1,5 Br/x-rpaz.

BareM no pHC.2 yCTAHABNMBAGM NDPOXOIKMTENBHOCTH TeMnepa-
TypHo# cracunusauMk ¢, ams & = 0,273 wmpu ] = 0,93
Br/u-Tpaz aum samaHsx L, = 8%, 7= 6%

g;= I cyr.

Onpezensien mo puc.5 zng 4 = I,5 Br/u-rpaz
ﬁ) = 0,8,

Onpexensex no puc.6 zan & = 0,219 M npa 0924= C,8
K =0,9.

Onpezensen no ypasseHwo (I4) BpeMf TeMIepaTypdo# craou-
NUBALHH

1

(SN

em= 1.0,80,9 = 0,7 cyT.



Nlpunoxenune 2
Pexrouenzyemoe

BiHAYEHNA TEMNIOPUSKHYKCKUX XAPAKTEPMCTUK TANNX W MEPSILX I'PYHTOB

DObemknl BEC cxe—}Cyuuapnaﬂ i KosdQuLHEHT TONIONPOBOZHOCTH TPyHTA, BT/M-TpAZ
Jera rpysra {BIBXHOCT B
I CR.T, { rpyara W, Nlecoxr Cynecs CYTRMHOK M TVIMHA Topd
T T ™
7 ox.m, To/w? Ezmmu ngzmux i, § a, i i Ay l i ; A, i | 1, } i
1 1 2 1 3 1 &4 1 5 !} 6 ! 7 1 8 {9 ! I0
0,1 9 - - - - - - 0,8 I,
0,1 6 - .- - - - - 0,4 0,70
0,1 & - - - - - - 0,23 0,41
0,1 2 - - - - - - 0,I2 0,23
0,2 4 - - - - - - 0,81  I,3%
0,2 2 - - - - - - 0,23 0,52
0,3 3 - - - - - - 0,95 1,40
0,3 2 - - - - - - 0,4 0,70
0,4 2 - - - 2,09 - 2,09 0,93 1,40
0,7 1 - - - 2,00 - 2,03 - -
1,0 0,6 - - - 2,03 - 1,92 - -
1,2 0,4 - - - 1,92 I,57 1,80 - -
1,4 0,35 - - 1,80 I,86 1,57 1,69 - -
1,4 0,3 - - I, 1,80 L5 1,57 - -
Lok 0,25 1,92 2,15 I,57 1,69 I3 L, - -



I

OxoHyatue NPUIOXEHKA 2

I ! Z L 5> . 4 1 5 1 6 1 7 1 8 1 9 1 I0
I,4 0,2 1.57 1,86 I3  I,51 1,10 [,22 - -
L4 0,15 [,.0 I,c3 I,70 1,28 0,87 0,99 - -
I,k 0,1 ,Ic I,8 0,93 1,05 0,7C 0,7 - -
I,u 0,05 ¢,7% O,61 0,64 0,70 0,47 0,52 - -
1,6 0,3 - - 1,86 1,98 1,69 1,80 - -
1,6 0,25 2,50 £,73 1,80 1,92 1,51 1,69 - -
1,6 0,2 2,05 2,38 1,63 1,7 1,34 1,51 - -
1,6 0,15 1,80 2,05 I,45 1,57 1,10 I,22 - -
1,6 0,1 iy 1,63 1,06 1,28 0,87 0,93 - -
3 0,05 1,05 I,I0 0,8I 0,87 0,58 0,64 - -
1,8 0,2 2,67 2,85 1,8  I,98 1,57 1,80 - -
1,8 0,15 2,271 2,62 1,69 1,80 1,40 1,57 - -
1,8 0,1 I,98 2,2 1,45 1,57 1,05 I,22 - -
1,8 0,05 I,45 I,5I 0,99 0,99 0,70 0,76 - -
2,0 0,I 2,75 2,91 I, 1,86 1,28 1,40 - -
2,0 0,05 2,09 2,Ib - - - - - -

NIpuHATHE 0O0OBHAUGHUAS 17, s Ap — KOBLGUUMEHT TENAONPOBOZHOCTK COOTDETCTBEHHO TANOr0 M
MEp8IOro rpyHTa; ff;,(_r s feem — OUBEMHHN BEC CHGAETA TPYHTA CONTBETCTBOHHO B TANOM M Mepaiou
COCTOAHMM,
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