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BBEJIEHUE

JUig co3gaHus U NOJAECP)KAHUS B MOMELIEHUSX, 3AaHUAX U CO-
OpYXEHMSIX TpeOyeMbIX MapaMeTpoB BO3AYIIHOM cpenpl (Temrepary-
PBl ¥ BJIQKHOCTH), a TaKXKE€ CKOPOCTU JBHKEHHsI, Ta30BOT0 COCTaBa
Y YUCTOTHI BO3/lyXa MPUMEHSIOT CUCTEMbl BEHTWISALMU U KOHJUIHO-
HUpPOBaHMs BO3AyXa. B cooTBeTCTBUM C OmpeAeiaeHHbIMH TpeboBa-
HUSIMH BO3IyX B CHCTE€MaxX BEHTWIALMHU M KOHIUIMOHUPOBAHMS TPH
00paboTKe HarpeBaroT, OXJIAK/IAIOT, OCYIIAIOT U YBIAXHAIOT. CHcTe-
Ma OTOIUIEHMsI MpeJHA3HAa4YeHa I CO3/IaHUs B NIOMEIIECHUSAX 3/1aHUs
B XOJIOJIHBIM TIEPHOJ] TOJIa TeMIlepaTypHOH OOCTAaHOBKH, COOTBETCT-
ByOIlleH KOMQOPTHBIM MapaMeTpaM Uil YeJIOBEKa M OTBEYarollen
TpeOOBaHMSM TEXHOJIOTHUYECKOTO Iporiecca. Pemas 3aaqy OTOTUICHHS
3/1aHMsl, HEOOXOIMMO pacCUuTaTh OrpakJeHHUsI 1 000TrPEBAOIIUE YCT-
poiicTBa Tak, YTOObI OHU OOecTeunBaIN TpeOyeMble TEIIOBBIE YCIIO-
BUS B OOCITy)KMBAaeMOM 30HE MOMEIIECHHUS, IIPEXAE BCEro B Hauboiee
CYPOBBIN NIEPUO/] 3UMBI, KOTOPBIA CYUTAETCS PACUETHBIM.

[ToTpeGHOCTh B CHCTEMATU3UPOBAHHO M3JI0)KEHHOM MaTepuaie
JUI TIOJATOTOBKU MHYKEHEPOB-CTPOUTENEH MO crenuanbHocTH «Ter-
JI0Ta30CHA0KEHUE W BEHTUJIALUS) 10 TUCHUIUIMHAM «OTOIIEHuE,
«Bentunsauusay», «KoHauIMoOHNpOBaHHE BO3AyXa M XOJOJOCHa0Xe-
HUE» Ha3pena JaBHO. 3ajaud, NOoJ0OHbIE NMPHUBEAECHHBIM B HACTOS-
eM y4eOHOM MOcOoOWH, MPEACTABISUINCh paHEe B COOTBETCTBYIO-
X y4eOHHMKaxX U CIpaBOYHMKAX, OJTHAKO B OCHOBHOM B (popmaiib-
HOM, OTBJIEYEHHOM OT HOPMAaTHBHBIX TPEOOBAHMN U KOHKPETHBIX
CUTYyalUuid, BUJE.

YdeOHOe TOCOOME COCTOUT U3 TPEX YaCTeH, KaCAIONIUXCs CHC-
TEM OTOIUIEHUS, BEHTWIILMM M KOHAWLMOHUPOBAHUS BO3]yXa
c o0muM OuOIMOrpa)MuecKuM CIHCKOM U TPUIIOKEHUSMH, BKITIO-
YaloIUMHU B ce0sl HE0OXO0IMMBbIE CIIPABOYHBIE JTAaHHBIE /I PACUETOB.
B cnucke pexkomMeHayeMoW JIMTepaTyphbl NpPECTaBIEHbBl HOPMAaTHB-
HbI€ JIOKyMEHTBI, CIIPAaBOYHUKHM, HA OCHOBE KOTOPBIX IPHUBOISTCS
pacueTbl CHUCTEM OTOIUIEHHS, BEHTWISILIMM U KOHJAWLIUOHUPOBAHUS



BO3JlyXa, a TaKKe yueOHas JuTepaTypa no crnenuanbHocTH «Temno-
ra3oCHa0XEHUE U BEHTUIISLIUS.

Kaxxnast yacTe mocoOust coAep>KUT pasienbl ¢ TEOPETUIECKUMHU
MOJIOKEHHSIMU, W3JI0KEHHBIMU B KOMITAaKTHOU (hopMe, TIpH 3TOM Teo-
peTHYECKHE TOJIOKEHUS M0 BEHTWIALUU U KOHIUIIMOHHPOBAHUIO
BO3JlyXa coBMelleHbl. COBMEIIEHHE KacaeTcs pacdera MpOU3BOAU-
TEIbHOCTH CHCTEM BEHTWISLMU U KOHAWIMOHHMPOBAHMS BO3yXa,
a TaKKe TEOPETUUYECKUX OCHOB pacyeTa MpoILecCOB M3MEHEHUs Tell-
JIOBJIAYKHOCTHOT'O COCTOSIHUSI BO3/yXa C MOMOIIBIO /-d-AuarpaMmbl
B CHCTEMaX BEHTWISILIMM U KOHAUIIMOHUPOBAHUS BO3AYyXa.

B TpeThro yacTh aBTOpBI TAK)KE BKIIIOUMIM MaTepHall, IMOJIYy-
YEHHBIN B pe3y/ibTaTe HAY4YHO-UCCIIEI0BATEIbCKON pabOThl MO TeI-
JoMaccooOMEeHY B OPOCHTENBHBIX KaMmepax. [IpuBoaurcst cpaBHeHHE
pe3yJIbTaTOB pacdyeTa OPOCUTENBHON KaMepbl KOHAWLIMOHEPA BO3LY-
xa (KB) Ha ocHOBe ¢u3HKO-MaTEMaTHYECKON MOJENU, pa3padoTaH-
Ho#t Ha kadenpe OuB TT ACY nox pykoBoacTBoM mpodeccopa M. .
[lnnseBa, ¢ pacueramu no Meroguke BHUMKonmunnonep. Iloka-
3bIBAETCS, UTO (PU3UKO-MATEMaTHYECKasi MOJENb J1a€T BO3MOKHOCTh
ONTUMU3UPOBATH PEXUM PaOOTHI OPOCUTEIBHONW KaMephl, METOIMKA
BHUHMKoHaumumoHep 3Toro cAenaTh He MO3BOJISET.

Paznenst 1 «Oronnenue» u 3 «KoHAMIIMOHMPOBAHUE BO3IyXa»
Hamucanbl K.p.-M.H., o1, E.M. XpomoBoii, paznen 2 «Bentuns-
uus» — A.T.H., npodp. M.M. unseBsiM u K.T.H., nou. FO.H. lopo-
IIEHKO. ABTOpPBI BBIPa)KalOT 0OJIArOJJAPHOCTh BCEM COTPYIHUKAM
kap. OuB TI'ACY, npuHsSBIIMM y4acTue B OOCYXICHHH U TOJTO-
TOBKE PYKOITUCH K II€YaTH.



1. OTOIIVIEHHUE
1.1. PacueT TenyioBoii MOIHOCTH CHCTEMbI OTOIJICHHSA

1.1.1. YpaBHeHMe TeNJI0BOI0 0ajaHca 31aHUsA

TemneparypHasi 00CTaHOBKA B MIOMEIIEHUN 3aBUCHT OT TETLIOBOM
MOIITHOCTH CHCTEMbI OTOIUICHHS, a TaloKe OT PACIOJIONKEHUsT 00orpe-
BAIOILIMX YCTPOMCTB, TEIUIO3AIIUTHBIX CBOMCTB HAPYKHBIX OTPaXKACHUM,
WHTEHCUBHOCTH JIPYTUX UCTOYHUKOB IMOCTYIUICHUSI U MOTEPh TEIUIOTHL
B xomogHOE BpeMsi roia TOMENIEHHE TEPSET TEIUIOTY YEpEe3 HapYKHbIE
OTpaKICHUs, TEIUIOTA PACXOIYETCsl HAa HAarpeB Hapy»KHOrO BO3/yXa, HA
HarpeB MaTepualioB, TPAHCIIOPTHBIX CPEJICTB, M3IEIHNA, OJISKIbI, KOTO-
pbI€ XOJIOJHBIMH TOTAJIAIOT C YIUIIBI B nomenieHne. CUcTeMOi BEeHTH-
JISIIUU B TIOMEIIEHUE MOXKET TI0JaBaThCsl BO3AYX C 00Jiee HU3KOM TeMIie-
paTypoii, TEXHOJIOTUYECKUE OMNEPAIIMA MOTYT OBITh CBSI3aHBI C MPOIIEC-
camH, COMPOBOXIAEMBIMHM 3aTpaTaMH TEIUIOTHL Temora MocTyrnaeTr
B TIOMEIICHHE OT TEXHOJIOTHYECKOTO 000PYI0BaHMsI, UCTOUHUKOB UCKYC-
CTBEHHOTO OCBEILIEHHS], UHCOJISIIMK, HArpeThIX MaTepuasioB, W3ICIH,
mojieil. B moMemeHusIx MOryT OCyILIECTBISAThCS TEXHOJOTUYECKHUE TIPO-
1IeCCHI C BBIJICTICHHEM TerioThI [ 13, 25].

CBezieHHEM BCeX COCTABJISIONIMX MOCTYIUIGHUHM U pacxoja Te-
IJIOTHl B TEIUIOBOM OajaHCe MOMEIICHUS ompenensieTcss Ae(UuInuT
WM W30BITOK TEIUIOTHL. JIeUIUT TEroThl yKa3blBaeT Ha HEOOXO-
JUMOCTh YCTPOMCTBA B MOMEIIEHUH OTOIUICHHUS, U30BITOK TETUIOTHI
OOBIYHO ACCHUMILTUPYETCS BO3yXOM M C HUM OTBOJIUTCS U3 TIOMeETIIe-
HUS BEHTWIAIUER. [{ns onpeneneHus TerIoBOd MOIIHOCTH CUCTEMBI
OTOIUIEHUSI COCTAaBIISIIOT OallaHC YaCOBBIX PACXOJIOB TEIUIOTHI IS
pacyeTHOTO 3UMHETO MepHUoJia B BUJIE

20, :QOFP+ZQH+QH+QT6XH, (1.1)

rie QJorp — OCHOBHBIE NIOTEPHU TEIUIOTHI Yepe3 Orpa)kJaroIfe KOHCT-
pykuuu 3nanus, Bt; X0, — cyMMapHble 100aBOYHbIE IOTEPHU TEILIO-
ThI Yepe3 OrpaXxAaroliue KOHCTPYKINHU 30anus, Bt; O, — pacxon Ten-
Ja Ha HArpeBaHUE BO3/yXa, MOCTYNAIOLIETO B IIOMELICHUE IPU HH-
(bUIBTpaK U BEHTWIIMH, €CJIM 3TH COCTABIISIONIE HE YUYTEHBI B TETI-
JIOBOM OajiaHce JUisi pacuera BEHTWISIUH, BT; Orexn — A€0aaHC MEXTY
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paCXOZIOM TCIIJIa Ha TCXHOJOTMYCCKHUC HYXIbl U MHUHHUMAJIBHBIMHU
TCXHOJOTNYCCKUMHU U 6I)ITOBI>IMI/I TGHHOHOCTYHJICHI/ISIMI/I, BT.

PacquHaﬁ TCIIoBasA MOIIIHOCTHh CUCTEMBI OTOIIJICHHUA COOT-
BETCTBYET MaKCUMaJIbHOMY Ae(PUIIUTY TEIUIOTHI. Pe3ynpTarel pacue-
Ta 3aHoCcATCA B Ta0bm. 1.1.

Tabnuya 1.1
BeoMocTh pacuera TemionoTepb moMemeHni
XapakTepucTHuKa 0., Br

RS OrpasKICHHUSI ~ 9 » &
T ° Ol °. &= — e 5
g . nﬁz <A o | Sl 2| -
g 0 £ |5 <2 7 El 2 2| ¥ gl | <
2l B 2|2 &<y El el g E QYN

25 2| &g = @l F g &l
1 2 3 4 5 6 7 8 9 10 [ 11 |12 | 13 | 14

1.1.2. OcHOBHBIE NOTEPH TEMJIOTHI
Yyepe3 orpaxiaiue KOHCTPYKIMHU 31aHU

OcHoBHBIE OTEpH TEIIOTHI Qorp, BT, uepe3 paccMaTpruBaeMble
OTpaKJaroIfe KOHCTPYKIMH 3aBUCSAT OT Pa3HOCTU TEMIIEpaTyphl
Hapy>KHOTO M BHYTPEHHETO BO3JlyXa M PAacCUUTBHIBAIOTCS C TOYHO-
cthio 10 10 Bt o dopmyne [17]

Ouy = A-k(t, ~1,)n, (1.2)
rae n — kKod3(puuueHT, 3aBUCAIMA OT TMOJOXKEHUS HApyXHOU MO-
BEPXHOCTH OTPAKJAIOUIUX KOHCTPYKIMI MO OTHOLIEHHIO K HapyX-
HOMY BO3/yXY, IPUHUMAEMBI 110 [16]; ¢, — pacueTHas Temneparypa
BOo3ayxa nomemenus, °C, npuHuMmaemas no [4, 5]; ¢, — pacueTHas
3UMHSIS TeMIIEpaTypa HapyKHOTO Bo3ayxa, °C, paBHas cpeiHel TeM-
neparype HamOoJiee XOJIOJHOW TSTHIHEBKH C 00ECIEYeHHOCTHIO
0,92, npuanmaemas o [15]; k£ — koapduuueHT Teronepeaayn Ha-
PYKHOTO OTpa)xIeHUs, BT/(M2-°C); A — pacueTHas MOBEPXHOCTh OT-
paxkJIarmed KOHCTPYKIUU, M.

[Ipu npoBeneHNN pacyeTOB MOJIB3YIOTCS CAEAYIOIUMHU YCIOB-
HbIMM 0003HauYEHUsIMHU orpaxjaaroimux koHcTpykuuit: HC — Hapyx-
Has cteHa; BC — BHyTrpeHHss creHa; /IO — OKHO ¢ IBOWHBIM OCTEK-
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nenueM; TO — okHO ¢ TpoHHBIM octekiienuem; [IT — moromnok; Il —
nonn; HJI — HapyxHas aBepsb.

Tennonorepu yepe3 BHYTPEHHUE OTPAKICHUS MEXKIAY CMEXK-
HBIMU MTOMEIIEHUSIMU CJIEJTYEeT YUYUTHIBATh MPU PA3HOCTU TEMIIEpaTy-
pBI BO31lyXa t; 3TUX nomelieHuit oonee 3 °C.

Tennonorepu Uisi JIECTHUYHOW KIIETKH OMPENETSIOTCS s
BCEX ATaXKeH cpa3zy, 4epe3 BCe OrpakJaroline KOHCTPYKIIUH, KaK s
OJIHOTO TTOMEIIEHUSI.

OOmep TuIOmIaNElt HAPYKHBIX OTPaXKICHUN TMPOU3BOJIUTCS
C COOJTFO/ICHUEM OTIPEICTICHHBIX TTPABHIT:

— IUIOIaJb OKOH U JIBEPEH — MO HAaUMEHBIIIUM pa3Mepam Mpo-
€MOB B CBETY;

— TUIONIA/Ib TIOTOJKOB U MOJIOB — TIO PACCTOSTHUIO MEX]TY OCSIMHU
BHYTPEHHUX CTEH M PACCTOSHUIO OT BHYTPEHHEH MOBEPXHOCTH Ha-
PY)KHBIX CTEH JI0 OCE BHYTPEHHUX CTEH,;

— BBICOTA CTEH MEPBOr0 TaXka — M0 PACCTOSHUIO OT YPOBHS HMXK-
Hell TOBEPXHOCTH KOHCTPYKIIMHU T10J1a TIEPBOTO 3TaXka J0 YPOBHS YMCTO-
IO 10J1a BTOPOT'0 TaXKa IPY HAIMYMH HEOTAIJIMBAEMOT O 10/1BaJIa;

— BBICOTA CTE€H MPOMEKYTOYHOTO 3TaKa — MO PACCTOSTHUIO MEX-
JTy YPOBHSMHU YHCTOTO TOJIa IAHHOTO U BBIIIENEKAIIETO ITaKEH;

— BBICOTA CTEH BEPXHEr0 3Ta)xka — MO0 PACCTOSHUIO OT YPOBHS
YUCTOTO T0JIa JI0 BepXa YTEIUTUTEIS YepAaYHOTO MEPEKPHITHS;

— IJIMHA HApY)XKHBIX CTEH B YIJIOBBIX MOMEIIEHUSAX — MO pac-
CTOSTHUIO OT BHEIIHHUX MMOBEPXHOCTENW HAPYKHBIX CTEH JI0 OCEH BHYT-
PEHHUX CTEH, @ B HEYIJIOBBIX MOMEIIEHUSIX — [0 PACCTOSIHUIO MEXY
OCSIMU BHYTPEHHUX CTEH.

— IJIMHA BHYTPEHHUX CTEH — IO pa3MepaM OT BHYTPEHHUX MO-
BEPXHOCTEHW HAPYKHBIX CTEH JI0 OCEH BHYTPEHHUX CTEH WM MEXKITY
OCSIMU BHYTPEHHUX CTEH.

1.1.3. lonoiHUTeIbHBIE TOTEPH TENJIOTHI
Yyepe3 orpaxiaiue KOHCTPYKIMHU 31aHU

JloTioNHUTENbHBIE TEIIONOTEPH, ONPEENIIEMble OpUEHTAlUEN
OTpakJI€HUH (CTEH, IBEPEN U CBETOBBIX IPOEMOB) [0 CTOPOHAM CBe-
Ta, PACCUUTHIBAIOTCS KaK
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Orop= Qorp’ Pop, (1.3)
rae Bop — Koapduuuent no6asBku Ha opueHTawio (puc. 1.1); Oorp —
OCHOBHBIE TEIUIONIOTEPU Yepe3 JTaHHOE OrpaxkeHue, BT.

C Bopzo,]
3 CB
3 B
ﬁop=0,05
Puc. 1.1. 3nauenus

K03 dunnenTa 106aBoK 103 %’E&“
Ha OPUEHTAIHIO Bor=0

IO

[Ipounie 1OTOJHUTEIBHBIE TETUIONIOTEPU:

a) MPU HATUYUU JBYX U 0OJiee HAPYKHBIX CTEH MPUHUMAETCS
no0aBKa Ha BCE BEpTUKAILHBIC orpaxaeHus, paBaas 0,05;

0) U1 YTIOBBIX MOMEMICHUH W TIOMEIICHHH, MMEIOIMINX JBa
1 0oNiee HAPY)KHBIX BEPTUKAIBHBIX OTPAXKICHUS, TEMIEpaTypy
BHYTPEHHETO BO3/1yXa MPUHUMAIOT JJIsl KUJIbIX 30aHui Ha 2 °C BBI-
1€ pacueTHOM, a JJIsl 3AaHUIN APYroro Ha3HAUEHHUsS MOBBIIICHUE TEM-
nepaTypsl yYUTHIBAIOT 5%-1 100aBKON K OCHOBHBIM TEIUIOMOTEPSIM
BEPTUKAIBHBIX HAPYKHBIX OTPAXKIACHHUI;

B) JIOTIOJHUTEIBHBIC MOTEPH TEIUIOTHl HAa HAarpeBaHHE XOJIOJI-
HOTO BO3/yXa, MOCTYMAIOIIEr0 MPH KPAaTKOBPEMEHHOM OTKPHIBAHUH
Hapy>KHBIX BXOJIOB, HE 00OPYIOBAHHBIX BO3IYIIHO-TEIJIOBHIMU 3a-
BECaMH, MPUHUMAIOTCS B 3aBUCUMOCTH OT THIIA BXOJHBIX JIBEpei
¥ BBICOTHI 371auus H, Mm:

— JI7Is1 TPOMHBIX JIBEpe ¢ IBYMsI TaMOypaMu MEX]ly HUMHU

QI[.HI[: QOFp.HI[ (072 : H); (14)
— JUIsl ABOWHBIX BEpEi C TaMOypamMu MeX1y HUMHU

QI[.HI[: QOFp.HI[ (0727 : H); (15)
— JUIsl IBOMHBIX J1Bepelt 0e3 TaMOypa

Onun= QOFp.HI[ (0,34 - H); (1.6)

— I OJVHAPHBIX JIBEpen

13



Onin= Qorp.Hn (0,22 - H), (L.7)
r7ie Qorpuy — OCHOBHBIC TEIJIONOTEPH Yepe3 HApyKHBIE IBEPH B TO-
MCIICHUU HeCTHH‘IHOﬁ KJICTKU.

1.1.4. Pacyer pacxoJa TenJioTbl Ha HATPeB
HHQWILTPYIOIIETr0Ccsl HAPYKHOT0 BO3/1yXa

[Ipu ecTecTBEHHON BBITSYKHON BEHTWISILIMM B MOMEILICHUSAX KH-
JIBIX ¥ OOIIECTBEHHBIX 3[aHUH TPUTOYHBI HOPMHUPYEMBIN pacxoi BO3-
JyXa MOXET CKJIabIBaThCsl U3 TIOCTYIUICHUH B TIOMEIIEHHS JINOO B BUIE
CYMMapHOI'O pacxo/la, PaBHOTO pacxoiaM IPUTOYHOIO, HarpeToro
B MIPUTOYHBIX YCTaHOBKaX, M MH(PUIBTPAIMOHHOTO BO3IyXa (0e3 mpe-
BapUTENIBHOTO HarpeBaHus). B aTtoM ciyyae MHPUIBTPALMOHHBIN ITO-
TOK BO3/1yXa IBJISIETCS] OPraHU30BaHHbIM, 33/IaBAEMbIM B UCXOHBIX YC-
JIOBUSIX MApaMeTpOM Ly, BEIMYMHA KOTOPOTO (POPMHUPYETCS B PE3YIIb-
Tare jedanaHca MEXIy 331aBacMbIMH BEHTHJSIIMOHHBIMH BBITSDKHBIM
U TIPUTOYHBIM BO3ayxooOMeHamu. Pacxon remnotsl Oy, BT, Ha Harpe-
BaHME ITOTO OPraHU30BAHHOTO WH(MIBTPAIIMOHHOTO TOTOKA OIpesie-
nsiercst o hopmyote [21]
0,=028-L,-p,-clt,~1,), (1.8)
rae Ly — pacxos MPUTOYHOTO, MPEIBAPUTEIILHO HE MOI0TPEBAEMOTO
MH(UIBTPYIOMErocs BO3AyXa, M /4, p, — MIOTHOCTb BO3AYXa B IO-

353
MELIEHHUH, KI/M’, p, = ————; C — yJeJlbHas TEIUIOEMKOCTb BO3/lyXa,

273+,
pasras 1,005 kx/(xr-°C).

JIist SKWIIBIX 3aHUM TPUTOYHBIN BO3IyXOOOMEH HOPMHPYETCS
YIAETBHBIM PAcX0A0M 3 M>/a Ha | M IUIOI[A/M KHUIBIX MOMEIICHHIT
1 KyXHU (Ly= 3"Ayoma), YTO COOTBETCTBYET IPUMEPHO OJHOKPATHOMY
BO3JyX00OMEHY.

[Tpn HeopraHW30BaHHON MH(WILTPAIMN Yepe3 CYIIECTBYIOIINE He-
IUIOTHOCTH U ILIENH B CTEHAX, BOPOTAX, OKHAX, (POHApSX 3JaHUN pa3ind-
HOT'0 Ha3HAYEHUs pacxo/1 TeroTel Oy, BT, onpenensercs o gopmyre

0,=0,28-2G,-c(t,~t,)k,, (1.9)
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riae Gy — pacxoa MHOUIBTPYIOMIETOCS BO3MyXa, KI/d, 4epe3 orpax-
JaoIie KOHCTPYKINH TOMEIIeHus; ky — K03 puumeHT ydera Bius-
HUSl BCTPEYHOI'O TEIUIOBOTO MOTOKAa B KOHCTPYKIMAX, paBHbIA 0,7
JUISL CTBIKOB ITaHEJNIEeN CTEH U OKOH C TPOMHBIMM nepenieramu, 0,8 —
JUIsL OKOH U OaJKOHHBIX JBEpell C pa3/ielbHbIMH MEeperuieTaMu
u | — 105 oAMHAPHBIX OKOH, OKOH M OaTKOHHBIX JBEpEH CO CriapeH-
HBIMH TE€pPEIIETaMU U OTKPBITBIX IIPOEMOB; fy, fy — PACUETHBIE TEM-
neparypsl Bo3ayxa, °C.

Ipu ecTecTBEHHO BBITSHKHOM BEHTHIISIMH B TIOMEIICHUSIX OOIIECT-
BEHHBIX 3/JaHUI pacyeT BhIMOHsETCs 10 BblpaxkeHusiM (1.8) u (1.9), nmpu
5TOM TPUHUMAETCS 32 PAaCUETHOE 3HAYCHNE OOJIBIIAst U3 BEJIUYHH.

Pacxon uHOUIBTpYyIOmErocs Bo3ayxa >.Gy 4epe3 OTACIbHbIC
OTpaXkAaroIIe KOHCTPYKIIMU onpenensiercs o [17], rae yuuTbiBaet-
Csl BO3/JYXOIPOHHUIIAEMOCTb CTEH, CTHIKOB CTEHOBBIX IIaHEJEH, He-
TJIOTHOCTEW OKOH, JBepel, BopoT u (oHapeil. Beumy He3HAUNTEb-
HOCTH HMH(UIBTPALMOHHBIX MOTOKOB Y€pe3 CTEHbI M CTHIKU CTEHO-
BBIX ITaHEJIEW COBPEMEHHBIX 3[aHUI (KpOMeE JIepEBSHHBIX IIUTOBBIX,
pYONIEHHBIX M T. T.) BBIpXEHHE Il OMpEAENCHHS pacxoja HH-
(GUIBTPYIOIIErocs BO3ayxa B moMerneHuu Y .Gy, Kr/d4, MOXHO Orpa-
HUYUTH TOJIKO JBYMS €r0 WiIEHaMU

>Gu= 245 Gy (AP:/AP) 743456 - 45 - Ap: ™7, (1.10)
riae Gy — HOPMATHBHAs BO3/LyXOIPOHHIIAEMOCT HAPY)KHBIX OrPasK-
JAIOIMX KOHCTPYKIHiA, Kr/(M-4), mpuHMMaeMas 110 [16]; A, — mo-
11316, M", CBETOBBIX IIPOEMOB (OKOH, GAlKOHHBIX ABepeil, GoHapeil);
A3 — miomane, M, welel, HeIUIOTHOCTeH 1 IPOEMOB B HAPYXKHBIX
OTPaXXAAOIIUX KOHCTPYKUHMX; AP;, AP| — pacueTHbIe pa3HOCTH J1aB-
JICHUJ Ha Hapy)KHOW M BHYTPEHHEH NOBEPXHOCTAX OIPAKIAIOIIUX
KOHCTPYKIMI COOTBETCTBEHHO Ha pacdeTHOM 3taxe npu AP =10 Ila.

Pacuernas pasnocte AP;, I1a, naBieHuii BO3ayxa Ha HAPYKHYIO
Y BHYTPEHHIOIO OBEPXHOCTh OTPAKIACHUN onpesiesisieTcst mo opmysie

AP= (H-h) (pu—ps) € + 0,5 - pu- V' (cu—cn) kv— Pinsy (1.11)
rae H — BbICcOTa 37aHMs, M, OT YPOBHS CPEIHEN IIIaHUPOBOYHOM OT-
METKH 3€MJIM JI0 BepXa KapHU3a, IEHTPa BHITSHKHBIX OTBEPCTUH (o-
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Hapsl WIKM YCThS IIAXThl; /# — pacdeTHas BbICOTA, M, OT YPOBHSI 3€MJIU
710 BepXa OKOH, OaJIKOHHBIX JIBEpel, Hapy)KHbIX JABEPEH, BOPOT, IIPO-
€MOB WJIM JI0 OCH TOPU30HTAJIBHBIX U CEPEIMHBI BEPTUKAIBHBIX CThI-
KOB CTEHOBBIX TAHEICH; Py — MIOTHOCTh HAPYKHOTO BO3/LyXa, KI/M",
omnpenensieMas 1o popmyse
p =3 (1.12)
273+,
g — YCKOP@HHE CHIIBI TSDKECTH, M/C’; v — CKOPOCTh BeTpa, M/C, TIpH-
HuMaemas 1o [15] mo mapamerpam b (eciau ckopocTh BeTpa npu Ta-
pamerpax b MeHsble, yeMm Ipu mapaMmerpax A, TO cieAyeT INpUHHU-
MaTh MO napaMmerpam A); Cy, ¢y — a3pOoJMHAMUYecKue Kod(pduuneH-
THI JUI HABETPEHHOM M IOJBETPEHHON IOBEPXHOCTEH OTPaXICHUN
3/1aHUsI, COOTBETCTBEHHO IpuHUMaemsbie 1o [14]: ¢,= 0,8, c= —0,6;
k,— xo3duIEieHT ydera M3MEHEHHsS] CKOPOCTHOTO JIaBJICHUS BeETpa
B 3aBUCUMOCTH OT BBICOTHI 3/aHUs, NMPUHUMAaeMbld 1o Tabm. 1.2;
Pj,; — naBnenue Bo3ayxa B nomeunieHuy, [1a.
Tabauya 1.2
Ko3¢puuueHnT yuera usmMeHeHusi CKOPOCTHOI'O JaBJIeHUsI BeTpa

Bricora Hang 10 20 30 40
MOBEPXHOCTHIO 3eMiIH H, M
k, 0,4 0,55 0,7 0,8

JlJiss ToMeInIeHuil KUIbIX W OOIIECTBEHHBIX 3JaHUN, 000pYyIo-
BAHHBIX TOJILKO €CTECTBEHHOM BBITSKHOM BEHTWISALIMEH, TaBIECHUE Py,
MO>KHO TIPUHATH PaBHBIM MOTEPE JaBJICHUS B BBITSHKHOU CHCTEME

P, =h-g(P.sc—Py) (1.13)
rAe h; — pacCTOSHHE MO BEPTUKAIU OT IEHTPA BBITSHKHOW PEIIETKH
70 BEPXHEH KPOMKH BBITSDKHOTO KaHajda WM IIAXTBI, M; P, s
ILIOTHOCTb HAPYXKHOTO BO3AyXa TIPH f,= +5 °C, Kr/m.

[Tpu HanWuMK B TOMEIIEHUU Jle0alaHCca MEXaHUIECKOTO BO3/Y-

X000MeHa 3Ha4YeHuEe P, OnpenenseTcs U3 ypaBHEHHUS BO3IYIITHOTO
OaJraHca ITOMELLEHUS.
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1.1.5. lonoHUTeIbHBIE OBITOBbIE TEMJIONOCTYIJICHUS
B NIOMeELeHH s

[Tpu pacueTe TEMIOBON MOIIHOCTH CHCTEMBI OTOTUICHUSI HEOO-
XOJIMMO YYUTBHIBATh PETYJSPHBIE OBITOBBIE TEIUIOMOCTYIIJICHUS
B MOMEIIEHHUE OT JJIEKTPUUYECKUX MPUOOPOB, KOMMYHHKALIUM, Tesa
YeJIOBEeKa U JIPYruxX UCTOYHUKOB. [Ipu 3TOM 3HaueHUst OBITOBBIX TET-
JIOBBIICNICHUN, TIOCTYMAIOIIUX B KOMHATHl U KYXHH >KUJIBIX JOMOB,
cleyeT NpuHUMaTh B kosimuectBe He MeHee 10 Bt Ha 1 M2 IJIOIIa I
10J1a ¥ OIIPENEIATh 110 ypaBHEHMIO, BT,

05=10 - Apon, (1.14)
r/1€ Apox — TUIOLIAb TI0JA OTATLIABAEMOTO TIOMEIICHHS, M-

Ilpumep 1.1. Pacyer Tenj10BOM MOIIHOCTH TPEXITAKHOIO JKMJIOTO
31aHUA

Hcxoonvie oannvie

1. Inan u pa3pes KuJIoro 37aHus peAcTaBiIeHbI Ha puc. 1.2.

2. PacueTHas TemriepaTypa HapyKHOTO BO3ayXa 1 I. ToMcka —
tyw=—40 °C [15]. PacueTHble TemnepaTypbl BHYTPEHHETO BO3yXa: JKHU-
nast koMHaTa — 21 °C, kyxus — 19 °C, nectanunas xierka — 16 °C [5].

3. XapakTepuCcTHKa HaPYKHBIX OT'PaXICHUH 31aHH:

a) TOJIIHUHA HAPYKHOU CTEHBI Oy— 400 MM ¢ KOAPPUITHESHTOM
terwonepenadn ky= 0,236 Br/(m*-°C);

0) TONIIMHA TEPEKPBITUS HaJX HEOTAIIMBAEMBIM I10JIBAJIOM
8= 350 MM ¢ koo drIEeHTOM Terronepenadn k= 0,2 Br(p*°C);

B) TOJIIMHA YEPJAYHOTO MEPEKPHITHS O, = 450 MM ¢ K0dpPu-
[IUEHTOM TeIuIonepenaqn ky,= 0,193 BT/(M2-°C);

I') OKHa JIBOWHBIC B JIEPEBSAHHBIX MeperieTax ¢ KodhuimeH-
TOM Teruonepenadn ky= 1,818 Br/(M>°C);

1) HapyXXHbIE TBEpU JABOWHBIE C TaMOYypOM C KOA(PPHIIHEHTOM
terwonepenadn ky= 0,394 Br/(M*°C);

€) Kod(hOHUIHMEHT Teruionepeaayd BHYTPEHHEH CTEHBI 31aHUs
kse= 1,63 Br/(M*°C).
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4. KoadpuimenT 7 npu HATMYMHN YepAaKa | MM0IBAILHOTO ITOMe-
IIICHUS IPUHUMACTCS PaBHBIM: JUTSI HAPYKHBIX CTEH, OKOH U JIBEpeH 1 =
=1, 115t oJ1a MEPBOTO ATaXka U MOTOJIKA TpeThero dtaxa n = 0,9 [16].

5. BreicoTa momenienus 4 = 3,0 m.

Ilopsaoox pacuema

1. OnpenensieM pacuyeTHYIO BBICOTY 3Ta)XeH U BBICOTY 3/IaHUS
TONIUHA MEXITAKHOTO TEPEKPBITUS TPUHUMAETCS  PaBHOU
Ons= 300 mMMm:

h=h + Ouyt Oum =3,0 + 0,35 + 0,3 = 3,65 m;

hy="h + 8urn=3,0+0,3=3,3 m;

h3=h+ 6y,=3,0+ 0,45 =3,45 m;

Hgﬂ: ]’l1+ ]’l2+ ]’l3+ 0,7 = 11,1 M.

2. OnpenensieM pacyeTHBIM KOAPHUIIMEHT TeIIonepeadu s

OKHA 10 BBIPAKEHUIO

k, =k, . —k,=1818-0236=1582 Br/m*°C,

ox = Koo
T71€ kyoro — KOI(OUIIMEHT TETUIONIEPEIauH OKHA, ITOJTYYEHHBIH 110 pe-
3yJIBTATY TEILIOTEXHIYECKOTro pacyera, Br/m” °C.

3. OnpenernsieM OCHOBHBIE U JIOTIOJIHUTEIbHBIE MTOTEPU TEILIIOTHI
Yyepe3 OrpaxkAaaroiue KOHCTPYKIIMU 3/IaHusl cornacHo mojpasa. 1.1.2,
1.1.3 1 pe3ynbTathl pacyeToB 3aHOCHM B Tabm. 1.3 (rpadsr 1-11).

4. TIpou3BoaMM pacyeT pacxoja TeIUIOTHl Ha HArpeB MHQIIbT-
pYIOIIETOCS HAPYKHOTO BO37yXa coryiacHo mojapasza. 1.1.3. Pacuer
BBITIONTHSIEM 110 BhIpakenusM (1.8) u (1.9), npu 3TOM npuHUMaeM 3a
pacueTHOe 3Ha4YeHHE OOJIBIIYIO W3 BEIMYHMH. Pe3ynbpTarel pacyeToB
3aHocuM B rpady 12 tabm. 1.3.

5. PaccunthiBaeM JOTMOJHUTEIbHBIE OBITOBBIC TOCTYILICHUS
TEIJIOTHI B MoMenieHus mo ypasHeHuto (1.14) noxpasza. 1.1.4, koto-
psie 3aHOCUM B rpady 13 Tadm. 1.3.

6. CocraBisieM TEIJIOBOM OalaHC KaKJIOTO MOMEIICHHS 3aHHs
corsiacHO BblpakeHuto (1.1) moxmpasn. 1.1.1. PesynbTarel pacueroB
3aHocuM B rpady 14 ta6m 1.3. OmpenenseM TEMJIOBYIO MOITHOCTh
CUCTEMBI OTOIUICHHS 3J]aHUS CYMMHpPOBaHHEM 3HaueHWi Tpadsl 14
Tabm. 1.3.
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Ilpumep 1.2. Pacuet pacxoaa TenJoThl HA HATPeB
HHQUILTPYIOLIEr0Csl HAPYKHOTO BO3yXa
Yyepe3 OKHO MOMeIIeHu st

Hcxoonvie oannvie

1. [Momemenne kyxuu Ne 102 Ha puc. 1.2 obopymoBaHo ecrte-
CTBEHHOM BBITSDKHOM BEHTWJISILIMEH C HOPMAJIbHBIM BO3/1yX000OMe-
HOM 3 M°/4 Ha 1 M” [TOJTa TIOMEIICHHUS.

2. BeicoTa 31aHUs OT YPOBHS 3€MJIM J0 BepXa BBITSDKHOMU
IIaXTHl €CTSCTBCHHOM BeHTwissnuu H = 14,55 m. PacueTHas BeIicoTa
OT YPOBHS 3€MJIM JI0 Bepxa OKkHa /1 = 3,45 M, IIpH pacCTOSHUHU OT II0-
na 10 nonokoHHuka 0,9 M (cM. puc. 1.2). PaccTostHue OT EHTpa BbI-
TSYKHOM PELIETKH /10 BepXa BBITSLKHOM maxThl 7;=10,85 M.

3. [Mnomaap nona komHatsl 102 mo puc. 1.2 Ayem=14,1 M2; pas-
Mepbl okHa 1,2x1,5 M.

4. IlnotHocTh HapyXHOTO BO3ayxa npu f,= -40 °C
pu=1,515 Kr/M’; IIOTHOCTh BHYTPEHHEro BO3AyXa MpH f= +19 °C
p:=1,209 Kr/M’; IIOTHOCTH HAPYKHOTO BO3AyXa MHpH f= +5 °C
P.soc=1,27 kT’

5. Ckopoctb BeTpa, nmpunumaeMas mno [15], mis r. Tomcka
v=4,7m/c. HopmaTtuBHasi BO3TyXOMPOHHUIIAEMOCTh OKOHHOTO IIPO-
eMa, npuHuMaemasi 1o [16], Gw=5 /(v ).

6. AbsponuHamuueckue Ko3((UIMEHTH i1 HaBETPEHHOU
U NOJABETPEHHOM NOBEPXHOCTEMN OTpaXJACHUH 3/1aHUs, IPUHUMAEMBbIE

o [14], cx= 0,8, c=—0,6.

Ilopsaodok pacuema
1. Pacuer nmpou3BOIMM COIJIaCHO METOAMKE, NMPEACTABICHHOMN
B nozapasa. 1.1.4. Beluucisem naBieHHE BO3AyXa B KHJIOM IOMeEIIEe-
Huu 1o opmyne (1.13)
Pi,~=10,85- 9,81 (1,27-1,209) = 6,5 I1a.
2. OmpenensieM pa3HOCTb JAABJICHUI BO3AyXa Ha HapyKHYIO
U BHYTPEHHIOIO IOBEPXHOCTh OTPaXKI€HUs (OKHA MEPBOT0 dTaxa) 1o

dopmyme (1.11)
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AP = (14,55-3,45) (1,515-1,209) 9,81+
+0,5 - 1,515 - 4,7° (0,8+0,6) 0,475 —6,5 = 37,95 Ia,
rje KoduimenT ydera M3MEHEHHs! CKOPOCTHOTO JIABJICHHsI BETpa TpH
BbICOTE 3Maumst H = 14,55 M o tabn. 1.2 npuHIMaetcst paBHBM k,= 0,475.

3. Bprumcnsiem pacxo] WHOWIBTPYIOIIErocs BO3IyXa dYepe3
OKHO MepBoro 3taxa 1o ¢opmyie (1.10)

>G=(1,2-1,5) 5 (37,95/10)"%"= 22,0 xr/u.

4. PaccuuthiBaem 1o dopmyne (1.9) pacxoa TemiaoTsl A Ha-
rpeBaHus HHPUIBTPYIOMIETOCS BO3IyXa Yepe3 OKHO MEPBOrO dTaxa
BCJIEJICTBHE JICWCTBUS TEIIOBOTO U BETPOBOTO JABJICHHUS:

0u=0,28 - 22,0 - 1,005 (19+40) 0,8 =292 Br,
rze kK03 (GUIMEHT yueTa BIUSHUS BCTPEUYHOTO TEIIOBOTO MOTOKA ISt
OKOH C pa3ZieJIbHbIMU N€peIyIeTaMu IPUHUMAETCs paBHBIM k= 0,8.

5. Beruucnsiem o gopmyne (1.8) pacxoa TEMaoTH AJig Harpe-
BaHUS MH(UIBTPYIOUIETOCS BO3IyXa MPH €CTECTBEHHOW BEHTHIIS-
[IUH, HE KOMIIEHCUPYEMBIH IIPUTOKOM I10IOTPETOTO BO3/IyXa:

0.=0,28 (3 - 14,1) 1,209 - 1,005 (19+40) = 849 Br.

3a pacyeTHyIO0 BEIMYHHY CJIeAyeT IPUHATH OOJbIlee U3 MOJy-
JeHHBIX 3HaueHui O,= 849 BT u 3anucats B rpady 12 Tadmn. 1.3.

Ilpumep 1.3. Onpenesienne TeMiepaTrypbl BHyTPEHHEro Bo3ayxa
MOMeIlleHHsI HA OCHOBE COCTABJIEHHSI TEIIOBOro fajianca

Hcxoonvie oannvie

1. Ha puc. 1.3 mpuBeneHs! 1iaH ¥ pa3pe3 HEOTAIUIMBAEMOTO
MoJiBajia, HaJl KOTOPBIM HAXOJATCS OTAIUIMBAEMBbIE KHJIbIE TTOMEIIIe-
HUS C TEMIIEpaTypoil BHYTpeHHEro Bo3ayxa f,= +20 °C. CreHsl noa-
BaJla BBIIIE YPOBHS TPOTyapa BBUIOKEHBI U3 KPACHOTO KUPIIMYA HA
TSKEJIOM PacTBOpPE, HUKE — U3 OETOHHBIX OJOKOB TOMIKUHON 90 cM;
I10J1 1I0J1Bajia OETOHHBIIN; OETOH NPUTOTOBJIEH C KAMEHHBIM II€OHEM.
Oxkna nojiBasna aABoitHbIe, pazmMepom 1,0x0,6 M.

2. Ko duuuent Teronepeaaun okHa k= 1,84 Br/m* °C. Ko-
> QUIMEHT Tertonepeaadyn Hapy>KHOM KUPIUYHON CTEHBI MOJBasia
ku= 0,43 Br/m> °C. KoaddumnuenT rernonepenaun nepeKpuITHS HAJ
moaBaioM ky= 0,575 Bt/m” °C.
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3. Koaddummentsr Temonepenaun Juisi HEYTEIIEHHOTO TI0J1a
npuHUMalOT paBHbIMH A | 30ubl 0,465, mis 11 3ombl 0,233, mis
I11 30161 0,116 u st IV 30161 0,07 Br/m*°C.

4. OnpenenuTs MUHUMAJIbHYIO TEMIIEPATYPY BO3/yXa B [10/1Ba-
J1e, eciim t,= —32 °C.

IInan noxBana

Pazpes o A-A

16,8
=

IWAZUZNINYI
)
l
A |
Al Tl f‘
o3
R2. 972 /N2
_1] et <4 IV3ona Ill30na II30Ha
! 2
p— _+_

Puc. 1.3. Ilnan u pa3pe3 nomeneHus

Ilopsaodok pacuema
1. Temnepatypa BO31yXa B I10JBaJIe ONPEIECIIAETCS HA OCHOBA-
HuM OanaHca TeIla, MOCTYHAIOIIEr0 B IMOJBAJ W3 BBIMIEIEKAIINX
OTAIJIMBAEMBIX MOMEIICHUNA M TEPSEMOIro 4epe3 HapyKHbIE Orpax-
neHust. O003HAYMM TeMIIEpaTypy BO3AyXa MO/IBaJIa YEPE3 L.
2. TemnnomnocTymieHus 4epe3 NEepeKpbITUE B MOJBaJ MOXKHO
OTPEEIUTh COIIaCHO BhIpaskeHuto (1.2)

QHOCT :knn .Ann .(tB _t,\) =
=0,574-7,2-16,8(20-1,) = 69,43(201,) Br.

3. OnpenensieM TEIIONOTEPU Y€Pe3 HAA3EMHYIO YacTh MMOBAajIA.

VYTII0BBIC HAPY)KHBIE CTEHBI OPHEHTHPOBAHBI: OJJHA Ha CEBEPO-
3amaj, BTOpas — Ha CEeBepO-BOCTOK. A TaK Kak J0OOABKU Ha 3TH CTO-
POHBI CB€Ta K OCHOBHBIM TCIUIOIIOTCPSAM MNOMCHICHUA OJJUHAKOBBI
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(cm. moapasza. 1.1.3), To HET HEOOXOIMMOCTH IMOJACYUTHIBAThH TEIIO-
IIOTEPH MOPO3HB JUISl KaXKJA0W HAPYKHON CTEHBI.
OOmrast yIHA 00X CTEH COCTABUT:

[= (16,8+ 0,9)+(7,2+ 0,9) =258 m.
JloGaBKH K OCHOBHBIM TETUIOTIOTEPSIM: Ha CTOPOHBI cBeTa 10 %,
Ha yrioBoe nomenienue 5 %, Ha serep 5 % — Bcero 20 %.

Tennonorepu vepe3 HapyKHBIE CTEHBI W OKHa 1Mo (opmyre
(1.2) cocraBnstoT:

QHOT‘HEII[ = [ HC AHC + kz[o ) Aﬂo](tx - tH)B =
[0,43-25,8-1,3+(1,84-0,43)1,0-0,6-4](z, +32)1,2 =
=21,37(¢, +32) Br.

4. OnpezensieM TEIUIONOTEPU Yepe3 MOA3EMHYIO YacTh I10/IBaA.

Bcio moa3emMHyIo yacTh CTEHBI M TOJI TIOBajIa OT YPOBHS TPO-
Tyapa JI0 OCeil BHYyTPEHHUX CTEH JIEJIUM Ha 2-METPOBBIE 30HBI.

KoadduumeHT TemmonpoBogHOCTH OETOHA ¢ KAMEHHBIM IIe0-
HeM paBeH A=1,86 B1/(M-°C) >1, mosToMy CTEHOBBIE OJOKH U TOJI
paccMaTpuBaeM KaK HEYTEIUICHHBIE KOHCTPYKIHH, KOA(PQPHUIHEHTHI

TeIUIonepeiaul KOTOphIX onpenesnseM 1o [18].
ITnomans I 30HEI

A,=(168-1,7+7,2:1,7)+(16,8-0,3+7,2-0,3) = 48,0 m’.
ITnomans I 30HEI

A, = (16,8—2,3)2+(7,2 —0,3)2 =428 m’.
ITmomans 111 30HEI

A, = (16,8—4,3)2+(7,2—2,3)2 =34,8 M°.
ITmomans I'V 30HBI

A, = (16,8—4,3)+(7,2—4,3) =15,4 v
Temmoniorepu vepe3 MoJA3EeMHYIO 4acTh CTEHBI U IOJ MOJBaja
o gopmyre (1.2) cocTaBisioT:

Qnm.no;l = [kl 4 +k11 Ay +k111 Ay +k1v Ay (tx _tu):
=[0,465~48,0-%—0,233-42,8-!—0,116-34,8-I—O,O7'15,4](t)C +32):
= 37,41(1‘)C +32) Br.
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5. CocraBnsieM ypaBHEHHE OanaHca TeIuia JUlsl OTpayKIaroInX
KOHCTPYKIMH IToJBaja

Oroer = Qrornar T Groron s
69,43(20—tx) = 21,37(tx +32)+ 37,41(tx +32) .
[Tocne mpeoOpa3oBaHusl MOJy4aeM OTPHUILIATENILHOE 3HAUCHHE
TeMIIEpaTyphl BO3ayXxa B nojsaie ¢ =-3,84°C.

Ilpumep 1.4. PacuyeT OCHOBHBIX TeIJIONOTEPD Yepe3 yTelJIeHHbIe
MOJIbI, PACNIOJI0KEHHbIE HA TPYHTE Ha Jarax

Hcxoonvie oannvie
Onpenenute TEIJIOMOTEPU 4Yepe3 TOJbl KUIOH KOMHATHI
No 101 (puc. 1.4).
Ilopsaodok pacuema
Pacuer TerutomoTeps uyepe3 MOJBI JUISI KaXJOTO MOMEIICHHS
3/IaHUsl MIPOU3BOJIUM B CIIEAYIOIIEM TOpsiaKe. Pe3ynpTaThl 3ammchl-
BaeM 1o ¢opme Tadim. 1.1, rpader 2—7.
1. BeruepunBaeMm IUIaH MEPBOTO 3Taxka 3JaHUS B MacmiTade
1:100 ¢ ykazanuem Bcex pazmepoB (puc. 1.4) U HaHOCHM pacCIIOIOXKe-
HUE BCEX YETHIPEX 30H.
4500

=

130Ha

2000 | 2000

3820 X

II 30Ha

8400

7220

2000 | 2000
I3ona  II 30Ha

Puc. 1.4. ©parmenrt miana k npumepy 1.4
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2. B rpade 2 yka3zpiBaeM yCJIOBHOE 0003HAaUCHUE OTAETBHBIX
30H nonos [nl, IInll u T. 1. Hanpumep, B xunoit komHare Ne 101
pa3MeIiarTcs TOJIbKO MepBasi U YaCTh BTOPOI 30HBI.

3. B rpade 4 3zanmuceiBaeM pa3sMepsl KaKIOW 30HBI, PACIOO-
’KEHHOHM B JJaHHOM InoMemeHnd. Hanpumep, pazMepsl nepBoOil 30HBI
coctaBisitor 2,0x7,72 u 2,0x3,82, a BTOpoil 30HBI — 1,82%5,72.
Pacuetsl npoussosaTcs ¢ TouHOCThIO A0 0,1 M.

4. B rpade 5 ykxa3piBaeM IJIomaau KaxJa0i 30HBI C TOUHO-
cthio 10 0,1 M

5. B rpade 6 3anmceiBaeM 3HaueHHs KOAPQPHUIMEHTA TeIIomne-
pemaun Uit Kaxzaou 3oHbl. Hampumep, k= 0,33 BT/(M2 °C);
ki= 0,18 Br/(m” °C).

6. B rpade 7 koaduimeHT # mpuHUMAeTCsl paBHBIM 1, T. K. OTpaxk-
JICHUE UMEET HETTOCPEACTBEHHBI KOHTAKT C OKPYKArOILEH CPEION.

1.2. BoasiHoe oTomjieHue
1.2.1. 'uapaBauyveckuii pacuyer CUCTEMbI BOASTHOIO OTOIJIEHUS

Ha ocHOBe ruipaBIMuecKkoro pacuera OCyLIECTBIISETCS BBIOOD
auamerpa Tpyo d, MM, o0ecrieunBalOIUi IPU pacriogaracMoM mnepe-
najie JaBjeHUs B cucreMe otomneHus AP, Ila, mpomyck 3agaHHBIX
pacxonoB TemioHocutenst G, kr/4. Ilepen ruapaBindeckuM pacde-
TOM JIOJKHA OBITh BBINIOJHEHA MPOCTPAHCTBEHHAs] CXEMa CHCTEMBI
OTOIUIEHHS B aKCOHOMETPUUECKON MPOEKIIUU.

1.2.1.1. I'mapaBanyecknii pacyeT rJIaBHOr0 HUPKYJISIIHOHHOTO
KOJIbLIA 110 YAeJbHOH JTMHEeHHO! moTepe 1aBJIeHHs

Cnoco6 3akirouaercs B MoJ0ope TMaMeTpoB TPYO MpPH paBHBIX
nepenajgax Temreparypbl BOJbl BO BCEX CTOsIKax M BeTBsX [3, 7, 8].
PaccMoTpuM nocne10BaTeIbHOCTb TUIPABIMUECKOTO pacyeTa.

1. Ha ocHOBaHMM pacuera TeIuionoTeph Ha aKCOHOMETPUYECKON
CXeMe HaHOCAT TEIIOBbIE Harpy3KH OTONUTEIHHBIX IIPUOOPOB M CTOSIKOB.
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Jlanee BbIOMpArOT rIaBHOE HUPKYIISILIMOHHOE KOJIBLIO.

I'nagnvim CcunTAOT LMPKYIALUOHHOE KOJBLO, B KOTOPOM
pacueTHOE LUPKYJIALUOHHOE AABJIEHUE, NPUXOJAIIeecs Ha €AUHULLY
JUIMHBI KOJIbIIA, IMEET HAaUMEHbIIIEE 3HaUCHHE.

B sepmuxanvnou oonompy6Hoti cucteMe — 3TO KOJIBIO Yepes
Hau0OoJIee HArpyKEHHBIN CTOSK U3 YAAJIEHHBIX OT TEIUIOBOTO IyHKTA
CTOSIKOB IPU TYIMMKOBOM JIBUJKEHUH BOJIbl MJIU TaK)XKe yepe3 Hanbo-
Jiee HarpykKeHHbIH CTOSIK, HO U3 CPEJHHUX CTOSIKOB IPU IMOIYTHOM
JBUKEHUH BOJIbI B MAaruCTpaJIsX.

B sepmuxanvnot 08yxmpyonoii cucteme — 3TO KOJIBLIO Yepes
HIDKHUNA OTOMUTENBHBIN Mpubop Hanbosiee HArpy>KeHHOTO U3 yia-
JICHHBIX OT TEIUIOBOT'O IYHKTA CTOSIKOB IPH TYNHWKOBOM JIBUKEHUU
BOJbI MM HauOoJiee HArpyKE€HHOTO M3 CPEIHUX CTOSKOB IpU IO-
IIYyTHOM JIBM)KEHHUHU BOJIbI B MarucTpassx.

B ecopuzonmanvuou oonompyobmoi cucreMe MHOTO3TaKHOTO
3TaHUSI OCHOBHOE IMPKYJISIIMOHHOE KOJIBIIO BBIOMPAIOT 1O MEHBIIIe-
MYy 3HAQUEHHUIO PACYETHOIO LMPKYJIALHUOHHOTO JABIEHUS, NPUXOJs-
LIErocsl Ha €AMHUILY JJIMHBI KOJIbLIa B KOJIBIIAX Ye€pe3 BETBU Ha BEPX-
HEM M HIDKHEM 3TaxkaX. Tak ke MOCTYNaroT MpPU pacuyeTe CHCTEMBI
C €CTECTBEHHOM IMPKYJIALMENH BOJbl, CPaBHUBAs 3HAUEHUS pacuerT-
HOTO LUPKYJSLUOHHOTO JABJICHUS B HUPKYISIIMOHHBIX KOJIBLIAX Ye-
pe3 OTONUTEIbHBIE MPUOOPHI, HAXOJAIIMECS Ha PA3IUYHBIX PACCTOS-
HUSX OT TEIJIOBOTO MTYHKTA.

2. BeibpanHOE HUPKYIAIMOHHOE KOJBIO pa3OMBAIOT HA yda-
CTKM IO XOAY JBMKEHUS TEIJIOHOCUTEJNS, HauMHAas OT TEIJIOBOIO
MyHKTa. 32 pacuyeTHBI YyU9aCTOK MPUHUMAIOT OTPE30K TPyOOIpoBoaa
C IIOCTOSIHHBIM PacxoJ0M TeIJIOHOCUTeNs. i KakJIoro pac4eTHOro
ydacTKa HaJ0 yKa3aTb MOPSAIAKOBBIM HOMEp, UIMHY /, TEMJIOBYIO Ha-
rpy3Ky Qyq U 1UameTp d.

[Ipyu rugpaBIUYECKOM pacyeTe CTOSIKOB BEPTHKAIbLHOW OIHO-
TPYOHO! CHUCTEMBI KaXKIblii IPOTOYHBIM U MPOTOUHO-PETYINPYEMBIE
CTOSIKH, COCTOSIINE U3 YHU(DHUIIMPOBAHHBIX Y3JI0B, PACCMATPUBAIOTCS
KaK OJIuH oOImMil pacueTHbI ydacTok. IIpu Hammumm CTOSIKOB C 3a-
MBIKAIOLUTUMHU y4acCTKaMHU MPUXOAUTCSA MPOU3BOJUTH pa3/ielieHUE Ha
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YYaCTKU C YYETOM pacIpeesIeHUs TIOTOKOB BOJIbI B TPYOaxX KaXKJ0TO
puOOPHOTO y37a.
Pe3ynbTarhl rupaBInyecKoro pacuera 3aHocsTcs B Ta0u. 1.4.

Tabauya 1.4
BeaoMocTh THAPABINYECKOr0 pacyera

1 - < . ] =®
5|4 s leg |2 2 =
3 $lg |8 |22 | B Es | 2
s|z |2 |Z|<|8=z|2 |E2% | &= 85 | ¢
S| g 3) ~I S E2ls |25 < = =N g
= < < < 4| Q o 2w = < <
s&h| F 2 ] = = =
2 Z2 M| 5 = Bl SE| = Eada x& =2 a =
= n I3 ol 5 .| 5o 4= o = ® = IS
El >l sZ| 8| 8| 8| S|EE x| 22 S o 5EQ
> =5 T | & S0 Bl & & I o= )
o | EQ gl 2| £ | Eel|E = ) +
= ) o = & =2 g g a =
SlE3| & |z SE|2 |EEE 58| 55 | sz
5l=%|¢ |E|5|2g|lz |ES% 25| E§ | 2%
< 9 ) < o
TIE | |5|Z|2F|2 |sg | &s8| =5 | &
g ] ~ = o S T ) Q«S s
» = | o ] = = O
= |2 s lg |85 g | 7| &
1 2 3 5 6 7 8 9 10 11

Pacxon TemyoHOCHTENs Ha YYacTKe, KI/4, OMPEAENsIeTCs II0
bopmyne
_36-0..-B,-B,
" (&, —t,)c
rrae B u B2 — monpaBouHble KOAPPHUIIMEHTHI, YYUTHIBAIOUINE JOTION-
HUTEJBHYIO TEIUIOOTAAady B IIOMEIEHUE, MPUHUMAEMble IO
tabmn. 1.5-1.7; Oy — TemnoBas Harpy3ka y4dactka, Bt; ¢ — yznenbHas
MaccoBasi TEMJIOEMKOCTh BoAbI, paBHas 4,187 k/[x/(kr-°C); t u ¢, —
COOTBETCTBEHHO TeMIIepaTypa BOJbI B MOJAIONIEH U 0OpaTHOM Maru-
ctpaiu, °C.
3anaBmuCh AMaMeTpoM d 1o Tabdia. 1.8 u onpenenus KOIMYECT-
BO BOJIbl Ha yyacTke Gyy, IO MpHIL. | ompezenseM CKOPOCThb JBHXKe-
HUS BOJIBI V M (PaKTHYECKOE 3HAYECHHE Y/IEIBHOTO COMPOTHBIICHUS R.
Cymmy ko3¢ duunentoB mectHoix conpotusiieHuii (KMC) Ha
yuactke X& onpenenseM 1o npui. 2. [IpenBapurtenbHo HEOOX0AUMO
IIPOBECTU MOJAPOOHBIN pacueT MPUHATHIX 3HAUEHU MECTHBIX COIPO-
THUBJICHUM 110 Y4ACTKaM.

(1.15)
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Tabauya 1.5

HomeHknaTypHBbIii psii OTONUTEIbHBIX IPHOOPOB

0O6o3HaueHue npubopa

[ITar HOMEHKIATYpHOTO PA-
Jla OTOITUTENBHBIX MPUOOPOB

PaZ[I/IaTOpI)I YYTr'YHHBIC CCKIIMOHHBIC!

MC-140-108 185
MC-140-98 174
M-140 AO 178
M-140A 164
M-90 140
MC-90-108 150
Panuarops! cransHble naHensHble TUIA PCB:
OHOPSIHbIE 174
JBYXPSAIHbIE 301
KoHBEKTOp HACTEHHBIN C KOXKYXOM « Y HUBEpCA» 131
KoHBexTop HaCTEeHHBIN ¢ KOXKYXOM « Y HHuBepcan—Cy» 122
KonBekTop HacTeHHBIH ¢ KoxyxoM «KomdopT—20» 165
Tabruya 1.6
3nauenne ko3 dpuuuenta B,
[lar HOMEHKJIATYpHOT'O psijia OTOMHUTEIBHBIX MPUOOpPOB, BT B,
120 1,02
150 1,03
180 1,04
210 1,06

Tpumeuanue. JIns1 OTOMUTENHFHBIX MPUOOPOB MMOMEMICHUH C HOMHHAIBHBIM TETLIO-
BBIM moTokoM Oostee 2300 Bt ciienyer npuanMats kodddumment B'1=0,5 (1+3,) BMecTo B;.

Tabnruya 1.7
3nauenne kodpuuuenta 3,
OtonurenbHBIH TpUOOP B>

Panuarop:

YYI'YHHBIN CEKLIIMOHHBIN 1,02

CTaJIbHOM IaHEIbHBIN 1,04
KongexTop: 1.02

C KOXKYXOM ’

0e3 KoKyxa 1,03
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Tabauya 1.8
PexoMeHayeMble AMaMeTPhI TPYOONPOBOI0B

Tpy6onpoBost Juamerpsl, MM
Marucrtpanu 25; 32; 40; 50; 65; 80
Crosiku 20; 25
[MoaBoaku x TpydonpoBOIaM 15

[Tpu pacueTe OTAENBHBIX YYaCTKOB TEILUIONPOBOAA HEOOXOIH-
MO MMETh B BUJy CIIEAYIOIIEE: MECTHOE COIPOTUBIICHHE TPONHUKOB
U KPECTOBUH OTHOCAT JIMIIb K PaCYETHBIM y4acTKaM C HaUMEHBUIUM
pacxo/sioM BOJIbl; MECTHBIE CONPOTUBJIEHHS] OTONMUTENbHBIX MPUOO-
pPOB, KOTJIOB M NOJOTpeBaTeNell y4UTHIBAIOT MOPOBHY B KaXKJIOM
MIPUMBIKAIOIIEM K HUM TEIUIONPOBO/IE.

JUig cTalbHBIX TPYOOIIPOBOJOB MOTEPU AABJICHUS HAa MECTHBIE
conpotusiieHus Z, Ila, Moryr ObITh OIpENENeHbl 0 NpWI. 3, eciu
M3BECTHBI 3HaUEHUS X& M CKOPOCTH JBM)KEHHUS BOJbI HA Y4acTKE V.
Ecnu marepuan TpyOOnmpoBOAOB CHCTEMbI OTOIUIEHHUS APYroil, TO
HEO00X0MMO BOCITOJIB30BaThCs JaHHBIMU [ 19, 20].

1.2.1.2. T'uapaBanyecKuii pacyer
BTOPOCTENEHHOT0 HMPKYJIALMOHHOT0 KOJILIIA

Ilocme ruapaBIMYECKOrO pacyera IJIABHOTO KOJIbLA JOJDKHA
OBITH BBITIOJIHEHA YBSI3KA PAacXOJIyeMbIX JIABICHUH B MAJIOM ITHPKYJIs-
LIMOHHOM KOJIbIIE uepe3 OMMKaNIINN CTOSK IJIaBHOTO IMPKYJSLMOH-
HOTO KonbLa. [Ipy 5TOM HOJKHO BBIIIOJIHATBCS CIAEAYIOLIEE YCIOBUE:

E(RI+2) 0 ~ERI+ Z), 00 A, % (1.16)
X(RI+Z)
[NoTepu aBieHuUs B yBSA3BIBAEMBIX MEXKITY COOON IUPKYIISIIMOHHBIX
KoJbITax (0e3 OOIMX y9acTKOB) MOTYT OTJIMYAThCsl He Oosiee ueM Ha 15 %
IIpU TYNHUKOBOW cxeMe W Ha 5 % IpH MONMYTHOM cCXeMe JBUKEHUS
TEIJIOHOCUTENS B CUCTEME OTOIICHHUSL.

IIpy HEBO3MOMXKHOCTHU YBSI3KM MOTEPh JABJIECHUS MIPEyCMaTpUBa-

eTCcsl yCTaHOBKa TuadparMel (IPOCCENBbHOM MIal0bI) TMaAMETPOM, MM:

TILK
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d, =104/G}, /AP, (1.17)

rae APy — pa3HUIa JaBIEHUNA MEXKIY KOJbIAMU, M BOJ. CT.; Gyy —
pacxo]] TETUIOHOCUTEIS Ha yJacTKe, T/d.

Ilpumep 1.5. I'mapaBianyecknii pacuer rjiaBHOIo
HUPKYJISIIUOHHOT0 KOJIbIA OTHOTPYOHOI CHCTEMBbI
OTOIJIEHNSI C BEpPXHeil Pa3BOAKON U TYNIMKOBBLIM
JABHKEHUEM TeNJIOHOCHTEJIs

Hcxoonvie oannvie

1. 3maHue Tpex3TaxHOoe, MPUCOETUHEHUE CUCTEMBI OTOTIIICHUS
4yepe3 CMECUTENbHBINA HAcOC, TEMJIONPOBO/Ibl U3TOTOBJIEHBI U3 CTaJlb-
HBIX BOJIOTa30MIPOBOIHBIX TPYO.

2. ITapameTphbl TEMJIOHOCUTENS B CUCTEME BOASIHOIO OTOIIJICHUS

=95°C, ¢, =70 °C.

3. Paagunaropsl tTuna M90, npucoequHeHHbIE MPSAMON MOIBOM-
KO CO CMEIIEHHBIMU 3aMbIKalOIUMU ydacTkaMu U kpaHamu KPT,
YCTaHOBJIEHBI Y OCTEKJIEHHSI CBETOBBIX ITPOEMOB.

4. TenoBble Harpy3KH CTOSIKOB JaHbI Ha puc. 1.5.

Ilopsaoox pacuema
1. OcHOBHOE HHMPKYJSIMOHHOE KOJBIIO BBIOMpaeM depes ca-
MBI yraneHHsii crosk 1 (puc. 1.5).
2. PazniensieM KOJNBIIO HA yYaCTKH.
3. OmpenensieM TEIJIOBbIE HArPy3KM Ha Y4acTKaX M 3aHOCHUM
pe3ynbTatel B Tadmn. 1.9, rpada 2:
1-i1 ygacTok 0, =0, =31290 Br;

0, =0~ (016 + Oupy + O + Oy ) = 31290~

2-11 y4acTok
—(3958+3678+3678+3944) =16032 Br;

3-ii yuacTok 0,=0, (0., +0.5)=
=16032—-(2878+3740) =9414 Br;

4-11 yuacTok 0,=0,-0,,=9414-2741= 6673 Br;

5-ii yuacTok 0,=0,-0,,=6673-2893=3780 Br=0,_,;
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6-i1, 9-i1, 12-# yuactku  Q, =1/2-Q,,,-a.=1/2-3780-0,5 =
=945 Br=0, =0,,;
7-it, 10-it, 13-it ywactxn O, =1/2-Q_ — 0, =1/2-3780— 945 =

=945 Br= QIO = le;

8-i1, 11-i1 yqactku 0O, =0.,,=3780Br=0,;
14-i1 yuacTok 0, =0, =3780 Br;

15-# yaactok O, =0, =6673 Br;

16-11 yuacTok 0,y =0, =9414 Br;

17-# yaacTok 0, =0, =16032 Br;

18-i1 yuacTok O =0, =31290 Br.

4. OmnpenenseM pacxo] TEIUIOHOCUTENSI Ha ydacTkax mo dop-
myne (1.15) u 3aHOCcHUM pe3ynbratel B Ta0d. 1.9, rpada 3:
~3,6-31290-1,03-1,02

G =G, = 2.187(95 - 70) =1130,6 xr/u;
G, -G, STy,
G-, AR,
G, =G, = 3,6-6673-1,03-1,02 2411 ki

4,187(95-70)
6= G =G, =G, = 0380103102 o
4,187(95 - 70)
Go=G,=G,=0G,,=G;, =G; = 3’2 19;75 L.03.1.02
,187(95-70)
5. Cornacao Ta6m. 1.8, 3amaemcs quamerpom d (tadm. 1.9, rpada 5):
1-i1, 18-t yu. —d = 32 Mwm; 2-#, 17-1 yu. —d = 25 mwm;
3-#, 4-i1, 15-#, 16-i yu. —d = 20 mm; 5-14-if yu. —d =15 mm.
6.3Has pacxox G u nuameTp d, mo mpuwi. 1 ompexaensem
yIeTbHOE COMpOTUBIeHUE Ha TpeHue R, [la/m, (Tabn. 1.9, rpada 6) u
CKOPOCTb JIBHDKCHHUS TEIUIOHOCUTENS v, M/c (Tabm. 1.9, rpacda 7).

=342 xr/u.
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7.OnpenenseM 3Ha4eHHUs] KOA((UIHMEHTOB MECTHBIX COIPO-
THUBJIEHUN Ha y4yacTKaX TIJIABHOTO LHPKYJISLMUOHHOTO KOJIbLIA IIO
npui. 2 (tabin. 1.9, rpada 8):

Ne ygacTka d, MM KMC 3
! 1 BEHTHIIb £E=9
0oTBOJ TOA yritoM 90° =05
Zélz 9,5
2 25 TPOWHUK HA OTBETBJICHUE 2E=1,5
BEHTHIIb £E=10
3 20 —
TPOMHUK Ha OTBETBJICHHE =15
2&=11,5
4 20 TPOMHUK HA IPOXOL 2E=1
TPOMHUK HA IPOXOL E=1
5 15 BO3TyXOCOOpPHUK E=15
OTBOJI TIO/T yrJIoM 45° =08
0TBOJI TIO71 yriiom 90° £=0,8
2E=4,1
TPOMHUK Ha OTBETBJICHHE =15
6,9,12 15 kpad KPT mpu mpoxoje =35
mpubop M90 £E=13
2E= 28— 2E1,=6,3
7,10, 13 15 TPOWHHMK Ha MPOTHBOTOK 2E=2E 0= 2E=3
8, 11 15 TPOWHMK Ha OTBETBJICHUE — 2 2E=2E1=1,52=3
TPOWHUK HA OTBETBJICHUE E=15
14 15 TPOMHUK HA IPOXOL E=1
0TBOJ TO1 yritoM 90° £=0,8
ngz 3,3
15 20 TPOMHKK HA TIPOXOJT 2Eis=1
16 20 TPOHHUK Ha MPOTHUBOTOK £=3
BEHTHUIIb =10
Zglez 13
17 25 TPOIHMK Ha IPOTHBOTOK 2&7=3
18 32 BEHTHIIb 2E15=9
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8. OnpezenseM NOTEPH AaBJIEHUS Ha TPEHUE, IEPEMHOXKas! 3HA-
yeHus rpadel 4 Ha 3HaueHUs rpadsl 6 (R/), (Tadn. 1.9, rpada 9).

9. 3uast 3nauenus ».& (tabn. 1.9, rpada 8) u ckopoctu nBMKE-
HUs BOJBI v (Tabn. 1.9, rpada 7), mo nput. 3 onpeernseM MoTepH JaBlie-
HYISI HA MeCTHBIE corpoTuBiieHs (Tabi. 1.9, rpada 10).

10. CxnaneiBas moTepy NaBieHUsS Ha TpeHue (Tabdn. 1.9, rpada
9) 1 moTepu aBJICHUS HA MECTHBIE CONTpoTUBIeHUS (Tadu. 1.9, rpada
10), monydaeM MoJIHbIE OTEPH JABJICHMS HAa KaXXJIOM Y4acTKe LUp-
KYJISSIIMOHHOTO KoJiblia (Tadu. 1.9, rpada 11).

Tabnuya 1.9
BeIIOMOCTb TiIpaBJN4Y€CKOro pacuera
S & = L : : S !
2|55 | Be| 5 |Eg|cE| 22| 2 |EET| 2oV |sis
> g | 22| ¢ |25|8ec| E5 | =6 |SgR| S3E |EES
§| 85 | Sg| > |5<|EE5| 88 | 2§ |sEg| =2E£8 | 5§34
5| 22 | 23| £ |8 |8E=| B3| & |EEG| g8 |22
T| 8g |£5| E |& |»E | OF " l2g | 28F | O
T 2 3 [ 4 [ 5] 6 7 8 9 10 T
['maBHOE IUPKYISIIOHHOE KOJIBI0

1| 31290 [1130,6] 156 ] 32 50 [0324| 95 | 780 | 4902 [12702
2 | 16032 [ 5793 ] 45 [ 25] 60 [0204 | 15 270 | 638 | 3338
3| 9414 [ 3402 [ 20 ] 20] 75 [o0278 | 11,5 | 150 | 4405 | 5905
4 | 6673 [241,1] 30 ] 20| 38 [o0,194] 1 114 | 186 | 1326
51 3780 [1366] 46 | 15] 65 [0208] 4.1 299 | 886 [ 3876
6| 945 [ 34205 15| 36 [0052] 63 1,8 9,3 11,1
7 945 [ 34205 [15] 36 [0052] 3,0 1,8 4.4 6.2
8 | 3780 [ 136,6] 20 [ 15| 65 [0208] 30 | 130 | 648 [ 1948
9| 945 [ 342 05| 15] 36 [0052] 63 1.8 9,3 11,1
10 | 945 342 05 [ 15] 3.6 |0052]| 3,0 1,8 4.4 6,2
1] 3780 | 1366] 20 [ 15| 65 [0208] 30 [ 130 | 648 | 1948
12 945 [ 34205 [15] 36 [0052] 63 1,8 9,3 11,1
13 945 [ 34205 [ 15] 36 [0052] 30 1,8 44 6,2
14] 3780 136630 [ 15] 65 [0208] 33 195 | 713 | 2663
15] 6673 [241,1[ 40 [ 20] 38 [o194] 10 [ 152 [ 186 [ 1706
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Oxonyanue maon. 1.9

< [5) ! < < =)
g éi sz | Z|g X g p ;E’ ;E &
= > & -E s | 6 g & ER RN 2 Eo8|8 o=
2 S & 5| B |8 SEx|E2| 2o |§E §eF |2 EE
= s el 88|99l 8| &2 | 258|880 E
AP ECIR IR IR I A il ENIE S

sE| x| L|EBS|S8e-| 28| S8 |SEx|S208|EE
Sl 85| 2| »| 5 ZEx| 55| 8 |JeR|Z2E|5482
5| ¢8| 32| 8|z |58 | 25| &= |EE |gEg|ERE
S| SS 22| 2|2 |22 |B3|9F |28 |BER|¢

e g 5| | |8 2F |2 (T
1 2 3 4 5 6 7 8 9 10 11
16 | 9414 | 340,2 | 2,5 20 75 0,278 13,0 187,5 4979 685,4
17 | 16032 | 579,3 | 9,0 25 60 0,294 3,0 540 127,5 667,5
18 | 31290 | 1130,6] 2,0 32 50 0,324 9,0 100 4644 5644

2. 55104 Tla

Maioe HUPKYJISIITAOHHOE KOJIBIO

19| 2741 | 99,1 | 2,5| 15 34 10,147 | 3,1 85 70,4 1554

20 | 1370,5| 49,5 | 1,0 | 15 7,5 0,072 48 7,5 13,2 20,7

21 | 1370,5| 49,5 | 05| 15 7,5 |[0,072 1,5 3,8 4,1 7,9

22| 2741 | 99,1 [2,0]| 15 34 0,147 1,6 68 18,7 86,7

23 | 1370,5| 49,5 | 1,0 [ 15 7,5 0,072 48 7,5 13,2 20,7

24 | 1370,5| 495 105 15 7,5 (0,072 1,5 3,8 4,1 7,9

25| 2741 | 99,1 | 2,0 15 34 (0,147 1,6 68 18,7 86,7

26 | 1370,5| 49,5 | 1,0 | 15 7,5 10,072 48 7,5 13,2 20,7

27 | 1370,5| 49,5 |05 | 15 7,5 (0072 1,5 3,8 4,1 7,9

28 | 2741 | 99,1 | 1,1 | 15 34 0,147 23 37.4 26,9 64,3

2. 478,911a

Ilpumep 1.6. Pacuer MaJIOr0 HUPKYJIALUOHHOIO KOJIbLA

Hcxoonvie oannvie
BBIMOMHUTE TUAPABIMYECKHI pacyeT BTOPOCTEIIEHHOTO IHPKY-
JSUUOHHOTO KOJIbLIA Yepe3 CTOSIK 3 0AHOTPYOHOM CHCTEMBI BOJISIHOTO
OTOIUIEHUS, IPEICTaBICHHON Ha puc. 1.5 (cM. mpumep 1.5).

Ilopsaoox pacuema
1. Pacuer Majioro mMpKyJISLMOHHOIO KOJIBLA AHAJIOTUYEH pacye-
Ty TJIABHOTO IUPKYISIIMOHHOTO KOJIbIfa (cM. ipumep 1.5, Tabm. 1.9).
2. CxurajipIBaeM TIOJTHBIE TIOTepH Ha ydacTkax 4—15 (cMm. Tadi. 1.9):
(RI+Z)415 =132,6 +387,6 + 11,1+ 6,2 +194,8 +11,1+ 6,2 +
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+194,8 +11,1+ 6,2 + 266,3 +170,6 =1398,6 I1a.
3. OnpenensieM 3HaueHUs! K03()(PUIIMEHTOB MECTHBIX CONPOTUB-
JICHWH Ha y9acTKaxX Majoro UPKYJISIIIMOHHOTO KOJIBIIA 110 MPHJL. 2:

Ne yuactka | d, MM KMC &
19 15 TPOIHUK Ha OTBETBIICHUE E=1,5
oTBOJ o7 yriiom 90° — 2 mit. £=0,82
z&;: 3,1
20,23, 26 15 kpan KPT mpu mpoxone =35
pubop M90 E=13
2.E00= 283 266~ 4,8
21, 24,27 15 TPOWHHUK HA OTBETBIICHHE 2&01=284= 28— 1,5
22,25 15 otBoA nox yritoM 90° —2 mr. |2 &»=265=0,82=1,6
)8 15 TPONHUK Ha OTBETBIICHUE E=1,5
oTBOJ 1o yriiom 90° £=0,8
285= 2,3

4. BBIMONHSIEM TMPOBEPKY THUAPABIMYECKONW VYBSI3KH MEXITY
TJIABHBIM M BTOPOCTETIEHHBIM IUPKYISIIUOHHBIM KOJIBIIOM, HCIIOJIb-
3ys popmymy (1.16):

(RI+Z)4715 _(RL"'Z)
(RI+Z), s

A 1398,6 -478,9
1398,6

Tak xak ycrnoBHe He BBITIOJNHSECTCS, TO HAa CTOSIKE 3 yCTaHABIIH-
BAaEM JIPOCCENBHYIO MIai0y.

5. PaccunTeiBaeM auaMmeTp APOCCENbHON MIaiObl mo hopmy-
ne (1.17):

APy= (Rl + Z)4 15— (Rl + Z)1928= 1398,6 — 478,9=919,7 [la=
=0,09197 M BoI. CT.;

2
d, =104 9091 _ 5,72 mm.
0,09197

[Tpunumaem dy,= 6 MM.
MuHUMaNbHBIN 1UaMeTp JPOCCEIbHOM Maiobl 3 MM.

19-28 100% =A < 15 %;

100% = 65,8>15 %.
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Ilpumep 1.7. I'napaBanyecKknii pacyeT rJIaBHOr0 U MaJI0ro
HHMPKYJISIHHOHHBIX KoJIel] HACOCHOM ABYXTPYOHOi1
CHCTEeMbI BOJASTHOTO OTOIJICHUSI ¢ HUKHel
Pa3BOJIKOI ¥ MONMYTHBIM IBH:KEHHEM BOJAbI

Hcxoonvie oannvie

1. 3manne NATUATAXKHOE, TPUCOSANHEHHE CUCTEMBI OTOTUICHHS
yepe3 CMECUTENIbHBI HAcoC, TEIJIONPOBOJBI CHUCTEMBI OTOIUICHUS
BBITIOJTHEHBI U3 CTAJIBHBIX AJIEKTPOCBAPHBIX MPSIMOIIOBHBIX TPYO.

2. ITapamerpbl TEIUIOHOCUTENS B CUCTEME oToIuieHus 4= 95 °C,
t,="70°C.

3. VYcraHOBIEHBI CTajbHBIE NaHeNbHblEe paauaropbl PCI'-2,
pa3MeIeHHbIe Y OCTEKJICHHUS CBETOBBIX ITPOEMOB.

4. TenoBble Harpy3KH U JUIMHBI YYaCTKOB JIaHbI Ha puc. 1.6.

Ilopsaoox pacuema
1. BeiOupaeM TiIaBHOE MUPKYISIUOHHOE KOJBIO Yepe3 OIH
U3 CPEJHHMX CTOSKOB 7 W OTOMUTEIHHBINA MPUOOP HA MEPBOM dTaxe

(puc. 1.6).
y3en b
12300, 24600, 36900 49200
135300 ;CT 11 ;9,8 _‘L 8,0 | 8.0 | L 6,0 | ‘ .
/JCr 10 Cr9 Crg ; T
:’ 4,0 \ <t M——p 7 P Tl——p
<123000®\ 10701@ Q8400® \3610 @
8,0 8.0 8, 3 6,0

=00 1467 | 3 3 | 1463
12,0 iy
Cr6
1A 3 3
ysen 1085 | | 1085]
iy
98400~ 86100 - -
3.0 6,0 + -
/Cr4]| | /crs| | X 1085 1085
? ? e
\36900® \69200@ 3 3
50 8.0 6,0 1085 | | 1085 ]
ey
y3en A ysen b 3
e ol 1430 | mm\ 1|413450]
3 3 3 3
1500 N[ 1500] 15501 N 1550] 12300 123005
77 \ 1500 b7 \ 1550 ’ 1.4
Tl
12300 12303,0 (912300 - T
30 & 0 D 5 123005 —
T - 5 1,
™=

Puc. 1.6. K mpumepy 1.7



2. OmnpenenseM pacxoj TEIUIOHOCUTENSI Ha ydacTkax mo dop-

myne (1.15) (ta6m. 1.10, rpada 3).
3. CormacHo Tabm. 1.8 3amaemcs mramerpom d (tabm. 1.10, rpada 5):

1-i1 yu. —d = 80 mMm; 2—4-i1 yu., 15-17-1 yu. —d = 65 mmMm;
5-8-i yu., 12—-14-it yu. —d = 50 mm; 9-i4, 11-i1 yu. —d=25mm;

4. PaccunThiBaeM 3HaYCHHUS KOAPPHUIIMEHTOB MECTHBIX COTIPO-
TUBJICHWM Ha YydacTKax TJIABHOIO LUPKYJISALHMOHHOIO KOJIbIAa IIO

10-#1 yu. —d=15mm.

NpUJiI. 2 U 3aMUCBIBaeM pe3ynnbTatel B Tadm. 1.10, rpada 8:

Ne ygacTka d, MM KMC £
3aJ[BIDKKA =05
1 80
otBoA nof yriom 90° — 1 . =03
ZE_,1= 0,8
TPOMHUK Ha OTBETBIICHUE =15
2 65
3aJIBUKKa £=0,3
ZE_Q: 1,8
3-6 65 TPOHHNUK Ha IIPOXOJ YErase= 1
7.8 50 TPOMHHUK Ha MPOXOJ E=1
otBoA nof yriom 90° — 1 mr. =03
2= 1,3
otBOA oA yriom 90° — 2 . £=0,52=1
9,11 25 TPOWHUK Ha OTBETBJICHHE E=15
BEHTHJIb E=9
Z§9,11= 11,5
KPECTOBMHA Ha NIOBOPOT — 2 IIT. £E=32=6
10 15 pamuatop PCI" E=11
KpaH JBOMHOH PETyIUpPOBKH E=2
Z§10= 19
12-15 50 TPOWHHK Ha MPOXOJ 2E1130405= 1
16 65 TPOMHUK Ha IPOTHBOTOK E=3
3aJIBHOKKA =03
ZE_,l(v: 33
17 65 3aJBIKKA £=0,5
otBoa nof yriom 90° — 1 mr. =03
Zén= 0,8
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5. OnpexensieM MOTepU AaBICHUS HA TPEHUE, IEPEMHOXKasl 3HA-
yeHus rpadel 4 Ha 3HaueHus rpadsl 6 (R/), (Tadn. 1.10, rpada 9).

6. 3uas 3Hauenus 2. (tabm. 1.10, rpada 8) u CKOpOCTH JIBIKE-
HuUs Bojpl v (Tabmn. 1.10, rpada 7) o mpwit. 3 onpernensieM moTepu JaB-
JICHUs1 Ha MeCTHBIe conpoTuBIieHus (tadn. 1.10, rpada 10).

7. CxnaneiBas MOTepU NaBieHus Ha Tpenue (tadim. 1.10, rpada
9) u moTepu HaBieHHs Ha MecTHbIe compoTuBieHus (Tabdn. 1.10,
rpada 10), mosrygyaem MOJIHBIE TIOTEPH JTABIICHUS HAa KaXJIOM Y4acTKe
UPKYISIIUOHHOTO Kobia (Tadi. 1.10, rpadall).

8. BriOupaeM cHayanma BTOPOCTENEHHOE IUPKYJIAIHOHHOE
KOJIBLIO Yepe3 OMMKHUM K TEIJIOBOMY MYHKTY CTOSK 1 (cM. puc. 1.6)
Y OTOTIUTENILHBIA IPUOOP Ha TIEPBOM ITAXKE.

Ne yuactka d, MM KMC 13
otBoJ nof, yriaom 90° — 2 mr. £=052=1
18 25 TPOIHNK Ha OTBETBJICHUE E=1,5
BEHTUJIb E=9
&= 11,5
KpPECTOBHHA Ha MOBOPOT — 2 MIT. £E=32=6
19 15 paauatop PCT’ E=11
KpaH JIBOMHOU peryinupoBKu E=2
2.E10=19
otBOJ 1o yriiom 90° — 3 mir. £=0,53=1,5
20 25 TPONHNK Ha OTBETBJICHUE E=1,5
BEHTWUJIb E=9
2.850= 12
32
21-23 40 TPOIMHHUK HA TIPOXOJ] 281205~ 1
50
2495 50 TPOMHMK Ha IIPOXOJ E=1
otBoJ nog yriaom 90° — 1 mr. £=0,3
Z§24,25: 1,3

9. Pacuer mazoro kojblia 3aHeceH B Tadu. 1.10.
10. CknagpiBaeM MOJIHBIE TOTEPHU Ha yyacTkax 3—11:
2(RI+Z)3 11= 3661 Ila.
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11. BeimosiHsieM NpOBEpPKY TIUAPABIMYECKON YBSA3KH MEXKIY
[JIaBHBIM U BTOPOCTENEHHBIM IUPKYJIALUOHHBIM KOJIBIIOM, MUCIOJIb-
3ys popmymy (1.16):

(RI+Z),,,—(RL+Z)
(RI+Z),.,
_3661-3396
3661

12. BeiOupaeMm pgaee BTOPOCTENEHHOE IHUPKYISIIMOHHOE
KOJIBLIO Yepe3 AabHUM OT TEIJIOBOro MyHKTa cTosiK 11 (cM. puc. 1.6)
Y OTONUTENBHBIM PUOOP HA IEPBOM ATAXKE.

1825 100% =4 < 15 %;

100% =7,2<15 %.

Ne ygactka d, MM KMC &
26-28 gg TPOWHUK HA MPOXOJ] 2Er60728= 1
29 25 oTBOJ o7 yriiom 90° — 3 mir. £=0,53=1,5
BEHTUJIb E=9
&= 10,5
KpPECTOBHHA Ha MOBOPOT — 2 HIT. £=32=6
30 15 paauatop PCT’ E=11
KpaH JIBOMHON PErylInpoBKU E=2
2E&0= 19
0TBOA mof yriaoM 90° — 2 mT. £=0,52=1
31 25 TPONHNK Ha OTBETBIICHUE E=1,5
BEHTUJIb E=9
2&1= 11,5

13. Pacuer maioro kosbla 3aHeceH B Ta0m. 1.10.
14. CknagpiBaeM IOJIHBIE TOTEPU Ha yyacTkax 26—31:
Z(RZ+Z)9,15: 3319 I1a.
15. BeimosiHsieM NpPOBEpPKY TUAPABIMYECKON YBSA3KH MEKIY
IJIaBHBIM U BTOPOCTENEHHBIM LUPKYISALHUOHHBIM KOJIBLIOM, MCIOJIb-

3ys popmymy (1.16):
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(RI+Z),,s—(RL+2Z)

(RI+2Z)

9-15

L 3319-2974
3319

2631100% =4 < 15 %;

100% =10,4<15 %.

Tabauya 1.10

BeaomocTh aIpaBJU4Y€CKOro pacuera

S s [3] 1 , | =
=M R .| 8 &= 2 g E2s|8
2| 2 |Za| 3|5 |22 | ¢ | 9 |E5s|EEE|E .
g Esi | 2| B |8 sEg | EF 2o | BsE | 28|EEE
= g5 cs| g g3 9=% O B 2% | 90 o B o
> = 2 A g as| 8E2 n = < O =2 52 2 eN
& s5 He | > |g~| £8° | E& g g =Zo [=ES|E8L
15) ® Q o X h s o O = g a5 & a HO|Qg~
s S = H < = 2 EX <= > =l I =N R
S =g o3 Z | g o = (3‘ < eEs5 |2 galg
2| 52 |&5| E|E |&E | &P 5| ESC|E2E|E
=z > =5 [N = @) = EFE |3
1 2 3 4 5 6 7 8 9 10 11
I'naBHOE HUPKYIISIMOHHOE KOJIBI[O
1 | 270600 | 10743 9,0 | 80 48 0,56 0,8 432 123 555
2 | 135300 | 5372 | 8,0 | 65 30 0,39 1,8 240 134 373
3 | 123000 | 4884 | 8,0 | 65 25 0,355 1 200 61,6 | 262
4 | 110700 | 4395 | 8,0 | 65 21 0,32 1 168 50 218
5 98400 | 3907 | 8,0 | 50 78 0,52 1 624 132 756
6 86100 | 3418 | 6,0 | 50 60 0,46 1 360 103 463
7 73800 | 2930 | 12,0 [ 50 45 0,39 1,3 540 97 637
8 61500 | 2442 | 12,0 | 50 31 0,33 1,3 372 69 441
9 12300 | 488 | 1,8 | 25 42 0,24 11,5 76 323 399
10 1430 | 56,8 | 3,0 | 15 12 0,083 19 36 67 103
11 | 12300 | 488 | 1,4 | 25 42 0,24 11,5 59 323 382
12 | 86100 | 3418 | 6,0 | 50 60 0,46 1 360 103 463
13 | 98400 | 3907 | 8,0 | 50 78 0,52 1 624 132 756
14 | 110700 | 4395 | 8,0 | 50 98 0,59 1 784 170 954
15 | 123000 | 4884 | 8,0 | 65 25 0,355 1 200 61,6 | 262
16 | 135300 | 5372 | 4,0 | 65 30 0,39 3,3 120 245 365
17 | 270600 | 10473| 12,0 [ 65 116 0,78 0,8 1392 238 | 1630
29019
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Oxonuanue maon. 1.10

g Te [=1, [ex [3 =EE

2| 28 |2z | 3 |E | Be |2, o |zt |Egall

g| B | 2| E |§.|E8.| 55| 8¢ | 88, |88 |58g

AR FEE SR R EE I R R R RN S

§| 52 | 22| 2 |2Y| E8- | 65| 25 | SE- |SgE|g:%

5 g SOl IS g (% 22 (22 |O
1 2 3 4 5 7 8 9 10 11
BTOpOCTeHCHHOG HUPKYIAIUOHHOC KOJIBIO Y€PE3 CTOSK 1

18| 12300 | 488 | 3,0 | 25 34 0,223 11,5 102 284 386

19 1500 60 3,0 15 24 0,112 19 72 123 195

20| 12300 | 488 | 3,0 | 25 34 0,223 12 102 297 399

21| 24600 | 977 | 8,0 | 32 50 0,312 1 400 49 449

221 36900 | 1465 | 8,0 | 40 40 0,316 1 320 49 369

23| 49200 | 1954 | 6,0 | 40 70 0,42 1 420 86 506

241 61500 | 2442 | 12,0 50 32 0,33 1,3 384 69 453

25| 73800 [ 2930 12,0 50 45 0,394 1,3 540 99 639
23396

BTOpOCTCHCHHOG HUPKYIAIUOHHOC KOJIBIO Y€PE3 CTOSIAK 11

26| 49200 | 1954 | 6,0 | 40 70 0,42 1 420 86 506

271 36900 | 1465 | 8,0 | 32 100 0,448 1 800 99 899

28 | 24600 | 977 | 8,0 | 32 50 0,312 1 400 49 449

291 12300 | 488 | 9,8 | 25 34 0,223 10,5 333 260 593

30 1550 62 3,0 [ 15 24 0,112 19 72 123 195

31 12300 | 488 | 1,4 | 25 34 0,223 11,5 48 284 332
22974
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[Ipu ruapaBIMYEecKOM pacueTe BEpTHKAIBLHOW IBYXTPYOHOM
CUCTEMBI OTOIJIEHUS IOCJIE pacueTa OCHOBHOTO M BTOPOCTEIIEHHBIX
LHUPKYISUOHHBIX KOJIEL Yepe3 OTONMUTEIbHbIE TPUOOPHI HA HUKHEM
9Ta)ke€ JOMOJHUTEIBbHO PpACCUUTHIBAIOT CTOSIKU. Pacuer CTOsIKOB
JIBYXTPYOHOH CHCTEMBI CBOJIUTCS K BBIOOPY IHameTpa TpyoO ¢ yBsI3-
KO NOTeph JaBJICHUS Ha NapajuIeJIbHO COEIUHEHHbBIX YJacTKaXx, T. K.
o0IIMe y4acTKH IUPKYISIHOHHBIX KOJIEI YK€ paCCUUTAHBI.



1.2.1.3. I'mapaBanyecknii pacyeT 1Mo XapaKTepuCTUKAM
CONPOTHBJIEHUS U TPOBOAUMOCTAM

OpHOTpYOHBIE CHCTEMBI OTOIUIEHHS MOTYT OCHAIAThCs pajua-
TOPHBIMU TEPMOPETYJIATOPAMU C MPOXOJHBIMHU PETYIUPYIOIIUMHU
KJIalaHaMH TNOHMKEHHOTO THUPABINYECKOTO COIPOTUBIIEHUS OObIY-
Horo ucnosHeHuss RTD—G mpu Hanuuuu B y3jie OOBSI3KM OTOIH-
TEJNBHOTO Tpubopa Oaifmaca (3aMBIKAIONIETO y4acTKa) MEXIY TPYO-
HeiMu moaBojakamu [11, 21]. Xapakrepuctuku kinananoB RTD-G
npejacTaBieHsl B Tadm. 1.11.

Tabnuya 1.11

XapakTepUCTHKH peryJupyromux kjianaios tTuna RTD-G

ITporyckHast ciocodHOCTh K, Ki1amna-
Ha C TEPMOIJICMEHTOM

0,5 1,0 1,5 2,0 pabouce

RTD-G 15 0,40 0,70 1,2 1,45 0.20

RTD-G20 | 0,50 0,90 1,45 1,90 i

RTD-G 25 0,55 1,15 1,70 2,25 0,16
Tpumeuanue: 1 6ap =10’ Ia.

Py, 0ap

tmaxa
nepena °C
JIaBJICHUI

Tun

16 120

B nensix oTkiItOUEHUs U JEMOHTAXKa OT/IEIBHOIO OTONUTENBHO-
ro npubopa Ha ero oOpaTHOM MOBOJAKE PEKOMEHIYETCSl YCTaHABIIN-
BaTh MOJIHOMPOXO/AHOM 1IaPOBOM KpaH.

Ha crosikax ofHOTPYOHBIX CHCTEM OTOIUICHHS JOJDKHBI Tpesy-
CMaTpUBaTbCsl aBTOMAaTHUYECKHE PETYIISTOPhI OCTOSHCTBA Pacxo/ia TU-
na AB-QM. Perynsropst AB-QM MoryT ycraHaBIMBaThCs Kak Ha 00-
paTHOM, TaK U Ha MOJAIOUIEH YaCTH OJHOTPYOHOTO CTOSIKA WM BETBH,
BBITIOJNIHSASL OJTHOBPEMEHHO (YHKIMIO 3amopHOW apMarypsl. Kianan
AB-QM — perynupyromuii KjiarnaH co BCTPOSHHBIM PErYJISTOPOM Tie-
penana naeneHuil. Perymsarop nepenana AaBiI€HUN MOIACPKUBAET MO-
CTOSIHHBIM TIepenaj JaBJICHUM Ha PETYIUPYIOLIEM KJlallaHe BHE 3aBU-
CHUMOCTU OT M3MEHEHHs IapaMeTpoB B CHCTEME. TeXHHMYECKHE Xapak-
TeprcTHKU Kinarnmana AB—QM npezncrasnens! B Tabnure 1.12.

B omHOTpYOHBIX cHCTeMax OTOIUICHUs OaaHCUPOBOYHBIE Kila-
MaHbl IPUHUMAIOTCSI K YCTAaHOBKE 1O AMAMETpy cToska. /i kiana-
HOB THna AB-QM cnenyer npoBepsTh, 4TOObI pacueTHBIM pacxon
TEIJIOHOCUTENST Yepe3 CTOSIKM, Ha KOTOPhIX OHM YCTaHAaBJIMBAIOTCSH,
JIeKal B IManazoHax, yka3aHHbIX B Tabm. 1.12.
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Tabauya 1.12
Texnu4yeckne xapakTepucTukH Kianana AB—-QM

YcrnoBHBIN quameTp d, MM 10 15 20 25 32 40/50
MunnmanbeHsrit pacxon (20 %), w4 | 55 90 180 340 640 2000
Maxkcumanbabiit pacxon (100 %), 275 | 450 | 900 1700 3200 10000
Ilepemnan gasnenmii AP, xlla 16400 20-400 30-400
VcnosHoe naBnenue P, 6ap 16

Jlnana3oH Temmneparyp
perymupyemoii cpenpl, °C -10...+120

I'uppaBnuueckuil pacuer TpyOONPOBOAHOM CHUCTEMBI OTOILIE-
HUS MOKET MPOU3BOAUTHCS C UCIOIb30BAHUEM XapaKTEPUCTHK THJI-
PABIIMYECKOTO COMPOTHBIICHUS OTAENbHBIX ee d1emMenToB (S - 10%).
DTa BeIWYMHA COOTBETCTBYET motepe aasienus (I1a) mpu pacxone
BOJIBI Uepe3 AJIEMEHT ceTH, paBHOM 100 Kr/4.

[Tpu dpaxTrIeckoM pacueTHOM Pacxo/ie BOJIbI MOTEPS AABICHUS
B JJIEMEHTE TPYOOTPOBOJHON CETH C 3a/JlaHHOM XapaKTEPUCTUKOU
T'HJIPaBJIMYECKOTO COMPOTUBIIEHNS PACCUUTBIBAETCS 110 (popMyJIie

§ G Y
AP=(S-10 )( 00] (1.18)

rae AP — noteps nasnenus, Ila; (S - 10 ) — XapakTepHUCTHKa THJIpaB-
JIMYECKOTO compoTuBienus, [1a/(kr/4)’; G — pacueTHbI Pacxoj Bo-
IIBI, KT/4.
I[pu mocnenoBarenb-HOM COeTMHEHNN N DIIEMEHTOB CETH €€ obas
XapaKTePUCTHKA THPABIIYecKoro conpotusierms (S - 10%) Gymer pasHa:
(S-10%)=(S-10%, +(S- 10%, + ... +(S- 10Yy. (1.19)
IIpn nmapajuieasHOM COeIMHEHNH 06111a;1 XapaKTepPUCTUKA TUJ-
paBiHueckoro conporusienus (S - 10%) onpenensercs mo popmyie

! = ! + ! +o.t ! (1.20)
Vs-10) - lse10t) - lse10t), s 10%),
XapaKkTepUCTUKH THAPABIMYECKOTO COTPOTHUBIIEHHSI OOBIYHO Oe-
PYTCsI U3 CIIPaBOYHOM JIUTEPATYPHI, a TAKXKE MOTYT OBITh BBIMHICIICHbI
C MCTIONIb30BAHIEM JAHHBIX, IPUBECHHEIX B Ta0. 1.13. (S - 10%) sBis-
eTCsl CPEJIHEH BETMYMHON MEXY 3HAUCHUSMH JUISI JISTKUX U OOBIKHO-
BEHHBIX BOJIOTa30MpoBOoAHBIX TPYO mo 'OCT 3262-75%.

46



Tabauya 1.13
XapakTepHCcTHKA FHAPABIMYEcKoro conpoTusienns (S - 10*), Ma/(kr/4)’,
115 1 M cTanbHOM TPYOBI M MECTHOTO CONPOTHBJIeHUs mpH & =1

YcnoBHBIH araMeTp TpyOOnpoBOIOB d, MM
10 15 20 25 32 40 50
(S 109 4m | 95,04 | 3071 7 1,75 | 046 | 024 | 0,06
(S 109, 2391 | 9,72 | 2,98 113 | 038 | 016 | 008

[Tpu 3TOM XapaKTepuCTHKa COTPOTUBIICHHS dIIEeMEHTa TPYOOIIpo-
BoHOi cerw (S - 10%) B ITa Gyner paBHa:

— ygactka TpyOb! (ammHOM L, M) — (S - 104)Tp =L(S-10%, M

— ycTpoiicTBa (¢ K03()(HUIIMEHTOM MECTHOTO COTIPOTHBIICHHUS &) —
(S 101 =& (S 10%e- .

['mppaBnuyeckre XapakTepHCTHKU KIIAaHOB TEPMOPETYIATOPOB
BIIMSIIOT Ha KOA((UIMEHT 3aTeKaHus] BOJBI B OTONHTENBHBIA MPHOOD
CHCTEMBI OTOIIJICHHS C 3aMBIKAIOIIMMHU YYaCTKaMH, a TAKKe OTPEIeIsi-
0T TUJIPABIIMYECKOE COMIPOTHBIICHHE TPYOHOTO y311a iprubopa.

Koadduument 3atexanus o 6e3 ydeTa rpaBUTAIMOHHOTO JaB-
JICHUS B MaJIOM IUPKYISIIHOHHOM KOJIBIIE MOXKET OBITh pacCUMTaH
4yepe3 XapaKTePUCTUKHU THIPABIMYECKOTO COTTPOTUBIICHUSI:

, (1.21)

rae (S - 104)011 — CyMMAapHasi XapaKTepUCTUKA THAPABINYECKOTO CO-
MPOTHBIIEHUS TIOJBOJIOK, KIJIAllaHa TEPMOPETYISATOpa U OTOIHUTENb-
Horo mpubopa, ITa/(kr/a)’; (S - 104)3y — TO €, 3aMBIKAIOIIETO yJacT-
Ka, Ha/(Kr/q)z;

KoadduuumenT 3aTexanus u oOmiasi XapakTepucTUKa THIpaBIU-
YEeCKOTO COIMPOTHUBIICHUS y3Jla OTOMMTEIBHOTO MpHOOpa MpaKkTHde-
CKM HE 3aBUCST OT THINA OTONMHTENbHOTO mpubopa. IlosTomy s
CTaHJAPTHBIX COUYETAHUN AMAMETPOB MOABOJOK K MPHOOPY U 3aMBbl-
KaIOIIer0 yJyacTKa 3HAYECHUsS 0L U XapaKTEPUCTUKU TUPABIMYECKOTO
COMPOTHBIICHUS BCero sraxectosika (S + 10%),.c; mpu ero BoicoTe 3 M
npeJcTaBieHbl B Tabuie 1.14.
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Tabauya 1.14
Koy puunenT 3aTtekanus o 4 XapakTepucTUKa
THPABJIMYECKOT0 COMPOTUBJIEHHS BCEro ITaxKecTosIKA (S * 104)3_CT
¢ TepmoperyasaTopoMm RTD-G npu ero Bbicote 3 M

Venossiit mEaMeTp Tpy- Ko>pdpurment o (B uucnurene) u (S-10%), ., (B 3HAMeHa-
GONpOBOIO d, MM tene), [Ta/(kr/49)”, B 3aBUCHMOCTH OT JUTMHBI 3aMbIKAIOIIIe-
’ T'O yJacTKa h, M

de | dy d, u RTD-G 0,08 0,15 0,3 0,5
10 15 - - 0,28/179 0,3/179,8
15 15 15 - - 0,21/159,6 | 0,22/156,5
15 20 0,23/148,8 0,24/147,6 0,25/144,8 | 0,26/141,2
20 15 15 - - 0,21/66,9 0,22/68,5
15 20 0,23/50,8 0,24/51,3 0,25/52,1 0,26/53,2
25 15 20 0,23/26,9 0,24/27,8 0,25/29,3 0,26/31,5

Ilpumep 1.8. I'napaBauyveckuii pacuer CTOAKA OAHOTPYOHOM
CHCTEeMBbI OTOIIEHHUSI N0 XapaKTePUCTHKAM
CONPOTHUBJIEHNS U MPOBOIUMOCTIM

Hcxoonvie oannvie

1. 3nanue Tpex3TakHOe, TEIIONPOBOJbI CUCTEMBI OTOIJICHUS
BBITIOJTHEHBI U3 CTAJIBHBIX BOJIOTA30TPOBOIHBIX TPYO.

2. ITapamerpbl TEIUIOHOCUTENS B CUCTEME oToIuieHus 4= 95 °C,
to = 70 °C. YcraHoBneHbsl yyryHHble paguatopel MC-140-108, pa3-
MEIIEHHBIE Y OCTEKJICHHUS! CBETOBBIX MPOEMOB.

4. TennoBsle Harpy3Kd U JUIMHBI YYaCTKOB JlaHbl Ha puc. 1.7.

Pacnionaraemoe napnenue B crosike AP,= 25 xlla.
Cr7

=1
S N
[ag]
der
200
=1 =)
S S
= = 2 dn
S
L \N@20  —— s
X3777 d 20 X 6:\_lemc)|pmsu-nmii8 )
=95 =TI T AB-QM = dn
tr=170 _ al

<

Puc. 1.7. Ctosik omHOTPYOHOI CUCTEMbI OTOILJICHUS
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Ilopsaoox pacuema

1. Ompenenum KOJIWYECTBO TEIUIOHOCHUTENS B CTOSIKE MO (op-

myne (1.15):
~3,6-9300-1,04-1,02
¢ 4,187(95—70)

2. Tlo Tabmuue 1.14, 3Has, 4t0 diy= 15 MM, de= dy= 20 MM, on-
penensiem: ko3pduunent 3arekanus o = 0,26, XapaKTEepUCTUKY THJI-
PaBINYECKOTO COIIPOTHUBIICHUS BCETO ATAXKECTOSKA
(S - 10%),.= 53,2-10" a/(xr/u)”.

3. OnpenenuM TUIPaBINYECKOE COMPOTUBIIEHUE BCETO CTOSKA
no popmyze (1.19) c yuerom manubix Tabm. 1.13:

(S 10M=53,2-10%4+(53,2-10%2-7-10%2-2)+7-10" 2=
=305,2 - 10* a/(xr/a)”.

4. TloTepu naBiieHUs B CTOsIKE orpeaeanm 1o ¢popmyie (1.18):

=339,3 Kkr/u.

2
AP, =(305,2-10) 3931 _ 35 a.
100

5. Knanan AB-QM d = 20 MM UMeeT MaKCUMaJIbHbIA Pacxo/l
900 /9 mpu Hactpoiike Ha 100 % (Tadm. 1.12). JInsg Toro 4To0bBI mMo-
ayauTh pacxon 320 11/9 HEOOXOJMMO YCTAaHOBHUTH HACTPOHKY:
320/900 = 0,355 (35,5 %). Tak kxak MUHUMAJIBHO HEOOXOUMBIH Tie-
penan naeieHuit Ha kinanmane AB—QM noibkeH ObITH HE MEHeEe
16 xIla, To onpenenseM norepu napiaeHUs Ha kianaie AB—-QM:
AP =AP — AP, =25-3,5=21,5klla,

AB-QM
YTO YZIOBJIETBOPSET YCIOBHUIO €T0 pabOTHI.
1.2.2. TenJioBo#i pacyeT 0TONUTEJIbHBIX IPUOOPOB

TemnoBoii pacyeT cUCTEMBI OTOIUICHHS 3aKJIIOYAeTCS B OIpe-
JICJICHUH TUIOIIAJM TMOBEPXHOCTH OTONMUTENBHBIX mpubdopos. K pac-
4eTy MPUCTYNAIT IOocje BbIOOpa THUMA OTONUTENBHBIX MPUOOPOB,
MeCTa YCTaHOBKH, crioco0a MpUCOeTMHEeHUsI K TpyOaM CHCTEMBI OTO-
TUICHUS, BUJIA M TAPaMETPOB TEIUIOHOCUTETIS.
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Pacuer moimaam oTONUTENbLHBIX l'[pHﬁOpOB
B OI[HOprﬁl-[l)IX CHUCTEMAX OTOIJICHUSA

[ToBepXHOCTb HarpeBa OTONHUTENIBHBIX MPUOOPOB B OJHOTPYO-
HBIX CHUCTEMaxX OTOIUJICHUS] PACCUUTHIBAETCS C YUETOM TEMIIEpaTyphl
TEIUIOHOCHUTENISI HA BXOJIE B KXKJIBIA MPUOOD fxx, °C, KOJTHUECTBA Te-
IUIOHOCUTEIS, MPOXOJSIEero uepe3 npuodop Grp, Kr/4, U BETUUUHBI
TEIUIOBOM Harpysku npubdopa Oy, Bt [3, 8].

Pacyer momamm KakI0ro OTOMUTEIBHOIO PHOOpa OCYLIECTBIIS-
€TCsI B OTIPe/ICNICHHOM TTOCIIeI0BATEIILbHOCTH U 3aHOCUTCS B Tabu. 1.15.

Tabnuya 1.15
BeIIOMOCTb pacueTra OTONMUTECIAbHBIX l'[pPIﬁOpOB

: 5 = o 23 s
Elg ||| 8|lo|lo|P| S &8 |8 |28 &
el .| 2 5 1% al m =l 2| al& 8 B¢

% - & a a =9
o Qo) & = QA ‘:-é N& < a & 15 =S 5 Ha
2 IO W I E| Q|| ;‘QE g
1 2 3 4 5 6 7 8 9 10 | 11 | 12 13 14

1. Onpenensiercss cyMMapHO€ TOHIKEHHE PAacdeTHOHM Temrepa-

TYpbI BOJIbI HAa yyacTKaxX MOJAroIIeld MarucTpaimu Aty , °C:
Atl'[.M = M,

c G,
rze ¢ — Temonepenada 1| M OTKPBITO MPOJIOKEHHBIX TPYO B MoMe-
[ICHUHU C TEMIEPATYPOH 5, IPUHUMAETCS IO PWIL. 4, B 3aBUCUMOCTH
OT pa3HOCTH Temreparyp (# — #3); Gya — pacxoj BOJbI HAa y4acTKe,
NPUHUMAETCS COTJIACHO THAPABINYECKOMY pacuery, Kr/d; ly, — Iu-
Ha PAacyeTHOTO y4yacTKa, M; ¢ — YJAelbHas TEIJIOEMKOCTb BOJIHI,
¢ = 4,187 xIx/(xr-°C).

2. OOmiee KOIMYECTBO BOJIBI, KI/4, IUPKYIUPYIOLIEH MO CTOS-

Ky, oTpeiersieTcs mo popmyine

(1.22)
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= Qm'Bl'B2'3’6’ (123)

clt, - A1, ~1,)
rae i — xodhHuIMeHT ydera TOMOJHUTENHFHOTO TEIUIOBOTO MOTOKA
YCTaHABJIMBACMBIX OTOMHUTEIBHBIX MPHOOPOB 3a CUET OKPYIJICHUS
CBEpPX PacUYEeTHOW BETUYMHBI, TPHHUMAETCS 1o Tabm. 1.5, 1.6; B, — ko-
3G GUIMEHT ydeTa JIOMOJHUTENBHBIX TETUIOBBIX TIOTEPh TEIIOTH OTO-
MUTENBHBIX TPUOOPOB Y HAPYKHBIX OTPaKJICHHN, TPUHUMAETCS TI0

n
Tabm 1.7; = — CYMMAapHbI€ TEIUIONOTEPH B ITOMEIICHHUSIX
CT 0 9

1

00CITy’)KHBaeMBIX CTOSIKOM, BT; # — Temmeparypa BOJbI Ha BXOJC B
CUCTEMY OTOILJIEHUs, TpUHUMaercs paBHou 95 °C; ¢, — TeMneparypa
BOJIBI Ha BBIXOJIC W3 CHUCTEMBI OTOIUICHUS, NMPUHUMAETCs paBHOU 70
°C.

3. PaccuutsiBaercst pacxon Boabl, Gyp, KI/4, IPOXOAAIIEH de-
pe3 KakJblii OTONMUTENBHBINA MPUOOP ¢ yuyeToM Kod(hHUIHEeHTa 3aTe-
KaHUA o 110 popmyIie

Gup= Ger Q. (1.24)
rae o — KO3(pQUIMEHT 3aTeKaHusl BOJBI B OTOMMUTEIBHBIN MPUOOp,
JUIsL OCEBOTO 3aMbIKaromiero ydactka oo = 0,33, mjis cMenieHHoro —
o = 0,5, It MPOTOYHOTO MpUOOPHOTO Y312 oL = 1.

4. Onpenensiercst TemrepaTrypa Bojbl, °C, Ha BXOJIe B KaXKJIbIi
OTOMUTENLHBIA TPUOOP TIO XOAY JABMKCHHS TCIUIOHOCUTENS C yde-
TOM Aty :

ZQO -B,-B,-3.,6
tBX = tr _AtH.M — = G 4 (125)
c-G,

n
rue ZQO — TEIUIoBas Harpy3ka NpuOOpPOB BHIIIEPACTIONOKEHHBIX
i=1
aTaxew, BT.
5. Ompenensercst cpeanss temneparypa Bopl, °C, B KaKJIOM
OTOIMHUTCIBHOM HpH60pe IO XO4y ABUIKCHUA TCIIJIOHOCUTCIIA:
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0,5-0 B, -B,-3,6
t, =t - Q, -, -B : (1.26)
cp BX
c-G,
6. PaccunTbIBaeTcst cpelHUI TeMIepaTypHbIl Hallop B KayKJIOM
OTONUTEIBHOM ITPUOOpE MO X0y ABMKEHUS TeroHocuTens, °C:
At, =t, —t,. (1.27)

2
7. Onpenensiercst INIOTHOCTH TEIIOBOTO TOTOKA, BT/M™, uist Kax-

JIOT0 OTOTNUTENILHOTO IMPHOOPA TIO X0y IBUKECHUS TETUIOHOCHUTEIIS:
1+n V4
At,, G,
—= — |, (1.28)
70 360
2
TJI€ ¢nom — HOMHHAIBHAS IJIOTHOCTH TEIUIOBOTO MOTOKa, BT/M”, mpu-
HUMaeTcs 1mo 1adm. 1.16; n, p — mokazarenu CTENeHH I OTpeelie-
HHUA TCIIJIOBOT'O IIOTOKA OTOIIMUTCIBHOI'O HpH6opa, MPpUHUMACMBIC 10

Tabn. 1.17.

qnp = qHOM

Tabnruya 1.16
HomuHajibHas JIOTHOCTh TEIJIOBOI0 MOTOKA
OTONMTEIbHBIX NPHUOOPOB

HanmenoBanue 1 0603HaueHNE OTOMUTEIHHOIO IPHOOpa Guons BT/M?

PanmaTopb! 4yryHHBIE CEKITHOHHEIE:

MC-140-108 758
MC-140-98 725
MC-140-A0 595
MC-140-A 646
M-90 700
MC-90-108 802
Pagmartops! amoMIHUEBBIE:

«ELEGANCE» 460
«CHAJIKO» 596
«Tepmam» 404
KoHBeKTOp HaCTEHHBIH ¢ KOXKyXoM THHa «YHUBepcai—Cy» 345
KoHBeKTOp HACTEHHBIN C KOKYXOM TUIIA «YHUBEPCAD) 357
KonBexrop HacTeHHBIH ¢ KokyxoM THIa «Komdopt—20» 462
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Tabruya 1.17
Ko duunents n, p

Hanpaenenue | Pacxon termo-
THI OTONUTENIBHOTO IPHOOpa JIBHIKCHUS Hocutens G, | n )4
TEIUIOHOCUTEIS Kr/q
18 -50 0,02
N N CBepxy — BHU3 54 -536 0,3 0
Panuatop YT YHHBIH CCKIMOHHBI, 536900 0,01
AIFOMUHHUEBBII CEKIIMOHHBIH
CHm3y — BBepX 61 58 _96010 0,25 8’ (l)i
KOHBEKTOp HACTEHHBIH C KOXKYXOM THITA
«Kompopt—20», 3 Thio6oe 36 - 86 035 0,18
KOHBEKTOP HAIOJIBHBIN C KOXYXOM TH-
1oB «Putmy, «PutmM—1500» 90 — 900 0,07
KoHBEKTOpHI HACTCHHBIE C KOKYXOM Tio6oe 36 - 86 03 0,18
THIOB «YHUBEpca, «YHuBepca—Cy» 90 — 900 >~ 10,07

8. PaccumThIBaeTCs TONE3HAs TEIUIOOT/Aada, BT, TpyO crosika,

MOJIBOJIOK K OTONHTENBHBIM MPUOOpaM, TIPOJIOKEHHBIM B TIOMEIIICHNH:
0,=9,1,+q,.-1, (1.29)

rae Ir, [y — JUIMHBI TOPU30HTAJIBHBIX M BEPTUKAJIBHBIX TPYO CTOsKA
U NOJIBOJIOK B Ipejenax MoMeuieHus (IpuMep OoNpeAeseHUs JUIMH
TpYyO cTosika cM. puc. 1.6), M; gr, ¢s — yJ€IbHbIE BETUYUHBI TEIUIOOT-
Ja4ll TOPU3OHTAIBHBIX U BEPTUKAIBHBIX TPYO, BT/M, mpuauMaroTcs
o npuit. 4 [8].

9. Ilpu ompeneneHUn TEIUIOOTAAUYM | M HEM3OJIMPOBAHHBIX
TpyO pa3HOCTh TEMIEpPaTypbl TEINIOHOCUTENS U BO3/lyXa B IOMeEIlle-
HUU NPUHUMAIOT C YYETOM TeMIEepaTyphl TEIJIOHOCUTENS Ha BXOJIE
B OTOINUTENBHBIN IPUOOP (Zsx— 75).

JlaHHBIE PACYETOB TOJIE3HON TEIUIOOTAAYH TPYyO 3aHOCATCS

B Ta0m. 1.18.
Tabauya 1.18
TenjiooTaa4ya 0TKPHITO MPOJIOKEHHBIX TPYOONIPOBOIOB

Ne BepTukaibHbIe y9acTKH I"opr30oHTaJIBHBIE YUACTKH
nom., Loxs |lox— s s, lB! qs lm Loxs |tax— las qr, lry qr lry %T,?’
t, °C | °C °C Br/M | M Br °C °C |Br/M| M Br
1 2 3 4 5 6 7 8 9 10 11 12
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10. Omnpenensiercsi TpeOyemasi TEIIOOTada OTOMUTEIHHOTO
npubopa, BT, B moMenieHnu ¢ y4eToM MoJIE3HOM TEMJI00TAauu Ipo-
JIO’)KEHHBIX B IOMELIEHUH TPYO:

Oy = Qo =Bup - Oy (1.30)
rie Brp — NOMPaBOYHBIN KOIPPUIUEHT, YINTHIBAIOIIUI SO0 TETIO-
OT/Ia4M TEIUIONPOBOJIOB, MOJIYYEHHYIO Ui MOJJEpKAHUS 3aJaHHOMN
TEMIIEpPaTypbl BO3/yXa B MOMEIIEHNUH; 1 OTKPBITO MPOJIOKEHHBIX
TpYyO PBrp IpuHUMaIOT paBHbIM 0,9.

11. Beluucnsercss pacueTHas HapysKHas IUIOIIAJb, M°, OTOIIH-
TEIBHOTO MPUOOPa MO X0y ABUKEHUS TETNIOHOCUTEIS:

qnp
12. Tlpu ycTaHOBKE KOHBEKTOPOB (CM. MpWJI. 5) HapyKHas
IJIOMIA b OTOMUTENBLHOTO TpuOopa NpUHUMAeTcs OoJiee ONM3KOM
K nosnyuyuBiueics no ¢opmyne 1.31 u mo craHmapty omnpeneisercs
Mapka KOHBEKTOpa. lIpu ycTaHOBKE UYryHHBIX PaJHAaTOPOB YHCIIO
CEKIIHiA oTpeiensieTcs o Gpopmyre
Ay

N=—, (1.32)
I
rze fo — IJIOIIab HarpeBaTeNIbHOW MOBEPXHOCTH OJHON CEKIMH pa-
auaropa, M.

A =

p

(1.31)

Pacuer moimaam oTONUTENbHBIX l'lpHﬁOpOB
B IlByXprﬁl—[bIX CUCTEMAX OTOIJICHUSA

B 1ByXTpyOHBIX CHCTEMax OTOIUICHHS pacdeT MOBEPXHOCTH
HarpeBa OTONMTENBHBIX NMPHOOPOB MPOU3BOAUTCS MPU TTOCTOSHHOM
TEMIEpaTypHOM IMepernaae B KaXJA0M NpuOope, paBHOM Iepernaty
TEMIIEpaTypbl TEIJIOHOCUTENIS Ha CTOSIKE, T. €. fr— &y, °C.

Pacder mutomaay Kax10ro OTOMUTENHFHOTO MprOopa Ha CTOSIKE
OCYIIECTBIISIETCS OT/EIBHO B ONPEIEICHHON MOCIeI0BATEILHOCTH:

1. BeiuepunBaetcsi pacuetHas cxema crtosika (puc. 1.8), mpo-
CTaBIISIOTCSI HA HEW AMaMeTphl TPyO M BEMYMHA TEIUIOBOTO MOTOKA
npubopa (paBHast TEIVIONOTEPSM NOMELIEHUS).
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L

Qo)) | 5 Qo@;try; Lya)

to

tr
Qoe)tae) | 6 Qo) t3); bya3)
to

A

Ooy;tsny |7 Qo);1:2); lys)

to

t
Puc. 1.8. Pacuernas cxema  Qo®);txs) | 8 Qoy;ta(vy; Lys(n)
to

CTOsIKa IByXTpYOHOI

CHUCTEMBI BOISIHOIO tr X
OTOILIEHHS ;_l—‘v
to

2. Haxogum cyMMapHOE IOHM)KEHHE pacueTHON pa3HOCTH
TeMrneparyp BoAbl Ay, °C, Ha ydacTKax MOJAroIel MarucTpaim OT
Hayajia CUCTEMBI JI0 pacCMaTPHUBAEMOTI0 CTOSKA.

Hanee ompenensiercs (AomycKaeTcs OPUEHTUPOBOYHO) IMOHU-
KEHHE TeMIIepaTypbl BOJbI MO0 M30JUPOBAHHOM MOJAIOIIEH Maruct-
pajii HaCOCHOM cUcTeMbI oTorieHus (Tabim. 1.19).

Tabruya 1.19

BenuuuHa noHUKEHUs] TeMIEPaTyPbl BOAbI
Ha 10 M u30J1MpoBaHHON MOAI0IEl MATUCTPAIU TUAMeTPOM d

d, Mm 25-32 40 50 65-100 125-150
Aty °C 0,4 0,4 0,3 0,2 0,1

3. Omnpenensiercst CcyMMapHO€ MOHM)KEHUE pacueTHOM TeMIiepa-
TYpbl BoAbl Aty ¢r, °C, Ha ydacTKax MOJAIOIIETO CTOSKAa OT MarucTpa-
JIM J10 pacCYUTHIBAEMOr0 Mpuodopa:

_ qB lyq .Bl .B2 3’6
mer s
-G,

/i€ ¢ — TeIIonepeaaya 1 M BepTUKaIbHOM TPYObI MOJAIOIIETO CTOSIKA
B 3aBUCHMOCTH OT JUAMETpPa y4acTKa MOJAIOUIEro CTOsIKAa U pa3HOCTH

At (1.33)
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TEMIICPATYPhI TCIIJIIOHOCUTCIIA fzx Ha BXOJI€ B IOMEIIECHUE U TEMIICPa-
TYpBbI OKPYKAOILIETO BO3AyXa f;, IPUHAMAETCS 10 Npuil. 4; Gy — pac-
XOJ BOJBI HAa y4acTKE MOJAIOIIETO CTOSKA C YY4ETOM MpeblayIeit
OTONUTEIBHON HArpy3KH, Kr/d; /y, — JUIMHA pacyeTHOTO y4acTKa Io-
JAIOIIETO CTOsIKA, IPUHUMAaeMasi PaBHOM BBICOTE 3TaxKa, M.

TemmepaTypa TEIJIOHOCUTES f5x (HAa Y4acTKE) Ha BXOJIE B pac-
CMaTpHBaeMOe MOMEIICHNE OTPEACISIETCS 10 X0y JIBUKECHUS TeTl-
JIOHOCHTEJIS 10 ypaBHEHHU1o, °C:

— JUTsl IEpBOTO Ipubopa

foy =1 — At (1.34)

— JUTsl BTOpOTO npudopa
Ly =0 — AL —ZAL Ly (1.35)
— JUTsl TpEeThero npubdopa
oy =6 — AL — (AL ) AL ) BT 0 (1.36)

3HaueHUS Aty ¢r OTIPEIEISIIOTCS TTOCIEI0OBATENLHO U HETIOCPEI-
CTBEHHO TOCJIE pacyeTa fz Ha MPEIbIAYIIEM YYacTKe IOJAIOLIEro
CTOdAKaA. HpI/I IIByXCTOpOHHeM HpI/ICOGI[I/IHeHI/H/I OTOITUTCIBbHBIX HpI/I-
OOpOB B JIBYXTPYOHBIX CHCTEMax OTOILICHUS 3HAUCHUS fyx HA OJTHOM
9TaXKeE HpI/IHI/IMaIOTCSI OJINHAKOBBIMH.

Pacxo1 BoJpl Ha KaK/I0M y4acTKe MOJAIOIIET0 CTOSKAa Ha BXOJIE
B paccMaTpUBaEMOe MOMEIIEHUE OTpeAesieTcs o GopMyrie, KI/d:

— JUTsl IepBOTO Ipubopa

-B,-B, 3,6
G = > 0ui)-Bi By : (1.37)
c(th(l) _to)
— JUTsl BTOpOTO npudopa
B -B, 3,6
qu(z) _ Zqu(z) Bl Bz : (1.38)
c(tBX(z) - to)
— JUTsl TpEeThero npubdopa
B B, 3,6
Gy 20w BPa30 (1.39)
c (tBX(3) - to)
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rae 20, 3 — CYMMapHble TCIUIONOTEPH HA YYacTKE IOJIAKOIIETO

CTOSIKa Ha BXOJI€ B PAacCMaTpUBacMoO€ MOMEUICHUE, C y4eToM Oy
BBIIIEJIEKAIETO0 OTOMUTENBHOTO pubopa, BT; fuy1.. 3) — Temmepary-
pa TEIIOHOCUTEJS Ha y4acTKe IMOJAIOLIEro CTOsIka Ha BXOJE B pac-
cMmaTpuBaemoe nomenienue, °C.

4. PaccunTbiBaeTcsl CpeIHUI TeMIIepaTypHbIN Hamop B OTOIH-
TEJIBHOM MPUOOpE C yUETOM TEMIIEpaTyphl BOJbI B MOJAIOIIEH Maru-
CTpaJH U CTOSIKE:

At, =05t —(At,, +ZAt, . )+1t,]-t,. (1.40)

5. Onpenensiercst o01ee KOIMYECTBO BOJIbI, LIUPKYIUPYIOLIEH
B OTONHUTEIHHOM MPUOOpE, C YIETOM MOHIKEHHS TEMIIEpaTyphl BO-
61 B TIOAAIOIIEH MaruCTpajl U CTOSIKE, KI/4:
0,-B -B,-36
G, = . (1.41)
clt, —(ae,, +2A¢, )t ]
6. Beruucnsercst pacueTHas IUIOTHOCTh TEIJIOBOIO MOTOKa
OTOIHUTENHLHOrO MPUOOPa VTS TeTIOHOCHTeNs (BOp), BT/M:
P
Ai ﬂ , (1.42)
70 360
IJIE Guoy — HOMHHAIBHAS TUIOTHOCT TEMIOBOTO MOTOKa, BT/M%, mpu-
HUMaeTcs 1o 1adm. 1.16; n, p — mokazarenu CTENeHH IS OTpeelie-
HUS TEIJIOBOTO TMOTOKA OTOIMTEIBHOTO MPUOOpa, MPUHUMAEMBIE 1O
Tabm. 1.17.
7. OmnpenensieTcs MoJIe3HAsI TEIUIOOTAa4a TPYO CTOSIKA U TO-
BOJIOK, TPOJIOKEHHBIX B MOMEIeHIH, BT:

Op =4s- L+ 4.1, (1.43)
rae I, [y — IIMHBI TOPU3OHTAIBHBIX U BEPTUKAIBHBIX TPYO CTOsIKa
Y TIOJIBOJIOK B TIpeJieNiaX MOMEIICHUS, M; ¢r, ¢s — yACIbHBIC BEIUYH-
HBI TETUIOOT/AaYH TOPU3OHTAIBHBIX U BEPTHUKAIBHBIX TPYO B MOMe-
meHuu, Bt/M, npuaumarotes no npui. 4 [8] B 3aBUCHMOCTH OT JHa-
MeTpa M Pa3HOCTH TEMIEpaTypbl TEIUIOHOCUTENS Ha BXOJE B pac-

I+n

qnp = qHOM
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CManI/IBaeMOG IIOMCIICHUC U TeMHepaTprI BO3Z[yxa B IIOMCIICHHUU
t. =t —(At, —ZAt )—t,.

8. PaccumthiBacTcs TpeOyemas TEIIOOTIada OTOMUTEILHOTO
npubopa B paccMaTpUBaeMOM TIOMEIIeHUH, BT:

Oy = Qo =By O (1.44)

rae Brp— MONPaBOYHBIN KOID(UIINEHT, YINTHIBAOIINNA JOJIO TEIIO0T-
Jlau¥l TEIJIONPOBOAOB (IIPH OTKPBITON Hpokiaake Prp, = 0,9; mpu cKpsl-
To npokanke By, = 0,5; npu npokagke B TsHKeIoM O6etoHe B, = 1,8).

9. Beruncisiercst pacyeTHasi Hapy)KHasl TUIOINAIb OTOMUTENEHO-
ro IIprbopa, M*:

Py (1.45)

T 4y
Ilpumep 1.9. Pacuer miomaau u KOJM4ECTBA OTOMUTEIbHBIX
NnpudOpPoB B OIHOTPYOHOM cucTeMe OTOIICHUs!
AKHJIOT0 A0Ma

Hcxoouvle oannbie

1. TemnonocureneM B CHCTEME OTOILICHHS SBISICTCSI BOJa C
napametrpamiu . = 95 °C, ¢, = 70 °C.

2. Tun oronurensHOTO TTpHbOpa — paguatop MC—-140-108.

3. JluameTpsl CTOSIKOB — 15 MMm.

4.3Ha4yeHNs] OTOMUTENLHBIX XapaKTEPUCTUK W KOIPPUICH-
ToB: ¢ = 4,19 xJIx/(xr-°C); B1 = 1,02; B, = 1,04; n = 0,3; p = 0;
Guon = 758 BT/Mz;fc: 0,244 m*; Brp = 0,9, Atyy=0,4-°C, o = 1,0.

Ilopsaoox pacuema
1. CxemaTHMYHO TNOKa3blBAEM Ha IUIAHE pPa3MEILEHUE OTONH-
TenbHBIX TpUOOPOoB (1 cexuus = 1Mm) u cTosgkoB (puc. 1.9) ¢ ux Hy-
Mepalnuen Mo 4acOBOW CTPEJIKE, Ha4MHas C JIEBOIO BEPXHEro yria
(ct. 1, cT. 2 1 T. 1.). Ha cTrosikax mpocTaBiisieM BEIIMYMHBI TETIOBBIX
Harpy30K npuOOpoB, paBHBIE PACYETHBIM TEIUIONIOTEPSIM IMOMEIICHUI
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U HyMepauuio MpuOOpoB, HauMHasl C IEPBOTO IO XOAY ABMXKCHMUS

TertoHocuTens npuodopa (puc. 1.10).

T
I

Cr2

t,=23C £=21C

I'cr

Puc. 1.9. Pazmenienue oTONUTENBHBIX MPHOOPOB Ha TIaHE 31aHUS

Crl Cr2
b y
KL /// LLL L L
5| — ] 500
=) A
Fpoo st | o I:‘ 1356 | 1

500

160

- -

160 2340
T
I
I
I
[o0]
~
i\o

v/ //// L L

sl X

Puc. 1.10. PacuerHblie cXeMbI CTOSIKOB 1 1 2

2. Pacuer BBINOJHSEM 10 NPEJCTaBICHHON METOJMKE, U pe-
3yJbTaThl 3aHOCUM B Tabu. 1.20 u 1.21.
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Ilpumep 1.10. Pacyer miiomagy U KOJIMYECTBA OTONMUTETbHBIX
npudOpoB B ABYXTPYOHOM cHCTeMe OTONJICHUsI
SKHJIOTO 10Ma

Hcxoonwvie 0annvie

1. PacueTHas TemnepaTypa BHyTPEHHETO Bo3ayxa 7, = 18 °C.
2. TennoHocuTeneM sBJISETCS BoAa ¢ mapamerpamu 4 = 95 °C,

1, =770 °C.

3. Tun otonuTensHOro Npudopa — paguatop M—90-108.

4. Jlnametpsl Mmaructpaiet 32 mm, ctosika 25 M.

5.3HaueHHs] OTONMHUTENBHBIX XapaKTEPUCTHK M Koddduimen-
ToB: ¢ = 4,19 x/Ix/(xr-°C); B; = 1,03; B, = 1,02; n = 0,25; p = 0,04;
Guon = 700 BT/MZ;fC: 0,187 m%; By =0,9.

6. PaccrosiHne OT Hayana CHCTEMBI 10 pPaccMaTpUBAEMOIO

crosika 10 M.

Ilopsiook pacuema

1. BeryepunBaem pacueTHyro cxemy crosika (puc. 1.11) u mpo-
CTaBIIsIEM Ha HEH JJIMHBI U TUaMeTpbl TPyO, a TakyKe BETMYUHBI Tel-

0,5

$

M

2874|

|5

,

2.8™m

114

2.8M

114

tr

=

t.=95C X 0|
e (o]

lo
~T'1

2.8™m

2533

sl

d32

e—l—nf

t,=70C

JIOBBIX IOTOKOB IPUOOPOB.

2. Haxoaum mo ta6n. 1.19 cymmapHoe
MOHWXEHNUE PACUETHOU TeMIepaTypbl BObI
Ha y4yacTKax MOJAloIIeld MarucTpaiy oT Ha-
yajga 0 pacCMaTpUBAEMOro CTOsKA. 3Haye-
Hue Aty = 0,4 °C.

3. OnpenensieM cymMMapHOE MOHHKE-
HUE pacueTHOW TeMIepaTypsl BOJBI Ha
y4acTKax IOJAIOUIEro CTOSIKa OT Marucr-
palu 10 paccUUTHIBAEMOTo Mpubopa 1o
dopmyne (1.32)

4yl PioBy-3,6

Atn cr
' c-G,

Puc. 1.11. Pacuernas cxema
IBYXTPYOHOTO CTOSIKA
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[TepBoHAUANTBHO OTIPEEIIIEM TEMITEPATYPY TETUIOHOCUTEIS 1y,
°C, (Ha yyacTke) Ha BXOJI€ B TOMEIIEHUE 10 XOAY JBUKEHUS TETIO-
HocuTens. 3areM HaxozsaTcs 1o ypaBHeHusiM (1.37) — (1.39) 3naye-
HUs Gyy U g, BT/M, onpenenserca At B OIpeiesieHHoil mocieno-
BaTEIbHOCTH:

— JUTsl IEpBOTO Ipubopa

Loy =1 — ALy, =95 0,4 =94,6 °C,
2Oy Bi B, 3.6 9635-1,03-1,02-3,6

G = = =353,5 xr/u,
() oy —1,) 4,19(94,6 - 70)
npu ¢, ., —t, =94,6-18=76,6°C, ¢x=107 Bt/m,
Aty = 107-28-1,03-102:36 _ (- o
' 4193535

— JUTsl BTOpOTO npudopa
iy =t — AL —ZAL ) =95-0,4-0,77=938 °C,
_7102-1,03-1,02-3,6

- —269,4 /s,
) =4 19(93.8—70) o
pH 1,5, —t, =93,8-18=758 °C, ¢x=103 B1/m™,
Ny < 0328 L03 L0236 o,

4,19-269,4
— JUTsl TpEeThero npubdopa
t— At~ (Al o) + A o)) = 95-0,4—(0,77+0,97) = 92,9 °C,

m.ct(l)

_ 4988-1,03-1,02-3,6

Lz =

= =196,6 kr/4,
0 419(92,9-70)
pH 1,5 —1, =92,9-18=74,9 °C, ¢s=101 Bt/m,
Aty = 101-2,8-1,03-1,02-3,6 _ 13 °C:
' 4,19-196,6

— JUTsl Y€TBEPTOro Mpudopa
tw =95-0,4—(0,77+0,97+13)=916 °C,
~ 2874-1,03-1,02-3,6

4T 419(91,6-70)

=120,1 xr/4,
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npu f,, . —t, =91,6-18 =73,6 °C, ¢x=100 Bt/m™,
~100-2,8-1,03-1,02-3,6
4,19-120,1
4. BpluncisieM cpeIHUN TeMIEepaTypHbI Hamop B OTONMTEIb-
HOM IpUOOpE C y4eTOM IMOHMKEHHUS TEMIIEpaTypbl BOJbI B MOJal0-

e MarucTpaiu u crosike mo popmyie (1.40):
— JUTsl IEpBOTO Ipubopa

Aty =0,5[95-(0,4+0,77)+70]-18 = 63,92 °C;
— JUTsl BTOpOTO npudopa
Aty =0,5[95-(0,4+0,77+0,97)+70] - 18 = 63,43 °C;
— JUTsl TpEeThero npubdopa
Aty =0,5[95-(0,4+0,77+0,97+1,3)+ 70] - 18 = 62,78 °C;
— JUI 4YETBEPTOro npuodopa
Aty =0,5[95-(0,4+0,77+0,97 +1,3+2,1)+ 70] - 18 = 61,73 °C.
5. PaccunThiBaeM 001ee KOJMYECTBO BOIBI, IUPKYIUPYIOIIEH
B OTOIIMTCIBHOM HpH60pe, C YUCTOM NOHWXKXCHUA TEMIICPATYPHI BO-
JIbl B TIOJIAOIIMX MAruCTpalisix U cToske no gopmyne (1.41):
— JUTsl IEpBOTO Ipubopa
_2533-1,03-1,02-3,6
w0~ 419[95-(0,4+0,77)-70]
— JUIS BTOpOTO TIprbopa
2114-1,03-1,02-3,6

=21 °C.

Atl’l.CT(4)

= 95,95 kr/y;

= = 80,76 kr/u;
™) " 419[95-(0,4+0,97)—70]
— JUTsl TpEeThero npubdopa
o 2030236 g
4,19[95-(0,4+1,3)-70]
— JUTsl Y€TBEPTOro Mpudopa
2874-1,03-1,02-3,6 1153 ke,

w0 " 4 19[95— 0,4+ 2,1)-70]
6. OmpeziensieM pacYeTHYIO MIOTHOCTh TEIIOBOTO MOTOKA OTO-
MUTENBHOTO Tiprbopa mo dopmye (1.42):
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— JUTsl IEpBOTO Ipubopa

1,25 0,01
Gup(t) = 700 921 (2221 _617 Buw;
70 360
— JUTsl BTOpOTO npudopa
1,25 0,01
Guniy = 700[ 222 [ BETON T 610 B,
b 70 360
— JUTsl TpeThero npubdopa
62,787 (81,9)"
Gup(s) = 700 — | =602 Br/m*;
70 360
— JUTsl Y€TBEPTOro Mpudopa

61,73}1’25 (1 15,3

=700
Tt ( 70 360
7. BprauciisieM MoJIHYIO TEIJIO0TAauy TPYO CTOsIKA U MOJBOJIOK,

MPOJIOKEHHBIX B ToMmenieHuu, o ¢opmyrne (1.43) ¢ yuerom ¢ —
JUTSL KQXKJIOTO y4acTKa:
— JUTsl IEpBOTO Mpubopa
Q) =107-2,8+128-0,5 =364 Br;
— JUTsl BTOpOTO npudopa
QTp(Z) = 103 : 278 + 125 : 0,5 = 351 BT;
— JUTsl TpEeThero npubdopa
QTp(3) = 101 : 278 + 123 : 0,5 = 344 BT;
— JUTsl Y€TBEPTOro Mpudopa
Q) =100-2,8+121-0,5=341 Br.
8. OmnpenensieM TpeOyeMyro TEIUIOOTAAYy KOXKYyXa OTOMUTEITBHO-
ro nmpudopa B pacCMaTpUBaeMOM MoMeIeHnH 1o gopmyre (1.44):
— JUTsl IEpBOTO Ipubopa
O,p() = 2533-0,9-364 =2205 Br;
— JUTsl BTOpOTO npudopa
O,p(2) =2114-0,9-351=1798 Br;
— JUTsl TpEeThero npubdopa

0,01
j =592 Br/Mm
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O,ps) =2114-0,9-344 =1804 Br;
— JUTsl Y€TBEPTOro Mpudopa
O,p(4) =2874-0,9-341=2567 Br.

9. OnpenensieM pacuyeTHYIO HApPYXKHYIO IUIONIAb OTOIMUTENb-
Horo npubdopa no gopmyie (1.45):
— JUTsl IEpBOTO Ipubopa
2205 2
=T _357 M
o) =17
— JUTsl BTOpOTO npudopa
1798
mp(2) — 610
— JUTsl TpEeThero npubdopa
1804 3
mp(3) = 602 M
— JUTsl Y€TBEPTOro Mpudopa
2567
=434 M.
A“P(“) 592
10. PaccutsiBaeM 4uCIIO CEKIMIM YyryHHOTO paauaropa M—90-108:
— JUTsl IEpBOTO Ipubopa

=295 M

N1=A“p<‘) 357 191, 1 e 19 mr;
f. 0187
— JUTsl BTOpOTO npudopa
N2=_A“p(2) 295 =158, T. €. 16 mr.;
£ 0187
— JUTsl TpEeThero npubdopa
NFM— 3 16,04, ¢ 16w,
f. 0,187
— JUTsl Y€TBEPTOro Mpudopa
N4:A""(4) A3 5351 e 24um.
f. 0,187
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1.3. Bo3ayuiHoe oTonjienune

BozaymHoe oTorsieHne UMEeeT MHOTO OOIIEro ¢ JAPYTMMHU BH-
JaMHM LEHTPAIU30BAaHHOTO OTOIUIEHMs. W BO3aylIHOE, W BOJSHOE
OTOIUIEHHE OCHOBaHbI Ha Iepeaaye TEIUIOThl B OTAaINIMBaeMble I10-
MEIIEHUs OT OXJIAXIAKOUIErocs TEIUIOHOCUTENs. B neHTpalbHOU
CHCTEME BO3JYLIHOTO OTOIUIEHUS, KaK U B CUCTEMAaX BOJSHOIO OTO-
IUIEHUSI, UMEETCsl TeIUIoreHepaTop (LeHTpaibHasl yCTaHOBKA JJIs Ha-
IpEBAaHUS BO3/lyXa) U TEIJIONPOBObI (KaHAJBI MJIM BO3yXOBObI JIIs
MEpEMEILEHUS TETNIOHOCUTEIS).

Bo3nyx ans oToruieHMs 01aeTcsl B IOMEIIEHUE HAarpeThIM 110
TaKoW TEeMIEpaTypsl f, YTOOBI B PE3YJAbTAaTE €r0 CMELIECHUS C BHYT-
PEHHHUM BO3JyXOM M TEIIOOOMEHa C TOBEPXHOCTBHIO OTPaXICHHI
MoJJIepKUBalach 3aJaHHasg Temmeparypa nomemieHus. Crienosa-
TEJIbHO, KOJIMYECTBO aKKyMYJIMPOBAHHOW BO3/1yXOM TEIJIOTHI JOJK-
HO OBITb paBHO (J; — MaKCUMAaJbHOM TEMJIONOTPEOHOCTU i MOJ-
JiepKaHUs B IOMEUIEHUH pacueTHOM TeMneparypsl 4 [13, 25]:

GOTc(tr —tB):QH. (1.46)
Otcrona pacxona Harperoro Bo3ayxa Gor, KI/C, IS OTOTUICHUS
IIOMCIICHUA

G, =0,/(c(t,-1,)). (1.47)
I1€ ¢ — YAelbHas MaccoBas TEIUIOEMKOCTh BO3/yXa, paBHas
1005 Jx/(xr-K).

Jlnst monmydeHus pacxoja BO3AyXa B KI/4 TEIIONOTPEOHOCTH
nomenienus B Bt (J[x/c) cnemyer Bbipazuts B JLK/4, T. €. yMHOXHTD
Ha 3600 c.

OGBEM TMOJaBAEMOTO BO3IyXa Lo, M/4, IIPH TeMIeparype f
HarpeToro Bo3ayxa

LOT = GOT/pF ° (148)

B03/1yX000MeH B TIOMEIIEHHH Ly, M/, HECKOJIBKO OTIAUYAETCS

OT Loy, T. K. OTIpENIENSIETCS IPU TEMIIEPATYpe BHYTPEHHETO BO3/AyXa 1!
Ln = GOT/pB s (149)

rae pr U ps — MIOTHOCTH BO3JyXa, Kr/M3 , IpH €ro TeMIIEpaType co-
OTBETCTBEHHO [/ U [;.
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TemmnepaTtypa Bo3ayxa f JOJDKHA OBITh BO3MOXHO 0oJiee BbI-
COKOM, KaK 3T0 BUJIHO U3 ypaBHeHus (1.47), nis yMeHbIIEHUS KOJIH-
4yecTBa I10/1aBaeMOro Bo3ayxa. B cBs3u ¢ 3TUM, COOTBETCTBEHHO, CO-
KpAaIlaloTCs pa3Mephbl KAHAJIOB, a TAK)KE CHUYKAETCS PacXo/l AJIEKTPO-
SHEPrUM IPU MEXaHUYECKOM MOOYK/IEHUH JABM)KEHUS BO3/1yXa.

OpHako MpaBUJIaMU TMIMEHbI YCTAHABIMBAETCS OIPEIEIEHHBIN
BEPXHUII Mpeie TEMIIEPATyphl — BO3AYX HE CIIEyeT HarpeBaTh BhILIE
60 °C, 4yroOBl OH HE TEpsUl CBOMX CBOWMCTB KakK Cpeia, BAbIXaeMas
JTIOABMU. DTa TeMIepaTypa U MPUHUMAETCS KaK MpesiebHas JUIsl CUC-
TE€M BO3AYILIHOTO OTOIUIEHWS MOMEUICHWH C MOCTOSHHBIM WJIM JUIH-
TeNbHBIM (Oonee 2 4) mpeObiBaHUEM JtoJie. OTKIOHEHHS OT 3TOro
oOIero mpaBuiIa JENaroT Ui BO3IYIIHO-TETIOBBIX 3aBec. [ls 3aBec
y BHEIIHUX BOPOT M TEXHOJOTHYECKUX MPOEMOB, BBIXOSIINX HAPY-
XY, JIOIYCKAeTCsl MOBBILIEHNE TEMIIEPATYPBhI [10/1aBAEMOT0 BO3/yXa 10
70 °C, a 15 3aBeC y HApYKHBIX BXOIHBIX ABepert — 10 50 °C.

KoHkpeTHble 3HaYeHUs! TEMIIEpaTypbl BO3AyXa MPU BO3IYIIHOM
OTOIJIEHUH CBSA3aHBI CO croco0aMy €ro mojadu U3 BO3AyXopachpee-
JUTENEN U 3aBUCAT OT TOTO, MOJAETCS JIU BO3yX BEPTHKAIBHO CBEPXY
BHU3, HAKJIOHHO B HallpaBJieHUU pabodelt (00cayKrBaeMoi) 30HbI WU
TOPU30HTAIBHO B BEpXHEW 30HE nomenienus. Ecnu moau noasepraror-
Csl JUTUTEIIbHOMY HETIOCPEICTBEHHOMY BIIMSIHUIO CTPYH HarpeToro BO3-
1yXa, €ro TeMIreparypy peKoMeHayeTcs HoHmxkath 10 25 °C.

ITo dopmyne (1.47) ompenenstor KOJIUIECTBO BO3IyXa, MOJIA-
BAEMOT'0 B IIOMEILEHUE TOJIBKO C LENbI0 €r0 OTOIUIEHUS, U CUCTEMY
YCTPauBarOT pPEUMPKYIAIMOHHOW. Korma ke Bo3ayliHas cucrema
OTOIUIEHUS SBJISIETCS OJHOBPEMEHHO M CUCTEMOW BEHTWISILIMM, KO-
JIMYECTBO MOJABAEMOI0 B MIOMEIIEHHE BO3yXa YCTAHABIMBAIOT Clle-
JTYIOIIMM 00pazoM:

—eclil Gor = Gyenr (KOJIMYECTBO BO3/yXa JJISl OTOIUIEHMS OKa-
3BIBAETCS PAaBHBIM KOJIMYECTBY BO3/1yXa, HEOOXOIUMOMY JUIS BEHTH-
JSIUUY, WIN NIPEBBILIAET €T0), TO COXPAHSAIOT KOJUYECTBO U TEMIIEpa-
TYpy OTOIMTEJIBHOTO BO3/lyXa, a CUCTEMY BBIOMPAIOT MPSIMOTOYHOU
WJIM C YACTUYHOM PELMPKYISIUEH;
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—ecld Ggenr > Gor (KOJUYECTBO BEHTUIISIIMOHHOTO BO3JyXa
MPEBBIIIAET KOJWYECTBO BO3AyXa, KOTOPOE HEOOXOAMMO JUIS OTO-
TUICHHSI), TO TPHHUMAIOT KOJUYECTBO BO3/1yXa, MOTPEOHOE /ISl BEH-
TUJISIIIAH, CUCTEMY JISIAI0OT MPSIMOTOYHOM, a TEeMIepaTypy mojaBae-
MOTO BO3/lyXa BBIUUCIISIIOT IO (hopMyIie

t.=t,+0,/(cG,..), (1.50)

MOJIy4eHHOU u3 ypaBHeHus Buaa (1.47).

KonnuecTtBo BO3ayXa [UIsl OTOIUJIEHMSI NMOMELIEHUS WM €ro
TEMIIEpPaTypy YMEHBIIAIOT, €CJIM B MOMEIIEHUN MMEIOTCS MOCTOSH-
HbI€ TEIJIOBBLACICHUS.

IIpn HEeHTpanbHOW OTONUTEIBHO-BEHTUISUOHHOW CHUCTEME
TeMIiepaTypa HarpeToro Bo3ayxa, onpeensemas no ¢opmye (1.50),
MOKET O0KAa3aTbCsl JJIA KaKJOro MnoMemieHus pasznuyHol. llomaua
B OT/ICTIbHBIE TOMEILIEHUS BO3[yXa IpPU Pa3JIMYHON TemIiieparype
TEXHUYECKU ocyuiecTBuMa. OAHAKO Mpolle MM0/1aBaTh BO BCE MOMeE-
IICHWS BO3MyX MPHU OJMHAKOBOW TemrmepaType. B atom cimydae 00-
LIYI0 TEMIIEPATYPY HArPETOr0 BO3/yXa MPUHUMAIOT PAaBHOM HU3IIEH
U3 pacueTHBIX JJIsl OTAEJIbHBIX TOMELIEHUH, a KOJIMYECTBO I01aBae-
MOTO BO3/yXa MepPecUuThIBAIOT 10 hopmyne (1.47).

[Tocnie yrouHeHus! BO3TyX000MEHa ONPEAESIOT TEI03aTpaThl
Ha HarpeBaHUe BO3/yXa 0 popMymam:

— JIs1 PELUPKYJIALIMOHHON CUCTEMBI BO3yIITHOTO OTOTIEHUS

0=G,c(t.-t,); (1.51)
— HJIA YaCTHUYHO peHHpKYHHHHOHHOﬁ OTOIIUTCIIbBHO-
BCHTUIIAIIUOHHOU CUCTEMBI
0=G,c(t,-t)+G,.c(t,—1,); (1.52)
— IJIA HpSIMOTO‘-IHOfI OTOHI/ITGJ'IBHO-BCHTHHHHHOHHOﬁ CUCTCMBI
0=G,,.c(t.-t,), (1.53)

/1€ Gor U Gyenr — PACX0J1 BO3/IyXA, KI/C, UTS TIETICH OTOTUICHUS U BEH-
TUJISIIAY; t— pacueTHasl TeMIIepaTypa Hapy»KHOTO BO3JIyXa Uil TIPO-
CKTUPOBAHHA OTOIIJICHUA.

B dopmyie (1.52) KOmU4eCcTBO PEIUPKYISIIIHOHHOTO BO3IyXa
Gpen= Gor — Gueur, T. K. Gor BBIPAXKAET KOJIMUYECTBO CMEIIAHHOIO BO3-
JyXa, HarpeToro JI0 TEMIIEPATYPHI . C IEeIbI0 OTOTUICHHUS.
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B cucremax neHTpasbHOrO BO3YIIHOTO OTOIIEHUS B OTIIMYUE
OT CHCTEM LEHTPAJIbHOM NPUTOYHOW BEHTWIALMM IIEPEMEIAeTCs
BO3/1yX MEHBIIIEH U NIEPEMEHHOMN IUIOTHOCTH M0 CPABHEHUIO C ILIOT-
HOCTBIO BO3/lyXa, OKPYKAIOLIErO0 BO31YyXOBOJbL. B cBsi3u ¢ aTUM
MO>XHO OTMETHUTH JIB€ 0COOEHHOCTH JIEUCTBUS CUCTEM LIEHTPAIBLHOTO
BO3JYIIHOTO OTOIUICHMS: HATrPEThIM BO3JYyX 3aMETHO OXJIaXKJAeTCs
[0 MIYTH €r0 ABWKEHUS W KOJIMYECTBO BO3[yXa, MOCTYIAIOLIEro
B IIOMEIIEHUs, U3MEHSETCSI B TEYEHUE OTONMTEIBHOIO CE30HA, 0CO-
OEHHO MPH €CTECTBEHHOM JIBHYKEHHH.

B BEHTUIATOPHBIX CHCTEMax BO3IYLIHOTO OTOILICHUS OTIPaHU-
YEHHOH JUIMHBI U BBICOTHI 3TH JiBa (pakTopa 0OBIYHO BO BHHUMAaHHE HE
MIPUHUMAIOTCS. B pa3BeTBIIEHHBIX NMPOTSLKEHHBIX CUCTEMAaX BO3AYLI-
HOTO OTOIUIEHHSI KPYITHBIX 3aHHI, OCOOCHHO BBICOKHUX, HEOOXOAUMO
OTrPaHMYMBATh KaK OXJIAXKJCHUE BO3JlyXa B BO3yXOBOJaX, TaKk W Iie-
pepacrpeeneHue Bo3ayxa, IOCTYIALIEro B MOMEIIECHUs 110 BIINs-
HHEM U3MEHSIONIEr0Cs €CTECTBEHHOIO IUPKYIISALIMOHHOIO JABJICHUS.

JUtist OrpaHMYEHUs U y4eTa OXJIAKICHUS BO3/yXa BBINOJHSIIOT
TEIJIOBOM pacueT BO3JyXOBOJOB, YCTAHABIMBAIOT HAYAJIBHYIO TEM-
repaTypy BO31yXa U YTOUHSIOT €r0 PACUETHBIN pacXol.

TennoBoif MOTOK Yepe3 CTEHKU BO3yXOBOJA JJIMHOM / mpen-
CTaBUM KakK

Qoxn :qll’ (154)

I7I€ ¢ — TEIJIOBOW MOTOK 4Yepe3 CTEHKH BO3AYyXOBoJa JJIMHOUN 1 M,
ompenensieMbli o Gpopmyie
g =kd,(t,~1,)=(t, —1,)/R,. (1.55)

R — conpoTuBieHHE TEIUIONEpeaYe OT HarpeToro BO3yxa, UMEIo-
LIETO CPEIHIOK TEMIEPATYpY fcp, YEpe3 IIoMmaab 4| CTEHOK BO3.y-
XO0BOJIa JUIMHOHM 1 M B MOMEIIeHNE TIPU TEMIEPATYPE 5.

ConpoTuBieHHE TEMJIONEepeaade HaXOJAT C Yy4€TOM JOIOJIHE-
HUHM, KOTOpbIE€ OTHOCATCS K YCJIOBHSM TeIulomnepenadn yepes 1 m
BO3/IyXOBOJIa, Y KOTOPOTO BHEUIHSS TIOBEPXHOCTh MOXKET OBITH 3Ha-
YUTEIBHO OOJIbLIE BHYTPEHHEH M OTAENSAETCS OT MOCIEAHEN mpome-
KYTOUHBIMH CIIOSIMH.
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TeroBoi MOTOK Yepe3 CTEHKH BO3yXOBOJA IIPH YCTAaHOBUBIIEM-
Csl COCTOSIHUM COOTBETCTBYET CTEHNEHHU OXJIAXKJIECHHs ITOTOKA HArpETOro
BO3/IyXa, NIEPEMEIIAIOLIErocs 1o Bo3ayxoBody. [103roMy MOKHO Hamu-
caTh ypaBHEHHE TEIUIOBOTO OanaHca, BeIpaxkas ¢ B KJk/4a:

q,l = Gmc(twI —tr), (1.56)

rie Gor — KOJMYECTBO BO3AyXa JJIsi OTOIUICHUS TIOMEIICHHUS, KT/9; fiyaq
U t, — TeMIlepaTypa HarpeToro BO3yXa COOTBETCTBEHHO B Hadale
BO3/IyXOBO/JIa U BBIMTyCKaeMoTo B nomenienue, °C; ¢ — yaenpHas Ten-
JOeMKOCTh Bo3ayxa, kJ[x/(kr °C).

VYpaBHeHue TeruioBoro 6ananca (1.56) maer BO3MOXKHOCTH ycTa-
HOBHTH HAYATBHYIO TEMITEPATYPY BO3/IyXa B BO3IYXOBO/IC O 3aJaHHOM
KOHEYHON WM, HA00OpOT, YTOYHHTH TEMIIEPATypy BO3/yXa, BBITYC-
KaeMoro B MOMEIICHHUE, H, IPH HEOOXOMMOCTH, PacXo]] BO3IyXa.

Temmnepatypa HarpeTroro BO3[ayxa B Haudaje BO3AYyXOBOJa Ha
OCHOBaHUU (1)0pMYJIBI (1.50) paBHa:

w =t (G +(1-m)0,)/0,) (6 -), (157
rae n — 107 OT Qoxy, MOCTYHAIONMAsi B OTAIUIMBAEMOE ITOMEIIECHUE
(Qoxn B TIEPBOM MNPHUOIMKEHUHM MOYKHO OIpPEAENATh MO (popmysam
(1.56) u (1.57), noacrasisist U3BECTHYIO TEMIEPATYPY f BMECTO TEM-
HEePaTyPBI fep).

YTOYHEHHBIN PACcXOJ rOPsYEro BO3IyxXa B BO3yX0BOJE, KI/4, C
yuetroM ¢Gopmyisl (1.47) cocraBut:

=(0,+(1-1)00)/(e(t5 -1,)) (1.58)

Ilpumep 1.11. Onpenenenne KOJIUYECTBA BO3AyXa IS
PEIMPKYJISIIHOHHOI CHCTEMbI BO3TYIIHOT0 OTOIIEHNUS

Hcxoonvie oannvie
1. Temneparypa nosaBaeMoro Boszayxa =45 °C.
2. PacuetHas Temneparypa BHyTpeHHEro Bo3ayxa — t;= 21 °C.
3. Terutonorepu nmomernienus — 8100 x/x/4.
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Ilopsaoox pacuema
1. MaccoBoe KOJTUYECTBO MOAABAEMOTO BO3Ayxa npH t= 45 °C
coctanJisieT o gopmyie (1.47):
8100

™ 71,005(45-21)

2. O6BeMHOE KOJUYECTBO TOJIaBAEMOT0 BO3/yXa 1o (opmyiie
353

=335,8kr/4.

1.48 =" _—1,11xr/™M, paBHO:
( ) pu p, 273145 KI/M” , paBH
o 33518 =302,5m"/u
3. Bosmyxooomen B momemenun 1o ¢opmyne (1.49) mpu
P, _ 33 1,201 kr/m’, cocraBnsier:
273+21
L = 335, 8—279 6™’ /u
1,201

Ilpumep 1.12. Onpenenenne KOJIUYECTBA BO3AyXa IS
YACTUYHO PEHPKYJISAINHOHHOI 0TONMNTEILHO-
BEHTU/ISIUOHHOW CHCTEMBI OTOMJIEHHUS

Hcxoonvie oannvie
1. YcnoBusa npumepa 1.11.
2. O0beMHOE KOJHMYECTBO HAPY)KHOTO BO3IyXa JJIsi BEHTHJIS-
Y IOMEIEHUT — Lo =110 M/,
3. Temniepatypa Hapy>KHOTO Bo3ayxa t; = —25 °C.

Ilopsaoox pacuema
1. Pacxox Termuia B 4aCTHUYHO PELUPKYISIIUOHHOW OTOIUTEIb-
HO-BEHTHJISIITUOHHOM cucteMe 1o hopmyrie (1.52) paBeH:

Q = C[GOT (tr _t3)+ LBCHTpB (tB _tH ):‘ =
=1,005[335,8(45 —21) + 110 - 1,201 (21 + 25)] =14136 JTx/u.
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2. O0BeM penupKyIAIUOHHOTO BO3TyXa COCTABIISICT:
L — Lyewr= 279,6 — 110 = 169,6 m*/,
TakK 4ToO Z[OHOJIHI/ITCJII)HBIfI, CBCPX TCIUIOMOTCPh MOMCIICHUS, paCXoq
teruia paBeH AQ =14136 — 8100 = 6036 x/x/4.

HpSIMOTO‘-IHaSI OTOIIMTCIIBHO-BCHTUWIAIUOHHAA CHCTEMA HE-
MPUMEHNMA, T. K. TeMIIepaTypa TOpsYero BO3JyXa B 3TOM Cilydae
MPEBBICUT JOMYCTUMYIO, JTaXKe MPH MOJaue BO3yXa B BEPXHIOIO 30-
Hy. B camom nene, mo ¢popmyse (1.50):

0, 8100

=t +—2 =21+ =21+61=82°C >70°C.
cL 1,005-110-1,201

BCHT p B

Ilpumep 1.13. Onpenesnenne HAYAJILHOI TeMIIePaTypbl BO31yXa
B BO3/1yX0BoO/I€

Hcxoonvie oannvie

1. ConpoTuBiieHHE TEIIONEpeIaue METAUIMYECKOTO BO3IYXO-
Boja — k1= 0,27 (m °C) /Br.

2. JlnuHa BO3AYyXOBOJA, MPOJIOKEHHOTO BHE OTAILUIMBAEMOTO
nomemieHus — [ = 15 m.

3. Terutonorepu nomemienus — Oy= 10 kBT.

4. PacueTHas TeMIiepaTtypa BHyTpEHHET0 Bo3ayxa — f,= 18 °C.

5. Temnieparypa Bo3ayxa Juisi OTOILIEHHS oMerienus — 4= 55 °C.

Ilopsaoox pacuema
1. MaccoBoe KOJIM4eCTBO BO3AyXa JJISl OTOIUICHHS ITOMEILICHUS
onpenensieM 1o ¢opmye (1.47):
_10-3,6-10°
" 1,005-(55-18)
2. OpueHTUpOBOYHAs BEJIMYMHA TEIJIOBOIO IOTOKA Yepes
CTEHKH BO3]yX0BoJa JuinHOU 1 M 1o ¢opmyne (1.55) npu tp= ¢ co-
CTaBHUT:

=968,1kr/u.

. 55-18

= 137 B1/m.
h="0.27
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3. [IpenBapuTenbHyIO TEMIIEpAaTypy BO3JyXa B Hadajue BO3JY-
X0BoJ1a HaxouM 1o popmyre (1.57) mpun = 0:

3 .
(o =18+ 1?0+110§7 13 (55-18) =18+ 44,6 =62,6°C.

4. YTOYHEHHYIO BEJIMYMHY TEIUIOBOTO MOTOKA Yepe3 CTEHKU BO3-
ayxoBoja ompenenseM 1o dopmyne (1.54) mpu £, = 0,5 (62,6+55) =
=58,8°C

58,818
QOXJ'[ N —

5. OxoHuUaTenbHas TeMIepaTrypa BO3AyXa B Hadalle BO3IYyXO-
BOJIa OyJIET paBHa:
10-10° + 2267

10-10°

Takum 00pazom, ropssunii Bo3ayX BBO3AYXOBOJE AIUHON 15 M
MpU 33JaHHOM COIPOTUBJICHUM TEIUIONEpeaue ero CTEHOK OXJIax-
naetcs moutu Ha 10 °C. J{ns yMeHbIIEHUS OXJIaXICHUSI TETIOHOCHU-
TeJsl BO3/yXa, €ClId TePSEMOE TEIUIO HE MCIONb3YeTCs ISl OTOILIE-
HUS, BO3yXOBOJ BHE OTAIJIMBAEMOI0 TOMEIIECHUS HYXHO IMOKPbI-
BaTh TEILJIOBOM HU30JISIIIHCH.

15=2267Br.

t =18+ (55-18)=18+45,4=63,4°C.
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2. BEHTUJIALIUA
2.1. AspoauHaMuYeCKHi pacyeT CMCTeM BEeHTWISIIUH

AdpoTMHAMUYECKHA pacdeT BEHTWISIIMOHHOW CHUCTEMBI TIPO-
W3BOJIAT JUTSL TIOJ00pa pa3MepoB TMOMEPEYHBIX CEUYCHUN BO3IYXOBO-
JIOB TI0O PEKOMEHYEMBIM CKOPOCTSIM JBMKEHHS BO3yXa U OIpele-
JICHUS TIOTEPh JABJICHHSI B CHCTEME.

[ToTepu naBieHUs B cHCTEMaxX BEHTHIISIIUU CKIIAJIBIBAIOTCS U3
MOTEPh JABIICHUS HA TPEHHUE U TMOTEPh JABJICHHS B MECTHBIX COIPO-
tuBaeHUsX, [1a [33]

AP, =AP +Z. (2.1)
[Torepu naBnenust Ha Tpenue, l1a,
AP.,= Rin, (2.2)

rae R — ynenbHble NMOTEPU JAaBJICHUS HAa TPEHUE B THIPABINYECKU
rnaakoM kanane, [1a/m; / — nuHa y4acTka BO3AyXOBOJa, M; 1 — TO-
MPaBOYHBIA KOA(DPUIIMEHT, KOTOPHIA 3aBUCUT OT aOCOJTIOTHON IKBU-
BAJICHTHOM IIEPOXOBATOCTH BO3/1YXOBOIOB.

VY nenbHbIE TOTEPH JIaBJICHUsS Ha TpeHue, [1a/m,

A
R="Ltp, 2.3
d A ( )

rzie Ay — KO3(G(GUIMEHT THAPABIMYECKOTO COMPOTHBIICHUS TPEHHIO JITIS
THJIPABIIMICCKU TTIAJIKOTO KaHana; d, — SKBUBAJICHTHBIN (THApaBIHYe-
CKHi1) IMaMeTp BO3AyX0BOJ1a, M; P, — qiMHamMu4deckoe nasieHue, [a.

KoadduimenT ruapaBIndeckoro CONpOTHBICHHUS] TPSHHUIO IS
TUJIPABIMYECKH TJIAJKOTO KaHaja, MPU TYpOYJIEHTHOM PEXHME Te-
YCHMsI, PACCUMTRIBACTCS IO 3aKOHY brasmyca:

0,3164
A, :—Re o5 (2.4)
rae Re — kpurepnii PeitHosbaca.
Kpurepnii Peiinonbaca:
Re=2? (2.5)
%
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rJie L — CKOPOCTh JIBIDKEHUS BO3yXa B BO3IYXOBOJE, M/C; V — KHU-
2
HEMaTU4ecKast BI3KOCTh BO3/yXa, M /C.
Junamuyeckoe napienue, Ila,

2
pL
P =—. 2.6
=55 (2.6)
[Totepu naBiieHUSI B MECTHBIX CONPOTUBIICHUSX, ]a,
2
L
2=3Ee5-=2kk. 2.7

rae z& — cymMma KO3(Q(UIIMEHTOB MECTHBIX COINPOTHUBJICHUN Ha

pacyeTHOM YYacTKe BO3AYyXOBOJa, KOXPPHUIIMEHTH MECTHBIX COTPO-
THUBJIEHUN Ha TPaHUIIE JBYX YYacTKOB OTHOCAT K Y4YacTKy C MEHb-
IIMM PacxoZiOM M ONpPENENSIIOT 10 TabauIiaM MECTHBIX CONPOTUBIIE-
HUM 1o npuil. 14; p — MIOTHOCTH BO3IyXa, KI/M°.

IIpu pacuerax MOKHO TOJIB30BATHCS CIPABOYHBIMHU TaOIMIIAMU
[33] nnu HoMorpammamu (npuit. 11, 12), KoTOpbIe MOCTPOEHBI HA OCHO-
BaHuu popmyi (2.3) — (2.6) mpu pazIUIHBIX CKOPOCTSIX VISl Pa3IMYHbBIX
JIMAMETPOB KPYIJIbIX METALTHUCCKUX BO3AYXOBOAOB (IIpu p = 1,2 kr/a’,
v = 15,06 - 10 M*/c), mpHHIMACMBIMI THIPABINYCCKH [TIaKUMIL.

Ecnu monp3oBaThes yKazaHHBIMU TaOJIMIIaMH U HOMOTpamMMa-
MU JIJIs1 BO3IyXOBOJIOB U3 JPYIHX MaTe€pHUaioB, HEOOXOAUMO BBOJHTH
MONPaBOYHbIM KO3((ULKEHT 7, KOTOPBIM 3aBUCUT OT Marepuaia
BO3JIyXOBOJIa U CKOPOCTH JBMKEHMSI BO3[yXa U OIpPEAEISIETCS 10
npwit. 13 wm o hopmyie

n=luw (2.8)

rae A, — KO3(GUIMEHT COMPOTUBIICHHS TPEHHIO C Y4E€TOM IIEpPOXOBa-
TOCTH KaHaua (BO3yXOBO/Ia), PACCUUTHIBACTCS TI0 (popmyrie AIBTITYIIs:

0,25
A, =0, 1(%+%] : (2.9)
€

rjie k, — aOCOJIIOTHAS SKBUBAJICHTHAS MIEPOXOBATOCTHh MOBEPXHOCTH
BO3ayxoBoja (mpuit. 10).
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JUis BO3yXOBOJOB MPSMOYIOJIBHOTO CEUEHMsI 3a pPacyeTHYIO
BEIMYMHY d PUHUMAIOT 3KBUBAJICHTHBIN JUaMeTp d» MM, IPH KOTO-
POM NOTEPH JaBJIEHUS B KPYIJIOM BO3yXOBOJIE IIPU TOM K€ CKOPOCTHU
OyIlyT paBHBI TOTEPSIM AABJICHUS B IPSIMOYTOJIBHOM BO3IyXOBO/IE

d, =2abl(a + b), (2.10)
r7i€ a, b — CTOPOHBI NPSMOYTOJBHOTO BO3/1yX0OBO/Ia MIIM KaHAJIa, MM.

AdpoIuHAMUYECKUM pacyeT BEHTWISILIMOHHOM CHCTEMBI CO-
CTOUT U3 JIBYX 3TaIOB:

1) pacuer y4acTka OCHOBHOTO HaIpaBJICHUsI MarucTpayu (Hau-
0oJiee IPOTSHKEHHOM M HAarpy>KeHHOM BETBU BO3/yXOBOJIOB);

2) yBsI3Ka BCEX OCTAIIBLHBIX YYACTKOB CHCTEMBI.

[Ipy HEBO3MOXKHOCTH YBSI3KM IOTEPbH JABJIECHUS 110 OTBETBJIE-
HUSM BO3AYyXOBOJOB B mpenenax 10—-15 % crmenyer ycraHaBiIuMBaTh
mradparmel. unadparma (Meraindeckas TUIACTHHA C OTBEPCTH-
€M) — MECTHOE COINPOTHUBIIEHHE, HA KOTOPOM TacUTCS HU30BITOYHOE
nasinenue. Koap@uuueHT MecTHOro comnpoTuBiIeHHS auapparMsbl
omnpenensiercs no popmyie

ama«bp = AP /f;[ = (AR)

HCYBS3KU

—AP )/ P, (2.11)

acIt

rae P, — TMHaMH4YeCcKOe /IaBJICHHE Ha y4acTKe, Ha KOTOPOM yCTaHaB-
nuBaetcsa auadparma, I1a; Ppyen — pacronaraemble IOTEpH AaBICHUS
Ha oTBeTBJIeHUH, [1a; Py, — MOTEPH JaBIIEHUS] HA YBA3BIBAEMOM OT-
BeTBieHUH, I1a.

[To 3HavyeHno & W MO pa3Mepam BO3IyXOBOJA, HA KOTOPOM yCTa-

HaBJIMBaeTCs quadparma, mo0MparoT pazmep auadparmsl (mpu. 14).

ABPOZII/IHaMI/I‘IeCKI/Iﬁ pacyeT CUCTEM BCHTWISALIUW BBITIOJIHAIOT
Mocjie pacyera BO3JyXOOOMEHa B MOMEIICHHSX W MPHHSATHS pelie-
HUA IO TpaCCHUPOBKE BO3AYXOBOJOB M KaHAJIOB W KOHKPCTHU3AIIUU
MECTHBIX COHpOTI/IBJ'ICHI/If/'I BJOJIb HHX. I[JISI MPOBCACHHUA a3pOJuHa-
MHUYECKOTO pacyeTa Ha OCHOBE apXUTEKTYpPHO-CTPOUTEIBHOU M TEX-
HOJIOTMYECKOM 4YacTed NMPOEKTa BBIYEPUYHUBAIOT AKCOHOMETPUUYECKYIO
CXEMY CHUCTCMbI BCHTWJIALNU, I10 KOTOpOﬁ ONpCACIIAOT MPOTAKCH-
HOCTh OTJICIIbHBIX €€ BETBEH M Pa3MEIAIOT AIEMEHTHI CETH.
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Cxemy pa3OuBalOT Ha OTJEJIbHBIE pacueTHble ydyacTku. Pac-
YETHBIH YYaCTOK XapaKTepU3YeTCsl MOCTOSIHHBIM PacxXoJIOM BO3IyXa.
[Totepu naBieHUs HAa y9acTKE 3aBUCIT OT CKOPOCTH JBFIKEHUS BO3-
IyXa ¥ CKJIAJbIBAIOTCSA M3 MOTEPh HA TPEHUE U MOTEPh B MECTHBIX
COTIPOTHUBJICHUSIX.

Hameuaercss OCHOBHOE pacueTHOE HampaBlIeHHE, IPEICTaB-
JsiroIIee co0o0i MENnoYKy MOCIeT0BAaTENIFHO PACIIONOKEHHBIX y4acT-
KOB OT Hauyaja CHCTEMBbI JI0 HauOojiee YJaJIEHHOTO OTBETBJIICHHUS.
[Tpr HanMYUKM HECKOJBKHX IETI0YEK, OJJMHAKOBBIX 110 MPOTSHKEHHO-
CTH, 32 MAarucTpaJbHOE HANpaBJICHUE MPUHUMAETCs Hanbojee Ha-
rpyKeHHOe (MMerolee 00BN PacXo).

Pacuer BBIMONHAIOT MO METOAY YIENIbHBIX MOTEPh JABJICHHUS
B CJIEJYIOIIEH TIOCTIeI0BATEIbHOCTH:

1. Tlo u3BECTHOMY pac4eTHOMY pacXxoay BEHTHISLHUOHHOIO
BO3/yXa L OMpenensioT OpUEHTHPOBOYHOE CeUYeHUe KaHasa (BO3y-
X0BOIa), M, 110 (hopMyIIe
L

36000,
rae L — pacyeTHbId pacxo] BO3AyXa B BO3QyXOBOJIE, M/ v, ~

!

(2.12)

MpeIBapUTeNIbHAS CKOPOCTh JIBIDKEHUS BO3/TyXa, M/C:

a) B CHCTEMaX €CTECTBEHHOW BEHTHIISIIIHHN:

— 171l TOPU3OHTATBHBIX KaHaoB — 0,5—1,0 m/c;

— ISl BEPTHKAIBHBIX KaHainoB — 0,5—1,0 m/c;

— JUISl BBITSDKHBIX 1axT — 1,0-1,5 m/c.

0) B cucTeMax MeXaHU9IeCKOW BEHTUJISIINH:

— JIJISL y9acTKa ¢ KaITFO3UHHON pereTkoi — 2—5 m/c;

— JUTSI y9acTKa ¢ BEHTHISITOPOM — 6—12 m/c;

— JUIS MaruCTPaJbHBIX BO3JYXOBOJOB MPOU3BOJICTBEHHBIX 3]1a-
HHI — 10 12 M/c;

— JUTSL OTBETBIICHUH BO3yXOBOJIOB MTPOU3BOJICTBEHHBIX 3JJaHUH
— 110 6 M/c.

2. Mcxons u3 pacueTHOM Miolaav KaHajla ¢ y4eTOM KOHCT-
PYKTHBHBIX COOOpaX€HWH, MPUHUMAEM CTaHJAPTHBIE pa3Mephl ce-
YeHUs1 KaHAJIOB (BO3/IyXOBOJIOB) MO Mpuit. 6-9.
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3. YTouHsieM (aKTUUYECKYIO CKOPOCTb IBMXKEHHS BO3JyXa IO

KaHajam, m/c, o Gopmyie
L
Vy =",
3600F,,

e F., — CTaHZapTHAs IUIOIAb KaHana, M° (IpriL. 6-9).

4. OnpenenseM NMOTEPU AABJIECHUS HA MIPEOJOJIEHUE CUIT TPEHUS
10 TPUHATOMY CEUEHHIO (IMaMeTpy) U 3aJaHHOMY KOJUYECTBY BO3-
nyxa o opmyie (2.2).

5. OnpenensieM rUIpaBIYECKUE OTEPU Ha MECTHBIE CONIPOTHB-
JICHUS 110 Y4acTKaM BEHTHIJISIIMOHHOM ceTu 1o popmyte (2.7).

6. OmnpenensieM cymMapHbie (GaKTUYECKUE THIPABINYECKUE T10-
TEpU Ha BCEX y4acTKaX, BXOJAIIHUX B PACYECTHYIO BETBb Z(Rln +Z )

(2.13)

7. Tlpou3BoauM YBA3KY IMOTEpPb JABJICHUS MO OTBETBICHHSIM
BO3/1yX0B0J10B B npeaenax 10—15 % (10 % — ans ectecTBeHHOM cuc-
TeMbl BeHTWIALUHU, 15 % — [uist NpUuHyAUTENEHON).

2.1.1. AspoauHAMHU4YECKHIl pacyeT CUCTEeM BEHTHJISIIIUN
C eCTeCTBEHHBIM MO0y KIeHUEM IBHKEHUsI BO3TyXa

Lenp pacuera — moad0p T€OMETPUUYECKUX PA3MEPOB BEHTH-
JISIUOHHBIX KaHAJIOB, 00ECIEUMBAIONINX JIEHCTBUTEIILHOE THIpPAB-
JIMYECKOE COMPOTUBIICHNE BEHTWIAIIMOHHOMN CETH, HE OoJiblliee, YeM
pacroyiaraeMoe €CTECTBEHHOE JAaBJICHUE.

3a pacueTHOE HalpaBJICHUE B BHITSKHBIX CUCTEMAaX C €CTECT-
BEHHBIM MOOYXIACHUEM NMPUHUMAIOT TaKOE, YJEIbHbIE MOTEPU JaB-
JICHHS] Ha KOTOPOM MMEIOT MUHUMAJIbHYIO BETUYUHY.

VY nenwHBIC TOTEpHU AaBieHus, [1a/m:

P
Yy 2.14
ya Zl ( )

rac Prp — I'paBUTAlMOHHOC IaBJICHUC, I[ef/'ICTBYIOHIee B BBITAXHBIX
KaHaJlaX COOTBETCTBYIOIIMX dTaxkei, [la; / — nnuHa ygyactka, M.

B cucremax ¢ ecTecTBEHHBIM MOOYXACHUEM TpeOyeTcs yBs3Ka
HeﬁCTBYIOIHHX rpaBUTAlMOHHBIX I[aBJICHI/Iﬁ B KaHaJ1aX COOTBECTCT-
BYIOIIUX STaXKEN C MOTCPIAMU I[aBJIeHI/Iﬁ Ha TPpCHUEC U MCCTHBIC CO-
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MIPOTUBJIIEHUS 110 IYTH JIBUJKEHHUS BO3/lyXa OT MECTA BX0/1a €r0 B CETh
(BBITSDKHBIC PENICTKH) O BBIXOJA B aTMocdepy (YCThe BBITSIKHOU
L1aXThl), T. €.

P, 2%(RIn+Z), (2.15)

rae Z(Rln+Z ) — MOTEPU JABJIEHUS HA TPEHUE U MECTHBIE COIPO-

THUBJICHHS HAa Y9aCTKaxX B PaCU€THOM HaIlpaBJICHUHU.
I'paButanmonnoe nasnenue, Ila, onpenensercs mo Gpopmyne

P,=h(p,—p,)9.81, (2.16)

r7ie h — BbICOTa BO3AYIIHOTO CTOJI0a, M, IPUHUMAETCS:

a) NMpU HAJIWYUHU B 3JaHUM TOJIBKO BBITSKKU — OT CEPEIUHBI
PELIETKH JI0 YCThs BBITSKHOM LI1aXThI;

0) Mpy HAJTMYWU B 3aHUU MEXaHHMUYECKOTO TMPUTOKA — OT Cepe-
JIMHBI BBICOTHI TIOMEIIEHHUS IO YCThS BBITSHKHOMN IIAXThI;

Py — IUIIOTHOCTb HAPY)KHOTO BO3YXa, KI/M, JUISl OOIIECTBEHHBIX

3nanuit npu ¢, = 5°C; py — IIIOTHOCTH BO3/1yXa B IOMEIICHUH.

[Topsiiox a’poIMHAMUYECKOIO pacueTa CUCTEM €CTECTBEHHOU
BEHTUJISILIUN:

1. Ha muraHax pa3MemaroT Kaato3uiHbIE PEIIETKH, BEPTUKAIb-
HBIE KaHaJbl, TOPH30HTAIBHBIE KOPOOa M BBITSKHBIE IIAXThI; BEIYEP-
YUBAIOT aKCOHOMETPUYECKUE CXEMbl CUCTEM BEHTHJIALUU. AKCOHO-
METpHUUECKasi CXeMa BO3YXOBOJOB €CTECTBEHHOM BEHTWJISALUU
JOJDKHA OBITH TOCTPOEHA TaK, YTOOBI CO BCEX CTOPOH BBITSDKHOU
1axThl OBLJIO PaBHOE YMCIIO BEPTHKAIbHBIX KaHAJIOB M PaBHBIE pac-
X0J1bl BO3/1yXa. KoJInuecTBO BEHTUIISIIMOHHBIX CUCTEM OIPEAEIAETCS
YKCJIOM BBITSKHBIX ILIAXT.

2. Pacuer HaunHaT OT Oosiee HEOIArONPUATHO PACIIOIOKEH-
HOW kamo3uifHoi pemeTku. OObIYHO Hamboliee HEOIArONMPUATHON
ABJIAETCS peIlleTKa, Hanbojee yhaJeHHas OT BBITSDKHOM IIaxThI.
IIyTe nBHKEHMS BO3AyXa OT ITOW KAIFO3UMHOW PEIIETKH IO KaHa-
J1aM JI0 BBITSDKHOM IIaXThl M caMa BBITSKHAS 11axTa OyIyT SIBISATHCS
OJHOM pacUYE€THOM BETKOM.

3. JIns ecTeCTBEHHOM BBITSHKHOM BEHTWIISILIMM OIpPEAeseTcs
pacroJjiaraeMoe rpaBUTallMOHHOE JaBJICHUE U1 paCU€THOU BETBH Prp
no popmyie (2.16).
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4. Tlo u3BECTHOMY pacxoJly BEHTUJISILIMOHHOTO BO3ayxa L or-
penensoT OpUEHTHPOBOYHOE CEYeHHE KaHana (KOpoOoB, maxr) F 1mo
dopmye (2.12)

5. Mcxons u3 pacdeTHOM IUIOIIAAM KaHAJIA ¢ Y4€TOM KOHCT-
PYKTUBHBIX COOOpaXeHM, MPUHUMAIOT CTaHJAPTHBIE pa3Mephl ce-
YEHUs1 KaHAJIOB 110 TP, 6-9.

6. ITocne 3TOr0 yrouHSIOT (PaKTHUECKYIO CKOPOCTh JIBHKCHUS

BO3/IyXa 110 KaHajnam L, 1o gopmyine (2.13).

7. OnpenenstoT TuAPaBInYeCcKUe MOTEPU HA TPEOJI0TIEHUE CHUIT
TPEHUSI COOTBETCTBEHHO I10 MPHUHATOMY CEUEHHIO (IUaMETpy) U 3a-
JTAaHHOMY pacxojly Bo3ayxa mo gopmyie (2.2).

8. OmnpenensoT rUapaBINYeCKUe MOTEPU HA MECTHBIE COIPO-
TUBJICHUS TI0 y4acTKaM BEHTWISIIMOHHOW ceTH 1o dopmyme (2.7).

9. Omnpenensitor cymMMapHble (DaKTHUECKHE THAPABINYECKUE
IIOTEPU HA BCEX YYaCTKax, BXOIALIMX B PACYCTHYIO BeTBb Pgy. Ilpn
3TOM OHU HE JOJIKHBI IIPEBBIIATh PACIIoIaraeéMoro JaBjIeHus P,

Ecau Py > P, TO HEOOXOIMMO COOTBETCTBEHHO YBEJIMYHUTH CE-
YEHUS OTAEIBHBIX YYaCTKOB BEHTWIALMOHHOMU ceTh. Ecnu Py < P, T0
HEOOXOJMMO YMEHBIIUTh CEYEHUS! OTIENIbHBIX Y4aCTKOB BEHTWIISALIU-
P, -P
oHHoit cetr. Hepsizka momyckaercst 10 %: —2—2100 % <10 %.

)
10. Ilocne pacyera riaBHOW pacuyeTHOM BETBH INPUCTYHAIOT

K pacueTy OTBETBJIEHUI ceTu. OH NMPOU3BOJUTCS aHAJIOIMYHO pacue-
Ty TJIaBHOW BeTBHU. Pacuer cumTaercss 3aKOHYEHHBIM, €CIU MOTEPH
JABJICHHS B OTBETBJICHUU HE OOJIbIIE paclojaracMoro JaBJICHUS B
oTBeTBIeHMU. HeBsi3ka MOTepp B TOYKAX CMEIIECHHs ITOTOKOB HE

somxcHa npessimats 10 %: L Lo 100 05 <10 % .

mar

Ilpumep 2.1. Pacuet ecTeCTBEHHOM BBITSAKHOM CHCTEMBI
BEHTHJISIIIUM IBYXITAKHOT0 7KIJIOTO I0Ma

Hcxoonvie oannvie
1. Paccunrarhe €CTECTBEHHYIO BBITSDKHYKO CHUCTEMY BEHTWIALMU
BaHHBIX KOMHAT ¥ CaHy3J10B JIBYX3Ta)KHOT0 KHJIOT0 Jjoma (cM. puc. 2.1).
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2. Bo3ayxoBoJaMH CiIy’KaT KaHajbl, pacrojaraéMble B TOJIIIIE
KUpHNUYHOM cTeHbl. KaHanbl Ha yepjake oObEIUHSIOTCS LIIaKoasie-
0acTpOBBIMU KOPOOAMH.

3. Ilo HOpMaMm BO3yX0OOMEH (BBITSKKA) COCTABJISIET: U3 BaH-
HOJ KOMHATBI 25 M°/d4, U3 canysna — 25 M/ [Iputok Bo3ayxa HEOp-
TaHW30BAaHHBIN (32 CUET HEMJIOTHOCTEW B OTpakICHUSIX 3/1aHus). BoI-
TSKKA BO3AyXa MPOU3BOAUTCSA U3 BEPXHEN 30HBI NOMEIIEHUI Ha BbI-
cote 0,5 M OT IOTOJIKA.

4. PacueTHast BHyTpeHHs TeMiieparypa =18 °C.

5. Pacuernsie munbl yyacTkoB 1-8 mo puc. 2.1: /;= 0,8 m; L=
0,15m; 5=0,15m; ;= 0,5Mm; [s=3,2 M; [=3,8 M.

N

| 2\3\ 4\¢V/ h=38M
S S

h=6,8M

Puc. 2.1. CxeMa BBITSDKHOUM €CTECTBEHHON BEHTHIIALINU

Ilopsaoox pacuema
[Ipu ompeneneHnu pacnonaraéMoro €CTECTBEHHOTO JaBJICHUS
BBITSDKHOW BEHTWISILIMU JKUJIBIX U OOLIECTBEHHBIX 3/1aHUM B KaueCTBE
pacyeTHOM HApYKHOM TeMIleparypbl IMPUHUMAETCS TEMIlepaTrypa Ha-
pyxHoro Bo3ayxa t,= +5 °C.
1. OmnpenensieM MIOTHOCTH BO3/yXa 1Mo ¢opmyIe
353

=—, 2.17
P 273+t ( )
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Py(is) = 1,213 K/, Pu(ss) = 1,27 Kr/m’.

2. OmnpenensieM TIaBHYIO pacu€THYIO BETBb, 3TO BETBb, Y/CIIb-
HOE pacrojiaraeMoe JAaBJICHHE B KOTOPOi OyAeT HauMEeHBIIIee.

Haxoaum pacnonaraemble U ylenbHbIE JABICHUS B BETBH 4epe3
KaHaJI [IePBOTO U BTOPOTO 3Taxkei mo opmynam (2.14) u (2.16):

AP =6,8(1,27-1,213) 9,81 = 3,8 I1a.
AP, =3,8/7,8 = 0,487 Ila/m,
rae X/, =leth+i3+14+15=3,8+0,15+0,15+0,5+3,2 = 7,8 m.
AP,=3,8(1,27-1,213) 9,81 = 2,124 I1a.
AP, ,=2,124/4,8 = 0,443 Tla/m,

rae 2l,. = L +h+h+1+15=0,8+0,15+0,15+0,5+3,2 = 4,8 m.

Tax xax Py;p < Pyy1, TO pacueTHOMN Oy/ieT BETBb, HyIAst Uepe3 KaHa
BTOPOT'O 3Taxka (IPY HAUMEHBIIIEM YJIETHBHOM pacriojlaraeMOM JIaBICHHH).

3. Onpenenum noTepu AaBieHus Ha yyacTkax. J[yig ydactka 1
OTIpeNIeNIUM TIPEIBAPUTEIHHO CEYCHHE KaHajla 10 PEKOMEHIyeMOi
CKOpPOCTH BO3IyXa JUIsl TOPU30HTAIBHBIX M BEPTUKAJIHHBIX KaHAJIOB
ot 0,5 1o 1,0 m/c mo dopmyie (2.12):

2
= > 0,007 v,
3600-1
ITo npui. 6 mo HalieHHOMY 3Ha4YeHHIO F, HAXOAUM CTaH-

JTapTHOE ceueHue KupnuyHoro kanana F = 0,14x0,14 = 0,0196 M.
4. JlelicTBuTeIBHASI CKOPOCTH BO3IyXa B KaHatie 1o opmyrte (2.13):

2
Oy = S 0,354 m/c.
3600-0,0196
5. OnpenenyuM SKBUBAICHTHBIN auametp 1o ¢opmyne (2.10):
2-0,14-
L S S VIV
(0,14+0,14)
6. IIpoBeneM pacueT morepb JaBIEHUS Ha TPEHHUE MO JUIMHE
KaHaja C y4eToM ero mepoxoBaTtoctu. s storo ¢opmynsl (2.2) —
(2.6) mpeobpazyem k Buny, [la,
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2
AP, = Rln, =%p307111n1. (2.18)

€]
CHauvana omnpenenum uuciao PeliHonbaca mpu KMHEMaTHYECKOM
BSI3KOCTH BO3JIyXa v(+ 18) °C=1,5-10" m*/c o dopmyie (2.5):
~0,354-0,14
L5107
T. €., UM€eM TypOyJIEHTHBIM PEXUM TE€UEHHUS BO3yXa B KaHAJIE.
Koaddumment runpasmmaeckoro tperus mo Qopmyne (2.4) s

THJIPABIITYECKH TJIA/IKOTO KaHaJla IPU TYPOYICHTHOM PEXXMME TCUSHUS

_ 03164 0417,

" (3307)"

Koadduiment ruapaBimueckoro Tperus no dopmyne (2.9)
C Y4ETOM IIEPOXOBATOCTH KaHala

0,25
Ay =001 <+ 98— 0518,
140 3307

rae k= 4 MM — K03(pPHUIHEHT, YIUTHIBAIONTUHN MIEPOXOBATOCTH KHP-
nuyHoTOo Kanana (mpui. 10).
Koadurment mepoxosaroctu mo dpopmyie (2.8):
0,0518
n= =
0,0417

(0,354)

=3304>2300,

9 9

ap = 00417 o s
0,14

9

0,8-124 =0,0225I1a.

Taxke yaenbHbIE IOTEPU JABJICHUS HA TPEHUE R MOKHO OIlpe-
JeNUTh 10 crpaBoYHbIM Tabnunam [33] i HoMorpamme (pui. 11).
KoaddunueHT mepoxoBaToCTH # MOKHO OTPEACTHUTH 1O TpHiL. 13,

7. OmnpenenuM Ko3()(PUIIMEHTH MECTHBIX COMPOTUBIECHUN Ha
yuactke 1 mo mpui. 14:

— JaJI03UifHas pemieTka (mepBoe 60koBoe oTBEpCTUE) & = 3,5,

— 1Ba KoseHa noj yriom 90° E=1,2 -2 =24,
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— tpoitauK Ha ipoxof & = 1 (Fo/F=Fs/F1= 0,02/0,02 = 1, Qo/Q=
= Q¢/0>=25/50=0,5).

2
— —>
L.F T Lo F
6
Lo.F,

Takxum obpazom, X&;= 3,5+2,4+1 = 6,9.
8. Ompeaenum MOTEPH JABJICHHUS B MECTHBIX COMPOTUBIICHUSIX
o gopmyne (2.7):

2
Z, = 6,9—1’213(0’354) = 0,525 Ila.
9. Onpenenm CyMMapHbIe IOTEPU JaBJICHUS HA y4aCTKe
P, =0,023+0,525 = 0,548 Ila.
HOTepI/I JaBJICHUS Ha OCTAJIbHBIX YYaCTKaxX HaXOIAATCS aHa-
noruuHo. Pe3ynbpTarhl pacdera 3aHocstcs B Tabi. 2.2. Koagummen-
TBI MECTHBIX COIIPOTHBIICHUI Ha yJacTKaX MpUBEIEHBI B Ta0M. 2.1.

Tabnuya 2.1
Ko3¢dununenTnl MecTHBIX conpoTuBJeHui [33]
VYua- M
oK €CTHOE COTIPOTHBJICHHE Ha y4acTKe é
) Tpoiinuk Ha ipoxox (Fy/F,= Fy/F)= 0,14%0,15%= 0,87, 0.55
LyL= Ly/Ls=25/75=0,33) i
3 Tpoiinuk Ha ipoxox Fy/F= Fy/F3= 0,14%0,15%0,2 = 0,65, 05
Ly/L= Ly/Ls=25/100 = 0,25) ’
4 Tpoiinuk Ha ipoxox Fy/F= Fy/Fs= 0,2%0,2= 1, 1.0
Ly/L= Ly/Ls=100/200 = 0,5) ’
5 BBITsDKHAS IAXTa C 30HTOM KBAJ[PATHOTO CEUSHUSI 1,3
XKaroszuiiHast perrerka (epBoe 00koBoe oTBepcThe) & = 3,5
KOJ}CHO oy yraom 90° & = 1,2 SE =350 2+
6 Tpoitauk Ha orBeTBNeHHE & = 1,1 11=58
(Fy/F= Fo/F=(0,14x0,14)/(0,14x0,14) = 1, ’ ’
Ly/L= L¢/L,=25/50 =0,5)
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2.1.2. A3poaMHAMHMYECKHH pacyeT CUCTEM BEHTHJISIIIUU
C NIPUHYIAUTEIbHBIM MO0Y:KIeHHEM JIBUKEHHS BO3yXa

Pacuer BBINOJHAIOT 110 METOLY YJIEIbHBIX NOTEPh NABJICHUS,
KaK M pacyeT eCcTeCTBeHHOW BeHTWIuuu. llocimenoBarensHO OT
KOHIIA CETH K BEHTWISATOPY WJIH BBITSDKHOW IIAXT€ HYMEPYIOT y4da-
CTKA OCHOBHOI'O PAacy€THOI'O HAIPABJICHMS, 3aTEM BCE OCHOBHBIE C
JNAJIBHETO OTBETBJICHUs, HA CXEMax YyKa3blBalOT HOMEpa y4YacCTKOB,
UX JUIMHBI U pacXo/ibl BO3IyXa.

Meraummyeckne BO3LyXOBOJbI M3rOTABIUBAKOTCS U3 JIMCTOBOU
KpPOBEIIbHOW, OLIMHKOBAHHOW WJIM HEPXKABEIOIIEH CTaM HA 3aBOJAX
WM B 3arOTOBHUTENIFHBIX MacTepckux. 1o (hopme BO31yx0BObI ObIBa-
0T KPYIJIOTO M NIPsSMOYrOJbHOro cedeHus. [IpeamoureHue criemyer
OTJaBaTh KPYIJBIM BO3IyXOBOJAM H3-32 MEHBIIET0 a’poJAWHaMHUYe-
CKOT'0 COIPOTHUBJIEHUS, PAaCX0/la METAUIA U TPYJOEMKOCTH IIPU H3I0-
TOBJICHUU. PEKOMEHIYIOTCS CTalbHBIE BO3yXOBObI M3 TOHKOJIHUCTO-
BOM cTaimu. B KaXX70M KOHKPETHOM cCily4ae BBIOOp MaTepUalioB ISt
IIPOEKTHPOBAHUS BO3/LyXOBOJIOB IIPOU3BOIUTCS B COOTBETCTBHH C [17].

Ilorepn naBileHHsT B CHCTEME MEXaHUYECKOM BEHTUIISLUHU
PaBHBI MOTEPSIM JABJICHUS B OCHOBHOM pacyeTHOM LEINH, CKIAIbl-
BAIOIIUMCS U3 MOTEPh JABJICHUS HA BCEX MOCIEIOBATEIBHO PACIIO-
JIO)KEHHBIX Y4aCTKaX, COCTABJISIOLIUX LENb, U IIOTEPh JABICHUS B
BEHTUJISIITUOHHOM 000pynoBanuu (kamopudepax, GribTpax u mp.).

B cucremax npuHyIUTENbHON BEHTWISILIMKA OOIEE CONPOTUB-
JICHUE 3HAYUTEJIBHO IIPEBBIIIACT I'PAaBUTALMOHHOE JABJICHUE U Xa-
paKkTepu3yeT TO JaBJIEHUE, KOTOPOE JIOJKEH Pa3BUBATh BEHTUIIATOP.
[To sTOMY maBIEHHIO U PacXo]y BO3IyXa MOJOHpAETCs BEHTHISATOP
I10 KaTajoraM Wiy CIPAaBOYHOM JIUTEpaType.

Ilpumep 2.2. Pacyer NpUHYANTEJIbHOH BBITAKHON CHCTEMbI
BEHTHJISILIUH NMPOMBILIJICHHOI'0 NIPEANPUATHS

Hcxoonvie oannvie
1. BBINOTHUTE a3pOAMHAMUYECKUN pacdeT BO3yXOBOJOB BbI-
TSOKHON CHCTEMBI MPUHYIUTEIHHONH BEHTHJISIIMUA TPOMBIIUIEHHOTO
MPENNPUATHS, CXeMa KOTOPOH MpezcTaBiieHa Ha puc. 2.2.
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2. Y4acTKu OCHOBHOI'O PACYETHOTO HAIIPABIICHHUS, a TAKIKE BCE
JIOTIOJTHUTENbHBIE YYACTKU C JAJIBHETO0 OTBETBJICHMS IPOHYMEpOBa-
Hbl Ha puc. 2.2. Ha cxeme yka3aHbl JUIMHBI M pacxojbl BO3/yXa Ha
BCEX y4acTKax.

o S) o0 5) o)

3000 5 4000
1,5

Puc. 2.2. Cxema BO3yXOBOJIOB MPUHYIUTEIBHON CHCTEMbI BEHTHIIALIMI

Ilopsaoox pacuema

IIpoBenem pacuert a1 1-ro ydyacrtka.

1. Mano: L= 1000 v’/q; [;= 5,6 m.

2. Ilpumem ckopocTh Ha 1-M ydacTke B 3aJJaHHOM JIMaIla3oHe:

V' =12 m/c.

3. Ilo pacxoay ¥ IO MPUHATOW CKOPOCTU ONPEEIIIEM NpeBa-
PUTENIHOE 3HAUYEHUE IJIOLIAAN MONEPEYHOI0 CEUYEHUsI BO3AyX0BOAA
no hopmyine (2.12):

' 1000

F =———=0,023 M’
3600-12
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4. Ha ocCHOBaHMM MOJY4EHHOIO IPEIBAPUTEIBHOIO 3HAYECHMS
TUTOIIA TN TIOJ0MpaeM HOPMHUPYEMBIE Pa3Mephl BO3TyX0OBO/IA IO MPHIL. §:
di=200 mm = 0,2 M; F = 0,0314 "
5. JleiicTBUTEIIBLHAS] CKOPOCTH B BO3TyX0BO/IE 110 (hopmyrie (2.13):

v, = __1000 8,846 wm/c.
3600-0,0314

6. 3Has d M L Ha yyacTKe, HaXOJIUM BEIUYHMHY YJEIbHBIX IOTEPh

JIaBJICHUsI HA TpeHUE R ¥ TMHaAMUYeCKOe JaBiienue P, o nput. 12:
P,=46, 956 11a;
Ri=4,134 TTa/m.

7. IloTepu naBieHUs HA TPEHUE IO JJIMHE I THAPABINYECKU
IJIaJJKOTO KaHaJla U3 OLIMHKOBAHHOM cTajy (IONpaBOYHBIN K03 du-
[IUEHT Ha IIEPOXOBATOCTb 7 = | JUIS CTaJIBbHOTO BO3IyXOBO/A)

Rin=4,134-5,6 - 1 =23,151 Ila.

8. Cymma k03(hHIIEHTOB MECTHBIX COTIPOTUBIICHUI HA y9acTKe:

— aJI03UifHas pemieTka (mepBoe 60koBoe oTBepcTue) & = 3,5,

— CKpyriieHHOE KosteHo #/dy= 0,2, o= 90°, & = 0,44,

— Tpoitauk Ha mpoxox, o= 30" £=0,2

do< d.: 200< 250 na 2K — >
d.< de: 200< 250 Ha 2K 1 2
LJ/L=1000/2000=0,5 =200 MM de=250 mm,
/ o npui. 14 npu
F=0,046 M°
7
d,=200 MM, T. K.

L= L=1000 m’/u.

Takum o6pazom, Z&,= 3,5 + 0,44 + 0,2 = 4,14.
9. OnpeenuM NOTEPHU IaBJICHHUS] B MECTHBIX COMPOTUBIECHUSIX
o gopmyne (2.7):
Z, =4,14-46,956 =194,398 Ila.
7. OmnpenenviM CyMMapHBIE TIOTEPH JABJICHUS HA YIaCTKE
P, =23151+194,398 = 217,549 Ila.
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[Totepu naBneHHUs HA OCTAJIBHBIX Y4aCTKaX HaXOMATCS aHAJIO-
ruyHO. Pe3ynmpTarhl pacdera 3aHocstcs B Ta0u. 2.4. KoadduumeHTsr
MECTHBIX COITPOTHBIICHHH Ha yJacTKaxX 3aHeceM B Tabi. 2.3.

Tabauya 2.3
Pacuyer MeCTHBIX COMPOTUBJIEHUI HA yuyacTKax [33]
YyacTok ConpoTHuBIIcHIE 3 €

Tpoiinuk Ha ipoxox, o = 30°, L/L=0,3

2 dy<d.: 180<325 na 5K 0,2 0,2
d<d.. 250<325 na 2K
Tpoiinuk Ha poxox, o = 30°, L /L= 0,4

3 dy<d.: 280<400 na 3K 0,3 0,3
d<d.. 325<400 Ha 2K
Tpoiinuk Ha ipoxox, o = 30°, L/L= 0,2

4 dy,<d.: 180<450 na 8K 0 0
dy<d.. 400<450 na 1K

5 Juddy3op nmepen BEHTHISTOPOM 0,5 0,5

6 BBITsDKHAS IAXTa C 30HTOM KPYTJIOrO CEUSHUsI 1,3 L4
ITepexOIHUK Ha BBIXOJIE BEHTHIIITOPA 0,1 ’
JKaro3miiHas pererka (mepBoe OOKOBOE OTBEPCTHE) 3,5

7 Tpoiinuk Ha orBeTBIICHHE, O = 30°, L,/L.= 0,5 35
dy<d: 200<250 na 2K 0 >
dy<d.: 200<250 ua 2K
YKaro3miiHas perrerka (epBoe OOKOBOE OTBEPCTHE) 3,5

8 Tpoiinuk Ha orBeTBIICHHE, O = 30°, L,/L.=0,3 41
dy<d.: 180<325 na 5K 0,6 >
d<d.. 250<325 Ha 2K
JKaro3miiHas pererka (rmepBoe OOKOBOE OTBEPCTHE) 3,5
CkpyriieHHOe KoleHo #/d,= (0,2 0,44

9 Tpoiinuk Ha ipoxox, o = 30°, L/L= 0,5 4,04
dy<d.: 200<280 na 3K 0,1
dy<d.: 200<280 na 3K
Tpoiinuk Ha orBeTBIICHHE, O = 30°, L,/L.~= 0,4

10 do<d.: 280<400 na 3K 0,4 0,4
d<d.. 325<400 Ha 2K
Tpoiinuk Ha otBeTBIICHHE, O = 30°, L,/L.=0,5

1 dy<d: 200<280 na 3K 0,5 4
dy<d.. 200<280 na 3K
JKaro3miiHast perrerka (epBoe OOKOBOE OTBEPCTHE) 3,5
YKarosmiiHas pererka (mepBoe GOKOBOE OTBEPCTHE) 3,5

12 Tpoiinuk Ha oTBeTBIICHHE, 0L = 30°, L,/L.=0,2 43
dy<d.: 180<450 na 8K 0,8 >
dy<d.. 400<450 na K
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Pacuer HeBs30K:

A1 =T7): [(RI+Z2)1—RI+ Z))/(Rl+ Z)=T2,56 %;
A(1,2-8): [[(RI+ Z) i HRI+ Z),] — (RI+ Z)]] / [(RI + ZyHRI+ Z),] = 17,36 %
A —11) : [(RI+ Z)9— (Rl + 2)11]/(Rl + Z)o= 3,99 %;
A9,10-1,2,3) : [(RI + Z)ot+ (Rl + Z)10)~((RL + Z)1+ (Rl + Z)y+ (RL + Z)3)] /
[(Rl+ Z)gt (Rl + Z)10] = 16,5 %;

A12-1.234) : [(Rl+ Z)1— (Rl + Z)1+ (Rl + Z)o+ (Rl + Z)s+ (RI+ Z)4)] /
[(RI+ 2)12] = 12,27 %.

Tak kak HeBsizka yyacTtkoB 7, 8, 9—10-ro mpeBbllIaeT JOMYyCTHU-
Moe 3HadeHue (15 %), cnenoBaTenbHO, HAa ATUX yYacTKax CTaBUM Jla-
¢parmel. [Togbop muadparmer Ha 7-M ydactke o dopmyse (2.11):

Pyso= P1—P7= 217,547 — 170,545 = 47 1la,
P 7= 47 Ta.

KoadduumeHnt mecTHoro compotuBieHus auadparmsl, HE0O-

XOAMMOM JUIS TTOTaIIeHUs] U30BITOYHOTO JIABJICHUSL:
€, = Puss/Pr= 47/47 = 1.

[To mpun. 14 ompexesnseM, 4To HEOOXOAUMBINA pa3Mep OTBEP-
crua auagparmel coctaBisier d = 169 mm mns & = 0,8 (3HaueHue
Kod(duimeHTa conpoTuBieHus Onmm3koe & ,= 1) mpu nuamerpe
BO3/1yX0BoJia Ha 7-M ydactke d = 200 mm.

Torna cymmapHoe 3HadeHHEe KOA(MQGUIIMEHTAa CONMPOTHBICHHS
Ha 7-M y4acTke OyJer:

26=3,5+0+0,8=4,3.
OmnpenenuM MoTepH JaBJICHHUS B MECTHBIX CONTPOTUBIICHUSX:
Z,=43-46,956 = 201,91 Ila.
OmnpenenuM cyMMapHbIEe TOTEPH JABJICHUS HA y4acTKe
P, =6,201+201,91= 208,11 ITa.

B utore HeBs3Ka Mmociie yCTaHOBKH AuadparmMbl Ha 7-M ydacT-
Ke OyneT:
A(1=-T7):  [(RIAZ2)1—(RI+Z2))/(RI+Z),=[217,547-208,11] /
217,547 = 4,54 %.
Amnanornyso nogdupatorcs auadparmer Ha 8-M u 9-m (10-m)
Y4aCTKax.
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2.2. PacueT BO31yX0BO/IOB /1JIsi PABHOMEPHOIi pa3ia4yu BO31yXa

[TpumepoM Takoro BO3AyXOBOJA MOXKET CIIyXKHTh BO3AYXOBO/,
n300pakeHHBI Ha puc. 2.3. Jlnsg paBHOMEpPHOW pa3iaud BO3IyXa
JOCTaTOYHO TOCTOSHCTBA CTAaTMYECKOTO IABIICHHS IO BCEW TMHE
BO3/1yX0BO/a

2

PCTzzg%z const. (2.19)

Unau

U@i U7\L Ué\l, L)sl U4l, Usl Uz\L Ull,
Puc. 2.3. Bo3gyxoBoj ajisi paBHOMEPHOM pa3gadn BO3ayxa

JIeWCTBUTENBLHO, YTOOBI BBITIOJHUIOCH PABEHCTBO VL g=UV7=

=V =V5=V4=VL3=V2=V1, He00X0aUMO, 4T00bI AP, = AP, =...= AF,,
2AP,
T. K. v, = |—— . CnepoBarensHo, AP, =P, — P, = const. Orcrona
p
cnenyert, uro Pe= Pep=...= Pug= const. I3 ypaBHeHust bepHyinu
2 2
Y L.p
Po,+—2=P  +—+AF .. (2.20)
2 2
OTCIOHa HpH B)T‘H = B:T‘K CJICZIyeTZ
2 2
L L
APHOTepI/I = p - p . s (221)
2 2

I7I€ Ly U Ly — HadaJbHbIE U KOHEUHBIE MPOJIOJIbHBIE (PACXOIHBIE)
CKOPOCTH BO3J1yXa B BO3yXOBOJIE.
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C npyroii croponsl, AP, = X(RI+Z) — o0mume moTepu naB-

notepn
JICHUs Ha TPEHUE MO JJIMHE M B MECTHBIX COINPOTHBIICHUSAX BCEX
TPOMHHUKOB Ha MIPOXOJ I10 MAaruCTPaJIH.

Takum 00pazoM, pa3HOCTh AWHAMHYECKHX JABJICHUA B Havaje U
B KOHILIE MarCTPaJIM paBHA IOJIHBIM IOTEPSIM JAABJICHUS HA 3TOM JUIMHE.

XenarenbHO BBHIOMpPATH CKOPOCTh M3 ILEJIEH (CKOPOCTH BBI-
XJIOTIa W3 Ienel) HauOoJbIIel, a CKOPOCTh BO3AyXa B BO3JIyXOBO-
1€ — HaUMEeHbIIeH. B 3ToM ciydae MarucTpaib MOKHO IIPUHATH 34
Kamepy noCmMosAHHO20 OA6AEHUsL.

CunTaeMm, 4TO MpU BBIXJIONE BO3JyXa U3 ILEIU TEPSAETCS MOJI-
HOCTBIO TMHAMHUUYECKOE JaBJICHUE

2
L
P _pv
2
U TOTEpHM NABIICHUS BCIEICTBHME IIOJPKATHS W BBIXJIONA BO3IyXa
CTpyH (CTAaTUYECKOE JABJICHUE) COCTABT:

, (2.22)

2 2
P.f%%:lﬁ%, (2.23)

rae & = 1,5 — koapuureHT Ha MECTHbIE COTIPOTUBIICHHUS (Ha MOJ-
xarue 0,5 u Ha BeIxsion 1,0).
JUisi  TOCTOSIHCTBA  CTATHUYECKOTO  JAaBJICHHUS] MO  JUTMHE

MarucTpain HCO6XO,Z[I/IMO 00ecreynTh PaBCHCTBO

2
pY,

2

[Ipumem Takue BEIMYMHBI IUAMETPOB MAarucTpaiu, 4YTOObI

CKOPOCTb IOCJIE€ Ka)KJIOT0 TPOMHUKA YMEHbIATIACh HA OJHY U TY XK€
BEJINYMHY:

2
- % —S(RI+Z). (2.24)

AV=(V,~V)/n, (2.25)
/1€ 1 — YUCIIO0 LIeJIel B MarucTpallu.
Ilorepn naBiieHHs B KaXXJIOM TPOWHHUKE, COIVIACHO TEOPUHU
npodeccopa I.Toma [6], MOKHO OnIpeIeUTh 1Mo GopmyIie
2 2 2
Z=1/3(Po PV y _ 13 PAY. (2.26)
2 2 2
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ITockonbky uMeeM n Lienel, To

2
SZ=nZ=1/3-n pAz‘) . (2.27)

Ilpumep 2.3. Pacyer BO31yX0B0/Ja [Jisi PABHOMEPHOIi pa3gaun
BO3J1yXa

Hcxoonvie oannvie

1. Paccuutarh paBHOMEPHYIO pas3fadyy BO31yXa HU3 BOCBMH
esen, cieJaHHbIX B KPYrioM BO3IyX0Boe (cM. puc. 2.3).

2. KonuyectBO BO3AyXa, KOTOpOE HEOOXOAMMO TOJAThH
B KaK/Iyro 11enb — 1000 m/a.

3. Paccrostnue Mexay mensmu — 1,5 m.

4. CKOopOCTh BBIXJIOTIA BO3/TyXa M3 KAXIOU MIETH — 5 M/C.

5. IInoTHOCTH Bo3ayxa — 1,2 kr/nm’.

Ilopsaoox pacuema
1. JluHaMU4eCKO€e aBJIEHUE B KAXKIOW IIEIH OMPEACIISIEM I10
bopmye (2.22)

2
1,2-5 =15 Ila.

f;{:

2. Crarrueckoe JaBlieHUE B KaXKIOW IIeu onpenernsieM mo (op-
myse (2.23)

2
P.= 1,5% =225

3. Ilpumem v = 5 M/c; L= 4 M/c, TOra pacmoyiaraeMoe J1aB-
nenue u3 popmyisl (2.21) Oyner:
1,250 12-4°

2 2

4. Onpenenum TIOMIAb, M2, U AUaMETp, M, HA4YaJbHOIO ceue-

HUS BO3JIyXOBOJIOB:

AP,

=5,4 Ila.

L

S= 3600

(2.28)
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d, = ‘/4f 8 (2.29)
T

8-1000
f8_5-3600

dy= 4-0,444 =0,752 m.
3,14

5. YMeHplIIeHHe CKOPOCTH BO3yXa B KaXJOM TPOWHHKE U I10-
TEpU B MECTHBIX CONPOTHUBIICHUAX 10 opmynam (2.25), (2.26)
Av=(4,5-3)/8 =0,188 m/c;
1,2(0,188)°
2

Taxk yto

= 0,444 v*;

Z=1/3-8 =0,05655 Ila.

6. OmnpenenuMm IUIOLIaAb M JAWAMETP KOHEYHOTO y4YacTKa II0
dopmynam (2.28) u (2.29):

1-1000

S= 4-3600

di= [2095 5297 .
3,14

7. Y nenbHbIE IOTEPU HA TPEHUE

=0,0694 m*;

2
Ry =T PO (2.30)
d, 2
rae A — K03 PUIueHT ruipaBInuecKoro TpeHus,
p= 2182 2.31)
(Reg)™
rae Re — uucno Peiinonbaca:
Reg= 27 | (2.32)
\Y%

v =1,5-10" M%/c — K03 PUIHIEHT KHHEMATHIECKOI BIBKOCTH BO3AYXA;
Res=5 - 0,752 /(1,5-10°)=2,507-10°;
As= 0,182 /(2,507-10%)**= 0,015;
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o 0,015 1,257
0752 2
Re;=4-0,297/1,5:10°= 0,792:10°;
A= 0,182/(0,688-10°)**=0,0191;
o 001911247
0297 2
8. Onpenenum cpeiHuE yIeNIbHbIE IOTEPU:
. R7+R
R =——— 5 2 (2.33)
R} =(0,616+0,302)/2= 0,459 Ila/m.
9. OmpenenumM 00IIME TIOTEPH JABJICHHS HA TPEHUE TIO JJINHE
U B MCCTHBIX COIMPOTHUBJICHUAX BCEX TpOﬁHHKOB Ha mpoxoJ 1o mMa-
ructpainu u3 gopmyisi (2.21):
2Rl =0,459-7-1,5 =4,8195 Ila;
AProrepu=4,8195 + 0,05655 = 4,876 Ia.
10. CpaBHuM pacronaraemMoe JaBJICHHE ¢ OOIUMHU TIOTEPSIMU
I10 MarucTpaiu

= 0,302 [Ta/m.

=0,616 ITa/m.

APEICH - AR'IOTC )58
P D100 %, (2.34)

pacn

A:wloo % =9,7 %<10 %,

9

CJIeJIOBATENILHO, Iepepacyera JaeyiaTh He HYKHO.
Ecimu neBs3ka A okaspiBaercs Oonbie 10 %, To HagO MEHSATH

3Ha4YCHHE HAYAJIBHOW MM KOHEYHON CKOPOCTH U IIPOBOJUTH pacyeT
3aHOBO J10 yaoBieTBopeHus A < 10 %.

11. PaccuntaeM quaMeTpsl OTAENBHBIX YYACTKOB BO3AyXOBO/A:
d=ds— (ds—d) / 7=0,752 - (0,752 - 0,297) / 7= 0,687 m;
de=d7— (d7—d) / 6 = 0,687 — (0,799 — 0,297) / 6 = 0,622 wm;
ds=ds— (de—d) / 5=0,622 — (0,723 - 0,297) / 5= 0,557 m;
ds=ds—(ds—dy)/ 4=0,557 — (0,647 — 0,297) / 4 = 0,492 m;
ds=ds—(ds—dy)/3=0,492 — (0,571 - 0,297) / 3 =0,427 m;
dr=ds— (d>—dy)/2=0,362 - (0,495 -0,297) / 2=0,362 m.
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2.3. PacueT BO31yX0BO/10B /IVI1 PABHOMEPHOI0
BCaChbIBAHHUS BO3yXa

Jnst oGecriedeHns: paBHOMEPHOTO BCAaCBHIBaHUS BO3yXa HE0O0-
XOJUMO, 4TOOBI BaKyyM MO BCEH JJIMHE MAarucCTpald BO31yXOBOJa
OBbLT IOCTOSTHHBIM.

IIpu paboTe BEHTUIATOPA NOJIHAS TOTEPS AABJIEHUS PACTET 110
JUIMHE BO3JyX0BOJ1a. DTO MOKHO M300pa3uTh JnHuen 4B. Ilocrosn-
CTBO BaKyyMa BBIPa3UTCSl HEKOTOPOU ropu3oHTanbHON auHMed CD
(puc. 2.4).

_____@____

Puc. 2.4. I3mMeHeHue naBieHus 1Mo JJIMHE BO3TyXO0BOIA

Pa3nuna opauHat Mex1y HaKJIOHHOW JIMHUEH AB u ropusoH-

TanbHOM nuHKEH CD OyneT COOTBETCTBOBATh AMHAMHUYECKOMY JaB-
2

L
JICHUIO 10 JJIMHE Marucrpamu P :pT. IloaToMy B marucrpanu

JAUH

CKOpPOCTH IO HAIMPABJICHUIO K BCHTUWIATOPY AOJDKHA YMCHBLIIATLCH,
a, CJICAOBATCIIbHO, CCUCHUC BO3AYX0BO/Ja JOJIKHO pacCTH.
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JInst ympolneHus: pacueTa MOTEPU JABJICHUS Ha MECTHBIC CO-
IMPOTUBJICHHUSA B TpOﬁHHKaX Mo AJIMHE MarucTpaiu NpuMeM YCIOBHO
PaBHBIMHA HYJIIO, IOCKOJIbKY OHU MaJIbl B CPABHCHUU C MMOTCPAMH Ha
TPEHHE, KaK BUJIHO U3 IPEABIAYIIECH 3a1a4Uu.

3aMeTuM, 4TO YeM OoJiee TMOCTOSHHA BEIUYMHA BaKyyma IO
JJIAHE Marucrpajini, TeM OoJIblIIEl PaBHOMCPHOCTBIO BCAaChbIBAHUA
o0mamaeT BO3yX0BOI.

Ilpumep 2.4. Pacuet BO31yX0B0Ja PABHOMEPHOTI'0 BCACHIBAHUSA

Hcxoonvie oannvle

1. Paccumrate BO31yXOBOJ pPaBHOMEPHOIO BCAaChIBaHUs
(puc. 2.5), coctosimMii U3 TPOWHUKOB C MaJIbIMHU YIJIaMU OTBETBJIE-
HUHN K Maructpanm o = 25°.

2. Pacxosapl Ha BcexX y4acTkax, cooOmiarommxcsi ¢ atmocde-
POii, 0/IMHAKOBEI i paBHBI L = 1000 M°/d.

3. CxopocTb Ha IIEPBOM y4acTKe JOJKHA OBITH L, = 6 M/c.

4. JInmiHa KaXXA0ro y4acTKa MaruCTpaJid U OTBETBIICHUS [ = 5 M.

5. Temmeparypa Bo3ayxa t = +15 °C, 6apomerpuueckoe JaB-
nenue Pgap= 745 MM pT. CT.

Ilopsaoox pacuema

@ @ @LIIOOO M¥4

L=1000 m¥/u
L=1000 M4

Puc. 2.5. Bo3nyxoBoJ1 paBHOMEPHOI'O BCAChIBaHMS BO3/1yXa
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1. dns 1-ro ydacrtka.
Ceuenue BO3IyXOBO/a OTpEAEIsieM, M, 1o Gopmyie

g - |3 (2.35)
736000,
g = 41900 ousm
3,14-3600-6

[Torepu naBneHus Ha TpeHHE onpenenseM, Ila, mo popmyne

I, v
RL =\, —Ltp—. 2.36
1 1 d, P > ( )
KoaduimenT ruapaBmudeckoro TpeHus onpeaeuM mo ¢op-
myne biiecca

A, =0,0125+ 0’2[0“ , (2.37)

1

0,0011

A, =0,0125+ =0,017.

PacueTHyl0 TUIOTHOCTH BO3AyXa MpPHU 3aJlaHHBIX MapaMeTpax
ompeenmM, Kr/M°, o Gopmyite
P T,
P=Py——> (2.38)
kT
e po= 1,2 Kr/M’ — IIOTHOCTH BO3/IyXa MPH HOPMATBHBIX YCTOBHSIX;
t= 20 °C — Ttemmeparypa BO3[dyXa IpPHU HOPMAIbHBIX YCIOBHSIX;
P =760 MM pT. CT. — 1aBJIEHUE BO3TyXa IPU HOPMAIBHBIX YCIOBUSIX;

_ 5745 273+20

- 7760 273+15
Tora motepu aBneHns Ha TpeHwe 1o Gopmysie (2.36) Oy IyT paBHBL:

2
RI, =0,017 S 11978 27537 Ia.
0,243 2

9

=1,197 kr/v’.

9

HOTepI/I JaBJICHUSA Ha MCECTHBLIC COIPOTUBJICHHA OIPCACINM,
ITa, mo popmyre
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2
L
7, = Zé‘pT’ (2.39)

rae £=1,15 — xkodpdunreHT Ha MECTHBIE CONMPOTUBICHUS (BXOJ B
konyc — 0,15; quHamMuyeckoe COMpOTUBIIEHUE 3a CUET pa3roHa BO3-
JyXa J10 HY>KHOM BeTMYHUHBI — 1).
2
Z, = 1,15% — 24,78 Tla.
CymMmapHbIe IOTEpU JaBjIeHUs Ha 1-0M ydacTke:
(RI+Z), =7,537+24,78 =32,315 Ila.
2. Inst 5-10 1 2-r0 y4acTKOB.
Ceuenne BozgyxoBoga ds=d ;=0,243 M, cien0BaTeNbHO,

v, =V, =6 M/c.

HaiineM ckopocTs mocie cMemeHus NoTokos 1 u 5, T. e. cko-
pPOCTh B HaJaJie BTOPOTO y4acTka, M/c, o opmyiie

, L
L, zﬁol c0s0°+—v, cos 25°, (2.40)
LZ LZ

» _ 1000 6-1+ 1000 6-0,906 =5,718 m/c.

272000 2000
Tormaa ceuenne Bo3myxoBoa o popmyse (2.35) Oyaer paBHO:
g - \/ 4-2000

3,14-3600-5,718
[ToTepu naBnenus Ha TpeHue mo Gopmyie (2.36)

0,352 M.

2
Rl, =0,016 > 1,1975’718
0,352

9

=4,447 Tla,
rje KodUIMEHT TUAPaBINIECKOro TpeHus 1mo dopmyie (2.37)

A, =0,0125+ 0,001 =0,0125+ 0’00121 =0,016.
2 ’
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[ToTepu naBneHUst HA MECTHBIE CONPOTUBIEHUS Z,= 0, T. K. Ha
ATOM Y4YacTKE COINPOTHUBIIEHHE TOJBKO B TPOMHHKE, KOTOPBHIM MBI
npeHedperaem.
Ecnu B xoHIle 2-T0 y4acTka ocTaBuTh cedeHue d,= 0,352 wm,
TO TIOTEPW JAaBJICHHS B Hadaje CMEMIMBAHUS 2-TO U 6-TO Y4acTKOB
OymyT:
(RI+Z)+(RI+2Z), =32315+4,447 = 36,762 Tla,
4ro Gombue (R/+Z), =32,315 Ila, a 1oKHO OBITH paBEHCTBO (IO-

CTOSIHCTBO BakyyMma). Takum o00pa3oM, BBIIIOJHAEM I€pepacuer
JMaMETPOB B COOTBETCTBHH ¢ hopmynoit Jlapcu-Beiicbaxa:

s 1/5 175
AR d d, :[ﬁj : dfdl(%j L4

ADZ_d_IS’Z AI)Z 2
1/5
a [39762)7 4 oo,
32,315

CJIEZIOBATENIbHO, B TAKOE KOJMYECTBO pa3 yBEIMYHMBAEM JUAMETP B
Hayajie CMEINBaHuA 2 U 6 y4acTKOB, T. €. B KOHIIE 2-T0 y4acTKa:
dy =d; 1,026 =0,352-1,026 = 0,361 m.
D10 obOecnevyuT MOCTOSHCTBO Bakyyma IO BCEH JUIMHE 2-TO
yuactka 32,315 Ila.
CKopocTh B KOHIIE 2-TO y4acTKa, M/C, HalJeM U3 yCIOBHS CO-
XpaHEHUs pacxoa:

2
(dy)’ LD [ dd
L5 42) =, 42) ; Vs =V, d_} , (2.42)

L5 =5,718 0,352
0,361

9

2
] =5,436 wm/c.

3. ng 6-ro u 3-ro y4acTKOB.
Ceuenne BosgyxoBoma d,=d ;=0,243 M, cien0BaTENbHO,

v, =V, =6 M/c.
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Haiinem ckopocTh nocie cMemieHust HoOTOKOB 2 U 6, T. €. CKO-
pOCTh B Havase 3-ro yJacTka, M/c,

, : L
vy zio‘; c0s0° +—5 v, c0s25°, (2.43)
3 3
vy = 20005 436.14 1990 ¢ 0,906 = 5,436 wic.
3000 3000
Torma ceuenne Bo3myxoBoa o popmye (2.35)

di = 43000 _ 442w
3,14-3600-5,436

[ToTepu naBnenus Ha TpeHue mo Gopmyre (2.36)

2
Rl =0,015 511972436
0,442

9

=3,001 I1a,

rj1e Kod(UITMEHT TUAPaBINIECKOro TpeHus 1mo dopmyie (2.37)

A, =0,0125+ 0’00121 = 0,015.

b
[ToTepu naBiieHust Ha MECTHBIE COMPOTUBIEHUs Z3= 0.
CornacHo ¢opmyne (2.41), onpenenum ceuyeHrue BO3IyX0BOIa
B KOHIIE 3-TO y4acTka

32,315+3,001
32,315

CornacuHo dopmyie (2.42), onpeaenuM CKOPOCTh B KOHIIE 3-TO
y4JacTKa

/5
dy = 0,442( ] =0,4499 M.

0,442
0,4499

2
L3 :5,436( ] =5,247 wm/c.

4. lnst 7-ro u 4-r0 yyacTka.
Ceuenne Bo3myxoBoma d, =d=0,243 M, CIeI0BaTEIBHO,

v, =V, =6 M/c.
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Haiinem ckopocTh nocie cMemieHust HoTOKoB 3 U 7, T. €. CKO-
pocTh B Havase 4-ro yJactka, M/c,

. Ly . L
v, =—05 cos 0°+—L v, cos 25°, (2.44)
4 4
v, = M5,247 -1 +w6 -0,906 = 5,294 wm/c.
4000 4000
Torga ceuenne Bo3myxoBoa o gopmye (2.35)
4.4
d, = 000 =0,517 m.
3,14-3600-5,294

[ToTepu naBnenus Ha TpeHue mo Gopmyre (2.36)

2
Rl, =0,015 > L197 5,294 =2,433 I1a,
0,517 2

9

rj1e Kod(UIMEHT TUAPaBINIECKOro TpeHus 1mo dopmyie (2.37)

A, =0,0125+ 00011 0,015.

b
[ToTepu naBiieHust Ha MECTHBIE COMPOTUBIEHUs Z3= 0.
Cornacao dopmyne (2.41) u (2.42), onpeAenuM CeYEHUE BO3-
JyXOBOJa U CKOPOCTh B KOHIIE 4-TO y4acTKa

32,315+2,433
32,315

2
VS =5,294 0,517 =5,135 wic.
4 25

9

1/5
dr = 0,517( ] =0,525 M.

2.3.1. IlonGop 1MamMeTpOB OTBETBJICHHUI
NpHU pacuyeTe BO3YXOBOJI0B

Kak rosopmiiocs Bbimie, u3z ¢opmynsl Jlapcu-Beiicbaxa mpu

YCIIOBHH C1a00H 3aBUCUIMOCTH A OT d, MOXHO TIOTyYUTh:
5
AP‘:n:d—25 170031 ﬁzsﬂ. (2.45)
APZ dl dl APZ
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Ilpumep 2.5. Tlondop AuamMeTpoB OTBETBJICHHI IPH pacuyeTe
BO3/lyX0BO/10B

Hcxoonvie oannvie

IIpu pacuere 1-ro yuacTtka (cM. puc. 2.5) Oblia HaiijieHa oTe-
pst monHoro faienns AP= 20 x['/m’= 196,2 Tla. TToTeps mOIHOTO
JaBJIeHUd 1o 2-My y4dacTtky (d>= 100 MM) noxydnnace paBHOU AP,=
=28 kI/m’= 274,68 Ia.

Kak Hamo u3MeHuTh 1MameTp BO3ILyXO-
BOJa 2-TO y4acTKa, YTOOBl B HEM MOJYYUTh  P=20 KI/m
MIOJIHYIO MOTEPIO JTaBJICHUS
AP,= 20kT/m’= 196,2 TTa.

d,= 100 Mmm

P=28xI/M°

Ilopsaoox pacuema
1. Haiinem n o opmye (2.45)
n= 28 =14.
20

2. Onpenenum n'” :
n'® =1,07.
3. CnenoBarensHO, TUaMETp dr HY>XKHO yBennuuTh B 1,07 paza:
d,=d,-1,07=100-1,07 =107 mm.

2.4. 3aKOHOMEpPHOCTH CTPYIHOI0 TeYeHUs!

2.4.1. Ilpumepsbl pacueToB YCTPOIiCTB BO3AyXopacnpeaejieHus
HA OCHOBE TEOPUM CBOOOIHON H30TEPMHYECKON CTPYH

CBOOOJIHON sBisIETCS CTPyd, HE OrpPAaHUYEHHas CTEHKaMH.
CBoOoanbie cTpyd 00pa3zyroTcs MPU UCTEUEHUU B MPOCTPAHCTBO,
3alOJJHEHHOE TOM K€ CPEeAoil, HAXOIALIEHCS] B OTHOCUTEIIBHO CIIO-
KOWHOM cocTostHMU. Tak Kak CTpyH BO3IyXa JIBUXKYTCS B BO3MYII-
HOM K€ CTpye, C TOYKU 3pEHHs TUIPABIMKH OHU SIBISIFOTCS 3aTOII-
JeHHbIMH. ECIY MIIOTHOCTH CTPYH M OKPYXKAIOIIErO BO3/yXa OJUHA-
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KOBa, TO OCh CTPYyH NpsiMOJInHEHA. [Ipy pa3nuyHOM INIOTHOCTH OCh
CTPYH UCKPUBIISETCS.

CrpykTypa cBOOOJHON U30TEPMUYECKON CTPYH IpPHUBEACHA HA
puc. 2.6. B HauanbHOM ceueHUH A—B CKOpPOCTh NOTOKA BO BCEX TOY-
Kax ceueHus oAuHakoBa. OceBas CKOPOCTb Ha MPOTSHKEHUM JITTUHBI
HA4yaJIbHOTO y4acTKa /o OJIMHAKOBa U paBHA CKOPOCTH BO31yXa B BbI-
XOJIHOM CE€YeHHH v, . B obmactu tpeyrompnuka ABC BO BCex TOY-

Kax CTPpYyH COXpaHACTCA OAUHAKOBASL CKOPOCTh L . .

brnaronaps TypOyJneHTHOMY MepEMENTUBAHUIO C OKPYKAFOIIHM
BO3JIyXOM Macca MPUTOYHOW CTPYH MO Mepe yAaJleHUs OT MPUTOY-
HOTO OTBEPCTHS BO3PACTAET, & CKOPOCTh B HEW yMeHbIaercs. boko-
BbI€ TPaHUIIbl CTPYU COOTBETCTBYIOT IMPUOIU3UTENBHO JIydaM, UCXO-
JSIITUM U3 TOYKH, Ha3bIBaeMOM 1orocoM (Touka 0).

Y
Vo Vo
T D
A //
0 — C y
L x
o -
B \
ho /o Ocnosnorti
Tonocnoe Hauanvnei ydHacmok
paccmosimue yuacmok
X Voc
) )
SE E
22 '8 R
33 &
N )
E Q §~ Q

Puc. 2.6. Ctpykrypa cBOOOIHON U30TEPMHUUECKON CTPYH
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Ha cTpykTypy CcTpyu OKa3bIBaeT BIHMSHHE HadayibHas TypOy-
JICHTHOCTB: YeM TypOyJIeHTHEe MOTOK IMepe]] BBIXOJAO0M M3 Hacajka,
TE€M WHTEHCHUBHEE MPOTEKAET MEPEeMENIMBAHUE €ro C BO3IYXOM at-
Mocdepsl, TeM OOJIbIIE YroJl PaCHIMPEHHs] CTPYH O, TEM KOpoue
JUTMHA HA4YaJIbHOTO YYacTKa W TeM OBICTpee yMEHBIICHHE OCEBOM
CKOpPOCTH B OCHOBHOM yYacTKe.

OcHOBHBIE TTapaMeTpPbl

CBOOOJHBIX CTPYH, BBITEKAIOIIUX W3

KpYIJIbIX W MICJICBBIX HACAJAKOB, MOXHO OHNPCACINTH, HUCIOJIb3YA
dopmyner I.H. AGpamoBuya (Tadmn. 2.5 u 2.5a), nosrydeHHbIC HA OC-
HOBAaHUHU SKCIICPUMCHTAJIbHBIX JaHHBIX.

Tabauya 2.5
DopmyJibl 1J151 pacyeTa CBOOOAHBIX 0CECHMMETPUYHBIX CTPYil [27]
060-
Ne | Haummeno- . o .
wn| Bamme | >h%° Havayenblii yaacTok cTpyn CHOBHOI{ Y4aCTOK CTpyH
YCHHUC
Jlmaa p
U lro. yumer| o 0,335°0  (2.46) -
Ka CTpyH a
0,4
OceBast L, (2.47)
2 - 1 ax
CKOPOCTh Vg 10,145
dy
2
‘ ax
3 [Pacxon 2 141,52 45,28 ax] (2.48) | 4,36] — +0,145 | (2.49)
0 do dy dy
2
ax ax
C 1+1,527+5,28 — 0’0945
penHue . y p 00945
4 |cKropocTH xF 0 0 (2.50) .
I B 2" 40,145
ax ax
A 1+13,6+46,24( d,
d, d,
1
cropocr esy| 03
5 |cxopoctn VL 2 . .
mo pacxo-| vy | 141,522 45 28] & 0,145
o d d,

0
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Oxonyanue mabn. 2.5

O60-
Ne |Hamwero-| HavanpHblil y4acTOK CTpYH OCHOBHOI! y4acTOK CTpyH
/| BaHHe
qeHHEe
Cpennue 1 (2.52) ,
ckopoctr | YxL 2 (2.53)
3 o - ax ax il
pacxo- - v, 1+1,52—+5,28| — +0,145
ny d, d, dy
d, ax
6 |Auavetp | Sx 1+6,8— (2.54) 6.8 %X 40,145 (2.55)
coyn | d, dy d
Cpennmii
nepemnas 1 ”
temmepa- | by ~ls 5 (2.56) _ 0226 (2.57)
7 |typ (KOH-| ¢, —¢ ax ax ax
LIEHTpa- 0 i 1+1, 5274_5’28 — d7+0’145
mmif)  Ha d d 0
OCH CTpyH
Tabauya 2.5a
®opMmyasl A pacyeTa cBOOOTHBIX IVIOCKHUX cTpYH [27]
O60-
Ne | Haumeno- H . OcHosHof oK o
wn| Bamme | 0% a4anbHBIN yIaCTOK CTPYH CHOBHOH y4acTOK CTpYH
qeHHEe
Jlmaa
HavdaJIbHO- b
Ulro yaacr-| fo 0,515->  (2.58) -
Ka CTpyH a
0,848 2.59)
) Oceast Ly 1 o )
CKOPOCTb | 1, — 40,205
bO
Lx ax ’ (2.61)
3 |Pacxon 1+0,86— (2.60) ax
L, b —+0,205
bO
ax
Cpenuue 1+0,86— 0,347 263)
4 |cxopoctn Uy by (2.62) '
mo  mio-| y, ax & 10,205
maau 1+ 4, 8§— b() ’
bO

108




Oxonyanue mabn. 2.5a

060-
e | Hammero- 3Ha- HauvanbHbIll y4acTok cTpyH OCHOBHOI! y4aCTOK CTpyH
1/I1| BaHHE
YCHHUC
Cpennue 0,58
ckopocTu | Vil (2.64) (2.65)
5 ax ax
o pacxo-| v, 1+0,86— — +0,205
ny b, by
TonmwmHaa b, ax ax
6 = 4,8(— +1) (2.66) 4.8 — + 0,205 | (2.67)
Py by by by

®opmyinbl, IpUBeIeHHbIE B Tabn. 2.5, 2.5a, MIMPOKO IpuUMe-
HSIFOTCS TIPH TIPOSKTHPOBAHUU M PacyeTe CUCTEM BEeHTHIAIUH. OHH
MO3BOJISIIOT OMPEENATh 00ECIIEYCeHHOCTh MapaMeTPOB MHKPOKIIH-
MaTa B MPOEKTHUPYEMOM MTOMEIICHHH.

B st dpopmynbl 11 pacuera cBOOOJHBIX CTPYH BXOAMT Mapa-
MeTp TypOyJIEHTHOCTH d, XapaKTepU3YIOIIUNA CTEeTeHb TypOyleHT-
HOCTH [IOTOKA B HACaJIKe.

[TapameTp TypOyJIEHTHOCTH BIHSET Ha CTPYKTYPY CTPYH, 3a-
BHCHUT OT reOMeTpuH U (HopMBbl HCTIONHEHUs Hacaaka. Hanbonee nc-
MOJIb3yeMble KOHCTPYKIIMM HAcaJKa W 3HA4YEeHUs MapaMerpa TypOy-
JICHTHOCTH JJIs1 HUX IPUBE/IEHBI B Ta0I. 2.6.

Tabnuya 2.6

ITapamerp TypOyJIeHTHOCTH a

Konctpykuus Hacagka a
Hunuuapuueckuil Hacalok ¢ MOPKaTHEM 0,07
[unmmaapryeckuii HacaIok 6e3 momKaThs 0,08
IleneBuaHbBIN HACAIOK C TOHKATHEM 0,09
IleneBuaAHBIN HacaJdoOK Oe3 MOMKATHS 0,12
KBanpaTubiii Hacagok 0,09-0,1
IIpsiMOyronbHBIN HacaloK C HaNpaBJLIOLIMMHE JlonaTkamy Ha Beixone | 0,17-0,2

OOHapyxeHO, 9TO CBOOOJHAS CTPYS, BBIXOJIIAS U3 MPSMO-
YTOJBHOTO OTBEPCTHS, NehOPMUPYETCSI, TPUHUMAS B CEYCHUU POP-
MY, TpUOIMKAIOUTYIOCS K KPYTY.
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Ipumep 2.6. Onpenenenne CKOPOCTH BO3AyXa U JHAMeTpa CTPYH

Hcxoouvle oannbie
1. JInameTp BBIXOJHOTO OTBEPCTHSI LIMJIMHIPUYECKOTO HACAKa
¢ mopkarueM — do= 300 MM.
2. CxopocTh BBIXOJ1a BO3ayXa — L= 10 m/c.
OnpenenuTh CKOPOCTh BO3/IyXa U JUAMETP CTPYHU HaA pacCTos-
HUU X = 2 M OT HAYaJILHOI'O CEYCHMS HacaJIKa.

Ilopsaoox pacuema
1. Onpenenum AIMHY HA4aJbHOTO y4acTKa CTPyH 1o (Gopmy-
ne (2.46)

l,=0,33523

=1,44 ™,
rie a = 0,07 s IPTMHAPIYECKOTo HacaIKa ¢ iopkarieM (Taom. 2.6).

Tak kak x =2 M > [y= 1,44 M, TO 3aJaHHOE CEUEHHNE HAXOIUTCS
Ha OCHOBHOM YYacTKe, CJIEJIOBATENBbHO, JISi pacyeTa HCIOJIb3yeM
(dOopMyITBI TSI OCHOBHOTO y4yacTka (Tabm. 2.5a).

2. OmnpenenuM OCEBYIO CKOPOCTh CTPYH Ha pacCTOSHUU
x =2 Mo dpopmyne (2.47)

0,48
v, =10

0,07i +0,145
0,3

9

=17,85 m/c.

3. OnpenenuM CpeHIOI CKOPOCTh MO PacXo/1y H IO IJIOMaan
no popmynam (2.53), (2.51):

v, =10 02’226 =3,7 M/c;
0,07——+0,145
0,3
v, =10 0’20945 =1,54 wi/c.
0,07——+0,145
0,3

9
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4. TeopeTHUecKUil AMAMETP CTPYH Ha PAacCTOSHUU X = 2 M IO
dbopmyme (2.55)

d.=03-68 [0,07% + 0,145] =1,248 m.

9
5. Onpe/IeM KOJMHYeCTBO MPHTOYHOTO BO3yXa, M /c, 10 hopmMyrie

2
L, =v, F,=v, “ZO : (2.68)

2
L,= 10% =0,7065 w/c.

6. Pacxon Bo3myxa Ha paccTostHUH X = 2 M 110 Gopmyre (2.49)

L. =0,7065- 4,36(0,070—23 + 0,145] =1,886 m'/c.

Ilpumep 2.7. OnpenesieHne CKOPOCTH BO3AyXa U AMaMeTpa CTPYH

Hcxoonvie oannvie
IIpousBecTn pacuer mo ycioBusiM Ipumepa 2.6, HO ompene-
JUTh CKOPOCTh BO3yXa U JJUAMETP CTPYH HA PACCTOSIHUU X = 1 M OT
HAYaJIbHOTO CEYCHHS HACaJIKa.

Ilopsaoox pacuema
Tak kak x = 1 M < [y= 1,44 M, TO 3aJaHHOE CEUEHHNE HAXOTUTCS
Ha HA4YaJIbHOM Y4YacTKe, CJIEIOBATEIbHO, NI pacueTa HCIOJIb3yeM
(bopMyITBI TSI HAYATBHOTO yyacTka (Tabm. 2.5):
v,= L= 10 M/c;

0,07-1 0,07-1Y
0.3
2

0,07 - 1]

1+1,52 03
=03 d
1+13,60’07'1

+ 5,28[
L

=245 wm/c;

xXF

9 9

+ 46,24[
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— 1

v, =03 > 1=6,09 m/c.
1+1,52 0071, 5,28 0.07-1
: 0,3
d = 0,3(6,8 007-1 1] =0,776 M;

9 9

2
L. =0,7065 1+1,52 0071 s »gf Q071) 11 06 e
0,3 0
Ilpumep 2.8. Pacuer npuTOoYHOr0 nepGopupoBaHHOIO
BO3/IyX0BO/1a, BBINIOJIHEHHOI'0 B BH/IE IbIPYATOI0
NOTOJIKA

HUcxoonvie oannvie

1. KonnaectBo nmputounoro Bozayxa Lo= 3000 M/

2. Pa3mepnl BeHTUIMpyeMOro momemnleHus: anuHa [ = 12 M,
mupuHa b = 6 M, pacCTOSIHUE OT I10J1a JI0 IOTOJIKA /1 = 4 M.

3. Temmneparypa npurounoro Bozayxa ¢t = 20 °C.

4. TlephoprpoBaHHBIN MOTOJIOK H3TOTOBJICH W3 TUIICOBBIX TUTAT
TOJIIUHOM O = 24 MM.

5. OTHOCHUTENBHAS TUIONIA/TH )KMUBOTO ce4eHUsI OoToKa — 60 %.

Ilopsaoox pacuema
1. IIpumem nuametp oxHoro orBepctus do= 6 MM = 0,006 m.
2. IIpu ucteyeHnn BO3ayXa uepe3 OTBEPCTHs rnepdopupoBaH-
HOTO TIOTOJIKA, COTJIACHO HCCIENOBAaHMSM, TYPOYJICHTHBIA PEKUM
ofecrieunBaeTcss yxXe TIpU 3HAYCHUU KpuTepus PeitHonbiaca
Re = 1500. OnpenenuM CKOpOCTh UCTEYCHHS BO3yXa, M/C, U3 YCIIO-
Bus, uTo Re = Re,= 1500:

: (2.69)
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rme v=1,510" m*/c — k0>QDUIMEHT KHHEMATHYECKOH BI3KOCTH
Bo3ayxa npu ¢ = 20 °C;
1500-1,5-107°
Vy=—"T—"—""—
0,006
3. OnpenenuM CKOpOCTh Ha PACCTOSTHUU X = 2 M OT nepgopu-

POBAHHOTO MOTOJKA (T. €. 2 M OT I0JIa, YTO COOTBETCTBYET paboueit
30He). [[mnHa HayanpHOTO yyacTka mo gopmyse (2.4.6)

[, =0,335 0,006 _ 0,029 ™,

=3,75 m/c.

3HAYUT TIPHU [p= 2 M UMEEM OCHOBHOM Y4acTOK, TOTJa CKOPOCTh OII-
penensem o Gopmyie (2.47):

0,48
v, =375

0,07 2
0,006

b
[ToryueHHOE 3HAYEHHE CKOPOCTH YIOBJICTBOPSET TPCOOBAHUSIM
MHKpOKJIMaTta (Taom. 3.2).
4. Haiigem 4uciio OTBEPCTUH, MIT., B OTOJIKE

=0,077 m/c.

+0,145

n= #, (2.70)
36001 p v,
2
rae f =— — [momanb OJHOTO oTBepcTHs, M°; [ = 0,78 — K0dd-
buImeHT pacxona,
n= 314 033222 =10081 mIT.
3600———0,78-3,75

5. OmnpenenyiM pacCTOSIHUE MEX1y OTBEPCTHSIMU, M, UCXOJS U3
YCIIOBUSL UX PABHOMEPHOTO pacHpeesIeHus M0 MOTOJIKY

m=,|—, (2.71)
n

2
rae [, — miomanp moToyka, M-, 3aHsTast OTBEPCTUIMHU
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m= 1/% =0,065 m.
10081

6. Haiinem ruapaBinudeckoe conpoTusienue, [1a, meppopupo-
BAHHOTO MOTOJIKA

P=>(RI+Z), (2.72)

rae R/ — norepu naBieHus Ha TpeHue, lla; Z — noTepu Ha MecTHbIE
cornpoTtuBieHus, [1a.
Tak xak moTepu NaBiICHUS HA TPEHHE HAMHOTO MEHBUIE I10-
Tepb JIaBJICHMSI Ha MECTHBIE COIPOTUBIIEHHS, TO MU MOXHO IIpe-
HeOpeus, Toraa Gopmyna (2.72) nepenumercs B BUIE:
2
P=z=Y¢|p| (2.73)
2
rae & = 1,5 — koapdunmeHT Ha MECTHBIE COTIPOTHBIICHUS (HA BBI-
XJIOT U MOJYKaTUe CTPYyN).

3,75°

Z=15-12 =12,7 Ila.

2.4.2. JIBnkeHHe HeM30TepMHUYeCKOl cBOOOIHOM CTPYH

Pa3zimuyne B Temmneparypax BO31yXa, MCTEKAIOIIETO U3 OTBEP-
CTHS, U OKDPYXKAIOLIEH Cpelbl BBI3BIBACT IPOSBICHUE IOJBEMHBIX
CHUJI, CTPYsI UCKPUBJIISIET OCb CUMMETPUU U B 3aBUCUMOCTH OT COOT-
HOILIEHUS TEMIIEPATYP OKPYKAIOIIEH CPEAbl U BO3AYXa, NCTEKAIOIILE-
IO U3 OTBEPCTHUS, OCh OyJIeT OTKIOHSATHCS BBEPX WM BHU3 110 OTHO-
LIEHUIO K OCH M30TepMUYECKOM CcTpyH. Pacuer takux cTpyd noka-
*eM Ha nnpumepax 2.9 u 2.10.

Ilpumep 2.9. Pacyet BbICOTHI YCTAHOBKH BO3YLIHOI'0 arperara

HUcxoonvie oannvle
1. TIpOM3BOIUTETBHOCTE BO3AYIIHOTO arperara L= 1000 w’/u.
2. HaganpHast TeMriepatypa BO3/yXa, BBIXOJSIIEr0 U3 HACal-
Ka, to= 40 °C, Temneparypa Bo3ayxa B momenieHuu &= 15 °C.
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3. Hacanok mist mogauu Bo3yxa pasmepoM axe = 200%300 mm
cHaOXXeH HarpaBIIONMMHE Jionatkamu B.B. batypuna ¢ yriom Ha-
KJIOHA K TOPU30HTY o = 45°.

Ha xakoii BeICOTE OT Moja CIEAyeT PAaCIOJIOKHUTh arperar
BO3IYIITHOTO OTOIIeHHS (puc. 2.7), 9TOOBI OCh BO3AYIITHOTO TIOTOKA
He JIoIUIa J0 noJja Ha 1M.

Puc. 2.7. Cxema pa3melnieHus arperata BO3AyIIHOTO OTOILICHUS

Ilopsaoox pacuema
1. Onpenenm HaYaIbHYIO CKOPOCTh UCTEUEHHUS BO3/AyXa, M/C,
U3 HacajKa

LO
v, =—2 2.74
* 3600as (274

v, = & =4,63 m/c.
3600-0,2-0,3

2. OnpeeniM SKBUBAJICHTHBIH TIO TDIOMIAH JUAMETP HacajKa, M,

a - [*E (2.75)
T
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dy= |2 2202 0276 .
3,14

3. Ompenenum kputepuii Apxumena mo Gopmyiie
g dO 7-(') — TB
v,, T ’

B

Ar =

(2.76)

rae g = 9,81 m/c> — yckopetne cBoGoHoro magenus; T, T — TeM-
neparypa Bo3nyxa, K, BBIXOJSIIEro W3 HAcajKa, ¥ OKPYKAIOIIETo
COOTBETCTBEHHO
Ar— 9,81-0,276 (273 +40) - (273 +15)
4,63 273+15

4. Omnpenenum 6e3pa3MepHYIO OpAMHATY BEPIIMHBI CTPYH IO
dopmyne M. A. lllenenera:

PE— 3 2
v, =2 =0350sin o 3|2 % 2.77)
d, a-Ar

rae a = 0,2 — ko3 HUIUEHT, XapaKTepU3yIoIui HadaabHyI0 TypOy-
JICHTHOCTh JUISl TIPSIMOYTOJIBHOTO HAcaJKka C HANpPaBISIOMIMMHU JIO-
MaTKaMu Ha BeIXoJie (cM. Tabi. 2.6).

_ 2
v, =0350-0,707-3|— 217" _7
0.2-0,011

Torma opauHara BEpIIMHBI CTPYU, M, HOJIYYUTCS PaBHOU
Yo = Vo dys (2.78)
y,=7-0,276 =1,933 wm.
5. LlenTp Hacagka arperara BO3AYLIHOTO OTOIUIEHUS CIEAYET
PACIIOJIOKUTB 110 YCIIOBHUSIM 3a/1a4d Ha BBICOTE:
H=1933+1=2,933 m.
6. Onpenenum NpoJ0JIbHYI0 KOOPAUHATY BEPIIUHBI CTPYHU:

—_— 1 2
X, =0,583cosoL -3/ SmAroi , (2.79)
a .

=0,011.

116



— 2
%, =0,583-0.707 3217 _yy3.
0,2-0,011

Torna npoonbHast KOOpIMHATA BEPILIMHEI CTPYH, M, Oy/IeT paBHa:
x, =x,d,. (2.80)
x, =113-0,276 =3,1 m.

Ilpumep 2.10. IlocTpoeHne H30rHyTOM 0CH NOTOKA XOJIOHOTO
BO3/1yXa, NOCTYNAIOIIEr0 Yepe3 ppamyry

Hcxoonvie oannvie

1. ®pamyra pacnosoxeHa Ha BeicoTe S M oT rona (o = 0°).

2. [nomame Gpamyru 1x1 M (do= 1 m).

3. HavanpHasi CKOPOCTh MCTEUEHHsI BO3/TyXa B INIOCKOCTH (ppamy-
T L= 2 M/C.

4. Temneparypa HapyxHOro Bo3ayxa fo= —13 °C, temneparypa
BO3/yXa B roMerieHnu 4= 27 °C.

OmnpenenuTb CKOPOCTh U TEMIIEPATYPY BO3AyXa IO OCH TOTOKA
y TmoJia.

Ilopsaoox pacuema
1. Onpenenum kputepuit Apxumena no gopmyie (2.76)
Ar— 9,821-1 (273-13)-(273+27) _ 0,327
2 273+27

2. Bpiuucnum Ge3pa3MepHble KOOPAUHATBI X U ) IMPH TOPH-

30HTAJILHOM MCTEYEHUH BO3yXa Mo (Gopmyrne

y=Ar-x(051ax+035), (2.81)
rae a = 0,1 — ko UIMeHT, XapaKTepU3yIui Ha4aaIbHyI0 TypOy-
JIEHTHOCTH JJI KBAJPATHOTO Hacajka (Tadiu. 2.6),

¥ =-0,327x(0,051x+0,35).
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3aZ[aBa$ICI) Pa3JIMYHBIMU 3HAYCHUAMHA X , IOJTYYUM COOTBETCT-

BYIOIIMUC 3HAYCHUA ) :

1

2

3

4

5

< =1

—0,136

0,59

-1,49

-2,9

—4.,95

3. Onpenenum 3HadeHus x U y o dopmynam (2.78) u (2.80).
Tak kak B taHHOM npuMepe do= 1 M, TO 3TU 3HauUeHUs OyIyT paBHBI

S3HAYCHUAM X U ). Ilo MOJIYYCHHBIM 3HAYCHUAM X WU Yy IOCTPOUM

oCh MoToKa (puc. 2.8).

Puc. 2.8. IlocTymnienne X0noIHOM CTpyH B IOMEIIEHHE

136
590

1000x1000

100!

2000,

3000

4000

1490,

[ 2900

-

N

5000

ey

4950

5000

7

b

ez

4. OnpenenuM COCTaBIISIIOIINE CKOPOCTH B KOHIE cTpyu. ['o-

PHU30HTAIbHAS COCTABIISIONIAS CKOPOCTH, M/C, B KOHIIE CTPYH:
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®, =048 0
X
a—> 10,145
cosa
0, =048—
017 +0,143

9

=1,49 m/c.

(2.82)



BeprtukanpHas cocTaBIsIOMAas CKOPOCTH B KOHIIE CTPYH, M/C,
X
o, =0,73 Ar-v, , (2.83)
cosa

o, =0,73-(-0,327)- 2% =-2,39 m/c.

dakTuyeckas CKOpOCTb, M/C, TIO OCH CTPYH
O =02 + 0 = /1,497 +(-2,39)* = 2,82 wc.

5. OmpenenuM TeMIepaTypHBIA Mepenag U TeMIEpaTrypy IO
ocu ctpyu, °C, y moja

b1 =035—o=h) (2.84)
a——+0,145
cosa
‘1 = 0,35(_;3—_27) —217°C,
0. +0.145

CoOTBETCTBEHHO TEMIIEpaTypa CTpyH y 1ojia
t,=-217+t,=-21,7+27=5,3°C.
[To pacueram moJrydeHa CIMIIKOM HHU3Kas Ui pabodeil 30HbI
TeMreparypa Bo3ayxa (1adia. 3.4), BO3AyX JKeIaTelIbHO MO0rPEeBAaTh.

2.4.3. CTecHeHHbBIE CTPYH

CrecHEHHbBIE CTpyHM — CTpYyH, KOTOpBIE paclpOCTPAHSIIOTCS
B [IPOCTPAHCTBE KOHEYHBIX Pa3MEPOB, KOI'/la OTPaKJICHHs BIMAIOT HA
pa3BuTue CcTpyu. Pa3BUTHE CTECHEHHBIX CTPYH OTIMYAETCS OT CBO-
00HBIX (puc. 2.9).

BO6sm3u mpUTOYHOTO OTBEPCTHUS CTPYS Pa3BUBAETCS MO 3aKOHY
CBOOOJTHOM 70 TEX IOp, MOKa €€ ceueHue He 3aiimer 25 % mormaam
noniepeyHoro ceuenus: nomemienus (I kputudeckoe ceuenue). Pac-
mupeHue npoaosrkaercs 10 11 kpurtudeckoro cedeHus, npu KOTOpoM
CTpYsl MOXKET 3aHsTh 42—45 % 1uionaau MonepeyHoro CEYeHus IMo-
MemeHus. 3a Il KpUTHUECKUM CeYeHHEM pacxoj] BO3ayXa B CTpye
¢baxTuecku paBeH Hymro. CTpys pacramaercs WM cyxkaercs. [Ipu
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9TOM 4YacTH Macchl BO3JyXa JBMKYTCA B OOpaTHOM HamlpaBiIeHUU
(oOpaTHBIE TIOTOKW) U YIAJISIOTCS BHITSDKHBIME YCTPOHCTBaMH, a yac-
THYHO KEKTUPYIOTCS CTPYEH Ha y4acTKaxX paclIMpEHUs.

1 I

=" s =1"
S S
-~ \ \
Su [ [
o Sl“ ‘
Y |
el ‘ S3 -
- [ -

Puc. 2.9. CxeMa U30TepMUUECKON KPYITIOH OCECUMMETPUYHON CTPYH, BbI-
TeKarolle! B TYIHK:
Sy — HAYAIIBHBIA Y9acTOK (aHAJIOTUYHBIN COOTBETCTBYIOLIEMY y4acTKy
CBOOOJTHOM cTpyM); S| — y9aCTOK CBOOOIHOTO paciIvpeHusi (BKIOYaeT
B ccOsl HAYaIBHBINA YYACTOK); S,—S| — YU4aCTOK CTECHEHHOTO pacIIipe-
HUSA; S5 — YIaCTOK CY)KEHHs WM pacliaja; o, — yroia cBOOOJHOrO pac-

mIMpECHU, O, U o' — YIJIbl CTECHEHHOT'O PACIIUPEHMS U CYKEHMS
2

Pacuer cTecHeHHBIX CTpyH TNPOM3BOAMTCA MO (opMyIaM
I".A. MakcumoBa. B Tabxn. 2.7 npuBeaeHsl ynpolieHHbIe (OopMyIIbl
JUIsl pacyeTa TYIIHKOBOM 0CECUMMETPUYHON U30TEPMHUUECKOMN CTPYH.
JIJ1sl CTECHEHHBIX CTPYH KPOME KOMILUIEKCA, XapaKTEpHOIO s

., ax . .

CBOOOTHBIX CTPYH 7 OTIPEIETISIONICH XapaKTePUCTUKOM SIBISIETCS
0

CTENEHb UX CTECHEHUS

F, d?
Uy =—2=—2, (2.96)
Fl'[ Dl'[
raec FO — I1oIaAb BBIXOJIHOTO OTBepCTI/ISI Hacaaka, FH — I1ouIaab

MOTMEPEYHOI0 CEYEHUS MOMENIEHUS; Dy — XapakTepHbIA pa3Mep Mo-
MEILICHUS.
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Ilpumep 2.11. Pacuer cTeCHeHHOI CTPyH

HUcxoonvie oannvie

1. Bo3ngyx nonmaercs U U3BJIEKAETCS U3 MOMELIEHUS CO CTOPO-
HbI OJJTHOTO U TOTO € TOPLA 3/JaHusl.

2. Jluametp nmputouHoro natpyoka do= 500 mm.

3. Beicota nomettienust 4 = 5 m, mmpuna a = 4,5 M, ynHa ¢ = 10 m.

4. B noMmenieHny UMEeroTCsl M30BITKH TEIla 32 CUeT MPOU3BO/I-
CTBEHHOTO IpoIlecca, COCTaBIsAOmue q,= 24 Br/Mm.

5. Temneparypa HapykHOTO Bo3ayxa f= 21 °C.

OnpenenuTh quaMeTp CTPyd Ha PacCTOSIHUU X = 4 M OT NpHU-
TOYHOTO narpyOka (B paboueil 30He) U CKOPOCTh UCTEYEHUS BO3Y-
Xa M3 MPUTOYHOTO MaTpyOKa, ecnu B pabodeil 30HE MPOBOIATCS pa-
00THI cpeiHel TspkecTH Kateropuu lla.

Ilopsaoox pacuema
1. OnpenenuM THIPABIWYECKUN IUAMETP TIOMEIICHHS, M,
Y TIPAMEM €T0 33 PacueTHBIN 1o Gopmyrie

D.=d - AF, _ 4(ha) ,

1. 2(h+a)

rje [1;— nepuMeTp OMEIICHHSI, M,
D = 2(5-4,5)

5+45

2. Onpenenum \/% ¢ ucnoJib3oBanueM hopmyisl (2.96)

05,
Ju = —0,1055.
U =178

3. OnpenenseM AIUHBL y9acTkoB S; 1 S, mo popmynam (2.86)
u (2.87)

(2.97)

=474 M.

0500625 () o
0,07 0,1055

05 (013 0 s
0,07( 0,1055
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rae a = 0,07 nias UMIMHIPUYECKOTO Hacajaka ¢ Mo/pKaThueMm (CM.
Tadi. 2.6).

Takum oOpazoM, x = 4 M HAXOJUTCS HA PACYETHOM Y4acTKE OT
S1 a0 Sz.

4. OnpenenuM auaMeTp CTPyM Ha pacCTOSHUU X = 4 M 1o
dopmyie (2.90)
0,29

d = 0,5(0,384 i 12,89.0,07 oi] ~238 M.

5. OnpenenuM OTHOCUTEIBHYIO OCEBYIO CKOPOCTh Ha PacCcTosi-
HuU x = 4 M 1o hopmyie (2.95):
Y, _ 0;1443 ~0,1055=0,534<1.
Yo 0,07 +0,133
0,5

9

[Momarast L=V zon= 0,4 M/c (Tabmn. 3.4 ), ompeaenTuM CKOPOCTh
HUCTCUYCHUS BO3AyXa U3 IPUTOYHOT'O Han}IGKa
S VX
0,534 0,534
6. OmpeneanM pacxoj BO3AyXa, M /4, ISl 0OIIC0OMEHHOM
BEHTUJISIIUH HCXOJIS U3 JIOITYCTUMOM CKOPOCTH IO (opMyie

2
I - “io 0,3600, (2.98)

=0,75 m/c.

Y,

2
= wons -3600 = 530 m°/u.

LO
7. OnpenenmM TemIieparypy yXoIsIiero Bo3myxa o gopmye (3.5):
t,=26+(5-15)L,5=3125 °C,
rae grad ¢ = 1,5 °C/m (ist g,= 24 Br/M® o Ta6u. 3.4).
8. OmpenenuM KOJIHYECTBO BO3LyXa, M /4, KOTOPOE HEoOXo-
IUMO YIAJdUTh M3 TOMENIEeHUs, 13 0alaHCOBOTO COOTHOIIEHHS IO
TCIINTY B IOMCIICHUU

Lycplt, —1))=74,, (2.99)
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I, =—V 953600, (2.100)

. (5-4,5-10)-24-107°
®1,005-1,2(31,25-21)

W3 cpaBHEHUS MOIY4YEHHBIX pe3ynbTatoB (Lo< L'y) BUAHO, UTO
M30BITOYHOE TEXHOJOTHYECKOE TEeIUIO Yepe3 OOIeoOMEeHHYI0 BEH-
TUIALIAIO HE MOKET OBITh OTBeAEHO. [t ero oTBeneHusI He00X0AU-
MO BOCIOJIb30BAThCS APYTUMH TEXHUYECKUMHU CPEICTBAMMU, HAIPHU-
Mep, MECTHBIMH OTCOCaMH.

3600 =1580 m’/u.

2.5. BeITSKHbBIE 30HTHI

BoITsKHBIE 30HTBI MPUMEHSIOTCS B CIIydasix, KOT/a BbIJe-
JISIOUIUECS] BPEAHOCTH JIETYE OKPYKAIOLIET0 BO3/lyXa U MOTOK Bpea-
HBIX BBIJICJICHUI HAIpaBJIeH BBEPX.

BoITsKHBIEC 30HTHI SIBJSIFOTCSI HECOBEPUIEHHBIM THUIIOM MECT-
HBIX OTCOCOB BCJIE/ICTBHE HE3AIIUIIIEHHOCTH MPOCTPAHCTBA MEXKY
HMCTOYHUKOM BBIJIEJICHUS BPEIHOCTEN U BO3yXoM nomenieHus. [lo-
CIIEHUII CBOOOJHO MOJATEKAaeT K 30HE BCACBIBAIOLIEIO 30HTA, TEM
caMbIM yBEJIMYMBasi 00BEM BO3/1yXa, NOAJIEKAIIET0 YAAIECHUIO.

Ilpumep 2.12. Pacuet 30HTA /111 YJIABJIUBAHUS
HEHANPABJIEHHOT0 MOTOKA

Hcxoonvie oannvie
1. BanHa ju1g okpacku Jietaneil umeeT pazmepsl BXr = 1x0,8 m;
BBICOTA OT OOpTa BaHHKI 10 30HTA y1= 0,7 M (puc. 2.10).
2. CkopocTh pactpocTpaHeHus mapoB kpacku v, = 0,15 m/c.

3. Yroux packpsitus 30HTa o0 = 60°; BeicoTa 30HTa H = 1,21 M.
4. CkopocTh BcachlBaHMsI NapoB Yy IOBEPXHOCTH BaHHBI —

L= 0,25 M/c (ckopocTh creayeT MpUHUMATh paBHoM (1,5-1,7)V,
(y 6opTa B Touke A)).
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Puc. 2.10. 30HT 171 ynaBIuBaHUS HEHAIIPAaBJIEHHOTO TIOTOKA

Ilopsaoox pacuema
1. T'aGaputsl 30HTa puHUMaeM Ha 0,2 M OombIiie rabapuToB

BaHHBI C KOKJI0U CTOPOHBI: ax0 = 1,4x1,2 m.
2. OKBUBAJICHTHBIN AUAMETP 30HTA, M:
_ 2a6
- s
a+0
~2-1,4-1,2
o L4+1,2
3. OnpenenuM OTHOCHUTEIbHBIE BEJIWYMHBI pPAa3MEpPOB 30HTA
B JIOJISIX SKBHBAJICHTHOTO JTHAMETPA:

x, 07

(2.101)

9K

=1,291.

X0 =—"= = 0,54;
e 1,29
5= 205 _g38
de, 1,29
5= =07 s,
d, 1,29
+_ 1 121 —0.95.
d, 129
rie x,=34/2=0,71 — paccrosHHe OT OCH 30HTa IO €ro Kpas;

x=4/2=051 — paccTosiHHe OT OCH BaHHbI JI0 €€ Kpasl.
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4. Ilo rpaduky (mpmi. 15) maxogum i o, = 0,54 3HaueHue
OTHOCHUTEJIBHON CKOPOCTH 110 OCH 30HTA: L,/ L= 0,26.
5. OmpezensieM CKOpOCTb B LIEHTPE 30HTA VL, NPU KOTOPOH

Oyner obecriedeHa CKOPOCTh Uy, B INIOCKOCTH UCTOYHUKA BBIJETIE-
HUS BPEJHOCTH, M/C:

L
0=~ v , (2.102)
0l
Uy X0 —(yl +0,27NH
v, = 0’250 e =102 m/c.
0,26 -0.1 :

" 0,54% —(0,54 +0,27),/0,95
6. OTHOCHUTENBHAS CKOPOCTh B IIEHTpE 30HTa mpu o = 60° 1o
rpaduky (mpui. 16) n=v, /v, = 1.
7. CpenHsisi CKOPOCTh BCACHIBAHUS Ta30B IO/ 30HT, M/C:
V) =M-V,, (2.103)
v, =1-102=102m/c.
8. O0BeM 0TcackIBaEMOTO BO3IyXa, M’/4, COCTABHT:
L=F-v,=3600-a-6-v,, (2.104)

L=3600-1,4-1,2-1,02=6169 m° / u.

Ilpumep 2.13. PacueTr 30HTa-KO3bIPbKA y 3arpy304HbIX
OTBEPCTHH NMeYH

Hcxoonvie dannvie
1. 3arpy3o4yHoe OTBepCTHE IT€YN UMEET pasMepsl 6x/ =1x0,6 M.
2. Temneparypa B neun ¢, =1000 °C.
3. Temneparypa Bo3ayxa B nomenienuu ¢, = 20 °C.

4. CxeMa 30HTa-KO3bIpbKa HaJl 3arpy304YHbIM OTBEPCTHEM II€-
YU MpejcTaBieHa Ha puc. 2.11.
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Puc. 2.11. 30HT-KO3bIpEK HAJl 3aTPy30YHBIM OTBEPCTHUEM €YU

Ilopsaoox pacuema
1. DxBUBaNIEHTHBIN MuameTp 30HTa 1o Gopmyrne (2.101) Oyner
paBeH:
e 2106 _ 575,
1+0,6
2. [I10THOCTH TOpsSYEro BO3AyXa, BHIOMBAIOIIETOCS M3 OTBEP-
CTHS [IeUH, M BO3/yXa B OMEIICHHH, KI/M, DABHBL:

p; = 33 0,2773;
273 +1000
p; = _ 353 1,205.
273+20

3. [lepenan naBnenus, [la, B TIIOCKOCTH 3arpy304YHOTO OTBEP-
CTHs IS

2
AP=Zh(p; —py )g. (2.103)

AP = % 0,6 (1,205-0,2773)9,81=3,64 ia.
4. CpenHsisi CKOPOCTh BBIXOJIa TOPSYETO BO3AyXa, M/C, U3 OT-
BEPCTHUA TICHH
2AP
Vg =M [— (2.106)
Pu
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rae p = 0,65 — ko3durment pacxoia sl pacuera BhITSHKHBIX 30HTOB,
2-3,64

Vg, = 0,65 =3,33Mm/c.
0,2773
5. Yucno Apxumena
Ar = ﬁ%%oﬁ , (2.107)
Lis a

rae Ty, Ty — TeMieparypsl B IIe4d U BHYTPEHHETO BO3/1yXa, K,

Ar— 981- 0;75 1273 -293 _220.
3,33 293

6. Paccrosinue x, M, Ha KOTOPOM MCKPHBJIEHHAsl OCb CTPYH Iie-
pecekaeTcs ¢ IIOCKOCTBIO IPUEMHOIO OTBEPCTHS 30HTA-KO3bIPbKa:

2
x =3 % , (2.108)
05Ar

rae m = 4 — k03(hUIMEHT 3aTyXaHusi CKOPOCTH B CcTpye (TpH pacuere

30HTOB); y = g (cm. puc. 2.11);

2
x=3 M:0,847M.
0,5-2,22

7. JlnaMeTp CTpyH Ha PACCTOSTHUM X OT MEYHOTO OTBEPCTHS, M,
o GopmyIie st OCECUMMETPUYHON CTPYH Ha HAYAIILHOM YYacTKe

d, =d3{6,8§—x+lj, (2.109)
a = 0,1 — ko3 dunreHT TypOyIEHTHOCTH YIS IPSIMOYTOJIBHOTO OT-
BEPCTHS,

=133 M.

dy = 0,75[6,8w + 1]

8. Bouier 30uTa /, M, (cM. puc. 2.11):

l=x+d—2x, (2.110)
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[ =0,847 + 1’33

=1,51 m.
9. KommuectBo ra3oB, BBIXOJAIINX U3 IICUM:
L, =3600v, hb , M*/u;
G, =Lp,,xr/d; (2.111)

L. =3,33-1.0,6-3600="7193 M’ / u,
G, =7193-0,2773=1995 kr/u.

10. KonnuecTBO OTBOAMMBIX IIOJ 30HT ra3oB L, M3/q, C yue-
TOM TeMIIepaTypHoro dpdexTa

2
L=r |1+ 152 508 “ | | L] 2112
d}'/é d}'/é 7—1'

0,1-0,847 01- 0,847J2J 293

+5,28(

L =71931+|152
! 0,75 1273

] — 8018 M /u.

11. KonnuecTtBo BO3/yxa, MOJAMENIMBAEMOTO W3 MOMEIICHUS
B CTPYIO, KI/4,

9K 9K

2
G, = 1)52w +528 M 1,2-7193 = 206583/~
0,75 0,75

12. Temnepatypa cmecu (ra3+Bo3/1yX), OTBOJAMMOM O] 30HT, °C:
= Sl Gty (2.114)

G, +G,

~1995-1000 + 2065 - 20

4
o 1995 + 2065
13. Tak kak #,,>160 °C, To yBenu4uBaeM KOJUYECTBO BO3.Y-
Xa, TOIMEIITUBAEMOTO B CTPYIO ra3a, Kr/d:

2
G, =152 4528 2| |p.L; (2.113)
d d

=502 °C.
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GB — Gn(tn _tCM) ,
tCM - tB
~1995(1000-160)
Y 160-20
14. KonnuecTBo ra3oB, OTBOAUMBIX 30HTOM, KI/4,
G, =G, +G,, (2.116)
G, =11970+1995=13965 kr/u.
15. KonnyecTBo Teria, yiansieMoro 1noji 30Ht, kBT,
0=aG,, /3600, —t,)c

CM

(2.115)

=11970 éa/~.

(2.117)

r71e Cey =1,005 kJDx/kr -°C — yenbHast TETUIOEMKOCTh BO3/TyXa,
0 =13965/3600(160—20)1,005 = 543¢Aa

2.6. bopToBble oTCOCHI

BopToBBle OTCOCHI YCTaHABIMBAIOTCA Yy TMPOU3BOICTBEHHBIX
BaHH PA3JIMYHOTO TEXHOJOTMUYECKOTO HazHadeHus. Kak mpasuio, B
BAaHHBI 3aJIMBAETCS JKUJIKOCTb, B KOTOPYIO IOMENIat0TCsl 00padaThl-
BaeMble HM3ETHs, TeMIleparypa *XHUJIKOCTH B BaHHE OOBIYHO BBIIIE
TEeMIepaTypbl BO3AyXa B MOMEUICHWH. 33 CYET MOJBEMHOM CHIIBI,
OTIPENIENAIONIEICS PAa3HOCTBIO TEMITEPATYp, Maphl KHUJIKOCTH, TOJIbIC
My3BIPbKH M BpEIHBIE Ta3bl 0e3 CIEeHUAIBHBIX YCTPOIHCTB MOTYT
pacrpoCTpaHATHCS N0 MOMENIEHHIO, YTO HEJOMYCTHMO C TOUKHU 3pe-
HUS 00ecTeueHus] CAHUTAPHO-TUTHEHUYECKIX HOPM.

BopToBBIe OTCOCH YCTaHABIMBAIOTCA Ha BaHHAX MPSMOYTOJIb-
HOU (hopMbl. OHOOOPTOBBIE OTCOCHI YCTAHABJIMBAIOTCS HAa BaHHAX
mmpuHO# 10 0,7 M, TByXOOpTOBBIE — IMUPUHOM 70 1 M.

Ilpocmuim (puc. 2.12) Ha3pIBaeTCs TaKoM 0TCOC, KOT/AA MIIOC-
KOCTb II[EJIEBOTO OTBEPCTHUS NEPIECHINKYISPHA 3epKAITy )KUIKOCTH B
BaHHe. [IpocThie 0TCOCHI MPUMEHSIOTCS TTPU BBICOKOM YPOBHE pac-
TBOpa B BaHHE, KOTJa PACCTOSIHUE OT 3epKajia KHUAKOCTH BAHHBI JI0
kpomku ee 0opta H ot 80 1o 150 mm.
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Puc. 2.12. TlpocToii 1Byx00pTOBOI 0TCOC

Onpoxunymuim (puc. 2.13) 0TcOCOM HazbIBaeTCs TaKoil 0Tcoc,
y KOTOPOTO IUIOCKOCTh IIEJIEBOr0 OTBEPCTHUS MapajuiesibHa 3epKaly
XKHUAKOCTH B BaHHE. ONpPOKHUHYTbIE OOPTOBBIE OTCOCHI MPUMEHSIOT
npu 0Oojie HU3KOM YpOBHE pacTBopa B BaHHax (H = 150+300 mm
u OoJiee) M TakHe OTCOCHI TPEOYIOT MEHBIIEr0 Pacxoja OTcachIBae-

MOTO BO3/yXa.
B
>

s Tr

D —

_¢<>| _ K>¢_

Puc. 2.13. OnpoxkuHyTHIH JBYXOOPTOBOI 0TCOC

JIist Kpyriioil BaHHBI, IIAXTHOM €YU U T. JI. BBIIOJIHSIOT KOJb-
yegvie omcocwl (puc. 2.14) B BUAE CIUIONIHOM IIIETH, PACIIOJIOKEH-
HOH 10 nepuMeTpy BaHHBI. [[pUMEHSIOT JBa BUJIa KOJBLEBBIX OTCO-
COB: CO ILEJbIO Y BEPXHEH KPOMKHU BaHHBI U CO IIEJbIO, OMYIIIEHHON
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B BaHHY. B kauecTBe omnpeesnsonero reoMeTpu4eckoro napaMmerpa
MIPUHUMAETCS OTHOCHUTEIIbHAS BBICOTA:
—JUIs KOJIBLIEBOT'O OTCOCA CO IIEJbI0 Y BEpXHEW KPOMKU BaHHBI:

h, + b
J— H ~
a-t_" 2 (2.118)
D D
— JIs1 KOJIBLIEBOT'O OTCOCAa CO IIC/IbIO, OHymeHHOﬁ B BaHHY:
g 2hg + M
H="=s—— 2 (2.119)
D D
e
El
e 2 I
hy

Puc. 2.14. Konbueoil orcoc:
1 — rpaHHIa BEpXHETO YPOBHS BPEIHBIX BbIAENEHUH, 2 — ypo-
BEHb OOpTa BaHHBI

C nenpi0 yMEHBIIEHHs] KOJIMUYECTBA OTCACHIBAEMOr0 BO3/yXa,
a TaKKe MpeA0TBPAILEHUs] PaCIpPOCTPAHEHHUs] BPEIHOTO BO3AyXa IO
MOMEUICHHIO UCHOJB3YIOTCS O0pmogvle aKmueupo8aHHvle OmcoCyl
om 8aHH CO COYBOM BYX BAPHUAHTOB.

IlepBrIii BapuaHT HpeacCTaBisieT co0Oil cxeMmy, Korja OTcoc
aKTUBUpYETCS CBOOOJHOM cTpyeill (CTpysSMH), pacHoJIO)KEHHOHN Ha
JIOCTaTOYHOM YyJaJ€HUH OT 3epKajia pabodel MUAKOCTU IPU OTCYT-
CTBHH CYIIECTBEHHOTO BIIMSIHUS BOCXOJSIINX KOHBEKTUBHBIX MOTO-
KOB OT HarpeToM >XUAKOCTH Ha SKPaHUPYIOIIYIO CTpyto (puc. 2.15).
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Puc. 2.15. BopToBOIf aKTUBHPOBAHHEIN OTCOC OT BAHHBI CO CTYBOM:
1/ — BaHHA C PacTBOPOM KHUAKOCTH; 2 — CHOyBaomas CTPYys;
3 — oTcachIBaloIlee YCTPOWCTBO; 4 — CIyBalolMid NaTpyOOK;
5 — KeKTop, CO3/IAIOUINI pa3psHKEHHE B OTCAChIBAIOLIEM KaHalle

Otcoc BTOpOro BapHaHTa aKTHUBUPYETCS HACTUIIAOIIEHCS
cTpyei BOIM3MU 3epKaia padbodeit xuakoctu (puc. 2.16).

2 1

4L

Puc. 2.16. bopToBoli akTHBHPOBAaHHBIA O0TCOC OT BaHHBI CO CTYBOM:
1 — matpy6ok, ¢popMuUpyOLIHN CTPYiHOE TeueHHe Hall OBEpX-
HOCTBIO JKHUJKOCTH  (CHyBaroIllee yCTPOKMCTBO); 2 — OTca-
CBIBAIOILIEE YCTPOMCTBO

Ilpumep 2.14. Pacuet npocToro AByx00pToBOro orcoca

Hcxoonvie oannvie
1. TIpocToii TByXOOPTOBOM OTCOC YCTAHOBIICH IO OOpTaM BaHHBI
XpoMHUpoBaHus mupuHoi B = 0,75 M u jymsoi [ = 1,2 M (cM. puc. 2.12).
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2. Temneparypa pacTtBopa B BaHHE f,—= 60 °C, Temmneparypa
BO3/lyXa B IOMeleHn! 4= 16 °C.

3. Paccrosiue ot 3epkaiia BaHHBI JI0 KpOMKH ee 6opta H = 80 mm.

4. CKOpOCTh IBIKEHUS BO3AyXa B MOMEMICHUH U o= 0,4 M/C.

Ilopsaoox pacuema

Memoo M.M. bBapanosa. Pacxosa Bo3ayxa, 0TCaCbIBA€MOIO OT

ieseu orcoca, Mo ATOMYy METOJy PACCUUTHIBAETCS 1O (popmyre
L=qiT,-T,IK,K,. (2.120)

[IpoBouM pacyer B CIEYIOIEM MOPSIIKE:

1. Jlnsg BaHHBI XPOMHPOBAHHS MPUHHUMAEM BBICOTY CIEKTpa
BpeIHBIX BbIAeNeHuM A = 40 mm (mpui. 17).

2. YnenbHasi BEJIMYMHA OTCACHIBAEMOr0 BO3JyXa Ha €IMHHUILY
JUTMHBI 00pTa BaHHBI ¢ = 560 M3/(q'M) (mpuit. 18) mpu B =750 MM u
h =40 mwm.

3. TlompaBka Ha TJIyOMHY YpPOBHS JKHIKOCTH B BaHHe Kp= 1
(mpuon. 18) mpu B =750 MM u H = 80 MM.

4. Paznocts Temniepatyp At = Ty— T,= 60 — 16 =44 °C.

5. TlompaBka Ha CKOPOCTh ABHKEHHUS BO3JlyXa B IMOMEUICHUH
K= 1,58 (npun. 19) mpu H = 80 mm, At = 44 °C, Vo= 0,4 M/c 1
h =40 mwm.

Pacxon orcaceiBaemoro Bo3ayxa mo gpopmyie (2.120):

L=560-3/44-1,2-1,58-1=3748 m° / u.

Memoo U.JI. Busapennu. Pacxon Bo3ayxa, 0TCaChIBAEMOTO OT
miesel oTcoca, o 3TOMy METOJly PacCUUTBIBAeTCA 110 popMyIie

L =3600K K51 /@3 ATt oB®. 2.121)

[TpoBOAMM pacueT B CIETYIOUIEM MOPSIKE:

1. B 3aBUCMMOCTH OT TOKCUYHOCTH MapoB U ra3oB K03 puuu-
eHT 3amaca npuMmeMm B nepenenax 1-1,75. 3amaem Ks= 1,75 (mis
0co00 BpeaHbIx K3= 1,75-2).
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2. Koaddumment s yuera mojicoca Bo3yxa ¢ TOPIIOB BAaHHBI
JUTsL OJTHOOOPTOBBIX OTCOCOB:

B 2
Ki=|1+—1, 2.122
2] -

IUIs1 IBYXOOPTOBBIX OTCOCOB:

2
B
Ki=|1+—1 . 2.123
2] -

3. Bespazmepnas xapakrepuctuka b = 0,5 — nnst 1Byx00pTOBO-
ro orcoca, b = 0,35 — st omHOOGOPTOBOTO OTCOCA.
4. Yron mojacoca MEXIy 3€pKaJIOM BaHHBI M OTpakJaroleit

3
TUIOCKOCTBIO (@ = > T, paj.

Pacxon orcaceiBaemoro Bo3ayxa mo gopmyne (2.121):
L=3600-1,75-1,16-0,5-1,2 33,14L
277 3(273+16)

CpaBHI/IM HCIOJB30BAaHHBIC METOJbI IO PACCUUTAHHBIM PaCX0-

JaM JUTS PelraeMoro npuMepa:
3748 -3562
AL=="2"2002

3748

9,81-0,75° =35631 °/~

100 =49 %.

IIpumep 2.15. PacueT onpOKHHYTOI0 ABYX0OPTOBOr0 0TCOCA

Hcxoonvie oannvie
PaccuuTars mo ycnosusim npumepa 2.14 1Byx00pToBOii orpo-
KHHYTBIN oTcoc (cM. puc. 2.13).

Ilopsaoox pacuema

Memoo M.M. Bapanosa
1. upuny (BBICOTY) ILIETU OTCOCA b IO KOHCTPYKTUBHBIM U
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TEXHOJIOTUYECKUM COOOpakeHUsM NpuHuMaeM pasHo# 0,18, HO He
menee 50 mm: b=0,18=0,1-0,75=0,075 m.

2. PacueTHas muMpuHa BaHHBI JJI1 OIPOKUHYTOTO ABYXOOPTO-
BOT'0O 0TCOCA:

B" =08B=08-0,75=0,6m.

3. YaenbHasg BeJIMYMHA OTCACHIBAEMOIO BO3/AyXa Ha €IUHUILY
JUTMHBI OOpTa BaHHBI g = 485 M3/(q'M) (mpuit. 16) npu B = 600 MM u
h =40 mwm.

4. TlonpaBka Ha TIyOMHY YpOBHS >KUJIKOCTH B BaHHe Kp=1
(npun. 16) mpu B = 600 MM u H = 80 MmMm.

5. IlompaBka Ha CKOPOCTh ABHKEHHUS BO3/lyXa B IMOMELICHUH
K= 1,12 (mpun. 19) npu H = 80 mm, At = 44 °C, Vo= 0,4 M/Cc 1
h =40 mm.

Pacxon orcaceiBaemMoro Bo3ayxa mo gpopmyie (2.120)

L =485-344-1,2-1,12-1= 2301 v’*/u.
CpaBHI/IM paCXOIII)I OTCaCrIBAacMoOro BOSI[YXa HpOCTI)IM U OII-
POKHUHYTBIM OTCOCOM:
o 37482301

3748
Bv1600: oTIpOKMHYTHIN 0TCOC 00JIee SIKOHOMUYEH, T. K. TpeOyeT
MEHBIIETO PacxXo/a 0TCAChIBAEMOT0 BO3/1yXa.

100 =38,6 %.

Ilpumep 2.16. Pacuet KoJIb1IEBOI0 0TCOCA

Hcxoonvie oannvie
1. Banna, o0opynoBaHHasi KOJbLIEBBIM OTCOCOM, UMEET Jua-
Metp D=1m.
2. Temnepatypa xunkoctu t,= 100 °C, TemmnepaTypa Bo3ayxa
B noMmeteHuu 4= 16 °C (cm. puc. 2.14).

Ilopsaoox pacuema
1. IlpuHMMaemM K yCTpOMCTBY KOJIBLIEBOM OTCOC € IapameTpa-
mu: b= 0,06 m, hg=0,2 M, hg= 0,1 m, y = 0,08 M (0,04—-0,16 ™).

136



IIpoBepsieM paBUILHOCTH BHIOPAHHBIX TAPaMETPOB.
JIOKHO OBITh:

7 >0,054; hy >2b; b =0,04-0,16;
D D

o 2.0 &2+006
H="= 2 -033>0,054,
D 1
pob 006 0,06 € (0,04-0,16),
D 1

hy=0,2>2-0,06.
2. OmpenensieM BBICOTY MOAbEMa BPEIHBIX BBIJCIICHUN, M, HAJl
MMOBEPXHOCTHIO HCTOYHUKA:
l=hy+b+hg+y, (2.124)
[=0,2+0,06+0,1+0,08=0,44 m.
3. OmpenensieM KOJIMYECTBO KOHBEKTMBHOW TEIUIOTHI, BT,
B BOCXOJISIIIIEM ITOTOKE:

O=aF At (2.125)
rie At=t, —t,=100—-16=84°C; F — muomanp NOBEPXHOCTU UC-
TOYHHKA BBIJICTICHUS] BPETHOCTEH:

nD?
4

F=

, (2.126)

31417

F= =0,785 m>;

o — KOA(pOUIMEHT TEeIIO0TIa4l KOHBEKIMeH (KOTaa TerIo0TAa0-
1asi TOBEPXHOCTh OOpareHa BBepx a = 2,8):

a=a¥/Ar, (2.127)
o =2,84/84 =8,5 Br/m>°C.
0=8,5-0,785-84 = 560,8 Br.
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4. OmpeniesisieM OTHOCHTEIBHBIN pacxo] Bo3ayXa K = Lo/ Liow=
=2,4 (mpw. 20) mpu H/D= 0,33 u y/D = 0,08.

5. OnpenensieM 00beM BO3yXa, OTCACHIBAEMOTO KOJIBIIEBBIM
OTCOCOM:

L=155-K3/OF% , (2.128)
L=155-2,4-3/560,8-0,785% 0,44 =1985,5 m* /.

Ilpumep 2.17. Pacuer G0PTOBOro 0TCOCA OT BAHH CO CAYBOM

Hcxoonvie oannvle

1. Banna, 060pynoBaHHass OOPTOBBIM OTCOCOM CO CAYBOM (CM.
puc. 2.15), umeeT cieayroume reoOMeTpUUecKue pa3Mephl: ILUpUHA
B =0,8 M, yiuna [/ = 1,2 M, BeicoTa O0pTa BaHHBI HAJl YPOBHEM KU /I-
xoctu H = 0,08 m.

2. Bo3ayx mojaercs MIIMHAPHYECKUMH HAcaJlkaMH C TOJDKa-
tueM do= 0,05 m (koapdunuent typoynentnoctu a = 0,07).

3. Paznuna temnepatryp At = t,—t,= 100 — 18 = 82 °C.

Ilopsaoox pacuema
1. InameTtp cTpyn Ha paccTossHUU X = B o ¢opmyre (2.109):

0,07-0,8

dx:6,8-0,05( +0,145]=0,43M.

9
2. BricoTa ycTaHOBKM Hacajka, M:

H :%x, (2.129)
043

0,1m
3. Kosm4ecTBO OTBEpPCTHIA, IIT., T BBIXO/1a BO3yXa:

=—, 2.130
n=- (2.130)

X
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12
0,43
4. KonM4ecTBO M0IaBaeMOro BO3/IyXa, M /u:

3 0,25
[ - B0-F At 213D

4,36(23 + 0,145] -n

n ~3 wr.

0
_ 3/@n0.25
0= = 1)’20;0(’)88 20l =111 M /4=10,0307 m’/c.
436 > 40,145 |-3
0,05

9

5. CxopocTh BO3/1yXa Ha BBIXOJIE U3 HACa/IKa, M/C:
4L,

- ndy
~4-0,0307

©3,14-0,05°
6. KonmaecTBo Bo3/yXa, yAaIsieMoro 0TcocoM 1o dopmyrie (2.49):

Vg (2.132)

v =15,7m/c.

L =436- 0,0307[M+ 0,145] =610i °/+=0,17 m’/c.
7. CKopocTh BO3/yXa, yAaaseMoro 0TCOCOM, M/C:
4L
V) =—>> 2.133
‘ nd? ( )
4.0,1
v, 2#21,17M/C.
3,14-0,43

2.7. Bo3nymHbie qymm

BosgymHelie qymu sSBISIOTCS IPUMEPOM MECTHOM MPUTOYHOU
BEHTHISILIUH, OpPraHU3yeMol Ha (PMKCHPOBAaHHBIX pabounX MecTax U
oOecrieynBaromeil HOPMHUpYEMbIE MapaMeTpbl MHUKPOKJIMMATa s
BO3/YIIHOTO AYyIIHPOBAHMSL.
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Bo3gymHelie 1y ycTpanBaroTCs:

1) Ha paboymx MecTax y 3arpy304HbIX OTBEPCTHH Teuei
¢ OOJIBIIMMU TETUIOBBIJICIICHUSIMH B 1IEX;

2) Ha pabo4MX MecTax Mpu 00paboTKEe pacKaJIEHHOTO METaJla,
MpU KOBKE U ITAMITOBKE TOPSYUX U3ACITHIA U T. 11.;

3) Ha MecTax, rzae pabouue MoABEPraroTCsl OJHOBPEMEHHBIM
JEWCTBUSM TETJIOTHI M MBLUTH WJIH TOJIBKO MBLUTH B OOJBIIOM 00BEME.

YacTo BO3IYIIHBIE AYIIN B MPOU3BOACTBEHHBIX IMOMEIICHHSIX
SIBIISIFOTCSI OCHOBHBIM CIOCOOOM BEHTWISILIUH, T. €. 00ECTeuUBaAIOT
HOPMHUPYEMBIi MUKPOKJIMMAT Ha PadO4YMX MecTax MpHU OJHOBpE-
MEHHOM 00€ecreueHUH HOPMHUPYEMOTO MHUKPOKIMMATa B ILIEJIOM IO
MTOMEILEHHUIO 32 CYET 00111€0OMEHHON BEHTUIISLUH.

Pacder Bo3aymIHbIX aymiel 0ObIYHO MpEAToIaraer:

1. Onpenenuts pacxoi BO3ayXa, OJaBaeMOT0 Yepe3 Hacalok;

2. OnpenenuTh quaMeTp CTpyd B pabouelt 30He Ha KaKOM-TO
PacCTOSIHUM X OT Haca/Ka 70 paboyeid 30HbI;

3. OnpenenuTs CKOPOCTh UCTEUEHUS BO3/IyXa U3 HACAIKa;

4. Onpenenuth HEOOXOAUMYIO TEMIIEPATYPY BO3/1yXa MPH BbI-
X0J€ W3 Hacaaka, 00eCIeyMBaIOIIET0 HOPMATHBHBIE IapaMeTphI
MUKpOKJIMMAaTa Ha paboueM MecTe.

2.7.1. Ucnosb30BaHne TEOPUM CBOOOHOM CTPYH
AJIS pacyeTa BO3AYUIHBIX AyIIei

[TonHelil quameTp cTpyu B paboueil 30HE Ha PACCTOSIHUU X OT
Hacajika Oynet omnpenensaThes o Gopmyre (2.55).
CKkopocTh UCTeueHHsI BO3/IyXa, M/C, U3 HacaIKa

UO:% Z—x+0,145 , (2.134)

0
rae v, — peKoMeHayemas (HOpMHUpyeMas) CKOPOCTh BO3/yXa Ha pa-
p P Y PMUDY P yX p

6ouem mecre, M/c (Tabi. 2.8); b — k03hdUIHEHT, 3aBUCSIIHNA OT CO-

d
OTHOILICHUS d—p (mpui. 21); d, — mMameTp aKTHBHOM YacTH CTPYH Ha

X
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pabouem Mecte (auameTp pabodero mMecra), M; ¢, — IOJHBIH Aua-
METp CTpyH Ha paboueM MecTe, M; @ — mapaMeTp TypOyJIeHTHOCTH;
X — pacCcTOsiHME OT Hacajaka 10 padodero mecta, M; dyp — JTUaMeTp
BO3/YIIHOTO HACA/IKA, M.

Tabauya 2.8
HopMmbl TeMnepaTyp U CKOpPOCTeil ABUKEHUS
BO3/1yXa NPH BO3IYLIHOM AyIIUPOBaHUH [32]

HopmupoBanHast Temmeparypa
Kareropus Pexomennyemas Pcf;:g)l\’loiliilye;’]l/la_ﬂ BO3yXa B  JAylIHpYOIEH
TSRECTI Temreparypa p A CTpye Ha PabOYeM MECTE fyopy,
6ot BO3/lyXa Ha pabo- | KCHUA BO3AYXA | °C ypy HHTEHCHBHOCTH 00-
pabo 9eM MecTe 7, °C L, m/c JIy4eHHUs, Br/m’
350 700 | 1400 | 2100
1 28 24 21 16
2 - 28 26 24
Jlerkas 28 3 _ - 28 2
3,5 — — — 27
1 27 22 - -
Cpenneit 28 2 28 24 21 16
TSDKECTH 3 - 27 24 21
3,5 — 28 25 22
2 25 19 16 -
Tsoxenas 26 3 26 22 20 18
3,5 — 23 22 20

Heo0Oxoaumas Temneparypa Bo3ayxa Mpy BbIXOJIC U3 HACAJIKa,
KoTopast Obl oOecrieumsia Ha paboyeM MECTe HOPMHUPYEMYIO TeMIIe-

parypy ¢,, °C:

t
ty=t, ———2 10145, (2.135)
c \d,

e {, — peKoMeHayemas (HopMHpyeMas) TeMIIepaTypa BO3ayxa Ha

pabouem mecre, °C (cM. Tabi. 2.8); ¢ — Ko duImeHT, 3aBUCSIIHNA OT

COOTHOIIICHHS d—p (mpu. 21).

X
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Pacxon BO3yXa, M3/‘I, nmoaaBacMoro 4€pe3 HacaJaokK:

2
Ly = ,F,3600 = 00%3600, (2.136)

rac F, - mioniaJab BBIXOAHOI'O OTBEPCTHA HaCaJKa.
0

Ilpumep 2.18. Pacuer BO3AyIIHOIO Aymia

Hcxoonvie oannvie
1. PaGouee mecto umeet pasmep 1x1 M (dp= 1 m).
2. VIHTEHCHBHOCTh TEIUIOBOTO OONy4eHHs pabOTaIOMINX
350 Br/M”. PaGOTBI OTHOCATCS K KATEFOPHH TSKEIBIX.
3. PaccrosiHue OT AyIMpyroIIero naTpyoka o paboyero mMec-
Ta 2,5 M.
4. Temneparypa BHyTpeHHEro Bo3ayxa f= 28 °C.

Ilopsaoox pacuema
1. PexomeHnayemasi CKOpPOCTb BO3JyXa Ha pabouyeM MecTe

L, =2 m/c (cM. Tabm. 2.8).

2. PexoMeHnayemasi TeMIiepaTypa Bo3ayxa Ha pabodeM mecrte
tp=26 °C (cm. Tabm. 2.8).

3. HopmupoBaHHas TemmepaTypa BO3IyXa B IYIIUPYIOIIECH
CTpye Ha paboueM MecTe fyopy= 25 °C (cM. Tabm. 2.8).

4. IlpyHrMaeM K yCTaHOBKE LIMJIMHApUYECKUi natpyook I1/[B-3
¢ auamerpoM do= 315 MM (3amaemcst peABapUTENBbHO M0 Ipwil. 22 1o
nepenany fp—tuopw)-

5. Koaddunuent typOylmeHTHOCTH [UISl IMIIMHAPUIECKOTO
natpyOka 6e3 momxarus a = 0,08 (cm. Tadm. 2.6).

6. OnpenensieM AUaMeTp MOMEPEUHOTO CEYEHUsI CTPYHU Ha pac-
CTOSIHMM OT TYHIMPYIOIIEro narpyoka x = 2,5 m no ¢popmyie 2.55:
d,. =6,8(0,08-2,5+0,145-0,315) = 1,67 m.

7. Haiinem cooTHomenue dp/dy:
dp/dx =1/1,75=10,599.
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8. Ilo rpaduxy (mpun. 26) npu dy/d,= 0,599 onpenensem 3Ha-
gyerust kodpdumuentos b = 0,25; ¢ =0,3.

9. OmpenensieM HavyajdbHYIO CKOPOCTbh BO3AyXa B IUIOCKOCTH
IOYIIAPYIOMIero marpyoka no gopmyse (2.134):

2 (0,08-2,5
Vy=—7| ——"7
0,25\ 0315

10. OnpenensgeM 06beM BO3yXa, IOAABAEMOT0 JYUTUPYIOIINM

natpyokom no dopmyse (2.136):

2
L, = %6,24- 3600 = 2222 M°/u.

+ 0,145] =6,24 m/c.

11. Onpenenum HavadbHYIO TEMIIEPATYPY BO3yXa MPU BBIXO-
Jie U3 AYIIHAPYoIIEro narpyoka mo popmyne (2.135):
28—-26(0,08-2,5
0,3 0,315

ty = 28— + 0,145] =228 °C.

2.7.2. MeTtoa pacyeTra BO3AyUIHbIX AylIei (TOPU30HTAIBLHBIMH
U HAKJIOHHBIMH CTPYSIMH), IpeAokeHHbIN [1.B. Y4acTKHHBIM

CHavana ompenensercss napamerp MO OTHOILEHHUIO Pa3HOCTH
TEeMIIepaTyp BO3JlyXa Ha pabo4yem MecTe:

Ly =1,

P, = , (2.137)

rae f,, — Temieparypa Bo3layxa B paboueil 30He JeHCTBUTENbHAS
(wnu B moMeteHuu B 1esom), °C.
Ecmn P;< 1, TO OCyIIECTBIIAIOT a1MadaTHIECKOE OXJIAXKICHUE
Bo3nyxa. Ecau P> 1, TO IpUMEHSAIOT HCKYCCTBEHHOE OXJIAKICHHUE.
Pacuer ocymiecTBiseTcs ClIeAYIOIMMUM 00pa3oM:

a) P.<0,6.
[Tnomanp ceueHus: QyMUPYIONIIETO MATPyOKa:
2
7= fx) (2.138)
0,6n
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IJIe X — PacCTOSTHHE OT MYIIMPYIOUIETo maTpyoka 10 paboyei 30HbI;
n — K03 UITUEHT, XapaKTePU3YIOMNN N3MEHEHHE TeMIIEpaTyphl Ha
ocH ctpyu (Tadm. 2.9).

CKOpOCTh UCTEUCHUS U3 AYIIHPYIOIIETO MaTpyoKa:

X
~P 0y,

rjie m — Kod(h(UIIMEHT 3aTyXaHusI CKOPOCTH B cTpye (Tadm. 2.9).
Temmneparypa Ha BbIX0JIe U3 IyIIMPYIOLIETO MaTpyoKa:
ly =t, +At,, (2.140)

I7ie £, — TeMIeparypa Bo3ayxa Ha BbIX0/e U3 (OPCYHOUHOH Kamepsl;

v, (2.139)

At, — Harpes BO31yXa B BEHTHIIATOPE.

6) P, =0,6-1.
[Tnomanp ceueHus: TyMUPYIOMIETO MaTpyoKa:
2
1
Fy=|(x+53P;-32 : 2.141
{( 1 =32) 5 SJ (2.141)

CKOpOCTh UCTEUCHUS U3 AYIIMPYIOIIETO MaTpyoKa:

L
_ p
" 0,7+0,1(0,8mF, - x)
Temneparypa Ha BbIXOJIe U3 QYIIMPYIOIIEro marpyOka ormpe-
nensiercst mo gpopmyie (2.140).

L

(2.142)

B) Pr>1.
[Tnomane ceueHus: QyMIMPYIONIIETO MAaTPyoOKa:
2
X
F, = . 2.143
0 [O,Sm] (2.143)
CKOpOCTh UCTEUCHUS U3 AYIIHPYIOIIETO MaTpyoKa:
L
vy = L. 2.144
=07 (2.144)

Temmepatypa Ha BBIXOJIE U3 JAYIIUPYIOMIETO MaTpyoOKa:

to=t,—(t,—t )ﬁ (2.145)
9 0
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Tabauya 2.9
XapakTepuCcTHKH TUIIOBBIX TyIIHPYIONINX BO3IyXopacnpeaeanTeei [32]

PacueTnas Koadpurmmentsr
Bosnyxopacnpenenurens Mapxka TUTOIIAMb,
Fo M m n a
YHUBepcanbHbIN JyLIH- YB-1 0,17
pyronmii  Bo3Iyxopacmpee- Y]B-2 0,38 6 4,9 2,1
mutens Tumna Y /1B YJB-3 0,68
N MIia-5 0,1
[MaTpyook 3 HOBOII—)I(I)—’IIHHI/I TII-6 0.16 6.3 45 4
JNYIIUPYIOMIUN THUIIA b\ TI-8 0.26
s-3 0,14
[MaTpyOok nmymmpyromuii ¢ I1/1s—4 0,13 5,3 4.5 1,6
YBIQKHEHHEM BO3JyXa THITA I1s-5 0,36
II] c BepXHMM U HIKHUM a3 0,14
MOJIBOJIOM BO3/1yXa I1a—4 0,23 4.5 3,1 3,2
-5 0,36

Ilpumep 2.19. Onpenesienue TpedyemMoro s IyLLIAPOBAHUS
pacxoja Bo3ayxa

HUcxoonvie oannvle

1. Ha paboueil minomanxe dy= 1 M Tpedyercs moanepKUBaTh
CKOPOCTb JBIKEHUS BO3yXa L,= 3 M/c u Temneparypy t,= 22 °C.

2. Temmepatypa OKpYXKarOLEro BO3AYyXa o= tps= 27 °C.

3. [lyrem anmabaTHYECKOTO OXJIAXKJACHHS HAPY>KHOTO BO3/yXa
MOXHO MOJYYUTh TEMIIEPATYPY fox= 17,5 °C.

4. Bo3MOXKHO€ MHUHHMMAJIbHOE PACCTOSIHHE OT BBIXOJHOTO Ce-
YeHHs1 TyIIHPYIOLIETo MaTpyoka 10 paboyero Mecra x =2 M.

Ilopsaoox pacuema
1. HarpeB Bo31yxa B BEHTWIATOPE M BO31YX0BOJAX 10 AYyIIH-
pYIOIIEro maTpyOKa 1mociie OpOCUTENbHON KaMephbl MPUHUMAETCS HE
menee 1,5 °C. [Ipunumaem A= 1,5 °C.
2. TemnepaTypa BO3/ayXa Ha BBIXOJIE U3 AYIIUPYIOIIETO IMatT-
pyoOka, °C:
ty =ty T AL, (2.146)

fy,=17,5+1,5=19°C.
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3. BeluncisieM OTHOIIEHHE PA3HOCTH TEMIIEPATyp BO3IyXa IO
dopmyne (2.137):

27-22
P =222 6.
27-19

4. TlpuMmeM K pacueTy yHMBEpPCAIbHBIA TYIIUPYIOLUIUN BO3AY-
xopacnpenenutens tuna YJB. Koadduuments: mis takoro Bo3ny-
xopacnpeaenutens: n =4,9; m = 6 (cMm. Tadm. 2.9).

5. OmpenensieM IUIOIIAJb CEUYEHUs AYHIMPYIOIIETO MaTpyoka
npu Pr= 0,6—1 mo popmyne (2.141):

{2+i}0525—12
F, =
0,75-4,9

6. IlpyuauMaeM K yCTaHOBKE NYIIMPYIOUIUNA BO3AyXOpacipe-
nemurens YJIB-2 (eM. tabm. 2.9) ¢ Fo= 0,38 M”.

7. CKOpoCTh BO3/1yXa Ha BBIXOJE W3 AYIIHUPYIOIIETO BO3IYyXO-
pacnpeaenutens o gopmyie (2.142)

3
0,7+ 0,1(0,8- 6,/0,38 —2)

8. OmpezenseM pacxo] BO3AyXa, MOJaBAEMOI0 4epe3 AyIIH-

PYIOIIUI BO3yXOpacHpeeNuTeNb, mo ¢popmysie (2.136):
Ly, =3,77-0,33-3600 = 4479 m’/u.

2
} =0,33m%.

v =3,77m/c.

Ilpumep 2.20. Onpenesienne TpedyemMoro 1Jisi Iy LIMPOBAHUsI
pacxoja Bo3ayxa

HUcxoonvie oannvle

1. Ha paGoueii mmomanke dp= 1M TpeOyercst monepKuBaTh
CKOPOCTb JBIXKEHUS BO3yXa L,= 3 M/c u temneparypy t,= 22 °C.

2. Temmepatypa OKpYXKarOLIEro BO3AYyXa o= tps= 30 °C.

3. [lyrem anmabaTHYECKOTO OXJIAXKJICHHS HAPY>KHOTO BO3/yXa
MOXHO TOJYYUTh TEMIIEPATYPY fox= 21 °C.

4. Bo3MOXKHO€ MHUHHMMAJIbHOE PACCTOSIHHE OT BBIXOJHOTO Ce-
YeHHs1 TyIIUPYIOILIETo NaTpyoka 10 paboyero Mecra x = 2 M.
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Ilopsaoox pacuema

1. HarpeB Bo31yxa B BEHTWIATOPE U BO31YXOBOJAX 10 AyLIH-
pyrolero naTpyoka 1mocjie oOpocUTEIbHON KaMepbl IPUHUMAETCS He
Mmenee 1,5 °C. Ilpunumaem At,= 1,5 °C.

2. TemnepaTypa BO3/yXa Ha BBIXOJI€ M3 IYLIMPYIOLIETro Mat-
pyoOxa mo dopmye (2.146):

ty=21+1,5=22,5°C.

3. BeruucisieMm OTHOLIEHUE Pa3HOCTH TEMIIEPATyp BO3yXa IO
dopmyne (2.137):
_30-22

30-22,5

4. TlpuMmeM K pacueTy yHMBEpPCAIbHBIA TYIIUPYIOLUIUN BO3AY-
xopacnpeaenutens tuna Y JB. KoagpuiumeHTs! ais Takoro BO3Iy-
xopacnpeaenutens: n =4,9; m = 6 (cMm. Tadm. 2.9).

5. OmpenensieM IUIOIIA b CEUYEHUs AYHIMPYIOIIETO MaTpyoka
npu Pr>1 no ¢popmyne (2.143):

) 2
Fy = =017 m°.
0,86

6. IlpuauMaeM K yCTaHOBKE NYIIMPYIOUIMNA BO3AyXOpacipe-
nemurens YJB-1 (eM. tabm. 2.9) ¢ Fo= 0,17 m”.

7. CKOpOCTh BO3/yXa Ha BBIXOJIEC U3 AYIIMPYIOIIETO BO3IYyXO-
pacnpenenutens o gopmyie (2.144):

Ly =i=4,3M/C.
0,7
8. OmpenensieM Temmeparypy BO3/yXa, BBIXOJISIIETO U3 1IYy-
IIUPYIONIETO BO3ayXopacmpenenurens, o Gopmye (2.145):

30-22)2
ty = 30—¥ =16,8°C.
0,6-4,94/0,17
CnenoBarenbHO, BO3AYX, [10JaBa€MbI B AYIIUPYIOLIUN HaT-
pyOoOK, Ham0 OXJAJAUTh TMPEIBAPUTEIBHO 10 TEMIIEepaTyphl

t,—At,=16,8-1,5 =15,3 °C. AnnabaTtuueckoe OXJaxJIEHUE MO yc-

T

9
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JIOBUSAM 33Jla4Ml TO3BOJIAET TOJIYUUThb TEMIEPaTypy flox—= 21 °C.
CnenoBarenbHO, U TOr0, YTOOBI MOJTYYUTh TEMIEPATYPY BO3AyXa
toxi=15,3 °C, He0OX0AMMO MPUMEHHUTH UCKYCCTBEHHOE OXJIAXK ICHHUE.
9. OmpenensieM pacxoj BO3/yxa, MMOJaBAa€MOTro uepe3 AYIIU-
pyromuii matpyoox, mo gopmye (2.136):
L,=43-0,16-3600=2477 m’ /4.

2.7.3. Pacuer BO3AYIIHBIX AylIel AJ1sl yMeHbIICHUSI
KOHLEHTPAIIMU BPeIHBIX BbleeHUI

B sTroM ciydae BbIUMCIIAETCS MapamMeTp MO OTHOLIEHUIO pas-
HOCTHU KOHLIEHTpAlUi Ta30B
_ Kps _Kp
K )
Kp.3 - KO
rie K ; — KOHIIEHTpaIys Ta30B B BO3Ayxe paboueil 30HbI, IeHCTBU-
TenbHas (MM B MOMEIICHUU B 1[€JIOM), Mr/M° ; K, — pekoMenyemas
KOHIIGHTpaIlUsl Ta30B B BO3JyXe Ha paboueM MecTe, Mr/m° ; Ko —
KOHIEHTpALMs Ta30B B BO3JYyXE Ha BBIXOJAE M3 NYLIHUPYIOLIETO IaT-
py6Ka, Mr/n.

(2.147)

a) P, <04.
[Tnomane ceyeHus: QyMUPYIOMIETO MATPYOKa BHIUYUCIISIETCS TIO
dbopmyre
2
Px
F,=|—*=1. 2.148
‘ (0,4;1] (2.145)

CKOpOCTh UCTEUEHUS U3 JYIIHUPYIOMIETOo naTpyoka

L
vy =——. 2.149
‘ 0,7m,/ F, ( )
Temmeparypa Ha BBIXOJIE M3 AyIIMPYIOLIEr0 NaTpyoKa
X
tO :Z‘p'3 —(l‘p'3 —l‘p)m. (2150)
b 0
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0) 0,4< P <1.
[Tnomane ceyeHus: QymMpyoOIIETo NaTpyoKa

2
F - x+3,7P-14 . 2.151)
0,75n
CKOpOCTh UCTEUCHHUS U3 TYIIUPYIOMIETo marpyoka
L
L P (2.152)

" 0,55+0,14(0,8m[F, - x)

Temnepatypa Ha BBIXOJIE U3 AYIIUPYIOMIETO MaTpyOKa

(=1 — (1, =1) . (2.153)
©"0,45+40,25(0,75nF, - x)

Ilpumep 2.21. Onpenenenne Fy, t), Vg, Ly 1151 IOBOPOTHOTO
aymmpyomero narpyoxa tuna I

Hcxoonvie oannvie

1. Konnenrpauuu BpenHocreil (nmsum): K,= 22 mr/m’, Ko= 0,
K,5=40 M/,

2. Temmeparypa u CKOPOCTH JBMXEHHS BO3JyXa Ha paboueil
wiomanke: t,=22 °C, v,=3 M/c.

3. Temmeparypa OKpyKaroLIero BO3AyXa toxp= fps= 28 °C.

4. MuHUMaIbHOE PACCTOSIHUE OT BBIXOJTHOTO CEYEHUS MYIIH-
pyrolero narpyoka 1o pabodero mecta x = 1,5 m.

Ilopsaoox pacuema

1. KoaddurueHTs! 7151 TOBOPOTHOTO TYITUPYIOMIETO MaTpyo-
ka [MI11: n = 4,5; m = 6,3 (cMm. Tabm. 2.9).

2. Beruucasercss nmapaMmerp MO OTHOLIEHHMIO Pa3sHOCTEH KOH-
neHTpaiui o gpopmye (2.147):
_40-22

40-0
3. Onpenensercs MIOIMAIL CEYCHUS TYIIUPYIOIIETo maTpyoka

=0,45>0,4.

K
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no popmyie (2.151):
L5+3,7-0,45-14
F, =
0,75-4,5
[Ipuaumaem K ycTaHoBKe aymmpyrommii marpyook ITIT/-8
(cM. Tabm. 2.9) ¢ Fo= 0,26 M.

4. CKkopoCTh BO3JlyXa Ha BBIXOJIE U3 AYIIUPYIOIIETO MaTpyoKa
o gopmye (2.152):

2
} =0,24 m°.

3
- 0,55+0,14(0,8-6,34/0,26 —1,5)

5. Temmeparypa BO31yXa Ha BBIXOJI€ U3 AYIIMPYIOLIEro IMat-
pyOka o dopmyine (2.153):

=43 Mm/c.

Yy

fy =28

B 28-22 160
0,45+ 0,25(0,75 - 4,5,/0,26 —1,5)

6. [IpousBouTeNnbHOCTH Mymia o Gopmyre (2.136):

L,=43-0,26-3600 = 4025 m” /u.

2.8. Bo3nymnbie 3aBechbl

Bo3nymHas wiM BO3IYIIHO-TEIUIOBas 3aBeca (C MOJOIPEBOM
BO3/lyXa) — 3TO BEHTWIALIMOHHOE YCTPOWCTBO, MPEAOTBPALIAOIIEE
pe3Koe NMPOHUKHOBEHHE (BPbIBAaHKWE) HAPYKHOTO BO3]yXa B IOMeIlle-
HHUE Yepe3 OTKPBIThIE MPOEMbl (IBEPH, BOPOTA). 3aBEChl NPUMEHSIOT
TaKOKe JUIS 3alMUThl OT NEpETEeKaHusl BO3AyXa U3 OJHOIO MOMEIIECHUS

B JIpyToe.

2.8.1. 3aBechl mIMOepyOLIETro THIIA

[IpuHIMIT 1EWCTBUSI TaKUX 3aBEC OCHOBAH HA MCIOJIb30BaHUHU
IUIOCKUX BO3JIYIIHBIX CTPYH, YMEHBIIAIOMIMX KOJHYECTBO IPOXO-
JIIIETO Yepe3 MPOeM HApY>KHOTO BO3/yXa, YACTUYHO IIMOUPYs €ro
MO0 MOJHOCTHIO €ro MepPeKPhIBasl.
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[Ipu ycTtaHOBKE BO3IYIIHO-TEIUIOBBIX 3aBEC IMIMOMPYIOIIETO
TUTA JUI YMEHBUICHHUS TIOTEPh TEIjIa C YacThIO CTPYH 3aBECHI, YXO-
JSIIed HapyxXy, peKoMeHAyeTcsi (0OCOOEHHO MpHU OJHOCTOPOHHMX
3aBecax) ycTpamBaTh TaMOyp, MMEIOUINI OOKOBBIE CTEHKH M Tepe-
KpbITHE. BO3/1yX BBIMyCKaeTcs uepes3 IIeIeBUIHbIC HACAIKU MO YT-
aoMm 30° K MJIOCKOCTH MpoeMa C HallpaBJIeHHEM Hapyxy. [[Bycro-
pOHHUE OOKOBBIE 3aBECHI 10 CPABHEHUIO C OJHOCTOPOHHUMH OoJiee
HAJEKHbl B AKCIUTyaTallUM. 3aBEChl C HIKHEH Mojadedl BO3Iyxa
MIPUMEHSIOTCS MIPU LIMPUHE MPOEMa, 3HAUUTENIBHO OOJIbIIEH, YyeM
BbIcoTa. OHM 00Jiee HANEHKHO MPEAOXPAHSIIOT HUKHIOI 30HY TTOME-
IICHUS OT TOCTYIUIEHHS XOJIOTHOTO BO3/1yXa.

3aBechl CleyeT pacCYMTHIBATh HAa IMapaMeTpbl HAPYKHOTO
Bo3ayxa b. Meroj pacuera CTpOUTCS HA TEOPUU CTPYHHBIX TEUCHUN
C Y4ETOM IKCHEPUMEHTAIbHBIX KO3()(PULIMEHTOB.

OOmwit pacxo; BO3IyXa 3aBeChl, KI/4, ONpeieNsieTcs o hopmyrie

Gy = 5100g1,, FyyJAPP,, (2.154)

rlie ¢ — OTHOIIEHHE Pacxoja BO3JyXa 3aBEChl K pacXoy BO3IyXa,

MPOXOIAIIET0 yepe3 nmpoeM (mpu paboTe OOKOBOI 3aBECHl PEKOMEH-
nyercss npuHumate 0,6—0,7, npu pabore HMKHeEH 3aBeckl — 1,0);
W — KO3((HUIMEHT pacxoda Ipoema Ipu padoTe 3aBEChI
(tabun. 2.10); Fpp — UI0Iaabs OTKPEIBAEMOT0 IIpoeMa 000pyIOBaHHO-
ro 3aBecoi, M>; AP — Pa3HOCTb JaBJICHHII BO3IyXa C ABYX CTOPOH
HApY>KHOTO OTpakJIeHHs Ha YpOBHE Ipoema, 000pyIOBaHHOTO 3aBe-
coi, Ila; pcy — INIOTHOCTE CMECH NTOJABAEMOT0 3aBECOM M HApYKHO-
TO BO3IyXa, KI/M".
Pacuernas pasHocTe nasiienwmii, [1a, coctaBut:

2
AP =9.8h (pH—pB)+klc%, (2.155)

pacu

r2ie Mpacy — PACUETHAS BBICOTA, T. €. PACCTOSIHHE IO BEPTUKAIU OT
LIEHTpa Ipoema, 00OpyIOBAaHHOIO 3aBECOM, O YPOBHS HYJIEBBIX
JABJICHUH, /i€ JaBJICHUS CHAPYKU U BHYTPH 3/1aHUS PaBHBI (BBICOTA
HEUTpaIBHOM 30HBI), M; Py — IUIOTHOCTh BO3/yXa MPHU TeMIEpaType
HAPY)XHOTO BO3yXa (apametpsl B), kr/M’; p, — TO xe, pH cpeneii
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I10 BBICOTE TIOMEIICHHIT TEMIIEPAType BHYTPEHHETO BO3AyXa, KI/M';
L, — pacueTHas CKOPOCTb BETPa, 3HAUEHUE KOTOPOHU NMPUHUMAETCA
npu mapaMmerpax b juist XoJlogHOTO mepuoja rojia; ¢ — pacyeTHBIM
aspoanHamudeckuil kospdunuent [14]; k; =0,2 — nonpaBo4HBIH
K02 GUITMEHT Ha BEeTpOBOE AaBieHue (tadm. 2.11).

Tabruya 2.10
Koy puunentsl pacxoaa npoemMoB Jis 3aBec mudepHoro tuna [32]

— OTHOCI/IT_G.HBHaSI IO T— o TIPH g
wane F=F, [F. 755 T 06 ] 07 ] 08 100 ] 1

10 042 | 038 | 0,35 | 0,33 | 031 | 0.29

0,36 | 0,32 | 0,31 | 0,28 | 0,26 | 0,25

20 035032 | 03 | 029 | 0.29 | 0.29

Bokosas 0,3 0,27 | 0,26 | 0,25 | 0,25 | 0,25
30 031 | 0.29 | 0.29 | 0.29 | 0.29 | 0.29

0,27 | 0,25 | 0,25 | 0,25 | 0,25 | 0,25

40 0.29 | 0.29 | 0.29 | 0.29 | 0.29 | 0.29

0,25 | 0,25 | 0,25 | 0,25 | 0,25 | 0,25

10 05 | 045 | 04 | 037|034 | 031

0,42 | 0,38 | 0,36 | 0,32 | 0,3 | 0,27

20 04 035 03 | 028 | 025|023

Hiokisis 0,34 0,3 0,28 | 0,25 | 0,23 | 0,21
30 035 | 03 | 027 | 0.24 | 0.22 | 0.2

0,31 | 0,26 | 0,24 | 0,21 0,2 | 0,18

40 031 | 027 | 0,24 | 021 | 0.2 | 0,18

0,27 | 0,24 | 0,21 | 0,19 | 0,17 | 0,15

Ipumeuarnue. Haj 4epTON NPUBEAEHBI 3HAYEHUS Lyp VTS PA3JBHKHOTO NPOEMA, TMOJ Yep-
TOM — JUIs paclallHoro.

Tabnuya 2.11
IonpaBounblii KO3 PUINEHT HA BeTPOBOe NaBjeHue [32]
3n1anue k
be3 aspanonHbIX TpoeMoB 0,2
C a’palfMOHHBIMU IMPOEMaMHM, 3aKPbLITBIMU B XOHOHHBIﬁ nepuoa roga 0,5
To e, OTKPBITBIMU B XOJIOJJHBIN MEPHUOJI TO/IA 0,8

OtHolIeHne IUIOMAa OTKPHIBAEMOTO MpoeMa, 000pyI0BaH-
HOTO 3aBECOM, K CyMMapHOM IUIOIIAAU BO3AYXOBBIITYCKHBIX LIEJIEH

F= F, / F pexomenayercs npunumats 20-30.
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Temmneparypa Bo3nyxa 3aBechl, °C, HaxoauTcs o Gopmyre

t,=t +=—F5, 2.156),
;=1 m ( )

FZICQ — OTHOLICHHUC KOJHWYCCTBA TCIIJIa, TCPSACMOro C BO3OYXOM,

YXOJAIIUM Yepe3 OTKPBITBIA IPOEM HAPYXKY, K TEINIOBON MOIIHOCTH
KaJopH(epOoB 3aBECHI.
CymmapHasi TemioBass MOLIHOCTb KaJOpU(EpOB BO3IYIIHO-
TEIIOBOH 3aBeckl, BT, onpenensercs o Gopmyre
0, =0,28G;(t; ¢

) > (2.157)
TJ€ fyay — TEMIIEpATypa BO3yXa, 3a0upaemMoro s 3aBeckl, °C (Ha
YPOBHE BCACBIBAIOIIETO OTBEPCTHUS BEHTUJISATOPA fyay MPUHUMAETCS
PaBHOW TemIepaTrype CMeCH BO3]yXa, MOCTYMNAOLIEro B IOMeEIe-
HUE; U3 BEPXHEH 30HBI — PABHOM TEMIIEpaType BO3[yXa B BEPXHEU
30HE; CHAPYKU — PABHOM TEeMIIepaType HAPYKHOT'O BO3/1yXa I XO-
JIOJTHOTO TEepro/ia rojia, COOTBETCTBYIONIEH napaMmerpam b).

Ecnu B pe3ynbprare pacuera f3 OKaXeTcsl MEHBLIE fyaq, TO CIIE-

IyeT UCIIOJIb30BATh 3aBECHI 0€3 Kalopu(EPHBIX CEKIIUH.

Ilpumep 2.22. Pacuer 60K0BOI 1BYXCTOPOHHEI 3aBeChbl

Hcxoonvie oannvie

1. B 0AHO3TaXXHOM IIPOU3BOACTBEHHOM 3JIaHMHM BBICOTOU
8,4 M, mMMmeromeM 3eHHUTHBIE (oHapH, YCTaHOBJICHBI Pas/IBIKHbIE
BOpPOTa pa3mMepoM Fy,= 3,6%3,6 = 12,96 M.

2. MexaHn4eckasl BBITSDKKA U MEXaHUYECKHI PUTOK cOallaH-
cHpoBaHbl. 3a00p BO3ayXa JJIsl 3aBECHl IPOUCXOIUT Ha YPOBHE BCa-
CBIBAIOILIETO OTBEPCTUSI BEHTUIISITOPA.

3. PacueTHast TemnepaTypa U IJIOTHOCTh Hapy>KHOT'O BO3JyXa
AIS. XONOJHOTO Mepuoia rofa IO mapaMeTpaM b t= 20 °C,
pu= 1,39 kr/n’.

4. TeMnepaTypa U IUIOTHOCTh BO3AYyXa B IIOMELIEHUU

=18 °C, py= 1,21 xr/n’.

5. IIpu pabote 3aBech TeMnepaTypa U IUIOTHOCTh CMECHU BO3-
nyxa fea= 14 °C, pa= 1,23 kr/M° (B paifOHE 3aBECHI BBIOJIHSIOTCS

JIeTK1e paboThl).
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6. PacuerHast ckopocTs BeTpa L, = 5,5 m/c.
7. Pacuetnblit aspoannamudeckuii kodddunuent ¢ = 0,8 [14].

Ilopsaoox pacuema
1. IlppHrMaeM OTHOCHTENbHYIO Iouans I = F / F,=20n

OTHOCUTENBHBIM pacxo ¢ = 0,7 (pekoMmeHIyeMas BeIMYMHA IS

OOKOBBIX 3aBEC).

2. Koapduuunent pacxoga pnp= 0,3 11 pa3aBHKHBIX BOPOT
(cm. Tabm. 2.10).

3. PacyerHas BbICOTA, T. €. pACCTOSIHHE 110 BEPTHKAJIH OT II€H-
Tpa npoema, 060pyA0BaHHOTO 3aBECOH, 10 YPOBHS HYJIEBBIX JaBie-
HUM, Ie JaBJICHUS CHAPYKU U BHYTPH 3aHUS PABHBI /peca= 2,4 M
JUIS IPUHSATBIX pa3MepPOB BOPOT U BbICOTE 3aHus (pui. 23).

4. PacuetHast pa3HOCTh JaBJieHuid o Gopmyre (2.155) cocTaBut:

1,39-5,5°
2

AP =9,8-2,4(139-1,21)+0,2-0,8 =7,6411a,

rae k, =0,2 — momnpaBoYHbIH KOY(DGUIIMEHT HA BETPOBOE AaBIICHHUE
1

(cMm. Tabm. 2.11).

5. OOmwmit pacxo] Bo3Iyxa 3aBeChl ompesesieM 1mo Gopmyie
(2.154):

G; =5100-0,7-0,3-12,964/7,64 -1,23 = 39500 kr /4.

6. Ilpunumaem Kk ycraHoBke (mpwi. 24) 3aBecy THIaA
3BT1.00.000-03 cymmapHO#l MPOU3BOIUTENHHOCTBIO IO BO3IYXY
G5= 40800 xr/4. [y mpuUHATOTO THIA 3aBeChl U3 Gopmyisl (2.154)
BBIUMCIIIM OTHOCUTENBHBIN pacxo/1 (YTOYHEHHBIH):

5: 40800 0,67
5100-0,3-12,96-4/7,64-1,23

7. Temmepatypy BO3/Iyxa 3aBeChl HaX0 M 110 dopmyre (2.156):

= 204—12%20 564 o0,
: 0,67(1-0,1)
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raeQ= 0,1 — oTHOLIEHNE KOJIMYECTBA TEIJIA, TEPSEMOrO C BO3AY-
XOM, YXOJSIIMM 4Yepe3 OTKPBITBIM MpPOEM HapyXkKy, K TEILUIOBOU

MOIIIHOCTH Kasiopudepos 3aBecsl (pui. 25) o F=20u g=0,67.

8. CyMMapHYIO TEIUIOBYIO MOILIHOCTH Kalopu(pepoB BO3IYIII-
HO-TEIJIOBOH 3aBechl ompenesieM 1mo opmyne (2.157):

0, =0,28-40800(36,4 —14) = 255900 Br,
rae t,, =t, =14°C npu 3abope Bo3dyxa s 3aBeChl Ha YPOBHE

BCACBIBAIOIETO OTBEPCTHSI BEHTHIIATOPA.

[TockonbKy cymmapHas TEIIoBasi MOIIHOCTb IPUHITON TUTIOBOM
KOHCTPYKIMH, coryiacHo npwil. 20, coctasisier 511700 BT, T. €. BaBoe
OoutbItie TpeOyeMoi, TO B IAHHOM CITydae IeJIeco00pa3HoO B OJHOM U3
arperaToB 3aBEChl HE YCTAHABJIMBAThH KaJOPU(PEPHYIO CEKIIHIO.

2.8.2. 3aBechl CMECHUTEJABLHOI0 THIIA

Y BXOIHBIX JBEped BCTPOCHO-NIPUCTPOCHHBIX ITOMEIIECHUN
Pa3IMYHOTO HAa3HAYECHUSI PEKOMEHIYEeTCs yCTpauBaTh OOKOBBIE JBY-
CTOPOHHHE 3aBEChl CMECHUTENIFHOTO THIA, 00eCTIeUnBaIOLINe 3a/1aH-
HYIO TEMIIEpaTypy BO3/yXa B IOMELICHUU.

[IpyHUMN OEHCTBHUS TakKMX 3aBEC OCHOBAH HAa CMELIMBAHUHU
Hapy)KHOI'O BO3/1lyXa, IOCTYIAIOLIETO 4Yepe3 OTKPBITBIA IPOEM, C
BO3/1yXOM 3aBECHI.

Paznocts paBnenuit AP, oGecnieunBaromias IBM>KCHUE BO3TyXa
gyepe3 MpoeM, OTPENENIOT ¢ YIETOM BETPOBOTO JIaBJIeHUs 1o (op-
Mmyne (2.155). IIpu oTCYyTCTBMM MOJHBIX UCXOJHBIX AaHHBIX AP pe-
KOMEHJIyeTCsl paCCUUTHIBATh MPUOIIKEHHO TI0 opmyre, [1a:

AP = 9’8hpacq(pH - pB) ’ (2158)
IZIe 3HAYEHUE /ipacy BBIUUCIAIOT, M, B 3aBUCHMOCTH OT 3TaXKHOCTH
3JIaHMS 10 CIIeTYIOUTNM (popMysam:

— JUISl 3JaHUH C YUCJIOM 3TaKEN TPU U MEHBIIIE:

hpacq = hJ'LK - Oash;u; > (2 159)
— 1715 3J@HUH ¢ YMCIIOM 3Ta)kel OoJIbllIe Tpex:
Myaca = 0,5(hy + 2Ry — hyy) s (2.160)
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rA€ /iy« — BBICOTA JIECCTHUYHOM KJIETKU OT IJIAHUPOBOYHON OTMETKHU
3eMJIH, M; /15 — BBICOTA CTBOPKHM BXOJIHBIX JIBEpEH, M; /1,y — MOTHAS
(OT ypoBHS TOJIa TPEABIAYIIETO J0 YPOBHS TMOJIa MOCIEIYIONIETO
3Taka) BHICOTA OJIHOTO ATa)ka, M.

Pacxon Bo3myxa, Kr/4, /Ui BO3AYIIHO-TEIUIOBOM 3aBECHI CMe-
[IMBAIONIETO THUIA ONPEesieTcs o Gpopmyrie

G, = SIOOkzMBxF;x(tCM _tH) APp, /(t3 _th)a (2.161)
TJie Wsx — Ko dummeHT pacxona BXo/a, 3aBUCAIINN OT €r0 KOHCT-
pykiuu (tadm. 2.12); k, — nomnpaBouHbIil KO3 UIMEHT, KOTOPbIH
YUYUTBHIBACT YKMCIIO MPOXOISAIIMX JFOJCH, MecTo 3abopa Bo3ayxa Juis

3aBechl U TUI BecTUOIOM (pwil. 26); Fyyx — Miomanb 0JJHOM OTKpHI-
BAEMOW CTBOPKH HAPYKHBIX BXOHBIX JBEPEH, M.

Tabauya 2.12
Koadgduumnent pacxona A 3aBec cMeCHTeIbHOT0 THNA [32]

KoHcTpykuust BXoza ax
OnuHapHBIE IBEpPH 0,7
JIBoitHBIE 1BEpH C TAMOYPOM, TIPSIMOIA TTPOXOJT 0,65
Tpoitasie aBepy ¢ TaMOYpOM, IPSIMOH TIPOX O 0,6
JIBOitHBIE 1BEpH C TAMOYPOM, 3UT3aroo0pa3HbIi IPOXOL 0,55
Tpoitasie aBepy ¢ TaMOypOM, 3UT3aro00pa3HEIi IPOX O 0,4
Bpamaromuecst nsepu 0,1

Ilpumep 2.23. Pacuet BO3XYIIHO-TENJI0BOI 3aBeChl
JJIsl TJIABHOTO BX0/1a B aIMUHUCTPATHUBHOE 31aHHe

Hcxoonvie oannvie

1. 3abop BO3IyXa MPOMCXOJUT M3 OTKPHITOTO BECTHOIOJL
BxonHble 1Bepy Bpalaroyecs.

2. TTapameTpbl HAPYKHOTO BO3MyXa: f,;=—25 °C; py= 1,42 xr/m’.

3. TTapaMeTpsl BHYTPEHHEr0 BO3AYXa: f;= 16 °C; ps= 1,22 Kr/M’.

4. Temneparypa cMecu Bo3ayxa — fey= 12 °C.

5. BeicoTa neCTHUYHOM KIIeTKU — Ay = 60 M; BbICOTa CTBOPKHU
BXOJHBIX JIBEpeH — A= 2,5 M; BBICOTA dTaXKA — Ay= 3,3 M.
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6. Ilmomans CTBOPKM  HAPYKHBIX  BXOJHBIX  JIBepei
Fo= 0,8x2,5 ~ 2M”; KOJIMYECTBO MPOXOSAIIHX Jroieit 7 = 2500 wen/4.

Ilopsaoox pacuema
1. Haxoaum BEIHUYHUHY Apacy IO popMysze (2.160):
h...=05060+2-33-25)=321 m.

pacu

2. Onpenensiem Bemmuuny AP 1o ¢popmyne (2.158):
AP =9,8-32,1(1,42 - 1,22) = 62,9 Ia.

3. Haxoaum mompaBo4HbIH Kod(duiment k,, KOTOpbIi ydu-
THIBAET YMCIIO MPOXOIINX JIIO/IEH, MecTo 3a00pa BO3ayxa s 3a-
BEChI U THI BeCcTHOMOMS k, 10 mpui. 26. Tak Kak 4uciio arojei, mpo-
XOAAIMX B 31aHue, mpeBbimaer 1500 gen/d, To pacyeTHOE YHCIIO
JrozIei st OIHOM cTBOpKH cocTaBUT 1 = 2500/2 = 1250 yen/q. IIpu
3a0ope BO3AyXa M3 OTKPBITOTO BECTHOIONS, BPAIIAIOUINXCS IABEPIX
U YHCIIe 01N, MPOXOAAIUX yepe3 o1Hy cTBOpKY 1250 yenoBek 3a
1 gac, monmyuum k,= 0,46.

4. KoaddumueHT pacxona BXojaa JJIs BpPAIIArOIIMXCS JTBEPEH
(o Tabm. 2.12) = 0,1.

5. OmnpenensieM pacxo/ BO3yxa i BO3AYIITHO-TEIUIOBOM 3a-
BECHI C YUETOM TOTO, YTO JIFOU MPOXOIIT OJHOBPEMEHHO Yepe3 JBe
CTBOpKH U Temneparypa t,= 50 °C mo dopmymne (2.8.8):

G, =5100-0,46-0,1-2-2(12 + 25){/62,9-1,42 /(50 —12) = 8630 xr/u.

6. CyMMapHyIO TEIJIOBYI0 MOIIHOCTh KaJopu(epoB BO3IyII-
HO-TEIJIOBOH 3aBechl omnpenensieM 1mo popmyne (2.161):

0, =0,28-8630(50-12) =91820 Br.

2.9. O6padoTKa NPUTOYHOT 0 BO3AyXa

2.9.1. Kanopudgepbi

HarpeBanue BO31yXa B IPUTOYHBIX KamMepax BEHTHIISL[UOH-
HBIX CHCTEM IPOM3BOJIUTCS B TEIUIOOOMEHHBIX araparax, Ha3bl-
BaeMbIX Kajopudepamu. B kauecTBe rperomieil cpeibl MOXKET HC-
II0JIB30BAThCA rOpsivas BOAA, 1ap, IMEKTPOIHEPI U

157



[IIupoko NpUMEHSIOTCS Kamopudepbl OMMETAIIIMYECKHE CO
cnupanbHo-HakaTHIM opeOpennem: KCk3 u KCk4, KII3-CK u
KII4-CK. B kagectBe TeruioHocutens B kKajopudepax KCk3 wu
KCx4 wucmonm3yercs meperperas Bojga ¢ pabodYuM H30BITOYHBIM
nasinenueM a0 1,2 Mlla u Temneparypoit 1o 180 °C. Tennonocu-
tenpb B kanopugepax KII3-CK u KIT4-CK — nap ¢ n30bITOYHBIM JaBIe-
HueM 1o 1,2 Mla.

Texanueckue xapakrepuctuku kanopudepo KCk3 mpusene-
Hbel B Ta0On. 2.13. Mupuna oxnoro kanopudepa KCk3 (rimyduna mo
xoy Bo3nyxa) — 180 mm.

Tabauya 2.13
Texnnuyeckue xapaktepuctuku kanopugepon KCk3
Pazmep
O6o3HaucHHE Fu, M foo M° Jrp M’ A kanopudepa:
JUTHHAXBBICOTA, M

KCk 3-5 10,20 0,21 0,0008 11,20 0,42%0,5
KCk 3-6 13,26 0,27 0,000846 12,12 0,53%0,5
KCk 3-7 16,34 0,33 0,000846 12,97 0,65%0,5
KCk 3-8 19,42 0,39 0,000846 13,83 0,78%0,5
KCk 3-9 22,50 0,46 0,000846 14,68 0,9%x0,5
KCk 3-10 28,66 0,58 0,000846 16,39 1,15%0,5
KCk 3-11 83,12 1,66 0,00258 34,25 1,7x1,0
KCk 3-12 125,27 2,49 0,0030 64,29 1,7x1,5

VYcraHoBka Kamopu(epoB MO OTHOIIEHHIO K IPOXOJSIIEMY
4yepe3 HUX BO3/YyXy MOXET ObITh MapajiebHON U IMOCIEI0BaTENb-
Hoi. IIpu mocnenoBaTenbHON CXEME YBEIUYMBAECTCS CKOPOCTH BO3-
JyXa, YTO MPUBOJUT K MOBBIIIEHHOHN TEIJIOOTAaue Kaiopudepos, HO
MIPU STOM BO3PACTAET CONPOTUBIICHHE KATOPU(EPHOIH YCTAaHOBKH.

[IpucoenuHenne TpyOONPOBOJOB K MHOTOXOJOBBIM KaJIOpH-
(bepam OCYIIECTBIISICTCS IO JBYM CXeMaM — MapaljieIbHON U mocie-
noBarenbHOM. ONTHManbHasi CKOPOCTh JIBUJKEHHUS BOJIbI B TpyOKax
0,2-0,5 m/c. Ilpu TeroHOCHTENE BO/IE B OCHOBHOM TIPUMEHSIFOT T10-
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CIIeZIOBATENIbHOE COEAMHEHHE Kalopu(epoB Mo BOJAE M Mapalielb-
HOE — TI0 BO3yXY.

B pesynbrare pacuera kajmopugepoB ONpenenseTcss UX THII,
HOMEp, KOJIMYECTBO, CXEMbI COCTMHEHUS TI0 BO3AYXY M TEIUIOHOCH-
TEJI0, a3POIMHAMUYECKOE M THIPABIIUNIYECKOE COTIPOTUBIICHHUE.

PacdeT nmpoBosT B ciieAyromeM Nopsiike.

1. Pacxoa TeroTsl i1 HarpeBaHus Bo3ayxa, BT, ompenens-
10T TI0 popmyIie

0=0,28-L-p, -c(t —t,), (2.162)
rae L — pacxoj HarpeBaeMoro Bo3ayxa (Ui XOJOJHOTO Mepuoja
roga), m/u; p, — IUIOTHOCTb BO37YyXa, KI/M°, TIpH TeMIeparype

t., °C; ¢ — ynenbHas TeroeMKocTb Bo3ayxa — 1,005 kJbx/(xr-°C);
t, — TeMmepaTypa Bo3ayxa 1o kaimopudepa, °C, IpUHUMAIOT paB-
HOW tf JJIs XOJIOAHOrO mepuoja roga; ¢ — TEMIepaTrypa BO3ayxa
nocJie kajgopudepa, °C.
2. 3agaroTcs IpeaBapUTEIbHON MacCOBOM CKOPOCTBIO BO3/lyXa
B JKHBOM CEUCHHH Kaopupepa vp' B mpegenax 3—8 kr/(m>c).
3. Onpenensitor xxuBoe ((PpoHTANIBHOE) CeUEHUE ISl MPOXOJa
BO3yXa, M°, 110 hopMyIIe
1= _Lp
*3600-vp’
4. Tlo cnipaBOYHBIM JaHHBIM (cM. Tabin. 2.13), ucxoas u3 mo-
JYYEHHOTO 3HA4YEeHUs [, MOAOHPAIOT THII, HOMEP U YUCJIO yCTa-

(2.163)

HABJIMBAEMBIX MAPAJUIEIIBHO 0 BO3AYXY M MOCIEIOBATENBHO 1O TE-
TUTOHOCHUTEIIO KaJopu(epoB, CyMMapHas IIOMIa b )KUBOTO CEUCHHS
KOTOPBIX z /., npuOIM3NTENbHO paBHa [ . BeImuchIBatoT TabIMy-

2
HbIC JJAHHBIE: MIOBEPXHOCTb HArpeBa OJHOro Kamopudepa F,, M,

2
JKUBOC CCUCHUC JIA TPOXOJa BOAbL ) M.

5. HaxosiT eiiCTBUTEIBHYIO MACCOBYIO CKOPOCTD, KI/(M-C):
vp=L-p/(3600- f.). (2.164)
6. HaxonsT MaccoBbIil pacxo/1 BOJIBI, KI/4:
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G, = 0 , (2.165)
0,28 ¢, (40 —Logp)
TJIe Cyx — YyJEJNbHAS TEIUIOEMKOCTh BOJbI, paBHas 4,19 kJ[x/(kr-°C);
trop — TEMIIEpATYypaA ropsiuel (nojaromeit) Boabl, °C; o5, — TEMIIEpa-
Typa obpatHo# Boabl, °C.
7. HaxonsT cKopoCTh BOJBI B TpyOKax kamopudepos, M/c:

G, (2.166)

v, = .
" f,p -1000-3600

8. I1o MaccoBO CKOPOCTH LP U CKOPOCTH BOJBI VL rp HAXOIAT

kodbduiment Teronepenadn k, Br/(m>-°C), (mpui. 27).
9. HaxonsaT TpeOyeMyro Ijomaap MOBEPXHOCTH HarpeBa Ka-
nopubepos, M:

L0 2.167)
P k(t;—tfp)

rae O — pacxo]l TeIUIOTHI JIJIs HarpeBaHus Bo3ayxa, BT; t; — cpen-
HAs TemIiepaTypa tertonocutens, °C (it BObI t:p = (Lop T losp) / 2,
it mapa nasienueM a0 0,03 Mlla t; =100 °C, nns mapa gaBJIeHU-
em caeie 0,03 MIla t; paBHa TEMIIEpAaType HACBILIEHHOTO Tapa,
COOTBETCTBYIOIIAsl €ro JaBlieHut0) [32]; t; =(t,+1)/2 — cpemmsis

TeMIiepaTypa HarpeBaeMoro Bo3ayxa, °C; k — ko duuueHT Temorne-
pemaun kanopudepa, Br/(m>-°C).

10. OnpenensroT o0IIee YUCIO YCTaHABIMBAEMbIX Kajnopude-
pOB, IIT.:

L (2.168)
I’Z—F . .

H

OxpyrJisist 9o KaropudepoB A0 OMKAUIIIEro 1menoro 7, Ha-
< 2
XO0OAT ACUCTBUTCIIBHYIO IIOMIAAb HNOBCPXHOCTH HArpceBa, F n M,

KaJopu(epHOi YCTaHOBKU:
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F,=F, n. (2.169)
11. Onpenenstor 3amac MOBEPXHOCTH HArpeBa KaIopuQepHOit
YCTaHOBKH, %:
(F, - F,,)100

F

vl

3amac MOBEPXHOCTH HarpeBa JN0JDKEH ObIThb He Ooisiee 10 %.
IIpu nM30BITOYHON TEMJIOBOW MOUIHOCTU KaJIOPU(PEPHON yCTaHOBKU
6onee 10 % creayeT MPUMEHHUTH JPYTYIO MOJIEb UM HOMEP Kajo-
pudepa 1 MPOU3BECTH MOBTOPHBIN pacyer.

12. OmpenensitoT a’poAMHAMHYECKOE COMPOTHUBICHHE Kajo-
pudepa 1Mo MaccoBoi CKkopocTy Bozayxa (mpwi. 27). B 3aBucumoctu
OT CXEMBl YCTaHOBKH Kalopu(depoB MO BO3AYXYy OIPEACISIIOT UX
obmiee a’dpoauHamMudeckoe conporuiienne APy, Ila (mpu mocieno-
BaTEJILHOM 10 BO3AYXY YCTaHOBKE KaJIOpU(EepoB MOTEPIO TaBICHUS
OTIPENIENAIOT YMHOKEHUEM MOTEPH JABJICHUS OJJHOTO psja KaJlopH-
(dbepoB Ha YHCIIO PSAIOB).

13. TunpoawHaMHUYECKOE COMPOTUBICHHUE Kanopudepa mpo-
xoxay Boasl APy, klla,

(2.170)

2
AP =4V, (2.171)

rne A — KodpPHUIHUEHT, MPUHUMAEMBbIH 1o Tadm. 2.13.

I'mapaBnuueckoe COMPOTHUBICHHE YCTAaHOBKH OIPEEISIOT
YMHOKE€HHEM COIIPOTHBIICHUSI OJJHOTO Kajopudepa Ha YUCIO Kajlo-
pudepoB, MOIKITIOYEHHBIX MOCIEI0BATEIBHO MO BOJIE.

Ilpumep 2.24. llondop kajsopudepa

Hcxoonvie oannvie
1. OGbeMHBII pacxox Bo3ayxa st HarpeBaHus L = 6800 m/u.
2. TemmoHocuTenb — Teperperas BoJa C MapaMeTpamMu
Loy = 150 °C; 1,5, =70 °C.
3. Temnieparypa npuroyHoro Bosayxa ¢, = 13 °C.

4. IlpoekTrpyemMoe 3JaHUe PACTIONIOKEHO B T. MUHCKE.
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Ilopsaoox pacuema

Pacuérnas Temneparypa HapyKHOTO BO3/yXa B XOJIOJHBIN ITe-
puon anst . MuHcka tf =-24 °C.

VYuureiBas HarpeB Bo3ayxa B BeHTwisiTope Ha 1 °C, Bo3ayX B
Kanopudepax HeoOX0UMO TTOJOTPEBATH JI0 TEMIIEPATYPHI t = tp—1=
=13-1=12°C.

1. Pacxon TemioTel, HEOOXOAUMOW AJIsl HarpeBaHMs MPUTOY-
HOTO BO3/yXa, onpenaensieM o dopmysne (2.162):

0=0,28-6800-1,005-1,238(12 +24) = 85280 BT.

TI10THOCT Bo3ayXa mpH £,= 12 °C p =353/(273+12) = 1,238 kr/nr’.

2. 3amaeMcsi MaccoBOil CKOPOCTBIO LP' = 7 Kr/(M*:C) B Haxo-
UM TUTOMAAb (PPOHTANBHOTO CeYeHHs Kalopu(pepHOH yCTaHOBKU
JUIs pOX0/ia Bo3ayxa o ¢opmye (2.163):

£=6800-1,238/(3600-7) = 0,32 .

3. [Ipuaumaem k ycraHoBke ojuH kanopudep mapku KCk 37

(cM. Tabm. 2.13) c mapameTrpamu
£, =033 M% fip=0,000846 Mm*; F, = 16,34 m”.

4. HaxonuM NEeHCTBUTEIBHYIO MAacCOBYIO CKOpPOCTH 1O (op-

Mmyiie (2.164) nmpu ycTaHOBKE 0JHOTO Kanopudepa:
vp =6800-1,2/(3600-0,33) = 6,9 Kkr/(M>-c).

5. Haxomum pacxon BojAbI B KaJOpH(EPHOW YCTaHOBKE IO
dbopmyre (2.165):

B 85280
*0,28-4,19(150-70)

6. HaxonuM cKopoCTh BOJIBI B TpyOKax kanopudepos 1mo ¢op-

Mmye (2.166):

=909 xr/u.

oo 909 ~
7 0,000846-1000-3600

7. 110 HaiiZleHHBIM 3HAYECHUSIM LP U L, 0 NPUIL. 27 HAXOAUM

0,3 m/c.

K02 (UIMEHT TeTutonepeaadn Kajaopudepa:
k = 55 Br/(mM*-°C).
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8. Ompenensiem TpeOyemMyr0 MOBEPXHOCTh HArpeBa U CpPeAHHUE
TeMIepaTypbl TETUIOHOCUTENS i BO3TyXa:
1,1-85280 P
= =14,7 M
55(110+6)
t; =(150+70)/2=110 °C;

t; =(-24+12)/2=-6 °C.

9. OmpenensieMm 00Iee YHUCIO YCTaHABIMBACMBIX KaloOpHQe-
pPOB " HeﬁCTBHTCHBHyIO jiomaab MMOBEPXHOCTHU HAIrpeBa:
F 14,7
n'=—t= =0,89;
F 16 34

F,=16,34-1=16,34 M’.
10. 3amac muronia M MOBEpXHOCTH HAarpeBa Kaopudepa
_(F,=F 100 (16,34-14,7)100
- F, 14,7
11. Aspoannamudeckoe COHpOTI/IBJIeHI/IC kanmopudepa ompee-
nsieM no puit. 27 opu vp = 6,9 kr/(M>-¢):
AP, =208 ITa.
12. TunpaBnuueckoe compoTHBIIeHUE Kamopudepa onpeaens-
em mpu v, = 0,3 m/c; 4 =12,97 (cm. Tabu. 2.13):

AP, =12,97-0,3* =1,17 «lla.

=11 %.

2.9.2. PuabTpBI

BoznymiHabie GUIBTPEI IPEACTABISIOT CO00M ycTpoiicTBa s
OYMCTKHU IIPUTOYHOTO, a B PAAJIE CIIy4aeB U BBHITSHXKHOTO BO3IyXa.

HavanpHyio 3ambUIeHHOCTh OYMILAEMOTO BO3JyXa CIEAyeT
MIPUHUMATH TI0 OIBITHBIM JaHHBIM. [IpH OTCYTCTBUM TakuxX NAaHHBIX
MOHO BOCIIOJIB30BaThCsI 00OOIIEHHBIMH TOKA3aTeNIIMHU 3arbLICH-
HOCTH aTMOC(epHOTO Bo3ayxa (cM. Tabm. 2.14).

Crenenp ounctku (3¢dexruBHocTh) PunbTpa, %, onpenens-
€TCSl OTHOIIIEHHEM KOJIMYECTBA YJIOBJICHHOM MBUIM K KOJHUYECTBY
MOCTYNAOIIECH:
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E:%m%, (2.172)

H

rae G, — KOJIUYeCTBO MbUIH 10 GUIbTpa, I/4; G — KOJINYECTBO IIbI-

JM Tiocyie PrIIbTpa, T/4.
Konctpyknust ¢uibtpa omnpenensercss XapaKTepUCTHUKaMU
YJIaBJIMBAEMOM MbLIN U YCIOBUSMHU 3KCILTyaTalUH.
Tabruya 2.14
IMoka3aTeisiMu 3anbLUIEHHOCTH aTMOC(hepHOTro Bo3ayxa [32]

Cpennecyroynas
CrerneHb 3arps3HeHUS
- XapaKTepUCTUKA MECTHOCTU KOHIIEHTpanys MbUTH
B BO3JIyX€, MI/M, 110
o CenbCKHe MECTHOCTH M HEIPOMBIIIUICHHBIE
YucTerit 0,15
MIOCEJIKU
Crnabo 3arpsi3sHeHHBIH | JKnutble paifoHBI MPOMBIIIIEHHBIX TOPOIOB 0,5
CuiteHo 3arpsisHeH-  |VHaycTpuanbHBIe paliOHbI MPOMBIIIICHHBIX 1
HBIN TrOpOJOB
UpesmepHO 3arpss3- Teppuropry MPOMBIIIIEHHBIX MPEATPH- 3 1 Gosee
HEHHBIN SITUH ¢ OOJTBIIIMIMH NBUICBRIMH BEIOpOCAMHU

IIpy HeoO0XOAWMOCTHM OYHCTKH BO37yXa oO0OBeMoM Ooiiee
20 THIC. M°/4 PEKOMEH/IYETCS TIPUMEHSATH CyXHe PYTOHHBIE (HITBTPEI
tuna OP. Ilpm ounmcTke MeHBIIMX O0O0BEMOB BO3AyXa (10
20 TBIC. M°/4) 1ENeCO0BPA3HO MPUMEHSAThH SUCHKOBBIE YHH(DUIMPO-
BaHHbIE QUIbTPHI THHA P (puit. 28).

3ameHa (pUIIBTpa WIN €ro pereHepalus OCYIIECTBISETCS Mpu
MPEBBIICHUH JIOTTYCTUMOM BEJIMYMHBI €T0 adpPOAMHAMUYECKOTO CO-
MIPOTHBIICHUSL.

Ilpumep. 2.25. lloadop puabTpoB

Hcxoonvie oannvie
1. O6BeM HapyXHOTO BO3/yXa, TOJIABAEMOTO B TPOU3BOJICTBEH-
HbIE TIOMEIICHUS! TPEANPHUITHS, PACHOJI0KEHHOTO B WHAYCTPHAIb-
HOM paifOHe IPOMBIILIEHHOTO roposa, L = 6000 M/
2. Pacnonaraemoe J1apineHne BEHTWIALUMOHHOM cuctemsl 150 I1a.
3. Pexxum paboThl IBYXCMEHHBIN — T= 16 u.
4. ©OunbTPel JOJKHBI OBITH PEr€HEPUPYEMBIMH.
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Ilopsaoox pacuema

1. Ilo Tabn. 2.14 npumeM HavyaIbHYIO cpeﬂHechquyfo Kok-
[EHTPAIHIO ITBUTH B aTMOC(EPHOM BO3JIYXE Coc = 1MT/ 0,001 r/nm’.

2. 11t IpOEKTUPYEMOTO OOBbEKTa MOXKHO MPUMEHUTH (PUIIBT-
pBl TpyOO# OYMCTKU. YUWTHIBas HEOOJBIIOW OOBEM OYHIIAEMOTO
BO3JlyXa, IPUMEM JUIsl YCTAHOBKU SI‘-IGI/IKOBI)IC ¢unbTpel THIA DsP C
IUIOUIA/IbI0 paboyero cevyeHus f 0,22 M* U yIeNbHOI BO3IYIIHOM
Harpyskoii L' 1o 10000 M /(aM )Ka)KZ[I)II/I (mpu. 28).

3. JUUIst OUHCTKY [0JABAEMOTO BO3yXa B Kommmdectse L = 6000 v/d
yCTaHOBUM ueThlpe ¢puibTpa. Torga ZICI/ICTBI/ITGJII)HaSI yzenbHasi BO3-
JYIITHAsT HArPy3Ka OXHOTO (GriIbTpa, M*/(4'M), COCTABHUT:

=L (2.173)
4f
=909 _ 6818 st
4.0,22

4. Tlo puc. 2.17 mpu L'= 6818 M3/(q-M2) ONIPEAEIUM Havyailb-
HOe conpoTuBieHue punbtpa: H = 38 I1a.

H(L), Ta
400
&) z
300
Lip
/J © /57'4 L5 !
L Vi / %
200 A 7
A1 1 LA /////4/ 1
LM L // LA / / 3
A AT L %% (Ll
100 A 7 A LA -
90
80 I % Ti
1 1 10
i et
50 a AL ]
40 A A AR %
A 7
0 w1 AT AT A o
2 A %
AT LA | A 7 1
2 s/ A il
A rdip’q A 1
A DUAAT AT 1
Ao HI 3 B
10 5t 7 P

1,2 14 1,6 1,8 2 25 3 4 5 6 7 8 9 10 12 14 1000L,m/a-?)
Puc. 2.17. AspoauHaMH4YECKHE XapaKTEPUCTHKH (QHUIBTPOB H
(UITBTPYIONINX MaTEePUATIOB!
1 — ©gPB; 2 — ®aBB; 3 — ©aYb, ©aYK, OPY, ©3; 4 — ®allb;
5 — @aJl; 6 — aKII; 7a — PHU-3; 76 — UDIT; § — DBHP; 9 —
®PHK; 10 — ®PC; /1 — Kn, KT
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5. DpPeKTUBHOCTh (MIBTPOB MOXXHO NPHUHITH B CPEIHEM
paBHoil E = 80 % (1= 0,8) (mpu. 28 unu puc. 2.18).

6. PacuerHast mpUIEEMKOCTHh (PUIBTPOB TPHU YBEITHUYEHHH CO-
npotunenus o 150 Ia, 1. e. na H = 150 — 38 = 112 I1a no cpaBue-
HUIO C HayalbHBIM, ompenensercs mno puc. 2.18 u cocrasiser
Gy =2420 r/v’.

KommuectBo mbutn, ocenatonieii Ha ¢pmibTpax @saP 3a 1 cyTkw,
r/CyT, COCTaBUT:

GcyT =c. Int, (2.174)
GcyT =0,001-6000-0,80-16 =76,8 r/cyr.

H(Gy), Ta 1-E, %

500 50
aild 1hE 40
400 7
300 o 9 30
. } A A 1 L4] i

200 20

i [ A ZA LA Bal | I LA

g s X

| Vi . N pesie A P /,/ j 1 10

i i » famI g

ARDZEPZZ / 5 V1] Y
Anzez : filinie
40 2 Zd Be” A V 4
20 A7 AT PEg A V) )

1 A
’ ﬁ////// ,// V|
20 B¢ - ¢/ 2
/// // /

3}/ 6} f// 14
10 £ AL v 1

1 121416182 25 3 4 5 6 7 8 910 12 14 20100G, r A

Puc. 2.18. TlpeBast xapakTepucTHKa (QUIbTpa U (QUIBTPYIOIIMX

MaTepHuaoB:

1, I - ®sPB; 2, I — DsB; 3a, Il - dsYB, OsYK, OPY mpn
L' =7000 m*/(a-Mm%); 36, I — 10 e, mpu L' =10000 m*/(u-m’);
4,1V — ®4llb; 5, V- ®all; 6, VI— ®aKI1; 7, VII — ®HU-3; 8,
VIII—d; 9, IX— ®BHP; 10, X— ®PHK

8. IIpoAOmKUTETHPHOCTL PadOTHI PHIIBTPA, CYT, O€3 pereHepa-
N1 COCTAaBUT.
_6f
WG,

oyt

(2.175)
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2420
T o=
76,8
Takum oOpazoM, pereHepanuio (GUIbTpa CieayeT MPOU3BO-
IuTh uepes 31,5 cyT.

=315 cyr.

2.10. OnpenesieHue BJIArOBbIAeJI€HUI U TENJIOBbIIeJIeHU I
NP UCTIAPEHUH KUTKOCTH

Biara, Belaessroniasicss B IOMEIIEHHE C OTKPBITOM BOJHOU
MTOBEPXHOCTH, MOKET OBITh MCXO/IHOM BEIMYMHON IIPU ONIPEICICHNUN
Bo3tyxooOMeHa. [lanbroHoM (1803) skcrnepuMeHTaNbHO YCTaHOB-
JIEHO, YTO CKOPOCTb MCIAPEHUsS] BOJbI C OTKPHITOM MOBEPXHOCTU
IIPOMOPLMOHAJIEHA PAa3HOCTU MEXKY JaBJICHHUEM Iapa y MOBEPXHO-
CTH BOJBI IIpU TemrepaType ucnapstomieiics xuakoctu u 100%-m
HACBIILIEHUH P; 1 mapuuaibHOM JIaBJICHUHU napa B Bo3ayxe Pa. Xuna-
KOCTb HCIapseTcs MpU TEMIIEpaTypax €€ MOBEPXHOCTH BbIIIE U HU-
K€ TeMIepaTypbl OKpyKarouenh cpeiapl. B mepBoMm ciiydae moTok
TEIUIOThI, HEOOXOAUMOM JUIsl UCHIAPEHUs, HAIIpaBJIEH OT MOBEPXHO-
CTH JKHMJIKOCTU B OKPYXKarolIyto cpeny puc. 2.19, a, Bo BTopom — u3
OKpY’Karolllel CpeJibl K MOBEPXHOCTH KUIKOCTH pHcC. 2.19, 6.

- N h>0h [ — h<tb

Puc. 2.19. TennomaccooOMeH TMOBEPXHOCTH JKUAKOCTH C OKpY-
JKarouen cpenon

VYpaBHeHue TemiooOMeHa uMeeT BU/Jl (YpaBHEHHE IS TIOTHO-
CTH TEIUIOBOTO MOTOKA):

g=a(t—t), (2.176)
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r7e o = oyt o — K03 duimenT TennooOMeHa KOHBEKIIMEH U JTyde-
HCITyCKaHUEM, Br/M*K; f; — TeMmIeparypa IOBEPXHOCTH >KUJIKO-
ctu, °C; f, — TemnepaTypa okpyxkarouiei cpeapl, °C.
Macca ucnapsomeics >KUIKOCTH B €IMHHUILy BPEMEHH, KI/C,
onpezensercs no GopMmyaam
w=p (P,-P,) mwm w=B(c-c,), (2177
rne Py u ¢, P, u ¢; — mapuuaigbHbIE JaBJICHUS BOJSHBIX MapoB
Y KOHILIEHTPAIMHA y TIOBEPXHOCTHU JKUIAKOCTH, COOTBETCTBYIOIIUE YC-
noButo HaceieHus (¢ = 100 %), u B okpyxatonieM Bozayxe, [la u
KI/M’, COOTBETCTBEHHO; B, U P — KO HUIMEHTH MaccoobMeHa,
ompeensemMble 1o P u ¢, M/C U ¢/M, COOTBETCTBEHHO.
KoadduimenTs! o 1 3 onpeaenstoTcs Ha OCHOBE KpUTEPHAITb-
Hbix cooTHomeHuid Nu u Nu'. A.B. Hecrepenko u JI.B. [lerpoB Ha
OCHOBE KCIIEPUMEHTAIILHBIX HCCIIEOBAHNIN TPEIIOKIIN (HOPMYITHI
JUI1 pacyeTa CMELIaHHOIO pPEKHMMa (BBIHYXIEHHOIO M CBOOOJHO-
KOHBEKTHUBHOT'O) TEIUIOMAcCOOOMEHA HaJl TOBEPXHOCTHIO JKUKOCTH:
npu Re <2-10*, ArPr>6-10’
Nu =0,113 (1+0,5L0**)(ArPr)”, (2.178)
Nu'=0,1386(1+0,5Lo " )(ArPr)"; (2.179)
npu Re >2-10%, Lo < Pr'’

Nu =0,0337| 1+0,18(1+Lo"* ) Lo™* | Re"* Pr'"®, (2.180)
Nu' =0,0398] 1+0,18(1+Lo"* )Lo** | Re"* Pr"”, (2.181)

K

rae Nu= — rertoBod HyccensT nnm uucno Hyccenbra s te-

B!

mwioobmena; Nu' = — muddy3nonHsli Hyccenbr wim 4ucio

Hyccenbra mis maccooOMeHa; o — K03()(UIIMEHT KOHBEKTHBHOTO
TEII000MeHa; A — KOAQQPUITMEHT TEIUIONPOBOTHOCTH BO3/lyXa, OT-
peniesieMbIil 1o cpenHeii Temneparype 1, =(f,+1,)/2; D — koa-
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buruenT audQy3un BOASHBIX MApOB; [ — XapaKTepHBIA JTHHEHHBIN
pasmep (Ipu ecTeCTBEHHOM KOoHBeKuMH [ =+/F ; F — mjomanas no-

BEPXHOCTH TEIJIO- U MacCOOOMEHA).
Kpurepuit Apxumena onpenensiercs Kak
Ar = g_l; PL— P ,
v P
IJIe g — YCKOPEHUE CHIIBI TSKECTH, V — KOIPPUIMECHT KHHEMaTHIe-
CKOM BSI3KOCTH, P; U P2 — IUIOTHOCTh BO3/lyXa B MOTPAHUYHOM CJIO€
U B OKPY)KAIOILIEM BO3JTyXe€.
Kpurepnii Pelinonbaca

(2.182)

Re=2L. (2.183)
A%

I7ZIE U — CKOPOCTh JABHKEHUS BO3/1yXa.
Tennosoi kpurepuit Ipanaris

pr=y gt (2.184)

a pc,
rae a — ko3ppuImeHT TeMrepaTyponpoBOAHOCTH; p — IUIOTHOCTh

2

BO3yXa, KI/M’; A — KOS(hHUIHEHT TemIonposogHocTH, Br/M*K;

¢p — yAenbHas n300apHas TEIJI0EMKOCTh Bo3ayxa, Jlx/kr-K
Juddysuonnsiit kputepuit [Ipanatis

Pr'=—. (2.185).

Kpurepuit JIoMOHOCOBa, yYHUTBHIBAIOIIMI COOTHOILIECHHUE TETI-
JIOBOW M BBIHYXJICHHOW KOHBEKIIUH:

Ar lp, —
Lo=—— =8 P~P (2.186)
Re® v° p,
KonuuecTBo TEmnoTel U Macchl (BOJIbI), YUaCTBYIOIIEE B IMPO-
necce TCIjIo- U MaccooOMeHa Haa MOBEPXHOCTHKO BAHHBLI, MOYKHO
ONPEIEIUTh KaK

O, =qF =a, (4, -1,)F, (2.187)
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W=wF=p (P,—P,)F umn W=wF=8_(c—c,)F,(2.188)

F — mmomaae 3epkana BaHHBI.
KoadduumeHT KOHBEKTHBHOTO TEIUIOOOMEHA OMpPEICISIOT
C YU4E€TOM T€OMETPUIECKOro (pakTopa

o, =%Nuﬁ°’”, (2.189)
ﬁ:1+A7h, (2.190)

rae Ah — paccTosiHue TIO0 BEPTUKAIM OT MOBEPXHOCTH KHIAKOCTH JI0
KPOMKH cocyjia (BaHHBI), / — XapaKTepHbIH pa3mep cocyna (IiuHa
10 HAIIPaBJICHUIO ABUKEHUS BO3/1yXa).

KonuuecTBo TEmoTsl, OTJaBaeMO MOBEPXHOCTHIO BOJBI JTY-
YEUCITYCKAHUEM

Y (1Y
e Pl ) o[ L) |, 2.191
Q= (100] (100} v 191

TJIe Cnp — IpUBEAEHHBIN Koddduruent n3myuenus; 7, u 7> — abco-
JIOTHBIE TEMIIEPaTypbl MOBEPXHOCTU KUJIKOCTU U OKPYKAIOIIETO
BO3JlyXa; Y — YIJIOBOM KO3((OULIMEHT U3ITyUECHHUS.

Ilpumep 2.26. Onpenenenne KOJIMYECTBA ABHOM TEIIOTHI,
NMOCTYyNamwuel B moMemeHne ¢ OTKpPbITOM
MOBEPXHOCTH BAHHBI

Hcxoonvie oannvie
1. Pa3mep BanHbl bx/ = 1,2x1 M.
2. Temmeparypa BOJbI B TIIyOHHE KHUAKOCTH f,— 35 °C, ypo-
BEHb BOJbI HaxoAuTcA Ha TiyonHe A/ = 0,08 M OT KpOMKHU BaHHBI.
3. ITapametpsl okpyskarorieit cpenst: 4= 18 °C, ¢ = 50 %.
4. HanpaBiieHue MOTOKA BO3/yXa BAOJIL OOpTa BaHHBI JITTMHOU
1 M, CKOpPOCTh IBM)KEHUS BO3/IyXa HaJ MMOBEPXHOCTHIO V = 1 m/C.

Ilopsaoox pacuema

1. Onpenensiem TemnepaTypy Ha IOBEPXHOCTH BaHHBI
t=35-2=33°C, t;,= (33+18)/2 = 25,5 °C.
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371ech NPUHATO, YTO IOBEPXHOCTH KUIAKOCTH B BaHHE Ha 2 °C
HIDKE TEMIIepaTyphl )KUJIKOCTH B €€ TITyOHHE.

2. HaxoauM 3Ha4YeHHe TeIIONPOBOAHOCTH, TEMIIEPATYPOIPO-
BOJHOCTH M KMHEMAaTHYECKOW BSI3KOCTH BO3IyXa 1O TEIUIO(pH3HUe-
ckuM Tabmunam [31]

Mtep) = 2,63 107 B/(MK),
a(te) = 0,222 -10™ M’/c,
V(typ) = 15,57 -10° M?/c.

3. XapaxrepHblii reomeTpuueckuil pasmep / = 1 m. Ilompaska

Ha BBICOTY OOpTa BaHHBI IO opmyie (2.190)
H =1+0,08/1=1,08.

4. BpraucisieM napiyaibHOe J1aBJIeHNE HACHIIIEHHOTO BO3/1yXa
y MIOBEPXHOCTH JKUAKOCTH IIpH = 33 °C:

— 10 Teriopu3ndecKuM Tadbmumam [31]

Pun=5029 Ila;

— 10 popmyite [30]

Pux= 479+(11,52+1,624,)°, (2.192)
Pyn=479+(11,52+1,62-33) = 4701 Ila;
— 10 popmyite [26]

5201,3[L7lj
npu 7'=303...343 K P,=4276,29-¢ R (2.193)

1 1

5201, [ j
Py,=4276,29-¢ 303306/ =5058 Tla.
5. OmnpenensieM MIOTHOCTh BJIAKHOTO BO3JyXa Haj MOBEPXHO-
CTBIO )KUIKOCTHU U3 ypaBHeHI/Iﬂ COCTOSIHUA
PC B ) MC B PH : MH
RT, RT

I

Pu =P, +Pu,

_BM,, M, -M, p

RT, R "
rae 7, — abcoloTHasl TemIeparypa y MOBEPXHOCTH >KHIAKOCTH, K;
R— yHHBepcaibHas ras3oBas IIOCTOSHHAs, paBHas 8314-10°
Jx/monb-K; Pu,, > Pn,, — IVIOTHOCTH CYXOTO BO3JlyXa M Tapa COOT-

BETCTBEHHO, KI/M"; B — GapoMeTpruueckoe JaBIeHHe BIKHOTO BO3-

171



nyxa, Ila; P., — nmapuuainbHOE JaBJIEHUE CYXOro Bo3ayxa, Ila; P, —
napuraibHOE JaBiieHue mnapa, [1a; M., , M, — MOJIeKynsipHbIE MacChl
CYXOT0 BO3/yXa U BOJISTHOTO Tapa, KI/KMOJIb.

[Tpu M, = 29 xr/xmois, M= 18 KF/KMOJIB B =101325 Ila:

353
=2""_1,32-10 By 2.194
Py T Tn ( )
rie My, -M, _29-18 ~132-107.
R 8314
3B 500003038

L= o =1,1536-0,02182=1,132 xr/m’.

6. OrmpenensieM MapluUaIbHOE JAaBJICHHE BO3AyXa OKpYKaro-
et cpepl (Mpu ONpeesieHUH 10 /-d-TuarpaMme BIaXXHOTO BO3IY-
Xa BBIXOJIM 3a TPAHUIIBI) U3 BRIPAKCHHUSI IS BJIATOCO ISP KAHHS:

P
d =0,623—2 (2.195)

rne M, /M, =18/29=0,623.
[lo [-d-mmarpamMmMe BiaXHOTO BO3ayxa dy= 6,5 T/Kr Tpu
t= 18 °C 1 ¢ = 50%.
_d,-B0,0065-101325
®0,623+d, 0,623+0,0065

7. ITOoTHOCTH BO3AYyXa HAAEM U3 Bmpa)i(eHH;I

353
=132 10'3 2.196
P = T ( )

B B

—ﬁ 1,32-107° —— : 1046 =1,208 xr /M.
291

=104611a.

8. Haiimem HeoOXouMBIE TS pacueTa 9ncia moaoous:
— kputepuit Apxumena no gopmyse (2.182)

3 —_—
Ap__ 9811 2 1,132 1,208:2,717_109;
(15,57-10*") 1,132

— gucyo Pelinonsaca mo popmyne (2.183)

B
15,57-10
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— gucio JlomoHocoBa o opmyite (2.186)

2,717-10°
Lo=271719 _ 0 605.
(6,7-10%)
— ygucno [pararis mo popmyne (2.184)
-6
pr=122710 g 505
0,222-10

9. Tak kak Re > 2-10* u Lo < Pr'? , To Nu omnpezeinsem 1o
BbIpakeHuto (2.180):

Nu = 0,0337[1+0,18(1+0, 605" )0, 605"‘25](6,7-104 )"'8 0,702"% =278.7 .
10. Onpenemm kodddummeHt rermmoooMena o gopmye (2.189)
2,63-107

K

278,7-1,08°% = 7,47 BT/(MZK) .

11. Konn4ecTBO TEIUIOTHI, OTAABAEMON MOBEPXHOCTHIO BOBI
KOHBeKIeH, o gopmyie (2.187) cocraBur:

O, =7,47-1,2(33-18)=134,5 Br.

12. Konu4ecTBO TEIJIOTHI, OT/IaBa€MOM MOBEPXHOCTHIO BOJbI
u3ny4yeHuem, mo gopmyne (2.191) cocraBur:

4 4
0 =562 273+33) (273+18 0.9=96,6 B,
100 100

2 1
3J1eCh IPUHSATO cpp= 5,6 BT/M™ - K', ¥ = 0,9.

13. OO0miee KOIMYECTBO TEIJIOTHI, OTAABAEMOM MMOBEPXHOCTHIO
BOJIbI, COCTABUT:

0=0 +0, =134,5+96,6=231,1 Br.

Ilpumep 2.27. OnpenesieHne KOJIUYECTBA UCTIapsIonIeiicst
B MOMeIlleHNe BJIATH € OTKPBHITOH MOBEPXHOCTH BAHHBI

Hcxoouvle oannbie
1. Pazmep BanHbl b %/ = 1,2x1 ™.
2. Temmieparypa BOJIbI B TITyOMHE KUIKOCTH = 35 °C, ypOBEHb
BOJIbI HaxoAuTcs Ha ryouHe Az = 0,08 M 0T KpOMKH.
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3. Iapametpsl okpyxatomieit cpempl: 6= 18 °C, ¢ = 50 %,
Ps= B =745 MM pT. CT.

4. HampaBnieHre MOTOKa BO3/yXa BIOJL OOpPTa BaHHBI JUTHHOU
1 M, CKOPOCTH JIBIKEHHUS BO3TyXa HaJl IOBEPXHOCTHIO L = 1M/C.

5. OcHOBHBIE TEMIO(MU3NUECKIE TapaMeTphl U YrCIia o100
IIPUHATH U3 NTpuMepa 2.26.

Ilopsaoox pacuema
1. Koadpdunment nuddysuu onpenensercs mo SMIUPUIECKO-
MY COOTHOIIECHUIO

T 1,89 760
D=0,0754| —2 | 2=, (2.197)
273) B

D =0,0754

1,89
(o)

2. Omnpenensem aud@y3nonHbiii kputepuil Ilpanarias mo
BbIpakeHu1o (2.185)

. 15,5710

r'=——=0,616,
0,091/3600

1 1
Pr? =0,616° =0,851.
3. B cooTBercTBUM C TOJY4YEHHBIMH [apaMeTpamu

Re >2-10*, Lo<Pr'"” mna pacuera Nu' Bocmonssyemcs dopmyioit
(2.181).

1
Nu' =0,0398]1 +0.18(1+ 0,605°%)0,605°% (6.7 -10*  *0.6163 =315
4. Onpenenum ko3 uieHT MaccooOMeHa
B, =?Nu'ﬁ, (2.198)

0,091

Bc:

5. KoHueHTpaiys BOJSHBIX TAPOB Y IIOBEPXHOCTH BOJIBI COCTABHUT:

315-1,08 =31,0 m/u.
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¢ =p =Ly o16.90° L (2.199)
W RT. T
, 5058

¢, =2,16-10 ——=3,57-107 kr/™".
306
6. KoHiieHTpaIus BOASHBIX TTAPOB B OKPY)KAIOIIEM BO3yXe

:f?wszzJ6403§}, (2.200)

c, :2,16-10‘3@:0,7794-10‘2 Kr/ M.
291

CcC =
B Bnap

7. OnpenenyM KOJIMUECTBO BIIArH, UCTIAPSIOMIEHCS ¢ TTOBEPX-
HOCTH BaHHBI, 110 BeIpakeHHU10 (2.188):

W= 31-1,2(3,57 —0,7794)10‘2 =1,038 kr/4.
8. YnenbHas TemioTa napooOpa3oBaHusl COCTABUT:
r=2500-2,38¢, (2.201)
r=2500-2,38-33 =2422 xJlx/kr.
9. Konm4ecTBo CKpBITOTO TETlIa MOYKHO OTIPEICITUTD U3 BRIPKEHHS
o .=r-w, (2.202)
0, =2422-1,038 =2514 xJIx/u nim Q, =0,7 xBr.

Ilpumep 2.28. Onpenenenne KOJIUYECTBA BOAbI,
Hcnapsiouieiicst ¢ IOBepPXHOCTH 10J1a MOKPOIo 1exa

Hcxoouvle oannble
1. Temmeparypa Bo3ayxa nmomenieHus 4= 18 °C, 6Gapomerpu-
yeckoe jaaBiieHue Pg= B = 745 MM pT. CT., OTHOCUTEJIbHAS BJIAXK-
HocTh @ = 70 %.
2. Tnomazs nona F = 15x24 = 360 m°.
3. Boia mokpeIBaeT moJi TOHKAM CJIOEM.

Ilopsaoox pacuema
1. Bona, qynrensHOE BpeMsl HAXOJAIIAsACs Ha MOJTy, IPUHUMA-
€T TEMIIEPAaTypy MOKPOIO TEPMOMETPA, U MPOLIECC UCIIAPEHUSI BOJIbI
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C IoJia IPOTEKAET MPH MOCTOSAHCTBE 3HTANBIMNM (I = const). Ilo /-d-
muarpamme 1ipu = 18 °C u ¢ = 70 % omnpenemnsieM TeMmiepaTypy
MOKpOI'0 TEPMOMETpa, KOTOPYIO NMPUHUMAEM 3a TeMIepaTypy IO-
BEPXHOCTH KUJKOCTH Ha MOy
t=15°C.
2. Cpennss TemMnepaTypa COCTaBUT BEIIUUUHY
tp= (15+18)/2 =16,5 °C.
3. XapakTepHblil FeOMETPUUECKUN pa3Mep:

I=JF =360 =19 .

4. KunemaTtuyeckas BSI3KOCTh BO3/1yXa 110 TEIIO(QU3NIECKUM
Tabnumam [31]
V() = 14,75 -10° MP/c .
5. ITapunaneHO€E IaBJIEHNE HACBIIEHHOTO BO3lyXa y IMIOBEPX-
HocTH noJia ipH t,= 15 °C u ¢ = 100 % 1o I-d-nmuarpamme
Py n=1694 Ta.
[TapumanbHoe JaBiieHWE HE HACBIIICHHOTO BO3JAyXa IIpU
tr= 18 °C u @ = 70 % no I-d-nmuarpamme
P=1446 Ila.
6. [ITOTHOCTD BIIAKHOTO BO3/AyXa HAJl TOBEPXHOCTHIO KHUIKO-
CTH COCTaBUT 10 dopmyie (2.194)
P, 22—1,32-10_3 @ =1,218 xr /M’ .
288 288
7. IIIOTHOCTH BIIAKHOTO BO3/1yXa HAJl IOBEPXHOCTBIO JKHJIKO-
CTH cOCTaBUT 10 dopmyie (2.196)
. 22—1,32-10_3% =1,206 xr /M.
291

8. Kpurepuii Apxumena o ¢popmyse (2.182) Oyzner paseH:
9,81-19°  1,218-1,206

(14,74-10°)° 1,218

9. Koadduruent nuddy3un onpenensercs o IMIHUPUIECKO-
My cOOTHOIIEeHHIO (2.197)

274+16,5)"
( ks 6’5j 722=0,0859M2/Q-

Ar=

=3,04-10".

D =0,0754
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10. duddy3nonnoe uucino Ipanarns mo Gopmyre (2.185) Oy-
JeT PaBHO:
o 14,75-10° _
0,0859/3600
11. Jlnst ecrecTBeHHO# KoHBeKImy mpu ArPr'= 3-10°-2-10°

0,104

Nu=5(ArPr) ; (2.203)
Nu'=0,66(ArPr)"*, (2.204)

!
9

12 0,26
Nu':O,66(3,04-10 -0,618) =1025.

12. Onpenenum kod¢huimeHT maccoooMeHa
B. :?Nu', (2.205)

= 0’08591025 =27,9 M/ u.

BC

13. KoHIleHTpaIisi BOJSHBIX MAPOB Y MOBEPXHOCTH BOIBI IO
dopmyiie (2.10.24) cocTaBUT BETHUNHY

c, :2,16-10_3@21,27-10_2 Kr/ M.
288

14. KoHiieHTpalys BOJSHBIX MAPOB B OKPYKAIOIIEM BO3yXe
o popmyie (2.199)
c, = 2,16-107° % =1,07-107 kr/M’ .
2901

15. OnpenenuM KOJIMUYECTBO BJIATH, UCHAPSIIOIIEHCS C TIOBEPX-
HOCTH MOKpOTO 101, o opmyite (2.200)

W =27,9-360(1,27-1,07)10 =3,34 kr /4.

2.11. Aspauus NpOMbIILIEHHOT 0 31aHUS

Abdpanuell Ha3bIBalOT OPraHW30BAaHHBIM €CTECTBEHHBIH BO3-
OyxooOMeH B nomemeHuHd. Ee oCylecTBISAIOT 4epe3 CHelualbHO
MIPEAYCMOTPEHHBIE PETYIUPYEMBIE OTBEPCTUS B HAPYKHBIX OTPakK-
JCHUSAX C UCIOJIb30BAaHHEM €CTECTBEHHBIX MOOYIUTENEH IBKEHHUS
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BO3JlyXa — I'PAaBUTALMOHHBIX CHJI U BeTpa. Aspaius MOXeT odecrie-
Y1BaTh BECbMa MHTEHCUBHOE NPOBETPUBAHUE IOMEIICHUH.

YuuThIBas CIOKHOCTH MpoOIlEcca adpalluy, MPaKTUYECKUE
pacueTsl ee IPOBOJAT MPH ONpPEAEIEeHHBIX AoNMylieHusaX. OCHOBHbIE
13 3THUX JOIYILIEHUH CIIEIYIOIINE:

1) TennaoBoi M BO3IYIIHBIA PEKUMBI IOMEILIEHUSI CUYUTAIOT YC-
TaHOBUBLINMMUCS BO BpEMEHH;

2) nox TeMiiepatypoil pabodeil 30Hbl IOHUMAIOT CPEIHIONO IO
00BeMy 30HBI TEMIIEpaTypy BO3yXa;

3) u3MEeHeHue TeMIepaTypbl IO BEPTHUKAIM MPUHUMAIOT 10
JINHETHOMY WJIH JINHEMHO-CTYIIEHYaTOMY 3aKOHY;

4) crecHeHUs KOHBEKTUBHBIX CTPYH HaJl HarpeTbiM 000pyno-
BAHHUEM HE YUHUTHIBAIOT;

5) SHEpruro NMPUTOYHBIX CTPYH HE YUYMTHIBAIOT, CUUTAsI, UTO
OHa MOJIHOCTBIO paccenuBaeTcs B 00beMe paboyueil 30HbI;

6) Tpu OTIpEJICIIEHUH PACX0I0B Yepe3 MPOEMbI HE YUUTHIBAIOT X
BBICOTY, IpeHEOperasi HI3MEHEHHEM Pa3HOCTH JIABJICHUH 110 BEPTUKAIIH;

7) npu cocTaBiieHUU OajaHca BO3JlyXa B MOMEUICHUH HE y4H-
THIBAIOT HEOPraHW30BaHHBIM €CTECTBEHHBIN BO3JyXO00OMEH.

B 3aBucumocTy OT yJeIbHON TEIUIOHANPSKEHHOCTH TOMeEIlle-
HUS, BBICOTHI NTOMEIIEHUS (3/1aHus), TEMIIEPATYpbl HAPYKHOTO BO3-
JyXa U CKOPOCTH BETpa NPUMEHSIOT OJUH U3 TPEX BapUaHTOB pac-
yera. OCHOBHBIM YCIIOBUEM, OIPENEISIIOIIMM BapuaHT pacyera, siB-
JISI€TCSl COOTHOIIEHUE MEXAY 3HAaU€HUSIMU BETPOBOI'O U I'paBUTAIU-
OHHOT'O JIaBJICHUM.

Aspayus noo deticmseuem moabko epasumayuoHHvlx cui. Jleu-
CTBHUEM BETpa MOXHO NpeHedpeus, ecnu Py < 0,5HApg, 1. €. u30bI-
TOYHOE BETPOBOE JABJIICHWE MEHbBIIE IOJIOBUHBI MaKCUMaJIbHOIO
3HAYEHUs] TPaBUTALIMOHHOIO JAaBlieHUs. 31ech P, — BETPOBOE JaB-
JICHUE HAa YPOBHE HUKHEIO Psi/ia adpallMOHHBIX OTBEpCTUH; [ — pac-
CTOSIHME IO BEPTUKAIM MEXIY LIEHTPAMU MPUTOYHBIX M BBITSKHBIX
a’pallMOHHBIX OTBEPCTUM.

JUig M301MPOBAHHOTO MOMEUIEHHSI, B KOTOPOM a3palus mpo-
UCXOJUT Yepe3 OTKPHITHIE MPOEMBI, PACIOJIOKEHHBIE HA OJHOM M3
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dacanoB, mpu T0O00N CKOPOCTH BETpa OyJIET UMETh MECTO paccMart-
pUBAaEMBIN CIydai.

Aspayus noo deticmeuem monvko eempa npu P, > 10HApg.
OToT ciydail HaOMIOMAeTCS B TOMEIIEHUSX 0€3 TeIIOBBIIEICHUN
(ckaapl XMMHUKATOB, OOOpPYAOBaHUS, HEKOTOPHIE MPOU3BOIACTBEH-
HbIE TIOMEIIIEHHS C BIArOBBIICICHUSAMH U JIP.).

Aspayus npu coémecmuom Oetcmeuu 2pasumayuoOHHbIX CUT
u éempa ipu 0,5HApg < P,; < 10HApg.

Bapuantel pacuera aspaiiuu pa3jaudaroTcsi B OCHOBHOM CIIO-
co0OM OTpe/IeNIeHNsT PacCUeTHBIX MEePEnaioB JaBICHUN.

[Tpu pacuete a’paru BO3MOXKHA MIpsiMasi UM 0OpaTHas 3aja-
ya (JIeJIeHUE Ha ATH JIBE 3a7]a41 YCIIOBHO).

[Ipsimast 3aa4a — onpeieNieHre M0l OTKPHITHIX MPOEMOB,
HEOOXOUMOM A1 oOecredeHusl a’dpali MoMelIeHHus. DTy 3a1a4y
MPUXOJUTCS peliaTh B clydae, KOrja IUIomaab a’dpallMOHHBIX MPO-
€MOB 3aBEJJOMO MEHBIIIE TUIOMIA[A OCTEKJICHHUS, OMPECICHHON U3
YCIJIOBUSI OCBEIICHUS TOMEIICHHUS.

[Ipu sTOM 00BIUHO 3a/1at0TCs 3HaUeHHEM Py (aBJIeHUEM B TIO-
MEILEHUN) U MO 3alaHHBIM pacxoaaM L, U Ly, ONpeesnstoT IIoa-
I¥ a3PALMOHHBIX IIPOEMOB [, 1 Fy .

OOparnas 3a1a4a — pacueT (HaKTHIeCKOTO BO3AyX000OMEHA MPU
3a[aHHBIX IUIOMANAX Fyy, U Fy, @3PAIMOHHBIX NPUTOYHBIX M BBITSIK-
HBIX OTBEpCTHH. B mexax, rje miomnans OTKPHIBAIOIIUXCS CBETOBBIX
MIPOEMOB HEJIOCTATOYHA JIJIsi OPTaHM3AlMU a’palliy, B HAPY>KHBIX OT-
POKICHUAX HEOOXOJAMMO MPEeayCMaTpUBaTh YCTPOMCTBO CHEIHAIb-
HBIX a’palMOHHBIX TpoemoB. Llenb pacuera — omnpenereHrue MUHU-
MaJbHOM TUIOIAM 3TUX MPOEMOB. 3a1ady periaroT o g00poM: 3aja-
BaAChH IUIOINAMAMU Fya U Fy,, ONPENEISIOT Takoe 3HaueHue Py, npu
KOTOPOM OCYIIECTBIISICTCSI PACUETHBIN BO3TyXO00OMEH.

g obecriedeHMs] YCTOWYMBOM a’palMM MpH PEHIeHHH Kak
MpsSIMOM, Tak M 0OpaTHOM 3aauM CIIEYET BBIMOJHATH CIEAYIONIYIO
PEKOMEH/IalUI0: AKBUBAJIEHTHAS IUJIOMIA]h MPUTOUYHBIX OTBEPCTUH
YFully JOJDKHA TPEBBINIATh SKBUBAJICHTHYIO IUIONIA[b BBITSDKHBIX
OTBEPCTUH XFy|ly, T. €.

179



2Fupn = aXFypy, (2.206)
rne a — kodpduuueHt, papubrii 1,2—1,3.
BrimosHeHne 3TOro yciaoBHS NMPENOTBPAIAET «OMPOKHIBIBA-
HUE» TOTOKA B BBITSDKHBIX OTBEPCTHSIX.
OCHOBHBIE pacyeTHbIE COOTHOILICHUS U MOPSAIOK pacyera MmpH-
BenaeHsl B [30].

Ilpumep 2.29. Pacyet aspaumu OJHONPOJIETHOTO
NPOMBIILIEHHOT0 3IaHUS

HUcxoonwvle oannvie
1. Cxema a’panuu OJHOMPOJIETHOTO MPOMBIIIJICHHOTO 3aHH
npecTaBieHa Ha puc. 2.20.

10,8
LN | | 7|1”7i7

2.5
i 4
AGMGX

Puc. 2.20. BepTuxkaiabHBIN pa3pe3 37aHUSA U cCXeMa CBSI3EeH MOMeEIIle-
HUS C HAPYKHBIM BO3TYXOM:
1 n 4 — nputounsle oTBEpCTUs, 2 U 3 — BBITSHKHBIE OTBEPCTHS,
AGyex — neballaHCc BO3JyXa, CO37[aBaeMbIii BEHTHJISIIMOHHBIMU
CHCTEMaMH C MEXaHUYECKUM MO0y ICHUEM JBHKCHHSI BO3TyXa

2. Termnons6srtkn AQ = 5,3-10° kJIx/d.
3. PaccrosiHue mo BepTHKAINW MEXIY HEHTPOM HPUTOYHBIX
U BBITSDKHBIX OTBEpCTUil /1 = 8,3 M.
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4. Temneparypa Hapy>kHOTO Bo3ayxa t,= 18 °C.

5. CxopocTb BeTpa vy= 3 M/C; IMIUPHUECKUI KOAPPHUIIUEHT
m = 0,65 (BemmunHa oOpaTHas KO3(QPUIHEHTY BO3AYX000MEHA).

6. IlpuroyHasi cucreMa MEXaHWYECKOW BEHTHJIALIMM TI0JIA€T
Gp= 40000 xr/g Bo3myxa ¢ Temreparypoil tpnp= 17 °C; BBITSIKHASA
cucteMa ynanser Gy= 290000 kxr/u Bo3myxa C TemIieparypoi
tyo=tps= 23 °C.

7. AnponuHamuueckue KOdPPUUUEHTBI kyopi= + 0,8, kappr=
= kasp3= —0,42 (hoHApB C BETPO3ALUIUTHBIMY IIUTAMN), Kayps= —0,39;

8. Koa¢¢puuuents: pacxona p,= 0,51, p,= 0,45 (I — ecrect-
BEHHasl BEHTWISILMA (adpanus); 2 — MEXaHU4ecKasi BEHTHIISALINA. )

Ilopsiook pacuema
1. Onpenensiem TeMmepaTypy yAaasieMoro Bo3ayxa:
Z‘]).3 - tH
ly=t,+—, (2.207)
m
218 _ 557 oc.

t. =18+

yl
9

2. OnpenenseM CpeJHIO0 10 BBICOTE MOMEIIEHUS TEMIIEpATy-
Py BHYTPEHHETO BO3/1yXa:
t,=0,5(,,+1,), (2.208)

t,=0,5(23+25,7)=24,3 °C.

3. OnpenensieM MIOTHOCTh BO3/1yXa, COOTBETCTBYIOILYIO TEM-
neparypam 4= tni= 18 °C, ty1= 25,7 °C, t,= 24,3 °C:
353

Pu =5 (2.209)
p, = 353 =1,213 kr/M’;
273+18

p, =1,186 Kr/M; p, =1,189 Kr/ ™.
4. OnpenensieM BapuaHT pacyeTa adpaluu:
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S (ka3pl _kaap min)pHVH2
hApg  2h(p,-p,)g
_ (0,8+0,42)1,213-3"
hApg  2-8,3(1,213-1,189)8,9

Taxk kak 0,5 < 3,4 < 10, To ipu pacuere adpaiuu ClIeIyeT yIu-
ThIBATh COBMECTHOC IICfICTBPIG BETpa U I'paBUTAlMOHHBIX CHUJIL.

5. OnpenensieM pacueTHbIC HapYXKHBIC JABIICHUsS, TIPHHSB 32
HYJIb JaBJICHUE HA YPOBHE CEPEIUHBI BEPXHUX MPOCMOB:

P

, (2.210)

P

vl

9 T

2
v
P=(kyprs —kops ) p“; +hApg , (2.211)
2
P = (0,8+0,42)&+8,3(1,213—1,189)9,8 =8,6 Ila;
2
P, = (—0,39+0,42)&+8,3(1,213—1,189)9,8 =2,111la;
P, =P, =0.
6. OmnpenensieM edalaHC MEXaHUIECKOW BEHTHUIISIIIAHN
AG,.,=G,-G,, (2.212)

AG.,,. =40000-290000 =—0,25-10°kr / u.
7. Omnpenensem TpeOyeMble a’palldOHHBIE PacXoJibl (perraem
CUCTEMY ypaBHEHMI OalaHCOB TEIUIa U BO3yXa):
AQ + Gnllnl + Gn2[r12 - Gyllyl - Gy2[y2 = 0’
G,+G,-G, -G, =0.
3neck Gui, Gyi — pacxoja NPUTOYHOTO U YAAISIEMOTO a’pallMOHHON
cucreMoii Bo3ayxa; G, Gy, — TPOU3BOAUTENBHOCTH COOTBETCT-

BYIOIIUX CHUCTCM MeXaHUYeCKOM BCHTUJIAITHH. Pemenue cucreMsbl
HUMEET CIEAYIOIIUN BUI:

_ AQ + GHZCp (trl2 _tnl ) - GyZCp (ty2 - tnl )

e ¢, (1, — )

(2.213)

. (2214

182



G,=G,+G,-G,,, (2.215)

~5,3-10° +40000-1(17 —18) — 290000 -1(23 - 18)
e 1(25,7-18)

G, =0,505-10° +0,25-10° = 0,755-10°kr / u.

8. OmnpenenseM U30BITOYHOE OTHOCUTEIBHO YCJIOBHOTO HYJIS
BHYTPEHHEE CTaTUYECKOE JaBIICHUE:

1 |p, /P, =P, +/P,— P,
a\p, P —P, +[P,— P,
[Tpunumaem a = 1,3 u BbruncCIsiEM

. _AG,, -0,25-10°

AGMCX — Mex -
G, 0,755-10

10,331 = [L186_JR-0+yR 0
1,3\1,213 /8,6 - P, +4/2,11-P,

0,875 = 2P, .
J8,6— P, +4/2,11-P,

Pemraem 310 ypaBHeHHE NMoAOOpPOM, 33/1aBasCh 3HAUYECHUSIMU
Py: mpu Py=2 Ila u npu Py= 1,5 Ila npaBas yacTb ypaBHEHHUS:

G =0,505-10°kr / 4;

14AG,, = (2216)

=-0,331,

_ 224700875,
\J6,6 +4/0,11
_ 295 940,875,
J7,1+4/0,61
NHTepnionupys, HAXOAUM:
P, = 1,5+i(0,875—0,71) =1,82 Ila.
0,97-0,71
[IpoBepka MOACTAHOBKOM B UCXOHOE YpPaBHEHUE:!
0.875 ~ 2-41,82

9

86182 +2,11-1,8
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[Ipunumaem Py= 1,8 Ila.
9. OnpenensieM MIOMIAAN a3PAMOHHBIX TPOEMOB:

G., /3600

F =F, = . (2.217)
1 ) Mn\/zpn (\/Pl _PO +\/P4 _PO )
F,=F, = G /3600 (2.218)
2 — 43— , .
1,20, (VP =P, +[P P,
FoF 0,755-10° /3600 _ 85 a%:

o 0,51\/2-1,213(\/8,6—1,8 +\/2,11—1,8)

_ 0,505-10° /3600
0,45,2-1,186(\/1,8-0+1,8-0)

10. TIpoBepsieM yciaoOBHE YCTOMYMBOCTU a’palld COTJIACHO
BbIpakeHu1o (2.206):

=75 m’.

F2:F3

q=Hn M, (2.219)
!"Ly F2 +F;
a= 0,512:85_ 1,28 (momyctumoe 3HaYCHUE).
0,45 2-75
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3. KOHAMIIMOHNUPOBAHUE BO31YXA

3.1. [Ipou3BOAMTEILHOCTH CHCTEM BEHTHJISIIIUH
U KoHIuIHoHupoBaHus Bo3ayxa (CKB)

3.1.1. Onpenenenune BO31yx000MeHa B MOMeELIEHUH

Omnpenenenre BO3ayX0OOMEHA SIBISETCS OJHOM M3 TJIABHBIX
3a/1a4y, BO3HUKAIONIUX MPHU YCTPOMUCTBE CUCTEM BEHTWISALMH U KOH-
JTUITMOHUPOBAHUS BO3TyXa.

BozmyxooOMeHOM Ha3bIBaeTCs KOJMYECTBO BO3/yXa, HEOOXO-
TUMO€ JUIsT 0OecrieueHUs] HOPMAaTHUBHBIX CAaHUTAPHO-TUTMEHUYECKUX
MapamMeTpoB BO3IYLIHOW Cpe/bl MOMEIICHUM U OJTHOBPEMEHHO YJI0B-
JeTBOpsAroIIee (€Ciy MOMEIIEHUE MPOU3BOJICTBEHHOE) TEXHOJIOTHYE-
CKUM TpeOOBaHUSM K BO3IYIIHON CpeJie MPOU3BOJCTBEHHBIX TOMe-
meanid. BozmyxooOMeH ompesensiercs 3 ypaBHEHH OaTaHCOB BpeI-
HOCTeM (M30BITKH TeIlIa, BJIard, BPEIHbIC Ia3bl, MbLIb).

Pacxon mpuTodHOTO BO3aYyXa, KI/4, B TIOMEUICHHSIX 3JaHHM,
I7Ie OTCYTCTBYIOT MECTHBIE€ OTCOCHI, OMIPEACIISAETCS sl TeIUIOTO, XO-
JIOJTHOTO TIEPHUOJOB U TEPEXOJHBIX YCIOBHIA MO (OpMYyliaM, B 3aBH-
CUMOCTH OT y/IaJIsieMbIX BPEIHOCTEH:

— 10 U30BITKaM MOJIHOTO Teria

G = 200 , (3.1)

c(1,-1,)
— 110 U30BITKaM SIBHOTO TerlIa

G, = 2:00u , (3.2)

c(t,-t,)
— 110 U30BITKAM BJIaru

G, = L, (3.3)

(dy —d, )

— IO MAaCCC BBIACTIAIONINXCA BPCAHBIX BCIICCTB
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pM, (3.4)

i =7 1\
(cyi _cni)

rae O, Q. — U30BITKU SBHOW M IOJHON TENJIOTHl B IOMEIle-

u36

G4

HuM, BT; p — IIIOTHOCTB BO3/IyXa, KI/M; ¢ — TEIIOEMKOCT BO3/yXa,
¢ = 1,005 xlx/(xr °C); ¢, — Temreparypa BO31yXa, yIIIEMOTO U3
MOMEIIEHUs 3a TpeiesiaMu 00CcTyKuBaeMoi win padoueit 30ubl, °C;
ty — TeMmmeparypa IpUTOYHOTO Bo3ayxa, °C; W — u3ObITKM Biaru
B IIOMEIICHUY, T/4; dy — BIarocojiep:kaHue BO3/yXa, yAaJIieMOro us3
MOMEIIEHUsI 3a TMpefesiaMu OO0CITY)KMBaeMOW WM paboueld 30HBI,
I/KT; dy — BIArocojiep>kanue MPUTOYHOTO BO3/yXa, I/Kr; M; — pacxon
KaX/IOTO U3 BPEIHBIX MM B3PHIBOOIIACHBIX BEIIECTB, MOCTYMAOIINX
B BO3JyX B IOMEIIEHUs, I/4; Cy; — KOHIEHTPAIUS BPEAHOTO WIIH
B3PBIBOOIIACHOTO BELIECTBA B BO3JyXE, yAAJIsEMOM 3a IpeleiaMu
06CITYKNBAEMOH 30HBI TIOMEILEHHSI, I/M"; Cyj — KOHIIGHTPALIHS BPE/i-
HOTO WJIM B3PBIBOOTIACHOTO BEIIECTBA B BO3/yXe, MOJIABAEMOM B TO-
MEIIEHHE, T/M .

Jlonycrumbie kouuenTpamn CO,, T/M’, B OMEIEHHSX: C T10-
CTOSIHHBIM TIPEeOBIBAHUEM JIeTel, OONBHBIX — 1,28; ¢ MmeproanIecKum
npeObIBaHueEM Jtojiel (yapexaeHus) — 2,3; ¢ KpaTKOBPEMEHHBIM TIpe-
OBIBaHMEM JTFO/ICH (3aJTbI 3aCeTaHU, 3pUTEIbHBIE 3B U T. T1.) — 3,7.

Conepxanne CO, B HAPYKHOM BO3JyXE, I/M°: B CEIBCKOI Me-
ctHocTu — 0,6; B mocenkax v HeOoybnX ropojax — 0,73; B KpymHbIX
ropoaax — 0,91.

N30bITKN SBHOH, TIOJTHOW TEIUJIOTHI, & TaK)Ke BIIATH OIPEIeIs-
I0TCS Ha OCHOBE COCTAaBJIEHMS TEIJIOBJIAXXHOCTHOIO OajlaHca moMme-
menuss. OJHUMHU U3 COCTABIIIOUIMX TAaKOTO OajlaHca SIBISIOTCS MO-
CTYIUIEHHE BPEIHOCTEW OT 4eJOBEKa, KOTOpBIE OIPEAEISIOTCS CO-
riacHo Ttadm. 3.1.

3a pacueTHBIN BO3TyX000MEH MPUHIUMAETCSI OOJIBIIAS U3 BEJIMUNH,
nory4eHHbIX 110 dopmynam (3.1) — (3.4). IlomydeHHBI pacdyeTHBII BO3-
TyXOOOMEH COTOCTABIISIETCSI ¢ HOPMATHUBHOM KPATHOCTHIO, OIpesiessie-
MO U3 CIIPaBOYHUKOB, JIMOO Uil OOLIECTBEHHBIX 3/1aHUI C HOpMAaTHUB-
HBIMH ITapaMeTPaMH BO3LyX000MeHa /ISl OTHOTO yesioBeka [32]:
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— o6uiecTBeHHbIe 31auus — 40 M°/uen-u;

— KMHOTEATphl, KIyObl — 20 M°/uen-d;

— criopT3aisl — 80 M/derrd.

Tabauya 3.1

KoanyecTBO TeNJ0THI U BJIAaru, BbieasieMo€e B3POCIbIM
YeJI0BEKOM (MYKUUHOM)

Temmneparypa Bo3- | KommuectBo ternorsl, Br | Komuuectso | Komude-
Jiyxa B IoMmelie- SIBHOU MOJIHOMI BJIarH, ctBo CO,,
HUH, #;,°C G Gronn Wy, T/9 my, T/4
CocTostHIEe OKOsI

15 116 145 40

20 87 116 45

25 58 93 50 40
30 41 93 75

35 12 93 120

Jlerkast pabora

15 122 157 55

20 99 151 75

25 64 145 110 45
30 41 146 140

35 6 146 180

Pabora cpenHeii TsOKECTH

15 135 210 110

20 105 205 140

25 70 200 185 60
30 40 200 230

35 5 200 280

3.1.2. OnpenesieHue MapaMeTPoOB HAPYKHOT0 BO3AyXa

PacueTHble mapameTpbl HapyXHOTO BO3/1yXa MpPU IPOEKTHPO-
BAaHWU BEHTWISILIMM CJENyeT IPUHUMATh B COOTBETCTBMH c [15] mis
TEIUIOro MEepHoja Mo mapameTpam A, 1 XOJIOJHOTO MEpHojaa — o
napamerpam b. Ha X0101HBII niepro roja uisi CUCTEM KOHIULUO-
HupoBaHusa Bo3ayxa (CKB) Bcex KiacCoB B KauyecTBE PACUETHBIX
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clelyeT MpUHUMAaTh napameTpsl Bo3ayxa b. Ha remmelii nepuon ro-
na: st CKB nepBoro kinacca — napamerpsl b; nns CKB BToporo
kiacca — napametpsl b, camkennsie Ha 2 °C; mist CKB Tpetbero
KJj1acca — mapaMeTpsl A.

3.1.3. Onpeaesienne napaMmeTpoB BHYTPEHHEr 0 BO31yXa

[Ton mapaMeTpaMu BHYTPEHHETO BO3/yXa MOHUMAIOT MapaMeT-
pBl BO3AyXa B o00cayicusaemol uiu pabodel 30He NOMeueHus.
B BepxHell 30He MOMeNIeHUs, I/1e€ OOBIYHO HET JIIOJIEH, MmapaMeTpbl
HE HOPMUPYIOTCSL.

[TapameTpel BHYTpPEHHETO BO3[yXa Ha3HAYAIOTCS pa3AeibHO
IUTSL TETIJIOTO M XOJIOJHOTO NeproioB roja. I[Ipu pacuerax BeHTHIIS-
UM OPHEHTUPYIOTCS Ha JOMYCKaeMbI JWamna3oH IapaMeTpoB
(Tabn. 3.2, 3.3), a mpu pacuerax KOHIUIIMOHUPOBAHHUS — HA ONTH-
MaJIbHBIN TMana3oH napaMeTpoB BHYTPEHHEro Bo3ayxa mo [4, 5, 17].
OTHOcUTENbHAS BIAXKHOCTh MpUHUMaeTcs B ipeaenax 40—60 %.

Tabauya 3.2
JonmycTuMbie HOPpMbI MAPAMETPOB BHYTPEHHEr 0 BO31yXa
B 00CJIy’KMBaeMOii 30He KUJIbIX U 00IIeCTBEHHbIX 31aHuii
(ny1s1 Ar0a€ei, HAXOASAUXCA B MOMeleHnu 0oJiee 2 4 HenmpepbIBHO)

OrrocurensHas |[logBmKHOCTH
ITepuon o
Temmeparypa, °C BJIaYKHOCTh BO3/IyXa
roja 0
¢, %, He Gonee L, M/C
He Gonee gem Ha 3 °C BbIE pacueTHOH
TEMIIEpaTypbl HapPyXKHOrO Bo3ayxa (ma-
. aMeTpel A
Temmsrit  |P poi A) o % 65%%* 0.5
He Bemmre 28 °C * miig 00IIECTBEHHBIX U
aJIMUHUCTPATUBHO-OBITOBBIX MOMENICHUI
C TOCTOSIHHBIM ITPEObIBAHUEM JTFOIEN
XOJIOmHBIN U
. 18%* —22 65 0,2
MIePEXOTHBIN

Ipumeuanus:* ]JIns pailoHOB ¢ t, = 25 °C u BbIIIE CIEAYeT NPUHUMATH TeMIlepaTypy He Boimie 33 °C.
** 17151 00IeCTBEHHBIX 31aHUI ¢ IpeOBIBAHUEM JIO/ICH B yIUYHON ONEXK/E CIeNyeT IPUHUMATh TeMIIe-
patypy 14 °C. *** B paiioHax ¢ pacdeTHONH OTHOCHTEJIbHOI BIQ)KHOCTBIO HApy»KHOTO Bo3ayXa Ooiee
75% nomyckaeTcsi HPUHUMATh BIaXKHOCTb BHYTPEHHET 0 Bo3ayxa 75 %.
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Tabauya 3.3
PacyeTHbIe mapaMeTpPbI BO3AYXa HA MOCTOSTHHBIX H HEMOCTOAHHBIX
padoYHX MecTax MPOU3BOACTBEHHBIX MOMeIeH Ui

JlomycTrMBIe HOPMBI
K Temreparypsl, °C CKOpPOCTH
ITepuon roma aT:ggIT)HH Ha MOCTOSH- | Ha HEMOCTOSH- ABHIKCHIL OTHOCHTGHBHOO i
P HBIX paboumXx | HBIX paboumx Boiﬂyxa’ BHa)KHg CTH, %,
MecTax MecTax %gﬁ;e He bojiee
Jlerkas:
Ia 28/31 30/32 0,2
16 28/31 30/32 0,3
Tennsit Cpeneit
TSDKECTH:
Ila 27/30 29/31 0,4 75
116 27/30 29/31 0,5
Tsoxenas 111 26/29 28/30 0,6
Jlerkas:
Ia 21-25 18-26 0,1
10 20-24 17-25 0,2
Xomomueii u | CpenHeit
MEPEXOMHBIA | TSDKECTH:
Ila 17-23 15-24 0,3 75
116 15-21 13-23 0,4
Tsoxenas 111 13-19 12-20 0,5

Ilpumeuanue. JlonycTMble HOPMBI BHYTPEHHET0 BO3JlyXa IPUBEIEHBI B BHJIE APOOH: B YHCIHUTENE AJIS
paliOHOB ¢ pacyeTHOW TeMIIepaTypoil HapyHOro Bo3ayxa (mapamerpsl A) Huxke 25 °C, B 3HaMeHare-
sie — Borme 25 °C.

3.1.4. OnpenesieHne NapaMeTPoB yAaasieMOro Bo3ayxa

Temmneparypy Bo3ayxa, yaalsieMOro CHCTEMaMH BEHTUIISIIUU
u CKB, B nomMemnieHusx BbICOTOM OoJiee 4 M MOXKHO ONpenenTsb, °C,
10 YPaBHEHHUIO:

ty=tys+(H-h) grad ¢, (3.5)

rae H — BeIcOTa MOMeENIeHUs, M; /4 — BbIcOTa paboueil 30HbI TOMeEIe-
Hus, M. BeicoTa paGoueil 30HbI 4 = 2 M, eciny paOOThI BBIIOJIHSIOTCS
crost; h = 1,5 M, ecnit pabOTHI BBITIONHSIOTCS CUs; grad ¢ — TpaiueHT
TeMIepaTypsl MO BBICOTE TIOMEIIEHHS BhIle padoyeit 30Hb1, °C/M.

I'pampeHT Temmeparypsl 0 BHICOTE TIOMEITICHHS OTIPE/IETISIIOT B 3aBH-
CHUMOCTH OT y/IeJTbHBIX H30BITKOB SIBHOTO TEIUIa B IOMEIIEHHH 110 TaoJ. 3.4.
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Tabauya 3.4
PexoMeHayeMble 3HAYEHUSI TPAIMEHTA
TEMIEPATyPhl B MOMELIEHUAX 001eCTBEHHBIX 3aH Ui

TemnoHanpsHKEHHOCTH TOMETEeHHS (yIemb- I'pagueHT Temmeparypst
HbIe M30BITKY SBHOTO TEIIA) g, Br/M’ grad ¢, °C/m
Bonee 23 0,8-1,5
11,6-23 0,3-1,2
Memnee 11,6 0-0,5

HpuMeanue, MeHnbIe 3HaYCHUS Tpagu€HTa CICAYET NMPUHUMATH JUIS XOJOAHOr'o Ine€puoaa roaa, a
GoJpIme — JUJI TENJIOro nmepuoaa roga.

yZ[GJ]])I—H)IG BBIJICJTICHUA SIBHOM TEILIOTHI OIPCACIAIOT IO YPABHCHUIO

O
= Zwb 3.6
%=, (3.6)

n
rie V; — 06beM OMEIEHHS [0 BHYTPEHHEMY 00Mepy, M.

Jlnst oOIIecTBEHHBIX 3/IaHHWH NP BBHICOTE TOMEIIEHUS MEeHee
4 M MO>HO IPUHHUMATB!

ty=ty, dy = ds, 3.7

TJIe 4, — TeMIeparypa Bo3ayxa B padoyeit 3one nmomenienus, °C; d, — Bia-
rocoJIepKaHKe BO3IyXa B paboueii 30He TIOMEIICHHS, T/KT.

Brnarocoznepkanue yXoAsmiero Bo3yxa MOKHO OTIPEICITUTD IO
bopmye, T/KT,

w
d,=d, +5103, (3.8)

r7ie dy — BIarocojepkaHue Hapy»XHOTO BO31yxa, I/kr; G — pacuer-
HEII BO3IIyXOO6MCH B BCCOBBIX C€JIWHHIIAX, KI‘/‘-I, BBIYUCIIACTCA 110

dopmynam (3.1) — (3.4).
3.1.5. OnpenesieHne napaMeTpoB NPUTOYHOI0 BO3AyXa

TemnepaTypy NpUTOYHOIO BO3AYyXa f; MOYKHO OIPEIEIUTD 10
dbopmyie
tn= ts— Atyon, (3.9)
1€ Atyon — JOMYCTUMBIA mepenaja temmneparyp, °C, 3aBUCIIIHUNA OT
BbIOOpA MPUHIIMIHAIIEHON CXEMBbI BO3yXOpaclpeIesICHuUsI.
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Jlnst pacueTa Bo3myxoo0OMeHa PUHUMAFOT ITPH [101aue BO3/TyXa:
— HETOCPEACTBEHHO B pa00UyIO 30HY
Atyon =2 °C;

— Ha BBICOTE 2,5 M U BBIIIIE

Atyor= (4-6) °C;
— Ha BBICOTE OoJiee 4 M OT moJia

Atyon= (6-8) °C;
— BO3JIyXOpacIpeneuTeNsIMu (TadoHaMu )

Atyon = (8-15) °C.

3.2. Iloctpoenue npoueccos CKB
Ha I-d-nuarpaMMe BJIa;KHOT0 BO3/AyXa

3.2.1. IlocTpoeHue j1yya npoiecca

[Tonosxenue syda npouecca B I-d-nuarpamme (mpuit. 29) onpe-
JEISIOT YTJIOBBIM KOA((UIIMEHTOM €. DTOT TapamMeTp Ha3bIBAOT
TaK)Ke TEIUIOBJIA)KHOCTHBIM OTHOIIICHHEM, T. K. OH TIOKa3bIBACT BEJIH-
YUHY TPHUPAIICHHS KOJMYECTBA TIOJHOW TEIJIOTHI HAa | Kr MOJy4deH-
HOM (WM oTHaHHOM) Bo3ayxoM Biard. KoadduiumeHnrt € umeer pas-
MepHOCTb KJIK/KT:

g5

w
rae 2O, — INOTOK MOJHOU TemIoTsl, BT; W — pacxon Biaru, Kr/d.

8:%, (3.10)

Jluaun npouecca HaHOcATCA Ha [-d-nuarpaMMy HECKOJIBKUMU
cnocobamu [24]. Hmke paccMoTpeH crnocod ¢ MCHOJIb30BAaHUEM YT-
J0BOTO MaciTaba Ha I-d-nuarpamme.

3.2.2. IIpsamorounas cxema CKB nis Tensioro nepuoaa

[Ipennaraercs ciaeayronui MOpsAI0K MOCTPOEHU MpoLEcca HA
I-d-nuarpamme BrnaxxHoro Bo3ayxa [1]:

a) HaxoXxJaeHue Ha [-d-nuarpamme mnosioxxeHust Touek H u B,
XapaKTEePU3YIOIINX COCTOSTHUE HAPYKHOTO U BHYTPEHHETO BO3/yXa;
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0) mpoBeneHHe uepe3 TOUKy B myda mporecca ¢ y4eTom BemH-
YUHBI YTJIOBOTO KOd(duIneHTa &;

B) ONpEAEICHHUE MOJI0KEHUS IPYTHX TOUEK:

— Touka II (T. e. cOCTOSIHUS NMPUTOYHOIO BO3]yXa), KOTOpas
JISKUT Ha TIEPECEUEHUN U30TEPMBI f;; C JIy4OM IpOolIecca;

— touka [I' (T. €. COCTOSIHUSI TPUTOYHOTO BO3/yXa Ha BBIXOJIE
13 BTOpOro Bo3ayxoHarpesarenss BH2), nns yero ot touku I1 BepTu-
KaJIbHO BHU3 OTKJIJbIBAIOT OTPe30K B 1 °C;

— 1touka O (T. €. COCTOSIHHS BO3/IyXa Ha BBIXOJIE U3 OPOCUTEIb-
HOM hopcynounoii kamepsl (OK®D)), mst yero ot touku 1 BHU3 IO
JTUHUU d = const MPOBOAT JIMHUIO A0 TiepecedeHus ¢ @ = 90 %;

— TOYKU Y (T. €. COCTOSIHUS BO3/yXa, YXOJAIIEro U3 Momelie-
HUS), JIeXKalled Ha MEepeceyeHUr H30TEPMBI f, C JIy4OM IIpolecca;
€CIIU fy= f;, TO TOYKA Y COOTBETCTBYET IOJIOKCHHUIO TOYKU B 1 mnpu
IIOCTPOCHUHU €€ HE YKa3bIBalOT Ha /-d-1uarpamMe.

Bce 6a3zoBble TOUKHM HaiifieHbl. VX COCTUHSIOT MPSIMBIMH JTH-
Husmu (puc. 3.1).

I,
KJK/KT

=100 %

d,
/KT C.B

Puc. 3.1. Ilpamortounas cxema CKB nmis Teroro nepuona

du3nuecKuil CMbICT HallJIGHHBIX OTpe3KoB cieayromuii: HO —
MIPOLIECC OCYIIKH U oxiaxkaeHus Bo3ayxa B OK®, OIT' — narpes Bo3-
Jyxa BO BTOpOM Bo3ayxoHarpesarene, I1'TI — HarpeB Bo3ayxa B BO3-
nyxXoBoJax M BeHTwisATOpe, [IBY — mpouecc n3MeHEeHHsI COCTOSHUS
BO3JlyXa B IOMEILLIEHUH.
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Pacxon TemnoTel BO BTOPOM BO3IyXoHarpeBarene, k/[x/4, on-
PENENAIOT 10 YPaBHEHUIO

QBHZZ G‘m([r{' _[o)o (3 1 1)
Pacxon xonona B OK®, k/[x/4, onpenenstor mo Gopmyie:
onn: GTI'I([H_[O)° (312)

KOJII/I‘ICCTBO CKOHI{GHCHpOBaHHBIX HapOB BOJbI U3 Bosnyxa B
OK®, xr/4, paBHO:
W= Gu(di—d,) 107, (3.13)

3.2.3. lIpsimorounas cxema CKB s xos0aqH0ro nepuoga

[Ipennaraercs ciaeayronui MOpsAI0K MOCTPOEHU MpoLecca HA
I-d-nnarpamme:

a) HAXOXKJIeHNEe Ha /-d-nmrarpamMe rmosioykeHwst 0a30BbIX Touek B 1 H;

0) mpoBecHHE Yepe3 TOUKy B imyda mporiecca ¢ yueToMm Bemu-
YUHBI YTJIOBOTO KOd(duIneHTa &;

B) onpezenenue noyuoxenus touek I, ¥V, O, K:

— TOYKM Y, pAaCMOJIOXKEHHOW Ha TMEPEeCeYeHUU H30TEPMBI Iy
C JIy4OM MpOIIecca;

— toukHu I, pacnonokxeHHON Ha MEPECEYEHUH U303HTAIBIBI [
C JIYYOM MPOIECCa; YUCICHHOE 3HAUCHUE HTAIBIHU [;; TIPUTOYHOTO
BO3/1yXa JJI XOJOJHOTO MEPHUOJa ToJla BHIYUCISIOT MPEIBAPUTEIHHO
W3 YpaBHEHUS

I =1 -
n y s
0,278-G,,
rae [y — SHTaNbNUs BO3yXa, YXOISIIETO U3 MOMEIIEHUS B XOJIOJHbII
MEepUO/I ro/ia, KOTOPYIO OMPEACIISIOT MO MOJIOKEHHUIO TOUkH Y Ha I-d-

muarpamme, kJDx/kr; Q)" — cyMMapHbIe MOJHBIE TEIUIOU30BITKU

XII

y— i (3.14)

B ITIOMEILEHNHU B XOJOIHBIN nepuosa roaa, Bt; G, — Ipou3BoaUTENb-
Hocth CKB B Termibiii mepuo roja, Kr/d;

— Ttouku O, pacrnosOKEHHOW Ha MEpPEeceYeHUH JIMHUU dy C JIn-
Hue ¢ = 90 %;

— Touku K, pacrnoniokeHHOI Ha mepeceuyeHuu JIMHUM dy C U30-
SHTAJILIOH /.
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Bce 6a3zoBble TOUKHM HaiifieHbl. VX COCTUHSIOT MPSMBIMH JTH-
HusMH (puc. 3.2).
I

K JDK/KD

=100 %

tu

T e

d

8
r/Kr C.B

Puc. 3.2. Ilpsamorounas cxema CKB 14 xonmogHoro nepuosa

@usnyeckud CMbICT OTpe3koB cienyromuii: HK — Harpes
BO3/yxa B BO3JyxoHarpeBatesie nepBoi crynenu, KO — aguabdaru-
yeckoe oxjaxJeHue Bozayxa, OIl — HarpeB Bo3gyxa B BO3yXO-
Harpesatese BTOpoil crymenu, [IBY — mponecc musmeHenus co-
CTOSIHUSI BO3/1yXa B IOMEIICHUHU.

Pacxon TemioTel B mepBOM BO3IyXOHArpeBatene, kJx/4, or-
pEAENSIOT 0 YPaBHEHUIO

QBH]Z GTH([O_[H)- (315)

Pacxon TemnmoTtel BO BTOpPOM BO3ayXOoHarpemarene, KJ[x/d,

ompenenstoT mo Gopmyie
Oso= Gu(l—1o). (3.16)

KonudecTBo BOJBI, KI/4, UCTIAPUBIICHCS MIPH aquabaTHIecKOM
yBiIakHeHUU Bo3ayxa B OK®:

Wien= G(do—dy) 10-3- (3.17)

3.2.4. Cxema CKB c nepBoii peuupkyJasuuei
AJIS TEMJIOro nepuoja

[Ipennaraercs ciaeayromui MOpsAI0K MOCTPOEHU MpoLEecca Ha
I-d-nuarpamme:
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— onpenenenue noyoxenus touek H, B, I, IT', O, V;

— ONpeieNICHNE MOJIOKEHHSI TOUKH Y' (T. €. COCTOSHUSI PELUPKY-
JSILIMOHHOTO BO3/yXa IEPEe €ro CMEUIMBAHUEM C HapyKHBIM BO3Y-
XOM), JUIS Yero OT TOYKH Y 10 JIMHUU d = const OTKJIQJbIBAIOT BBEPX
otpe3ok B 0,5 °C;

— touka C (TO ecTh COCTOSIHUE BO3JyXa IOCJIE CMEIIEHUs pe-
LHUPKYJISLUOHHOTO BO3yXa ¢ HapyXHbIM Bo3ayxoM). Touku V' u H
COCIMHSIOT IIPSAMO.

Otpesok Y'H xapaktepusyer mpoluecc CMEIIMBaHUs pelup-
KYJSIIUOHHOTO W HapyKHOTO Bo3ayxa. Touka C HaxomuTcs Ha
npsmoit Y'H (Ha nepeceuennu c ).

OHuTanenuio /., KJHx/Kr, Touku C BEIYUCISAIOT 110 YPaBHEHUIO

G, -1,+G, -1,
I = Py (3.18)
GTl'l
rae Gip — pacxo/ BO3/1yXa MepBOi peuupKyISIIUH, KI/4:
Gip= Gu—Gu. (3.19)

Touku C u O coenunstoT nipsmoil. [lomydauBuIniics oTpe3ok

CO xapakTepusyeT MOJMUTPONHUUYECKUN MPOLECC TEIMIOBIAKHOCT-

HOM 00paboOTKH BO31yXa B OpOCHUTEIBHOW Kamepe. Bce 0azoBbie

TOYKHU HaWJieHbl. IX COeTUHSIOT MPSAMBIMH JIMHUAME (puc. 3.3).

I,

KJK/KT

i

tn

©=90 %

m

S

dn=do de d.

i
T/KT C.B

Puc. 3.3. Cxema CKB 14 Tenoro nepuoja ¢ nepBoi pelupKysiuen
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Pacxon TeroTel B BO3ayXoHarpeparese, kJ[k/4, OMpeieNsioT 1mo
ypaBHeHuto (3.11), pacxox xonona B OK® onpenessitor o ypaBHEHHIO

e G (1 -1,). (3.20)

KOJII/I‘ICCTBO CKOHI{GHCHpOBaHHBIX HapOB BOJbI U3 BOSIIyXEl B
OK®, xr/4, paBHO:
W=Gru(de— do) 107. (3.21)

3.2.5. Cxema CKB c nepBoii peuupkyasuueit
AJIS1 X0J10/IHOTO NEepHOo/Ia

JInisi XOJIOAHOTO TIEPHOAa roJa BO3MOXKHO NPUMEHEHHE JIBYX
BapHaHTOB CXEM C PEUUpPKYIsALueil Bo3ayxa: I eapuanm — cMeIInBa-
HUE HApPYXHOTO M PEUUPKYISIUOHHOTO BO3/yXa IMPOU3BOIAT JI0
nepBoro BozayxoHarpesatens (puc. 3.4, a) u Il sapuanm — cmeun-
BaHWE HAPYKHOTO U PELUPKYIAINUOHHOIO BO31yXa IMPOU3BOLAT IIO-
cJie mepBoro Bo3ayxoHarpesarens (3.4, 0.).

Paccmotpum 1 sapuanm.

1, 1,
KJDK/KT KkJIK/KT

¢=100 %

=

d, dc d,
r/Kr ¢c.B /KT C.B

Puc. 3.4. Cxempt CKB 151 X0110IHOTO Tiepro/ia C TIEPBOM PEITMPKYIISIIMCH:
a — CMCIIMBAHHWE HAPYXHOIO U PCHUPKYIALNMOHHOIO BO3aYyXa
OCYLIECTBIIECTCS JI0 TIEPBOT0 BO3AYXOHATPEBATENS;, O — CMEIIH-
BaHUC HAPYKHOTO U PEIUPKYISIIIMOHHOTO BO3/1yXa OCYIIECTB-
JISIeTCs TTOCTIe TIEPBOro BO3AYXOHATPEBaTENS
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[Ipennaraercs cuenyromuid MNOPSAOK IMOCTPOEHHUS Mpolecca
CMEIINBaHMs BO3/lyXa Ha /-d-Tuarpamme BIIaKHOTO Bo3ayxa [1]:

— onpenenenue nojoxenus Touek H, B, V, I1, O;

— omnpezenienne noyoxeHus: Touku C (T. €. COCTOSTHUSI BO3/yXa
II0CJIE CMEIINBAHNS HApPYKHOT'O BO3/lyXa C PELUPKYISILIUOHHBIM).

Toukn H 1 YV coenuHsIOT IpsIMOM.

Otpe3ok HY xapaktepusyeT mpolecc CMEIINBAHUS PELUPKY-
JSUUOHHOTO U HapyXHOTO Bo3ayxa. Touka C HaxoauTCs Ha NPSIMOU
HY (na nepeceuenun ¢ uzod’HTaNbNON /). Benuunny /. onpenenstor
10 YPaBHEHHUIO

I G, 1,+G, 1, .
‘ G

T

(3.22)

Benuuuny G, onpeaenstoT no ypasHeHuto (3.19);

— OoIlpeleyeHne MNOJoKEeHUsT Touku K, Xapakrepusyrolein co-
CTOSIHME BO3]lyXa Ha BBIXOJE M3 IIEpBOro Bo3ayxoHarpesarens BHI
Y HaXOJAIIeNCs Ha EPEeCeUCHUU JIMHUU d = const ¢ U309HTAIBIION /.

Takum oOpazom, otpe3ok HY ompenenser nporecc cMmemmba-
HUSL HAPYXKHOTO U PELUPKYIAIHOHHOTO Bo3ayxa, CK — HarpeB Bo3my-
Xa B BO3JIyXOHAarpeBaresne nepBoii cryrnenu, KO — 00paboTKy Bo3myxa
B opocutenbHoU kamepe, OIl — HarpeB Bo3ayxa B BO3AyXOHarpeBare-
Jie BTOpou crynenu, [IBY — npouecc n3aMeHeHust COCTOSHUS BO3AyXa
B IMOMEIIICHUH.

Paccmotpum I 6apuanm (HapyXHBIH ¥ PELUPKYJISIIMOHHBIN
BO3JIyX CMEIINBAIOTCS MOCIIE IIEPBOTO BO3IyXOHArpeBATENs).

[Ipennaraerca cieayromuii MOPSAOK NOCTPOECHUS MPOLIECCOB
Ha [-d-nuarpamme:

— onpezenenue nonoxenus touek H, B, ¥, I1, O;

— omnpezesienne nosioxeHus Touku C (T. €. COCTOSIHUS BO3AyXa
MOoCJ€ CMEIIMBAHUS HAPYKHOTO BO3AyXa, MPOIIEIIIEr0 Harpes
B IEpBOM Bo31yxoHarpeBarene BHI, ¢ yxoxpdmmum U3 nomeunieHus
BO3JIyXOM), PACIIOJIOXKEHHON Ha MEPECeUEeHUN U303HTANbIbI /, C JH-
HUeW d= const; YUCIECHHOE 3HAYCHUE d; BEIYUCISIOT U3 YPaBHEHUS

_ G, d,+G, -d, : (3.23)
¢ G

T
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— OIpelIeJIEHNE MOJI0kKEeHNs Touku K, Haxoasmencs Ha nepe-
CEYEHUU JTUHUM d, = const ¢ npogonkenuem npsimoit YC.

Takum obOpaszom, orpe3ok HK ompexgensieT mpoiiecc HarpeBa
Hapy>KHOTO BO3/lyXa B IIEPBOM Bo3ayxoHarpesareise, KY — npouecc
CMCIIMBAHUA HArpC€TOro HApy>XHOIo U pCUOUPKYIALNUOHHOTO BO3AY-
xa, CO — nmpouecc aanabaTUuecKOoTro yBIaXXHEHUsI BO3AyXa B OpO-
cutenbHoi kamepe, OIl — mpoiecc HarpeBa Bo3ayxa BO BTOPOM
Bo3ayxoHarpesarene, [IBY — npouecc B momenieHuu.

Ilpumep 3.1. OnpenesieHue napaMeTpoB NPUTOYHOTO
U Y1JI151eMOr0 BO3/1yXa B 3pUTEILHOM 3aJ1e KHHOTeaTpa

Hcxoonvie oannvie

1. 3an kuHOTEaTpa MMeeT rmromams 400 M” i BHICOTY 6 M.

2. Temnepatypa Bo3ayxa #; = 18 °C, oTHOCUTENbHas BIaX-
HOCTB BO31lyxa ¢ o = 60 %.

3. BeimeneHusi MOJMHOM TEIJIOTHI B MOMEIIEHHE COCTABISIOT
55000 BT, xomuuecTBOo sBHOM TemwioTel — 51000 BT, BiaroBniacie-
Hus — 12 kr/4.

4. ITapaMeTpsl TPUTOYHOTO U YAAISIEMOTO BO3ayXa HEOOXOIu-
MO OTPENETUTh JUIsl ABYX BapUAHTOB: a) €CIU BO3JIyX MOJACTCS Ye-
pe3 1iadgoHsl; 0) ecau BO3AyX MOJaeTCs HEMOCPEJICTBEHHO B pabo-
4yl0 30HY (Ha BBICOTY 1,5 M OT moa).

Ilopsaoox pacuema
1. B cootBercTBMM ¢ moapasd. 3.1.5 mapaMeTpsl MPUTOYHOTO
BO3JlyXa MOTYT OBbITh ONIpeEIIeHBI 110 YpaBHEHHUIO (3.9):
a)t, =18 - 10=8 °C.
0) t =18—-2=16 °C.
2. OnpenenuM yaenbHbIE BBIJACIEHHS SBHOM TETIOTHI TIO (op-
myie (3.6)
~ 51000

q, = 21,25 Brivr'.
400-6
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CornacHo ypaBHeHuto (3.5) u tabn. 3.4 temneparypa ynaise-
MOTO BO3/yXa COCTaBUT:
— JUTSI TEIUIOTO TEePHOa Toa
ty,=18+1,2(6 - 1,5)=23,4°C,
— JUTSL XOJIOZHOTO TepHoa
ty,=18+0,3(6 - 1,5)=19,4 °C.
3. OnpenenyM YHCICHHOE 3HAYCHHUE YTIIOBOTO KOA(pHUIMEHTA
nyda miporiecca. B cootBerctBuu ¢ ypaBuenuem (3.10)

€ :w =16500k/Ix / Kr.

Ha /-d-nuarpaMMe BiIakxHOTO BO3AyXa OIIPEIEIUM TOUKY By,
OTBEYAIOIIYIO HAYaJIbHOMY COCTOSIHHIO Bo3ayxa (puc. 3.5).

I,
KJDK/KD

t=18°C

=100 %

=ocl

d,
/KT C.B

Puc. 3.5. K npumepy 3.1

3ateM ompenenseM IOJOXKEHUE JIMHUHM, COOTBETCTBYIOLIECH
3HayeHnto € = 16500 xJDk/kr (Ha pHCYHKE NYHKTHpHAs JIMHUSA),
npoxojsauieit uepes Touky (0 °C, d = 0), coenunsis Touky 0 °C Ha ocu
I ¢ nuaneit 16500 Ha mKane yrioBbIX KOA(QPUIINEHTOB, HAHECEHHBIX
0 TIepUMETPY /-d-narpamMMbl BIIYKHOTO BO3yXa.

Yepe3 Touky By mpoBoaMM JHHHMIO, MapauIeIbHYIO MyHKTHP-
HOW. DTa JHMHUSA SBJIAETCS Jy4OM TIpOIIecca W3MEHEHHs COCTOSHHS
BO3/lyXa B IOMEILEHUU.
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Ilpumep 3.2. Onpenenenne npoussoautenbHoctu CKB nis 3ama
3acenanmii Ha 200 mecT

Hcxoonvie oannvie
1. TemonocTymaeHusl B NOMEILIEHUE M3BHE (3a CYET COJIHEU-
HOW pajaualuM, BKJIIOYAIONIEH UM KOHBEKTHBHBIM TEINIOOOMEH) CO-
cTaBysitoT 6 KBT.
2. Temmeparypa BHyTpeHHero Boznayxa f, =20 °C, oTHOCH-
TeNbHas BIAXXHOCTh Bo3ayxa ¢ 5 = 50 %.

3. BeicoTa 3a1a — 5 M, 06beM 3a1a — 540 M’, IPUTOYHBIH BO3-
JyX To1aeTcst B pabouyro 30HY.

Ilopsaoox pacuema
[IpousBenem moctpoeHue Jyda mpouecca Ha [-d-nmuarpamme
(puc. 3.6).
1. Onpenenum Touky B (20 °C, 50 %), COOTBETCTBYIONIYIO CO-
CTOSTHUIO BHYTPEHHETO BO3/1yXa Ha /-d -nuarpamme.

1,
jIPVINY
25,3°C
20°C
18°C

dy=17.8
dn=T7 d,

s
/KT C.B

Puc. 3.6. K npumepy 3.2

2. OnpenenuM TEIJIOTOCTYIUICHUSI, BJIArONOCTYIUIEHUS U TIO-
CTYIUIEHUE YJIIEKHUCIIOTO Ta3a OT JIOJICH U3 BBIPAXKEHUI
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o™ =n g™, Br, (3.24)

O =n-q"",Br, (3.25)
W =n_-w ,r/4, (3.26)
M, =n-m ,Br, (3.27)

ABH T10J1

TJe Ny — YUCIO JONH; ¢, , q.°", Wa, M, — Y/CTBHBIC TCIIOBBIIC-

JICHUS], BIIAaTOBBIJICIICHUS M BBIJCICHUS YTIIEKHUCIOTO ra3a OT JIFJIEH,
npuHuMaemsle 1o tad. 3.1. [1].

Q0" =200-87=17400BT,
Q" =200-116 =23200Br,
W, =200-40=8000r/u= 8 kr/4,
M _ =200-40=8000T /4= 8 kr/u.

3. Ompenenum nyd nporieca € 1o dpopmyne (3.10):
3,6 (23200 + 6000)

8
4. TlpoBexeM Jyd mporiecca JUIsi MMOMELIEHHUs 4yepe3 Touky B
(cm. puc. 3.6).
5. OmpenenuMm TemIeparypy NPUTOYHOTO BO3AyXa f; Mo ¢op-
myie (3.9):

€

=13140xIx / xr.

ty =20 —2=18 °C.
6. Ompenenum TemIieparypy yAajaseMoro Bo3ayxa fy 1o Qop-
mye (3.5):
t,=20+1,5(5-1,5)=25,3°C,
rae 1,5 °C/M — rpaiieHT TeMIiepatypsl, omnpezesneH mo taom. 3.4, uc-
XOJIS1 U3 YJICIBbHBIX BBIJICIICHUH SIBHOU TEIJIOTHI B IIOMEIICHHH.
VYaenvHBIC BBIACICHUS SIBHOW TEIUIOTHI OTMPEICISIOT 1o Gop-
myie (3.6)
17400+ 6000
=T 540
7. Onpenensiem Touku 11, YV Ha nyde npouecca (cM. puc. 3.6).

=43,33Bt /M.

201



8. OmpexnenseM [Uisi IPUTOYHOTO M YAAISEMOIO BO3JyXa HX
SHTaNBINU (I, Iy ) 1 Bnarocoaepxanus (dy, dy ) (cM. puc. 3.6):
I, =36 xJIx/xr, I, = 45,1 xIx/xr, dy = 7 v/xr, dy =7,7 T/KT.
9. Onpenensiem MaccoByro mpomBoauTenbHOCTE CKB (00bemMHas

npoussourensHocts CKB onpenensiercs pu p .. =1,2 kr/ M):

a) 1Mo M30BITKaM MOJIHOTO Terwia mo gopmyme (3.1)
G 3,6 (23200 + 6000)

Y 451-36
0) o m30bITKaM SIBHOTO Terwia 1mo ¢opmyie (3.2)
3,6 (17400 + 6000)

' 1,005-(25,3-18)

B) 1o n30bITKaM Biiaru mo gopmyie (3.3)

G, = 2990 _ 11429 wrfu (9524 v )
7.7-7

=11552 kr/u (9627 v’/a);

= 11482 xr/4 (9568 M>/u);

9

r) o ynanenuto CO; o gopmyne (3.4).

_ 128000 _ 441 v (2867 /1),
3,7-0,9

Kak BUIHO U3 MpHUBENEHHBIX pacueTOB, HANOOIBIIAS TIPOU3BO-
mutenbHOCTh CKB cooTBETCTBYET yCIOBUIO yaleHUsI MOJIHBIX TEIl-
JIOU30BITKOB, €€ B JJAHHOM CJIy4ae CJIe1yeT MPUHATh MIPU MPOEKTHUPO-
BAHUM TUIIOBOW CHCTEMBI KOHIUIIMOHUPOBAHUS BO3IyXa.

4

Ilpumep 3.3. Onpenesenue npouspoaurtebHoctu CKB
MO0 YCJOBHUIO YIAJIEHUsI MOJHBIX TeIIOH30bITKOB

Hcxoonvie oannvie
1. TemonocTymieHHsT W IapaMeTpbl BHYTPEHHErO BO3ayXa
MIPUHSATD [0 YCIOBUSAM MPEIbIYILEro npuMepa (mpumep 3.2).
2. [loavya mpuTOYHOTO BO3/IyXa OCYIIECTBIISIETCS. HA BHICOTE 4 M.

Ilopsaoox pacuema
1. OmpenenuM TeMriepatypy NPHUTOYHOTO BO3IyXa COTJIACHO

dopmyme (3.9):

202



th=20—-6=14°C.
2. Ompenenum MaccoByro mpousBoautenbHocTh CKB mo ¢op-
myie (3.1) (o6bemuas npousBoautenbHocTh CKB onpenensercs npu

=1,2 kr/M):

3,6(23200+ 6000
G, = ( )=7455 Kr/4 (6213 M /4).
45,1-31,0

Kak BUIHO W3 CpaBHEHUs YUCIICHHBIX 3HAYEHUN INPOU3BOJIH-
tenbHOcTell CKB B npuBeNeHHBIX NPUMEPAX, YMEHBIIUTh BO3/1yXO0-
oOMeH 1 rabapuThl BEHTHISIIHOHHOTO 000PYI0BaHUS MOXKHO 32 CUET
MOBBIMICHUST Af ;op — TOMYCTUMOM Pa3HOCTH TeMIIEpaTyp. ITa Xapak-
TEPUCTHUKA OIpEAEIseTCs] BBIOOPOM CXEMBI BO3AyXOpaCIpeaeIeHHs
B IIOMEIIEHUU.

p+20 ‘C

Ilpumep 3.4. llocTpoeHue npouecca 00padoTKH BO3AyXa
Ha I-d-nuarpamMmMe BJIQ’KHOTO BO31yXa
JJ15l IPAMOTOYHOM CHCTEMbI KOHTUIIMOHUPOBAHUSA
BO3/IyXa B TeILIbIil epuoj rojaa

Hcxoonvie oannvle
1. [TapameTtpsl BHyTpeHHero Bo3ayxa t, = 21 °C, ¢ 5= 50 %.
2. ITapameTpsl Hapy)HOTO Bo3ayxa t; = 28 °C, I, = 54,4 xJ[K/KT.
3. Termnous3ObITKH B noMenieHnu coctasisgioT 48400 Br, Baa-
rou30bITKH — 10,3 Kr/4.
4. IIpuTOUHBIN BO3YyX MOJIAETCSI HETIOCPEJCTBEHHO B Pab0oUyIo
30HY TTOMEIICHUS.

Ilopsaoox pacuema
OmnpexensieM YHCICHHOE 3HAYSHHE YTIIIOBOTO Kod(dunmenTta
myda mporecca € 1o dpopmyre (3.10):
€= 3,6-48400 =16917 xJIx/kr.
10,3
Ha /-d-nnarpamme Bia>kHOTO BO3/yXa OMpPEEIIsieM MOJI0OKEHUE
touek B, H u uepe3 Touky B npoBoaum syd miporecca (puc. 3.7).
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KJDK/KT
28°C
21C

19°C

dn=7,6 d.

A
T/KT C.B

Puc. 3.7. K npumepy 3.4

OmnpenensieM nosioxkeHue Touek 11 Ha mepeceyeHnn N30TEPMBbI
19 °C ¢ my4om npouecca.

Temmneparypa MpUTOYHOTO BO3AyXa OIMPENEIUTCS MO BBIpaXe-
Huto (3.9)

t, =21-2=19°C.

W3 moctpoenus vaxomum I, = 38,5 xJIx/kr, dy = 7,6 T/KT.

Omnpenensem mnosioxkeHne Toukn O Ha mnepeceueHuu d, M
¢ =90 %. CornacHo noctpoenuro, I, = 31 xJK/Kr.

OmnpenengeM mnosnoxeHue Touku II' , cooTBercTByMOLIEH CO-
CTOSIHUIO BO3/lyXa Ha BBIXOJE M3 BO3AyXOHarpeBaTeliss BTOPOH CTy-
neHu. /s 9Toro oTKIaAbIBaeM OTPE30K BEPTUKAIBHO BHU3 OT TOYKH
ITna 1,5 °C. U3 noctpoenust Haxoaum I = 37 k/Ix /kr.

Coemunsem 6a3oeic Touku H, O, IT', I1, B.

Takum oOpaszom, otpe3ok HO ompenensier mporecc B dopcy-
HOo4HOU Kamepe, OIl' — HarpeB Bo3/lyXxa BO BTOPOM BO3/lyXOHarpeBa-
tene, I1'TI — HarpeB Bo3ayxa B BeHTUIsATOpE, [IB — mpouiecc B nome-
119317078

Pacxon TemnoTsl B BO3yXOHAarpeparese omnpejaenseM 1o Gop-
myiie (3.11). Pacxoa mpuTo4HOTO BO3/IyXa HAXOIUM TI0 BBIPAXKEHUIO
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G :M, (3.28)
[B _Il'l
~3,6-48400

= =62228,6 xr/u.
41,3-38,5

Torma

Qe = 62228,6 (37 —31) =373371 xJIx/g (103,7 xBr).
Pacxon xonona onpenensiem mo dopmyse (3.12):
Oxon = 62228,6 - (54,4 —31) = 1456149,2 x/Ix/a (404,5 xBr).

Ilpumep 3.5. Onpenesienue pacxoaa TenJ0Tbl U BOAbI
AJIS1 TeIJIOBJIA’KHOCTHOI 00padoTK BO31yXa
B xos104Hb1i nepuox B CKB, paGoraromieit
10 NPSAAMOTOYHOI cxemMe

Hcxoonvie dannvie
1. TTapameTpsr HapyXHOTO Bo3ayXa t; =—40 °C, I, =—40,2 kJx/KT.
2. PacueTHble mapaMeTpbl BHYTPEHHEro Bo3ayxa f, = 22 °C,
¢, =55 %.
3. Temneparypa ynansemoro Bo3ayxa f, = 24 °C.
4. Tennonocrymiuenus B noMemenun QO = 250000 xJlx/4;

BIIATOTIOCTYIUICHUS B ToMeneHuu W = 12 kr/u.
5. Pacxon mputounoro Bo3znyxa G = 30 000 xr/u4.

Ilopsaoox pacuema
OmnpenenseM yriaoBoi kK03 PUIMEHT Jiyda Tpolecca B TOMe-
mieHuu o gopmyie (3.10):
. 250000

= 20833 kJIx/kr.

N3o6paxkaem mporecc 0OpabOTKU Bo3ayxa Ha I-d-quarpamme
coryiacHo nojpasa. 3.2.3 (puc. 3.8).
HJISI OMMPCACIICHUA TOJIOKCHUA TOYKH I1 BEIUMCIIUM >HTAJIL-

MU0 TIPUTOYHOTO BO3ayxa 1mo dopmyie (3.14):

I, =48 — 250000 =39, 7 xJ[x/xr.
30000
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1,
KJDK/KT

24C
22°C

d,
T/KT C.B

Puc. 3.8. K npumepy 3.5

N3 moctpoenus ompenensem [, = 48 xx/xr, I, = I=
= 36,7 xJlx/kr, dy = dx = 0,1 r/kr, dy = 9 T/KT.
Pacxon TennoTsr:
— B BO3J/IyXOHarpeBarese nepBou crymneHu corjacHo (3.15)
Osu1 = 30000 (36,7 +40) = 2301000 x/x/a (639,2 KBr);
— B BO3JIyXOHarpeBaTesie BTOpoi cTyneHu coryiacHo (3.16)
Qw2 = 30000 (39,7 — 36,7) = 90000 x/Ix/4a (25 KBr1);
— KOJIM4ECTBO BOibl, ucnapsomeiics B OK® cornacuo (3.17)
Wien = 30000 (9 —0,1)10 ? = 267 kr/u.

Ilpumep 3.6. Onpenenenue pacxoaa xosaona aisa CKB,
padoTaronieii ¢ 0AHON penMpKyJIsiuen

Hcxoonvie oannvie
1. Bce pacderHble mapameTpsl NMPHUHSITH, MCIOJB3YS JTaHHBIC
npumepa 3.4.
2. Pacxos Hapy»XHOTO BO3/yXa MPUHATH paBHBIM 25000 Kr/4.

Mopsinok pacuera
Ha /-d-pnarpaMme BiaXHOTO BO3/IyXa OIpesiesisieM MOJIoKEHHE TOU-
k1 C, COOTBETCTBYIOIIEH COCTOSIHHIO CMEIIIAHHOTO BO3yXa (CM. puc. 3.7).
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Touka C naxoautcs Ha npsmoit HB npu nepeceuenuu ¢ uzo-
SHTAIBION /., ompeaenseMoit mo ¢popmyie (3.18):
G,-1+G, -1
[ ___H H P B

9

¢ G
25000-54,4+(62228,6—25000)41,3
I = =46,6 xJx/kr.
62228,6

Pacxon1 xonoa pu pelupKyIISIy Bo3ayxa rmo dopmyrie (3.20)
P =62228,6 (46,6 — 31) = 970766,2 kJx/4 (269,7 kBT).

XO0JI
Kak BugHO u3 npumepoB 3.4 u 3.6, Ipu peUpPKYIIAIUN BO3IyXa
IIPOMCXOAUT SKOHOMMUS pacxojia xonoaa. CHIKEHHE pacxo/ia X010/a

AQXOJ‘[ = onn - )I():;[’ (329)
AQ,., =404,5-269,7 =134,8 KBr.

Ilpumep 3.7. OnpenejieHue BO3MOKHOCTH MOAMEIIUBAHUSA
PeUMpPKYJISIIHOHHOTO BO31yXa Iepes
BO31yXoHarpesareJjieM nepsoii cryneiu B CKB
B XOJIOJHBIN NEePHOJ

Hcxoounvie oannvle
1. PacueTHble mapaMmeTpsl Hapy)KHOro Bo3ayxa fy = —39 °C,
dy = 0,1 v/xr, I, = 38,9 xJx/KT.
2. I[TapameTpsl BHyTpeHHero Bo3ayxa t; = 20 °C, ¢, = 50 %.

3. Temneparypa ynansemoro Bo3ayxa pasHa 24 °C.

4. Pacxonx mputoyHoro Bo3ayxa — 45000 kr/4. Pacxon Hapyx-
HOTO Bo3ayxa — 29000 kr/4.

5. Tlonuble Ternon3ObITKM B nomemnieHuu pasHbl 160000 Br,
BIArou30bITKH — 31 Kr/u.

Ilopsaoox pacuema
OmnpenenyM 4YHCICHHOE 3HAYEHHE YTIIOBOTO KO3 (HUIMEeHTa
Ty4a mporiecca B nomerniennu no gopmyie (3.10)

€= 3,6-160000 =18581 xJx/kr.
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[Toctpoum cxemy nporecca CKB ¢ nepBoii pelupKysiue npu
MOAMEILINBAHUN PELUPKYIALUOHHOTO BO3/yXa Iepel BO3AyXOHarpe-
BaTeJIeM MEePBOH CTYMEHH coTiiacHO moapasf. 3.2.5 (puc. 3.9).

L N

s

KJK/KT

24°C
20°C

o

19C

\ 4

du=0,1 dc:2,8 dy=776 d,
T/KT C.B

Puc. 3.9. K npumepy 3.7

DHTAIBIUIO IPUTOYHOTO BO3TyXa BEIUUCIM TI0 (opmyre (3.14)

__ 160000 =30,7 xJx/kr.
0,278-45000
OmnpenenumM BrarocoAep:kaHue BO3MYIIHONW CMECH MOCie TO-
MEIIMBAHUS PEIHUPKYJSAIMOHHOTO BO3JyXa K HApYKHOMY BO3IyXY

o gopmye (3.23)
4 29000-0,1+ (45000 - 29000) 7,6
¢ 45000

Kax Bunno u3 puc. 3.9, rouka C, xapakTepHu3yromias COCTOSTHUE
BO3/YIIHOM CMecH Tepel BO3IyXOHarpeBaTejeM IepBOi CTYIeHH,
nexut Hwke auHud @ =100 % . Bo3aymHas cMech COOTBETCTBYET

I =435

n

=2,8 r/KT.

HACBINEHHOMY BO31yXy Tipu ¢~ —11 °C.
B peanbHbBIX YCIIOBHSIX B 3TOM BO3AyX€ MPOM30WIET KOHJIEHCA-
LIMs BOJSIHBIX TApOB ¢ 0Opa3oBaHNeM CHEXXMHOK. Ha Bxozie B Bo31yxo0-
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HarpeBarenb Oyner 0Opa30BBIBATHCS <JIeAdHas IIy0a», 4TO MOXKET
MPUBECTHU K €r0 MOJIOMKE (3aMOPO3UTh BO3/IyXOHAIrPEBATENb).

JUist JaHHBIX YCIIOBHM yKa3aHHas cxeMa 00paboTKU BO3/ayXa He
MOJKET OBITh PEKOMEH/IOBaHA.

PaccmorpuM npyroit BapuanT. HapyxHblli BO3LyX IpeaBapu-
TEJIbHO HAarpeBaeTcsi B BO3JyXOHArpeBaTele IEpBOM  CTYNEHU
Y TOJIBKO 3aT€M K HEMY IOJMEINBACTCSA PELUPKYISALMOHHBIN BO3IyX.

B cootBercTBHM Cc moapazn. 3.2.5 ompenenuM COCTOSIHME Ha-
PYXKHOTO BO31yxa mocie Bo3ayxoHarpesatens (touka K). Ha [-d-
nuarpamme (puc. 3.9) ormeruM Touky C', exaniyro Ha epecedeHun
u3oMHul, d. = 2,8 v/xr u I, = 27,5 xJIx/kr.

Touka K onpenenurcs Ha nmepeceuyeHUH W30JIMHUM dy C TPO-
nojkeHueM otpeska YC'.

Kak BuznHO U3 puc. 3.9, npeaBapurenbHblii HArpEB HapyXHOTO
Bo3ayxa 1o 19 °C u nmocnenyroniee moAMEIIMBaHUE K HEMY 4YacTH
yIaJIsieMOro BO3AyXa MO3BOJISET MOJIYYUTh cMech ¢ @~ 18 %. Oty

CXEMY MOJKHO PEKOMEHI0BATh [l pealu3alii Ha IPaKTHUKE. 31ech
TEIUIOBJIAXXHOCTHast 00paboTKa BO3IyXa BKIIIOYAET CIEAYIOLINe dTa-
nel: HK — narpeB HapyxxHoro Bo3ayxa B BH1; KV — cmemenue Ha-
PYXKHOTO U penupKyIsinMoHHOro Bosayxa; C'O — agmabGatuueckoe
yBiaxHeHue Bozayxa B OK®; OIl — narpes Bo3nyxa B BH2; [IBY —
IPOLECC B IOMEILCHUH.

Ilpumep 3.8. OnpenesieHue BO3TyX000MeHa 3pUTEIHHOIO 32712
kuHOTeaTpa Ha 300 mect r. MOCKBBI
AJI MIPOEKTUPOBAHMSA CHCTEMbI BEeHTHISI UM

Hcxoonvle oannvle
1. BricoTa 3ana 5,5 m, mmomaas 273 M.
2. TemnonoTepu uepe3 OTrpakJIeHUS B 3UMHHUI MEPUOJ PABHBI
70000 xJIx/4.
3. TenonocTymieHus: OT COJIHEYHOU paguanuu (4epe3 OCTeK-
neHue u nepexpuitus) 12500 xJx/4.
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Onpenenuts MUHUMAIbHO HEOOXOAMMOE KOJMYECTBO MPUTOY-
HOro Bo3ayxa mo 6oprbe ¢ CO,. C 1enblo SKOHOMHUU TEIJIOBOM
SHEPrUM MPENYCMOTPETh OPraHU3AlMI0 PELUPKYIISIIMA BHYTPEHHETO
BO3JlyXa U ONpPEAENUTh ero konuuecTBo. [IponsBectu pacuer Temio-
BOl MOIIHOCTH Kanopudepa s MOJOTPEBa HAPYKHOTO BO3ayXa
B 3UMHMM NIEPHO/J] C PELUPKYIISLHUEN U 0€3 peLUPKYIIALUY.

Ilopsaoox pacuema

Pacuer npousBoauTCs cHauana Jjisl JIETHETO (TEIUIOTr0) MEepUo-
Jla TOJ1a, 3aTeM ISl 3MMHETO (X0JIOJHOTO).

1. Onpenenum pacyeTHbIe apaMeTpbl BEHTUIISIIIMOHHOTO BO3/TyXa.

s mennoeo nepuooa 2oda: (o nmapamerpam A)

— HapyXHas TemIeparypa £, = 22,3 °C (tabu. 3.5);

— sHTansmus I, = 49,4 kJHx/kr (Tabu. 3.5).

— TeMIiepaTypa BHYTPEHHETrO BO3JyXa OIpelesieTcs Mo JIaH-
HBIM Tabm1. 3.3, °C,

ts= 1t +3 =223 +3 =253 °C.

OTHOCUTENbHASA BIAXKHOCTH JOJDKHA OBITH HE BhIle 65 %,
CKOPOCTh JBWKEHHUS BO3JyXa HE JOJDKHA mpeBbimath 0,5 M/c st
TerIoro nepuosa roja (cm. tabm. 3.3).

s xonoonoeo nepuooa: (1o napamerpam b)

— Hapy)XHas TeMmrepaTypa t,"= —26 °C;

— sHTaNbnus I=—25,3 kJK/Kr;

— TemIeparypa BHyTpeHHEro Bo3ayxa t, = 16—18 °C (tabm. 3.6).
ITpumem £, = 18 °C.

Tabauya 3.5
PacueTrHble mapaMeTpbl HAPYKHOTO BO3yXa
41 . MockBbI [15]
A b
Ilepuon rona
t,, °C 1., xJx/xr t,, °C 1., xJ[x/xr
Temnprit 22,3 49,4 28,5 54
XoIoaHbIH -14 -11,7 -26 -25,3
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Tabauya 3.6
PacueTHasi TeMnepaTypa Bo3ayxa U KPaTHOCTb
BO3/lyX000MeHAa B 3pUTEJILHOM 3ajle KHHOTeaTpa

KpatHOCTB BO31yX000-

PacuerHast TeMIie- | viena wnm konudecTsa
aTypa BO3/LyXa

I[ToMemeHe paTypa BO3yXa | posjyxa, yJaisieMOro 3

JUTSL XOJOITHOTO e ——

nepuoja roxa, °C
MIPUTOK BBITSDKKA

Io pacuery, HO He MeHee
16—18 20 M/a HapY>KHOTO BO3-
Jyxa Ha 1 3putens

3pHUTENBHBIH 3271 BMECTHMOCTEIO 110 800
MECT C 3CTpajon

2. BbINOIHMM pacdeT mapamMeTpoB IS TEIJIOro Neproja roja.

11071

, monmHo¥t Q" Terwo-

I

1) Onpenenum KOJIU4YECTBO siBHOW Q7"

I
TBl W Biard W, BbIIENsAeMOE IOJbMHU B 3pUTEIHLHOM 3ajie IPHU
t,= 25,3 °C g cocTosiHUS MOKOS 10 BeIpaxkeHusiM (3.24) — (3.26):

0™'=300 - 58 = 17400 Br = 17,4 kB = 62640 JIx/4;

Q™" =300 - 93 =27900 Bt = 27,9 kBt = 100440 x/[x/4;

W,=300 - 50 = 15000 r/g = 15 xr/u.
2) OnpenenumM 3HaYEHUE YIIIOBOTO KO PHIMeHTa (JTyya Mpo-
necca) o ¢opmyne (3.10), mpu 3TOM HU3OBITKH TIOJHOW TETIOTHI,
k/[)x/4, B MOMEUICHUHN OTIPEIENISIOTCS U3 BBIPAYKEHHS

mon __ oJ
QH36 _Qn + cp? (330)
rae (. — TEIUIONOCTYIUICHHS OT COJHEYHOW pajuaunu (depes oc-

TEKJIEHHE U NEPEKPBITHA):
0. =100440+12500 = 112940 xJx/4 = 31372, 2 Br,

€ _112940 _ 7529 xJIx/Kr.

3) IMocTpoum syu mportiecca Ha I-d-nuarpamme (puc. 3.10).

[lepeHocuM mapaieNbHO JTMHUIO, COCTUHSIONIYI0 HaYalbHYIO
touky (¢ = 0 °C u I = 0 x/[)X/KT) ¢ neneHrueM mIKkaibl YIIIOBBIX KOd(h-
(UIUEHTOB 1O KOHTYPY [-d-aMarpaMMbl, COOTBETCTBYIOIIUM 3HAUe-
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Huto € = 7529 xJIk/KT, B TOUKY t = 223°Cu LA = 49,4 xJIx/Kr.
Onpenensiem dy; = 10,5 T/kT.

1,
kJDK/KT
30,1°C
25,3°C
22,3°C

di=11,1/| |dy=12,0

dH=10,5 d,
T/KT C.B

Puc. 3.10. K npumepy 3.8

4) Tlo Temmnepatype ¢, = 25,3 °C Ha Jyde mpolecca HaxoIuM
TOYKY, COOTBETCTBYIOIIYIO IapaMeTpaM BHYTPEHHErO BO3yXa JUIs
terutoro nepuoaa: Iy = 54 x/Ix/xr u d, = 11,1 /.

5) OnpenensieM mapameTphbl yIaIsieMoTo Bo3ayxa. TemMiepary-
Py YXOJAIIEro Bo3ayxa omnpeaensem no popmyne (3.5):

t,=253+(5,5-15) 1,2=30,1°C,

rnae grad ¢ — rpaMeHT TeMnepaTyphl 0 BHICOTE TIOMEIICHHUS, TPUHU-
MaeMblid 1o Tadi. 3.4 B 3aBUCUMOCTH OT YJEIBHOTO M30BITKA SBHOU
TemIoThI, BT/M’, onpeensieMoro 1o Beipaxennio (3.6). V36bITkE sB-
HOT'O TEIUIa B IOMEIEHUH ONIPEEISIOTCS:

O =" +0,, (3.31)
O™ = 62640 +12500 = 75140 k [/u = 20872 B,
q, _ 20872 13,9 Br/v’.
5,5-273
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Ha nydye mpouecca 1o HaleHHOM TeMIIEpaType f, HaXOAUM
TOYKY, COOTBCTCTBYIOLIYIO OCTAJIBHBIM IapaMETpaM YyAAJIAEMOTO
Bo3ayxa: Iy = 61,0 klx/kr u dy = 12,0 r/kr.

6) OnpenensieM BO3ayXOOOMEHBI JIJIsi aCCUMUJISLIMUA M30BITOY-
HOTO TeIlla ¥ Bjiaru B nomerieHuu no gopmynam (3.1) —(3.3):

G =20313722 _ ong i,
(61,0-49,4)
= 3020872 _ g5g5 ey,
1,005(30,1-22,3)
= 150005600 v,
12,0-10,5

3naueHus G| u G3 AOJKHBI OBITH PAaBHBI, HO B pe3yJIbTaTe He-
TOYHOCTH TpapuUEecKOoro ONpeAeTeHUs IapaMeTpoB TMOIydusach
pasHuIla, paBHas 2,6 %, 4TO CBUAETEILCTBYET O BHICOKON TOYHOCTH
MOJTy9aeMBIX PE3yJIbTaTOB ISl IOA0OHOTO POJia pacueTOB.

7) Tlo nedcTBYIOIIUM HOpPMaM KOJMYECTBO CBEXKETO BO3JyXa
HA OJHO 3DUTEIBHOE MECTO IOIDKHO OBITh He MeHee 20 M°/4
(cm. Tabm. 3.6). B Hamem mnpuMmepe mNpH TUIOTHOCTH BO3AyXa
ps= 1,2 KI/M’ KOJIMYECTBO PHTOYHOTO BO3/yXa Ha OIHOTO 3PUTENIS

L= G, = 10000 =27,8 mM’/u,
p,-300 1,2-300

YTO MPEBOCXOUT HOPMATHUBHBIE TPEOOBAHUS C H30BITKOM.

3. BbIoaHMM pacuer mapaMmeTpoB ISt XOJIOHOTO TIEPHOa rojia.

1) Onpenenum konudecTBo siBHOW Q7™ | mosHON Q) Temo-

Tl W BiIaru W,, BblIENsIEMblE JIOAbBMH B 3PUTEIBHOM 3alie IpU
£,=18 °C 115 cocTosiHUSA MOKOS 10 BbIpakeHusM (3.24) — (3.26):

0™ =300 - 104 = 31200 Br = 112320 k/Tx/s;
0"=300 - 130 = 39000 Bt = 140400 &J{/4;

W, =300 - 36 = 10800 r/g = 10,8 kr/u.
2) OnpenenuM 3HaUYeHUE yriioBoro ko3dduiuenta nmo Gopmy-
ne (3.10):
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. 140400 —70000

= 6519 xJbx/kr,

10,8
rae Q. — U30BITKH HOJHOM TEMIOThI B IOMENICHUH, KJK/4:
non __ ,)non
QH36 - Qn - QHOT ’ (332)

rae Q.. — TEIUIONOTEPH Yepe3 OrpaskIACHUs B XOJIOIHBINA NEPUOJ IO-

na, kJx/da.
3) Iloctpoum Ha I-d-nuarpamme mpoiiecc 0OpabOTKH BO3ayXa
be3 peyuprynayuu (puc. 3.11).

1,

KJDK/KT
&

18C .

15°C

11C

=100 %
0C
4
-26°C
Li=-25
de=1,3 dy=2,06
=03 F

s
T/KT C.B

Puc. 3.11. K npumepy 3.8

a) OnpenenuM MapaMeTpbl Hapy>KHOTO Bo3ayxa: t,= —26 °C;
I,=-25,3 x/Ix/kr. Hanocum touky Hy Ha [-d-nmuarpammy u ompee-
JIsieM BJIArocoJiepKaHue Hapy»KHOTo Bo3ayxa dy= 0,3 T/kT.

0) Omnpenenum mapaMeTpsl yIasieMOro Bo3ayxa 1mo popmyinam
(3.5) u (3.7). Temneparypa yxosIero Bo3ayxa:

ty=t= 18 °C,
T. K. grad ¢ = 0 (mo Tabn. 3.4) I XOJOAHOTO MEpHoJa roja MpH
qs="7,8 Br/m’. VaenpHbIA N30BITOK SIBHOM TEIUIOTHI IS XOJIOJHOI'O
nepuoja roxa, Br/m’, onpenensercs o Beipaernio (3.6), mpu 3Tom
M30BITKH SIBHOTO TEIJIa B IIOMEIICHUN HAXOIUM:
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QI::GH = Q;IBH ~ ot (333)
O =112320-70000 = 42320 x/Ix/a= 11756 Br,

qﬂ = ﬂ = 7, 8 BT/Mz.
5,5-273

Braroconep)kanue yxosIiero Bo3ayxa onpeensercs rno Gopmyse

d =d, + W, :0,3+M:2,06F/Kr,
Y 6124

rne Gy — KOJIMYEeCTBO HApyXHOTO BO3JyXa, OMpeesieMoe U3 pacde-
Ta 1o 6opbOe ¢ yriekucibiM razom CO; (U1 yIOBIECTBOPEHUS CaHU-
TapHO-TEXHUYECKUX HOPM), KI/4.

Bo3ayxoo6nmeH 1o 60psde ¢ CO2, M°/d, MOKHO OIPEACIUTD 10
BbIpakeHUIo (3.4), r/1e KOJIUYECTBO YIIIEKUCIOTO ra3a, MoCcTymarole-
ro B MOMEIIEHUE, paccuuThiBaeTcs 1o popmyse (3.27):

m_ =300-40=12000r/4,

G - 1,429-12000

. =6124 xr/u,
3,7-0,9

rjae p:£:1,429 KI/M° — IUIOTHOCTH HApY/KHOTO BO3IyXa

273-26

B XOJIOJHBIN Mepro roja npu t,=—26 °C.

Hanocum touky Yy Ha [-d-muarpamMmy U onpeessieM Teniaoco-
AepkaHue ypanseMoro Bo3ayxa: Iy= 23,4 xJ[x/kr.

B) Onpenenum napameTpbl BHyTPEHHETO BO3/IyXa.

Brnarocoznep:kanue BHyTpEeHHETO BO3/yXa, I/KT, Oy/eT ompese-
nsAThCA 10 hopmyrie

d =d +Ad_, (3.34)

rne Ad, — accuMmIupymomas cnocoOHOCTh NMPUTOYHOTO BO3/YXa,

/KT, OmpeieNsieTcs mo popmysie
/4
Ad, =—, 3.35
= (3.35)

H
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= M =1,76 r/xr,
6124

d, =0,3+1,76=2,06 r/kr.

Hanecem Ha /-d-nuarpammy napaMmeTpbl BHyTPEHHETO BO3/IyXa.
OHM COBMAJAIOT C MapaMeTpaMHy yAalsieMoro Bo3ayxa, T. €. Touka By
COBITIAJAET C TOYKOHU Y.

r) OmnpenenuiM mapameTpbl MPUTOYHOTO Bo3ayxa (0e3 perup-
Kynauun). /st 3Toro Ha nepecedeHuH Jiyda rnpoiiecca, IpoBeJeHHO-
ro depe3 Touky Y«(Bx), u dy= dy= 0,3 v/kr ctaBuM Touky Il oy
CHUMAaeM IapaMeTpbl MPUTOYHOTO BO3AyXa B 3TOM Touke: f,= 11 °C;
I,= 11,5 xJIx/xr; d= 0,3 /KT C.B.

CreoBatenbHO, BO3IYX JIOJDKEH OBITH TOJIOTPET OT TEMIIepary-
pbl t=—26 °C no Temneparypsl t; = 11 °C, ans yero norpedyercst pac-
XOJ1 TEIJIOBOM sHeprun, kBT, obecneunBaeMoii kanopudepom, paBHBII

0- cG, (1, —t,) (3.36)
36 ‘
~1,005-10333(14—(-26))

=115385 Br=115,4 kBT,

‘ 3,6
rae G, — o0muil Bo3gyXx00O0MeH A7l XOJIOJHOTO IepHoia roja, Kr/d,
omnpenensiercs no popmyiie

n G T! £ +273
GX=LT.p(ty):p(tT)p(ty):GTTyyx:GTt:XJr—m, (3.37)
y

rae L, — 0ObeMHBIN pacxoj BO31yXa, KOTOPBIA ISl XOJIOJHOTO Iie-
proJia roa COXpaHsIeTCsd TaKUM ke, Kak U JUIsl TEIIoro, M/ Gy —
pacyeTHBIM BO3yXO0OMEH Ui TEIUIOro MEpHojia Tojia B BECOBBIX

eIMHUIIAX, KI/4; p(tyx) — IJIOTHOCTB YHAIIEMOTO BO3yXa, KI/M°, B
XOJIOAHBIN nepuos roja npu ¢,= 18 °C; p(t; ) — TUIOTHOCTH yjalisie-
MOTO BO3/1yXa, KI/M, B TEIUIBIH nepuoj roja npu t,= 27,7 °C;

G. =100002274273 _ 10333 «r /.
18+273
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4) IloctpouM Ha I-d-guarpamme mpoiiecc 0OpabOTKH BO3IyXa
¢ peyupKyasayuell 6HympenHHe20 6030yxa.

[Tpu oTCyTCTBUM BBIACICHUN MBUIA M Ta3a MPUMEHUM YacTHY-
HYIO PEIUPKYISIUI0 BHYTPEHHETO BO3/AyXa, KOTOpas TMOBJEYET 3a
co0Ol SKOHOMHIO TEIUIOTH U TOIUIMBA, PACXOAYEeMOrO Ha HarpeBa-
HUE MPUTOYHOTO BO3/yXa.

Haiinem KoIM4ecTBO pelupKyYISALUOHHOTO BO3lyXa, KI/4,

Gy =Gy — Gy, (3.38)
G, =10333 — 6124 = 4209 kr/u.

5) Ilepexoaum k n300pakeHUIO TMpoiecca 00padbOTKU BO3ayXa
Ha [-d-muarpamme ¢ 6HympeHHet peyupKyisyuetl.

Touxu Hy, Bx (V) ocraBisem 6e3 U3MEHEHHs, KaK U JJIsl TIPO-
recca 6e3 peupKyISAIHH.

Coemquuum Touku Hy n By mpsiMoit imHMEN cMecH BHYTPEHHETO
1 HapyxHoro Bo3ayxa. Otpe3ok HiBx = 12,1 cm (no I-d-muarpamme).

Onpenenum nonokenue Touku C — Touku cMmecu. Jljist aToro pac-
CMOTPHUM TMPOTOPIUH, YIUTHIBAs, YTO OOIMIMN pacxo] Bo3dyxa Oyaer
paBeH o00ImEeMy BO3IyXOOOMEHY Ui XOJIoAHOTO mepuonma roga Gy
(mprMeM B LIENSX YIPOILEHHUS SKCIUTYaTallui CHCTEM BEHTHIIALINN):

G
G % (3.39)
HB, B.C
10333 _4209 5 (o4 930,
21,1  B,C

Otnoxus otpe3ok ByC Ha [-d-muarpamme, ompeneinum mnapa-

MeTpbl Touku C:
t.=0°C; d.= 1,3 v/kr; I, = 3,5 xkJK/KT.

[TpoBoaum i1yd mogorpesa ot Touku C 10 mepecedeHus ¢ Jiy-
YoM TIpollecca €, mosydas Touky I1,°, cooTBeTCTByIONIYIO MTapamer-
paM MPUTOYHOTO BO3/yXa C YUETOM PEIHUPKYIISIIHU:

th=15°C; dy=d.= 1,3 v/xr; I, = 18 kJKX/KT.

C nmapamerpamu Touku I1x BO3ayX MOCTyMaeT B MoOMeEICHHE.

CrnenoBarenbHO, BO3IyX JIOJDKEH OBITH MOJOTPET OT TeMIlepa-
TypHl ty = 0 °C o temmnepatypsl #; = 15 °C, nns yero norpedyercs
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pacxo]] TEIUIOBOW »HEpPruu, obOecreuynBacMoi Kajlopudepom, Io
dopmyie (3.36)
L, 005-10333(15 —0)
’ 3,6
Kaxk Buaum, npu opraHusanuy pelyupKyISIqUU S3KOHOMUTCS Te-
IJIO B KOJIMUECTBE

0 —-0,=1154-43,3="72,1 xBr.

=43269 Bt =43,3 kBr.

3.3. OcnoBHoe o6opynoBanue nenrpajibubix CKB
3.3.1. Kamepsn! opomenust

Lenpto pacuera OpOCUTENBHOM Kamepbl SIBJISETCS BBIOOp THIIA
KaMCpPbI U OMPCACICHUC PCKUMHBIX ITapaMETPOB (pacxoaa 1 JaBJICHUA
BOJIBI TIepet POPCYHKAMH, TEMIIEPATYpPhl BOJIbI HA BBIXO/IE U3 KAMEPHI).

3.3.1.1. Pacyer kamepbl OpoLIeHUSI
no meroauke BHUHUKonauuunonep

[Topsinox pacuera ABYXpSAIOHBIX OpOCHUTENbHBIX Kamep OKD3
o meroanke BHUWKonnuuuonep [1, 33] npuBenen uuxe. CHauana
pacueT KaMepbl IPOU3BOJAT HA TEIUIbII MEepUoJ, 3aTEM — Ha XOJIOJ-
HBII IIEPUOJ TOJA:

1. Tennvii nepuoo. Tunm opoCUTENBHON KaMepbl ONPEAESIOT
C y4eTOM peKOMEeHJalui, npuBeaeHHbIX B npwi. 30. [IpowusBoau-
TEIBHOCTh KaMepbl OPOILICHUS MO0 BO3/1YyXy COOTBETCTBYET MPOU3BO-
JTUTEIBHOCTH KOHIUIMOHepa. PacueT pexumubix napamerpoB OK®3
IIPOU3BOJAT C YYETOM XapaKTEPUCTHUK JIyda Ipolecca KaMephl MpH
MOJIUTPOTINYECKON 00pabOTKE B TETUIBIHI MEPUO/I.

Omnpenensror  kodpduiuernr aauadaraon dddexTuBHOCTH
nporecca:

E - I, -1,

= , 3.40
- (3.40)

np
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rae [, [, — dHTanbIMKM BO31yXa HAa BXOJE M BBIXOJE U3 KaMEpPHI
OPOLIEHUS COOTBETCTBEHHO, KJ[K/KT; [ — SHTAIBIHUS NPENETBLHOTO

COCTOSIHUSI BO31yXa Ha [-d-puarpamme, kJ[K/Kr, ompenensiercs rpa-
(dudecKr Kak TOYKa IMepecedeHus JIyda mpoiecca 00paboTKU BO3IY-
Xa B Kamepe opoluieHus ¢ tuaueit ¢ = 100 %.

Beraucnsitor kKodhQUITMEHT OPOIIeHHS L TT0 popMyIie
1

[m L —0,15] ‘
1—-E
n= > , (3.41)

4

rae A, , o — ko3 unmeHTsl, onpeaeasieMsle o Tadm. 3.7.

Tabruya 3.7
Ko duunentst Ay, 04, i
[Ipou3BoaUTENBHOCTD Hcnonnenue
OK®3, ThIC. M/4 4, o B
10; 20 2
20 1 0,503 1,91 0,387
63...160; 250 2 0,611 1,96 0,387
10;63...160; 250 1
31.5; 40; 200 5 0,655 2,02 0,387
31,5; 40; 200 1 0,716 2,07 0,387

OmnpenensitoT MpUBEICHHBIN KOA(POUIMEHT SHTATBIMUHHON (-
(EeKTHBHOCTH TpoILecca:
1-e(®In(1-E,))
o .
BcnomorarenbHbrit koaddumment @ onpenensiercs mo Gopmysie

®= (1 0725 ](1 B mA-E)),  (3.43)
i

rze 1 — ko3 dunment, npuHIMaeMblid o Tabm. 3.7.

E =

(3.42)
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OmnpenensioT OTHOCUTEIBHBIN NIEpeNaj] TEMIIEpATyp BO3ayXa:

1 1
0=033-¢c, -1 ———|. 3.44
v u( E E] (3.44)
Brruucnsior HauanbHYI0 TeMIEparypy BoJibl B kamepe, °C:
twl = tB - e(ll — [2) 9 (345)
" Gyl

roe . — npeaeiibHasg TeMieparypa Bo3ayxa, °C, ompenensiercs rpa-
B
np

¢buuaecku Ha [-d-auarpaMme Kak TeMieparypa TOUYKd epeceyeHus JIy-
4a mpoliecca kaMmepsl opoteHus ¢ auaued ¢ = 100 %; ¢, — TeroeM-
KOCTb BO/JIbI, IpuHIMaeMasi paBHo# 4,19 kJDx/kr °C.

PaccunThbIBaroT KOHEUHYHO TeMIIEpaTypy BOIbI (Ha BBIXOJIE M3 KAMEPHI):

1, -1
tw2 = twl + : 2) (346)
Gy M
OmnpenensiroT pacxo]1 pa30pbI3ruBaeMoii BOIbI, KI/4:
Gw = H : G'm * (3'47)

Beraucnsoor pacxoa Bojabl yepe3 (OpPCYHKY (TMPOU3BOIUTEIb-
HOCTBb ()OPCYHKH ), KI/4:

g, =—*, (3.48)

rae n, —o6mee uncno popcynok B OK® (mpui. 30).

HeoOxonumoe naBienue Boasl nepes; popcyrkoi tumna DD
7/10, kI1a, onpenenstor mo Gopmysie

g 1/0,49
AP =| 22 . 3.49
b (93,4] (.49)

Cornacno [33], ycroitunBasi pabota GOPCYHKH COOTBETCTBYET
20xIIa < Py < 300xIla. Ecau ycinoBHe HE BBINOIHAETCS, IPUHUMAIOT
npyroit BapuanT ucniosHeHns OK®3 (npuin. 30) unu Ipyroi pexum
ee paboThI.
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Pacxoa xo0J101HOM BOABI OT XOJOJMJIBHOM CTaHIUU, KI/4, OII-
PEeAeIAIOT 0 YPAaBHEHUIO

S O/ . (3.50)
¢, (t, —t,)

2. Xonoomwiti nepuoo. B sror mepuoa roma OK®D3 pabotaer

B PSKUME a/Ma0aTHuecKoro YBIKHEHHs Bo3dyxa. [lns pacuera pe-

’KUMHBIX TTapaMeTPOB UCIIOJIB3YIOT JIyY Tpoliecca B KaMepe OPOIICHHSI.

Omnpenensitor ko3pdunmeHT 3pPeKTUBHOCTH TEIII0O0OMEHa TI0

dbopmyre

w

E = : (3.51)

rae t, t, — TeMmeparypa Bo3AyXa Ha BXOJEC M BBIXOJEC M3 KaMEphI
OpOLIEHHs COOTBETCTBEHHO, °C; ¢, — TemmepaTypa MOKpPOro TepMO-
MeTpa Bo3ayxa Ha [-d-muarpamme, °C, ompenensieTrcsi rpaduyuecku
KaK TOYKa TMepeceueH s Jiyda mporecca 00paboTKH BO3yXa B KaMme-
pe oporieHust ¢ uaueit @ = 100 %.

ITo dopmyne (3.41) onpenenstor , o ¢popmyne (3.47) — G,
o popmyne (3.48) — g, , mo dhopmyse (3.49) — AF, .

Ha ocHoBanum pacuera pexumoB pabotei OK®3 B Teruiblii

Y XOJIOJTHBIA TIEPUOJIBI TO/1a IPUHUMAIOT TpeOyeMble pacueTHbIE Tma-
paMeTpsl.

Ilpumep 3.9. Pacuert opocutenbnoii kamepsl OK®3 1u1s Tensioro
¥ XOJIOIHOTO NepuoJa rojaa

Hcxoonvie oannvie
1. Pacxox mputoyHoro Bo3ayxa cocrasiser 32400 kr/4.
2. Cxembl 00pabOTKM BO3/yXa B LEHTPAJIbHOM KOHIUIIMOHEPE
MpuUBEJIeHbI Ha puc. 3.12).

221



I, N
kJK/KT
m=28C

#=20,5C

t=13C

fo= {;C
tnp:7 C

44 6,8 d.

T/KT C.B
Puc. 3.12. CxeMbl NpOILECCOB KOHAMUIMOHUPOBAHUS BO3AyXa

(x mpumepam 3.9, 3.10)

Ilopsaoox pacuema
1. Tennslit nepuoa roaa.
1) Onpenensiem o6beMHyt0 mTpousBoauTenbHOCTE CKB mpu

P e = L,2kr/m’:

32400 _ 27000 M /u.

9

B cootBerctBum ¢ npui. 30 npuHUMaeM OpPOCUTENBHYIO KaMe-
py tuna OK®3-31,5, unnexc 03.01304, ucnonaenue 1, obmee yuc-

7o popeyHok n, =63 . (QLUD 7/9).

2) OmpenenseM kodhdunHueHT aauadatHoil 3>(dekTuBHOCTH
nporiecca o Gopmyne (3.40) ¢ yuyeTom XapaKTepUCTHUK Jiyda Mpo-
recca kamepsl (cM. puc. 3.12, otpesok CO):

E =237 656
54,4-28

3) Beruucinsiem ko3¢ Guiment opomienus no gopmyne (3.41):
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1

1 2,07
I o886 01
> =1,65.

0,716

H:

3necy A= 0,716, a,= 2,07 — koapdurmentsr gt OKD3-31,5
ucnoyiHeHus 1 (cm. tadm. 3.7).

4) OmpenensieM NPUBEICHHBIA KOIPPHUIIMSHT SHTATBIMUHHON
s dekTuBHOCTH TIporiecca o Gopmyre (3.42), mpu STOM BCIOMOTa-
TenpHBIN Koddduitnent @ onpenensiercs o Gopmye (3.43):

®= (1 + 0’725](1 +0,387(-In(1 —0,886))0’858) =1,726,
1,65

9

3neck 1= 0,387 mo tabum. 3.7,
1-e(1,726In(1-0,886
5 _1-c(l726n(1-0550)
1,726
5) OnpezensieM OTHOCUTEIBHBIHN Teperaj] TeMIIepaTyp Bo3ayxa
o gopmye (3.44):

=0,566.

11
0,566 0,886

6) BbluriciuM HavanpHYIO TEMIIEpaTypy BOJbI Ha BXOJE B Ka-
Mepy 1o popmyie (3.45):

920,33-4,19-1,65( ]:1,456.

t A 1,456(54,4-31)
W 4,19-1,65

7) OnpenenuM TeMNepaTypy BOJBI HAa BBIXOJE M3 Kamepbl 1O
dbopmyie (3.46):

=4,5°C.

(54,4-31)
t,=45+———L=79°C
4,19-1,65

8) Pacxon pazOpbI3ruBaeMoii BOABI B COOTBETCTBUU C (HOpPMY-
noi (3.47):
G, =1,65-32400 = 53460 xr/u.

223



9) BoIuricrisiem por3BOAUTEEHOCTE hopcyHKH 110 hopmyrte (3.48):

= 53460 =848, 6 kr/u.

&0 763
10) Omnpenenum no ¢opmyine (3.49) HeobxoaumMoe AaBICHUE
BOJIbI iepe] POPCYHKOM:
[ 848,6
v93,4
11) ITo dpopmyne (3.50) paccuntaeM pacxo] XOJIOAHON BOJIBI
OT XOJIOAWIBHOM CTAHLIMH:

32400(54,4-31)
G, = =53219 kr/u.
4,19(7,9-4,5)
2. XoJI0AHBIN TIEPUOJI TO1a.
12) Onpenensiem ko3 durnert 3¢gpdekTnBHOCTH TErI00OMEeHa

o gopmyie (3.51):

1/0,49
] =90,2 klla.

E = 138 0,833.
13-7
13) Beruncisiem koadduuueHT opomeHus mo Gopmyne (3.41)
1

1 2,07
In oz 013
= = =1,492.
0,716

14) Pacxon pa3OpbI3ruBacéMoii BOJbI B COOTBETCTBUH C (POPMY-
noi (3.47):
G, =1,492-32400 = 48346 xr/u.

15) Berauciisiem npor3BoAMTELHOCTD (popcyHKH 10 hopmyrie (3.48):

= % =767,4 kr/u.

&~ 763
16) Omnpenenum no ¢opmyne (3.49) HeoOxoauMOE HaBICHUE
BOJIbI niepe] GOPCYHKOM
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1/0,49
AR, = 767.4 =75,4 xlla.
93,4

17) Berunciaum pacxoj Ucrapsouieiicst Boabl Ipy aguadbaTtuye-

CKOM yBIaxkHeHuu Bo3ayxa B OK® no dopmyne (3.17)
Woen= 32400(6,8 — 4,4) 10°=77,8 kr/u.

W3 npoBeneHHOro pacuera BHUJIHO, YTO HAWOOJBIIMN pacxon
BOJBI U JaBiieHUE Tiepes GOPCYHKAMH COOTBETCTBYET TEIUIOMY Iie-
puoay rojaa, Mo3TOMY 3TU NapaMeTpbl IPUHUMAIOTCS 3a PacUETHbHIE
pu noadope Hacoca.

3.3.1.2. PacyeTr kamepbl OPOLLIEHUS C UCIIO0JIH30BAHUEM
MO/IeJIH TenIoMaccoodoMeHna

dusnKo-MaTeMaTuueckas MoJeib TelIoMaccooOMeHa Mapora-
30BOT'0 TIOTOKA C KAIUJISIMH JKHUJIKOCTH B OPOCUTEIBHBIX (DOPCYHOUHBIX
KaMmepax mpejicTaBieHa B [22]. B Mojenu yuTeHo BIUSTHUE TTOBBIIICH-
HOW KOHIICHTPAIIMX TIApOB JKUIKOCTH Ha TEIUIOMAacCOOOMEHHEBIE MPO-
1IECChI, IEPEMEHHOCTh MacChl Karelb KuaKkocTu. [lapamerps! mapora-
30BOTO MOTOKA, BXOJSIINE B YPaBHEHUSI COXPAaHEHHS IO TEIUTy U Mac-
ce, 0ToOpakaroT (ha30BbIe TIEPEXO0/IbI UCTAPEHUS-KOHACHCAIIMU Ha T10-
BEPXHOCTH Kariesb. BA3KOCTh U TEIIONPOBOJAHOCTH TAPOra3oBOro Mo-
TOKa OIPENeNISINCh C IOMOINBIO MapUUaIbHOTO JaBJICHUS Iapa
Y Ta3a. YpaBHEHUS JBIKCHUS Karelb KUIKOCTHU MPEICTaBIEHbI B Jia-
TPaHKEBOM cHUCTEME KOOpAMHAT. Pa3zmep Kamenp NpUHUMAJICS Cpell-
HEMAaCCOBBIM, OIPEIENIIEMBIM 0 pacueTy (GOpPCYHOK, a TEeMIepaTypy
MOBEPXHOCTU Kameib KUAKOCTH ®O, MpUHUMAId PAaBHOU ee cpeiHe-
o0BeMHOM Temmieparype 6.

VYpaBHeHUS] MOJIETN UMEIOT CISAYIOUTUN BUI:

— ypaBHEHHE JBIXKCHUS KaIlld >KHAKOCTH CPEIHEMAacCOBOTO
pa3mepa amameTpa O, C YU4ETOM IEPEeMEHHOCTH €€ MacChl 3a CYEeT
IIPOLIECCOB MCIAPEHUSA-KOHIEHCAIIUH

dVK/dr:§+§—(VK/mK)(de/dr), (3.52)
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rzie T — BpeMmsl, V, — BEKTOp CKOPOCTH KaIlUIU, g — BEKTOP YCKOPEHUS

CUJIBI TSIKECTH, R — BEKTOp CHJIBI CONPOTHUBJICHUS KaIlJIU, MPUXO/Is-
Hieiicst Ha eUHMILY €€ MaccChl, 7, — Macca Karuly;

— ypaBHEHHUE HEPA3PbIBHOCTH IS )KUIKOCTH

Op, ot + V(pKV ):(pK/mK)(de/dr), (3.53)
r7e p, — HEKOTOpasi Mo 00BbeMy IIOTHOCTh Karelb (MaccoBasi KOHIIEH-
Tpaiys KUJIKOCTH);

— YPaBHCHHC MaccooOMeHa Kariu KUAKOCTHU C IIOTOKOM ITapo-
ra3oBOM CMECH 3a CUET HUCMIApCHUA-KOHACHCAIN N

dm, /dt=—~Brd, (P —p1). (3.54)
rre B — ko3 dunmeHT MmaccooOMeHa Karuii ¢ MMOTOKOM IT0 KOHIIEHTpa-
LMOHHOMY HAIopy Iapa, pj, ¥ p; — MapUUaIbHBIC IUIOTHOCTU I1apa Ha
MMOBCPXHOCTH KaIlJIM U B ITIOTOKE;

— YpaBHEHUE VIS BIAroCoACpKaHUs

dd/dv=—~(p,/m)(dm/dt)(1/(A=£)P;), & =Py/Pscs (3.55)
rae d — BIArocojiepkaHue, €, — 0o0beMHass KOHIICHTpAIMs Karellb
KHUJIKOCTH, P, — MaplHajbHas IUIOTHOCTh CYXOr0 rasa, p, — IUIOT-
HOCTBb XHUJIKOCTH, pK/mK =n, — TCKylIad CYCTHAasd KOHLCHTpaAluAd
Kali€jib B IIOTOKCE,

— YPaBHCHHUC TEIUIOOOMEHA KaIlld C HOTOKOM Hap0r330130171
CMECH

iy (d0/dt) = —a,md; (O —T) + 7, (dm, /dt),  (3.56)
TJIe C, — yJENbHAs TEIJIOEMKOCTh JKUAKOCTH Karemb, o, — Kodphu-
[IUEHT TETUIOOTAa4H Karuii, ® u T — Texymue abCoMOTHBIEC TeMIIepa-

TypBI KallliIi MW TIIOTOKa, 7, — yHeHBHaH TCIioTa I/ICHapeHI/ISI-
KOH/ICHCALIUU;
— ypaBHEHHE U TEMIIEPATyPhI apOTa30BOil CMECH
2
p(deT/dt) =0, 8¢ (O —T)(py/my), (3.57)

rac ¢ v p — yaACiibHaA TCINIOECMKOCTD U IINIOTHOCTDb Hapora30130171 CMECH,
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— YpaBHEHHE i1 CKOPOCTH Mapora3oBOi CMeCH BJIOJIb OCH (op-
CYHOqHOfI KaMCpbI IJII HCBBICOKHX KOHIIGHTpaIII/Iﬁ Kariejib XKUJIKOCTHU
B TIOTOKE TIpUMeEM B (popme:

U=U, T K+d ,
Tyo K +d,
rae K = M,/ M,, M, u M, — MoneKynsipHbIE MacChI Imapa M Cyxoro ra-
3a, Uy, Too — HAYQJIbHBIE CKOPOCTh M TEMIIEpaTypa NaporazoBoro mo-
TOKa, JJIsI BBICOKHUX KOHIIGHTpaIII/If/i KaIi€jib B IIOTOKE

v, I K+d G}
Ty K +dy 1-q(Uy V)
rne V, — HadaibHas TeMIiepaTypa Kamelb, V., — TeKylas cOoCTaB-
JISIFOIIAsi CKOPOCTH Karesb BIOJIb OCH KaMepbl, ¢ — PealIbHbIN KO-

(UIMEHT OPOIICHHUSI.
B ypaBuenuu (3.54) koaddunuent maccooOmMeHa 3 onpemens-

€TCsl M3 MOJIySMIIMPUYECKONW 3aBUCHUMOCTH JUII MacCcOOOMEHHOIO
yucna Hyccenbra

(3.58)

(3.59)

Nu'= % =2K,®. (3.60)

3nece K, =1 +((P1K + P ) / 2B) — MOIpaBKa Ha CTe(aHOBCKHUH

MOTOK MPHU BBICOKUX KOHIICHTPAIUSX Mapa B cMecH, Py, u P, — napuu-
aJbHBIC JIABJICHUS HACBIIIEHHBIX MAPOB KHUIAKOCTU MPHU TEMIIEpaType
® U1 HEHACHIIICHHBIX APOB JKUJKOCTH B OT Karlld MPU TeMIiepa-
type T, B — GapoMeTpHUYeCcKOe NaBJICHUE JUIS Mapora3oBOM CMECH,
O =1+0,276 Reg’5 Sc%¥_ nonpaBka PpoccinvHra Ha HHEPIHMOH-
HOCTh OOTEKaHMS Karuid XUAKOCTH, Re, — uncio PeliHonbaca oOTeka-
Hus Karwi, D — koadduument muddysuu napos, Sc=p/pD — uncio

[IImuara, p — nMHaAMUYECKas BA3KOCTh TapOra30BOM CMECH.
Koadduuuent temmootnaun o, ompenensiercs u3 (Hopmyssi
Hpeiika aisa termoooMennoro yucia Hyccenbra:

Nu =2+0,459Re> prf3?| (3.61)
rae Pr=pc/A — temoo6mentoe uncno Hpauams, A — kodbduum-
€HT TEIUIONPOBOIHOCTH ApOTra30BOH CMECH.
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B cranmonapnoii nocranoBke auddepeHnanbupie ypaBHEHUS
MO/JIEJH JOJDKHBI PEHIATHCS MPH CIETYIONTUNX TPAHHYHBIX YCIOBHSIX:
— 1715 npsiMOoTOKa rpu x = 0

VKX:VKO’ VKy:O’ U:UO’ 81(: 81(0’ my =My,

— AJId MPOTHUBOTOKA

npu x=0V_=V,V =08 =08,0=0,p, =p..

k0% " ky
npu x =1/ U:Uo,d:dO,T:Too} (3.63)
[Mpennoxennas B [22] ¢u3uko-mMaTeMaTudeckas MOJENb Tell-
JoMaccooOMeHa B OPOCHTENIBHBIX KaMepax KOHUIIMOHEPOB BO3IyXa
MO3BOJIIET PACCUUTATh BCE TEPMOJUMHAMUYECKHE NTapaMeTphl Mapora-
30BOTO TOTOKAa W JKUJKOCTH, a TAKXXE€ MO3BOJIET ONTUMHU3HPOBATH
MPOTEKAIOIINE B KaMepe TEPMOJUHAMHYECKHE MPOIECChl C TOUKH
3peHMsI COKpAIEHNs] DHEPro3aTpaT Ha paboTy 3TUX YCTPONCTB.

Ilpumep 3.10. CpaBHeHUEe MO/1eJIM U METOAUKHU pacyeTa
opocutenbHoil kamepbl BHUHU Konanuuonep

Hcxoonvie oannvie

1. OpocurenvHas kamepa OK®-3 mis HeHTpaIbHOTO KOHIU-
nuonepa mapku KTLI3-10 ¢ o6mum grciom GpopcyHOK — 24 mT.

2. MaccoBslii pacxof Bo3ayxa Gup= 11900 xr/u.

3. Koaddumuentst 4,= 0,503, o= 1,91, ;= 0,387.

4. Temmeparypa BO3/yXa, BXOJIIEr0 B KamMepy OpOIICHHUS,
Too=298,9 K, npomremmiero oopadbotky B kamepe 7 = 284,3 K, npe-
JiebHAs TEMIIEpaTypa BO3yXa f, = 9°C.

5. DHranmpnus BO3/AyXa, BXOISAIIETO B KaMepy OpOIICHHS,
Iy= 52,8 xJx/kr, npomeamero oopadorky B kamepe / = 31 k/Dx/kr,
SHTAJBIIUS MIPEAEILHOTO COCTOSHUS BO3yXa Inp = 27,3 KIK/KT.

6. Bimarocoseprxanue Bo3yxa, BXOJIIETO B KaMepy OpOIIEHHS,
do= 10,4 1/kr c.B., mpormeaiiero o00padboTky B kamepe, d = 7,8 T/KT C.B.

7. Pazmepsl kamepst opoteHusi: H= 0,825 m, 4 = 1,25 m.
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Ilopsaoox pacuema
1. Pe3ynbrarel pacuera OpPOCHUTENBHOW KaMEpbl MO METOJMKE
BHUHNKonmuimonep cornacHo rmozapasz. 3.3.1.1 3anHocum B Tabm. 3.8.

Tabnuya 3.8
PesyabTatsl pacuera no meroguke BHUNKonauumnonep
0, 0, G)m gqu AP, bs
Ea H En Q ©,°C | 6,°C Kr/dq Kr/dq klla

0,855 1,94 0,573 1,544 4,86 7,54 23086 | 9619 116,4

2. PacueT pexMMHBIX ITapaMeTpoB 00pabOTKU BO3yXa B KaMe-
pe OpOIIEHHS NpPU MOMOIIM MOJEIU IMPOU3BEAEM IO BBILIEIPUBE-
JICHHBIM HCXOJHBIM JaHHBIM. JlOMIOIHUTENbHBIE TapaMeTpPhl, HE yUH-
THIBAa€MbIE B pacyeTax 10 WH)XEHEPHOH MeToauKe, OyaeM IMpHHH-
MaTh UCXOJS U3 rabapuTOB KaMepbl OPOILLEHUS U YKE PACCUUTAHHBIX
JAHHBIX, TTPE/ICTABJICHHBIX B TA0J. 3.8.

3. Peanpublii K03()(HUIIMEHT OPOLICHUS MOXET OBITh Ompere-
JIEH UCXOJs U3 OOBEMHBIX PACXOJIOB raza M >KMJIKOCTH, IPOXOISAIINX
yepe3 KaMepy OpOLICHUS:

_ Oy _ 23086-1,2
Q. 1000-11900

4. HavanbHasi CKOPOCTh BO3/yXa B OPOCHUTEIHHON KaMmepe Orl-
penenseTcst HCXOs U3 IO MOTIEPEYHOTO CEUEHUsT KaMepPhbl

__ O 11900 2,67 w/c. (3.65)
3600-H-4 1,2-3600-0,825-1,25
5. HagasbHble CKOPOCTH M pa3Mep Karlellb, paclbUIMBAEMBbIX
(dopcyHKamMH, MOTYT OBITH OIPEAEIEHBI 10 3aBUCHUMOCTSIM, IpPUBE-
JICHHBIM B [22, 34]

=0,00233 M>/M>=2,331/M>. (3.64)

Uy

V

K

[P \/2'“6400:15,26M/c (311cch Py B TTa); (3.66)
oo 1000
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0,59 0,205 0,192
8 :1 81 V)K gcp p)K _
ISV po:397
X

3.67
0,010 .961,9%-205 .10.192 (3.67)

1,18703%7
TJIe Vi — KHHEMATHUYECKAs BS3KOCTh XKMIKOCTH, CM/C, gy — PACXOJ
KIIKOCTH depe3 (pOPCYHKY, KI/d, Py — IIIOTHOCT KHAKOCTH, I/CM,
Py — IABJICHHE T0aBAEMOii BOIBI B (DOPCYHKH, KI'C/CM”.

6. B Tabn. 3.9 mpuBeneHbl MaHHBIE PEXUMHBIX MapaMeTpoB
B OPOCUTENIBHOW KaMepe, paccunTaHHbix no meroanke BHMMKon-
IUIAOHEP W MOJENU TEIIOMAaccoOOMeHa MpH CIETYIONUX HCXO-
HBIX gaHHBIX: Too= 298.9 K, do= 10,4 r/kr c.B., Upy= 2,67 wm/c,
Vo= 15,26 Mm/c, dx= 457 mxm. Kak BumHO u3 Tabn. 3.9, TpeOyembie
napaMmeTpsl 00padaThIBaEMOI0 BO3yXa MOKHO IMOJYYUTh IPU pas3-
JUYHBIX HaYaIbHBIX 3HAUCHUSX TEMIIEPATyPhl KUIAKOCTH B KOAPPHU-
[IUEHTA OPOLICHHUsS, YTO HEBO3MOXKHO OCYIIECTBUTH INPH HCIOJB30-
BaHUM WHXCHEPHO METOIMKH pacyueTa.

=1,81 =457 MKM,

Tabruya 3.9
CpaBHeHHe pe;KHMHBIX TAPAMETPOB OPOCHTEIbHON KaMepbl
IMapa- Meronanka
p BHUHWKouam- Moienb TermoMaccoooOMeHa
METpBI
IMOHEP

g, im’ 2,33 2,33 2,1 1,95 1,8 1,7
0, K 277,86 277,86 277,0 276,0 275,5 275,0

T, K 2843 285,05 285,18 285,08 285,36 285,49
d, r/xr 7,8 7,3 7,3 7,2 7,2 7,2
0, K 280,54 280,12 279,5 278,74 278,42 278,07

B npuBeneHHOM npuMepe SKOHOMMUSI dKUAKOCTH, 110/IJaBaeMOi Ha
pacmbuiBaHue (OpPCYHKaMH, COCTaBIIICT mopsaka 25 %, ecnu ee
TEeMIEepaTypy Ha BXOJE 3aJaTb PABHOM MUHHMAJIbHO JOIMYCTHUMOMN —
2 °C. mxeHepHas METO/IMKA HE TI03BOJISIET BapbUPOBATh PEKUMHbBIE
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napamMeTphl, YTO MOXKET BBI3BIBATH MEPEPACXO]T KHUKOCTH, a CIEeI0Ba-
TEJBbHO, U 3HEPro3arparbl Ha 0OpabOTKY BO3/yXa, B OTJIMYHE OT pa3-
paboOTaHHOW MOJENM pacyeTa OPOCHTENBHBIX KaMep KOHAMIIHOHEPOB
BO3/IyXa.

3.3.2. Pacuer Bo3ayxoHarpeBareJiei

Pacuer BO3myxoHarpeBaresneid OCyIIECTBISIOT Ha JBA MEPHOAA
rojia: B Hauaje MPOU3BOIAT pacyeT Ha XOJIOJHBIN MEpHUO, 3aTeM —
Ha TEIUIbIN Nepuoa roja. Takike pa3aenbHO MPOU3BOIAT pacueT BO3-
JyXOHarpeBareseil mepBoro ¥ BTOPOro no1orpesa.

[enbro pacyeTa BO3yXOHArpeBaTeNen SBISIETCSA ONPEICICHUE
TpeOyeMoil M pacrosiaraeMoil OBEpXHOCTEH TEIUIonepeaud 1 pe-
*uMa ux padorsr [1, 33].

I/ICXOZIHBIMI/I JaHHBIMH JJIs1 pacdcTa SABJIAIOTCA: MacCCOBBIM pac-
XOJ BO3/yXa 4yepe3 BozayxoHarpesarenb G, , KI/4; Ha4aJgbHAs U KO-

p
HEYHasl TeMIlepaTrypa Bo3JyXa fy U fx COOTBETCTBEHHO B °C; Hadalb-
Has ¥ KOHEYHasi TeMIlepaTypa ropsuero TeIIOHOCHTENs (TTeperpeTon
BOJIbI) fyy Uty COOTBETCTBEHHO B °C (IpUHUMAETCS ISl pacuera
tw= 150 °C, t,,= 70 °C).

[Tpu moBepoYHOM pacyeTe 3aaI0TCs TUTIOM U YHCIIOM 0a30BBIX
BO3/lyXOHarpeBareineld UCX0os M3 MapKH IEHTPATbHOTO KOHIHIINO-
Hepa (mpwi. 31), T. e. BHayaje NPUHUMAIOT CTaHAAPTHYIO KOMIIO-
HOBKY, a paCu€TOM €€ yTOUHSIOT.

Bbruncnsor Temioty, HeoOXOIMMYIO Ui HarpeBa BO3/yXa,
Brt, o popmyine

0., =0278-G,, - ¢, (¢, — 1), (3.68)

TJIC Cyos — Y/IBHAS TEIIOEMKOCTD BO3/yXa (Cros= 1,005 k/[x/(kr °C)).
OnpenensroT pacxo ] ropsiaeit BOJIbI, KI/49:
=20 _gsg G (3.69)
419(t,, —1,)
Boruncsaior kodhduuuent temnonepegadn, Br/(m® °C), 1o
dbopmyie

( WH WK
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K=a(pv)' v, (3.70)

rne a, ¢, ¥ — ko3 huuenTol, npuHuMaemMsie 1o tabum. 3.10.

Tabruya 3.10
Koy puunenrsl a, q, v, b, m

KomnunuectBo psigos 4 q - b m
TEImI1000MEeHHHKA
1 28,0 0,448 0,129 4,16 1,707
1,5 25,3 0,47 0,087 3,92 1,761
2 25,5 0,485 0,127 0,94 1,716

B 3aBucumocTH OT MapKu KOHJIUIMOHEpa BBIOMPAIOT YHCIO
1 TUN 0a30BBIX TEMJIO0OMEHHMKOB (Ipui. 31), sl KOTOPBIX BbIUKC-
JSI0T MacCOBYIO CKOPOCTb JIBHXKEHHS BO3/lyXa B JKMBOM CEUEHUU
BO3yXOHATPEBATEIS KI/MC:

G,
pO= e (3.71)

BO3

rae f,,, — IJIOINA/Ab )KUBOTO CEUSHUs UL IPOX0Ja BO3LyXa B BO3MY-

2
XOHarpeBaresie, M-
OnpenensioT CKOpOCTh ABMKEHUS Tropsdyeil BOJbI 0 TpyOKaM
TEIIIO0OMEHHNKA, M/C:

G

W=—>"—
p, -/, 3600
rae p, — IJIOTHOCTh BOABI IIPU €€ CPeAHEH TeMIepaType, Kr/M;

(3.72)

2
/., — IUIOIIab CeYeHHs IS TPOX0JIa BOJBL, M.
BoIuucasior cpeiHion pasHOCTh TEMIEPATYP MEXKTY TEIIOHO-
CUTEIISIMU:
b Fly 1+

At = . 3.73
P 2 2 (3-73)
HaxoaT TpebyeMyro TLIONIaIb TeII000MeHa, M*:
F :&. (3.74)
KAt
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[Ipu 3TOM HEOOXOAMMO BBINOIHATH CIEAYIOIIUE YCIOBUS: Me-
KJly pacrosaraeMoil MOBEpXHOCTbIO F), (IperBapUTEIbHO BBIOpaH-
HBIM BO3JlyXOHarpeBareyneM) U TpeOyeMoil MOBEPXHOCThIO [y, 3amac
MOBEPXHOCTHU TEIJI000MEHa He IOJDKEH MpeBbimath 15 %:

F,~F,
e w100 <15%. (3.75)

™

ITpu Gonbmem uem Ha 15 % pacxoxaeHuu BenuuuH (F,> Frp)
PEKOMEHIYIOT YMEHBIIUTH CKOPOCTh IBMIKEHHUS BOJBI 10 MUHUMYMA,
paBHoro 0,15 m/c, OTKOPPEKTHPOBATh PACXOM] BOJBI M €€ KOHEUHYIO
TEeMIepaTypy, a TaKKe MOBTOPHO MPOM3BECTH pacyeT Tpedyemoi
MIOBEPXHOCTH TEINIOOOMEHA.

ITpu Hammuuum 1BYX 1 OoJiee 0a30BBIX TEMIIOOOMEHHUKOB Ha Ka-
XKJOW CTYNEHU KOHJUITMOHEPA BBITIOJHUTE YCIOBUA (3.75) BO3MOXKHO
TaKKe IyTeM W3MEHEHMSI CXEMbl OOBSI3KH BO3/yXOHarpeBaTelIeH.
CHU3UTH F;, MOJKHO ITyTeM YMEHBILICHUS PSITHOCTH TEIUIOOOMEHHUKA.

Pacuer BO3qyXOHArpesareneil BTOPOro moJ0rpeBa OCYIIECTB-
JSIOT MO TOW K€ METOAMKE, YTO M pacueT BO3JyXOHarpeBareien
MEPBOTO MOJIOTPeBa (MIPH HEOOXOJMMOCTH pacdeTa BO3yXOHarpeBa-
TeJs Ui TETUIOTO MEpHoJa rojla HayalbHYI0 TeMIIepaTypy ropsyei
BO/JIbI ciieryeT npuHuMath He Beime 70 °C).

Jlnst ompeneneHust adpoAMHAMUYECKOTO COTPOTUBIICHUSI BO3-
nyxoHarpesares, [1a, mpuMeHsIOT ypaBHEHHUE

m
AP_=b(pv)"N,, (3.76)
rae b, m — xodddunmenTsl, npuHUMaemsbie 1o Tadm. 3.10; N; — uucno
TETUIOOOMEHHUKOB, YCTAHOBJICHHBIX TIOCIIEIOBATENBHO 110 XO/1y BO3/IyXa.

Ilpumep 3.11. IloBepouHbIii pacueT BO3IyXOHArpeBaTeJIs
BTOPOIi CTYNeHH 5 X0JI0THOT0 Nepuoaa

Hcxoonvie oannvie
1. IIpouecc HarpeBa BO3yxa BO BTOPOW CTYIIEHH BO3JlyXOHarpe-
BaTeJIsl IJIs1 XOJIOTHOTO TIEpU0/ia IMOCTPOeH Ha puc. 3.12 mpumepa 3.9.
2. B xavecTBe TEIUIOHOCUTEIISI PUMEHSIETCSI IeperpeTas Boaa
¢ mapamerpamu ¢, =150°C, ¢, =70 °C.
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Ilopsaoox pacuema
1. CornacHo mpwn. 31 mpuHMMaeM 0a30BBIN TEIUIOOOMEHHHK
JIBYXMETPOBBIM, JABYXPSIIHBIM, C paclojaracMod IOBEPXHOCTBHIO
2
F,=120,8 ™", mwiomams (POHTATLHOTO CEYEHHs JUIA  BO3/yXa

f..,= 3,315 ™", Iiomanm cedenus uis mpoxoa Bogsl £, = 0,00296 v,
2. BeIuncisieM TEIIoTy, HeoOXOMMMYIO JUI HarpeBa BO3/IyXa,
o gopmye (3.68)
0., =0,278-32400-1,005 (22, 5— 8) =131257 Br.

3. OnpenensieM pacxoj ropsiueit Bojibl o gopmyie (3.69):

G.=0,859 127 _ 1410 cr/a
(1 50— 70)
4. MaccoBasi CKOPOCTb JIBUKEHHS BO3yXa B KHBOM CEUCHHHU
BO3/IyXOHarpeBares corjacHo gopmyie (3.71) paBHa:
pv = __ 32400 =2,715 xr/m’c.
3600-3,315
5. CKOpOCTh JABWKEHHSI TOpsYeld BOABI MO TpyOdam Teraoo0-
MEHHHKa corjiacHo gopmyiie (3.72) cocTaBuT:

w= 1410 =0,132m/c.
1000-0,00296-3600
6. Koaddurmenr rermonepenayun onpenermm 1o Gopmyae (3.70):
K =25,5(2,715)"%%0,132""%7 =32,0 Br/(m*°C).
7. BpIUMCINM CpPEIHIO PA3HOCTh TEMIEpPATyp MEXKIY TEIIO-
HocuTensmMu 1o gopmyiie (3.73):
150+70 8+22,5
At = -
2
8. Tpebyemas mmomaab TEIIOOOMEHA COTJIACHO YpPaBHEHHIO
(3.74) paBHa:

=94,75 °C.

131257 _ 42q0e

®32,0:94,75
9. CornacHo BeipaxkeHHI0 (3.75) npoBepsieM ycIoBUE:
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120,8—43,3
43,3
VYcnoBue He BBITIOJIHSIETCS.

10. IIpuHUMaeM K yCTAaHOBKE OTHOPSIHBINA TEIIOOOMEHHUK.
Corunacto npun. 31 F,= 60,4 m°, f, =3,315m", f,=0,001486 m”.

11. Onpenenum CKOpOCTh BOJIBI IO TPYOKaM TETNIO0OMEHHH-
ka o gopmyie (3.72):

100 % =179% > 15 %.

1410

b 1000-0,00148-3600
12. KoaddurmenT Terutonepeaadu onpenermm 1o gopmyae (3.70):
K =28,0(2,715)"0,265*'* =36,9 Br/(m*°C).
13. Tpebyemas noBepxHOCTb IO hopmyrie (3.74):
131257 37 54

™ 36,9-94,75
15. CornacHo BolpaxkeHuto (3.75) nmpoBepsieM yCIOBHE:
00:4257:3 100 9% = 61,1% > 15 %.
37,5
VYcnosue (3.75) He BBINOJIHAETCS, TOTJAa YMEHbBIIIAEM CKOPOCTh
v KeHus BOJel 10 0,16 M/c, KOppEeKTUPYEM pacxo] BOJBI H €€ KO-
HEYHYIO TeMIepaTypy, MOBTOPHO MPOBOJUM pacdeT TpeOdyemMou mo-
BEPXHOCTH TEIJIOOOMEHA.
G, =0,16-1000-0,00148-3600 =852, 5 kr/u.
16. Koneunyro Temrieparypy BoIbI orpeiem u3 hopMyiisi (3.69):
t,, =150~ 28017 _ 15 6o,
852,5
17. YTouHSsIeM CpeTHIOI0 Pa3HOCTh Temriepatyp 1o dopmysie (3.73):
Al = 150-;17,6 84225 68.55 °C.
18. Y1ouranm xoadduimerT Terwonepenaun o gopmyre (3.70):
K =28,0(2,715)%0,16"'* = 34,6 Br/(m*°C).
19. TpeOGyemast ITOBEPXHOCTH TeruTotiepeadu 1o gopmyse (3.74):

=0,265m/c.

9
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131257
®34,6-68,55
20. 3amac moBepxHocTH 1o opmyie (3.75):

60.4-55.3 100 049,395 < 15 %
55,3

VYcnosue BBINOIHEHO. PacueT Bo3ayxoHarpeBaress 3aKOHYEH.

=55,3Mm>

3.3.3. Pacuer Bo3ayxooxJjaauTeei

B kauectBe Bo3ayxooxnaaurene B CKB Moryr npuMeHsaThCs
MTOBEPXHOCTHBIE TETUIOOOMEHHUKU C HApY)KHBIM OpeOpEHHEM C LHUp-
KYJISLIMEN XO0JI0IHOM BOJbI B TPYOHOM IIPOCTPAHCTBE.

OxJaxJIeHuEe MOKET OCYIIECTBIIATHCS NPU NOCTOSHHOM BJIaro-
COJIep’)KaHUU (CyXO€ OXJIaXJCHUE), a TaKKe MPU YMEHbIIEHUU Bila-
rOCOACPKAHMS, T. €. OXJIAKICHUE COIPOBOKIACTCA €r0 OCYLIEHUEM.
PaccmoTpuM METOAMKHM pacueTa BO3LyXOOXJIAIUTEIEH B 3aBUCHMO-
CTH OT peXuMa pabOTHI.

3.3.3.1. Pacuyer Bo31yXooXJaauTeJieil IPH CyXOM OXJIAKACHUH

Pacuer u BbIOOp peKUMOB pabOTHI BO3IyXOOXJIAAUTENICH MPHU-
BOJIMTCS ¢ IOMOIIBIO Noka3aTeneit 0,, N,, W.

[TokazaTens TerioTeXHUYecKord 3()(HEKTUBHOCTU UL CYXOTO
OXJIQXKJICHUS BO3/lyXa UMEET BU/I:

t —t
0, =—+t—~+. (3.77)
tH _tWH
IIpy 3TOM [OJKHBI BBINOJHATHCA (3a7aBaThCs) YCIOBUSL:

b SL 1> L
Takum o0pa3oM, mpeanaraercss Takas IOCIEJOBATEIbLHOCTD
pacdera Bo3ayxooxiaaurens [24]:
1. 3agarorcs mapametpsl Bo3ayxa G, ty, dy, Iy, t

2. [IpyHUMAaIOT Ha4aIbHYIO TEMIEPATypy BOABI £, = A

3. 3amaroT mokasaTeslb OTHOIIEHUS TEIUIOEMKOCTEH MOTOKOB
(BomsiHBIX dKBUBaJIEHTOB) W = 0,1-0,6.
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4. OnpenensoT pacxo| XOJIOHON BOIBI, KI/4:
Ge
G, =—.
We

w

(3.78)

5. OnpenendioT U YTOYHSIOT KOHEYHYIO TEMIIEpaTypy BOJbI
(Ha BBIXOJIE M3 BO3AYXOOXJIAAUTENA) £, :

o=t +W(t, —t). (3.79)

ITpu sTom orpannumBaror Af, =t +t, =2-6 °C myreM nzme-

HeHust W u, coorBercTBeHHO, G, o hopmyite (3.78).

6. B cooTBeTCTBUM € pacXxoJOM OXJIaXkAaeMoro Bo3jyxa G BbI-
Ouparor TN Bo3zayxooxiamutens (mpwi. 31). B 3aBucumoctd OT
KOHCTPYKTHUBHBIX pa3MepoB OJI0OKa BO3IyXOOXJIATUTENs, CXeM 00-
BSI3KH OMPEJIEIAIOT CKOPOCTH JBHKEHHS BO3LyXa LP, KI/MC, BOJIBI
w, M/c, o popmynam (3.71) u (3.72).

CornacHo pekoMeHaanusIM [24], onTuMaibHasi CKOPOCTh BOJIbI
no Tpyokam teroooMennuka w = 0,6—1,0 M/c. DToil mpenenpHOM
BEJIMYMHOM OTPaHUYMBAIOT TAHHBIN NTapaMeTp.

7. OnpenenstoT noka3aTelb TeIUIOTEXHNYeCKOH 3(h(heKTUBHO-
ctu 0, no popmyne (3.77).

8. Ilo rpaduky (mpun. 32) npu usBecTHeIX O, u W Haxomsr
3Ha4YeHus TNokKazarens N,. PekomeHnmyemble palMOHAIbHBIE IIpe-

nenbHbIe 3HaueHus N, cootsercTByIOT 1,6—1,8 [1].

9. Onpenenstor TpedyeMyIo MII0MIA (b TOBEPXHOCTH BO3IyXO0-

OXJIQJUTEIIS:
_ N,Gc
" 3,6K°
rae K — ko uImeHT Teruionepeadyn B BO3IyX00XIAIUTENe, Ope-
JETSIOT 110 YpaBHEHUIO, aHaoTndHOMY dopmyite (3.70).

10. OmpenensroT 3amac MOBEPXHOCTH BO3AYyXOOXJIQJUTENS TO
dopmyne (3.75). On He momkeH mpeBbimath 10 %, B IpOTUBHOM
cllyyae HEOOXOJMMO H3MEHUTh PEXUM pPabOTHI TEINIOOOMEHHUKA,
MIPUHSB HOBOE 3HaUeHue W, u moBTOpUTh pacuer [1].

(3.80)
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3.3.3.2. Pacuer BO3ayxooxsiaguTeiei
NPH OXJIAKIEHUU H OCYIIEHUH BO31yXa

Pacuer MoOxeT mpoBOIUTBCA MO METOAMKE, KOTOpas Ipeny-
CMaTpPHUBAET 3aMEHY PEAIbHOTO MPOIIecca OXJIAKICHHUS U OCYIICHHS
BO3/lyXa Ha «YCJIOBHO CYyXOW PEXUM OXJIAKJICHUS», IKBUBAJICHTHBII
o 3arpatam xojona [ 1, 24].

[Topsiok pacueTa BO31yX00XJIaJUTENs

1. 3agaroT HavanbHbIE MapaMeTpsl Bosayxa 1,d, (¢,,¢,),.G .

2. 3aaroT KOHe4Hble napameTpsl Bo3ayxa [ ,d (¢ ,0,).

VkaspiBaeTcst B [24], uTo BBIOOp KOHEYHBIX MapaMeTpoOB OXJia-
’KJIEHHOTO U OCYILIEHHOTO BO31yxa [, _ W Jp. HE MOXKET ObITh IIPO-

U3BEJICH NIPOU3BOJIBHO. B 4acTHOCTH, ¢, 3aBUCHUT OT @, .
PexomennoBano B [24]:

npu ¢, <45 % ¢, = 88 %;
npu 45 % < @, <70 % ¢, =92 %;
opu ¢, > 70 % ¢, =98 %.

3. CtposiT peaibHBIM MPOLIECC OXIAKICHUS U OCYIIEHUS BO3-
nyxa Ha [-d-puarpamme (puc. 3.13.).

I8
KJDK/KT
tw

Lu In

=100 %

rdv  du d

/KT C.B

Puc. 3.13. IlocTpoeHune peaqbHOro MpoIecca OXJIKICHUS U OCYyIIle-
HUS BO3[yXa U «YCJIOBHO CYXOTO PEKHUMa OXJIaXKICHUS»:
HK — nyud peanshoro oxnaxnaenus; H'K' — myd «ycinoBHO
CYXOT'0 OXJIKJCHUS
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4. Omnpenensitor Touky H (HadasbHOE COCTOsSIHME BO3/yXa),
Touky K (KOHeuHOe cocTositHME BO3ayxa), mpoBoaiT orpe3ok HK,
COOTBETCTBYIOIIUN Jy4y PEaJbHOTO MPOIECCa OXJIAXKIECHUS U OCY-
meHus Bo3ayxa. Ha mepeceuenun ¢ nponomkenuem orpeska HK
¢ nzosmHuei @ = 100 % HaxoAAT TOUKY f, Ul KOTOPOH #s COOTBETCT-
BYET CpeIHEHl TeMIeparype HapyKHOM IOBEPXHOCTH BO3yXO0OXJIa-
autens. V3 Toduku f NPOBOJAT WH3OJIUHUIO dy JIO MEPEecedeHUst
¢ u3oJuHuAMU I, I, nomydaror orpe3ok H'K', coorBercTByrommii
Jy4y «yCJIOBHO CyXOT'0 OXJIQX/IEHUS BO3IyXa.

5. Bemmonustor nn. 3—10 nmoapasna. 3.3.3.1.

HauvanbHyto Temrneparypy XOJ0JHOW BOJBI HA BXOJE B BO3yXO-

OXJIAJIUTENb OPENEISIOT U3 yenosust £, < I, —2 °C [33]. C ymeHb-

mieHneM [, TpeOyemasi MOBEpXHOCTh BO3TyXOOXJIaJUTENS CHIKACTCSL.

[TokazaTenb TEMIOTEXHUYECKOH S(PPEKTUBHOCTH B «YCIOBHO
CYXOM DPEXHME OXJIKICHUS BO3IyXa» BBIUYUCIISIOT B COOTBETCTBHU
¢ popmymnoii (3.77) u puc. 3.13:

t,—t,

0, =1 3.81
T (3.81)

H WH

Ilpumep 3.12. Onpenenenne KOHCTPYKTHBHBIX NOKa3aTesei
MOBEPXHOCTHOI'0 BO31yX00X./1aUTe s

Hcxoonvie oannvie
1. Pacxon cmecu HapyKHOTO M PELHUPKYIALMOHHOTO BO31yXa
cocraBisier 21600 kr/4.

2. ITapametpsl cmecu: /, = 50 k/Ix/kr, d, = 9,8 r/kr c.B.

3. Cmech HEOOXOAMMO OCYLINTH M OXJIaguTh 10 [ = 33 kJx/KT,
d = 8,3 T/kr c.B.

Ilopsaoox pacuema

1. Ha I-d-guarpaMmmMe CTpoMM peasibHBIN MPOIECC OXJTaKICHUS
n ocymenus Bozayxa HK (puc. 3.14), mpum sTOoM mnpuHUMaeM
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¢, =92 %. Ha nepeceuennu nponomkenus orpeska HK ¢ nzonunu-

et @ = 100 % HaxoaUM TOUKY f, U KOTOPOH /s COOTBETCTBYET CPea-
HEW TeMIlepaType HapyKHOM MOBEPXHOCTU BO3Ayxooxyaaurens. 13
TOYKH f MPOBOJUM H30JIHMHUIO df 10 NMEPECEUECHUs! C U30JIUHUAMH Iy,
1. Tlonygaem otpesok H'K', cooTBeTcTBYyIOMIMNI Ty4y «YCIOBHO CY-
XOTO OXJIKJICHHUS BO3TyXa».

1

KJx/KT H'
ol N
34,5C

29,5CH—""

K
13°C

12°C
10,5°C

dFS dH:9,8
dK:8,3 d.

r/Kr (;.B
Puc. 3.14. K npumepy 3.11

2. HavanpHyto TemrepaTypy XOJOJHOW BOJbI Ha BXOJE B BO3-
JIyXOOXJIaIATEIb OTIpe/iesisieM U3 yciosus £, < I, — 2 °C:
t,.=10,5-2=8,5°C.
3. 3ajgaem nokasaresib OTHOIICHHUS TETNIOEMKOCTEN TOTOKOB
w=0,2.
4. YTOouHsieM KOHEYHYIO TEMIIEpaTypy BOJbI Ha BBIXOJIE W3

BO3IyXooxyamuTels mo gopmyne (3.3.40):
t,. =85+ 0,2(29,5 —13) =11,8°C.

5. OmpenensieM pacxo] X0JIOAHOM BOJIBI 1O BeIpakeHHIo (3.78):

= 21600-1,005 25923 xr/u.
0,2-4,19
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6. Ilo mpun. 31 B COOTBETCTBUM C PACXOJIOM OXJIAXKIAEMOTO

BO3yXa BI)I6I/Ipa€M THUIT BO3AYXOOXJIaAUTCIIA: IIByXpSIZ[HI)II\/JI, C pactmo-
o 2

JIaraeMol MOBEPXHOCTBIO F = 74,6 M", ¢ IUIOWA/BI0 (PPOHTAILHOTO

cedeHust Uit Bo3ayxa f. = 2,07 M, IUIOMIAIbI0 CSYCHUS TSl IPOXOJIa

Bombl [, =0,00296 M”.

7. MaccoBasi CKOpPOCTb JIBUJKECHHS BO3/lyXa B KUBOM CEUYECHHUHU
BO3IyXooxyaauTens mo gopmyse (3.71) pasHa:
21600

©3600-2,07
8. CKOpOCTh ABIKEHHSI XOJIOJHOW BOJBI IO TPYOKaM BO3ITyXO-
oxmanutens 1o ¢popmyse (3.72) cocTaBuT:

w= 25923 =2,43m/c.
1000-0,00296-3600

9. OmpenernsieM Mmoka3aTellb TEIUIOTEXHUUECKOH 3(deKkTuBHO-

CTH B «YCJIIOBHO CYXOM PCKUME OXJIAKIACHUA BO3AYyXa» B COOTBCT-

cTBuHu ¢ popmynoit (3.81):

29,5-13

0, =———

29,5-8,5

10. Io mpuin. 32 mpu u3BeCTHBIX O, U W HaxoIUM 3HAuYCHUE

=2,9 kr/m’c.

pL

=0,786 .

nokasarens N, :
N, =1,7.
11. TTo dopmyne (3.70) paccuutbiBaeM KOI(PPHUIMEHT TEIUIO-
nepeaayy B BO3IyX00XIauTeNe:
K =25,5(2,9)"*2,43%% = 47,87 Br/(m*°C).
12. Onpenensiem TpeOyeMyro TUIOMIAAb TOBEPXHOCTH BO3IYyXO-
oxmanutens 1o ¢opmyse (3.80):
_1,7-21600-1,005
T 3,6-47,87

=214,1 M
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13. OnpenenseM HEOOXOAMMOE YHCIO ABYXPSATHBIX TEIJIO00-
MeHHUKOB 214,1/74,6 = 2,87 mt. OkpyrisieM 10 3, U JCHCTBUTEIb-
Hasi TOBEPXHOCTh BO3YyX0OXJIAJUTEICH COCTABUT:

F, =74,6-3=223,8M",

14. Omnpenensiem 3amac MOBEPXHOCTH BO3AYXOOXJIAUTENS TO

dopmye (3.75):
223,8—-214,1
214,1

YcnoBue BBITIOJIIHEHO.

K ycranoBke nmpuHUMaeM TpH ABYXPSAIHBIX BO31yXOOXJIAIUTE-
ns1. BeiOupaem cxemy 0OBSI3KHA TPYOOTIPOBOJIOB € MapalIeIbHOM 1MO-
Jauel XOJIOJHOM BOJBI B TPU ABYXPSAIHBIX TEINIOOOMEHHHUKA, TOTIA
CKOpPOCTBb TCYCHHA BOJLI B TPY6KaX COCTaBUT:

w= 25923 =0,81 m/c.
1000-0,00296-3-3600

Pacuer 3axkoHYeH, T. K. cXeMa OOBSI3KM 0OECIIEYHBAET OIITHU-
MaJbHYIO0 CKOPOCTh JABWKEHUS BOJBI B BO3AyX0OXJIaIUTEIIC.

100 % =4,5% < 15 %.
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Ipunooicenue 1

Tabauua aJisi ruIPaBIHYEecKOro paciera TpyoonpoBoaoB
BO/ISIHOT'O OTOIUIEHHSI TIPH TePenaaax TeMnepaTypsl BoAbl B CHCTEME
95-70 °C, 105-70 °C u A= 0,2 mm

Iorepn | KomuuecrBo npoxozsiel Bobl (BEPXHsS CTPOKA), KI/4, K CKOPOCTb JIBUIKE-
JlaBNienys Ha | HHS BOIBI (HIKHSIA CTPOKA), M/C, 110 TpyOaM CTaJbHbIM BOJ0Ia30POBOJ-
TpeHHe HbIM 00bIKHOBEHHBIM (I"OCT 3262—-75%) ycroBHBIM IPOXOJIOM, MM
Ha 1 M, [la 15 20 25 32 40 50
0.55 5,5 18,7 50,7 121 159 288
’ 0,008 0,015 0,25 0,034 0,034 0,037
0.6 6,0 20,4 55,3 124 168 303
i 0,009 0,016 0,027 0,035 0,036 0,039
0.65 6,5 22,1 59,9 127 172 317
’ 0,009 0,018 0,029 0,036 0,037 0,041
0.7 7,0 23,8 64,5 131 173 329
’ 0,01 0,019 0,032 0,037 0,037 0,042
0.75 7,5 25,5 69,1 133 176 342
i 0,011 0,02 0,034 0,037 0,038 0,044
0.8 8,0 27,2 75,9 135 177 355
i 0,012 0,022 0,037 0,038 0,038 0,046
0.85 8,5 28,9 75,9 136 182 368
i 0,012 0,023 0,037 0,038 0,039 0,047
0.9 9,0 3,06 77,9 140 188 380
’ 0,013 0,024 0,038 0,039 0,040 0,049
0.95 9,5 32,3 80,0 143 194 392
i 0,014 0,026 0,039 0,040 0,041 0,050
1.00 10,0 34,0 82,0 147 199 403
’ 0,015 0,027 0,040 0,041 0,043 0,052
1.10 11,0 37,4 84,0 150 211 426
i 0,016 0,030 0,041 0,042 0,045 0,055
12 12,0 40,8 86,1 154 222 445
i 0,017 0,033 0,042 0,043 0,047 0,057
1.3 13,0 44,2 88,1 161 231 466
> 0,019 0,035 0,043 0,045 0,049 0,060
1.4 14,0 47,6 90,2 167 241 486
i 0,020 0,038 0,044 0,047 0,052 0,062
15 15,0 51,0 92,2 174 250 505
i 0,022 0,041 0,045 0,049 0,054 0,065
1.6 16,0 54,4 94,2 180 260 523
i 0,023 0,044 0,046 0,050 0,056 0,067
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IIpoooncenue npun. 1

Iotepu KommdaecrBo nmpoxopsimei Bob! (BEpXHII CTPOKa), KI/4, H CKOPOCTh JIBU-
JIaBIICHHS YKEHUSI BOZIBI (HIDKHSISL CTPOKa), M/C, TI0 TpyOaM CTaJILHBIM BOAOTa30MPo-
Ha TpeHNe BoaHbIM 00bIKHOBeHHBIM ("OCT 3262-75%) yciioBHBIM ITPOXOJIOM, MM
Ha 1 M, [l 15 20 25 32 40 50

1.7 17,0 57,2 96,3 186 268 541
’ 0,025 0,046 0,047 0,052 0,057 0,069
1.8 18,0 58,4 98,3 193 277 559
’ 0,026 0,047 0,048 0,054 0,059 0,072
1.9 19,0 59,7 100 199 286 576
’ 0,028 0,048 0,049 0,055 0,061 0,074
2.0 20,0 60,9 102 204 294 592
’ 0,029 0,049 0,050 0,057 0,063 0,076
29 22,0 62,2 103 216 311 623
’ 0,032 0,050 0,050 0,060 0,067 0,080
24 24,0 64,7 105 226 325 654
’ 0,035 0,052 0,051 0,063 0,070 0,084
26 26,0 65,9 110 236 340 683
i 0,038 0,053 0,054 0,066 0,073 0,088
28 28,0 67,2 114 246 354 712
’ 0,041 0,054 0,056 0,069 0,076 0,091
3.0 30,0 69,7 118 256 368 739
’ 0,044 0,056 0,058 0,071 0,079 0,095
32 31,9 70,9 123 265 381 766
’ 0,047 0,057 0,060 0,074 0,082 0,098
34 33,9 72,1 127 274 394 792
’ 0,050 0,058 0,062 0,077 0,084 0,101
36 35,9 73,4 131 283 407 817
’ 0,052 0,059 0,064 0,079 0,087 0,105
38 37,9 74,6 135 292 419 842
’ 0,056 0,060 0,066 0,082 0,090 0,108
4.0 39,2 75,9 139 300 431 865
’ 0,057 0,061 0,068 0,084 0,092 0,111
4.5 41,2 77,1 149 321 461 920
’ 0,060 0,062 0,073 0,90 0,099 0,118
50 43,3 80,3 158 339 486 974
’ 0,063 0,064 0,077 0,095 0,104 0,125
55 44,6 84,8 166 357 512 1026
’ 0,065 0,068 0,081 0,100 0,110 0,131
6.0 46,0 88,6 174 374 537 1076
’ 0,067 0,071 0,085 0,105 0,115 0,138
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Horepu | Komuiecreo npoxozsiieit BOJBI (BEpXHsisi CTPOKA), KI/d, i CKOPOCTB JBHKC-
faBnenus | HUSA BOIBI (HIKHSS CTPOKA), M/C, O TPyOaM CTAJILHBIM BOA0Ta30IPOBO/-
Ha TPEHHE HbIM 00bIKkHOBeHHBIM (I'OCT 3262-75%) ycI0BHBIM IIPOXOIOM, MM
Ha 1 M, [l 15 20 25 32 40 50

6.5 47,4 92,7 182 391 561 1123
’ 0,069 0,074 0,089 0,109 0,120 0,144
70 48,8 96,6 189 408 584 1169
’ 0,071 0,077 0,093 0,114 0,125 0,150
75 49,4 100 198 423 607 1214
’ 0,072 0,080 0,097 0,118 0,130 0,155
8.0 50,8 104 204 438 628 1256
’ 0,074 0,083 0,100 0,122 0,135 0,161
8.5 52,2 108 211 453 649 1298
’ 0,076 0,086 0,103 0,127 0,139 0,166
9.0 52,9 111 218 467 670 1338
’ 0,077 0,089 0,107 0,130 0,143 0,171
95 54,2 114 224 481 689 1378
’ 0,079 0,092 0,110 0,134 0,148 0,176
10.0 54,9 118 230 495 709 1416
’ 0,080 0,094 0,113 0,138 0,152 0,181
11.0 55,5 124 242 520 745 1487
’ 0,080 0,099 0,119 0,145 0,159 0,191
12.0 56,9 130 254 545 780 1558
’ 0,083 0,104 0,125 0,152 0,167 0,200
13.0 59,5 136 265 569 815 1626
’ 0,087 0,109 0,130 0,159 0,174 0,280
14.0 62,1 142 276 592 848 1691
’ 0,091 0,113 0,135 0,165 0,182 0,217
15.0 64,5 147 287 615 880 1754
’ 0,094 0,118 0,141 0,172 0,188 0,225
16.0 66,8 152 297 636 910 1815
’ 0,098 0,122 0,146 0,178 0,195 0,233
17.0 69,1 157 307 657 940 1875
’ 0,101 0,126 0,150 0,184 0,201 0,240
18.0 71,3 162 317 678 969 1932
’ 0,104 0,130 0,155 0,189 0,208 0,248
19.0 73,5 167 326 698 998 1988
i 0,107 0,134 0,160 0,195 0,214 0,255
20.0 75,6 172 335 717 1025 2042
’ 0,110 0,138 0,167 0,200 0,219 0,262
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Torepu KommdaecrBo nmpoxopsimei Bob! (BEpXHISI CTPOKa), KI/4, H CKOPOCTH JIBU-
TIABITEHHS YKEHUSI BOZIBI (HIDKHSISI CTPOKa), M/C, TI0 TpyOaM CTaJILHBIM BOAOTA30MPO-
Ha TpeHHe BOAHBIM 00bIKHOBEHHBIM (I'OCT 3262—75%) ycIIOBHBIM ITPOXOIOM, MM
Ha 1 M, [la 15 20 25 32 40 50

220 79,5 181 352 753 1077 2145
’ 0,116 0,145 0,173 0,210 0,231 0,275
24.0 83,4 189 369 789 1128 2246
i 0,122 0,152 0,181 0,220 0,241 0,288
26.0 87,1 198 385 832 1176 2342
i 0,127 0,158 0,189 0,230 0,252 0,300
28.0 90,7 206 401 856 1224 2435
’ 0,132 0,165 0196 0,239 0,262 0,312
30.0 94,2 214 416 888 1269 2525
’ 0,138 0,171 0,204 0,248 0,272 0,323
32.0 97,6 221 430 919 1313 2611
’ 0,142 0,177 0,211 0,257 0,281 0,335
34.0 101 228 444 948 1355 2695
’ 0,147 0,183 0,218 0,265 0,290 0,345
36.0 104 236 458 978 1396 2777
’ 0,152 0,189 0,225 0,273 0,299 0,356
38.0 107 243 472 1006 1437 2856
i 0,156 0,194 0,231 0,281 0,308 0,366
40.0 110 249 484 1033 1476 2934
’ 0,161 0,200 0,237 0,289 0,316 0,376
45.0 117 265 515 1097 1567 3115
’ 0,171 0,212 0,252 0,306 0,336 0,399
50.0 124 280 544 1160 1656 3290
’ 0,181 0,224 0,267 0,324 0,355 0,422
550 130 294 572 1213 1740 3457
’ 0,190 0,236 0,280 0,340 0,373 0,443
60.0 136 308 599 1276 1821 3617
’ 0,199 0,247 0,294 0,356 0,390 0,463
65.0 142 322 624 1330 1899 3770
i 0,208 0,258 0,306 0,372 0,407 0,483
70.0 148 335 649 1383 1973 3917
i 0,217 0,268 0,318 0,386 0,423 0,502
75.0 153 347 679 1433 2045 4060
’ 0,225 0,278 0,330 0,400 0,438 0,520
80.0 156 359 696 1482 2115 4197
’ 0,233 0,288 0,341 0,414 0,453 0,538
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Horepu KommdecrBo nmpoxopsimei Bob! (BEpXHsII CTPOKa), KI/4, H CKOPOCTH JIBU-
TABICHHS JKEHUSI BOZIBI (HIDKHSISL CTPOKa), M/C, TI0 TpyOaM CTaJILHBIM BOAOTra30Mpo-
Ha TpeHHe BOJAHBLIM 00bIKHOBEHHEIM (I"OCT 3262-75%) yclOBHBIM IIPOXOJIOM, MM
Ha 1 M, ITa 15 20 25 32 40 50

85.0 164 371 719 1529 2182 4330
’ 0,240 0,297 0,352 0,427 0,467 0,555
90.0 169 382 741 1576 2248 4460
’ 0,248 0,306 0,363 0,440 0,481 0,571
95.0 174 393 762 1620 2312 4586
’ 0,255 0,315 0,374 0,453 0,495 0,588
100 179 404 783 1664 2374 4708
0,262 0,324 0,384 0,465 0,508 0,603

110 188 421 822 1747 2492 4942
0,275 0,346 0,403 0,488 0,534 0,633

120 197 444 860 1827 2606 5168
0,288 0,356 0,421 0,510 0,558 0,662

130 206 463 896 1904 2716 5384
0,300 0,371 0,439 0,532 0,582 0,690

140 213 481 931 1979 2822 5593
0,312 0,385 0,457 0,553 0,604 0,717

150 221 499 965 2051 2924 5795
0,324 0,400 0,473 0,573 0,626 0,742

160 229 516 998 2120 3022 5989
0,335 0,413 0,489 0,592 0,647 0,767

170 236 532 1030 2187 3118 6178
0,346 0,426 0,505 0,611 0,668 0,792

180 244 548 1061 2252 3211 6361
0,356 0,439 0,520 0,629 0,688 0,815

190 250 564 1091 2316 3301 6539
0,366 0,452 0,535 0,647 0,707 0,838

200 257 579 1120 2377 3389 6713
0,376 0,464 0,549 0,664 0,726 0,860

220 270 608 1176 2495 3556 7044
0,395 0,487 0,576 0,697 0,762 0,903

240 283 636 1230 2609 3718 7364
0,413 0,510 0,603 0,729 0,796 0,944

260 295 663 1281 2718 3874 7671
0,431 0,531 0,628 0,759 0,830 0,983

280 306 689 1331 2823 4023 7966
0,448 0,552 0,653 0,789 0,862 1,021
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Horepu KommdecrBo nmpoxopsiei Bob! (BEpXHII CTPOKa), KI/4, ¥ CKOPOCTh JIBU-
TABICHHS YKSHUS BOJIBI (HVDKHSS CTPOKA), M/C, TTO TPYOaM CTAJIBLHBIM BOA0Ta30Mpo-
Ha TpeHHe BOIHBIM 00b1kHOBEeHHBIM (ITOCT 3262-75%) ycroBHBIM HPOXOJIOM, MM
Ha 1 M, [la 15 20 25 32 40 50

300 317 714 1379 2925 4168 8251
0,464 0,572 0,676 0,817 0,892 1,057
320 328 738 1426 3023 4307 8526
0,480 0,591 0,699 0,844 0,922 1,092
340 339 761 1471 3118 4443 8793
0,495 0,610 0,721 0,871 0,951 1,127
360 349 784 1514 3210 4574 9052
0,510 0,628 0,742 0,897 0,979 1,160
380 359 806 1557 3300 4702 9304
0,525 0,646 0,763 0,92 1,007 1,192
400 369 827 1598 3388 4826 9702
0,539 0,663 0,783 0,946 1,033 1,243
450 391 878 1696 3592 5121 10291
0,572 0,704 0,831 1,004 1,097 1,319
500 413 927 1790 3793 5403 10848
0,604 0,743 0,878 1,059 1,157 1,390
550 434 974 1880 3982 5765 11377
0,634 0,780 0,921 1,112 1,234 1,458
600 454 1018 1965 4162 6021 11883
0,663 0,816 0,963 1,162 1,289 1,523
650 473 1061 2047 4406 6267 12368
0,691 0,850 1,003 1,231 1,342 1,585
700 491 1101 2126 4573 6504 12835
0,718 0,882 1,042 1,277 1,393 1,645
750 509 1141 2202 4733 6732 13286
0,744 0,914 1,079 1,322 1,441 1,702
800 526 1179 2275 4888 6953 13721
0,769 0,945 1,115 1,365 1,489 1,758
850 543 1216 2346 5039 7167 14144
0,793 0,974 1,15 1,407 1,535 1,812
900 559 1252 2415 5185 7375 14554
0,817 1,003 1,184 1,448 1,579 1,865
950 574 1287 2523 5327 7577 14953
0,839 1,031 1,237 1,488 1,622 1,916
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Torepu | KommuecTso mpoxozsmieii BozbI (BepxXHSIS CTpOKa), KI/4, H CKOPOCTH JIBYDKEHUS
naByenns | BOABL (HIDKHSS CIPOKa), M/C, 110 TPYOaM CTaJIbHBIM JIeKTPOCBAPHBIM Ipsi-
Ha TpeHne momoBHbIM ("OCT 10704-76%*) yc0BHBIM IPOXOZOM, MM
Ha lwm, Ila| 15 20 25 32 40 50 65 80 100

1.6 10,0 | 52,3 101 155 260 497 | 1131 | 1789 | 3110
’ 0,018 | 0,043 | 0,046 | 0,048 | 0,056 | 0,066 | 0,082 | 0,093 | 0,107
1.7 10,6 | 55,3 101 161 268 514 | 1170 | 1849 | 3214
’ 0,028 | 0,045 | 0,046 | 0,050 | 0,057 | 0,068 | 0,085 | 0,096 | 0,110
1.8 11,2 | 56,5 103 166 277 530 | 1207 | 1908 | 3316
’ 0,021 | 0,046 | 0,047 | 0,052 | 0,059 | 0,071 | 0,088 | 0,099 | 0,114
1.9 11,9 | 57,8 105 171 286 547 | 1244 | 1965 | 3414
’ 0,022 | 0,047 | 0,048 | 0,053 | 0,061 | 0,073 | 0,090 | 0,102 | 0,117
2.0 12,5 | 59,0 106 176 294 562 | 1279 | 2021 | 3510
’ 0,025 | 0,048 | 0,049 | 0,055 | 0,063 | 0,075 | 0,093 | 0,105 | 0,120
29 13,7 | 61,4 109 186 311 591 1344 | 2124 | 3689
’ 0,025 | 0,50 | 0,050 | 0,058 | 0,067 | 0,079 | 0,098 | 0,110 | 0,127
24 15,0 | 62,7 115 196 325 621 1410 | 2227 | 3867
’ 0,028 | 0,051 | 0,053 | 0,061 | 0,070 | 0,083 | 0,102 | 0,115 | 0,133
26 16,2 | 65,1 119 204 340 649 | 1473 | 2326 | 4038
’ 0,030 | 0,053 | 0,055 | 0,063 | 0,073 | 0,086 | 0,107 | 0,120 | 0,139
28 17,5 | 66,3 125 212 354 676 | 1534 | 2422 | 4202
’ 0,032 | 0,054 | 0,057 | 0,066 | 0,076 | 0,090 | 0,111 | 0,125 | 0,144
30 18,7 | 67,6 130 221 368 702 | 1593 | 2514 | 4361
’ 0,034 | 0,055 | 0,059 | 0,069 | 0,079 | 0,093 | 0,116 | 0,130 | 0,150
3.4 21,2 | 71,2 139 237 394 752 | 1705 | 2690 | 4664
’ 0,039 | 0,058 | 0,064 | 0,074 | 0,084 | 0,100 | 0,124 | 0,139 | 0,160
3.6 22,5 | 72,5 144 244 407 776 | 1758 | 2774 | 4809
’ 0,041 | 0,059 | 0,066 | 0,074 | 0,087 | 0,103 | 0,128 | 0,144 | 0,165
38 23,7 | 73,7 148 252 419 799 | 1811 | 2855 | 4950
’ 0,044 | 0,060 | 0,068 | 0,078 | 0,090 | 0,106 | 0,131 | 0,148 | 0,170
4.0 25,0 | 74,9 152 259 431 822 | 1862 | 2935 | 5087
’ 0,046 | 0,061 | 0,070 | 0,081 | 0,092 | 0,109 | 0,135 | 0,152 | 0,175
45 28,1 | 74,0 163 277 461 874 | 1978 | 3119 | 5404
’ 0,052 | 0,060 | 0,075 | 0,086 | 0,099 | 0,116 | 0,144 | 0,161 | 0,185
50 31,2 | 78,2 173 294 486 925 | 2094 | 3300 | 5717
’ 0,057 | 0,064 | 0,079 | 0,091 | 0,104 | 0,123 | 0,152 | 0,171 | 0,196
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Torepu | KommuecTso mpoxozsmieii BozbI (BepxXHSIS CTpOKa), KI/4, H CKOPOCTH JIBYDKEHUS
naByenns | BOABL (HIDKHSS CIPOKa), M/C, 110 TPYOaM CTaJIbHBIM JIeKTPOCBAPHBIM Npsi-
Ha TpeHne momoBHbIM ("OCT 10704-76%*) yc0BHBIM IPOXOZOM, MM
Ha lwm, Ila| 15 20 25 32 40 50 65 80 100

55 344 | 82,6 181 308 512 975 | 2204 | 3474 | 6015
’ 0,063 | 0,067 | 0,083 | 0,096 | 0,110 | 0,130 | 0,160 | 0,180 | 0,206
6.0 35,6 | 86,8 190 323 537 | 1022 | 2310 | 3639 | 6300
’ 0,065 | 0,071 | 0,087 | 0,101 | 0,115 | 0,136 | 0,168 | 0,188 | 0,216
70 37,8 | 94,1 207 352 584 | 1111 | 2509 [ 3950 | 6855
’ 0,069 | 0,077 | 0,095 | 0,109 | 0,125 | 0,148 | 0,182 | 0,204 | 0,235
75 38,8 | 97,8 | 215 365 607 | 1153 | 2603 | 4098 | 7089
’ 0,071 | 0,080 | 0,099 | 0,114 | 0,130 | 0,153 | 0,189 | 0,212 | 0,243
3.0 39,0 101 223 378 628 | 1194 | 2694 | 4240 | 7335
’ 0,073 | 0,083 | 0,102 | 0,118 | 0,135 | 0,159 | 0,196 | 0,219 | 0,252
35 40,5 105 230 391 649 | 1233 | 2782 | 4379 | 7573
’ 0,074 | 0,086 | 0,106 | 0,122 | 0,139 | 0,164 | 0,202 | 0,260 | 0,260
9.0 41,6 108 238 403 670 | 1271 | 2868 | 4513 | 7804
’ 0,076 | 0,088 | 0,109 | 0,126 | 0,143 | 0,169 | 0,208 | 0,234 | 0,268
95 42,1 112 245 415 689 | 1309 | 2951 | 4644 | 8029
’ 0,077 | 0,091 | 0,112 | 0,129 | 0,148 | 0,174 | 0,214 | 0,240 | 0,276
10.0 42,7 115 252 427 709 | 1345 | 3033 | 4771 | 8248
’ 0,078 | 0,094 | 0,116 | 0,133 | 0,152 | 0,179 | 0,220 | 0,247 | 0,283
11.0 443 121 265 449 745 | 1413 | 3185 | 5011 | 8661
’ 0,081 | 0,099 | 0,122 | 0,140 | 0,159 | 0,188 | 0,231 | 0,259 | 0,297
12.0 45,9 127 278 470 780 | 1480 | 3335 [ 5246 | 9065
’ 0,084 | 0,103 | 0,127 | 0,146 | 0,167 | 0,197 | 0,242 | 0,271 | 0,311
14.0 48,1 138 302 511 848 | 1607 | 3618 | 5689 | 10187
’ 0,088 | 0,113 | 0,139 | 0,159 | 0,182 | 0,214 | 0,263 | 0,294 | 0,350
16.0 48,8 148 325 549 910 | 1725 | 3882 | 6101 | 10536
’ 0,090 | 0,121 | 0,149 | 0,171 | 0,195 | 0,230 | 0,282 | 0,316 | 0,362
18.0 52,0 158 346 585 969 | 1836 | 4129 | 6489 | 11202
’ 0,096 | 0,129 | 0,159 | 0,182 | 0,208 | 0,244 | 0,300 | 0,336 | 0,384
20.0 55,2 168 366 619 | 1025 | 1941 | 4364 | 6855 | 11832
’ 0,101 | 0,137 | 0,168 | 0,193 | 0,219 | 0,258 | 0,317 | 0,355 | 0,406
22.0 58,0 176 385 650 | 1077 | 2038 | 4582 | 7197 | 12421
’ 0,106 | 0,144 | 0,177 | 0,202 | 0,231 | 0,271 | 0,333 | 0,372 | 0,426
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Totepu | KommuecTso mpoxozsmieii BozbI (BepxXHSIs CTpOKA), KI/4, M CKOPOCTH JIBIDKEHUS
naByeHus | BOMBI (HIXKHSS CIPOKa), M/C, 10 TPY0aM CTaIbHBIM 3/1eKTPOCBAPHBIM Hpsi-
Ha TpeHHe momoBHbIM ("OCT 10704-76%*) yc0BHBIM IPOXOZOM, MM
Halwm Ia| 15 20 25 32 40 50 65 80 100

24.0 60,9 | 185 | 403 681 [ 1128 | 2134 | 4795 | 7531 12995
’ 0,112]0,151]0,185] 0,212 | 0,241 | 0,284 | 0,348 | 0,390 | 0,446
26.0 63,6 | 193 | 421 711 [ 1176 | 2226 | 5000 [ 7851 13545
’ 0,117]0,157] 0,193 0,221 | 0,252 0,296 | 0,363 | 0,406 | 0,465
28.0 66,2 | 201 | 438 | 739 [ 1224 | 2314 | 5197 | 8160 14075
’ 0,122]0,164| 0,201 | 0,230 | 0,262 | 0,308 | 0,377 | 0,422 | 0,483
30.0 68,8 | 208 | 454 | 767 | 1269 | 2399 | 5387 | 8457 14586
’ 0,126]0,170 0,209 | 0,239 | 0,272 0,319 | 0,391 | 0,438 | 0,501
32.0 71,3 | 216 | 470 | 794 | 1313 | 2482 | 5571 | 8744 15080
’ 0,131]0,176| 0,216 | 0,247 | 0,281 | 0,330 | 0,405 | 0,452 | 0,518
34.0 73,7 | 223 | 486 819 | 1355 | 2562 | 5749 | 9023 15559
’ 0,135] 0,182 0,223 0,255 | 0,290 | 0,341 | 0,417 | 0,467 | 0,534
36.0 76,0 | 230 | 500 | 844 | 1396 | 2639 | 5922 [ 9294 16024
’ 0,140 0,187 0,230 0,263 | 0,299 | 0,351 | 0,430 | 0,481 | 0,550
38.0 78,3 | 236 | 515 869 | 1437 | 2715 [ 6090 | 9557 16476
’ 0,1441 0,193 0,236 | 0,236 | 0,308 | 0,361 | 0,442 | 0,495 | 0,566
40.0 80,5 | 243 | 529 893 | 1476 | 2788 | 6254 | 9814 16917
’ 0,14810,198| 0,243 0,278 | 0,316 | 0,371 | 0,454 | 0,508 | 0,581
45.0 85,5 | 258 | 562 | 948 | 1567 | 2960 | 6639 | 10417 | 17956
’ 0,157]10,211] 0,258 0,295 | 0,336 | 0,394 | 0,482 | 0,539 | 0,616
50.0 444 | 273 | 594 | 1002 | 1656 | 3127 | 7011 | 11000 | 18956
’ 0,13710,223| 0,273 0,312 | 0,355 | 0,416 | 0,509 | 0,569 | 0,651
55.0 95,4 | 287 | 625 | 1053 [ 1740 | 3286 | 7365 | 11553 | 19907
’ 0,175]0,234| 0,287 0,328 | 0,373 | 0,437 | 0,535 0,598 | 0,683
60.0 99,9 | 300 | 654 | 1102 | 1821 | 3438 | 7703 [ 120820 | 20816
’ 0,184 0,246 | 0,300 | 0,343 | 0,390 | 0,458 | 0,559 | 0,625 | 0,714
65.0 104 | 314 | 682 | 1149 | 1899 [ 3583 [ 8028 | 12590 | 21687
’ 0,19210,256| 0,313 0,358 | 0,407 | 0,477 | 0,583 | 0,651 | 0,744
75.0 112 | 338 | 735 | 1239 | 2045 | 3859 | 8641 | 13549 | 23335
’ 0,701]0,276| 0,338 0,386 | 0,438 | 0,514 | 0,628 | 0,701 | 0,801
20.0 57,4 | 350 | 760 | 1281 [ 2115 | 3989 | 8933 [ 14005 | 24111

0,214(0,286 | 0,349 0,399 | 0,453 | 0,531 | 0,649 | 0,725 | 0,949
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KommdectBo mpoxozsmie BoAbI (BEpXHsIS CTPOKaA), KI/4, B CKOPOCTH JIBIDKEHUS

HI;I:J::EII:IISI BOJIBI (HIDKHSISI CTPOKA), M/C, TIO TPy0aM CTAIBLHBIM JIEKTPOCBAPHBIM MpSsi-
Ha TpeHHe momoBHbIM ("OCT 10704-76%*) yc0BHBIM IPOXOZOM, MM

Ha lwm, Ila| 15 20 25 32 40 50 65 80 100
85.0 120 361 785 | 1322 | 2182 | 4116 | 9215 | 14446 | 24876
’ 0,221 | 0,295 | 0,361 | 0,412 | 0,467 | 0,548 | 0,669 | 0,748 | 0,854
90.0 124 373 809 | 1362 | 2248 | 4239 | 9490 | 1487525613
’ 0,228 | 0,304 | 0,371 | 0,424 | 0,481 | 0,564 | 0,689 | 0,770 | 0,879
95.0 127 383 832 | 1401 [ 2312 | 4359 | 9756 | 15292 ( 26329
’ 0,235 | 0,313 | 0,382 | 0,436 | 0,495 | 0,580 | 0,708 | 0,791 | 0,904
100 131 394 855 | 1439 | 2374 | 4476 | 10015 | 15698 | 27026
0,241 | 0,321 | 0,392 | 0,448 | 0,508 | 0,596 | 0,727 | 0,813 | 0,928
110 137 413 897 | 1510 | 2492 | 4697 | 10511 | 16473 | 28359
0,253 | 0,338 | 0,412 | 0,470 | 0,534 | 0,625 | 0,763 | 0,852 | 0,973
120 144 433 939 | 1580 | 2606 | 4912 | 10989 | 17222 | 29645
0,265 | 0,353 | 0,431 | 0,492 | 0,558 | 0,654 | 0,798 | 0,891 | 1,018
130 150 451 979 | 1647 | 2716 | 5118 | 11449 | 17940 | 30878
0,277 | 0,368 | 0,449 | 0,513 | 0,582 | 0,681 | 0,832 | 0,928 | 1,060
140 156 469 | 1017 | 1711 | 2822 | 5317 [ 11890 | 18631 [ 32065
0,288 | 0,383 | 0,467 | 0,533 | 0,604 | 0,708 | 0,863 | 0,863 | 1,101
150 162 486 | 1054 | 1773 | 2924 | 5508 [ 1231719298 | 33209
0,298 | 0,397 | 0,484 | 0,552 | 0,626 | 0,733 | 0,894 | 0999 | 1,140
160 168 503 | 1090 | 1833 | 3022 | 5693 | 12729 | 19942 | 24317
0,309 | 0,411 | 0,500 | 0,571 | 0,647 | 0,758 | 0,924 | 1,032 | 1,178
170 173 519 | 1125 | 1891 | 3118 | 5873 | 13129 | 20567 | 35957
0319 | 0,424 | 0,516 | 0589 | 0,668 | 0,782 ]| 0,953 | 1,064 | 1,234
180 178 534 | 1158 | 1948 | 3211 | 6047 | 13517 |21174| 36999
0,328 | 0,436 | 0,532 | 0,606 | 0,688 | 0,805 [ 0,982 | 1,096 | 1,270
190 183 550 | 1191 | 2002 | 3301 | 6216 | 13894 | 21764 | 38013
0,338 | 0,449 | 0,547 | 0,624 | 0,707 | 0,827 | 1,009 | 1,126 | 1,305
200 188 564 | 1223 | 2056 | 3389 | 6381 [ 14261 |22339 (39001
0,347 | 0,461 | 0,561 | 0,640 | 0,726 | 0,849 [ 1,036 | 1,156 | 1,339
220 198 592 | 1283 | 2158 | 3556 | 6696 |14964 | 23821 (40904
0,364 | 0,484 | 0,589 | 0,672 | 0,762 | 0,891 | 0,087 | 1,233 | 1,404
240 207 620 | 1342 | 2256 | 3718 | 7000 | 15641 | 24880 | 42723
0,381 | 0,506 | 0,616 | 0,703 | 0,796 | 0,932 | 1,136 | 1,287 | 1,466
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Oxonuanue npun. 1

KommdectBo mpoxozsmie BoabI (BEpXHSIS CTPOKA), KI/4, B CKOPOCTH JIBIDKSHUS

HI;I:J::EII:IISI BOJIBI (HIDKHSISI CTPOKA), M/C, TIO TPy0aM CTAIBHBIM JIEKTPOCBAPHBIM MpSsi-
Ha TpeHne momoBHbIM (I'OCT 10704-76%*) yc0BHBIM IPOXOZOM, MM
Halwm Ila| 15 20 25 32 40 50 65 80 100
260 216 | 646 | 1399 | 2351 | 3874 | 7292 |16291| 25896 | 44468
0,398 0,528 | 0,642 | 0,732 0,830 | 0,971 | 1,183 | 1,340 | 1,526
280 225 | 672 | 1453 | 2442 | 4023 | 7573 |17187| 26874 | 46147
0,413 0,548 0,667 [ 0,760 | 0,862 | 1,008 | 1,248 | 1,391 | 1,584
300 233 | 696 | 1505 | 2530 | 4168 | 7843 |17791| 27817 | 47766
0,428 0,568 | 0,691 | 0,787 0,892 | 1,044 | 1,292 | 1,439 | 1,640
320 241 | 719 | 1556 | 2615 | 4307 | 8105 | 18374 | 28730 | 49333
0,443 0,587 0,714 | 0,814 0,922 | 1,079 | 1,334 | 1,487 | 1,693
340 249 | 742 | 1605 | 2697 | 4443 | 8359 |18940| 29614 | 50851
0,457 0,606 | 0,737 0,840 0,951 | 1,113 | 1,375 | 1,532 | 1,745
360 256 | 764 | 1653 | 2777 | 4574 | 8606 | 19489 | 30472 | 52325
0,471] 0,624 0,759 0,865 0,979 | 1,145 | 1,415 | 1,577 | 1,796
380 263 | 786 | 1699 | 2855 | 4702 | 8845 |20023| 31307 | 53759
0,484 0,642 0,780 | 0,889 | 1,177 | 1,177 | 1,454 | 1,620 | 1,845
400 270 | 807 | 1744 | 2930 | 4826 | 9226 |20543| 32121 | 55156
0,497 0,659 0,801 [ 0,912| 1,033 | 1,228 | 1,192 | 1,662 | 1,893
450 287 | 1851 | 3109 | 5121 | 9785 | 21789 |34069| 58502 | 102220
0,528 0,850 0,968 | 1,097 1,302 | 1,582 | 1,863 | 2,008 | 2,008
500 303 | 904 | 1954 | 3281 | 5403 | 10315]22968| 35912 | 61666
0,557 0,738 0,897 1,022| 1,157 | 1,373 | 1,668 | 1,858 | 2,117
550 318 | 949 | 2051 | 3445 | 5765 | 1081824089 37665 | 64676
0,58510,775] 0,942 [ 1,073 | 1,234 | 1,440 | 1,749 | 1,949 | 2,220
600 333 | 992 | 2144 | 3601 | 6021 | 11299 |25160( 39340 | 67552
0,612 0,810 0,985 1,121 1,289 | 1,504 | 1,827 | 2,036 | 2,319
650 347 | 1034 | 2234 | 3750 | 6267 | 11761 |26187| 40946 | 70310
0,638 0,844 | 1,026 | 1,168 | 1,342 | 1,565 | 1,902 | 2,119 | 2,413
700 361 | 1074 | 2319 | 3958 | 6504 | 12204 |27176| 42492 | 72964
0,663 0,877 1,065 [ 1,232 1,393 | 1,624 | 1,973 | 2,199 | 2,504
750 374 | 1112 | 2402 | 4097 | 6734 | 12633 |28130| 43983 [ 75525
0,687 0,908 | 1,103 1,276 | 1,441 | 1,681 | 2,043 | 2,276 | 2,592
300 386 | 1150 | 2483 | 4231 | 6953 | 1304729052 | 45426 | 78002
0,71 {0,939 | 1,14 | 1,317 1,489 | 1,737 | 2,11 | 2,351 | 2,677
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Ipunooicenue 2

Ko>¢pduuuent MecTHBIX cONPOTHBIEHMI &
IJISl CTAJIBHBIX TPYOONIPOBO/OB

Koaddunment & npu ycioBHOM uamerpe,

M
€CTHOE COMPOTHBICHUE 15 20 95 1 40 65() u
osee

TpoitHuku:

MIPOXO/HbIE 1 1 1 1 1 1

MIOBOPOTHBIE HA OTBETBJICHUE 1,5 1,5 1,5 1,5 1,5 1,5

Ha MPOTHUBOTOKE 3 3 3 3 3 3
KpecroBussr:

MPOXO/HBIE 2 2 2 2 2 2

MIOBOPOTHBIE 3 3 3 3 3 3
BenTunu:

OOBIKHOBEHHBIE 16 10 9 9 8 7

MPSIMOTOYHbBIE 3 3 3 2,5 2,5 2

3aIOpPHBINA MY(DTOBBIH 15,9 | 10,5 9,3 8,6 7,6 6,9
3aABMKKH MapajiebHbIe - - 0,5 0,5 0,5 0,5
OtBoj THYTHIN nox yraom 90° 0,8 0,6 0,5 0,5 0,4 0,3

noj yriom 45° 0,8 0,7 0,6 0,6 | 0,6 0,6

Kpan perynupyroniuii Tpexxo10Boii:

IIPH TIPOXOJIC 35 3 _ _ _ _

Ha TOBOPOTE 45 3 B B B B
KpaHn perynaupyrouuii npoxoaHoi 3, 3 - - - -
Kpan nBoiiHoli peryaupoBKu 4 2 2 2 - -
[IpoTOYHEI BO3yXOCOOPHUK 1,5 1,5 1,5 1,5 1,5 1,5
Panuarop uyryHHbIN 1,3 1,4 1,5 - - -
CrasbHbIC TAaHETBHBIC PaJUATOPHL:

PCB 0,6 2,0 5,3 - - -

PCT 1,2 4,1 11,0 - - _
KousekTopsr:

«Putm» 0,94 | 3,2 8,5 - - -

«Kompopt-20» 1,6 54 | 14,4 - - -

«AKKOpI» 1,2 4,0 | 10,7 - - -
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Ipunoowcenue 3

I[MoTepu naBjeHMsI HA MECTHbIE COMPOTUBJIEHUSI
JJIS1 pacyeToB TPYOONPOBOAOB BOASTHOI0 OTONJIEHUS

% A % A % A % A % A

0,010 [ 0,05 ]0,185] 16,8 | 0,360 | 63,3 | 0,57 159 | 1,40 958

0,015 | 0,11 ] 0,190 ] 17,6 | 0,365 | 65,1 | 0,58 164 [ 1,45 1028

0,020 | 0,19 ]10,195] 18,6 | 0,370 | 66,9 | 0,59 170 | 1,50 1100

0,025 | 0,30 | 0,20 | 19,6 | 0,375] 68,7 | 0,60 176 | 1,55 1174

0,030 | 0,44 ] 0,205] 20,5 | 0,380 ] 70,6 | 0,61 182 | 1,60 1251

0,035 | 0,60 | 0,210 ] 21,6 | 0,385] 72,5 | 0,62 188 | 1,65 1331

0,040 | 0,78 10,2151 22,6 |0,390| 74,3 | 0,63 194 1 1,70 1413

0,045 | 0,99 10,220 ] 23,7 |0,395] 76,3 | 0,64 200 [ 1,75 1497

0,050 | 1,22 | 0,225 | 24,7 0,40 | 78,2 | 0,65 206 | 1,80 1583

0,055 | 1,48 | 0,230 ] 25,9 | 0,405 ] 80,1 | 0,66 213 | 1,85 1673
0,060 | 1,76 | 0,235] 27,0 | 0,410 | 82,2 | 0,67 219 | 1,90 1764
0,065 | 2,06 | 0,240 | 28,1 | 0,415] 84,2 | 0,68 226 | 1,95 1859
0,070 | 2,39 10,2451 29,3 | 0,420] 86,2 | 0,69 233 | 2,00 1955
0,075 | 2,75 10,250 | 30,5 | 0,425] 88,3 | 0,70 239 [ 2,05 [ 2054
0,080 | 3,13 | 0,255] 31,8 | 0,430] 90,4 | 0,71 246 | 2,10 | 2156
0,085 | 3,53 | 0,260 | 33,0 | 0,435] 92,5 | 0,72 253 | 2,15 | 2260
0,090 | 3,96 | 0,265] 34,3 | 0,440| 94,6 | 0,73 260 | 2,20 | 2366
0,095 | 4,41 | 0,270 | 35,6 | 0,445] 96,8 | 0,74 268 | 2,25 | 2475

0,10 [ 4,89 | 0,275] 37,0 [ 0,450 99,0 | 0,75 275 | 2,30 | 2586

0,105 | 5,39 | 0,280 38,3 | 0,455 101 0,76 282 | 2,35 | 2700

0,110 | 5,91 | 0,285] 39,7 | 0,460 103 | 0,77 290 | 2,40 | 2816

0,115 | 6,46 | 0,290] 41,1 | 0,465]| 105 | 0,78 297 [ 2,45 [ 2934

0,120 | 7,04 ] 0,295] 42,5 | 0,470 107 | 0,79 305 | 2,50 | 3055

0,125 | 7,64 | 0,300 44,0 | 0,475] 110 | 0,80 313 | 2,55 | 3179

0,130 | 8,26 | 0,305] 45,5 | 0,480 112 | 0,85 353 | 2,60 ] 3305

0,135 | 8,91 | 0,310 47,0 | 0,485] 115 | 0,90 396 | 2,65 | 3433

0,140 | 9,58 | 0,315] 48,5 | 0,490 117 | 0,95 441 | 2,70 | 3564

0,145 | 10,3 | 0,320] 50,0 | 0,495] 120 | 1,00 489 | 2,75 | 3697

0,150 | 11,7 | 0,325] 51,6 | 0,500 122 | 1,05 539 | 2,80 | 3833

0,155 | 11,7 | 0,330] 53,2 | 0,51 127 | 1,10 592 | 2,85 | 3971

0,160 | 12,5 | 0,335] 54,9 | 0,52 132 | 1,15 646 | 2,90 | 4111

0,165 | 13,3 [ 0,340 [ 56,5 | 0,53 137 | 1,20 704 | 2,95 | 4254

0,170 | 14,1 10,345 58,2 | 0,54 142 [ 1,25 764 | 3,00 | 4399

0,175 | 15,0 10,350 | 59,9 | 0,55 148 | 1,30 826

0,180 | 15,7 10,355] 61,6 | 0,56 153 | 1,35 891

Ipumeuanue. Benwuuna Z onpenensercs no dpopmyne Z = Z"XE, [a; v — ckopocTh IBU-
JKEHHSI TEIJIOHOCUTEJIS, M/C.
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Ipunoocenue 4

Tennooraaya OTKPHITO MPOJIOKEHHBIX CTATBHBIX TPYOONIPOBOI0B
(BEpTUKAJIBbHBIX — BEPXHSN, TOPH3OHTAJLHBIX — HUKHSISI CTPOKA)

Temootaua 1 M Tpy6bI, B/M?,
IE,E fw, d, MM npH ¢, — t,, °C, uepes 1 °C

0] 1123 ]4]5]6] 78709

s 2813030 [31 [ 32343435 36|37

38 | 39 | 41 | 42 | 43 | 44 | 44 | 46 | 47 | 49

b0 |36 [ 37 [ 38 [ 39 [ 41 [ 42 [ 43 | 44 | 45 | 46

46 | 47 | 50 | 52 | 53 | 55 | 57 | 58 | 59 | 60

b5 | 44 [ 46 [ 47 [ 49 [ 51| 52| 53 | 55 | 56| 58

40 57 1 59 | 63 | 65 | 66 | 68 | 71 72 | 74 | 75
32 56 | 58 | 60 | 61 64 | 65 | 67 | 68 | 71 73

74 | 77 | 79 | 81 84 | 8 | 89 | 92 | 94 | 96

40 64 | 66 | 68 | 70 | 72 | 74 | 77 | 78 | 80 | 82

77 1 79 | 80 | 84 | 8 | 88 | 89 | 92 | 94 | 97

50 79 | 82 | 85 | 87 | 88 | 93 | 95 | 97 | 100 | 103

93 | 95 | 99 | 101 | 105 | 107 | 110 | 113 | 115 | 118

15 38 38 39 | 41 41 43 44 | 44 | 45 46

50 | 51 52 | 53 | 56 | 57 | 58 | 59 | 60 | 61

20 47 | 49 | 50 | 51 52 | 53 | 54 | 56 | 57 | 58

60 | 61 64 | 65 | 66 | 68 | 70 | 71 73 | 74

25 59 | 60 | 62 | 64 | 65 | 67 | 68 | 70 | 71 73

50 73 1 74 | 76 | 79 | 80 | 82 | 85 | 8 | 88 | 91
32 74 | 76 | 78 | 80 | 82 | 84 | 86 | 88 | 91 92

91 92 | 94 | 96 | 99 | 101 | 103 | 106 | 108 | 112

40 85 | 8 | 88 | 91 93 | 96 | 97 | 99 | 101 | 103

100 | 102 | 106 | 108 | 110 | 113 | 116 | 118 | 121 | 124

50 106 | 108 | 111 | 114 | 117 | 120 | 123 | 125 | 128 | 131

122 125 | 129 | 132 | 135 | 138 | 141 | 144 | 148 | 151

15 47 | 49 | 50 | 51 52 | 53 | 55 | 55 | 56 | 57

63 | 65 | 66 | 67 | 69 | 70 | 71 73 | 74 | 75

60 20 59 | 61 63 | 64 | 65 | 66 | 67 | 68 | 70 | 72
77 1 79 | 80 | 81 83 | &5 86 | 88 | 89 | 92

25 74 | 76 | 78 | 79 | 81 83 85 | 8 | 88 | 89

92 | 94 | 96 | 98 | 100 | 102 | 104 | 106 | 108 | 110
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Oxonuanue npun. 4

Temooraua 1 M Tpy6sI, B/M?,
IE,E fw d, MM npH ¢, — t,, °C, uepes 1 °C

0112 34516718709

& | 94196 [ 98 [100[102] 105|106 | 108|110 113

114 | 115 | 118 | 121 | 123 | 125 | 128 | 130 | 132 | 135

60 | a0 |07 [109 [1ii [ 114|116 [ 119 [ 121 | 123 [ 125 [ 128
127 | 129 | 132 | 135 | 137 | 141 | 143 | 145 | 149 | 151

o |34 137 141 [143 [ 146 | 149 [ 152 [ 156 | 158 | 162

155 | 157 | 160 | 164 | 167 | 171 | 174 | 177 | 182 | 185

s |59 [ 60 |61 [63 | 6465|6667 68] 70

77 1 79 | 80 | 81 | 82 | 84 | 86 | 87 | 89 | o1

o 174175 [ 77 [ 78 [ 80 [ 81 [ 85 | 84|86 | 87

93 | 95 | 96 | 97 | 100 | 102 | 103 | 105 | 107 | 108

25 |93 [ 94 [ 96 | 97 [ 100 [ 101 | 103|107 [ 107 | 109

113 | 114 | 116 | 118 | 121 | 123 | 125 | 128 | 128 | 131

70 5 |79 121 [123 125 [ 128 130 [ 133 [ 135 ] 137
138 | 141 | 143 | 145 | 148 | 151 | 153 | 156 | 159 | 162
o 11321135 [ 137 [ 140 [ 143 [ 145 | 148 [ 151 | 152 | 154
155 | 157 | 160 | 163 | 166 | 168 | 172 | 174 | 178 | 180
0 1165167 [ 171 174 [ 178 180 | 185 | 187 ] 191 | 194

187 | 191 | 194 | 198 | 202 | 205 | 208 | 213 | 215 | 218

s |7 [ 7|7 [ 7a 75 [ 77 |78 [ 79 | 81 | 81

92 | 93 | 94 | 96 | 98 | 100 | 101 | 101 | 102 | 105

o |88 [ 89 [92 [93 [o4 [ 96 | 98 [ 99 [ 101102

109 | 111 | 114 | 115 | 117 | 120 | 121 | 123 | 125 | 127

b5 |10 [ 13 [ 114 [ Ti6 | 119 [ 120 [ 122 124 | 125 | 128

134 | 136 | 138 | 141 | 143 | 145 | 146 | 149 | 151 | 153
80 o | 139 | 142 [ 144 | 146 149 [ 151 | 153 | 156 | 158 | 160
164 | 166 | 170 | 172 | 174 | 178 | 180 | 182 | 184 | 186

40 1138 160 165 [ 166 169 [ 173 | 174 | 177 180 | 182
184 | 186 | 189 | 192 | 195 | 198 | 201 | 204 | 208 | 210

0 | 1961200 [203 [ 207 [210] 214 [ 217 [ 221 [ 224 ] 228

223 | 227 | 230 | 235 | 238 | 242 | 246 | 250 | 253 | 257
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Texnu4yeckasi XAaPaKTEPUCTUKA OTONMUTECIAbHBIX HpHﬁOpOB

Ipunoocenue 5

[Inomans Hommnans- | CTpouTtensHbIE pa3Mephbl, MM
OO6o3HaueHne [HArpeBaTeNbHOH HBIN TEIUIo- Macca,
pudopa MIOBEPXHOCTH f;,| BOM MOTOK / I8 b I KT
M O, BT
Pagnatops! uyrynnsie cekunonnsie ('OCT 31311-2005)
MC-140-108 0,244 185 500 | 558 | 140 | 108 | 7,62
MC-140-98 0,240 174 500 | 558 | 140 98 7,4
M-90 0,2 140 500 | 582 90 96 6,15
MC-90-108 0,187 150 500 | 588 90 108 | 6,15
Pannatops! amoMHHHEBEIE
«ELEGANCE» 0,413 190 500 | 577 &5 80 1,5
«CHUAJIKO» 0,188 112 500 | 530 93 30 10,925
«Tepmaim» 0,413 167 500 | 531 92 67 1,83
KonBekTops! HacTeHHbIe ¢ KOXKyXoM «YHuBepcan-C» ('OCT 31311-2005)
KH20-1,593k 4,61 1593 850 | 728 | 865 | 650 | 20,21
KH20-1,716x 4,97 1716 900 | 778 | 915 | 700 | 234
KH20-1,838k 5,325 1838 950 | 828 | 965 | 750 | 24,73
KH20-1,961x 5,68 1961 1000 | 878 | 1015 | 800 | 26,16
KH20-2,063x 6,035 2063 1050 | 928 | 1065 | 850 | 27,47
KH20-2,206x 6,39 2206 1100 | 978 | 1115 | 900 | 29,16
KH20-2,348x 6,745 2328 1150 | 1028 | 1165 | 950 | 30,46
KH20-2,451x 7,1 2451 1200 | 1078 | 1215 | 1000 | 31,91
KonBekTops! HacTeHHbIe ¢ KoKyxoMm «Komdopt-20» (I'OCT 31311-2005)
KH20-0,372x 0,81 372 340 | 200 | 300 | 140 5,6
KH20-0,515x 1,12 515 440 | 300 | 400 | 240 | 7,15
KH20-0,655x 1,42 655 540 | 400 | 500 | 340 | 8,68
KH20-0,820x 1,775 820 640 | 500 | 600 | 440 | 10,24
KH20-0,985k 2,13 985 740 | 600 | 700 | 540 | 11,75
KH20-1,150x 2,485 1150 840 | 700 | 800 | 640 | 13,32
KH20-1,315k 2,84 1315 940 | 800 | 900 | 740 | 14,87
KH20-1,475k 3,195 1475 1040 | 900 | 1000 | 840 | 16,39
KH20-1,640x 3,55 1640 1140 | 1000 | 1100 | 940 | 17,94
KH20-1,805x 3,905 1805 1240 | 1100 | 1200 | 1040 | 19,51
KH20-1,970x 4,26 1970 1340 | 1200 | 1300 | 1140 | 21,02
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Ipunoowcenue 6

Pa3Mepr KaHa/10B U3 KUPIHU4Ya

Paswiep, | oSl | Passtep, | oitl | Paswep, | om0t
MM CCUCHU, M MM CCUCHU, M MM CCUCHU, M
140x140 0,02 400%x400 0,16 530%x650 0,35
140x270 0,038 400%530 0,21 530x790 0,42
270%x270 0,073 400%x650 0,26 530%x1060 0,56
270%x400 0,111 400%x790 0,32 650x650 0,43
270%x530 0,143 530x530 0,28 650%x790 0,52
Ipunoscenue 7
HJIOIlIaIlb ZKHUBOI'0 CCUCHHUA KAaHAJI0B
U3 IJJAKOTHIICOBBIX U Il[J'[aKOﬁeTOHHbIX IJINT, M
b, A, MM
MM 150 250 350 450 550 650
220 0,033 0,055 0,077 0,096 0,121 0,143
320 0,048 0,08 0,112 0,144 0,176 0,208
420 0,063 0,105 0,147 0,189 0,231 0,273
520 0,078 0,13 0,182 0,234 0,286 0,338
620 0,093 0,155 0,217 0,279 0,341 0,402
720 0,108 0,18 0,257 0,324 0,396 0,467
820 0,123 0,205 0,297 0,37 0,45 0,532
920 0,138 0,23 0,322 0,415 0,505 0,6
Ipunooicenue 8
Hopmupyembie pasMepbl KPYIJIBIX BO3yX0BO/IOB
M3 JUCTOBOM CTAIM
A d; mu ont e
100 0,0079 630 0,312
125 0,0123 710 0,396
160 0,02 800 0,501
200 0,0314 900 0,635
250 0,0049 1000 0,785
315 0,0615 1120 0,985
355 0,099 1250 1,23
400 0,126 1400 1,54
450 0,159 1600 2,01
500 0,96 1800 2,54
560 0,246 2000 3,14
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Ipunooscenue 9

Hopmupyemblie pazMepbl NPAMOYT0JbHBIX BO31yX0BOJA0B
M3 JIUCTOBOM CTAJIH

BuyTtpennuit [Tnomans nonepeu- BuyTtpennuit [Tnomans nonepeu-

pasMmep, MM HOT'O CEUEeHHS, M pasmep, MM HOT'O CEUEeHHS, M
100x150 0,015 600x600 0,36
150%150 0,0225 600x800 0,48
150%250 0,0375 6001000 0,6
150%300 0,045 600x1250 0,75
250%250 0,0625 800x800 0,64
250%300 0,075 800x1000 0,8
250%400 0,1 800x1200 0,96
250%500 0,125 800x1600 1,28
400x400 0,16 10001000 1,0
400x500 0,2 10001250 1,25
400x600 0,24 1000x1600 1,6
400x800 0,32 10002000 2,9
500500 0,25 12501250 1,56
500%600 0,3 1250x1600 2,0
500%800 0,4 12502000 2,5
5001000 0,5 16002000 3,2

Ipunoocenue 10

A0C0J1I0THAs JKBUBAJICHTHAN HIEPoOXoBaTOoCTh MaTE€pPUaJIoB,
NMPUMEHAECMBIX 1JI U3IrOTOBJICHUS BO31yX0BO/10B

Marepuan k,, MM Marepuan k,, MM
JlucroBas cranb 0,1 [naxoGeronHbie 1,5
[JIMTHI
AcbecTorieMeHTHBIe 0.11 Kuprmy 4
TUTATHI WA TPYOBI
®danepa 0,12 [ryxarypka (o 10
CETKE)
[InakoanebacTpoBbIe 1
[JIMTHI
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Ipunoowcenue 11

HOMOFpaMMa AJIA ONpeaAe/JICHUs MMOTEPb 1aBJCHUSA HA TPCHUE
B KPYIJIBIX BO3yX0BOAax €CTECTBEHHOW BEHTHJISIIMU

CkopocTb BO3ayxa V, M/C
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Ipunoowcenue 12

HOMOFpaMMa AJIA ONpeaAe/JICHUS MOTEPb 1aBJCHUSA HA TPCHUE
B KPYIJIBIX BO3yX0BOAax MeXaHH4eCKoi BCHTHJIAIINHA

CKOpOCThL BO34yXa V, M/C
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Ipunoowcenue 13

Ko3¢ppuuneHT mepoxoBaToCcTH NOBEPXHOCTH KaHAIA

CkopocTh JBU- Martepuai BO31yX0BO/Ia
FCHIA BOSAYX4, [UIAKOTUIIC | ITAKOOCTOH KHPIAY HTyKarypia
M/c IO CETKE
0,2 1,04 1,06 1,15 1,31
0,4 1,08 1,11 1,25 1,48
0,6 1,11 1,16 1,33 1,6
0,8 1,13 1,19 1,4 1,69
1 1,16 1,23 1,46 1,77
1,2 1,18 1,25 1,5 1,84
1,4 1,2 1,28 1,55 1,95
1,6 1,22 1,31 1,58 1,95
2 1,25 1,35 1,65 2,04
3 1,32 1,43 1,77 2,2
4 1,37 1,49 1,86 2,32
5 1,41 1,54 1,93 2,41
6 1,44 1,58 1,98 2,48
7 1,47 1,61 2,03 2,54
8 1,49 1,64 2,06 2,58
9 1,51 1,66 2,1 2,62
10 1,53 1,68 2,12 2,66
11 1,54 1,7 2,15 2,69
12 1,56 1,71 2,17 2,72

266



Ipunooscenue 14

3nayeHus K03 PUINEHTOB MECTHBIX CONPOTHBJIEHUIH

3navenus & nepgozo 60K06020 omaepcmiusl

R
1. OnHo oTBepcTHE
Fow/Fo 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
& 64,5 30 14,9 9 6,27 | 4,54 | 3,54 | 2,7 | 2,28
2. 1Ba otBepcTrs (OHO MPOTHB IPYTOr0)
2Fs/Fo | 0,4 0,5 0,6 0,7 0,8 0,9 1 1,4 1,8
& 17 12 8,75 | 6,85 5,5 4,54 | 3,84 | 2,01 1,1

3navenus & xonena c 3aKpyenenHbiMU KPOMKAMU
K8AOpAMHO20 U KPY21020 CedeHull

-
i

] 0 [ 20 ] 30 [45]60]75]9 [ 110]130] 150 [ 180 |

pwu r/d,,= 0,05

& ]0]027]039]052]068][0,79]087]098]1,05]1,11]1,22]

Mpwu r/d,,= 0,1

& ]ofo22]032]042]055]063]07]079]084]09]0098 ]

Ipwu r/d,,= 0,2

& ]o]o14]02]026]034]04]044]05]053]0,56]0,62]
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Ipooonicenue npun. 14

3navenus & xonena ¢ oOCmpuiMu KPOMKAMU
K8AOpAMHO20 U KPY21020 CedeHull

a® | 0 20 30 45 60 75 90 | 110 | 130 | 150 | 180

& | 0 (0,13 ] 0,16 | 03205 |08l | 1,2]| 19 | 26 | 32| 3,6

nauenus Eyu &, mpounuxa npsmozo 90° ebimsicro20
npAMOoYy20bHo20 cedenus Fy=F

Fl'l rl:l[‘l'l Fc f; Lc
ol
=
ul
FIF 3navenus &, (B uncnutene) u &, (B 3HameHatene) npu L,/L,
o 0,1 021103 | 04] 05| 06 | 07 0,8 0,9 1
01 03 |09 | 1 1 1 1 1 1 1 1
’ 0,2 0,51 09 1,5 | 25 | 44 | 84 20 82 00
0o | =7 | 06} 1 1 1 1 1 1 1 1
’ 0,2 0,4 | 08 1,3 | 2,1 3,7 | 7,1 | 16,7 | 69 00
04 | 224|061 07 1L L1 L1 LI L1 b L1 LI
’ 0,2 0,4 | 0,6 1 1,6 | 2,8 | 52 | 123 | 51 00
0.6 =21 | 2701109 | L1l | 1 | 12| 12 12| 12
’ 0,2 0,4 | 06 | 08 1,3 | 22 | 41 9,5 39 )
0.8 =37 | 55|07} 06 | L1 |12} 13| 13 | 12| 12
’ 0,8 04 ] 05 | 07 1,1 1,8 | 3.3 7,6 31 0
1 -0 | 88|17} 03 | L1 | L3} 13| L3 | 13 | 13
0,3 04 ] 05 | 07 1 1,6 | 2,8 6,3 2,5 00
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Ipooonicenue npun. 14

3navenus & npu cauanuu u pazoeneHuu nomoxa

dn
OrHo- 3naueHust &, B OTBETBICHUH (BEPXHsisl CTPOKA) M 3Ha4YeHUs &, B poxojie (HMKHsst cTpoka) npu Oy < O,
menue dy| 0,5]0,410310,2]0,10,05[0,6[0,5]04[03]0,2710,1]0,7]0,6[0,5]04[03]0,7[0,6]0,5[04
ud. d,=d, | d<d.umaK | d,<d. na2K | d,<d. na 3K
TpoliHUK BBITS:KHON npsamoii 30° kpyrioro ceyeHust

dy<d. |-02| -1 |-3,7 -0,11-0,5(-1,5{-4,8

HaK 03]04(03 0,1103]0310,3

dy<d. 03| 0 |-1,3|-7.4 041021-03]-1,8(-9,5 04103| 0 |-0,6(-2,5

Ha2K [0,3]0,3]03]03 01]02]03(03(0,3 -0,9(-0,1{0,2 (0,303

d,<d. |0,8]06]| 0 | -3 0,810,710,5]-0,3(-3,9 0,8(0810,7]04(-0,6{0,7]0,7(0,5]02
Ha3K [0,1]03]03]03 -0,210,1{03(0,3]03 -1,21-0,3(0,1 0,303 (-1,2{-0,3] 0,1 0,3
dy,<d. 1| 1]07]-09]|214 111]09(05]|-14 111]08(03]11]09[09]07
ma4K |-0,1{0,2(0,2]03]02 -0,6| 0 {02]02]03 -0,5( 0 {0,203 (-1,5/-0,5] 0 [0,3
dy<d. |1,1] 1 ]09]0,1(-102 LI 1] 1]08(-02{131 1{11]09(06

Ha5K |-04| 0 |02]0,2(02 -1 1-0,2/ 0,102 (0,202 -0,71-0,2( 0,1 | 0,2

dy<d. |1,1] 1109|0543 1{11]09(04]|-56 1109]08

Ha 6K |-1,1]-0,2|0,1]02 (0,2 -0,51-0,1{0,1]0,2]02 -0,4] 0 [0,1

dy,<d. LI 1(07]-18 1109]06(-24

Ha 7K -0,6(-0,11 0,1 { 0,1 -0,31 0 [0,1]0,2

dy,<d. 1,1109 (-0,5]|-14,7 LI 1]08]-09

Ha 8K -0,41-0,1| 0,1 | 0,1 -0,61-0,2( 0 | 0,1

dy,<d. 14]11,1[03]-59 12/ 1]0

Ha 9K -1 1-0,3(-0,1] 0 -04|01| 0

dy,<d. 1,410,723

Ha 10K -0,8{-0,3(-0,2

TpolHUK BBITSKHON MPsAMOi 45° Kpyrioro ceyeHust

dy<d. |0,21-0,6]-3,2 040 |-1,1]-43

HaK 03]04(03 03]04]04]|04

d,<d. |0,5{0,1]|-1,2]|-7,3 0,5(031-0,1|-1,7(-9,3 0,5(04102]-0,5(-2,4

Ha2K [0,3(0,3]03]03 02(03(04]04/03 -0,110,3(04(0,5]|04

d,<d. |0,5]0,4]-0,2]|-3,2 0,5(0,5]0,3]-0,5(-4,2 0,5(0,5]0,4]0,1(-09{0,5]|04|0,3]-0,1
Ha3K [0,1]03]03]03 -0,110,2(03(0,3]03 -0,510,1 040,404 (-0,1{03]0,5]0,6
dy<d. |0,6]0,5]|02]|-1,3-219 0,6 [0,6]0,5]0,1 |-1,8 0,5(0,5(0,41-0,2(0,5]05]|04 0,2
Ha4K |-0,1/0,2]0,2(03 0,2 -0,410,1{03(0,3]03 -0,110,2(04|04|-0,4(0,1|04 (0,3
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VEIXVEE | TSYXTSE | PIEXVIE | 8SIXBST| OLY*O0LT| 6LEXOLT | T6TXT16T| 1TV xI9T [ LIEXLIT | 9TTXILT [ T8I XTSI | 00T*x00T [601x601 | 811x89 | €
8E9X8EE | 9SHXISE | LIEXLIE | 199X 19T | YLy xVLT | TREXTST | ¥6TxV6T | E17*EIT | 61€x691 | 8TTXSLL | ¥81xH81 [ 10Tx101 [0T1x001 | 811x89 | 8°C
THIXTYE | 6ST*6S€E | ILEXTLE | S9IXSIT| LLYXLLT| S8EXSST | L6TXLOT [ 9TH*991 | 1TEXTLL | 0€TX081 | S8IxS8I [TOTXTOL [ TTIXTIT| 611x69 | 9T
LY9XLYE | €9PxE9E | PLEXYLE | 899%89IT | 081x08T | 88EXVST | 66Tx66T | 81x891 | €TEXELL | TETXTYI | LYIXLSIL | €0TXE0T |TIIXTIT| 0TIXOL | ¥°C
SSIXSSE| OLYXOLE | I8EXISE | SLIXSLT | 98P*98T | ¥6EXF6T | SOEXSOE | TTYXTLY | LTEXLLY | SETXS8T|061x061 |90Tx901 [¥1Ix¥ 11| TTIXTL | TT
8S9XBSE| VLY XVLE | ¥8EXVEE | 8LIXBLT | 687 68T | LOEXLOT | LOEXLOE | YTV XVLT [ 6CEXOLT | LETXL8T [TOIXTOT | LOTXLOT [STIXSIT| TCIXCL | T
999x99€ | 187x18€ | 16EX16E | S89*S8T| 96¥x96T | C0VXE0E [ TIEXTIE | 8THXYLI | €CEXERT | O¥Tx061 [ S61xS61 [601x601 | LIIXLIT| ¥TIxPL | 81
YLIXVLE | 867 %88E | LOEXLOE | TOIXTOT| TOSXTOE | 607 x60€ | STEXGIE | TEYXTI | LEEXLST | ¥¥Txt61 |861x861 |TITXTIT|611x611| STIXSL | 9°1
8LIX8LE | 16E£x16€ [ 007x00% | S69%S6T| SOSXSOE | L1¥x11€ | 0TEXOTE | EP*F8T | 6€EX68T | 9¥Tx961 [ 00TX00T | €1TXETT | 0TI*OTL| 9TIXIL | ¥°1
T89XTSE | ¥orx16€ | E0PXE0Y | 869%86T | LOSXLOE | ¥ 1¥xt 1€ | €TEXETE | 9EP=98T | 1FEXTOT | LYTXL61 | TOTXTOT | ¥1Tx¥ 11| 1TIXITL| LTIXLL | €1
$89%S8E | 867x86€ | 90V x90F | TOLXT0E | 01S*OTE | LIyxLIE| STEXSTE | 8EF*88T | EVEXEOT | 6¥Tx661 | 0TXEOT | STTXSTT [ TTIXTTL | 8TIXYL | T'1
689%68€ | 10Sx10¥ | 60¥x60% | YOLXFOE | €1SXETE | 0THX0TE | LTEXLTE | 0FP>061 | SFEXSOT | 1STX10T | SOTXSOT [9ITX9TT | €TIXETL| 8TIXYL | 11
969x96€¢ | 80Sx80F | STF=STi| TILXTITE| 61SX61€| STYXSTE | TEEXTEE | vy xP61 [ 8VEXI6T | ¥STXYOT [ 80TX80T | 8ITXBIT [ STIXSTI | 0€I=08 | 1
00Lx00% | LISx11¥ | 8T1¥x81¢ | ¥ 1Lx¥ 1€ | TTSXTTE | 8THXVTT | SEEXSEE [ IF*961 | 0SEXO0T | 9STX90T | 60Tx60T | 0TTXOTT |9TIX9TT | 1€1x18 | 60
LOLXLOV | LISXL1Y | ¥Thx¥Th | 0TLXO0TE | 8TSXSTE | EPXEEE | OVEXOTE [ 0SP*00T | ¥SEXYOT | 6STX60T | TITXTIT | TTTXTTL | LTIXLTI | TEIXTY | 8°0
LILXT1¥ | 1TSX1Th | LTh*LTY | €TLXETE| 0ESXOEE | SEPXSEE | THEXTYE | TSYXTOT| SSEXSOT | 09TX01T | ¥1Tx¥1T | ETTXETT | 8TIXSTI| €€Ix€Y | L0
S1Lx81¥ | LTSXLTY | €EPXEEY | 6TLXOTE | 9ESXIEE | IPPXITE | IPEXIPE [ 9SP*90T | 6SEX60T | ¥ITXPIT | LITXLIT | STTXSTL |OETX0€ET | ¥EIXF] | 90
8TLX8TY | 9ESXIEY | ThixThi | 8ELXSEE | YPSxPYE | SPPx8YE | €SEXESE [ 19P*T1T|¥9ExY1T| 89TX8IT| 1TTXITT | 8TTXYTL | EETXEET | 9€1x98 | SO
SELXSEY | THSXTHY | Lvb XLy | PYLxYE | 67Sx6VE | ESTESE| 8SEXVSE | SOPXSIT|89EXBIT | 1LTXITT| YTT=YTT|0ETXOET [VEIXPEL | LEIXLS | ¥°0
SYLXStY | TSSXTSY | SSTxS9¥ | €SLXESE | LSSXLSE| 19¥X19€ | ¥IEXHIE | ILYX1TT | ELEXETT | 9LTX9TT| 8TTXGTT | €ETXEET [LEIXLEL | 6E1%68 | €0
TILXTIY | 995 %99 | 697x691 | LILXLIE | OLSXOLE | ELYXELE | SLEXSLE | 6Ly*6TT| 18EX18T | €8TXEET | SETXSET | 8ETXBEL | IVIxI¥1 | €FIXE6 | TO
008x00S | 009x00¢ | 005>00S | 008x00% | 009x00% | 00Sx00¥ | 00¥>00% | 00Sx0ST [ 00%*0ST | 00€X0ST [ 0STX0ST| 0STXOST [0STX0ST| 0ST=001T 5

WK ‘eT080XAre0d 0I0HIIr0IAOWEdI HUHORAD UdI ‘WIN

‘anreddenr surddoaro domeeq

BNHohao 020Har02donsdu 900090xA0£09 B1Q wendgvnp  BNHIRDHE

270



Ilpooonsicenue npun. 14
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Oxonyanue npun. 14

3nauenus & ouaghpaem 0iist 6030YX080006 Kpyeno2o ceveHust

I[I/IaMeTp OTBEPCTUSA I[I/Ia(bpal"MLL MM, IpHU JUaMETPE BO3yX0BOJa, MM

100 | 125 | 160 | 200 | 250 | 315 | 355 | 400 | 450 | 500 | 560 | 630 | 710 | 800

0,3 | 91 | 110 | 146 | 182 | 228 | 287 | 324 | 365 | 410 | 456 | 511 | 574 | 647 | 729
0,5 | 88 | 110 | 141 | 176 | 220 | 278 | 313 | 353 | 397 | 441 | 494 | 555 | 626 | 705
0,7 | 8 | 107 | 137 | 172 | 215 | 270 | 305 | 343 | 386 | 429 | 481 | 541 | 609 | 687
0,9 | 84 | 105 | 134 | 168 | 210 | 264 | 298 | 336 | 378 | 420 | 470 | 529 | 596 | 671
1,1 82 | 103 | 132 | 165 | 206 | 260 | 292 | 329 | 370 | 411 | 461 | 518 | 584 | 658
1,4 | 80 | 100 | 128 | 160 | 201 | 253 | 285 | 321 | 361 | 401 | 449 | 505 | 570 | 642
1,6 | 89 | 99 | 126 | 158 | 198 | 249 | 281 | 316 | 356 | 395 | 443 | 498 | 561 | 632
1,8 | 78 | 97 | 125 | 156 | 195 | 246 | 277 | 312 | 351 | 390 | 436 | 491 | 553 | 624
2,0 | 77 | 96 | 123 | 154 | 192 | 242 | 273 | 308 | 346 | 385 | 431 | 485 | 546 | 616
22| 76 | 95 | 122 | 152 | 190 | 239 | 270 | 304 | 342 | 380 | 426 | 479 | 540 | 608
24 | 75 94 | 120 | 150 | 188 | 237 | 267 | 301 | 338 | 376 | 421 | 474 | 534 | 601
2,8 | 74 | 92 | 118 | 147 | 184 | 232 | 261 | 295 | 331 | 368 | 412 | 464 | 523 | 589
32| 72 | 90 | 116 | 145 | 181 | 228 | 257 | 289 | 325 | 361 | 405 | 455 | 513 | 578
36 | 71 89 | 114 | 142 | 178 | 224 | 252 | 284 | 320 | 355 | 398 | 448 | 505 | 569
4,0 | 70 87 | 112 | 140 | 175 | 220 | 248 | 280 | 315 | 350 | 392 | 441 | 497 | 560
4,5 | 69 86 | 110 | 137 | 172 | 217 | 244 | 275 | 309 | 344 | 385 | 433 | 488 | 550
55 | 67 83 | 107 | 133 | 167 | 210 | 236 | 266 | 300 | 33 | 373 | 420 | 473 | 533
6,5 | 65 81 | 104 | 130 | 162 | 204 | 230 | 259 | 292 | 324 | 363 | 408 | 460 | 518
7,5 | 63 79 | 101 | 127 | 158 | 199 | 225 | 253 | 285 | 316 | 354 | 399 | 449 | 506
85 | 62 77 | 99 | 124 | 155 | 195 | 220 | 248 | 279 | 310 | 347 | 390 | 440 | 495
9,5 | 61 76 | 97 | 121 | 152 | 191 | 215 | 243 | 273 | 303 | 340 | 382 | 431 | 486
10 | 60 75 | 96 | 120 | 150 | 189 | 213 | 241 | 271 | 301 | 337 | 379 | 427 | 481
11 59 74 | 95 | 118 | 148 | 186 | 210 | 236 | 266 | 296 | 331 | 372 | 420 | 473
12 58 73 | 93 | 116 | 145 | 183 | 206 | 233 | 262 | 291 | 326 | 366 | 413 | 465
13 57 72 | 92 | 115 | 143 | 180 | 203 | 229 | 258 | 286 | 321 | 361 | 407 | 458
14 56 71 90 | 113 | 141 | 178 | 201 | 226 | 254 | 282 | 316 | 356 | 401 | 452
15 56 70 | 89 | 111 ] 139 | 176 | 198 | 223 | 251 | 279 | 312 | 351 | 396 | 446
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Ipunooscenue 15

Orlpez(e.ﬂelme OTHOCHUTEJbHOI CKOPOCTH IO OCH 30HTA

VIV
y 1
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Ipunoowcenue 16

Omnpenesienne OTHOCHTEIbLHON HEHTPAJIBHOM CKOPOCTH
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Ipunoowcenue 17

BrIcoTa crieKTpa BpeAHbIX BbIACICHUNI

Ha3nauenu TLIBaC- Bpennsr
a3HAYCHUC 06[3a6a ae e XUMHKATEL pEITHBIC h,
BaHH MBI MaTepHa BBIJICTICHUS. | MM
Ceprias A»spo30i1b
Crainb 15-60 P cepHoi 80
KHCIIOTa
KHCIIOTEI
Consaas XIIOpUCTHIN
Cranb 30-40 P 80
KHCIIOTA BOZOPOJ
Tpasnenue
IMapsr
AzotHas Ny
Cranp 15-20 a30THOI 40
KHCIIOTa
KHCJIOTEI
IInaBukoBas | PTopuCTHIi
Menb 15-20 | rapukosa opHe 40
KHCJIOTA BOZOPOJ
Mennb HaHUCTEIN HaHHUCTEIN
5 1520 | 1 . 1 80
U CILIABEI KaJIuit BOJIOPOTT
Jexanuposa-
HUC Adp0o301h
Cranb 1520 Xpomnuk cepHoOH 80
KHCJIOTEI
TTapsr
A3zoTHas u a302"1rll){0171
MatupoBaHue Mens 1520 | cepHas xu- N 40
U CepHOU
clIoTa
KHCJIOTEI
Huanucteit | Luanucterit
Mennenue Cranp 18-25 " " 80
KaJIuit KaJIuit
Enxwuit na- ITapsr mie-
JlyxeHnue Menb 60-70 | A PblL 80
Tpui JIOUH
ITaps! cep-
Cepnas .
Kenesnenue Cranp 100 P Hoi kucimo- | 80
KHCIIOTa
TBI
IIpoMbIBKa B T1aper 16
POMBY - 70-80 - P
ropsiacii Bojie BOJIBI 0
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Ipunoocenue 18

YaenbHasi BeJIMUYNHA 0TCACHIBAEMOI0 BO3/1yXa,
NMONpPaBKa Ha IIyOMHY YPOBHA

a) MPOCTOl OTHOOOPTOBOI OTCOC 0) mpocToii ABYXOOPTOBOH OTCOC
3
M /(am
q, M/(um) g, M /()
1000 T T T T
B ] Ky npi H, vt
2000 ;Q' = 2 Tso [ 120 [ 160 [ 200
o ” 200 (] 500 |1 ]1a]io]2r
/‘; 7~ 323(? 750 750 | 1 125|152 2 Vo S
>, Ah =320mm — 5 <
1500 g ; % [[] tooo | 1 j1as 1380, ~
& 4 0 ] r2so [ | 12s s N
S . Z 500
1000 A/ 1/
2 1300
. h =320Mm
/Y 77
500 74 250
NP7 [ 72w 80] 120 T 160 [ 200 |
X, %11 Toos[oso]os2]
~ Shnun
0 = - 0
0 250 500 750 1000 1250 250 500 750 1000 1250
Iupuna BaHHEL B, MM Ilupuna BaHHBI B, MM

B) ONPOKUHYTHIH ABYXOOPTOBOW OTCOC  T') ONMPOKHHYTHIA OHOOOPTOBOH 0TCOC

3
q, M /(um) N Mx/(qM)
| | [ I I I
o T ] 2o IR
K_[1loofosTo7} = .
7 3 Y, %Q
750 1500 & /\,r"
g - 1A 250
oo -~ 1300
3288 2 1h =320 Mm
500 h=320 mm 1000
500
0
750 1000 1250 250 500 750 1000 1250

[npuna BaHHBI B, MM upuna BaHHBI B, MM
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Ipunooscenue 19
ITonpaBka Ha CKOPOCTb ABMKEHUS BO3AyXa B MOMeI CHUM
a) OTHOOOPTOBOM MPOCTON U OMPOKUHYTHINA OTCOCHI
o
At = l - tnOM, C
90
80
70
6 0 A\ A \ o
50 ‘\ \ \ \ > = N 2
4 0 - \ \\ \ N\ N
\ \ \ 4
30 T : S < ¢
~ \ \
20 C“C t\- \ \ 7 e
o

N \ N N\|
W \ \|
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\ \ \ N

Q
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10 (=408
¥ 0,2 M/cV| | =0,4 M/c Vi | =H0,6|M/c

o from moMm

0
1,0 1.1 1,2 1,3 1,4 1,5 1,6 1,7 K

0) mpocToii AByX00pTOBO# oTcoc mpu H = 80 MM
At=t-t ,°C

90 v
80
70
60 SRS AN
50 TN > %
40 s \ \\
30 \ N \| 66
20 ENLINA S
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BE
10

A\V \|
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>
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€ 2 “:7 69 o
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" 150, MIC V| |1 =0,4 mfc
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Oxonuanue npun. 19
B) mpocToii AByx00pTOBOI oTcoc ipu H =200 MM
At=t-t ,°C
100 Fr T
90 [
80 L
70 [
60 [
50 \f
40 S i 5 N
30 : EREA> -
20 AN T TN
10

o

o
N
J
ol |
O
N\
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J
1
A\)

1/c Vi 0,6 m/g

oM

0 T
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Ipunoocenue 20

OTHocHuTeJBHBIH pacxon Bo3ayxa K

LOTC KOHB
14
|
12 .
10 A \ /5 -0l027
02NN\ \ 0054 [ X T
5 N
NP8\
ARG\
N\ NN
401 R 18
R
5 ™~ —~——
0
-02 -01 00 O01 02 03 04 05
v/D

Ipunoowcenue 21

I'pa¢puk nns onpenenenusi kodpduumenToB b u ¢
JJISl pacyeTa BO3AYUIHBIX QyLIei

b, c
0,5

0.4

b
™.

BN

0,3

N
N

0,2

0,1

0,0
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Ipunoowcenue 22

Homorpamma njis1 onpenesieHus tunopasmepa ILT

XM

4 tos™tuopm, T gy 4,0
454 75 Tf
s + Zps-lAK 1
¥ Zo.3-2 i
I a7 o T¢
55T g I
1 (o300 8 i
ﬁ,ﬂg"f‘(50%ﬁﬂ5‘5(45f} 6 j +
3104%513005@ - 4(4.3), (g 560%; 11 5 (264 1
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PaccTosinue mo BEPTHKAJIHA OT HEHTPaA nmpoeMa

Ipunoowcenue 23

10 YPOBHSH HYJI€BBIX I[aBJ'IeHI/Iﬁ

BeicoTa 31aHus, M 3HaueHus /pycq, M, IPU pa3Mepax npoeMa BOpoT, M
3x3 3,6x3 3,6x3,6 | 4,2x4,2 | 4,8x5/4
7,2 5,6/2,9 5,4/2,5 4,8/2 4,1/2,1 2,7/2,7
8,4 6,4/3,4 6,1/2,9 5,6/2,4 4,8/2,1 3/2,7
10,8 7,8/4,4 7,6/3,8 7/3,2 6,1/2,8 4/2,7
15,6 10,9/6,2 | 10,5/5,5 9,8/4,8 8,7/3,8 6,2/2,7

IIpumeuanue. Hap 9epToil NPUBENEHBI 3HAUEHUS Ayyqcy JUIS 3AHMH CO CBETOASPALMOHHBI-

MH (OHAPSIMH, TTO]] 9ePTOH — JUIS 3aHUH C 3eHUTHBIMH (hOHAPSIMIL.

OcHoBHBIE pacuyeTHbIC MOKa3aTeJIn 00KOBBIX
ABYXCTOPOHHUX BO3AYIITHO-TCIJIOBBIX 3aB€C

Ipunooscenue 24

lugp 3asecwr | IMpoussogurensuocts | [llupuna | Pasmep mpoema |OTHOCHTENBHAS
eIy, BOpPOT, M IJIomaab
10 BO3/yXY, | mo Terwty [ MM |mmpuna| BeicoTa E
G,, xr/4 0., Br
3T.B22501.Y3| 30000 | 180000 | 100 3 3 5
3T.B22801.Y3| 33600 | 200000 | 100 | 3.6 | 36 18
3 3 20
A5-01 18500 | 173300 | 70 o5 ; o
3BT1.00.000 28800 | 232600 | 90 3 3 17
-00. 3.6 3 20
3BT1.00.000-01
Shr ot 40800 | 511700 | 100 | 36 3 18
3BT1.00.000-02 36 24
3BT2.00.000-02 | 25800 | 232600 | 75 42 3,6 28
3BT1.00.000-03 36 20
3BT2.00.000-03 | 20800 | 511700} 90 42 3,6 23
3BT31
b 39000 | 368200 | 150 | 36 | 42 12
3BT32
fed e 41400 | 423100 | 150 | 36 | 42 12
3BT3.3
Sl 43700 | 481600 | 150 | 36 | 32 12
3BT34
by 44100 | 383400 | 150 | 42 | 42 14
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Ipunooscenue 25

Omnpenenenne Q 1151 GOKOBOI 3aBeChI
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Ipunoowcenue 26

IonpaBounblii Ko3pduuuenT k, 115 3aBec CMEHINBAIOLIEr0 THIA

Mecro 3a60- SHauenus k, TIpH uMCIIE OEH 71, POXONSIIMX 9epe3 Bxox 3a 1 4ac
JBepu 2
pa Bo3ayxa 100 | 200 | 300 | 500 | 700 | 900 |1100 | 1300 1500
3abop Opunapusre (0,05 | 0,1 |0,15 (0,25 |0,31 [0,39 (0,47 | 0,55 | 0,61
Bo3ayxa m3 |/{Boiinsre wmu |0,04 0,08 (0,11 (0,19 |0,26 |0,34 (0,41 | 0,48 | 0,54
OTKpPBITOTO BPAIIAOIIHECS
BECTHOIOJIS Tpoiinbie 0,03 (0,06 0,08 |0,14 | 0,2 |0,28 [0,35 | 0,41 | 0,46
Opunapusre (0,05 (0,09 |0,14 |0,22 (0,27 [0,35 (0,43 | 0,49 | 0,55
To xe, JBoitaeie wmn (0,03 0,07 | 0,1 0,17 [0,23 (0,31 (0,47 | 0,43 | 0,49
3aKPBITOrO  BpAaIaroInecs
Tpoiinbie 0,02 10,05 0,07 |0,12 [0,18 (0,25 (0,32 | 0,37 | 0,42
3abop
BO3/lyXa Opunapusre  |0,04 0,08 0,12 | 0,2 (0,24 (0,31 (0,38 | 0,44 | 0,49
cuapyxu |JIBoiiaeie win 0,03 (0,06 [0,09 (0,15 |0,21 |0,27 (0,33 | 0,38 | 0,43
WM TIPH  Bpamarommecs
BeCTHOIONE Tpoiinbie 0,02 10,04 |0,07 |0,11 [0,16 (0,23 (0,28 | 0,33 | 0,37
OTKPBITOM
Opunapusre  |0,04 (0,07 |0,11 |0,17 (0,22 (0,28 (0,34 | 0,38 | 0,42
To xe, Jsoiiasre wau |0,03 0,05 (0,08 0,13 |0,18 |0,24 (0,29 | 0,33 | 0,38
3aKPBITOM  BPAIIAOIIHECS
Tpoiinbie 0,02 10,04 {0,06 | 0,1 (0,15 [0,2 (0,24 |0,29 | 0,33
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Ipunoowcenue 27

Jdannble 151 mogoopa Bo3ayxonarpenareseii KCk3

Kosddurtment termonepemaun k, Br/(mM>-°C) mpu CKOPOCTH ABHKEHIS

TEIIOHOCUTENA MO TpydaM L y,, M/C

AbdponuHamude-
CKO€ COTIPOTHB-
nenne AP, Ila

0,1102]03]041]05]061{07]|08]09 1 1,2

1,5 | 24,2 {26,69(28,58|29,98|31,14|32,11|32,96|33,69(34,35(34,98|36,07| 12,73

2 ]28,81(30,27(32,41| 34 |(35,31|36,42|37,37| 38,2 |38,96(39,67| 40,9 | 21,56

2,5 | 31,9 (33,36(35,72|137,46|38,91|40,13]|41,18| 42,1 (42,93(43,72|145,07| 32,43

3 |34,6 [36,13]38,68|40,58|42,14|43,47| 44,6 | 45,6 | 46,5 |47,35|48,82| 45,3

3,5 | 36.1 |38,65|41,39]43,42|45,09|46,51(47,72(48,79(49,75|50,66]52,23| 60.08

4 139,5140,98(43,88(46,03| 47,8 | 49,3 |50,59|51,72(52,74(53,71|55,37| 76,73

4,5 | 41,6 [43,12(46,18|48,44| 50,3 |51,89|53,24(54,43| 55,5 |56,52|58,27| 95,2

5 [43,7(45,16|48,35|50,72|52,68|54,33|55,75| 57 [58,12(59,19|61.02| 11547

5,5 | 45,6 [47,08]|50,41]52,88|54.92|56,65(58,13(59,42| 60,6 |61,71]63,62| 137,5

6 |47,4(48,91]52,38|54,94|57,06]|58,85|60,39(61,74(62,95|64,11| 66,1 | 161,26

6,5 | 49,1 |50,66|54,24] 56,9 159,09|60,95(62,54(63,93| 65,2 |166,39|68.45] 186,73

7 |51,8(52,32156,03]|58,77|61,03|62,95| 64,6 |66,04(67,34|68,58| 70,7 | 213,89
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Texnuueckue 1aHHbIe GUIBTPOB

OunbTpsr OPC

Ipunooscenue 28

TToka3zarenn D12PC DIPC D6PC D4PC D3PC
HOMI/IHaHBHaSI HpOH}gCK-

Has CnocoGHOCTR, M/, | 1554 80000 60000 40000 | 31500
IIPH YAEIbHON BO3LYLIHOW
Harpyske 10000 m*/(am?)

Macca, kr 600 500 450 350 250

CaGapTHBIe pasepst 4954 3452x 2952x 3452x | 2952x

g 3453x 3453 3453x 1703x | 1703x

’ 3825 3835 3835 2105 2105

Bun ¢punsrpyromero ma-
Tepuaia

Txanp karponoBast 1y cut apt. 25 OCT 174682

HavanpHoe conpoTuBite-
Hue, [la

He 6onee 50

D} deKTUBHOCTH OUHCTKH,
%

80

OunbTpel O

IToka3aTenb DsaBb

Dallb DaYb

DsPb

DaYK

Ounprpyrommit | [TepdopupoBannas

Marepuan
Ilenononuyperan

Martepuan CeTKa BUHHUILIACTA dCBY

CranpHas
CeTKa

Marepuan
dCBY

HomunansHas
TIPOITYCKHAsI CIIO-
COBGHOCTB, M/4,
IIPU yAEIBHON
BO3AYLIHOM Ha-
rpy3ke 10000
M/(am?)

1540 1540 1540

1540

1540

HauansHoe co-
nporusieHue, [la

60 40

50

40

I'aGaputHsIe pa3-
MepBI
H*XAXB, MM

514x
514x32 514x32 514x32

514x 514x

514x%
514%50

514x%
514%50

DddexruBHOCTH
OUHUCTKH, Yo

95

Macca, Kr

2,4
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Ipunoowcenue 29

I-d-nmarpamMma BJIa;KHOTO BO3/1yXa
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Ipunoocenue 30

KosaunuyectBo dopcyHok no psizam B kamepe opoumiennss OK®-3

KonmuectBo ¢opcyHOK B psity

Kongummonep VlcmonHe e CTOSIKOB TIO XO/y BO3/IyXa
HHACKC THUIT IepBOM BTOPOM BCETO
01.01304 KTL3-10 ; g 162 ;i
02.01304 KTII3-20 é §3 ;i jé
03.01304 KTL3-31,5 ; ;g §Z 33
04.01304 KTI3-40 é 32 ig 22
06.01304 KTL3-63 ; 21 g? 12‘2‘
08.01304 KTII3-80 ; }82 18;8 ;?é
12.01304 KTL3-125 ; igg iég ggi
16.01304 KTL3-160 ; gig ;?2 ig;
20.01304 KTL3-200 ; g;j ;22 jég
25.01304 KTL3-250 ; ; 3 g?g 2;2;
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(0e3 00BOAHOrO KaHAJIA)

Ipunooscenue 31
Texnuueckue XapaKTePUCTUKH BO3}1yXOHal"peBﬂTeJ'[eﬁ

Yucmo 6a30BbIX TemoooMeH- | Ilnomans TTnoma,
Kounau- Kon-Bo (dbpoHTaTH-
HHUKOB TIPH BBICOTE M MOBEPXHO-
IIHOHED psI0B e Fo v | HOTO ceqze-
1 1,25 1,5 2 P HUS, M
1 0 1 0 0 18,4 1,03
KTL3-10 1,5 0 1 0 0 24,2 1,03
0 1 0 0 36,8 1,03
1 0 1 0 0 37,3 2,07
KTI3-20 1,5 0 1 0 0 55,25 2,07
0 1 0 0 74,6 2,07
1 0 0 0 1 60,4 3,315
KTIL3-31,5 1,5 0 0 0 1 88,7 3,315
0 0 0 1 120,8 3,315
1 0 2 0 0 74,6 4,14
KTI3-40 1,5 0 2 0 0 110,5 4,14
0 2 0 0 149,2 4,14
1 0 0 0 2 120,8 6,63
KTI3-63 1,5 0 0 0 2 177,4 6,63
0 0 0 2 241,6 6,63
1 0 4 0 0 149,2 8,28
KTIL3-80 1,5 0 4 0 0 221,0 8,28
0 4 0 0 298.4 8,28
1 0 0 0 4 241,6 13,25
KTI3-125 1,5 0 0 0 4 354,8 13,25
0 0 0 4 483,2 13,25
1 0 0 4 2 300,8 16,55
KTI3-160 1,5 0 0 4 2 439.4 16,55
0 0 4 2 601,6 16,55
1 0 0 0 6 362,4 19,88
KTI3-200 1,5 0 0 0 6 532,2 19,88
0 0 0 6 724,8 19,88
1 0 0 6 3 451,2 24,84
KTII3-250 1,5 0 0 6 3 659,1 24,84
2 0 0 6 3 902.4 24,84

Ipumeuanue: mnomanb cedeHus U IPOXoaa BOAs!I NpuHUMatOT paBHOH 0,00148 M — JUISL OHOPSAA-
HbIX, 0,00215 M’ — st oy TopapsaHbix # 0,00296 M — 17Tst ABYXPATHBIX TEMI00OMEHHUKOB.
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Ipunoowcenue 32

IToxaszarens /N, 1Jisl pacyera BO31yXo0XJaauTeen
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02\ [ 53
0,1
yd
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