Maea 6. AHann3 crekTpos

6.1. NpeaBapurTesibHble 3aMe4YaHUs

PaccmaTtpuBaBwivecs B Mpeabiaywinx rnasax 3aBMCUMOCTU
TeMnepaTtypbl OT BPEMEHU NPEACcTaBNAOT COOON BPEMEHHbIE PA-
Obl (OUCKPETHbIM MOMEHTaM BPEMEHU CTaBATCA B COOTBETCTBME
3HadyeHna Temnepatypbl) [10]. Hambonee nonHyio MHPOPMaUUIO
00 OTONMUTENBHON CUCTEME OAET U3ydYeHMe NHAMBUAYaNbHbIX Yac-
TOTHbIX KOMMOHEHT MOJly4aeMbIX BPEMEHHbIX paaoB. B noeanbHO
OTPEryIMpPOBaHHON OTOMUTENBLHOWM CUCTEME CMEeKTP KonebaHuin
TeMneparypbl paganartopoB OTOMEHUS OO0J/IXKEH COOTBETCTBOBATb
cnekTpy KonebaHmin TemnepaTypbl nogatowen Tpybbl. Ecnu atoro
He HabnaaeTcs, 3Ha4UT, B CUCTEME MMEIOTCS BO3AYLUHbIE MPOO-
KW, Y4aCTKM C MMOBbILUEHHbIM TMOPABINYECKM COMPOTUBIIEHNEM
NN apyrme OTKIIOHEHUS OT HOPMbI. [Nns BbIMOMHEHUS CrieKTpaib-
HOro aHann3a HeoOXoaAMMO: BO-NEPBbLIX, HANTU CMEKTPbl MOLLHOC-
TWU OTAEJIbHbIX BPEMEHHbIX PALO0B, COOTBETCTBYIOLLMX NU3MEPEHUSIM
TemMnepaTypbl HAPY>XHOrO BO3ayxa, Nodalouero u obpaTtHoro Tpy-
OonpoBOOOB, pPaanaTOpPOB OTOMMEHUS; BO-BTOPbLIX, OMPEeaenuTb
CBA3b MeXay CrnekTtpamMy MOLLHOCTU OBYX BPEMEHHbIX PSOoB, Ha-
npuMep, CBA3b MeXay cnekTtpamMmun KonebanHun TemMnepaTtypbl
nogatwowen Tpybbl n pagnatopa oTtonneHmd. Beegem matematm-
yeckme BeNUYMHbI, HeobxoauMble ON9 BbINOAHEHUS aHanM3a.
Myctb X(t), t =0, £1,... - nENCTBUTENbHbI BPEMEHHOW PSR, CO
cpenHVM 3Ha4YeHUEM

EX(t) = c,
M KOBapuaunMoHHON pyHKUMEN
cov {X(t+u), X()} = E{[X(t+u) - ¢, [ X(t) = ¢, ]} = c, ().

[Mockonbky paccmaTpuBaeMble psgbl ABNSIOTCS pagaMu Co
cnabonm “namartblo”, TO ONg KOBapUaLWMOHHON (PYHKLIMM BbIMOHSA-
€TCH HEepPaBEHCTBO

30, (W) < oo

U= —oc0o
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Torpa cnekTpom mMouwHocTu paga X(t), t = 0, £1,... aBngerca npe-
obpazoBaHue Pypbe

f(@)=(20)" T exp(cio )y (U), —eo<m<o.

CnekTp MOLWHOCTM psgga sBASETCS HeoTpuuaTesbHOW YETHOM
dyHKUMEn w ¢ nepnoaom 2n. VI3 4eTHOCTU U NeEPUOANYHOCTIU Che-
AyeT, 4TO B KayecTBe OCHOBHOMW obnactu onpenenenvsa f(m)
MOXHO B34Tb 0Tpe3oK [0, w]. B cBa3u ¢ Tem, yto f(w) ecTb orpa-
HUYEeHHad pPaBHOMEPHO HenpepbiBHAsA QyHKUMA, 019 KOoBapwua-
LMOHHOM pyHKUMKN cnpaBenimeo BbipaxeHue [10]:

Co(U) = [exp (iacu) f, (o) dor, u=0,%1,..

B yacTtHOM cnyyae u=0 nony4yMm BblpaxeHue ansa amcnepcun psaa
X(t)

DX(t) = _Tffxx(oc) do. .

[Mockonbky cnekTp mowHoctn psaga f.(w) onpegeneH ong

BCcex -°° < m < °° , ANI YNCJIEHHOr0 aHann3a cuUTyaumm Heobxoam-
MO BbISICHUTb, MO CKOJIbKMM FapMOHMKaM Npou3BOAUTb CYMMUPO-
BaHMe. OTBET Ha 3TOT BOMNPOC AaeT BblYUC/IEHWE CHeKTpasibHOMN
Mepbl

Foc (0) = [T (@) dot. (6.1)
0

Ha puc. 6.1 mnzobpaxeHbl ¢yHKkunmn F  (®), npmBeneHHble K
MOJIHOWM MOLLIHOCTK cnekTpa. Ha aTnx rpadpukax opamHaTa Kaxxaomn
NOCNenyoWen TOYKM paBHa CyMMe opauvHaT BCex npenblayLimx
TOYeK, OENEeHHOM Ha CyMMY OpAMHaT BCEX KOMIMOHEHT CrnekTpa.
CyTb 3Tnx GYHKUMA B TOM, YTO OHM NOKa3bIBAOT, B KAKOM 4uCne
rapMOHNK COCPEOOTOYEHA OCHOBHasi MOLWWHOCTb konebaHun Tem-
neparypbl. B ganbHenwem rapMoHuKn, B KOTOPbIX COCPEOOTOYEHO
9/10 mMowWwHOCTM TemnepaTypHbix konebdaHun, Oyaem Ha3biBaTb
OENCTBEHHbIMU. M3 pucyHKa BMOHO, YTO OEBATb OECHATbIX MOLL-
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HOCTU KOonebaHun TemnepaTypbl HAPYXXHOro BO34yxa (3aBUCU-
MOCTb 1) cocpenoTtoyeHo B nepBbix 14 rapmoHukax. 3aberad

YacTtoTta, Iy,

Puc.6.1. lMpuBeneHHass crnekrTpasibHas Mepa Aa/as KosiebaresbHbIX
npoueccoB: 1 - Temneparypbl HAPY)XHOIro Bo3gyxa; 2 - remneparypbl
nogarowyeri Tpyobbl OTPEryiMpoBaHHOW CUCTEeMbl OTOMJIeHUs; 3 - TeM-
nepartypbl nogaroLyen TpyObl pa3peryinpoBaHHONW CUCTEeMbl OTOIJle-
HuUS.

Brepen, cnegyetr OTMEeTUTb, UYTO, XOTH UCCNEeOOBaHUA Pa3/INyHbIX
0O0BLEKTOB NPOUCXOOUNN B Pa3HOE BpeMs, 3TO 3HadeHue - 14 pen-
CTBEHHbIX FAPMOHUK ONA crekTpa KonebaHun Temnepartypbl Ha-
PY>XHOr0 BO34yXa - COXPaHANOCb HEU3MEHHbIM. WckniouyeHne co-
CTaBUN ABYXHeOENbHbIN nepuon B Havane aHeapsa 2001r., koroa
NPOM3BOAVMINCL UCCNeaoBaHMa obbekTa 5. 34ecb YMCNO OeNCT-
BEHHbIX FrAPMOHMK HE NpeBbiLLano 6.

Ecnun otonutenbHaa cuctema XOopoLwlo OTPeryanMpoBaHa, TO
YMUCNO OEWNCTBEHHbIX FAPMOHUK B CNEKTPE ee TemMnepaTypHbIX KO-
nebaHnn He OO0/MKHO MNPEBbILATb TAaKOBOE B CNEKTPe KonebaHui
TemnepaTtypbl HApPYy>XHOro Bo3ayxa. Kpome TOro, ato 4ucno Aon-
>XHO ObITb NPUMEPHO OAMHAKOBbLIM A1 BCEX Y4aCTKOB TaKOW CUC-
TEMbI.

KoadppuumeHT koppensaunmn (5.6) B NPUMMEHEHUN K CNeKTpam
TeMnepaTtypHbiXx KonebaHuin onpenensier COOTBETCTBUE CheKT-
pasibHbIX COCTABOB MOPOXAAKLWEro n aoyepHero npoueccoB. OH
ONM30K K eanHuNLE, eCn OTHOLLIEHME aMMINTY O, COOTBETCTBYIOLLUX
rapMOHUK OBYX MPOLECCOB COXPAHAETCA NPUMEPHO MOCTOAHHbLIM.
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Mpn aTOoM abconioTHaa BeMYMHA OAHHOIMO OTHOLWWEHUSA KOApdu-
LLMEHTOM KOppendaummn He oTpaxaeTtcs. [ocnegHuin xapakrepusyer
BOCMNPUNMYMBOCTbL U YCTOMYMBOCTbL CUCTEMbI K PEerynmpyroLlemy
Bo3aencTeuio. B yactHoctn, R ~ 1 cBmaetenbCcTtByeT 00 OTCYTCT-
BUM BO34YLUHbIX MPOOOK 1 TOMY NOA0OHbLIX aHOManun. HoO OH Hu-
KaK He OoTpaxaeT Ternosble notepu B cucreme. Mexay tem, Bax-
HO YMETb OLIEHUTb, Kakasd OoNnsd konebaHuii nopoxaarowero npo-
LLecca nepenaetcs go4epHemy. Takor napameTp, CBSA3bIBAOLLUN
NHTErpasbHble MOLWLHOCTM KonebaHun TemnepaTypbl OBYX MpO-
LLeccoB, Jerko nonyuntb. Kak cnenyert m3 npegbioyulen rnassbl,
CBA3b MeXAay MopoXAalLWyM 1 O0YEPHUM MPOLLEeCcCaMn MOXET
ObITb aNNPOKCUMMPOBAHA JIMHENHOW 3aBUCMMOCTbIO Buaa (5.3).
OKCNepuMEHT MokasbiBaeT (CM. cnenywwun pasgen), 4To aHa-
NOrM4yHas 3aBMCUMOCTb MMEET MECTO U MeXay CrnekTpamMu MOLL-
HOCTM COOTBETCTBYIOLLMX BPEMEHHbLIX PAa0B. Ecnu aBe cnydarHbIX
BenuyuHbl X 1 Y, nmetome cpepgHue 3HadeHna Xqo U Yy, CBA3aHbl
COOTHOLLEHNEM

Y=A-X+B,
MOXHO 3anncaTb:

cov{X,Y}:zi:(Xi ~Xo) (Y, = Y,)=

:Z(Axi +B—AX, - B)(X; - X,)=

:AIZ(Xi ~X,)° =A-DX;

A =cov{X,Y}/DX. (6.2)

B npumeHeHUn K rapmMoHu4eckum psigam (crnektpam) napa-
MeTp A onpenensder OTHOLWEHNE UHTErpanbHbiX MOLLHOCTEN Kone-
OaHnin TeMmnepaTtypbl ABYX CBA3aHHbIX NpoueccoB. OH MOXET ObITb
nosiyyeH nnbo no popmyne (6.2), npeacrasnsaioLlen cobomn Kpocc-
KOBapuaumio ABYyX NPOLLECCOB, BbIPAKEHHYIO B €OMHULAX OMcnep-
CcuM nopoxgpgarowero npouecca, nAmMbo B pesynbTaTe NpoBeOeHUs
JIMHENHOMN NOAFOHKM 3aBUCUMOCTU CMeKTpa TemMnepaTypHbIX KO-
nebaHnii go4epHEro npouecca OT aHaNIorMYHOro cCrnekTpa rnopoX-
paiwouiero npouecca (1. e. aBngercsd KoapPUUMEHTOM JIMHENHON
perpeccun).
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3akaHumBasi 9TOT pas3fgesn, OTMETUM, 4YTO BCE nocneayoume
CMEeKTPbl MNOMAy4YeHbl NyTeM ¢ypbe-npeobpa3oBaHns nNpensapu-
TENIbHO Cr/IaXeHHbIX BPEMEHHbIX PsaoB. CrinaxvBaHne npoBoOau-
JIOCb C UEeNnbio puibTpaumm MNOMEX, BbI3BAHHLIX OWNCKPETHOCTLIO
natynkoB. Ckadyky nokasaHuin OaTyMKoB B npepenax mx ANCKPET-
HocTh (£0.5°C) co3paloT Ha UCXOOHOWM TemMmnepaTypHON 3aBUCU-
MOCTM MUKPOKOSIEOAHMS, BHOCALLUME WNCKAXKEHUS B CMEKTP. XOTS
MOLLHOCTb 3TUX KOMMOHEHT HEBENNKA, Mbl COYNU 3a Bnaro Bce Xe
nx oTpunbTpoBaTh. 19 UCKIOYEHNS U3 CnekTpa NOCTOAHHOW CO-
CTaBnsiloWen nepen npeobpa3oBaHNEM M3 UCXOOHOTO BPEMEH-
HOro psiaa BblYMTANIOCh Er0 CpeagHee 3HayeHme 3a nepuog Habso-
DEHNS.

6.2. OronuresibHbIe CUCTEMbI

Ha puc. 6.2a n 6.26 npuBeneHbl CrnekTpbl KonebdbaHun Tem-
nepartypbl nogatoLwen Tpydbl U OOAHOro M3 paanaTopoB OTOMIEHUS
obbekTa 3. ITO TUNUYHBIN BMA, CNEKTPOB KONiebaHnin TeMmneparypbl
B CUCTEME OTOMNAEeHuUs gaHHoro obvekTta. BnaHo, 4to B npegenax
LIeCTU OEMNCTBEHHbIX rapMOHUK (2 MMEHHO Takoe 4YUCNO OENCT-
BEHHbIX FAPMOHUK eMY NpucyLle) KkonebaHua TemnepaTypbl paaum-
aTOPOB XOPOLLUO KOPPENUPYIOT C KonebaHmamMmmn Temneparypbl No-
paiowen Tpyobl. OTO NPU3HaK OTPEryIMPOBAHHOCTM CUCTEMBI. 3a-
METUM, 4YTO Ha ITUX PUCYHKAX OTPaXEHbl CNEKTPbI, NOJIy4EHHbLIE B
nepuon, NaccnuBHOro HabnOEHUS 32 CUCTEMOW OTOMNEHUS OObL-
ekta 3. Ha puc. 6.3a n 6.36 npeacrtasieHbl CEKTPbI A9 TEX Xe
y4aCTKOB, HO CHATbIE B YC/IOBUSIX, KOrga CuUCTeMa nogsepranacb
rnybokMMm perynmpylowmm BO3aAencTeusam (CM. rnaesy 5). BuaHo,
4YTO, HECMOTPS Ha MOMbITKM BbIBECTU €€ U3 CUHXPOHU3MA N BO3-
POCLLYIO B CBSA3M C 3TUM MOLLHOCTb KonebaHuin, xopoluast koppe-
NAuMs CNeKTPoB nogaioLlen Tpybdbl 1 pagmaTtopoB OTOMIEHUS CO-
XpaHsaeTcsa. Hncno OenCTBEHHbIX FapMOHKMK TakXke OCTaeTcs paB-
HbIM 6.

Ha puc. 6.4 npuBegeHbl CnekTpbl KonebaHmin Temnepartypbl
Pa3NINYHbIX YH4ACTKOB CUCTEMbI OTOMEHNS 9-3TaXHOI0 XWUNoro Ao-
Ma. 30ecb ToXe HabnogaeTcs XOopoLlas KOPPensuusi CrekTpoB
nogatowien Tpyobl 1 pagmaTtopoB OTOMNEHNS KBAapTUP OEBATOrO U
nepBoro ataxen. MowHOCTb konedaHn ana paguaropa nepBoro
9Taxa CyLECTBEHHO MEHbLUE TakOBOW ONd pagmartopa OeBATOro
aTaxa n npmbnmxaeTcs K MOLWHOCTU KofiebaHuin obpaTHOM TpyObl.
Yncno AencCTBEHHbLIX FAPMOHUK AN 9TON CUCTEMbI PaBHO 9.
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YacTtoTta. Ny,

Puc.6.2a. Cnektpbl konebaHui Temnepatypbl Ha y4acTkax OTOIMNMU-
TesIbHOW cucrtembl o6bekTta 3. Cepble cTonbubl - cnekTp nogaroLllen
TPyObI; Oenbie - criekTp paguaTopa oOToruieHus nomeuwieHunss b (cm.
puc.5.8).
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Puc.6.26. Cnektpbl konebaHuii temrnepatypbl Ha y4acTkax OTOIMMU-
TesIbHOW cucrtembl o6bekTa 3. Cepbie CcToNOLUbl - CNEeKTP nogalowen
TPyObI; Genbie - crnekTp paguaropa OTOMJIeHUs nomewjeHnss A (cm.
puc.5.8).
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Puc.6.3a. Cnektpbl konebaHuir Temnepatypbl Ha y4acTKax OTOIMNMU-
Te/sIbHOW cucTteMbl 06bekTa 3 B ycnoBusix 3kcrnepumeHrta. Cepsbie
cTonb6ubl - cnekTp nogarouweii TpyoObl; 6enbie - crnekTp pagunaropa
oTornsieHus nomewjeHns b.
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Puc.6.36. Cnektpbl konebaHunii temnepatypbl Ha y4acTkax OTOIMNMU-
Te/sIbHOW cucTteMbl 06bekTa 3 B ycnoBusix akcrnepumeHrta. Cepsbie
cTonbubl - cnekTp nogaroweii TpyoObl; 6enbie - crnekTp pagunaropa
OTOIMJIeHUs1 NomMmeLyeHus A.
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Puc.6.4. Cnektpbl koneb6aHuii Temneparypbl Ha y4acTKax OTOIMNMU-
TesIbHOW cucrTemsbl o6bekTa 6.

PaccmoTpum Tenepb OBa npuMepa OTOMNUTESIbHbLIX CUCTEM,
KOTOpble OOHApPYXMBalOT TE€ UM UHbIE HEQOCTATKM B CBOEN pabo-
Te. Ha puc. 6.5 npmBeaeHbl CnekTpbl TeMnepaTypHbIX KonedaHuin

CI'IeKTpaJ'I bHad MOLUHOCTb, OTH.€A.

©
o)
I

o
o
I

o
~
I

©
N
I

©
2
o

—
o
I

‘ ‘ ‘ ' [ ] Paamarop Tennoro noMeLLeHns
"""" oo [ Pannatop XONOMHOMG MOMELLEHNS

5.0x10° 1.0x10° 1.5x107 2.0x10°
YacTtoTa. 'y,

Puc.6.5. Cnektpbl konebaHuii Temneparypbl Ha y4YacTKax OTOIMNMU-
TesIbHOW cucTemsbl o6bekTa 4.
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A9 y4aCTKOB OTOMUTENBbHON CUCTEMBbI 00bekTa 4. HanomMHUM, 4TO
Ha 9TOM OObEKTE 3aperncTpmpoBaHbl ydacTku, rae Temrepatypa
BOObl B paamaTopax OTOMJEHUS Obila 3HAYUTENbHO HUMXE TEM-
nepartypbl Boabl B obpartHon Tpybe, 4TO NpMBOAUNAO K CYLLECT-
BEHHOMY YXYALIEHNIO TEMMOBOIr0 pexmnma rnoMeLLeHnin, obcnyxm-
BaeMbIX 3TUMN yd4acTkamn. CpaBHEHME MeXAY TEernabiMU U XON0A4-
HbIMU MOMELLLEHNAMW BbINOJIHEHO HAa NPUMEpPE anarpamMmm pacces-
HUS 019 Nap BPEMEHHbIX psagoB (puc. 5.9). 3 Tex xe amnarpamm
BUOHO, YTO pPEerpeccuoHHas npsmasg, CBA3biBaloLLad MoLatoLLyiO U
obpaTtHylo TPyObl, NPOXOOAMUT Kpy4de, YEM NpPsMble, CBA3bIBAOLLIME
nogatoLuyto Tpydy 1 pagmaTopbl OTONNEHNS. DTO 3HAYUT, YTO CUC-
TemMa OTOMJIEHUs, NO KpawmHen mMepe no OTHOLWIEHUKD K obcneno-
BaHHbIM pagmartopam, paboTaeT B HEKOTOPOW CTEMNMEHN BXONOCTYIO,
npokaymBas TENSIOHOCUTENb MeXAy noaalowen n obpatHom Tpy-
0o, a pagmaTtopbl OTOMIEHMS 3TOT NOTOK 3a0€BAET /NLWb YaCTUY-
Ho. Puc. 6.5 nokasbiBaeT, Kak 3Ta CuTyauust OTPaKaeTca CnekT-
pamn TemnepaTtypHbix konebdaHun. BuaoHo, 4To cnekTpbl koneba-
HUA TemMnepaTtypbl paguaTtopoB B LESIOM HEMJIOX0 KOPPENupyloT
CO crnekTpom nopawowen Tpydbl. OgHAKO MOLLHOCTU Kaxaon mn3
raQpMOHMK CMneKTpa paguartopa XOoJIOAHOrO0 MNOMELLEHUS 3Ha4yn-
T€NIbHO MEHbLLUE MOLLUHOCTM COOTBETCTBYIOLLMX MAPMOHMK CrekTpa
nopawowlen Tpydobl 1 pagmatopa Tennoro nomelleHmns. Euwe oaHa
OCOBEHHOCTb: MOLLHOCTb OTAESNIbHbIX FAPMOHUK B CriekTpe obpaT-
HOM TPyObl NPEBOCXOANT MOLLHOCTb COOTBETCTBYIOLLUUX FAPMOHUK
nopatoulen Tpybbl. ITO, CKOpee BCEro, ABASETCA CBUAETENLCTBOM
rMAOPaBAMYECKon pa3zdanaHCMPOBKN OTOMUTENBLHOM CUCTEMbI. Yunc-
N0 OENCTBEHHbIX FAPMOHUK O/ nogaloLen Tpybbl 1 paguaTtopos
paBHO 22-23, a ang obpatHon Tpybbl - 18. HanoMHuM, 4TO 3TO
4yncno ong konebaHui TemnepaTtypbl HAPY>KHOrO BO3Oyxa He rnpe-
Bbllano 14.

OnucbiBag paHee 3KCNEPUMEHT MO MNPOBEPKE YCTOMYMBOCTU
OTOMUTENbHON CUCTEMbI MO OTHOLLUEHUIO K ryOOKMM PErynmpyto-
MM BO3LENCTBUSAM, Mbl YNIOMSHY/IM O pPa3perynmpoBke CUCTEMbI
Ha oObekTe 5. B oTnnume ot obbekTa 3, roe NpoBOAWCA aHaNo-
MMYHBIA 3KCMEPUMEHT M CUCTEMA MNoKasasia XOPOLUYK YCTOMNYU-
BOCTb (puc. 5.3), cuctema obbekta 5 B pe3ynbrare Takux OeWn-
CTBU pasperynmpoBasiacb, 4TO OTPa3nIOCb Ha CrekTpax Tem-
nepaTtypHbIX KonebaHmin pas3nnyHbiX ee yyacTkoB. Ha puc. 6.6 no-
KasdaH CMekTp TemMnepatypHbIX konebaHuin pagnaTopoB ABYX MO-
MELLLEHN, U3 KOTOPbIX OOUH OEMOHCTPUPYET HENIOXyl Koppe-
naumlo ¢ nogawwen Tpydbon (nomeweHmne 1), a gpyron - cnadyto
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(nomewieHme 2). NMNoaobHbIX paguaTopoB, AEMOHCTPUPYIOLLMX Cna-
Oyl0 KOPPENALUMIO C MOPOXAALIMM MPOLECCOM, HA AAHHOM O0bL-
ekTe Obl10 HECKOMbKO.
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YacTtoTa. 'y,

Puc.6.6. Cnektpbl konebaHuii Temneparypbl Ha y4YacTKax OTOMNMU-
TeJIbHOW cUcTeMbl oObekTa 5.

YmcneHHble OUEHKN, Kak 1 B rnaese 5, Npou3BoaoaTCcs U3 ava-
rpaMmm paccesiHud, CBS3bIBAOLLMX Tenepb YXe CheKTpbl Kone-
OaHnM TeMmnepaTtypbl NogaroLen Tpyobl 1 paanaTopPoB OTOMIEHNS;
Ha OCHOBE 3TUX OMarpamMm MNoJy4aloTCa PEerpecCUOoHHbIE MPsIMbIE.
duarpammbl paccesiHus CTPOSATCS NULb N0 OENCTBEHHBLIM rapMo-
HMKaM. KoOapPUUMEHT KOppenauum Mmexay OBYyMS CrekTpamMu, Kak
N B Clly4ae a9 BPEMEHHbIX 3aBUCUMOCTEN, BblMUCIFETCH No hop-
myne (5.6).

Ha puc. 6.7 npuBeOeHbl gyiarpamMmMbl pPacCesHUst U perpec-
CUOHHbIE MPAMbIE A9 CBA3KM "nmogatowiaa Tpyba - pagmaTop OTo-
nneHna” obbvekta 3. lNMokasaHbl gnarpamMmbl NULLb OBYX Paauaro-
POB, OEMOHCTPUPYIOLWMX NpeesibHble 3HAa4YeHUs KOappUUMEHTa
perpeccun. PerpeccroHHble npamble 08 Opyrux paguaTtopoB
3TOW cucTeMbl nexar B npeaenax o603Ha4YeHHon BUnku. Puc. 6.8,
6.9 1 6.10 4EMOHCTPMPYIOT aHANIOrMYHbIE AMarpamMmMbl PacCcesiHUS
AN cnekTpoB oObekToB 6, 4 U 5, cCOOTBETCTBEHHO. B Tabn. 6.1-
6.4 npuvBeOeHbl 3HA4YEHUs MapPaMeTpPOB, OMUCLIBAIOLLMX CMEeKT-
pPasibHbIE XapPaKTEPUCTUKN OTOMNUTESNbHLIX CUCTEM OObEKTOB 3 - 6,
COOTBETCTBEHHO. 3aecb N - 4nNCNO OENCTBEHHbIX FAPMOHMK, A -

140



KO3 PUUMEHT perpeccun, R - koapprumeHT koppenaumn.
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CnekTpanbHas MOLLHOCTL noaatoLwen TpyObl, OTH.e.

Puc.6.7. Auarpammsbl paccesiHUsi U perpeccuUoHHbIe TrpsiMble A5
ABYX Yy4acTKOB OTONMUTEJsIbHOW cuctembl obbekra 3. [MokasaHbl ABa
rpaHmnyHbix cayyasi: 1 - pagunarop ¢ MakCUMasibHbIM KO3 PULIMEeHTOM
perpeccuun; 2 - pagmarop C MWUHUMaJIbHbIM KO3¢dduumneHTom pe-

rpeccun.
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CnekTpanbHasi MOLLIHOCTb MOAAIoLLEn TPyObl, OTH.€.

Puc.6.8. Auarpammsbl paccesiHUsi U perpeccuUoHHbIe TrpsiMble A5s
TPex y4acTKOB OTOMNUTEJIbHOW cucrembl obbekra 6: 1 - pagmatop
AEeBSITOro araxa; 2 - paguarop nepBoro ataxa; 3 - obparHas Tpy6a.
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Puc.6.9. [Auarpammsbl paccesiHUsi U perpeccuUoHHbIe TrpsiMble ANs
TPEex y4acTKOB OTOMUTEJIbHOW cucteMbl obbekTta 4: 1 - obpartHas
Tpyba; 2 - pagmaTtop Tensioro nomMeLjeHuss; 3 - pagunarop Xos04HOIro
nomMmeLyeHus.
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CnexTp. MOLLH. paguaTtopa, OTH.eq,
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CnekTpasbHasi MOLLHOCTb NofatoLer Tpyobl, OTH.ef.

Puc.6.10. Anarpammbl paccesiHUsi U pPerpecCcUoHHbIe MnpsiMblie AJs
ABYX Yy4aCTKOB OTOMUTEJIbHOW cucteMbl obbekTta 5: 1 - paguarop
nomewjeuns 1 (Touykmn); 2 - pagnatop nomeLwjeHnss 2 (TpeyrosibHUKu).
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Tabnuuya 6.1. 3Ha4yeHNss nNapamMeTpPoOB, ONMUCLIBAIOLLNX CMEKTPaJsibHble

XapaKkTepuCcTUKN OTONMUTEJIbHONW CUCTEeMbl OOBbeKTa 3.

CBsi3ka N A R

Mopawowaa Tpyba - pagmatop OTOMNNeHUs 6 0.692 0.991
nomeuwieHna A

Mopawwaa Tpyba - pagmatop OTOMNNeHUs 6 0.731 0.999
nomewieHnsa b

Mopawowaa Tpyba - pagmatop OTOMNNEeHUs 6 0.586 0.987
nomewieHnsa B

Mopaowaa Tpyba - pagmatop OTOMNNeHUs 6 0.596 0.998
noMewieHua

Mopawowaa Tpyba - pagmatop OTOMNNeHUs 6 0.515 0.986
nomewleHma [l (npamas 2 Ha puc. 6.7)

Mopawowaa Tpyba - pagmatop OTOMNNeHUs 6 0.793 0.999
nomMeuleHma E (npamaa 1 Ha puc. 6.7)

Mopawowaa Tpyba - pagmatop OTOMNNeHUs 6 0.690 0.986
nomewieHnsa XK

Tabnunya 6.2. SHayeHUss napamMeTpPoOB, OMUCHIBAIOLLMNX CMEeKTPasibHble

XapaKTepuCTUKU OTOMNUTEJIbHOW CUCTeMbl 0O0bekTa 4.

CBsi3ka N A R
Mopaowaa Tpydba - obpaTtHaa Tpyba (nps- 18 1.408 0.965
mas 1 Ha puc. 6.9)
Mopawowaa Tpyba - pagmatop OTOMNNEeHUs 22 0.797 0.9998
TENJ0ro NnomMeuweHus (npsamas 2 Ha puc.6.9)
Mopawowaa Tpyba - pagmatop OTOMNeHus 23 0.308 0.974
XONOAHOro nomelleHus (npsmasa 3 Ha puc.
6.9)

Tabnunya 6.3. SHayeHnss napamMeTpoB, OMUCHIBAIOLLNX CMEeKTPasibHble

XapaKTepucTUKU OTOMUTEJIbHOW CUCTeMbl 0O0bekTa 5.

CBsi3ka N A R

Mopawowaa Tpyba - pagmatop OTOMNNeHUs 21 1.267 0.991
nomMewleHma 1 (npamas 1 Ha puc.6.10)

Mopawowaa Tpyba - pagmatop OTOMNNeHus 20 0.381 0.294
nomMewleHna 2 (npsmasa 2 Ha puc.6.10)

Mopawowaa Tpyba - pagmatop OTOMNNeHUs 18 0.494 0.305
nomMeLleHns 3

Mopawowaa Tpyba - pagmatop OTOMNNeHUs 26 0.504 0.965
nomewieHua 4

Mopawowaa Tpyba - pagmatop OTOMNNeHus 26 0.826 0.967
NnOMeLLEHNA S
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Tabnuua 6.4. 3Ha4yeHNss nNapamMeTpPoB, ONMUCLIBAIOLYNX CMEKTPaJsibHble
XapaKTepucTUKN OTONMUTEsIbHOVW cucTtemMbl o6bekra 6

CBsi3ka N A R
Mopawowaa Tpydba - paguaTtop AOeBATOro 9 0.773 0.9999
ataxa (npsmas 1 Ha puc.6.8)
Mopawowaa Tpyba - pagnaTtop nNepBoro 9 0.369 0.9997
ataxa (npsmas 2 Ha puc.6.8)
Mopaowaa Tpydba - obpaTtHaa Tpyba (nps- 9 0.303 0.9999
masi 3 Ha puc.6.8)

6.3. TemnepatypHbie peXXuMbl MNOMeLLEeHNN

MpuBenem gBa npumepa CBA3U CNEKTPOB kosiedaHuin TemMne-
paTyp BHYTPU MOMELLEHUIA M HApPYyXHOro Bo3ayxa. Ha puc. 5.21
n300paxeHbl TeMMepaTtypHble pPexuMbl NoMelleHnn obbekta 1.
HanoMHMM, 4TO KpuBbIE CriaXeHbl, YTOOblI YCTPaHUTb MOMEXMU,
Bbl3BAHHbIE HE CTOJNIbKO AUCKPETHOCTbIO AAaT4MKOB (OHM HEe3Ha-
4YUTEnNbHbI), CKOJIbKO BAVSHUEM TEXHOJIOMMYECKOro 000pyaOBaHUS.
PaccMoTpuMm cnekTpbl KonebaHuin Temneparypbl ABYX U3 3TUX MO-
MelwleHnin. Temnepartypa B NepBOM MX HUX (YCNOBHO, NMOMELLEHNN
1; Ha puc. 5.21 OHO onucbIBaeTcd KpmBon 2) cnabo 3aBUCUT OT
TemMnepartypbl Hapy>XHOro Bosayxa. CnekTp ero Temneparypbl Ha
doHe cnekTpa HapyXHOM TemnepaTypbl n3obpaxeH Ha puc. 6.11.
BTtopoe nomelieHmne (yCnoBHO, NOMELLEHNE 2, OTOOpakaeMoe Ha
puc. 5.21 kpuBonm 5) obnagaet cnabbiMM TEPMOCTATUYECKUMU
ceonctBamn. Cnektp konedaHumin ero temnepatypbl BMECTE CO
CMEKTPOM HapyXHOW TemnepaTypbl NpMBEAEH Ha puc. 6.12. Beuay
TOro, 4YTO CMNEKTPbl PACCUYUTLIBA/INCb HA OCHOBE CriaXeHHbIX KPW-
BbIX, YNCNO OENCTBEHHbLIX FAPMOHUK KaK [AJ19 Hapy>XHOro BO34yxa,
Tak u anga obomx NOMELLEHNI B OAHHOM cinydae paBHO 8. Koag-
GUUMEHTBI KOpPEenauun Onsa ChekTPoB Hapy>XHOro BO3ayxa U Mno-
MeweHnin 1 n 2 paBHbl cooTBeTCcTBEHHO 0.119 11 0.927. lMpn aTOM
BEPOATHOCTb TOrO, 4YTO B MEPBOM Clly4ae BOOOULE OTCYTCTBYET
Koppenauua mexay cnektpamu, coctasmna P = 0.779.

Ha puc. 6.13 n 6.14 npencraBneHbl CNEKTPbl KoNnedaHnm Tem-
nepaTtypbl BO3ayxa B ABYX MOMeLLEeHUaX oobekTa 3. 3aBMCUMOCTU
TemMnepartypbl OT BPEMEHU AN nomeweHnin 1 n 2 6binm paHee
npmBeaeHsbl Ha puc. 5.22 (kpmBble 1 M 2, COOTBETCTBEHHO). B
9TOM Clly4ae CNekTPbl CTPOMIIUCb HA OCHOBE HECTNIaXXEHHbIX WUC-
XOAHbIX 32aBUCUMOCTEN TeMnepaTypbl OT BPEMEHU, MO3ITOMY YMUCO
OEeNCTBEeHHbIX rapMoHuK N 3pecb nHoe. [na Hapy)XHOro BO3ayxa
OHO pPaBHANOCbL, Kak Mbl yxe oTMmedanu, 14. [na nomeweHua 1,
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CnekTpanbHas MOLLHOCTb, OTH.ef.
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CneKTpaanaﬂ MOLUHOCTb, OTH.en.
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TemMmnepartypHble konedaHns B kKoTopom cnabbel, N = 316. 310 3Ha-
4YUT, YTO MOLLHOCTb TEMNEepPaTypHbIX KonedaHuin AOBOAIbHO PaBHO-
MEpPHO pacnpeneneHa mexay O00/bwMM YNCNOM FapMOHUK. YTO
KacaeTcs NOMELLeHNS 2, TO TeMnepartypa Bo3ayxa B HEM 3a ne-
puoa HabnoaeHns npeteprnena O4HO CYLLECTBEHHOE MOHUXEHME,
CUHXPOHHOE C MOHMXEHWEM HapyXHOW TemnepaTtypbl (CM, puc.
5.22, kpuBble 2 1 6). B 3TOM €OMHCTBEHHOM MpoBane 3akioya-
nacb MpPakTUY4ECKM BCS MOLLHOCTb TeMmrepaTypHbiX KosiebaHui
OAHHOIM0 MOMELLEHUS, 4YTO M BbIPa3uioCb B KOJIMYECTBE LENCT-
BEHHbIX rapMOHUK N = 2. KoadpuumneHTbl Koppenauum st CnekT-
POB HApPY>XHOro Bo3ayxa U nomeuwieHmn 1 u 2 coctaBunm CooOT-
BeTcTBEHHO 0.699 1 0.978.
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SakKkJiloyeHue

NTak, npuBeneHHble peaynbTaTbl CBUOETENLCTBYIOT O TOM,
4TO TexHonorua iButton n OoCHOBaHHbIE HAa HEN AaBTOHOMHbIE Tep-
MOXPOHHbIE OaTYUKU-HAKONUTENN $BAAIOTCA XOPOLUMM  WUHCTPY-
MEHTOM O/19 NosydyeHnsa nHpopmaumm 0 TeMnepaTypHbIX pexnmax
30AaHMN N CBOMCTBaxX OTOMUTESIbHbIX cucTeM. [lonydaembie C no-
MOLLbIO 3TOr0 WMHCTPYMEHTA AaHHble CNOCOOHbLI MPU COOTBETCT-
ByloLLEN 0O0paboTke agekBaTHO OTPa3UTb CTaTUYECKNE N ANHAMM-
yeCkne XapakTepUCTUKM OTOMUTESIbHbIX CUCTEM U TepMoCTaTu-
yeckne CBOMCTBA 3[aHUN. YCTAHOBJIEHbI TakXke napamMmeTpbl, KOTO-
PbIMU MOXHO YMCNEHHO ONMcaTb yKa3aHHble CBOMCTBA. TUMM Na-
pamMeTpamMn ABNAI0TCA KOIPPUUMEHTLI perpeccun n kKoapounum-
€HTbl KOPPEensaumn MCXOOHbIX TemMnepaTtypHO-BPEMEHHbIX 3aBUCU-
MOCTEN U UX CMEKTPOB.

[MOCKONbKY YUCNEHHbIE MapamMeTpbl UMEKT CTaTUCTUYECKYIO
npupoay, WX UCNosb30oBaHME TpPebyeT onpeaeneHHOM OCTOPOX-
HOCTK, MO0 NoNyYaemMble 3HAYEHUS 3aBUCAT OT NPenBapUTENbHOWM
006paboTkM MCXOOHbIX AaHHbIX (dunbTpaunmn, Boibopa ymcna oen-
CTBEHHbIX FapMOHUK 1 T. n.). NoaToMy Hawa MeToauka He HOCUT
xapaktep npycckon BoeHHow pgucno3uumun: "Die erste kolonne
marschiert... die zweite kolonne marschiert...” n 1. a. lNposoaa Ty
NN VHYIO CTaTUCTUYECKYo 00paboTKy, HY>XXHO NOHMMaTb, Y4TO Oe-
naewsb. B MeHbLLen cTeneHn 31O 3aMeyaHne OTHOCUTCH K aHann3y
OTONUTENBLHbIX CUCTEM, Hanpumep, obpaboTke cBA3en "nogaroLLas
Tpyba - pagmaTop OTOMMAEHUA", Tak Kak OHWU UMEKT Manykl Cny-
YamHylo cocTaBnsiowyto. B Gonbluern cTeneHn - K CBA39M "Ha-
PY>XHbI BO34yX - BHYTPEHHWA BO3OyX . Tak, npu CriaxuBaHUU
NCXOOHbIX OaHHbIX HY>XHO OTPUIbLTPOBLIBATb TOJNILKO Te Koneba-
HUS, NPUPOoAA KOTOPbIX ICHA U HOCUT NOOOYHBLIN, HE CBA3AHHbLIN C
paboTon OTOMUTENBLHOM CUCTEMbI XapakTep (Hanpumep, UMKIn-
4YeCKNin HarpeB TEXHOJIOrM4eckoro o6opyaoBaHma m T. n.).

3a4yeM HyXHa M HyXHa nm BooOLWEe onucaHHasa TEXHONOrus B
NPUMEHEHNUN K NOAOOHbIM 3agadam? [leno B TOM, 4YTO cyLlle-
CTBYIOLLME METOOUKM pacyeTa OTOMUTESIbHbIX CUCTEM U Temnepa-
TYPHbIX PEXMMOB MOMELLEHNI UCXOOAT M3 Habopa napamMmeTpoB U
NOMpPaBO4YHbLIX KO3(PPULMEHTOB, MOJSTIyYEHHbLIX B YCNOBUSAX €OUHUNY-
HbIX UCMbITAHUI UM UCMbITAHUA HEOONBLLUMX MAPTUA MaTEPMaNoB
orpaxnaroLyx KOHCTPYKUMA N OAPYrUX CTPOUTESNIbHbIX 3/IEMEHTOB
[7, 11-13]. OHM wuMeloT ycpenHeHHbIn Bua. Ha npaktuke Xxe
ObIBAIOT Ciy4an, Korga TEXHONOrns U3roTOBJIEHUS WU PEXUM
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MCMNOJSIb30BaHUS TOrO0 WM MHOrO Martepuana WM KOHCTPYKUMU
HapyLlaeTcsl. 9TO OCOOEHHO akTyanbHO ON9 CUCTEM OTOMEHUS.
He cekpeT, 4ToO Npu PEMOHTE N PEKOHCTPYKUMM 30aHUN 4acTo
CUCTEMY OTOMJEHUS MOLEPHUSUPYIOT "Ha rnas3ok”, U3MEHsAA ee
KOHdUrypaumio Takum obpas3om, YTO BOSHMKAKOT y4acTKMU C MOBbI-
LWEHHbIM rMAapaBNMYEeCcKUM COMPOTUBIIEHNEM N OPYTUMU HEey4YTeH-
HbIMW aHOManmMaMn. B pesynbTaTe xopowo paboTaBwias cucrema
Ha4yMHaeT naeaTtb cOoun. pyruM MCTOYHMKOM MOoA00OHbIX Npobdnem
ABNSETCH HECAHKLUVMOHUPOBAHHOE "MepekpanBaHue” CUCTEMbI OTO-
NIEHUS Xunbuamn, CTPEMALMMUCS YTEMIUTb JIOOXWWN, OpPraHu-
30BaTb B KBaApTUpax yTEMNJIEHHbIA Mon 1 T. 4. Bce 310 npnBOoaAUT K
TOMY, YTO CUCTEMA OTOMJIEHMS BbIHYXXAeHa paboTarb B HewTaT-
HOM pexunme. ONMUCaHHbIN B 3TOM KHUIFe pacnpefeseHHbI CUH-
XPOHHbIN TemMnepaTypHbIi MOHUTOPUHI NPU3BaH OaTb OnepaTtms-
HYIO N MCHepnbiBaOLWYO MHPOPMALUIO O peasibHOM COCTOAHUU
KOHKPETHOMN OTOMNUTESIbHOW CUCTEMBbI, BbISBUTb aHOMalIMn U 3a-
4acTylo yKasaTb NPUYUHbI NOCNEOHNX.

Ha Haw B3rnsg, OonMcaHHbIi MOHUTOPUHI MOXET ObiTb Hau-
©onee Nones3eH npu Nycke B aKcryatayumio HOBbIX OTOMUTENbHbIX
cucteM. Bo-nepBbiX, OH NO3BOJIIET ONepaTrBHO YCTAHOBUTL pac-
npeneneHve Temneparypbl Mo OTariIMBaeMbIM MOMELLEHUSAM U
ydyacTkaMm OTOMUTENIbHOM CUCTEMbI N BbIACHUTb Takum 00pa3om,
KaK OCYLLECTBASIETCA UMPKYNAUMS TernnoHocutenss B Hel. Bo-
BTOPbIX, OH 03ET BO3MOXHOCTb B KOPOTKMIA CPOK OMNMpenesmTb on-
TUManbHYIO QYHKUUIO perynmpoBaHma (cm. paspen 5.2.2). B-
TPETbUX, - NPOBECTU MCMbITAHUS HA PeakuUio CUCTEMbI MO OTHO-
LUEHNIO K PE3KMM PErynvpylowmm BO3OENCTBUSM U TEM CaMblM
OLLEHUTb FPaHnUbl ee yCTON4MBOCTU. BCce cka3aHHOe crnpaBeasiMBo
M MO OTHOLLEHUIO K MOLAEPHU3NPYEMbBIM OTOMUTESIbHLIM CUCTEMAM.
CucTtembl, HaxogaWwmMecs B aKcryarauym, Takke B CUIY yKasaH-
HbIX BbilUE€ MPUYMH TPeOYyIOT NEpPMOANYECKON NPOBEPKU C LIENbLIO
BbISIBJIEHNS1 aHOManuin B nx pabdoTe.

Kpome TOro, onmcbiBaembli MOHUTOPUHI MO3BOJISIET JIETKO
OCYLLECTB/IATb CUCTEMATUYECKUIA KOHTPOJIb TEMMepPaTypHbIX pe-
XVMOB NOMeLLEHUN nunu mobbIX Opyrux 0ObEeKTOB C NoapoOHbLIM
Ha4EXHbIM MPOTOKONIMPOBAHMEM MOJIyHaEMbIX OAHHbIX U MPUBSA3-
KON UX K peasibHOMy BPEMEHU. ITO Takxke Xopowwwuin cnocob
KOHTPOJIA TEMNEPATYPHbIX PEXMMOB TEXHOMOMMYeCcKoro obopyno-
BaHWs1, cnocob paspeleHns KOHPIMKTOB MEXAY NMOoCTaBLUMKaMn U
notpebutenamu Tenna.

HakoHel, 4TO HemManoBaXKHO, OpraHn3aumud MOHUTOPUHra Ha
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OCHOBe TexHosormm iButton npenenbHO NpPocTa: HYXHO paccTa-
BUTb OATYMKM MO WHTEPECYIOLWUM MUCMbITaTeNs Toykam Habno-
OEHNs, a NO MPOLWECTBUN 3a4aHHOI0 BPEMEHU CHSATb UX U MPO-
ynTaTb HAKOMIEHHYIO MHPopmaumio. Mexay aTMmMm OBymsi CoObl-
TUAMM OaTtymkm He TpebyloT K cebe HMKakoro BHMMaHuA. Bce cka-
3aHHOE Bbille T[O3BOJIIET HAOEATbCH, 4YTO JAaHHAd TEXHOJOrus
O4YeHb CKOPO NPUOBPETET LIMPOKOE pacnpocTpaHeHne. Bo Bcskom
cnyydyae, ecnu, npoyYnuTaB 3Ty KHUTY, yBaXaeMblh 4yuTaTenb, Bbl
CTaHeTe MOK/IOHHUKOM 3TOW TEXHONOrMmM, aBTOpPbl OydyT cumMTaTb
CBOIO 3a4a4y BbINOJIHEHHOMN.
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