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1. TpeOoBaHUS K BHINIOJHEHUIO KOHTPOJIbHOM padoThI

CornacHo yueOHOMY IJIaHy CIIyIIATeTd B TEPUOJ H3YYCHHUS MOXKapHOU
npOo(UIAKTUKNA B CTPOUTEIHCTBE JOJKHBI BBIITOJHUTH KOHTPOJIBHYIO paboTy C
1EIbI0 OCBOCHUS TpeOOBaHUN MOKApHOW 0O€30MacHOCTH HOPMATHUBHBIX JIOKY-
MEHTOB, MPEIBSABIAEMbIX K CHCTEMaM OTOIUICHHS, IPUTOYHO-BBITSKHBIM
CUCTEMaM BEHTUJISILIUU U CUCTEMaM MPOTUBOILIMHOM BEHTHIISILIUY 3aHUM.

[Ipu BBIOTHEHUH KOHTPOJBHON PabOThI CIyIIaTeNb JOJKEH J1aTh MOJIHBIM
OTBET Ha TPHU KOHTPOJIBHBIX BOIIPOCA M PEIIUTH S5 3a/1ay pasjiesia 5 ¢ y4eToM HO-
Mepa 3a4eTHOU KHIDKKHU.

MeTtoauueckue yka3zaHusi npeaycMaTpuBaoT 20 BapuaHTOB KOHTPOJIBHBIX
BOTIPOCOB U YCIIOBUH JIJIsl peIICHHs 3a/1a4.

Bri6op BapuaHTa KOHTPOJBHON palbOTHI MPOU3BOAMTCA MO CyMME IBYX
MOCIICAHNX (P HOMEPa 3a4ETHON KHUKKU.

B oTBerax Ha BOMPOCH HEOOXOAMMO U3JIOKUTH PEIICHUS TIO YCTPOICTBY
OTOMHUTENBHBIX CHUCTEM U TEIUIOTCHEPATOPOB, MPUTOYHO-BBITSKHBIX CHUCTEM
BEHTWISIIIMA U CUCTEM MPOTUBOABIMHON BEHTWISIIIMM, a TaKKe TPeOOBaHUS TO-
KapHOI 0€30I1aCHOCTH, MPEAbSBIAEMbIE K YKa3aHHBIM CUCTEMAM.

[enbto pemieHus 3a1ay SIBISIETCSA ONPEAEIICHUE MApaMETPOB BBITSKHBIX U
IPUTOYHBIX CUCTEM MPOTUBOJBIMHON BEHTUIISLIUY.

B Mertoanueckux ykazaHUAX MpPHUBENECHbI IPUMEPHl pElICHUs 3adad U
UCXOJHbIE TaHHBIE JUIsl pELIeHUs 3a/1a4 110 BapHaHTaM.

OTBeThI Ha KOHTPOJIbHBIE BOIIPOCHI IOJKHBI (MIPU HEOOXOJUMOCTH) TPOUJI-
JIOCTPUPOBAHBI MPUHIMIUANBHBEIMU cxeMaMu. KOoHTponpHYyI0 paboTy ciemyeT
BBITIOJHATH B MOJTHOM 00beMe Ha ncTax ¢popmata A4 B pyKOTIHCHOM HJTH KOM-
BIOTEPHOM BHU€. TUTYNBHBIN TUCT KOHTPOJIBHON pabOTHI CIEITyeT BHITIOTHUTH
B COOTBETCTBUU C MIPUMEPOM 0(OpMIICHUS, MPEACTABICHHOM B MPHIIOKESHHUH 1.

[Ipr mMOATOTOBKE OTBETOB HAa KOHTPOJBHBIE BOMPOCHI CIEAYET HCIOJIb30-
Bath auteparypy [1, 2, 3, 4]. Ha TUTy/IbHOM JUCTE KOHTPOJIBHOUM paboOTHI ciie-
JyeT yKa3bIBaTh MIHQP (HOMEP) 3a4€THON KHIKKH U HOMEP Y4eOHOM TPYIIIIHI.

2. KoHTpoJsbHBIe BONPOCHI 10 pa3zaenay «IloxkapHas
0€30MaCHOCTh OTONMMUTEJbHBIX CHCTEM, IPUOOPOB, ANNAPATOB,
neye 1 KAMMHOB

0. Jomyctumpie TeMIiepaTyphl TEIUIOHOCUTENIEH CHCTEM OTOIUICHUS, TETIO-
TeHEPAaTOPOB M OTOMUTEIBHBIX TIEUYCH IO YCIOBHSAM OOECHEUYCHUS MOXKapHOM
0€301acHOCTH 3/1aHUH.

1. TpeGoBanus mokapHOI 0E30MACHOCTH K TEIUIOTEHEpaTopaM, padoTaro-
MM Ha ra3000pa3HOM TOIUIMBE.



2. TpeboBaHus nokapHO 0€30MaCHOCTU MPHU BBHIOOPE CUCTEM OTOILJICHUS,
TEIJIOTEHEPUPYIOIIUX YCTAHOBOK U OTOMUTEIIbHBIX MEeUeH.

3. Knaccudukanus neueid. TpeboBanus nmoxapHoi 6€30MaCHOCTU MPU pa3-
MEIIECHUU TeYed B 3[aHUAX C KOHCTPYKLMSIMH, BBITIOJHEHHBIMU W3 TOPIOYUX
MaTepHuasoB.

4. Bunsl 16IMOBBIX KaHaloB (Tpy0). TpeOoBaHUs MOXKapHOU O€30MaCHOCTH
K KaHayaM (TpyOam) Mpu IPOKIAAKE B 3aHUAX, IPU HATHUUYUU KOHCTPYKUIUN U3
CrOpaeMbIX MaTE€pHAJIOB.

5. TpeGoBanus moxapHOi 06€30MacCHOCTUA K TPyOONMpPOBOAAM U OTOIHUTENb-
HBIM MTPHUOOpPaM CUCTEM OTOIUICHUS, 0OCTYKUBAIOIINUX MIOMEIICHUS KaTeropui A
ub.

6. YCTpOICTBO MPOTHBONOKAPHBIX Pa3/IEIOK OTOMUTEIbHBIX MeUel U Jbl-
MOBBIX KaHaloB. TpeboBaHus K pa3JenKam.

7. YCTpOHCTBO MPOTHBOIOXKAPHBIX OTCTYNOK IPU pa3MEUICHUM MeYel U
IPOKJIAJKE IBIMOBBIX KaHaJIOB. TpeOOBaHUs K OTCTYIIKaM.

8. PemieHus nmo 3amuTe 1epeBSIHHBIX KOHCTPYKIMM 3aHUN OT BO3rOpaHUs
IpU pa3MEIIeHUH OTOIUTENbHBIX [TeYel B TOMEIIECHUU.

9. Pemienus no 3ammre A€peBIHHBIX KOHCTPYKLIMH 30aHUS MIPU MPOKIIAIKE
JBIMOBBIX KaHaJoB (TpyO).

10. TpeGoBaHus MokapHOM O€30MaCHOCTH K BO3AYIIHOMY OTOIICHHMIO.

11. Knaccudukanus KOTeNbHBIX YCTaHOBOK. TpeOoBaHus MOKapHOH 0€3-
OMACHOCTU K HHUM.

12. YeTpoiicTBO OTONUTENBHBIX annapaToB OBITOBBIX HAa TBEPJOM TOILIMBE.
TpeboBanus MoKapHOH OE30MACHOCTH.

13. YCcTpoHCTBO OTONMUTENBHBIX anapaToB ObITOBBIX HA KUJIKOM TOIUIMBE.
TpebGoBanus noxapHoi 6€30MaCHOCTH.

14. Kamunbel u KaMuHHBIE TOmNKH. Kraccudukamus M yCTpOKHCTBO.
TpeboBanus MoKapHOIH OE30MTACHOCTH K HUM.

15. TpeGoBanus moxxkapHO 6€30MaCHOCTH K JILIMOBBIM TPyOaM KaMUHOB.

16. TlocnemoBaTeabHOCTh HA/30pa 3a COONIIOICHHEM TpeOOBaHUM TOXKAp-
HOW 0€30MacHOCTH MPH IKCIUTyaTallUU MeYei.

17. TlocnenoBaTenbHOCTh HAA30pa 3a COONIOJIEHHEM TpeOOBaHUM TOXKap-
HOU 0€30MMacCHOCTH MPHU SKCIUTyaTal[iid CUCTEM OTOIUICHHS MOMEUIEHUN KaTero-
puii A u b.

18. TpeGoBaHusi mokapHOW OE30MACHOCTU K Ta30BBIM M DJIEKTPUUECKUM
MH(PAKPACHBIM U3TyYaTEIISIM.

19. TpeboBanusi noxapHoi O€30MACHOCTH K CHUCTEMaM IMOKBAPTUPHOTO
TEIIOCHA0KEHUS )KUITBIX MHOTOKBAPTUPHBIX 3AaHUA.



3. KonTpoJbsHbIe Bonpocsl o pasaeny «lloxxkapHas 0e30macHOCTb
CHCTEM BEHTHISINMM U KOHAUIUOHUPOBAHM D)

0. VYCTpOHCTBO MPUTOYHBIX CHUCTEM OOIICOOMEHHOW BEHTUJISAIINM.
[ToxapHasi ONaCHOCTb CUCTEM BEHTUIISILIUU.

I. VYCcTpoMCTBO BBITSKHBIX CHUCTEM OOIIEOOMEHHOW BEHTHUJISLIMM.
[ToxapHasi ONaCHOCTb CUCTEM BEHTUIISILIUU.

2. YCTpOMCTBO BBITSKHBIX CHCTEM MECTHOW BeHTWsinuu. [loxkapHas
OMacCHOCTh CUCTEM BEHTHUJISLIUH.

3. ABapuiiHas BeHTwIsIus. Ha3sHaueHue, ycTpoHCTBO, TpeOOBaHUs
MOKapHOU 0€30MacHOCTH.

4. Cxembl OOIIMX TPAaBUTAIIMOHHBIX CUCTEM BEHTWISALUU. TpeOoBaHus
MOKapHOU 0€30MacHOCTH, TPEABABIISIEMbIC K IAHHBIM CUCTEMAaM.

5. MeponpusTusi, npeAoTBpaliaie oopa3oBaHue roprodeil cpeanl B
BEHTWISIIUOHHBIX CUCTEMaX U B 0OCITYKMBAEMBIX UMH MMOMEIIECHUSAX KaTeTOpHii
Aub.

6. MeponpusTusi, npeaoTBpalaie 00pa3oBaHNe WCTOYHUKOB BOC-
MJIJAMEHEHUS! B BEHTUISIIIUOHHBIX CUCTEMAX.

7. MeponpusiTus, NPeIOTBPAIAIOIINE PACIPOCTPAHEHUE IOXKapa IO
BEHTWISIIIUOHHBIM CHCTEMaM.

8. CxeMbl 00LIMX CUCTEM BEHTWJISILUU Uil TPYII MOMEIIEHUN KaTero-
puit A u b. TpeboBanus nmo>xapHoit 6€30MaCHOCTH.

9. Cxembl OOMIMX CHUCTEM BEHTWJISIIIUM JJIS JKWIBIX U OOIIECTBEHHBIX
3aHUN.

10. TpeboBanusi mokapHO 0G€30MACHOCTH K YCTpPOWCTBaM JJisi 3a00pa
HapY>KHOTO BO3/lyXa U yCTPONCTBaM JIsl BRLIOpOca Bo3ayxa B arMocdepy.

11. TpeGoBanusi mokapHOW O€30MACHOCTH TPHU OYUCTKE BO3yXa OT
MBUIH.

12. Tlomemenust s pa3MelieHUsT BEHTUJISIIMOHHOTO O0OpPYIOBaHMS.
OnpeneneHue UX KaTEropui Mo MOXAapHOW OMacHOCTH. TpedoBaHuUs MOXKapo-
B3PBIBOOE30MACHOCTH, IPEABIIBISEMbIC K TTOMEIICHUSIM.

13. TpeboBanust moxkapHO O€30MACHOCTH, MPEABSIBISIEMbIE K BO31YyXO-
BOJIaM M KOJUIEKTOpPaM MPUTOYHO-BBITSHKHBIX CUCTEM BEHTHWJISILIUU MOMEILICHUIM
kareropuu A, b u B.

14. TpeGoBanusi MoKapHON OE30MACHOCTH, MPEIbIBISIEMbIE K BO3IyXOBO-
JIaM 1 KOJUIEKTOpaM MPUTOYHO-BBITSKHBIX CUCTEM MOMeENIeHH Kareropuu [ u [1.

15. YcrpoiictBO M mpuHIMI PabOTHl MPOTHUBOMOXKAPHBIX KIIAMIAHOB.
TpeboBaHus MOKapHOH OE30ITACHOCTH K HUM.

16. YcTpoicTBO M IPUHITUT PaOOThI PaIUabHBIX M OCEBBIX BEHTHIISITO-
pOB 00bIYHOTO HcTIONHEeHHS. [lopsAa0K T0100pa BEHTUIISTOPOB.



17. Ha3HaueHue M yCTpONCTBO paJUaIbHBIX U OCEBBIX BEHTUJISITOPOB
B3pbIBOOE30IIaCHOIO MCIOJHEHUS. MeToIMKa MPOBEPKU MPABUIIBHOCTH BBIOOpA
BEHTUJISITOPA B3PbIBOOE30IIACHOTO UCIIOJIHEHUSI.

18. TpeGoBaHus MOKapHOW OE30MACHOCTH K BEHTHJIATOPAM MPUTOYHBIX
Y BBITSDKHBIX CUCTEM, OOCITYKMBAIOLINX MTOMEIEHUs KaTeropuu A u b.

19. TpeGoBanus MOXkapHOI OE30MACHOCTH K Pa3MELICHUIO BEHTUIIATOPOB.

4. KoHTpOJIbHBIE BONPOCHI 110 pa3aeiy «IIpurouno-
BbITHKHbIE CUCTEMbI IPOTUBOALIMHOM BEHTU/ISIIMH 3JaHU I

0. OcHOBHBIE HaIIpaBJICHHS IPOTUBOIBIMHOM 3aIIUTHI 3AaHui. Kakue cro-
COOBI MPOTUBOABIMHOM 3aIIUTHI MIPUMEHSIOTCS Ha MpaKTHUKE?

1. TToxkapHasi omacHOCTh MOMEUIEHU, pa3MeniaeMbIX B noaBanax. [Iporu-
BOIOXKapHbIE TPeOOBaHUS K MPOTUBOABIMHOM 3alIUTE MOMEIICHU, pa3meliae-
MBIX B IIO/IBajax.

2. Ha3nHaueHue cucteM IbIMOYAAICHUS U3 MOMELICHH. B Kakux ciaydasx
OHM IIPUMEHSIOTCA?

3. OCHOBHBIE NPEANOCBUIKMA pacyeTa IUIOMAAN YCTPOMCTB JBIMOYAATIEHNUS
JJ1s1 o0ecTieyeHusl He3aAbIMIICHHOM 30HbI B HUKHEU YaCTU MOMEIIICHUSI.

4. OCHOBHBIE MPEINOCHUIKH pacyeTa IJIOMAIU YCTPOHUCTB JIbIMOYIaJCHUs
JUIsl o0ecrieyeHusl He3aJbIMIIIEMOCTH MYTEeH ABaKyallMd U MOMEIICHHM, CMEeX-
HBIX C TOPSIIIUM.

5. @akropsl, BiustonMe Ha YQPEKTUBHOCTD PAabOTHI YCTPONUCTB JBIMOY/1a-
JICHUS U3 TIOMEILICHUH.

6. IlocnenoBaTenbHOCTh MPOBEPKU COOTBETCTBHUS CHUCTEM JIBIMOYAATECHUS
U3 TIOMEIIEHUN MPOTUBOMOKAPHBIM TPEOOBAHUSM JACHCTBYIOIINX HOPMATHUBHBIX
JIOKYMEHTOB.

7. YCTPOMCTBO CHCTEM MNPOTUBOABIMHOM 3aIUTHI 3JaHUH MOBBIIICHHOU
ATaXHOCTHU. TpeboBaHus MoxKapHOU 0€30MACHOCTH K CUCTEMAaM.

8. Knaccudukanus He3aabIMIISIEMbIX JICCTHUYHBIX KJIETOK, MPEUMYIIECTBA
Y HEJIOCTATKH Pa3IMYHBIX TUIIOB HE3aIbIMIISIEMbIX JIECTHUUHBIX KJIETOK.

9. TpeboBaHUs K YCTPOMCTBY CHCTEM JBIMOYAAJICHUS U3 KOPUIOPOB 3j1a-
HUU TTOBBIICHHON 3TAXKHOCTH.

10. OcHOBHBIE TIOJIOKEHHSI METOUKU pacuera TpeOyeMbIX MapaMeTpOB BEH-
TUJISITOPOB CUCTEM JBIMOYAAJICHUS U3 KOPUIOPOB.

11. OcHOBHBIC TOJIOKCHHUS METOJAWKH pacdeTra TpeOyeMbIX MapaMeTpoB
BEHTWISITOPOB CHCTEM MOANOPA BO3AyXa B JICCTHUYHBIEC KIETKH.

12. OcHOBHBIC TIOJIO)KCHHSI METOIAMKUA pacueTa TpeOyeMbIX IMapaMeTpoB
BEHTWJIITOPOB CUCTEM IOATIOPa BO3yXa B MAXTHI JU(PTOB.

13. OcHOBHBIE MOJOKEHUSI METOAUKH pacuera CUCTEM IOJIopa BO3ayxa B

TaMOYpBbI —I1LTFO3HI.



14. Ilopsnox a’poAMHAMUYECKUX HWCIBITAHUN BEHTUJISALMOHHBIX CHCTEM
IIPOTUBOJBIMHON 3aIIUTHI 3JaHUI OBBIIIEHHON 3TAKHOCTH.

15. TpeboBaHMsI K yIPABJICHUIO CUCTEM NMPOTUBOABIMHON BEHTWIISILIMM 37a-
HUM NOBBILICHHON 3TAaXXHOCTH.

16. YcTpoiicTBO KiIamaHoOB JbIMOyAaynieHus. TpeOoBaHMs MOXKapHOU 0e€3-
OMACHOCTU K HHUM.

17. Tlopsaok pa3MeleHus BEHTWISUUOHHOTO OOOpYJOBaHUS MPUTOYHO-
BBITSDKHBIX CUCTEM IPOTUBOABIMHON BEHTUJISILIUU.

18. TpeboBaHMs K pa3MELIEHUIO YCTPOKCTB JJIs1 BRIOpOCAa MPOAYKTOB rope-
HUA B aTMOchepy.

19. IlocnenoBarenbHOCTh MPOBEPKU COOTBETCTBUSA NPUTOYHO—BBITSKHBIX
CUCTEM MPOTUBOABIMHON BEHTUIISILIMK TPEOOBAHUSAM MOKAPHON OE30MaCHOCTH.

5. 3ajayun o NPOTUBOABIMHON BEHTHJISIIMH

5.1 3agaua 1

TpeOyeTcst onpeenuTh oMb IpoeMa AbIMOYIAJICHUS W3 OJIHOATaX-
HOTO 3/1aHus BeicoToM H, M. Tpebyemas BbIcOTa HE3abIMIICHHOMN 30HbBI Z, M, OT
noyia mometieHus. ['oprtouasi Harpy3ka — apeBecuHa (Temiora cropanus Q,
Kk J[)K/KT, VIeIbHas CKOPOCTb BHITOPAHHMS \, KI/(M-C)), IUIOIAb OdYara Imoxapa
Frops M’, TUIOIIA/[b TOMEILEHHS oy, M, IEPHUMETP OTPAXKIAIOMINX KOHCTPYKIIUIA
P, m. Temnepatypa Hapy>KHOTr0 Bo3ayxa paBHa t, °C.

HcxonHbie maHHBIE CBOETO BapuaHTa 3aJa4ydl MPUHATH 1Mo Tad. 1.

Tabmna 1
Homep Bapuanra | H, m Z,m Qp. ¥, Frop M° Faow M | Pou M | t°C
3agaum 1 KJIK/Kr Kr/(m*-c)
1 2 3 4 5 6 / 8 9
0 5 2,5 15000 0,015 9 1000 160 |20
1 6 2,5 13000 0,010 7,0 500 88 22
2 6 2,5 13500 0,012 7,5 550 96 24
3 6 2,5 14000 0,014 8,0 600 100 |14
4 6 2,5 14500 0,016 8,5 650 102 |16
5 6 2,5 15000 0,018 9,0 700 105 |18
6 6 2,5 15500 0,020 9,5 750 110 | 20
7 4,5 2,2 13000 0,010 7,0 800 115 |23
8 4,5 2,2 13500 0,012 7,5 850 120 | 25
9 4,5 2,2 14000 0,014 8,0 900 130 | 27
10 4,5 2,2 14500 0,016 8,5 950 140 | 29
11 4,5 2,2 15000 0,018 9,0 1000 145 |32
12 4,5 2,2 15500 0,020 9,5 1500 150 |30




Oxkonuyanue Taoi. 1

1 2 3 4 5 6 7 8 9
13 5 2,1 13000 0,010 7,0 500 160 | 26
14 5 2,1 13500 0,012 7,5 550 170 | 28
15 5 2,1 14000 0,014 8,0 600 180 |14
16 5 2,1 14500 0,016 8,5 650 190 |16
17 5 2,1 15000 0,018 9,0 700 200 |18
18 5 2,1 15500 0,020 9,5 750 210 |20
19 5 2,1 16000 0,021 10,0 800 220 | 22

5.1.1 Ilpumep penienus 3aaauu 1

OnpenenuTs MIOWEAAbL MPOEMA JABIMOYJATIEHUS U3 OJHOATAXKHOIO 3/1aHHUS
BbICOTOM 6 M. TpeOyemasi BbICOTa HE3aAbIMIEHHON 30HBI 2,5 M OT IoJja MoMe-
nieHus. ['oprouast Harpy3ka — ApeBecuHa (terota cropanusi 13850 kJDx/kr,
yIeabHas ckopocTh Beropanust 0,9 kr/(m*-mun) win 0,015 kr/(M%c), miomanp
ouara mokapa 9 M°, momanps nomentenns 1500 M, IIEPUMETP OrPaXKJAOIIUX
koHCTpyKmi 160 M. Temneparypa HapyxkHoro Bo3ayxa paBHa 20°C. [lomns tern-
JIOBBIJICTICHUS TTOXKapa, OT/IaBaeMasi OrpakJalomuM KOHCTpYKIusM ¢ = 0,4, KO-
s dunreHT noaHoTh cropanus n =0,9.

Pewenue:
OnpenensieM KOHBEKTUBHYIO MOIIHOCTh O4ara noxapa
Q=(1-9) n Qp wy, Frop-(1-0,4) -0,9- 13850-0,015-9 = 1010 xBr.
Pacxon apiMa, mocCTymaromero ¢ KOHBEKTHBHOM KOJIOHKOW B TOIIIOTO-
JIOYHBIN CIION TTOMEIIEHHUS oIpeesieM 1Mo hopMmyie
G, = 0,032 Q¥ 7 =0,032-1010%- 2,5 = 5,08 kr/c.
Temmneparypa nIpoyKTOB rOpEHUs
tnr :{QC /[(Cp Gy) + a'[FHOM+P0K'(H-Z)]} + tB: {1010/[(1’09 5108) +
+0,012-[1500 + 160-(6 —2,5)]} + 20 = 54°C =327 K.
[1moTHOCTH TPOAYKTOB TOPEHUS M HAPYKHOTO BO3/yXa OMPEIEIIEM T10
bopmynam
P = 353/(20+273)= 1,2 kr/™’,
Pur = 353/(54 +273) = 1,08 kr/™°.
Pacrnionaraemslii nepemnaz 1aBiaeHus B AbIMOYAAISAIOLIEM YCTPOUCTBE
AP paen = 9 (H-Z) (pu - pur)-= 9,81(6 —2,5) (1,2-1,08) = 4,14 Ila.
TpeOyemas momaas mpoeMa JbIMOYTAICHUS
Fy = Gy/[u-(2-pur APpaen)”’] = 5,08/[0,64-(2-1,08 4,14)*°] = 2,65 m°.
OOBEeMHBIIM YaCOBOM PacXo/l yIaasieMOTo AbIMa
L = 3600- G/p,, = 3600- 5,08/1,08 = 16933 m*/u.



5.2 3agaua 2

5.2.1 YcaoBue v MCX0AHBIC JAHHBIC LIS PeHICHU 3212491 2

OnpenenuTs pacxo NPOAYKTOB FOPEHUSI W3 OJHOATAKHOM CTOSHKHU aB-
ToMoOuJIeH BbICOTOM H, M, TIpM ropeHun OAHOr0 aBTOMOOWUJISl. XpaHEHUE aBTO-
Mobuielt ogHosipycHoe. TpeGyemasi BbIcOTa HE3aIbIMIICHHOM 30HbI Z, M, OT IO-
JIa TIOMEIICHHS, TUIONIAMh IOMEIICHHS Fpoy, M, MIEPUMETP OTPAKIAOIINX KOH-
CTpyKIui P, M. MoiHocTh ovara nmoxapa N, MBT1. Temneparypa Hapy»KHOTO

Bozayxa t C.
3HaueHus yKa3aHHBIX BEJIMYUH JIJIS PEIICHHs 3a/1a4l 2 IPUHATD MO TadI. 2.
Tabmauia 2
Homep Bapu- H,m Z,M Froms e Py ™M N, MBT t,°C
aHTa 3aaa4m 2
0 3 2,0 400 80 3,9 4
1 3 2,0 500 88 4 5
2 3 2,0 600 96 4,1 6
3 3 2,0 700 100 4,2 7
4 3 2,0 800 102 4,3 8
5 3 2,0 900 105 4.4 9
6 3 2,0 1000 110 4.5 10
7 3,5 2,2 500 115 4,6 12
8 3,5 2,2 600 120 4,7 5
9 3,5 2,2 700 130 4,8 6
10 3,5 2,2 800 140 49 7
11 3,5 2,2 900 145 5,0 8
12 3,5 2,2 1000 150 4,3 9
13 4 2,5 500 160 4.4 10
14 4 2,5 600 170 4.5 12
15 4 2,5 700 180 4,6 5
16 4 2,5 800 190 4,7 6
17 4 2,5 900 200 4,8 7
18 4 2,5 1000 210 49 8
19 4 2,5 1500 220 5,0 9

5.2.2 Ilpumep penieHus 3212494 2

[IpousBecTr pacueT BBITSIKHOW CUCTEMBI ITPOTUBOJABIMHON BEHTUISILIUU C
MEXaHUYECKUM MOOYXJIeHHEeM aBTOCTOSHKH IUToNaano He 6oee 1000 M2 ¢ oJ1-
HOSIPYCHBIM XpaHEHUEM aBTOMOOWIICH. BbicoTa moMeneHus it XpaHeHUsI aB-
TOMOOMIEH 3 M, MEPUMETP OrpakAArOIIUX KOHCTPYKIMK momerieHuss 160 wm.
MorHoCTh ouara nokapa npu ropeHuu ojHoro apromoouis 4,5 MBt. Temre-
parypa HapykHOro Bosayxa pasaa 20 °C. Jlons Temuia, oTgaBaeMasi 04arom ro-
pEHMS, OTPAXKAAIOIIMM KOHCTPYKIMSAM NoMelieHus pasHa ¢ = 0,4.
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OmnpenensieM pacxo] MPOAYKTOB TOPEHHUs MPU TOPSHUH OJHOTO aBTOMO-
owsl.

KoHBekTHBHAsI COCTaBIISIONIAsT MOITHOCTH OdYara Toskapa OIpenesseTcs
o opmyiie:

Q=(01-9)Q,=@1-0,4)-45=2,7MBm = 2700xBm

Pacxon npimMa, mOCTymaromero ¢ KOHBEKTHBHOM KOJOHKOH B TOJIOTO-
JIOUHBIN CIOH, onpeensieM no Gopmyre

G, = 0,032 Q¥ Z =0,032-2700*° 2,0 = 7,33 xr/c.

TemmepaTtypa mpoayKTOB TOPEHUS

te = {Q /Iy Gy) + [FuntLow(HDT} + t,= {2700/[(1,00- 7,33) +
+0,012-[1500 + 160-(3-2)]} +20 =117°C =390 K.

[TnoTHOCTH IPOAYKTOB TOPSHHSI U HAPYKHOTO BO3TyXa

Py = 353/(t, +273)=353/(20+273)= 1,2 kr/™m°,

Pur = 353/ Ty = 353/390 = 0,905 xr/m’.

Pacrnonaraemprit miepena qaBIcHHS

AP paen = 9:(H-Z) - (Py - pur)-= 9,81(3 — 2,0) (1,2 - 0,905)= 2,9 Ila.

TpeOyemas momaab OTBEPCTUNA JTBIMOYAAICHHUS

F = G/[u-(pur -2:APpaen) ] = 7,33/[0,64-(2:0,905-2,4)>°] = 5,01 m°.

OOBEeMHBII YaCOBOM PACcX0]l yIAISIEMOTO JbIMa

L = 3600- G/p,, = 3600- 7,33/0,905 = 29158 m*/u.

st obecnieuenus 3((PEKTUBHOTO yJaneHUsl MPOAYKTOB TOPEHUsSI U3 IMO-
MCHICHWA IJI XpaHCHUS aBTOMOOMIIEH IMPUHUMACM BLBITSOKHYIO CUCTEMY IIPOTHU-
BOI[BIMHOfI BCHTUIIILIUHU C MEXAHNYECCKUM HO6Y)KI[€HI/ICM.

5.3.3amaua 3

5.3.1. YciioBHE M HCXO/IHbIE JaHHbIE J1JIs1 pelleHust 3a1a4um 3

OnpenenuTe MIOMAAL YCTPONUCTBA OBIMOYJAJIECHUS W3 MOMEIICHUS s
oOecrieueHus: He3aAbIMJIICHUE TTyTeH dBaKyalliil ¥ TOMEIICHUM, CMEKHBIX C T'O-
pamuM. [L1anupoBKa 37aHus MOKa3aHa Ha pucyHke 1. Beicota momemienus H,
M, TEMIIEpATypa Hapy>KHOTo Bo3ayxa t,,cC, Temieparypa nIpoayKTOB ropeHus L,
°C, ckopocTh Betpa U, M/c. Pasmepsr npoémoB nBepeii u Bopot: f; =f, = f3 =f; =
fo = fi3 = 2,5%2,5 = 6,25 M°; fy = fs = fo = fg = f1o = iy = f1, = f14 = 1x2 = 2 »°. Ko-
b GUIHEHTH PacXoI0B MPOEMOB JABEPEH U BOPOT p,; = 0,64, koaddurineHt pac-
xoma mnpoéMa JpiMoynaaneHus p,=0,8, a’poaMHAMUYECKUH KOdPQHUIUEHT
ycrpoiictea neiMoynanenus Ky =0.

3HauyeHMsI YKa3aHHBIX BEIIMYWH IS PEIICHUS 3a7add 4 TPUHATH 10
tabJ. 3.
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Taomuma 3

Homep BapuanTa 3agaum H, m t,.°C e, °C U,, m/c

4

1 2 3 4 5
0 5 15 500 3
1 6 15 300 1,0
2 6 18 350 2,0
3 6 20 375 3,0
4 6 22 400 3,5
3) 6 24 450 4,0
6 6 26 500 4,5
7 S) 15 550 5,0
8 5 18 600 1,0
9 5 20 300 2,0
10 5 22 350 3,0
11 5 24 375 3,5
12 S) 26 400 4,0
13 4 15 450 4,5
14 4 18 500 5,0
15 4 20 550 3,0
16 4 22 600 3,5
17 4 24 300 4,0
18 4 26 450 4,5
19 4 28 500 5,0

f, £ fs
Ja I e
OR ey KR @)
(A
y Y
Jio0 i1
f12 f13
fM

&)

&)

Puc. 1. K pacuety cuctemsbl AIMOYJaJICHUs, 00ECTICUUBAIOIIEH HE3abIMIISIEMOCTh
nmyTel IBaKyallly U3 3JaHUs U TOMEILEHUH, CMEKHBIX C TOPSALIUM (IIJIaH)
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5.3.2 llpumep peurenus 3agaum 3

OnpenenuTh TUIOMIAAb YCTPONCTBA IBIMOYIAICHUS W3 MOMEIICHUS IS
oOecrieueHusT He3apIMJIICHUE TyTEeH dBaKyallidl M TOMEIICHUM, CMEKHBIX C T'O-
psauM. [InanupoBka 31aHus TTOKa3aHa Ha pucyHke 1. BeicoTa momerieHus 6 M,
TeMIlepaTypa HapykHoro Bo3zayxa 20 °C, Temmeparypa MNpPOJAYKTOB TOPCHHS
450°C, ckopocth BeTpa 4 M/c. Pazmepnl mpoémos: f; = f, = f3 =f; = fg = i3 =
2,5X2,5 = 6,25 Mz; f4 = f5 = f6 = fg = flO = fll = f12 = f14 =1x2=2 M2. KO3(1)(1)I/IHI/I-
CHTBI PAacX0JI0B ITPOEMOB JIBepel U BOPOT w,; =0,64, koadduimeHT pacxoaa mpo-
éMa apMoynaneHusa p, =0,8, a’poauHaMHYECKMH KO>()(UIMEHT YCTPONCTBA
aeivoyaanenus K =0.

Pewenue

Pacuer cuctembl AbIMOyJaie€HUs HAaUYMHACTCS C OMpeAcsieHUusT Hebyaro-
NPUATHOTO [ pabOThl CUCTEMbl HalpaBlieHHs BeTpa. HelOmaronpusatHbiM
HANpaBJICHUEM CYMTACTCS TAaKO€ HAMNpPaBICHUE, NPU KOTOPOM  ILIOIIA]Ib
YCTPOMCTB JIBIMOYIAJIEHUSI WX PACXO0 YAAISIEMOTO JbIMAa MAKCUMAJIBbHBI U3 Ye-
TBHIPEX BO3MOKHBIX.

J{nst cxembl, MpUBEICHHOM Ha puc. 1:

1) ®acan 1

Fi=f, + fs + fe= 2 +2 42 = 6 M, Fo= fy+ o+ f= 6,25+6,25+6,25 =18,75 M*;
O, = F1/F2= 6/18,75 = 0,32;

Fow = (1 F2 + 1/ F,A)%°=1/(1/ 6% + 1/ 18,75%)° = 5,71 M°.

2) dacan 2

Fi=fs =2 Mm% F,=1-6,25 % O, = F4/F,= 2/6,25 = 0.32;

Fowe = 11 Fi2 + 1/ F,A%° = 1/(1/ 2% + 1/6,25%)*°= 1,9 M%;

3) Yacts acana 3’

Fi=fu=2Mm% F,=f3=6,25 % Oy = Fy/Fy;=2/6,25 = 0,32;

Fowy = U(1 F2 + 1/ F,A)%° = 1/(1/ 2* + 1/6,25%)° = 1,9 M

4) Yacts dacaga 3’

Fi= fio = 2 M5 Fp = LU+ 1F2)°°= 1/(1/2° + 1/25)%°= 1,41 M* ;

O = Fi/F,=2/1,41=14;

Fows- = /(1 F2 + 1/ F,A)%° =1/(1/ 2° + 1/ 1,41%)%° = 1,15 M°.
DKBUBaJIEHTHAS TIJIOMIAIh TPOEMOB I acana 3 B 1ieoMm OyaeT paBHA
Foss = Forezs + Fogaz= 1,9 + 1,15 = 3,05 M°,

5) ®acan 4

F]_: f7: 6,25 M2; F2 —>00; 04” = F1/F2 = 0,

Fowas = /(1 F? + 1/ FA)% = f,= 6,25 M.
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B kauecTBe 3aBeTpeHHOro (MmoaBeTpeHHoro) dacana Jjs pacyera BbIOU-
paeM ToT, y kotoporo otHomeHue O; Hanbombiiee. Hanbomnbiiee ornomenue O;
= 1,4 y yactu (pacaga 3”. B kauecTBe 3aBeTpPEHHOTO (TIOJIBETPEHHOTO) BHIOMpa-
eMm (Qacaz 3, a B Ka4yecTBE HABETPEHHOI'O0 BHIOMpPAaeM MPOTUBOIOJIOXKHBIN (acas,
T.e. hacan 1.

Breraucisiem BEeTpoBOE NaBJICHHE, JABJICHHUS Ha HABETPEHHOM, 3aBETPCH-
HOM U OOKOBBIX (hacamax

P = puly 12; Puy = -0,4Py; Pug = 0; Py = 0,6-Py;

P,=1,24°2=9,6la; P,,=-0,4-9,6 =-3,84 Tla; P,s=0;

P =0,69,6=5,7611a;

OmnpenenseM TaBleHWE HAa YPOBHE TOJIa TOPSIIETO MTOMEIICHUS, TIPH KO-
TOPOM TIPEIOTBPAIIACTCS BBIXO/ IbIMA Yepe3 MPOEMbI B CMEKHBIC TTOMEIICHUS U
Ha IIyTH YBaKyaIliH

POB = PH3' h- g- Ap- [1+015(F1/F2)2]

P, = -3,84- 2:9,81- 0,488 - [1+0,5-(1,4)°] = -22.8 Ia.

OmnpenenseM pacxoapl BO3AyXa, IMOCTYMAIOIIETO B TOPSIIEe MOMEIICHUE
4yepe3 OTKPBITHIC MPOEMBI CO CTOPOHBI 3aBETPEHHOTO, OOKOBBIX U HABETPEHHOTO
dacanos

G3 = H'F3,3KB ) [2 Pu (PH3 - POB-OIS h g AP)]O'S

G, = 0,64-3,05-[2-1,2-( -3.84 +22,8-0,5 -2 -9,81- 0,717)]*°= 10,44 xr/c

Gs = 1-Fo i [2- pu(Pus - Por0,5-h g -p)]"°

DKBUBAJIEHTHAs TUIONIA]b OOKOBBIX (hacaroB

Foos = Fowz + Fos = 1,9 46,25 = 8,15 M°.

Gs = 0,64-8,15- [2.1,2 (0 + 22,8-0,5. 2 -9,81 -0,717)]°° = 32 kr/c.

GH = “'FHQKB [2 ‘Pu (PHH - POB'O’S' h- g : Ap)]o’5

G,=0,64-571-[2-1,2-(9,6 +22,8-0,5- 2- 9,81- 0,717)]>° = 28 kr/c

Pacnionaraemplii mepenaa qaBieHUsT BBIYUCIAETCS 11O hopmyie

APpaen = Pos - Ky Py + Hg-Ap

rae Ky - asponunamudeckuil Ko3QQHULUUEHT yCTPONCTBA ABIMOYAAICHNUS;
Ap - Pa3HOCTb IUIOTHOCTEH HAPYKHOTO BO3AyXa M IIPOIYKTOB FOPESHHS, KI/M".

[Tpu HyneBoM a’poarHAMUYECKOM KOd(PHIHEHTEe yCTPOICTBA IHIMOYAa-
JICHUS pacrojiaracMblid Tepenas 1aBJICHUS

AP paen = -22,8 + 69,810,717 = 19,4 Tla.

[Tnomans ycTpoicTBa ABIMOYIAJICHUS OTIpeIeseTCs 10 Gpopmyie

Fy=1,1.(G, + Gg + G/ [1ty.(2-pur - APpacr) ]

rIe py - K03 (QUIMEHT pacxosa yCTPOICTBa JbIMOYAaICHHS.

[Tpu xorddummente pacxoma ycTpoicTBa AbIMOyaanieHus paBHoMm 0,8
IJI0IIAh IPOEMOB PaBHA

F,=1,1.(10,44 + 32 + 28)/[0,8. (2:0,488-19,4)°°] = 22,25 m".
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5.4 3agaua 4

5.4.1 YciaoBue M HCXOIHBbIC TAHHBIC IS PelIeHud 3aaauu 4

OnpenenuTe pacxod W JAaBJICHUE HA OTOJIOBKE WIAXTHI CUCTEMBI JIBIMO-
yAQJIEHUS U3 KOPUIOPOB MHOTO3TAKHOTO 3/IaHMS. DTAXKHOCTh 3/1aHHS 3, BBICOTA
sTaxa 37aHus h,,, M, TUI 30aHus - T, TeMIeparypa Hapy»KHOTO BO3IyXa JIsl XO-
JonHoro mepuopa rojga t,, °C, temmneparypa MpoIyKTOB TOpPEHHS B KOPUAOPE
t,°C, ckopocTh BeTpa U, M/c, pasMephl ABEpei U3 JICCTHUYHOUN KJIETKUA B KOPHU-
nop bxh M, maxrta IpIMOYJalieHUs] — KUPITMYHAS HEOIITyKaTypeHHas, pa3Mepbl
maxTel gpiMoynaneHus 0,8X0,6 M, yCTaHOBOUHBIE pa3MepPhI KJIAlaHa JbIMOYAa-
nenust 0,8X0,6 M; ypoBeHb PacCIOJIOKEHHUS BBIOPOCHOTO OTBEPCTUS CUCTEMBI

ObIMOYasieHus 14 M.

3HaueHus HCO6XOI[I/IMBIX BCJIMYHUH JJIs1 PCHICHHA 3ada4ur 4 IIPHUHATHI 110

Tab. 4.
Tabnuia 4
Homep Ba- | DraxkHocTh Tun 30aHus h,y, bxh, ty, oC t, °C U,
puaHTa 3MaHUSA M M m/c
3agaum S
0 3 OO01IECTBEHHOE 3 0,9x2 -20 200 15
1 2 JKunoe 2,7 0,85x2,0 -10 200 1,0
2 3 OO01IecTBEHHOE 3,0 0,85x2,0 -15 225 15
3 4 Kunoe 2,8 0,9x2.,0 -20 230 1,75
4 2 OO01IecTBEHHOE 3,2 0,9x2,0 -25 240 2,0
5 3 Kunoe 2,9 1,0x2,0 -26 250 2,2
6 4 OO01ecTBEHHOE 3,25 1,0x2,0 =27 275 2,5
7 2 Kumoe 3,0 1,0x2,1 -28 300 3,0
8 3 OO0m1ecTBEeHHOE 3,3 1,0x2,1 -30 325 3,5
9 4 Kunoe 3,2 0,85x2,0 -32 200 4,0
10 2 OO01ecTBEHHOE 3,4 0,85x2,0 -35 225 45
11 3 Kunoe 2,7 0,85x2,0 -40 230 50
12 4 OO01ecTBEHHOE 3,5 0,9x2.,0 -20 240 55
13 2 Kunoe 2,8 0,9x2,0 -25 250 50
14 3 OO01ecTBEHHOE 3,7 1,0x2,0 -26 275 45
15 4 Kunoe 3,0 1,0x2,0 -27 300 4.0
16 2 OO01IecTBEHHOE 3,8 1,0x2,1 -28 325 3,5
17 3 Kunoe 2,7 1,0x2,1 -30 250 3,0
18 4 OO01IecTBEHHOE 4,0 1,2x2,1 -32 275 2,5
19 3 Kunoe 3,5 1,0x2,0 -35 300 2,0
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5.4.2. IllpuMep pemeHud 3axauu 4

OHpeI[eJ'H/ITB pacxoa M JAaBJICHUC HA OTIOJIOBKC IIaXThbl CHUCTCMbI IbIMO-

yIaJICeHUS U3 KOPUAOPOB MHOTOATAKHOTO 37aHUS. DTAKHOCTH 3aHUS — 3 3Ta-
’Ka, BBICOTA ATa)ka 3/IaHMs - 4 M, TUIl 3[aHUS - OOIIECTBEHHOE, TeMIleparypa
Hapy>XHOTO BO3JlyXa JJISI XOJOJHOIro mepuojia roga - 28°C, remnepaTrypa mnpo-
nykToB Topenus B kopuaope 300 °C, ckopocth Betpa 4,9 M/c, pazMepsl JIBepeit
W3 JICCTHUYHOU KJIETKU B Kopuaop 1,2X2,1 M, maxrta ApIMOyAaJ€HUS — METaJ-
JUYecKasi, pa3Mepbl MaxThl AbiMoyaaneHus 0,8X0,6 M, yCTaHOBOUHBIE pa3Mepbl
kiamaHa asiMoyaaieHus 0,8X0,6 M; ypoBeHb pacrojioKeHHUsT BBIOPOCHOTO OT-
BEPCTHUS CUCTEMBI IBIMOYalIeHUs 14 M.

Pewenue

[110THOCTE HApPY)KHOTO BO3yXa

Py = 353/(t, + 273) = 353/(-28 + 273) = 1,44 xr/™°.
[InoTHOCTH BO3/MyXa B 37]aHUU

P, = 353/(t, + 273) = 353/(16 + 273) = 1,22 kr/™°.
[T10THOCTB TIPOTYKTOB TOPEHUS

Pur = 353/(tor + 273) = 353/(300 + 273) = 0,616 xr/m”.
Hapy>xHoe naBiieHre Ha HaBeTpeHHOM dacaje
PHH,i = 0s8(pHVZB)/2 'g'haT'(i'l)'(pH'pB)'

HapyxHoe naBieHue Ha 3aBeTpeHHOM (acaje

PH3,i = '016'(pH'V23)/2 'g'haT'(i'l)'(pH'pB)'

JlaBnenue BHYTpHU 31aHUS

PB,i = (PHH,i + PH3,i)/2'

Pe3ynbTaThl pacueToB 3aHOCUM B Tabnuiy 4.1

Tabmumna 4.1
Ne oTaka P P, Py, Py,
Ia Ia Ma a
1 13,82 -10,37 1,7 -333,5
2 5,19 -19,0 -6,93 -378,5
3 -3,45 -27,63 -15,56 -415,7
Bri6poc -16,4

16

Pacxon ypamsemoro neima

G,=1.2b,h,¥==121221% =438 kr/c.

[1nomane NpOXOIHOIO CEYEHUS KilanaHa AbIMOYIAJICHUS

Fe = (0,8-0,03)-(0,6-0.05) = 0,424 M.

CkopocTh 1pIMa B KJIAIllaHE

V=G, /(Ferpy) =4,38/(0,424-0,616) = 16,79 m/c.

[ToTepu naBieHUs B OTKPHITOM KJIAIIAHE JIMOYAAJICHHS Ha 3Ta)Ke MoKapa




AP, = Er (P VD)2 = = 4-(0,616-16,79%)/2 = 347 Ia.

JlaBiieHHE B IIaXTe IBIMOYIAJIICHUS HA YPOBHE MEPBOTO ATaxka

Py, = Py -AP, = = 13,82 - 347 = -333,5 Ia.

CKOpOCTB AbIMa B IAXTC AbIMOYOAJICHIA MCKY IICPBBIM K BTOPBIM 3TAKaMH

Va2 = Gyl (@b -pr)= = 4,38/(0,8:0,6 -0,616) = 14,81 wm/c.

3KBI/IB&J‘ICHTHBII>1 I[I/IaMeTp HpOXO,Z[HOFO CCUCHU HIaXThI I[BIMoyI[aJIeHI/IH

yep = 4-8,°D,/[2- (B + D) = 4-0,8-0,6/[2:(0,8 + 0,6) = 0,685 M.

I[aBJ]eHI/Ie B IIaXTC ABIMOYAAJICHUS Ha YPOBHC BTOPOI'O 3TaKa

PLH,Z = Pm,l '}V(haldaxB)'(pl-Z' Vzm,1-2/2) =

= -333,5-0,03-(4/0,685)-(0,616- 14,817 /2) = -345,3 Ia.

XapaKTepI/ICTI/IKa COIIPOTHUBJICHUA IBIMOI'a30IIPOHHUIIAHUIO MIAXThI U
KJIaIlaHa AbIMOYAOAJICHUA

Ser = Syl (Fn)® = 1600/(0,424)° = 8900 1/(xr- m).

Pacxon Bo3nyxa, GuUALTPYIOIIErocs Yepe3 eI U HETUIOTHOCTH MIaXThl U
BaKpBITOFO KJIalraHa I[BIMoyI[aJ'IeHI/IH Ha BTOpOM ITAXKE

Go= [(Puz — Pu2)! Sul”® = [(-6,93 + 345,3)/ 8900]°° = 0,195 kr/c.

Temnepatypa ApiMa MEXAY BTOPBIM U TPETBUM 3TaKaMU

Ty.3= (Gu Ty + Gy T)/(G, +Gy 2) = (4,38-573 + 0,195-289)/(4,38+0,195)=
=561 K.

HJIOTHOCTB AbIMa MC)KI[y BTOpBIM J51 TpeTBI/IM TaKaMHn

P25 = 353/T5.5 = 353/561 = 0,63 kr/™m°.

CKOpOoCTb IbIMa B IIAXTE ABIMOYAATIEHUS MEXKITY BTOPHIM M TPETHUM 3TAKAMU

Vi3 = (G, +Gy2)/(@urby -pa-3)=(4,38 +0,195)/(0,8-0,6 -0,63)=15,1 m/c.

I[aBJ'ICHI/Ie B IIaXTEC I[BIMOY)I&J‘ICHI/IH Ha ypOBHC TpeTBeFO 9Taxa

PHI,3 = PHI,Z '7\f°(h3/d3KB)'(p2-3' V2m,2-3/2) =

= -345,3-0,03-(4/0,685)-(0,63- 15,1° /2) = -357,9 IIa.

Pacxon Bo3nyxa, GuabTpyromierocs: 4epe3 e 1 HEMJIOTHOCTH IIAaXThl U
3aKpBITOFO KJIaIlaHa J:[BIMoyI[aJ'IeHI/I}I Ha TpeTbeM 9TAXKCE

G.3= [(Pas — Pus)l Sul®® = [(-15,56 +357,9)/ 8900]*° = 0,196 kr/c.

TemnepaTrypa ApIMa BBILIE TPETHETO ITAXKA

T3=(GyTy+ GpoTet+ Gys T)(G, +Gy 2 +Gy3) = (4,38:573 + 0,195-289+
+0,196-289)/(4,38 +0,195 +0,196) = 549 K.

HJIOTHOCTB AbIMa BBIIIC TPCTHCT'O TaXKa

ps = 353/T; = 353/549 = 0,642 kr/m’.

HpOI/IBBO)II/ITeJ'IBHOCTB BGHTI/IJ'ISITopa

Q. = 3600-(G, + Gy, + Gy3)/ps = 3600-(4,38 + 0,195 + 0,196)/0,642 =
26746 m/u.

I[aBJ'IeHI/Ie Ha OT'OJIOBKC IMIaXThl AIMOYIAJICHUA
Py = Py3 +Pys, = -357,9-16,4 = -374.3T]a
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5.5. 3amaua 5

5.5.1 Ycj10BHS M MCXOAHbIE TAHHbIE JUIS PelIeHUs 3a1a41 D

Onpenenuts MapaMeTpbl BEHTUISTOPA TMOANOpA BO3AyXa B HE3aAbIMIIS-
eMYyI0 JIECCTHHYHYIO KJIeTKy Tuna H2. 3nanue o01iecTBEHHOE, TPEXdTaxHOE,
JIECTHUYHAS KJIETKa 0€3 ECTECTBEHHOT'O OCBEIICHUS Yepe3 OCTEKICHHBIE TIPOEMBI
B HApYXKHBIX OTPaXICHUSX; TEMIEpaTypa Hapy>KHOTO BO3JyXa [JIsi 3UMHETO
nepuona roga ty, °C, ckopocTh Betpa U, M/c; BeicOTa 3Taxa N, M; ypoBEeHb
pacmoIoXKeHUs BO3AyX03a00pHOTO OTBEPCTHS CUCTEMBI TIOJNOPa B IECCTHUYHYIO
KIeTKy hg; =12 M; pasMepsl 0JJHOCTBOPYATHIX BEPEH M3 KOPUAOPA B JIECTHUY-
Hyto KieTky bxh M. Beixon u3 31anus yepe3 onuHapHbIid TaMOyp (ABE MOCIIE0-
BaTeJIbHbIE OJHOCTBOPYATHIE ABEpPHU), pa3Mepnl naBepeit 1,2x2,1 m, miomanb
JICCTHHYHON KIeTKH =20 M°. Y IeIbHas XapaKTePHCTHKA IIMOTa30MPOHHIAHHS
3aKPBITBIX ABEpei TecTHHUHOM KieTku 4420 M>/kr. OTKpbITA ABEPH H3 KOPHIO-
pa B sectTHuuHyl0 KJIeTKy (O), BXOIHas ABEPh 3/1aHUS U JABEPH JECTHUUHON
KJIETKH Ha OCTAJIbHBIX 3TAXKaX 3aKpPbITHI (3).

3HavYeHHS HEOOXOIUMBIX BEJTWYWH JJIS PEIICHUS 3a/a9d 5 TIPHUHSTHI TI0

Tabm1. 5.
Tabmuma 5
Homep draxHocth | /IBepn Bxoanas Tun 30aHus h,y, bxh, t, U,
BapHaHTa 31aHusA KOpHI0pa | ABepH M M °C Mm/c
3aJa4u 6 HA dTaKe | 37aHuA
noxkapa* | *
0 3 @) 3 Oo6mtectBenHoe | 2,9 0,8x2,0 |-20 |4
1 2 O 3 Kunoe 2,7 0,85x2,01-10 [ 1,0
2 3 @) 3 Oo6mectsennoe | 3,0 0,85x2,0|-15 [ 1,5
3 4 3 O Kunoe 2,8 0,9x2,0 |-20 | 1,75
4 2 3 O Oo6mectBennoe | 3,2 0,9x2,0 |-25 |20
5 3 3 O Kunoe 2,9 1,0x2,0 |-26 | 2,2
6 4 0] 3 OOmectBennoe | 3,25 | 1,0x2,0 | -27 | 2,5
7 2 @) 3 Kuioe 3,0 1,0x2,1 |-28 | 3,0
8 3 0] 3 OOmectBenHoe | 3,3 1,0x2,1 |-30 |35
9 2 3 O JKunoe 3,2 0,85x2,0 |1 -32 | 4,0
10 3 3 0] OomectBennoe | 3,4 0,85x2,0 | -35 [ 4,5
11 4 3 (@) Kunoe 2,7 0,85x2,0 | -40 | 5,0
12 2 0) 3 O6mectsenHoe | 3,5 0,9x2,0 |-20 |55
13 3 0O 3 Kumnoe 2,8 0,9x2,0 |-25 |5,0
14 4 0) 3 Oo6mectsennoe | 3,7 1,0x2,0 |-26 |45
15 2 3 O Kumnoe 3,0 1,0x2,0 |-27 | 4,0
16 3 3 (0] O6mectsenHoe | 3,8 1,0x2,1 |-28 |35
17 4 3 O Kumnoe 2,7 1,0x2,1 |-30 | 3,0
18 3 O 3 Oobmectsennoe | 4,0 1,2x2,1 |-32 |25
19 3 0) 3 Kuioe 3,5 1,0x2,0 |-35 | 2,0

Ilpumeuanue: * O —omkpovima, 3 -3aKpoima
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5.5.2 Ilpumep pelneHUs 3a0a4M S. OmKpbima 06epv u3 Kopuoo-
pa 6 neCmHUYHYI0 KIemKy, 6X00Hble 06epu 30aHus u 06epu J1eCMmHUUHOU
KJ1IemKU HA OCMAbHBIX INMANHCAX 3AKPbIMbL

OnpenenuTe mnapameTpbl BEHTHWISTOPA CUCTEMBbI NOANOpPAa BO3AyXa B
JIECTHUYHYIO KJeTKy Tuna H2 mnpu OTKphITON ABEpH U3 KOPUAOPA B JECTHUY-
HYIO KJIETKY U 3aKPBITHIX APYTHX IBEPSX. 3/1aHuEe 00IIECTBEHHOE, TPEXITAKHOE,
JIECTHUYHAS KJIETKa 0€3 €CTECTBEHHOI'O OCBEIICHUS Yepe3 OCTEKICHHbBIE TPOEMBbI
B HAPYKHBIX OIPAKJICHUSIX;

Mecto pacnonoxkeHuss MockBa, TeMIieparypa Hapy»HOTO BO3JyXa IJIs
3UMHETO0 Tieproja roga -28°C, ckopocTs BeTpa 4,9 M/c;

Temneparypa aeima 300°C = 573 K;

BricoTa sTaxka 4 M; ypOBEHb PaCIIOJIOKEHUSI BO3TyX03a00pPHOTO OTBEp-
CTHUSI CHCTEMBI MOJATIOPA B JIECTHUYHYIO KIETKY 12 M;

Pa3Mepbl 0JlHOCTBOpYATHIX JABEpE U3 KOPUAOpPA B JIECTHUUYHYIO KIIETKY
1,2x2,1 m;

Brixon u3 3maHus yepe3 OJUMHApPHBIN TamMOyp (ABe mocieAoBaTeIbHbIE
OJIHOCTBOpYATHIE ABEpH), pa3Mepnl aBepedt 1,2x2,1 M, miomanb JIeCTHUYHOM
knerku f, =20 m%;

VY nenpHas XxapakTepuCTUKA BO3yXOIMPOHUIIAHUS 3aKPBITHIX JABEPEH JieCT-
HIYHO# Kitetky 4420 M>/kr. OTKpBITA IBEPb U3 KOPHAOPA B JIECTHHYHYIO KIICT-
KY, BXOJIHbIE IBEPH 3aHUS U JBEPU JICCTHUYHOM KIIETKH Ha OCTAJIbHBIX 3Taax
3aKPBITHI.

Pewenue

[110THOCTE HApY)KHOTO BO31IyXa

pn = 353/(t, + 273) = 353/(-28 + 273) = 1,44 kr/™°.

[1noTHOCTH BO3/1yXa B 3/1aHUU

P, = 353/(t, + 273) = 353/(16 +273) = 1,22 xr/™m°.

Hapy>xHoe naBieHre Ha HaBeTpeHHOM (acajie

PHH,i = 018(pHV23)/2 -0 'har'(i'1)°(pH'pB)'

Hapy:xHoe naBiieHne Ha 3aBETpeHHOM (acajie

PH3,i = '0’6'(pH'V23)/2 'g'haT‘(i'l)‘(PH'PB)-

JlaBieHue BHyTpH 31aHUs

PB,i = (PHH,i + PH3,i)/2'

Hapy>xHoe naBieHue Ha ypoBHE BO3ayx03a0opa

Py, = -0,6:-(pu-V2)/2 -g-Nys (py-ps) = -0,6-(1,44-4,99)/2 -9,81.12-(1,44-1,22)
=-36.26 I1a.
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Pe3ynbraThl pacueToB 3aHOCUM B TabuIly 5.1.

Tabmura 5.1
Ne sTaxka Py, Py, P, P,
Ila Ila IIa Ila
1 13,82 -10,37 1,7 33,82
2 5,19 -19,0 -6,93 34,56
3 -3,45 -27,63 -15,56 35,4
3abop BO3MYyXa -36.26
(PH3,B)

Pacxon Bo3/1yxa W3 JJIECTHUYHOW KIIETKH B KOPUIOP ITa)ka Moxapa

G,=15byh,==15.1221=3,78 kr/c.

Pacxon Bo3yxa yepe3 BXOJHYIO ABEPh 3/1aHUS PaBEH HYIIIO.

Pacxon Bo3myxa co BTOPOTO 3Taxka JIECTHUYHOM KJIETKU HA TIEPBBIA paBEH
pacxojy U3 JISCTHUYHOM KJIETKU B KOPHJAOP dTaxa rnoxapa. J[aBieHue B ject-
HUYHOM KJIETKE HA YPOBHE BTOPOTO 3TaxKa omnpesensieM no Gopmysie

Pz = Puct #30- G251 /(py.Fr) = 33,82 + 30- 3,78%/(1,44-20%) = 34,56 Ia.

XapakTepucTrKa BO3IyXOIMPOHUIIAEMOCTH JABEPEHN JIECTHUYHOMN KIETKU

Sus = Sy (HiB.)’= 4420/(2,1-1,2)*= 696 1/(xr-m)

Pacxon Bo3nyxa, GuabTpyrOIIerocs 4yepe3 Mieu ABEpeil U3 JeCTHUUHON
KJIETKH B BHYTPb 3/IaHHsI HA BTOPOM 3Taxe, onpezensem no popmyie (29)

Gz = [(Pacz - Pu2)/S]”® = [(34,56 +6,93)/696]°° = 0,244 xr/c.

Pacxon Bo31yxa B JIECTHUYHOU KJIETKE C TPETHETO 3TAKa HA BTOPOU PaBEH
CyMME PacxoJiI0B BO3yXa CO BTOPOTO 3Taxa Ha MEepPBbIM U pacxo/ia BO3ayXa,
GbuIBTpYyIOIIEToCcs Yepes MIEH IBepel Ha BTOPOM ITaxke

G312: GZ,1+ Gﬂ,z = 3,78 + 0,244 = 4,02 xr/c.

JlaBieHre B IECTHUYHOM KJIETKE HA YPOBHE TPETHETO ATAXKA

Pcs = Puco +30-G%5, /(pu-fr) = 34,56 + 30- 4,02%/(1,44-20°) = 35,4 Ia.

Pacxon Bo3nyxa, GunasTpyromierocs: 4epes mieiu ABepeit u3 JIeCTHUIHOU
KJICTKW BHYTPb 3/1aHUSI HA TPETHEM ITAXKE

Gus = [(Pos - Pus)/Sw]”” = [(35,4 +15,56)/696]°° = 0,27 xr/c.

Pacxon Bo3myxa, mojiaBaeMoro B JIECCTHUYHYIO KIIETKY, pABEH CyMME pac-
XOJIOB BO3/lyXa C TPETHETO ITaKa Ha BTOPOU U pacxoja Bo3ayxa, GUIbTPyIOIIe-
rocsi uepes IIeJH JIBEPEil Ha TPEThEM ITAKE

Gu=G32+G,3=4,02 +0,27 = 4,29 xr/c.

OOBeMHBIIM YaCOBOM pacxo]l Bo3ayxa (1o1aqy BEHTHUIISITOPA) ONpeesieM
o ¢hopmyiie

Quc = 3600- G, /py = 3600- 4,29/1,44 = 10725 m*/u.

JlaBneHue Ha OTOJIOBKE JICCTHUYHOM KJIETKH, OTpeesieTcs o Gopmyiie

P,=Py;-Pus=354+36.26 = 71,66 Ila.
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5.5.3. Yci10BUSA U NCXOAHbIE JaHHBIE JIJI pelleHns 3a1a4u O:
OmKpoimul 06epu u3 30aHUA HAPYIHCY, 08ePU U3 KOPUOOPA 8 1ECHHUUHYIO
KJ1IemKy 3aKpblnbl HA 6CEX IMAHCAX

Onpenenuts napamMeTpbl BEHTWIATOPA IMOANOPA BO3AYyXa B HE3abIMIIS-
eMYI0 JIECTHUYHYIO KJeTKy Tuna H2. 3pgaHue o0IiecTBEHHOE, TPEXITaKHOE,
JIECTHUYHAs KJeTKa 0€3 eCTECTBEHHOI'O OCBEIIECHUS YEPE3 OCTEKICHHBIE POEMBbI
B HapY>KHBIX OTPaKJICHUSIX; TEMIIEpaTypa Hapy>KHOTO BO3lyXa JUIsl 3MMHETO I1e-
puona roxa t,,°C, ckopocth BeTpa U, M/c; BeicoTa 3Taxa h,;, M; YpoBEHb pacrio-
JIOKEHUST BO3/1yX03a0OPHOTO OTBEPCTHUS CHUCTEMBI MONANOpPa B JIECTHUYHYIO
KJIIETKY 12 M; pa3Mepbl OJHOCTBOPYATBIX ABEPEN M3 KOPUIOPA B JECTHUYHYIO
kiaetky bxh M. Beixox u3 3maHus yepe3 oAMHApHBIN TamOyp (ABe TOcienoBa-
TeJbHBIE OJJHOCTBOPUYATHIE JBEPH), pa3Mepbl JABEpel BbIXOAA U3 3IaHHs COBIIA-
Jal0T C pa3MepamM JBEpeu JIECTHUYHOM KIJIETKHU, IUIONIA/(b JECTHUYHON KIIETKU
20 M°. VienbHas XapakTEPHUCTHKA BO3TyXOINPOHHLUAHHS 3aKPBITHIX IBEpeil
JecTHHIHON KieTkH 4420 M>/kr. OTKPBITH IBEPU U3 3AHUS HAPYKY, IBEPU U3
KOpHJIOpa B JIECTHUYHYIO KJIETKY 3aKPBIThI HA BCEX 3Ta)ax.

5.5.4 Ilpumep penieHus 3a1a494 5. OmKpovimol 06epu U3 30aHUA
Hapyicy, 06epu u3 Kopuoopa 6 1eCIMHUUHYIO KIIEMKY 3aKPbInbl HA 6cex Ima-
acax

OnpenenuTs napaMeTpbl BEHTWIATOPA MPUTOYHOW CUCTEMBI OANOPA
BO3/1yXa B JIECTHUYHYIO KJIE€TKY Tua H2 mpu OTKpBITON IBEpH 34aHUA U 3a-
KPBITBIX JBEPSIX JECTHUYHON KJIETKH. 3IaHHE 0OIIECTBEHHOE, TPEXITAXKHOE,
JIeCTHUYHAs KJeTKa 0e3 eCTECTBEHHOI'O OCBEIIECHHUS Yepe3 OCTEKICHHbIE POEMBbI
B HAPYKHBIX OIPAXKICHUSIX;

Mecto pacnonoxkeHuss MockBa, TeMIieparypa Hapy»XHOTO BO3JyXa s
3UMHEro nepuoja roga -28°C, ckopocTs BeTpa 4,9 M/c;

Temneparypa asima 300°C = 573 K;

BricoTa sTaxka 4 M; ypOBEHb PACIIOJIOKEHUS BO3TyX03a00pPHOTO OTBEp-
CTHSI CUCTEMBI ITOATIOPA B JIECTHUYHYIO KIETKY 12 M;

Pa3mepbl 0JTHOCTBOpUATHIX ABEPEl U3 KOPUIOpPA B JIECTHUYHYIO KIIETKY
1,2x2,1 m;

Brixoa u3 31anus yepe3 oguHapHBIN TamMOyp (ABE mocaea0oBaTeIbHbIC
OJIHOCTBOpYATHIE ABEPH), pazMepsl apepeit 1,2x2,1 M, momaab JeCTHUIHOM
KieTku 20 M2;

VYaenbHas XapakTepUCTHKAa BO3IYXOMPOHMILIAHUSI 3aKPBITHIX JBEpEW JIECT-
HuaHOM KiieTku 2500 1/kr. OTKpbITa BXOAHAS ABEPh M3 KOPUIOpPA B JIECCTHUYHYIO
KJIIETKY, IBEPH U3 KOPUAOPA B JECTHUUHYIO KJIETKY 3aKpBIThl HA BCEX ITAXKaX.
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Pewenue

[110THOCTH HAPYKHOT'O BO3yXa

p. = 353/(t, + 273) = 353/(-28 + 273) = 1,44 kr/™°.

[ImoTHOCTB BO3/1yXa B 31aHUU

P, = 353/(t, + 273) = 353/(16 +273) = 1,22 xr/m”.

Hapy>xHoe naBiieHre Ha HaBeTpeHHOM (acajie

PHH,i = 018'(pH'VZB)/2 'g'haT'(i'l)'(pH'pB)-

HapyxHoe maBnenne Ha 3aBeTpeHHOM (pacame

PH3,i = '016'(pH'VzB)/2 'g'haT'(i'l)'(pH'pB)-

JlaBiieHME BHYTPH 3[aHUS

PB,i = (PHH,i + PH3,i)/2-

HapyxHoe naBieHue Ha ypoBHE BO3/1yx03a0opa

Py, = -0,6-(puV2)/2 -g-hys-(pu-ps) = -0,6-(1,44-4,9%)/2 -9,91.12-(1,44-1,22)
=-36,26 Ila.

PesynpTaThl pacyeToB 3aHocHM B Tabnuiy 11 5.2

Tab6awnma I1 5.2

Ne sraka Py, I1a Py, a Py, IIa Py, Ia

1 13,82 -10,37 1,7 33,82

2 5,19 -19,0 -6,93 42,43

3 -3,45 -27,63 -15,56 51,28
3abop BO3ayXa -36,26

DKBUBAJIEHTHAS TJIOMIAb BXOIHBIX JBEPEH 3MaHUA

(e = L[ U(A)*y + 1)) =

=1/[ 1/(0,64-1,2-2,1)* + 1/(0,64-1,2-2,1)%,]°° = 1,14 m°.

Pacxon Bo3/tyxa M3 JIECTHUYHOW KJIETKH B KOPUIOP 3Ta)ka Mo)Kapa paBeH
HYIJIIO.

Pacxon Bo3yxa yepes BXOJAHYIO JBEPH 31aHUA

Gux= (W ax[2:Pr(Poc1-Po)]*°=1,14-[2-1,44-(33,82 + 10,37)]*°=12,86 kr/c.

Pacxon Bo3yxa co BTOpOro 3Ta)xa JECTHUYHOMN KJIETKHA Ha NIEPBBIA PaBEH
pacxony 4epe3 BXOIHYIO IBEPh 3/1aHus. JlaBieHne B JIECCTHUYHOM KJIETKE Ha
YPOBHE BTOPOTO dTaxka onpeesisseM no Ggopmyre

Pz = P 1+30- G4 /(py. ) = 33,82+30- 12,86%/(1,44-20%) = 42,44 Ta.

XapakTepuCTUKa BO3AYXONPOHULIAEMOCTH JBEPEN JECTHUYHOMN KIIETKH

Sie = Sy (HiB,)*.= 4420/(2,1-1,2)* = 696 1/(xr-m)

Pacxon Bo3nyxa, GuiabTpyromierocs 4epes miesiu ABepeil u3 JeCTHUUHON

KJICTKH B BHYTPb 37]aHUS Ha BTOPOM dTaxke, onpeaesisem o ¢popmyre (29)
Gz = [(Pacz - Py2)/S]”® = [(42,44 +6,93)/696]°° = 0,266 xr/c.
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Pacxon Bo3myxa B JIECTHUYHOM KJIETKE C TPEThEro 3Ta)ka Ha BTOPOil pa-
BEH CyMME pPacXo0B BO3JyXa CO BTOPOT'O 3Ta)ka Ha MEPBBINA U pacxoja BO3ayxa,
GbuIBTpYyIOIIErocs Yepes MIEH IBepel Ha BTOPOM dTaxe

G32-G21+G,,=12,86 + 0,266 = 13,13 kr/c.

JlaBneHue B JIECTHUYHOM KJIETKE Ha YPOBHE TPETHETO ATa)a

Pos = Poca #30- G50 /(pu-ful) = 42,44 + 30- 13,13%(1,44-20%) = 51,41 Ia.

Pacxon Bo3myxa, GuiabTpyromierocs uepes meiu ABepeil u3 JeCTHUUHON
KJICTKH B BHYTPb 3JdHUA HA TPCTBCM 3TAXKC

G3 = [(Pues - Pus)/Sl”® = [(51,41 +15,56)/696]%° = 0,310 kr/c.

Pacxoz: BO34yXad, II0AaBacMoOro B JICCTHUYHYIO KJICTKY, paBCH CYMMC pac-
X0O0B BO34yXa € TPCTLCTO 3TaXKa Ha BTOpOP'I " pacxoJia BO3ayXa, (1)I/IJII>pr}OHIe-
rocs 4cpce3 mejin }:[Bepeﬁ Ha TPCTBCM I3TAXKC

Gue-Gs24+G,3 = 13,13 + 0,310 = 13,44 r/c.

OOBeMHBIN YacOBOM pacxo/ Bo3ayxa (1o/1auy BEHTHISITOpA) ONpeIeIisieM
o ¢hopmyiie

Que = 3600: G,/p... = 3600- 13,44/1,44 = 33600 m*/u.

I[aBJIGHI/Ie Ha OT'0JIOBKE JIECTHUYHOU KJIETKHU

P, =Py - P, =51,41+ 36,26 = 87,67 Ila.
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[Tpunoxenue 1

MUHUCTEPCTBO POCCUMCKOW ®EJEPALIN
IO JIEJIAM I'PAXXAHCKOM OBOPOHBL, YPE3BBIYAMHBIM CUTY ALIUSIM
U JIMKBUJIALIMU ITOCJIEJICTBUM CTUXUMHBIX BEJCTBUI

Axkanemus ['ocy1apcTBEHHON POTUBOIIOKAPHOM CITy>KObI

I/IHCTI/ITYT 3a049YHOI'0O 1 JUCTAHIITMOHHOI'O 06y‘I€HI/IH

Kadenpa: «IloxxapHast 6€301acHOCTb B CTPOUTEIHLCTBE»

HI/ICHI/IHHI/IHaZ «HoxcapHa;I 0€301I1aCHOCTh B CTPOUTEIILCTBE

KOHTPOJIbBHAS PABOTA

BeinmostHuit: ciymarens kypca U3u/10
IpyIIIbI
JICUTEHAHT BHYTPEHHEW CITyKOBI (uruyuanot, pamunus)

Ne 3a4€THON KHUKKU

IpoBepui: (yu.cmenenw, yu. 36anue, dondcnocms,
cney. 36anue npenodgamensi) (uHuyuansvl, pamunus)
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