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1. Heab 1 3apa4m J1a00paTOPHBIX padoT
L]envro maboOpaTOpHBIX PAOOT MO MUCIUTUINHE SBIISICTCS 3aKPEIICHHUE TEOope-
TUYECKHUX 3HAHWM, TTIOTYYEHHBIX B X0J1€ JICKIIMOHHBIX 3aHATHH.
3aoauamu NPaKTUYECKUX 3aHATUN SBISIOTCS:
- OCBOCHHE OCHOBHBIX NMPHUHITUIIOB YCTPOHUCTBA U JIEHCTBUS TEXHOJIOTHIECKUX
MaIluH ¥ 000pYAOBAHUS IS TTOTYICHUS U3 13 KOMITO3UIIMOHHBIX MaTePHAJIOB,;
- OBJIAJICHUE METOJIMKAMH WHCIICKIIMOHHOTO KOHTPOJISI Ka4eCTBa TEXHOJIOTHYE-
CKHX MAaIllMH ¥ 000PYJOBaHUS IS MOJyYCHUS U3ISIUNA U3 KOMIIO3UIIMOHHBIX MaTe-
pHAJIOB;
- OBJIaJICHUE METOJMKAMH TOBBIIICHUS KA4eCTBA TOMyUCHUS U3ACITUN U3 KOM-
MO3UIIMOHHBIX MaTEPUATIOB.

2. TemaTuka 1a6opaTopHbIX padoT

JlabopaTopHble pabOThI AJI1 OCBOCHUS AUCLUILUIMHBI BKIKOYAIOT CIEAYIOIIHNE
TEMBI.

1. YcTpoicTBO U ACHCTBHE MOCYHOM MAIIMHBI.

2. YCTpPOMCTBO U ICUCTBUE TUIACTUHYATOTO OXJIaTUTEIIS.

3. YCTpoiicTBO U IeHCTBUE cemapaTopa.

3. MeToauyeckue yKa3aHus K NOPSIAKY MOATOTOBKH U BbINOJHEHHIO padoT

[Tpy MOAroTOBKE K 3aHATHIO CTYIEHT JOJDKEH pa3o0paTh BOIPOC; O3HAKO-
MUTBCA € KPAaTKUM OIHMCAaHUEM TEMBI; IPOCMOTPETH JIONOJHUTEIBHYIO JUTEPATYPY
10 TaHHBIM BOIIPOCAM.

[lepen HayaaOM 3aHATHUS CTYJEHT JOJIKEH:

1. [onyuyuTs y npenoaBaTelis UCXOIHbIE JAHHbBIE IO TEME Pa0OTHI.

2. 3yunth copepxaHue METOAMYECKUX YKa3aHUM MO TeMe paboThI.

3. [Ipoananu3upoBaTh NOJTYYEHHBIE PE3YIIbTATHI.

4. CnenaThb BBIBOJIBI IO pe3yJibTaTaM pabOTHI.

5. ObopMUTE OTYET.

[To 3aBepiieHuto 1abOpPaTOPHON PabOTHI CTYACHT OOs3aH NMPEAbSIBUTH BbI-
MOJIHEHHBIE 33JIaHUS U OTBETUTH IIPETNOJABATEII0 Ha KOHTPOJIbHBIE BOIPOCHI.



4. Conep:xanue J1a0OpaTOpHLIX padoT
Tema Ne 1. Pacuem OymuliKoMoOe4HOU MAUWIUHBL

YCTpOUCTBO M NPUHUUN JECUCTBHS LEMHBIX OTMOYHO-IIIPUILIEBAIIBHBIX Ma-
IITUH OJTMHAKOB. Pa3nmnyaroTcst OHU JIUITh KOHCTPYKITUEH OTIETBHBIX MEXaHU3MOB, UX
KOMITOHOBKOW; COOTHOIIEHHWEM JUJIMH BaHH W T.I1. Ha puc. 1. moka3zana Becbma pac-
npocTpaHeHHass yHuuUuHUpoBaHHAs MamrHa AMM-6 HOMUHANBHON TPOU3BOIU-
teapHOCThI0 6000 OyT./4. MammHa Takoro ke THma BhITyckaeTcs Mapku AMM-12
pou3BoAUTENbHOCTHIO 12000 OyT./4.

]

Puc. 1. byteuikomoeunas mamrHa AMM-6 (pa3pe3 o01iero Bujaa).
1-xoHBeliep 3arpy3u OyThIIOK, 2 - MEXaHU3M 3arpy3KH OyThIIOK;
3 - MEXaHU3M BBITPY3KU OYTBHUIOK; 4 — IIMPHUIIEBAIBbHBIE TPYOKH; 5 — KOJJIEKTOPHI;
6 — dhopcyHKH 715 HAPYKHOTO 0OMBIBA OYTHUIOK; 7 — IeTh C Oy TBTKOHOCUTEIISIMU;
8 — xopmyc; 9 - atukerooTO60pHUK; 10 - TpyOUaTHIil MOAOTpEBATENb.

BoImotHUTh TEMIOBOM pacueT OyThIIKOMOEYHOW MalmHbl. Paccuurtarh pac-
X0/l mapa B MEPHOJI YCTAHOBUBILIETOCS PEXUMA, MPU IMYyCKE MAIIUHBI U 32 CYTKH.
OmpenenuThb Takke yAedbHbIN pacxo napa Ha 1000 OyT.
Hcxoonvie dannvie.
[TpouzBoautenbHOCTh (TexHnueckas) I1=75000yT1/4;

Ywucno rHe3n B OyTeuikoHOCHTENNE N = 16;
Bwmectumocts OyThuiok E = 500CM3;

Pacxon mporpeBaemoit BogonpoBoaHoM Boasl W = 4M3/t1 )
JaBnenue rpetomero mapa p = 2,0MlIla;
Temmeparypa:

BOJIONIPOBOHOM BObI ty, =8°C;
BOJIbI, yXOJISAIIEN B KaHAM3auio t, ., =35° C;
nocTynaromux OyTeuiok ts =5°C;

BBIMBITHIX OYTHUIOK t59 =10°C;



koHnencara t, =100°C;
BMeCTUMOCTh BaHH:

nepBoit V| = 2,5M3;

BTOpO V5 =17m°;

nepBoil BepxHeill V3 = 0,55M3;

BTOPOH BepxHeH (BoasHON) Vy = 1,5M3;
Temmneparypa B BaHHax:

B TiepBoii t; =65°C;

BO BTOpOil ty =80°C;

BrIepBoit BepxHeii t3 =80° C;

BO BTOPOI BepxHeii (BoasHoi) tg4 = 35° C;

Temmnepatypa B uexe tg = 20°C;
JImUTenbHOCTh pa0OThI MALLIMHBI B CYTKH 16 4.

JIOTIOTHUTENBHBIC CITPABOYHBIC TAHHBIC:
- Macca oxHOU OyTeIIKM My = 0,485k ;

- yJlenbHas TEMII0EMKOCTb cTekna ¢z = 670/Lx/(kr * K);
- yllenbHas TeMI0eMKOCTb Boaibl ¢y = 4187/ [x/(xr * K);
- TeIUIoco Iepkanue napa 1 = 2724xJx/kr .

[I1OTHOCTE M YIENBHYIO TEIUIOEMKOCTH MOIOIIETO pacTBOpa, YYHUTHIBASL €rO
MaJyl0 KOHLIEHTPALUIO, MOKHO IPUHATh PABHBIMU IJIOTHOCTU U YJEIBHOU TEIIOEM-
KOCTHU BOJBI.

llopsook pacuema.

TernuoBoit pacuet MPOU3BOAMUTCS IyTEM COCTABJIEHHUS! BHEUIHETO TEIJIOBOrO OanaHca.
1.Ileprox ycTaHOBMBILIETOCS PeKUMA.
B MammHy BHOCHTCS TEIUIOTa MOCTyMaomux OyTeiIoK Qq, Temiora, BHOCHMAas

BOJIOIIPOBOTHOM BOJIOM, Qz ¥ TEII0Ta, BHOCUMas apoMm, Q3.
VHOCUTCS U3 MallMHBI TEIUIOTAa C BBIMBITBIMU OyTbulkaMu Qg ; ¢ BOJOH, ynaise-
MoOH B KaHanu3auuoo, Qg; TemoTa, yxoasmas ¢ konjaeHcaroM, Qg u Temnora, Te-
pAIOIIAsACS B OKpYIKarollyo cpeay, Q.
TenuoBoit 6ananc MamuHe! (BT)

Q1 +Q2 +Q3=Q4 +Q5 +Qg +Qy ,
rae Ql = Hm6c6t51;

Q2 =Woeptyg;
Q3 =Dj;

Qq =IImgcsts;
Qg = Weptyan;

Qg = Deyty (cx =c¢3).
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Q- npuHMMaeM B npeaenax 15% pacxona TENIOTHI.
[Tocne moaCTaHOBOK M NEPErpyNIUPOBKH O€3 yueTa TEemIonoTepb.

_ IImgegs (tg2 —te1) + Weg (tean —txs)

D :
I -Cply
[TocJe moacTaHOBKM YMCIIOBBIX 3HAYEHUIN BXOIAIINX BEJIUYNH
*
@ 0,485*670(10-5) + 471000 4178(35-8)
D= 3600 0 =0,06xkr/c =~ 200Kr/4.

2724000—-4187*100
Pacxonx mapa ¢ yueTom norepb TemioThI
Dparr =115*200 = 230kr/4.

2. Ilepuoa nmycka.

Ecnu npusATH, 4TO TEMIIEpaTypa BCEX YAaCTEW MAIIMHBI, MOIOILIETO PacTBOpa U BO-
Il paBHaA TEMIIEpAType B LIEXE, TO PACXOJ TEIJIOTHI HA HArpeBaHHUE PACTBOPA B
BaHHax (/[x)

Qi :VchB (ti - t5) '
rac | — HOMCP BAHHBI.

Qq =2,5*1000* 4187(65 — 20) = 471*10° Jsx = 471*10% kT .
Q, =1,7*1000* 4187(80 — 20) = 427 *10° /s = 427*10% kI .
Q3 =0,55*1000* 4187(80 — 20) =138*10° I =138*103 kI .
Q4 =15*1000* 4187(35 — 20) = 94,2 *10° Jisx = 94,2*103 kI .

Bannbl ¢ MOIOIIIMM PacTBOPOM HarpeBaroTCs MapoM 4epe3 TeIrIonepelatolme mo-
BEPXHOCTH, a BOJIa B BOJISIHOM BaHHE — myTeM OapOoTupoBanus mapa. CriemoBa-

TEJILHO, KOHJEHCAT OXJIAXKAAETCA 10 TEMIIEPATyphl HArpeToi Boapl, T. €. 10 35° C.
[ToaToMy 111 BaHH C MOIOLIMM PACTBOPOM

Q+Q2 +Q3 .

i—cyt,

D123 =

(471+ 427 +138)*10°

= 449,5kr
2724000—-4187*100

Dy23=
a JUIsI BAaHHBI
Q4
i —Cpty
94.2*103

~ 2724000— 4187*35
Takum 00pa3oM, pacxoj mapa B MepHO/I MyCKa
449.5+36.5 = 486KT"

Dy =

=36,5kr.

4

CYTOYHBIN pacxo napa

230*16+486 = 4166kT;
YIEIbHBIA pacxo/ mapa

4166/(7,5*16) = 34,5kr.
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Tema Ne 2. Pacuem naacmunuamozo oxXaaoumeis

[TnacTuHYaThii oXy1aguTenhb (puc. 1) COCTOUT U3 TPYNIBI pabOYUX TEII000-
MEHHBIX IUIACTUH, MOJBEIICHHBIX HA TOPU30HTAIBHBIX IITAHTaX, KOHIBI KOTOPBIX 3a-
nenaHbl B cToiikax. [Ipy moMonm HaXKMMHOMW TUTUTHI M BUHTA TUIACTUHBI B COOPAaHHOM
COCTOSIHMU C>KaThl B OAWH NakeT. [IpoaykT BXOAUT B anmapar 4yepe3 ITyuep U 4yepes
BEPXHEE YIJI0BOE OTBEPCTUE B MEPBOM CJIEBA IUIACTUHE (KOHIEBOI) MOMAaeT B MPO-
JOJIbHBIN KOJUIEKTOP, OOpa30BaHHBIM YIJIOBHIMU OTBEPCTUSMHM IUJIACTHH TOCHE X
coopku. Ilo KOJIEKTOPY MPOAYKT MPOXOJUT IO TPAHWYHOM IMIIACTUHBI, UMEIOIICH
riIyxoi yroi (06e3 oTBepcTHs), U pacipeesieTcs M0 HEYETHBIM KaHajgaM MEeXy Ijia-
CTUHAMU, KOTOpPbIE COOOMIAIOTCS C YIJIOBBIM KOJUIEKTOPOM OJiarojiapsi COOTBETCTBY-
IOIIEMY PACHOJIOKEHUIO PE3MHOBBIX MPOKIANOK. [Ipy NBMKEHMM BHU3 B MEXKILIaA-
CTUHYATOM KaHalie MPOAYKT 00TEKaeT BOJHUCTYIO MOBEPXHOCTh IJIACTHH, 000rpeBa-
€MbIX C 0OpaTHOW CTOPOHBI TEIUIOHOCUTENEM. 3aTeM MPOIYKT BBIXOJUT B MPOJ0JIb-
HBIN KOJUIEKTOpP, 0Opa30BaHHBIN HIKHUMHU YTJIOBBIMU OTBEPCTHUSIMHU, M BBIXOJIUT U3
arrapara yepes3 mryuep.

2
g
]

e

N

- CARTR R AR LA

K

%17

015 %

Puc. 1. Cxema niacTHHYATOTO OXIaUTEIIS;
1, 2,11, 12 - mrynuepst: 3, 9 - croiiku; 4, 5, 16 — npoknaaku; 6,17 - rpaHUYHBIE TIIa-
CTUHBI, 7, 15 - mTanru: 8 - HaxxuMHas rauTa, 10 - BuHT; 13, 18 - KOHIIEBBIC MIACTHU-
HbI; 14 - pabouas njaacTuHa

TerioHOCUTENb ABMKETCA B allllapaTe HABCTpedy NpoaykTy. OH MOCTyMmaeT B
WITYLEP, TPOXOIUT YEPE3 HUHKHUN KOJIEKTOP, PACIPEAEISAETCS MO YETHBIM KaHaJlaM
(MEXTy KOHIICBOW TUIACTUHOW W FPAHWYHOM, TPAHMYHOM W KOHIICBOW ) M JABMIKETCS
110 HUM BBEpX. Uepe3 BEPXHUH KOJUIEKTOP M IITYLEP TEIUIOHOCUTENb BBIXOIUT W3
armapara.

[TapannenbHas pacCTaHOBKA MJIOCKUX B IEJIOM IIJIACTHH C MAIBIMU ITPOMEXKYT-
KaM{ MEXIy HUMH IIO3BOJISICT Pa3MECTUTh B MPOCTPAHCTBE PabOUyI0 MOBEPXHOCTH
TeII000MEHHHKA HanOoJIee KOMIIAKTHO, YTO IIPUBOAUT K 3HAUYUTEILHOMY YMEHBIIIE-
HHUIO Pa3MEpOB IUIACTMHYATOrO arapara 1m0 CPaBHEHUIO C APYTUMHU TUIIAMU KUM-
KOCTHBIX TEINIOOOMEHHHUKOB.

BpInoMHUTH TEIUIOBOM M TUAPABIWYECKUAN pacueT JBYXCEKIIMOHHOTO TJIaCTUH-
JaTOT0 OXJIAJAUTEIIS 1 BUHA.



Hcxoouwvie oannvie.
1. BuHo cyxoe.

2. IIpousBoauTenbHOCTh oxmaautes I = 6M3 /4

3. IInoTHOCTB NPONYKTA Pg5 = 955Kr/M° ; P23 = 973kr/m°;

4. V neapHas TEIUIOEMKOCTh Cg5 =3790Dx / (Kr * K) :
Co3 = 37651k /(kr * K);
5. Jlunamudeckas BSI3KOCTh Ugs =8,84* 10 *Ma*c ;

tip3 =152*10"*TTa *¢;

6. Kunemaruueckas BSI3KOCTb Vgi =1,52*10_6M2/C , Vo3 = 0,90*10_6M2/C X

7. TenmonposoaHOCcTh Ags = 0,557BT/(kr * K); Ao3 = 0,493B1/(xr * K)];
8. Hauanbnas Temneparypa BuHa tfy =65°C
9. Koneunas Temreparypa BMHa TI0CIIe OXJIaxkaeHus Boaoi tfy =23°C; 1o xe

TnocIie oxnakaenus pacconom tff =8°C;
10. HauanbHas Temmeparypa BOAbI
t, =18° C[Olg =9985kr/M>; ¢y = 4186,8]Tx /(kr * K)J;
11. HagyanbHas Temnepartypa paccoJia
' ° 3. .
t), =-5 C|_p_5 =1138kr/m*; c_5 = 3335/ /(xr * K)J,
12. Pacxon BoAbI U paccojia K 00beMy BUHA JBYKPATHBIM;
13. Tlomaua BUHA ¥ BOJbI, BUHA U PACCOJIa TPOTUBOTOKOM.
Texnudeckas xapakTepucTuka miactu [1-2, ucrnonb3yeMbpIX B OXJIaIuTENE:
1. [ToBepxHOCTh TeruIONICpeaaun f = 0,198M2.
2. [llupuna motoka b =0,27m.
3. 3azop mMexay miactuHamu h = 0,0028m.
4. Tonmunaa mnactuasl O = 0,0012m .

Ilopsook pacuema.
1. Ompenenenue TEMIOBBIX TOTOKOB (KBT)
Q = I1pcAt
JI71s1 CEeKIIMU BOASTHOTO OXJIAXKICHUS

6
= > 955%3790(65 — 23)= 253.

I[J'ISI CCKIHUHN paCCOJIbHOI'O OXJIAXKACHUA

§)
=——973*376523-8)=916.
Qp =365 5(23-8)

2. Onpenenenne KOHEYHBIX TEMIIEPATYP BOAbI t, M paccona ty,
"o 4t Q6 .
tg =t + ——,

21Ipgc,
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1/ [ Qp
) =t 4t
21Ip pc),
253*103 *3600

t; =18 =36,12°C;

+
2*6*9985*4186,8
* 3*
£ 5. 916*10" *3600 _9292°C

P 2*6*1138*3335
3. Ompenenenne cpeHUX PA3HOCTEH TeMIIEpaTyp:
At; — At At
t= 6 M pup —0 > 2;
2,31gAt; / At At,,
At; — At At
= H npu =0 g,

M

uA't

B CCKIIUU BOASHOT'O OXJIAXJIACHUA
65— 23;

36,12 < 18;
28,88 -5

At= 3388

=125°C.

2,319

B cekuyn paccosibHOTO OXJIaXICHUS
23— 8;
2,2 -5;
20,8 +13
At=—"—"-=16,9°C.
4. BpIOOp CKOpOCTEH MOTOKOB W B KaHajlax MEX]y IJIACTUHAMU U OMPEICIICHHE
KOJINYECTBA KAHAJIOB.

Ha ocHOBaHMM ombITa MpeaBapUTENBHO BEIOpaHHOe 3HaueHue Wy =0,6m/c.

KonuuectBo NnapaJuIiCJIbHBbIX KaHAJIOB JIJI1I BUHA B IIAKCTEC

my; = I1/bhw;
my = 0 =
1™ 3600%0,027*%0,0028*0,6

[Tpuaumaem my7 =4,
YTOoYHEHHOE 3HAUEHUE

W7 =6/(3600*0,27*0,0028* 4)=0,551u/ c.
CkopocTh BO/IbI IPUHUMAEM TAaKOM K€, KaK U BUHA.
[TockonbpKy pacxona BozbI B 2 pa3a O0JbIIe, TO YHCIIO TAKETOB VIS Hee JOJIKHO
OBITH B 2 pa3a MEHbIIIE.
CkopocTh paccoiia, yYuThIBasi €r0 HU3KYI0 TEMIIEPATYPY U 3HAUUTENBHYIO BSI3-
KOCTb, OepeM B 1,5 pa3a MeHblie, ueM W 7. [loaToMy npu qByKpaTHOM pacxoje pac-

COJia 9YMCJIO IIapaJlJICJIbHBIX KaHAJI0B 6y,Z[CT B3 pa3a 60JII>H_IC, 4CM IJI1 BHHA.
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CxopocTb paccoiia
W7 =6*2/(3600*0,27 *0,0028*12)= 0,367/ c.

5. Pacuer KPpUTCPHUAJIbHBIX BCIIMYMNH:
Pr=uc/ A;
Re=wd ., /v=2wh/v;
Nu=01Re%" pro43(pr /pr )02,
rae Pry u Pro.- 3Hauenus kpurepus [Ipanamis npu cpenHen temnepaType KHUIKO-

CTH U CTeHKH; npH oxaxaernu (Pry/Pro, )0’25 MOXET OBITh NPUHATO paBHBIM 0,95

[1].

ITokazarenu BHHA, BOJAbI 1 pacCoJia IPUHUMAKOTCA 110 CIIPABOYHBIM JTaHHBIM:

Knnkocts Cpennsis w,Ila*c C, A, y M2 /e
Temmeparypa, = C Jox/(xr*K) | Br/ (M*K)
Cekuusi BOASTHOTO OXJIaKACHUsI
Buno 65+23 44 10,7*10* 3700 0,54 1,02*10°
;-
Bona 18+3612 57 8,2*10™* 4178 0,63 0,85*10°
2
Cekuusi paccoJbHOT0 OXJIaKIeHUsI
Buno 23+8 155 21*10% 3800 0,47 1,910
Paccon | 22+(-5) 14| 32*10° 3336 0,53 2,6%10°
2 ]
JI1st CeKIMK BOJSIHOTO OXJIQKICHUS:
* _4 *
IJIs IOTOKa BUHA Pryy = 10,7710 3700 =7,33;
0,54
2 *0,551*0,0028
Re; = = 3025;
1,02 *107°

Nu 7 =01*3025%7 *7,33%43 0 95 6101;

82*107% *4178
0,63
~ 2*05551*0,0028

0,85%107°
Nu, =0,1*3630%7 *5,44943 %0 95-61,09.

IJIs IOTOKA BoAbl Pr, = =5,44:

Re, =3630;
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I[J'IH CCKIHUH paCCOJIBHOI'O OXJIAXKACHUSA:

* _4’ *
IUIA TOTOKA BUHA Pryy = 2110 ](')047 3800 =16,90;

~ 2*0,551*0,0028

~ 19*10°6

Nu 7 =0,1*1624%7 *16,9%43 0,95 = 53,65;
32*107% *3336

JUIs IOTOKa paccona Pr,, = 053 =2014;

~2*0,367*0,0028

 26%10°°
Nu, =01*790%" *2014%43 *0,95=36,81.

6. Pacuer ko3¢ (HUIIMEHTOB TEMJIOOTAAYN U TEIIONEPETIaUH:

Nu(d,, = 2h);

Rey ~1624;

Re =790;

p

o=
3KB

= |5 =0,0012u; 2 =15.9B7Aw2 * K|

k =
U +0lA+1ay
I[JI)I CEKIIMU BOAAHOT'O OXJIAXKIACHUA:

CO CTOPOHBI BUHA a = ﬂ 61,01= 5883BT/(M2 * K);
2*0,0028
0,63 2 )
CO CTOPOHBI BOJIBI a, =——61,09=6873BT/{M“ *K
2*0,0028
S ————
k = 1 00012 1 =2529B1/IM“ *K|.

+ +
5883 151 6873
I[JIH CCKIOMHN PaCCOJIbHOI'O OXJIAXKACHUS:

CO CTOpOHHI BN (g =~ 53,65 = 4502BT/(M2 * K);
2*0,0028
0,53 2 ).
CO CTOPOHBI paccona o, =————36,81= 3484Bt/\Mm“ * K,
2*0,0028
k= : ~1700B1/[u2 *K)

1 N 0,0012 N 1
4502 151 3484
7. Pacuer moBepxHOCTEH TerooOMeHa:
F =Q/(kAt).
Jis ceKUrn BOASIHOTO OXJIaXKICHHUS
253000 2

¢ = ——————— =0M
2529%12,5
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JIJIst CEKIIMH PacCOIBLHOTO OXJIAXKIEHUS
91600
3M2 )

P T1700%16,9

8. Pacuer xosmuecTBa IUIACTHUH U MTAKETOB.
Yucno mnactue n=F / f;

Yucro maketos Z =n/(2m).
Jlst cexuuu BoasiHOTO oxuytaxkaeHust N, =8/0,198~40,4;
z, =40,4/2,4~5,05.
[Tocne yBenuueHus Z, 00 LEJNOro 4yuciaa 6 YUCIO INIACTHH X, =6*8=48, a
MIOBEPXHOCTH TEILIONEpeiaun
F, =0,198*48=95m°.
I[Tpu 5TOM 4KCIIO0 NAKETOB AJISI BOJBI
y, =48/(8*2)=3.
JI71st ceKIUK paccoIbHOTO OXJIaXICHUS
n; =3/0198=1515;
277 =1515/(2*4)=189.
Hocine okpyrnenust 7 10 2 4MCIIO IUIACTHH BO3pAcTaet 10 X, =2*8=16, a
IOBEPXHOCTb TEIJIONEpENadn
F, =0198*16=3168u".

[Ipy 5TOM YHCIIO TTAaKETOB JUIS paccoia, Kak 00yCIIOBJIEHO, B 3 paza MEHbIIIE,
4yeM JIs BUHA, T. €. paBHO 0,67; pakTHUecKu, KOHEUHO,

yp, =1
dopmyJia KOMIIOHOBKH OXJIaJATENS
4+4+4+4+4+4 4+4

nu
8+8+8 8

1583071
4*6 . 4%*32
8*3 8*1
9. Pacuer ruapaBINYECKUX COMPOTHBIICHHM.
Heo6xonumeiit Hanop (I1a) anist mpeoosieHUs: TUAPABIMYECKUX COMPOTHUBIIE-
HUH B KaHaJIaX OJIHOM CEKIINU

.

Ap=ze75

n
rac Z- 4UCJIO IIaKECTOB B CCKIUU (Z = 2—, 3IcCb N - 4YUCJIO IJIAaCTUH B CCKUIUU,; M -
m

YHICJIO KAaHAJIOB B MaKeTe); { - KOAPPUIIMEHT COMPOTUBIICHHUS KaHaIa, COCTABJICHHOTO

u3 mwiactul I1-2 (£ =2Eu=8200* Re_0'55; Eu - xputepuii Diinepa); p - MIOTHOCTh
KUJIKOCTH, KT/M°, W - CKOPOCTb JKUIKOCTH, M/C.
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I[J'IH II0TOKAa BMHA B CCKIIU BOASHOTO OXJIAXKICHU A
¢ ;7 =8200*3025°9°° = 99,86;
Ap;=6~* 99,86(962* 0,5512 )/ 2=0,029Mna (p;7 = 3720kr/m° IpU  CpeJHEH

temneparype 44°C).
JIJ1sl HOTOKa BMHA B CEKIIMH PACCOIBHOTO OXJIAXKICHUS

¢ 17 =8200*16249°° =140,60.

2
*
Ap 7 =27*140,6 or4 2’551 =0,041Mna (py = 974xr/m° IIpU CpEHEN TemIepa-

Type 16°C).

CyMmMapHble TOTEpH HAmopa Ha TYyTH BHHA B O0OCHX CEKIHUSX COCTaBHIIU
> Ap7 =0,029+0,041=0,07Mmna, 4ro mpeacTaBisieT co00il HEOONBUIYIO BEIHUYH-
HY.

[Torepu Hanopa AJsi TOTOKOB BOJBI M paccoia OyayT ele MeHbIIe u3-3a 6oiee Ko-
POTKOTO ITyTH UX JABMKEHHUSL.
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Tema Ne 3. Pacuem cenapamopa.

Hcxoouvie dannvie.

Tun cemapatopa — TapesbyaThblii, T€PMETHUECKHUI, C LEHTPOOEKHOU
MyJIbCUPYIOMIEH U IBYXATATHOW WJIM YaCTUIHOU pa3rpy3koi Oapabana; mpo-
M3BOIUTEIBHOCTD 10 6 M>/4.

Ha ocHOBaHuM oOmbITa NPOEKTUPOBAHUS CENApaTOPOB AaHAJIOTUYHBIX
HA3HAYEHUSA W TPOU3BOJUTEILHOCTH BBIOpaHHAS KOHCTPYKIIMS UMEET ClIeay-
IOIYIO TEXHUYECKYIO XapaKTEPUCTUKY:

Yacrora BpaieHus 6apabana, MUH 4400
Hapy:xubiit nuamerp 6apadbana, MM 630
KonuuecTBo Tapesnox, mT 150
JuameTp Tapenok, MM

MaKCUMAaJIbHBIN 382

MUHHUMAJIbHBIN 160
VYron HaknoHa oOpa3syromieit Tapenku, rpag S50
MexTapenounsli 3a30p, MM 0,5

BMeCTUMOCTb LIJIaMOBOTO IIPOCTPAHCTBA, AM° 29,6
O0BeM, 3aHUMaeMbIid MEXKTAPEITIOYHOM KUIKOCTHIO, am® 14,7

Ocnosnwle @LBMVGCKM@ nokKasameiju oceemiAaAemoblx 6UH

[110THOCTD, KI/M° 950...1150
KuneMatnueckast BA3KOCTb, M%/C (1,7...11,5) 10
Temnepatypa, °C 0...20
KoHreHTpalus B3BEIIEHHBIX YaCTHII

B HCXOTHOM TIpojayKTe, %, He Oojee 6

[IpoBeneHHbIE AKCIIEPUMEHTANIbHBIE TTOMCKOBBIE PabOThl Ha JIabopaTOpHOU
MOJIENIM Cenaparopa ¢ pasaensomuM GpakropoM D, =182*10% m3/c? nokaszamm,
YTO YIOBJICTBOPUTEIHLHOE OCBETIICHUE CTOJIOBBIX U KPETIKUX BHH OBIJIO IOCTUTHY-
TO MPHU MPOU3BOAUTEILHOCTHU cenaparopa okoso 450 n/4.

BrinonHuTk crenyomnee:

OTIPEICTUTH MPOU3BOIUTEIHLHOCTD CEIapaTopa;

paccuYMTaTh MOITHOCTH DJIEKTPOJABUTATENS IPUBOJIA CETIAPATOPA;

c/eNaTh TUAPABINYECKUNA pacdyeT OapabaHa MpU BapuaHTE €ro JBYXATAIMHOU
pasrpy3Ku.

Ilopsoox pacuema.

[Ipou3BOAUTENBLHOCTh CeMapaTopa OMNPENEISIOT €ro pasaeisroNM
daxTopom (m/c?)

&= a)ZZtga(Rr?’]ax - Rr?ﬂn )l
rjie o= ”%O - yrIoBas CKOPOCTh BpamieHusi Oapabana, ¢, N — wgacrora

BpAILlleHNs, MAH 1} Z — 4MCJIO TapeoK, INT.; & - yroJ HAaKJIOHa 00pasyromiei Ta-
penku, rpaa; Rmax ¥ Rmin — COOTBETCTBEHHO MaKCUMaIbHbIH U MUHUMAJIBHBIN pa-
JIAYCHI TAPEIIKH, M.
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Ilocne moacTaHOBKH 3HAUCHUN
_r-4400/ _ -1.
= Ao — 460cL;

@ =460 -150tg50°(0,191° — 0,080%) = 2440-10°m?/c%

Nmes B BHUAY U3BCCTHYIO 3aBUCUMOCTD

I npoekm 7 npoekm
- 1
11 )

9Kcnj IKcnjl

[Ipon3BOIUTENBHOCTD MPOCKTUPYEMOTO CenapaTopa
_ 450-2440-10°

npoexm 182. 102
MomHocTh. Heobxomumyro s mpuBoja cemaparopa MOIIHOCTH (KBT)
onpenensioT mo dhopmyie [3]

N

= 6,03 M°/u.

N; + N, + N;+ N,
oﬁu;: ,

n
rae Nji — MoIIHOCTh, HEOOXO0UMas Ji1 BBIBOJIAa OTCEMAPUPOBAHHOIO MPOIYKTA,
kBT; N2 — MontHoCTh, HEe0OX0IMMast A1 BeIOpackiBaHus ocanka, kKBt; N3 — Momi-
HOCTb, HeOOXoauMas IS MPEOI0JICHUsT TpeHusl O6apadaHa o Bo3ayX, KBT; Ny —
MOIITHOCTh, HEOOXOUMas ISl TIPEOJIOJCHUS TPEHHUS B OMOPHBIX MOJAIIUITHUKAX
Basia 6apabana, kBt; 77 - KI1/] nmpusona (77 =0,88).

_ IYa)Z(RfZ -rH)p

. 2.1000 '
e 11 — Ipou3BOMTENLHOCTE cenaparopa, m>/c (IT = 6/3600 m%/c); o -
YIJI0Basi CKOpOCTh OapaOaHa, c™; Ry — panuyc HamopHoro aucka, M (Ry =
0,065m); I — panuyc niepenusa, M (I = 0, Tak KaK cermapaTtop repMeTUYECKUi );

£ - INIOTHOCTh IPOYKTa, KI/M°,
IToncraBuB 3HA4YEHUSA, TTOJTYYUM

_ 6-460°-0,065” -1150

| = =1,703xBr;
3600-1000
2
2-1000°
rjae (] — KOJIMYECTBO BHIOPACKIBAEMOTO OCaIKa, KI/C
q — V[L[ P, oc ’
T
31ech Vi — BMECTHMOCTB LIJIAMOBOTO MPOCTPAaHCTBA, Mo, P, - IIOT-

HOCTb 0CaJKa, KI/M%; 7 - IIIMTENLHOCTh pasrpysky, ¢; Vi = 0,0296 M3, P, =1180
kr/M3, 7 = 60 ¢. Vg — OKpyKHasi CKOpocTh Oapabana, M/c; V, = @R, e R1=0,291
M.
[ToncTaBuB 3HAUCHUS, TTOTYIUM
0,0296-1180- 460 - 0,291°

N, = =95,512kBr;
60-2-1000




ckopocTh Oapabana, c;

Oapabana, M%; R — cpemnuii paguyc TOro e ydactka 6apabana, M.
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N, =18-10° - p, -0 Y (FR?),
rne P, - IOTHOCTH Bo3ayxa npu 20°C, Kr/M°; pp =129 kr/MS @ - yrjoBas

® = 460 c!; Fj— 60koBas MOBEPXHOCTH i-T0 y4acTKa

Jlst Toro, uToObI onpenenuTs Fi, HeoOX0MMMo pa3ouTh KOHTYp OapabaHa Ha
oTJeNbHbIe y4acTKu (puc.l u Tadm.1

8

“5 10

23

S

;;’11

12

Puc.1. Kontyp 6apabana cenaparopa

Tabmuma 1
Ne yuactka Fi, M Ri, M R:3, m° Fi R
1 0,0270 0,0655 0,000281 0,0000076
2 0,0264 0,1000 0,001000 0,0000264
3 0,0095 0,0917 0,000771 0,0000074
4 0,0052 0,0835 0,000582 0,0000300
5 0,1570 0,1467 0,003157 0,0004950
6 0,1142 0,2550 0,016580 0,0023900
7 0,4470 0,3150 0,031256 0,0139700
8 0,0720 0,2795 0,021830 0,0016700
9 0,1120 0,2570 0,016974 0,0019000
10 0,1538 0,2050 0,008615 0,0013220
11 0,0303 0,1100 0,001331 0,0000403
12 0,0138 0,0600 0,000216 0,0000029
Z 1,2084 0,0200347
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[ToncTaBUB 3HAYEHUS, TOTYIHM
N, =18-10"°..1,29-460° - 0,0200347= 4,520 Br;
_ fmv,
* 1000

rae f— xoaddurment tpenns (f = 0.03); m — macca BpalaromKMXcs YacTei
Oapabana, kr (BK;IIOUYas Maccy 6apabdana 712 xr, Maccy KMJIKOCTH B HeM 16,9 kr u
Maccy OcajiKka B IUIaMOBOM TpocTpaHcTBe 34,9 Kr; mocneanue mudpbl onpeaess-
IOTCS COOTBETCTBYIOIIMMH 00BEMaMH U ITUIOTHOCTBIO); Vg — OKPY’KHasi CKOPOCTh
Baja, M/c;

w-d
Vg =—,
3neck d — muametp Bana; d =0,07 m.
[ToacTaBuB 3HAYCHHMSI, TIOTYIHM

0,03-(712+16,9 + 34,9)460- 0,07

N, = =3,680kBr;
1000- 2
TOrAa
N, = 1703+ 5,2156;;1,520 +3,680 _1717xBr.

[To mosiy4eHHBIM JTaHHBIM BbIOMpaeM ayekTpoaBuratesb AO2-62-4 morHo-
cThio 17 kBT.
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5. Cnucok pekoMeHIyeMo JuTepaTypsbl

1. CoBpemMeHHBIE TEXHOJOTMU IOJIY4YEHUs U NepepadOTKU MOJUMEPHBIX H
KOMITO3UIIMOHHBIX MaTepuaion: yueoHoe nmocobue / B.E. INampirun, I'.C. baponus,
B.II. Taposg, J1.0. 3aBpaxun. — Tam6o0B: U3a-80o ®I'BOY BIIO «TI'TY», 2012. — 180
c. ISBN 978-5-8265-1141-1.

2. OCHOBBI MEXaHWKH, TPOCKTHPOBAHUS W TEXHOJIOTHMH HU3TOTOBJICHHS H3JIe-
JUW U3 CIOUCTBIX KOMITO3HMITMOHHBIX MarepuaioB: yued. mocooue / FO. C. IlepBy-
mH, B. C. XKepnako; Y pumck. roc. aBuan. texs. yH-T. ¥Yda. 2008. —303c.

3. TexHomormyeckue MpoIECChl MPOU3BOACTBA a3POKOCMHUYECKUX KOHCTPYK-
U U3 KOMIIO3UITMOHHBIX MaTepUaioB: JabopaTopHbliil mpaktukyM / FO.A. Bamykos,
T.A. Mutpomkuna. — Camapa: U3a-Bo Camapckoro ynusepcurera, 2016. — 76 c.: ui.
ISBN 978-5-7883-1100-5

4. Kowmmo3uironHbsie MaTepuaisl: cripaBounuk / B.B. Bacunbes, B.J1. [IpoTa-
coB, B.B. bonotun [u 1p.]; nmox pea. BacunseBa B.B. u Tapnonosnbckoro M.P. — M.:
Marmmnoctpoenue, 1990. — 512 c.

5. bacor H.U., KazaunkoB 10.B., JIro6apToBuu B.A. Pacuer u KoHCTpyupo-
BaHHUE 00O0PYIOBaHUS ISl IPOU3BOJICTBA U MEPEPAOOTKH MOJUMEPHBIX MaTEPHAJIOB.
M.: Xumus, 1986. 488 c.

6. bymyes B.B. IlpakTuka KOHCTpyHpOBaHMS MAIIMH: CHPaBOYHHUK. M.:
Mammnoctpoenue, 2006. 448 c.

7. MWoxannabep ®@. JIutbeBble MammHbel. CHpaBOYHOE PYKOBOACTBO. Ilepe-
BoJ ¢ aur. noj pea. Kanunuesa 2.JI. Caunkr-IletepOypr: IIpodeccus, 2010. 432 c.

8. KoMmbroTepHbIE TEXHOJIOTHH TP MPOCKTUPOBAHUH U IKCILTyaTaIlu! TEX-
HOJIOTUYECKOT0o 000pyaoBaHus: yued. mocooue aist By3oB / [.B. AnekceeB [u np.]. 2-
e u3 ., uctp. u gom. CII6.: TUOP/I, 2006. 296 c.

9. KoucTpynpoBaHue W pacdeT MallMH XUMHUYecKux npou3Boacts / FO.I.
I'ypesnu, N.H. Kapaces, 3.9. Konbman-UBanoB u np. [lox pen. 23.9. KonbmaH-
NBanoBa. M.: Mammunoctpoenue, 1986. 408 c.

10. Komkwun JI.H. PoTopHbIE 1 POTOPHO-KOHBEHEPHBIEC TUHUU. 3-€ U3l TIepe-
pab. u jgor., M.: Mammnoctpoenue, 1991. 400 c.

11. ChopaBouHHK MO TeXHOJIOTMHM u3Aenuid u3 1wiactmacc / [.B. Caranaes,
B.B. AopamoB u ap. [lox pexn. I'.B. Caranaesa, B.B. A6pamoa, B.H. Kyne3nena,
C.B. Bnacosa. M.: Xumus, 2000. 424 c.

12. CnpaBOYHUK IO MPOSKTUPOBAHUIO OCHACTKH IS MEPEPAOOTKH MIacTMacC
/ A.Il. Tlantenees, KO.M. IlleBuoB, U.A. T'opsue. M.: Mammunoctpoenue, 1986.
400 c.
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