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YIK 622.691.47.001.2

B HacToAmeM PyKOBOZCTBE M3IAOXEHA METOZKKA pac-
yera IasofMHAMMISCKUX nagauergoa IPDH 3ANONHEHME Ia-
aonposoaor auaumerpamy 1020, 1220 w I420 uM npupoxy -
HEM rasoM AAA MCHOHTAHMR, NDUBEZEHH IpoTrpaMma ASTRA
ANA pacuera Ha OBM BACM-6 Npolecca sanolHEHKS raso—
ApoBoza M NPUOAEKCGHARA aHANMTHUGCKMH MeTOoj pacyera.

PyxononctBo paspaforaHo HA OCHOBE TeOpeTHyYe -~
CKMX MCCRAEAOBAHKR M HATYPHHX HAOADZEHUH MDY MCANTA-~
HEAX MATMCTPAIBHHX I'a30NpOBOZOB nacogaropueﬂ Haziexk—
HOCTH KOHCTPYKUMA B METOZOB MCHHTAHNE MATHCTPAABHHX
rpyconporonoB BHWRCTa coBMecTHO ¢ aadoparoprelt sxo—
ROMMYECEOr o aaanaaa.gpoenrnux DEHGHHRR B He(TerasoBoOM
crponrenscrre HUIUDSCYHedrerascrpos.

PyROBOACTRO NpeAHA3HAUGHO ZAS MEXGHEpPHO-TOXHE-
YOeCKMX PACOTHMKOB NPOSKTHHX M CTPOMTEIBHHX OPraHMsa-
UuB, BAHATHX OpPraHK3alNKeH# ¥ NPOM3BOZCTBOM palorT Mo
HCNHTAHMD Ias0NpPOBOLOB.

PyxoropcTrO CcocTaBuiAN uHxeHepH 0.B.Koxoruinos,
E. M, Kaguoncxult, A.M.Toyr (BHUACT), xaHz.TexH.HAyK
b.d.KpuBomens, KaHp.xuM.HayR B, f.Kiasenr KaHz .
rexHi.Hayx ‘B, M,Arankung, usx.M.fl,Kypaxuna ?EEHHBC -
ue@eeraac!poﬁs. B COCTAaBIOHEM ﬁynon CTBA NPMBHEMAAXN
yyacrue z-p rextH.Hayk [l.A.Tyrysos uMcxu#t HedraHoH
MECTM?TY?T), KaHZ.TexH.Eayx B.B.llocrrukos (T'zaBcuérpy-
donpoBoacTpoil).

© Boeconssult HayuHo-ucCHenoBATERBE RUH uacwatgr 10 CTPOM~
TOALCTBY MarucTpaibHux Tpyconpopozos (BHUMCT), 198



BHUMMCT ! PyrRoBOACTBO J

P 40I-80
HUNWBCY & 0 pacyeTy OCHOBHHX NAPAMETDOB
reraaorpgi- SELOXTONHL raaonpoaonpg rasom

RAf MCIHTAHMA

I. OBIME NOJOXEHKA

I1.I. PyxoBopcTBO paspadoraso B paspetue raas CHull N-45-75
"MarucrpalbHue Tpyodonposoal. HOpPMN NPOEKTHDOBAHMA™ M
CHull I-7]. I0-72 "Marucepansuue Tpyconposoxu. lIpamsza npoxesox-
CTB& M NPUGMKM pador",

1.2. Ipg npousBOACTBE PAGOT MO 3ANOAHSGHHD MATNCYDAABEHX
Ira3o0npPoOBOAOB NPRPOZHHM Ia3oM XAA MCHHTAHMR ClexyeT YUNTHBATE
TPeCOBAHMA ¥ NMOAOKCHUR JeHCTBYDHMX HODMATHBHHX JOKYMGHTOB, 0T-
HOCAMUXCA K NHGBMATHYOGCKOMY HCINTREHO COOTBETCTBYDERMX OQBEKTOB.

1.3. OpH4M B3 3TanoB KOMIUEKCA PAaGoT NO HHEBMATNTECKOMY
HCIHTAHNY SBIRCTCH 2Tan 3aNONHEHMA I'A30NPOBOXA HPHPOABMM rasoM
70 CO3ZAHMA B HOM AABIGHMA, HEOOXOZHMOTO AIR MCHHTAHRA I'a30Upo-

BOA4& Ha8 NPOYHOCTD.
I.4., UCTOYHHMROM Mp: JOAHOI'O I&8a AAA MUCNHTAHHA MATNCTDPANB~

HOT'O rasonpoBsoza ciayxar:

MECTODOXACEMA rasa, NPUMHKADEKE X I'asoHpPOBOZY MIAK pacno-
A0XeHHHEe HENOCPEACTBEHHO OKOJIO HEro;

AGRCTBYDN KA I'al30fPOBOX, NepeceKabEUil CTPOSAMYDCH MATHCT -
palhr MAN NPOXOAAMMA HENnoCDEeACTBEHHAO OKOXO Hee,

I.5. 3anojiHeHue IrasonpoBOf& HMCNHTATEXBHOM CPexol M NORHOM
ZAABJIEHAA B HEM MOPYT NPOMSBOAMTECE KaK IO OTAGNLHHM Y4acCTKAM,
PaK KN 0O BCeMY OGBOKTY(H& pHC.I NPUBOZEHW NPHHUMNUANDHHE CXOMH
SaNlONHEEMA MATMCTPARBHOI'O I'a30NPOBOJA ra3oM JAA NOCAEAYDEEro
NODLTAaHKSA ).

1.6, [Ip¥ DHeBMATHYOCKOM MCNHTAHMM Ia3onpoBOZOB CKOPOCTE
.TIoABEeMa " KaBleHUs B HUX peraameHruposana CHull I-A, I0-72,

1.7, Ipu MCNLTABMM HQ HPOYHOCTH M rePMETHYROCTH AAS H3ME—
PeHW: ZaBAERHA NDUMEHANT MAHOMETDH KIacca TOUHOCTH He HExe I,0.
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Puc.l. (puHqunuansEas GXeMs Banox~

NeEMS YYaCTKA MATMCTPALLHOI'O TPY -

OolpoROZR NPRPOAHHM TI'A30M ANA HC -
OHTE HRA S

a~0T NpoMucia; O~M3 ZelcTByDEErO
rasompoOBOZA; L1-MCTOYHME rasa; Il-3a-
NONHAGMHRA y4acTOK

2. METOIMKA PACYETA T'A30/MHAMMYECKUX [NAPAMETPOB
1P SANOAHEHKWA MATMCTPAABHNX I'ASONPOBOLOB
TASOM 1 MCIINTAHMU

MATEMATUYECKAA MOZIEAD NPOLECCA
SAIOMHEHUA IASOIPOBOZA I'A30M

2.1. CucreMa, onucHBapmas HeCTALHXOHADHOE HEM3OTEPMHUOCKOE
TEYCHUE I'asa BHYTPE 3aNOAHAGMOro rasonposopa (NOCTOAHHOI'O AMa-
NETPR - 7) ) EMeeT cAeaYDHME BHA:



YPaBHERUS HEDPA3PHBHOCTHS

op , dlpw) _
9t D =0, ()

YPABEGHHMO MMIIYABCOB:
0 / 2
‘ac%ﬂ *9%(? *ﬂW2)="ﬁ(QH+ "';}} ); : ()

YPaBHEHKE DBEPTHK:

Ehe T o 4] 5 i

YPaBHEeEUE COCTOARBKAS

-E_-._-_—_.zRT (4)

P

B ypaBHenusax (I) -~ (4) NpUMHATH 0CO3HAYESHHSA:

U - cpeaHee HO CEYeHHO TPYOH zaBICHEKE rasa, H/nz;
P - CDemHsiR MO CeveHWo TPYCH NAOTHOCTH rasa, Kr/u°;

W -~ CpenHAA N0 CEeYCHHO TPYOH CKOPOCTH I'asa, M/C;

A = Koa(ppuLMEHT I'AEPABIKYECKOI'O CONPOTHBICHHA,

g = NIOTHOCTH TENNOBOI'O NMOTOKA Yepes3 \CTeHKY rpyou,Bw/u
T = CpezHsas Mo 'CeYEHMD TPYOH TeMnepaTypa rasa, K;

U - 3nenbnaﬁ BHYTPEHHAA SHEPrus rasa, u?/cz,

® = KO3QQHUIMEHT CEXUMACMOCTH Iasa,;

R - rasosas NOCTOAHHAA, [x/Kr.K;

H

¢

J

.

v

- I'eOMETpHYECKAAd BHCOTA LEHTPA TAXSCTM pacCMaTpuBaeS—
MOT'0 2JcMeHTa 00beMa rasa, M;

- JCHKOpeHHKe CBOOOZHOI'0 HMaZecHuf, u/c

- ZAAMeTp 3aMOJHAEeMOr0 TPyOoonposoza, M;

- KoaduLMeHT TeNIONPOBOAHOCTH rasa, Br/MeK;

- KOOPAMHATA BZAOIR OCH TPYyOH, M

- Bpems, C.,

2, inf NolyueHUA UCKOMHX Napawe?poB (nasneHuf, TeMier

paTypPH ¥ pacxoga) Nnpu 3aNO0JIHEHMH I'aSONPOBOA3 ras3oM MCIONHBYeM
HeduRelHne aupdepeHunanbsHue ypasHenua (1) - (4), nps oToM NpH=

HEMAOM CHeZYyOlMe XONyueHHS: 5

L
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Tefionepenava BAOADL OCH TPYOONPOBOAR 34 CYeT TOMIONDPOBOL-
HOCTH T'asad OTCYTCTBYeT,

B YPaBHEHHAX Ronnqe%?na ABHUXCHMA B BHEPIHM npeneﬁpegfel
KOHBGKTHBHLEM UICHOM Bx ¥ JOKQABHOK nponanqnnon re

HG YUMTHBAEM WBMEGHEHUE I'6OMETPHYECKO#l BHCOTH H .

2.5, 3aKOH TenJooOMEHA Mexpy CTesxo#t T*pYOH M I'DYHTOM Npu-

HMM3eM B Qopue HEBOTOHA
§=-6(T~Tr,) > ©)

rae (pp - TeMmeparypa rpysra, K;
K =.xospduijdeHT Tenionepegayu 0T rasa B I'PyHT, Bm/u K,

2olty Aifs onpexgeicHUR KOsOPUIIHEeHTA CXMMAEGMOCTH pPealBbHOI'0
rasa ECNONB3yeM aHANUMTUYECKYD 3aBucuMocTs 2= =Z(P,T) runa
bepzio, _CNpaBeRANBYD B S8AEDHTMYECKOR ofnacTu TeMlepaTyp M npa
ylﬁpGHHHIJH&BIBHEﬂI (no 98, I«»IO-5 H/n?)

PTy g
E“‘I*U,Q'? o T ’}—5(—;]—,&5} > (6)

np
|
p [ 2-
I'ze xp — KPHUTHUEOKOe ZapieHue rasa, H/u";

7;p - KPUTHYECKAA TeMmneparypa rasa, K.

2.5, KoopuuueHr rUppaBAKYECKOr0 COMPOTHBIGHMA A, KA
@ynmnn yucaa PefiHonpzca, nMaMeTpa ¥ r'uzpaBimucckolt. mepoxopa-
TOCTH ONpejedseM N0 (OPNYNAM:

= oL mpu Re < 2000; (7)
A = 0,0025-(139)% npu 2000< Re<<4000; (8)
A = 0,3164-(Re) " npu 4000 < Re < Re_; (9)
N =01 (i%‘-jl 1;‘; hes mpE  Re < Re<c Re, ; (I0)
A = 0,111 (:Di)ozs npg Re,<Re , (I1)
Re= ;;ﬂﬂ > (12)



%85

Rey= — ok, \efr~ °
(._.?_.) 7 (I3)

y),

665~ 765" 89(__2;3 -—>

Re= R, (I4)

i),
rge Re - uucino PeftHonszca;

Re, Re, - nepexogne uucia Peftnoaszca;

R, - PKBUMBAJEHTHAA I'MaPABAMUYECKAA MEPOXOBATOCTH, M;

- KOBQPHIMEHT AUHAMUUECCKON BA3KOCTH, H-c/u?;
G - pacxog rasa, H/c.

2.6, YTroOH HAATH OZHO3HAYHOE DelleHME CUCTEeMH ypaBHeHuH
(I) - (4), onuCHBAWMKX NPOLECC 3ANOAHEHUA I'a30NpPOBOXA I'Aa30M
AAA MCTHTAHHA, HEOOXOAMMO 337aTh HAYaJbBHHE ¥ FPAHKYHHGE YCHOBHA,
B KayeCTBE HAYAJBHHX YCAOBMIl B NPaKTMYECKHUX pacyeTax 3a-
ZaeM pacrnpegelieHue znaBiends (P), TesmnepaTypu (T ) 4 Dacxo-
&a rasa (j}) 10 AAKHE I'a30(pPOBOZA B HAUANBHHA MOMEHT BPEMEHH !

P(x,0) =P T (x,0)=T

H?

" > G(x,00=6, . (I5)

B xayeCTBe TI'DAHMYHHX YCJAOBUM 3axdeM M3MCHEeHHE AABICHHA
TEeMIepaTypyd ra3a B Hayaie SANOJIHAEMOT0 yyaCTKa M pacxXoxa B KOH-
Ile 3anOoNHAEMOI'0 YYaCTKa B 3aBUCHMOCTM OT BPEMCHH.

Ha puc.Z npuseneH rpafux M3IMeHEHHA AaBIcHUA B HaUale
(x=0) 3aN0NHABMOTO y4acTHa Tﬁydonpbnona. AHAJIKTHYGCKYD 38~
BUCHMOCTH M3MEHEHMA ZABIGHUA I'a3a BO BpeMeHM NPUHKMAEM .Clepyl-

net:

P, +d1t npu  P(0t) <P,
P(0,)= (16)
pucn npu P(O-‘ ‘b) = pucn &
rge K = CKODOCTB MOADEMA ZaBAcHUA B ceucHuu x = 0, H/c.ua;
P, - UCOHTATEIbHOE ZaBAeHue, H/uz-

2

P, - HayaipHOe ZaBieHue rasa, H/u",

I'panuyHoe ycAOBME LJA TeMnepaTypH rasa B ceuesud X = 0
NPUHUMAEM B BUZE:



T(0,6) = T,~ D, [Pr p (o,,f,)] ; (17)

rxe D. =~ kooppuuuenr Axoyas— IOMCOHa, M .E/H,
P, - AaBieHMe rasa B MCTOYHHKE HCHHTATENBHOHU cpe;au,H/n

T/, = TeuMNepaTypa rasa B MCTOYHHKE KCINTATENBHON CPexH,K.

Pﬂfﬁ"

JYLT:

Puc,.2, I'pafux usueHendAs paBlAeHHA B _Havale
3anolEgeMoro Tpydonporogd ( x = 0):

I-noxpeM ZABIGHMA X0 Pooy ; 2-oCMOTD TPY-
gonporoza; 3 - IIoZxpeM JASBIAGHHMA RO P wo

lpy sanonHeHHH SaMKHYTOr'0 yYaCTKA MATMCTPANBHOrO rasonpo—
#
BOXA IPaHHVYHHM YCIOBMeM XJIA PacxXxoya rasa B KoOHLe 3aNOAHAEMOIrO
yyacTKa Oyner

G(L,t)=0. (18)

2.,7. B KavecTpe MCXOHHMX ZAHHHX ALS pacyera ra3oz4HaAMH -
YOCKMX TAPaMeTDOB 337az¥M CliezyDiKke BEeXMUYMHHS

L - NMPOTAXEHHOCTH 3ANOAHAGMOrD YYaCTKa, M;

1) = AuaMeTD 3anodHAEeMoro rasolpoBpoga, M;

p“fP ~ KDHTHYeCKoe AdBAeHse rasa, H/u<;



T - KDHTHYOCKYO TeMneparypy rasa, K;

K = OKBHBAIGHTHYD I'MAPABAMYECKYO WEEPOXOBATOCTH, u-
- KosQdunMeHT AMHAMUYECKOH BA3KOCTM rasa, H- c/n

K - Koo(uiMeHT Teluonepenaud OT rasa B rpynr,Bm/né

R - I'a30BY0 NOCTOAHHYW, [x/KTeK;

O - TEMIOeMKOCTH Iasa NpPK NOCTOAHHOM AABACHUM, Jx/Kr+K;
D - Koojduuuenr [xoyns- LOMCOHa 3 ueK/H;

D - MCIHTaTeAbHOe jaBieHue, H/M™;

P, * - HavanpHOe zaBiGHUe r'asa B 3aNOJIHAGMOM YUaCTK®, H/n
T}P - TeMleparypy rpysara, K;

P, - naBiehde rasa B MCTOYHUKE UCNNTATEABHOR CPOAH, H/n
T, - TEeMNepaTypy rasa B MCTOYHMKO KCNuTaTeIbHOR cpepu,K;

£ - CKOpPOCTH NMOABEMA ZaBJIeHHA B CeYeHHM x = O, H/IZ-Cb

CeueEne X = 0 npuRMMaeM 33 HAyajXo 3aNONHAeMOr0 Tpydonpo-
BOA8, T.C. COUGHERE X = (0 COOTBOTCTBYET MECTY NOAKIDYECHHSA
MCTOYHHMKA MCNHTATEIBHOM CDepH, & CoyeHMe X =1 = HABIAeTCH
KOHI[OM 3aN0JHAGMOro YUacTHa.

2.8, [appepenuasnane ypasieHua (1) - (&), onucuBapmue
rasofuiaMu4ecKue NMpoLeCCH, NPOUCXOAAHUEe BHYTPU 3aNONHASMOIro
y49acTHa Ias3onpoposa, ANMPOKCUMHUPYOTCSA 3aMKHYTO# cucTemod anre-
OpalyeCKuX COOTHOWEHUR, KOTOpas DemasTCdA NPH NOMOmM KOMOMHA -
nut apHON X HEeRBHOE cxeM MeTOZa CETOK.

JAUHY SANOIHASMOI'0 y4YacTtia rasonpoBoza pa3aCMBAapRT HA
( N-1 ) papsHnx MHETEpBaNOB. B CBA3M C TeM, YTO UCNONH30BAHA
ABHAA CXE6MQ MeTroZa CeTOK, AJAMHZ HHYEPBAlOB Or'PAHHMUEHA, T.O.
yBelUUSHNE YUCJAQ KHTEPBaIOB BezeT Nu00 K HeyCTORUMBOMY BHYUC-
JUTENBHOMY Npoueccy, JUOO0 K CYLECTBOHHOMY YBeAMYyeHHKD BpeMeHH
M3HMHHOI'O CYeTa.

JpaBHEHKA ABMXCHUA BMOCTE C HAYANBHHMM M TPAHMUHHMU YCAO-
BUAMKM, TPEACTIBICHHNE B PASHOCTHOM BHAE, OGPABYNT CHCTEMY aiw
re0padyecKux ypaBHeHUN AJA Kaxzoro MoMeHTa BpeMmers. llocaegzo -
BaTeNpHOe DelleHHe STUX CHCTEM YpaBHEHMH HaA Kaxzowm mATe MO Bpe-
MEHH TNO3BOJAAET ONPEAOCNNTD 3HAUYECHUA MCHOMLX TIad30ZMHAMKLECKUX
pysxueft P, T, G Bo BCEeX AMCKDPETHWX TOUKAX-Y3J4X MO ZJAuHE TPy~
ConpoBona.,

2.7. AnropuTm pacyera (npun.l) rasozuMHaMuueCKuxX napauer-

9



POB MDY SANONHEHHM YUBCTKA MATMCTDAABHOro TPyOONpoBOZA T'asoM
LA MOCIeXYDHEro MCIHTAHMA NMOCTPOSH TAKMM NGpa3oM, YTO HA nep-
BOM 3Talie pacyYeT BeAETCH IO ABHOA CXeMB8 METORa.CETOK.

BeauypHAa PACXO0Z8 I'asa N0 ZJAMHe BaANONHEAEeMOro yyaCcTKa nocre-
JIEHHO BO3pacTaeT OT HYJAEBOro A0 HEKOTODOIO 3HAUGHHS, Np¥ KOTO-
POM MORHO HepeiiTé K a0CONNTHO yCTOWUMBOMY BHUMCIUTGIBRHOMY NIDO~
(eCCY MO HeABHOW CXeMe MeTOoga CETOK.

%  (OxoHYaHKE pacyeTa COOTBETCTByET MOMEHTY, KOTZAa 0 BCel
nIuHe Tpyoonposoza XamleHMe rasa OyZeT PaBHO MCOAHTATEABHOMY
ZABIGHUD C YyYETOM NOIPEWHOCTH M3MEPUTEABHON ANNAPATYPH, T.C.+

p(o,L) -~ P(L,t) = 0,005 P (19)

uen

2,10, Pacyer rasozMHaMuyeCKuX NapameTpoB (naBieHUd, TeM-
mepaTypH, pacxoza) B NpoLecce 3aNOAHEHMH YUaCTKA MATHCTPANbHO-
ro rasonposoza rafoM AAA MCNHTAHUA BHIOJAHRETCA M0 NPOTpaMue
ASTRA .

PEAJM3ALUA METQUA HA 3BM

2,11, Aaropuru nporpaxmn ASTRA wu nmognporpamm PROGON
F1, ALAM- peank3oBal B Bife NpPOrpaMMi HA aJIOPATMAYGCKOM
asuke POPTPAH zas DBM B3CM~-6 (npun.2).

B nporpauue ASTRA npusaTh clezyomue 0GO3HAUEHHA, NpU-
BeneHHHNe B Tali.1l.

TaGnuua I
CHMBOJNH all- ; lineHTWPUKATOPH ¢ HauMeHOBaHUE N@PAMETPOB M
I'OPHTMA t  TNIpOTrpaMki ! MRCCHBOB
——-‘———-——-;W
L. AL [IpOTAREHHOCTS 3ANOREAEGMOT0
y4acTRa
U 4 AuaMeTp 3anolHAeMorc Tpysofipo-
BOZ A
Pucn FIMAX UcnuTaTenrHOE FABIEHUS
'Tkp TC KpuTuueCKkas TeMmneparypa rasa
pH 5 oTH KpuTuyecKoe zapiecHUe Ia38

IC



lipoponxernue Tadu,.l

»
CuMBOX an-snneﬂmu@nxamopu ; HauMeHOBaKME NapPaMeTpPOB M MAC-
!

TOPHTMA

T

#y

o3

IPOTDAMMH CUBOB

TGR TemnepaTypa rpysra

PCEP JasneHue B MCTOYHEKE HCIUNTATEABHOR
cpenn

"CED Temneparypa rasa B MCTOYHHKS HCHL-
TaTEeABHON CPORH

PH HauaipHoe passieRde ras3a B 3aNoNHAe-
MOM TpyOonpoBoae

TH HayanpHas Temneparypa rasa B 3anof-
HCMOM YYAaCcTKe IasonpoBoza

GH Hayanspsufh pacxoy rasa B 38NOAHAS-
MOM TDPYOONDPOBOZAS

IR Koadiuyuerr Lxoyxs-Tomcona

AK KoadduliMeHT Telionepezavy

ALAM KoadduiiteRT rUspaBARIECKOTO conpo—
TEBICHUR

Z KoadduuueHT CKMMABMOCTH Iasa

ALFF CKOPOCTH NoxbOMA AaBIEHMA

& I10THOCTS TENAOBOT'O NOTOKA yepes
CTEeHKY TPYOH

F1(x) IpanuvyHoe yCnoBME AJH AABACHUNA

F2 (x) I'paHAuHOE yCNoBME AAA TEMREPATYPH

GK(N)  T'panuusoe ycnoBRHe ZAR Pacxoaa

ZP BeroMoTaTeAbREe $YHKIHM

2T

RE

RE] Yucna Peltnoznzca

RE?Z

N-1 Yucllo MHTEPEBANOB pasCueHus 00~

JACTH KHTErpPUPOBAHHMA

H liar no xoopsKAATE NPU YUCAESHHOM

A WHETE€TDHPOBA HUM

T g liary no BpeMeHW NpYU UYMCHASHHOM MH=
UN ?@IDUPOBAHKHE

Il



OxoHyaHue Taodt.l

T haunnn Ane VWnermabuvamang 3 Hanuatna i us Hanay omR W Gaoe
C

WMBOA an- (MpeHTHQUKATOPH , HauMeHopaHME NApaMeTpPOB M MAC-

rOpMTMA ¢  NpOTPAMMH | CHBOB
-— I
- J PaGoure nepeMeHHHE [6NOr0
— NT THNA
~ NP
— N PX

2.12, B nporpaiMe ASTRA (CM.Npui.2) NPUHEATH CleRyonmue
3HAYEHNA TEePMOZMHAMAYSCKUX BeNMUKHE (ras - MeraH):

R = 5I5 m/xr-K- - raaoBas nocTofHHAfA,

Cp = 2930 Jix/xr-X ~ rennoeMkocTh rasa NpHM NOCTOSHEOM
JaBICHUHM

Py p= 44,5-105 H/M® - XPHTHYECKOE JABICHAE rasa;

Typ= 190,7 K - KpuTuueckas Temmeparypa rasa;

D; = 4,08+107° uC-K/H - xosgpuuMent Ixoyas-Toucoxs

2,15, lipy 3anonseHnu TPyOonpoBOZAa NPUPONHLHM I330M C APy~
PUNM TEPMOZMHAMMYECKMMY XapPaKTOPUCTHHAMM HEOOXOAMMO K3MEHHUTH
KoaqGuumMenTH AL, A2, A3, A4, AS B COOTBETCTBMM C QopMynaMu:

2RA
Al = W ’ (20)
VA
Al = _j%&_ ’ (‘31)
4 R
5 T (22)
4R
A4 = oD : (23)
R
AS = - (24 )
p

.14, [lpu peanusayguu NpoOrpaMun pacueTa ra3ozuHAMUYECHUX
napaumerpoB ua 3BM Ha MeuaTh BHBOZUM 3HAuCHuA zaBienufd (PP),

12



reunepaTypy (IT) u pacxoga ( 545 ) rasa BHYTPH 3aNOAHAENMOTO
rasonpoBoza B AMCKPOTHHX TOYKAX~-Y3Rax NO AJAKHe TPyGONnpoBoza
B0 Bpemeru (TIME),

Ans xaxzoro momeHnTa BpemeHd (TIME) sHavenusa HallgerHHX
¢dyuruut P, T u G nevarawTcs nmocTpouyro (npun.3). Koumuuecrso
BHAABAGMHX H& HeyaTh TOUSK ONpezeclfeTcdA 3HAYEHMEM ONEepaTOpoB
NPX (uo xoopaeHaTe X ) u NP (no ppemeHn).

2.15.. PagueppocTs BHBOAMMNX HA NeWaTh BHAuEHM:

PP - paBneEd®, Krc/cM;

TT - reunepatTypa, K;

GG - pacxom, M3/y;

TIME - BpeMs, 4.

2.16. lleppoe uucno B CTpoke (CM.NMpuA.3), onpepenswuee Be-
nuydHy paHsoro napasmerpa (PP), (IT), (GG ), coormercTByeT Ce-
yeHuio X = 0,

AIA onpeZelieHHA PACCTOSAHMA MeXAy ClHeAyoumidM COYeHHEM, B
KOTOPOM BHZAWTCH HA NevaThs PACCUMTAHHHE MAPAMETPH,H HAYJIOM
sanonHaeMoro yyacrka ( X = 0) ciaezyer BOCHOJIB30BATRCHA (OpuUy-
Joi

n-1)-L

p- -1 L ypy,

N-1 (25)

rje /U - NOPAZKOBHE HOMED uMCJa B COOTBETCTBYOMER CTpOKe
(PF), (TT), (G5 );

L =~ NPOTAKEHHOCTE YUaCTKA;

(N-1) = KO@XMUECTBO MHTEPBAJNOB Pa3(ueHdA OONACTH MHTEIDH-
DOBAHMKA;

NPX - ronuvectBo Touek (y310B), Yepes KOTOPOE HEYaTanT-
CA pacCuMThBaeMue napamerpu ( NPX = 1 - napamer-
Pu 71eyaTaonTCAd BO BCeX Toukax, NPX = 2 - yepes
IBe, HAUMHAR C TOYKK X =0, 4 T.4.)

3. AHAJUTUYECKMAW METO/ PACYETA [POLBCCA 3ANOJIHEHWA
YYACTKA MATUCTPANBHOIO TPYBONPOKOLA T'A30m JJdrn vCIIBTAHM -

3.1+ W30oTEpPMMUECKUR NPOLECC 3alONHEHKA IAMKHYTOT'Q yyacT-
Ka TPYyOoIpoBoga NOCTOAHHOI'O AZMAMeTpa IPHPOZHHM I'A30M ZO MCHH-
TATENBHOTO ZABIGHUA ONUCHBAET cucTeMa ypaBHeHmt (26) - (28),

KOTOPafA BHTEKaeT M3 cucTemu ypapHeudt (I)-(4) npu T =const
I3



ypaBHeHKe HepaapHBHOCTH:

6 a(ﬁW) =0; (26)
3 x
ypaBHEHHE Z{BEXECHMHAS
OPwW) . A ooy o AW -
5t T 3g W)= &7

YpaBHeHHUS COCTOHAHUA I'a3a.
p=pct. (28)

B ypapueHusx (26) - (28) npuEATH 0CO3HAYEHMA:

f - CpeAHAH MO CEUEHMD TPYOH MAEOTHOCTH rasa, KI/M°;
W = CpeaHAd IO CeyeHMO TPYOH CKOPOCTH ABMXEHUA laza,M/C.
P -~ cpepHee N0 CeuYeHHD TPyOH ZAaBieHMe I'aae, H/uz;
A~ KO3(QQUIMEeHT TUAPaBAMYECKOTO CONDOTHUBICHMA,

D -~ A¥aMeTp 3aNOJHACMOrO TPYOONPOBOZA, M,

¢ - CROpPOCTH 3BYKa B rasa, M/cC,

3.0, AHANUTUYUECKUE DACHYETHHE QOPMYIL NOJAYYKM, NPUHAB ZAA
DelleHUA CHCTeMH ypaBHeHu#t (26) - (28) cnenyngge AONYMEeHKA :

npeHedperaed KOHBEKTHBHHM YJIGHOM Q%B_w“ j
X
npeﬂedperaeu‘ u3MeHeHMen MaccoBoft cxopocTH ( JJW) BO Bpe-
MEHU, T,E. O0(PW) . 0;

npnnnuaéitnos@QuuneHT I'UZPaBIMYECKOI'O CONPOTHBICHAA MO~
CTOAHHHM A = const.

3.5. B KavecTBEe HAUYAABHHX YCJHOBMH ZJA paccMaTpuBaeMolt
CHCTEMH YPaBHEHUHU NpUHUMACM NOCTOAHHOE NABAESHUE MO ZJAKHE TDPy-
oonposoga

P(x,t)=p . (29)
5.4+ I'panuyHne yCcHOBMA, OTpaxavi4e MNpPoLecC Noabema nap-

JGHUA 10 AUHeRHOMY 3aKOHY HA NeBOM KOHUe Tpyoonposoza (X=()

A NEePEeXPHTHs NPABOI'0 KOHUA NP 3ANOJNHEHUM ras3onporoza rasod ’
NPURATH clezyouuMu (puc.3):
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P +d -t IpR <t <t,;

P(0t)= (30)
pucn IPR 4+ = t, ; /
ap
= 31
TR . 0, (31)

rae of = CKOPOCTH NOZHOMA ZABJIGHMA BO BXOAHOM CEYEHAM 3aNoj-
HAGMOI'0 Y4YaoTka TPyoonpomoza

t

___pum"'Pn
07T o

Puc.3, I'padux usmeHeHusn paBiesua rasa (P)
P 3ANO0NHEHMM YYACTHA MATHCTPANBHOI'O Ia-
301IPOBOXE Ira30M IAA ACIHTAHRMAS

I - 43meHeHHe AABAGHMA B COYSHMR X = 03
2 - WaMEHeHMe JABJIeHUA B COYEHMH X = ]

I5



3.5, MameHeHMe ZABJACHMA Ira3a B 38NOAHEHHOM TPYOOlpOBOZE
NoAuUMHACTCA COOTHOHEHHMM, KOTOpoe OnWNO HalzeHOo B pesyAnrraTe
pelleHus AuHeapusoBaHHOf cuCTeMH ypaBHeHuft (26) - (28) npu
COOTBETCTBYOIMYX HAYAJBHEX M TPaHUUHHX YCAOBHAX:

prot-2e 5 S, etp (i) 0 <t <e,

aL & K
P 2 B (1)
Poen™ a1 K3 [exp (“Kito)“{’ exp (~aK,b) rput=t,,(32)
=0 R
{
rRe Q == ~rral (33)
o' n
N 2o A LS (34)
Lo™= W 5
SRECTDPypy
X T (dn+1) (35)
n 2L, ‘

to;—_._"&?_‘)nfpn. (36)

Pa¢¢ = 3,92-105 H/u2 - PPCKTUBHOE ZaBieHWS, 3HAYE-
HHE KOTOPOr'o NOAYUYSHO M3
YACHAESHHHX pacyeToB rasofuHa-
MUYECKUX NapaMeTpoB INpH 38~
NONHEHUK TPYOONPOBOAOB IazoM
Ra SEBM,
5.6, C gocTaToyHoll CTelleHLO TOYHOCTM AJiA NPUCARESHEOIO
AHAZUTUYECKOr0 ONMCAHUA M3MEHEHMA ZaBNEHHA rass BHYTDPM sanoa-
HAGMOT0 YY3CTKQ MOXHO OIPAaHUUYMTECA NEDBHM YJNGHOM DA3NOXGHUSA

(n =0):

JC X

gl sin{~=~
_ oL, _ ~a K2 -
PH'*'G(I‘J m.g-_)r [i ex,o( aKOt)] np V< ¢ < tni

Px,t) v (37)
Pucn*m [GXP(G!KE'@D) —{]'exp(-{wﬁ t) OpE ¢ = ¢

0

fisMeHeHAe ZABAGHNA ras3a B KOHUE 3aNOJHAGMOTO YYaCTKE ON-
penensieM no fopuyzne:

16



L]
Py* L~ =4 1“9@(“?5*)] npg §<t<1,;

1y e, [ [t ¢
Puci™ “g7 (é‘rp(-;g.f-)—i]-exp(—;;) npr ¢ =1,

3.7. 3azaBafch AONYCTHUMOK NMOIPEMHOCTHY M3MEPEHUA ZaBiEe -
HEA B KOHUe TpydonpoBoza (& ) (cu.puc.3)

(38)

£=pucn-P(L:t), (%3)

nojyvyaeM BHpaxeHue ANA BPeMEHM 3anoidHeHMA AAHHOPO YyUaCTHA Ma-
I'HCTP&JABHOr'0 TPYOGONPOBOZA

. 3t 50D, \ ]

2L A L7 8062411- P\ B AR ) |

bsar= gz 01 — = (40)
3¢ & LT TP,

3.8, llpusep NpnOAMXEHHOI'0 AHANKTHYECKOLO pacyeTa rasg =-
AKHAMMUYECKAX NApaMeTPOB B NpolecCe 3aNoNHEHUA yuacTKA MarucT-

pajapHOro TPYGONPOBOAA NPUPOAHKM ra3ok RJfA MCNHNTAHUA NPUBEZEH
B Npun.4.



MPUNOXEHNS



Mpunoxenue 1

AITOPUTM TIPOTPAMKN ASTRA { TNOATIPOTPANM PROGON, FI, ALAM.
AITOPHTM TIPOTPAMMN ASTRA

()T wworome 77,2
OnKcaHue GJHOKOB

Onucayue omneparopa-

SR
H — » ——

i | BBOA NOCTOAHHHX MC- Hep
XOAHHX HAAHHHX @ 4“
A8

BBOZ N&paMeéTpPOB HBHOM =p{N+
KOH@YHO~-PA3HOCTHOM Buuncaenue i ’; ((?) ._P-,(-I( :)___?;:

CXEMH
N, NP, NPX

TAU,TAUN, NT
BBOZA HAYAJBHHX yCHO- BHUMCAGHU® Pn(1)= P(I)
BUA  PH, TH, GH @ 16 Ta(I)=TF(1)
[leya™s HaYAALHHX __ N UE

® contI
Hauano UMK 110 Bpe- Her
MeH¥ (J) I=14-NT o ‘a

Havano LuKiaa 00 KoOp-
auHaTe  (I) I=2 - Nt

Hogen uukma no
KOODAMHATO

)

BUUMCNEHNE B I'DaHMYHNX

ya.nax PH(? T":Nm f)in(t)_.,
N N
’p% HE‘;(K n/g FI(x)

O0paieHse K NOj- Hagazo LUKIa 110
I mporpamue ALAM (GG) ' @ Hoopl;gméare LI) @
BHYUCIgHME Al
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OCpameHEe K n/n
211 ALAM(GG)

Buyucnenue Al

Buuucnenue GA (1)

HGT 7l KoHel OuKAa NnO

xoopzurare (1)
la

Hepenpuceanpanue
3RQUOHNHA NapaMeTr-
25| pos P,T,G

leyats paccyuran-
26 | HHX napguerpon @

Bsoz nmapameTpoB HOAB-
2g| H0Z KOHOUHO-DA3HOCTHOMR
CXOMH ~NT NP TAUN

Hagyano Luxza o Bpe-
MBBRA \ J)T=4~-NT

30 .Haqann'unxna 16 K0Op-
auHarTe (1) zans BH-
YUCHORMA P, T = 2 <~ &1

)

22

OGpamenue X n/n
31 | ALAM(GG)

Buyucrenue 4

34 Buuucienne
Q- A% (TGR-T(I))

PopMBRDPOBEEUS KO3DIU~
35 |UMGHTOB CHCTGMH yDaB-
HEHRI ¥ NpaBHX vacreii

HeT

KoHey umuKna no
xoopauaare (I )

Aa

¢opuMupopanune KoaHdu-
HUEHTOB CHCTOMH ypaB-
HOHME ANA IPBHUYHHX

y370B U NpaBHX 4Yacred

O6pamenne K n/n FI(x)

34 OGpaHLEHHE K H/H
PROGON (A.8,C F. N)

B
A8 BACHUA

&

37




4C &)

4T | Hevado uaxma mo OGpemenus ¥ n/m
KOOpAUHATE &T')nnu

ALAM (G G)

51

BHYMCHOHUR T i2+ 1 Buuncaerue Al
OCpemeyue ¥ n/o Buuucnenue pacxona B
ALAM (GG) T'DAHAYHHX TOYKAXGH(’,
Buupcnenus Al
53 Hayano uaxn?_ng 'ﬂ_]
KoopzkHaTe (! ) zus

Buqﬂcneﬂne -
I Buusozonno G/ (1)

POPMUPOBEHKE KO3~ Hemr
I QRIMOHETOB CHCTOMH @ - ‘ Kggg%ﬂgggga (IITO)
pBBHgdHH H ApaBHX !
Yacre

q!)‘HeT KoHOU 1Mr 18 [o

{ 5| [lepempdcBauBaHHe 3Ha-
KOOpAuHa 8 ( T )

YeHEUN HAAZOUEHX BOIH-
gux P.T.G

napamgrpos P,T,G

YP@BHEHMH ANA TNAHLU
HHX y310B H NPABHX
yacrel

da
17 dopuupoBaH.'e Koad- I Hogass Do
OHLUUEHTOB C.."TOMH 517 pacCyuTaHHHX

O6pamenye X onega—
TORY~-QYEKII M

Hunyqaﬂne uaccasa

TeMilepar
Gl
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Anroput™ noanpOrpaMMH
PROGON (A,B,C F, N)

OnMCaHAe MODeMeHHHX
J & 1BOE

! MpuBEZEHAS M&TDHIH

K03QPHINERTOB K ABYX~
AMEIOHSABHOMY BHZY

HaxoRZoHKE POmeHUN
CACTOMH YPaBHeBM# C

3 | ABYXAMSTOHALBHOR ME8T-
DRLOK KOIPORUNGHTOB

(T

ANTopHTM ITOZNDOI'DAMMH
ALAM (GG)

I {0OnuCcsBEKe OROKS
ComMmmMon

2 BBoZn noCTDABHHX
MCXOAHNX ZA8HHHX

BHYMCN@HUME BCIHO-
3 | MOI'aTGIBHHX K03~
DALIAOHTOB RE RELRER

HUAX YHCHA RE

(s Jrerann

Buuucnenue A npu
4 | pa3nINYHEX 3HQUE-

ANTODHTM HOANPOI'DaMME
F1 (X)

OnucaEus GIoKa |
COMMON '

o |BBOZ MOCTORHHHEX |
HCXOZHHX ZSHHHX |

PacyeT ZaBAGHKA B’
T'PEGRKYHOA TOUKE
(x=0)




llpunoxenue 2

MPOTPAMMA ASTRA HA AJTOPUTMUYECKOM fASHKE ¢OPTPAH

IS PACYETA HA DBM TI'ASOJMHAMUYECKUX TIAPAMETPOB

TPk SATIONBEHMM MATMCTPAIBHEX T'A30MIP0BOACE I'A30M
1 MCTIHTAHUKA

PRORAM ASTRA

DIMENSTON PNLL10O)reN{LOQ), gN(LOOQ),PLL00,,T(2002,6(100)
o PP(400),TT(100),66(100),A0206),p(300),C100),7¢100)
#'ALA"N{lﬂG’

CG“HQH IBL/D

cOM, AN /BLLI/ZFiMpX

COMMaMN  /glz/TH

cOM AN /BL4/ALFF

F2{Xy=TCEP _DR®(PCEPL.FL(¥X,)

Ab=b ED

D=1"472

ALfF231t75

FAMaAx®rB8U9,32%5E4

pHzo B81E4

pHz10 ,62F4

TCEP=230
DREAlﬂBE-&ﬁ
Ak=g 31
Pc=465137‘E4
1C=100.7
N=31
NPX=q
HPII’
TAUST D12
"P=loﬂﬂﬂ
ALl=676,86E-5
A=l ,495E-24pesy
A3211,7956/70D#»2
Ab="203/D
h5=‘i?5?
Nl:n_l
H=4¢ /N1
Nq=zgﬂﬂ0
p0 4 Izl,N
Pl1).PH
T(ly.TH
G(I!:GH
cONINUE
Do I ; fif=1,%N
FPULIIV=PC1Il)/9 BlEq
TT¢ltid=re111)
GE{!I!)=511.B*${III}
P I{Ny 40D
25



4 X

61

26

FIRMAY (' FPp=7?)

PRINT 41{PP{III}.11[=1.N-NPK)

FAORMAT  (1Z2E12.4)

PRINT 58

FIIMAT (7 TT=")

PRAINT ‘1‘TT(I[IJ|III=11N1NPX}

PRINT AP i

FIRMAT (* Ge=")

PRINT 4,136 (111),1ll=1 NeNPX)

DO 3 J=11NT

03 i 122,04

Al=A.382«AANMIGU]))/DenS
2=1.4.8727CoP(])w(1e~6,2{TC/T(]))e®2)/7(PLeY(]))
2T7-.87=TCsP {11 #{1,-6.a{TC/T(1))1882)/(POeT(])s%2)+
*,84%TCe*3xp )/ tpCsT())exa)
1P=.27(1r/PC)ely . /T{(V))st) ~6,2(TC/T(]))ee2)
DEL=1.-F(1)¢20/2-A5%12+T1{1)%2T)%e2/1

Q=AKs {TGR~-TL{[))

IFIARBS(R(I})~1 . F~6)949,8

DPN=TAU/DEL*L((P{]~1)2e2<2 sP{])a*Qep(]+])a%2)/ .2, =a1%G{1)
vaHer2) =Gt vt eT {1 2T IS{THII=TH =L} )}/ HeC ()T ] inits
e (D 14l }-PIiTI/HIZ(2:.%382)={2+T(1)e2T}e(AtsAYeG! ! mx3uT(])i¥s]
*22a2T/P (1! en2«pde})

PNII,)=P(1})+DPN
DINTAU*TI{I)ZIDELeP U ) S {IASH 24T ]1)82T )0 (P(]~1)"*e2~2 3
P (1) us2+P{[+1)982)/7 (2, 6A (1) aHa*2) G} e ({Z+T(1)nyT)oal

PEAS+2. % (PLI)S2Pe2) ) (T (L) =T (I8} )/H+C([)aT([)alp=pade(leFi])
282718 (P(le1) =P l})/H}/(2,%22}¢{P(})182P-2)3(alsASsC(])ewy>
*TU])se32242T/R (1) ae2-0430))

TN(L)=T(])+LTN

€0 Y0 ¢

DPN=TAU/DEL*(AAsQs(Z+T(])07T))

PN{1)=P (]! +CPN

DYN=TAURT (1) /IDELSP([))»s{AgeQd=s(2-Pl{])*ZF))

IN‘L)=T(I}+CTN

COANY INUE

CANTINYE

PN(1)=FL1{J=TAl)

TNI{LI2F2(JsTAY)

Alzd. . 342«ALAM(G( 1))/ Deal

Z1=1,+*,C7=1CoPN(L)}*#{}, -8, (TC/IN(L)iew2)/cpLxTNiL))

CNI1)=2SIGN ! 1an(S.ePN{L)+PN(3)-4,sPNI12)))oSQRTIAGS (4, «PN(2)
es8)-3 . ¢PN(1)882~PN(3)202)/ {6, *HAT*21&TN{)) )
s PNIN)ISPNING)

INZ1 +,B7¢TCHaP(N)w (!, ~6.8(TC/TIN)I*e2)/(PCeTI(N}]

ZIN==.F7¢TC*P (NI B{1~0,8(T2/TIN))**Z)/(PCesT(N)=nl)~

2, B4=5TCos3«(N)/IPC*T (H)swA)

QN=AK¢®¢{TSR-TN))

BIzP(N)/iT(NIsASe(ZN+T{N])»7TN])

CC=F IN)®{ ] .~ 1.,7(AS2I2NsT(N}*ITN))'=TAU*ZNsA4=QN/
x(A5*{ZN+T!N;s2TN))

TNI(N)S(PN‘N)~CC) /88

EN{H) =P,

DY 11 1I=2,M1

Aley 382e0ALANMIG (1)) Dong

lat;.#.ﬂTé?C=PHg1)1,1_-5:-qT¢/TN!13;..2’,‘pc'1~‘1’,

GNC Y R=STONET .o (oMU al)oPN(To1)))eglRT(, S(PNITsL)av2-
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7

S
77

61

1M1

WBNU 1) 282)/ (b, wHeh,al20TNCLT)Y))
cON,TNVE
00 y I=1,N
T ¥2TNCT,
P ¥ZPNL(])
6(1)26N(1])
PP y2P (1) /9,81,
Tr(ll=T(l,
c6(ry)®511.8e5¢(I)
TIME. YAULJ /3600,
1F(G(N1) Ng, o,)
- GH) 10 77
cONIiHUE
cONy | NUE
PRINT 61+TIME
FORMAY (’ TIMEz,,E 0.4)

PRTNT &

PRYNY 4o lppCllI)s 11121, NINPX)
pRIN- 30 )

PR!NT & (TY(IELy,T118L, N/ NPYX)
PRIy 60

pRIHT by B eIl y,111=1,NsNPX)
NT=32uﬂﬂ

NP4y

Tﬁuﬂglﬁﬁ,

PO "B V=g, NT
DO 101 t=2, N1
lltgiaﬁzih¥nutcll)ifgil5
z=1;*,0?u( C/PCY (P, 1) /T¢l))e(} nb otTC, 7 (l))en2)
le _07H{TC{ﬂC)*tP(13/7‘!lg.!jitl._ﬁ‘i(fp/T(l,}lizi*
0. 864, ,7Coa3 pcra(p(l)y /Tl )oe )
L= b/ ®(T{/ b ixt /T imt 1~ TOsZTL))vw?])
DELz1.=P{] »ZPR,e~-A52(Z+T {7 »T)saz /27"
w=at» TGCR © 1)) /

AFg=F i1y conboAagsC 1 oLF )

AT ((Fvi+1i=ptl Yy /74 me s L ®Atwhgaay  J1~Ctl:s LoeT(li%27 ;>
el v Tl =1y, mpAYE «GUT sl i x2Em(p it ~PULl)i1L.
sho<F {72+ 7 =272V 1w AlsANa" | &3 4T{, vt w?2T /0 ])e=2~
v 7o Uk .

Ay -1,

B, '=Hx*2,) I 72T AUN) ",

L, =+t

F cvime2+ Af3wTAUL+P T} )7 AAT®*TAUN)

CYaT U NUF

- =1,

Ciyrz?,

4 =l T~ el

O

- > .

1 -,

LH' PLJ im"tftr1k

L . '

- - F

- 3 AP

- 14 » ""-1{1‘:! £
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L=i.+.97s TC/C (PN ) /TH1 )%, -0, {70/ (]))*%2)
LT=-,27{TC/PCI*(PNTT} /T (1 i®62)% (] ,~6,. %« {T0/TI(]},*5x2}¢
L34 TR, P e (P T /T et

22z g7« T7 P V(). T('"y mit =&, TO/T(]))un?i
WZAnx ' TOR-T 01

AKXz i AB (7 T(1)wfT * "ON(]-1)x%2<-2 SPN{])uaQsPN{]+t.nx, |,
1 2 v al w2 2aC ([ ) akeel2 (] )*T 1) 8Tpe (2T ()} 02T %A% (§pn |-
AR SRS VTSR SN R YR EI-REARE LT EE R TR EY R -L SO
s (ON{ w77 )T {1}, R2* 1T | ~PN{T)SZP/Z2=-A5%7*T 1 w. *

A= (2T () w2T) e, «AR+ % PN{])aZP=2 )V )sT(11%G . 4y, A

P T el ,-FN Y e2p, 725k (2T ] 42T ) x82/2) )
YARER
g'1rvzct,-Hs, ALS#T A 0
FbT - (AR SsTA N+T (1" s/ {(ArS5aTA_N!
LI S O RS SNV E

pit =1,
C'i =7,
2N N I AV
AR =1,
R, =,
F =7,
CAL PROTUNIALVR IO F r
<1 .23 I=1 M

144 TSN T=F |
Al1=4.3847 =0 A4(G(1) . /JxxS
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lIpunoxenue 3

IPUMEP PACYETA TI'ASOJMHAMUYECKMX [APAMETPOB
1P 3ANOAHEHWA MATMCTPAJBHOIO I'ASOIPOBOZA
TA30M [JiA UCIIWTAHNM

HeoOxozumMo HalTH BpeMA 3aNONHEHHR 4 MBMCHGHME Ta30AMHAMU-
gecKux napasmerpos (faBileHMA, TeMnepaTyYpH M pacxoza) B npouecce
2aNoAHeHUA YYaCTKa MATARCTPANBHOI'O ra3onpoBOA’.

UCXOAHHS M&PAMETDH:

500 KM~ zauRa YYacTKa rasonpoBOAS;
1400 MM - zMaMeTP Ia&30NPOBOZA;
80,9 10° H/u‘? - KCNHTaTeAbHOE ZABlIEGHHKE,

L
)
Pen

19,6 1ot H/uzi- HayallpEOe JaBlCHUE,

Py =
= Tpy =275 K - HavanpHan Teumeparypa.

'Tl

H

Pcmn 83,58 - 10° H/u2 - [8BJGHUE
Teen= 230 K - remneparTypa;
d =8I,75 H/lz-c - CKOPOCTH nozbeMa Iasa B ceveHuu X = O,

PaueHue

OnucaHHne BHES XAPAKTEPHCTHXM I'as3onpoBOxd M YCIOBMA 38 -
MOJNHEeHHA XAHH B nporpaume (Cm.nmpma,2). llpuBeaeM pacnmevaTKy pe-
3yNBTATOB pacyerTa ¥ IPAQUKH R3MEHEHES I'a30AKHAMUYSCKMAX NapaMer-
DOB BO EDEMEHM B Da3IMUENX COUGHMAX Trasonposoga (puc.4-~7).
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Puc.4, Waumenenue nasnenus rasa (P) Bo Bpemenu (t )
B Hayale (I) u xoHue (2) 3anoaHAEMOro rasonpoBoza
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G, 105M3/ 4

0 a0 40 60 tu

Puc.5. liauenenue pacxoza rasa ( G ) no spemeinm ( t )
B Pa3JMuUHNX CEUYEHMAX T'a30NMpoBOxa:

I -0 My 2 - 250 xM; 3 - 416 ku

36



Puc.6. Pacnpeaenernue paBaerus rasza (P) no gauHe ra-
aonpoposa (L ) B Pa3iMYHHE MOMEHTH BPEMEHM:

I =092 2 -4 y: 3-10v4: 4 -20049: 5 - 30 yu:
' & = 40 q; 7-60q | '

57



—

Q 20 40 60 ¢,y

Puc.7, Wamedenue remneparypu rasza (1) Bo Bpe-
MeHK ( t ) B pasiiMyHHX CeueHMAX I'a3onporoza:

I -~ 80 xm; 2 - 160 ku; 3 = 250 wM; 4 -~ 500 xu

34



llpunoxeHue 4

[IPUMEPH [IPHBIMXEHHOTIO AHANWTUYECKOI'O PACYETA

TA30AMHAMMYECKAX TIAPANETPOE B HPOLECUCE 3ANQM]-

HEHWA MATMCTPAJNIBHOI'O TA3ONPOBOAA HPUPOLHLIM
PAS0M AJH UCTIHTAHUA

ipuuep 1.
HeoGxoxumMo HAllTH BDeMA 3alONBGH#AA YyuacTKa TPyOONpPOBOZzA

rasoMm, K3MeHeHKEe AABAGHMA rasa BHYTPHM 3aNOAHAEMOr0 YYacTKa BO
BpeMenM (B ZAHHOM NpuMepe NDPUHKMASTCH, UYTO 3aMePH ZAABAEHMA
Npou3BORATCA B cevyeHuAx X =0 ¥ x = 200 mu).

cxopHue nmapaMeTpH:

L = 200 KM - AJMHA YuacTKa ras3onposona,

I = I400 MM ~ zu#aMeTp rasonpoBOZa;

Jﬂmﬂ_ 80,9 10° H/nz ~ HCNHTaTeJNbHOE ZAABIEHAE;

P, = 0,98 10° H/n - HAYaJbHOE HaBXeHME I'a3a B8 rasonpo-
BOZE,

L = 8I,75 H/uz-c - CKOPOCTH MOADEM3 ABBIAGHUA BO BXOO-
HOM CeuYeHMM 38UCAHASMOTO YyHACTKA;

C = 450 M/c ~ CKOPOCTH 3BYKA B METaHe;

A = 0,02 - KO3QPHALKEHT I'UZPABAMYECKOTO CONMPOTHBIACHHA,

Pemenus
(IpuMen Cleypuyw NMOCASAOBATENBHOCTH pacveTra.

1. 3agzaeM BeAUYHHY ZONYCTUMOA NMOIrpelHOCTH KU3MEDEHUA ZaB-
JEeHKA MAHOMETpaMK C KJIAccoM TouHocTH 1,5 no gopuyane (39):

§ = 0,005+, = 80,9.10°+0,005 = 0,4+10° H/u°,

2. llo Qopuyne (40) onpenendesm Bpeus 3aNOIHEHUA RARHOTO

y9acTKa I'a30NPOBOAA NPUPOZHHM TasoM 70 MCNPTATEABHOrO AaBie-
HUA S

L 2°8175-002 - (2 -10°)3
san™ 3-(3,14)2 (4502- 14392 10° °

5 - ~—
M_ﬂﬂl 90_(___522 05 4 »=33y.

3 04-10%(450)°. 143,92 -10° (3,14)*

gyl

35



3, OmpegennsM T, K t, WS coormomeHMR (34) m (36):

.TA21\8
T, = 2+81,75:0,02+ (2-10 =2,2 1,
3.(3,14)c « (450)" « I,4+3,92.1

b o 80,9:10° = 0,98+ 10° _ s0 1 o

¥ 8I,75+3600 ’

4, To dopuyaam (30) u (38) HaxoxumMm M3MEeHEHHe AABASHHA ra-
38 B Hayalle B KOHL6 3aNONHAEMOro ywacTKa, PesynpraTH pacyeroB
NPUBEGHE B T30l.Z.

Tadaumna <
i
! 3MEHGHHME JaBICHUA I'A338 BHYTDPH 3aNONHASMOI'0
Bpeus, 6 {raaonponqna (10> H/Mc) B pPasIMYHNX CeYeHMAX
!

S S
| AaBleHse rasa Ha 0 KM AaBIEHEE rasa
|

i Ha 200 xu
0 0,98 0,98
2 6,86 1,76
4 12,75 5,69
8 24,52 16,48
16 48,06 39,92
24 71,61 63,47
28 79,95 76,91
50 80,93 178,77
53 80,93 80, 54

TakuM o0pa3om, B pe3yJbTaTe PaCUETOB NOAYYEEM BEIUUUHY
BPeMeHU 3aNOiHeHus ( U,,, ) ¥ XapaKrep U3MEHEHUA AABAEHNR ra-
38 BHYTPM 3amoNHAEMOI0 yvYacTKa.

flpumep 2,

HeoOxoauMo B ceveHuax X = 0, x = I50 M, X = 300 xm
HaUTHM napileHne KAk QYHKLUMO BpPEMEHM.

AcxonHHe mapaMeTpu:

40



Picn= 80,9-10° H/u®;
o = 54,5 H/n?'-c;
P, = 0,98-10° H/u®;
C = 450 M/c;

A = 0,02,

Penenxe

1. o fopuyae (39) Haxoguu & 2:

& = 0,00S-Pucnt (),,MIOg H/u",

2. llo opuyne (40) Haxomum Cagn
t3M= *57 Ye

5. Mo gopuynam (34) u (36) ompezessiew ¥ = t, :
TD= u,g q, tﬂ & 40'?5 Ye

4, BelIMUKKY ZnaBICHAA rasa BHYTPM IasonpoBona I10 BpeMeHN

HaxozuM no gopmyne (30) B cevuenur X = 0, no Hopuyne (37) »

COUYSHHUH X =—%-— L = I50 M, no dopuyzie (38) B.ceveHun X =

= [. = 300 kM., PesyarrTaTs pacueTror HNDMBEeEH B Tal:,3,

Tacauna 3
W—m

Bpous, % | Soliponana (105 B/AC) 5 paskaumix bederknr |
0 0,98 0,98 0,98
4 8,83 4,02 1,96
8 16,67 9,71 6,77

I2 24,52 16,58 13,34
Ie 32,37 24,03 20,6
20 40,22 31,68 28,15
> 48,07 39 43 35,9
8 55,92 47,28 43,65
32 63,76 55,13 51,5
56 71,61 62,98 59, 35
40 79,46 70,83 67,2
44 80,93 73,87 73,87
48 80,33 77,5 77,5
2 80,93 78,67 78,67
57 80,93 80, 54 80, 54

41



B peayapraTe pacueTOB MOJYYEeHH BEAHYMHH BDEMEHM 3anoilHe-
HAA M ZABIGHUM rasa BEYTDPH Ta3onpoBozd B Npouecce 3aN0JIHEHMA.
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