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BBEAEHWUE

[Moa3eMHbie COOpPYXeHUR O061ANAIT PRAOM TexXHUYECKUX nNpeumMyulecTB nepea
TPAANUWOHHBIMA Ha3eMHbIMK MNOCTPOUKAMH, B TOM YMCNE TaKNMMHU, KaK 3HauuTensHoe
COKpauleHue pacxogos CYPOUTENnbHbIX Y U3ONAULUOHHLIX Marepuanos, CHUXEHUE IHep-
FETUMECKUX 3aTpaT, yBenuueHue nNpoAOMKUTENBHOCTU 3IKCNAyarauuun, NOBbILLEHUE 3a-
WKMLLIEHHOCTY OT BHEWHKUX BO3AGUCTBUNA M AD.

Hanbonee paunoOHaNbLHLIM CYNTAETCR pasMelleHue B NOA3EMHOM fNPOCTPaHCTBE
COOPYXEeHUK CKNAZCKOro HaszHaueHuvAa, &8 TaKXe HeKOTOpPbIX NPOU3BOACTBEHHbIX, IHEP-
FETUYECKUX WU UHIKEHEPHO-TPAHCNOPTHbLIX 0BBEKTOB N NevedHbLIX YYperKACHUM.

Ana HopmanbHOro yHKUWOHUPOBAHKUA NOA3EMHLIX COOPYXEHUH 8 HUX AOMKHbI
obecneuuBarbCA M COXPaHATLCA B TeyeHue BCEro BpemMeHu 3KCnAyarauuu onpegeneH-
Hbi€ TeMNeparypa u BNAXXHOCTb BO3AYXa., JITHM nNapamerpbl COCTORHMA B8034YXa, 8 TaKe-
e ero XMMuyeCKM® CoCras, KpParHOCTbL OOMEHa, CKOPOCTb ABMXEHWUA, CTerneHb 3afble
NeHHOCTK B OCHOBHOM COOTBETCTBYIOT TpeboBaHUAM, NpeAbABAAEMbIM K aHanoruue
HbiM Ha3zeMHbIM 0bbvexTamM, OAHaKO B CBA3U ¢ OCOOEHHOCTAMU PU3NYECKUX NMPoLEecCos
TEMNNO= KU MacconepeHoOca 3aecb TpebyercA 0CobBbIN NOAXOA KakK K 8biBOpY MCXOAHDbIX
BENUYMH, TaK M K METOAaM pacyera ¥ cnocobam perynupoBaHUAR TepMOBAANHOCTHbIX
ycnoBsuin, onpeaenfiouwnx Mukpoknumar. OCHOBHbIM OTNMYMEM MOA3EMHOrO COOpY-
XEeHMA OT ero HaseMHOro aHanora ABNAETCA XapaKTep Tenno- u MaccoobmMmeHa ¢ oKpy-
Kawuien cpeaor. B HazemHbIX 06beKTax TaKkO# Cpeaoin ABNARETCA BO3AYX C TeMNepaTys-
POH, N3MEHAIOWENCA N0 33aKOHY, BNUIKOMY K rapMoHuueCKOMy. flo Tromy e 3aKoHy
M3IMEHAIOTCA NONA TeMnepaTyp v BNAaroCOAEPRXXaHUW B Hapy)XHbiIX oOrpaxaeHuAx. {ipu
pacyeTe NPOU3BOAUTENBHOCTU OBOPYAOBaHUA UCXOART U3 Haubonee HeONAronNpPUATHbLIX
ycnosuu ero paborbl, NpUHAMAA X CTAaUWOHApPHLIMU, 3-38a CpaBHUTENbHO HeBONLWOro
obbvema CreH U NEPeKpPLITUA Ha Cco3naHue TpebyemMbiX TEPMOBNAXHOCTHBLIX YCNOBUMA
AaXe B MOMELWEHMARX C HU3IKUMU Temneparypamu TpebyeTCA B peanbHbIX YCAOBUMAX
aBe-Tpu Heaenw,

B noa3zeMHbIX COOPYXEHUMAX OKPYIKAWLWEN Cpeaor ABNAETCR MAacCUB FOPHbLIX MO-
pPoOA ¢ NOCTOAHHOW eCTeCTBEHHON TeMneparypoin. B cBA3u ¢ atum bopmuposanmne B HMX
3a4aHHLIX TEePMOBNMKHOCTHLIX YCNOBMK TpebyeT 3HaunTenbHO HONLLUErc BPpeMeHWn, Yem
Y aHanorvyubiX HaszeMHbiX 00bveKkTOB. M3MeHeHMe reMnepartypbl BO3AYXa B8 NOA3ZEMHOMN
BbipaboOTKe #M vemMneparyps! FOPHBIX MOPOA HOCUT BbIPAXKEHHbLIK HECTAUMOHAPHBINA Xa-
pakrtep. [1pu 3ToM ecnu nepuos dopMUpOBaHNA 33A3aHHOrQ TEPMOBRAXKHOCTHOrO PEXXWUe
Ma (NpeasxkcnnNyaTauMoOHHbLIA NEPNOL) XAPAKTEPU3YETCH YEeTKO BhIParKeHHbIM HeyCraHo-
BUBLIMMCA PEXXMMOM TennoodbmeHa, YO 60NbLUAA Y43CTb 3IKCANYATAUWMOHHOrO Nepuoaa
YAOBNETBOPUTENbHO OMUCLIBEETCA 3aKOHOMEPHOCTAMM, XapakKTepHtIMU ANA KBa3ue
CTaMOHapPHOro peXxuma,



MpouecCbl Tenno=- U MECCONEPEHOCE B CUCTEME FOPMbLIA MacCUB — BO3AYLUHARA
cpefa NOMUMO KNUMaTuveCKuX (axKTopoOB, XapaxKTepuUsyiOWUXCR W3IMeHeHVUeM Teme.
nepaTypbl v BRAXXHOCTU HAPYXHOrO BO3AyXa, OnpeaenfioTCA reonNOro-reorepMmuvuec.
KUMKU U FOPHO-TEXHUYECKNMU DaKTOPaMH.

K nepsbimM OTHOCATCA CBOWUCTBa rOpPHbIX NOPOA, OKPYXAaWWUX nNoa3seMHble COO-
pyxerHua (MC), ruaporeonoruveckme YyCROBMA W Temneparypa nopoa Ha rnybune
CTPOUTEeNLCTBA.

[Toa ropHo-TexHuyeCcKuMu GPaKkTopgMu MOHUMAKTCA KOHCTPYKTUBHLIE MapamMeTs
pbt Bb!IpabOTKKU MOA3EMHBIX COOPYXEHUHU, nux reomerpuyeckan opma, pacrnonoxeHve
BLIPADOTOK OTHOCUTENLHO APYF APYFra U NOBEPXHOCTM 3eMNN, a TAKXE NPOTeKaloulne
8 HUX TEeXHONOruvuecKune NPouecCsl, ¢BA3aHHbIe ¢ HarpeBom (oxnaxaeHueM) #U ocywe-
Huem (yBnakHeMuem) nopaBaemMoro Bo3ayxa.

Ana pacvera MUKPOKNUMATAZ nNOA3EMHbBIX COOPYXeHwin Menb3A 6e230PO0BOPOYHO
MCNONbL30BaTh METOAbI, NPUMeHAeMble ANA NPOrHO3a TEeNNOBOro PeXXumMa Wwaxr, Tak
KaK O0CObeHHOCTW (POPMUPOBAHUA B HUX TEPMOBNAXHOCTHLIX YCNOBUWA ONpeaeneHHbIM
00pa3om OTNMYAKTCA OT NOA3EeMHBLIX BbIPaboTOK ropHOAOGLIBAIOLIUMX NPEANDUARTUA.
JTV OTNUMNA, Npexkae Beero, obycnosneHsi Hebonbwon raybunon pacnonokeuunn MNC
(a0 200—300 M), cpaHuTeNbLHO HW3KOW ecTecTBeHHOW Temnepatypow nopoa (Ao
15—-209C), a raxxe Heo6x0aUMOCTbIC ObecneueHUs MOCTOAHHBLIX 3HAYEHWIA Temnepas
TYPb! U BNAXXHOCTHU BO3AYXa MNPU He3HauUurTenbHbix X xKonebaunAax. B 3aBUCUMOCTH
OT Ha3HaYeHWA NOA3EMHOr0O COOpYXeHMA ANnA obecnevyeHna 3aAaHHOrO MUKPOKNNMaE-
Ta MOXET NOTpeboBaTLCA KOMMNeKCHOEe WUCROMb30BaHKME BCeX BUAOB Tennosown obpae
60TKW BO3AY X3, B T© BpeMA, KaK B WaxrTax w PYLHUKEX MPUMEHAIOTCA rNaBHbiM OO
pasoM MU ero Harpes, unNM oxnaxaexHune, BoipaKeHHbIA HECTAUWOHAPHBLIW XapakTep
NPOUECCOB TENNOBOro B83auMOAEUCTBMA BO3AYWHON cpeabl [1C ¢ ropHbiMu nopoaamu
NPWY NOCTORHCTBE NPOTAXXEHHOCTU ¥ 06beMa NoA3eMHbLIX BbipabOTOK NPUBOAUT K U3ME-
HAIOWMMCA BO BpeMeHW yCHhOBUAM TennoobmMeHa wn onpeaenser HeobXoaAUMOCTL OCYs
wecTsneHuA HernpepbLIBHOrO ynpasneHus nNapamMerpamyv n CucremMamu perynuposaHunif
TEeNNQBOro pexmuma.

Takum 06pa3om, KoMNaekKC 3afa4 no obecneweHMy 3aAaHHOrO MUKPOKNIUMATA
B [1C cneayer paccMaTpuBaTbh KaK CaMOCTOATENbHOE HanpasneHwe B PFOPHOWU W CTPOU=
TeNbHOK Tennodusuxke, a aAaHHoe [locobue — CUCTEMATU3INPOBAHHLIM PYKOBOACTBOM
NO pacuyeTy TENNOBOTO peXXUMa NOA3EMHbIX COOPYXXEHUU U onpeaeneHnio nNapamerpos
CUCTEM ero perynvmpoBaHuA,

Paspaborano UHeTUTYTOM Texuuveckon rennodgusnmku AH YCCP: (a«p rexH., Hayk
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YcnoBHble obo3HaueHmnAa

a — KoahguumeHT Temnepatyponpo-
BOAHOCTU, M%/c:

an Ko3adbhhuumeHT nNoTeHUMano-
nposogHocT  (auddysum), wm?/c:
B — 6GapomerpuuecKoe paaBlieHue,
Mlla:

C — yAenobHaa  TernnoemMkocTs, [/
(kr < C);

d — anameTp, m:

F — nnouwaab NOBEPXHOCTU, M2

f — ceyeHue, M2 :

g — YCKOpeHue cBoboaHOro na-
aeHuA, m/c’:

G — pacxoa Bo3Aayxa, Kr/c:

H — rnybuHa, m:

h — BbiICOTa, M;

i — anTambnua, KIbk/Kr:

j — ypenbHble BRaroBblaene-
Hua, kr/ (M2« ¢)

J — BnaroBsigeneHun, Kr/c:

k — KoadduuueHT Tennonepena-
un, Bt/ (M%0 () -

| — AnuHa, m;

L — vaenbHaA Ttennota 3amep3a-
Hna Boabl, Ox/kr (L = 335 kIx/
KF):

N — mowHocTs, BT, kBT

P — napuvanbHoe paaBneHuwe, MMa;
Q— vyaenoHbie TennaosbifeneHUA,
Br/m?:

Q — konwuuecTtBO TennoTsl, Br, kBT
S — vyaenbHaA Tennota UcCrapeHusn
(koHaeHcauun) Boab), KIxw/Kr:

Ro — YHuUBepcanbHaa rasoBanA Nnoc-
ToaHHan, Ox/ (kmonb - K)

(Ro = 8,314 O/ (kmonsb -K) ;

Rt — paavyc TennoBoro BIIMAHUA, M;

r — MpoCTPaHCTBEHH3A KOOpAWUHATA,
nepneHAUKYNAPHaA ocu BbiIpaboTKu,
M,

T — remnepartypa nopoa, °C, K:

t — TemnepaTtypa Bo3ayxa, °C, K:

U — nepumertp, m;

vV — CKOpOCTb, M/C?

W — Bnarocoaep>xaHue nopoa, %:
RONWU eanHUL:

X — BRnarocoaepxaHue, Kr/xr, r/kr:

Yy — MpOCTPaHCTBEHHAA KOOpPAWHATAa,
HanpasneHHaA BAONb OCWU BbIPabOT-
KN M;

a — KoahdnyueHt TEennooTaaum,
Bt/ (m%-©C):

B — koahuumenHt MmaccooTaauu,
kr/ (Mm% ¢-MMa) ;

0 — 6e3paamMepHblii, paauyc Tenno-
BOro BNWUAHWA;

€y — Ko3hhuumeHT LWEepoxXoBaTOCTH
NOBEPXHOCTYU:

N — KO3(hDNUMEHT NoNe3sHoro AenucT-
BUA;

A — KO3athhuumeHT TEnnonpoBogHOC-
™, Bt/ ({mMCC) :

A — KoO3thdMuMeHT Macconposoa-

HocTu, kr/ (m-c-MMa) :

Y — KMHEeMaTU4eCKan BA3KOCTS,

m2/c:

£ — 6espasmepHbit paauyc (rny6u-
Ha) Npomep3aHuA;

0 — NAOTHOCTb, KI/M>

0 — reoTepMUuecKuil rpaamnent, O C/m :

T — BpeMR, C, Y;

¢ — BRAXHOCTb BoO3ayxa, %, Aonwu
eanHuL;
Y — Vyron HaKnoHa BbIPaboTKH,

rpaa.:
& — ANUTENbLHOCTL TOAOBOrO Nepuo-
Aa, C, Y,

k,r — KOo3thhruumeHr HecTaunoHapHoro

Tennoo6mena, BT/ (M2 2C):

karp — K03thPUUWEeHT UHTEeHCUDPUKa-

UMK  tennoobmeHa npPU arperarHbiX
nepexoaax Bnarw;

BT — K03thdULuMeHT HeCcTauMUOHAPHOro
maccoobmena, Kr (M*- ¢ ‘MNa),
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1. OCHOBHbLIE TEPMWHbI W ONPEAENEHNA

1.1. Noasemuoe coopyxeHune (M1C)} — nonocTs B 3eMHON KOpe, 06Pa3yeMan 8 pe-
3ynbraTe OCYLLUECTBNEHMUA NOA3EeMHBIX FOPHbIX paboT, U NpeAHasHayeHHaR ANA BbIMONs
HEHUA NPOUN3BOACTBEHHBLIX NPOUECCOB PAa3NUYHOrO BUAA, XPaHeHUR MAarepuanos, uiae-
nui, 060pYyAOBaHNA, NepeMeuleHnA Naen, FPpys30B U T.4.

1.2, Tennosoh pexuMm NC — COBOKYNHOCTE TEPMOBNAXXHOCTHbIX NApameTPos 803
ayuwsHon cpeast (remneparypa BOsayxa t, BAaXXHOCTL BO3AYXa ¢, BNArocoaep aHue
BO3AYXa X, TENNOCOAEP)KAHME BO3AYXA i) U OKPYKALWEro BbipaboTKU MacCuBa POPHbIX
nopogr {remneparypa nopoa T, ux Bnarocoaepxavue w).

1.3. [1C ¢ nonoxuTenbHOW TeMNepaTypon — NOA3EMHbIe COOPYIXKEHUA, B KOTOPbIX
TEMNEPaTypa BO3AYLWHOW Cpeabl NOAASPIKUBAETCA Bblle ECTeCTBEHHOW Temreparypbl
FOPHLIX MOPOA UNU HUXKE ee, HO Bbllue 0°c.

1.4. NC ¢ orpuuatTensHON vemMneparypou — rNoa3eMHbie COOPYXEeHWA, B KOTOPbIX
TemMrieparypa BO3AYWIHOW CpeAbl NOAKEDKNBAETCA HuWXKe 0°cC. Cpeau NC ¢ orpunuarenss
HOW TEMNEPaTypoi BbIAGNRIOTCA O06veKThl HeGonsworo (po —2, -—300), cpeaHero
(no —20, — 30°C) n rny6oxoro oxnaxaenns (Hmxe —30°C).

1.5. pea3xkcnnyatTauvoHHbIA nepuoa — AONMMTENLHOCTb MOBLILWEHUMA WAU MNOHW-
XEeHUA TeMnepaTtypbl 803Ayxa M ropHbix nopoa 8 {1C or eCreCTBEMHON WUNN KaKOW~
MMbBo UMHOW HaAvaNbLHOW TeMnNepaTtypbl A0 TEMMEPaTypsbl, 3a4aHHOU TexXHONOrnvyeCKuMu
MU FUPUEHUYECKUMW YCNTIOBUAMMN A3HHOIO COOPYIHEHUA,

1.6. 3kcnnyaraunoHHblid Nepuos — ANUTENLHOCTL HhYHKUWUOHUPOBAHUA NOA3EMHO-
ro o6beKTa 8 pPeXkKuMe, XAPaKTEPU3IVICILEMCA NOCTORHHO MNOAAREGDKUBIEMON TeMneparye.
PO U BNEXKHOCTHIO BO3AYXAE, 8 TaKXe TemMneparypon NOBepxHOCTU FOPHOr0 MacCuea,
OKpYXaiouwero noag3eMHble BbIPpaboTKw.

1.7. Pagnyc Tennosoro savAHNA sBbipaborkn MNC — paccroAHune oT oK BLIPAOOTKMK
A0 PEOMETPUURCKOro MeCTa TOMEK B POPHOM MacCuse C TEMNepaTypon, PABHOW eCTeCT.
BEeHHOW TeMnepaType NopoA.

1.8 KoachduuymneHT HeCTaLMOHAPHOro TennoobmeHa k,,_,—- KONuWYyecTso Tenna, nocry-

naoulee or ropHoro maccusa (Bosayxa) x Bosayxy (ropHomy mMaccusy) C eauHnubl
MOBEPXHOCTU BLIPAGOTKYH MNPU fiepenagse TeMreparyp Mexay ecrecrBeHHOR TemMneparys-
POW NOPOA U TEeMNEePaTypon BO3AYXa B 1° C.

1.9. Koadhdhuunenr HecraunmoHapHoro maccoobmexa ﬁT — KONu4yecrso snarun, noc-
Tyrawoujee or FOpHoro maccuea (Bosayxa) Kk Bosayxy (ropHOMy Maccuey) € eaAWHWUbI
MOBEPXHOCTVN BbIPAOBOTKU B eAMHULY BPEeMEeHW MPWV pasHuue MexAay napunanbHbiMU AaBs
nevnAmMu napa 8 1 Mfla.

2. BbibOP UCXOAHLIX AAHHbIX ANA TENNOBbLIX
PACHYETOB MOAIEMHbIX COOPYXKEHUA

2.1. Temneparypy, 8NAXHOCTL KU CKOPOCTb ABMXKEHUA BO3Ayxa B Bbhipaborkax
NC cneayer NpUMHMMAaTL NMPU HanUuYMn CcrneunanbHbiX TEeXHONOrWYecKnx TpeboBaHuM
WNU YCNOBUA XPaHEeHUA NPOAYKUUM — (10 HOPMaM TexXHONOFUYECKOro NPoeKTUpPOBas
HUR, 8 ANA OTAeNbLHbLIX CKNAACKKUX M aBTOTPAHCNOPTHLIX 06LeKTOB — no npun. 1: npu
OTCYTCTBKUU Crieunanbibix Tpebosanun — cornaco TOCT 12.1.005—76.
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Puc 1. Xapakrep n3meHeHnA Temnepatypbl B0O3ayxa, nocrynatouwero & MNC
8 — rapmoHuveckui 3axkoH (uamMeHenme Temnepatypst aTMochepHOro go3ayxal; 6 — n3-
MeHeHne TeMnepaTypbl BO3AyXa Npu ero noaorpese A0 NONOXKUTENBHOW TeMnepatypbi B
3uMHee BpeMA, 8 — CTyfneHvaTbiA 3aKOH U3IMEHEHWA TeMnepaTypbl BO3Aay Xa



2.2. PacuerHble NapaMeTpbl HAPYXHOrC BO3AYXa YCTAHABNUBAIOTCA MO KNUMATONO-
FUYeCKUM cnpasovyinkam u CHull 2.01.01 —-82.

2.3. TemnepaTypa BO3AyXxa, NOA3BaeMOro 8 Bbipaborku MC, npuHUMaeTcA 8 3aBu-
CAMOCTM OT 3Ha4YEHWIA NApaMeTpOB HApPYXHOrQ BO3AYX2 U UCNONL3OBAHUA PA3NUYHbLIX
MEepPOnPUATUA No ero Harpesy (oxnaxaenuo) {(puc. 1).

2.4. Temneparypa nopoa, okpyxawwux ssipaborku MNC, onpeaenseTcr no ¢op-
MY e

TH=TH.C+G(H_HH.C)' (1)

3HaueHUA Temneparvypbl NOPOA HEWTPanbHOro CNOFR TH o rnybuHbl ero 3aneraHun HH o

N FeOTePMUYECKOrO FPAAUNEHTa 0 YCTaHaBNUBAIOTCA Ha OCHOBEHMU AaHHbLIX UHXKEHEPHOe-
reonornyeckux mabickanuin, Npun ux orcyrcrsuu remneparypa nopoa T y.c Ha rnybuHe

HH o’ cocrasnawower 25 M, NMPUHUMaETCA Ha 3°%¢ an.ue CpeAHeron0BOA TEMNepaTypbl

BO3AYXa 8 NaHHOM panoHe, a BenuwuuHa o pasuon 0,03 °cim.
2.5. Tennodusnueckue M BnarodunsnyeckKe CBONCTBa FOPHLIX MOPOA TeNOMNpPO-
BOAHOCTD h", TENNOEeMKOCTb C_, TeMNepaTyponpoBOAHOCTbL @ ., MNOTHOCTL p K03~

dhuunerr auddysun a . 33BUCAT OT UX NPOUCXOXAEHWA, ycnosuin (hopmMuposaHun,

n
NTONOFMYECKOW XapaKTepPUCTUKH, BNHXXHOCTW, TeMMeparypsb:, 0CO6eHHOCTEn 3anerae

HUA B 3@MHOW KOpe U U3IMEHAITCA B mnpoxnx npepenax: 7& H3MEHF|ETCH or 0, 2 ao

8,2 Bt/ ({m-°C): c. — o1 0,5 a0 1,2 kx/ lkr °C) ; an-o-rm 7 00 22,5107 m?/c:

P —or 1100 go 5100 Kr/M3: 2 —or10”8 4o 204103 M2/c.
n

3HayeHUA Tennodu3IniecKux 1 BRAroduUIUYeCcKuux CBOUCTE FOPHLIX NOPOA Cneayer nNpus
HUMATb B COOTBETCTBUM C AaHHbIMW 3KCNEpPUMEHTaNbHbiX UCCNeAOBaHUN, NPoBeAEHHbIX
B8 YCAOBUAX KOHKPETHbLIX KNUMATUYECKWUX 30H, FOPHO-NPOMbILWNEHHbLIX PANOHOB UNU
noneit. OpueHTUPOBOUHLIE 3HAYeHUA TennoduiuyecKux U BNArouIUNecKnUx CBOWCTB
HEKOTOPbLIX TUNOB FOPHbIX NOPOA npuseaeHbi 8 npun. 2 (rabn. 1, 2, pucyHok).

2.8. TepmoanHammyeckue CBOUCTBA BO3AYXa: NAOTHOCTHL P TENNOEMKOCTbL €,

TENNONPOBOAHOCTL ?\B, TeMMepaTyponpoOBOAHOCTL @ , KWUHEMaTNYeCKan BA3KOCTL VU,

napuuanbHble A3BNEeHUWA HACLIWEHHOro Pl-lac W HEeHacblIWeHHOoro napa Pnap' KOHUEHTPa-

UMA BOAAMOro napa HacbiweHHOTO BO3AyXa Knac' KOHUEHTPauMA BOAAHOro napa

HeHacbiWeHHOro so3sayxa K, snarocogep)XaHue X, yAenbHaA Tennota napoobpaszosaHunA
S, 3HTANBMUA | YCTAaHABNMBAKWTCA B 33BMCHUMOCTK OT TEMNepaTypbl t U OTHOCUTENbHOW
BNAaXHOCTU  BO3AyXa no aaHHsiM npun. 3 (Taén. 1} n hopmynam:

-~ 360 + 18,7t
pae = 1,334107 " exp | LA (2)
236 +t
Pnap = “OPHac : (3)
K= oK. .; (4)
x=0,622Pnap/(B-Pnap) . (5)



Puc, 2, TeomeTpnyeckune mopenn hopmobi 8oipabotox NC

a — weneobpa3nan; 6 — uununapulecKan C ceveHWeM KPyroBon GopMbl; 8 — LUNUHADKY-
YeCKAaA C CeYeHHEM INANNTNYECKON HOopMbl

S =2500 — 2,38t (6)
i = 1005t + {2500 + 1,8068t) x . {7)

Koadhduumerr andbdysun BO3ayxXa Py HOPMaNbHbIX YCRAOBUARX t = OGC, B =

= 0,101 Mlla npuxHumaeTcA pasHbLIM 2,.09--10“5 lec. Ona nepecvera KoahpuuneHra
ancddysnn Ha NBYI0 TemMrieparypy ¥ gasfieHue Cneayer Ucrnonb3osarts Gopmyny

_ 1.89
525490 1 {1 + 273)

a = ——. (8)

KoathpmumeHT MacconposoaHoCTH 8o3ayxa A kr/ (M- c-MIa) 8 3aBUCUMOCTU OT TEM-
b

nepatypbl M AaBNeHUA PaccynTbiBaeTcA No opmyne

_ 1,89
A = 416-10"1° (v + 273) /B . (9}

Mg
2.7. CxemMaTusaunid reoOMeTpUYeCKUX NapamMerpos, XapaxkTepulyrouwux pasmepb!
n dopmy MNC, cneayer NponsBoanTs B 3@BUCUMOCTU OY COOTHOWEHMIA MeXAy ANUHOW
|, WMPUHOW b ¥ BRICOTON BoIPaboTOK h, a TaKxe BPpEeMEHN nx CyulecTBOBaHMUA T:
npn /b <2 NC npunumaerch weneobpaznoit GOpMbl, @ FOPHBIA MaCCUB, OKPY-~
KA ero, 8 BUAE MONYOrPaHUMEHHOroO fIPOCTPAHCTBA C MNAHOBLIMU pasMepamuy,
coorsercraylwmnmn pasmepam NC  (puc. 2, a):

npu | /b > 2 reomerpudeckan GopmMa BHIPAGOTOK MPUHUMACTCH:
B cny4ae 7 < 0,5 r:K / a, — weneobpasHou ¢ pasmepamMmu rnornepeyHoro ceyes
HUA, PaBHbIMU WKUPUHE KU BbICOTE BbiIpaboTKn:
8 cnyvae 7 > 0,5 r:K /an M b/h K2 — uMPMHAPUYECKONR C KPYroBoO#h (Hop-

MO rorlepesHoro ceverusa (puc. 2, 6) -

B cnyvae 7 > 0,5 r:K !an M b/h 22— yunuHapuyeckon ¢ annMnTUYeCKon hopMOW

nonepedroro cevenun {(puc. 2, e).
B npuBeagHHLIX COOTHOWEHNRX 3HAYEHUe T 5 YCTAHABNUBAETCA NO BENUUMHE nepu-

MeTPa BbipaborKu Mo UBHD /27,

10
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%

¢/ ///

Puc, 3. PacuetHbie cxemMol aNA oRpepeneHuA NapameTpos CUCTEM perynupoBaHuR Ten-
nosoro pexuma NC

8 — NPOAONLHAA cxeMa NpoBeTpuBaHUA; & — nonepeyHan cxemMa NpoBeTPUBaAHMA; 8 — Npo-
RONbHO-NONEPeYHaA CXeMa NPOBETPUBAHUA, 2 — OTCYTCTBUE CNEeUnansHO OpraHn3oBaHHOM
CXeMbl NPOBETPUBAHUA; T — TennoTexHUYeCcKoe obopyposaHue, 2 — BO3AyX0BO4 ANA
noaavyu BO3ayxa; 3 — BO34yX0BOA ANA yA3NEHWA BO3AY Xa

2.8. Buibop pacuerHOM ¢xeMbi npwu onpeaeneHnun nNpoaocIHKUTENbHOCTU NPEA3K Ny
arauuoHHOrO nNepuoaa v HeobXoaAUMMON MOLWLHOCTU TennoTexHunyeckoro obopyaosaHua
OCYWECTBNAETCA B 3aBUCUMOCTHN OT NPUHATON CXEMbl NMPOBETPUMBAHNA U MECTa YCTaHOB-
Kt 060pyaAOBaHUA:

11



APy NPOAONBLHON CXeMe NPOBETPUBAHUA ¥ pasMewueHun 060PYAOBAHUA Y YCTbA Bile
pa6oToK vnNu PaBHOMEPHO MO ux anune (puc, 3, a);

Mpu nonepevHon N NPOAQNLHO-NOMNEPEYHOR CXEMAX MPOBETPUBAHUA, UCTTONBIYIOLLKX
cucremy BO3AYXOBOAOB, YCTAaHOBNEHHbIX B BbipaboTKax, ¥ pasmMeleHnm obopynosarun
Y YCTbA BbIpabOTOK UNU paBHOMEPHO 110 ux anuue (puc. 3, 6, 8} ;

NpU OTCYTCTBMW CreUuNansHO OpPraHu30oBaHHOrO NPOBETPUBAHUA U Pa3MELLeHUU
0bopynosaHuA 8 sbipaborkax NC (puc. 3, 2).

3. ONPEQENEHME TENNO- U BNATOBMAENEHNA
OT CTALUOHAPHLIX UCTOUYHUKOB

3.1. TennosbiAeNeHUA OT CTaUUMOHAPHBIX UCTOMHUKOB Temnna onpeaenfAioTCA NOTPeG.

nAeMOnr Nncrp WNN YCTAHOBNEHHON Ny oy MOWHOCTLIO ¥ 33BUCAT OT KO3 dUuneHTa no-

nesHoro AencTBuA aABurarend n M Ko3gduumeHTa, XxapakKrepulyloulero crerneHb ux 3ar-

PY3KH ksarp' BenuuyuHa kaarp npuHumMaerca pasuou 0,5-0,7.

TentnoBsigeneHua npu pabore 3NexTPOOBOPYAOBEHUA PACCUUTLIBAKTCA O dOopmy-
ne

an_ Man Nnor (10)

rae m —KO3AhPUUMEHT  INSKTPUMECKUX NOTEPb, penuyustHa KOTOPOro NpUHUMaeTCs

pasHou anA TpaHchopmaropos — 0,05: anA ocseTurensHbLIX npubopos — 1; anA Kabe-
nen — 0,01 va 1000 m anuuxbl Kabenan,
TennossigeneHun npun pabore HaCOCOB COCTABNAIOTY:

O‘Hac = {1 —n) ksarpNycT (11)

TennosbiAeNeHNA NMPU paboTe TPAHCNOPTa Ha INEKTPUYECKOW TAre BbIMUCHIAIOTCA
no ¢opmyne

3H‘Tp=q3nATp|¢9,31 ATDAH, {12}

roe Am ~ CDEAHRA 33 CYTKW MAacca TPaHCNOPTUPYEMOrOo B eAvHUUY BpeMeHun rpy3a,
Kr/c: d,, — YAebHble TernnossiAeneHun OT paboTbl INEKTPOBO3HOrO TPAaHCNOPTA,

cocrasnaowme anA anexTpososoe 0,63 — 0,83 Mx/(kreMm): anA NeHTOMHLIX KOHBEW-
epoe 2,5 Mx/(kr-m): AH — pasHuua mexxay FiybuHamun pacnonoXKeHuAa Havana v KoHUa
86ipaboOTKU, M: 3HAK '+ ApMHUMAETCR OpU NepemMeleHMn rpysa BHU3, 1 3Hak =77
8BepX.

TennoselageneHne NPy NOrpy30YHO-Pa3rpy304HbLIX PaboTax yCTaHaBNUBaAETCA:

npu norpy3ouHbix paborax (cknaguposavue rpy3a)

= _ - 3
nor kSarer‘IOT 4'9Arp&'h' (13)

NPy Pasrpy3ouHbix paborax

12



sas = KsarpNnor + 49 A, 40, (14)

rae Ah - cpeaHAn BeIcOTa norpysku (pa3srpyzku), m.
TennossigeneHuA npyu pabore TPAHCNMOPTHLIX MALIMH C ABUFaTENAMW BHYTpPEHHEro
CropaHua BLINUCAAICTCA NC hopmyne

as.cr kaarp G on %ron (15)

rae Gro — 4acoBOW pacxoa Tornnusa, Kr/c: Q.oq — YAENbHbIE TENNOBbIAENEHUA NP

n
cropaHnu (TennorsopHan crocoBHOCTs) Tonnusa, Ax/kr:

BEH3UH . it it nnnen saonoscenes . ... 43780
KEPOCUH & v e inatonsoconcoans C e e e s e 42960
An3ensHoOe

ABTOTPAKTOPHOE .. v e vt o cecet e 42620
CONAPOBOE MACTIO .+ .t e v v vnononna Ceesenas 42630
MOTOPHOE TOMNMUBO + v v v o v es v nnvoens e o e s 41370

TennosbigeneHUA OT OAHOBPeMeHHO paboraiowunx 8 NC nwaei cocTaBnAOT:

Qn =q‘)1nn' (16}

Fae N — KONWYECTBO paboTalowunx noaen, ven.: q -~ — YAeNbHbie TeNNO0BbLIAENEHUA Yeno-

BeKa, cocrasnriowme npy nerkon pabore 120—140 Br: npu paborte CpeaHer TRXKECTY
210-290 BT: npu raxenon pabore 410—580 Br.

Mpumep . Paccuutars obuiee Konuyecrso rennoTel, BeiaenAemoe 8 NC npu pabore:
TpaHcdhopmaTtopa, norpebtnAwwero mowHocTe 100 kKBF, ocseruTenbHbix npubopos,

MOWHOCTLIO 5 KBT, 3neKTPOB0O3a, TPAHCNOPTUPYIOWEro N0 rOpu3oHTanbHEN B8eIPaboTKe,
anunHon 1000 m rpy3s B konuuecree 20 kr/c: 3nekTpONOrpys3unka, NOTpebaAoLWEro

npwn pasrpyske ¢ BoicoTel Ah =3 m rpy3a B xonuuecree 10 kr/¢c mowHocTsio 8 10 kBT
( ksarp =0,6); v 5 pabounx, BbIMONHRIOWNX PaBOTY cpeaHelt TAXKECTM.
Pelbenne,

No dopmynam (10}, (12), (13) u (16) umeem

— . ¢ 3 — .
an.Toan 0,0510010 5000 Br:

e » - 3 — -
an.oca—1 5-10" =5000 Br;

03ﬂ~TD = 0,83-:20-1000 = 16600 Br;

= . . 3 - '} = .
an.norp 0,6:10.10" + 4,9-10-3 = 5850 Br;

Qn = 290-5 = 1450 Br.

13



Obuwiee Konuuecreo rennorst = Q 6yaer pasHO
= Q= 5000 + 5000 + 16600 + 5850 + 1450 = 33900 Br =34 kB~

3.2. BnarosbineneHua ot noaer, c60PYyAOBAHNA, XpaHUMbIX FPYy308 U T.M. 8 (1C
ONpPeaen’iOTCA MO MEeTOAUKAEM, UCNONb3yeMbIM ANA YCNOBWUW aHANOPUYHBIX H33EMHbIX
coopyxeuun (cm, CHull 2.04.05-86), a Takxe BeAOMCTBEHHLIE HOPMbI TEXHONOrKUYECs
KOroO NPOoeKTUPOBaHuA) .

4. ONPEAENEHUE KOIPOPNUUMUEHTOB TENNO- U MACCOOTAAMU

4.1. KoachdvuueHT TeftnooTaaumn Or BO3AYXA K FOPHLIM 1OPOAaM MNpU CKOPOCTH
ABVXEeHnA BO3ayxa, 6onsvuier 0,5 m/c, paccunTsiBaeTcA o ¢gopmyne

- d R 0.8 (17)
a=0,029¢ A /d Re ", 17

rae senMunHa KOIGAUUMEHTE WEPAXOBATACTH € = NPUHHMEETCR B COOTBETCTBNN € AaH-
HbiMu pa6oTes u cocraenAer (1,2 — 1,5), a d_ _ seibupaerca no coorhowenuo d_ =

K
=4 fBbID f UBhID

Nouw cxopocTn aBwxeHuA Bo3ayxa menee 0,5 m/c xoathduumeHt Tennooraaum
cneayer npuHnMarTs pasHsim 4—8 By/ (Mz' O¢C).

4.2. KoabdrumeMT MaccooTaauu OT NOBEPXHOCTH FOPHOPC MaCcCuBa K BO3RyXY
BbluuCNAETCA No hopmyne

By = BB (18)

A
rae 4 — 6e3pazMepHbIA flapaMeTp, BeNMMUYUHE KOTOPOro 33aBUCUT OT TUNa NOpoa U TeMs
D

neparypbol n npuseneHa 8 npun. 4 (vaén, 2}: ﬁmn — K03thhUUMEHT MECCOOTABUYMN C MO~

BEPXHOCTN MUCTON BOAbLI, PACCYUTHLIBAEMbINA NO KPpUTEpMansHOWN 3aBUCUMOCTM,

A’ 043 0,135  ‘loyx * 273
Nu = ARe Pr_ Gu (XX ), (19)

BOA B t +273
M

’ o
rae 3HaveHuA KO03ghdpuuneHToB A 1 N NnpuBeaeHbl B Tabn. 1, a senuunHa Temneparyphl

BO34yXa N0 MOKPGMY TepMOMeTpy t .  ONPeAenAeTCA B 33BUCUMOCTY OT T, yx N OTHO-

CUTENbLHON BRAXHOCTU BO3AyXa ¢ 10 NCUXPOMETPUYECKOW auvarpamme, rpueeacHHON
B npun. 4 (puc. 1).

Tabnuua 1

Npeaenst nameHennA Kputepua Re [ A Ji n'

0,315-10" 0,83 0,55
0.315.10% — 2,210° 0.49 0,61
22 10% — 31,5-10% 0,0248 0,90

14



Ina opueHTUPOBOYHOWN OueHKU KO3dhduuneHTa MaccooTaaun or nopoa, AaHusie O
3HaYeHUN NapamMerpa i KOTOPbIX OTCYTCTSYIOT 8 Tabn. 2 npun. 4, MOXeET 66iTb UCTIONL3O-
saHa dopmMmyna

A
m

B, = a——F— (20)

g

4.3. KoadduuneHTbi MAaCCOOTAAYU € NOBEPXHOCTH MOPOXEHbIX NPOAYKTOB (3

npoA
" NbA3 ﬁn crieayeT ONPeaenATh B COOTBETCTBUM € AaHHbIMU Yabn. 1 npun. 4.

°. ONPEAENEHUE KOJOPOUUUEHTOB HECTAUUOHAPHOI O
TEMNO- W MACCOOBMEHA MEXAY BO3AYXOM U NOPOAAMU

5.1. Bennuuny koathduumenta HectaumoHapHoro rvennoobmera ana NC weneobe
pasHon hopMbl cneayeT BbIMUCHATL N0 thopmyne

kf =af1- f(2) ], (21)
"

raez=q/ A,V a7, a 3navennn pynkunn f (z) npuseaers: 8 rabn. 2.

Tanuuya 2

N

Ly, el T ¢ ]

:l:f {z)

e N e e S

= [ = = |

fa) ‘[[ Z ﬂl:?(_z-)

0,0  0,0000 2,5 0,7928 11 0,9487 40  0,9859
0,1 0,1036 3,0 0,8207 12 0,9530 45  0,9875
0,2  0,1910 3,5 0,8454 13 0,9566 50 0,9887
0,3  0,2654 4,0 0,8634 14 0,9597 60  0,9906
04 03202 4,5 0,8777 15 0,9624 70 0,9919
0,5  0,3843 5,0 0,8872 16 0,9647 80 0,9929
06  0,4323 5,5 0,8974 17 0,9668 90  0,9937
0,7  0,4741 6,0 0,9060 18 0,9686 100 0,9944
08  0,5109 6,5 09132 19 0,9703 110 0,9949
09  0,5435 7,0 0,9194 20 0,9718 120 0,9953
10  0,5724 7.5 0,9248 22 0,9744 130 0,9957
1,2 0,6214 8,0 0,9295 24 0,9765 140 0,9960
1,4 0,664 8,5 0,9336 26 0,9783 150 00,9962
1.6  0,6975 9,0 0,9373 28 0,9799 160 0,9964
1.8  0,7217 9,5 0,0406 30 0,9812 180 0,9968
20 0,7434 10,0 0,9436 35 0,9839 200 0,9971

Mpun 3dauverunx  koahhuuuenra Ttennootrgaun a, npesocxopruunx 30 Br/

(m%°C) . ANA onpeaeneHnA kr PeKOMEHAYETCA UCNONL308aTb HOPMY NIy
ul
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Puc, 4, Homorpamma ana onpefienennn ko3thPuunedTa HECTaRWONApHOTro Tennoob-
MeHa

kr = ?\n/‘\/ ma_7. {22}

LLL

5.2. [Inn unnurapuueckon seipaborku (1C ¢ Kpyroeon opMmon nNoNepeYsHoro ce-
YEHNA BENVYUHY k-r CNeAYeT ORPeaenATh 10 HOMOPFPAMME, NPWBEASHHOH Ha pue. 4,

13
MY PACCUNTBIBATE MO hOPMYNaM:

< 2
npu 7% raK/an

k =a[1—8Bi/B'flD)]: (23)

T
i

2
r r 3
pu > ax/n
a

k, = ————— - (24)
4 1+ Biln{1++/ YF,

’ !
roe Bi = Bi + 0,375; z = BiV/ ngr a 3HaYenuRr thyuxumm f {2) ycTanasnusaoTCa NO AaHe
HbIM Tabn. 2, 3HAYEHUA NAPAMETPA 7 MPUBEAEHBI HIDKE:

Bi ......... 0.2 0,5 1 25 10 oo
Y iiienn... 1,8 2 22 25 2.9 T
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Puc 5. Homorpamma pns onpepeneHnfa nNonpasku K xoxhpuuneHTy HEeCTaUMOHAPHOTO
TennooHmeHa b'r' YUYW THIBAIOLWEN OTKNOHEeHWe reometTpuieckor hopmbl nonepevHoro ceue-

HUA OT KPYTroBOMN

Npu a > 30 Br/ {m%- °C) pacuer K MOXHO BbITONHATL C UCTIONL3OBAHUEM 3aBU-
CUMOCTH 1}

A
k = —=— {0375+ 1/ TF, ). (25)
L r
IK

5.3. Koahdpuuurexr HeCTaynoHapHoOro renncobmera ana geipaboroxk C ¢ nonepess-
HbIM CeYeHUEM INNUNTUYecKon GOPMBbI Criedyer orpegenaTs 110 popmMmyne

K = b k (26)
Ton T,

rae bT NOMpaBKa K KO3IPUUMEHTY HECTAUUCHIPHOrO TeNNOOBMEeHa, YYNTLIBAIOWAR OT-

KNOHEeHNe reoMeTpudecKon (OPMb! NONEPEYHOrD CaYeHNa OF KPYra € DaaunyCom
IK
W ONpERENAEMAR NO HOMOTpaMme 1a PrC. 5 unn no Gopmyne

Iné

!n{\}Mh +0,25N; +1] ++/ M1 +0,25N? — 1]}
1 _ K 4k
rge M= np = (§° — 1) (1,5 \/ + —jE—:
1-—-k 1—k

o
Il

(27)

4 2
2 (1 knp) o 1_knp
a h
np
by
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a) 6

vAY. A

_

Puc, 6. PacuetHble cxeMbl K OnNpeaenennio k'r

@ — ANA BbIpaboOTOK, NPONAEHHLIX B NOpPOAax C PasfiuyHbIMK BAONb HaMAACTOBAHURA

v NEPNeHANKYNAPHO K HEMY KO3 (UuMeHTaMmU TennonNpPoBOAHOCTU; 6 — cUCTeMb! B3a-
MMOASMCTBUAR KaMep B TENNOBOM OTHO WeHUM BhIpabo TOK

bespasmepHbit pasguyc TennoBOro sAMAHMA § = Rt/ram PacCYMUTbLIBAErCA HO
hopmynam;
_ 2,64
5§ = 0,837In [2,72(1 = \/TF5) ] npn 1<Fy, < 50 (28)

5.4. KoahdunuvneHr HecraynoHapHoro rennoobmena k , ANA Bbipaborok NC, npow-

AEHHbIX B HOPOAAX, UMEIOWUX PasfnuuHbie 3HaYeHUA KO3(dbhUUMEHTOB TennonpoBoAHOCs
TV BAONbL HANNACTOBAHUA Ay 1 MNEPHEHAUKYNAPHO eMy A (puc. 6, 3) BbIMUCNRBTCA NO
cdopmynam (24) — (26) npw

b A h / A
s~ T Vo [T =NV )] (29)

(1] A b AL
h T

L Ma (30)
b ?\1

rae A=05(A+ A, ).

9.5. KosdbduuneHr HecTaunmoHapHoro rennoobmena aAnA Kaxao#n sbipaborku (C,

OKPY)XEHHOW ADYFYMM BbipabOTKaMK ¥ OTCTOALLEN OT HUX HA DACETOAHUE thID He DONb-
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\

Puc, 7, Homorpamma ana onpeaeneHA NONpPaB KN c K K0 3hhnuneH Ty HeCTaUNOHAPHOro
Tennoobmena, yYn ThiB alOLLEMY TENNOBOE B3anMoAeMCcTaue B bipaboTok

e, YeM MX paauyce! TenroBoOro BNUAHUA R {puc, 6, 6, 2), 1.e. h <R, , BbluKc-
nAeTtcA no dopmyne | Bblp L
8bip
k =k’¢ ¢ ,...,¢C -—k,nc , (31)
71 71 To 73 7 71 T
i=2
FAE Ny — YNCNO B3aUMOAGUCTBYIOWKX BbIPaBOTOK: k;_ —~ PACCUUTBHIBABTCA NO hopmMy-
1

nam (24) — (30}, a sennmumHa nonpasku C_ . Y4MTBIBAIOWENR TENNOBOE B3aMMOABHCTBUE
[
B5IpaboTKK C TeMnepaTypoik t; U 3IKBUBANENTHEIM PAAUYCOM Ik | 1 BLIPABOTKY C TeM-

Neparypoit t. 1 IKBUBANEHTHLIM PAAVYCOM I, B 30HE TEMNEPaTYPHOro BNNAHNA KOTO-
I
PO R =5, / 4. HAXOAUTCA nepean BbIPa6OTKa, YCTaHABANBAGTCA npur_  =r_  Cfo-
F 1 i
MO LLLbIO HOMOI"DHM Mbl Ha pyc. 7 unu no popmMmyne

h

5,In —==2 — 0,637 (———2 + LI (k) + 1
rsu:i "Ik, "3k
c, =1 =6, [1= —mmem A ., {32)
' §.In§.+ 18,
i |
t. — T
rae 6. =_____° _ ,aE(k;) — nonnuiit annuntuveckuid nkterpan 11 poaa, onpeaens-
e
emuiino npun. Snpuk, =2/ h_ Jr ] abip 1).
Pyni. v Ry BbIp ' 3K r
IK

5.6. YrouneHHnili pacver Ko3adpuumneHTa HeCTaUNOHAPHOrO TennooBMeHa ¢ YHeToOM:
HaNUMYUA B FOPHOM MaCCUBE HECKONbLKUX He3aKpenneHHbIX BbIPaBoOTOK. uUX peansHOw
FEOMETPUYECKOWN POPMbi; HANUYUAR B FOPHOM MACCUBE eCTEeCTBEHHOrO TEMMNEPaTypPHOro
MONA, 3aBUCALLErO NUHERHO OT FEOTEPMUYECKOrQ FPPAAMEHTE! PasnNUYuMA TennonposoA-
HOCTK MaccvMBa sa0nb KW NONEpPeK MMNOCKOGTeA HannacToBapHMA nopoa (aHU30Tponuwn
M3CCUBa), 38BMCUMOCTN KOIMDEHUUNEHTA TENNOOTAAYN OT KOOPAWUHAT PAaCYETHOrO YyuacT-

19



Ka noBepxXHOCT# BbIPAabOTKM MOXET OCYLWecTBNATLCA C NOMOLWbLIO CNeunanbHoOR npor-
pammbl (cM, DoHa anropuTmoB u nporpamm AH YCCP, nporpamma uxs. N° AN-0079 or
24.12.85) .

5.7. KoadhdvuumeHT HecTaunoHapHoro vernnoodbmeHa npu nepeMenHONn Temieparype
BO3yXa, XapakTep WiMeHeHNA KOTOPOW npeacrasned Ha puc. 1, cneayer pacCcinuTbiBarTb

no gopmyne

T — 1 t — t

cp.r cp.r
kK =k L - R\ G (33)
A I S
e e
roe kE — BbIYUCNAEGTCA PV MONHOM BpeMeHu cyiuecrsoBavuna NC no opmynam

-
(23) — (32), a Akf onpeRenAeTCA g 3aBUCUMOCTU OT XapaKTepa M3MeHeHWUA Temnepas

TYPb! BO3AYXA:
ANA FAPMOHUYECKOrO 3aKkoHa (puc.1, a)

ﬁkf =[0,75 Bi/Bi + 1,26 (Pd) O'SIBUBi’)z] ?\n/ran_ (34)

NMPU noagorpese BO3AYXa B 3IUMHUWA Mepuos ACQ NONOXUTENbHbIX TemMnieparyp

(puc. 1, 6) AkT paccunThisaerca no gopmyne (23) npu 3xauenun w, BXOAAWEM B

nevy
uncno Pd, paBHbIMe

!

1 — 1
. ¢cp.r cp.r
w = 8760 (1 — 0,63 arc sin _LP P , {35)
Yner th r
roet. . top.r — CPEAHAR Temrieparypa sosayxa B Haunbonee XapKuit MeCAL U CpeaHe-
FOAOBAR Temieparypa armocdepHoro 8o3gyxa, ~C:  t’ — CpeAxeroaoBan Temrepa»

cp.r

TYpPa BO34YXa C Y4ETOM MOAOFPEBa 8 3MMHUIA Nepnoa BpeMeHn RO Lioa

t + — —
o _ tnoa "noa * 087 (they =t ) (8760~ 7 )
co.r — ————— —~— (36)
8760
3HayeHmne Ak*r BLIYUCNAETCA NO hopmyne
3UM
Bi
A k =a |1~ —fF(z ) |,
o™ |1 @
, [ a.rT
. I 3UM
rae z_ = Bi p , 3HAYEHUA DYHKUNK f(zsum } npuseaeHsb! 8 Tabn. 2,
r
IK

BpeMA
P Tan OTCUMTHIBAETCA OT O o Tno.u
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Mpu CcTyneHyaroM 3aKkoHe MW3MeHeHWA TYeMnepavTypbi BO3AYXA, XaPaKTepU3yiOe

WMMCA MOCNEAOBaTENLHO CNEAYIOWNMI 3HBYEHNAMN TemnepaTyp ty, ta, . . ., T, _ .
t, B NEPUOALI BPEMEHU T , 7 ... T 4. T, (puc. 1, 8)
T -t ty — 1 t — 1
i 1 2 —
/e " ) n-—1 n
k, =k =2 K e + K L (38}
Te = 1y Te 1y Te— 1,

F4
rae kr -~ OfPeAenAeTCA NC NONHOMY BPEMEHU CYuleCTBOBaHUR BbIpaborku T k:_f —

Nno BpeMeHnt 7_ — 71, a k(:)— Nno spemMeHun ‘rn — T

n n—1

Mpumep. Paccunrars BenuuuHy koadduumeHra HeCTALMOHAPHOrO Ternnoobmewa
ANA CaMOrFQ >XapKOoro W CamMOoro XONOAHOrC MeCAUeB NPy FapMOHUYECKOM 33aKOoHe
M3MEHEHUA TeMifepaTypbl BO3AYXA, XapaKTepu3yluwieroCcA 3HauyeHWemM CcpeaHerofo-

b o
Bon Ttemneparypsl +3,6 C u vemfieparypamMm CaMoOro XapKoro v CamMoro XonoaHo-

ro MecAues COOTBeYCTBEHHO pPaBHbiMu 17 6 K - ‘Hilt,,titl C. IAnAa rex xe ycnosun
onpejennTs 3HaveHune k'r B Cnyvae noaorpeBa BO34YXa 3MMOM B TevdeHue 5 mecaues
A0 Temrieparyps! +29¢. [1pu pacuyere NPUHATL K = (0,3 Bt/ (m? - °C): Te = 12°C;

j‘:""

" Mm% fe A =2,02 By/ {m¥C).

-~ 2,0 . -_ . st . -
a=8Br/(Mm°-"C): o 2m; a_= 9,310

Pewuenue.

1. Haxoaum yucna nogobun Bi, Bi’ n Pd

2
’ 4 ’
gi= 82 =792, Bi=83; pd= —=214(2) —— =0,857.
2,02 8760-3600-9,3 - 10
Mo dopmyne (34) BbiunCNAeM BEeNVUUHY akT
2
7,92 0.5, 7,92 2,02
Ak _= [0756 -2~ + 1,26(0,857)  ( ) ===
8,3 8,3 2

=172 Br/ (m%-°%0).

Ucnoneaya dopmyny (33) nonyuum 3HaueHun k_ ANA NeTHEro u 3UMHEro nepuoaoe:

12 - 3,6 36-17,6 , o
k. =03 —————— + 1,78 ——- — = 4Br/{m%."C):
ner 12— 17,6 12- 176
12— 36 36+ 10,4
< = 03————"—— + 1,78 = 1,23 Br/ (Mm% °C).
3UM 12+ 10,4 12+ 10,4

2. Mpu noaorpeese B80o3ayXxa B 3uMHee BpeMRA 8 TeueHune 5 mecanes (3600 4) ao +2%

ANA onpeaeneHUuA AkT , BblumcnAem no popmynam (36), (35) t;p oYW
nev '
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- i S <Y A S Syl =TT A oy - Wi st S— i Mo S—— A S Siat s =P a— —-— 0 »
cp.r e
8760
w = 8760 (1 — 0,63 arcsin ——— }= 7400 u.
17,6 — 3,6
23,14 (2) 2
Benuunna yncna nopobuA Pd -———m——m— o =1,01.
3600:74009,310" "
Uenons3ya dopmyny (34) nonvuum:
2
7,92 0,5/7,92 2,02
ﬁkf = [ 0,75 ————+ 1,26 {1,01) (-—-——— ———-= 187 Br/ (Mz' OC) :
ner 8,3 8,3 2
Bennunuy akr onpeAenMm fpu T = 2190 y,
3nm
Nmeem Z. = 8,3 > = 11,2.
2
nel{11,2) = 0,95 (cm. Tabn. 2).
Ak =8 (1 — 0,954-0,95) = 0,75 Br/(m>-°C).
Taum
3HaueHun k un k Bbivucnum no dpopmyne (33):
Tner  T3um
12—~ 7 7—-17,6
k, =03 ———— —+ 187 ———— = 3,27 Br/(m*.°C);
ner i2—~176 12-17,6
12—-17 17— 2
k==~ =0,3—————m + 0,75 —————— = 0,525 Br/{m>-°C;).
3UM 12— 2 12 -2

5.8. KoacdhdununeHr HecTraumornapHoro rennoobmera B MNC ¢ orpuuaTensHON Yemrne=
parypou sozayxa {(HauanobHas Temrepartypa NoOpoa MONOXUTENbHa) cneayer ONpPeAenaTh
NyTeM YMHOXeHKUA KOo3ddpurnuneHra HeCrayunoHapHoOro TennoobmeHsa, BbIMUCNEHHOrO 1o

dopmynam (21) — (34), Ha KoahduureHT uHTeHCudbKaunn TernnoobmeHa npu arpe-

FaTHbIX tepexogaax snarv k-
arp

Benuwuua k app AP (1C weneobpasHoun hopmbl BhivNCNAETCA No dopmyne

»

k e o o — —— — e e e (39)

arp d
LLL (1 + kT) erf k
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Puc, 8, Npadwmk 3asucumoctu uHTerpana eepoAtHocTw, erf or
napameTpa K 8

rhe

/o2, 2 0.5
0.5k k, + \/ 0,25k k + 1.57ky + 1,11k k,” + 0,48

k = e e — e ot e e e e e — e e i .
g

r

0.5
1,77k + 1,25k _k k.~ +0,54

T —T
cC__p e b
= . _— ar nNr' nr » — ———a
k‘3 ﬁnp/.?\/anm, k, =+ —-IX.AT_NT_ r ko ; :
am “rim P rim ¢ tc:p
)
a - r
“nm
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Bnp — KO3 UUMEHT MPONOPUNOHANLHOCTH, X3PAKTEPU3YIOLIMA CKOPOCTh ABMKEHUA

30HbLI NPpOMEepP3aHuA, M/\/_ A o~ CpeaAHAA 33 pAaCYeTHbL! Nepuon remneparypa Bo3ay-
xa 8 Bbipaborkax f1C: erf kﬁ — UHTEerpan BepOATHOCTH, 3HAYSHUA KOTOPOro rNpuBeAeHsl
Ha puc. 8.

Mpwu k q " kE = 1 3HauYeHuR kar 5 ONPEASNAKTCA N0 HOMOrpaMmme NPeaACTasNesHoONn
Ha puc. 9. H

i nybuHa npomep3aHunR Rnp npu 3YomM CocrasnrAer

R = NS (40}

np

AOnA yenosuit uMNUHAPUYECKOK BbIpaboTku ¢ Kpyroson HOpMOU norepeyHoro ce-

YEHUA karp ChefAyeT paccuurbiBars o bopmyne
u
karp . — 1
karp =]+ ———————— : (41)
U 1+0,5V Fg

My6ura npomep3aHnA NOpoa BOKPYFP BbipaboTKn yCTaHaBNUBaeTCA rno 3aBUCUMOCe

T™
R
K|
£="""'E“ =§1§'2r (42}
r
IK
1
rae BennunHbl §y = (1+\/7 Fo) 'T: 5'2=exp[-——-—(1—n1,)]
Bi
y 1
NPEeSenRIOTCA N0 HOMOrpamme, NpusegeHHon Ha puc. 10, npu My = ———————————
(1+k DKy,

BennyuHa 6e3pazmepHOro paanyca Ternnosoro BNUAHUA BbipaboTKN pacCunTbiBaeT-
CA no popmyne

8 =Rt/r3|-< =tF (——}LHM/ T Te/tcp ) ' {43)

roe 3vaverusa yHxumu F onpelenflorcAa B 3aBMCMMOCTU OT NapameTpa (—AHM/}\

X
nT
xT, A } no rpacduky Ha puc. 11.

cp
KoathduyunerT HecTauuoHapHoro rennoobmMmeHa AnA 8bipaboToK C nonepevHbiM Ce-
YeHUEeM INNUNTUHeCKON GOpMbl BHIYUCNAESTCA KAK Npou3seaesne sBenunuuH kr’ karp n

bT, paccumMTanMbIx No hopmynam (24}, (41) w (27). Npuuem 3uaveHune paauyca rennos
BOrO BNUAHKA 8 hopmyne (27) naxoaurca w3 coorHowennn (43).

KoadhpuumeHT HecTaunoHapHoro rvennoobmeHa ANA BbipaboOTOK, NponAeHHbIX B
nopoaax ¢ OTNWY3HWWMUCR KOo3adduuueHvamm TennonposBoOAHOCTU BACNL HaNNacTosa-

HWA A, WU NepneHAnKYNAPHO emy A} , CneayeT ONpeaAenATb Kak rnpoussegexune k "

karp , BblYKCNeHHbIX NO thopMmynam (24) u (41) ¢ yyeTom 3asucumocTten {(29), (30) u
u
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Puc. 11, Mpamik ana onpeneneHnA oTHowenua §/ £ 8 3aBUCUMOCTN OT napamert-

pa (_hnmfkm Te/tcp )

l

BENUYKHbI br' paccunTanHon no dopmyne (27} npu aHavyeHun paauyca TennosOro BAUA-
HUA §, YCTAHOBNEHHOrO C UCNONL30OBAHUEM 3aBUCKUMOcTn (43),

Ko3thpuumneHT HeCTAaUUOHAPHOrO TErNnoobMeHa ANA BbIPADOTKKU B CNy4Yae ee Yernmaos
BOFQ 833aUMOLEUCTBUA C APYrUMHU B8bIPABOTKAMU, HAXOAAWMNMUCH OT HEE HA PICCTORHUU

BbIP < R onpeaennAercA aHanoru4Ho n. 5.5 npu 3HayeHUn Bi, BbiYNCIeHHOM MO COOT~

HOLLEHUIO (43)

Tpumep. Onpeaenuts KO3hDUUNEHT HECTaLNOHAPHOrO TeNNOOBGMeEHa Ha 3 roa IKCs
nayarauuy sBbIpaboTku, NooiieHHON B nNecHaHuke ¢ HaYanNbHOW TeMneparypon + 10°¢C
u snarocoaepKavmem 3%. Koadduuvenr Tennoorsaum pasen 8 Br/ (m°-°C) , @ TeMnepa-
TYpa 8034ayxa, noaaepusaemMan B Bbipaborke, cocTaBnAer —15°C. BbipaboTka, nmeio-
wanA wupunry u Boicory 10 n 3 M, OKPYIKEHa TPEeMA APDYFUMU BbIDABOTKAMU, UMEIOLLLUM U
TaKue e reoMerpuvecKue napamMeTpPbl 1 OTCTORLWLMMU OT NEPBON BbIPabOTKYX HA PAaCcCTO-
AHUM 10,5, 16 n 24 M, TeMnepaTypa BO3AYXa, NOAAEDPKUBIEMaA B HUX, COOTBETCTBEHHO
paBHa —1, -6 u --30°cC.

Pelwsexne,

B8 coorseTcTBUM C naﬂnhmu npun. 2 {rabn. 2) npu w_ = 3% nNNOTHOCTSL necHanuka
cocrasnrer 2500 kr/m>, a ero rennogpniniecKue caoucrsa B MEp3N0M U TaNnoM COCTOR-
HUAX o.quuaxaam W paBHbi: TEMNMOEMKOCTL C . = 0,84 10 L/ (I-(I"OC): TEeNNonNposoa-
HOCTL 2,6 BY/({m - C) Temnepawponpoaonﬂocn 12,210 =7 szc.

Boiuncnnm uncna nogobun Bi, Fg npu F ot =3,5™m

.3, 12.2.10"-3-8760-3600
Bi=-8-'—-§-=10,8: Fg =——————— e — =94.

2,6 (3,5 2
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Haxoaum no dopmyne (24) koadduuvenT HeCTauMOHAPHOFC TeNNOOBMEHa kr ANA

v
LMNUHAPUHECKON BLIPaboTku Kpyrosoro cevenmna {y = 2,8} N

8

k
— — e sl - S S ——

S — - = 0,386 Br/ (M2 ©C).

T
W 1+108In(1+ /2994 )

Botuncnum anA kaxaon suipaborku 3HaueHun yucen nogobun Ko v k_

3
835 10> - 0,03 -2500 10— 0
Kol = — —0 -(-) —— - = 0,8; le E —erm—— = 0,67 ;
0.84-10°- 2500 (0 +15) 0+ 15
3
335 -10°- 0,03 2500 10 - 0
Ko, = ———————t————— =12; k= ————— =10;
0,84-10%2500 (0 + 1) o0+t
3
335-10% 0,03-2500 10— 0
Ko, = —— e = 24; b, = ————— =2
0.84-10°- 2500 (0 + 5) 3 0+5
3
335-10°- 0,03-2500 10— 0
0.84-10° 2500 {0 + 30) 4 0 + 30

Mo Homorpamme Ha puc. 9 onpeaenvm ANA KHKAOK BbIPAGOTKU BENUUUHDI

Kk .
arp
k =14+ Kk =12 Kk =14+ Kk = 13.
ar o ar e ar v ar y
Py p“‘z P, gy
No diopmyne {41) Boivucnnm k.. D
1\
1.4 — 1
k = 1+ e = 1,1+ k = 1,05 *
ar ar ’ ’
Pu, 1+0,5/27,3 P,
k = 1,12 Kk = 1,07.
arp " arp 4y

Ucnionb3ya vomorpammy puc. 10 n dopmyny (42}, nonyyum senuuutb Pnybun npomep-
3aHUA NOPOLA BOKPYF KaXKAOW BeipaboTky ¢
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1
n - e————————— . = 0,54 ’ ;-l = 2;8: ;2 = 0:95: fl = 2,66

1 {1+0,67) 1.1
1
——————— =0,087; &, =115 &, =091; & = 1,04,
2 (1 + 10) 1,05

=3
il

1

N, = —m———————— =0,303; §,=178; {,=093; §;=166;
3 (1+2) 1,1
) 1
n, = ———————-=0067; §;=386; §, =097; {4,=35.
4 (1 +0,4) 1,07
)
Mo rpathuky puc. 11 onpeaenum BeNMYNHY COOTHOWEMUR ——— nNO popmyne (43}
3

BbIYUCANM pagnyC TernnoBoOro BAMAHUA Kaxxaon sbipaborku:

5,=26645=12; 6,= 1046 =52: 6,= 1665 =83; 6,=353,3 =

=11,6.

3

10

Mo HoMmoOrpamme puc. b npu k"p

onpesenum rnonpasKy b'r K KO3hDUUMEHTY HECTAUMOHAPHOro Tennoobmena. fionyunm

b ; =0,906 .
Mo HoMOrpaMmMe Ha PUC. 7 BLIMUCAUM NONPABKWU C o YUUTHIB3IOWME Tennoeoe B3au-
MofeAcTBue BbipaboToK:

h
—1-—10
0, = ————— = 044; b, =52; ——t- =3; c_= 093
— — 2
15— 10 r3|<
h
-5~ 10
3
— 15 - 10 r3K
— 30— 10
g S———————— = 16; 6,=11,6; —=2 =69; ¢ =0,85.
— 15—~ 10 r 4
JK

OxoHyaTrensHo ANA k-r NONYMUM:

k_ =1,1-0,386-0,960,930,92:0,85 =0,296 Br/(m’-°C).
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5.9. Temneparypy nosepxHoCTH nopogs 8 Bhipaborkax INC npy ussectHoM KOahdu-
UMEHTE HECTAUNOHAPHOro TennoobMena cnegyer PaccunTsiBare no dopmyne

THOE =1 "‘kT(Te-t) la. (44)

5.10. KoadhpnumeHT HeCTauMoOHapHOro maccoobmeua ﬁT PN U3BECTHLIX TeMepary-

pe NOBEPXHOCTH NOPOA Trl op’ WX HauanbHom BNarocoaepXaHun w , a Yakxe remnepary-

pe t " OTHOCUTENLHON BNAXXHOCTY ¢ BO3AYXa OonpeaenAerCA No 3aBUCUMOCTH

’
8 (w_p — K)

Bf =T k "_ T e (45)
Prac (Tnoaj_ P (t)

rae PH3C( noa) P({t) — paccuuruiBaloTcA npu Temnepavypax T w t no dopmynam

(2), (3), a koHueHTPauNA BOAARHOro napa B Bosayxe K BbLIMMCNRETCR NpK TemMneparype
t no dopmyne (4) n gaHusim npwn, 4,

KoadhdrnuueHr maccobmeMa .6; ana eoipaborox MNC ¢ weneobpasHon, KPpYroBoOW ¢
INANMENYECKON (DOPMON NONEPeYHOro CeveHUA, a Takke B yCNOBUAX B83aUMHOrO BNUA-
HWA BbipaBOTOK APYF Ha APYra OPUEHTMPOBOWYMO onpesennerca no dopmynam (21),
(23), (26}, (31), (32) npwu 3amene B Hux KO3HWUUMEHTOB TENNOMPOBOAHOCTY A _ W

TeMnepaTyponpoBoAHOCTH 3 . Ha ko3achdbuyneHt anpdcdysnn a m Y KO3 PUUKEHTa TEernNO-
¢ - n
OTAa4uM a Ha KO3dhPUUUEeHT MacCoOTAaUN ﬁn pPaBHbLIN

8, = 0,1268_, (46)

rae §_ — paccuutsisaercA no dopmynam (18), (19) unmn (20).

Mpumep. Paccuntare Benuunny Ko3thpuumveHTa HeCTALMOHAPHOrO (Maccoobmena
Ha 3 ron IKCnAyavrauuu BbLIPaboOTKY, NPONABHHOU B NNOTHOM U3BECTHAKE C Temneparys
pPOWA 6°C u Bnarocoaepxanmem 5%. Cevenne srIpaborkm cocraenser 12 M2 a ee nNepe
MEeTp 10 M. KonuueCre0O BO3ayXa, noaaBaemMoe ANA nposerpuaanuﬁ 8bipaboTku G; =

=10 m /c a erg reMnieparypa u Bﬂ&)KHGCTb pagHbi t = 16°C u ¢ = 80%. Koadbthuunenr
Tennooraaun cocraenaet 6 Br (m%-°C) .
Pewerne.

Ha ocHOBaHMUKM AaHHbLIX PACYETOB, BLINOMHEHHLIX B rMpumepe pasaena 4.1, Benuunna
KOOI duumeHTa MaccooTaaum Or MOPOA K B803aYXY pasHa B = 0,023 r/ (M5 c-MMa).
Mo nanubiM npun, 2 (rabn. 2 ¥ pUCYHOK) NNOTHLIV uaaecmﬂx nMmeer cnenylou.me 3Haye.
HUA TEHHOd)HSHH&CKHK " Bnarocbnamecfmx CBONCTB: HI'IOTHGCTI: 2500 fcr'/M * Yenno-
emxocTb 0,92 10° ,D.nd {icp-© C): rvennonposoaHocTs 2,7 Br/ (M C) TEMMeparTyporipo-
soanocTs 11,710 2/"m':' ko3 duumeHy aucdodysnu 0,1. 10 2/0.

[MMpn IkBUBaneHTHOM paauyce BbIPabOTKMW S 10/2-3,14 = 1,6 m uncna noaobun

Bi, Fo pasHbi

616 1
—_— - 36 _ 11,7.1077-3-8760-3600 _

A S e S -Empes. eyl S DR . . S e L,

Fo 43 -
2,7 (1.6) 2
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Toraa no dopmyne (24) npu ;= 2,6

6
K = — ————— = 061 By/{M%-20C) .

T
u 1+3,6In(1++4/2,6-43 )

TeMrepaTypy noBepxHOCTU NOPOA sbiuncnum no dopmyne (44)

_ 0,61 - 0
Tnoa = 16+—-6-—-(6—16) = 15"C.

Yucna nopobua Bim W Fom- XapaKTepusyouwmne NHTEeHCNBHOCTL MAacCOObMeHHbIX Npouecs

coB, OnpeaenvMm npw r

= 1,6 M # K03bdhuuueHTe Mmaccoobmena Br’!, 8LIMUCNIEHHOM MO
chopmyne (46):

3K

8’ =0,126-0,023 = 0,0029 m/c.

_ 0,0029- 1,6 0,1-10 ~3.3 8760 -3600 _
Bi = e = 4,64-10%; Fo = I =3,710" 2,

0.1-10"8 (1.6) 2

No dopmyne (25) eviuncnum ﬁ;

-8
0,1-10 1
ﬁ; —————— = e ————— = (},2 10 -8 m/cC.
1,6 in (1+\/314 .37-1072 )
Mo agandbiMm npun. 4 npu Temneparypax 1 = 1589Cu t= 16°C onpeaenMMm

P (15GC) =17 Mfig, P (160C) = 1813 Mnr?aa K (160(3) =13 6'10_3 r/ 3
HaC ' HaC o ’ HaC ’ Krim .
No dopmynam (3) n (4) npu v = 0,8 suuucnum P (16°C) =0.8- 18,3 = 14,5 MNa u

K (16°C) =0,8+13.610"2 =10910"2 xr/m°.

OkonyarensHo no dopmyne (45) nonyunm

0,2-10~® (0,05-2500 — 1Q,9-1073) . )
g e e = 1077 kr/ (M} c-MNa).
17— 14,5

[lpu HaneceHun Ha rOBePXHOCThL BbIPaGoOTOK [MC NapOU3ONAUNOHHLIX NOKPLITUM
BeNUYnHa ﬂT He Byaer NPeBOCXOAUTb 3HAYEHKA, NPUBeaeHHbLIX B Tabn, 3,

5.11. KoadbdununeHnrsl rvernnonepenayn 4epes uenuku U nepemMbivKu, oraennouime
pa6oune npocrpavcrsa NC (mpocrpaHcTBO, B KOTOPOM MOAAEPKMSBAIOTCA 33AaHHble
TEPMOBNAXHOCTHbIE MapaMeTpbi BO3/YXA) OF CMEXHbIX W MOACOGHLIX TNOMeLLeHNA,
creayer BbINMMCNATL C UCnonb3loBarnnem hopmyn:
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Tabnuuya 3

. S, - S —— Ayl T T a— . s i) S— — A S SR S———— e i ST Sy b S S oA S S S A — S S—— — e—— Y L W S S—-l ——

ftoxpbiTue TonuuvHa NOKPLITUAR, 3HaveHune ﬁ; 103
M kr/ (M2 ¢ -MNa)
JINC-145-3 0,0008 0,3
TopkperBeToOH ¢ MUPUTHLIMK OFapKamu 8,8; 1,5
— 0.4
UemeHTHO-KapbouaTHOe 0.02 0,0008
Nrc-201 2 0,17
; en
= o AU (47)
uen
2/a+ buen/ A .
L (48)
nep ’
2/la+b___ /A + 6 /A

nep’ nep us' "u3

rie bU.El'l' bI'IED -~ COOTBETCTBEHHO LWIWPWHa LeNnUKOB U TONLWUHE NepemMbiveK, M; A

nep
Ana — TennonpoBOAHOCTE MATEPNANE, M3 KOTOPOrO WU3rOTOBNEeHbI NepeMblukiu, ¥ Haxe-
2 "

CeHHOPO Ha HUX TertnNOM3ONALMOHHOrO Martepuana, Br/ (m -OC): Eu.en — MNONPaBOYHbIN

KO3 huuneHr, BenNUUNHE KOTOPOro 3aBUCUT OT OTHOLWEHWA WWPKHDLI LeNuKa buen v

BbiCOTb! BbIP3BOTKM h U NPpun 3HaAYEHNAX buen/h' pasgHbix 1* 2: 4, COOTBEYCTSEHHO COC-
rasnaer 1,3: 1,5 1,8.

5.12. KoacdhdunumneHt Tennonepeaaun BO3AYWHOTIO NOTOKA, ABMKYWIErOCA B BeM-
TUNAUNOHHOM TpyBOonposoae, K BO3ayxy 8 Bbipaborke, paccuuTbiBaeTcR rno opmyne

1

K o = e (49)

B.TD ’

1/:::'.1 + SB.TpMB.Tp + 1/a,

rae Ko2hhuuneHYs! TENNOOTAYN OT BO3AYXE BHYTDM BEHTUNRUWOHHOrO TpyBonporoaa
K ero CTeHKe G; ¥ OT CTEHKM K BO3AYXY B BbipaboTke onpeAenAaoTcA no dopmyne
(17) - €,,, ANA CTaNbHbIX TPy 6ONpoBOAOR cocTasnner 1, a ANA NpopesnHeHHbIX B 33BUCHs

MOCTWU OT AvameTpa dB.'rp HaXOAWTCA NO COOTHOWEHNIO € =~ = 24— 0,8 da.rp‘ [Mpn npoe-

BeTpueaHun BbIp2boTrok [1C oxnaxaeHHbIM BO3AYXOM BENUYMHY O, CREAYET YMHOXUTL
Ha KO3athduuneMr ;-KOH, YUYNTHIBRIOWMUA UHTEeHCUDUKaAUNIO TennoobMeHa npu KOHAEHCa-

UMW BNArn Ha HAPYXHOW NMOBEPXHOCTU BEHTUNAUWOHHOrO TPYO6OrpoBOoaa u onpeaennes

5 — - 0,15
M T = .
b1 MO COOTHOLLEHUIO s'K oM
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6. TENNOBLIE PACYETHI BLIPABOTOK N1C
NPy NPOAONBHON CXEME NPOBETPUBAHUA

MpopnonxnrenpHOCTL NPEAIKCNNYETIUNOHHOFO NEPUOAA

6.1. ina MNC ¢ nonoxurensHOW remneparypoin ycraHaBnmeaeTca no opmyne

37-1076 A2u? 2

B
R A . A—  ; (50)
' 2.2 - _
a_ Gacacbln ['cH T Y/t —T)]
(‘:3tb — 3thhHeKTUBHAA TennoemMKoCTb BO3AYXa, pacCinTbiBaeMana no popmMyne
+

3¢' = 1006 2470nanp%po'10”3' (51)
roe n a’ np KO3 DPUUMEHT, 3HAYEHUA KOTOPOFO B 3aBUCUMOCTH OT OXMAAEMOrO UHTEpP-

Bana u3lMeHeHWA Temneparypbl BO3AyXa B BhIpaboTKe YCTAHABNUBAKTCA MO AaHHbIM

npun. 6 (vabn. 1).
CpeaxAn BNnaXHOCTL BO3AYXa B BbipaboTke INC onpeaennerca no dopmyne

P (T )
8
~——— +083 BU |-- ”-a-c nos.cp

+
0% 08, P e (T J T BeIp (t )
N HAC Gy P hac
Pop = —————————— e — ——————— e —_— (52)
(t )
Hac  ¢p
i + 0,8 ﬁn B UBblp ——— JE——""'—
8" nac T
P = 200 T Py (63)
rae P . (tK) PH&C( cp) mP, . (Ts_| )} BBIYMCNAIOTCA NPV 3HAYEHUAX Temneparyp
Y Tep? Tnoa.cp Lep =051t +t T B.CD 0.5 (Tnos M Tnos.r() '

Onpenenenne BenuvHbl 7 .  CheayeT OCYILECTBNATL B CREAYIOWEN NOCNenoBaTesnb-
Hoctu: no dpopmynam (52), {563) npu zanaHHoM G, HaXORATCA CPEAHAR BNAXKHOCTL 8O3~
ayxa g, B bolpaBOTKE N BMNAXHOCTL, KOTOPYO MEeT BO3AY X Ha BbIXOAE U3 BbIPABOTKW

.+ MIPU 3TOM NPUHUMAIETCA, YTO BMNINTYAA W3MEHEHUA BNAXHOCTW He AOINKHA Npesbi-
wars Ay, Te. {9 — ¢, | < Ag: 1o coorHowenunio (51) yCraHaBnMBaeTCA 3Ha4eHMe

3thPeKTUBHON TENNOEMKOCTH BO3AYXa Cygy? 11O 3ABUCUMOCTH (50) sbiuucnaerca 7 -
nMPyU 3TOM TIPUHUMAEETCA, YTO PAa3HULA MEXXAY TeMreparypamu tK mt B NC we aorxkHa
6bITh HOoNbLe HEKOTOPOro 3aAaHHOro 3HaueHun At, T.e, | t, —t | ﬂt

NpoAOTHKUTENBHOCTL Npea3KcnnyaTauMoHHoro nepuwoaa annA C ¢ orpuuareribe
HOW TemMnNeparypow yCTaHaBNUB3EeTCA B PE3yNbTaTe YMHOMXEeHUA BernunHbl T gt BB
uncnenHon no dopmyne (50}, Ha ksBaapar Ko3hduumeHTa MHTEHCHPDUKAUKMK TENMNOOD-

MeHa ka i onpeaeneHHoOro ¢ UCHoONbL30BaHMeM zasucumoctu (39).
m
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Tennosesle pacuethi 8bipaborok NC 8 akcnNnyaTaunoHHsi Nnepuon

6.2. Mpu ycraHoBKe TennoTexHuyeckoro obopyaosannA y yCcrbA Bbipaborok (1C
eroc nNpou3soAnTenNnLHOCTL Qoﬁ cneayer onpepenfATb no hopmy ne

—— - O —_
006 = GB(IH IH) , (54)

rae i: i — ycTaHasnusaiovcA npu gopmyne (7), npu TeMnepatype ¥ BNaXKHOCTH Mo-

gaBaeMoro Bo3ayxa nepea obopynoBaHweM u vpebyeMbiX TeMMeparype U BriaXXKHOCTI
BO3ayxa & seipaborke t v ¢ (cm. puc.3, a).

k U Q 6 k_U
=t exp—— T_BYP )y [T o+ A [1 —exp T BPP 1 (65)
H K c . G © kU c., G
ap 8 T  Bbip 3ap B
Ve ~ 2¥cn TPy (56)
B Hac ‘Tnos.c;) ) Z]
0,5¢p. +0,8x -+ 08;3 BU | ——— -—--——+0,SB-—— -
: " (t ) B G P (t,) (t )
Hac K B HaCc K B HaC
o ~ T - - T
D
P /At )
1+ 08p BU, | 22 0 (57)
BhIp G P (t )
B HaC K
roe X ] — CyYMMAapHble BRarosbigenedHmMA ot paborarwcwaux noaen - . 0b0opyaoBaHuA

log W TPY30B rp’ pasMellaembix 8 gbipaborkax MNC: Q 6o Konnqecrao TEnnoThi,
8biAeNAEMOE MAWUHAMY, CTAUMOHAPHLIMU UCTOMHUKAMU TernnossigeneHdurn U paborawo-

WHUMY MeX3HUNIMaMN Omex: BuiaennemMoe (repremoe) B xoae TeXHONOrWYECKUX Mpo-
weccos QTEJ(H: TEPAEMOE Yepe3 UuennuKn Ouen U nepemMbidKu O'nep :
Oaﬁc - Qmex ¥ Qrexﬂ * Quen M Qnep ' (58)
rae senuynHb! Quen 7 Qnep PaccunThIBalOTCA NO hopMynam:
uen  Kuen Fuen (toxp —t); (59)
nep . “nep ' nep Rokp 1) (60)
rae ku.en u knep — KO3 PUUMeHTI Tennonepesayn o BO3AyXa ¢ TemMneparypon t 8 Boi-

paborkax [1C, mcnonbisyembix ANA XpaHeHUA NPOAYKTOB W OCYWeECTBNeHUA npounssoa-
CTBEHHbIX NMPOUECCo8, K BO3AYXY B nNOACOOHBIX ¥ CMEXHDbIX NMOMEWEHHAX C TemMnepary-

po tm{p' onpeaenAemsie nNo popmynam (47) — {48): Fu.erl “ Fnep—noaepxnocm
UENUKOB WU flepeMblyex Mo FpaHnLamM KOHTAaKTa BO3AYXa € TemMneparypaMu t v tm{p
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Pacyer Benuuuunt Q o6 CNEAYET OCYWeCTBNATE B CHeAYIoWEeR NoCHe40BaTeNnbHOCTH

NPy 33/aHHLIY Y W tK M aMIBUTY AAaX U3MEHEHUR OTHOCUTENBHON BRAXKHOCTH Ay ¥ TEM=
neparypbl At no anuHe seipaborku no dopmynam (57), (66), (55) ycranasnusalorca
3HaYeHUA ¢ W 1 HAXOAUTCA PAaCcXOA BO3AYXA GB, NP KOTOPOM BbINTONHAOTCA COOTHO-
weHna | O = P, ] S Ap ItK — tHl < At ; Npu BNaXHOCTH ¢ 1 Temnepatype t
PaccunTLIBAEYCA 1 ; NO dbopmyne (54) onpepennercA 006

Koadduunenr necraumonaproro vennoobmeHa kB 3aBUCHMOCTH (65) ana NC

C NONOXWUTENBHOW Temrepatypon sbiuvwcniercA no ¢dopmynam (21} — (32}, a ana NC
C OTpuuaTenbHOR Temneparypon — no dpopmynam (39) — (43).

6.3. MNpun ycraHoBKe TENNOTEeXHUYECKOro 0BOpyAOBaHUA HENMOCPEACTBEHHO B Bbl-
paborkax NCero nponasoanTensHOCTE CNEAYEY PAaCcCYNTLIBaTL NO POPMYNe

r""-

kTUBblpl

t ~1 exp

K H G c
B 3

006= Qaﬁchkfuab:pl Te— L Kk U | ’ (61)

T Bblp

1— exp{ —— -—
GB C:ac[:)

rae Cacb BbiuncnaercA no dopmyne (51), a ipcp — no dopmyne {(57). Mocneaosarerib-
HOCTb onpepesieHnA 006 NPU 3TOM aHanornyua n,0.2, r.e. BHavare paccyYUTbLIBAETCA

3HaYeHUE GB, oBecneunBaloulee 3aA3HHbIM YpOBeHb OTHOCUTENbHOW BRa)XHOCTU B BbIPa-

60TKe, 3 3aTeM HaXOAUTCA BefNuUuYuHa 006. Koadduyment HecTaunoHapHoro tenioobe-
MeHd kT YCTaHaBAMBAETCA B 3aBUCUMOCTMN OT 3HAKa remMnepatypel 8o3ayxa 8 NCno cdop-

mynam (21) — (43).

6.4. Tlpn Ucnornb30B8aHNN AnA NOAOrPEBa HAPYXXHOFO BO3AYXd B 3UMHee BpPeMA A0
MOROXUTENbHDbIX TEMNEepaTyp TennoTbi FOPHbIX NOpoa Heobxoanman aAnuka BuIpaboTok,
B KOTOPbIX OCYUEeCTBRAGTCH NOAOrpeB Bo3ayxa (Tennoakkymynupyluwive sbipaborku),
paccuUnThIBaeTCA no dopmyrne

cp.r ak' = aK
L = In—— e e : (62)
Aak wap ™~ STy =2—-t ) =B/ A
rae t — TpebyeManr veMneparypa BO3AYyXd B KOHLE TEMNOaKKYyMynnpyloulen Bbipa-
borku, C
I"';;1r;::; uakTUBblp
AT . (63)
G
Cacb B
_ 0.5ky UBbllJ (Tt 2- Cp.r )
B, T —————————— ———— (64)
GB cacb



YTOUHEeHHBIN PACcHeT ANVHbLI TEMMOAKKYMYIMPYIOWKX BbipaboTok Cneayer OCywecy-
BIATL C UCNOMb30BaHeM GoOpMy bl

kTUBprI Q k_U

t p—— t exp — — —— ——— e — -l' T + ——————— 1 i e Xp - ——— — a (65)
K N c., G k C
3 B T 8bIP ah B

Buisnucneuns no opmyne (65} BbINONHAIOTCA B ABa 3Tanad: Ha NepBOM YCTaHaBNINMBAETCH
HEKOTOpPOE YCNOBHOE CpeaHeronoBOe pacnpeaernesve Temneparypel BO3ayxa no Anuvue
BEHTUNALWAOHHOFO MYTU: Ha BTOPOM — MO HAWAeHHbIM CPEAHEroA0BLIM TEMTIEPaTYpPaMm
¢ ucrnone3sosarivem popmyn (33) — (34) onpeaenAOTCA CE30HHBIE 3HAYEHUA KO3 uun-
EHTOB HECTEUMOHAPHOro TennoobmeHa, a 3arem PacCuMThiBAKOTCA pacnpeaenesua remne-
patyp no anwHe 8bipaborku. C Lenbld NOBLILWEHWA TOYHOCTHU pacyeTs! cneayer npousso-
AUTL nOcHenoBarenbHo anA yyacrkos anmuon 200—500 M. Heobxoanman anvxa vernsno-
aKKyMynupyouwen sbipaborku yCTaHaBrinBaeTCA 110 PACCTORKNMIO, Ha KOTOPOM 3Ha4eHUe

TemMuepartypel Oyaer paBHO 3a4aHHOMY t - Ecrnun 8 KayeCTBe TeNNOaK Ky MyINpYoWen

BLIPaBOTKMU CNyXar cTeonel (Mnn apyrue HaknoHtbie BbIPabOTKK), TO onpeaernerne UX
ANNKHBI OCYLWECTBARETCA aHANOrNYHO BbIWECKI3aHHOMY C UCMOMb30BIHNEM 30BUCUMOCTH

9810 31siny e |

= 2 — — + - -
t. = N+ /N +Dlt AT, 0,5t ) X .
8 B B
m’ 10*'3)(
B __anp | Hac.H  ¥PH
7 7 —_ (66)
anp anp P
rae napamerpst A, N n D paccuurtisarorca no popmMmynam:
U
A = ST ompl 67
GBCB
Ca
Slanp
Sk;np
N = —0,5D {1+ — ¢, +0,5A (69)
C
B

a CpeaAHARA temMneparypa nopoa Tc 0
+ 0,50 (H — HH c)' 3Hak "+ nepep cnaraembim 9.8 -10'“3 Isinw/cs B hopmyne (66)

'y rs

OTHOCUTCA K CIYY3I0 HWCXOARLLErDO ABVMIKEHMA BEHTUNALMOHHOW CTPYW, 3HaK ~— —

/ I
HUO, 7 k ‘] CTaHaBNMBATCA N
K BOCXOAAWeMY ABUXeHU KoathdunuwrerTtsi anp’ manp anp yCTaHasnmMBeawrc o

yCTaHaBnMeaerCcA no COOTHOLIEHNIO TCp = TH ot

AaHHbIM Tabn, 2 npun, 6.
Bna)kHOCTb ¢ ONPeAenAETCA o (hopmynam (56}, (57).
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7. TENNOBLIE PACYETHI ELIPABOTOK NC NPU NONEPEYHON
U NPOAONBHO-NONEPEYHON CXEMAX NPOBETPUBAHWUA

7.1. Bhluncnerue npoACTHKKUTENLHOCTU NPEeAIKCNNYyarTauuoHHoro nepnoaa ocyulecr-
BNAETCA:

oK NONEPEeYHON Cxeme NpoBeTPUBaHUA No dopmyrne

9,2510" Aty 1%
_ n BbIp
T = e ——— —— A ,cyT; (70)
1.93K 'G2
9h Vg cacb
Te Y Te — 4
roe A = —;——: t + --;——: t , @ BefitYUHbI cacb’ "pCp' ¥, ONPEeAenAIoTCA aHa-
K H K

norunyHo n, 6.1;
NPy NPOROJIbHO- NONEPEYHON CcxeMe NPOBETPUBAHUA C UCMNONL3IOBaHUEM 3aBUCUMOC-

tu (50) npu pacxope Bo3ayxa cocraenatowem 0,5G . MNpu sbiuncnenun 7_ 4 BEMUUUHD

c, b’ :pcp, . ONPEABNIAIOTCA TaKKe aHaNoruyHo 1, 6.1 npyv pacxoae BO34ayxa, COCTaBNA-
wem 0,5 Ga'

7.2. Npon3soanTenbHOCTE TERNOTEXHUYECKOro O060pYAOBaHWUA, pacnonaraemMoro
Y YCTbA Buipaborok [MC, ycranasnusaercA no dopmyrne (54), B KOTOPOK 3IHTaNbNUA
i y OMPEABARETCA NPU BNAXHOCTU 1 Temnepatype t , PacCYUTLIBAERMOIA:

Npy NOMepeYHoON cxemMe NposeTpuBarnA no popmyne
Q

abc
1+0,5M MTe* 6o
= t, — o BCath (71)
1-0,5M 1—-0,5M
Ky UBblpl
rae napamerp M = —, C Haxoaurca no dopmyne (51),a ¢ —no
G ¢ 20 P

. B a2k
dopmyse (57); npu npoaonbHO-NONEpPEYHOt CXeMe NPOBETPUBAHMA B COOTBETCTBUM

C 3aBUCUMOCTBLIO

Q
abc
(tl-( — Te — “—G‘-—'—') (Rl — R, )
O T BbIP
t =T +-.29¢__ _ S (72)
L S U I G
7" BbIp Gg Cg a e
1405 ————— ry |R, = [t +0,5——————— R,
B.TP Ua.rp ka.rp UB.TD
roe Ry =rlexp(rll) ; R, "-Frzexp(rzl), a r, r, pasHb:
— \/ 2 - 2
r, =050 ++/ 0250 +E ; r, =05N-~+/0,25Nn> +E (73)

MNapamerpel [1 n E paccunrbiBaQrca no hopmMynam:
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2 kTU I+ Kk U | + GBCB K U

n= Z 7 BbIp  B,TP 8.7 88 _ _B.Yp 8P . (74)
a c, b | C,
k U k U
g= 7 BblP_87p BTp (75)
0,25 G2 ¢

rae c, ¢ HaxoauTcr no dopmyne (51}, v — no dopmyne (57) npm pacxoge so3ayxa,

C
cocrasnAwwem 0,5 GB. nOCﬂEﬂGBET&HbHECTb pacuera 1 npow3BoAWUTCA NO Gopmynam
(71), (72), meroaunka onpepeneHuA ypoOBHA OTHOCUTENbHOW BNAXXHOCTU BO3AyXa B
Bbipaborkax wu pacuera ko3ddnuMeHTa HecrauuoHapHoro rTennootmeHa aHanorutHbl
n. 6.2.

7.3. Npon3soantensHoCcTL TENNOTEXHWYECKOro 0bOpyAOBaHUA NpU ero yCTaHOBKeE
HeriocpeAcTserHo B Bbipaborkax 1C onpeaennercs:

Npu nonepeyHOn cxeme NPoBeTPUBaHNA No dopmyne

Q = Q +GBc

o6 a6 —tH) (1t —0,5MA ), (76)

3 (tK
rae napamerpsl M 1 A paccuuTbIBatOTCA aHanoruuHO r. 7.2, BenuunHa ¢, o BbIYMCHAETCA
no cdopmyne (51) npu Pep onpeaenaeMoi 8 cooraercrsuu ¢ 3asucumocrsio (57);

npwu NPoLONBHOXKIONEPEYHON CXeMe nposeTpusaHuAa no dopmyne

Qoﬁ = claﬁc 2k1’ UEbIDI X
GBcB
ty 4 (R —Ry) —08T, ——————(r,R, -1, R))
X ———————— e e e ———— e — —— E'I.p_.—a'rp_. _________ (77)
G ¢
8 B
——————{r, Ry —r A}
B.TP B.TP

rae napameTps: R - R,., ry, r, BBIMUCNRIOTCA @HANOrMYHo N. 7.2, sennunHa Cacb Daccun-
Thisaetch no dopmyne (51) npu “ocp' onpesensgeMOM B COOTBETCTBUN C 3aBUC MOCTLIO
(57) npu KonuvyecTse Bo3ayxa, pasHom 0,5 GB, a kr yCTaHaBIMBAETCA NO PeKOMEHAA-

unmAM n. 6.3.

{ipumep. Onpeaenutbt NPON3BOANTENBHOCTbL XONOAUNBHOW MALLWHLI, YCTAHOBNEM-
HOW nepeg s8bipadborkou, anuHoun 100 m 1 nepumerpom 14 M, nposeTpUBaeMon No Npo-
AONBHO-NONEPEYHON CTxeme C NOMOLLLK BO34YX0OBOAA C OTBEPCTHAMM, 33haHHbIM 0bpa-
30M pacnpeaeneHHbIiMK 1o ero anunude. [nvHa 80o3ayxX0BOAa COOTBETCTBYET ANUHE Bbipa-
6oTKe, @ ero amameTp paseH 0,8 M, TeMmnepaTtypa u BNaXXHOCTb NOAXOARLLEN K BbtpaboT-
Ke BEHTUNRUWOHHOW CTPYW 14°Cwn 80%. EcrecTBeHHan TemMnepaTtypa nopoa pasHa 1 5°C.
Koauuecte0 BO3ayxa, KOTOpoe HeobxoaumMo nopasath B BLIpaboTky, U Temnepatypa
BO3ayXxa 8 Hert (t ), ycraHosneHHbie B COOTBETCTBUM € TEXHOMOMMYECKUMMA HODMAMU,

0O

cocrasnawT 10 m~/c n 10 C. Notpebnaeman MOWHOCTL MaWKUH 1 MexaHu3ImoB, paboTa-
WX B Buipaborke, a Takxe ocBeweHnR paBHa 20 kBr. MNpwu pacyeTe NPUHATL CpeaHIOI0
BNAXHOCTL BO3AYXa B 8bIpaboTKe ¢ - = 0,8 ; kKos3bdurumeHT HecTaumoHapHoOro tTenno-
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o6MmeHa kr = 0,3 (B1/m>-°C) » KoathdumenuT TennonepesaUun OT BO3ayxa B BO34YXONpPO-

BoAe K BO3ayXy B Bbipabortke kB ™o =5 BT/(MZ'OC); bapomerpudeckoe paBneHwve

B =0101 Mla: nnoTrHOCTb BO3aYXa Po =1,25 KF/MB: AONYCTUMAA aMNAnTyAa Kone-
baHurR Temnepatypsbt 8o3ayxa s f1C At = +4°¢
Pewenne.

O ¢
B awanasone temnepartyp 10 — 15 C BenuwunHa koachdbuvumneHTa nanp NO A3QHHLIM
tabn. 1, npun 6, cocraenaer 0,56. Mo dopmyne (51) BbluUCIKUM BENUYUHY cacb

0,101 o
c3¢ = 1006 + 2470 0,56 0.8 ——— = 2113 Ox/{kr - C).

0,101

Mo dopmynam (74), (75) ycraHoBumM napametpsl Mu E

2 0,3-14-100 + 52,5100 + 1,25-10 1006 b-2,F
1,2510 2113100 1006

0,3 14-5-2,6

= 6,32-10" .

0,25{1,25-10) % 2113-1006

Ncnonb3ya cooTHoweHnA (73) yCTaHOBWMM 3HAYEHUA BENUYUH T, T

) MR, R,

2 1’1 2

r =0588107%++/025(88107%)% + §,32-1077 = 8871073 ;

r, = 0588 1073 — /0,25(8,8107%) +6,3210" 7 = —7,12110% ;

R, = 887-10 " exp(8,87-107°100) = 2,15 107 % ;

R, = —7,12-10 exp{—7.12 10°°+100) = —7,07-10"° .

No dopmyne {(72) onpeaennm TeMnepaTypy, C KOTOPO# BO3AYX HEOBXO0AWMO no-

NaBaTh B BO3AyXONPOBOA, ANA obecneueHnn Temnepartypbl BO3Ayxa 8 BbipaboTke t. =
0
=10"C.

3
2010 . _
(10 — 15 — ——— =) {2,1540"% + 7.0710"°)
\ 0,314 100
2010
Wt G320 ¢ T p o T
3:14- 1.25-10 1006 _ _
1+05 —Z T (=7,12-10 5)]2,15-10-3
__ 5 25
B, v . e e Mmoo, AL o S Sl o L Al . Lo S . S —_— — e ———— == QOC.
- 1,25-10 11006 - -
— {1+0,5 -———5 > —— (8,87 10 3)](—-7,07-10 > )
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Xonoaonpon3soanTenbHOCTL 060PYAOBaHKUA, YCTAHOBNEHHONO nepea sbipaboTKon,
onpeaenvm o 3aBUCUMOCTH (54) npeasapuTenbHo No cbopmyne (7) Bbl'-mcnua IHTANb-
MUK BO3AY X3 HDH =0,8,t=14C npn e =0,86, t =99C (| "‘34310 Hox/xr)

(i, =238 10° ,ﬂ.}K/I-(I')

Q . = 1,2510(34,3 - 23,8) 10° = 132500 By =132,5 Br.

ob

8. TENNOBbLIE PACHETHI NC NPU OTCYTCTBUN
CNEUNANBHO OPTAHU3OBAHHOI'O NPOBETPUBAHWA
N PASMEIWEHWU TENNOTEXHUYECKOIO OBOPY AOBAHUA
HENOCPEALCTBEHHO B BbIPABOTKAX

8.1. NpoponxutensHoCTb NPEAIKCNNYATAULNOHHOIO NePUOAa 33aBUCUT OT MOLWHOCTH

yCTaHaBNMMBaeMoro B BbipaboTKax TefnoTexHmnyeckoro obopyaosalnA n oNpeaesiReTCA !
anA IC ¢ nonoXuTenbHON TeMNEepPaTy pon

(t —-T A 211'

T = | ——, (78}
2 (qyp, o qucn)l %n
roe qvn — yAenNbHbIin TENANOBOW NOTOK HA eANHUALY nosepxﬂomu BbIPabOTKMU OT ycTa-
HOBNEHHOrO B Hel TennoTexHwuueckoro obopyaosaxun Aua = /U 'ﬁl Den —
TENNOTa, pacxoayeMan Ha ncnapeHve BNarm ¢ NOBEPXHOCTU CTEH BbIDEIﬁOTKH C
= — 79

Qen SBﬂ PHac“ ‘pK')' 79)

rae P . — HaxoauTcA npu Temnepatype 0.5 (Te + tK) ,at _wyp ONpeaenfAtoTcA B COOT-

BETCTBUU C TEXHONONYECKU MM HOPMaMN MUK POKNNMATA;
anA MC ¢ oTpuuatensHoh TemMnepary pon

2 2
— +
_ 0752 T = Mim@nmPnr (2¢: To Lwn) Tk K (0]
Tn.ak 2 h g
anyp,
rae kg — KO3 DUUMEHT, YUMTHIBAIOWMNA HanUuMe OMOPHBIX UENHUKOB 1 3aBUCALLMIA OT

OTHOWEHNA BbIPABOTKKM NPonNeTa K wWupnHe uenuka b W TeMnepaTypbl Bo3ayxa t ,

Len
NOAAEPXXMBaEMON B Heil® onpeaenAeTcA N0 AaHHbIM Tabn. 4 unu dopmyne (81)
Tabnuya 4
OTHOWweHne nponeTa t ,°C
Kamepbl K wWhpuHe ———— e
senuKa 5 | —10 ] 15 _]: 20 [ 25 30
] ] 1,1 1,17 1,24 1,3 1,;
0,8 1 1,08 1,14 1,19 1.24 1,31
0,6 1 1,06 1,1 1,14 1,18 1,24
0.4 1 1,035 1,064 1.1 1,12 1,16
0,2 ] 1.2 1,035 1,05 1,06 1,08



(81)

= (0,98 - 0,12t )
uen

finoTHoCTy Tennosoro NOTOKA qvn CBA3aHa C TennOBOW NPoON3BOANTENBHOCTBIO XO-

noaAWNbLHONro O06OpPyAOBAHUA 006 COOTHOLUEHUEM

Q .exp[m (T — At )]
6
%, = o AT A K 1 — exp[——mx (Te-— tK)] : (82)

L UBbIDl (Te =t

alnfipn
A

rpe m, - KO3 hUUMeHT, XapakTepu3yiowmnn Tun xnapgoarenta: ANA aMMUaKa m,

= 0,0551; anAa dpeoHa-12 m, = 0,038; ann dpeona-22 m, = 0,045; AtK — PAa3HOCTb
TEeMNeparyp Mexxay TemMnepatypon BO3AyxXa B OXNAXKAAEMOM NOMeEULleHUW U TeMnepaTy-

poW I-(MHBHHFI XnagoareHTa: ANA CACTEM C Henocpe.ncraeunblm OXNAXKAEHUEM ﬁt =
=10° C: AnA cucTteM c PaccoNbHbIM OXNAXKAEHUEM d.t =15° C.

8.2. MpouniBoaAnTEeNbHOCTb TENNOTEXHUYECKOTO oﬁopvnoaauuﬂ B Nepwvoa akcnayara-
uun sbipabortok [N1C onpeaenAerca no hopmyne

Qug = Qe + Q, - (83)

rae Bennunna Q . BbiucnAeTcA no Gopmynam (568) — (60), a BennunHa Q_ Haxoauvca:

anAa [NC ¢c nonoXXuTtensHoOW TeMnepaTtypon

7 H
Q. = 0,5(k7+ k'r) (T — 1 )UBpr (84)

rae KoadhuumeHTbl HeCTAaUNOHAPHOTO TennoobmMeHa k v kr BbIYMCNAKTCA COOTBETCTBEH-

HO Npu Bpemeuax 7, ¥ 7. — T, "0 hopMynam (21) — (32):

anAa MNC c otpuuatenbHOW TemMnepaTy pPown

Q = arp T(T —tK)UBMpI, (85)

rae k_ — BbIMMCNABTCA C Y4eTOM TEPMUYECKOFO CONPOTWBIIEHWA CNOA NOPOA R np’ npo-

MODO}I{EHHbIX B NpeaaKcnnyatauMmoHHbid nepuoa, no dopmynam (24) — (32) npu 3amene
KO3thduumneHTa TennooTAaum a Ha Ko3ddnuueHT Tennonepesasn knp' PagHbLIN

K o= 1 (86)

P t1/a + anmnm

rae Hn onpeaenAeTcA no dopmyne (40) npu 3HavYeHnn TemMnepaTypPbl BO34YyXa, COCTaBNA-
10 Lten 85t a k ppaccqmblaae'rcn no popmyne (41).
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8. PACYET NONEN TEMNEPATYP U BNATFOCOAEPXAHWA
B NTOPOAHOM MACCUBE, OKPYXAIOILEM BbIPABOTKW NC

9.1. TemnepaTypHbie NONA ANA YyCNOBUW NPeA3KCNNyaTaunOHHOTO Nepuoaa cneayer
paccunThisaTts MO POPMYyNam;

NpyY NPUHYAUTENLHOW Nojpave Bo3ayxa B Bbipaborku MNC:

anA NC c nonoxxurensHON TeMnepaTy pon

v=erfcZ, {87)

roe 2= — R , erfcZ=1~—erfZ, a 3HauenvnA dyHkumn erf Z ycraHasnuBatoTca NO
2\/anf
rpapuy Ha puc. 12 npu Z =kﬁ:
anfA [1C ¢ orpyuuarensHo® TemMneparypow

T —1t
M
v, = -_T_ _:-t = BrfCZM/erfkﬁ . (88)
b
TT — Te - 0,5
V. T —em—— = erfcZ_/erfec(k,Kk ), (89)
T T T T g a
¢ e
r r
rae ZM = ————— ZT = ———— e , d BENUUMHAa napameTpa kﬁ onpeaenfAeTch
2\/anM'r 2/ —y
arp
unu no dopmyne (39) nnu u3 cootHoweunn erf kﬂ = e ———— C UCNONb3OBAKNEM
1+k
HOMOrpamMms! puc. 9 u rpathvmka puc. 8. FnybBuHa 30HBI NPOMEP3aHUA PaccYMTbIBaeTCa NO
dopmyne (40).
Tpu oTCcyTCTBUM CNEeunanbHO OPraHn3oBaHHOIO NPOBETPUBAHNUA BbIPAaDOTOK:
anA [1C ¢ nonourensHOWU TeMnepaTypou:
T(r, 7} —=T 2{(q.  —q }
v = ¢ = YA hen \/anr ierfc Z , (90)
T AT
e n e

rae g, , ONPeAenAIoT B 33aBUCHMOCTN OT MOLLHOCTK YCTaHOBNEHHOro B BbipaboTkax o6o-

pYAOBaHURA (qyn = QﬁﬁfFBblp ), @ Q,cn PAcCUMTBIBAOT NO bopmyne (79): Z =

i —— , @ 3HaveHWA yHkunn ierfc Z npuseaerbl 8 Tabn. 5.
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Tabnuua b

Z [ ierfc Z J Z Tierfc z ]] Z Lierfc Z ]]:Z Lierfc Z
0 0,5642 0,22 0,3713 0,44 0,2300 0,82 0,0861
0,01 0,5542 0,23 0,3638 0,45 0,2247 0,84 0,0813
0.02 0,5544 0,24 0,3564 0,46 0,2195 0,86 0,0767
0,03 0,5350 0,25 0,3491] 0,47 00,2144 0,88 0,0724
0,04 0,5251 0,26 0,3419 0,48 0,2094 0,9 0,0782
0,05 0,5156 0,27 0,3348 0.49 0,2045 0,92 0,0642
0,06 0,5052 0,28 0,3278 0,50 0,1996 0,94 0,0605
0,07 0,4969 0,29 0,3210 0,52 0,1902 0,96 0,0569
0,08 0,4878 0,30 0,3142 0,04 0,1811 0,98 0,0535
0,09 0,4787 0,31 0,3075 0,56 0,1724 1 0,0503
0,10 0,4698 0,32 0,3010 0,68 0,1640 1.1 0,0365
0,11 0,4610 0,33 0,1945 0.6 0,1559 1,2 0,0260
0,12 00,4523 0,34 0,2882 0,062 0,1482 1.3 0,0183
0,13 0,4437 0,3b 0,2819 0,64 0.,1407 1.4 0,0127
0,14 0,4352 0,36 0,2758 0,66 0,1335 1,5 0,0086
0,15 0,4268 0,37 0,2722 0,68 0,1267 1,6 0,0058
0,16 0,4186 0,38 0,2637 0,7 0,1201 1,7 0,0038
0,17 0,4104 0,39 0,2579 0,72 0,1138 1,8 0,0025
0,18 0,4024 0,40 0,2521 0,74 0,1077 1,9 0,0016
0,19 0,3944 0,41 0,2465 0,76 0,1020 2 0,001
0,20 0,3866 0,42 0,2409 0,78 0,0965
0,21 0,9789 0,43 0,2354 0.8 0,0912
anAa NC c orpyuatensHom TemMnepaty pown:
T —T
- M _
v, - qvp./hnwl(ﬂnp Y ) ; {(91)
e ¢
Te - TT 2 y)
v_ = - = (R —-vy) /(R —R__) . (92)
T, - T P
e ¢

"'paHnu bl NpoMep3aHnA Rn U PaanycC TeNNOBOIO BAUAHMUA Ht Yy CTaHaB/IMBAIOTCA 3a8U-

D
CUMOCTAMMU
qvﬂ (T - T* )
Rnp = e ——— e (93)
ﬁn(2cmTe+ Lw )
2A 0y To 2t Py LWn
R, = R, + —wm—m— + ———— : (94)
t ap q q
Yi YA
Mt Tez
rae 7* onpepenfAerchR cooTHoweHuem 7% = 0,75 ——~ ————
INnr qv.n
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NMpumep. Onpeaenurs BenvuuHy TeMNepaTypbl NOPOA § Kposne Bs1paboTkKu Ha pac-
cToAHUN 1 M OT NOBEePXHOCTN X KOHTaKTa ¢ BO3AyXOM 4epe3d 10 cyT nocrnie Hauana npea-
3KCNNYaTauMOHHOTO nepuoaa. Mopoabl NpeacTasneHs! nNecHaHUKOM, UMelLlWnMm Temne-
paTypy, Bnarocoaep)xaHuwe u TennogduanyecKune CBOUCTBa cosrnaaatouwme C ﬂpHHFITthH
B npumepe n. 5.8, PacueT nposectu anA cpeaHux TemnepaTyp Bo3ayxa B [1C +2°C n
-—-—15 C, nonyyaembix C NOMOLUBIO CPEACTB BEHTUNAUWKM U NpWU \/CTBHOBKE TeNNOTEeXHN-
YeCcKOro 06opyaosaHnd, obecneuynsatrowero 3HaveHvwe q =~ 50 Br/m°. MNpu 3Ttom npu-

ya
HHTL BENWNYWNHY qﬂcn =10 BT/M2 .
PeweHnne. 1
1. Mo dopmyne (87) npu Z2 = —— = = 049 ;
2412,2-10 "-10-24-3600

v=10,488 T, =T —v(T —1)=10-0488({10-2) = 61°C.

2. No dopmyne (90) npn 2=0,49 un ierfcZ = 0,204 (cm, Tabn. 5) nonyunm:

2(560 — 10} ,—/——
v= —m v 12,2107 7-10-24-3600°0,204 = 0,644 ;

2,610
T, =T, (1—v) =101 —0,644) =35°C.
3. o HoMOrpamme Ha puc. 9 Npu 3HaYeHNAX k =0,67n Ko =0,8, k = 1.4,
1,4 AL~y
Torpa erf kﬁ = — =0,84, a kﬁ no rpapmky Ha puc. 12 cocrasnretr k, =1, lNo
1,67 B
hbopmyne (40) nonyunm Rﬂp = 2 12,2 10" 7-10°24-3600 = 2,05 m, Tak KaxK y <
<Rn , To no hopmyne (88) npnZ ' =0,49 n v _ = 0,488 = 0,58, nmeem:
P M M
0,84
— — - e . — 0
TM t + (ch t)uM 15+ 150,68 0.3 C
* - 2,6 10
4. No dopmynam (93), (94) npu v* = 0,75 —--—-—-———-:7-—— ~——= =6,4 10" ¢
HWMEE M: 12,2:10 (50)

50 (86,4 — 64) 107
R = F —————— — = 0,6 m;

"W 2500(2-084-10%10 + 335103 0.03 )

2:2,6:10  12,2-10" 2500 335- 103 0,03

R =06+ ———— t ————— = 2,25 m
50 50
TaK KaK y >F! npr 7O MO bopmyne (92) nonyunm:
(225~1)7
v, = ——= = 0,574 ;
(2,25 — 0,6)
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0,8875
Z
0,9 0 0,7773
Q.1

7 0,2 06714

0.6 v — 03
0.5718

04
04795
0,5

0,4

0,3961
0.6
0.7 0,3222
. 0,
n, g 2579
= 0,2031
/ 1 0,153
1,1 0,1198
1,2 0,0897

o0 Y

0,2

0
0,04 005 0,1 0,5 5 10

Puc. 12, MTpaduk anA onpeneneHnA snavenns pyuxuun ¢ (Z, Y).

—— — —— — O
T,=T, ~ v T =10(1 -0574) = 4,3°C.

9.2. TemnepatypHble NONA B NOPOAAX B NepuoA akcnnyatauun MNC onpepenniotcn
cneaywowmmmu hopMmynamm:
anAa MNC c nonoxnrensHoOU TeMnepaTypoir:
npu weneobpasHon dopme 28blp8601‘0l( 7 gunnﬂnpuqecnoﬁ thopme Cc Kpyro-

r r
BLIM NONEPeYHbIM CeveHneM anf 0,5 — o <7 < —— e |
a a
n n
T(y, 7} — T
U e —a_ = QO(Z, Y}, (95)
t — Te

roe 3HauennA yHkumm ¢ (Z, ¥) wHaxoaATcA no rpadwky Ha puc. 12 npv napaMertpax

Z n Y, onpeaenfeMbix ANA weneobpasHon N KpPyrosoi hopMam NOnNepevHoOro cCeYeHun

r 4 r -—r
nNO COOTHOWEHUAM: 72 = — rr Y = - = AK. . . =
m . R x a T u ZU. . YU.
\/ an T 0 2 a T
a 0,375 n
= -_;\__ + —— N a,T;
n "ok
r:.p" UMNUHAPUYECKOW PopMe BbIPAaBOTOK C KPYroBbIM NOMNEPEYHBIM CeyeHUeM
IK
anA 7> —=
N



T,— Tir7) Bi{6§In5/R+ R—5) 9]
W T —t 5_1+Bi(6|n6+1—-6)'

rne BennuuHa 6 ycrtaHasnusaetcA 1o dpopmyne (28) nnu Homorpamme puc, 5
NPy unnuHapwyeckon dopme BbipaboToK € 3NNTUNTAYECKMM NONEpeYHbLIM

ceveHueMm
A + B
In r _E_
T{r,y, ) —1t a._ +b
U = _._._..._.i_ —— =} J— ¥ 5 E— 1 1 ' {97)
3 T —t T in &
e
roea, W I::r:dm — BONbLWAR U Mananr NONYoOCU 3IKBUBaNEHTHOrO 3NNANCA, yCTaHaBnuBae-
h
Mbie pn k. = —~— MO COOTHOWEHURM:
p b
- 2b (1 +k_ 5 }
; {98)

Mgy T T . S S S ey E— e B sl — I bl kil PR

Vikaol

o 2binp(1 Ko !
an '
ml15 0 +k ) =V ]

Paguyc TennoBoro BAMAHUAR 6 w nonpasKa K KO3pPUUMEHTY HECTaUMOHapHOTO
TeNnnoobmena b-r onpeaenatoTcA no dopmynam (27), (28) wnu Homorpamme {puc. 5).

KoopanHaroi Ar “ Br CBA3aHbI C AEKAPTOBOW CUCTEMOU KOOPAUHAT COOTHOLWEHUAMM

d
an
m{1.6(1 +knp) —

(99)

= 2 é 2 .

Al v/ B+ as. —b__ ; (100)
_— Y 2 2 2 2 2. 2 2, 2 2

B, =0,707 v/ aan+b3n+y+r+\/ —a;n+b3n+y+r)+4r (aan—-—ban) (101)

W U3MEHRIOTCA OT a_ . W ban A0 3HaveHUN A, u B ;. paccuuTsIBaEMbIX NO HOpPMYnam:

2
1 —k — e
— n
A = aan\/ ““;—P— [\/1"'0.25’\'5 —1}; {102}
\/1-—k§p o
Bs =%V~ P{V1+025N; — 117, (103}

rae napametp N. onpegenAeTcA no topmyne (27) npu m3BecTHOM 3HaveHWn pagnyca

TEeNNOBOTO BNUAHUA &,
NMpumep. Paccuntate TemnepaTypy Nopoa, okpyxawowmux Boipabotky NC, B TouKe,

PacnonoXeHHoN Ha pacCTOAHKUM 10 M OT OCH BLIPaBGOTOK. lWnpuHa v BLiCOTa Nepso Bbt-
PaboTKM cOOTBETCTBEHHO paeHbl 8 1 4 M, a BTopon 10 u 2,5 m, TemnepaTypa so3ayxa.

nonnepmuaagmaﬂ B BnpaboTKkax coctaBnAer + 2°C, a8 KO3(hPrUureHT TennooTaaum pa
BeH 8 Br/ (m™ OC). Tennodusmyeckue ceoicTBa NPUHATL aHANOrUYHO NpuMepy n. 5.8.



PeweHue,
Ana nepon sBuIpaboTku npu b /h = 8/4 = 2 npu pacuete ucnonbiyem dopmyny

8 + 4 3.3 82 12,2107 ' 58760x
(96} . Mpu "ok =382wm; Bi & —————— =12, Fog = ———r——— e
314 2,6 (3,82) 2
x 3600 ~
. — =13,2 HaxoauM no 1abn. 4 ¥ =295, 3 no opmyne (28) & =15.

Mo popmyne {86) npu R = —l(-)-—— =2,61 nonyunm
15 3,82
12({15In ———~ — 2,61 + 15)
2,61
v — = (,5609;
4 15 —-1+12(15In15+ 1 —15)

T = 10-0,509(10— 2) =6°C.

Ona s1opoin Beipabotkn npy ~— =4 lkrI = 0,25) npuHuMaeM MoZenb, COOTBET-

h P
CTBYIOULYIO 3NAUNTUYECKOU (Qopme nonepeyHoro cekvernAa. NCKOMaAR Touka npu 3ToMm
B ARKAPTOBOU CUCTEME MMeeT KoopauHaTeiy =0, r =10 m,
Mo chopmynam (98) — nmeem

i 2-10 (1 + 0,25)

a, : — ————m— = 579 M

3,14[1,5(1 +0,25) — /0,25 ]

2-10-0,29€(1 +0,25)

b, = ——— — — = 1,45 m:

3,14[1,5(1 +0,25) — /0,25 ]
B =0,707/-5,79% +1,45% +10% +1/(—5,79 + 1,45 +10° + 410° (5,79% —1,45%) =
= 10 ™m;

A =10"+1(579)% — (1,45)> =115 wm,

Npur =398 wm; Bi=122; Fg=122; YFy =359; & =145u b_=0,955 (cm.
puc. 9) no dpopmyne {97) nonyunum:

otkyaa T_=2+0,30(10-2) = 51°C.
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Mpu uunuuapuueckon dopmMe BLIPABOTOK C KPYrossiM UK 3aNNUNTUYECKUM NO-
nepeYHbiMn CeYeHMAMU, NPONAEHHLIMU B NOPOAAX C Pa3NUYHLIMKU KO3 PUuKeHTammu

TeNNONPOBOAHOCTK BAONL HanNNacTOBaHWA }\“ U NEPNeHANKYNAPHO K HEMY A, ,, — NO
’ JO.5 (At A )

dopmyne (97) c yuyetom cootHowennn (29) — (30} npwn a,, Ta  V ——————— H

;o [05M + Ay} M

bsn = By T

INnAa TWC c oTtpyuuatenbHo TeMNepaTypon:
npy weneobpasHoi dopMe BLIpaboTok — no copmynam (88) — (89) -

npuv uunuﬂnfuqecxoﬁ d:)ol:;me 86I1pabBOTOK € KPYrosbiM nonepeyHbLIM ceve-
r r

IK IK
Huem, B cnysae 0,5 — ST S -
a a

n 1
~T
M b 1
v = = . erfcZ [erfk, : (104)
U.m ch—t \/E M B
T T —~05
nTt e 1 '
== = —1__erfcZ_/erfc{k,k , 105
. N \/Eecrfe“:(ﬁa ) (105)
b e
R— 1 R —1
rpe ZM = — — Z_Ir = e , @ BENUYnHa kﬁ BbiYUCMALTCA aHaNoOruy-
2 FOM 2\/kaF0M
Hon. 9.1; r 2
IK
B cnyvae 7> ——
a
n
T T
Int/R
Oy = L LA (106)
t—T Ing + 1/Bi
b
- Tor = Te ~ InR/§ — R/6+1
Vi = = - (107)
chWTe Ing/6 — £/6 +1

roe BenuuvHel £ v & paccunreiBatoTca no chopmynam (42), (43) :
npu ymnnHapuiecKon opMe 8LIPabOTOK C 3INNUNTUYECKUM NONENEYHBLIM Ce-

YeHUEeM:
A +B
In ——
_ Tam 0 " a_ +b__
Yo ~ T T br ——————————— ; (108)
ch -t InkE
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Al'+ Bl’

ToT b: In ————— - Iné§

— a _+b

Yant _______I_t—b____ = _:_1_3_n“__:a_11_ ——— . (109)
T, — " bf/b-r Ind — Int

rae Benv4YvHbI b:_ 7 b: onpenenAwTcA no hopmyne (27) nnv no Homorpamme puc.5

NPy U3BECTHbLIX 3HaAYeHUAX 6§ »m §, KOTOpbIe, B CBOK DYepeAb, PaccUUTLIBAOTCA NoO op-
mynam (42), (43). KoopanHaTts! A, v B B cdopmyne (108) n3meHAWOTCA OT rpanul
KOHTYP3 3NNUNTUHECKON BbIPaboTKWN 40 KOHTYP3, COOTBETCTBYOWEro rpaHnue npomep-
3aHUA AE " BE' a 8 dopmyne (109} ot KOHTYpa, COOTBETCTBYIOLWErO FpaHuue npomep-

3aHWUA AE M B, 00 KOHTYpa, cosragaiowero ¢ 30HOK Tennosoro BNUMAHUA BuipaboTKKU

3
A; n Bg. 3Hauenun A, ¥ B As u B, ycranasnusawTca no popmynam (102),

£ £’
(103). CBA3bL KoOpAUHAT A_w B_c pexapTosod cuctemoin koopanrart (y, r) ocyuiect-
BnAeTcA no chopmynam (100), {(101).

[Tpumep. Paccunrath temnepatypy nopoa, okpyxawwux sbipabotku [1C, anA

YCNOBUWW Npeabiayliero npumepa, NPUHAB TemMnepaTtypy BO3AYXad, paBHOW - 15°¢.

Pewenue.

Onr nepaon BLipabOTKKU NpPW Mok = 382 m: Bi=12: Fo =132: Ko =0,8; kT =
= 0,67, ncnonb3ayA HOMOTpaMMy Ha puc. 13 u dopmyny (41) nonyuum: karp =1.,4:
karn " =1,14. Mo vomorpamme puc. 10 u dopmyne (42} HarhgeM BUANUMHY t“—-z,ss.
WUcnonbayr rpaduk puc. 11 u dopmyny (43) nonywum 86 = 11,5, Tak kak R=-L— =

"3k

= 2,61 > &, TO AnNA BhINMMCA@HWIA TemnepaTypbl NOPOA HEOBX0ANMO npUMeHRATL op-
myny {(107)

{(2,61) 2,61
N———— — ———— + 1
— (11,5) 11,5 n
- ————— = 0,975,
| _(%i‘rﬂ — _.._2_'2?_4-1
(11,5) 11,
OTKYya
= _ — _ — 0
Tor = Tty Ty —T,) =10+(0-10)0975 = 0,25°C

OnAa sTopon BbIpaboTKu Npu Fok ™ 398m; Bi =12,2; Fg =12,2; Ko =0,8; k1'= 0,67
aHaNOMrMYHO pacyeram ANA NepBown BbLIPABOTKU NONYYUM: karp

=1,4; k =1,15;
w arp

£ =245, 6 =11. No dopmynam (101}, {(102) c yyeToM COOTHOLWIEHURA (271140npene-
neHHoro npu £ = 2,45, ycraHosum Bonbwiyio AE M Many o BE NoNyocu 3NNUNTHUYEC KON

rPaHuUbLI NPOMEP3aHNA:

2
/1+0,325 0,25 4-0,25
N, = (2,452 — 1) 1,5 ———_— — \/_———--2-— o = 11,2

1 — 0,25 1 — 0,25 1 — 0,252



= 5,79 —— 1+0,25- 112 —1) = 8,6 m.

TaKk KaK pacueTHaA TOMKA PAacnoNoKeHa 3a npeaenamMun 30HbI NPOMEP3aHUA, TO ANA onpe-
AENEHNA TEMNEPATYPbl NOPOA WCNOMb3yeMm cbopmyny {109). ﬂo HOMOrpamme puc. 5
npm 8 =11 n ¢ =2,45 cooTBeTCTBEHHO NONY4YUM b =095 wn b =0,85. Torpa

11.5+10
0,85 iIn (—--—-— ) In2,45
) (5.79 + 1,45) _
UsnT T = 002,
085 1111 -mn2,45
0,95

OTKYAa

T, =0+(10-01002 = 02°cC.

9.3. TeMmneparypHoe none B NOPoOAaxX NpPU Hanuuum CUCTEMbL! B3aMMOBAWRIOLLMUX
8 TENNOBOM OTHOWEHUN BbLIPABOTOK paccuMTbLIBaeTCA B CREAYOWEeNn nocnepoBatens-
HCZTU: ONPeaenAOTCA PacCTOAHWMA OT TOUYKK, B KOTOPOW onpepenfercA Temnepartypa

NOPOA AO UEHTP3 KaXao# BeIpaBoTKK r., U MO 0AHON U3 HopMYn (95) — (109) ycra-

HaBNUBIIOTCA Ge3pasMepHble TeMNePaTypsl v, = ———— : BbLIMMCNAETCA TeMne-

paTypa, copMMPOBaBWAACA B UCKOMOW TouKe OT niobbix 4By X BbIpaboToK

v, Tuvgtu;— v, (110)
TEeNNOBOE BNMAHWE Tperber BbIpaboTku vy {npu naBecTHOM BEeNNYUHE "1?2) YuYNTbIBAETCRA

8HaNOrMYHbiM o6pazom

*

Uy = v, t Uy v, U, (111)
CyMmapHan Temnepatypa NOPoa B MCKOMORN TOYKE YCTaHaBAMBAETCA B peaynbrate
NOCNeAOBaTeNLHOro yuera 8 cooTsetrcTeww ¢ cdopmynamn {(110) — (111) Tennosoro

BAVAHWA Ka>KA0WU BbIpaboTKH!

T, =T, =0 (T —t ). (112)

Mpumep. Paccuntath pe3ynsTuUpyowy0 TeMnepaTypy, chOpMUPOBAB LYIOCA B rop-
HOM Maccuee OT BNMWAHWUA u“eTbipex BLIPADOTOK, eCNW HakanbHaR TeMmnepatypa NopoAa
Te = 15° C, a pacueTHble Temnepawpbl nopop. B MCKOMOW 'rcmce OT BAWAHUA KaxXaoW

u3 Bolpaborok cocrasnrwT Ty = g© C: T, = = §° C:; T3 =12° C: T4 =29¢C. TemMnepatypa
803y Xa 8 YyeTBepTON BoIpaboTKe t 4 = 1°C.
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Pewenne,

Hangem 6e3pazmepHbie TemMnepaTtypel v

15 — 8 15 — 5 15 — 12
v = =0,5; v2=—-—-———-—=0,714; vy = — = (0,214:
L 15 -1 15— 1 16 — 1
v, = 15— 2 . 0,93

15 — 1

Mo chopmynam (110}, (111) Hahpem

E‘z =05+0714 - 050714 = 0,857 :
v, = 0,857 +0,214 — 0,857-0,214 = 0,888 ;

v, = 0,888 + 0,93 — 0,888 0,93 = 0,992.

o opmyne (112) nmeem

T =15-0992(15—1) = 1,1°C

9.4. TemnepatypHble nona, hopMUpyowMecs B FOPHbIX NOPOAAX NPU N3IMEHEHNUH
TeMnepaTypsl BO3AyXxXa B BbIpaboTKax B COOTBETCTBAM C OAHUM U3 3aKOHOB, Npeacras-
neHMdbix Ha puc. 1, paccunTsiBaIOTCR chegyiouinm obpaszom  3aBUCHMMOCTL VIMEHEHMWA
TEMNEPATYPLI BO3AyXa OT BpemMeHn pa3buBaeTCA Ha BpemMexHHbLIE UHTEepPBansl, B Teue-
HUEe KOTODbIX TeMNepartypa BO3AYyXa CHUTAETCA NOCTOAHHOW t_ ; No oAHON K3 dopMyn

n |
(95) (98, (97} npu spemenax (v — 'rn), OTCYUTLIB3EMbIX OT Hayana MHTepsana ¢
Th
TemMneparty§ion tn' BblyaCNARKTCA DespaszmepHble remMmnepatypsl nopoa v = -—3
TemMneparypa nopoAa Tn Ha MOMeEHT BpeMeHU 7 ONpeaenfeTcA no dopmyne Te -1,
m
= + — = —_ —
T =t tvlr (T, —1t5) it -t 4 Julr—7.) (113)
n-—1
rae tm' t, — TemnepaTypa Bo3ayxa B nocneaHM BpeMeHHOW UHTEpBan U HavyanbHanA

TeMneparypa BO3Ayxa: M — YACNO BPEMEHHbIX UHTEPBanos

9.5. YTOouHEHHbIA pacyeT TeMnepaTypHuIX Nonel B MaccuBe TOPHbLIX NOPo4 NpW
HaNU4YMM HECKONbKWUX HA3aKPENNeHHbiX BbIPABOTOK W KX pPeanbHON FeOMETPUYECKON
GOpMsI, 3 TAKXXe YY€T eCTEeCTBEHHOro reOTEPMMUUYECKOrO FpaaveHTa, aHW3oTPONUK Ten-
A0GM3nYeCKNX CBOWCTE MOPOR, 33BACUMOCTY Ko3adduuueHTa TennooTAaYn OT KOOop-
AWHAT U BPEMEHU, MOXKET OCYWeCTBNATLCA NO creunanbHoh nporpamme (cm Doua
arroputmos u nporpamm AH YCCP, nporpamma wuuseHTapHbit  N° AM-0079 or
24,12.85)

9.6. lonr 8Rarocopgepxanuii g8 nopogax, oxkpyxawwmx seipaborku TC, w

paccHUT bIBAKITCA NO hopmyne

n
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W =we+vm(wepn+ KB), (114)

rae v . ONPeAENAETCA aHANOrM4HO NONAM TeMMepaTyp no zagucumocram {87}, (95) —
(97) npu 3ameHe B HUX KO3thhuunenTOoB TENNONPOBOAHOCTH An U TeMnepatyponpo-

BOAHOCTY & _Ha ko3 duunent aucdhdysun a m ¥ Ko3athduueHTa TeNNOCTA3YN HA KO3ph-
! -
dUuUKEeHT MAcCoOOT Aaun Bn , onpenenfReMbIN cdoTHOWweHnem (46).

10. NMPUMEPBI TENNOBLIX PACYETOB BhIPABOTOK TIC

Tennoson pacyer MNC, ucnonb3yemMoro AnA padmeweHns
nTuuethabpnkun nponseoantenbHocTLio 1 Man Gponsepos B roa

UcxopHbsie pakdple ANR TeNnOBOro pacyera

1. HopMaTuMBHbIe NapamMeTpbl MUKPOKAKMATa NPOU3BOACTBEHHBIX NOMEUIEHUA AnA
BbipaweaHuA UbINNAT-6poinepos BLIGUPAIOTCA B COOTBETCTBUM C AaHHbIMU Tabn. 6.

Tabnuua 6
Bospact, |Temnepatypae X0N0A- OTtHocuTenbHanr CKOpPOCTh A4BUXEHWA
Heaesb Hbit Nepuog roga, C BNaXXHOCTb Bo3pyxa, M/c
DR i e e Bo3ayxa, % -
B NOMeLLe- nog 6py- XONO AHbIM] TeNNbiA
HUMN AepaMn nepuoa nepuoa,
(Harpesa- He 6onee |we Bonee
TenbHbIE NP
6opbt), M
1 28—26 35—-30 65—75 0,15 0,2
2—3 2211 29—-26 65-—-75 0,2 0,4
4—6 2011 — 6575 0,5 6
79 19+1 — 60—75 — —

2. Knumartnyeckan xapakTtepuctuka panosa {(p-H r. Oaeccbl) npuHumaerca cor-
nacHo paHsbim CHull 2,01.01—-82, Cpeaneroaosan Temneparypa — nmoc 7,80 C.

CpepgHeMecRYHaA TeMneparypa Haunbonee XOnNogHONO MecAua — RHBAPA pPaBHa
MUHYC 4,8°C, a van6onee Tennoro — uona nnioc 19,5°C.

Bapomerpnueckoe gasnexue pasHo 0,1 Mla.

3. 'ecnoro-reotepmMmuyecKne yCnogua: THn NOpoa — AETPUTOBLIN N3BeCTHAK. [1noT-
Hocte 1700 krim>, yaensHaa tennoemkocts 1.3 wkx/{xr-°C): tennonposoaHocTb
BAONL HAaNNacToOBaHWA U NEPNEeHAUKYNAPHO K HeMy pasHa 1,3 u 0,8 Bt/ (m 2C), enax-
HOCTb nopon 15 %. EcrecTBeHHan TemnepaTtypa nopoa Ha rnybuHe pacnonoxeHuA Bpipa-
6otok MC H=200 m coctaenaer nmoc 12°C.

4. TOopHO-TEXHUYECKME W IKCNNYATAUMOHHbLIE YCNOBWA: noasemHar ntuuedabpu-
Ka COCTOMT N3 aABYX 000COBNeHHbIX YyY4aCTKOB, B Ka)KA0OM U3 KOTOPbIX HAXOAWTCR NO
17 pabounx kamep. OAnuHa Kamepsl 72 M, tuvpunra 7,5 m, BbicoTa 2,56 M, reoMeTpuvec-
KanA cpopma ceveHUA — npAMoyronbHar, PaccToAHME Mexxay ueHTpamMu Kamep 12 m.
Kakpas Kamepa oTaeNneHa OT BO3AYXONOoA30OMEN BbIpaboTKu nepembiuKon, XapaKTepu-
3yluweicA KoadduuneHTOM Tennonepepaun k = 1,4 Bt/(m*- °C). B kawaoi Ka-

_'nep
Mepe HaxoautcAa 8640 ronoe ntuubl, Maccon — 1,4 Kr Kaaan. YgenbvHble Bnarosbsige-
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NeHWA Ha 1 Kr >»XMBOW MacCChi 0,54~10_b kr/c. TennossiaeneHus 0T OCBETUTENbHbIX

npubopos pasHbl 0,5 xkBT. lNpuHATLIK NO yCNOBMAM 3KCNyaTauuu pacxoq BO3AyXa

H3 KaXkaylw Kamepy paseH 3 m>/c. INnAa ymeHblwieHMA BRarosBsliAeneHun OT NOpoa B

nepuMog 3KCNNyaTtaunuu HaA HUX HAHOCMTCA NapoM30NAUMOHHOE MoKpbITHe tuna NCMN-901,
3anayamMy TennoBbIX pacyeTOB ABNAIOTCAH:

1. Bbluucnexnve anutenbHOCTA NpeaA3KCNNyaTauMoOHHOro Nnepuoaa, 1.€. nepuoga no-
BbilLEHWA TemnepaTypsbl BO3Ayxa B pabovem nomeiwneHun ot 12 oo 18°C (aonyctuMeIiA
YPOBEHb KOoNebHaHUA TeMnepaTypbl B KamMepe OrpaHuueH 1°C) .

2. Onpeaenexdue HeoBXO0aAMMONU TennonpouisoauTenbHoCcTH Bpyaepos anA noanep-
MaHMA B 3KCNNYATAUWMOHHbLIA Nepuon B paboumx nomMelieHUWAX HOPMaTUBHbIX napamer-
POB MUKPOKNMMaTA,

3. YcTtaHosneHue HeoHBX0aMMOW ANUHbL!I TENNOAKKYMYNUPYIOWNX BhipaboToK,

obecneyvBaoulern B 3MMHUA nNepunoa NOAOINPeB HAPYXHOrQO 803AyXa A0 TeMnepaTtypbl
o
6 C.

Bomucnenue anutTenbHOCTH NPEeA3IKCNhyaTautoOHHOro NEPUoAa

1. Pacyet koathduumeHTa MaccooTAauM:
BoiuncnAeM 3KBUBaneHTHbIN guameTtp Bobipabortok 1C

Mewp 47,525
d,, =——=-——"—"—__ =375,
U 2(75+ 2,5)

Onpenennem 6apoMeTpuyeckoe aaBneHuve Ha rnybdune 200 m
B= 0,1+0,001 = 0,101 MQa.

Mo dopmyne (8) n {9) npw tcp =05{(17 +18) = 17,500 vy =14'7‘1O-—6 lec,

Py = 1,2 KF/M3 {cm. npun 3} BbiuncnAeM KoadodrnuneHT anddy3un 3., W Ko3achdu-
UMEHT M3acConpoBOAHOCTH A b
(17.5 + 273) 189
3 =527-10 " -1 T =2,3610"° m’/c
M 0,101
(17,5 + 273) .89
A = 416-107°0 —_ = 1,86:10" 2 kr/ (m: c*MNa)
b 0,101
Beuiuncnaem yncna noaobus Pr Re, Gu. MNpeaBapuTtenbHO HaxoaAuM CKOPOCTL

m, -

BO3AYyXa B Kamepe V W TemnepaTypy,BO3AyXa NO MOKPOMY TepMOMETPY t

OK
3
V T —— = 0,16 Mm/c,
7,52,
- o - 0
taok MPY tcyx 17,95°Cwvu o =70% coctasnrer 13,7 C.



14710 0,16.3,75

Pr = —fee— =0,62: Re = —m ol _ = 40816 -
"™ 236.10"5 14,7.107¢
1756 - 137
GuU= ———— 2 =0013.
(17,5 + 273)

Npu Re =40816 8 cooTrBercTBMM C AaHHbLIMK Tabn. 1

A'=0,0248 u n'=09.

No dopmyne (19) paccuntbiBaem kKo3adhduMyuneHT MaccooTAaUYM YUCTOW BOALI ﬁao 1

0,33 0,8 0135/17.6 + 273
Np_ = 0,0248 (0,62) (40816) ' (0,013) —————~} = 163:
BOA 13,7 +273
1,86-10* -3 )
Bony = 163 ————— = 8110 ° krl/{m> c-MMa).
A 375

Mo pavHbIM Tabn. 2, npun, 4 AnA AeTPUTOBOroO U3BECTHAKA 4 = 0,48. Otciona no
¢opmyne (18)

B, =0,488,1-10"° = 3,89-10"° kr/(m% c-MNa).

2. PacueT OTHOCMTENbHON BRAXHOCTW BO3AYXa B KaMepe B KOHUe Npea’KcnyarTa-
BMOHHOTO NEpuoaa.

Mo dopmyne (2) onpeanenAlOTCA napuuanvHble 43BNEHWA HACbILIEHHOrO Napa npw
cpeaHer TemMnepatype BO3AyXa NNOC 17,500, cpeagHen TemMnepatype NOBEePXHOCTU CTeH,
PaBHON cpeAHen Temneparype Bo3gyXxa 17,500, W Temneparypax Bo3ayxa B Hayane #
KOHLe Kamepbl 18 u 17°cC.

360 +18,7-17,5

P (17.8°C) =1,33107 exp| - ——Z——" I 21077 Mna;
236 +17.5
- 360+18,7-17 -
P o (17°C) = 1,33-107% exp| ————————~|= 1,94:1073 Mna;
236 + 17
- 360 + 18,7-18 -
PHac (130 C) = 1.,33:10 4exp ————————— = 20610 > MMa,
236+ 18

Mo dupmyne {5) BoluKCNAEM BRATOCOAEPKAHUE BO3AYXa Npw t 0 180(3, P, = 0,65
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0,65-206-10"° _
= 0,622 —————— e = 82510 Kkr/Kr.

0,101 — 0,656-2,06- 1073

*u
Mo 3asucumoctu (52} onpepnenrem

0,5:0,65 + 0,8-8,25-10" 3.0101/(1.94.1073) +0,8-389- 10 x

tpc — e —— el it e Wi iy S e —— - """"

P 1+0,8-3,8010"° 0,101-722 (7.5 +2.5) 2 X

x0,101:72-2(7,5+2,5) 2.10°° .31.94.1073
e e X010172-2(7 ) 210 "/(1,2:3:1,94-10 ) _

X 1073/(1,2-3-194.1073)

3. PacuyeT AAMTeNnbHOCTU Npea3aKCennyataymoHHOro Nnepuoaa.

Mo dopmyne (51) onpepenaem BenuYUHy C npuiuman n/ B uxTepsane Tem-

o 3’ anp
nepatyp 17 — 187 C no panxbIM Tabn. 1, npun. 6 pasHsim 0,83
0,101 5
= 1006 + 2470-.0,83-0,7 ——— = 2441 Ox /{kr-"C).

C
3P 0.101

Mo 3asucumoctn (50} BbIUMCNAEM NPOAOCNKUTENBHOCTb NPea’KCNNYaTauuoOHHOIrO
nepmnoaa, NpUHNMan hn =0,5(0,8+ 1,3} =1,05B1/(m 2¢)

3,7-10 =6 (1,05) 2 (72-20) 2

= ———— — e —————— = T.
Tn.aK - — 6l’8xcy

Onpepenexne HeobBxopnumMon TennonpounssoguTensHoctTu 6pyaepos
{(HarpeBatenuvHbIX NP BOPoB) U kKanopudepoB ANA NOAREPKAHUA
B 3KCRAYaTaUMOHHbLIA nepuon (B pacuere Ha b roa axkcnnyarauum)

B paboumx nomelleHNAX HOPMATUBHbLIX NAPAMETPOB MUKPOKIMMATA

1. Boiuncnrem BennurHbl K03 PnumMeHTOB HECTALMOHAPHOTO TennoobtmMena.
B coorBercTBuu € AaHHbiMu Tabn, 6 cpeAHAR Temnepatypa Bo3ayxa B Kamepe
33 Nepuog 3Kcnnyataumm cocrasndAer

28168 + 22504 + 20-1008 + 191512 o
t = e = 20,2°C.

BennuuHy Ko3dduumeHTa TennocoTaaum ¢ NPU Manon CKOpOCTU ABMXEHUA BO3AyXa
v < 0,2 m/c Bbibupaem B COOTBETCTBUN C PEKOMEHAAUMAMMN CHull N-3-79** u npunu-
maem pasHoi 8 BT/ (m°: °C).
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Mo dopMmynam (29) u (30) ycranasnueaem AnA aHM3OTPONHOTO FOPHONO MacCKUBa

. :
Bennlqu|r3K " knp'

Onpegensem BenuviiHbl vucen nogobun Bi n Fo.

8.3,1 4,75:10 ~7. 4380 -3600
Bi = —~%— = 23,3: Fo= r—————— "~ =797

1,05 (3,‘!)

Koadpihrnunent HecTaumoHapHoro tennoobmena Ha D-1 ron akcnnyataumm 11C ann
BbIPAaBOTKKU KPYrOBOro CeYeHUA paccuuTbiBaem no dopmyne (24)

K &= —————mmem S = 0,187 Bt/ (m*-°C).

™ 1+233In{1+ \/314 797)

2. BoiuncnaeM nonpaeky K K03 dUumMeHTy HecTauynOHapHOro TennoobmeHa, yunTbl-

BaOWLY0 OTKIOHEeHMe peansHou reomMerpuueckoint popmbl NC ot kKpyrosown.
Mo dopmyne (28)

= 0,837-n2,6412,72(1 + / 3,14 7,97)] = 12,2.

BenuunHy bT paccunTeiBaeM no popmyne (27) npu M n NS, PaBHbIX

1-0,4
T e e e = (0,2
2(1 +0,4)
N, = (12,22—-1)[1,5 \/ ' = 308 :
in12,2
bf —_— e —— Al Pl PR . g e, i e . - e . T b . P e AR e s e e ke Bl e . et . v S 7 i A - St
v 020[\/14-025(398) +1] +/0,2[/1 +025(398)’—1
= 0,97
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OnpepenAeM nonpasky K Ko3adduumeiiTy HeCTaunmoHapHoro TennoobmeHa Ha Ten-
nosoe B3anMogencTsue Bbipabotok [1C c, - PacueT npow3BepgeM ANA yCNOBUA Kamepbl,

PAcNONOXXeHHOW B KOHUE yYacTKa, cocToAwero w3 17 seipabotox.
Paanyc TennOBOro BAMAHMA BbIPAabOTKKU COCTaBNAET

Ht =r._6 = 3,1:12,2= 37,4 m.

K

Takum 0B6pa3zom HA paccMaTpuBaeMylo BbIipaboTKy OKa3bIBalT BNMAHWE ABEe COCeA-

HMWEe KamMepbl, OTCTOALLME COOTBETCTBEHHO Ha thIp 1201 24 m,
Mo dopmyne (32) nput, =t wnr =7 UMeeM :

SKI 3Ki

5inh Jr., —0637{(h_  /r. +1)E{k}) +1

c - _E_blp _I:)_I-(___ thIp 3K_
7 5IN6 +1 — & '
12,2In12/3,1 — 0,637 (12/3,1 +1) 1,27 +1 _
C, =T T ———————————— = 0,76 ;
8 12240122 +1 —-12,2
12 12
£ 12 ——— /11 + = £{0,8) = 1,27 (cm. puc., npun. 5);
3,1 3,1
24
12,2 In —— — 0r637 -...2_4_.... + 1 1’4.{.1
B 3,1 31
c, = —- R AT SR = 0,997 :
2 12,22In122+1 — 12,2
24 24
E{12 \/—~—/[1+ —— ]| E(063) = 14.
3,1 31

3. Peaynetupyrowee 3HaueHue KoadobuuueHTa HecTauumoHapHoro tennoobmena on-
PEeACRAEM KaK

ky = 0,187-0,97-0,76:0,997 = 0,137 Bt/ (m*-°C).

4. Pacuetr ko3athduumeHTOB HECTAUMOHAPHOro TennoobmeHa B nepuoabl B bIPaWVBa-
HUA ubiNnAT-Bpoinepos ocywecTtanAem no dopmyne (38).

AnA nepBOro nepuoaa ANUTENbHOCTLIO T, =1 68 u,

T — 1
K = Ke ———X_ g P 1

f ’
1 _
Te t1
rae k_ paccuiTbisaetca no gopmyne (23) npn Bi =23,3

1
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Bi = 23,675.
Fo = 0,031; z= 4,17; f(417) = 0,869 (no aaxtbiM Tabn. 3)

23,3 23,3
k =8[1—- I _ §£(23675~- v 0,031 )] = 8 [1 S —— 0869 | =

T 23,675 23.675
=116,
TOTAd
12 — 20,2 202 — 28
k:= 0,137 ——2-——?—0—— + 116 ———— = 0,635 BT/(M?\ OC).

12 — 28 12 — 28

TemnepaTypa NOBEPXHOCTU FOPHbLIX NOpPoA Npu 3Tom Bypet paBHa (dopmyna (44)),

0,635
8

(12 —28) = 26,7 °C.

—
il

a
nos 4 ¥ ’ (Te"tl) = 28+

T

JinA BTOPOro nepnoaa, AnNTenbHOCTHIO T, = 504 y

_ 1 —t
| Te ¢ cp i t, —t
Do 8P, e bk P2

— 1
TE t2

T, +7, v k_ BeluMcnerHsle No chopmyne (23) , cocrasnatoT 0,68 1 0,76 Bt/ (m>-°C) .
2

12 — 20,2 20,2 — 28 28 — 22
k= 0137 -2 + 068 2" + 0,76 ——=— = 0,186 Bt/ (m%-°C) ;
T 12 — 22 12 — 22 12 — 22
0,186
T =22+ -2=_(12-22) =218°C.
nos 2
Ona TpeTwero nepunoaa, ANUTENbLHOCTLIO Ty = 1008 u,
— —_ _ t, —t
km__ " TE tcp + K :Ee__il_ + 1:1 t2 r K 2 3
T T ' T, 1, +7 T, T _ T _
Te-t3 1 2 3 Tﬁ_--—-—t3 2 3 Te t, 3Te t,
Benuwunubs k
T, Ty * 73 k1-2 + T, W k'r COOTBEeTCTBEHHO padHbl 0,47;: 0,49;
0,58 Bt/ (m>-°C). 3
12 — 20,2 20,2 — 28 28 — 22
kf‘ = 0,137 +0,47 + 0,49 g~
12 - 20 12 — 20 12 — 20
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22 — 20
058 =2 "~ = 0,085B7/(m*-°C);
12 — 20
’ 5 {'J
T = 20+ -{(12-20) = 199°C.
noe 8

[ins 4eTBEPTOro Nepuoaa ANUTENLHOCTLIO T4 1512 4

T —1 t 1 —
k'lrv_sz ——-* K 41 471 +7 - 1+kf + 7.+ T L2
Te—t4 1 "2 '3 e T -t 2 "3 4 Te~t4
t, —1 t, —t
2 3 3
k'l'3+1r4 ——=  tk i
Te 7 P Tty
Benvunner kL L L > K * Kk COOTBETCTBEHHO
1 T2 T3 T e By v, Ty, T,
pashbl 0,37: 0,39: 0,41: 0,49 Br/ (m*.°C).
v 12 — 20,2 20,2 — 28 28 — 22 22 — 20
k. = 0,137 - + 0,37 = + 0,38 =——=C= + 0,41 = ——— +
12 - 19 12 -19 12 —19 12 — 19
20— 19
+ 0,49 = 0,059 Bt/ (Mm% ©C);
12 —-19
0,059
Toiog = 19+ ———= {12-19) =189°C.
8

5. OnpeaenAemM BenuuYnHbl BRa>KHOCTen Bo3ayxa B paboumx nomeweHnAx B nepuo-
Abt BblpawnBaHiaa ubIiNNAT-6poinepos.

BenuuuHy koaddmuneHTa maccooTaauw C¢ NOBEPXHOCTU NOPOA C NAPOU30ONAUUOH-
HbIiM NokpbiTuem JICM-901 8 coorsetctBun ¢ n.5.2 Bbibupaem pasHbIM 61_ = 0,17 x
x 1072 kr/ (m> c-MNa).

NapunanbHbie fgaBNeHUA HACbIWEHHOro napa nNpu Temnepartypax 28; 26,7; 22;
21,8 20& 19,9: 19:_;’ 18.9GC, BhidncneHHbie no dopmyne (2) CoOOTBETCTBEHHO PaBHbLI

3,78-10"°; 35-10 °; 2,64-10 °; 2,61-10 >; 2,34-10 °: 2,33-10 °: 2,2:10°;
2,08-107> MM,

Bnarocoaep)xanue BO3ayXxa X, NpW TemMnepaTypax 28: 22: 20°C (BnakHocTs
65%) w Temreparype 190C; (Bnaxxnocts 60%) pasHb! 1,31-10_2; 1,05-10_2; 1.05x
x10_2; 9,36-10_2; 8,121 0> kr/kr.

CpeaHAA U KOHEYHAA BRaXXHOCTK 803AyXa B pabouemMm noMeweHnn B Nepsbii nepmnona
paccYnTbIBalOTCA No hopmynam (56), (57) :
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05-065+081:151-10 2 ——L—0——— 4 22 0
1 378.10"° 36-378-10 °
‘pcp = —_—— A s i A o e e . i . Sl L A S U Ml i s i p ¢
. 0,8-0,17-10">. 0.101- 1440
36-378
1440-365 10> . 0,8-0,101-0.65:102
T Qi sl i
3,6-378-10
., 3637810 e = 069 :
378-10"°
1073

b = 2005~ ¥, =138 ~065 = 0,73

Ilna sToporo nepwoaa

_, 0,101 0,8-0,17-10"> 0,101
05-0,65 + 0,8+1,05:10 ——— e -t
; 264-10" 3 36.264-10"°
Yep — ——— ——— X
- 0.8.0.17-10">.0,101+1440
3 6-2.64
1440-2.61-103 ) 0.8:0,101-0,65-10 2
26 2,64-10 > 36.2,64-10"°
K e o e e e o e e e T ()]
264-103
10”3
"PK = 2‘0:7 _0:65 = 0,75 -
AnA Tpesbero nepuoaa
a0 : 1073 .
050,65 + 0,8-9,36 103 ——r' 0] , 28:017-10 ~ 0,101-1440
234.1073 3,6-2.34-10"°
1| -
vcp ———— — ———— X
0,8-0.17-10">. 0 101 -1440

e

2,34
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2 33.90°2 0,8-0,101-0,65-10" °

+
36-2.34-107° 36-2.34-10"°

X e = 071.

234.10 °

10~°
—0.65
¢, = 2:0,71 = 0,77
OnA yeTBepTOrc nepuoaa
_3 0,101 0,8:0.17-10 > 0,101- 1440-2,08
0506+ 0881210 g ol T
-.2-10"° 36-2210
v
Pep ) _ _ o
., 0801710 . 0,101 - 1440
3.6-2,2
1073 ) 0.8-0,101 0,65: 10
3.6°2.210"° 36.2,2.10°°

X —- = 0,67

22.107°

10~°

¢, = 2067 - 0,6 = 073

6. Boiuncnaem HeobxogumMble Tennonpou3soanTensHOCTU HarpesaTenbHbiX npubopos
Q s ycTaHaBnueaeMbix 8 paBounx nomewenunx (kamepax), u kanopudepos Om
MCNONb3IYEMbIX ANA NOAOTPeBa BO3AY X2 Ha BXOAE B BbIPabBOTKM.
Gopmyna (61) nput =t n Q =—Q +
OpMY (61) np K H abc an Ono

an’

(Qan = 500 BT) npuHumaer

p
BU

006 =— 03n + Qnep _ kT UBI:ID! (Te -t ).

. .0
Benvunny Oxan onpeaennm no dpopmyne (54) npwu Il M (1:H - t: ), rpe t: =g°cC.
Ona nepBoro nepuoaa:

Qr(an = 3,6:1005(28 — 8) = 72360 Br;

Qnep = 7,6-2,5+1,4{(28 — 8} = 525 Br (cm. opmyny 60} ;

006 = —Db00 + 525 — 0,635-1440(12 — 28) = 14655 Br:
xQ =724 + 14,7 = 87,1 kBr.

fina sToporo nepuoaa:
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OKan = 3,6*1005({22 — 8) = 50662 BT;

Qnep = 18,75-1,4(22 — 8) = 368 Bt {cm. dopmyny 60) ;
Q_, = — 500+ 368 —0,186:1440 (12 — 22) = 2546 Br;

xQ = 50,7 + 2,b = 53,2 «BrT.

IAnA TpeTuero NepuoAaa:

OKan = 3,6:1005(20 — 8) = 43416 Br;
Oneg = 18,75:1,4(20 — 8) = 315 Bt {cm. hpopmyny 60};
006 = —~500+ 315 -0,085:1440{(12 — 20) = 794 Br;

> Q 43,4 + 0,79 = 44,2 kBt

InA 4eTBEPTOrO Nepuoaa:

O = 3,6°1005{19 — 8} = 39800 Br:
d nep = 18,75:1,4{(19—8) = 2BY9 Bt {cM. popmyny 60) ;
O = — 500 + 289 — 0,059-1440(12 —19) = 95 Br:

00
FQ = 39,8+0,095 = 39,9 «Br.

MakcumManbHble ¥ MUHUManNbHble 3aTPaTbi IHeprMy Ha obecneveHne 3alaHHbIX Napamer-
POB MUKPOKNUMaETa B 34 paboumx noMewleHUAX CcocTasaTt cooTeercraeHHo 2960 n

1360 «BT.

B uiuncnenne gnnuHel TeNNOaKKyMynMpyuwnx sbipabotox anAa nedorpesa

HAPYXXHOTO BO3AYXa B 3MMHUKA MEePnofl Bpe MEHU

1. CymmapHbih pacxon 8034yxa ANA NPOBETPUBAHKA KaXKA0ro pabouero y4Yactka ¢
YYeTOM BeHTUNAUMN NoacobHbIX NnomMeweHUn paseH 80 M> /c. Bosayxonaaaouwyto seipa-

60TKy BbIOMpPaem ceveHnem 39 Mz, nepumetTpom 25,4 m.
2. PaccuntbiBaeM Ko3adphuumeHT HECTAUMOHAPHOTO Tennoobmena.,
Mo dopmyne (17} onpegenfeM KoadduumeHT TeNN0OTAauN

4 -39 2,05°6,19

Mpw d3H= ——= 6,14 Mm: Re= =‘$§)..4¢1*-*105 ;€ T 1,5 A
25,4 135.10"%
0.024 0,8
[ {m.2Cl: a=0,02915-———_{94-10%) = 10,2 Bt/ {m>- 2 ).
6,14

= 0,024 Brv/

!
flo dopmynam (24), {34) npu Bi=39,3 Bi = 39,7: Fy =4.6: Pd =6,8 Bbiuucnn-

em kE'r u ﬁkT

10.2
ky = —m——mm = 0,164 Bt/ (m*-°C);

1+39,3In{1 + v/ 3,14-4,6 )}
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39,3 0,5 2
Ak ={075 ===+ 126681  [>=2)" | 12 = 1 048t/(u?-%0C).
| 39,7 39,7 4,04
3. o popmynam (51), (63), (64) BbIUMCNAEM BenUuUHbL) Cody A B, . npw
— ! —
-.pcp—O.'I n n'&mp = 0,295

C,qp = 1006 +2470-0,7-0,295 = 1516 Mow/ (kr -2 C):

1,04- 25,4 -4
ak - T = 1,68-10 " ;
1,3-80:1516
0,5-0,164-25,4(12 + 2 — 7,8) -
e = ————— —= —————L_ = 8,19-107° ;
1,3:80-1516
_ 819-167°
BaKanl{ = ——— 2 0,49.
1.68.10
4. Mo copmyne (62) onpeaennem BeNUUNHY |
-48-0512-2+7,8) —0,49
L = LI Bt A O = 8520 m
1,68-10 9 6 — 0612 -2 + 7.8) — 0,49

Mpyu pacxoge Bo3ayxa 20 M3/c HeOBX0aAM MaA ANUHA TENNOAK KY MYNKUPYIOWeN BbipaboTKu
CHU»aeTcA no 2260 m.

TennoBoM pacyeT pacnpenenuTenbHOro
NOA3eMHOro XonoaunsHuKa BmecTumoctbio 10000 v

Ucxoanbie fanHbie ANA TENAOBOTO pactuyeTa

PacnpegenurensHbin noa3eMHbIN xonoannsHuk B mectumocteo 10000 v pacnonara-
eTCA B unisectHAKe. [OpHble NOpOAbl, OKpPyXaiowme BbIPpaboTKKU, XapaKTepu3ylwTCcA cne-
AYOWWMK CBOUCTBaMKU, NNOTHOCTS 2600 Hr!M?’, BECOBAR BNAXHOCTL 7%, xoaththnunenT
Tennonposoarsoctu 1,43 Bt/ (m-°C) , KoadhduruueHT TemMnepartyponpoBogHoctT 6,33 x
x10"7 m° /c, yaenbHaa Tennoemkocts 871 Oox/ (KF-OC). EcrecTBeHHan TemMneparypa rop-
HbiX NOpPoOA — NNHOC 3°C (Npu pacyetax NPUHATHLE TennodMandecKkue CBOMCTBA Tanbix U
MEpP3NbiX NOPOH OAMNHAKOBbIMK) .

[[eoMeTpuUYeCKME NapamMeTPbl FOPHbLIX BhIPABOTOK cneaywuwme: BoicOTa Kamep 5 M,
AnmHa 15 M, wupuHa 7 M, ceveHmne Kamep umeeT NpAMOYronbHyo dopmy, npuna Lenu-
Ka mexay Kamepamu cocragnAeT 10 m, Pacxoasl xonoga Ha TepMuuecKykw obpaboTky

NPOAYKTOB NO Kamepam ¢ Temngpatypamn 0O —~;1000, -2000, —30°C cocrasnawoT

OTexn = 16b «kBr.
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3anavamMn TENNOBLIX pacyeToOB ABNAIOTCA:
1. BaiuncneHune pacxopa Xonopa AnA NOAAEPXKAHWA B IKCNNY3TaLWOHHBIW NEPUOA
0 0 0

8 MPOU3BOACTBEHHbIX NOMeWeHUAX xXonoaunbHuka temnepatyp 0 C, —10°C, -20°C

0
n-30"C.

2. Onpepenexve ANUTENBHOCTEN nNPEAIKCNNYaTauUOHHLIX Nepnoaos HOPMUPOBAHUA
3af1aHHbIX TEMNEPATYPHbLIX PEXUMOB B NPOM3BOACTBEHHbIX NOMEULIEHUA X,

Boiuucnenmne pacxona Xonona ANA NOAACPKAHMA B IKCNNYaTaUWOHHBIA nepMon

e ﬂﬂDH:ﬁBGﬂCTBEHHhIK AoMeuleHUAX XonognunebH Kd TEM"EPETYP
0°c. —10°c, —-20°c w -30°C.

1. Mo chopmyne (60) onpepernfem noTepn Xonoaa Yepes rMepemMbidkm Qnep'

Npunumaem KO3IDDUUMEHT TENnNOoOoTAaYW B COOTBeTCTBUW ¢  AadHbimu CHull

¥* % 2-0 — . — ? - ——
[1-3-79™" pasHeiM 6 Bt/ {m"- "C). Npwn bnep 0,25 m; )‘nep 0,8 Br/(m *C); g

=01 m; A, =007 Bt/ (m-LC) KoadhdUumneHT Tennonepeaayn, BoIYUCHEHHbIN NO Hop-
myne (48), pasen:

1
kne = — = 0,48 BT/(M2'0 C).
P 2/6 + 0,25/0,8 + 0,1/0,07

Mpun TeMneparype Bo3ayxa 8 FPy30BOM KOpuaope nnoc 8°C norepu xonona 4epes ne-
PEeMbIYKW PDaBHbI:
ANR Kamep ct =0C (3 Kamepbl)

Qnep = (0,48:3:2-7-7{(€ 1+ 0} = 806 BT

ANA KamepbiCt = ~10°C (1 Kamepa)

Qnen = 0,48-2-5-7 (8 + 10) = 605 Br;

5 =1,68'F (0,8) = 1,68-47 =7,9; R =7,9-382 = 30,2m;

ANA Kamep ¢ t = - 20°¢C
k, =0,4: Kp=1,35, ka =k, = 1; kﬁ =0,b; erf{0,5) =0,52; karpu =1,2; £=2,2;
6 =171, Fit =29 m

ANA KamepbiCct = — 30°C
kT =0,27: Ko =0,9; ka = ke =1 kﬁ =0,648: erf{0,648) =0,64; karph =1,13;
¢ =2,52; §=68; R =26wm; a

ANA Kamepel € t = 0°C
k. =1,a & paccumThiBaem no ¢popmyne (28)

arp

5=08371n264(27201++ 3274 )} =83 R, = 84382 = 32 m.

2. Mo dopmyne (24) BhiuncnAem KoathHUUMEHT HECTAULMOHAPHOMO Tennoobmena
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B —— = 0,265 Bt/ (m*-°C).

1+ 16In(1+ +/ 3:2,74 )

3. No dpopmyne (32) onpeaenrem nonpasxkK K Ko3ahPUUMEHTY HECTAUWOHAPHO
TennoobBmMeHa, yUuTbIBaOWMe TennosBoe a3anmMoaencTBMe KamMep,

nA kamep C e~ —20°C Rt =29 m. Mo3ToOMy B TENNOBOE B3anMmoaencreue
AET BOBNEYEHO ABe cCoceaHWe Kamepbl, TaK Kak thlp = 10 +7 =17 m. o dopmy
(32) npnty =t u "9k _rsr(i MONY4UM

17 17
7,7 In 0,637(——— +1) 1,3 + 1
3,82 3,82

C = —m— e = (0,87
7,7In(7,7) +1~1.7

ANA Kamep C t =_20°C (9 Kamep)
Onep = 0,48-9:2-5:7 (8 + 20) = 8470 Br:

ANA KamepbiC t =_30°C (1 Kamepa)

Gne;:) = (0,48-2-5-7(8 + 30 ) = 1280 Br;

pX Qnep = 11,2 kBT,

4. Boluncnaem KuathduumeHTsl MHTEHCUDM KaUKKM TennoobmMeHa NPpu arperaTHbix n
pexoaax karp N pagnyc Tennosoro BNUAHUA KaXXA0W KamMepbl Ha 2-n roa 3KCcNAyaTauu

OnpeaenfeM 3KBUBANEHTHLIU PagUuyC Kaxxaov KamMepb! Foc W umcena noaobur Bi
Fo.

2{5 + 7) 6-3,82 6,33-10" "+ 17520 .3600
raK"" = 3, ¢ Bi = = 16 F0= 5
2:3,14 1,43 (3,82)
=274,
BenudnHbi karD' £, 6§ onpeagenfAem no chopmynam (39) — (43),
Ana kamepot ¢ tK = _10°C

335200+0,07 -2600
- =27: k_ =k _=1;

k. =8/10 = 0,8; Kyp=
871-2600-10 a €

T

—0,494-0,8 + \/0,244(0,8) 2 +1,55-2,7 + 1,11 +0,48
1,77-2,7 +1,25:0,8 + 0,54

kﬁ = 0,32 ;

erf (0,32} = 0,35 :

karp =1+ == —~—— = 1,32 ;
L (1 +0,8)0,35(1 + 0,54/ 2,74)



1 1 1
+ 4 32,74 } ~——— erf ] — ———— J =

(1 +0,8) 1,32 16 (1 +028) 1,32

= 1,68;

2\/_7/382

—— | = E{0,774) = 1,3 (cm. npun. 5).
(1 +17/3,82)

A KaMepbl ¢ t -3
An ep K 0" C. Kamepa nonagaeT B 30HY TeNNOBOTO BANARKHUA Bbipa-

BOTOK C t. = —10°Cc (Rt =30,2 M) » t .~ —20°c (Rt=29 M) .

Mo dopmyne (32) npwu r:_)I<i =r:m_1 nony4um.

! —10-8 7.9in(17/3,82) —0,637{(17/3,82+1) 1,3+ 1

c_ =1 - 1 — =0,94:
-30 — 8 79In{(7,9) +1 -7,9

e S S sl S — S S S LS syl g P S S s S B B T afegeys Sl D G .

CH — 1 _ —

_20—8 [1 7,710 (17/3.82) — 0,637 (17/3,82 + 1) 13+1] 0g

T ~30—8 7.7In(72,7) +1 7,7
AnAa Kamepsbl c t = —10°C. Kamepa nonagaeT 8 30HY BAUAHWA BbIPabOTKKU C t
= —30°C
—30 -8 6,8In(17/3,82) —-0,637(17/3.82+1) 1,3+1 =065
c. = 1= ——— 1 — - R e
T —10 — 8 68In(68) +1 —6,8

ann haMEDbI [ 0°C. Kamepa nonagaeT 8 30HY BNUAHWA BbIPaboTOK C t, =
=-20Cn t =0°C (R, =32 m)

S = 0,545 ;

/ : —20-8 | 77|n(17/382) —0,637(17/3,82+1) 1,3+1
7.7In{2,7} +1—=17,7

« _ 83In(17/3,82) —0,637(17/382+1) 1,3+1

C,L T ————— e = 0,89.

5. BoiumcnAeM BenuuuHsl KoadhpuuneHTOoB HecTaumoHapHoOro TennoobmeHa ¢ yve-
TOM TENNOBOro B3aMMOALNCTBNA BbipaboToK.
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B A xamep c t = -20°C.
k., =0,265+0,87+0,87 = 0,2 Bt/ (m%° ).

AnAa Kamepst ¢ t. =-30°C

k_ = 0,265-0,94-0,9 = 0,224 B1/(m*.%¢C},
Ansa kaMepsbt ¢ t = —10°C

k_ = p,265-0,65 = 0,172 Br/ (m>-°C},

Ana kamepbi ¢ t = 0°¢

k, = 0,265:0,545-0,89 = 0,128 B/ (m"-°C),

6, Onpeaensem no cdopmyne (85) notepn xonona npv TennoobMerHe ¢ OKPYKaloe

LMW pabouve NOMELLIEHWA TOPHLIMU NOPaaaMU,
[MosepxHoCcTb pabounx NoOMeuleHWIA COCTaBNAGT!

por * = 2
FEblp 15:2{56+.7) = 360 m“ ,

Ana paBounx noMeuseHun c t = —20°C (9 Kamep)

Q = 120,2-360(8+20) 9 = 21,8 kB,

Ana patounx noMewlerHnn ¢ tx = .-10°C (1 wamepa)

Q. = 1,32-0,172-360 (8 + 10) = 1,48 kB,

AnAa pabounx nomelieHni ¢ t. = 0°C (3 Kamepbi}

Q_ = 0,128-360(8 + 10} 3 = 1,1 Br.

Ana pabounx nomMeuleHunit ¢ t. = -30°C {1 Kamepa)

Q = 1,13-0,224-360(8 + 30) = 3,46 «Br;

£Q_ = 27,8 «Br.

1, PaccuuthiBaeMm notepu xonopa Npu tennoobBMeHe ¢ BO3AYWHOW cpegon 8 rpy30-
BbiX Kopuaopax (3 kopupopa, t = +8°¢). MNMprHnMaeM cpeaHiolo TeMNeParypy nopoa,
OKPYXaWLWMNX rPYy308ble KOPUAOPSLI -—150C; ceveHue rpysoBbix kopmaopos — 20 Mz,,
nepuMetp — 18 m, anvny — 100 M,
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Benvunner k_ karp . BbluucneHHbie No dropMmynam (24}, (41) npu Bi =12 1
o
Fo = 4,86 coctasnsaior (4,3 B?"/ {m?. C} nu1,25,

{

Q= 1,25:0,3100-18(8 + 15) 3 = 46,6 «Br,

8, O6wmnin pacxon x0N0OAa HA TENNOOOMEH C OKPY KAOLWEN CPEAOn N TeXHONOruYyecKwue
HY>XAb! BbluvcnAem no popmynam (83}

Qo = 11,2+ 27,8 + 46,6 + 165 = 250,6 «Br.

Onpepenenne gnurensHocTy NpenIKCNNyaTauNoOHHbIX NEPNOA0E8 GOPMUPOBAHNA 3aAaHHbIX
TEMMEPATYPHDIX PEXVMMOB B NPOU3IBOACTBEHHDIX NOMEIMEHNA AX

AnA nopaepxaHMA B pabounx NOMeLeHUAX 332aHHOro TeMnepaTypHoro peXxxuma npue
HAM3EM CUCTEMY C HeNOCPEACTBEHHbIM OXna)kaeHueM Ha ocHoBe Hpeona 22. Toraa dop-
myna (82), carasiBaowan xonoaonponssoanTensHOCTL 0BOPYAOBAHWUA, YCTAHOBNEHHOrO

B8 Kamepax, C NNOTHOCTLIO TENNOBOro Notoka npu At = 10°C, m, = 0,045, FBb,p B

= 360 m> npuHuMaeT BUA:

—

0,0564 Q_

qyn = --g':—t-———* 1 —-0,7exp (0,045 tl'( oo
K

_ 0
I A pabouero noMeuleHns ¢ t = ~20°C 006 cocrasnAer

+Q =0,94+2,42+18,3+ 33 = 256 kBr.

Q = Q + 1‘;1n+C1TE_MH .

06 nep

Toraa

0,0564-25-10° | \
q = - ~————11—=0,7exp{(— 0,045 20} { = 36 Br/m~,

e 8 + 20 |

b

b-'J.Eﬂ

o hopmyne (80} npw =0,7 w t =_20°¢C {cm. Tabn. 4} k_=1,27

BbiynCcnAaem 71
MNedK

L2 B [ ___“§ ¥ K K _____J§ "y " — ey seeees whilsll NS Sy S L. T ity & 0 s W

6.33-10 7 {36) 2

r
MNo3K '

x 0,07) 20 p
- v —e—— = 272107 ¢ = 31 cyT.




Anna paboyero nomeweHua ¢ tK = ~30°C

Q, = 1.28+346+18,3+3,3 = 26,3Br ;

_ 0,0564-26,3"1 0° ¢

q — 0,7exp (— 0,045-30)] = 32 Br/m?,

Mo dopmyne (80) npu C—— =0.7 u t, =—30° k =1,28
uen
= 4 og 0757 ,43% 8% +1,43.6,33.107 2600 (2-871- 8 + 335-10° 0,07) 30
T - ’ e e e e —m -
N,AK

6,3310" 7 (32)

= 5,41-1060 = 63 cyT,

AnA pabovero noMuleHnA ¢ tK =_10°C

Q, = 0.605+1,48 + 18,3+ 3,3 = 23,7 kBr ;
0,0564.23,7-10> ,
q = = - [1 —0,7exp (—0,045:10)] = 41 Br/m? :
va .8
= 1 gy 075 ,43%.8% + 1,43. -6,33-107 - 2600 (2-871-8 + 335 10%-0,07) 10 _
T =107 - e e e e e e e e e e e
3K

6,33 10"’ (41)°
=9,8:10° ¢ = 11,4 cyT,
AnA pabovero nomeweHnA ¢ . =0°C

Q

o6 = 0,27 +0,37 + 18,3+ 3,3 = 22,2 kBr;

0,0564 22,2 10°
a,, = e e 0,7exp(~0,045-0)] = 47 Br/m? .
8

Onpeaennem no d¢opmyne (79) senununHy 9,cn © Acnons3yem anA BbiMucneHuA Place

S, A . B, dopmynb (2), (6), (9), (20), INpn arom npumem 3HaYeHMe BNAKHOCTH BO3-

ayxa th:amepe P = 0,9, a tcp =0,5 (8 + 0} =4°¢,



_4/ 360+18,7-4 _
P acl4°C) = 1,33-10 "( ————————— ) = 8,14-10"* Mna,

S = (2500 — 2,38-4) 10° = 2,49.10°% Ow/xr

1,89
10 (4+273)

A\, = 41610° ————v - =1,7:10" kr/ (m-c:MMa ) ;
b 0,101
-4
1,7-10 -
ﬁn = 6— -—_ =41+10 2 KF/(MZ c-MMfa);
2,48:10"°
Qucn =2,49-10°-4,1-10"% 8,14 107 % (1 - 0,9) = 8,31 Br/m>.

Mo dpopmyne (78) BbIvchAEM T sk

(8—-0) 1,43
P S —— 314 ___ =1,08-10° ¢ = 1,25 cyr.
-3 2(47 — 8,31) 6,33-10" '



NPUNOXEHNE 1

MNapameTpbi BO3AlyXa B CKNAACKUX U aBTOTPAHCNOPTHLIX 06bLeKTax

—— S S L il el s—— e S S

- el - . el e el T—— A i EE— S T S . . AL N L. e s e A bl S S S . S S el

O6vexTh) MNapameTpbl BO3AYLWHON cpeab)
Temnepatypa —r-omocmen bHAaA | CKOPOCTb ABMIXKEe
t, C BNaXHOCTb BO3= | HMWA BO3AY XA

L.D.yxa Oy 70 v, M/c
3epHoxpanunuiia n xpaHnnuuwia 10—12 65—70 Ao 0,3
Myku (kpyrnel) B Tape
Cwxnagsi obopyaosaHua u gpy- 5-—-20 Do 70 +
rue cknaabl obuero HasHaue
HWA
CKnaabi UBEeTHBLIX U YePHbIX He pernaMeHTn- Do 80 +
MeTannos pyeTcA
Cknaabi 6ymMaxHon npogy Ke Ao 25 Ho 75 +
U
XpaHunnwia cy xux MapoyHbiX 10—-12 85—90 Ao 0,3
BUH
XpaHunuiuia Kpenkux mn gecepr- 13—15 85—90 Do0,3
HbIX MaPOYHbBIX BUH
MovelleHUA ANA BbidepxKW 10—-15 He pernamenTupytorcs
WwaMnaHckux suH {8 Gyteine
kax)
Xpaunnuuia MOKpPoCOneHora Oo 18 70--80 0o (0,3
KOXEBEHHOTO ChIPbA
XpaHunuLa npecHO=Cyxoro Ho 18 6570 o 0,3
KOXXeBEHHO IO ChbIPbA
X paHNAULLA XNONKa-B80- ¥ Ao 70 {no +
NOKHA W LLepPCTH 90-xpaTkoBpe-

MEHHO

NpoayKTOBble CKNaab! Ho 20 70—-80 Ao 0,3
I cyubHuyb! 1214 8590 +
Knuroxpasunnuuwia 16—20 50—60 +
NoMelweHnA ANA CTOAHKMW Hit ke 5 Ho 75 +
aBTOMOHurnei
XOnoannbHAKW + + +

MpumeyaHne, 3Hakom "nnioc” nokasans cnyvyam, Korga napameTpbl NPUHUMA-
{OTCA B COOTBETCTBUMKM C HOPMaMMK ANA Ha3eMHbIX 0BLEKTOB,

70



FIPUTTOXNEHUNE 2

Tenno- n BnarodusuvecKue XapaKTepuCTMKU FOPHbLIX NOPOA,

Tennodmanueckne XapaKrepuncTMKu rOpHbixX NOPoO AR

iy ikl g

HanmeHOBaHKe ﬂnomog'rb
NOROAL! £, KF/m
Bazaner 2300
M pauwr 2720
donoMnT 2675
U3BecTHAK 2000

" 2600
PakyuwevyHuy 1400
flecyaHuk 2380

‘ 2590

'’ 2900
Meprene 2130
Men 2020
CepHbii KOnveaaH 4600
CnaHeuy 2690

" 2330
Cnanewn rnHucTbin 2770

' 2430
CnaHeu nec4aHbil 2740
Yronow 1340

L R

iyl

Taénwuuya 1

Al -

e M S— —

YhenoHan Koadhdunumnenr Koadbdumumnent Temne-
Tennoem- TENNONPOBOAHOC-|PAaTYPONPOBOAHOCTH
KOCTb C_, ™ ?xn-103 an~107, szc
kAw/ {(kre)| kBr/ (m.c)

0,921 3,50 1,35

0,917 2,21 8,84

0,929 1,73 6,96

0,920 1,16 6,31

0,871 1,43 6,33

0,921 0,86 6,66

0,791 2,64 14,03

0,988 1,05 4,10

0,749 2,02 9,30

1,570 1,93 5,82

1,965 1,80 4 .56

0,860 4,20 10,30

0,992 2,22 8,31

0,913 1,88 8,83

0,319 1,88 8,30

0,992 0,93 3,86

0,849 1,89 8,14

0,971 0,22 1,69

Tabnwunya 2

TennogmanuecKne XapaKTepUuCcTU KN HEKOTOPbLIX TURIOB TOPHbIX
NOPOA B TAaNOM U MEP3INOM COCTOHHUAX

. Ty SRR R

flapoga BnaxHocte| lNnorHocTtelYaenbvHanr Koadpduun- | KoadbduuumenT
W, % P e Kr/m~ [Tennoem- eHT TErnnNonpo= TemMneparypo-
KOCTb BOAHOCTH NPOBOAHOCTH
Cot < [/ }\n -103, an-107, M2/c
/ {kr-c) «kBt/ {m-¢) J_
(lecok 5 1200 1,0/0,92 0,47/0,6 3,9/5,6
10 1200 1,13/0,92 0,72/Q,92 5,3/8,1
5 1400 1,0/0,88 0,66/0,8 4,7/6,4
10 1400 1,1/0,92 1,0/1,95 6,7/9,2
15 1400 1,21/1,0 1,16/1,57 6,9/10,6
15 1600 1,21/11 1,45/1,86 7,5/11,9
15 1800 1,21/0,96  1,8/2,2 8,3/12,5
15 2000 1,21/0,96  2,2/2,56 8,3/13,1
Cynech 10 1200 1.13/0,92 0,44/0,62 3,3/4,7
10 1400 1.1/0,92 0,84/0.,8 3,9/6,1
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.1 r . ' ¥ . _fr 3 R 3 | . ¢ __» ¢ 3 R ___F | s EEgy SN . S LS. b e & o o 1T R B ]

lnoTHOCTL] YAenbHan

Mopoaa BnaxHoctb
w;
W, %o
15
15
16
CyrnnHkKu 10
U FMUHbI 15
20
20
20
20
Yrons 3
10
MecyaHunk 3
3
FnuHNCTRIV 2
U necyaHbin 6

W CNaHub)

3
P . KF/M

1600
1800
2000
1400
1400
1400
1600
1800
2000

1400
1450
2500
2500
2500
2500

TennoeM-
KOCTb

C s K L/

. . . — ey, P plisss-apm—— pleesss, PR, T et -l

1,21/0,96
1,21/0,96
1,21/0,96
1,10/0,92
1,21/1,00
1,34/1,05
1,34/1,05
1,34/1,05
1,34/1,05

1,05
1,26/1,13
0,84/0,84
0,92/0,88
0,84
0,92

l1podonwenue npun., 2

Koadduun-
eHT Tennonpo-

BOAHOCTH
3
A,-107,

1,1/1,28

1,38/1,52
1,63/1,74
0,51/0,79
0,65/0,98
0,76/1,09
1,02/1,30
1,10/1,40
1,44/1,70

0,29/0,3
0,3/0,41
2,6/2,6
2,7/2,8
1,7/1,7
1,86/1,98

N sl e s sinislsl lblial geee—. le—" E—— E—

Koadprumenr
TeMneparypo-
NPOBOAHOCTH

a7
an 107,

11,7/12,8
8,3/8,3
8,1/8,6

Swp,.%

3HaueHuA koathgmumernta auddynm HeKOTOPbLIX TUNOB FOPHbLIX NOPOA 8 3aBUCH-
MOCTWU OT TEMNEPATYPb! U BNAaXHOCTH

@ — AeTPUTOBbIK M3BECTHAK, 6 — KPYNHOONUTOBLIA M3BECTHAK: 8 — NNOTHLIW M3BECT-
HAK; 2 — MenKoONMUTOBbLIN U3BeCTHAK,; 0 — KPUCTaNNuYecKuin nasectHaK: € — Tvd: m —

YNMNOTHEHHbIN N3BECTHAK
72



NPUTNTOXEHUE 3
TepmoamnaMmuueckmue CBOMCTBaA BO3AYXa

Tepmoanuamuueckme cBOMCTEa Bo3ayxa npn gasnesnn 0,101 MIa

Tabnwvuua
0 -
t, C Tennoduznueckue cBONCTBA CYXOro BO3AY Xa Pua o Hac’
e e e e e e - ——] MMa Kr{Mm
P Kr/M3 c , kx/ (krxiA a 10°%, | » *106
B’ . B’ ar o BZ ’ BZ ’
x 9C) By/{m “C){m /c M-/c
—20 1,396 1,009 2,28 16,2 12,79 1,23 1,1
—18 1,385 1,009 2,3 16,4 12,72 1,48 1,3
—16 1,374 1,009 2,31 16,7 12,65 1,74 1.5
—~14 1,363 1,009 2,33 16,9 12,57 2,06 1,7
—~12 1,353 1,009 2,34 17,2 12,5 2,44 2,0
—10 1,342 1,009 2,36 17,4 12,43 2,85 2,3
~8 1,332 1,009 2,38 17,7 12,6 3,265 2,7
—6 1,322 1,008 2,39 18 12,77 3,83 3,1
-4 1,312 1,007 2,41 18,2 12,94 4,48 3,6
~2 1,303 1,006 2,42 18.6 13,11 5,24 4,2
O 1,293 1,005 2,44 18,8 13,28 6,09 4.9
2 1,284 1,005 2,45 19 13,46 7.05 5 A
4 1,275 1,006 2,47 19,3 13,63 8.11 6,4
6 1,265 1,005 2,48 19,5 13,81 9,31 7,3
8 1,256 1,005 2,5 19,8 13,98 10,66 8,3
10 1,248 1,005 2,51 20 14,16 12,25 9.4
12 1,239 1,005 2,53 20,3 1434 14 10,6
14 1,23 1,005 2,54 20,6 14,62 1594 12
16 1,222 1,005 2,56 20,8 14,7 18,13 136
18 1,213 1,005 2,57 21,1 1488 206 153
20 1,205 1,005 2,59 21,4 15,06 233 17,

[1PUTTOXEHWNE 4

UcxoaHble naHHble AnA pacteta kKoahduureHToR MaccooTaaum

Ko sdhtpuumnenrant maccooTaaum ¢ NOBEPXHOCT hbaa ﬂn
W MOPOXEHBIX NpoayKTOoR 3

npopn
NosepxHOCTHL cnapeHusn KoactzacbnuueH12maccoornaqu
810°; wr/{m" c-MnNa)

A el Tl e ey S N RS bl Sl el e el EE—— S L S el gy Sy T el i Wepes B

Maco, rnasuposaHHoe nbaom 1,29
NpwW remneparvpe — 99C




TIpodonxcerue rabn,

T, T S, -S——

T el T aEE— el T desiegs B SR e — R S-S - ek s— S E— e

————“‘_“__—_._

FTosepxHOCTL NcnapeHun Koachpuument maccooraaum
ﬁ~102; kr/ (M2 ¢-Mna)

T S L et e el Syl - = — L] T P SE—— T b . S B el s el S—— *—“—-“—.——4— e e wiler S

MopoOxeHOe MACO cpegHer YNUTaHHOCTW 0,815
JleaAHbte 6GnOKKM pazmepom 1,76 — 2,26
14x16x4 cM npu TeMriepaTtype

-6 .. —~10°C,

To »xe npu Temnepatype —22 —-259C, 1,59
fNeprHaA nnacTtuHa 2,09

npm TemMnepaTtype —10°C

Tabnunua 2

BennunuHa napamerTpa U fipy PasnnuHbIX Temnepartypax
ANA HEKOTOPbIX TUNOB ropHbIX NOPOA

el SN IR el A S —— e BT i St L g Srrern v e el S m— el i —— Mmriar —— —" w——— —

Nopoaa Temnepa'rypa
12 ]’ [ :

_______________ jo 12 je
KpynHoo 6MONOYHbIA N3BECTHAK 0.50 0,76 0,96 1,22 098 0,55
KE\YKH HOONUTOBLINA 0,49 0,75 0,97 1,31 096 0,55
MenKoonuToBbIA 0,39 0,62 0,82 1,21 0,86 0,47
AeTpntoBbiN 0,42 0,56 0,74 1,06 0,88 0,51
YNnoTHexHbIN 0,37 0,47 0,57 0,71 068 0,6
MNnoTHbIN 0,56 0,81 0,98 1,29 0,95 0,65
Kpuctannunueckum 0,29 0,44 0,55 0,79 063 0,35
CpeaHe3epHUCTbIN NECHEHNK 0,12 0,23 0,33 0,47 0,37 0,2
MenkKo3epHUCTbLIW 0,04 0,07 0,12 0,2 0,17 0,09
ApKTukKckum Ty 42 0,51 0,57 0,75 0,71 0,53
Fung — 008 0,09 0,3 0,1 0,04
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MouxpomMeTputeckan guarpaMmma

[TPUSTOXEHUE 5

3HauYeHUA NONHOTO INNUNTUNECKOTOo UHTerpana {1 poaa E (K}

15
1.4
1.3
1,2
1,1
JHANGHUA NOAHOTO INAUNTHHEC- :
Koro usrterpana i poas E (K). 0 0.2 0.4 0.6 0.8 "
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3nauenna kos3dpuunerTos n

[IPUTIOXKEHHE 6

4 f ! /
Kk , M |

anp’ “anp’ ''anp’ 'anp
3uauesntn ko 3hdmunenra n;np AN A Pa3NAYHbIX
ANana3oHOB W3IMEHEHUA TemMnepaTypbl
o, T P T T o, T T[Ty T
At, C T nanp {: At, C | nanp
~-40-+-. =30 0,01 15— 20 0,83
~30+..—-20 0,05 15— 25 0,95
~20---10 0,09 20 — 25 1,10
—-10--- 0 0,19 20 — 30 1,32
g---10 0.40 25—30 1,40
5-++15 0,53 25 — 35 1,69
10---15 0,56 30 — 35 1,37
10---20 D,72 30 —~ 40 2,02
Tabnuuya 2
/ f
3raueHnn kanp' manp' lanp ANA Pa3NMYHbIX
AVaNa3oH0B W3MEHEeHWURA TEMMNEPATYPbI
PV U Y S : T
At C anp manp anp 'i __nla_r_'ug____
! 4
anp
- L ~ L - | ———
~-30-:+—20 2,892 0,146 0,002 1446
—25+--=15 3,112 0,166 0,00244 1275
~20-+--10 3,496 0,21 00,0037 445
—15.. —5 3,088 0,242 0,005 7137
—10---0 3,77 0,269 0,00676 558
—5...+ 5 3,77 0,281 0,00916 412
0.,.,10 3,77 0,266 0,012 314
5.00 10 3,96 0,209 0,0158 251
10¢c.020 4,68 0,089 0,0206 227
15.00.2H 5,42 ~-0,114 0,0264 244
20.,.30 0,82 ~0,424 0,0334 294
25 o0 35 1 6,6 "‘0;94 0,0432 384
30 ... 40 29,6 —1,76 0,056 529
_______ S p— S — U ——
40... 50 103,18 ~5,44 0,102 1012
50 00O 60 335'2 "_1 4'6‘3 0,1 93 1 737



