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Fpynna EQ2
PYKOBOASAMUHN TEXHHUYECKHMU MATEPHAJ

PACYET JHHAMHYECKHX XAPAKTEPHCTHK

BAPABAHHBIX KOTJIOB PTM 108.031.101—76

Yxasanuem MuHMCTEpPCTBa IHEPreTHYECKOrOo MalUMHOCTPOGHUA OT 14 ausapa 1976 r. Ng MC-002/266 seepeH
KaK peKOMEHYyeMbl

Hacrosmufi pyxosomsmuii Texnnueckuii matepuan (PTM) pacnpocrpansiercss na GapaGanhble KOTJHI
60/1bLIOH NPOH3BOJAHTENbHOCTH, BHIIyCKaeMble 3aBofaMH MHHHCTEpPCTBA 3HEPreTHUECKOr0 MallIHHOCTpOe-
HHfl, H YCTaHaB/NHBaeT PEKOMEHAYEMYIO METOJMKY pacueTa [AHHAMHYECKHX XapaKTepHCTHK OapabaHHbIX
KOT/JIOB TNPH DPAa3/JHYHBIX BO3MYINAIOIHX BO3NEHCTBHAX Ha HOMHHAJbHOM PEXHME H Ha peXHMax, OTJHY-
HBIX OT PacyeTHOro; HaeT PeKOMEHAAlHH IO ONpefeJeHHI0 HeOGXONHMBIX AJs pacueTa JNHHAMHYECKHX Xa-
pPaKTEePHCTHK BeJHUYHH.,

Vudopmanua o nHHaMHUeCKHX CBOMCTBAaX KOTJOarperata HeoGXOZHMa I/ CO3NaHHS COBPEMEHHBIX
3IHepro6JOKOB, cocTOALIUX U3 O6apabaHHOrO KOTJia M TYPOHHBI, OTBEYAIOMIHX BO3POCIUIHM TpPeGOBAHHAM
K TOYHOCTH MOANepMaHHs TeXHOJIOTHUeCKHX mapaMeTpoB. Takyio HHPOpMaUHio HeOGXOAMMO NOJyYaTh pac-
YETHHIM NyTeM B Npoliecce NPOEKTHPOBAHHA KOTJOarperata H ero CHCTEMbl aBTOMaTHYeCKOTO YNpaBJieHHS.

Yuer HecTalHOHapHOCTH INPOLECCOB MO3BOJSET NOBLICHTR HAaLEXKHOCTb M SKOHOMHYHOCTb KOTJO0arpe-
TaToB BCJEACTBHE yJAyulleHHS JHHAMHUYECKHX CBOHCTB 06ODyNOBaHHA H ONTHMM3alMH CHCTEMBl peryJ-
pOBaHHS.

B PTM n3a0xeHb OCHOBHbIE OCOGEHHOCTH MNpOIECCOB, NPOHCXOAAWHUX B GapaGaHHBIX KOTJaX NpH He-
CTalHOHADHBIX PeXHMaX, AaHbl PEKOMEHAALHH IO COCTABJEHHIO PACYETHBIX CXeM Ha OCHOBEe TeXHOJOorHye-
CKHX CXeM KOTJa, NpHBefeHa cHcTeMa AH(p(depeHUHaNbHBIX H ajre6paHyecKHX YPaBHEHHH, ONHCHIBAIOIIHX
IIPOLIeCChl, IIPOMUCXOAsIIIIHE B KOT/Ie NPH BO3MYIIEHHAX, JaHbl BCIOMOraTe/bHbie rpadukH, obieruaiomuiie pac-
yeTbl JHHAMHYECKHX XapaKTepPHCTHK GapaGaHHBIX KOTJIOB.

B npusoxeHHH 1npHBeleH NpHMEpP pacyeTa AMHAMHUYECKHX  XapPaKTEePHCTHK Tra3oMa3yTHOro KoTJa
670 T/u, NPOM3BEAEHHBIN C MPUMEHeHHeM LH(POBLIX ¥ aHAJOroBbIX BBIUHCIHTEJIbHBIX MALIHH.

PTM cocraBien Ha ocHOBe pabot, BeinosHeHHblX B IIKTW wum. WU. W. Tlonsynoma [1—9, 11, 12,
15—17, 21, 22, 24—33), 1 pa6oT APYrHx OPraHM3alHil, HCIOAb3YIOUIHX [Js HCCJAefOBaHHH JHHAMHKH Ten-
JI03HEPreTHYeCKHX OOBEKTOB MeTOJ COCpefoToueHHbIX mnapametpos [10, 13, 14, 18, 19, 23, 34], ucnoan3o-
BaHbBl aHaJHTHYECKHE 3aBHCHMOCTH H OGO3Hauenusi, npuBelenHble B HopmaTHBHOM MeToZe TemJOBOrO
pacuera [21].

Hspanue otimyuansHoe
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1. OCHOBHBIE YCJIOBHbIE OBO3HAYEHHS

1.1. KOHCTpYKTHBHBIE BeJHYHHBI H KOODAHHATHL

£— KOOpAHHATA BPEMEHH, C;
F,— noBepxHocTh Harpesa, M?;

J— nsomane nomnepeyHoro ceyeHus, m?;

V — reomerpuueckuil 06beM UHPKYJIALHOHHOIO KOHTYpa ¢ Gapa6aHoM M KOJJEKTOpaMH, M3;
V"— o6beM mnapa B TpyGHOIl CHCTeMe LHPKYJSIHOHHOIO KOHTYpa NO[ 3€PKajoOM HCnapeHus, M3

V., — obbeM napa Haj 3epKanoM Hcnapenusi B Gapabane, M3

Vy — cymMapHbIit 06beM mapa B UHPKYJISIHOHHOM KOHTYpe, M5
V/— BoxsiHO# 06beM LUHMPKY/ALHOHHOrO KOHTYpa, GapabaHa H KOJJEKTOPOB, M3,
V,— BHYTpeHHHH, FeOMeTPpHYeCKHA 00beM pacuyeTHOro ywactka, M3
F, «— njnomanp 3epkana ucnapenus B 6apabane, m%
h— ypoBenb Boxsl B Gapabane, M;
G,;— Macca MeTaJ1a TPy6 H KOJJIEKTODOB pacyeTHOTO yyacTKa, Kr;
Gy s— aKTHBHAs Macca MeTal/la UHPKYJSLHOHHOTO KOHTYpa, KT;
{ — nnvHa TpY6, KOJNJIEKTOPOB, M;
n— KOJIH9eCTBO TPYO, KOHTYpPOB H 1p.;
Gy, x— Macca Metasaja KoJaJeKkTopa, Kr.

1.2. Pexxumuibie H (PH3MYECKHe MapaMeTpbl BOZONAPOBOTO TPaKTa:

Dy, Dy, D", D', Dy,,— pacxon paGoueil cpeibl COOTBETCTBEHHO B 3KOHOMaiisep, B 6apaGaH KOTJ1a, H3
GapaGaHa KoTJa, NOcJde TOYKH BIpLICKA, BIPBICKHBAEMOH BOJABI, Kr/c;
D,— pacxon paGoueii cpeibl B KOHHE PacueTHOTO YuacTKa, Kr/c;
Psor Pi» Per Do Py Pp— RaBJeHHe pabouell cpefil COOTBETCTBEHHO Ha BXOJe H BbiXode M3 3KOHOMaii-
3epa, B GapaGaHe KOTJa, nepef peryiupyiomnmu Kaananame LBJIL u nocae
HHX, Ha Bhixoge u3 LIBJI, Krc/cM?;
Pp;— RapJenue paGoueit cpelbl Ha BHIXOAE H3 PACYETHOTO YyacTKa, Krc/cm?;
B 8y, 0", 8,— TeMnepaTypa paGouell cpeibl COOTBETCTBEHHO Ha BXOJe B 3KOHOMaiidep, Ha
BXole B 6apabaH, B HHPKY/ISIHOHHOM KOHTYpe, Ha Bhixofe u3 LIBJI, °C;
§,— teMnepatypa paGoueil cpeibl Ha BbIXOHe M3 ydacTka, °C;
f,,— TeMnepaTypa MeTalia pacyeTHOro yyactka, °C;
(A’8,)— TeMnepaTypHBIT Hamop Ha pacyeTHOM YuacTke, °C;
Ysks 73— IWIOTHOCTb BOJbI Ha BXOJe H BLIXOZE IKOHOMaf3sepa, Kr/m3,
Y’, ¥"— nJoTHOCTL BOABl M mapa Ha JMHHM HACHIUEHHS, Kr/M3;
;— TJIOTHOCTb paboueil cpelbl Ha yuacTKe, Krim3;
Yn— MJIOTHOCTb MNeperperoro mnapa, Kr/m?
bas £y, [p— SHTAJBIHS BOJABI HA BXOoje B JKOHOMafi3ep, Ha Bxofe B 6apabaH, Ha BHIXOIe
u3s LIBI, kkaa/Kr;
i’, i — auTasbmds BOABl M Napa Ha JHHHH HACHIULIEHHH, KKaJ/Kr;
{;— sHTanbnnst paGouell cpellbl HA BLIXOJE M3 Y4acTKa, KKaJ/KT;
Cy;— TEeIIOEMKOCTh MeTasla TPy6 pacueTHOro ydyactka, GapabGaHa, KOJJIEKTOPOB,
Kkasa/ (kr - °C);
a)— KO3 PHIHEHT TeNIOOTAAUH OT CTEHKH K paGoueit cpeme, kkaa/(m2-°C-c);
k,— Ko3ppHUHEHT TemJonepeiayH OT ABIMOBHIX Tra3oB Kk pa6ouyeir cpexe,
kKkaja/(m2-°C - c);
®,;— CKOPOCTb 1apa Ha PacyeTHOM yyacTke, M/c;
®,— CKOpPOCTb BOAbl B 3KOHOMaf3epe, M/c;
2;—KO3p QHIUHEHT TeNnJOOT/] auMN KOHBEKIHeH Ha pacueTHOM YyuyacTke,
Kkaja/(m?.°C-c);
9,;—KO3pOPHUHEHT TenJOOTHa4YH H3JyUeHHEM Ha pacYeTHOM yyacTke,
kkaa/(M?-°C -c);
©— J0JIs1 ceueHHs TPyObl, 3aHATAS IAPOM;
@’ K03 dHIHEHT COXpaHEHHS Tenua;
Q;— CTeNeHb YepHOTHl TOMKH;
W, — CKOPOCTb LHPKYJSLHH, M/C;
o o or o oV
v o ok, ok

35 a—‘;x_!—l’ —d—ag)-, m—-qacmme NPOU3BOAHEIE.
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1.3. Pe:xxHMHble H (H3HYECKHE NapaMeTpbl rasoBO3JYLWHOIO TPaKTa:

B — pacxon ronausa, kric;

L — pacxoj Bo3ayxa, Kr/c;

a, — K03 HIHeHT H36LITKa BO3AYXA;
Q,— Tensio, BHOCHMOE BO31yXOM, MOCTYNaloOUlHM B TOMNKY, KKaJ/c;
Q,— TenJio, BHOCHMOe B TONKY PelHPKYJHPYIOIHMH ra3aMH, KKaJa/c;
Q"— HH3UIask TenJoTa CrOpaHHS TONJIMBA, KKaJ/Kr;
QP-— pacroJsiaraemoe Teio Ha 1 Kr TON/IHBa, KKaJ/Kr;

Qi—ren.uo BOCIPHHHMaeMOe PacueTHBIM Y4acTKOM, KOHTYPOM, KKaJ/c;
Q,— KONHYeCTBO TemJa, BOCNPHHHMAeMOro UHPKYJISIHOHHBIM KOHTYPOM B TOIKe,
KKaa/c;
Qyx — KOJHYECTBO Tell/ia, yHOCHMOE H3 TOMKH C YXONAHIHMH ra3amH, KKaJu/c;
6,~— 110J1€3HOE TeNJIOBbIAe/IeHHe B TONKe, KKaJ/Kr;
l;, 8,— sHTanbNHA K TeMnepaTypa BO34yXa, NOCTYNAIOIEro B TONKY, KKaj/kr, °C;
#,— TeMnepaTypa ABIMOBHIX Ta30B Ha BHIXOJE M3 PacyeTHOro ywacrtka, °C;
8, T,,-—Izmr;gpafypa rasoB, Koropast Gbi1a Obi IIPH aAHa6aTHYECKOM CroOpaHHH  TOMNJIMBA,
s ’
I, — 3uTaNbINA BO3AYXa, MOCTYNAIOLIETO B TONKY, KKaJ/Kr;
[,— sHTanbnusi PeNHPKYJHPYIOIIMX Tra30B, MOCTYNAIOUHX B TONKY, KKaJ/Kr;
r — Ko9(ppHUHEHT pelHpPKYJISLHH;
a)— KoohdHIHEHT TEmI00TIaYH ra3’oB K cTeHKe Tpy6H, Kkaa/(m2-°C-c);
,i— CKOpOCTh ALIMOBBIX ['a30B Ha PacuyeTHOM yuacTke, M/c;
— possi Tenaa, BOCMPHHHMAEMOrO M3 TONKH LHPKYJ/SUHOHHLIM KOHTYPOM:
V"—— TeopeTHUeCKOe KOJHUYEeCTBO BO3[yXa, Heo6XoAuMoe Al MOJHOro cropaHus 1 Kr
TOnJIHBa, M3/Kr;
T — anuaGaTH4ecKas TeMnepaTypa ra3os Ha BHIXO/le M3 TONKH, K;
— cpeaHsAs TeMnepaTypa AbIMOBbLIX I'a30B,
[P_ 3HTAaJbIHA ABIMOBHIX ra3oB B KOHLE yqacrxa, KKaJI/Kl"
I, I — 3HTaJbNHA [ABIMOBHIX 'a30B U BO3AYXa B KOHIlE TONKH NPH @y, KKaJ/[Kr;

Vr—— o6beM rasoB Ha | Kr cropesllero TONJIHBA, NPH H30bITKE BO3AyXa PaBHOM, dr.

M3/Kr;
dam-_ 0k 0k¢ Oki .
B—m—r; , -a-a: N dﬂu aw — YaCTHbI€ NPOH3BOAHbLIE;

1, V — 3HTaJbNHA H 06beM ABIMOBLIX Ta30B Ha | Kr cropesiero TONJHBA NPH
ar=1, KKaa/kr, M%/Kr;
I,— 3HTaNbnHg NPOAYKTOB cropaHus, paBHas Q, npH u3bbiTKe BO3AyXa B KOHLE TONKH,
KKaJ/Kr.
1.4. OTHOCHTE/NbHBIE BEJHYHHBI:

1
9, = —— — AaBJeHH: BOJbI B 9KOHOMaM3epe;
TPLTT pro
Ap;
@p; == —— — AABJEHHS B KOHLe PaCueTHOrO yuacTKa;

P :o

Pp = _h-o—'_ ypOBHsl BOAKI B GapabaHe KoTJ/a;

A,
%5, = —0;;—— TeMnepaTyphl BOAH Ha BbIXOAe H3 3KOHOMali3epa;

Af; .
%':Ej'— TeMrnepaTyph pabouell cpeiibl pacueTHOrO yuacTKa,
AD,
7\“=~D-9-:‘ — pacxojia BOAbl Ha BXoJi¢ B 5KOHOMaii3ep;
. AD;
== D, — Pacxona paboueit cpeanbl Ha BHIXOAE H3 y4acTKa;

k” ADII
= ‘5‘—? -— pacxojia HaCHIEHHOro napa H3 6apa6aHa KOTJ1a;

A

Py = —O%-—— TENJIOBOCNPHATHSA Ha PaCYETHOM YUacTKe;
2Qu_ TEN/JIOBOCNPHATHSA TenJa UHPKYJISIHOHHLIM KOHTYPOM H3 TONKH;
AB

#5==—p~-— Pacxoja TONIHBA B TOMKY KOTJa;

1*
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AL
= y pacxonra Bo3ayXa B TOIIKY KOT.Ja;
]

AY;
Py, =g, — TEMNeEPATypH ra3os Ha yyacTke;

Ay
%L::-——Temnepa'rypbl ropsiyero Bo3ayxa, noctynaouiero B TOTIKY,

[

Amy , Am;
Pr=p—i b= o noJioxkeHnsa Kiaananos nepex LIBJL u LICA.

10

BeanuyuHbl [OJ11 HCXOZHOTO CTallHOHADHOTO PexXHMa HMeloT HHJeKc 0, BeJIHUHHBI Ha BXOJe H BHIXOJ/e
yyacTKa HMeIOT HHAeKChl {— | H { COOTBETCTBEHHO.

2. MTPHHATDBIA METOA PACYETA JHHAMHYECKHX XAPAKTEPHCTHK
BAPABAHHbBIX KOTJIOB

2.1. llenblo pacueToB fBJSIETCS ONpeHesIeHHe KOMIJIeKca AMHAMHYEeCKHX XapaKTepHCTHK GapaGaHHbBIX
KOTJI0AarperatoB B o6beme, JOCTATOYHOM MAJsi OLEHKH KOHCTPYKUHH KOTJoarperarta NpH CO3JaHHH CXeMbI
2BTOMAaTH3aIHH.

2.2. JinHaMuuecKHe XapaKTepHCTHKH OapabGaHHOro KOTJa ONPefeNsioTcs MeTONOM MaTeMaTHYeCKOro
monenupoBanusi. OCHOBHOUH 1eJIbI0 MOJEJHPOBAHHA NPOLECCOB B KOTEJbHOM arperarte SIBJSIeTCSI NOCTpoe-
HHE TOYHBIX WJH YNPOUIEHHBIX MOJeJed AJSl BBISIBJEHHS [HHAMHYECKMX XapaKTeDHCTHK H OLEHKa BJHSA-
HHSI Ha 3TH XaPaKTEPHCTHKH KOHCTPYKTHBHBIX H pPeXHMHBIX (akTOpOB.

2.3. MaremaTuueckasi MOJe/b CO3JaeTcsl B NPEINOJOMXKEHHH, YTO KOTeJbHBIH arperar siBjisieTcsi JHHel-
HO#l JeTePMHHHPOBAHHO CHCTEMOH B YCJOBHSAX MaJblX BO3MYILEHHH.

JInHeapH3alus [epEeMEHHLIX NPOU3BOLHTCS OTHOCHTEJNLHO 3HAUEHHH MEPEMEHHLIX BEJHYHH B HCXOLHOM
CTallHOHApHOM cocTosiHHH. TlapaMeTpbi, XapaKTepH3YlolilHe HCXOLHOe COCTOSIHME, a TaKiKe KOHCTPYKTHBHBIE
nmapaMeTphl PHHHMAIOTCS NOCTOSTHHBIMH Uil KaXKJIOro pexHMa.

2.4. KoTtesibHbiil arperaT pa36uBaeTcsi Ha 71 pacyeTHHX YYacTKOB, /ISl KaXAOro y4acTKa IPOH3BOJHMTCH
MaTeMaTHYeCKOe ONHCaHHe NPOUCXOAMIIMX B HeM HeCcTal[HOHApDHHIX IMPOIECCOB NYTeM COCTaBJEHHS JIHHEM-
HBIX AHddepeHUHalbHBIX YDaBHEHHH H COBMECTHOTO HX peIIeHHS OTHOCHTEJIbHO BBIXOAHBIX KOOpAHHAT
[PH pasJHYHBIX BO3MYIIAOUHX BO3A4eACTBHAX. Bce pacueTHble yuyacTKH paccMaTpHBAIOTCS KAaK YYaCTKH
C COCPeJOTOYEHHEIMH TlapaMeTpaMH.

2.5. B xauectBe HCXOAHOH HMHPOpPMALUH HCMOJAb3YIOTCA KOHCTPYKTHBHBIe XapaKTePHCTHKH KOTJa, Teln-
JIOBbI€ W THApABJHYECKHE DacueThl Ha pa3/JHUHblE PEXHMBI, a TaKxe pacueTbl UHPKYJAUHH.

2.6. PacueThl AMHAMHYeCKHX XapaKTepHCTHK AO/KHBI NPOH3BOAHTbCH He MeHee ueM AJsA ABYX pexXH-
moB (100 u 50% OT HOMHHAJBHOIO) NpPH PA3/JHYHBIX BHEWHHX BO3MYLIEHHSX.

st ra3oMa3yTHHIX KOTJIOB AOMOJIHHUTE/NBHO ONpeesioTCsi JAHHAMHYeCKHe XapaKTepPHCTHKH ajasd pe-
xuma 30%.

2.7. BHeWIHNMH BO3MYHIEHHSIMH, HE 3aBHCAUIHMH OT BHYTPEHHHX KOODAHHAT CHCTEMbl, NPHHHMAIOTCS:

pacxo/l NHTaTebHOU BOIALI B KOTEJI,

pacxoll TONJIHBA;

nepeMelileHHe PeryJHPYIOLIHX KJIanaHOB TypOGHHEL,

pacxolbl BOAB HA KaxAblil H3 BIPHICKOB;

pacxon ofliero Bo3ayxa;

pacxof TONJHBa H OOLIEro BO3AyXa;

nepeMellleHHe peryJHPYIOIHX KJanaHoB oOGbeKTa pery/anpoBaHHs TeMHepaTypH BTODHYHOIO napa;

H3MeHEHHe JOJM PeUMPKYJHPYIOUIHX ABLIMOBBIX T'a30B.

2.8. Pacuer IHHAMHYECKHX XapaKTEPHCTHK BLIIOJHAETCA TMPHMEHHTENBHO K CJEAYIOUIHM YCJIOBHAM:

pacxoj MHTATEJbHON BOJbI COXPaHfeTCA HEH3MEHHBIM MPH BCeX BO3MYIIEHHSX, KpOMe BO3MYLIEHHs pac-
XOOM TMHTaTeJbHOH BOJbI;

N0JIOKEHHe PEryJHpYOLIHX KJIamaHoB TYpPOGHHB cOXpaHSeTc MNOCTOSHHBIM TIPH BCeX BO3MYIIEHHSX,
KpOMe BO3MYILEHHS CaMHMH KjanaHaMy;

pacxonsl BOABl Ha BIPLICKH NPHHHMAIOTCS HEH3MEHHbIMH TPH BCeX BO3MYIIEHHSX, KpOMe BO3MYILEHHH
BIPBICKAMH.

VkazaHHbie YCJOBHSL SBJSIOTCS TPAHHUYHBIMH MPH COCTABJECHHH MaTEeMaTHYeCKOH MOJENH O00beKTa.

2.9. TlpenycMoTpeHa BO3MOXKHOCTb pacyeTa AHHAMHYECKHX XapaKTePHCTHK ApH JI0G0H COBOKYNHOCTH
BO3MYLUEHHUH.

2.10. 3aKoHb H3MeHEHHs] BHEUIHHX BO3MYIeHHH 3aJaloTcsi. Buemnnue BO3MyIUeHHsi SBJAIOTCA BXOJ-
HbIMH KOOPAHHATAMH HCCJeJyeMOoro KOTeJbHOro arperara.

BbIxOAHBIMH KOOpPAHHATaMH JAJsi O4HO(A3HBIX Y4YaCTKOB SIBJAAIOTCS OTKJOHEHHs JaBJjeHHH, TeMiepa-
Typ, SHTaJbnHA paboOuMX Cpex, pacXoloB pabouefl cpeibl, TemIepaTyp ABIMOBEIX Ta3oB. [asi uumpkyss-
IIMOHHOTO KOHTYpa BO3MYIUEHHSIMH SIBJSIOTCS pPacXol H TeMiepaTypa NMHTaTeJbHOH BOABI, PACXOJ TOIUIHBa
H BO3JyXa.
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2.11. M3MeHeHHe BBHIXOAHBIX KOODAHHAT NPH MONEJIHPOBAHHH BbIAAETCA B BHIE BPEMEHHBIX Pas3TOHHBIX
xapaKTepucTHK. Panee onpegensiorcss craTHuecKHe KO3(QHLHEHTH YCHIEHHS HapaMeTpoB.
2.12. OnpenesenHe IHHAMHYIECKHX XapaKTePHCTHK INPOH3BOAHTCS NPH OTCYTCTBHH PeryJsiropoB *.

3. OCHOBHDIE YNNIPOWAIOUWHE JONYILEHHUA

3.1. Tlpn cocraBjieHnH YypaBHeHHHi [OHHAMHKH MPHMEHSETCS METON JIMHEapH3allWH, I03BOJSIONLU
HCIIONBb30BATh NPH HCCJEAOBAaHHAX MaJble OTKJIOHEHHS OT CTallHOHApHOro pexXHMma.

3.2. BapabanHbifi KOTesl AEJHTCS Ha Pl PAacUYeTHBIX YYacTKOB, KaXKIbBA H3 KOTOPLIX HEH3MEHEH B reo-
METPpHYECKOM OTHOLIEHHH.

3.3. HeoGorpeBaemble TpyGOnpoOBOAbl H KOJIEKTOPE NPHCOEZHHSIOTCS K COOTBETCTBYIOUIMM pPacuyeTHHIM
yuacTkaM. O6beMbl H MacChl 3THX 3/IeMEHTOB NpPHOaB/IAIOTCA K o6beMaM H MaccaM COOTBETCTBYIOLIMX pac-
YeTHBIX Y4acTKOB.

3.4. ITo xapakTepy Tenyoo6mena yyacTKH GapaGaHHOrO KOTJa pasfesiloTcss Ha KOHBEKTHBHBIE H pa-
AnaunoHHele. JIasi paJHalUHOHHBIX YYaCTKOB MPHHSATO, YTO TEMJOBOH MOTOK He 3aBHCHT OT TeMNEpaTyphHl pa
6oueil cpesibl. .

3a paaHalHOHHBIH YYacTOK NPHHHMAaeTCs IMPKYJAIHOHHBIA KOHTYp GapabaHHoro korsa. Bce ocradb-
Hble [OBEPXHOCTH HarpeBa KOTJa CYHTAIOTCH KOHBEKTHBHbIMH, HO H3MeHeHHe Ko3(p@HIHeHTa TemjaooTaauH
JIYYEHCNYCKAHHEM YYHTBIBAeTCS MO COOTBETCTBYIOLIHM 3aBHCHMOCTSIM.

3.5. Ilpu onpenenenny BeJHYHHBI aKKyMYJHPOBaHHS Temsa B LUHPKYJ/SLUHOHHOM KOHTYpPe B pacyer BBO-
IUTCS BEJIHYHHA AKTHBHOrO MeTaJjija 6apaGaHOB M KONJIEKTOPOB, H3MEHEHHe TeMmnepaTypbl KOTOpPOro cie-
AyeT 3a H3MEHeHHeM TeMMepaTyphbl HACBILEHHOTO Mapa.

3.6. Mismenenue TeMmmepaTypbl MeTasia CTEHOK Tpy6 u GapaGaHOB HHPKYJALLHOHHOrO KOHTYpa mpH-
HMMAaeTCcsl PaBHBIM H3MEHEHHIO TeMNepaTypsl HAChILEHHOro napa NmpH JaHHOM XaBJIEHHH.

3.7. O6beM nmapa B camom GapabGaHe moj 3epKajOM HCapeHHss M OMYCKHBIX TPy6ax He YYHTLIBaeTCH
BBHIY €ro MaJioro 4YHCJEHHOTO 3HauyeHHsl MO CpaBHeHHI0O ¢ oObeMoM GapabGana u o6beMOM napa B TpYG-
HOR CHCcTeMe HLHPKYJASILLHOHHOTO KOHTYpa.

3.8. Temnepatypa H 3HTaJblHA BOAbI B UHPKY/JSUHOHHOM KOHTYpe KOTJa NPHHHMAaEeTCs PaBHOH TeMmne-
patype H SHTaJbIHH BOAbl NPH [aBJEHHH HachlllleHHOro napa B 6apabane.

3.9. M3MeHenne TeMmnepaTypbl MeTaJjjia CTeHOK TpyO neperpeBaTeNbHbIX H SKOHOMaH3epHBIX Y4acTKOB
ApHHHMaeTcsl PaBHBIM H3MEHEHHIO TeMmIlepatypbl paboueii CpeAbl HPH AaHHOM AaBJEHHH.

3.10. Onpenenenue BeHYHHb MaTepHAJbHOTO H TEMJIOBOIO aKKYMYJHDOBaHHS Ha BCeX pacCYeTHBIX
yyacTKax (KpoMe LHDKYJALHOHHOrO KOHTYypa) NMPOH3BOAHTCS NO NJOTHOCTH U 3HTAAbNHH paboueill cpeis
Ha BbIXOJle M3 yuacTKa.

3.11. MaccoBas u TenJjoBas akKKyMYy/fillus B I'a30BO3AYIIHOM TpaKTe He YyuuTbiBaeTcd. [laBjieHHe Ibl-
MOBBIX Ta30B NPHHATO MOCTOSIHHBIM.

3.12. Koap¢puunenTsl TenjJooTAaYH OT ra3oB K CTeHKaM TpPyO6 H OT CTeHOK Tpy6 K paGoueil cpene
NPHHATH TPONOPLUHOHAJbHBIMH H3MEHEHHI0 CKOPOCTeil COOTBETCTBYIOIIHX cped. Kosdpduuuents tensonpo-
BOAHOCTH paboueii cpearl, kpurepui [IpanaTns u KospGhHUHEHTH TeMNepaTypONpPOBOAHOCTH HNPHHATHL MO-
CTOAHHBIMH.

3.13. Tonka paccMaTpHBaeTcsi KaK OJHO 3BeHO. 30HBI TIO BBICOTE TONKH B pacueT He NPHHHMAIOTCH.

[Tpoueccel ropeHnss B TONKe He MoAeaupylorcs. PaccMaTpHBaioTCsi TOJBKO MNpOLECCH Temnyioo6MeHa.
IIpy 3TOM NpPHHATO, YTO NpOLECC TENnJ000MeHa B TONKe He OKa3biBaeT BJHSAHHSA Ha napaMeTpnl paGouéil
cpelbl, MpoTeKalollleli BHYTPH 3KPaHHPYIOUWHX TPYO, T. €. BCce NMOBEPXHOCTH B TONKe NPHHHMAKTCS paaHa-
LLHOHHBIMH.

3.14. TemnepaTtypa ropsiuero BO3AyXa, NOCTYMaiollero B TONKY, NPHHATa NOCTOSHHOH. B cayuae Heo6-
NXONHMMOCTH BBIfiBJIEHHS] BJNAHHS H3MEHEHHS TeMNepaTypbl ropsyero BO3AyXa Ha AMHAMHYeCKHe XapaKTepH-
CTHKH KOTJIa H3MEHeHHe TeMHepaTyphl 3TOrO BO3AyXa MOXHO paccMaTpHBAaTh KaK BHeLIHee BO3MYILLeHHe.

4. MATEMATHYECKHE MOJEJIH YYACTKOB BAPABAHHOI'O KOTJIA

4.1. 3apauu MoaeNHPOBAHHS

4.1.1. 3amaya MaTeMaTHYeCKOrO MOJAEIHPOBAHHS 3aKJIOYAeTCs B COCTABJEHHH CHCTEMBI JIMHEMHBIX
AHQPepeHUHaNbHbIX H  aireGpaHyecKHX YpaBHEHHA C NOCTOSIHHBIMH KO3 QHUHEHTaMH, CBA3BIBalOHIei
BXOJIHbleé H BBIXOAHBIE KOODAHHATHl PacyeTHBIX YYaCTKOB H B peleHHH 3TOH CHCTEMb ypaBHEHHH OTHOCH-
TeJIbHO BBIXOAHBIX KOOPIAHHAT C HEJbIO NOJYYeHHS NHHAMHYECKHX XapaKTepHCTHK Ha JBM.

4.1.2. BapaGaHHbiii KoTesa npenctaBasieT OG0/ AMHAMHUYECKYIO CHCTEMY, KOTOpasi IpH MOAEJHPOBaHUH
pasgeJsieTcss Ha OTAeJbHble B3aHMOCBA3aHHble 3BeHbs, ofpa3ylollie MOBEPXHOCTH HarpeBa H HeoGorpemae-
Mble Y4acTKH.

4.1.3. BapaGaHHbBI/l KoTesi mpu pacuyere AHHAMHYeCKHX XapaKTEPHCTHK pa3GHBaeTcss Ha 2 rpynnbl
yuactkoB. K mepBofi rpynne OTHOCHTCS UHPKYJASLHOH HBIl KOHTYp KOTJa KaK y4YacToK ¢ [AByXxda3Hoi
cpenoil. ITOT KOHTYp SIB/ISIETCS MHOTOMEPHOM [HHAaMHYECKON CHCTEMON, BXOMNHBIMH KOOPIMHATAMH KOTO-

* JlHuHaMHKa CHCTeM HOATOTOBKH TOIUIHBA He paccMaTpHBaeTCA.
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pofi ABJSIOTCS H3MeHeHHsl NaBJICHHS, TeMIepaTyphbi H pacxoila paboueii cpelbl, a BLINOAHbIMH KOOPAHHA-
TaMH — H3MEHEeHHs JaBJjieHHs napa, ypoBus B Oapabane, pacxola napa MG Oapabana, Temuepatrypa rasos
Ha BBLIXOAE H3 TOMNKH.

Ko BTopoil rpynme oTHOCATCS Bce y4acTKH KOT/Ia ¢ ORHo(a3HO# cpefoii (3KOHOMafi3ep, MepBHUHBIR H
BTOPHUHBI/ MaponeperpeBaTesu).

Iasi sxoHOMali3epa BXOJHBIMH KOODAMHATaMH SBJAIOTCA DacxXoi, TeMIeparypa M AaBjeHHE MHTaTelb-
HOH BOJBI, TeMnepaTypa [ABIMOBLIX Ta30oB Ha BXoje; BBIXOJHBIMH KOODJAHHATaMH SBJSIOTCS pacXofl, TeMIe-
parypa u JqaBjieHHe pabouel cpelibl Ha BHIXOAe, a TaKxe BHIXOAHAs TeMmiepaTypa AbIMOBBIX rasos.

4.1.4. Tennmoo6MeH MexKAy CpeflaMH H CTeHKOH XapaKTepHayeTcss KO3(DPHLHEHTAMH TelJOOT]auH.

KosbduuunenT Tenjootnaun OT BHYTpeHHe#l CTeHKM Tpy6 Kk paboueii cpele o2 3aBHCHT OT pacxoaa,
TeMImepaTyphl H jAaBieHHd paGouell cpenbi:

ag=f1(Dcp, Bcps Pep)- (1)

Kos¢ddHiseHT TennooTaaun OT rasoB K HapyXHOA NOBEPXHOCTH pasjensiiolledl CTEHKH @) HMeeT KOH-
BEKTHBHYIO H paAHallHOHHYIO COCTaBJifIOLIHE.

KonBeKTUBHAs COCTaBJSAIONLIAs ¢, 3aBHCHT OT pacxofa TOIVIHBA H BO3/lyXa, CPeiHell TeMnepaTtypn ra-
30B H KO3((HUHEHTa PELHPKY/IALUH:

ax=fe(B, L, Bcp, 7). (2)

Panuaunonnast cocTapasionias «, 3aBHCHT OT TeMIepaTyphl Ta30B H TeMNEpaTyphl 3arpsi3HEHHS CTeHKH
TpyOb!

Q= f3 (ﬁcpv T:M:) . (3)

CuynrtaeTcs, 4T0 KOI(PQPHIHOGHTH TEMJOOTAa4H MEHAIOTCH KBa3HCTALLHOHApHO.

4.1.5. CratayecKne OTKJOHEHHSI NapaMeTpOB ONpeAe]dioT MO CNelHa/ibHOH nporpamme Ha UHGPO-
BOI BbiYHC/AHTEeNbHOA MamnHe (IIBM).

4.1.6. MomeaupoBanue npousBoAuTcs Ha ABM n cBOgHTCS K HHTErpHPOBAHHIO BO BpPeMeHHOH o06Ja-
CTH OGLIKHOBEHHBIX JHHEHHBIX AHGpGepeHUHaNbHbIX YypaBHEeHHH.

4.2, CucteMa ypaBHEHHHA JJf UHPKYJASUHOHHOrO KOHTYpa

4.2.1. Hecraunonaphble npouecchl B UHPKYJSILLHOHHOM KOHTYpe ONHCHIBAIOTCS CHCTEeMON OOBIKHOBEH-
HBIX AHG(epeHHabHBIX YPABHEHHH, BKJAOYalOmMHUX InddepeHnnabible ypaBHeHHA MaTepHajabHoro O6a-
nanca (ypaBHeHHe CIJIOLIHOCTH), YpPaBHeHHe TEMmIOBOro GaJjaHca (ypaBHeHHe 3HepriH), ypaBHeHHe pac-
xoja paGoueil cpeabl, (ypaBHeHHe ABHIKeHHS) H TemaoBoro OajaHca ra3oBO3JYIIHOTO TPaKTa, 3alHCaHHOe
B aiare6panueckoil ¢opMe. CxeMa UHDKyJSILHOHHOrO KOHTypa AaHa Ha uepT. l.

4.2.2, YpaBHeHHe MaTepHa/bHOTO 6ajalica B NpupalleHHsIX HMeeT BHJ

CxemMa ILHPKYJNAIHOHHOrO KOHTYpa ADl _AD" = _,‘117(‘/'7’ + V:_.‘,’"). (4)
P .D;’ 5, L'Il

? YuutmsaeM, uto ¥ =f4(Pe); Y =Fs5(ps).

Ha ocHOBe NMPHHATBIX AONYUIEHHI MOXHO HANHCAThb

Ay oydps Ay’ oy dps.

G T ope A5 A —ope @’ ©)
i Dy—> MMO3TOMY HMeeM
oy "\ dps av’ av,
" __ r b LI g ' " X
AD,—AD "(V ars T Vrap.—,) ki rai a S ralE O))
O'{CBH}IHO, 4yTo Cl'lpaBELUIHBH CJleIllellll'le 3aBHCHMOCTH:
— V' '+ V= V=const; )
Qy — i . .
avy av . . ,
— _——. Vi=V Vs— Vg,
17 dfr . df z + (Vs o) (8)
Torga:
AV;:AV' ——A(lez) s )
avy dv’ dh
—ar =ar —Fsuars (10)

roe Vs — o6beM Gapabaua, M3,
Vs—o6beM Bofbl B GapaGane, M.
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IMpuHaMas Bo BHUMaHHe 3aBucHMocTh (113), nonyth U3 ypaBHeHHs (6)

, dD" dh
AD, —AD" =k ° LAY Ty

— 'dT .o r ll dV"

'
kz = ('\" “7,')“5'1')7; k3 = (TI — T”)Fs.uo
IMepexons K OTHOCHTENILHHIM BeJHuHHaM, GyleM HMeTb

M—M =T ps— Tg)\:” + Taqn,

-{ ’ , V'I
rae =% [V, o T V~ ops (+'—1") dpa}

V"
T? = ( ) oD ’
Ty=-%5—~0G"—1");

P6, Pr, A7 — CKOPOCTH H3IMEHEHHS e, Pr, A
4.2.3. YpaBHeuue TemjaoBoro 6ajsaHca B NPHpalleHHAX HMeeT BHJ

ALDy + Qu— D) = g (VY'Y + Vo't +¢,G,,0,) -
[IpunumaeM, uto

i'=fe(Pe); i"=[1(Ps); ir=fa(p1, 0:).
Ha ocHoBe npHHATHIX mONylleHHA MOXHO HaNHCaTh:

A9 M= A’G”;

[Tostomy HMeeM
. 77 . " ’ ) o f ndi" llaT
4D, + AQu— VAD" + Didiy — D=V (v o 35) - Vi (v 3+ G +

”

ae dpﬁ + . an
+ C“Gu a ap ] =t — (T'L, — ?IILII) __&_t__ .

YynreiBas 3asacumoctd (113), (5), (7) — (10), (14) — (17), noayuum

’ ’ » ' v ’ ’ dp6 dD” dh
aAD, — a AD" + aAQu+ aldp, + aA0 — adps =k, —— — ky — + ke 7
rae a=—; a;=1;
’ —_— l r Dl dll
aa— —['r a4 - dp
d_gﬂ..DWh
T G
L i Lt o on 0" i o rer ,, an OV
& [ ( dpo)+ v (T s T * 01’6) + C“G“o — ' ) apﬁ]

. OV” F,, "y
k5 b —z;,-(“{’l:, — ‘{”L”) -a'b-:;, ’ kﬁ £ l" ("{ i i’).

Hepexonﬁ K OTHOCHTEJIBHBIM Be€JHUHHAM, NOJYYHM
d dar” d
ahy — Qs -+ @y + @y - AsP01 — Qe¥s = T j;ftg — T 5 T Ts £

dt ’
kegh
DII ;

Po
rae Ty=kips Ts=k; Ty=

(11)

(12)

(13)

(14)
(15)

(16)

(17

(18)

(19)

(20)
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_ 23Qu __ Qu
3— D7 —7"D"
L 4 iy
CSTDT T T ap
ay;== a;?,l —-2;1,—- ol s
5= D 7 00,

4.2.4. YpaBHeHue TenyioBoro 6aJjaHca ra3’OBO3AYMIHOrO TpaKTa JAJisl TONKH HMeeT BHJ

Qo= 9% (Q,— Q).

rle Q,— Tenjo, BHECEHHOe B TONKY, KKaJa/c;

Qyx — TEnJ0, YHOCHMOE H3 TONKH YXOMALIWMH rasaMmH, KKaJj/c;

Q=QB8=(@+al,+1r)B=Q@B+Q,+Q, (22)
rae Qu= a.l:B; .
Q=rl,B; %="%;
Q,,=+r)Bl;
ll—lleﬁCTBl’lTeﬂbHOe KOJHYEeCTBO BO3AYyXa, NpHXojasuieecs na 1 kr TOINJIHBA, KI‘/KI‘;
lo — TeopeTHUeCKOe KOJHYECTBO BO3/yXa, HeOOXOAHMOe ISl MOJHOrO CropaHusi 1 Kr TOMJIHEE, KI/KT;
Q. — noJsie3Hoe TeNJIOBLIAEJEHHE B TONKE, KKaJ/Kr.
[lepexoass K npHpalleHHsM H NpUHHMas BO BHHMaHue, uTO [, B=L, noiyunM u3 pasencta (21)
. Q Q. . .
AQu=\[@+rl,— (41| AB+ 28+ 2 at,— B(I,— 1) Ar — (1 + 1) BAj¥'x.  (23)
Ilns onpefenennsi TeMnepaTyphl ra3oB Ha BbIXOJe H3 TONKH HMeeM BhipaxkeHHe [21]
. T,
¥ = 2 — 273, 24
¥ 4,9'?chcra1Tg 0.6 1 ( )
M\ o9 BVey +

rae 0,; T, — Temneparypa ra3os, KoTopas Oblla 6bl npH agnab6aTHueckoM cropanuh, °C; K;
M — napamertp;

Pep — CpeiHee 3HayeHHe Kodd¢HUHeHTa TenaoBoH 3(PGHEeKTHBHOCTH 3KpAHOB;
F¢: — NOBepXHOCTb CTEH TONKH, M?;

4,9+ 108 — ko3ppHUUHEHT H3NYYeHHA a6COJIOTHO YepHOro Tesaa, KKas/(m?-u.K*);
@, — CTelneHb YepHOTHl 3KPaHHPOBaHHBIX TOIOK;

Veep, — cpenusis cyMMapHasi TeJIOeMKOCTb NMPOAYKTOB CropaHHs | Kr TONMJIHBa B HHTEpBaje TeMIle-
paryp 9.—%., kxaa/(kr-°C);

Vccp=%-:—£—(1 4r)y 8,=T,—273. (25)
Takum o6pasoM, O.=fo(B, @, Vcep).[loacraasas soipaxenne pas Vo, B gopmyny (24), ncnos-
3ysi 3aBHCHMOCTH Ad;=d; i—L~%>, I,=(I.) 4 (@,— 1)1, u npunumas, uto [y=fo(0s), a Ba=F10(Qx),
nomy4nM L A® BhipaxeHue:
AB”:—.-—;AB-{— @iAL+fa—;"-Ar+0&; A9 (26)
T 0B oL or o, E
rie
1 [06(8 _8,)[] + (1;—13)},]+[1.8(e,—a;)*04]_0i” }
B NB |°Va— Y Q1. %+ 273 ¥ | Bg, *e >
0% — 18(8,—9;
L= ;:L {0'6 (3. —9%) (l,:_::'*'[ aa(+273 ) ‘0’4]'%'?1“}; %: 'g%'")a-a,;
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®, . I, 1 18 (8, — ;)
77:—,\7;{0,6(88—%)-%01_, +-1+r)_[ iz O dQ i
o 9, — 9, 1.8 (%, — 9;) 108, ) 81, .
N _{0’6 Q. —1, _[ -0’4J a} 89, 7

Iy
Ny %, 273
©s)
- —1
[ Py + (o

or,
: ] 8V, + 18,

T
N\ =
T 0,

—9,  0,6(%,—9%)or,

T
‘__04+ eTT273 + Q —1. "
HOas Qq mosyyaeM BhHIpaXKeHHe B TPHPaLIEHHSIX:
AQ, = BAB + BAL + BAr + A8, ; @7)
. , o 09,
rie 55=<.n'xn{Qg+r.1,——(1 +r)[(1,—-aT15) 4-35’;5]}
: . . 1 oI, &

B,=—¢'x, {aT [(L+r) =1+ + )'o?’o'Z}B‘

, , 01 0%,
52=..¢xu{(1 —1)++n 5 }B-

01 08]

By=¢x, [“ w55

Ilepexonsi K OTHOCHTE/NLHEIM BeJHUHHAM, HMeeM
by =L+ by + 5,01 + Bygor;
iﬁ. B, = Bl _E_? 5?.83
Qu’ 77 Qu’ Qu
4.2. é} Pacxox mnapa u3 GapaGana oOnpefe/isieTcsi M3 BbIPAXKEHHsi [JIsl THAPABJAHYECKOTO CONpPOTHB:
JIEHHS

By= b, = By = (28)

D)2
Po—pe=t 0L (29)
0 =05 (" + 13 (30)
an
Aep =0, 5(op6Ap6+ 12 Ap,+ Giea6,) (31)

rae & — nocTosHHBHI KO3¢GHIHENT,
P, Op— HaBjeHHe H TeMIepaTtypa mapa Ha BHIXOJE M3 Naponeperpeparels;
Ycp — Cpe€iHEE 3HaYCHHE IIJIOTHOCTH CpeiAbl Ha yuacTKe.

Pacxon nmapa: u3 6apabasna B npupameHusix:

AD = bAp,+b,Ap, + 68, , (32)
1 oY\ .
rane b =050 (AP0+ 2]’cp"’7)’

1 1 0y
=0,5D" L.
APn + 2%cp OPn

D" 0y ,
=0, % Yep 90, ’
Apo=ps— Pu.
Tlepexonsi K OTHOCHTE/IBHEIM BEJAHYHHAM, HOJIYYHM
M =b196+ bogpn+ bag,,, (33)
bl'p6 bép b;ﬁ
rae bh=—p: b=—p i b=—]".

2 3akaz 1118
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4.3. Cucrema ypaBHEHHH A8 OAHO(DA3HBIX Y4aCTKOB

4.3.1. K onHodasHbIM ydyacTKaM OTHOCHTCH SKOHOMaH3ep, NepBHUYHBIA H BTOPHUMMIA maponéperpesa-
TEJIH.

HOns Kaxoro pacyeTHOro y4yacTka COCTaBJSIOTCH YpaBHeHHs MaTepHaJbHOrO M TENJIOBOro (GajlaHcoB
paboueii cpelbl, TemsonepenayH, TemJgoBoro GajaHca ra3oBO3AYIIHOFO TPaKTa H PacXomoB paboyeil cpeibl.
Pacyernas cxema oaHO(A3HOrO ywacTKa JaHa Ha 4YepT. 2.

4.3.2. YpaBHeHus1 MaTepHaJbHOTO 0OasaHca yyacTka

Pacuetnas cxeMa onHO(pA3HOro y4yactka
RHOD y B NIpHpauieHNAaX HMEIOT BHA:

liy -, Ii dy; dp; dy; db;
Vi dpi Tt av;
o1, Oy AD, . —AD, =V, ,=——— 4+ V,—=—=
G PRI LT 77777 % D, D, Vidp- dt + t 06, dt
0; Az 8; dp;
it . ‘ S R 34
5 Pi-1 i o pi
i-1 Vi, 7%.6¢ 2 d?pz oy
Wy ¢ )\l—l T7 + TS dtl y (35)
Zit { 7 _AD,; AD,;
[‘,,”_’ OM,GM, C’" L'; l‘lle )‘i = Dl . ' )\i= _Di M
GOPIIIIIIII IS
I — Vipi 01 _ Vb ou
Yepr. 2 T D; op;’ £ D; 0% "
4.3.3. YpaBHeHHe TeMJOBOro GajafHca yd4acTKa HMEET BHA:
. . d . a,
Disii1+ Qi — Dy = =2t Viadi+ €uGuui)- (36)
HUcnoab3ys 3aBHCHMOCTH
=S (P By)s
b= f12(Ps 8)); 37)
Tl—_l :f]3 (pl_ls 9‘_1);
Y= Fulp; 9)
B NPHpAIUEHUAX MOJYUYHM
, ‘”1-1 "i 1
Al =g ‘7Pz 1 D, :+ 1A91 v
Ail = i+ 09 Aeis
a'fl—l aYl Ae (38)
ATi—lzdp‘_, P;_ 1+'_“' 17
[/} 0
A'h=‘a;+‘ Ap, + '3%% A8;.
VYpaBHeHHe TemJIOBOro GajaHca B NMPHPAIUEHHAX HMeEET BHA:
’ ' ' . ' . Y dp;
a,AD, | —a AD, 4 a AQ, + a4, Ap;_ a8, —a,8p, —a; AB =Ry —= km dt , (39)
V, 0i a
rxe ky= ’(;,,p‘l—*-z “)
ko= [ ('(i o0, +4 0, )+cm Ml]
o b, L. D %,
a7= P Q=7 @y="TT], o’
o Dy %y . Dy oy, _ Do, _
W= T e W e BTl
ITepexonst K OTHOCHTE/bHBIM BeJHUHHAM, MOJYIHM
d‘Ppt dgy;
apy_y — g+ agh, 4 Qg 1+ By Py — AT, — G = To g + Tyo—g7» (40)
_ Vips all aYi).
rae Ty = D; ( (L Th o/’
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Y 0‘; . ‘Hi) .
Ty= D, [V (u %0, +4 9, +culGui:,b
_ . . ] P 9y
= i; ! a9 - i,"D; ’ am— _l,_ Opi_l ’
6, 0_, P, 9, 6, 0
Ay =—— = Qg=——m—=—; Qy3=—— =5 as=1.
b i o, 27000 op, 13 i, a8, 8

4.3.4. Pacxon paGouelt cpeibl HaxOJHM H3 BbipaKeHHsl [Js THAPABJIUYECKOTrO0 CONPOTHBIEHHSA

2
3 DY : (41)
cp

(pa 1 pi) =

rAe pi- — AaBJeHHe pa6Gouell cpeAn Ha Bxoje B Yy4acTOK;
pi — NaBjieHHe paGouell cpeibl Ha BHIXOJAE€ H3 Y4YacTKa,
Yep — CpPellHee 3HauyeHHe NJOTHOCTH Cpelibl Ha yuacTke;

o= 0,5 (Tz_l +Ti) ;

01y 071 9 . oﬁ
Avoo= A T pp 4 Jizt pg _.Ae.)_
Tep= 05( p. pl 1+ 01’: pl+ 3 R I-—l+ 00i i
YpasHeHne pacxoia paGoueli cpeil B NpHPaLleHMSIX HMeeT BHJ

AD, ,=bAp, ,~+bAp,+ b6, + bAb; (42)

D;_ 1+D: 101y,
2A, 41¢p opt—-1

bk;:('—' Di’—l+ D;_, a“f;)

br

24 py 'cp OPi
b = Diy 01 .
6= Ty, o, ;"
, D;_ 0
b=, W
A'po=pi—ps.
[Mepexo/isi~K OTHOCHTEJILHHIM BEIHUHHAM, NONYUUM
M =08,y + 659, bePe 1 + 0% (43)

1 ! Loy,
"«*T”f-l(up + Py i)’

by= - :
572 p( Apo+ 27cp Bp;)
. 1 ani—l .
bo=gg i
9
b ____e O
7 Iaﬂi

4.3.5. YpaBHeHHe [/ KOJIHYECTBA TelJa, BOCNIPHHHMAEMOro KOHBeKLUHel H H37yueHHeM (YpaBHeHue
Tenjoo6MeHa) HMeeT BHA

Q=FkF(A’9). (44)

[lepexons K npupaileHHSM, NMOJTYYHM
AQ=F (A’8)Ak+EkFA(A'D). (45)
KosdpdruueHdt renjonepeiayn A8 rJAagKOTPYOGHBIX (WIaXMaTHBIX H KODHLOPHBIX) NMYYKOB NPH CXKHTa-
HHMH rasa H MasyTa, a Takxe AJIA KOPHAOPHbIX NYYKOB NpPH CXKHrFaHHH TBEPABIX TOIJIMB ONpelessieTcs Mo
BhIpa)kKeHHI0 (46) ¢ yuerom ko3ddHIHeHTa TennoBoi 3¢ dexkTHBHOCTH Y. JI/isi IUHPMOBBHIX HOBEPXHOCTEH,

a TaKxXe AJf LIaXMaTHBIX TPYOHBIX NYYKOB NPH CXKHIAHHH TBEPJAOro TONHBA H B psjie APYTHX C/yuaes,
HeOOXOIHMO HCIIOJb30BAaTh 3aBHCHMOCTH /it A, peKoMeHayeMhle B pabote [21].

2%
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R T :

- (#6)

rae @, az — Ko3dGHLUHEHTH TENNOOTAAYH OT TPelollell CPebl K CTEHKE H OT CTeHKH K 06orpeBaeMoil cpene;
O =Og + Oy, (47)

rae ox — Ko3pdHUHEHT TemI00TAauH KOHBEKUHedH;
0, — KO3 (PHUHEHT TEIVIOOTAAuH H3JIyueHHEM.
IMepexoas K mpupallleHHAM, NOAYYHM H3 BhIpaxkehus (46)

ok ok ok
Ak—(—x’axﬁ-EAhﬁ-EAﬂz). (48)
o ., & ok
rae o O T T
ok a%
day (“1 + a2
B cootBeTcTBHH ¢ pekoMeHAANHAMH pa6oTel [21] HMeem
&y == Q, 4(.0 (49)
rie o, — CKOPOCTb ALIMOBBIX Ta30B;
ay4 — KO3 PHIHEHT.
Ilepexonsa K npupalleHHAM, NOJAYYHM
Oz, a,
Ag, = dw: Ao, = M, -ﬁAwr . (50)

[Ipn nonepeyHoM OMHBAaHHH KOPHAOPHBIX MYYKOB H LIMPM, MIAXMATHBHIX NYYKOB, a TaKXKe NPOAOJLHOM
o6TeKaHHH TIOBepXHOCTeli HarpeBa ofAHO(a3HLIM TYpOyJeHTHHM mNoTokoM M, coorBeTcTBeHHO pasHO 0,65;
0,6; 0,8 [21].

Beauunny Ao, HaXoAMM H3 BLIpDa:KEHHS [JIS PacYeTHOH CKOPOCTH ABIMOBHIX rasos [21]:

BVi(Yep+273)(1 + 1) .
r( cp ) ( ) (51)

W, = y

r 3600 /273

rae Fr— mJjoiagb XHMBOTO CeveHHS, M
V — o6bem ra3oB Ha | Kr TonamBa npu 760 MM pt. cT. B 0°C, onpefenseMblil 10 CPeAHEMY H3GLITKY
BO3JyXa B rasoxope, M3/Kr;
O.p — CpenHAA Temmepatypa rasos, °C.
[Tepexoast K npupalleHHsM, Moayunm H3 pasenctBa (51)

Sop =G AB + 55 by + G Ar 4 AV, (52)
am'. — wr . -gi..
rae OB T B' oV Tf
l’mr — wr . (53)

08y~ Bep - 2737
dwp . wp .
=1 V=V ViE—D.
Be/IHYHHY 09 HaXOAHMM M3 BhIpaxenus [21]:

oy = a8, (54)
wp — CKQPOCTb mapa, M/c;
a5 — Ko3bdHIHeHT.
[Mepexons kK npHpauleHHAM, HMeeM
dag ' a,
Aa, = o_w,,‘A‘”" =0,8 ‘:n Aw,. (55)
Beanunny Aw, Haxo[HM H3 BEHIDaXKEHHS AJsi pacueTHON cKopocTH mapa [21]:
D,
w, = i ’ (56)
‘.’cpf

rae Dep— cpennuft pacxon paGouefi cpenmwt, Kr/c;
Yep — CPel#sif MJOTHOCTb paGoueli cpeawl, Kr/m?
F — IJIOILadb JKHBOTO CEYEHHs AAS npoxoxa paboueit cpepn, M2,
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[Mepexogsa K npupaleHHAM, noNyudM H3 BbipaxkeHHs (56)

Nuy = 5= D1+ Dy + 52 My, (57)
rae ag::: ‘;“1’)'; - ;2;1 ;
—g::‘:i‘ = "—.(;3:)‘; Dy, = _;“(Dz—l + D).
Ha ocuoBanun 3aBHcuMocTeit (38) umeeM
Am=—i—,— 6'{;_1 Ap,_+ ; g;: +T n_: A8+ 1 z;: A, . (58)

KoadduunenT TemooTAauu u3TyueHHeM IMPOLYKTOB CrOpPaHHS rasoBOr0 NOTOKA NPH OTCYTCTBHHM
304161 [21]

. 1 *( Ts, c )3'6
2, = 4,9.10-8 2 “;r aTs ; kkan/(m?-4-°C), (59)
l o 3. ¢
T

rae T — aGcosoTHaq TemMneparypa NpOAYKTOB cropauns, K; onpesnensiercs no gopmyJe

T__‘_‘_+..L+273

T,. — aGconioTHasi TeMmeparypa 3arpasHeHHON HapyxHOl nopepxHocTH, K;

Q,. — cTeneHb YePHOTH 3arpA3HEHHBIX CTEHOK JY4YeBOCIPHHHMAIOLWHX nonepxnocreﬁ;

@ — CTeneHb YepHOTH NMOTOKa ra3oB 1npu Temnepatype T.
s 3anniieHHoro notoka (NpH yueTe H3JyueHHs 30Jihl) [21]

l ( TS.C )‘
— 8 aa.c + 1 3 B ) 1] 2 [
2,=4,9-10 ——al 7 kkan/(m2-1-°C). (60)
3.C
V==
ITepexons x npupalleHHAM H YUHTHIBas 3aBHCUMOCTb (3), MOXKeM HamucaTb:
da
Bay= 58T + 572 ATsc (61)
rjae AJif ra3oBOro NOTOKAa
da, (0,4 3,676 1 .
oT "( i ¢ T—T,, (62)
da, ( i 3,67%¢ )
=a — = ].
aTa.c " T— Ta.c 35— T:f: (63)
Jlyig 3anbnneHHoro noToka
da, 1 2T
_——a .
oT “<T+ T,. + P41, ) (64)
0Oz, 1 2Tsc
=aq + - . (65)
aTS.C ! ( T+ TS.C T2+ T‘;’.C )

B panbhefimem npunumaem AT, =A8; T. e. CYHTaeM, 4TO H3MeHEHHE TEMIEPATYPH 3arpsi3HeHHON
CTEHKH paBHO H3MEHEeHHIO TeMnepaTtypul paboueli Cpenbl.
Ilna apudmerHuecKoro TemmepatypHoro uanopa (A’8) umeem [21]

i1+ 9 Bi -1 6,
(@)= S (66)

Mepexoas K npHpaIieHHAM, NONYYHM:
A(A'0) = - Ay o AD, — 86, — L AD, (67)

B cayuae sorapu)MHUeCKOro TeMmepaTypHOTO Hamopa €ro npHpailieHHe HYXHO HAXOAHThL C YYeTOM
KOHKDETHOTO ABHXKEHHfl Ta30B H pabouefl cpefibl (IPOTHBOTOK HJIH mapaJjljiesibHblil TOK Cpel).
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[Moacrasasis soipakeHnss AR u A(A’Q), a Takxke BHIPaXKEHHs [ YaCTHBIX NPOU3BOIAHLIX B ypaBHEHHE
(45), noayunM B npHpalleHusx

AQ = AAS,_, + AAD, + A'AB -+ AAr + AAD, | + AAD, + A8, —
— Ajpp, - AN, | — A Ap,  + ALAL, (68)

' Q ok 0&,1 _935 wp l .
rae Al _[_k_ Oay (0\";p+ Owy 8cp+273 ) (A’e) 2

= e e — —nl;

3——’30&«3%—; v

. Qor _i@_ Oay
47 k(1 4r) Oax Oog’

' O ok @p aax(l Vo ).

r

.___—an 012 daaﬂ__ Q Q ok aaﬂ.
A= 5 Gar e + o "0z, 09,

, ~Q g 0k 02, 0y;_, Q ok 6::,1 .
Ay= o T, Tay Don 00, 2(A’6) + 5% 551 5,

Q o Ok Oag 0.’1 I

Qor 0k 02 VO

Ay= kL day 0o; 7’ T,

[Mepexosi K OTHOCHTEJNbHBIM BeJAHUHHAM, MOJNYUHM
b= A,?ﬂ,'_l + Ayos: -+ Agpa + ABr 4 Adi 14 Aghy 4 Arpoi — AsPpi + Agpti o1 — Agg9p—1 + Ay, (69)

l 1 ’ 3i . 4 B.
l‘lIeA—-A Q N A2=A2_Q—’ A3=A36,

A, D 9,
A4=_Q‘_; A=A 6‘_Aé; A7=A;T‘;

. P c0 N . L
A8=A8_(3; A9=AsTl’ A10=A10_i_Q" A=A,

STH Bbipa)KeHHs NPHMEHHMBI AJIsT JIO60r0 KOHBEKTHBHOTO y4acTKa pacyeTHOf cXeMbl, KpOMe y4acTka,
PAacrioJiOXKeHHOT0 HenoCPeACTBEHHO 3a TONKO# Mo XoAy rasos. [1Js nocjaeiHero npH HCNOJb30BaHHH BblpaXKe-
Hust (26) moayuum

A =0
. o ok Oay 99, .
A =N A= Z(+ 1) Oax Owp + N
1 Ok day ok 0(1,( oy
1‘"4’“'21?(&.,1 WCD"' Oa, Oy »cp+273)+ 5070
o, 0k O Vo 09,
Ag=— - ——,—‘-a,)—’,—NgB =
kE Oz Owp v, 0B
op Ok Oz, VO Loy,
All=—r‘_"'_K——qt+Nz .
k Oag dwp V. oL

Boipaxenus gas Kosdouuuentos As, Ag, A7, AgAs, Ajo He H3MeHSIOTCH.
4.3.6. YpaBuemue TemJI0OBOro GajaHca Ta3OBO3YIIHOTO TPaKTa PacuyeTHOTO y4acTKa HMEeT BHA:

Q=¢ (lin—I)Bx(1+71), (70)
rle X — A0JA TemJa, BOCIHPDHHATOIO OT raloB y4aCTKOM B JaHHOM CC€YeHHH rasoxoja.
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AQ=FB5AB + BAr + BAS, | — BAS, + BAL, (71
rie b,=9'x(147) [(11-1 — 1) —a (1, ,— Im.)] :
b; = 'f'x(li_l—ll) B;
. . ol
bg=¢" x(1 ‘I"')Bﬁ:,
B,=¢x(1+nB %-
. . B
by=¢ x(14r)a.(/,, _,— 1)1
[lepexoas K OTHOCHTE/IbLHEIM BEJHUHHAM, IOJYYHM
9="Dbyg + BAr + Bgzy, | — Byoe, + 5, 72

rae B, =LB (1) [(f,_, 1) — % (I — 1))

'xB
by= .‘?_8__ (7;_4 —1);

o'xB ol,_
By=—- (1408 _ 5

9.
9, °

‘xB
B=2=(1+nY

‘xB (1 +
by = £ (Q fier ([Bl—l_lul);

Oy __ oI, ol _y

— %z "‘"‘1 .
osi—-l aal—l +( ' ) oai—l

IIpu coctaBiieHHH ypaBHEHHS Ten/oBOro GataHca ra3sOBO3NYIIHOTO TPakTa B NpHpPALUEHHAX A4S yua-
CTKa, Pacrno/iOXKEHHOTO HEeNOCPEeACTBEHHO 3a TOMKOMH, HEOGXOAMMO HCMOJB30BaTh 3aBHCHMOCTbL (26). B sTom

cjaydyae NoJay4yHM cCJelNyloHIHe BbipaKeHHs /s KO3¢¢HHH€HTOBZ

¢ . . or, o],
54==-Q—xB(1+r) (Ir“]z)"’“r([p“‘laz)‘{"B—" ;

0%, 9B
e . or, 03,
55""‘0"-"3[([1"]1)+'3§;"3;']'
by =0;
By=-x8,(1 4 r) B2,

T 0%’

o . o  OI aa;]_

58——-—é—)C(l+r)B[(IB—[Bi)—Z— 09.:. oL N

or, oI, o1,
P —1
%, 0w, +@—1) o%; -

43.7. PeryaupoBaHue TeMmmnepaTtypel napa
Ha BbIXOKE H3 Mapo-NapoBOro TemJOOGMeH-
HHKAa NpOH3BOAHMTCA OafinacHpoBanHeM napa
(uepr. 3).

YpaBHeHHe MaTepHasibHOro GaJjaHca aas
TOYKH CMElIeHHsA HMeEeT BHI:

D+ Dg=Dgpx, (73) Lﬂx,adx
rae Dgux — pacxon napa Ha BHIXOAEe H3 napo- Dex

Cxema napo-napoBoro Ttensoo6MeHHHKa

NepBuymsil
nap

P .elux

i ,
——foxp, Bmopuyrens
D 1 D, Boix nap

NnapoBoro TenJ0OOMEHHHKA;
Dg — pacxon napa yepes Gafnac;
D, — pacxon napa uepe3s Teni006MeHHHK.

Ds

YepT. 3
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Beoaum o603HaueHHe §= -gf, TOorAa
1
_D__6 — Dy . o = Dnux.
]+1)1_ [ T+ Dy (74)
OTKYZAa
— Doux . _ —_ X
D1~1_7_H321 DG—XDI— l+XDnux- (75)
YpaBHeHHe TemoBoro GajnaHca AJA TOYKH CMellleHHs HMeEET BHA:
Dlil -+ Dbinx =Duuxisux . 6
Hcnoapays Beipamenus (75), 6yaeM uMeThb )
1 . +L .
-l_“r—’Y— 15 + WT[ lax = lgux s (77)
HIH G+ s = (14%) fouxe
Ilepexoist K nmpHpaLIEHHAM, HONYYUM
Ai|+isxAX+ xAinx"_‘ (l +X,) Aisux"'isuxAx. (78)
IlpunnuMas 3aBHCHMOCTH
. ai.
Ay = G- 80, l
. Qi
ALBX_ oaax AGBX’ (79)
. 0i,
By = G5 Ay,
6yneM HMeTb
Aesux = Pi Ael + P;Ax + P;;AOBX ’ (80)
' i
rae p, = p4"’5’01’;
, . . . oi
Po =y (box — Lyux)s Py=1Pgl. @9:; ’
b, = 1
47 di .
l X BHIX
4+ 5,
Ilepexons K OTHOCHTE/bHBIM BEJIHYHHAM, NIOJYYHM
Pooux — P1P601 + A% + P3Pa5y » (81)
o b 6, 9i |
TAE 1 =P1 Gy = P Toue 00,
—_— 1 — inx_inux.
P2_ pg ﬂsux - p4 OBNK
o Opx — Dux disx
Py =Py Box p‘m - Oy °

5. YPABHEHHSI CMEILEHHUS NIPH HAJINYHH BNPLICKOB
5.1. YpaBnenne MartepualJbHOro GaJjianca HMeeT BHA:
D,+D,,, =D, (82)

rge D;— pacxon pa6ouefi cpeabl nepel BIPHICKOM;
Dpyp — pacxon BOABI Ha BIPHICK;
D ;— pacxopn pa6oueit cpefibl 33 TOYKOH BIPLICKA.

B npupaumiennsx 6yAeM HMeTb
ADI + ADBnp = AD;. (83)
Hepexozm K OTHOCHTEJIbHBIM BEJHYHHAM, NOJYUYHM

a;)\l + a’ BIp = A; ’ (84)
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rae o) —._D.i_ .
1 D: ’
Danp
a2= T e
5.2. YpaBHeHHe CMeIIeHHs] TENJOBLIX TOTOKOB HMEET BHJ:
Diii + Dsnpinnp = D;i;’ (85)
rae = f1s (% P,
6i;,, {,— TemMnepaTypa W 3HTa/bNHA paGouell cpeibl mepej MeCcTOM BHpbicKa, °C; KKaJj/Kr;
i, — suTajbnHA paGouell cpeldbl NOCJie BOPHICKA, KKaJ/Kr;
Lgnp — 3HTAJBNHS BOPHICKHBaEMOH BOAbI, KKaa/Kr.
INepexoasa kK npHpamieHHsM, NOJYYHM [JIsi TeMNepaTyps paboded cpeibl NMOCJe BOPHICKA
A6, =§,A6, +-8,AD, — BéADlmp + 8.8p,+ p;ABB"p , (86)
i
. D; ab;
rae B=— —".
TS
o,
B, — ii—i; ;B = Dgnp  Olpnp
27 , di; 5 D ai; 0855p
T T
o h—bw . o' [p % _(p4p .f’i]
Bo=—"%r Ba=— ai, [ v g (Dt Do)
D, 5‘,— D, 'ér
Ilepexons K OTHOCHTEJIbHLIM BeJHYHHAM, NMOJY4YHM
@5 == 812y + B+ B, 1+ Bu,, T+ BsPugp @®7)
D; 0i;
=t g 2.
l‘lle Bl ?’6 i ael ]
D (i;—iy) |
BzzT'
@ — (isnp - ) Dnnp;
8 Bs
Pi 0, o .
Be=—- [DiE*(Di'*‘ Ding) 557 1
@ _ Ganp 'ﬁnnp .
> B snp aennp
e O
B = D;8; ‘357
6. YPABHEHHUE [Ji ONPEAEJIEHHUS PACXOIA PABOYEW CPEJibl YEPE3
NAPOBOH KJIANIAH
6.1. na pacxoxa paGoueil cpefibl NPH KPHTHYECKOM HCTEYEHHM HMeeM (OPMyay
Agpym:B;
D B | 88
K VT]( ( )

rae Dy — pacxox paGouwedl cpeAbl uepes KJjamaHo, Kr/c;
px— IaBJeHHe A0 KjamaHa, Krc/cm?;
T« — TeMnepaTypa cpeinl A0 KJjamnaHa, K;
m, — XOf KJamaHa;
Ao — xosdpduuuent, B; — kosbdunuenr Benaemana; By=1.

3 3akas 1118
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IMepexoass K npHpalleHHsM, no.nyth

1
AD, = B 2% Am, —-—T%MK; (89)
T,= OK + 273.
B OTHOCHTEeNbHBIX BEJHYHHAX
6
)‘x = Ppx + P — 275[‘ Pox . (90)

6.2. Pacxon paGouefi cpelbl uepe3 KJamaH NpPH KPHTHYECKOM HCTEYEHHH MOXKHO ONpeleJsTh H MO Apy-
roii 3aBHCHMOCTH, a HMEHHO:

Dy =p,m.V puix, on
riae po— KO3 dHIHEHT, y,— INIOTHOCTh mapa, Kr/ms.
B npupaileHHsaX HMeeM

AD, = (5 + 3= 5£) ap De ST 5. (92)
Hepexonﬂ K OTHOCHTCJ/IBHBIM BCEJHYHHAM, HaXOIHM:
b= ( + ;KK z:,x ) Ppx + B + ;; 3;“ Pows (93)
rae . — OTHOCHTE/JbHOC H3IMEHEHHE MOJIOXKEHHA KJjianaHa,
?px—-:pk;;opxo—' OTHOCHTEJIbHOE€ H3MEHCHHE NaBJICHHS nepel KJanaHoM;
<‘99K OLG_;—OGK—“—OTHOCHTQJ")HOC H3MEHEeHHEe TEeMIepaTypbl nepen KjanaHoM.

6.3. Pacxon napa npu JOKPHTHYECKOM HCTEUeHHH onpejedserca no ¢opmyae (88), Ho maa kosddu-
uueHTa BenseMana uMeeM Bhipaxkenue [24]:

A%
B= (&), (94)
Px
rae IT= —?—'—’-,
K
Il = 0,546 nns neperperoro napa;
1 = 0,577 past CYyXOro HACHILEHHOIO napa;
P, — JaBJeHHe 33 KJanaHoM;
Pxp — KPHTHUECKOe 3HayeHHe NaBJeHHs.
[Tepexonss k npupaulesusM, u3 Gopmyas (88) moayunm
D, DE D, D, , D,
ADy = —- ( o ) APk — 3 Aby———Ap, 4 ——Am,, (95)
P _ o
rie e— Px
— o
px _(n)
V2774201 —
v (Px)?
B OTHOCHTEJNLHBIX BEJTHYHHAX HMEEM:
_ Pe 1 Pe .

7. YPABHEHHUA AJis1 ONPEAEJIEHHA H3MEHEHHSI NMAPAMETPOB H PACXOJ0B
MAPA HA BXOIE U BbIXOAE LBJ

7.1. Ypasuenne pacxona uepes LIBJl onpenensierca no gopmyde [24]

o, _syry/ ]

Py

TP Yl ) AP
DTO Py Ty 1 — (p‘l;o )2

o7)

Py
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rae p, — Aasaexue mapa 3a LUBI, xrc/cm?;
D, — pacxon napa uepes LIBJ, xr/c;
T, — Temnepatypa nepex LIBJL, K.

[lepexoas k npHpalleHHSM, [OJYYHM:

D D Dyrl, D p
AD. — 0 A9+( T0 + - 10 ’l“ i Ap'_ . 10710 Ap . (98)
' 2Tso ) Pxo [( px0)2 - Pﬁo] Pxo 3 [(Pxo)2 ——p30 T
B omHOcHTeNbHBIX BeJHYHHAX HMeeM
)"l' = nl?;k - n2?pr BRIV (99)

rae Ar— OTHOCHTEJBHOE H3MeHeHHe pacxoja napa vepes LIBJ;
@pr — OTHOCHTE/IbHOe H3MEHeHHe JaBJeHHs mapa Ha Beixoge H3 LIBI;

9 " \e
Pro (Pxo)
n, =1 - = — 3
! +(p.o)2-—p30 (Pw)’—Pho
on
Ny = =y,
2 (Pxo)z“.”fo
By

ﬂ3=—2-7.—x; T ,=16,+273.

7.2. CBfAsb MemKEy TeMmmneparypoil M AaBjeHHeM napa Ha Bbixoge u3 LIBJ1 {24) BuipakaeTca 3aBu-
CHMOCTBIO

n-1
ENS aon

rae 8., T.— Temnepatypa napa Ha Baixoge u3 LB/, °C; K;
n — nokasaTeiib NOJHTPONbI.

B npupamennsax 6yneMm nMeTn

__n-— 1 Tm
AG!.—. " E- Ap,. (101)
I'lepexozm K OTHOCHTEJbHbBIM OTKJIOHCHHAM, MNMOJYUYHM:
n—1 0+ 273
Por = —,'l_"ﬂ@rc?pr' (102)

7.3. YpaBHeH#ne cBsi3H pacxoaoB Ha Bxoae B LIBJI u Bhixoje u3 Hero HaxoAHM, NPHHHMAas PacXoj mapa
Ha OTOOPH NOCTOSHHLIM:

D, = n,Dy, (103)
n,= ID): .
B npHpallleHnsax nmeem
AD, = nAD,. (104)
Hepexolm K OTHOCHTEJILHBIM BeJHYHHAM, TMNOJAYYHM!:
Ay = by (105)

8. TEXHOJIOTHYECKAS CXEMA BAPABAHHOI'O KOTJIA

8.1. TexHo/OrHYyecKasi cxeMa COCTaBJseTcsl TEXHOJOTaMH Ha OCHOBE CXeM BOJAONApOBOTO H Ia30BO3AYII-
HOTO TPAKTOB € YYETOM MOCJAECAOBATEJbHOCTH PACHOJOKEHHS KOHCTPYKTHBHBIX IOBEPXHOCTell HarpeBa.

8.2. Ha TexHonoruueckofi cxeMme AOJXKHB GHITh yKa3aHbl HanpaBJ/eHHA [BHXKEHHsi cpel NO BoJAONa-
poBoMy M Ta30BO3JYHIHOMY TpakTaMm, Mecra BBOAA BNPBICKOB, MeCTa BBOJAa PeUNpPKYJHPYIOUIUX
rasos # Ap. JLoJKHB GBITb TaKKe BBHISIBJEHB! XapaKTe pHCTHKH BCeX NMOBEPXHOCTeil narpesa, napoOTBOASUINX
Tpy6, KoanektopoB, GapaGaHOB, yKas3aHbl BEIHUHMHBl 1 aBJeHHH, TeMrnepaTtyp, sHTaAbNHi paboyel cpelnl H
ABLIMOBBIX ra30B Ha BXOMe B KaXXAYI0 NMOBEPXHOCTb H BhIXOJe H3 Hee.

[IpuMep TeXHOJIOTHUECKO#H CXeMBl JJIf Ta30Ma3yTHOTO KOT./1a, COCTaBJeHHOH Ha ocHoBe cxeMunl TK3 aas
pexuma 100%, nau Ha ueprT. 4.

3%
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TexHoJIOrHUECKAs CXCMA BOAON2POBOr0 TPakTa xkoraa 670 t/4, pabortalomwero na masyre

8=400°C 298 246 243
L =321 Onranfe2{317% 253,0 2515
D=670imf4 6§70 670 670

iadbecknie | | (Konbexmug- | | Kowdercam-
mpyber ot Jwono- |-ras yema- -—&— flumamensian boda,
mausep Hobra
I gpp = 10mfy
02 488 J4J 410 333
794, 7880 6254 778,6 736,2
860) | {670, 670 530 590
Hupmot Kn-1 Kin-2 ¥ig-1
2 +— 84 8.d. 0.
—-{ Dononnumensrsie nobepxHocmu  Hazpeba ‘)—J

Yepr. 4

9. PEKOMEHOALHH NO COCTABJIEHHIO PACYETHOH CXEMbI
BAPABAHHOI'O KOTJIA

9.1. Pacuernas cxeMa cocTaB/sieTcd Ha OCHOBe TeXHOJOTHYECKOH CXeMbl KoTJa.

9.2. HauGonee uenecoobpasnoil ¢popmoit pa3GHBKH BOAONAPOBOrO TPaKTa Ha pacCyeTHble Y4acTKH SB-
JAeTCss TaKasi, KOTOpas MNpHHATaA NPH BLINOJHEHHH TEIIOBOTO pacyeéTra paccmMaTpuHBaeMoOro KorJjaa. OllHaKO
IPH 3TOM MOSBJISIETCS MHOTO pacyeTHbIX Y4acTKOB, 4YTO CHJBHO YCJIOXKHSET MOJyueHHe [JWHAMHYECKHX
XapaKTepHCTHK H3-3a TPYAHOCTell B peaJju3alliH MaTemaTHyeckoii Moxesn Ha ABM. [lostomy pekomen-
AYeTCs 1O BO3MOXKHOCTH YyMEHBLIHTb KOJHYECTBO PACUETHBIX YYAaCTKOB 3a CYeT OOBbEeJHHEHUS HEeCKOJb-
KHX MOBEpXHOCTell HarpeBa H HeoGOrpeBaeMbIX YYaCTKOB B OJHH PACYeTHbINl y4yacTOK. ['paHHLbl pa3GHBKH
Ha pacyeTHble YYacTKH ONpefleisiOTCH TakiKe oOllieli KOMIOHOBKOM IOBEPXHOCTefl Harpesa KOTJa, H3Me-
HEeHHeM napameTpoB M0 XOAy ABHXKYILHXCH cpel, XapaKTepoM Tena0o6MeHa.

9.3. Ilpu noayyeHun AUHAMHYECKHX XapaKTEPHUCTHK KOTJa B psje C/1yuyaeB MOXKHO He YUHTHIBATb AHMHA-
MHKY BOASIHOTO 3KOHOMaii3epa NMpH cTaGHJILHOH TeMmepaType NHTaTe/llbHOH BOABI Ha BXolde B GapaGau
KoTJa,

Ecau nMeetcss HeoGXOAHMOCTb yuyeTa AHHAMHKH MpOLECCOB, NMPOHCXOAAIIHX B 3JKOHOMan3epe, TO ero
ue/s1ecoo6pasHo NMPHHHMATL 3a OAHH HJHM HECKOJbKO pacyeTHbIX YYacTKOB B COOTBeTCTBHH ¢ m. 9.2. Iluna-
MHKa KHIsUero 3KOoHOMaiidepa He paccMaTpHBAETCs.

9.4. PekoMeHayeTcsi NMpPHHHUMATbh 3a OAHMH pAacyeTHHIl Y4aCTOK LHPKYJSLLHOHHBII KOHTYp KoTJsa. B stot
YyYacTOK cJeAyeT BKJOYAaThb Bce MOABEMHble H ONyCKHble TPYOBl, BEpXHHe H HHXKHHE KOJJIEeKTOpbl H (apa-
6aHkl.

9.5. Ilpn HaMHYHMHK 7; BOPLICKOB YHCJIO PAcueTHbIX Y4YacTKOB MEPBHYHOIO MaponeperpeBaTeliss JZOJIKHO
OBITb KaK MHHHUMYM paBHO n;+ 1. YuacToK mnocjie mocjejfHero BIPbICKA peKOMeHgyeTcsl pa36GHBATh Kak
MHHHMYM Ha ABa pacyeTHbIX y4yacCTKa [Jifd NOoJy4YeHHs 6oJiee AOCTOBEDHLIX JAHHAMHYCCKHX XAapaKTE€PHCTHK
TeMIepaTtypsl neperperoro napa. Boo6ue ke ciexyer pykoBoacTBoBathcs n. 9.2.

9.6. Eciin HeoOXoauMO cHEeLHaJbHO PAacCUHTATL pagHalHOHHBLIE Y4acTOK maponeperpeBaTtensi, pacmnoJo-
JKEHHBI B TOIIKE, TO CJELyeT COCTABHTb ypaBHeHHs MaTepHaJbHOTO M TeNJOBOTO GaslaHCOB, YpaBHeHHe
AJIA pacxoja rnapa, a Takxe AJA KoJguuyecTBa TernJia, BOCOIPHHHMAaeMOro 3THM YYaCTKOM OT Ta30B. HOCJ]BI[-
Hee ypaBHEHHEe COOTBETCTBYET YpPaBHEHHIO AJIS Tella, BOCIPHHHMAEeMOro UHPKYJSLUHOHHBIM KOHTYPOM, HO
Jo/okHa ObITh OmpefieseHa BeJHunHa x. EcaH palHallHOHHBIA y4acTOK pacrnosioXeH 3a TOMNKOH, TO pacyeT
BeeTCs OOGBIYHBIM CNOCOGOM MO JAHHLIM HOPMATHBHOIO MeTOXa.

9.7. Ecin gBe MAH HECKOJBbKO TOBEPXHOCTEN HarpeBa COeJHHEHELI O paboueii cpeie MOCAEAOBATEAbHO,
HO 10 OTHOLUEHHIO K NMOTOKY ra30oB HMEIOT NPsIMOTOK H MPOTHBOTOK WJIM.CMEIIaHHbIA TOK, TO TaKHe MOBepX-
HOCTH He peKOMeHIyeTcs OObeJHHATh B OJHH DacueTHHI Y4YacToK.

9.8. B BbiGpaHHO# pacyeTHOR CXeMe KaXAOMY Y4YacCTKy NpHCBaHBaeTcsl CBOH NOPAAKOBBIH HoMep.
PacuerHble yyacTKH HymepylOTCSi HauHHasi C NepBOro No xody pabdoueit cpeflbl, cHauajJa 1O NMEPBHYHOMY,
a MOTOM 110 BTOPHYHOMY IaponeperpenaTesio.

10. HCXOAHASS UH®OPMALMA, HEOBXOAHUMAS 1Jist PACYETA JHHAMHYECKHX
XAPAKTEPHUCTHK BAPABAHHBIX KOTJIOB
10.1. B kauecTBe HCXOAHOH HH(pOpPMaUHH HEOGXOAUMO HMEThb:

TenJ0BOMI pacueT KOTJ/ia Ha HOMHHAJIbHYIO H 4aCTHYHYIO Harpys3kH,
THleaBJIH‘lecKHﬁ pacuyeT KOTJa Ha HOMHHAJbHYIO H YaCTHUYHYIO Harpys3KH;
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pacyeT UHPKYJAALUMH 1JS1 HOMHH@JbHOIO peKMMa, TabJully KOHCTPYKTHBHbIX MaHHBIX H pe3y/JbTaToB
pacyeTa UHUPKYJSILHH;

CXeMY BOJOIapOBOro TPakKTa;

CXeMy Tra30BO3JYILHOTO TPaKTa;

yepTexX ¢ YyKasaHHeM DAacnoJOXKEeHHsI MOBepXHOCTell Harpesa mo BOAONApPOBOMY H Ta30BO3AYIMIHOMY
TpaKTaM;

KOHCTPYKTHBHBIE JlaHHBIE IO OTAEJbHBIM Y4acTKaM KOT/a, 03BOJSIONIHe HaHTH AJHHBL Y4acCTKOB,
06beMbl H Macchl TPYOHOH CHCTeMBH, KOJ/J1eKTOpoB H OapaGaHOB.

10.2. Ha ocHoBe marepuaJioB, yka3aHHeix B nyHkTe 10.1, npu pacuere cocraBisercs tabjauua Xapax-
TEPHCTHK KOTJa, B KOTOPYIO BKJIOYAIOTCH CJIeAYIOLUie RaHHbe:

Naponpou3BOAHTENbHOCTb KOTJ/14;

pacxol TOIJIHBA;

nasJjeHue B GapaGaHe;

IaBJleHHe, TeMrnepaTypa H 3HTaJbNHs BOAH, a TaKXe TeMnepaTypa H JHTaJbIHfA ALIMOBHIX ra30B Ha
BXOJ€ ¥ BbIXO/le M3 3KOHOMaiizepa;

KOJIHUeCTBO BIPHICKOB € yKa3aHHeM TeMIepaTyp, AaBJeHHIl H pPacXoi0B Cpeibl IO W MOCAe KaxIoro
BIIPHICKA;

POA TONJHBA H HH3WAs TENMJOTBOPHAs CNOCOGHOCTh TONJHBA;

NoJle3HOe TEeMJIOBLIAEJIEHHe B TOIKE;

laBJieHHe, TeMIepaTypa, IJIOTHOCTb H 3HTaAbNHA paboyeil Cpelbl, SHTAJBIHIO ALIMOBLIX Fa30B Ha BXo4e
KaxJOro yyacTka TEeXHOJOTHYECKOH cXeMbl KOTJ1a H BBIXOZE M3 HEro;

nJowanb 3epKaJja ucrnapeHus B 6apalae;

pacuyeTHast BhICOTa YpOBHA B GapalaHe;

KOJIHYeCTBO TeNJa, BOCIPHHHMaeMoOe KaXKIbiM Y4acTKOM TEeXHOJOrHYeCKOH CXeMbl KOTJa;

TeMneparypa MeTajJja CTeHKH TPyOBl Ka)K1oro yuyacTka;

TeMiepaTtypa rasoB Ha BbIXOJe H3 TOIKH;

KO03((HIHEHTH! TENJOOTAAYH OT Ta3oB K CTeHKe TPYGBI H OT CTeHKH TPYOHl K paboueh cpefe 1is Kax-
JIOTO pacyeTHOro y4acTKa,

KO3((HIHEHTHl TENJA00TIaYH H3JyYeHHeM Ha pacueTHBbIX y4acTKax;

CKOpOCTb JBHXKEHHSI Fa30B Ha yyacrkax;

Ko3¢bHIHEeHTH TenJionepeiayH Ha KaXAOM DacyeTHOM YHacTKe;

CKOpPOCTb ABHXKEHHs pabouell cpefibl Ha yyacTKax;

TeMnepaTypHbIi Hanop;

TEOPETHYECKOE KOJHYECTBO BO3/AyXa, HBOGXOILPIMOE AJis1 NOJTHOTO CropaHHsl TOIJIMBA IIPH a,= l;

o6beM ABIMOBBIX ra3oB Ha | Kr CropeBlIero TOMJHBA NPH a,=1;

A0/ TenJgaa, BOCINPDHHHMAeMOro y4aCTKOM OT ras3oB; TeMIepaTtypa H 3HTAJbIHA PEUHPKYJHPYIOUIHX
rasos, nNOCTynawuiux B TONKY,

TeMnepartypa H 3HTaJbIHS BO3AyXa, NOCTYNAIOILEro B TOINKY;

SHTaJblHUsl BO3JAyXa M ra3oB Ha BBIXOJE H3 Y4acTKa;

K03 (HIHEeHTH H3OBITKA BO3AyXa MO ra3oxofaM (Ha pacyeTHbIX yyacTKax);
KO3 PHIHEAT PENUPKYISALHH;

KO3((dHIHEHT COXPAHEHHs TenJa;

KO3(pGHUIHEHT Ten1oBol 3(Q@eKTHBHOCTH.

10.3. HMcxonnas uupopmauus AJsS pacyeTa AHHAMHYECKHX XapaKTeDPHCTHK COCTaBJAETCH TOJBKO A4
TeX 3JIEMEHTOB, KOTOpbie BKJIOUeHbl B pacyeTHYIO CXeMy.

i11. PEKOMEHIALUH NO ONPEAEJEHHUIO OCHOBHbBIX BEJ/IMYUH, HEOBXOJAHMBIX
AJJst PACYHETA JUHAMHWYECKHX XAPAKTEPHCTHK UHPKYJASAUHOHHOIO KOHTYPA
H OJHO®A3HbLIX YHYACTKOB

11.1. TeoMerpuueckuii, BHYTpeHHHA OGbeM LHDKYJISLHHOHHOrO Kontypa V onpepensieTcss KaK Cymma
00beMOB Bcell TPYOHO# CHCTeMBI KOTJIa, KOJJIEKTOPOB M GapabGana.

11.2. BoasiHoli 06beM LHPKYJSALHOHHOTO KOHTYpa V'’ onpeaensieTcss Kak cyMMa BOJASIHBIX 0GbeMOB TPYyG-
HOH CHCTEMEI, KOJIJIEKTOpOB H OapabanHa. B BoasiHO# 0ObeM TpyGHOM CHCTEMBl BKJIOYAIOTCA LEJHKOM 06'beM
ONYCKHBIX TPY6, 06beM 3KOHOMAai3epHOM YacTH NOAbEMHBIX Napoo6pasyiollux TpyO H O6beMbl, 3anO/NHEH-
Hble BOAOH B KoJIeKTopax H Gapabane.

11.3. O6weM BoAabl B 3KOHOMal3epHOH 4YacTH MNOABEMHBIX TPYO onpeje/sercs NO AAHHBLIM pacyera
JIUPKYJASIME H KOHCTDYKTHBHBIM XapaKTeDHCTHKAM UHPKYJSUHOHHOTO KOHTypa. Ilpu pacuerax unupkyns-
LUK HAxXOAAT BHICOTY 3KOHOMaisepHOH uacTu TPyObl, MO KOTOPO#l ¢ y4eTOM Yrja HakJoHa TpyGbl ompenje-
JASI0T AJHHY 3KOHOMai3epHO#l yacTH mnoabeMHON TpyOnl. O6beM Tpy6 Mo ceueHHsl B KOHIle 3KOHOMaM3epHOil
4acTH TPYObl OTHOCHTCS LIe/IHKOM K BOASIHOMY 00beMy.
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11.4. O6bembl, 3anonHenHble BOAOH B KOJJIEKTOpax, ONpelelsloTcs 1O BeJHYHHAM CPeldHEH HoJM ce-
yeHus TPyO, 3aHATOH MapoM Ha BXOJe H BLIXOAE H3 KOJJIEKTOpa Mo 3aBHCHMOCTH

Vi=(—3)V,, (106)

rae Vi — reomerpuueckuii 06peM KoJuieKtopa, m®

@x — CpEe/Hsis 0/ CedeHHs TPYO, samsras napOM Ha BXOJe B KOJVIEKTOD H BBHIXOJE H3 HEro;

V, — obbeM KoJJieKTopa, 3aHATHIA BOJOH, M.

11.5. O6pem napa B TpyOGHOH CHCTeMe LHPKYJIALHOHHOTO KOHTYpa (4epT. 5) HAXOASAT IO pe3yJabTaTam
pacyera LHPKYJALHH XKHIKOCTH B KOTJIe 1O 3aBHCHMOCTH, InpHBeleHHGH B pa6ore [4]:

OGoGuieHHble XAaPaKTEPHCTHKH IJisi ONpejeeHHs 00BbEMOB Napa i
“ aprngoi’l cm:reﬁe Kowl:ox’;l P V"= fulu®n» (107)
vll/vV/ !
2 rie V” —o6bem napa B TPYGHOI cHcTeMe Lup-
12 , KYJASILLAOHHOTO KOHTypa, M3
” o fn — mJOMAAb MOMEPEYHOro CeyeHHs Tpyo
g 1 OT/AEJBHOIO KOHTYypa, M?;
1 - Iy — nauKa napooGpasyloilleli yacTH TPy-
= : 6K 3TOro KOHTYypa, M;
O61= o ®n — ROJA CeueHHst TPYO 3TOTO KOHTYpa,
e o o s 3aHATas Napom;
a4 % 1 — YHCJIO OTAEJbHBIX KOHTYPOB LHPKYJIS -
22 p IUHH BO BCeM UHPKYJISIHOHHOM KOH-
“I T Type KoTJaa.
0& a5 a 4a0 q76 100 2708 11.6. O6beM napa Ha mnepBoM napooGpa-
3ylolleM yyacTke TPyObl onpefensieTcs mo cpej-
Uepr. 5 HeMy 3HaueHHIO ¢, PaBHOMY MNOJOBHHE ¢ Ha BH-

XOfe H3 3TOro yuactka. Ha mocaeayiomux yua-
crkax o6beM napa HaXxoJfT 1O CPefHeMy apH(PMeTHYeCKOMY 3HaUeHHIO BeJHUHHBI @.
11.7. Cymmapublii o6bem napa V., onpefensercs Kak cyMMa o6beMOB napa B TPyGHO!H cHCTeMe KOT.a,

0o6beMOB napa B GapaGaHe H KOJIJIEKTOpax:
Vi=V +V+ Ve, (108)

rae Vy;— o6bem napa B GapaGaHe NMOJA 3epKajioM HCIapeHHS H Hal HUM, M%;

V. — obbem napa B KosaieKkTopax, m3.

11.8. O6beM napa B GapaGaHe KOTJia onpefle/isieTcsi Kak cymMa oGbeMOB napa noj 3epKaJjioM Hcma-
peHHs H Haf HHM

Ve=V,. . +V,.., (109)

rae V,— cymmapHui o6bem napa B Gapabane, M3
V.., —o6beM napa Haj 3epKajJoM HCHapeHHs, M
V., —o06beM napa nox 3epKkajioM HCNapeHHs, M3

11.9. O6beM napa Hajx 3epKajoM HCHapeHHs oOnpefejseTcsi N0 KOHCTPYKTHBHBIM AaHHBIM OapaGana
C YUETOM IOJIOXKEeHHsl YPOBHS, NPHUHATOrO 3a HOMHHAJNbHOEe 3HAaueHHe MPH PacCMaTPHBAEMOM CTALHOHAPHOM
pexume. DTOT ypoBeHb 06bIUHO NpuHEMaeTcs Ha 150—200 MM HuXKe cpeiHeft NHHHH 6apaGaHa.

O6beM napa mnoj 3epKajioM HCHapeHHs B BOASHOM npocrpanctBe GapaGaHa He y4YMTHIBAeTCs BBHLY
€r0 MaJIOCTH MO CpaBHEeHHI0O ¢ OOBEMOM Napa Haj 3ePKajioM HCNapeHHs.

11.10. Ons onpesnejieHns o6beMa mapa B TPYOHOH cHcTeMe KOTJIa NPH DasJHUHBIX PeXHMaX peKo-
MeHAOBaHL 0606LIEHHbE 3aBHCHMOCTH, NpHBEeNeHHble B paGorax [4, 9, 12]; oHH no3BO/AAIOT HAXOAUTb O6HEM
napa Jjs Jio60ro pexuma no oGbeMy napa, ONpeAe/CHHOMY JJsi OJHOTO PEeXHMA.

OG6oG61ieHHble 3aBHCHMOCTH HMEIOT BHI

Vll 4 DII .
o= J1s (7)—0—) mpH ps == const; (110)

l’,.iz—.f,7 (—:pﬁ) npu D" = const, (111)
6

rae D”, ps — cooTBeTcTBeHHO pacxoj mapa u3 OapabaHa u naBjeHHe B Gapabase.
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3asucumoctu (110), (111) rpaduueckn npeacrapnens Ha yept. 5—7.

¥4
3asnc|moan, ot (—Aps) AN KOTJOB:

Vo
vy % —Aps
V4 3aBucuMoOCTs ———  OT AS8 KOTAOB
w / Vy P
Ve v
116 . Y1 P
4 % o -
12 // 7 A 12 A -
16 '/ e — 106 ;
E 1
104 / = 104 T T
/"/ T T 1=
100 Jee="] 2 10 ,
2 & 6 & M 1 T TCBpg)rejor 0 goz 0% Wec a0 qu a7 Gf Q6 Gfe(-apals)
I — cpennee naBnenne; 2 — BHICOKOE RaBACHHE ‘—lep’r. 7

Yepr. 6

11.11. Tns onpepenennst oGbeMa napa B TPyOHOIl CHCTEME KOT/ia NpH J1060M pexuMe HeOGXOIHMO Bbl-
HOJIHHTD CJeAYIOLIHe OnepalHH:
AUl HCXOAHOTO CTAUHOHAPHOrO peXHMa mo 3aBHcuMocTH (107) Haiith V;
D" —APG
Ha uepT. D ¥ 7 1m0 ocH alCUUCC OTKAANbIBAEM BeJHUHHB Q= e HC= —

o Pso
b n d,
Anst oTHowleHusi a uMeeM V"= (ab) V|, a ana otHomenus ¢ umeem V= (cd) V.
11.12. O6beM mnapa B TPYGHOH CHCTeMe KOT/a NipH HECTALlHOHAPHBIX PeXHMaX onpelesseTci mo 3a-
BHCHMOCTH JJIf CTallHOHApHOTO pexuMa (2]:

M noJdyyaeM TOYKH

V'=fs(ps, D”). (112)
Beanunna AV’ onpeaeasieTcs no 3aBHCHMOCTH [2]:
. OV” , oV
r ov” av”
e Gp» H o=~ YaCTHHE NPOH3BONHHE.

ov” ov”
11.13. YacTHble npousBoAHbIE 90" ¥ p; MOKHO HaxoauTb Mo rpagpukam vept. 5—7. [las onpende-

JICHHSl 3THX YaCTHHIX NPOH3BOAHBIX PEKOMEHAYIOTCA TakKXXe€ aHaJHTHYEeCKHe 3aBHCHMOCTH:

w Yo, (114)
oD D, ov
v’ vV, o
T Pe e (119)
v ., D Aps
rie *r,::-‘-/—[,;»; L=‘—D‘;’, ‘?62_"’;;“'-
3aBHCHMOCTH -g—)?,— H —g—l opeAcTaB/eHbl Ha uepT. §, 9.
?6
11.14. Beanuuna %— ompejesnsieTcss N0 3aBHCHMOCTH [2]
" " oapy "
% =%%T dTlZ‘ ")o% :1576 ’ (116)
HJIH N0 33aBHCHMOCTH (5]
G =mbe (117)

(l - '»?—" U2) kil

rae '110 - ” ;
(1— Ry2n) (1 _ _:{_) Ly
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j=nV, —V,

U, — oTHONIeHHe CPeAHEB3BEIIEHHO! NPHBEJEHHOH CKOPOCTH napa K CKOPOCTH LMPKYJSALHH TPH
HOBOM CTalLlHOHApPHOM pexXHMe;

ky — k03 OHUHEHT OCPefHeHHsT ¢ MO AJMHHe TPYGHI Onpele/sieTCs KaK OTHOLIeHHEe ¢ Ha BbIXOAE H3
Tpy6 B O6apaban K cpeAHEMY 3HAYEHHIO ¢, onpene.neHHomy no cpennell BeJHuHHE [/, ;

P — Ko3pPuLUHEHT H3MEHEHHS CKOPOCTH LHPKYJAUHH Pr=

woz — CKOPOCTb LHPKYJISIIMM TNPH HOBOM CTallHOHapHOM pexuMe, M/C;

¢unp — NpelleibHOe 3HaveHHe ¢ [7];

L, — cpenHeB3BelleHHasA [JIHHA HCNAPHTEJBHOH 30HbB LUHPKYJISIIIHOHHOTO KOHTYpA;

2t Iet?

Vi Ve — 00beMBI napa B TPYGHOH CHCTeMe KOT/Ia NPH NEPBOM H BTOPOM CTAlHOHAPHBIX PEXHMax;
n; — KO3QHLUKHENT, YYHTHIBAIOIHA BJAHAHHE H3MEHEHHs XapaKTepa ABHIKEHHS MapOBOJASHOH CMeCH
B Tpy6ax B NepHOR HeCTAUHOHAPHOCTH.
3aBHCHMOCTH %%; or A pjas pas- O6o6iwenHblii rpaguKk 3aBHCHMOCTH 003_
70
JAHYHBIX FPYAN KOTJIOB: AJIS KOTJIOB
anfix, 3 a7/09s
/
22 12 e
20 10
— ] //
78 08
1], T T =
1,6 7 16 e
/"f— — =
LI LD LT g4 =1
12]- 1 N .
+ T T T 1T71 11 S N N B |
1,0 N i 002 004 006 Q08 10 012 07 016 018 %—
08 AN y Yepr. 9
05 AN 11.15. O6beMbl Y4aCTKOB, 3aHATbie NEPBHYHBIM H BTOPHYHBIM Mapow,
’ A ~ HAxXOJAAT MO TeOMEeTPHYECKHM pasMepam.
04 A 1 11.16. PexoMenayeTcst BKJAIOYaTb «B AKTHBHBIA» MeTasJs BCIO Maccy
e d MeTajsja noAbeMHbIX TpPyO, Tak KakK OHH HMEIOT HeOOJbIIYIO TOJIHHY
02 CTEHKH H H3MEHeHHe ee TeMiepaTyphl cCJelyeT 3a U3MeHEHHEM TeMiie-
: paTypbl HacblUIEHHOTO napa.
02 0% 06 08 10 120/0 Has napoorBomsilux TPyO € TOJIEHHOH CTEeHKH TpyOnl mopsiika
, 13—15 MM, 3a aKTHBHYIO MacCy peKoMeHnyercs npuauMmats 30—50%
~—~ KOTJbl BBICOKOFO H CpeaHero apJae- © .
HHS; 2 — KOTJabl Hn3lmrg nasneﬁnﬁﬂ u BCE€H MacCChl MeTaJJjaa 3THX pr6
Mazioil  MOHOCTH; § — KOTAB  CYAOBBIC ;15 BOMONOABOASIMIErO CTOSIKA, BEPXHHX H HHXHHX KOJJIEKTOPOB
Hepr. 8 NpH TOJMILHHAX CTeH TPY6 M KosneKTopoB GoJee 25 MM Macca aKTHB-

HOro MeTaJsia npuHHMaercs 20% OT MOMHONW MacChl MeTaJJ/la 3THX 3JeMeHTOB. Macca akKTHBHOro MeTaJja
6apa6ana, TOJLIMHA CTEHKH KOTOporo jgocturaer 120 mm, npuuumaercs 10—20% or Bceit Macchl MeTalia
G6apabaHa.
3aBHCHMOCTS TenJIeMKoCTeR cTaeli Mapok 12XM®, 11.17. B maccy MeTaqjla neperpeBaTeNbHLIX YY4aCTKOB
IX18HOT, 1X18HI2T, 12X2M®, 12XIM® u 20 or BKJIIOYAIKOTCA LHEeJIHKOM MacCcChl TPY6 H KOJIJIEKTOPOB,

TeMnepaTypb 11.18. TensoeMKOCTh MeTaJjijla MOXHO ORpeAefiTb MO
rpapuky (uept. 10) HaIM no cnpaBoyHHKY [35].
Qc“"ol P 11.19. Beanunnnl Y, ¥”, y—y”, r, i’, i’ MOXHO Haxo-
> g2
) Y auth no rpadukam (uept. 11, 12) nanm no rabanuam {20].
S )4 11.20. YacTHble NpOH3BOAHbIE A L
S078 )4 o P A Ops’ Ops’ Ops’ Ops’
3’;7 B )4 Bp; MOXHO HalTH no yept. 13 u 14 uam no rabaunam {20).
' 4 I Y TR
o1a a 11.21. YacTHble npOU3BOAHbBIE 07" v B —a—l"-, a—;"
a1y L4 /2 n Pn n
0’1‘3 A MOXKHO ONpeneauTbh No rpadpukam (uepr. 15—18) man mno
0'12 Pt tabaunuam [20].
L ] - ol;
g T T LT T 11.22. YacTHbie npou3BOAHBIE aé‘ JJs KaXAOro pac-
Vi

0 100 200 00 400 500 600 L%
YeTHOTO YydYacTKa OnpefessioTcsd Mo NaHHBIM TeIJIOBOTo

Yepr. 10 pacuera KorJaa.
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3aBHCHMOCTD —(%"— OT AABJEHHS NPH NOCTOSAHHOH TeMmiepartype neperpesa
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; . ok ok ok Oay Jay Oz s Oay
11.23. Yactuble npouspogubie Oay * Oa; ' Oay; ' Ow; ' Owg’ 0T ' 0T, onpee/OTCs N0 3aBHCH-

MOCTSIM, NIPHBEJEHHbIM B paspene 4.3.5.
Bennunna x; onpefesisercs KaK OTHOLIGHHe Tellia, BOCIPHHSTOrO pa6oueil cpefoii Ha pacyeTHOM

y4yacTkKe, K KOJIHYeCTBY TemJia, OTAABaeMOMY ra3amMu BCeM YyyacTKaM, pacrnoJoXeHHbIM B 3TOM MecTe
rasoxozna.

12. ONPEAEJEHHE CTATHYECKHX OTKJIOHEHHW NMAPAMETPOB H PEKOMEHJAUHWH
MO PEWWEHHIO CHCTEM YPABHEHHHA KOTJIA

12.1. CucremMa ypaBHeHuH OHHAMHKH, COCTaBJEHHas M/ BCEX pPaCYETHBIX YYacCTKOB, AOMOJHEHNAs
YPaBHEHHAMH cnaaeﬂ, CMEUIeEHHsA W TPaHHYHBIMH YCJOBHAMH, [JaeT CHCTEMY ypaBHEHHﬁ KOTJ1a, KOTOpbIE
pewIaTCcsi COBMECTHO MJIS NOJAYYEHHS AHHAMHYECKHX XapaKTepHCTHK IlapaMeTpOB.

12.2. Tepen penieHneM cHCTeMbl ypaBHeHHH HeOGXOJHMO HaHTH OTKJOHEHHS NapaMeTPOB MpPH Nepexofe
OT OJHOTO CTAIHOHAPHOrO peXXHMa K [PyroMy, T. e. HallTH cTaTHYeCKHe OTKJOHEHHS NapaMeTpoB NPH 3a-
JaHHBIX BO3MYIIEHHSX.

12.3. CraTHuecKHe OTKJOHEHHS NapaMeTpOB ONpeJe/AIOTCA NYTeM pellleHHS 3TOH CHCTeMBl YpaBHeHHH
NpH 3HAYeHHAX NPOH3BOJAHbLIX H3MEHEHHs BeJIHYHH MO BPEMEHH, PABHBIX HYJI0 (CM. NIPHJIOXKEHHE).

12.4. IIpu ompejeJieHnH CTaTHYECKHX OTKJOHEHHH napaMeTpoB AHpdepeHHHalbHOe ypaBHEHHe MaTepH-
aJbHOrO GasiaHca AJIsl H3MeHeHHsl YDOBHA B GapaGaHe M3 CHCTeMbl ypaBHEHHil HCKJOuaeTcs, TaK Kak ypo-
BE€Hb B 6apaéaHe HEe HMeeT CaMOopery/JiIipOBaHUs H INPH BO3SMYUICHUAX HEOTPAHWUEHHO BO3pacTaerT HAH
yGbIBaer.

12.5. CxkopocTb H3MeHeHHsi YPOBHsi B GapabaHe NpPH BO3MYILUEHHSX HaXOAAT H3 ypaBHEHHS MaTepHalb-
Horo OaJsanca (12) myTem pellleHHs 9TOrO ypaBHEHHsS TNpH NPHHATHH CKOPOCTeH H3MeHeHHs pacxoia H AaB-
JIeHHSA Nlapa PaBHBIMH HYJIO.

13. YIPOUWEHHBIE ®OPMYJibl IJi1 ONPENEJIEHHSA IABJIEHHS H YPOBHSl B BAPABAHE

1.3.1. [last onpenesieHHs BeJHUYHHBI CKOPOCTH H3MEHEHHsl JaBJieHHs B 6apabaHe KOT/1a NpPH OTCYTCTBHH
IKOHOMali3epa YAOGHO I0/b30BaThCs CAELYIOMIMM ypaBHEHHeM, pPeKOMeHAyeMHIM B JHTepatype [5] u noay-
YeHHBIM H3 COBMECTHOTO pelleHHs ypaBHeuwu# (6) u (19):

dpﬁ 1 i fe Ai 4 7 0i” ai; 61’,
— L (e, — A)AD, — e, AD” — D72 _ %4 24 i
=T [Qu (&1 —A)AD; —¢, 3pe — Ope ) AP+ g5 D788, |- (118)
B OTHOCHTe/IbHEIX BeJHYHHAX ypaBHEHHE NpHMET BHI:
deg 1 1 1 1 1
ey A e A — —-
a T T, S+ T 'S T, T, @6 -+ Tor Pe1, (119)
.
rae & =“"_—TT' 3aBHCHMOCTD KOMNJEKCOB &) — €5 OT AABNCHHH
)
. & & w&y L &2 &
=Ty s mnﬁﬂLu/n_n xxan xxgs
! K nacfem zc fomfinectt X2 ] [ ] s
-4 # ’
o et 90 + 0. a6+ 2804 6+00f 470 LD\ /Inga
R N (%2
, " 0.56{ 2604 5600} 430 < 70
e — Lt + 5" o, N 4
AT —+7 9ps ' ' Ops’ 048] 2404 4800} 330 AN /// 50
e, =, g(‘” ; 040} 220 40004 350 \\\\\ ~C // 50
(43 ~
0524 200 3200} 310 |\ . 0
Iy =5V 4+ (V — V,) 4 2300 \ \\
Iops IoPs 0.24] 180 4 24004 279 \\ P 30
To= Qr ' n.= (a1 —40) Dy? 016 160 -| 16004 250 N s = 20
N
T,, = -If'ﬁf- ; 0,084 140 4 800 1190 1 — 10
Dyey olzp fo. {150 [ 0
I, . Iyps 0 20 4 60 80 0 120 140 160 180 p,xzcfem
Th=—7am —any’ = jan,
(-‘7-15; '5;;) a6, ! UYepT. 19

BeJsHunHH €, &2, €3, £4, 85 — OJIHO3HAUHO 3aBUCAT OT [JaBJEHUS H npuBeleHbl B Ta6Ga. 1 (wepr. 19).
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Tabauya 1

3aBHCHMOCTD BEAMMHH &y, £;, £3, €4, €5 OT AABJCHHSA

¥4 £ gn €3 €y g5 ¥4 € €n €3 Ey <5

10 2,76 485 4072 239 0,537 110 | 30,12 | 333 619 206 | 0,092
20 5,30 | 457 2324 222 0,318 120 | 33,39 322 578 208 | 0,087
30 7,82 437 1690 215 0,235 130 | 36,81 310 543 210 | 0,082
40 10,36 | 421 1346 21t 0,191 140 | 40,42 299 509 212 | 0,077
50 12,94 406 1136 209 | 0,162 150 | 44,33} 288 478 215 | 0,073
60 15,58 | 392 986 207 0,142 160 | 48,46 | 276 455 220 | 0,069
70 18,29 { 380 870 205 0,127 170 | 53,10 | 264 432 226 | 0,066
80 21,09 | 367 794 204 0,116 180 | 58,16 | 251 417 233 | 0,064
90 23,98 | 356 725 204 0,107 190 | 64,10 ] 238 402 241 | 0,061
100 26,88 | 344 668 205 0,097 200 | 71,03 ) 221 398 252 | 0,059

13.2. Tlpu npeneGpekeHHH BJHAHHEM pacXoja BOAbL Ha JlaBJeHHe, a TaKxe BJHAHHEM H3MEHEHHH TeM-
nepatypbl BOABl Ha BBIXOJAe H3 3KOHOMaiizepa ypaBHenne (119) npuHHMaeTr K/aacCHYecKH#i BHJ

Ta%ﬁ“—:PB“")‘”, (120)
rae T, — BpeMs pa3roHa KOTJja 1o JasJjieHnio B Gapabase, C.
13.3. Besnnuuna T, onpefensieTcst MO BLIPAXKEHHIO
L ps 1% v’ V-V’ Gy, v
liv=<p = "57(“‘0'1'— S e i —5—3)= o (Tvi+Tv + Tax): (121)
Vo, V-V, Gya
rae TV'=Ap__V’_" TVN:BP_T—’ T6u=Cp v *

Beanunun Ay, Bp, Cp nanbi B Taba. 2

Tabauya 2

3asucumocts Beanyun A, B, C ot pasaeHns
p Ap B, Cp p Ap B, Cp
10 84,01 4,93 0,0111 120 215,57 77,61 0,0324
20 101,62 9,72 0,0139 130 227,57 87,95 0,0343
30 115,88 14,75 0,0161 140 238,12 99,37 0,0359
40 127,98 20,06 0,0182 150 249,45 112,21 0,0380
50 139,96 25,72 0,0199 160 263,71 127,51 0,0400
60 150,87 31,62 0,0217 170 278,06 145,33 0,0428
70 160,36 37,90 0,0234 180 298,62 166,85 0,0458
80 172,92 44,53 0,0252 190 321,46 192,56 0,0489
90 183,40 51,68 0,0271 200 359,63 227,59 0,0531
100 194,08 59,56 0,0282 210 409,40 282,53 0,0577

110 204,56 68,20 0,0304
€306 €4 P6 g5 P6
A==, p =28, ¢ =

€2 €2

Ha yept. 20 npeacrtaBieHa HOMOrpaMMa 1Js onpefeneHdss Ta. [Ipu 3TOM Heo6X0AUMO HafTH OTHOLIe-
V—v Gy, 1’4

HHA v y TV H D ITo ocu aGcumuce cnpasa H cjeBa OT OCH OpAHHAT OTJNOXHTL BEJHYHHY JAaB-
Gy, V-V
JICHHS B 63[)368}!@ H NPpOBECTH JAB¢ BEPTHKaJbHbIC JJUHHH A0 NEpeCeYeHHsA C JHHHAMH v H -V Coe-

AHHSIS NOJyYeHHble TOYKH NMPAMOH JAMHHEH, NoJyyaeM Ha OCH opAauHaT oTpe3ok T;. Benuuuna TazT;’—Z—.
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dh
13.4. las onpepesieHHs BeJHYHHBI —iF Hcrnoab3yeM ypaBHeHue (6)

dh 1 oy oy’ 1 dps 1 av”
— e A —_— LAY, e (AP r__1_ ki —_ 2
a0 — 1) Py, {( Dy —AD") [(V o TV 0P5] at }+ Fon df (122)
dps
Homorpamma nns onpepenenus pasrosa 7,; B ypaBHeHHH AaR 7 npH Vol =1
C
| Tem [Tv'+T”
280
| Yoo
240 Y/'o p:7/
| v ( //
200 // /
/
E = 3000 xe m? Ty
=3000xe{m 160 =T 4/ ==0,7
N T ANV
b~ | r
Em 000 L= Ho // Y
\\ o~ - ,A/c 1 v
s §Y /4 '
L Gl S A
bm 500y i \\\\-w "
T — -— N 1
TRt :
procjem™200 160 120 80 40 0 40 86 120 160 p,xecjcm’
Yepr. 20
Ecan ucnosb3oBaTh AJis onpepeseHHst BENHYHHbI—-— 3aBHCHMOCTb (116), To nosyunm ypaBHeHue (125).
Ilpn wucnoanzoBauun 3aBucHMocta (117) noaydyaem
dh AD, — AD" n , 0 1 dpg aq —apt
— T e e —_ —_ ————— — € .
dt GO —1) Fau [(V ) 9ps +Vv ops | (Y — ") Fy. at + Fin B (123)
[Mepexoast K OTHOCHTEJNBHLIM BequnHaM, nonyusm H3 (123)
dop, 1 1 . e —apgt
—_———— — —~ M — — —2Be 124
dt Ty 1 Ty Mp 6 T Fiu ho ! ? ( )
HAH u3 BHpaxeHusa (122) c ucnoan3oBanHeMm (116) umeem
d D 0 4 0 n o ’
e USNY WO V) YUY NS N [N 7JNA TS v S | g
dt Faua " =11 G =1 Fyuh 9ps ops  Ops
oV d D’ ov” dv
ke TS, T (125)
F, . h Opg | df F,uh 0D" dt

, hF, (7 —1") . .
Tky = T)\, =

Dy
M o= — hFy (" —1") )
? pa[(V—V')ﬁ+V'i]
9pe 9p6
13.5. Onpenesenye BeJIHUHHBI H3MEHEHHS YPOBHS TPOH3BOAMTCS NYTeM HHTErPHPOBAHHS YpaBHEHH:
(123) npu HomylueHHH, YTO .‘Zp_t°=const (uTo cipaBeiIHBO B MEPBbii MOMEHT BpEeMEeHH TNOC/e HaHeCeHus

hF, (' —17) .
— D

BO3MYIIeHHs1). B 3ToM cayuae nosyunm mpHOGJHKeHHOE YpaBHEHHe 1Jis1 ONpehesieliHd BEJHUYHHbI H3MeHe-
HHSI YPOBHS:

h=hy+ A+ A, (1 —e 1), (126)
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D1 — Dll 1 a.{ll a.{’ dPﬁ
= 7 7 - 7 7 V — Y o hrras
rae A= ) Esy (=1 Fou [( ) o TV o | @

. " 1
A= (nl Vier — Vlcr)"?:::l‘"

Ananu3s u3MeHeHHsl BeJHYHHBI A, NOKasa/, 4yTo [js KOTJOB BLICOKOTO XaB/IeHHS, T. €. NpH ps OoJee
100 xrc/cM? MoxHo cuntath n; =1. Ilpu stom dopmynaa (126) cyiiecTBeHHO ympollaeTcsi M HpPHHH-
MaeT BHI

” »

Vor—V —a
h=hy+ At + 22— (1 —e ™). (127)

3.H

HpOII3B€ILEHHbIe pacueTnl 1MOKa3blBAIOT, YTO BeJHYHHa djo AJAS OTEUECTBEHHDLIX 6apa6aHHb1x KOTJIOB Jie-

KHT B npenenax 0,2—0,4, noatomy uJeH e 1o’ npaKkTHYeCKH CTAHOBHTCS paBHbLIM HyJi0o uepes 10—I5 ¢
f1ocJsie NpHIOKeHHUs Bo3MmylleHHs. CJefoBaTesbHO, eC/H NpeHeOpeub 3anasablBaHHeM, ONpele/sieMbiM CKOpPO-
CTbI0O ABHIKEHHA NApOBOASHONH CMeCH B KHISATHJBHBIX Tpy6aXx KOT/I4, TO BeJHYHHA YPOBHSL ONpeXEJNHTCSH
BhIpaxKeHHeM

h=hy+ At 2L, (128)

[Tocrennnit uieH 3Toll GOpMyJbl ONMpefe/sieT NPHHATHA MIHOBEHHBIM 3a6poc YpOBHf 3a CUeT H3MeHe-
HHA KOJIHYecTBa napa B TpPYOHOH cHCTeMe KOTJia B HayajJe H B KOHIE YCTAHOBUBHIETOCS peXHMa, T. €.
s 6apaGaHHBIX KOTJIOB TaKXKe COpaBedJHBO BECTH pacyeT «HaOyXaHHsi» YPOBHSl MO CTAaTHUYECKOH 3aBH-
cumoct (116).

14. METO4bl AHAJIN3A THHAMHUYECKHX XAPAKTEPHCTHK KOTJIOB

14.1. JlnHaMuyecKHe XapaKTepPHCTHKH MOJIYYalOT I0Ce MOJENHPOBAHHS B BHlAe rpadHyecKHNX 3aBHCH-
MOCTell napaMeTpoB OT BpeMmeHH. [1o 3THUM XapakTepHCTHKaM ONpee/sloTCs BpeMeHa pa3rOHa H 3anasibl-
BAaHHS, HeOOXOAHMBble AJSl BBHIYHC/IEHHS I1apaMeTpPOB HAaCTPOAKH PEryJ/siTOpOB CHCTEM aBTOMAaTHYeCKOro pe-
T'y/JHPOBAHHA.

ITonyuenHsle AHHAMHYECKHE XapaKTePUCTHKH [103BOJAIOT BHABHTL KOJHYECTBEHHO OllacHble OTKJOHe-
HHS OTAEJIbHLIX NapaMeTPOB, CKOPOCTH HX M3MEeHEeHHs, a TaKXKe YCTaHOBHTb BeJHYHHBI BO3MYHICHHH, KOTO-
pBle MOTYT GBITb MPHJAOMKEHBHl K KOTJY H He fABJSIOTCS ONACHBIMH € TOYKH 3DEHHA JONYCTHMBHIX CKOPOCTei
H3MEeHeHHs psia napaMmeTpoB.

14.2. Ons asaauza paGoTbl CHCTEMBI ABTOMAaTHYECKOrO PEryJIHPOBaHHA KoTJa HeoOXOAuMO HabpaTe MO-
e 00BbEeKTa Ha BLIMHC/AHTE/bHBIX MAalHHAX, HCHOJB3YA NOJY4eHHbie YDaBHEHHS JHHAMHKH.

14.3. TIpu pewieHHH 3afau¥ Ha AHAJOrOBHIX BLIYHCJAHTENBHBIX MallHHAX HMCCACNOBAHHMSA CHCTEMBI pery-
JHPOBAHHA MOTYT GBITh HPOH3BEJEHbl C pPeajbHbLIMH PEryJasTopamH, NOAK/IIOYaeMBIMH K aHaJOTOBHIM Ma-
IIHHaM, Korja Mofenb o6bekra HabpaHa.

14.4. B cayuae peuieHus 3ajaud Ha UH(POBHIX MaMIHHAX HCC/IEJOBAHHA paGOTH CHCTEMBI peryJHpoBa-
HHSl TIPOM3BOJHUTCS NyTeM HaGopa ypaBHeHHH, MOAENHPYIOLIHX peryJjaTopbl NpH BbIOpaHHBIX 3apaHee ONTH-
MaNbHLIX MapaMeTpax HacTPOHKH.

14.5. Tlpn nosiyyeHHs pa3auYHBIX HIPHKHIOYHBIX OLUEHOK AMHAMHYECKHX XapaKTePHCTHK KOTJa MOXKHO
H0JIB30BAThC OTAEJNBHBIMH FPYNNaMH ypaBHeHHH HJIH OAHHM ypaBHeHHeM [Jis1 onpefeseHHsi HeOOXOLHMBIX
BeJHuuH (CM. pasgea 13).
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ITPHJIOKEHHE
CnpasouHoe

PACYET JUHAMHYECKHX XAPAKTEPHCTHK TFA30MA3YTHOIO KOTJIA 670 1/u*
1. XAPAKTEPUCTHKA KOTJIA (PE)XHUM 100%)

Koten rasomasyTHEIH, OXHOKOPNYCHBIH, OAHOGapa6aHHBIil, SKPaHHPOBAHHbIII.

TTaponpou3BoxHTEAbHOCTD
HaBnenne mapa B GapaGaue
Pacxox TomiauBa (Masyra)
Temnepatypa nHTaTeJqbHOR BOAbI
DHTaAbNHA NHTATeNbHON BOAHI
Temneparypa neperperoro napa
[ asieHne meperperoro napa
Pacxox BTOpHuHOrOo napa

TeMnepatypa BTODHYHOTrO napa Ha BxOzE
TeMrniepaTypa BTOPHYHOTO Napa Ha BHIXOJe
JlaBnieHHe BTOPHUHOIO napa Ha BXoie
laBJieHHe BTOPHUYHOTO napa Ha BHIXOHE

Temneparypa ropsiuero Bo3ayxa
DHTaNbIHA TOPSAYEro BO3AYXa

Temnepatypa peuypKyAHPYIOUIHX rason
DHTaNLNHS PELUHPKYJHPYIOLIHX Ta30B .
Teopernueckasi TeMmepaTypa CropaHus TONAMBA

Temnieparypa rasoB Ha BEIXOle H3 TOMKH .

KosnuecTBo BNpbICKHBaeMO# BOAH B NEPBHYHBIIL nap (Bnpbu:}\ 2)

Temmneparypa
DHTaAbNHA BNPHICKHBAEeMOH BOXBI
Koadpduunent ncnoapsosanus

BHpHCKﬂBaeMOH BOABI

Koa¢duunent usbhtka Bo3ayxa B TOMKe

Kosdduuuent peunpkyasuun

* Cwm. pabory [36)

CxeMa LHPKYJSIHOHHOIO KOHTYypa mpuBelieHa Ha uepT. 1.

KoHcTpyKTHBHbIe NaHHBIE LHPKY/ISALHOHHBIX KOHTYPOB Ha OIHY NMOJOBHHY KOTJa HaHbl B Ta6a. 1.

PesyabraThl pacyera UHPKyJIAUHH faHb BTa6.a. 2. [Togo6uaa Ta6auua o6biuHO NPHBOAKTCA NPH pacueTe
unpkyasuud. Ecan Takas Ta6aHuLa B pacyetax UHPKYJAALHH He NpHBEAEHAa, TO €€ HYXKHO COCTaBHTh Ha
OCHOBaHHH pe3yJ/bTaTOB CBelleHHs GaJiaHCOB 10 OTAENbHBIM KOHTYPaM KOTJa.

670 T/4

155 kre/cm?
50,5 t/a
246°C

255 KkKaJa/kr
545°C

140 krc/em?
590 /4
333°C
545°C

24 krc/em?
22 krejem?
305°C

998 kkaa/Kkr
350°C

1343 kKaa/kr
2108°C
1340°C

10 T/u
340°C
382,6°C
0,997

1,03

0,1

Cxema UMpKYASIHHONHOIO KOHTYpa KoTha 670 1/u, paGoTailomero wa masyre

e

C

D,

CmosK

T EEA

1 Konumypw doxobozo srpana

5 3axas 1118

==ail

D L)
Konmypo: @ponmaboeo sxpara J C? G]-D q?
Kormgper saduneeo snpana

Yepr. 1

0ce cummempuu
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KoHCTPYKTHBHBIE RaHHBIC UHPKYJSHHOHHBIX KOHTYPOB KOTAa 670 T/4 (M2 noJoBMHY koTaa)

Tabauga !

Beanuyuna
HanMenoBaxie KoHTypbl ¢)pOHTOBOrO 3Kpana Koutypn GokxoBoro 3kpaHa Kontypul 3aanero akpaHa
1] e 3 | 4 5 6 7 8 9 | w0 | 1| 12
[Moavemane TpyGH KOHTYPOB
BuyTtpennnit anamerp tpy6, mm| 40 40 40 40 40 40 40 40 40 40 40 40
Kosunuectso Tpy6 B xoutype, wt.| 32 32 32 32 32 15 17 32 32 32 32 32
CymMapHoe ceuenine TpYyG, M? 0,0402] 0,0402} 0,0402{ 0,0402| 0,0402} 0,0188( 0,0214)| 0,0402 0,0402}0,0402{0,0402{0,0402
Hdauna Tpy6w xo oGorpesa, M 1,5 1,5 1,5 1,5 2,0 1,8 1,8 1,6 1,8 11,511,815
JiuHa o6GorpeBaeMofi vacti, M
Yuacrok | 7,0 7,0 7,0 7,0 6,0 6.7 6,7 7,2 |10,4]104]104) 7,5
Yuacrok 2 5,8 5,8 5,8 5,8 8,5 8,5 8,5 85 {73173173]7,3
Yuacrox 3 8,5 8,5 8,5 85 | 6,5 6,5 6,5 65 | — | =1 =1 -
Yuacrok 4 6,5 6,5 6,5 6,5 — — — — — — — —_
Mauna Tpy6st BHme oGorpesa, M] 1,5 1,5 1,5 1,5 1,5 1,6 1,5 1,5 1 L0l 101,01 1,0
TToanas aauna TpyoOu, M 30,8 30,8 30,8 30,8 24,5 25,0 25,0 25,3 120,5)2,2|20,5]| 17,3
OGorpeBaeMasi uacTh
napooTBOAAWMX TPYG 3anHero
3KpaHa
BuyTtpennuit zuametp tpy6, mm| — — — — — _ - — 107 | 107 | 107 | 107
Koauuectso Tpy6, wr. — — — — — — — — 3 3 3 3
CyMMapHOe ceuenne TPyG, M2 — - — — - — — — 10,027{0,02710,027 0,027
Hanua oborpesaeMoft yacty Tpy-| — - — — — — — — 6,4 | 64| 64| 6,4
Obl, M
[Mapoorsoasune TpyOul
KOHTYPOB
Buytpennuil puaverp Tpys, mm| 129 129 113 113 113 113 113 113 | 113 { 113 | 113 | 113
Koanuectso T1py6, mr. 4 4 3 3 3 2 4 3 3 3 3 3
CyMMmapuoe cedeHne Tpy6, M2 0,0523 0,0523| 0,0300{ 0,0300] 0,0300( 0,0200| 0,0400 0,0300 |0,0300l0,0300{0,0300{0,0300
Mosnas aauHa TpyG, M 10,0 10,0 § 10,0 | 10,0 [ 14,0 | 14,0 3,5 14,0 | 14,0 [ 14,0 | 14,0 | 14,0
Boaonoasoaauye Tpyoui
K HHXKHHM KOJJIeKTOpaM
BuyTpennufi guaMerp TPy, mm| 129 129 129 129 129 113 13 129 | 129 | 129 | 129 | 129
KoanwectBo Tpy6, mr. 4 4 3 3 3 2 4 3 3 3 3 3
CymMapHoe cesenne Tpy6, m? | 0,0523| 0,0523 | 0,0392{ 0,0392] 0,0392 0,0200| 0,0400 | 0,0392 [0,0392{0,03920,0392(0,0392
IMoanast anusa Tpyd, M 12,0 12,0 12,0 12,0 9,0 10,5 30,0 13,0 | 12,0 } 12,0 | 12,0 | 12,0
KoasiekTopnl HHXKHHe
Buyrpeunuit anamerp, Mm 223 223 223 223 223 223 223 223 | 223 | 223 | 223 | 223
Hapyxuwii amaverp, My 273 | 273 | 273 273 | 273 | 273 | 273 273 | 2713 | 273 | 273 | 273
Koanuecrso, mr. 1 1 1 1 1 1 1 1 i 1 I 1
Koanexkropsl Bepxume
BuyTpenHBii amaMerp, M 159 159 159 159 159 159 159 159 159 | 159 | 159 | 159
Hapyxubifi 1uamerp, My 219 219 219 219 219 219 219 219 219 | 219 | 219 | 219
Koangecrso, mr., 1 1 1 1 1 1 1 1 1 1 1 1
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Tabauya 2
PeayabTaThi pacyera UHPKYAsun *
HawumeHoBaHne KOHTYpa o, w*, D,
UHPKYJALHH KFjc M/c Kr/c
TMoavemnnie Tpy6u
®ponToBOIt 3KPaH
Konrtyp 1 50,6 2,10 13,02
Konryp 2 50,6 2,10 13,02
Kouryp 3 43,4 1,80 8,69
Kouryp 4 43,4 1,80 8,69
Boxkosoit skpaH
Kouryp 5 43,4 1,80 8,03
Konryp 6 23,6 2,10 4,79
Kouryp 7 30,8 2,40 6,36
Koutyp 8 43,4 1,80 8,03
3anuufi 3kpaH ¢ (ecTOHOM
Kontyp 9 45,8 2—,;3———%0&- 9,86
Konryp 10 45,8 %8’3% 9,86
Kouryp 11 45,8 E% 9,86
Konryp 12 45,8 2—15% 7,00
MapooTBopsimue TpyGn '
®poHTOBOH IKpaH
Kontyp 1 50,6 1,61 13.02
Kouryp 2 50,6 1,61 13.02
Konryp 3 43,4 2,41 8,69
Kouryp 4 43,4 2,41 8,69
Bokosoit 3kpaH
Kouryp 5 43,4 2,41 8,03
Kouryp 6 23,6 1,97 4,79
Kontyp 7 30,8 1,28 6,36
Konryp 8 43,4 2,41 8,03
3anuni sKpaH
Kontyp 9 45,8 2,55 9,86
Kouryp 10 45,8 2,55 9,86
Konryp 11 45,8 2.55 9,86
Kouryp 12 45,8 2,55 7,00

* JlJs1 TIOJIOBHHBI KOTJA.

** CKOPOCTb HHPKYJISILHH.
*** =283 M/c — cKopocTb B (hecToHe.

2. ONPEAEJEHHE OBDBDEMOB WU MACCHI METAJJA

2.1. dnsa onpejeieHHsi NOJIHOrO BHYTPEHHEro reOMeTPHYECKOro 0GbeMa LHPKYJALHOHHOIO KOHTYpa He-
06XOAHMO HaHTH TeOMeTPHYECKHEe O0beMbl TPYO OTAGNBHBIX KOHTYPOB LHPKYJISLHH, 06BbEMbl KOJNJIEKTOPOB
H Gapa6aHa H NPOCYMMHPOBaTh HX.

B rta6a. 3—5 noxasaHo onpeneseHHe BeJHYHHbLI TeOMETPHYECKOro 0GbeMa LUHPKYJNALHOHHOTO KOHTYpa

Ha NOJIOBHHY KOTJa
5%
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Tabauya 3
KOHCTPYKTHBHbIE JaHHblE UHPKYJISHHOHHOrO KOHTYpa Koraa *
HanmeHoBaHHe KOHTYpa 5
HUDKYJIS LUK P dX 8, mx V, u? Gy, xr Gy 0 KT
Monbemunie TPYOH
®poHTOBOH KPaH
Kontyp 1 505 1,238 5470 5470
Kouryp 2 505 1,238 5470 5470
Kontyp 3 505 1,238 5470 5470
Konryp 4 50%5 1,238 5470 5470
BokoBoft 3KpaH
Konryp 5 505 0,985 4350 4350
Kouryp 6 505 0,470 2070 2070
Konryp 7 505 0,535 2360 2360
Kouryp 8 505 1,017 4500 4500
3aauuit sKpaH
KOHTY{) 10 505 0 , 812 3570 3570
Konryp 11 505 0,824 3660 3660
Kouryp 12 50<5 0,696 3050 3050
decToH
Koutyp 10 13313 0,173 738 738
Koutyp 11 13313 0,173 738 738
Kouryp 12 133x 13 0,173 738 738
Mapoorsoasmne TPyObi
®poHTOBOfl 3KpaH
Kontyp 1 15915 0,523 2140 1070
Koutyp 2 159X 15 0,523 2140 1070
Kortyp 3 13313 0,300 910 455
Konryp 4 13313 0,300 910 455
Bokopoii sKkpaH
Kouryp 5 13313 0,420 1275 638
Kowyp 6 133%13 | 0,280 850 425
Kontyp 7 13313 0,140 420 210
Koutyp 8 13313 0,420 1275 638
3a1unil KpaH
Kontyp 9 13313 0,420 1275 638
Kouryp 10 13313 0,420 1275 638
Konryp 11 13313 0,420 1275 638
Bononoasoasune Tpyon
K HHXHHM KOJIEKTOPaM
®pouTOBOH 3KpaH
Kouryp 1 15915 0,628 2560 1280
Kouryp 2 15915 0,628 2560 1280
Kouryp 3 15915 0,470 1920 960
Kouryp 4 15915 0,470 1920 960
BokoBolt 3xpan
Kouryp 5 15915 0,353 1445 723
Kouryp 6 13313 0,210 641 321
Kounryp 7 133x13 1,200 3625 1813
Kouryp 8 15915 0,510 2089 1045
3apnuft ’xpaH
Konryp 9 15915 0,470 1918 959
Kouryp 10 159X 15 0,470 1918 959
Kouryp 11 15915 0,470 1918 959
Kouryp 12 159X 15 0,470 1918 959
Bcero — 22,742 91504 71778

* Jlnd mOJOBHHBL KOTAA.



PTM 108.031.101—76 Crp. 37
Tabauya 4
KOHCTPYKTHBHBIE JAaHHble BOJONMOABOAAMIErO CTOSIKA, KOJJIEKTOpoB M GapaGana
HauMmeHoBaHHe KOHTYpa axs, n, /, L v, Gy, m Gy o
UHPKYJIALHH MM T, M? M M3 Kr ! Kr
Bogonoapoasiiie CTOAKH 53045 5 0,760 27,2 20,670 73200 0,2 14640
KonaekTopel HHXKHHe
DPpOHTOBO# 3KpaH
Konryp 1 27325 2 0,078 2,5 0,195 764 0,2 153
Kouryp 2 273X 25 2 0,078 2,5 0,195 764 0,2 153
Koutyp 3 27325 2 0,078 2,5 0,195 764 0,2 153
Kontyp 4 27325 2 0,078 2,5 0,195 764 0,2 153
BokoBoit skpan
Kouryp 5 27325 2 0,078 2,5 0,195 764 0,2 153
Kouryp 6 27325 2 0,078 2,5 0,195 764 0,2 153
Kouryp 7 27325 2 0,078 2,5 0,195 764 0,2 153
Koutyp 8 27325 2 0,078 2,5 0,195 764 0,2 153
3axnnil akpan
Kouryp 9 27325 2 0,0780 2,5 0,195 764 0,2 153
Koutyp 10 27325 2 0,0780 2,5 0,195 764 0,2 153
Konryp 11 27325 2 0,0780 2,5 0,195 764 0,2 153
Hroro — — —_ — 2,340 9168 —_— 1836
KoanekTopel BepXHHE
®poHTOBOII KpaH
Kontyp 1 21930 2 0,0397 2,5 0,099 700 0,2 140
Kontyp 2 21930 2 0,0397 2,5 0,099 700 0,2 140
Kontyp 3 21930 2 0,0397 2,5 0,099 700 0,2 140
Konuryp 4 21930 2 0,0397 2.5 0,099 700 0,2 140
BokoBoit 3kpan
Kontyp 5 21930 2 0,0397 2,5 0,099 700 0,2 140
Kouryp 6 21930 2 0,0397 2,5 0,099 700 0,2 140
Kom‘yp 7 2‘9}(30 2 0,0397 2,5 0,099 700 0,2 140
Koutyp 8 219x 30 2 0,0397 2.5 0,099 700 0,2 140
3annuii skpan
Kouryp 9 21930 2 0,0397 2,5 0,099 700 0,2 140
Kontyp 10 21930 2 0,0397 2.5 0,099 700 0,2 140
KOHT_\'p 11 21930 2 0,0397 2,5 0,099 700 0,2 140
Kouryp 12 21930 2 0,0397 2.5 0,099 700 0,2 140
Hroro — — — — 1,188 8400 — 1680
Bapa6aun
HusuHApHYeCKasi YAcTh 1830<115 1 2,0100 21,0 42,210 102000 0,1 10200
Heunannapuueckas yactb — 2 — — 2,150 8400 0,1 840
Hroro — — — — 44,360 110400 — 11040
Bcero — — — — 68,558 201168 — 29196
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Tabauya 5
O6beM W Macca Meraana BCEro KOTaa
Hauvenosanse Kourypa v, Gy, Gyar
HHPKYJAALHHE 3 KE «r
TMonwemubie TpPyGbi
PpoHTOBON 3KpaH 9,904 43760 43760
BokoBoi 3xpan 6,014 26560 26560
3anunii 3Kpan 6,312 27880 27880
Qecron 1,384 5904 5904
TMapooTsoasimue TPyOH
®poHTOBOM 3KpaH 2,002 8560 4280
1,200 3640 1820
BokoBoit 3kpan 2,520 7640 3820
3anHuit aKpaH 3,360 10200 5100
Boaonoasoasuue TpyGsl
K HHIKHHM KOJLJICKTOPaMm
®poHTOBOI 3KpaH 4,392 17920 8960
. 1,726 7068 3534
Boxkosoii 3kpau
2,820 8532 4266
3anuHnit sKpaH 3,760 15344 7672
Bononoasoasue CTOAKH 20,670 73200 14640
Koanektopst HumHie 2,340 9168 1836
Koanexrops BepxHie 1,188 8400 1680
Bapaban
Huaungpuveckass vactb 42 210 102000 10200
Hennannapuyeckaa yactb 2,150 8400 840
Bceero 114,042 384176 172752*
* Bes Beca NpOCTaBOK.
V=V'+V"+V,, (1)

rie V —reomerpuueckdii 0o6beM UHPKYJSIIIHOHHOrO KOHTypa, M3
V” — o6bem mnapa B TPyGHO# cucTeMe LHPKYJSIHOHHOTO KOHTypa, M3;

V., — o6beM napa Hanx 3epKajioM ncnapenus B GapaGahe, M3

V' — BoasiHOi 06BEM LHPKYJSLHOHHOrO KOHTYpa KOTJja, M3

FeomeTpuuecKuit BHYTpPeHHHI OOBEM HHMPKYJSLHOHHOTO KoHTYpa V=114 M3

2.2. O6beM 3KOHOMaM3€epPHOM YacTH NOABEMHBIX Tpy6 V. HaxXOAT 1O AAHHBIM pacyeTa WHDPKYJSLMH.
B Ta6a. | npuBefeHa noJHas AJHHa TPYG MO OTAENLHBIM yyacTKaM o60rpesaeMoil YaCTH LHPKYASLHOHHOTO
koutypa. Ilpu pacuere UHPKY/JISUMH KHAKOCTH B KOTJ/e ONpeAesieTcs BLICOTa 3KOHOMafA3epHOro yuacTKa
noxbeMHoil Tpy6ei. Ilo 3Tol BhiCOTe onpepejsercs AJHHA 3KOHOMaM3epHOro yuactka. ComocTaBHB noJy-
YEHHYI0 MJHHY C AJMHAMH Y4acTKOB B Tal/Hlle KOHCTPYKTHBHBIX [JaHHbIX WHHPKYJSUHOHHOrO KOHTypa,
JIETKO YCTaHOBHTb, Ha KAaKOM ydacTKe HauHHaercs napooGpasoBanue. O6beM TpyG 1O ceueHHs, B KOTOpOM
HAauyHHaeTcsl MapooGpasoBaHHe, MOJHOCTBHIO OTHOCHTCH K BOASHOMY o6bemy. [lnHHa H o6beM 3KOHOMafi3ep-
HEIX Y4aCTKOB NOABEMHBIX TPy6 AaHnl B Tabu. 6.

2.3. O6peM napa B TpyGax LHPKYJSILIMOHHOTO KOHTYypa OfpeflesiieTcs N0 3aBHCHMOCTH

V”=32¢fL, (2)

rie @ — cpejlHee 3HaueHHe JOJH cedeHHs TPYOHI, 3aHATOH napom;

L — nnvHa napooGpa3sylouweit 4acTH TPyOH, M;

f — npoxomHoe ceuenue TPyGHI, M2

TIpu pacuere BesiHuuHL V” HYXHO MMeTb B BHIY UYTO B Haya/je NEPBOro napoofpasyioilero yyacTtka
napa HeT H MO3TOMY @,a.«=0, a B KOHIle TepPBOro Napoo6pasyloilero yuactka ¢=g¢;. O6bemM napa Ha 3TOM
yuyacTKe HaXOZLST N0 CPEAHEMY 3HAYEHHIO (cp, PABHOMY [10JOBHHE .

Ha moc/eaymoiiux ydacTkax BEJIHUYHHA @cp OMpejenseTca KakK MOJYCyMMa ¢ Ha BXOJe H BHIXOJE H3
paccMaTpHBaeMOro ywacTka.

B Ta6a. 7 moxasaH npHMep ONpeieseHus BeJHuHHbl V" ans KoTaa 670 1/u.
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Tabauya 6

IlauHa H o6beM 3KoHOMa3epHBIX YYaCTKOB
noAbeMHBX TPYO6 *

HanMenoBanne koHTypa :
UMPKYASLHA log, M Vg, M3
®dpouroBoli 3Kpan
Kontyp 1 9,6 0,386
Kouryp 2 9,6 0,386
Koutyp 3 9,7 0,390
Kouryp 4 9,7 0,390
bokoBoii 3xpan
Konryp 5 3,5 0,141
Kouryp 6 3,8 0.071
Kontyp 7 2,1 0,045
Konryp 8 3.5 0,141
3aaunit skpau
Konryp 9 3,9 0,157
Kontyp 10 3,9 0,157
Konryp 11 3,9 0,157
Kouryp 12 3,4 0,137
Bcero — 2,557

* Jlasi noJIOBHHBI KOTJA.

Tabauya 7
O6nem napa B TpyGmoll cucteme Kotaa
HaumeHoBanne xourypa " HanmenoBaiHe KOHTYpa ¥ a3
UHPKYAALHA Lwi o (V7 w8 ————— Lul ¢ |Vim
Jlopbemunie TpyGu BokoBoil 3KkpaH
®poutosolt 3Kpan Kontyp 5 — — —
Koutyp 1 Yyactox 1 gg 8223 g,%g
Yuacrok 2 4
Vyacrox 2 4,7 10,264|0,050 ’ ! ’
Vuacrok 3 8.5 |0.556 0,190 Yuacrok 3 6,5 10,560 0,146
Vyacrok 4 6,5 |0,656|0,171 Yuactok nmocae o6o- 1,5 10,6240,038
Yuacrox nocie o6o- | 1,5 10,728]0,044 rpesa
rpesa Bcero — | — [0,3%
Bcero — — 10,455
Koutyp 6
Kontyp 2 Yuyactox 1 4,7 10,2180,019
Yuactok 2 4,7 10,26410,050 Yuacrok 2 8,5 10,4950,079
Yuacrok 3 8,56 |0,55610,190 Yuactox 3 6,5 10,58410,072
Yuacrox 4 6.5 10,656 0,171 VYyactok nocae 060- 1,6 10,614{0,017
Yvactok mocae o6o- | 1,5 10,728]0,044 rpesa
rpesa
Bcero —_ — 10,187
Bcero — — 10,455
P 7
Koutyp 3 Kouryp
Yuyacrok 1 6.4 10,253]0,035
g’,::ggﬁ 23 gg 8’3&% g"lMGg Yyacroxk 2 8,5 {0,510]0,092
Vuactok 4 65 |0'584|0 152 Yyvacrok 3 6.5 |0,593{0,082
Vuactok nocie 060- 1.5 10.632]0.038 Yuactok nocae o06o- 1,5 10,672|0,022
rpepa ’ ’ ' rpesa
Bcero — — 10,395 Beero - — [0.231
Kouryp 4 Kouryp 8
Yuacrok 2 4,6 [0,21410,040 Yuactox 1 5,3 [0,232}0,050
Yuacrox 3 8,5 {0,482]0,165 VyacTtok 2 8,6 {0,480]0,164
Vyactok 4 6,5 [0,5840,152 Yyactok 3 6,5 |0,560]0,146
Yuacrox nocre ofo- | 1,5 {0,632!0,038 Yuacrok mnocie ofo- | 1,5 [0,62410,038
rpesa rpesa
Bcero — ] — j0,395 " Bcero — | — 10,398
i
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[Tpodoascerue Taba. 7

HaumeHnoBanne xontypa i 5| Haumenosanue xoutypa "o
LMPKYASIUH Lw e (Vi WHPKYAALHA Lol g Vo
3annui Ksal(pan 0 Bokosofi 3kpau
OHTYP !
Yyacrok 1 8,3 10,25310,084 }légzzigg ll:’g 8"2;% g’%gg
Yyactok 2 7,3 10,52310,154 Koutyp 7 3.5 0,600 0,084
Yuacrok nocie 0060- 1,0 10,540}0,022 Kontyp 8 14,0 10,57210,240
rpesa —_
Bcero — — 10,260 Beero - — {0,782
yKOHTyp 10 8.0 3anunit skpan
yacTok 1 , 0,253 10,081
Yuactok 2 7,3 10,523]0,154 lég::g’g 910 1:’8 8’2}2 g’ggg
Yyacrok nocae 060- 1,0 10,540(0,022 Kouryp 11 14,0 10,616 0,258
rpesa Koutyp 12 14,0 {0,514 ] 0,216
Beero - — 0,257 Beero — -~ 10,992
Koutyp 11
VYuacrok 1 8,3 (0,253|0,084 Bepxunii KoanexTop
Yuacrok 2 7,3 10,523|0,154 ®poHToBON 3Kpan
Yyactrok nocie o060o- 1,0 10,540]0,022 Kouryp 1 2,5 10,72810,036
rpesa Kouryp 2 2,5 {0,728} 0,036
Konryp 3 2,5 10,72810,036
Bcero - — {0,260 Koutyp 4 2,5 [0,632(0,032
Konryp 12 |
Yuactok | 5.6 [0,210]0,047 Bcero = | — |%M0
Yuactok 2 7,3 10,435}0,128
Yyacrox mnocae o6o- | 1,0 [0,450]0,018 Boxosofi akpau
rpesa Koutyp 5 2,5 10,624}0,031
Kontyp 6 2,5 10,614]0,030
Beer — — 0,193 Kontyp 7 2,5 10,672|0,033
ere Koutyp 8 2,5 10,624|0,031
decron
Kontyp 9 6,4 10,609]0,105 o _
Konryp 10 6,4 |0.,609 0,105 Bcero 0,125
Kouryp 11 6,4 10,609|0,106
Kouryp 12 6,4 10,5100,088 3aauuit sxpan
Kouryp 9 2,5 (0,540(0,027
Beero — | — |0.404 Kontyp 10 2.5 [0.540|0,027
Konryp 11 2,5 10,54010,027
napoono;ummne TpyGsi Kontyp 12 2.5 10,450]0,022
PpoHTOBO! 3KpaH
Kontyp 1 10,0 {0,668}0,350
Kouryp 2 10,0 10,668]0,350 Bcero — — 10,103
Kouryp 3 10,0 10,6681 0,200
Konryp 4 10,0 {0,668 0,200
—_ — 14,944
Beero . _ 1,1001 Bcero na Kore.nm 4,9

O6mmit o6beM mapa B TPyGHOM CHCTeMe UWHPKYJIsAUHOHHOTO KoHTypa V”=14,944 m3. Tlpuuumaem
B JaJabHeHINHX pacyetax V”=15 M2

2.4. O6bem Boibl V' B UHDKYJAALHOHHOM KOHTYpeE KOTJIa HAXOAAT KaK CYMMY OGBEMOB BOAH Ha
KaXX[oM yyacTKe KOHTypa GapabGaHa H KoJIeKTOpPOB. [Ljisi KaAOro yyacTka MoXeM HamHcaTh

Vi=V,—-V,+V,, 3)
rie V,— BoasHofi o6beM yuacTka, M3
V,— reoMerpuueckuit 06peM yuacrka, M3
V, — o6bem napa Ha yuacTke, m3;
v

o V— 00BeMbl BOJb B 3KOHOMai3epHOM yuyacTKe H GapabaHe, M2

B Ta6a. 8 nann o6beMbl Boabl V', o6bemMbl napal/; u reoMeTpuueckuit 06beM Mo BCeMy LHPKYIAIHOH-

HOMY KOHTYPY.
IOns korna 670 T/u mnoayueo V=114 m3 V'= 69,7 Mm% V,=V"+V,  =14,944429,410=44,354 M3,
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Tabauya &8
O6bem BOAM, Napa M Macca MeTajsa BCero Kotaa

HaﬂM;}:&B}fgfﬂ:ﬁﬂTypa V', M Ve w vV, u Gy, Kr G, Kr
PpouToBOfi 3KpaH
[MonvemHble TPYObI 6,504 3,400 9,904 43760 43760
Konnexkropsl BepxHue 0,116 0,280 0,396 2800 560
[MTapoorBoasiuue TPyGbl 1,092 2,200 3,292 12200 6100
Bononoasoasiuue Tpy6B K HHK- 4,392 — 4,392 17920 8960
HHM KOJJICKTOPaM
KosiekTopsl HUXKHHe 0,780 — 0,780 3056 612
Boponoasonsike CTOAKH 6,890 — 6,890 24400 4880
Bokosoii 3kpan
TMoabemubie TPYOH 3,602 2,412 6,014 26560 26560
KoanekTopsl BepxHiie 0,146 0,250 0,396 2800 560
[MapoorBoasiune TPyGH 1,056 1,464 2,520 7640 3820
Bononoasoasiue Tpy6bl K HHXK- 4,546 — 4,546 15600 7800
HHM KOJJIEKTOpaM
KonnekTopsl HUAKHHe 0,780 — 0,780 3056 612
Boaonoasonsuixe CTOAKH 6,890 — 6,890 24400 4880
3anuuii 3KpaH
[Moabemibie TPYOH 4,372 1,940 6,312 27880 27880
decToH 0,576 0,808 1,384 5904 5904
Konnekropsl BepxHue 0,190 0,206 0,396 2800 560
IMapooTBonswse TPYGH 1,376 1,984 3,360 10200 5100
Bononoasoasiuue TpyGH K HHK- 3,760 — 3,760 15344 7672
HUM KOJIEKTOpaM
KosiekTophl HHKHHe 0,780 —_— 0,780 3056 612
Boaonoasonsiuie cTosiKu 6,890 —_ ! 6,890 24400 4880
Hroro 54,738 14,944 69,682 273776 161712
Bapa6an — — — — —
Haa 3epkasoM wucnapeHns — 29,410 29,410 63862 6386
[Toa 3epkasom ncnapenus 14,950 — 14,950 46538, 4654
Bcero 69,688 44 354 114,042 384176 172752

rae V[ —cymmapHbii o6beM napa B TPyGHOR CHCTeMe M Haj 3epKajoM HCNapeHHs B 6apaGaHe KoT.1a, M3
V., —o6beM napa Hai 3epKajoM HcnapeHHs B GapabaHe KoTaia, M3.

2.5. OnpenejeHde Macchl MeTal/la M aKTHBHOA MacChl MeTajja LHPKYJSLUHOHHOrO KOHTypa NpOHM3BO-

IHTCA COraacHO pekomeHpaunusm paGorsl [9]:
Gy.a =G,|ml, (4)

rae m; — MaccoBbii KO3D(DHUHEHT,;

Gu.a — «aKTHBHAsi» Macca MeTaJJa, Kr;

Gy — nosHas macca MeTasJja, Kr.

[aa napooTBOAALIHX H BOAOMOABOASAIIHX TPYO npuHSATO my=10,5.

B T1a6s. 4 npuBeleHtl KOHCTPYKTHBHbIE JJaHHble BOJNONOJABOASIIErO CTOSIKA, KOJJIEKTOPOB H GapaGaHa Ha
BeCb KOTeJ H Macca BCero H <«aKTHBHOTO» MeTaJlJa.

Jas BOAONOABOAAILErO CTOSKAa H KOJJIEKTOPOB MAaccoOBblil Ko3(p¢HUHEHT m, NPHHAT paBHEIM 0,2.

B ta6a. 5 v 9 panbl moJHad H aKTHBHasd Macchl MeTaJna AJst UHPKYJSAIMOHHOrO KOHTypa KOTJa.

AxtuBHas Macca Meramia Gyna=172752 kr. B paabueiilieM K 3TOi Macce MeTaJJja 6b.ia noGaBiieHa
Macca MeTaJJa npoCTaBoK.

Toamuna npocraBok paBHa 6 MM, Macca HX paBHa 17900 xr Ha Bech Koten. Ilpu6asass sty maccy
k Macce Gya=172752, nosyunM pacueTHYI0 aKTHBHYIO Maccy MeTajsa IJis PeUHPKYJASLHOHHOTO KOHTYypa

Gy 2= 172752417900 = 189652 «r.

2.6. Onpeneneﬂﬂe BHYTPEHHHX 06BbEMOB H MacChl MeTaJjja SKOHOMaP’ISepa, NepBHYHOIO H BTOPHYHOTO
naponeperpeBatesieil NPOH3BOAHTCA NO KOHCTPYKTHBHBIM HaHHbIM (Taba. 10 u 11).

6 3akas 1118
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Tabauya 9
O6bem BOABI, Napa M Macca MeTa/ja Mo OTAE]bHBIM 3JleMEHTaM KOTia
HanMeHoBaHHe KOHTYpa ’ " .

- yp V’, M3 Ve, M3 V, s Gy, Kr G, . KT
TMoxawemusie Tpy6ni 14,478 7,752 22,230 98200 98200
®ecroH 0,576 0,808 1,384 5904 5904
Konnekropsl BepxHue 0,452 0,736 1,188 8400 1680
ITapooTBoasine TPyObE 3,524 5,648 9,172 30040 15020
Bononoasoasimue TpyOe K HHK- 12,698 — 12,698 48864 24432

HHM KOJUIEKTOpaM
Konnektopsl HHXKHHE 2,340 — 2,340 9168 1836
Boaonoasoasie CTOSIKH 20,670 — 20,670 73200 14640
Bapa6an 14,950 29,410 44,360 110400 11040
Beero 69,688 44 354 114,042 384176 172752

Ta6auya 10

KoneTpyKkTHBHBIE JaHHble TPYG 3KoHOMAli3epa M naponeperpesartelis

o O61bem, M3 Macca mertanna, kr
HanmeHoBanue a5, I u J—
[I0BePXHOCTH Harpesa MM ’ ’ 3JeMeHTa yuacrtka 3neMeHTa yuacTka
Yuactox 1
SxonoMaiizep 324 51,0 796 18,40 112000
19,20 119050
[MoxBecuble TPYObI 325 8,6 246 0,80 7050
Yuactok 3
Hocosoil (nofoBblit), GOKOBble H 325 — — 7,74 7.74 66200 66200
NIOTOJIOYHBIT  Tlaporneperpesa-
TeaH
Yuactox 4
Hlupmnt 32x5 26,0 480 4,80 41700
) 8.90 71300
®ecTon H l-g cTymeHs napo- 365 17,5 444 4,10 29600
neperpeBaresisi BbICOKOTO J1aB-
JeHHs
Yyactok 5
2-1 CTymeHb  naponeperpesa- 365 17,5 444 3,54 3,54 34600 34600
TeJst BBICOKOTO AaBjeHHs
Yuactok 6
OtBogsinue TPyGHI 766 5,6 246 4,40 14300
19,20 76100
l-a  cTymeHp  mapomneperpesa- 42X4 16,6 984 14,80 61800
Test HU3KOFO JaBJeHHS
Yuactok 7
2-1 CTyNeHb naponeperpesates 384 27,7 740 14,50 14,50 69000 69000
HH3KOTO /14BJIeHHS
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Tabauya 11
KoHCTpyKTHBHBIE AaHHble KOJJNEKTOPOB 3KoHOMaii3epa H naponeperpesaTteds
Haumenosanue 5 .
NOBEPXHOCTH Harpesa 48, MM Liv m h, WT. Vi, w3 Gy KT
Yuacrok 1
SkoHoMaf3ep 219% 25 8,5 16 3,00 16200
Yuacroxk 3
HocoBoff (1n0710B1i), GOKOBHE H TOTOJOUHBIA [1APO- 21920 8,5 12 2,60 10000
NeperpeBaTesn 27325 8,5 8 2,70 10400
¥Yyacrox 4
15913 1,0 96 1,33 4760
IHupys 27325 8.5 0,66 2630
Qecron u l-71 cTyHeHb naponeperpeBaTess BBICO- 21920 8,5 1,70 6670
KOTO [aBJleHHS
Yuactok 5
2.1 CcTynmeHbp mnaporieperpeBatejsi BHICOKOFO JaB- 32520 8,5 8 4,30 10250
JIeHHsE
YuacTtok 6
l-5 crymeHb naponeperpeBaTessi HH3KOTO [ABJIEHHS 325x20 11,4 6 4,30 10300
Yvactok 7
2-4 cTynmeHb napomneperpeBaTeds HH3KOTO RaBJEHHS 63020 11,8 6 19,36 21300

3. PACYETHAY CXEMA KOTJIA 670 t/u

3.1. Ha uwepr. 2 n 3 ganbl pacueThHas cxeMa naporeHeparopa 670 T/4 H ycJ0BHBIE 0603HAUYEHHS [J51 BCeX
yyacTkoB, a B TaGa. 12-yucJeHHble 3HAaueHHs BCEXNapaMeTPOB MO BOJAONAPOBOMY M Ta30BO3AYLIHOMY

TpaKTaMm.

Pacuernas cxema no ra3oBomy TpaxkTy Koriaa 670 t/y
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PKT — peryaupylomuii Kianan TypOuin

3.2. PacuerHast cxeMa B OT/IMYHe OT TEXHOJIOTHUECKOH CXeMbl, TNpeACTaBJeHHON Ha uyepT. 1 Hacrosi-
mero PTM, cocTaBiena H3 cemu pacueTHbiX yyacTkoB. C Ue/bl0 YNpOLIEHHs pacuyeTOB AHHAMHYECKHX Xa-
pPaKTepHCTHK OTIe/ibHBIE YYacTKH pea/bHOH cXeMbl OObeJHMHEHBl, a HEKOTOphIE YCJOBHO MEPEeHOCATCH M
[PHCOEAHHAITCA K ApYrHM yuyacTkaM. B yuactox [ pacueTHO# cXeMBl BKJIIOueH BOASTHOH 3KOHOMalizep H
TOZBECHBIE TPYOHI, PACnoJioXKeHHBE N0 BOJAONAPOBOMY TPaKTy 3a 3KOHOMAaM3epoM. B COOTBETCTBHU ¢ 3THM
BXOAHEIMH napameTpaMu B GapabaH KOTJIa ABJAAIOTCS BBHIXOAHblE NapaMEeTPbl H3 TOABECHBHIX TPYO M Bep-

THKAJBbHOIO CTOAKaA.
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Tabauya 12
Hcxoaubie nasubie A pacdeTa AHHAMHYECKHX XaPAKTEePHCTHK Kotaa 670 1/4
Homep yuacTka
Haunmenosanue 1 9 3 4 5 6 7

Hasnenne paGoueil cpenbl Ha BXOxe, Krc/cm? 160,0 155,0 155,0 151,0 143,0 24,0 23,3
Hapaenne paGoueit cpexbl Ha BHIXOAe, Krc/cm? 158,0 155,0 151,0 143,0 140,0 23,3 22,0
Temnepatypa paGoueli cpeam Ha BXoie, °C 246,0 300,8 343,2 360,0 488,0 333,0 417,0
Temnepatypa paGodel cpeast Ha Bmixoge, °C 300,8 343,2 360,0 502,0 545,0 417,0 545,0
duranbnusa pabodyefi cpeisl Ha BXOAE, KKaJ/Kr 255,0 321,0 622,4 667,0 788,0 736,2 782,7
duranvnus paboueil cpeanl Ha BLIXOAE, KKaJ/Kr 321,0 622,4 667,0 794 .0 823,4 782,7 851.,2
TlnorHocts paGoueit cpeanl Ha Bxoae, Krimd 818,0 724,3 98,6 77,6 45,6 8,8 7,3
IMaotHocts paGouelr cpeisl Ha BhIXOAe, Kr/m3 724,3 98,6 77,6 44,6 40,0 7,3 5,8
Temnepatypa rasos Ha Bxoje, ‘C 544,0 2108,0 | 2108,0 1350,0 976,0 684,0 870,0
Temnepatypa rasos Ha Beixofe, °C 361,0 1350,0 544,0 976,0 870,0 544 .0 684,0
OHTajbnusl Ta3oB Ha BXoJe, KKaa/Kr 2140,0 | 9552,0 | 9552,0 5816,0 4059,0 2739,0 3574,0
SuTanbndsg TA30B Ha BHIXOAE, KKaJa/Kr 1387,0 | 5816,0 | 2140,0 4059,0 3574,0 2140,0 2739,0
Pacxon paGoueit cpexbl, Kr/c 186,3 183,5 183,5 183.5 186,2 164,0 164,0
Duraabnusi BO3JAyXa Ha BXOAE, KKaJ/Kr 1824,0 | 998,0 — 4861 .0 3401,0 2328,0 3011,0
Durajbnug BO3/yXa HA BHIXOJAE, KKaJ/Kr 1188,0 | 4861,0 — 3401,0 3011,0 18240 2328,0
Tensio, BOCHpPHHHMAaeMOe YYaCTKOM, KKaJj/c 12300,0 | 56000,0 | 8190,0 | 23300,0 6580,0 7610,0 11210,0
Tensio, oTaanHoe rasaMi Y4acTky, KkKaj/c 11600,0 | 57500,0 | 8190,0 | 26800,0 7450,0 9300,0 12900,0
CpeaHsisi ckopocTh paGoueii cpeaut, M/c — —_ — 15,8 21,8 221 43,6
Cpenusisi CKOpOCTh Ta3oB, M/C 10,1 — — 13,1 13,3 11,3 12,0
KosdpoduumenT TennooTAauUH KOHBekuHed, | (,0233 _ _ 0,0149 0,0217 0,0192 0,0197

kKaia/ (M2 - ¢ - °C)
Kosodpduuneur TennoorTaadu uaydenieM, | 0,00201 — — 0,0137 0,0098 0,0050 06,0072

kxaif (M2 - ¢ - °C)
CyMMapubiti xos3@duuuenT TeWOOTAauH, | 0,0253] —_ — 0,0286 0,0315 0,0240 0,0269

Kkaa/(m?.c-°C)
Kospbuunent rtennoorgauyd or CTeHKH K napy, _— _ - 1,0750 0,9660 0,1770 0,3390

Kkaa/ (M2 ¢ °C)
Kosdduument rensonepeaaun, kxan/(m? . c.°C) 0,01680 —_ — 0,0183 | 0,0183 | 0,0128 0,0150
Hons Tenna, BOCHPHHNMAEMOTO PAacYeTHLIM YHacTKOM | | 0600 | 0,9720 1,000 0,8630 0,8840 0,8200 0,8695
TemnepatypHuii Hanop, °C 179 — — 732 406,5 239 296
ITosepxnocts narpesa, m* 4075 — — 1734 880 2488 2460
OGbem BuyTpenuuii, m3 29,80 13,04 12,59 7,84 23,50 33,00
Macca meranna, kr 181368 | 189702 | 86600 85360 44850 86400 90300
Tenmoemkocts merasna, kkai/(kr - °C) 0,133 | 0,136 | 0,138 0,163 0,172 0,140 0,158
Temneparypa merassia ctenkH, °C 331 e — 663 605 430 544
Yacruas npousBoanas —‘%— Ha BHIXOXeE, Kxijém‘ 3,98 4,74 — 4,49 4,44 4,09 4,21
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I podoancenue raba. 12

Howmep yuactka

Haumenosanne 1 9 3 4 5 6 7
YacTHas NpoM3BOAHAs —00-2—}'-’- Ha onne,-liﬁg%ﬂ 3,65 3,39 — 3,98 3,67 3,65 3,67
YacTHasi NpoHM3BOAHAA %—%"- Ha BhIXOIeE, ﬁg—é& 3,39 3,98 — 3,67 3.67 3,55 3,65
YacTHble POH3BOAHBIE g’fi—::: Ok; 0,662 - — 0,635 0,564 0,465 0,52
ki 0ay;
. ¢ 2.¢.° X
YactHast npousBojHas g;’c‘; , hKan,’(oA\(l: c-°C) 527105 _ _ 20,2.1076|16,48-1076|10,7.10- | 13,2.10~6
i
2.¢.0 : X
YactHast npoussoiHas 0;(;1 , KKM/(?C ¢-C) 3,9-107° — —— 135-1075[11,2.10-6|8,15.107%! 9,3.1076
i
. 2.¢.°C) ; . _
YacTHasi NpOH3BOAHASN Za'“ . KKM;(M, ¢-C) 1,5-1073 — — 0,74.1072 | 1,06-107° 1,1.10°3] 1,07.1073
Orj M;c
b
YacrHast NpoOH3BoIHAS 0; — — —  10,441-1073]0,596.103] 8,5.1073 | 3,27.1073
Q,
2
Oal) 2.¢.© -
YacTtHasi npoHsBoaHas 5 2 , KKan/(n:-c ©) — — — 54,4-1072 [35,44-103] 6,4.1073 | 6,22-10 3
®n Mjc
Cpeausis TeMnepatypa rasos, K 726 — — 1436 1196 887 1050
YacTHas npoH3BojpHAs g—; Ha BXOJe, %%; 0,0060 |—0,0208|{—0,6500| —1,1800 | --0,3240 | —0,5850 | —0,4000
At
Yacruas nponaaoa}laﬂ-‘% Ha BHIXOJE, ﬁ:::‘é::g —0,0208| —0,650 | —1,180 | —0,300 | —0,250 | —0,400 —0,200
YactHas npousBogHas %lé— Ha BXoie, ﬂ?—%&[ 1,12 — — 1,61 0,69 0,55 0,5
YacTHast 1pOH3BOjIHAS —g—é— Ha BEIXOje, KK?&‘)KF 1,31 —_ 1,61 0,67 0,63 0,53 0,53
o7 Kr/m3
Yacruas npou3aonuaﬁ$ Ha BXoje, Krejou? 0,098 0,193 1,030 0,960 0,368 0,388 0,327
0y Kr/m3
= — 9
YactHas npoussogHas gp e Bhixone, — o 0,193 1,030 0,960 0,356 0,314 0,327 0,266
M3
YactHas np(m:«mo,emaﬂ—al Ha BXOJe, ’“;*”” —1,363 | —2,205 — —0,606 | —0,100 | —0,0178 | —0,0121
06 C ’ '
~ 3
YacTtHas nponsBogHas % Ha BBIXOJe, —ﬁg-/(—:“- -—2,087 — —0,606 | —0,088 | -.0,070 | —0,0121 | —0,0077
YacTHas npou3BogHas —gg}L Ha BXOje, KK‘:E! <L 4,09 — — 4,74 4,49 4,21 4,44
CpenHsisi CKOPOCTb Hapa ©u; Ha Y4acTKe, M/c — — — 15,80 21,76 21,10 43,55
Cpennsifi CKOPOCTb rasa ®p; Ha y4yacTke, M/c 10,10 - - 13,08 13,30 11,30 12,00
Pacxox napa D; na yuactke, Kr/c 186,3 183,5 183,5 183,5 186.3 164,0 164,0

Ve=114m3 V' =697 M35 V" =15u3% V,, =2941 u3; Vg =44,35 M% hy—08 m; F

3.

w— 34,49 M?% i’ == 3869 kKaa/kr; " —

= 622,4 kkaakr; r = 235,56 kKkana/kr; y* = 600 xr/m3; {” == 98,5 kr/mM3; O, = 305°C; [, = 998 kxan/kr; r =0,1; Qg = 9388 kkaa/kr;

. , ai’ KKaa/Kp ai" KKaa/Kr a8” °C i kr/m® | oy”
= TP e = —_— e — — Y —_— et e | 87— —— ;. =
b =321 kianjxr; op, 0, Krc/ems * Opy 7 krefem? ' Opy 0,51 Krejcm2 7 oOp, 1.878 Krcjcm2 op-
_ krj3 , Olenp KKan-kr . OV" I A M3 Y
=1, Rrcjon * Donp =10,92 SC oD, ==0,046 ror 0,0482 KrcTond Qp = 9330 xkan/xkr; 90,
_ °C ., o0y _ KKal-Kr . .
.—O,IQSW, 76:——3,39 5C ’ 1,—— 1340 KKaJjKr,
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KosnnuectBo Tem/a, BOCHPHHSTOE pacyeTHBIM y4acTKOM [, OmpejesleHO KakK cyMMa KOJHYeCTBa TemJa,
NOJBOJMMOro K 3KOHOMaf3epy M MOABECHBIM  TpyOaMm.

B yuacToK 2 BXONHT TOJBKO UHMPKYJ/SILLHOHHBIH KOHTYp. KoJsiHuecTBO TemJsa, BOCHPDHHHMaeMOe 3THM
KOHTYPOM, PHHHMAaeTCA 3a padHalHOHHOE TeIIo.

B yuactok 3 BK/IOYEHB! BCe [OMOJHHTE/bHbE NMOBEPXHOCTH Harpesa (HOC, NMOJA FOPH3OHTAaJbHOrQ raso-
X0Ja, TNOBEPXHOCTb HarpeBa TIOTOJOYHOTO NaponeperpeBaTtensi, NOBePXHOCTb HarpeBa naponeperpeBareis
Ha 3aJiHell CTeHKe KOHBEKTHBHOH WIaXThl, (PPOHTOBbIE 3KpaHbl KOHBEKTHBHOW LIaXTel). Bce 3TH moBepXxHOCTH
o6beaHHEHBl B OLHMH pacueTHbIl yuyacTok. Temmeparypa rasoB Ha BXOAe B YYacTOK 3 paBHa TeMmepartype
ra3oB Ha BbIXOJe H3 TONKH, a Ha BBIXOJE H3 yuacTKa HMeeM TeMnepaTypy rasoB, paBHYIO TeMnepartype ra-
30B 3a yyacTKom 6.

KoJsHuecTBO Tema, BOCIPHHHMAaeMOe 3THM CJOXHBIM Y4YacTKOM, ONpeJejeHO B COOTBETCTBHH C JaH-
HBIMH TEMJOBOTO pacyera Kak CyMMa KOJHYECTB TelJla, OTIaBaeMOro yuacTkaMu 2, 4—7.

B pacuerHblfl yuacTOK 4 BKJIOUEHBI LIMPMbI MEePBOM H BTOPOH cTymneHefl, ()ecTOH, mepBasl 4acTb KOH-
BEKTHBHOIO Mapolieperpesarte/isi BHICOKOTO [aBJeHHS, NOABECHble TPYOb 3aJHEro 3KpaHa.

3a pacueTHLHIM Y4acTKOM 4 pacroJiokeH BTOPOfi BOPEBICK, KOTOpbll paGoTaeT npH BCceX PacCueTHBIX pe-
xHUMax. [lepBblil BOPBICK, PAacnoJoKeHHBH MexAy 3 H 4 yuacTKaMH, paGotaer ToJqbkKo npH 70 u 50%-Hbix
pexxumax. [IpuMep uHC/IE€HHOTO pacyeTa BbHINOJHeH aas pexxuma 100%, nosToMy nepBbifi BNPHICK He YUH-
THIBAJICS.

3.3. it yyacTKa 4 npHHATO, YTO JYYHCTOe TellIo, Monajaioilee Ha 3Ty MOBEPXHOCTb H3 TONKH KOT/a,
He YYHTHIBaeTCs BBHAY €ro MaJjioii BEeJHYHHBI.

Koa¢dpuuveHnT Tengonepesaun omnpejejeH Mo 3aBHCHMOCTH

Qm =+ th +Qlc1'.5,n
ky= A0, Fy ’ ©)

rie Qw, Q¢, Ql cr.s.a —— TEMJIO, BOCNPHHHMAaeMoOe COOTBETCTBEHHO IIHPpMaMH, (hecTOHOM H nepBoOil
CTYNEeHbIO mnaponeperpeBare/isi BbICOKOrO AaBJIEHHS,
A’G,— TeMnepaTypHbI Hanop Ha 3TOM YyuacTKe;
LF,— cyMMapHasi MOBEPXHOCTb HarpeBa 4YeTBEPTOro yuyacTKa.
Cpemmﬁ CKODOCTh rasoB oOlnpegejaeHa no 3aBHCHMOCTH

1 2 3 4
o — o0 Fur + 0P Fup+ 0P Fa+ o] Fy ©)
T For+ Fue— F3+ F4 !

rae o), 0d, 03, oY— CKOpoCTb Ta30B COOTBETCTBEHHO MPH NPONOJBHOM H [ONEPEYHOM OMBIBAHHH
mupM, B (ecTOHe, B NEPBOH CTYNeHH maponeperpeBaTejisi BbICOKOTO [aB-
JIeHuS;
Fuy Fuey, F3, F{— NOBepXHOCTH HarpeBa COOTBETCTBEHHO IMHPM C NPOAOJbHBIM H MONEPEUHbIM
OMbIBaHHEM ras3aMH ¢ecToHa H NepBOH CTYNEHH napomneperpeBaTess BHICO-
KOro JaBJIeHHSI.

CPEIIHHH CKOpPOCTb napa onpenejeHa 1no 3aBHCHMOCTH

1) 1 2) 2] 3) =3
mn)Fm){ +“‘n)FB|)-| + wll)FBl)I

o e n . (7)
Fou+ Fo + Fo
rie ol 0?, 03— cKopocTh mapa COOTBETCTBEHHO B LIMPMaXx, GecTOHe W mepBOiM CTyNeHH maponeperpe-

BaTeJdsA BBICOKOro naBJICHHA,

F, F2, F3 — BHyTpeHHsifl NOBEPXHOCTb HAarpeBa COOTBETCTBEHHO B LIHPMaX, (eCTOHe H B NepBOil
CTyNeHH mapomeperpeBaTeasi BbICOKOFO NaBJEHHS.

Cpennuii KO3HUHEHT TENJIOOTAAYH H3JY4YeHHEM oOMnpele/eH MO 3aBHCHMOCTH

- “:L:Fm‘i’“i?q)’:s""“i)ﬁ ®
4 Fm+F3+F4 ’

rae Flu:Fm1+Fm2;

al), aﬁ?m, 23)— K03 HUUHEHT TeNJOOTAAYH H3TyUeHHeM COOTBETCTBEHHO B LIHPMaXx, gectoHe U B mep-
BOH CTyNeHH NaponeperpeBaTe/fi BHICOKOI'O LaBJEHHS.
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Cpennnfi KeapdHIHEHT TEeNJOOTAAYH KOHBeKlUHeH IO Tra3oBOH CTOpPOHE Oy ONpeAeasieTcss aHaJOTHYHO
cpegHeMy KO3(pGhHUHEHTY TEeMJIOOTAAYH H3JYYEeHHEM.

Cpennufi K03QHIHEHT TEIVIOOTAAYH KOHBEKIHeH [0 NapoBOH CTOPOHE Onpenessafacd MO 3aBHCHMOCTH

1) g1 2) 2 3) 13
a2) FBL _! aZ)FsL + a3) Fnzi

Ry == (9)
2 SV ) 4
FBX)-I T an + Fﬁﬂ
rie a, o2, a) — KO3()PHUIMEHT TemnI00TAAYH MO NapoBOi CTOPOHE COOTBETCTBEHHO B IIMPMaX, (hecToHe
U NEepBO#l CTYNeHH maponeperpeBaTtelisi BHICOKOTO JaBJEHHS.
YcpeaHeHHbll KO3 (dHLUHEHT HCHOJb30BAHHS HAXOAAT 1O 3aBHCHMOCTH
(-t
";:——"——; ay =0 + %,. (10)

Ycpensnenue KO3(QQHIHMEHTOB TeNJIOOTAA4YH H TelJionepefaud, cKopocTell ra3oB H Napa Ha IIECTOM H
NepBOM y4acTKax NMPOH3BOAHJIOCH aHAJOFHYHO.

3.4. B pacueTHHIi y4yacTOK 5 BKJIOYeHa BTOPas 4acTb KOHBEKTHBHOIO NaponeperpeBartedss BBHICOKOIO
NaBjieHHs. 3a YYaCTKOM & HaXOAHTCS HapONpOBOM, a 3aTeM peryJHPYIOUIHA NapoBO#f KJanaH TYpOHHBI
B ywacTok 6 BK/JloueHa mepBasl 4acTh KOHBEKTHBHOTO MaponeperpeBarte/isi HH3KOrO [AaBJEHHS M OTBOMAS-
mHe TPyGbl, a B YY4acTOK 7 BKJIOYEHa BTOpAas 4acTb KOHBEKTHBHOTO NaponeperpeBaTeqsi HH3KOrO JHaB-
JICHHS.

4. Y4CJEHHBIE 3HAYEHHSA KO9®PHUHEHTOB YPABHEHUH JUHAMHUKH

ov”
4.1. 3asucumoctn V”=}1(D”) n 5p7=f,(D") npencrasnenst na uept. 4 u 5.
4.2. MicxonHble faHHBle AJs pacyeTa AHHAMHUYECKHX XapaKTEepPHCTHK npuBefeHnl B Ta6a. 12. Ilpu onpe-
JeJIeHHH CONPOTHBJEHHS yuyacTka I yuTeHO CONMpOTHB/ieHHE COGCTBEHHO 3KOHOMafsepa H Tpyl, coeaHHsIO-
IIMX 3KOHOMaisep c GapabaHoM.

3aBucHMOcTh 06beMa nmapa B TPyOHOH CHCTeMe Kotaa
OT pacxoia napa

V,”M" ov”
3aBHCHMOCTb BEJHYHHB 07 °F pacxopa napa
14 ol
AT avJanmlere
" > "N
10 \
072 \
8
V4 a10
) ™
2l A 1
004 —
0 20 40 60 60 10 120 #0 160 780 D'ralc 0 50 4 60 380 100 120 140 760 180 D) x2jc
Yepr. 4 YepT. 5

4.3. Ilpn cocTaBjeHHH ypaBHEHHil AMHAMHKU 1Jig IKOHOMak3epa NPHHUMAETCS:

NOCTOSIHHBIMH TeMOepaTypa H AaBJieHHe BOABI Ha BXOXe B 3KOHOMaiizep; k=1pa; (B COOTBETCTBHH C pe-
KomeHpamusiMu Hopmatupuoro merona).

B npuMepe pacyeta HCNOJb30BAHBI YpaBHEHHs HJIA THAPAaBJAHYECKOTO COMNPOTHBJACHHS MNaponpoBoja
OT KOTJa K TypﬁHHe. D10 He ABAAETCH 06A3aTeNbHBIM. COHPOTHBJIEHHQ napomnposoja B pacyeTax MOXHO
YYHTHIBaTb BMECTE€ C CONPOTHBJAECHHEM TMOC/EJAHEro yvyacTKa maponeperpeBarelis.

7 3akas 1118
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5. CACTEMA YPABHEHUW JJMHAMHMKHM TA30MA3YTHOIO KOTJIA 670 1/u
4,875, — 100,45, =lg—1;
3,68¢,, 4 163,137, ==0,7941,, — h, + 0,205%, -+ 0,0102¢,, — 1,23¢,;
— 45,753, + 75,39¢, — 25,1k, = 1 — hy;
50,8%,; + 41,250, — 12,6k, = 0,5141, — k, + 0,486%, -+ 0,633¢,, -+ 0,1575,,,;
10,395 — 15,504, =)y — hg;
8,83, + 24,43, = 0,933, — X + 0,06795 — 0,1513,,, + 0,267, — 0,8687,;;
3,499, — 3,039, =) — I
3,329, -+ 46,29,, = 0,84%, — I, + 0,167, — 0,2220,5 + 0,737, -+ 0,0540,, — 0,423%,,;
1,855,5 — 1,615, =y —Is;
1,784, -+ 26,5345 = 0,957h; — %; -+ 0,0439; — 0,0564%,, -+ 0,407, + 0,04259,, — 0,417%,;
1,09¢,5 — 0,722, = b, — hg;
1,085 5 - 38,8645 = 0,941, — 1; + 0,059%; — 0,018, + 0,234z, + 0,0119¢,5 — 0,282,
1,182,; — 0,844¢, = i; — 153
1,17% 57 + 55,25%,, == 0,919, — ; + 0,081:9; — 0,0109%,,5 + 0,259, + 0,00517¢,,; — 0,339%4,:
by =53,42¢,, — 52,47,, 4- 0,0255¢,,;
hy =19,85%,, — 18,46%,; — 0,619g,,;
by == 10,074,; — 8,73%,, — 0,892, — 0,187,,;
by = 0,985%, + 0,015k 40p;
hy=24,15,, — 23,29,; — 0,2859;, — 0,22244;;
1y ==10,278¢,, — 9,222¢ . — 0,445¢,, + v
hp==hs;
he = 9,259 ,6 — 8,247, — 0,192¢4 — 0,159¢,;
g ==p, + ¢pr — 0,33204;
Por = OA‘QC?pT;
b =17,49¢,, — 16,49,, — 0,183¢, — 0,156
54 =0,9874%, + 0,0176) — 0,0179,, + 0,01237,,, +0,01415,,,:
he ==1,088¢. — 0,038¢,; — 0,332¢,;
0,131y, + 0,869, -+ 0,90847 + 3,03¢55 — 1,917,
9y = 1,23, — 0,624p, — 1,56Ar 4 0,178¢,,;
1, ==0,1979, + 0,246, -+ 0,105%; 4 0,208y + 0,2084.;
s =1,83p, — 0,128p, -+ 1,822Ar - 0,171, — 2,650,
95 =0,174p, -+ 0,91Ar + 0,826p, + 9,25¢,, — 8,16¢,;
s = 0,13p5 -+ 0,9094r + 0,87y, - 4,99, — 3,78¢y;
by == 0,157, + 0,843p, + 0,903Ar + 4,725, — 3,520,,;
9, =1,7834, 4 1,199, + 0,0412p, -+ 0,555p, +- 0,5450r — 0,814,

l

W
21

(11)
(12)
(13)
(149)
(15)
(16)
(17)
(18)
(19)
20)
@1
22)
23)
@4)
25)
(26)
@)
(28)
(29)
(30)
31)
(32)
33)
(349)
(35)
(36)
37)
(38)
(39)
(40)
(1)
(42)
(43)
(44)
(45)
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9 =0,791p, — 0,0064p, + 0,0712¢,, + 0,7230r 40,0104 (5 -+ ;) — 0,219, —

— 0,00865¢, — 0,125¢,, — 0,02469, + 1,12¢,; (46)

b5 = 1,637, + 1,45¢,; + 0,0298p, + 0,404y, + 0,394A7 40,0125 (1, + i) —
— 0,565945 — 0,01297,,, — 0,5022;, — 0,0152¢,,; (47)

by = 1,744, + 1,385 + 0,031 13, + 0,420, + 0,411A7 + 0,047 (o, + Ag) —
— 0,782, — 0,043, — 0,05429,,, — 0,6115,; (48)

B: = 1,840, + 1,45, + 0,0305p, + 0,414y, +- 0,40587 + 0,0296 (g -+ h7) —
— 0,814, — 0,0264¢,;—0,615,; — 0,03437,. (49)

6. ONPENEJEHHE CTATHYECKHX OTKJIOHEHHHN NAPAMETPOB KOTJIOATPEIATA.
CHCTEMA KAHOHUYECKHX YPABHEHUHA JUHAMHKH

6.1. Tloanass cuctemMa ypaBHeHHH AHHAMHKH Kotjoarperata HMmeer N ypaBHeHHH ¢ F BO3MyllleHHsIMH,
npuueM uyncio gHddepeHuHaNbHbX ypaBHeHHit paBHo S. [lepen peuneHnem 3TOH cHCTeMBl ypaBHeHuit Ha
ABM c uesbio KOHTPOJA TOYHOCTH pelleHHS HeoOXOAHMO MNOJYYHTb CTAaTHYECKHE OTKJIOHEHHS nmapaMeTpoB,
a Takxe npuBecTH AHbdepeHUHaNbHble YPABHEHHA K KaHOHHYECKOMY BHMJAY H BbipasuTb aJareGpaHueckHe
ypaBHEHHSI TOJbKO uepe3 nepeMeHHble, BXOAsLIHE B BBHIPAXKEHHA 1/ NPOU3BOAHBIX.

6.2. C uesbio npHBeJeHHs] K KAHOHHYECKOMY BHAY CHCTeMbl AH(depeHUHANbHBIX YpaBHEHHH, HCKJIOue-
HHS ajre6paHuecKHX YpaBHEHHHl ¥ NOJYYeHHs OTKJOHEHHJI napaMeTpOB B CTaTHKe BeNyUIHM KOHCTPYKTO-
pom A. T. Illocrakom paspaGoraHa mporpamMma 212 u. 4 (no peecTpy OTHe/a BbIYHCJIHTEBHON TEXHHKH
LIKTH) na 6ase crangapraoii nporpaMmel CII-1110, nosBoasiomieii pelmiate cHCTeMY aareGpaHyecKux
YpaBHEHHH, MaTpHIla KOTOpoi uMeer He Gosee 105 cronbuos (N+S+F -+ 105).

6.3. Ias nosyyeHHs peLleHHS 10 3TOH MporpaMme HeoOGXOAHMO BHINOJHHTL Psif ONepauHil.

ITpuBecTH Bce ypaBHEHHs CHCTEMbl K HeIBHOMY BHAY (llepeHecTH BCe ujleHbl ypaBHEHHsi B OHY CTO-
poHy). 3amojHHTb TabJaHily KO3(Q(HLUHEHTaMH CHCTEMBl YpaBHEHHil; YHCJO CTPOK B Tab/uue PpaBHO
YHC/Y YpaBHeHHH CHCTeMBl. B KaXAylo CTPOYKY 3anHCHIBAIOTCS KO3(QHIHEHTH OZHOrO ypaBHEHHS, NPH-
yeM CHaya/ja 3anHchiBanoTes auddepeHuranbHble ypaBHeHHS, a 3aTeM asjareOpamnueckue. Bce croabub Hy-
Mepyiotest or 1 o N+S+F. B nepsuie S cTon610B 3ankCHIBAIOT KO3(OGHIHEHTH NPH NPOH3BOAHLIX, 3aTEM
KO3((}HIUHEHTH [epel NepeMeHHBIMH, KOTOpble JOJKHBI OBIThb HCKJIIOYEHbl H3 CHCTEMbI C IIOMOLIbIO NOACTa-
HOBKH aJjre6panuecKux ypaBHeHHi B AH(depenuuanpnbie. Jlajee 3anuchiBaloTcss KO3Q@HUHEHTH NpH Nepe-
MEHHBIX, HMEIOIlKX B cHcTeMe AH(depeHUHanbl, H, HaKOHel, KO3(GHIHEHTH 1MpH Bo3MmylleHHax. Caenyer
o6paTHTb BHHMaHHe Ha o6Gsi3aTejJbHOe HaJIHYHE YHCEJ, HEPaBHBIX HYJI0 B TJaBHOM AHaroHajlH HCXOAHOI
MATPHIBI YHCEN.

Pa36uth ucxonnyro Marpuuy Ha 6/10KH (60K AHG GepeHHHANBHBIX M 6JIOK a1reGpaHuecKHX ypaBHeHHIl).
[MpucTynuTs K GOPMUPOBAHHIO MACCHBOB YHCEJI.

[MepBoit HHGOPMAIHOHHLIA MaccHB HMeeT 3 uHcJa: o6Hiee YHCJAO ypaBHeHHA N; 4HCJO Bo3MyleHHI:
F; uncao anddepenunanbubix ypaBHeHuit S. Bropofi mupopmaunonubiii MaccHB uMeer 2 yucaa — T u W *,
Ecau Ha6uth uncjao T=1, TO HCXO4Hble JaHHble meyaTaloTcss OJoKaMu, ecaH T=1, To HCXoAHBle meuara-
I0TCS1 TIOCTPOYHO.

Paspeuicnne na meuaTh BeJell 3a HCXOZMBIMH JlaH HBIMH YPABHEHHA B KaHOHHYECKOM BHJE 3aJ4deTCd 4M-
c1oM W=149. Tlpu unciae W=-149 3t ypaBHeHHs He mneyataloTCs.

Jas kaxnoro 6Joka HaGuUBalOTCA no 4 MaccHBa.

INepBuit MaccuB — 3asBKa (2 uMCaAa): KOJHYECTBO CTPOK B 6i0Ke V, KOJHYECTBO He PABHLIX HYJIO 4H-
ceq B 0J0Ke k.

Bropofi MaccuB — Ko3(h@QHUHEHTLI: KOJHYECTBO UYHCEJN B MAacCHBe k; MacCHB COCTOMT U3 KO3(PHIHEeH-
TOB HCXOAHBIX YPaBHEHHH, BKJIIOUEHHBIX B 6J10K, UHc/a 3aHOCATCS NMOAPHA [OCTPOYHO CJAEBa HANPAaBO B TOM
nopsnKe, B KOTOPOM 3anHcaHbl B TabJHue.

Tpernii MacCHB — IIKaJja: MAacCHB COCTOHT M3 V uHcen; KaKJoe uYHCIO0 — 3TO KOJHYECTBO HEHYJIEBBIX
3/IeMEHTOB B CTpPOKe 6J0Ka.

UeTBepThil MAacCCHB — CTOJIGLbI: MacCHB COCTOHT H3 k& uHCe/; Kak[10e UYHCJAO COOTBETCTBYET HOMEpY
crosibua, rie pacnoJioXKeH HeHyJeBOH 3JeMEHT MaTpHIbl, KOTOPbIl YKa3aH BO BTOPDOM MACCHBe.

PesyabraThl meyaTaloTcs B cJeAylolleM MOpsiike:

HH(pOpPMALHOHHbIE MacCHBHI;

HCXOJHbIE JaHHble — NMOCTPOYHO HJIKH NOGJOYHO (B 3aBHCHMOCTH OT 3Hauenus T).

Ecan W=149, To neuaraercs N cTpouek KaHOHM4YeCKOro BHJa BCeX YPaBHEHHiI H CTOJGLLI C OTBETAaMH
na F BO3MYyLIeHHI.

6.4. B Taba. 13 paHbl craTHYeCKHe OTK/JIOHEHHSI [1apAMETPOB NPH Pa3/HYHLIX BO3MYILEHHSX.

* IlporpaMma uMeeT ABa PexHMa NeYaTH HCXOJHHIX NaHHBLIX, KOTOpPbe 3ajalorcs uucioM T.
T*
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Tabauya 13
CraTHueckHe OTKJIOHEHHS TApamMeTpoB AJas Koraa 670 t/u
O603HaueHHs 3HaueHHA BENHYHH OTKJOHEHUH NpH BO3MYILEHHAX

BEJIHYHH rp=0.1

R =0, Ar=0,1 1wy =0,1 hanp=1,0 Aox=0,1 pe=0,1 gZLz(),I

r=0,1
¢p1 0,1585 —0,1041 -—0,03770 0,00846 —-0,02558 —0,00833 0,0167
%a1 0,0089 0,0259 0,01783 —0,00016 —0,01540 —0,00004 0,0527
@p2 0,1615 —0,1061 —0,03843 0,00862 —0,02799 —0,00849 0,0170
Pp3 0,1620 —0,1048 —0,03823 0,00906 --0,02792 —0,00891 0,0189
P43 0,0120 0,0040 0,00048 0,00104 —0,00063 —0,00102 0,0165
Pps 0,1642 —0,1051 —0,03855 0,01009 —0,02820 ~—0,00988 0,0206
Pos —0,0737 0,1437 0,03592 —0,00267 0,02327 0,00272 0,1059
®ps 0,1636 —0,1052 —0,03850 0,01016 —0,02813 —0,01020 0,0199
Sh5 —0,0771 0,1569 0,04028 —0,02023 0,02448 0,00284 0,1201
¢pe 0,1895 —0,1337 —0,04239 0,01600 —0,03464 —-0,00269 0,0134
%66 0,0168 0,0358 0,01899 —0,00027 0,00001 0,00002 0,0716
®p 0,1889 —0,1327 —0,04213 0,01592 --0,03448 —0,00267 0,0140
%57 —0,0258 0,0985 0,03738 —0,00541 0,01054 0 .00085 0,1100
A —0,0000 0,0000 0,00000 0,00000 0,10000 0,00000 0,0000
A 0,2005 —0,1679 —-0,05537 0,00276 ~—0,03856 —0,00299 —0,0229
A3 0,2005 —0,1679 —0,05537 0,00276 —0,03856 —0,00299 —0,0229
hy 0,2005 —0,1679 —0,08537 0,00276 —0,03856 —-0,00299 —0,0229
k; 0,1975 —0,1654 —0,05454 0,01772 —0,03798 -—0,00295 —0,0225
hs 0,1975 —0,1654 —0,05454 0,01772 —0,03798 —0,00295 —0,0225
Ay 0,1975 —0,1654 —0,05454 0,01772 —0,03798 —-0,00295 —0,0225
Ag 0,1975 —0,1654 —0,05454 0,01772 —0,03798 —0,00295 —0,0225
. 0,1975 —0,1654 —0,05454 0,01772 —0,03798 —0,00295 --0,0225
Ppr 0,1899 —0,1351 —0,04289 0,01609 —0,03480 —0,00269 0,0120
Pgr 0,0798 —0,0567 —0,01801 0,00676 ~ 0,01462 —0,00113 0,0050
o4 —0,0672 0,1376 0,03402 —0,02046 0,02195 0,00251 0,1044
go;,s 0,1666 —0,1102 —0,03980 0,01081 0,02900 —0,00196 0,0165
Y 0,0453 0,1600 0,10829 —0,00139 0,00923 0,00019 0,3136
by 0,1230 —0,1560 —0,06240 0,00000 0,00000 0,00000 —0,0954
Uy 0,0749 0,0626 0,01661 —0,00045 —0,00149 0,00010 0,1542
4y 0,1201 0,0836 —0,00263 0,00014 —0,00340 -—0,00016 0,2011
Y 0,1397 0,0197 0,00161 0,01841 0,01754 —0,00209 0,1610
e —0,0192 0,2166 0,10312 —0,00869 0,01643 0,00135 0,3005
4y 0,0492 0,1227 0,03817 —0,00293 —0,00364 0,00037 0,2101
ey 0,0127 0,0370 0,02356 —0,00030 0,00375 0,00002 0,0733
C54 0,0247 0,0387 —0,00399 —0,00006 0,00133 0,00006 0,0593
P55 0,0130 0,0526 0,00541 —0,00232 0,00366 0,00033 0,0709
%96 0,0187 0,0464 0,02207 —0,00065 0,00067 0,00008 0,0872
Pg7 0,0079 0,0614 0,02031 —0,00228 0,00387 0,00033 0,0896
oh —0,0027 0,0022 0,00073 —0,00004 0,00184 0,00004 0,0003
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7. CHCTEMA YPABHEHHA JIHHAMHUKH FA3OMA3YTHOI'O KOTJA
B KAHOHHYECKOH ¢OPME (21 MTAPAMETP)*

9,1 = — 12,104, — 0,1220,, + 11,874%,, — 0,001967 ,; + 0,00930%,; + 0,00386%,; -+
+ 0,004289,, + 0,00619p, -+ 0,02284r + 0,01774, — 0,0000134yr, + 0,209k, + 0,0000108p.;
gy = — 0,05475,, — 0,00562¢,, + 0,0537¢,, + 0,0004487, +- 0,000186¢,; -+ 0,0002067,, +
+ 0,000299¢ 5 - 0,00110Ar - 0,000852p, — 0,000000646M,,, - 0,000162},,;
92 == — 0,0233¢,,, +- 0,008343, — 0,00337,, - 0,110¢,; + 0,00370¢,, - 0,00788p, —
—0,01004r — 0,00400y, ;
Pps = 1,9769,, — 2,872¢,; — 0,004999,; + 0,897, 4 0,01865,, — 0,000389%,, —
—- 0,0001644,; + 0,00228y , + 0,00168Ar - 0,000487p,;
g5 = 0,0358¢,, — 0,0681%,5 — 0,0209¢, + 0,0330%,,, -+ 0,000720%,, — 0,0002585,; + 0,00152p, +
-+ 0,00112Ar 4- 0,000324yp, ;
':pp4 == 2,862¢,5 — 0,241y, — 9,4780,, + 0,02250,, + 6,7349,; -|- 0,0644¢,; - 0,00314p, +
-+ 0,002994r 4 0,0000790p, + 0,00286%.,,,;

4 = — 0,02723,5 + 0,016634, — 0,00291,,, — 0,00843,, -+ 0,0227¢,; + 0,00021754 + 0,00361y, +

-+ 0,003454r + 0,0000910u, + 0,00000966),,,;
35 = 12,959, — 0,139;, — 13,0573, + 0,063094; -+ 0,019, + 0,00111y, + 0,001734r -+
+ 0,000396¢, + 0,00258hy,p — 0,0483p;
45 = 0,000156,, — 0,0001252,,, +0,01393,, — 0,00149¢ 5 — 0,01513; + 0,00128y 5 -+
-+ 0,00200A7 + 0,000456p, — 0,000252),,,, — 0,000119;

(50)

(51

(52)

(53)

(G2

(55)

(56)

(67)

(58)

0= 0.0001485,, + 0,9813,5 — 0,33134; — 8,513, -+ 0,171 955 + 7,561 7 + 0,146, + 0,000476p, +

+ 0,00122A7 - 0,000745y, — 0,00000138),,,, -+ 0,0817.:;

(39)

245 = 0,000224¢,, — 0,00110¢,; + 0,0005543,; — 0,00745¢4; + 0,00173¢,7 + 0,000659,, - 0,000720y , +

+ 0,00185A7 - 0,00113, — 0,00000209A,,, — 0,000104,;

ps = — 0,00011074 + 0,0002773,, + 0,0001693,; + 0,0001663¢, + 7,829, — 0,160y, — 7,822¢: -+

-+ 0,142¢,, - 0,000733p; +- 0,001384r +- 0,0005441, — 0,00000259A,,,3
94; = 0,000387 4, -+ 0,000232g,, — 0,0133¢,; + 0,004267, 4 0,0117%,; — 0,00666%,, - 0,00102p, -
+ 0,00192Ar - 0,000760y, — 0,0000036 1 15pp;
iy = 53,4203, + 0,0255%,, — 52,400y ,,;
Ay = 19,800¢,, — 18,46%,3 — 0,6195,,;
Ay ==1,070%,; — 0,3629,, — 0,0294¢,, — 0,000280p,, — 0,08913;
A = 1,0009,; — 0,332%4;
244 = 0,4410,, 40,9825, — 0,412g,; — 0,00395¢,; — 0,0182),,,;
¢gy = 0,26095 — 0,002469,; -+~ 0,0041394, — 0,005669,, 4- 0,0142¢,, 4 0,0102%,,; -
+ 0,00801 345 — 0,0195¢,,; + 0,0921¢45 + 0,0383%,; -+ 0,0424¢,, + 0,0767p., + 0,221Ar +

+ 0,156y, — 0,000133);5p -+ 0,000107 ..

* Dra cHCTeMa ypaBHEHHN HCHOZb3yeTcs /s HaGopa Ha aHAJIOTOBON BHIYHCAHTEbHON MalUHHe.

(60)

(61)

(62)
(63)
(64)
(65)
(66)
(67)

(68)
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@54 = —0,02189 5 4~ 0,0366 %5, — 0,04197,5 -+ 0,06109,, 40,0664, + 0,283, -+ 0,299A7 —-
~—0,0611p, -+ 0,00002824,,; (69)
957 = —0,0100¢ 55 - 0,01685,;, — 0,02315,, + 0,0580¢,, + 0,0354®,; + 0,0247%,; — 0,0482¢, -+
+ 0,1259 -+ 0,0485¢,; + 0,166¢4, + 0,164, -+ 0,270Ar 4- 0,08351, — 0,000542i.,,, — 0,0000673y,. (70)

I Bapuanr
2, =0,013 (A — }y) + 0,306, + 0,609¢,, (71)
Il Bapuanr
%4==0,306%, -+ 0,013}, — 0,0169%, + 0,0478, — 0,002435, — 0,00607Ar 4-
-+ 0,00507¢,, + 0,00126¢ ;. (72)

8. MOJNEJIHPOBAHHE CHCTEMbI YPABHEHHHA B KAHOHHYECKOH ¢OPME HA ABM
THNIA MH-17M

8.1. Ilpn MozenHpPOBAHHH Ha aHaJOrO-BLIYHCJIHTEJbHBIX MAalIHHAX HYXKHO YUHTLIBATb, YTO AHANA30H
H3MeHEeHHs BBIXOJHOIO HaNpsKeHHs N1000ro H3 Momeaupyiomux Gjaokos =100 B. B cBasu c 3TuMm
npexkje yeM NMPHCTYNaTh K HaGopy 3ajauH, HeOGXOAHMO IPHBECTH MOJYYeHHbIE YPABHEHHS K MALIHHHOMY
Buny. IlpuBeflenne Kk MaumMHHOMY BHIY 3aKjaiouaeTcs B BhiGope MacumTaGa nepeMeHHBIX H B NpeoGpa3oBa-
HHH HCXOJHBIX ypaBHEHHﬂ B COOTBETCTBHH C HOBBIMH Maclutabamu.

8.2. B nanuofi 3agaye GbliH BbIOpaHbI CJA€AYIOINIHe MacuTalhl:

o1
Usp ’

my,, ==

rae mep — Macuwitab A5 BeJIHYHHB @p1;
@p1 — HOMHHA/IbHAA BeJIMYHHA nepeMeHHOH 10 MaciuTaGHpPOBaHHS;
Ug¢p1 — Hanpaxenune, kotopoe B ABM Oyzer cOOTBETCTBOBaTb HOMHHAJY NepeMeHHOM;

MGy == MTys == MY 5 == M p7 == MPy, == My == MGy, y = Mgy = M) = Mhy == My == Mh; == M3y ==
= My == MGy == MY,
¥ — BO3MYILEHHE.
CuieoBatenbHo MaculTaGhl BceX NepeMeHHbIX ORHHAKOBbI H PaBHbl MaciuTaly BO3MYIUIEHHA,

Macuitabsl 10 BO3MYIEHHAM CJeAYIOlHe:

1 otn.ea. , . - _ 1 omnea |
My = 5 —p—— 1 Mbg== My, =mMAr = 55 —g=—

. 1 ortuea. . R 1 OTH.ed.
Mhox =55 — B M =500 B

8.3. Ha uept. 6 nana cxema HabGopa ma ABM, npu stoM ucnosab3oBaHo 47 cymmartopos, 16 unrterpa-

TOpOB H 222 ko3addunneHta. Maciuta6 BpeMeHH rng———;;:O,l; T— MaHIMHHOE BpeMs.

9. PACHETHBIE JUHAMHUYECKHE XAPAKTEPUCTUKH KOTJIA 670 t/y
NPHU PA3JINYHDLIX BOSMYUWEHUSAX

9.1. PacuerHble JHHaAMHYeCKHe XapaKTePHCTHKH MOJYUEHBl HIPH BO3MYLIEHHSX:
pacxoznom tonansa pup=0,1 (uepr. 7);

pacxoxom Bosgyxa ur=0,1 (ueprt. 8);

H3MeHeHHeM Ko3(gHUuenta peuupkyaauud Ar=10% (uept. 9);

H3MEHEHHEM I10JIOXKEHHSI NapoBOro pery/upylollero knanata typounsl u,=0,1 (uept. 10);
H3MEHEHHEeM PacxoAa BOABI As=0,1 (uepr. 11);

H3MeHeHHeM PacXofa BOAbI HA BOPBICK lemp=1 (uepT. 12);

COBMECTHBIM H3MEHEHHEM TOIJINBA, BO3AYXa H DEeLHPKYISIHH

pp=0,1, p, =0,1, Ar =0,1 (vepr. 13).

9.2, JInnaMHuecKHe XapaKTePHCTHKH NMOCTPOEHbl AJsi KOT/a, paboramwiiero 6e3 peryJjsiTopoB npH Jio-
60M BO3MYIEHHH H MOCTOSHCTBE OCTA/bHBIX BO3MylleHu#i. O6o3HaueHHS cooTBeTcTBYIOT Ta6ua. 13.
5 Tag'-n&lgollp()ﬁﬂhle pacueThl UHCAEHHBIX 3HAYEHHH Ko3(pdHUHNEHTOB YPaBHEHHI OHHAMHKH npelacTaBJiesbl
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Cxema HaGopa mMatemMaTHueckoii Mojean GapaGaHHOro ra3omMas’yTHOro KoTJia Ha ABM MH-17TM
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JuHamMuueckue XapakTepHCTHKH Tra3oMa3yTHOTro Kotaa 670 /4 npH Bo3mylue-
HHM pacxoiom TonuuBa =01 (Aux=p,; =Ar=pr=~Auup=0)

a0 s
AD,40 2,9;/
30 A8, ,ﬂ
£2 4
201/, = S
Afg 10t£553 o - :
AD; |"oC -
LT p—s o 2% w
4 ) A 0 h
20, 7 -20 AN 1
10 / 4 - =
0 0 r%—‘x
ah12 = ag;_éo BT 1
6 Py
0 4 [ \‘\ 7 ;
-6 l\ '20] \J
~12 t 28,50 .
ARS0 a5 8 o K
20 Z 4
10 2
0 4,5 /-Z o=
ak,20
av
73 £ 8 3t
552 — /
aPs 20 == 200~ i
10 101§
/.s 25 A g
AP—, z 4 Am15 'fg
3 10 \\ P v
2~ s —
0 J 10 15 20 t,muH. ) 10 15

I—D (N, 2- Dy(n) 3—-Di(h); 4—D;(h); 5—h (?h); [ A ("?p‘)i 7P ("?p )
2

8~ ps (@l}b); 9 - 117('@”7); 10 - 8, (’901); - 95(%5); 12 — 67(@07); 13 - 94(«;04); 14— B, (xvg,l);

ADg == 36,79 Krjc:

15— By (py Yi 16 = B, )3 £ = c0i AD,=0;
X .

==32,38 Kr/c: A= 2,13 MMjc; Apy == 25,04 Krejem”; Ap, = 25,04 Krejonm?; Apy == 22,91 Krejem”;
Ap,==4,16 Krcjem®; ADy = 2,68°C5 Al == - 42,03°C; A0, = -~ 14,08°C; A8, = — 32,81°C; A%, =

AD, ==36,78 «kr/c;

= 4,59°C; All, = 24,07 C; A%, = 5,39°C
Yepr. 7

JluHamMHueckMe XapaKTePHCTHKH TFa3oMa3yTHOro Kotaa 670 T/y4 npu BO3MYUIEHHH
pacxopom Boanyxa Uz =01 (Mg=Rep=pr=Ar= Asnp=0)

A.D1L‘ 1
0
o .
-2
- A\ Y
-89 5 1 10
-104~2 3 ;p\‘\_ék 6611' 5, 5/
~12 :‘4 \ : —]
4Dz ..g g N 490———7,4,2 = 11 o
10 -4 2 2 -
TN A
10
43@12 ¢ \\\ 4 Y
S -8 135 TN 90 17
AD7"1D A15 ‘6,80 ’/..—7 )
ah 150 5 // 10— B
100 = ]
50 y/ N - 3
0 2 o
0 15 D
10 7
B A N :
o -ggg}, - sV 5w 14
§ Pt
—4 2'5\\ 7 4m
AP~ %L....).__ﬁ* 21
0
~2 P P 0 6,6 '“1/5',96' 15
s — e
2f5-6, A, 15-6, %
- 7 >
/A 10}
AN
afrh o 5 10 15 20 tmun.

0§ 10 15 20 Eman,

Hymepauust KpHBLIX COOTBETCTBYET 4epT. 7
t =00t 4D, =0; AD,== 10,16 xrjc; A&Dg= — 10,16 kr/c; AD; = — 8,94 xr/c; Al == 0%59 MM/C;

Apy = ~ 5,96 Krc/eM?;  Ap, = ~ 5,96 xvc/cml‘; Apg==— 5,39 Kre/eMy; Ap, == — 0,93 Krc/em®; Agy =
==5,36"C; Af; « 21,95°C; A8, = 20,37°C; AB, = 16,60°C; a%h = 8,50°C; Al = ~ 3,89°C; A%, =13,89°C
Yepr. 8

101°1€0'801 Wid

9L

6g "dip
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[luHaMHYecKHe XapPaKTeDHCTHKH ra3oMasyTHOro KoTaa 670 T/u NPH BO3MYILEHMH peuHpKyasuued
rasop Ar=0,1 (pr=ur =pg=hox=>lraap=

4D, !
0 <
g
~10 i
-20 = "
-30 PO L 8, 542
2 § T 1 ]
4
-10 0 <z | i i ] ]
i AN D .
3:5X\~L - .
;30 o 92
405" p o0 'y o
-0 7 80 / 11 /
-20 q}\\C 0 —
- 30— 2
42, ~
an 400 — ]
200 D=2 48, 1,17 >
/ / 40 [ 7
0 57 2 12/
0 AB? 5 — —
& 7 A
. =
o wiSia B/
1 iﬁkikfé' 20
ar, 0
] \\ av, _ 583 /_"'_
0 7 e e
up 15123 5?3
0 ol
av, 50
- \ 8 p % .
;10 av,q 20, 15
4Ps \ / A e (16,75 15/
0 e — % e
30
-1 P " 1% /
258
-2 \ ’ 10 ::“
p,-3 g;;:s’z N S ol
A% 0 5 10 15 20 t,Mun 10 15 20 t,mun
Hymepauusi KpHBHIX COOTBETCTBYET uepr. 7
t = o) AD; =0: AD, = — 30,82 xrjc; ADy = — 30,82 xr/c; AD, = — 27,13 krjc; Ah'=l,78 MM/ APy = — 16,48 KrC/eMY;
Ap,==— 16,44 KkrcfoMy; Aps = — 1473 xrcjem’; Ap;=— 2,92 xrcjon’;  A8,=17,58°C; AB;—85,50°C; af; = 53,68°C;

a8, =67,15°C; 3, = 13,35°C; %, = 87,73°C; a8, =42,02°C
UepTt. 9
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JnHamMHuyecKHe XapakTepHCTHKH Ta30OMasyTHOro Kotjaa 670 'r/:a NPH BO3MYIICHHH PETYJHPYIOUHMHE KJa-
nanamu TypouHEB v =0,1 (Lg=Ur=Aox=Ar=Augp=0)

. 40, 10
)
465 15
1,0 4
’ 11
05 Yl
0
26, 0,8 .
12] 82 2~
21—
48 [, =T
7 13
o // N3
) /
Wl N
0‘:;‘: 14 f 1
¢ \\ 1% H 8]
2 0 Z —_—
40, B0 15
43 rop.
N >
021 psh L
orr 7
,,,‘,], N6
ozl
02° %5 w0 tmn
4D,
08
o 4P DA:lbl |
0 70,
o=
A — 604
0,4|2 ] 05 10t mMun
0
a2, f
04
15 20 t,mun 0

G5 10 t,mun

Hymepauus kpusmix cootmerctsyer uepr. 7

tmo0; AD;=0; AD,= —0,55 kric; ADs=—0,55 kr/c; AD, = — 048 kr/c; 8h=0,032 My/c; Apy=— — 1,32 Kre/oads Ap, =
= — 1,32 xrejem®; Apy = — 1,43 kreieM? Ap, = ~ 0,059 Krejem®; A8, = — 0,011°C; 46; = 1,55°C; a8, == 0,46°C; 48, =1,23°C;
A%y =0,0072°C; A8, =(,061°C; 1%,=10,23°C

Yepr. 10
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JHHaMHuECKHE XAPAKTEPHCTHKH Ta3oMa3yTHOro Kotaa 670 T/M NPH BO3MYUIEHHE  BAPHICKOM
Arap=1,0 (Ag = pp=pL=A0r=§,=0)
aD 1 48 10
4,0 . o1k = ; , 3
101 tog 2 == $ . :
JisnamudeckHe XapakTEPUCTHKH rasomasyTHoro korna 670 /4 npu Bo3- ’ f Loy Lo -01
MYUIEHHH PAacXOAOM NHTATE/IbHOH BOAbI 0 77 0
7\@;::0,1 (HB =HL=AI=9}LT= }\nnp=0) Aﬂs’"’a y 4 _2 -
4 2 -4
v i i A
aD, 5\ 0 -8 i o
10 4 -2 10 2 -10 . { L
5 3 48T 48
e 12,04 5 -2
g ﬁg; 28— 10,09 0 AD7 W 2 Y
M Fl 10 = a2 77 70y
ADZ" D § L /1] 1g 17/ _‘3‘7 -4
“f 2 057 Mo 7 7 -8 13
AT, TR0 agy . T0% 5 IS 12!
- T 12 L 0 -
- 43 i — [T
; 37 10, A 9{;‘ 167 10,10 > -12 ~ 0 ?"
h i -1 Pm..%—i\ 14
4o <3 4 4 25 =01 1
200— 0 1,5 266 ~o2! i
gl 0 /1T 7 ;
o L Avy
-2 e 4% 48] 6/7, 2,
-4 b 916 £ '11}0 PN 14 15 0 L2051 i % e . ,
L B—" a \ — : = |
ap, azs = = 1}’ —2=Z MU= —
< i | 8% o5t LA A S 75
. ”; o=, M L L 05
-4 18,08
87 C a ot e "3 84040 A <
-2 o~ 1 L 0, s
5 gt~ l/ 8/ -0 \\
a 0 0
AN 5 10 15 20 tMUK. 0,2¢ 7 \
N . wl , -12 N - P
0,61 g75 = ' -16
4P, ) 8v, . . . .
o5 B 20 e 05 0 5 20t i 8§ 015 20 tmun

HyMepatust KpHBBIX COOTBETCTBYET uepT. 7
f = co; AD,=18,63 kr/c; ADy==—7,08 xrjc; ADy== — 7,08 xr/c; AD; = — 6,23 Kr/c;
Al =147 Mm/¢; Apy==— 4,04 Krefem™; Ap, = — 4,34 Kic/cM?; Apy == 3;94 Kre/em®;
Ap,== — 0,76 Erc/em%; A = — 4,63°C; Al = 13,34°C; Al = 5,75°C; A94 ==10,71°C;
A%y = — 1,35°C; Abp==1,32C; A%, = 2,65°C
Uepr. 11

Hymepauusi KpuBBIX COOTBETCTBYeT uepT. 7
t =00; AD,==0; 4D, 0,51 xkr/c; AD;==3,30 krjc; AD,==291 kr/c; AR ==0,020 MM/c; Ap, = 1,34 xre/em? Apf=-
< 1,34 Kro/eM;  Apg == 1,42 krefem?;  Apy = 0,35 krcjen?; Ab= —0,048°C;  AB; = — 11,03°C; a8, = ~ 2,85°C; lW‘ -
= = 9,989C; ABy = — 0,11°C; A%, = — 0,058°C; Al == — 1,56°C
Yepr. 12
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JMHaMHuecKHe XAPAKTEPHCTHKH ra3oMasyTHOTo KOTaa 670 T/4 NpH COBMECTHOM BO3MYILUEHHH TOMNJIHBOM, BO3-
AYXOM H pelHpKyasumeir ra3os [ g=0,1; ny=0,1; Ar=0,1 (Aox=Ar = Apnp =0)

D,
0
) 1/
4
_6 v A
4D, 2/ ,_3__
<N S 10
";g A\ ) Ag,
0 20 —~
5
9} 685 ,g //
-5 NG .
_"8 ) - 7 80" . N mp— 7
by / o 21 7 "
0 3 yi
ah u 60175 5/5'3 g
600 0 y/
400 /
200 ——— 46, 20 3
) 507 ¢ ~ S
40
47,
; L) = 20 /
e 11 A 0
22_ 0 A ?, 14
1 _,.1 / / r§- . 43’0 N [
APJ,. _ [ / 20 —— —
24 0 ;-22 — 10 =
-4 1-34 (2
141 L=
A ) B 7 =
521_,1-3- l\\/ V. \3 a7, /_7_5__
b2 N_A _/ Z Z
-g1]-% A B
..Q2. ‘
-0,3 ./ a, —__ _=
- 0.4 \ 40 /
' \ 16 /
55 7 218
-0, 6‘4
’ 0§ 1 15 20 tmun R X

HyMmepauuss KpHBBIX COOTBETCTBVET YCPT. 7
e, 3D = 0; AD, = — 4,19 kric; ADs = — 4,19 xr/c; AD; = — 3,89 kric; AR = 0,24 MMc; Ap==2,63 krofom®;  Ap, == 2,64 Krc/ien?;
Aps = 2,79 KrejeM®;  Ap; = 0,31 xrcjem®; A6y = 15,84-C; A6, = 65,43°C; A8, = 59,97°C; A9;350,94°C; A ==26,44°C; AY==57,90°C;
Ab, =61,31°C
Yepr. 13



Ctp. 64 PTM 108.031.101—76

Tabauya 14
YpaBHeHHs NHHAMHKH ra3oMa3yTHOro Kotaa 670 1/4
HaunmenoBaunne dopmyaa BennynHa
JxoHoMmaftzep (yzactok 1)
YpaBHeHne martepuajipHoro Gananca
C Vipr 0n 29,8158
Tugpr + Tiavgy = hox — M Ty = —at 2 0,193 = 4,87
r e ™) 1863 ’
Vi oy 29,8-300,8
- hdtS —_ L (—2,087) = —100,4
12 D, o, 1863 ( )
bfpasﬂe}‘me TeHJ!(.)BOFO Gaaanca = }/nm ('h 9 L o7y ) 29,8.158 [725 (- 0,021) -+ 321.0,193] — 3,68
Tistp1 + TiaPgy = Bnhox — hy — iWDy \" opy op: 321-186,3
— a15Pp1 — X13Pg; T FuY By 0iy 300,8
= Vi (11— —_  (29,8[725-1,31 + 321 (— 2,087
Ty, WD; 1N 30, + 3211863 [ ( N+
0 +4-0,132.181368} = 163,13
+ 4 Li ) + C“Gm] }
00,
isg 255
S — =0,795
BN 321
i 15
2y = 2L O 58— 0021) = — 00102
iy op, 321
b di 300,8
o %a 1 1,31=1,23
M3 708, 321 ’
(O 12300
= 2L — _ —0,206
=D, 321.186,3 2
YpaBHeHHe pacxona . _ b 1 + _1_.?&( 1 N
Ay = ay39p1 — XisFpa + 2419 P2 (o) — pa) — bogqy- 107 2 \158 —155—21.724,3.104
! 9m - __9_‘%3__) — 53,42
24P op 2.724,6
P: 1 , 155 1
Ay == -2—' - —4 e (— “F
Py — Pa—lsn+ 10 2 158 — 155 —21.724,3-10*
1 dy 0,193
L Lot} — 524
215P Op: ) ©2:724,6 ) ’
6 | 0,5 (d‘{u o1 ) 300,8 1
R L, iy J — 2,087 —2,205) —
AT 3 | Tmae (2087 —2%00)
7, 1074 (—
L 10— _6%1_ 21107 2,2405) —0,0255
— 1 158—155—21.107%.724,3
P1— P2 — b1 10-*
YpaBHeHHe TelIonepelayd 3 Oky 0oy 544.0,662
) 2, a3, 4y = 2;: ) —+ — | 0,527.107% —
by = Ayegs + AT'vg + AVkg + 1 2 99{P 2.0,0168
+ Ay + APy 4 ADgg 4 - Oky Oayy oy ) N 8{6 n 1,5-107%.10,1 )_L 544 | e
4 A9, o A% Oayy Jor §P 273 2476, 452 5 -+ 273 2.179




PTM 108.031.101—76  Crp. 65

IIpodoascenue raba. 14

Haumenosanue dopmyaa Bennunna
9 361
AP = 4 L 1,78 — = 1,1
! 1y, 544 °
o Ok O vo 10,1-0,662 10,2-1,03
A3 - on 9 Tha fy Y ;-—15-10“3<1~_’._’)=0042
U = Bay Own Vo T 0,0168 11,28 041
Ok, 0 10,1.0,662.1,5.10~3
AD = T TR = 0,545
(U + 7) ky 02,y Oopy (1 +0,1)0,0168
1
A5 og Ok 0a2 _ 49 0
LTS 0al) Oom !
—1 1 0k 0Oa —1 0,662-3,9-1076
AN = (__.__L_L) L 0062-3, -
1 246, ' 2, Oay 0B ) ! 5179 *  2.00168 )08 0.814
Oky Oy VO 10,1 10,2108
A9 2 98 T VO —_0,662-1,5 —— 1,03=0,55
U7 %) Oagy dopy 10 0,0168 ’ 2:1,5 11,28 08=0,555
YpaBHeHHe ra30BO3AYWIHOIO TPaKTa . (iy — isg) Dy (321 — 255) 186,3 106
9 = BPug 4+ BPAr + By — T Y 0+nNUs—h)B (1+0,1) (2140 — 1387) 14-0,997
~ B4y, + BYwy "x, B (14 0,997-1,06- 14
! 59~ gaBU+r) I — 1) — e T w01
1 o [({e — 1) 15300 (I1+0,1)x

—ay ({5 — I51)]

% [(2140 — 1387) — 1,03 x
% (1824 — 1188)] — 0,131

ny_¥8B 0,997-1,06-14 _ _
by . (Is—1)) ——300—— (2140 — 1387) -= 0,909
y  CHBO4r) or, 0.997-1,06-14 (1 +0,1) y
Bl =—70—%| 5+ 12300 ’
Q 0%
Ol K 544 [4,08 + (1,03 — 1) 3,55] = 3,03
+ (ay — 1) =
T osﬁ]
s [or 0,997-1.06-14-361 .
s A Ll e 3,92+
1 e + 12300

+ (1,03 —1)3,39] (1 -0,1) — 1,93

o ¢ XiBu ‘ 0,997.1,06-14-1,03 g
51) - o Ugs— 1) (1 +-7) — 0 (1824 — 1188) x
x (140,1) = 0,869
LInpKyAsSusoHHBI KOHTYD (y4acTok 2)
YpaBHeHHe MaTepHa/JbHOTO Gaaamca o — [V' ligd Vv " [69,7 (—1,78) +44,4-1,03 —
Tottps + Tasph — Taghy == 1y — Iy N R — (600 — 98,6) (—0,0482)] x
V" ps 155
(o — "y — | 22 —— = — 45,75
=1 0p2] D, 1835 '
ho 0,8
Ty = 1 ") — 4,49 (600 — 98,6) ———— =75,
= Fun 0 —1) 5 34,49 (600 — 98,6) 1= = 75,39

9 3akas 1118

’ s av”
Ty = (y —.’)@;

(600 —98,6) 0,046 = 23,1



Crp. 66 PTM 108.031.101—76

ITpodosxcenue raba. 14
HanmenoBanne dopmyaa Beanunna
¥paBHenHe TemaoBoro Gananca T [V’ ( , 0i p oy )_L {69,7 [600.0,92 + 386,9 (— 1,78)] -+
. . . 24 = T = . 3
Tuéps + Taspn — Tagle = ' ‘opy T opy + 44,4 (98,6 (—0,65) + 622,4-1,03] +
= ayhy — Ao+ ax9p2 -+ 2asty; + a2de + Vq ( " gl— + " gl—) + + 0,136-189702-0,51 — (600-386,9 —
W” P2 —98,6-622,4) (— 0,0482)} X
+ CyGyg — — (7' i")y X 55
mUn2 ops H 1 % _—l— — 508
W po 622,4-183,5
01’2] i"Ds
h 34,49 (600.386,9 — 98,6.622,4
Tay = Fop (10— 11") 5= ( g
. i"D, 0,8 4195
X 241835
ov” 1 0,046
Toy = (7 —1"i") = — 600-386,9 — 98,6.622,4) ——— =12,6
25 == (Y71 71)002 7 ( 98 2 )622,4
g 321 0514
= 622,4
po [0 0 ) 155
gy = —_—— e (— 0,021 +- 0,68) - 0,157
B =T (dpg o 622, " )
0, 0 300,8
e — —— 1,31 = 0,6
BT o6 622,4 33
o 56000
gy = — 0,48
"Dy 622,4-183,5
YpasHenue pacxona P2 1 | S i 155 1 1
by = o= + - —_ + 1,03} =
)\2 B b,ﬁ?pQ -5 bQQp3+ b3¢993 2 Po—P3 2-{§P 0p2 2 155 — 151 2'88,1
= 19,828
1 i 151 1 1
b= P2 (_ I 91 ___(_ n 0,96) —
2\ Pi—ps ' 2y Ops p) 155 — 151 ' 2.88,1
= — 18,46
L 360
g e 2 —— (—0,606) = — 0,619
45 0 4.88,1
YpaBHeniHe ra30BO3XYUIHOTO TpaKTa o (i” — i) D, (622,4 — 321) 183,5 — 0972
4y = Bug + BIAF + QL —(+NElB 0,998 [10552 — (1 + 0,1)5816] 14 ’
+ By + By, ’ 9388 -+ 1340.0,1 — (1 4 0,1) X
59 = Q)+ fir— (14 1) (= { |
X (5816 — 1,03-4861) — 14 (1 +0,1) X
ol, 0%\ ¢'x3B 0,998.0,972-14
_ _ —_ 4,86.47,67} e =1,2
arlgs) — B (1 4 r) a8, 03} 0 % 4,86 } 56000 1,228
"x9B 0,998.0,972.14
By — 222 { Us—(+ 0 lal — |~ {1,03[998—(140,1) 4861] —
0 0% — (1 +0,1) 4,86 (— 355,88)} =—0,
_(1+,)ji_z_} ( ) 4,86 (— 355,88)} =—0,625
0%, OdL




PTM 108.031.101—76 Crp. 67

I1podoaxcenue Taba. 14

HanMenoBaHue dopwmy.a Bennunna
:pr 0,998.0,972. 14
B =—12 [(1’—1,)+(1 +r)x e ((5816 — 1340) -+
oly 99 | + (1 +0,1)4,86.363,17} = — 1,557
082 or ‘
o’ x.B0 ol 0,998-0,972.14.305
B - P XabUg [ B (14 ¢ ’ ’ 03.3 —
o Ll e (1+rx 5000 {1,03.3,39
ol, 09, —(1+0,1)4,86.0,203} = 0,178
“ 3%, 3,
1
MameHeHne TeMmepaTyphl rasos Ha Bbl- 0%, v —_—— ‘0,6 108 -— 1350)
XOJe M3 TONKH —()—Brf——"N‘B {0,5(%—32) X 1,46-14 | @ 0)
99, 0%, ' 1,03 (998 — 4861)
A%y = ABL 1AL Iy — Iy 1,8 (8,9, — e -
2= g ABr Gt x[“’(" L) 1]; 88, —) [ 9552 — 5816 1]
Qr—1 ¥a -+ 273
A TP o 18108 —1350) 4]>(
B e | e———————— e
or 065 -0 4] % Jyap! 2108 + 273
0Q; 7
X 0,198-993-1,03} — 47,67
9, — 9, 2108 — 1350 0,6 (2108—1350)
Ny =10,4 + ————re 0,4+ + —
1=04+ o A Ym0 rers oz —_maie P
0,6 (9, —9,) 9l =1,46
Qr—1y 0%
o, |[on ol
S 172 1y 282 4,74 — (1,03 — 1) 3,98 — 14,
3%, [0&2 + (2p— 1) %%, ( )3 4,86
9  a { 1,8 (8, —9) 04] 1,03 [1,8(2108-1350) 1
oL LN 3, - 273 ’ L1,46 || 2108273 |7
0%, 0,6 (3,—9) \ 0,6 (2108 — 1350)
e X Ty — =22 (] 0,198-998 — ———— 77
x50, g, 1w i 9552 — 5816
355,
><(998-——4861)]l=‘—-§
J L
A$. 1 — 9, —
_12__1459"3_&__0,4]X _,._‘_Jw*u «
or N L 9,273 ,46 | 2108 - 273
o 9 0,6 (%, — 3. 0,6 (2108—1350) 1340
7, — Mw ><0.198-1340~——-(—————-—)-31 —_
X 30, (Q:— D) (9552 — 5816)
0,6 (9, — 9, 0,6 (2108 —1
_0,6(%,—%)) _06@I08—1350) |
T+r | 1+0,1 J
¥ a 1,8(3,—82)_0’4]>< 1 o3|[ 1,8 (2108 — 1350) ~0,4]><
a8, N L 8, + 273 1,46\ 2108 + 273
9 0,6(% —by) )| s 0,6 (2108 — 1350) |
2 _ P2 Wa V) 0,198 — ——— 7 1339
Q. T O0.—1. ), %0 9552 —se1e ) 9 = 0.209
on L +( 1)0"’2 [4,74 + (1,03 —1)3,98] = 4,86
O 1 e _ _
o, o5, T 3%, 74+ (1, ) 3,98] ,

9%
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ITpodoancenue raba. 14

HanmenoBaHne dopmyaa Beaunuuna
IlonoanurenbHble TIOBEPXHOCTH HarpeBa MEePBHYHOTO TapomneperpesaTes
(yuacrox 3)
y GaJ 07 13,04-151
paBHeHHe Ma'repn-anbx-xom . anaHca Ty =V, _g_s_ 0.3 e 0,96 = 10,3
ho — kg = Taypps + Taotyg 3 Op3 ,
0 0y 13,04.360
Ty = Vg o —— e (— 0,606) == — 15,5
S NPT R 183,5 ( )
V. 0i 9y 13,04.151
Ypa.BHeﬂne Termosoro GajaHca Tas = — 303 (Ys 013 i a.g) : (77,6 (— 1,18) + 667-0,96] — 8,83
Ta3%ps + Tacpgs = @mhy — Ay + ands + i3D5 P3 P3 83,5
+ @s3%p2 — A359p3 — A36%g3 /N [ 0iy 075 360
To = v(—+:—‘-—)+ — (13,04 [77,64-1,609
Vo R U TR A G67-183,5 | >0 [77,64-1,609 +
4 CMGMa] + 667 (— 0,606)] -+ 0, 138-86600) = 24,4
i 622,4
= —— ==}, 933
O =7 o6 0%
Qs 8190
. = 0,067
2 0D,y 667-183,5
p. 0i" 155
—— —— (— 0,65) = — 0,151
8= Top 667 { )
p3 Oig 151
T e e —(—1,18) = — 0,267
@5 i3 0p3 667 ( ’ )
by dig 360
5 = — — 1,609 =0,87
B8 = 5 3, 667
YpasHenne pacxona b — Ps P Oy 151 151 096 — 10 1
Ay == b319ps + basfps 4 baaves + b3ipps 12— 1) 445 0ps 2.8 4.61,1 '
i 14 143
S . S . W N ”—3+—0,356:~8,73
2(ps—p) 4P O 2.8 ' 4.61,1
6, 0 360
= —— 1 (—0,606) = — 0,893
4.{;:? 003 4’61)1
6 502
o = af —~ _(—0,088) = —0,18
43P a8, 4.61,1
VYpaBHeHHe Ta30BO3AYIIHOIO TPaKTa B — 1—Xo Qo 1 — 0,972 56000 —0.197
43 = Byly + Bily + Byys — Bate + TX: Qs 0,972 8190
+ B 1—X, Q,* 1— 0,863 23300
A . L 0,54 —— =7 0,248
Bi=2% X, O 0,863 8190
—X; Qs —0, 6580
g 1=% 0 10884 6580
Xs Qs 0,884 8190
—X- O- —_ 0
B — 1—X; Q: 1—-0,869 1112 — 0,208
‘ X; Qs 0,869 8190
X — 2 761
B =X @ 1082 7610 oo
Xe Q: 0,82 8190
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HauMeHnoBanue

®dopmyaa

I1podonncenue rubar. 14

Beanunna

YpaBnenue MaTepHaJbHOro Gajxanca

HIupvui 1 u 2 crynenu, ¢ecron, KINI1-1 Bsicokoro paBaenus, noasecHble TPyObl
3ajHero 3skpaHa (yuactok 4)

To=v, o 12,59 —22_ § 356 = 3,49
hs— A = Tups + Taovgy * "D, op, Uiess
6, 97,
To—V, — = 12,59 —— (—0,088) = — 3,03
* ‘' D, 0, 183,5 ( )
YpaBHenne TemjoBoro OGanaHca V.p, (w ai, ; 12,59.143 [44,6 (— 0,3) = 794.0,356] — 3,32
N . R \ ‘ e~ Ve T T _._— ’ — Y, - ‘U, =9,

To9ps + Tuggq = @uhs — by + Qo + i, ops 794-183,5

+ @43%p3 + QuaPagz — BisFps — Ausbo4

u [V ( o 4 __ %92 119,50 [44.6.0,67 - 794
o -'——— o, — 4 — .
oD\ 08, 794.183,5 ' [44.6-0,67 + 794 X
= PR . =
+CMGM] % (— 0,088)] -+ 0,163-85360} = 46,2
iy 667 0 84
a1 794 '
Q 23300
Ay = — . —0,16
“ 7D, 794.183 .5
p3 0Oig 151
= —(—1,18) == — 0,222
B, 0ps 791 ¢ )
8, 0iy 60
395 1,609 =0,73
AR 797 1809 =0,
p. 0i, 143
= £ ——(—0,3) = — 0,054
%= T o 791 (703 05
0, 0i, 502
S M ——0,67=0,4
s =738, 798 A2
YpasHeHHe cMellleHHs PacXoj0B D, 183,5
4 Qg = —F :07985
Ay = ayhy + @9 ihono D, 186,3
Dgnp 2,78
By = — = 0,015
D, 186,3
ypaBHeHHe CMCHICHHA TeIia 0464 g(? 183,5'502-0,67 0 987
. o p - 4 TR oAk 1AL =
?64 = 131?6‘—{— ;827\4 + 553;‘8“}) + P21 .36 67236' 104 '
+ 4y pt ?’S‘Fennp
D, ,. 183,5 (794 — 788)
b= (ls—14)

§,95.100 = 0.0176

(382,6 — 788) 2,78

6,25'10‘ ”"“"0,0179

~oe7or [183,5(—0,3) —(183,5 +2,8) X

X (—0,324)] = 0,01215



Crtp. 70 PTM 108.031.101—+76

ITpodoancenue taba. 14

HaumenoBaHue

Beanunna

Osnp alsnp 340
3 = T Deanp o 555107 2,8:0,92 = 0,01401
’ ’ ai'
8 = D, 0, —6—94,— 186,3-488.0,686 — 6,25-10¢
4
YpaBHeHHe pacxoxa b, = Py Ps f_’y_ 143 + 143-0,368 04 1
Ay = bu?m + bm‘Ppa + 643904+, %05 2(Py—Ps) 415® ops 2.3 4-42,8 — 7
p; Py 97 140 | 143.0 314
byy = — 5 N T —_—— e e = 23,07
2(py—p;) 415P op,, 23 4-42,8
6, Oy 488
= L —_— (—0,1) = — 0,285
43 7% o, 4.42.8
0, o7, 545
_ 5 2 ————. —
" e, Tazg (—0,00)=—0222
VpaBueHue Tensonepenaut I ok, Oa, 1 ( -6
K N — 4 Tat r—rmx [ 0,635-20,2.10~ 6+ 0,635.0,74.10- 3
by = Aoy, + ADug 4 APAr — ADh, 4 27 o, ( vs., 005 2.0,0183

+ AQhy + AP gy — Ag)‘?m + Aoy —

— A%ps + AP, -+ APy,

13,08 1 ool 15
X 1163 + 273 )+ 7.732 — 0,001

AP = N, 0,00115-976 — 1,122
ok, Oa 13,08 10,2-1,03
G |t 4 [———’-———0,635-0,74-10‘3<1——‘——’—)
Ay [’q o, dw 0,0183 17,28
170 o% A .14. _—
o1 “\ v g L 0,00115.14 47,67] 0,791
’ ve )t 9B
4) _ ®ry ok, day, 13,08 -3
Ad = ZT=7) Oag Oop 00183 (1 F0.1) ©0-635:0,74-107" +
99, -+ 0,00115-363,47 = 0,723
‘1" N‘)-——
" or
5 _ Cns Oy 0%) 158 G 441.10-3.54.4.10-% = 0,0104
AP =—— 2.0,0183 0-441-1077-54,4-1077 =0,

4
2k, 03 do_

6 5,
A4) o A4)

0,0104

y o ok
A= (————-—"c‘p — X
2kq1;" 09y

Ow . 06, 240,
N i 0k4 daM) 94

2k, .Oa 00,

« 0a) oy, 1

(—15,8) 0,441-103 _
[ 2.0,0183.61,1  °+.4-10 % (—0,088) —

1 0,635
— 5733 T 30,0183 13,5-10“6]502 =—0,219

) 5
8 o, Ok, Ozy 0Oy

4= 2k,1SP a3 0o, dp, Py

15,8-0,441.1073.0,0544.0,356
( 570,0183.61 1 )143 = 0,00865



PTM 108.031.101—76 Crp. 71

I1podoascenue Taba. 14

HaumenoBanue

2085 2, 0a,, O,

Popryaa Besnunna
A9 ( ny Ok 059 0y [ 15,8-0,441.10~%.54,4.10~3 (—0,606)
L < - 5.0,0183.61,1
% P 0a¥ 0(»
I 4.14 o: aﬂ ; 1 0,635-13,5-1075 ]360
— “;”————-—1—-—.1-}.‘.5-) 0, T2.732 T 2.0,0183 = —0,125

Ok, Oag) o,

15,8.0,441.1073.0,0544-0,96- 151

g e TP TF2 Ty = 0,0246
4 ok TCP aa;) 0‘”"4 0p3 3 2.0,0183-61,1
o, Ok, Oa, V° 13,08 510,2.1,03
A;"w[_ﬁ___é__k:_.._a - [ 0,635.0,74-107 3 — 52— +-
0 %1 §,0183 11,28
k4 aa,“ ()ml_4 Vr
, Lo9, +40,00115 (— 355,88) ] = — 0,0964
+ N, 2
dL
12) o%,
AP N 28 0,00115.3,39-305 = 0,0712
2796, ®
YpaBHeHHe ra3oBO3AYUWHOTO TPakTa . (i,—iz) D, (794 — 667) 183,5 — 0,863
by = Bug+ BVAr — By + BV, + T (I ¥ ) (L—1,)B 0,997 (1 - 0,1) (5816 — 4059) 14 —
5) R
+ bivns B9 ¢x, (1 4+r)B I 0,997-0.863 (1 4+ 0,1) 14 x
i =""0g, |(—aX 53300 [(5816—1,03-4861) -+
0L 9%,

XL +B55 55 — i— “r'a4)]

4+ 14.4,86.47,7 — (4059 — 1,03-3401)] = 1,83

oI, 9%
5Y »Q [(l,_14)+ 30 ‘?5%]

0,997.0,863. 14

3300 [(5816 — 4059) -+ 4,86 X

X 363,47] = 1,822

Rl ER2 014

B) =351+ B 5+

0,997-0,863.976

300 (140,1)14-4,6 = 2,55

‘x,(1 +r)B 0,997.0,863 (1 -}-0,1) 14
BY= Lﬁ-@l)— [(182 —Iy) X 233(00+ ) 1% (4861 —3401) 1,03 +
ol, Lod,
X g + ds" 5L ] -+ 4,86 (— 355,88)] = — 0,128
s X (1 7r)Bbs ol, 9%y 0,997.0,863 (1 +~0,1) 14.305 i .
By = ————'——04 %, 00, 53300 0,203.4,86=0,171
p ;
O Oy 1y 4,49 + (1,03 —1) 3,67 = 4,6
08, o, %
KoHBexTHBHHE maponeperpesatenh 2 BHICOKOFO AaBJjeHist (yd4acTok 5)
. 0= 140
ypaBHeHue MaTepHaabHOTO Ganamca Ty = Vé%oé gl.');’ 7,84 1g5 050,314 == 1,84
~As= T, 51‘?,,5 + Tsgtgs N 0
s 075 —— - —
T52:V5-5;'0—0;; 7,84 186,98 (—0,07) = 1,61
ypasner.me Ten1080ro 6ane,mca Tss VZ’O( g“’ 4y ) _—_—8273,,844-'1?2.3 [40 (— 0,25) + 823,4.0,314]=1,78
Ts3%,5 + Tsates = 51ty — A5 + - £o %

T @5 + 5398 T AgaPes — AP ,5 —

— 56%05

0, 0Oiy a1
Tyy = v SNdLI R
g isDa[ 5("5 F 095) '

545
m,?’ 84 [40.0,63 + 823,4(—0,07) 4

-+ 0,172.44850]} = 26,5



Crp. 72 PTM 108.031.101—76

Il podoascenue raba. 14

HanmenoBanne

Gopumyaa Beynunna
ay; = i 88 0,957
5= i 8234 —
Qs 6580
% = 7p. §23,4-186,3 — 0,048
_ P % 3 _
o= o 33 7 (—0,324) = —0,0564
5 4
0, i, 4
g — 4 % —@%o,ssazmm
iy 98, ,
Ds 01’5 140
A5z — 7 op5 823,—4 (——0,25) == —-0,0425
[T 545
@3 = 7 G5, B3 7 0,63 =0,417
8 ok, Oa_ 976-0,564 13,3
1 4 5 a5 hleniidt Al 10— 8 o 108 —228 |
ypa“e““‘:)Te“""“e;’)"'“a“" . A = ( da, e T 2.0,0183 (’6’48 1077+ 1,06-10 g3 273) +
4“5 = As Paa -+ AS o5 + AS g + ok. da o ‘ 5 9 + 976 163
4 5), 5 5 5 s S.406 5 = 1,
+ APSr 4 AP+ AV Ay — | R 273) S 2.406,5
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