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JIMCT COI'JTIACOBAHUA
METOAUYECKUI YKA3aHUIl K KOHTPOJbHO-KYPCOBOM padoTe
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OCo0EHHOCTH TETIIOTEXHUYECKOTO paciyeTa Hapy KHBIX OTPAKACHAN 30aHUN U
COOPYKEHHM, TIOCTIEIOBATENBHOCTh BBITOIHEHUSA, TIOAPOOHO H3IOKEHBI B JAHHBIX
METOAUYECKUX YKA3aHUAX.

1. Heab 1 3aaa4M BbINOJIHEHHSI TEIIOTEXHUYECKOT0 pacyera
OrPARAAIUX KOHCTPYKLMIAL.

[empro paboOTHI ABIAETCA pa3padOTKa KOHCTPYKIMHM OTPAXKIACHHM, 00eCTICun-
BAIOIIUX KOM(OPTHBIC MapaMeTPhbl CPE/IbI MOMEIICHHM, U TPEOyEeMbIe SKCILTYy aTally-
OHHBIE Ka4€CTBA 3aHHU.

JIns QOCTHIKEHUsI TIOCTABJICHHOW LIEH CTYJIEHTY HEOOXOOUMO PELIMTH CJie-
TYFOTIIHAE 331a9H:

— 03HAKOMHTHCSA C BO3ACHCTBUSIMH MPUPOTHO-KITUMATHYCCKHUX U MHKPO-
KITUMATHYCCKUX (DaKTOPOB HA HAPY KHBIC OTPAKIACHHS

— 03HAKOMHUTHCA C KOHCTPYKIIMSMH HAPY’KHBIX OTPaKICHUN B 3aBUCH-
MOCTH OT (PYHKIMH 31aHHS U MECTa CTPOUTEIIbCTBA,

— W3YYHUTh TCOPETUYCCKHUE OCHOBBI TEITJIOBOM 3aII[UThI 3/IaHU;

— OCBOWTH METOJIMKY pacyeTa TCIIOBOM 3aUThl 3/IaHUS;

— yIJIyOWUTh 3HAHWUA B O0OJIACTA KOHCTPYMPOBAHWSA 3/IaHUSA W CO3JAHUS
KOM()OPTHBIX TTAPAMETPOB MUKPOKJIMMATA TTOMEIICHHS C HAUMEHBIUMH SHEPICTH-
YECKHUMHU 3aTPaTaMHu.

2 O0urHe moJI0KeHus.

OobecrieueHre MUKPOKIIMMATA, YCTAHOBJIEHHOTO JUIS TTPOKUBAHUS U JIEATEITh-
HOCTH JIFOJIEH B 3JaHWUH; HEOOXOIMMOW HAJIEKHOCTH M JOJITOBEYHOCTH KOHCTPYK-
WA, KIIMMATHYECKUX YCIOBUM PaOOTHI TEXHUYECKOTO OOOPYIOBAHWSA MPU MUHU-
MaJIbHOM Pacxo/ie TeTUIOBOM SHEPTMU Ha OTOIUICHUE U BEHTWIALIMIO 3/IaHUM 3a OTO-
MUTEJIbHBIN TIEPUOA OCYILECTBIISIOT MMPOSKTUPOBAHMEM OTPANKAAIOIMINX KOHCTPYK-
WA B COOTBETCTBUH C TPEOOBAHUAMH K TETIOBOM 3aIUTE 3MaHUM.

Hopmawmu [1, myHkT 5.1] ycTaHOBIIEHBI TOKA3aTENX TEIJIOBOM 3aLMTHI 31AHUS:

a) TPUBEACHHOE COITPOTUBJICHUE TEIUIONEPEIave OTIACIbHBIX 3JIEMEHTOB OT-
PAKIAOIUX KOHCTPYKIMHU 3/IaHUA;

0) CAaHUTAPHO-TUTUEHUYESCKHM, BKITFOUYAFONITUN TEMITEPaTyPHBIN TMepernaa Mex-
Jly TeMIiepaTypaMu BHYTPEHHETO BO3yXa M HAa MOBEPXHOCTH OTPAXKIAIOIIMX KOH-
CTPYKLIMM Y TeMIIEpaTypy Ha BHYTPEHHEH MOBEPXHOCTH BBIIIE TEMIIEPATYPbl TOUKHU
POCHI;

B) YJICNBHBINA PACXO/1 TETUIOBOM SHEPTHH HA OTOTUICHUE 3/IaHMsI, TIO3BOJITFOIIIAH
BApbUPOBATh BEJIUYMHAMHU TEIUIO3AMIMTHBIX CBOWMCTB PA3IUYHBIX BHUIOB OTPaK-
JTAFONINX KOHCTPYKIMH 3JIaHUM C YYETOM O0OBEMHO-TUIAHUPOBOYHBIX PEIICHUM 3/1a-
HUS ¥ BHIOOpA CHUCTEM TO/ICPKAHUA MUKPOKIUMATA Ui JOCTHKEHUS HOPMHUpPYE-
MOTO 3HAYEHUsSI 3TOrO TIOKA3aTes.

TpeboBaHUs TEIIIOBOM 3aMIMTHI 3AAHUSA OY/IyT BBITIOIHEHBI, €CITH B JKUJIBIX U
OOIECTBEHHBIX 3MaHUSAX OyayT COOJIIOICHBI TPEOOBAaHMS TOKAa3aTeleH «a» U «O»



00 «O» ¥ «6». B 3maHUAX MPOM3BOICTBEHHOTO HA3HAYECHUS HEOOXOIUMO COOITIO-
JaTh TPeOOBAHMS TIOKA3ATEIEH «a» U «O».

3. OnpeneieHne NCXOAHBIX TAHHBIX.

Knumamuueckue napamempot (paiiona cmpoumenbcmea).

Jls onpeneneHust TpeOyeMbIX KIMMATHYECKHUX TTapaMETPOB COCTABIAIOT KITH-
MaTUYECKUIM MacopT paloHa CTPOMTENBCTBA, COCTAB KOTOPOTO MPHUBEJIEH B IPH-
noxkeHnd b. 1Ipy 3TOM HMCMOnB3yrOT HOPMAaTUBHYIO Jteparypy. Ilpyu orcyrcTeun
JIAHHBIX JJI1 KOHKPETHOTO MyHKTA KIMMaTH4YeCKHE MapaMeTphl CleIyeT MPUHUMATD
JUTS ONMVDKAWIIeT0 HACETIEHHOTO My HKTA.

OCHOBHBIMY PAaCUETHBIMM MapaMeTPaMHU CUMTAIOT PACUETHYIO TEMIIEpaTypy
HapY>KHOT'O BO3AyXa /.y, °C; MPOJOIKUTENBHOCTh OTOMMTENBHOIO NEPUOAA Zj, CYT,
W CPEIHIOI TEMIIEPATypy Hapy>KHOro Bo3ayxa fj, °C, B TEUEHHE OTOMMTEIBHOIO
nep1o/a.

PacueTHyro TemmepaTypy Hapy:KHOTO BO3JyXa f., MPUHAMAIOT MO CpeaHEen
TeMIepaTrype HaudoIee X0I0HOW TIATHAHEBKU ¢ obecriedeHHOCThIo (0,92 i Beex
3/JaHUM, KpOME MPOM3BOJCTBEHHBIX, MPEAHA3HAYEHHBIX JUIsl CE30HHOW IKCILUTyaTa-
LMU. B TpOU3BOACTBEHHBIX 3AaHUAX, NTPEIHAZHAYEHHBIX 1151 CE30HHOW IKCIUTyara-
LMY, B KQUECTBE PACYETHOM TEMIIEPATyPbl HAPYKHOT'O BO3AyXa B XOJOAHBIA NEPUOI
rona t,,, °C, NpHHUMAIOT MUHUMATBHYIO TEMIIEPATyPy HAUOOJIee XOIOTHOTO MECs -
LA, ONpEACIIAEMYIO KaK CPEAHIOI0 MECAYHYIO TEMIIEPATYPy AHBAps, YMEHbBIIEHHYIO
HA CPEOHIOI0 CYTOYHYIO aMIUIMTYAy TEMIIEpaTypbhl BO3AyXa HAWOOJEe XOJOIHOTO
MecAlLa.

[TpoOMKUTENBHOCTD z;, ¥ CPEIHIOID TEMIIEpATypy HApY>KHOTO BO3JyXa 1
OTOIMHUTEJIFHOTO TIEPUOJA TPUHUMAIOT [T TIEPUOJA CO CPEIHEN CYTOYHOW TEMIEpa-
TYpoM HapyKHOro Bo3ayxa He Oomee 8°C; mpu TPOSKTHUPOBAHWH JICUeOHO-
MPOPHUIAKTUIECKUX, TETCKAX YUPEKACHAN U JOMOB HHTEPHATOB TS TIPECTAPEIIBIX
JIAHHBIE TIPUHUMAIOT JIJTA TIEPUO/IA CO CPEAHEN CYTOUYHOM TEMIIEPATYPOM HAPYKHOTO
BO31yxa He 6osee 10°C.

30HY BJIa)KHOCTU paiiOHa CTPOMUTENHCTBA ONPEACIIAIOT MO0 KApTe 30H BIAXKHO-
ctu. IIpu 3TOM B Ciyyae momagaHus MyHKTa HA TPAHMLLy 30H BJIAKHOCTH ClEayeT
BBIOMPATH 00JIEE BIIAKHYIO 30HY.

Mukpoknumamuueckue napamempot HOMeeHusl.

ITapameTpsl BO3MyxXa BHYTPM 3JaHWUM — TEMIIEPATYPY fiy U OTHOCUTENBHYIO
BJIQYKHOCTh BO3AyXa (0;,, — OTPEICISIOT U3 YCIOBUM KOM(POPTHOCTH MO HOPMaM
MPOEKTUPOBAHUA COOTBETCTBYIOIIMUX 30aHUN U COOPYKEHUM.

B 2 npuBenmeHbl onTumanibHas TeMIiepaTypa U AOMYyCTUMAas OTHOCUTEIbHAs
BJIYKHOCTH BO3/TyXa BHYTPH JKHITBIX M OOMIECTBEHHBIX 3JaHUM SIS XOJIOHOTO H Te-
IJIOrO TIEPUOJOB Trofa. PacueTHpie mapamMeTpbl BO3AyXa BHYTPU TPAXKIAHCKHUX 37a-
HWM JOJKHBI OBITH HE HIKE ONTUMAIIBHBIX 3HAUCHUI.

PacuetHyro TeMneparypy BO3ayXa f,, IS TEIUIBIX YE€PJAKOB U TEXHUYECKUX
MOATIONMM NPUHUMAKOT He MeHee 2°C; B HEOTAIUIMBAEMBIX JIECTHUYHBIX KIIETKAX
JKUIIBIX 3MaHuH — He Menee 5°C.



B 3aBHCHMOCTH OT OTHOCHUTENIBHOM BIAKHOCTHA U TEMIIEPATypPbl BHYTPEHHETO
BO3JyXa MO YCTAaHABJIMBAIOT BJIA)KHOCTHBIA PEKUM MOMEIIEHUN B XOJIOAHBIMN MEPH-
oa roja. PacyeTHyr0 OTHOCUTENbHYIO BJIAXKHOCTh BHYTPEHHETO BO3AYXaA @i, I
TIOMEMICHUIN JKUJIBIX 3JaHWH, OOJIbBHUYHBIX YYPEKIACHUHN, JTOMOB-UHTEPHATOB IS
MPECTAPENBIX U UHBAIUIOB, KO U AETCKUX JOMIKOJBHBIX YUPEKICHUN TPUHU-
MaroT paBHOM 55 %, mia nomemeHuit KyxoHb — 60 %, 111 BaHHBIX KOMHAT — 65 %,
JUISL TETUIBIX TOJABAJIOB U MOAIONNN ¢ KOMMYHUKAUUAMU — 75 %, Ui TETUIBIX Yep-
JTAKOB KUITBIX 3MaHUM — 55 %, i MoMemieHnid OOIECTBEHHBIX 3MaHUM (Kpome
ykazaHHbIX) — 50 %.

Pacuemmnbsie ucxoonsie OanHsle
['pamyco-cyTku orommrensHoro niepuoaa Dy, °C ¢cyT, onpeaensroT no Gopmy-
e

D;= (tint - tht) Zhts

T1€ t;,; — pacyeTHas CpeHsAs TeMIlepaTypa BHy TPEHHEr 0 Bo3ayxa 3aanus, °C;

t,; — CpenHsaa TeMIiepaTypa Hapy>KHOro Bo3ayxa, °C, Uil OTONUTENBHOTO Tie-
PpHOJa; z), — IPOAOKATEIBHOCTD, CYT, OTOTTMTENFHOTO TIEPHO/IA.

B 3aBucuMoOcCTH OT BAQ)KHOCTHOTO PEKMMa TOMEIIEHWH W 30HBI BIIAYKHOCTH
paiioHa CTPOUTENFCTBA OMPEACIIAIOT YCIOBUA SKCImTyarammu (A wnu b) orpax-
JAIOIIMX KOHCTPYKLMH, YUYATHIBAEMBIE TIPU BBIOOPE TEIUIOTEXHUYECKHUX TTOKA3aTe-
JIel MaTepUaIOB OTPAKICHUS M yCTAHABIMBAEMBIE TIO.

Onpenenenue TpedyemMoro (HOpMHUPYeMOro)
CONPOTHB/ICHUS TeIIoNepeaaje.

Tpebyemoe conporupieHue Termonepenade R, M°x°C/BT, ompenensior B
3aBUCHMOCTH OT IpaJlyCco-CyTOK OTONMUTENbHOTO nepuoaa D, [lma senmwuuH D, OT-
JTUYAOIIUXCA OT TAOJUYHBIX, 3HAYCHUA R,,, OTIPENETAIOT TI0 (hopMyIIe

Rreq =a Dd + b,

rne D, — Trpamyco-CyTKM OTONMUTENbHOTO Tieproaa, °C-cyT, UId YKa3aHHOTO
ropo/a CTPOUTENBCTBA; d, b — KO3 PUIMEHTHI, 3HAYEHHUS KOTOPHIX MPUHUMAFOT TIO
JTAHHBIM TAOJTHLIBI JUT COOTBETCTBYIOIIUX TPYII 3TAHUH.

JInd 3naHMid ¢ pacyeTHOM TeMIeparypoil BHyTpeHHero Boszayxa 12 °C u Huxke,
TIPOU3BOACTBEHHBIX 3/IAHUNM C M30BITKAMH SBHOW TETUIOTHI Oojiee 23 Br/M° u 31a-
HUM, TIPeAHA3HAYEHHBIX TSI CE30HHOW JKCIUTyaTaliyd (OCEHBIO WM BECHOM), HOP-
MHUPYEMOE COIPOTUBJICHUE TEIUIONEPEAAaYe OTPAKJAOMMX KOHCTPYKIMU R,
m>-°C/Br, onpenemnsiot o popmye (3):



— n- (t[n/ — tex/)

" At o

n int

rae 1 — K03()(PUIMEHT, YUYUTHIBAIOMNA 3aBUCUMOCTh TIOJIOKEHUS Hapy KHOH
MOBEPXHOCTH OTPAKAAIOIIMX KOHCTPYKLIMA MO OTHOIIEHUIO K HAPY;KHOMY BO3JyXY;
At, — HOpMUPYEMBIIN TEMIIEPATyPHBIH TIEpPenaa MEKAY TEMIIEPaTypPO BHY TPEHHETO
BO34yXa f;,; U TEMIIEPATYPOU BHYTPEHHEU MOBEPXHOCTHU T;;; OTPAKIAOINEN KOHCT-
pykumy, °C; o, — K03)PUIMEHT TETUIOOTAAYM BHYTPEHHEW MOBEPXHOCTH OTPAXK-
maromux KoHCTpykuwmi, Br/(M>-°C); f,, — pacueTHas CpemHss TEMIepaTypa BHYT-
peHHero Bo3ayxa 3ganus, °C; t.,, — pacueTHas TeMIleparypa Hapy;KHOIO BO3/lyXa B
XOJIOJIHBIN Tiepuoa roaa, °C.

JIns depiadyHbIX MEPEKPBITAN, TEIUIBIX YEPAAKOB M LIOKOJIBHBIX IEPEKPBITUM
HaJ TIO/TBAJIAMH C TEMIIEPATYPOU BO3AyXa /. B HUX OONBIIICH {,,;, HO MEHBIIIEH #;,, KO-
s urmeHT 7 onpenenstoT nmo Gopmyie

— (tinl — t()

(tinl - texl )

n

[Ipu onpeneneHnn HOPMUPYEMOIO CONPOTUBIICHHA TEILIONEPEaaue R,., BHyT-
PEHHUX OTPaKJAOMIMX KOHCTPYKLIMM, Pa3IeiAIOIMX MOMEHICHUA € Pa3HOCTBIO
pacueTHBIX TEMIIEparyp Bo3ayxa t;,; 6 °C u Beimie, B popmyne (3) npuHUMaOT 7
= 1 1 BMecCTO #,,; — PACUCTHYIO TEMIIEPATYPy BO3AyXa t;,, 0OJIee XOJIIOJHOTO TTIOME-
IIEHUSA.

Onpenesienne TOJMIHHBI TEIVIOU30/IUPYIOIIETO CJI0SI
HAPYKHOI'0 OI'PAKICHMSI.
ConpoTusieHHe TeIUIoNnepeaade OrpakIaronieli KOHCTPYKLUY CIIEAyeT MpHU-
HUMAaTh B COOTBETCTBHM C 3a/IaHMEM HA MPOEKTUPOBAHME, HO HE MEHee Tpedye-
MBIX 3HauYeHUW R!”. OnpenenseM HUX HUCXOAAd W3 CAHUTAPHO-TUTMEHWYECKUX H

KOM()OPTHBIX yCIIOBUH 1O (hopMyIe

o 170, —1,) ey
° At a, Bm
rae /1 - K03 PUIMEeHT, MPUHUMAEMBINA B 3aBUCUMOCTH OT TIOJIOKEHHUS
HApPYyXHOM MOBEPXHOCTH OTPAKJAIOINENA KOHCTPYKLMH MO OTHOLICHHUIO K
HApPYyKHOMY BO3JyXY;
t, - pacvueTHas TeMIiepaTypa BHyTPEHHEro Bo3ayxa, ‘C;
t, - pacdeTHas TeMrnepaTypa Hapy»KHOTO BO3AyXa B XOJIOAHBIN TEPH-
ox roaa, °C;
At" -HOPMATHBHBIM TEMIIEPATYPHBIA TIEPENaf MEXAY TEMIIEpaTy-
pO¥ BHYTPEHHETO BO3JyXa W TEMIEPATYypOM BHYTPEHHEW ITOBEPXHOCTH
OrpakaaroImen KoHCTPyKIHH, “C;



a,- KO3 (HULIMEHT TEII00TAaYM BHYTPEHHEW TOBEPXHOCTH OT-

PAKTAOMUX  KOHCTPYKIwi, Bm/(m” °C).
ConpoTHBIIEHHE TEILIONEPENAUe OrPaXkIAIOIIUX KOHCTPYKIIMH OTIPEAEAeM

o opmyne
1 1 2 0
¢ _ m-C
Ro - a, +ZRi + a, ’ ém

rae Y R - CyMMa TEPMHUYECKHX COIPOTHUBIIEHMH OTHENBHBIX

™ 2 0
CIIOCB OTPaKIAONINUX KOHCTPYKIIHMA, M %m ,

>R-=XC,
J - TOJILIHHA CJIO, M,
A-pacueTHBId KO3(PPHUIIMEHT TEIUIONMPOBOAHOCTH CJIOS Marepuaia
Bm(m °C);
a,- ko3 duimeHT TerrooTnaun (sl 3SMMHUX YCIIOBHM ) HApPY KHOM
TOBEPXHOCTH OTPaKIAFONIEH KOHCTPYKIwH, Bm (i’ °C).
PacueTHOE compoTHBIIEHHE TEIUIOTIEpeaaye MOJKHO YAOBIETBOPATH YCIIO-
BHIOR > R’.
[IpeoOpazys BeImIe IPUBEACHHBIE (HOPMYIIBI HEOOXOIMMO OTPEACIUTh TOJ-
IIMHY TETUTOWU3OJUPYIOIEro ¢I0si 0003HaueHHyo "?" B mpwiL. 5.

4. PacueT TeIVIOBOI0 Pe:KHMA HAPYKHBIX OT'PAKIEeHHI.

4.1. Pac4der y moCTpOeHNEe CTAIHOHAPHOTO TEMIIEPATYPHOTQ
MOJIS B HAPY:KHOM OT'PAKIEHHM /ISl 3MMHHX Y CJIOBHIA .

JUI OLIEHKH TEIIOTEXHUYECKUX KaveCTB OTPAXKICHUS HEOOXOIMMO 3HATH Ha
TOJIBKO €T0 TEPMHUYECKOE COTIPOTHUBIIEHUE, HO TAKKE 3HAYCHHS TEMIIEPATYphI B JIFO-
OO TIIOCKOCTH OTPAKIACHUS TP 3aJaHHBIX TTOCTOSHHBIX 3HAYCHUSAX TEMIIePATyPhl
BO3/yXa C 00eux CTOPOH orpaxkacHus. OCOOCHHO OONbIIOE 3HAYCHUE MMEET TEM-
reparypa BHyTPEHHEH MOBEPXHOCTH, OTPAKIACHUS, TaK KaK OT Hee 3aBHUCAT TEIUIO-
BOM KOM(OPT TTOMEEeHrs ¥ BO3MOKHOCTh 00pa3oBaHMs KOHAeHcara. Pacipenerne-
HUE TEeMIIEPaTypbl B OTPAKIACHUM HEOOXOAMMO, 3HATH JUIA pacdyeTa BIAKHOCTHOTO
pEeKMMa OTPAKICHUS.

Hcxonst w3 yclioBri CTALMOHAPHOCTH TETUIOBOTO TIOTOKA Y€PE3 OTPAKICHHE,
TEMIIEPATypy BHYTPEHHEH MOBEPXHOCTH, HAPYKHOW MOBEPXHOCTH U JIFOOOM ceve-

HUM OTPAKAAFONIIEH KOHCTPYKIMHA OTIPEACIIAIOT COOTBETCTBEHHO MO (hOpMyIaMm:




tS _tH
rr (BAR) ()

o

T, =1,
Tne 7, Ty - TEMIIEpaTypa BHyTPEHHEW HAPYKHOW MOBEPXHOCTH U B JIFOOOM

ceueHmm orpaxaenus, ‘C;
R,- TepMuUYecKOE CONPOTUBICHUE YACTH OIPAXKICHUSA OT BHYTPEHHEU

2.
MTOBEPXHOCTH 10 3aJaHHOTO ceueHwms, M~ /BT;
1

R~ % - TepMuueckoe CONPOTUBIECHHE TEIUIOOOMEHY HA BHYTPEHHEH

TIOBEPXHOCTH OrpakaeHus M /BT.

[Ipu BBIMIONMHEHUH KOHTPOJBFHO-KYPCOBOM pabOTHI HEOOXOAMMO PacCUUTATh
TEMIIEPATYpPy BHYTPEHHEW U HAPYKHOM MOBEPXHOCTEM CTEHBI, a TAKIKE TEMIIEpaTy-
Py Ha TPaHMIIEC OTAEIBHBIX CIOEB MPH 1, =, ,,; CACNATh BEIBOA O BBITIOJTHEHUH TPeOO-
Banui [1] 1O Temmneparype BHYy TPEHHEM IOBEPXHOCTH CTEHBI ( 7,> 1,- Af").

Jlns onpeneneHys 3HAYEHUs] TEMIIEPATYpPbl B MHOTOCIIOMHOM OIPasKIECHUU
MOKHO BOCITOJIb30BAaThCA M TPAQUISCKAM METOAOM, KOTOPBIM ABIIAETCS HAMOOJEee
YAOOHBIM M HarmssaHbIM. 13 dopmymsr (2) BUAHO, 4TO Tpadvik 3aBUCUMOCTH TEMIIE-
paTypbl BHYTPU OTPaXKJEHUA OT TEPMHUYECKOTO COMPOTHUBIICHUS SIBISETCA NMPAMOM
nuHUer. Ha ropr3oHTanbHON OCH OTKIIAABIBAIOT TIOCIEAOBATENHHO B MAcIITA0E BCE
TEPMUYECKHUE COMPOTUBIICHUS TIepeaaye TEIUIOThl U3 MOMEUIEHUS B OKPY>KaIOIIyIO
cpeny, HauMHAs ¢ R, ¥ KOH4YasA R, , Tak, 4TOOBI CyMMa BCEX OTPE3KOB ObLIa PaBHA
BEJIMYHMHE OOMIETO COTIPOTHBIICHHA TEILIONEPeade orpaxaeHus (puc.l). yepes mno-
JYYEHHBIE TOYKH MMPOBOIAT BEPTHUKAIBHBIC TUHUM Y OTKJIAIBIBAIOT B MacmiTade 1mo
BEPTUKAJIBHOW JIMHUHW, NPOXOJALICH Yepe3 HAYallo OTpe3Ka R,, OTPE30K, COOTBETCT-
BYIOIIIMM TEMIIEPATYpPE BHYTPEHHETO BO3/yXa f,, 4 HA BEPTUKAIBHOW JIMHHUM , TIPO-
XOIAIIEH Yepe3 KOHEel OTpe3Ka R, — OTPE30K COOTBETCTBYIOIIUNA HAPYKHOMU TEMIIE-
parype t,. [loryuyeHHBIE TOYKH f, U 1, COSTUHAIOT NPAMOW JTUHUEH.

Toukn mepecedeHHss 3TOM MPAMOM C COOTBETCTBYIOIIMMH BEPTUKAJIbHBIMU
JIMHAAMY COOTBETCTBYIOT 3HAYEHMIO TEMIIEPATyphl Ha I'PAHULIAX CIIOEB OTPaXKIe-
HUA.

IIpn mepeHoce TeMnepaTypHOW JTMHHUM HA Pa3pe3 KOHCTPYKLMHU OTPaKACHUA
(cM.puc.]) HaKIIOH €€ M3MEHSAETCS Ha CTHIKE CIIOEB KOHCTPYKIMM , COCTOSIINX W3
MaTEPHAJIOB C PA3TMYHBIM KO3((ULIMEHTOM TETUIOMTPOBOAHOCTH, TaK KaK TOPHU30H-
TAJBbHBIE PAa3MEPHI HA YEPTEKE OYyIyT BHIPAKATHCA HE B MACIITA0€ TEPMHUYECKHX
COTIPOTHUBIICHUH CIIOEB, 4 B MACHITA0€ MX TOJIIINH.
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Puc. 1 IlocTpoeHue cTalioOHapHOrO TEMIIEPATYPHOrO MOJII B MHOTOCIIOM-
HOM Hapy>KHOM OTPaKJICHUU:
a- B MacmTade TEPMHUUYECKUX COITPOTUBIICHHM;
0- B CEYCHHH CTECHBI.

Ha manHOM rpaduke HEOOXOMMMO HAHECTH TEMIIEPATYPHBIC JIMHUM TIPU pac-
4YETHOM TEMITEpaType HAPYKHOTO BO3AyXa , PAaBHOM TEMIIepaType HauOojiee XO-
JIOJTHOW TISATUIHEBKH 1, , ¥ TIPU CPETHEW TEMIIepaType HAPYKHOTO BO3AyXa HaWOO-
JI€€ XOIOJHOTO MECALIA 1, 4 4

4.2. Pac4éT TemMneparypbl BHyTPeHHeil MOBEPXHOCTH
HAPYKHOI'0 yIJja.

IIpy MpoeKkTUPOBaHUK OTPAKIAOINMX KOHCTPYKLUMH M CHUCTEM OTOIUICHUSA
3/TaHUK C TIEBIO TIPEAOTBPAIEHUS BO3MOKHOCTH OOPA30BaHUA KOHICHCATA BAXKHO
3HATH TEMIIEPATYPY BHY TPEHHEN TTIOBEPXHOCTH HAPYIKHOTO YyTJIa.

TeMnepaTypa BHy TpeHHEH MOBEPXHOCTH HAPY3KHOIO yIja CTEHBI 7,, B AUara-
3omHe R, ot 0,43 10 2,15 M’K/BT mpuOIM3UTENbHO MOMKET OBITH ONpEAENieHa Ii0

hopmye (3)
7, =7,-0]181-0,23R ), —1,)

IJIe 7,- TEMIepaTypa BHTPEHHEN MTOBEPXHOCTH TIIAAM OTPAXICHUA (B OTIANIE-



HWHW OT yTJ1a), onpenensemas no Gopmyne (1) mmpu pacuéTHON 3UMHEN TeMIIepaType
HApy KHOTO BO3AyXa ¢, C y4ETOM TETUIOBOM SHEPTUM CTEHBI.

4.3. OnpenesieHne NpUBEAEHHOT0 CONPOTHB/IEHNS TeIUloNepeaade
HAPY:KHOMH CTCHBbI.

B HapyXHBIX OTPOKACHUAX 3MAHWA BBUAY HAJTUYHA 3JIEMEHTOB, (OPMHUPYIO-
IIMX JIBYXMEPHBIE TEMIIEPATyPHBIE TIOJA (YO, CTHIK OTPAKICHUH, OTKOC CBETOBO-
TO TPo&Ma), MPAKTUIECKHA HET YYACTKOB, B MPEACNIaX KOTOPHIX Mepeaady TETUTOTHI
MO>KHO OBLITO OBI CUMTATh NMPOXOAAIIEH 110 OJJHOMEPHOM cxeme. [loaromy TermoBsie
MOTEPS YePe3 TaKWe OTPAKIACHUS OKA3BIBAIOTCA YacTO OONBIIMMH, YEM TTOTEPH Te-
IUIOTHI, PACCYMTAHHBIC B MPEATION0KEHUH OJHOMEPHOCTH TEMIIEPATYPHOTO MOJIA.

Jlnst Gonee TOUHOTO pacyeTa TEIUIONOTePh uepe3 OTPasKACHUA CIIOKHOM KOH-
CTPYKLIMM HCIIONB3YIOT MPUBEACHHOE COMPOTHUBIICHUE TEIUIONEpEIadye OrpaskacHUA
R,” . TIpuBeOCHHBIM HA3BIBAETCS COMPOTHBICHUE TEIUIOTIEPENAYH TAKOTO YCIIOB-
HOTO OTPAKACHHUA C OJHOMEPHBIM TEMIIEPATY PHBIM TIOJIEM , TIOTEPH TEIIOTH Yepe3
KOTOPO€ TMPH OJMHAKOBOM IUIOIMIAAN PABHBI TEIUIONOTEPSAM UYEPEe3 CIOKHOE OTPaxkK-
JICHUE O IBYXMEPHBIM TEMIIEPATYPHBIM TIOJIEM.

[IpuBeneHHOE COMPOTHBIEHUE TEIUIONEpeaayda onpeaeiserca no Gopmy-

e: 1

R” =R’
1
I+ o (f; =D,

o o

roe R?,- COIMPOTHBJICHUE TEIUIONEPEIa4Ye HAPYKHOM CTEHBI NPU YCIIOBUH OA-
HOMEPHOCTH TEMIIepPaTypHOro nons B Heil , M K/BT; F,- miomaas NoBepXHOCTH Ha-
PY?KHOM CTE€HBI TI0 HAPYKHOMY OOMepY (3a BBIYETOM IUIOMIAIA CBETOBBIX TIPOEMOB),
M’} TMHEHHBIE Pa3Mephl HAPYKHOM CTEHbI MPU ONpEIeNICHHH F, OTMEpSIOT OT Ha-
PYKHBIX TIOBEPXHOCTEH HApPyKXHBIX OrpaXICHWM (TI0JiIe Ha TPYHTE WIIM HA Jiarax,
TIEPEKPHITUS HAJl HEOTATUIMBAEMBIM TI0/IBAJIOM O€CUepIavyHOTO TOKPBITHSA WIIA Yep-
JJAYHOTO TMEPEKPBITHA, HAPY:KHBIX CTEH) M OT OCEM BHYTPEHHHUX OrpPa)KIAOIIMX
KOHCTPYKIMN (TIEPETOPOIOK, MEKAYITAKHBIX TMEPEKPHITHH); TUIOMAAb CBETOBBIX
MpOEMOB MPUHUMAETCS MO0 HAUMEHBIIIUM Pa3MEPaM B CBETY;

fi- bakTop QopmBI 3MEMEHTA CTEHBI C IBYXMEPHBIM TEMIIEPATYPHBIM TIOJIEM,
OJIEAEMBIN TI0 HAPYKHOMY OOMEpYy BO CKOJIBKO OOJIBbIIE TEPSAETCS TETUIOTH Yepes
JIBYXMEPHBIA 3JIEMEHT OTpPa)kKACHUS MO CPAaBHEHHUIO C TEIIONOTEPAMU 4YEpe3 €ro
IJ1aJp MPU OJMHAKOBOW PA3HOCTH TEMIIEPATYpP M MPOYMX OJMHAKOBBIX YCIIOBUAX;
JUISL HApY»KHOTO yTia f,.°= 0,68 ; must BHyTpeHHero yria f,.= 1,18; mist ocrambHbIx
3JIEMEHTOB CTEHBI 3HaYeHHUe (pakTopa (OPMBI MPUHUMAFOTCS TIO TIPUIIOKEHUIO 2; /-
MPOTSHKEHHOCTh AJIEMEHTAa KOHCTPYKLMH; (POPMHUPYIOMIETO ABYXMEPHOE TeMIiepa-
TYPHOE TI0JIe, ONPEJIEIAETCA aHATOTUYHO JIMHEWUHBIM pa3MepaM CTEHBI

¥ ; mmpuHA y4acTKa MOBEPXHOCTH HAPYKHOW CTEHBI C IBYXMEPHBIM TEMIIC-
paTypHBIM TIOJIEM, PABHBIM JIBYM KaTuOpaM Hapy KHOW CTEHBI [5]



_ P
OCﬁ = 2/1ymR o (3)

Ay~ KO3 (DUIMEHT TETIONPOBOIHOCTH MaTepyaia OCHOBHOTO (TETUIOM30JIA-
LIMOHHOTO) CIIOSI KOHCTPYKLIMHU HapykHOM cTeHbl, BT/(MK).

TIpy OTIPe/ICIIeHIN BEITHUMHBI 0 JUTS OTKOCA CBETOBOTO Mpo&Ma BMecTo RY,
B opMyTy moacTaBIseTcs BeauumnHa R, (oM. nprmosxkerue 2).

@akTop (popMBI CTHIKA TMOJIA HA HEOTAIUTMBAEMBIM TOJABAIIOM, HA TPYHTE
WM Ha JIarax ¢ Hapy»XHOW CTEHOHW MOKHO TIPUHUMATh PaBHBIM (HakTopy (Hopmbl
HapyskHoro yrina [l ocH]

Pacuer nmpuBeIeHHOTO COTIPOTHUBIICHHMS TEIUIONEpeade CIeIyeT MPOUILTIOCT-
PUPOBATh YEPTEIKOM HAPYKHOW CTEHBI MOMEIICHHUS C YKAa3aHHWEM BCEX Pa3MEpOB
3JIEMEHTOB, (POPMHUPYIOLIMX ABYXMEPHOE TEMIIEPATYPHOE TI0JIe, PE3YNIbTAThl pacue-
Ta CBECTH B TaOM.2.

Tabmuna 2

Pacuder npuseiIeHHOTO CONPOTUBIICHUSA TEIUIONEPEAada HAPYKHOM CTEHBI

o~

Haumenosanue | oy;

: " (F_1)] 2 Hp

1 5 )

fi fi-1 arifi-1) l; | Fo,m R,
DJICMCHTA M M M2

M>/BT

4.4 PacueT U MOCTPOEHHE HECTALMOHAPHOIO TEeMIIEPATYPHOI0 MOJIsA B
HAPYKHOH CTeHe Moc/ie OTK/IIYeHHs] CUCTeM OTOILIeHHSs

AHaJIU3 HECTAIIMOHAPHBIX TIPOIIECCOB TEIIOOOMEHA B MHOTOCIIOMHBIX OTpa-
KICHUAX AHATUTUYECKUM ITyTEM CJIOKEH, a 4Yamle HeBo3MoxeH. [loatomy B
MPAKTUKE PACTIPOCTPAHEHBI UHKEHEPHBIE METObI PEIICHUS 334a4 HECTalMOHAP-
HOW TEIIonepeaavyu; METOJ KOHEUYHBIX PA3HOCTEH, pacdyeThl ¢ HUCTIONb30BAHUEM
OBM, MeToa aHAJIOTHUH U .

[Tpy mcrionp30BaHWKM METOJIAa KOHEUHBIX PA3HOCTEW YPAaBHEHHE TETUIOIPO-
BOJIHOCTH MIPUHUMAET CIEaytomui BUa [1 ocH.]:

At =F Nt
zZn OA X n (4)

rae A, t, - I3MEHEHHE BO BPEMCHH TEMITEPATyPhl B LICHTPE 3JICMESHTAPHOTO CJIOS
n
Al’t,~ BTOpas KOHEYHAs PasHOCTh TEMIIEparyp, T.e. PasHOCTh PA3HOCTEH
TEMIIEPATYP MEKIY SJIEMEHTAPHBIMH CIIOSMH, szt,,=(t,,+ 1= t)-( ttng)

F, - kputepuii @ypbe- 0000MmEHHAS POCTPAHCTBEHHO BPEMEHHAs KOOPIU-




HaTa mpouecca,

3,6 0-A,
T cpA )
T - y/AenbHAsd TEIUTOEMKOCTh MAaTepuaa Clos ¢ YYETOM ero BIAKHOCTH
¢, +0.0lw
/(e K); €75 30 01

- TUTOTHOCTh MATEPUAIA CIIOS C YUSETOM ero BIKHOCTH. Kr/m’,

0=p,(1+0,01 @);

Co, Po- YACTBHASA TETUIOEMKOCTH Y TUIOTHOCTh MATE€pPHana B CYyXOM COCTOSTHUA
[1 ocH |.

@ - BECOBas  BIAXKHOCTh MaTepHajia MPHU yCIOBHUAX JKCIDIyaranwu B, %,
MPUHUMAETCA 1O [5].

N3meHasa 3HaYeHUe FOA B ¢popmyne (4), MOKHO TIOTyYHTh MHOKECTBO Ya-

CTHBIX PEIICHWH OTHOCUTEIBHO TEMMEPATypbl U t, 5, B LIEHTPE 3IEMEHTAPHOTO
CJOA N B KOHLIE PaC4€THOr0 UHTEpBaJIa BpEMEHHU Az.

HawnGonee npoctum OyieT pemeHne npu FOA =035:

t,+E,

— n+l

b= (6)

W3 dpopmymer (6) chemyeT, 4To TIpU FOA = 0,5 Temmieparypa B LIEHTPE 3JIe-

MEHTAPHOTO CJIOS 71 B KOHIIE PACYETHOTO WHTEPBAJIa BPeMEHH Az paBHa cpemHen
TEMIIEPATYPe COCEOHUX CIIOEB B HAayaje 3TOT0 HMHTEPBAJIA BPEMEHH. | OYHOCTH
pacdeTa Mpy UCIOJIb30BaHUK (POpMyJIbl (6)  BIIOJIHE AOCTATOYHA JUIS TEXHHUYE-
ckux 1iener [1 ocH.] .

JInst MOCTPOCHUS TUHUIM TEMIIEPATYPHOTO TOJIS CEUCHHUE OTPAKACHUS pa3ou-
BAIOT HA TIATh WK OOJIee 3IIEMEHTapHBIX cloeB. Ecim pasmepsl OCHOBHOTO (Tem-
JIOM3OJISILIMOHHOTO) CJIOS 3HAYMUTENIFHO OOJBIIEe Pa3MEPOB BHYTPEHHETO W HAPY K-
HOTO KOHCTPYKTHBHBIX CIIO€B TO HA 3JIEMEHTApPHBIE CIIOM TONIMMHON Ax pa3om-
BAIOT TOJIBKO OCHOBHOM cJ10i. CONPOTHUBIIEHHE HAPY>KHOTO U BHYTPEHHETO KOHCT-
PYKTHBHBIX CIOEB O/A, B 3TOM CIIy4ae MPUOABIAIOT K CONPOTHUBIICHHUIO TETLIO00-
MEHY COOTBETCTBEHHO HA HAPYKHOW M BHYTPEHHEW TOBEPXHOCTAX, & BIHIHHE
3THX CIIOE€B YUUTHIBAIOT YBEITMIECHUEM TONIMHBI BHYTPEHHETO M HAPY KHOTO YKBH-
BaJICHTHBIX CIIOEB.

1 6, (1.9,
53;«;.@ :[a_+ ) ]ﬂ“ym, 531«3.11 _[a_+ 2 ]ﬂ’ym (7)

[TpoaoKUTENPHOCTh PACUETHOTO MUHTEPBAJa BPEMEHU Az ompenensior us3

dbopmyrsr (5) mnpu 3HaUeHUH Kputepus Oypbe, paBHOM FOA - 0,5 . 3navyenus A,



¢ U pBdopmyne (5) MPUHUMAIOTCS B 3TOM CIIydae AT MaTepHUalia yTEeTUTUTENS.

[TocTpoenve mnvHWMIA pacOpeAacneHus TEMOEPaTypbl MPOU3BOAUTCA CJe-
MyIOIUM  00pa3oM. B mpsMoOyTonpHOW cuUcTeMe KOoOpAauHaT [f,R] Ha TOPU30H-
TAJIBHOM OCH R OTKJIaABIBAIOT TOCIEAOBATENRHO 3HA4YeHUA R), R;, R, ...R,. Uepes
MOJTYYEHHBIE TOYKH MPOBOJAT BEPTUKAIBHBIE MPAMbBIC, B pE3yJbTaTe 4YEro Moiy-
YAETCs YCJIIOBHOM CEYEHUE HAPYKHOW CTEHbI, B KOTOPOM TOMILMHBI OTAEIbHBIX
CIIOEB 3aMEHEHBl WX TEPMHUYECKHUMH COIMPOTUBICHUAMH (puc.2). Bmecro Rym
OTKJI3/IbIBAIOT TTOCJIE0BATEIBHO 3HAYEHN TEPMUUECKUX COMPOTUBJICHUM 3JIEMEH-
TapHBIX CIOEB R, =Ax//, Ha KOTOPbIE Pa3OMT TEILIOMU3OJIILMOHHBIN cioi. Uepes

LIEHTPBI 3JIEMEHTAPHBIX CIIOEB MPOBOJAT BEPTUKAJIBHBIE OCEBBIE JIMHUM, KOTOPHIC
HYMEpYIOT B HANPAaBJICHWH W3 TOMEIIEHU HapyXy, HauuHas ¢ uudps 1. Ha mo-
JYYEHHOM YCJIOBHOM CEYEHHWM CTEHBl BOCCTAHABIMBAIOT JMHHUIO CTALMOHAPHOTO
pacnpeesieHus TeMIepaTypsl Opu t,= t,, , TOCTPOCHHYIO B m.4.1.

Jinis  ynpomieHusi pacdera MpPEeHEOPEeraroT TEIUIOTOW, aKKyMYJMPOBAHHON
BHYTPEHHUMH KOHCTPYKLMAMH, MEOEIbI0, OTOTMTENbHBIMHA TIprOOpaMu U 1ip. B
3TOM CIy4ae TEIIOBOM MOTOK HA BHYTPEHHIOK MOBEPXHOCTH CTEHBI C MOMEHTA
BBIKJTFOUEHUS] CUCTEMBI OTOIUIEHHUS] MOKHO CUMTAaTh PABHBIM HYJIIO a MOCTPOEHUE
JVMHUAW pacrpeieNeHrus TEMIIEpaTypbl MPOBOAMTH OTHOCHUTEIBHO OCH YCIOBHOTO
(HyneBoro) cmos. /i mocTpoeHHst OCH yCIIOBHOTO (HYJIEBOTO) CIIOSl OT BHY TPEH-
HEW MOBEPXHOCTH MEPBOTO 3IEMEHTAPHOTO CIOA OTKJIAJABIBAIOT BJIEBO BEIWYUHY
R /2, T.€, IOJIOBHUHY €T0 TOJIIAHBI HA YCIIOBHOM C€UeHHH CTeHBI. OTKIaapBas OT
Hapy>KHOW TOBEPXHOCTU MOCIEAHETO 3JIEMEHTAPHOTO CIIOA BIPABO BEIUYUHY
R /2 TmoOIydaroT 0Ch MOCHSAHETO (YCIOBHOTO) CITOS.

Havamenoe pacnpenencHue TeMmIieparypbl Ha TIEpBOM OcH Oynmer co-
OTBETCTBOBATh HYJIEBOMY WUHTEPBAJy BPEMEHM, Ha BTOPOM OCH - HYJIEBOMY M TIep-
BOMY, Ha TPETbEW - HYJIEBOMY, NIEPBOMY U BTOPOMY U T.A. M3 TOYKHM HYJIEBOTO
WHTEpBaja BPEMEHU Ha MEPBOM OCU MPOBOAAT FOPU3OHTAIIBHYIO MPAMYIO Y TOJY-
YalOT TOYKY HYJIEBOTO MHTEpBANAa BPEMEHM Ha HyJeBOM ocH. [|ia TOro 4To0sI
MOYYUTh TOUKY MEPBOrO MHTEPBAia BPEMEHM HAa MEPBOM OCH, COEIUHAIOT TOUKU
HyJIEBOTO UHTEPBAJIa BPEMEHU HYJEBOW U BTOPOM OCSX.

B mocnenyromem, coeauHss MPSAMBIMUA JMHUAMM TOYKH TEMIEPAaTypbl Ha
OCSIX MOIMAPHO YEPE3 CIOW, M0 MEPECECUEHHUIO 3TUX JIMHUM C OCSAMM CPEIHUX CIIOEB
OMNPEIENAIOT TEMIIEPATYPY B CIOAX B Hayalle MOCIEAYIOLIEr0 pacdeTHOro WHTEp-
Bajia BPEMEHH. 3HAYEHHUE TEMITEPAaTyPbl HA OCH TIOCIIETHETO (YCIIOBHOTO) CIIOS TIPH
3TOM MONYYaOT NMEPECEUYEHUEM TPSIMOM, COSTUHAIONIEH TOYKM TEMIEpaTryphl Ha-
PY>KHOM MOBEPXHOCTH OTPAKACHUS U TEMIIEPATyphbl HAPYKHOTO BO3AyXa Ha rpa-
HULIE BHEIIHETO 3KBUBAJICHTHOTO CIIOS.

B pesynbTaTe mocTpoeHus cieayeT ONpeaeTh MPOMEKYTOK BpeMeHn Az,
B TEYEHUE KOTOPOrO TEMIIEpaTypa BHYTPEHHEH MOBEPXHOCTU CTEHBI MOHU3UTCS
o 0°C. st 5TOr0 B IPAMOYTONBHYIO CUCTEMY KOOpAWHAT [f, Az] mepeHocsT
3HAUEHMs TEMIIEPATYphl HA HYJIEBOM OCH B KOHLIE KaXKJI0I0 pacyeTHOr0 UHTEpBaa
BpeMeHHU. [lomy4yeHHbIe TOUKHA COEAUHAIOT TUIABHOM KPUBOM JIMHUEH W HA Iepece-
YEHWUW TOM JIMHUU C OPJIMHATON ¢ =() OTIpeAeIIarOT rpad)MueCKu BENMUYHHY Az,
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C wenpro onpeAencHUs U3MEHEHHUS TEMIIEPATyPhl B TOJNIIE CTEHBI JTUHUM €&
HAYAJIbHOTO M KOHEYHOTO PACTIPEACIICHUs TIEPEHOCAT HAa HATYPAIIBHOE CEUEHHUE
OTPaKICHUS.

Ecnm pasmepbl OCHOBHOTO (TETUIOM30JLIMOHHOTO) M KOHCTPYKTHUBHOTO CJIO-
€B COM3MEPHUMBI, TO Ha 3JIEMEHTAPHBIE CJIOW TONIMIMHOW Ax; CHayama pa3OMBaroT
BHYTPEHHUHU (ONMMKHMKA K TIOMEIIEHHWIO) CIIOM, a TOmmuHy Ax, 3JIeMEHTapHBIX
CIIOEB BHEIIHETO CIIOSA OMPEIACIAIOT MIEPECUETOM 10 (hopMyIe.

Ay
A€y py

Ha ycnosHOM ceueHuun creHbl BMecTO Ax; U Ax, OTKIIaIbIBalOT COOTBETCT-
BCHHO 3HAUYCHMUA RA)(]:AXI///L]I/I RAXQ:AXQ//?Q.

[Ipu pa3OuBKE BHEITHETO CIOSA HA 3JIEMEHTAPHBIE CIIOM MOKET TIOyYHTHCS
HETIOJTHBIM 3JIEMEHTAPHBINA CIIOW TOJIMIMHA KOTOPOTO MEHBIIIE TOJIIHMHBI 3JIEMEH-
TapHOrO ciost Ax,. B 3TOM cnyyae BIMAHHME 3TOTO HETIOMHOTO CIIOS YYUTHIBAIOT
COOTBETCTBYIOIIMM YBEIIMYCHHUEM TOJIIIUHBI M TEPMHUYECKOTO COMPOTUBIICHUS Ha-
PY’KHOTO 3KBHUBAJIEHTHOTO CJI0 aHAIOTHYHO (hopmyiie (7).

[TocTpoeHune TUHUH pacipeAeTICHUS TEMIIEPATYPhI B TIPEAETAX KaKA0TO CIOS
MPOBOJAT B COOTBETCTBHH C YKA3aHHBIMH PaHee MPaBUIAMH.

IIpn >TOM Temnieparypy 4, ¥ f,+; 4. Ha OCIX MOTPAHUYHBIX JIEMEHTAPHBIX, CIIOEB
B KOHIIE PACUETHOTO HWHTEPBAJA BPEMEHH OIPEIEIAIOT CIeAyIOIUM 00pazoM

(puc.3).

Ax, = Ax,

N\ :

| % |
1 Jcmi.,ﬁ' :If__“ s

! | ‘

| !

| { !an

| |

R ] Rets

| |

Puc.3. [locTpoeHue nHHHM pacnipeeieHusl TEMIEPaTypbl HAa. CTBIKE ABYX MaTepH-
AJTBHBIX CJIOEB OTPAKIACHUM.

N3 Touek co 3HAYEHWIMH  TeMmrieparyp ¢ ., = 05 (t.; + t) wm
tavins2 =0,5(t,+7F t,+2) IPOBOJAT TIPSMBIC, MAPAJUICITEHBIE TMHAW COCIUHSIONICE
TOYKH C TeMIIeparypamu t, U t,.; B Ha4aJle pacyeTHOr0 MHTEpBaia BpemeHu. Ha
MEPECEUECHUH STUX NPAMBIX C COOTBETCTBYIOIIMMM OCSAMHM IOIYYarOT TOYKH C UC-
KOMBIMHY 3HAYCHUAMH TCMIICPATYP Lyt 5 Lp+i a4z -



4.5. Pac4er TenioycTOMYMBOCTH HAPYKHOTO OrpakAeHUust
B JIETHUX HECTAIIHOHAPHBIX YCJIOBHAX.

[epronuueckrie HM3MEHEHHs TEMIIEPATypbl HAPYKHOTO BO3IyXa W WH-
TEHCHUBHOCTH COJTHEYHOM PaJHallii B TETUIOC BPEMs rojia BBI3BIBAIOT KOJICOAHMS
TEMIIEPATypPhl BHY TPEHHEN TIOBEPXHOCTH HAPYIKHOTO OTPAXKICHUS, YTO TPUBOTUT
K U3MEHEHHUIO TETUIOBOTO PEKUMA TIOMEIIICHHH.

[lpy HECTAIMOHAPHBIX  YCIOBHAX XapaKTEPUCTHKOM  TETUIO3AIIUTHBIX
CBOMCTB OTPAsKIAIOIINX KOHCTPYKIIMH SIBISIETCS UX TEIUIOYCTOMYMBOCTh. T eruio-
YCTOMYMBOCTD OINPENENACTCd BEIWYMHOM 3aTyXaHWs V Pacu€THOM aMILIMTYIbI
KOJICOaHMM TeMIeparypsl HapykHOro Bosayxa 4,”*" B orpaxmaroriei KOHCTPYK-
pr. OHa MOKa3bIBAET BO CKOJBKO pa3 BeauumHa A,/ """ mpesblnaeT amrumryay
KOJICOaHMH TeMIIepaTypbl BHY TPEHHEN MOBEPXHOCTH HAPYIKHOTO OTPAKIACHUSA A 4
_ AT

A

T8

14

B cootBerctBMii ¢ [1 OCH.] B paiioHax co cCpeIHEMECAYHOM TeMIepaTypou
monsg 21 °C wm BhIIIe aMIDIMTYAa KOJIEOAHUH TEMIIEpaTypbl BHYTPEHHEH MOBEPX-
HOCTH OTPKIAFOIINX KOHCTPYKILMH A ;; 3MaHUM He JOKHA OBITh OoJiee  Tpedye-
MOM 10 CAHUTAPHO- TUTUEHUYECKUM HOpMaM A ;' , T.€.

mp
A‘L’BS Are ’

Meroapka pacyera TETUIO3alUTHBIX CBOMCTB HAPY KHBIX OTPAKICHUM B TETI-
Jioe BpeMs rojaa rpusencHa B [1 ocH.] . B cooTBeTcTBUM, C 3TOM METOAUKON BETU-
YWHY 3aTyXaHWA PACUYCTHOM aMIUTMTY/bl KOJICOAHWM TeMIepaTypbl HapyKHOTO
BO3AyXa V OTPaKAArOIIEeH KOHCTPYKLIMH C TEIUIOBOW uHepumed D>/ ,5 nomyckaer-
cs OoTIpenersiTh 10 TpudmmkeHHOW popmyne (25) B [1 ocH.]. B atoii dpopmyne
TTOTIPAaBOYHBIN KO3((OHULIMEHT f;, YUUTHIBAIOIMINN B3AUMHOE PACTIONOKEHHE TETLIO-
M3OJIALMOHHOTO M KOHCTPYKTUBHOTO CIIOEB B OTPAKIACHUN HAXOAUTCSA U3 BBIPAXKE-
HusA [5]

S
B=085+0,152 ()

P!

JI1s COBpEMEHHBIX OOJIETYEHHBIX OTPAKACHUH KO3PPHUIMEHT f; peKOMEHTY-
€TC OMPENENATh M0 YTOUYHEHHOW (hopmy, mpuBeaEHHOM B [1 OCH. ]

8,72 . 23,26
(5 +5,)(— —+1)( +1)

N N
p = : : ©)
] 4062—; +64

rae S;, S, - k03 PUIMEHTHI TETIOYCBOCHUA MAaTePHUANIOB ABYX OCHOBHBIX CIIOEB

OTpaXACHUS (KOHCTPYKTHBHOTO W TEILIOM3OSIIMOHHOTO) TP OTCYETE CIIOEB OT
~ ~ 2

BHYTPEHHEW TMOBEPXHOCTH K HapykHOH, BT1/(MK) ; o003HaueHMs npyrux BeM-



YMH COOTBETCTBYIOT NPHUHATHIM B [1 OCH.].

Qopmyny (9) cpaBemiiBa TONHKO TIPU YETKOM BBIICIIEHUA B KOHCTPYKIIUH
OTPAKACHUS KOHCTPYKTHBHOTO M TEIUIOM3OJISILIMOHHOTO CITOEB.

B kOHTpOIEHO-KyPCOBOM padoTe HEOOXOAUMO OMPEICTUTh AMIUTATYAY KO-
nebaHui TeMreparypsl BHYTPEHHEH TOBEPXHOCTH HAPYIKHOTO OTPAXKICHHUA A 4,
CpaBHHUTH €€ ¢ TPeOyeMOM 10 CAHUTAPHO- TUTHEHUYECKUM HOpMaMm A ,, , ¥ CACNATh
COOTBETCTBYIOIIME BHIBOABL. [IpM 3TOM BeMWUYMHY 3aTyxXaHHUs V CIIEAYET pacCyu-
TaTh 10 IPUOMMKEHHON Qopmyrte (25) B [1 ocH.] ¢ yuérom dopmyn (8) u (9) B
no 0osnee ToyHOM popmyne [l OCH.], MOMyUYEHHBIE PE3yJIbTAThl CPABHUTH.

5. Pac4ér BO3aAYyXONPOHHULAHHUS HAPYKHBIX O PAKIACHMH.

C TEmIOBBIM PEXUMOM OTPANKIAIOIMIMNX KOHCTPYKLHNA TECHO CBSA3aH UX BO3-
JyTIHBIN peskuM. Tak , MHQUIbTPALMA HapPyKHOTO BO3AyXa T .€. €r0 NMPOHUKHO-
BEHUE BHYTPh MOMEIICHUSA YEPE3 HEIJIOTHOCTU B OTPAXKACHUAX, MPUBOAUT K HO-
TOJTHUTENIbHBIM 3aTpaTaM TEIUIOTHl HAa €ro TMOJOTPEB, MOHMKAECT TEMIIEpaTypy
BHYTPEHHEMN TTOBEPXHOCTH HAPYKHOTO OrPAKICHUS.

OkchuUIbTpaIys BIAKHOTO BHYTPEHHETO BO3AyXa YBIAKHICT OTPAKICHUT U
CHWJKAET WX TEIUIO3allUTHBIE CBOMCTBA. [l03TOMY mpu MPOEKTUPOBAHUHU OTPAK-
JAIOTIUX KOHCTPYKIMW 3/TaHUS HEOOXOIMMO PacCMaTpUBAaTh WX BO3MYIIHBIN pe-
’KMM, YYUTBHIBATh €T0 BIUSHAE HA TETUIO3AIIUTHBIE CBOMCTBA OTPAKIACHUM.

5.1. Pacder yaeabHOro pacxoaa Bo3ayXxa,
HHQWILTPYIOLIEr0csl Yepe3 HAPYKHbIE OT PAKIEHUS.

NupuasTpanmsa Bo3ayxa MPOUCXOIUT TMOA ACHUCTBHEM PAa3HOCTH €T0 JaBJie-
HHUM HA Hapy>KHOW U BHYTPEHHEM MOBEPXHOCTAX OTPAKIACHUS. Y NCNIBHBIM PACXOI
MHUIBTPYIOmErocs Bo3ayxa G , Kr/M™d ompezaemnsercs mo GopMmyiie
Ap”
- (10)

U

G =

rne Ap - pa3sHOCTh MABIIEHWH BO3[yXa HAa HAPYKHOW M BHYTPEHHEH mMO-
BEPXHOCTAX OrPaKAAOIIEA KOHCTPYKLMHM, [la; n- mokasarens creneHu, 11t OKOH
Y OQJIKOHHBIX ABEpeu n =2/3, mnst Apyrux orpaxkaeHut n=I, R, - comporusnexHue
BO3yXONIPOHULIAHUIO OKOH M OQJKOHHBIX ABEPEU w’ulla’’/xe WM JIPYTHUX OTPaXK-
JAOIIAX KOHCTPYKLUMM w’ulla /e .

PaszHocThe naBimeHME BO3QyXa HAa HAPY;KHOW M BHYTPEHHEW ITOBEPXHOCTAX
OTPaKJArOIIMX KOHCTPYKLMM BO3ZHMKAET B CIECACTBHMM PA3HOCTHU IUIOTHOCTEW Ha-
PYKHOTO M BHYTPEHHETO BO3JyXa W BO3IACHMCTBUA BETpPa HA HAPYIKHBIC Orpakie-
Hus. OHa ompenensercs mo gopmyre [5]:

Ap= (H-h) (P -p)g+0,05 pug(01" ) (Co-Co)K-(pepe), (11)

rae H — BBICOTA 37aHUS OT TIOBEPXHOCTH 3€MJIH 0 YCThs (BepXa) BHITSHKHOW IHaX-
TBI, M, (BBICOTY MIAXTHI B OecuepAavyHOM 3AaHWM mpuHuUMaeMm Ha 0,5-1 M BbImre
KPOBJIM; B 3JaHUAX ¢ YepaakoM — Ha 0,5 M BbIllle KOHbKA NPU PACCTOAHUM MEKIY



IaXTOM ¥ KOHHKOM Ha MOTIEPEYHOM paszpe3e  34aHus 10 1,5 M; Ha ypOBHE KOHb-
Ka [P PACCTOSHUM MEKIy MIaXTOM U KOHBKOM OT 1,5 10 3 M (Tak mpuHSATH B Kyp-
COBOM paboTe); HA YPOBHE JTMHUHU , MPOBEASHHOMN 10T YoM 10° kK TOpU30HTY OT
KOHBKA, TIPU PACCTOSHUN MEXKIY MIAXTOW U KOHBKOM Ooiee 3 M);

h - BBICOTA OT TIOBEPXHOCTH 3E€MIIH O LIEHTPA OTPaKIAIONICH KOHCTPYKIHH
paccMaTpUBaeMOro JTaka, M;

DOumPs - TNIOTHOCTH BO3/yXa COOTBETCTBEHHO TIPH TEMITEpaType Haubojiee X0-
JIOJHOM TATUIHEBKM M BHYTPEHHEro BO3AyXa, KI/M’; ompesensercs 10 opmyiie
p=353/(273+1);

{- TeMrieparypa Bo3ayxa, “C;

2 =9,81- ycKopeHHe CBOGOIHOTO TaaeHus, M/c,

C, Cs adpoauHamMudeckue Ko3()PHUIIMEHTH COOTBETCTBEHHO ISl HABETPEH-
HOM W 3aBeTpeHHOM nosepxHocTer no CHull I1-6-74 «Harpy3ku u Bo3aeHUcTBUAY;
Cy=0,8; Cs=-0,6;

K- ko3¢ dpummeHT, yIUTHIBAIONINN U3MEHEHHE CKOPOCTHOTO HAToOpa B 3aBUCH-
MOCTH OT THIIA MECTHOCTH W BBICOTHI PACTIONIOKEHUS PACCMATPUBAEMOW OTPakK-
JIAFOIIECW KOHCTPYKLMM HaJ MOBEPXHOCTBIO 3€MJIM: IS 3[aHUM, PaCIIOI0KEHHBIX
B TOPOACKOM uepTe, 3Hauanme kodddumenta K B coorserctsun co Caull-6-74
MPUHUMAIOTCS 10 MPUIOK.2;

O —HABIICHUE BO3MyXa B 3/aHUAX (TIOMEMICHHUIX) 00OPYAOBAHHBIX CHCTEMA-
MU BEHTHJBILIMA C MEXAHUYECKHUM MO0y KISCHUEM, BO3JYIIHOTO OTOIUICHHS WA
KOHIULIMOHUPOBAHUA BO3ayXxa , [la.

0, — NaBJICHHUE BO3/lyXa OIpEaeIieMOe Ha OCHOBE pacyera AcOanaHca Imo MpH-
TOKY M BBITSIKKE TIPH CHCTEMAaX BEHTHISIILIUM C MEXaHHYECKUM OOy KICHHUEM, BO3-
JQYITHOTO OTOTUICHHS WM KOHIMIIMOHUPOBAHUS BO3ayXa , [1a.

;""" — cpemHss CKOPOCTH HAMOOJIEE XOJIOTHOTO MECAIIA, M/C.

[Tpu Berumcnennn Ap (I1a) qns KUIBIX ¥ OOMIECTBEHHBIX 3IAHUMN C €CTECT-
BEHHOW BBITSKHOW BEHTHJISLIMCH CIIEAYyET YUUTHIBATH MPOOJIEMBI IaBJICHHUS B BEH-
THISTIMOHHBIX cucTeMax Ap. (CO 3HAKOM MUHYC), OTIpeneiisieMbie 1o (opmyie:
Ape= (H-h)(pus-Ds)€ , TI Pys- TNIOTHOCTD HAPYIKHOTO BO3MyXa TIpH ty= 5"C ; KI/M".
ITpu s10M p)- P, =0. DOpMyna (2) B 3TOM Cayyae NPUHUMAET BHL:

Ap= (H-) (P Pus)+0,05 pung (L") Z(CH‘ CYK.

JLnsa 3manmii ¢ cOATaHCUPOBAHHOMW TIPUTOYHO-BBITSIKHOW BEHTUIIALIMNA (BEH-
THIALIMOHHAS BBITSKKA TIOJTHOCTHIO KOMIIEHCUPYETCA BEHTHIILIMOHHBIM TIPUTOKOM)

2:=0, a 0:=0,5H(Dyn-pe)g+0,025p,g(0;")*(C,-C;)K. [5]. Torma dopmymy (2)
JUTS 3TUX 3JaHUH MOKHO IepernurcaTtb B B BUAC

Ap= (0,5H-h)(Pui-ps)g 0,025 pung(Li"™") ’ (C-CyK.

ConpoTuBieHUE BO3AYXONMPOHUILIAHUIO OTPAKIAIOIMIMX KOHCTPYKLMH 34aHUM
Ry B cooTBeTcTBHMM C yKazaHusMU [1 OCH.| HOKHO OBITH HE MEHEE TPEOyeMOro Co-
NPOTUBJIEHMS BO3Iy XONPOHULanuio R, 1.€.



R,>R,™” (12)

Bemmurna R, onpenensercs w3 seipaxenus (10), B koTopoe BMecTo G 1moj-
CTABIAETCS HOPMATHBHAS BO3IyXOMPOHHMIAEMOCTh OTpPaXkacHuMi G Kr/m*d, mpu-
HUMaeMas 1o [l OCH.] B 3aBUCHMMOCTM OT BMJa OTPaKIAOIIEH KOHCTpPyKLMHU. B
3TOM CJIy4ae 3a pacuéTHYIO Pa3HOCTh JAaBjieHui B ¢popmyie (10) mpurrMaeTcs Hau-
OoJTbIIIee U3 PACCUMTAHHBIX JJIS BCEX ITAKEH 3/IaHUs 3HAYCHUE PA3HOCTH JTABJICHHS
BO3yXa Ap.

Jlns Be1OpanHOM panee B m.4.2.4.4.[1 OCH.] KOHCTPYKIMH 3aIIOJTHEHUS CBETO-
BOro Tipoéma 110 [1 OCH.] onpenenseTcsa €€ CONPOTUBIIEHUE BO3AYXOIPOHULIAHUIO CO
BCEMH YIUIOTHEHHBIMH TPUTBOPAMH M TIPOBEPAETCS BHIMIONHEHUE ycinoBus (12). B
cllydae HeOOXOIMMOCTH U3MEHAETCS BEIOpaHHAs paHee KOHCTPYKIMA 3aIIOJTHEHUS U
KOPPEKTHUPYETCS 3HaUeHUe KO3 (HIFeHTa TeTuTonepeaayu.

ComnpoTHBJICHHE BO3AYXOMPOHUIIAHUIO APYTHX OTPAKIAFOIIMX KOHCTPYKLIMH
ompeaenseTcs pacuéToM 1o popmye

Ru =Ru1 +Ru2+ .. -Rum

I'me Ry,Ry1 Ryx — conpoTrusieHns BO31yXONMPOHULIAHUIO OTAEIIBHBIX CIOEB OT-
paxIeHHs KOHCTPYKImHU, M ulla/kr , npuruMaemsie o [1 ocH.]. mocne onpenerne-
HUW BEJTMIWHBI R, HEOOX0IMMO TIPOBEPUTH COOMFOACHUE YCaoBui (12).

B xoHTpOMBEHO-KYpCOBOM padoTe HEOOXOIUMO OTIPeAeTUTh 3HaUeHus Ap u G
JUIE OKOH, OAJKOHHBIX JBEPEW W HAPYKHBIX CTEH BCEX JTa)XeW 3MaHMs, PacUYETHI
CBECTH B Ta01.3.

Tabnwa 3.
VY nenmpHbIN pacxoa HHPUIFTPYIOMErocs BO3AyXa.
3Tax H, M K Ap, T1a G, kr/ (M"d)
Okna | Bank. Hapyxn. Oxkna | bank. Hapyxn. Oxkna | bank. Hapyxn. | Okna | bankx. | Hapyxn.
JIBEPH | CTeHBI JIBEpU | CTEHBHI JIBEpH | CTEHBI JIBEpHU | CTEHBI

5.29kx0HOMHUS TEMI0BOI JHEPIruy NPH IOPOBOM Harpese BO3AyXa,
HHPIWTHTPYIOLIEr0CH Yepe3 CTeHy

Kak orMeuanock paHee, HHGUIBTPAIIMS BO3IyXa YepPe3 HAPYKHBIC CTCHBI BbI-
3bIBACT MOHWKCHHE TEMIICPATYpPhl UX BHYTpPeHHEH MmoBepxHOCTH. OTHOCUTEIIbHAS
TEMITepaTypa BHYTPEHHEH MOBEPXHOCTH HAPYKHOW CTCHBI C YYeTOM HH(HUIbTpa-
WA OTTPeIeTIAeTCA 1o hopMyTie

6,H
8 HR




GR, - OTHOCHUTEIIbHBIMN

e

. 1
XHOCTH HAPY’KHOM CTEHBI 0€3 yueTa MHPUIbTPALUHU y = 7€

>

ko3 PuImeHT GUIBTPAIMOHHOTO TeTUTOOOMEHA [ 1 OCH]

C=1,005 x/xx/(xrK) — yiepHas TEI0eMKOCTh BO3/TyXa,

G — HanOOJIBIIIEE U3 PACCUYMTAHHBIX [T BCEX TAKEH 3/1aHUs 3HAYCHUE Y ACIThb-
HOTO PAacXofa MHMMIBTPYIOLIEroCs 4epe3 HapyKHble CTEHBI BO3IyXa; Kr/(M ),
MIPUHUMAETCA U3 Tadn.3 ;

e=2,718 — ocHOBaHWE HATYPAITLHOTO Jorapudma.

Temrieparypa BHYTPEHHEW ITOBEPXHOCTHA HAPY:KHOM CTEHBI C y4YETOM WH-

dunsTpamu 7, "C, onpenensercs no popmyie :

TBH = tﬂn +96H(t6_ tﬂn)

[Tomy4yeHHON 3HAYEHUE 7,4, HEOOXOOUMO CPaBHUTH C TEMIIEPATYpPOH 7, Ompe-
JeneHHou B 1.4.1. ¥ caenaTh COOTBETCTBYIOIIMUE BHIBOIBI.

OUIBTPYIOIMUNCS Y€PE3 CTEHY XOJIOJHBIA HAPYKHBIM BO3AyX YaCTAYHO IIO-
JIOTPEBACTCA BCTPEUYHBIM TPAHCMHUCCHOHHOM TEIIOBBIM TTOTOKOM, 00YCIIOBJICHHBIM
Pa3HOCTHIO TEMIIEPATyp BHYTPEHHETO M HAPY KHOTO BO3ayxa. BenuunHa 3Toro temn-
JIOBOTO TIOTOKA ¢y (BT/M” )ompeaemsercs mo hopmye:

[TomHbIe 3aTpaThl TETIOTHI HAa HArpeBaHWE WH(PUIBTPYIOMIErOCAd BO3IyXa ¢y
2
(Bt/™M”) onpenensaroTes mo hopmyie

q4n= X4

YenbHbIE TEIUIOBBIC TIOTEPH Yepe3 HAPYKHYIO CTEHY C y4eTOM WH(HITBT-
2
paumu ¢q,, (BT/M") cknaapIBarOTCsS W3 TPAHCMHUCCHOHHBIX TEIUIOBBIX TTOTEPh W 3a-
TpaT TEIUIOTHI HA JIOTPEeBaHWE WHQPUIBTPYIOMETOCS BO3AyXa W PACCUUTHIBAIOTCS
roopmyie:
q O,H:g 9o,

X

Xe

rae ¢’ —1 - ko>pPHIHEHT TOPOBOro OXJIAKICHHUS.

Jlonro 3arpar TEeTwIoTHl HAa AOTPEBAHME B TOMEHICHWM WH(UIBTPYIOIIETOCS
BO3/lyXa OT MOJHBIX 3aTPaT TEIUIOTHI HA €r0 HarpeBaHUE MPU OTCYTCTBUH BCTPEUHO-
T'O TETUIOBOTO MIOTOKA MOKHO OTIPEAEIATH TI0 (popmyJie

o Yo _1
A:q(’ 9 :8

q, X




Bcenencreue pekyriepaiiyd (4aCTHYHOTO BO3Bpara) TEIDIOTHI HA HArpeB Ha-
PYKHOTO BO3MyXa, (PUIBTPYIOMIETOCS YepPe3 CTEHY, TEIUIOBBIC TIOTEPH (¢,,; MEHBIIIE
CYMMAapHBIX 3aTpPaTr TEIUIOTHl ¢, + ¢, DTO SABICHUE, TOyYUBIIEe Ha3BaHUE «3(-
¢dexTa mapoBOro Harpesa» [l. OCH.], MOKHO WCITONB30BATh JIJISI SKOHOMHUH TETIOTHI
NpA BEHTWISLMK MOMEMICHUM. Pacxod TErmmoThl MOKHO COKPATUTh, €CJIH BMECTO
OOBIYHOTO TIPOBETPHUBAHUS C TOJIOTPEBOM HAPYKHOTO BO3AyXa MPUMEHATH TIPOBET-
pUBaHUE YEPE3 HAPYIKHOE TIOPUCTOE OTrpaxkaeHue [ 1. ocH. ].

DKOHOMUIO TEIUTOTHI TIPH MTAPOBOM Harpese Bo3ayxa 77 (%) MOXKHO ompe-
TIEUTH TI0 (hopmyIie:

+ —
p=d 90 "o 100 2 1-—£_ 100

q,+4q, x+1 :

6. Pacuér B1a)KHOI0 pe:xuMa HapYKHOIl CTeHbI.

BnaxHOCTHOM pexrM HApY’>KHOTO OTPAKICHUS HEPA3PBIBHO CBA3aH C €ro Te-
IUTIO3AIIUTHBIMU CBOMCTBaMU. KoHIeHcalmsa BOOSIHOrO napa Ha IOBEPXHOCTH Orpa-
KJEHUS U B €T0 TOJIIIE CIIOCOOCTBYET PaspylICHUIO OTPAKACHUA, YXYAIIAeT MUK-
pOKIIMMAT B MoMenieHud. [1o 3ToMy npy MPOEKTUPOBAHMM OTPAXKIECHUN HEOOXOIU-
MO TIPEAYCMOTPETh MEPOIPUATHS, MIPEAOTBPAILAIOIINE BO3MOKHOCTh 00pa3oBaHUs
KOHJICHCATA.

6.1. IlpoBepka Ha OTCYTCTBHE KOHAEHCALIMH BOASIHOTO MAPA HA BHYTPEH-

Hell MOBEPXHOCTH IJIAH HAPY:KHOH CTEHBI H HAPYKHOT'O yIJia.
Bo u30exanue KOHIEHCAIMKM BOASHOTO TIapa HA BHYTPEHHEH MOBEPXHOCTH
TJIaJTA OTPAXKACHUSI M HAPY KHOTO yTJIa HEOOXOAUMO, YTOOBI MX TEMIIEpaTypa 7 He

OBl HUKE TEMIIEPATYPHI TOUKHM POCHI BHYTPEHHETO BO3yXa, T.e. = p-

[TpoBepKy BBIMTOIHEHUSA 3TOTO YCIIOBUS YAOOHEE BBITIONHATH, CPABHUBAA YTI-
PYTOCTh BOASHOTO IMApa BHYTPEHHETO BO3AYyXa MPU €ro pacu€THOM TEMIIEPATYPE f,
A OTHOCHUTEIBHOM BIIAJKHOCTH (), ¢ MAKCMMAJIBHOM YIPYTOCTBIO BOJSHOTO mapa £,
MpU TEMIIEPATYPE 7,, ONPEACIEHHBINA U3 YCIIOBHUS 1,=1,, ¥ I/, IpU TEMOEPATYPE 7, .

Ynpyrocte BOASHOTO Tapa BHYyTpeHHEro Bo3ayxa e, (I1a) ompenensercs 1o
dhopmye:

o,
%=t 00

E

rA€ 1, - MAKCUMAJIbHAs YIPYTOCTh BOASHOTO TMapa BHYTPEHHETO BO3AyXa IIPU €0
pacuéTHoM Temrnieparype, [1a.

E

Benuuunel 7, u E, onpenensroT 1o mpuiok. 3 B 3aBUCUMOCTH OT TEMIIE-

paTyp ¢, U 7 WM paccyuThiBaTh 1o popmyne M.U. Ounbhes:



657,23+10,24¢

E =10 236+
t

Ecmm e,<f/7, TO KOHOEHCALMsT OTCYTCTBYET, TO B MPOTHUBHOM CIIy4ae HYKHO
MPEyCMOTPETh MEPHI, TIPEAYPEKIAIONMNE KOHASHCAIMIO BOATHOTO mapa (yBenu-
YeHHE OOIIEro COMPOTHUBIIEHMS TETUTONIEPENAiH, YCTAHOBKA B YTy OTOIUTEIIBHOTO
CTOSIKA U T.11.).

6.2. OnpenesieHue CONMPOTHBJICHUS NMAPONPOHULIAHUIO HAPYKHOM CTEHbI U
MOCTPOEHHE 30HbI BO3MOKHOH KOHAEHCAMH BOJSIHOTO MApa B e€ ToIme.

AHanu3 BIQXHOCTHOTO PEXUMA TOJIINA HAPYKHOW CTEHBI MPOU3BOIAT U3 CTa-
LIMOHAPHOTO COCTOSHUSA M C YYETOM TOJBKO Au(Py3un BOATHOTO TIapa depe3 orpa-
xreHue. B pesynbpTare aHanmza HEOOXOAMMO yOEIWUTHCS B OTCYTCTBHM KOHJICHCA-
LMK BOASHOTO TIapa B TOJIIE CTEHBI MIPY CPEIHEH TeMIIepaType HauOOoIee XOI0 HO-
TO MECALA 3UMBI 1,y,. B POTUBHOM ciy4yae HEOOXOAUMO OIPENETUTH TOJIOKEHHE
30HBI KOHJCHCAILIMH B TOJIIIE CTEHBI.

OOmee CONMPOTUBICHUE TIAPOMPOHULIAHUS KOHCTPYKIMM CTEHBI R,
(m*ulla/mr) paccumrsiBaetcs 1o dopmyue [5].
Ro,n = Re,n+ ﬂ?in +Rﬂn 9
re R,,- COTMPOTHUBIEHUE BIIArOOOMEHY HA BHYTPEHHEH MOBEPXHOCTH OTPAXKICHUS,
npuarMaetcst pasaeiM 0,0266 M ulla/mr;
R;,- conpoTHBIIEHHE NAPOTIPOHULIAHHIO i-TO CIOSI OTPAKIACHUS, M ulTa/mr,

R,,- CONPOTHBIIEHHE BIAroOOMEHy Ha HApPy KHOM MOBEPXHOCTH, TPHHAMACTCS
pasabiM 0,0053 m*ulla/mr,
L — KO3 PHUILIMEHT TTApOTTPOHUIIAEMOCTH MaTepuana i-ro ciost, mr/(mulla), mpu-
HUMaeTcs 1o [5].
Ynpyrocts BOASHOTO Mapa B MPOU3BOIBHOM cedeHHH X. ¢, (I1a) onpenensercs

o ¢opmymne:

r1ae Rgy.x — COTPOTHBIICHHUE TAPOMPOHUIIAHHIO OT BO3IyXa MOMEIICHHS 10 CCUCHUS
X, B KOTOPOM OIIPEAEIIETCS YIIPYTOCTh €, , M” 4 I1a/Mr;

e, - yIPyrocTh BOISHOIO Tapa Hapy:KHOTO BO3ayxa, Ila, ompemensercs mo us-
BECTHBIM 3HAYCHHAM TEMIIEPATyPhl HAPYKHOTO BO3IyXa f,y,, W CPEOHEHM 3a HaH-
0osiee XOMOAHBIA MECSAIl OTHOCUTEIBHOM BIAKHOCTH HAPYKHOTO BO3AYXa (yx(%0)

o opmyne
eH Et (o”_x”’ .
=100

J1ns oCcTpoeHusT 30HbI BO3MOKHOW KOHJICHCALIMM CEYEHUM HAPY;KHOM CTEHBI



BBIYEPYMBACTCA B MAcIITa0€ COMPOTHBIIEHUM MAPOTIPOHUIIAHHUIO C YIETOM COIIPO-
TUBJIEHWW BJIATOOOMEHY Ha TMOBEPXHOCTAX R,, U R, (puc. 4). Ha 3Tom cedeHnn BOC-
CTAHABJIMBACTCA PaHee MOoCTpoeHHas (cM 11.4.1.) MuHUS pacrpenesieHus TeMIiepary-
PBI TIPH 1, =1,y C YUETOM JTUHEWMHOTO M3MEHEHHUs YIPYTOCTU BOAAHOTO Tapa CTPO-
WUTCA JIMHUA PaCIpPeieNIeHHUs e MO CEYEHUIO CTEeHbl. JlJI1 3TOro Ha yCJIOBHBIX IO-
BEPXHOCTIX OTPAKICHUSA, OOPa3OBAHHBIX MPHUOABICHUEM COIPOTUBICHHUMA BIaro-
obMeHy R,, ¥ R,, K CONPOTHBJIEHHIO NMAPOIPOHHMIIAHMIO MATEPHAIBHBIX CIOEB MR,
OTKJIAJbIBAOTCSA 3HAYCHUS €, U €,. [loaydYeHHbIE TOUKHA COCAUHSIIOTCS MPAMOM JIU-
HUCH.

ITo U3BECTHBIM 3HAYEHHAM TEMIIEPATYPbI B CEUEHUU CTEHBI B TOM K€ MACIIITa-
0€ CTpouTCs KpuBas M U3MCHCHHS MAaKCUMAIbHOW YMPYTOCTH BOASHOTO mapa F.
Jlmst Gonee TOYHOTO TIOCTPOCHMS JIMHWHW [ HamOoJiee TOJCTBIE CIOW OTPAKACHUS
Pa3OMBAFOTCS HA TISITh WK O0JIee JIEMEHTAPHBIX CIIOCB.

Ecnn nuanm £ ¥ e mepecekaroTcs, TO 3TO YKa3bIBA€T HA HAJIMUWE B Orpakie-
HUH YCIOBHUM JUIsl KOHAEHCALIMY B HEM BOJASHOIO Mapa.

JIns mocTpoeHns MUHUIA TEUCTBUTEIIBHOIO U3MEHEHUS YIPYTOCTH BOJSAHO-
ro Tapa B OTPAXKIAECHUU U3 TOUEK €, U €, Ha YCIIOBHBIX MOBEPXHOCTIX CTEHBI TIPO-
BOJIATCA KacareJibHbIE K TUHUM MAKCMMAJIBHOM YIIPYTOCTH BOASHOrO mapa. Takum
o0pa3oMm, TIONTyqaeTcs TUHUHA e.F F) e, IEeHCTBUTEIIFHOTO U3MEHEHUS YIIPYTOCTH
BOJISTHOTO ATapa B TONMIE cTeHbl. Ha MpAMOIMHENHBIX yUacTKaX 3TOM JIUHUU €l
u [)e, U3MEHEHUs yNPYyroCTH BOAAHOTO Mapa MPOUCXOAUT TOJNBKO 3a CYET COIPO-
THUBJICHUS MTAPOMPOHULIAHUIO. Ha KpUBOTUHEMHOM y4acTke £ /7), COBNAAAIOIIEM C
JIMHUEHN [’ 1 U3MEHEHHUE YIIPYTOCTH Iapa MPOUCXOIMT 3a CUET €r0 KOHACHCALUH.
[InockocTH, MapanieNbHblE MOBEPXHOCTIM OTPAKICHUA W NPOXOJAIIME 4epes
TOYKM F| U F)), ABIAFOTCA TPAHULIAMH 30HBI BO3MOKHOM KOHACHCALIWH.

[Tepenocom nunME e,F;F)e, HA CEYCHUE CTEHBI, BHIYEPUYECHHOE B MacmITade
TOJIIUMH CJIOEB, OMPEAENSIOTCA TMOJIOKEHUE U TOJIIMHA 30HBI  BO3MOKHOM KOH-
TIEHCaln o, (CM. puc. 4).

KonuuectBo koHIeHcata B OrpaxkacHud P, oOnpenesaeTrca no pPasHOCTH
YAENbHBIX MOTOKOB BOAAHOTO Tapa, MPUTEKAOIIEro K 30HE BO3MOKHOM KOHJEHCa-
M P; U yXOJAIIero oT Hee P, (Mr/qu):

e — I, E, —e,
P,=P,-P, P =——- P,=
Y Rgn + Rin ’ Ran + Rnn
rac Rl‘n - COHpOTI/IBJ'IeI{I/Ie HapOHpOI-II/H_[aI{I/IIO HacTHu CTCHBI OT BHy’I‘peI{HeI\/'I I10-

BEPXHOCTH JI0 BHY TPEHHEH TPAHULIBI 30HBI BO3MOKHOM KOHACHCALIMH;

R, - COIMPOTHUBJIEHUE MAPONPOHULIAHUIO YACTH CTEHBI OT HAPY>KHOW I'PAaHULIBI
30HBI BO3MOXHOM KOHICHCAIUH 10 HAPYKHOW TTIOBEPXHOCTH CTEHBI (CM. PUC. 4).
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Puc. 4. ITocTtpoeHre 30HBI BO3MOKHOM KOHAEHCALIMA BOJSHOIO Mapa B MHO-

TOCIIOWHOM OTPaKACHUH.



Ecnu nuHus I oka3biBaeTCs BE3/E BBILIE JUHUM €, TO KOHJICHCALIUU B OTPakK-
JIEHUM HE OyJIeT W JIMHUA JEHCTBUTEIBHOTO U3MEHEHUS YIPYTOCTH BOIAHOTO Tapa
COBMAJAET C IMHUEH e. Y IebHbIH MOTOK BOASHOrO mapa P(Mr/M” 4) yepe3 orpask-
JICHUE B 3TOM ClIy4ae onpeaessercs 1o popmye:

on

Ecmm nunua I oka3piBaeTCA BE3AE HUKE JIMHUM €, TO BCE OrPaKACHUE Ha-
XOOATCA B 30HE BO3MOKHOM KOHACHCALIMM W JIMHUS JEUCTBUTEIBHOTO W3MEHECHUS
YIIPYTOCTH BOJSHOTO Mapa COBNAAACT C JIMHUEN [

Jlnsa mpenymnpexneHus KOHACHCAUMKA I1apa B KOHCTPYKLMM OTPa)KACHUSA He-
00XO0IMMO TIPEAYCMOTPETH TTAPOU3OIHALIMIO Ha €T0 BHY TPEHHEH TTOBEPXHOCTH.

BryTpu orpakneHus M3MEHAETCS TAKXKE OTHOCUTEIbHAA YIPYTOCTh BOJIHOTO
napa ¢ . Jlnsg mocTpoeHHs TMHAA OTHOCHUTEIBHOW YIIPYTOCTH HEOOXOIUMO OTIpe-

JIETTUTh 3HAYEHUE (0, B XAPAKTEPHBIX CEUCHUSIX OTPAKICHUS T10 3HAYCHUSAM €,, H
E.,, mony4eHHbIM U3 rpaduka.
ea,x

E

X

wx =

[Tpy BBHITIOTHEHUM KOHTPOJBHO-KYPCOBOM PadOThl HEOOXOAUMO TOCTPOUTH
JINHWWA U3MEHEHUA 7, e, [, ¢, IEUCTBUTEIBPHON yNPYTrOCTH BOAAHOIO mapa €, B 3a-
BUCHUMOCTH OT R, onpeaenuTts 3HayeHue R;,, R,,, P, wiu P. Ha ceyeHue cTeHsl
MEPEHOCAT JIMHUIO U3MEHEHMS JICMCTBUTEIBPHOM YIIPYTOCTHA BOASHOIO Tapa B TOJ-
€ CTEHBI ¥ TPAHULIBI 30HBI BO3MOKHOM KOHJCHCALIAH.

7. Pac4der TEem10BOro pe:kumMa NoMeneHust B
3MMHMX yCJI0BHSAX.

B 3aBUCMMOCTH OT XapakTepa NPOTEKAIOIMIMX B MOMEIIEHUH TEILIOBBIX IMPO-
LIECCOB €r0 TEIUIOBOM PEKUM MOKET OBITh CTAIMOHAPHBIM W HEeCTAalMOHApHBIM. C
LIENBIO OIPEJENICHUS TEIUIOBOM MOIIHOCTH OTOIMUTEIbHBIX MPUOOPOB B MOMEIIIE-
HUHM BBITIOJIHAETCA PacueT €ro TEeIUIOBOro OallaHCy B CTALMOHAPHBIX YCIIOBUAX.
PacyeT TemioBoro pexxuMa MOMEIIEHUs IPU MEPUOJUIECKOM OTOILIEHUH OCYILE-
CTBJIAECTCA ¢ Y4€TOM HECTALMOHAPHOCTH TEIUIOBBIX ITPOLIECCOB.

7.1. Pacuer TemioBoro 0ajianca nmoMeineHusl.

TeroBoi OajaHC TTIOMEMICHUS OTPEICTAETCS TP PACUETHOM TEMIIEpaType
Hapy KHOTO BO3/lyXa, PABHOU TEMIIepaType HanOOJIee XOJIOTHOW MATHIHEBKH B CO-
OTBETCTBUM ¢ METOAMKOM [1 mor.].

3aTpathl TETUIOTH HA HAarpeBaHWe WH(PUIBTPYIOMIETOCS Yepe3, OKHA U OaJl-
KOHHBIE IBEPH HAPYKHOTO Bo3ayxa (O, Bt, paccuursiBarores 1o popmyne (3) B [1
JIOTI. | ¢ yY€TOM JAHHBIX TaOM.3.



7.2.PacveT HeCTALIMOHAPHOTO TEIVIOBOT0 PE:KUMA MOMeEIeHUsI
MpH MEePUOAUIECKOM OTOIUIEHIH

Jlms obecrieueHrs 3aJaHHOTO TEIUIOBOTO PEXMMAa B TIOMEIIEHHWH B XOJIOAHOE
BpEMs T'0J1a TEIUIO0THaYa OTOIMTENBHBIX IPHUOOPOB JOMKHA OBITH PAaBHA HEOCTAT-
Ky TEIUIOTHl B HEM. Eciu TernnonocTymnieHus NepuoaMiYeckd U3MEHAIOTCS TIPU He-
W3MEHHBIX TTOTEPAX TETUIOTHI, TO B IOMEIICHUN HAOIFOAAFOTCS KOJIEOaHUs TeMIiepa-
Typbl BO34yXa M BHYTPEHHUX MOBEPXHOCTEH OTPAKIACHUA. XapakTep B BEIWYMHA
ATUX KOJICOAHUI OTIPEICTISIOTCS TeTUIOY CTOMYHUBOCTHIO TIOMEIIEHUS.

TennoycTOMYMBOCTRIO MOMEMICHU HA3BIBAETCA €r0 CBOMCTBO MOAICP:KUBATH
OTHOCHUTENTPHOE TIOCTOSHCTBO TEMIIEPATyPhl TP TIEPUOANYECKH W3MEHSFOIIMXCS
TEIUIOBBIX MTOTOKAX.

B 3manwmii, nprcoe JMHEHHOM K CUCTEME TEIIOCHAOKEHUS, PETYJIMPOBAHUE TE-
IJIOBOM MOIIHOCTU CUCTEMBI OTOIUIEHUS B KOHLIE M HAYaJle OTOMUTEIBHOIO NEpUoaa
MOZKET MTPOU3BOAMTHCS "TIpomycKkaMu ". DTO O3HAYaeT, YTO KAKOE-TO BPEMs HATOMa
M YacoB MO CUCTeME OyJeT LMPKYJIUPOBATH TETUIOHOCHUTENb, 4 3aTEM Ha /1 4acoB
LMPKYJSILMA TEIUIOHOCHUTENST Mpekpatutcs. [lpy 3ToM nomkHa noaaep:KUBaThCA
TEeMIIEpaTypa MOMEIIEHUH, KOJeOaHUA KOTOPOH IOy CcTUMBI B ipeaenax + 1.5°C.

AmrmuTya kKoneOaHui TeMrmepaTypsl oMemeHus A, (°c) mpu ororuie-
HUW «TIPOITyCKa» onpenersiercs o ¢opmyne [1]
0.90

A — max

Iy P

o
e Ona- MOIIHOCTH OTOIUTENFHBIX MPHUOOPOB B MOMEIICHWH B TIEPHOJ HATOIA
(BT) paccunteiBaeTcs no ¢opmye:
Onax=2MQ.,,
M- xo3pPurmeHT HepaBHOMEPHOCTH TEIUIOOTAAYH OTOMMTEIIFHOTO MPUOOpa,
JUTS HETETIOEMKOT'O OTOITMTENBHOTO TIpHOOopa
' m+n
2m 2m
T=m+n - meproa U3MEHEHUA TTIOAAYX TETUTOTHI, 1;
Q.,- cpeaHss MOILHOCTh OTOIUTEIbHBIX IPHOOPOB B MOMELICHUH 3a Iepuoa 7,
Br, mpunumaercs nepepacuérom o ¢opmyne:

b

t,—s
sz = Qnom ¢

—t

8 H.n

Ojon- PACUETHBIE TETUIONIOTEPU MIOMENICHUsA, BT, onpenenéunsie B n1.7.1.;
P0n- TIOKA3aTEIh TEIUIONOIOIIEHU TToMereHusa, BT/K.

[Tokazarens TEIUTOTIOTJIOMEHHS TTIOMEIICHUS B OCHOBHOM YYHWTBHIBACT TETI-
JIONOIAIATEIbHYI0 CIIOCOOHOCTh OTpaXaeHUd P, U BO3AyxooOMeHa P, B IO-
MENIEHWY U PaBEH WX CyMMe (TIOTJIONATeNIbHAs CIIOCOOHOCTh MeOeTn, 000pyaoBa-
HUS ¥ BO3/IyXa B O0BEME TTIOMEMICHUS B JAHHOM PAacUu&Te HE YUUTHIBASTCS):

P nom P o2p +P 6eH.
[lokasaresp TEIUIONOINIOMEHH OrpaxkaeHu B omemenuu P, (BT/K) pac-
CUHMTHIBAETCS TIO (hopmyIie:



A€ Yoy~ TOKA3aTENb TEIUIOYCBOCHMS MOMEIICHUA, OMPEACIACTCA KaK CyMMapHOeE
TEIIOYCBOSHUE BCEX TIOBEPXHOCTEN OorpaxacHul nomemenus, B1/K:
Y, Hom ZKF i

Y;F- nokazatenn (k03 UILIMEHTHI) TETNIOYCBOCHUS | TIOMIAH TTOBEPXHOCTH
OTAECHBHBIX OTPAXKICHUM;

Apon~ TIOKA3aTETh MTHTEHCUBHOCTH TETUTIOOOMEHA Ha BCEW TUIOMIATX BHYTPEH-
HHUX TIOBEPXHOCTEH OrpakaeHri nomemenus, BT/K:

— P
AnOM =a, ZE
p
ag - OCPCAHCHHOC IT0 BCEM ITOBCPXHOCTAM B IIOMCIICHHWHW 3HAYCHHUC K03(1)-

o _ 2
¢unmenra reroodmena, @, = 4.1 Br/(mK);
Q - k03¢ PHULHEHT TTPEPHIBUCTOCTH, OTIP.TIO TIPHI 4.
[Tokazarens TEIIIONOTIAMEHHS BO3AyXO000MEHA B TMOMEMICHUH P, (BT/K)

onpenensieM 1o Gpopmyne:

1
PEEH = Rl‘cp 3

1

rae 30 - mepeBomHOM KO3(D()UIMEHT;

L- BO3IyXx000MEH B TIOMEIIEHUH, M3/‘{, JUISL JKUJIOW KOMHATBI OTIPEIeseTCs
w3 pacuéra 3 M /d Ha 1M’} U1 KyXHH, 00OPYIOBAHHOH ABYXKOM(OPOIHBIMH IUIH-
TAMHU-He MeHee 75 M’/4, 4eTBIPEXKOM(OPOUHBIMH IITMTAMH- He MeHee 90 M /u, s
JPYTHUX OMEIIECHUIM MPUHUMACTCSA 110 HOPMATHUBHOM JIMTEPATYPE;

¢,-00BbEMHAs TEIUIOEMKOCTh BO3AyXa, paBHa 1,3 kJx/M K.
IIpu pacuére mokasaresid TEIIOYCBOCHHUS BHYTPEHHEW MOBEPXHOCTH Orpa-
JKICHUHN B TIOMEIICHUH Y; YUUTHIBAIOT TONBKO CIIOW PE3KUX KoJieOaHuk (puc.S).
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Puc. 5. Pacnono:keHnre v HymepLHs CJIOEB NP OMPEICIICHUN TTOKa3aTeNs Te-
IJI0YCBOEHUS BHY TPEHHEW MOBEPXHOCTHU HAPYIKHOTO OTPAKIACHUA.



CrnoeM pe3kux KOneOaHWK HAa3bIBACTCA CIIOM, TEIUIOBAas WHEPLMS KOTOPOTO
D=1.

Oco0eHHOCTh TAHHOTO pacdyéra COCTOUT B TOT, YTO 3HAYCHHA KO3 uimeH-
Ta TEIUIOYCBOGHUs MaTepHana ciioés s, BT/MK, Hy»KHO MepecumTaTh [is 3a1aHHOIO

niepuona 1 o opmye:
sos, |2
m+n ,

rae Sy~ PacyETHBIM KOA(DPHUIMEHT TETUTOYCBOSHMS MaTepHaia IpH riepuoe 7=244,
npuHUMaeTes 1o [5], Br/m’K.
IIpn onpeneneHnu Y; MOTyT BCTPETUTCS CIECAYIOIIME XapPAKTEPHBIE CITy4au
(HyMeparms co€B B OrPAXKICHHUH TIPUHATA OT PACCYUTHIBAEMOTO TIOMenIeHUs ) [1]
1) TerutoBas uHepiys niepsoro cios D;>1 (cm.puc.S, cedenue |-1), Torna

Yi=Y,=5,
2) CcioM pe3KMX KOJICOAHHWM 3aXBaTHIBAET BTOPOM OT BHYTPEHHEH MOBEPXHO-
CTH  MaTepHaJbHBIA CIOH T.6. Tombko D;+D,>] (cm.puc.5.ceuenue |l-11),
ToTaa
RS} +S
Y=Y = (13)
1+ RS,
3) cnoit pe3KrX KOIeOaHUM 3aXBATHIBAET TPETHUM, YETBEPTHIA CIIOM U T.A., T.€.
D;+D,<I (cm.puc.5.ceuenwe lllI-11), Tormna
R] S]Z + Y2
Y= ———— 14
"1+RY, (14)

re Y, -TioKa3aTenb TeTUIOYCBOEHHS TTOBEPXHOCTH BTOPOTO CIIOS, OTPEHeIis-
€TCI aHAIOTMYHO Y;  C COOTBETCTBYIOIIEH 3aMEeHOW WHICKCOB B (opMyliax
(13)-(14) u 1. 1. B 3aBUCUMOCTH OT TOTO, CKOJIbKO MAaT€PUAIBHBIX CIOEB BXOJUT B
CIOM PE3KUX KOJICOAHUH.

B o6miem ciryvae 1 TIOBEPXHOCTH /-TO CITOS

2
_ RnSn + Yn+l

" 1+RY

n” n+l

[lokazarens TEMIOYCBOCHHUS TOBEPXHOCTH TOCIEIHETO K -T'O CIIOS B HApPyK-
HOM OTPaKIECHWH OTIpeesiieTcs 1o GopMye :

2
_RiSira,

k
1+R,x, ’

['me o, -x03PuIMeHT TeTIo0TAaYM TS 3SUMHHAX YCIIOBHUN HAPYKHOW MOBEPX-
v 2
HOCTH OTpaskIaronier KoHCTpykiwmH, B/m K.



4) ecnu OTpaKACHUE LIETMKOM WM OTICIBHBIN CIOW OTPAKICHHUS TTPAKTHYIE-

CKY He 00J1a/1aeT TEIUIOBOM MHEPLMEN (HanmpuMep, OKHO, BO3AYINHAS MPOCIONKA B
OTPaKICHUM), TO TIOKA3aTEITh TETIOY CBOSHUS JTSI HUX:
[24

JUIA OKHA Y =—n
* 1+R. «x,

o . Y
JIT BO3IYIIIHOM TIPOCIOMWKH Y, = W ,
+

en” en+l

rac Y6n+1 - MOKA3aTCJib TCIINIOYCBOCHUA IMOBCPXHOCTHU CJI0:A, CIICAYIOMICTO 3a
BO3QyITHOW NPOCIIONKOW;
1 1
I _ —
ROK _ROK _Rg _RH _ROK T -
a o’

8 H

5) BHyTpeHHee OTrpakIeHHE, MOABEPKEHHOE C O0O0EMX CTOPOH BO3IEHCTBHIO

MEPHOAMYECKMX TEMIIEPATYPHBIX  KOJE€OaHMM, NpY TEIUIoBOM uHepimu 2D, < 2
JeNAT Ha JIBE YaCTH C OJMHAKOBOM TEIIOBOM HWHepLmen (puc.6)

"

i

o |

o

3

AR R, R

\.-.u.-,l

=
=

iD./

ED.f4

Puc.6. PacrionoxeHnve M HyMepauys CJI0€B NPU OINPEACSICHUH MOKa3aTeNs Te-
IJIOYCBOEHUS BHY TPEHHUM MTOBEPXHOCTH BHYTPEHHETO OTPAKACHUS

Pacuér mokazarens TermnoyCcBOCHUA BEAYT C 33JJaHHOM MOBEPXHOCTH 10 CIOS
m, B TIpeJenax KOTOPOro MpOIia TpaHULa pasena, Ha3piBaeMas OCBIO TETUIOBOM
CUMMeETpHUH. [ TIOBEPXHOCTH CJI0S M TIOKA3aTeNb TEIIOYCBOSHUS OTIPEIEISIOT TI0
hopmyne
Y, m =D mSm 5

rne Dm-TernnoBas MHEPLKA YaCTH CJIOS M 0 OCH CUMMETPHH;

Sm -xo>pPUIMEHT TETUTOYCBOCHUS Marepuaia CJios, 4epe3 KOTOPBIM Tpomuia
rpaHuiia pasaena, Br/(M.k)

[To pe3ynbraram pacuera CTPOUTCA Tpadvk U3MEHEHHS TEIJIOBOTO MOTOKA M
TEMIIEPaTyPhl TTIOMETICHHS BO BpeMeHH (puc.7).
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Puc.7.I'padmk u3MeHEHHs TEIIOBOTO MOTOKA Y TEMIIEPATyPhI TIOMETICHA
MpU NEPUOANIECKOM OTOTUICHHUH.

8. 3akrouenue

B 3axmrouernn HEOOXOIMMO TIOABECTH MTOTH BBITIOJTHEHHBIM B KypPCOBOM pa-
0oTe pacderaM, CHENATh BBIBOJBI 10 TPHHATHIM PEHICHUAM, HAITPABICHHBIM Ha
o0ecrieueHre B TIOMETLEHNH TPEOYEMbIX CAHUTAPHO-TUTUEHUUECKHE Y CITOBHH.

9. OdopmiieHne NOSICHATEJILHOM 3aANMNCKH.

[TosscHuTEnPHAs 3aMMCKa - 3TO BaKHBIM TEXHUYECKHUM JTOKYMEHT, B KOTOPOM
MIPUBOIATCS HEOOXOIMMBIE PAcueThl, TAOIHUIBI, CXEMbl M Tpaduka, OTMCHIBAIOTCS
TIPUHATHIE PEHICHUS, TAETCS X 00OCHOBAHHME.

[TosICHUTENTPHYTO 3aIMCKy CIIEAYET COCTABIIATH MAPAJUICIIFHO C BBITIOJIHEHUEM
KOHTPOJIBHO-KYypcoBOM padcotel. OHa odopmisieTcss Ha nactax popmara A 4 (pazmep
297x210 Mm) ¢ 00emx ero CTOPOH a BKITFOYAET B C€0S: TUTYIBHBIN JTUCT, 3aJaHAE Ha
KyPCOBYIO padoTy (TIPOEKT),0TJIABIICHUE, PA3/ENbl M TTOAPA3IENBI 3aIMCKH, CITUCOK
WCTIOJTb30BAHHOM JTUTEPATypPhl, HEOOXOMMbIe TIpHIokeHus. [IpaBuna odopmieHus
TUTYJIBHOTO Y TIOCJEAYIONTMX JINCTOB MPUBEACHBI HA CTEHAE Kadeapsl CxeMbl, rpa-
(uKa ¥ PUCYHKH JOITYyCKAETCS BBITIONHATH KapaHaamoMm. [Ipu HeoOX0MMOCTH JTs
BBITIOJTHEHUS TPAPUKOB, CXEM U TAOJIMIL AOITY CKAETCS UCTIOIb30BAHUE JINCTOB OyMa-
ra ApyTyuXx CTaHIAPTHHIX (OPMATOB.

IIpn HanmcaHWii MOACHUTEIBPHOW 3AIMCKU CIEAYET BBIMOJIHATH TAKXKE CIIe-
TYFOTIIHE TIPABUIIA:

1) Hymepauus CTpaHWMI TEKCTa, CIMCKA JUTEPATYyphl a TPUIOKEHHUH, BXO-
JENIAX B COCTaB 3allMCKU , JOJDKHA OBITh CKBO3HASA, TIEPBOM CTpaHUIEH (JTHC-
TOM)SIBJIA€TCS. TUTYJIHHBIN JIKCT, PUYEM HOMED HA HEM HE YKa3bIBACTCS;



2) paszensl Y TOAPa3AeNbl JOKHBI UMETh TTOPAIKOBbIE HOMEpa, 0003HAYEH-
HbIe apaOCKUMU ImdpaMyd O TOYKOW, B TPEAesiax BCEW TOSCHUTEITHHOW 3aruCKU;
coZiepIKanIMecs B TEKCTE TO/Ipa3elia MepeurcIeHUs TPeOOBaHUM YKa3aHHUH, TOJO0-
KEHUH 0003HAYAIOT apadckumu 1udpamMu co CKOOKON 0€3 TOYKH; HAMMEHOBAHUS
pa3aenoB B TEKCTE 3aMUCKU O(POPMIIAFOTCS B BHAE 3aroJOBKOB ITPOIMCHBIMHA OYK-
BaMU YepTeKHOTO mpudpTa pazmepa 7 (BpicoTa OYKB 7 MM),HAUMEHOBAHHSA T10/IPa3-
JIEJIOB 3aIACHIBAIOT B BHUJE 3arojOBKOB CTPOYHBIM IMIPU(PTOM paszmepa S; Bce 3aro-
JIOBKHM BBITIOJTHAIOTCA 0€3 TOMYEPKUBAHMS; TIEPEHOCH! CJIOB B 3aroJOBKaxX IOSCHH-
TETBHOM 3aITMCKH HE Oy CKAOTCS; TOUKY B KOHLIE 3ar0JIOBKA HE CTABAT;

3) paccTosHHME MEXIy 3aroJIOBKOM M TOCIIEAYIOIUM TEKCTOM JOJLKHO OBITh
He MeHee 10 MM, MEKIy OCHOBAHMAMH CTPOK TEKCTa- JIOJDKHO OBITH 8 MM, MEXKITY
MOCNETHEM CTPOKOM TEKCTa M MOCTISAYFOIINM 3arojIOBKOM - He Oonee 15 mwm;

4) CcokpallleHHWEe CJIOB B TEKCTE€ W TIOAIMCAX IO/ WLIIOCTPALMUAMH HE J0-
MyCKAETCs; UCKIFOUEHU COCTaBJIAIOT COKpaieHus, yctaHoBlieHHbie [ OCT 2.316-
68* (CT COB 865-78)» I'OCT 2 I'. 105-79, 'OCT 7J12-77; BCE OOIMIETIPUHATHIE -
COKpAaUICHU TUANTYTCA 0€3 TOUYKH: METP - M, CEKyH/Ia - C, 4ac - 4, KWIOTPaMM - KT;
JIOTTy CTUMBIE COKPAILIEHUS HEKOTOPBIX CIIOEB MPUBEJACHBI HA CTeH 1€ Kadempsr;

5) enMHWIEI W3MEPEHUs, HA3BAHHBIE B YECTh YUCHBIX, MHAMIYTCA C OONBIION
oyksel: Bt, kBt, [[x. CriokHBIE €TMHUALIBI U3MEPESHUS CIIETYET IUCATh B OJTHY CTPO-
ky: Br/(M*K), M*/Br, kr/u;

6) CCBUIKM Ha JIUTEPATypPy JAFOTCA B.KBAAPATHBIX CKOOKAX, IAE yKa3bIBACTCS
HOMEP MCTOYHHMKA COTJIACHO CITMCKY HMCTIONIb30BAHHOW JIMTEPATY PHI;

7) Bce TaOIMIIBI B TEKCTE 3aMMUCKU JOJIKHBI UMETh HA3BaHUE; HAJ HA3BAHUEM B
MPaBOW CTOPOHE CTPAHUIIBI TTOMEMIAIOT C¢I0BO "Tadnmia"; ecimu B TEKCTE 3alTUCKH
TabJIMIIA OAHAKO HOMEP €M He MPHUCBAMBAIOT M COBO '"Ta0nmia" He mymIyT; B CIy-
yae Koraa TaOJIMIl HECKOJBKO, MX HyMEPYIOT apa0CKUMHU LMppamMu B TIpeaenax Bcen
3aIMCKH; TIPU TIEPEHOCE TAONHIIBI HA APYTOH JIMCT TOJOBKY TAOJHIIBI TIOBTOPSIOT M
Haja Hel iy T ¢oBo "[Ipogomkenue", a mocie Hero COKpameHHoe ciIoBo "Tadm."
¥ ee HOMED, eclid Ta0NHIla B TEKCTE€ HE OJIHA TOBTOPSIOIMIMHCS B Tpade TaOmHIIbI
TEKCT, COCTOSAIIMK M3 OHOTO CJIOBA, AOITyCKACTCS 3aMEHATh KABBIYKAMH; €CITH TIO-
BTOPSAFOIIHICSA TEKCT COCTOMT M3 ABYX M 0OJee CIOB, TO MPHU TEPBOM TTOBTOPEHUH
€ro 3aMEHAIOT CJI0BaMHM "TO jke'",a .Jaajiee - KaBbIYKaMH; €ClTi LM POBBIE MITA KaKUe-
HUOY/Ib MHBIC JAaHHBIE B TAOJWLIE HE MPUBOIATCI, TO B rpade CTaBAT MPOUYEPK; B
CIy4ae CCHUTKM Ha TaOmuily cioBo "Tabmuia" B TEKCTE MUIINYT MOJTHOCTHIO, €CITH
TabJIMIIA HE UIMEET HOMEPA, M COKPAIIEHHO, €CIM OHA UMEET HOMED;

8) yepTexu, pUCYHKH U APYyTHE U300PAKESHUA B TEKCTE JOJKHBI UIMETh Ha3Ba-
HHE, KOTOPOE TOMEMIAIOT HaJl M300PAKEHUEM; TTOSACHSIOIINE TAHHBIE TTOMEMIA0T
10T M300paKEHNEM»a HOMEP WILTFOCTPALIMH.- HHMKE TIOACHAIOIINX JAHHBIX; BCE HIT-
JFOCTPALIMKA B TEKCTE, €CIIM MX O0Jee OQHOW, HyMEpYIOTCS apaOCKuMu LppamMu B
TIpeenax BCero TeKCTa,HampuMep:puc.l, pac.2; CChUIKM Ha WUTFOCTPALMK JAFOTCS
o tumny:"...Ha puc.2" wmm (puc.2); CCHUIKA HE PaHee YMOMSHYTHIE WILTIOCTPAIAH
JAIOTCS B CKOOKAaxX 0 COKpamieHueM ciosa ""cmotpu', Hanpumep: "(cm.puc.3)";

9) nmpasuna opopmieHus rpaPUKOB TTOHATHBI U3 TIPUITONK.2.

[TosicHuTeNPHAS 3amMCKa TOJDKHA OBITh aKKypaTHO TeperuiereHa. O0moxKaMu
CITy’KaT TUTYJBHBIM JTUCT M YUCTHIW JIUCT YepTéxHONM Oymaru gopmara A4. Ilocrue



3TOrO 3alMCKEe MOAIMCBHIBACTCS aBTOPOM M CHACTCA HA HMPOBEPKY PYKOBOJIWTEIIO
MPOEKTUPOBAHUS.

10. bubamorpadu4eckunii cnucoK peKoMeHyeMoil TuTepaTypbl
OCHOBHOM.

1. Borocmosckuii B.H. CropoutenpHas teruiodusuka: (Termodusndeckue
OCHOBBI OTOIUICHUSI, BEHTHISLMA M KOHAWIIMOHWPOBAHWS BO3AyXa: YYCOHUK IS
By30B / borocmosckmii B.H. - CI16.: «<ABOK Ceaepo-3amany, 2006.- 400c.:wm.-
bubnworp. B koH1e kH.- 5-902146-10-0 /B rep./: 00.00.

J1OMOTHUTEIbHBIMN.

1. CHull 41-01-2003. OtoruieHre, BEHTUIALMSA U KOHIUIMOHUPOBAHUE BO3-
nyxa. - M.: T'occtpoit Poccun,, 2004. — 71 c.

2. CHulI 31-01-2003. 3maHus >xkuiible MHOTOKBapTUpHbIE. - M.: T'occTpoi
Poccum,, 2004. — 25 c.

3. CHulI 23-01-99. CrpourensHas knumatonorusa. - M.: 'occtpoid Poccun,
2000, - 67c.

4. CHulI 23-02-2003. TernoBasa 3ammra 3aaauii. - M.: T'occtpoii Poccun,,
2004. - 28 c.

5. CIT 23-101-2004. TIpoekTupoBaHHUe TEIIOBOM 3amUThI 34aHUM. - M.: T'oc-
ctpoi Poccuu, 2004. — 186 c.



[ Ipunoxenus



Hpunoxenne 1

VI L - -LE]_

0 0@ 0,80 07Ey/h

['padmkm s onpenenenus GakTopoB GPopMBI OTKOCA OKOHHOTO TPOEMa
(a) ¥ cTBIKA BHYTPEHHEW TIEPETOPOIKH C HAPYKHOM CTEHOM (0)



Hpunoxenue 2

3Hauenve kod3ddurmenta K, yuuTeiBaronmiero M3MEHEHHE CKOPOCTHOTO
Haropa.



Ipunoxenne 3
VYTIpyrocTe HACBHIIIEHHOTO BOASHOTO Tapa (MaKCUMallbHAs YTNPYTOCTh) TIPH
aTMoc(hepHOM JaBICHUM PA3JIMIHBIX TEMIIEPATYPAX.

t, °C E Ila t, °C E Ila t, °C E Ila t °C E Ila
-20 123,59 -8 327,31 4 812,86 16 1817,18
-19 135,32 -7 354,37 5 871,13 17 1937,17
-18 148,79 -6 383,43 6 932,99 18 2036,82
-17 160,92 -5 421,30 7 998,85 19 2197,15
-16 174,39 -4 449,03 8 1068,84 20 2337,13
-15 186,65 -3 485,83 9 1143,10 21 2486,46
-14 206,52 -2 525,42 10 12279 22 2643,78
-13 223,98 -1 568,35 11 1311,89 23 2809,09
-12 244,11 0 610,61 12 1402,55 24 2983,75
-11 264,64 1 658,61 13 1496,14 25 3167,73
-10 285,31 2 706,87 14 1598,26 26 3361,05
-9 302,24 3 758,20 15 1705,19 27 3565,03

Ipunoxenue 4
3HaueHus ko3¢ duimeHTa HempepbeIBHOCTH {2

m/T 0 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1

Q 0 0,73 | 0,84 | 0,84 | 0,76 | 0,63 | 0,45 | 0,24 0




Hpunoxenue 5
3anaHue Ha MPOEKTUPOBAHUE

Homep Konerpyxknust orpaxieHus
BapuaHTa | PatfoH cTponTenncTBa rentiepatypa HOMEp CIIOSI B KOHCTPYKITHH
(ropo) HOMe(I,JéeHm’ HoMep cnost B CHull/ronmusra, MM
1 2 3 4 5
1 Abakan 15 71/30 85/120 142/7? 85/120 71/30
2 ApXaHTrenscK 21 108/12 | Bo3j. mpocnofika/50 [ 85/250 142/ 7 71/30
3 AcTpaxaHb 18 83/10 | Bo3x. mpocnotika/30 17/? - -
4 Benropox 12 120/15 129/? 87/380 BO3/1. pocioiika/20 | 178/12
5 Bupobuxan 25 124/20 93/250 132/? 93/65 73/50
6 BraroBemeHnck 16 90/200 137/? 72/50 BO3J. pocioiika/30 | 96/30
7 Bparck, Upk. 14 83/12 63/80 137/? 78/50 98/20
8 BpsHCK 23 83/12 140/? 115/30 179/10 -
9 BrnajguBocTok 17 124/20 76/30 92/125 147/? 92/125
10 Brajumup 22 120/20 129/? 87/250 | Bo3x. mpocioiika/50 | 178/20
11 Bourorpaj 19 83/10 71/30 23/? 196/5 -
12 Bonoraa 15 83/24 120/30 129/? 120/30 180/5
13 Boponex 21 79/20 90/200 158/? 90/200 79/50
14 Brrbopr 18 108/25 | Bo3. mpocnotixa/70 [ 85/380 142/ 7 71/30
15 3es, AMypcko# o611 12 124/30 93/125 132/? 93/125 73/20
16 HBaHoBo 20 83/36 129/? 115/30 179/10 -
17 HpryTck 16 90/200 175/? 72/50 BO31. ipocioika/30 | 96/30
18 Kazanb 14 124/10 76/50 92/125 172/? 92/125
19 Teepb 26 71/30 85/250 169/ ? 85/120 71/30
20 Kanyra 17 71/30 85/120 63/? 85/120 71/30
21 Kemeposo 22 83/30 | Bo3x. mpocioiika/50 25/? - -
22 Kupos 19 79/20 90/200 158/? 87/65 79/50
23 KpacHospek 15 79/20 87/250 165/? 84/125 79/50
24 Kypran 21 74/20 129/? 87/250 | Bo3x. mpocioiika/25 | 178/20
25 Kypcexk 18 86/125 158/? 87/250 | Bozx. mpocinoiika/50 | 178/20
26 Jlunenxk 12 108/12 | Bo3x. mpocnotika/50 88/250 177/ ? 88/65
27 MockBa 20 90/100 176/? 90/100 Bo3]. mpocioiika/30 | 96/30
28 MypMaHCK 16 90/250 150/? 72/50 BO311. pocioiika/40 | 96/30
29 Hampuamk 14 124/30 93/125 159/? 93/125 73/20
30 Hosropon 23 108/30 90/100 132/? 93/125 73/20
31 HoBocubupcex 17 83/36 120/40 142/? 120/40 180/10
32 OMCK 22 124/20 93/250 132/? 93/65 73/50
33 Open 12 108/12 | Bo3. mpocnoiika/50 | 85/250 142/ 7 71/30
34 OxoTck, Xab. 5 120/20 129/? 87/250 BO3]. pociotika/50 | 178/20
35 [Temsa 24 90/200 137/? 72/50 Bo3J. mpocioiika/30 | 96/30
36 [lepMb 16 83/12 | Bo3x. mpocioiika/30 129/? 115/50 179/10
37 [lckoB 14 83/36 | Bo3x. mpocioiika/30 25/? - -
38 Pocrog-Ha -J/lony 23 83/24 | Bo3. pocnotika/30 28/? 178/10 -
39 Ps3ann 17 124/20 76/30 92/125 147/? 90/125
40 CMOJIeHCK 22 124/20 76/30 90/200 147/? 92/125




IIpunoxenue 6
CocTaB KIIHMATHYECKOT0 macmnopra paﬁOHa CTPOUTEJILCTBA

HcxoaHble JaHHBIE
MecTto cTpoutenseTBa (Topo/, MOCENIoK, palioH | JIp.) -
T'eorpaduueckas mmpoTa -
Jannbie o TemmnepaTtype Bo3ayxa [CHull 23—-01-99. CtpourenrHas KIAMaTOIOTH |
Temmneparypa Bo3gyxa:
cpeauss o MecanaM u 3a rof, [CHull 23-01-99. CtpourensHas KIMMaTOIOTHS | —
HanboJee XOIOAHBIX CyTOK, obecmedeHHocThio (0,92 —
HanboJee XOIOAHBIX CyTOK, obecmedeHHocTho 0,98 —
Hanbolree X0I0MHOH IATHIHEBKH, 00eCIIeueHHOCTHIO (0,92 —
Hanbolree X0I0MHOH IATHIHEBKH, 00eCIIeueHHOCTHIO (0,98 —
abcoIroTHas MUHIMAaNbHAs TeMIlepaTypa Bo3jyxa, °C —
IIpogomKkuTeIEHOCTE IIEpHOJia CO CpeIHECYTOUHON TeMIiepaTypoi < 8°C —
Cpeansd TeMIiepaTypa IIEpHoJia ¢O CpelHeCyTOUHOM TeMIrepaTypoil < 8°C —
Cpeusis CyTOTHas aMIUIUTY j1a TeMIIepaTypbl Bo3lyXa Haubolee XOIoHOro MecsIa, °C
Cpeusist CyTOTHAs aMIUIUTY Jla TeMIIepaTy pbl Bo3jlyXa Hauboee Teroro Mecsa, °C —
Buaaskrocts 1 ocaakn [CHull 23—01-99. CtpourenpHas KITAMAaTOJIOTHS |
Cpensssa MecsiMHas OTHOCUTEIBHAS BIaKHOCTD BO3/TyXa:
HauboJIee XOIOJHOTO Mecsra, % —
HauboJee TeIUoro Mecsra, %  —
KommaectBo ocankos, Mm:
3a HOSIOPh — MapT — —
3a ampelb — OKTSIOPh —
Ilepememenne Bo3ayxa [CHull 23—-01-99. CtpourenpHas KINMaTOIOTH |
IIpeoGnanaromiee HallpaBIIeHUE BeTpa 3a JekaOphb — deBpaib —
MaxcuMabHast U3 CpeJHIX CKOPOCTeH BeTpa 1o pyMOaM 3a SHBaph, M/C —
IIpeoGanaromiee HallpaBIIeHUEe BETPa 3a HIOHb — aBI'YCT —
MuHnManbHas U3 CPETHUX CKOpocTel BeTpa 1o pyMbaM 3a Holb, M/c —
30Ha BJIAKHOCTH —
Kanmaruvecknii paiion u noapaiion —
I'ny6una npomepsanus rpyaTa [CHull 2.01.01-82. CtpourenpHas KIUMaTOJIOTHS U reodu3uKa] —



[MTPUJIOXEHUE 7

Tun okHa
ITepmas Gyxsa Pasvepnt
A—— Tun oxHa OKHa
Ixh, M
AB.B OpuHapHOe OCTeKIICHIE 1.25x1.25
B JISPEBSIHHBIX epeTrieTax
I JLE OJIHHApHOE OCTEKIICHUE 1,0x1,2
Y B METAJUIMUECKHX IIeperuieTax
% 3 J[BoitHOE ocTeKITeHue 2,2x1,65
> B METAJUTMUECKUX Pa3IeTbHbIX IepereTax
K LM JIBoliHOE OCTEKIICHME 2,75x1,5
> B JICPEBIHHBIX pa3AeTbHBIX MleperneTax
0O 1I JIBOIHOE OCTEKJICHUE B JIEPEBIHHBIX WIN 3,3x2,2
> TTACTUKOBBIX CITAPEHHBIX MeperrieTax
PC.T TpottHoe ocTexeHne 2,75x2,0
> B METAIUIMIECKUX Pa3ebHBIX MeperrieTax
vV ®.X JIByXCIIOMHBIE CTEKIIONAaKeThl B JIEPEBSAH- 6,0x2,45
> HBIX WM TIIACTHKOBBIX HepereTax
11,9, 111 JIByXCIIOMHBIE CTEKIOTIaKEeTH 3,7x1,9
> B METAIUTMIECKUX MeperneTax
1T, 9, 10, 5T TpexcioHbIe CTEKIIONIAKETH] B JIEPEBSIH- 4,0x1,15
> HBIX WM TIIACTHKOBBIX HepereTax
IaGaputs! 31anus
Bropas Gyxsa Bricora Konnaectro Hz&h;fgz;
ammmn STaxka STakell B 371aHUN Py
cTeHsl Ixh, M
A,b,B 2,700 5 7,62x5,25
IJLE 3,100 7 9,1x5,35
K, 3,1 3,300 9 2,9x2.8
K, JI,M 2,750 7 4,5x3,5
H, 0,11 3,200 9 4,8x4,5
P,C, T 3,400 12 6,3x3,3
Vv, d, X 2,800 9 10,4x3,45
11,4, 111 3,000 12 4,8x2,55
10, 3, 10, 51 3,50 7 8,60x3,35






