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METO/IUKA OL[IHIOBAHHSI TEILTOBOi HAJIITHOCTI CTIH
3A KPUTEPIEM TEILTIOBUTPAT

Po3pobrena iMoBipHiCHA METOAMKA OL[IHIOBAHHS PiBHSI TEIIOBOI HAAIMHOCTI OrOpOIKYBAJIBHUX
KOHCTPYKLIH 3 ypaxyBaHHSIM BHIIaJKOBOTO XapaKTepy BIAcCTUBOCTEH OymiBeIbHHMX MarepialiB Ta
TeMIieparypu armochepHOro moBiTps. MeTonuka 0Oa3yeTbcs Ha aHai3i TPAaHUYHUX HEPIBHOCTEH,
c(OpMOBaHHX HA OCHOBI BiIOMHX 3aKOHOMipHOCTEH Terionepeaayi.

PazpaGorana BeposiITHOCTHasT METOAMKA OLICHUBAHUS  YPOBHS  TEIUIOBOM  HAAEXKHOCTH
OTPaXJAIOIIMX KOHCTPYKIMH C Y4ETOM CIy4allHOIO XapakTepa CBOICTB CTPOMTEIbHBIX MAaTEpHAJIOB U
Temneparypsl atMocepHoro Bo3ayxa. Metoanka Oa3zupyercsi Ha aHanuM3e NpENeNbHBIX HEPaBEHCTB,
c(OpMHUPOBAaHHBIX HA OCHOBAaHUH W3BECTHBIX 3aKOHOMEPHOCTEH TEIUIONEpeaayu.

Thermal reliability of the enclosures is analyzed by probabilistic methods taking into account
random character of the structure dimensions, properties of the building materials and air temperature.
Statistical characteristics of the heat resistance are calculated by function linearization of random values
of the thickness and the coefficients of thermal conductivity of structural layers of the wall. Probability of
the failure based on the criterion of insufficient resistance of the heat transfer equals the probability that
normally distributed random value of the resistance of the heat transfer will be less than minimum
acceptable value set by the design standards for given temperature area. Analysis of the impact of design
parameters on statistical properties of the resistance of the heat transfer and value of the failure
probability showed that the variability of the thickness of the wall layers can be ignored. The variability
of the coefficients of the heat transfer must be considered only for efficient insulation and structurally-
thermal insulation layers with large thermal resistance. The probability of the failure based on criterion of
exceeding the maximum acceptable heat flow equals the probability that actual intensity of the heat flow
through the enclosure will exceed certain threshold value. Maximum allowable intensity of heat flow is
defined by the value of normative heat looses of the buildings during the heating season or by the value of
heat transfer through properly designed enclosures in design terms of the operating. Certain incertitude in
setting maximum allowable value of the intensity of the heat flow restricts the application of such method
to the comparative evaluation of the heat reliability of the wall structures of the various types in close
condition of the operation.
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IMocTanoBka npo6iemMu. 3HIDKEHHS SHEPrOBHTPAT HA OMAaJieHHs OYJIUHKIB MOKIJIHMBE IILIIXOM
MiZBHICHHS TEIIOTEXHIYHUX XaPaKTEPUCTUK OTOPOKYBaJIbHUX KOHCTPYKIKA 710 HEOOXITHOTO PiBHS
TEIUIOBOI HAAIMHOCTI 3a paxyHOK BHUKOPUCTAaHHS €(QEKTHBHUX KOHCTPYKTMBHHMX pIIIEHb Ta
TEIUIOI30JIMIMHIX MatepianiB. BumaakoBuil xapakTep TEIUIOTEXHIYHMX XapaKTEPUCTHK MaTepiailiB i



TEMIICPaTypHUX BIUIMBIB aTMOC()EPHOrO CepeloBUIa OOYMOBIIIOE HEOOXIIHICTH 3aCTOCYBaHHS

IMOBIPHICHUX METOJIB OIIHIOBAaHHS TEIJIOBOI HAIIHHOCTI OTOPOKYBATBHIX KOHCTPYKIIIi.

AHaJi3 ocTaHHiX AocaixkeHb i myomaikanii. HopmatuBHi nokymentu [3, 5, 6] opieHTytoTh Ha
BUKOPUCTAaHHS (acalHUX CHCTEM TeIUIOi30JIsMii, pPerJjaMeHTYIOTh BHMOTH [0 IX KOHCTPYKIii Ta
MPOEKTYBaHHs. Pe3ynmpTath excrnepuMeHTaTbHUX OCIiPKeHb Ta JOCBIN eKCIUTyararlii, y3arajdbHeHi B
monorpadii [10], cimuate mpo e(eKTHBHICTH TaKMX CHCTEM Terwoizomsmii. B pobori [8] 3pobiena
cpoba HaOJIMKEHOTO OLIHIOBAaHHS 1MOBIPHOCTI TEIUIOBHX BiIMOB 3a BcraHoBieHumu JIBH [3]
KpuTepisMu KoMGOPTHOCTI (HOpMOBaHa PI3HHUI TEMIIEpaTyp BHYTPIITHBOTO TMOBITPS Ta BHYTPIIIHBOT
MOBEpXHI CTIHM) Ta YTBOPEHHS KOHIEHCATy HAa BHYTPIIIHIM MOBEpXHI CTiHW (MAIiHHS TeMIepaTypu
HIKYE TOYKH pocHu). Po3paxyHKOBI mapaMeTpu TeMmIepaTypd aTrMoc(epHOro MOBITPS BCTaHOBIEHI
cranmaptoM [7] y dopmi nerepmiHoBaHMX BenuuuH. IMOBIpHICHA MOJENb TeMIiepaTtypu aTMochepHOro
MOBITPA Ta HEOOXiAHI I pO3paxyHKIB TEIUIOBOI HAMIHHOCTI CTATUCTHYHI XapaKTePUCTHUKU
KBa3iCTAI[iOHAPHOTO BUITAKOBOTO MPOIIECY 1€l TeMIepaTypH HaBeaeHi B MoHorpadii [9].

HeBupimeni wactnHu mnpodaemu. 3ampornoHoBaHa B [8] Meroamka OLIHIOBaHHS TEIUIOBOT
HAJIMHOCTI HE BpaxoByBaja CTATUCTHYHOI MIHJIMBOCTI TOBIIMHY IIAPiB OTOPOHKYBATBHOI KOHCTPYKIIIT Ta
Koe(iIieHTIB TEIUIOMPOBIAHOCTI BUKOPUCTAaHMX MaTtepiamiB. OKpiM TOT0, pO3TIIIIAIKCS JIUIIEC IBa BUIH
TEIUIOBHX BiJIMOB: YTBOPEHHSI KOH/ICHCATY Ha BHYTPIIIHII TOBEPXHi CTIHM TH MEPEBUILIEHHS JOITyCTUMOT
PI3HHUIII TeMmIepaTyp MOBEPXHI CTiHM Ta MOBITPsS B MPUMIIIeHHI. MeTOANKH iMOBIpHICHOTO OIliHIOBaHHS
piBHS TEIDIOBOI HAMIMHOCTI 3a KPUTEPISIMH HEJOCTATHHOI'O OMOPY TEIUIONepenavyi Ta TepEeBUIICHHS
JOMYCTUMOTO 3HAa4YeHHS IHTEHCUBHOCTI TEIUIOBOTO IIOTOKY Yepe3 OTOpPOPKEHHS, SIKi BpPaxXxOBYIOTbH
CTaTUCTUYHY MIHJIMBICTh TEXHIYHMX XapaKTEPUCTUK CTIHOBHX MarepiaiiB, a TaKOX BHIIAJIKOBHUI
XapakTep 3MiH TeMIepaTypH aTMOC(EPHOTO MOBITPS, B TEXHIUHIN JTiTEpaTypi HE BHUSBIICHI.

Merta qoCHiIzKEHHS TIOJIArae B PO3POOJICHHI METOJUKYU OIIIHIOBAHHS PIBHS TEIUIOBOI HAMIMHOCTI
OTOPOKYBaJbHUX KOHCTPYKIIM 3 ypaxyBaHHSIM BHIIQAKOBOTO XapaKTepy TEXHIYHHX XapaKTEPUCTUK
OyZIiBeNbHHUX MaTepialiB.

IlepenymoBH po3po0/IeHHSI METOAUKH OLiHIOBAHHS TEMJI0BOI HATIHHOCTI:

— MeTojMKa 0a3yeThCs Ha PO3paxyHKOBHX MeTonax i hopmynax, HaBeaenux B JIBH [3];

— TOBUIMHHU HIapiB OTOPOKYBaJbHOI KOHCTPYKLIIl O Ta KOe]ili€eHTH TEIUIONPOBIAHOCTI MaTepialiB Aj
BBaXXAaIOTHCSI HOPMAJIBHO PO3MOAIICHUMH BUIIQAKOBUMH BEIMIMHAMY;

— TemIeparypa 30BHIIIHHOTO MOBITPS T; BBAKAETHCS KBA3iCTAalliOHAPHUM BHIIQJAKOBUM IpoliecoM abo
MOCJIIZIOBHICTIO HOPMAaJbHO PO3IOJIICHUX BHUIAJAKOBUX BEJIMYMH, IO BIANOBIAAIOTH OKPEMHUM
MICAIISIM POKY;

— TeMmImeparypa TOBITpS B MNPHUMILICHHI T, BBAXA€ThCS JACTEPMIHOBAHOIO BEJIMYMHOIO, sKa
BCTaHOBIIIOETRC 3riaHo0 3 Bumoramu JIBH [3];

— Koe(illieHTH BHYTPIIIHBOI 0, Ta 30BHINIHBOI TEIUIOBIJAadi 0, BBAKAKTHCA JIETEPMiHOBAHUMHU
BEJIMYMHAMH, SIKi TpuiiMaroThest 3a qanumu JIBH [3];

— MiHIMaJbHO JIOMYyCTUME 3HAYCHHS OMOpY TeIlonepeaadi Oropo/pKyBalbHOI KOHCTPYKIIT Rmin €
JIETEPMIHOBAHOIO BEJTMYMHOIO, IPUAHATOO 3riqHo 3 Bumoramu JIBH [3] 3 ypaxyBanusam 3miH [4];

— MAakCHUMaJbHO JOIMYCTHMa BEJIMYMHA TEIUIOBOI'O MOTOKY Y€pe3 OrOPOXKYBAIbHY KOHCTPYKIIIO Qmax
BCTAHOBJTIOETHCS 32 JaHMMHU YMHHUX HOPMaTHBHHUX TOKyMeHTIB [3, 4, 7].

CTaTHCTHYHI XapaKTEPUCTHKHU ONMOPY Temionepenadi OropoKyBalbHOI KOHCTPYKIIi, sKa
cknanaethest 3 N mapiB (Hecyda KOHCTPYKIIisl, yTEIUIIOBAY, BHYTPIIIHE Ta 30BHIIIHE 0300JIEHHS TOIIIO)
BU3HAYAIOTHCS, BUXO/1s19H 3 Bigomoi popmynu JIBH [3]
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ne N — KUTbKIiCTh MIapiB OropoKyBaIbHOT KOHCTPYKIIIT;
Msi Ta Ssi — MaTeMaTH4HE CIIOAIBAHHS 1 CTaHAAPT TOBIIWHH i-TOTO MIapy;
Mhita Sy — MaTeMaTH4HE CIIOMIBaHHS i CTaHIApT Koe(illieHTa TeIIONPOBITHOCTI 1-TOr0 Mapy;
1HIIII TTO3HAYEHHS HaBe/IeH] BUIIIE.
ImoBipHicTH TeN10BOi BiIMOBM 32 KPUTEPIEM HETOCTATHLOIO OMOPY Temionepeaadi JOPiBHIOE
IMOBIPHOCTI TOTrO, IO BUIAJKOBAa BeJMYMHA (DAKTUYHOTO OMNOPY TeIUIonepenadi OyJae MEHIIOK 3a
BCTaHOBJICHE HOPMaMH MiHIMAJIHO JIOIYCTHME 3HAYCHHS OMOPY Terrionepenadi Rmin:

leprOb{RO<Rmin}:FR(Rmin) ' (4)

ne Fr(...) — GyHKIIS HOPpMAIEHOTO PO3MOIUTY ONOPY TEILIONEPEaayi 3 MAaTeMAaTUYHUM CIIOJ[iBAHHIM
i crangaprom (3);
Rmin — MiHIMaITEHO JOITyCTHME 3HAYEHHS OIOPY TEIUIONEpeadi OTOPOIKYBaIbHOI KOHCTPYKIT
MIEBHOTO BHY LTS BiAMOBiAHOT TeMmeparypHoi 30uu 3a JIBH [3, 4].

BriuB MiHIMBOCTI TOBIMHM  TETIONPOBIAHOCTI Pi3HUX IIApiB HA CTATUCTUYHI XapaKTEPUCTHKU
OIopy Terulonepeadi Ta Ha iMOBIPHICTH BiMOBHU (4) MpoaHaIi30BaHO HA MPHKIAAI THIIOBOI LETISHOI
CTIHM 3 JOJATKOBHM (pacagHUM YTEIUICHHSM 3 IUIMT MiHOMOMicTHpody. CKIaj CTiHM Ta CTaTUCTUYHI
XapaKTepUCTUKX TOBUIMHU Oi i KoedilieHTa TEeIUIONPOBITHOCTI Ai KOXKHOTO IIapy HaBeleHi B Tadmuii 1.
MareMaTH4Hi CIIOJIIBaHHS TOBIIWHY LIAPiB MPUHHATI PIBHUMH X HOMiHAIBHIUM NPOCKTHUM 3HAYCHHSIM, &
CTaHIAPTH OIIHEHI 3a BETWYMHAMH JOIMYCKIB Ha pO3MipH, BCTAHOBICHHX TEXHIYHUMH YMOBAaMH Ha
BiZmoBiHI BUpoOH. [Ipu boMy Opi€HTOBHO BBa)KAJIOCH, 1[0 HOPMATHBHI JTOITYCKH MAarOTh OHOCTOPOHHIO
3abe3neuenicte  0,95. MaremaTnyHe crHofiBaHHS ¥ craHmapT KoedilieHTa TEIIONpPOBIIHOCTI
MIHOTIOJIICTUPOJY TPHUHHATI 3a pe3yIbTaTaMH EKCIIEPUMEHTAIbHO-CTATUCTUYHUX BHUIpoOyBanb [11].
MarematnyHi criofiBaHHs KOe(Dilli€eHTIB TETUIONPOBIMHOCTI iHIIWX IMIAPiB MPUHHSTI 32 HOMiHATBHUMU
3HaueHHsMH, HaBeneHumu B JIBH [3], a ix crammapt 3 AeskuM 3amacoM BU3HAYCHI 3 ypaxXyBaHHIM
koedimieHTiB Bapiamii V =~ 0,2, ockibku KoeQilieHT Bapiamii TEMIONPOBIIHOCTI IMONICTHPOIY 3a
pesynbTatamu ButipoOyBanb [11] orpumano piBauMm 0,15.

Tabnuns 1. CTaTUCTUYHI XapaKTEPUCTHKH LIAPiB CTIHU

Koedgimient
. . ToBuuHa mwapy, m . .
KoHCTpyKTHBHI eleMeHTH (IIapy) CTIHU TETUIONPOBITHOCTI
M Ss M, S,

3oBHIlIHSA QacagHa MTYKaTypKa TOBIIUHOK 10 MM 0,01 0,0010 0,47 0,09
YTemnoBad 3 HiHOMOMICTUPOJILHOT ITUTH MapKH 25 0,08 0,0018 0,0315 0,0045
TOBIIMHOK 80 MM
IeryisiHa K1aaKa 3 MOBHOTIIOI KepaMiuHOI LIErId Ha 0,51 0,0030 0,56 0,11
[IEMEHTHO-ITIII[AHOMY PO3YMHI TOBHIMHOIO 510 MM
BayTpimHs mWTyKaTypKa 3 BaTHSIHOTO PO3YUHY 0,02 0,0012 0,58 0,12
TOBIIMHOIO 20 MM

Pospaxynku 3a hopmynamu (3), (4) Ta gaauMu Ta0auIl 1 Mmokasajiu, o0 MaTeMaTHYHE CIIO/[IBaHHS
OIopy TeIIonepeaadi po3risHyTol cTiHu gopiBHIOE Mro=3,665 M?-K/BT, cranmapt Sro=0,409 m?-K/Br, a
IMOBIpHICTh TEIIOBOi BiAMOBHM MpH MiHIMaJIbHO IONYCTHMOMY 3HAa4Y€HHI OINOpPY TeIUIonepenadi npu
TEPMOMOJIEPHI3aLii kU TII0BKX OyaiBeab Rmin=2,64 m?-K/Bt nopisrroe Q1=0,00609.

Bnuiue craTHCTHYHOI MIiHJIMBOCTI PO3PaXyHKOBHMX NapaMeTpiB Ha XapaKTEPUCTHKH OIOpPY
TeIUIonepeadi Ta BEJIMYMHY IMOBIPHOCTI BiJJMOBH BCTaHOBJICHO NUISXOM BUKOHAHHS AHAIOTIYHUX
PO3pPaxyHKIB MPH HYJbOBHX 3HAYCHHSX CTAHAAPTIB TOBIIMHU ¥ TEIUIOMPOBIAHOCTI KOXHOTO 3 YOTHPHOX
mapiB CTiHU (OKpeMO JUIsi KOXXHOTO 3 IUX IMapaMeTpiB). Pe3ynbraTy BOCBMH BapiaHTIB PO3paxyHKY,



HaBelIeHI B TaONMWINl 2, JO3BOJSAIOTH MPOAHANI3yBaTH BIUTHMB MIiHJIMBOCTI KOXKHOTO 3 PO3PaXyHKOBHX
rapaMeTpiB Ha CTaHIAPT OMOPY TEIUTONepeIadi CTIHN Ta IMOBIPHICTh TEIIOBOI BiIMOBH.

Tabmuus 2. CTaTUCTUYHI XapaKTEPUCTHKH IIAPiB CTIHU

3MiHM TapaMeTpiB 3aJICKHO BiJl MIHIIMBOCTI
KoucTpykTHBHI enemeHTH Tepmivamii koedirieaTa
(urapm) cTinn omip, Mg TOBILIHIH THapy TEIIONPOBIJHOCTI

Sro Q1 Sro Q1
30BHIIHS QacajHa MTyKaTypKa 0,021 0,409 0,00608 0,409 0,00608
YTemiroBay 3 MHOMOIICTHPOITY 2,540 0,405 0,00567 0,188 2,6E-08
IlernsiHa Kinaaka 0,911 0,409 0,00608 0,367 0,00265
BHyTpimHs mrykaTypka 0,034 0,409 0,00608 0,409 0,00608

3 Tabnuimi BUAHO, IO MIHJIWBICTH TOBIIWHH INapiB MO BIUIMBAE€ Ha Pe3yJIbTaTH PO3PAXYHKY.
HaBite irHOpyBaHHS MIHIMBOCTI TOBIIMHM €(EKTHBHOTO YTEIUTIOBada IMPU3BOAWTH JO IOPIBHIHO
HE3HAYHOTO 3MEHINEHHs iMOBipHOCTI BimMoBH 3 0,00609 no 0,00567. Ile MOXHA MOSICHUTH HEBEIIMKUMU
KoedilieHTaMH Bapiamii TOBIIWHY mapiB, ki He nepeBuinytoTh 0,1. HabaraTo Oinmpminii BITUB BUSBIISIE
MIHJIMBICTh KOE(]iIlieHTa TEeIUIONMPOBIAHOCTI, SKWH Mae Koedimientn Bapiamii 0,15-0,20. ko
ITHOpYBaHHS BHIAIKOBOIO XapakTepy TEIUIOTEXHIYHUX BIACTUBOCTEH 03100IOBaIbHUX —MIApPiB
MPaKTUYHO HE BIUIMBAE HA Pe3yJbTaTH PO3PaXyHKiB, TO MIHJIHMBICTH KOEQIIi€HTIB TEIIONPOBIIHOCTI
e(eKTUBHOTO YTEIUIIOBaya M METNIAHOI KIAIKK KapIWHAIBGHO 3MIHIOE IMOBIPHICTH TEIIOBOI BiJIMOBHU
cTind. be3 ypaxyBaHHS BHIAIKOBOIO XapakTepy KoeQillieHTa TEeIUIONPOBITHOCTI LETJISIHOT KIIAAKH
IMOBIpHICTB TEIUIOBOI BiIMOBH CTiHM 3MeHITyeThes Big 0,00609 no 0,00265, a irHOpyBaHHSI CTATUCTUIHOT
MIHIMBOCTI KOe]ili€HTa TeIUIONPOBIAHOCTI yTEIUIIOBaYa 3HUKYE IMOBIpHiCTH BimmoBu mo 2,6x10708,
3arajaoM BIUIMB CTATHCTUYHOI MIHJIIMBOCTI XapaKTEPUCTUK OKPEMHX IaPiB CTIHW 3pOCTAE MPH 30UTBIICHHI
ix TepmiuHoro omopy. ToMy B NpakTHUYHUX pO3paXyHKax BHUIAIKOBHH XapakTep TOBIIMHU U
TEIUIOTEXHIYHUX BJIACTUBOCTEH TOHKHX O3/J00IIOBAaJbHUX IIAPIB Ta HECYUYWX KOHCTPYKIIIH 3 BHCOKOIO
TEIUIOMPOBITHICTIO MOKHA HE BPaXOBYBaTH.

ImMoBipHicTL TemIoBOi BiIMOBH 3a KpHUTEpi€EM NepeBHIIEHHA MAKCHMAJIbLHO J0MYyCTHMOIO
TEIJIOBOT0 MOTOKY JIOPIBHIOE IMOBIPHOCTI TOTO, O (p)aKTHYHA iHTEHCHBHICTH TEMJIOBOTO TIOTOKY Yepe3
oropomkeHHs G nepeBUIINTh IEBHE rPaHNYHE 3HAYEHHS Gmax:

G=(1,-1,)/R,>G abo R,G,,—T1,+7,<0. (5)

max ?
ImoBipHicTh 6€3BiAMOBHOT pOOOTH JIOPIBHIOE IMOBIPHOCTI BUKOHAHHSI IPAaHUYHOT HEPIBHOCTI
R,G x — T, +7,>0. (6)

I'pannyna HepiBHICTH (6) MICTHTH CyMy BOX BHIAJKOBHUX BEJWYHH: OMOpPY Teruionepenadi Ro ta
TEMIepaTypd 30BHIIIHBOTO TMOBITPS T;. CTaTHCTUYHI XapaKTEPHCTHKH OMOpY TeIulonepenadi
00YHCITIOITRCS 3a (hopMyaaMu (3), XapaKTEPUCTUKH TEMIIEPATypPH 30BHINIHBOTO MOBITPS BU3HAYAIOTHCS
3a METEOPOJIOTIYHUMH JaHUMH, SKi y3araibHeHo B [9]. 3rigHO 3 NPUIHATHME HepelyMOBaMHM, YCi iHIII
ckianoBi (5) BBaKalThCSA JETCPMIHOBAHUMH. MaTemaTW4HE CIIOMIBaHHS W CTaHIAApT JIiBOI YaCTHHH
rpaHn4HOi HepiBHOCTI (6), SIKy MOKHA BBa)KaTH PE3CPBOM TEIUIOBOT HAMIMHOCTI, BU3HAYAIOTHCSA 32
TEOpeMaMu PO YHCIIOBI XapaKTEPUCTHKH JIIHIHHOI (YHKIIIT BUIAAKOBUX Beln4uH [1]:

MP = MROGmax - TB + Mrz ; SP = \/(SROGmaX )2 +S$3 ! (7)

ne My Ta S — MaTeMaTHUdHe CIOJIIBaHHS Ta CTAHJAPT TEMIIePaTypH 30BHIIIHLOTO TIOBITPSL.

[Tpn BiZOMHX CTATHCTHYHHUX XapaKTepUCTUKax (7) IMOBIPHICTH TEILIOBOI Bi]MOBH 3a KpUTEpieEM
MEPEBUIIIEHHS] MaKCHMAJIBHO JIOMYCTUMOI 1HTEHCHBHOCTI TEIUIOBOTO IIOTOKY Yepe3 OropoJLKyBallbHI
KOHCTPYKIIIIO JIOPIBHIOE IMOBIPHOCTI HEBUKOHAHHS T'PaHMYHOI HEPIBHOCTI (6) 1 BH3HAYa€ThCS dYepe3
(YHKLII0 HOPMaIBHOTO PO3NOILTY



Q,=prob{G>G,,}=F(0), (8)

ne Fp(...) — dyHKUiS HOpMAIBHOTO pPO3MONTY pe3epBYy TeIUoBOi HajiiHOCTI (6) 3 MareMaTHYHUM
cromiBaHHsAM i ctanmapToM (7);

Ginax — TPAaHUYHO JOMyCTUME 3HAYEHHS iIHTEHCHBHOCTI TEIUIOBOT'O IIOTOKY Yepe3 OrOPOIKESHHS.

I'pannyno AonmycTuMe 3HAYEeHHS iHTEHCHBHOCTI TeNJI0BOro MOTOKY Gmax MOXe BHU3HAUaTHCA
nBoma criocobamu. [lepmmit crioci6 6a3yeThest HA 3HAUEHHSIX HOPMATHBHUX MAaKCHMAaJIbHUX TEIUIOBUTPAT
OyIMHKIB HPOTSIOM ONATIOBAIBHOIO CE30HY, BCcTaHOBIeHHX HopMmamu [3,4]. s BuzHadeHHS Gax
HEOOXiZJHO TpOaHaNli3yBaTh yCi OropoOKYBaJibHI KOHCTPYKLIi OYyAMHKY Ta BHIUIMTH Ty 4YacTKy
TEIJIOBOTO TOTOKY, KA MPOXOAWTH KpPi3b 00paHy KOHCTpyKiro. Lleit crmocid € peanbHUM, aie ITOCHTh
TPYIOMICTKHAM, OCKUIBKH BEMarae KOMIUIEKCHOTO PO3paxyHKY TEIUIOBUTPAT YChOTO OYANHKY.

Hpyruii crmoci® BH3HAYEHHs TPAHUYHO JMAOMYCTHMOi 1HTEHCHBHOCTI TEIUIOBOTO MOTOKY Gmax
3aCHOBaHUI Ha aHaNi3l Temyonepeaayi B po3paxyHKOBHX YMOBaxX eKcrulyaTamii. [ paHMYHO JOMyCTUMOIO
BBKAETHCS IHTCHCHUBHICTH TEIUIOBOTO IIOTOKY dYepe3 Oropo/DKyBaJIbHY KOHCTPYKIIIO 3 OIOPOM
Terionepeaayi, 10 BiANOBiZae BUMOram HopM [4], mpH po3paxyHKOBOMY 3HAYCHHI TeMIepaTypH
30BHIIIHBOTO aTMOC(EPHOTO MOBITPS Tef, BCTAHOBICHOMY CTaHaapToM [7]:

Gmax = (TB - ch )/Rmin ' (9)

MiHiManbHO AOITyCTUME 3HA4YEHHSI OIOpYy TeIuIonepenadi Oropo/KyBalbHOI KOHCTPYKITT Rmin
Bu3Ha4aeThes 3a BuMoramu JIBH [3] 3 ypaxyBanHsM 3miH [4] 3a5e:KHO BiJ mpu3HaueHHsS OyaiBii, BHIY
OTOPOKYBaJbHOT KOHCTPYKILIi Ta OJHOTO 3 JBOX TEMIIEPAaTypHHX paiioHiB YKpainu. Tak HampuKian,
IPH TEPMOMOJIEPHI3allii CTiH KMTIOBUX i FPOMaChKUX OyIMHKIB BCTAHOBJIEHO Rmin=2,64 M?K/Bt s I
TEeMIEpPaTypHOi 30HH Ta Rmin=2,24 Mm% K/Bt s Il TemnepaTypHOi 30HH.

JepxaBHuit craHmapT YkpaiHu [7] MICTHUTh 4YOTHpPH PO3pPaxXyHKOBUX 3HAYCHHS TEMIIEPaTypu
MOBITPS B 3UMOBHH Tiepio] poKy. PosrisHeMo aBa TpaHWYHI BUMAIKH: TEMIIEPaTypy HaWXOJIOTHIIION
nobu i3 3abesneueHicTio 0,98, Ky BUKOPHUCTOBYIOTH NPU PO3pPaXyHKaX JIETKUX OTOPOKYBaTbHUX
KOHCTPYKIII, Ta TeMIeparypy HaWXOJOMHINIOI ITATHACHKH 13 3abesnedenictio 0,92, sky
BUKOPHUCTOBYIOTh NPH PO3paxyHKaX MAacCHBHHUX OTOPODKYBAJBHHX KOHCTPYKLIH 3 BEIHKOIO TEIJIOBOIO
iHepmiero. J{yis KOKHOTO 3 57 HaceJeHUX MYHKTiB, BKa3aHuX B [7], BUOpaHi Ba pO3paxyHKOBI 3HAUCHHS
TEeMITepaTypH, a TAKOX BCTAHOBIICHI TEMIIEpaTypHi 30HU Ta BiAMOBiIHI 3HaueHHS Rmin 3rimHo 3 [3, 4]. 3a
dbopmyioro (9) npu Temrieparypi BHYTPIIIHBOro moBiTpss +20°C 00YHMCIICHI JOMYCTUMI IHTEHCHBHOCTI
TEIUIOBOT'O MOTOKY JUIS KIIIMaTHYHUX YMOB KOXHOTO 3 NMPOAHANi30BaHUX HACEIEHUX MyHKTiB. OTpuMaHi
3HQUCHHS IHTEHCHUBHOCTI TEIJIOBOTO MOTOKY Gmax Ul PI3HMX METEOCTAHIIM MalOTh HE3HAYHUI PO3KHUJ,
0 JIO3BOJISIE y3araJIbHUTH 1X 10 TepuTopii YKpainu. Pe3ynbratu cTaTucTU4HOT 00pOOKH 3Ha4YeHb Gmax
JUTs 57 HaceNeHUX MYHKTiB Y KpaiHU HaBeeHI B Ta0muIi 3.

Tabnuns 3. CTaTUCTUYHI XapaKTEPUCTHKH JONYCTHMUX 3HAYE€Hb IHTEHCUBHOCTI TEIUIOBOTO MIOTOKY
4epe3 CTIHU KUTIIOBUX 1 TPOMAJICBKUX OYy/1iBeNb

Bu i yMOBYM BUKOPUCTAHHS CTaTUCTHYHI XapaKTEPUCTUKH TEIIOBOTO IMOTOKY
CTIHOBHMX KOHCTPYKIIIH Mo Se Ve Gmax
Hoge Oy 1iBHUIITBO, JIETKI KOHCTPYKITT 14,9 1,21 0,081 16,9
Hoge Oy1iBHUIITBO, MACHBHI KOHCTPYKIIIT 12,7 1,11 0,087 14,5
TepMOpEeKOHCTPYKITis, JIETKI KOHCTPYKITii 18,6 1,51 0,081 21,1
TepMOpEeKOHCTPYKIIisl, MACHBHI KOHCTPYKIIT 15,9 1,39 0,087 18,2

Hesenuki 3naueHHs koediuieHTiB Bapiawii, HaBeAeH! B Tabmauui 3 3a pe3ysibTaTaMl CTaTHUCTHYHOT
00pOOKH, MiATBEP/HKYIOTh HE3HAYHUN TEPUTOPIaIbHUN PO3KH]] JAHUX 1 MOXKIIUBICTD 1X y3arajibHEHHs. B
SIKOCTI TPAHMYHO JIOIYCTHUMOI IHTEHCUBHOCTI TEILJIOBOTO IMOTOKY JIOLJIBHO BCTAHOBUTH cepeaHi Mg, abo
HaWOUbII 10 TepuTopii 3HaUeHHS Gmax, SKI HOpMamu [3, 4] BBaxaroThcsi NMpUAHATHUMH. HaiOimbimi
3HAUYCHHS, BCTAHOBJICHI 13 3a0e3neuenicTio 0,95, HaBeJeHI B OCTAHHIN KOJIOHI[ TaOIuIi 3.

IIpuxnan po3paxyHKy TEIUIOBOI HAMIHHOCTI PO3MNISIHYTOI BHINE CTIHM B KJIIMAaTUYHHX yMOBaXx
M. KipoBorpan i m. [lontaBa HaBeneHo B Tabnuui 4. CTaTUCTHYHI XapaKTEPUCTUKU OTIOPY TeIUionepeaayi
obuncneHi Bume 3a ¢opmynamu (3) ta maHumu Tabimui 1. MaTemaThuHe cHOJiBaHHSA M cTaHIApT
TeMmreparypu atMoc(hepHOro MOBITPS B CiYHI, K HAWXOJOJHINIOMY MICSIli POKY, BU3HAYEHI 3a JaHUMHU



[9]. 3 ypaxyBaHHSIM IMX JaHHX OOYMCIIEHI CTATHCTHYHI XapaKTEPHCTHKH Pe3epBY TEILIOBOI HAIiMHOCTI
3a popmynamu (7) Ta iIMOBIpHOCTI TerutoBOi BiaMoBH 3a (8). BpaxoByroun, 0 MOKa3HUK MAaCHBHOCTI
crinu 3a [3] aopiBaioe D=7,68, mpu BH3HAYCHHI MAaKCHMAJILHO JOMYCTHMOI IHTEHCHBHOCTI TEILTOBOTO
MOTOKY 32 Gopmyioro (9) B AKOCTI pO3paxyHKOBUX 3HaU€Hb TEMIIEPATypH 30BHIIIHBOTO aTMOC(EPHOTo
MOBITPSI Tef JUISI KOXKHOTO 3 HACEJICHUX TMYHKTIB BpPaXOBYBAIHCS TEMIEpaTypyd HAWXOJOMHIIIO!
T’ ATHACHKH TIpH 3a0e3mederocti 0,92.

Tabmuns 4. BusHaueHHS IMOBIPHOCTI TETUIOBOI BiIMOBH CTiHU JKUTJIOBOI OyIiBIIi
3a KpUTEPieEM MEPEBHUIIEHHS MAKCUMAIBHO JOIYCTHMOTO TEIUIOBOTO TIOTOKY

Omip 30BHIMIHA Pe3eps ImoBipHicTB
Grmax Ta Terionepeaayi TeMIepaTtypa HaJIHOCTI BiIMOBH
M S M S M S Q2
KipoBorpan 159 | 20 3,665 | 0,409 | -5,60 6,43 32,67 | 9,140 0,000176
ITonTaBa 159 | 20 3,665 | 0,409 | -6,44 6,65 31,83 | 9,298 0,000310
KipoBorpag 182 | 20 3,665 | 0,409 | -5,60 6,43 41,10 | 9,830 0,000015
ITonTaBa 182 | 20 3,665 | 0,409 | -6,44 6,65 40,26 | 9,978 0,000027

VY mepmux ABOX CTpoYKax TaOmwii 4 HaBeneHI pe3yNbTaTH PO3PaxXyHKIB MPH CEPETHBOMY IIO
Teputopii YKpaiHu 3HaYCHHI JOMYCTHMOI iHTEHCHBHOCTI TEIJIOBOTO MOTOKY, a B JIBOX OCTaHHIX — IPH
HaHOITBIIIOMY TTO TepUTOpii 3HaUeHHi i3 3a0esmedenictio 0,95. B 000x BUMamkax iMOBIpHICTH TEIIIOBOT
BiIMOBH PO3TJISHYTOI CTiHH B yMoBax [lonraBm mpubnm3HO yaBivi Oinbina, HiXXK B ymoBax KipoBorpana,
SAKI XapaKTepH3ylOThCcsl OimbIl M SKUM KiimaroM. [lpm ypaxyBaHHI MaKCHMAaJBHOTO 3HAUYCHHS
JIOIyCTMMOi iIHTEHCHBHOCTI TEIIOBOTO MOTOKY Gmax=18,2 BT/M? iMOBIpHOCTI BiAMOBM OTpUMaHi Ha
HOPANIOK MEHIIMMH, HiXK HPH YpaxyBaHHI CEPEIHBOrO MO TepuTopii YKpainu 3HaueHHS Gmax=15,9 B1/m2.
Otpumani iMOBIPHOCTI BiMOBH 3arajioM BiIOBIZalOTh PEKOMEHIAIAM HOpM [2] MI0[0 MOMUIBHHX
3Ha4YeHb IMOBIPHOCTI BiJIMOBH €JIEMEHTIB OY/iBEIbHUX KOHCTPYKIIiii.

SIKIIO CTATHCTUYHI XapaKTePUCTUKH TEMIEPaTyPH 30BHIMTHBOTO MOBITPSI My Ta Sp mpuitHATI s
HaWXOJIOAHIIIOTO MICSIS pOKY (CiuHs), TO BU3Ha4YeHY 3a (8) iMOBipHICT BimMoBH Q2 MOKHA TPaKTyBaTH
SIK IMOBIPHICTh OJTHOPA30BOT0 MPOTSATOM POKY HEBUKOHAHHS TpaHU4YHOT HepiBHOCTI (6). Tozi iMOBIpHICT
0e3BiIMOBHOI POOOTH TPOTATOM BCTAHOBIIGHOTO TEPMiHY EKCILTyaTallii Tef BU3HAYAETHCA 32 BiIOMUM
E€KCIIOHEHIIAJIbHUM 3aKOHOM HAaIHHOCTL

PZ (Tef ) = exp(_QZTef ) . (10)

Pospaxynku 3a ¢opmysoro (10) ta manumu meteoctanmiin Kiposorpan i [lontaBa mpu pisHHX
3HAYEHHSIX BCTAHOBJICHOTO TEPMiHY eKCIUTyaTamii JatoTh GYHKII HaJIHOCTi, HaBeAeHi B TaOIuII 5.

Tabmuis 5. @yHKIIIT TerI0Bo1 HaMIHHOCTI CTiHY B KiliMaTHUHUX yMoBax Kipororpana i [Tonrasu

ImoBipHicTh IMOBIpHICTB 0€3BiIMOBHOT pOOOTH ITpH TepMiHAX eKcIuryararii T=

BimMoBH Q> 5 10 20 50 100 200
KipoBorpajg 0,000176 0,99912 | 0,99825 | 0,99649 | 0,99126 | 0,98259 | 0,96548
[Tonrtasa 0,000310 0,99845 | 0,99691 | 0,99382 | 0,98463 | 0,96949 | 0,93992
KipoBorpajg 0,000015 0,99993 | 0,99985 | 0,99971 | 0,99927 | 0,99855 | 0,99710
[lonTaBa 0,000027 0,99986 | 0,99973 | 0,99945 | 0,99863 | 0,99727 | 0,99454

3 Tabawuili BUIHO, IO MPH TepMiHi ekcrutyaTariii Ter=100 pokiB, BcTaHOBICHOMY HOpMamu [2] st
XKHUTJIOBUX OYJWHKIB, IMOBIPHICTh O€3BIJIMOBHOI pPOOOTH CTiHH, SK OTOPOKYBalIbHOI KOHCTPYKIIii,
3aJIeKHO BiJl paliOHy eKCIUTyaTalii Ta MPUHHATOrO T'PAaHUYHO AOIMYCTHMOTO 3HA4Y€HHS iHTEHCHBHOCTI
TEIUIOBOTO TIOTOKY 3MIiHIOEThCSE B Mexkax Binm 0,940 mo 0,997. Orpumani 3HaYeHHS HE BiJIOBINAIOTH
pexoMenparisMm [2], ame BpaxoByOYM BiACYTHICTH KaTaCTPO(MIYHHMX HACHTIAKIB TEIUIOBOI BiAMOBH (Ha
BIZIMIHY BiJl HECY4YHX KOHCTPYKIIii, Ha SIKI B OCHOBHOMY Opi€HTOBaHI HOPMH [2]), € IITKOM IPUHHATHUMHA
JUIs 3a0e3MeYeHHsT HOPMaJbHOI eKCIuTyaramii OymiBesb. ICTOTHI BiAMIHHOCTI TOKa3HUKIB HaIiHHOCTI,
OTPHMaHMX TPU PI3HUX MiAX0JAaX JO BCTAHOBIICHHS 3HAYEHHS JIOMMYCTUMOI IHTEHCHBHOCTI TEILIOBOTO
MOTOKY (Cepe/lHE YW MaKCHMajbHE 0 TEPUTOpii) JeHi0 OOMEXYIOTh BUKOPUCTAHHS 3alpOIIOHOBAHOT
METOJIMKH OLiHIOBAHHSA HailHOCTI. [i JOIIILHO BUKOPUCTOBYBATH JIsi MOPIBHSJIBHOIO aHAli3y PiBHIiB



HaJIHHOCTI KOHCTPYKIIIM Pi3HOTO TUIY B PI3HUX KIIMATHYHUX YMOBax eKcruryartarii. Take 3acToCyBaHHS
€ TEePCNEKTHBHUM IIMOJO TOPIBHAJILHOTO aHANi3y Ta ONTHUMI3amii TEIIOTEXHIYHUX XapaKTEPHUCTUK
OTOPOKYBaJbHUX KOHCTPYKIIH NIITXOM BUPIBHIOBaHHS iX piBHS HAAIMHOCTI.

1.

10.

11.

BucHoBKkH 3a pe3yabTaTaMH A0CTi/IZKEHDb:

Ha crangapt omopy Teruionepenadi CTiH BHPIIIATBFHUA BIUIMB BUSBISIE MIHJIWBICTH Koe(imieHTa
TEIUIONPOBITHOCTI e(EeKTUBHOTO YTEINTIoBada Ta KOHCTPYKIIHHO-TEIUIOI3OAMINHNX IIapiB 3
BEJIMKUM TepMiYHUM onopoM. KoedilieHTH TemnomnpoBiAHOCTI TOHKHX O3400JIIOBATBHUX IIApiB, a
TAKO’X TOBIIMHH BCIX IIAPIiB CTIH MOKHA BBAXKATU €TCPMIHOBAaHUMH BEIMUUHAMHU.

MeTomuKky BU3HA4YeHHS IMOBIPHOCTI TETUIOBOi BiIMOBH 3a KPHUTEPISIMH HEIOCTAaTHBHOTO OIOpPY
TeIulonepeaadi Ta TMEPeBUIICHHS MAaKCHUMalbHO JOMYCTHMOI BEJIMYMHUA TEIUIOBOTO TOTOKY
JO3BOJISIIOTE  BHKOHYBAaTH  TOPIBHSJIBHY  OIIHKY  PIiBHS  TemJIOBOI  HAAiMHOCTI  Pi3HHUX
OTOpPOJDKYBAIBHUX KOHCTPYKIIHN B 331aHUX KJIIMAaTHYHAX YMOBAaX eKCILTyaTallii.

BukoHaHi mpuKIaaM po3paxyHKY BKa3ylOThb Ha [OCTaTHIM piBEHb TEIUIOBOI HAIIMHOCTI CTiH
XKUTIOBUX OyAiBelb 3 JOAATKOBUM (hacaJHUM yTEIUICHHSM, BAKOHAHUM 32 BUMOTaMH YHHHHUX HOPM.
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