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AKTYAJ!hHOCTb IIPOEJlEMhl. B Te'lleHHe nyx nocJie;z(HHX ;n;ecH

THJieTHlil nysup1>KOBhle KBMepu HBJ!Hl!TCH O;z(HHM H3 OCHOBHblX npH-

6opoB, HCilOJII,3yeMhlX ;z(JIH HCCJie;z(OB8HHlil B qJH3HKe 3JieMeHTBpHhlX 

't!BCTHL\. COBpeMeHHh!e 60JI1,illH8 nyah!pl>KO~He KBMepH, pa60't!H8 061,e

MH KOTOphlX ;z(OCTHraroT ;z(8CHTKOB ey6oMeTpoB, - CJIOEHHe H ;z(Oporo

CTOH!lul8 HHEeHepHble coopyEeHWI, 003:z(BHHble Ha 6aae HOBelilmHX 

Hay't!BO-TeXHH'tleCKl!X ;z(OCTHllteHHlil. IIpH npoeKTHpOBBHHH TBKHX Ka

M8p BBEHOe 3BB'lleHH8 npH06peTBIDT BOilpOCH pac'tleTa OilTHMBJII,HblX 

napaueTpOB HX OCHOBHhlX CHCTeM, K KOTOpbIM OTHOCHTCH CHCTeMa 

T8pMOCTBTHpOBBHIIH, o6ecneqHBBD!llaH 38;zJ;BHHbl8 TeunepaTypHb18 pe

EHMbl B pa6oqeu 061,eue KBY8pH. B CBH3H C 3TIDI uenecoodp83HHM 

HBJIHeTCH npoBe;z(eHHe HCCJie;z(OBBHHlil T8IlJIOBh!X piEHMOB KBMepH C 

ueJll>ro onpe;n;eneHHH Heo6pBTHMh!X n0Tep1, TeITJIB B pa6oqe/il EH;z(KOC

TH H 003:z(BHHH paBHOMepHoro IIOJIH TeunepaxypH.B Hett. 

Heo6xo;n;HMOCT1, npoBe;n;eHHH ;n;BHHO/il padOTH CBH38H8 C C03:z(BHH8M 

.Kaueph! CKAT ;z(JlH 1'lHCTHTyTa qJH3HKH BHCOKl,!X 3HBprHlil, OCHOBHHi 

npoeKTBHe pa60TH no KOTOpO/il WJIH BHIIOJIHeBH B H1'l1'!8~A. 

COCTOffHliE BOIIPOCA. B ony6JIHKOBBHHhlX ;n;o HacToHmero·Bpe

ueHH pa6oxax, IlOCBHmeHHh!X HCCJl8:z(OBBHHD T6IlJIOBh!X peEHMOB KB

Mep, OTCyTCTBOBBJIB MeTO;z(HKB pac'lleTa KOJIH'lleCTBB Heo6paTHMh!X 

noxep1, Tenna B pa6oqe/il EH;z(KOCTK. Mexo;n; 3KCTpanOJIHL\HH Y;z(6JI1,

Bh!X T8IlJIOBH;n;eJieBHlil BB BeJIH'llHHbl 061,eMOB, nplWeBHeMHlil npH 003-

;z(BHHH MBJIHX KBMep, He UOEeT 6HT1> HCIIOJl1,30BBB npH npoeKTHpO

BBBHH CHC~eH TepMOCTBTHpOBBHim 60JI1,IDHX Kawep, IIOTepH Tenna 

B KOTOph!X COCTBBJJHIDT ;z(6CHTKH KHJIOBBTT, TBK KBK B03MOEBhl8 

omH6KH ;z(BHHOro Y6TO;z(B MOryT npHBeCTH K 3H8't!HT6JI1,Bhlll 3KOHOHH

'tl8CK!11l 38TpBTBH. He cymecTBOBBJIO T8Kl!C8 B JIHTepaType H6T0:z(H

KH pac'lleTa rpa;z(HBHTOB TewnepaTypH, B03HHKBDmHX B pa6o'llelil EH;z(

KOCTH KaMephl B npouecce ea pa6oTH. Heo6xo;z(HMOCT1> onpe;z(e~eHHH 

0{11...::.JliUi~ilUM! H!IcmryT 

WliSPillc3X nu·.1i::':'1onoud 
6"lGJIV!OTEHA 
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rpa:ztHeHTOB TeMnepaTypu BH3B8H8 Tell, qTQ ycnOBHH npoBe:zteHHH 

xaqecTBeHHblX (pH3wqecKHX 3KCnepHll8HTOB orpaHHqHB8IOT HX BenH

qHHy. 

UEJib PAEOW. Uem,10 H8CTOHllleiil paCloT& HBJIHeToH paapa6ona 

Ha OCHOBe npoBe:zteHHWC HCCne;ztOBaeHtt ll8TO:ztHKH pacqexa KOJIHqecT

B8 TBMB, CHHMaeworo CHCTeMott TepMOCT8THpOB8eHH, MH onpe:zte

neHHH ee OilTHll8JlbBNX napaMeTpOB, a T8Klll:8 paapaCloTKB MeTO:ztHKH 

pacqeTa ll8KCIDl8RbHblX rpa:ztH8HTOB TeMnepaTy}B B paeloqey oel~eue 

K81l8Jli. 

HAY1IHAH HOBli3HA. BnepB&e paapa6oTaHa MeTO:ztHKa pacqera ee

o6paTHMWC noTepb Tenna B THllt8JIOlltH:ztKOCTHh!X nyaupbKOBWC KBMepax 

nyTell HHTerpHpOB8eHH PV -:ztHarpaMMbl. SMnHpHqecKHe 38BHCHMOC

TH, HBiil;zteHHJ,18 B peaynbTaTe o6o6meeHH npoBe:zteHHJ,IX axcnepHMeH

TOB, :zta!OT B03MOlltHOCTb npOHHTerpHpOB8Tb :ztHarpaM14Y H npoaHaHH-

3HpOB8Tb pelltW,:J,I pa60TJ,1 xawepu. Paapa60T8H8 MeTO,IUIK8 oueHRH 

ll8KCHll8JibeblX rpa:ztHeHTOB Tewneparyp& B pa(loqeiil lltH;ztKOCTH, noa-. 

BOJIH!OlllaH ea CT8:ztHH npoeKTHp0B8HHH K8M8pli pemHTb BOnpoc O ae

o6xo:ztHMOCTH npueeeHJffl cneuHaJibH&X wep, Yll8Hbm8JOlllHX H80:ztHO

pO:ztHOCTb TellilepaTy}B no o6~eMy. 

TIPAKTWIECKOE 3HAqEHm:. PeaynbT8TJ,1 npoBe:zteHel:ilX HCCJl8:ztOBa

eHtt Il03BOJIHIOT onpeAeJIHTb 0IlTHll8Jlb!lHe napaweTp& CHCTBM Tepwo

CT8THpOll8eHH BeOBl, npoeKTHpyeMHX nyaHpbKOBl:ilX xawep Ha THllte

nwc lltH'AKOCTfiX. Paapa60T8HBBfi MeTO,IUIK8 pacqera seo6p8THMblX no

Tepb T8IIJl8 MOllteT 6HTb HCilOJib30B8Ha npH 003:ztaeHH CHCT8M OXJiallt

:zteHHfi Y3JIOB aneKTpO(pH3HqecKHX ycraeOBOK O 60JibIDIDlH Y:zt8JlbHHMH 

TennoB&MH sarpy3KBMH B cnyqae HCil0Jlb30B8HHfi B xaqecTBe XJiaAO

areHT8 neperperott lltH:ztKOCTH. K T8IGUI yaJiall MOryT 61,1u 0TH8C8HH, 

BBilpHK8P, TOKOilpHewm,ie ycTpOllCTBa ycKOPHTeJiett H peaosaxopme 

6JIOKH raaopaapH:ztl!l,IX naaepoB. 
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ATIPOEA~liff PAEO'.IH. Ilo MaTepHanaM paCloTH o:ztenaHo H 06-

oyE:zteHo 'ABS :ztOKna:zta ea ;ztByx eayqso-TeXHHqeclG!x KOB~epeHUHRX. 

Paapa60T8Hln,18 MeTO:ztHKH pacqera HCilOJib30B8HH npH C03:zt8HHH :ztett

OTBYJOlllatt KaMepH CKAT, YOT8HOBJI8HHOtt BB HeilTpHHHOM Kattane 

cepnyxOBCKoro YCKOpHT8Jl.fl. 

IlYEilliKAUHH. Ilo peaynbTaTaM npoBe:zteHHblX 0ccne;ztoBaHHtt 

ony6JIHKOB8HO 8 pail OT/ 

OBliEM PAEO'Ill. ~HccepT8UHfi, CO:ztepllt811\8fi 131 CTp. M8IDHHO

IlHC HOrO T8KCT8, 2? OT p. ,!JHCYHKOB, 6H6JJHOrpa(pHqecKHil CilHCOK 

HS 71 HaHM8HOBaHHR, OOCTOHT H3 BB8A8HHH, IlfiTH rnaB, 38KJIJOqe

HWl H IlpHJIOlK8HWl • . 

B rnaBe I npHBe:ztee KpaTKHtt oelaop nHTepaTypttbDC :ztaHllHX no 

Telle :ztHCCepTaUHH H C(pOpMynHpOB8HJ,1 OCHOBllHe 38:ztaqH HCCne:ztOBa

Hmi. Ha IlpRMepe UHKnOrpaww HSM8H8HHfi :ztaBneHHfi o6octtoB&B8eTcfi 

B&Clop nePBoeaqaRDHblX napaweTpOB pa6oqett lltH:ztKOCTH H xapaxTep 

Hx HsMeeeeHH. MH cos:ztaHWI cra6Hn1,e&x ycnoBHtt (poTorpawHpoBa

HHH TpeKOB sapHllteHHblX qaCTHU HeoClxo;ztHMO, qxoelu TeMneparypa pa

(loqett XH,ItKOCTH nepe:zt K8ll(:ztHM UHKJIOM H3MeH8HHfi :zt8BJI8HHfi COXpa

HfiJI8 CBOe saaqeeHe. Caron uenbD Tenno, BH:ztenHBmeecH B npo

uecce paClOTJ,I K8Mepu, :ztOJilKHO 6HTb y;ztaneHO HS eee npH YOJJOBHH 

o6ecneqeeIDI H8H60Rblll8H paBBOMepHOCTH TeMnepaTypu lKH:ztKOCTH no 

06ie11y • Heo6paTmme noxepH Tenna B03HHK8IOT B OCHOBHOM Ha-sa 
11napaaHTeoro11 KHneBHH lltH:ztKOCTH npH nepeBo:zte ee B neperpeTyJO 

oClnacTb H- B03BpameHHH B nepBOHa~anbBOe COCTOHHHe. Bonpocu pac

qeTB TenJIOBHX IlOTepb B Kawepax pacc11aTpHB8JIHCb B H3B80THUX 

pa6oTax A.<t>.llloy, r .Xap0rena, r .XopnHxua, A.li.<l>HRHnnoBa, 

E.lt.Jl1,nqK0Ba H ,Itp.0:ztHarto B 3TII~ paOoTax He yt!HTUBaJll'ICb pellCID!U 

H3M8H8BHfi ;zt8BJI8HHH, qxo He ;zt88T BOSMOXHOCTH onpe:zteJIHTb OllTH~ 

M8JlbHJ,l8 napaMeTp!,! CHCTellH TepMOCT8THpOB8HWI. 
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IlpH BH)leJieHHH TeIIJla B paooqett lltli,1lKOCTH B03HHK8!0T rpa

)lllettTJ,I TeMne paTypu, HCK8llt8!011\H6 TpeKH qacTH~ fl pH ~Torpaqill

p0B8HHH. PeayJibT8TJ,I H3MepeHl!ll ITOJIH TeMIIepaTyp1,1 B paooqeM o6~e

Me )l6HCTBY!Oll\6H KaMepu, ony6JIHKOB8HIIJ,le B pa6oTe K.X.8p6ene,rro-

3BOJl!l!OT C)leJJaTb BUBO~ 0 TOM, l!TO Ha cTa~m! rrpoeKTnpoBaHI!ll KaM8phl 

HYlltHO 3H8Tb M8KCHM8l.u,HJ,Ie rpa.ziHeHThl TeMnepaTypu, B03HHK8!0UU16 

B pa6oqett lltli,1lKOCTH npH nepHO)lllqecKOM BJ,I)l6Jl8HHH B HBH Tenna. 

Onpe.zienettHe nonH Te!.IIlepaTyp1,1 B paooqeM o6~eMe KaMep,i 

CBO)lHTCH K qncJieHHOMy HCCJl6)lOB8HHID ttecTaunottapHott CB060)lHOH 

KOHB6KUHH B aaMKHYTOH IlOJIOCTH. BonpocaM TeilJIOOT)l8l!H npH CB0-

60)lHOil KOHBeKUHH llOCBHmettli pa60Tl,I E.].TapyHHHa, r.s.repmyHH, 

A.r.3apy6Htta, A.B.]hlROBa H .zip. lila attannaa aTHX paooT cne.ziy

eT, qTo )lO H8CTOHmero BpeMeHH HeT paapa60T8HHOH MeTO)lHKH, 

KOTopyIO MOlltHO QJ,IJIO 61,1 npRMBHHTh )\JIH pacl!eTa IlOJIH TeMnepaTy

p1,1 B paool!eM o6~eMe nyaupbROBOH K8Mep1,1. Paapa6oTKa raKOtt Me

TOAHRH HBJlHBTCH C8MOCTOHT8JlbHOH aa.ziaqett. 

B H8CTOHmett AHCCBpTaUHH tta OCHOBe peayJihTaTOB 3Kcnepll

M8HT8JlhHblJC .ziattHHX' np1rne.ziettHhIX B pa6ore K.X.9p6eJie' l1 peayJih

T8TOB pacl!eTa, nonyqeHHblJ{ E.].TapyHHHUM, OOOCHOBUBaeTCH npa

BOMepHOCTh onpe.zieJieHllfl MaKCHMaJibHbllC rpa)lHBHTOB TeMnepaTypu 

B pa6oqeM o6~eMe KaMep1,1 nyTeM pemeHllH aa.ziaqH craunottapttoil 

TennonpOBO)lHOCTll MHOrOCJIOHHOH nnacTHHJ,I C BHYTPBHHHMH llCTOq

HHKaMll Tenna paaJilll!HOH HHT8HCHBHOCTH no BepTHK8JlbHOil K00p)lll

H8T8 KaMepH. 

.IJ.JIH npaKTHqeCKllX pacqeTOB T8llJIOBblJC pelltllMOB KaMep, aa-

ITOJIHeHHUX qipeOHOM BBI' B l!aCTHOCTU, )lJIH o6pa60TKH 3KCnepH

M6HTOB, npOB8)l8HHHX B )l81!HOH paooTe, aeo6XO)lHM0 attaTl'> 8H8JIH

THqecKHe aaBHCHMOCTH, C IlOMOUU,!O KOTOpUX MOlltHO onpe)leJIHTb 
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T8llJIOqJH3lll!8CKlle CBOHCTB8 3TOro qipeotta. TaKHe 38BllCHMOCTll 

B 06JiaCTll pa6oqHX TeMnepaTyp KaMep1,1 (25+ 3S)0c OhlJlll ITOJiy

qelll,[ nyTeM o6o6meHHH Ta6nnqffl,IX ll cnpaBOlJHJ,IX .ziattHhIX, 11p1rne

)l8HHHX B JIHTepaType. 

Ha OCHOBe aH8Jlll38 ony6JIHKOB8HHhIX paOOT no-nayqeHH!O 

TeITJIOBhIX peRHMOB nyaUphKOBhIX KaMep CqJOPMYJIHpOBairn OCHOBHJ,18 

aa.ziaqn nccne.zioBattntt. KonnqecTBO renna, Bhl)leJIHBmeecH B pa-

6oqett lltll)lKOCTH, MOllteT 6HTb onpe.zienetto nyTeM llHTerpHpOBa-

HIDI PV, -.zinarpaµMhl, )lJIH qe~o neo6xO)lllMO ID46Tb ee attaJIHTll

qecKoe OilHCaHHe • no HaqaJia 11napa8HTHOro11 Kllll8HllH B lltH)lKOC-

Tll qiyHKUl!ll P( V) OllllCHBaBTCH C llOMOUU,!O ll3B8CTHHX TepMO)lll

HaMlll!BCKHX COOTHOfiliHllil. J{aJihHettmee Il0BB)l8Hlle qiyHKUllll npH 

YB8Jllll!8Hllll o6~eMa lltll)lKOCTll 38BllCHT OT KOJllll!8CTBa o6paao

BaBmerocH napa. C U8Jlb!O onpe)leJieHllH T8IlJIOBOro IlOTOKa, H)ly

mero tta o6paaoBattHe napoBott qiaa1,1, )lOJIEHa 6urh pemeaa aa.zia-

~a HecTaUHOHapttOH T8llJIOilpOBO)lHOCTH OT CTeHOK pa6ol!ero o6~e

Ma K Ell)lKOCTll npn ll3M8H8Hllll B Hett )laBJIBHHH, a CJI8)lOBaTeJIDHO, 

H TeMIIeparypu ttacumettHH. 

IlpHM8H8HHe TeOpHH TepMO~HH8MHKH napOEll)lKOCTHOtt CLl8CH 

)\JIH. 8H8JlllTllll8CKOro 0IlHC8Hllll PV -AHarpaMMl,I Ha JIHHHH CJKaTHH 

CllJlhHO 61,1 OCJIOlltHHJIO o6myn aa.ziaqy. M.J{.Bai1cMaH, narrpHMep, 

npe.zinaraer npH•pacqeTe pean~mx npoueccoB, npoHcxo.ziHmHX B 

napOEH)lKOCTHOtt CM8CH, ~OilOJIHHTh T8pMO)lHHaMlll!8CKH8 COOTHOme

HIDI 8KCil8pHM8HTaJihHO-YCTaHaBJIHB88MHMH nonpaBOl!HJ,IMH B8Jll1l!HH8-

MH. B .ziattHOi1 pa6ore' npH onpe.zieneHHH KOOp)lHHaT xapaKTepHhIX TO

qeK )lHarpaM!.11,1 TalOfte HCllOJlh3YDTCH 8MilllPHll8CKHe 38BHCHMOCTH, 

IlOJiyqeHlllile B peayJihTaTe o6o6mettHH 8KCilepHM8HTOB. 

Hatt)leHHOe KOJllll!8CTB0 H806paTHMhlX Il0T8Ph TenJia B lltll)lKOC~ 

TH )l88T B03MOlltHOCTh onpe)l8JlHTh napaMeTpu CllCT8W TepMOCTBTll-
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pOB8HHH RaMepu H Bbl6Hp8Tb OilTHM8JlbHble peJKHMhl pa6OThl CHCTe

Mhl H3MeHeHHfl ,naBJieHHfl C l,\eJJblO IlOJiytJeHllH MHHHM8JibHhlX IlOTepb 

Temra. 

B KatJeCTBe y,neJJI,HhlX TeilJIOBhlX HarpyaoK B lKH,nKOCTli npH 

pemeHHH aa,na1rn onpe,neJieHHfl M8KCl1M8JlbBUX rpa,nHeHTOB TeMne

paTy phi B pa6otJeM o6~eMe HCilOJib3yeTCH peayJibTaT HHTerpHpOBa

HHH PV-.nHarpaMMbl. 

ilKcnepHMeHTaJihHb18 HCCJie,nOB8HHfl npOBO,llHJlHCb C l.\8Jlbl0 aa

XOJK,lleHHH o6oomeHHb1X 38BHCHMOCTeli ,l!Jlfl onpe,neJieHHfl KOOp,llHBaT 

xapaKTepeux TOIJBK ,nHarpaMMhl ea JIHBHH cm:aTllH, a TalO!te ,l\Jlfl 

IlO,llTBepJK,neHHfl npaBHJlbHOCTH paapa6oTaHHhlX MeTO,llHK pactJeTa. 

I'JraBa 2 IlOCBHmetta BOnpocaM TeopeTHll8CKOro HCCJie,noBaHHH 

TBTIJJOBhlX peJKHMOB nyaupbKOBhlX KaMep. Ilpo[(ecc pacm1,1peBHH pa6o

qei,i JKH,nKOCTH paccMaTpHBaeTCfl ea npHMepe THilH'IBOH PV-.n0ar

paMMhl, B KOTOpOil B KatieCTBe o,naoil 1,13 KOOp,llHH8T HCilOJib3yeTC!I 

OTHOCHT8JlbHOe H3Me~eHH8 o6~eMa C. (B ,naJibHelimeM Pe.-.nHarpaM

Ma). Ha OCHOBe H3B8CT!lhlX TepMO,llHBaMHl!eCKHX COOTHOllI8BHli C HC

IlOllb3OB8HH8M onpe,neJieHHH H3OTepMHIJ8CKOro H a,n0a6aTHIJ8CKOrO 

KO31W/HU.H8HTOB CJKHMaeMOCTH JKH,nKOCTH IlOJiytieBhl 38BHCHMOCTH, 

IlO3BOJJflIOliUle aaiiTH 4JYHKI.\HIO P (c.. ) OT TOl!KH ,nHarpaMMU, COOT

B8TCTBy10meil nepBOB81!8JlbHOMY COCTOHHHIO JKH,l\KOCTH nepe.n pacmH

peaHeM, ,no TOl!KH, xapaKTepHay1014eli H81!8JIO 11 nap83HTHOrO 11 KHile

HHH. 

B ypaBH8BHH, OllHChlB810ll\814 ,nHarpaMMY B O6JiaCTH neperpeBa 

JKH,nKOCTH ,no MOMeHTa ,llOCTHllt8HHH HHJKHeI'O ,naBJieBHH, H8H3B8CTHOH 

HBJlfllil-TCH OTHOCHTBJ!b~aH B8JIHIJHHa o6pa3OB8Bmeilcfl napOBOil qi83hl 

? . 3aBHClU40CTb p OT BPBMBHH MOllteT. 6blTb eaitl{eea H3 KOJIH

'leCTBa T8IlJI8, nepe,naHHOro OT CTBHOK pa6otJero O6i>iMa K lltH,llKOC

TH B Te'leHHe npe6blB8HHfl ee .B neperpeTOM COCTO!IHHH. IlonytieHhl 
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38BHCHMOCTH, llO3BOJI!IIOliU18 COCTSBHTb CHCTeMy ypaBHeHltil C 

[(eJibIO HaxoJK,neHHH /! ('2"") • .1l:1H onpe,neJiemrn H3MeHeHHH TeMne

par-yp1,1 creHOK BO BpeMeBH HCilOJibSOBaao peme1me aa,nat11,1 aecra-

1.\HOHapaoli TennonpOBO,llBOCTH, IlpHBe,neaaoe B pa6oTe A.H.IlexOBH

qa H B.M.l[H,nKHX. TenJIOOT,naqa B ·m:H,nKOCTb Ha H81!8JlbHOl4 yqacT

Ke ,n1,1arpaw1,1 QnHcaaa ypaBHeHHHMH,· xapaKTepnay10mHMH npol,\ecc 

KOHB8KUHH, a B O6JiaCTH neperpeBa lltH,nKOCTH - 38BHCHMOCT!IMH, 

HCilOJib3Y8MblMH ,l\Jlfl npol,\ecca KHil8BHH. B K81!8CTBe TeMnepaTyphl 

BCKHllaHH!I neperpeTOil lKH,n~OCTH IlpHHHT8 TeMnepaTypa aacm11eHHH, 

COOTB8TCTBy10maH TeeymeMy 3HatJ8HHIO ,naBJieHH!I. Ilo ,naHBhlM pa6o

Tbl B.~.IlpHCBHKOBa Ta1toe ,nonymeaHe ,naeT norpemHOCTb, y,noB

Jl8TBOpHIOmyIO Tpe6oB8HHH14 HHllteaepBhlX pactJeTOB. IloJiytJeHHSff CHC

TeMa ypaBH8BHil ,l\JIH onpe,neJieHHH p ( 1:') MOJKeT 6h1Tb pemeaa 

TOJibKO 'IHCJieHBhlMH MeTo,naMH C IlpHM8HeHHeM aBM. HttTerpHpOB8HHe 

.nnarpaMMhl ea ytJaCTKe KHileHHH lltH,nKOCTH AO ,llOCTHJKeHHH HHJKHero 

,naBJieHHH TaKm:e ,llOJllltBO 6h1Tb npOH3B8,ll8HO tIHCJieBHhlM MeTO,llOM. 

]!JIR H3B8CTHOro KOJIHIJ8CTB8 H8O6paTHMhlX IlOTepb TeilJia B 

KaMepe llPHB8,lliBhl ypaBH8HHH, IlO3BOJlHIOliUle onpe,neJIHTb napaMeT

phl TeilJIOBOCHTeJIH B C8Kl.\RHX T8IlJI0O61,1eaa CHCT8Mhl TepMOCT8THpO-

11aBHH, YCTSHOBJieBHhlX B pa6O'l8M O6i>eMe. 

3aAatJa onpeAeJieHHfl M8KCHMaJibHhlX rpa,nHeHTOB TeMnepaTyphl, 

BO3HHKaIOmHX B lltfl,ltKOCTH IlpH nepHO,llHll8CKOM Bbl,lleJieBHH B Beil Ten

na, pemanacb B npe,nIIOJIOllteHHH, IJTO TeilJIOBhl,ll8JI8HHe npOHCXO,llHT 

B peayJII,!l?aTe KOB,neecaqHH napOBOH 4)831,1 1! CJI08 lltH,llKOCTH, npH

neraDmew K CT8HKaM pa6oqero O6i>8Ma. PaocMaTpHBaJIOCb BepTH

K8JlhHOe CetieHHe KaMephl B,nOJib nytJRa ~aCTHI.\ B BH,ne IlJIOCKOli 

aeorpaBHll8HBOil IlJlaCTHBbl, IJTO Il03BOJIHJIO onpe,neJIHTb rpa,nHeBThl 

TeMilipaTypll TOJibKO B B8pTHKaJib·aott IIJIOCKOCTH KaMephl. Tel4 He • 

weaae, 3TO y,noBJieTBOpReT YCJIOBHIO IlOCTaBJieHBOil 38,l\S'IH, TaK 
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KaK H3 A8HHblX paoOTbl K.X.dp6eJie no 88Mepy nOJ!ll TeWiepa

Typbl B ;n,etiCTByJOmeii KaMepe MeAyeT, qTo T8KHe rpa;n,HeHTbl 

llBJlfllOTCfi M8KCHM8J!J,HblMH. liaBeCTHble 88BHCHMOCTH OT BpeM8HH 

neJIHqHHbl oTphlBttoro ;n,HaMeTpa naponoro nyahlpll, ero pa;n,Hyca 

H BblCOTbl BCnJiblTHll COBMeCTHO C peaynI>T8T8MH pemeHHff aa;n,aqH 

onpe;'.{eJieHWI ? ( z--) n03BOJ!MH COCT8Bl1U CHCTeMy ypanHeHHli, 

pememie KOTOpoi! ;n,aeT B03MOiKHOCU onpe;n,eJ1l1TJ, TOJ!IIJ,l1Hbl T8IlJ!O

Bbl.1(8JlfllO!iU1X' CJJOeB Ha HH,KHei1 l1 Bepxttel1 CT8HIW.X pa(loqero OOt,e

Ma. Mll Hai,i,1\eHHhlX 06beMHblX T8IlJ!OBbl.1(8JJ8HHH C l1CilOJ!I,80B8HHeM 

38KOH8 <I>yp1,e IlO.'IytleHa 011} TeMa ypaBH8HHli, Il03B0Jlll!Ol!J,8ll onpe

;n,eJIHTJ, TeMnepaTypy pa6oqei1 iKH;ZJ.KOCTH B 38BHCl1MOCTH OT B8PTH

K8Jll>H0rl K00PAl1H8Tbl K8M8pbl. liCilOJ!J,30B8HHe B paapa60T8HHOH 

M8TO.l(HK8 pacqeTa 3KBHB8Jl8HTHOro K03qxj/Hl.{H8HTa TenJionpono;n,

HOCTH iKH;n,KOCTH, yqHTblB8JOmero 8CT8CTBeHHYIO KOHB8Kl.{HIO, yM8HJ,

maeT om116Ky, B08HHKB!OllJYIO npn paCCMOTp8HllH 00b8MB pa6oqell 

iKlJAKOCTH B BH;n,e TB8PAOrO TeJJa. 

B rJiaBe 3 npHBe;n.eHbl peayJJI>T8Tbl 3RCnepHM8HT8Jll>HOro HC

CJ18.l(OB8HHll P& -;n,narpaMM pa60Tbl nyablpl>KOBOti KBMepbl, aanoJJ

HeHHOti THReJJOli iKH;n,KOCTI>IO. dKcnepnMeHTbl npOBO;ZJ.MHCJ, Ha MBK&

Te KaMepbl c paooqnM o6beMOM,PBBHblM 0,2 1,18 n npe;n,cTaMlllO

mnM cooott ropH80HT8,,I,Hblti l.{Hnl1H;n,p C BHyTpeHHl:lll ;n,HaMeTpOM 

0,7 M n ;n,JIHHOti 0,6 M. MaTepnan ero Kopnyca - cTaJII> XIBHIOT, 

TOJ!lill1H8 CTeHOK - 0 ,OI6 M. B Ka'leCTBe pa6oqei/J: iKH.l(KOCTH HCilOJIJ,-

80B8J!Cll qipeoa I3BI. Heo6xo;n,HMBll TeWiepaTypa B KBMepe ycTa

H8BJ!HB8Jl8CJ, C nOMOll!,DIO CeKl.{Hti TeilJIOOOM8H8, COCTOllli\HX H3 ;n,Byx 

Me;n,HblX 81488BHKOB BHyTp8HHIDI ;n,HaMeTpOM· 0,0II M, npHKpellJ!iHllblX 

K B8pxHei1 H HHlltH8ti qacTH BHYTP8HHeti noBepxHOCTH l.{HJ!HH;n,pa. 

Ho Tpy6KaM nponyCKaJ!8Cl> B0.1(8 aa;n,aHHOH T814llepaTypbl. l1aMeHeHH8 

;ZJ.BBJl8Hl1ll B raaonoit CHCTeMe pacmnpeHHll nepe;n,aBBJJOCJ, HB pa6o-
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qyJO lltH;ZJ.KOCU qepea 3JiaCTllllHYJO 148MCipaay ;n,naueTpOM 0,4 M. 

B Kaqecne ;n,aTqHKOB ;n,aBJieHHll HCnOJJI,80BBJ!HCJ, HH;n,yKTHBHble 

;n,aTqHKH THna ~M. l1aMeHeHHe OObeMa iKH;ZJ.KOCTH onpe;n,eJillJ!OCJ, no 

:aeJmq1rne nepeMemeHHll MeMopaHbl, 1co;opall nauepnJiacI> c n-01,10Jl\J,JO 

cnel.{l18JJJ,HO paapa6oTaHHblX HH'AYKTHBHblX ;n,aTqHKOB. CHrH8Jlbl OT 

;n,aTqHKOB 'lepea npeo6paaoBaTeJIH Tnna Yr-I nocTynaJIH ;n,JJH aa

nnc11 Ha lllJ!ell~Bhlii ocu,11J1JJorpaip K-IOS. J.I.JJH 11a1.1epemrn TeMnepa

TYPhl pa6oqea lltll;n,KOCTH CJJylltHJlH n11aTHHOBble TepMOMeT phi conpo

THBJ!eHHll TCil-I95. Ban11c1, TeMnepaTypbl npOH3BOAHJl8CJ, aa MHO

rDTOtJeqHOM noTeHl.{HOMeTpe 8Illl-09. 

IloJiyqeHHble B peayJJI>TaTe npoBe;n,eHHll 3KCnepHMeHTOB 88Bl1-

CHMOCTl1 ;n,aBJJeHHll B pa6oqei,t lKH;n.KOCTH n noaoJKeHHfl 1.1e1,16paHbl 

OT Bp8M8HH n08BOJJHJJH IlOCTpOHTJ, Pe -;n,HarpaMMbl pa60Tbl KaMepbl. 

AHaJJH8 peayJJI>T8TOB MHOroqncJJeHHb!X OllblTOB C pa3JIHqHHMH Ha

'18JJI,Bb!MH ycJJOBHll!JH H pei11MaMH H3MeHeHHll ;n,aBJieHHJI noK888Jl, . 

qTO B C8MOM OOII\eM CJJyqae pe-;n,11arpaMMa MOE8T Ob!TJ, paa6nTa 

Ha C8MJ, xapaKTepHblX yqacTKOB, K8llt,ZJ;blit H3 KOTOpbIX 38 HCKJJJOqe

Hl16M yqacTKa OT HaqaJJa "napa8HTHOrD 11 KHileHHfi B lKl1;ZJ.KOCTH ;n,o 

;n,OCTHJKeHHll B Hell HHJKHero ;n,aBJieHHH, BblpaRaeTCll C ;n,OCT8TOqHOM 

cTeneHJ,IO TOqHOCTH mmeilHOit 38BHCHMOCTI,IO. CJJe;n,oBaTeJJJ,HO , l(Jlll 

8H8Jll1THqecKOro onncaHHll ;n,narpaMMbl ;n,OCTaToqao 3H6TJ, KOOp;n,HHa

Tbl rpaHHU, 3TIDC yqacTKOB. 

06o6meHHe OllblTHb!X ~aHHhlX noaBOJ!llJIO noJiyqHTJ, aunnp11qec

KHe 38:B~CHMOCTH, C nOMOJl\J,JO KOTOphlX MOiKHO onpe;n,eJJHTb 3HaqeHHll 

'A8BJJeH11tt H BeJJnq11H OTHOCHTeJ!l>HOrO H8M8H8Hlifi 06beMa Ha rpaHH

l.{8X xapaKT8pHbIX yqacTI!OB ;n,11arpaMMbl. 06pa60TK8 pe3yJJJ,T8TOB 

3KCnepHM8HTOB npOH8BO~HJ18CJ, C yqeTOM napaMeTpOB, BJ!Hll!Oll\HX 

H8 npol.{ecc CRaTlifi napOiKH;ZJ.KOCTHOil CM8CH, a TaI:CKe HB npol.{ecc 

KOH;n,eaca~HH napOBOit ipa3bl. BB8'AeHne B 3MnHpH'leCKHe 38BHCH-
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MOCTH K03(J)(QHU.H8HTOB, YlllilrfilB8IOUOOC BeJH1tJHHY 061,eua K8Mepll 

H T8IlJIOY)H3H'l8CKHe CBOl!CTBa pa6o'IHX lEH,llKOCTeil, Il03BOJIH8T 

HCil0JJI,80B8Tl> 3TH 38BHC11MOCTH ,llJIH OilHC8HHH p~ -,llHarpaMW 

npaKTH'l8CKH npH BCex CJiy'laHx pac'leTa T8IlJIOBhlX peJKHMOB THEe

JIOJKH,llKOCTHblX nysllpl>KOB!lX KaMep. 

PesyJJl,T8T o6pa60TKH 3KCilepHM8HTOB Il03BOJIHJI IlOJly'IHTl, 

3MilHpH'18CKy!O 38BHCID40CTI, K03q)WHU.H8HT8 8,llH868TH'l8CKOli ClKH

M88MOCTH WP80H8 I3BI OT pa6o'lei1 TeMnepaTypll H CKOpOCTH H3-

M8H8Hlifl 061ie1,1a .lltH,llKOCTH, He06XO,llHMyIO ,llJIH 8H8JlHTH'leCKOrO OllH

caHHH ,llHarpaMM!l ea JIHHHH pacwHpeHHH. 

Ha MaKeTe KaMepu 6!l11H H3MepeH!l K03WWHU.HeHT!l H30TepMH

'leCKOi1 ClltHM88MOCTH H 061ieMaoro pacwHpeHHH wpeoaa I3BI. 
Y,llOBJJ8TBOpHT8Jll>H08 COBil8,ll8HH8 pe3yJll>T8TOB 38Mepa co 3HB'le

HHHMH K03qi.{JHU.H8HTOB, IlOTiy'leHHblX nyTeM pac'l'.eTa Ha OCHOBe co

OTHOllieHHtl, npe,llJIOJK8HHhIX B pa6oTax B.Jrl.AcTalpl,eBa H Il.I>.OtnymeH-

KOBa, IlO,IITBeplK,11aeT B03MOJKHOCT!, l!CilOJ!l,30BaHJ,Ul 3TMX 

COOTHOW8HHii B ,llHCCepTaU.HH • 

B rJiaBe 4 H3JJOJEeHa M8TO,llHK8 paC'l'.8T8 KOJIH'l8CTB8 Heo6pa

THMhlX norepl> T8IlJ18 B nysblpl>KOBhlX Kal.lepax Ha THl!C8JILrX l!CH,llKOC

THX. B peayJ11>TaTe IlpOB8,ll8HHH TeopeTH'l8CKl!X H 3KCil8Plill8HTBJll>

HHX HCCJJe,n;OB8HHH 6b1JIH nOJiy'leHll 38BHCHI.IOCTH, Il03BOJIHIOUW:8 OilH

can 8H8JJHTH'l8CRH p~ -,llH8rpaMMy Ha Bcex' Yll8CTR8X , aa HCK11IO

'IJ8HH8M Y'l8CTR8 OT H8'18Jl8 "nap83HTHOr0 11 RHil8HHH .n;o ,ll0CTH8HHH 

B lEH,llKOCTH HHlEHero ,7{8BJ18Hlill. MttTerpaJI no KOHTypy Pe. -,l!Har

paw.m, xapaRTepHayIOUW:ll ROJJH'leCTBO BH,ll8JIHBmerocH B lEH,llKOCTH 

Ten11a, MOJKeT 6HTl, BH'IJHCJl.eH C y'leTOM llOJiy'IJeHBblX 8H8JIHTH'liCRHX 

88BHCHMOCT8H ,l{JIH JIHHellHllx yqacTKOB ,n;HarpaMMN H C HCil0Jll>30B8-

HH814 pelIBHlill 38,llB'lli onpe,ll8Jl8HIDI OTHOCHT8JJI,HOil :eeJrnqHHbl o6pa-

30B8Bl!l8HCH napOBOH ~3H p • 
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Ilo paapadoTaHHOMy BO 2 rna:ee cnoco6y pac'leTa /; (t'") 

COCT8MeHa CHCTeMa ypaBH8HHH B c11yqae HCilOJII,30B8HIDl B K8-

'18CTB8 pa6oqei lEH,llKOCTH WP80H8 I3BI. AH8JIHTH'l8CROe peweHHe 

npHB8,ll8HHOil CHCT8Mbl ypaBHeHHil He npe,llCT8B11HeTCH B03MOJKHhlM. 

IlpHJJe,ll8H npHM8p pacqeTa <? ( Z,- )'. ,Bbl'IJHCJieHHH upOH3BO,I\HJ111Cl, Ha 

dBM "E8CM-4 11 • Peay111>T8Tbl pacqeTa aa BHCHMOCTH OT HOCHT8Jll,HOtl 

B8JIH'IHHbl o6paao:ea:emeilcH napOBOi{ ~3ll OT BpeM8HH y,n;oBJJeTBO

pHT811l,HO cor11acy10roH C OnE,ITHNMl1 ,ll8HHHMH, no,1y'leHHblMH nyTeM 

o6pa60TRH P c5:. -,llHarpaMMbf, CHHTOl! 88 MB Ke Te nysblpl>IWBOll Ka

Mepbl. dTO IlO,llTB8pllt,ll88T B03MOlltHOCTI, npHMeHeHHll npe],(J10JK8HHO

ro cnoco6a pactreTa ,llJIH onpe,lleJleHHH RoJ111'leCTBa napoBoii ,paau, 

o6paao:eaBwettcH npH nepeB0,7{8 lKH,llROCTH B neperpeToe COCTOflHHe, 

Ilo11y'leHHNe 3H8'18HHH fJ 6blJIH HCil0JJI,30B8Hll ],(Jlll 'IHCJleH

HOro HHTerpHpoBaHHH WYHKU.HH p (C:) 88 y'laCTRe KHil8HHll JKH,ll

ROCTH, 'ITO ,ll8Jl0 B03MOIKHOCTI, IlOJIHOCTl>IO Ilp011HTerpHpOB8 TI, Pc -

,llHarpaMMY H TeM C8MliM onpe,lleJIHTl> R0JIH'l8CTBO H80Up8THMllX 

IlOTep1, T8IlJl6 38 O,llHH U.HRn H3M8H8HHH ~8BJl8HHH B RaMepe. 

Paapa60T8HH8ll M8TO,llHKa pac'leTa H800p8THM!lX IlOTep» Ten

JIB B pa60'le'1 JKH,l!KOCTH ~llJia npo:eepeHa Ha IA6R8T8 nysblpl>KOBOH 

KaMepu B HHl131PA, a T8RJKe aa ,ll8HC!I'BYIOllleli RBMepe CKAT. Heoc5-

paTHM&e noTepH T8IlJla Ha M8K8Te RBM8pll H8XO,llHJIHC» HS IlJIOlll8,llH 

PC. -,l{HarpaMMH, 38IlHCBHHOH B npou.ecce npoBe.n;eHHH 3KCilepHM8H

TOB, a, Ha KaMepe CKAT - nyTeM aauepa KOJJH'l8CTB8 T8IlJl8, yHOCH

MOro TeilJIOHOCl1T8Jl8M CHCT8MH !I'epMOCT8THp0B8HHH. IlpH pac'leTe 

IlO!epi, TeilJla yqHTllB8Jl8Cl> aaeprIDI HMilYJll>CHblX Jl8Mil-BCilllW8R, 

MaRCHM8RI,HOe pacXOA,7{8HH8 peayJ11>TaTOB 'IJHCJ18HHOro pac~e!I'a H 

,7{6HHHX H3MepeHHH He npeB!lCHJIO 20%, TaROe C0I'JI8COB8HHe pe-

8YJll>T8TOB H03B0Jlll8T peROM8H,ll0B8Tl> B ROMIIJl8KCe paspa60T6HHYJO 

M8TO.z!HRY onpe,lleJieHHH aeoopaTJWblX n0Tep1, TeilJla ,llJIH onpe~eJie-
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HHH napaMeTpoB CHCTeu TepMOCTaTHPOBaHHH BHOBl> npoeKTHpye

MhlX Ilj'3!,IpI,KOBhlX KaMep, pa6oTaIDl!\HX Ha Tmt8JlhlX lKH,llKOCTHX. 

B KaqecTBe npHMepa npHBe,lleHo B BH,lle rpa~HKa pacnpe,lle

JieHHe TeMnepaTyphl B BepTHKaJlbHOtt IlJIOCKOCTH KaMephl CKAT, 

nonyqeHHOe no npe,llJIOlKeHHOMy BO BTopoii rnaBe cnoco6y oueHKH 

MaKCHtJaJU,HOro rpa,llH6HTa TeMnepaTyphl B pa6oqeli lKHAKOCTH. 

KaqecTB8HHaH K8PTHH8 pacnpe,lleJieHHH TeMnepaTyphl C0Bll8,ll88T 

C rpainKaMH, npHB8,ll8HHHMH B paooTax M.neppHKa H K.X.Jp6ene. 
I 

PacqeTHhle ,llaHHble Y.zl0BJieTBOpHT8JlI,HO COI'J1acyIDTCfl TaKJKe H C 

peayJibTaTaMH 3aMepa IlOJIH TeMnepaTyp1,1 B KaMepe CKAT. dTO no-

3B0Jlfl8T 11CilOJII,30ll8Tb npe,llJ!OlK8HHblll cnoco6 pacqeTa ,llHfl oueHKH 

MaKCHM8JiI,HOrO rpa,lll'Je HTa TeMnepaTyphl B pa6oqe11 06:oeMe THll!eJIO

lKH,llKOCT HOli nyablpbKOBOll KaMephl. PeayJibT8T pacqeTa ,ll88T B03-

MOlKHOCTb ea CTa,llHH npoeKTHpOBaHHH KaMephl pemHTI, BOnpoc 0 

He06XO,lll1MOCTH npl1M8H8Hl1ff cneUH8JlbHblX Mep, yM8Hbm8IDII\HX paa

HOCTI, TeMnepaTyphl B pa6oqeM 06:oeue. B xaqecTB8 TaKHX Mep 

MOr,yT 6blTI, npHM8H8Hhl, eanp11Mep, nepeMeillHBaIDmHe ycTpOliCTBa, 

JIH60 HCilOJ!I,30B8Hhl HCKy-CCTB8HHO C03,ll8B88Mb18 rpa,llHOHThl TeMne

paTypH B C8KUHHX TellJI006MeHa CHCT8Mbl TepMOCTaTHpOBaHHH. 

I'.nana 5 IlOCBHmeHa BOilpOCaM npoeKTHpoBaHHff KaMephl CKAT, 

B C03,ll8Hl1l1 KOTOpott 8BTOp npHHHMaJI ttenocpe,llCTB8HHOe yqaCTHe. 

Ilpl1B8,llOHa T8XHHqecKaH xapaKTepHCTHKa KaMephl, KpaTKO OilHCaHhl 

ee OCHOBHhle Y3Jlbl, 6onee Il0,llp06HO paccMaTpHB86TCH paapa6o~Ka 

CHCT8Mbl TepMOCT8Tl1poB8Hl1ff, KOTopaH HBHJI8Cb peaJIH38UHett npo

ll8,ll8HHblX B ,ll8HHOli pa6oTe HCCJl8,llOB8HHtt. 

B H8CTOHmee BpeMH K8Mepa BB8,ll8H8 B ,ll8HCTBH8 Ha H8HTPHH-

HOM KattaJie cepnyxoacKoro ycKOpl1T8JIH. AocTHrayT1,1 pacqeTHhle na

paMeTphl OCHOBHblX CHCT8M K8M8phl. IlonyqeHH CHHMKH, Ha KOTOpHX 

aaneqaTJI8Hhl B38l1MO;ll8liCTBllH H8liTpl1HO C H;llpaMH Ml1m8Hl1 (qipeOH IJBI) • 
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Pa3M8pbl ~Torpa1Hpy8MOH 06Jl8CTl1 KaMephl 6WJH Bb16paHhl 

H3 yCJIOBHH o6ecneqeHHH 3~~KTl1BHOro npone;!\eHHH HeliTpHHHhlX 

3KCil8pl11~8HTOB Ha cepnyxoDCKOM Cl1HXpowasoTpOH8: B;z(OJII, nyqKa 

- 4,5 M8Tpa, B IlJJOCKOCTH, napaJJJI8JlI,HOtl: ltJOTOITJieHKe,- l,6 MeT

pa H no rny6HH8 ~TorpawHpOBaHHff - I,l MeTpa. 06maH KOHCT

PYKltHH KaMephl cymecTB8HHUM o6paaoM 38Bl1Cl1T OT cxeMbl qJOTO

rpawHpoBaHHH. nnH K8M8pb! CKAT 6b!Jla Bu6paaa KOMilOHOBKa, IlpH 

KOTOpoli B8CI, pa6oq11li 06:oeM npOCMaTpHBaeTCH ABYMH qJOTOK8Me

paMH. TaKaH cxeMa HaH60Jiee IlOJIHO YA0BJl8TB0pHeT Tpe6onaHHID 

3qxl)8KTl1BHOro HCilOJII,30BaHHfl paooq~ro 06:oeMa l1 M8KCHM81il>HO 

ynpomaeT o6pa60TKy qJOTOCHl1MKOB. 

Kopnyc KaMephl COCTOHT 1'13 pa6oqero H oxpaHHOro 06:oeMOB, 

p83;1\8Jl8HHhlX 11IlJla B8IDl!iJiM 11 CTe KJJOM TOJlmHHOiii 140 MM l1 paaMepa

MH 1300 X 4200 MM2 • Kopnyc pa6oqero 06:oeMa npe;!\cTaBJJHeT co-

6on TOJJCTOCT8HHyID o60JIOqKy c TOJ!IUJ:IHOiii CT8HOK ~200 MM, CBa

peHHYIO H3 IlOKOBOK HeMarHHTHOli CTaJlH XI8HIOT. 3Haql1T8JJI:,Hb!li 

06:oeM KaMepbl H 60JJJ,mafl BeJ!Hq1rna Tpe6yeMoro MarHHTHOro IlOJ!ff, 

KOTOpaH B ueaTpe KaMephl ;z(OJ!~Ha COCT8BJJHTI, 25¼ 27 K8, Bhl;!\Bl1-

HyJIH 38;1\aqy Tll\aTeJJI,HOro corJiaCOBaHHff ~OHCTPYKUHH 3Jl8KTp011ar

Hl1Ta H KOpnyca K8Mepu. DJIOK KJJanaHOB l1 oxpaHHblM 06:r.eM BhlllOJJ

H8HU H3 MarHHTHoro MaTepHaJia H nocJie yCT8HOBKl1 KOpnyca B no

J!OCTH 3JieKTpoMarHHTa HBJIHIOTCH COCTaDHOli qacTI:,JO 11arHHTOllpOB0-

;1\8. 

~TorpaqiHpoBaHHe pa6oqero och,eMa K8Mephl npOH3BO;!\l1TCH 

qexupbMH qJOTOKaMepaMH qepe3 OKHa, pacnOJIOM8HHbl8 B nepe;z(aen 

Cf8HK8 oxpaHHOro 06:oeMa. McnOJlb3yeTCH T8MHOilOJlbH8H CHCTeMa 

qJOTOrpaiJ)l'lpoB8HHH C ocnemeHHSM 11 IlO;!\ 90°11 ' KOTopoe ocymecTBJ!H

eTCH 27 l'IMilyJlbCHblMH 11CTOqHHK8MH CB8Ta, _pacnOJIOM8HHblMH no 
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nepmieTpy pa6oqero o6~eMa. MaKCHMaJILHaH aHepma BCJll,lfilKl! 

0CB8THT8JIH COCT8MH8T 2000 ~l£, 

MsM8H8HHe A8M8HHH B pa6oqeii l£H,l!KOCTH K8M8phl ocy~ecT

BJlfl8TCH qepea 8Jl8CTHqHy10 M8M6paey Cl£8Tb!M rasou, KOTOpHlii 

c6paChlB88TCfl H no~aeTCfl B npe,n;Meu6paHHhltt o6~eM C nOMO~IO 

25 6hlCTpOA8liiCTBYIDllillX nHeBM8THqecKmc ManaHOB, ycJIOBHhlii npo

XOA KOTOphlx COCT8BJJHeT !20 MM. I2 ManaHOB npeAH83HaqeHhl 

AJIH DOBhlmeHHH A8M8HHH, I3 - AJIH ero nOHD8HHH, ~JIH H3Me

H8HlIB ,ll8 BJJ8 lll!fl B npe;nM8M6pa HHOM o6~eue HCD0Jlb3Y8TCH ras, 

H8XO~H~HliiCH B pecHBepax. C Q8JII,IO Il0M8PlK8HHH B peCHBepax 

OIIOpHh!X A8BJl8HHli C 38,l'.(8!fHOti TOqHOCTblO IipHM8HHJ18Cb Cn8UH8Jlb

HO paapa60T8HH8fl CHCTeMa 8BTOM8THqecKoro peryJIHp0B8HHH. 

CHCT8Ma H3MeHeHHH A8BJ18HHH KaMephl II.Ol£8T o6ecneq.Hu IIOHHJ£e

HHe ,ll8BJleHHH B ee pa6oqe14 o6~eMe c 30 AO 8 8TH 38 50 MC, 

no.aumeHHe A8BJI81ll!H - c 8 AO JO an: sa 40 MC. 

IlporpeB H TepMOCT8THpOB8HH8 KaMeph! OCYllleCTBRRIOTCR UHp

KyJIHUHeli BOAhl 11eo6xOAHMOll TeunepaTyphl .B CeKUHHX T8ll3I006Me

Ha, Bh!IlOJlH8HHhlX H3 TpyCioK BHYTP8HHHM AHaMeTpOM 0,02 11.. 

B pa6oqeu o6~8M8 HM88TCH qeTh!pi C8KUHH TeDJI006MeHa, B oxpaH

HOM 06~e11.e - A.B8 C8KUHH, UHpKyJIHUlffi B0Ahl .B K8lKAOii H3 HHX npo

.HCXOAHT no cxeue 11npOTHBOTOK 11 , qTo IlOBhlmaeT paBHOMepHOCTI, 

Teuneparyphl no A1IHHe Kaueph!, TeunepaTypa .BOAhJ B KaJ£~ott ceK

UHH pery1rnpyeTCH He38BHCHL!O. TaKafl CHCTeua A86T B03MOJ£HC.,CTI, 

H3M8HHTL ropH30HT8JlbHHii H B8pTHK8JlbHHii rpa~HeHTH Te1.mepaTy

phl B pa6oqeJ;i cpeAe. CHCTeMa nporpeBa H TepMOCT8THp0.B8HHH pa-

6oqero o6~8Ll8 Bh!Il0JlH8Hhl C pa3~8JlbHHMH rHAP8BJIHqecKl!MH KOHTy~ 

pa11.H • qro 0611erqaeT nepexoA c peEHMa Ha pelKHM H 06ecneq1rrnaeT 

ycTofiqHByID pa6oTy CHCT8Mhl 8BTOM8THqecKOro peryJIHp0B8HHH Till.~ 

nepaTypu. B oxpaHHOM o6~iMe npH pa6oTe K8M8phl He npOHCXO~HT 
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BH.l(eJieHHH TellJla H noaTouy rHAP8BJIHqecKHe KOHTypu nporpeBa 

li TepMOCT8THp0.B8HHH B H8M COBM8l!J,8Hh!. 

CHCTeMa TepMOCT8THpOB8HHH pa6oTaeT npn H8H3M8HHOM 

paCXOA8 AHCTHJIJIHp0.B8HHOll BOAb! .B 38MKHyTbIX KOHTypax. CTa6H

JlH38UHH TeunepaTypH pa6oqeii l£H~KOCTH ocy~8CTMB8TCH C no

MO~ID A8TqHKOB TeunepaTyphl, ycTaHOBJ18HHWC HenocpeACTB8HH0 

B pa6oqyID lKH,l!KOCTb B K8lKAOlii CeKium TenJIOC6MeHa. fo1.1ep11TenbH1Je 

nplHlOphl CHaelJKeHh! peocTaTHLIMH 3aAaDJilViUH AaTIHIY..aMll, C IIOIJOlilblO KO

TOpHX OHH B03A8liiCT.BYIOT !f8 3Jl8KTpHqecmrn pery1rnpy10nw:e ycTpOii

CTBa. PeryJIHpy10nw:e ycTpoliiCTBa, B CBOIO oqepeAL, B03~8HCTBYIOT 

Ha Te HJIH HHbli HCnOJIHHT8JJbHhle LlexaHH3Mhl B 38BHCH'40CTH OT pe

lKHM8 pa60Thl KaMepbl. IlapaMeTpbl H8CTPOHKH peryJIHTOpOB 6MJIH 

HaiUeHhl nocne 3KcnepHM8HT8JlbHOro onpeA8JI8HHH AHH8MHqecKruc 

xapaKTepHCTHK perynnpyeMoro o6~eKTa, npoBeAeHHoro Ha MaKeTe 

CHCT8Llhl TepMOCT8T.Hp0.B8HHH. 

IlpH npoeKTHpOB8HHH CHCTeUM T8pMOCT8THPOB8HHH napaMeTpbl 

ee ~npe~eJIHRHCb no npHB8A8HHOH B AHCCepT8UHH Ll8TOAHK8. Pas

pa60T8HH8H CHCTeua A88T B03MOl£HOCTb CHHTI, cyMM8pHOe KOJlH

qecT.BO TellJla, BhlAeJIHBmeroca .a pa6oqeu o6~eue KaMephl,oKOJIO 

65000 KK8Jl/q' o6ecneqHB8H IlpH 3TOM IlOM8PlK8HHe TeMnepaTyphl 

Ha Tpe6yeuo11 ypOBH8·(25t- 35)0c B uecTax ycTaHOBKH A8TqHKOB 

C TOqHOCTbD ± o,s0c. ~JlH yM8HbllieHHH H80AHOPOAHOCTH TeMne

paTypi pa6oqe£1 _EHAKOCTH no BCeuy o6~eM-y Heo6xo~HMO B C8KUH

RX TenJI006MeHa CHCT8Mhl TepMOCT8THPOB8HHH C03A8Tb HCKyCCT

B8HHhlii BiP'.rHK8JlbHhlH rpaAH8HT TeMnepaTypb!, · 

B npHJIOlKeHHH npHBeAeHa CHCTeMa ypaBH8HHtt, fl03B0JlHIDlil8H 

onpeAeJIHTb 38BHCHLIOCTI, BeJIHqHHH o6~eMa pa6oqett lKH~KOCTH OT 

BP8M8HH, KOTOpaH B paspaOOT8HHb!X B AHCCepTaUHH MeTO~HK8X 

pacqeTa 61:lJla npHHHTa H3B8CTHOlii. 
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0CHOBHble peayJibTaTbl nponeAeHHOH pa60Tbl !.IOlKHO KpaTKO 

cwcip1.1yJrnponan cneAYID14HM oelpaaoM: 

I. IlponeAeHH TeopeTHqecK11e IICCJleAOBaHHH TepMOAHHaMH

qeCKl'IX npou,eccon, npOHCXOAHUUlX npl'I aAHa6aTHqecKOM 1'13MeHa

Hl'IH AaBJieHl'IH B paooqan _lKHAKOCTH nyaupbKOBb!X KaMep. IlonyqeHbl 

aHaJrnTnqecKnE! aan!WHMOCTl'I l!JlH pell!emrn 38Aaqn HBCT81l,HOHapHOti 

TennonpOBOAHOCTH OT CTeHKH .K8Mepbl K paooqen lKffAKOCTl'I. B pa

ayJibTaTe pell!BHHH 3TOH 38A8ql'I onpeA8JleHa OTHOCl'IT8JlbHaH B8JlH

q1rna naponow ([Jaabl /;, oopaaonanll!eticn B lKHAKOCTH npH nepeno

Ae ee B neperpeToe COCTOHHHe. C IlOMOl!U>IO 1'13B8CTHb!X TepMOAl'I

H8MHIIeCKHX COOTHOllieHl'lll II BblqHcne~HOH ([JyHKU.HII t ( 1:") onnca

H8 PC:, -AHarpaM!.18 H8 JlHHHII p8Cll!Hpeann. 

2. IlpOB8ABHbl 3KcnepHM8HT8JlbHbl8 l'ICCJleAOB8Hl'lfi no Hayqe

Hl'IJO Pe -AHarpaMM pa60Tbl K8Mepbl. B peayJJbTaTe 0000lll8Hl'IH 

Oilb!TOB, npOB8ABHHblX npl'I p83JIHqHblX napaMeTpax, Ml'IHIDIIIJiX 

Ha npou.ecc ClK8THH napOlKHAKOCTHOH CM8Cl'I, a TaKJKe Ha npou,ecc 

KOHA8HC81l,HH nap a, llOJiytieHbl 3Mill'lpntieCKl'le 38BHCHMOCTl'I, llP3BO

JJfiJOlllH8 onpeAeJIHTl, K00PA11HaThl xapaKTepHb!X ToqeK Pe: -AHarpaM- • 

Mb! Ha Jll1Hl'lll ClKaTHfl. 

3. Ha OCHOB8.T80peTHtI8CKl!X H 3KCilepHM8HTaJlbHblX HCCJI8-

A0B8HHH paapaooTaaa M8TOAHK8 pactieTa KOJlffliCTB8 Tanna, Bbl

A8Jl11Bmil'OCH B pa6otiett EIIAKOCTH nyaupbKOBOtt K8M8pb!, nyT8M 

HHTerpHpOB8HHH Pe -AH8rp8MMl:l. PeayJibT8T pacqe:ra AaiT B03-

MOlKH0CTb onpeA8JIHTb napaMeTpb! Cl'ICT8Ml:l TepMOCT8Tl'lpOB8HHfi 

KaMep1,1, a T8KlK8 Bb!Ol'lpau 0IlTHMaJJbHbl8 P8lKl'IMl,l pa60Tbl Cl'ICTi

Mbl 1'13M8HeHHH A8BJl8Hlffi C 1l,8Jlbl0 llOJiyqeHHfi Ml'IHl'IM8JlbHblX IlOTepb 

Tenna. IlpuM8H8HU8 B 3Mill'lpHtI8CKHX 38Bl'IC:l'IMOlJ:rnx 6eilpaa1.1epHbIX 

B8JllitI11H /,I BB8A8H/,18 B 3TH38BHCl'IMOCTH nonpanoqaux KOaql(flnu.n~ 
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8HTOB, ytI11Tb!Ba!OllillX T8IlJ!Og)l13HtI8CKH8 CBOi1CTB8 pa6oql!X lltHA

KOCT8ll 11 paauepbl patioqlDC oo~eMOB, Il03BOJIHeT 11Cil0Jlb30BaTb 

paapa00T8HHYIO M8TOAHKy AJ!H onpeAeJJeHllfi napa!.!eTpOB Cl1CT8!.I 

Tep!.10CT8Tllp0B8HHH THlK8Jl0lKHAKOCTHblX nyahlpbKOBb!X K8Mep, OT

JllitIHblX OT 11CCJI8AY8MOI'O MaKeTa. 

4. AJIH Ha!lAeHHOrO KOJIBqecTna Tenna, Bb!AeJIHBlll8rOCH 

B pa6otieii lKHAKOCTH, paapa6oTaHa MeTOAllK8 01l,8HKl'I M81,Cl!MaJlb

HOro rpaAH8HTa TeMilepaTypu, B03HllK8!0lll8rO B paootieM oo~eMe 

KaMepu. PeayJibT8T pactieTa ll03BOJ!HeT Ha CTaAllll npoeKTl'lpOB8-

Hl'IH KaMepb! p8lllllTb nonpoc O aeo6xOAllMOCTl'I npl'IMeHeHl'lfl cneu.H-

8JlbHb!X Mep, yM8Hbfil8IDlllllX HeOAHOPOAHOCTb TeMnepaTypbl pa60tI8tl 

lltHAKOCTH. 

5. Onp8A8Jl8Hbl SKcnepl'IM8Hl8JlbHO K03qiqJl'IU.HeHTH oo~eMHOro 

p8ClllllpeHHfl ll 1'130T8pMHtI8CKOll ClKHM88MOCTH ([Jpeoaa I3BI. Corna

conaHl'l8 peayJibTaTOB SKCnepl'IM8HTaJibHb!X A8HHb!X C pacqeTHb!MH, 

IlOJiytieHHblMH no npeAJIOE8HHb!M B JlllTepaType aaBl'ICHMOCTHM, no-

3BOJlllJll'I HCll0Jlb30BaT.I, 3Tl'I 38Bl1Cl'l!.IOCTH AJ!H HCCJieAOBaHHH, npo

B8A8HHHX B AaHHOH pa6oTe. 

6. IlpOB8A8H8 3KCil8pllM8HT8JlbH8fl nponepKa paapaooTaHHOH 

M8TOAHKH onpeAeJieHHfl seo6p8Tl'IMb!X IlOTepb T8llJl8 B T.flEeJIOEl'IA

KOCTHblX nyablpbKOBblX KaMepax aa M8K8Te KaMepbl B HJ,fil8~A~ a 

TaKlKe aa AiilCTny10men KaMepe CKAT B H~Bd. YAOBJieTEOpHTenb

aoe cornaCOB8HHe peayJibTaTOB pactieTa H OilblTHb!X A8HHblX CBl1-

A8T8JlbC:J:BY8T B Il0Jlb3Y npeAJI0lK8HHOH Me:rO~l'IKH l'I ll03BOJIHeT 

p8KOM8HAOBaTb ee AJ!H onpeA8Jl8HHfl napaMeTpOB CIICT8M TepMO

CTaTnponaHHfi BHOB» np08KTHpyeMb!X K8M8p. 

Bb!lll8H3JIOE8HHble peayJib:raTbl pa60Tbl HCllOJlb30B8Hbl npH 

C03~8Hlll1 CllCTeM nporpena H TepMOCT8THp0B8HHH nyablpbKOBOH 

KaMepu Cl{AT c pad oqHM OCl'I>eMOM ~ 7, 5 u3• 
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