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MeToauueckne — yka3aHHs [0  BBIMOJHEHHUIO  TMPAKTUYECKUX U
CaMOCTOSITENIbHBIX paboT A CTyAeHTOB HampaBieHuss moarotoku 18.03.01
«TemnnoBbie pacyeTsl B XUMHUKO-TEXHOJOTHYECKUX IMPOIeccax» MpelaHa3HaueHbI
g u3ydeHus auciuiuinH «bamancoBbie pacueTs», «bamaHcoBbIE pacueThl B
XUMHUYECKOH MpakTUKe», « TeXHOXUMHUECKHUE pacueTh, « XUMUYECKHE POLECCHI
XUMHUYECKOHN TEXHOJIOTrum», «O01as XuMuyecKkasi TEXHOJIOTUS».

Copmepxar  OCHOBHbIE  TOHATUA W (OPMYINbI, TMPUMEHSEMBbIE B
PHEpreTUueckoM OanaHce. PaccMOTpeHO MpUMEHEHHME 3aKOHAa COXPAHEHHUs
SHEPruM K TEIUIOBOMY OallaHCy W MPEACTaBIIEH pacyeT TeruioBoro OanaHca
KpUCTAJUIM3al[MM IUlaBa aMMuauHoi cenutTpsl. [lpuBenensl 3amaHue s
CaMOCTOSITEJIbHOTO BBIMOJIHEHUS MO KaKJOW MpaKkTUYeCKOoW pabore, a TakxkKe
KOHTPOJIbHBIE BOTIPOCHI IJIS1 YIUTyOJIEHHOTO U3yYeHUE TAaHHOW TEMBI.

MeToaudeckre yKa3aHHs COOTBETCTBYIOT TpeOoBaHusaM DenepanrbHOTO
rOCy/IapCTBEHHOTO 00pa30BaTENBFHOTO CTaHAApTa BBICHIETO TPO(GECCHOHATHEHOTO
oOpa3oBanus U yueOHOMY TuTaHy HampasiieHus moarotoBku 18.03.01 Xumuueckas
TEXHOJIOTHsI, KB (uKarus - Gakanasp.

TekcT neyaraercs B aBTOPCKOM peaaKInU

[Toanucano B meyath . @opmart 60x84 1/16.
Ycen.neu. i1. 0,93. Yu.-u3zz. 1. 0,68.
Tupax 100 sk3. 3aka3 : becnatHo.

IOro-3anaHbiil TOCY 1ApCTBEHHBIA YHUBEPCUTET.
305040, r. Kypck, yi. 50 et Oxts6ps, 94.
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IpakTuuyeckas padora Nel.
«IIpuMeHeHHe 3aKOHA COXPAaHEHUSA IHEPIrUHU K TEINJI0BOMY
oajsancy»

Heas pabdoTbl - HU3yYUTh OCHOBHBIE TMOHATHS U (HOPMYIIBI,
MPUMEHAEMBIC B JHEPIreTHYECKOM PACUETE

JHepreTu4ecKuid 0aJJAHC COCTaBJISIIOT HA OCHOBE 3aKOHA
COXpAaHEHHUs DHEPru™M: B 3aMKHYTOM CHCTEME CyMMa BCEX BHJIOB
SHEPIruU MOCTOSHHA.

OOBIYHO B XHMMHUKO-TEXHOJOTMYECKUX IMPOLECCAX COCTABISAECTCS
TeryioBoM OanaHc. IIpuMeHUTENbHO K TEIUIOBOMY OallaHCy 3aKoH
COXpAaHEHHUS DHEPrUU MOXKET ObITh CHOPMYIUPOBAH CIEAYIOUIUM
00pa3oM: TPUXOJ TEIUIOTHl B JAaHHOM IMKIJIE MPOU3BOACTBA JOJIKEH
OBITh TOYHO PABEH PacXoy €€ B 3TOM K€ HuKJe. [Ipu 3TOM HOJKHBI
ObITh YUTEHBI BCA TEIJIOTA, MOABOAMMAS K allapaTy U BBIACISIONIASICS
(morjmomiaromiasicsa) B pe3yJbTaT€ XUMHYECKOW  pPEAKUUH WU
bu3uYeckoro - MpeBpalieHus;  TEIJIOTa,  BHOCHUMAs  KaXKJbIM
KOMIIOHEHTOM, KaK BXOJSIIMM B TPOIECC WIM ammapar, TaKk M
BBIXO/JIAIIMM M3 HETO, a TAKXKE TEIJIOOOMEH C OKpPY KaIoIIeH Cpe1oi.

TeroBoit OanmaHc BeIpakalOT B Buae Gopmyi, TaOIUIl H
nuarpaMMm. B ypaBHeHue TeIIoBOro OallaHca BXOIAT CIEAYIOIIHE
BEJINYUHBI.

puxon:

1) Qg - ¢wusuyeckas TemIOTa MAaTepUajnoB, IOCTYNAIONIUX B
IPOIIECC WU ammapar;

2) Q, - TemnoTa, BBIICIAIONIAACS B pPe3ylbTaTe XUMHYECKON
peakuuu;

3) Qgn - TemnoTa, BbIAENAIOIIA’CA B pe3ynbTare (U3MYECKUX
IpeBpallleHU# BellecTBa (a1copOIun, KPUCTATIU3AIMN WIH JIP.);

4) Q, - TemuoTa, MOABOAWMMAs B ammapaT W3BHE, HaIpPUMED,
000TpEB.

Pacxon:

1) Qp . dbusnyeckass TEIIoTa IPOIYKTOB, BBIXOAANIUX U3
anrapara;

2) Qp/ - TEIUI0Ta, KOTOpasl 3aTpPauyrBaeTCs HA IHAOTEPMUYECKYIO
pEaKIuIo;



/
3) Qpn - TEIIOTa, MOIJOILAMOLIAsACS B pe3yibrare (PU3HMYECKUX
pEBpAILCHUI BelllecTBa (IJIaBI€HUE, UCTIAPEHUE WUITU JIP.);
4) Q, - MOTEPH TEILUIOTHI B OKPY’KAIOIISE MIPOCTPAHCTBO.



Takum o00pa3oMm, TMOJHOE YypaBHEHHE TEIUIOBOro OanaHca,
COCTAaBJICHHOE JUIsi OJHOBPEMEHHOTO TMPOTEKaHUs TMPOIECCOB C
BoiienieHueM  (Qp,, Qgn) ¥ HOIJIOIEHUEM (Qp/, qu/) TEIUIOTHI,
IPUHUMAET BUI:

Qp+Q+Qui+tQ=Q +Q, +Qu/ +Q (1)
Tennory, BHOCHMYHO ¢ MaTepHaliOM, OOBIYHO TOJICUYHUTHIBAIOT TIO
ypaBHEHUIO
Q= Gc IIT, (2)
rae G - macca maTepuana;

¢ - CpemHss yaelbHas TEIJIOEMKOCTh MaTepHaa;

T - remrieparypa.

Tennory, BBIACISIONIYIOCS B pe3yJbTaTe XUMHYECKON pEaKIIvH,
MOHO PacCYUTaTh Mo Gopmyiie

Qp

rae M - MoJisipHas Macca BELIECTBA, KT
(AH, )7 - HTaNBIUs 00pa30BaHUs BEIIECTBA IPHU TeMiiepatype 7,
e - CTeXUOMETPUIECKHUIN KO3 (PUITUEHT TPU TOTOBOM MTPOIYKTE.
[TonBon TemnoThl B ammapat (oborpeB) Q, MOKHO yUYHMTHIBATH IO
MOTEPE TEIJIOTHI TEIJIOHOCUTEIEM, HAIPUMEDP, JJIsI TPEIOIIEH BOJIBI:

__ (AHp)r103
- eM

(3)

Qo:GC_(TH'TX)r (4)
1T T1apa
Q.=Gr, (5)
WY 110 (popMyIie TeIuIonepeaun Yepe3 rperolryo MOBEPXHOCTh
Qo=keF(Tr - Tx)t, (6)

rae Ty u Tk - HayanbHasi 1 KOHEUHasl TeMIepaTypa BOJIbI;

I - yAenbHas TEIIoTa NapooOpa3oBaHus;

K7 - 001mmii K03 UITUEHT TeTIoNepe1auu;

F - DOBEpXHOCTb, Y€pe3  KOTOPYK  OCYIIECTBIISIETCS
TEIJIONEpeIaya;

T - TeMIiepaTypa I'pEIOILETO BEIIECTBA;

T - TeMIiepaTypa HarpeBaemMoro (XoJIOAHOI0) MaTepuaa;

T - BpeMsl TeIUIoNepelayun.

[ToTepn TEmJIOTHI B OKPYKAIOUIYIO CPEAY PAaCCUUTHIBAIOTCS IO
HOCIIEAHEMY YPABHEHUIO.



Ipumep 1. IlmotHocTh ctHpona 0,906 r/em’. [Ipu 20°C
Temnoemkocts ctuposa ¢=1,742 xJ[x/(xr-°C), npu 145°C ¢=2,479
kJx/(kr-°C). Temnoemkocth monuctupona npu 20°C paBHa c=1,457
kJx/(kr-°C), mpm 145°C 3,119 xJIx/(xr-°C). Paccumtath o00BeM
NoJIMMEepHU3aTopa M COCTaBUTh  TEIUIOBOW  OajlaHC  MEpPBOTO
MOJIMMEPHU3aTOpa B KWJIOKOYJISAX HAa 1 TOHHY MCXOJHOTO CTHpOJa IpH
koaduimente 3anonHeHus peakropa @3(pu)=0,65 u padbouem oobeme
anmapataHa 1 11,8 M.

Pemenne: [Ipu npous3BOJCTBE MIACTUYECKON MAacCChl - OJIOYHOIO
MIOJIUCTUPOJIA - B KACKaJI€ almnapaTroB C MEIIAJIKaMU MPOLECC MPOBOIAT
IIPU HW30TEPMUUYECKOM PEXKHUME, IJI1 YEro MCIOJb3YIOT JIHUCKOBbBIC
MEIIAIKHA C PAa3BUTOU MOBEPXHOCTHIO. VICX0aHbBIE MapaMeTpsl mporecca
npeJcTaBieHbl B Tadaume 1.

Tabmuma 1 - Micxoaasie mapaMeTpsl Iporiecca

Anmapat Thaw | Toms CreneHb Bpemst npeObiBanus,
°C °C |mosumepu3anuu q
[Tomumepuzatop 1| 50 145 48 2
[Tomumepuszatop 2| 145 | 160 75 2
[Tonumepuzarop 3| 160 | 180 90 2

Peakiusa nonuMepu3aiiuy MOHOMEpaA - CTUpOJa - ¢ 00pa3oBaHUEM
MOJIUCTUPOJIA UMEET BUJT
NnCe¢Hs-CH=CH, — - [CH-CHz]n -
|
CsHs
(TermoBOM A(GhEKT B3SAT HA OCHOBE OINBITHBIX JAHHBIX M3 pacyera Ha
MOHOMEp, MOJEKYJIsSIpHas Macca Kotoporo coctasisger 104 1/Moib).

OHpeILeHHeM BMCCTUMOCTD ITIOJIMMCPU3ATOPA
v
—p
§03 - ’

un
TOT1a



vy = % =1,8/0,65 == 2,77m°,
TemnoBoii ekt nomumepusanuu OyaeT paBeH
68700 / 104 == 661 xJIx/kr.
[Tpuxon TemnoTHI:
Qy=1000-1,742-50=87089 x/Ix.
Quomn=480-661=317280 x/[x.
Hroro 404369 x/Ix.
Pacxon TermoTsr:
Q=(AHy)r T G
(G mHaxomar xak 1000 - cremenp monumepm3anuu 48 = s
noymctrponaina 480, qis ctupoia 520)
¢ mosmctuposiom Q=3,119-145-480=217082 Ik,
co ctupoaoMm Q=2,479-145-520=186916 kJIx.
Hroro 403998 k/Ix.
[Iporecc uaeT ¢ HEOOMBIIUM BBIJICIEHUEM TETUIOTHI:
404369- 403998 = 371 kJIx.

3ajaHue 1J1 CAMOCTOSATEIbHOI0 BHINIOJTHEHUS

Crenenp okuciienuss SO, B SO; cocraBimser: XSO, m XSOs.
Paccunrarh m3MeHeHHE TeMIepaTyphl B 30HE PEaKIMH, CCIIM CPEIHSS
TEIJIOEMKOCTh ra30BoM cMecH, coaepxkaiieit SO, = A %, O, =b %, N, =
B %, ycmoBHO mnpwHUMAaeTcs HEWM3MEHHOW u cocTaBiser 1,382
kJIx/(m°-°C). Pacuer Bectr Ha 100 M° rasosoit cmecu:

SO, + 0,50, «> SOz + 94400 xJI>X/KMOJIb.

BapuanTtsl ycinoBuit mpuBeeHbI B Ta0IHIIE 2.



Ta6J'II/II_Ia 2 - I/ICXOI[HI)IG JAaHHBIC JIs1 CaMOCTOATECIIBHOI'O BBIIIOJIHEHUA

Bapuant XSO, XSO3 A, % b, % B, %
1 0,55 0,96 8 11 81
2 0,54 0,94 8 11 81
3 0,55 0,96 9 10 81
4 0,55 0,96 10 9 81
5 0,54 0,95 8 11 81
6 0,54 0,93 9 10 81
7 0,56 0,98 10 9 81
8 0,56 0,98 8 11 81
9 0,56 0,98 9 10 81
10 0,55 0,91 8 11 81
11 0,55 0,91 9 10 81
12 0,53 0,93 5 15 80
13 0,53 0,93 6 14 80
14 0,53 0,93 7 13 80
15 0,53 0,93 8 12 80
16 0,53 0,93 9 11 80
17 0,53 0,93 10 10 80
18 0,58 0,89 8 12 80
19 0,58 0,89 9 11 80
20 0,58 0,89 10 10 80
21 0,56 0,98 10 9 81
22 0,56 0,98 8 11 81
23 0,55 0,91 9 10 81
24 0,55 0,91 10 9 81
25 0,53 0,93 8 11 81
26 0,53 0,93 9 10 81
27 0,53 0,93 8 11 81
28 0,53 0,93 9 10 81
29 0,53 0,93 5 15 80
30 0,55 0,96 6 14 80




IIpakTnueckas padora No2.
«Pacyer Tem10BOro dajaHca KpMCTAIN3ALMH IIaBa
aMMMAYHOH CeJTUTPHI»

eabp padoOTBI - COCTABUTH TEIUIOBOW pACUET KPUCTAIUIU3ALUU
nJ1aBa aMMUAYHOU CEJIUTPHI B TPAHYJISAIIMOHHON OalHe.

[Ipu cocTaBiieHMHM TEIUIOBOIO pacyeTa KPUCTAUIM3allMM Ij1aBa
aMMHAYHOM CeJUTPhl B TPaHYISIIMOHHOM OaIllHe JIsi BBIMOJHEHUS
pa0bOTHI UCTIOIB3YHTE CIIENYIOIINE UCXOIHbIC IaHHBIC:

- TeMIlepaTypa BO3/lyXa Ha BXOJI€ B TPaHYJSIMOHHYIO OAalllHIO
30°C, na BeIxoae 60°C;

- TeMIepaTypa IiaBa, nocrymnatoiiero B Oamixio, 150°C;

- TeMIepaTypa rpaHyJi, BBIXOAuX u3 oamrau, 80°C.

Pacuer Begem Ha 1000 kr ammuaunoit cenutpsl (1015,2 xr 98,5%-
HOT'O TJIaBa).

Pemenue:
1. I[Ipuxo/ TEmIOThI
OnpenensieM TEMIOTY, BBIACISIONIYIOCS MPU KPUCTAIIIU3AIUU.
Q:=0g'm; =138,88-1 000 = 138 880 x/Ix, (7)
rae ( - TeruoBod 3(P(deKT mnpeBpalieHus] PacIlIaBICHHOTO HUTpaTa
aMMOHHSI B KPUCTAUNIMYECKYIO MOJU(UKauio, cradbuibHyto npu 80°C,
kJK/KT;
M; - Macca KpUCTAJUIMYECKOTO HUTPAaTa aMMOHHUSI, KT.
Ternora, BHOCHMAs ILIABOM:
Qo= my-Cyrt,=1 015,2-1,758-150=267 710 x/Ix, (8)
rae m; - macca 98,5%-noro niasa, Kr;
¢, - TeroemMkocth 98,5%-noro mnasa, xk/[x/(kr-°C);
t, - Temmieparypa miaBa, mocTymnaroriero B oarnrsto, °C.
C BO3IyXOM MOCTYIIA€T
Q3 = V-c3t3 =V-1,260-30 = V-37,80 x/Ix, 9)
rae V - o0beM Bo3ayXa, MOCTYMAIONIETO B TPAHYJISAIIMOHHYIO OAalllHIO Ha
1000 xr 100%-HOro HUTpaTa AMMOHHS, M° (IIPH H.Y.);
C3 - TEIUIOEMKOCTh Bo3ayxa, k/[x/(kr-°C) (oTHeceHHas k 1 M npu

H.Y.);
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t; - TeMmeparypa Bo3AyXa Ha BXOJI€ B IPaHYJISIUOHHYIO OAlllHIO,
°C.
OO0m1ee KOJIMYECTBO TEIUIOTHI, MOCTYMAIOIIECH B TPaHYJISIIMOHHYIO
OaIIHIo:
Qrpux =Q1+ Q2 + Q3 =138880 + 267708 + V" 37,80
= 406588 + V37,80 xJIx, (10)
2. Pacxo1 TemIoThl
KonuyecTBO TEMIOTHI, YHOCHMOE BBIXOISIIMMHU W3 OalllHH
rpaHyJIaMu:
Q4= mycyty=1015,2-1,758-80= 142 780 Ik, (11)
rje My - Macca rpaHyJi, BBIXOASIINUX W3 OalllHU, KT
C4 - TETI0EMKOCTh Tpany, kJx/(kr °C);
t, - TeMnepartypa rpanyJs Ha Beixoze, °C.
C BO31yXOM, YXOJAIIUM U3 OaIllHU, OTBOJIUTCS
Qs = V-C5t5 =V'1,260-60 = V-75,60 Ik, (12)
rae V - o0beM Bo3ayxa, MOCTYNAIOIETO B TPAHYJISAIIMOHHYIO OalllHIO Ha
1000 kr 100%-nHOTO HUTpaTa aMMOHUA, M~ (TIPH H.Y.);
Cs - TEIUIOEMKOCTh Bo3ayxa, kKJ[x/(kr-°C) (oTHeceHHas k 1 M npu
H.Y.);
ts - Temmeparypa BO3ayXa Ha BXOJI€ B IPaHYJIAIIMOHHYIO OalllHIO,
°C.
OO1uit pacxo TEIJIOTHI:
Qpacx=Qa+Q5=142 778 +V-75,60 x/Ix , (13)
N3 ypaBHEHHs TEIJIOBOTO OaaHca
QHpI/IX:QpaCX
HaxoauM V - KOJIMYECTBO BO31yXa, KOTOPOE HEOOXOAUMO MOJAATh B
IPaHyJISILUOHHYIO OAIlIHIO:
406,588 +V -37,80=142 778 +V - 75,60
V =6979 m°
CrnenoBaTenbHO, BO3AYX:
- Bgocut B 6ammHio V-37,801=6979-37,80=263 810 x/Ix
- yaocut m3 6amrau V-75,60=6979-7560=527 620 x/[x
B cBogHo# Tabnuiie 3 mpeacTaBieHbl JaHHBIE pacyeTa TEeIIOBOTO
oamadca kpuctamum3anuu miaBa NH;NOs.
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Tabnuna 3 - CBoaHas Tabiulla TEIUIOBOro OallaHCa KPUCTAILIH3AIUU
m1aBa NH;NO;

[Tpuxon Tenna K J[x Pacxonx Temna KJ[x

Temnora,
BEIJICIIAIOIIASICS mpu | 138880
KpucTajin3anuu, Qq

Tenora, yxoasas ¢
rpanyiamu, Q,

142780

Termora, yHOCHMas

Terora, — BHOCHMAA| )57910 |y Gammm | 527620
m1aBoM, Q»
BO31yXoM, Qs
Teniora,
NOCTyMaroumas c | 263810

BO3ayX0M, Q3

Bcero mpuxon, Qppux 670400 | Bcero pacxon, Quacx | 670400

BbeIBOZIBI: B pe3ysbTaTe MPOBEACHHON pabOThl ObUI COCTaBJICH
TEIJIOBOM OanaHC KpUCTA/UIM3AlMK IUTaBa aMMHUAYHOM CEIUTPHl U
pacCUMTaHO KOJUYECTBO BO3AYyXa, KOTOPOE HEOOXOJUMO MOAaBaTh B
OAaIIHIO JIJIs MPOBEACHUS Mpoliecca.

3aoanue 01 cCamoCmosameibHo20 6blNOJIHEHUS

[Ipu cocraBlieHHH TEILUIOBOTO pacdeTa KPUCTAIIU3AIMU IL1aBa
aMMHUAYHOW CEJIUTPhl B TPaHYJIAIMOHHOW OalrHe JUIsl BBIMOJHCHHS
pabOTHI UCTIOIB3YHUTE CIACAYIONTUE UCXOIHBIC JaHHBIE:

- TeMmIlepaTypa BO3JyXa Ha BXOJAC B TPAaHYJSMIHMOHHYIO OAaITHIO
45°C, na Beixonue 40°C;

- TeMIepaTypa IuiaBa, nocrymnatouiero B 6amxto, 170°C;

- TeMIiepaTypa rpanyJ, BeIxoasaumx u3 6amrau, 90°C.

Pacuet BegeM Ha 1000 xr ammuaunoit ceautpsl (1659,8 kr 97,5%-
HOT'O TIJIaBa).
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KoHTpoJibHBIE BONIPOCHI

1. TenmoBoi KO3(DUITMEHT MOJE3HOTO JECUCTBUSI U IMMYTH MOJHOTO
UCIIOJIb30BaHUS IHEPTETUUECKUX PECYPCOB

2. TenoBoit 6ananc. OOME MONOKEHUS

3. Tennoso#t Oamancel XTC. Metonuka COCTaBICHUS U pacyeTa
cTaTel mpuxojia u pacxoja TemioBbix 6anancoB XTC u ee moacucrem.
ITpumepsr.

4. TepMonMHAMHUYECKHUE PpaCUEThl XUMHKO-TEXHOJIOTHUUYECKUX
IPOLIECCOB.

5. TennoBol OamaHCc peakTOpOB, padOTAOIIUX B U30TEPMUUECKOM,
aanabaTUYeCKOM U MOJUTEPMHUYECKOM PEKUMAX.

6. BpiOOp oNTUMaIbHOTO TEMIIEPATYPHOTO peXUMA IS
OPOBEJCHUS  3K30-, DHIOTEPMUYECKHX HEOOpPaTUMBIX  pEaKIHil.
[Tpumeps! ipouieccos.

/. BpiOOp ONTUMAIBHOTO TEMIIEPATYPHOTO pEXKUMA  JJIs
POBEACHUS DK30-, DPHAOTEPMUUYECKUX OOpaTHUMBIX peakuuid. [Ipumepsr
POILIECCOB.

8. AnnabaTuyecKkue peakTopbl

9. Mogens PHUB. Pexum 0e3 BHemHero TemiooOMeHa.
Craruueckas popma

10. Mogenrs PHB. Pexum 0e3 BHEmIHETO TEINIOOOMEHA.
Junamuyeckasi popma TemioBoro OanaHca

11. Tlonutepmuueckue peaktopbl. Monens PUB. Pexum c¢
BHEIIIHUM TETLIOOOMEHOM

12. Tlonmurepmuueckue peakropsl. Moaens PIT/]

13. M30TepMuyecKkre peakTopbl

14. PeanvHble peakTopbl. TpyOuaTas KOHCTpyKuMs. Momaenb
mudpy3rnoHHas

15. PeanbHbie peakTopbl. Mojiesib ¢ paJualibHBIM TEPEHOCOM B
KpyIJioi Tpyoe

16. PeanpHble peakTtopbl. EMKOCTHas ammapaTypa ¢ MeIIaJIKaMH
(Trma KyOOBO)
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