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NPEUN3NOHHbIX TEXHOJTOTNMYECKNX CKB

A.m.H., npogeccop A.I'. ComHukos*,
HI'T «ABOK-Cesepo-3anad»

KnroueBble cnoBa: TeXHOMOrMsl; napameTpbl; TOYHOCTb; PAaBHOBECHAsI BMAXXHOCTb; rAapMOHUYECKUIA aHanus;
3KCMOHeHLManbHasa yHKUMS; amnnmTyaa

MHoezouucneHHble U pasHoobpasHbie MEeXHOI02UYECKUE MPOUECCH! 8 MPOMbIWIEHHOCMU fpomeKarm Jauwe
ece2o 8 8030yxe. OHu npedbsensaom pasHble mpebosaHUsi K ypOBHIO napaMempo8 COCMOSIHUS U cocmaea
8030ywHoU cpedbl U moyHocmu ux noddepxaHus. [lo nocnedHeeo epemMeHU He cyujecmsyem cmpoaux
aHanumu4yeckux MemoOUK, 0360sWUX 00CMo8epHO onpedensimb hakmu4yecKyro moyHocmb ModdepxaHusi
napamempos 8030yWHOU cpedbl 8 yCo8USIX UX yrops0OYEHHO20 UNU CMOXacmu4yecko2o U3MEHEHUS Ha
Odelicmsyrowiem obbekme.

B HacTosilee Bpemsi CyLLeCTBYET HECKONbKO CMOCOGOB onpeaerneHnst TpebyemblX TEeXHONOrM4eckmx
napamMeTpoB M UX JOMYCTUMbIX OTKITOHEHWI:

e Ha OCHOBE OTpacrieBblX HOPMATUBOB UIN 3a4aHUSA MHXXEHEPOB-TEXHOOIOB AAHHOIo NPOU3BOACTBA;

e Ha OCHOBe AaHHbIX Tabn. 15.1 [1] wnu T1abn. 2.5-2.7 [2]; doparMeHT TakMx AaHHbIX OJ11 OCHOBHbIX
NPOU3BOACTB NPeACTaBreH B Tabn. 1;

e  Ha OCHOBE NUTepaTypHbIX AaHHbIX ANs pacCMaTpMBaeMOro TEXHONIOMMYECKoro npouecca.

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

Ne . [MapameTpsbl
HaumeHoBaHve nomeLLeHni

n/n tg,°C @8, %
ApxuBbl, BUGNNOTEKM, XpaHUMLLA 18+1 55+5
Xvpyprudeckas onepaumoHHas 1 nocneonepawlmoHHas 22...25 55...60
JlabopaTopumn uccnegoBaHms MeTannoB 20 40
TepMOKOHCTaHTHbIE NOMELLIEHNS ANs NPeUn3nMoHHbIX paboT: rpynna 3 20+0,2 40
Llexu TOMHOro MalUMHOCTPOEHUS 20 40...50
Llexn aneKkTpoOHHO-TEXHNYECKOro Npon3BoacTBa 20 45...50
Cknagbl papmaLeBTU4ECKMX MaTepunanos 20...25 30...35
Cknap Tabaka 18...24 75...80
Llexn nMBOBapeHHOro Npon3BOACTBaA:
COJ1010BHA 12 80...85
GpoannbHbIN 4...8 60...65
Llex wnnugoskun nvH3 24 80
MHorougeTHast nutorpadus (odcer) 24...26 46...48
[Mpon3BoACTBO KAaNPOHOBOro KopAa 19 47

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

HopmMunpyemble napameTpbl BO3AYLUHOW Cpeabl Npy BCEN UX BaXKHOCTU He cnefyeT abconoTnsmMpoBaTth, Tak Kak
OHM B MpuHUMME SBMNSAIOTCA NMEPEMEHHbIMU, 3aBUCALLUMM OT TEXHONOMMYECKOro npouecca, M3MEHYMBOCTU CBOWCTB
MMIrPOCKOMMYECKOro Chipbst M APYrMX COCTaBNAKOLLMX NPou3BOAcCTBa. 1o Mepe pasBuUTUA TOW UNN MHOM TEXHOMNOrMM
UNN NpU MNOSIBNIEHWM HOBLIX TEXHOMOrMI TpeboBaHMSA K MapameTpamM M TOYHOCTU WX cobOMNodeHMst HenpepbiBHO
BO3pacTalT, YTO B KOHEYHOM cyeTe obecneyvmBaeT KayeCcTBO M COPTHOCTb BbIMyCKAaeMOW NPOAYKLMU, YMEHbLUEHME
Opaka u cooTBeTcTBylOLWMNX 3aTpaTr. OCOOEHHO 3TO 3aMETHO B MepefoBbiX U ObICTPOPA3BMBAKLLMXCS OTpachsix
COBPEMEHHbIX TEXHOSOTMIN 1 NPON3BOACTB.

C n3MeHeHVMeM U COBEPLUEHCTBOBaHMEM TEXHOMOrMYECKMX MPOLECCOB HOPMUpYeMble MapameTpbl Bo3gyxa
MOTYT MEHSITbCH, YTO MOXET noTpeboBaTb COOTBETCTBYIOLLMX 3aMacoB No BO34yXy, Xonody u TennoTe (T.H. eubkue
TexHonorum). Kpome Toro, notpebyetcss wu3MeHeHue 3ajaHuii (YCTaBOK) COOTBETCTBYHOLUMX PEryNATOPOB U
KOHTponnepoB. Hanbonee cnoxHo obecneuntb yMeHbLUEHUE OTKIIOHEHUS, YTO LOCTUraeTcsi OObIYHO KOMMMEKCOM
mep. Cpean Hux:
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YTOYHEHWE M COKpaLLeHne 30Hbl cTabunmsaummn napameTpa;

aHanm3 OCHOBHbIX BO3MYLLLEHUI (TENMO- UMW BNaroBblAENeHnin) B 3TON 30HE;

BblBEIEHNE BO3MYLLLEHUI U3 30HbI TEPMO- UITM BNarocTaTtMpoBaHuUs;

BblI6Op MeToda cTabunusaumm napameTpa: 0cobo4yBCTBUTEMNbHLIMY AATYMKAMU UMW FTEHEPUPOBAHNEM
BbICOKOYACTOTHbIX Konebanun [3];

e BblIBOp 3aKkoHa perynupoBaHus napameTpa (06bi4Ho M nnn P);

e BbIOOp annapaToB KOHTypa cTabunm3aunm u CHUXKEHNE NX MHEPLNOHHOCTH.

Mpy aHanuse OTKMOHEHW NapaMeTpoB HYXHO yuyuTbiBaThb: BUA napametpa (tg, @g, dg, is, Vg, Cg W Ap.), €r0
OTKINOHEHMe (CTaTnyeckoe, AUHAMMYECKOe, aMNNUTYOHOE), 3HAK OTKIIOHEHUS, YAacTOTy KorebaHui U UX COBOKYMHOEe
BMNMSIHNE Ha OOBLEKT, TpebyoLwmi cTabunusaumm.

Bce TexHomorudeckue npoueccbl MO CTENeHU BIIUSAHAA HAa HUX MapamMeTpoOB COCTOSIHAS W cocTaBa
BO3AYLUHOMN cpeabl MOXHO pasgenvTb YCIIOBHO Ha Takue rpynnbl (puc. 1):

e He TpebyeT cneuunanbHbIX NAapamMeTpoB BO3AYyXa;

o TpebyeT 06bIYHbIX NAPAMETPOB U NX OTKNOHEHU (£1°C, £7%), kak 1 B KOMOPTHLIX CUCTEMAX;

e TpebyeT MOBbLIWEHHON TOYHOCTM noadepxaHus napameTtpoB (+0,05...0,5°C; +1...5%) u (unn)
NOBLILLEHHOW YNCTOThI [4];

e poTekaeT B creuunanbHOW kamepe, rge 3afdaHbl He 0OblYHble, @ MOBLILWEHHbLIE WU MOHWXEHHbIE
YPOBHV NapameTpoB, U/nnu nx nporpammHoro nameHeHuns n gp.[3].

TexHonornyeckue npoueccol |

v v v v
He  TpeGyroume O6bl4YHass TOYHOCTb M MNoBblWweHHasn TexHonoruyeckue Kamepbil,
cneumanbHbIX yncroTta TOYHOCTb WU YUCTOTA ¢uTOTPOHBI U T.N. [4]
napameTpos [4]
Atg=+3°C Atg=+1...2°C Atg<+0,5...1°C v
A@s=120% Ae=+7...10% AQe<t5...7% BICOKIS T FASKVS To. 0

3
/ ggidn.[mn:x ] ev MporpammHoe nameHeHwe tg(z), Ps(7)
/ ! \

BonblwnHCcTBO TepmouyyBCTBUTENbHbIE BnarovyBcTBUTEMNBHbIE «YucTble» TEXHOMOTMM U MOMELLEHUS

«OObIYHbIX» 06bEKThI (kanunnsipHo- [4]

TEXHONOMMYECKMX nopucTble) MaTepuarnsbl

npoLeccos, He 1.BbICOKOTOYHbIE AETANM Bymara, OepeBo, dapmaves, MUKpoburonorus,

TpebytoLwmx 2.TouHble npubopsl BOJTOKHO (HuTB), MUKPO3NEKTPOHWMKA, nvLiesas

cneumansHom (dpuHULWHan obpaboTka) nreHka, NoKpLITUS, NPOMBbILLSIEHHOCTb, KocMu4yeckas

TOYHOCTM 3.Mukpocxembl TKaHb, >XMBOMUCb 1 Ap. TEXHMKA, aTOMHasi MNPOMbILUIIEHHOCTb,
4.0nTnkKa onepauuoHHble,  CTepunbHas  Mea.
5.0pyrue TexXHUKa, abakTepuanbHble cpedbl 1 ap.

PVICVHOK 1. YcnoBHas cxema, 06 bACHsAOLWAaA BO3MOXHble CBA3W 3a4aHHbIX napameTpoB BO3,D,yI.IJHOl7I cpeabl C
TeXHOJIOrm4eCKnm npoueccom

|-|pl/l TEXHONI0rM4eCKoM KOHOAUUMOHUPOBaAHUN  OOJKHA ObITb onpegeneHa Ta 30Ha, rae YCTaHOBJIEHO
obopynoBaHue, Tpebyoulee aAaHHbIX NapaMeTpoB. B cnyyae ecnu Takaa 30Ha no nnowagu mana, LuenecoobpasHo
MeCTHOe KOHOMUMOHMPOBaHWME, B ocTanbHOW 4acTu noMelwleHna MOoryt noanepXxmeatbCA Apyrne napamMeTpbl C
Gonbwmnmn oTknoHeHusmMu. MNpu TovHon obpaboTke n cbopke nNepBocTeneHHa cTabunuampyemas TemnepaTypa, ans
TMrpocKonMYecknx (KanunnsipHoO-nopucTbIX) MaTepUanoB — OTHOCUTESNbHASA BIAXHOCTb, B YACTbIX TEXHOMOMMAX KpoMe
TOYHOrO NOAAEPKaHWSA NapaMeTPOB XECTKO pernameHTUpYeTCsl COAEPKaHNe aspo3onen U MUKPOdopbl B BO3AYXE U
Op. napameTpbl. B HekoTopbix OObekTax 3TU XecTkue TpeboBaHWs MOryT coBMadaTtb, Kak, Hanpuvep, B
MUKpPO3neKkTpoHuke [5]. OaHaKko npu ee aHanm3e HyXXHO Y4UTbIBaTb, YTO 3a UCTEKLWIME OBa OECATUNETMS C MOMEHTA
nybnukauum aTux MaTtepmanoB OOBEKT pasnMyeHns B MUKPOINEKTPOHUKE YMEHBLLWIICA C BEMWYMHBI OOHOrO MUKPOHa
[0 ero JecaTtbiX JOnen.

MeToabl obGecneveHunss OCOBOTOYHbIX TeMnepaTypHO-BAAXKHOCTHLIX YCMNOBUA W MNOBLILEHHOW YUCTOTHI
BO34YLLUHOMW cpeabl NogpobHO onvcaHbl B kKHure astopa [3].

Crabunusaums paBHOBECHOM BMAXHOCTU MaTepuarnoB BblgeNeHa OTAeNnbHO B CBA3W C ee ocobon
BOCTPEOOBaAHHOCTLIO C OAHOW CTOPOHbI M BOMbLWION CROXHOCTBIO — C Apyron. [locnegHee o6bsAcHseTcH
pa3Hoobpa3neM TexHONMOrnYecknx MpoLecCoB, CBA3aHHbIX C 00paboTko W XpaHeHMEeM MHOTOYUCIIEHHbIX
TUrPOCKOMUYECKMX, UHaYe KanummnsipHO-NMOpUCTbIX Ter, HanpuMep Oymaru, BOMOKHA, HWUTW, TKaHW, XONCTa, MIEHKM,
KOXW, U30ENMA MUKPOINEKTPOHMKM, a TakKe B My3esiX, apXmMBax M Ha CKrnagax Cbipbsi U npodykumu. Kak npaBuno, ato
TOHKME MaTepuarnbl, KOTOpble NO3TOMYy OCOGEHHO MoABEepXKeHbl TEeMnoBMaXHOCTHbIM Bo3fdencTeuaM. Ocobas
TOYHOCTb TpebyeTcs B nabopaTopmsix KOHTPOSA KayecTBa COOTBETCTBYHOLLMX MPON3BOACTB.
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®usmyeckn 6onee npaBunbHO GbINO Obl ONMCbHIBATL BNAXXHOCTHbIE CBOMCTBA BO34yXa BnarocogepXaHuem unu
napuuanbHbIM AaBfneHneM BoAsHbIX napoB. Ecnn ceBoncTBa ob6bekTa KOHAMLMOHUPOBAHWUS CBSA3aHbl C BNaXXHOCTbIO
ero maTtepuana, 7O AnA oBocHoBaHWs TpebGoBaHWMM K BNaXXKHOCTU OKpyXalolero Bosgyxa Heobxoaum aHanus
npoLeccoB BnaroobMeHa, NPONCXOAALLMX Ha NOBEPXHOCTU KOHTaKTa matepuana ¢ Bo3gyxoM. [MogobHein aHanus Ha
npumMmepe nogedeHuUss orpaxaaromnx KOHCTPYKUUA CTapuHHBLIX 30aHWUMA BbIMOMHAT B CTPOUTENbHOW Tennodusmnke.
OTM npoueccbl NO  U3MYECKUM  3aKOHaM  CIOXHEEe TennoBbIX W MPOUCXOAAT COBMECTHO C  HUMMW.
Mpn matemaTnyeckom onucaHumn NpoLLeccoB MaccoobmeHa gonyctma popmansHas aHanorusi ¢ TenoooMeHoM.

3aBUCUMOCTb CBOWCTB  KanummsipHo- u, Kr/Kr
NMOPUCTBIX BeLLEeCTB oT BNa)XHOCTU 1
OKpYXXaloLLLEro BO3/yxa KOMMIIEKCHO 0,7
npeactaBnseTca B BWAOE  XapaKTepHbIX 0,5 14 s
KpVBbIX paBHOBECHOW BMaXXHOCTH, ]
NPMBOAMMBIX B CMPaBOYHBLIX M3OaHusX [6]. g’g ] /_!3_———2//,%
OT Macchl HaKOMMEHHOW Briark 3aBUCST ’ P /277
MHOrMe CBOWCTBa MaTtepuanos: MPOYHOCTb, 0.1 /-;rméf —19—
KECTKOCTb, 06pLIBHOCTb, 7 —13;47‘% = 6
3MNeKTPONpoOBOAHOCTL, aaresvst U gpyrue, 5 116,154 L /1 -
KOTOpble  U3y4alT UHXEHEepbl-TEXHOMOrN. 18,17 / ] ‘é,—-—/
OnHamuyeckue XapaKTepUCTUKK 3TUX 3 Yt A .
mMaTepuanos Kak TMrPOCKOMUYECKNX 2 : A = ~H,Ax/monb
OOBLEKTOB  NpU  U3MEHEHWMM  BNAXHOCTU P 1012 -5
oKpyXarLlero  Bo3gyxa  3aBuCAT  OT 0,01 1F T+ 10
CTPYKTYpbl MaTepuana W ero mnopucTocTy, g L1 i
NAOTHOCTW, TOMWMHBI U Ap. MapameTpoB. 8| = // 3
Hanpumep, nuct ToHkom Gymarm npwu 3 < ] /’
M3MEHEHUN (g MEHHAET CBOK Maccy u 2 - L
CBOWCTBa 3HauuMTenbHO ObicTpee, 4Yem 12 \\<u /
KOXXaHasi 3aroToBKa. OnHammn4yeckme 0,001 & 10
CBOWNCTBA, onpegensemble 7 10 />(\
3KCMNepUMeHTanbHbIM nyTeMm, 5 L ™
XapaKTepuaytoTCsl MOCTOSTHHOW BpemMeHn Ty / \
NpUGNMKEHHO 3KCMOHEHLMANbHOro 3 A N\
nepexogHoro npolecca MaccoobmeHa. 2 rd \

OcHoOBHOW dmanyeckoit 0001 ,/ - 10”7
BEeNIMMMHON, ONpeaensiolen cnocobHOCTb 3 - (P’A’\
TMIrPOCKOMMYECKOrO MaTepuana MeHsiTb CBOU 0 10 20 30 40 50 60 70 80 90 100
CBOWCTBaA B 3aBUCUMMOCTU OT BM@XHOCTU
oKpyxatLiero Bosgyxa @g (%), sBnsercs PucyHok 2. KpuBble paBHOBeCHOM BriaxHocTu U (Kr/kr) n
T.H. paBHOBECHasl BNaXHOCTb MaTepuana YCPeAHEHHbIN XuMuyeckuin noteHumnan u (fx/Monb) HeKOTOPbIX
U (kr/kr). OHa nokasbiBaeT OTHOLUEHUE FMrpOCKONUYeCKUX (KanumnssipHO-NOpUCTbIX) MaTepmuarnoB nNo
Maccbl MOrfOLWEHHON WNX  BblAeneHHon AaHHbIM J1.M. HukntnHomn [6]: 1 — kanpoHOBOE BOJIOKHO;
BNarm K Macce abCOnMTHO  CyXxoro 2 — ppeBecuHa; 3 — KUpNu4 Nerku rmuHsAHbIN p=1100 Kr/m>;
MaTepuana wu npeacTaBnsgeTcs B Buae 4 — neH (npsixa); 5 — myka; 6 — neHo6eToH p=800 Kr/m>;
KpuBbIX copbunm-gecopbumm B 3aBUCUMOCTH 7 — neHbKa; 8 — nonuypeTaH; 9 — NONOTHO CTOJIOBOE;
OT @p. XapakTepHble KpuBble paBHOBecHOW 10 — pe3uHa (WwuHbI); 11 — cenukarenb; 12 — cnopga; 13 — conog;
BMaXHOCTU [And HEKOTOpbIX KanunngpHo- 14 — Tabak nucToBOM; 15 — TKaHb WepCcTAHanA; 16 — XJIONoK;
MOPUCTBIX MaTepuarnoB 3aMMCTBOBaHbl B 17 — wenk HaTypanbHbIN;
dyHOaMEeHTansHOM CcrpaBovHuKe [6] — 18 — wepcTb
CM. puc. 2.

Cpeou npeacTaBneHHbIX MaTepranoB MOXHO HaWTU pasHble No Mx ceoncteam. Hanpumep, kupnmy (nuHms 3)
MEHSIET PaBHOBECHYIO BMIAXXHOCTb MOYTM Ha ABa nopsgka, XoTs oHa octaeTcs BecbMa Manon (Uma=0,003). Takue
mMaTepuansl, kak nuctoBon Tabak (MUHWMS 14) unn neH (NMMHUA 4) MEHSAT PaBHOBECHYI BMAXHOCTb B MeEHbLUEM
AnanasoHe, ogHaKoO 3Ta BenuumHa okasbiBaetcsa 6onbwon (Unw=0,2 — 0,3). MNMogobHble 3aBUCUMMOCTU UCMONb3YIOT
ONs BblOOpa OTHOCUTENbLHOW BMNAXXHOCTU BO34yXa U ee [OMNyCTUMOro U3MEHEHWUS B KOHKPETHOM TEXHONOrMYECKOM
npotecce (cM. fanee puc. 4).

BbilensnoxeHHoOe OTHIOOb HE UCKIIOYAET M ApYyroe 00bACHEHUE 3aBUCUMOCTM TEXHOMNOMMYECKUX NPOLLECCOB OT
BnaxHoctn Bo3gyxa (no KO.H. XomyTeukomy). MOCTOAHCTBO ¢g MPOCTO O3HA4YaeT ONpefdeneHHyl B3auMOCBS3b
npupaweHun Atg n Adg (puc. 3). iHaye — npoLiecc 3aBUCUT OQHOBPEMEHHO OT tz U dg, HO TaK, YTO €CNK BblAEPXKNBaTb
UX NpupaLLleHnss B ONpedeneHHoW B3aMMOCBA3M, TO BNaXHOCTb OyAeT MOCTOSIHHA, @ TEXHOJOMMYEeCcKU npoLlecc —
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UMeTb MUHMMYM noTepb. Hanpumep, ecnn Tpebyetcs TO4HO cTabunusmpoBaTtb @p=50% npu TemnepaType OKOso
tg=20°+2°C, TO 9TO 3HAYUT, YTO JOMYCTUMbIE OTKITOHEHUS tg N dg CBA3AHbLI COOTHOLLEHNEM Atg/Adg~2°C/(r/kr).

XapakTepHblii NMpUMep 3aBUCUMOCTM MPOYHOCTHBLIX CBOMCTB (M3onepM) Bymarm kak obbekta AnvMTerbHOro
XpaHeHusi (poHabl, apxmBebl) [8] OT TeMnepaTypbl U BIaXHOCTM BO3ayXa, N OOHOBPEMEHHO HUTU B TEXHOMOTMYECKOM
npoLecce NpsiAeHus XIonka no gaHHeIM [9] nokasaHbl Ha t-¢ guarpamme puc. 4.

t,i“ ! 50—
35 g §/§97\° o§\°/6°\° b\é 45 i 4‘\]& %\/ /// // I
sl LAt NS A
o || L Tke ] TN '
ZE/, 2 NV
5 | 7 70 AN
/) A3
20 / 25 \ia =3 Y
" 100 (n3onepmbl) ;./L j
10 / /, ‘ d, f"‘,i 5 \\:/”-. Y =
o /2/ 74 6 8 10 12 14 16 0 20 40

PucyHok 3. N'pachnyeckoe npencraBreHue o
cTabunusaumm oTHOCUTENbLHOMN BIAXHOCTU Bo3ayxa B
nomeweHnn @z=50% ANS U3roToBrIeHUs U XpaHeHUs
FMrpoOCKONMUYEeCKUX (KanunnsipHO-NOPUCTbIX) Ten, KakK

AOMYyCTUMOCTb B3aUMOCBS3aHHOIO U3MEHEHUA
TeMnepaTtypbl 1 BnarocogepxaHuA Bo3ayxa nNpu ycrioBumn
CBAtB/inAdB ~1.6/2,5-3,8=0,63. anI APYromMm 3Ha4eHuun @g
Wnu B APYromM MHTepBane temnepartyp 3TO OTHOLWeHue
MeHsieTcA. JIMHUA NoCTOAHHOM 3HTaNbLNUK iz=const no
YCNOBUIO CpAtg=-ipAdg NOYTU HOPpMasibHa K U3OJTMHUM @5,
[Ons cpaBHeHUA 34eCh XXe HaHeCeHbI T.H. U30NepMbl
(MMHMM NOCTOSAAHHOW AONTOBEYHOCTU Gymaru) No AaHHbIM
Bubnuotekn Konrpecca CLUA [7] n nMHUM NOCTOAAHHBbIX
BRarocogepxaHuun (paBHOBeCHOW BriaxHoctu) U
KanunnspHoO-NnopucTbIX MaTtepuanosB, NoslyYeHHbIe Ha
OCHOBaHWM aHanu3a ux n3oTepm copbuumn-gecopbumm [6]

PucyHok 4. Alnarpamma t-¢ BnaxHoro Bo3ayxa c

HaHeceHueM nsonepm (0,02...1000) — M3onMUHUA

paBHOW NPOYHOCTM ([ONroBe4HOCTH) Bymaru n
pekoMmeHayeMbIix napameTtpoB (AB, CD) gns

NpsAeHUs B XONOAHbIA U TeNNnbIW Nepuoa roaa
npu oNnTUManbLHOM PaBHOBECHOM BNaXXHOCTHN

xnonka Uyym=7 — 8% 1 AONYCTUMOM OTKINMOHEHUU

AU=1,5%

M3 3Tux gaHHbIX crnegyeT, YTO M30MepMbl CIIOXHbIM ODpa3oM 3aBUCAT OT cCoyeTaHus tg U @g, MpU 3TOM C
NOHMXeHMEeM TemnepaTypbl Bo3ayxa oT 42°C go 5°C npoyHocTb Gymaru Bospactaet ot 0,02 go 1000, T.e. Ha NATb

nopsgkos (!).

CneumanbHble CUCTEMbI TEXHONOMMYECKOro KOHOMUMOHMPOBaHUA BO3ayXa And 00bekToB, rae 3agaHa Bbicokas
TOYHOCTb nojgaepXaHua TemMnepaTtypbl U (VIJ']I/I) OTHOCUTENbHON BMaXHOCTU, a TaKKe AONsi YMCTbIX TEXHOMNOrUMN

onucansl B . 2. [3].

PaCCMOTpVIM fganee Marematnyeckne 3aBMCUMMOCTU, Ha OCHOBE KOTOPbIX MOXHO OLEeHUTb CTaTun4eckoe u

aMnnUTygHOE W3MEHEHMe TOro WM MHOro napaMeTpa. 3aKOH M3MEHEHUS Kak TMOHSATWE UCMOoNb3ylT npu
ynopsigoYeHHoM (MepuoanyeckoM) M3MEHEHUM BCEN Harpysku, ee OTAENbHOW COCTaBMsIOWEN WM KOHKPETHOro
napameTpa. MNpu no6oit hopme NeproanyecKkoin KpMBON NPUMEHSIIOT TapMOHUYECKUI aHanu3, 3aMeHsIst 3Ty KpUBYIO

CPEAHNM 3HaYeHnem Qg, (HyNeBOW rapMOHMKOM) W HECKOMBbKAMU rapMoHUKamu ¢ amnimutyfamu A, , nepuopamm

n3meHeHns 7,/k n HavyanbHbIMK (*)GSEMI/I 7o.x B COOTBETCTBMU C YpaBHEHUNEM!

Q(r)zQCp+Zk:AQk COS[Zﬂk(r—rolk)/z’J. (1)
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Yem Onmxe doopma kpuon Q(7) K cMHycouae, TEM MEHbLUMM YUCITIOM FrapMOHMK MOXHO OnMcaTb 3Ty OYHKLMIO.
lMpn paBeHcTBe MONMynepuogoB Ans 4YeTHoW yHKUMKM, korga Q(-x)=Q(+X), LIEHTPUPOBaAHHOW OTHOCUTESBHO
maTtematumyeckoro oxugaHusa M(Q) npu x=0 B pasnoxeHun (1) ocTalTca TONbKO HeYeTHble rapMOHUKM (nepBas,
TpeTbs, NATas U T.4. — CM. puc. 5).

J

Q
PucyHok 5. N'padmk cTyneH4YaTo naMmeHsowencs
nepuoanYecKkon Harpy3ku unm otaenbLHoOu
Q COCTaBnAKOLWEN U onpeaesieHMe aMnNIuTyA NepBbIX
- > rapMOHMK pa3fioXXeHusi Takon KpuBon B psag Pypbe
I —
0 Ty 2y 3n4n T TN T NPV NPOM3BONILHOM COOTHOLLEHMW NONYNePUoAoB
/o Q,Q) BKITHOYEHUNA-BbIKITIOYEHUA:
6) 0:7 A K/(Q Q ) pr 2 2T(fm = Tsm /(Tsm + Teblm) = 01
0,6 Q 271 = l a — rpadomMk nepmMoanYecKoro U3MeHeHUs TENJI0BON
05 ,/ \V Aq/(Qy-Q) Harpys3ku Npuv paBHbIX Nonynepuoaax;
’ / \‘ 6 — TO e, NPU HepaBHbLIX Nonynepnoaax;
04 / Q) i 8 — rpachmk aMmnNnNUTyA OCHOBHbIX FAPMOHMK
03 ?A 2Q L A pa3noXxeHus cTyneH4YaTon nepuoauyeckon pyHkuum
02 \Q/L_E_' W Ao/ Qr Q) npu NPon3BONIbHOM COOTHOLLEHUM NONyNnepuoaoB 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 rapMOHWYECKUWA psi CTyNeH4yaTo BKNoYaemMon MolHocTM Qo—Q1=50 kBT npwu
OTHOCWUTENBHOM BPEMEHM BKIMIOYEHUS ?W = 0,8 onpenenuts no puc. 5, B aMNANTyabl FAPMOHIK PA3NOXEHNS MOLLIHOCTM.

Mpwn OTHOCUTENBbHOM BPEMEHMU BKMOYEHMUS MOLLHOCTM T, = 0,8, AQ=0,8(Q2-Q1)=0,8-50=40 kBT,
A, =0,38(Q,-Q,)=0,38-50=19 kB, A, =0,30(Q,-Q,)=0,30-50=15 kBr, A, =0,20(Q,-Q,)=0,20-50=10
kBT, Ay, =0,10(Q,-Q,)=0,10-50="5 «Br.

nepI/IOﬂ,I/I‘-IHOCTb N3MEHEHNA Harpy3kun unu OTAENbHOW ee CoCcTaBnsoWen — 3T0 CrneacTene nepunoan4eckoro
Xapakrtepa BO34ENCTBUIA BHELLHEN cpeabl UM TexXHOJTIorm4ecKkoro npotecca. Harlpl/lmep, CYTO4YHYHO NepunognyHOCTb
MMeeT COoJiHe4YHaa pagunauna npu 6e3obnayHom HebocBoae, CyTO‘-IHbIIZ Xo4 TemMmnepaTtypbl HapyXHOro BO34yxXa

npouncxognT I'IpI/I6ﬂVI)KeHHO rapmMoHM4YeCKn C aMHﬂMTy,D,OVI AH, nepunoanyHa pa60Ta €ONHNYHOro 060pyﬂ,OBaHMH,

CTaHKOB, ABUraTenemn, oCBETUTENbHbIX I'IpVIGOpOB, neyven, Cywinn, CBapO4HbIX NOCTOB U T.4. CTpOFaﬂ nepnoan4HoOCTb,
T.€. NOCTOAHCTBO MOJ1ynepnogoB BKITHOYEHUA-BbIKITHOYEHUA, HE ABIAETCA obsi3aTenbHbIM ycnosuemMm A4 aHanuaa,
MOXHO y4YNTbIBaTb AMana3oH 3TUX nojiynepnogoB N yCpeOHATb ero.

[ns kaxgon KpnBom NeEpUoANYEecKoro M3MeHeHUa Harpy3ok NpoBoAAT rapMOHMYECKUIA aHanus, Ans CONHEeYHon
pagvaumm B pacyeTHble NMEeTHWE CYTKM OH onmcaH B ctaTebe [10], Ans nepuogmnyeckon CTyneH4YaTo-u3MeHsLWencs
Harpy3kuM NpvBegeH Ha puc. 5, a Ans SKCNoOHeHUManbHoON nepunogudeckon oyHkuMM — cM. ganee puc. 7 n tabn. 2.
O6blvHO Harpy3kam (TennoBoOW, BaXHOCTHOW) MPUNUCBLIBAOT MOCTOSHCTBO 3HAYeHUn WAM  nepuoguyveckoe
N3MEeHEeHMe B pacyeTHbIe 3UMHWNE U NTIETHUE CYTKN.

"apmoHuyeckul aHanu3 bespasmepHou rnepuodudeckol rnpubruxeHHo-
3KCIMOHeHyuanbHoU yHKuuU

Teopusi U OMbIT yKa3bIBAIOT, YTO B CUIY MHEPLMOHHOCTY Mpouecca nepegaya TensoThl, Brari, BpegHocTH, B
npoLeccax nepemMellnBaHna 1 Ap. U3MeHeHne napameTpoB Bo3dyxa GNM3Ko K aKCMoHeHUMansHoMy. BbINnomHEeHHbI
Ans 3TOro criyyasi rapMoHMYeckuii aHanu3a [11] no3eonsieT NpeAcTaBUTb TEMSIOBYO Harpy3ky CpedHUM 3Ha4YeHVeM U
HECKONbKMMW TapMOHMKaMU ee u3MeHeHusl. Ha Bbixoge W3 KOHAMUMOHEpa Tekyllee W3MeHeHue napameTpa
(Hanpumep, TemnepaTypbl BO3dyxa) MOXHO 3anucatb B Buae OECKOHEYHOro psiga, B KOTOPOM C AOMYyCTUMONA
TOYHOCTbIO JOCTATOYHO YYECTb HECKOMbKO MEPBbIX rAapMOHMK:

e (T) =1, +Z:Ati cos(a.z + &,). )
i=1
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AHanorM4YHo MOXHO MpPEeACTaBUTb NepUoanyeckoe U3MeHeHUe TemnepaTypbl B MOMELLEeHMU WKW Yy OaTyuka
PeuMpKYSILMOHHOTO BO3AyXa:

ty(r)=t,,, + i 4, cos(m7 +& +Ag). 3)
i1

[Ona onpegeneHns MCKOMbIX amnnUTy4 MepBbIX TPEX rapMOHWK pasnoxeHus B psag Pypbe BOCMONb3yemcs
rpacpoaHanuTudeckum metogom [11]. [Ana 3Toro KpuBble M3MEHEHMSI MapaMeTpoB BO BpeMeHu (puc. 6) no Toykam
HaHOCAT Ha wabnoH (puc. 7). Mo Hemy 3a Bpems nepuopa tr=r1+7, ONPEAENsAT napamMeTpbl (OTHOCUTENbHbIE
BeNMUuHbl) b=7/(r+1), f1=Tu/bz n £=Tu/(1-b) 7, Aanee no cneumanbHon Tabnuue 2 [11] HAaXO4AT OTHOCUTENbHbIE
aMnnuTyabl rapMoHuk (B gonsix oT obuiero nameHeHust napametpa). COOTHOLLEHVME amMnnuUTyd MEPBOW, BTOPON U
TpeTbeN rapMOHWK XapakTepu3yeT 3aTyxaHue konebaHui Ha Tpex 4vactoTax (4acTb T.H. amMnianTyaHO-4acTOTHOW
XapaKTepUCTUKN).

| 6T
At n oxnaxpgeHue T,
w|t°C At,, AL 1.0 e o W 0
3 .. max L —1=
LS ____%:-__’:: _&l/// pd //7// i
tam \ o é:_ '\/ Va /// // 1
T ® \ S s |
T © b4
9 ] Q| 72{,’5‘1’ P i
0 %\ B(‘c) 015 / ﬁ;/// /og i 015
u:l / L /// / 1B
(]
1 " iy |
il : 1 |
o5 {
BT S S T NI T POCTIIN . 8 =
- 0 HarpesaHve 1
T, T, T, —_—
PucyHok 6. Uccnepgyemble (TunoBbIe) PucyHok 7. LLlabnoH ana npubnuxeHHOro onpeaeneHus
KPUBbIE LUKITMYECKOro U3MEHEeHMUA OTHOLUEHNA NOCTOSIHHOW BPEMEHU IKCMOHEeHUUanbHOro
TemnepaTtypbl U BNnarocoaepkaHus Bo3gyxa nepexoaHoOro npouecca NOBbIWEHUSA UMW MOHUXEHUS
nocne KoHAMUWoHepa (nputoyHoro M) n TeMnepaTtypbl K COOTBETCTBYHOLIEMY Noslyrnepuoay uukna
pPeunpKynALMOHHOro Bo3ayxa Bi=Tu/b 7, — ANA noBbIWeHNA napameTpa, S=Ty/(1-b) 5, — anA
(B nomelueHuun B) NOHMXeHus napameTpa. Knroy: Ansa HaHECEHHbIX ONbITHLIX

Toyek nonynepuoga HarpeBa S,=Ty/b 7,20,5

Mpy M3MeHeHN COOTHOLLIEHUS Nornynepuoaos konebaHus Temnepartypbl n3aMeHsieTcs cpeaHee (Atg gp) X0TA Obl
Ha [Oonu rpagyca, YTO eCTECTBEHHO «OLLYLIAEeT» MPeun3noHHbIN 0ObEeKT KOHAMLMOHMPOBaHUA (oeTanb, usgenve),
NOTOMYy YTO 3TO CTauMOHapHoe OTKMNoHeHue. Hanpumep, ecnu tgmax-temin=5°C, a BenuumHa b=0,40 nameHntca Oo

3HadeHus b=0,50, a S 1 S, ocTaHyTCAa Temu xe (CM. KN K Tabnuue), To AO = Atcp namenutca ot 0,509 go 0,520,

yto B abconoTHoMm Buae Bynet pasHoO: Atg,=(0,52-0,509)-5=0,05°C, 4TO COM3MEPUMO CO CTATUHECKOW TOYHOCTbIO
cTabunusaummn TemnepaTtypbl AN NPELM3NOHHON AeTarnu.

Tabnuya 2. Tabnuya MaHmMuUcc OMHOCUMEJSIbHbLIX amMnumyO0 Hyseeol U fnepebiX mpex 2apMOHUK
passioeHUss nNepuolUYECKUX MPUGIUXEHHO-3KCMOHeHYUallbHbIX KPUBbLIX U3MEHEeHUsl aHa/lu3upyemMo20
napamvempa e psid dypbe

HyneBaﬂ rapMoHUKa MepBas rapMoHUuKa
P
b B 0,05 | 0,20 | 0,40 | 0,60 | 1,0 2,0 0,05 | 0,20 | 0,40 | 0,60 | 1,0 2,0
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
0,50 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
BTopas rapMoHuka TpeTbss rapMOHUKa
b 5 %1 0,05 | 020 | 040 | 060 |10 |20 |005|020 04006010 |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 | 077
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 |0 052 | 110 | 121 | 132 | 141 | 074 | 068 | 058 | 035 | 035
0,40 085 | 052 |0 063 | 082 | 095 |117 | 080 | 059 | 054 | 044 | 016
050 0,60 132 | 110 | 063 | 0 021 | 034 | 116 | 090 | 083 | 073 | 052 | 020
1,0 139 | 121 | 081 | 021 |O 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
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Kntou: Ecnu TemnepaTtypa npuTOYHOTO BO3Ayxa W3MeHsieTcs Ha At=Qpou/LnppeCs=5°C, OTHOCWTEMbLHBLIN MOMynepunoa
HarpeBa cocTaensieT b=0,40 (OT BpeMeHU uukna), OTHOLLIEHMS NMOCTOSIHHOW BPEeMEHM K Morynepuoay MnoBblleHUs TemnepaTyphl

/1=0,20, noHWkeHWs TemnepaTypsl /%=0,40, TOo A [ At =0,509; A, -At=0,509-5=2,55C; A /At =0,492;
A =0,492.5=2,46'C; A /At=0,89; A =0,089-5=0,45C; A /At=0,067; A =0,067-5=0,33C. Ans

NPOMEXYTOYHbIX 3HayeHun b, Pn o nnx coyeTaHun NpuMeHaAeTCA MHTepnonauna gaHHbIX Mexay coceHUMU 3Ha4YeHUAMN.

bonee obwul cry4al 2apMOHUYECKO20 aHasu3a

Ha npakTuke akcnepumeHTarnbHble KpuBble (HanpuMep Ha puc.8,6 No pesynbTaTtam UCMbITaHUst MPELM3NOHHBIX
CKB) [12] yacTo He HanNOMWHAKT CTPOro 3KCMOHEHTbLI, a NMEKT Bonee CrnoXHy opMy KpMBOK. NokaxeM, K KakoMy
pasnuunio MaTeMaTUYECKOro onUcaH1sl NPUBOAMUT NPEACTABEHNE X CUHYCOMAON UM CYMMOW rapMOHMK.

a
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—
i 0|/1// Tz
08 |42 —‘Q':\/ﬁ /'.5 7/ T
/7/ Q?z\'// //
WINV/ VA AV I
VL x| e T )
A 1
04 / VJ// / '-—"tiaj; I
! / // 23
/ 1 /’ \
0,2 774 22 V‘ ’, E: _:_“"\‘
o X o
0 02 04 N e
o~ N - .
19
18
Tr
170 60 120 M

PucyHok 8. LLlabnoH Ans rapMOHMYeCKOro aHanm3a nepMoAnYeckUX KpMBbIX C HaHeceHWem nuumn t,, wn t,

3a nonynepuop NoBbIWEHUsA TeMnepaTypbl (&) U ONbITHbIE KPUBbIE U3MEHEHUsA TeMmnepaTypbl Bo3ayxa no
Mepe ABUXKEHUs1 ero B «pybaluke» (6), OKpyxalLen y4acToK C NPeLn3MOHHbIM NoanepKaHMeM TeMneparypbl
(£0,05°C) no paHHbIM Hanagku MU NMNB (H.J1. Beapukoseukun, M. X. F’ummens6epr, B.B. lloBuos [12];
nocnegHun — aBTop MoHorpacdum [13]

[NoscHum MEeTOAMKY pacyeTa Temnepatyp npu N3MeHsIoLLEeNCs nepwop,mquKon TENNoBOW Harpyske
nomMeLwleHnAa npuMmepomMm.

Mpumep 2. Mpu 3amepax TemnepaTyp BO3dyxa «B pyballKke», OKpYKatoLeil YHacToK WMGOBKA 1 UCTIbITAHNS OMTUHECKNX
YCTPOWCTB, 06cnyxvMBaemMblil NpeLnavoHHon CKB, nonyyeHbl pe3ynbTaThl U3MEHeHUs thp(t) B pa3HbIX TOUYkax 3a LMKI kornebaHus ¢

nepvogom t,=1,5 4. 3T AaHHbIe NpeacTaBneHbl Ha puc. 8, 6. JIuHum 4 n 5 onncaHbl CPEAHVMU 3HAYEHMSMU N MaKCMManbHbIMU
OTKMOHEHVAMU CrieayloWmUmM 0BpasoMm: '[np4 =20,98+1,68°cC, '[np5 =18,89+1,20°C. 3anucaHHble 30eCb OTKIOHEHUS
aMnNnUTyAammn HasbiBaTb HEYMECTHO, T.K. MOCneAHMe OTHOCHATCA K YMCTO rapMOHMYECcKon (CUHycomaarnbHON) KPUBOW M3MEHEHUS

tg(t). OueHUTb, Kakne aMNNUTYAbl MOXET UMETb NepBasi, BTOpas U TPETbS rapMOHWKN pa3noxXeHns yHKUUnA '[np4 (Z’) " '[np5 (T) B

paa CDypbe N CpaBHUTb aMnnntyay A C YKasaHHbIMU OTKIOHEHUAMM OT cpegHeapudMeTNYECKOro (a He OoT cpe,u,Hero).
npL

CpaBHUTb cpefHee 3HayeHWe W cpefHeapuMeTMyeckoe, a pasHuLy CpPaBHUTb C AOMYCTUMbIM OTKIIOHEHWEM TemnepaTypbl
BO34yxa Ha yyacTke: Atg non=10,05°C.
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MepBoHa4anbHO HaHOCUM MO TOYKAM KpUBbIE MOBLILIEHUS TeMnepaTypsbl tnp4 (r) w tnp5 () , npeasaputensHo BBEAS

oTHocuTenbHoe BpeMs t/bt, (B AaHHOM criyvae nomnynepuogbl UsMeHeHust TemnepaTyp npaktnyecku pasHbl 1 b=0,50). MameHeHne

Temneparyp npeacrasneHo B Buae At(t)/Atyr, roe Atyer €CTb YOBOEHHOE OTKIOHeHue (2Atnp), yKazaHHOe B YCNoBuM npumMepa.

Takmm >xe 06pa3oM HaHOCAT TOYKM B NOMyNepuos NOHWKeHUs TemnepaTypbl. [pubnuxeHHO annpokcMUpys NO NMOLWaan KpuBble

tnp " tnp , He coBnagawwpe ¢ NUHUAMW 3KCMOHEHT, Haxoaum no rpadwuky puc. 9 u Tabnuue 2 MHTepecyloLwmne BenuyrHbI
4 5

(ToyHee ux maHTUCChI):

Ans kpueowt 4: b=0,50; B1=0,15; p=2,0; A /At =0,613, A /At =0442, A [At, =0132, A [At, =0,035; npu
Atnm = 21,68 =3,36°C BbluMCIIIEM UCKOMbIE aMMNUTYAbLI HYNEBO (CPeaAHee) 1 NepBbIX TPeX rapMOHUK Pa3NOXEeHUs, CPEaHSS
tnp4(0p)

MUHUMArbHOIT), 0COBEHHO €CAM CPABHUTL C IOMYCTUMBIM OTKMOHEHMEM TemnepaTypbl Bo3ayxa Ha yuacTke (1 0,05°C), To noutw

Ha NopsaoK; Al =0,442-3,36 =1,49°C, Az =0,132-3,36=0,44°C; As =0,035-3,36 =0,12°C.

=19,33+0,613-3,36=21,39°C, 4TO 3HauuUTenbHo (~ Ha 0,4 0C) oTnun4aeTcsa OT cpeaHeapnMeTU4eckon (M3 MakcuMansHoOn n

Ons kpueoit 5: b=0,50; Bi=1,0; =2,0; A /At =052, A /At =0415 A /At =0009, A /At =0014; npu

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

tnp4(cp)
(otnunuaetca Ha 0,05°C), Al =0,415-2,4 =1,0°C, octanbHble aMnauTyALI BTOPOIA, TpeTbeil U Tem Gonee BbICLLMX FapMOHUK He
BblYMCIieM B cuny manoctu. [py oueHKe 3Ha4YeHUn amnnuTyd AOCTaTOMHO Mpexae BCero NpuHMMaTb BO BHUMaHue NepBylo

(oCHOBHY0), MOTOMY YTO OHa Hamnbonbluas, a 3aTtyxaHne KonebaHuin Ha OCHOBHOW YacToTe (B AaHHOM cryyae w1=2m/t,=271/1,5=4,2
pag/yv) — HaMMeHbLLEee MO CpaBHEHUIO ¢ Bornee BbICOKMMM YacToTamn. CpaBHUBAs yKkaszaHHble aBTopamMu TemnepaTypbl At,=1,68°C,

Ats=1,20°C ¢ amMnnuTygamum OCHOBHbIX FapMOHMK A4 =1,49°C, AS =1,0°C, genaem BbiBog 00 WX YOOBNETBOPUTESIBHOM

coBnageHun. [Ona npeumsnoHHbix CKB 6Gonbluee 3HayeHWe uMeeT «apend» cpegHero npu nepeMeHHOM COOTHOLLEHUU
nonynepuogos (b) n otTnnune cpegHeapndmMeTUHECKON U UCTUHHOW cpeaHeln TemnepaTyp.

BbiBoa. lMpegnaraembin rapMOHUYECKMI aHanmu3 3KCMOHEHT MNepuoguyeckoro MOBbIWEHUA U MOHMKEHUS
napameTpoB SIBNSAETCA AOCTATOYHO OOLIMM CrnyyYaem aHanusa, NPUMMEHMMbIM OS5 OLEHKM KornebaHui M TOYHOCTU
noagepXXaHnsa Tex WM WHbIX NapamMeTpoB COCTOSHMA BO3AYLWHOW cpenpbl, npexne BCero B MNPELM3MOHHbBIX
TexHonornyecknx CKB.
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Abstract

Various industrial processes usually take place in the air and they require different parameters of air quality and

accuracy of its maintenance.

In present there are no rigorous analytical methods for reliable determination the actual accuracy of

maintenance of air quality parameters on condition that they change orderly or stochastically. The harmonic analysis
of exponents of periodical increase and decrease of parameters is proposed. It can be used for the estimation of
fluctuations and precision of maintenance of various air quality parameters, first of all, in precision technological V and
AC systems.

Suggested method of temperature calculation under changing periodical heat load at the premises is illustrated

by the example of high-precision V and AC system operating the area of grinding and test of optical devices.
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