MaBa 5. AHann3 BpeMeHHbIX 3aBUCUMOCTEN

5.1. lMNpeaBaputenbHbie 3aMmeyYaHUs

PaccmartprBaemMbin B 3TON KHUMre pacrnpenesieHHbli CUHXPOH-
HbIi TEMNEepaTypHbIi MOHUTOPMHI OobOnagaeT pPsSaoM LEHHbIX Ka-
4eCTB, KOTOpble MO3BOJIAIOT MCMOJIb30BaTb BCE NpPenMMyLLecTBa
cTaTucTudeckon o0paboTku nonyvyaembiX AaHHbIX. Bo-nepsbix,
MWUCCUS COAEPXKUT OOCTATOYHO OONbLUOE YNCNO U3MEPEHUIN, OCY-
LLEeCTBNSAEMbIX KaxkabiM aatymkom (2048). Bo-BTOpbIX, Y1CNO OaT-
YMKOB HEOrpaHM4yeHo, 4YTOo [aeT BO3MOXHOCTb OOHOBPEMEHHO
NPOVU3BOAUTb 3aMepbl Ha lOOOM 4ucne OObLEKTOB N PErucCTpu-
pOBaTb HEOrPaHM4YEeHHOE KOJIMYECTBO MNPOLLECCOB N3MEHEHUS TEM-
nepaTtypbl BO BpPeMEHU. B-TpeTbumx, BCE WU3MEPEHUS B MUCCUU
NPON3BOOATCA C OOVHAKOBOW TOYHOCTHLIO M pas3peLuaroLllent cno-
COBHOCTbIO, T. €. KO BCEM MNOJTy4aEMbIM 3aBUCUMOCTAM MNPUMEHUM
OOMH N TOT Xe GUNbTP O/ YCTPaHEeHUs MNOMEX, CO34aBaeMbIX
OVCKPETHOCTbIO AaT4YMKOB. ITO 0COOEHHO BaXXHO NpU NPOBEAEHUN
rapMOHMYECKOro aHann3a rnoJjiydaeMblX BPEMEHHbIX pPagoB (CMm.
rnaBy 6). B-4eTBepTbiX, USMEPEHNS NPON3BOAATCA YEPE3 paBHbIE
NPOMEXYTKM BPEMEHU, YTO AaeT BO3MOXHOCTb MPUMEHSATb Mpuv
crnaxvBaHnn ¢ypbe-punbTpbl. B-NatbiX, CUMHXPOHHAA permcrpa-
uma Temneparyp O60bWOro 4ymcna oO6bekToB MO3BOMSET CBA3ATb
Mexay coOON pasfinyHbleé BPEMEHHbIE N YAaCTOTHbIE MPOLLECCHI W
9P PEKTVBHO UCMONL30BATb MEXaHU3Mbl PErPEeCcCMOHHOI0 N Kop-
PENALUVMOHHOIr0 aHaIN30B.

Bce obcyxpaemble HUXe OaHHble Oblin MOJSIyYeHbl Kak B pe-
3ynbTaTe NacCMBHbIX HAONIOOEHWN, TO €CTb perncrpaumm Temne-
patyp 6e3 BMellaTenbCTBa B aKCMyaTauyoOHHbIE PEXUMbI 0ObeK-
TOB, TaK U B 9KCNEPUMEHTax, Korga aKcrlyaTaunOHHbIE PEXUMDI
0ObEKTOB MOABEPra/iNChb 3arnporpaMmMmMpPOBaHHbLIM BO3LENCTBUAM
N perncTpupoBasiacb X peakums Ha 3T BO3LENCTBUS.

MHorpga BO3HMKana HeobXoauMOCTb GUALTPALUMM UCXOOHbIX
BPEMEHHbIX 3aBUCUMOCTEN ONs yaaneHus NnoOO0YHbIX BO3MYLLEHNIA
B BUOE BIIMAHUA Ha TemnepartypHble PeXunmMbl aBTOMATUKN pery-
NIMPOBAHUS KOTESIbHbIX MU TEXHONOrMYeckoro obopyaoBaHus no-
MeLLEHNI (CM., Hanpumep, puc. 4.3 u 4.5). [lnga Takon npouenypbl
(crnaxumBaHug) HamMy MCNONbL30BaICAd GUNLTP, OCHOBAHHLIA Ha
anroputMme ObICTporo npeobpasoBaHus dypbe, COrnacHO KOTO-
POMY CriiaXvBaHue Mnpou3BOAUTCA NyTEM yOasleHUs rapMOHMUK C
4YacToTamm Bbllle HekoTopom fy:
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fo = 1/(n « At), (5.1)

roe: N - 4ucno TOYEeK, Mo KOTOPbIM MPOU3BOAUTCHA CriiaXXVBaHUE;
At - BpEMEHHOW NHTEPBaJT MeXAy COCeOHMMUN namepeHnamun. Am-
NINTYOHO-4aCTOTHAs XapakTepuctuka Takoro éuibTpa npea-
ctaBnsietr cobon napabony C paBHbiM €ONHMLE MaKCMMYMOM Ha
HyNeBOM 4YactoTe M npoxogsutyto Yyeped 0 Ha yactoTe cpesa f.
MapameTpbl Napabonbl OnpeaensioTcss odWMM YMCAOM TOYEeK B
MacCuBe [OaHHbLIX N 4YUC/IOM TOYEeK, MO KOTOPbIM MNPOM3BOOMUTCS
crnaxuBaHme (n). Yem OGonblie N, TEM CUIbHEE CriaXuBaHME.
[Mockonbky BpemMeHHoOW uHTepBan At mexay cocegHUMKU KM3me-
PEHNAMN B MUCCUMN HEN3MEHEH, YacTOoTy cpesa fo MOXHO MeHATb,
b Bbibupasa cooTeeTcTByoWee n. MHbIMM cnoBamm, npom3se-
OEeHne neAt onpenenseTt rpaHnyHbin nepuon. Bce rapmoHmnyeckue
COCTaBNfAIOWLME BPEMEHHOIO psna C NepuogoM, MeHbLUMM nNeAt,
yoanaioTtca. B panbHenwem Ham Oyoet yooOHO MCnonb30BaTb
MMEHHO FPaHUYHbLIV NMepuvon OJ1s onpenesieHnsa napamertpa n rnpo-
LLeoypbl crinaxmneaHus, a He 4YacToTy cpesa.

[Mpyn nccnepoBaHMM NMOMELLEHNI U OTOMUTESIbHBIX CUCTEM Mbl
CTPEMUNINCL OTBETUTL Ha cnepywwme Tpn "kak™: 1) kak Temne-
partypa MnoMeLleHnn 3aBUCUT OT TemnepaTypbl Hapy>XHOro BO3-
ayxa; 2) Kak Temnepatypbl pagmatopoB OTOMEHUS 3aBUCAT OT
TemMnepartypbl NOAAIOWEN MarncTpanm KOTenbHON; 3) Kak Temne-
parypa 3TOM Maructpanam 3aBUCUT OT TemnepaTtypbl HAPY>XXHOro
Bo3oyxa. Bce atm "kak" npepnonaraloT uccnenosaHne B3aMMO-
CBSAI3U MexXay napamm BpeMeHHbIX psaoB. B nepBom crniyyae - 310
BPEMEHHbIE psaabl, NPeacTaBnsiowme 3aBUMCUMOCTbL OT BPEMEHWU
TemMrnepaTtypbl Hapy>XHOro BO3gyxa M BO3ayxa B nomelleHun. Bo
BTOPOM - TeMnepartypbl nogaroLwen Tpydbl 1 KOHKPETHOrO paama-
Topa OTorJieHnd. B TpeTbeM - TemMmneparypbl HApPy>XHOro BO34yXxa
1N nogarowen Tpyodbl. B kaxgon U3 aTmx nap OgviH U3 NpoLeccoB
ABNAETCHA 3aBMCUMbIM (O04YEPHMM), @ APYron - HE3aBUCUMbIM (MO-
POXOAIOLLM).

Nmerowmecs akcrnepuMeHTasibHble OaHHble (CM. HUXEe) CBU-
OETENbCTBYIOT O TOM, 4YTO Temneparypbl nogawowen Tpybbl n pa-
AMNaTopoOB OTOMNEHUS CBA3AHblI MeXay cOoOOW MO PErpecCUOHHOWM
CXEME M JINHUS PErPECcCUN ABAFETCA MPSMON. ITO O3HAYaEeT, YTO
TemMnepartypy nogawowen TpyoObl X B 9TOM CBS3KE MOXHO pac-
cMaTpuvBaTtb Kak Hec/ydYamHylo Benu4duHy, a TemMmrneparypy paguva-
Topa 1M - Kak cnyyarHyto. Torga n MOXeT ObiTb Pa3/ioXXeHa Ha CyM-
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My ABYX cnaraembix [9], nepBoe 13 KOTOPbIX - HECyYanHas 4acTb
- OMnpenensaeTcqa HeKOTOpPOn JNIMHENHOW yHKUMEn X, a BTOpoe -
C/ly4anHas 4acTb - YYUTLIBAET CJIyYaMHbIN XapakTep 1:

n=(a+bex)+9, (5.2)

roe a u b - HekKoTopbie YMCNOoBbIE KO3dPULIMEHTHI, a & - "ocTa-
TOYHasa" cnydarHasi BennymHa, y KOTOPON CpedHee 3Ha4YeHme pas-
HO 0. MOCKOMbKY 3HAYEHUSI 1| MPU KaXOOM X MNOABEPXKEHbI HEKO-
TOPOMY Cly4aiHOMY pas3bpocy, TO NMPeacTaBAdeT MHTEPEC NULb
yCpeaHeHHas cxema 3aBMCUMOCTU, T. €. 3aKOHOMEPHOCTb B U3Me-
HEHUN CPEeOHEro 3HA4YEHUS N B 3aBUCUMOCTU OT M3MEHEHMS X. Kak
cnenyet n3 (5.2), cpegHee 3Ha4YeHMEe 1M 0Ka3blBaeTCd MPOCTO Nn-
HENHON (PyHKUMEN X:

Y(x) =a+ b ex, (5.3)

roe Y(x) - cpegHee 3HadyeHue 1 npu 3agaHHon BennyduHe X. Npsa-
Mas (5.3) Ha3bIBaeTCA PErpecCUoHHON MPSIMON, a yrnoBon Ko3adg-
PUUMEHT ee HakJIoHa b - KO3 PULIMEHTOM PErpPecCcUn.

Cny4anHOCTb TemMnepaTtypbl pagnartopa OTOMIEHUSI NO OTHO-
LUEHMIO K Temnepartype nogawowen Tpybbl O3HayaeT, 4To ecnin B
TeyeHne nepuoaa HabnogeHua TemnepaTtypa nojatouwlen TpyObl
HECKOJIbKO pa3 NpuHsna O4HO U TO Xe 3HavyeHune, TO TeMneparypa
paguartopa OTOMJIEHNA B 3T MOMEHTbI BPEMEHU MMeNa pasHble
3Ha4YeHns. OTO CBUAOETENbCTBYET O TOM, YTO TemMnepaTtypa pagu-
aTopa 3aBUCUT HE TOJSIbKO OT TemnepaTtypbl Nnogatollen Tpyobl, HO
N OT psiga HEYYTEHHbIX GaAKTOPOB, HANPUMepP, N3MEHEHNST CKOPOC-
TW TEYeHUs XMOKOCTU B CUCTEME, HanMumsa 3aBO34YLUEHHbIX
Y4aCTKOB, HECAHKLUMOHMPOBAHHbIX OTOOPOB TEMJIOHOCUTENS, N3MEe-
HEHUS PEXMMOB TenioobmMeHa 1 T. n.

B cny4dae cBA3km "HapyxHasi Temneparypa - temriepartypa no-
MeLwleHna" kapTuHa bonee cnoxHad. 3aecb 00e nepemMeHHble HO-
CAT C/lyd4amlHbl XapakTep, T. €. Kaxaad M3 HMX 3aBUCUT OT COBO-
KYMHOCTU HEKOHTPOJIMpyeMbIX ¢pakTopoB. B naHHOM cBA3Kke B Ka-
yeCcTBEe MOpPOXAAKLEro rnpoLecca BbICTYNaeT U3MEHEHNE TeMne-
paTypbl HAPYXXHOro BO34yXa BO BPEMEHW. DTOT MPOLECC C Teye-
HMEM BPEMEHWN NOABEPraeTcd ClyYyamHbIM BO3MYLLEHUSM, HE CBSI-
3aHHbIM C ero npeapicTopmen. Yka3aHHble BO3MYLLEHUS B KOHEUY-
HOM cyeTe (pOPMUPYIOT OCHOBHOE COoAgpXaHue MNOopPOoXAaloLwero
npouecca. Ecnn 6bl 3TO ObINO He Tak, Y HAC Obl HE ObINO HUKAKMX
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npobnem c NPorHO3om noroabl. B cBOO o4vepenb, Temnepatypa
BO34yXa B MOMELLEHNN 3aBUCUT HE TOJSIbKO OT HaPYXHOW Temne-
patypbl, HO N OT TEMJIOU30NALUMOHHbLIX CBOMCTB OrpaxaatoLmx
KOHCTPYKUWIA, paboTbl CUCTEMbI OTOMJIEHMA, pPeXmma IKChya-
Taumm OAHHOINO NOMeELLEeHUs, HaNn4YMs B HEM TErnoBbIAENFOLEro
WA TENNONOrIOWAIOWEr0 TEXHONOrMYeckoro obopyaoBaHmsa, Ha-
nmuna niogen n T. 4. OgHon U3 Hawmx 3agad v 6yaeTt BbloeneHue
N3 BCeX 3TUX (PaKTOPOB MMEHHO BJIMAHUSA TeMreparypbl HapPyX-
HOro BO34yxa.

Hawwn askcnepuMeHTbl nokasanuv, YTO HEeT BECKMX OCHOBaHUM
paccmaTpmBaTtb Kakom-nnmbo MHOM 3aKOH, KPOME IMHEWHOro, OJ1s
onncaHnsa CBA3M 3TUX OBYX NepemMeHHbiX. IHaye roBops, CBSA3b
MeXny Cry4aHOW TeMnepaTypor Hapy>KHOro Bosayxa & 1 crnyyan-
HOW Xe TemMneparypon Bo3ayxa BHYTPU MNMOMELLEeHUS 11 MOXHO 3a-
nucaTtb B BUAOE:

n=(a+beg&)+y9, (5.4)

rae, Kak u npexae, cpegHee 3HadeHue o paBHo 0. Torpa ycpea-
HEHHbI 3aKOH MOBEAEHNS 1| B 3aBMCUMOCTM OT & Bbipa3uTcs ¢op-
MYJIOI:

Y(x) =a+ b ex, (2.9)

roe Y(X) - cpegHee 3Ha4eHue Cry4amHOW BeNMWMYMHbI 1), Korga ciny-
yaliHas BennumMHa & npuHsana 3HaYeHune X.

[Mpn nccnenoBaHUM CBA3KM "HApPyXHbIM BO34yX - nogaroLas
Tpyba" BO3HMKAET aHaNornyHas cutyaumsa C ABYMSI ClyYariHbIMMU
BennunHamn. OfHako 30€eCb C/y4arHOCTb Temrepartypbl nogaro-
wen Tpybbl HOCUT cneundunyecknii xapakrtep. Korga wvcnonb-
3yeTcs aBTOMATUKN PEryanpoBaHunsi, OCHOBaHHAsi Ha MOKa3aHUsAX
HaAPY>XXHOro0 TepMOMETpa, Temnepartypa nogaiwouien Tpydbl B CO-
OTBETCTBUM C BbIOPAHHOW GYHKUMEN PEryImMpoBaHNUS MOXET B
npoTuBogase oTcnexmBarb KonebaHma Temneparypbl HAPY>KHOMO
Bo3oyxa (CMm., Hanpumep, puc. 4.4). lpun 3aTOM cCny4arHas Cco-
cTaBngowaa 0 B A0YEPHEM npouecce byaer mana. Ecnn xe ms-
MEHeHne TemnepaTypbl BOAbl B CUCTEME MNPOMU3BOAUTCS BPYYHYIO,
TO Ha MepBbl MAaH BbIXOOUT 4esioBeYECKMN ¢HakTop, T. €. Ha-
CKOJIbKO TOYHO ornepaTtop npuaepXmeaeTcsa NpeanucaHHOro pexm-
Ma akcnnyartauun. Mo cytn aena, gons cny4amHom COCTaBSIOLLEN
B OOYEPHEM Npouecce FBNSETCA MEpWIOM KayecTBa pPerynanpo-
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BaHNS OTOMUTENIbHOW CUCTEMBI.

Kpome HaxoxOeHuns KOHKPETHOro Buaa 3aBUCUMOCTU MexXay
nepemMeHHbIMN, Korga 006e U3 HUX Crly4anHbl, HEOOXOANMO PELUUTb
BOMPOC O CTErNeHu CBA3M MeXAYy HUMW, UCMOJIb3yd MEeToabl KOp-
PENFUUMOHHOr0 aHanm3a. 3TU MEeTOoAbl AAl0T KOPPEKTHbIE PE3Yilb-
TaTbl, ECNIN BPEMEHHbIE PAabl, NPeacTaBnsAioLWme NopoX4aLLNNA 1
AOYEPHUI MPOLLECCHI, YOOBAETBOPSAIOT OBYM TpeboBaHusM. Bo-
NepBbIX, OHW OOIKHbI OblTb MHBAPUAHTHbI OTHOCUTENILHO BPEMEH-
HbIX COBUIOB. [10CKONbKY OTOMUTENbHAA CUCTEMA U UCCNenyeEMbIe
NMOMELLEHUA KOHCTPYKTUBHO U (PYHKUMOHASIbHO HE N3MEHSAITCS C
TEe4YeHNEM BPEMEHU, TO COBEPLUEHHO HEBaXHO, B KaKOW MMEHHO
nepuon npoOBECTU U3MEPEHME X CBOWUCTB. B 3TOM cMmbICcne no-
Ny4yaemMble BPEMEHHbIE psaabl MHBaApWaHTHbl BO BpemMeHu. Bo-BTO-
pbIX, BPEMEHHbIE pPsdbl A0/KHbI 06nagatb cnabon “namartblo”. 91O
Oo3Ha4daeT, 4to uamepeHus X(t;) u X(t,) LOMKHbI CTAHOBUTLCHA
HECBA3aHHbIMX - B3aVMMMHO CTaATUCTUYECKU HEe3aBUCUMbIMU - MNPU
pa3nnynMm MOMEHTOB UamMepeHud t, - t, —» < . loBegeHne otonu-
TENIbHON CUCTEMbI 3aBUCUT OT TeMrepartypbl HApPYy>XHOro BO34yxa,
a 9Ta Temnepartypa, Kak Mbl YXe YyKa3blBa/i, U3MEHSETCHA Mo
cny4arHoMy 3akoHy. [1oaTomMy CBOMCTBO cnabon “namaTtn” ¢ He-
COMHEHHOCTbLIO BbIMOJTHAETCS.

Ecnn 3apaHbl gBa OEeNCTBUTENbHbIX BPEMEHHbLIX psaaa X(t) m
Y(t), t=0, x1,... co cpegHummn 3HadeHuamu EX(t) = c, , EY(t) =
Cy; t = 0, £1,... , TO Ang wunx ONUCaHUS MNCMONb3YITCH
KOBapuaLuMOHHble (PYyHKLUN

Cyx (t,t)=DX(t)=E {[X('[) _ CX]Z},

G, (t,t) = DY(t) = E {[Y(t) _ cy]z}
N KPOCC-KOBapMaLMOHHas hyHKLMS

Cyy (L 1) = cov {X(t,), Y (t,)} = E{[X(t,) - ¢, ][ Y (t,) - ¢, ]}

onucbiBalOLWLAa CBA3b ABYX BPEMEHHbIX pPaaoB. [10 HepaBeHCTBY
LLiBapua [10]

2
Cuy (11, 15)| SC (8, 1) €y (15, 1,) = DX(ty) DY(t,)
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N KpOCC-KOBapuaunoHHas ¢GyHKUMS C,(ty, tp) cywecTyeTt, ecnn
CXX(t‘ll t1) ny(t2’ t2) < oo,

MOXHO BBECTU B PaCCMOTPEHNE KPOCC-KOPPENALMOHHYIO
dyHKUMIO psaaoB X(t) n Y(t), xapakTepnsyloLLyo X KOppenaumio:

ny(tli tz):ny(tls tz)/\/ [Cxx(tll tz)cyy(tls tz)] .

Tak Kak Mbl paccMaTpMBaeM MHBAPUAHTHbIE BO BPEMEHMN BPEMEH-
Hble paabl CO cnabdon “namaTbio”, GakTUHECKU UMEEM:

ny(t1’ t,)= ny(tl -1,)= Cyy (U),
Cxx (t1' tl) = Cxx (O)’
Cyy (t2, t2) =y, (0),

Cy () <c(0) c,y (0),

pxx(u) = Cxx(u) / Cxx 0) = Cxx(u) I DX(1).

DyHKUMA

Py (U) = C (U) /] [ () €,y (U)]

Ha3bIBaeTCs KOIPPMUMEHTOM Koppenaummn R gsyx psaooB. Ero Bbl-
OOpOoYHOE 3Ha4YeHne BblunCseTcs No dpopmyne

1N
Nzlx —Xo) (Yi = Yo)
| =

S 30X X SR - Vo)

12

roe: Xq, Yo - cpefHue 3HadeHns; N - pazmep BblIOOPKM.

[MosACHMM CMbICT KOSDDUUMEHTOB PErpeccun n Koppenaumm
Ha nMpocToM npumepe. Ha puc. 5.1a n3obpaxeHbl 4YeTbipe Bpe-
MEHHbIX psaa, NpPencTaBndiolme M3MeHeHVe Temrnepartypbl BO
BpeMeHn. [1na npocToThl Mbl BbiOpany CUHycouaasbHble 3aBUCK-
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MOCTU, Ha KOTOPbIX CllydarHad COCTaBASAOWAA KaXO4oro M3 npo-
LLeCCOB NnpeacTaBfieHa B BUAE LUYMOB.

MycTb npouecc A 6yaet nopoxaaroLmm, a npoueccol B, C n
D - poyepHummn. 3aBUCMMOCTb B TOYHO MOBTOPSIET BCE 3BONIOLMU
NOPOXAAatoLLEro NMPoLecca, HO ¢ MeHbLuen amnantynon. Kpueas C
NOBTOPSAET KpmByto A B npotnBodase 1 C MeHbLUEeN aMMnTyaoon.
3aBucMMocCTb D B TOYHOCTM NOBTOPSIET KPUBYIO A MOPOXOAIOLLLENO
npouecca. Ha puc. 5.16 nokasaHbl NpMBEeOEHHbIE K Havany KOOp-
OVHAT gmuarpamMmbl paccesiHUg, XxapakTepusylowme CBA3b Kaxaoro
N3 O04YEPHUX NPOLLECCOB C nopoxgawwum (amarpammel B/A, C/A
n D/A, CcOOTBETCTBEHHO). 34€Cb Xe MPeacTaBfieHbl U pPerpec-
CMOHHbIE MPAMbIe 019 KaXO0M U3 3TUX CBA3en. TaHreHcbl yrios
HaK/IOHa 3TMX MNPSAMbIX K OCKM abcumcc AaloT KO3IPPUUMEHTLI pe-
rpeccum b (cMm. BbipaxeHme (5.3)). OHM nokas3biBalOT, B KAKOM
OTHOLUEHUN CpefHME 3Ha4YeHUd O04YepHero npouecca oTpaxatoT
aHaNorMyHble BeJIMYUHBLI MopoXJawLiero npouecca. B gaHHOM

A
g B
3 W
'—
®
) \/\N\//\\\/\/"\/\
e C
p
()
|—

D

Bpems

Puc.5.1a. lMpumep nepunoam4eckoro uU3MeHeHuUsi Temnepartypbl BO
BPEMEeHU B HECKOJIbKUX CBSI3aHHbIX npoueccax C pa3HbIM XapakTte-
POM CBSI3MN.

cnyyae KoadpduumeHTbl perpeccun pasHbl: b(B/A) = 0.199; b(C/A)
= -0.199; b(D/A) = 0.992. Pa3bpoc 3Ha4eHuin, T. €. cpegHee ux
OTKJIOHEHNE OT PErPEeCcCUOHHON NPSAMON, XapaKTepun3yeTcs CTaH-
0ApPTHbIM  (CpegHekBagpaTtuyHbIM)  OTK/IOHEHMEM G, KOTOpPOE
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- D/A
1.0
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0.0
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Puc.5.16. Quarpammbl paccessHUs n npsiMble perpeccum anasi Tpex
nap cBsi3aHHbIX NMPOLEeCCOB.

nmeet cnenywowme senndunHbel: 6(B/A) = o(C/A) = 0.016; o(D/A) =
0.080. KosadpdpuumeHTtbl koppensumm R, BblMUCIEHHbIE NO HOpP-
Myne (5.6) ong Bcex Tpex nap 3aBMCUMOCTEN, paBHbl: R(B/A) =
0.993; R(C/A) = -0.994; R(D/A) = 0.994. MoXxHO ckasaTb, 4TO
KO3 PULMEHTLI KOPPENAUMM MokKasbiBadT, HACKOJIbKO TOYHO A0-
yepHMe MNPOLLECCHLI OTC/IEXMBAIOT XapakTep 39BOJIIOLMM MNpouecca
NOPOXAAIOLWLEro, UFTHOPUPYS NPY 3TOM aMMUTYOHbIE COOTHOLLUE-
HUSA. KOSDDUUMEHT KOPPENAUUM MOXET MPUHUMATb 3HA4YeHUs1 B
npomexyTke [-1, +1]. 3Ha4yeHme +1 BO3HUKAET, KOrga A0o4epHUn
NPOLECC B TOYHOCTU MOBTOPSIET BCE U3MEHEHUS MOPOXAAIOLLErO
npouecca, a 3Ha4eHme -1 - ecnm 310 NOBTOPEHME MPOUCXOOAUT B
npotmeodase. Ecnm npoueccobl He CBs3aHbl OPYr C AOPYroMm, Ko-
adpduumeHT koppendummn paBseH 0 (kak U KOSPUUMEHT perpec-
cun).

5.2. OronuresnibHbIe cUcTemMsbl

5.2.1. BusyanbHble OLEHKMN

Mony4yaemble BPEMEHHbIE paabl ye 06e3 Bcakor 00paboTku
NO3BOJIAIOT KAaYeCTBEHHO OLEHUTb COCTOSIHME CUCTEMbI, pacripe-
AeneHne TemMneparypbl No araxam, ctoskam v pagmartopam. Aug-
depeHunpoBaHME 3TUX PSO0B NO BPEMEHU OAaeT BO3MOXHOCTb MO
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nukam MNpoOM3BOOHbIX OMNPENENUTbL BPEMEHHOE 3arnasgbliBaHue pe-
ryIMPYIOWLEr0 BO3LAENCTBUS B Pa3fiINYHbIX TOYKAX CUCTEMbI MO OT-
HOLLUEHNIO K MOMEHTY €ro BO3HMKHOBEHUS Ha nogarolen Tpyoe.
[ToCcKONbKy B HaLLEX CUCTEME BCE OATHYUMKN CUHXPOHU3UPOBAHbLI BO
BPEMEHN N CTapPTYylOT B MMWCCUM MNPAKTUYECKM OOHOBPEMEHHO
(pacxoxaeHune - He bonee 1 MUHYTbLI), BCE BPEMEHHbIE 3ana3bl-
BaHUS ONpenensatTcs C TOYHOCTbIO 00 AUCKPETHOCTU OTCYETOB (B
HaweMm cnydae - 4o 10 MuHyT). PacCcMOTPUM HECKOJIbKO NpuMe-
POB OTOMUTENbHbLIX CUCTEM U OCOOEHHOCTU KaXKO0W U3 HUX, BbiSIB-
JIEHHbIE NPW NPOBEAEHNN TEMMEPATYPHOr0 MOHUTOPUHrA.

[lpumep 1. B rnase 4 mMbl NpUBOAMIIN TEMMNEPATYPHLIE PEXU-
Mbl OTOMUTENBHOW CUCTEMbI 9-3TaXKHOI0 XMIoro goma (o06bekT 6)
C BepxHen nopaden TernnoHocutena (cm. puc. 4.4). BugHo, B
4aCTHOCTU, 4YTO TEMMepaTypbl paanaTopoB OTOMIEHNS OEBATOINO U
NepBOro ataxen pasnuyaltTca B cpeaHem Ha 10-12°C, 4yto npu-
BOOUT K MNEperpeBy nomeuwleHnn eepxHero ataxa (T = 26°C) wu
Hegorpesy nomeuleHnn nepsoro ataxa (T = 19°C). Mpu oTcyT-
CTBUU CPEACTB MHOMBUOYAIbHOIO PEeryimpoBaHUs nogadn Tenno-
HOCUTENS 3TO Co34aeT ANCKOM@POPTHbIE YC/IOBUSA OJ1S1 XWIbLOB U
BeOEeT K rnepepacxony Torumea. 7ICHO, 4TO Takad OTOonuTesSibHasd
cuctema Tpedbyet gopadboTku.

[Tpumep 2. Ha puc. 5.2 nokasaHbl TeMnepaTypHble 3aBMCU-
MOCTU 019 nogatowen Tpydbl U pagnaTtopoB OTOMSIEHMS OBYX M3
ob6cnenoBaHHbIX NOMELEHNn 0O0bekTa 3, a Ha puc. 5.3 - TemMne-
patypa BO34yxa B 3TUX Xe nomelweHusx. BugHo, 4to Temnepa-
Typa pagmartopa OTorneHus noMeLweHns A Bbille, 4emM paguaropa
oTtonneHusa nomeweHuna b. Tem He mMeHee, Temneparypa BO3ayxa
B MOMELLEHNN A YCTOMYMBO HUXE TemMnepaTypbl BO3ayxa B NnomMe-
weHnn b Ha 5°C. Tak kaKk HUKaKoro NPMHYOUTENBHOIO BbIXONAXMN-
BaHUS NOMeLWEeHUs A He MpPOUCXOOUT, HanpawnBaeTcs BbIBO4, O
npocyeTe Npuv OonpenesieHnn Konm4yecTsa paamaTopoB OTOMJIEHUS
0719 3TOr0 NOMELLeHna U mnx nnowagu. na cnpasku: nnowanb
nomeweHmna A - 84.9 kB.M, nnowanb pagnatopoB - 13.72 KB.M;
naowanb nomMeuleHmna b - 25.1 kB.m, nnowags pagmatopos - 3.56
KB.M. BbicOTa 060X NOMELLEHNI OaNHAKOBA.

HecmoTps Ha TO, 4YTO MOBEPXHOCTb HarpeBa OTOMUTENbHbIX
NpnbopoB, NPUXOAALLAACS HAa eOMHULY naowagn oTanjimBaemMoro
NOMELLEHNS, B NEPBOM ciyyae Oonblie, 4em BO BTOpoM (0.16
kB.M npotmB 0.14 KB.M, COOTBETCTBEHHO), OTOMUTENbHbLIE MNPWU-
Oopbl NOMeLLEeHUs A 9BHO HE CMpaBsilOTCS CO CBOEN 3agaqvent.
OTOT dakT Kak pa3 NoATBEPXOAET BbICKA3aHHOE HaMK BbiLEe
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YTBEPXAEHNE, YTO pacHeTbl CUCTEMbl OTOMJIEHUS HOCAT NPUONN-
XEHHbIN XapakTep, U O BbIIBNEHUS OEACTBUTENbHbIX XapakTe-
PUCTUK KaXK0WM N3 HNX HY>XHbl KOHTPOJIbHbIE MacLUTabHble 3aMepbl
TEMNepaTypHbIX PEXUMOB B peasibHbIX YCIOBUSIX 3KCMyaTaLuu.
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Puc.5.3. Temnepartypa Hapy>xHoro Bo3gyxa (1) n B nomeLwjeHnsx A n
B ob6bvekra 3.
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3amMeTuM elle, 4YTO KpuBbIEe Ha puC. 5.2 n 5.3 crnaxeHHble. JTO
Mbl coenanu gns Toro, 4todbl yoanuTb BbICOKOYACTOTHbIE COCTaB-
nqdoowme, onpenensemMble OUCKPETHOCTbIO OAaTYMKOB, N ACHee Mo-
Ka3aTb OCHOBHbIE TEHOEHUUN B TEMMEePATYPHbIX 3aBMCUMOCTSIX.

Ha kpuBon 1 puc. 5.2 BUAHbI ABa ckayka TemnepaTtypbl, No-
BTOPSIOLLUMECH M Ha TemnepaTypHbIX 3aBMCUMOCTAX OJ19 paguva-
TopoB (KpuBble A n B). 310 perynmpylowme Bo3genctens. B naH-
Hbleé MOMEHTbI CKa4kOM YyBesiyMBanacb MOLLUHOCTb KOTJIOB, B pe-
3ynbTate 4ero rnpoucxoausi NPOrpeB TEMJIOHOCUTENA B CUCTEME
00 HOBOro CTauMOHApPHOro 3HayeHus TemMreparypbl. Bpema atoro
nporpesa MOXHO onpenenntb U3 puc. 5.4, B BEPXHEN 4aCcTU KO-
TOPOro npuBedeHa Temneparypa nogawoiwen Tpyobl (B MCXOOHOM,
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Puc.5.4. lNMporpeB TenJioHocuUTens npu cKka4ykoobpasHOM yBeJsIN4eHUn
MOLLUHOCTH KOTNA.
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HEeCrnaXxeHHOM BUAE), @ B HWXKHEN - YBENIMYEHHbIA y4aCTOK Mpo-
rpeesa. BngHo, 4TO TenJOHOCUTEsIb B CUCTEME MPOrpeBaeTcs Ha
5°C 3a 10 yacoB. CtyneHyaTbin Xxapaktep KPMBOM ONpeaensieTcd
OVCKPETHOCTbIO Aatyvka. B Hayane nogbema HabnogaeTcs Kpart-
KOBPEMEHHbIV NMpoBasl TemMnepaTypsbl, BbI3BaHHbLIV NPOBOAVBLLENCS
B YKa3aHHbIi MOMEHT NOoAMNUTKOW CUCTEMBI.

[Tpumep 3. BndyanbHasa oueHKa NO3BONSIET BbISBUTb YYaCTKM
C HapyLUEHHON umMpKynsaumen tennoHocutend. Tak, Ha oObekTe 4
Habnganacb cutyauus, Korga 4yacTtb NOMELLEHMA OTansmBanacbh
3Ha4YMTENBLHO XYyXe OCTasibHbIX. Ha puc. 5.5 npencrasneHbl Temne-
paTypHbIE PEXNMbI OTAEJIbHbIX Y4aCTKOB CUCTEMbI OTOMJIEHUNA 3TO-
ro obbekta. KpuBas 4 0EMOHCTPUPYET, YTO TeMneparypa paama-
TOopa OOHOro M3 "XOJNI0A4HbLIX" MOMELLEHNN CYLLEeCTBEHHO HUXe ha-
Xe Temnepatypbl 00paTHOM TPyObI.
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Puc.5.5. TemnepartypHblie peXnmMbl y4aCTKOB OTONMUTE/IbHOU CUCTEMbI
obbekTa 4: nogarowgeri Tpybbl (1); obpaTHoi TpyObI (2); pagmnarTopa
OTOMJIeHns1 Tensioro nomeLyeHns (3); pagunaropa OTOMJEeHUs XOoJon4-
HOro nomewyeHus (4).

Tam xe Obina 3adpuKcupoBaHa CuiibHAd HEPaABHOMEPHOCTb
pacnpeneneHnusa TemMrneparypbl Mo yyactkam OTOMUTENIbHOW CUC-
Tembl. B kadyectBe npumepa Ha puc. 5.6 npumBeaneHbl Temnepa-
TYPHbIE PEXVMbI PagmMaTopoB OTOMJIEHUA CaMOW TErnaoMm U camMmon
XOJNIOOHOMN U3 OpaHXepen TPOMnMYeckmx pacteHun. BuaHo, 4TOo
cpenHaq Temreparypa paguaropa OTOMJIEHUA OpaHXepew, nofa-
KIIOYEHHOM K nepudepmnnHoMy y4acTKy CUCTEMbI TensaocHab-
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XeHuns, npumMmepHo Ha 20°C HuXe cpenHer Temnepatypbl paguva-
TOopa OpaHXepeu, NMOAK/IHYEHHOW K LeHTpasibHOMY y4acTky. Kpo-
Me TOro, Temnepatypa rnepeoro cnabo Koppenupyet ¢ TemMmnepa-
Typo nopawouwiern Tpyobl (NogpodbHO 00 3TOM CM. CReayroLLMiA
pasnen).
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Puc.5.6. TemnepartypHblie pexumbl pagnaTtopoB OTOIJIEHUSI OpaHXe-
pei, noakK/MIOYEeHHbIX K pa3HbIM y4YacTKaM OTOIMUTEJIbHOW CUCTeMbl
ob6bekTa 4: 2 - kK yeHTpanbHomMy; 3 - Kk nepugepuniiHomy. KpuBas 1 -
Temnepartypa nogaioujei Tpyosbl.

5.2.2. PerpecCcmoHHbIN N KOPPENSLUMOHHbIV aHann3bl

[Mepenoem Tenepb K MONYYEHUIO KOJIMYECTBEHHbLIX XapakTe-
PUCTUK OTOMMUTENbHbIX cucTtemMm. Kak Obiio noka3aHo B pasgene
2.1, B3aMMOCBA3b Mexay OABYMS CllydanHbIMM NpoLeccamMm MOXKHO
onuncaTtb C MOMOLLBbID KO3DPUUMEHTOB perpeccun n koappuum-
EHTOB Koppenauun. [na perpeccMoHHOM CXeMbl 3aBUCUMOCTMN,
KOTOPOW OMMUCbIBAETCS CBA3b MeXAy NopoXAaLWwmmM N J04epHUMMN
rnpoueccamMmm BHYTPU OTOMUTENIbHOM CUCTEMbI, OOCTATOYHO onpe-
OENMNTb KO3(OUUMEHT pPErpeccun, MnoCKOJIbKY Hanmyme CBsA3un
Mexay 3TUMKM MpoueccamMn He Bbl3blBAET COMHeHuW. B cnydae
KOPPENALUMOHHON CXEMbI CBS3MN CliedyeT yOOCTOBEPUTLCH B Halu-
4y cCaMOM CBA3WU, T. €. ONnpenenuTb CTeneHb €e TeCHOTbl. [ns
3TOro HeoBXOAMMO BbIYUCUTL KOIPPULMEHT KOppensauum n Be-
POATHOCTb TOr0, YTO 3TOT KO3PPUUMEHT He paBeH 0, T. e. BepoO-
ATHOCTb OTCYTCTBUS KakOW-NMOO KOPPENAUMOHHOM CBA3N OBYX
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npoueccoB. Bo Bcex npuBeOgeHHbIX HUXe Mnpumepax, €clim He
OroBOpeHo obpaTHoro, ata BepodaTtHocTb P < 0.0001. Kak MbI yxe
yKasblBain, KOPPENAUMOHHOW CXEeMOW MOXHO onucartb 3aBuUCU-
MOCTb MeXAy Temreparypon HapyXHOro BO34yxa W Temrepary-
pow nogatowlen Tpybbl. NoavyepkHEM elle pas, 4TO B 3TOM Chnyyae
NMONIb30BATLCHA MOJIyYaEMbIMU  YUCNIEHHLbIMY 3HAYEHUAMU  MOXHO
NMALWb KakK OUEHOYHbIMU, MOCKOJIbKY Ha CBSA3b [OBYX MPOLLECCOB
30eCb MOryT OKasblBaTb BMSHME GaKTOpPbl, HE HOcHAwme Ccny-
yanHOro xapakrtepa (QyHKUUA peryiampoBaHUA aBTOMATUKU KO-
TeJSIbHOWN, 4YesioBeyeckni paktop n T. n.).

YT106bI NONY4YNTb KOIPDUUMEHT perpeccumn s 3aBUCMMOCTMH,
ONMCLIBAIOLLIEN CBA3b MeXAy TemrnepaTypon nogarowen Tpyobl u
TemMrnepaTtypom KOHKPETHOro paguaropa OTOrM/eHus, MNoCTPpOoUM
anarpamMmbl paccesiHusg, CBA3biBalOLVe TemrnepaTypHO-BpeEMEH-
Hble psgbl Ang nogawouwen Tpyodbl 1 pagnaTopoB, a 3aTeM Ha OcC-
HOBE 3TUX AuarpamMm (KOPPENAUMOHHLIX MNOoJien) MNOCTPOUM pe-
FPECCUOHHYI0 npamyto. Ha puc. 5.7-5.10 npuBeaeHbl anarpamMmmel
paccesaHns 09 BPEMEHHbIX PAO0B, MPELCTaB/IEHHbLIX paHee Ha
puc. 4.4, 5.2, 5.5 n 5.6. 3ameTnm, 4TO, XOTS BPEMEHHbIE PAAbI HA
9TUX PUCYHKaxX CriiaxeHbl, AuarpaMmmMbl PacCesHUs CTPOUMIUCL Ha
OCHOBE HECTIaXEHHbIX UCXOOHbIX PAOoB. VIckniovyeHne coctaBnser
PUCYHOK 5.7, Ha KOTOPOM M300paxeHbl Anarpammbl paccesiHus,
NMOJTly4eHHbIE Ha OCHOBE CrJIaXXEHHbIX MO S5 TOYKaM BPEMEHHbIX p4-
A0B. JTO CrnaxuBaHne npoBeaeHoO, YTOObl UCKIOYUTL BANSIHME Ha
anarpamMmbl paccesiHUs BbICOKOYACTOTHbLIX OCLMINAUMA, npupoaa
KOTOPbIX M3BECTHA N HE HOCUT CJIy4anmHOro xapakrepa. HanomMmHum,
4yTO ocuunaauMn mMeloT nepuod 41-53 MUHyTbl. YunTbiBasi, 4TO
BPEMEHHOW UMHTEpPBa/l Mexay cocefHuMu mnamepeHusamm At pas-
Hanca 10 MuHyTam, Mbl M NPOBENU CriaXnBaHME NO S TOYKaM, YTO
COOTBETCTBYET rpaHnyHomy nepmoay 50 MUHYT (CM. BblipaXXeHue
(5.1)). B 1abn. 5.1-5.3 cBegeHbl 3HA4YEHUA KOIPPUEHTOB b n3
YPaBHEHMS perpeccuoHomn npsamon Y(x) = a + b ¢ X, cTaHgapTHbIE
OTKJIOHEHUS G U KO3PPUUMEHTLI Koppensaumn R ong pasnmnyHbIX
nap CBS3aHHbIX MPOLLECCOB B OTOMUTEJSIbHbLIX CUCTEMAX OOBLEKTOB
6, 3 n 4, COOTBETCTBEHHO.

N3 tabn. 5.1 BMAOHO, 4TO TemMnepaTtypa pagmaTtopoB OTOMe-
HUS XUNOro OMa XOpPOLO KOppenupyeT C TeMrneparypon nogaio-
wen Tpyodbl (KoapduumeHTbl koppenaummn 6nm3kn Kk 1). BunagHo
Takxke, YTO Koppendaums He3Ha4nTeNbHO nagaeT no Mepe npoaBu-
XXEHUS1 OT OEBATOr0 K NepBoMy 3aTaxy. [0pa3fno 3aMeTHee YMEHb-
LIaeTcs KO3IpPULIMEHT perpeccum b. 3TO roBOpUT O TOM, 4TO,
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"nogarowas Tpyba - paguarop AeBATOro araxa“”; 2 - 3aBUCUMOCTb
"nogarowjas Tpyba - paguarop nepBoro 3taxa”; 3 - 3aBUCUMOCTb
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Puc.5.8. Amnarpammsbl paccesiHUss n perpeccuUoHHbIe TpsiMble 415
oTonuTesibHOW cucrtemMmbl o6bekTa 3 (cm. puc.5.2). 1 - 3aBUCUMOCTb
"nogaowjaa Tpyba - pagmnartop nomewjeHns A”; 2 - 3aBUCUMOCTb
"nogarowjas Tpyba - pagnatop nomewjeHns b.
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"nogarowjas Tpyba - obparHas Tpyba’”; 2 - 3aBUCMMOCTb "nogaiowas
TpybGa - paguartop Tenjaoro rnomeujeHuss; 3 - 3aBUCUMOCTb "nogaio-
wasa Tpyba - pagmatop Xos1I04HOro rnoMeLyeHus.
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"nogarowjas Tpyba - paguarop Tensioli opaHxepen'; 2 - 3aBUCU-
MocCTb "nogamowas Tpyba - pagnarop XoJsI0o4HOW opaHXXepeu.
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Tabnunya 5.1. 3HaYyeHnss napameTpoB, XapakTepU3yloLnx OToONUTEsb-

HyI0 cucremy obbekra 6.

CBsizka b c R
Mopawowaa Tpybdba - paguatop aesaroro| 0.850 0.917 0.976
ataxa (npgmasa 1 Ha puc.5.7)
Mopatowaa Tpyba - paanatop nepsoro| 0.587 0.685 0.972
ataxa (npsmas 2 Ha puc.5.7)
Mopawowaa Tpyba - obpaTtHaa Tpybal 0.531 0.645 0.970
(npamas 3 Ha puc.5.7)

Mpumeyanne. O6cnenoBaHHbIE NMOMELLEHUSA - KBAPTUPbI MIoWaabilo Npu-
MepHo 100 kB.M Kaxaasi, pacrosioXXeHHbIe Ha NepPBOM N [EBATOM ITaxax.

Tabnuuya 5.2. 3HayeHnss napamMmeTpPOB, XapaKTepPU3yIoLnNxX OTONNTE b~

Hyl0 cucremy obbekra 3.

CBsi3ka b o R

Mopatowaa Tpydba - paguatop otorsieHus| 0.912 0.448 0.991
nomMewieHma A (npsmas 1 Ha puc.5.8)

Mopatowaa Tpydba - paguatop otornenual 0.895 0.396 0.992
nomMewleHnsa b (npamas 2 Ha prc.5.8)

Mopatowaa Tpydba - paguatop otorsieHus| 0.833 0.490 0.987
nomewieHnsa B

Mopatowaa Tpydba - paguatop otorsieHus| 0.832 0.527 0.984
nomMewieHua

Mopatowaa Tpydba - paguatop otornenual 0.802 0.535 0.983
nomewieHua [l

Mopatowaa Tpydba - paguatop otorsieHus| 0.936 0.417 0.992
nomeuwieHua E

Mopatowaa Tpydba - paguatop otornieHus| 0.925 0.542 0.987
nomewieHnsa XK

NMpumedyanne. OOGCnenoBaHHbIE MOMELLEHNSA UMEIOT Creayllme xapakrte-
puctukn. A: nnowanb 84.9 kB.M; nnowanb pagnatopos 13.72 kB.M. Bb: cooT-
BETCTBEHHO 25.1 kB.M 1 3.56 kB.M. B: 57.6 kB.M 1 11.18 kB.M. [: 21.5 KB.M
n 3.56 k.M. [: 32.9 kB.M 1 5.59 kB.M. E: 120.6 kB.Mm 1 30.79 kB.M. X: 37.0
KB.M 1 3.77 kB.M. BblcOTa BCeX NOMeLLEHU, kKpome nomewleHns E, 3.3 m.
MomeweHne E nmeet Boicoty 10 m.

Tabnunya 5.3. SHaYyeHns napamMeTpoB, XapaKTepU3yloLWmnXx OTONNTE Ib-
Hyl0 cucremy obbekra 4.

CBsi3ka b o R
Mopatowasa Tpyda - obpatHaa Tpyba (npsa-| 1.199 1.206 0.966
mas 1 Ha puc.5.9)
Mopatowaa Tpydba - paguatop otorsieHus| 0.883 0.302 0.996
TEenaoro rnomMelleHnsa (npsamasa 2 Ha puc.
5.9)
Mopatowaa Tpydba - paguatop otorneHual 0.518 0.829 0.920
XONI0AHOro nomeleHus (npsamas 3 Ha puc
5.9)
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Mopatowaa Tpyda - paguatop otornenual 0.700 2.325 0.825
opaHxepeu 1
Mopatowaa Tpydba - paguatop otorieHus| 0.212 4.597 0.219
opaHxepen 2 (npamas 2 Ha prc.5.10)
Mopatowaa Tpydba - paguatop otorieHus| 0.390 2.939 0.542
opaHxepen 3
Mopatowaa Tpydba - paguatop otorieHus| 0.859 1.375 0.950
opaHxepeun 4 (npgamas 1 Ha prc.5.10)
NMpumedanune. OpaHxepen NpPeacTaBnsaioT COOON NOMELLEHUS C NOSTHOCTLIO
OCTEKJIEHHbIMW CTEHaMM 1 NOTONKOM. nowagb Kaxaon n3 Hmux - 360 KB.M,
BblcOTa - 7 M. OCTanbHbIE MOMELLEHNSA NO XapakTEPUCTUKAM COOTBETCTBYIOT
nomelleHnio b obbekTa 3.

XOTS pagumaTtopbl OTOMNEHUST HVDKHEro ataxa u obpartHaa Tpyba
A0CTaTO4YHO XOPOLLO BOCMPOM3BOAAT BCE 3BONIOLUMN TEMMepaTypbl
nogatowien TpyObl, aMnanTyabl BOCMPON3BOANMbIX 3BOJIIOLMIA CYy-
LLLECTBEHHO MEHbLUE. 30€eCb YXe CKasblBalTCs MoTepu Tenna B
paguaTtopax BEPXHUX ATaXen, a Takke rmapaBinyeckoe Comnpo-
TUBNEHME CUCTEMbI. YMEHbLLUEHME aMNNUTYA, KonebaHnii Temnepa-
Typbl B pagmnaTopax HMXHEro ataxa n B obpaTtHowm Tpybe npuBo-
OAT, eCTECTBEHHO, K YMEHbLLEHMIO pa3dbpoca 3Ha4YeHun Habnoga-
EMbIX TemMneparyp, 4To 1 3adUKCUPOBAHO B BENMYMHE CTaHOAPT-
HOr0 OTKJ/IOHEHUS G.

MapameTpbl oObekTa 3 (Tabn. 5.2) AEMOHCTPUPYIOT HE3HAYN-
TeNbHbIN Pa3bpOC 3HAYEHUIN, YTO YKa3bIBAET HA OTCYTCTBUE CKOJlb-
HMOYOb CYLLECTBEHHbLIX aHOMaNuin B paboTe OTONUTENbHOW CUCTE-
Mbl. OTOr0 HE CKaXellb O cucTtemMe oTornneHusa odbekta 4 (Tadn.
5.3). Kaxapin n3 Tpex napameTpoB B OTAENbHOCTM U BCE OHWU B
COBOKYMNHOCTN CBUAETENbCTBYIOT, YTO B JAHHOW CUCTEME UMEETCH
3HaYMTENbHLIM pasdbanaHc. Hanpumep, CyLecTBYIOT MOMELLEHMS,
TemMneparypa paanaTtopoB KOTOPbLIX BECbMa c1abo KOPPENUPYET C
Temnepartypon nogatowen Tpyosl (R = 0.2). Pasbpoc temnepartyp
pagmatopa Xoso4HOro nomelleHmnsa donee 4yem B OBa pasa npe-
BbILLAET aHa/IOMM4YHbIN NapamMeTp Aas paguaropa Tensoro rnome-
lweHns. MapameTp perpeccun oag pasHbiX y4acTKOB OTOMUTESb-
HOM CUCTEMbI OTNIMYaETCsa B 6 pa3. Bce 3TO roBOpuUT O TOM, 4YTO B
CUCTEME OTOMJIEHMSA HapyLUeHa UVPKYNaumMsa TENJOHOCUTENS, B
Hel eCTb 3aCTOMHbIE N, BOBMOXHO, 3aBO34YLLUEHHbIE YYaCTKM, He-
CaHKUMOHMPOBaHHbIE OTOOpPbLI TernnoHocuTens M T. N. Mbl ewe
BEPHEMCA K 9TOW CUCTEME OTOMJIEHUS B rnaBe 6 npu aHanuse
CMEKTPOB TEMMepaTypHbIX KonedaHuii.

Mpwu B3rngne Ha pmc. 5.8 MOXeT co30aTbCH BNeYaT/IEHNE, YTO
OH MOCTPOEH Ha OCHOBE MEHBLLLErr0 YMCna ToYek, YeM, HanpuMmep,
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puc. 5.7. OgHako 370 He Tak. B oboux cnyyasx 4nmcno To4Yek Cco-
ctaBngeT 2048. NpocTo pa3dbpoc 3HaYeHun TemnepaTypbl Nogato-
lwen Tpyobl 1, cneaoBaTeNbHO, PAAMATOPOB HA 00bekTe 3 3HA4n-
TENbHO MEHbLLE, YeM Ha 00bekTe 6 (puc. 5.7). CBga3aHO 3TO rnaBs-
HbIM 00pa3oM C TeMm, YTO Ha oObekTe 6 cucrtema aBTOMaTU4YEC-
KOro perynmpoBaHusi B OONbLUEN CTENEHM CNeauT 3a KaxabiM U3-
MEHEHMEM HAPYXXHOW TemnepaTypbl, oTpabaTrbiBasg Manenwmve ee
konebdanmd. Ha obbekTte xe 3 (puc. 5.8), roe perynmpoBaHne Be-
NIOCb BPYYHYIO, OnepaTop KOTESIbHOW HEe MOr OTCnexuvBaTtb Kone-
OaHna Hapy>XHOW TeMNepaTypbl C TakOW Xe onepaTUBHOCTbLIO. Mbl
yxe Bugenn (puc. 5.2), 4To 3a Becb nepuon HabnwoaeHusa Obino
NPOBEAEHO TONbKO ABA CYLLECTBEHHbIX MOBbLILLEHUS TEMNepaTypbl
BoObl B cucteme. NMoatomMmy pasdbpoc 3HaAYeHun Temnepartypbl Mo-
paiouien Tpydbbl 1 pagmaTtopoB OTOMMAEHUS 30EeCb ropas3go MEHb-
we.

Ecnn Ha KpuBbIX TEMNEPATYPHLIX 3aBUCMMOCTEN ON9 Noaato-
wen Tpydbl N paguatopa OTonJieHMsa OeBATOro ataxa obbekTta 6
oTduNbTPOBaTh KONMEOGaHUS, CBA3AHHbIE C B/IMSIHUEM aBTOMAaTUKMU
KOTENbHOMN N ANCKPETHOCTBLIO OATYMKOB, MOXHO MPOCNEONTb XOPO-
LUYIO KOPPENAUMIO Mexay TemrnepaTypamu Hapy>XXHOro Bo3ayxa W
nopawowen Tpydbl. OTO OCOOEHHO XapakTEepPHO ANS NEPBON TPETU
nepuopga Habnoaenua (puc. 5.11). Anarpammbl paccesHms napbl
"Hapy>XHbIN BO34yX - nojatowasa Tpyba” ang nepBon TpeTn nepu-
ofa HabnogeHus nokasadbl Ha puc. 5.12. Ha puc. 5.13 n 5.14
npencTaB/ieHbl COOTBETCTBEHHO TEMMEpPATYPHbIE 3aBMCUMOCTU U
avarpaMmmbl paccesHus ans BTOpon, a Ha puc. 5.15 n 5.16 - gnq
nocnegHenm TpeTtu nepuoga Habnwopenusa. Puc. 5.17 un 5.18 ne-
MOHCTPUPYIOT aHaNormyHble 3aBUCUMOCTU A1 BCEro nepmoga Ha-
onopenna. B tabn. 5.4 cobpaHbl YNCNIEHHbIE 3HAYEHMA MapameT-
poB b, ¢ n R, xapakrepunsyloLwie B3aMMOCBA3b TemMneparyp Ha-
PY>XHOrO BO34yxa M nopgawouen TpyObl KOTENbHOWM AN KaXOow
TpetTn 1 Bcero nepuoga HabnoaeHus. MNMpencrasneHbl Kak napa-
METPbl, MOJSIyYEHHbIE HA OCHOBE WUCXOAHbIX (HECFNAXXEHHbIX) TEM-
nepaTtypHbIX 3aBUCMMOCTEN, Tak U 3HAYEHUS!, MOJSTy4YEHHbIE U3
npenBapuTeNbHO OTPUNLTPOBAHHBLIX KpMBLIX. [1pn GunbTpaunn
NPUHMMAICA FPaHWYHbIM Nepuoa, paBHbIM 4 yacam. OH NO3BOMIS
yOannuTb BCE TMOMEXM, BbI3BAHHbIE aBTOMATUKOW KOTESIbHON W
OVUCKPETHOCTbIO AAaTYMKOB.
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Puc.5.11. OrdpunbTpoBaHHbIle 3aBUCUMOCTU TeMrnepartypbl OT Bpe-
MeHn ans obbvekra 6 B nepBoV TpeTu nepuoga Habmwogeuuns: 1 -
nogawowas Tpyba; 2 - Hapy>XHblii BO34yX.
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Puc.5.12. Ounarpammbl paccesHus OJi1 NnepBou TPeTu nepuoga Ha-
6snoneHns obbvekta 6: cepbie TOYKU - OJI1 UCXOAHOrO BPEMEHHOIro
psga; 4YepHble TOYKU - O/ OTQPUIIbTPOBAHHOIO BpeMeHHoro psiga; 1
- c/mBLUNECSI BOEAUHO perpeccUOHHbIe npsiMble OTOUIbTPOBAHHOIO
“n HeoTUIbTPOBAHHOIO NMPOL,ECCOB.
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Puc.5.13. OrdpunbTpoBaHHbIe 3aBUCUMOCTU TeMrneparypbl OT BpeMme-
Hu ans obwekta 6 BO BTOpoOK TpeTu nepuoga Habmogewums: 1 -
nogawowas Tpyba; 2 - Hapy>XHblii BO34yX.
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Temnepartypa HapyxHoro soaayxa, ‘C

Puc.5.14. OQuarpammsel paccessHusi osis BTOPOU TpeTu nepuvoga Ha-
6snogeHns obwvekta 6: cepbie TOYKU - OJI1 UCXOAHOrO BPEMEHHOIro
psga; 4epHble TOYKU - AJI1 OTQPUIIbTPOBAHHOIO BpeMeHHoro psiga; 1
- c/mBLUNECSI BOEAUHO perpeccUOHHbIe npsiMble OTOUIbTPOBAHHOIO
N HeoTPUIbTPOBAHHOIrO NPOL,EeCCOB.
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Puc.5.15. OrdpunbTpoBaHHbIe 3aBUCUMOCTU TeMrnepartypbl OT BpeMe-
Hu ans obbekta 6 B nocnegHevi Tpetu nepuoga Habnwogeuuvs: 1 -
nogawowas Tpyba; 2 - Hapy>XHblii BO34yX.
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Puc.5.16. Ounarpammbl paccessHuss ansa nocsaegHen Tpetu nepuvoga
HabnmogeHns obbekTa 6: cepble TOYKN - OIS UCXOAHOIro BPEeMEHHOIro
psga; 4YepHble TOYKU - AJI1 OTQPUIIbTPOBAHHOIO BpeMeHHoro psiga; 1
- c/mBLUNECSI BOEAUHO perpeccUOHHbIe npsiMble OTHUIbTPOBAHHOIO
n HeoTUIbTPOBAHHOIO NMNPOLECCOB.
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Puc.5.17. OrdpunbTpoBaHHbIe 3aBUCUMOCTUN TeMrneparypbl OT BpeMme-
HNn ansa obwvekta 6 3a Becb nepuog Habmogewus: 1 - nogarowas
Tpyb6a; 2 - Hapy>XHbIi BO34YX.
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Temnepartypa HapyxHoro Boaayxa, ‘C

Puc.5.18. Ounarpammsel paccesHus Ansa Bcero nepuoga HabniogeHus
ob6bekTa 6: cepblie TOYKMU - [N UCXOQ4HOro BPEeMEHHOro pspga; 4Yep-
Hble TOYKU - A1 OTPUIbTPOBAHHOro BpemMeHHoro psiga; 1 - cnus-
wmecsi BOegUHO perpeccuoHHbIe MpPsiMble OTPU/IbTPOBAHHOIO U He-
oTUIbTPOBAHHOINrO NPOL,EeCCoB.
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Tabnuya 5.4. SHa4yeHNs nNnapamMeTpPoOB, XapaKTepU3yloLmnux OTONNTE b-
Hyl0 cuctemMy ob6bekTta 6 c TOYKU 3pPeHus CBA3KN "HapyXXHas Temrie-
partypa - Temnepartypa nogaiouieii Tpyobi”.

BpemeHHOV nHTEepBan HabnogeHns b o R
MepBasg TpeTb nepuoga HabnogeHual -1.261 2.593 -0.803
(pacyeTt No NCXOAHbLIM KPUBbIM)
MepBasg TpeTb nepuoga HabnwoaeHusa| -1.271 1.519 -0.914
(pacyeT No OoTPUILTPOBAHHbLIM KPUBbLIM)
Btopaa Tpetb nepuoga HabnmopeHus -1.002 2.312 -0.747
(pacyeTt No NCXOAHbIM KPUBbIM)
Btopaa Tpetb nepuopa Habmopenua| -1.027 1.449 -0.872
(pacyeT No OoTPUILTPOBAHHbLIM KPUBbLIM)
MocnepHasa TpeTb nepuoga HabnwoaeHus| -0.795 4.640 -0.596
(pacyeTt No NCXOAHbLIM KPUBbIM)
MocnepoHasa TpeTb nepuoga Habnogenua| -0.814 4.290 -0.629
(pacyeT No OoTPUILTPOBAHHbLIM KPUBbLIM)
Becb nepuon HabnogeHusa (pacyet no nc-| -0.951 3.656 -0.701
XOOHbIM KPUBbIM)
Becb nepuop HabnwoaeHus (pacyet no ot-| -0.963 3.123 -0.754
GUNLTPOBAHHBLIM KPUBbLIM)

MpoaHannsunpyem Tadbnuuy 5.4. Bo-nepBbiX, MOXHO KOHCTATU-
poBaTb, YTO NapamMeTpbl b 1 R, paccynTtaHHbIE MO CrilaXeHHbIM U
HECr/TaXKEHHbIM TeMMepaTypHbIM 3aBUCUMOCTSIM, HE CUJIbHO OTJ/IN-
yatoTcsa opyr ot gpyra. Bo Bcakom cnyyae, kak ogHu, Tak U gpyrue
NPaBMIbHO OTPaXaloT OCOOEHHOCTU KaXOoro U3 TPEex OTPEe3KOB
nepuona HabnwogoeHus. MNMapameTp o, eCTeCTBEHHO, OTMYaeTcH,
TaKk Kak CriaxvBaHue yMeHbLUaeT pas3bpoc Temnepatyp. Bece aTto
FOBOPUT O TOM, YTO Mbl HE MOrpPeLInIN NMPOTUB UCTUHLI, BbiOpaB
rPaHNYHbIA Nepuoa, paBHbIM 4 4yacam. YTo kacaeTca OCOOEHHO-
CTen Kaxaoro n3 OTpes3koB, TO OHM 3aKJ/104aKTCH B CIEAYIOLLEM.

B nepBon Tpetn nepmopga HabnogeHMsa aBToMaTuka KOTelslb-
HOM OoObekTa 6 Oblna HaCTpPOeHa Ha NPOMOPLUUOHANIBHOE PErynn-
poBaHve. HanoMHMM, 4TO perynnpoBaHne 340eCb MPOBOAMIIOCH MO
nokasaHusgM Jardmka TemMneparypbl HapyXHoOro so3gyxa. B pe-
3ynbrare Temrieparypa TErnJIOHOCUTENS M3MEHsIacb B MPOTUBO-
dase ¢ Temneparypon Hapy>XHOro Bo3ayxa, NoyTn GykBasbHO Mo-
BTOPSAS BCE €€ N3MEHEHUS, O YEM CBMOETENLCTBYET OM3Koe K -1
3HayeHne koapdurumenTa koppensumm (R = -0.914). Koadpdpnun-
€HT Xe perpeccumn B 3TOM pexunMe perynmpoBaHuUd okasasicea pa-
BeH -1.271. 3TO 3HaA4UT, 4YTO Ha KaXAbI rpagayc MU3MEHEHUd
TemrnepaTtypbl HAPY>KHOro BO34yxa Temrnepartypa BoAbl B CUCTEME
B CpefHeM naMeHsnacb Ha 1.271 rpagyca. Takom pexum CUAbHOWM
Koppensauuy Temnepartyp HapyXHOro BO34yxa U TernjoHoCcUTens
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cnabo ncnonb3lyeT TEMIOUHEPLMOHHYKO CNOCOOHOCTb Orpaxaato-
LUMX KOHCTPYKUMIA OTananmBaeMbiX MNomMeweHun. O6pa3Ho Takowm
PEXMM MOXHO CPaBHUTb C PAKETON, KOTOpasi AEPXUTCH B BO3OyXe
TONIbKO 3a cYeT paboTbl ABMIraTENS U COBEPLLUEHHO HE UCMOJIb3YEeT
PEXUM MapeHns.

Lpyron KpamHuin cnyyam - nocnegHsas TpeTb nepmoga Habno-
AeHns. 30eCb MCNOb30BAICS LUMPOKO NPUMEHSIEMbIN B NPAKTUKE
KackafHbli MeTod, PeryanpoBaHug, Korga npu nepexone Temne-
paTypbl Hapy>XHOro0 BO3Oyxa 4Yepes3 OornpeaeneHbin Nopor Temne-
paTypa BOAbl B CUCTEME U3MEHSIETCS CKA4YKOM Ha 3a4aHHylo BESN-
YNHY N B OA/IbHENLLEM HE PEryanpyeTcs A0 AOCTMXKEHUS HapyX-
HOW TemMnepaTtypoun criegylowero rnopora. B atom pexunme koad-
duupneHT perpeccuu noHnsunca oo -0.814, 1. e., cneays npenbi-
AYLWEN NOrvke, Ha Kaxabli rpagyc U3MEHEHUST TeMnepartypbl CHa-
PYy>XN Temnepartypa BOAbl B CUCTEME U3MEHSNACb B CPEOHEM Ha
0.814 rpagyca. OTOT pexunm yxe UCMonb3yeT TENTONHEPLMOHHYIO
CMOCcOOHOCTb OTanAMBaeMbIX nomelleHnn. OgHako OH TpebyeTt
TOYHOIO 3HaHUS, NPU KakMx TeMnepaTypHbIX NOporax n Ha CKOJlb-
KO rpagycoB HyXHO MOBbIWATb Temneparypy BOAbl B CUCTEME.
Takoe 3HaHue )11 KOHKPETHOW OTOMUTENIbHOM CUCTEMbI MOXHO
NOMYYNTb TOSIbKO OMbITHBIM NYyTEM. 3aMeTUM, KCTaTu, 4TO Ha O0b-
ekTe 3, 0 KOTOPOM Mbl ele 6yaemMm roBopuTb HUXKE, OaHHbIA OMNbIT
npuobpeTanca B TeyeHne WecTn neT. YCKopuTb 3TOT Npouecc
MOXHO, NPUMEHSS ONMUCbIBAEMbIN 30ECb PacrnpeaeneHHbln Temmne-
paTypHbI MOHUTOPWHI, KOTOPLIA 3a OBE HeOEeNn 9KCNepuMeHTa
nokasasi, Kakoe BAUSIHME Ha 9(PEPEKTMBHOCTb OTOMIEHUS OKa3bl-
BaeT KaXapll U3 ABYX METOO0B perynmpoBaHus. Hanpumep, Heon-
TUMasibHOE NPUMEHEHME KackaaHOro MeToga npmBeno Ha o0bekTe
6 K HapyLleHMIO TEMMNEPATYPHOro pexmnmma oTanjimBaeMblXx NoMe-
LLLEHNI, OCOBEHHO MOMELLEHUIN MEPBOro aTaxa, kak 3T0 BUOHO M3
puc. 5.19.

TemMmnepaTypHbIi MOHUTOPWUHI MO3BONSIET NPOBOAUTL UCChe-
A0BaHME BOCMPUMMHYMBOCTU CUCTEM K PErynpYyoLLMM BO3LOENCT-
BUSIM U NX YCTOMYMBOCTU, T.€. CNOCOOHOCTN HE BbIXOAUTb U3 CUH-
XPOHM3MA C PEryanpylowymMm BO3OENCTBUSMM MNPU  Pa3NYHbIX
amMnanTygax M 4yactotax NocnegHux. T  UccnegoBaHus NPOBO-
AVANCb HaMK OBYMS1 cnocobamum - nacCMBHBIM U akTMBHbIM. [pun
naccnMBHOM crnocobe cuctema Haxogunacb B HOPMaslbHOM PeXu-
Me aKcnayarauum, nNpu KOTOPOM PErynnpoBOYHbIE BO3OENCTBUS
HOCWIN €CTECTBEHHbLIN XapakTep, oTcnexmsaa KkonebaHusa Temne-
paTypbl HAPY>XHOro Bo3ayxa. [1pn aTOM ckaykm TemnepaTtypbl Ten-
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Puc.5.19. TemnepartypHbie pexumbl NnomewieHunii obbekra 6: 1 -
TeMmnepartypa Bo3gyxa B KBapTupe 9-ro 3raxa; 2 - Temneparypa
BOo3ayxa B kBaptupe 1-ro araxa; 3 - temneparypa Hapy>XHOro BO3-
Aayxa.

NIOHOCUTENS B nogatowen Tpybe Obian HEBENMKM (Kak NpaBuio, He
bonee 5°C). lNMpn akTMBHOM crnocobe KoTesbHas CKaykoM NepeBO-
Annacb B PEXUM MUHUMaNIbHOM MOLLHOCTMK, BblAepXuBanacb B
aToMm pexume 12 yacoB, 4TOObl TemnepaTypa BOAbl B CUCTEME
3actabunmnsupoBanachb (CM. puc. 5.4), 3aTemMm Temneparypa BOApbl,
OnNgaTb Xe CKaykoMm, nogHumanacb Ha 10 rpagycoB U 3TOT PEXUM
BbloepXmnBancsa 12 yacos, U Tak ganee. Llyknbl nogbema temne-
paTypbl C NOCNEAyLWEN BblAEPXKKON NPOOO/KaINCL A0 BbIXOOA
KOTENIbHOM Ha HOpPMasibHbIN pexum akcrnnyaTtaumn. 3a 14-cyTou-
HbI Nepunog, HabnNOeHNS TakoW 3KCNEPUMEHT MOBTOPSANCH OBaX-
Abl. [latynkm cTosanmn Ha nogatowen n obparHom Tpybax KoTesibHON
N Ha pagmaTtopax OTOMJIEHUS UCCNenyeMbIX NOMELLEHNN. MoMeH-
Tbl MOSIBAIEHNSA PEryNvpPYIOLWLErO0 BO3LAENCTBMA B Pa3HbIX TOYKax
OTOMUTENBHOMN CUCTEMbI (PUKCMPOBAINCL Kak MakCMMyMbl NMPOU3-
BOOHbIX TeMMepaTypHbIX 3aBUCMMOCTEN NO BPEMEHU. X0 Takoro
aKkcnepuMeHTa npeacrtaesneH Ha puc. 5.20. Kak n cnegoBano oXxu-
0aTb, NO3Xe BCEro perynavpylollee BO3OENCTBUE B BMOE CKayka
TemMnepartypbl gocTurano obpaTHon TPyObl. 3aaepXxka He MNpPEBbI-
cuna 30 MUHYT (CM. HWXKHIOIO 4YacTb puc. 5.20, roe BpPeEMEHHOMN
NPOMEXYTOK MEXAYy COCEeOHUMMW IKCMEPUMEHTA/IbHLBIMU TOYKaMMU
coctasnsn 10 mMuHyT). PagmatopoB oTanavBaeMbiX MOMELLEHWNN
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Bo3gencTene gocturano yepes 10-20 MuHYT, B 3aBUCUMOCTU OT
PacrnonoXeHns NMOMELLEHNSI B CXeMe TensocHabxeHus. BennunHa
3a[lepXXeKk He 3aBucena OT 3HaKa PEeryampylollero BO3AenCTBUSA
(MOoBbLILLEHNSA UM MOHWXKXEHUSA TemnepaTypbl). XOpPOLIO CrpoeKTu-
POBaAHHYIO N OTPEryINPOBaHHYIO CUCTEMY OTOMJEHUS obbekTa 3

60

N
o

Temnepartypa, °C

20

23-02-2001_12:00 28-02-2001_12:00 05-03-2001_12:00
[aTa n Bpems

60 : 00000000000000000
o o000

XYY YYYY Y
: YTYYYYYYYYY
| ] 0 <
R ,‘..‘."‘.“ 00 00000004 e o00000

(&)
o

/0 ! 0000000000000000000000¢

TemnepaTypa,’C
-
]
(]
(]

.,‘
)
[}
={.
[
[
[
o
[ ]
[
.
4
/‘
*—
[ ]
(]
\,

40

06-03-2001_03:50 06-03-2001_11:50
[aTta 1 Bpemsa

Puc.5.20. 3kcnepuMeHT no onpeaesieHuio peakunn OTONMUTEeJIbHOU
cucrtemMbl Ha perynupyioujee Bo3gervicteue (oo6bekr 3): 1 - Temnepa-
Typa nogaiouwjeii Tpyobbi; 2 - Temneparypa pagunaropa nomewjeHns A
(cm. puc. 5.2); 3 - tTemneparypa pagunaropa nomewieHns b; 4 - rem-
nepartypa ob6parHou TpyObl.
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NPOBEAEHHbI 3KCNEPUMEHT HM Pa3y HE BbIBEST U3 CUHXPOHM3MA.
OHa nokasana XopoLuyl YCTOMYMBOCTb K aHOMasIbHbIM Perynmpy-
IOLLMM BO3LENCTBMSAM N XOPOLUYKD YyBCTBUTENIbHOCTb BCEX CBOUX
y4acTKOB K J1l0ObIM 3BOIIOLMSM MNOPOXAAKOLWEro npouecca, T. €.
TemMmnepartypbl nogarowen Tpyos.l.

NHaye ob6cTosno geno npu nonbiTke MNpOBECTU NOA0OHbLIN
aKCnepmMeHT Ha obbekTe 5. 30ecb NMpu NepBbIX XE PErynmpyto-
LMX CKaykax TemnepaTtypbl BOAbl B nogaiwouwen Tpybe cucrtema
pasperynmpoBanacb M HW Ha OOHOM CBOEM Yy4aCTKe He BOCMpO-
n3Boausia Toro TeMnNeparypHoOro pexmma, KoOTopbli 3agaBaiCs eun,
CcornacHo cxeme akcnepumeHTa. logpobHee 3TOT ciyvan Mbl pac-
CMOTPUM B rfiaBe 6 Npuv OnNMcaHmm CrnekTpasibHbIX XapakTepMCTUK
OTOMUTESIbHBLIX CUCTEM.

5.3. TemnepatypHbie peXXuMbl NOMeLLeHNn

5.3.1. BusyanbHble OUEHKU

BunayanbHbin aHann3 nosiyd4aemMblx 3aBUCUMOCTEN Temnepary-
pbl BO34yXa B UCCJieAyeMbIX NMOMELLEeHNAX OT BPEMEHWN OaeT BO3-
MOXHOCTb MOJIy4uUTb MPenCTaB/ieHMe O TOM, COOTBETCTBYET Jin
Temrneparypa CaHUTapHbIM HOpMaM ON19 OAHHOro Tuna nomeLue-
HUI, KaK OHa 3aBUCUT OT PACMOJSIOXKEHUA MOMELLEHNS B 30aHUN U
MO OTHOLUEHUIO K CUCTEME OTOMJIEHUS, BbIABUTL BIINSIHUE TEXHOJ10-
MMYecKoro n apyroro o6opynoBaHns Ha TEMNEepPaTypHbIA PEXNM K
B KOHEYHOM UTOre BbISIBUTb MOMELLEHUS, TeMNepPaTypPHbIA PEXnm
KOTOPbIX HE COOTBETCTBYET MNPEAbsBASEMbIM K Hemy TpeboBsa-
HUaSM. B rnaese 4 Mbl yXe NpuBOAUIN MNPUMEPLI TEMMNEpPaTyPHbIX
PEXMMOB MOMELLEHUA HA HEKOTOPbIX M3 WUCCNELOBaHHbLIX HaMu
obbekTax. Cenyac mMbl 4ONOAHMM KapTuHy. Ha puc. 5.21 nokasa-
Hbl CrlaXeHHble TemMrepartypHble 3aBUCUMOCTU OJ19 MOMELLEHUI
ra3oHanoNIHNTENBHON CTaHuuM B r.MakeeBke (00bekT 1). OTn 3a-
BUCUMOCTW pacnagaroTcsd Ha aBe rpynnbl. [lepsasa rpynna, ¢ 60-
/lee BbICOKOM Temnepatypon (KpuBble 1-3), oTpaxaeT Temnepa-
TYPHbIE PEXUMBbI MOMELLEHNI, MONy4aloLmMX Ternao nepssiMn. BTo-
paga rpynna nomMeLieHnmn HaxoamnTca Ha nepudeprn oTONUTENILHOW
CUCTEMBI U NOJlyd4aeT MeHbLle Tenna. [NomewleHns nepson rpynnol
MMEeIOT TeMNepaTypHbie PexuMbl, OTBeYalLme CaHUTaPHbLIM HOpP-
MaM a1 9TOro Tuna nomMmewleHun (gonyctmmaa temneparypa 15-
21°C pna paboTt cpegHen TaxecTtu). B ocTtanbHbIX MOMELLEHUSX
CaHWUTapHbIE HOPMbI MO TEMMEPATYPHOMY PEXVMMY HEe BblOogepXnBa-
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loTCa. TepmMocTatndyeckme CBOWCTBA MOMELLEHNA KA4YeCTBEHHO
MOXHO Onpenennutb no TOMY, KakK KpMBble WX TeMrepaTypHbIX
PEXNMOB MOBTOPSAIOT XO4 WM3MEHEHUS Temneparypbl Hapy>XHOro
BO3oyxa. Hauxygouime tepmocTatnyeckue CBOWCTBA OEMOHCTPU-
pyeT MoMeLLeHne HaCOCHO-KOMMPECCOPHOro OTAesieHns (KpuBas
D). Masno Toro, 4To ero cpenHss Temneparypa 3a nccnegoBaHHbIN
nepuop, coctaBmna ~9°C, 4yto Ha 4 rpagyca HMXe nopora CaHu-
TapHbIX HOPM Aaxe ang Taxenbix padot. OHO NpakTU4eckn He 00-
nagaeTt TepMocTaTUyYeCcKMMy CBOMCTBaMKM M 4ETKO pearvpyeT Ha
M3MEHEHNS Temnepatypbl HAPY>XXHOro BO34yxa. HanomMHum, 41O B
rnaBe 4 Obln NpUBEOEH HECrNaXeHHbIn rpaduk TemnepaTypHOWn
3aBUCUMOCTU O/ 3TOro nomelleHus (puc. 4.3), Ha KOTOPOM Ha
¢dOoHEe MeJIEHHbIX U3MEHEHUN, OTCIIEXMUBAIOWMX HAPYXHYIO TEM-
neparypy, XOpoLlo BUOHbLI Nepuogudeckne nogbembl, onpenend-
€Mbl€ NPOrpPeEBOM TEXHOOMMYECKoro 0bopyanoBaHus.
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Puc.5.21. TemnepatypHbiii pexuM nomMmeLwjeHni obbekta 1: OOKCOB
rapaxa (1), agmuHucTpatuBHoro kopnyca (2), PeMOHTHO-MexaHu-
Yyecknx mactepckux (3), HanonHutTesnbHOro orgeneHuns (4), HacCoOCHoO-
KOMMPeccopHoro otaeneHns (5); 6 - temneparypa Hapy>XHOro BO3-

Aayxa.

Puc. 5.22 vnnocTpupyeT TemrnepatypHbii PexuM nomMeLle-
HUA MPOUN3BOACTBEHHO-3KCMyaTaLMOHHOW 6a3bl ra30BOro X034in-
ctBa r. LLaxtepcka JoHeukon obnactn (06bekT 3). 34eCb HYyXHO
obpatnTb BHUMaAHME Ha cnenyowme ocobeHHocTn. Bo Bcex nome-
weHmnax odpduca, nmeowmx nnowaab or 20 go 60 kB.M, noa-
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OEPXMBAETCA HOPMaJIbHbIA TeMnepaTypHbIN pexunm Ong OaHHOMU
kaTeropum nomeweHnn (kpueas 1). KpynHorabapuTHble Npows-
BOOCTBEHHbLIE W CKNaACKMUE TMOMELLEHUS Takxe noanep>XMBakT
HOPMaJibHbIN OJ19 CBOEN KaTeropun pexum (kpumeble 3 n 4). HYto
KacaeTca TepMOCTaTU4Yeckmx CBOWCTB, TO Habnwogaetcsa HebOosb-
LLOM NpoBan B cepeanHe nepunoga HabAoaeH s, OTCNEXMBAIOLLNIM
NOHMXEHME TemMnepaTypbl HAPY>XKHOro Bo3ayxa. OgHako aToT npo-
Ba/Nl ropasfgo MeHee 3aMeTeH, Y4emM KonebaHusa Temnepartypbl B
obcnenoBaHHbIX nomMewleHnsx makeesckon MHC. McknoveHne co-
CTaBNGET aKTOBbIA 3an, nMewLwmn nnowads 85 kB.M (KpuBasa 2).
34ecb Temneparypa Ha 5 rpagycoB HUXe O0onyCTUMON.

TemMmnepatypHble pexuMbl B KBapTMpax 9-9TaXHOro >Xunoro
AOMa CW/IbHO 3aBUCHAT OT TOr0o, Ha KakOM 3TaXe pPacrosiOXeHbI
KBapTuUpbl. Ha puc. 5.19 npmnBeaeHsl pexnmbl 45 KBapTup nepso-
ro n OeBAToro ataxen. BuoHo, 4ToO OHM OTNTHYAKOTCH NPUMEPHO Ha
6°C. HanomMHuM, 4TO B 3TOM OOME CMOHTMPOBaHa OTOMUTENbHAas
cucTemMa C BepXHeW rnogayen TEnJIOHOCUTENS.
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Puc.5.22. TemnepartypHblii pexum nomewjeHnii oobekra 3: 1, 2, 3,
4, 5 - cooTBeTCTBEHHO Temrneparypbl B nomeuweHusx I, A, A, X, E
(cm. Tabn. 5.2); 6 - Temnepartypa Hapy>XHOro Bo3gyxa.

5.3.2. PerpecCcmoHHbIN 1 KOPPENALMOHHLIN aHaNU3bI

Ha puc. 5.23 n 5.24 nokasdaHbl gmarpamMmmbl PaccesiHusl, CBSI-
3blBaOLLME TeMMNepaTtypy HapyXHOro BO3dyxa C Temnepatypon
nomelleHnn oobvektoB 1 1 3. Anga kaxgoro n3 oObekToB npuee-
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OEHbl gmarpamMmbl OJi1 CaMOro X0J1I04HOro n camoro Ternsoro no-
MewleHnin. Ha obbekTe 1 caMbiM XONOOHbIM NMOMELLEHNEM ABNSET-
CSl HACOCHO-KOMMPECCOPHOE OTAeNeHme (CM. TeMneparypHyio 3a-
BUCUMOCTb Ha puc. 5.21). TennonsonsunoHHblE CBOMCTBA 3TOr0
NOMELLEHNSA HE MNO3BOJISIOT COXPaHATb B HEM MOCTOSIHHbIA TEM-
nepaTtypHbIN PeXnM. ITOT PEXMM CUSIbHO 3aBUCUT OT KonebaHui
TeMnepaTtypbl HAPY)XHOro BO34yxa, YTO U OTpaxaeT auarpamma
paccesHus Ha puc. 5.23.

N3 conoctaBnenma puc. 5.23 n 5.24 BnaHo, 4TO BUIKa Mexay
HaK/IOHAMWN PErPECCMOHHBIX NPSAMbIX ONg 00bekTa 3 3HAYUTENBLHO
MeHbLle, 4yem ang obbekTa 1. CnegosarenbHO, pa3bpoc Temnepa-
TYP B KOMMJIEKCE MOMELLEHUN 0ObekTa 3 MEHbLUE, YEM B KOM-
nnekce nomewleHnn oobvekta 1. IHbIM1 cnoBamun, TEMNEPATYPHbIN
PEXMM NOMELLEHU Ha 0O0bekTe 3 Bonee 0gHOPOAEH, YEM HA OObL-
ekte 1.

Ha puc. 5.25 npuBegeHbl guarpamMmmbl paccesHus Ojisi KBap-
TUP NEepPBOro N OEBATOrO aTaxen xunoro goma (06vekT 6). Bua-
HO, YTO TemMnepaTtypa B KBapTUPE MepPBOro ataxa CuiibHEe Nof-
BEpXXEeHa BIMSHUIO HApPY>XHOro BO34yxa, YeM TemMnepaTtypa B KBap-
TUpe OEeBATOro ataxa.
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Temnep. Bo3ayxa B nomMeLlleHmu, °C

Temneparypa HapyxHoro sosayxa, °C

Puc.5.23. Onarpammsbl paccesHus anas nomeweHun obnekra 1: ce-
pble TOYKU - HACOCHO-KOMIMPECCOPHOe oTAaesieHue; YepHblie - agMu-
HUCTpaTuBHbIN Kopnyc; 1 m 2 - COOTBETCTBEHHO perpeccUOHHbIe
npsmseie ana HKO n agMunHuncTpaTtMBHoro kopnyca.
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Temneparypa HapyxHoro sosayxa, °C

Puc.5.24. Ounarpammsbl paccesHus Ans rnomeLweHni obbekra 3: ce-
pble To4Yku - nomeuwjeHne [l; 4yepHsbie - nomeweHme I; 1 n 2 - coor-
BEeTCTBEHHO perpeccuUoHHble npsimbie Ans nomeweHnin O n I (cm.
Tabn. 5.2).
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Temneparypa HapyxHoro Bo3aayxa, ‘C

Puc.5.25. Ouarpammsbl paccesiHuss N perpeccuoHHble rpsiMmble Ans
obbekra 6: 1 - nomeuleHne nepBoro araxa; 2 - rnoMeuieHune aess-
TOro araxa.
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B tabn. 5.5-5.7 cobpaHbl 3Ha4eHns1 KOIPPULMEHTOB perpec-
cun b, koppendauun R v ctaHOapTHbIX OTKIIOHEHUW G, XapakTe-
PU3YIOLMX MNapbl CBA3AHHbLIX MNPOLECCOB "HAPYXHbIA BO34YyX -
BHYTPEHHUI BO3ayX" ans o0bekToB 1, 3 1 6, COOTBETCTBEHHO.

Tabnunya 5.5. 3HayeHnss napaMeTpPoOB, XapaKTepu3yoLKnX Ternjion3o-

JISLUNOHHbIEe CBOWCTBa rnomMelleHuii oobekta 1.

CBsizka b o R
HapyxHbIli BO3ayx - Bo3ayx 6okcos rapa-| 0.110 1.275 0.336
Xa (kpuBaga 1 Ha puc. 5.21)
HapyxHbii BO3ayx - BO3ayx aamuHu-| 0.075 0.820 0.354
CTpPaTUBHOIro Kopnyca (kpueasi 2 Ha puc.
5.21)
HapyxHbIi BO3Oyx - BO34yX PEeMOHTHO-| 0.197 1.216 0.557
MEXaHUYEeCKUX MaCTepPCKMX (kpueast 3 Ha
puc. 5.21)
HapyxHbIi BO3ayx - BO34yx HanonHu-| 0.162 1.077 0.527
TeNbHOro oTaeneHusa (kKpuesas 4 Ha pwuc.
5.21)
HapyXHbii BO3aOyx - BO34yX HacocHo-| 0.327 1.350 0.709
KOMMPECCOPHOro otaeneHns (kpmeas 1 Ha
puc. 5.21)

Tabnunya 5.6. 3HayeHnUss napaMeTpPoOB, XapaKTepUu3yoLnX Ternjion3o-

JISLUNOHHbIEe CBOWCTBa rnomMmelLyeHuii oobekrta 3.

CBsi3ka b o R

HapyxHbIlh BO3Oyx - Bo3ayx nomewteHmnsa Al 0.173 0.641 0.713
(npamas 3 Ha puc.5.22)

HapyXHbln BO34yX - Bo3ayx nomeweHns 6| 0.143 0.552 0.700
HapyXHbIn BO34yX - Bo3ayx nomeweHns Bl 0.163 0.702 0.660
HapyxHbiih BO3ayx - Bo3ayx nomeweHus | 0.074 0.963 0.280
(npamas 1 Ha pnc.5.22)

HapyXHbIh BO3ayX - BO3AyX nomellenua | 0.242 0.858 0.728
(npamagq 2 Ha puc.5.22)

HapyxHbIlh BO3ayx - Bo3ayx nomewienma E| 0.205 0.667 0.758
(npamasg 5 Ha pnc.5.22)

HapyxHbIli BO3ayx - BO3ayx nomeuwieHus| 0.173 0.856 0.607
XK (npsimas 4 Ha puc.5.22)

Tabnunya 5.7. 3Ha4yeHUs nNapamMeTpoB, XapaKTepUu3yLNX Tension3o-

JISLUNOHHbIE CBOWCTBa rnomMelleHuii oobekrta 6.

CBsizka b o R
HapyxHbii BO3ayx - Bo3ayx B kBaptupe| 0.011 0.475 0.087
OEBATOro araxa (cm. pmc. 5.19)
HapyxHbili BO3ayx - BO3ayx B kBaptupe| 0.142 0.702 0.608
nepBoro ataxa (cm. puc. 5.19)
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5.4. Hekotopbie cneunasbHbie NMPUMeHEeHUs

[MpvBenem ewe gsa npumMepa npMMEHeHns pacnpenesneHHoro
CUHXPOHHOIr0 TEMMepaTrypHOro MOHUTOPUHra, C KOTOPbIMX aBTO-
paM NPULLIOCL CTOJIKHYTbCS Ha npakTuke. epBblin U3 HUX Kaca-
eTCsa onpeneneHns TeEMNepaTtypHoro pexvmMa B 0ObemMe opaHxe-
pen n Tennuy,. o cux nop Mbl paccMaTpuBanm cutyaumm, Korga
Temrepartypa BO34yXa BHYTPU TMOMELLEHUA @UKCMpOoBaach
OOHVM [aTyMKOM, YCTaHaB/IMBAEMbIM, KakK MpaBw/io, Ha BHYTPEH-
HEW neperoponke, BOoann OT OKOH, OBEPEN M paamaTtopoB OTO-
nneHnsa. Takoe pa3MelleHne faTtyvka Mo3BOSISSI0 OonpenennTb
CpefHo TemnepaTtypy MOMELLEHUA U ee U3MEeHeHne BO Bpe-
MeHn. B nomeweHnsax, npegHasHadyeHHbIX OS89  BblpallmMBaHUS
pacTeHnin, HeOOX0AMMO 3HaTb HE TOJIbKO CPEOHIO TemMnepatypy,
HO U ee pacrnpegeneHme no 06bLEMY MOMELLEHUS, B YACTHOCTM,
HaxoOuTb BENUYMHY TemMnepaTypHOro rpagueHTta no BbicoTe. Ha-
npuMep, ONS OPaHXEPEeWn TPOMUYECKUX pacTeHUn OOTAHUYECKOro
caja BaXHO MMETbL pacnpepeneHve Temneparypbl rno ux npocT-
PaHCTBY B pa3Hble Ce30Hbl roga, GUKCMpPOoBATb pacnpenesieHme
TeMnepaTtypbl BHYTPU KPOH PACTEHUA Pas/INyHbIX BMOOB M T.M.
Takne HabnwogeHmnsa OblM NPOBEAEHbI aBTOpPamMmM COBMECTHO C
coTpygHmkamm [lJoHeukoro 6otaHmyeckoro caga HAH YkpauHbi.

MdparMeHT naHopambl 3aBUCUMOCTU TeMNeparypbl OT BpeMe-
HW ON9 0ATYMKOB, PACMONIOXKEHHbIX Ha pPa3HOM BbLICOTE MO OCWU
CUMMETPUKN Kynona, n3obpaxeH Ha puc. 5.26. B HMXHEN yacTu
Kynona, 3arnoOSIHEHHOW KPOHaMM pacTeHui, HabnogaeTca rpaan-
€HT Temnepartypsbl Mo BbICOTE, AOXOOALLMNN B OTAENbHbIE MOMEHTHI
BpemeHn 0o 3.5 °C/m. OH NOSHOCTbIO MCHE3AET B HOYHOE BPEMS
cyToK. B BepxHen yactu Kynona, cBOOOAHOW OT KPOH pacTeHun,
rPagneHT Mo BbICOTE He Habnogancs. 3TK BbiIBOAbI CNpaBeavBbI
Ans Bcex BpemMeH roga. OT ce30Ha U3MEHSETCA TONbKO BEINYMHA
rpagmeHTa.

Cucrtema MOHMTOPUHIA NO3BONSET U3MEPSATb HE TONIbKO TEM-
neparypy Bo3ayxa, HO 1 TemMrneparypy rpyHra, Hanpvumep, Ha pas-
HbIX ryOMHaxX, N BECTM PErncTpaumio ee pacnpeneneHma no riy-
OVHE 1 BO BPEMEHU. 3HAHNE BAUSHUSA KPOH PaACTEHUIM Pa3NINYHbIX
nopog, Ha TeMNepaTtypHoe pacrpegeneHne B 00beMe NoMeLLEHUS
MOXET ObITb MOSIE3HO MPU MPOEKTUPOBAHNU MUKPOKIMMaTa nome-
LLEHNA C UCMNOJIb30BaHNEM 3eJieHbIX 30H, pa3MeLLaeMbiX BHYTPWU
Hero.
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Puc.5.26. ®parmeHT TemMnepaTtypHOu rnnaHopambl, rnosiy4eHHONW OT 4Ye-
Thipex AaT4YNKOB, PacrioJIOXXEeHHbIX Ha Pa3HOW BbICOTE MO OCU KYMNo-
na: 1 - sicora 11.5m; 2 - 9.5m; 3 - 4.5m; 4 - 1.5Mm.

BTtopon npumep cBa3aH ¢ NpobnemMon KOHMANKTOB MexXay
HaceneHnemM U TernjoCeTbi, HEePEenoKO BO3HMKAOWMX C HacTyn-
NIEHWEM OTOMUTENIbHOIO Ce30Ha. ITU KOHMANKTbI BbI3BaHbI XaJlo-
0amMn HaceneHus Ha Naoxoe Ka4eCTBO OTOMJIEHUS U rOpsyero BO-
nocHabxeHus. MNMpakTuka paspeLlleHns KOHGINKTOB MeXAay Teno-
CcHabXxalWwmMmMn opraHn3aumsaMm U KBapTUPOCbEMLLMKAMKN 3a4yac-
TYIO HOCUT 3MOUMOHA/bHbIN, CYyObEKTUBHLIM XapakTep, Tak Kak He
CYLLLECTBYET HAAEXHbIX CNocoO0B [OOKYMEHTANIbHO YCTAHOBUTb
OEVNCTBUTENBHYIO TemrnepaTtypy B MNOMELUEHUSX U TemMneparypy
ropsiyert Boabl 3a CKONbKO-HMOYAb AJIUTENbHbIA NPOMEXYTOK Bpe-
MeHU. CyLlecTByOWMn METod, 0OHOPAa30BbIX KOHTPOJIbHLIX 3amMe-
POB HEe MOXET OaTb McyepnbiBawowen nHpopmaummn. lNprumeHeHmne
€ ONnCbIBAEMON 30ECb TEXHONOrMM O/ TemMneparypHoro obcne-
A0BaHNS KOHMIMKTHLIX OOBbEKTOB NO3BONUT 0OENM CTOpPOHaM O0-
KYMEHTa/IbHO, HA OCHOBE AaHHbIX OOBLEKTMBHbIX U3MEPEeHUn 000-
CHOBaTb CBOU NpeTeH3un. Kpome Toro, WMpPOKOe MCMNob30BaHME
9TOMN TEXHONMOMMU 4AaCT BOSMOXHOCTb TEM0CHabXaloWwmmM opraHn-
3aunsaM NoJlydymTb KapTUHY peasibHOro pacnpeneneHus Tenna no
noTpedutensam, BbiIBUTb KaHasbl yTeuyku. [ns MEeCTHbIX OpraHoB
BN1AaCTV Takas cucrtema CHOopMUPYET yXKe 3a OONH OTOMUTESIbHbIN
CE30H KapTuHY 3PPEKTUBHOCTM FOPOACKOro TEensOCHAOXEHUA ©
€ero y3kmx MecT, co3gacT 0a3dy AaHHbIX pacrnpegeneHus Tenna v
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BbIIBUT 0OObEKTbI, Tpebylouwme MNOoBbILLEHHOIO BHUMaHUA. [ns
npumepa Ha puc. 5.27-5.28 nokasaH 3adUKCUPOBAHHLIA C
MOMOLLbIO CUHXPOHHOIO TEMMEPATYPHOrO MOHUTOPUHIA PEXUM
noga4yn ropsi4en BoAbl B OOMH M3 XWNbIX OOMOB . [loHeuka B
noHe n ceHtabpe 2001r. Temnepartypa ropsyen Boabl U3MeEpPs-
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Puc.5.27a. Pexum nogaym ropsidyeii Bogbl Ha 06cnefqoBaHHOM 00b-
ekte B uoHe 2001r.
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Puc.5.276. IMarucyToyYyHbii pparMeHT naHopambil, N300pa>keHHOW Ha

puc. 5.27a.

127



50 |

A
o [ | ]s,f‘g””' :l‘ n
S 40 AT S
o Fa BV A WA
c'E 777777777777 Tt m’,x 717'”1””1 77777777 B
o [ CwWN T
S ‘ : ‘ ‘ : [
2% Y

o0 i i i i i i i i i i i
26-06-2001_00:00 26-06-2001_12:00
LaTta v Bpemq

Puc.5.27B. CyTo4HbIVi pparMeHT naHopambl, N300pa>KeHHOW Ha pucC.
5.27a.

nacb 4epesd kaxgble 10 muHyT. Ha puc. 5.27a npuBeneH WIOHb-
CKUN MEeCSYHbI rpaduk C NepruogomM exerogHblX periiaMeHTHbIX
paboT. Puc. 5.276 oeMOHCTpUpYET PeXMM NOCIegHUX NATU CYTOK
noHa. Ha puc. 5.278 n3obpaxeH CyTO4YHbIV rpadpuk 3a 26 MIOHS
2001r. 13 HMx cnepyeT, 4TO B UOHE (He cuuTad nepuoaa perna-
MEHTHbIX PaboT) ropayas Boga nogasanacb 16 yacoB B cyTku. B
ceHTabpe kapTuHa yxe gpyras. Ha puc. 5.28a, 5.286 n 5.288B
nokasaHbl rpadpukmu noga4m Boabl B ceHTabpe 2001r. cooTBeT-
CTBEHHO 3a Mecsql, 3a nocnegHne NaTb AHEN CEeHTA0PS U 3a OgHu
CYTKU - 26 ceHTabps. XOpoLwo BUOHO, YTO ropsayas Boaa B CEHTHA0-
pe nogasasiacb Mo 4YeTblpe 4aca B CyTkn. Kpome 3TOoro, Hy>XXHO OT-
MEeTUTb, YTO Temnepartypa BOAbl OA/IEKO He Bcerga gocrturana
HopMaTMBHOMN OTMeTKK B 50°C.

Ko BcemMy cka3zaHHOMY MOXHO TOJIbKO A00aBUTb, YTO OaHHbIE
9TW MOJIy4eHbl C MUHMMASIbHBIMK 3aTpaTtamMn 1 xaonotamu. Heob-
XOAMMO TOJIbKO YCTAHOBUTb OATYMKU HA HY>XXHOM TpybonpoBoae n
yepes 3aaaHHOe BpeMs CHATb. BOT mn Bce. [1pOTOKON BCEX Pexu-
MOB - TeMnepaTypHbIX 1 BPEMEHHbIX - FOTOB.
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Puc.5.28a. Pexum nogaym ropsiyeri Bogbl Ha 06csiegoBaHHOM O0b-
eKkTe B ceHTsa6pe 2001r.
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Puc.5.286. MarucyroyHsbiii pparMeHT naHopambi, N300pa>keHHOW Ha

puc. 5.28a.
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Puc.5.288. CyTo4HbIVi pparMeHT naHopambl, N300paxeHHOW Ha puc.
5.28a.
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