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3 lloaroTosneHsl K yTBEPKICHUIO ¥ H3JAHHIO YNPaBIeHUEM NEPCrISKTHB-
HOTO  JIPOCKTHPOBAHHKSA, HOPMATUBOB U  KOOPAWHAUMH  NPOEKTHO-

H3BICKATENACKHEX paboT MOCKOMAapXUTEKTYPHI.

4. YTBepxacHbl npruKazoM MockoMmapxutekTypsl 0T 30.05.2005 Ne 72

HacToslunit JOKYMEHT HE MOXET OBITh NMOAHOCTHLIO UAH YACTHYHO BOCHPO-

H3BEeaeH, THPAXKUPOBaH W pacnpoCTpaHeH B KadecTse ouHaNbsHOrQ U3na-

HHs 6e3 paspeureHUs MOCKOMAPXH1eKTYPhl.
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BBEJCHUE

B cBA3K C IEPEXOXOM MHOIMX CTpPaH MHpa K FHOKOMY OOBEKTHO-
OPHEHTHPOBAHHOMY [POTHBONIOKXAPHOMY HOPMHDOBAHHIO MaTeMaTHYeCKOE
MOZENNpPOBaHUe MOXKAPOB ABASCTCA ONPEACNAIOWMM 3BCHOM NPH peLlelny
pa3IHYHBIX 3ajay MOXKapHOH De30MacHOCTH. PepepansHOEC 3aKOHONATE h-
CTBO, B YaCTHOCTH, 3aKoH “Q TeXHHUECKOM PEryAHMpOBaHHWH WU CTaHAApT
noxapuoii 6esonacHoctd (I'OCT 12.1.004-91), obecnieynBaroT 3aKoHOMR-

TensHYIO 0a3y peannsauydd Ha MPaKTHKE NPHHLMNOA M'MOKOro HOPMHpPOBa-

HHA.

[Ipu pelieHHH 3aay N0XapoOe30nacHOCTH (B HAaCTOSIIUX PexoMeH-
Aal{AX Ha IIpHMepe CTOSHOK JIETKOBBIX aBTOMOOHNEH) BONPOC 109HOCTH U
HANEKHOCTH METOJ2 pacyeTa TeluiOMacCcooOMeHa MpPH HoxXape sBJISEeTCS
KioUueBsiM. CaoXHOCTh paspal0OoTKH TakOoro MeToa 3aKMOYaeTCs B MHOTO-
($aKTOPHOCTH H HEJIMHEHHOCTH 32/1a4H.

MonenupoBanue TeromMaccooOMena Npu 1oxape npeacraBngeT Co-
OOk CIOXHYIC, B IOAHOM BHAE HE pelicHHYI0 npobnemy [5.18]. Peanbubli
[10’Kap KaK HEKOHTPORUPYEMOE FOPEHUE SBNAETCH CIOXKHBIM, O KOHLA He
H3YYECHHBIM, CYIUECTBEHHO HECTALIHOHAPHBIM U TPEXMEPHBIM TERIO(hHINYE-
CKHM TIPOIIECCOM, CONPOBOX/IAIOMIMMCSE H3MEHEHHEM XHMHYECKOI'O COCTaBa
U apaMeTpoB ra3oBOH cpearl NoMeleHus. TypOyneHTHBIN KOHBEKTHRHBIH
4 JTYYHCTHIH TEIUIOMACcCOOOMEH B OUare TOPEeHHS C XMMHHYECKUMH peaKIlHs-
MH, TEIIOOOMEH MEXy IOpSYAMH razaMy ¥ OrpaXJAaioLMMU KOHCTPYK-
UHAMHA [IOMEMIECHH K T.J. OC/IOKHAIOTCA 1€NJIOMAcCOOOMEHOM ¢ OKPYXKat0-
WEH Cpenoii Yepes Mpoemsl ¥ BCNEACTBHE PabOThi CHCTEM MEXaHHUYECKOi
UPHTOYMHO-BRITAKHOH BEHTIIANMH Y NOXAPOTYHIEHHSA, YTO IIPUBONUT K CY-
LHECTBEHHOU HEOMHOPOJAHOCTH TeMIIEPATYPHBIX, CKOPOCTHBIX U KOHLEHTDA-

UHOHHBIX NONer NPOAYKTOB IropeHys B oObeMe MoMeleHus (HecTalMoHap-

HOCTb M TPEXMEPHOCTH 3aa4H)

)



O CnoXHOCTY peuleHHs TakKO#l 3ajadyu Takke roBopui 10T PakT, uTo
MATEMATHYECKOE MOJCAHPORAHUE TypOYNERTHOrO TenaoMaccooOMeHa B
CAOMHBIA TEPMOIa30AMHAMUYCCKUX YCAOBHAX BMECTE C JIPYTHMi 334aUdMH
HENMUHERHOH OUM3UKK BXOJUT B CITUCOK, COCTaRiieHnbl Poccuiickoli akane-
Muell HayK, TPMILATH 0CO0O0 BaXKHBIX U HHTEpECHBIX npoliiem QH3UKK Ha
Onwxaiinne roast (3.19]

B aelcTByroliell HOPMAaTHBHO-TEXHHYECKOH 0a3e NpPOeKTHPOBAHHE
CHCTEM NOXKAPOTYUICHKS, IBIMOYIANEHUS H MEXAHHUSCKON BEHTHAALMU OC-
HOBAHO HA YNPOLUEHHBIX METOAAX pacuera TennoMaccoobMeHa npy noxape

s onpenenedys yciosui 0e30nacHO JBaKyauuu jioie# HEOOXo-
JHMBIM HCXOJIHBIM [OKa3aTeNeM ABAACTCS BPEMS KPUTHHYECKOH TPO0JIKH-
TENLHOCTH NoXapa [3.27] (IpoMeXyToK BpeMEeHH OT Hayasla BO3HUKHOBCHHUSA
FTOPEeHHS JI0 JNOCTHXCHHA BEAWYMHBI X018 OBl OJHONO OMNACHOIO (PakTopa
MoXxapa ee KpHTHYECKOro A 4YeNOReKa 3Ha4YeHWs Ha ypoBHe paboueid 30-
Hhi) OIXHAKO B POCCHUUCKHX CTaHJapTaX 6e30MacHOCTH DJAA ONpeacsieHus
3TOIC BPEMEHU 3aJOXEHLI YIIPOIEHHEIC MHTEYpajibHbIE ME10Jbl pacuela
rennomMaccoodMera mpu noxape (1'OCT 12 1004-91, T'OCT 12 3 047-98)
Hicnoss30BaHe METOA0B pacydeTa 00jiee BRICOKOTO YPOBHA (30HHBIX U IT0JIC-
BbIX) HC3BOJET DOlee HAAEKHO ONPEAEiNTb BEAMYHHY KPUTHUECKOH NpO-
NOMKUTEIBHOCTH ITOXKapa.

B pgedcTBYIOMMX HOPMAX I10XXKAPHOH 0e30racHOCTM HE y4YUThIBAKICA
DEANbHBIC YCIOBHA NOXApa, TAKHC KaK, PCasibHbIM TEPMOra30anHaMHYEeCKNH
PEeXHM T10Kapa, TENROPHU3IUYECCKHME U XUMUYECKNE CBOKCTRA HAXONAIECHCS B
[NOMEUIeHuH¥ TOPOUYECH Harpy3ky, reOMETPHYECKHE pPa3sMepbl NOMEIHEHUs.
PA3MEPBl U PaCloNokKeHye NPoeMOB, NAPAMETPhl CHUCIeM NOXKAPOTYLUE HUS,
NBIMOYAANEHHI Y MEXAHUYIECKOW BEHTHIAIMY U T 1

B nacTosmmx PekoMeHmauuax NpeACcTaBlIeHA MATEMATHYECKAs MO-

Jiefb, MO3BOMAIOUAA HA OCHOBAHUH HAY4YHO-ODOCHOBAHHOIO NPOIi HO33 NH-



HaMiKM ONMACHBIX (PakTOpOB NOXapa NPOBOAUTH ONTHMH3ALIMIO JICHCTBHI

cHCTEM MOXAPOTYBIEHHS, ABIMOYAANCHHSI ¥ MEXAHHYECKOH BEHTHASLMAH C
yMETOM peabHBIX 1apAMETPOB BOIHHKHOBEHUS, PACIPOCTPAHEHHA ¥ Pa3BH-
THS NOKapa, TenIodH3NUECKUX H XUMHIECKUX CBOHCTB KOHKPETHOH [OpHO-
qeil HArpy3KH U TeIUIoPHU3UYECKUX CBOACTB MaTepHaNla CTPOUTEIBHBIX KOH-
cTpyKuiii. MeToMKa MOIeHHPOBaH:d OCHOBaHA HA COBPEMEHHOM YPOBHE
Hay4YHBIX 3HaHHi B OONACTAX TEMIOMAcCOOOMEHA H BBIUHCIMTENBHOM
MATEMAaTUKHd. MeToanka OCHOBaHa Ha  MaTeMaTHYeCKOH  MoJenn,
npuBeacHHO# B |5.48] ¥ npoweAmied coracoBaHHe B BHUHKBIO MUC
Poccuu. B JOKYMEHTe IIpeICTapil€Hbl TaKKe peKOMeHAauHM 1o
NPOBENACHHIO PpacyeTOB CHCTEM IOXAPOTYINCHMA, JLIMOYNAsiCHUS W
MeXaH KA BONPOCAM, CBA3aHHLIM ¢ METOJMKON pacyeToB,
MaTEMATHUYECKOM MOJENBI0 U KOMIBIOTEPHOH HporpaMMoR cnegyer cOpa-

marscs B HAM BJATIO OITb no aapecy: 121357, Mockaa, yn. Bepeiickas,

q

. 7.

1. OGJACTD NIPUMEHEHHKA

1 1. Hacroamme PexoMenpauny paspaboTadbl B pa3sBUTHE M JOIOJ-
HeHHEe HOPMATHBHBIX JOKYMEHTOB B CTPOUTENLCTBE, ICHCTBYIOLIMX Ha
TeppUTOPHX Topoxa MockBel, B 4actu odecneueHus moOXKapHOM
0e30MaCHOCTH 3AaHul PasNUIHOTO Ha3HAUECHUA.

1.2. PexoMeHnauuu npeacrasiasior coboi MeTOAUKY ONTHMH3AIIHH
AEHCTBHA CHCTEM 110XKAPOTYILLEHUS, AHIMOYARICHHUS U MEXaHHUCCKOH BeH-
THAAUHA NPHU TTOXApax B 3J[aHMAX PasAKIHOrO HA3HAYCHUSA C YIETOM PEailb-

HBIX YCJIOBHH NOXKapa, pa3paboTaHHyI0 Ha npAMepe 34aHui CTOSHOK JIErKo-

REIX ABTOMOOMIICH.



] 3 PexoMeHJAUHMN PACNPOLTPAHAIOTCA HA NPOCKIIIPOBAHME CHCTEM

{rn 12) BHOBb CTPOALIUXCH H PEKOHCTPYHUPYEMbBIX 3JAHHI PAZNHUHOIO Ha-

3RAMEHHR, KPOME NMPOU3BOACTBEHHOMO

2. OBHIHUE ITOJTOXEHMS

21 B coorBercrenu ¢ DenepanbHBIM 3aKOHOM “() TCAHUHECKOM pe-
ryniupoBaHuy. ¥ Tpebopanuimu noxapHeil 6ezomacnocty (FOCT 12 1 004-
91, TOCT 123 047-98 u MI'CH 5 01-01) o6neMHO-n1NaHUPOBOYHLIE H KOH-
CTPYKTHBHBIE PCINEHHA 34aHUH, B TOM YHCIE CTOAHOK JICTKOBBIX aBTOMOOH-
neH, a TakKe HX HHKEHEpPHOE 000pyAOBRaHHe, BKIOYAOUIEe CUCTEMbI I10-
KAPOTYIICHHS, ALIMOYHANCHHA H MEXAHMUYCCKOW BEHTHIALMHU, HOJIKHL

ofecneduBaTh B IIEPBYIO OYEPERb OCHOBHBIC TpeOOBAHMUA T1OXKAPHOH 0€30-

TaCHOCTH

- obecrieyeH e He30NMaCHOU IBAKY ALIHH MIOACH,

- ofecrieyenne COXPAaHHOCTH HMYUIECTBA TPEThUX ALY

2.2 Hacrosuue Pekomengauuu pa3paboTalsl B HOMOILE NPOEKTHHIM
¥ CTPOMTEbHBIM OPIaHM3AIHAM, a 13KXe OprasHaM NOXapHOH OXpaHbl C
IEABK ONTHMM3AUNM JEHCTBUYN CHCTEM NOXAPOTYIICHNS, IbIMOYNANICHHUS N
MEXAHHHYECKON BEHTIWIS{MY NIPH 110Kape B 3MaHHAX, B TOM YMCHE HA CTOAH-
Kax JIeTKOBBIX aBTOMOOUAEH, ¢ Uenbia sbecneveHune 6e301acHOR 3BaAKYallUH
TOHeA H COXPAHHOCTH HMYIUECTBA TPEThUX JTKLL

[IpyseneHHas MeTOAHKA MoxeT GbITh BCHIONB30BAHA NPH pa3paloTke
HEOOXO/UMMBIX MO 3aKOHOAATLNLCTBY {35 1] TexHuyecknx ycnosui ne olec-
feYeHrnio NOXKapHOHR De30NacoC Il 30aHUHE PazaMYHOr0 HA3HAYEHHA, KpoMe
NPOKIBOACTBEHHOIO

23 B "acTosmMx PexoMenpaumax NpeficTaBACHbl OCHOBL METOJa
pacuyera TeIIOMacCcoOOMeHa NPH NOKape C yUe10M PEATbHBIX NapaMeTposB

BO3HUKHOBEHHS, PACNIPOCTPAHCHNS W Pa3BU1HUS 110XKapa, TEILIOHU3HIECKH X



4 XUMHUECKHX CBOMCTB KOHKDETHOH roproveH Harpy3KH, TeiioQH3HYECKHX
cBOJiCTB MarepHaiia CTPOMTENbHBIX KOHCTPYKLMH M JSHCTBUR CHCTEM TIO-
KAPOTYUICHHA, AbIMOYLANEHHA H MEXaHHYECKOH BEHTWIAUWH. Jlna Oonee
yray6NeliHOro OCBOCHHSA NPHUBE/IEHHOTO METOAA CNENYeT HCMONb30BATH
CrieHATBHYIO TEXHUYECKYIO JiuTeparypy [5.16, 5.18, 5.20].

2.4. TlpuBeAeHHAs METOAHKA He CONEPKMT KECTKMX PEKOMEHIALMMH
no MpUMEHeHHI0 Habopa MaTeMaTHYeCKHX MOJeNeH, BXOAALUMX B IpPHBe-
neHHbi MeToA pacyeta. BHIOOp MOAenedl 1OMKEH OCYIECTBAATLCS B COOT-
BETCTBUM C YMETOM OCODEHHOCTER KOHKPETHOTO 00BEKTA.

2.5. Ilpennaraemass METOAUKA MOXET OBITH HCMONB30OBAHA JUISE OITH-
MH3ANMHA DEUCTBHME CHCTEM HOKAPOTYUWICHUA, ABIMOYIANCHUA U MeXaHyue-
cKOIl BEHTHJAIMH IPH [OXape, KOoraa ropeHue apiasercda AerarpaiioH-
HeiM [5.21]. [lpu oTOM NpUBEACHHBIA METOA pacyeTa NPUHHUIIHANLHO OPHU-
MeHMM I 7r000ro cueHapHs pa3BHTHA [ToXKapa.

B ciy4asx B3pHIBHOTO HAM NETOHALUHMOHHOTO ropenuns [5.21] Metonu-
xa TpedyeT KOpPPEeKTHB, 3aKI0YAIOHMXCA B U3MEHEHHH MOAENCH rOpPeHHs U
KOHEYHO-PA3ZHOCTHOH CXEMB] PEeLICHUA.

2.6. B Hacrodien MeTOAHKe, 3a MCKIKYCHHEM CICLUAARLHO OroBO-
PEHHBIX CHYyYaeB, TMPEHATHl TEPMUHE M ONpEICNeHUs, NPHUBEJICHHBIC B
FOCT 12.1.033-81 u CT COB 383-87. OcranbHble TEPMUHBL H Olpeaene-
HUA, HCITOJIB3yeMble B Pexomenaauusx, npusetessl B [ lpunoxennu 1 k na-
crosiuM PexomengauusaM. Koa@QduuueHTsl U NocTosHHBIE (QH3HYECKHE

BEJIMYMHBI, HCHONR3YEMBIC B pacyerax, npeacrasnedst B [lpunoxenuu 2 x

HacTOSUIUM PeKOMEH AaIlMsIM.



3. TEOPETUHECKHE OCHOBBI

3.1. Pacuer TernnomaccooOMeHa py noxKape C UEAbI0 ONTUMHU3AUUH
AeUCTBHH CHCTEM TOXapOTYLUEHHA, AbIMOYAAACHHA H MEXaHHICCKOH BeH-
TUNAUHK ABJISETCA CONPAKCHHON 3afauecii TEOpUH TennoMaccoodMena.

3.2. Pacyer nHHAMHKK OIIACHBIX (DAKTOPOB MOXAapa (IPOBOAMUTCA Ha
OCHOBE DeIUCHUS TPEXMEPHBIX HECTANMOHAPHBIX NHUPQPEpEeHIUaNbHBIX
YpaBHEHHUH TEIMAONPOBOMHOCTH IJs% MHOIOCHOKHON CTEHKH. | 'paHuuibie
YCNOBHSA K 3THM YpaBHEHHAM Ha TBEPALIX HOBEPXHOCTAX CO CTOPOHB! HO-
MEHIEHHA ONPCACHAIOTCH C NOMONBIO TPEXMEPHOK MTOJIEBOI MOJEIH pacye-
Ta TernmoMaccooOMEHA NpH NoXape B NMOMEUICHHH (CONpsXeHHas 3ajaua
Teopun TeruromaccoobMera). Ha nHapyxHBIX IOBEPXHOCTAX OrpaXHarommx
KOHCTPYKIMHA 33a0TCd I'PAHUYHLIC YCHOBHS IO JIYMHCTOMY M KOHBEKTUR-
HOMY TeI0oOMeHy € OKpyXawolleit noMmemeHue cpeliofl (RapyxHblii BO3-
IyX, cocegHee MoMeIleHue o T.4.)

3.3. [loneBas MOJENb pacye1a TEMIOMacCOOOMEHA TIpH NOXKape B MO-
MEHIeHHH B MaTeMaTHYeCKas MOJeab NporpeBa CTPOUTENBHLIX KOHCTDYK-
uit nprsenesa B [lpunoxenun 3 k gactosium PexoMenganusim.

3.4. MaremaTH4ecKas MOJEHb B JAHHON MOCTAHOBKE MOXKET ObITh
pelIeHa TONBKO YUCIEHHBIM METONOM. MeTod YHCACHHOrO peuicHHs MaTe-
MaTH4eCcKOl MojenH fpexcrasincH B [Ipunoxenur 4 x nracrosugum Pexo-
MEH LI LMAM.

3.5. Pe3ynpTaToM pacyera sBIAIOTCS PEKOMEHIAUMH MO ONTUMHU3ALMK
AeHCTBHE CHCTEM MOXAPOTYILICHUS, ABIMOYAMICHUS X MEXaHUYECKOH BeH-
TUASIME B 3JaHUAX Pa3sIM4YHOI0O Ha3sHAYCHUS HA NpHUMeEpe CTOSHOK Aerko-

BhIX aBTOMOOHNEH.



4. ONITUMA3AUNA TEHCTBHU CUCTEM
MOKAPOTYIHEHHS, IBIMOYJIAJIEHIUS K
MEXAHUYECKOHA BEHTUWIALIHUH TPH TMTOXKAPAX

4.1. OcHoBHbBIE 110JIOKEHHSA N0 PACHETY

4.1.1. OnTuMH3auus JeHCTBHM CUCTEM NOXKAPOTYILUCHUA, JAbIMOY/Ia-
eHHS M MEXaHHYeCKOH BEHTMNAUMH MpH MNoXapax B 3JaHUAX, BKHOYas
CTOSHKKA  JIEFKOBHIX ~ aBTOMOOWICH, MPOBOJUTICS B CleRyIOeH
NMocneRoBaTeIbLHOCTH!

- cOOp HCXOAHBIX NAHHEIX;

- BEIOOP CLICHAPHEB Pa3sBHTHA NOXapa;

- BpIGOp BapHaHTOB NapaMeETPOB CHCTEM IOXApOTYILUEHMR, ABIMOYAA-
JIeHUs 1 MEXaHUYECKON BeHTHIALIMH,

- BEIOOp MaTeMaTHYECKUX MOENieH;

- BBIOOp METO1a YHCNEHHOTO peliieHUs] MOeIHu;

- pacyeT TeroMaccoodMena NMpy noxape B NOMEMIEHHH K NpOrpesa
OIPKAAOLIHX KOHCTPYKIHMH,

- aHANIN3 PE3YNLTATOB pacyeTa.

bnok-cxema nposefieHus pacyeToB IIpeACTaBleHa Ha puc. |.

4.1.2. CO0p uCXOQUBIX AAHHBIX BKJIIOYACT B cebsi BEIOOp YHCIEHHBIX
3HAYCHHM AapaMETPOB, BXOAAIUIMX B MATEMATHHECKYI0 Moaensb (Ilpunoxe-
Hue 3 K HacToAL MM PexoMenaanuan ), ¢ MOMOLIBK) aHANTK34

~ 00BEMHO-IINaHUPOBOYHEIX pelieHUH 0ObeKTa;

~ NPOCKTHO-KOHCTPYKTOPCKON AOKYMEHTAUMH HeCyLHX W Orpax-
AQOIUKX CTPOUTENBHEIX KOHCTPYKUMMK 00BEKTa,

- PaSMCLUCHHM, BUJ2 ¥ KOJIMIECTBA rOpioYeH Harpy3ku.

413. o 06BEMHO-INIAHMPOBOYHBLIM pPELICHUAM H  IPOSKTHO-

KOHGTPYKTOPCKOﬁ AOKYMCHTAIIUHA OHAPCACHATCA INCOMETPUUYCCKUEC XdpakK-



TepuUcTHKH 3aga4du. CocTaBafeTcs cXeMa NPHUBA3KH K MMOMEEHUIO OPTOro-
HAILHOU cHcTeMil xoopauHaT. Brnibupaercs nojoKeHUe (EHTPa OpToro-
HaTLHOIT CHCTEMbl KOODIHUHAT, HAIPDHMED, B JIEBOM HHIKHEM YIIy l1OMelle-
uus. KoopauHaTHag OCk X HAIIPaBlIeHA BAONL JJAWHBL 1IOMELIEHHUS, OCh Y -

BAOJbL €rO INPpHHbI, OCb Z - BECPTHKANBHO BHOJIb BBICOTH! NTOMCIICHHN .
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Puc. 1. biok-cXecMa 1IPOBSIEHUA PacUeroB
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4.1.4. Onpenefsorcs CHEAYIOUINEe FreOMETPHYECKHE XapaKTEPHUCTHKH

oD BEKTA:!

- [TOMELLIEHUE:

B dopMe napajUieNienMnesa: AiiHHa, UIMPHHA, BbICOTA;

npou3BONLHON (GOPMBL: KOOPAHHATH! MTOBEPXHOCTEH OIPAKAANOHX
KOHCTPYKLHH;

- JBEPH: BBICOTA, UIMPUHA W KOODAMHATH OJHOIO HUXKHErO yrna nse-
pu (AN1s KKA0#H ABEPH);

- OKHA: BBICOTA, [IHPHHA B KOOPAMHATHEL OFHOIO Yria okHa (Ans Kax-
KO0 OKHA);

- TOpIOYas Harpy3ka: KOOPAWHATSI TPAHHI| OTKPAITOH 1TOBEPXHOCTH;

- CHCTEMA [OKapOTYINEHHA: KOOPAUHATEl MECT PACTIONOXEHHS U pas3-
. MEPBI OTBEPCTUi g TOAAYM OTHETYIHAIETrO BEIEeCTBA (CUPHHKIEPHI,
ApPeHYEPhl K T.A4.);

- CHCTEMA JbIMOYJAICHHUA: KOODAHUHATHE! MECT PacNoJIOKeHUs U pas3-
Mephl JbIMOBBIX JIFOKOB H IBIMOBBIX KJIAIIAHOB;

- CHCTeMa MEXAaHHYeCKON BEHTHIBIIUHM. KOOPAUHATH MeCT paclosio-
KEHUA M pa3sMepbl OTBEPCTHH B IIPUTOYHEIX U BBITSDKHBIX KOpobax.

4.1.5. Y13 ananusa o6 beMHO-TLTAHUPOBOYHBIX PEIeHHH, HazHAYCHHAA U
XapaKTePUCTHK MOMELICHUA, a TAKXKE pa3MelIeHus, BHAa U KONHYEeCTBA TH-
[MOBOH TOpIOYel Harpy3KH HaXOAATCA CIEAYIOME TeIIohuznyecKue ¥ Xu-
MUYECKHE CBOHCTBa {0 TUMOBOH Oase roprodeil Harpysku [S5.17], Tipuno-
KeHME 5 K HACTOSILMM PeKOMEHAALMAM), 4 TaKXKe APYIrHe XapaKTepHUCTHKM
rOpIoven Harpy3xu:

~ HA31as paboyas TeruIoTa CropaHus;

- YACAbHas CKOPOCTH BHIFOPAHHA;

- NOTpedsieHHe KUCAOPOAA [IPH TOPEHHH;

~ YACIbHOE AbIMOBLL AeTieHUe,
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- YAEALHOE BblACNCHHE OKMCH YIREPOaa,;

- YAEABHOE BBIACNCHUE OBYOKUCH YTAEPOAA,

- CKOpPOCTh PACHPOCTpaHEeHHs NNaMCHH (B Cliyuae TBEPAOIo roproyero
Marepuana),

- BpeMs cTabMiM3a1 (M TOpeHns (B cilydae roproues WuaKocTH);

- CyMMapHas Macca roproueH HarpyikH.

B cayuasx, Korza roproyas Harpy3ka He SBJACTCA THIIOBo# (B HoMe-
LICHHH HAaXOAHTCH OXHOBPEMEHHO HECKONBKC Pa3lIMYHAIX BHJOB I'OPIOYHX
BEUIECTB UM roprouYee BEUIECTBO, HE BKIIOYEHHOE B THIOBYIO 6a3y [5.17))
HeoOxoauMo ofig3areNbHOe COIIaCOBAHME XAPaKTePHCTHK 3KBHBAJICHTHOM
NOXAPHOW Harpy3kd [5.17] ¢ oprasamMH rocyjapcTBEHHOrO IMOXKAPHOTO
HaA30DA.

4.1.6. Tlo npoexTHO-KOHCTPYKTOPCKOH KOKYMEHTALHH Onpeaensiercs
YCTPOHCTBO CTPOMTENbHBIX KOHCTPYKIMHE. JIS KaXno#l paccMaTpuBaeMOH
KOHCTPYKLIMY HaXOMATCH:

- YUCIO CAOEB PA3IMUHEIX MATEPHATIOR;

- TOJILHHA KaXXA0T0 CIOS;

- TermnodH3HIECKHE CBOHCTBA MATEPHANOB CNOCB KOHCTPYKUHE MO
cripaBCuHMKy [5.23] win no Ilpunoxesnunio 6 K HACTOAUMM PeKOMCH Jailu-
M. TUTIOTHOCTH, YAEALHAS MaccoBas TCHIOEMKOCTh, KO3QQUIHUEHT Teillo-
NPOBOJHOCTH H CTENEHb YEPHOTH! JIOBEPXHOCTH (N8 BHYTPEHHEro W Ha-
pyxHot o cnoer) (IIpunoxerne 7 K HaCTOAIUM PEKOMEH JALMAM ).

BenuurHol napaMeTpoB 38al0TCA B BHE 38BHCHMOCTEH OT reMnepa-
TYPBL WIH IIPH OTCYTCTBHH TaKUX GOPMYN OCPCAHEHHBIMHU 3HAYCHUSIMHU.

4.1 7. OnpenemsnorTcs KPUTHYECKUE TEMIEPATYPhl KOHCTPYKLUH 110
Hocobuio [5.14] u cnipaBouHo# nuteparype [5.24].

4.1.8. 3anaroTcs HaYIBbHbIC ¥ IPaHUYHbIC YCIOBUA:

- reMIepaTypa rasopoil Cpeibl NOMELIECHH ePEN NOXAPOM;
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- TeMIieparypa HapyXXHoro Bo3yxa,

_ paBjieH®e B ra30BO# Cpejie NOMELUCHUY 1Iepe] [10XKapOoM,

- naBNeHKe B HAPDY)XHOM BO3/iyXe Ha YPOBHE MONa NOMEMmEeHUA,

- MacCOBbIf pacxoj NOAaYY OTHETYLANe! O BELISCTBa U TEMIEpaTypa

OrHETYHIALErO BEIIECTBa,

- MaCCOBbIH pacXxoi CHCTCMBI ALIMOYHAJIEHHS,

- MaCCOBEIH pacxol CUCTEMDL! MEXaHNYECCKOH BEHTHNAUKHU

4 1.9 Bribop cuenapyes MoXxapa 3akjiio4yaercs B onpencieHkyd HaHu-
Gosiee HEONAroNpUATHOrO BapHAHTa €ro pa3BHTHA, TNPH KOTOpeM HeoOxo-
AMMOE BpeMs JBaKyauMH JUIOAEH M3 NMOMEILUCHHMH C108HKH AerkoBbIX aBTO-
MOOWIIEN ABJAETCS MUHHUMANBHBIM, & IPOTPEB CTPOUTENBHBIX KOHCTPYKUUH
[TOMELEHHHA CTOSHKH JICTKOBRIX aBTOMOOMIeH sBIdeTcs HanGosiee HHTEH-
cuBHBIM Hanpumep, npy HaxoxAeHUH (PaKTHYECKHX TPEeNesioB OrHECTOU-
KOCTH HECYILMX KOHCTPYKUHE Pa3aHUHOr0 UCIOMHEHUA B INMOMEIICHUH HE-
oOxoauMo BRIOPATE PasNUYHLIC CUCHAPUM, B KAKAOM H3 KOTOPBIX Harpes
ONHOH M3 KOHCTPYKHUH OVACT MAKCHMANBLHBIM (MCTOUHMNK BOIHMKHOBEHUS
ropehyis HAXOAUTCA TOOMEPEAHO BONW3M KaXA0H HecylieH KOBCTPYKIIHH )

4110 Jns nposefeHUs ONTUMH3ALHOHHbLIX PAaCUETOB 3aJ1aK0TCH pas-
JINYHBIE BO3MOXHBIC BAPUAHTH! APAMETPOB CHUCTEM MOXKAPOTYIUCHHS, [bI-

MOYAAUICHUS U MEXaHMUECCKOH BEHTHIAUHY

- MacCOBbI€ PACXOAL! U KOOP/AMHATHI YCTPOHCTB /A MOJa4YHd OrHEeTY-

HIAIIeroe BemecTsa,

- MAcCOBbI€ PAcXOIB! U KOOPAMHA1HI OTBEPCTHH (JBIMOBBIX JIIOKOB H

ABIMOBBIX KIIaaHOB) CUCTEMEI JIBIMOY JaIeHUA,

~ MacCoBbI€ pacxolbl H KOOPAHHATBHI OTBEPCTHH CHCTEMb! MEXaHHYC-

CKOH BEHTUASI LUK

4111 Buifop maremaruyeckdx mopeneil Ans ACHONHUTEABHBLIX CO-

OTHOWeHuH (puc [T 1), HeoBxoamMeix MIPU 3aMbIKAHKMH OCHOBHOW CUCTEMBI
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ypaBHeHuH (T1.1+11.14) martemaruuecko#t mojaenu, NpOU3BOIAMTCS B COOT-
geTcTBUU C [IpunoxenueM 3 k HacTosuiuM PekomeHaumsaM UM Ha OCHOBE

JIAHHBIX FeXHHAYECKOH nureparypsl [5 16, 5.18, 5.20].

4.1.12 Meron yuCieHHOre pelIeHUs MOJenn npuHuMaeTca no llpn-
NOXEeHMI0 4 K HacTosuiuM PeKoMeHAaUusAM MM BbLIOMPAETCst Ha OCHOBE
JAHHBIX TCXHUYECKON JuTepaTypst [5.25, 5.26])

4 1 13. C y4eToM KOHKPETHON TeOMETPHM 334344 CO3JAIOTCs HepaB-
HOMEPHbBIC TPEXMEPHbIE KOHEYHO-Pa3HOCTHBIE CEIKH BHYTpU 00BLEMOB no-
MEILEHUSA ¥ HECYILUX H OTPAXKAAIOILMX KOHCTPYKLAN

4.1 14 Pewaercs 3aMKHYyTas CHCTeMa anie¢bpauyeckux ypaBHEHUIl B
coOTBeTCTBHHM C [lpunoxkenunem 4 x HacTtosuM PekomengauuaMm llocaeno-
BaTEJABHOCTE pellicHus cucreMsl npuBencHa B 1 [1.4 9 [ipunoxenus 4. llar
[o BpeMeHn onpepenserca no gopmye (I1.51) Toro xe Hpunoxenus

4.1.15 Pacuer tennoMaccooOMeRa Npu noxape B NOMEMIEHHH Y PO~
rpeBa KOHCTPYKITHH 110 pa3padoTaHRON MOAENH NpoBoAUTCH Ha DBM.

Pacuer npOH3BOAMTCH U3 YCROBUH NOCTHXEHHS OJHOHU M3 HMXe [Te-
DEYUCTICHHBIX CUTYALMA:

- JOCTUXEHHE CTPOUTENBHGH KOHCTPYKUMEH HPEACHBHOIO COCTOIHMA

No Of HECTOUKOCTH (NOTeps HECYHICH CIIOCOOHOCTH, NMOTeps TENIOH3I0IHM

NYIOUIEH CIIOCODHOCTY HIH NoTepd HENOCTHOCTH J;

- NOJHOE BLINOPAHKE I'OPIOYEH HAIPY3KH,

- HEJIOCTAa1 0K KHCOPO 14, 1IpH KOTOPOM IpeKpalliaeTcs ropeHye.

4.1 16. Adanus pe3ynbTaToB pacyeTa TPEXMEPHBIX oNield TeMneparyp
BHYTPHU [IOMEILEHUN, HECYUIUX U OrpaxJarouiuX KOHCTPYKIMHA, MacCOBbBIX
KOHUEH TpalUi KHCHIOPOAd U TOKCUYHBIX KOMIIOHEHTOB (OKHCH M IBYOKHC(D
YITIEPOJa), a TAKKC BEJIHUYUH JANbHOCTA BHAUMOCTH BHYTPH NOMEILEHHUN B

pa3iMuHbIe MOMEHThI BpEMEHH [IPOBOAUTCH ¢ LENbIO OlpeaeleH s,
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- HeOBXOAUMOro BPEMEHH 3BAKyauUH MOAEH U3 noMelleHut B naH-
HOM CJTyuae CTOSHKH JIErKOBBIX aBTOMOOUACH;

- NPOMEXYTKa BPEMEHH OT Havala NoXapa 10 ACCTHKEHHS KPUTHYe-
cKoro 3HayeHHsa TeMnepaTypsbl (110 NoTepe HeCyuied CnocobHOCTH, LEeNOCT-
HOCTH KM TEMNIOM3OIHPYIOWER CTTOCODHOCTH B 3aBUCHMOCTH OT Ha3Haye-
HUS H BUAZ KOHCTPYKUHH) XOTA Dbl B OTHOM MeCre CTPOUTENbHLIX KOHCT-
PYKUME B IAHHOM CJly4Yae CTOAHKH JIETKOBBIX aBTOMOOHIEH.

4.1.17. DaKTruyeckye npenensl OrHECTOHKOCTH CTPOUTENBHAIX KOH-
CTPYKLHMH N0 noTepe HecylleH CnoCOOHOCTH, moTepe TENIOH30HPYoLIeH
CIIOCOOHOCTH M NOTEPE LEJOCTHOCTH ONPEeACNAIOTCA COOTBETCTBYIOWKMHE
BEJIMYUHAMH BpPEMEHH, NMONYYEHHBIMH H3 pacyeTa Mo AaHHOM METOJHUKE H
yMHOXaeMBIMH Ha ko3ghuuuenT dezonacnoctu £-0,5+0,8 [5.27].

KoadbuuueHT 6€3011acHOCTH YYHUTHIBAET BIIUSAHHE CPOKa DKCILTyaTa-
MM KOHCTPYKIHI, H3MCHEHHE FOPIOUEH HAIPY3KH, a TAKXKe nepetupoduiv-
pOBaHUE OOBEKTOB Ha NPOYHOCTHBHIE CBOWCTBA KOHCTpYKUMK. Benuuuua
3TOTO KOXpPuuMeHTa OnpeleNaeTes i KaXJA0ro KOHKPEeTHOro oObekTa
OTAENLHO ¥ JOJDKHA OBITH €COrNacCOBaAHA C OPraHAMH TFOCYAAPCTBEHHOIO
A0XKapHOT0 HAA30Pa.

4.1.18. 3a onTtHMaabHBIH BapHAHT NMApaMETPOB CUCTEM [103KapOTY-
HICHHUA, OBIMOYJAANEHHUN H MEXaHHYECKOW BEHTHIAUMHU INPHUHAMAETCS TOT,
KOTOpbIM 00ecneyuBacT OCHOBHBIE TPeOOBAHUS MOXKAPHOHR 0e30MacHoCIH B
JaHHOM Cllyyae K CTOMHKaM JIEKOBLIX aBTOMOOUEH.

- ycnosue OesonacHOH sBakyanuu mofeil (COOTBEICTBHE WU Npe-
BLULCHHE BEJHYMHLI HOPMATHBHOIO (PAKTHYECKOIO BpEMEHH 3BAKyalMH

moaen (I'OCT 12.1.004-91) BenuuuHOil HEOOXOAUMOIO BpEMEHY IBAKYA-
LMK );
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- COOTBETCTBHE WU NPEBbIIUCHUE BeEJIWUYUH (PAKTHUUCCKUX NpENeson

OMHECTOMRKOCTH HECYHIHMX H OrpaXKAaroUIUX KOHCTPYKUMH TpebyembiX HOp-

matuBHbIX 3Hadennit (CHHIL 21-01-97).

4.2. MopenupoBanKke AeHCTBHI CHCTEM NOXKAPOTYINEHHSH

4.2.1. JelctBHe CUCTEM [TOXAPOTYIICHHAA 3a1a€TCA IPAHHYHBIMY YC-
ROBUSMH TIO NIOBEPXHOCTAM OTBEPCTHH, Hepe3 KOTOpble OrHeTyllaiiee Be-
IECTBO TONACTCH B IOMEIEHHE.

B kauecTBe I'€OMETPHHMECKHX YCNIOBHH 3aRalOTCA KOOPKUHATHL IDa-
HUYHBLIX NOBEPXHOCTEH OTBEPCTHH, Yepe3 KOTOPHIE OTHETYINALIEE BEWICCTBO
NOJAaeTC B NOMELICHHE.

4.2.2. Ilpu TYylueHuH HHEPTHEIM Ia30M (B TOM YHCIIe BOAAHBIM HapoM)
HAa [TOBEPXHOCTAX OTBEPCTHH, YepPe3 KOTOPHIE ra3 [OJaeTCAd B NOMENIEeHHeE,
33JaeTCH MPOEeKIUMs CKOPOCTH Ha OCh, NEPNEHAUKYAAPHYIO TIOBEPXHOCTH
OTBEPCTHI:

wn'r:'-'Gur/ (pnr'F m'): (1)
roe G, — MacCOBBIA pacxo] Noauu RHEPTHOIO rasa, Kr/c;
O, - MNOTHOCTH UHEPTHOIO 1434, KI/M;

F,,, — miouiafgb MOBEPXHOCTH OTBEPCTHA, M

Ilnsa onpeleneHUs JIOKANbHBIX KOHIEHTpauUH HHEPTHOIO raza (a3ora)
B 0bneMe noMeluerus pewlaetct ypasHenue & 1adin. Il Tpunoxernns 3 k
HACTOALIMM PeKOMEHIALIMIM.

YcnopueM OpeKpalieHHs FOPCHUA ABNACTCS JOCTHKEHHME BHVTPU 00-
NACTH rOpeHHus OrHeTYIalIeH KOHUEHTpauuM HMHEPTHOre rasa Berudunysi
OrHETYMAIKMX KOHIEHTPAUNHA A% pa3nudibiX raz000pa3HbiX OrHeTyILalMX
peliecTB npuseacHsl B [5.42] u 8 [Ipunoxerun § x Hacrosumm Pekomen-

RAlTRAM.
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4.2.3. [Ipx TymieHUH BOJOH B IUIOCKOCTH OTBEPCTUH, Y€pE3 KOTOPbIE

pojia M0/aeTCs B MOMEIIEHHE, JANACTCA NPOCKIHA CKOPOCTH Ha OCb, nep-
neHIAKYISpHYIO OBEPXHOCTH OTBEPCTHA:
W= G /(Pa-Fm), 2)

rne: G, — MAacCOBBIH pacxojl OJAA4H BOJb, Kr/C;
D, - IOTHOCTE BOJB, KI/M’.

Jlna onpefeNeHNA JIOKANBHBIX KOHIEHTPAaUMH BO/Ab! B 00neMe niome-
menHs pemaerca ypasHenue 9 tabn. 111 Hpunoxenus 3 k HacrosiuMm Pe-
xomeHanuaM. YueT ¢azoBuIX NpeBpauleHHit (McrapeHye BOAL W KOHACH-
calusd BOASHOIO 1apa) OCYHIECTBNAETCS B UCTOYHUKOBOM WiEHE Miyyo, ME-
TOXB! pacyeTa KOTOpOro npuBeAeHsl B [5.33], naw B rpaHMYHBIX YCHOBHAX
Ha [TIOBEPXHOCTAX KOHCTPYKIIHH.

HMcToYHHKOBBIN 9IIEH B CIIY4Yae UCMApeKHs BOLbI HMEET BHA:

_ a(T_Tm)FxNK
cpr(T--T“)—i-r+c“(Tn-—Tm)’ (3)

Mys0 =

rae: o - KOYQOUUUEHT TeNNOOTAAYH OT KAILTH XHUAKOCTU K I'a30BOi cpepe,
BT/(MZ'K);

T’ — TeMnepaTypa razoBoi cpeasr, K;

T’ — TeMIeparypa KaruiH )uaKocTH, K;

I« — Temneparypa xuneums, K;

Cprs Cpw — YHACNBHBIC MACCOBBIC TEIINOEMKOCTH Ia30BONM M KUAKOH ¢a3sl co-
OTBEeTCTBEHHO, K/ (kr-K);

F — yACnbHas TEIoTa napoodpazosauus, JHK/Kr;

F\ — nnomajns noBepxXHOCTH KalMK XUIKOCTH, M

Ne — YHCNOBag MNOTHOCTE KANEL XKHOKOCTH B €AMHULIE 00beMa cpepl,
1M,

rpaHH‘IHBIE YCIIOBHA IHpH KOHACHCAIHH [1apad Ha NOBCPXHOCTAX KOH-

CTPYKUMA onpenensiorcs no cienyioueii popmyie:
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’*}:pr(T-TH +r+cp,(rﬂ -7,)’ (4)

‘ 2
e j — MACCOBaR CKOPOCTb KOHIAEHCAUMH, KI/{C-M");
g — NNOTHOCTH TCITOBOrO NOTOKA B NIOBEPXHOCTh KOHCTPYKLMH, BT/A(M*-K);

T, — TEMIIEpaTypa NOBEPXHOCTH KOHCTPYKIHH, K.

4.3. MopeaupoBanue XCHCTBYH CHCTEM

MEXaHHYeCKOH BEHTHNRIHH H JbIMOYJAJICHHA

4.3.1. JlefictBHEe CUCTEM MEXAHUYECKOH BEHTHUIALMU K ABIMOYIasie-
HHSA 33J2€TCH IPAHHYHLIMH YCAOBHAMH MO IUIOCKOCTAM BEHTHASLMOHHbIX
OTBEPCTHH U JIIOKOB ABIMOYIANICHUS.

B kxadecTBe reoMeTpuuyecKHX YCIOBHU 3aHalOTCSt KOOPAMHATbI Ipa-
HKUYHBIX NIOCKOCTEH BEHTHAALMOHHBLIX OTBEPCTHH H NIOKOB (KNalaHoB)
JbIMOY JajIeHnA.

4.3.2. B miockocTH BeHTHISLMOHHBIX OTBEPCTHE BRITAXHONW Mexa-
HUYECKOH BEHTHIALINY 33JacTCS NMPOSKUHS CKOPOCTH Ha OCh, NEPHeHANKY -
JIAPHYIO IJIOCKOCTH OTBEPCTHSA:

wnm‘:W Brr! F (5)
roe: Ween - 00bEMHAS OPOU3BOJAMTENBHOCTD BLITSDKHOH BEHTHIISALUH, M°/c;
Fapre — ILIOIIAJb OBEPXHOCTH BEHTHIAUMAOHHOIO OTBEPCTUS, M.

4.3.3. B 1IMOCKOCTH BEHTHIAIIHOHHLIX OTBEPCTUN HPUTOYHOU MexXa-
HHYESCKON BEHTHISLMN 32[3aCTCA MPOEKIHUA CKOPOCTH Ha OCh, [EPIIEHIRKY-
AAPHYIO IIOCKOCTH OTBEPCTHA:

Wip™ W ap/ Eap, (6)
rie: W, - 00beMHas IPON3BOAMTENBHOCTS NHPHTOYHOH BEHTHIALMH, M/C:
Frop — IUIOMA/H BEHTHNALMOHHONO OTBEPCTHA, M.
4.3.4. B nuockocTH OTBEPCTHH CHUCTEMBI JBIMOYIAJICHHs 3aJa3eTcH

INPOCKINUA CKOPOCTH Ha OCh, INCPHCHAHKYINADHYIO NHOCKOCTH OTBEPCTHA:

18



Wy= WE/ F P (7)
rjge. W a OGBCMHM HpOHBBOHHTEJIBHGCTh CACTCMDbI ABIMOY RANICHHUA, Mgfc;

F, — niiouiaib OTBEPCTHA, YEPE3 KOTOPOE YAANSETCA b, M.

4.4. PeKoMCHAQUMY 110 IPOBCACHHIO PACUYCTORB

4.4.1. YlpenctaBnenHas METOIMKA pacyeTa HEOoOXOAUMOTO BpPEMEHH
yBaKyallMH HOJeH ¥ GaKTHIECKHX NPpEedENoB OTHECTONKOCTH CTPOHTENbHBIX
KOHCTPYKLHHA 78 ONTHMH3AaUHH AEUCTBHH CHCTEM MOXAPOTYIUECHHH, Jibl-
MOVAANICHUS M MEXaHHYECKOH BEHTHIALMH MOXET ObITh pCann3oBaHa Ha
[IPAKTHKE TOJIbKO HA OCHOBE Pa3paboTKy KOMABLIOTEPHOH MPOrpaMMbi WA
npHoOpeTeHHs CYIMECTBYIOIUX NpOorpaMMHBIX naketop (Haupumep, SOKIE
[5.28], PHOENICS {5.29], FLUENT [5.30] & np ).

4 4.2. Buibop MaTeMaTHYECKUX MOIENISH, BXOASIUUX R HACTOALYIO
METOBKY, IBAACTCA ONHUM V3 BO3MOXKHBIX BAPHAHTOR pacyeTa. B 3aRuCHU-
MOCTH 01 OCOOCHHOCTEH KOHKPEeTHOTO O0BEKTa BO3MOXHO NPHMEHEHHE
APYTUX MOJIEJICH, HCTIONB3YEMBIX B IPOCKTHOH MpaKTHKeE

4.4.3 Jinsa KOPPEKTHOrO MPOBEHeHHs PacyeToB 10 AaHHOM METOQHKE
I KOHKPETHOTO 00BbeKTa HEOOXOHHMMO COrnacoBaHue ¢ opraHamMy Noxap-
HOW OXpaHbi XapakTepHUCTHK HETHNOBOH roproueil Harpyskud (n4 15 Ha-
CTOAINMX PexkoMmenpanui) 4 BENHYHHB K03GdHLHMEHTa, YUHTHIBAKILCTO
BIMALAC CPOKa IKCILIVATANMH KOHCIPYKUMH, W3MEHEHUS TOpIOYel Harpys-
KH, 2 TaKKe 1epenpo@uiHpoBaHue o0BEKTOB HA INPOYHOCTHbIE CBOHCTBA
KOHCTpyKuM# (1 4.1 17 HacTosmux PexoMeHgaui)

4.4 4. CpaBHUTEe TLHBIMHA OpUEHTHPAMM [10 BeJIUYKHAM HEOOX0/1UMMOro
BPEMEHW sBaKyauus mojedi ¥ PakTUUECKHX NpeJeNoB OTHCCTONKOCTH

CTPOHTEINIbHBIX KOHCTPYKUMI NPH NPOBEACHUH PACYETOB 110 AaHHON METO-
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IMKE MOrYT CAYXHThH Aamusie, npusetenusie B FOCT 12.1.004-91, Tloco-
6uu [5.14] u Texuuueckoii murepatype [5.24, 5.31}.
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5. CCbLIKH HA HOPMATHBHO-METOUYECKHKE
NOKYMEHTbI U TEXHHYECKYIO TUTEPATYPY

5 1 MegepanbHbiit 3aKkoH «O TEXHUUECKOM perynaupobaHuu» (cobpa-

ume 3akoHonatenncrtsa Poccuiickoit Pepepaunu, 2002, Ne52 (ul), cr

5140)
52 CHufll 2 04 05-91* Oronnense, BEHTWIALIMA 1 KORAUNHOHUPO-

BaHHUL

53 CHull 2 04 09-84 lloxapuad aBTOMa1HKa 344aHUH H COOpYXKe-

54 CHull 21-01-97 Ioxapnasg 0e30MacHOCTh 3JaHUH H COOpPYXKeE-
HUHA

55 CHull 2 08 02-89 ObnjecTBeninbie 3AaHA ¥ COOPYXKEHUS

56 CHull21-02-99 Crosaku aeToMoOHneH

57 MI'CH S 01-01 CroAHKH €rkoBsix aBTOMOOHNECH

58 MI'CH 4 04-94 MuoroQysKiu#OHATLHBIC 3JaHAA X KOMILIEKChI

59 Ml CH 207 97 OcpoBanus, pyHAaMEHThl U NOA3EMHBIE COODY-

KEHHA

510 TOCT 121 004-91 CCBT [{loxapnas Geszonmachocts (OOuue
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_TepMHH

Ipunoxenue 1.

TepMusst #t onpencneHus

Onpepenenne

—

2

o 3

TBpema cratunusa-

(qUH TOPCHHA ropro-
yefl KHAKOCTH

[IpoMexcyTox BpeMEHH OT Hauana OpeHHus A0 BHIXOA4 HA
PEXAM FOpeHus ¢ MOCTOAHHOR CKOPOCTRK) RBITOpaHUA

{'OpeHHe NpU CKOPOCTU PACTIPOCTPAHEHHA TNAMEHH, O0Nb-

P43HOCTHAH CXeMa

1""1

CM

2 | 'opeHHE B3DPBIBHOC
weH =10 M/c ¥ MeHbIIEH ~10° m/c
3 ropemrie eTOHAIH- Fopenne IIPH CKOPOCTH pacnpc}crpancﬂm [I1aMeHH, O0Nb-
OHHOE weit ~10° m/c L
4 | I'opeHue I OpeHME NpH CKOPOCTH PAaCHPOCTPAHCHHUS TIaMEHHU, MEHE-
aediarpatHoHHoe | mei ~10 M/c
5 | I'panH4HbBIE  YCHO- Venosns TENAOMAaccOOOMeda Ha FPaHUYHBIX noaepxﬂo- ’
BUA _| cTax pacyeTHol 0bacTH
6 | Huddysus Camonpou3BosEEIH NPONECe HEPEHOCa BEHmECTBa U3 00-
nactd ¢ Gonpluel ero KoOHUeHTpanue# B obnacTs ¢ MEHh-
| med KOH/eHTpanueH
7 | IACKpETHRIA  aHa- Aﬂreﬁpanqecme }p&EHEHHe ABNATOLCECH annpomﬂma- ;
por jgupdepenun- | uueit aubdepeHIHATBHOIO YPaBHEHHA W CBA3BIBAIOILCC
| ATLHOTO YPAaBHEHHA | 2HayeHHA PVHKUIUK D B HexOTODPOH Ipynne y310BLIX TOYCK |
| Ang Pysxuun P 3 |
8 | MneansHslii ras l'a3, noaunHsmowAHcA ypagHcHuio cocrosaus Knaneirpo- |
- Ha-Medaesiecna
9 { KOHBEKTUBHBIH | TemnoBoii motok, 0OGYCNORNICHHBIH M&K]T}OCKQIIH‘{ECKHM |
TEHTOBOH 1HOTOK {BHIMMBIM) IBHXCHHEM ra3a WiH XHIKOCTH B MpocTpaH- |
| CTBE M3 0bhnacTy ¢ OJJHOH TcMIepaTtypol B ofnacth ¢ ApYy- §
‘ _____} FOK TemMnepatypoii ¥ TEIIOIPOBOAHOCTHIO
10 | Koseuno- Hucnewsslit MCTON pelIeHUS Mcbcbcpmuuanmc}m ypaB-
Pa3HOCTHBIH ME10J | HEHHS, OCHOBaHHBIA Ha JUCKperH3anuy  00iacTH
pemicHus  audde- | HONPEpRIBHOTO H3IMEHEHMA apryMeHTa (KOOpAMHATE! H
| pEHIMATLHOrO BpEMA) H CO3JIaHHM W pEUICHHM AMCKPETHOrO aHanora |
|  YpaBHEHHSA anddepennmansioro ypaBHeHHs _
| 11 | Koneusno- COBOKYITHOCTH Y370BBIX TOYEK, 34MCHMIOUMX 067acTH |
PazHOCTHAaA ceTKa HCIIPCPBIBHOIO H3MCHECHHS apryMeHTa (KOOpJMHAa1bl ¥ |
—_— | BpemMs)
| 12 | Koneuno- o

MuoxecTBo anrefpavuccKyuX COOTHOUWIEHUH, CBs3bIBaIO- |
HIMX 3HaYyeHHUn QyHKUNK D B HECKOABKRX COCE/IHMX y3iaxX
KOHEYHO-Pa3HGC 1HOH CETKH |

3t Konrponousit 06b- | PacucThas  o6aacTh BOKPYT OJHOTO y3Ja KOHCHHO- §

Pa3HOCTHON CeTKH

14

Kosdpduiunenr ren- |

JOOTRAYH

dusuyeckas BEAUYNHHA, paBHaH KOHBEKTHBHUOMY TEMIOBO- |
' MY NOTOKY, NPOXOIALIEMY Yepe3 eAnITHIY NIOLALH TBED-
BOH MCBEPXHOCTH B YCIOBHAX €€ O01eKaHUH 1d430M WAH |
XKHAKOCTLIO MIPH PA3HOCTH TEMIIEPATYP MCHKAY rasoM (MiH
JKHUEKOCTBIO) M IOBEPXHOCTHIO B 1K
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[Ipunoxenue |

(npoaonxkeunne)

] 2 3 .

15 Jiyuncrmﬁ {(panma- TennoBofi NOTOK, OOYCHAOBAEHHBIH NSPEHOCOM JHEPIHH

IUOKKKE)  TENno- | INCKTPOMATIIMTHLIME BOJTHAMH
BOH ITOTOK ‘r _

16 | Monem TypOy- | MateMard4eckas wmoOJenb pacyera napamMerpoB TypOy-
| BeHTHOCTH | HCHTHOT'O TeIioMaccooOMena |
(17 | HenBuas KoHeuno- | KOHEuHO-PABHOCTHAA cXeMa, B KOTOpo#l airefpaudeckue

Pa3HOCTHAR CXeMa | COOTHOUICHHA CBA3pIBANOT 3HaveHuds ¢yuxuuy © B He-
| CKONBLKHX COCEJHHX Y3NaxX KOHEYHO~Pa3HOCTHOMN CETKH Ha
~{ CHEAVIOUIEM IHare no gpemeﬂgj_
t 18 | OntHueckas wmot- | ITponssenenne cpefHeil KOHUSHTPAMM TBEPABIX UYACTHIH
HOCTS ABIM2 ARIMA Ha 00BeM H 3ddexrusnoe ceyeHre 3KCTHHLUKYU (oc- §
_ | JabneHys U3NydeHud) |
19 | [lonepas Moxens | MaTeMaTuueckas MOLENb pacye1a rionell napaMeTpoB Ten-
-' JIOMaccOoOMeHa B NOMEIICHHH IPK IIoXape
[ 20 | CTeneHp YCPHOTH! OTHOMECHHE HHTEHCHBHOCTH COGCTBEHHOIO mnytleﬂm |
Tefla K MHTCHCHBHOCTH 1iydeHHst abCOMIOTHO YEpHOTo
Tena JIPH ONHHAKOBBIX YCIOBHSIX |
t 21 | Tennomaccoobmern | [Iponecc obmena sueprueit B GopMme TEIIOTH U Maccoi |
' MEKIY B3aHMOAEACTBYIOIHME MaKpPOCKOIMHYECKHMHU Hac- |
| B TAMH TEPMOIHHAMEYCCKON CHCTEMBI |
' 22 | Tennonpopoauocte | Ilponece nepcaayu 3uepram ot Gonee HAIPEThiX qacTeit |
| Tejla K MSHCE HAIPETHIM YacTAM 210r¢ tena, obycaosnen-
1 HEI AQ0THYECKHM (TCIJIOBRIM) JABHOKCHUEM MHKDOHYaCTHH |
fipH YCIIOBHH OTCYTCTBHS MaKPOCKONHUYECCKOrO (BHAKBMOIO) |
HABMOKEHHAA MAKPOCKONHYSCKREX YacTed 1€1a ppyl OTHOCH- )
_ | TeAbHQ ApYyra
23 | TypOynenTHas - [leperoc maccei Mexay CHOAMH HAKOCTH MM rasa 3a |
auddysus CYCT TYPOYACHTHOTO HYIBCAHMOHHOTO ABHIKEHU |
| 24 | TypOynedrHas pa3- Hepeﬂoc HMOY/15CA MEXIY CIHOAMHA XUIKOCTH MM Ia3a 3a |
KOCTh_ CueT TypOYJIeHTHOTO MYIBCAHOHHOrO ABHKCHUSA

25 | Ycnosus onHo- | OcofeHHOCTH KOHKpEeTHOH 3aJady TenaoMaccoofMeHa,

{ 3HAYHOCTH | COCTOSIIIME B3 TEOMETPHUYESCKUX, DUIHMUCCKUX, HAYANBHBIX
H IpaHAUYHLIX YCIIOBHHU
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[Tpnnoxense 2

Ko3$$HUACHTE! i NOCTOAHHEBIC du3uIeCKHE BEIHYUHE!, HCAOAB3YEMbBIC B pacyerax

Ne | Kos¢ppuuueHTR H NOCTOAHHBIE c[msqe— - O6oanave- aamep- i 3nayeHHe
CKHE BEIIMYUHBI HHE HOCTD
1 | Yckopeune CBOﬁE}IIHOPG NaaCHUA g M/c? | 0.81]
2 | Ko3gdHuHeHT H3H)"-I€HH£ abcomoTHO |
| wepsoro TeNa : o Br/(m>KY | 5,67-10°
3 { KoHcraHTh! k-¢ MOZEH T}pggnemm;cm C ) - i,44
| G, - 1,92
| G - 1,0
| o - 1,3
1 Co - 0,09
4 LM&CCOB&H KOan;nf)anua KI:[CJIﬂp{}I[& B | o |
arMOCcepHOM BO3AYXE Xo2a - 0,23
5 | Maccosas KGHL{EH'I‘[JEIHHH;ETE! B aTMO- - T
| chepHOM BO3ayXE XnNag - | 0,77
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Ipunoxenne 3,

MaTteMarTuueckas Moaeab

[1.3.1. Tloxap B momeuieHu nporekaer B CAOXKHBIX TEPMOra3oAHHa-
MHYECKUX YCIOBHAX fIpH OAHOBPEMCHHOM BO3JCHCTBHM PAla BO3MYLIANO-

IIUX TeYEHHE QaKTOPOB!

- HEH3OTEPMHYHOCTh (OTNNYHE TeMOEpaTyp TBEPHAbIX NOBEPXHOCTE)
HECYIAX M OTPAXKAAIOIMX KOHCTPYKUMH H ra30BbIX TIOTOKOB);

- CKHMMAeMOCTh (IJIOTHOCTL rasa He SBIACYCH NOCTOSHHOU BENHYH-
HOR ),

- FPaJHeHThl JaBJICHUA:

- BAYB Ha CTeHKe (MOCTYNNeHHEe B nOMELIEHHE MPOAYKTOB BHYTpeH-
HEH AEeCTPYKTYpU3alMH MarepHana TBepABIX KOHCTPYKLMH, HCNapeHHe Bo-

Ibl, COACPKAIICHCA BHYTPH MarepHayla KOHCTPYKIMH, TernoMaccooOMer-

Hasg 3allMTa KOHCTPYKUHI );

~ I3NTY4YECHHeE;

~ IPOTEKaHHE XHMHUYECKHX PCaKiyid;

- IRyX®a3zHocts {(0OJHOBPEMEHHOE COCYINECTBOBAHNE HECKOMBKUX (a3
—  raz+TBeEpABic  YaCTHUbI, Ta3bKUAKOCTL, rastTBepible  YACTH-
LB HKUAKOCTD );

- [UEPOXOBATOCTh IMOBEPXHOCTEH HECYIIMX X OrpaXXRaroiHX KOHCI-
PYKIHAH;

- KpHBU3HA IIOBEPXHOCTH HECYHIMX M OTPAKAAIOMIMX KOHCTPYKLUHH,;

- TYPOYIIeBTHOCTB;

-~ CKa9YKH YIINOTHEHU A,

- 16PEX 0/ NaMUHAPHOTO PeXUMA TeUeHHs B TYPOYIEeHTHbIH

JeHCcTBYe BblIIEYKA3aHHBIX (GAKTOpOB NPHUBOAUT K CYHIECTBEHHOMY
OTJIHYHIO 3aKOHOMEPHOCTEH TefiAoMacCoOOMEHa OT XOPOI0 U3YyYEHHBIX

“cranpaptTHeix” ycnoBH# Tennoobmena [5.33]: usotrepMHUeckoe Oe3rpaaH-

30



gTHOE TEUEHHE HECHHAMAEMOT0 ra3a BOJb NOBEPXHOCTH HENPOHUUAEMOH
€

qaacTHHbL. [1OOTOMY METOABl pacyeTa TerioMaccooOMeHa npu noxape

20JDKHBI yqUTHIBaTh BIUAHKE TEPMOraz0qMHAMHIECKHX YCIOBUH €ro pa3iBH-

THA.
11.3.2. K uuciay OCHOBHBIX 0COOCHHOCTEH TeIioMaCCOOOMEeHHbIX

pOLECCOB NPH NM0Xape OTHOCATCS cnenyiomue [5.18].

- HauOoJiplllasd Pa3HMUA J3BNEHHH B pPa3sHbIX 30HaX MOMELMCHHA HE
peBbIIIAET JECATHIX JOIeH NPOLEHTa OT BENUUYHWHEI CPEAHEr0 NaBASHMA B
OMCIUCHHH IPH OTCYTCTBHR B3PHIBOB C 00pasyiomMMMCs YAGPHLIMH BOJ-
HaMH;

- CKOPOCTH ITOTOKOB I'a30B Mallbl [0 CPABHEHMIO CO CKOPOCTBIO 3BYKa
(NpH OTCYTCTBHH JETOHAUHORHOTO FOPEHHA H YAAPHBIX BOJIH);

- ckopoctd THQPY3UH ra3oB AOCTATOYHO BEJIHKH, T.€. HEOOXOIUMO
YYUTRLIBATH NMPOLECCH TEPMOAHGAY3IHH H TYpOyneuTHo# AU Gy3HH.

[1.3.3. Ilpu paspabGotTke nojeBod MaTEMaTHYECKOA MOJECIHM pacyera
TErJIOMaccoobMena npH noxape B NoMeUuleHMM NPpUHKMAIOTCH Clefyioline
AOIMYIICHHA M YHOPOHICHUS peaNbHOU TEPpMOTasoaUHaAMHYECCKOH KapTHHBI
nponecca [5.18]:

- CYWIECTBYET NIOKATHHOE TEPMOANMHAMUHECKOEe 1 XUMHUYECKOE PaBHO-
BECHE BO BceM 0OBbeMe MoMemieHHd, YTO NO3BONSET MCIIONB30BATh PAaBHO-
BECHOE ypPaBHEHUE COCTOSHHA;

- Fa3oBas cpena ABASeT s CMEChIo HieallbHbIX I'a30B, YTO HAE€T YIOB-
IETBOpUTENEHOE NPHOMMKEHUE B AUaNa30HaX TEMIIEPATYD H J4BJICHWH, Xa-
PAKTEPHBIX ITpy noxape;

" JIOKANILHBIC CKOPOCTY M TEMIIEPATYPH KOMIIOHCHTOB a30B0oii CMECH
4 TBEPABIX (MNH MUAKMX) JaCTHI] OAHHAKOBB MEXAY COOOM B KaXA0# TOY-

Ke .
NPOCTPaHCTBA {OHOCKOPOCTHAA M OFHOTEMIEpPaTypHad Moelsb), T.e.
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mexda3zHsIM B3auMopaeiicTeHeM (TEMIIEPATYPHBIM CKAYKOM H “CKOJIbXKEHU-
em” (a3 Apyr OTHOCHUTENBHO ApYyra) nipeHedperaeMm,

- Koaryiaduued u gpobrneHrueM 4acTHI AbIMa npeHebperaeM,

- XHMMYeCKad PeaKUus IOPeHHUS ABILETCH OQHOCTYIIEHYATON K HEeoo-

paTHMOM

- IUCCOUMALMA U HOHM3ALUMA CPCAbi NPU BBICOKHA TEMINEpaTypax He
YYHTHIBACTCA,

- B3aMMHBIM BIMAHHEM TYPOYJNIEHTHOCTH 4 u3ydcHus npeHedbperaem,

- nipcHeOperaeTcs oOpaTHBIM BIAMAHHEM rOpeHMss Ha CKOPOCTH BbITO-
PaHHA TOPIOYEro MarepHana, T € CKOPOCTH BbLIFOpawns Moproucil Harpysku
DACCYMTHIBAETCH HA OCHOBE NONY3MIUPHYECKUX 3aBHCHMOCTed 0e3 ydera
TEKYLIHX NapaMeTPOB ra30BO# CPEADL,

- TepMO-~ U OapoaudpyHeH 1ipeHedperaem

I1 3 4 T'azoBas cpena pacCMAaTPUBACTCH KaK BA3KHM TEILTONPOBOHbIH

COKHMMaeMbli uaeanbHbld ra3 BiusHue TBEPAbIX 9acTHIL AbIMa YIUTBIBACT(A

IpHA ONIpEe/iC/IEHHH XapaKTepUCTHK PafHalMOHHOTO TEeIUIonepeHoca BHYTpH
IHOMeEIlCHHA

I13 5 IloneBas MOAenRL pacyera TEMIOMACCOGOMEHA IIpU TTOMAPE CO-
CTOWT M3 CHCTEeMbl OCHOBHBIX JM(pdepeHIHANBHBIX YPpaBHEHUN 3aKOHOB CO-
XpaHeHUS MaccChl, UMIYJIbCa U DHEPTHHM U AONOJHUTEILHBIX YPaBHEHHH, He-
00XOAUMBIX IS ec 3aMbIKaHuA (CTPYKTYpa NoJNieBOH MOJIS/IM NpHABEJcHa Ha
puc 111

[13 6 Bce cocrarybpic 4acTH IONEBOY MOJIETU B3aUMOCBSA3aHb! APYT €
1Py IOM € MOMOLIBE 0obuwx napamerpon (obparuas csain) [oatomy npo-
[[ECC PEILEHUSA NOASBOX MOJENH HOCUT UTEPAlIHOHHL K XapaKTep

[13 7 Ilonesas Mozesnp pacyera TennoMaccooOMeHa Npy noxape 04
HOBAHA Ha YPAaBHCHMAX 3aKOHOB COXPAHEHHS MacChl, UMIyAbca X 3HEPruH

[logpoGHBIM BBIBOJ 3THX YpaBHEHUH NPUBEAEH B TEXHHYECKON nuTepaType
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525] Hns OTIpeACTIEHHOCTH OCh X' HallpaBJieHa BAOJIb MJIMHBI, OCb y —~ LiH-

[

qubl B OCh Z — BBICOTHI noMeieHus. LIeHTp opTroronanbHOR CHCTEMBI KO-
p

OpAMHAT HaXONUTCR B JIEBOM HIDKHEM YUY MomelleHus (Ha njaHe noMe-

JyeHus). PazMEPHOCTH BCEX N1apaMeTPOB NPUBEJEHD! B CHCTEME CH.

- T

- - | JONoNMHUTENLHEIE COOTHOE-
OcHOBHbIE YPaBHCHHS | —_

L

| Mogenb nporpesa CTpoH- ‘ I' Monenb:;peﬂm I 4 Mogens 1 a3u-
TeAbLHBIX KOHCTPYKIIHH $puKarny ro-
- —— PIOYEH HArpy3-
J,' KH
Mogene TYpOynesTHoOTO Monaens panuaiHOHHOro |
TerioMaccoobMena TengoobMeHa

wl—— il

Puc Il.1. CtpyxTypa nonesoit Monem

I13.8. YpaBHeHue HepasphiBHOCTH a30BOM CMeCH SBIASTCH MaTeMa-

THHCCKHUM BBIDAXXEHHEM 3aK0OHA COXPaHCHHA MacCChbl razoBOH CMECH N MMeeT

CHeOYIOIUNE B,
o 0 d 2 .
at+ax(pwx)+ayﬁwwf)+ az(pwz)--ﬂ, (I1.1)

{/1e: P - MAOTHOCTS, KI/M’;
T~ BpeMs, ¢

% J» 2~ KOOpAMHATHbIE OCH BHONS MTHHGL, HIHPHHB! H BHICOTb! MOMELICHHA

COOTBETCTBEHHO, M;

w £
x> Wy, W; —~ IPOSKLUHMH CKOPOCTH Ha COOTBETCTBYIOLIHE OCH, M/C.
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[1.3.9. B ckanapHOM BHIE BEKTOPHOE YPABHEHHE 3aKOHA COXPaHEeHUy
WMOYAbca AJ4 CMECH ra3oB pacilafaeTcsi Ha TpYM ypaBHEHUR ABUKCHHy

BOOJIb KOOPJMHATHBIX OCEeH:

..av".[. a’v‘.*. _9_"__ m__av.l __@_"__2_6_( -.a'v +.§ (].l+ on’ BW“
+.§_ ( + étv_-’_ ?_pi .2_ 0 ( + 3W aw aw (Hz
az\\" M sy T ) 3l M e o )
ow, w, ow, M2 P .0 w. \ 3 o w ]
—r L op L = T2 (it ) — ] () —E 44—
p&w&cmg, P Ty @}((uh)@]ax[(um > ax])
0 dw, ow Y 28 ow_ Ow, 6 Ow
+— (u+ +—E =] (U + R s o & & I1
az[ﬁl By Py By )J 333!((11 I"‘T)( Py Y o7 )) (11.3)
Oow ow, ow, ow op %
—i 4 i 4. — B et +2—| (0 + py ) —=
p———tpw, oW, % W, . 5 (P—-p,)8 az[(” Hy) Z)

e | — AMHAMHYECKUH KooPOUIHMEHT BAIKOCTH, KI/(M-C);

1, — Ko dHUHERT TypOyJeHTHOH BA3KOCTH, KI/(M-C),

p — naBnenue, Ila;

P, — INIOTHOCTB I'330B0¥ CPeHl 3a MPEAEIaMH HarpeToro Cos, Ki/M';
g — YCKopeHHe cBOOOAHOrO najeHus, M/c?.

Ypasuenaun (I1.1+11.4) HaspiparoTcs ypapuedusmu Pelfnonpica 1 00~
nyueHsl ¥3 ypasHeHMA Hapbe-Ctokca [5.25)] nyTem ocpeAeHys 110 BPEML-
HY BCEX HAPaMETPOB.

[1.3.10. YpaBHeuune >Hepruy ABISETCS MaTeMATHUYECKUM BbIpaXCHU-

eM 3aKOHA COXPAHEHHA W IIPeBpaLleHUs SHEPruy. Jlng TersioBaIX nponeccos
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(npy paccMaTpHBACMBIX B II. [1.3.1 aaHHOH METOAMKH YCIOBHAX TerjioMac-
i

coobMeHa ApH oXape) 3TOT 3aKOH BBIpaXKaeTCa B BHAE NEPBOro Havyana

repMOAUHAMHKH H HMeEeT CNEAYIOUUA BHA:

ox

pcp(g_t-q-w ?-T-+w —6—7:+w 3T)——§—-[(l+}\.r+l_.)gz)+

dx

9
ay

rne: T — Temneparypa, K;

((k+kT + A )%)%:;((M—l, +}°“)%)+q‘ :

¢, — YAENbHAA n3zo0apHas TemnoeMkocTh, JIx/(kr-K);
% — ko>hGUIHEHT TeronposoaHocTy, Br/(M-K);

A, — ko3 duurenT TypOyeATHO#H TemtonposogHocTH, BT/(M-K);

A, — KO3QOHIHEHT PallauMOHHOH TeIvonposoatocTy, BT/(M-K);

3
g, — HHTEHCHBHOCTD BHYTPEHHHX HCTOYHHUKOB Tenna, BT/M’;

QF=‘IW+QWI+‘IW;

(I1.5)

TAE: ¢, -~ UHTEHCUBHOCTH BHYTPEHHUX MCTOYHUKOB TeMJa 3a CYeT pa-

IHALHOHHOTO (JIy4HCTOro) Temoneperoca, Br/m’;

d,x - MHTCHCHBHOCTH BHYTPECHHHX HCTOYHHKOB TEIUJIa U3-32 KOHBEK-

THBHOro TerocoObMeHna, BT/M3;

4w — HAHTEHCHBHOCTb BHYTPEHHHX HCTOYHHKOB TeflJia H3-3a peaKLHH

ropenus, Br/m’.

I13.11. 3akoH coxpasenus Maccel i-ro rasa, BXOISINEIO B COCTaB

CMECH, (ypaBHEHUe HEPa3prIBHOCTU ANl KOMIIOHEHTA ra30B0i CMECH) UMEeT

BUJI:
ox oX oX X aX
P4 pWw, L4 pw —L oW, —t = —| p(D, + D)
O ax oy PP 8z Ox PUD, +Dr) 0x
0 [ 3x,\ & X
P(D, + D)y—L |+ p(D +D ———"—)+m,

rae: X, — '
Xi — MaccoBas koHuenTparus i-ro rasa;

35

)+

(T1.6)



D, - xoapduuunent guddys3uu -ro rasa, M°/c;

D, — xo>dduuerT TypOyneaTHol nuddysnu, M7/c;

m, — AH1€HCUBHOCTh BHYTPEHHUX UCTOMHHMKOB (CTOKOB) Macchl, BOZHHKAL)-
K% ¥3-3a oOpazoBaHud (MCYEIHOBEHMSA) MONEKY JAHHOIO ra3a BC/eACTBye
IPOTEKAHUA XUMHYECKHX PEAKLMHA ropeHus, kr/(c-M°). Bennuunst m; OTpe-
NeNAIOTCA € Y4eTOM JaHHBIX IlpunoxeHus 5 K HacTosmuM PekoMmenaaiiyy
1o Gopmyiam, MPUBEACHHBIM B Tabn. [1.1.

1.3.12. 3axoH COXpaHEHHS ONTHYECKOH MIOTHOCTH JhIMA HCMONH3Y-

CTCH B BHAC.
Dy, D, 0D, b,
@’t w.l: a;: * w.l’ -+ wZ az = QD ’ (H.?)

rae: D,, - ourrdecKkas IWIOTHOCTL AbIMa, Hii/Mm;

gp - UHTEHCHBHOCTh BHYTPECHHHX HCTOYMHHKOE ONTHYCCKOH IIIOTHOCTH Jibl-
ma, oOpazyrolerocsd HU3-3a MPOXOXACHMA peakuui ropenus, Ho/(c-m). Be-
JIHMHHA ¢p ONpEAeHsercs ¢ y4eToM JaHHBIX TIpHIoxeHus 6 K HaCTOAIIMM
PexomeHamuaM o popmyie, npusenedso B tabn. T1.1.

i1.3.13. YpaBHEHHS COCTOSHHA CMECH HUACANLHLIX Fa30B MMEET BHA
[5.35}

p=pRT, (J1.8)
rae: R — razosas nnocrogusas cMec, JPx/(xr-K).

[1.3.14. YparHeHHUs TeMIoPU3INIECKHX TapaMEeTDOR CMECH I'a30B YUH-
THIBAIOT XUMUYECKHH COCTAB CMeCH. B COCTaB CMeCH BXOMNT CAcAyroule
ra3el: KHCHOpPOA, a30T, HPOAYKIBI IOPeHUs (OKUCH YThepoAa, NBYOKUCE yI-
Jepofa) ¥ [POAYKTH TOPEHHR roprodyed Harpysku. [aszosas nocroAdHad,
ANOTHOCTH B YACABHAA N300apH2as TerIOEMKOCTE CMECH { 230B BRIMUCHAIOT-
cst 1o QopMyaam:

p = Zripf . R = Z g.R,;, ¢, =Zglcm 1 (11.9)
i=1

=} =1
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e §— HOMED ra30BOM KOMNOHEHTbI CMECH;
ra

yq — HHCJIO 13308 B CMECH;

g, R G P - oObeMHAS ¥ MAaccoBas 10, Ta30Bas OCTOAHHAN
f';, i ?

( ﬂnd(KF'K))s yelbHas u3odapHas maccoBas TerloeMKocTh (Jx/(xr-K)) u
noTHOCT (KI/M’) i-0ff KOMIIOHEHTBI Ta30B0H cMecH. Benuunuer ynenbreix
y306apHbIX MaCCOBBIX TEMNOEMKOCTEN KOMIOHEHTOB MIPHHUMAKOTCH OCTO-
gHHBIMH HJIH OMPEACASIOTCH B 3aBUCHMOCTH OT TEMIlepaTyphbl. CooTeeTtct-
pyIOLIHE 3aBHCHMOCTH IIPHBO/IA1CS B cripaBodMHO#M nuTepatype [S 34].

[1.3.15 Takum obOpazomM, perialoTCsi HeCTAllHOHAPHLIC TPEXMEpPHLIE
nuddepeHIHaNbHbIe YPABHEHHS B YaCTHBIX NPOM3BOAHBIX 3aKOHOB COXpa-
HeHHA MacChl, HMIYJIbCa W IHEPIryH Ui ra30BOH Cpe/bl IIOMELUCHHS, YpaB-
HeHHMS COXPAHeHHS MAacCChl Ui KOMIIOHEHTOB ra30BOH Cpefibl H YPaBHEHUE

ONTHYECKOH IUIOTHOCTH AbIMa. Bee puddepeRnMansHbie YpaBHEHHUS NpUBe-

OeHbI K “CTaHAPTHOMY BHAY {5.26], yaoOHOMY I YUCIIEHHOTO PEeUIeHHS:

0 . .
aw)+dlv(Pw¢)=dl‘(rgmd®)+s, (I1.10)

rae: © - 3aBAcHMan nepeMeHHas (SHTAIBNMHE Ta30BOR CMECH M MaTepuana
CTeH M NECPEKPHITHSA, MPOCKUNUM CKOPOCTH HA KOOPAMHATHRIE OCHU, KOHLEH-
TPAUMH KOMIIOHEHTOB ra30BOM CMecH, KWHEeTHUecKas JHEprus TypOyJieHT-
HOCTH M CKOPOCTH €€ JQUCCHIIanMy, MaccoBas KOHIEHTpalUKsI ¥ OoNTHYeCKas
UI0THOCTE AbiMa),
U - xosbdumment nuddysun aas ®;
3 — UCrOHHKOBEIH Yen s .

13 16. 3navenus sesnuumy B ypasHeHud (11.10) npuseaeHs: B TaldIL.
IT1 Bee senuypmy; 30€Ch U jjajee ABIAIOTCA OCPERHEHHEIMU N0 BPEMEHH.
Uput pacuere [IpOrpeBa OrpakAaomMX KOHCTPYKUM# (ypasHenus 11 u 12,

Tadn H].) wx=n'y=wz:=0‘

O603navenuy 5 Tabn. I1 | cneayompue.
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Xo1, Xco. Xcozs Xnz, Xur0, Xar — MACCOBBIE KOHUEHTPAIIMK KHCAOPOAA, NPO-
AYKTOB TropeHus (OKHCH yriaepoja d ABYOKHCH yijepoja), asora, BOAb! H
RPOAYKTOB IOPEHMs FOpiode Harpy3KH,

Do:, Deo, Deoz, Puz, Duzgs Do — K0P PHUUNEHTH! Q4P PY3NN KHCIOPOa,
OKKHCH yriiepola, HBYOKHCH YIiiepoAa, a30Td, BOAbI U MPOAYKTOB FOPEHHS
rOpIOYeR Harpy3kH, M7/c;

Mgy, Mg, Mcoz — HHTEHCHBHOCTD BHYTPEHHUX CTOKOB Macchi KHCAOPOJa U
HCTOYHMKOB MACCHI OKHCHM YrIEpOja U JBYOKHCH YTNepoaa, BOSHHKAIOWKX
H3-32 oOpazoBaHus (MCYC3HOBEHHMSA) MOJIEKY) JAHHOTO ra3a BCIEACTBHE
NIPOTEKaHUA XUMUWYECKHX PEaKLii rOpeHn, kr/(cM);

M0 - HHTEHCHBHOCTh BHYTPEHHMX HCTOYHHKOB (CTOKOB) Macchl BOIb
(BOAsIHOTO napa), BO3HUKAIOINMX H3-3a MCapeHus BOJBI (KOHAEHCAIMH BO-
ASHOTO napa) (04 BAWAHHUEM [ONAA TEMIEPaTyp B IIOMEUICHHM H B
OFPaXIAIOLIMX KOHCTPYKLHMAX, KI/(C-M);

B=1/T - xoadduiment 06reMHOro TePMUYECKOTO pacukpenns, 17K,

Ly, - norpebiaeHue no Macce KMCIOpoja NpU CropaHuM 1Kr roprodyero Ma-
Tepuana;

Lco, Lcos - BRLIEIEHME O MAcCe OKHMCH Y IBYOKHMCH yriepona npy cropa-
HHH | KT rOpioYero MaTepuala;

¥, - cKOpOCTBL BRITOPAHHS FOPHOYETO MaTepualia, Kr/c;

D, - apiMo0o0pasyoinas crnocoOHOCTE 10PioYero Marepuana, Hn-m?/xr;

L, iy, i, ~ SJHTAIBIKY ra30BOH CMECH, MaTepUaia CTEH U IepeKpoiTid, JHK/Kr;
Q" - Hu3Waa paboyas remwtora cropanus, Jx/Kr;

T - IONHOTA CrOPAHKS,

4p - MHTCHCHBHOCTbL BHYTPCHHHUX HCTOYHHMKOB ONTHYECKOW NMIOTHOCTH HbI-
Ma, 0Opa3yroierocs u3-3a POTEKaHUuA peakiivi ropenus, Hu/(c-m);

v, 4pc - AHTEHCHBHOCTL BHYTPEHHHUX HCTOYHHMKOB TEITNIOTbl BHYTPK CTEH U

3
nepekpoiTia, Br/M;
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AV — obbeM ra3oBoit cpenpl, BAYTPH KOTOPOH HAXOAMTCH MCTOUHHK (CTOK)

MacChl HIIV DHEPTHH, M’

Tabnuna I1.1

[lapamerpu 1 koaddunmuenTs ypasieHus (11.10)

Nel @ | I S
—
1 1 0 0
2 | Wy | .
Wik i I‘aw-' +_?._ I ¥y +...a.... I‘awz -ap 2 a([‘divw
ax{ ac ) o\ ox ) &\ ox) ox 3w
| —
3 ow + ( [ ow ow
g I itrﬁ’fi)+i rZe ), @ rw-i)-ap 29 (T divw)
| l x| ) ¥ ) & o 3oy
4—;&! Pty o  ow 6’6: o(.0ow, | op 20
¢ ..-_(r ] )+ ] 4 +—i I i (Fdi‘!’ W
tox\ odr ) oyl o0z ) oz\ oz ) &z 30x
| * ~BeAT
S | Xo (DortDy)p | moz = Lo ¥ r/AV
— — e
| 6 | Xco | (DcotDy)p mco = Loo¥m/AV
| 7 | Xcor | (DeoxrtDy)p | mcor = Leoa VAV
— — ! - - — ‘
81 Xn2 | (DnatD))p 0
4 R
9 | Xuzo | (DuzotDy)p | MU0
10 X (D"r-i'DT)p My,
] - .
11 Dy | § D= Dot/ AV
— J{ e i .
12 - }'w Gow
i3 | (i A 1 Gve
7 -
14 i AFA A Y1 Qp“/ AV ~qyp
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iL3.17. YpaBHeHHE TENNONPOBOAHOCTH ARIACTCH MAaTEMATHYECKUM
BLIDAXCHUEM 3aKOHa COXpaHeHHsA M nNpespaileHus 3Hepruu. IlpoBoaurcs
OTAENbHLIA pacyeT TEMIICPAaTYPHBIX MOl B ¢TeHaxX, 101y H NePeKPhITHH ¢
HCHIOAbL30BaHKWEM HCCTAUHMOHAPHBIX TPeXMEPHBIX AupdbeperUHaIbHbIX

YPaBHEHHH TCIIIOIPOBOJHOCTH B crieyoimeM suae {5.36]

or, 0 oT 3, or 0 oT n
P o &r( " &r)* 5})[7“"' @')+6z(l” & )+q"’” i
aT. 3 oT,\ 3 or.\ af oT )
f J / !
= |3, —L e 2 e 2 L ; I1.1
or, & oT o or %, cT
Pl = A =S|+ — A, ==+ —| A, l+q_, I1.13
ot 6x( a-r} ay[ ay] &( az) ! (1)

rae: I, Ty, T, — NOKalbHEIE TeMIIEPaTyph! MaTePHAOB CTEH, Nojla K nepe-

KPbLITHA COOTBETCTBEHHO, K

Pws Prs Pe — IMIIOTHOCTH MATEPHANIOB CTEH, 11012 H NEPEKPBITUA, KI/M ;

Cu, Cf; Cc— YACHBHBIC TETLUIOEMKOCTH MaTEPHAIOB CTEH, 1T0NA M NePEKPhITHA,
Jox/(xr-K);

Av As A~ KOIQOUUMEHTH TEMIONPOBOJHOCTH MATEPHAIOB CTEH, MONA H
1iepekpsitiis, Br/(mM-K);

G, Gofs Gye - FHTEHCHBHOCTEL BHYTPEHHUX HCTOYHHUKOB TEMNOTHL, BT/M'.

Ilpu oTcyrcTBuM (a3’oBBIX HepexOi0B BHYTPH MATEDUANIOB KOHCT-
PYKUHH §,,~q,~q.,=0. I cnydaer $azoBLIx npespamieHHi MeTONb pacie-
[4 HHTCHCHBHOCTH BHYTPEHHHX UCTOYHHKOR TEIIOTH NPUBOAATCA B TEXHH-
yeCcKoH aureparype [5.25].

I1.3.18. Jlng ©ONIOHHBI C HPAMOYTroAbHOM GOPMOH TMOMEPEYHOIOo Ccee-

HHs peuraetTcs ypaBHeHue (I1.11), B koTropom BesuquHbl 1NOTHOCTH, YHASTb-

HOH TEMIOEMKOCTH U KO3 PUUHEHTa TENIONPOBOAHOCTH COOTBETCTBYIOT

MaTepHaly KONMOHHDL.
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B cnyuae ¢ xpyrinoit ¢opMoii NornepevyHoOro CeYeHHUs peiuaeTcs ypas-

geHUE TEILTONPOBOAHOCTH, 3allMCAHHOC B l.lHJ]HH,H,pH‘IﬁCKOFl CHCTEME KOOD-

gunart [5.36]:

or, &of, a1,y 181, 1 9(, 81\ & (. oT,
P ——é—f—:é:(?.k ——-f-J-l----'-:-t—'i-*--m(ll —-—*-—)-i--éz—;[lk 'é;f‘}'{"qﬁ 3 (H14)

rae; 13 — NOXUIbHad TeMIIepaTypa MarepHana KONoHHbL, K;

Ou» C4 U Ay —TUTOTHOCTD (kr/M), yoenbHas TenioeMKOCTD (x/(kr-K)) u «o-
yGuuMeHT TenaonposonHocTy (Br/{M-K)) Marepuana KoIoHHEI;

¢ - KOOPAMHATA BAOAE PAAHYCE KOAQHHEL, M;

0 - yriosas KOOPAWHATa, pan;

Z; - KOOPIHHATA BAONDH BEICOTHI KOJIOHHBI, M;

g, - ARTEHCHBHOCTh BHYTPEHHUX HCTOYHHKOB TEIUIOTH, Br/m’.

Ilpy OoTCyTCcTBUHM (DA3OBEIX HEPEXOJOB BHYTPM MarepHalia KOJNOHHBI
qvkza-

11.3.19. Ilpu npoussonsHoi GopMe cedyeHuM C1POUTENBHBIX KOHCT-
pykuuii pewmaercs ypasHenue (I1.11). Tlpu sTroM Heobxoaumo, urtobsl koop-
NUHATHDLIE OCH OBIIY COLIaCORAHBI ¢ (JOPMON KOHTYPOB KOHCTPYKLHH, K
IpH 4HCIEHHOM pellieHUH AHGOSpeHUBUIBHOIC YPaBHEHHS HeCcOXoIuMa
reHepalus OPTOTOHANBHON KOHEYHO-PAIHOCTHCOH CETKH.

[1.3.20. Havanesdple ycnoBust K ypaBHeHusaMm (I1.11+I1.13) npuuuma-
FOTCS CHEIYIOUIHE:

- CHW TEMIIEPATypa ra30BOM Cpejbl BHYTPH NOMEUIEHHs paBHAa reM-
iepaType HapyXHOTo Bo3nyxa, 10 1=1=Tx=1,;

- CCNH TeMIepaTyphl BHYTPH M CHAPYXH NOMCILUCHHA ie PaBHBL. TO
pacnpepeneHue TeMmIeparyp 10 TOMIMHE KOHCTPYKUHME IPUHUMAETCA KY-
COYHO ABHEUHBLIM (B (peAenax KaxAoro Ciod) 0T TeMneparypsl Ha BHYT-
PCHHCH NMOBEPXHOCTH, PABHOH 1,9, IO TEMIIEPATYPhl HAPYKHOH NOBEPXHO-

CTW, paBHO#N T, , u3 pelieHHs CTALMOHAPHOH OAHOMEPHOH 3anauM Teruio-
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NPOBOJAHOCTH Yepe3 IUIOCKYIO CTEHKY € FPaHHMHBIMH YCJIOBHAMH Nepsorg
pona {5.36].

3neck Ty, To T 18 Topg — COOTBETCTBEHHO HauanbHbie (NEPEd Moyca.
pPOM) TeMIiepaTyph! CTEH, NCPEKPBITHA, NI0JIa H BO3JIYXa B [TOMEILEHKM.

Hadanbhple ycnosus x ypasHenuio (I1.14) uMeror Bun: TeMIlepaTypa
MaTepuana KOJIOHHbI paBH2 HaYalbHOH TeMIepaType BO3AYXa B OMEMEHU
T H— T -

[1.3.21. I'pariuunble ycnosust K ypaBHeHusMm (I1.11:11.14) na BHYT-
PEHHHX TMOBEPXHOCTAX HETOPDIOUHMX KOHCTPYKUMH SABNSIOTCH CIIOXHBIMY
FPAHHYHBIMH YCIOBMAMH {5.33] H uMeroT cnenyrowmii sug (

41=¢h+qn, (H]S)
rZie: qp — JoKanbHasA IUVIOTHOCTh CYMMApHOroO TEIUIOBOIQ [OTOKA B KOHCT-
pyKuuo, Br/vm’;

q« - JIOKaNbHad IUIOTHOCTh KOHBEKTHBHOIO TEMNOBOTO MOTOKA B KOHCTPYK-
o, Br/m’:

g, - NOKanbHas IUIOTHOCTS JIYYHCTOrO TEMIOBOrO [OTOKA B KOHCTPYKLIMIO,
Br/M°.

JloxanbHbie WIOTHOCTH J1YYMCTHIX TETUIOBBIX MOTOKOB, [1OCTY AKX
B KOHCTPYKIHIO, OOPEACNAIOTCH B COOTBETCTBUH C MATEMATUYECKOH MoJe-
nei0, npuseneHdo# B nmyHkrax 11.3.39+11.3.42 nawnoro [pwnoxenns, no-
KanbHble TMNOTHOCTH KOHBEKTHBHBIX TEIJIOBBIX NOTOKOB - B MYHKTax
11.3.28+[1.3.35.

3uHaveHus CTENEHH YEPHOTH! BHYTPEHHEH MMOBEPXHOCTH pspa cTpou-
TEJIGHBIX KOHCTPYKHMH NpUBeleHsb!l B [lpunoxenns 7 x HacrogiiuMm Peko-
MEHJALHSM.

11.3.22. I'pannyHble ycnoBus K ypasHenuam (I1.11+I1.14) na napyx-
HbIX MMOBEPXHOCTAX HErOPIOYMX KOHCTPYKUHH ABISIOTCS CIOXHBIMK I'Da-

HUYHBIMH YCIIOBUAMM [5.36] 1 UMeIOT crnenyroimuii BUI:
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4:=6; (T2 -T. )40 (T2 -To), (1 16)
e 42 — JOKANbHAK [UIOTHOCTE CYMMApHOro TEMJIOBOIO fIOTOKA OT KOHCT-
pyKILHMH K oKpyXatouei cpefe, BT/m?,
T, — NOKabHAA TEMNEPATYPa HAPY KHOW MOBEPXHOCTH KOHCTPYKLMH, K,
T, - TEMIIEPATYDa OKpYXaloimero Bosayxa, K,
€, — CTeNeHb YEPHOTH! HApYXKHOH [TOBEPXHOCTH KOHCTPYKIIHH,
o — K03 PHIHEHT uznyderus abcomoTro yepHoro Tena, Bri(m” KY).

o> — JIOKANbHBIH KOIPPHUHUEHT TEIUICOTAAYYM NP CBOOOIHOH ROHBEKIIMH Ha

¥
HapYKHBIX [TOBEPXHOCTSX KOHCTPYKUHY B OKpYyXalomyto cpeny, Br/(M™ K}
3Ha4YeHHUA CTEIICHH YEepPHOTBI HApYXHOH NOBEPXHOCTH psiaa CTPOU-
TeJABHBIX KOHCTPYKUMH npuBeneHsl B [TpunoxeHuyu 7 K HACTOAMWMM PeKo-

MCHAATHAM

BenuguHa IOKanbHoro KoaggpuuuenTa reioo1Jaqyy onpeeiarcd no

m
popmynaM CBOOONHON KoHBeKIMH [S 36] (13 3aBHCUMOCTEH Nuz(:(Gr Pl) .

rae Nu - yucno Hyccenbra,

Gr - gyucno I'pacroda,

Pr - yucno IIpauarnsg,

KOHCTAHTH € W m ONPENeNdlOTcs B 3aBUCUMOCTH OT paclofOXECHHA HO-
BEPXHOCTU H nipoussefeHust Gr-Pr, TopuoBbie MOBEPXHOCTH CIUTAIOTCA TC-
[TNOK30 TUPOBAHHBIMH )

11323 ConpsxeHue pacyera TenjiOBOro COCIOAHHA OrpaxKAaroliuX
KOHCTPpYKUHY OMEUICHMA ¢ IONEeBOW MAaTeMaTu4eckOoH MOIENbio roXapa
NPOU3BOMUTCA YSpe3 BEJIWUYHMHY TEIUICBOTO TOTOKa, OTBOAMMOIO H3 MOME
LCHUA B OTPARLAIOUINE KOHCTPYKUHY

113 24 B cnyyae MHOTOCHOHHBI: KOHCTPYKLMHA, KOTAa CJTOH BBINOI-
HCHBl W3 pa3NWYHBIX MATepPHANOB, NpEeAONaracTca UicaIbHbIH TeIJaOBOH

KOHTaK1 Ha FPaHALax MCKAYy COCCAHUMH CIIOAMH



1.3.25. JlokanbHbie BEAHMYUHBI MJIOTHOCTH, YAENbHON# TEMNOEMKOCTY
1 ko3¢ dHlHeHTa TSIUIONPOBOAHOCTH MATEPHANOB OTACABHBIX CAOEB B 06-
leM Cliydae 3aBUCAT OT JIOKaIBHOH TeMnepaTtypsl u BaaxkHocTH. CooTper-
CTBYIOMIME 3HAYEHHUA BBIIHENEPEYUCIICHHbIX TEMIOPHINIECKHX [IapaMeTpos
MPUBOAATCH B cIpaBOYHOM NuTepaType [5.23] u npeacrannens! B [Ipuaoxke-
HUH 6 K HacToaluM PeKoMeHnzauusiMm.

11.3.26. JuddepeHunaibibie ypaBHEHHs TEIUVIONPOROJHOCTH B Y4CT-
neix npouspoassix (I1.11+11.13) moryr OuITh NMpUBeneHsl k CTAHAAPTHOMY
Buay (I1.10) (cm. ypaBaenys 12 u 13, tabn. IL1 gannoro [lpunoxenns).

[1.3.27. IlpaBeieHHasn B AAHHOM Iaparpage MareMaTHiecKas MOAens
pacyeTa TeNIOBOro COCTOAHMA MAaTEpHANOB CTEH, MEPEKpHITHA, Nojla H KO-
NOHHBI TIPUMEHHMA IS ONpeicNieHHs TEMITEpaTyphl KOHCTPYKLUHU C Ceye-
HHeM nobo# dbopMEL

11.3.28 B TypOyJeHTHBIX MOTOKaX Ta30BOH Cpebl IIPH OXKAPE CKO-
poCTh, JIaBIEeHNE, TEMIIEPATYpa H APYrHE NapaMerphl HCMBITHIBAIOT Oecho-
pafOYHEIe Konebanua (nyibcaliud). MreoOBeHHOE pacrpeleieHHe BCeX Be-
JIHYHH B 000 MOMEHT BPEMEHHU B NIOMCHICHHH C 334aHHBIMH FeoMeTPHYCe-
CKMMYU HapaMeTpaMy He ONpeHdelNifeTcs OJHO3HAYHO TOJBKO CHCTeMOH uc-
XOJHbIX YpaBHeHUH M HaYalbHBIMH M FPAHUYHBIMH YCIHOBUAMHM, HO TAKKE
CYHIECTBEHHO 3aBHCHT OT MaJjbIX CIy4allHbIX BO3MYWIEHUH (M3-3a HeyCTOH-
qUBOCTH IBHXCHHA).

3gecTHpie Mopenu typOyneHrHoctn &-g, k-0, anredpandeckKue H
ppyrue [5.25, 5.26] noKa3sIBalOT, YTO KAXKAOMY KOHKPETHOMY CHYYaro Te-
yeHHs COOTBE1CTBYET BIOJIHE OlIpeiesieHHbIH Habop KOHCTAHT Monenu. B
moboit Mogenn TypOyJIeHTHOCTH OTOBOPEH KpYr TeueHuii U yCaosHid, ins
KOTOpBIX OHa cripaBelanBa. Ocolyio C/IOXHOCTH Npencrasisel coOOR Bbl-
Gop Mozeiu Mpd ydeTe CHOXKHBIX IPAHKYHLIX YCIOBMH, 00YCIOBICHHBIX

TenAoMaccOOOMEeHHOM 3al{UTOR CTEHOK KOHCTPYKUMYH, HanpuMep, npu 3a-
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quTe OOOPYAOBAHMSA OT TEMJIOBOrO BO3ACHCTBHA noxapa. KOHCTaHTRI Mo-
1eIMPOBAHHA eWe HeOCTATOYHO CUCTEMaTH3HPOBAHbI A/l (IMPOKOTO Kpy-
ra JI@Ke CTALHOHAPHBIX OE€3CTPHIBHLIX TEYEHHI.

TakuMm ofpazoMm, MaTeMaTdyecKoe MOLEAHpoBaHUe TypOynaeHTHOro
KOHBEKTHBHOTO TEIIOMACCOOOMeHa npu I[okape TpedyeT TiaTenLHOro
ppIGOpa MOJENIH TYPOYNIEHTHOCTH ISl KOHKPETHBIX YCIOBHH MoXapa.

[1.3.29. Hanbonee pa3paboTaHHOM U 4acTC UCTIONB3YEMOI g pacye-
T4 TEOJIOMAcCOOOMeEHa NPH NTOXKApe ABASSTCH IPAAMEHTHAS MOJens TypGy-
NEHTHOCTH — k-€ Mojienb [5.25]. B 3107l MOpeny npeanonaraercs, 4io Ko-

yGOHUMESHT TypOYNCHTHOH BAZKOCTH 3aBUCHT OT KHHETHYECKOH JHEpruH

TypOYJIEHTHOCTH ¥ CKOPOCTH €€ JHCCHIIALHMM B COOTBEICTBHM C (hOPMYJIOif

Kosnmoroposa [5.25]:

vy =C, —, (I.17)

LAE: V, Vy — KHHEMaTH4ECKHUH KO3Q@HUIMEHT MONEKYJIAPHOR U TYpOyneHT-

“ 2
HOM BSI3KOCTH COOTBETCTBEHHO, M/C;

—

2, 2.
k =_2_(wf +w’? +w?} - KUHETHYECKasi SHEPTHA TYPOYICHTHOCTH, M/C;

£

¥

Wy, Wy, W, — IYJILCALKOHHBIC COCTABISIOINNE NPDOSKIHNA CKOPOCTH Ha CO-
OTBETCTBYIOUIHE OCH, M/C;

C,=0,09 — sMoupuueckas KOHCTAHTA;

f’ . ¥ "12 .
€=V (3‘1’.&) .{.[?l",_{, ...(.‘?_’f’_a) — CKOpOCTh JHCCHITAUMHM KUHETHUYeCKOH
ox

\
273

3HEPTHH TypOYJNeHTHOCTH, M™/C .

11.3.30. KosdduitueHT MONCKYJIIIPHOH NHHAMHYECKOH BA3KOCTH rasa

ONpesieNfgercs N0 BeJIHUMHE KMHEMATHYECKOH MOJIEKYIAPHOH BA3KOCTH,

BhluMcsiemoi no yopmyne Ceseprenna [5.33]:
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1+C

T

- L. 1L, (. 18)
Hoe 14 C VT,

T

L I
—

rae: C — smiupuyeckas KOHCTaHTa AJis KOHKpeTHOro rasa, K;
1 — K03 PUUHEHT MOJIEKYRRPHON AMHAaMHYECKOH BA3KOCTH, KI/(M-C);
i, — W3BeCcTHaA BeJHYHHA JHHAMHYECKOH BS3KOCTH MPH BLEIOPAHHOH TeMrje-
patype T,, kr/(M-c). Benuuuum C H T, HAXOAATCH M3 COPABOYHOH JKTEepa-
Typs! {5.33]

[1.3.31. Jing HaXOXJIeHUs KMHETUYECKOH 3HEPruK TYpOYNEeHTHOCTH U

CKOPOCTH €€ [HCCUOANHH peiuaioTcd clienymomue auddepediinanbipie

ypaBHEHHUS 3aKOHOB COXPAHEHHS COOTBETCTBYIOMIMX BeUYMH [5.25].

ok ok ok k) & |u, ok
— W — W = W, — = +
ot ax ' oy &) dxio, o&x

: Ow ow
3[&6!‘),,_3(_&195),% o, (0n, o0} g 10T) . oo
ay\ﬁk ay 3Z ¥ aZ axi &’CJ ax, Pr-r T 3z

Be dc B Be] a(pTaa]+

&t Iax j’ay Iaz ar ﬂ'tax
ow ow *
Ofpr e} Ofpple) o8, [P0 0w 1, 81T & (1100
y\o &) &lo, & k (& ldx, o ) P T o k

B crangapTHOil A-€ MozesH TypOYJIEHTHOCTH HAbOp IMIUPHYECKHX
KOHCTAHT spasgercs ciaenyiommuMm [3.19]. ) =1,44; G, =1,92, o, =1,0,
o, =1,3; C,=0,09. B o6nacTi KOHBEK1MBHOH KOJIOHKH MOJIENb MOJIEPHH3H-
pyetca Cy=1,6

[13.32. Jlna onpeneneHus x0d3pPHUHESHTOB TYpOyneHTHOH Tero-
nposoAHOCTH cMecH Ay (ypasHenue 3uepruu (I1.5)) u typOynentHol mug-
Gysud KomroHeHToB Dy (YpaBHEHHsA HEPa3PLIBHOCTH U1 TA30BLIX KOMIIO-
nHeytoB (I1.6)) ucrnons3yeTcs TporHas ananorus panaras [5 33]: npu pa-

BeucTBe yncen llpanaTisa u Jleonca eaunnue (Pr=Le=1) u orcyrcTeus
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rpaiHEHTa aasiieHyMsa B nmoroke rasa (dp/dx=0, d»/dy=0, dp/dz=0) ypasne-
ypsg ABHKCHHA (I1 2-11 4), speprun (I15) v audpysun (Il 6) craHossTCH
roXAECTBCHHBIMA K B Ciy4ac noAC0HUS FPpaHHYHbBIX YCAOBUH CyluecTByeT
nonodue nosei CKOPOCTei, TeMrieparyp U KOHICH1 pauup

TypGyneHTHoe H AudQy3HOHHOE uucna TlpaHaTTd NpuHUMAaeM pas-

apivp Pre=Pr,;=1 Toina koabduuyeHt TypOyieHTHOH TEIUIONPOBOAHOCTH

onpeACnACTCH n3 COGTHOIICHHUA

S
A = 1L
T Pr _ , (I121)

a K09QPUUHEHT TypOYneHTHON M1 dy3un paBeH
D=p. /pPr, (IT122)
MonexyngpHas TeIIoNnpoBOOHOCT, paBHa [S 33] (npu Pr=const u

cnaboit 3aBECHMOCTH YAEIbHOM TEIUIOEMKOCTH OT TEMIIepaTyphi)

A B

— R

A, R,

(I123)

e A, — H3BeC1Has BeJHYHHa K03hPHIIMEeHTa TENIONPOBOIHOCTH NPH BhI-
6pauHoit Temnepatype T,, B1/(M K)

I13 33 VYpasuenus (I1 17-11.23) mo3sonstoT orpe,lenuth Kordphunu-
eHThl TYPOYJIeHTHOMH BA3KOCTH, TEIUIONPOBOXHOCTH ¥ AUPDY3UH, BXOASUIME
B ypaBHeHMs rmoaeBol MonenH (I1 211 6)

113 34 I'panwnynslie ycnosus K ypasuesusaM (11 19) u (I1 20) umeror

BH /]

- Ha TBEPJAOH HETOpIOYeH NOBEPXHOCTH

okion=10, (I124)
] m?: '?SA.L:
m 014” 3 (H 25)

T/Ie Ay, BENMYMHA KMHETHUECKOH SHEPrUH TYPOYAEHTHOCTH B Oiu xaliiuem

v 2.2
K IOBEPXHOCTH Y3/I€ KOHEYHO-Pa3HOCTHOM CETKH, M /C”,
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€. - BEIMYHHA CKOPOCTH AUCCHITALMM KHHETUYECKOH 3HEpruu TypOynenrt-
HOCTM B OnvokaliieM K NOBEPXHOCTH Y3i1€ KOHEYHO-PAa3HOCTHOR CETKu,
MZ/C3;
My, - PACCTOSHHE NO HOPMAJHK 1 OT TBEPAOH MOBEPXHOCTH A0 Onvxaliiierg
K [IOBEPXHOCTH y3J1a KOHEYHO-PA3HOCTHOH CETKH, M;
- B ILTOCKOCTH [ONEPEYHOT0 CEUYCHHUA OTKPHITLIX NPOEMOB:

okion=0;, oelon=40, (I1.26)
rae: 1 - HanpaBieHUE O HOPMANH K FUTOCKOCTH OTKPBITOrO IpoeMa.

[1.3.35. Ypasuenus (11.19) u (I1.20) MoryT OsiTh npuBeneHbl K CTaH-
naptaomy suny (11.10).

[1.3.36. las pacdetra AYYHCTOrC TEHAOOOMEHA B H3NYYAIOIUEM, TO-
[IOLIAIOIEM M pPAacCEeUBAIOIIEM ra3e 3aUUChiBaeTCH HOMOJHUTENBHOE HH-
Terpo-auddepeHINANBHOE YPABHEHUE JUId NEepeHoca NYyYUCTOH IHEPruu B
ra30BOM Cpeae, KOTOPOe PEINdeTCa PasANYHbIMH METOAaMH B 3aBUCHMOCTH

OT KOHKPETHLIX YCHOBHH 3aJadM. Y paBueHHe umeer BHA [5.37}:
sVI, (x,5)+ (@, +B, V. (x,5)=a,1,, (x,S)+-§-;- ]'Il (x,5 Y, ls,s Yoo , (r1.27)
4x

rae: o, Bi - cnexTpanbubie XO3PQUIMEeHTh NOIMIOIEHUS ¥ pACCesHHs H3-
TiyyeHBs, 1/M;

v1(8,8”) — CIEKTpasibHat HHAUKATPHCA PACCESHUA;

®' — TeJlecHbIH VIOl B HANIPaBNCHUH §', Paj;

L, (x,s), I,4(x,s) -- cnexTpanbHas WHTCHCUBHOCTE H3ITyYCHHS B TOYKE X B Ha-
OpaBieHMH § JaHHOrO M abCOAIOTHO YEPHOTO TeNa, Bt/Mm°.

[1.3.37. YpasueHnue nepeHoca u3nydeHus (11.27) moxer ObITh pelnecHo
AOCTATOYRO TOYHLIMH H YHHBEPCANLHBIMHM YHCREHHBIMH CrocobaMy, Ha-
NpUMeEp, 30HAILHBIM METOJOM HIIM CTOXaCTHYECKMM MeTogoM MoHTre-
Kapno [5.37]. OnHaxo, 3TH METO/ILl HE BIIOJIHE COBMECTHMbI C CETOYHBIMHY

METOJaM¥ PELICHHS YPABHEHH#l MepeHoca MMITYIbCa H SHEPrHu [10J1eBOH

48



MOACTH TEPMOTA30OIHHAMHUKH NNOXapa, 4YTO T’]DCGYET Pa3HbBIX HUCICHHBIX all-
r(}pHTMOB # NPpHUBOAUT K CYWICCTBCHHOMY YCIOXHCHHIO 1NIPpOIrpaMMHOIO

comrickca Kpome TOro, CrieKTpajibHbIE XapaKTEPHCTHKH U3NTYYEHHS BHYT-
py r230BO# Cpellbl NOMEMIEHH NPH NOXKape HEAOCTaTOuHO u3ydeHbl [lo-
3TOMY KC{O0.1b3YIOT DANIMUYHBIE NPHOIMKEHHBIE METONBI PELLICHHUS YPABHE-
aus (I127)

13 38 IIpeanonaraeMm, 4T0 CYLLECTBYET JIOKANBHOE TEPMOLHHAMM-
geckOe PaBHOBECHE BHYTPH Hiny4aiomero obsema PaccmoTpuM deToipe
npubIKEHHBIX MaTEMaTHYECKHX MOJENH pacyera NyYHCTOro Tenoiepe-
goca, Haubonee yacTo HUCNONb3yeMble IIPH MOIEITHPOBAHHM [OXKAPOB
[537]

- OIITHYECKHM MPO3padubli HEH3IYHAIOINUH a3,

- ONITHYECKH TOJCTHIH CIOH;

OITUYECKU TOHKHUH CJIOH;
- 1upGYyIMOHHBIA MeTo (MEeTOJ MOMEHTOB)
I[13.39 Ilpu ucnons3oBaHyU OpUOMMKEHUA OIITHYECKH MPO3PavYHOTo

HEeM3My4aromiero ra3a B ynasHennu 3ueprud (11 5) npunumaem

- KO3 PHUUEHT pasUalliOHHON TeINONPOBOAHOCTH paBeH A,=0,

- UICTOUYHMKOBEIN WicH ¢,,=(}

{1340 B ciryyae ONTHYECKH TOJCTOrO CJIOA (ONTUYECKAs TOIMLHHA
.>>1, Te cpennss giMHa cBoOogHoro npobera GoTOHA Mana 10 CpaBHE-
HUIO ¢ XapakTepHEIM PA3MEPOM Cpenbl} ¢,,=0, a KOIPOHUHEHT AyUUCTCH

TENACHPOBOAHOCTH PaBEH

16 oT’
3 k,

A = (TT 28)

[Ae k,— unrerpansupii ko3dipuienT ocnabnenns usnyuenus, 1/m,
T~ noxansnas remneparypa cnos, K,

- 4
O - koypduLmenT usayyeHns abconmoTHO yepHoro Tena, B1/(m” K')
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Jina rereporeHHoON cpelsbl NPH 3TOM HEOOXOAHMO NPOBOAHTL Pacyer
o0pazoBaHusi, ABUKEHHS U KOAryisAllMd TBEP/BIX HACTHL AbIMa IAA Oflpe-
NeneHUA UX pasMepoB H KOHUEHTpaUHHU, ONpedeIAOUKX ITIaBHBIM 00pazoy

H'SJI)"{EITEJIBH}'IO, HOI‘HOﬂIaTEHBH)’]O it ﬂpOH)’CK&TﬂHLH}’I‘O CHOCOﬁHOCTH Cpe-
nrd?®

o

ast [Ipy 5ToM K03 UIKEHT ocnabneHus OnpefesseTcs Kak & = )
4

rie d, - cpeAHKH QUaMETP YacTHIL AbIMA, M,
3
1 - 00bEMHA KOHUEHTPALMA YacTHl, 1/M°.

[13.41 Jlna onTHYEeCKH TOHKOTO ciofl (1,<<1) mpMHUMaeTcd, 4rto

A,=0, a HCTOYHHKOBBIK YNE€H YPABHEHHA JHEPrUH ONpeAeseTcs Kak

gvi=dne 0T, (I129)

A€ €, — MHTerpaibHasd CTENEeHb YepPHOTHI rasa.

13 42 [lpu npOMEXYTOYHOH BEAHYHHE ONTHYECKOH TONUIMHBI CAOH

raza ucronssyercs Jad¢y3HoHHsll MeTox (Merox MoMmeHToB) [IpH 3TOM

A.=0, 2 HCTOYHHKOBLIHA YJiCH B YPaBHCHHH 3HEPIUH PaBCH

an{ 0*1, oI, @o°I,
Y + -t

roe I, — MHTEHCUBHOCTH H3JyYEHUs, onpeaesdcMasd U3 peUicHUS ypaBHe-

HHA

1 {8'1, oI, @I,
T(réxz * oy’ * azzﬂ]g:;xtz(]n"lb(r)): (I131)
P

e Xp - UHTErPAIBHDIA KOIQOHUMEHT U3NyYeHuUs, 1/M,

I( N=cT' - UHTEHCHBHOCThH H3NYUCHHA aGCONIOTHO YEPHOTO TeNa, B1/M°

[Tpu BeimonHeHuH saxora Kupxroda [5 33}
g,=1-e ‘" (1132)

2

[AC €, — HHTErPaNbHaA CTeNEHb YSPHOTHI CJI0A Ia3a TONHHOH L

Koaddunpent ocnabaeHus H3nyyeHHs HaXOAMTCA O pacCUMTAHHOH

ONTHYECKOHN MIOTHOCTH AbiMa (ypaBHeHue (11 7))
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ky=A Dop, (I 33)
rne Don — AOKaRLHAL BEAHUKHA ONTHIECKON MAOTHOCTH AbIMa, Hn/M,
2" ~ KO3DPHUHCHT 414 nepecdeTa ONTHYECKOro AMAANa3oHa HINYYeHHS B
undpakpacseli [5.18], 1/Hm.

[T13 43 Tlpu npoMexyTodHOU BeTHUNHE ONTHYECKOH TONIMHLL CIOA
ra3za MOXHO NPHMEHS15 NOTOKOBBIHA MeTox [5 16]

[13.44 Jing oupenencHus H3Ny4eHUA TOJBKO OT dakesa B ciay4ae on-
THYECKH TMPO3paqYHOH Cpellbl BHE HEro CTeneHb YePHOTH (rakena MOXET
6uITh OnpeAenena cnenyoiuuMm obpazoM Cuadana onpegendercs wucho by-
repa [5.20}:

Bu=kd,,,, (11 34)
inge k — ko3¢pdunuenT ocnabneHns razoBoi cpelpl B cOreme ¢akena, Ko-

TOpPRIH MOXKET ObITH OfpeneNen 0 IKCHEPUMEHTAIBHRIM COCTHOILEHWAM

paboTst [5.20], 1/mM,

™ \/;‘U"'1F /T — 3KBUBANICHTHBIA JHAMETP NMOBEPXHOCTH I'OPEHHS, M,

F, - 0u5ab NOBEPXHOCTH IOPOYCH KUAKOCTH, M. 3aTEM TIO ITOMY 3Ha-
YEHUIO HAXOJUTCS CTelleHb UEePHOTHI (aKesa 10 3KCIEPUMEHTAILHBIM JaH-
HbIM paboThl [5 20] ¢ yyeToMm CBOWCTB KOHKPETHOTO 10proYero Malepyana

[lo paunsim pabotsi {5.20] npu yucne byrepa Bu<l MOXHO nipume-
Hi1b 3aKOH afAUTHBHOCTH, T €. HE YYMTHIBATL B3aUMHOE BJIMSHHUC H3yue-
HHJ W KOHBEKUMM, a CpElly pacCMaTpHUBaTh KAK OHNTHUECKH TNPO3padHyo
B3aliMHOe BIMsIHUE KOHBEKUHMH M U3JIyYeHHS NPOABILETCH NPH onpeacsie-
HHM IPaHMYHBIX YCIOBHH Ha 1BepAsIX noBepxHocTax lIpu Bu>1 paccmar-
PUBACTCH NpUdImeHue ONTHYECKH TOJCTONO CIIVA ¥ V4K IBIBACTCA BIIMAHUE
101pKO U3NMYYEHHs Ha XapaKTCPHUCTUKHK TYpOYJICHIHOCTH yepe3 yBelHYCHUE
TONIUMHB] TENNIOBOTO MOrPalinYHOTO CIIOA

[1345 Jind KOHKpeTHLIX HCXOAHMX HaHHBIX 3aja4d TpeOyeTcs

YTOUHEHUE W afanTauus CYLIeCTBYOUWUX Ma1eMaTHUECKUX MOJeNeH TyyuH-
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CTOrO MEpEeHoca B CIUIOIIHON cpefie ¢ NPUBAEYCHHEM JOTIONHUTENBHOM Jke.
nepuMeHTaNbHOH HHPOPMaLHH no Ko3hdHuUHEHTaM NEPEeHOCa NMPH peajy,.-
HOI TEpPMOra3oAHHaMH4YECKON KapTHHE 10XKapa.

[1.3.46. MoryT HCNoNb308aTbCA MHBIE MOJENH PaNvaALMOHHOTO Ter-
aonepeHoca, NMpUBEACHHBIE B JuTeparype [3.16, 5.37], nanpumep, Metoy
AUCKPETHOTO paAMallHOHHOTIO NIepeHoca.

[1.3.47. B cnydyae roprovueit XHUAKOCTH CKOPOCTE BBIMOPaHHs IOpioye-
ro Marepuaia 3ajacrcsi CHeRYIOUMMH NOJYyIMITMPHYCCKUMH COOTHOIIe-

HUsMH [5.22]:

IPUA T<Tye VY, =Y F \/T/Tﬂ ; (I1.35)
IPpH T Ty T. = \PuF rs (H36)
rje: T — Bpems, C;
T — BpeMA CTaOHITH3AIHH TOPEHU, C;
F_ — naow@ans OTKPRITON IOBEPXHOCTH MroproYeni UNKOCTH, M’
V', - yaenpHas CKOPOCTE BEIFOPaHys FOPIOYero Marepyarna, kr/(c-M°).
Bpems crabunu3al¥d FOPEHUst H YACIBHAS CKOPOCTh BHITOPAHHSA TO-
PIOYEro MaTepuaia ONpeeIsitoTCA N0 COpaBOoYHOH JuTepatype {5.17] B 3a-
BUCHMMOCTH OT BHJA XHAKOCTH. [lapamerpsb! npoiecca Boiropanus Aias paaa
FOpPIOYHX XKHUIAKOCTeH NpuBeAeHsl B IIpWIOKEHMH 5 K HacTosiuMm Peko-
MEHAALMAM.
[1.3.48. J{ng TRepAOro TOpHOYEro Marepuana CKOpPOCTb BhINOpaHHs
ropioyero MaTepuana onpejensercs no gopmyne [5.22]:

VY=Y, F, (I11.37)
rae: F=nr’ - 1uiowanb OTKPHITOM OBEPXHOCTH FOPIOYEro MarepHana, oX-
BaYe€HHAasA FOPEHUEM, M’
=W, T — PaJUyC FOPeHNd, M;

w,. — ifHelHas CKOpOCTh PACTIPOCTPAHCHH MIAMEHH 110 NOBEPXHOCTH I'C-
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pIOYErO MaTepHana, M/C.

Y nenibHas CKOPOCTL BRIFOpPaHHMA ropioUuerc MarepHana onpenensoTcs
o Crpaso4HOM nuTeparype |5 17] B 3aBucuMOCTH OT ero Bua [lapamerpsr
npoliecca BblOPAHHMA JIA pAJA TBEPHABIX IOPIOYHX MaTepHanoB NpeaAcTan-
nedb! B [IDUNOXKEHHH 5 K HacTOAIMM PexoMeHaauusm

1349 B cnyuae roprodero rasa 3adroTcs MaccoBast CKOPOCTh, Nd-
paMeTpbl ra3a (JaBneHUe U TeMIeparypa) 4 pa3Mepel 0GNacTH ero HaTexa-
HHUA

[135¢ Mlna onpeaeneHns BEIMYMHBL OCTABHICHCS MACChl XHUAKOrO

WK TBEPAOIO I'OPIOYEro MaTepHasla peuiaeTcs YPaBHEHHE 3aKOHA COXpaHe-

HuA Macchl [S 22]

dmM

ool 7
dt

., (IT 38)

rie M - ocTaroyHast Macca roproyero MaTepuana,

I13 5] B ocHOBHBIX YpaBHEHHMAX noJieBO# Mojean 00J1acTh NrOpeHMs
(bakenr) MogenupyeTcs BHYTPCHHHMM HCTOUHHUKAMHU JHEPIHY, MAcchl ¥ JIbl-
Mad MITH 38Ja0TCS IKCOEPHMEHTANbHO U3MepeHHbBIE NoJi TEMIIEPATYP ¥ APY-
TUX TapaMeTPOeB B 2To obnacru

MoaenypoBanue o4yara ropeHUs MOXeT OBITh BHITIONHEHO C [IOMOILIBLO
ABYX OCHOBHBIX ITOAXOA0B

- MOJISJIMPOBaHHE HCTOYHMKAMH YHEPIHMHM, Macchl ¥ Jbima Oe3 yuera
XHMHYECKOH KHHETHKY H TePMOTa30AHHAMU4YECKHX YCAOBHH B O0JIaCTH I'O-
PEHuS,

~ HEOCPEUCTBEHHO MOJESIH MOPEHHUHA

113 52 Cpenu HenocpeacTBeRHO MogeNeil ropenys MOXHO BbIACIHT
CICAYIOlTIHe

- AU Py3HOHHO-BUXPeBas MOAETb |5 38],

-~ MOJENb NAMUHADHBIX 3IEMEHTOB IaMeHu (S 16] u T 4
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B Mopesisx ropeHHs, Kak MpaBHiIO, NIPEANONaraloT, YTO XHMHYECKa
B3auMojieiicTBie & obnacTH ropeHus nporexkaer GECKOHEYHO ObICTpo fy
CpaBHEHHMIO C TennomaccooOMenHpiMH 1poueccaMH. [lo3ToMy ckopocr,,
TIPOTEKAHHSA XHMHYECKMX PEaKIHH IOPEHHS ONPEACNAETCA TEILIOMAaccoos.-
MEHHBIMH MPOUECCaMH, T.€. CKOPOCTAMH JOCTaBKU B 30HY FOPEHHS Y Nepe-
MELLIUBAHMUSA NOPIOYET0 H OKUCITHTE (AHPPYIHOHHOE rOperue).

11.3.53. Ilpu MoIeJUPOBAHHUH HCTOYHMKAMH JHEPIrUH, MacChl K JbiMa
6e3 yueTa XMMHWYECKON KHHEeTHKH M TEepMOra3oJHHaMUYECKHX YCIIOBHH R
00:;1aCTH ropeHHs BhLILICNIEPEYHUCIEHHBIE HCTOUHHKH 3aa10TCA B 00beMe nia-
pajUICReNKIed C ILIOMAALI0 OCHOBaHYs, PAaBHOH ILIOLAAM roprodYel Ha-

rpy3Ky, OXBaYE€HHOUN FOPEHUEM, & BEICOTA COCTABNACT Ar=K d, .,

rae: dy = .,/4F . { T — SKBUBAJICHTHBIH MHAMETP NOBEPXHOCTH I'OPEHUS, M;
k¢ - smnupuyeckui koapduuueHT [5.20] w1 KonkpeTHOM roprodes Harpys-
KH.

MoLHOCTE TEIUIOBBIIENCHHUA OlipeenseTcs 1o popmye:
Q. =Y. Q,, (T1.39)
rae: O, - MOIHOCTD TEILIOBBLACHEHN, BT,
Q," - uusman pabouas TenoTa cropasHsi, JHk/Kr;
1} - HOJHOTA CrOPAHUS.
[Ton"oTa cropanus MOXeT ObITh pacCYHTaHa, HarpuMep, 1o popmyne
{5.201:
n = 0,63+0,2X02,m+1500X 02", (11.40)
rie: Xoam - CpeaHeoOBEMHAs MACCOBas KOHLEHTPALMS KHCIOpoJa B TOMe-
HIEHHH.

[1.3.54. B mMogensx IOpEeHRS XUMHYECKAsh peaklLysi FOPEeHUS MOXeT

MPUHUMATECH OJHO- WM MHOrocTyneH4yaroi. Hpu 3ToM cudrtaercs, 4To ra-
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10Bas CMECH COCTOMT M3 KWMCJIOPOAA, a30Ta, rasuduuupoBaHHON roproodei

garpy3k H IIpOAYKTOB rOpCHUA

[13 55 Tllpouecc ropeHus MOXHO NpeicTaBdTh B BUAE OJAHOH OXHO-
CcTYTIEH4aTON PeaKLMH
F+a,0,+a3,/76N, >a,C0,+a,CO+a, H,0+a,C+a,3,76N,+Q,, (I14})
rope [ — roproyee BCLICCTBO,
a,, a;, 43, 44, s KOIQOUUUCHTHI pEaKIHH;
(), - TENIOTa PeaKiIHK
BenyyHaMu MacC OCTAIbHBIX HPORYKTOB ropeHus Ans Hauboee
pacIpOCTPAHEHHBEIX BHJIOB TODIOYMX MarepuanoB npeHeGperaem [5.22,
5 41] Ipu HeoOXOAMMOCTH MOXHO YIeCTh JONMOAHHTENbHBIE 00pasyione-
¢ B pe3y/ibTaTe NpSIMOH peaxumH seiecTsa B ypasaerusx (I141) u (11 6)
A30T HeoOXOonuMO VYHTLIBATh B PEaKUUAX TOPEHHUI, MOTOMY YTO OH
norjoiaeT 4YacTh TEIUIa, BBLACHACMOro IpH PeakiliH, H BXOAHT B COCTaB
NPCIYKTOB [OpEeHHS
[13 56 Bansxue TypOYNeHTHOCTH Ha NpPOTEKAHHE XHMHYECKHX pe-
aKIU# ropeHus MoXeT OBITh YYTEHO ¢ NIOMOLUBIO Pa3iiHYHBIX MaTeMaTHye-
CKHX Mofgcnei, HarpuMep, ¢ NOMOIIBIO AHPPY3HOHHO-BUXPEBOH MOAEnH
|5 38] OnprocTyneHYaTyiO peakiHi0 NOpeHus MOXKHO NPENCTAaBHTHL B Gonee
yIpoImeHHOM Bye [5 16]
F+sO—=>({1+s5)P, (I142)
rae F, O, P - MacCp! roprovero, OKMUCIUTENA M IPOAYKTa peaKiuy,
§ - KOYQDHIHEeHT
Torna ckopocTs peakiuu paBHa {5 38]

X X
G, = pEmm 4X 4—252-—

k s  s+11° (I1.43)

rne G, - MmaccoBasi CKOpOCTh peakiiii B efunsile obbema razoBoi cpeisi,

Kr/(c M’),
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k - kuHEeTHYECKas IHeprus TypOyaeHTHOCTH, M/C’:
£ — CKOPOCTh JHUCCHIAUHMK KUHETHYECKOHR HEpruu TypOyneHTHOCTY, MZ},«C},;
Xp Xy, Xp - NOKanbHbie MacCOBBIC KOHLEHTPALMH NPOAYKTOB BBITOpauuy
ropsoyero BelecTsa, KUCIOPOAa B NPOLYKTOB rOPEHHS.

[1.3.57. MoryTr HCIIOAB30BATECH HMHbIE MOACHM TOPCHUA, TIPUBE/IeH-
Hble B TeXHHYeckoH nuteparype [35.16, 5.39, 5.40], nanpumep, Tpexcrynen-
yaTas peakuus. OJHAKO YCIOXHEHHE MOAENH IOPeHHA A OnpeAclieHys
(PAKTUYECKHX HPEHENIOB OrHECTOMKOCTH CTPOMTEABHBIX KOHCTPYKLHH He
NPUBOAUT K NOBLIIUCHUAIC TOYHOCTH pacdeTos {5.391.

[1.3.58. YcnoBHs OAHO3HAYHOCTH K OCHOBHOM CUCTEME ypaBHEHMi]

(I1.1+11.10) u gonoaHuTenpHbix cooTHomeHu# (I1.11+11.43) cociosr us3
reOMETPHYCCKHX, QUIHICCKUX, TPAHHYHBIX ¥ HAYAABHBIX YCIOBHA.

[1.3.59. I'eomeTputiecKUe YCIOBUSA NPUHUMAIOTCS CIEAYIOLIMMIA

- KOOPAHHATH TPAHUYHSGIX ITOBEPXHOCTEH OTPaXKAaroHiHuX KOHCTPYK-
Ui [ToOMeleHus

- KOOPAMHAThl IPAaHUYHBIX IIOBEPXHOCTEH I'DOMO3IKHX MNPEAMETOBR,
HaxXOAAUUXCA B NOMEIIEHHY;

-~ KOOPAMHATH! I'PAaHUL OTKPBITBIX M 33KPbITEIX {BCKPHITHE KOTOPBHIX
BO3MOXHO [10]] TETUIOBBIM BO3ACHCTBHEM NIOKAPA) [TPOEMOB;

-~ KOOPAHHATHI TPAHULL OTKPEITOH NGBEPXHOCTH TOPIOYEro MaTepHaia
HJIM UCTOYHHUKA HATEKaHHA rasa.

11.3.60. Ou3znyecKue yCIIOBUS UMEKOT BUJL:

- TEIIOPUINIECKHUE CROMCTBA KOMITOHEHTOB a30BOK Cpelbl;

- TenoQHu3INIECKHEe CBOUCTBA MaTepuana OrpaXAarollUX KOHCTPYK-
LHHH;

- Teriogu3HYeCKue U XHMHYECKHE CBOHCTBA Mroprovero Marepuand.

11.3.61. ' paHuyHEIE YCIOBHSL:

- Ha BHYTPEHHHUX NOBEPXHOCTAX CTPOUTENBHBIX KOHCTPYKIHH:
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IpOEKUHMH CKOPOCTEH PAaBHEI HYmo: W, =w =w, =0,

Ui YPaBHEHHUSA JHEPTHU: g5=q, 14,
[Ie: ga — MIOTHOCTH MYMHUCTOTO TEMNOBOrO NOTOKa;
g, — TNOTHOCTb KOHBEKTHBHOTO TEILIOBOTrO NOTOKA;
Anst ocTanbHBIX napaMerpos P (0bobuenHoe ypaBHenue (I1.10))
IpMHUMAETCS, YTO oP/on=0.
rre: n — HOpMaJlb K NOBEPXHOCTH,

- Ha OTKPBITHIX IIPOEMaXx:

s Bcex napamerpos @ npunumaercs, yro 0®/0n =0 B obnactu
HCTEYEHHA ra3a Hapyxy;

B 00J1aCTH NOCTYINEHUSA HAPYXKHOrO BO3/lyXa BHYTPE JaBJIEHHE, TEM-
mepaTypa M KOHLEHTPALMK KOMIMOHEHTOB COOTBETCTBYIOT NapameTpaM aT-
MOC(EPHOT0 BO3JIyXa (CMeCh KHCI0poaa Y a307a);

- HAa HAPYXXHBIX IIOBEPXHOCTAX OrpaX jaroifdX KOHCTPYKIIHM:

B COOTBETCTBHU ¢ ypaBHeHHEM ([1.16);

apaMeTphl HaApY)XHOrO BO3AYXA: TEMIEPATYpa, CKOPOCTH U Halipas-
JIEHUE BETPpa ¥ JaBlcHUE;

- Ha OTKPHRITOH ITOBEPXHOCTH TOPICYEro MaTeprana:

POSKUHS CKOPOCTH NEPNEHAUKYIBIPHO MOBEPXHOCTH [OPIOYEID Ma-
TepHaia (¢ noMoiLo ypapHeHuM (11.35+11.37));

[IOTROCTH MPOAYKTOB FOpeHus.

[1.3.62. Haganshsie ycnoBus (B Ha4anhbHBI MOMEHT BpPEMEHH Iepen
OIKAPOM):

- NMOMELUCHUE 3aIIONHEHO HEIOJIBHKHON CMeChio (BO3OYXOM) KHCIO-

POJia H a3oTra:

X02ﬂ=0,23; XNM:O,']?; W, =W =W = 0:

¥ z ’

- fIapaMeTphl ra3oBOM CMECH: TeMnepaTypa U JiaslieHue (pacnpeaeie-
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HUE M1O BHICOTE);

~ CKOpPOCTH BHITOpaHHs roprodyero Marepuana: \¥'e=0.
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IIpunoxenue 4.

Yucnennoe petiteHune

[1.4.1. 3amkHyTass CHCTEMA YPABHEHMH NpUBEACHHON B JaHHOU Me-
ToAMKE MATEMATHYECKOH MOZENK MOXET ObITh pelieHa TONbKO YHCIEHHBIM
cnioco0oM. COBPEMEHHBIH yPOBEeHE Pa3BUTHA BBIYUCAUTENLHON TCXHUKN H
BLIYUCIUTENBHON MATEMATHKH NMO3BOJAET pa3padoTaTh A0CTATOUHO TOYHBIE
yUCHIEHHERIE METOALI, B KOTOPBIX peaM3VIOTCA Pa3iH4YHple KOHEYHO-
pa3HOCTHBIC CXEMBI HCXONHOH cUcTeMBbl ypaBHenHH. [Ipumensercs nanbo-
nee anpoOUPOBAHHBIA YMCIEHHBIH METOZ PEHieHWs cCHCTeM JMdpdepeHum-
anbHBIX YPaBHEHHMH B HACTHBIX IPOM3BOIHBIX - METOJ "KOHTPOAHBIX 005~
emoB" [5.26], HCTIONB3YEeMBIN B COBPEMEHHBIX NPOrpaMMHBIX NaKeTax pac-
yera Ha IIOBM npukinafHbIX 3aiad rasoguHaMHKH H TerioMaccoobmena
PHOENICS [5.29] u FLUENT [5.30].

[1.4.2. JuddepernuanbHple YPaBHSHHUS B YACTHBIX NPOU3BOAHBIX,
ppuBefieHHble K 'crangaptHoMy" Buay (11.10), pewmarorcs xoHeuHO-
PasHOCTHBIM METOIOM "KOHTPOJNLHBIX 00BEMOB" 1O HESIBHOHN cxeMe [5.26]
Jis TpexMepHOU 3ajavd JUCKPETHBIM aHAJOr YpPaBHEHUH HMeeT BHLA
(puc IL2):

a, P, =a, ¥, +a,0, +a, P, +a, D, +a, P, +a, O, +5, (11.44)
rae: a, = D, A{P.|)+ |- F, 0]},
ay =Dy AP, )+ |- F, 0];
a, =D, A(P, )+ |- F..0);
ay = D, APy |)+ [F, 0];
J
Uy = DHAGPBI)'*' HFmGi]:
TO4KH T u B pacnonoXeHbl aHaJOTMUHO B niockocTax YO0Z w XOZ,

ay =pSAxApAZ/ At

a, = DoA(Py )+ |F, 0




b=8 AxAyAz+a, D} ;
P , — 3HAYEHUE MIOTHOCTH HA MPEABUIYLIEM LIare N0 BPEMEHH, KI/M:
D’ - 3Ha4eHHe PYHKIUH Ha NPeAbINYIIEM Lare Mo BPpEMEHH;

Ax, Ay, Az — waru Bpons ocedd OX, OY, OZ coOTBETCTBEHHO, M:

At - war no BpeMeHH, C.

I1.4.3 Wcnonesyercs dynxuus 4(P]) B cnenyromem Buze (cxema co

CTCIIEHHLIM 3aKOHOM H3MCHEHHS 4Mdcia llekne BHYTPH KOHTPOJBHOIO 06%-

eMa):
= lo, 1 —0,1|P|)5“; (1L45)
Oneparopsl THNA AﬂP{)zlﬂ,(l—O,l!PDs” H ﬂ-—- F; ,0]] O3Ha4al0T, YTO

IpH pacyeTe KWeloNp3yeTcs Oonbinas 13 BeJIMUNH, pas/ieIeHHBIX 3aIISITOl.
11.4.4. Yucno Ilexne P B Beipaxenud (11.45) onpenensercs xak or-
Howerye F u D, takum obpasom, P=F /D, u 1. a. Pacxonm F u nposoau-

MOCTH D onpenensioTcs CaeAyIoUHM o0pasoM.

- _ F &yAz
FE — GDWI)! AyAZj (ax)
B . _ FwAyAz_
— G)W.:. )w A-}'ﬁz? Dw - (B.JC) ’
F = G)Wf) AzAx: F Azm.
F o= (P ) ﬁ Ax' F fi{.ﬁx (H'46)
SR (Sy)
, [ AxAy ‘
= * D = X
F (pwz), Axay; r (SZ)I
I',AxAy

F, = (pwz)beAy; D

T Bz), )



Puc 112 LlabnoHbl KOHTPORBHBIX QOBEMOB

@ - IS OCHOBHEIX Y3JIOB KOHEYHO-Pa3HOCTHOM CETKH,
6 - A1 IpOeKIHE CKOPOCTH Ha oCh OX,

8 - IR [IPOCKI{HHE CKOPOCTH Ha och QY
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[1.4.5. B yanax npencrasneHnoro Ha puc. [1.2, a wabnoHa koHeyy:q.
Pa3HOCTHOH CXEMBbl ONPEASNAITCA CIHENYIOHE QH3HYECKHE BENTHYHKL-
TeMIepaTypa, MUIOTHOCTD, /laBjieHUE, KOHUEHTPAlUN KOMIIOHEHTOB ra3oso)
cpenbi, KO3 PHUHMEHTE TEILTOMACCONEPEHOCA, TEMNOPUINIECKHUE CBOMCTR,
CPEeRbI, CKOPOCTH MeHEepaliMy K AUCCHNAIMH KHHETHYECKON SHepriu TypOy-
JIEHTHOCTH. [l pacyeTa COCTABAAIOUIHX CKOPOCTH MCMONB3YETCA WAaXmar-
Has CeTKa, T.e. NMpOoeKiHs CKOPOCTH Ha oCb (Y olipenenseTcs Ha rpaHsx
KOHTPOABHOrO 00heMa § U 1, NEPNEHAUKYISIPEBIX ocH O (11205104 Ha puc,
11.2, ), npoekius ckopocTd Ha ock OX onpenensercd Ha IPAHSX KOH-
TpoikHOTO 00btMa W M €, HepNeHInKyIApHhX ocH OX (wabnoH Ha puc.
11.2, 6), npoexums ckopocT Ha och OZ - Ha IrpaHsx KOHTPOALHOro o6bema
b u T, nepneHaukymapuelX ocd OZ (KOHTPONLHBIH 00BeM oOnpeiensercs
aHANOFHYHO).

Takum 00pa3zoM, KOHEYHO-PA3HOCTHBIC YPaBHCHHUSA JUIS COCTaBJIAIO-
IKUX cKopocTH (McxoaHkle ypapueHus (11.2+11.4)) pewratorca Ha cooTBerct-
BYIOIIHX Pa3IMYHbIX KOHTPOJbHBIX 00BEMAX.

I1.4.6. YuuTpiBas, 4TO TPHU MOXaEpE MIOTHOCTEL Fa30BOH Cpellbl IToMe-
[leUUs. CYUIECTBCHHO HM3MCHIETCH, HEOOXOUMO UCTONB30BATH YpPaBHEHHE

OIS ONpEeACIICHUS NIONIPaRKH JaBNeHHUSA B “CKHMaeMOU~ popme:

ApPp =Q Pp Ya,p, +a p, tagps tarp, +a,p, +b (11.47)
rae: p; — DONPAaBKH JaBICHHSA B COOTBETCTBYIOUTHX TOYKAX.

11.4.7. TlonpaBoytible GOpMYbL AN IPOCKIHH CKOPOCTH HMEKOT Clie-

RYIOIHHA BUA:
w., =wo, +d {p,—p); (71.48)
w_pn = w;u +dﬂ (p;’ —p:‘\f )1 (ﬂ49)
Wa = w; + dr ;’ o p;” ): (Hso)

FAC BCINUYKMHDBI C BCPXHHM MHACKCOM O3HAYAKWT TEKYLHHE 3HAYCHHUA BEC.,IN-
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gqUHBI, @ C HHAEKCOM ' — NONpaBOYHEIE 3HAYCHMS
d., dx, d; — BETHYHHDI, NNOIYy4YaeMbIC U3 COOTBETCTBYIOLMX YpaBHEHWH JUis
«OMIIOHEHTOB CKOPOCTH.

[1.4.8. Pacu€rei npoBORATCA HA HEPaBHOMEPHBIX KOHEYHO-
pa3HOCTHBIX CETKaX (Ax=var, Ay=var, Az7=var) ¢ nepeMeHHbLIM HIAI'OM II0

BpeMEHH, OlpeienseMbiM U3 ycnoBus Kypanta [5.26] nias Bcex y3noB Ko-

HEYHO-PA3HOCTHOH CETKHU:

{

At = k_mmn | -
\ e

Ax Ay Az
; ,m“’n"‘"l“’zl , (IL.51)

W, w_ _+ ‘wly
rue W, — JoKanbHast CKOPOCTE 3ByKa, M/C,
k.<1 — uucno KypaHnra.

[1.4.9. IlocnenoBaTensHOCTh peIUCHHUA CUCTEMBI AireOpanyYecKux
ypaBHEHHH, NpUBEACHHBIX K "craHnapTHoMmy" Buny (11.44), asasercsa cie-
NYIOHIEH:

1) 3amaerca npuOnMKeHHOE nole aasnenus p = f(x, ¥, Z) (Hanpu-
Mep, HaBJIEHKE BO BCEX KOHTPOIBHBIX 00beMax paBHO aTMOCPEepHOMY);

2) peusarotcs anreOpaudeckde ypassenus (11.44), cooTBeTCTBYIOLLME
ypaBHeHHAM ABioKeHus ([1.2+114), ana nonydyenns nosel sHaYeRUHE CKOPOCTEH
W F00H2), wy il 2) wow hxw.2),

3) pewaercs ypasuerue ([1.47) ang onpeleneHus NONpaBKU Jasie-
HHS P =fx,p.2);

4) paccyuTHIBAETCH CKOPPEKTHPOBAHHOE [I0/IE JaBNEHHL p=p +p';

5) DPOBOAMTCH pacdeT COCTABJSIOIIMX CKOpPOCTH 10 ¢dopMyiam
(I1.48+IT 50):;

6) Haxoaurcs peureHue anrebpanyecknx ypasuenuii (I1.44), coorper-
‘TBYIOIIMX ypaBHEHMAM Hepa3speiBHOCTH cMecH ([1.1) v ee oTienbHbLIX KOM-

"OHEHTOB (I1.6). ypasHenuio sneprun (I1.5), ypapHeHuil Ten10npoOBOAHOCTH
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(I1.11+I1.14), a Taxxe ypasuennti (I1.19) u (I1.20) k-& Monenw TYpPOVieunr.
HOCTH, 114 onpene/eHns noneH Apyrux GpU3HYeCKuX Benu4uH (Temnepary-.
Pl Ta30BOH Cpelbl H CTPOUTENBHBIX KOHCTPYKIMHA, KOHUEHTPALHY KOMIo.-

HEHTOB CMECH ra3oB, KO3QQHUHEHTOB TEIIOMACCONEPeHOCca, TeTNodhusy-

YEeCKHX CBOHCTB);
7) NpexcTaBieHHe CKOPPEKTHPOBAHHOTO JABNEHMUSA F KaK HOBOTO p’ y
BO3BPAICHUE K MTOANYHKTY 2 HACTOAWIErO IYHKTA.

Ilpouenypa nosTopsercs no Tex nop, Mmoka He ByAeT NONYYEHO CXO-
ARTCCCA PCHICHHE, T.€. OTIHYNME NapaMEeTPOB ra3OBCH Cpelbl Ha COCEIHMX
WICPAlHAX HE IpeBbIIacT 3apadee 3aJaHHOIC 3HaueHuA (Harpumep,
| 7%*9-7% | <0,01 K,
rae: k+1, k — Homepa Texyileit U peABIAYIIEH KTepauit).

I1.4.10. Hicnons3yercs HesBHAS KOHEYHO-PAa3HOCTHaA cxeMma [5.26).
Ilpu 3TOM cHcTeMa nuHeHHbIX anrebpamaeckux ypasueHuit (11.44) peinena
METOAOM MNpononsHO-NoNepeyHod nporonku [5.26]. Ilpr sTtoM chavana
NPOU3IBOAMTCA PELICHHE JUIA OJHOTO U3 BHIOpaHHBIX HanpaBaeHu (Hanpu-
MEp BHONH ock OX) ¢ NOMONIBIO CTAHAAPTHOrO METOAA HCKMOYeHHs ["ayc-

ca. Kaxxnoe ypaBHed#e CHCTEMbI MPHBOAUTCS K BHAY:

a», =b®,  +c D, ,+d (I1.52)

1+1

rae: &1, 2,..., Ny — HOMep TOYKM KOHEYHO-Pa3HOCTHOH CXEMbI BAONb OCH

OX.

Takum obpasoM, ¢usuveckas senwumna @; CBA3aHA C COCEAHUMH
3HAYCHUAMHU I3TOH BeuuMknl D, u O,. Janee npeanonaraercs, 4To Cy-

[HECTBYET CIEAYIOUIas 3aBHCUMOCTD:
b =a,@, +B;, (I1.53)

rae: o, ¥ B; — NporoHovHsele KO3 DHILHEHTHI.



INoacrasnsas (I1.53) 8 (I1 52), nony4aemM 3aBUCHMOCTHL NMPOTrOHOYHBIX

xoadpHHeHTOB O, ¥ f3; 0T Oy M By

bf
O = “ -

T e —ca, (I1.54)

d +c B _
B, =— : (I1.55)

a: o crar—l

3HadeHMs &; U By onpenensoTes M3 rpaHUYHBbIX YCAOBHIA:

o, =bla; B, =d/a,. (I1.56)

Hanpumep, B cny4ae rpaHH4YHbIX YCIOBUMI BTOPOIro poJa NpH IporoH-

ke BAoAb ocl OX mna ypaBueHus 3HepruM (I1.5) MoXHO 3anucaTs:

oT T, -T
q=l(-a—ﬂ-] = A - !hx =, (T1.57)

aT
rrie: (—g—-) — I'PaJHEHT TeMIepaTyphl O HOPMANH K MOBEPXHOCTH Orpax-
n <

A2I0MKUX KOHCTPYKIMHA Ha ee rpa’ule;

Ty, T; — TeMneparypbl B LEHTPaX IPAHHYHOIC H COCEAHEro KOHTPOJIBHBIX
00LeMoB,;

Ax — war 8aois ocu OX.

Toraa, B cootBercTBUM ¢ ypaBHeHMamu (I1.53) u (I11.57) snauenus o

1 [3; paBHBI;

qAx

gAx
=0T, +f ==~ +1; oy =k, ==~

A (T1.58)

llocne 3toro, Bce nporoHoyHbie KOG QUUHEHTH! PACCYUTRIBAOTCS 1O
bopmynam (I1.54) u (T1 55).
Hanee u3 rpauuynbiX ycnoBuit Ha apyro# rpaduue (i=(V,) onpenens-

rea Benuunta ®p_ u no gopmyiie (IL53) Bce octansHele 3uaueHus @, Ha-

UpUMED, IIpU [PEAHHUUYHAIX YCAOBUAX BTOpPOro pojAa B Ciy4ae MNPOroHKH

800k ocH OX (ypaBuenne oneprud (I1 3)):
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8 qAX
M N.: ~t - B
TNI ) =uN,-ITN, +BN_‘-I =1 +TN,; I, = A ; (FLS9)

}v l—uN:_,l

rae: T, Ty i — TeMNIepaTypbl B IEHTPE IPAHHYHOIO K NOBEPXHOCTH U ¢O-
CEAHEr0 KOHTPOJIBHBIX 00BLEMOR.

3aTeM BBINOJIHAECTCA AHATIOTHYHAsA [TPOTOHKA BJIOJIb ABYX APYTHX Oceli
0Y u OZ ¢ ucnonpiosanueM B KasecTse 3HaueHHi ®; Nocnesunx B uTepa-
UHOHHOM CMbICIe BenUYuH. ONUCaHRBIA anropuTM OOBIOPAETCS BAOIE
BCEX OCEH JI0 TEX NOGP, NHOKa 3Ha4YeHHs GyHKUuM P, Ha COCETHUX UTEpaLlMIX
BO BCEX Y3/1aX KOHEYHO-PA3HOCTHON CETKM OyAyT OTNRYATLCA APYF OT ApY-
ra Ha 3apaHee 3aJaHHYKO BeJJHUHHY.

[1.4.11. CnoxHas reoMeTpHs KOHCTPYKIME U rPOMO3AKHX NPeAMETOR
B MOMEILEHHUH 3afaeTcs OJI0OKUpOBAHHEM B 001acTH TBEPABIX [TOBEPXHOCTEH
KOHTPONBHBIX OOBEMOB KOHEYHO-PA3HOCTHOM CETKH, UCIONB3YEMOH IpH

YHCJIIEHHOM penieHn Ha DBM nonepoli Mojenn, ¢ 11oMoUIbio 3aaHUs 3a-

. 14
BRIECHHOW BENUUUHEL BA3KOCTH cMecH ra3os: p=10" kr/(m-c).
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[Mpunoxerue 3.

[lapameTpbl rOproYert HArPY3KK IS JKHIIBIX M HEXUNBIN NOMEUICHUH

PaOXOaHCKUX 30aHuid

Hus- | Jluneit | Yaenn | Vaoens | Yiaens | Vaoeas | Vaens
| mas Had HaR HOE Hoe | Hoe HOC |
] - pabo- | cKo- CKO- | AbIMO~ | BBIZE- | BbLAE- | HOTPE
| yas POCTL | POCTL | BBHIAC- | JiegUe | JJeHue O-
TEN- | Pacmp | BbHO- | HEHHe JABVOK | OKHMCHM | NEHHE |
HanMeHoBaHue jaora | ocTtpa- ; pavva | Donur, | ucH yENE- | KMCHO- |
No TOPIOYEH cropa- | HEHHS Y., | Hnwm"/| yrne- | pona pona
" | HArpy3KH HUA [ia- xr/ KE pora | Lo, | Loz
D > MEHH, (M2 C) Lcos, | kr/kr | kr/kr
| MIDx/ | wy,, KI/KI
KT M/C I
{

T 3 | 4 5 6 | 7 g 9

3aanue 1-2 cre-
_' IEHH  OrHECTOU-

1 KOCTH, Mebenws + -.
Osrrosele u3nenus | 13,8 | 0,0108 | 60,0145, 270 | 0,203 | 0,06022 | -1,03 |
3manue 1-2 cre- ! i

| flecHd  OrHeCTCH- 4

| 2 , |
KOCTH, Mebenp +
TKAHH 14,7 10,0108 | 0,0145 | 82 1,285 10,0022 | -1,437 |
3xanue 3-4 cre- |

: [IeHd  OrHecCToM-

| 3 gocru, mebenp +
| GurroBeie n3demns | 13,8 10,0465 | 0,0344 | 270 | 0,203 | 0,0022 | -1,03
3napne 3-4 cre-

, HegH Ol HeCTOH- r

| 4
KOCTH, Mebens + ) +
TKaHH 1 14,7 10,0465 { 0,0344 ! 82 1,285 | 0,0022 | -1,437 |
3anue 1 cTencHU |

5 | OTHECTOHKOCTH;

Mebens + TKaHu |
(0,75+0,25) | 14,9 10,0125 04,0162 | 58,5 1,32 10,0193 | -1,437 |
37aHME 3 C1CIICHH

| 6 OTHECTOHKOCTH,
Mebens + 1kaHHu |
(0,75+-0,25) 1 149 1 0,04 | 0,0162 | 58,5 1,32 1 46,6193 | -1,437
Kafuuer, Mecbenp | [

AR Gymara | | | | |

| (0,75+025) 114,002 0,042 16,0129 | 53 | 0,642 | 0.0317 | -1,161
{TomMemenue, 00- |

t 8 ! nunoBaHHOE  [a-

| lmensmw JIBIT | 18,1 |0,0405]0,0143 | 130 | 0,686 | 0,0215 | -1,15
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2

7

10

ABMHHHCTDA-
THBHOC  OOME-
IIEHHC;

mMeoenn + Byma-
ra (0,75+0,25)

0,022

0,021 |

53| 1434 LO,(MS_%k

[

1

1+

Hpunonensue S

8 9

e

-1,161

JlexapcTBeHH bl
npenapar.

{ ITHITIOBLIN

CIUpT + rhAHile-
{ prn (0,95+0,05)

3,033

88,1}

1,912

0,262 | 2,304 |

| 11

ObLecTRe s HbLIC
31auua, mebens

+ AUHOJICYM
[IBX (0,9+1}

0,0137

47,7

1478

0,03 | -1,369

12

bubnmoteky,

| apXuBLl, KHUTH,
XYPHAIbI Ha
cTeNaxax

0,0103

)

0,011 J.fw,s

1,1087

{ 13

CueHuyecKan

HOTO 3ana; Jpe-
BECHHA

4acTh 3PUTECHD- |

14

Bepxuas oaex-
a2, BOPC, TKaHyU
(uwiepcte 4+ Hell-
JIOH)

0,0368

57

1,57

00974 | -1,154

0,024

—

0,0835

0,0145
]

0,013

129

0,467

S uins

-1,15

0,0145 | -3,698 |

| 15

Pesunnorexiu-
| YeCKHE U3IENUSA,

1 pe3nHA, HINCHUA
; M3 HEC

0,0184

0,0112

-+

850

- 0,416

010215 i ‘219_9 _

16

OxpanicHHbIE
MOJBI,  CTCHBI;
JACPEBO + Kpacka
PXO0 (0,9+0,1)

14,1

0,0151

20,0145

71,3

1,47

Q_!0349 “11218 |

17

BricTaBOUYHbIH
341, MacTep-
cKad, AcpeBo -+

TKaHH + Kpacka
| (0,9+0,09+0.,01)

_F

|

14

0,0163

_' 18

H3narensctno,

| tunerpadun

| 19

15,4

0,004

|

0.023 | -1,.218 |

00152 | 53 | 1,423

0,006)

Katora ¢ cuurte-
THYECKON OT-
ACJIKOHU, ICpeBo
+ TKaHu + oT-
| JeiaKa

i

| 158

41

0,771

0,169 | -1,158 ]

10,0177

0,015

i

133,5

0,845

0,0425 | -1,249 |
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|

1

apalire

2 13

20

21

Mebens, nepe- |
BO + o0JHUOBKA

[ IpomTOBAaphI,
TEKC MIbHbIC
H3ACIIHA

14,4 ' 0,0154
[ i

16,7

[Ipunoxenue 3
(IpOJOTKEHHE

0,0135

J 4 ‘1___5_{ 6

| 6,0071

0,0244

I

!
|

KabenpHbiil

[OABAV JIOTOK,
xabeaun ABRBI'+ |
AIIBT

30,7

521

8 | 9

0,0367

+

"1,!283

0,0626 | -2,56

23

B q—-IlH-‘--T-'

24

-

fomyon

s

40,9

0,1295

-2,19

562

0,148 | -3,098 |

-

Kcmqn

41,2

- 402

0,148 | -3,623 |

235

f—-—

benzun A+76

43,2

2§

Kepocun

- -

33

256

0,175 | -3,405

| 438,1

0,148 | -3,341 |

L 27

IusensHoe Ton- 1
JIUBO, CONAP

45,4

| 620,1

0,122 | -3,368 |

o

Pagsomarepda-
JIBA, noJmn-
(3THNIECH,  CTH-
pGi,  OPONMN),
FeTHHAKC

34,8

0,0137

38}

0,764

0,10

29

B

| 5o TI1-22

JNEeKTPOTEXHU-
qECKHE ~— Marte-
pHansl, TEKCTO-
JHT, RapOoaUT

0,0125

327

0,375

-3,312 |

0,0556 | -1,95 |

Tennonocydtens,
TypOHHHOE Mac-

243

0,70

0,122 | -0,282 |

. 00ONONKA
- 3011 A

"Inexrpoxabens
ABBI, TBX
+

635

0,398

0,109 | -2,19

Jiextpokabens

A[IBI, [iBX
000sI0YKa + 110-
JIMSTHIICH

36,4

0,0244

407

gy

0,903

0,15 | -2,19

Tenedounniii
xabe (5 T118B |
'IBX TOH-

JTH JACH

34,6

556

0,993

0,124 | -2,19

ChIpbe A Hed-

TCXHMHU, HePTE

I-AHE'I{}H
l—.

44,2

0,0085

0,0241

438

3,104

0,161 | -3,24

el e —

29

0,044

80

2,293 | 0,269

2,22 |
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, 2

ielian

[Ipunoxeuue 5
{(NPONO.IKEHNE)

8 9

THROBLBIN
CNUPT

27,5

—

Syl TR N

0,269

- JleconyabHLIN
uex 1-3 crenedu
| OTHECTOMKOCTH,

Lﬂpepgcuﬁa

]

1

13,8

0,0396

JleconunnHbIH
1iex 4-5 crenenu
| OFHCCTORKOCTH,
| xpeBecHHa

e

13,8

!

]

R ————
L

- [lex HAeperoob-
padboTKu, Apene-
CHHA

r—.

[ex cymxku ape-
BECHHBI;
| IpeBecusa

| _13.8

| 0,022

| 0,138
_f-_

0,0375 |

4]

42

i

ITponseoncTBo
' (paHepsl; Apese-
{ cuHa + daunepa

1{0,540,5)

Itabesns
BECHUEL, XBO#-
HbBIi + JHCTBEeH-
HbIH J1eC

-
npe-

43

16,1

0,0191

0,0117

80,5

1,055

| 138

0,0585

0,0145 |

1,57

XBoitiple  ppe-
BCCHBIE CTPOil-
MaTepHUAIBI;

| IuTabens

13,8

pr—y

10,0585

0,0063

1,57

Mucreenyspie
JAPERECHEIC

- CTpoAMATEPHA-
JIbi, IITa0E L

13,8

0,0585 | 0,014

1,57 | 0,024

45

Krneenbie
CTPOUMATEpUA-

JIb, q;aue[ ya

46

18,4

0,0167

0,0089

0,54 | 0,121

CeIppe WA ner-
KOW  [IPOMEIIN-
ACHHOCTH, XNO-
10K DA3PLIX~
NCHHBIH

g

|

164

i

0,045

0,0213 |

| 47

Ceiphe ans ner-
KOH  OpoMsill-
NEHHOCTH, JIEeH
| paspuixleHHbLH

15,7

0,05

0,0213 |

70

| 0,57 {00052] -2,3

3,37

0,36 |0,0039 | -1,83




ipunoaeHue 3
(ApoACILKEHHE)

2

————

9

48

Cuipbe ans ner-
KOH  NPOMBII- |
JICHHOCTH; xno-{

nok + Kanpos
(0,75+0,25)

:

.

15,7

| 49

~4

 Coipwe ans ner-
KOH  npomMbI-
NCHHOCTH;
WepCTh

21,8

0,028

| 0,028

50

 Iluumiesas  mpo-
. MBILIEHHOCTD, |
MICHUIA, DPHUC,

rpcuUxa ¥ MyKa
M3 HHX

FroTa—

17

0,005

“=~d
S
> |

-3,55

§ O]

-T— -
Celppre M H3Ze-

nnss H3 CHHTE-
THHCCKOTO

43

| 30,0143

52

Kay4dyka i

Cxnaa JBHOBO-
JOKHA

L

. rr—

15,7

0,071

-1,759

-0,968

0,15

0,0039

'2&?85 ,:

-1,83 |

53

| CRIag XJIONKa B
TIOKAX

16,7

10,0042

T

} 54

. [
i Cruian Oymary 8
DYJIOHAX,

15,1

0,005

0,0052

1,15

0,1077

-1,158 §

BE

Ilposoga B pe-
IHHOBOH B30~
HUH THIIA
t KIIPT, t1T,
| BIPC r,

ikl

0,015

| Crutax oprtrgﬂn |
na (ITMMA)

0,1266

57 |

Kabenr + npo-
BO1a 0,75
 (ABBI, AIIBT,
TTIB) + 0.25
{ (KTIPT, {1P,
HIPTICY -

335

0,0054

0,0622

58

{ JlepeBo + naxo-
BOEC  MOKpPbITHE
v 0,95 npesecuna

+ 0.05
OJHPXO)

13,9

0,0151

0,0225

11

64,1

0,0995

0,724

60,0205

-2,389

-1,191



2

39

ABTOMOOM L

0.3 (pe3uHa,
Oeusun) + 0,15
(IIITY, wckycr-
BeliHaA KOXa
 [IBX)

3MaNb

+ 0,1

|

1

| 60

3an, 0,5 JABIT +
0.1 (xxavp, Mc-
KYCTBEHHAA KO-
xa, [IBX, I111Y)
+ 0,2 (mepeso c

[Ipu1oxkenye 5
(MPOROJIKEHHE)

8

9

| 31,7

nklieilelyr S

16,2

61

_‘ INOKPHITHEM )

Tapa napeBecH-
Ha + KapToH +

HOAKCTUPOI
(0,5+0,25+0,25)

20,71

T

0,0068

0,0233

487

1,295

+

i

0,0293 |

0,0123

175,6

0,817

| 0,041

‘ 0,01

0,018

155

0,97

-1,574

0,094

'1152 _

| 62

Ynakoska Oy-
mara txaprToH +
oy (3TUneH +
CTHPO)
(0,4+0,3-+H),15+0
,15)

E 63

Anpycrpuams-
| HOE MacHo

0,004

b

0,0132

' 23,54

42,7

0,043

04

! Beniana TEK-
CTHIBHBIX HU3Je-
JTHM

il

16,72

0,0078

0,0245

| 65

O1nesnka,
'DOJIHH

KOB-

15,397

0,021

0,013 |

66

McbHens + OyMa-
ia (3,8) + kos-
POBOE IOKPHITHE
(0,2)

14,28

0,034 |

0,0129

72,4

10,759

0,068

-1,439 |

67

3aHapec
TENBHOTO
KHHOTCATHA

3pU-
3ana

4

13,8

0,05

| 0,0115 |

50

0,203

0,0022

-1,03



Hpunoxkenue 6

TennoduanyeckHe CBOICTBA MATEPUHANOB KOHCTPYKIIHH

Ne | HaumenoBasine mare- Temne- [Inot- KoappuuneHr Yaenpian
pPHANIOB parypa | HOCTbL p, | TEMJIONPOBOAHO- | TeIIOEM-
t°C | v | ctui, B/ K) KOCTb C, |
I . ) | | t x/(a K)
2 I N BT R
1 | AmoMunuKil 0 2700 210 870
100 2690 | 205 940
300 2650 230 1040
- o 600 2550 | 280 1140 |
2 | Arnonepautoberon | >100 | 1670 0,7+0,710% | 870+0,59¢ |
3 Ansdons rodprupoBan- 6 -550 200 0,0595+2,56-107% -
HbIH
4 | Acbect mmctoson — [ 900 | 0,075+0,00027 | 666+0,637 |
5 | AcBecToBbilt KApTOH 0-600 | 1000= | 0,157+1,86-107 -
| _ | 1300 4
6 | Acbectopas 1kaHb 0:500 | 600700 | 0,123+1,86-10% | -
7 | AcBectosbiit MHYp 0200 | 700900 J 0,14—*—2,32:!041‘ -
1 § | AcDecTOlleMeHTHas Ra- |
| | nuiseman usonauys - “ 350 rl],j)-'-‘i4+l}.,.()Ot".l186::’ 748+0,63¢ |
| 9 | AcOonemeHTHEIE Cer-
MEHThI, ILTUTHI H CKOP- 0450 400 0,087+1,28-10 -
BE Bl i
1G | betoH Tsxensil Ha Ipa- >100 2220 1,42-11-.107¢ | 770+0,63¢
HUTHOM [edHe >0 | 2330 1_1,_3-3,5-10“41‘ t 481+0,84T |
11 | beron Taxennmi Ha u3- | >100 2190 1,25-9,6-10% | 77040,63r |
BECTHIKOBOM 11{eOHe >{) 2250 1,29-5,5 10°T | 481+0,847T |
12 TBEI OH Hd TPEENBHOM I 1 |
3AMONHUTENE | >0 1400 0,73-1,16 10°*T | 710+0,48T |
- - e [ e :
13 | be1on na wiebue na
| KpacHOi 0 KUPIKHYa - 1800 0,67 1 481+0.84T |
14 | Beron necuanplif >100 1900 1,05-5,8-10% | 770+0,63¢ |
>0 2066 1,15-3510°T | 598+0,637T |
15 | Beron ngpmﬂadf-m;—f? >0 r 1690 0,47 598+0,637
~ >0 | 1433 | 048+1,16-10°'T | 598+0,637 |
16 | Bara crexasHian 0450 | 130 0,04+3,5-10% | - |
17 | Bara aonkosas 26 50 0,058 | -
18 | BepMuKYNUTOBBIE IIMTHI | 0600 1[__ 250 0,081+2,32 107 -
19 { Be#inox [EPCTAHOI 0:90 | 300 T0,0465+l,98 107 | -
20 | T'a3o6eTon Ha MOTOTOM >100 48( 0,093+7-10°°¢ 920+0,63r |}
necke >100 750 0,186+8,1 10 | 920+0,63¢ |
>0 480 0,041+1,9 10°T | 748+0,637
>0 750 0,16448,1 10°T | 748+0,63T
~ >0 | 1100 0,31 | 748+0,63T




LIpunoxexye 6

( NPOAOTDKEHHe)

[ 1 2 1 3 { 4 [ s T %
21 | I'pyHT 1 IHHBCTBIN
(W=17.5%) | 20 2100 | 14 |
22 | JlepeBo npu noTOKe )
TCNAA:
| - nonepex BOJIOKOH 20 500600 0,163+0,174 2800
j BDOJH BOJOKOH 20 500600 1  0,44+0,52 2800
23 gpeaecﬂble OMUNKH 20 ‘_[ 150250 | 0,07:0,093 L -
24 | JIpeBeCROCTPYIKEUHBIC |
OTHECTOHKHE NUIHTHI 0100 700800 | 0,105:0,174 -
,IIHamMHT MOJIOTBIH T - l 400500 0,091+2,8-107 Jr .
26 Jropamomunuii (Al - 0 | - T 160
95,5%, Cu - 4%, Mn - 20 2800 165 ' 830
1 0,5%) 100 . 182 -
] 200 - 195 l’ -
27 { Xeneso 20 7870 67.5 ; 452
| 200 7800 61.2 | 482
600 7600 43,8 | 577
ﬁ_ 900 7500 40,0 | 665
1 28 | XKapoynopuplii razobe- |
| Tom | 600 | 680 430 |-
29 | XXapoynopHeli nexo-
| DeToH
mapks 500 2040 500 3,192 -
MapkH 650 260 | 650 | 0215 | -
| 31 | XapocTokikuii HUTAKO- | .
___{ Baroberon L 100 | 560:1000 | 0,i16+0,232 -
32 | KepamsutodeTon >100 | 950 | 023+13,3-10° | 840+0,58¢
| >100 1030 0,256+7.5-10° | 840+0,39¢
>160 1380 0,385+8,1-10°¢ | 920+6,63/
‘ - 1400 0,36+8,1-10°T | 707+0,487 |
>0 {1500 0,30+2.3-1047 | T10+648T
| 3:0 1600 Lg,j,giuﬁ 0% | 710+0,487
33 | KepaM3utoneHoberon | - T 950 | 0,195+13- 1047 | 680+059T
34 { Kupnuay riuHsaHbIN |
OBBIKHOBEHHBIM |- 1580 | 0,39+2,3-10°T | 596+0,4197 |
35 K Kupruy ,IlHHdCOBMﬁ ) - 19001950 0,93+7-107% 835+0,025¢
36 | Kupnuy Kpammﬁ >100 1580 | 0,455+2,32.10° | 840+0,42¢
37 | Kupnuy cnnuxatHbiii >100 1730 0,79+3,5-107 1 840+0,63¢
| N _ - 1700 0,89-3,5-10'T | 674+0,607 |
38 | Kupnuy uiaMOTHbIHA - 1800+-19560 P,835+5,8-10'4t r §80+0,23¢
39 | Koka 1 20 1\ - _0,14:0,163 | -
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[punoxenune 6
(MPOJOARCIHNAC)

73

b2 L 3 4 g 6
40 | KotensHas nakuns I '
- foratas I HIILOM 100 2000--2700 0,7-2,3 .
- foratas U3BeCThiO 160 1000-2500 0,15-2.3 -
- foraras CuyMKaTamu 100 300-1200 0,081-6.222 -
41 | Hatyrs (Cu *'FO%, Zn —-_, G - ) 106 i}
30%) 20 8520 108 185
100 - 110 -
309 - 114 .
| 600 ! - 121 l -
22 | Tlen o 1 90 2,23 -
43 | JILHAHAN TKaHb 20 1 - 0,088 I
44 | MaTh! 43 ITANEALHOTO | __
| LTEeKI0BONOKHA |- 60-100 0,057+0,00047 | 582+0,637 |
45 { Mars! U3 CynepTOHKOrO -0,0027+ -:-
| | GazansTOBOrO BOJIOKHR | - 60-100 0,00017T 582+0,637 |
| 46 | Mens 20 8930 396 379 =
100 8900 392 397
600 8700 345 456
| 1083 8510 321 1 532
47 | Munepanbuas Bata :
| 3achmHas Mapxu 100 | 0-600 200 0,049+1,84 107 .
| 48 | Tlenomnact mumMyounsid | 20 E_70—-220 10,058 L -
| 49 | [leronmoruypeTan 20 | 230-260 0,0365-0,058 -
| 30 | Tlenouwamon i - 959 0,28+2,32 10 N -
- .. — 600 0,105+1,45 107 | -
51 | llepauntoberor >100 1090 0,29+1.16 107 846+0,58r |
‘_ | >0 | 1090 0,26+1.16 10 ‘7 | 680+0,597 |
52 | {lep 1oBas 1Ty Ka-
? TYpKa Ha THIICOBAOM - 600 [ 0,108+8,1 10 °T | 786+0,497
| BLXVIIEM N ) B
53 | IlepnuToBas wrryka
TYPKa Ha HEeMEHTHOM - 300 (,005+2,6 10 ‘1 748+0,637 |
. BSKYITEM 1 L
54 | [lepauToBe pMUKYTIHTO
Bas LITVKATYPKa - - 0,056+2,2 10°°T | 748+0,637 |
55 | Ilepautodocdorennc ~ 225 1 0,006+23 10T | 748+0,63T |
| | BBIC [ITATH o _
6 | llecox cyxou 0-40 1380 0,35 806
57 | Hecok BinaxusIi |
(W=10%) 0-40 1380 0,66 2000



TIpHIOXKeHue §

(npononxey 1e)
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I | 2 3 b 4 S 6 |
38 | Ilnuthi axmﬁmaﬂ - 300 0,056+1,86 1077 | 1268+14T |
59 | Mnutb acOecTonepin-
TOUEMCHTHbIE TLIOCKHE - 960 0,055+1,16 107 | 666+0,63T
ODNIHUOBOUHBIC ] o ] -
60 | InutracBocunur | - 750 0,16+98 10 °T | 520+1,47T |
61 | TUIMTBI H3BECTKOBO- - B
KpEeMHE3EMUCThIE Ten- | - 225 -0,014+2,9 10°T | 677+0,59T
JIOH30JAUHOHHBIE | l L
62 | IlnuTel (MaTLl) M3 MU- T )
- HepaNnLHOH BATHI HA - 125 -0,107+5,8 10T | 582+0,63T |
| CHHTETHUYECKOM CBa- |
_p3youeM et . d __
63 | ITnrt MpaMoOpOBHA- |
HBI€ BLICOKOIPOYHMIC - 2000 0,59-1,16 10T | 634+0,847 |
TMIICOBBIE N -
64 | lloiucrapon 20 1100 A L -
65 | Nomasrumen 20 | 950 { 0,29 I -
66 | [okpeiTHe 110 CT - 200 -0,025+2.2 10°T | 1086+0,63T |
OrHE3ANIMTHOE { _ o
67 | IlpoOkoBbie IIUTHE 20 PS}LZOO 1 0,041--0,054 ‘{ 1750
| 68 {Onom ancToe 20 | 7300 64 226
| 69 | Pezanna B
| - MOpucTan 20 160-400 0,05 1589
| - TEXHUHECKasA |20 1 1500-1600 0,146 1580
[ 70 | Cepebpo 20 [ 10s00 | a10 250
71 | Causen 20 11400 | 34,6 130
72 | CunuxarobeToH, H3ro-
toBneHHbt N0 momy-| >0 | 1850 0,87-1,16 10T | 841+0,0717T |
| THRpaTHOH cxeMe | 1 L
73 | CoBexut 0-500 500 0,104+8910°¢ | -
Cruias HnBap I 20 8130 | 10,7 460
75 { Cranpapmavypas | >0 | 7800 78-0,048¢ 310+0,48¢
76 { Crans yrnepogucras (C | 0-800 | 7800-7400 58-0,642¢ 470+0,21¢ +
1%) 3 . | | 50107
77 | Crexno oOpixHoBeHrOe | 20-80 2500 ] 9,75+0,00116¢ 670
78 | Cyxno - 20 1:_ 250 0,5524 L* .
79 L_nyas; FHNCOBAS WITY- | ) *
KaTypKa - 900 0,135+3,5 1077 | 849+0 597 |
80 | TeKcTomHT 20 | 1300-1400 0,23-034 | 1460-1500
1 81 | Txanb acbocrexnannas | 0-500 | 1,2 kr/m® 0,123+1,86 107 B



[ Ipunoxenue 6
(NPOOOIDRCHNHE)

| 1 N 2 | 3 4 ,., 5 6
g2 | Tonb ) 20 500-600 | 0,175+0,23 -
83 i Topdonnurel 418 XoJio-
| HIIbHHKOB | 0-100 425 0,069+1,16 167 -
783 | Uy rym (C - 4%) 20 | 270 | s2 [ 420
[ 85 | HeMmeHTHO-TIeCHaHas (UTy- 7 |
KaT\ pKa I 1930 0,96-4.4 1077 | 598+0,637 |
§ 86 | 1Uenx - 0-93 100 - 0,043-0,058
87 | UlepcTh ounileHHas 20 40 0,043 -
| 88 | Hlnax KoenbHbIA | - ! 700-1000 | 0204+2 107 | 0,75
89 | HlTykarypka H3secTKOBas 0 | 1600 | 0,7 | 840
b 60 | LlrykaTypka Ha OCHOBE .
KAONHHOBOTO BONOKHAH | - 400 0,056+2,2 10°T | 748+0,637 |
| | UEMEHTHOTO BAXYWIEr0 * |
| 91 | Ultykatypka ueMeHTHast | 20 1800 1-1,1§ 846
92 | dbanepa Oepezoran Kiee- 20 | 800 0,175 -
Has
| IpuMecuatine

¢, T — temneparypol B “C 1 K COOTBETCTBEHHO

77



[lpunoxenue 7

Crenedb YePHOThI GOBEPXHOCTEH pAja MaTepUanoR

—

18 | KepamaurobeTon

No HaumMenoBaHHe MaTeprana Temnepar | Creneus
ypa °C YEPHOTHI |
o — Enar
1 B 2 B 13 4
| | AmomuHnii NONHpoBaKAbI 150+500 | 0,04-0,06
2 | AsioMuusii ¢ INEpOXOBATON nuaepxnoc*rhlo 20-50 0,06-0,07
3 | AJOMHHHHA CHJIBHO OKHCACHHBIH | 50-500 0,2-03 |
4 | AmoMunueBas OKpacka L S0 ] 0,5
5 | Acbecrosas OyMara o 40--400 | 0,94-0,93
6 ; AcGecT nuCTOBO#H ) r -— 0,96
7 | AcOecToBbIH KapToH _ 20 0,96
8 | AcOecToueMeHTHasi HanbnAeMas U3QMna — 0,9
9 | Acbowgep 0,96
| 10 | beron Ha rpasHTHOM miebHe 8,625
11 | beron Ha M3BECTHAROBOM ilicOHe o 0,625
12 | bpon3a nopucras, miepoxosaras 0,55
13 Bymara h 0!8“019
14 | Hepeso mPorame 0,8-0,9
15 }Keﬂczo JIHCTOBOE OLMHKOBAHHOE Onecrsniee 0,23
16 | XKene3o IMCTOBOE GUMHKOBAHHGE OKHCIICHHOE 0,28
17 | Xectp Denas crapas ~ 0,28

0,6

R

19 KHPHHH CAMHAHEBE OOBIKHOBEHHbIH

0,94

BSIKYIHEM

—.F — e LT Y

| 20 | Kupnsg KpacHbIH, (I€POXOBATHIH ) 0,88-0,93
2] | Kupnuynas KiajKka, Ol TYKaTypeHHasd ) | 0,94
22 ﬁnuq OTHEYTIOPHBIM, CHIBHO M3JIY4alONIHi 500-1000 0,8-0,9 ¢
23 | Kupnnd OrHeyTIOpHBIi, Cato Hanyqaronnii { S00-1000 | 0,65-0,75 |
24 | Kupnny cHIMKaTHBIH ] -—= 0,9
25 | Jlak Gensii 40109 0,8-0,95
26 ] Tak qePHBIH ONecTAmMH, Pacnbmeﬁﬂbm Ha JKenese | 20 : 0,87
27 | Jlatynp MaTOBas Tycksiad o 20-350 0,22
28 | JlaTyHb HOJNIHPOBAKHAA 200 0,03

- 29 | Martst B3 cyniepTonkoro 6a3ansToBoro BosiokHa ____: — 0,96

| 30 | Mars! #3 mTanensyore <reknosonoksa (ATUMOCC) | - 0,96
51 | epanToBas wITYykaTypKa Ha THIICOBOM M HEMEHTHOM -~ 0.8

18

32 | llepnrTOBCPMHKYIUTOBI LUTYKATYPKE 0,9
| 33 | llepantodocdorennespic MK ~ 0,8
| 34 | Ilnurel akmurpan 0,9
35 | [lnurel acOocHauT 0, 9%




[punoxenue 7
(HpOAONKEHHE)

1] 2 T 3 4 ]
36 | IlnuTor achecronepnuToueMeHTHLIC IUIOCKHE obnuIO- - 0,9
| BOYHBIE . | . ]
37 | llaurel MpaMOpPOBHAHLIE BBICOKONpOUHbIE 00aMLIO-
BOYHLIE TKNICOBLIE . 4 e 0,5
38 | lInuTel M3BCCTKOBO-KpEMHE3EMUCTHIE 1€MAOH3OARIM- - 0.9
| OHHBIC L )
| 39 | [lanTer (MaThl) H3 MUHEPANLHONM BATbl HAa CHHIETHYC- B
| CKOM CB#3YIOLIEM L ] 1 — | 092
40 | IlokpeiTHe N0 cTany QochaTHOE OFHE3AWUTHOE — 0,89
41 ]CT&HB nucTosasd, WKkGOBaKHHAK } 950-1100 | 0,55:0,61
42 | CranpHoe NHTBE, 11I0IHPOBAHHOE - | | 7501050 | 0,52+0,56 |
| 43 | Crans TECTOBOMH N1poKaT . S0 B 0,56
| 44 | Crans ¢ 11epoxosatoil MROCKOH MOBCPXHOCTHIO 50 0,95+0,98 |
| 45 | Crans pKaBas, KpacBas - | 20 | 0,69
46 H‘L_‘Cmr, OKHMCNCHHAA ~ 200600 | 0,8 )
| 47 | Cranp nucropas ¢ BACCTALUM CII0EM OKHCH 20 0,82
48 1 Ctanp CHABHO OKHUCIJICHHANA - SO 0,88
49 ICT&H!_:L CHIBHO OKHCIICHHAR | 3 B 1300 - 0,98
' 50 | Crans aNUTHPOBAHHAS | 50-500 |, 0,79
51 | Crams HUKEJMpOBadHasA, MaroBas 3 20 0,i1 |
52 | Ctaib OUMHKOBaHHAA B 20 0,28 HT
53 | Crams neruposarman (8% Ni, 18%C) | 500 | 035
54 | Caxa, BaHCCCHHas Ha 1BEPAYIO NOBEPXHOCTL i S0-1000 096 |
55 | Crexiio | 20=100 | 0,94+091
56 | CMOYeHHas META/UIMYECKAA TOBEPXHOCTL 20 0,98
57 | Cyxas runcoBad IITyKaTypKa - --- 0,86
58 | Tonn * 20 10,91+0,93
59 | HyryHHOC IHThHE . 50 | _ 0,81
| 60 | LleMenTHO-ICCYaias WTYKATypKa -=- 0,87
| 61 LllTyxkaTypka Ha OCHOBE KAONHMHOBOIO BOJIOKHA H HeE-
| MEHTHOYO BRXYUIETO — 0,6
62 | IMans benas . 20 09
[lpumetianue

CTCIIeHb YCPHOTH! BBRYTPCHHEH HOBEPXHOCTHA KOHCTPYKIIHMHM CO CTOPOHB NOMEUIEHHS Of-
DEIeNACTCH HO QOPMYIIE €(EparTEcanu)/2,
A€  E€war ~ CTENCHb YEPHOTLI, HAXOASIHANCA W3 JadHHoi  rabmidiisl,
Ecann=1,90 - cTEencHbh YEPHOTHL CAXKH.
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Benuundbl OrHeTywaluux KOHUSHTpauui

peyalierin il

ITpunoxenne §.

Ne Oruerymamies BEUECTBO OrueTywatuas KOHUEHTpaUuus*,
| o - ) % (06.)

1 | Asor B _ [ 35-40 |
2| Aprow L B _____50-55 ]

3 | BoassHoit nap o S 30-35 .

4 | Ienuii B 35-40 o
l > | Jnokcua yraeposa _ 20-40

Hpumevanne

* - NPUMEPHBIC 3HAYEHHS, 3aBUCAT OT BY A MOPIOYEro BEUISCTRA
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Hayuno-Texnuueckoe uifauue

PEKOMEHOALIUWA

O ONTUMMUIAUNK BECUCTBUA CUCTEM
NOXAPOTYIISHKA, ALIMOYLANEHUR
M BOHTHUNALUUNW NPK NOXapax

OtBe1cTRerHaR 3a Boinyck J1 A Berikosa

I'Y1I ropoaa Mockebl «YnpaBiaeHue 5KOHOMHYECKMX HCCIeA0BaANRIE,
HOPOpPMATHIAUMKE M KOOPAHHANHH NPOEKTHLIX padoT»

Y1l ropona Mockaer «<HHAIL

125047, Mocksa, Tpuymghaneras nn, 0 1

Voan#cano ¥ nevatu 08.06 2005r bymara nucyas Dopmar 60x84 1/16

IIpaso pacnpocTparenys YKA3aHHOTO cOopHEKA HpHAALexknT T YII ropoaa MockBbl «HHALly.
JI100b1e Apyrace oprasu3alan, pacnpocTpaHAOIIHe cOOPHHUK Helleraiobao,
TEM CaAMBIM HAPYIIZIOT ABTOPCKEE Npasa pazpaboTynKoB.
Marepsaabi H3JARKS He MOI'YT OLITHL AepeBeACHELI IR RIIAHLE B 1000H dopme
(FACKTPOHHOH HNKW MEXAHNHYUYCCKOH, BKIWYAH QOTOKONHIO, PERPHETHOE
BOCAPOHIBEACHME, 3AMHCH HIIK HCIOJIb30BRHEC B MI000H HHGOPMAUHOKHOH CHCTEME)

Oes monydeHAA PAIPCHIEHHN OT HIJATCIA,

32 HupoOpMaNHeHk 0 UPHOOPCTCHRH HOPMATHBHO-METOIHYECKOH
nurTepatypn! adpamarscs B ['YII «HUALD
(Tpuymbannuasg nia., 4.1, 3nasue MecrkoMapXuTeRTYpSI, S 9T2XK, KOM. 517B)
Tean.: (095) 251-99-58. Bawc: {095) 250-99-28
e-mail: salamova@mka.mos.ru
http://mka.mos.ru/orgs/miac/mgsn. htm

I'YII <HHAD» npuuumaer 3aKa3pbl H2 pa3paboTky

METOAMYECKHX PEeKOMEHAANHHE 10 KEeHO00PA30BAHHIO.
Ten.: (095) 250-99-28

I'VI1 «<HHUALD) orazsiBaeT KOHCYJIbTANHY IO HPHMEHEHNIO
HOPMATHBHO-METOAHYECKOH JTHTEPATYPbI
TOJBLKO CBOMM KJHeHTaM. Teu.: (095) 250-99-28
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KpaTuit nepeuent HOPMaTHBHO-METOSRYECKON NUTepAaTypht, pacnpocTpannesoi IYIT «HUALL

|F'panuc1-* pauTenkHLIk kogene PO Ne 191 ©3 o1 29 12 2004

——

fon Net g MICH 3 0101 Xuneie anaukst «O paMeillednit Ha NepBbiX STAXaX XuTbiX Jomoe 0TbeKTon oﬁmecmanmru ) HA3HBHEHUsY

flon Ne1 x MIrCH 5 01-01 Croswm nerxkosbix aBToMoburien

————

flon_x MPP 3 1 10-07 BpemeHHuie HOpMb) NPORCIRUTENLHOCT M MpoexTuposaqus ACYTL, MACYD, CKTE (KCKITT) 8 Mockee

3aKoH 06 aBTOPCKOM NPABE K CMEXHBIX NPasaXx J

3akor r Mockast or 09 07 03 Ne50 «0 NOPA/IKE NOATOTOBKY U mn}_ueunﬂ Pa3pelliernk Ha CTDOUTENLCTBO, PEKOHCTPYXLUMIC 00nexToRs
Noctanornerne ot 28 09 04 Ne 671-MNN «06 obecneverun peanusaunu 3akoHa r Mocksst o1 (9 07 03 Neb0» (exniouaeT «lMopagox|
NOATCTOBKA AXTa Da3pellieHHOr0 HCRONbIOBAHWA YHACTKA TePPHTOPUY TPAAOCTRONTENLHANS 00LEXTA BNIA CTPOUTENLCTRAx)

ﬂomalmmmmza 12 (4 No354-111 «0 copeptiyencTBORaHMA NOPATKA Bbiga-i MOCKDMADXUTEXTYDOM JOKYMEHTOB ﬂpmuemgmm

Mamerenua Ne1 K MITCH 4 04 94 MHOrOmYHKUMOHANBHLIE 313HNS K KOMITIEKC! )

10 _{Vamenenus Net K MICH 4 12 37 Neuebtio-rpodvnarTiueckve yipex/eHms _
11 |Mamenenus Net No2 Ne3 k MTCH 4 13 97 MpeanpusiTis pOIHUYHON TOPrOBII

112 mtf_euemﬂ Wi kMICH4 14 28 MpennpusTva 06HIECTREHHOG NHTaHKA
13 _[VIHCTPYKMAR RO MHKEHEPHO FE0soN-4eCkMM U FROIKONOMMYECKM Habickatinam (2004)
14 [AHCTRVRUMS NO NIPOEKTUPOBEHUIO U YCTPOACTRY CRAAHbIX BYH/IAMEHTOB 3/13HUK K coopyxenui {2001) .
15 [MICH 101-99 Hopmei M rpasuna npoexmpouauus ANAHAPORKH W | 33CTPOMKK R
16 [Cxema pacionoxetns MopdioTUnOB 3ACTPOHIM LRHTDANEHON YaCcTH ropoaa (xk MTCH 1 01- 99)
17 |MI'CH * 02-0Z Hopmbl 1 npaBnna MPOSKTUPOBAHWA KOMNIeKCHOTO 6raroyCTPOHCTBA Ha TePPUTOpAH ropona Mocksb!
18 |MICH 103 02 Newexopuuie nepexoabl BHe npoeaxen Jacty yniy OObEKTH MENKOPO3HUMHOK TOPFOBNA K CEPBHCa B NEeLl Nnepexonax
19 |MICH 2 01 99 9ueprocbepexetie B y1aHuAX HopwaTuBbi N0 TennosawmTe K TENNOBOACANEKTPOCHEEKEHHIO l
20 |IMICH 2 04-97 [ionycTumbie ypoBHM LiyMa, BUBpaLIM U | TpeBOBAHKA K aaymuaﬂnnunu B

{21 |MICH 206 99 Ecrecypensoe WCKYCCTBEHHOE W COBMELUEHHOR DCBELUEHHE _ -

b22 IM'CH 2 07-01 OcroBasust (yrAamMeNTb! ¥ NOSIEMHbIE COOPYXEHHS |
23 |MICH 2 08-01 3awwTa 01 xoppoanust GETOHHLIX M XENe306eTOHHBIX XOHCTDYKUWA XHITbiX ¥ 061LecTBeHHbIX 30aHVA

|'24 MI'CH 2 08-03 3ausra o1 xoppo3un GeTOHHLIX i MENE30BETOHHbIX KOHCTRYKLR TPAHCNOPTHBIX COOpYXeHN

25 [MI'CH 3 01-01 Xunsie 3panns 3 _

26  |MICH 4 04-94 MHOFOByHRLROHANBNE J03HMS 1 KOMTITIEKChS )

27 |MICH 4 D6 03 OBLe0bpasoBaTeNbHie yIpenaeHun

28 IMICH407 % AOWKONbHEI YMpeXIEHUS

29 |MI'CH 4 08 97 Maccosbie Tl :hnsxynbrypﬂu-nannpoamenwux yupeRaeHm o B
30 |MI'CH 4 09 97 3nanwst OpraHoB coUMANbHON 3aLLMTE! HACENEHMS . . "J

31 IMICH 4 10-97 3na4us 6a4ROBCIMX YUpEXIEHWH

32 [MICH 4 12-87 NeveSnc RDOGUAGKTIHECKHE yupexaeHun i
[33 IMICH4 1397 FIPEANpUSITHS: POIHHYHOM TOPIOBIH

34 {MICH 4 14 98 peanpurTHA OBLIGCIBEHHOTD NMTaHIA _ -

35 [MFCH 4 16.98 [oCTRELDI

36 {MICH 4 17 98 KynbTypHO-3peniLiHbIe YIPEXBEHIA

37 }Mr CH 4 18 99 MMpeanpwaTna GHITOBOTD GOCITYXMBAHHA HACENEHNS i
38 {MICH 501 01 Crosm; NercoBbix asTomMobuned

38 |MICH®6 (3103 Eecmahme:uuaﬂ NPOKTaAKa KOMMYHIKBUWIA # PEKOHCTPYKUMA TpYOONPOBOAOE C PUMEHEHHEM cnauoﬁownﬂﬂaﬂm

40 [MI'CH 6 02-03 Tennosas aonaums TpyOOnPOBCACE PAINMHHOID HABKAUEHHS 1
41 |MICH 603-03 TipOBKTHPOBAHNE W CTPOKTETLCTRC TETNNOBbIX ceTel C MHAYCTPHALHON TENNOUAONALKEHR U3 mnnnnnuypm aHa

42 |IMICH 8 01-00 Npuemxa v soA B SKCTIYATAUMI0 JAKOHUCHHBIX CTPONTENLCTBOM 061eKToR OCHOBHLIE RONOXEHIS

43 MICH 301 01-96 Monoxesne no OPranuaauri KANUTANLHOTD PEMOHTA XKNbIX 38aHW B I Mockse -

44 MeTogmuecxoe nocobue no npumenenisio MIGH 101 99 npy POEKTMPOBAHVK HA TEPPHTOPHY MCTOPUYECKOH 3aCTPOAKNA (2002}

45 Merogwueckne pexaMen/iaUmy N0 COCTABY M ydeTy 3aTPal, EXguaeMsIX B CeDECTOUMOCTL NPOEXTHOM npodykuum (1994)

l46 MeToauka HasHavenms obvema MHXBHEDHO-TEONIOMMNECKIX Hablckanui (2000) _

47 |MeTosvia 1 HopmaTvan AnA CNPEAeneHMa 3aTpaT Ha NpoBeaeHAe Toprea i konxypeoe (2000)

48 Mer_m,u@}ﬁapaﬁmm JOKYMEHTALMK CHCTEMbI KAUSCTBE NPOEKTHOW Npofykiuwu {an Tol CK 4 4} na OCHOBE c*rau.napma MCO 9000

49 |Metoauka pa3palioTky TeXHONOMK NBORKTMPOBAHMA Ha ocHose cTagapTos UCO 9000 (2003) L

90 _ |MeToauka pacuera obecneyeH-oCTH XANOH 33CT OUKH PanoHOE MU{:_i_(ﬁhI*IHKUHEHH [TCKUMI CARaMN ¥ NON MKMHWKEaMHA (2004) -
51 _IMPP 220402 1 PeioMaHa4Lii no 3aKIHONBHIIO ROFCBCPOB NOAPAAA HE BHNONHEHRE NPOEKTHBLIX paboT o
52 IMPP 2 207 98 Metoauxa npoBesaerus 0fCnenoBanki 3nanui M COOPYNKEHNA NDY MX PEKDHCTRYKUWM 1 NepennanvpoBie B
|§3 MPP-2 2 08 96 Nonoxesye o TEXHUYECKOM HE[I30Pe 33KA3HMKA 32 CTPOMTE/ILLTEOM - 1
4 IMPP-2216-00 Pemueu,aau,nm no aprannaauun M APOBEEHHO MAPKETHHIOBLIX ncmenoaauun ,GD paapaﬁmm o I'I,El 1
35 _MPP 2302 02 MeToawea UNpeaeneHns CTOMMOCTH paapaboTkv pasbueoyHoIX Yepl1exey aKToB fiIMHWK IPALOCTD 10 peryiMpoBaHna

5 IMPP 310393 PexoMeHABUMH N0 ONPeAENeH0 VKDYNHEHRBIX NoKasaTesien CTORMOCTI CTPDOKTENLCTBA ¥ NPOeKTHLIX paboTr _J




57 |MPP 31 10 97 Hopmui RPOAOIIKHTENLHOCTH npoexTupopaHus obvextos cTponTenscTea B r Mockee 1 JIN3MN

58 IMPP 31 12 96 Hopmul npoaonxuTensHocTv paapaboTiot npesnpoexTHOU rpagoctpontensHon u UP| ‘

50 |{MPP 320104 Obume yxalanns noO NPUMEHEHHID HODMATUBHO-METOAWNECKUX SOKYMEHTOR NO ONPEeeneHio CTORMOCTA paspaﬁon
__|NPEANpOEKTHON W NPOEKTHOM NOKYMEHTAL M HA HOBOE CTPOMTENLCTBO PEKOHCTDYKUMIO M KBNKTANLHBIA PEMOHT B I Mockee

60 |MPP 3203 1 2000 BpemenHbin NOPAAOK DNpeaeneHns CToNMOCTH paapaboTki NPOEKTOB NAGHAPOBKH TEPDUTOPHM L
61 |MPP 32031 1-03 Bpem pexomexaauws AN onpefeneHus CTONMOCTH pa3paboTkY NPOBXTOB MNAHKPOBKY YNIWMHO-OPOKHOM CBTH |
62 [MPP 3204 02 04 Pexomengaium no onpegenesnio NPOACIMTENEHOCTH BLINONHEHNA W3bICKATENbCKMX babioT ANA CTPOUTENLCTEA
[63 |MPP 3205 02 00 Nopsiaok onpefieneHua CTOnMOCTH pabor no TEXHUIBCKOMY OBCNENOBAHMIO CTPONTESILHBIX KOHCTPYKLRN 303HHA

64 |MPP 32060503 CGopHwx 6a30BbiXx UeH Ha NPoOeKTHbie paboThi ANA CTPOMTENHCTBa B [ MOCKBE HA OCHOBE

HaTypaneueix noxalatenew (2004)

65 |MPP 3207 02-02 MeToawnka onpeaenierys CTONMOCTH aBTOPCKOTO HAA30P 33 CTPOMTENLCTEOM 3JaHWH COODYREHHA U NDEANDUATAN
66 [MPP 320902 00 Pexomengaumwm no onpegenesnio CTONMOCTA pabot CERAAHHBIX € COTTACOBAHAEM T4 » N gns cTponTenbcTsa
167 |(MPP 32120200 TTOpAAOK OnpeaeneHUA CTORMOCTH OKAI3HMR HEDHETHHTUEHK KOHCANTHHIOBLIX YCNYT MEHEXMEHTa W Op YCnyr

68 (MPP 3213 02-0C MNopraock onpeencrna CTOMMOCTH NPOeKTHbIX pabor e PECTABPALHN H DEKOHCTPYKUMK 30aHWA W COODYKEHAH

69 |MPP 3213102 00 Nopsgok onpeaenexus CTONMOCTH paspadboten UP no pectaBpaymn  PEKOHCTPYKLMKU 30aHWA W COOPYKEHHY
[70 [MPP 3216 02 02 Meroguxa Onpegenerna CTgamMocTi paspaboTkk VP B npoekTpoBatnu

71 IMPP 3 218 02-(1 NopRaox onpeaenexys CTOMMOCTY NPOSKTHPOBAHIA (POHTAHOB B YCNOBKAX I MOCKBb! (T? A peaaxunn)

72 [MPP 32 18 02 02 Pexomexnaiiu N0 oNIpARENEHHK) CTONMOCTH NPOEKT3 3PXHTEKTYPHOM KONOPHCTHKM $acazos 34aHNA COOPYKEHNH
73 |MPP 3222 02-00 Nopraok onpeaengHia CTOMMOCTH «NPUBAIKH® THNOBKX NPOEKTOBR MUNbiX AOMOB

74 |MPP 32 26.99 flopspox onpegeneHur cTOMMOCTH paapaloTim TexHruecxon fokymerTaunn Ha ACYTT ans obvextos MocKeb!

75 |MPP 3 2 30-88 fNopsaok ofpegeneqyn CYOAMOCTH NPOEKTA apXNTEXTYPHOTO OCBRILEHHMA ANRA DOPMUPOBAHNRA CBETOBOW CPeah |
76 |MPP 323299 ﬂopn.qou ONPERENeHws CTOMMOC M paapaﬁmrm NAcNOPTOB XWNbiX AGMOR - |
77 |MPP 3233 01 Pexomengaups no COCTamy NPOEKTHO CMETHOW AOKYMEHTALWMA HEODXCAUMON [ANA NPOBEAGHUH KOHKYPCOB (TEHJZIEDDB)

NOAPSAA CTponTeNbHbtx paboT N FOpOACKOMY 3aKa3y 8 ObecneveHKe Nepexo/]a Ha KOHTPAKTHYIO CHCTEMY Teepabix A0TOBOPHBIX LieH

78 {MPP 3 2 37 1-02 MeToanka onpegenenins CTONMOCTM pabor no su3yansHo naHawadTHOMY aHanuay

79 IMPP 32 38 02 CO0pHWK LEH Ha npoeﬁﬁue paboThi ANR KANKTANLHOTO PEMOHTE XuNbix aomos AOY v wkon

B0 [MPP 3239-03 BpemeHHas MeTOAMKA ONDEAGNEHAA CTOAMOCTA PA3paboTKi TPaNoCcTPONTENEHOMO OBOCHOBAHNA PasMelleHus ofbexTa
81 [MPP 32 40-04 PexoMeHauK 0 ONpeaenenrio CTOMMOCTH MIrOTOBTIEHAS JEMOHCTDALAOHHMX MATEPHanoa (MareTbl BykneTsl ANp )
82 (MPP 3241 (4 Metoguka OnpeeneHuR CTOMMOCTA Pa3pabotn apxuTeKTYPHO IPAaCCTPOMTENBHOMD PRLBHKA

83 |MPP 324303 MeToguka onpenenesna CTOMMOCTH paboT NG ONOMHHECKOMY CONPOBOXASHHIO POEXTHO-UHBECTHUMOHHON EATENLHOCTH

B4 {MPP 32 44 D4 CHhoprux 6a3opbix ueH-Ha NPOEKTHbiE paﬁam NG OPraHn3aLMK JOPOXHOTD ABUMEHMUA

B5 [MPP 32 45-05 Pex iy 1O pacyeTy CTORMOCTH pa3paboTIo TeXHONOMHECMX DEITaMEHTOR 0ODLLIEHHS C OTXONAMM CTDOWTENLCTBA # CHOGE
86 JHDPMEHH Ha NPOEKTAPOBAHME ¥ CTPOUTENLCTBO TeNNoINDEKTUBHLIA HAPYXKHBIX CTER U3 0BneryeHNbIX KEDaMIUTOBETONHBIX BNOKDE
187 [O6uime nonoxenns K TexHuIeCkAM TPEBOBAHUAM 1O NPOBKTUDOBAHNIO XHNBLIX 3RAHWY BbiCOTOM bonee 75 m {2002)

88  |OcHosHbiE HANDABNEHUS NCATOTOBKA NPOBKTHLIX K CTPOMTEMbHLIX OPrAHWIAUNN K BEEHMIO ABADWHHO BOCCTAHOBATENLHbIX paﬁor (2004)
83 YlepedeHb 3aK0HORATENbHBIX GKTOB DNPEAENSILIKX IKONOrwieckue Tpebosanus k pasmeieHwio obbexTos (1398)

90 {Nonoxexne 0 TOPOACKOM 33KA3HMKE N0 0OLEKTAM KANUTANBHOTO CTPOWTENBbCTEA K PeKOHCTPYKUNK (2000)

81  jMonoxexne 0 eguHOM NOPAIKE NPEANPOEKTHON i NDOBKTHOM NOAFOTOBKK CTPOMTENLCTBA B I Mockse (2 7 pegaxuus) {2000}

92 [MNonoxeHve 0 eAMHOM NOPRAKE NPESNPOEKTHON X NPOEKTHOK NOArOTOBKM CTPOMTENECTBA MHXEHEPHDIX KOMMYHWKALUWA COODYXEHUH U
| |obbexToB popoxHO TpancnopTHore obecnevenus B I Mockse (2002} _ |
83 |Nonoxenne o nopaKe NOATOTOBKM HCXOAHO PAIPEWMTENHON AoKyMeHTaLwn (1998)

94  [lonowerke 0 nops/ixe paspaboTkn COTNACOBAHMA M YTBEPX/IEHUA NPOEKTOB OPraHM3auMK CaHKTAPHO 3aLmTHbIX 304 B Mockee (2003)
95 |Monoxenne ob dBTOPCKOM H3Q30Pe 33 CTPOMTENHCTBOM (1997 1)

9 Tlonoxenwe 0 coctase noprike papaboTxu COTNACOBAHNA W YTBEPKAGHWA rpanompomenbunm obocHosanus (2002)

g_? lonoxenne O cocTase M NOPAAKe paspaboTy COTNACOBAHNA U YTBEPKICHHR NPOEKTOB NNGHVPOBKA XUAIX Teppnwpuu 8 r Mockse

98 [Monoxenwe o cocraae nopayke pa3paboTky COTNACcCOBAHMA ¥ YTBEPNIEHNS NPOEKTOB NIAHUPOBKA YNHUHO JOPOXKHOM CeTH B Mcckpe
99 |Nonoxewne 06 MIFACH (1998) ) ~
100 |Nocobue x MICH 2 01 938 Sueprocbepexenus B anannax Brinyck 1 «T1DOEKTUPOBAH 48 TENNOIBLUATHE B MuNbiX M 0DLLECT8 3AaHARX»
101 _{Nocobue xk MICH 2 04 97 [lonycTuMele ypoBHA WyMa BuGpaumnm 1 TpebOBEHAR K 3BYKOWIONS K Brinyckd 1 3

102 1Focobue x MFCH 2 06 99 PacveT # NpOeXTMpOBaHNE MCKYCCTBEHHOTO OCBEUIEHNR NOMELLEHHY DBIIECTRERHLIX 3AaHMA |
103 |Nocobne x MICH 2 07 01 O6CNeROBaHMS W MOHWTOPWUHT NpK CTPOMTENBCTBE YU PEXCHCTPYKUKA J03HUM W NOAEMHBIX COOPYXREHN

104 (Mocobme x MTCH 2 09 03 3awwura 0T Koppoank BeTOHHBIX # XeneIobeTOHHBIX KOHCTPYKL{MK TPAHCNOPTHLIX COOPYKEHUH

105 [Mocobue x MTCH 3 01 01 Xunbie anawns o

106 |Mocobue x MTCH 4 06 96 Obuweobpa3loBatenthbie yupexaenns Boinycxn 1 2 _ ]
107 Nocobmue x MFCH 4 07 96 [lowkomnbHbie YupexaeHus

- - — -~

108 {Nocobue x MI'CH 4 08 87 Maccossie Thnbt HUIKYNETYPHO O3QOPOBHTENEHLIX YUpEXAEHHMA Beitycku 13

1109 |Nocobue x MITCH 4 09 97 333HNA OPraHos COUMANLHON 3ALIUTHI HACENEHHR

110 [Nocobue x MICH 4 10 97 3panns D3HKOBCKMK yupeXdeHHH Buinyck | «Kommepuecxue GarKns

— e P e nlligu—



