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OCHOBHBLIE YCNTOBHBIE OBO3HAYEHHA

Q — xoauuecTBO TemAa, BT (kkaiufy)
g — TenioBoii notok, Br/m? (kkanfu-m?)
T — abcomoTHast TeMmrepaTypa, K
{ — temneparypa cpeshl, K(°C)
T — temnepatypa nosepxsoctd, K(°C)
6 — orHocHTeJbHaR H3CGBITOYHAA TeMIepaTypa
& — uabbiTounas Temneparypa, K(°C)
C,— vanyuenne  abCOMIOTHO  uepHOii  mosepxuocTH, B/ (m2-K5)
[kxaaf(u4-m2-K*)]
€ — k03 HIHENT H3NYyYeHHs
E — HHTEeHCHBHOCTb M3Jy4eHHsl MOBEPXHOCTH, BT (kkanfu)
@ — K03 HIHEHT 00JydeHHOCTH
o — kos(pduupent Tennoobmena, Br/(M?-K), [kkan/(u-m2-°C)]
b — TemmepaTypublil kosdpuuuent, K4/°C
B — temneparypHblft Ko3QdHIMeNT OGBEMHOIO pacIIHpeHHst BO3AYXa,
1/°C
g — YCKOpEHHE CHJBL TSXKeCTH, M/c?
¢ — MaccoBast TendioeMkocTb, kHx/(kr-K) [kkanf(xr-°C)]
P — o6beMHan Macca (IJIOTHOCTb) MaTepHaJa, Krim®
A — TenJonpoeonuocTs Matepuana, Br/(m-K) [kkan/(m-1-°C)]
K — xospouument Tennonepenaud, Br/(M?-K) [kkan/(m?-u-°C)]
R — tepMieckoe compotuBaetne, (M2-K)/Br [(m2.4-°C)/kxan]
| — cexkyHAHE 06BEMHBIN PAcXoOn BO3KyXa, M%/c
L — yacoBoit 06bCMHBIR PacXof Bo3dyXxa, M3[u
j — maccoBmifl pacxon BO3myxa, Krf(m?-u)
Kp — kpaTHocTb BO3nyX006MeHa B moMeluenuH, 1/4
Z— BpeMs, 9
U — pnarocopepanue MaTepHala, Kr BJArH/Kr cyX. Mar.
p — naeaenue, [Ta (krc/m2, MM PT. CT.)
(b — XHMHYecKHR moTeHuHad, KJx/Kr (KKaafkr)
© — poTeHuMas BJaxHocTH, °B
1| — BJaroeMKocth, kr/{kr-°B)
i— mOTOK BJarH, Krf(4-m2)
% — KOo3()QHIHENT BIAFOIPOBONHOCTH, Krf (M-4-°B)
B — xosdduuuent BAaroobmena, Kr/(M2-u-°B)
@ — OTHOCHTEJIbHAS BJIAXKHOCTh BO3AYXa
Qg — OTHOCHTEJIbHEIH NMOTEHIHA BJI8XKHOCTH
f — dakTop dopubl
! — npoTsizKeHHOCTb (TeOMETpPHYECKHE pasMep), M
&) — xaJqubp
& — Tonmuna, M
A — npOH3BOJLHEI YPOBEHb MO BEICOTE, BHICOTA MOMELICHHS, M
H — BHICOTa 3paHHSA, M
A— ammantypa koaeGauuit
v — floKa3aTesib 3aTyXauHsl AMIVIHTYAbl KoJeGaHHs TeMmepaTyphl
€ — OTKJIOHEHHE BO BpCMehH, 4
S — koadduumeHT TEIJIOYCBOEHH Martepuana, Br/(Mm2-K),
[kkanf(u-m2-°C)]
Y — Ko3(QGHIUHEHT  TCIVIOYCBOEBHS:  IIOBEPXHOCTH orpakIenys
Br/(M2-K) [kkan/(u-m2-°C)]
P — nokaszatenp Ttemonorsowenus, Br/(M2-K) [kkaan/(u-m2-°C)]
D — ycnoBHast TOJIMHAE, MOKa3aTelb TEMJIOBOH MAaCCHBHOCTH OrpaK-
IOEHHS
1* 3



R, — conpotueaenne BO3LYXONpoHHLAWHIO, (m?-u-TTa)/kr [(M2-uX
XMM pT. cT.)[xr)]
b, — xosapduunenT npoBozIMOCTH BO3AyXa, Kr/(m2-u.Ila'/s) [Krf(M2X
X4-MM PT. c1.'/2)]
B,, — xapaxrepHcTika = npoBogHMOCTH BO3AyXa BceM  3/1eMeHTOM,
kr/(u-TTa'/s) [xkr/(a-mm pr. cT./4]
A— KO3 GHUHEHT, YUHTLIBAIOWIHIT 10A0TPeB  pHABTPYIOHIErOCH Ha-
PY3KHOTO BO3LyXa B OTPaKAEHHH 33 CYET OCHOBHHIX TeIJIoNnoTePh
§ — kospuument MecTHOFO CONPOTHBJEHHSA
A — noKazaTeNb HHTEHCHBHOCTH KOHBEKTHBHOLO Tennoobmena, B1/K
[kkan/(q-°C)]
— KO3(QpHUHEHT npepHIBUCTOCTH
M — MPONOMKHUTENLHOCT MOAAYH TEma, u
T — nepHog BpeMenn, u
K o6 — Ko3pduument obecncuentocTn
J — sutanbmus  Bnaxmoro BO3AyXa ('rennoconepx(aﬂne), kJxk/kr
(xkan/kr)
I — unTencuBHOCTL Conmennoil pamyauny, Br/m? [kkan/(a-m?)]
S—HHTeHi:HBHOCTb TPSMOA CONHEUHOM papuaniy, Br/m? [kkan/(uX
Xu?)
D — unrencusnoctn paccesiHHOM  coJHeuHoIl papnauuy, Br/m?
[kkan/(u.m2)]
— MHTEHCHBHOCTL  OTPAXEHHOM  COJHEYHOI: panuauuy, Brfm2
[xkan/(q-m2))
d — Baarocopepxatne BO3AyXa, I BJATH/KF CYXOH YacTH BAazKHOroO
BO3AYXa
€ —HanpaBlieHHe Jy4a Tpouecca H3MeHeHHs TEMTOBJaXkKHOCTHOTO
CocTosttiMs BO3AYXa B [—d puarpamme



NMPEAUCIIOBUE

Coszanne KOM(OPTHBIX TEIJVIOBHIX YCJOBHi U Gaaronpu-
ATHON IS YyesioBeKa BO3LYIUHOH Cpelbl B NOMEILEHHAX XKH-
JIbIX, AJIMHHHUCTPATHBHHIX, OOIIECTBEHHBIX H IPOMBILUJICH-
HEIX 3HaHHH HeoOXOJHMMO Uit 3JIOpPOBbsl 4YeJIOBEKA H BaXKHO
JUUIsl TIOBHILICHUS €ro TBOpYecKoH akruBHOCTH. Kpome Toro,
HEKOTOpBIe TeXHOJIOTHYeCKHe TIipollecchl TpebyloT nojjep-
KaHHSl OIpejeleHHBIX KJHMAaTHUYeCKHX mapaMerpos, 0e3
KOTOPHIX HEBO3MOXHO HX OCYLIECTBJICHHE H KOTOpHIEe CHO-
coOCTBYIOT HHTEHCH(MKAUHH 3THX mpoueccoB. JlaHHbE Bo-
npocel mpHoOpesin B Hacrosillee BpeMsi oco0yi0 akryalb-
HOCTh B cBsisH ¢ pemenuamu XXV cwesga KIICC. Tak, B
OCHOBHBIX HAaNpaBJIeHHSIX pPa3BHTHA HAPOAHOro XO3fHCTBA
CCCP Ha 1976—1980 romnl 3amucaHo, 4YTO <«...HHTepeCH
KaK Tekyllero, Tak H Oosiee FOJNTrOBPEMEHHOrO PpAa3BHTHSA
CcTpaHbl TpeOyiOT BcecTOpOHHeH HHTEHcMbMKAaLMH NPOH3-
BOJACTBA, YCKOPEHHs1 HAy4YHO-TEXHHYECKOro Iporpecca, po-
cTa NPOM3BOJMTENILHOCTH TPYAA KaK pelllaioiiux (HaKkTopos
noBuillieHNs 3¢ (PeKTHBHOCTH NPOH3BOJACTBA H XH3HEHHOIO
ypoBHs1 HaceJieHusi»!. BMecte ¢ Tem HoBas KoHcTuTynmus
CCCP, rapantnpys mnpaso 4YeJoBeKa Ha oOXpaHy 3Jo-
pPOBbsl «...pa3BHTHEM H COBepLUEHCTBOBAHHEM TeXHHKH 0e3-
ONMAaCHOCTH U NPOH3BOJCTBEHHOH CaHHTapHH; ..MEpPaMH MO
O3JIOPOBJIEHHIO OKpY2Kalolilell cpefbl 2..» CTaBHT mepel y4e-
HBIMH ¥ HH¥KeHepaMmH OoJIblUHE 3aJ[aYyH.

Tlonpep:xanHe HCKYCCTBEHHOro KJIMMAara B IoMelne-
HHH — Ba)XHasl, HO He NpOCTas 3ajaya B CBSI3H C MHOroo0-
pasueM KOHCTPYKTHBHO-IJIAHHPOBOUHHIX pelLIeHHH 31aHuf,
H3MEHUYHBOCTHIO aTMocepHHIX BO3MAeMCTBHI, MOBBILIEHHEM
ypoBHSI TpeOOBaHHH K YCTOHUHBOCTH KOM(OPTHBHIX YCJOBHH
U CTpeMJIeHHeM K 35KOHOMHOMY pacxXofl0BaHHI0 TOIJIHBA.
CrpontenbHas TemynodH3HKa, KOTopas paccMaTpHBaeT BOIN-
POCH TEMJIOBOTO, BO3MYIUHOTO H BJIAXKHOCTHOTO COCTOSIHHH
BHyTpeHHell cpelbl 34aHHs, B HacTosilee BpeMsl NpeBpaTH-

Jlach MO CYLIeCTBY B CaMOCTOATENbHBIH pasjien CTPOHTEJNb-
HOH HayKH.

1 Marepuanst XXV cre3na KIICC. M., IMoantuspar, 1976, c. 126.
2 Koucturyuns (OcHoBroit 3akoH) Coioza Coserckux CouHaauCTHYe-
ckux Pecny6mik. Cratest 40. M., TlpaBna, 1977,



Has cTpontesibCTBa 3pauuii JiI060ro Ha3HaueHHs! IMpH-
MEHSIOT HOBBIE TEIJIOU3OJSAIHOHHBIE, 0OJIHIIOBOYHEIE H KOH-
CTPYKUHOHHBIE MaTepHaslbl ¢ pa3HooOpasHLIMH H HHOTIA
HeloCTaTOYHO H3Y4YEeHHbIMH (H3HYeCcKHMH cBoRcTBamu. CH-
CTeMbl OTOIJIEHHS] H OXJIaXIEHHsl TOMENIeHHil ¢ yCTpoi-
CTBaMH VISl MOJAYHM TeIJla H X0JIofa 4acTo COBMEIlaloT €O
CTPOHTEJIbHBIMH KOHCTPYKUHSAAMH (HM3rOTOBJIAIOT, HampHMep,
CTEHOBBIE ITAHEJNH OTOIJIEHHSI, BEHTHJSIUHOHHbIE MaHeJ N
u T.1.). CepbesHoro BHHMaHHsI TpeGyeT BONpPOC peryJHpo-
BaHHSl MHKPOKJIHMata B TNOMeEIeHHAX 3JaHHH ¢ obJieryes-
HbIMH OrpaXJeHHSMH H OOJIbIIMMH CBETOBBIMH [pPOE€MaMH.
B nacrosillee BpeMsi B MOJHOCOOPHOM CTPOHTENILCTBE 37a-
HHH Hapsily C NOCTHTHYTBIMH OOJIbIUHMH yCIE€XaMH HMEIOT-
¢l HeyllayHM Kak CJIe[CTBHe MaJNoifi H3Yy4eHHOCTH H Helo-
OUEHKH TeINIO(PH3HYECKHX $IBJIEHHI, MPOHCXOASALINX B 3[4a-
HUSIX.

IIpoekTHpoBaHHKe TEMOBOro pexxuMa INOMELIeHHs B 3[a-
HAH MMeeT B BHIy PaCCMOTPEHHE B COBOKYNHOCTH CJIELYI0-
IIINX BONPOCOB:

1) Temoo6meHa M a3pPOJAHHAMHKH NOTOKOB B OTpaHH-
YeHHOM o0beme noMelleHHH;

2) ontuMH3auMH H 00eCHeYeHHOCTH HEeOGXOIHMBIX KJIH-
MAaTHYECKHX YCJIOBHH B IOMEIIEHHH;

3) YCTaHOBJIEHHS! XapaKTepPUCTHK HAPYXHBIX KJHMATH-
YeCKHX BO3[EeCTBHIl Ha 3J1aHHE;

4) Tello-, BJIaro- M BO3JlyXONEpe/laul uepe3 HapyKHbIE
OrpaX{fieHusl, a TaKXe B 3[IaHHSIX H HHXKEHEPHBIX CHCTEMax
obecneyeHnsi MUKPOKJINMATA;

5) pexkuma paGoOTH M pEryJHPOBAHHS CHCTEM OTOILIE-
HHSI-OXJaXK/eHHs] W BEHTUNISILHH  NoMelleHHil ¢  yye-
TOM HEeCTallHOHAPHOCTH TIIPOLECCOB B pacyeTHble 3HM-
HHe H JIeTHHEe TepHOALl M HX H3MEHYHBOCTH B TeYeHHe
rona.

B nomeuieHusix ¢ GONBUIHMH OCTEK/IEHHBIMH MOBEPXHO-
CTSIMH H MAaJIONHEPIHOHHBIMH OTrpaxkJeHHAMH MOTYT obpa-
SOBBIBATBCSl 3HAYHTEJbHbIEe 00JacTH AHCKOMGOPTHHIX ycJo-
BHH, NMOTOMY HEOOXOMHMBI ClelHalbHBe Mephl 3alHTH T10-
MEIleHHH OT OXJMaXJaloulero TeloBOr0 BO3IEHCTBHS
HapYXHBIX OTpaxIeHui.

YuuTeiBasi coBMeCTHOe MefiCTBHE NOTOAHMBIX VCJIOBHH H
TeIJIOBLIX NpoOLEcCcOoB B NOMELIEHHSIX H CHCTEMAX OTOIJle-
HHsl, OXJIaXK[leHHsl H BEHTHJISIUHK M CNyYaiiHBIH Xapakrep ux
H3MEHUYHMBOCTH, NPH pElLIeHHH 3TOH 3ajayu cJiefyeT Kom-
IJIEKCHO paccMaTpHBaTh TEMJIOMAacCOOOMEHHBIE MpPOLecChl
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¢ HCIIOJIb3OBAHHEM CTATHCTHYECKHX METOJOB H TeOPHH Be-
pOATHOCTH.

CJ/IOKHBEIM SBJSIETCS TEMJIOBOH peXKHM MHOMEllleHns Jie-
tom. Jlns ero omnpegnesieHHss TpeGylOTCH PacyeThl eCTeCTBEH-
HOTO TEIVIOBOTO pexHMa, BO3LyXooOMeHa, pexHMa pe-
ryJHPOBAHHS CHCTEM OXJIaXJEHHsl U BEHTHJIALMH H 0GOCHO-
BaHHS HeoOXONMMOCTH Mepexoja oOT HeperyJHpyeMoi
BeHTHJIAIIHH K CHCTEME KOHAHLHOHHPOBAHHS C aBTOMAaTHYe-
CKHMM peryJIHpOBaHHEM.

B KHHre HM3JI0XKEHBl OCHOBBI TEIJIOBOr0, BO3JYILIHOTO H
BJIAXXHOCTHOTO PEXHMOB 3JaHHA H [aHB PpPEKOMEHJAIMH
MO HX pacuery. ABTOp CTapalCs BbIEPKAaTb JIOTHYECKYIO
AOC/E0BATENIbHOCTD H3JIOXKEHHS] TEOPHH TEIJIOBOIO PeXKH-
Ma 3/laHusi, OCTpOeHHe KoTopoii camo mo cebe MpencTaB-
JfieT OnmpefesieHHbH Hay4YHbIl H MNpPaKTHYeCKHH HHTepec.

Marepuasn, npenjiaraeMeiii YATaTeNIO, ABJSETCS pe3yJib-
TaTOM HayYHBIX HCCleloBaHHil, pa3paboTKH MHXKEHePHHIX
peKoMeHIauuit ¥ yueOGHEIX nocoGuil, BHINOIHERHBIX MO pY-
KOBOACTBOM aBTOpa OoJsibliofl rpynmoi mpenojaBaTede,
aCMHPAHTOB H cTYAEHTOB Kadelpbl OTOIVIEHHs], BEHTHJISALHH
H KOHIHIHOHHPOBaHHSA Bo3iyxa MKCH.

B KHHre Bce BEJHUHHB H GHOpMyJbl NpHBEJEeHH B ABYX
cHCTeMax e[HHHI{ H3MepeHHs: B MexIyHapoiHOH CHCTEME
CH n B cucreme MKI'CC. Ilepehie mo mopsfky ¢opMyJibl
H BeJIMUMHBI B TEKCTe JaHH B €JIHHHLIAX H3MepeHHs CHCTe-
mbl CH, BTOpHE, HMeIOllHe NOpsAAKOBLII HOMEpP CO LUTpH-
xoM, — cuctreMsl MKI'CC, uundpoBble 3HauYeHHsi BEJHYHH
B cucreme MKICC nann B ckoOkax. Takoe pelueHHe BbI-
3BaHO HeOoOXOLHMOCTBIO INPHBECTH Bce TelJodH3HNYeCKHe
pacueThl B COOTBETCTBHE C €IHHHLAMH H3MEPEHHsl CHCTEMBL
CH B ycnoBusix, Korlla B AEHCTBYIOINMX HOpMax, COpaBoyY-
HHKAX M TOCOOHSIX TMO CTPOHTENbHOH TeIvlodH3HKe MpHMe-
asloTCa equHuubl usmepenusi cucremer MKICC.



FNABA |
TENNOOBMEH B NOMELLEHUM

ITpoueccrl, oOycnaBiuBalONINe TEIJIOBYIO OOGCTAHOBKY
B MOMENICHHAX, CJeAyeT pPacCMaTpHBaTeh B HepaspbIBHOMH
CBAI3H C TEIVIOBEIM, BO3AYUIHBIM H BJIAXHOCTHEIM peXHMa-
MH 3Jlannsg. TennoBoil pexkum sfhaHuit onpegensionuii, Ot
Hero 3aBHCAT OULylIeHHe JIIOAbMH TemJloBoro komdopta,
HopMaJibHoe MpPOTeKaHHe IIPOH3BOJCTBEHHBIX IPOIECCOB,
NOJITOBEYHOCTL CTPOHTEJNIbHBIX KOHCTPYKUHA H o0opymosa-
nug. Ha rtemyioBylo o6CTaHOBKY NOMeIEHHsI BJHsieT psf
(dakTOopoB: Temnepartypa, HNOABHKHOCTD H BJIAaXHOCTb BO3-
ILyXa, Ha/llHyHe CTPYHHBIX TedyeHHH, pasjHyne HapameTpoB
BO3lyXa B IJIaHE H MO BLICOTE NOMEIUEHHS, a TaKXKe JIyYH-
CThle MOTOKH Tellla, 3aBHCSALIHE OT TeMIepaTypbl, pasMme-
POB, pacnosioXeHHsi H paAHalHOHHBIX CBOFCTB IOBEPXHO-
crel, oOpallleHHBIX B nmomenleHue, Baarofaps KoHBeKTHBHO-
MY H IYYHCTOMY TeINIoOOMeHy M IpoleccaMm MacconepeHoca
B NOMELIeHHH TeMIepaTypbl €ro HOBEpXHOCTEH H BO3AyXa
B3aHMOCBSI3aHHI.

Ins nonnmanusi GOpPMHPOBAaHHST MHKPOK/JIHMAaTa H OTpe-
IleJleHHs] BO3MOXHBIX CNoco00B BO3JEHCTBHA Ha HEro HyX-
HO 3HATb 3aKOHBl TEMJIOOOMEHA B MOMEIIECHHH.

B rnaBe I paccmorpens ocoGeHHocTH 06liiero Temnoo6-
Me€Ha B IOMEIIEHHH H ero COCTaBJAIONIHX, H3JOXEHa Io-
CTaHOBKa 3ajlayH, NOKa3aHBl IYTH, KOTOpble oGecleynBaloT
HaJieXKHOCTb H JOCTATOYHYIO TOYHOCTb HHXKEHEPHEIX pacye-
TOB OOecneyeHHsl 3aflaHHBIX TEIVIOBBIX YCJOBHHI B HoMme-
LIEHHH.

I.1. NYYHUCTHIA TENNOOBMEH

BaxkHofi cocTaBasoulefi CJNOKHOIO (H3HYECKOTO mMpoO-
liecca, obycC/aB/HBaOLIEro TEIVIOBOA peXHM MOMELleHHs,
ABJISTETCS TenmJoo6MeH Ha ero moBepxHocTax. TemoBoit Ga-
JIaHC J1060# MOBEPXHOCTH [ B TOMEIUEHHH ONpeesseTcs
ypaBHEHHEM

Jlg; + K6, + Te, = 0. (I.1)

Jlyuncras Jls,, xouBekTHBHas Kg, H KOHIyKTHBHas
(TennonpoBonHoctb) T, COCTaB/sONIHE Tem10o6MeHa Ha
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[IOBEPXHOCTAX B NOMEILEHHH MOTyT H3MEHSITbCSl BO Bpeme-
HH, HMETb pa3JinyHoe 3HaYeHHe H 3HaK, Ho ypaBhenue (I.1),
oTpaxalollee 3aKOH COXpaHeHHsl SHEPTHH, OCTaeTCsl HeH3-
MEHHBIM [JIS CTAlHOHAPHBIX H HECTAllHOHAPHBIX YCJIOBHH
rermyioobMena. Ec/iH Ha NMOBEPXHOCTH HOMNOJHHTEJNbHO BEIIE-
JIsieTcs WM TorJiollaetcss Temo (B pe3y/braTe HCIapeHHs
BJIaTH, KOHJEHCAUMH BOASHOrO napa, obJyuyeHHsl COcpeno-
TOYEHHBIM MCTOYHHKOM TemJa H zp.), To B ypaBHenHe (I.1)
cneflyeT BBECTH cJlaraemble, YYHTHIBAIOLlHE HaJIHYHe 3ITHX
HCTOYHHKOB HJIH CTOSIKOB TeIJla.

JlyuncThlii TemooOMeH B TNOMEUIEHHH HMEeT OCOOEeH-
HOCTb: OH TPOHCXOAHT B 3aMKHyTOM o0beMe B YCJOBHAX
OrpaHHYeHHBIX TeMIeparyp, ONpe/esIeHHbIX pajHalHOHHBIX
CBOICTB MOBEPXHOCTEH H reOMETPHH HX PACIOJIOXKCHHS.

TemyioBoe H3JyYyeHHe MOBEPXHOCTEH B NOMEIIEHHH MOX-
HO paccMaTtpuBaTh [6] Kak MOHOXpomaTnyeckoe, nubdys-
Hoe, moJuHHsIolleecs 3akonam Credana—Dbonbumana, Jlam-
6epra H Kupxroda, nudpakpacHoe H3JlyyeHHe CephIX TeJ.

Kak onuH M3 BHIOB NOBEpXHOCTell B IIOMEUIEHHH CBoe-
o6pa3Hbie pajHalHOHHbIE CBOCTBA MMeeT OKOHHOe CTEKJIO.
QHO YacCTHYHO NpoHHUaeMo s u3nyyeHHs. OKOHHOe cTeK-
Jlo, XOpOIUO MponycKalollee KOPOTKOBOJIHOBOE H3Jly4YeHHe,
NPaKTHYECKH HENPO3pauyHo I H3JIy4eHHs] ¢ JJIHHOH BOJIH
6osnee 3—5 MMK, KOTOpo€ XapaKTepHO /s TEmIooOMeHa
B MOMEIeHHH.

Bosayx NomelleHHsi NPH pacyere Jy4HCTOrO TeIoo6-
MeHa MeXJy NOBEPXHOCTAMH OOBIYHO CUHTAIOT JIyYyenpo-
3paunoil cpefioil. OH COCTOMT B OCHOBHOM H3 ABYXaTOMHBIX
rasop (asoTa M KHCJIOpOAa), KOTOpHI€ IPAKTHYECKH IpO-
3payHbl JJsi TEIVIOBBIX Jiydeil H CaMu He H3JyYaloT TemJso-
Boil sHeprud. He3HaunresibHOe comepkaHHe MHOTOATOMHBIX
rasos (BOASHOTO Mapa H YIVIEKHCJOTO rasa) IpH Malnoi
TOJIIMHE CJIOSl BO3LyXa B MOMeElleHHH MPaKTHYECKH HE H3-
MeHsIeT 3TOro CBONCTBA.

Kaxpnast noBepxHOCTb B NOMELLeHHH OTAAeT Temlo H3-
JiyYeHHEM H HOorJiolllaeT Jy4YyHCTOE TEIUIO, NpHuxojsliee OT
OKPY2KaloIHX MOBEpXHOCTEH.

[ToBepXHOCTH B MOMELIEHHH OTJIMYAlOTC OT abCOJIOTHO
YepHBIX TeJ, DTO OCJOXHAET 3ajady, TaK Kak MNajaromas
Ha Cepyl0 MOBEPXHOCTb JIYYHCTasl 9HEPrHsi YaCTHYHO OTpa-
Xaerca ot Hee. HekoTtopasi ee yactb MOXKET MHOTOKPaTHO
OTpa)aThcsl OT B3aHMHO OOG/y4aeMbIX CephX MOBEPXHOCTEH.
V3 teopuu syuncroro Temnoobmena [48] wusBecTHO, uTO
OpH TenJooOMeHe MOHOXPOMATHYECKHM H3JIYYEHHEM ABYX

9
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CephIxX HOBerHOCTEﬁ KOJMHYeCTBO HNepegaHHOro TeJia

pasHo:
Ti\* [T,\4 .
Qo=8_C 9, F [(100) - (100) ] ’ (1.2)

Fle @1_p KO3(pHUHEHT 06AYUCHHOCTH MOBEPXHOCTH 2 ¢ moBepxHocTH [.
Ou sBAsieTcs cpeAHenHTerpasbHON BEJIHIHHOM:
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KospduuueHT ¢i-2 NOKa3biBaeT A0 JYYHCTOrO moTO-
Ka, najaioniero Ha NMOBEPXHOCTh 2, OT BCero NOTOKa, H3Jy-
yaemoro noBepxHocThio I. KosduiueHTsl 06ayuyeHHOCTH
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AJIl BCEX CJiyuaeB BO3MOXKHOrO pacHOJIOKEHHs! NOBEPXHO-
credl B NOMEINEHHH MOTYT ObITb OmpejeJieHbl Mo rpadHKaMm
(puc. L.1).

B ¢opmyne (1.2) BennuvHa e, ecTb NpHUBeAeHHEBIf
KO3()QHIMEHT H3JIyYeHHs! MPH TemnooOMeHe MeXAY ABYMs
({/ u 2) cepbimu noBepxHocTAMH, OH MOxkeT GHITb onpeje-
JIeH JJIl TPeX CJyuaes.
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[lepBHIil cnyuaii, KOrZa JiBe NOBEPXHOCTH, PacCTOsIHHE
MeXLYy KOTOPBIMH MaJlo 1O CPaBHEHHIO C HX pasMepaMH,
napannenbHbl. [IpuBeneHHblil  KO3((QHUHEHT H3JyueHHS
paBeH:

. 1
(1/e))+ (1/eg) — 1 '

the €1 U €2 — KO3 duuyeHTH H3NyueHHs TloBepxHoCcTed [ u 2.

(1.4)

€2
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Puc. 1.1. Kospouuuents o6ayqeHHOCTH NOBEPXHOCTEH NMPH Pa3JIHUHOM
B3aHMHOM HX PAacIOJIOXEHHH B IOMELEHHH
G — TNOBEPXHOCTH B3aHMHO NEPINEeHAHKYJIRPHEIE; 6 — 10 e, nmapaniyenbHbie; 8 — TO-

ueqHas cdepa H NOBEPXHOCTb; 2 —5JE€MEHTapHas NIOLafika H MNOBEPXHOCTb, Ma=
pannenbhble; @ — To e, B3aHMHO MEePHEHARKYNAPHLIE

14



Btopoi#i ciyuali, Koraia OAHa HEBOrHyTas MOBEPXHOCTD
F, okpyxena GoJipiueii nosepxHocTbio Fp TakoH e reo-
METPHH:

1

G2 = ek FalFy(l/eg— 1)

(1.5)

B TpeTbeM cJjyuae, Korja HOBEPXHOCTH MaJibl WJH BeJH-
KO paccTosiHue MexAy HHMH n YacTh OTPaxkXeHHOro HsJjayue-

Erg &
a9 09
08 K5 08

- —— 2 //,r
A // 4// 07
q? //r /a//// >
L LA
0,6 AL //'// 0’6
v L
74 / s
G
77
0][[ - —1= a4
vy //// - ///’
oA 7 4>
03 YA = e 03
7, //,_ — ‘/ L]
02 % /{,/ //;-_ ] 02
¢l / _—'___--— /
o1 //// /_.._/ 01
’ = = et ’
g1 02 43 04 05 06 07 08 09 &

Puc. [.2. [Tpusenennble kKo dHUKEHTH H3NTYUEHHS
1 — natigennnie no dopmyane (1.6), 2 — 1o xe, (1.4)

HHfl, BO3BPALI€HHOro Ha M3JlyyaeMyl0 MOBEPXHOCTb, CTaHO-
BHTCS He3HAUYHTEJLHOH,

€ _o=¢ &,

(1.6)

®opmyna (1.6) naer HanMeHbllee (OTHOCHTEJIBHO 1)
3HauyeHHe &;-o. HauboJibillee 3HayeHHE €1-p=—¢€] COOTBET-
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cTByeT Bropomy cayyao (1.5) mpu F/Fo—0. I[lpu npowus-
BOJILHOM DacClOJIOXXEHHH MOBEPXHOCTe# TOYHO ompeeniuThb
£1—2 CJOXHO. I'paQuKH €1-, NOCTPOECHHBIE 1O (opMysam
(I4) u (1.6), npusenens Ha puc. 1.2. Koappuuuentor us-
JIyYyeHUsl HoBepXHocTell B NOMeLIEHHH MMEIOT OOBIUHO 6OJIb-
wre 3Havenus (0,8 u Gosiee), A5 HUX pasHHla 3HAYeHUil
€12, KakK BHAHO U3 pHc. .2, oKa3biBaeTca HeGOMBHION.

Jl1s1 BEIMONHEHHS HHXKEHEPHEIX PACYeTOB yAOGHO B (op-
myJie (1.2) samenutb pasHOCTL YeTBepTHIX cTemeHeil aGco-
JIIOTHBIX TeMIIepaTyp pasHoCTbiO Temmepatyp, °C, B mepBoi
CTeMNeHu:

T, \4 T. \4
(1-010) "(ﬁ =b2 (1) (1.7)

Temneparypubiii kKo3duuuent by, B AHama30He KOM-
HaTHBIX TeMNepaTtyp ompejesiM NPH cPeiHeii TemmepaType
TENJI00OMEHUBAIOWINXCA TNOBepPXHOCTeH  [tTep==0,5(t1472) ]
3aBHCHMOCTBIO

by ~ 0,810,017, (1.8)

C yueroM Bulpaxenus (1.7) ¢opmyay (1.2) moxuo 3a-
NHCaTh B BHJAE

Quo=0Coer b (3, —T) 95 F,. (1.9)

®opmyna (1.9) — npubamkenHas, TaK Kak OHa 1oJy-
€Ha U3 PACCMOTPEHHA JIYYHCTOTO TemsiooGMeHa ABYX §O-
BEPXHOCTeH Ge3 yyera MHOIOKPATHOrO OTPajkeHHSl M yya-
CTHSl B 3TOM Ipolecce OCTaJbHBIX NOBepxHocTell. Jlis Tou-
HOFO  pacueTa JyYHCTOrO TemIoOOMeHa MeXJAy BCeMH
HOBEPXHOCTAMH B MOMEUIEHUH BOCHOJb3YEeMCS METOAMKOH, B
KOTOPOi MCHOJIB3YIOT TaK Ha3sblBaeMoe 3((eKTHBHOe H3Jy-
ueHue noBepxHocTH [49] Eap — o6luil NOTOK JyuHCTOro
TemWa, MOKHIAIOUET0 MOBEPXHOCTh., DTOT NMOTOK CKJAIBIBa-
€TCA M3 NMOTOKOB COGCTBEHHOTO Ecos M OTPaseHHOTO Eoqp
usnyyenuii. CoOCTBEHHOEC H3JyueHHE NOBEPXHOCTH paBHo:
Ec06=eE0, (I.lO)

rie Eo— uanyyenne aGCOMIOTHO 4epHOTO Tena NpH TemMmeparype Imo-

BEPXHOCTH.

JIyuMcTEIH NOTOK, mpUXOASIHE Ha NOBE€PXHOCTb, Ha3H-
BalOT NajaiouuM H3jyyeHHeM Epan. Enay; cKkJamblBaeTcs us

NOTOKOB 3()(EKTHBHOrO H3JYUE€HHs! BceX OKPYXKAIOLIHX HO-
BEPXHOCTel.

B unrerpanbHoil dopMe GasnaHc AVYHCTOrO TemiooGme-
Ha NMOBEPXHOCTH / B NOMEIeHUN UMeeT BHL,
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T16; = | Ecos,1 @Fy + | Egup,1 dFy — | Epgp 1 dFy =
Fy F, Fy
= {Fop1 dFy— [ Epop ( dF,. (1.11)
F, F,

Ecsin ucnosib3oBaTh OCpelHEHHEIE 1O MOBEPXHOCTSIM Xa-
PaKTepHCTHKH, TO GajlaHC JYYHCTOrO TEMJ00OMEHA MOBepX-
HOCTH / cO BceMH MOBEPXHOCTAMH B TOMENIEHHH OMNpejie-
JIUTCA KaK

6y = (Espr — Enap1) Fy- (1.12)
S¢heKTUBHOE H3Jy4YeHHe NMOBEPXHOCTH I paBHO:
Ea(b,l = Ecoﬁ,l + Eo'rp,l =& EO.I + (1 —el) Enazx.l' (I.13)
U [O3TOMY
1 €
Enan1 =Ty, Eawa = T, Eou- (1.14)

Iloncrapup 3nauenue Epang B ypaBHenue (1.12), MoxHo
ONpefeJINTh 3aBHCHMOCTh OajiaHca JIYYHCTOro Temsioo6MeHa
Jls, oT co6GerBeHHOro M 3((EKTHBHOrO HM3Jy4YeHHS MOBEpX-
HOCTH:

1 €y
Mgy = (Ea(b'l — T Boet F T4 Bou ) F,=

&

= Boar = Esg) Fy- (1.15)

Onnako ypaBHenus (l.15) HepocTaTOuHO AJist pacuera
Temyio00MeHa, TaK KaK B HEro BXOAAT JiBe HEH3BecTHLIE Be-
JauuyHbl Eos ¥ Eopq, uToGB HX OnpepenuTb, HeOOXOMHMO
HMeTb elle OAHO YPaBHEHHE.

PagnanuoHHblll 6ajiaHC [OBePXHOCTH MOXeT ObIThb BHI-
YHCJIEH TaKxe ¢ HNOMOLIBIO €€ JIYYHCTOrO Temyloo0MeHa
OCTaJIbHBIMH TIOBePXHOCTAMH foMewieHHs. KosmuecTBO s1y-
YHCTOro Temia, yXOAsliee OT MOBEPXHOCTH I K OKPyxKalo-
IIHM ee j-ThIM NOBEPXHOCTAM, PaBHO:

Eoor Fy = Eop1 SFy 01, (1.16)

KosnuyectBo Temjia, majaiomiero Ha TNoBepxpocth |
C OKPYXKawmux ee j-ThIX NOBEPXHOCTEll, paBHO:

Eont F1=ZES¢.1FJ. P 1.17)

HJIH, C YYETOM TOrO, YTO HO 3aKOHY B3aHMHOCTH JIYYHCTHIX
notokos [6]

Fi@; y=Fio_;
Epana Py =Z2E ; Fi o (1.18)
2—-912 17



3aBucuMocTb Jlg, OT 3G(EKTHBHOrO H3JyuYEHHsI NOBEPX-
HocTell BMeeT BUA:

T, =3F @ (Esp1 — Eog. ) (1.19)

Takum oGpa3oM, pagHaunMOHHBIH OanaHC HOBEPXHOCTH
NOJIHOCTBIO OMpelenigeTcs ABYMs ypaBHeHusMu: (1.15) wu
(1.19).

3anuce ypaBHeHHH pazauanuoHHoro 0amaHca OTHOCH-
TeJIbHO TMOTOKOB Temya E Heylo6Ha B HHXKEHEpPHBIX pacue-
tax. [loaToMy AJ1f paccMoTpeHHsl paavanyoHHoro OaJsaHca
BBeJleM MNOHATHe 3G (heKTHBHOH TeMmepaTyphl NOBEPXHOCTH
Toy. o aHajloruu ¢ 3aBHCHMOCTBIO MeEXKAY H3JIyueHHEM
abCoJIIOTHO uepHO# noBepxHoCTH Eo, u ee Temneparypolt T

T, \4
Ep =0y (j))

3aBHCHMOCTb MeXJY 3((QeKTHBHBIM H3JIyueHHeM NOBEPXHO-
¢t I Espy 1 ee 3pdexTHBHON TemnepaTypoil Tap,. mpencra-
BHM B BH]JIE

E. =C T )’ 1.20
0.1 = “\ "0 ] ° (1-20)

YpaBHenHsi GajiaHca Jy4HCTOro TemiooOMeHa yROGHO
3anHcaTh OTHOCHTEJBHO PpAasHOCTH TeMmnepatyp. B atom
ciayuae ¢opmyay (I1.15) nepenniueM B BHZE

. €y
JIGI == q CO bl-—-S(b,l (Tl—‘ TS(}),‘ ) Fl, (1.21)

a ¢gopmyany (1.19) kak
Tlo, = 2Fy 01—j Co bogp.1-50, 7 (o1 — Topp. 1) (1.22)

rfe ti— TeMIepaTtypa TNOBePXHOCTH 1; Tap,1, Togp,; — 3PPexTHBHBIE
TeMOepaTyphl NOBEpXHOCTEH cooTBeTCTBEHHO [ H j; b — Temmeparyp-
uble Ko3pHukenTnt (1.8), yuuThiBaOlpe nepexon B ypasueHuax (1.21)
u (1.22) OT Pa3sHOCTH YETBepPTHIX CTelleHell aGCOMOTHLHIX TeMIeparyp
K JIHHeHHON Pa3sHOCTH TemIlepatyp.

Ilpu nHxeHepHOM pacuerTe TemjooOMeHa 3ajauyy MOX-
HO YNPOCTHTD, AJIfl 3TOrO ClelyeT npeHeGpeub MHOrOKpar-
HBIM OTpaKeHHeM JIYYHCTHIX [IOTOKOB OT TOBepXHOCTeil.
OO6BIYHO OTpaXeHHOE H3JIyueHHe OrpakIeHUil B IMOMelleHHH
COCTaBJIfA€T He6o.nbmy}o BEJIHYHHY OT najampllero mnoToKa
H 3aMeTHO MeHbIe cCOOCTBEHHOrO H3JIyueHud.

YcranosJieHo, 4TO B cliyuae mpeHeGpekeHHs MHOrOKpaT-
HbIM OTpaX€HHe€M [OrpenHoCTb 0OBIYHO OKas3bIBa€ETCH
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.menbiue 5%, Y4TO BIOJHE JOMYCTHMO B NMPaKTHYECKHX pac-
yeTax. ¢

[IpuHAB TaKoe YNPOLieHHe, ONMPEAETHM paAHalHOHHBIH
.6anaHC NOBEPXHOCTH I B NMOMEIIEHHH C YYeTOM TennooGMe-
Ha CO BCEeMH MOBEPXHOCTAMH, TOJb3YsCh 3aBHCHMOCTDBIO
(1.9) ¢ noMoIIbIO OJHOTO YPaBHEHHS

T, =20 _; F; Cy &1 b1 (%, — 7)) (1.23)

[on 3nakom cyMMmel B (1.23) nOJKHBI OBITH YYTEHBI 1O-
TOKH JIYHYHCTOro Temioo6MeHa HOBEpPXHOCTH [/ cO BceMH HO-
BEPXHOCTAMH B HOMELIEHHH.

Ilns panbHefillero yOpoLIEeHHsI pacyera TemjooOMeHa
yIOGHO BOCHOJIB30BATLCS NOHATHEM: pajAHAlHOHHAs TeMIe-
paTypa mnomellleHHs fr-— yCpPe[HeHHas TeMmmepatypa BCex
OKpYKaIOI[HX noBepXHocTeil B momeulennd. Ee ompeaens-
10T OTHOCHTEJIbHO NOBEPXHOCTH, HA KOTOPOH PAacCUHTHIBAIOT
AYYUCTHI TemooOMeH, MO TMPH3HAKY 3IKBHBAJIEHTHOCTH
HHTEHCHBHOCTH JyumncToro temioo6mena. CreloBatelsibHO,
pajHalHOHHAA TeMmepatypa NoMelleHHs OTHOCHTEJIbHO 10-
BepxHOCTH ! fp4 €CTh TaKasi yCJIOBHas ycpelHeHHas Temme-
paTypa BceX OKPYMXalOlHX ee NOBEPXHOCTEH, mpH HCNOJb-
30BaHHH KOTOPOHl B pacuerax Mbl MOJYYHM Ty XK€ HHTEH-
CHBHOCTb JIYYHCTOTO TemnooOMeHa Ha MOBepXHOCTH I, HUTO
M UpU peasbHO CYLIeCTBYIOLIHX TeMNeparypax NOBepXHO-
creil B HOMEIIEHHH.

OG6bLIYHO TeMIepaTypH NOBepXHOCTell B NOMEIUEHHH HMe-
10T 6JH3KHe MexAy co6oli 3HayeHHus, H A0JIO y4acThs B Jy-
yyCcTOM TemJooOMeHe MoBepXHOCTH I ¢ Kaxmod H3 OKpy-
JKAIONHX €e NMOBepXHOCTel AOCTATOYHO TOYHO OTPAXKAIOT Yr-
JioBble KO3(h@HUHeHTH 06nyueHHocTu ¢1—j. IlosTomy pa-
AMALMOHHYIO TeMIepaTypy NOMeNleHHs [ MOBEPXHOCTH
I tgp; MOCTATOYHO TOYHO MOXKHO ONpeNenHTb KakK CcpeiHe-
B3BeLIeHHYI0 N0 Ko3((uuneHTaM 00Jy4e€HHOCTI:

S0 ¢
29

Kak npaBuio, cymma KosdpuuuenrtoB 06JyueHHOCTH
S¢i—; AJS TNOBEPXHOCTH B TOMELIEHHH paBHA eluHHLe,
Torpga

tR,l = (1.24)

LR 1=2ZP_; t;. (1.25)

HckaioyeHde COCTABASIOT ¢JyuaH, NpPH KOTOPHIX OLHHa-
KOBO Harperasi WJd OXJiaxKIeHHas mosepxHoctb [ pacmo-
JoXeHa B JBYX uiH 6oJjiee MIOCKOCTAX B NOMELiEHHH (Ha-

2% 19



NpHMep, JIBe HApyKHBIe CTEHBI B YIJIOBOH KOMHaTe W/H He-
peropojioyHas OTONMHTE/NbHAA NMaHesJb B JBYX BHYTPEHHHX
feperopoAKax MoMeLleHus).

MoxHo, Kak 3T0 4acTo AesaloT, PaAHALHOHHYIO TeMe-
paTypy OnpelesIHTh Kak CpeAHEB3BELIEHHYIO IO IJIOHIAAAM
F; B BUnie

SF;t; o6
R,1 SF; ’ ( )
HO 3TO MeHee NMPaBHJILHO K TOYHO, ueM No ¢opmyne (1.24).

Ioub3ysich NOHATHEM pafHalIOHHOM TeMIepaTypH fg,

panvanHOHHBIH OajiaHc moBepXHOCTH [ 3amuilieM B BHIe

Mg, = Coer_p bR P1—g (7, — tg1) Fy = %1 (3 — tg1) Fy- (1.27)

Sra sanuch HauGoJsiee NPOCTas, 1 HMEHHO eil MOJB3YIOT-
CA B MWHMKEHEPHHIX pacyerax. 3Jecb g1 — KO3((HIHEHT
JIYYHCTOrO Tennoob6MeHa mMoBepxXHOCTH / B NOMENICHHH:

G 1= Co & Rb_pP_g » (1.28)

rjae HHOEKChI 1—“R YKasslBawT, 4ToO COOTBETCTBYIOLIHE IIOKA3aTeJH HOJI-
Kbl GbiTh OMpejielienbl OTHOCHTENBHO NOBEPXHOCTH / H YCJAOBHOH OKpY-
JKalolell ee MopepxHOCTH R, nMeioluefi TeMIepatypy fg.

B ycrioBHH mnOMeNIEHH MOXKHO NPHHATH: &g~ 0,85;
bi-r=1; ¢1-r=1. Hmes B BuAY, uto Co=>5,76 Bt/{M2-K*)
[4,96 kkaa/(m2-4-K*%)], KO3 (PHIHEHT JYYHCTOrO Tensioo6-
M€Ha Ha MPOU3BOJIbHOH HOBEPXHOCTH B NMOMEIIEHHH NOJyYHM
paBHbIM: B cucreMe CH 04,,~5,76-0,85-1,1=4,9 Bt/(M2X
XK) unu B cucreme MKI'CC a5=4,2 kkan/(m2-4.°C). dto
YHCJIEHHOE 3HaYyeHHe ¢; OOBIYHO HCMOJB3YIOT B NPaKTHKe
HHXKEHEPHBIX PacyeToB TemIo06MeHa B MOMEIIEHHH.

1.2. KOHBEKTMBHbBIA TENNOOEMEH

Hapsiny ¢ usnyueHuem B o6umieM oOMeHe Temsia B moMe-
IEHHHN CYHIECTBEHHYIO POJib Hrpaer KOHBeKuus. Bosjyx
06MeHHBaeTCs TelJIOM € OXJIaXKJEHHBIMH H HarpeThIMH Mo-
BEPXHOCTSIMH OrpaxJeHuil, 006OpyLOBaHHfA, HarpeBaTeJib-
HBIX npHOOPOB W T.A. HarpeTble H oxna/eHHble NOTOKM
BO3JlyXa BOBJIEKAIOT B ABHXEHHe BeCb ero o0beM, T. e. BhI-
3BIBAIOT OOILLYI0 MOABHKHOCTH BO3JyXa B NoMelleHud. Ilpu-
TOK M yJaJieHHe BO3JyXa, OcyllecTBJsieMble BEHTHJANHeH,
YCHJIUBAIOT 3TOT HpOIiecc.

B o6uieM ciyyae cocTaBASIOILYH0O KOHBEKTHBHOrO Tell-
Joo6meHa Ky B temsioBoM Ganance (I.1) ycioBHO mpHusiToil

20



TIPOH3BOJIbHON NMOBEPXHOCTH | MOXHO 3amHCaTh B CJIELVIO-
[meM BHAE:

KG. =ﬁf Oy dF, (tla,dl"1 - tdF,) dF1 = Og.1 (tB —-171) Fl, (1.29)

rge Or,1— CpellHMii Mo moBepXHOCTH I KO3(UUHEHT KOHBEKTHBHOTO
TenJo0GMeHa, OTHeceHHBI! K cpelHeil PasHOCTH TeMHepaTyp BO3lyxa
B TOMELUEHUH s ¥ moBepxHocTH Ty. MHaekc dF, ykasbiBaeT Ha JIOKaJb-
HOe 3HayeHHe COOTBETCTBYIOLUHX XapaKTEPHCTHK IpPOLECCa.

B GosbuimHCTBe noMelileHH B pe3yJibTaTe IepeMelIHBa-
yusi BO3Lyxa HabJionaercsi CPaBHHUTENBHO PaBHOMEpHOE
pacnpefesicHie ero TeMilepaTypH fz B IVIaHe W MO BHICOTE,
YTO IO3BOJISET NMPHHHMATh ONHMHAKOBOE 3HayeHHe fp IPH
pacuere TemwiooOMeHa Ha Bcex moBepXHocTaX. Hekio-
yeHHe COCTaBJIfeT TeMIepaTypa BO3AyXa B IOMENIEHHAX C
6osbLIMMY U30BITKAMH TeJla HJIK NoJadeil BO3LyXa HEH30-
TEPMHUCCKMMH CTPYSIMH: B [EPBOM cJjydae TeMiepartypa
BO3JlyXa HEPaBHOMeDHa Mo BHICOTEC HOMeEllleHHsi, BO BTO-
poM — B miaHe., Haj ncrouHHMKamu Temnsa BO3HMKAlOT KOH-
BEKTHBHBle TOKH TEIJIOBOIO BO34yXa, KOTOpHE, cobupasch
BBepXy, uacto o0pasyloT moj, HOTOJKOM CJOH Harpetoro
po3nyxa (remsiopylo noayuwky). Ilomaua Bo3myxa Heuso-
TEPMHMUYECKUMH CTPYSIMM NPUBOOHT K 00pasoBaHHI0 B 00D-
eMe MoMelileHHsl HepaBHOMepHOro MoJisi TeMiepaTtyp H CKO-
pocteii, CTpys, HanpapjieHHasi BJOJIb NOBEPXHOCTH, <HAJIH-
naer» Ha Hee. Mexay HacTuiawoielcss HeH30TepMHuecKOR
cTpyeill BO3lyXa H NOBEPXHOCTBIO IPOHCXOAHT TelyooOMeEH,
KOTODPHIH NMPHBOAUT K HArpeBy HJIH OXJAaXXJEHHIO oOrpax-
JleHys1.

Taxkum o6pasoM, KOHBEKTHBHBEIH TEIJIoOOMEH B moMelie-
HUH MOXeT HMeThb pasJyivuHble ¢opMbl. B GosbmnHCTBE CIYy-
yaep oOMeH TeIJIOM MeXKNY BO3AYXOM H HarperbiMH H
OXJIaXKJIEHHEIMH TIOBEPXHOCTAMH NPOMCXOJHT B pe3yJbTarte
€CTeCTBEHHOH KOHBEKIHH B OrpaHHuYeHHOM o0beMe MoMe-
nieHna. B ycioBHSIX NPHHYIWTENBHOrO ABHIKEHHMSI BO3JyXa
BJIOJIb HOBEPXHOCTEH TEMJ0OOMEH MHOJUMHSIETCS 3aKOHOMEpP-
HOCTSIM BBLIHYXKJAEHHOH KoHBeKuMH. IIpm mnofpaue BoO3myxa
B IIOMeIleHHH HEeH30TEPMHYECKHMH CTPYSIMH TelllooGMeH
CBSI3aH ¢ MaccooOMEHOM M NpPOHCXONMT B pe3ysabTare Typ-
OyJIleHTHOro mepeMellHBaHHs BO3LYXa CTPYH C BO3LYXOM
NIOMelleHHs] B PeXHMe, KOTOPHII MOXKHO Ha3BaTh CTPYHHBIM
TemyiooOMeHoM. Bcece 3TH mpoiuecch NPOTEKAXT B OrpaHH-

YeHHOM 00beMe MoOMelLleHHsT 1 MMEIOT clielindHuecKHe CBOH-
CTBa.
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PaccMoTpHM OCHOBHBIE pe3yJbTaThl TEOPETHYECKOTO H
3KCIEePHMEHTAMbHOTO HCCJIef0BaHNs cBOGOHOTO KOHBEKTHB-
HOTO TellsIoo6MeHa Ha NOBEPXHOCTSAX.

3aKOHOMEPHOCTH CBOGOIHOrO KOHBEKTHBHOIO Temoo0-
MEHa HEONHOKPATHO MOATBEPIXKJEHbl MHOTOYHCJIEHHBIMH H
TIHATEJbHO BHIIOJHEHHbBIMH 3KCepHMeHTaMu. B pabore
[6] cBoGonmasi koHBekuHsi MOAPOOHO pPaccCMOTpPeHa Kak
HauGoJsiee mpocToii mpouecc. 3aKOHOMEPHOCTH CBOGOIHOM
KOHBEKIMH YAOOHO HCIOJbh30BATH KaK OCHOBY JUJISI COMO-
CTaBJIEHHs1 ¢ Gojiee CJIOXKHBIMH CJy4asiMH €CTECTBEHHOIO
KOHBEKTHBHOIO TEeIJIOOOMEHa Ha IOBEPXHOCTSIX B OTpaHH-
4YeHHOM o0beMe HOoMelleHysl.

Cpennee sHauenne koshduirenTa cBOGOLHONO KOHBEK-
THBHOTO Temioo0MeHa Ha BePTHKAJbHOH HOBEPXHOCTH, KaK
nokasano B pabore [6], Ges oco6oil NOrpelIHOCTH MOXKHO
OllpefiesINTh 10 (opMysie TypOyJEHTHOrO peXMMa Temio-
obmMena:

3,—
a =o, . =1,661 Af; (1.30)

8 ,—
o, =a, =143V At (1.30")

R

rie Af — pasHOCTb TeMnepaTyp BO3AYXa M TOBEPXHOCTH.

3IT0 CBfA3aHO ¢ TeM, 4TO OGBIUHBIM IJisl MOMEIleHHs Me-
penajaMm TeMIepaTyp M reoOMeTpHYECKMM pa3MepaM Harpe-
THIX H OXJaXXJIeHHHX NOBEPXHOCTEH COOTBETCTBYIOT TIJIaB-
HBIM 00pasoM ycjioBHS TYpOYyJIEHTHOTO peXuMa CBOGOLHOrO
KOHBEKTHBHOrO TeMooOmeHa. Popmyna (I.30) 3ammcana
IUIS BEPTHKAJIbHOH, CBOOOJHO pAcHOJIOXKEHHOH IIOBepX-
HOCTH.

Ilrxxenne Bo3fyxa B pexnMe CBOGOAHOH KOHBEKIHH
OKOJIO TOPHM30HTAJIbHEIX NOBEPXHOCTEH IPOHCXOINT HHAave,
YeM OKOJIO BePTHKaNbHHIX. Ecil ropsuasi nopepxHocTh 06-
pailleHa BBEPX WM XOJIOAHASl BHH3, TO BO3JLyX MOXKET TO-
CcTynaTth K ee cpejHell 4acTH TOJIbKO Mo Hopmanu. Bosuu-
KaeT Tak HasbBaeMHli caxapa-sd(ekT, NpH KOTOPOM BOS-
AyX NOLXOAMT K HMOBEPXHOCTH [O TpaHWIaM cBoeoGpasHBIX
LIECTHTPAHHHKOB M OTXOAMT B IIEHTPAX 5THX IIECTHTpaHHH-
koB. K rpannuaM ropH3oHTaJbHOH [OBEPXHOCTH BO3AYX
noarekaer GecnpensiTCTBEHHO, MOSTOMY NPH  YBEJHYEHHH
Pa3sMepoB ropH3OHTAJLHOH IMOBEPXHOCTH CPeJHMil Mo MJlo-
maay Kos3((HIUMEHT KOHBEKTHBHOIrO TeIIoOOOMEHa YMeHb-
naeTcs.
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J11s1 MOAOrperoil rOPH3OHTAJILHOH MOBEPXHOCTH, obpa-
[IEHHOH BHH3, HJIH XOJIOJIHOH, obpalnieHHoll BBepX, HHTEH-
CHBHOCTb JIBMXKEHHSI BO3LyXa H KOHBEKTHBHOTO TerroobMe-
Ha He3HauyHTeJbHa. 31ech TaK Xe, KaK H B NEPBOM ciydae,
¢ yBeJIHYEHHEM TWIOIIafH TOBEPXHOCTH OCIOKHACTCS MOATe-
KAHHE BO3LYXa K Hell M cpeHHH KO3((HIHEHT KOHBEKTHB-
HOTO Tem1oo0MeHa yMeHbLIAETC s,

DKCIEePHMEHTAJIBHO YCTaHOBJIEHO, YTO IIPH TOPH3OHTAJIb-
HOM pPAacCIOJIOXKEHHH HarpeToil Hiu OXJ1a3KIEHHOH TOBEPXHO-
CTH sl IPHOJIMIKEHHOTO pacueTa CpelHell HHTEHCHBHOCTH
cBOGOHOTO KOHBEKTHBHOTO TelyiooOMeHa MOXHO T0Jb30-
paTbesi popmydioit (1.30), HO npu 3TOM 3HAy€HHE YHCIIEHHO-
ro koapduurenta B GopMyJie HOJKHO ObITb M3MEHEHO Ha
+30% B 3aBHCHMOCTH OT HampapJieHHs TEMJIOBOTO MOTOKa.
Ec/Ii NOTOK TeIJia HANpaBJeH cHA3Y BBEpX, YACIEHHBIH KO-
sdduument B popmyne (1.30) Oyner pasen 1,87, a ecan
cBepxy BHH3 — 1.

CsoBopaHas KOHBEKUMS
c yueTom obuiei NogBMKHOCTH BO3AYXa

B orpannuenHoM o0beMe NOMEIIeHHS] OOBIYHO OTMeua-
eTcsl TOBHIUEHHAs HHTEHCHBHOCThH €CTECTBEHHOr0 KOHBEK-
THBHOTO TelJoOOMeHa Ha HarpeTblX H OXJaXJCHHBIX T110-
BEPXHOCTAX IO CPaBHEHMIO €O cBOo6OIHON KOHBEKLHEN B HE-
OrpaHHUEHHOM OObheMe BO3Ayxa. YcuJIeHHe ecTecTBeHHOH
KOHBEKIIHH! I10 CPAaBHEHHIO cO cBOGOJHON B M3BECTHOII Mepe
oG BsCHSIETCS T€M, YTO HA MHTCHCHBHOCTH JBHXKEHMS BO3JY-
Xa OKOJIO MOBEpXHOCTH BjHser oCIiasi ero TMOJBHIKHOCTHL B.
foMellleHnn. B Teopuu Temjonepenaud 4YacTo HPHMEHAIOT
npapuio Maxk-AfaMca, COrJIacHO KOTOpPOMY HPH COBMECT-
HOM HeiiCTBHH CBOGOLHOH M BBIHYXXIEHHOH KOHBEKLHH (00-
niasi TMOABHIKHOCTL BO3JAyXa B IOMElleHHH OTHOCHTEJBHO
MOBEPXHOCTH MOXKET PaccMaTpPHBATBCA Kak BBIHYXICHHOE:
LBHIKEHHe) B pacueTe clefyeT NpuHAMaTh CoJbuiee H3
YyacTHHIX 3HaueHHil K03(h(HIHEHTa KOHBEKTHBHOIO TEIIO-
06MeHa. DTHM NPABHJIOM CJeAyeT NOJIb30BATLCH NPH Jobo-
BOM OGTeKaHHWH IOBepXHocTH. IIpH HampapJeHHH BBIHYX-
JEHHOro IBHIKEHHSI BO3LYyXa BJ0JIb TNOBEPXHOCTH MOXKHO
onpenenuTh KO3 (DUIHEHT KOHBEKTHBHOTO TemnoobMena,
paccupTaB CKOPOCTb BO3/lyXa OKOJIO IOBEPXHOCTH IyT€M
CIOXEHHSI CKOPOCTH BO3JlyXa B NMOMeLICHHH €O CKOPOCTBIO
€ro [BHMKEHHUS, BEI3BAHHOTO Pa3HOCTBIO TeMIepaTyp.
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B pesysabrate pasHoCTH TeMmnepatyp Af OKoJO BepTii-
KaJIbHOH NOBEPXHOCTH HPOTSIXKEHHOCTBIO [ oGpasyercs rpa-
BHTALMOHHOE CHJIOBOE MOJie, MOTEHLMabHasl yaeJbHast (OT-
HeceHHasl K e[IHHHIle Macchl) 3HEPrHsi KOTOPOro paBHa:

Wy = gipAt.

JBmxynyiicss nOoTOK objagaer yaenbHOH KHHETHUecKOH
3Heprueil
v‘Z
MaKc¢
Wg= 5 *
[loTepu sHEprMMm Ha TpeHHE B INOTOKe MOIKHO CUHTATh
npeHeCpexXuMo MaJbIMH, TOTJa B COOTBETCTBHM C 3aKOHOM
COXpaHeHNs] SHePrHu

2

2,
—== _ gipae, (1.31)
OTKyJa MAaxKCHMaJibHas CKOpOCTb KOHBEKTHBHOT'O IIOTOKa
paBHa:
Umake = } 2BiAtg . (1.32)

3Hasi CKOPOCTb BO3MYXa Up BJOJb IOBEPXHOCTH MPH €ro
BBIHYXKIEHHOM JBHXKEHHH, 110 dopmyne (1.32) moxHo ycra-
HOBHTb Da3HOCTb TeMIEPATYP Alumaxc, TPH KOTOPOH KOH-
BEKTHBHEI! MOTOK BO3JyXa BJOJb HNOBEPXHOCTH HMeJ OH
MaKCHMAaJIbHYIO CKOPOCTh Unmaxe==Ug:
9

vMaKC

Alyyare = 7ﬁg_l . (1.33)

Teroo6MeH B NOTOKe. BO3yXa NPH CBOGOAHON KOHBEK-
LM OKAa3bIBAETCS TAKUM ¥Ke, KaK W NPH BHIHYXKEHHOH KOH-
BEKIMH CO CKOPOCTBIO IOTOKA U, PABHOI IOJIOBHHE Umaxc
[23]. Tlostomy ans Bozayxa mpu Temmnepatype 20°C

203 (209 . Y

Y298 | Ty

[Tonb3ysce Qopmynoit (1.34), MOXKHO BHHYXIEHHYIO
KOHBEKLMIO ONpPEJENIUTh yepe3 PasHOCTb TeMmeparyp Kak
€BOGO/IHYI0 KOHBEKIIHIO MM, Ha060pOT, CBOGONHYIO KOHBEK-
LHIO TPEJCTaBATh KAaK BBIHYXKAEHHYIO, NOJIb3YSICh YCJIOBHOM
CKOpocThio BO3flyxa. CMellanHylo (cBOGOAHYIO W BBIHYX-
JEeHHYIO) KOHBEKLHIO B NOMELIEHHH MOXHO TaKiKe Xapak-
TEPH30BATb YCJOBHOH DasHOCTBbIO TeMmmepatyp Afyecn cBo-
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60IHOi1 KOHBEKUMH MJIH YCJOBHOH CKOPOCTBIO BO31yXa BHi-
HYXKJIeHHOH KoHBEeKUMH. BenmunHa Afycn, KoTopasi BHI3HIBa-
€T TaKyi0 e HHTEHCHBHOCTb CBOOOJHOIO KOHBEKTHBHOI'O
TeII00OMEHa, KaK IPH COBMECTHOM NeHCTBHH ecTecTBeHHOM
H BbIHYXJE€HHOH KOHBCKLHH, PaBHa:

Atyen = At -+ Aty, (1.35)

rie Af— pashHocTb TeMINlepaTyp TNOBEPXHOCTH H BO3ayXa; Af, — pas-
HOCTh Temmepatyp coriacHo (1.34), skeuBajieHTHas oOCilell MOABHIKHO-
CTH BO3/lyXa B MOMEINEHHH Usg.

@opmyna (1.35) MoxeT GHITh HCHOJIB30BAaHA NPH pacye-
T€ TemI00OMeHa KaK Ha BePTHKAJbHLIX, TAK M Ha NOPHM30H-
TaJIbHBIX MOBEPXHOCTAX, TAK KAK BXOAMIIASl B Hee BEJHYH-
Ha Af, yuHTHIBaeT CKOPOCTb OGILeH UMPKYJSLMH BO3LyXa
BIOJIb NIOBEPXHOCTEH.

Vimesi B BHIy pPacCMOTPEHHYIO CBfI3b MEXK/Y BHIHYXKIEH-
HOil H CcBOGOJHOII KOHBeKuHeH, npenyoxed [49] o6uwmit
cnoco6 pacueTa KOHBEKTHBHOTO TennooGMeHa, OCHOBaHHLI
H2 TOM, YTO PEeXHM OMBIBAHMS MOBEPXHOCTH IPH CMellaH-
HOH KOHBEKIIHH MOXHO OMNpeJfeJHTh YCJIOBHBIM KPHTEpHEM
PeitHonbaca Reyen:

Gr
o
rie Re —xpurepuii PeiiHonbaca, onpefeseHHBI LIS YCJAOBHE BEHIHYX-

IenHoro noroka; Gr — kpurepuii I'pacrodda, BEMHCIEHHBE A5 YCJIOBHI
cBO6GOAHON KOHBEKIIHH.

Reycn = Re -+ (1.36)

Kpurepuanbhasi GopMysna st OHpeNesieHusi CpefHEero
KO3()(PHIMEHTa KOHBEKTHBHOIO TeNJNOOOMEHA B YCJOBHSX
CMEILaHHOH KOHBEKIMH HMeeT CJeNYIOIME BHI:

Nu == 0,46Re%:® (1.37)

yea®

Ionyuennsie no ¢dopmyne (1.37) -pesysnbratsl pacuera
COTJIACYIOTCSl € SKCHePHMeHTaJbHBIMH JaHHLIMH,

CROXXHBIM NYy4YMCTO-KOHBEKTHBHDIN TENNOO6meH
Ha NOBEPXHOCTH B NOMELL EHUU

Ha nosepXHOCTH B MNOMeIEHNH IPOHCXOANT OXHOBpE-
MEHHO JIYYHCTHIH TEmjI0o00MeH ¢ OKPYXAaIOLIHMH TOBEPXHO-
CTIMH M KOHBEKTHMBHBI TenjgooOMeH ¢ Bo3AyxoM. Jlyumcro-
KOHBEKTHBHLIH TernJooOMeH NpPOH3BOJIBHONH NOBepXHOCTH [
B IOMELleHNH

'Hﬁl + K61 = [a-ﬂl (Tl - tR;) + aKx (Tl - tB)] Fl (l '38)
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MOJKHO ONpEIEJHTh C NOMOIIbIO ofiHOro obllero Kosdduuu-
enra Tenjoob6MeHa op H ONHOH TeMIEpaTyphHl, XxapaKTepH3y-
olileil TEMOepaTypHylo o0CTaHOBKY B moMelileHuHd. Temie-
paTypHblE YCJIOBHS B IOMEIIEHHNH MOXKHO XapakTepH30BaTh
Tak Ha3bBaeMoOH TeMiepaTypoii HoMellenuss fy, paBHOMH
CpelHeMY 3HAUCHHIO MeXAy tp ¥ Ir:

ty=(t,+ tg)/2. (1.39)

B sToM ciyyae JIy4HCTO-KOHBEKTHBHBIH TEMJIOOOMEH Ha
roBepxHOCTH I MOXKHO 3aMucaTh B BHAE

ﬂﬁl + K61 = al (Tl - tn) Fl’ (140)
rie xo3ddyuueHT TemnoobMena o, u3 (1.40) u (1.38) pasen

T~ IR, T, —tp

o, =«

o . 1.41
1 Mo, —tn Kiq —tg (1.41)

Ilpy npakKTHYECKHX pacueTax Kak OOLHM I0KasaTesieM
TeMnepaTypHOii oOCTAHOBKM B NOMEIUEHHM [0 TPaJHIMH
NONIB3YIOTCS TeMiepaTypoil Bo3ayxa . B sTOM ciyuae

Jlg, + Ko, = o (11— 1) Fy (1.42)
¥ Kos(huumeHT Tennoo6MeHa (o, paBeH:

g SR 1.43

oy = o, F—R Oy, (1.43)

Cnenyer ocobo oTMeTuTb, YTO HACTO MpHMeHseMas 3a-

BHCHMOCTb 0.=0n-+ 0k CHOpaBefllINBA TOJbKO HpH fs==Ig,

YTO JAJIEKO He BCErfa BHIIOJHAETCS B YCJOBHAX IIOMe-
LIeHHS.

EcTecTBeHHblH KOHBEKTMBHLIH TENnoO6GMeH Ha NOBEpPXHOCTH
B OrpaHHueHHOM O6beme nomeweHus

OcHOBHBIe 32aKOHOMEPHOCTH CBOGOIHOTO KOHBEKTHBHOIO
TelJlooO6MeHa M €ro ypaBHEHHS] SBJSIOTCA Pe3yJIbTATOM
SKCIIEPUMEHTOB M TEOPETHYECKHX BHIBOJIOB, CHPaBelJIHBbIX
IJIS1 MaeaNbHbX ycioBri. CBOGOJHYIO KOHBEKLHIO HCCENo-
BaJIH B HECTECHEHHOM MPOCTpaHCTBe Ha HeOOJbUIMX, TIa-
TeJIbHO OTHIIM(OBaHHBIX IUINTaX H3 LBETHOrO MeTajjia ¢
M30METPHUECKHMH IIOBEPXHOCTSIMH, HMEIONIHMH HeGOJIbLIYIO
M3Jy4aTeJbHYIO0 CMOCOGHOCTb. YCJIOBHS OIBITOB HCKJIOYAJIH
noGouHble SIBJIEHHS, YCHIIMBAIOLIHE HJIH TOPMO3SILIHE Pa3BH-
THE Npoliecca KOHBEKTHBHOTO TeiiooOMeHa.
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CrieupyyHOCTD yCJIOBHIT B MOMEILEHHH HE MCUEpIHIBa-
ercsi BJMsHHEM OOlileH HOABHIXHOCTH BO3[yXa Ha KOHBEK-
THBHBIA TeniooOMeH, 0 KOTOPOM I'OBOPHJIOCH B NaHHOH rJia-
se. KapTuna upeajbHOro cBoGOJHOIrO KOHBEKTHBHOIO Tell-
7006MeHa HAapylaeTcsi H3-3a 3aMKHYTOTO H OrPaHHYEHHOIO
00beMa, HANMYHS XOJIOAHBIX M HAarpeThx IOBepXHOCTel,
pas3iuYHOH MX reoMeTpuM M fp. B cBfi3n ¢ aTuM npexcras-
JISIET HAY4HBIil M MPaKTHUYECKWH MHTepec CheuuajbHoe H3y-
YeHHEe €CTECTBEHHOIO0 KOHBEKTHBHOIO TEIIoO6MeHa B MOMe-
mienvnd. [nsi ero mcenepopanns 8 MUCU um. B. B. Kyii-
ObliieBa GbLT BBHITIOJIHEH DS/l SKCIIEPHMEHTOB.

Ilepsbie onbiThl GbM mocrasiedsl B 1963 r. Beia mo-
CTPoeHa Hebosibuiasi KaMepa € JABYMsi TOPIIOBHIMH CTEHaMH
B BHJe oxjiaxnaouux naneseil. OnHa nanenb Guuia cobpa-
Ha M3 Tpex IUIOCKMX METaJIIHYeCKHX KOpPOOOK, TOCTABJICH-
HBIX OfHA Ha [pyrylo, Lpyrasi—B BHJI€ METaJJIHUeCKOro
JIACTa ¢ NPHBAPEHHBIM 3MEEBHKOM. Uepes KopoOKM M 3Mee-
BHK NPONYCKAaJH XOJOLHYIO Bony. TemsoBbifesienvsi B IO-
MeleHnH HMHTHPOBAJIH 3KDAHHPOBAHHOH 3JIEKTPHYECKOH
Teyblo, pacmoJioxkeHHoH Ha mnojy. IloBepXHocTH Kamephl
GbUIM  TENJIOH30JHPOBAHBEL  DJIEKTPOHATPEB H  CHCTEMA
OXJIaXKJIeHNs] HMeJM IpOCTefllne yCTPoHCTBa peryaupoBa-
HMSI ¥ KOHTPOJIS.

3ajaua sKcnepuMeHTa COCTOsIa B onpeJieJieHHH 0coGeH-
HOCTeH KOHBEKTHBHOIO TEMJOOGMEHa Ha XOJOIHBIX MOBEpX-
HOCTSIX B YC/IOBHSIX noMenleHus. [Ipu pelwieHus 3apgaum uc-
NOJIb30BaJIH OCIUENPHHATYIO METOJHKY OIBITHOrO Ompeje-
JICHMS] KOHBEKTHBHOTIO TEIJIOBOrO HOTOKa. IIpM KOHBEKTHB-
HOM TelyiooOMeHe, Kak 3TO cjlefiyeT H3 TEOPHH IOrpaHHUHO-
ro cyosi [23], okoJIo NOBEPXHOCTH 06pasyercs JaMHUHAPHBII
CJIO¥ HJIM NOJCJIOH, B mpejieiaX KOToporo Habjonaercs ma-
passeNbHO-CTPYHHOe TeueHHe Bo3gyxa. TosumiMHa 3TOrO
cyiosi HeGosibluasi, HO B ee Npefesiax nepefada Teija OT
BO3/lyXa HOBEPXHOCTH MOMYHHAETCS 3aKOHY TENJIONpOBO-
HOCTH Qypbe, COIMacHO KOTOPOMY TEIUIOBOH MOTOK B HaH-
HOil TOYKe X NOBEPXHOCTH (JIOKAJbHOE 3HAUYEHHE) paBeH:

dt \

gx=—Ag (E)x’ (1.44)

Tie An — TemVIONPOBOAHOCT BO3Ayxa; difdn — rpapuent TeMInepaTypht
B BO3JyXe OKOJIO MOBEPXHOCTH MO HOPMAJH N K NOBEPXHOCTH.

B npenenax HeGosbIION TONMIMHL MPHJIEraIoMWEro K mo-
BEPXHOCTH CJIOSI BO3AYXA IPajiHCHT TeMNepaTyphbl MOCTOs-
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HeH u MoKeT OHITb 3aMeHEH KOHCUHBIM IPHpalieHHEM TeM-
nieparyphl At/An.

KoJsinuecTBO KOHBEKTHBHOIO Te€IJla, NepefaBaeMoro B
JaHHOH TOUKE MOBEPXHOCTH, MOXKHO TAKIKE ONpeNesHTh 110
3akoHy HeiotoHa:

Gx == Oz (fn — T}, (1.45)
TIe !s— TemlepaTypa BO3AYXA; Tx — TEMNepaTypa MOBEPXHOCTH B TOY-
Ke H3MepeHHS X.

JlokanbHoe 3Hauenme Ko3hhHIHEHTa KOHBEKTHBHOIO
TemnooOMeHa H3 JBYX IOCJIEJHHX ypaBHEHHMH DPaBHO:
A (AtAn),

(te—7x)

YTo6nl onpefesnTs Owx 1m0 topmyae (1.46) HeoGxo-
nuMo usMmeputsh (At/An)x, e B 7. Haubonpuylo TPyLHOCTDb
NpeACTaBsieT H3MepeHH e lepenaja remneparyps Af Ha pac-
CTOSIHHA An B npegesiax He6oJbllOH TOJIMMHBI CJIOSI C JIH-
HeHHBIM paclnpefesieHHeM TeMiuepatyphl. [las sToil uenan
IpHMEHSIJI MMKPOJAATUHK TeMIepaTypbl B BHJE JYYKOBOH
DJIEKTPOJINTHYECKOH Me[b-KOHCTAHTAHOBOH TepMONape ¢
npoBoJIOKOH auamerpoM 0,05 mM. ['mApapinueckoe BO3MY-
flleHHe y TAKOr0 HATUHKa He3HaunTeJbHO. JloKasaHo, uTo
IOTPELIHOCTBIO H3MepeHHH Ha pa3HbIX PacCTOSHHAX OT Ho-
BEPXHOCTH, CBSI3aHHOfl C M3MeHEHHEM YCJIOBHil JIyuHCTOro
TelyiooOMeHa TEMIIEpPaTypHOTO AATUHKA C MNOBEPXHOCTDBIO,
TaKXe MOXHo mnpeHebpeub. JlyukoBylo TepMomapy YKper-
JSAJIM HA KOOPAHHATHHKEe ¢ MHKpoMeTrpoM. C NIOMOILBIO KO-
OpJIMHATHAKA TEPMONApy TOYHO yCTaHaBJWBAJIM Ha HeOOJb-
IIMX PAcCTOSIHMAX MO HOpMajim K nopepxHocTH. Hemocpen-
CTBECHHO OKOJIO IIOBEPXHOCTH TEMIEpaTypy 3aMepsijiu depes
0,1—0,2 MM, no Mepe yjajieHHs OT TOBEPXHOCTH HHTEpPBaJ
yBeJInYMBaJcs.

H3mepeHHsi npoBOJAHJIH B HECKOJbKHX TOYKAX II0 BHICO-
Te MaHeJH JJisi KaxJAOro pexuMa oxnaxienus. Ilo moay-
YEHHbIM JAaHHBIM CTPOMJIM KPHBblE H3MEHEHHs TeMilepaTyphl
BO3LyXa OKOJIO IOBEPXHOCTH B KaXJOH TOUKE X H3-
Mepenusi, onpenesnsyin (Af/An)x ¥ To HHM — JIOKaJdbHblE
3HAYEHHUS Clix W CPEJHHE TIO HOBEPXHOCTH 3HAUYECHHS KOIP-
(hHiMeHTa KOHBEKTHBHOTO TENJ00OMEHA Oix.

3HayeHNs o, PACCUMTHIBANHN MPH TeMIepaType BO3JyXa
cpelHell MO BHICOTE Kamepdl Iy M IIPH TeMIepaType, COOT-
BETCTBYIOLIEll OTMeTKe H3MepeHHsi X fgx. CpelHHe mo mo-
BEPXHOCTH 3HaueHHsi Kos(hduiueHTa ok ONPeLeJsIIH
TOJIBKO JJI51 TeMIepaTypHl fs.
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OKCIIEPHMEHTAJIbHAsT KaMepa, B KOTOpoii OBIH TpoBe-
AcHbI TIEPBbiE OMLITH, OKa3ajaCh HENOCTATOYHO COBEpILeH-
HOll. B X0Ofie OMEITOB BOSHMKJIH CJIOKHOCTH B HAa3HAYEHHH M
BBEIIEPIKMBAHAH DEXHMOB HAIDEBA H OXJIAXKJEHHS, a TaK¥Ke
IpH MSMEpEHHH TEMIIEPATYPH!, H3MEHEHHH HOJIOMKEeHHS Tep-
MONaphl M Ip. JKCIEePHMeHTH He TOKA3a/ii YEeTKO KapTHHEL
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Puc. 1.3. Pesynbratsl onpefe/ienus K05(pUIMENTa KOHBEKTHBHOTO Tel-
Ji006MeHa Ha HOBEPXHOCTH OXJAXKAAEMOH NMAHEIH (Mo paHHEIM HcnmbITa-
HHil B KAMepe H HATYPHHIM HAGJIOCHUIM).

I—BepTHKaJIbHaﬂ NOBEPXHOCTh, HCNEITAKHE B Kamepe; 2 —T0 Xe, paHHble
M. A, MuxeeBa; 3 — To ke, JaHHble HaTypHLIX HaGnionenuit; 4, 5, 6 — HCNBITAHUSA
B KaMepe MNpH paclotJoKeHHH BEPTHKANBHEIX HOBEPXHOCTeﬂ COOTBETCTBEHHO B BEpPX-
Heil, cpefiielt M HHXKHeH YaCTAX CTeHHI; 7 — rOPH3OHTaJIbHAsA MOBEPXHOCT, pacro-
JIOXKeHHas! B MJIOCKOCTH NOTOJIKa, HaTypHbIe HCNIBITAHHA

nponecca TemiooOMeHa [0 BHICOTe navejyiv, Xota obmme
JaHHble OBIM JIOCTATOYHO HALEKHBIMH M NpencTapusd ol-
peneneHublii uHTepec. PesysbraTth CepHM OMBITOB MO OrIpe-
HENCHHIO cpejiHell MHTEHCHBHOCTH KOHBEKTHBHOIO TeMsoo6-
M€Ha Ha OXJa}/JaeMoil NOBEPXHOCTH B NOMEIEHNH ToKAa3a-
HEI Ha puc. 1. 3.

Oflee yBesHueHHe HHTEHCHBHOCTH €CTeCTBEHHOI0 KOH-
BEKTHBHOIO TeNJIOO6MeHa B OrpaHMuYeHHOM obGbeMe Mo cpas-
HCHHIO € HMHTEHCHBHOCTBIO TemJlooOMeHa npH cBOGOmHOM
KOHBEKIMH OBLJIO OGBSACHEHO BJHSHHEM OrpaHHuYeHHoro o6n-
€Ma KaMephbl ¢ HCTOYHHKOM KOHBEKTHBHOTO Te1a, pacnoJio-
KEHHBIM Ha [10Jy.

OﬂHOBpeMeHHO C HCHBITAHHSIMH Ha MOJeJH Gblin mpose-
JleHbl HaTypHble HaOMIOMEHHs 33 TEJIOBBIM pexuMoM mo-
MELIeHAS € NMOTOJIOYHO-JIYYHCTHIM OXJIAKIEHHEM (e 31anuu
CTyneHueckoro obuexutusi B Epepane). ITpu obuei oren-
Ke TensioBoil 06CTAHOBKH B NOMEIIEHHH onpenensiiu Kosg-

HUHEHT cx Ha TOBEPXHOCTH OXJNAXKAAOLIEH NOTOJOYHON
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Puc. 14. KaMepa pss uccnepopaulsi ofliero TemnooGMeHa B moMelue-
HUH

a — o6uufi BH3; 6 — BHYTpeHHHMH BuJ; 6 — Jyykopasi TepMollapa, ycTaroBJeHHas
HA KOOpJIHHATHHKE C SJIEKTPONPHBOIOM
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navend. TeMmnepaTypy usMepsili JYYKOBOI TEPMOIA PO,
YKpEIUIEHHO# Ha KOOpAMHATHHKe,  o6pabaThiBaju 1O TOH
3K€ METOAMKe, KOTOPYIO HCIOJIb30Baslu MpH paGore B KaMe-
pe (cm. puc. 1. 3).

HIHTEHCHBHOCTbIO KOHBEKTHBHOIO TEIJIOOOMEeHa Ha OX-
NAXJEHHOH TOPH3OHTAJLHOH NOTOJOYHOH MaHeJH, Kak. |
C/IE[OBAJIO OXMAATh, OKasajach Oosbliel, 4eM Ha BepTH-
KaJIbHEIX MOBEPXHOCTSIX. DTa pasHUla OGbACHAETCS TNOJO-
XKeHHeM MaHeJH, BJIUSIHHEM HHTEHCHBHBIX MOTOKOB BO3NyX4,
NOAHMMAIOMIMXCsl OT HArPETOro Hapy:KHOI'O OrpaKHeHusi,
OOIIEH MOABUKHOCTHIO BO3AYXa B MOMEIIEHHH.

OnpiTel ¥ HATYPHBEIE MCIBITAHHSI [I€PBOii CepUH TOATBEp-
JMJHM 3aMeTHOE pasfiuyye YCJIOBHI KOHBEKTHBHOIO TEIJIO-
o0ME€Ha B MOMEIEHHH C YCJIOBHSIMH CBOGOJHOI KOHBEKLHH.

HauaTble MccrienoBanusi GBUIM NMPOROJIKEHE B YCJIOBHSIX
BHOBb CO3/IaHHO#, XOPOIIO OCHALIEHHOH H3MePHTENbHbIMH
H aBTOMAaTHYECKHMH Dery/HPYIOIHUMH YCTPOHCTBAMH KaMe-
pBl TemnooOMeHa, pasMepnl KOTOpOH OJIM3KH K pasMepam
peanbHoro nomemenusi (puc. 1. 4). OrpaxieHuss KaMephl
co0paHbl U3 OTHENBHBIX 3JIEMEHTOB B BHE MOJBIX MJIOCKHX
KOpOOOK M3 aJIOMMHHMS, TILATENIbHO TEMJIOH30JHPOBAHHBIX
C BHEIIHel CTOPOHBI. DjleMeHTHl 3aMOJIHEHE BOLOH H COEMH-
HEHHl ¢ PETYJNHPYIOIMMH TEPMOCTATAMH, C MOMOUIBIO KOTO-
pHIX B KaMepe MOAAEPKUBAETCS YCTOHUMBAsi TeMmepatypa.

Ha BHyTpeHHHMX NOBEPXHOCTSIX KaMeépsl M B oGbeMe
BO3JlyXa PAacroJIOXKeHbl JAaTynKa, KOTOphle Yepe3 MEpeKJIo-
qJaTtesy NyJbTa YNpaBjeHusi COeAMHEHE! ¢ MOKAa3HBAIOUIMMH
U 3anuchiBawouuMy npuGopamu. JlyukoBasi TepMonapa Ajis
H3MepeHHsl KOHBEKTHBHBIX NOTOKOB TeMJla Ha BHYTPEHHHX
AOBEPXHOCTSIX KaMepnl yCTaHOBJ€HA Ha KOOPIHHATHHKE C
3JIEKTPONPUBOJOM, HMEIOLIMM AHCTAHIIMOHHOE aBTOMATHYE-
CKOe ynpassenue, Gyarogapsi KOTOPOMY MOXKHO, He Hapy-
1Iasi yCJIOBHSI T€PMOCTATHPOBAHHUSI KaMephl BO BPEMsI 3KCIIE-
PHMEHTa, ONEpPaTHBHO HM3MEpSITh TeMmepaTypy. ¥YCTPOHCTBO
¥ OCHAaCTKa KaMephl TeNJoOOMeHa MO3BOJSIOT MPOBOAMTL B
Hell pasHoOOpasHBle OMBITH MO H3YYEHWIO TEIJIOBOTO PEXH-
Ma TfoMelLeHnwsl.

Acnupant MHUCH 1. Par npoBen B KaMepe CEpHIO 3KC-
NEepHMEHTOB MO BBISIBJIEHHIO YCJOBHE TemyooOMeHna Ha Bep-
THKaJIbHBIX HArpeThiX MOBEPXHOCTAX, PA3JIHYHO pa3MeIlleH-
HEIX B MoMeleHHH,

IonyuenHele faHHElE O TEMJIOBOM pexMMe NOrPaHHYHOrO
CJI0s1 NOKa3aJiM, YTO ecTeCTBeHHasi KOHBEKIMS Ha Harperofl
BE€PTUKAJIbHO NOBEPXHOCTH B MOMEMIEHHH KAY€CTBEHHO H KO-
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JIMYECTBEHHO OTJHuaeTcsi oT cBoOoxHON KoHBekuuu. Hau-
Gosiee 3aMeTHO OCOGEHHOCTH KOHBEKTHBHOTO TeNooOMeHa
NpOsIBUJINCh B ONBITAX C HAarperoil MOBEPXHOCTBIO, PacIo-
JIOKEHHO! Ha BCIO BHCOTY moMmemenusi Ha puc. 1.5 mno-
KasaH XapakTep H3MEHEHHsl JIOKAJbHBIX 3HaueHHit KO3(-
(bUIMEHTa Oy,x Ha BEPTHKAJbHOIN MOBEPXHOCTH B IIOMELIEHUH
NpH €CTECTBEHHOM KOHBEKTHBHOM TeIJIOOOMEHE W NPH CBO-
6oauoit kouBekuuH. OCHOBHOe pasiHune 3THX HNPOLECCOB

flomoaox

K ’,:’/'i'// /‘7/;/:,’ sscrsl /,/{,'/ Al
= Q' T
§§§ § i
SR8
SEXM}] |
5 | Puc. 1.5. KauectBeHHoe
=3 § w ! " COTIOCTABJIEHHE  JIOKAJIb-
s —8% g T | HBlx 3HaueHuit Ko3ddu-
IR §§ s i UMEHTOB  KOHBEKTHBHOTO
S o §§ ole Tenoo6Mella Qx.x HA Ha-
g = 18| |< l rpeToll BepTHKaJIBbHOH ro-
33 =~ 8EPXHOCTH, PACIOJIONKEH-
RN N / T HOH B HEOrpaHHYeHHOM
gég ! “8al o o6beme (cBo6GOAHAsA KOH-
E W 27 §J§ 5 pekuusi) (I) ¥ B OrpaHH-
=8 38 uyeHHOM ofbeMe moMelle-
= o 8% | | la Hud (ecTecTBeHHasi KOH-
A R e o BekLns (2)

COCTOMT B TOM, UTO B B€pPXHEH YacTH HArpeTod MOBEPXHOCTH,
PachoJIOXeHHOH B OrpaHHYeHHOM oObeMe, 3HAYEHHUS O,x
pesKo yMeHbiawTcsi: o0pasyercst UeTKO BhlpaX{€eHHasi Xa-
pakTepHasi 30Ha Mpollecca eCTeCTBEHHOH KOHBEKIIHH — 30Ha
topMoxkeHusi. Habuonaercst Takxe obllee NOBbILIeHHE HH-
TEHCHBHOCTH Npoilecca B NepBHIX JBYX 30HaX JIaMHHapHOTO
u TypOyJeHTHOro Ten1oo6MeHa. B HavaJsle 30HEI aMHHAPHO-
ro pexuma TelyooOMeHa 3HAYEHHS Gy, x HECKOJIbKO MEHBILE,
yeM npu cBoOOmHO#I KOHBEKUMH, W Ha HHXHell rpaHuie
Ox,x MMEET KOHeUHOe 3HaueHue. B ocrajbHOl 4acTH 30HHI
JlaMHHapHoro pexunMa (o61lasi JUIMHA KOTOPOH MO CpaBHe-
HHIO CO CBOGOJHO# KOHBEKIIMell HECKOJbKO COKpalllaercs)
3HAYeHUsl Oy, 3aMeTHO OoJibllle, 4eM B JaMHHapHOH 30He
cBOGOJIHO pPAaCMOJIOKEHHOH MOBEPXHOCTH.

Pasapunsi MHTEHCHBHOCTH TeNNIoO6MEHa B 30HaX JIaMH-
HapHOTO peXuMa, OTMeueHHble Bhilile, CBsI3aHbl B OCHOBHOM
¢ BJHsSIHHEM I10J1a KaMepHl, BAOJIb KOTOPOro BO3AYX IOATEKaeT
C HEKOTOPO#i CKOPOCTHIO MO HOpMaJii K HArpeToil mopepx-
noctd. Takoe pBuiKeHwe BO3AyXa OKOJIO TaHEJNH CHHXKaeT
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MHTEHCHBHOCTh TellsIoo6MeHa B Hayalie 30Hbl JAMHHAPHOIO
pexuMa, YCHIMBaeT TenJooOMeH B OCTajJbHOH €€ YacTH H
NPHUBOANT K HApyLIeHHIO cTaOMJIBHOCTH JIAaMHHAPHOTO Teye-
HHS] B NIOTPAHHYHOM cJiO€ NPH MEeHbIleM 3HAYeHHH TpaBHTa-
HHOHHOH CcHJIBl (B pe3yJbTate NPOTSIKEHHOCTH 30HHI JIaMH-
HApHOro pexHMa TellJIOOOMeHa YMEHbIIJeTCs).

B 3one TypOyJieHTHOro pexMMa TennooOMeH Npu ecTe-
CTBEHHOH KOHBEKI[HH B KaMepe IpOHCXOAuT Oojiee HHTEH-
CHBHO, YeM NpH CBOOOZHOH, M JIOKaJbHble 3HAYEHHUS O .x
He OCTalOTCs MOCTOSIHHBIMH, a PACTYT C YBeJIHUEHHEM X.
3Tta ocobeHHOCTL OODBSCHSETCS] BJHSHHEM HHCIanalouyuX
XOJIOAHBIX NMOTOKOB MO 6OKaM Harperoii MOBEPXHOCTH M 00-
el UUpPKYJsiuK BO3AyXa B NoMeleHHH. TypOyJieHTHas!
30Ha Ha BEPTHKAJbHOH HArperofl NOBEPXHOCTH B KaMepe
HUMeeT BEPXHIOK TrpaHHily, NOJIOXKeHHe KOTOpPOH 3aBHCHUT
OT BHICOTH mnoMelleHus.. Ee nojioxKeHHe OTHOCHTEJBHO MO-
TOJIKA ONpeleNisieT pasMepsl Tperbell XapaKTepHOH 30HbLI
€CTECTBEHHOI KOHBEKIHH — 30HLI TOPMOXKEHHS.

Hanuyne 30HBI TOpMOXKEHHS siBJsieTcsl OCOOEHHOCTBIO
€CTEeCTBEHHOH KOHBEKIMH B 3aMKHYTOM NpoctpaHcTtBe. CHH-
JKeHHe HHTEHCHBHOCTH KOHBEKTHBHOIO TelJlooOMeHa 3Jech
BEI3BAHO TpeXJie BCEro TOPMO3SLINM feficTBHEM MOTOJKaA, a
TaKKe TeMIepaTypHbIM paccjoeHHeM BO3ldyXa IO BBHICOTE
HoMelleHHsl. ¥ MOTOJIKa TeMrepatypa BO3JyXa MOBHILLAeT-
Csl, CTAHOBHTCS MeHbllle PasHOCTL TeMIepaTyp BO3JyXa H
NOBEPXHOCTH, YMEHblaeTcs TPaBUTAUMOHHAS CHJa W CHH-
JKAETCsl CKOPOCTh BO3JAYIIHOTO MOTOKA.

HccnenoBan KOHBEKTHBHBI TelsiooOMeH NMpH LIecTH Ba-
PHAHTaxX pAacroJIOXKEeHHUsl HarpeTofi TMOBEPXHOCTH MaHe H
(nmeperoponku) B nomeiuenud. Huske moapo6HO H3saralor-
Csl pe3yJbTaThl WMCNLITAHHS TOJLKO NMEPBOro BapHaHTa pac-
noJioxenus maneaw (puc. [.6) 1 oTMeueHBl HEKOTOpHE Ha-
nGoJiee BaxHble MOKA3aTeNH APYTHX BapHaHTOB HMCHBLITAHHUIL.

Ha puc. 1.6 noxasaHb KpuBHe H3MEHEHHs] JIOKAJBHBIX
3HayeHU# KO3(QODHIHEHTOR KOHBEKTHBHOIO TeMIo00MeHa
Oix,x 10 BBICOTe maHesd. YeTKo BEILEJSIIOTCS TPH XapakTep-
Hple 00J1aCcTH KOHBEKTHBHOrO TeNJIOOOMeHa: JlaMHHapHOro
pexHMa TelnooOMeHa HENOCPEACTBEHHO Haj NoJoM, TypOy-
JIEHTHOTO — B CpeJHell 4acTy NOBEPXHOCTH W TOPMOXKEHHS B
BEPXHEH 4acTH, MOJL MOTOJKOM.

B o6nacty naMHHAPHOTO pEXHMAa HHTEHCHBHOCTB Tell-
Joo6Mena B oOileMm OoJsblie, yeM OpH CBOOOJHON KOHBEK-
LH{H, ¥ Ha BepxHell rpanuie o06J1acTu Qx MPEBOCXONHUT CO-
OTBETCTBYIOI€E 3HaueHHe MPH CBOOOJHOH KOHBEKIHH Ha
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95%. VckmoyeHye COCTaBJsIeT He3HAUHTeNbHAs HaCTh 3TOl
o6acTH, orpanuuerHas Bbicoroli 10 MM oT mona, B KOTOpO#
HHTEHCHBHOCTB TENNOOOMEHA MeHblle.

VYpaBHeHHe 1S JIOKAJbHBIX 3HayeHHH KpuTepHs Nux
p 06JIaCTH JIaMUHAPHOrO PEXHMAa Tenjioo6Mena uMeeT BHA

Nu, = 0,347 (Gr, P)®27. (1.47)
BesHunHa o, NpH £, =20° C Bhpaxaercsi GopMy/iami:
Oy = 1, 2408075 702 (1.48)

Gy o = 1,07AL027 02, (1.48")

IIpoMHTerpUpOBaB 3TH BHIpAKEHHs, AJsl OMPELENCHHSA
CPENHEro 3HAYEHHs Oxx B NMPeLeNax 4acTH BEICOTHI Jlamu-
HapHO# 30HH AR', TOJIyUHM:

o, = 1,56A10257 AR =02 (1.49)

a, =1,33506%27 AR 0 (1.49")
WJH B KpUTEpHaNbHOH QopMe

Nu = 0,433 (Gr Pr)%%7, (1.50)

Bepxussi rpaHuila JIaMHHAPHOA 3SOHEl COOTBETCTBYET
KPHTHYECKOMY 3HAUYEHHIO TMPOH3BEJIEHHS KDHTEPHEB I'pac-
ropbpa u Tlpannraa (Gr, Pr)yxp=1,7-108. Cpennennre-
rpajbHOe 3Hauenne Kpurepus Nu Ans [IOJIHOM BBICOTHL J1a-
MUHapHO{1 30HBI paBHO 68.5.

B o6aactu TypOyJIeHTHOro pexkuMa 3HauyeHHsi JIOKaJIbHO™
ro kospdHUHeHTa KOHBEKTHBHOTO remyioo6MeHa YBEJHUYH-
BAIOTCs1 HA TIOBEPXHOCTH B KaMepe MO HalpaBJIeHHIO JBHXKE-
_Husi Bosayxa. Ilo cpaBHenuo ¢ ternoo6MeHom Ha cBo6oJ-
HOEl [IOBEPXHOCTH Oi,x OKA3BIBAETCS CHayasa HECKOJBKO (Ha
5 %) MenpumM, sarem — Gosblnm (Ha 25%). HaubGossb-
Hlee M cpeiHee 3HaueHHe KO3(pduumeHTa KOHBEKTHBHOIO
renoo6MeHa B TypOyJsieHTHOH o6jacTH pacTeT C yBeJHie-
HHeM BBICOTH MOMeLLeHHs. JIOKaNbHbli TenI000MeH Xapak-
TepusyeTcsi KPUTEPHAJIbHBIM YPaBHEHHEM

Nuy = 0,02 (Gry, Pr)>*¢, (1.51)

Kotopoe npu t;=20° C npeobpasyercs:
e x = 1,106:775 A4 (1.52)
&y, = 0,953x% A48, (1.52°)
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Cpennee sHauense oy Npu fy=20° C Il BceH TpoTH-
HKEHHOCTH TypOYJEHTHOH 30HEI (Ahy=h—Ahy) pasHo:
P25 _ ppt.25
T J

oy = 0,885

Af0-416, (1.53)
T
B2 __ Apl.25
g = 0,763 — I

A48 (1.53")

T

OKCIIepUMEHTANbHO YCTAHOBJIEHHAsT 30HA TOPMOXKEHHHA
OKOJIO NIOTOJIKA MMeeT BEICOTY Ahqop, PABHYIO M:

14507
50.53 0 1.54
(Gr,Pr)0-58 (1.54)
Tie h— BHICOTa NoMeluenys, paBHasn: h=Ah;,+AhT+Ahmp=hT+Ahmp
IMoxcranoBka B (1.54) sHauenmwit Gr, Pr pis Bo3Jlyxa

npu t,=20° C npuBomut K crenyiouleit Gopmyne pis onpe-
JleJI€HUs BBICOTHI 30HBI TOPMOIKEHHSL:

Ahop = 1,35

Ahgop = 1,35 — 3,06A:0-33, (1.55)

Kpurepuit Nu, ocraercs noctosinbiv g npenenax 30HB
TOPMOKEHRs1 N1 PaBHBIM SHAYEHHIO Ha BepXHeil rpa”pie typ-
OyJIeHTHO# 30HEI [cM. dopmyny (1.51)] npu X=h—AHh+cp.
JlokaJjibHble 3HaueHus KO3 QULIEeHTa KOHBEKTHBHOIO Tell-
JIOOGMEHa MOBEpXHOCTH YMEHBLIAIOTCSL N0 Mepe mpubJmKe-
HHSA K MOTOJIKY.

OGoGuieHH e 3aBHCHMOCTH [ oy npoilecca Tena0006-
M€Ha Uil TPeX XapaKTepHBIX obsacTell, NpHBelieHHble Ha
puc. 1.7, crnpaBennuBm nJis NOMeIleHHH JiI0GO#l  BBICOTEL
Tak, cpennre sHavenus KoshduuMenTa KOHBEKTUBHOTO TeIl-
JlooGMeHa st Beell Muiomany NEePEropoNoYHON NaHeNn mpiu
BBICOTe NMOMeElUenust b B npenenax 2,5-—4,2 M pasHbi:

oy = 1,45A¢%32+0.014h, (1.56)
o = | ,25At0'32+0'0”h. (1.56’)

Bropasi cepusi skcnepuMentop 6pina NpoBEfieHa mpH
ABYX TNEPEropofOYHLIX MNaHENsIX, PACIOJOKEHHEIX Ha npo-
THBONOJIOKHBIX CTOPOHAX KaMephl. B orsimyde ot YCJOBHi
MEPBOTO SKCMEPHMEHTAa BBICOTA JAMHMHADHOH 30HBI 3/16Ch
OKasanach MeHblle, 06J14aCTh TOPMOKEHHSI — GOMbLIE H OG-
1ast TENNOOTAa4Ya KOHBEKLHEH TaKKE MEHbIile,

Cpennee 3nauenue o aJst 310T0 cayyast npy h=2,5—
4,2 M paBHo:

Oy = 1 45At0,29+0,0[4h.

(1.57)
ay = 1,25A¢0- 240014

(1.57%)
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[IpencraBasitoT onpejesieHHLINH HHTEpeC HCNLITaHus, B KO-
TOpBIX MEperopofoyHas MaHeNb 3aHUMalla BePXHHE IBe€ Tpe-
TH NO BHICOTe noMemenus. Huke HaxoauJach HeHarperas
IJIOCKOCTb. B 3TOM ciiyyae 30HA JIAMHHAPHOTO peXKHMa Obl-
Jla JJIMHHEe, HO MHTEHCHBHOCTh TEMJ000MeHa B ee mpefenax
yMeHbLIHgach 30 79% Toro ke nokasaress npyH cBOGOHAHON
KOHBeKIMH. B cBfiay ¢ HajiuuveM TOPMOKEHHs MOTOKa BO3-
JlyXa COKpaTHJIUCh pa3Mepnl TypOyJIeHTHOH 30HH M 3HAYH-
TeJIbHO CHHU3WJIACH HHTEHCHBHOCTh TelsiooOMeHa B BepxHef
yactn naneju. CpenHue 3HaueHHs Ko3gduineHTa KOHBEK-
THBHOTO TeNJIOOOMEHa ISl MeperopojiOYHON mnaHesy, Mnpu-
MOAHATOH HAJ NOJIOM, MPHOJIHKEHHO paBHBL:

o == 1,17 (AL /0%, (1.58)
o = 1,01 (At/m)%%, (1.58")

HanmeHnplllas HHTEHCHBHOCTh KOHBEKTHMBHOrO Temjo06-
MeHa OKa3aJach B CJyyae pacHoJIOXKeHHsl HarpeToil moBepx-
HOCTH B BUJIE puUrefisi, B BepXHEN YacTH Meperopojiiky — pu-
rejipHasi naHesb. TeMmepatypa BO3LyXa 3Aech Obljla He-
CKOJIBKO BHIIlE, yeM cpenHsis mo oGbeMmy. lloBHienve
TeMOepaTypbl BO3JyXa MOj NOTONKOM HOMEIIEHHs C yBEJH-
YeHHeM TeMIepaTypsl PUresbHOR NaHeJNHn NPOHCXOJHT 3a-
MerHee, uYeM MOBhHIIeHHE HWHTEHCHBHOCTH KOHBEKTHBHOTO
Tennoo6Mena. B sToM ciyuae cpeiHHe 3HAYEHUS Ok IpH
BBICOTE pHreSibHOI NaHejn AR U pasHOCTH TeMIlepaTtyp IIO-
BEPXHOCTH MaHEeJH H BO3JiyXa nomMellieHus Af COCTaBST:

oy — 1,21 (A2 /AR5, (1.59)

)0,25

e — 1,04 (A /740 (1.59')

Ilpn pacmosioxkeHun B NMOMEIIeHHH JBYX PHIeJbHHX Ia-
HeJiell MHTEHCHBHOCTL KOHBEKTHBHOrO TEMJIOOOMeHa CTaHO-
BHTCs elne meHblte (Ha 20%).

IIpoitecc KOHBEKTHBHOrO TemJIooGMeHa OKa3blBAETCs
HauboJee CJOXKHHM Ha HArperoli MOBEpXHOCTH, PacHoJo-
JKEHHOH NOJi OKHOM B HHXKHEH YacTH HapPyXKHOH CTEeHHl, KOf-
Ja OHAa C TPeX CTOPOH OrPaHNYEHA XOJOAHLIMH MOBEPXHO-
CTAMH, & BHH3Y COIPsIKEHA ¢ NOJIOM.

IToBepxHOCTL TONA CHEPIKHBAET KOHBEKTHBHBIA MOTOK.
Hucnanamompe 60xoBBE X0J0AHBIE TOKH BEITECHSIOT TEIJIBIH
BO3JlyX CHM3y; C NOBEPXHOCTH OKHA Ha NaHelb MajfaiT Xo-
JIOfible MOTOKHM BO3[YyXa, KOTOpble TOPMO3fT ABHUIKEHHE BOC-
xXozsuero noroxka. B pamHOM cayuae Ha NMOBEPXHOCTH Ha-
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rpeBa OCOGEHHO 3aMETHO NMPOSIBJIAETCSA JIByXMEPHOCTb a3po-
JIUHAMHYECKOTO H TEIJIOBOTO MOJIEH.

ComnocraBiieHue JIOKaJdbHEIX 3HauyeHUil KoadouuHeHnTa
KOHBEKTHBHOIO TeNJOOOMeHa ¢ aHaJIOTHYHBEIMM JaHHBIMH
JJIs1 JIaMUHAPHOM 06JacTy NpH cBOOOIHON KOHBEKUMH MOKa-
3LIBAET, YTO WHTEHCHBHOCTh TeMJooOMeHa Ha IMOJOKOHHOH
HArperoil NOBEPXHOCTH 3HAYHTEJLHO 3aTOPMOXKEHa Ha HHXK-

— 1g° +20%¢
'_I'n:+6§°¢’,'

[~
b
el

Puc. 1.8. O6pevHasi 3mopa JIOKaJBHHX 3HaueHuil KO3((HIMEHTa KOH-
BEKTHBHOTO TemJiooOMeHa Ha NOBEPXHOCTH NOJOKOHHON NMaHei M

Heil rpanune Jo 44, a Ha BepxHeit — no 80—87Y. OGbem-
Hasl 3MI0pa JIOKAJNBHEIX 3HaueHHil KoaddHINEHTa KOHBEK-
TUBHOTO TEIVIOOOMEHA Ok, Ha HOBEPXHOCTH MOJOKOHHOM
NaHesH NnpuBeieHa Ha puc. 1.8.

KpurtepuasnbHoe ypaBHEHUe ISl 3HAYEHHH Ok, TIO BHICO-
Te NaHeaH (yCpeLHEHHBIX MO ee UIHPHHE) HMEET BHJI,

Nuy = 0,18 (Gr, Pr)%-23, (1.60)

Cpennue 3HaYeHHs! ox B 3aBHCHMOCTH OT BHICOTHI NaHe-
Ju Ah u pasHoCTH TeMnepaTyp Af paBHH:

A28

aK:l’29W; (1.61)
At0,284

a“:l'“AhO,ls . (1.61")

Takum o6pasom, pesysbTaThl SKCIEPHMEHTOB MOATBED K-
Ja10T KayeCTBEHHOE U KOJIMYeCTBEHHOE OTJIHYHE KOHBEKTHUB-
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HOTo TEMNJI006MEHa HA NMOBEPXHOCTAX B OrpaHHYEHHOM 00Dbe-
Mée MOMEIIEHH s OT YCJOBHI CBOGOJHOH KOHBEKIIHH.

Caefllyer 3aMeTHTh, YTO HCIIHITAHHUsl TelmyooOMeHa GbLIH
NPOBEIEHH! NPH OTCYTCTBHH BO3JyX00OMeHa u LpH ofpele-
JICHHOM pasMepe Kamepol. BeHTulsiius mnomemuienlis MO-
KeT M3MEHHThL KapTuHy TennooO6MeHa. B MeHbliell cTeneHH,
BEpOATHO, MOXET CKa3aTbCsi H3MEHEHHe TeOMeTPHYECKHX
napaMeTpoB MOMeELIeHHs, XOTsl KOJIMYECTBEHHbIE [OKa3aTe-
JIM 3aBHCAT U OT 3TOTO.

1.3 TENJIOOSBMEH HACTMINAIOLLEACA MJIOCKOW BO3AYLIHOW
CTPYH
C FTOPM3OHTAJNIBHOW NOBEPXHOCTLIO OFPAXKAEHMHA

Kpome ecTecTBeHHON KOHBEKIHM B NOMELIEHHH MOTYT
ObITh YCJOBHSL TemNo0OMEeHa HOBEPXHOCTH C HCKYCCTBEHHO
CO3JlaHHBIM TNOTOKOM BO31yXd. DTO KOHBEKTHBHEI OOMEH
TEMJAOM MEXKIy HacTujamllefcsi cTpyell BO3LyXa H NMOBepX-
HOCTBIO OrpaxieHusl.

Pexum TeyeHust B cTpye IPEHMYILECTBEHHO TypOyJeHT-
Bolil. Kak 1 Npu ecTecTBeHHON KOHBEKIIMH, B HACTHJAIOLLEH-
Csl CTPye OKOJIO HOBEPXHOCTH O06pa3syeTcsi JJaMUHAPHEI MO -
cJiofl ¥ TypOyJIeHTHERI MOrpaHuyYHbil cJoi. TOJLIMHEL 5THX
CJIO€B HEBEJIMKH 10 CPaBHEHHIO C TOJILHHOH cTpyiHOTO
(BHenIHero) norpanuysoro cnaost (puc. 1.9). Ins pacuera
XapaKTepUCTUK THAPOJHHAMIKH CTPYH, HACTHJAAIOIEACH Ha
FOPH3OHTAJILHYIO MOBEPXHOCTL, OOBIMHO HCHOJIb3VIOT 3aKO-
HOMEPHOCTH CBOGOJHEIX CTPYH.

VIHTeHCHBHOCTDL TENNOOOMEHA HACTHJIAIOUIENC CTPYH ¢k
C TNOBEPXHOCThIO 00yc/oBaeHa KO3)(HIMEHTOM KOHBEKTHB-
HOro Ttemnyioo6MeHa. JIokasbHEE €ro 3HayeHHsl, COOTBETCT-
BYIOLIYE HanpaBJIeHUI0 MBIIKEHUS] TOPU3OHTAJBHON HAacCTH-
Jlalouieics: MIOCKOR CTPYH, MOryT ObiTh onpenedeHH [6] mo
KPHTEPHAJBHOMY YPaBHEHHIO

{ 0,4
Nu, = 0, 104Rel:® —i—) , (1.62)

rlle g — IUHPHHA MPHTOYHOTOG oTBepcTHsn (wenn); Nux, Rex — coorser-
CTBYIOLHe JOKajbHple 3HAYEHHA KPIITEPHEB, ONpelesieHHble AJA XapaK-
TEPHOrQ pa3Mepa X -— PACCTOSIHHS OT NPUTOYHOTO OTBEPCTHS.
CpelHee 3Hauenne Ko3(Q@UIlHEHTa KOHBEKTHBHOTO Tell-
noobMeHa Ok BIOJIb NOBEPXHOCTH OO CEUCHHS X B JAaHHOM
cJyuae paBHO:

Ay = 2,50 . (1.63)
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Puc. 1.9. ITnockast HeM30TepMHYeCKas! HaCTHJIAIOWAsCH CTPYA

I — naMHRapHbl TOrpaHUunb#L CYoil; I — To xe, Typbynentnuili; II1 — cTpyiiunit
BHENIHUfi TorpaHHurbll chofl; [ - 3miopa cKopocTell; 2 — To Ke, H3OBLITOUHBIX TeMm-
nepaTyp

3aeucumMocts (1.62) nosyueHa AJist ycsoBUH TemsiooOme-
Ha HEU30TEPMHYECKOH TOPH3OHTAJBHOH CTPYH C H3OTEPME-
yecKol MOBEPXHOCTBIO, HO €€ MOXKHO HCHOJb30BATh AJs Clly-
yas cja60 HeM30TepMHUECKOH MOBEPXHOCTH, KaK 3TO o0OBIY-
HO GHIBaeT B YCJIOBHAX MOMELEHUS.

1.4. KOHBEKTMBHbIA TEMJIOOBMEH M PEXXWM NBMIKEHMS
NNOCKOA CTPYH,
HACTHITAIOLLLEACSH HA BEPTUKAJILHOE OTPAXKAEHME

Jnsl 3alIHTH NOMELIEHHA OT HHCMAJAKIIHX XOJOAHBIX
NOTOKOB BO3/yXa YacTO KCHOJB3YIOT BOCXOAALIHE BO3AYL-
HHE CTPyM, HACTHJIAIOLIHECH Ha XOJIOLHYIO OBEPXHOCTD Ha-
pyxuoro orpaxnenus. Ilyockas Harperasi cTpys CHU3Y Ha-
cTunaercs Ha creny. Ha xosonHo# cTene cBepXxy obpasyercs
HUCHAJAIIUH [IOTOK BCAENCTBHE eCTECTBEHHOH KOHBEKIIHH.
OTH [Ba MOTOKA — HCKYCCTBEHHO CO3JaHHAas Harperas
CTPYsl CHU3Y U eCTeCTBEHHHH OXJiaXKJeHHHI MOTOK BO3MyXa
CBepXy — B3aUMOLEHCTBYIOT MEXAY coOoH. 3aja4a 3alUThH
NOMeIIEeHHs] OT OXJIaXKAEHHS COCTOUT B oNpefesIeHHH HHTEH-
CHBHOCTH TemnooOMeHa B 30He BOCXOAAILNEH CTPYH H B Ha-
XOXKAeHUU KaNbHOOOHHOCTH NOc/iegHe.,
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B o61uem ciyyae cTpysl IPHTOYHOTO BO3AyXa HMEET TeM-
nepaTypy, OTJHUYAKOUIYIOCS OT TeMIlepaTypH BO3LYyXa mMoMe-
ILeHUS, ¥ B HeH HApSNY C MHEPUUOHHHIMH NeHlCTBYIOT IpaBk-
TallMOHHHE cHJBL. B 3amauy pacuera Takux cTpy# OGHUHO
BXOJIHT OIPENCNCHHE TEMIEPATypH fw,x H CKOPOCTH Uw, HA
PacCTOSIHHM X MO OCH CTDYH, a TAKXKe JOKAJbHBIX 3HAYCHUH

Hox
Yo
I ; 1 ‘ 7
../! ' ; | { 2 !
== — =
i t ]
. \\.—-\4\; ;
| \‘\‘.\,\ ‘ | |
05 ! I I | i
4 ’l T | . i I ; __j
03 ' : | \IN i
! | : ; 4 S
02 L ! | ' LN
7 2 J 10 20 30 50 100 20 300 X

Puc. 1.10. 3aBucHMOCTD OTHOCHTENIBHOH OCEBOH CKOPOCTH Uy,x[Uo OT OT-
HOCHTEJbHOH KOODAMHATH X
1 —Arg=1; 2— 10 XKe, 0,}; 3— 0,001; 4— —0,001

KO3(P(QHIIMEHTOB Ok, KOHBEKTHBHOTO TemooOMeHa CTpYH ¢
orpaxJeHHeM.

Jlnst pacuera mapaMeTpOB HeH30TEpMHYECKHX HACTH-
JIAIOIUXCS cTpy#H Bocnosnib3yeMcs nanubiMH [32]. Ha rpadn-
kax pHc. .10 nokasaH xapakrep U3MEHEHHT OTHOCHTEJbHOM
OCEBO#i CKOPOCTH HacTHJAAmIlefics CTPYH NpH 3HAYEHUAX
kputepusi Aro (B Hauyase crpyu —uHmekc 0) or 1 jo
—0,001. Ha stom rpa¢guke paHo Oespa3MepHOe paccrof-
HUe X, OTHEeCEHHOE K IIMPHHE LIeJH ¢, U3 KOTOPO# BHXOLMT

BO3ayx: x=x/a. TlepBoe 3Hauenne Aro=1 DpuSIU3HTEIb-
HO COOTBETCTBYET YCJOBUAM PaGOTH OTONHTE/bHHIX MPHEO-
poB (v9=0,5 M/c; v=30°C), Are=+40,001 — ycioBusm
paboThl cHCTeM KOHIMLHOHHpOBaHHA (vo=3—4 M/c, vo=
=10°C). M3 rpaduka (cm. puc. 1.10) caenyet, uto yBeJiu-
yeHHe Kputepusi ApXuMena NMPHBOAHT K Ka4YeCTBEHHBIM H3-
MEeHeHHAM B Pa3BUTHH cTpyd. Ecom npu Are==0,001 cko-
pPOCTb CTPYH TIO OCH MOHOTOHHO yOHBaeT, T0 HpH Are=1
BOJIM3H HCTEYEHHS] OHa BO3PACTAET, a 3aTe€M INpaKTHYECKH
ocraercs NOcTOAHHOH. DT0 OGBACHAETCH TEM, YTO YBEJIHYe-

42



HUe apXHMEIOBBIX CHJI, HamnpapJIeHHE KOTOpHIX B cjayyac

HarpeTOﬁ BEPTHKAJIBEHO HaﬂpaBJIEHHOf‘I CTpyu coBliiagaer ¢

BEKTOPOM CKOPOCTH, «pasrosfsier» CTpyio, T. €. B Takux CTpy-

AX HOSBJIAETCH «paSrOHHbIﬁ y4acToK>. CKOpOCTb B KOHILIE

ero Moxer yBeJIHYUBATLCA MO CpaBHEeHHIO CO CKOpPOCTBIO HC-

TedueHUd IOYTH B JABa pasa. OceBas TeEMIepaTypa B CTpyax

¢ 6OJIbIINM Al‘o yMeHbIIaeTcsd 3Ha4YUTeJIbHO pe3ye.

Ney
lWﬁl%T

7 \ ) 1

a0 I S ~

\N | I
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001 M |

8005 \

0,0021 ! I—]
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Puc. 1.11. 3apucumocTs Nux/Re
I — Ary=1; 2 — 1o xe, 0.1; § — 0,001

8'8 OT OTHOCHTEJbHOH KOOPAMHATH X

EcTecTBeHHO, YTO B pe3yJbTaTe U3MeHEHMsl THApPOAHHA-
MMKH CTPyH MEHsIeTCsl H HHTEHCHBHOCTH ee Tenyoo6MeHa C
BEPTUKAJBHEIM orpaxzaeHueM. JIoka/bhbie 3HaueHHs Nuy=
=0tk X/he TpH pa3HHX Kpurepusax Aro n Rep nokasaHel Ha
puc. [.11.

3 pucyHka BHAHO, 4TO 3HaueHHe KpuTepusi Nux B CTPY-
AX ¢ 6oJblINM Arg MOXKET OTJIMMaThCH B IBA pasa MO CPaB-
HEHMIO CO 3HAYEHHMSIMH JJIfl CTPYH HNpH MaJbiX KpHTEpHAX
Ary. Xapakrep noBeleHHsl CTPYH NpH 3HAYEHHAX KPUTEPHs
Arg~~1 6/M30K XapakTepy NOBEAEHHS KOHBEKTHBHOH CTPYH,
BO3HHKAWOLEH HaX NJOCKUM TOPHU3OHTANbHBLIM HCTOYHHKOM.
B Takux CTpysiX TakKXe BO3HMKAeT PAa3rOHHBIA y4acToK <
NP aKTHYECKH TOCTOSHHOH CKOPOCThIO CTPYH.

3naueHHe M3GHTOUHOH (MO CPABHEHHIO C TeMIepaTypoi
BO3yXa B NOMEIEHHH f;) TeMmIepaTyphi BO3ayXa Ha OCH
CTPYH vy, U OTHOCHTENBHOE (K pPasHOCTH TeMIeparyp IpH
HCTeyeHUY) H3GBITOYHOE 3HAYEHHE 3TOH TEeMNEPATYPH O
paBHHI:

Vot x = bat,x — [ em.x =(tux— ta)ll(to - tn)'
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QopMyJibl AT pacyera 0CeBOH CKOPOCTH, OTHOCHTEJIBLHOM
H30LITOUYHON TeMIlepaTypH U JIOKaJbHHX 3HaueHuil Nu, mJis
HEH30TEPMUYECKHX CTPYH, B TOM YMCJIE allllpOKCHMHpYIO-
mue gaunele puc. 1.10 u L.11, umeror Bux:

)= A;B; [ ;;
Yu, x 0 o M, X J (1.64)
Nu, =BRe
8,1(1—q) ,
OM,x= _— (1.64")
Uy x X

tne A, B, B, T— kos(uuuenTsi, 3aBHUCAWAE OT KpHUTepHs Arg u x
(ra6a 1.1); ¢ —cpepuufi Mo MOBEPXHOCTH YAEJBHH TennOBOH MOTOK
OT CTpYH K CTeHKe, [3mech kkan/(c-m?)].

dopmysia fist Owe (1.64) cnpaBennusa npu x=>10.

Tat6anna L1. Koagpduuuentw 4, 5, B, I'

2<x<20 x>20
Ar,
Al B B | r Al B B r
—0,01 1 0,044 { —0,2 ’—0,35 3,2 {0,115 |—0,6 | —0,7
0,001 | 1 0,045 | —0,1 |—0,3 | 3,2 {0,115 |—0,5 | —0,6
0,1 1,031 0,043 0,04]—0,2 | 1,15 10,05 0 —0,25
1 1,451 0,039 0,18 ,05| 2,5 10,061 0 —0.2

Ilpy ABHIXKEHHM CTPYH BJOJE BEPTHKAJBHOTO XOJIOZHOIO
OTpax<[ieHHsl, TeMIIepaTypa KOTOPOTO HHIKE TeMIepaTyphl
OKPYKaIOIIEro BO3NYXa, YacTh BO3/yXa MPHCTEHHOTO norpa-
HHYHOrO CJIOS MCOBITBIBAET JeHCTBHE OTPHUATEJbHBHX apXu-
MEIOBHIX CHJI. B pesysbraTe JBHIKEHHA YaCTHUH TepSIOT
KHHETHYECKYIO 3HEPTHIO, 3aTeM HAaCTynaeT MOJIHOe HX Top-
MOEHHE — MPOMCXOJHT sABjeHHe OTpPEIBA MOTPAHHYHOTO
cJiost OT orpaxieHusi. Pacuerhl Ha OCHOBe YpaBHEHHH MO-
FPaHUYHOTO CJIOSl C YYeTOM JAHHOTO OGCTOSATENBCTBA, a TaK-
ke 0000uieHIe 3KCNEepPUMEHTAIBHBIX HaHHHX [32] nosso-
JIMJIH BHISIBUTH CJEIYIOUIYIO 3aBHCHMOCTb [JIsl ONpPELeJIeHUS
OTHOCHTEJIHOTO PACCTOAHHS 0 TOYKH OTpHIBA:

_ Re 2,2
Foup = KB " L o, 0826Gr o (1.65)
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rae:
Gr — 8P (ts — lex) a3
'V2
Re =Re, mpu Ary < 0,01;
Re = av__, [v npu Ar >0,01;
U._o — CKOPOCTb BO3LYXa MO OCH CTPYH MpH x=2 (na PaccTOsHUHE OT
ey, paBHOM 24a).

B Touke oTpHIBa NOrPaHUYHOIO CJIOS HHTEHCHBHOCTH KOH-
BEKTHUBHOro TEMJIOOOMEHA CYIIECTBEHHO CHUXKAeTcsl, KO-
GHIMEHT KOHBEKTHBHOTO TEIVIOO6MEHa B 3TOH TOYKE OKA3bi-
Baercst OiuskuM Hyumo. ITostomy ecam BHcCOTa moMereHust
h>xxp, nanbosee HM3Kas TeMmepaTypa NOBEpXHOCTH
OrpaxkneHnss OKasbiBaeTcsl B TOYKE C KOOPAHHATOH Xxp. DTY
TEMIEPATYPy MOKHO NPUOJMIKEHHO PacCYuTaTh, HPHHHMAA
ax=0 H foJiaras, YTo 3/€CH HMEET MECTO TOJBKO JIYUUCTHIH
Temoo6mer. CpenHuii K03QPHUIMEHT KOHBEKTHBHOTO TEILIO-
oOMeHa Bo Bcell 06/1aCTH 0 TOYKH OTPHIBA CTPYH JOCTATOU-
HO BBICOK H MOXKET OBITH ONpEJeseH U3 ypaBHEHHs

Nug,,, = 2-10° Rel*8 Gr%3. (1.66)

Brite nyockoctd OTpeIBA  CTPYA  OTKJOHSIETCH  OT
Orpax<ACHUA ¥ PasBHBAETCA INPAKTHYECKH MNapaJjielbHo
orpaxfenuo. Ecin noBepXHOCTH XOMORHOro orpakaeHus
JOCTATOYHO BEJIHKA, TO B BepXHEeH €ro 4YacTd BO3HHKAET
HHCNaJIAIOLI Uil KOHBEKTUBHBIA NOTOK. BeTpewa ctpyu ¢ HuM
NIPOHCXOAHT B TOYKE, B KOTOPOH MX MaKCHMaJibHble CKOpO-
¢ty paBHE. OceBast CKOPOCTb NPUTOYHOH CTPYM Onpesessi-
ercs 3aBucHMocThIO (1.64). MaxkcuMmasibHast CKOpocTh 10
OCH HHCHAJAIOLIEr0 KOHBEKTHBHOIO NOTOKA HA PaCCTOSHHH
x*==h—x OT BepXa orpaxJieHns

3/ 3
upe=2.8]/ K g 0,07V g a6n

3 -
U= 0,074V geq x*. (1.677)
CootBercrByomas efi H3GHITOUHAS TEMAEpPaTypa

3 9
T Ger 3 —1
Uy xx== by v—1,=5,5 ‘/g (C‘;)z ~ =0.15 ]/ G X ; (1.68)

3 ro 3
Vi pom= 0,167 T 27 (1.68")
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IlIupuna cTpyH B ceuenun x* paBHa ax*=0,14x*, a yaco-
BOH pacxoj BO3llyxa

3/

3
L = 3600.0,24 1/ :,'T genx®t = 25,921 gex*h;  (1.69)
/=T
[
L= 27,36V gerx*t. (1.69")

®opmyas (1.67), (1.68) nossosisiioT ONpEAENHTH HO-
IBHXXHOCTb M TEMINEpaTypy BO3AyXa B HMcNajamwule# cTtpye
BAOJIb XOJIOAHOTO HapyxkHoro orpaxpenus. Ha puc. 1.12
[I0Ka3aHa 3aBHCHMOCTDb Upx* H Vys* OT PACCTOSHHA X* NPH
Pa3/IMYHBIX 3HAYEHHAX HHTEHCHBHOCTH IOTOKA TeMJla OT
BO3AYXa K NOBEPXHOCTH CTEHKH fco[BT/MZ, KKan/(M?4)].

[MpupaBruBas npassle yact ypasrenuit (1.64) u (1.67),
noJyuuM cjefywomee obiiee ypaBHEHHE MJisi ONpefesieHHs
TOYKH BCTPEUH BOCXOAsuleH CTPYH Xa C HHUCTAJAKOIIMM KOH-
BEKTHBHBIM NOTOKOM:

B S —
qu(%“) =0,07V ger (5 — x8) ; (1.70)

xB‘B 3 —
voA(—a—) =0,074}” gor ( — xz). (1.70")

Huast crpyit ¢ kpurepueM Arg=0,1, uMeromux B Havase
UCTEUEHUS! PASrOHHBIH YYacCTOK, NPH pEIIeHHH ypaBHEHHA
(1.64) cnenyer npuHHMaTh BO BHUMAaHHE CKOPOCTH BO3JyXa
10 OCH CTPYH TOCJie PasroHHOTO y4yacTka. B arom ciyuae
Bx0u

Avg
—p— .71
s 7.03¢cr (L.7h
Av,
—p—— 1.71"
*e 8, 15qc @719

rae A — onpenensiercst no Tabn. 1.1 pas x=>20.

Ecan x,>>h, 10 BOCXOAsAIlas CTPysl BO3AyXa NOCTHraer
BEepxXa orpakieHHus; eciu x< 0, TO HHUCnajalOWHA NOTOK
BO3JiyXa JOCTUTAeT HU3a OrpaxAeHHs; BO BCEX NPOUYHX CAy-
yafiX TOYKa BCTPEUH 32aHHMAET MPOMEKYTOYHOE IOJIOKEHHE.

HOanst crpyh ¢ kputepuem Arg<<0,1, Korza pasroHHBIH
y4acTOK B CTPye OTCYTCTBYeT M BesqHuuHa n< 0, peumieHue
ypaBHeHHst (1.70) mnpoiue Bcero OCyIeCTBHTb, HCHOJB3YA
rpaduku puc. 1.10 u puc. [.12, nopbupas Takoe 3HaueHHE
Xp, IPH KOTOPOM Um,x = Upm,x*-
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Ips cauMsHuu BOCXOnflleH H HHcnajawmomed cTpyd Bos-
pyxa obpasyercs O6uwmii NOTOK, KOTOPHA MOXeT OHTh Ha-
ﬂpaBJIEH HOpMaJbHO K IOBEPXHOCTH, BHH3 HJIH BBEPX NO-
meltentsi. CMelllaHHBIH BO3AYX 4YacTO AOCTATOYHO XOJOA-
Helfl, HO3TOMY HEKEJaTeJbHO, YTOOH OH GBI HampasJieH
BHH3. JIJIf 5TOrO HYXKHO CTPEMHTBHCH. YTOOH B TOUKE BCTpE-

a) [Tormono
b 2 VYurx,°C
/ "/ 2 » 2
1
© .\\ @ 4 \\ P
¢ 15 2
“ Dem N - 3
\ * \‘§ -
bl
\ = 4 \ T~ ——
’.‘ < ><>\ P— [e———
\ < S
\ \’N.X* ﬂ,5 — 5 \‘
-
Vi 0 2 4 6 8 10 (2 14 xim
lon
/Y
5) VM) x.M/C
28 l Puc. 1.12. Hucnaparommfi
e BAOJIb HapyXHoil CTeHH KOH-
. g6 ! e BeKTHBHHIYI NOTOK  BO3AyXa
21 g’/% — (@) n 3aBucuMocTh H3OBHITOU-
= — Ho#t TeMnepaTypsl (6) u CKO-
g4 ///% S pocTH (8) Ha ocH CTPyH OT
AT PacCTOsHES A0 TOTOJIKa IIPH
7 N ] MoTOKe Telllla OT BO3AYyXa K
g2 N5 - MOBEPXHOCTH CTeHH, DaBHOM,
— Br/m? (kxan/M2-u)
L 1—63(54); 2--52(46); 3—42
0 2 4 6 &8 10 12 14 xim (36); 4— 31 (27); 5 — 21 (18)

YH HMIOYJILC NPHTOYHOR CTPYH Jqp OB paBeH HMIYNALCY KOH-
BEKTHBHOIO HUCNAMIAIOIIETO NOTOKA J.

KuneMaTHyecKH#i HMnyJbC INPHTOYHOH CTPYH B TOYKE
BCTPeYH MOXKET OHIThL ONpefesieH H3 BhlpaXKeHHUs

Jnp=0,1450, , %, (1.72)

TIe Un,x, PaccyuTHIBalOT HO 3aBucumocTh (1.64).

Jnsi npHTOYHOA CTPYH B M30TEPMHYECKHX YCJIOBHAX
Jnp==const, yto fiBnsieTCs BHpaxeHHeM (akTa coOXpaHeHHS
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B H30TEPMHYECKHX CTPYAX MPHUMEPHO MOCTOSIHHBIM Hayallb-
HOTO HMITYJIBCA.

MMnysibc HHCNAAAONIET0 KOHBEKTHBHOIO MOTOKA B TOY-
Ke BCTPEUH HaXOAUTCA aHaJOrHYHbIM 06pasoM:

7,0, 145v§_,,: x5, (1.73)

rAe U e+ BHUUCASIOT 0O ¢opmyse (1.67), a x: =h—xg .

[Ipn TemnoTeXHHYECKOM pacyeTe KpYNHOPa3MEpPHBIX
OCTEKJIEHHH BO3HUKAET HeOOXOXUMOCTb HAHTH HAaYaJbHBIC
napameTrphi CTpyH, oGecrnieunBalolllue 3a1aHHblA TeMneparyp-
HO-BJIAXKHOCTHBI PEXHM BHYTpPEHHETO cTekJia JinGo pemuTsb
o6paTHy10 3amayy — OTNPENEJIUTh TeMIlepaTypHO-BIAXKHO-
CTHBHIH pEXXHMM BHYTPEHHETO CTEKJa NP M3BECTHHX Havallb-
HBIX Mapamerpax cTpyd. O6e 3amaun MOXKHO pewaTh € no-
MOLIbI0 I[PUBEAEHHBIX BHINE YypaBHEHH¥, TadaHl U rpa-
(pHKOB.

L.5. OBLUMA TEMNOOBMEH B NOMELWEHWH

YpaBHenus obujero rennoobmeHa NoBepPXHOCTH

KoJsnuecTBo Ternja, KOTOpoe BOCHPHHHMAET IIPOHM3BOJib-
Hasl TOBEPXHOCTh B IIOMELIEHHH B pe3yJibTaTe JIyYuHCTOro i
KOHBEKTHBHOrO TenjooOMeHa, paBHO KOJIMYECTBY TeIL1a,
nepenaBaeMoro MNOBEPXHOCTH TeIVIONPOBORHOCTLIO  [cM.
ypasuenne (1.1)].

ITopepxuocTy ! TENJONPOBOAHOCTBIO NMEPENAETCS KOJH-
yecTBO TenJsa 7T, paBHoe:

dFy. (1.78)

ITpu cpemnux No miomagu F; 3HAYeHHsX TeMIeparyp-

ot

HOTO TPAanMeHTa OKO/0 NMOBEPXHOCTH —H
" |toB

BOAHOCTH MaTepHaZa BHYTPEHHEro CJIOS OTParKICHHs A

U TENJonpo-

ot
—h, =

To, = 1 o

Fy. (1.75)

nos

B cTauuMoHapHHIX YCJOBHsX, KOTAA TeMIepaTypHblil rpa-
IHEHT B TOJILIE OTPa)kKIeHUs OCTAeTCsi HEH3MEHHBLIM, ypas-
nenne (1.75) yuoOHo 3amucaTh B BHAE

To, = Ky (0 —tep1) Fy, (1.76)
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L[4
rae K, —kosdduupent Ttelnonepesayd ot BHYTpeHHell MOBePXAOCTH
orpaxienust | 1o BHeWIHe#l cpedHl, TemmnepaTypa KOTOpoil paBHa fep.1.

O6mee ypapHeHHe Temjosoro GanaHca (I.1) moBepxHo-
cTi ] B NOMEIEHHH C YYETOM NpPOBENEHHOro aHajusa Co-
CTABJAIOILIKX B 00IEM BHIE MOXKHO 3aNHCATh TaK:

Y ESzb, dF] - gl Enaa.l dF] + " %y, dF, (tB.dF,_ Tl,dF,) dFl +
Fy Fy

Fy
oty
—p, =L
+5‘( ' on
F

1

dF, =0. (1.77)
F,

1

TTosE3vsiCh OCPERHEHHHMH 3HAUEHHSIMH XapaKTePHCTHK
mpoliecca Tem1006MeHa, ypaBHeHHEe Temsioporo 6asanca no-
BEPXHOCTH 3aNylIeM B BHIE

(Esg, — Eran, ) Fr T 0%, (ta—T) F,—
o0ty

'—A.]__ FliQIZO. (1.78)
on |nos

rae Ql—-—npoqne HCTOYHHUKH® HJIH CTOKH Tenna Ha MNOBEPXHOCTH.

TensoBoil 6ananc NOBEpXHOCTH [ B NOMEINEHHH C YIETOM
MHOTOKpaTHOro oTpaxenns [cM. ¢popmyasl (1.21), (1.22)]
B CTAalMOHAPHHIX VYCJOBHAX ONpEAENsIOT ABYMsl ypaBHe-
HHAMH:

€
b= e Cobrsg, (fy— Top) T Fr o, (f— 1) F

+ P K (0 — 1) £Q=10; (1.79)
2F, 0 G, b3¢1—3¢j ("34»1 —3 34»,-) +
€y ,
iz g Co bap,—1(Tsp, —T) =0- (1.80)

Cnaraemuie B ypapuenusx (1.79) u (1.80) mmetor oxnu-
HAaKOBYI0 CTPYKTYPy 3alHCH — COCTaBJSIONIHE TEIJIOBOH
6aJjiaHC MIOTOKH TeMJia MpONOpLUHOHAJBHEl COOTBETCTBYIOLIMM
pasHoctam Temieparyp, °C. Takas 3anuch ypaBHenu# ynod-
Ha jJI pacyera.

Kak 6wuio ckasado B n. 1.2, npH yuere MHOTOKPaTHOIoO
OTpaXKeHMsl pacyeT 3HAYHTEJIbHO YCJIOMKHSETCS, KOHeYHble
3Ke pesyJsibTaThl MOYTH He H3MeHswTcA. [1o3ToMy B npakTH-
YECKHX pacyerax ero, Kak npaBHJo, He YUHTHBAIOT.
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B stom ciyuae Tenyopofi 6asaHC NOBEpXHOCTH OMNpefe-
JIIETCSl OAHUM YPaBHEHHEM:

21Coe by (1 — %) @ FyF o (v, — 1) Fy+
1]
+ K (v — tep,) F1 £ Q=0. (1.81)

B ofmemM rennooGMeHe B HOMELIEHHH MOXKET y4acTBO-
BaTh TENJIO COJIHEYHOH pajHauuM, I[pOHHKAIOILEH vepes
Jiydenpospaunbie orpaxaesus. IIpsMble coJiHeYHBlE JyYH
HarpeBamT 4YacTh BHYTPEHHHX orpaxkneHuii. PaccesnHas
PaananHs nomajaer Ha Bce NoOBepxHOCTH. B pacuere oGlue-
ro Temnoo6MeHa AONyCTHMO NpHHHMATh, YTO NpsiMas U pac-
CesiHHaf papHalHd, HenocpencTBeHHo IpOHHKawUlass B IO-
MelleHHe, paBHOMEPHO pachlpefensieTcs O BCEM NOBEpPX-
HOCTSIM.

YpapHenue tensiooro GanaHca NMOBEPXHOCTH ¢ HACTH-
JIArOIeHCsl HeH30TePMHYECKOHi CTPyel BO3LyXa MOXeT OhTh
3anNMCaHO B MHTErpasbHOil (Gopme, YYHTHBaLIEl H3MeHe-
HHE YCJIOBHH B HAIpPaBJICHHH ABHKEHHS CTPYH, HO TaKas
3aMHCh OCJOMKHAET YHCJEHHHIH pacuer. J[JlJsi  YHCJEGHHOrO
pacuera MOBEPXHOCTh YAOOHO Pa30GUTh Ha 3JEMEHTapHBIE
nyomanky AFy, B npenenax KOTOPHIX OCPEJHEHHHE XapaK-
TEPUCTHKH MPOLECCa MOXKHO CYMTATH HEH3MEHEHHHIMH (CM.
Huxke). JInsf KakpaoH 3jieMeHTAPHOH IO afAKK NOBEPXHO-
CTH ypaBHeHHe Tem10Boro Ganaunca Gyner umers sun (1.81).

YpaBHeHue TennoobmeHa Bo3yxa

B He6ONbIMHX MOMEIEHHAX 10N BJHMSAHHEM KOHBEKTHB-
HBIX TIOTOKOB W BEHTHJIILIHOHHBIX CTPYH BO3AYX AOCTATOY-
HO XOPOIIO MepeMEeIlHBAeTCs, BCIENCTBHE Yero ero TeMmile-
pPatypy npH pacyere TemooOMeHa MOMKHO CYHTATh MOCTO-
AIKHOH BO BCeM o0beMe noMewenust. OcpeaHeHHyIO
TEMNEPATYPy XapaKTePHHIX NOBEPXHOCTEH TAKKE NPHHHMA-
I0T NOCTOSIHHOH. 3anHullleM ypaBHEHHE TENJIOBOTO GaJjiaHca
BO3/lyXa B MOMEINEHHH JJISl 3TOTO CJIyyas:

Zo (i) F; £ Qg =0, (1.82)

TAE Ok,i:— cpPejHee 3Hayenve Ko3hQHIHEHTa KOMBEKTHBHOTO TEILIOOG-
MEHa Ha NOBEPXHOCTAX; Qs — KOMBEKTHBHOE TEINO, HEMOCPEACTBEHHO
nepejaBaeMoe BO3JYXY HOMELUEHHS .

B Besuunny Qp BXOAMT Telso, BHOCHMOE BO3JAYXOM 0pH
BEHTHJSIUHH M HEOPTaHH30BAHHOM MPOBETPHBAHHH MOMeIne-
HHSL, & TaKKe KOHBEKTHBHOE TEIJI0, IOCTYAIOLIEe OT 3aKpHL-
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THIX (He BBIXOJSIIMX B NOMellieHue) rnoBepxHocteil. [Tocnen-
HHE HE yYacTBYIOT B JIYUHCTOM TellJloOOMeHe B NOMEIieHHH
H He BXOAAT IOJ, 3HAK CyMMbi ypaBHeHus (1.82).

Ecsin nputounsii BO3AyX HacTH/aeTcs Ha NOBEPXHOCTH
U €ro TeMIieparypa 3aMeTHO OTJMYaercss OT TeMIepaTypHl
BO3/lyXa B IOMELIEHUH, YTO NPOMCXOAUT TPH BO3AYIUHOM

n+

7

]
T
L

Puc. 1. 13. Temno-
ofMeH  HacTHJal-
mleiicA Ha mNOBepx-
HOCTb CTPYH BO3-
Ayxa

a — Tennoeofl  Gajalc
3jieMeHTapHEIX  O0Bb-

eMoB HacTuialouiefics
crpyH; 6 — K pacuery

TeIJIOBOTO Gananca
PPN W
7 g L S S s BO3NlYXa HOMeELeHHA

OTONJIeHHH HJIH OXJIaXKAEHHH TOMellleHHs, TO JJis oIpese-
JeHuss ofbeMa HacTuiawoouledicas HeusoTepMuyeckoii BO3-
AyWwHOA CTPyH HEOOXOAMMO COCTABHTb CaMOCTOSITE/bHbIE
ypasHenusi TerioBoro 6asnaHca. CTpyroo 1o HanpasJieHHIO
AByKeHus: YAOOHO pa36uth Ha 3jieMeHTapHble 06beMEL B CO-
OTBeTCTBHMH C pa30HBKONl Ha sJeMeHTapHble miowanku AF,
oMbipaeMoit nopepxHocti (puc. 1.13,a). YpaBHenue Ttermio-
Boro 6aJjlaHCca [Jsi KaXKAOTo 3JeMeHTapHoro ofbeMa 3aliu-
ieM B BuLe

L, j(p) t, 1+ AL (co) t,—
—~ Ln (¢P)B tn + Ogn (Tn — tn) AFp =0, (1.83)

rhe La-;, Ln — o6beMHEIe PacXOfsl BO3AYXa B CTPYe MeXKAY 3JleMeH-
TapHpiMH ofbeMamu; ALn — oGbeMHBIl pacxoji, KOTODHIfi NMOpMelIHBaA-
eTcy K CTPye H3 IOMEUIeHHS B IIpefieslaX 3JIeMEHTApPHOIO O0beMa CTPyH
n; tn, tn—y — CPEliHHe TEMIIEPATYpH B Tpejieslax 3JieMeHTapHHX 06beMoB
CTPYH; Tn — CPEIHAS TeMmnepaTypa NOBEPXHOCTH B IpEAenax 3JeMeH-
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TapHOro o6beMa CTPYH n; (CP)p-— OGELEMHAS TEIJIOEMKOCTD BO3yXa;
Olx,n — CPENHHA KO3(MQHIHEHT KOHBEKTHBHOTO TEnyooOMeHa Ha 11OBEPX-
HOCTH AFn B Iipefienax sJieMEHTapHOTO o6beMa,

O6vemurlii pacxon Bo3ayxa
L =L, ,+AL, (1.84)

NO3TOMYy ypaBHEHHe TEIJIOBOro ©OanaHCa 3JE€MEHTapPHOro
of6beMa CTPyH MepenuiieM B Bie

Ln—] (CP)B ( b1 tn) + ALn (CP)B ( tB - tn) +
+0pn (T —1t,) AF, = 0. (1.85)

B cayyae nactunaromeiics cTpyu npu cocTaBieHHH ypas-
HEHMSl TeIVIOBOIO GaJianca OCHOBHOTO OG'b€Ma BO3AyXa B
nomemeHuu (1.82) HyXKHO MCKJIOYHTL COCTABJAIONYIO KOH-
BeKTHBHOIO TEMNOOOMeHa C TOBEPXHOCTbIO, OMBIBAEMOIl
CTpVefl, H JOINOJHUTEJBHO YYeCTh TEILIO, BHOCHMOE B IOMe-
lieHHe TOCNeHUM 3JIEMEHTAPHHM OGBEMOM K CTPYH
(puc. 1.13,6). Pacxon Bo3ayxa B 3jeMeHTapHOM 0GBbeMe K
CTPYH paBeH:

Ly=3AL,+ L. (1.86)

B o6mem ciyyae korna TeMnepaTypa yXomsilllero 3 no-
MEIIeHHs] BO3LyXa fyx HE paBHA f,, KOJHUECTBO TeILia, Iie-
PEHECEHHOTO MaccaM¥M BO3JyXa, 3aIMIIeM B BHAE

Ly (P}t —Z ALy (¢P)n tn — Lo (€P)p tyx =
= (Lx — Lo} (¢P)g (tx — tp) 1+ L¢ (cP)n (tx—tyx) =
== Ly (cp)n (te — tp) + Ly (cp)s (tg — tyx), (1.87)
rae L;— xonmuecTBO NpHTOYHOrO u yRansemoro BO3ZyXa.

YpaBHenHe TemjoBoro GasaHca BO3JlyXa IIOMEleHus
(1.82) B o61ieM ciyuae uMeeT BHL

> Oy ; ('r,i — tB) Fi +3 LR (cp)B (tH — tB) -+
FEL Py (fy— ty) £ Q=0. (1.88)

B cymMy niepBoro cnaraeMoro aToro ypaBHEHHS BXOLST
BCE COCTaBJIAIONIME KOHBEKTHBHOTO TEIJIOOOMEHa BO3AyXa
NOMCILEHHS C TIOBEPXHOCTAMH (KpPOME INOBEPXHOCTEH, OMbI-
BaEMBbIX CTPyAMH BO3Ayxa). Bropoe u TpeThe cnaraemmbie
YUMTBIBAIOT CTPYHHBIA TEIIOOOMEH (BCJENCTBHE IiepeMme-
LIMBAHUST MacC BO3AyXa) B Pe3yJbTaTe BOZMOXKHOH MOLayy
B IIOMeleHHe HECKOJbKHX HEH30TEPMHUYECKHX CTPYH M Ha-
JIHYHS HECKO.TbKHX OTBEPCTHIl NJIsi yAaJIeHHs BO3AyXa.

Ecau npurounsiit Bo3gyx nonaercs B noMemenue HeHa-
ctunawweficss (cBofonkoi) HeM3oTepMHUECKOil cTpyeli, To
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ypaBHeHus! [Jis 3JleMeHTapHbiX 00beMOB OYAYT OT.IHYATHCS
or (1.85) oTcyrcTBHEM NOCJEAHEr0 CJAaraeMoro KOHBEKTHB-
HOrO TEIJIoOOMeHa ¢ IOBepXHOCThIO. sl mnpocTeHusx
c/lyyaeB [BHXKEHHS CBOGOAHON HeHaCcTHjatoLleHicsi CTPYH B
noMellleHMH ToNyueHbl oGoGuIennble 3aBucuMoctu [11],
u npuberath B pacyerax K pasOGUBKE CTPyH Ha 3JieMeHTap-
Hble 00beMbI HeT HeOOXOXMMOCTH.

NMonHas cucTema ypasHenwi obuiero rennoobmena

B o6ueMm TemnooOMeHe B NMOMELIEHHH y4YacTBYIOT BCe
IIOBEPXHOCTH, BO3AyX IIOMENIEHHS M BO3[yIIHblE CTPYH.
TeMmnepaTtypHoe COCTOSIHME KaXXAOTO 3JIEMEHTa, YYacTBYIO-
mero B TENJoOOMeHe, MOXHO ONpENe/IHTh pelIeHHEM
CHCTEMbI YPaBHEHUH TEIJIOBOTO 0anaHca BCeX XapaKTepHBIX
TIOBEPXHOCTEH, BO3yXa, a B OOLLEM Cyyae H 3J1eMEHTapHBIX
NOBEPXHOCTEH H OGBEMOB HECTHJIAIOMMXCH CTpy# BO3dyXa.

PaccmaTpuBas nojHyio (H3MKO-MaTeMaTHYECKYHO — 3a-
Jauyy o TEIIooGMeHe B NOMEIIEHMH, IPUMEM CHCTEMY ypaB-
HEHHH, COCTOsIIIyi0 H3 ypaBHEHHH TeIIOBOro 0asaHca Io-
BepXHOCTEH @ ¥ 3JeMeHTapHBIX noBepxHoctell 6 [no (1.79)
u (1.80)], o6vemoB cTpyu e [mo (1.85)] u Bosmyxa mome-
mennd 2 [no (1.88)] B Bune:

&
Fy i Cobimswi (1 —%ap.) +
+ oy (7 —ts) Fi+ Ky (7 — bepi) Fi = Q=0

(a) (1.89)
ZF 9 Cobogisp.i (Fogs ™ Tog.)) T

&
+F = . Cobog.imi (Taps — %) =0

En
n]_eg, CO bn—S‘hn(Tn - TQl’b.n) +

+ O('K.n(":n - tn) AFn + K:'z (Tn - tcp.n) AFn + Qn =0;

AF

6) (1.89)
ZAF n Pn—j Co bstb.n—sda.j ("aq,.n — T, j) + © (
én
+AF, rp— Cy bspn—n (Togpn — Tn) = 03
Ly a0y (taa— Zn) + ALn (P (ty— t)+
+ Ogxn (T — t;) AF, =0; (8) (189)
Zog; (Ti — tp) + ZLi (€P)n (Ex — 1) +
+ ZLo (¢p)s (ts — tyx) + Qs =0. (r) (1.89)
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I'panuyHble YCJOBHS AJIST PEIUeHHs CHCTEMbI OOBIYHO 3a-
JlaHbl B BHIE TeMIIepaTyp BHEUIHHX Cpek fcp.i, lep.n, HAYAJD-
HOfl TeMmepaTypwl fo W pacxoia L, NpHTOYHOro BO3AYyXa,
TEMIIEPATyPhl YXOASIEro BO3RYXa Ilyx 1 AOMO;THHTEJbHBIX
HCTOYHHKOBR MJH CTOKOB Temna Q;, Qn u Qs. HckoMbiMEH B
5TOM cJjlyyae SIBJSIOTCS TEMIIEPATYphl NOBEPXHOCTEH T, 3J1e-
MEHTApHBIX TIOBEPXHOCTEH Tn, 3JIEMEHTAPHBIX 00BEMOB BO3-
LyXa HACTHJAIOMHMXCH CTPYH fn H BO3AyXa fs OCHOBHOTO
06beMa TIOMeleHusl. B 32aBUCHMOCTH OT IlesIM pacuera Moryr
ObiTh M JPYTHE COYeTaHusi 3aflaHHBIX W HCKOMbIX BEJHMUHH.
Cucremoii ypaBnenuii (1.89) MOXHO BOCIOJB30BATHCA A5
pelleHis 3afay 110 pacyeTy TeIJIOOOMeHa NpH 3HAUNTEJIbHOH
HEPaBHOMEPHOCTH paclpefeleHusi TEMNEPATYphl 10 BHICOTE
H B IJiaHe NOMelleHHs, YTO CnequdHYHo A MPOMBILIIEH-
HEIX 3paHuil. B 3TOM cllyuae Bech 00beM BO3AYyXa IoMerie-
HHSA CJIefyeT pa3buTh Ha 3JeMeHTapHbie 00beMbl, KaK 3TO
OBbLIO CHENAaHO BhiLE ANSI HACTHJAAKOIIMXCA CTPYH.

Cucrema B Bugie (1.89) mocrarouno cnoxHa. Ilpu pac-
yerax o6Inero tennoo6Mena B NOMeLleHHK TENJIOBOH OajaHce
OTAENLHBIX NMOBEpXHOCTEH OOBMHO HONYCKAeTCA 3aIUCHIBATHL
e aBymsa ypapueHusamu (1.79) u (1.80), a oanHM — BHAA
(1.81). Ho u B 3TOM cilyyae cHCTEMa OCTaeTCsl CJIOMKHOH.
Kpome Toro, k0a¢puLMEHTH B YypaBHEHHAX 3aBUCAT OT HC-
KOMBIX TEMIIepaTyp, YTO JeNlaeT BO3MOXHBIM MpOBELEHHE
PacyeToB TOJILKO IOCJENOBATeNbHEIM NpHOJmKeHneM. [on-
HYI0 CHCTEMY ypaBHeHuil obmero TemjooOMeHa B noMelie-
HHU HauGoJiee ynoOHO pellaTh Ha 3JEeKTPHYECKOH aHaJsoro-
BOll Momenu unu Ha 3BM. MetOonnka Takoro pacuera pac-
CMOTpEHAa HUXKE.

YnpoujenHbie ypaBHeHUA obuiero rennoobmeHa

Ins xapaktepuctuku oOmieii TeMieparypHoili ofcTa-
HOBKM B TOMeIleHHH ROCTATOYHO HMETh CPefiHHEe 3HayeHHs
TeMIlepaTypel TpeX TpyIn MoBepXHOcTeil (HArpeBaroONIHX,
OXJlaXalouuX H HeHTpaJbHLIX) # BO3AyXa. B atom cayyae
LIS BCeX ITOBEPXHOCTEeH, OTHOCANIMXCS K OAHOH KaTeropuH,
MOXKHO COCTaBHMTh OJHO ypaBHeHHe TeIUoBoro OanaHca.
B cucteMy ypaBHeHufi ofmiero temnjoomena B MOMENIEHHH
BOIAYT ypaBHeHHS TeMJOBoro 6afianca n/as Bcex 060TpeBaio-
KX IOBepXHOCTeH, AJs BceX NOBepXHOCTell (HEHUTpaJsbHHIX
B TEMJOBOM OTHOLIEHHM) BHYTPEHHHMX OrpaxAeHHil, ypaB-
HEHHST JJIS BceX TellIOTepSIOmUX oOrpakiaeHuil (oXJax-
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paollUX) ¥ ypaBHEHHE [Jif BO3JYyXa NOMEILEHHUS. [Ipn pac-
yeTe TeIIoo6MEeHa B NMOMeLIeHHH OOBIYHO 3242I0T TeMliepa-
Typhl BHYTPEHHHX NOBEPXHOCTEH HAPYXKHBIX orpaxKieHu#l H
Bo3lyXa. B 3TOM cjyyae JOCTATOYHO PEUINTh CHCTEMY H3
IBYX YpaBHEHMil 1JS NOJiyYeHHs TeMIIepaTypbi HiM ILIoWa-
M oforpeBafoniefi MOBEPXHOCTH U CpelHeH TeMIepaTypH
IOBEPXHOCTEH BHYTPEHHMX OrpaK[eHHil.

OCOGeHHOCTh COCTABJIEHHS YpPaBHEHHH XapaKTepPHBbIx
TPYII MOBEPXHOCTEHl COCTOMT B ONpeleseHMH IJIsl HEX 3Ha-
yeHudl KO3()(HIMEHTOB M APYrUX IapaMeTpoB MpolLecca.
Heo6xoauMo onpefeniTs Koa(hdunuenTsl 06JyYeHHOCTH CO
BCeX MOBepXHOcTeH OAHOI KaTeropuu Ha IOBEPXHOCTH ApY-
TOH KaTeropu, HafTH OCPefHEHHBe 3HayeHHsi KO3 ¢uiH-
EHTOB MpHBEJEHHOrO H3JyUeHHsl, KOHBEKTHBHOTO TeII000-
MeH4a, TEIJIONepefayt M T. k.

Peulenne cHcTeMH H3 ABYX YpaBHeHHA Tak ke, Kak H
TIOJIHOf CHCTEMBI, OKasbiBaeTcsi HeyROOHBIM B HHKEHEpPHOH
NpakTUKE, I03TOMY JKeNaTeJbHO JAaJibHelilliee yNpOileHHE
pacueTHOH CXeMBl. )

TeMmnepatypbl NOBEpXHOCTEH HapyKHBIX OrpaKIeHHH Tp
¥ BO3[1yXa NOMellleHH s {; PerJlaMeHTHPOBAHbl HOPMaMH, IO~
5TOMY TipH pacuere TeliooGMeHa uMu sanatorcs. Temnepa-
Typa NOBePXHOCTEHl BHYTPEHHHX OrpaxAenuf, Heo6XoaHMas
TOJIPKO IJ151 ONEHKH KOM(OPTHOCTH YCJIOBHH B IIOMELIEHHH,
Moxer GbiThb NpHHATA paBHOH TeMmepaType Bosayxa. Hc-
KOMO#l BeJIM4HMHOH pacyeTa OKa3biBae€TCsi OAHA TOJILKO TEM-
nepatypa tn (wiu mnomanb Fn) oGorpeBaroledt uik OXaax-
pampomei) nopepxHocTH. Heo6xoguMOCTh onpenesieHust OA-
HOll Heu3BeCTHOH OO0ycJOBJHBAET BO3MOXKHOCTh 3a8MEHbI
CHCTEMBl ypaBHeHHfi TelJIOOOMeHZ B IIOMEILEHHH OAHHM
ypaBHEHHeM.

Tlonxoe KosnuuecTBO Temna Qn, OTHABaeMOE MaHEJNbI0 H
paBHOE CyMMe ee JIYUHCTO ¥ KOHBEKTHBHOH COCTaBJIAIOMIMX
[6], nns sToro cnyuas MOXKeT OBITh 3aMHCaHO TAK:

Qn = [CPb (tg — Tu.0) + Okm (Fn— )] Fn=

= [a;l.n (Tn - Tu.o) + O(:K.n (Tn - ts) Fn’ (1'90)

rfie C— npuBenennbii Kospouunent usnyderns, C=Coeg—no; b—
TeMnepaTypubifi k03¢¢HUNEHT npH TenJoo6MeHe MEXAY NaHeN b0 H Ha-
PYXKHBIM orpaxjeHuem; P — go3¢hQPHIUHENT NOJHOH O06IYYEHHOCTH C Ma-
fejIH Ha TOBEPXHOCT: HapYIKHHX orpamieHufl, OH paBeH cymMe Ko3-
OunenToB npsimofi M KOCBEHHOH (32 cYeT OTPaKeHHA OT IOBEPXHOCTEH
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BHYTPEHHHUX OrpaxAeHHfl) OOJyYEHHOCTH C NaHeAH HA HapyXHble
orpaxaenss. Ero mMoxno npubiaHiKeHHC onpeneiuTs 1o ¢opmyse

Fy.ol/Fg—¢?

- ’
Fy.of Fn— 2941
Fu, Fuo—1n/0LiagH COOTBETCTBEHHO MAHEH H HAPYMKHBLIX OrPaXICHHUIL;

’
Oy %n.n—— KO3OGHUHEHTE COOTBETCTBEHHO KOHBEKTHBHONO H JIy4HCTO-
ro TenjooOMeHa HA IOBEDPXHOCTH ITaHENH.

(1.91)

MeTtopq pacuera nyuMcToro, KOHBEKTMBHOr O
M CTPYHHOrO TennoobmeHa B NOMEL|eHUM
Ha JNeKTPHUYECKUX moaensx u IBM

Tennoo6Men B NOMENIEHHN MOXHO INPEACTaBHTh B BHJE
rpaduyeckoit cxeMsl (puc. 1.14), nyun Ha KoTOpO# MOKaskbi-

BAjOT HamnpaBJleHHe TeNJOOGMEHa W CBf3b OOMEHHMBAIONIMX-
a)

Puc. I.14. Cxema o06-
Hiero TemioofMena B
NOMELIEeHHH

a— cXeMa  JIYYHCTO-KOH-
BEKTHBHOTO TemioobGmena
C YYeTOM MHOrOKPATHOrO
OTpaXeHHsl; 6—cXeMa Iy«
YHCTO-KOHBEKTHBHOrO H
CTPYfiHOrO  TemnooGMeiin
(c HacThmalwweicss crpy-
eil) 6e3 ydeTa MHOTOKpAT-
HOT'O OTPameHus

g oot
0 2 Tt 7 i ’
———— . ¢ ~FRem Y
—— 7 —_— /
7 AU x/ U
Bem~_ & I's
Y m
4 o MUk |
B
% Qt
fin
I N2y

Csl TEMIOM 3JieMeHTOB. ITOTOK Tensna mexay sjeMeHTaMu
CXeMbl MOXKHO 3amHCaTh B BHe OGLIEro ypaBHeHHS

1
Qi_j = Ri_j (ti — tj), (1.92)
rZe Ri-;— CONpOTHB/ICHHE TeIIOOGMEHY MEXK/Y SJICMEHTAMH [ H j.
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O6MeH TemjaoM H3JIyUYEHHEM C YY€TOM MHOTOKPaTHOro
orpaxeHnusi B ¢opmyaax (1.79) u (1.80) onpenensiercs aBy-
M$l COMPOTHBNECHUAMH TennoobMeny. ConpoTHBiieHue Jy4yH-
ctoMy Ry tensioo6meny 3a cuer pasHOCTH 3(PQPeKTHBHBIX
TeMnepatyp HAByx noBepxHocteit mo (1.79).

1
N o (1.93)
i,3¢—/,30 CoFyPijb s¢—j.50

H COIPOTHBJIEHHE JIYUHCTOMY TeIJooOMeHy 3a cYeT pa3Ho-
cty 3¢ ¢deKTHBHON 1 COOCTBEHHOH TeMmIepaTypH IIOBEPXHO-
ctu no (1.80).
l-——Si
Riggpi = (1.94)
2$—i
CoFi®bispi
Hcxonsi u3 ypaBuenus (1.79) conpoTuBjieHHE KOHBEK-
THBHOMY Ry TemnJIOOGMEeHy IOBEPXHOCTH € BO3LYXOM Rp ;
NOJYYHM B BHAE

R, ;= S , (1.95)

B—i
Fiax't

a ConpoTHBJAEHHE Tennonepenaye R, OT BHyTpeHHeH noBepx-
HOCTH OTpaKleHHsl yepe3 ero TOJIUly K BHEIHe#H cpene
Ri-cp,i paBHO:

1

Ri——cp,i: K. F . (1.96)
iti

Ilpu cTpyHiHOM TemoOGMeHe, CBA3AHHOM C MEPEMELlH-
BaHueM Macc Bo3nyxa [ypaeuenue (1.85)], compoTuBnenns
CTpYHHOro R tenynoo6meHa Rn—in H Rsn NMOJYYUM B BHE

1 1
=—————\ R == ————— . (1.97)
—1 »
nhn Ly (cP)s B ALy (cp)s
IIpu pacyere Jy4yHCTOrO TemjooOMeHa IO ypaBHEHHIO
(I.81), B KOTOPOM He YYHUTHIBAETCS MHOTOKPATHOE OTpae-
HHe, CONPOTHBJIEHHE TEIVIOOOMEHY H3JIyYeHHEM PABHO:

R

1
=i e CoF, ®;_jb

5

R (1.98)

i~

Ha puc. 1.14, ¢ nokazana mnockasi cxema Jy4YHCTO-KOH-
BEKTHBHOrO TEIIOOOMEHa C y4YyeToM MHOTOKpaTHOTO OTpa-
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eHHS B TOMEIIeHHH, KOTOpoe o6orpeBaercss IOTOJIOMHOH
NaHeNBI0 7 B TepsieT TEIIO Yepe3 HApyXKHO€ OrpaAeHHe
H.0; Ha puc. 1.14,6 — cxema tennoobMena 6e3 yuyera MHO-
TOKPaTHOTO OTpayKeHHsi B TOMEIleHHH, KOTopoe 00orpeBa-
eTCsl HacTuJamuledics Ha NOTOJIOK CTpyeHl Harpetroro BO3-
nyxa. Ha cxeme BBIGOpOYHO 00O3HAUEHLI CONPOTHBJIEHHS
TEII006MeHy wu3JjiyueHueM R, KOHBeKLHeH Ry, TEIOIpo-
BOAHOCTBIO R, ¥ CONPOTHBJIEHHE CTPYHHOMY TeIJIOOOMeHy
Rcr, KOTOpBIE CBASLIBAIOT MEXAY COOOH 3JIEMEHTHI, y4acT-
BYIOIHE B TeNJOOOMEHE.

Bo Bropoii cxeme (cM. puc. 1.14,6) caepyer oGpaTuTb
BHUMaHME Ha COENMHEHUs-CBA3H, oTOoOGpaXkatolue TeInoos-
MeH o0beMOB Bo3Ayxa. KaxAwii 06beM BOCIIPOH3BOAHTCS
Ha cxeMme AByMs yanamu. OnuH, OCHOBHOH, y3eJsl COeJHHEH
CONPOTHBJIEHUEM CTPYHHOro TeIIoOOMeHa C IpeallecTBYIO-
wHMm (N0 HaNpaBJIEHHIO [BHJKEHHMS BO3AyXa) OOBEMOM.
C nocnenyoiumM 06beMOM COEIHHEH BTOPOH (HEOCHOBHOM)
y3es. TeMmnepatypbl B 060uX y3aax paBHH. TOJNBKO B OXHOM
(ocHOBHOM) ee omlpefensiioT, a BO BTOpPOM 3aJaloT B INpO-
1ecce pacuera Ha monenu wiau 3BM. Takas cxema coenn-
HeHuil obycsioBnieHa ypaBHenuem (1.85), B koTopoM ecThb
cjaraeMoe ¢ pasHOCTbIO TeMnepatyp (fn—1—in) ¥ Her cna-
raemMoro ¢ pasHoCcTbi0 (fn—In41). AHaJIOTHYHAs CXeMa Co-
eluHeHull B TOuKe B, 4YTO COOTBETCTBYeT ypaBHeHMIO OajaH-
ca temna obmemMa Bozayxa B nomeuleHuu (1.88). Brtopo#
y3esn Toukn K (nocjienHero sJjieMeHTapHOro o6beMa CTpPyH)
coeiHeH COIPOTHBJIEHHSIME C TOUKOH B [cM. ypaBHeHne
(1.88)].

U3N0XeHHBE NPHHILHUIE MO3BOJSIOT MOCTPOMTH 3JeK-
TPHYECKYI0 MOAEJb Tennoo6MmeHa, BOCIIPOH3BOAAILYIO JIy-
YHCTO-KOHBEKTHBHEIA # CTpYiHHI# Temyoobmed. Hapsany c
METOAOM 3JIEKTPOTEIJIOBOH aHaNOTHH JAJSl PACUETOB CJIONXK-
HOro Temjoo6MeHa B TOMELIEHWH yAOOHO HCMOJIb30BATh
YHCJEHHBIE METOJH C MOMOLIBI0 DBM.

Cuctema (I.89), kak mpaBusio, BKJIouaer B ceba no 25
YpaBHeHHH, U AJA ee pelleHHs HYXHO NOJb30BaThcd SBM
MaJbix MopeseH, Hanpumep tuna «Hawpu». D1a mawwuna
MMEET CTaHJapTHYIO NPOTPAaMMY [l PellieHHsi CHCTEMBI Ji-
HeliHbIX ypaBHeHuil. HenwnnefinocTs KO3 QPHIMEHTOB YuH-
THIBAIOT TOCJELOBATEIbHBIM IPHOJIHIKEHHEM IIPOMEXYTOY-
HBEIX PE3YJIbTATOB K PEIICHMIO ¢ 32JaHHOH CTEIEHBID TOY-
HOCTH.

H3noxenHass MeTORHKA MOXeT OHITh MCHOJIL30BaHa JJIst
pacuera TelJIoOOOMeHa NpH JIOOBIX BO3AYIUHBIX NOTOKAX B
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flOMeNIeHKH, ecau GyAyT M3BECTHHl HeoOXoaumbie s CO-
CTaBJIeHHS] GaJlaHCOBHIX ypaBHeHH#l naHHbie 00 aspofuHa-
MEKE M TFeOMEeTpPHH NOTOKOB Bo3ayxa. [Ioka uro pacueramu
HeJIb3sl ONPENENUTh IPAHHUIEl H HHTEHCHBHOCTh IIOTOKOB BO3-
AyXa obmel wupKyasinuy B nomeweHud. OHM MOryTt OHITh
TNOJTyYeHbl TOJILKO NyTeM HENOCPeACTBEHHOTO (u3HuecKOro
MOJEJIMPOBaHHA Ha BO3AYUIHBIX M BOASIHBIX MOzensx (c mo-
MOILBIO TIOAKPAIIUBAHKUS HJIM 3aAbLIMJIEHHSI [OTOKOB, HC-
N0JIb3ysl HHAHKATOPH M T. 11.) -

B cBsi3H ¢ 3THM IPEACTABJASETCH BO3MOMKHBIM COBMECT-
HOE HCMOJIb30BaHHe M3JIOKEHHOro crocoba pacuera obuiero
TenJooOMEHa B MOMEIEHHH ¥ MeTO[d HEeNOCPENCTBEHHOrO
GU3UYECKOT0 MOAEJNHMPOBAHHs BOSAYLIHBIX IIOTOKOB AJfA pe-
[IeHHS CJOXHBIX 3afay pacuera Telio- W MacCOOOMeHa,
B TOM YHCJI€ B IPOMBILLIEHHBIX 3aHHSIX.

Ha saekrpuueckoit mozenu u Ha IBM «Haupu» peiue-
HO HECKOJbKO 3ajiay. lIpeicTapiisieT MHTepec CJedyOoLLHil
nNpUMep pacuera TernsooOMeHa B IIOMENIeH!H.

Mpumep. TpeGosasock paccyuTaTh OOIHUI TemIO0OMeH
B TIOMellleHHH NpH PasjuyHbIX cHcTeMax ortomienus. ITome-
menue pasMepom H5X4X3 M pacnojioxeHo B CpefiHEM 3Ta-
e  3[aHHS, HMeeT OAHy HapyXHyl crteHy [Ku.=
=0,96(0,83)] u okuo [Kox=2,67(2,3)].

PaccmaTpuBasi TpH BO3MOXKHBIX CIoco6a o6orpeBa Io-
MemnieHus: 1) moToJioyHOEe I@HEJBHO-JIYYMCTOE OTOIUICHHE;
2) oTomjieHHe cTpyefl HarpeToro BO3AyXa, HacTHJarouleics
Ha TOTOJIOK; 3) BO3AYLUIHOE OTOIVIEHHe ¢ Iojpayeil BO3AyXa
cBoGonHOH (HeHacTHnawolleiics) CTpyei.

Bo Bcex pacuerax OBLIM IPHHATH IIOCTOSHHLIMM TeMIle-
patypbl BHyTpeHHero f;=20°C mu HapyxHOro fy=-—30°C
BO3jlyXa.

BappupoBanu: nas cnocoba oforpeBa 1 — pasmep
(B rnybuny NoMelieHus1) IaHENH, PACIOJIOKEHHOH OKOJIO
HapyXKHOfl CTEHbl Ha BCIO LUHPHHY KOMHATHI, AJ1s1 CIIOCO00B
oGorpeBa 2 m 3 — kpatHOCTh BO3fyxooOMeHa Kp. Kpome
TOro, 3a3jaud anas 1-ro u 2-ro crioco60B pacCYUTHIBAJM NpPH
IBYX ycqioBusix: | — Ge3 yyeTa MHOTrOKpaTHOTrO OTpaXKeHHfl,
KOT[ia JIyUHCTHIl 6anianc NOBEpXHOCTEH BHIYHCISETCH MO On-
HoMmy ypasHeHuio (1.85), m Il —c¢ yueroMm MHOrOKpaTHOro
OTpaxeHHs, KOTa JIYUHCTBHI TeINoOOMEH MOBEPXHOCTEH
onpenensercs ¢ nomonipio AByX ypasueHuit (1.83) u (1.84),
M IIPU 3TOM pPacYeTOM YCTAHaBJHBaJH JABe TeMIepaTypul
nopepxHocTH (MCTHHHYIO TeMIlepaTypy IOBepXHOCTH H
ycJoBHYIO 3 (PEKTUBHYIO €€ TEMNEPATYPY) .
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Ta6nuua L3. Pesyabrars! pacuera nyuncTO-KOHBEKTHBHOTO
Tenioo0MeHa B NOMeLlEHHH NPM OTONJEHHH

CTpyeil MArpeToro BO3nyXa,

HACTHAAONIEHCA Ha NOTONOK (BTOPOii cnoco6 oGorpena)

KpaTHocTs BOSAyXo06MeHa B nioMemieHHH Kp

PaccunhipaeMpe | OSosnaue- 0.5 '
napaMeTpel HH;S:;: ) Yenoeus pacuera
1| on | o | u | 1 ] u
Temneparypa tomp 88 88,9 |37,8 |37,6 |27 27,04
B CTpye 4 37,4 |37,6 |25,1 |25,56 {22,9 | 22,85
1y 30,3 30,6 |24 24,2 {21 21,3
13 28 27,7 22,8 123 20,95} 21,1
A 25,5 (26 22,3 122,6 |20,8 | 20, 95
ts 24,2 125,1 22,2 |22,4 [20,6 | 20,8
TemnepaTypa
KB 3(Q¢derTHBHARA
TeMneparypa
NOBEPXHOCTEH:
NCTOMKA T1 27,4 128,4 |21,2 21,7 _— 19,9
Togp,1 — 127,1 — 21,2 {19,6 | 19,6
Tg 23,8 124,6 |20,4 |21 — | 19,6
Tad,2 — 23 7 — 120,6 19,6 | 19,1
T3 23 23 19,8 20,3 — 19,2
Tap,3 — (22,4 — 19,9 [18,9 | 18,5
Tg 21,4 121,8 |19,2 [19,6 — | 18,6
Tod,4 — (21,1 — 19,4 |18,4 | 18,3
Ts 20,1 {20, 6 18,7 [19,2 — |18
Tad,5 20,1 18,8 |17,75| 17,73
Tor 23,14123,68119,86120,36|18,75] 19, 106
Tsh,nT 22,8 19,95 18,65
HapYIKHO- Tu.0 9,8 10,3 {10,2 10,2 |10,5 | 10,5
ro orpax- Tod,m.0 11,5 11,6 11,8
ZleHHA
BHYTDEH- Te. 18,6 |{19,5 |18,4 |18,7 (17,9 | 18
Hel nosepx- Tod,Bn 19,5 18,5 18
HOCTH
Temneparypa iy 20 20 20 20 20 20
BO3JlyXa
Papnauuonnas tp 18,45(19,44118,04|18,09|17,34| 17,39
TEeMIepaTypa
TOMEIEHHR
Temneparypa tn 19,22119,72119,02]19,04| 18,67 | 18,69
NOMELLEHNR
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Puc. 1.15. 3aBucumocTh Temne-
PaTyphHl maHeJH OTONAEHHS OT ee
OTHOCHTEJIbHOH (K mMOBEPXHOCTH
NOTOAKa) WIOIaAH
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Puc. 1.16. 3aBucumocts KO3¢-
¢uuMenTa nosHoHl 0GAYYEHHOCTR
OT  OTHOCHTENbHOII  NNoWaan
NOTONKA, 3aWhMaeMoil Harperoi
naHenbio

1 —no dopmyne (1.91); 2 —no mau-
HBIM TOJIHOTO pacdeta

>

Puc. 1.18. Hamenenne Temnepary-
PHl HaCTUJIAIOWIECHCH CTPYH H no-
BEPXHOCTH HOTO/KA N0 Hanpas-
JICHHIO J\BHIKEHHS BO3AYXa NpH
KpaTE:-IOCTH Bo3ayxoobmena Kp=

,0.
Temnepatypa BOsnyxa B cTpye:

1 —npu ycaosan 1; 2— 10 e, 1
TeMnepaTypa NoBepXHOCTH MOTOKA:
3 — nipu ycnosuu {; 4 —~ 70 ke, (1

tn,tl. ¢

T T

tg=20%¢0ns)
20 '8~ 20 %Const

|
|

19

05 45 5 g,

Puc. 1.17. 3aeucumocts Temne-
parypHbiX ycjioBHii I Wiy B HoO-
MeILECHHH OT OTHOCHTEJIbHOH HJIO-
many NoToiKa, 3aHHMAaeMOM na-
HEJIbBIO OTONAEHHS, HPH HOCTORH-
HOH TeMIepaType NOMElEeHHS
(£s=20°C)

I—tR npu ycioekk [; 2-— 70 ke,
npH ycnosum [I; 3-—1‘“ NpH yCJAOBHU
[; 4— 70 xKe, npu ycnoBuu I
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TaGauua [4. PesyinraThi pacuera Jy4HCTO-KOHBEKTHBHOPO
(Tperuii cnocod

TeMiuepatTypa
TemMnepa-
Typa npH-
PaccyuThiBaeMbie napaMeTpot TOUHOrO
BO3AyXa rnoTon
QO6o3Hayerne napaMeTpa tnp T T2 Ts
KpatHocts BO3AyxoofMena 0,5 87,5
2 36,95 |118,8| 18,5 | 18,1
Kp 5 2,75

[pu pacuere BapHAHTOB INaHeJbHO-JAYYHCTOrO OTOMJIE-
HHSl YYHTHIBAJH BCe IOBEPXHOCTH NoMelleHus. PesysbraTil
pacyeToB jyisi NATH pasMepoB MNaHeNH MNOTOJIOYHOrO JIy4H-
CTOro OTOIJIEHHS] pHBEJeHH B Taba. 1.2,

Ilpu pacuyere BapnaHTOB OGOrpeBa C HacCTHJAIOLIEHCH
cTpyeil (cnoco6 o6orpeBa 2) BHYTpPeHHHE HOBEPXHOCTH
nojia W CTeH NPHHHMaJH 32 OZHY BHYTPEHHIOIO HOBepX-
HOCTb (B.1.), NOBEPXHOCTH OKHa H Hapy»HOH CTeHBl yuHM-
THIBaJH KaK OJHY NOBEPXHOCTb HaPYXKHOTO OrpaxkAeHHs
(#.0.). Hacrunawoniyiocs NJ0CKYI0 CTPYI0 H MNOBEPXHOCTDb
JI0TOKa pa3bUBajH Ha NATH 3JEMEeHTOB OIMHAKOBOH Ipo-
TSOKCHHOCTH. PeayibTarhl pacyeroB JAJis TpPeX BapHaHTOB
BO31yx006MeHa AaHbl B Taba. 1.3.

[py BO3AYHIHOM OTOIJIEHHH PAacCMATPHBAJH TOJDBKO
ycaoBusi 1 mas tpex sHauennii Kp: 0,5; 2; 5 (raba. 14).

['papuueckass 3aBHCHMOCTb  TeMIEpPaTypbl  MNaHeNH
OTONJIEHHS: OT ee OTHOCHTENBbHOH IUIOaZin MO JAHHBEIM
pacuera (cM. Taba. 1.2) pas ycnosut / n /I mokasaHa Ha
puc. 1.15. U3 1HX JaHHBIX BHJAHO, 4TO 0e3 yueTa MHOro-
KpPAaTHOrO OTPaKe€HHsi TeMIepaTypa NaHeNH NPH pacuere
N0Jy4aeTcsi HeCKOJIbKO 3aHukenHOH (npumepHo Ha 1,8°C),
OJIHAKO 3Ta Pa3Hylla He BHIXOJHT 32 Npefesibl JONYCTHMOH
norpemnocty (4%). Conocrapienne sHayennii Koaddu-
uueHTa noJHOfl o6aydyeHHoctd P, HalAeHHOrO NHO mpuGIM-
JKeHHOH aHanutuyeckol dopmyae (1.91) ¥ no AaHHBIM
TouHOro pacdera (puc. 1.16), nokaswiBaer HX XOPOHIYIO
cxonuMocTb. IIpM NOCTOSIHHOH TeMnepaType Bo3ayxa C
yBeJIHYeHHEM IUIOIAJM NaHeJH OTOIUVIEHHs! TeMiepaTypHas
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rennoofMeua B TOMelleHHy NPU BO3AYWHOM OTOIUIEHHH
oGorpesa)

p——
noeepxuocTedt PaauanHon-
. Temnepa- | Has TeM- | TeMnepa-
— TYpa nepaTypa | Typa mo-
BO3AYyXa | noMmelne- MelIeHHs
Xa H.O. B.IL HHA
A (2 TH.0 T ty s Iy
17,8 17,4 10,6 17,85 20 17,11 18,55

06CTAHOBKA B MOMELIEHHH 3HAYHTEJNbHO  YJIyYHIaeTCst
(puc. 1.17): ysesuuuBaercsi paaualHOHHAasA TeMmneparypa
fr (ua 1,6°C) u TeMmneparypa nomelleHus In (npuMepHO
ua 0,8°C).

- Tlpn OTONJIeHHH NOMelleHHsi HacTHaOLlelics HA RO~
TONOK CTpyeil TemJoro BO3AyXa TeMmnepatypa BO3AyXa
B cTpye fcr M TEMNEPaTypa IOBEPXHOCTH IOTOJNKA Tpr 32-
meTtHo usMensitorcsi (puc. 1.18). Temmepatypa npuUTOYHOrO
BO3AyXa B pacyeTe 6e3 yyeTa MHOTOKPATHOTO OTPAXKEHH:
(ycaoBust 1) OKa3LIBa€TCsi HECKOJDKO HMXKE (npuMepHO Ha
0,8°C), uem jss ycaosuii II, HO 3Ta pasHuu@ cocTaBiseT
okOO 1% ® He BBHIXOAMT 3a Npefenbl JOMyCTUMOH mio-
rpemHocTH pacuera. Takum 06pa3oM, aHAJIH3 AAHHBIX IS
BapuaHTOB | H 2 mo3BoJisieT CAie]aTh BHIBOJ O BO3MOXHOC-
TH NpOBeJleHHsl HHXKEHePHBIX pacyeToB 6e3 ydera MHOrO-
KpaTHOro OTpaxeHHs [, 4TO 3HAYHTEJbHO YNPOLLaeT pe-
[IeHHe 3353y,

TlpencraBisier HHTEPEC CONOCTaBJEHHE obiueli TeMmne-
paTypHOli OGCTAHOBKM B MOMEIEHHH NpPH Pa3jHYHRIX CIIO-
co6ax oromieHns. Kak Bupuo u3 puc. 119, nocrosiHHas
TeMmeparypa BO3JlyXa fz He O3Ha4aeT, 4TO HOCTOSTHHOM
Gyner TeMnepaTypHas OOCTaHOBKZ B NOMeLIEHHH. Hauxyn-
WIHMH OKaskIBalOTCsi TeMIEpaTypHble YCIOBHS HpH BO3AYIN-
HOM OTONJIeHHH, Korja npH t,=20°C fgp H Iz COCTABJH-
10T BCero coorBercTBeHHO 17,11 m 18,55° C, Ilpu oGorpese
NOMeIlleHHs HacTHaamluefics crpyell Teljloro BO3AyXa
TemMnepaTtypHble ycl1oBHs Gojee GjaronpusTHble, YeM TpPH
BO3/lyIIHOM OTOIVIEHHH, IpHYeM C YBeJHYeHHEM BO3AYXO-
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o6MeHa TeMnepaTtypHas OGCTaHOBKa B NOMelIeHMH YXyA-
1iaercsi H NPHONMIKAETCA K yCJIOBHSIM, KOTOpHIE CO3JLAIOTCH

NpH BO3AYHIHOM OTOIJIEHHH.

Haunyuuiimy B oTHOLIeHHU

KOM(I)OPTHOCTPI, KaK YyXe OTMeu4aJjioCh, OKa3blBalTCA TEM-

tk» tn ’ nc
21

— e, e
o P

C=condt

18 \

\\
5 T~
[ o - 0 Oef
05 H 5Ky
: 1 f N |
R I 7 R T AV I N

17

Puc. 1.19. Conocrasnienne Temie-
PaTypHHIX YCJIOBHA g H fn B Ho-
MEIeHUH C NOCTOAHHON TeMriepa-
TYpoii BO3JlyXa HPH PpasTHUHLIX
cmoco6ax ero oborpesa (npH
ycoBun pacuera I)

Crnoco6 oGorpesa: naHeNbHO-TYUHCTOR,
NoTONOYHOE oTonNlenke: I —1t _; 2~—
#n: oTolJlevHe HacTWwiamwulefics cTpy-
el TenJoro Bo3nyxa; 3-—tR; 4—tn

BO3AYLIHOE OTomJlenue: 5 —f 6——tn

R

nepaTypHbie  YCJIOBHS, KOTO-
pvie CKIaAbIBaIOTCH B Ciydae
pPasBUTOH TOBEPXHOCTH Ha-
rperoll naHejiu.

BosmoxkHOCTh yrpoluieHus
pacyeToB npH pacCMOTPEHHH
JIYYHCTOrO TemJioobMeHa 6e3
yJyera MHOTOKPaTHOTO OTpa-
JKEHHs! NOATBEPIKAEH pe3yJib-
TaTaMH pelleHnsi CepHH 3a-
Aa4, B KOTOPHIX BapbHPOBAJH
PaAuanyoHHLle CBOHCTBa WO-
BepXHOCTell B MNOMellleHHH.
Okasanoc, 410 B mpepenax
OOBIYHBIX  JJIsi  HOMEUeHHs
TeMIepPaTyp NPakTHYECKH NpH
JMIOOBIX COYeTaHHaX 3HAUYEHHI
KO3 QHIHEHTOB  H3MyYeHHs
MOBEPXHOCTeH  NOrpemIHOCTh
obulero  Temnoo6MeHa mpu
yeaoeuy I He BHxomut 32
npenens 3—5%.

1.6. TMTMEHWMYECKAS OLIEHKA
KOM®OPTHOCTHU

M PACYET TENNOBOM
OBCTAHOBKM NMOMELLEHMS

YcnoBust TennoBoro
Komdiopra B noMeL|eHmH

B rnomewernusx, roe xu-
BeT, TPYAUTCH HJIH OTABIXAET
YEJIOBEK, JOJIXKHBl BHIIEPIKH-
BaTbCA ONpejesieHHble KOM-

¢opTHEIE BHYTpPeHHHe KIHMAaTHUeCKHe YCJOBHS. Moxer
OBITh HECKOJIBLKO 30H KOM(OPTHOTO COYeTaHHs HapaMeTrpoB
BHYTPEHHHX KJ/INMaTHYECKHX YCJOBHH B NOMEILEHHH — 30H
Komdopra. Ux penenne o6yciobieHo psAoM  (PaxToOpoB:
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HasHaueHHEM TNOMelUEHHs, POAOM BHIIOJHSeMbX paGoT,
BpeMEHeM TOfa, BO3PACTOM HaXOAsIHXCs B IOMECHHA
mofgelt u T. 4. Moryt GbITb 30HBE ONTHMaJbHHIX H JOMYCTH-
MBIX BHYTpEeHHHX ycJoBu#t [17] koM(OpTHOCTH, OHH OTIpe]e-
asiores CHull.

MecTo npeMMyLIECTBEHHOH HeATeJbHOCTH 4YeJOBEK2 B
YC/IOBHSIX TIOMEILEHHS Ha3blBaeTCs oGCnyKHBaeMOH — MIH
paGouell 30HOI. CucTeMbl OTOIUIEHHS, BEeHTHAANHH U KOH-
JHIMOHHPOBAHHA BO3lyXa COBMECTHO C TENJIO3a1UMTON Or-
paxczieHHHl JOJKHBL OGeCHeyHTb pacyeTHRIC TemJiOBble yC-
JIOBHSI B OOCJIy’KHBaeMOil 30HE NOMeleHHs.

TenoBle YCJIOBHSI B NOMellleHHH B Oobllell Mepe 3a-
BHCST OT TEMIEpPaTyphl €ro NOBEPXHOCTeH H BO3AYXA, T. €.
onpeneasoTcs TeMneparypHOH 06CTaHOBKOH TOMeILleHHS.
TemneparypHasi 06CTaHOBKa B NOMeIUEHHH CUHTAETCH KOM-
¢opTHOH NpPH cOGMONEHMH B OCHOBHOM [BYX yCJIOBHIA.

MepBoe ycaoBue KOMGOPTHOCTH. KompoptHo#i Oyaer
Takas TeMnepaTypHas OOGCTaHOBKa B NMOMEIIEHHH, NPH KO-
TOpOH uYesioBeK, HAXOAsSCh B CepefHHe NOMELleHYs, HE HC-
IBITEBaeT INeperpeBa HJIH IepeoXJaxAeHHs. Tennosule
OlllyllleHHsi YejoBeKa B GOJIBLIOH CTeNeHH 3aBHCAT OT TeM-
neparyphl BosfyXa lp H palualHOHHOH TeMmniepaTyphl Io-
MenieHHs fp. VIMeercsi B BHAY pajiuallHOHHAs TeMneparypa
HoMelleHHs] fp, ONpeAejieHHas OTHOCHTeJbHO UYEJOBEKA,
HaxXOAsIerocss B cepefuHe NOMeLERHs:

tp=31 % ;s (1.99)
31ech Qr—i — KO3(hOHUUEHTE 06TyMeHHOCTH C MOBEPXHOCTH HeJNOBEKa ")
B CTOPOHY OKpY¥AIOLIHX €ro noBepXHOCTefl, HMEIOLMX TeMaeparypy fi.
Ux onpepenstor no rpadukam (puc. 1.20), noCTpOEHHEIM Uu. W. Ililap-
KayCcKacoM Ha OCHOBZHHH JAaHHBIX CBETOBOTO MO}IEJIHpOBaHHﬂ‘.

CBs3b MeXAy ls U {p B XOJOAHHIH nepuoa A 6041~
[MIHHCTBA TNOMELIEHHH JXHJABIX M OOCLIeCTBEHHBIX 3NaHuk
MOXHO BBIPa3HTb 3@BHCHMOCTBIO

lp= l,57tu—-0,057tB + 1,5. (1.100)

VeaoeusaMm 6aaronpuaTHOH 2KCILTyaTaunHu noMeueHni
B XOJIOFHOE BpeMsi COOTBETCTBYIOT cllefiyloline 3HaueHH:
TeMneparyphl nomelienus tn, °C,-B Qopmyne (1.100): mpm
[IOKOE — OKOJI0 23, NpH Jerkoii pabote —oxono 21, npu
yMepennofi —okosnio 18,5 u  npu TsKeol — okoso  16.
Il/isi JIETHEr0 PeXHMMa JKHJbIX H OOIEeCTBEHHBIX 3aanuit

tp =151, —0,5¢,+1,5. (I.101)

! Ha mopeau croxnas ¢opma Tena wenoBeka Oblla 3aMeHEHa SKBHBA-
JeHTHBIM 1O IJOMAAW LMMELpoM Bhicoroil 1,8 M u Auamerpom 0,28 M.
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Puc. 1.20. Kos¢¢duuuentsl 06GMY4EHHOCTH € 4YeloBeKa Ha NOBEPXHOCTH
MOMEILEHH S

@ — Ha cTedbl; 6 — ua NMOTONOK; 8 — Ha on

N \

Hast Tensioro BpeMeHn ropa #,°C, paBHa: NpH Jerkoi
paboTe u1H HOKOe — OKOJIO 26 (MM HeMHOro GoJbile), Mpy
yMepeHHHOH paboTe — OKOsO 24, npu TaAKen0l — 0KoJI0 22,

B ¢opmynax (1.100) u (I.101) BO3MOXHO NpHGMHIKEH-
HOe OTK/NOHeHHe OT CpeAHHX 3HayeHuil, paBHoe —+41,5°C.

Ha puc. 1.21 rpaduyeckn nokasano nepeoe ycioBue
KOMQPOPTHOCTH AJisi 3HMBl M JIeTa NPH Pa3HON (PHIHYECKOI!
Harpyske dejoBeka. C nOMOWIbIO 3TOro rpaduka unu Gop-
myn (1.100) u (1.101) moxHO onpefenuts, HanpHMep, He-
OGXORHMYX AJifi COGMIONeHHs KOMPOPTHHIX YCJOBHH TeM-
NepaTypy BO3AyXa NpH 3a[aHHON paJHalHOHHOH TeMmepa-
Type NOMeLleHy sl H NPH H3BECTHHIX BPeMeHH IOAA M cTemne-
HY (DH3HYECKOH TAKECTH PabGOTHl, BHIIOJHAEMON YelOBEKOM.

Bropoe ycnosue xombopTHocTH. OHO onpefensier TeM-
neparypHblil KOM(OPT A5 UYeNOBeKa, HaXOAALLETOCS Heno-
CPEACTBEHHO OKOJIO HarpeThlX WJH OXJIaXAEHHHIX NOBepX-
HocTefl (Ha rpanuue o6cayXMBaeMo¥i 30HB NOMeLIeHHs),
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g CBsI3aHO ¢ HauboJbliell WM HavMeHbIUell HHTEH-
.CHBHOCTBIO JIYUHCTOTo TelJlooOMeEHa YeJioBeKa (pam/laun:
ounblil Gananc Ha HauboJiee HEBBITOLHO PAaCHOJIOKEHHOH
u HanboJiee YYBCTBUTENBHOH K H3JIYYEHMIO YaCTH INOBEPX-
HOCTH TEJia YeJIOBEKa).

K pammanuoHHoMy HarpeBy HauGoJie€ YyBCTBHTENbHA
NOBEPXHOCTH FOJOBH. PaJHalMoOHHBIE YCJIOBHS B IOMEIle-

lp, c
0 ™

Puc. 1.21. T'paduk onpenene-
HHfl YCJIOBHH KOMGOPTHOCTH
TeMIepaTypHoll  06GCTaHOBKH
(nepBoe ycsoBHE) B moMe-
IEeHUH

Nemo

15 192.3
T — Taxenas; Y — yMepeHHas; ~ <
JI — nerkass  paGora (o6sacTk

%z Y
AONYCTHMHIX OTKJAOHEHHH TeMne- \ =~
paTyp TNOKasaHa  LUTPHXOBKOM 10
TONBKO AJisl yMepeHHOH paGoThi)

1015 20 25 304y

HMH JOJIKHB ORITh TakuMH, 4ToOBl JiioGasi 3JieMeHTapHast
IJIOIa/lb IOBEPXHOCTH IOJIOBbL OTZABaJjia M3JIYYEHHEM OKpY-
XKapoW¥UM HOBepxHOCTAM He wMenee 11,6 Br/m2z (10
KKasi/m2-4). Ota uudpa NpHHATA KAK CPEIHAS H3 aHANH3A
MHOTOYHC/IEHHBIX 3KCNEPHMEHTAJNBHEIX HAHHBIX ¥ PEKOMEH-
JalMi TMrHEHUCTOB.

IIpu pacnonioxkeHuu HarpeTofi NaHeau B THOTOJIKE Ha-
ubosiee HEBBHIFONHBIM (4 MOITOMY pacyeTHbiM) GYLET no-
JIOXKEHHE YeJIOBEKA MOJ LeHTPoM naHesnu. Ilpu Harperoi
CTEHOBO# NaHENM 3a PAacyeTHOE IPHHHMAIOT TOJIOXKEHHE
U€I0OBeKa Ha PACCTOsSIHMM 1 M OT Harperoll NOBEPXHOCTH.
U3 ypasuenus Jyducroro Tennioo6Mena AJs seMeHTapHOH
nnowany MOBEPXHOCTH TeJd YeJoBEKa mnojyyaeM (Gpopmyny
MaKCUMAaNbHO NONYCTHMOH TEMNIEPATYPH HarpeToit moBepx-
HOCTH B IOMELIEHHH B XOJIOLHKI NEPHOA rojia:

T <19,24-8,7/9,_, (1.102)

TAe Po—n — KO3 GUIUERT OGIYYeHHOCTH C 3JIeMeHTAPHOH [JIOLAAH TOo-
BEPXHOCTH TeJa 4eJIOBEKA B CTOPOHY HArpeTOH NOBEPXHOCTH.

OTa TeMmmepatypa SIBASETCS COCTaBJSIOMIEH BTOPOrO
YCNoBHSI KOMGOPTHOCTH.

71



B siethuii mepuoj roja TeMneparypa HATPETHIX MOBEpPX-
HOCTEH HAPYXHBIX OrpaxkiieHufi Moxer OHTb He OGoJsee

TN < 29,34 2,7/, .. (1.103)
Honyctumyio TensiooTAady H3JyueHHEM B CTOPOHY XO-
JIOJHOH NIOBEPXHOCTH NaHeJH g7 npumMeM pasHoi 69,6 Bt/m?

[60 kkan/(m2.4)]. D1a uudpa noNyyeHA pPACYETOM H3 YC-
JIOBHSI HOPMHPYEMOTO Mepenaja TeMIEpaTypH AJisi [OBepPX-

don o,

T, €
80
1_
60
/oﬂﬂacmb
40 z
OrgermiMbix Puc. 1.22. Jonycrumbie TeM-
/A resmenamyp NepaTypH Ha HarpeThix (I)
n LR T e Pobepaotrax ¥ OXJAXIeHHHX (2) IoBepx-
W HOCTAX ¥ MOBEPXHOCTH OKHA
0 J (3) (BTOpoe ycCJOBHE KOM-
i 08 g o @ g, (OpPTHOCTH B  NOMeELIEHHH)

HOCTEH HAPYXHBIX OrPakKJEHHfl B XOJIOLHBIH MEPHOA FOAA.
Honyctumas TeMmepaTypa Ha XOJOJHEIX MOBEPXHOCTSAX B
NOMEIEHNY TIPH 3TOoM OYLeT paBHa:

N> 93— 5/g, . (1.104)

Vpasuenue (1.104) Ttaxxke sBAsleTcs COCTABNSIONIEH
BTOporo ycnoBusi kKoMopTHoctH, CoOBEpILEHHO OYEBMIHO,
4TO Hapsijly ¢ BeiosineHHeMm ycyoHsa (1.104) crnenyer
YUHTBIBATE HENONMYCTUMOCTh KOHJEHCALMH BOJSIHHIX MapoB
Ha XOJIOAHOH MOBEPXHOCTH.

Ilpu pacuere mOMYCTHMOR TEMNEPATYPH HA BHYTPEHHEN
NOBEPXHOCTH OKHA TA% TEeNJIOOTAAYa YeJIOBEKA H3JIyYEHHeM

JonxkHa ObiTh MPHHATA HECKOJIBKO GoJiblieit M paBHOf OKO-
Jio g% <<92,8 Br/m? [80 KKan/(M2-u)], u Torna

T >4 —4,4/q, .. (1.105)

KpuBeie npenesbHBX Temmepatyp na marpetnix (1.102)
u oxnaxnaenublx (1.104) u (1.105) (puc. 1.22) nosepxnoc-
TAX ONpPelensiioT 06JIacTb JIONYyCTHMBIX TEMIIEPATYp Tio-
BEPXHOCTEl B NMOMELEHMH B XOJIOAHBIH IEpUO] Toja.
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Horn uesioBeKa YYBCTBHTENBHBI K NEPEOXJIAXKJIEHHIO M
neperpeBy MOBEPXHOCTH [0JIa, € KOTOPOH OHH HEMOCPesCT-
BEHHO COMPHKACAIOTCS, M K MOTOKAM XOJIONHOTO BO3LyXa
BAOJIb HEe. DTH OLIYLIEHHS 3aBHCAT OT OOLiefi TENIOBOH
06CTAaHOBKH NoMeIleHusi, BHAa oOyBH 4YeNoBeKka, €ro Io-
JBHIKHOCTH.

Jonyctumas TeMnepaTypa NMOBEPXHOCTH MOJIA Tnn 3aBH-
CHT OT TeMIepPaTypHl fp; BO3JyXa B NOMELIEHHH HA BHICOTE
1 M ¥ MoXeT OuiTh NpuHATA [6] paBHOI:

T < 55,7 —1,63¢, ;. (1.106)

Hcnoapsosanue ¢opmynin (I.106) orpanmumsaercst mpe-
NENbHEIMY 3HAYEHHMAMY Tny. OTH OrPAHHUEHHS] YYHTHIBAIOT
tun o6ysu. I1penesibHoe 3HAYEHHE Toy AJIS TOJIOH HOTH NPH
IJIATENPHOM KOHTAaKT€ C INOBEPXHOCTBIO TOJIa PaBHO 32—
33°C, nas o6yBu ¢ ToHKO#H mnofiomBoi — 36—38°C, u mis
o6ysu ¢ Tosctoil mopomsoi —45—48° C. CoryacHo ¢op-
mysie (1.106), Hanpumep, AJist YCJIOBHA NMPOH3BOACTBEHHOrO
1exa, rae remneparypa Bosnyxa cocrasiser 10°C, rtemrne-
paTypa NOBEPXHOCTH NoJsia MOKeT GhTh okosio 40°C. B no-
JOGHBIX pacyerax Hy»KHO YYHTHIBATb, YTO TPH HArpeToH
NOBEPXHOCTH ToJia TemMnepartypa fs; BO3Jlyxa Ha BBICOTE
1 M or Hero BHIIE TeMIepatypnl Bo3fiyxa fs Ha 1—2°C.

Pacnojiarath NaHeJdd CHCTEM JIETHETO OXJAXKMAEHHS NO-
MelleHuH B IJIOCKOCTH NOJIAa W OXJaXKAaTth MOBEPXHOCTD
noJia He peKOMEHIYeTCsl.

TennoBoe oOLIyleHHE YENOBEKAa M INOTEPH TEmIa Hora-
MH 3aBHCAT TaK3Ke OT TEIJIO(HUSHIECKHX CBOHCTB NOKPHITHS
nona (cM. i VI).

TMocranoBka 3afaun pacuera oborpesa —
OXNAMAEHHUS NOMELYEHUA

TMonHas noCTAaHOBKA 3ajaud pacyera oborpeBa-oxyax-
JIeHHS] TIOMELIEHHUs ONpeNesisieTCsl CHCTEMOH ypaBHEHME 06-
mero temioobmena B nomemenun (1.89) m  ycrioBusmu
komboptHoctH (I — 100) — (1.106). B npocrefimiem cayyae
npubJIKEeHHOTO pacyeTa TeMIepaTypbl HJIH IJIOLIAJH Ha-
rpesaomiell (oxnaxkaamlefi) NOBEPXHOCTH BMECTO CHCTe-
Mbl (1.89) MOKHO HCNOJIB30BAThH OJHO YypPaBHEHHE Temoo6-
meHa B nomerienud — (1.90). B atom cayyae mocTaHoBKa
3anauy Gynetr UMeTb BHJ

Qu = [9Co b (¥ — Ti.0) — i (i — tu)] Fis;
tR:‘f(tnth, P,F); T, 21:#0" (7)), } (1.107)
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rae P o6osnadeHa CTeneHb (u3HueCKON TskecTH paboThl HeJIoBEKa,
a I' — nepuon rona.

Eme Gonee nmpocTofi oKaswBaeTcsi NMOCTAHOBKA 3a1avyH,
ecim Bocnosib3oBatbest ¢opmysofi (1.40) mam  (141) m
ypaBHEHHE Temloo6MeHa HaHe u ¢ nomelllenueM Qn 3amu-
CaTh OTHOCHTEJIBHO TeMIEPaTyphl MOMEIUEHMs! fp WIAM TEM-
nepaTypel Bo3ayxa fs, BHpa3MB oOOLMH KO3 (QULIHEHT
JIYYHCTO-KOHBEKTHBHOTO TenyiooOMeHa HMOBEPXHOCTH MaHENH
o B Buzne (1.41) uan (1.43). ITocaennuii npueM 4acTo Hc-
MOJIb3YIOT B YCJIOBMSIX MacCOBOrO MPOEKTHPOBAHMS TEIIO-
BOrO pexxuMa 31 aHuil.

FJTABA I

BNAYXXHOCTHbBIA PEXXMM
U TENNONPOBONHOCTb OTPAXAEHMUA

Hapy»Hbe orpaxziesdsi JHOOHX 3LaHHil MOJKHE Npe-
JNIOXPaHsATh NOMELIEHHS OT HENOCPEICTBEHHBIX aTmochep-
HBEIX BosuedicTBud. B obuLiell 3ajaue co3nanus KoMQOPTHBIX
JUISl 4eJIoBEKa WM ONTHMAJIBHHIX Il TEXHOJIOTHYECKOIO
‘TPOLLECCa YCHOBHH 3TH (PYHKIMH OTPaxKJAEHMH OKa3hHBaIOTCS
OUEHBb BAXKHBIMH,

Ha BHYTPEHHIOI0 NOBEPXHOCTb OrPaKIEHHS H3JyYEHHEM
¥ KOHBEKIHEH nepellaercs ONpelesieHHOE KOJHUECTBO TEMma.
B xononHoe BpeMsi rofia 3TO TEIUIO TEPSETCS B  CTOPOHY
BHeUIHeR cpenbi. OCHOBHOE COMPOTHBJIEHHE MOTEPE TEIia
OKa3biBaeT TEIJIO3AILUTA CJIOEB MATEPHAJIOB B OrPaxKAEHHU.
B cranuoHapHHX YC/IOBHSIX TEIUIONEpPENayd BCe TEIUIO, 1O0-
NaBillee Ha BHYTPEHHIOI MOBEDPXHOCTH OrPAXKJEHHS, Nepe-
IaeTcsl HApPYXHOMY Bo3iyXy. IIpn HecranuoHAapHOR TemJo-
nepenavye CTeHbH M MEPEKPHITHSI MOTYT aKKyMYJIMPOBAaThb
YacTh NPOXOJSILIETC YEPE3 HHX TeIVia H B Pe3yJbTaTe TOp-
MO3HTBH OXJIaXKJIeHHE WIH YMEHBIIATb NEPErPEB NOMELIEHHUE.
VIHTEHCHBHOCTD NEpEefayy TEmJIa Yepe3 OrPaKJeHHs BJIWsl-
€T" Ha TEMNEPATYpPy €ro BHYTPEeHHEHl MOBEPXHOCTH, onpejie-
JISIIOLIEH B CBOXO OYepe/lb TEIIOOOMEH B NMOMEIECHAH M KOM-
(POPTHOCTL BHyTPEHHEro KaAuMaTta,

Orpaxpaioiine KOHCTPYKIMH BHINONHAIOT (DYHKLIUH 3a-
UIMTH ¥ PEryJIMPOBAHHS BOSAYILIHOTO ¥  BJIAXKHOCTHOIO
peXHMOB NoMmelieHui. Hepes HHX NPOMCXOAMT mMepefiaya
BJIar¥ M BO3/lyXd, HO 3TOT MPOLECC He IOJIKEH NMPUBOAMTH
K TEPEYBJIAXHEHUI0O M IEPEOXJAXKIAEHHIO KOHCTPYKLMH.
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[IoBHILEHHE BJAXKHOCTH OrpaKJeHuil OTPHIATENBHO CKa-
3LIBAETCS HA HX TEIVIO3AIHTHHIX CBOHCTBAX W JMOJrOBEU-
HOCTH.

OcHoBHOl cocTaBlsioLiel npolecca nepenayu Temia Hui
HoMellleHHS Yepe3 OrpaxkIeHMsl HAPYXKHOMY BO3AyXy sIBJIsi-
eTCsl IPOBOJIMMOCTb TEIJia UEPE3 MATEPHANbHBHIE CJIOH TOJ-
111} OrpaXJeHHsL.

11.1. YPABHEHME TENNONPOBOAHOCTH U rPAHMUHbBIE
yCnoBsus

B crpouTesibHOH TEMJIOTEXHHKE 3ajfiady TeIJIoNpoBO-
HOCTH YacTO PElIaioT MEeTOAaMH, B KOTOPHIX MCIOJB3YIOT
KOHEYHO-Pa3HOCTHYIO (hopMYy 3aNHCH YPaBHEHHA. Ypasue-

a)

7
!l
x| bx /é
200N

9 s Cs ¢,

NN

Az b,

NN

0§

R Rpy R

Puc. 11.1. K BHBORy ypaBHEHHsi TeINIONPOBOJHOCTH B KOHEYHBIX pas-
HOCTAX

a— pasGmaxa NOJIsl Ha 3JIeMEeHTapHBIE CJIOH, 6 — TemyioBasl LENOYKa

HHE TEIJIONPOBOJHOCTH B KOHEYHBIX Pa3HOCTSX IJIA OLHO-
MepHoro Temnepatypuoro moasi (puc, 11.1,a) moxer OHTB
3aMUCaHo KakK

2
Aztn . }“ Ax tn

el rverg ar.1)
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rme
2 —
Ax tﬂ = (tﬂ+1 —_ tn) - (tn —_ tn—l) = Atﬂ+1.ﬂ —_ Atn.n—l ==
=ty — 2% b, — (11.2)

BTOpasi KOHEYHasi pPasHOCTb TEMIEPATyP; MHAEKC X IOKa-
SBIBACT, YTO MMEETCS B BHIY H3MEHEHHE TEMNEPATYPH B
[POCTPAHCTBE, WH/JEKC 2 -— M3MEHEHHE TEMMEPATYPHl BO
BpeMeHy,

Ilpn mepexosie X npesely B 3aMeHe KOHEYHBIX passoc-
T€H GeCKOHEYHO ManbiMu npupamenusmu u3 (I 1) nony-
yaeMm ¢ hepeHLHanbHOE ypaBHEHNE Oypre:

x _, ot
0z 0x?
[IpuMeHUTENIBHO K TEMJOBOR LENOuYKe (puc. II.1,6)

ypaBuenne (II.1) temnoBoro Ganamca pjist 3JIEMEHTAPHOTO
CJIosl 1 MOXKeET OBITh 3aMHCAHO B BHIE

. (11.3)

n zn

I
C_ At =R—A§tnAz, (.9
n

riie Cn=cpAxs — cocpenoTOuEHHAs TeIIOBas eMKOCTh; Rn=Axn/h—
TEPMHUECKOE CONPOTHBJIEHHE MeX/ly LEHTPAMH 3JEeMEHTApHbIX CJIOEB.

Onyckas uupexce B Bhipaxennu (I1.4) u npeobpasys
€ro, NoNyYuM
Az
AJ:EA,%L (11.5)

MHoXuTeNIb B BUIE KOMILIEKCA BEJIMUMH B npasoii yac-
TH ypaBHCHWs SIBJSETCS KPUTEPHEM FOMOXPOHHOCTH MpO-
LLecca, HAMUCAHHEIM JUISl SJIEMEHTAPHOTO CJioss AX, M pac-
UYETHOrO MHTepBaJia BpeMeHH Az, Ilocie HoICTaHOBKH
3HAYEHHH STOT MHOXHTENb MOXKHO NPeoOGpasoBaTh M 3aMe-
HUTb OOO3SHAYEHHEM KPUTEPHS TOMOXPOHHOCTH Dypne:

Az Az Aza
2z A Aw o .
CR  cpAxAx  Ax? Oa. (11.6)

Torna ypaBrenue TemIONpPOBOAHOCTH B KOHEYHBIX pas-
HOCTSIX NPUMET BHJL

2
At =Fo, AZt, (11.7)
B st1oit 3amucu ypaBuenus xpurepuii Fo A fBJISETCs 0606-
I EeHHOM IIPOCTPAHCTBEHHO-BPEMEHHOH KOODAMHATOR Mmpo-
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necca, TaK KakK €ro 3HAYeHWeM ONpejessioTcsl U3MEHEHUs
HCKOMOro napaMerpa W B NPOCTPAHCTBE W BO BpEMEHH.

PaccMoTpuM (PH3HKO-MATEMATHYECKYI0O MOCTAHOBKY OX-
HOMEpHOH 3a/1ayl HECTALWOHAPHOR Temlonepenaud uepes
MHorochofinoe orpaxaenue. Ha puc. I1.2 nokasana cxema
orpaxpaamlliefi KOHCTPYKLUMH, Ha KOTOPOi 0003HaYyeHB!
cioun (1, 2, 3) u xapakrepHbie

[PAHHIL, COOTBETCTBYIOLIME ! j J
puyTpenneit (I) u suemmneir @ 0 =/
(IV) noBepXHOCTAM H CTHIKAM tros” —
marepuanbhbix  cnoes (I, s
ITI) B ero ToJluHE. Z

B o6meM cayuae 3apaya
COCTOMT B OTHICKAHHH H3Me- -2y p
HEHHsI TEMIEPATYpPHl f(2, X) H 5 g
TEIJIOBBIX TIOTOKOB ¢ (2, X) e 7
BO BpPeMEHH 2 M pacnpocTpa- \\6.5’1 —% = /53’3 t,
HCHHSI B mpocTpaHcTBe X. Ha- . ! Il—ﬁ—m £ 2
yajibHbie YCJIOBHS 3a1aioT B
BHIE YpaBueHMs (TaGMMIBL,  pyc L2, Cxema MHorociofio-
rpacduxa) pacnpenesyieHNsl  Horo orpaX{ieHHst K paccMoTpe-

TeMOepaTypul t(O, x) B MO-  HHIO NOJIHOM TOCTaHOBKH 3ajaun
MEHT HayaJua npouecca rlpH o HeCTaU,HOHap.I’-IOH TenJonepena-
2=0. Y€ B MHOTOCJOHHOM oOrpaxkaeHHH
YpaBHEHusI, XapakTepusy-
I0Ii{i€ TEeIJIONPOBOAHOCTL B TOJI{E MHOIOCNOHHOIO Orpaxk-
JleHus!, MOryT OHITh 3aNHCaHHE B IBYX BapHaHTaX.
Bapuant A, VYpaBHeHHe TENJIONPOBOLHOCTH C TEpEMeH-
HBIMH MO X KO3(HIIHEHTAMH

t l3) ot
o (%) Fairm AMx) E] , (11.8)

rae cp(x), A(x) —3anamnbie 3Hauenuss OGBEMHOH TEIJIOEMKOCTH H
TEIJIONPOBOJHOCTH  OTAEAbHBIX MAaTEPHAJIBHEIX CJoeB B KOHCTPYKUWH,
CTYMEHYATO H3IMEHAIOLIHECH OT CJIOfl K CJIOIO.

B ofmemM ciiydae 3TH 3HAYEHHs] TEIJIOEMKOCTH H Tel-
JIONIPOBOJIHOCTH MOTYT OHITh 3aJaHbl HSMEHSIIOL{MMHCS IO
OnmpefiesiEHHOMY 3aKOHY B MpefiesiaXx KaxkIOoro cJos, nepe-
MEHHBIMH BO BPEMEHH, 3aBHCSIIHMH OT TeMIepaTtypel (He-
JiMHeHHbiE ypaBHEHNs), U T. I,

Bapuant B. Cucrema aud¢epeHuuanbHbix ypaBHeHud
C NOCTOSIHHBIMH Ko3(¢uuuenramu. Kaxaoe us ypaBuenuit
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COOTBETCTBYET OTAENBHOMY CJOI0 C AONOJHUTENbHBIMH YC-
JIOBHSIMM Ha TPaHMIAX-CTHIKAX MAaTepHAJIbHBIX CJIOEB.
JIns cnos 1

ot ozt
€101 = Esl ’ (11.9)

0z
AHAJIOTMYHBIE YpaBHeHus 18 ciosi 2 u 3.
Ha rpauuue II, cthike mexay ciosmu I w2, 3anaHo
rpaunvsoe ycnosue IV popa, koTopoe, KaK H3BECTHO, ONpe-
JEJISIETCS] PABEHCTBOM TEIVIOBEHIX ITOTOKOB

3t oty

M— 2 (I1.10)
1 ox

0x

1
# TeMOepaTyp

tlu = falur- (.11

Takoe e yciaoBue Ha rpaHuue [II —cCThKE MEXAY
chosimu 2 u 3, OT mpenmnojiaraeéMoro MeTOja pelleHus 3a-
BHCHT IeJ1eCO06Pa3HOCTb MCMONB30OBAHHUS 3AMHCH YPaBHEHHH
no Bapuanty A unu bB.

I'panuunbie ycsioBus, kpome (I1.10) m (II.11), no/mxuH
ObiTh 3anucaHb Ha noBepxHocTsX I u IV orpaxienus, kKo-
TOpHE CONPHUKACAIOTCS C BHYTPEHHUM fp M HAPYXKHBIM fa
BO3IyXOM ¥ OKPY2KEHBHI MOBEPXHOCTSIMH, HMEIOLIMMH TeMIe-
parypy fgr, ¥ fr, KOHBeKTHBHBIfi TemicOOMEH ONMpelesser-
cAl KO3(P(MHIHEHTOM O, JYUHCTHIH — oy, [loBepxHOCTH MO-
TYT NONOJHUTENBHO O0JydYaThCsl COCPENOTOYEHHBIMH HCTOY-
HUKAMH Tenjia ¢ (COJHIEM, HarpeToii Meybio B IOMEIEHHH
R T. JI.), 4acTb KOTOPOrO MOIJIOTHUTCS MNOBEPXHOCTHIO,

quorat = VYn g, (11.12)

rpe ’Yn-—KOS(quHHHEHT NOTJIOLEHHS] IIOBEPXHOCTH IJA JAHHOIC H3Jy-
YeHH4.

B o6uieM ciyyae Ha BHEIIHMX MOBEPXHOCTSAX Orpaxie-
HHSi TPOMCXOIUT CJIOKHBIH TemnooOMeH, ONpeaesseMbiit
yenosusimu II u 111 pona. Ha rpanune I na BHyTpenneit
MOBEPXHOCTH OTPAXKJAEHHS (HHJAEKC B) YC/IOBHE MMeEET BHJ:

oty
Oyn (fa— tlll) Fer s Cre—Hl) T nsf="MN ox T 1.13)
st napyxuoil noBepxsocty (H) Ha rpanuue IV
Oty
%, u (B —tel1v) 0% 5 (R, — Lliv) T Vpnta= — 1’35 - (L1
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OGLIYHO B HOMELICHMAX HOMNOJHHUTENbHBIE HCTOUHHUKHR
W3JYUEHHUs] OTCYTCTBYIOT, M JIyYHCTO-KOHBEKTHBHBHI TemJsio-
o6MeH YYHTHIBAIOT €IMHBIM KodbduuueHToM TemioobMena
o, OTHECEHHBIM K TeMnepaType Bo3ayxa [ (nonpobHO
3TOT Bompoc paccmoTper B ri. I). B stom cayyae sammce
Ha BHyTpeHHel rpanune | ynpomaercs:

oty
a, (t, —tlh) =—7\,1'Ec I; (11.15)
31€Chb
tp, —1t
an=aK‘B+a M (11.16)

J,B tn _tlh

IMono6HOE yNpoILEHNE € HCMOJNb30BAHHEM EIMHOrO KO-
>3 duIuenTa TeNJooOMEeHa on MOXKeET OHITh CAIENAHO ¥ B 32-
MHCH TPAHWYHOrO YCJIOBHSI Ha HAPYKHOH NOBEPXHOCTH Orf-
paxnenns (11.14). Ilpu pacuere TemnooOMeHa Ha Hapyx-
HOIl MOBEPXHOCTH JIETOM CJENYeT YYUTHIBATh COJIHEUHOE
H3JIyUEHHE, NO3TOMY ypaBHeHHe Ha rpanune IV B obuem
cyuae 3amuiieM TakK:

Oty
e
ax v
Yacto oKasbiBaeTcs YNOOHBIM 3aMeHMTb CMellaHHOe
rpannytoe ycnosue I1 u I1] pona, kakuMm fiBJifeTCS MOCTEN-
HAs 3amuch, ycioBueM Il pona ¢ TemmepatypoR ifyen.:

ats
g (tyen —tv) =—25 5~ (11.18)

Iss onpenenienusi yCJIOBHOH TeMMEpaTypbl Hapy:KHOK
cpensl fycx TPHUPABHUBAEM JiEBHie YacTH ABYX NOCJHEAHHX
ypaBHeHuf:

o (b —t3l1v) + Yun 9= (I1.17)

(2 —teliv) F Vo 7= % (tyen — tlv)s (11.19)
tyen =ta+ Toa?, (11.20)
Oy

I'panuynbie ycJOBHSI JJisl BHYTPEHHEH M Hapy»XHo# no-
BEPXHOCTEH OrpakieHMss MOryT ObiTh 3a/aHbI YPaBHEHHEM
OIHOro W3 TpeX MpUBeJeHHHX BHAOB. Beibop onpenensiercs
KOHKPETHOH IIOCTAHOBKOH 3ajau¥ ¥ NPHHATHIMH METOXaMH
ee penieHnsl.

TounocTe TEmWIOTEXHAYECKOTO pacdera B GoJibllleil mMepe
3aBHCHT OT TOrO, HACKOJIbKO NPAaBWIBHO BHOpaHH 3Haye-
HHUSl TenopH3UUECKHX XAPAKTEPUCTHK MaTepualioB KOHCT-
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pykuuy. OHHM 3aBHCAT OT OOBEMHOH MAacCH CTPYKTYPH
TBEpJIOH YacTH, €€ MHHEPAJIOTHYECKOro COCTaBa M, YTO
O0COGEHHO BaXKHO /IS CTPOWTE/IBHHIX MaTEpHAJIOB, BJlax-
HocTH. OfiMH M TOT K€ MAaTepuas NPH PasHOH BJIAXKHOCTH
AMeeT COBEPIICHHO Ppa3jiiyHBIE CBOHCTBA NPOBOJHMOCTH H
AKKYMYJISIIIAA TEIia.

Marepuan orpaxkjeHniéi noABepraercst yBJAXKHEHHIO H
BoicymyBanuio, Ero Biaroconepixanye 3aBUCHT OT BHENIHUX
W BHyTPEHHHX Bo3feiicTBuil, ocobGeHHOCTEH KOHCTPYKILUH,
BPeMEHM HX 3KCIUIyaTauuu H T. K. Takum o6pasoM, 4ToOL:
BBINOJIHHTD TEIUIOBOI pacueT orpakjieHus, HyXKHO 3HATb €70
BJIAXKHOCTHBIH PeHM.

HauGosee npaBujibHO BJI2XKHOCTHOE COCTOSIHHE Orpax-
JeHHA MOMKHO YCTAHOBHTH HA OCHOBE MOHATHS «NOTEHLHAN
BJIAXKHOCTH», KOTopoe Gbuio npeioxkeHo B 1952 r. [6]. Hu-
€ pacCMOTPEHBl TOJIBKO NPUHIMITHAJILHHIE [OJIOXKEHHS
TEOPETHYECKHX M IKCMEPUMEHTAIBHHIX MCCJACAOBAHHUH, CBfi-
32HHBIX € MOTEHI[HAJIOM BJIZXKHOCTH TOC/IENIHUX JIEeT, a Tak-
JKe Npe/VIOKEH METOJ OLEHKM BJIAXKHOCTHOTO COCTOSIHYS
MaTepuasioB B OrPaXKAEHUAX SKCIVIyaTHPYEMBIX 3IaHHI.
PaccMoTpenye CyIecTBYIOLHX TEOPHH MOCTPOEHHS MpOLec-
€a ¥ JPYruX BONPOCOB BJaronepenayu nauo B paboTtax
[6, 16, 23, 43].

il.2. TEPMOONHAMMKA BITAYKHOTO MATEPUAJIA B OrPAXKAEHWM

Busara, norsiollileHHasi MaTepuasioMm, YAEPXHBAETCA €ro
TBEPJOH 4ACTBIO H BO3JYXOM, 3aNOJHSAIIIHM nope. Mode-
KYJIbi BOAB B3aWMOJAEHCTBYIOT C MOJIEKyJaMuU MaTepuasa
H COCTABJAONUX BO3yXa, NEHCTBYIOT MOJEKYJISIPHBIE CHJIbE
TOBEPXHOCTHOIO HATSKEHUS.

Hawb6onee npouno ypmepxkuBaercss B MarepHaJe BJjiara.
CofiepiKallasics B MAJIBIX KOJHMYECTBaX. B cuibHo yBJIax-
HEHHOM MaTepHaJie Bjiara c¢jiabo CBfi3aHA ¢ HUM H CPaBHU-
TENBHO CBOGOJHO TepeMeniaercs. DHEPrus CBA3W BJard C
MaTePHaJIOM 3aBHCHT OT €€ KOJHMYeCcTBa, BUIA MaTepHalia
u ap. HanGosee noJsiHasi cucTeMa SHEPTETHYECKOH KJIaccu-’
¢uxaunuu GopM BJIATH M e€ CBSA3H C MATEPHAJIOM IPEJIONKE-
Ha akaj. I1. A. PeGunpepom [34].

ITponecc Binaronepenaus B orpaxkjieHHaX 3LaHHi 3aBH-
CHT OT TEMMEPATYPH, BJAXKHOCTH MATEPHAJIOB ¥ OKPYKai0-
LIMX Cpell, YHCJIa CJIOEB KOHCTPYKIUM, H3MEHUHBOCTH YCJIO-
Bull Bjaroo6MeHa, a TakXke OT (PU3WYECKHX CBOUCTB mare-
puanoB., XapaKTepHOH OCOGEHHOCTBIO BJlaronepefayn B
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STOM CJiyyae fIBJIf€TCS MePHOJHYECKOe H3MEHEeHHEe napaMeT-
poB Cpell Ha IrPaHHUAaX KOHCTPYKUMH. Ilepenoc Biarn npo-
HCXOAHT Yepe3 COMpHKAcaloUIHeCs CJIOH MaTepHasos, dac-
70 CO 3HAYHTEJILHO Pa3J/iHYaioUINMHUCH BJIArocofepkanusMy,
ONHOBPEMEHHO B YCJOBHAX TNOJOXKHTEJBHBIX H OTpHUA-
reabHBIX Temnepatyp. Ilokasaresan mepenoca Temjia H 0OCo-
6eHHO BJIard B MaTepuajiax NpH 3TOM 3HAUYHTEJBHO H3Me-
HAKOTCS.

H3ameHeHHe BO BpEMEHH TEIVIOBJIAXHOCTHHIX YCJIOBHH
Ha rpaHHuax Orpay<JeHHs OKa3biBA€T KayeCTBEHHO pasJjny-
Hoe AeliCTBHE Ha €ro TeMNepaTypHOE H BJIaXKHOCTHOE MOJIf.
W pnepuuOHHOCTD Nponecca TemJionepenayd B OrpaxKIeHHax
npH OOHIYMHO NJIMTENBHBIX (B TEYeHHE TOfa) H3MEHEHHSX
yclioBHil Ha MX TpaHHuax He3HauuTesbHa. IlepexonHele
TeMIepaTypHLe COCTOSIHUS ObICTPO cTabunusupyroTcs, a
TEIJIOBOF peXXHM oOrpakieHuil npeacrapJjser coboi uepe-
JIOBaHHE CTAaLMOHAPHBIX COCTOSHHHA €O CpaBHHTEJIBHO He-
GONbIINMH TpaJUeHTaMH TemnepaTyphl. VIHEpPUHOHHOCTB
mpouecca BJAronepefayd B OrpaxAeHHX OTHOCHTEJIBLHO
H3MeHEeHHil TPaHHYHEIX YCJOBHH 3HauHTesbHa, BJArooOMeH
B TOJIIE MAaTEPHAJIUB NPOTEKaeT MENJEHHO, HO HX BJaXK-
HOCTb MOXKeT 3aMeTHO MEHATLCH.

B cBfi3H ¢ Takoii OCOGEHHOCTBIO pexKHMa OrpaXIeHHii
TeMnepaTypHble YCJIOBHS HENOCPEACTBEHHO H CYIIECTBEHHO
BJNSIOT Ha Bjaromepenavy. B To ke Bpems npsmoe neii-
CTBHE MeJJIEHHO NiepeMeLiamiefics BJard Ha TeMnepaTtyp-
Hoe mnosie TpeHeOpeKHNMO MaJio, XOTH CBOHCTBO  TeIJO-
NpPOBOAHOCTH MaTepHalioB B 3HAUYMTEJbHOH Mepe 3aBHCHT
OT HX BJIa}KHOCTHOTO COCTOSIHHA.

Bonbuioll AHana3oH H3MEHEHHd BJAXHOCTH U TeMIepa-
Typbl MaTE€PHAJIOB H CJIOXKHOCTb TPaHHYHBIX YCJIOBHi 3a-
TPYAHAIOT HCHOJL30BaHHE MAJA OLEHKH BJIa3KHOCTHOro pe-
JKHMa orpaxJeHHH HeJOCTaTOYHO MNOJIHBIX TEOPETHUYECKHX
JIOCTPOEHHH, TNPHMEHAiEMBIX JJIf PacuyeToB CHeHHasbHBIX
peXXHMOB CYIIKH H YBJaXXHeHHs (B Y3KHX JHana3oHaX
3HaueHHH TeMIepaTypel H BJIaXKHOCTH, GBICTPO NpOTEKaro-
LIHX BO BpEMEHH). -

HecmoTps Ha Kaxyllylocs npocTOTy, AJSl NPaBUJIbHOM
XapaKTepHCTHKH TNpolecca BJaronepefauyd B orpaxaeHHAX
30aHuii cliefyeT TPUHATHL HanboJsee NOJNHYIO (PHIHUECKYIO
TOCTAHOBKY 3ajayH, HO HCNOJb30BaTb YNPOUNIEHHA, BO3-
MOXHHE B CBA3H cO cneundukoili pexunma. Takaa nocra-
HOBKa HeoOxoAuMa JJfA IPaBHJIBHOTO BOCHPOH3BENECHHS
nmpogecca MJIH B KOHEUHOM HTOre IJIfi HaXOXKAEeHHs MNpoc-
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TOro, HO JOCTATOYHO TOYHOrO METOJa pacueTa BJIAXKHOCT-
HOIO COCTOSIHHSL OTrpPaX{IeHHfi B BO3MOXHO CJIOXHHIX YyC+
JoBHSX ero pabGorhl. DTy 3amauy MOXKHO BHIOJHHUTB, €CJIH
3a OCHOBY (DH3UKO-MaTeMaTHYECKOrO ONHCaHHA mpolecca
NPUHATL NOTEHIHaJ BJaaxHOCTH. Jlis 06OCHOBaHHS HEOG-
XOJUMOCTH HCHOJIB30BAThH NOTEHUHMaJ BJaXKHOCTH B Ka-
yecTBe MOKa3aTess, ONpeAessIOllero COCTOSHHE BJIAXKHOTO

Komnoresms!
Pazei Broey BnaxHo2o MOMEpUand

- Bngea

f1ed N %
N N\
ﬂaﬁepx;wmglm el N\ ==
03
pas bnazy Yacrmuuku
Mamepuara
(ckenem)
B.noxnpii
Boda Bosdyx

Puc. 11.3. Baaxubii MaTepHad Kak rereporennas cHcTeMa, cocrositiaf
¥3 OTAEeJbHEIX KOMIIOHEHTOB U (a3

MaTepHalsia, BOCHOJIb3YyeMCA TEePMOAMHAMHYECKHM METOAOM
onucaHus (PU3HYECKHX MPOLECCOB, KOTOPHIH mnospoJser Oes
aHaJu3a MHKPOfiBJIeHHH M YaCTHBIX 3aKOHOMEPHOCTEH, MHO-
rHe M3 KOTOPBIX MaJlo H3YueHH!, MOJYYHTb OOllHe mpencTas-
JIEHHA O COCTOSIHHH BJIard M BJjaroobmene.

Baaxuuiii MaTepuast — 1es0 Heogroponnoe (puc. I1.3).
OHO COCTOHMT H3 HECKOJBKHX KOMIOHEHTOB: TBepJOil uacTH
(ckeneTa), BJiard U Bo3AyXa. Byara HaXxoZuTcs B HECKOJIb-
Kux (pa3ax: KpoMme KUAKOH, napoob6pasHoit W TBepAOH AO-
NOJIHHTEJLHO BHIZEAAIOTCH (pa3bl NOBEPXHOCTHBIX CJIOEB
BJIarH, CBOHCTBa KOTOpPBIX 3HAUHTEJIbHO OTJAHYAIOTCA OT
CBOHCTB BHYTpU 06HEMOB BOIH, napa # JbAa. KoMIOHEHTH
H ¢a3sl BJAAKHOIO MaTepualla B3aUMOILEHCTBYIOT MEXIY
co60fi, MEeXAY HUMM NPOHCXOAMT TENIJIO- W MaccoobMeH,
NO3TOMY 3JIeMEHTapHHI o0beM BJlaXKHOrO Martepuajna B
OrpaxKAeHHH HYXKHO pacCMaTpuBaTh KaK OTKPHTYIO rere-
poreHryio cucremy. Uro6bl olpeseSHTb TEPMOAHHAMHKY
COCTOSIHHSL Te€TEPOTeHHOH CHCTEMH, ee HYXXHO pa3fejuTb
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Ha OJHOPOIHLIE COCTABJSIONINE (Jif BJJaXHOTO MaTepHaja
3TO KOMIIOHEHTH # (a3nl).

Kaxgas 43 COCTaBJAIOIINX MOXeT OHITH onpejesieHa
Maccoii H3BECTHOrO XHMHUECKOro COCTaBa, JAaBJIeHHEM,
oGpemoM, Temnepatypoii u np. He Bce 3T nepeMmeHHbIE
ABJAIOTCH HE3aBHCHMBIMH — HEKOTOPHIE€ CBA3aHbl MeEXNY
co6oii. ‘

B TepMoauHaMHKe IPHMEHAIOT P XapaKTepHCTHIECKHX
GYHKIHE, ONpefessiolliX COCTOfIHHE OAHOPOHBIX ¢a3 u
KOMIIOHEHTOB, C TOMOLIbIO KOTOPHX MOTYT OHITb B SIBHOH
¢dopMe BHIpaXKeHbl Bce CBOHCTBA COCTOSIHHSL (BHYTPEHHss
SHeprus, 3HTaJblHuf, CBOGOAHas sHeprus H T. A.). BeiGop
dyHKumil onpefesercs KOHKPETHEIMH YCJOBHAMH 32Aa4uH.
M3aMmeHeHde M0G0 H3 HHX MOXHO ONpeAeIHTh OTHOCH-
TeJIbHO BLIGPAHHBIX He3aBHCHMBIX N€PEMEHHBIX.

CocTosiHHe  BJaXHOro  MaTepualja B OrpaxJAeHHH
yIOOGHO OLEHHBATh H3MEHEHHEM €ro CBOGOLHON 3HEpPruH F.
B KauecTBe He3aBHCHMBIX NEPEMEHHBIX NMpPH onpejeneHun F
HeOGXOZHMO NpuMeHaTH TeMnepatypy 71, obowem V n
Maccy m.

Hamenenne cBoboamoit aHepruu ¢aswl i B 3j€MeHTap-
HoM ofbeMe BJaXKHOrO MarepHala paBHO:

oF, oF;
dF; = —t g1, 4 =4
=T, e

rae OF;/0T;=—S;— surponus dasw; OF;/0Vi=—P; — paBneuve ¢a-
8bl; OF;/0n;=y; — ee XMMHUCCKHI TIOTEHI{HAJL.

oF;
dV.-+3n‘—i dmy, (11.21)

Ipupamenue cBoGoarofl 3Heprud dF; U ee cocTaBaAlIINE
NpUHMMaeM B BHAE YAeJbHBIX 3HAU€HHil, OTHECEHHBIX K €1d-
Hunle Macchl. C yueToM NpHHATHIX O0O3HaueHHH ypaBHEHHe
(11.21) pns dF; nepenncniBaeM B BHAE 3aBHCHUMOCTH

dF; = — 8; dT; — P; dV; + py dm;, (Ir.22)

KOTOpas fiBJifieTcsl ONHOH H3 (OPM 3aIHCH OCHOBHOTO Tep-
MOAHHaMHuYecKoro ypaBHeHuss 'm66ca. DTo ypaBHEHHE TMO-
KasblBaeT, Kak uM3MeHsieTcs cBoboinHasaA 3Heprus F; OnLHO-
ponxo#t Macch npu usMeHenuu T, Vi, m.

Bnaxubelii MaTepuas B OTpaK[I€HHH HaXOHUTCA B He-
PaBHOBECHOM COCTOSIHHH, TaK KaK Yepe3 HEro NPOXOAHT
Temyo u BJjara. HepaBHOBecHEIE CHCTeMBl — IPeAMET pac-
CMOTpEHHA TEpMOAUHAMHKH HEOOpaTHMBIX MNpPOLECCOB, OC-
HOBHOE MOJIOXKEHHE KOTOPOH COCTOHT B yTBEPIKAECHHH BO3-
MOXKHOCTH HCNOJIb30BaHHSI TepMOIHHAMHYECKOrO METOAA
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IJI ONHCAaHHA COCTOSIHHA BEIIECTBAa, OTKJIOHEHHE KOTOPOro
OT PaBHOBECHOTO HEBEJIHKO. JDTO NO3BOJIfieT € NOMOUIBIO
TePMOJMHAMHYECKHX 3aBHCHUMOCTEH paccMaTpHBaTb He-
paBHOBECHBIE CHCTEMBbI, OIpeNesiffi HX JIOKaJbHBIM COCTOfI-
HueM BelllecTBa (B MPOCTPAaHCTBE ¥ BO BPEMEHH).

Tesno, Haxolslileecs B HEPABHOBECHOM COCTOSIHHH, He-
JAT Ha Bce Gosee H GoJiee MeJIKHE 3JEMEHTapHhe 00beMbl,
cTeneHh HEOMHOPOAHOCTH M OTKJOHEHHE OT pPaBHOBECHOro
COCTOSIHUSL B KOTOPBIX IOCTENEeHHO yMeHbllalTca. B To ke
BpeMs 3TH OGbeMbl HOJIKHH OCTaBAThCH AOCTaTOYHO GOJIb-
LIHMH, YTOGH COXPaHATh MakpOCBOICTBAa CHCTEMH B IEJIOM.
Jloka/ibHOe ONMHCaHHe COCTOSIHUS BellleCTBa CBA3aHO C YyC-
JIOBHBIM JpoGJienHeM B NpPOCTPAHCTBE H BO BpeMeHH H BHI-
JejieHHeM HeGOJbUIHX ero o6beMOB B TEueHHE HEKOTOPHX
OTpPE3KOB BpeMeHH, B KOTOPEIX COCTOSIHHE BellleCTBA HEOT-
JUYHMO OT pPABHOBECHOTO, a pa3Mepsl JOCTAaTOUHH  AJifl
MakpoaHanu3da. OTKJOHeHHe OT pPaBHOBECHOTO COCTOfHHA
OKa3BIBaeTCA HEe3HAUMTENBHBIM, €CJIH H3MEHeHus TeMmepa-
TYpH H -COCTaBa B Ipelesax BhZeJeHHBIX O0GBHEeMOB MeHb-
e aGCoOMIOTHRIX 3HAYEHHUH 3THX NapaMeTpoB.

CraTucTHYecKH# NOAXOA K MaKpOaHaNH3y 3JeMeHTap-
HBEIX 0G'bEMOB BO3MOXKEH, €CJIH HX pa3Mephl GoJibllie cBOBOJA-
Horo npoGera MmoJiekyJs, IlpH BRINOJHEHHH 3THX YCJOBHIl
TEPMOJHHAMHYECKOe COCTOfIHHE BHIAEJEHHBEIX 3JeMeHTap-
HEIX O0BeMOB BeI[eCTBA 3aBHCHT TOJNBKO OT BHIGPaHHBIX
He3aBHCHMBIX N€PEMEHHBIX, 3 He OT IFPajiHEHTOB HX H3MeHe-
HHf, KOTOpble BCErja HMEIOTCH NpPH HepaBHOBECHOM CO-
croaHuHd. JIoKaJlbHOe COCTOSIHHE BelecTBa MOXKeT ObITh
onpenejeHo ypaBHeHuHeMm (I1.22). B HapyxkHBHX orpax-
JEHHAX OTKJIOHEHHE BJia)XHOCTHOTO COCTOSIHWS MaTepHasia
OOBIYHO HEBEJIHKO OT pPaBHOBECHOTO, NO3TOMY NpH  pelle-
HHH 3aiay CTPOHTENBHON TeNmIOpH3UKH NOJB3YIOTCA Teope-
THYECKUMH TIOCTPOEHHIMH TEPMOLHHAMHKH HeoGpaTHMBIX
npoueccoB [22].

Takum obGpa3oM, AJf JIOKAJBHOTO onpejeJieHHs! CBONCTB
(¢a3 BOIB H KOMMNOHEHTOB MaTepuajia B OTpaxKIEeHHH MO-
KeT OBITh HCMOJIBL30BaHO ypaBHeHue Buaa (11.22),

Jasa ckenera (MHEeKc ¢) martepuana, ooveM V¢, cocTaB
¥ Macca m; KOTOPOrO OCTAIOTCSi HEH3MEHHBIMM, YypaBHEHHe
(I1.22) umeer BHA,

dF, = — S, dT,. (11.23)

CBO6GOAHYI0 2HEPrHIO CYXO#l YacTH BO3LYyXa MOXKHO OIl-
pellesINTh aHaJIOTHYHBLIM YpaBHEHHEM.
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Ina napooGpassoro n coctosuus BJIarH, TaK e Kak
AJisi JIbAA JI, XapakTepHO OTCYTCTBHE npuMeceil B (ase, u
H3MeHeHHe CBOGONHON 3HEPruH COCTaBHT:

dFy = — 8y dTy — Py dVy -+ pydmy: (11.24)
dF g =—8;dTy — P, dVa - pydmy. (11.25)

B xunmkoii daze Bnarn Haxomsrcs pacTBOpPEHHEE TPH-
MECH j #

a’l"m=-—Sdem——P,R dV}H—l—(pm—l—Zp)K’i) dm,, (I1.26y
TAC Mix,j — COCTABJSAIOLIAS XHMHYECKOTO IIOTEHLMAJA KHAKOH  ¢hasm
BJiary, BbI3BAaHHAfA WaJiHUHEM PacTBOPEHHOrO BeniecTBa i
Bnara B Matepualle MOXeT HAXOZHTBHCA TOJ 3aMETHBIM
AeHCTBHEM rPaBHTANHOHHEIX, SJEKTPHYECKHX H APYTHX CHJO-
BbIX TOjieH. JlonoJsiHHTe/NbHOE H3MeHEeHHE yJelbHOi CBO-
GoxHoit sHeprin (asu B npemesax 3JleMeHTapHOro 0Gbema
MaTepuaJia noA BJIHAHUEM 3THX CHJIOBHIX HOJEH MOMKeT OHITb
ONpENENEHO B BUIE CYMMBbl IIPOH3BEAEHHH NOTEHUHAJOB CO-
OTBETCTBYIOLMX CHJIOBHIX NoOJiel ©,, B paccMaTpuBaemoil
CHCTEME Ha NpHpalleHe Macchl dm;: X 0dm.
Hpu pacuere orpaaeHuii BaXKHO YUHTHBaTbL meficTBHE
Ha XuIKYIO (pasy Bjiard rpaBHTALHOHHOTO HOJS € MOTEHIH-

aJloM Or H BBOLHTDH JONOJHHTEJBHOE C/IaraeMoe B paBeHcT-
so (I1.26).

[1noTHOCTL KHAKOK (asnl  Baaru Px MOXHO CYHTaTh
NIpAKTHYECKH HEN3MEHHOH, NMO3TOMy BTOPOil uJieH npasoil

vactn ypasHeHusi (I1.27) moxno npeoGpasosath, yMHuOKHE
H pa3JiefIuB Ha Py, TOTAA:

p
£

Takum o6pa3om, cocTosinne BIaXKHOrO MaTepHaJa Kak
OTKDPHITOH TeTEPOTEHHOH CHCTeMBl ONpefeNsieTcsi CHCTeMOH
TEPMONMHAMHYECKHX yPABHEHHH], KaXEOe M3 KOTOPHIX Xa-
PaxTepu3yeT ONHOPOIHYIO €€ YacTh.

B TepMonuHaMiKe NPUHATH MOHATHS HHTEHCHBHOCTH H
SKCTEHCHBHOCTH. XapaKTePUCTUKY HHTEHCHBHOCTH He 3aBH-
CAT OT MacChl WJH YHCJa YACTHI (a3bl, OHH SBJISIIOTCH Tep-
MOJMHAMHYECKHMH TOTeHuuanamu ¢asu (T, P, M O
T.1.). mu 06yC/IOBIUBAIOTCH paBHOBECHbIE CBOMCTBA CHCTE-
MLl WIH €€ 4acTH U BO3MOXHOCTb, HanpaBJieHWe W Npemes
CaMONpOM3BONIEHOrO NpPOTEKaHHSl MEPEXOAHHIX NPOLECCOB
leperoca sHepruy u Bemecta. C MX NOMOIIBIO MOIKHO Ol
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pefesuTh BO3MOXHOCTb NIEPEHOCa SHePrHH WM MacChl B CH-
creMe HJIH OT OfHOH ee (pa3bl K ApYroi. PakTopsl 3IKCTeH-
CHBHOCTH SIBJISIOTCSL XapaKTEPHCTHKAMH €MKOCTHBIX CBOHCTB
(F, S, V, m). OH1 nponopuHOHaJbHE Macce, o6beMy, UHC-
JIy 4aCTHI BelllecTBa (ashl.

OTpenbHble 37€MeHTapHEle 0ObeMbl CHCTEMBI H ee  COC-
TaBJsIOlHe HaXonsATcs Bo B3aumopeficteud. OOMeH Temiom
H Maccoil MeXAY HHMH NPOHCXOAHT [0 BHIPABHHBAHHA CO-
OTBETCTBYIOLIMX TEPMONHHAMHYECKHX MOTEHUHAJIOB B pe€-
3yJbTaTe H3MeHeHus onpelesieHHbIX €MKOCTHBIX MNapamer-
pos. Eciu pa3HOCTH MOTEHUHAJIOB OTACJIBHBIX yacrelt MOA-
JIEPKUBAIOTCH WM ONpeleNeHHhM 06pa3oM HIMEHAIOTCS
H3-3a BHELIHHX BO3NEHCTBHE, To Ha rpaHHuax cucreMul Oy-
ReT NPOHCXOAUTH OOMEH 3Hepruell ¥ BelllecTBOM, a B OTACIb-
HHIX 3/7eMeHTapHbIX o6beMax BHYTpH cHCTeMBl OyayT H3Me-
HATBCH NOTEHLHAJH H €eMKOCTHLIE XapaKTEePHCTHKH.

Jaa kaxpoit ¢pa3pl CHCTEMBl CHpPaBEAJIMBO YpPaBHCHHE
uga (I1.28), u3 KOTOPOro MOXKHO CAi€/1aTh BRIBOJ O TOM, HTO
TiepeHoC SHEePruH H BelllecTBa (passl NPOHCXORHT OT Gonee
BEICOKOTO ypOBHSI CBOGOZHOH 3Hepruu K O6osiee HH3KOMY
(dFx<<0). Tleperoc Tenna, NpOHCXOAAUMI OT GoJsee BBICO-
Kol TemmepaTyphl K Gojiee HH3KOMH, NIPHBOAUT K H3MEHEHHIO
sutponuitHoll (SxdTsx) cocraBisiowedi sueprun. HMs ypas-
nenus (I1.28) caenyer, yTo H3MeHeHHe Macchl (a3bl CBA3a-
HO ¢ BeTMYHUHOH, B3ATOH B CKOOKH, BO BTOPOM CJlaraeMoM
ypaBHeHusi. DTa BeJIHYHHA 10 ()HU3HUECKOMY CMBIC]Y SBJSA-
©TCS TePMOJHHAMHUYECKUM TOTeHuHanoM (asbl B (B paH-
HOM ypaBHeHHH JKUIKOfl (a3bl BIary):

p
B =—'p_m+llm+zllmj+9r- (11.29)
Py

U3z (11.28) Takxke cjefyeT, 4TO NEPEHOC MACCHI KHAKOH
«ba3bl IPOMCXONHT OT 06aacTH ¢ Gosiee BEICOKHM Oy K 06Ja-
cTH ¢ 6oJjiee HU3KHM NOTEHIHAJIOM.

Mexay ¢aszaMu BO BJAaXKHOM MaTepHase INPOHCXOAUT
o6MeH sHepryell u BellecTBOM. EciH NPHHATb BO BHUMaHHe
CPaBHHTENBLHO MELJIEHHOE NpPOTeKaHHe NPOLEeCCOB TEIJO- H
MaccooOMeHa B OrpaxaeHHfX, TO CHCTeMy ypaBHEHHH cocC-
-TOAHHSA BJIaXKHOFO MaTepHaja MOXKHO ynpoctutb. B Jso6oi
TOYKe MaTepHasa IJf XHAKOH (a3bl Bjard, BJaxHOrO BO3-
JAyXa, CKejleTa MaTepuajia MOXHO NPHHATb OIHy OOLLyIo
TeMIeparypy.

BHyTpu nop MaTepHasna AOCTHraeTci TEPMOAHHAMHYEC-
Koe paBHOBecHe MexAy (padamu BJaru: Hapsily C paBeHCT-
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BOM TeMIiepaTyphl YCTAHABJHBAETCA PAaBEHCTBO TNOTEHIHa-
Jos (¢as Baaru. [loreHnnanw KUAKON da3bl BJard, napoob-
pasHOH, JbJa, a TakKiKe BCEX TFPaHHYHBIX C/I0eB BJIATH B
HEKOTOPOH TOUKE BJAXKHOTO MaTepHasia B KaXInil MOMEHT
BpeMeHd papHbl. O6iuil g Bcex (a3 BJAArH MOTEHHHAJ
onpeAeayM Kak NOTEHIHaJ BJAXXHOCTH B:

G=Gm=en=enn (11.30)'

OTMeTHM, YTO NPHHATOE NOJIOXKEHHE O PaBeHCTBE NOTEH-
HHaNoB MeXAy (a3aMu BJAarH B MaTepHaNax MNpPHHATO BO
BCEX TEOpHAX Bjaronepenauu [22, 43).

Kaxpaa ¢a3a umeer cBOH BHYTPEHHIOIO SHEPTHIO U 3H-
TAJbNHIO. JHEPrusi U 3HTAJbIHA Bceil Macchl BJaru Gyayr
paBHEl HX cyMMe. B pesyabraTe BMecTo psiia ypaBHeHui
JIJI OTAENBHBIX (pa3 Bjaru MOXKeT ObITb HamucaHoO ORHO
ypaBHEHHe AJIf BJiary:

dFgn = — Spa dT - 8dm, (I1.31)
rae Fen—cBobBonnas sueprusi; Spa — SHTPONHS; /M — Macca BJAATH,

IlepeHoc Macchl BJIal'H NPOMCXOLHT OT GoJiee BBICOKOTO
noteHnyalla BJaXHOCTH K OoJee HH3KOMY, MOITOMY pas-
HOCTL © onpenesnser BO3MOXKHOCTh, HalpaBJieHHe NepeHoca
(He3aBUCUMO OT ()a30BOTO COCTOAHHA) M HpeAen (BJaXKHO-
CTHOE paBHOBECHE) IepexoAHOro mpouecca BJaroobmena.
HameHeHne cBoGOAHOI 3HEPruH Bceil CHCTEMbl (BJIaXKHOro
Marepuaja) dF 6yner paBHO cyMMe U3MEHEHHIH cBOGONHOM
SHEePrHH Kaxpaofl cocTaBafmOIel (KOMIIOHEHTH u (ha3nt):

dF = — 8dT - 8dm, (I1.32)
The S -— 5HTPONMA BJAXKHONO MaTepuafa (BCell CHCTEMBI).

Takoe npeobpa3oBaHne BO3MOXKHO B CHJIy OTMEYEHHOro
paHee cBofiCTBa aJIHTHBHOCTH €MKOCTHEIX NapaMeTpoB, K
KOTOPHIM OTHOCATCH CBOGOIHAs SHEPrus, SHTPONHSA M Macca.
Iocnenuns 3anuck (11.32) ypaBHeHusT COCTOAHNSA [JIS BaXK-
Horo marepuana yno6Ha TeMm, uTO B Hell BHeJIEHH B CaMo-
cToATeNibHOE ciaraeMoe 0603HaueHHd (paKTOPOB, onpejes-
IO1MX BJaaroobmeHn (BTOpoe ciaraemoe).

IMorennuan Binaxuoctu 6 (11.29) — (I1.30) 3aBucut oT
JapjieHus P, XMMHYeCKOrO MNOTeHUHaJsJa p 4 Ap. BeauuuHy
| HeJIb3f M3MEPHTb HENOCPENCTBEHHO B ONBLITE, BO3HUKAIOT
3HaYHTENbHBIE CJIOKHOCTH H NpPH ONpENEJIEHHH [aBJICHAR

- B OTHENbHHX (a3ax Bjary. [Tostomy B Helb3f ONpPENENUTD.
HemocpeACTBEHHHIM M3MePEHHEM NapaMeTpPOB HHTEHCHBHOC-
TH B 3KCIIePHMEHTe. ITO OOCTOATENILCTBO CYMIECTBEHHO C
TOYKH 3p€HHSl MPaKTHYECKOTO NPHMEHEHHs PaCCMOTPEHHBIX
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TePMOAUHAMHYECKHX NOCTPOeHHi. OHY NPEeNCTABJAIOT HHTE-
PeC H BaXKHBl KaK TeopeTHUYecKas OCHOBA JUlsi KaueCTBEHHOMH
OLIEHKH COCTOAIHHSA BJIarH B MaTepHaJe.

Jas n3aMepeHHsl moreHuHasa BJAaXHOCTH Heob6xoluMa
crenyanbHas mikajna. OHa Moxker ObITh NPABHJILHO YCTAHOB-
JieHa TOJIbKO NpH yyeTe PacCMOTPEHHOH TEOpHH COCTOSHHS
BJIAJKHOTO MarepHaJsa.

Jas peluends 3afayd O COCTOSIHHH H MEpPEHOCE BJaru
YIOOHO ¥ BO3MOXKHO CHCTEMY ypaBHeHHIl COCTOfIHHA ympoc-
THTb. BJaHBI MaTepHal MOXKHO CUHTATH JBYXKOMIIOHEHT-
HoH ofHO(pa3HOH cHCTEMOI!, coCTOALLEH H3 TBEPAOTO BELIECT-
Ba U BJaru (6e3 pa3neseHus ee Ha ¢asn). Takyro ynpolleH-
HYIO MOLEJIb onpefensier XapaKTepHUCTHYeCKOe YypaBHeHHe
cocTofHHs BJaxHoro Tena (11.32).

IToTeninan BNAXKHOCTH B mporecce nepeHoca BJarud Hr-
paeT Takylo e poJp, Kak Temneparypa B Ipoliecce nepeHo-
ca Temja. DTa aHaJOruA NO3BOJIAET NPHHATH AJA BBELEHHSA
LIKaJbl NOTEHIHaJla BJaXHOCTH XOPOILO MpopaBoTaHHYIO B
"TEPMOJYHAaMHKe METONUKY BBeNEHHUS LIKAJIbl TEMIIepaTypHl.

Hcnosnb3ysa nocjeloBaTesIbHOCTD JOTHYECKHX OCTPOEHHI
Jasi onpeleneHus TEMIEpPaTyphl H ee IIKaJH, NMPHMEM TOC-
TYJ1aT O BJIaXKHOCTHOM paBHOBECHH; €C/id IBa Tela HaXOdAT-
Cfl BO BJIa)}KHOCTHOM paBHOBECHH C TPETBMM, TO OHH Haxo-
IATCA BO BJIaXKHOCTHOM paBHOBeCHH Mexxny coboil. 13 ato-
TO MOCTYJaTa, NOATBEPIKIEHHOrO MHOTOUHCJIEHHBIMY ONLITa-
Mu [2, 6, 15, 22, 31] u mp., cienyer, YToO yCJIOBHE BJAXKHOCT-
HOTO paBHOBECHS TEJ 3aKJIYaeTCs B PaBEHCTBE HEKOTOPOMH
QYHKIMH COCTOSIHHAL BJIaTH B 3THX TeJsax. Taxoll (pyHKuHeH,
OIHO3HaYHO oNpeAeNsaIolleli COCTOIHNE BJard BO BJAXKHOM
MaTepHaJe, KaK 310 BHUaHO u3 (I1.32), MoXeT GHITh TOJBKO
NMOTEHLHAaJ BJIaXHOCTH O.

H3 noctynara o BAaXKHOCTHOM PaBHOBECHH CJIENYET, UTO
B KaueCTBe H3MepuTessl NOTeHHala BJaXKHOCTH MOXKHO BhI-
Opatb s000e BaaxHoe Teso. Takas ke cBoGofa aonycTHMa
B BHIGOpe nokazaTesieii €ero YHCJEHHLIX 3HAuyeHHil JJif CO3-
JaHud mKade ©. M3aMepeHHBI 10 TaKoli KaJjie noTeHunast
BJIaXKHOCTH OyleT 3KCIEpPHMEHTAJbHLIM B OTJIHYHE OT abco-
JIIOTHOrO, KOTOPHIii ONpeNeNsiOT C NOMOUIbI0 TEPMOAMHAMMU-
uyeCKHX (yHKUmil. Tak e Kak NPaKTHYECKHE IIKaJbl H3Me-
penus Temnepatyp (Llenbcus, @Popenrefita, Peowmiopa)
“OT/IHYAEIOTCH OT TeopeTHUecKol (TepMOoAMHaMHUYeCKOl miKa-
Jibl), TaK H 3KCIIepHMEHTAJIbHOE 3HaueHHe NOTEHIHAJA BIaXK-
HOCTH OTJIHYAeTCA OT TEOPETHYECKOro 3HaYeHHS, NQ.yyeH-
HOrO B TEPMOAHHAMHYECKOM YPaBHEHHH.
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VisMeHeHue NOTEHIHaJa BJaXKHOCTH 3aBHCHT OT H3MeHe-
HMfl CTETNeHH BJaXKHOCTH, BUAA MaTepHana, NaBjeHus B ¢a-
3aX BJIArH, TEMIIEPATYPHl, NOTEHIHAJIOB TIpPaBUTAIHOHHOTO,
OCMOTHYECKOro H JPYrix CHJOBHIX noJieii. [Tostomy, TOJb-
3yACb TNPaBOM NPOH3BOJNBLHOrO BHIGOpA IIKAJB, © MOXKHO
u3MepATh B IUKaJe BJIaXKHOCTH, JaBJleHus, NOTeHIHala rpa-
BHTALHOHHOTO TOJIS H C MOMOIIBIO JPYruXx nokasartenei. On-
HakKO HeOGXONHMBIM YCJIOBHEM TaKOro HaMmepeHH ABJIAETCH
HCKJIIOUEHHe BJHAHUA APYruX (akTopoB, OT KOTOPHIX 3aBH-
CHT BEJHYHMHA MOTEHIHAJa BJaXKHOCTH.

CylecTBYIOT TeOpeTHYeCKHe NOCTPOeHHs Npolecca BJia-
roo6MeHa, B KOTOPHIX 33 OCHOBY NPHHATH Pas/HyHbIE LiKa-
JIbl TOTEHLHAaJa COCTOSIHHS BJIarH: YNpyrocTb BOASIHBIX Ia-
poB [43], xanuisipHoe JasneHne [13], BnaroconepiaHne
[22], rpaBuTanuonubii noteHuuan [15] u ap. OpHako npH-
HATAs METOLHMKA H3MepeHHsl ¢ NOMOINbIO 3THX LIKaJ BJIHA-
HHA NPOYHX (PAKTOPOB HE HCKJIIOYAET.

H3 Bcex nokasaTteseil, ¢ NOMOUIBIO KOTOPHIX MOXHO H3-
MepsiTh ©, JJIi TOCTPOEHHs YHCJIEHHOI WIKaJbl HauGosee
yno6HO paBHOBeCHOe Bjarocojepxanue. OHO U NPHHATO B
KauecTBe H3MepHTeJsi NOTeHnna a BaaXHOCTH. UTobu  He-
KJIOUMTh BJHAHHE BHEA MaTepHajia, M3MEPeHHs Hajgo npo-
BOIHTL Ha 3TaJIOHHOM MaTtepuase. Byaufnne TteMmnepaTypsl
MOKHO HCKJIIOYHTb, PHBEAS Pe3yJibTaThl H3MepEHHH IpH
IIPOM3BOJILHOI TeMmnepaType K pesyJbraraM, M[OJYYeHHBIM
npy TeMIiepaType, NpUHATON 3a 3TajsoHHylo. [Ipu onpenerne-
HHM PaBHOBECHOII BJIaXHOCTH B JKCIepHMeHTe HeoGXonumo
HCKJIOUHTb TaKxKe HeHCTBHe rpaBHTaLlHOHHOrO, OCMOTHYEC-
KOTO M JPYTHX CHJIOBHIX NOJi€H.

Cunrtaercs HaubGoJjiee yHOOHBIM M3MEPATH INOTEHUHAJ
BJIAXKHOCTH BJIaXKHOTO Tejia BjarocojepxanueM (HIbTPO-
BaJbHOH GyMarH, HaXoffencsa ¢ HUM B COCTOSIHHH BJIaKHO-
CTHOrO paBHOBeCHSl. 32 3TaJIOHHYIO NPHHHMAIOT TeMIepary-
py +20°C. TloreHuHas BJaXKHOCTH HU3MEPHAIOT B rpapycax
BaaxHoctH (°B). PaBHOBecHYI0 BecOBYIO BJIaXKHOCTb (QHJIb-
TpOBaJibHOH GyMarH, COOTBETCTBYIOLLYI0 MaKCHMAJILHOH rHr-
POCKONHYECKOH BJIaXKHOCTH NPH 3TaJIOHHOH TeMmmeparype,
npuHuMaloT 3a 100° B. AGCOMIOTHO CyXOMY COCTOSIHHIO TéJsa
cootBerctByer 0°B. DKcnepumeHTasbHYIO LiKaly pa30uBa-
IOT Ha rPajgycs BJIaXKHOCTH paBHOMEpHO. 3a OAHH rpaayc
BJIa)XHOCTH NMPUHHMAIOT H3MeHeHHe paBHOBECHOH BeCOBOKH
BJlaxkHoCTH uabTpoBasbHON Gymard Ha 1/100 3HaueHus ee
MaKCHMaJIbHOI T'HIPOCKOTHYECKOH BJIaXKHOCTH IPH 3TaJIOH-
HOHl Temmnepartype.
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YcTaHOBJIeHa 3aBHCHMOCTb PaBHOBECHOH BJaXKHOCTH
bHIIbTPOBAJIbHOK GyMarH oT © mpu pasHEIX TeMnepaTtypax
(puc. 11.4). 7ol 3aBHCHMOCTBIO NOJB3YIOTCA AJf NpPHBELE-
HHAL Pe3yJIbTATOB H3MEPEHHA B HEH30TEPMHUYECKHX YCJIOBH-
fIX K €IHHON 1IKaJle paBHOBECHOH BJIAXKHOCTH NpPH 3TaJIOH-
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Pye. 114, 3aBHCHMOCTD MEXAY BJIaKHOCTBIO ¢unbTpoBanbHON Gymaru

Hgy.6 npy pasubix TemmepaTtypax ¢ M MOTEHIHANOM BiaxHocTH O, [llKana
TIOTEHIHANA BJIAKHOCTH

HOH TeMmnepaType (METONHMKa MOCTPOEHHS H3J03KeHa HUXe).
Ha puc. I1.4 npuBener rpaguk 3aBHCHMOCTH MEeXIy 1no-
TEHUHAJIOM BJIAXXHOCTH O, BJ2XKHOCTbIO (PUIBLTPOBAJIBHOL
6ymaru Uy u Temnepatypott . '
IoTennuan BiaXKHOCTH NPOH3BOMBHOTO MarepHasa npu
J060M BJIArOCOAEpIKaHUU U TEMIEpaType YCTaHaBJHBAIOT
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IO PaBHOBECHOH C HHM BJIaXKHOCTH (UJILTPOBANbHOI GyMaru
C MCNOAb30BAHHEM IIIKaJbl, TOKa3aHHOH Ha puc. 11.4.

Bce nosioxeHHsi 0 NOTEHLHANE BAAXKHOCTH CIIpaBelJIHBLL
¥ [Js 061aCTH OTPHIIATENbHBIX TeMnepaTyp. B Mepannix ma-
TepuaJiax yacTb BJiaru mpeBpallaercd B Jiell, HO Mexay ¢a-
3aMH BOAH cOXpausieTcs,, Kak OBLIO yKa3aHO, DPaBEHCTBO
MOTEHLIHAJOB BJIAXKHOCTH. DTO MOJIOXKEHUE TEODHH NIOTEHIHA~
Ja BaaxHOCTH [2] xopolio corjiacyercd C IPHHIMIOM pas-
HOBECHOTO COCTOSIHMSL BOJBI B MEP3JIBIX IPyHTax, CHopMy-
aupoBanueiM H. A. IlutoBnuem [44].

[Tpouecc HecTaluoHapHofl Biaronepefiaud B MHOTOCJOM-
HBIX KOHCTPYKLHAX MPH HEH30TEPMUUYECKHX YCIOBHAX B LIH-
poKOM Jiiana3oHe ([0 ¥ CBEPX TMTPOCKOMHYECKOH) BJaXKHO-
CTH MOXKHO ONMHCaTh, MCIOJIb3YS MOHATHE MOTEHLIMAaJs BJaxK-
HocTH 6.

ITpouecc Bnaroo6MeHa B TOJILE MaTepHasa NOAYMHAETCS
JIBYM 3aKOHOMEpPHOCTAIM: MOTJIolleHus (aCCHMHJIALMH) Bja-
Td ¥ BnaronpoeofgHoctH. [lorsiolmienye Biarg CBfA3aHO CO
CBOIICTBOM BJIaTOEMKOCTH MaTeprasa v. Besawumna v onpe-
JleisieT U3MEHeHHe Baarocojiepxanus Matepuana U ¢ usme-
HEHHEM ero MOTeHIHasa BJAaXHOCTH M 3aBHCHT OT © H TeM-
nepatyptl. OHa paBHa YacTHO# NPOH3BOLHOH BJArOCoAep-
JKAaHHA N[O MOTEHLIHAaNy BJAaXKHOCTH [TaHIeHCY yrjia HaKJIOHA
KacaTeJbHOfI K H30TEpPMe 3aBHCHMOCTH BJIAXKHOCTH OT
notern#ana © (cm. puc. 11.4)]:

_w
e

YhenbHas BJIarOEMKOCTb 1) HMMeEEeT pa3MepHOCTb Kr/
/(xr-°B.).

CBoliCcTBO MPOBOAMMOCTH BJIaTH MaTepHaJiOM 06YCJIOBIIH-
BaeT MepeHoC BJIarH.

ITo anasiorus ¢ TenJIONPOBOAHOCTHIO H HA OCHOBE 3KCIIE-
PHUMEHTAJbHHX HAa6J/I0JleHHil IPHHHMAaeM, UTO MOTOK BJaru

i, xr/(M2.-4), mponopuuOHaJieH TPafHEHTy MNOTEHIHaIa
BaaxHoctTH A@, °B/Mm:

(11.33)

i =—uy0, (I1.34)
rjie x — ko3¢ QHUHeHT BAAronpoBoAHOCTH, Kr/(M-u-°B).

[Ipunumasn ypaBuenue (I1.34), ucnosp3yeM BaxkHOe mO-
JIOXKEHHE TEPMOAHHAMMKY HeoGpaTUMHIX TIPOLECCOB, yCTa-
HaBJiiBajollee BLI6OP MOTOKOB M BHI3BIBAIOUIMX HX cuit. Mme-
€TCsl OmpenesieHHas cBo6ofa Takoro BhGopa [23], Tak kak
npHpaniende CBOOOAHON SHEPTUHM 3J€MEHTapHOro o6beMa
MoxeT OuITh Pa3JMYHBIMHM NYTAMH PACUJIEHEHO Ha CYMMY
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‘CONPAKEHHBIX NOTOKOB U cuJil. IloTok mpomopuwonasnen cu-
JI€, KOTOpas ONPEAENACTCA IPalHeHTOM TePMOAHHAMHUYECKO-
ro motenumana. B paccmarpusaemom ciyuae BHOOp moToKa
06YCJIOBNIEH 3apavef] pacuyera nepenoca Bjard. Cujofl, co-
IpSXEHHO! C MOTOKOM BJIary, SIBJAETCH TPAZAHEHT MOTEHIHU-
ajla BIaXHOCTHYO, TaK KaK TOJNLKO 3TOT TEPMOAHHAMMYE-
CKHH TOTEHIMAN B YPABHEHHH COCTOSHMS BJAMKHONO MaTe-
puana (I1.32) HemocpemcTBeHHO CBA3aH ¢ H3MEHEHHEM
Maccwl Biard. [lponecc BiaronpoBofiHocTH B TOMmE Marte-
pHajla onpeneNIoT ypaBHeHHEM MOJIf MOTEHIHMANa BJIasKHO-
ctd. OHO MoXeT GbITh MOJIyYeHO Ha OCHOBE 3aKOHA coxpa-
HEHMSA Macchl BEUIECTBA M3 PACCMOTPEHHS GajlaHca BJard B

S/IEMEHTapHOM O6beme MaTepuasa. Jljis oLHOMepHOro moss
HMeeM

ox
Tae po— obbeMHan Macca aGCOMOTHO CYXOro MaTepHana, Krfms.

M3merenne noteHnmana BIaXHOCTH 3aBHCHT OT TeMme-
Patypel. B cBoio oyepe/b npH nepeMernennu BJIarH, CBAI3aH-
HOM C MepeHoCcoM TEMJ1a, HI3MEHAETCH TeMIepaTypa. Tiponec-
CEL T€MJIO- ¥ BJIaroOGMeHa B TOJIIIE MaTepHaja B3aHMOCBS-
S@HHL, MO3TOMY B OOILEM CJlyyae AJis pacyeTa BaKHOCTHOLO
H TEIVIOBOTO PEXHMMOB TpebyeTcsi pacCMOTPEHHE CHCTEMBI
U3 YPaBHCHUA TEMJIONPOBOLHOCTH, OCJIOKHEHHOTO HaJIHYyHeM
LONOJIHUTE/ILHBIX HCTOYHHKOB TEIUIa, M YDABHEHHS BJIATo-
fIpoBONHOCTH. Takoil pacuer oOKasLIBaeTcss BecbMa CJIOK-
HBIM.

YuuTHIBas OTMEUEHHYIO BHIe CNEeNM(HKY TEemaOBJIaxK-
HOCTHOTO pE€xXMMa OTPa)K[EHHil, €r0 pacyeT MOKET GHTH
BBINOJIHEH npoue. TeMnepatypHoe nojie paccuMTHBAOT OT-
ACJNBHO, YYHTBHIBAA BJIaXKHOCTHOE COCTOSIHHE OrpaxKAeHHsa
TOJILKO MPH BHIGOPE TEMJIOBBIX XapaKTEPHCTHK nponecca.
Braronepenauy ¢ yyerom Bausmus TEMOEPATYPHOTO moJis
paccuuteisaior no (I11.35). Ypapuenue (I1.35) yHobHO nas
bacyetos pexuma orpaxiaeHufi. B uem OTCYTCTBYET 4JjieH,
YUMTBEIBAIONIKI I€PEHOC BJIATH TOJIBKO MOJ JeHACTRHeM TEM-
NEPATYPEl, KaK 3TO MMEET MECTO B ypaBHEHHH TEOPHH Tep-
MossiaronpoBofHoctH [23]. Biusinue TEMIEPATYPHOTO MO~
/ISl YIUTHIBAETCH B 3HAUEHHAX NMOTEHNMANa BJAAKHOCTH 1
X4pAKTEPHCTHK 1) H % MPOLECCA BJIATONPOBOLHOCTH.

I'pannunsie ycnosus nng pacuera Bjaromepesauu o
(I1.35) caeayomue. Ha IIOBEPXHOCTH OTrPaKAEHMs IIPOUC-
XOnMT BJaroo6MeH ¢ Bo3gyxoM. s ONpeneJieHHA 5TOoro
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rpaHMyHOTO YCJIOBHS HeOOXOAMMO 3HATb MOTEHIMaJ BJIAXK-
HOCTH BO3[lyxa Oz. 3aBHcHMOCTb Op OT TeMnepatypul fp H
OTHOCHTEJILHOH BJIAXXHOCTH @p BO3Ayxa (puc. 11.5) amaJo-
rHYyHa TAKOH JKe 3aBHCHMOCTH Uil APYTHX BJIAXKHBIX TEJ.
Ona MOXer GHITb NOJiyueHa TrpaHuecKH NepPecTpoeHHeM
H30TEPM COPOIHH  QHUALTPO- .
BaJIbHOH Gymaru, KOTopHe aa- % oS

107 3aBHcuMoCTs Ugps (@s. £) [ (TA7 —
# wkans 6 (Uge, f), mpuBe- S { s | —
neHHo#t Ha puc. I1.4. I'panuyu- 75 /}/
.HO€ YCJIOBHe BJlar006MeHa 1o- wC_+—""]
BEPXHOCTH OTPAXJEHHA C BO3- / ﬁ/cy
nyxom (ycnoswe III poma) % / r/ e —
HMEET BUL /;/
Blpes — 0,) = —x 2. 2 7
Be ( Iuos B) - 0x | pos” /
(11.36)

0 0 25 W % 6.8
A€ Bfnop u —— —— COOTBETCT-

dx |nos

BEHHO NOTeHuMa] Braxuocts u rpa- THC 115, 3apncumocts mexny
JHEHT NOTeHIKala BAAKHOCTH B Ma- OTHOCHTEJBHOR BJaXKHOCTBIO BO3-
TepHasne Ha TOBEPXHOCTH KOHCTPYK- ﬂ}l’:f{{ %nnaem T‘;‘:{;‘zﬂﬁa"zg
Huy; Op — NOTEHUHAN BAAKHOCTH p HOCTH Op H patyp
BO3Ayxa; Py — KoadduimenT Biaro- B

obmena, xr/(m2-y-°B).

* Kosdppunuent Pe 33BHCHT OT moTEHHANA BJAKHOCTH,

TEMNEPATYPHl MOBEPXHOCTH OrPaXKAeHHs U BO3yXa, a Tak-
K€ OT NOABHIXHOCTH MOC/efHero. [Ins ycjoBuii ecTecTBeH-
HOH KOHBeKIHH

Be ~ 2,3-1073 AF/3 p@?/5, (11.37)

Tne Af u A® — coorsercrBenno pasmocts TEMIIEPATYPLl ¥ PasHOCTD I1O-
TeHuHana BIAXKHOCTH BOSAYXa M NOBEPXHOCTH Orpax IeHHs.

@opmyna (11.37) BHBeneHa Ha OCHOBE JKCHepUMeHTaJib-
HBIX JlaHHBIX BJIaroo6MeHa Ha BePTHKAJbHOL [IOBEPXHOCTH
IIp¥ KOHJIEHCALMH BOASHHIX MAPOB C HCIMOJb30BAHKHEM npub-
JIHIKEHHOR 3aBHCHMOCTH MEXJy PasHOCTBIO ynpyrocTH BO-
JSHBIX NAaPOB M Pa3HOCTHIO MOTEHIHAJIOB BJI1aKHOCTL

B MHOTOCJIOHHBIX OrpaKAEHHX HA CTHIKE CJIOER HOTeH-
LHaJbl BJAXHOCTH MaTEPHAJIOB PaBHBL. DTo BaXKHOE caefi-
CTBUC TEOPHH MOTEHUKaNa Biax)HocTH. KpoMe TOr0, Ha CThi-
Ke CJIOEB paBHEI MOTOKH BJIarH, MO3TOMY IPaHMYHOE ycJioBHE
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Ha CTHIKE CJIOEB TPH CONPHKOCHOBEHHH MaTtepHasiop (ycio-
BHe IV pona) umeet BUJ,

(11.38)

elanB = ealnosi
09, 08,
175 =g T .
0x {pon 0x {noe

[locTaHOBKa 3ajauyd HeCcTalMOHapHOH BJjaromepepayt
yepe3 orpak/ieHye, OCHOBaHHAs Ha MOTEHIHaJe BJIaXKHOCTH,
HMeeT PAA AOCTOMHCTB. B OT/iMume OT APyruX TeOpuil OHa
MOMKeT GHTh HCIMOJb30BaHa JJIS pacyeTa MHOIOCJOHHBIX
KOHCTPYKIHMH B HEH30TEPMHUECKHX YCJIOBHAX [MpH Ji0Go#
BJIaXXHOCTH U TeMIepaType MaTepHaJioOB H OKpYKaolux
cpex.

J1s MHOTHX CTPOMTEJIbHBIX MATEPHAJIOB HET XapaKTepH-
CTHK COCTOSIHHMSA BJIarH W BJIArONPOBOJAHOCTH B IUKaJje MO-
TEHIANla BJAXKHOCTH, YTO 3aTPyJHfAET NPAaKTHYECKHE pac-
yetH. B na6oparopusix MUCH, HHHcrpofipusuku 4 B Apy-
rMX HHCTHTYTaxX JJIf HEKOTOPBIX MarepHasioB TakHe JlaHHHE
nonyyeHbl. MeTojlHKa HX ONpeJie/ieHHs, HU3JIOKEHHAsA HHXKe,
JOCTATOMHO MPoCTa U MOXKeT OHTb IIMPOKO HCIIOJb3OBaHA.

11.3. NPEACTABNEHUE NPOLIECCA BJIAFONEPEQAYMU
HA OCHOBE NOTEHUMAINA BJIAYXHOCTH

Likana noTeHuMana BNa)XHOCTH

dKcnepuMeHTaNbHAA HIKaJa MO3BOJIAET H3MEPHTh MOTEH-
HHaJ BJAXKHOCTH 4 OIEHHTb OOUINM NOKa3aTtejleM BJIazKHO-
CTHOE COCTOfIHME MPOHM3BOJILHOTO MaTepHalla B HEH30TEPMH-
YEeCKHX YCJIOBHAX. B OMBITax ONpelensioT PaBHOBECHYIO C
HCKOMBIM MaTepHasioM WJH Cpefofl BJAaXKHOCTL (GHIABTPO-
BaJIbHON GyMard mpy pasHeIX TeMnepaTtypax. B akcnepumen-
TaJbHOH 1IKaNe, Kak ObJIO CKA3aHO, NOTEHIHAJ BJIAXKHOCTH
H3MEPSIOT PAaBHOBECHbIM BJIATOCOAEPIKAHHEM  3TaJIOHHOTO
martepuana (GuabTpoBasbHOM GymMard) npu 3TajIOHHOH TeM-
nepatype (20°C). ns nepexona oT M3MEPEHHOro BJaroco-
gepxanus GunAbTPOBaJbHOH OyMarH B HEH30TEPMHYECKHX
YCJOBUAX K TMOTEHLHAJy BJIAXKHOCTH MOJb3YIOTCA LIKAJOH
(cm. puc. 11.4), koTopas MOCTPOEHa Ha OCHOBE PE3yJbTaToOB
skcrnepuMeHToB B a6oparopur MHUCH [6].

[NocTpoenuio sKCHEPHMEHTAJbHOR LIKAJBl MOTEHIHasa
BJIaYKHOCTH NMPEAIIECTBOBAJIM ONBITH, KOTOPbl€ COCTOSIH B
caenymolleM. Biarou3osupoBaHHYIO KOJIOHKY, COOpaHHYIO M3
nayex JUCTOB (PUIbTPOBANbHON GymMaru onpefesieHHOrO BJjia-
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FOCOAEPKAHUSA, MOMEHIANH MEXY TePMOCTaTaMi C PasHofl
temnepatypoi. Ilox BiusiHuem nepenapa TEMIlEpaTypel B
KOJIOHKE TIPOHCXOMMJIO Mepepacnpefenenue Biaru. Co Bpe-
MEHEM CHauasa TeMmepartypa, a 3aTeM M BJIArocoepikaHue
cTabunusnpoBauch. Pe3ynbTaThl TPEX ONHTOB B BHje ycra-
HOBMBIIMXCHA KPHBHIX pacmpele/eHUs BJIAXKHOCTH H TEMIle-
PatypHl 10 AjMHE KOJIOHKH X NMpHBEAEHH Ha puc. 11.6. Xa-
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Puc. IL.6. Pacnpesenenue Baarocofepxanust U u TeMnepatyphl £ no aau-
HE KOJIOHKH X B ONBITAX HEH30TEPMHYecKOro BJIAXKHOCTHOTO paBHOBeCHs
KOJIOHOK H3 QHABTPOBanbHON GyMmarn c PasSIHYHEIM HAYaJbHEIM BJaroco-
Aepxannem Us, 1O mpH noctosnmoMm O oxono 40° B

a— B8=38,2°B; U,=0.0609 Kr/kr; 6 — 10 Ke, 40,5 u 0,269; 8 — 10 xKe, 42 u 0,0615

PaKTe€p pacnpenesieHHs Bjiard, Kak BHIAHO M3 pucyHka, mpo-
THBOTIOJIOXKEH XapakTepy pacrpepeseHus TEMIEPATYPH: B
TOPLE KOJIOHKH C GOJIee HU3KOH TEMIIEPaTypoll BIaXKHOCTb
Gymary nopwbinaercs. Pacnpenenenne Bnary, COOTBETCTBYIO-
Lilee HEH30TEPMHYECKOMY BJIaXKHOCTHOMY PaBHOBECHIO B KO-
JIOHKE, OIPE/EJIANIH B3BEIIMBAHHEM OTAELHBIX MMAYeK 6yma-
ri. Ilotenuunan Bnaxmoctn B YCTaHOBHBILHUXCS YCJIOBHSIX
BJIaXHOCTHOTO PAaBHOBECHS MO JUIHHE KOJMOHKH ONMHAKOBEL:
0x=0,=const, Tak kak lIepeMenIeHre B1ard OTCYTCTBYeT H
TIOTOKH BJIardl BO BCEX CEUEHHSX PABHHL HyJ0, 6, cooTBeTCT-
Byer Biarocosepxanuio 6yMaru U; B ceueHuu KOJIOHKH, TAe
TeMIlepatypa arasnonnas (20°C):

0, =% 100, (11.39)
20° ’
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rne UMice -— MakcHMasbHas THIPOCKOMHYeCKass BAaXHOCTD ¢HABTPO-
panbHoil Gymaru npu f=20°C.

B pyrux CeueHHX KOJIOHKM 3TOH iK€ BEJIHUHHE 0, co-
OTBETCTBYIOT HHHE 3HAUEHHs TEMIEepaTypel H BJIAXHOCTH
6ymarm. .

OJIHE ONHIT AaeT MHOXKECTBO COUETaHHIl paBHOBECHOH
BJIAJKHOCTH M TEMIIEPATypH, COOTBETCTBYIOLIHX OAHOMY 3Ha-
YeHUIO MOTEHIMAJa BJAXKHOCTH. MsMensas HayaJbHYIO Biaz-
HOCTh GyMard WM TeMMepPaTypH Ha TOPLAX KOJOHKH, MOXK-
HO MOJYYHTb PaBHOBECHHE DACMpEeeHHs BJAXHOCTH MpH
pasHBIX TEMIepaTypax, COOTBETCTBYIOLIHE PaSHEIM 3HAUEHH-
IM TOTEHIMajia BJaxKHOCTH. B pesysbrate CepHH OMNBITOB
yCTaHOBJIEHa CBA3b MEXIy PABHOBECHOH  BJIaXXKHOCTRIO
¢unbrpopasnbHoil 6ymard Uge H MOTEHUHAJIOM BJIAXHOCTH
npu pasubix Temnepatypax Ugs (©; 1) (cm. puc. 11.4). Cro-
MOLIBIO IIKAJH MOTEHLHANA BJIaXKHOCTH MOXKHO HaiTH 3Ha-
yeHus TMOCTENHero, COOTBETCTBYOLIHNE JIo6OMY BJIarocOREp-
JKAHHIO B TEMIepaType NPou3BOJbHOro Tesia. s storo He-
06XOMHUMO ONPENENUTL PABHOBECHYIO C HHM BJIAXHOCTb
¢dunbTpoBasbHON OyMaru 1 TEMNOEPATypy.

OTHOCHTENbHbIM NOTEHLMaN BAXKHOCTH

H3-3a cioxuoctd 3aBucumocTH Ugs (O, {) npuMeneHue
[IKaJibl TOTCHIHAJA BJIAXKHOCTH 3atpyAHeHo. UTobbl BbIfA-
BHTb BO3MOXHOCTb VIIPOCTHTb 3TY CBfI3b, BOCHOJb3yEMCHA
aHaJiorHell MeX/y MOTEHIMAaJOM BJIAXKHOCTH H YNPYroCThIO
BOASHEIX mapoB. B teopuu auddysuu napa B copbupylonieft
cpenie [43] B KauecTBe 3TAJIOHHOPO TeJa MCMOJB3YETCS BO3-
JyX, PaBHOBECHAs! YIPYTOCTb BOASHBIX NApPOB KOTOPOTO NPH-
HSITa 32 MOTEHLHAJ COCTOSIHMS BJIAard. 3aBUCHMOCTb MEXAy
BJIArocOAEpXAaHHEM MaTtepHasa, ynpyrocTbio BOASIHBIX ma-
poB u Temnepatypoii U(e; t) cTOJb XK€ CJIOKHA, KaK M 3d-
pucumMocts U (©; t). 3HaUNTEbHO YNPOINAETCA OHA MPH HC-
MOJIb30BAHKH MOKa3aTeJsss OTHOCHTEJbHOH BJIaXKHOCTH BO3-
AyXa @s. KpHBHe cOpOIMH-AeCOPOLHH, KOTOPEHIE OOBIYHO
CTPOAT OTHOCHTEJIbHO @p, JJIA MHOTHX CTPOHTE/]BHBIX Mate-
pHaJIOB HE3HAUHMTEJILHO 3aBHCAT OT TEMMEPATYpHl, 4TO MO-
3BOJIIET TMOJB30BATLCA B PACYETaX ORHOH KPHBOL

Tlo aHaJiorH# ¢ MCHOJb30BaHHEM JIJIA YNPOIUEHHA 3aBH-
cumoctd U (e; ) OTHOCHUTEJIbHOM BJIa:KHOCTH BO3/lyXa Qs B
TEOPHIO MOTEHNHAJIA BJIaXHOCTH BBEJEHO MOHATHE — OTHOCH-
TeNbHBIl MOTEHIHAN BJIAXKHOCTH @g. [yl BbIOOpa UHCNEH-
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HBbIX 3HAUEHHH LIKAJH @ g TAK 3Ke, KaK U WKaJb @p, QH3HYE-
CKHX OTpaHHYeHHH HET, MO3TOMY HEOOXOAHMO YyueCTb TOJIb-
ko TpeboBaHHs yno6CTBA €€ MPAKTHYECKONO HCIOJb30BaHMUA.
IIpexzae BCEro NPHMEM, UTO MEXAY (g H BJIAXKHOCTBIO
¢uIbTPOBANBHONR GyMaru, Kak 3TaJlOHHOrO MaTepuasa, LoJ-
3XHa OHITH OflHO3HAuHas 3aBHCHMOCTb Up.6(@g), HE CBA3AH-
Has ¢ TeMnepatypoii ¥ ApyruMu nmapamerpamu. OHa He 061-
3aTeJIbHO JIOJIKHA HMEThb NPOCTOe aHAJIUTHUECKOE BHIpaxke-
Hue, a MoxeT OHITE onpellesiena rpadHuecKH.

Tlokasatenb @gp LIMPOKO NPHMEHAETCA B NPAKTHKE AJiA
XapaKTepHCTHKH BJIA’KHOCTH HApy3KHOTO M BHYTPEHHEro
BO3/yXa, THTPOCKOMMYECKOf! BJIAKHOCTH MaTepuasioB (cC Imo-
MOUIbIO H30TEPM copbuum-aecopbunu) u np. [Nosromy yeno-
BHMCS, 4To 06o6u1arouyil moKasaTelb ¢g B AHanasoHe copb-
IMOHHOH BJIaXKHOCTH MaTepuaJioB paBeH ¢p. B mnpenenax
Pe=0¢p»<<l mas nocrpoenun Upg (pg) MpuMeM H30TEPMY
copbuuy QHIAbTpOBAJILHON OyMaru npu 3TaNOHHON TeMIepa-
Type. BHe sTOrO npepesna mpumemM, 4TO ¢ 0T Up.c M3MeHS-
eTcsl no nmpAMoH, BepXHHH NpeAen KOTOPOil — MaKCHMaJib-
Hoe HachIleHHe (HIbTPOBAJbHON GyMard BoJOH (OKOJO
2,53 KI/KT) COOTBETCTBYET (g ==3.

[Toctpoennas TakuM 06pa3oM 3aBHCHMOCTb MEKIAY
BJIaXKHOCTBIO QUNbTPOBaNbHON 6yMard Ugpe H OTHOCHTEND-
HBIM NOTEHLHATOM BJIAXHOCTH @, Po(Ups) rpaduuecku
n3obpaxena Ha puc. I1.7. Ona moxer GbiTh onpenenena o6-
ulefl MaTeMaTHYECKON 3aMHChIo

O = f1(8)

® h@xd’
KOTOpasi KaueCTBEHHO OTPaxKaeT (UBMYECKHH CMBICH @g—
OTHOCHTEJIBHOTO IIOTE€HLIHMANa BJAXKHOCTH (B — MOTEHIH-
aJl, COOTBETCTBYIOLIHI MaKCHMaJbHOH COPOLHMOHHOH BJIAXK-
voctH). OfHO H3 NMpefVIOKEHHH NO KOJNHYECTBEHHOH pac-
LTHGPOBKE 3TOTO BhIpaxKeHHs laHO B cTaThe [8]. Mcxoas ua
CIEJIAHHOTO B 3TO# CTaThe aHAJIH3a NMPHHATH! 3HAYEHHS pe-
MEepHHIX TOUEK g, ONpPEAENAIOUIMX KPHBYIO 3aBHCHMOCTH
Us.c (9g), NOKazannyio Ha puc. 11.7.

Ilkana Pg no3BoJisieT pPacnpoCTpaHuTh 3aBUCUMOCTD, IO-

II0OHY10 #30TEpMe COpOIMM, HA CBEPXTHIPOCKONMHYECKYIO
BJjiaXKHOCTh MartepuasioB. Ha puc. I1.8 kak mpumep npupe-
A€HA 3aBHCHMOCTb AJjia BUOporasocunukata Uy (6, ). Kak
MOKa3HIBAIOT OMBITHI, PABHOBECHbIE BJAXKHOCTH PAasjIMUHEIX

7—912

(11.40)
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Ups.ke/ke 253 Puc. IL7. Kpupass saBucuMocTH
5 paBHOBeCHOi BJaXHOCTH (QHIABT-

- posanrHOli 6ymarn Upe OT oT-
HOCHTeJILHOTO NoTeHIHana
BAAXHOCTH (g (WIKala OTHOCH-
TEJBHOrO TOTEHUHAJNa BIAXKHO-
CTH)

[y

Puc. I1.8. H3orepMu paBHOBec-
HHIX BJaXKHocTel BHOpPOrasocH-

e aukara Uer (OTHOCHTENBHO IO-
@ TeHUHaJa BAaXKHOCTH)
1 2 I,
0. v
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‘MaTepHasioB, B TOM UYHCJie BJIaXKHOCTH, PaBHOBECHHIE C
BJIAXKHOCTBIO (PHJIBTPOBAJILHOH Gymaru, NpakTHUYECKH HE 3a-
BHCAT oT Temnepatyph. Ha puc. I1.9 nokasanu paHHBle, uTO
u Ha puc. I1.8, Ho B Bufte 3aBucumoctd U(Uys). D10 06CTO-
ATeJIbCTBO 3HAUHTENBHO obsieryaer nosyyeHue Heo6XOAMMbIX
9KCHEPHMEHTAJIbHBIX JAHHHBIX, TAK KaK [JIf KamJAolo mare-
pHana HyXKHO ONpEAENUTh TOJBLKO OXHY KDHBYIO paBHOBEC-
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HBIX BJaXHOCTEH C BJaXK-
gocTblo  (PHIBTPOBAJIBHON
6ymaru U(Ug.s) HesaBucu-
Mo OT Temmepatype. Ilpm o,
pasmuud U (Ugs), a Takxe /,f
Ups(0; 1) 1 Upe(gg ) 3THX 05 7
CBeIeHHIl HOCTAaTOYHO JJiAA
onpejelieHuss ToTeHNHaNa
H OTHOCHTEJLHOTO TIOTEH-
nMajga BJAaXKHOCTH, COOT-
BETCTBYIOIHX Da3JIMUHBIM
BJIAXKHOCTAM H TeMmIlepary-

paM MarepuaJa.
OTHOCHTENBHBI MOTEH-
HUan BJAXKHOCTH yaobeH
JJIsl OLLEHKH TeNJIOBJIAKHO-
CTHOTO COCTOSIHHSI MaTepu- v |
aJIOB U OKpyXKamwlimx HX ¢ 05 - 7 Upseike

cpen. ITogobHo TOoMy Kax ©-5°C; x-20%; ©-45°;

©-HEUIOMEPMUYECKUE YCAoBLR

OTHOCHTEJNbHAA BJIAXKHOCTD
Ps XaPAKTEPUIYET TOJIBKO Puc. 11.9. PapuoBecuble BJaKHOCTH
BJIaJKHOCTHOE  COCTOSIHHE  BHOpOrasocmiHKarta ch” OTHO-
CHTENBHO BJAaXKHOCTH (PHIBTPOBAJIB-
gdoapTgll;;:f]ﬂaecg;%Ezg;egnBAgg noli 6ymart Up.e mpH pasubIX TeM-
nepatypax
oyxa, a maucddysuio Baaru

B copbupyoileil cpene onpenesser rpaiHeHT MapryHalibHO-
TO J@BJIeHHA BOAAHHIX NMAPOB, TAK H Qg ONPELEJAET TONBKO
BJIAXKHOCTHOE COCTOfIHHE MartepHaJjia W cpellbl, a BJaromnpo-
BOJHOCTh CBfi3aHAa ¢ TPAAHEHTOM NOTEHIHaJsa BJAMKHOCTH.
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Xapakrepncmuu COCTOSIHMSA M NepeHOoCa Bnarm
B CTPOMTENbHLIX MaTepmanax

Ina pacuera HecranuoHapHOH Bjaronepeflaud HeoGXxo-
IMMO MMETH XapaKTepHUCTHKH COCTOSHHS W MepeHoca BJjaru
MaTtepualioB. DTH JaHHHE HOJKHH OHITH MoJydyeHsl Jsabopa-
TOPHEIMH UCIBITAHUAMH.

IIpoBenenyie onbITOB Ha Pas3JjIMYHBIX 0Opaslax Pas3HBIMH
METOAaMH CHUKAET JAOCTOBEPHOCTL pesyJsbraToB. Pas6poc
ONBITHHIX 3HauYeHHl BJIAXXHOCTHHIX XapaKTePUCTHK MaTepua-
JIOB 110 CPAaBHEHHIO C APYTHMH (QH3HUYECKHMH MOKa3aTeNAMH,
KaK M3BECTHO, OKasblBaercsl ocobenno Gosbmum. B MHMCHU
6bl1 paspaGotaH KOMIUIEKCHBIH METOJ, ONpPeAeJeHHs BJax-
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HOCTHBIX Xa8paKTepHCTHK CTPOMTEJIbHBIX MaTepHaJloB, Ha-
3BaHEHIl METOJOM pPaspe3HOil KOJMOHKH. Ilozgnee oOH OBl
ycoBepiuencTBoBa [51] n  pacnpocTpanen Ha HCNBITAHHA
TIpH HEH30TEPMHYECKHX YCJOBHsX. MeTONOM paspesHoi He-
M30TEPMHYECKOli KOJOHKH MOTYT OBITH JOCTaTOYHO OBICTPO
M TOYHO IOJIyyeHbl BCe HEOOXOAMMble [Jsi pacuera HecTa-
[IHOHAPHOH BJIaroNepefayH 3aBHCHMOCTH H3 OJHOH CepHH
ONBITOB HA OIHOM OOpasie.

DKCIepHMEHT COCTOHMT B caefywoinem. McnmeityeMbld Ma-
TepHaJi paspe3aloT Ha IUVIACTHHKM H COOMpaloT B BHAE LH-
JIMHApPA WJIH NPU3MBL. MexXAy IJIaCTHHKaMu MPOKJafbBaIOT
[ayKH JHCTOB (PUIBLTPOBAJBHOH Oymaru. Paspe3nylo KoJIOH-
Ky, cOOpaHHyl0 H3 IIaCTHH MaTepHaja H QUILTPOBAILHON
6yMari, IOMeILAT B TEIJIO- H BJArOH30JHPOBaHHYI0 0GOH-
MY H YCTaHABJIHBAIOT MEXIy TEPMOCTATAMH C Pa3HBIMH TeM-
nepaTypaMH. Mexay TepMOCTaTaMH OJHOBPEMEHHO CTaBAT
HECKOJIbKO Pa3pe3HbIX KOJOHOK. OHH MOryT ObITb H3 OJIHO-
ro MaTepHaJja IIPH Pa3HbIX HAYAJbHBIX BJIAXHOCTHAX HJH H3
pasHbIX MaTepuaJoB. B mponecce onpita 060HMbl MEPHOIH-
4YeCKH BBIHHMAIOT, KOJOHKH pa3sOupaloT, MIaCTHHBI MaTepH-
ajna U nauku QUIbTPoBaJbHOH Gymaru Bapelnsalot. ITosy-

Puc. I1.10. H3amenenus BO Bpe-
MEHM Z paclipe/lesleHHsl BJIaXKHO-
ctn nenoberona Uxe (@), Bnax-
HOCTH (UABTPOBAJBHOH OyMaru
Ug.e (6) n moreHnuana BIAXKHO-
cTH O (8) Mo AJMHEe KOJOHKH X

B ONBITe C Pa3pe3HOH HeH30Tep- 3
MHYECKOH KOJIOHKOH 5_ke
BpeMms oTcyeta, u: ’ d8-105 Mu°B
1—0; 2—6; 3—30; 4—48; 5—72; 4 C
6 — 120; 7 — z—> oo, ]
XapaKTepHCTHKH COCTOSIHHSI H Tiepe-
Hoca BJarH, NOJNYYeHHBIE B ONBITaxX e—-85°%
(a, 6, 8) ¢ paspe3sofl HemsoTepmHYe- 7 o
ckoll xoJnoHKOH M3 NeHoGeToHa; & — 3lu e~ 1570
3aBECHMOCTb BJIaXKHOCTH MeHOGeTORa o-7175%
U, OTf noTeniMana BIaXKHOCTH O, o v
Temnepatypht ¢, Ups (0. 1): 8 —3a- B-22°C
BHCUMOCTL VAENbHOH BAAroeMKOCTH A-275°C
1 uenoGetoHa OT MOTEHIHajka BMa¥- 2 " o
mocr O M Temnepatypw £, 1. (0. #); A-325°C
e — aapucamocTs Upg OT OTHOCH- o "37506
TENbHOFO NOTEHIKANA BIaXHOCTH @ o &y o
U (q;e): o — 3aBUCHMOCTb Bia- 159 l5°€
TOEMKOCTH 1) neno6eTona oT g o 0~50°¢C
(o) ‘ ) nSl © | o

! @, ); 83— 3aBHCHMOCTb KO3d- Qéi&c‘ ()

P x o

o e 2R RR0507Y

GuiHeHTa BRaronpoOBONHOCTH % TTEHO- 0
GeToHa OT HoTeniHalla BAAXKHOCTH O
H Temnepatyps £, %#(0, f)

100 200  3006°%
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Yal0T MPOMEXYTOYHBIE pacupelesieHHA BJAXKHOCTH MO AJIH-
He KOJIOHKH, a B KOHIle ONHTa, KOTJa mepepacipenelienne
BJIaTH IIpeKpalllaeTcsi, YCTAHABJIHBAIOT COCTOSIHHE BJIAXKHO-
CTHOTO PaBHOBECHSi B KOJIOHKE. DTHX JaHHHIX J0OCTATOYHO
IJIst ONpefesIeHHsi BCEX 32BHCHMOCTEH BJIAXKHOCTHBHIX Xapak-
TEPHCTHK COCTOAIHHA W IlepeHOca Bjaarn B MaTepHade. Ilo
CTallHOHAPHOMY PaBHOBECHOMY DacCIpPEeREJIEHHIO BJAaXKHOCTH,
TaK JX€ KaK M OPH TOCTPOEHHH LuKaJH 0, OnpenenaioT 3aBH-
cumocte U(Ugs) u U(O, ) nm U(gg). HAuddepernupo-
BaHHeM usotepMm U(0, f) onpenensiiorT yaeNbHYIO H30TepMH-
4eCKyl0 BJIaro€MKOCTh MaTepHaJta 1), aud¢epeHIHPOBAHHEM
U(%e) — 32BHCHMOCTb BJIATOEMKOCTH 1)gg OT Qg .

Pesyabpratsl B Buse U(0, £) u 1(0, ) Heo6XOIMMBL TaK-
e I AasipHeHIero onpejeseHus BJaronpOBOAHOCTH Ma-
TepHaJla — HaXOXJEHHA 3aBHCHMOCTH Ko3(d¢uiHeHTa BJIa-
FOIPOBOJAHOCTH % OT O M £. [Insi 3T0r0 HCIONB3YIOT MpoMe-
XKYTOYHBIE paclpefesieHHsi  BJAXKHOCTH B KOJOHKE [0
YCTaHOBJIEHH paBHOBecHs. [IpHMeHeHHLI B 3KCIepUMeHTE
nOpueM pas3pe3Hofl KOJOHKH MO3BOJSAET BOCHOJAL30BATLCH IS
006paGoTKH NMPOMEXYTOYHBIX JAHHBIX KOHEYHO-Pa3HOCTHHIMH
MeTofiamu. JlJiA KaXKAOTO PacyeTHOIO HHTepBajla BpeMeHH
MeKNy M3MepPEHHAMH MoXKeT ObIThb 3alHCaHO ypaBHeHHe 6a-
JlaHca BJard B OTHENbHOH MJIacTHHE KOJOHKH. M3 onbita us-
BECTHO M3MEHEHHE BO BPeMeHH NMOTEHIHAJA BJIAKHOCTH KazK-
JO¥ MJIACTHHBEL M N0 YCTAHOBHMBLIEMYCSi COCTOSIHHIO Olpefie-
aennt U(0, £) u n(0, £). B ypaBuennn Gajaunca Baaru
IIaCTHHBl 32 PacyeTHLIE MHTEPBaJ BPEMEHH B pe3yJbTaTte
OCT2€eTCA OAHO HEHM3BECTHOE — KO3(Q(OHUIHEHT BJArOMPOBOL-
HoCTH %(0,f). Ero unciieHHOe 3HaueHHE IPH HAHHOH BJI23KHO-
CTH M TeMmIepaType IJIaCTHHBI  MOXHO MOJYYHTL M3
ypaBHeHusi Oajanca BJlarH, cyMTtas x B npefesax NaHHO-
FO MPOCTPAHCTBEHHO-BPEMEHHOIO HHTEpBAJIa HEH3MEHHBIM.
[1nacTHHE KOJIOHKH B T€UEHHe OMbITAa H3MEHSIOT BJAXKHOCTD,
TEMOEPATy Py, HMEIOT Pa3Hble 3HAUYEHHS MOTEHLHAJa BJaXK-
HOCTH M B De3yJbTaTe B TeYEHHE OJHOIO ONBITA Ha OXHOR
KOJIOHKE MaTepHaJia mepeKpbiBaeTcs IUHPOKHME AHana3oH
5THX mapaMeTpoB. AHANH30M NEPEXOLHOTO INPOLECCca H3Me-
HEHHS! TEMJIOBJIAXKHOCTHOTO COCTOSIHHA MJIACTHH MaTepuaJla
OfiHOrO 00pasna B BHJE Pa3pe3HOH KOJOHKH YAaeTcs moJy-
YHTh NMPAKTHYECKH MOJIHYIO KapTHHY 3aBHCHMOCTH (0, f).
AnanusupoBaTe faHHBE A5 mnodyyenus % (0, £) ynobHo ¢
NIOMOIIBIO FHAPOHHTErpaTOopa Hau DBM.

PesynpTaTsl onbita ¢ 06pa3noM meHOGETOHa pHBeNleHbl
Ha puc. IL10. 3Basucumoctu Ups(8, £); Uns(gg); n(0);
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n"’e(q)e) ONpEeJeJIEHBl M3 CePHH ONBITOB 110 YCTAHOBHBLIHMCSH

pacrpefieJIeHHsiM BJI2XKHOCTH B KOJIOHKe. Kpusrie pacmpe-
JleJleHns MOTEHNMAJa BJIaXKHOCTH © (X, 2) Ha pasfinyHbie MO-
MeHTH! BpemerH (puc. I1.10,8) moayuenn mytem mepecuera
KPHBBIX pacnpefeseHHsi BJaXKHOCTH (DHILTPOBAJBHON Gyma-
v Ugs(x, 2) (puc. I1.10,6) ¢ nomoupio mikaasl Uges(0, £).
3aBHCHMOCTb  BJI2ZFONPOBOJHOCTH  INeHoGetoHa  %(0, )
puc. I1.10, 3 nafinena no gaHeeM O (X, 2) peLienteM oGpart-
HOH 3aZlaydl C MOMOINBIO FHAPOHHTErparopa. AHaJIOrHYHBIE
HavHble AJIsA Psifia AYEHCTHIX GETOHOB, KHpNHYa, MEHOCHJIH-
KaTa H APYrHX MaTepuaJjoB mosyuenst B MICH, HHUU-
CTPOR(MH3HKH H B APYTHX HHCTUTYTaX.

11.4. DKCNEPUMEHTAJIbHASA NPOBEPKA NMOTEHLIMAJIA
BIIAYXHOCTH

OGocHOBaHHe MOTEHNMAJa BJAXKHOCTH KAK OCHOBHOH
XapaKTepUCTHKH COCTOSIHHS BJIarH B MaTepHaJje B MpOLEC-
ce Bjarornepeflaud, MoJy4YeHHOE TEPMOEMHAMHYECKHM MeETO-
oM, HepocTatoyHo. HyHa sKcmepuMenTasbHas MpoBepKa
STOTO MOJIOXKEHHS.

OnuuM H3 NOKa3aTeNbCTB NPAaBHJILHOCTH OCHOBHOR KOH-
HenuKy O nepeMelleHHH BJarH TOJBKO MoJ AeficTBHEM Trpa-
JAHEHT2 MOTEHIHAJa BJAXKHOCTH MOXeT OHTh JKCIEepHMEH-
TaJIbHOE NMOATBEPKAECHHE OTCYTCTBHsl ABHIKEHHS XKHIKOH H
112pooGpa3HOH BJIArH B COCTOSIHMH HEH30TEPMHMYECKOTO BJla-
JXHOCTHOTO paBHOBecHA. [loTpeGHOCTE B TaKOM joKasa-
TeJIbCTBE BLI3BAHA €Ille M TeM OOCTOATEJbCTBOM, YTO pac-
NPOCTPaHEHO MPEACTABJEHHE O HE3aBHCHMOM [IBHKEHUH ma-
Pa M XHAKOCTH, OCOGEHHO B HEH30TEPMHUYECKHX yCJIOBHSX.
[IpuHATO cunTaTh, YTO XKHAKAA (Pas3a BJATH ABHKETCHA MOL
BJIMSIHHEM TpaflHeHTa BJIAXKHOCTH M AHQQy3us nmapa mpomnc-
XOJHT NOJ BJIMAHHEM IpPafHeHTa NapLHANLHOTO AaBJEHHS H
UTO B YCJIOBHfIX HEH30TEPMHYECKOrO BJIAXKHOCTHOIO PaBHO-
BECHsi 3TH MOTOKH PaBHBI M HANPaBJEHbl B MPOTHBOMOJONK-
Hbi€ CTOPOHBL.

B MVCH E. WM. TapTHYHHKOM GLUIH BHIIOJHEHH CHEIlH-
4JIbHBle OMBITHI C METKOH pafHOaKTHBHOI'O H30TONa, BBOIH-
MOHl B JKMJKYIO BJIalry MatepHaJjia. MeTkH 3aKaapiBaJy B KO-
JIOHKH M3 (HABTPOBaJIbHON Gymaru. QfHa NOJHOCTBIO BJATO-
H TEIVIOH30JIMPOBAHHAA KOJOHKa (OCHOBHAasi) HAaXOAMJACh
MEXJAy TEepMOCTaTaMH B COCTOSIHHH  HEM30TepMHYeCKOro
BJI2XKHOTO PaBHOBECHS (KOJIOHKY BHIZEP:KHBAJMH [0 3aKJaj-
KH METKH 0K0JI0 7,5 Mec). CeueHHe, B KOTOPOM GBI MOMELLEH

103



Jguct GyMaru ¢ paJiMOaKTHBHOH METKOMH, UMeJo CJenylomue
XapaKTepHCTHKH: BJIarOCOAEPIKAHKe 0KoJo 1,9 Kr/kr, TeMme-
patypa 20° C, rpaguent BnaxHoctu 9,6 Kr/(Kr- M), rpajyent
temneparypu 135° C/M. Bropasi KOJOHKa HaxOOHJiach B
usorepMuueckux (f=20° C=const) ycaoBusiXx yCTaHOBHB-
wekca Baaromepefayd. Bo BTOpofi KOJOHKe MeTKa Oblia
PacnoyioXeHa B CEYEHHH ¢ BJarocolepiaHHeM OyMarH Tak-
xe okoso 1,9 kr/kr. IlocTosiHHBIM MOTOK BJIArH B 3TOM cCe-
YeHHH OOycnaBiHBaJICA TPajHeHTOM BJAaXKHOCTH B O «kr/
/(Kr-M). BaaxnocTd B ceueHHusx ¢ MeTKaMH B 060HX 00pas-
nax ObLIM OJHHAKOBH, a TPaZHEHT BJIAXKHOCTH B OCHOBHOI
KOJIOHKe OBl MOYTH B ABa pasa OoJblue, yeM BO BTOpPOf.
Temnepatypbl B CeUEHHSIX TOXKe ObLIH OIHHAKOBBI, MO3TOMY
B OCHOBHOM o0paslLie MOXHO OBLJIO OXHIaTh B JBa pasa
GO/pLIYI0 CKOPOCTb MepeMelleHHsi METKH, YeM BO BTOPOM.
@akTHYECKH 3TOro He mpousouwno. Cnycrs ABe HeNeJH B
nepBoM o6paslie MeTKa OCTaBaJaCh MPAKTHYECKH HENOABHIK-
HOH, a BO BTOPOM OHa OBlIa BBIHECEHA HAa TOpEIl KOJOHKH,
T. €. IPOLLIa PacCTOSTHHE OKOJIO 70 MM.

PafiHoaKTHBHYI0 MeTKY BHOCHJIH B MaTepHas C COJIbIO,
nepeMeriieHHe KOTOPOR B 06pasiie MOTJIO MPOH3OATH TOJILKO
¢ Bjiaroif B xHIKoH (ase sjard. B paBHOBecHOR Heusorep-
MHYeCKOH KOJNOHKe (mepBblii 06pasell) MeTKa He CHBHHY-
JIack, H MO3TOMY MOKHO yTBEpPXKHaTh, UTO IKHAKasa (¢asa
BJIATH OCTABAJIACh B HeM HENOABUIKHOR. [IpH HeuaMmenHOM
BJIATOCOLEPKAHHH OTAEJBHBIX NaueK GyMard B KOJIOHKE 3TO
OGCTOATENLCTBO ONpeeNsieT TaKkKe OTCYTCTBHe mapoobpas-
HOTO IepeHoCa BJard ¥ MaccooOMeHa MexXnay ¢dasaMH BJa-
ru. Otciofia ciefyet, YyTO NOTEHUMAJB (a3 BJATH B KOJOH-
Ke B YCJIOBHSIX HEH30TEPMHYECKOTO BJIaXKHOCTHOTO pPaBHOBE-
CHfA PaBHB M€XAY CO00# (0,x=0,=0) W ux rpagueHTH 1O
AJ¥He paBHB HyJ10. OTcyTCTBHE OGLIEr0 NMOTOKA BJATH CBH-
LeTeJNbCTBYET O NOCTOSIHCTBE NOTEHLHAJA BJAXKHOCTH O 1O
IJIHHE KOJIOHKH.

PesyabTaThl onbiTa MOATBEPAMIIH OCHOBHOE IOJIOXKEHHe
TEOPHH MOTEHUHAaJa BJaXKHOCTH O TOM, YTO B YCJIOBHSX He-
M30TEPMHYECKOI0 BJIAXKHOCTHOTO PAaBHOBECHS! MPH HAJHYHU
GospILMX TPadHeHTOB BJIAXKHOCTH H TeMIepaTyps MoToKa
BJIATH HH B JXHMIKOM, HH B 1apooOpa3HOM €€ COCTOSIHHMH HeT,
TaK KaK rpafiHeHT MOTEHIIHANa BJIAXKHOCTH BITHX YCJOBHAX
paBeH HyJIIO, a NOTEHUHAJb (Da3 BJIAard paBHLI MEXAY COGOH.
BaxubiM nosnoxeHHeM 3TOH TeOpHH SIBJSAIOTCA OFHO3HAU-
HOCTb ONpEZeJIeHHsi MOTEHIHANa BJIaXKHOCTH O BJaroconep-
KaHHEM MaTepHaJja NpH 320aHHOM TeMmIepaType H He3aBH-
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CHMOCTb 3TOf CBfi3H OT rpafHeHTa BJAXHOCTH, IPAaJIHEHTA
TeMOePaTypbl, HAUANLHOR BJIAXKHOCTH.

JlJsi pOBEpKH 3TOFO MOJNOMKEHHs ObLIH MCIIBITaHbl  TPH
KOJIOHKH (DHJILTPOBAJIbHO GyMars ¢ pasHOH HauyaJbHOM
BNaXHOCTBIO Uy B Pas3HHIX YCJAOBHAX HEH30TEPMHYECKOTO
BJIAXKHOCTHOrO paBHoBecHsi. B CcranHORapHHIX paBHOBECHBIX
yCIOBHSIX B KOJIOHKAX YCTAHOBHJIMCH Pa3/HYHBIE Mepenajsl
TeMmepaTypsl B BaaxuocTH. Ho
[0 OFHOMY MOKAa3aTesi0 OHH Obl-  Upgreie
JU  HJAEHTHYHBI: MOTEHIHaNbl 7P ,
BJIaXKHOCTH  PaBHOBECHOTO CO- . i
CTOSIHHSA BCEX TPeX KOJOHOK Obl- ¥ I

|
I

JIl MPAKTHYECKH PaBHBI (PasHu- 4 1
12 He npeBsiliaja 2°B). Kpusnie ;
pacnpefeseHHsl  pPaBHOBECHBIX 47—t
BJIA}KHOCTEH H TeMmepaTypsl IO b
AJIMHE KOJIOHOK, TOJyYe€HHbIe |
focjie JJMTEJNBLHOTO HX BBLACP- g5
JKHBaHMs, MoKasaunu Ha puc. I1.6.
Oxka3aJjioch, YTO B CTOJIb Pa3HBIX %
YCJIOBHAX 3HAYEHHS BJIArocofiep-
JKaHHA QUILTPOBAJLHOR Oymaru
IpH OAHMHAKOBHIX TemOepaTypax 67—
NpaKTHYECKH coBmajaloT (Tabim.
I1.1). D10 nonxTBepIKAAET TAKKe =19
3asucumocts Uge OT £, 1OCTpO- o,
eHHafl IO AAHHLIM TpPEX OnHTOB ¥ 2 30 W % & 17
(np 6~ const), (puc. IL11). Puc. II.1l.  3aBHcHMOCTBH

Takum 006pasoM, ONBITHE € ppawymoctn (UABTPOBATBHOI

TpeMs$l KOJIOHKaMH NOATBEPANJH, GyMmarH OT TeMNepaTyphl t
YTO JAHHOMY IOTE€HIHAJy BJIa}K- B  PABHOBECHBIX  yCJOBHAX
HOCTH IIPH HM3BECTHOIl Temmepa- Tpu © oxoio 40°B
Type COOTBETCTBYeT ONpefielleH- [~ — nomepa onkitos fio
HOE BJIATOCOAEPKaHHe (PHILTPO-
BaJibHOl GyMar#., DTOT pe3yJbTaT OKa3HBAEICA JOCTATO'HO
yb6equTesIbHBIM, TaK KaK OH TOJyYeH IPH HaJHYHH pasJauy-
HBIX TPaIHEHTOB MOTEHIHAJa BJAXKHOCTH H TeMIepaTypel B
CEYEHHSIX TPEX KOJIOHOK, HMEIOIIHX pasJjiHyHble 3HAYeHHSs]
HaYyaJIbHOH BJIAXKHOCTH.

TpeGoBasio MPOBEPKH MOJIOKEHHE O TOM, YTO YCJOBHSA
OHO3HAYHOCTH 33aBHCHMOCTH BJIArOCOAEpPIKaHHsl OT MOTeH-
IHaJjia BJaXKHOCTH IPH OMHAKOBLIX TeMIepaTypax coxpa-
HSIOTCA MPH HaJHYHH CTHIKOB H KOHT2KTOB MEXIY CJOAMH
MaTepUaoB.
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Ta6auna IIl. PaBHoBecHoe Baaroconepxanne (UALTPOBANLHOMN
GymarM npH pasHbIX TeMnepatypax

Onwir 1 Onwrr 2 Onwuit 3
4. °C 6=332°B 0=42B 6=105"B
: At =(75—18,3)°C Al = (73,7—20,3)°C Af = (58,5—11,8) °C
U = 0,0609 kr/Kkr U(b = 0,0615 Kr/kr U, b= 0,269 Kr/kr
25 0,073 0,081 0,085
35 0,049 0,052 0,05
45 0,033 0,038 0,032

CocrosiHKe BJIarH BO BJaXKHOM MaTepHaJie 3aBHCHT TOJb-
KO OT MOTEHNMANa BJAXKHOCTH H TeMmepatypsl (CM. GopMy-
ay 11.32). CTHKH M KOHTaKThl MEXIY CNOSIMH MaTepHaJoB

L]
Upe Ko/ e Uns.xe/xz e

C /
05 30 85 50

S
1 §
8 a
3 \

05— f 125 25 25
3 &
A | LA

0%,
0 L & | g
0 0
50. 700 1,01 5‘0 7”0?,’4”

B A7; oF; &4

Puc. I1.12. OnbitH ¢o cnoiHo 1)
H pa3pesHbIMH KOJOHKaMH H3 ra3o-
CHIMKaTa (@) u  menoGerona (6)
Ge3 NpOMeXYTOUHOTrO MaTepHana
MeX/y NiacTuvamu (2), ¢ punsTpo-
BasbHOH Gymaroit (3) u ¢ Kpolkoii
Matepuania (4) MeXAy IacCTHHaAMH

1, 2, 3, 4—vomepa KonoMOK no TaGa. 11.2

MOTYT H3MeHSITb HMHTEHCHB-
HOCTb TMepeHoca BJIATH, HO
OHH He HOJIKHBI BJAHATH Ha
NoKa3aTesH COCTOSIHHS
BJIaAfH B MartepHaJie.
HcneiTeiBady  KOJIOHKH
H3 OIHOTO MaTepHaja B
COCTOSIHHH HEeH30TepMHuec-
KOrO BJIaXKHOCTHOTO paB-
HoBeCcHs. Mexay TepMo-
CTaTaMH 3aKJajblBajH KO-
JIOHKH H3 Ta3030JI0CHJIHKA-
Ta M nenobetoHa ¢ GJu3-
KMMH HayajbHBIMH 3Havye-
HHSIMH  BJIaroCOAEpIKaHHs
H NpHGIH3NTENILHO OfHUHA-
KOBHIMH MepefajamMH TeM-
nepatypsl.  VcmbiThIBAJH
IJIS KaxAOro MarepHaJja
ONHYy CIUIOLIHYIO H TpH
paspesnble KOJIOHKH. OznHa
H3 nocyefnnx Onija cobpa-
Ha € JIHCTaMH (QHIBTPO-

BaJIbHOM OyMaru Mexay MJIacTHHaMH, BTOPasi— ¢ KPOLIKOH
M3 MaTepHaJsia, B TPeThbeH IPOMEKYTOYHOTO MaTepHasa MexkK-
Ry njacTHHaMu He Obuio. Pe3ysbTaTsl onbiToB npuBeneHH B

Taba. 11.2 u na puc. 11.12.

Kak BHIHO, KpHBHiE€ paclpesiesieHHsi BJIaXKHOCTH MaTepH-
aJIoB BO BCEX CJIyYyasiX MOBOJILHO XOPOILO COBNAJH He3aBH-
CHMO OT NPHHATHIX YCJAOBHE KOHTaKTa Ha CThiKe. Bmecre ¢
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T€M ObLIO OTMEUEHO, YTO BPEMS YCTAHOBJIEHHS! B XOJOHKAX
PaBHOBECHOIO PE€XHMa HEOLHHAKOBO, T. €. HAJHYHE CTHIKOB
SIBUJIOCH [JOMOJIHHTEJbHBIM CONPOTHBJICHHEM MepeHocy BJa-
ri. B cnJiomnofi KosionKe 63 CTHIKOB PaBHOBCCHOE BJIAYKHO-
CTHO€ COCTOSIHHE NOCTHTaJOCh 3HAYHTEJIBLHO OHICTpeEe.

@ Uw_ & t, A
Ke/ke o 5) 8
7y Up o, xe/h2 Upg, K2/k2
a5 #50 g5 T 05

- Woloh

\ 2
i

//_,/» 25 425 \i 075 }\B

\
025—33
1%

7

; Z\gm . o}g’%&? !

A,
0 o 0 ! 0 g
50 100 X mm 50 100 x,mm 50 100Xx.MM
8]; o2; 43

Puc. 11.13. HensoTepMrucckoe RJa1u0CTHOE paBHOBeCHE (QHIBETPOBAJIL-
Hoit Gymaru (@), rasocusmkata (6) n TenoGeTona (8) B Tpex cMmeman-
HBIX paspesHEIX KOJIOHKAX, COOPAHHBIX M3 Pa3sHBIX MaTEPHAJOB, NP GJHa-
KHX 3HAUEHHsIX MOTEHNHAA BJaXKHOCTH

1, 2, 3 — HoMepa KoIoHOK no 1a6s. 11.3

Ha Tpex mpyrux o6pasnax, COGpaRHBIX M3 MJIACTOH Tie-
HOGeTOHa H (QUALTPOBAJILHOH GyMard, MPOBEPSIH BJHSIHHE
CTeNIEeHH CXKATHA KOJOHKH. PacmpenesneHne BJajKHOCTH 1O
IJIUHE KOJIOHOK B YCJIOBHAX HEH30TEPMHUECKOTO BJIaAXKHOCT-
HOTO PaBHOBECHS! H B 3TOM CJy4yae (IPH CKATHH CHJION 5,
10 u 15 Krc) He3sHauMTENLHO PA3JHYAJIOCH, XOTH NPH yBeJIH-
YEHHH CHJIB C3KATHS BPeMs, B TeYEHHE KOTOPOr0 YCTaHABJIHU-
BaJIOCh BJIaXXHOCTHOE PAaBHOBECHE, 3aMETHO YMEHBLIAIOCH.
Takpe e pe3ynbTaTH NOJNyUEHH B OMBITAX C FA30CHIHKATOM.

TpeGoBanoCh TaKkKe NPOBEPHTD, HE BJHAIOT JH HA BJAaMK-
HOCTHOE COCTOSIHHE MaTepHuajia €ro KOHTaKThl C APYrHMM
MaTepHaJaMH. B yCJIOBHSIX HEH30TEPMHYECKOTO BJAXKHOCT-
FO paBHOBeCHf MJIACTHHBI H3 Pa3HbIX MaTEpPHAJIOB, co6Pa1—1-
HBle B Pa3pe3HyI0 KOJNOHKY, AOIMKHbB HMETh OJHHAKOBHIH 110-
TEHIHAJ BJIAXKHOCTH.
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B cMelIaBEBIX KOJIOHKAX, COCTaBJIEHHBIX U3 Pa3HbIX MJa-
CTHH, KaXKJOMy MaTepuasy IIpH H3BECTHOH TeMmepaType
JIOM3KHO COOTBETCTBOBATh ONMPELENEHHOE BJAarocofepKaHue
HE3aBHCHMO OT TOFO, MJIACTHHLL KaKOro MarepuaJja cjieBa H
cIpaBa HaxoOffTCA C HUM B KOHTaKre, TaK KaK MO JJIMHE KO-
JIOHKH B YCTAHOBHBILEMCS COCTOSTHHM NMOTEHLHAJ BJIAXKHOCTH
OIMHAKOBBIH.

B yc/oBHfX HEH30TEPMHYECKOTO BJIAXKHOCTHOTO PAaBHO-
BecHsi HCIIBITHIBAJH CMEIIAHHbie pa3pe3Hble KOJOHKH, COO-
paHHble W3 MJIACTHH MeHOGeToHa, rasoCHINKaTa U JIHCTOB
(UIbTPOBAJLHOH OyMard B pasHblX COYETAHHSX (puc. 11.13,
ta6a. 11.3). YcaoBusi onbiToB 6LiM NOAOGpaHkl TaK, UTO 1O-
cJle YCTAHOBJIEHHS BJIAXKHOCTHOrO PaBHOBECHS MOTEHUHAJIBI

Ta6nuua IL3. Brarocopepxanue NMJAACTHH M3 PAa3HLIX MaTepHanoB
paspesHbiX KOJOHOK B YCJAOBHUAX HEH30TEPMHUIECKOTO
BJI2)KHOCTHOTO PaBHOBECHS

CI> Ne KOJIOMKH H 3pMayeHHe noTeHuliana BiaaKHOCTH

5E 1, © =39,4° B 2,0=3°B | 3 6=3.4B

S

=¥ o & o 5 =

s8] % x & - g

$2| 2 5 . 5 5 2 .

g3 | 8 g e g & g e

gl eg 3 g =5 g g 8
88 | &% [ £ 23 S B3 e

a2 | &% s & 53 il 58 2

0] 0,58 — — 0,55 — 0,535 —
5 — — 0,35 — 0,375 — 0,335

10| 0,475 — — 0,465 — 0,44 —
15 — 0,29 — — 0,285 — 0,225
20| 0,27 — — 0,255 — 0,24 —
25 — — 0,15 — 0,18 — 0,14
30| 0,203 — — 0,18 — 0,17 —
35 — 0,1 — — 0,075 — 0,065
40 | 0,154 — — 0,14 — 0,11 —
45 — — 0,06 — 0,063 — 0,045
50 | 0,092 — — 0,085 — 0,075 —
55 — 0,0755 — — 0,0585 — —
60 | 0,085 — — 0,075 — 0,066 —
65 —_ — 0,045 — 0,045 — 0,04
70 | 0,07 — —_ 0,066 —_ 0,054 —
75 — 0,0445 — — 0,043 — —
80| 0,06 — — 0,058 — 0,05 —
85 — - 0,03 — 0,0255 — 0,025
90 | 0,053 — —_— 0,051 — 0,0495 —
95 — 0,0225 — — 0,025 — _—

100 | 0,05 — — 0,05 — 0,049 —




BJIaXKHOCTH B KOJIOHKaX Oblny NMPHGIH3HUTENbHO OJHHAKOBHI-
Mu. Pacnpenefierre Temnmepatyp mo AJHHe KOJOHOK OGBLIO
MOUTH OJHHAKOBBIM, [NO3TOMY pacnpefeseHHe BJAXKHOCTH
IUTaCTHH M3 OfHOTO MaTepHaJlla B pa3HbLIX KOJOHKAX TAK¥Ke
JOJIKHO OBIIO coBmafaTh (HUCKPETHO 10 CEyeHHMAM, Tie
ObLIH TJIACTHHB! H3 AAHHOTO MaTepHaJsa).

Hesasucumo ot Toro, kak 6hJIM cOGpaHbl KOJOHKH, pac-
fipejiesieHHe BJAXKHOCTH Pa3jIHYHBIX MaTepHaJOB N0 JJHHe
B YCTAaHOBUBIUMXCH YCJOBHSX BJAXKHOCTHOIO paBHOBeCHS
‘OCTaeTcsd MpaKTHYeCKH HeH3MeHHbIM. Takum obpasoM, ce-
PHsi ONBITOB C KOJOHKAMH M3 Pa3jiHYHBIX MaTepPHaJIOB MOA-
TBEPAMJIA, YTO IOTEHLHAJ BJAXKHOCTH OPH WU3BECTHOH TeM-
nepaTtype He3aBHCHMO OT HaJIHYHS MJIK OTCYTCTBUS KOHTaK-
TOB C APYTHMH MaTepHallaMH ONpefesIieT BJaXKHOCTHOE
COCTOSIHHE MaTepHaJa.

Bolule 6bip M3/03KeHBI pe3yJbpTaThl 3KCIEPHMEHTAJb-
HBIX MCCJIEOBaHMHA, NOATBePIKAAIOUIHX TJaBHHE BHIBOJ, MO-
JiyyeHHBI Ha OCHOBe TEPMOAMHAMHYECKOTO aHaJH3a, O He-
0GXOZIHMOCTH H MPaBOMEPHOCTH HCHOJb30BAHUS MOTEHIHANA
BJIAXKHOCTH B KayeCTBe MOKAa3aTeJiss COCTOSHHA BJard B Ma-
TepuaJjie NPH MOCTPOEHHH TEOPHH BJaromepefaud yepes
OTpaKAeHHs1.

11.5. METOJ1 OUEHKH BJTIAYXKHOCTHOTO COCTOSIHMS
OIPAXKAEHMS ANA PACYETA TEMJIONEPEAAYM

BnaxHoCTHOE COCTOSiHME Orpax[eHuii B Oporecce MX
PaGoTHl B 31a2HHH MOXKHO YCJOBHO pa3fieMTh Ha JBa Xa-
PaKTEepPHBIX BHIA: 3KCIUNIyaTalHOHHOE, COOTBETCTBYIOLIEE
TPOAOJIZKHTEJNLHOMY MePHOAY KCIAyaTallHH 3IaHHS, H Ha-
YaJipHOe, COOTBETCTBYIOLlee NEPBLIM rojaM 3KCITyaTalHH
nocJie 3aceyienns 3ganua (puc. I1.14).

OKCIyaTallHOHHOE  BJIAXHOCTHOE COCTOSIHHE OrpazKie-
HHS HaCTyMaeT, KOTZL2 BJIarocofepikaHHe MaTepHaJOB MmpH-
GuIHKAETCS K HEKOTOPOMY CTaGHJBHOMY COCTOSIHHIO, PaBHO-
BEeCHOMY OTHOCHTEJIbHO BO3JeACTBYIOLINX Ha OrpaxkieHHe
BHYTPEHHEH M HapyxkHofi cpel. Baarocomepxkanue B 3TOT
NepHOI MepHOAMYECKH M3MEHAEeTCHd B TeueHHEe TO4A OKOJIO
CBOETr0 NOCTOAHHOTO CPENHErofOBOTO 3HauYeHHs, HECKOJBKO
Bospactas B alpeJie-Mae ¥ TOHMXKafACh K KOHIy OCEHH.
3umoii, B ieKabpe-siHBape, 3HAUEHHs BJIAXKHOCTH OJM3KH K
CpeIHHM 32 rof. TemyoTeXHHYEeCKHH pacueT OrpaKieHHH M
MOACYET TENJIONOTEPL NOMEIIEHHAMH BBINOJHAIOT AJIS pac-
YETHOTO 3UMHEro mepHoja, KOTopuifi 06LIYHO IPHXOAUTCS Ha
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suBapb. [109TOMY TeN/iOQH3HYECKHEe XapaKTEpHCTHKH Marte-
pHasioB (KOTOphie 3aBHCAT OT HX BJI2XKHOCTH) OrpaxK/eHHsI
HyXXHO BHIGpaTh HCXOAS H3 AAHHBEIX 00 ycTaHOBHBILIETICS
cpenHeronoBoi HX BJaXKHOCTH.

HawuGosiee NOJHO BJIaXKHOCTHBIH PEeXHM MaTepHaJjoB
orpaxieHHii MoxeT OHITb ONHCAH C MOMOLIBI0 NOTEHLMAJA
BJIAXKHOCTH O ¥ OTHOCHTEJBHOIO TNOTCHIHANA @ g, NOJb-

3ysCh KOTOpBIMH MOXHO OLIGHUTHL BJiaxKHOCTHOE COCTOSIHHE

U
Unay
Upacy
20
, 7200 ze
. Ixcnnyamayuonrsld
Hauanpupii  nepuod nepuod

Puc. 11.14. CxeMa u3MeHeHHsI cpe/iHeil BJIAXKHOCTH MaTepHaja B Orpax-
JIeHMH C Hayajia SKCIyaTalHy 3JaHHs

BHYTpEHHEro BO3JyXa MOMEIICHHs, CaMHX MarTepHajioB H
KOMILIEKCHOE BJIaXKHOCTHOE BO3[EfCTBHE HapYIKHOH Cpeibl
Ha orpaxaenve. Matepuaj, noaBeprasch TEMNJOBJIaXKHOCT-
HOMY BO3AEHCTBHIO OKpYXKalolieH Cpendl, npuobperaer He-
KOTOPYIO PABHOBECHYIO STOH Cpele BJaXKHOCTE. Ona coort-
BETCTBYeT ONpeNe/ieHHbIM 3HAYECHHSM O, [ HIH Qg . Caeno-
BaTeJibHO, BJIAXKHOCTHOE BOSLEHCTBHE Cpeabl MOMKeT ObiTh
ONpeNesieHO0 1O PaBHOBECHOH BJIaXHOCTH, KOTOPYIO npHob-
peraer B 5THX YCJIOBHAIX MaTepHaj, H H3MEPEHO C NOMOLILIO
-0, 1 M gg. B ycjaoBHAX cranHoOHapHOH BJjaronepepayH or-
pax<ieHHe HMeeT HEKOTOpOe paBHOBeCHOe COBMECTHOMY
LECTBHIO BHYTpEHHEHl H HapyXHOH Cpejl BJaxHOCTHOE CO-
cTosinie. B ONHOCJONHOM OrpaxAeHuH, ecjiH NpHHATH YCJO-
BUsL BJaronpoBOJAHOCTH H Bjaroo0MeHa Ha TNOBEPXHOCTAX
OIMHAKOBHIMH, CpellHee 3HaueHHe MNOTeHINaja BJaXHOCTH
TOJIIY OTpaXKACHHs paBHO

O, = 9"%&’ . (11.41)
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Tle B H Oup - MOTEHLHAJE BJIASKHOCTH COOTBETCTBEHHO BHYTpeHHefl m
Hapy:xuofl cpep.

OJKCcrjyaTanroHHast BJAaXKHOCTh MaTEpHalioB B Orpa-
JleHnH, HeoOXOoluMasi AJs pacueTa TemJonepenayd, paBHA
CPCIHCTOAOBOMY 3HAYEHHIO B YCJAOBHSAX YCTAHOBHBILHXCS
TIEPHOJINYECKUX H3MEHeHHH BoO3aeHCTBUI OKpyMKalommx
cpex. Jlnsi pacuera cpeJHuX 3a NEpPHOA YCJOBHil AOCTATOU-
HO paccMOTpeHHe CTanMOHapHOH BJarolepeiaud. 3aBHCH-
Mocte (I1.41) MoOXHO ¥WCHOJB30BaThL AJiSi ONpEAC/]CHHS
HauGosiee  CIOXHOH XapaKTEPHCTHKH IPOIECca — CpefHe-
FOAOBOrO 3HAYEHHsl NOTEHIHANa Hapy:KHOH Cpen

Oy = 20, — O5. (11.42)

Benuyuny 65 B (I1.42) moCTaTOYHO TOYHO MOKHO MpH-
HATH PaBHOH CpeJiHEMY 3a rojl 3HaY€HHIO NOTeHNHasa BJiaxK-
HOCTH BHYTPeHHOro BosAyxa (cm. pHc. I1.5). Hmerorcs
AaHHBIE HAaTYPHBIX HaOJIONEHHH 32 BJaXKHOCTBIO ONHOCJON-
HEIX KHDIWYHBIX, IMJIaKOGETOHHBEIX M TOROGHBIX MM CTeH
3laHHil (BO MHOrWX reorpadHueckux palioHax), sKCIUIya-
THPYEMBIX AjuTesbHOE Bpemsi. ITo 3THM mamHBIM MOXKHO,
3Hasi CPEHErO[IOBBIE 3HAYEHHSI TEMIEepPaTypbl H BJAXKHOCTH
MaTepHaJia TOJLIM Orpa)KICHHsl, ONPEEeJHTL NOTEeHUHAaJ
BJaXKHOCTH O, [HeoGxomwMmblli niisi pacyera no (I1.42)] ¢
nomoniwio sasucumocty U(0, 1).

Bocnosnpsyemest npensioxenneiM B. M. Miipunckum [16]
Renenvem TeppuTopHu CoBerckoro Coosa Ha TPH Xapak-
TEPHBIE  BJIAXKHOCTHO-KJIMMaTHUeCKHe 30HH (KapTa Tpex
OCHOBHHIX BJIaXXHOCTHHIX 30H TeppHTOpHH CoBerckoro Coio-
3a mpusenena B CHull). [las kaxpoft 30HBI xapakrtepen
OIpeNe/IeHHblil YPOBEHD BJIaXKHOCTHOrO BO3LEHCTBHS HAPYXK-
HOil CpPeabl HA orpajeHue 3AaHHil. DTOT ypoBeHp BO3Iel-
CTBUSI 1JIfi TEPPHTOPUM BCefl 30HBI MOXKET GBITh YCTAHOBJIEH
[0 OTAC/NBHBIM reorpadyuueckKuM NYHKTaM, PachojOXKeHHBIM
B naHHoi 3ome. IlpHMeM B KauecTBe ONOPHEHIX NYHKTOB
JleHuHrpan, pacno/ioXKeHHBH BO BJAaXHOH 30HE, MockBy —
B 30HE HOpMaJIbHOH BJjia)kHOCTH H MIPKyTCcK — B cyxoil 30ue.
Hast 31X roponos B. ®. BacunpeBhM npHBegeHa cpenHe-
rofoBast BJAXKHOCTb KHPHHYHBIX CT€H JJA 3MaHHH, IJH-
TeJbHOE BPEMSI HaXOAMBIUMXCSH B 3KCIJyaTauud. C Nomo-
upio 3aBHCHMOCTH Uk (B, f) nans KpacHoro KupnHua
(puc. I1.15), 3Hast cpenHeronoBre 3HayeHust BaAa)HOCTH Uy
H TeMHOEpaTypbl KHPHHUYHBIX CTeH 34aHUi, MOXKHO HafiT
Or. B Ta6a. 114 npusenens! nanHbe O 1 Oy, MO KOTOPEHIM
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pacCyHTaHBl Oy— 3HAYEHHsl NOTEHIMaNa BJiaKHOCTH HapyiK-
HO! cpenHl.

K 30HaM 0a¥HaKOBOTO BJIa}KHOCTHOro Bo3jeficTBHSI Ha
Orpax€Husi OTHOCATCS palioHBl C PasIHYHLIMH TeMIlepa-
TYPHBIMH YCJOBHAMH. B CBsi3H ¢ 3THM MNOTeHIHAJ BJaxK-
HOCTH O HapyHOH cpe/ibi 3aMeTHO H3MEHSIeTCsl BHYTPH 30-
HEL. YYHTBEIBasi 3T0 0GCTOSTENLCTBO, AJISl OUEHKH YPOBHA BO-
3MeHiCTBHsL Ha Orpa)KAeHHsl Hapy:KHOrO KJAHMATa OTAEIbHBIX

Uy, ke/ke
3

Puc. IL.15. 3aeBncumocts U (67)

AJis1 KpacHOro KLpIHYa ¢ Ha-
HECCHHBIMII HA Hee 3HAYCHHSIMH
PaBHOBECHBLIX CpeaHerogoBhiX
BJIAKHOCTEH KHUPIHYHHIX CTEH

1 — cpesnHeroncsasi BJIajKHOCTh KHp-
NHYHBIX cTeH B JleHHHrpane; 2 -— To
xKe, B Mockse; 3 — B HpkyTcke; umd-
PH Ha KpHUBHIX — TeMnepaTypa, °C

BJIaXKHOCTHBIX 30H yAOOGHO HCHOJIL30BaTh LIKajJy OTHOCH-
TeJILHOTO TNOTEHUMaJa BjaxHOCTH. EciH usMepHTb 3TOT
YPOBeHp B IlKaje ¢g MJsl reorpaduueckoro paiioHa, pac-

NIOJIOZKEHHOTO B ONpe/ic/ieHHOH BJIaXKHOCTHOH 30He, TO 5TO
3HAaYeHHE Qg MOXKHO PaCOPOCTPAHHTL HA BCIO 30HY, IJs
H

KOTOpO#t oH Oynaer mocTosiHHEIM. B T1a6s. I1.4 npusenenm
3HAYEHHS] g JJISL TPeX BJaXKHOCTHO-KJIHMATHYECKHX 30H
H

H HCTOJb30BaHHBIE JJiS 5TOTO JaHHBE 0 Oy H f; H O TemJjo-
BJI2ZXXHOCTHOM COCTOSIHHH BHYTPEHHEH cpelbl W MaTepuaJa
OIHOPOJHOrO KMPHHYHOIO OrpaKICHHSI.

OTHOCHTENIBHBIH  TOTEHIHAN Pig BAANKHOCTHOTO BO3/ICH-

CTBHSI HA OrPax[CHHs HAapYKHOTO KJAHMAaTa — CJOXKHHI
nokasateib. OH yunTHIBaeT cpegHee 3a roa CymMmapHoe
lefiCTBHE Ha OrpaxJieHHe He TOJIbKO TEMIEpaTyphl, BIaK-
HOCTH HapyxHOr0 BO3JyXa, HO H OCAafKOB, CKOPOCTH U
HanpaBJjieHHsl BeTPa, COJHECYHOW paiMalH¥ H ap., T. €. Bcex
XapaKTePHCTHK HapyKHOfl Cpejbl, BJAHSIIOLINX Ha BJIa)HOCT-
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Ta6nuna 114, OTHOCHTENbHBIH NOTEHLHA BJAAXKHOCTH
HaPYIKHO# Cpeilbl HOPMATHBHBIX BAAXKHOCTHBIX 30H

XapaKTepPHCTHKY TEIJIOBJIAKROCTHOTO COCTOSHHS

BHYTPEHHETO MaccHBa Orpakae- Hapy»KHOro
Topon BriaxHo- KJHMaTa Hust KJTHMaTa
CTHasi 30Ha
@
. ty @p O | Ir Up {6 trop, Oy Oy

Jlennurpan | Bnaxuas | 18,7169,1% 29 1
1

1,5{0,025{ 32 | 4,2 35} 2,15
Mocksa Hopmans-| 18,8159,11 30 | 11,210,021 30 1 3,6 { 30 | 2
Hast
8

Hpkytck | Cyxas 18,7159 201 8,8l0,01 | 25 |—1,2{ 21 [ 1,5

Hoe COCTOsiHHe orpaxjenHil. [loTeHuHasn Biax)HOCTH Ou

ajsi Jo6oro paifioHa BHYTPH 30HBI MOXKHO BBIYHCJIHTDH IO

Qg 1 CPEIHErofOBOi TeMmnepatype HapyXHOro BO3NyXa B
H

sToM paiioHe, NOJB3YsCH 3aBHCHMOCTAMH @o(Ups) H
Ugps (6, t) (cM. puc. 11.4 u 1L7).

B ta6a. I11.4 noteHuHad Op OPHHAT OJis XKHJAHX NoMe-
uienuii. B ofmem k€ CJjyyae BJIaXKHOCTHOE COCTOsiHHE B
NOMEUIeHHY, BO3AefCTByIOIlee Ha OrpaxaeHHe, cjeayer
TaKkKe OLEHHBAaTh B LIKaJieé OTHOCHTEJHHOro MNOTEHIHasa
BnaxkHocTH. Cpe/HHe 3a roj napaMeTpsl BHYTPEHHEro BO3-
AyXxa B TOMEIIECHHSAX 3aBHCAT OT WX Ha3HauyeHHs W B OI-
pelcsieHHOHl Mepe OT MecTa pacroJioxenHs saaHus. One-
HEBasi BJA)HOCTHOE COCTOSIHHE pa3/IHYHBIX TNOMeIUeHHH ¢
NOMOLUBIO BETHYHHE Qg , MOKHO 1O (haKTHYECKHM HaHHBIM

0 !p ONpefeNHTs NOTEHLHAN BJAXKHOCTH Op MX BHYTpEHHeH
cpensl. B Ta6n. I1.5 npusefeHs 3HAYEHHSI Qg , NOJNYYEHHBIE
B

pacueToM mJisi NMOMeELieHHH YeThpex rpafauHii BJaXKHOCT-
HOrO peXHMma, NPHHSATHIX B HOpMax.

3Hast 6 H Ox , MOXHO OTpENEJSHTh CPEIHErofoBOE 3IKC-
NJyaTalHOHHOE BJia}KHOCTHOE COCTOSIHHME JIIOGOro cJjiosi Ma-
Tepuajia MHOTOCJOHHOro orpaxpenus. IloTeHnuasn BJax-
HOCTH CJIOSi OTPaKA€Husl, COOTBETCTBYIOILHH 3TOMY COCTOs
HHIO, PaBeH:

0., =06,—R, ., (65—8,), (11.43)

rfie Rs-cx — OTHOCHTEbHOE CONPOTHBJIEHHE BJiaronepejaue, papHoe OT-
HOLIEHHIO CONpPOTHBJIEHHS Blarornepejade OT BHYTpeHHefi CpPefil O ce-
pelVHEl paccMaTpUBAEMOTO CJI0A K 00lleMy CONpOTHBJIEHHIO BJjaromnepe-
Jaue OrpaxiaeHus.
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IKCITyaTauMOHHOE BJAXKHOCTHOE COCTOSIHHME cJOosl Ma-
TepHaja 3aBHCHT He TOAbKO OT BeJHYHHB Ocn, HO M OT
cpenHeii 3a rom ero TeMNepaTrypH fo;, pacCunTHBa€Moii 1o
dopmysie, anasornydoit (I1.43), nosToMy erc BsaXKHOCTHOE
COCTOSIHHE Takke yJA0GHO ONPeNesNTh OTHOCHTEJAbHHIM MO-
TeHUHAJIOM BAXKHOCTH Qg -

YeTaHoBHM CBSI3h MEKAY DPacCMOTPEHHO#l  MeTOJHKON
pacuera BJIa)KHOCTHOI'O COCTOSIHHSI MaTepHafioB B Orpax-
HeHHH W peKOMeHIanHAMH HOpPM 1O BHIOODY HX Xapakre-
pucTHK. B HOpMax naHbel Tpu rpajauny 3HayeHHfl xapakre-
PHCTHK, KOTOpbie COOTBETCTBYIOT PasiiMyHOH  CTENeHH

Ta6aruwa I1.6. IkconyaTalHOHHOE BJIAXKHOCTHOE COCTOSiHME
MaTepHAJIOB B OJHOCJOIHOM OTpaAXKAeHHH

I'pagaHH HOPM H JIft BAAXKHOCTHBIX KJIHMa-
BaaXHOCTHRI pexkUM pajau °p “’ecn A a

NIOMEIEHHA THMECKUX SOH CTPOMTEJbCTBa

cyXoit, HOpManbHoH, BJAYXKHOH,
OTHOCH- 9, =1, qu =92 Q, =2,15
TeJIbHBIA - (O (.
PEXKHM noTeHuHan
nOMeleHHS BJIAXKHKOCTH
“’eB rpaga ®q cxu | Fpada Pq o rpada A .
Cyxoii Jo 0,451 A 0,97 A 1,22 b 1,3

Hopmaasuniit | Ot 0,45
jo 0,531 A 1,01 A 1,27 b* | 1,34
Baaskunlii Ot 0,53
10 0,66 | b 1,08 b* 1,33 b* | 1,4
Moxkpuiit Bojee b* | Bosee | B* Boanee b* | boaee
0,66 1,08 1,33 1,4

Npumeuanne 3HauenHss %g — NPHOMMIKEHHBIE, [OJyYeHb!
cit
KaK Cpe/lHHe MeXAy @p H @g .
B H

yBJaxKHeHHs] MaTepHasoB. XapaKTEePHCTHKH PEKOMEHAyeTCq
BBIOHPATh TOJBLKO B 3aBHCHMOCTH OT BJIaKHOCTHOTO PeXKH-
Ma HOMEINEHH# H BJIaXKHOCTHO-KJIHMAaTHYECKOH 30HH!I CTPOH-
TeJibCTBa. B HOpMaTHBHOM MeToje He YUHTHIBAETCH pacio-
JIO}KeHHe MaTepHasja B KOHCTPYKUHH, TNOSTOMY 3TH pEKo-
MEBAaN¥H, CTPOro TroOBOpSl, NPHMEHHMBLI TOJBKO AJs
pacueta OmHOCJOHHBEIX orpaxiaeruii. B ta6a. I1.6 npupepe-
HEl JaHHBlE, IOJIYYEHHBIE C YYeTOM 3HAaUEHHM Yo M Pg
B
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KOTOpHIE TIO3BOJIWIH ONpPEAEeNUTh AMAlla30HB  3HAUEHUI
Qe » COOTBETCTBYIOIIHE TPEM IpajlalusiM HOPM, NPUHATHM
ca

a5t BbiGopa Tenio(pN3NYeCKHX XapaAKTEPHCTHK MaTepHaJoB
(rpadet A, B u B* Ta6a. 1 CHull 11-A.7-71).

Ananvs pnanneix ta6a. I1.6 mokasbiBaeT onpenensouiee
BJAHSIHHC Ha BJAXHOCTHHI pEKHM OrpasKaeHuil HapyKHOH
cpenbl (nJisi MOKPBIX NMOMeIUCHHH BHYTPEHHsISl Cpefa TaKike
3HAUKWTEAbLHO BJIHSIET Ha CoCTosiHne orpaxkacHmil). Kak
BHJIHO H3 TaGJuIBl, BEPOSITHO, TpPaBHJbHO K rpynne b*
OTHOCHTb OTPaxCHHUs BCEX 3MaHHH BJiaxKHOH 30HHI, Orpax-
IleHUsl MOKPHIX MOMelleHHil BCceX TpeX 30H U BJAXHHIX I0-
MeIleHHH HOPMaJIbHOH BJa*KHOCTHOH 30HB. OrpaikicHus
3/JaHHH APYTHX BJAXXHOCTHBHIX PEXKHMOB INOMEIUECHHH B 30HE
C HOPMaJibHOfl BJ1a)XHOCTBIO — K rpynne b; B cyxoii soHe —
K rpynne A.

Ha octioe Taba. 6 MOXHO TPHHATH ONpeneieHHbe
HaNa3oHbl OTHOCHTEJILHOTO NOTEHIHANa BJAXKHOCTH (g

MaTepHaJioB B CJOAX, COOTBETCTBYIOIHE NIPUHSITEIM B CHHH
rpafanusamM:

Ipapauun HOPM (rpads TaGuuub! JIuanasoHbl 3HaueHuit @
CHulT) [}
A Ho 1,1
b 1,1—1,3
b* Ceoie 1,3

ITocnenoBatenbHocTh BEIGOpa TEeNJIOPH3HYECKHX Xapak-
TEePHCTHK MATePHAaNOB B MHOTOCJIOHHBIX OFPaXKAEHUAX C yue-
TOM HMX 3KCIJIyaTalHOHHOH BJIaxKHOCTH TpejJaraercsi cie-
nywoulefi. B pacuer npuHEMaeTcsi CpeIHErOHOBOH peXiM
Braronepenayu orpaxzaenus. Onpenesus  BjiaKHOCTHY-
30HY (¢ H CPELHIOIO 32 O TEMIIEPaTypy HapyXHOro BO3-

nyxa, Haxoaum 0. 3Has HazHaueHHe TIOMEIEHHs], YCTaHAaB-

JilBaeM fp, TOTEHIWaJ BJaKHOCTH BHYTPEHHeH cpendl O W

Qg - BhbluncisieM aJsi OTACJbLHHIX CJo€B OrpaxiueHust Ocg,
B

fcn U Haxooum fe,,- Ilo 3HaueHHIO Qe,, Olpenelsiem

rpadn tabannsl CHull, no koTopeIM NpHHHMaeM 3HaYCHHS

TeNNOPU3NYECKHX XapPAKTEPUCTHK MaTepHajoB CJIOEB Or-
paxkaeHus.
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FrNABA I
TENNONEPEQAYA OTPAYKAEHMSA

#1.1. CTALUMOHAPHAS TENNONEPEJJIAYA YEPE3 CIOMWHOE
HAPYHOE OIPAYIEHME

CrauHoHapHOe TeMIlepaTypHoe ToJie BJseTcsl Haubodiee
[pOCTHIM cJyyaeM TemJjionepenayd orpaxaeHHs. Ero Jerko
paccuhTarb, NOITOMY NPH NPOEKTHPOBAHHH OTpaxKAeHH{ H
CHCTEM KOHIMHUHOHHPOBAHHS DPacCyeTHBIE YCJAOBHS CTpPEMSIT-
Csl IPHBECTH K HEW3MEHHBIM BO BpeMeHH.

Jliisi coBpeMeHHBIX OrpaKfeHHil XapakTepHO pasjelie-
HHE 3alMTHHX H KOHCTPYKTHBHHIX (PYMKIMI MEXAY OTAEsb-
HBIMH MaTepHaJibHBIMH CJIOAMH. B MHorocsofiHeix orpax-
LeHWsiX mnepenanbl TeMIEPATypsl N[O CeYEHHIO NPONOPIHHO-
HaJIbHHl COOTBETCTBYIOILHM TEPMHUYECKVM COTPOTHUBJICHHUSM
H anddepeHnyanbHoe ypaBHEHHE OAHOMEPHONO CTALHOHAD-
HOro TeMnepaTypHOrc noJis ynoGHO NpPeACTaBHTb B BHIe

0% [OR? =0 . (I1.1)
3anuce ypasrenus (I11.1) OTHOCHTENILHO CONPOTHBJICHNUS
TEIVIONPOBOAHOCTH R MO3BOJIsSIET BOCHOJB30BATLCS BMECTO
F€OMETPHYECKOro Macutaba MacliTaGoM TEPMHYECKHX CO-
TIPOTHBJIEHH# H BECTH PAaCyeT TEMNEPaTypHOro HOJSA, BKJIIO-
yasg B OOLIYIO Teluionepefady OrpasxAEHHs CONPOTHBJEHNS
TENVIOOGMEHY Ha €ro MOBEPXHOCTsX. PelreHye oKasbiBaercst
OPOCTHIM, TaK Kak TeMmIliepaTypa H3MeHSIeTCH B CEYEHHSIX Of-
paxjieHHs MO NPSIMOi JIHHHH.

OaHako B peasibHBIX KOHCTPYKLHSX, OCOGEHHO B CTEHO-
BHIX NaHEJsX, NMPAaKTHYECKH HENIb3sl BBIAEAHTb YYACTKH, B
NpefieJiaX KOTOPBIX BHIAEPIKHBAETCS OXHOMEPHOCTh TEMIie-
PaTypHOro moJjisi, H JUifi HX pacyera OJHOMEpHOe pelleHHEe
HerpuMenuMo. [IpHMBIKaloUHe BHYTPEHHHE KOHCTPYKIHH,
OTKOCHI OKOHHBIX IPOEMOB H Ap. TNpPHBOAST K (DOPMHPOBa-
HHIO B CECYCHHSIX OTrpaxkA€HHsi ABYX- H TPEXMEPHBIX moJeil

(puc. IIL.1), nocaensye Bhipa)aioTes AudQepeHIHaIbHbM
ypaBHEHHEM

a ot I ot 0 Ot
— }u — l —_— — - — ( —
ox ( 6x) dy (7" 6y) 0z A 62) 0, (I11.2)

Y

rae 7\4—33112HH06 pacrnpenenenue TENJIONPOBOAHOCTH MaTepHaJOB IO
HalpaBJeHHI0 ocel KOOpIUHAT X, I, 2 B CE€4eHHH OrpaKieHHs,

B cTpoutesipHoii TemnoTeXHHKe OGBIMHO OrpPaHHYWBAIOT-
‘Csl pacCMOTPeHHeM ABYXMEPHBIX TeMNepaTypHHIX mnoJefl.
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Pewenne ypasuenHs (II1.2) caoxmee wem (IIL.1) pos
OHOMEpHOro moJis. AHajHTHYecKHe Meronmt [24, 36, 41]
3€Ch MOTYT GBITb HCNOJIL30BaHBl [Jisi OTPaHHYEHHOro Kpy-
ra 3anay. Ho oHH npeAcTaBislOT MHTEpeC B CBSI3H C BO3-
MOXKHOCTBIO TIPABHJIBHO yYECTh BJHSIHHE OCHOBHHIX (haKTo-
poB, GopMupyIOIKX NPOCTEHLIHE TeMNiepaTypHbE MNOJs, U
NpUGJHIKEHHO NPOaHaJH3WPOBATh OCHOBHBIE CNIyYaH CJIOXK-

7 2 3
/44/_\
I i ’/“:/5/

Wi /

X 7 - 5 f}% )
>/

7,
v
77,

Puc. 1111, Yuactku opmuposauusi nsyxmepueix (I, 2, 3, 4) u Tpexmep-
upix (5, 6, 7) TeMnepaTypHHIX MoJjiefi B HAPYXKHBIX OTPAXKICHHSX 3[aHHSA

HOil TelJjionepefayd B OrPaX<[EHHX H 3JEMEHTaxX OTOMNH-
TeJbHO-OXJIAIUTEJbHBIX CHCTEM.

Ilnst GoJbLIMHCTBA CJydaeB, KOTAa Hapsily C AByXmep-
HOCTbIO NPHXOAWTCS YYHTHIBATh HEOJHOPOJAHOCTb CeYeHHs
orpaxieHHil W CJOXHBIC IpaHWYHBIE YCJIOBHsI, aHaJHTHYE-
CKHe MeTOJAB HEeNpHMEHHMBI, H JUIsi PElieHHsl HCHOJB3YIOT
NpHOMHKEHHble YHCEHHEE MeToAb [24,43], KoTopHie oGec-
NEYHBAIOT €ro HOCTATOYHYIO TOYHOCTD.

Metop cyneprno3mumM

CymnocTb MeTORa CyNepHno3HUMHM (Hji¥ METOAa HaJo-
3eHUst) B oflueM Bue MOXHO copmyJHpoBaTs [48] Tak:
eCJIH TeMnepaTypHble ToJist B HCcJieayeMoil 00/iacTH, BO3HH-
KalolllHe Noj ACHCTBHEM TEMJIOBHIX BO3JEHCTBHH Ha ee rpa-
HMIAX H B caMoii 06Ji1aCTH, ONHCHIBAIOTCH JIHHEHHBIMH ypaB-
HEHHSIMH H JIHHEHHBIMH rpaHUYHBIMH YCJIOBUSIMH, TO TeMIe-
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PaTypHble MOJisl, CO3AABaCMBle OTAENLHBIMH  TENJIOBBIMH
BO3/ICHCTBHSAIMY, OKa3bBalOTCS HesaBucumbiMH. IlpH sTOM
pesy/ipTHpyIOUlee TeMIepaTypHOE IoJie SIBJASETCA CyMMOIi
rnoJiedl, BO36YKAaeMbIX B 06J1aCTH OTHEALEBIME TeMJIOBbIMI
BO3ICHCTBHAIMH.

Pewenne cioxubx aByX- H TPEXMEPHHIX 3azay Ten.Jao-
TIPOBOZHOCTY B HEKOTOPHIX CJyY4asiX MOXKET OBITb CpaBHM-
TE/IbHO JIETKO MOJIYYEHO METOAOM CYNepHO3HIHH ~— CYyMMH-
DOBaHHEM TNPOCTHIX pELIEHHH, COOTBETCTBYIOHIHX YaCTHBIM
CocTaBJsomuM ofiuell 3agaun. B caydae ecin ycsioBusi va
I'paHHNax, MPHHATHE AJS pEUIeHWs YaCTHBIX COCTABJISIO-
LIAX, B CyMMe NanyT rpaHHYHbBle YCJOBHsA o6miefi 3amaum,
TO H CymMMa 4YaCTHBIX pelieHH#l nact ofuee peleHHe. Bh-
HOJIHHTL 3TO He BCerna ynaercs. OfHAaKO BO MHOTHX CJiy-
yasiX, 0OCOGEHHO KOrja YCJOBHs Ha TPaHHLAX OAHOrO pona,
3Ta 3aBHCHMOCTb COGJIIOAAeTCs, TOTJAa 3HAUNTENBHO YIpO-
IIAETCH pelieH e MOPOH OYEHb CJIOKHBIX 3a[avy.

TemnepaTypHble MO/ CJIOKHBIX 3JIEMEHTOB KOHCTPYK-
nuit GopMHpYOTCS Tox AelCTBHEM psna npocTeHIIHx yc-
JIOBHl W SIBJICHHUI, HEKOTOpHIE W3 HHX MOryT OBITb NpHBE-
ACHBl K H3BECTHHIM, XOPOLIO HCCAELOBAHHBIM  3ajmauam
Tenyonepenayn. 10 OGCTOATENBLCTBO INO3BOJISIET LIPOKO
TI0/IL30BATECS B CTPOHTEJBHOH TEMVIOTEXHHKE METOOM cy-
NEPMO3ULHHE. JTHM METOLOM MOMKHO PaCCUHTATH TEmIoMNe-
bPenauy sjieMeHTa B BHAE pe6pa, NPHMBIKAIOIETO K Hapyx-
HOMY OTPaN[EHHI0 WiW HarpeBaTeJbHOMY mpuGOpy, npwu
PaSHHIX yCJIOBHSIX TEINIOOGMEHA Ha ero NOBEPXHOCTHX, Ofl-
PCOEJHTL CJIOXKHOE TeMIEepPaTyPHOE MHOJe CeueBUs Hapyx-
HOW CTEHH B 30HE OTKOCA OKOHHOTIO npoema (Toacrtoe pe6-
PO), a Takxe HallTH NpHBeeHHOe CONPOTHBJICHYE TeNJione-
penaye COXHOH KOHCTPYKLMH, PEIHTh CNOXKHBE 3a1aun
HECTanHOBapHOH TEeNJONPOBOMAHOCTH H T. J.

ITupokne BO3MOKHOCTH MeTOfa HaNOKEHHs NO3BOJSIOT
B NajibHeHllieM 3ajayy CTanuoHapHON Temjonepenayy vye-
PE3 pealbHbie Orpa)cAeHHsi PacCMaTPHBaTh KaK 3ajauy pac-
“WICHEHHS CJIOXKHBIX TEMJIOBBIX CHCTEM Ha MHPOCTHE M Xa-
PAKTEPHbIC SJEMEHTHl K MOJYYEHHs! NSl HUX pelIeHnii B
obuieM BiZie ¥ B ONHHAKOBOI dopwme.

MakTop hopmsl

Jliis KOHCTPYKIMY HeKOTOpBIX COBPEMEHHBIX 31aBHI, Kak
GBUIO CKa3aHO, XapaKTepHH CIOXKIast TEOMETPHSI ¥ Heox-
HOPOAHOCTb CeueHusl. PasMepsl nmomemeHns B Mafe u poi-
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coTa 3Taxkell OObIMHO HEOGONBHIME, YacThl MecTa HNpPHMBIKa-
HUsl BHYTPEHHHX KOHCTPYKUMI K HapyXHHIM cTeHaM. Ilno-
1lajb HAPYXHOH CTEHBl CKJIAIBIBAETCS H3 Y3KHX MEKOKOH-
HBIX NPOCTEHKOB, NMOAOKOHHON H HaAOKOHHOH uacteil. Pe6pa
H obpamJieHus NaHenell cO3AAIOT B TOJIIE TEIJIOH30NHPYIO-
LIEr0 CJ0sl OFPaKAeHHs TelJIONPOBOIHEE BKJIOYEHUS.

ITpu Bcem MHOroo6pasuu GOPM ¥ KOHCTPYKTHBHBIX pe-
LIEHH HAapPYXKHBIX OTPa)KIEHWH B HX CEUEHHSIX MOKHO BhI-
IeJIUTh OJMHAKOBHIE 3JIEMEH-
Thl, B KOTOPLIX HapyLIaercs of-
HOMEPHOCTb TeMIlepaTypHOro
nonist (cm. puc. I11.1). B ce-
YEHHH HAapYXKHOI CTeHHl Xa-
pPaKTepHEIMH B TENJOTEXHUYE-
CKOM OTHOMIEHHH SIBJISIIOTCS
clieyuige 3JeMeHThl: OTKOC
OKOHHOTO NnpoeMa, Hapy:HHIH
yrod, CTHK ¢ BHYTPEHHHMH
OrpaxkJieHUsIMH  TOMeLleHHs,
TENJIONPOBOJHEE BKJIOUEHHS. "
JIByxMepHble TeMnepaTypHbE
NMOJIST 3THUX SNEMEHTOB HMEKWT Puc. I1L2. Oproronansuas
CJIOXKHYIO KOHq)HPyan.HlO, KO- CeTKa KpHBOJHHEHHBIX KBaj-
Topaﬂ Oﬂpeﬂ,e.ﬂﬂeTCﬂ reomMmert- PaTtoB B CE€YEHHH OrparKaACHUs
puueckoil opmoil ceueHus, 5T hapkbecan it b
COOTHOUIGHHEN MPOBOAMMOC.  Torby genns; 5= mycha, Toue
Tel OTAeNBbHBIX €ro yacteil u ’

YCIOBUSIMH TelJIooOMeHa.

Tennoo6veH Ha NOBEPXHOCTSIX MOXKET OHITH NMPHOMHKEH-
HO yuTeH MNpPH pacyerTe TeMNePaTypHOTO MNoJs BBEIEHHEM
SKBHBAJNEHTHHIX O COMPOTHBJEHHIO TeMJOOOMEHY CJIOEB.
Torna ocobGeHHOCTH TeNJionepenayd Yepes OTAENbHBIE 3Jie-
MeHTHl 6yner cieacTBUeM (TPH BBLIEPIKHBAHHH COOTHOMNIE-
HHII TPOBOAMMOCTEH OTHENBHBIX uacTreil) TONBKO KOHGQHrY-
panuneH ceyeHus.

Tennonepenauy yepes ciOxHblE 3JEMEHTH Orpa)kaeHHs
yA0OHO XapaKTepPH30BaTh C NOMOLIbI0 TaK Ha3bIBaeMOro
¢dakropa dopmbl. Meros onpenenenusi pakropa GopMeL Oc-
HOBaH Ha CBOHCTBAX OpPTOTOHAJIBHOH CETKH, 0O6pa30BaHHOIN
JIHHHSIMH TOKOB TellJla U H30TepMaMu B CEYEHMH oOrpaie-
Husl. B opToronanbHOf ceTKe KpHBOJMIMHENHBIX KBaipaToB
(puc. 111.2) B mpenenax KaIoro KBajapaTa CpelHee pac-
CTOSIHWE MEXKAY H3oTepMaMu Al; paBHO CpeliHeMy paccTosi-
HHIO MeXIy JIHHHSIMH TOKOB Temya Alg(Aly==Aly).
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B Takoi ceTKe NOTOK TeNsa B «TpybOKe», o6pa3oBaHHOM
JABYMSI JIHHUSIMH TOKa TeNJa, PaBeH:

8Q =10t = o (1w —1), (I11.3)

rie Al —nepenmaj TemnepaTyp MeXAY COCEAHHMH H30TEpMaMH; T
H Tp-— TeMNepaTyphl Ha rpaHulax o6JacTH; A — UHC/IO HHTEPBaJIOB
MeX1y H30TepMaMH (YHCJIO H30TEPMHYECKHX IOJIOC).

Ecnu uncno Tpy6ok TOoKa (HHTEPBaNOB MEXKIY JIHHUSIMH
TEIJIOBBIX MOTOKOB) B mpenenax paccMaTtpHBaeMoll oGJia-
C€TH 0603HauuTh yepes b, To obuiee KoJiHUeCTBO NMPOXOAS-
HIero yepes Hee TemJja

B
Q=" h(m—1). (111.4)

M3 ypaBrenuss (II1.4) cnenyer, uto kosdduunent mpo-
BOJUMOCTH TeMla KaKoH-TO 06JiacTH (WacTu OrpaxkaeHus)
pagBeH:

K. b A
=" (111.5)

OtHoutenne B/A — reoMeTpHuyecKuii mapamerp, xapak-
TEPU3YIOWIMH NPOBOAUMOCTh 00JACTH ONpeneseHHON KoHbu-
Typaimu.

FeomeTpHuecKkue pasMephl ceyenuil B OrpaxneHud yaob-
HO H3MepSTh TOJLHHAMH OCHOBHOH KOHCTPYKIMH Orpamie-
HHsL (B Kanubpax). B cnyuae omHoMepHOro nosst fJas 06-
JIaCTH CTEHbl UIMPHHOH MO MNMOBEPXHOCTH B ONHH Kaaubp
OoTHOHIEHHe B/A paBHO efMHHUIlE, NpU MIHPHHE B ABA KaJaub-
pa b/A paBnO aByMm H T. A. Jlis nByXMepHO#i 06sacTu 3TH
BEJIHYMHBI OKasbiBaloTcsl APyruMu. OTHouleHHe reoMeTpHye-
CKHX TMapaMeTpOB ABYXMepHOH H ofHOMepHO#H o6sacTell npu
ONHHAKOBOH LIMPHHE 110 NOBEPXHOCTH H HazoBeM (aKTopom
dopMelL.

B KOHCTPYKIMSIX OTPaKAEHUSI YIJIbI, CTHIKH, OTKOCH BbI-
3HIBAIOT HapylleHHe OJHOMEPHOCTH TeMIEepaTypHOro MOJSsL.
IIpoTsizkeHHOCTh 30HBI HapYHIEHHS] OOBIYHO He BBHIXOLMT 3a
npenenbl AByX Kaju6pos. IloatoMy mjsi XapaKTepHHIX aJie-
MEHTOB orpaxzenusi ¢paktop ¢GopMmul [ GyneM onpenessite
JUist HIMPHHBL 110 NIOBEPXHOCTH B JiBa KaJsubpa:

B/A

= 5 (111.6)

rae B/A — oTHollenne uHCna TPyGOK Toka K WHCAY W3OTePMHYECKHX
TNOJIOC B OPTOTOHAJbHOH CeTKe KPHBOJIHHEHHBIX KBAIPaTOB ABYXMEDHOrO
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TeMIEPaTyPHOTO TOJst XapaKTepHOro sJeMeHTa WIHpHHOH IO MOBepXHO-
¢ B ABa KanuGpa; 2 —TO e, OTHCLIEHHE AN OAHOMEPHOrO TEMIIe-
paTyPHOrO TOJs MPH OAMHAKORON WIHDHHE MO TNOBEPXHOCTH B ABA Ka-
Jsubpa.

®dakTtop opMBl NOKa3HBAaeT, BO CKOJBKO pa3 HaMeHs-
eTcsl MOTOK TeNJja yepe3 JABYXMEPHVYIO 06JacTh IO cpaBHe-
HHIO C OJIHOMEpPHOil MPH NMPOYUX PABHHX YCJOBHSX.

Jnist orpaxneHuil (B TOM yHc/ie U MHOTOCJHOHHBLIX), HMe-
IOIHX KOHEYHble 3HAYEHHS] CONPOTHBJEHHs TeMjoobMena,
3a KajuGp ymoOHO NPHHSTH YCJIOBHYI0 TOJIIMHY 3KBHBa-
JIEHTHOH OJHOPOIHOH CTEHKH, HMeloulell CONpPOTHBJIEHHE
TEIJIONPOBOIHOCTH Ry, paBHOE CONPOTHBJIEHUIO TeMJonepe-
Jfaye OrpaxeHHs, H TEIJIONPOBONHOCTE A, PaBHYIO TEMJO-
IIPOBOIHOCTH TEMN/IOH30JSIIHOHHOIO MaTepHalia OTp aXAEHHS.
Kamu6p (yclioBHasi TOJIHHA) TaKOil CTeHKH paBeH ARy.
Hlupuna B ABa KanauGpa, KoTopasi NpUHHMAaeTcs TPH ONpe-
nenennu ¢daktopa ¢opMmbl, paBra:

a, = 2\R,. (11.7)

Jlast yryia 0 cThlKa B OTJIHYHE OT OCTaJBHBIX 3JeMeH-
TOB orpaxjeHusi (aktop (opMbl MOmKeT OBITb BBIUYHCJIEH
OTHOCHTEJbHO BHYTPEHHEH HJH HAPYXHOH NOBEPXHOCTH.
TemnepatrypHoe noJie aJsi onpefesieHusi ¢dakropa QopMb
CTPOSIT YHCJEHHBIM, rpadHyeCKHM METOIOM, pacueTroM Ha
SBM uiM HCMOJIB3Ysl METOJ JEKTPOTEINJIOBOH aHaJIOTHH.
B nocnennem cayuae ¢akrop ¢GopMbel Moxker OHITH OIpe-
JleJieH HENMOCPeACTBEeHHBIM H3MepeHHeM  CONPOTHBJICHHS
(NpOBOAMMOCTH) 3JIEKTPHYECKOH MOJEJH 3JE€MEeHTa Orpax-
JIeHHSI, BHINIOJHEHHOH B BHJE CETKH WJH IeOMeTPHYECKOro
aHaJora.

Tennonepe.qaqa yepes XapakrepHble InemeHTbl orpaxkpeHus

Temonepenaua uepes orpaxkpeHue ¢ mpoemoM. Otkoc
okoHHOro mpoema (puc. 111.3,a) moxHO npepcTaBUTh KakK
TOpELL TOJCTOrO pedpa ¢ 3KBUBAaJIEHTHEHIMH TO Temnsoobme-
HY CJIOSIMH Ha TOBepPXHOCTSIX. Temmnepatypbl TaKoro Topua
H BHYTPEHHEH MNOBEPXHOCTH CTEHBH paBHBI TeMIlepaType
noMewenusi. ITo ocH 3anoJiHeHHsT OKOHHOTO fpoema (BTOpas
60KoBasi NMOBEPXHOCTh pefpa) 3amaHa TaKxXe IOCTOSIHHAA
TeMIepaTypa, paBHasi TeMIepaType B 5TOM CEUEHHH OTrpax-
IeHHs1 Ha TJaiu CTeHB. 3ajauy MOXHO PEUIHTh METOLOM
cyneprnosuiid. Ha puc. II1.3,6 nokazana ofuwasi nocra-
HOBKa 3ajlauM, OHA pacujieHeHa Ha ape Gosiee npoctble: /
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(puc. I111.3,8) u 2 (puc. II1.3,2). V3 paccmoTpenus ycJio-
BHH A7 3allay 1 M 2 BUIHO, UTO OHH Y/OBJETBOPSIOT Tpe-
GoBaHHIO METOAAa CyNMeprno3UUHH, TaK KaK CyMMy TeMmIepa-
TyP, 3aflaHHBIX Ha rpaHuuax B 3azave 1 (£;) u 2 (¢2), paB-
HBl TeMmepaTypaM ! Ha 3THX TpaHHuax B ofuieft nocra-
HOBKe.

JeficTBUTeNIBHO:
£ (x,0)+F Ly (x,0) =1 (x,0);
tl (0, y)+t2 (01 y)=t(0y !/); (HI'S)

tl x,0)+ £, (x,8) =1 (x, ).

Ha rpanuue x—oco BO BCeX TPeX cJyyasix 3afaHO ye-
JIOBHE, YTO TEMJIOBOH MOTOK OTCYTCTBYET.
PemeHHe 3agaun 1:
___tl(x' I/)_tl (xvo) _y_

| = —

bi(x, 8) —t (x,0) &
Peulenne zagaun 2:

(111.9)

t2 (xv y) _t2 (O! 6)
£,(6,0) —1£,(0, 8)

2 031 sin (nrny/8)
= L—— (I11.10)

27 nai;

ne 6
CyMMa 3THX YacTHHIX De3yJbpTaToB faeT ofllee petile-

HHe 3ajayH. TemneparypHoe INlojie B CEUeHHH OTrpaiKieHus
OKOJIO OTKOca NocTpoeHo rpaduuecku (puc. 111.4). Ha pu-
CYHKE JaHbl KPHUBBle OTHOCHTEJIBHbIX H3OLITOYHHIX TeMmIlepa-
TYD:

_t(x»y)—.{(xr 0)

T H(x,8) —t(x,0)

B NOJie ¢ OTHOCHTEJbHBIMH KOOPAHHaTamu x/6 u y/d.
Hsotepma to=1£(x, 0), coBnazgaoas ¢ ochbio 3an0JHEHHS

OKOHHOIO TIpoeMa, INPOXOAUT MapaJieNbHO MNMOBEPXHOCTAM

orpajieHusi, Ha KOTOPHIX 3aJZlaHBl TeMmIepaTyphl fg=const

u ty=const.

Ee BenuuHHa MOXeT OLITh OlpenesieHa W3 YpPaBHEHHS

= , (IIL.11)

riae Rn—o—COHPOTHB.ﬂEHHe TEIUIonepeaaye OT BO3AYXa NOMELIEHHA A0
OCH 3anoJIHeHHA OKOHHOTO IpOoe€Ma; Ro — ofisee CONPOTHBJIEHHE TenJo-
Repeaaue OrpaxaeHHs.
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[Totepu TemJia yepe3 orpaxJieHue ¢ mnpoemom O6o.bile
o CPABHEHHIO ¢ NMOTEPSIMH yepe3 [VIaJKyl0 CTEHY NPH OJH-
HAKOBOH HLIHpHHE MO TOBEPXHOCTH B ABa KauuGpa. Ompe-
nenuMm GakTop ¢GopMbl AJisi OTKOCa MpoeMa. B nanHoMm ciy-
yae 3a Kanaubp HaJO NPUHATH YCJAOBHYIO TOJILHHY Orpax-

JIEHHSI OT €ro BHYTpPeHHel
[OBEPXHOCTH JO OCH 3a-
NOJHEHHs] OKOIHOIO Ipoe-
Ma.

PacueTsl JABYXMEPHOTO
TeMIlepaTypPHOro TOJST Or-
paxIeHHsi OKOJIO OKHa Ha
3JEKTPOHHTErpaTope  1o-
Ka3bIBaloT, YTO NPOAOIBHOE
ceueHHe OTpamAeHus, co-
OTBETCTBYIOLIEE OCH 3aroJ-
HEHHSI OKOHHOI'O [pOeMa,
JEiICTBHTENBHO, NpPaKTHYe-
CKH COBINafiaeT C H30Tep-
moit. K3 aTHx pacueroB
TaKxKe cjefyer, UTO CVIHe-
CTBEHHOE BJIUSIHHE HA Tell-
Jionepefavy uepe3 OTKOCH
OKAa3bIBAEeT CTENeHb ero 3a-
NOJIHEHHST OKOHHOH KOpPOG-
Koit. Ecau DpuHATH, YTO B
fpefesax TOMUIHHB OKOH-
HOH KOpPOOKH NOTOK TelJa
gepe3 MNOBEPXHOCTb OTKO-
ca paBeH HYJIO (noJHas
TENJOU30JsiLUs), TO peule-
HHe MOXeT ObITh NpeJiCTaB-
JleHo B 06OOIIEeHHOM BHjle
JJisl TIPOM3BOJIBHEIX 3Haye-
HH#t A/6(A 1 6 — TONMMIHHBL
(cm. puc. IIL3,a) coort-
BETCTBEHHO OKOHHOH KO-
pOOKH U OrpamieHusi OT
BHYTPEHHEH ero MoBEpPXHO-
CTH O OCH 3alOJIHEHUSs).
Pesysprar aHaJIHTHUECKO-
TO pelleHHsi, NPUBE/IEHHEIH
Ha pHc. 1114, siBAsieTcst
YacTHBIM cayyaem (A/6=

a = ty

T
1
z Y X
e e s
OxotHsIg S
omrec 4 (QJ {
4 @ i
) tg tix0)=¢, *
S T
=
= <
18 Y e R—
g | e T
Lix0) -ty X

g
e 8-24)

tg Lp(X,0)=1g x

=S
2 <
-y

2,(x.0)=0

Puc. I11.3. Peliilenne sagauu TtenJo-
nepeiayn 4yepe3s OKOHHBIHL OTKOC B
HapyXHOH cTeHe

a — cXeMa Orpay<IeHHs ¢ NpoemMoM; 6 —
ofllasi MOCTAaHOBKAa 3ajayH, 8 W & — pac-

UNeHeHHe ee Ha pgBe yacCTHble COCTaB/fA0-
wHe

80
0 0204 06 08 1 124 161/

— 8-a1

NN fmm——

NN {

08 — a8 1‘
09

1 ! 3
y/d‘ B=1

Puc. 111.4. TemnepatypHoe moJe mno-
JIyOrpanHueHHOTO  TOJICTOro pebpa
(oTkOCa  mpoeMa) €  pasHBIMH
TeMIepatypami GOKOBBIX MOBEPXHO-
crelt
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=0) o6uiero peuienusi. HaunGosee yno6HO pe3ysnbTaThH
pacueToB 06061HThL ¢ noMombio ¢akTopa dopmbl, Ha puc.
I11.5 nokazaHa 3aBuCHMOCTE (hakTOpa GopMH OTKOCA fork OT
OTHOMIEHHSI A/8, KOTOPYI0 MOXKHO HCIIOJIb30BaTh AJisl IPH-
6JIMKEHHOTO pacueTa TeIJIoNepefayn OrpaxieHHs ¢ OKOH-

HBEIM TIpOEMOM.
Temnepatypa Ha NOBEPXHOCTH OTKOCA H Ha TPHJIEramw-
IHX K HEMY ydYacTKax CTeHHl INPHOJHMKEHHO MOMKeT OHITh
nosyyeHa ¢ NMOMOHIBIO Trpaduka

 Jorn . puc. II1.4. Oas sToro HYXXHO OT
’ \\ ! YCJIOBHBIX NOBepXHOCTEH OTKOCa
“ N H CTeHbl HA rpad)uKe OTJIOXKHTb

. \_ | | pasmep 3KBHBANEHTHOTO TeLIO-

rF]

oOmeny ciiosi. 3HayeHue O B 3THX
ceueHusix MNpHOJHKEHHO OGyayT
COOTBETCTBOBATh  pacipeperne-
| HHIO OTHOCHTEJBHOH H36LITOYHOM
0 67 04 06 g8 4/ TEMINeEPaTypel IO MNOBEPXHOCTH
OTKOCa U CTEHHL.
Puc. I11.5. 3aBucumoctn dax- Tennonepenaua yepes or-
Topa (OpMH OTKOCa MpoeMa  paXKAEHHE OKOJIO yria. K Tos«
Zangzﬁzi’:ﬁe“gfmo; :ggﬂigg LIHHE CTeHBl n00aBJjieHbl 3KBUBA-
KopOGKoit JICHTHHIE CJIOH, HA TOBEPXHOCTHX
KOTOPHIX 3afaHbl TeMNepaTyphl
BHYTPEHHEIr0 H HAPYXKHOTO BO3-
nyxa. TemnepaTtyproe nose yria B Buze OPTOTOHAJIbHOM
CeTKH KPHBOJIMHEHHbIX KBafpaToB H306paxeHo Ha puc. I11.6:

12

! N

~
.,.
|

0 = (x/8; ylo). (111.12)

Has HapyxHOro yraa ¢axrop ¢opmbl fy. (oTHeceHHBIH
K HapyXXHOM NOBEPXHOCTH OrpajKIeHHst), KaK CJefyeT M3
Pacuera TemneparypHoro nosst (puc. I11.6), pasen:
fyr=bB/A-2 =§'—8= 0,68 (I11.13)
5.2
B rnpenenax paccTosHus, paBHOrO AByM KauauGpam oT
yryla OrpasKA€HHsi 1O €ro BHeHUIHell IIOBEPXHOCTH, Telja
TepsieTcsi Ha 32% MeHbllle, UeM Yepe3 TaKyIO Ke MJIOWLAMb
no ryiazu cTeHbl, PakTop (HOPMbI, OTHECEHHBIH K BHYTPEH-
Hell OBEPXHOCTH yIiia, paseH 1,18. 310 3HauuT, yTO Yepes
niowajile B ABa KaJHOpa BHYTPEeHHeHl MNOBEPXHOCTH OKOJIO
yrna tepsiercsi Ha 18% Temua Gousblie, yeM uepes Takyio
XKe NJIOHIaAb O TJagd CTeHbl.

126



[Ipu TenJOTeXHHYECKOM pacyeTe Orpa)K[eHHsi BaxkHO
MPABHJBHO OMpPEJENHTh TEMOEpaTypy Ha BHyTPeHHeH Iio-
BepXHOCTH HapyxHoro yraa (puc. II1.7). Kpusag 2 Ha pH-
CYHKE TNMOKa3blBaeT H3MeHEHHe OTHOCHTEJBHOH H36BITOUHON
TeMINepaTyprl No ocu yria. Ha 317oM xe rpa¢uke nposene-
Ha TpsiMasi JuHHs I, COOTBETCTBYIOIlasi H3MEHEHHIO TeMIle-
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Puc. II1.7. Uamene-
HHe OTHOCHTEJHHON
u3OBITOYHOII ~ TeM-
nmepaTypH B  ceye-
HHY  OTpaXXJAeHHA
Ha ero ryaps (1)
H TO Xe 10 OCH yr-
na (2)

3, 4 — pacueTHBIe KpH-
BLIE NPH aB Ha BHYT-

peHHell  mOBEPXHMOCTH
yraa, Br/(m2-K)
[xkan/(M-y-°C)], coot-
BETCTBEHHO g,l () un

I
|
0 02 o4 06 08 1 12 14 16

i

Puc. I11. 6, OpToroHanpHas ceTKa H30TePM H JIHHHH TOKOB TelJia B Ce-
YEHHH HAPYXKHOrO Yrila ONHOPORHOTO OTpa)JeHHs

paTyphl MO CEUeHHIo Ha IVIajH CTeHHl, B yAAJEHHH OT yrja.
PasHocTh OpAMHAT JuHUE ] U 2 nosBoJisieT ONPEAENHTE TO-
HUXKEHHE TEMNepaTyphl B yIJy OTHOCHTENBHO IVIA[H CTEHbL.
PesysibTaThl TOYHOrO pelueHusi, nogyyeHHsle K. @, ©OKUHBIM
METOJOM 3JIEKTPOTENJIOBOH aHaJOrHH NpH Koa(dHUMeHTaxX
TENJI006GMEHA Ha BHYTPeHHeH NMOBEPXHOCTH B 30HE YIJia Op=—
=8,1 (7) (xpuBas 3) u ap=>5,8 (5) (xpuBas 4), HaHECEHHI
Ha rpaduk puc. IT1.7. Kak BuaHO u3 pHCYHKa, NPHOIHIKEN-
HOE pelleHHE HAaeT Pe3yJbTaThl ¢ HEKOTOPHIM 3alacoM.
BespasmepHoe TemnepatypHoe mnose Ha puc. I11.6 cnpa-
BEJLJIHBO TaK¥Ke Jisi BHYTPEHHETO yrJia HapyKHOrO orpaxie-
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HHSI, BAAIOHIETOCS B rnoMelieHne. Temyonorepu B 30He BHYT-
PEHHETO yrJyia, OTHECEHHBIE K HAPYXKHOH NMOBEPXHOCTH B ABa
Kanubpa, OKasbIBAIOTCSI B JJAHHOM cJiyuae 6oJbHIe, YeM Ha
rajd creHdl, B 1,18 pasa (dakrop ¢opmm pasen 1,18).
®daktop ¢opMbl, onpefesieHHbI OTHOCHUTEJIBPHO BHYTPEHHERH
noBepxHocTH, paBeH 0,68.

a¢=230‘,

S
23

g

[~ 05
G4

T

oc=22Ry 03 Puc. IIL.8 Op-
: TOTOHAJbHAS
&, ceTKa  H30TepM
& 02 ¥ nMuMii TOKOB
TellJla B CeYeHHH
CTHIKa onHo-
POLHBIX HapyX-
HOHt H BHYTpeH-
607} %/2 ~ Hefi CTeH WpH
. 01 8,8, =2

! 16 Puc. II1. 9. I'paduk 3a-
7 A BUCHMOCTH  (haxTopa
£l QopMul CTHKa fer OT
i oTHoLleHHsT §/8,
» 2 7";3\- he 1— no Hapyxuomy obme-
, pY:; 2—TO 3Ke, MO BHYT-
| : 1 penHeMy; J3—mno mIagH
0 '3 E T CTeHbl C YYeTOM TOMIIHHD!
[eperoponKH

49

a7

Tenyionepenaua uepes orpaxjaeHue B 30HE cTbiKa. CTHIK
obpasyercst IPH IPUMBIKAHHH BHYTPEHHUX KOHCTPYKUMH (Te-
PETrOpONOK, NepeKpHITHH H AP.) K HAPYRKHOMY OTPaXKAEHHIO.
Tennonepepauy CThiKa pPacCYMTaJH HA 3JI€KTPOHHTErpa-
TOpe AJisi OAHOPOAHOH OONACTH ¢ rPAHUYHBIMH YCJOBHSIMH
1epBOro poAa JJIsi OTHOLIEHHS! TOJHIMHBI NEPETOPOLKH 82 K
ToJiuHe cteHbl 8;(82/81), paBroro 2 (puc. 111.8). Tlomo6-
Hble TeMIlepaTypHble NOJs NOCTPOEHbl MJISl APYTHX OTHOILIE-
HuE §2/8; 1 10 HUM onpeneseHsl GaKkTopbl GOPMBI CTHIKA fcr.
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Ha puc. 111.9 nokasaHa 3aBRCHMOCTb fcr (M1 ABYX KajuG-
pOB B OJHY CTOPOHY OT OCH CTHIKA 110 HAPYXKHOH U BHYTPEH-
Heil TIOBEPXHOCTSIM OTpaxjeHus) or 82/0;.

ITo TemnepaTypHbHIM MOJSIM 06JACTH OZHOPOLHOIO CThi-
Ka MOXHO NPHOJHXKEHHO ONpPEefeNUTb TEMNepaTypy BHYT-
peHHell OBEPXHOCTH YIila CTHKA fcr. PelieHne mist onpene-
JIeHUsI 3TOfi TeMIepaTyphl NPUBEEHO B BHIE 3aBHCHMOCTH

Ig-T
8= 8 -tem
tg-ty

Sl
/A

Puc. I1L.10. Vismenenne oTHOCH- a3 7, Ol
TeJIbHONH H3OLITOUHON TeMIlepaTy- / //Qfé
pBl B CCUEHHH OTpaXAeHHs MO 02— ,/

ero raaau (/) u no ocu yrJyia co- /4 //
MpsXXeHHs HapyXHOH H BHYTpeH- 1/4

neil CTeH NMpPH Pa3HbIX 3HAYEHHAX o

 85/61; mymxkTHpom — 1o [36];

nHdpb! Ha KpHBBIX — 8:/6;

a1 02 03 04 Re/Fp

OTHOCHUTENBHOH H3GHITOYHOH TeMNepaTyphl B YIay CTHIKA
(ua puc. I111.10):

Bcr = F (82/81; RulRo). (111.14)

Ha pucyHKe RONOJHHTENBHO HaHECEHHI KPHBHIE, NMOCTPO-
€HHble MO AAHHBIM aHajguTHyeckoro peurenust A. A. Canne-
pa [36].

MartepHan neperopoioK, Kak IpPaBUJO, OTIHYAETCS OT
matepuana creH. [loTepu Tensa BAOJb NEPEeropoJKH BO3pa-
CTAIOT MPONOPLHOHATBHO KBAaJPAaTHOMY KOPHIO H3 OTHOUIE-
HHSl 3HAUYEHHHl TEMJONPOBOJAHOCTH MaTepHajla NEePEeropoAKH,
eCJIH He YYUTHIBATH (PAKTHYECKHX H3MEHEHHH TeMIepaTyphl
CTHIKA NEPEropoAKH C HAPYXKHOH CTEHOH B YCJIOBUSIX ABYX-
MEPHOro TEMMNEepPaTypHOro noJist HeojHopoaHoro ceueHusi. Ha
3JIeKTpOMHTErpaTope GBI pelleH psij 3ajay 1o onpeaene-
HHIO TEMIIEPATYPHOrO MOJS CTBIKA CTEHBI C NMEepPeropoikoi
npu 8/6;=0,5 H pa3nnuHO# TENJONPOBOAHOCTH MaTepuHala
neperopofky. AHanu3 pe3yJabTaToB IN0OKa3aj, YTO H3MeHe-
HHE TETMJIOMPOBOAHOCTH MaTepHasia Neperopoiku B HIHPOKHX
npefeiax NPaKTUYECKH HE BJIMSIET HA TEIUIONOTEPH H fer OC-
Taercsl mouTH Heu3MeHHbIM (puc. II1.11). Bosmymaiomee
BJIMSIHHE H3MEHEHHS TEIJIONPOBOAHOCTH MaTepHajia Mmepero-
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POJiKH Ha Telulonepesayy 4Yepes HapYKHYIO CTeHy NPakTH-
4YeCKH HEOLIYTHMO.

Tensonepenaua uepes orpaxkieHde ¢ TEMJIONPOBOAHBIMK
BKJIKOYEHusIMH. Jljisi KOHCTPYKUMEl € TeNJonpoBOAHLIMH
BKJIIOYEHHSIMH XapaKTEPHO CJIOXKHOE TeMIlepaTypHOe moJje
ceyeHHs1 orpaxaeHus. B 30He cTbIKa MexAy TeNJIOU3OJSIIH-

g

o T Puc. IIL!l. Pacnpesesenye oTt-
/ HOCHTEJBbHOK H3OLITOYHON TeMEe-
a6 y paTypel B CeUEHHH HApyXXHOrO
Y OrpakAEHUs TIO OCH NeperopoakH
L l OpH pasHbIX 3SHAYEHMAX TeINIO-
84 : NPOBOJAHOCTH MaTepHaJIOB nepe-
1 4/5 TOPOAKH A, H OrpamIeHHs M
I ) ans 62/6,=0,5
7,
7 I—e onuoponuoM cToiKe {(Ay=3Az); 2—
e B HeopuopomHoM cThike (A;=0,61.);
0 3 — B CceyeHHHM OrpaXKzeHHsi Mo ero

67 G4 g6  QBR/R, TAAmH

OHHBIM Ary M TEIJIONPOBOAHBIM Arp MAaTEPHAJOM BO3HHKA-

€T IByXMepHoe TeMnepaTtypHoe mnoje (puc. IT1.12).
Temnepatypa Ha BHYTpeHHell NTOBEPXHOCTH OTPazKAEHUs

HU3MEHsIeTCSI OT Tp Ha IVIA[M TEIJIOH3OJISIIHOHHOIO MaTepHa-

25:23% I Puc. I11.12. Us-

¢ [ MeHeHHe TeMme-

il o ¥ paTypH B ceue-

11, T N N < I HUfX B 0O To-

i 11 4” &l e 2! BEPXHOCTH  Or-
AN

. 1 /i %%% 7 He MEeCKBO3HOro
A A Tp< T W@ T T TeIIONPOBOAHO-
g . ro  BKJIOYEHHS,
_____ PACIOJIOKEHHOTO

S o - N OKOJIO BHYTpEH-

e b Helt TOBEpXHO-

CTH Orpaxienus

J1a BJAJH OT CTHIKa A0 TeMINepaTypH Tr BAaJIH OT CTHKA HA
rJ1ajd CEYeHHs C TEMJIONPOBOAHBIM MarvepuajioM. PasMep
TENJIONPOBOAHOrO BKJIOUEHHS OOBIYHO MEHbIIe 30HHl BJIHS-
HHSI CTBIKa, MI03TOMY TeMIepaTypa NMOBEPXHOCTH BKJIOUEHHUS
OTJIMYAETCH OT Tq.

st pacuera TeMIlepaTyPhl Tx Ha BHYTpPeHHEH MOBepx-
HOCTH BKJIIOUeHHSI OOLIUHO NOJB3YIOTCA KO3 duIiHeHTOM
Dexn — OTHOCHTEJNBHOH H3OBLITOYHON TeMNepaTypoH:

Tp —Tx

0 =——, I1.15
e = 2 (111..15)
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On nokaswiBaet, Ha Kakyl1o J0JI0 OT nepenana ty—71ir No-
HHXXaeTCcst TeMIepaTtypa Tx Ha NOBEPXHOCTH BKJ/IOYEHHA OT-
HOCHTEJILHO Tp. BeJnuuHa Opgry 32BHCHT OT 3HauYeHUui Temyo-
MPOBOJHOCTH MaTepuajla CTEHbl H BKJIOYEHHH, OT CONPOTHB-
JIeHHs TeNJIOBOCNPHUATHIO H TENJOOTAa"Y€e, HO B OCHOBHOM OHa
onpepeJyifieTcs COOTHOLIEHUAIMH pasMepoB BKJ/IOUEHHSA H CTE-

t,=-30°C
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Puc. 111.13. OproronanpHasi ceTKja H30TEPM H JHMHHH TOKOB Telsa B cede-
HUH OrpakKAEHHs C HECKBO3HBIM TEIJIONPOBOAHEIM BKJIOYEHHEM Ha BHYT-
peHHeli NoBepXHOCTH Orpaxjenus npu afb=1 u ¢/b=0,25

I — oproronajbHasi CeTKa H30TEPM M JHEMM TOKOB Temuda; I/ — pacmpenenenne
TeMnepaTypel Ha BHYTPeHHeil NOBEPXHOCTH OTpaxjeHwus; LH(PBHl HAa KPHBBIX —
TeMnepatyphi, °C

ubl. HanGonee npocteiM siBsisieTcsl cayuaii, korfa pe6po u3s
TENJIONPOBOAHOTO MaTepHaja YacTHYHO HJIH NOJHOCTBIO
npope3aerT MaJIOTEIUIONPOBOJHYIO TOJILY OCHOBHOH KOHCT-
pykuun (puc. 111.13). Jlnst HecKBO3HOrO BKJIIOYEHHS, paclo-
JIOXXEHHOTO C BHYTPeHHefl CTOPOHBI OrpaxJeHusl, XapaKrep-
HEIM fIBJISIETCA TO, YTO BEIHUHHA Opxy OKA3BIBAETCHA B OCHOB-
HOM GoJiblile €IHHMIL H TEMIEPATYPa T HUXKE Tr.
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Ha puc. 111.14 npuBefent kpuBhle u3MeHeHHS! Ogxn OT
OTHOCHTEJIbHBIX (K TOJMILE Orpax<JieHust b) pasmepoB BKJIO-
denus c/b u a/b. Kpusbie UMEIOT MaKCHMYM, 3HAYEHHs KO-
TOporo teM 6oJblie, yeM MeHblue ¢/b. YMenbiienue cfb cBsi-
33HO ¢ NMOHHIKEHHEM Tp—Tr, IO3TOMY NIPH BHAMMOM Ha Tpa-
Pure yBennueHHH Bz MCKOMasi Pa3HOCTb TEMIEPATYP Tx—
Tr yMeHblIaeTcsl. PacueTsl ¢ pa3HbIMH COOTHOLICHMAMH A
MaTtepualla BKJIOYEHHS M OCHOBHO{ KOHCTPYKUMHM NOATBEp-

Sgxn
8 fx
; N
e —
\ | 00625 I
—_————-— 7
6

[\’ 0167 {
5 r T (T
<

A 2 25 a/b
Puc. 111.14. 3aBHCHMOCTD Opxn OT reOMeTpHYECKHX pasMepoB TemIompo-
‘BOEHOTO BKJIIOYEHM 51

1 — pannvie CHuII; /I — no uestpy BKJIoueHusA; /I — png MUHHMaNbHON TeMMe-
PaTypbl Ha MNOBEPXHOCTH BKJIIOYEHHS; LHPHI Ha KPHBLIX — /8
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JIMJIH €rO BJIMSIHME Ha NOKa3artesb Osxn. PesysnbTarh, NpH-
BeneHnbie Ha puc. I11.13, moaydyensl Npu 3HAYEHHAX Op==
—8,7 (7,8); an=29,2 (20); Arx==0,116 (0,1); Arr=1,16
(1). IX MOXHO MCIOJIB30BATh JIA PacyeTa KOHCTPYKUHE C
JPYTdMH TennohH3NIeCKHMH NOKa3aTesAMH.

Yepes 30HY TENJIONPOBOJHOIO BKJIOYEHHSI NOTEPH TeNJia
GosblIe, YeM yepes ryagb crTeHb. KX yno6HO OTHOCHTB K
1 M gnues BkIOYeHHs. OTHOCHTENBHOE YBEJNHYEHHE TENJIo-
noTepb MOXKHO HaiiTu ¢ nomomsio ¢akropa ¢opMbl BKIIOYE-
HHA [pxa, KOTOPHIH ONpeNeNHM AJS HIHPHHH B B Kalu6pa
B OJHYy CTOPOHY OT OCH CHMMeTpHH (B J@HHOM cJydae ABa
kasubpa Takxe GYIEM CUMTaTh PaBHBIMH ay=2AR,, NpHHH-
Masi B 3TOM BBIPameHHH A TEIJVIOH3O0JISLIHOHHOI'O Marepuasna
OCHOBHO¥ KOHCTPYKIIMH).

Faxn =1+ ﬁ (Kz— K), (II1. 16)

rge Ki, K—KosdpHuUHEHTH TemJonepesays, pacCYHTAHHLIE COOTBET-
CTBEHHO IO CEYEHHSM TEMJIOMPOBOAHOTO BKJIOYEHHS H OCHOBHOH KOH-
CTPYKLHH; @ — UIHPHHA BKJIOUYEHHS.

JlononHuTeNIbHBE NOTEPH Yepe3 BKIIIOYEHHE B KOHCTPYK-
LIMH MOTYT GHITb HECKOJIbKO HHBIMH, YeM IPH PaBHBIX YCJIO-
BUAIX TIePEfaeT CaMO BKJIOYEHHE NPH NOJIHOH H30JALHH €ro
topuos. B ¢opmyne (II11.16) 370 06cTOATENBCTBO HE YUHTHI-
BaeTcsl.

MpuBepeHHOE CONpOTHRNEHHE TeNNoNepesayue
CNOMKHOTO OrPAKAECHHA

IloTepu Tensa yepes BCIO IUIOIIAAbL OrpaKJIeHUst BCJe]l-
CTBHE PacCMOTPEHHBIX OCOOEHHOCTEH KOHCTPYKIUMH OTJIHYa-
IOTCSl OT PACCYHTAHHBIX B NPEANOJIOKEHUH OJHOMEPHOCTH
TeMIepaTypHOro noJisi. TOYHBI pacyeT MOKeT OGBITh NONY-
YeH NYTeM NOCTPOEHMs TEeMIepAaTYPHOTrO INOJis ¢ MOMOLIBIO
9JIEKTPOMHTErpaTopa Wi ApyruM MetojoM. OpHako s
NPaKTHKH NPOEKTHPOBAHHS TaKHe PaCUYeThl CJIOXKHBI.

Uro6n NpaBHJIBbHO ONPENENHTh TENJIONOTEPH Hepes
CJIOXHOE OrpaxJeHHe, HeOOXOAUMO HCNOJB30BATH TaK Ha-
3LIBaEMOE TIpPHUBEJEHHOE CONPOTHBJEHHE Telonepesade or-
paxaenus Ropp— cCONPOTHBJIEHHE TenJionepenaye oJHOMep-
HOrO OrpaxIeHus], NOTepH TENJa uepe3 KOTOpOe PaBHBI Ten-
JIONOTEPAM CJIOXKHOTO Orpafienns (IpH HX OJMHAKOBOMH
oI aan).
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Brimte 6bIIH paccMOTpeHBl XapakTepHbie JJIsi HaPYXKHBIX
cren snements (cM. puc. III.1), B KoTophix GopMHpy®OTCSH
CJIOXKHble TeMIepaTypHbe NOJfA, H JAJs HHX ONpeleseHbl
¢akrtopsl dopmul (rabn. I11.1).

Ta6nuna IIL1. 3nauenne dakTopa (GOPMEI XaPAKTEPHHIX ABYXMEPHBIX
3JIEMEHTOB OrpaKJeHHs

daxTop dakTop (HopMH Npu MIEDHHE
GopMbl N0 NOBEPXHOCTH OrPaKAEHHA
XapakTepHBIl SMeMEHT OrpaxieHus (ycénosnoe B JiBa Kaau6pa 1o oGMepy
00603Ha-
ueHsne) HapYHHOMY I BHYTD €RHEMY
HapyxHuiii yros fyr 0,68 l 1,18
Buyrpennuii yron Foyr 1,18 | 0,68
Otkoc mpoemMa B OrpaxjieHuu forx Ilo rpapuky puc. 1I1.5
CTHK BHYTPEHHErO H HAPYIKHOrO fer
orpaxjeHusi (B OZHY CTOPOHY Ilo rpadpuxy puc. I11.9
OT OCH CTHIKA)
Tennonpoeoamoe BKJIIOYEHHe Foran
(B OZHY CTOPOHY OT OCH BKJIO- Ilo ¢opmyae 11116
YEHHs1)

Benuuunbl f; mokasplBaioT, Bo CKOJBKO pas TEMJIONOTe-
PH Y€pe3 eAMHHIY JAJIMHbI XaPaKTEPHOTO 3JIEMEHTA NpPH LIH-
PHHE IO IIOBEPXHOCTH OTPAaXJEHHA B JBa Kaaubpa GoJipmie
NOTEPDb TeNJa No raafu orpaxienus. Obuye noTepy Temia
Yepes CJI0XKHOe OTPaXKACHHE, HMEIONIEe HECKOIBKO JIBYXMep-
HBEIX SJIEMEHTOB NPOTSKEHHOCTBIO I;, WIMPHHOM aj, ¢ pas-

JIHYHBIMH 3HAYEHMSMH f;, PaBHBI CyMMe:
1 1 E:
Q=r—Fo(tg—tn)+ — aj, & (Ffe—1) (ts —tw), (111.17)
Ro Ro 4a
1
rie Fo—nnoafs orpaxueHusi R, — coripotiBaIeHKe Temonepenaue
1O ero rJaagy.
C noMompio Ropp Bemuuna Q moxer GHITH TaKike OI-
penenena no ¢opmyJe

1
Q =~ Fo (ts —tu). (111.18)
Ro.np
IlpupaBuuBasi npaswble wact ypaBHenuii (IT1.17) u
(I11.18), monyunm amanuTHYeCKyIo 3aBHCHMOCTb JIs omnpe-
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JieJleHHsl NPHBEJEHHOIO CONPOTHBJIEHUS TEMJIONEpefaie or-
paXKACHHA:

1

1 +E aj (;[—l) l;
o

TAe Ynp — HOKasaTe/b IpHBeJEHHS CONPOTHBJEHHS TemsoHepeiade IJia-
A¥ OrpaxfieHHsl K CONPOTHBJEHHIO TeIUIONepefiaye CJAOKHOCO OTpax-
JEHH,

Eciin orpaxfieHue B 30He yIJa, OTKOCA MJIH CTHIKA HMe-
€T TENJIONPOBO/IHkIE BK/IIOUEHHS, TO B MOPALKE NEPBOrO NpH-
OJIMKEHHS MOXHO CUMTAThb H3MEHEHHS TENJIONOTeph He3a-
BHCHMBIMH OT OPMHBI 3JIeMECHTa M HaJH4YUA B HEM TENJIONPO-
BOIHOIO BKJIIOYEHHS.

Jlna MHOroc/ofinbix Manenelf CO CHOMHBIMH 06PaMmJsio-
UM peGpaMM, yTeNJISIONMMHE BKJIOYEHHAMH H Ap. Roxp
HEOOXOMMMO ONpelesATh C NOMOLIBIO MOJHOTO pacyeTa TeM-
nepatypHoro noas [41].

Ro.np = Ro = Ymp Ro, (IH 19)

11L.2. OAHOCTOPOHHMMA HATPEB M OXTAMAEHME
OFPAMAEHMS

I1pu peryJsipHOM OTONJIEHHH NOMEINEHHS M YCTOHUMBHIX
napaMeTpax HapyXHOii cpeibl B OTpaxKIEHHH YCTAHABJH-
BaeTcsl CTalHOHapHOe pacrhpefiesleHHe TeMNepaTtypwl. [IpH
CKaYKOOOPasHOM H3MEHEHHH YCJIOBHMil Ha NOBEPXHOCTH OT-
paxK/leHusl NPOM3OHIET NepepacnpejeseHue TeMIepPaTypHl
OT HAaYaJILHOT'O K COOTBETCTBYIOIEMY CTAllHOHAPHOM TEIJIOo-
nepejfaye NpH HOBHIX ycsloBuAX. Ilepexomumniii nmpouecc ofHO-
CTOPOHHEI'0 HATpeBa WJIH OXJAXKJIEHHS MOMXET ObITh BHI3BaH
H3MEHEHHEM TeMIepaTypPH HJIH TEJIOBOTO IIOTOKAa HA NO-
BEPXHOCTH OTPaAEHHS.

PaccMOTpuM TiepBHE BapHAHT CTYNEHYaTOro H3MEHEHHS
TeMIepaTypbl TOBEPXHOCTH orpaxaenusa (puc. II1.15).

B HayanbHBIfi MOMEHT B CeUeHHH OTpPaxkIeHMsi paclpe-
llenenve Temnepatypwl crauuonapHoe f(x, 0). Temnepa-
TYPY BHYTPEHHEH NOBEPXHOCTH U3MEHWJIH H NOLILEPKUBAIOT
NOCTOSIHHON Ha HOBOM yposHe £(0, z). Ha wnapymxHo#l 1o-
BEPXHOCTH TeMNepaTypa ocTaercs Heu3MeHHOH. [TepeMennoe
TeMNepaTypHoe NOJie B OTPaxJeHHH B BHJe 0GOOIIEHHOrO
rpaduka 3aBHCHMOCTH OTHOCHTENbHOH WM3GBITOYHOH TeMie-
parypnl

_t(x,2)—t(x,0)

Y’ (x, o)—i(x, 0) (111.20a)
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2 Puc. I1L15. Opnocropounuii
N~ Harpep HJM OXJIaXKJAE€HHE Or-
1 —— paxKIeHHs] IPH WSMeHeHHH
/'(2.4 TeMIepaTyphl €ro nosepxHo-
g CTH
0 g1 82 03 04 Fo a — pacnpefleleHHe TeMnepaTyphl
npe Harpese (/) M oxiaaxpeHHR
(/I): 6 — pacnpefeneHte OTHOCHTENbEOH H3GHLITOYHOR TEMIOEPATYDbl 110 CEYEHHIO

OrpaXKeHMsl; 8 — H3MEHEHHE OTHOCHTENBLHLIX H3GBITOYHBIX TENAOBLIX IOTOKOB Ha
BHYTpenHell (/) u napyxuofi (2) NOBEPXHOCTAX OFDANKLEHHH B 38BHCHMOCTH oT Fg
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044 Puc. 1I1.16. Ognocropouunii
o L HATDEB HJH OXJAaXKJEHHE Or-
0 i PaxXIeHHsi IpH H3MEHEHMM

L
0 0102 63 04 0556 07 Fo

TellJIOBOro NOTOK2 Ha €ro Io-
BEPXHOCTH

a — pacnpenenenie TemMnepatypbl npu Harpese (/) m oxaaxpenun (/I): 6 — pac-
NpefeNeHne OTHOCHTENBHON HIGLITOUHOl TeMNepaTypbl MO CEYeHWI0 OTpAKIEHMS:
6 — H3MEHEHHE OTHOCHTENLHOM H3OLITOYHON TeMnepaTypni Ha BHYTDeHHeH Nonepx-
HOCTH OTpaXXHeHHUsl B 3aBHCHMOCTH OT F
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ot kpHtepus Pypre Fo= ;'ZT (GeapasmepHoe BpeMs) H OT-

HOCHTEJILHOTO PACCTOSIHMS OT NOBEPXHOCTH X/l mokasaHo Ha
puc. I111.15,6. Ha puc. 111.15,6 nana 3aBHCHMOCTb H3MeEHE-
HHSl OTHOCHTEJIbHBIX H3GBITOYHBIX TeNJOBBIX NOTOKOB 04 H2
BHyTpenHe#i | n HapyxHOi 2 MOBEPXHOCTAX OrPaxJIeHHii:
oT kputepusa Pypre

_ 4(0.2)—g(0,0)
% g(0,%)—¢q(0,0) ’
9,2 —gq(,0)

% g(l,o)—q(l,0)

I'paduueckoe pelreHne MOKHO NPHMEHHMTH AJst pacyera
CTYNEHYATOI'0 OJHOCTOPOHHETO HarpeBa HJHM OXJIamIeHUs
(puc. 111.15, a, II), a Takxe 1npH NPOM3BOJPHOM HAHAJBHOM
(cranuonapHom) pacnpeneneHun TemnepaTypel. OGBIYHO
3ajaeTcd M3MEHEHHE TEMIEpaTyphl BO3JyXa, 8 HE NOBepX-
noctH. [TonyuenHoe pelieHye B 9TOM CJIY4ae MOXHO HCNOJIb-
30BaTh AN NpHONAMIKEHHOTO pacyera, NPHMEHHB npHEM
NPUBEJAEHHs] «KPaeBOH» 3ajayl K «BHYTPEHHE» M BBEIs
9KBUBAJICHTHBE 33JJaHHOMY TeNJIOOOMEHY CJIOM Ha INOBepX-
HOCTAX OrpajxkKacHHs.

PaccMOTpUM BTOPOfi BapHAHT OJHOCTOPOHHENO Harpesa
(a,1) unnr oxnaxpuenus (a, 1) orpamxnenus (puc.llL16,a),
KOraa 3aflaHo CTYMeHYaToe H3MeHeHHe TeNJIOBOTO IOTOKA:
ot ¢(0, 0) mo ¢(0, z), nocrynaiollero Ha NOBEPXHOCTH OrF-
paxpnenusi. [Ipn TaKOM H3MEHEHHH CO BpPEMEHEM B TOJIIE
CTEHBl YCTAHABJMBAeTCS HOBOe JIMHEHHOE pacnpeleneHue
TeMIepaTyphbl, COOTBETCTBYIOLleE HOBOMY PEXHMY CTalHO-
HapHO¥ nepenaud noroka tenna ¢ (0, 2):

9(0.29)x
A
Pasnocts temnepatyp: £(0, o) —£(l, 2) B 3THX YyC]O-
BUSIX paBHa:
£(0,00) —t(1,2) =¢(0,2) {/h =g (0,2) Ry. (111.22)

Ha rpaduke (cm. puc. 11116, 6) HapeceHs KpHBBlE€ OTHOCH-
TeJibHOM H36bITOYHOH TeMNlepaTyphl O:

t(x,2)—t(l,2) . t(x,2)—t(l,2)
£(0,0)—t(l,2) g(0,2) Ry

no cedeHnio credn (x/l) B paannyHble MOMEHTH BPEMEHH
(Fo). Ha puc. II1.16, 8 nokazano H3MEeHEHHe OTHOCHTEJb-

(111.206)

t(x, o) —t(1,2) = =¢(0,2) Ry. (111.21)

0=

(111.23)
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HO¥ H3OHITOYHON TeMnepaTypsl 0 Ha BHyTpeHHeil NOBEPXHO-
cTH orpaxpaeHus. I'paduueckoe pemenue (puc. I11.16,6 u
8) MoxeT OHITH HCNOJIL30BAHO JJs pacyera HarpeBa, Ox-
JaxXJIeHHsl u llepexojfia OT OJHOI'0 CTAallMOHAPHOIo COCTOfA-
HHAl K JPYTOMY NpPH CTYNEHYaTOM H3MEHEHHH HHTEHCHBHQ-
CTH TeIVIOBOTO NOTOKa Ha NOBepXHOCTH. B nocnemuem cay-
Yae rpadHkud ONpelensiloT XapaKTepUCTHKH INepeXOIHOro
npouecca OT OJHOIO COCTOSHMS CTalHOHApPHOH TelJjomnepe-
Layd K Jpyromy .

11.3. MHXKEHEPHLIA METOJ] PACYETA TEMJIOYCTOHYMBOCTH
OTrPAWIEHMS

Kone6Ganusa TeMnepaTypel Hapy»HOTO BO3[yXa BHYTpPEH-
HeH MOBEPXHOCTH M BO3LYXY NOMEILEHHS MEPEAIOTCS 4Yepes
pasjidynble Orpa)ieHus ¢ pasHoii CKOpocThiO. DTO 06yCIOB-
JIEHO TeNJoyCTOMYHBOCTBIO. orpaxpenuil. Tensoycrofiuu-
BOCTb — CBONCTBO OTPaxJI€HHsI COXPaHATb OTHOCHTEJBHOE
NOCTOAAHCTBO TEMNEPATYPHl NPH KOJEGaHHUAX BHELIHMX Tell-
JIOBHIX BO3JeHCTBHI.

[epuoauueckne KoneGanus TeMnepatypbl BO3JyXa H Te-
IJIONOCTYNJIEHHA MOXHO NPEACTaBHTh NPaBUJILHBIMH Tap-
MOHHMYECKUMH KOJIeGaHMAMH MJIM CYMMOH psiia TapMOHMK.
Bansinpe clIOXHOTO H3MeHEHUsI ycoBHE Temioo6MeHa Mo-
KeT ObiTh NPeJICTaBJIeH0 B BHJIE CYMMbI NPOCTHIX.

TennoycTofiunBoCT OrpaKAEHHs — OJMH U3 Ba)KHBIX
BOIIPOCOB CTPOHTEJIBHOH TenNoQH3MKH. Ero uccenemobasn
MHOrHe KpynHbie clelMaluctdl, B ToM uncie Q. E. Baacos
u I'. B. Cenuepcros. Han6onee 3akoHuennas u nojinas pa-
6ora C. M. MypoMoBa, B KOTOPO#i aHO peleHye NI MHOTO-
CJIOHHOrO Orpak[ieHusl NpH IPaHHYHBIX ycaoBusax III popna.
B pemennyn GpuiH HCNONB30BAHH HIIEpGOAHYECKHE PYHKIMHU
KOMIIeKkcHoro nepemennoro. A, M. Hlknosep [46] ucnons-
30Bajl B 3alHCH 9TONO PELIEHHSl XAPAKTEPHCTHKH TemJIoyc-
BOeHHsl NOBepxHOCTeH, mnpepioxkenHsle O. E. BaacosbiM,
H pa3paboTas NOJHBIE MeTOJ pacueTa, KOTOPHIfi NMPHHAT B
IpaKTHKe NpOeKTHPOBaHHS.

B nocnennee BpeMsi NpefJIOXeHEl HOBbIE aHANHTHYECKHE
PeleHnsl HeCTAUHOHAPHOH TeIVIONPOBOLHOCTH, NOJyYEHHBIE
ONepanHOHHLIMH H BaPHANHOHHBIMH MeTOAAMH. Pellenns B
BUJle KOMIUIEKCHBIX GYHKUMH TeOpUH TENJIOYCTONYHBOCTH
Baacosa — Mypomosa — IlIk/oBepa u pemennsi, NoJIy4yeH-
Hble 3THMH METOJaMH, 20T XOpollee cOBNAACHUE.
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Humxe paccMOTpeHO NPHOJHKEHHOE aHAJIHTHYECKOE pe-
(IeHHe TelJIOYCTOHYHBOCTH OrpakK[AEHHsl, OCHOBaZHHOe Ha
teopun BiacoBa — Mypomoea — IlIknosepa [14, 46].

INpu NpaBUIBLHBIX F2aPMOHHYECKHX KoJleGaHHUsIX TeMIepa-
Typa HAPYKHOTO BO3/JyXa Iz H3MEHSETCSI OKOJIO CBOETO Cpel-

,.°C
T Y
ClANYG @
Y AR R
5 §D1 Dn
AN B 4 o
0 dih 2 [4 / \ / 74,°C
tho |z z % %’P
/ \ / " Tho N\
//,/ / 7 s
\ tg-const P 7
w Ass
At
r
Puc. 111.17. 3atyxanue Temnepa-
TypHHX KojeGaHnmfi B orpaxje-
uup (HOCTAaHOBKA 3329l K HH-

JKEHepHOMY MeTOLY pacuera)

LTI

Hero 3HaueHus fmo (puc. I11.17) Tak, yro B J0GOH MOMEHT
BPEMEHH 2 €e MOJXHO ONpele]uTh no ¢opmyie

"~ g
ta=tu.o+ A, cos —Ti (@ —e5). (111.24)

BTtopoe ciaraemMoe 3jech, XapaKTepH3yiOllee H3MeHe-
HHe TEeMNEPaTypH, YAOOGHO NMPEeACTaBHTh KaK MPOEKIHI0 Ha
BePTHKAJbHYIO OChb BEKTOpa, BPallaloIerocss MPOTHB 4aco-
Bo# cTpesiku (cM. puc. I11.17). Pasmep pammyca BexkTopa
A, (Mopyab) paBeH aMIUIMTYAe KoJebanus, a yroi eg (ap-
TYMeHT) — OTKJIOHEHHIO BO BpemerH 2 (Ha puc. II1.17 mak-
CUMYM @y coBnagaer ¢ z=0, NoTOMy B 3TOM Clyuae
en=0).

HameHeHHs TeMIepaTypHl M TENMJIOBOTO NOTOKa B JI060M
CEYEHHH OTPaKAEHHS TaK¥ke MOTYT GBIThb ONHMCAHB ypaBHE-
nueM Bupa (I11.24). Takas 3anuce Harnsaina, a B BEKTOP-
HoOi1 ¢popMe OHa NO3BOJIAIET NPOCTO NPOBOAMTE AEHCTBHS CJIO-
JKEHHs, BHYUTAHHS, YMHOXKEHHA H JieJIeHHs] C NePUO\HYECKH
H3MEHSIOWUMHCH 3HAUYEHHSMH. DTo HeoOXoAHMO mpu pac-
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CMOTPEHUH CJIOKHBIX fIBJICHHH, CBA3aHHBEIX ¢ AeHCTBUEM pfi-
Ia usmensiomuxca ¢axropoB. Ilpu pacueraX 3aryxauus
KoJieOaHMH HapYXKHOH TeMIepaTypsl HCKOMOH ABJAETCH
TeMNepaTypa 1z HA BHYTPEHHEH NOBEPXHOCTH OTPayKAECHUSA:

Atﬂco 2n
*7T

Cpennre 3HaueHHsl BEJIHYUH B NEPUOAHYECKOM TEMJOBOM
npouecce onpeiessioT no ¢opmysnaMm CTalHOHAPHON TemJo-

Tg = Tg.0 + (z—e). (I11.25)

T A ot nffen fona] V] @
; Ax ¥ 7
15U 7
13 2
/' §-7/-—- A g
4 A0 Ys
y 4 1 ty
H % A% 7
Y Y Yn 7 § 2 Iyx/ <
oy — 13 & a,
8

2 7 7
7

Puc. II1.18. Pacnonoxenue u Hymepanus cioen TIPH ONpEAEeJIeHHH Xapak-
TEPHCTHK TEIVIOYCBOEHHS! MHOFOCJIONHOTO OrpaieHHs

nepenaqu, nosromy B opmye (II1.25) cpennee 3a nepuon
3HayeHue

Too=1Ip "‘% (te —tuo). (111.26)
o

st nonyvenns npu6AHKEHHBIX 32aBHCHMOCTEH MOKa3a-
TeJlefl CKBO3HOTO 3aTYXaHHA KoJeGanuii v u 3anasablBagus
BO BPEMEHH CKBO3HOTO NPOHMKaHHA KoJeGauuii wuepes or-
paxKJIeHHe & BOCNOJb3yeMCsi AAHHBIMH aHAJHTHYECKOrO apa-
nu3a [46]. B umenepHoM MeToze pacuera NpUMeM HyMe-
PALNIO CJIOEB B HANPABJCHHH PACIPOCTPAHEHHMS TeMIlepa-
TYPHOHl BOJIHEL (OT Hapy:KHOH TMOBEPXHOCTH K BHYTpeHHeik
Ha puc. I11.18).

ITokasaTenb CKBO3HOTO 3aTyXaHus KOJe6anuii paseH:

V=YV Ve 1 Ven Vool e Vp oo Vo (111.27)

TA€ Vu — IOKA3aTe/b 3ATYXAaHHs NPH HepeXOfe OT Hapy:KHOro BO3[lyXa
K HADYXHOH IIOBePXHOCTH OTPaXICHHH; Vux—1, Van, Ve.nps— TO Xe,
B BO3AYUIHOH NMPOCJOfiKe H B PAMOM C Helf pACIOJONKEHHBIX CJ1051X;
Vi, Vg, .., Vo —B OTAEJBHHIX MAaTEPHAJbHBIX CJOfX; Vi — B TIOCAEAHEM
CJ0e OrpaKieHHs, rpaHHYalleM ¢ BHYTPeHHell ero mnoBepXHOCTBIO,
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dopMyJibl AJl vy H Vpy IIPH aHAJHTHYECKOM pelleHHH
[6] umetoT BHA:
Vg =1 + ¥ Ru; (111.28)

Vour=1tYon1 Romo (111.29)

rie R H Ry.x — CONPOTHBJIEHHSI COOTBETCTBEHHO Temna1006MeHy Ha Ha-
PYXHO! nOBEPXHOCTH M Telllomepejiaye po3fiylHo#i npochofiku; Yy M
Ya.n1 — KoappHIMEHTH TENJIOYCBOEHHA COOTBETCTBEHHO HAPYXKHOM Mo-
BEPXHOCTH OrPaXkfeHHsi M NOBEPXHOCTH mocie BO3AYILIHOM NPOCHOAKH

,HJIH MOBEPXHOCTH MpOH3BOJILHOTO cJiogs n B ToJillle OT-
pamaeHHd C y4€TOM yNpOLIEHHBIX ¢popmys1 aHAJIUTHYECKOTO
pelleHus
Rnsn
143 Sn + Yn+1

Sp+Y,
rie R, — conpoTuBjieHie TEIJIONPOBOAHOCTH CJIOH; Sn — KO3PPUIHEHT
TeIIOYCBOEHHs MaTtephana 3toro caosl; Y H Vypyg— KOSOOULUHEHTH
TeroyCBOeHHs noBepxHocTeil cioee 1 1 n-+1.

Ecan csioit n pacnojioxkeH B OJIHOPOAHOM OTpaxKAEHHH
60J1bIIOH TOJILMHBL, TOTAA Sp=Yp=VYpny H

Rnsn

153
v,=¢e . (111.31)
1

Vimes B Bumy, uto e¥? =2,02~2 u RpnSn=D,, ypas-
HeHnue (II11.31) MOXHO 3amHCAaTbh Tak:

vy, ~ 2Pn, (111.32)
rze D, — noxa3saTesb TenJiopoil MAcCHBHOCTH (MJH YCJIOBHAf TOJMHA)
B JaHHOM cCJliydae CJiofd 1.

Tlocnenuss 3anuch yaoOHA AJA NPHKHJIOYHBIX pacueros.
OHa nokasblBaeT, uTO aMIUIMTYAA KoJieGaHHH ymeHblIaeTcs
npubaHsHTETbHO B [Ba pasa B Mpejesiax CJos, YCJIOBHAS
tosmuHa D koroporo paBHa enuHHne. Ecam paccrosHue
H3MepATb B YCJOBHBIX TOJLIHHAX, TO B Mpeflesiax Kaxaoil
eHHHIBl aMmIviuTyna Oyler YyMeHbIIaTbCHA B [Ba pasa.
B stoM cMpicje D MOXHO HasBaTb TOJNILHMHOM moJivzatyxa-
HHA KoJe6Ganui.

B npubimKeHHOM MeTOAe pacueTa IJIsi OLEHKH TEmJo-
YCTOMUMBOCTH OFpaXX[AeHUA HCMOJb3YIOT XapaKTepHCTHKY
ero TemaoBofi MaccuBHocTH D=3RS. Mmnorue aBTOpHI
OTMeualoT, YTo BesHunHa D He yunTHiBaeT BCeH CJIOXKHOCTH
SIBJIEHAS B HAPYXKHBIX CTEHAX ¥ NEPEKPHITHAX H MOXKeT ObiTh
HCIONB30BaHA JIKIIb AJA NPpubarkKeHHOH OLEHKH HX TemJo-
HHEepLHOHHOCTH.

Vp=e

(111.30)

141



Huns cnos k, rpanuuamero ¢ BHYTPEHHHM BOSJLYXOM,
RSy
v vz Sp+og
p—y e P —— -
* Se+Ye

Kospunuent tensioobMena na BHyTpeHHe MOBEPXHO-
CTH Op COOTBETCTBYET B IaKHOM Cay4yae Ko3(pduunenty ren-
JIOyCBOEHHS! BHYTPeHHEeH I0BEPXHOCTH NPH HAMpaBJeHAH
TeEMNEepaTypHOH BOJIHBL B CTOPOHY ToMelleHHsi. s mare-
PHAJNBLHOrO CJIof mepei BO3AYIUHOH NPOCIORKON Ko3((PHIH-
€HT 34TyXaHHs ONpeAeNsAlT 10 ¢opMyJie aHAJOTHYHOH
(I11.33). Koatdduunent Tennoycsoenus BO3IyLIHO#H mpo-
CJIOHKY, Cllefyloliell 3a CJI0eM B. n—I1,

(111.33)

_ yn.n+l
I+ Rn.n yn.n+l )

B ¢opmyay (I11.27) o6biuHO BBOASIT MONPABOYHBIH uMC-
JIeHHbIH Koapuiment 0,9, IPuEIIKENHO YYHTHBAIOMHE He-
collafieHne no (pase KoneGaHuH, XapaKTepHCTHKH KOTOPHIX
B NPHO/IKEHHOM DeIIeHHH CKAafLBAIOTCS, NENSTCH H Ie-
PEMHOXKAI0TC 6€3 yueTa 3TOr0 HeCOBMAJEHHS. Popmyna
(I1I1.27) w BXomsKeE B Hee 3aBHCHMOCTH (111.28) — (I11.30),
(I11.33) u (I11.34) He SIBASIOTCH TOUHBIMH, XOTS LOCTATOU-
HO CJIOXKHH. PaccMOTPHM BO3MOKHBIE [aJjibHeilIne yIpo-
IEHAS pelleHHsn.

MHoOroc10fiHyI0 KOHCTPYKIHIO 3aMEHHM SKBHBAJIEHTHORM
€fl [0 TEeNJOBBIM CBOHCTBAM OLHOCJIOMHOIL. Tlokasartensmu
SKBHBAJIEHTHOCTH TEMJIOBHX CBOHCTB Gyjem cuMTtath pa-
BEHCTBA CONPOTHBJIEHWH TenJjionepenaue R, H mokasaTtejeil
TelIoBoH MaccuBHocTH D. Jlns 3KBHBAJIEHTHOR olHopoA-
HOH KOHCTPYKIHH YCJ/IOBHBIN KO3 QULHEHT TenJoycBoeHuUs
D I11.35
2R’ (11.35)
rie IR —cymma conporusiienuii TEWJIONPOBOAHOCTH  MaTePHAJIbHEIX
CJI0EB  MHOTOCJOMHOTO OrpaKJEHHs, HMEIOUIEro MaccHMBHOCTD D,

@opmyJly AJisi IOKA3aTess 3aTyXaHHS v 3KBHBAJIEHTHOTO
OTpaXJIeHHSt NPH HOPMATHBHBIX Rp=0,133 1 R,=0,05 npu-
GJIHKEHHO TOJIYYHM B BHpE

S+ /Ry )
28

Ypn (I111.39)

v=0,9-2° (1 4+ SRy) ( ~ 2P (o,s3+3 —Z;i) . (I11.36)

Dopmyna (I11.36) ymo6ua mis NpHOIHXEHHBIX pacue-
TOB. OIHAKO B HEell He YUYHTHIBAIOTCHA BJIHSIHMUS YepeloBaHusA
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CJIOEB H BO3MOXHOTO HAJMYHA B KOHCTPYKIHH BO3JYLIHOH
NPOCJIOHKH.

Ha kaxJIoM Tepexofie K CJI0K0 ¢ GOoJbIINM TeNJoyCBoe-
HHeM NPOHCXOAUT JOMOJHHTENbHOE K MOACYHTAHHOMY IO yH-
poOlIEHBOll (opMyJie 3aTyXaHHE KojieGannii, B mHorocjoi-
HOM OFpaXKIeHHH OGBIYHO NOCTATOYHO YUHTHIBATL B3aHWMHOE
PACMOJIOKEHHE TOJBKO OCHOBHBIX CJIOEB, TEIUIO3AUNTHOrO
H KOHCTPYKTHBHOTO (Hecyuiero). Pacnosoxenune ABYX oC-
HOBHBIX CJIOEB MOXHO YyuecTb BBeleHHeM B 3aBHCHMOCTD
(111.36) nompasounoro kos¢duuuenra yex. K3 ananusa oc-
HOBHBIX 3aBHCHMOCTEH MOXHO yCTAHOBUTh OPHEHTHPOBOYHOE
3HaYeHHE Year.

ConoctaBuM ABYXCJIOfiHOe OrpaxkjieHne € 3KBHBAJIEHT-
HBIM eMy ORHOPOAHbIM. 3Hauenus D u TR 9THX orpaxiaeHHui
paBHH. UTo6H ymnpoCTHTh paccmoTpenne, OGyleMm cun-
TaTb CJIOW OTpaxaeHuf 1oCTaTouHO ToJCTHiME (D>>1). Ilo-
NpaBOYHLIN KO3(PODHUHEHT Yen OYyAET paBeH OTHOLIEHHIO KO-
s(puIHEHTOB 3aTyXaHust STHX orpaxiennil. llpnHuMas B
pacuer npubnuxennsie Bepaxenus (111.30) u (I111.32), 1o-
JyUnM: '

S S
m__-(gﬂ i‘-%_—z)/20=0,5—|—0,5 32 . (111.37)
1 1

Jlnsi peasibHbIX KOHCTPYKIHH, KaK [IOKA3bIBAIOT pacuerhi,
6oJiee TpHEMJIEMBIM OKAa3bIBAETCH 3TO BbIpaXKeHHE C He-
CKOJIbKO MHBIMH YHCJEeHHbIMH KO3 ()HIHEHTAMH:

S.
Yo ~ 0,85+ 0,15 82 . (111.372a)

1

rae Sy v Sz — Ko3pPULHEHTE TenJOYCBOEHHS OCHOBHBIX CJIOEB Orpax-
feHua (MHAeKchl | M 2 YYHTHIBAIOT MOJIOXKEHHE CJIOEB MO HaMpaeJeHHIo

TenJoBoi BOJHbI).

B ¢opmyny (I11.36) momoJiHHTe/NbHO BBEJEM MOMPABOY-
HBIH KO3 (HIHEHT Ypa, YIHTHBAIOWHH BJIHAHKE BO3AyLIHOH
npocsoiikn. Bosfymnasi npoc/iofKa BJHAET Ha 3aTyXaHue
KoJjie6aHHH He TOJBKO B CJioe BO3[yXd, HO H B MaTepHaJlb-
HOM CJIOe, PacCiloNOKEHHOM Iiepeji Heil. 3HaueHne nonpasoy-
Horo Ko3(QHIHEHTa Ypu ONPEAEJHM H3  COINOCTaBJCHHA
K03 (pHUIHEHTOB 3aTyXaHns KOHCTPYKIHH, HMeEIoIIeR BO3«
AYLIHYIO TPOCJOHKY MeXAy ABYMs «TOJICTBIMM CJIOSMH», C
5KBHBAJIEHTHHIM OJIHOPOAHBIM orpaxpaenneM. Ilpu mpounx
paBHBIX YCJNOBHfiX OTHOIIeHHe v JJIf TaKHX orpaxAeHHi
onpefesHT 3HaYEHHE Yo
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Bocnosbayemca npubinxkeHHbiMu ¢opmynamu (111.29),
(111.32), (I11.34) u ompenesuM Ygx:

S
S+——"o
1+ RpnS 1
Yon=|2° 5S BE— (14 RenS) ;zl-l—
. D
+0,5Rpn — - (111.38)

ZR
Qopmysy pisi npuGIHNKEHHOrO BBIYKCJEHHS v MHOrO-
CJIOHHOro orpax<fIieHHsi 3alfIleM OKOHYaTeJbHO B BHJIE

b
v ol (0,83+ 3 —DL) Yo Vo.n- (I11.39)

3anasgpiBanne CKBO3HOTO MNPOHHKAHMA KojgeGaHuil BO
BpeMeHH IJIA MHOTOCJIOHHOrO OrpaKJAeHHs

€ = eyop + Z€, €5 11, (111.40)

THe Z&n — 3amazgbiBalue, 4, KoJdeGanwuii NpU npOXOMIEeHHH n Marte-
PHAJIBEBIX CJIOEB TONUM orpaxcaennii [46]:

T
Jgp, =————3RS ~ 0,113TD; (11.41)
onl 2 '

€mos — BEJIHYMHA, YUNTHIBAKOUlas 3aMa3fiblBaHue, Y, KOTOPOE OPOMCKOLHT
HPH Tlepexofie KoJieGaHuli OT HApYKHOTO BO3AYXa K MOBEPXHOCTH M OT
BHYTPEHHE#l €ro NOBEPXHOCTH K BO3AYXY NOMELeHHs

1 T
€n,p = [ arcifg—————— —arctfg ———— \ —
- — ] 360
( 1+ 2817 1+——y“°“l/2)3
Y; g
(Ot Yron

= |B|—)—B|—|IT, 111.42

[ (yl ) ( Gp ) ] ¢ )

tie Vios — KoadduluenT Tenmoycpoenus BHYTpeHHEH  NOBEPXHOCTH

Orpax<fleHusl 1pH HaMpPaBleHNH ABHIKEHWA TeMnepaTypHO! BOJHBI M3 mo-
MelleHus; 3HayeHus GyHkumu 5 (a/b) pnanb Hpxe:

a/b l 0 I 0,5 | 1

2 l 4 8

B(a/b)10t| 12,5 4,1 2,38 | 1,29

8,43 l 6,25

BemnuuHa egop IS OLPAMKAECHHH 3 aHH{I W3MEHFETCH B HeGOJBLINX
npesienax: ot —0,01 o 0,06 T. Jina wuHKeHEPHBIX PACYETOB Egos
MOXHO NPHHATD MOCTOAHHON, paBHOM:

enos * — 0,017 7T (111.43)

BesmunHy 3anaspbiBaMMst €s.q B BO3AYIIHOM MPOCJIOHKE MOXKHO He
YUHTBIBATD.
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B pesynbrate mokasaresb 3ana3gHBAHHs CKBO3HOIO 34-
TyXaHusi KoneGaHui €, 4, LA NPOM3BOJIBHOTO OTrpaKAeHHs
onpejenuM NpubJauxenHod GopmyJion

e~ 0,113TD —0,017T. (111.44)
[Tpu nepruopge T=24 31a dHopMysa NPHMET BHJ
£=2,7D—0.4. (I11.45)

Tlponecc satyxaHuss TeIJIOBBIX BO3HEHCTBUII B MHOrO-
CJIOHHOM OrpaKJeHHH, KaK 3TO CJAelyeT U3 aHaJHTHYECKOTro
pelieHus [6], HCk/IIOUHTENBHO CHOXKHBIH. B To Xe Bpems
¢opMysnn uHxeHepHoro Merofa pacuera (II11.39) u (I11.44)
OpOCTHe, HO 06JacTb HX MPHMEHEHHA OrpaHHYeHa. IJTHM
MEeTOJIOM CJIefiyeT MOJb30BaThCA 118 NpuGJHKeHHoro pac-
yeTa TelVIOyCTOHUYHBOCTH MHOTOCJOHHBIX OTPaXKHeHHH, HMe-
sjounx D>15-—-25 (nmepBas nuppa JAasf OTrpaxAeHHH ¢
R, oxouio 0,5, BTOpas — ¢ R, 0K0JIO 5).

B auanasoHe snaueHuit D<C1,5—2,5 BeJ/JHUHHY v MOXKHO
CYHTATh PABHOI MEHAMAJBHO BO3MOKHOH JJIA HETENJIOHHED-
IHOHHOTO OrPaXIEHHA Vi

v & Vpun = Ro/Rg. (111.46)

TensonnepnuonHoe orpaxaeHne — CBOeoOpa3Hbiil «rap-
MOHHYeCKnH ¢unibpTp». HenpasnnbHele nepuoindeckue Ko-
JieGaHusd TeMIlepaTyphl, NpOAIA 4epe3 TOJILY OTpaxkAeHHs,
CTaHOBATCA Ha €ro BHyTPeHHeHl MOBEPXHOCTH MPAaKTHUYECKH
NMPABHJbHHIMH TFAPMOHHUYECKHMH, MOXKHO Ha#TH 3aMeHY
HENpaBHJBLHOrO MNEepHOAMYECKOro KoJieGaHHS MpaBHJIBHOM
TaPMOHHEKOH, 5KBHBaJIEHTHO! MO Pe3yJIbTHPYIONIEMY H3MEHe-
HHIO TeMIepaTyprl HA BHYTPeHHEH IOBEPXHOCTH oOrpaxje-
HHsl. DKBHBAJEHTHOE rapMOHHYECKOe KosieGaHue onpepess-
€TCs Mo paBeHCTBY mioulajaeil B
rpagycouacax (°C-4), ouepueH-
HBIX (paKTHUECKO!H H 3KBUBAJIEHT-
HOH KDHBHIMH H3MEHEHUSA TEM-
nepatypst Bo BpeMeHH. Mcronb-
30BaHHE 3TOro MNPHOIHKEHHOro
rnpueMa IO3BOJISIET BOCHIOJB30-
BaTbCs HHXXEHEPHOH METOAMKOMH
JJiA pacyeTa 3aTyXaHHs mepH-
OJITHYECKHX Konebaruil  mpo-
¥3BOJILHOTO BHAA IIPH 3Ha- Puc. 1I1.19. Cxema cioxkenns
YeHHSX D OrpaKHeHHS GOMb-  angae 13’ FAPMOHHMECKHX KO-

JnebaHuii MO nNpaBwily BekTO-
11e Tpex. pos
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Hajioxkenne temnepaTypHbiX noJieil U cJa0XEHHE rapmo-
HHYeCKHX KojeOaHud. Bo MHOrHx 3ajgauax OTOIHTEJbHO-
BEHTHJ/ISIHOHHON TeXHHKH HeoGXOAHMO aHaJIu3HpPOBaTL 06-
mye cjiyuyas TelJioliepeaus, KOrja Hapsiy ¢ KojeGaHuaMu
lx H3MEHSIETCA TeMIepaTypa MOMelLieHHs, HHTEHCHBHOCTb
CoJiHeYHOH pajgwauup H Ap. AHaJIH3 MareMaTHUYECKOH IO-
CTAHOBKH 34]1aYi NOKA3BIBAET, UTO B 5THX CJYYaAX MOXKHO
HCHOJIb30BaTh NpUHIHN cynepnodunun (cm. n. II11) u pe-
warp obllyl0 3ajauy MyTeM CJIOXKEHHsl YacCTHBIX Pe3yJbTa-
TOB OT KaXX[IOTO TeIJIOBOTO BO3AEHCTBHA B OTIEJBHOCTH.
Takass BO3MOXKHOCTb CBfi3aHA CO CBOMCTBOM HAJIOXKEHHS Ya-
CTHBIX PelleHHH JIMHeHHOro ypasHeHuss dypbe [24].

HajoxeHnue TemnepaTypHBIX moJjiell yAO6HO BBLIMOJHATD
Croco60M aHaJMTHYECKOTO CJIOXKEHHsi TAPMOHHUECKHX KoJe-
Ganufi. ClioXXeHne HEeCKOJIbKHX TaPMOHHMK MPOM3BOASIT TO-
NApHO C MOCJIEAYIOMHM MONAPHBIM K€ CJOXKEeHHEM II0JyYeH-
HBEIX Pe3yJibTaTOB.

JiBa rapmoHnuecknx KosebGanusi f), u fy gamotT cymmap-
HYI0 TapMOHHKY {3 (nepHon koneGaHHil OZHHAKOBHIH):

P
ty =150+ A cos—;‘— (2 —e). (I11.47)

CpenHee 3a nepuof, 3HAaueHHE CYMMAapHOH TapMOHHKH
pPaBHO

tso=1t19+ tso, (111.48)
TEe t10 ¥ f2.0— CPefiHMe 3HAYEHWA CKIAZBIBAEMHIX TapMOMVK.

Hns nonyueHust aMIVINTYAB W3MeHeHus 3 BOCHOJIb3yeM-
cl BEKTOPHBHIM H300paieHueM TapMOHHYECKHX KoJebanuii
(puc. III.19). Amnauryny As; (MOAyJIbL) oOnpeneiaum H3
ypaBHEeHus

Az = (4, 1+ A) ¥, (111.49)

a BeJHYMHY &3 (aprymeHr), u —mo dopmyie
ea=¢ t 0, (111.50)

TAE NepBOE CJaraeMoe €; COOTBETCTBYeT CABMrY mo ¢hase rapMOHMKH
c Gonpwell aMnauTynofi; peJquyHNMa G COOTBETCTBYeT yrily, 4, Mexay
A; u Gonblleft 43 cKNafblBaeMBIX aMIVIMTYR Ai; 3KaK Nepel O cefyeT
BHIGHPATh TaK, YTOOLI 3HaueHHe £3 HAXOAWIOCH MEXIY & W E».

Ha puc. II1.20 npuBefieHbl KpuBble 3HAYEHHE ¢ u 24
o/T B 3aBHCHMOCTH OT OTHOLUEHHS CKJAAblBA€MBIX AMILJIH-
TYRA Ai/As (A;>>A2) ¥ OTHOCHTENLHOTO yriia MeXAY HHMH
24 Ae|T (Ae= |e1—e2]).
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FNABA IV

BNTUSHUE BO3AYLUHOTO PEXXMMA 3[1AHMUA
HA ETO TENNIOBOWH PEXXUM

IV.1. BO3[AYLLUHbIA PEXXMM 3QAHMSA

BoanymwHeiM pexxuMOM 3aHusi Ha3bplBaIOT ob6wiuil mpo-
‘Hecc o6MeHa BO3LYyXOM MEXJy MOMEUeHUSIMH H HapyXHbIM
BO3YXOM, KOTOPBIii MPOHCXOAMT MOJ AEHCTBHEM eCTeCTBeH-
HBIX CHJ1 H pabOTHl HCKYCCTBEHHHIX MOGyauTeseH NBHIKEHHA
Bo3ayxa. HapyxHelii BO3JyX MOCTYNaeT B IIOMEIIEHHS e~
pe3 MpoHHI[aeMble OTPaxKIEHHsi U MO KaHajaM [pUTOYHHX
BEHTUJISII[HOMHBIX cHCTeM. BHYTpH 3[aHHSI BO3AYX MOXET
06MeHHBATLCSH MEXKJAY MOMeLIeHHAMY Yepe3 JABepH K He-
JIOTHOCTH BO BHYTPEHHHX KOHCTPYKIHAX. OH yIaJIAeTcs H3.
IIOMELIEeHHs 3a Mpejelibl 3[aHHA Yepe3 Hapy:KHbie Orpax-
JIEHHS W [0 BEHTHJSHHOHHBIM KAaHAJaM BHITHXHBIX CHCTEM
(puc. IV.1).

EcTecTBEHHBIMH CHJAMH, BbI3BIBAKONIMMY JBHXXEHHE BO3-
IvXa B 3[JaHHH, ABJAIOTCA TPABHTALHOHHOE W BETPOBOE
nagsenns. Bozayxoo6MeH MOJ BJIHSIHHEM €CTECTBEHHBIX CHJI
MOXKHO YMEHbIIMTb Jyuiueil repMmernsanueli OrpaxAeHHH,
YaCTUYHOE K€ ero peryJjupoBaHue BO3MOXHO JPOCCENHpPO-
BaHHEM KAHAJOB BEHTHJSLHH OTKPbIBAHHEM OKOH, (pamyr
H BEHTHJIALHOHHHX (oHaper.

BospyumHbIi pexuM 3[aHHs CBA3AH C €r0 TEIJIOBBIM pe-
KuMoM. MHuIbTpalusi HapyKHOro BO3AyXa MPHBOMUT K
FOMOMHUTENBHLIM 33aTPaTaM Telvla HAa ero MOJorpeB. IJKC-
¢GuabTpauns BHYTPEHHEro BO3JYyXa YBJIAXKHAET OrpaxIeHus
H CHHXA4eT WX TelLTo3alHTHble KauectBa. llosoxkenue 30H
HHQUABTPALMH H S3KCHHIBTPALUH B 3[@HHH 3aBHCHT OT €O
METPHH, KOHCTPYKTHBHBIX OCOO€HHOCTEM, PEKHMa BEHTHJIH-
poBaHHusA 3[laHHsi, 4 TAKXKe OT BpeMeHH rolla H KJInMarta.
Mexy QuUIbTPYIOILKM BO3JyXOM H OrpaxjeHHeM MPOHCXO-
IHT TelsIoo6MeH, KOTOpHIH crenH(HUEH JJsi KaJAOro BuAa
KOHCTPYKIHil (MAacCUB Orpa)KIeHHs, CTHIK MaHeJief, OKHA,.
BO3AYIIHBIE MPOCJOHKH U T. L.).

Il BLIABJIEHHS BIMAHMS Ha TellJJOBOH PEXHM 3JaHHS
IBIJEHHA BO3Jyxa HeoOXOAUMO OMNpPEAe/nTh HHTEHCHB-
HOCTb M HampaeJjieHHe MOTOKOB BO3JyXd H PacCunTaTh mnepe-
Jauy TemJia uepe3 OTAeJbHbiE BHIbI OTPaX<JACHHS B YCJIOBH-
fX BO3JYXONMPOHHLAHHSA.
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Puc. IV.1. Bosayxoobmen B 3fauuu u HaNpasieHUs ABUIKEHHS BO3AYIL-
HHIX MOTOKOB B MOMEUIEHHAX

Bo3pyxonpoHMIaeMOCTh KOHCTPYKLMH

Bospymnsiit pexxuM 3[aHus 3aBHCHT OT BO3IYXOIPOHH-
LaeMOCTH HAPYXHBIX U BHYTPEHHHX orpaxiaeHui. B 6osab-
IIHHCTBE C/1y4aeB IO TEXHHYECKMM NPHYHHAM TIOJIHASA Tep-
METHUHOCTh oOrpaxjenu#i HesoamoxHa. HuTencurHoOCTb
QuIbTPAUKH BO3AYXa 3aBHCUT OT PASHOCTH JABJEHHH C
ABYX CTOPOH KOHCTPYKIHH U €€ CBOHCTB IPOHHILA€MOCTH
AJisi po3llyxa. B TexHHuecKHX pacyeTax HCHOJIB3YIOT pas-
JINYHBlE XapaKTEPHCTHKH BO3LYXONPOHHI[AEMOCTH, B 4aCT-
HOCTH TIOHATHe Ko3((uuHeHTa BO3LyXoNpoHHUAHHs Ko,
xr/m?-ITa [xr/(m2-Mm pt. €1.)], v obpaTnyio BennuMHy —
COTIPOTHRJIEHHE BO3JYXONPOHHIAHUIO R,. TH MOHATHH CO-
Jepxar JIHHeHHYI0 3aBHCHMOCTb MEXK/Y PacxXooM Bo3Ayxa
j v pasHocteio AaBiieHuft AP. i GOMBIHHCTBA KOHCTPYK-
THBHBIX 3JICMEHTOB 3[1aHH$i 3aBHCHMOCTH BO3LYyXONPOHMIIA-
HHSl OT Pa3HOCTH AABJIEHHH HMeeT BHA:

j=1b, AP/n, (av.n

rae n Moxer 6uiTh oT | o 2.
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B npnanasoHe BO3MOXHBIX JJif 3JlaHHS nepenajoB AaB-
nennst (aKTHUECKHE 3aBUCHMOCTH j o1 AP moryT ObITH 1O~
CTATOYHO TOYHO AIIIPOKCHMHPOBAHbI €JHHOH 3aBHCHMOCTbIO:

j= b, AP?, (IV.2)
rie by —ro30¢unHeHT NPOBOAHMOCTH BO3AyXa AJs KOHCTPYKIHH.
kr/ (m2-u-T1al/2) o kr/(M2-4-MM BOA. CT. 172 ),

Mexay cONpOTHBJIEHHEM BO3JyXONMPOHHUAHHIO Ry M cO-
NPOTHBJIEHHEM NPOBOAKUMOCTH Bo3nyxa 1/by cyilecTByer 3a-
BUCHMOCTb

—AP 2, (IV.3)

U3 KOTOPOH CJIe[lyeT, 4TO OHH YHCJIEHHO PAaBHB MeXay coGoit
NpH OAMHAKOBLIX PacXojax BO3AyXa M IpH mepenaje nabje-
Huit paBuoM enuunue. ITosToMy npu neGONBIIKX Tepenanax.
LaBJeHH MOXHO OOBIUHO HOPMHpYEMBIe BEJIHUHHBI Ry NPH-
HHMaTh (IpH pacueTe BO3YLIHOTO PexXHMa) UHCJEHHO paB-
HBIMH OOpPATHO! BeJIHUMHE [POBOAUMOCTH Bo3xyxa 1/b..

BO3AYLWHLIH PEHM NOMELLeHKH

B nomeluenusix HIXHUX 3Taxed (cM. puc. IV.1) sa cuer
Pa3HOCTH TPABHTANMOHHBIX JlaBJIEHHH Yepe3 OrpaXJeHH:A
IPOHHKaeT HapYxHbIH Bo3ayX. C HaBeTPEHHOH CTOPOHHI
IeficTBHe BeTPa YCHJIHBaeT MHGHIBTPAIMIO, € 3aBETPEH-
HOH — yMeHbIaeT. BHyTpeHHHI BO3AYX C MEPBLIX 3Taxel
CTPEMHTCS IPOHHKHYTH B BePXHHE NOMelleH:s. B OCHOBHOM
OH NepeTeKaeT uepe3 BHYTPEHHHE JBEPH B KOPHAOPHI, KOTO-
pHe COeMHEHb ¢ JIECTHHUHOH KjeTkoil. K3 mnomewenui
BEPXHUX 3Taxell BO3LYX YXOAUT Yepe3 BEHTHJAIHOHHBIE Ka-
HaJIbl U HEIJIOTHOCTH HAPYXKHBIX OTPaXK[E€HMH 3a mpejeJbl
3panus. TloMelleHnsi CpefHHX 3Taxell HAXOAATCA B YCJIO-
BHSIX lIleDEMEHHOro PeXXHMa nepereKaHHs BO3[yXa.

Ha mpouecc ecrecTBeHHOro B03ayXooOMeHa B 3JaHHH
HaJlaraeTcsl JIeficTBHe NPHTOYHOH M BHITSXKHOH BEHTHJIALHM
oMeleHuil.

Ins ompepnesieHUsl PacXOJOB BO3LyXa uepes 3JEMEHTHI
orpaxJieHHH# W BEHTHJIAIMOHHLIX CHCTEM HeOOXOAHMO SHATD.
pacrpefesienie AaBJIeHHH BHYTPH M CHapYyXH 3Kanus. s
pacuera BO3JYLIHOTO PeXHMa 3[aHHs AOJXHHI GHITH H3Be-
CTHEl €ro reoMeTpHYecKne pasMepbl U BHYTPEHHSAA IJIaHH-
POBKa, TeMilepaTypbl HapYXXHOrO M BHYTPEHHErO BO3AYyXa,.
CKOPOCTb W HaIpaBJjieHHe BeTpa, a TaKXe€ as3poIxuHaMHuyec-

15



KHe KO3()QHUHEHTHl H NIOKa3aTeJlH NPOBOAMUMOCTH BO3JAyXa
KOHCTPYKLHi. POpPMUpOBaHHE NaBJIeHHS BHYTPU 3jaHHA U
Ha €ro BHELIHe{ IIOBEPXHOCTH NPH OJHOPOJAHOH NPOHHILae-
MOCTH OrpaXJeHHii NOJ BJHSHHEM TPABHTALHOHHBLIX CHJI H
BeTpa MOXHO NPEACTABUTDL B BHe 3miop (puc. IV.2).

Ilpy oTcyTcTBHM BeTpa Ha IOBEPXHOCTAX HAPYIKHEIX
CTeH JeHCTBYIOT TPaBHTALMIOHHEIE JABJICHHS PA3HOTO 3Haye-
wus. o 3aKoHy cOXpaHeHHSl SHEPIHH CpefiHHe AABJEHHS IO

9 gty 9 tg=ty
l{q-"o Vh' )0
‘ Y — P
Vy ?
tﬁ t” * ——— th'
' Yenobrsia 0
8 tgt 9 Bl
Vy >0 ‘ H
V” b é t
—_— tg t, s = ty
o / K==

Puc. 1V.2. dmopbi u36bITOUNBIX KaBreHuii
@ — FAOL BJIHAHHEM DA3HOCTH TEMAEPaTypP CHAPYXKH H BHYTPH 3nauHsA; 6 — BeTpa;

6 — COBMECTHOIO NEHCTIBHA Da3KOCTH TeMAiepaTyp M BETPa; 2 — IPH OTCYEeTe 13-
OLITOYHbIX NABJEHHI OT yCAOBHOrO HyNs

BEICOTE BHYTPH M CHApYyXH 3/anus 6yAyT paBHEL. SNopa Ha-
'6LITOYHOTO TPABHTALMOHHOIO NABJEHHS OTHOCHTEJBHO 5TO-
TO Cpennero ypopHs nokasaHa Ha pHC. IV.2, a. U36utounoe
TPaBHTALHOHHOE NABJICHHE HA NIPOU3BOJILHOM YpOBHe A (OT-
HOCHTE/IbHO HEHTPaJIbHON IJIOCKOCTH) paBHO:

Py =h(py— pg), (V.4
TA€ Pn H P — IUIOTHOCTH HAPYIKHOTO H BHYTPEHHErO BO3Ayxa.

Ecnu spanue o6ayBaetcs BetpoM, a TeMNnepaTypul BHYT-
PH 3/1aHHAS M BHE €ro PaBHbI, TO HA NOBEPXHOCTAX Orpaxe-
HHH CO3/1a€TCSl NOBBILIEHHOE CTATHYECKOE MABJICHHE H pas-
pexenue. Tlo 3akOHy coXpaHeHHs S3HEPrUH [ aBJieH e BHYTpH
3nauus (OpH OAMHAKOBOH MPOHHIIAEMOCTH Orp ax<peHwuit)
‘6yAeT PaBHO cpefHeMy MeXy NOBBILLEHHBIM ¢ HaBeTPEeHHOM
"CTOPOHEI H NOHMXEHHBIM C 3aBETPEHHON CTOPOHBLL INIOpHI
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p30BITOUHOTO (OTHOCHTEJIbHO HAaBJIeHMs BHYTDH 3[aHHSA)
BETPOBOI0O [AaBJIeHHs NMpuBeleHbl Ha puc. IV.2,6. OpaunaTh
5THX 3MI0p MO BHICOTE OAMHAKOBHIC, TAK KAaK NpearnoJaralort-
¢sl cpeHHe CKOPOCTb M YCJIOBHSI a3POIHHAMHYECKOrO PeXH-
Ma o6TekaHus 3paHnsl. AGCOJNIOTHOE 3HAYEeHHE H3GBITOUHOIO
BETPOBOT'O JaBJIeHHSl PaBHO:

ky—k v
17— kg H
Py={— Pul - (Iv.5)
. 2 2g
rie k) M ky— aspopnnaMuueckue KO3($OHIHENTH COOTBETCTBEHHO C Ha-
%
BeTPeHHOl H 3aBETPEHHOil CTOpOH 3MAaHHSH; _2g— Or — IHHaAMHYECKOe

pasjeHue uHaberawwero Ha sgavHe co CKOpPOCTBIO Um IOTOKa BO3JAYXa.

K paccmaTpuBaeMOMy fIBJIEHHIO MPHMEHHM IIPHHILHIN He-
3aBHCHMOCTH JeficTBHst cuil. Torga mpH COBMECTHOM JEHCT-
BHH IpaBUTALHOHHBIX CHJ H BeTpa H3GLITOUHBIE JABJEHUA
MOXHO OMNPENENHTh CJOXEHHEM YaCTHHIX pe3yJIbTaTOB
(puc. IV.2,6). Opannathl sniop P u3GHITOYHOrO €CTECTBEH-
HOTO [aBJIeHHS PaBHHI:

hi—h, Y%

2 2g

Has pacueroB ynoGHO, 4TOGH! 3MOPH H3GLITOUYHBIX AaB-
JIEHH Ha BHELIHEM KOHTYpe 3[aHusi HMENH OIHH 3HaK. 3a
HOJIb OTCYETA AABJICHHS IJIS 3TOr0 HYXKHO IPHHATH HAHGOM b-
1lee OTpHLATEJNLHOE H3OLITOYHOE HAaBJEeHHe. JTOMY [aBJje-
Huo (cM. puc. IV.2, 8) cooTBeTcTByeT BepxHsisi TOUKA HA 3a-
BETPEHHOH CTOPOHe 3MaHust Boicotoli H. [laBienue BHyTpH
3haHusl, H30LITOYHOE OTHOCHTENILHO 3TOH TOYKH, PaBHO:

P=P; + Py =h(py—ps) &

Pul| . (IV.6)

i

H ki—ky, Un

Pp = — | — — L e 7 .
o [ 9 (on — Ps) + 2 % ] (Iv.7)

Omopr H3GHITOUHOrO AaBjienns P, Ha BHeIUHEM KOHTYpe
HUMEIOT B 3TOM CJlyuae BHJA, npejacTaBjeHHbIH Ha puc. 1V.2, 2.

HeiicTBue BEeHTHNALMH MOXET H3MEHHTb NABJIEHHE BHYT-
pu 3nanns P, Ha 3HauyeHHe M3OBITOUHOIO BEHTHJSALHOHHOIO
napjeHusl Pgen. B MHOrO3Ta)KHEIX 3JaHMAX ONpefeNeHHe
IaBJieHUd B HEKOTOPLIX NMOMELIEHUSX OCJOKHSIETCH TeM, 4TO
BHYTPEHHHE OrPaXK/I€HHS YaCTHYHO NPOHHIAEMbl A/l BO3MY-
Xa W KaHaJbl BEeHTUJIALHOHHBIX CHCTEM pasuble. 3ajaua co-
CTOUT B PelICHHH CHCTEMbl YpaBHEHHII BO3AYUIHOTO Gajanca
OT/leNIbHbIX nomellennil. [Tosnoe pemenne sToft 3apaun yana-
€TCst MOJIYUUTHL YHMCJEHHLIMH METOAaMH C HOMOIWLbl0 SBM

P

153



{50], amasoroBbix cueTHO-pernaromux ycrpoficTe [18] uau
ke rpadoanajJuTHuecKuM MeromoM [33].

Jna OlleHKH BJHMSHKMS BO3LYIIHOTO peXHMa 3JaHHA HA
TENJIOBO MOXHO BOCNOJIb30BAThCA YOPOILEHHLIMH pacyueT-
HEIMU cxemamHi, PaccmoTpum TpH OOIMX ciyuas, AJs KOTO-
PHIX BO3MOXKHO NpHOJMIKEHHOE pelleHHE,

Cayuait A. B MHOro3TaxXHOM 3JJaHHM BO BCeX IOMelle-
HHUAIX NPHTOK M BHITSDKKA BO3AyXa IOJHOCTBIO KOMNEHCHPY-
IOTCSl U BeJIMUHHA Ppgeyr; B momellennax paBHa Hymo. K aTo-
MYy cJlyyar OTHOCATCH 3[aHHA 6e3 BEeHTHJIALHH HIH C MexXa-
HHUECKOH IPHTOYHO-BHITAIKHON BEHTHJISIUMEH BCeX IOMerre-
HHH ¢ paBHBIMH pacXOmamH IO NPHUTOKY M BHITsXKe. Perne-
HHUE B3TOM CJIyuae COOTBETCTBYET pacCMOTPEHHOMY MOCTpOe-
HHIO 310D AaBnaeHuil na puc. IV.2, 2. 3necp Py cooTBETCTBY-
eT [IaBJIeHHIO B JIECTHHUHOH KJjetke, JlaBiienne BHYTpH oT-
Ie/IbHBIX TOMeMIeHUl Py . HAXOAUTCA Mexnay Pp 0 H30bITOU-
HBIM JaBJleHHEM Ha BHEWIHeH NOBEPXHOCTH HAPYIKHOIO Or-
paxjeHust sToro nomeilenust P,. YUHTHBast, uTO BCJIEACTBHE
pa3uoctu fasjieHull (Px—Py) BO34yX NPOXOOUT NOCHENOBa-
TEJIbHO Yepe3 OKHA U BHYTPEHHHe JBEPH, BHIXOISIIHE B KO-
PHIOPHI M Ha JIECTHHYHYIO KJIeTKy (Wiu B OGpaTHOM Ha-
[paBjieHHH), HCXOAHble 3HAUeHHs pacXoOlOB Bo3lyxa (maB-
JIEHHE) BHYTPH IIOMEINEeHHH MOXHO pPacCUHTaTh MO ypaBHe-
HUAM BHAA

1 1
2 v
B"on(lpx'—Pn.xD _Bﬂnn(lpo—Pn,xl) =0, (Iv.8)

TIe B“on H B“nn ~— XapakTepuCTHKH NpPOBOAMMOCTH BO3Ayxa Bcell
miowagu COOTBETCTBEHHO OKOH H nBepeﬁ H3 nmoMelleHHus Ha JIeCTHHUYHYIO
KJIEeTKY. )

Cayuyaii B. Bce noMeneHHS MHOIO3TAXKHOTO 3HAHHSA HMe-
I0T eCTeCTBEHHYIO BHITSKKY. Kaxnoe nomelnenne cuaGie-
HO C2MOCTOSITEJILHBEIM BBITSIKHBIM BEHTHJISIHOHHEIM KaHa-
JIOM C 3aJlaHHOH XapPaKTePHCTHKOH €ero IPOBOAHMOCTH
Bysx. B 3TOM cllyuae NOCTPOEHHE 3MIOPH H3GLITOUHLIX AAB-
JeHHH 10 BHEWHEMY KOHTYPY 3[4aHHS aHAJOIMYHO DHC.
IV.2, 2. HensBectnbiMu OynyT AaBJeHHs B JIECTHUYHOH KJeT-
Ke Py M B OTAEJbHLIX TOMeleHusx P, . (¢ yueToMm faBjieHus,
€031aBaeMOro BeHTHAALHER Pge). IlaBnenune Py Gyner pas-
HO CpeJIHEB3BELIEHHOMY M3 JaBJIeHHH BHYTPH BCEX MOMellle-
HHH, BLIXOAAUIMX HA JECTHHYHYIO KJETKY, HO MeHbure Py,
onpejeyeHHoro misf cayuas A. Pacuer MOXHO BHIOJHHTb
mocjieioBaTeNIbHLIM HPHONKeHHeM, 3ajlaBast JAaBiaenue P,
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H pacCYuThIBag rpaqmqecm HJIH aHAJIHTHUECKN JaBJICHHE:
P'n,x B OTACJIbHLIX NOMENICHUAX N0 YpaBHCHHIO
1

1
7 g
Bug, ( lPx—Pn.xl) + B"nn (lPoan.xl) +

1
+ Bypx (IPu;t_Pn.JcD2 =0, (IvV.9)

rlie Pm— papiieHHe Ha BHeIUHeM KOHTYpe 3haHH# B MecTe, [Jie pacro-
JIOXKeH BHIXOJH H3 INAXTHl BHITAMXHLIX CHCTEM.

Cayuasam A u B cOOTBETCTBYIOT yCJIOBHSI, KOTNa B JIeCT-
HHYHOH KJleTKe naBjieHHe (OpPMHpPyeTCs TOJNBKO NOA BIHA-
HHEM BHIXOASfIIMX HA Hee NOMEeLIeHH.

Cayuyaii B. JlaBnenne B gectHnyHOM KineTke Py Pgey 3a-
nano. OHo ofecrneunBaercsi pabOTOfi NPHTOYHOH HJIH BHI-
THXHOH CHCTEM, NMOCTYNJIEHHSIMH BO3LyXa Yepe3 HapYyxK-
HYI0 ABEpb HJIH H3 HHXHHX HECTAHZAPTHBIX 3TaxeH, Bo3-
LYUIHBI PeXMM KOTOPBIX OT/IMYAaeTCHl OT PeXKHMa BEpPXHHX
sTaxeil. B 3TOM cayuae pacxoanl BO3AyXa H JaBJieHHsI BHYT-
PH OTIEJIbHBIX NOMEIeHHIl ONpenensioT PELIEHHEM CHCTEMBL
ypaBuenuit Buga (IV.9) ma 3BM, anasoroBblXx MamIHHAaX -
WK TpadoaHaJHTHYECKHM METOMOM.

1V.2. NIEPERAYA TEIJIA YEPE3 OFPAMIEHMUE
NPH DUNLTPALLMM BO3AYXA

BoanyXonpoHHIaHHE CYLIECTBEHHO BJHSIET HA TeIJOle-
pelauy uepes orpaxIEHHS, a TAKKEe HA TEMJIONOTEPH U Tel-
JIoBOH pexkum nomeineHuii. [Tponunanue Bo3fyxa CKa3biBa-
ercl I0-pPasHOMY Ha Nepefayy Temwia uepe3 pasjiHyHble
BHIBl KOHCTPYKUHH. ¥ OKOH, KOTOpble 06JamaloT HaHGOoJb-
el MPOBOAHMOCTBIO BO3ILyXa, 3aMETHO YBEJHYHBAIOTCH
TelJIonoTepu. Biinsinve Ha MacCHB (TOJILY) U CTHIKH Orpax-
IleHVsi B OCHOBHOM CKa3blBAaeTCs B NMOHHXKEHHH TEMIEePaTyphl
BHYTPEeHHEH NMOBEPXHOCTH.

Tennonepepaya TONWM K 3NeMEHTOB [CThIK, OKHO)
orpaxpaeHxs npy KHnbTpaLuKM BO3fyXa

Tennonepefaua MopuCTOro orpaxpaeHus npm (GUILTpa~
uuu Bo3ayxa. Ilpm QuasTpanum BO3ayxa TemiepatypHOe
nojie ¥ TemyiooOMEH Ha NOBEPXHOCTSX NOPHCTOrO Orpaxje-
HHfl 3aMeTHO H3MEHFIOTCST B pe3yJjbpTaTe NePeHoca Tela
NOTOKOM BO3ayXa. Pacxop Bo3pyxa j, NPOHHKAIOLIETO uepe3
orpaxpehns, oObTHO HeBesuK: a0 10 krfu uepes 1 m?2 mo-
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BepxHOCTH. BO3pyX IBHraercs Ho nopam M Kanwuispam
mepgento (umcyio PefiHodbAca cooTBeTCTBYeT MPHOJIU3H-
tesibuo 0,05), u ero Temneparypa BO BCEX CEYEHHSIX Orpax-
JAEHHSl MPaKTHUeCKH OJIH3Ka TeMmmepaType OKPYXarilero
TBEpIOTO Marepuaja. Bce aT0 ympoluaer mareMaTHUECKOe
paccmoTpenre. 3ajaya B Takoil NMOCTaHOBKE HOAPOOHO HC-
caefosana @. B. YukoBeM [42].

YpaBHeHHe HECTAIMOHADHOrO TEMIIEPATYpPHOIo [0
IUVIOCKOT'O HOPHCTOr0 Orpa)KAeHus IPH HAaJHUHH [onepeu-
HOHM (pUABTPallHK BO3[YXa, NOJNB3YsCh 0003HAUCHHAMH, NPH-
HATHMHU B 1. 11. 1, 3alHIIeM B KOHEUHBIX Pa3HOCTAX:

Ayt 1

LIS :
o =r Mttt (1V.10)

B aud¢epenunanvuoil $opMe OHO HMEET BHI

ot a ot . Ot
¢ = (A ax)+c*" ponlt (IV.11)
Hecraunonapras tennonepenaya uepe3 OJHOPOLHOE OT-
paxpenve npu GUIbLTpalLNK BO3AyXa B NePHOJ PE3KOTO 3MM-
Hero noxoJsonanust paccmorpena B. I1. Turosnwm -8 MHUCH
uM. B. B. Kyii6biueBa. 3agauy pemwaju ua THIpPOHHTerpa-
TOpe ¢ npeobpasosanveM ypaBHeuus (IV.11) B o6niynoe
ypaBHeHHe Dypre NOACTAHOBKOMN

t =", (IV.12)

rae T_., HOBas HCKOMasn q:DyHKuHﬂ, 3aBucAmasg OT X H 2, OTHOCHTEJIBHO
KOTOpOH BejeTCcs pacuer Ha rHApPOHHTerparope; v — Oe3pasMepHHl Ko-
3t PrIHEnT.

HexkoTopoe yCjOXHEHHE IPAHHYHLIX M HAYaJbHBIX ycJo-
BHH, KOTOpOE IIpH 3TOM NOJIyyaeTcs, JJiA pacyeTa Ha rHAPO-
HHTErpaTope HeCyLeCTBEHHO.

Ilo pesyabTaTaM cepuH pacueToB olpefaeyieH Kosdou-
LHEHT PUABTPAIHY Yo IS 3HMHHX VYCJIOBHI, KOTOpHIH pa-
BeH OTHOILUEHHIO HAMOOJBIUHX TEMJOBLIX MOTOKOB HA BHYT-
PEHHHX MOBEPXHOCTAX repMETHYHOI'O OrpaXKIeHHsl M BO3ZY-
XOIPOHHIIAEMOT0 OrpaxJieHns NpH UHOHIbTPALMH HAPYXK-
Horo Bosayxa. Kosddunuent yy cBA3an ¢ H3MEHEHHEM MH-
HHUMAaJIBHOII TeMIIepaTyPHl BHYTPeHHeil MOBEPXHOCTH, [103TO-
My ero 3HaueHHe HeOOXOIHMO YUHTHIBATh Npu pacuere Ro.rp
(eM. ra. VI). 3aBucumocTp KoadQHINEHTA yg OT Temaodu-
3HYECKHX CBOHCTB OTPAXACHHSI H HHTEHCHBHOCTH HHGWIB-
TpauMK NMokasana upa puc. IV.3.
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YpaBHeHHe TEMIIepAaTypHOTO [OJIST MHOTOCJOHHOIO Or-
paXxIeHHsl B CTAIlHOHAPHLIX YCIOBHAX NPH GUILTPALUH BO3-
AyXa ypoOHO 3amucaTh, NMOJb3YSCh MaclTabom TepMHyec-
KHX conpoTuBnenufi [cM. dopmyay (II1.1)], B Bume

d2t _ dt
e Feei g =0 (1V.13)

A€ j — MHTEHCHBHOCTb GHJILTPAIMH BO3JyXa NpH BIyBe C MHHYCOM H
0TCOCE C MACOM.

n,:g_l‘: | Jlerig
075 098 085 49 085 1 o1 02 03 04 05
T
095 \§ < Ro:07
Acp=0 09 \ \\~<
250 | 1635 2\ A\ 1
P N
//A 125 o S;\\;J
7 08 PN
7 g N
9.75‘
Jo,cmau.

Puc. 1V.3. 3aBucumocth K03 duLHENTa Vo OT TeNJIOPH3IHUECKHX CBOIiCTB
OrpampeHHsl ¥ HHTEHCHBHOCTH HHOHALTPAHHMH (Yg.cran—— B CTAlHOHAP-
HBIX YCJIOBHSIX TerJionepefayH)

JlBmKenue BO3AyXa uepe3 IOBEPXHOCTh H3MEHSET HH-
TEHCHBHOCTb KOHBEKTHBHOrO Tenjioo6Mena Ha uHedl. ToT BO-
NpoC M3yueH TEOPEeTHYECKH M 3KCnepuMeHtasbHO [42].

YCI0BHsI KOHBERTHBHOrO TemnjioobMmena NpU BAyBe H OT-
coce BO3Jlyxa NpH pacueTe TemJioNepefayd TaK e, KAK M
IIpH OTCYTCTBHH QHJILTPALVH, MOXKHO yYeCTh BBEJIEHHEM K-
BHBAJIGHTHLIX CJIOBB HA  NOBEPXHOCTAX  OTPaXKIEHHS.
®. B. YukoB [42] nokasan, yTo Tem1oo0MeH B IOrpaHqy-
HOM CJIOE€ B 3THX VCJOBHSX IPH JaMHHADHOM H TYpOYJeHT-
HOM pEXHMe IBHIXEHHS BO3AyXa NMPHOJHXEHHO MOXHO pac-
CUHTATh, NOJL3YACH ypaBHeHHeMm (IV.13). PesyabtaTH pe-
LICHUS JaJH XOPOIIYIO CXOAHMOCTh ¢ AAHHBIMH T€OpETHUEC-
KHMX HccnepoBahuil. [lpu Bayse Bo3fyxa uepe3 NMOBEPXHOCTH
(nanpumep, npu HHGHALTPAUMM HA BHYTPeRHell moBepXHO-
CTH OrpaxJieHus) HHTEHCHBHOCTb TemIoO0MeHa yMeHblaeT-
Csl, a npu oTcoce yBesnunBaercs. Kos¢HUHEeHT KOHBeKTHB-
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HOTO TEIJIoO6MEeHAa NMPH HaJHYMH (QUIBTPALHH Ok.g MOKET
GHITH IOCTATOUHO TOYHO ONpesiedieH 1o ¢popmyne [42]:

O = O = o . (iv.14)
B03MOXHOCTL BBEJIeHHSl SKBHBAJIEHTHHIX (CONMpOTHBJIE-
HHIO TelJIooOMeHa) CJIOEB NMPH BO3AYXONPOHHLAHHH IIO3BO-
JsieT CTalMOHAPHYIO TeIJlonepefauy uepes MHOroCJ/oHHOe
orpaxzenne npu GUABTPALHK BO3AYyXa MOJHOCTHIO OIpene-
Jauth onuum ypasnenuem (IV.13). Jlyumcrwii TenjiooGmeH
Ha NOBEPXHOCTAX NPH 5TOM MOXHO YuecTb, IPHMEHHB Me-
TOJ, CYNEPNIO3UIUA UM BBeIs YCJIOBHYIO TEMIEpaTypy cpe-
aul (em. 1. I1.1).
Pacnpenesienne TeMnepaTypbl [0 CEUEHHIO OrpaXKAEHHS
npu guabTpanun Bo3pyxa mo ypasuenmio (IV.13) nmeer
BHJL

osiR _
t=tﬂ+(t3—tﬂ)_:°ﬁ_o—__l , (IV.15)
TemJ0BOH MOTOK
c jecBIR
. (ts —tw). (IV.16)
ec"iRO —1

Ipu skcHUABTPALMH BO3yXa Yepe3 OrpaxkjeHHe B 3THX
dopMysiax BeJHUYHHA | HMeeT 3HAK MHHYC.

Ilpu undunbTpauuu, Kak 5TO cjielyeT M3 (QOPMYJbi
(IV.16), TensioBO#i MOTOK HAa BHYTPEHHEH NOBEPXHOCTH (Ha
NOBEPXHOCTH SKBHBAJEHTHOTO CJIOs1) OKashbiBaeTcsi HanboJb-
IIKM, N0 Mepe HPHGJIKXEHHA K HaPyXHOHl NOBEPXHOCTH ¢
yMeHpInaeTcsl. ITO NPOHCXOLHT B pe3ysbTaTe perynepa-
ILHH — YacTHYHOrO BO3BpaTa TEPSAEMOro uepes OrpaxieHue
TeIJla Ha HarpeB HAPYKHOIO BO3AyXa, (QUALTPYIOILEro ye-
pe3 orpaxKieHHe HaBCTpeuy NOTOKy Temia. M3 ypaBuenus
(IV.16) caenyet, 4TO pa3HOCTb TEIVIOBLIX MOTOKOB HA BHYT-
penneil gz H HAPYXKHOH ¢y TEPMHYECKHX FPAHULAX OTpaXAe-
HHMAl c 5KBMBAaJEHTHEIMH CJIOfIMH paBHa:

s —qu=Cg | ({g —tu)- (Iv.17)

Bausuue notoka ¢GHIBTPYIOLIErO BO3AyXa HA TPaHCMHC-
CHOHHBII IE€PEHOC Telsia yepe3 orpaxkjaeHue ynoOHO Xapak-
TE€PH30BATh TAK HAa3blBaeMblM KO3(Q(UIHEHTOM MOPOBOTrO
oxJlaxkfiennsl I1, KOTOPHIH paBeH OTHOWIEHHIO BXOJAfALIEro B
orpaxjienne (uepe3 IIOBEPXHOCTh 3KBHBAJEHTHOIO CJIOs)
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1I0TOKA Temla §p NPH QUABTPAIMK K TEIJIOBOMYy NOTOKY e«
pe3 orpaxjieHue ¢ NpH OTCYTCTBHH (DHJIBTpaLUH:

1 ‘Kq)e“q’
p=" _ 5 . _ e = gqv.s
q o1 Ro eP—1

ghe g  Csj:1/Ro — OTHOCHTENBHBI ~ KOI(QOHIHMEHT  HILTPAIOHHOTO
TemI006MeHa, XapakTepu3yIOWHA OTHOLIEHHE TeNJoBOll eMKOCTH NOTOKa
Bosayxa (csj) K Ko3pOHUHEHTY Tensonepefaun orpaxpeHus 1/Ro.

.z

%, 503
Puc. IV.4. OrHocuTeNbHbie 3aTpaThl  §
TelJia NPH PA3THYHBIX (bHJlepal.LHOHHbe
pexumax (KoshdHIuEeHTH NOpoBOro 4 24
OXJIaXKAEHHS) J %
1 — vadunbTpanus Yepe3a NOPHCTYIO CTEHKY; 3 % .
2—T0 Xe, SKchuUNBTpanHsi; 3 — OCHOBHble ¢ 1 0253
TElNIOROTepH IUIIOC SaTpaThl TemJa Ha Harpes 2 73 7
APHTORHOTO BEHTHJSINHOHHOTO BO3AyXa; 4 — 304 L 14
saTpaTthl TenJa TOJLKO Ha HarpeB NPHTOY- 7 ’Uf/‘ 1 /5
HOrO BO3AYXa; & — OCHOBHbIE TEMJIONOTEpH; 1 777
6 — saTpaThl TenMa INpPH CKBO3HOM NpOBeT- 7 ﬂy‘
pHMBamMHK noMmeweHnsi; [/ — ymeHbllenne o6- 7 & 1 005
WMX 8arpaT Temla OpH HHOHIBTDALMH; 0 7 7 3 m i
Il == 10 xe, npH IKCHHNBLTpALKK A

*’ﬂl-l"’a

U3 rpaduka 3aBucumocTH K03 (QHIHEHTa IOPOBOTO OX-
Jaxpenus I1 oT xg NpH HHQHUIbTPALHH H 3KCQHIbLTPANMH
[42] (puc. IV.4) BuzHO, uTO C yBeNIHUEeHHEM HHOHILTPALMH
K03 duHeHT NOPoBOro oxaaxpaenusa (1) pesko Bospacraer
H yKe NPH 3HAUEHHAX |xgp|>>4 TemonoTepH npaKTHYECKH
OnpejesgIOTCs TOJBLKO IIEPEHOCOM Temjla Bo3gyxom (4).
Tpu sxcdunpTpanuu (2) npu |xg|<<—4 TpancMHCCHOHHEIE
FemjionoTepyu (Temsionepenaueil 3a cueT Pa3HOCTH HAPYXK-
MOl W BHYTPeHHefl TeMmepaTyphl) NpPaKTHYECKH -OTCYTCT-
BYIOT. ’

B pesyibTaTe OKa3sHBaeTcsi BO3MOXHLIM HCIOJB30BATE
ap¢deKT NOpoBOro HarpeBa [JIsl SKOHOMHH TemJa IPH BEH-
TUISIIHH [IOMeIeHnil. Pacxop Tenjia MOXHO 3aMETHO COKpa-
THUTh, €CJIH BMECTO OOBLIYHOTO NPOBETPHUBAHHA C IOAOTPEBOM
Hapy»XHOT0 BO3[lyXa NPHMeHATb IPOBETPUBAHHE, NIPH KOTO-
PoM HapyXHBH BO3nyx OyaeT MoCTynaTh B IOMelleHHE, a
BHYTPEHHHUH YAAJATLCS Yepe3 NMOPHCTHIE HAPYKHHIE Orpax-
Renus. IIpu OOLIYHON BeHTHJIALMH pacxoj Temia GyneT pa-
BEH CyMMe IIOTEpb TEIVIa Yepe3 OrpakJeHHsi U 3aTpaT Telia
Ha parpee NPHUTOYHOTO HAPYKHOTO Boszayxa. IIpsamas JHHHSA
3 na puc. IV.4 COOTBETCTBYET OTHOCHTELHOMY H3MEHEHHIO
BTOrO pacxoja Temja. 3alITPUXOBaHHAas 00J1acTh NOKA3LIBaA-
€T TennoBoil 3¢ ¢ekT MOPoBoro mposerpusanusa (ua rpadu-
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ke npu uuduaprpauun I u skcouavrpanuy II), T.e. 3KOHO-
MHIO TeIjia NPH NOPOBOM NPOBETPHBAHHH IO CPaBHEHHIO C
CyMMapHBIM PACXOOM TelJla NPH 0OLYHOM NPOBETPHBAHHH.
PaccMoTrpennblii TensioBofl 3QQekr npencTapiseTcs HC-
KJIOUHTEJNBHO 3aMaH4YMBBIM ]Il SKOHOMHH TeIula HAa BEHTH-
asumo. Celiyac HAyT MOMCKH PallHOHAJNBHBIX KOHCTPYKTHB-
HEIX pelleHHil BeHTHJISLHUH 3Ja-
| HHH, HCTIOJL3YIOIHX SKOHOMHYe-
CKHE  [IOCTOHHCTBA  NOPOBOTO
npoBerpuBanus. Hekorophie H3
TaKHX pelleHHH yiKe HCIOJb3Y-
IOTCSl B IIPAKTHKE.

/)]

@,5 HuTtepecen ciyyail cKBO3HO-

! ro IIPOBETPHBAHHS MOMEILEHHS,

v KOT[]a MOTOKH HHQHIBLTPALHOH-

P HOr0 H  3KCPHALTPAIHOHHOTO

. nL BO3[yXa uepe3 OrpaJeHHs pas-

P‘&\ Hbl. OTHOCHTE/IbHOE YBeJHYeHNe

as NN\ TelLionoTepb npu stom (6) on-

1T \‘f‘ "& . peleynTcs CpefiHell BeJHYHHOM:
015 ~i— Tyag+oxcd

%Q“— —S %, KOTOpast MeJUIeHHO

e o Bo3pacTaer HO |xg|=2 u 3a-

TeM H3MEHfieTcs NMpUOJH3UTeNb-

Puc. IV.5. Temnosoi pexuy  HO IPONOPUHOHAJIBHO %o

BO3AYXONpOHHHAEMOr'0 CThbiKa

o — ofHlasi KapTHHa pacHpejene-
HHSl TEMIEPATYPH B OrpaKAeHHH:
1 — pacnpeneneHHe TeMRepaTyphbl
Ha BHYTpeHHei NOBEPXHOCTH
orpaxjieHiss OKoJlo CThiKa; 2 —

Tennonepenaya B 30HE BO3-
AyxonponHuaemoro croika. O06-
mas KapTHHA TeMmepaTypHOro
NoJIS. CEYEeHHS OrpaxAeHHus B 30-
He BO3AYXONPOHULAEMOI0 CTHKA

H3MEHEeHHe TeMnepaTypnl (HHALT-
pYIOILErocsi Yepea CTBIK BO3AYXa;
6 — H3MeHeHHe OTHOCHTENBHOM
H3GLITOYHONI TeMOepaTypH Ha §o-
BEPXHOCTH  OTpPakJeHHS  OKOJIO
cThika; 1 —mnpH Ry=0,75(0,88);
2 — 10 ¥Xe, 0,86(1); 3— 1,12(1.3);
4 —1,37(1,6)

nokazana Ha puc. IV.5,a. Ye-
pes iesb CTHIKA BHYTPH NPOXO-
IHT ¥ HarpeBaeTcsl BO3AYX. Tem-
nepatypa BO3ZYyXa Ha BHIXOLE
U3 LIeJH OCTAeTCH HIKE TeMIe-
paTypsl Ha BHYTpPEHHEH NOBepX-
HOCTH OTpaXKACHHA T, OKOJIO lHie-
au. Ilanenp, mpuneraioniyio K CTHIKY, MOMHO paccMaTpH-
BaTh KaK moJlyorpaHHueHHyio maactuuy. Ha topue panenn
NPOUCXOAUT TeNJoOoOMEeH ¢ BO3LYXOM, (HJIBTPYIOLIHM Yepe3
mens (3agaya B TakoH IocraHoBke pemeda B. MHUCH
B. I1. TuroBbim. Pe3y/abTaTh pelleHHs Ha 3JEeKTPOHHTErpa-
Tope o6pabGoransl B OespasmepHom Buze). Ha puc. IV.5, 6
npuBefieHa rpaduueckas 3aBHCHMOCTb, € NOMOIILIO KOTOPOi
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MOKHO ONpENEeJUTh MHHHMAJbHYIO TeMIEpaTypy Tx Ha
BHYTPEHHE[l TMOBEPXHOCTH OrpaxKJeHHs OKOJI0O BO3/AyXO-
npouHuaeMoit mwenH. CHHXKEHHE TeMIepaTyphl BHYTPEeHHEi
MOBEPXHOCTH 3aBUCHT OT KOJIMYECTBAa BO3JyXa, (HIBTPYIO-
I1ero yepe3 CTHIK, H OT TeIJIO3aLUMTHBEIX CBOUCTB yTeIIHTe-
Jas orpaxpenus. IIpu a¢d¢eKTHBHBIX YyTEIUVIHTEJSIX BJIHSHHE

aq 9 1 R,
) ty % Rugyj tuen?

NN
fh
n
l\.‘

|
T B 5 4‘1‘
g l | |
4 8 12 24
3 Cey

Puc. 1V.6. Tennonepenaua yepes BO3AYXONPOHHLAECMOE OKHO C ABOHHEIM
ocTekJeHHeM

a — cxeMa pachlpefiesieHus Temneparyp; / — 6es uHQUAbLTPalUHH; 2 — NPH HHOHALT-
panuu; 6 — cxema TelnooGMena; 6 — KO3((ULHEHTB! Ao, ,I\](Q) u A‘c(3)

HHQUIBTPALUH HA Tx YBEJHUYHBAETCS (YE€M MEHbIIE A, TeM
HUKE Tx).
JlomoNIHUTENBHBE 3aTPAThl TelJa Aguer NPH HHOHIDb-

TPanUyu BO3AYXA fer Y€Pe3 CTHIK Ha 1 M CTHIKOBOTO CO€AHM-
nenust, Br/m [kkana/(M-4)] paBHB:

Aguey = Acr jcs (fp —tn), (IV.19)

rae Acr — Ko3dduLHeHT, YUHTHIBAIOLIHH OAOrPEB HAPYXKHOrO BO3ZyXa
B CTHKE 33 CYeT OCHOBHEIX TEIJIONOTEpD.

JlomosHuTENIBHBIE 3aTpPaThl TeIia Ha HHOUIBTPALHIO
yepe3 CTHIKH NaHeJied OOBIYHO HeOOJblIHE, a INOHHXEHHE

TeMIepaTypbl BHYTPEHHEH MOBEPXHOCTH CTHIKA T MOXKeT
OBITH 3HAUYUTEJIbHBIM.

Temjomnepenavua uepe3 OKHO NpH MonepeuHoit ¢HALTpa-
uuH Bo3ayxa. KoHCTPYKuMA OKHa OGHMHO AOMYyCKaeT HEKOo-
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TOPYI0 BO3JyXONPOHHL2eMOCThb. Yepe3a mpuUTBOPHI U CTHIKH
CTEeKJa C NepelieTOM BO3JyX MONAafiaeT B MeKCTeKOJIbHOe
TPOCTPAHCTBO, FA€ HATPEBAETCSl MO TEMINEPATyPHl BO3AyXa
NMPOCIOHKH. Uepes HEIOTHOCTH BHYTPEHHETO OCTEKIeHUs
BO3/yX Tlomanaer B NOMELICHHE. YBEJIMUCHHE TEIUIONOTePh
OKHA TIPH BO3/IyXONPOHHLIAHKH TPOUCXOAUT 32 CUET CHHIKE-
HUSL TEMIIEPATyPLl BHYTPEHHETO OCTEKJIEHUSI U B pe3yJbrare
3atpat Temjia Ha HarpeB BO3nyxa (cm. puc. IV.6,a). Stor
npouecc paccuuran B MUCH ha saektpomopenu (puc.
1V.6,6). Bausinue BO3YXONPOHUIAHUST YUUTHLIBAJIH B 3JIEK-
TPHYECKO! CXeMe aHaJIOPHYHO TOMY KaK GbUIO CHENAHO npu
bacuere HacTunawomedica ctpyu (cm. rai. 1). IlononunTess-
HEIE TENIONOTEPH B Pe3yJibTaTe BO3/yXONPOHHUL AHHUS Ag, o1-
HeceHHble K 1 M2 OKkHa, paBHBI

Ag=cpjis (te —tn) +cp iAj (ts —tg) = Aoy cpj(ts —ty), (1v.20)

rae Aok — KoahuumeHr, OMpENCAAOUIHE oMo Ag OT saTpat Tera Ha
Harpes BOsAyXa OT fm Ko ts; A;, Ay — Ronn YBEJIHYEHHS TeIJlonoTephb

oT HH(I.)HJIBTpaIIHH 3a CYET COOTBETCTBEHHO Harpesa BO3yXa H IOHHXKe-
HHs51 TeMieparyphb BHYTPCHHErO CTeKJia.

3Hauenuss K09 OUUHEHTOB Aoy, A;j v Ay yist KOHCTPYK-
MY OKOH C JBOAHBLIM U TPOHHBIM OCTEKJCHHEM NpHBeEeHbI
Ha rpaguke (puc. I1V.6,6).

Hast nyuiero ysicHenust GU3HUECKOrO CMBIC/Ia KO3 (ppuiu-
entoB A [cMm. dopmynnt (IV.19) u (IV.20)] ymo6uo ux co-
TIOCTABUTL € KOI(QHIHEHTOM TOPOBOTO OX/IaXKAEHHS, 3aBH-
CUMOCTb KOTOPOTO AJIst TOJILM OTPaX({/ICHUs! TIPHBENEHA Ha
puc. IV.4. Oppunarh 3amTpHXOBanHOH Ha rpaduke obaa-
CTH TemoBOro s¢gexra NOPoOBOro OXJIaXKACHHs pPaBHBI fi0-
JI€ OT NOJIHBIX 3aTpaT TeIJia Ha Harpes BO3JyXa, KOTOpas
SKOHOMMTCS! IDH TIOPOBOM HalpeBe BO3yXa. ITa JOJMf CIKO-
HOMJIEHHOTO TeNJa ANl BO3LYXOTIPOHHLLAEMOTO TOPHCTOrO
OTPaxKJICHUSI PaBHA:

1 — Aorp,

rae Aocp — KOI(QHUEEHT 17 MaccHBa OFpaxKieHHsi, COOTBETCTBYIOLIHIY
10 QUBHYECKOMY cMEICAY Aok, Acy.

Kpome paccmotpennbix  3pecns CJyuaeB monepeunof
$uwibTpauun Bo3ayxa B OrpaXkneHusiX MOxeT ObIThb Ipo-
NonbHast GuabTpauust (B 3achbimHBIX KOHCTPYKIIUSIX, B OKHe
u ap.). Pacuer temionepenauu nas storo cliyuas paccMmoT-
Pen Kak 3afgaua o pacuere Temionepexaun qepes orpaxjie-
HHE C BEHTHJIMPYEMOH BO3MYLIHOI TIPOCJIOHKOL.
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Tennonepepnaua Hyepe3 orpaxpesne C BEHTUMNHPYEMOiH
BO3AYIUHOK NpOCNOMKOM

VerpoiicTBO BO3AYIIHOH NPOC]OHKH — pacnpoCcTpaHeH=
HBI TIPHEM TENJO3aLUTH OrpaxAeHni. Ee npumensiloT B
KOHCTPYKLUSIX OKOH, BHTpameil, HAPYXKHBIX CTE€H M Ie€pe-
KPBITHH, /11 S9KPAHHPOBARHSI NPH 32LIUTE OT HMIJIYHEHUS M
KaK TPAaBUTALMOHHBEIH TNOOYAUTENb JAJisl HHTEHCH(UKALHH

t Sia @tu
0 A 0\1 /KH
o AT BT 777777,
/// P / 7z ;,“‘\
N7 %~;crdx 14 Ka ®t5 Y t
t
4
i tx tﬂn tl
0
X
W
ty ter

Puc. IV.7. Tennoneperaya yepe3 orpaxjacuue C BEHTHJHPYEMOH BO3LYWI-
Hoil MPOCAOHKOM

KOHBEKTHBHOTO TeIVIOCheMa B OOOrpeBalOIUUX HJH OXJIaxK-
HaIKX yCTPoiicTBaX. B HApYyXHBIX CTEHaX H TEPEKPbITH-
sIX BO3AyLIHAst NMPOCNOAKa NpeAoXpaHseT KOHCTPYKUMH OT
nepeyBJiaKHEHHUS.

PacnpocTpaHeHHBE JaHHBE O CONPOTHBJICHHH TEMJIOTE-
penaye BO3LYLIHOH NPOCNONKH, TPHUBELEHHBIC B TJABE
CHull «CrpouteibHasi TEIIOTEXHHKA», CTPABEMIHBLL, €CJA
ona repmeruyna. OGLIUHO XK€ B KOHCTPYKIUSIX B pe3ysbTa-
Te MHQWIBTPAUMM U SKCQUABTPALMHM Uepe3 Marepual H
CTBIKH OTHEJbHBIX 3JEeMEHTOB mpocjoiika coofiaercs C
BospyxoM. CollpoTHBJIeHHe TeIUlonepejaue NpH HapyuweHHH
repMeTHYHOCTH TIPOCHOHKH TIOHHKAETCH H 0COGEHHO PE3KO,
ec/ly OHA pacliosoxeHa GJHXKe K BHYTPeHHEil NOBEPXHOCTH
OrpaxjieHusl U B Hee NOTaNaeT HAPYKHbIH BO3LYX. Ionana-
HHe BHYTPEHHEro BO3JlyXa B IpPOCJOHKY TaKXKe ONacHOo H3-
3a OTCHIpeBAaHMS B CBSI3H C TEPEHOCOM BJIAarW M CHUXKEHHU
TeMJI03aLUTHEIX CBOHCTB OrpaeHus.
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Paccmotpum CTalMOHAPHBIH TEIIOBOH pPeXXuM orpaxje-
HHS1 € BO3YLIHOH NPOCJIOHKOH, yepe3 KOTOPYI10 HENpephIBHO
nponysaercst Bos3ayx (puc. IV.7). Ona otpenena or mome-
LICHHUS C TeMIepaTypoil fp BHYTPEHHeH 4YacCThIO KOHCTPYK-
LUK, HMEIoWel KoshOULHeHT Temonepenauy Ks. Hapyx-
Has 4acTh KOHCTPYKUMH ¢ K03(DPHULHEHTOM TeMJIonepefauL
Ky otpensier IPOCIOHKY OT HAaPYXHOTO BO3Jyxa C TeMnepa-
TYPO#i #y. Bosnyx B MPOCJIORKY TIOCTYMaeT ¢ TeMuepaTypoi
o (B O6IeM ciyuae OTAMUHON OT ty U tp) U, mpoxops yepes
HEE, u3Menser cBow TeMEeparypy. Ha HEKOTOPOM paccTos-
HUH L TIOTOK BO3ayXa IPHOGPETaeT HEU3MEHHYIO TeMIepa-
TYPY fpx, 3aBHCSIILYIO TOJBKO OT VCJIOBHH Mepefauu Tellsa
I€PE3 OrpaXKaeHue U He CBA3AHHYIO C €r0 HAYANbHON TeMIIe-
patypo#i.

3apaya pacuera TemnoBoro pexuMa orpaxpeHus ¢ Bos-
AYWHO! NPOCNOHAKOR COCTOMT B ONpPENICJICHHH K3MEeHEHHS
TEMDEPATYPEL 1O AJIHHE TIPOCJIOHKH U pacuere TenJionepena-
UM KOHCTPYKIHH.

TeMnepatypy fnn MOXHO BBHIUKCIHTS TIO dhopmyse oaHo-
MEPHO# CTanHoHapHOH TEMJIoNepeaayn

y Kplp +Kutn
BOD =T ’
KB + KH
OTHOCHUTEJIbHAS H3OLITOUHAS TeMIlepaTypa
fe—tan Ky
tp—ta  Kpt+Kyg °
IIpu onpenenenun Ky u Ky B 51HX bopmynax yuurnisa-
10T TOJILKO COCTABJSAIOLIYIO Oy TEIICOOMEHA NPH BLIHYKJIeH-
HOH KOHBEKIIHH Ha TIOBEPXHOCTAX MPOCIOHKH.
Huddepenumansuoe YPABHCHHE M3MEHEHHS TeMIeparty-
PBI £ MO IMHE TPOCTONKK X MMeeT BHUJL
(Ks + Ku) (tp.n —t) dx = cg jat . (Iv.23)

Paspensis nepemennrie u HHTETPHPYH, TNOJYYHUM pemte-
HHE AJI1 OTHOCHTEJBHOH H3GHITOUHOMN TeMIIepaTypel B mpo-
HU3BOJIbHOM CEYEHUH:

(1v.21)

(IV.22)

en.u =

t—t¢
0= —"0 _ —Ax, (1V.24)
to—tp.n

rupe
A= (KB+K11)/CBi-

Ha puc. IV.8 3aBucumocts (IV.24) npencrasiena B Bu-
A€ KpUBOIt I, U3 KOTOPO# BUAHO, uTO npu

Ax = (KB"I—KH)x

. >3 (1v.25)
Cgf
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BeJIHUMHA O MpakTHueckH GJM3Ka K HyJIO (fx =~ fpn). VI3 BE-
pasenctBa (IV.25) MoxkHO ompenesuTh NPOTAKEHHOCTH HA-
YaNbHOrO yYacTKa lyp, B Ipefiesiax KOTOPOTO IPaKTHUECKH
3aKaHYHMBAETCA M3MEHECHHE TeMIepaTyprl BO3AyXa B MpoO-
cllofKe;

3cp
lkpr—>—7 . (1vV.26)
P~ Ko+ Kn
g
1
08 \\
g6
Puc. 1V.8. Hsmenesne ortHo- \
CHTeJbHOH H36ETOYHOH TeM- g4 N,
nepaTypel BO3ZyXa B MOpO- N
croiike 02 ~—_
1 — nokanbHBlE 3HAYEHHSI; 2 — JH- ’ \\
HelHasd 3aBHCHMOCTBH JIOKAJbHBIX 2 b4
3HAYEHHH HA HAYAJBHOM y4Yactke
(a0 Ax=0,5); 3—cpenHHe Tno 0 17 2 3 4 5
ajuHe (N0 CeYeHus X) NPOCIOHKH Kg* Ky
3HayeHAs ——X=AX

Cpi

Ilpn maneix pacxomax Bo3jyxa Wik GOJbIIKX KOS(DPHIH-
€HTax Teluionepesiaid KOHCTPYKIMH TeMIepaTtypa BO3JyXa
crabunusupyercsi Ha GJH3KOM pacCTOfIHME OT BXOJa H B
pacueTax MOKHO NPHHUMATh f=I[zy==const no Bce# AJUHE
npocyiodiku . Ecau xe pauna upocnofiku [ cousMepuMa ¢
Ixp, TO CcpPeHHIOI TO JJIHHE OTHOCHTENbHYIO H3GBLITOYHYIO

TEeMNEepPaTypy ClAeAyeT OIPEeReNsATh KaK CPeAHEHHTErpaJib-
HYIO:

= = - } (1vV.27)

to—tun ] Al

Ha puc. IV.8 3ta 3aBHCHMOCTD npeacTaBJeHa KPHBOi 3.

3Hast CPemHIO TeMNepaTypy fcp BO3AyXa B IpOCJOHKe
H KO3()GHUMEHTHl TEMJIONEpPefayl BHYTPEHHEH KM HapyXKHOH
YyacTed Orpak/J(eHUsi, MOXKHO TPOBECTH NOJHBI TEMIOBOM
pacuer koucTpykuuu. Ilpu pacuere Teronepenauu Jyduc-
THIl Tenj000MeH B TPOCJOfiKe HEOGXOAMMO YUHTHIBATH CIie-
uuasbio [51], Tak kak B Besuuuns Ky u Ky BOLLTH TONBKO

KOHBEKTHBHBIE COCTaBJAWILINE TelJiooOMeHa Ha OBE€PXHO-
CTHX.
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Pacxon Bo3nyxa j B BEHTHJIUPYEMOH NPOCIOiiKe ompeje-
JIFIOT THAPABJAHUECKUM pacueToM. OH COCTOHT B onpepnene-
HUH pacronaraeMoli pa3nocTH pasienuii AP, 6aaropaps
€My IPOMCXOMMT NBHKEHHE BO3JYXa, H PaCUETHOro pacxo-
A2, IPH KOTOPOM THIPaBJIHYECKHE TOTePU B mpocioiike AH
paBubl AP.

Pacnonaraemoe napnenne AP PaBHO CymMMe BeTpPOBOro
U IPaBHTALYOHHOrO AAaBJICHHE:

2

14
AP = (ky—kz) —= p+ h (P — pop), (1v.28)

Fre R M ky— aspoiHHAMHYECKHe KO3 QHIHEHTH COOTBETCTBEHHO Ha
BXOJ\€ BO3[yXa B NPOCNONKY H Ha BHIXOfe H3 Hee; f — PasHOCTb BHICOT
OTBEPCTHH JUI BXOAa H BHXONa BO3NyXa; Ps Pep — MJIOTHOCTH HapyXK-

HOTO H N0 BHICOTe NPOCJIONKA BO3AYXa.

Tunpasnuveckumu NOTEPAMH Ha TPeHHe NMPH O6LIYHO He-
GONbUINX CKOPOCTHAX v BO3JlyXa B NPOCJIOIKE MOXHO NpeHe-
6peyb U YUHTHIBATH TOJBKO NOTePH [aBJIEHHS] B MECTHHIX CO-
NPOTHBJIEHUAX XE:

2

U
AH ~ zg—;— e. (Iv.29)

M3 ycnoBust pasenctsa AP u AH NOJMYYUM NPUOIHIKEH-
Hy10 GOpPMyNy ANsi onpepenenus CKOPOCTH BO3JlyXa B Ipo-

cJofike:
o~ l/ (kl _kz) v: + 0,081 (tcp —tﬂ)
X

Has BepTUKanbHOl npocno#ku (puc. IV.9) B Hapyxmuo#
CTCHE a3pOfMHAMHYECKHE KOIDPUIHEHTH OGBIYHO PaBHHI:
kRi=Fky u K MeCTHBIM COIIPOTHBJIEHHAM OTHOCATCH TOJIBKO
BXOJl H BHIXOJ C IByMSl IOBOPOTAMH TOTOKA (2£=3,5). Nnn
STOrO Cclyuasi pelleHHe ynpouiaercs:

v=0,15V A (tep —t). (1V.31)

Boanyx, mpoxons uepes NPOCNONKY, CHOCOGeH accuMmu-
JINPOBaTh BJIATY, NOCTYNAOIIYIO H3 MOMEIEHHs uepe3 BHYT-
PEHHIOIO HacTs orpaxjenus. Ipouece Baaronepenaun yepes
OrpaxXJIcHHe C BEHTHIHPYEMO!H NpPOCHOHKOl aHANOrHueH
npoueccy rtennonepenayd. B stux mpoueccax (cM. puc.
1V.9) notennuan saaxuocty § BO3JlyXa MO AJIMHE MPOCaOii-
Ki COOTBETCTBYeT TeMmepartype £, BJAaroeMKOCTb IOTOKA
BO3YXa 7j— ero TeI0eMKOCTH Cej, TIOKa3aTeNny NPOBOJKU-

. (IV.30)
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MOCTH BJIaTH By u By BEYTPEHHENl W HApy:KHOH yacred or-
paxaenus — kodpdunrentaM temnonepenaun Ky v Kp.
Pacuer Bnaromnepenaun uepe3 orpaxKieHne ¢ BO3LYUIHOH
TPOCJOHKON NPH YKa3aHHOM BLIIIe COOTBETCTBHH BEJHYMH
aHaJOTMYCH PAacCMOTPEHHOMY pacueTy TelJjionepesays.
Tak, no anajoruu ¢ ypasHenunem (IV.24)
0, —6 _(BB—BH)x
2RI, s (1V.32)
eo—en.n
rae 0s.n onpenessior no ¢opmyse suga (IV.22).
Ilpu pacuere Bsaromepenauu
MOXHO BOCIIOJIb30BATbCA TaK-
e rpadukom (cM. puc. 1V.8), _f_‘
OPUHMMAsf 32 OTHOCHTEJIbHEBIN - 1
K30LITOUHLII TMOTEHLHAN BJaXK-

-

HOCTH BO3JyXa B IpocjofKe IO
OCH OpAMHAT W 1O OCH abcuuce O
BeJIMUMHY AX, pacCUUTAHHYIO TIO

N

tg:0g
XapaKTepUCTHKaM nporecca 6y v /
BJIaronepefauH. Vo = /
Jiisa  pexxuMa acCHMUJIALMH —w
BJIATH AJMHA HAYAJBHOTO yyacT- — M Kol o
Ka, Ha KOTOPOM NPOHMCXOAUT 3a- ALV At
MeTHOE H3MEHEHHe TNOTeHIHala B, By
BJIA}XHOCTH © Bcésgyxa, paBHa: - /i
. i
o= Fym - N’ .
[Toka3atenu Biaronepeays _,-_.._._J"
Bs U By KOHCTPYKUHH HMeEIOT k 6

HeOoJiblINe YHCJAEHHBIE 3Haye-
HUS, B B OTJINYHE OT TEIUIOBOTO

! _ Puc. IVY. Tennonepepaya
npouecca Benuuuna [, 3Hauu i BArOMepenata Hepes Bep-
TeJbHO OOJbIIE TNPOTHAXKEHHOCTH  THKAJbHOE  OrpaxKierHe ¢

MPOCJIOHKH. npoc/iofikofl, BEHTHIUpPYeMOH
[TpOTSKEHHOCTh NPOC/IOKK [ B PesyibTare ACHCTBHA Ipa-

3aXBATHIBAET TOJBKO OJHSKHAK o o WOHHBX G H BETPa

NPSAMOJIUHEHIHOMY 2 y4acTOK B

caMoM Hayvaje Kpusoit I (cM. puc. IV.8). 1o obcroarenn-

CTBO TIO3BOJIAET yUPOCTUTL ¢opmyay (IV.32) u pekomen-

JIOBaTh H3MEHEHHE [IOTEHLMaNa BJIAXXHOCTH BO3yXa pac-

CUHTBHIBaTh 1O AJIMHE TIPOCJONKH, TOJb3ySch JHHEHHOH 3a-
BHCHMOCTBIO

ex_"eB.\l -1 — BB+BH x
60— Op.r 2nj

(1V.34)
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Pacuer no gpopmynam (IV.32) — (IV.34), B koTOpHIX Xa-
PaKkTepUCTHKU Bs, By ¥ 1 NPUHATH HeU3MEHHBIMH, BO3MO-
JKEH B Npepesax

0< Oyct. (IV.35)

TMoTeHIuam Oy ¢ ¢ COOTBETCTBYET MaKCHMaJIbHOH copOiiu-
OHHOM BJIAXKHOCTH HACHILEHHOTO BO3JlyXa NPH TeMmmnepary-
pe ¢. On sBNsfeTCS TPaKTHUECKHM TpeIejioM BJIaroacCHMH-
JIUPYIOLIMX BO3MOXKHOCTEH BO3JyXa.

YcJioBYe aCCUMHMJSIMK BJIary BO3JyXOM [0 JIJIMHE NpPO-
CJIOFKH MOXKHO 3aIHCATh HEPABEHCTBOM:

01 < Ouv.c 1. (IV.36)

310 HepaBeHCTBO GymeT CHPaBeJHBO npH GoJbLIMX
pacxonax Bosjyxa (NMPH AOCTATOYHOM NPOBETPHBAHHH).
Pacxon Bosnyxa uepes NPOCJIONKY, HEOOXOAUMBIK AJS mpe-
AYNPEKACHUS BLINAJCHUA KOHACHCATAa, OIPEAESAIOT U3
ypaBHenusi (IV.34) ¢ yuerom nepasenctBa (IV.36). Tpe6y-
eMBIHl PaCXOJl BO3J(yXa MOXHO OGeCHedHTh, H3MEHSISI Ceue-
HHE M TPOTAKCHHOCTbL NPOAYXA, CO3/ABasi JONOJHHTEIBHOE
TPaBHTALMOHHOE JaBJieHHe (TIOJIOTPEBOM EBO31yXa, ycTpoii-
CTBOM BEHTHJISLMOHHOM IIAXTH), UCTIONB3Ysl BETPOBOE AAB-
JieHHe (C moMomblo peduiekTopa, NpaBUJIbHLIM PacIoJioKe-
HHEM MPUTOYHOrO M BHITSXKHOTO OTBEPCTHil U 1p.).

Paccmotpennbie nonoxenus COpaBeVIUBH TP YCJIO-
BHH TIPEAYNPENEHUA OTCHIPEBAHMSA BHYTPEHHE!H YacTH KOH-
CTPYKUMH OTDaxkACHHUS. YBJaKHEHHE HAPYXKHOH YAaCTH MO-
3eT ObITh OIeHEHO 10 O6Iuell MeToauKe (cM. ro. II) ¢ yue-
TOM M3MCHeHH§ TIOTEHLHAJa BIAxKHOCTH 6 M TeMmepaTypel
{ BO3/lyXa Mo AJIMHE MPOCJIOHKH .

[Tpouecent TemoBnaroo6Mena u nBHMKeHHe BO3[yXa B
npocioiike cBA3anHbl Mexay co6oli. B peajibHBIX yCJIOBUSX
BJIMSIHHE BJIAaroOOGMeHa Ha TeMJIOOGMeH U Ha JIBHIKEHHe BO3-
AyXa B NPOCJIOKe HE3HAUHTENIBHO, YTO TO3BOJISAET CHAYANA
baccMaTpuBaTh TOJILKO TEIJIOBOH M BO3JYLUHEI{I PeKUMBL, a
34TEM PACCUMTHIBATh BJIArONEPeaayuy, 3a/1aBas yCIOBHS Tell-
Jioniepesavl K BO3ayxoo6Mmena.

IV.3. RONOJIHUTENbHLIE 3ATPATLI TEMNA B NOMELLLEHMM
HA UHOUMNLTPAUMUIO

B npoussosicTBeHHBIX HOMeLIeHHAX pacxop temna Ha Ha-
TPEBARHE XOJIOAHOTO BO3MyXa, TOCTYNAIOLIETO Hepe3 npu-
TBODE! OKOH, ¢onapefi, nBepeii, BOPOT, cocTaBsieT o 30—
40% ot ocHOBHBIX TEIJIONIOTEPh, MO3TOMY NMPH pacuere Tel-
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JIOTIOTePHh TPOU3BOJACTBEHHBLIX NMOMEILEHKH clenualbHO pac-
CUHTBLIBAIOT 3aTPaTH TeIlJla HA HArPeBaHHE MOCTYMAIOIIEro
B NOMeLieHHEe XOJOQHOro Bo3nyxa. Ilpu onpeneneHun 3a-
TpaT TenJia Ha HarpeBaHHe HAPyKHOTO BO3JlyXa IPH HH-
duabTpaLUK pacueT BO3AYIIHOrO pPEXKHMa 3JaHHA MOMKET
6biTh ynporieH. IIpUMEHUTENbHO K NPOMBIIUIEHHBIM 3] aHHK-
fIM 3Ta 3ajaua noapoGuo uccnenosana B. I1. TuroseiM.

TMpoMbllLIeHHBIE 3[aHHHA, KaK TPaBHIO, ORHO3TAXKHHL.
B MHOrosta;kHoX OPOMBIIJIEHHBEIX 3[aHUAX 3TaxKH yalle
BCEro AOCTATOYHO M30JUPOBAHH APYr OT Jpyra H HX BO3-
AVIOHBIH PeXHM MOXKHO PacCMaTpHBaTh HE3aBHCHMO.

Ilpocreiiinum fABAsieTC Chayual, KOrna NOMELIEHHE He
UMeeT NepPeropojioK, OTCYTCTBYeT BeTep H HHHILTpanus
TIPOHCXOJAMT TIOJ BJIMSIHMEM TOJLKO TPaBHTALHOHHBIX CHJL.
Ileperexanue BO3yXa NMPOUCXOJHT B OCHOBHOM HYepe3 ILHEJH
[IPUTBOPOB, HO HH(MHUIBTPALHIO YCJIOBHO OTHOCAT K ILJIOLILA-
Jli OKOH, a ee HHTEHCHBHOCTH j, Krf(M2-4), 3a cueT pa3HoOCTH
JaBJIeHUI BO3JlyXa Ha HADPYKHOH M BHYTPEHHEH INOBEPXHO-
ctax orpaxpenus, AP, I1a (krc/m2), onpepensitor no ¢op-
MyJe

j =B, AP?, (IV.37)

rie Bu — Ko3QQHUHEHT NPOBOJHMOCTH BO3AYXa KOHCTPYKLHeil

Jlois oMemeHus ¢ ABYXCTOPOHHMM PaBHOMEpPHO pacmpe-
JeJIeHHEIM OCTEKJIEHHeM TO Beell TUIOWALK HAPYXKHOrO Or-
paxacHus npu Oe3BeTpPUH CpeflHee KOJHUYECTBO BO3AyXa,
NPOXOAALIEro CHapyxHu yepe3 1 M? OKHa, PaBHO:

1
jo=0,47B,, d (HAp)T , (1V.38)

rie By oK — K03 QHLleHT NMPOBOAMMOCTH BO3ZYyXa nJis OkHa; d — jo-

JIl OCTEKJIEHHON MOBEPXHOCTH HAPYXKHOrO oOrpaxzienus; H — nosnas
BHICOTA OFPaXK[EHHsl 3AHHS.

Pa3nocTs nioTHOCTell HAPYKHOTO Py H BHYTPEHHErO pg

BO3JlyXa MOXeT ObIThb NPHOJHKEHHO 3aMeHeHa pPa3HOCThIO
HX TeMIeparyp:

Ap = pg—pp = 0,005 ({p —ty), (1V.39)
a BolpaxeHHe (IV.38) mpeoGpasosano:

1
jo == 0,033B, _d (HA#)z . (IV.40)

B npoOMBIIIICHHBIX 3JaHHSIX OKHA YacTO OJIHHApHbIe H
He repMeTH3HPOBAHBI, UX mpoBoaumMocTh By ,=27. Torpa

1
jo =0,9d (HAHZ . (1v.41)
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UrcneHHbl Ko3GhOUIHERT 3/€Ch NOMKEH ObITh 3aMeHeH
TP YIJIOTHEHHOM OJIKHAPHOM OCTeKJeHuH Ha 0,2, npu He-
yNJIOTHEHHOM JBOHHOM —Ha 0,6, ipu 1BOHHOM YyIIOTHEH-
HOM — Ha 0,14.

Besnuuny jo mo seipaxenuio (IV.40) wucnonn3yior xak
CAVHUIY pacxofa BO3AyXa UPH pacueTe 60Jiee CJAOKHBIX
CilydaeB: NEHCTBHE BeTPa, BEHTHJSALHH, HETPaJHIHOHHAA
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a8t

cxeMa 3/aHus. BinsiHHe STHX JONONHHUTENBbHBIX (HAKTOPOB
YUUTBIBAIOT MONPABOYHEIM KO3(D(UIHEHTOM yy HA PacXoi
Bo3Ayxa. Ilyis momelleHu#t ¢ OXHOCTOPOHHHM OCTEKJIEHHEM,
HanpuMep, KO3(PPHUIHEHT yy paBeH 0,5, TaK Kak B 3TOM CJly-
yae MHQUILTPAnHA NPOUCXONUT TOJBKO CO CTOPOHBI OJHOTO
orpaxaenus. Ha rpaduke puc. IV.10, cocrasiennom na oc-
HOBaHHH pacyeTa ¢ Momowsio IBM BosaymHOro pexuma
OJIHO3TAXKHOTO NPOMBILIEHHOTO 3/1aHHA C JBYXCTOPOHHHM
OCTEKJIEHHEM C Y4eTOM ACHCTBHSI BeTpa, MPHUBEAECHA 3aBHCH-
MOCTh Pp OT OTHOCHTEJIBHOTO J|aBJIeHHS BeTpa P,.

Ilpu onpepenerHn OTHOCHTEJBHOrO Iiepenafa HaBJe-
HHUsl, CO3J1aBAa€MOr0 BETPOM, 3a eJHUHHLY JaBJEHHUS NPHHS-
0 H Ap, nostomy

5 0»06"3 On

v Hbp (Iv.42)

1
rae Uz — CKOpocTh Berpa; 0,06~ (ky—*k,) ?; kg u ks — aspopunamu-

uecKHe KOI(QPUUHEHTH: C HABETPeHHOM cTOpoHH ky=-0,8, ¢ 3aBerpen-
HoOlt Bg=-0,6.

Bonee cnoxnble ciyuan: upu neGajaHce BEeHTHJSILMH,
KOrJja 3JlaHHe MHOrOIPOJIETHOC U T.JI., PELIAIOTCH aHAJO-
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CHYHBIM TyTEM C NOMOIIbIO CIELHAJIbHO PacCYUTAHHBIX KO-
5P PUIVEHTOB Yy.

O6iee KONUYECTBO HAPYIKHOTO BO3AyXa Lo, MOCTynalo-
LIero B NOMelleHUe B pe3yabTaTe HHQUIbTPaUUH Yepe3 Ha-
pYXKHbIE OrpaxkIeHus, paBHO:

Lo = jo Yu Fu.0» (Iv.43)
rie jo— cM. dopmyay (IV.40); Fro—cymmapHas nioniafip Beeif mo-
BEPXHOCTH HAPYMHHX OFpasKAEHHIL

He Menee cn0xHOH M BaxKHOH 3ajiaueil OKasbiBaeTcs On-
pejieiene pacxoiia BO3AyXa NpH UH(PUIBTPALUK B MHOrO-
9TaXKHBIX XKUJIBIX U 001leCTBeHHbIX 3fanusX. [IpumenuTen-
HO K XUJLIM 3AaHHSIM HOBBIUEHHOH 3TaXKHOCTH 3TOT BON-
poc moapo6uo wusyued B. E. Koucrautuuosoit [18] u
H. H. PasymoBuim [33]. MMu cospana obuias MeTOAUKa
pacueTa BO3AYIIHOrO peXuMa 3[aHuM, MOCTPOEHb rpaduku
1 COCTaBJieHbl Tab/uIB], MO KOTOPBIM MOKHO paccuuTaThb
BO3AYIUHbI/ PEXUM 3JaHUil Pa3NMYHON 3TAXKHOCTH NpHU JIto-
6bIX TeMnepaTypax Bo3ayxa U CKOPOCTH BeTpa.

B MHoroobpasuu pelueHuii, BApUAaHTOB HCXOIHBIX AaH-
HBIX MOXKHO HaifiTH 3aKOHOMEPHOCTH, KOTOpHIE HO3BOASIOT
0606LUTh NOJYUYEHHBIE pe3yibTaTel. BosbmeM 3panusi B N
(5—20) 3Taxeil C TUNOBBIMH KOHCTPYKTHBHO-ILIAHHPOBOY-
HBIMU PELIEHUSIMU. YUUTHIBAasi OAHOTUIHOCTL U B OCHOBHOM
nogacafiHylo OPHEHTAIMIO NOMEUIEHW, NpU pacueTe HH-
GUIbLTPaNUM CJELYeT NPUHATH AJS BCEX NOMEIUEHHH Hau-
Gonbinye (pacueTHbiE) PacXoisl BO3RYXa, AJs HABETPEHHOMN
CTOPOHB! TPH PacyeTHBIX JUIS 3UMHETO PEXHUMa TeMrepary-
pe Hapy»KHOro BO3AlyXa {y U CKOPOCTU BeTpa U (B 3TOM CJy-
yae pacxo/bl HauOGONBIUKE, A MOITOMY pacueTHbie). Ananus
TakuM 06pa3oM OTPAHNYEHHOrO KPyra AAHHBIX MOKAa3blBAET,
YTO H3MEHEHHE PacXOjOB BO3JyXa IO BBHICOTE 3/aHus NpPH
JaHHBIX Iy ¥ Uy UMEET NPAKTHYECKH JUHEHHYIO 3aBUCHMOCTD.
IlosToMy BOCTaTOUHO ONPEAENUTh 3HAYEHHS PacCXONOB AJs
HHXXHErO ¥ BepxHero staxeil. Hiuske npuBenenbl aHajnuTH-
yecKHe 3aBUCUMOCTH, alNNpPOKCHMHUPYIOUIYE pacyeTHHE AaH-
HEI€.

KonuyecTBO BO3AYXA jrep, KIf{(M2-4), POHMKAIOLIETO Ye-
pea 1 M2 OKHA B BepXHEM 3TaXKe HaBETPEHHOH CTOPOHbI N-
5TaXKHOTO 3/IaHUS NIPU ONPEREJEHHHIX fy U Uy PABHO:

jzep = (4 0,15N) 102 (v + 5 — 0, 1£x). (IV.44)
Jnst upkHero (mepBOro) 3Taxka KOJIHYECTBO BO3RyXa
T = 72107205 — (4 +-0,6N) 1072 £, 1 0,25N - 4,5. (IV.45)
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Jlnsi npOMEXYTOUHOrO 3Taxa 1 BeaWunHa in paBHa:

jﬂl?DR - inep

in = jumx — N (1V.46)

Cuenyer uMeTh B BHAY, YTO NpefjiaraeMpie $opMyJint
npubAnKeHnsl. OfHAKO TOYHOCTb MX (OmHMGKa 10—15%)
AOCTATOUHA JYIsi pacyeTa MOTEPh Tensa Ha HHGWILTPALHMIO.

Pacuer pononsurenbubix 3aTpat Temaa Ha HarpeB Ha-
PYXHOro Bo3fyxa, monajamliero B noMeLleHue, TPOH3BO-
AHTCS N0 GopMyaaM n. 2 naHuof raasel [IpH sTOM cieny-
€T UMETb B BuAy cuaepyloune coobpakenus. HauGonbmme
TenJonoTepy oT HHQHAbTPauuu (1o 30—40%) cBszaHw C
HAJMYUEM OKOH, OCOGEHHO B NPOMBIULIEHHHX 3JaHHSX, B
KOTOPHIX NPUTBOPHI OKOH He 3aKJIEHBAKOT Ha 3UMY. 3aTpathi
Tenia Ha WHQUIBTPALHMIO YEPE3 CTHIKH COCTABJISIOT O 3—
5% OCHOBHBIX TEIJIONOTEPD, Yepes TOJINY OrPaKAeHHS OHH
ewe Menbute. MuduarTpauuio B aByx nocnennnx cayvasix
CAELYET yuuTHIBATL NPHU TETJIOTEXHHYECKOM pacueTe orpax-
IeHufl, TaK KaK OHa NPUBOAMT K 3HAYUTEbHOMY NOHUIKE-
HHIO TEMNEPATYDL BHYTPEHHEH MOBEPXHOCTH OrpaKJEHHS.
Bentunuposanne Bo3pymmof NPOCNOAKH B KOHCTPYKIUH
OTPAXKJCHUSI HADYKHBIM BO3JlyXOM TAKKE yBeJHYMBAET Tell-
JIONOTEPH U NMOHUKAET TEMNEPATyPy BHYTPEHHef: HOBEp XHO-
CTH OrpaxKaeHufl,

FNABA V

MHXEHEPHbIH METOL] PACYETA
TENNOYCTOMYMBOCTH NOMELLEHMSA

TennoBoii pexxuM noMemenus onpepensieTcs HoCTYyIJe-
HUSIMH WM TIOTEPSIMH TeIJla Yepe3 HapyIKHBIE OrpamAeHHs,
Pa6oTO#l OTONUTENBHO-OXJIAAUTENbHBIX M BEHTHASAIHOHHDIX
CHCTeM, GBITOBBIMU H TEXHOJIOTHYECKHMH TENJIOBbBLIEeH sI-
Mil, a TaKXKe TemNoU3NIECKUMU CBOHACTBAMU OrpakAeHuil,
o6opynoBanusi U ap. HI3aMeHenust notokoB Tenaa ot uCTOY-
HUKOB ¥ CTOKH Tenjla OOGblYHO HMMEIOT MNEPUOHNNYECKHil Xa-
PakTep W 4acTO MOIYT ObITb NMPEACTABJEHH B BHIE OBTO-
psifoluXcs KOJleGaHui, O3TOMY U TEIJIOBOH PEKUM TOMe-
LIEHHsS] H3MEHSIETCS NEPUOAUYECKH.

C NMOMOLIBIO CHCTEMBI KOHIMIHOHKPOBAHHS MUKPOKJIH-
Mara acCUMHUJIUPYIOTCS M3OHITKM Temla, KOMNEHCHPYIOTCS
€ro noTepy H NOAAEPIKUBAIOTCH OTHOCUTENBHO TIOCTOSIHEHD-
My TeMnepatypa u Apyrue napamMeTpbi MEKPOKIHMAaTa Io-
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MelleHusl. B nomemenusx, B KOTOpHIX TeMnepaTypy He NoA-
JepKHUBAIOT NOCTOSIHHOM, NOJ BAMSHHEM KoJiebaHuil nocTyn-
JIEHU# H NOTEPb TenJa oHa MEepPHOANYECKH H3MeHsiIeTCH. DTH
H3MEHEHHUs] TEMNEpPaTyphl 3aBUCSIT OT XapaKTepa TemnJOBbI-
J€JIEHUH ¥ TENJIOBHIX CBOMCTB MOMeEILEHHUSs.

[To xapakTepy uaMeHeHMsi BO BPEMEHH BCE BO3MOXKHBIE
BUJHl NOCTYINIEHU{l W TIOTEPh TEIIa MOXKHO Pa3feNuTh Ha
rapMonuveckue ¥ npepoiBucThie. [locTymsenus Ttensia 3a
CYET Pa3HOCTH TEMNEPATyp uepe3 OrpaxKpeHus HIH C Ha-
PYXHBIM BO3AYXOM JOCTATOYHO TOYHO MOKHO CYHTaTh Mpa-
BHWJIbHBIMH TapMOHHYecKUMH. [lpoHikawoulas uepe3 OKHa
COJIHEUHasl pajvalis UM NOCTYIJEHHS Telyla OT TEXHOJIO-
THYECKHUX HCTOUYHHKOB NMPHU UX CMEHHOH paboTe UMEIOT YeTKO
BBIPaXKEHHBIH NpepHBUCTHIH XapakTep. BoJsiee CAOXKHBIE CI1y-
Yal MOTyT ObITb NPEACTABJEHB B BHJE HECKOJBKUX IIpPEPHI-
BHUCTHIX TapPMOHHYECKHUX MOCTYINIEHHI,

B ananuse TemnoyctofuMBOCTH TOMELIEHHSI CJI€Ry€eT
VUUTHBATb CNEUU(PUKY y4acCTHs! B HPOLECCE JYYUCTOH U KOH-
BEKTHBHOH COCTaBJAAKOMUX Temaoo6mena. OHa COCTOMT B
PasHOH MOCNENOBATENBHOCTH NePeRaud Temjia BO3AYXy U
NIOBEPXHOCTSAM MOMELIEHUS] 3THMH COCTABAAOIUMH. KOH-
BEKTHBHOE TEINIO NOCTYNAET B BO3AYX U OT HETO NEPENAETCS
NOBEPXHOCTSIM, O0palleHHBIM B nomeuleHue. TemnepaTypwi
NIOBEPXHOCTER M BO3JyXa HECKOJNIbKO Pa3jiMuHbl, U UX H3Me-
HEHUsS HE COBNAAalOT BO BPEMEHH; JIyYUCTOE TEINIO MOCTY-
HaeT HEeNMOCPEACTBEHHO Ha NOBEPXHOCTH U U3MEHSET X TeM-
nepatrypy. Bo3nyx npaxkTuuecKu He yuacTBYeT B JIyYHCTOM
TEMJIOOOMEHE, NO3TOMY KoJeGaHHst €ro TeMNepaTypsl 1o
3HAYEHUIO U BO BPEMEHU B 3TOM IPOIECCE CJAEAYIOT 3a KO-
Je0aHUIMU TEMIEPaTypsl NOBEPXHOCTE.

Ilpu pacuete TemIOYCTOMYMBOCTH NOMEIIEHHST MOMKHO
HOJIL30BaThC METOMOM HaJloXeHusi (cyneprnosuuuu). Ta-
Kasi BO3MOXHOCTb BBITEKA€T U3 PacCMOTpEHHsl HOJIHOH (u-
3MKO-MAaTEMaTU4YECKOH NOCTAHOBKH 3ajaud. Hasoxkenue
YaCTHBIX Pe3yJibTaTOB JJisi NoJy4yeHusi obuero yao6Ho npo-
BOAUTL 11O NPaBHJY aHAJMTHYECKOTO CJOKEHHS] rapMOHUYE-
ckux kojebannil. HenonpzoBanue MeTona HaNOKEHHS H
NpaBujia CJIOXEHUsl NO3BOJSET PEIUUTh 3aha4y 1O Onpese-
JIEHUIO TEMVIOYCTORYMBOCTY NIOMENLeH sl MPOCTHIMU U JOCTYTI-
HbIMU AJIst UHXKEHEPHO# NpakTuky npuemamu. IlosiBaserca
BO3MOXHOCTb OT[EbHO PACCMOTPETh AECHCTBHE KaXJOH CO-
CTaBJIAIOLIE/l TapMOHUYECKOrO U NPEPLIBUCTOrO MOCTYILIE-
HUSl JYYHCTOrO WJIH KOHBEKTHBHOFO TEIW1d, YCTAaHOBHTb BHI-
3BaHHEIE UMM KoJe6aHUsi TeMnepaTypsi BO3LyXa W NOBEPX-
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HOCTEfl W MOCJIE 3TOrO NOJYYUTb COBMECTHBIH 3¢dexT
JeHCTBUS BCEX- HCTOUHUKOB M CTOKOB TEIN1a HA TEIJIOBOf pe-
UM [OMENIeHHUs.

V.1 .-NOKASATENM TEMNOYCTOHYMBOCTH NMOMELIEHHS

Hna pacuera M3MeHEHHA TEIJIOBONO pPEXHMa MOMeLle-
HUs (TeMIepaTypnl BO3JlyXa M €ro pajualloHHON TeMnepa-
TYPHI) HEOOXOAMMO ONPEAENHTh MOKA3aTeNH TeIJIoycBoe-
HHSl B TenJonoryiounleHuss nomelenusi. [Ipy yTounennu wux
3HaYeHH#l HEO6XOAUMO yuecTb 0COGEHHOCTH KOHBEKTHBHOIO
H JYYHUCTOTO TEIIo0OMEHa, BO3AYXOOOMEH, a TAaKXKe HaJlH-
Yue B NOMEUIEeHHH 6OOpyAOBaHust u Ap.

Tlokasartenn TennoycBoeHun

[lokasatenb TennoycBOeHns nOMeIEHH s onpepesser us-
MEHEHHE TEMNepaTypbl BHYTPEHHUX NOBEPXHOCTE] OM, BJIH-
AHHEM JIYYUCTHIX ¥ KOHBEKTHBHBIX NOCTYIJEHU| Tennaa. Me-
6enp u ob6opynoBaHue, uMes Pa3BHUTYI0 MOBEPXHOCTb H
1aCTHYHO 9KPAHUDPYHA OrpaxKAEeHHf, MOTYT HECKOJBKO H3Me-
HHTb pafvanvoHHYI0 TeMIepatypy nomemesnus. OpHaxo
IIpH olpeJiefIeHNH NMOKa3aTedsi TeNJOYyCBOEHUS MOMELLEHHS
HX BJUSIHHE, KaK MPAaBUIO, MOXKHO HE YYUTHIBaTb. B Kauecrt-
BE NOKa3aTeNsl TEIVIOYCBOCHUA NMOMELIEHUS Yy NPUHUMAIOT
XapaKTePUCTUKY TEINIOYCBOEHHS BHYTPEHHHX MOBEPXHOCTEH
OrpaxXAeHuit ¥orp, CUHTas, YTO TOJBKO HX TeEMInepaTypoi
ONpEACIsieTC pafiallUOHHasa TeMepaTypa noMelleHys:

};quOI\p:E)}[F[. (V'])

IlokasaTenn TemnOyCBOEHHS! OTHENBHBIX OrPaMAEHHUEl

¥; spasiotes BekTOpami (0003HAY€HO TOYKOM), U AJA MOJI-
HOrO HX ONpEAe/eHUs HApsly C BeJIMUHHAMH ¥; (MOAYJb)
HYXXHO 3HATb XapaKTEPUCTHKHM MX MOJIOXKEHHsI BO BpeMeHH
£y, (apryment). Benuuunoii e y,» 9 ONPEJIeNsIIoT OTCTaBa-
HUE BO BDEMEHM H3MEHEHHUil TEMIEPATypPH NOBEPXHOCTH OT
M3MEHEHHI POXOASIIErO Yepes NIOBEPXHOCTb TEIIOBOTO NO-
TOKa (puc. V.1), C.nox(gnue BeJIUYMH ¥; OTAENBHBEIX Orpax-
J€HHH Ui nonyyenus ¥y B gopmyae (V.1), CTPOro roeops,
HYXKHO NPOBOJUTD C YYETOM UX HECOBNaJleHHs BO BPEMEHH,
HO B HH)KEHEPHOM pacueTe OGBIYHO CKJaJBIBAIOT MOAYJIH ¥;.

*) Cm. npumey. Ha c. 178.

174



Puc. V.1. TapMOHHUECKHe H3Me- |
HEHHS TeIJIOBOrO NOTOKa (a), 233333133/
MPOXOASILEro uepe3  NOBEpPX- As c b
HOCTb Orpax{[leHHf, TemrnepaTy- g _}V
pbl BO3fyXa (6) H mMOBepXHOCTH i A'/é,_'—“
orpaxaenus (8) 8 i 7
N7 '
9 g Vs
?
NS
Wi
QD X T T
B mHHXKeHepHOM MeTOJE S L.
pacueta s ynpouleHus pe- 0O -1 -
KOMeHJAYIOT He yuuTHiBaTb 0)ty 7 2
BO3MOXHOE PACXOKAEHHE €Y, {iﬁ &

. 8. /
¥ CYUNTaThL A5 BceX orpaxkpe- 4
uuil BenHunny €, ~ T/8 B cBs- / ZWN/
34 C IPEMMYLIECTBEHHBIM NPU- §)
MeHEeHHEM B NOMelleHMH or- T &y
paxieHuii ¢  «TOJCTHIMHU» . /W
BHYTPEHHUMH CJIOSIMM M B3a- v\lf}/
HMHO KOMIEHCHPYIOLIUM BJH- Mare
fiHMEM JIErKHX HapyXHbX Oor- 0
paxnenuit (0<<e,<<T/8) u
JIEFKHX BHYTPEHHUX OrpaxKie-
nnit (T/8<<ey,<<T/4).

B >XUJIBIX NOMEIEHUAX A0 BHYTPEHHUX OTPaXKAEHUi B
obLieil NMOBepXHOCTH OGoJabluag, MOSTOMY AJfl HUX &, HE-
ckoJbKO Godabmie T/8. OnHako 3TO OTKJIOHEHHE HeCyUlecT-
BEHHO.

~

Mokazarens TenNonoOrnoueHMs

Jana pacuera u3aMeHeHHH OCHOBHOI COCTaBAIOLIEH TEIIO-
BOrO peXXHMa— TeMIepaTypsl BO3AyXa — HeOOXOAHMO Of-
peAenuTb NOJIHOE 3HAYEHHE INOKA3aTelsl TENIONONIOWEeHUs
noMenenusi Py, YUHTHIBAIOLIEr0 HaJWYHe HapAQy C Orpax-
HennsiMH Me6eny, oGOpyROBaHuA M BjHSHHE BO3LyXooOMe-
Ha. Mebenb 1 060OpYy/OBaHNEe MOXHO pacCcMaTpUBaTh Kak
JONOJIHATENbHYIO TEIIOBYIO €MKOCTb, OBBIIIAIOLYIO TefJ0-
AKKyMyJIHPYIOIYIO CIIOCOGHOCTb BHYTpeHHell cpejnl (BO3-
Iyxa nomemenusi). BosdayxooOMeH B INOMELIEHUM TakKxkKe
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CBi32H C NOIVIOLICHHEM KOHBEKTMBHOIO Temna. C yuetom
IIPUHATOrO pasfiesieHust TEMNOOOMEHa Ha COCTaBAAIONIHE
IIpH ONpEeNEeJIEHNH TEMIONOIIOWATENbHON CHOCOGHOCTH MO-
MCILLEHUSA HYXKHO YUUTBHIBATD TOJBKO KOHBEKTHBHYIO YacTb
obLiero Temnoo6Mena. Kosdppuuuenr tennonoraouenus on-
PEOCIACT H3MEHeHHe TeMIepaTypsl BO3AyXa MOMELIeHHs
TOJILKO NOJ BAHSIHUEM NOCTYIVIEHUH KOHBEKTHBHOFQ TEJia.

Hast BHyTpeHHUX noBepXHOCTE Beex OrpaxaeHyil noka-
3aTeJlb TEMJIONOI/IOWEHHS OrpaKAeHHH Pory (3nech yurens
TOJILKO MOZYJIY BEJIMUUH) paBeH:

Porp = ZP; F;. (V.2)
rhie Pi — TENJIOHNOrJIOLIEHH e OTAENBHOTO OorpaKJieHHs:

P; =~ -— .
4 ] 1 ’ (V 3)

Y; gt

SReCb Qx,i ~— KOI(MPHUHEHT KOHBEKTHBHOIO TelIooGMeHa Ha ero mo-
BePXHOCTH.

Jnst orpaxpenuit passuunoro Bupa 3HaueHna P; 3amer-
HO uaMmensiiorcd. Ecim Matepuan orpaxpmenus umeer 6oib-
LIYI0 TEIJIOEMKOCTD U TEeNJIONPOBOAHOCTD (MeTannuyeckue
NPEAMETEH!, MOBEPXHOCTh GaKa C BOAOH U Ip.), T0 P; eromno-
BEPXHOCTH CTPEMHUTCS K CBOEMY MaKCHMaJbHO BO3MOXXHOMY
SHAUCHHIO — KOS((MULUMEHTY KOHBEKTHBHOLO TenJio06MeHa
ox. JlJIA HApYKHEIX OrpamueHHuii ¢ Manoi TENJAOEMKOCTBIO

U TEILIONPOBOAHOCTBIO (HAanpuMep, [Jisi OKHa npu  S—0),
KOrja

1
Ro‘—‘Rn ’
BCJIMYHHa Pi pPaBsHa CBOEMY MPIHPIMaJIbHOMy 3HaAYEHUI0 —

KO3 dpuurenty temnonepenaun K. Hast oxna no  ¢opmyane
(V.3) umeem:
1

-1
P = ~—— =K. (V.5)
1 1 R
PR+ —+ °
H

CGp

Y =

(V.4)

O6opynoBauue u mebenn NpH pacyeTe TemjaonorJonie-
HUSl TIOMEIIECHUST MOXKHO PacCMaTPUBaThb COCTOSIIIUMH U3
CPaBHUTE/ILHO TOHKUX maactun  (0,5<<D<1), KOTOpBIE C
ABYX CTOPOH OMBIBAIOTCSl BO3AYXOM moMeLienHs. ITokasa-
TEJb TEMJIONOrJIOLIeHHs1 060PYAOBaHHUS, UMEIOLero Mmaccy
Gos ¥ MaccoByI0 TENJIOEMKOCTD Co6, PaBEH:

4,4

Pog = T Go6 €06 - (V.6)
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ITokazatesb TENJONOINOIICHUA Bo311yx006M6Ha B IIOME-
I eHHUN
Pygen = L (¢p)s, (V.7)

rie L — Bo31yXoo6Men B noMelieHHH, M3/u.

[ToKazaTeJb TEMJONOIVIOLIEHHS HOMEIleHHss Py paseH
CyMMe BCEX PAaCCMOTPEHHBIX COCTaBJSIOLIUX BEJHYHH P;.
3nauenust P; paBHBI OTHOIIEHHIO U3MEHEeHHH COOTBETCTBYIO-
IIMX KOHBEKTHBHBIX MIOTOKOB TEIJIa U TEMIIEPAaTyph BO3AyXa
H SIBJSIIOTCA BEKTOpHBIMM BennunHamu. KoseGanus temne-
paTypsl BO3lyXa B NOMEIEHHH OAUHAKOBH JIJ1s1 BCEX MOBEPX-
HOCTEM, HO U3MeHeHHs] KOHBEKTUBHBIX IIOTOKOB Terjla Ha HUX
OKa3biBalOTCH Pa3HbIMH H He COBMNAJalollUMU BO BpEMEHH.
[Mocsefiiee ONPEAESIET NMOJNOKEHNE NOKa3aTeell TernJono-
TJIOLEHNA BO BPEMEHU &p, (apryMeHT).

Ins oTcuera moJiokeHus P; BO BpeMeHU NPUHUMAIOT KO-
neGaHus TeMHepaTypsl Bo3fyxa. H3ameneHue Pgey, KaK 370
caenyeT u3 Buipaxehus (V.7), coBnajgaer ¢ KojleGaHUAMH
TEMMepaTypsl BO3AyXa, [I03TOMY & ,,mzo. KoJsie6GaHus Ter-

JIOBBIX MOTOKOB yepe3 orpaxkienus (puc. V.l) orcraiorT OT
xoJe6Ganuii TeMIepaTypul BO3fyXa Ha €, . Himest nanube 06
11

OT[EJIbHBIX BEJHYHHAX P; ¥ 0 UX NOJIOXKEHUU BO BpPEMEHU
ep, B oblleM BHJAE MOXKXHO ONpPEAENINTb OoKa3areab TENJo-
3

nornowenuss Py (yuuThiBas TOJLKO MORYJIM BEJHYUH) TIO
npasuay (n. 3 ra. III) nonapHoro c/10OXKeHUsl rapMOHHYEC-
KUX KoJieGaHuil:

Pu=[PneH+(Porp+P06)"pl] ‘p2~ (V-S)

Mexay nokasaTeseM TelJIONOIJOUIEHHs ¥ TEMJIOyCBOE-
HUSA [TOMEIIEHHUs] COXpaHsAeTCsl CBsi3b, onpejesideMas 3aBHCH-
MOCTBIO KO3 (UIUEHTOB TEIVIONOIJIOLIEHHST U TEMNJIoyCBOE-
HUsl OTAENIbHBIX noBepxHocTelt [cM. dopmyay (V.3)]:

Py= ——— 9
o~ i 1 * (V' )

) € A

roe A — nokasatelib HHTEHCHBHOCTH KOHBEKTHBHOIO temyioob6MeHa Ha
BCeH IJoaiH NOBEPpXHOCTH B NMOMEIUEHHN:

A=E°‘K.iFi=aKZFi. (V.10)

THie Oty — OCPEAHEHHbI MO MOBEPXHOCTAM KO03(HUAEeHT KOHBEKTHBHO-
o Tennoobmena.
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V.2. TENJNIOBOW PEXMM NOMELLEHMS MPH NEPMOAHYECKH
HM3MEHSIIOLLMXCH NOCTYNNEHUSAX TEMNA

TennoycroitunBocTs nOMelenus XapakrepusyeTrcs HaMe-
HEHUAMH TEMMEpaTypul BO3AyXa U nosepxsocreii. PaccMmot-
PUM OCOOGEHHOCTH U3MEHEHHUSI TEHJOBOro pexuMa nomenie-
HHS DU REACTBUU Pa3JIHYHBIX COCTABJSIONINX TEmJIONOCTy N~
JIEHUIL. :

rapMOHH‘IECKHe NOCTYNIIEHHS OTAENbHO TOMALKO nyyucroro
MIM TONLKO KOHBEKTMBHOIO TENNa

Iloctynawouiee B noMemenue syuucroe renso s pesynb-
TaT€ MHOTOKPAaTHOrO OTPaiKEeHHHl OTHOCHTEJIbHO paBHOMED-
HO pacnpeiedIsieTcs o BCeM NOBePXHOCTAM noMemenus. Ko-
7€6aHus TapMOHMYECKUX (T) NOCTyMJeHHil Jryuucroro (i)
TENNa ¢ aMIVIMTYAOH Ag | BHI3OBYT H3MEHEHHS OCpeAHeH-

” :
HOM MO IIOUIAAAM TeMIepaTypsl Toc.r, MOBEPXHOCTEH B no-

MELLEHHN ¢ aMIIuTy ol A, :
oc.r.n

. _ Ery
Toc.r.r = —

I T AQr..'x/Y"' (V.11)

o

Temnepatypa noBepxHOCTeR Tocry H3MeHsiETCSH C oTCTa-
BaHueM OT Qr.n Ha BEJHUHHY ¢y . TeMneparypa Bosayxa us-
a

MEHSETCs! 110 3HAYEHNIO H BO BPEMEHM TaK K€, KaK TeMIepa-
Typa TOBEpXHOCTER (3/1€Ch NPENIONAraeTcs OTCYTCTBHE KOH-
BEKTHBHOIO TeNJI006MeHa):

torn=Yoormt  Atorn= vy, . (V.12

Koneextuenoe renso nepenaercs BO3AYXYy ¥ OT HEro No-
BEPXHOCTAM MOMELIEHHs. B Kax /bt MOMEHT BpeMern KoJu-
4ECTBO NOCTYNMBILETO B NMOMEIEHHE KOHBEKTHBHONO Teljia
PABHO KOJIMYECTBY Temia, mepeflaHHoro BO3AyXOM nosepx-
HOCTSIM (TEIIOEMKOCTb BO3AyXa B 06beMe NOMENEHNS He-
3Hauuteabua). Ilpn rapmonnueckux (r) pmocTymieHusix KoH-
BEKTHBHOTO (K) Tenja aMIJIUTyAa Ay, , U3MEHEHHS TeM-

NepaTypsl BO3AyXa GOJbile aMIJIUTYbL Ao rx OCPEnHEH-

——

*) Toukofi cBepxy oGosHauena H3MEHSIOUIaACs YaCTh BEKTOPHOR BeJHUH-
HH, B IaHHOM CAYYEE Toc,r.n, Qr-n, V.
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pofi TeMIepaTypsl NOBEpXHOCTeH ¥ BO BpeMeHH KoJebaHus
Tocr.x OTCTAET OT fp.rk:

. Qr.x
Tocrn="—" 3 A
a
rne Ag, ~ — SMIIHTYla TApMONHYECKOO MOCTYIIEHHS KOHBEKTHE-

HOr'g TenJga.

Tocrk = Arx/Y (V.13)

OtcraBaHue U3MEHEHHH Tocrx OT Qrx PABHO €y .

Usmenenue fpry U €€ aMIJAUTYAN Ay ., PABHO:
p CQra
tprx=""5 "3 Myp,= AQI‘_H/Puf (V.14)
a
a OTCTABaHHE BO BpPEMEHU H3MEHEHHH TeMIepaTyph BO3Ay-
Xa OT KOHBEKTUBHBIX NOCTYNJIE€HHH COCTaBjisleT BeJHYH-
Hy €, - HecoBnajenue BO BPEMEHH fprx H Toc.rx ONPERLIs-
n

€TC pPa3HOCThHIO Eyn—-‘ Spn-

MpepbiBUCTLIE NOCTYNIIEHHA TOMLKO NYUHCTOro
MAM TONBbKO KOHBEKTHBHOrO Tenna

[pepwBUCTOH Ha3BIBAIOT NEPUOAUYECKYIO MOAAuY Tema
(puc. V.2), xoraa B Teuenue yactu nepuopa m/T, B npoaod-
JKEHHH m 4 NOCTyIJleHne Tema Qg NOCTOAHHO U MOJHOCTBIO
npepuBaerca (Ha T—m 4) Ha OCTajbHYIO 4acTb (1—m/T)
nepuofa. IIpepuiBuctyo nojauy Temia MaTeMaTHYeCKd MO-
JKHO MPeNCTaBUTh B BUJe psina Pypbe — CyMMbl FapMOHU-
yecKux koJieGaHuil, MMEIOINX pasHble aMINIMTYAB H lepHo-
Ibl. JInst CyMMBl rapMOHUK, KakK M /sl CJ1araeMbiX rapMOHUK,
CHpaBelJuBbl O6uUME 3aKOHOMEPHOCTH mpouecca. 10 06-
CTOATEJIbCTBO [O3BOJIMJIO NOJAYYUTh peniende 3afaud, KOTO-
pOe YHOGHO HCHOJB30BaTh B HaMeueHHOH MnoCJeloBaTelb-
HOCTH UHXXEHEPHOro MeTOAa.

ITpu pacuete TEMJIOYCTOHYMBOCTH NOMEIIEHHsST HEOGXOAHU-
MO ONpEneJinTb OTKJIOHEeHHE TeMnepaTtypsl Bo3fyXa Afsn H
IOBEPXHOCTEH AtTocn OT UX CPEAHHX 32 MEPUOJ 3HAuEHMit
npu NpepLBHCTHIX NocTymaenusx (o6osnauum ux I). Or-
KJIOHEHHSI TEMIIEPaTypsl HOBEPXHOCTER B NOMEULEHHH NPHU
npepuiBUCTOf MOfaYe OTAEBHO JYYHCTOrO WJIM KOHBEKTHB-
HOTO Tell1a paBHbi:

Avoe.n = QQu/Y 1, (V.15)

rae Q — kos¢pdHuHenT npephBHCTOCTH [46], 3asucammit ot mfT u Mo-
MEHTa BpeMeHH, AJfi KOTOPOTO OMNpPENENSIOT BENHUHHY AToc.n.
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MakcumasnbHoe noBbiueHue TEMINEPATYPBl Toc OTHOCH-
TEJIDHO CPENIHETO 3HAYEHHA COOTBETCTBYET MOMEHTY BpeMe-
HU OKOHuaHUst MopauM Temna (cM. puc. V. 2,6). [punnma-
€M 3Ty BEJIMUHHY 32 yCJIOBHYIO aMIVIUTYJy A, KoneGa-
HH51 TEMNEPATYypHl NMOBEPXHOCTEH B PEXHME MpEPHIBUCTHIX
NOCTYILIEHN ] ;

— AgMaKc _ .Ezm_KCQ_U

A"oc.n = B%en = Yo ’ (V.16)

Fie Quaxc — MaKCHMaJblOe 3HayeHue K03 dHIHenTa NpPepHBHCTOCTH.
[Nonubit mepenap, TEMIEpATyprl NMOBEpXHOCTEH 3a nepe-
PBIB MEXAY TEMJIONOCTYIVIEHUAMY COCTaBJserT

MUH Qma KC ~— QMmH
oon = Qu L

n

TAe Quun — MHHMMAaJLHOE

3HaueHne Ko3dduuuenTa npe-
PHIBHCTOCTH.

IIpy  opepuiBucToM
] o NOCTYIJIEHUH TOAbKO Y-
a) 4UCTO20 Tenaa u3Mexe-
4, 4 HUSl TeMMepaTtypsl BO3-
nyxa Afgy paBHbl 3Ha-
T T r YEHHAM, HOJNYUEHHHIM B
¢dopmysnax (V.15) —
(V.17), u coBnanator BO
| | BpEMEHY C U3MEHEHUs-
6 0 i Zron Zeon 7 MH Atocn. Bpemsi, npu
A Mg, ware ~ KOTOPOM Ip M Toc NPHHU-
’ —Alg, =  MalwT  MaKCHMaJbHbE
17 ) =Atg . 3HaueHHs, COBNajaer C
\N \/ ’ MOMEHTOM  OKOHYaHUsl
8), ~ NPEPLIBHCTON  MOJAyH.
" zpaxe p— IIpu  npepwiBuCTOM
Age | 8%5n=  MOCTYIVIEHHUH TOAbKO
/'f =Atpen,  WOHMBEKTUBHO20  Temsa

oc,np) LY Qux BenuuuHa Afsnk
OTJINYAETCA OT ATocmrn:
0 b4 Qu.x
maxe Atp gk = Aoe.nk + ———.
zToc.n B.ILK 0C.I.K A
Prc. V.2. [pephiBHcThie H3MeHeHus Tern- (V.18)

JIOBOTO NOTOKa (@), MPOXOASAIIETO Yepes MakcumanbHoe fpe«

TIOBEPXHOCTb OrpafeNHsi, TeMiepary-
Pl Boaflyxa (6) W noeepxHocTH orpax- DPIIICHHE TEMNEpaTypwl
HeHns (8) BOo3[yXa Han cpeaiumM
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3payeHneM o0o3HauuM A, . D712 yCJIOBHAs aMIJIHTYA3
H3MEHeHHs TeMNlepaTypHl BO3AyXa paBHa:

Qu.x
Aty = Mocon - A (V.19)

TMonupli nepenajg TeMmepaTypsl BO3AyXa 3a IepHOA
MKy NOCTYNJIEHUSIMH KOHBEKTHBHOIO TEMJIa PaBeH:

Q — i
. Pmame T Sommm
pme o = Q, (e =Sy L), (v.20)
COMHBIH NTYUMCTO-KOHBEKTHBHBIH TENNoobmen

Ha NIOBEPXHOCTH NPH FAPMOHMHECKMX M NPEPLIBUCTLIX
TENnonoOCTYNMEHMAX

Ilpu paccMOTPEHHH CJOXKHOTO JIYYHCTO-KOHBEKTHBHOIO
Temyoo6MeHa Ha NMOBEPXHOCTAX B NMOMeENIeHHH YAOGHO BOC-
MOJIb30BATLCS NOHSITHEM <«YCJIOBHASI TeMliepaTypa BO3AyXa»
(cM. n. I1.1) u 3anucarb Tenaoso#t GanaHc nopepxHocTeii
NpH HEPHOAHYECKHX KOJeOaHHAX TeMIeparyphl Bo3lyxa W
HOAAIOLIEr0 HA MOBEPXHOCTH JIYYHCTOTO MOTOKA TerJa TOJb-
KO JIJIST H3MEHSIIOLIMXCS BO BPEMEHH COCTABJSAKIIMX B BHIE

Q=0Qu+Alig—To) =A (tn +_%_.n —Toc) =A (tyc.n — Toc)s
v.21)*
TOUKAMH 0GO3HAYEHB NEPHOLHMHECKH H3MEHSIOIIHECsS COCTaBJSIOIHe CO-
OTBETCTBYIOIIHX BEJHYHH (MBMEHSIIOIIHECS BO BPEMEHH HX yactH): Q —
06ILero TEnJAOBOro MOTOKA HA TOBEPXHOCTH; Q ;— majaioiilero Ha 1o~

BEPXHOCTH JIYHHCTOrO NOTOKA Temna; fs, Toc — TEMIEPaTYyphl BO3Zyxa M
nosepxHocTell; A — nokasareb HHTEHCHBHOCTH KOHBEKTHBHOTO TeIJO-

o6MeHa, fyen — YCTOBHO{I TeMuepaTyphl BOSAYXa, PaBHOM:
fyen=ta+ QX_ ) (V.22)

Crenys usBecTHOMy BhBOAy [cM. dopmyay (V.3)], na
Bceil MJIOImaAM NMoBepxHocTedl, oO6palleHHbIX B TOMelleHHe,
COOTHOIUGHHE MeXIy H3MEHEHHsIMH OOLIero TeIJioBOro mno-
TOKA Ha MOBEPXHOCTH ¥ YCJIOBHOH TeMmepaTypel BO3[yXa
MOJKHO TOJYYHTb B BHIe YCJOBHOTO MOKAa3aTessi TEIJIOoNo-
[JIOL€HHUST TIOBEPXHOCTH Pyey:

Pycn = L __ 9 . (V.23)
tyen  ta+QalA

*) B ypapnennsix (V.21) — (V.28) u zmp. neficTBHA yMHOXEHHS, ClOXKe-
HHUS H T. [. BEJHYHH C TOYKAMH BBINOJIHSIOT KaK C BEKTOPAMH HJIH KOM-
MJeKcHHEMH unchaamMi. CyMMHpoOBaTk HX yZOOHO, NOJB3YSCh MPaBHIOM:
CJIOKeHHs NPaBHJbHBIX TapMOHHuecKHX KoneGanmii cm. n. IIL3.
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Hcnonbaysi Pyca, € yuetom (V.11) nepemennyio uacts
‘COCTaBJISIIOLIMX TEIUIOBLIX 6aJIaHCOB OTHOCHTEJbHO BCErO Io-
MEWEHNs U NOBEPXHOCTeH Orpak[leHnil B NOMEIEHHH ylia-
€TCA 3aNHCaTh B BHIE YpaBHEeHH#:

OTHOCHTEJIbHO BCETO NOMELIEHHS

Qn +Qn+ Prex inp = Isyc.n iyc.n -+ Pren im (V.24)
UuJIn

Qx -+ Pren inp -+ Qn (-1 _ﬁ%cil_) = Pyc.n + Pren) £x; (V.25)
OTHOCHTEJIbHO MOBEPXHOCTEH OrpaieHHuii:

Qn +A (in e 'Eoc) = Y.'i'oc' (V-26)
HJTH
Qn + Aty = (V -+ A) toc (V.27)
rZie BCe BEJHUMHBI OTHECEHB! KO BCEMY MOMemeHHIo. Jlomnoj-
HHTEJIbHO HCNOJIb30BaHO 0603HaUeHHe fyp — NEPHOAHYECKH
H3MEHAOMmAACH COCTABJSAKIAA TeMNepaTypsl IPHTOYHOIO
BO3JlyXa B NOMeu{eHHN.

Bennunna tenoakkyMysaupyonieii cnoco6HOCTH BO3/ly-
-Xa NOMEIEeHNs MaJia, H ee, KaK NpPaBUJIO, He YYHTHIBAIOT.

Bummsinue o60pynoBanus n Me6esi Ha TEILIONOTIOLCH e
B NOMEIIEHNH MOXeT OBIThb yuTeHo B cucreme (V.25) u
(V.27) no dopmysaam (V.6)—(V.9).

HM3menenns Tensionoctyniienuii uepes Hapy>KHBIE Orpax-
-ACHHS, KOTOpbIE ONPENEJSIOTCS NPH NOCTOSIHHBIX CPeXHHX
32 NEpPHOJ BHYTPEHHHX YCJIOBHSIX, BHOCAT B PAacyeT TemJIoyc-
TOHYMBOCTH MOMeltenus [nepeMennas wacts Qx u Qy 8
ypaBrennsx (V.25) u (V.27)] napsiny ¢ TemioseLieneHusiMuy
‘OT BHYTPEHHHX HCTOYHUKOB.

YpaBHenus Temnosbix Ganancos (V.25), (V.27) nosso-
-JLIOT OJ(HO3HAYHO ONpPENeNUTb KOJMeGaHHs TeMIepaTyphl
BO3/lyXa B MOMeLeHNH

i — Qu+Poen tup +Qu (1 — Pyen/h)
B~ . -
Pyesn -+ Pyen

-8 TaKXe OCpeIHEHHOH MO nJomansm TEMIIePaTyphl NOBEPX-
HOCTEH B NOMEIICHHH

, (V.28)

. Qat At
TQCF_.* .
Y+ A
H3 ypasrennit (V.28) u (V.29) no ussecTHbHIM IaHHBIM
-0 CBOHCTBAX TEIJIOYCTOHYHBOCTH TOMEIeHHs (¥, Pyca) v o
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BO3EHCTBYIOIHX Ha ero TemjoBofi pexuMm ¢dakropax (Qx,

Qn, Pgen, fnp) MOXKHO HeNOCPEACTBEHHO ONpPENENHTH HCKO-
Mble H3MEHEHHSI TEMIEpPaTypH BO3lyXa f; H IOBEPXHOCTH
OrpaxIeHNil Toc B MOMEL{CHHH.

W3 a1ix ypaBHeHH# TaKXke clellyer, YTO H3MEHeHNs TeM-
mepatypbl BO3ZlyXa H MOBEPXHOCTeH B MOMELIEHHH MpH IO-
CTYMJIEHHAX OJIHHAKOBBIX NEPHOJNYECKUX JIYYUCTHIX H KOH-
BEKTHBHBLIX MOTOKOE TelJia He paBHEL. YTOOH OTCYTCTBOBAJH
KoJsle6anusi TeMnepaTyphl mnosepxuocTefl (toc=0), KOHBekK-
THBHOH CHCTeMe OXJIaXXIEHHs NoMewieHus nortpebyercs co-
3paBaTh KoJeGanus Temmepatypel Boznyxa mo (V.29), pas-
HBlE:

is =—2X_ X (V.30):

Konebanyusi KOHBEKTHMBHBIX TermyionoctymyeHufi (Qw+

+ Pger tup) NOJKHBL OBITH AJISL TOTO, KaK 3TO CJIENyeT H3
nojacranosku (V.30) e (V.28) B
’ ). + Pocn £ P
QH - BEH 11D —_— BEH +l (V.3l)
Qn A

pa3 Gogblue JYYHCTHIX TeIonocTymiennit (Qx).

3amaua KOHAMIHOHHPOBAHHS BO3JlyXa OOLIYHO COCTOUT B-
HNOAAEPKAHUH MOCTOSIHHOH TeMIepaTypsl BO3ZyXa B mOMe-
mennn (fp=0). Ins 3Tofl Iean cHCTeMa M[OJIKHA MOJ-
HOCTBHIO aCCHMHJIMPOBATH H3OBITOYHOE KOHBEKTHBHOE TEILJIO,
H TOJILKO 4acTb MEPEMEHHOH COCTaBJSIONIEH JIYUHCTHIX Ten-
JnonocrynneHnit Qg Kotropas (3Ta Yactb), KakK 3TO cielyer
u3 (V.28), paBHa:

(Qx -+ Pren tup)

Qx
VIHbIMH cJIOBaMH, AJs MpeNynpexIeHns Kojne6aHusi TeM-
nepatyphl Bo3LyXa KOHBEKTHBHASl CHCTeMa JOJIXKHA OTBECTH
M3 [OMELIEHNS TOJbKO HEKOTOpy1o 100 Kae (kK03t¢uiu-

€HT ACCHMHJSIHE H3MEHSIONNXCS JYYHCTHIX TeRJIONoCTYII-
JieHu#i KOHBEKTHBHEIMH) OT JIyUHCTOrO TEIJIOBOrO IIOTOKa,
nocrynawuero B nomenienre. Jlons Kac Tak Xke, KaK H OC-
taJgbhble BesiHuMHbl B (V.32), nepHOAHYECKH H3MEHAETCH.
Ee MakcuManbHOe 3HaUeHHEe COOTBETCTBYET MOMYJII0 BEKTOP-
Ho#l mesnuuEbl oTHOweHHs (V.32). MakcumyM nosu Kae B-
TEIUIOBOH Harpy3ke CHCTEMH KOHIHIIMOHMPOBAHHSI BO3JyXa

= (Pycn/A) —1. (V.32)
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HOJIXE€H OTCTaBaTh BO BpPEMEHH Z;‘g“c OT MakCHMyMa rap-
MOHHYECKOIO JIyulICTOI0 TeIJIONOCTYIIeH s Zga“c Ha WH-
J

TePBAJ BPEMEHH &yc, PABHBIl APryMeHTy COOTHOLIEHHS
(V.32), nosromy

Makc =ZM2KC €, . V-33)
Zac Qn + ac (

XOJIOMNIbHYIO HATPY3KY Ha CHCTEMY KOHJIHITHOHHPOBa-
HHSl BO3JlyXa Qe NPH JYYHCTO-KOHBEKTHBHBIX TEMJIONOCTYII-
JIEHUAX, U3MEHAIOI{HUXCS MO FapMOHHYECKOMY 3aKOHYy, MOX-
HO JUIST KaXJOr0 MOMEHTa BPEMEHH ONpefesuTh 0o ¢op-
MyJie

Qe = Qxp.0+ Que = Q.o + Qo + O+ Kac @ (V.38)

Makcumanbhasi Harpyska Ha CHCTEMY KOHIHMIIMOHHPOBA-
HHSI BO3lyxa QY2%° , KoTopasi, HanpuMmep, B pacueTHbIE JIeT-

HHEe CYTKH ONpeNesiuT YCTaHOBOYHYHO XOJIOIUJIbHYKO MOIL-
HOCTb CHCTEMH], paBHa:

Qen = ws.o T AQyy = Qo+ Quot Ao, + Kycdy- (V.35)

[B ypaBrenusx (V.34), (V.35) HHEeKCOM <O» OTMEUYEHH
CpeAHHe 3a NePHOA (3a CYTKH) BEJIMYMHBI, a TOYKOH 0603HAa-
HYEHBl M3MEHAIONMECH 4YaCTH COOTBETCTBYIOL{MX BEJIMUHH].

Behilue GblTH paccMOTpeHB! npaBHJbHBIE rapMOHHYECKHE
H3MEHEHHs] NONAYH H ACCHMMJISIIHH TeIJia.

AHanu3 TenJIoyCTOHYHBOCTH IIOMelieHus] [0pY TpepHIBHC-
TBIX TEIJIONOCTYMJIEHHAX CJIOXKHEe, YeM IPH rapMOHHYECKHX,
OLHAKO B COOTBETCTBHMM € NPUHLHMOM CyNEPHO3MIHUH sl
Pslla B 1eJIOM, KaK M [JIsl C/laraeMbiXx TAPMOHHK, K4K 3TO
y*e GbUI0 CKa3aHo, CNPaBEIIUBH 06mue 3aKOHOMEPHOCTH
npouecca. ITO 06CTOATENLCTEO MO3BONAET HCIIOMb30BATh Ha-
MeYEeHHYI0 BBIIIE CXEMY H IOCJEN0BATENbHOCTD paccmotpe-
HUS U1 PEPLIBUCTHIX TEIJIONOCTYMJEHHA M i obwmero
CJlydas JIyYHCTO-KOHBEKTHBHBIX NEPHOIHYECKHX (rapMone-
UECKHX M NPEPHIBUCTHIX) MOCTYIJEHHH (uiH aCCHMUISINKE)
‘Tery1a. OcoGeHHOCTb NPHBELEHHBIX BHIILE YpaBHeHMH [uia
3THX CJly4aeB OyLeT B TOM, UTO BXOASILINE B HHX H3MEHSIO-
HiHeCs] BeNUYHHBI SIBJAIOTCH HE NPaBHJIbLHBIMH rapMOHHKA-
MH, a 6osiee CJIOKHO H3MEHSIONMMHCS BO BPEeMEHH, HO TakK-
&Ke NEPNOAHYECKHMH MOKa3aTeJsiMu Ipolecca. B pesynbTare
COOTBETCTBYIOLIHE MOKA3aTeNH TElJIONOIJIOME NS ¥  Tern-
-JIOyCBOCHHA MOMELIEHHsl JJIS NPEPHIBUCTBHIX U 6OJIee CJI0K-
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HBIX TI€PHOJHYECKHX HPOIECCOB He MOTYT GHITh ONpELeseHbl
no npocteiM Qopmynam suna (V.23). Bennunnbl Qax, Qx.

fap B CBSI3Y C WX CJIOKHBIM HM3MEHEHNeM [OJIKHBI OHITH 3a-
LaHbl B BHJE rpa(uKOB Win TaGJHYHBIX AaHHBIX. Koaddu-

UeHT acCUMUNANMH Kac M HCKOMBIE TEMIIEPATYPH fg H Toc,
KaK NpaBUJIO, He MOTYT OHITH B CBAA3W C 5THM NOJYUY€HHI aHa-
JIUTUYECKHM pacueToM, UX CJelyeT ONPEefeNsiTh HIH MeTo-
IIOM CJIOKEHHSI YACTHBIX COCTABJAIIMX, HJIH PpeLIeHHeM ¢
npuMeHeHueM DBM.

Takue pacuersl Ha DBM BHINOJHEHH AJS CAy4YaeB Inpe-
PBIBHCTBHIX NMOCTYNJIEHHI Temjla pa3HOH NPOAOIKHUTENbHOCTH,
a Takike JJf MOCTYIJIEHH TemnJa COJIHeYHO! paanailHu B Io-
MellleHHe MPH Pa3J/InYHOil OPHEHTAalNH OrpaxIeHuHi [O].

V.3. NIPUMEHEHME TEOPUMU TENNOYCTOHHHUBOCTH
ANA PACYETA PEMXMMA PEFYNIMPOBAHUAA MMKPOKJITMMATA

Jlais1 pellieHHs] BOLIPOCOB PEryJIHPOBAHHS CHCTEM KOHJIH-
LIHOHMPOBAHNS BO3AYyXa HeoOXOIHMO NPOaHAJNN3NPOBATh pa-
60Ty OTOMHTEJILHO-BEeHTHIASIIMOHHOTO 000pYIOBaHHS, Rbi-
6paTh KOHTYPHl PEryJUPOBAHHS H ONPENENHTh OCHORHBIE
napaMeTrpsl ycTpoicTs, obeclieunBaoMX BHIIOJHEHNe 3a/1aH-
HBIX NIPOILECCOB perynuposanus. BeiGop cxeMBl 1 OCHOBHBIX
[apaMeTPOB CHCTEMBI PEryJHPOBAHHS KaxJOro KOHTYpa
IOPOH3BOJHTCS C YUE€TOM MPOTEKAaHHS TEMJIOBHIX MPOILECCOB
B OO'bEKTaX PeryJHpoBaHus, TPeOOBaHMH [0 TOUHOCTH pery-
JIVMpPOBaHHg, OLICTPOJEHCTBHIO M JIPYrUM KaueCTEC€HHHIM IO-
Kasareyasam. JuHaMuyeckne cBOHCTBA 00bE€KTa CYILECTBEHHO
BJUSIIOT HA OCHOBHOH IOKAa3aTeNb CHCTEMBbl aBTOMaTHYECKO-
FO perynyupoBaHUs — yCTOHUHBOCTh HapaMETPOR pPerynHpo-
BaHUA.

Pacuer [yHaMHKH TENJIOBHIX NPONECCOB OOBEKTa pery-
JUPOBaHHs OOBIYHO CBOANTCH K ONPENCJICHHIO €r0 CTaTHyec-
KHX ¥ JHHAMHYECKHX XapaKTepHUCTHK. B cHcTeMe KOHIHIMO-
HUPOBaHMS CTAaTHYECKHE U AMHAMHUYECKHE XapaKTepHCTHKH
JAI0T BO3MOXKHOCTbL BBISIBUTbH 3aBHCHMOCTb KOJeOGaHHIl TeM-
nepaTyphsl MOMEL{EHUA W B OTHENbHHIX 3JIEMEHTAaX CHCTEMBI
OT U3MEHSAIOL{HUXCS TEMJIOBLIX BO3JeHCTBHI.

[lepeMeHHbie TenJOBbE BO3IEHCTBHA YCJIOBHO pa3gelisi-
10T Ha [iBa BHJA: PEryJupymoliHe H BoaMyatome. Perymu-
pymoliye Bo3AefiCTEHA HAMPAaRJEHb HA NMOAAEPKAaHYE 3a/aH-
HOH TeMrepaTyphl MoMeuieHHsi fn. K HUM OTHOCHTCH TemJio,
BHOCHMOE (MJIH acCCHMHJNpYyeMOe) CHCTEeMaMH KOHIHIHO-
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HUpOBaHHsA. Bo3Mylllawoniye BO3NEHCTBUSl BLI3HIBAIOT OTKJIO-
HEHHSI TeMOepaTyphl MOMEIEHNs {fy OT 3aJlaHHOTO 3Haye-
HUsl. 3TO TEMNONOCTYIJICHUS (TeNnJONOTEPH) NMPH H3MEHEeHHH
TeMIepaTyphsl HapyXHOIO BO3JyXa, CKOpOCTH Berpa, COJI-
HeyHO! paauanuy, paboThl TEXHOJOTHYECKOro o6GOopylLoBa-
HHfl, JIeKTPHYECKOro OCBenicHus W Ap. B caMux cucremax
KOHAHIMOHHPOBAHHUSI PeryJupyloline BO3JefiCTBHs Ompese-
JIFIOTCSl TEXHOJOTMYECKUMH CXeMaMH, PeXHMOM paboTHl CH-
CTEMHI H T. I.

OO6BbIYHO IVHAMHMKA TEMJIOBHIX MPOIECCOB B CHCTEMax
KOHIUIVIOHNPOBAHNSA ONPENENISeTCsT TOJNBKO OTHOCHTENBHO
perynHpylomux sospeicrauil [30].

JlnHaMHyecKne XapaKTePHCTHKH HeNATCH Ha BPeMeHHBIe
H yacToTHEIE. BpeMeHHEIC XapaKTePHCTHKH ONPEeAeNfIoT IS
MePeXOoJHBIX TEMJIOBHIX MPONECCOB (KPHBHIE pa3roHa) mpH
CTYNEHYATOM HJIH IIPEPHIBHCTOM HU3MEHEHHUH BO BPEMEHH Tel-
JIOBOrO BO3AEHCTBHA. UacTOTHBIE YCTAHABJIWBAKT MPH  €rO
H3MEHeHHH B BHAE rapMoHpuecknx kojebGanuii. JduHamuue-
CKHe XapaKTePHCTHKH MOTYT OBITh OnpellesieHBl aHaJNTHYeC-
KH pellleHHeM CHeTeMBl AMG (pepeHnaNbHbIX YpaBHEHHH Tell-
JIOBOrO pE€XHMA IOMEIEHNS HJH OTHEJbHBIX 3JIEMEHTOB
cucTeMbl. [1o106HBIE pelIeH s TOJNYYEHH B TEOPHH TEIJIOYC-
TOMYMBOCTH, OJHAKO HX [0 CHX NOpP HEZOCTATOUHO HCIOJb-
30BajJiN JJIF pellieHHsl BONPOCOB PEryNHPOBAHHS.

B Teopun aBTOMATHYECKOIO PEryJHpOBaHuA JJIf aHANH-
3a PEXHMOB COCTABJAIT JIHHeHHble nHGdepeHnnaNbHbIE
yPpaBHEHHST HEBBICOKOTO (I€PBOro — TpeThero) mopsinka. Ta-
K#l€ YPAaBHEHHS He MOTYT YY€CTb BCeil CJOKHOCTH TEMJOBOro
mpopecca B NMOMEIIEHHH M CHCTeMax KOHAMIIHOHHPOBAHHS.

Ipu pacuere nuHaMMYECKHMX XapaKTePHCTHK BEHTHJIHPY-
€MBIX MOMEIEHNH W HEKOTOPHIX 3JIEMEHTOB CHCTEM "KOHIH-
IHOHHPOBaHKA yJ0OHA HHXKEHepHas METOLMKa pacyera Te-
JoycroitunBoctH. OHa NO3BOJISIET MOJIyu4aTh BPEMEHHBE H
YaCTOTHHIE XapaKTEPHCTHKH NPH JIIOOHIX PETYINPYIOIIHX HIH
BO3MYWIAKOLHUX BO3AEHCTBHAX C YYETOM IOJHOIO ONMHCAHMSA
TEIJIOBOro npouecca.

B Teopun TennoycTofUMBOCTH WHEPHVOHHBIE CBOIiCTBa
BCEX IIOBEPXHOCTEH B MOMEMICHHH OLeHHBAIOT KO3((HIHEeH-
TOM TEIJIOYyCBOeHMsl &y Hepluonubie CBOHCTBA NoMellle-
HHSl OTHOCHTEJIHO TEMNIEpATyphl BO3JyXa XapaKTepH3YIOT
KO3 (UINEHTOM TenJyionoryomnenns Py.

Fapmonnyeckyue KosneGaHusi TEMJIOBBIX MOTOKOB PeryJiH-
PYIOIHX HJIH BO3MYUIAIOILMX BO3[EeHCTBHH BHI3BIBAKOT B I10-
MEILEHHH Kojle6aHusi TeMIepaTypbl BO3LyXa f M BHYTPEH-
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HUX NOBEPXHOCTEH OTpamaeHuil Toc. AMIIMTYAB 3THX KOJe-
6anmit npuONHKEHHO PaBHH:

Avpo o = AQ /Y ¥ Aty = (A0, /Yu+ AQI,_R/PH) P, (V.36)
a BPEMsi MX MaKCHMAaJIbHOTO 3HaY€HHSi 3aBHCHT OT €, H
n
e, . Ilockonbky xo3puunentsl ¥y 0 Py 3aBHCAT OT 4acro-
n [°2
Thi KOJieGauuil, HX MOXKHO HCIIOJb30BATh JJIsl aHAJIUTHYECKO-

a
al'
NUNN “75\"'&\‘(\\\“’«3\“
2 1

Puc. V.3. Kpusne nepe- ] 5
XOAHMbIX TEIVIOBLIX Mpolec~
€OB B 06'beKTax peryJyinpo- 0
BauMs MPH pasoBHX CTy-
MEHIaTOM H HMIYJHLCHOM
TEIJIOBLIX BO3AEHCTBHAX

a — pa3oBoe crynenzatoe (1) F
H HMNyJAbCHOe (2) TemJioBOe

BO3L€liCTBHE; 6 — H3IMEHEHMe
TeMnepaTypsl NpH CTyHeHYa- = 2
ToM (I ¥ 3) H HMOYJbCHOM
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(! ¥ 2) TensioBOM BO3AERCTBHH ! 7 Bosb
(xpHBHIE Pa3roua) — ==
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Atyem
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O onpelesieHHsi YaCTOTHBIX (aMIIMTYAHBIX U (a30BHIX) Au-
HAMHYECKHX XapaKTEPHCTHK peryJHpOBaHHA TEMJIOBOIO:
[poIecca B MOMeEIEHNH.

OcHOBHBIE 3aBHCHMOCTH JJ1i NE€PHOAMYECKHX MPEPBIBHC-
THIX TENJIONOCTYIVIEHHI MOKHO MPHMEHHTb K pacueTy paso-
BBIX CTYNEHYaThiX M HMIYJbCHBIX Bozieficreuit (puc. V.3).
Ins 3TOrO MPEANOJONKHM, UTO nepuoy I MMeeT NOCTaTOYHO
6osblyI0 AJHTENbHOCTb. [lJis  ompeneneHnss HMITYJIbCHBIX
XapakTepPHCTHK AHHAMHKH TeIJIOBOrO MpOLECcca B AOMellle-
HHH MOTYT ObITh MCHAOJIb30OBAHbI YPABHEHHSI H3MEHEHHsI TEM-
neparyphl orpaxxneHnii Atoc ¥ BO3nyXa Aty:

Q
Avge.n= YQH ;
n
Q
Aty p= ——Yi“ + —QK-" . (V.30)

KpuBasi epexoHOro TeNJIOBOro IIPoiecca B MOMeENIEHUH
B HayaJbHBIH MEPHOJ Pa30BOTO CTYNEHYATOrO BO3MYU{EHHsA
aHAJIOTHYHA KPHBOH Pa3roHa amepHOIHYECKOTO 3BeHa mep-
BOro mopsjka (CoCpeloTOYeHHble TEMJIOBas €MKOCTb M Tep-
MHYECKOE CONPOTHBJICHHE).
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[TocTosinnyo BpemenH Ty W CTaTHuecKu#l KoahQuiyeHT
nepenayn Ky NMOMeleHHs OTHOCHTENBHO TEMIIEPATyPhl BO3-
JyXa ¥ HOBEPXHOCTEH MOXKHO ONpPENesIHTh Mo (opMynam
(cM. puc. V.3):

o

[ [1—t@)]de
i

F
Tp= = ;
T Atyer Atyer (V.38)
AtYCT
Kg=—2%L |
" Qa )

rre F—niomane, orpaHHyeHHast KPUBOH pasrOHa H JHHHeR HOBOrO
YCTaHOBHBILEroCs 3HaYeHHs] peTy/IHpYeMOro napameTpa Mocle pa3cBOrO
CTYNeHYaTOro BO3ACHCTBHS; Afycr — HanGofbllee OTKIOHEHHE peryJH-
pyemoro napamerpa.

Kosdpounrentnl Ty u Kz Moryr GbITh TaKxke ompemese-
Hbl IO KPHBOH Cliajia TEMNePaTyphl NP Pa30BOM HMIYJIbC-
HOM BO3JE€HCTBHH H3 COOTHOLUEHMI:

F _Ft (2)dz
To= 20t =" (V.39)
F ft(z)dz

roe Fuw — niomags umuynbca npepuiBHCTOR HOZAuH Terdla; Faoss —
IJIoiazb, OrpaHHYeHHasi KPHBOH BO3BpaTa TeMIEpaTyPhl NOCHe NpeKpa-
HIeHNs HMIYJIbCHOR nofauH; Af — moBLlieHHe TeMuepaTypbl BO BpeMs
HMITYJIbCA.

HcnonbszoBanne ¢opMys TemyoycTofiuMBOCTH NPH  Hpe-
PBIBUCTOH Temnyonepenave IJsi JaHHOTO CJIyuyasi OKa3aJoch
BO3MOKHBIM, TaK KaK CPellHNe 3a mepuol mnpu I—-oo noka-
3aTeji MOXHO NPHUHMMAThb paBHEIMH Qu NpH pasoBOM CTy-
NeHYaTOM H3MeHeHVH 1 () IPH HMITYJIbCHOM.

Ipennosxennble 3aBHCHMOCTH ONPENENSIOT JHHAMHUYEC-
KHe XapaKTEePHCTHKH TEMJIOBOTO NPONECCA B MOMEl{eHNH KakK
00bEKTa PEryJHPOBAaHMs, KOTOPhlE B TEOPHH aBTOMAaTHYeC-
KOro peryJIHpOBaHUA HCHOMNb3YIOT ANA BHOOPAa OCHOBHBIX
YCTPOHCTB, 00eCneunBalonyX 3afaHHble PEXUMBI PEryJHpO-
Banusi. JlanHble TEOPHH TEMJIOYCTOHYMBOCTH TaKkKe HCHOJIb-
30BaHBl JJIfl OIIEHKH AMHAMHYCCKHX XaPaKTePHCTHK OTHeJb-
HBIX 3JIEMEHTOB CHCTEM KOHIHIHOHHPOBAaHHA (BO31yXOBO-
JIOB, Kamep v gap.). O6wuii  aHanus npouecca
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PEryJinpoBatns KOHAHIHOHHUPOBAHNS MHUKDPOKJHMATAa Ha oC-
HOBE TEOPHM TeIMJIOYCTOHYHBOCTH BBIMOJHEeH B MHCH
C. A. HlenkynosbiM [50].

FNABA Vi
TENNOBOM PEXXMM NOMELLEHMS 3MMOM

SuUMHu K JIETHHH TEPHOLBI OCOGEHHO HANPsiKeHHble s
paGoThl CHCTeM KOHIMIMOHHPOBAHWS MHKPOK/JIMMATA W Ha-
PYXHBHIX OrpaxKpawmux KOHCTpykuui. Han6osee xonomubie
SHMHHE H XKapKHe JIETHHE JHH FIBJISIOTCH ONPEeAeNSIONUMH
[pH pacyeTe TEIVIOBOH M OXJIamKJaomeH MOILHOCTH CHCTEM
H 3al{HTHHIX CBOfICTB OrpaxjaeHys.

B xononHoe Bpems rofia HapyHble OTpakIEHHS 3amu-
IAIOT NOMEIEHNst OT BO3/EHCTBUS HH3KHX TeMIEpaTyp, BeT-
Pa ¥ NO3BOJIAIOT ¢ MOMOIIbIO CHCTEMBl OTOMJIEHHS TMOLMEp-
XHUBaTh HEOGXOLMMYIO TENNOBYIO 06cTaHOBKY. Pemas 3anauy
OTONJIEHNS 3/aHHH, CJleflyeT pacCYNTHIBATL OGOrpeBalo-
1€ YCTPOHCTBA M OrpaxKeHHs TaK, YTOOGLI OHH OGecHeyy-
BaJiM HEOGXOIMMEIE TEIVIOBLIE YCJIOBHS B MOMEILEHHH B Te-
YEHHE BCEro OTONHUTENHLHOTO nepuona. Heobxomnmas TeMme-
patypHas 06CTaHOBKA B MOMEIIEHHH IOJ3KHA BhIIEPKUBATbCS
IIPH ~ HAJHYHH  XOJIOLHBIX . WJIH Harperbix [OBEPXHOC-
TeH M HEPABHOMEDPHOCTH TEMNEPATYPHl U MONBHAKHOCTH BO3-
LyXa B oG6beme nomeutenns. Hanbombinne pasuuna temme-
paTyp H NOJBH}KHOCTb BO3AYXa B NOMEmeHHH HabJI0aal0TCs
B CaMblil XOJIOAHBIH nepHox 3uMbl. Ecin HapyxHble orpax-
ACHUS M CUCTEMA OTOMJIEHHs1 o6ecreyar pacueTHbIE TapaMer-
PBl MHKPOKJIHMAaTa B 3TOT NepHOJ, To HeOGXONHMBIE TENJO-
BbI€ YC/IOBHA IDH MPABHJILHOM DPEryJHPOBAaHWH GYAYT cO6-
JIIOZIEHDL B TeUeHHEe BCETO OTONMTEBLHOrO IIePHOA.

VI.1. OBECNEMEHHOCTb PACHETHBIX YCHOBMSA

PacueTnme TennoBble yCJOBHA B NOMEm{eHMH Ha3Haua-
IOTCA B 3aBHCHMOCTH OT €ro ()yHKIIHOHAJbHOrO HasHaueHHH
H CAaHNUTAPHO-THTHEHHYECKHX Tpe6oBanui. Jnd 6OJbIUMHCT-
Ba XKUJIBIX 1 OOLECTBEHHBIX 3/1aHN{l 3TH YCJIOBHS NPUOJH3H-
TeJIbHO OJMHAKOBHL. B NPOMBILI/IEHHBIX TPOH3BOJACTBAX MOXK-
HO BBIIEJHTb HECKOJILKO TPYNNl MOMEl{EeHHH, YCIOBHS B KO-
TOPBIX HA3HAUAKTCA TaKKe NPHOIU3NTENBHO ONMHAKOBBIMH.
OpHako KpoMe CaHHTAPHO-THrHEHHUYECKHX M TEXHOJOIHYeC-
KHX TpeGOBaHHM, ONPENesIOiX BHYTPEHHHE TEIIOBHE YC-
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JIOBH$, KOTOPBIE JOJIKHBEl OBITH BBHIIEPIKAHBI B TE€UEHHE OTO-
NHTEJBHOTO. NEPHOJIa, BaxKHBIM BO BCEX CJyYasix SBJSETCH
BONPOC O CTeneHH 00eCneYeHHOCTH 3aJlaHHBIX BHYTPEHHHX
YCJIOBHH.

B Taknx 3paHusix, KaKk OOJNbHHIB], POAUIbHBEIE IOMA, JET-
CKHE fiCJIH, a TaKXKe B HEKOTOPHIX 1[€XaX ¢ KECTKHMH TeXHO-
JIOTHYECKHMH pexUMaMH Tpebyercs BHICOKasl CTeNeHb obec-
TICYEHHOCTH 3aJaHHBIX TEMJOBBIX YCJIOBHHA. JTH YCJIOBHSA
JOJIKHBL BHIJIEPKHBATHCA B HUX MPH JIIOOHIX NOTOLHBIX yCJIO-
BMSIX, KaKye MOr'yT OLITh B pafioHe CTPOHTENLCTBA. B 3panu- -
siX obuiero HasHaueHHs (KHJble AOMa, OOILEKHTHA, 3aJIbl
My3eeB, KHHIOXPAHWJIMI{A U T. A.) BO3MOXKHH pPa30BHE
KPATKOBPEMEHHEIE OTKJIOHEHHA OT 3aIHaHHBIX (pacCueTHHIX)
ycaoBuil. B 31aHusIX BTOPOCTENEHHOIO Ha3HaYeHHs, MepHo-
IHYCCKH (PYHKIHOHHDYIOLMX, C KPATKOBPEMEHHEIM MNpebbl-
BaHueM Jiofieil (TOProBble H BHICTABOYHBIE 3aJIHl, 3aJIbl OXKH-
JaHus AJf NMacCaxupoOB H IIp.) CTeneHb o6ecimeueHHOCTH
PACYETHBHIX BHYTPEHHMX YCJOBHH MOXeT OBIThH emie GoJiee
HH3KOH.

TakuM o6pasoM, nisi MoMmenieHWH Pas3jiMYHOrO Ha3Haye-
HHSl JIOJKHBI OBITb 3alaHBl He TOJIKO pacyeTHble BHYTpeH-
HHE YCJIOBHA, HO H IOKa3aTesy CTeleHH HX 00eCNeyeHHOCTH.

UTo6bl BHIIONMHATL HEOOXON¥MMBE TpeGoBatua obecre-
YEHHOCTH 3a[laHHBIX BHYTPEHHHX YCJIOBHU{l, HEOGXOAUMO Npa-
BHJIBHO ONPEEJNTh TEMJO3ALHTHEIE KAYeCTBa OrpaXkieHul,
TEMJIOBYI0O MOLI{HOCTb CHCTeMH OTOIJIEHHSi Ha OCHOBE pacuye-
T4, OTIPABHLIM MOMEHTOM B KOTOPOM OYAYT pacueTHbHe Ha-
pPYyXHbIE ycoBud. BEI60D pacueTHBIX MapaMeTpoB HapyKHO-
ro KJlumara cBA3aH ¢ o0eCreucHHeM 3alaHHBIX BHYTPEHHHX
ycnosuit. Takum 06pa3oM, €CTb BO3MOKHOCTL TpPeGOBaHHE
00eCre4eHHOCTH 3a1aHHBIX BHYTPEHHHX YCJIOBHil yYecTb NpH
BHI6OpE NapaMeTPOB HAPYKHOIO KJNMATA.

Haun6osnee xonoiHble NepHOAB KaXAofi 3HMBl HPUHHMAa-
I0T 3a «CAyyYail» NpH BBIGOpe pacueTHHIX HAPYKHEIX Mapa-
MEeTPOB, OTBEYAIOIIHX OMNpelesieHHoH cTemeld obecneyenHo-
CTH HX NOsIBJIeHHA. B KauecTBe nokasatessi 06eCMeUEeHHOCTH
3alaHHBIX BHYTPEHHMX YCJOBHH NPUHAMAKT NOKa3aTesb
06eCreyeHHOCTH PACUETHHIX NApaMeTPOB HApPYXKHOrO KJlH-
mara. OGecneYeHHOCTD- YCJIOBHH OIEHHBAIOT KO3 (HNHeH-
TOM 006eCne4eHHOCTH Kop.n, MOKA3BIBAIOIUM (B JONAX €IIM-
HHIIbI HJIH NPOIIEHTAX) YHCJIO CJy4yaeB 7, NPH KOTOPHIX He-
JIOTyCTHMO OTKJIOHEHHE OT PacueTHHIX ycjopuil. 3uag Koe.n,
MOKHO CKasaTb, B CKOJIbKHX Clyyasix (B MpOLEHTaX HJH
JIONAX) HEBO3MOXKHO OTKJIOHEHHE OT PacyeTHHIX YCJOBHH.
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Kosgprunent oGecneuentoctn pacuetHbix ycaoeuii
AJs XoNOnHOro NEpHOAa rofa

Kosdpunuedt
CaHHTapHO-THINICHHYECKHE TPeGOBaHHSI K MHKPOKJINMATY 06eCIeTeHHOCTH
nomeleHult. XapakTeprucTUKA OCHOBHMX MOMEUJeHuTt Kog. 1
losouuennpvie.  C NOBBILIEHHEIME CAHHTAPHO-THIHE- Oxono 1
HHYECKMMH Tpe6oBaHusIMH .
Beoicoxue. C xpyraocyTounbiM OpeSbipanmeM awoged 0,9
HJIN C NOCTOSTHHBIM TEXHOJOTHYECKHM peXNMOM
Cpeodnue. C orpaHnyeHtsiM BO BPeMeHH npebbIBanM- 0,7
€M Juozgeli
Huskue, C KpaTKOBpeMeHHBIM NpeGbiBaHHeM JHORei 0,5

IIpHHSITHIE K PACCMOTPEHHIO CJy4YaH CBSISaHH C ONpele/eH-
HOH MPONOJIXKHTENBHOCTBIO BO BpEMeHH, TaK KaK OHH Xapak-
TEPU3YIOTCH MapaMeTpaMu CPOYHBIX HaGJoleHuil, ocpex-
HEHHbIX 32 CYTKU WJIH 33 IEPHOL APYrofi NPOO/IKHUTENbHOCTH.
[TosToMy ¢ ux noMmoLbIO MOXHO ONpeNeauTH K03dPu-
UMEHT obecneueHHOCTH K ¢ ,, 10 MPOOJIKHTENLHOCTH BO3-

MOXHBIX OTK/OHeHu# Az. ComocrtaBiieHyue HapyXHbHIX pac-
YETHBIX YCJIOBUH, ONpeJe/NeHHbIX IPU HEKOTOPOM 3HAYeHHH
Kos, n, ¢ NapaMeTpamu KiuMaTa B Haubosee CYPOBLI# nepu-
O NO3BOJISAET BHISICHUTL CTENEHb W NPOAOJIKHTEJNBHOCTH
HauOOJIbIIEro Pa3soBOro OTKJIOHEHUS HapYMKHbIX YCJIOBHH OT
pacyerTHbIX.

OGpaGaThiBasi pe3ysibTaThl METEOPOJIOTMYECKHX HabJIio-
AEHHH C yYeTOM 3aiaHHOro Kos(duinenta obecneueHHOCTH,
MOXKHO NOJIyYUTh BCE JAHHblE O BO3MOXKHBIX, BHISBIBAEMbIX
BHELIHMMY BO3AEHCTBMAMM OTKJIOHEHHMSIX YCJIOBHEH B moMe-
LIEHVM OT PacYeTHHX (YMCJIO OTKJIOHEHHH, MX O6LLyIo npo-
AOJIKHTEJIbHOCTD, CTEMEHb U NPOJAOJIKMTENBLHOCTb HauboJiee
HEBLIFOHOrO Pa3oBOro OTKJIOHEHMS ).

BiusHye HapyHOro KJaMMaTa Ha TemJIOBOH pPEXHUM oOr-
pPaxpeHuil ¥ MOMEeWEeHUu KoMmieKcHoe. OHO onpenensieTcs
COBMECTHbIM JIEHCTBHEM HECKOJILKHX METEOPOJIOrMUECKHX
lapaMeTpoB, KOTOPhE pasjesbHO HabJIofaoTcst MeTeopo-
Joramu. Ilpu pacuere nepegaun Tensa 4yepes orpakieHusi
Ie#CTBHE 3THX NapaMeTPoB HeoGXOMUMO YYMTHIBATh COB-
MECTHO: IJis 3UMBl ONpeNeJISIOUMY NapaMeTPaMi KiIUMa-
T4, HanpuMep, sIBJIAIOTCS TeMNepaTypa HapyKHOTO BO3ZyXa
s H CKOPOCTb BETPa U. B HEKOTOPBIX pacueTax HOMNOJIHH-
TEJIbHO K HUM CJIEYET YYWTHIBATb OTHOCHTENILHYIO BJjia-
HOCTb @m M SHTaJIbNIMIO J; HADYXHOTO BO3NYXd, a TaKie
COJIHEUHYI0 pajauanMio, HalpaBjieHHe BeTpa, ocagku. Heko-
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TOpHE U3 9THX NapaMeTpPOB CBS32HBI MEXIY coGo#, U H3Me-
HeHMe OJHOTO M3 HHX CONPOBOXKHAETCS ONpPENEJIEHHbIM H3-
meHeHHeM apyroro. Hampumep, noxosionanue s 6OJBbHIMH-
cTBa palioHOB CTPaHBl € KOHTHHEHTAJbHBIM KJIHMATOM
CBSI3aHO C IIOHMKEeHHEeM CKOPOCTH BETpa.

3apmaua ompejeieHHs PAcUeTHHX HapyXKHBIX ycJoBHH
3UMOIl B OCHOBHOM CBOJAMTCS K OIpENeJEHHIO pacyeTHOro
COYETaHUs] 3aBUCUMBIX COGBITHH — U3MEHEHHIO [fn M Un C
yueToMm 3anaHHoro ko2¢ggunyuenra obecrneyeHHOCTH.

V1.2. XAPAKTEPUCTUKK KIMUMATA XONOAHOFO NMEPMORA TORA

I1py BHGOpE PACYETHBIX XAPAKTEPHCTHK KJIMMATA XOJIOA-
HOTO NepHofa rofia HYXXHO MCXOAMTh M3 CJIEAYIOLIHX Mpen-
NOCHIJIOK.

[TapameTpbl HapyXHOro KJMMaTa JOJI2KHH 6biTh OOLIH-
MM IJs pacyeTa BCEX COCTABJISIOMMX TEIJIOBOro pexuMa
(Tenyo3aIyThl Orpax/ieHul, NoTeph Temia u Ip.), TaK Kak
OHH OTpPax<alT efMHBIH mpouecc o6MeHa TEMJIOM B 3AaHHH.
[MapameTphl CJIEAYET ONpEAENsSTh C YYETOM koa¢duieHTa
06ecrneueHHOCTH, HX JOJIXKHO ObiThb NOCTATOYHO AJIS pacue-
Ta HecTalMOHAPHOM TenJonepeiayu 4epes Orpax/€Hus, Xa-
pakTepHoii 1 pacueTHbIX 3UMHHX YCJIOBMH.

OcHOBHOH NOKAa3aTeJib XOJIOJHOro mnepuojpa rojia— us-
MEeHeHue TeMneparypbl Bosfyxa fn. Ilnsi psina KaumaTuyec-
KHX palOHOB C YYETOM Pa3jIHUHBIX KO2(DGULHEHTOB obecrne-
YEHHOCTH NMOCTPOEHB PacyeTHHE KpHBble M3MEHEHHs TeMIe-
paTypsl  HapyXHOTro BO3Jyxa B TNEPHOAL  PE3KOro
noxosofanus. Jlns pa3nuuHBIX pafOHOB OHM HMEJM Xapak-
TepHy10 M GJIM3KYI0 IO OuepTaHuio ¢opmy (puc. VL.1):
CpaBHMTENbHO MEJJIEHHOEe paBHOMepHOe MOHMXKEHHE TEMIE-
paTypbl [0 Hayaja NepHOia PE3KOro INMOXOJONAAHMS, 3aTeM
pe3Koe NMOHMKEHHE TEMNepaTyphbi C MOCJENYIOLIMM NOBHIIE-
HueM. IIpy MeJJIEHHOM NOHMXEHWH TeMIIepaTyphbl, KaK 3TO
HaGJiofaeTcs Ha HadyaJbHOM ydacTKe KPUBOH, pacnpejefe-
HUe TeMIIEPaTyphl B CeYeHHH OTPa<ieHHst B Kam/blil MO-
MEHT BpPEMEHH NPaKTHYECKH COOTBETCTBYET CTAUHOHApHOMY.
[Tpu 6LICTPOM NMOXOJIOJAHMM NPOIECC TEMJIONEpenayun uepes
orpaIeHHe CTaHOBMTCS HECTAMOHAPHBIM, ¥ AJIsi €ro pac-
yeTa HyXXHO MMETb NOJIHYIO XapaKTePHCTHKY U3MEHEHHS TEM-
nepaTypbl. B nepuos pe3koro NOX0J0faHus pacueTHbe KpH-
Bble JUIsi Pa3jIMuHbX reorpauuecknx padoHOB M Npu pas-
HbiX  Ko3ddunueHtax  0oOecneyeHHOCTH  MOLYT OHITh
ompejesieHsl TpeMsi NapaMeTpaMH: TeMIepaTypodl Hauaja
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nepuosia pesKoro NOXOJNOAAHHS fuo, AMIVIMTYHON Ay H3Me-
HEHUs] TEMMEPATYPH B 3TOT MEPHOJ OT fxo A0 MHHHMAJbHON
Temnepatyphl fuwun: A, =fno—tumum H NPOAOIIKHTEJBLHO-
CTbIO NEPHOMA PE3KOro NOXOJOAAHUS AZpn (Bpems moHHKe-
HUSI TEMIEPATyPbl OT fno AO lyyun). DTH MOKA3aTenu AJS
Mocksnl npu pasubix Kos npuBesensl B Ta6Ja. VI.1.

£,
0 z

< -

5 Az
Puc. VLI, Xapakrep- ~ ”
Hasl KpHUBasi H3MEHEeHHs -
TeMIepaTypsl Hapyx- 3
HOr0 BO3AyXa 3UMOH )
B nepHoj pe3Koro no- =
X0oJ0AaHusA -

Ta6auua VI.l. XapakTepUCTHKM KJIHMaTa B XONOAHbIH MepHOR
rona B Mockse Opu pa3HbiX KoaddHuUeHTaX 06ecreueHHOCTH

PacueTHLI® XapakTePHCTHKH KJIHMaTa
Kosdduuuedt oGecne- o
ueHHoCcTH K6 tu_o' °C A ' C vy e
0,98 26,4 15,8 2,6
0,9 —21,5 14,9 3
0.7 —17,2 14.6 3,4
0,5 —13,9 15,8 3.8

Mpumeuanue. Azpn=3 cyT.

B ycnosusix MockBbl Azpn 1 A, TpPaKTHYECKH HE 3aBU-

cAT OT Ko3ddHuureHTa 06eceyeHHOCTH U MOTYT ObITh IIPHHA-
Thl IOCTOSHHBIMU: AZp.n=3 cyT; A, =15°C.

ns nosyueHust pacueTHHIX CKOpOCTEfi BeTpa cllelyer
6paTh HauboJiee HEBLITOAHLIE COUETAHMSA [y U Uy, TAK Kak
3Ta 3aBHCUMOCTbL ONpejieliseT HauOOJbIIHE CKOPOCTH, KO-
TOpble HabJ/IOfAHCh NPH Pa3jIMUHBIX TeMNepaTypax. 3aBu-
cuMOCTb Uy=[(fs) HAnss MOCKBH Ha BricOTe H M OT 3eMJIH
1MeeT BHI
vy = 8,030,143/, 40,03 (H — 2). (VI.1)
B npexenax ropona, Kak NOKa3bBalOT H3MEPEHHS, CKO-
POCTh BE€Tpa HaYHHaA C 2 M OT MOBEPXHOCTH 3EMJIM BO3pac-
TaeT ¢ BHICOTOH MPaKTHYECKH MO JIMHeHHOMY 3aKoHy. B ya-
CTHOCTM, B MOCKBE Ha KaXABi#i MeTp BHCOTH CKOPOCTh
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yBeauquBaercs B cpendeMm Ha 0,03 m/c. UucneHHble 3Haye-
HHMSi Uy B MOCKBE Ha BHICOTE 2 M OT 3€MJH, ONpeneseHHbE
LJs cpenHell TeMnepaTyphl NMEpPHOLa PEe3KOro HOXOJIOXAHUA
¥ pasHbHX Ko3(pGhHUHEHTOB O00eCcneuyesHOCTH, NpHBENEHH
B Tabs. VI.1. 3Tn cKopocTH pacueTHbE.

B ra. CHull «Crpoute/ibHasi TEMJOTEXHUKa» NPUHSTH
TPH 3HAUEHHs] PacueTHOH HapyXHOH TeMIepaTyphl AJs Kax-
Joro reorpaguueckoro paioHa: abCOJIIOTHBIH MHHUMYM
tymun; CPENHSIA TeMIepaTypa HauboJiee XOJOZHBIX CYTOK
lu.1 U CpeHsAs TeMmmepatypa HauboJee XOJOAHOH NSTHIHEB-
Ku ty5. JIBe nocnefnne TeMNepaTypH onpeneseHb Mo BOCh-
MH CypOBHIM 3MMaM MOCJENHUX OSTHAECITH JieT. Bnibop
pacyeTHOH TeMIlepaTypnl 3aBHUCHT OT CTENEHH TeNJOBO#
MacCHBHOCTH OrpaxjeHnus. B KauecTBe mokasartess TemJo-
BOii MaCCHBHOCTH OrpaxkieHHs1 NpUHATa BeamuuHa D, pac-
CUWTaHHas JJs OpaBWJIBHHX KoneGaHuil ¢ mepuosom 7=
=24 y. PacyerHbHe TeMnepaTypbl HapyiHOro BO3AyX3a
NPUHHMAIOT B 3aBHCUMOCTH OT D) B COOTBETCTBUM C HAAHHH-
Mmu taba. VI.2.

Ta6nuua VI.2. 3HaueHHs pacyeTHOi TemMepaTypni HapyKHOro

RO31yXa

CTeneHb Tenneroft IlokasaTens TeMmniepaTypa Hapy»XHOro Bo3ayxa,
MAaCCHBHOCTH Orpaik- TenNOBOH MaccHB- Ce anHl‘lM(iEMaﬂ 3a pacyeTHyl

JeHus nocty D
Oco6o nerkce «<1,5 LA
Jlerkoe | 1,6—4 Tu1
t, +t
1
Cpennee 4—7 _u1  u5
2

Maccusroe | >7 tas

Pacuernyio ckopocte Betpa mo CHull npunumaior pae-
HOAl MaKCHMAJIbHOH CKODOCTH W3 CPEIHHX CKOpPOCTeH BeTpa
no pym6am 3a siHBaphb, MOBTOPSIEMOCTb KOTOPHIX COCTaBJIsIET
16% wu Gonee, ¢ KOPPEKTHPOBKOH Ha BHICOTY 3[auHf.

OTomnJieHHe B TeueHHe BCETO XOJIOLHOTO MepHONa roxa
JOJI2KHO OGecreuuBaTh pacueTHHle TenJioBble ycjioBus. [1po-
IOJIKHTEJIbHOCTh OTOIUTENbHOTO NEpUOAa 3aBHCHT OT reo-
rpapHueckoro pafoHa, B KOTOPOM pacHOJIOXKEHO 3JiaHue,
H OT COOTHOWIEHMH COCTABJIAIOWHX €ro TelJioBoro GaJiaHca.
HauaJso # Konen paboOTH CHUCTEM OTOMJIEHUs] CBA3AHH C IIO-
apnenueM jgedHuuTa (HeZocTaTKa) Telya B TemosoM 6a-
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JlaHce nomellenus. [ooBble 3aTpaThl Temya Ha OTOMJIEHHE
3aBHCAIT OT MNPOAOJIKHTENbHOCTH Mo W CPEfHeH TeMmepa-
TypH fon (ONpene’asioTcs rpanyCoOmHSIMH) OTOMMTEJNLHOIO
nepuoja, T.€. NepHoja, KOrja HapyxHas TeMmliepaTypa
yCTOMYMBO CTAHOBHTCSI HHXKE€ TeMIepaTyphl Hauaja H KOHIla
OTOIHTEJILHOTO MEePHOAA.

IlpononxutenbHOCTL NMEpHOLA, B TEYEHHE KOTOPOro TEM-
nepaTypa Hapy»KHOro BO3JlyXa AEPIKUTCS MPUMEPHO IOCTO-
sIHHOH, pasuas. Haubosiee ycToilukiBa moropa c temIeparty-
poii okono 0° C. JiHelt ¢ HU3KMMU TeMnepaTypamy, GJIM3Ku-
MH K pacueTHOH, CPaBHHTEJ/bHO MAJIO.

3HauuTeJbHOE  BJAMSIHHE Ha  Tenyoso#t  GaJsaHc
nomelleHusi, a CJeAOBAaTEJbHO Ha peXHM paboThl cucTeM
OTOIJIeHUST, OCOOEHHO B BECEHHWH Nepuoj, OKasLIBaeT COJ-
HeuHas panuanus. [1pu BHEOpE CXEM H PEXKHMA PEryJupo-
BaHMsg OTOIJIEHUsl €€ BIUAHHE HEOOXOAMMO YUMTHIBATb. ITO
OCOOEHHO  CYILECTBEHHO JJIl 3JaHHil, pPacnONOXKEHHBIX
B CPEAHUX M I0KHBEIX pafioHax CTpaHhl, a TaKkKe AJIf CHCTEM
oTonJieHusi ¢ nodacagHeIM perynuposanueM. HapyxHb#
BO3AYX B pe3ynbTaTe WHQHIBTPALHH UYepe3 NpOeMbl U He-
NJIOTHOCTH OrpaxkAeHuii Nonanaer B 3iaHKe, NO3TOMY H3Me-
HelMe €ro 3HTa/blMM W BJAaMKHOCTH TaKke HeoOXonuMo
IPHHHMAaTh BO BHHMaHHe IIpH TNPOEKTHPOBAHHH CHCTEM
obecneyenns 3ajaHHOrO TEIJIOBOrO pexuMma 3iaHus. B To
e BpeMst Ui MHOTHX 314aHHH, 0cO6EHHO XHJBIX H obLiecT-
BEHHHIX, COCTaBJIsiIOIIHE TEIJIOBOro GajlaHca OKa3blBaIOTCs
OJIN3KHMH, MOSTOMY B HOpMaX HauaJo M KOHEeH OTONHTENb-
HOro Nepuona AJsi BCeX 3haHMH OPUHATH ONMHAKOBBIMH,
COOTBETCTBYIOIHMH fuon=8° C. 3HaueHus fon ¥ Hopn AIA
paskbix reorpaduyeckux NyHKTOB NpHBENEHH B Tabaupax
XapaxkTepHCTHK HapyxHoro Kaumata raasel CHull «Ctpou-
TeJibHas KJIMMATOJOTHS U TeOpU3HKa».

V1.3, 3ALUMTHBIE CEOHCTEA HAPYM(HBLIX OFPAXOEHMH
O6buime cBegeHMs

Orpaxknenust 3/lanusi ROJOKHB 06sanate TpebGyembIMH
TEJIO3alUTHEIMHY CBOicTBAMU H OHITH B ONpeneseHHOH Me-
pe BO3AYXO- M BJIArONPOHHLLAEMBIMH.

TenJsio3alinTHEE CBONCTBA HAaPYKHBIX Orpa:kieHuii om-
penessloT [AByMs NOKa3aTe/sIMH: CONPOTHBJIEHWEM TEMJO-
nepenaue R, ¥ TEIIOYyCTOHYHBOCTBIO, KOTOPYIO OLEHUBAIOT
No TemJoBo#l MaccHMBHOCTH orpaxpenus D. Benwunna R,
onpejeNsieT CONPOTHUBJIEHHE OrpaAeHus Nepenaye Tensa B
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CTaLHOHAPHBIX YCIOBHAX, a TEMIOYCTOMYHBOCTL XapaKTepu-
SYET CONPOTHBJIAEMOCTL OrpakJieHhsi nepefaye H3MEHsIO-
LHHXCST BO BPEMEHH NMEPHOAUYECKUX TEIJIOBBIX BO3NEHCTBUI.

B 3uMHHX yCJIOBHSIX TemIO3auMTHHE CBOJCTBA orpax-
AEHWH NPUHSATO XapaKTE€PH30BATh B OCHOBHOM BEJIMUMHOM Ro,
4 B JIETHHX -—— UX TEMJIOYCTOHUHBOCTLIO. DTO O6BACHSETCs
TEM, YTO JJIsi 3WMBI XapaKTePHBl yCTOHUMBBIE TeMIEPaTypH
BHE 3MaHHs1 U NOCTOSIHHBlE BHYTPEHHME TEMIIepaTyphl, KOTO-
pble obecneuuBaer cucTeMa OTOIIEHHS. JleTom XapakTep-
Hbl TNEPHONMUECKHE CYTOUHBIE W3MEHEHHsi TeMIepaTypehl
H COJIHEYHO! pajHauMH, BHYTPY 3aHHS TEMIEpPaTypa yacTo
HE perynmpyercs.

Haubonee Baxuo ompenesnenue PacueTHOro compoTus-
JIEHHs TeIJionepenaye R, OCHOBHOH 4acTu (rnapu) KoHeT-
PYKIHH Orpa)feHus, ¢ KOTOPOro OO6GLIYHO M HAYHHAIOT
TCIVIOTEXHUUECKHH pacueT orpaxnenus. Heo6xoauMbim sip-
JIA€TCs yCyI0BHe, YTOOH R, 6BIIO paBHO HiM GOJbIIE MHHH-
MaJIbHO MOMYCTHMOTO MO CAHWUTAPHO-THTHEHUYECKHM COO6-
paxenusmM (uau TpebyeMoro) compoTHBJEHuUS TenJionepe-
nave R p:

Ro 2> Ro.1p. (V1.2)

310 ycsoBHe HEOBXOMMMOE, HO He JOCTaTOYHOe, TaK Kak
IIpH onpenesieHu Ro cl€flyeT yuUTBIBATH TEXHHUKO-3KOHO-
Muueckne mnokasartenu. Eciin 3KOHOMHYECKH ONTHMaJbHOE
CONPOTHBJIEHHE TEIIONeperaye

Ro.onr > Ro.1p, (V1.3)

TO pacCueTHOE CONMPOTHBJIEHUE CJIENYET ONpEAesTh 10
YCJIOBIO

Ro %~ Ro.onr. (V1.4)

B s10om cayuae conporussenne R, Gosbwe MHHHMAaJbHO
AONYCTUMOrO Roxp U LEJIECOOBPA3HO B 3KOHOMMYECKOM OT-
HOLUEHHH.

Ilocnie onpenenerusi Ro raay OrpakaeHus HEOGXOLUMO
NIPOBEPUTL TENJIO3ALIUTHbIE CBOHCTBA 3JIEMEHTOB KOHCTPYK-
unu (CTHIKOB, YIJIOB, TENJIONPOBOIHBIX BRJoyeHuit). Heos-
XO/AHMBIM U NIOCTATOYHBIM YCJIOBHEM 3TOrO PacyeTa siBJsieT-
€5l OTCYTCTBUE BBINA/LEHHSI KOHAEHCATA Ha NOBEPXHOCTH KOH-
cTpykunil. Jlfig pacyera Tenmnonotepb M TEMIOBHIX ycJIoBU#
B NOMEIMEHNH YaCTO HYXHO KPoMme R, paccyHTaTh W mpHBe-
AeHHOE CONPOTHBJIEHUE TelJjonepenaye OrpaxaeHusi Ro.gp.
Ins 3panui, PacHONOKEHHBIX B 10KHBIX paiionax, nomnosn-
HUTEJIbHO MPOBEPHAIOT TEIJIOYCTOHUHBOCTE OTpar<ieHHil B
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pacueTHbIX JETHUX ycJoBMsix. Henocratounyio TEMJIOYCTOH-
YMBOCTb OrPax/JEHMs 1/ 3UMHEro Nepuosia roja KoMINeHcH-
PYIOT yBEJIMUEHHEM €ro CONMPOTHBJIEHHs TEMJoNepenaue npu
paClIETe Ro.'rp. )

Tenyo3anuTHHE CBOHCTBa 3aNOJHEHUS! OKOHHBIX B JBEp-
HBIX NPOEMOB pErJiaMeHTHPYIOT TOJBKO CONpPOTHBJIEHHEM
TenJionepefaye 3TUX KOHCTPYKUMH, KOTOpO€ HOJIXKHO OBIThH
He HuKe Tpe6yemoro, ycranosJsennoro B CHull.

IonycTumyio  BO3AyXONPOHMHAEMOCTb OKOH, JBepeH,
CTHIKOB KOHCTPYKUHH, CTEH M NEPEKPLITHil 34aHMs Onpene-
JISIOT HOPMHPYEMBIMH 3HAYEHUAMU CONPOTHBJIEHHSI BO3AY-
XOMPOHUIAHHIO Ryp, Pacxoja BO3AyXa, HOMOJHHMTEIbHBIX
3aTpaT Temia, NOHWXKEHHS TeMNepaTypbl KOHCTPYKLMH
npu uHGHIABTPAIHH.

BJaarosamMTHEE CBOMCTBA OrpaX(/ieHus BKJIOUAIOT B ce-
651 TakKe CBOHCTBA KOHCTPYKLMM 3alMIIIATh MatepuaJbl OT
nepeyBya)kHeHus: aTMocGepHOH Bnaroii ¥ BOASIHHIME napa-
MM B pe3yJibTaTe uX Auddy3uu us noMeuieHns.

[Mpoueccw neperauu Tensa, GuibTpauuu BO3AyXa M Ie-
peHoca BJiaru B3aUMOCBSI3aHbl, NO3TOMY ONpejielieHue Tem-
JIO-, BO3yXO- H BJ1Aaro3auuTHbOIX CBOHCTB B orpaxaeHnum sB-
JsieTcss OOGLHMM PacyeToM 3alMTHBIX CBOHCTB HapyXKHBIX
orpaxnenuii 3nanus [52].

MuHMManNbHO AONYCTMMOE MIK TpeByeMoe cONpoOTHBNEeHHE
Tennonepefaye orpaXKaeHms

CanurapHo-rurueHnyeckye TpeboBaHus OrPaHHYMBAIOT
NOHMXKEHHE TeMNepaTypbl Ha BHYTPEHHefl NOBEPXHOCTH
orpaxieHHil T, 3Hau€HHEM JONYyCTHMO{l TemmepaTyphl T4°"
NpM OTCYTCTBMM KOHIAEHCAIMHM BJIATM M YHAOBJIETBOPEHUH BTO-
poro ycjoBus KompoptHocTH (cm. m. 1.6).

B HOpMax JaHB TeMNepaTyphl MOMENIEHUH {5 PasJHyHO-
ro Ha3HaueHHs M pacyeTHole (HOpMHpyeMbie) mepenajbi
Temnepatyp f,—tion=Af* (1aba. VL.3).

®opMyay Anst Ro.rp 3aMMCHBAIOT B BHAE
(to—tu)n

Atn ’
roe 7 — ko3¢ QHuMeHT, YIHTHIBAIOMHI MONOXKEHHe OrpaKIeHHsl OTHO-
CHTeJbHO HAapyKHOro Bo3fyXa; m — KosdduuueHT samaca (zas orpax-
JleHHs) ¢ MaJoi TeIJIoBOHl MacCHBHOCTBIO, MHOTOCJOHHBIX H T. I.).

B stoii ¢opmyse yno6HO 3aMEHHTb OTHOIIEHUe

Ro.xp> Ry (V1.5)

B
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paBHEIM €My HONYCKaeMbiM NMOTOKOM TeNja Yepe3 Orpax-
nenne (taba. V1.3)

Aps
H = R V1.6
g Re (VL.6)
Torma
(te—te) n
Roxp = —P——q,—}— m. (VL.T)

Tensoo6Men BHYTpM NOMeEIlleHHss MOPH Jy4YHCTOM, BO3-
LyLIHOM OTONJIEHMH M JIPYrMX BUAAX OKa3bIBAETCH JLOBOJBHO
cnoxuuM. [103TOMy ynoGHee 3anaBaTh BeauunHy Ry u on-
penensitb He Rop, 2 R, =Roap—Re [Bemunny Ry Haxo-
IAT crenHajpHHIM pacuetom (cM. ra. 1)], rme R, ectb
Tpe6yemMoe CONPOTHBJEHME TeIJionepenaye OrpaKnenus or
ero BHyTpeHHell MOBEPXHOCTH K HAPYXHOMY BOSAYXY. R
pACCUMTHIBAIOT OTHOCHTEJBHO BHYTPEHHeH NOBEPXHOCTH
orpaxjeHusi, MUHHMAaJIbHO JOMyCTHMasl TeMIlepaTypa KOTo-
pot T (cM. Tabu. VI.3), no dpopmyne

Nt )n
Ryxp =b——q;{—'lim. (V1.8)
B raaee IV 6bi0 ycTaHOBJIEHO NMOHMXKEHHE TeMnepary-
pbl BHYTpEHHel NOBEPXHOCTH OrpaK[eHusi NpH MHGHILTPa-
LMK HapyXKHOro Bo3fyXa. B mepuon 38HMHero noxoJiOfaHus
MOBHIKEHHE 15 ObUIO OLEeHeHO KOa(hGHIMEHTOM ¢, KOTOPHIil
HEO6XONMMO BBeCTH B Gopmyly MJIf Bblumcaenus R

C yueToM BO3JyXONPOHHLAHHS HMEEM:

. (1:§°“ — IH) n
Ro_.,p = -_‘IFY(D_ m. (V1.8a)

OnTHManbHOe CONPOTHMBREHME Tennonepefaue OrpaMpaeHMs

Onpenenente Ro.onr — CJIOXKHAA  TEXHHKO-IKOHOMHYE-
cKas 3ajaya, KOTopasi MOXeT OBITb pelleHa aHaJUTHYECKH
C YYETOM HEKOTOPBIX YNpPOILAIWHUX NpPeANoChJIOK.

DKOHOMUYECKOH XapaKTepUCTHKOH, onpepejsiomed pa-
LIMOHAJIbHOCTb KOHCTPYKTHBHOIO DEIUEHHs] OrpaxkieHms, sB-
As0TCs NpHBeenubie 3atpathl IT, py6., na 1 M2 OntuMads-
HOe CONpPOTHUBJIEHHE Ro.onr COOTBETCTBYET MHHUMYMY ¢yHK-
uuy IT W MoxXKeT ObITH HaiilieHo B OOlIEM cjyyae M3 ypas-
HeHuq

Al |oR, = 0. (V1.9)
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B npocreftmem ciayyae, eciu npeHebpeyb H3MEHEHHIMU
34TPaT Ha COMNpsiKEHHBIE CHCTEMB H OTPAHWYUTBLCS PACCMOT-
peHHeM TOJILKO Orpax<ieHHsi, TO

(s —to.n) Azo m €7 Zpx ]”2

AruCru

Ro.onr = [ (VI1.10)
rae fon M AZo.n — COOTBETCTBEHHO CpepHss TeMNEPaTypa H MPOACMKH-
TEIBHOCTD OTONHTENLHOTO MEpPHOAA; Cr — CTOHMOCTb TEIIa, TEPSIEMOrD
depe3 OrpaxienHe; Ar.m — TEMJONPOBONHOCTD H Cr.x — CTOHMOCTb TeM-
JIOMSOJSIUHH B KOHCTPYKLHH — OrpaeHHs; Zox — HOPMATHBHHI  CpOK
OKYNaeMOCTH JOMOJHHTEJbHBIX KaMHTAJbHBIX BJOMKEHHIL.

Ecan B 3anaue yuects mamenenue 3aTpar Ha CHMCTeMy
OTOIVIEHHs! B OTUHMCJICHHs HA aMOPTHM3AMHIO M TEKyIui pe-
MOHT, TO

Ro.onr = [

(ts —#x) ceo (1 + aco Zox)+ (te — ton) AZon 2Zox c’r]”“’
Aau Con (1 + 2, 2oK)

(VI.11)

TL€ Cc.o — H3MeHEHIE KaNuTalbHbIX 3aTpaT Ha CHCTeMy OTOMJIEHHS, PY6.,

OpH H3MEHEHHH ee TenJoBofl MomiHocTH Ha 1 KKalfd; Qco, Go— exe-

TOAHbIE OTYHCJICHHS Ma AMOPTH3ANMIO H TeKYWHH PEMOHT OT KanuTaJb-

HbIX 3aTpaT COOTBETCTBEHHO Ha CHCTEMY OTOMIeHUsT U orpaxpexue, go-
JIH €ANHHILBI.

s ompenesneHus NPoORONKHTENBHOCTH 1 cpenuell Tem-
NIEPATYPBI OTONHUTEJILHOIO MEPHOAA NpH pacueTe Ro.ony BOC-
TOJIb3yeMCsl pesysibTaTaMM aHaJIu3a [OJIOBOO TEMOBOTO pe-
xKuMa snanmit (ra. VIII). Cpegniowo TEMIEepaTypy OTONY-
TeJBHOTO 1nepHofa fo.n MOXHO ONPENEUTh IO NAHHBIM
O TOJLOBhIX 3aTpaTax TelJa Ha OTOMIeHHe Qory:

_ QOT-I"
Azon 3 (KFn + ALcp)
Wi HHTETPUPOBAHMEM KPHUBOI HU3MEHEHUs TEMIIEPATYPHI Ha-

Py2KHOro BO3JyXa B Npejiesiax NPOAOJIKMTENBHOCTY OTOMM-
TEJILHOrO nepuona Az :

toom=1g

(V1.12)

‘[ f 365
Az, o . T
—_ .. == £ . —— A 2 . VI . 13
fo.n Azgn nr— A, hzon sin 9.365 ~Zo.n ( )

I snanuii ¢ cucTeMol JleTHero oxyaxueHus ui Kpyr-
JIOCYTOYHOTrO KOHJIMUMOHMPOBAHKS B pacyeTe JOJIKHB OLITh
YUTEHB! OTIOJHUTEJIbHEIE 3aTPATHl Ha 060OpyNOBaHKe, a Tak-
*e CTOMMOCTb XOJIO[ia, PAacXOLyeMOro Ha acCHMMJISILKIO

*) Pacuer npofo/XKHTENbHOCTH OTOMHTENBHOro nepuona Azqr, rogoBoro
pacxoia Tenaa Ha orondenue Oorr Aan B ra. VIIL
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TEIJIa, NOCTyNarmero 4epes 1 M? paccyHTHBa€EMOro Orpax-
Ienuss. @opmynia Ro.or IPH KPYIVIOrOLOBOM OGECIEUEHHH B
NOMEIEHHH 3a1aHHOr0 MHKPOKJIMMATa OMpPENEseHa B BHIE

Roons = [ (tp.a — tu) Coo (1 4-aco 20x) + -
) Ay s € (1 + g 20k)
_>+ (tycar.o —tna) Cox (1 4 ack Zox) + (!5.3 — fo.n) Azo. Zoxc'r+_)
Mg €y (1 + a5 205)
+ (tycar.oxa — tn.1) AZoxn Zox Cx]1/2

- Ap Crn (1 + ap 20x) ’

[le MHAEKCOM «CK» OTMEUYEHbl BEJNWUHHBI, OTHOCAIHECS K CHCTEME JeT-
HEro XKOHUIMOHMPOBAHUS; Cx — CTOMMOCTb XOJNOAQ; ¢p.1, ts.o — TEMNEpA

Typa B NOMEIIEHHH COOTBETCTBEHHO JIETOM M 3MMOf; fycn.o — pacueTnas
JIeTHAA TeMIlepaTypa [yclloBHas TeMmmepaTypa pacueTHHIX CYTOK  (CM.

ra. VID)].

B ¢opmyne (VI.14) Hapsiny ¢ Azon H fon, O JAHHEIM aHa-
Jiu3a roposoro pexuma (cM. ra. VIII) mosmxkHB GHTH omnpe-
ACJEHB NPONOJIKHUTENBHOCTD AZoxn H CPENHsSII  yCJOBHas
TEMNEPATYPA fycmoxn OXJNAAHTENBHOrO NepHosa. CTOHMOCTH
TelJia, XOJIOA2, TEIJIOH3OJSIIIHH OTpakAEHHsl, CHCTEM OTOI-
JIEHHS1 M KOHJHIHOHHPOBAHHUS BO3JyXa, BXOASILHE B HopMy-
el (VI.10)—(VI.14), Moryr OHThb HafileHH B KHHIe
JI. 1. Borycaasckoro [12].

(VI.14)

Tpe6Gyemasn TennoycroiuMBocTL OrpaX<aeHms

TennoycrofiuHBOCTL HAPYXKHBIX OTPaKAeHHil LOJIKHA
GBITH TaKOH, IPH KOTOPO# He MPOHUCXOAHNO0 GHl GOJIBIIMX H3-
MEHeHHH TeMINepaTyphl Ha BHYTPEHHell NOBEPXHOCTH 3HMOI
IpH Pa30BLHIX H3MEHEHHsIX HAPYXKHOH TeMIepaTyphi, JEeToM
IPH CyTOYHBIX €€ KOJieOaHHSIX M NPH AEHCTBHH COJIHEYHOMH
pajHanyH.

ITpu BEIGOpE 3HMHel pacueTHON TeMIepaTypH fy [IPHHH-
MaKT BO BHHMaHHE TEIJIOHHEPTHOCTH OTrpPaKAEHHMs, MO3TO-
My pacyeT Ro.rp, B KOTOPHIi BXOAHT fy, OLHOBPEMEHHO YHH-
THIBA€T TEIIOYCTOMYHBOCTD OrpaX{/ieHHsI NIPH Pa30BOM IO-
HHXEHUH TEMNEePaTyphl 3UMOIL.

B neTHHX YCJOBHSIX TEIIOYCTOHYHBOCTD orpaxiaeHHi
IoJKHa oGeclieuHBath KoJieGaHus TeMIepaTyphl BHYTpe€H-
Hell MOBEPXHOCTH C aMILIHTYAOH ATB He GoJsiee ONMyCTHMOU

A@‘;“, paBHOIl O HOpMawM:
AT =2,5—0,1 (ty;; —20), (VI.15)
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rae £yy — CPeAHsAA 33 HIONb (caMBlfi XKapKuil Mecsll) TeMmepaTypa
Hapy¥KHOro BO3AyXa.

OnpenensitTe Atn caenyer npu fx==const A" pacueTHHX

JIETHHX CYTOK IPH KOJIe6aHMSIX YCJIOBHOH Hapy»XHO# TeMie-
paTypHl, YUHTHIBaWOLIeH JeHCTBHE COJIHEYHOH panHalHtH.
ITpoBepsite TemoycTOMYHBOCTL OTPAXKAEHHN MJisi JIETHHX
YCTIOBHII He HYXHO, eciii D Goablie 4 55 cTeH H Gosplle
ISt NEPEKPHITHE HIH ecaH fyy << 20 °C. '

Tennoycrofiunsocts mosioB  [52] onpenensier mnokasa-
TeJIb TENJIOBOH AaKTHBHOCTH S, €ro NMOBEpXHOCTH, KOTOPHIH
JJisi OTHOPOIHOH KOHCTPYKHHH paBeH Ko3hbHUIHEHTY TENJo-
BOH aKTHBHOCTH MaTepHaJia:

Sa =V 2. (VI.16)

Ero sHaueHHe HOJ/KHO OBITH He 6oJiee BEJMUHMHH S, rp,
KOTOpas [Jisi MOMeIlleHH#l ¢ NOBHILIEHHOH 06ecnedeHHOCThIO
paBia 41,9 xJx/(m2-9"“K) [10 kkan/(m2-u'.°C)],
C BHICOKOH M cpefiHell 006eCledeHHOCThIO COOTBETCTBEHHO
50,2 (12). Hnst BTOpOCTENEHHBIX NMOMELIEHHA H TpH I, >
>23°C TenyoycTOHUHBOCTD NMOJIOB HE HOPMHPYETCH.

Tennozaura 3anoJHeHHiH CBETOBBIX IIPOEMOB H ABEpeEil.
TpeGyemoe conpoTHBJEHHe TEIIONEpefiade 3aNOJHEHU CBe-
TOBBIX NPOEMOB NPHHHMAaETCs! B 3aBHCHMOCTH OT PasHOCTH
pacueTHHIX TeMNepaTyp BHYTPEHHEr0 H Hapy»KHOI'O BO3/yXa
H HasHayeHHsi MoMeuieHHs. Ero BeJHYHHB NPHUBEAEHH B
tabsaune raasst CHuIl «CrponrensHas TensiopUusnKax».

Conporusnenne Tensonepefaue jsepeit (Kpome 6aJiKOH-
HHIX) H BOPOT cJjenyer NpHHHEMaTh He MeHee 0,6 Ro.rp, Onpe-
nensiemoro no ¢opmyne (VI.5) nis cTeH 3naHus, B KOTOPHIX
HMEIOTCS TPOEMEL.

Tpe6yembie BO3yXo- M BNaro3aw{uTHbie CBOMCTBA
orpayxaeHns

HaunGonblieft BO3AYyXONPOHHIIAEMOCTHIO 06/1afal0T OKHA.
Bosnyx mpoxoAHT yepes NPHMBIKaHHE OKOHHOH paMbl K OT-
KOCy NpoeMa, MPHTBOPH, CTHIKH CT€Ksa ¢ mepemsieroM. Ko-
JIHYECTBO BO3JlyXa, IPOHHKAIOLIErO Yepe3 OKHO, 3aBHCHT OT
F€PMETHYHOCTH KOHCTPYKUMH OKHA, BHYTPEHHHX H BHEUIHHX
YCNOBHH, 3TaXHOCTH 3[]aHHS, MECTa PACMOJIOKEHHS] OKHA B
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spannd. HopMupyeMBle 3HaueHusi AOMyCTHMOfI BO3AYXOMpoO-
HHILAEMOCTH OKOH jo.rp, KI/(M2Z+4), B 3aBHCHMOCTH OT pac-

YEeTHON TEeMIIepaTypH HapyXKHOro BOsfiyxa Iy, °C, npuBene-
HBl HHXE?

—10 u

pme | 0T 1

Iy Or—21 | Or—31 | Or —41 | O1— 5l

o, xp 25 17 13 11 9 8

HapyXHHe cTEHB H NMEPEKPHITHS NOJIXKHBH HMETH COIPO-
THBJIEHHE BO3AYXONPOHHIAHHIO Ry, He HHMXe TpeGyeMoro
Rn.-rp:

Ry> Ry.xp = Yu AP, (VL.I7)
rge AP — pasnoctb jaBlieHHil BO3yXa y BHyTpeHHell H HapyHoit mo-
BerHOCTeﬁ orpaKeHHs nepBoro sTaxa c HaBETpeHHOﬁ CTOPOHHI 31a-
HHAl, OnpejensieMass pacueTOM €ro BO3AYIIHOTO pexuma (cM. m. 2
ri. IV); yu —xosbduument, papumii 20,5 B 3aBHCHMOCTH OT BHAA
orpaxIeHns, 3MaHHs U nNpuHHMaeMblfi no RaHubiM raaeel CHull.

ITepekpbiTHS B 3[laHHH, ABEPH B KBapTHPHl, BHYTPEHHHE
KalHTaJbHEE CTEHB! JOJXKHB HMETh MAKCHMAaJIbHO BO3MOXK-~
HO€ MO KOHCTPYKTHBHEIM peLIeHHsIM CONPOTHBJIEHHE BO3Iy-
XOMNPOHHLAHHIO ¢ TE€M, YTOOH NMpeAylIpeaAHTs 3aMETHOE Tiepe-
TeKaHHe 3arpsi3HEHHOro BO3AyXa B 3JaHHH H3 HHXKHHX 3Ta-
el B BEPXHHE. :

BaarosauutHble CBOHCTBa KOHCTPYKHHH JHOJKHH OBITh
TAKHUMH, YTOOBI BJIaXKHOCTH MaTEPHAJIOB OTpaXKAEHHH IIpH
HOpPMAaJIbHHEIX YCJIOBHSIX 3KCIiyaTanud Oblia He Gogblie Oo-
NyCTHMOH (AONYCTHMBlE 3HAYEHHs] BJIAXKHOCTH PasJIHUHBIX
MaTepHaJioB B KOHCTPYKIHH AaHb B raaBe CHull «Crpon-
TeJibHasl TeIJIOTEXHHKa»). Jlas TnpepynpexieHus Inepe-
YBJIaXKHEHHS] MATEPHAJIOB PEKOMEHIYETCS] BHYTPEHHUE CJIOH
orpakaeHusi jejartb 6ojiee NJOTHHIMH H MeHee INapolpo-
HHILAEMBIMH, 4YeM HapyKHble. B pafioHax ¢ NpoJOJKHTENb-
HBHIMH JOXASIMH H BETPOM HEOOXOMHMO, UTOOB! CTEHH HMEJH
BOIOHENPOHHIAEMBIH CJIOH C HapYKHOM CTOPOHHIL.

Yi4. NTOAAYA TEMNA B NOMELLEHME M NIOKANMU3ALLMS
AEACTBHMSL UICTOYHMKOB XONOOA

KoMbopraocTh TENNOBO# 06CTAHOBKH B IOMEIEHHH 33-
BHCHT HE TOJIBKO OT KOJIHYeCTBa MOCTYMAIOIMEro Terja, HO
H OT cnocofa W MecTa yCTaHOBKH HarpeBaTeJbHOrO MpHOo-
pa B IIOMEIIEHHH U €r0 KOHCTPYKiuH. HarpeBaresipusie npu-
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GOpbl, KOMIIEHCHPYS TEMJONOTEPH, ONHOBPEMEHHO BBINOJHSA-
10T POJib JIOKAJIH3aTOPOB HCTOYHHKOB X0JI0O/ia B NIOMEIIEHHH.
Harperasi noBepXHOCTh Npu6Opa H CTPysi TENJIOBOTO BO3.Y-
Xa Haj HHM NpeAyNpexAaloT paJHanHOHHOE IepeoxJaxie-
HHe H ToNlajaHHe XOJIOAHHIX TOKOB BO3lyXa B 0OOCJyXHBae-
MYIO 30HY [IOMEILEHHS.

YcnoBusi, IPH KOTOPHIX BCe HApyXXHBIE OrpajkAeHHs paB-
HOMEpHO O6OrpeBajHch Obl H IIOBEPXHOCTH MOMELIEHHI HE
OXJIaXK[aJIHCh, TPYAHOOCYLIECTBHMBL XopollHe TelJIOBEE
yCJIOBHS B TOMEIEHHH CO3Jlal0TCsl, KOrja NpHGOopH oToMJe-
HHSl PACIHOJIOXKEHE NOA OKHAMH H BIOJIb Hapy»KHOH CTEHHL.
OGcayxuBaeMasi 30Ha TIOMeIeHHs], 0COOeHHO y 10Jia, KOTO-
pasi MOABEpKEHA IEepPeoXJaXKAeHHI0 HHCMAAAKIUMH MOTO-
KaMH XOJIOLHOrO BO34yXa, B 3TOM CJyuae 3allfHillaercsi B
TEIJIOBOM OTHOLIEHHH HanboJiee 3G PeKTHBHO.

Jlokanu3aumsa HMCNAAaoWMX XONOAHbIX NOTOKOB BO3AYXa

Oxkosi0 HarpeBaresipHOro INpuéopa TeMJBH IOTOK BO3-
JlyXa MOJHHMAaeTcsi BBEPX HABCTpeuy XOJIOAHOMY HHCIIAJalo-
1leMy MOTOKY BAOJib OKHa HJIH XOJIOZIHOH MOBEPXHOCTH CTe€-
HBl. Ha HekoTtOpo#l BHICOTe Haja NpHOOPOM CTPyH BO3LYXA
CMEUIMBAKITCA H IPOLOJIKAIOT JBHKEHHE OT NMOBEPXHOCTH B
noMenieHne. 3agaya o B3aHMOAEHCTBHH BOCXOJsLel H HHC-
najpalouieit crpy#i Ha BepTHKaJIbHOH IOBEPXHOCTH PacCMOT-
peHa Brie B 1. 1.3.

Has pacyera JIOKaJIH3anHH HHCNAJalOLIHX IIOTOKOB BO3-
ILyXa HYKHO ONpPENEJIHTh HayaJbHEIE apaMeTphl CTPYH, BO3-
HHKAWOLIEH Haj OTOMHTSNBLHEIM NpHOGOpOM. Iljisi 3TOH LeJH
Moryr OHITH HCNOJNB30OBAaHE  JaHHHE, I[OJYYEHHEIE B
MHHUTIIIe [32].

3aumra NoMelleHmst OT pagMallMOHHOTO NMepeoXnaXkaeHms

Kom¢oprHOCTS TENJIOBOH OOCTAHOBKH B NOMEIIEHHH B
GoJIpLIOfi Mepe 3aBHCHT OT TEMIIEPATypH NMOBEPXHOCTEH H
HapyXHBIX OrpaxkACHHH.

HonycruMyio TeMneparypy OKHa MOXKHO OIpPELeNHTh, HC-
nosb3ysi TpeOOBaHHE BTOPOrO YCJIOBHsI KOMGOPTHOCTH, KO-
Topoe ONpee/serT TEMJOOTAauy H3JyYeHHeM g3 C NOBepX-
HOCTH TeJia UeJIOBEKA, Haxopsulerocss B 06J1acTH XOJOAHOM
NOBEPXHOCTH, 4YTO AA€T BOSMOXHOCTb CBSI3aTh reoMerpHue-
CKHE pasMepHl H TEMIEpaTypy NOBEPXHOCTH OKHA. 3Hasl MH-
HHMaJIbHO HIOINYCTHMYIO TeMIlepaTypy HOBEPXHOCTH OCTEK-
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JIEHUS, MOXHO TNPaBHJIBHO BHIOpaTh HEOGXOAHMOE CONPOTHB-
JIEHHE OKOHHOTO IIpoeMa.

VpapHenne GajiaHca JiydHCTOro Temnoo6MeHa ¢} Ha MO-
BEPXHOCTH UeJIOBEKA, CTOSIIIErO OKOJIO OKHA, M HarpeBaTesip-
Horo npu6opa nox Hum (pHc. VI.2) Moxer GBITH cOCTaBJIEHD
no anasoruu c ypasuernem (I1.23). Mckomas temnepatypa
MOBEPXHOCTH OKHA B Pe3yJibTaTe OKa3BIBAETCs! paBHOM:

q9q 1
Tog = 14— | ———17 ; (V1.18)
4,52 Pg.0x

dfy,ty

Puc. VL.2. Jlyunctwit Tennoo6men
3JIEMEHTapHOH IJIOLLAfn Ha NMOBEPX-
HOCTH FOJIOBH YeJIOBE€Ka, CToALlero
y OKHa, MOA KOTOPHIM pacloJIoXKeH
HarpeBaTesbEbIH NpHEOp

v

31ech Tox 3aBHCHT OT Koa(duiueHra o6JYyY€HHOCTH OT
yejioBeKa B CTOPOHY OKHA Qu.ox H BEJIHYHHEI §7.

JlonycruMast BeIMYHHA 7 NPH PACCTOSIHHH OT Y€JIOBEK2

10 oKHa 1 M (Ha rpaHHie oGC/yKHBaeMOH 3OHH IIOMeEIIie-
HHsi) Moxer O®ITH mpuHsiTa paBHOi 93 Bt/M? [80 kkaa/
- [(M%2-4) ], @ Tox — mo (VI.18):

T, >N = 14—4,4/9, . (VI.19)

D10 ypaBHEHHe, ONpejeJisiioliee ACMYyCTHMYIO TeMIepa-
Typy BHyTpeHHell NOBEPXHOCTH OKHa, SIBJISIETCA ONHHM H3
COCTaBJISIIOIUX BTOPOTO YCJIOBH KOM(OPTHOCTH. BO MHO-
THX CJiydasix MOXET OKasaThbCsl IeiecoOOpasHHIM pPasBHThL
NOBEPXHOCTh HJIH YBEJHYHTb TEMIEPaTypy IOIOCKOHHOIO
npubopa npu cnaboli Tensosaiure HJaH OOJBLIOH IJiOILa-
[¥l IOBEPXHOCTH OKHA. YPaBHEHHE JJisl TAS" ¢ yyeToM Harpe-
BaTesibHOro npubopa mo cxeme puc. V1.2 umeer Bug

4,4 .
— (1,27t — 22,6) 2ZEB. (y g0

90K Pu.ox

Tog = 14 —
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IIpUBeNEHHHIMH BHIIIE NAHHEIMH MOXKHO TIOJIb30BATHCS
IJisl pacueTa HarpeBaTeJabHOro MpHOGOpa Kak U3 YCJAOBHS JIO-
KaJH3a[HH HHCMaZAI0IHX XOJONAHEIX NOTOKOB BO3[yXa, TaK
M M3 YCJIOBHSI YMEHBIIEHHS] H3JIYYEHHS HA XOMOAHYK IIO-
BEPXHOCTh. B COBpeMeHHBIX 31aHMAX apXUTEKTOPH YacTo
CTPEMATCS OOJErYuTh KOHCTPYKLHIO OKHA M MaKCHMAaJbHO
P23BHTH €ro IJoIajb, Y10 NPOTHBOPEUHT TPEOOBAHHSM CO-
KPAIllEHUs TEIVIONOTEPL H TNOAJEPKAaHHs KOMGOPTHOCTH
TEIJIOBOH OGCTAHOBKH B O6C/y:KHBAaeMO# 30HE TIOMEIeHHS.
OznHako B HEKOTOPHIX CayuasiX TaKHe TEHIEHIHH apXHTEK-
TOPOB 3CTETHYECKH ONpPAaBAaHbI, NOITOMY 3a/a4ya HHXEHEPOB
N0 OTONJIEHMIO H BEHTHJSIHHHM COCTOHT B olecleueHuH H 3
3THX CJIyyasix HeoOXOmUMOA KOMGOPTHOCTH TeNJoBOi 0G6-
CT2HOBKH B MIOMEIIEHHH.

HacTHble BONPOCH NMPOEKTHPOBAHHS TEIJIOBOTO PeXHMA
3/laHHAS] IPHMEHHTENILHO K 3UMHHM YCJIOBHAM N0ApoGHO pac-
CMoTpeHH B CNpaBOYHHKE NMPOEKTHPOBIMKa [52].

FTNABA VI
TEMJIOBOW PEXXMM NMOMELLIEHMS NIETOM

Tennbiii nepuon roga Gonmee GnarOMpHATHHE MO KOM-
OpPTHOCTH TEmOBLIX yCnOBHIl /st yesiOBEKa, 4eM XOJOI-
HBIH. OnHaKo 3/1aHHS, OCOGEHHO PACIOJIOKEHHBIE B I0MKHEIX
palioHaX, B KapKHe JIeTHHE MECSIBl MOABEPraloTcs 3HAUH-
Te/ibHOMy neperpesy. B pesysbrate cospamrcs pesko mmMc-
KOM(OpTHEIE TENJIOBHE YCIOBHSI B 3aKPHITHIX MOMEMIEHHSIX
H B CBSI3H C 3TUM OGoJbllasi MEPEHANPSKEHHOCTh CHCTEMBI
TEPMOpEry/isiukK OpraHu3Ma 4YesioBeka. B ator mepuox ro-
Aa OTpaXKJIEHHsi C BHEUIHEHl CTOPOHE HHTEHCHBHO 006,1y4aioT-
Cs COJIHUEM M OMBIBAIOTCS HATPETHIM HAPYXKHBIM BO3JYXOM,
OHH NOJIKHH 3aNIHTHTL NOMELIEHHs OT GOJIBIIMX MOCTYIe-
HHJ TEMJ1a ¥ CHJILHOTO eperpeBa B JHEBHBIE Yack. B jeTHull
TIEPHOL ONPEAENSIOMYI0 POJb B PEXHME 34aHHH HIpaior
TENJIONOCTYMJIEHHS: OT COJIHEYHOH pajguanmu. CyTouHasi ee
NEPHOAHIHOCTD SABJASETCS MPHYHHON THIMYHOTO il JIETHETO
PE€XHMa HECTAHOHAPHOIO XapaKTepa BCEX NMPOLECCOB TeN-
Joo6MeHa.

B To xe BpeMs TENJOBOH PEXHM TOMEIEHHI JOMIKEH
OTBEYaTh ONpENENICHHHIM TPEGOBaHUAM, IJIsi YHOBJETBOpe-
HH5I KOTOPBIX HCHOJIB3YIOT CPEACTBA TEMJIO- H COJIHIE3AIIH-
TH 3[aHHH B BH/E TEIUIOYCTOHUYHBEIX, OpPOIaeMHX BOAOH 1
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BEHTHJIHPYEMBIX OTPaXIEHHH, 3aTEHSIOMHX YCTPOHCTR,
COJIHIE3AIHTHEIX cTeKoa u ap. IloMelleHHs OXJaxKHAKT
HapyKHHEIM BO3LYXOM, HCIOJIb3Ysl HOUHOE IIPOBETPHBAHHE H
o61ieoGMEHEYI0O CHCTEMY BeHTHasuMH. B gyumem caydae
TEIJIOBOH PE€XHM B NMOMELIEHHSX DEryJHPYIOT ¢ NOMOLILIY
CHCTEM KOHAWIHOHHPOBAHHS BO3[yXa, MaHEJbHO-JyYyHCTOrO
oxJaxaeHus H T. 4. CaenyeT CTpEMHTLCA MAaKCHMAaJbHO HC-
NoJIb30BaTh AJisi GOpLOBI ¢ NEperpeBoM 3[laHHsI palHOHaJIb~
HEIE KOHCTPYKTHBHO-TIJIAHHPOBOYHBEIE DEIUEHHS H OpPraHH3o-
BaHHOE NMPOBETPHBAHHE, YTO MaJio oTpa)KaeTcsi Ha oOmed
ctouMocTH 3nanus. IlpuMeHeHHe cHCTEM KOHIHLUHOHHPOBa-~
HHs BO3[lyXa IeJsiecoo0pasHo B 3[aHHSAX MOBHILIEHHOR KOM-
¢GhOpTHOCTH, HO B JIIOGOM CJlydae OHO NOJXHO OHITH 060CHO-
BaHO pacueToM TeIJIOBOTrO PeXXKHMa MOMELEHHIA.

TIpu npoekTHpOBaHHH 3/aHH{l H YCTPOHCTB PEryHpOBa-
HHSI MHKPOKJAVMAaTa NpEJBAapHTEJbHO BHSBJSIOT BO3MOX-
HBIH TEIJIOBOH PEXHM INIpH pasjMYHEIX Mepax ero obecre-
YeHHsi U BHIGHPAOT 5KOHOMHUYECKH IeJiecooOpasHBIH BapH-
aHT peuweHus, oGeclieyHBAIONIHH 3a/laHHBIE YCJIOBHS.

IMocnenopatenbHOCTL  PeEllleHHs TNOCTABJEHHOH 3aiadn
TaKOBa. YCTaHaBJHBAIOT pacueTHble (AONYCTHMEE HJH OIl-
THMaJibHBle) BHYTpPEHHHE TEIJIOBHE YCJIOBHS H KO3(M(HIH-
eHT uX obecneyeHHocTH. C yueToM NOCJEAHEro BhIOHpaloT
pacueTHBle XapaKTepHCTHKM HapyxHoro Bosayxa. Paccuz-
THIBAIOT €CTECTBEHHHI TEMJIOBOM pEeXHM IIOMEIEHHH I@pH
pasJHYHBEIX KOHCTPYKTHBHO-NJIAHHPOBOUHBIX Mépax TeIJio-
BOIf 3alllHTH M MPOBETPHBAHHSA. ¥CTaHABJHBAIKOT YAOBJETBO-
PHTENILHOCTD TOJYYEHHOTO pe3yJbTara JJisf TOAJEPIKaHHs
pacyeTHBIX BHYTPEHHHX YCJOBHH HJH HeOOXOAHMMOCTh B
yCTpoiicTBe CHCTEMEl KOHIHIIHOHHPOBaHHs Bospyxa. Ompe-
LEeJSIIOT pacueTHH PEXHM CHCTeM KOHIHIHOHHPOBAaHHS,
KOTOpHIH 06GeCNeYyHT ONTHMAJIbHHIE YCJIOBHSI B IIOMEIEHHH.

ViL{. NETHUE XAPAKTEPHMCTHKH KNTMMATA;
NPOAONKUTENBHOCTL OTKNOHEHUSA
DAKTHYECKHMX YCJIOBMHA OT PACHETHBIX

XapaKTepHCcTMKM KNMMaTta

JKapkuii meproz roja onpejessiercss Npexae BCEro HH-
TEHCHBHOCTBIO COJIHEUHOH paiHaunMH H TeMIepaTypol Ha-
pyxHoro Bosnyxa. IIpu pacyere chcTeM KOHAHIIHOHHPOBA-
HHsi HeoGXONHMO, KPOME TOro, HMeTh MOJIHYIO XapaKTepH-
CTHKY TeIJIOBJAXKHOCTHOTO COCTOSIHHSI HapyXHOro BO3ZLyXa.
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JleTHHe HAPYXKHDBIE YCJOBHS IOJKHE OHITH ONIpeMesieHbl NPH
HanboJiee HEBHINOJHOM COUETAHHH XapaKTePHCTHK KJaUMAaTa,
BEIGpaHHEIX C Pa3JIMYHOH 0GECTIEUEHHOCTDIO JIst pacyeTHoOro
HanGoJsiee Kapkoro nepuona (o6uias METOAMKA BEGOpaA CO-
YETAHHH XapaKTEPHCTHK KJAHMAaTa ¢ 3aflaHHBM Ko3(hdHIH-
€HTOM OGECNeyeHHOCTH paccMoTpeHa B ra. VI).

3a pacueTHBIH JieTHHII TEPHOA TNPHHHMAT Haubojece
¥apkue jseTHHe cyTkH. B 1aba. VII.1 nanb pekoMennyemele
SHauYeHHs1 KO3 QuIHeHTOB obecnedeHHOCTH Kogn H Kog s
AJisi TIOMELIEHHH PA3HOTO HA3HAYEHHS H COOTBETCTBYIOH[AS
HM NPOJIO/KHTENIBHOCTh OTKJIOHEHUM Az, 4, ycsioBH# OT pac-
YEeTHBIX.

Ta6nuna VIl Kosdpduurent obecnevennocta Kog
PacueTHbIX YCNOBM{l AN TEMJIOr0 HEPHOJA rofa

TpeGoBanus k
o6ecneyennio
BHYTPEHHHX
ycioBuii

XapaKTepHCTUKa MOMEILeHHs) Kog: 7 Az, 4 Ko, Az

MoBnimennne C noBbieHHBIME caHE- {Okoso| Okono O | Oxono 1
TapHO-THrHEHHYECKHMU

TpeOOBaHUAMU

Bhicokue C nsmresbHbiM npebpBa-| 0,9 | 45—55 0,98
HHeM Juojeft

Cpennue C orpanmyensnM mo spe-| 0,7 {175—295[0,9—0,92
MeHn npebruBanueM Jiopeft

Huzkue C kpaTxoBpemennnim npe-| 0,5 |350—4500,8—0,84

CbiBaHKeM Jopneli

B coorBercrBum ¢ raasoii CHHII «OT1onsieHne, BeHTH IS
LM ¥ KOHIMUHOHHDPOBAHHE BO3AyXa», PAacUETHHE BHYTPEH-
HHE YCJIOBHS B TIOMELIEHHH AOJIKHBE OGSCIeUHBATLCS CHCTE-
MaMH BEHTHJISIMHM H KOHAMIHOHMPOBAHHS BO3AyXa B Mpeje-
JlaX pacHeTHHX MapaMmeTpoB Kateropuii kiuMara A, b u B.

Jluanasonsl 3HaueHHs KO3(PHIUEHTOB Koon u K4 ,,, cO-

OTBETCTBYIOIHE HOPMHPYeMBIM NapaMeTpaM KATEropHii Ha-
PY2XHOrO KJiHMaTa, npuBeieHH B tabJ. VII.2,

Ta6auna VIL2. CoorBercrre MEXJy napaMeTpaMy KaHMara

A, B, Bu Koo
g e Koo, n Ko, Az
A 0,4—0,55 0,77—0,82
B 0,85—0,95 0,95—0,99
B Oxoso 1 Oxono 1
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Ta6auua VIL3. OTHOCHTENBHAs NPOLONKHMTENbHOCTL MHCONSLNH
m=m/[24 (m, 4) pasnHuYHO OPMEHTHPOBAHHBLIX NOBEpPXHOCTElH

OTHOCHTe ILHAs! POAOMKHTENBHOCTL MHCOMSIIMH

OpHeHTalHs TOBEPXHOCTH 1. pJis1 TéorpagHuYecKHX mUpoT, . . . °©
w0 | 5| 0| s | e | e
Hexabpe

10 0,390,361{0,33]10,3 10,25} 0,23
B, 3 0,19 {0,18}0,17}0,15|0,12] 0,11
I0—B, 10—3 0,33}40,3210,3 |10,29(0,2510,15
C—B, C—-3 0,06 | 0,05 | 0,03 0,01 0 0
Topu3oHTaibHAS noeepx-} 0,39 10,36 0,3310,3 |0,25) 0,23
HOCTB*

Ansaps, noabpy
10 0,4 {0,3810,35}0,32]0,28] 0,22
B, 3 0,2 10,191 0,18} 0,16 | 0,14 | 0,11
I0—B, 1I0—3 0,3310,3210,31]90,3 0,28 | 0,22
C—B, C-3 0,07 { 0,06 | 0,051 0,03 0 0
TopHusoHTaJibHAS 0,4 0,3810,3 |0,3 |0,28] 0,22
MOBEPXHOCTh

Despars, OKTAGPL
10 0,4510,44|0,4310,42(0,4 | 0,38
B, 3 0,23]10,22(0,22}0,21}0,2 |0,19
I0—B, 10-3 0,330,33]0,33]0,33|0,32]0,32
C—B, C—3 0,120,11 0,1 {0,09{0,08]0,06
Topu3oHTaJBHAS 0,45|0,44| 0,43} 0,42| 0,4 | 0,38
MIOBEPXHOCTD

Mapt, centabpo
10 0,5 (0,5 (0,5 0,5 (0,5 | 0,5
B, 3 0,2510,25{0,2510,25|0,25{ 0,25
I0—B, 10—3 0,34 10,35 0,3 0,36 | 0,37 ) 0,37
C—B, C-3 0,16 | 0,15} 0,15 0,14 | 0,13 ] 0,13
T'opusonramsHas 0,5 {0,5 |0,5 |0,5 0,5 }0,5
NOBEPXHOCTh

Anpeas, aszycr
10 0,430,441 0,45| 0,46 | 0,46 | 0,47
B, 3 0,2710,2810,290,3 10,3 {0, 132
10—B, 10—3 0,3510,36|0,37 10,39} 0,41 ] 0,42
C—B, C—3 0,2 {0,2 0,2 {0,2 |0,2 |o,21
C 0,06 | 0,06 | 0,06 | 0,07 | 0,07 0,08
Topu3sonraibHas 0,56 | 0,56 | 0,658 | 0,59 0,6 | 0,64
NOBEPXHOCTh
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ITpodosxcenue rabar. VI3

OTH(_)_('!HTCJ'IBHGSI NPOROHKHTENIbROCTE HHCOJIRL KM
OpHeHTaUUA NOBEPXHOCTH m Rjs reorpaguYecKHx EMpoOT, . . . °
90 | 45 | 50 | s5 | 60 | es
Mati, urors
IO 0,35 (0,38]0,4 10,42 0,43 | 0,453
B, 3 0,3 0,31]0,32{0,3¢1]0,3 | 0,39
10—B, 10—-3 0,3510,37| 0,4 |0,42] 0,45 0,467
C—B, C—3 0,2510,25]0,25| 0,25} 0,26 | 0,29
C 0,12 ]0,12]0,12} 0,13} 0,14 | 0,17
TFopusonrtanbHas 0,6 }0,62|0,65]0,68]}0,72{0,78
TIOBEPXHOCTD
Hrons

10 0,340,366 }10,39}0,4 |0,43] 0,44
B, 3 0,3 10,3210,3410,35] 0,37 | 0,43
10—B, 10—3 0,35]0,37 ;0,4 |]0,43|0,45] 0,46
C—B, C—3 0,26 10,26 0,26 10,27 | 0,29 | 0,33
C 0,14 )0,14]|0,14}0,15] 0,16 0,2
TopusonTassnan 0,61 0,67 | 0,67 ] 0,71 ,76 | 0,85
NOBEPXHOCTD

* TIpOAONKATENLHOCTh AEHCTBHA PAaCCesHHON paiHalMH paBHa NpPOLOMIKHTENh-
HOCTH JeACTBHA NpsiMoil pagHalHA Ha TOPH3OHTAJLHYIO NOBEPXHOCTD.

XapaKTepHCTHKH TEMJIOBJIAXKHOCTHOIO COCTOSIHHSI Ha-
PYXHOro BO3AyXa (TeMneparypa ty, 3HTajbhus Iy), cOOT-
BeTCTBYIOIIHE KaTeropusiM kaumara A, b5, B, npuBeleHH B
raase CHull «Oronnenne, BEHTHISIHS U KOHIMIHOHHPOBA-
HHE BO3JyXa». DTHX NAHHBIX HENOCTATOYHO JJisi MOJHOTO
pacuera ()akTHYECKOr0 HECTALHOHAPHOIO TEMJIOBOTO PEXH-
Ma nomewenns. HopMupyeMrie TeMnepaTyphl fy mjs Kare-
ropuii knumMata A, b U B MOXHO CUMTATh MaKCHMAaJbHBIMH
TEMIEPAaTypaMH BO3AYXa lnmaxc PACUETHBHIX JIETHHX CYTOK
€ 3afaHHbiM Ko (cM. Taba. VII.2). AMnsutyny cyrodsoro
H3MEHEHHS HAPYKHOH TeMIepaTypH Ay clienyeT NPUHUMATD
PaBHOJ NOJIOBHHE TOJIHOrO Mepenajia TeMIepaTtyphl 3a JieT-
HHe CYTKH, B3ATOro mo AanHbiM raaBs CHuIl «Crpoutens-
Hasi KJIUMATOJIOrHsl U reodusukay. CpefHIOI0 3a CYyTKH TEM-
nepatypy fuo BHYHCISIOT KaK PasHOCTD fmmaxe — Atn. Bpe-
Msi HAaCTYNJIEHUS fnmaxc — 15 4 MO cpefHecoNHeUHOMy Bpe-
mend [eM. popmyay (VIL15)].

INouacoBble U cpenHeCyTOUHEIE 3HAUEHHs] HHTEHCHBHOCTH
npsaMoii S u paccesHuoit D cosHeuHol pagManuH B HIOJIe Ha
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rOPH30HTAJNbLHYIO H BEPTHKAJbHYIO NOBEPXHOCTH Pa3/HYHOM
OpHeHTaluK NpHBefeHbl TakXKe B 3TOH raase CHull. Amnau-
TYAy KoJle6aHHsl HHTEHCHBHOCTH COJHEYHOH pajnauuu Ay on-
penensoT KaK pasHOCTb:

Ar=lge—1o (VIL. 1)

#wiH (npH 3ameHe (AKTHYECKOH KpHMBOH M3MeHEHHs1 | Bo
BpPeMeHH PaBHOBEJNHKOH €H MO MJIOAJH KOCHHYCOHMJOH) no
dopmyane

A= (1 —m) g, (VI1.2)

rae I, Iy, Iuaxe — COOTBETCTBEHHO TEKylliee, CPEIHECYTOYHOE H MAKCH-
ManbHOE 3HAYEHMSl MHTEHCHBHOCTH (CyMMapHOH, NMpsMON MJM paccesiH-
HOfl) CONMHEYHOH pajuauyH B TEYEHHH PACYETHHIX JIETHHX CYTOK.

Jlaa pacueTa Ba)KHO Tak)Xe 3HATh NMPOJOJIKHTEJbHOCTD
obayueHusi orpa)XJieHuii 3JlaHM# JaHHOH OpHEHTalHH COoJ-
HeYHOH pajuanued B TeyeHHe CYTOK mi, 4, H BpPEMsl Mak-
CHMyMa AeHCTBHS COJHEYHOH pafuauuy Zyexc, B taba. VII.3

NPpUBCACHH 3HAYCHHSA OTHOCHTEJbHOH NPOAOJNKHTECIBLHOCTH

obayuennss m=m/24 pns npaMoOf M PACCEsHHOH COJIHEy-
HO# papuanuu. Bpems MakcuMyma NpsiMOit COJIHEYHOH pa-
JHal}K, OTCYMTAHHOE OT MOJYAHS TNO CPeAHECOJHEYHOMY
Bpement [cM. dopmyny (VIL.15)], AZ¥exc npuBeneHo B
Taba. VIIL.4.

CROpOCTL BeTpa NPHHHMAIOT PABHOH pacyeTHOH 3a HIONhL
no panueiM CHull, Ho He meHee 1 M/c.

CyToyHLle H3MeHEHHs] OTHOCHTENBbHOH BJIAXKHOCTH @n
BO3/lyXa MOYTH BCerfa O6paTHH H3MEHEHHSM TeMIepaTyphl
ty 1 UMEIOT MHHHMYM OKOJIO 15 u IHS M MakKCHMyM mnepej
BOCXONOM cosiHua. B ynomsnyro#i Boiie rsnaBe CHuIl
IlaHBl 3HAYEHHMS (y JJIA COOTBETCTBYIOIUMX DACUETHHIX TeM-
neparyp.

Jasi amasnn3a H3MEHEHHsi TENJIOBOH Harpy3kH Ha CHCTe-
My B TeyeHMe TEeIJoro MepHoja rofa MOXHO NOJb30BATHLCSH
OCpPEJHEHHEIMH MeCAYHLIMH 3HAaUYEHHIMH NapaMeTpoOB Ha-
pyxHoro kauMaTa (cMm. ra. VIII).

B paspa6oraHHbX Ha Kadenpe «OTOINIEHHA H BEHTHJs-
oun» MPCH pekoMeHfanusx 1Mo NPOEKTHPOBAHHIO, KOTO-
pele yacTHyHO BolLk B [52, 53], npuBeneHH pe3yabTaTsl 00-
pabOTKH METEOHAOJIOZeHHH IO MONHOH METOAHKE, YUHTH-
Baoulell kK03 duUHeHT obecrneyeHHOCTH, MJisi 115 NMyHKTOB
CCCP.

B pexkoMeHZauusix GbLIH MCHIONL30BAHLI JAHHLIE O UHCHE
IHeH co cpelHell W MaKCHMaJbHOH CYTOYHHIMH TeMmeparty-
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Ta6auuna VIL4. Bpemsa makcHMyma mpsiMofi cONHeuHoii paiHaLyK
. AZ™° B uCumCaeHHH OT NOMYNHA

BpeMsi makcuMyMa, u, pas reorpadHYyeCKHX
wWHpoT, .. .°
OpvieHTalHsi OBEPXHOCTH
0 | o5 | 50| 55 | e | 65
Hexabpe
3 2,3 | 2,2 2 1,811,561 0,9
I0—B, 10—3 0,710,604 0,1 0 0
C—B, C—-3 3,91 38] 3,55] 38,5 — —
Snsape, HoA6PL
.3 2,4 123 2,1 2 1,71 1,3
I0—B, 103 091]0,71}0,5] 0,3 0 0
C—B, C—-3 3,913,9]| 3,7]3,6]| 3,4 —
Despars, oxrabpo
B, 3 2812712625241 23
I0—B, 10—3 13l fefr1409]10,8
C—B, C—3 4 4 3,91 3,9
Mapr, centsbpe
3 3 3 3 3 3 3
I0—B, 103 191 1,81 1,8]1,7]1,6]1,6
C—B, C—3 4,1 4,2 | 43| 4,3 | 4,4 | 4,4
Anpene, aseycr
B, 3 3,3]1384]135]36]3,7]| 3,8
C 5,9 6 6,2 163|551 6,7
I0—B, 10—3 2512412412424 2,5
C—B, C—3 4,2 | 4,314,311 4,71 4,91 5,1
Maii, uoae
B, 3 3,6 |1 3,7 ] 3,9 4 4,31 4,6
C 5,7 6 6,5 66 1| 6,8| 7,4
I0—B, 10—3 3 3 3,2 | 3,2
Hrone
B, 3 3,71 3,8 4 4,2 | 4,56 ] 5,1
C 5,7 6 6,3 |6,7 17,114 7,7
I0—B, I0—3 3,1 ]31]31]3,2] 3,21} 3,2
C—B, C-3 4,3 |1 4,56 | 48| 5,215,615,3

ITpumeyanue Bpemsa makcHMyma mpsMOli cosHeuHON pafuanuu
Ha noBepxHocTb 10XHo# (10) opHenTauum paBHO HymIO; Aas OPHEHTa-
i B, 1I0—B, C—B BpeMs MaKCHMyMa NPHHHMAIOT 110 AaHHLIM HACTOsI-
uiefi TabJMIBI €CO 3HAKOM <«—>», Aas opueHrauun 3, F0—3, C—3 — co
3HaKOM <«--»; A opueHTauun C BpeMfi MaKCHMyMa NPUHHMMAKOT CO
3HaKOM «—» B YTpEHHHME H CO 3HaKOM «-}» B BeuepHHe vace. Makcu-

MYM paccesiHHO# COJIHeWHOH pajuauuy OObIYHO GJH3OK K MONYAHIO.
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paMM ¢ HHTepBaJoM B 5°C nJsi KaxAOro mecsua ropa, mno-
JayueHHble 3a 35—40 ner Habmonenuit. Ilo 3THM JaHHBIM
JUISl KaXKOOrO MMyHKTa IOCTPOEHBl (DYHKLMH PacnpenesieHus U
onpenenensl fuo ¥ Ay, B 3@BHCHMOCTH OT 3aJaHHOro Ko3¢-

¢uuneHTa obecneyeHHOCTH.

MpoAOMKMTENbHOCTL OTKNIOHEHMUSI TEMNEpPaTYpHl
Hapy)XHOTro BO3AyXa /r OT 33[JaHHOTO 3HAUCHMSI

Ilpu pacuere TemJOBOrO pexuMa TMOMEINEHHH BaXKHO
3HAaTh NPONOJIKHTEJNBHOCTH BPEMEHM, KOria TeMmepatypa
Hapy¥KHOro BO3ZyXa NEPXKHTCH BBIE 33aA3HHOTO 3HAYEHHS.
Bocnosnayemes 118 3TOTO0 XapakTePUCTHMKAMH  CYTOYHOrO
H3MEHEeHHs] H (YHKUMAMH pacnpelesieHHsl TeMIepaTyphl B
3aBHCHMOCTH oT Koe.

Vi3MeHeHHe TeMIepaTyphl HAapy»KHOro BO3AYXa /4 B
TeueHHEe CYTOK OMHCHIBAETCH 3aKOHOM rapMOHMYECKOro KoJie-
6anns. Ecnu Aas TPOM3BOJIBLHHX CYTOK H3BECTHBL CpelHe-
CyTOYHAas TeMIepaTypa Hapy»XHOro BO31yXa f M aMIUIH-
Tyna ee U3MeHeHHs1 A 4 TO BpeMs AZ’, 4, B T€YeHHE KOTO-

H
poro teMnepaTypa Hapy»KHOro BO3JyXa Bblle f, 3a 3TH
CYTKH, ONlpeJie/IMM H3 HEPaBEHCTBaA:

. 2n
L <tiot A,; cos o (z—15); (VIL.3)
24 ta—1,
A2 =— arccosa—,ﬂ'0 . (VI1.4)
4 A,H

O6umasn NpPoOAONKHTENBHOCTE BpPEMeHH, TNPH KOTOPOM
TeMnepaTtypa Iy BbllUe f; MpH 3amaHHOM KoadduuneHTe
obecneueHHOCTH Koe, paBHa:

Az=3Az" n’, (VIL.5)

rae n’ — 4HCNO JHeil B FOAY € TeMnepatypoit t; BHlllle £, HO HMXe pac-
yeTHOH fs npH 3afaHHOM Koo. :

Tak e MOXHO ONPEHE]HTb MNPOAOCIKHTENIBHOCTh Az
CTOSIHHMSl TEMMNEPATYPH BBILUE MPHHATOH B pacyere mpu 3a-
nanHoM Koe. Jlnist 31010 cymmy B (VILS5) caenyer onpene-
aate B npenenax ot Kos 10 1, T. e. oT ts pacuernofi npu Koo
10 fy MakcuMaJbHOH. BO3MOXHOCTE OTHICKaHHA Az MO3BO-
asieT ycTaHOBHTDb K o5,,— KO3 HuMenT obecnedeHHOCTH No
o6uell MPONOJKHTENLHOCTH OTKJIOHEHHH yCAOBHME OT pac-
YeTHBIX:
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62.24 — Az

Keos, a2 = oo " (VIL.6)

rae (92-24) — NpOLOMKUTENLHOCTb KaJEHAAPHOrO JIETHEro NEPHOAR, .

B Ta6a. (VII.1) nokasaHsl AMana3OHH H3MEHEHHH Az
" Ko A, 011 NPHHATHIX yeTbIpex rpajalufi obecneuyeHHOCTH
PaCueTHBIX YCJIOBHIA.

Ta6aura VILS, MpopomxutenpHOCTh NpeBbilieHUS NApaMeTPOB,
nopmupyemnix CHull temnepaTyp

Jlannbie
MHUCH | I'MH-1
Topoa Kateropui knuamata no CHull
A 5 | a | B
BuHHMIA 566 27,2 507 26
I'posusblit 446 .8 24,3 446 18
Mesenb 558,5 59 493 48
flata 460 18,5 464 8

B ta6a. VIL5 gasa uerblpex reorpacgpuueckux IYHKTOR
NPOBEEHO CONMOCTABJIEHHE NMPONOIKUTEJILHOCTH OTKJIOHEHHS
TeMIlepaTypHl Hapy¥XXHOro BO3lyXa OT PAaCYETHBIX 3Hau€HHH
A v B no CHuII, onpeneseHHbIX Mo npeasjaraeMod METOIH-
ke (MHCH) u no maunmm I'TIH-1. [locaennue onpeneseHsl
nyTeM Oo6PabGOTKH CPOYHBIX YeThPeXPasoBBIX HabJIOLEHHH
3a 10 ser. CynTasioch NpH 3TOM, YTO Kakjgoe CPOYHoe 3Ha-
YyeHHe TEeMNEPaTypH HEH3MEHHO B TeueHHe 6 4. DTo No3Bo-
JINJIO MOJACYUTATH AJHUTEJBLHOCTh CTOAHHSA Pas/MYHBIX TeM-
nepartyp.

BJM3Koe coBnajeHue cpaBHUBAEMBIX BeJHUMH B Tabanue
HOATBEPIKAAeT BO3MOXKHOCTEL HCIOJb30OBaHUA 00J1€€ NpocTo-
ro Mmetonaa.

V1i.2. MOCTYNNEHME TEINA YEPE3 HAPYXHBIE OTPAMAEHMA
M TENNOBOH PEXXMM NMOMELLEHMA

MocTynneHune Tensa yepes HapyXHbIe CTeHb!
M COBMeLleHHbIe NMOKPBLITHA € YYETOM [EHCTEHS
COGAHEUHOM pafatLiMit

[lepenauy tensa yepes CTeHH M MOKPLITHA (MaCCHBHLIE,
HenpospauHble oOrpaxzeHHs o6osHaualoTcs HHAeKcoM )
PACCUHTBIBAIOT KAK FapMOHMYECKH H3MEHSIOLHACS Temo-
BOH mpouecc, XapakTepusyeMu il TpeMs napaMeTpaMu: cpea-
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HECYTOuHBIMH 3HaueHHsIMH (uWHAeKc 0), Hanpumep TEIJIOBO-
ro HOTOKA §ro, aMIWIHTYHOH KoJeOaHHs Aa. H BpeMeHeM

HACTYIJIEHHS] MaKCHMyMa 22C. Hna moGoro yaca pacuer-
1

HBIX CYTOK H3MEHSIOILYIOCS BeJIMYMHY, HalpuMep TerJOBOH
HOTOK g1, OMpPeAessioT no opmyse

9 =90+ VA - (VIL.7)

Tie Yo — KO3(QGHUHEHT, paBHbIll KOCHHYCY yryia [Jisi TapMOHHYECKH H3-
MeHsioLlefics YacTH BeJuyMH (B A2HHOM CJlyyae TemnoBoro mnortoxa) [53].

Ilepenauy Tenna npM COBMECTHOM A€HCTBHH PasHOCTH
TEMIEPaTyp M nOTOKa CyMMapHOf COJIHeYHOH pajauauuu I,
NOMAafaloIIer0o Ha HapyKHYI0 TNOBEPXHOCTb OrparKAEHHS,
PaCCUMTBIBAIOT, MOJb3YSCh MOHSTHEM YCJOBHO# Hapy:HOH
TeMnepaTtyps! lyen:

pl :
tycn=tH+Atp=tH +—;_ ’ (VII.8)
H

rae Afp — skBuBasentHaf AefiCTBHUIO COJNHEYHO pamwallMH TeMneparyp-
Has no6aBka; p— KO3¢hGHUHEHT NOIVIOLEHUsA TenJja COJNHeYHOH panHa-
LUM TOBEPXHOCTBIO OrpaxieHusi; oy — KosbdHuMeHT TensoobMeHa Ha
HapyXXHOH NOBEPXHOCTH OrPaXkAeHHS.

CpenHecyToYHOe MOCTyIJIeHHe Temua uepe3 1 m? orpaxk-
IeHHS! C COMPOTHBJIEHHEM TelJonepenaue Ror

gro= _R:)T (tym_ Lo —tB), (VII.S)
rie fycn 1,0 — CPENIHAAl 32 pacCyeTHble CYTKH YCJIOBHAs HapyiXHasi TeM-
neparypa

tyent0 = tuo+ Ply/t,. (VII.10)
Avnauryna koseGanuii Tensioporo moroka (cm. ra. III)

A=y he =a A, /v, (VIL11)

rae  Apyo,p - @MIUINTYNA H3MEHEHHs YCJOBHOM HapyXHOH TeMmnepa-

TYpH

4 (AgytAar, ) ¥ = (A, T PA ) ¥, (VILI2)

W — 03¢ dULMEHT, UCMOJb3YEMbIA NPH AHAJHTHIECKOM CJOMKEHHH rap-
MOHHYEeCKUX KoJeGanufi (cM. puc. 111.20).

Bpemst MakcuMyMa TenJIonoCTynJeHH

2g " = z:‘y"c";l +-gq, (VII.13)

tyent

TAe € — BPEMS 3anasiblBaHUa CKBO3HOTO MPOHMKAHHH TEMNEPaTypHBIX
KoJieGanuil.

BpeMsi makcuMyMa ycJIOBHOH Hapy:KHOH TeMmeparyphi:
Makc ___  Makc .
tyent — 2ty T ODpH A > AAfp,x' (VI1.14a)
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g =g tonm A, < Aar (VI1.140)

rae ¢ — onpeaedsitor no puc. 111.20.

Caegyer MMETb B BULY, 4TO B PACUETAX HCIOJB3YeTCH HC-
THHHOC COJIHCYHOE BpeMs 2, KOTOPOE CBfA33HO C TOACHBIM
Zn M JEKPETHHIM BpeMeHeM 2y NPHOJIHKEHHBIMH COOTHOLIE-
HHUAMH:

z=zu—|—%(k—l5N), (VIL. 15)

rie A — reorpaduueckas goarora. .. °; N — HoMep mnosica BpEMeHH
10 KapTe€ YacOBLIX NOACOB; Zn=2Zgx—1.

TennonocrynnexHusi Yepes 3anonHeHus
CBETORLIX NTPOEMOB

OcHOBHas 4acThb Bcex TemJonoctymieHu#t 3asucut [10]
OT KOJIMYecTBa npsiMofi S M paccesiHHoi D conneuHoii pa-
IMALHK, TNOCTyNaluiel Ha MOBEPXHOCTH  PAa3JH4HON
opuentauuu. CyMMapHble TENJIONOCTYIVIEHHS 4Yepe3 3amoJ-
HEHHE CBETOBOro mpoeMa (Jyuenpo3payHbie OrpaKAeHMs!
o6osHauatoT uHaexcoM 11) paBHbI:

9y =n,p+ v (VIL. 16)
G1.p = (Sg yuc + 03 T5Dkog) Bypon Foep Rorp Raxss Foars  (VIL1T)
g, = Ky (85" —1,), (VIL18)

rh€ §inp M §i1,r — TENJIONOCTYIJIEHHS] COOTBETCTBEHHO 32 CYET HEmo-
CPeACTBEHHO NpOHHKapulefl B IOMEIEHUe COJIHEHHON pajuauyu u pas-
HOCTH TeMnepatyp; kn — Ko3G(}HUHEHT NPOHMKAHHs NPAMOf COJIHEYHOI
panuauuy Yepes OJHHAPHOE CTEKJEHHE; Runc ~— KOI(PQHIUHEHT HHCOJIALKH,
PaBHBIli OTHOLIEHHIO OCBEIIEHHON COJIHIEM MNOBEPXHOCTH OKHA KO Beed
€ro MOBEPXHOCTH; Koca — KO3(GGHUMEHT OG/NYYeHHs OKHZ pacCesHHOM
pamuauwedi; korp — KO3GbQHuRHEHT, YUMTHIBAIOLWNA OTpaxKeHHYIO OT 3€M-
HOfl MOBEPXHOCTH Nepen GacafioM 3JaHHA PafHanHio; Ruep ~— K0aduuy-
€HT, YYHTHIBAIOL{H 3aTEHEHHE OCTEKJICHHs NepemeTaMu: Rsar— TO XKe,
3arpsi3HEHME  CBETONPOMYCKAMOEro MarepHaja 3ano/HEHHs CBETOBOrO
npoema; kamv — KO3(OHUIHEHT, YIUTHBAIOUHE sarpssneHne aTMOCheph
(Ip¥ onpelieJleHHH pacyeTHOro 3HAYEHHs TEMJIONOCTYIVIEHHH He cJenyeT
YUMTHIBATb 3arPsISHEHHE CTEKNa K aTMOCGHEPH); Rupon — OTHOCHMTEJLHLIH
K03(hGdHLUUEHT POHMKAHHg pPajiHALUH Yepe3 3anOJIHEHHe NPoeMa, KOTo-
poe OT/IHYAeTcsl OT OAMHAPHOTO octekjenus; Kir—KosbdulHeHT Temo-
nepesaul SaloNHEHHs CBETOBOTO mpoeMa; {3  —ycloBHas Hapyxuas
Temnepatypa, onpefenseman no ¢opmyre (VIL8) ¢ wucnosnpsopaHHEM
npuBefeHHOr0 KO3G(}HIMEHTa NOrJOMEHHA 3aMOJHEHHs OKOHHOTO mNpo-
ema pir; ls — pacueTHas TeMnepaTypa B IIOMEL{EHUH.

Kos¢duureHT Rysc 3aBHCHT OT AJMHBI BBICTYNAKOLIHX
FOPH3OHTANBHBIX Ly M BePTHKAJbHBIX Lg 3/1EMEHTOB 3aTeHE-
uus (puc. VIL.1), HX pacnoJioxeHHs MO OTHOLIEHHIO K CBe-
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Puc. VIL1. K onpenenexnio Ko- —
sh¢UUMEnTa HHCONALHE OKHA \‘,o
el

I—HaﬂpaBﬂeHHe COAHEYHOro .ny'-la; A aals & ——
2 — FOpPHSOHTaJIbHasi INpoOeKHHsA COX- Al

HEYHOro Jnyua; S—Hopmanb K 1mnnoc- /—J’ =
KOCTH OKHa; 4 — NPOeKUHs CONHEYHO- 2 _T I 5

ro Jny4Ya Ha BepTHKaJbHYI0 (K mJoc- />’ y;

KOCTH OKHa H ropHaoHTa) NJOCKOCTD; l/
s—rpaHHU.bl TEHH Ha NOBEPXHOCTH / i

OrpaXXnaeHHA oT COJNERIe3allHTHOTO +

CTpONCTRA ¢ R
ycTp ERS N4 L/_, H 8

y Lo §

TOBOMY npoemy (@, ¢), FOPH30HTAJILHOIO yrJjla @ MeXay npo-

eKIHell COJHEUYHOTro Jiyda Ha FOPH3OHTAJIbHYIO IJIOCKOCTh H

HOpPMAJIbI0 K AAHHOH IJIOCKOCTH HapyXHOrO Orpa)kAeHHs,

NPOCTPAHCTBEHHOro yria f Mexny ¢acaiom u npoekuuei

Jyda Ha BEPTHKAJbHYIO IJIOCKOCTb, NEPHEHAHKYJIAPHYIO K

3/IaHHIO, a TaKKe OT pasMepoB cBertoBoro mpoema (H, B).
Jlnisi rOpu3OHTANBHEX COJIHIE3AUMTHEX YCTPOHCTB

Lpctgf—a
. bape,p=V—""p5 (VIL.19)
IJi1 BEPTHKAJIBHLIX
Lgtga—
bueo=1——B22 "% (VI1.20)

3unauenus ¢yukuui ctg p ¥ tg @ 3aBHCAT OT BPEMEHH CY-
TOK, IUHPOTHl MECTHOCTH M OPHEHTAallMH BEPTHKaJbHOH IO-
BEPXHOCTH.

Koad¢hHuueHT HHCOMALMH COTOBOrO COJIHLE3ALHTHOrO
yCTPOHCTBA, OTKOCOB CBETOBOrO NpoeMa MJM APYruX COJH-
LE3aIMTHHIX YCTPOHACTB, HMEOIUHX rOPH3OHTAJIbHBIE H Bep-

THKaJbHBIE 3JIEMEHThI, PaBeH NPOU3BEICHHIO kunc 8 H knnc o

VYcnoBHY0 TEMIepaTypy Hapy:XHOH cpelbl B ¢opmyJe
(VIL.18) ompegensitor no ¢opmyne

(O — g4 At (VIL21)

1y = tpot v, Aty (VIL.22)

Aty vy = Gp 11nap Pri/%; (VIL.23)

9p. 11.napn = (Skype 0’75Dkoﬁn) kOTD kg (VI1.24)

rfe ty — TeMIepaTypa HAapyAKHOro BO3AyXa B KaxIblfi 4Yac CyTok;
Atp, 11 — TeMnepaTypHas H00aBKa, SKBHBaJeHTHasi AEACTBUIO cOAHeuHON
panuapuy, nafaollell Ha 3anoJneHHe CBETOBOrO Mpoema; lu,0 — CPeA-
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HECYTOUHas TEMIIEDATypa HAaPYKHOTO BOSAYXa; Yo — KO3(dHULMENT, yuu-
THIBAIOWHUE APMOHHYECKOE H3MENEHHE TeMIlepaTyphl HApYHOTO BO3-
Ayxa; Ap, — amninTyna xoseGanus TEMNePaTyPH HapyKHOrO BO3AYXa;

gpILnax — NMAJAIOUIAS HA 3aNOJIHEHME CBETOBOTO MPOEMa COJIHEYHAs pa-
Iuauus; Pr; — npHBeNeHHH KOadbdpHUneHT TIOTVIOIEHHSl COJIHEYHOH pa-
AHAUNH 3aMOJHEHHEM CBETOBOCO MpoeMa.

UuciieHHple 3HaYeHus K03 buuneHToB 06nyueHHs1 kogy,
OTPaXeHus! korp M APYrHX BEJIHUKH, BXOASIIHX B pacuer
TEMJIONOCTYIVIEHHH Yepe3 3aMlOJIHEHHS CBeTOBOro npoema,
IPHUHHMAIOT N0 AaHHHM [53].

O6wue Tennonocrynnexus B nomewenme

O6mue TemnonocTymieHus (Tensonotepu) B moMere-
HHE B TEIUIBIA NEPHOJ rofa CKAaAbIBAIOTCS H3 NOCTYIJIEHHS
TeIsIa yepes orpaxkaeHUs Qorp, TeNNa, OGLIYHO ACCHMHUIIK-
Pyemoro ¢ BO3AYXOM CHCTEM BEHTHJSIIUM H KOHULIMOHHPO-
BaHUA BO3AYXA Qpenr, 3 TEXHOJOTHYECKHX M GBITOBBIX Terl-
JIOBHIIENCHHH Qrexs.

Qorp + QBeHT + QTeXH = 0. (VH -25)

Temnonoctynnenus uepes orpakaeHust Qorp, @ TaKKe
Qpenr 1 Qrexs — BEJTMYHHBI, NepEMEHHBIE BO BpeMeHH. Qorp
AN KaXNIOro 4aca PacueTHHX JETHHX CYTOK ONpenesoT
CJIOXKEHMEM MOCTYNJIEHMH Temsna uepes pasyauHuyHbBle BHIBI
MaCCHBHBIX HeNPO3PayHBIX (MOKPHITHSI, CTEHBI) M Jiyuenpo-
3pauHblX (OKHa, POHAPH) orpakmeHui pasannuHoOil opuen-
TaLMH:

Qm,p =2q; £ + 2qp Fyy, (VIL.26)

TA€ gu H Gr1— yIE/bHBIE NMOTOKM TEMJa uepes pasHule Bupbl Orpaxne-
HUH B  pacyeTHHH wac cyrok, onpeneisieMsle no ¢gopmynam  (VILT),

(VIL16).

IIpn mepeMeHHBIX TeXHOJOrMUeCKux TeMJIOBH JEJICHHSIX
110 ZaHHBIM TEXHOJIOrHYECKOrO NPOEKTA [AOJIIKHBL GLITh noJiy-
YeHbl Qrexn TAKKe NJSI KAKIONO uaca PacueTHBIX CyTOK.
B pesynrrate cnoxkenus Qorp ¥ Qrexn MOSYuaIOT pacyeTHyo
KPMBYI0 [OYAacOBOr0 H3MEHeHHS TEMJIONIOCTYIVIEHHH B 1io-
MelleHre Q; ¥ MakCHMAa/bHOE HX 3HAUEHHE:

Qn,MaKC = (Qorp + Q'rexu) MaKc®

3HayeHue Q;vexe HHOTZIA NPHHHMAIOT Kak pacyeTHble
TEIWIOH3OLITKH AJisi OTpefeseHHs! TIPOM3BOMTENILHOCTH BeH-
THJIALHMOHHBIX CHCTEM K BO3/lyXOXOJIOJONPOM3BOAUTEN BHOCTH
CHCTEM KOHAMLHOHMPOBAHMS BO3aVXa. Cnenyer uMeTpb B B-
Ay, YTO MPH 3TOM YCTAHOBOUHAS MOLIHOCTH CHCTEMEL MOJKET
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6bith 3aBbiena (Ha 30 u Gonee mpouentoB). Jins GoJee
TOYHOro pacyeTa IMPOHUIBOAUTEJNBHOCTH CHCTEM C Y4UETOM
TENJOyCTOHYMBOCTH NOMEIIEHHs PACueTHYX KPHBYIO HM3ME-
HEHHs! TeMJIOMOCTYIJIEHH CJeAyeT annpoKCHMHPOBATh KpH-
BOH MPABHJBHHIX NEPHOZHYECKHX H3MEHEHHH TEmIonoCTyr-
JeHuil (rapMOHMYECKHX, NPEPLIBUCTBIX HJIH HX CyMMOH).
ITpu TJIaBHOM M3MEHEHHHM TeIJVIONOCTYIUIEHHH pacueTHYIo
KPHBYIO 3aMEHsII0T FapPMOHHYECKOH KpHBOH C COBNaAaoLll-
MH [0 3HAYEHHIO M BO BPEMEHH MaKCHMaJIbHBIMH TENJIONO-
CTyNJIeHHAMH. | apMOHHYECKOE H3MEHeHHe TEeIJIonoCTymJe-
HHIl XapakTepH3yeTcsi CPelHMM 3a CYTKH 3HAUCHHEM Q' w0,
aMITy0# A , H BpeMeHeM MaKCHMyMa z‘é?"c .
214 n

ITpu peskux BO3PACTaHMAX H YMEHbUIEHMAX TEMJIOMNO-
CTVIJIeHu# KX W3MEHEeHHe BO BPEMEHHM MpPEeJCTaBJAI0T B BUAE
OZHOrO HJIM PfNa CJAEAYIOLIMX APYT 32 APYroM NPEepPHBHCTHIX
rensonocTymenui. IlpeprBHCTOE TEMJIONOCTYNJIEHHE Xa-
PAKTEPU3YIOT NOCTOSIHHBIM 3HAY€HHEM TEIJONOCTYN/IEHHA
Q. ero NPOXOMKHTEJBHOCTBIO 1 H MOMEHTOM BpeMEHH
OKOHYaHHS Zron-

B ToM M B APYroM Cjy4yae ONPefessiioT CpelHie 3a CyT-
KH 3HauYeHHS CJ1araeMblX H COCTABJSIIOT CPEAHHH 32 CYTKH
TelJIoBOH GaJjiaHC NOMEILEHH.

Cpepuwuii 3a cyTku Tennopok Gananc nomewyenus

CpenHMe 3a CYyTKM XapaKTEPMCTHKH TEIJIOBOrO pexuMa
NOMEILEeHHs] ONPEesAIOTCs! YCIOBHAMH CTAaLUHOHAPHOH Tern-
Jonepenauu. CpenHuii 3a CyTKH TEIJIOBOH 6ajiaHC moMelle-
HHS MoOXKeT ObiTb NPEACTaBjeH B BMae anrebpaHueckoi
CyMMBbl CPEIHHX 3a CYTKH (HHAeKC 0) coCcTaBJAIOLIKX:

Qorp,0+ QBeHT,O + Q-rexn,() = ZKI Fl (tycAI,O— tn,O) +
+ 2Ky Fyp (tyeatt,o — t0) +201n,p,0 Fri + Lo 60 (g0 — tyx,0)
1 Qrexn0=0- (VI1.27)

rie mepBoe CjaaraeMoe PasBepPHYTOro ypPaBHEHHS NPencTas-
JisleT TeIJIONOCTYIJIEHHs] 4epe3 Henpo3pauyHble OrpakKAeCHus
(unzexc I), BTopoe — noCTyIieHHe Tensa yepes npospadnbie
orpaxpenust (uufexc II) 3a cuer pasHOCTH TeMHNEPATyp,
TpPeThbe — HEMOCPEACTBEHHO MPOHMKAILLYI0 B MNOMELIEHHe
CyMMapHyi0 PalHalMio, YeTBEPTOE — ACCHMU/ISLHUIO Tema
BEHTHJIALMOHHLIM BO3ZAYXOM H IATOE — TEXHOJOTHYECKHE H
6LITOBBIE TEMJIONOCTYTJIEHHS.
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Cpenuss 3a CyTKH TeMIepaTypa NOMELUEHHA ONpejess-
eTcs B BHIe

_ 2Ky Fy tyenr,0 + 2Ky Fyy fyenn,o + 205,01 Fii + Quexno +
0 2Ky Fy + 2Ky Fyy
+ Lo p (tnp,o _ tyx.o)

2Ky Fy + 2Ky Fiy

Temnepatypa Bo3ayxa nomellenusi, B TOM YHCJe M Cpefi-
Hsfl 32 CYTKH, OTJIHYAETCS OT CpeJHeli TeMIepaTyphl NoBepx-
HOCTe#l Ha TOT Nepenaj, KOTOPHi O6ecleyHBaeT mepenayy
CYMMapHOIO KOJIHYeCTBA KOHBEKTHBHOro Temna Qyo OT Mo-
BEPXHOCTeH K BO3AyXy M OT BO3AyXa K nosepxuocraM. Cpea-
HIOI0 3a CyTKM TeMnepatypy BO3JyXa fpo H OrpakjeHuf
tr,0 MOXHO ONpPENESHTh C YIeTOM PaBEHCTBA:

tho= (0t 25,0)/2
B pesynbrarte sHauenus fpo M fpo paBHbBI:

} (VI1.28)

tao=1Ipo* gx" ; (VI1.29)
K

tpom=t o7 o VII.30

RO=lqoT 2 (VH.30)

K
rie A=ou2F; — nloOKaszaTe/b MHTEHCHBHOCTH KOHBEKTHBHOTO TemJoOG-
MeHa ro Beefl mwiomany ZF; BHYTPEHHHX NOBePXHOCTEll OrpajKpendi;

Ox — OCPEIHEHHHIl 10 BCeM MOBEPXHOCTAM B NOMELLEHMM KO3bdHIHEHT
KOHBEKTHBHOTO TernJoo0MeHa.

EcTecTBeHHLIi TENNoBOH PEeMM BEHTHIHPYEMOro
nomeLeHHms

PaccMOTpuM ecTecTBeHHBIfI TEIJIOBOH pEXMM, KOTOPHI
YCTaHOBHTCS B NOMEILLEHHH NPH PACUETHBIX MapaMmeTpax Ha-
PYXHOro BO3ayxXa € y4eTOM NPOBETPHBAHHS M KOHCTPYKTHB-
HO-TJIaHHPOBOYHBIX MEP 3alUUTHI MOMEIIEHHs] OT NeperpeBa.
HisBecTHEI Tenyo3auMTHEIE KauecTBa OrpaskAeHH, OpHEeHTa-
IHsl 3[aHHUs, COMHUE3ALIHTHEIE YCTPOHCTBa, OBITOBLIC H TeX-
HOJIOrHYECKHe TelyIOBbIIE/IEHMs], IPOU3BOJUTENBHOCTD H pe-
XHM paborl o6weobMenHo# Bentuasuun. Crenyer onpese-
JIUTb €CTECTBEHHBIH TEIJIOBOH pPeXMM [NOMEIEeHHs IpH
3aJlaHHBIX YCJOBMSIX, B TOM YMCJe BEHTHJISILKM, HJIM BEISIC-
HHTb HEOOXOAMMBIA BO31yX0OGMeH JUisi NONJEpMXaHHA pac-
YeTHHIX JOMYCTHMBIX YCJOBMH MHKDPOKJHMMATa.

Haie Bcero yCTaHaBIMBAETCS PEIKHUM TOCTOSIHHOTO MpO-
BETPUBAHUSA NMOMELIEHMs] HADYKHBIM BO3AYXOM fmp==1y B KO-
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anuectBe Lo Copeprkanne IBHOTO Teljia IPHTOYHOrO BO3-
AyXa Qpp U3MEHAETCA [10 TapDMOHKKE, CJEys 32 H3MEHEHHUs -
MH 3. '

CozepKaHHe SIBHOTO TEIJIa B YXOJAAUIEM H3 NMOMEIIEHHS
BO3JlyXe Takxke H3Mensiercs. Macca BEITAXKHOrO BO3AyXa
paBua nputouiomy (Lp)sur= (Lp)up. Temneparypa yna-
JISIEMOrO M3 MOMELIEHHsI BO3/lyXa JIHHEHHO CBSi3aHa C TeMmIle-
paTypoil BHYTpPeHHETO BO3AYyXa la. H3MeHeHHs ee mo am-
IVINTYZle # BO BPEMEHH MOXHO CYHTATh OJHHAKOBHIMH C
H3MEHEHUSIMH TEMIIepaTypsl Bo3fyxa B paboueit 30He nmome-
HIEHHSA:

Ay = Ay 1 21 = ZIC (VIL.31)

B 6oJiee cI0XKHOM cliyyae NepeMEHHOr0 pekHuma NpoBeT-
puBaHUsi Qpp 3aBUCHT HE TOJBKO OT /np, HO H OT H3IMEHEHHUS
o6bema L npuTounoro Bosfyxa. Takoft pexum MOKeT GHITH,
HanpuMep, NPH €CTECTBEHHOH BEHTHJISILMY WIH MPH TEpHO-
JAMYeCKOM NPOBETPHBAHHH HOYHBIM XOJIOAHBIM BO3JyXOM.
IIpy HOUHBIX NPOBETPHBAHHAX BeNHUHHA Qrpu fBIAETCA
[PEPHIBUCTEIM MOCTYINIEHHEM

Qﬂp.l’l = Lu cptnp,n, (Vll .32)

vie fppw H Lp— cpelHsis Temnepatypa H PacXof BO3[yXa 3a BpeMs
1IpoBeTPHBAHHA.

Takum 06pa3oM, H3IMEHEHHs] BO BPEMEHH BCEX TEIVIOBBIX
BO3IEHCTBHUH HA MOMEUIEHHE MOTYT OHITh NpPENCTABJIEHB! B
BUjle MPaBUJILHBIX TAPMOHHK HJIH MPEPHIBHCTHIX MOCTYyILIe-
uuil. [lepeMeHHBIN eCTECTBEHHBIH TEIUIOBOH PEXHM MoMetile-
HUA JOCTATOYHO XapaKTepH30BaTh CPEAHHM 3HAYEHHEM H U3-
MEHEHHEM TeMIepaTypel NOMEUIEHHS.

Ecnn B moMenieHHe ¢ MOMOUIBI0 BEHTHJISIHK TOJAETCA
HEeH3MEHHOe KOJNHYeCTBO L Hapy:KHOro BO3AyXa C TemIepa-
TYPOH #g, TO NPUBJHKEHHO paccyHTaTh A, MOXHO N0 ¢op-
MmyJe

_a (AQn + chAtH)‘{’
i g
P, Lep
roe A Q — aMIVINTYy[a BCeX NOCTYIVICHHH TemJla B noMelieHHe; P'n=

11oKa3saTeJib TEIJIONONJIOIeHHs TIOMEIIEHHS (663 yueTa Tenonorolenns

BO3lyx006MeHa); a — Ko3(HUMeHT, paBHHI AJis yCJOBHIL JieTHero pe-
uma npubinantedpbuo 0,7.

At , (VII1.33)

Pacxon BEHTHJISIHHOHHOIO BO3/yXa IpH NEPEMCHHOM Te-
MJIOBOM peEXKHME NOMEUWEHUs CNeayeT pacCUiuTbiBaThL H3 yC-
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JIOBHS BHIAEPKHBAHUS JBYX TOKasaresiefl 3afaHHOrO Telso-
BOrO peXXHMa: CpefiHell 3a CYTKH TeMnepaTypbl NOMEUIeHHs
fnp M aMIVIMTYJEL €€ U3MEHEHNHsl B TeueHHe CyTOK —Ag, .

Hro6u obecneunTs CPEAHION 3a CYTKH pacyeTHyIO TEM-
nepaTypy TOMeNIeHHs, Pacxof Bo3Ayxa cornacko (VII.27)
IOJJKEeH ObITh PaBeH:

L= Qorp.0 4 Yrex,o , (VIL.34)

cp (! np,0 tyx,O)
rie lyx, o 3aBHCHT OT 3afaRHON fy, o
Urobbl Obliia BHJAEPHKAHA 3anaHHas ammmtyaa Aq,
pacxon Bosayxa no gopmyse (VIL33) ponken 6biTo paBeH:
A, P—aA g
Qn

(VII.35)

L =
(aAtH ¥ — Atn) cp

Pacuernpiit BenTHnSILMONHBIE  pacxon BO3JlyXa JOJIXKEH
Ouite paBeH GOMBIIEMY U3 JBYX 3HaueHuUH, ONpe/IeNICHHBIX [0
ypaeHennsm (VII.34) u (VIL.35).

Ecian KOHCTPYKTHBHO-TUTaHHPOBOUHOE pelueHue U BEHTH-
JIHpOBaHue He 00ECeuHBalOT YCIOBUS B NMOMELIEHHH, OTBe-
'AIOLIHE 33JAHHBIM TPEGOBAHHSAM, TO HEOGXOIHMO HPHMe-
HUTb CHCTEMY KOH/IMIUOHHPOBAHUS Bo3fyxa. Paccmorpen-
HHH MeTOJl amanu3a ecTecTBEHHOr0 TEINIOBOLO pexuma
TIOMELLCHHSL B CBS3H C 3THM MOXKHO Ha3BaTb cnocobom onpe-
Oerenus yciosull, npu KOoTopoix Heobxodum nepexod or 06-
WeOOMEHHOL BeHTUAA UL K cuCTeMe pecyiupyemoaso Komu-
OULUOHUPOBAH S MUKPOKAUMATA.

PexmMM KOKAMUMOHHPOBAKMA MHKPOKNHMATA NOMELLEHMI

B rnomeuieHnn ¢ KOHAHIMOHMPOBAHHEM ONTHMAJBHLIE
pacyeTHbIE BHYTPEHHHE YCJIOBHS ONPENENSIOT KaK YCJIOBUS
C NMPAKTUIECKH NIOCTOSTHHO! pacueTHON Temmeparypoli moMe-
UeHHsl fn = const. TensoBasi narpyska Ha CHCTEMY KOHIU-
UNOHUPOBAHKS B 3TOM CJiy4ae B KaXKIHH MOMEHT BpeMeHH
HOJKHa OHTb paBHa NOJHLIM TeIJIONOCTYIVICHHSM, a ee
pac4eTHasi TEMJIOBasi Harpy3ka — MaKCUMANBHBIM TEIJIONO-
crynyedusiM Q.. . - Takoii pexum MoxeT oGecreduTs ToJIb-

KO KOMGHHHPOBAHHasi CHCTEMA KOHIMIHOHHPOBAHHS C OX-
JIaXEHHEM TNPUTOYHOrO BO3JyXa W C PaAMAllHOHHBIM OX-
JIaXKIEHHEM TIOMELIeHUS,

OO6BIYHO  HCTIONBL3YIOT  CHUCTEMEL KOHJHIITHOHHPOBAHHUSA
TOJILKO BO3MyXa, 3ajlaya KOTOPBIX MOAJAEPKATb NMpPaKTHUEC-
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KU TIOCTOSIHHOH TOJIbKO TE€MINepaTypy BHYTPEHHErO BO3AyXa
ts~const. Jlyunctele cocraensiiouine TemnomocTymIeHHE,
Kak ObUIO TOKa3aHo B M. V.2, nepefaioTcsi BO3AYXy MOMeLe-
HUSL 0 aCCHMHJIHPYIOTCHA KOHJAHIHUOHHPOBAHHBIM BO3JYXOM B
HECTAaIHOHAPHOM pexHMe TOJNBKO yYacTuyHo. Temyiopas Ha-
rpy3ka Ha CHCTeMy KOHIHUMOHUPOBAHHS BO3JlyXa Qg B

CBSI3H C 3THM OKa3blBA€TCs BCerjla MeHblie NOJHHX TEIJo-
MOCTYMJIEHUH:

Qus < @ ae- (VIL.36)

eIJIONIOCTYIJIEHHSI B NIOMeU(eHHe B PacueTHHIE CYTKH B
o0uieM ciyyae NPeACTaBISIOT B BHAE CYMMbl TapMOHHYEC-
KHX (HHIEKC «2») JIYYHCTO-KOHBEKTHBHBIX TEIUIONOCTYIIE-
HHI (Teronmepepava yepes OrpakJEeHnsi, TENJNOOTAAYa OT
TEXHOJIOFHYECKOTO 000pynOBanuA) W pafa MNPePHIBUCTHIX
(dHAEKC «I1») OTAENBHO JNYYHCTHIX (MHIEKC «4») H OTHAEJNb-
HO KOHBEKTHBHBEIX (HHIEKC «K») TEIUIOTIOCTYIUIEHHH (Hero-
CPEICTBEHHO MPOHUKAIOUlasi Yepe3 OKHA COJIHEYHasi pajina-
ust, TEIVIOOTAAYa H3JyYeHHEM H KOHBEKLHEH OT TeXHOJOTH-
4eCKOro 06opynoBanHus Npu cMeHHO# pabote). B stom cay-
yae pacyeTHasi TEIJVIOBAf Harpyska Ha CUCTEMY KOHIMIHO-
HHPOBaHus Bo3AyXa Qe paBHa (cM. r. V) MakcuManbHO-

MYy 3HAa4Y€HHIO CYMMHI, onpeue.nennoﬁ JUIA KaxJaoro 4aca
pacCyeTHBIX CYTOK:

Q= (U0t Ag Ky r Yo = Qux+ 2 n Koe o (VI1-37)

rae Qr,o —— CpeAHHEe 32 CYTKH 3HauYeHnsA TapMOHHYECKHX JIYYHCTO-KOHBEX-
THBHBIX TeHJIOHOCTyr[JXeHPIﬁ; AQ[‘ ——- amIviTyna Hx H3MEHEeHUH B TeueHue
ey T; Kae.r — KoaUIMeHT ACCHMENANNY rAPMOHHYECKHX JIyIHCTO-KOHBEK-
THBHBIX TeNJIONOCTYIUIEHNH; Yo — Kospuupent [cm. dpopmyay (VILT7)],
Ollpeﬂe.ﬂﬂeMbIﬁ AJiA pacdeTHOro yaca CYTOK; Qn,x——COCTaBJIHlOU.lPIe npe-
PLIBHCTBIX KOHBEKTHBHEIX TeIUXOHOCTYIUXeHPIﬁ AJisT pacdeTHOro yaca Cy-
TOK; Qu,u — TO e, NYIHCTHX; Kac.n — K0SMHLHEHT acCHMUALHH npe-
PBIBHCTBIX JIYUHCTHIX TeIUXOHOCTleXEHPIﬁ.

Ecnn HemocpeacTBeHHO mpoHuMKaoulas B TOMeMIeHue
COJIHEYHaS paaualMsi ABJACTCH CYUISCTBEHHOH COCTAaBJSAIO-
el JYYUCTHIX TEIVIONOCTYIUIEHH I, TO ee cjefyer mpeacTa-
BHUTh KaK CaMOCTOSITeJIbHOE CJlaraeMoe H PacyeTHYIO TemJo-
BYIO Harpysky, Qs OTPEAesiTh KAaK MaKCHMaJbHOe 3Haue-
Hre cymmbl (VIL37) ¢ #onosuuTeNIbHBIM — CllaraeMblM
2qupFuKacp, TA€ gy onpenensior no gpopmyne (VII.17),
a Kacp — K03 GUIHEHT acUMUNIANMH TENJa NPOHUKAIOWCH
B NIOMEN{€HHE COJTHEYHOH paAualluiy.

UuclieHHble 3HAYEHUS KOI(DQHUHEHTOB  acCHMHJISIUH
Kacr, Kacn, Kacp Aaunl B Busle rpadukos B pagote [5].
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Jlaaubie 06 H3IMEHEHHH TCIUIONOCTYIUIEHUH B TOMerLe-
HHE O YacaM paCyeTHBIX CYTOK HCMOJBb3YIOT (KpOMe Kak
AJIS ONpe/iesieHust TEIVIOBOli HArpy3KH Ha CHCTeMy KOHMH-
LHOHHPOBAKKA) [JISi aHANH32 PacueTHOTo pexkuma paGoTsl
CHCTEMBL M NIPH BHIGOPE OCHOBHBIX CX€M H XapaKTepPHCTHK
PETYJISITOPOB  CHCTEMBl aBTOMAaTHYECKOTO pPETYJIHPOBaHMS.
Hanpumep, BaxuniM sBIsieTcs BOIpPOC O BpeMeHU BKJIOYe-
HUS NepUHOJiuecKy paboTalouleil CHCTeMBl KOHAKUHOHKRPOBA-
Husl, OOCJy:KHBAIOLIEH NOMEUICHHS! €O CMEHHOI paboroii
(amMuHHCTpaTHBHEIE 37aHus, WKoJb). Yrto6ul 0GecneunTsb
B NOMELIEHNH PAaCYeTHHE BHYTPEHHHE YC/OBHA K Hauany
pabouero BpemeHH, npeBapHTEIbHAS IPOAOJKUTENBHOCTD
PaloTEl CHCTEMBI KOHAKLMOHHPOBAHHUS] AZmpex DOMKHA ObITDH
B 3aBHCHMOCTH OT OTHOLIeHHS Y;/Ax He MeHee IpHBEJIEH-
HOH HHXe:

Y nom/ A

<1,5 l 1,5-2,5 2,5-3,5

A Zpen , 1,5 , 2 3

HHHcrpoiidbusukn coBmectho ¢ MHUCHU JUIHTENIBHOe
BpeMsi MPOBOAMJIM HATYyPHEIE HAGMIONEHHS 32 JIETHHM TEIIO-
BHIM DEXHMOM NOMEUIeHHH XKHJBIX JOMOB, GOJIbHHL, AET-
CKIX CaJl0B, aJlMHHHCTPATHBHLIX 31aHuii B rr. Harowu, Illes-
yeHKo, Mockee u ap. Llenb HCCneI0BAHUSA — BHISBHTL BO3-
MOMKHOCTE Pa3HBIMH METOAaMH OGECNEYHTb AONyCTHMblE
TEIVIOBHIE PEXMMBL B STHX 3/2HHSX, 4 TAKKE ONPENETUTD
CyTOYHbIE H3MEHEeHHs TEMJIOBOrO pexuMa.

Mertonuka nposepenns HaTypHblX Habmofieuuii Gwuia
TIOCTPOEHa TaKHM 06pasoM, YTOOBI MOXKHO GBLIO CONOCTA-
BHTL JIaHHBIC SKCTEPHMEHTa M pacyeTa JJisi BCEX MOKa3afte-
Jieil IEPEMEHHOTO TEIUIOBOTO PEKHMa TIOMELICHHS,

Xopourasi CXOAMMOCTb HATYPHBIX H PacyeTHBIX JAHHBIX
[50] monTtBepxpaer moctoBepHOCTD NIPEMIJIOXKEHHOTO MeTO-
na. Hcnoan3oBaune ero B Meroauke NPOBEJIEHNS] HATYPHBIX
HaGJIOCHIT NOMOTaeT BHISABHTL OCHOBHEIE H3MEHEHHs Xa-
PaKTEPHCTHK TEIVIOBOrO PeKHMA TOMELIEHHS! B TEYEHHE Cy-
TOK H ONPE/ICJINTL CTENEeHb BIUSAHASA HA HEX PasiHYHBIX (paK-
TopoB. IlpunATas MeTOAMKa HATYPHBIX MCCENOBAHHI MO3-
BOJIHJIA COKPATHTb KOJMIHYECTBO 3aMEPOB, YTO 3HAUHTEAbHO
06JIErYHIIO NpOBefieHne HabIIONeHHUIL.
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ViL.3. IPUMEHEHME 3BM NS PACHETA TEMNOBOIO
PEXMMA NOMELLEHNSA

[Ipn MPOEKTUPOBAHHH CHCTEM, OOeCneuMBAIOLIHX 3ajaH-
HblE€ YCJIOBHS MHKPOKJIHMATa, NPHXOJMTCS paccMaTpHBath
HECKOJILKO BApHaHTOB pElIeHHi H BHIIIOJHATL MHOTO pacte-
TOB TEILVIOBOr0 peXuMa MoMelleHuil. 310 HanboJsee TOJTHO
M GLICTPO MOXKHO C/€JaTh C MOMOUIbIO 3BM.

Insi cocTaB/ieHys NPOrpaMMbl pacieTa Ha 3BM B kaue-
CTBE ANrOPHTMa MOXKET ObiTb HCNOJB30BAHA METOJMKA HH-
’EHEPHOTO pacyeTa MepeMeHHOro TEIVIOBOro PexnMa moMe-
1IeHHs, pacCMOTPEHHAs B JAHHOM IJIaBe. Oanaxo yacro A
HOBLILIEHHs] TOYHOCTH pacueTa (UMesi B BHAY BO3MOXHOCTH
dBM) B KauecTBe aAropuTMa MCNIOJNB3YIOT MOJIHYIO usuxo-
MATeMaTHYECKYIO MOCTAHOBKY 3a/aul HECTAUHOHAPHOH Ter-
sonepefaud. B HacTosiiee BpeMSl COCTaBJIEHO HECKOJIBKO
TakHx nporpamMm. Huke paccMOTPeHO NOCTPOEHHE aJTOpHT-
Ma, TIPUHATOTO MPH COCTaBJEHHH TPOrpaMMel B MHCH
E. I'. MansiBunoit [50], KOTOPHIH NOJHOCTbIO OTBEYAET Mie-
pHOJIMYECKOMY XapakTepy H3MeHeHHs BO BPEMEHH BO3j1€ii-
CTBYIOUIHX HA MOMeuleHHe (aKTOPOB H HCKOMBIX TeMIepa-
Typ H JIeTKo peannsyem Ha 9BM.

PaccMOTPHM MOMEUIEHAe € MHOFOCTOHHBIMH OTpaxje-
HHSIMH ¥ OKHaMm#. YacTp orpa)kieHHHd OMBIBA€TC HapyX-
HBHIM BO3JYXOM ¥ 0GJyuaeTcsi COJHIEM, OCTaJIbHEIE OTACJs-
10T JaHHOE MOMeELleHHe OT COCeIHHX. '

TeMmnepaTypa MOMeNIeHHs I -— HCKOMasi epHOAHUECKAs
¢yukunsa. B n060i#i MOMEHT BpeMEHH OHA ONpPEeleJIAeTCH
3HaueHusMy £ U fp. Hecranuonapuasa Temnonepejgada B or-
pax/IeHHAX OIHCHIBAETCA CHCTEMOH YpaBHEHHi H rpaHHd-
#eIMH ycnoBusiMa (cM. i, 11). I'paHHuHbIM yCJIOBHEM Ha
TENJIOBOH OCH CHMMETPHH BHYTPEHHHX OFpaKieHHil ABJIAET-
¢Sl OTCYTCTBHE TMOTOKA Temna. JIyuHcToe TemJo TPOHHKAIO-
el B TIOMEIIEHAE COJIHEYHO!H PajiHaluy CYHTAETCs PaBHO-
MEPHO pacnpefieieHHHIM MO BCEM MOBEPXHOCTAM Orpaxcie-
Huil.

Tenyonepefiaya B 4aCTHYHO JIy4ENPO3PAYHBIX OFpaxje-
HHsIX (OKHAaX) OCJIOKHEHA HEKOTOPHIM TMOTJIOIEHHeM Telia
B KX ToJsule. PacmpesnesieHre TEIJIOBHX MCTOYHHKOB B cede-
HHH CTeKJia TOAYHHEHO SKCIOHEHIHaJbHOMY 3akony. He-
GOJbLIAS TOJIIHHA CTEKJa MO3BOJISIeT OTHECTH MOTJIOEHHOE
TEMJIO K NOBEPXHOCTH H YYECTh €ro B 3alllCH FpaHUYHBIX yC-
JIOBHH.

YpaBHeHne TENIOBOro Gananca JJls BO3LyXa uMeeT BHIL
soipaxenus (1.92). Cucrema ypaBHeHuH 3aMKHyTas, TaK
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KaK 4uc/IO NOCAENMHX JAOCTATOYHO JNIS TIOJIyYEHHS PelleHHst
H onpenesieHHsi BCeX HCKOMBIX BEJHYHH,

Has ornenvuoil crymenn pacuera cucTeMa ypaBHEHHI
ABJIACTCS INHEHHOH M CONEPIKHT BPEMS TOJNLKO B BHAE Iie-
proanueckoit pyHkuuM. B cBsi3n ¢ 3THM YAOGHO pelleHHe
BEIDaSHTE B BHNe psila Pypbe u orpaHHYMBaTHCS NnpH unc-
JICHHOM HHTETPHPOBAHMH KOHEUYHBIM YHCJIOM TapMOHUK.

Paanensisi nepeMennbie mis kamnoi 3aJlaHHOH rapMo-
HHUKH, BMECTO O0Llell 3alaun TONYYHM pSifl HE3ABHCHMEBIX
gacTHHX. McKOMBle BeNHYpHH ecTh HNEeHCTBHTEIbHBIE (DYHK-
LM, TIOSTOMY MHOXHTENM CllaraeMbiX psiaa ®ypre mpes-
CTABJICHE KOMIUIEKCHO COTPSMKEHHBIMH YHCJIaMHY, 6aarona-
Psl 4EMy JIOCTATOYHO PELINTH CHCTEMY OTHOCHTENBLHO OJHO-
TO CONPSXKEHHOTO PsAjla TapMOHHK.

CLICHAC YaCTHBIX 32124 MOXKET GHITb NONYYEHO B SIBHOM
BUze. HYueao noctosHubIX HHTEIPHPOBAHKS B 3TOM PELICHHH
COOTBETCTBYET YHCJIY YPABHEHHH [paHHUHBIX venoeuil. To-
CTORHHBIE ONpPEeNENSIOT TNOCHEAOBATENBHEM  HCKIIONCHHEM
ICUSBECTHBIX NIPOCYCTOM OT BHellHell NMOBePXHOCTH orpax-

CHUA K BHYTpeHHeH H 06PaTHO — mpouece «MPSIMOM>» H
«o0patHo#i» nporonku. Fe NPOBOIAT € MOMOWIBIO PeEKyp-
PCHTHBIX COOTHOWIEHHH MEXIY NOCTOSHHBIMH UHTErPUPOBa-
HHSl YPaBHEHUI NPENIIeCTBYIOLIErO | NOCNIEAYIOUIETO CJI0EB
B orpaxzenny. Ilocne npoBefenys nporouku s ecex or-
PaXJE€HHH NOJy4aloT ypaBHEHHS TEILIOBOIO GanaHca BHYT-
PEHUHEX TNOBEpXHOCTEH. Ty cucTeMy peraior mMeroaom TIa-
yecca. Hekomubie dyukuun obuieii 3a/layy HaxXOMAT KakK CyM-
MY Psilla YacTHBIX pPelIeHud.

Taxum oGpasom Moxer Gt nocTaBJeHa 3ajlaya O pac-
E€TE TEIVIOBOTO PeXKMa MNOMEeU{CHUS IIPH 3aJlaHHOM H3Me-
HEHHH €ro TeMmlepartypu (mpwu PEryiupyeMoM KOHAHUHMOHK-
POBaHHH) niM KOrjla ee H3MeHEHHe AIBJISIETCA HCKOMOH 3a-
BHCHMOCTBIO, KaK 3TO MMEeT MEeCTO IPH €CTECTBEHHOM Tem-
JIOBOM DEXKHME NOMCILEHNUS. ‘

FJTABA VINI

FOLOBOW TEMJIOBOM PEMMM NOMELLEHMS
U 3ATPATHI DHEPFMM
CUCTEMAMM KOHAMLIMOHWPOBAHMS MHKPOKITMMATA

Ilpu npoektuporanuu PPAXKNAHCKHX B MPOMBIULICHHE X
3JaHHH BO3HUKAKOT MHOCHe HHXCHEpHbIE 3ajauM, NSt pe-
IIEHHS KOTOPHIX BaXHO 3HATHL PeXKHM paboTer u peryanpo-
BaHHsA CHCTeM KOHAMUHOHUPOBAHUS BO3JlyXa B YCJOBHSX
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I‘OILOBOﬁ U3IMEHSAEeMOCTH HPOLECCOB TelJO- H MaccoobMeHa
ex/ly ToMelleHHeM, BHCLIHe cpelnoit u SJeMeHTaMH CH-
creM KOHAHIMOHMpoBanusi. s BHOOPA ONTHMAaJbHBIX KOH-
CTPYKIMH 34aHHA U SJEMEHTOB CHCTEM JOJKHHL OBITH HU3BE-
CTHBHI Hapsany C KanuTaJbHEIMU BJOKECHHUSIMH 3KCILTyaTtanH-
OHHBIE pPacxojHl, OCHOBHOH  cocTamjsiiowiefl  KOTOPBIX
GBJISIOTCS. 3aTpaThl HA TEIUIO, XOJIOA H 3J1eKTPOSHEPrHIO.
[1Ipy NpOEKTHPOBAHHK CHCTEM KOHJHUHOHHPOBAHHA B Ha-
cTosiulee BPeMsi TMOJIB3YIOTCSl rpapHYeCKUM H YACJCHHBIM
METOJ0M pacyeTa rOJOBBIX H3MEHEHHil MapameTpoB Npo-
mecca KOHAMIHOHMpOBaHMA. Huxke mpeasiaraercsi pelICHAE
BOTPOCOB FOIOBOTO pPexuMa paboThi CHCTEM KOHIHIHOHKPO-
BAHHS C MOMOLIBIO CPABHHTEJBHO IPOCTOTO aHAJIHTHICCKO-
ro MeTOJa ONpeesIeHHsI BCeX COCTABJAIONMX roj0BOro Ten-
JIOBOTO pEeXHMa CcucTeM H TOMELIEHHS, pa3paboTaHHOro
10. §1. Kysuknossim 8 MHCH [7].

Viil.1. TOAOBAS U3MEHUYUBOCTH TAPAMETPOB KITMMATA

Xoj M3MEeHeHHsl mapaMeTpoB KJMMara 3a roj NPHHATO
XapaKTepH30BaTh paclpefieieHHeM MX  CPeHeMEeCSIHbIX

X o~
$1e¥ 5%
= ~
S S A L7
SRS sy // \(\
1?‘_ & 240 2
_4080 0 /r/ %\/ 3
180 4 10 ¥ N
-390 200 s /] \ \
760 - /| \

1. 780 {
5170
7278 I | W NS SRS (R . (N NI S _\.____

_10 B "3
120 140 ) \ \\

040100 1170 ALy A W
w00 N LA \ N
'—70 -80 \
601 _—5
5420 V0 / \ \
40 .
40 %
“3020-_20-105;‘/ / \
—10_L#0 o Lo

I 11 iv v Vi vhvirlx X XI Xl
Mecausr z0da
Prc. VIIL1. Xoi uaMeHeHHs apaMeTpoB KJHMAaTa AJa ycjosHil MockBH

I — TeMnepatrypa HapyXKHOTo BozAyXa; 2— €ro 3SHTaJbNHS 3 — WHTEHCHBHOCTh
cysMMapHOfl COJIHEUHOl pajHalliH HA FOPH3OHTANbLHYIO MOBEPXHOCTD

.
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3HAYEHHUH, NONYYEHHEIX N0 AAHHEIM MHOFOJIeTHHX HabJjlofe-
HuA. KpuBhle rofoBHIX wusMeHeHmiy napaMerpos  (puc.
VIIL1) umelorT nnasmmpii XapakTtep H . NpHOIMKAIOTCH IO
CBOEMY OYEPTAHHIO K MPaABHJIbHBIM rapMoHnvyeckam. Takoli
XapaKTeP H3MEHEHHs] HapPyXKHOTO KAMMATa 00yCyIoBNieH mo-
CTOAHHO JIeMCTBYIOLIHMH NPHYHHAMHE: NEPHOANYECKH H3Me-
HAIOLUIAMHCH pafyalliOHHBEIMA (akTopamu H COBOKYMHOCTBIO
MECTHBEIX ycnoeuit. Bee cnyuaiinsie fIBJIEHNs, AelCTByOIHe
B Ty HJIA HHYIO CTOPOHY, H3 mponecca OCPEIHEHHUSI MCKIIOYa-
I0TCsl.

Maxcnmanbubie ¥ MEEEManbHLE 3HAYEHUs1 HHTEHCUBHO-
CTH CYMMapHO#l CONHeYHOH pafuanuu B CpelHuX mupoTax
NaA2I0T Ha MeCsilEl, Ha KOTOPbIE OPHXOAHTCS MaKCHMaJin-
HO€ HiI MYHHMAaJIbHOE 3HayeHHe yrila CKJIOHEHHSI COJIHIA
(uoHb, nexkabpn). Onuako B YCJIOBHSIX OGJIAYHOCTH ¥ 3aTbl-
JIEHHOCTH BO3JlyXa, XapakTepHbX s OTAENBHEIX Feorpa-
(pHUECKHX NYHKTOB, BO3MOKHO CMEHIeHNEe 3KCTPeMalbHLIX
NEPHOJIOB B Ty MK HHYIO CTOPOHY.

FonoBoii xon uamenenus TEMNEPATYPH HAPYKHOrO BO3-
AyXa ClleflyeT 3a FOIOBHIM XOJOM COJIHEHOI pamnanuu c
HEKOTOPEIM 3anasjblBaHHEM, 4TO CBF3aHO C HeCTallHOoHap-
HbIM XapakrepoM Tensaoo6Mena g TIOBEPXHOCTHOM CJI0e 3eM-
7. Tonosoii makcumym TEMIIEPATyPhl HAPYIKHOFO BO3yXa
OOBIYHO Nafaer Ha HIOIb, 2 MUHUMYM — Ha sinBapb. [oyo-
BOH XOJ U3MEHEHHS SHTAJDBIHM BO3lyxa, a Takke H CKopo-
CTH BeTpa cBA3aH ¢ TeMnepaTypoit HapyKHOro BO3fyXa, HO
HacTo OHH HE HMEIOT CTOMD NPaBHJILHOTO XapakTepa.

T'apmonngeckuii XapPAKTEP H3MEHEHHS KAMMaTHYECKHX
apaMeTpoB (TeMuepaTyphl W SHTANBIRK HAPYXHOTO BO3/1y-
Xd, HHTEHCHBHOCTU COJIHEYHO Pajnanun) nossossier onpe-
ACTHTL HX PyHKUKEH Bpemeny TOla B BHJle TPUTOHOMETpH-
JECKoro psina. Jlocrarounas Tounocts IpH 3TOM gocTHraet-
¢ mpocreiiwell annpokcumanuel ABYyMSl NEPBEIMH uJieHa-
M psifa, KOTOpoil 3mech u OTPaHHYEHO pacCMOTpeHHe:

¥=yr+ Aycosz, (VIIL.1)
rne Yo — cpem—xero.u(ﬁsoe 3HayeHUe napameTpa; Ay — roaoBas aMHJﬂ/ITy-

A2 ero M3MEHeHNsi; Z — OTHOCHTENbHOE BPEMSi TOZOBOTO H3MeHeHHus na-
PaMeTpa

2= — 2n, (VII1.2)

roe z==z’——z"a"c-1‘exymee BpeMsA, CyT, OT MOMCHTa LOCTHXeHHs
napaMerpom wmakcumyMa; 2’ — 1o XK€, OTCYHTaHHOe oT I siIHBaps;
2MaKC — BpEMS JIOCTHIKCHHS lapameTpoM MakcuMmasblorg 3HayeHus, o1-
CuMTaHHOe OT 1 siHBaps.
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3HaueHHs BEIHUBH Yy, Ay, 2M2¥C 159 pasiHYHBIX KIHMa-
THYCCKHX MapaMeTpPoB ¥ reorpaduyecKHX pPaHOHOB MOTYT
OBITH TIOJYYEHBl ¢ HOMONIBIO 00pabOTKH AaHHBIX HaGJIOke-

HBH.

TaGauua VIIL]. XapakTepHCTHKM rOJIOBOr0 XOAa H3MEHEHHs
napaMeTpoB KamuMata naf Mocksbl

q, Br/M? [kkan/(M*-4)], npu opueRTaLMU
XapakTepHCTHKA t.. °C U TIOBEpXHOCTH
napamerpa H k% /Kr BepTHKANbHOMN
KJAnMara (KKan/Kr) mgzwg‘
TaJIbHO! 0 ‘ c l B.3
Cpenuee 3a ron] 3,7 16,7(4) (11(517) 93(80) | 50(43) | L05(S0)
3HayeHue
Amunurypa ro-| 14,15 26,2 109 | 63(54) | 46(40) | 84(72)
JOBBIX H3MeHe- (6,25) 94)
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Puc. VII1.2. OGecneueHHoCTh CpeAHeMECSulbIX Temnepa-
Typ HapyKHOTO Bo3ayXa B Mockee (rofoBoii xof H3me-
HeHHsi TEeMNepaTyp passHuHofi ofecneueHHOCTH, BbIlle H
HH2K€ YKA3aHHbIX)
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B ra6n. VIILI npuBemens cpemHeronoBble 3HAUEHHs
AMIIHTYIbl H3MEHEHHS i BPEMS JIOCTHMKEHHS MAaKCHMyMa
TEMNEPaTyphl HAPYKHOTO BO3AYXA fy, €r0 SHTANLOHH Jy N
HHTEHCHBHOCTH CYMMapHO! COJIHeuHOfl pajMaluuu ¢ Ha Fo-

PH3OHTA/ILHYI0 K BEPTHKAJBHYIO MOBEPXHOCTH PA3HOH OPH-
eHTalluy,

8m Kxasn
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Puc. VIIL.3. Odecneyennoctb cpefiHeMecsuHBX 3HAYCHHH
MHTEHCHBHOCTH CYMMApHOH COJIHEUHOl pafHan¥H Ha ropu-
30HTaJIbHYIO NMOBEPXHOCTb [Jisl YCA0BHE MOCKBEL (romoBoit
XOL HM3MEHEHHS HHTEHCHBHOCTH CYMMAapHOH CO/HEYHOR pa-
AMAUMM passiMuHOH 00eCTeYeHHOCTH BHIE M HHXKe YKa3aH-
HBIX)

Cpenuemecsunble 3HaYeHusi napaMeTpPoB KiEMaTa, HpH-
BefenHble Ha puc. VIIL1 w B 1a6n. VIILI, sBasiorcs cpea-
HAMH H3 MHOFOJIETHHX HaOJIIOJIeHHit ¥ COOTBETCTBYIOT KO-
sbonunenty obecneuenioctn Kos, pasroMy 0,5. B orgens-
HBIC TOABI OTKJIOHEHHA OT CPEIHHX 3HaYeHHH MOTyT OBITb
BECEM3 3HAYHTENbHBL. JTO OGCTOATENBLCTBO XOPONIO HJIIIO-
crpupyercst kpuBbiMK Ha puc. VIIL2 u VIIL3, kotopwe no-
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Ka3bIBaIOT TOA0BOH X0 H3MEHEHUs TeMIepaTypbl HapyxKHoO-
ro BO3[lyXa N MHTEHCHBHOCTH CYMMapHO# COJIHEYHOH paana-
IIAH Ha TOPH3OHTAJbHYIO [OBEPXHOCTh B yCJOBHAX MOCKBEI
(opn pasJnuHoOil HX obecneuennocTn). Kak BHAHO K3 PHC.
VIIL2 u VIIL3, KpuBble rojloBOro H3MeHeHHsi NapamMeTpoB
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Puc. VIIL4. TIpoRo/mXMTEILHOCT CTOSIHUS TeMIepaTypH () M SHTab-

muu (6) HapyXHOro BO3AYXa (MO AAHHHIM MHOTOJeTHHX HaGmozenui)
B YCJOBHSIX MOCKBH

I — annpoKCUMHDYIOLLasi KpHBasi; 2-— 3HaueHnsi TeMOepaTypbl M SHTAJNLOWH Ha-
PYKHOTO BO3YXa, COOTBETCTBYIOLLME Pa3iHiHON TPOMOJIKHTENbHOCTH HX CTOSIHMSL.
Lindpbl NMOKA3HBAIOT CPEAHErOfOBHE SHAYENHA H SKCTPEMaJbULiE OTKJOHEHMHS
TeMIepaTyphl U SHTANABIKHM HapyKHOTO BO3AYXa

KJANMaTa npn pasHblx Kop Takxke NPHOJINKAIOTCS K rapMo-
HHYeCKHM M Moryt OmTb onncansl ¢opmysoin (VIILI).
C noMolIubo 3Toi GOPMYJIEl MOXKHO HAWTH aHAJOTHYHO ¢op-
myse (VIL3) npopomxurenbHocTs Az CTOSIHHS B TOAy na-
paMeTpoB KJIHMaTa BHIe 33JaHHOTO 3HaueHHs Kak obGpar-
HYI0 TPHTOHOMETPHYECKYI0O (YHKLHIO 3TOr0 3HAYEHHS:

365
Az= -y arccos (y — yr)/ Ay. (VIIL.3)
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OnHako B psife ciyuaeB Bo3HuKaer HeoOXOAUMOCTL OII-
Pe/lefieHHst MPOAOJIKHTENBHOCTH CTOSIHHUS napamerpa y,
ROT/la €T0 3HAYCHHS BEIXOASAT 32 Npellelisl CpeaHeMeCsSYHbX,
Tak, psin nepexoannix npoueccos PeryJiupoBanus CHCTEM
KOHANUHOHHPOBAHMSA BO3AYXa MOMELUEHHH NPOTEKaeT B ne-
PHOJEL, COOTBETCTBYIOIUME TMAPAMETPAM, GJHSKHM K MAKCH-
MaJbHEIM ¥ MUHHMaJIbHEIM. B 3ToM ciyuae npuxomntest o1-
Ka3bIBATBCS OT ONUCAHHMS T'ONOBOH H3MEHFEMOCTH ¢  IO-
MOIIBIO CPEHEMECHUHBIX 3HAYCHNH H [ePeXOLUTb K pac-
HIHQPOBKE NAaPAMETPOB KJANMATA B NEPHOAB! HX MAKCHMaJlb-
HBIX W MHHHMAJIbHBIX 3HaueHWH. HameHsieMocTh Beeli CORO-
KYNHOCTH 3HAYEHHN NMapameTpa MOXHO ONPENeNHTb ¢ No-
MOLUBIO CTATHCTHYECKHX QYHKUNH pacnpeyesienns STux 3Ha-
yeHHU# B ropy.

Ha puc. VIIL4 nokasapm TeMNepaTypa ¥ SHTANBNHA
BO3]lyXa, COOTBETCTBYIOILIE Pa3/inyuHOL NPOJOJIIKUTEN LHO-
CTH uX cTosiHusl B MockBe. O6pasoBannbie KpHBLIe pacmpe-
ACJICHHA MapaMeTPoB KANMAaTa Mo dopme 6an3kn x cHrycou-
Ae. B npepenax, rae Takas aNNPOKCHMALNA ClpaBe/iuBa,
CHHyCcOHJia HMeeT aMMJUTYAy, paBuylo 365/2 cyt, a uer-
BEPTH ee mepuosa Ay, paBH2 u3MeHeHHIO napaMerpa or
CPENHETONOBOTO Yyy MO IKCTPEMANBHOTO (MaxenMalibHOrO)
Ay, over BIM MHHNMAJBEOrO AY ¢ sxer €TO 3HAUCHRS, Crenyer
0c060 06paTHTL BHEMAHKE, YTO 1o 3aKOHY CHHyCa B JlaHHOM
Clyuae MEHsieTCsl BPeMS Z [0 Mepe H3MeHeHns napamerpa
Yn € TEPHOIOM, PaABHBIM 4 Ayy:

. 365 365 25

9 ? sin ;}E (Ve — Yn.o), (VIIL.4)

rae Ayﬂ=(yn.axcr—ya.r)-—quBepr DepHOAa; yau.r — cpeamerogoBoe
SHAYCHHE TAPAMETPA;  Yuoxer— TO e, SKCTPeMANLHOe (¢ OXHHM
IITPHXOM ]l MaKCHMANBHOTO K ¢ ABYMs WITPHXAMH A/l MEHHMAJbHBIX
3nayenuii).
O6o3uaune
- Ya — Yu.p
Yp=—77""
Ayy .
¥ BEIpasuB Az B 4, nosyunm NPUOIHSHTENIBHYIO AHANHTH-
HecKy1o (;)YHKI.U/UO NPOAOJIXKUTENBHOCTH CTOAAHUS 3HAYEHHUH
llapaMeTpa HapyXHOTO KJHMaTa Bbime 3a/lanHoro (yg):

(VII1.5)

Az = 4,38.103 (—— sin % gﬂ) . (VIIL.6)

Hans onpeneneHns NPOROIKUTENBHOCTH CTOAAHHUSA 3Haye-
HHUI napameTpOB HapyXHoro BO3JyXa HHXKe 3aJlaHHOTO Haxo
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u3Mennts B ¢dopmyse (VIIL6) smak MuHyc Ha mwioc. Kak
Bugno u3 puc. (VIIL.4), kpussie, nocrpoernsie no ¢popmyse
(VIIL6), B OCHOBHOM XOpOHIO coryiacyioTcs ¢ (paKTHYECKH-
My 3HaueHUsiMu napameTpoB. OGaacTb 3HaueHHH, A€ JKC-
MePUMEHTaJIbHEIE TOYKH NPaKTHYECKH COBNAAaI0T ¢ TOPU30H-
TaJbHBIMH OCSIMH, IIPH 2 OKOJIO HYJIfl, IPH OonpeJiesieHHH Ipo-

Az Az, qje0d

05 7 05
/\ 4000
5000
961 / |04
- — ———{ 3000
s000f——— —— -
a7 03
T = oo
0847000 ! -
| )
] * ———{1000
9978000 | i 1 -01
| | ‘
1 l ! Az | 5z

0 -08 06 04 -02 8 02 04 06 23 1
A g

i

Puc. VIIL5. HomorpamMma nns onpefesieHHs NPOJONKHTENBHOCTH CTOA-
HHA DapaMerpa (TeMmepaTypa, SHTAAbOMA) HAPYXHOTO BO3AYXa BHILLE
WIH HHXKe 3alaHHOTO 3HaYeHHS

JOJKHTEJIBHOCTH CTOSIHHS NapaMeTrpa KJIuMara NpakTHiec-
KOro MpHJloKeHHs He HMEET.

" Cueayer 3aMeTHTb, YTO OTKJIOHEHHS OT CPEIHErOofOBHIX
3HAYEHHIl MAKCHMAJBbHHIX H MHHHMAJbHBIX 3HAYeHHH Yuoxcr
MOTYT OBITH Pa3JIHYHBIMHE, MOITOMY B YPaBHEHMH (VIIL.5)
Ay CNeRyeT ONpPeReNsiTh OTAJNBHO AJS 3HAYeHHH GOJIBIINX
(fleTHAs mosyronoBas pasHOCTb Ay.) M MEHBLIMX (3UMHSAS
TNONYTOJ0Basi PasHOCTh Ay,) CPENLHEroJ0BOTO 3HAYEHHS Yur.

IIpn Hanuun# JaHHHX O BEPOATHOH NPOJAOJIKNTEJBHOCTH
CTOSIHUA AZ 5 Pa3JINYHBIX 3HAYEHHHA NapaMeTpPoOB HAPYKHOTO
KJIuMaTa 3HaueHuss Ayy MOryT OHITH omnpefiefieHB no (op-
MyJae
Yuorcr
2 (Yu—Yu.r) A2y,

Yurp

Ayu = (VIIL.T)

66,5 )
16—912 233



YUnTHBas JIOTHYECKYIO CBA3h MEXKAY rofOBLIM XOXOM H3-
MeHeHHs1 cpeiHemecsiyHBIX 3navennii (VIIL1) n ¢yuxunei
TOIOBOTO pacnpeiesienusi napamerpa kammata (VIIL4),
MOXKHO PEKOMEHAOBATH NPHOJIHKEHHYIO 3aBHCHMOCTb AJISi
onpeneieHnsl BeJIHYHH AYy:

Ayy = 24, , (V1I1I.8)

rae AyH— aMIVIHTYA2 TOXOBOrO XOAa KH3MEHEHHS CpelHEMeCAYHEIX 3Ha-
YEHHH mapaMmerpa Y.

3uauenns Az u Az (B Az Besnumna Az, yfron, ornecena
K 365-24=8760 u/roJ) MOXHO OOPENEIHUTb C NOMOLIBIO HO-
morpammel (puc. VIIL5).

VIIL.2. U3MEHEHME TENJIOBOIO COCTONHMSA NMOMELLLEHMS
B TEYEHME TOQlA

MameHeHne napamMeTpoB KJIMMaTa B TeuyeHHe Toja npo-
HCXOAHT MEJJIEHHO, NIO3TOMY TEMJIOBOH pPEXKHM NOMELCHHH,
Y KOTODLIX TCIUIOBasi MHEPIHOHHOCTL OFPaxKJACHHH OTHOCH-
TEJBbHO TOJIOBLIX M3MEHEHUH HEBEJIHKA, B KamAblii MOMEHT
BPEMEHH MOXET pacCMaTPUBATbCS KaK  CTALHOHAPHBIM.
B ofmemM Bupie TemioBoe COCTOsIHNME TMOMELEHHS B KaKOii-
TO MOMEHT roja MoxerT ObiTb NPEACTABJCHO ypaBHEHHEM
ero TemynoBoro GaJjianca.

IlpunuMasi BO BHEMaHHE TapMOHHYECKHIl Xapakrtep ro-
JIOBOTO H3MeHEHHs1 (aKTOpPOB, BJUSAIOLMX Ha TEILNIOOGMEH
B MOMCIICHHH, TEMJIOBOH pexKUM TOMENICHNS MOXKHO npen-
CTaBUTh B BHjle 3aBUCHUMOCTH

Qu = Qur+ Ay cosz, (VII1.9)
a
rae Qnr—cpeinee 3HaYeHHe (B TCUEHHE T'OZA) rapMOHHYECKH H3Me-
HAKIEIOCA TENNOBOro COCTOALKA NIOMeIleHHs (HSGbITKa Hil HeAO~
CTaTKa Tema); AQn — aMIVIITYa TOROBOr0 OTKJOHEHHS TeIJIOROrO
COCTOSIHUST IOMEIEHHST OT CPeAHero.

Hns ynpomennsi 6yneM cunmtaTh, YTO rOZOBOE H3MCHe-
HHE TeMIepaTypsl BHYTPEeHHEro BO3AyXa OpHOJaHKaeTcst K
rapmMoHn4eckoMy KoneGannio. B cooTBeTcTBHH ¢ 3THM

Iy =1pp+ Ap,cos2. (VIIL.10)

Cpe,[LHeI‘OILOBoe 3Ha4YCHHEC TeMl'lepaTypr BHyTpeHHel‘O

BO3AyXa fxp ONPEAEAIOT KaK CPeAHEe MEXIY 3UMHHM fps H

JE€THUM lp; pPACYETHHIMM 3HAYEHHSIMH, a aMIVIHTyXAa A,B

paBHa MOJIOBHHE HX Pa3HoOCTH. BpeMH HacTyIUicHNsl MakcH-

MyMa TeMuepaTypsl BHYTpEHHETO BO3yXa COBNIAaJaeT ¢ Bpe-
MCHEM JOCTHIKCHUA MaKCHMyMa TCNJIONMOCTYTVICHHH.
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ViiL3. NPOAOCIPKUTIENBHOCTL OTONMWIENbHOIO MEPMOLA
M 3ATPATHI TEMNA HA OTONMAEHME M BEHTUISILLMIO MOMELEHMS

Cy1lecTByIOIIIe METOJH ONpejelieHusl TOJOBLHIK pacxo-
JIOB TeIJIa Ha OTOIJIEHHe M BEHTWIAIHMIO HCXOAAT H3 pery-
JIHPOBAHHUsI CHCTEM TOJIbKO MO TeMNepaType HapyxHOro Bos-
Jyxa ¥ MOCTPOEHH Ha OCHOBAHHH ykasannii CHuIl o opo-
JOJIKHUTEJbHOCTH M CPeAHed TeMmnepaType OTONHTEILHOrO
nepuona. B ciyuae npHMeHeHHi MECTHOTO, no¢gacajinoro
HJIM MHANBHAYaJbHOTO PEryJMPOBaHHS CHCTEM CJELyeT y4uH-
THBATh BCIO COBOKYNHOCTL (paKTOPOB, (POPMHpYIOLHX Teli-
JIOBO#l peXUM 3JaHHf, €ro OTAEJbHBIX ¢dacanos, nomerie-
HHil. 9TO COBOKYNHOCTb KJIHMaTHYECKHX NMapaMeTpos, BHYT-
peHHHX BHACJCHH ¥ MOMVIOUICHUH TemJia, TelJO3amHTHEIE
cBofictBa orpaxjeHHil. XapakTepHCTHKH -OTONHTEIBHOrO
nepuoja npu 3ToM OyAyT pasinubbl AJisl pasHbIX 31aHBi H
faxe ¢acagoB B OTICAbHBIX NMOMELICHH y OAHOTO 3AaHHA
B OZIHOM reorpaguueckom paioHe.

OTonnTeNbHEIH NEPHOJ HETPYAHO YCTaHOBHUTD, yYHTHIBAS],
YyTO MOTPEOHOCTL B OTOINIEHHH NOSBJAETCS, KOrAa TEMJ10BOH
GaJslaHC TIOMEILEHHSI CTAHOBHTCH OTPHILATeNbHBIM (HEZOCTa-
TOK Temna), T. e. Qu<CO0. Ilpn sToM ycJioBHH, peniasi ypaBHe-
une (VIILY), MoxHO onpeaesuTh NPOAOIKHTEILHOCTD OTO-
IHTEJBHOrO TepHojia Azor, CYT, KaK 00paTHYIO TPHIOHOMET-
PHYECKYIO DYHKUHIO:

365 — -
Azgy = —; arccos Q = 116 arccos Qp, (VIIL.11)

rie Qn — 6e3pasMepHasi BeJIHUHHA,
' Q= (@ — Qun)/4q,- (VIII.12)

Ha puc. VII1.6 nano rpaduueckoe naobpaxenne 3asncu-
moctu (VIIL.11).
®opmyna (VIIL11) nocur o6uwmit xapakrep. Ona npu-
MEHHMa H AJs pacuera AZor NPU LEHTPAJBHOM Peryjupo-
BaHHHN CHCTEMHbl OTOIUIEHHsS OT fy. TaK Kak NPOAOJKHTEJNb-
HOCTb OTOMHTEJIBHOrO NepHoja NpH 3TOM ONpeAeisiercs Kak
yacTh rofa ¢ tw<<8C, dopmyna (VIIL12) mnpnoGperaer
BHJL
ty = (tur — 8)/ Aty - (VIL.13)

3payeHns AzZgr NpH 3TOM GJH3KO COOTBETCTBYIOT BEJIH-
ypnayM, npusenenHblM B CHull. Tak, ncnosb3ys ganHbe

tabn. VIIL.1, ana ycnoBuit MOCKBH MOJYYHM: fy== 3—;Z_T:=
=—0,304, a cornacno puc. VIIL.6 Azor=214 cyT, yT0 COOT-
BETCTBYET HOPMATHBHOMY 3HAUEHHIO.
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OuesniHO, 4TO pacxop Temna Ha CTOmeHHe B KaKOo#H-JiH-
6o MOMEHT OTONHTEJBHOTO lepuoaa onpeaensiercd TenJyo-

B 2o tCym) Ko AR, (Cyim), Ky,

200

160 Puc. VIIL6. 3asucumocts

DPOJO/IKHTENBHOCTH  OTOMK-
TeJBbHOIC nepHona Azor H Be-

JHYHHE Kor OT Qg, a Takke
AZgen H Kgern oT tren

0
|
08 -85 04 -02 0 47 a4 06 7,2,

BbIM COCTOSHHEM MOMEIIEHHS B 3TOT XKe momenT. T'onoBofi
pacxoa tenjia Ha OTOIlieHNe, CJIe10BaTEJIbHO, MOXKHO npen-
CTaBHUThb KakK HHTErpaJbHyIo CYMMYy MEHSIIOIIEroCcs B Teye-
HHE OTOMNHTEJIBHOro neprnoja TENJIOBOTO COCTOSIHHUS TIOMe-
HICHHS :

14 l — _
Qo'r,r = j Q,dz=0,143mn’ AQn(l 16 sin > Az —@Q, AZoT); (VIIL.14)

rae m -— YHCI0 4acoB pa60'm CHCTEM OTONJICHHS B CYTKH; n’ —yuceao
JiHelt paﬁoru CHCTEMBl OTOILVICHHSI B HEHeTO.

B o6nlunoM wHTepBane wusMeneHus Qn (o1 —0,6 10
+0,6) yao6uo nosb3oBathes NpHG/IMKEHHOH YOpMyIIOfi, Ko-
TOpasi JaeT I0OCTATOYHO TOYHBIH Pe3yJbTaT:

Qor,r = 0,143 mn’ Aq [116 —Q, (91,24-0,5 Az,)]-  (VIL15)

Hg puc. VIIL.6 nokasana KpHBas 32BHCUMOCTH Ko,==
=/[(Qn), nocrpoennas no dpopmyie

| S
Kor = 116 sin — AZ2—Qn Az (VIIL. 16)

C yuerom ee dpopmyaa (VII1.14) npuoGperaer Bun

Qor,r = 0,143 mn’ Ag K (VIIL.17)

[e} i

Pacuer pacxoaa Ttemyia Ha BEHTHJAALNIO H IIPOROJIZKH-
T€JIBHOCTEL e€e paGOTbI MOXeT OHTH BHINOJIHEH AHaJNOTHYHO
paccMOTpeHHOMY [1Jil OTOMJICHHS.
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Pacxon Ten.a Ha BEHTHJSALHIO
Qpen == Lep (fgp — tn) . (VII1.18)
Hauano u konen paGorel BeHTHASUHH (KaJopHQEPHBIX
YCTaHOBOK) ONpenesisiioT PaBeHCTBOM AJfl 3HMHEro IepHo-
Jla TeMIlepaTypul IPHTOUYHOrO H HApYKHOro BO3AyXa:

Inp.s = tu == byp -+ Ag, cosz. (VIII.19)

TlpononmxkuresibHOCTL paboTH  KaJOPH(EPOB CHCTEMLS
BEHTHJISILHH B TOY

Azgey = 116 arceos fhey, (V1I1.20)
rae

Zeeu = (fur — Znp.s) Ay, (VIIL.21)

T'onoBoil pacxon Tenna Ha BEHTUJAIHNIO NOJYYHM, HHTEr-
pupysi ypaHente (VIIL18) mo Bpemenn B npenenax AzZgex:
Que.r = 0,143 mn’ chAtH Kegen- (VII1.22)

3Hauennsl BeJHUYNH AZpey B Kpew B 32BHCHMOCTH OT Igen
MOKHO OTpenesuTh no rpaduky na puc. VIIL6.
T'ogoBo#i pacxon Tellna Ha OTOIJIEHNE W BEHTHJIALHIO MO-
,MellleHHs1 B NPOJOJIKHTEJBHOCTh PabOTHl STHX CHCTEM MO-
ryT OBITb pacCUdTaHBl ¢ yueToM Ko3¢duunenta obecneyeH-
Hoctd Kos, YTO AOCTHraercsi MNOACTAaHOBKOH B  (opMysin:
(VIIL11)—(VIIL.22) cooTBeTCTBYWOLIMX 3HAYEHHH Xapak-
TEPHCTHK HapyKHOTO BO3/lyXa, ONpEeNeJCHHHX € y4eToM
3apanHoro Ko3ddmuiunenra obecnevennoctn (puc. VII.2).
Yuer kosd¢unpenta oGeceueHHOCTH HOpH onpefesieHnH
TO/OBBIX PACXOJOB TeIJla HMeeT BaXKHOe NpaKTHyeckoe 3Ha-
YeHHe, TaK KaK NO3BOJISIET INPaBUJILHO MOAOHTH K BONPOCY
pacnpeiesieHHs Teljia MEXKAY Pa3NHYHBIMH KaTeropusaMmu
norpebutesiell, YTo AOJKHO cNoco6CTBOBaTh S3KOHOMHH TeEll-
Jla ¥ MOBHILICHHIO HAJEKHOCTH paBGoThI CHCTEM OTOIIEHHS B
BeHTH.IANMH. 3HaueHNe Kospdunnenta obecnedeHHOCTH AJS
pasyHYHBIX rpynn norpeburesefl mpu onpencneHHn roioBo-
ro pacxoja Teljda MoxKeT OBThb Ha3HauyeHO MO AaHHBIM
ra. VL

VILA, NPUBIIMIEHHbIK AHATIMTMUECKMM METOL PACYETA
M3MEHEHMH TENROBIAXXHOCTHOIO COCTOSIHMA

BO3AYXA B NPOLECCE KOHPDULLMOHUPOBAHMSA

ITpu anaanse rofoBoil N3MEHIEMOCTH TEIJIOBOIO pexd-
Ma HOMEINEeHHH, a TaKIKe KPYIJOroJAHYyHOro peryJupoBaHust
CHCTEM BEHTHJISILINH B KOHIWMIHOHHUPOBAHUA BO3jlyXa BO3-
MOXXHOCTb HCIIOJIb3OBAHHA rpaduuecknx noctpoenuii B [—d
JinarpamMMe OKasbiBaercsl 3aTpyAunTtesbHON. [TosTomy HyX-
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HBl TIPOCTBIE aHaJUTHYECKHEe 3aBHCHMOCTH, CBSI3bIBAIOIIHC
OCHOBHLIC NIapaMETPEl BJAXKHOrO BO3JyXa B Npouecce H3Me-
HEHHA €ro TEIJIOBJIaXKHOCTHOTO COCTOSHHUS.

IIpsimast 3amena rpaguuecknx NOCTPOEHHH aHaNHuTHYe-
CKMMH pacyeTaMM 1o HCXOAHEIM (OpMyJsiaM TepMOLHHAMH-
KH BJI2XKHOTO BO3JyXa CJIO}KHA W IpOMO3AKa. B cBH3m ¢
STHM HCHOJIB3yeM NPHOJHKEHHBIE 3aBHCHMOCTH, NO3BOJISIIO-
mue paspaboTaTh NMPOCTOH aHAJHUTHYCCKHH METOJ pacuyera
NSMCHEHHs! TEMJIOBNAXHOCTHOIO COCTOSIHHSI BO31yXa B MO-
MEILCHUH 1 B Ipouecce ero 06paGoTKu B KOHAMLHOHEpE.
B Texumke koupMunomuposanus BO3/IyXa W BEHTHJSALHH
OGEIYHO MMEIOT JeJI0 ¢ OTpaHHYEHHBIME npeaenamMu n3Mme-
HEHH# TapaMeTPOB COCTOSIHHSL BO3AYXa, UTO TMO3BOJIAET 3HA-
YHTENBHO YNPOCTHTB HCXOJHOE YPaABHEHHE COCTOSIHUS —
YPaBHEHHE SHTAJBINH BJIaXKHOTO BO3/LyXa:

7 = 1,005 ¢+ (2500 + 1,8 ) d/1000; (VII1.23)
1=0,247--(597,3-+0,441) d/1000. (VIIL.23")
Kak ocHOBHOe ypasueHHe NPHOGIHKEHHONO AHAJHTHYE-

CKOro Meroja IpennoJiaraercs cleayoomasi 3aBHCHMOCThb
AJIs1 PHUp allleHus SHTAJIBIINY BJIAXKHOTO BO3ayXxa

Al = 1,0241 At - 2,528 Ad; (VII1.24)

Al = 0,245 A - 0,605 Ad. (VII1.24")
HM3oBnaxuoctuuiii mpouwece HarpeBa u  oxmaieHus
BJIAXKHOrO BO3JyXa, NPOTEKAIOMHI INPH TNOCTOSHHOM €ro

BJIarocofepxanun d==const, B 310M ciyuae mpencraBasier
ypaBHEHHE

At/AT ~0,98; (VII1.25)
A[AT = 0,41; (VIII.257)
npoiecc ajnabaTHuecKoro (n3o03HTAJNIBINYECKOTO)

YBJaXKHCHHsE (OCYWIKH) [pH  YCJOBHH {==const — ypag-
HeHHe

At/Ad =~ 2,45; (VI11.26)
H30TepMHYECKHI Npowece, A1 KOTOporo t==const,

AITAd = 2,53; (VI1.27)

AlJ/Ad = 0,605. (VII1.27%)

B nonutponnyeckom npouecce naMenenue TeMIepaTyphl
W SHTAJIbHK BO3JlyXa CBS32HO C TAaK HA3HIBAEMBIM HAIpaB-
JIEHHeM Jiyya npouecca e=AIl/Ad:
At/Al = 0,98 — 2,45/s: (VIIL.28)
At[Al ~ 4,1 —2,45/¢. (VIII.28")
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IIpu pacuere napamerpoB Bo3ayxa B Ipoluecce ero KOH-
JHIHOHUPOBAHNS HEOOXOANMO 3HATHL MapaMeTpH TOYKH Me-
peceueHnsi Jyua Mpouecca H3MeHeHHsl COCTOSIHHAL BO3/yXa
1, d, & ¢ IUAHAMH [OCTOSHHOH OTHOCHTEJLHOH BJaXKHOCTH
¢=const. JI;s 3T0ro HyXHO ONHCATh NPHOJHKEHHLIM ypas-
HeHneM KpuByi ¢=const. ¥100H0 (¥ MOXKHO JOCTAaTOYHO
TOYHO) 3Ty KPHBYI0 B pafoueM MJisfi KOHZHLUHOHHPOBAHHSE
BO3JVXa NHalla3oHe 3HaueHHH 3aMeHHTb JOMaHoH JuHHeH,
COCTOSIIIIEN N3 TPEX MPSMBIX, KOTOpHE MOTYT OHITh Olipenesie-
HEl YPaBHEHHSIMH, CBS3HBAIOIIUMH TNapaMeTphl COCTOAHUSA
Bo3ayXxa Iy, dg, tp Ha KpuBoit p=const npu IpON3BOJBHOM
3HAYCHHH Q.

O6bluHo HyXKHO 3HATH NapaMeTpsl BO3JAyXa NOCJAE €ro
KOHTAKTa ¢ BOROH M TEMIEpaTypy BOJH, KOTOpas o6ecneynt
3ajlaHHOe HaNpaBJieHHe Jyvya mpouecca. KoHeunble mapa-
METPH BO3]lyXa ONPECJAIT TOUKOH IepeceueHus ayya npo-
Lecca M3MEHEHHsI COCTOSIHHSL Bo3ayXa ¢ JHHUAMH ¢=90 u
959%. TeMmnepaTypy BOAH ONpEAENHT TOYKA IepeceyeHus
storo Jiyya ¢ jgunneil g=100%. [TapameTpH TOYek INepece-
YeHHsI MOXKHO HafiTH 1o NpHOJHXKEHHBIM aHaJHTHYCCKHM
¢hopMysiaM, MOJyYEeHHBIM H3 COBMECTHOIO PELICHHS CHCTEMBI
ypaBHeHHUil:

1,—1
— (VIII.29)

d,—d
I,=C-+Dd, . (VIIL.30)

VYpapuenne (VIIL29) onpepeasier HanpaBsenune Jiyua
npouecca &, a (VIIL.30) — orpe3ok npsiMo#, annpoKCHMH-
PYIOLLMH COOTBETCTBYIOLLYIO JIMHHUIO [OCTOSAHHOH OTHOCH-
TEJIbHOH BJIaXKHOCTH B ONPECICHHOM ANanasoHe TeMIepa-
Typ. Tloncraeisisi Beipaxenue anst d . ¥3 ‘ypaBHEHHs

(VIIL30) 8 (VIIL29), monyuum dopmyny njsi SHTaJbOHH
TOYKM Tlepeceyenns Jydya mporecca ¢ JHHHel ¢=const:

I,= I—I(CE%—D—")—C , (VI 31)
3artem olpenesiuM Bjarocoaepxanie 310l TOUKH
d_= fo=C (V1I1.32)
o 5 .

Yto6rr HaliTh TeMNlepaTypy yKa3aHHOH TOUKH NEpeceye-
HUsl f,,, 3aNHLIEM YPaBHEHHEe OTPE3KOB NPSIMBIX, aMIPOKCH-
MHDPYIOIIHX yYacTKH JHHHHA @==const B koopaunarax [—f:

I,=A+ Bt . (VII1.33)
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Uncneunsie 3nayeHMst Ko3(dHUHeHTOB, BXOASINMX B
¢dopmyan (VIIL31)-—(VIIL.33) npu 6apomerpuueckom fas-
Jgeunn Ps=0,096 MIla (745 MM pT. cT.), IpHBeEHH B
tabsa. VIIL2.

Ta6auma VIIL2. 3uavenus A, B, C, D paa pasaumunmix ouanasoHos

H3MCHEHHA TeMnepaTtyp

i — Kosdbdu- JInanason H3MeHeHus I, °C
. % nieur 0—10 | 1020 20—30
A 8,4(2) 0,84(0,2) —26,4(—6,3)
90 B 1,9(0,45) 2,63(0,63) 3,98(0,95)
C —10,6(—2,52) 0,08(0,02) 6,74(1.61)
D 5,5(1,32) 4,02(0,96) 3,52(0,84)
A 9,3(2,21) 0,84(0,2) —2,72(—6,5)
95 B 1,97(0,47) 2,7(0,65) 4,1(0,98)
C —9,7(—2,31) | —0,5(—0,12) 6,95(1,66)
D 5.3(1,27) 4,02(0,96) 3,47(0,83)
A 9,4(2,25) 12,6(0,3) —28(—S,7)
100 B 1,97(0,47) 2,85(0,68) 4,27(1,02)
Cc —9,46(—2,26) | —0,63(—0,15) |  7,41(1,77)
D 5,1(1,22) 4,85(0,94) 3,39(0,81)

ITpu nponsBonbHOM GapoMeTpuyeckoM [aBJEHHH Hajo
HMeTb B BUJy, YTO YHCJIEHHbIE 3HAYEHHS @ Ha JHHHUAK Q=
==const H3MeHsI0TCA NPONOPUHOHAIBHO COOTBETCTBYIOLAM
6apOMEeTPHYECKNIM LaBJIEHHSIM.

ITostomy

prﬁlpro = PG/P »
roe (ppﬁ — 3HaYeHHe OTHOCHTEJLHON BJAXKHOCTH BO3AyXa IPpH TIPOH3-
BOJLHOM OapoMeTpuueckoM gaBieHHH Pg; Pry — TO e, npu Gapomer-
pHueckoM AasJienu Po, anis Kotoporo moctpoera f-—d mHarpamma.

Hans pacyera J06bIXx PONECCOB M3MEHEHHs TEIIOBJIAK-
HOCTHOTO COCTOSIHHS BO3yXa H HX NPOH3BOJBHEIX coYera-
HMil OCTaTOuHO NpHBeAeHHEIX dopmya. [Torpemnocts npH-
BeJIeHHBIX QopMys (IpH TeMIepatypax Bosayxa or —40 Ko
+40°C n Bnaxuoctsix d ot 1 no 25 r/xkr) He BHIXOAHT 3a
npenesibl 3%. Pesynbrartsl pacuetoB no HEM 4acTo OKasbl-
BalTcs GoJlee TOYHBIMH, YeM NOJIyYeHHble IPadHYeCKHM To-
crpoennem B /—d nuarpamme. Tlonb3ysick stumu popmyaa-
MH, MOXHO BECTH Pacyerhl B TOH 2Ke NOCJeA0BAaTeNbHOCTH,
YTO M MpPH rpaduyeckoM NOCTPOEHHH € MOMOIIbLIO [—d AHa-
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rPaMMBI, AOCTATOYHO OBICTPO, ¥ HX PE3YJbTaThl HMEIOT He-
00XOAMMYI0 TOUHOCTD.

Oxa3afoch BOSMOXHBM C NOMOLIbIO IPHBEAEHHBIX dop-
MyJa TOJAYYHTH aHaJuTHYeCKHe 3aBHCHMOCTH, TIO3BOJAIOLIHE
110 HMCXOIHHM JAHHHIM Ge3 NMPOMEXYTOUHBIX BBIKJIAMOK IO-
JAYYHTh OCHOBHBIE XaPaKTEPHCTHKH IIPOLECcCa KOHAHIHOHH-
poBaHusi BO3LyXa.

PaccMOTpuM npHOJNHIKEHHBle aHAJUTHUECKHE pelleHun
Ha IpHMepe OCHOBHBIX CXeM KOHIHIHOHMPOBAHHSI BO3Jyxa:
IPsSIMOTOYHOH, ¢ TIepBOil PenHpKyJsiMell, C NePBoil H BTOPOi
PELHPKYJIANHAMH.

Ilpy TNPOEKTHPOBAHHH CHCTEMBl KOHAHIIHOHHPOBAHHUS
BO3/1yXa OOBIYHO 3aJaI0T WY ONpPelesIoT CAeYIOIHe BEIH-
yuHB: H3OBITKM HJM HepocTaTkH Tenna AQ u Baara AW,
HanpapJieHHe Jiyya Mpolecca B NMOMELIEHHH g, llapaMeTpH
puyTpeHHero lg, ts, ds ¥ HapyxHoro Iy, ly, du Bo3gyxa B
JIETHEM U 3UMHEM pekXHMax, a TakXe JONMycTHMBIil nepenaj,
TEMIEpaTyp MeXKAy NPHTOYHBIM BO3AYXOM M BO3LyXOM pa-
6oueil 30HBI ToMeieHusa Af.

I1pousBOAHTENBHOCTD CHCTEMB  KOHAMLIIHOHMPOBaHHA
BO31yXa, KIf4, OTHOCHTEBHO HCXOAHBIX JaHHBIX MOXKET OHTh
onpeneneHa ypaBHeHHEM

Lo 8Q _0.9840—2.454W
PN T A f vt @H—B)
’ 4,1 AQ — 2,45 AW

Lyp— , VIIL.34¢
P A vt (H—1) (VIIL.347)

rae Al — pasHOCTb 3HTaJbIHH YAAIAEMOr0 H IPHTOYHOTO BO3AYXA;
Vi — cpeaunii rpajiueHT H3MeHEHUs TeMIlepaTyphl BO3AYXa MO BHICOTE
nomelienus; H — Bolcota nomelieHus; b — To xe, pabouell 30HLL

X0J10Z0NPOU3BOIUTEIBEHOCTD CHCTEMBI COCTABJISIET:
nas npaMotounoil cucreMul (puc. VIIL7, a)

Qoxn = Lo P (ln.n — lo.1); (VIII.35)
IJIS pelHPKyIsuHOHHBIX cucreM (puc. VIIL7, 6, 8)

(VIIL.34)

Qoxn = Lop (1 — @) (1,0 — 154), (VII1.36)

rae all — gossi BTOPOH PpPEUHPKYJsLHUY B OGIEM pacxofie KOHAHUIHOHH-
POBaHHOTO BO314YXa; fo.n — 3HTAJILIHS TOC]e KaMepLl OpOLIeHHsi, ompe-
geasemast ¢ nomoiblo dopmynw (VIIL31); lc.n — 3HTAJBOHS CMECH
BO3lyXa — 110 (opMyJie

Iepn=aglyt+1,(1—ay), (VIII.37)

Qs — 10J1s1 HAPYXHOTO BO3ayxa B oOIleM pacxofe KOHIHILMOHHPOBAH-
HOFO BO3JyXa.
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Puc. VIIL7. Kpyraoroauunoe pery-
JIHDOBAHKHE CHCTEMLI KOHAMITHOHH PO-
BaHHA BO3AYyXa

@ — NpAMOTOYHON; 6 — ¢ nepBoii peusp-
Kyaanueil; ¢ — ¢ nepeoii n BTOpOit pelup-
Kyasuneit; I — ycnoBrasm KaAHMaTHYecKas
KpHBast

Kk C13

>
> dyy dp’” d

X

Pacxon tenna xanopuge-
paMH nepBoro mnojporpeBa 3a-
BHCHT OT Pa3HOCTH 3HTaJbIHil
BO3ZyXa mnoclie KaJopHdepos
M Hapy:HOro

Q =Lyp(l,—1I,;)a,. (V.38

Hns npaMotouHoit cucre-
Mbl Iy paBHa 3HTaJBIHH BO3-
ALyxa Ha BbIXOZe H3 dopcy-
HOUHOH KaMep®l B pacuYeTHBIX
3UMHHX yeaoBusix- Has pe-
INHPKYJISILHOHHBIX CHCTEM Be-
JIMUMHY [i; MOXHO ompenenuTn
ABOSIKO: 3al@BUIKCh TeMIlepa-

TYPOH H ONpenesiHB SHTANbIHIC

BO3jyXa Ha BbiXolle W3 Kajlopudepa wiu MPHHAB MO reM
HJIH HHBIM COOOpaiKeHHsIM BeJIHUKHY ay.

Pacxon temna ua BTOPO#l NOJOIrpeB SBISETCS byHKkIMel
TEIJIOBOTO COCTOSTHHA NOMEIeHuUs :

AJist IPAMOTOYHOH ¥ ¢ NepBOii peuvpKyJisinueil cXeM Kou-

AU HOHHPOBaHUS BO3nyxa

Q= LO e ([B
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rae 8 U ¢; — HHIEKCH NapamMeTpOB BO3AYyXa COOTBETCTBEHHO B IOMelle-
HHH H CMeCH BO3/lyXa TocJie BTOPOi pelHpKYJsiHH.

A1 GopMyJiBl MOXKHO TIPHBECTH K 06IEMY BHAY:
Qu =L, pAl; — AQ. (VIIL. 40)

[IpuBesnensbie 3aBHCHMOCTH MO3BOJAIGT ONPEAEJUTH Xa-
PAKTEepUCTHKH CHCTEM KOHAMUHOHMPDOBAHHS BO3AyXa Jist
KaxJIoro MoMeHTta ee paboThl, B TOM YHCJe pacueTHhe, On-
peneasiommue KOHCTPYKTHBHOE peLIeHHE W YCTAHOBOYHBIE
MOILHOCTH BCEX 3J1eMEHTOB CHCTeMbl. JleTHHil peXHM 0ObIu-
HO SIBJISIETCS UCXOIZHBIM, OH OnNpeneisieTcss 10 pacyeTHBIM
napaMeTpaM COCTOSIHUS BHYTPeHHero M HapyXHOro BO3ZAY-
xa. XapaKTepUCTHKH KJHMaTa 3UMOH ONpefelIsioT pacyer-
HBIfl PeXUM XOJIOAHOTo nepuofa roga. Hns pexuma pabo-
THl CHCTEMBI KOHIHIMOHUPOBaHUS BO3LyXa B TeueHHe roiaa
XapaKTepHO HeNpepHBHOE H3MeHeHHe BHeWIHMX H BHYTpeH-
HHX NapaMeTpPoB OT HX pacyeTHBIX 3HMHHUX A0 pacyeTHHIX
JIETHHX 3HaYeHHH.

VHLS. 3ATPATHI TENJIA, XONOAA U DNEKTPOIHEPIVM
B CUCTEMAX KOHAMUMOHMPOBAHMS BO3MIYXA

OnpeneneHno 3KOHOMHYECKHX XaPaKTEPHCTHK CHCTEMbr
KOHJIHIINOHHPOBAHHA HOJIXKeH IpejlIecTBOBAThL Pacuer 3HM-
Hero M JeTHero peXHMOB paboTsl H YCTaHOBOYHOH TemJoBoii
N XOJIOJMJIbHOH MOLUHOCTH 3THX CHCTeM (CM. Bhille m. 4,
ra. V). Meronsika onpeneseHust rofOBHIX pacXOLOB Ten-
Ja ¥ XoJOAa TNOCTPOEHa € YYeTOM KOHKPETHBIX CXeM
(puc. VIIL.7) xkpyrioromuuHoro peryJiupoBanus CHCTEM
KOHAMUIMOHHPOBaHUs Bo3fyXa. PacuerHbie ¢dopmynsl 6asu-
pyloTcsl Ha HCXOAHBIX 3aBucHMoctsix (ecMm. n. VIIL4),
BpeMEHHBIX  XapPaKTePHCTHKaX  Hapy:KHOro  KJuMara
(cm. n. VIIL.1) u nomemenus (cm. n. VIIL.2).

CucreMbl KOHAHIIHOHHPOBAHHS BO3AYyXa B TE€UEHHE HYACTH
rofla pacXOAyIOT MCKYCCTBEHHBIH XoJlox (B KaMmepe Opolle-
HH$, MOBEPXHOCTHHIX BO3AYXOOXJaAMTelfiX, JIOBOAUYHUKAX,
CEKLHAX OXJNaXKIEeHHA) H TemJlo (B CeKIUAX Nojorpesa mnep-
BoOii H BTOPOH CTYII€HH, B IOBOAUHKAX).

Hsmenenrie NpoM3BOAMTENBHOCTH MO XOJOLY KaMephi
OPOLIEHHS U N0 TEIJYy CeKUHH NePBOro NMojforpeBa B TeUeHHE
rofia CBfI3aHO C H3MEHEHHEeM SHTaJIblIUH HapyKHOTo BO3MY-
Xa, KOTOpO€ MOXKHO CUMTAThL NMPABWJIBLHBIM IapMOHHYECKHM.

YacoBo#i pacxon X0J0ma B KaMepe OpOUleHHS paBeH:

Qx=Lp(In.n—1Io.n), (VIIL.41)
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"aCOBOH pacxon TenJia B CeKUUH NepBoro NoNorpesa
Q=Lp(l,—1,,) (VIII.42)

[Tepuon nurpe6aenus xonona Azy coBnamaer ¢ yacTbio
rona, Korna lua>>Ilo.,, a Tenna Az, korma L>1s.

3HaueHus: BesHuHH Az, u Az, cyT, onlpenensiior anajio-
ruuno (VIIL12) no dopmynawm:

loq—1
Azy = 116 arccos %"—“ ; (VIII.43)
’H

lgr—1I
Az; == 116 arccos—2L —X

1
H
rae ln_p—cpe}merouoxaoe 3HaYeHHe 3HTAJbIIMK HAPYKHOTrO BO3/lyXa;
A,H — €e roJoBas aMIJIUTYy/a.
3aTparsl xosl0na B Kamepe opouieHus QP* u Tenna s

KaJlopudepe nepBoro noiorpesa Q% 3a rof paBHH:
GR =0,64 ML (1, yyy — 1) Bz (VIII.45)
Q@R =0,64 MLp (I, — Iyy) Az, (VIII.46)

rae Invi, laa— cpennee, COOTBETCTBEHHO ~HIONBCKOE W SIHBAPCKOC
3HAYEHHUA IHTAJBIMH HapyXHoro BO3nyxa; M—ocpe}meﬂﬂoe 34 Hepe
JAI0 YHCJ0 Hacos, pa60Tu CHCTEMEI B TeUeHHe CVTOK.

HacoBoii pacxon tema (xonoma) Bo Bropoii cTyneun
TNiojiorpeBa (oX/1axieHHA) paBen:

) Cu=Lp (Iup’—[o)’ (VIII.47)
TAe /np — 3HTANBONS NPHTOUHOTO BO3AYXA.

T'onoBoii pacxon tenna (xos0ma) Bo BTOpOIH CTYIEHH Mo-
AOTpE€Ba Npu ee KPyrioroAHuHol pabote (Azy; 2~ 365 kadeu-
JapHBIX CYTOK) paBeH:

Q?Im = M-365Lp (1np — [0) . (VIII.48)

[Tpononxkurensuocts PaboTH 3MeKTpoxBYTraTeneil u apy-
THX SJIEKTPONOTPeCAAIOLINX  yCTPOiicTB, 00cayKuBaoUIHX
CHCTEMB! KOHJHUMOHUPOBaHUS MHKPOKJIHMATa, OpakTHue-
CKH COBIIANaeT ¢ NepHOAAMH paboThI COOTBETCTBYIOILIHX 9.1¢-
MEHTOB 71HX cucteM. [Ipn usBecTHOH MowHOCTH ycTaHOB-
JEHHOTO  31€KTPOOGOPYNOBAHMST  H3JOIKEHHAS MeTOHKA
[dopmynsr (VIIL12), (VII1.20), (VIIL43), (VII1.44) |
MO3BOJISIET ONpefeJHTh NPOXOJKHTEIBHOCTE €ro pabotel H
o0uiKe rogoBhie SaTPaTEl 3JIEKTPOSHEPIHH Tipy pabote cu-
CTEM OTOIJIEHHS, BeHTHASUUM u KOHIMIHOHHPOBAHNS BO3-
AyXxa.

, (VIII.44)
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