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MHozouucneHHble U pazHoObpasHbie MEXHOI02UYECKUE MPOUECCH! 8 MPOMbIWIEHHOCMU fpomeKarom Jawe
ecezo 8 8030yxe. OHU npedbsensom pasHbie mpebosaHuUsi K YPOBHK MapamMempo8 COCMOSHUS U cocmasa
8030ywHoU cpedbl U moyHocmu ux noddepxaHus. [lo nocnedHeeo epemMeHU He cyujecmsyem cmpoaux
aHanumu4yeckux MemoOUK, 0360IWUX 00CMOo8epHO onpedeniimb hakmu4yecKyro moyYHocmb noddepxaHusi
napamempog 6030ywWHoU cpedbl 8 yCroBUSX UX YrNIOPsIOOYEHHO20 UL CMOXacmu4yecko2o USMEHEHUS Ha
Oelicmsyrowiem obbekme.

B HacTosilee Bpemsi CyLIeCTBYET HECKONbKO CMOCOGOB onpeaeneHnsi TpebyemblX TEeXHONOrM4YecKkmx
napameTpOoB 1 UX OOMYCTUMbIX OTKMOHEHMWIA:

e Ha OCHOBe OTpacneBblX HOPMaTUBOB UMW 3aaHUSA NHXEHEPOB-TEXHOMNOroB JaHHOro NPOU3BOACTBA;

e Ha OCHOBe AaHHbIX Tabn. 15.1 [1] wnu T1abn. 2.5-2.7 [2]; dparMeHT TakMx AaHHbIX OS99 OCHOBHbIX
NpOM3BOACTB NpeacTaBneH B Tabnuue 1;

e  Ha OCHOBE NUTEpaTYpHbIX AaHHbIX AMs1 pacCMaTPUBAEMOro TEXHOMOrMYECKoro npowecca.

Ta6nuua 1. OnmumarnbHbie mexHoJsiocu4ecKue napamempsbi eosdyxa e HeKomopbIix
npou3eodcmeeHHblx u 06u¢ecmeeHHblx 30aHusix u rnomMeuweHuUsIx

Ne . [MapameTpsbl
HanmeHoBaHMe nomeLleHun

n/n t5,°C ®8,%
ApxuBbl, 6UONNOTEKN, XpaHUnuLLa 18+1 55+5
Xunpyprudeckas onepaunoHHas v nocrneonepaumoHHas 22...25 55...60
JlabopaTopumn nccnegoBaHus MeTannoB 20 40
TepMOKOHCTaHTHbIe MOMELLeHMS ANs NPeuUm3noHHbIX paboT: rpynna 3 20+0,2 40
Llexu ToMHOro MalUMHOCTPOEHUS 20 40...50
Llexn aneKkTpOHHO-TEXHNYECKOro NPOn3BOACTBa 20 45...50
Cknagbl papmaLeBTUYeCcKMX MaTepunanos 20...25 30...35
Cknap Tabaka 18...24 75...80
Llexv nMBOBapeHHOro Npon3BOACTBaA:
COMNOJOBHS 12 80...85
OpoaunbHbIN 4...8 60...65
Llex Wwnngoskun nvH3 24 80
MHorougeTHas nutorpadus (odceT) 24...26 46...48
[Mpoun3BoACTBO KAaNPOHOBOro Kopaa 19 47

MpumeyaHne: obpawalT Ha cebsi BHUMaHWe pasHble AuanasoHbl W pasHas TOYHOCTb MoAdepXaHus TemnepaTypbl U
OTHOCUTENBHOM BNa)XHOCTU B pa3HbIX TEXHOMOMMYECKMX NpoLeccax, XoTa cama TOYHOCTb B Tabnuue He ykasaHa.

HopmMupyemble napameTpbl BO3AYLUHOW Cpeabl Npy BCEN UX BaXKHOCTU He cnegyeT abcontoTnsmpoBaTth, Tak Kak
OHM B MpUHUMME SABNHAIOTCH NEPEeMEHHbIMU, 3aBUCALLUMU OT TEXHONOMMYecKoro npowuecca, MU3MEHYMBOCTU CBOWCTB
MMrPOCKOMMYECKOrO Chipbst M APYrMX COCTaBNAKOLLMX Npou3BoAcTBa. 1o Mepe pasBuUTUA TOW UMW MHOM TEXHONOrMU
UM NpU MNOSIBNIEHWMM HOBbLIX TEXHOMOrMnm TpeboBaHMSA K MapameTpamM M TOYHOCTU WX cobniogeHusi HenpepbiBHO
BO3pacCTalT, YTO B KOHEYHOM cyeTe obecneyvmBaeT KayecTBO M COPTHOCTb BbIMyCKAaeMOW NPOAYKLMU, YMEHbLUEHME
Opaka u cooTBeTcTBylOWMNX 3aTpaTr. OCOOEHHO 3TO 3aMEeTHO B MepefoBbiX U ObICTPOPa3BMBAIOLLMXCS OTpPachsix
COBPEMEHHbIX TEXHOMOrMIN 1 MPON3BOACTB.

C n3MeHeHVMeM U COBEpLUEHCTBOBaHMEM TEXHOMOrMYECKMX MPOLECCOB HOPMUpYeMble MapameTpbl Bo3gyxa
MOTYT MEHSITbCH, YTO MOXET noTpeboBaTb COOTBETCTBYIOLLMX 3aMacoB Mo BO34yXy, XonoAay u TenmnoTe (T.H. eubkue
TexHonorun). Kpome Toro, notpebyeTcs wu3MeHeHue 3ajaHuii (YCTaBOK) COOTBETCTBYHOLLMX PErynaTopoB U
KoHTponnepoB. Hanbonee cnoxHo obecneuntb yMeHbLUEHME OTKIIOHEHUS, YTO LOCTUraeTcsi OObIYHO KOMMMEKCOM
mep. Cpean Hux:
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YTOYHEHUWE 1 COKpaLleHne 30Hbl cTabunmaaummn napameTpa;

aHanm3 OCHOBHbIX BO3MYLLEHUI (TENMOo- X BNaroBblAeNeHnin) B 3TON 30HE;

BblBEIEHNE BO3MYLLLEHUI U3 30HbI TEPMO- UITN BNAarocTaTtMpoBaHuUs;

BblIGOp MeToda cTabunusaumm napameTpa: 0cob0o4yBCTBUTEMNBHLIMW AATYMKAMU UMW FTEHEPUPOBAHNEM
BbICOKOYACTOTHbIX Konebanun [3];

e BbIBOp 3aKkoHa perynupoBaHus napametpa (06bi4Ho M nnn P);

e BbIOOp annapaToB KOHTYpa CTabunm3aummn U CHUXEHNE UX MHEPLMOHHOCTMU.

Mpn aHanu3e OTKMOHEHWN NapaMeTpPoB HYXHO yuuTbiBaThb: BUA napametpa (fs, ¢s, ds, is, Vs, Cg W Op.), €ro
OTKINOHEHMEe (CTaTnyeckoe, AUHAMMYECKOe, aMNNNTYOHOE), 3HAaK OTKIIOHEHUS, YacTOTy KorebaHui U UX COBOKYMHOE
BMNMsSIHWE Ha OOBbEKT, Tpebyowuin ctabunuaaumm.

Bce TexHomnoruv4yeckue npoueccbl MO CTeNeHW BIIUAHUA HAa HUX NapameTpoB COCTOSIHUS W cocTaBa
BO3AYLLHOM Cpeabl MOXHO pa3genuTb YCITOBHO Ha Takue rpynnbl (puc. 1):

e He TpebyeT cneuunanbHbIX NAapamMeTpoB BO3AYXa;

o  TpebyeT 06bI4HbIX NAPAMETPOB U NX OTKINOHEHUN (£1°C, £7%), kak 1 B KOMOPTHBIX CUCTEMAX;

e TpebyeT NOBbILWEHHOW TOYHOCTM nogdepxaHus napametpoB (+0,05...0,5°C; +1...5%) u (mnn)
NOBbILLEHHOM YNCTOTHI [4];

e [poTekaeT B creunanbHOW kamepe, rge 3afdaHbl He OOblyHble, @ MOBLIWEHHbIE UMW MOHWXEHHbIE
YPOBHV NapaMmeTpoB, U/vnm nx nporpammMHoro nameHeHuns n gp.[3].

TexHonornyeckue npoueccol |

v v v v

He Tpebyloume O6bI4YHasi TOYHOCTb M MoBblweHHan TexHonornyeckue Kamepbl,

cneymanbHbIX yucrtorta TOYHOCTb W 4uCTOTa (pUTOTPOHDbI U T.N. [4]

napameTpos [4]

Atg=+3°C Atg=+1...2°C Atg<+0,5...1°C v

Aps=120% Apg=17...£10% A(p3£i5...7°3A> BbICOKIE NN HIBKVE Ts, 05
np<...[wTt/m7] npu *
dr>dii, MKM MporpammHoe nameHeHue tg(7), @s(7)

/ v\.

BONbLIMHCTBO TepmoyyBCTBUTENbHbIE BnarovyBcTBuTENbHbIE «YuCcTble» TEXHONorMm U MnoMeLLeHNs

«OBbIYHBbIX» 06beKThI (kanunnsapHo- [4]

TEXHOMNOIMYeCcKNX nopucTble) MaTepuansl

npoLeccos, He 1.BbICOKOTOYHLIE AeTanu Bywmara, Oepeso, Papmaves, MUkpobuonorus,

TpebytoLwmx 2.To4Hble npubopbl BOJIOKHO (HuTB), MWKPO3NEKTPOHMKA, nuiesas

cneumansHomn (dpuHMWHan obpaboTka) nneHka, NOKPbITUSA, NPOMBILLUNEHHOCTb, KocMmuyeckasi

TOYHOCTM 3.Mukpocxembl TKaHb, XXWUBOMUCb 1 Ap. TEXHUKA, aTOMHasi MPOMBILLIIEHHOCTb,
4.0nTrKa onepauuoHHble,  CTepurnbHas  Mea.
5.0pyrvne TexHuka, abaktepuanbHble cpefbl 1 ap.

PﬂcyHOK 1. YcnoBHas cxema, 06 bACHsAKOLWAA BO3MOXHble CBA3W 3a4aHHbIX napameTpoB BO3,C|,yI.IJHOl7I cpeAabl C
TeXHOJIOrm4eCKnm npoueccom

|-|pl/l TEXHOJI0r'M4eCKoOM KOHOAULUMOHUPOBaAHUMN  OOJKHa ObITb onpegeneHa Ta 30Ha, rae YCTaHOBJIEHO
obopynoBaHue, Tpebylollee aaHHbIX NapaMeTpoB. B cnyyae ecnu Takaa 30Ha no nnowagu mana, uenecoobpasHo
MECTHOE KOHOWLUMOHMPOBAHWE; B OCTaNbHOW 4acTuM MOMELLEHUS MOryT MNOAAepXMBaTbCA Opyrne napameTpbl C
GonbwmMMKn OTKNoHeHUsiMK. MNpu TovHon obpaboTke n cbopke nNepBocTeNneHHa cTabunuampyemas TemnepaTypa, ans
TMrPOCKOMMYECKUX (KanunnsipHO-NMopuUCTbIX) MaTepUanoB — OTHOCUTESNbHASA BIAXHOCTb, B YACTbIX TEXHOMOMMSAX KpoMe
TOYHOrO NOAAEPKaHWSA NapaMeTPOB XXECTKO pernameHTUpyeTCsl COAEpKaHNe aspo3onen n MUKpPoropbl B BO3AyXe U
Op. napameTpbl. B HekoTopbix OObekTax 9TU XecTkue TpeboBaHWs MOryT coBnagaTtb, Kak, Hanpumep, B
MUKPO3NeKTpoHuke [5]. OgHaKko npu ee aHanmMse Hy>XHO Yy4uTbiBaTb, YTO 3a UCTEKLIME [Ba AECATUNETMS C MOMEHTA
nybnnkauum aTux MaTtepmanoB OOBEKT pasnMyeHns B MUKPOINEKTPOHUKE YMEHBLLMIICA C BEMWYMHbLI OOHOrO MUKPOHa
[10 ero JecATbIX JONEN.

MeToabl obGecneveHus OCOBOTOYHbIX TEMNepaTypHO-BMAAXKHOCTHLIX YCMOBUA W MNOBLILEHHONW YUCTOTHI
BO34yLUHOM cpefbl NogpoBHO onucaHbl B kKHUre asTopa [3].

Ctabunusauusi paBHOBECHOM BRAaXHOCTU MaTepuanoB BblAerieHa OTAenbHO B CBA3W C ee ocobon
BOCTPEOOBAHHOCTLIO C OAHOW CTOPOHbI K OOMbLOW CRAOXKHOCTBIO — €  Apyron. [locnegHee ob6bacHAeTCS
pa3Hoobpa3neM TexHONMOrMYecknx MpoLEecCoB, CBA3aHHbIX C 00paboTkoW W  XpaHEeHMEeM MHOTOYUCIIEHHbIX
TMrPOCKOMUYECKMX, UHaYe KanummnspHO-NOpPUCTbIX Ter, HanpuMep Oymaru, BOMOKHA, HWUTW, TKaHW, XONCTa, MNIEHKM,
KOXW, U30ENMN MUKPOINEKTPOHMKM, a TakkKe B My3esiX, apXmMBax M Ha CKnagax Cbipbsi U npodykumun. Kak npasuno, ato
TOHKME MaTepuarnbl, KOTOpble NO3TOMYy OCOBEHHO MoABEepXKeHbl TEeMnoBMaXHOCTHbIM Bo3fdencTeuaM. Ocobas
TOYHOCTb TpebyeTcs B nabopaTopusix KOHTPONS KayecTBa COOTBETCTBYHOLLMX MPON3BOACTB.
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®usmyeckn 6onee npaBurbHO GbINO Obl ONMCbIBATL BNAXXHOCTHbIE CBOMCTBA BO34yXxa BnarocogepXaHuem unu
napumanbHbIM AaBrneHneM BoAsiHbIX napoB. Ecnn ceBonctBa obbekTa KOHAMLMOHUPOBAHWUS CBSA3aHbl C BNAXXHOCTbIO
ero maTtepuana, To Ana obocHoBaHMs TpeboBaHW K BNaXXHOCTM OKpyXalolero Bosgyxa Heobxoaum aHanus
npoLeccoB BnaroobMeHa, NPONCXOAALLMX HA MOBEPXHOCTU KOHTaKTa matepuana ¢ Bo3gyxoM. MogobHei aHanms Ha
npumMmepe nogedeHuUss Orpaxaarowmnx KOHCTPYKLUUA CTapUHHBLIX 30aHWUA BbIMOMHAT B CTPOUTENbHOW Tennogusmnke.
OTn npoueccbl N0 U3MYECKUM 3aKOHaM CroXHee TEennoBbIX W MPOUCXOOAT COBMECTHO C  Humu. [lpu
MaTemMaTM4eCckoM OnmMcaHum NpoLeccoB MaccoobmeHa gonyctuma dopmarnsHasa aHanorms ¢ TensioobmeHoMm.

3aBUCUMOCTb CBOWCTB  KanunnspHo- u, Kr/Kr
MOPUCTbIX BELLECTB oT BNaXHOCTK 1
OKpYXaloLLLEro BO3/yxa KOMMIIEKCHO 0,7
npeactaBnsaeTcas B BUAE  XapaKTepHbIX 0,5 14 X
Kp1BbIX paBHOBECHOWN BMNaXXHOCTW, 0,3 /,.J/’ g /l
NPUBOAUMbIX B CMpPaBOYHbIX M3gaHuaX [6]. 02 — 73/5
OT Mmaccbl HaKOMIEHHOW Brarv 3aBuCAT ' P /___.-f?’T
MHOrMe CBOWCTBa MaTtepuanos: MPOYHOCTb, 0.1 /-;rméf —19—
KECTKOCTb, 06pLIBHOCTb, 7 —13;47‘% = 6
9MNeKTPONpOBOAHOCTL, aaresvst U gpyrue, 5 116,154 L /1 -
KOTOpble  U3y4alT UHXEHEepbl-TEXHOOrN. 18,17 / ] ‘é,—-—/
[nHamunyeckne XapaKTepUCTUKK 3TUX 3 Yt .
mMaTepuanos Kak TMrPOCKOMMUYECKMX 2 : 4 ~H,Ax/monb

P

OOBEKTOB  NMPU  U3MEHEHWMM  BNAXHOCTU P 1012 -5
oKpyXarwLlero  Bo3gyxa  3aBuUCAT  OT 0,01 1F T+ 10
CTPYKTYpbl MaTepuana u ero mnopucTocTy, 7 L1 i
NAOTHOCTW, TOMWMHBI U Ap. MapameTpoB. 5 8| = // 3
Hanpumep, nuct ToHkom Gymarm npwm 3 < ] /’
U3MEHEHUN (g MEHHAEeT CBOK Maccy W 2 - L
CBOWCTBa 3HauuMTenbHO ObicTpee, 4Yem 12 \\<u /
KoXaHasi 3aroToBKa. OnHamunyeckue 0,001 & 10
CBOWNCTBA, onpegensemble 7 10 />(\
3KCMNepuMeHTanbHbIM nyTem, 5 L ™
XapaKkTepusyrTcs MOCTOSAHHOW BpemeHn T, / \
NPUGNMKEHHO 3KCMOHEHLMANBbHOIo 3 A N\
nepexofHOro npoiecca maccoobmeHa. 2 rd \

OcHoBHOM dmsmyeckon 0001 ,/ = 10”7
BEeNIMMMHON, Onpeaensiiolen cnocobHoCTb 3| (P’A’\
TMIrPOCKOMMYECKOrO MaTepuana MEeHATb CBOU 0 10 20 30 40 50 60 70 80 90 100
CBOWCTBA B 3aBUMCUMMOCTU OT BMAXHOCTU
oKpyxatlero sosgyxa @s (%), sBnsercs PucyHok 2. KpuBblie paBHOBecHOM BriaxHocTu U (Kr/kr) n
T.H. paBHOBECHasl BNaXHOCTb MaTepuana YCPeAHEHHbIN XuMuyeckuin noteHumnan u (fx/monb) HeKOTOPbIX
U (kr/kr). OHa nokasblBaeT OTHOLLEHNE TMrPOCKONUYECKUX (KanunmsipHO-NOpUCTbIX) MaTepuanoB nNo
Maccbl MOrfOLWEeHHON WNK  BblaeneHHon AaHHbIM J1.M.HukntnHon [6]:1—Kaﬂp0HOBoe BOJIOKHO; 2 —

BMarm K macce abCOMIOTHO  Cyxoro ApeBecuHa; 3 — KUpNu4 nerkui rnmHaHbIn p=1100 kr/m3; 4 — neH
Matepuana v npeacrtaBnsaeTca B Buae (npsixa); 5 — myka; 6 — neHo6eToH p=800 kr/m3; 7 — neHbKa; 8 —

KpuBbIX copbumn-gecopbumm B 3aBUCMMOCTM  noniMypeTaH; 9 — nonoTHo ctonoBoe; 10 — peauHa (WuHbl); 11 -
OT @g. XapaKkTepHble KpuBble paBHOBECHOW cenukarenb; 12 — cnwopga; 13 — conoa; 14 — Tabak nucroson; 15 —

BNaXXHOCTU AN HEKOTOPbIX KanunnspHo- TKaHb wepcTaHas; 16 — xnonok; 17 — wenk HaTypanbHbIN;
MOPUCTbIX MaTepuanoB 3aMMCTBOBaHbl B 18 — wepcTb

dyHAaMeHTanbHOM CrnpaBoYHMKE [6] — CM.

puc. 2.

Cpeou npeacTaBneHHbIX MaTepranoB MOXHO HanTU pasHble No Mx cBolcTBam. Hanpumep, kupnmy (nuHms 3)
MEHSIeT PaBHOBECHYIO BIIAXXHOCTb MOYTM Ha ABa Nopsaka, XOTs OHa ocTaeTcs BecbMa Manomn (Unmax=0,003). Takue
mMaTepuansl, kak nuctoBon Tabak (NMuHWMS 74) unn neH (NMHUA 4) MEHSAIT PaBHOBECHYI BMAXHOCTb B MeHbLUEM
OnanasoHe, ogHaKo 3Ta BenuumHa okasbiBaetca 6onbwon (Une=0,2 — 0,3). MogobHble 3aBUMCUMMOCTU UCNONb3YIOT
ONns BblbOpa OTHOCUTENbLHOM BMNAXXHOCTU BO34yXa U ee [OMNYyCTUMOro U3MEHEHWUs B KOHKPETHOM TEXHOSIOrMYECKOM
npouecce (cM. ganee puc. 4).

BblLensnoxeHHOe OTHIOAb HE UCKITOYAET M ApYyroe 00bsACHEHNE 3aBUCUMOCTM TEXHONOMMYECKUX NPOLIECCOB OT
BnaxHoctn Bo3gyxa (no KO.H. Xomyteukomy). NMOCTOSHCTBO (g MPOCTO O3HaYaeT OMNpederieHHY B3anMOCBA3b
npupaweHun Atg n Adg (puc. 3). iHaye — npouecc 3aBUCUT OQHOBPEMEHHO OT fg U dg, HO TaK, YTO €CNU BbiAEPXKNBaTb
UX NpupaLLeHnss B ONpedeneHHo B3aMMOCBSA3M, TO BMaXHOCTb OyAeT MOCTOSIHHA, @ TEXHOJTOTMYECKU npoLuecc —
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UMeTb MUHMMYM noTepb. Hanpumep, ecnn Tpebyetcsa TouyHo ctabunmampoBaTe @p=50% npu TemnepaType OKOmo
t5=20°12°C, TO 3TO 3HAYMT, YTO AOMYCTMMbIE OTKINOHEHWS {5 U d CBA3a@HbI COOTHOLEHEM Atg/Adg~2°C/(r/Kr).

XapaKTepHbIl NpMMep 3aBUCMMOCTM MPOYHOCTHBLIX CBOWCTB (M3onepm) Oymarm kak obbekTa OnuTenbHOro
XpaHeHus (doHabl, apxmBbl) [8] OT TemnepaTypbl N BNaXXHOCTU BO34yXa, N OOHOBPEMEHHO HUTU B TEXHONOMMYECKOM
npolecce nNpsaeHns Xrorka no gaHHbiM [9] nokasaHbl Ha t-¢ gnarpamme puc. 4.

t,i“ 50
3 S A L NN ]
sl et O RS AL
30/ 7 B //@6\( %h 32&
WA WAV
5 | 7 L AN,
20 / 25 \ia v &: Y
15 100 (n3onepmbl) R J ;./E j
10 / /, d, flx; YA~ Y T
0 /2/ /4 6 8 10 12 14 16 0 20 40

2 3

PucyHok 3. N'pachnyeckoe npencraBneHme o
cTabunusaumm oTHOCUTENbHOMN BIIAaXXHOCTU Bo3Aayxa B
nomeweHnn @s=50% ONA M3roToBrNeHusi 1 XxpaHeHusi
FMrpoCcKONUYEcKuX (KanunmnsipHoO-nopmucCTbIX) Ten, Kak

AONYCTUMOCTb B3aMMOCBA3aHHOIO N3MEHEHUS PucyHok 4. Ouarpamma t-¢ BnaxkHoro Bosgyxa ¢
TemnepaTtypbl U BnarocoAepxaHusi Bo3ayxa npu ycnoeum  HaHeceHuem usonepm (0,02...1000) — nsonmHum
ceAtglinAdp ~1-6/2,5-3,8=0,63. Npwn gpyrom 3aHa4yeHun Qg paBHOM NPOYHOCTYU (AONroBe4YHOCTU) Bymaru n
Mnu B Apyrom uHTepBane TemnepaTtyp 3TO OTHOLWEHue pekomeHayembix napameTpoB (AB, CD) ans
MeHsieTcA. JINHUSA NOCTOSIHHON 3HTanbNWM ig=const no NpsifieHus B XONO4HbIN M TeNnbIvM Nepuopa roga
yCcrnoBuKo cgAtg=-ipAdg NOYTU HOpMarbHa K U3OSIUHUN Pg. npv oNnTMManbLHOW paBHOBECHON BNAaXXHOCTHN
Ons cpaBHeHUs 3AeCb Xe HaHeCeHbI T.H. M30MepMbl xnonka Uonm=7 — 8% 1 AONYCTUMOM OTKNIOHEHUU
(AMHMM NOCTOSAAHHOW AONTOBEYHOCTU Bymaru) No AaHHbIM AU=1,5%

Bubnuoteku KoHrpecca CLUA [7] ¥ N"MHUM NOCTOSIHHbIX
BnarocogepxaHvun (paBHoBecHOW BnaxHoctu) U
KanunnspHo-NopUCTbIX MaTepuanos, Nony4veHHbIe Ha
OCHOBaHWM aHanu3a nx n3oTepm copbuumn-gecopobuum [6]

M3 3Tnx gaHHbIX crnegyeT, YTO M30MepMbl CIIOXKHbIM ODpa3oM 3aBUCHAT OT COYeTaHus g U g, MPU 3TOM C
NOHMXeHMeM TemnepaTypbl Bo3ayxa oT 42°C go 5°C npoyvHocTb Bymaru Bospactaet ot 0,02 go 1000, T.e. Ha NaTb
nopsgkos (!).

CneumanbHble CUCTEMbBI TEXHONOMMYECKOro KOHAMLMOHMPOBaHUSA Bo3ayxa Anst 06bekToB, rae 3agaHa Bbicokas
TOYHOCTb MogaepxaHus Temnepatypbl M (MNU) OTHOCUTENBbHOW BRAXHOCTWM, a Takke ANA YUCTbIX TEXHOMOrum
onucaxbl B rn. 2. [3].

PaccMoTpuM panee maTemaTU4eckne 3aBMCUMOCTM, Ha OCHOBE KOTOPbIX MOXHO OLIEHWTb CTaTU4eckoe U
amnnuTygHoe W3MEHeHMe TOro WM MHOTo napamMeTpa. 3aKOH M3MEHEHMSl KaK MOHSATUE WCMOoNb3ylT npu
ynopsigoYeHHoM (MepUOANYECKOM) M3MEHEHUM BCEN Harpy3ku, ee OTAENbHOW COCTaBMSIOWEN WM KOHKPETHOro
napameTpa. Npu noboit hopme Neproandeckoin KpMBON NPUMEHSIIOT TapMOHUYECKUIA aHanmM3, 3aMeHsIst 3Ty KpUBYIO

cpeaHunM 3Ha4YeHunem Qcp (Hy]'leBOl7| FapMOHMKOVI) N HECKOJIbKMMWU rapMOHUKaMn C aMnnmntygamm A x nepmnogamvumn

N3MEHEHNS 7,/k U HauanbHbIMKU hasamit 7, x B COOTBETCTBUM C YPaBHEHUEM:
k
0(r)=Q, +ZAQk cos[Zﬂk(r—ro'k)/rJ. (1)
1

CortHukoB A.I'. Marematryeckuil aHaliu3 KauecTBa MOAepKaHUsI TapaMeTPOB B MPELU3UOHHBIX TexHoJorndeckux CKB



CALCULATIONS Magazine of Civil Engineering, Ne5, 2011

Yem Onmxe doopma kpuBon Q(7) K cMHycouae, TEM MEHbLUMM YMCITIOM FapMOHKK MOXHO OnMcaTb 3Ty OYHKLMIO.
lMpn paBeHcTBE NOMynepuodoB AN 4YeTHoW dyHKUMKM, korga Q(-x)=Q(+x), LEHTPUPOBAHHOW OTHOCUTESTBHO
mMaTematumdeckoro oxugaHua M(Q) npu x=0 B pasnoxeHun (1) oCTalTCA TONBKO HEYETHble rapMOHUKM (nNepBas,
TpeTbs, NATasA U 1.4. — CM. puc. 5).

J

Q
PucyHok 5. N'padmk cTyneH4YaTo uameHsowencs
nepuoauyecKoin Harpy3Kku Unu otaenbLHom
Q COCTaBnsOLWeN U onpeferneHe aMnnuTya nepBbiX
> > rapMOHUK pasnoXeHus Takon Kpueomn B pag dypbe
0 Ty 2y 3n4n T TN T NpY NPON3BONILHOM COOTHOLIEHWUW NOMNYNepoaoB
/o 0,-Q) BKJTIOYE€HUA-BbIKIIOYEHUSA:
6) 0:7 A K/(Q Q ) pr 2 2T(fm = Tsm /(Tsm + stlm) = 01 :
0,6 Q 271 - l a — rpacpMk nepuoanNYecKoro U3MeHeHUs TennoBown
5 ,/ \V Aq/(Qy-Q) Harpy3ku npu paBHbIX nonynepuoaax;
' / \‘ 6 — To Xe, NPU HepaBHbIX NoNynep1oaax;
04 / Q) i 8 — rpachmk amnnNUTya OCHOBHbIX FAPMOHMK
0,3 2A 21 - pa3noxeHus cTyneH4YaTow nepuoanyeckon pyHkLUm
02 \Q/(EE_'QJ Ao/ Q- Q) npv NPOM3BOJSIbHOM COOTHOLLUEHUU NONyNepUoaoB 7.
/ \/ \/ TS&Iﬂ

0 0,0 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00

Mpumep 1. [Ina ycnoBum pasnoxeHusi B rapMOHWYECKUA psif CTyneH4yaTo Bknovaemon MolHoctu Qo—Q4=50 kBT npwm
OTHOCWUTENbHOM BPEMEHM BKIMIOYEHUS ?m = 0,8 onpeaennTb no puc. 5, B aMNNNTYAbI FAPMOHWK PA3NOXEeHNs1 MOLLIHOCTM.

Mpu OTHOCUTENBHOM BpeMeHM BKIIOYEHUSA MOLLHOCTH 7., =08, AQ=0,8(Q2-Q1)=0,8-50=40 kBT,
AQ] = O,38(Q2 -0, ) =0,38-50=19 «Br, AQ2 = 0,30(Q2 -0, ) =0,30-50=15 «Br, AQ3 = O,ZO(Q2 -0, ) =0,20-50=10
kBT, 4, = O,lO(Q2 _Q1) =0,10-50=5 «Br.

nepI/IOﬂ,I/I‘-IHOCTb N3MEHEHNA Harpy3kun unu OTAENbHOW ee CoCTaBnsoWen — 3TO CreacTene nepmnoan4eckoro
XapakTtepa BO34ENCTBUI BHELLUHEN cpeabl UM TexXHOJTIorm4ecKkoro npotlecca. Hanpmmep, CYTO4YHYHO NepunoanyHOCTb
nMmeeT CoJlHeYHaa pagunauna npu 6e3obnayHom HebocBoae, CyTO‘-IHbIl‘/‘I Xo4 TemMmnepaTtypbl HapyXHOro BO34yxXa

npouncxognT I'IpI/I6J'Il/I)KeHHO rapmMoHM4YeCKn C amnnmyp,oﬁ At”, nepunoanyHa pa60Ta €ONHNYHOro 060pyﬂ,OBaHMH,

CTaHKOB, ABUraTenemn, oCBETUTENbHbIX I'IpVIGOpOB, neyven, Cywinn, cBapO4HbIX NOCTOB U T.4. CTpOI'aFI nepnoan4HoOCTb,
T.€. NOCTOAHCTBO MoOJ1yrnepnooB BKITHOYEHUA-BbIKITHOYEHNA, HE ABIAETCA obsi3aTeNnbHbLIM ycnosmemMm AOrd aHanuaa,
MOXHO YyYNTbIBaTb AMana3oH 3TUX nojynepmnoaoB N yCpeOHATb ero.

[ns Kaxgon KprBom NEpUOANYECKOro M3BMEHEHUSA Harpy3oK NPoBOAAT rapMOHMYECKUIA aHanus, A CONHEeYHOM
paguauumn B pacdeTHble NeTHUE CYTKM OH onucaH B ctatbe [10], Ans nepuoamyeckon CTyneH4YaTo-UM3MEHSIOLWENCS
Harpy3kv1 NpyMBeOeH Ha puc. 5, a Ans 3KCMOHEeHUManbHoOn nepunogudeckon oyHkuMM — cM. ganee puc. 7 n tabn. 2.
O6blyHO Harpy3kam (TennoBOW, BaXHOCTHOW) MPUNUCBLIBAOT MOCTOSHCTBO 3Ha4YeHUn WnM  nepuoguyveckoe
N3MEHEHMe B pacyeTHble 3UMHUE U NTETHUE CYTKN.

["apmoHuyeckul aHanu3 6espasmepHoU rnepuodudeckou rnpubruxeHHo-
3KCIoHeHyuanbHouU yHKuuU
Teopvm M ONbIT yKa3blBakOT, YTO B CUJTYy MHEPLUMOHHOCTU npouecca nepegada tensnoTbl, Blarn, BpegHoCTn, B
npoueccax nepemMelinBaHnAa n gp. n”SAMeHeHne napameTpoB BO34yXa Onun3Kko K SKCNOHEeHUnaribHOMY. BbinonHeHHbIN
ON1s 3TOro criyvasi rapmMoHudeckmin aHanus [11] no3sonsaeT npeacTtaBuUTb TEMSOBYIO HArpy3Ky CpeaHUM 3HavYeHUeM U
HECKOJIbKUMN TapMOHUKaMn ee U3MEeHeHUdA. Ha BblXoAe W3 KOHOUUMOHepa TeKyllee Wn3MeHeHune napamMeTpa

(Hanpumep, TemnepaTypbl BO3gyxa) MOXHO 3anucatb B Buae OECKOHEYHOro psiga, B KOTOPOM C AOMYyCTUMONA
TOYHOCTbIO JOCTATOYHO YYECTb HECKOMbKO MePBbIX rapMOHMK:

(7)) = Lipep T z At,. cos(d,7 +&,). )

i=1

CortHukoB A.I'. Marematryeckuil aHaliu3 KauecTBa MOAepKaHUsI TapaMeTPOB B MPELU3UOHHBIX TexHoJorndeckux CKB



HNHKkeHepHO-CTPOUTEBHBIN KYpHaJ, NeS, 2011 PACYETbI

AHaNorM4YHo MOXHO MpPEeACTaBUTb NepUoanyeckoe U3MeHeHUe TemnepaTypbl B MOMELLEeHMU WM Yy OaTyuka
PeUMpKYSLMOHHOIO BO3AyXa:

ty(7)= Iyt Z A,B[ cos(w,r + ¢, +Ag;). (3)
i=1

[na onpeneneHns MCKOMbIX amnnUTyL MepBbIX TPEX FapMOHWK pasnoxeHus B psag Pypbe BOCMONb3yemcs
rpacpoaHanuTudeckum metogom [11]. [na 3Toro KpuBble M3MEHEHMS MapaMeTpoB BO BpeMeHu (puc. 6) no Toykam
HaHOCAT Ha wabnoH (puc. 7). Mo Hemy 3a Bpems nepuopa t7=t+7, ONPEAENnsAT napamMeTpbl (OTHOCUTENbHbIE
BeNMUuHbl) b=n/(t+ 1), f1=Tulbz, n f=Ty/(1-b)z,, Aanee no cneumanbHon Tabnuue 2 [11] HaXO4AT OTHOCUTENbHbIE
aMnnuTyabl rapMoHuK (B gonsx oT obuiero nameHeHust napametpa). COOTHOLLEHVME amMnnuUTyd MePBOW, BTOPON U
TpeTbeN rapMOHMK XapakTepu3yeT 3aTyxaHue kornebaHui Ha Tpex 4vactoTax (4acTb T.H. aMniauTyaHO-4acTOTHON
XapaKkTepUCTUKN).

‘ At, b1, oxnaxageHue T,

t°C Aty AL, 10 fﬁ?;y 0
T~ ___%::': - _&l/ A A /i
y |

/

\\

AN
N

Q\
HvaP; fi
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Qx g o
Lcapaan_-"' E / 8
V4
3

P—

8
E
[ =
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l N
0,5 8T 1
BT S S T —— 11
- 0 HarpesaHve 1
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PucyHok 6. Uccnepgyemble (TunoBble) PucyHok 7. LLlabnoH ana npubnuxeHHOro onpeaeneHus
KPUBbIE LUKITNYECKOro MU3MEHEHUA OTHOLUEHMNA NOCTOSIHHOW BPEMEHMN IKCMOHEeHUUanbHOro
TemnepaTtypbl U BnarocoepxaHusi Bo3gyxa nepexoaHoOro npouecca NoBbIWEHUA UMW MOHWXKEHUA
nocrne KoHgULUMOHepa (nputoyHoro M) n TemnepaTtypbl K COOTBETCTBYHOLEMY nonynepuoay LukKna
pPeuMpKynALMOHHOIo Bo3ayxa B1=Tulbt, — ansa noBbIiWeHNA napameTpa, 5=Ty/(1-b) 7, — onsa
(8 nomewieHnn B) noHWXeHusa napameTpa. Knrouy: ans HaHeCeHHbIX ONbITHbIX

Toyek nonynepuoga HarpeBa S,=Ty/b7,~0,5

Mpy N3MEeHeHNN COOTHOLLEHUS Nomnynepuoaos konebaHus Temnepartypbl u3MeHsieTcs cpeHee (At g,) XoTa Obl
Ha [Oonu rpagyca, YTO eCTECTBEHHO «OLLYLIAEeT» MPeun3noHHbIN 0O6bEeKT KOHAMLMOHMPOBaHUA (oeTanb, usgenve),
NMOTOMY YTO 3TO CTauUMOHapHoe OTKMNoHeHue. Hanpumep, ecnn tgmax-tzmin=5°C, a BenuumHa b=0,40 nameHntca Ao

3HadeHus b=0,50, a f; 1 [, OCTaHyTCA TeMu xe (CM. KoY K Tabnuue), To A,0 = Atcp namenutca ot 0,509 go 0,520,

yto B abconoTHoMm Buae Gynet pasHo: Afy,=(0,52-0,509)-5=0,05°C, 4TO COM3MEPUMO CO CTATUHECKON TOYHOCTbLIO
cTabunusaummn TemnepaTtypbl AN NPELM3NOHHON AeTarnu.

Tabnuya 2. Tabnuya MaHmMuUCC OMHOCUMESIbHbLIX amMnumyO0 Hyseeol U fnepebiX mpex 2apMOHUK
passioxeHUss nNepuoluUYEeCKUX TMPUGIUXEHHO-3KCMOHeHYUallbHbIX KPUBbLIX U3MEHEHUsl aHa/lu3upyemMo20
napamvempa e psid dypbe

Hynesas rapMmoHuka MNepBasi rapMoHuKa
b B /e 0,05 | 0,20 | 0,40 | 0,60 | 1,0 20 | 005|020 |040 060 |10 |20
1
0,20 201 | 316 | 410 | 455 496 | 528 | 297 | 425 | 418 | 409 | 399 | 390
0,40 178 | 292 | 386 | 432 472 | 505 | 254 | 394 | 397 | 393 | 387 | 382
0,20 0,60 167 | 281 | 375 | 420 461 493 | 233 | 380 | 387 | 385 | 382 | 378
1,0 156 | 271 | 365 | 410 451 483 | 215 | 367 | 378 | 379 | 377 | 375
2,0 148 | 263 | 357 | 402 443 | 475 | 200 | 356 | 372 | 374 | 374 | 374
0,40 0,20 353 | 439 | 509 | 543 579 | 598 | 509 | 532 | 792 | 470 | 450 | 433
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0,40 306 | 392 | 462 | 496 527 | 551 | 441 | 485 | 459 | 444 | 430 | 419
0,60 283 | 369 | 439 | 473 504 | 528 | 407 | 461 | 442 | 431 | 421 | 413
1,0 263 | 349 | 419 | 453 484 | 508 | 376 | 440 | 428 | 420 | 413 | 408
2,0 247 | 333 | 403 | 436 467 | 492 | 352 | 423 | 417 | 412 | 408 | 404
0,05 500 | 507 | 596 | 656 685 | 705 | 630 | 614 | 563 | 500 | 450 | 434
0,20 425 | 500 | 520 | 580 610 | 613 | 617 | 605 | 570 | 500 | 456 | 442

0,40 404 | 480 | 500 | 565 586 | 608 | 575 | 565 | 540 | 485 | 450 | 436
toe 0,60 344 | 419 | 441 | 500 526 | 550 | 574 | 500 | 480 | 450 | 430 | 421
1,0 316 | 391 | 412 | 472 500 | 520 | 450 | 460 | 450 | 433 | 420 | 415
2,0 285 | 370 | 391 | 450 480 | 500 | 426 | 435 | 443 | 422 | 415 | 410

0,20 504 | 561 | 608 | 631 651 667 | 571 | 532 | 485 | 461 | 440 | 423
0,40 434 | 490 | 537 | 561 581 597 | 508 | 492 | 459 | 442 | 428 | 417
0,60 0,60 400 | 456 | 504 | 527 547 | 563 | 475 | 470 | 444 | 431 | 420 | 412

1,0 369 | 426 | 473 | 496 516 533 | 444 | 450 | 430 | 421 | 413 | 408
2,0 345 | 402 | 449 | 472 492 508 | 420 | 433 | 419 | 413 | 408 | 405
0,20 655 | 684 | 708 | 719 729 737 | 466 | 425 | 394 | 380 | 367 | 356
0,40 562 | 590 | 614 | 625 635 643 | 444 | 418 | 397 | 387 | 378 | 372
0,80 0,60 516 | 545 | 568 | 580 590 598 | 427 | 409 | 393 | 385 | 379 | 374
1,0 476 | 504 | 528 | 539 549 | 557 | 410 | 399 | 387 |382 | 377 | 374
2,0 443 | 472 | 495 | 507 517 525 | 395 | 390 | 382 | 378 | 375 | 374
1,0 — 950 | 807 | 689 | 633 582 542 | 215 | 249 | 296 | 308 | 314 | 317
BTopasi rapMoHuKa TpeTbsi rapMOHMKa
b 2 & 0,05 | 0,20 | 0,40 | 0,60 | 1,0 20 |0,05 020 |040|060 |10 |20
1
0,20 232 | 216 | 187 | 179 173 169 | 153 | 102 | 092 | 091 | 091 | 091
0,40 199 | 201 175 | 167 162 160 | 133 | 094 | 081 | 079 | 078 | Q77
0,20 0,60 183 | 194 | 170 | 163 158 156 | 123 | 091 | 077 | 074 | 073 | 072
1,0 169 | 188 | 166 | 159 155 153 | 113 | 089 | 075 | 072 | 070 | 069
2,0 157 | 183 | 163 | 157 154 152 | 106 | 088 | 074 | 070 | 068 | 068

0,20 216 | 105 | 089 | 093 099 | 105 | 029 | 068 | 067 | 067 | 068 | 068
0,40 203 | 110 | 079 | 075 076 | 080 | 045 | 046 | 042 | 042 | 043 | 044

0,40 0,60 194 | 113 | 078 | 070 069 | 070 | 053 | 043 | 036 | 035 | 035 | 036
1,0 186 | 117 | 080 | 070 065 | 065 | 060 | 044 | 033 | 031 | 030 | 030
2,0 179 | 120 | 083 | 071 065 | 063 | 064 | 046 | 033 | 030 | 029 | 028
0,05 0 033 | 079 | 126 134 143 | 319 | 167 | 186 | 192 | 204 | 239

0,20 037 | O 052 | 110 121 132 [ 141 | 074 | 068 | 058 | 035 | 035
0,40 085 | 052 |0 063 082 | 095 | 117 | 080 | 059 | 054 | 044 | 016

= 0,60 132 | 110 | 063 | O 021 034 | 116 | 090 | 083 | 073 | 052 | 020
1,0 139 | 121 | 081 | 021 0 009 | 131 | 114 | 107 | 097 | 074 | 014
2,0 145 | 130 | 091 | 032 010 | O 121 | 095 | 091 | 086 | 075 | 044
0,20 069 | 105 | 110 | 113 117 [ 120 | 128 | 068 | 046 | 043 | 044 | 046
0,40 097 | 089 | 079 | 078 080 | 083 | 115 | 067 | 042 | 036 | 033 | 033
0,60 0,60 109 | 093 | 075 | 070 070 | 071 | 111 | 070 | 042 | 035 | 031 | 030
1,0 119 | 099 | 076 | 069 065 | 065 | 107 | 068 | 043 | 035 | 030 | 029
2,0 125 | 105 | 080 | 070 065 | 063 | 104 | 068 | 044 | 036 | 030 | 029
0,20 223 | 216 | 201 | 194 188 | 183 | 098 | 102 | 094 | 091 | 089 | 088
0,40 192 | 187 | 175 | 170 166 163 | 096 | 092 | 081 | 077 | 075 | 074
0,80 0,60 183 | 178 | 167 | 163 159 | 157 | 097 | 091 | 079 | 074 | 072 | 070
1,0 176 | 173 | 162 | 158 155 | 154 | 098 | 091 | 078 | 073 | 070 | 068
2,0 172 | 169 | 160 | 156 153 152 | 099 | 091 | 077 | 072 | 069 | 068
1,0 — 142 | 148 | 156 | 158 159 [ 159 | 101 | 103 | 105 | 106 | 106 | 106

CortHukoB A.I'. Marematryeckuil aHaliu3 KauecTBa MOAepKaHUsI TapaMeTPOB B MPELU3UOHHBIX TexHoJorndeckux CKB



HNHKkeHepHO-CTPOUTEBHBIN KYpHaJ, NeS, 2011 PACYETbI

Kntou: Ecnv TemnepaTypa npuTOYHOTO BO3Ayxa M3MeHsieTcs Ha Af=Quou/Lnppscs=5°C, OTHOCWTENbHBIA MNonynepuoa
HarpeBa cocTaBnsieT b=0,40 (0T BpeMeHu LMKna), OTHOLLUEHUSI NOCTOSIHHON BPEMEHMW K MOMynepuoay MOBbILLEHWS TeMnepaTypsl

$1=0,20, noHwkeHus TemnepaTypsl /=040, To A4, /At =0,509; 4, -At=0,509-5=2,55C; A4, /At =0,492;
4,=0,492-5=2,46'C; A4, /Ar=0,89;, A4 =0,089-5=0,45C; 4, /At=0,067, A4 =0,067-5=0,33"C. [na

NPOMEXYTOYHbIX 3HayYeHun b, P1n o nnux coyeTaHun NnpuMeHaAeTCA MHTepnonauna gaHHbIX MeXxay coceHUMU 3Ha4YeHNAMN.

bonee obwul criy4al 2apMOHUYECKO20 aHasu3a

Ha npakTuke akcnepumeHTarnbHble KpuBblE (HanpuMep Ha puc.8,6 No pesynbTaTtam MCMblITaHUst MPELM3NOHHBIX
CKB) [12] yacTo He HanOMWHAKT CTPOro 3KCMOHEHTbLI, @ UMEKT Boree CroXHy opMy KpUBOK. NoKaxeM, K KakoMy
pasnuuni0 MaTeMaTUYECKOro ONNCaHUsi NPMBOAUT NpeacTaBneHNE UX CUHYCOMOOW UM CYMMOI rapMOHMUK.
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PucyHok 8. LLlabnoH Ans rapMoHN4eckoro aHan13a nepmoanNYeckuX KpUBbLIX C HAHECEHUeM NUHWA 1, W 1,

3a nonynepuop NoBbIWEHUsA TeMnepaTypbl (a) U ONbITHbIE KPUBbIE U3MEHEHUsA TeMmnepaTypbl Bo3ayxa no
Mepe ABUXEeHUs1 ero B «pybaluke» (6), OKpyxaloLen y4acToK C NPeLn3MOHHbIM NoanepKaHMeM TeMneparypbl
(+0,05°C) no paHHbIM Hanaaku 'MW MNB (H.J1. BegpukoBeukun, M.X. N'mmmens6epr, B.B. Jlosuos [12];
nocrnegHun — aBTop MmoHorpadwmm [13]

[NoscHum MEeTOAMKY pacyeTa Temnepatyp npu N3MeHsoLLencs HepMOE,quCKOVI TENNoBoOW Harpyske
nomMeLwleHnAa npuMmepom.

Mpumep 2. Mpn 3amepax TemnepaTyp Bo3ayxa «B pybalLKe», OKPYKaloLEN Y4acTOK LAMMOBKN N UCTIbITAHUS ONTUYECKUX
YCTPOWCTB, 06CnyxmMBaeMbiit npeLnavoHHon CKB, nonyyeHbl peaynbTaThl U3MEHeHUs thp(t) B pa3HbIX TOUkax 3a LMKI kornebaHus ¢

nepruoaoM t,=1,5 4. TU AaHHblE NpeAcTaBneHbl Ha puc. 8, 6. JTuHUM 4 1 5 onucaHbl CPeaHUMU 3HAYEHUSIMU N MaKCUMaSTbHBIMU

OTKNOHEHMAMN cnepylowmm obpasom: [, = 20,98 %1,68°C, e = 18,89 £1,20°C. 3anucaHHble 3a0eCb OTKIOHEHWS
4 5

amnnMTygaMn HasblBaTb HEYMECTHO, T.K. MOCMeAHUe OTHOCATCS K YMCTO FrapMOHUYECKON (CMHYCOMAAnbHON) KPUBON M3MEHEHMs

tg(t). OUueHUTb, Kakne aMnNNUTYAbl MOXET UMETb NnepBasi, BTOpas U TPETbS rapMOHVKN pa3noxeHns yHKUnNA tnp (Z’) " tnp (T) B
4 5

paa CDypbe N CpaBHUTb aMnnnTyay Atnm C YKasaHHbIMU OTKIOHEHUAMM OT cpefHeapudMeTUYECKOro (a He OoT Cpe,u,Hero).

CpaBHUTb cpefHee 3HayeHWe U cpedHeapudMeTMveckoe, a pasHuLy CPaBHWUTb C AOMYCTUMbIM OTKMOHEHMEM TemrepaTypbl
BO34yxa Ha yyacTke: Atg non=10,05°C.
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MepBOHaYanbHO HAHOCMM MO TOYKaM KPUBbIE MOBLILIEHWS Temnepatypsl f,, (7) wm Ly (7)., npepsaputensHo BBEaS
4 s

OoTHocUTEeNbHOE BpeMst t/bty (B AAHHOM Cryyae nosynepuoabl U3MeHeHUs: TemnepaTyp npakTudeckn paeHbl U b=0,50). MameHeHne
TemnepaTtyp npefcTaBrneHo B BUAe At(t)/Atycr, rae Atyer €CTb YABOEHHOE OTKIOHEHWE (2At,), yKazaHHOe B YCNOBWW MpuMepa.
Takum xe 06pasoM HaHOCAT TOYKU B MONynepuog NoHWKeHUs TemnepaTypbl. MpuBnmxeHHo annpokCUMUPyYs No Niowaan Kpusble

tn[74 " tnps, He coBnajawlwme C NUHUSAMU IKCMOHEHT, HaxoduM no rpaduky puc. 9 n Tabnuue 2 nHTepecyrolme BENUYUHDI

(TovHee ux maHTUCChI):
Ans kpueoit 4: b=0,50; B1=0,15; P=2,0; 4, /At, =0613, A4, /At, =0442, A /At =0132, A /At =0,035; npu

Atﬂp4 =2-1,68 =3,36°C BbluMCnSEM UCKOMble aMNMUTyAbl HYNEBOW (CPeaHee) U NepBbIX TPEX rapMOHUK Pa3fOXeHNs, CPeaHSS

t

14 (cp) =19,33+0,613-3,36=21,39°C, 4To 3HauuTenbHo (~ Ha 0,4 0C) oTnmnyaeTcs OT cpefHeapudmMeTnyeckon (M3 MakCMMarnbHOM 1

MWHMMaInbHON), 0COBEHHO eCcnn CpaBHUTL C AOMNYCTUMbIM OTKIIOHEHWEM TeMrnepaTypbl BO34yxa Ha yvacTke (i 0,05°C), To noytn

Ha NopsIoK; Al] =0,442-3,36 =1,49°C, At2 =0,132-3,36=0,44°C; At3 =0,035-3,36=0,12°C.

Ansi kpusoit 5: b=0,50; B1=1,0; P=2,0; 4, /Al‘np =0,52, Al] /At,,p =0,415, At2 /At,,p =0,009, At3 /Atnz7 =0,014; npu

Atnp5 =2-1,2=2,4°C BbluMcnsem =17,69+0,52-2,4=18,94°C, uto 6nusko K cpeaHeapuPMeTUHEcKoMy

t"P4(CP)
(otTnmyaetca Ha 0,05°C), AtI =0,415-2,4 =1,0°C, octanbHble aMnnuTyasl BTOPOW, TpeTbeil 1 Tem 6oree BbICLINX FapMOHUK He
BbIUNCAISIEeM B cuUMy ManocTu. py OLEHKe 3HaYeHWn amMmnuTya JOCTAaTOYHO Mpexae BCero NpUHMMAaTh BO BHUMaHWE NepBylo

(oCcHOBHYI0), MOTOMY YTO OHa Hamnbonbluas, a 3atyxaHne konebaHun Ha OCHOBHOWM YacToTe (B AaHHOM cnyyae w1=2m/t,=2n1/1,5=4,2
pag/4v) — HaMMeHbLLEee NO CpaBHEHUIO ¢ Bornee BbICOKMMM YacToTamn. CpaBHUBAs ykaszaHHble aBTopamu TemnepaTypbl Ats=1,68°C,

At5=1,20°C ¢ amMnnuTygamm OCHOBHbIX FapMOHUK At4=1,49°C, At5=1,0°C, genaem BbiBog 00 WX YOOBNETBOPUTENIBHOM

cosrnageHun. [Ons npeumsnoHHbix CKB 6Gonbluee 3HayeHve wmeeT «apend» cpeaHero npyv nepemMeHHOM COOTHOLLUEHWUU
nonynepuogos (b) n otnuune cpegHeapudMeETUHECKON 1 UCTUHHOW CpeaHen TemMnepaTyp.

BbiBoa. lMpepnaraembin rapMOHUYECKMI aHanmu3 3KCMOHEHT MNepuoauyeckoro MOBbILWEHUA U MOHMKEeHUS
napameTpoB SIBNSAETCHA AOCTAaTOYHO OOLIMM CrnyyYaem aHanusa, NPUMMEHMMbIM OJ1S1 OLEHKM KornebaHui M TOYHOCTU
noagepXXaHnsa Tex WM WHbIX MapamMeTpoB COCTOSHMSA BO3AYLWHOW cpenpbl, npexne BCero B MNPELM3MOHHbBIX
TexHonornyecknx CKB.
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