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1. BBEJJ;EHME 

Pernc-rpaQllil qacTHQ .l(eTeKTopoM rrepexo.l(Horo H3.JI)''IeHllil -

TpeKepoM (TRT) ycTaHOBKH ATLAS LHC 6y.l(eT corrpono~aTbC.sI 

TenJIOBbl.l(eJieHHeM B pa6oqeM ra:1e TOHKOnJieHO'IHbIX · npoBOJIO'IHb1r 

cqeTqHKOB ( c-rpoy), .sIBJI.sIIOmHXc.sI .l(HCKpeTHbIMH 3JieMeHTaMH MO.l(yJieH 

.l(eTeKTopa. 

B KOJibQeBbIX M0.l(yIDIX rrp.sIM0ro HarrpaBJieHH.sI TenJI0Bbl.l(eJieHHe B 

Ka~oii c-rpoy 6y.l(eT .l(0CTHraTb Be.JIH'IHHbI 9 MBT [l]. Ilpn 3TOM B 

M0.l(yJI.sIX c HaH6onee llJIOTHbIM pa3MemeHHeM CTJ)OY (MO.l(yJIH THlla C) 

o6mee TerrJIOBbl.l(eJieHHe 6y.l(eT oKoJio 100 BT. Pacnpe.l(eJieHne HarpeBa 

CTJ)0Y no HX .l(JIHHe HepaBHOMepHo, TellJIOBbI,tieJieHHe YMeHbIIIaeTC.H no 

Mepe y.l(aJieHllil OT OCH llYtJKOB. Tpe6oBaHH.sI llOCTOHHCTBa BeJIH'IHHbl 

CKOp0CTH .l(peiicpa H K03<p<pHQHeHTa ra30B0ro ycHJieHH.sI KaK no BCeH 

.l(JIHHe Ka~oii cTpoy, TaK H no BCeMy o6beMy TRT HaKJI~bIBaIOT 

orpattnqeHH.H Ha MUKCHMUJibHblH TeMneparypHbIH pa36poc no 

e,[\HHHqHoMy M0.l(YJIIO .l(eTeKTopa B npe.l(enax 10 ° C [2]. 
Oco6eHHOCTbIO TeMneparypHoro peiKm,ra BffYTPH TRT HBJI.sieTC.H,c 

O)];HOH CT0p0Hbl, HH3Ka.»: BeJIHqnHa CK0p0CTH rrpo.l(yBa CTJ)OY pa6oqeii 

ra:JOBOH CMeCblO Ha OCHOBe KCeHoHa, C .l(pyroii CTOpOHbl, KpaiiHe HH3KaH 

TeIIJI0llp0B0.l(H0CTb co6cTBeHHOro BeI.QeCTBa .l(eTeKTopa, 

npe.l(CTaBJI.sIIOmero co6oif pa3.l(e.!]:eHHbie rrJieH0'IHbIMH pa.l(HaTOpaMH 

IIJIOCK0CTH CTJ)0y. 

[(eJibIO rrpe,ll;CTaBJieHHOH pa60Tbl .sIBJI.sIJiaCb rrponepKa npHHQHna 

ra:10Boro oxna~eHllil TRT c 110Mombro· rroJIHoMacirITa6uoro rrpOToTnrra 

42 ° ceKTopa M0.l(yJIH .l(eTeKTopa. l];JI.sI 3TOro 6bIJI H3roTOBJieH ceICTOpHbIH 

11poTOTHII M0)];YJI.sI Tttrra C, pa3pa60TaHbI 3neM'eHTbI .l(JIH HMHTUQHH 

pa.l(HaQHOHH0ro HarpeBa .l(eTeKTopa, C03.l(aH0 Heo6XO.l(HMOe 

o6opy.l{oBaHHe H rrporpaMMHoe 06ecne1IeHHe. 

2. CEKTOPHbIH IIPOTOTMII 

2.1. Koucmpy«u,ua nponwmuna 

J);JI.sI npoBe.l(eHllil TepM0MeTpHqecKHX H3MepeHHH 6brn C03.l(UH 

IIOJIHOMUCIIITU6HbIH IlpOTOTHil KOJibQeBoro MO.l(yJIH .l(eTeKTopa B · BH.l(e 

42 ° CeKTOpa. CeKTOp CO.l(epiKaJI 16 IIJIOCKOCTeH CTJ)Oy, pa3.l(eJieHHI,IX 

pa.nuaTOpaMH 11epeXO.l(HOro H3nytieHHH, Ka)K.l(b!H H3 KOTOpbIX 

rrpe.l(CTaBJIHJI co6oii Ha6op H3 10 y.l{a.rreHHbIX Ha paccTO.HHHe 0,2 MM 

llJieHOK TOJimIIHOH 0,02 MM. Ilonua.si TOJIII(HHa Ka)K)];oro pa.l{HaTopa -

2 MM. Ka)K)];oe CTpoy llOJIHOH MHHOH 575 MM 6bIJIO repMeTII'IHO 
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ycTilHOBJieHo B pa,z{Ha.Jil,HOM HanpairneHHH Me,K,Zzy .l(Bywl KOJibQeBhlMH C 

pa,z{ffYCaMH 480 H 1030 MM cerMeHTaMH (BIIyrpeHHHM H Hap)')KHbIM, 

coorneTCTBeHHO ). PacCTOHHHe Me,K,Zzy nJIOCKOCTHMH c-rpoy 6bIJIO 8 MM, 

Bcero ceKTop co,nep)KaJI 1100 crpoy. B OTJIHqHe OT MoeyJIH ,ne-reKTopa 

KOJibI.(eBhie cerMeHThl illHpHHOH 134 MM 6hIJIH BhIIlOJIHeHhl H3 

CTeKJioreKCTOJIHTU, a ToqHOCTh nO3HI.(HOHHpoBaHJiUI Ka)K,UOH CTpoy 6bIJia 

Ha nopX.l(OK X)')Ke H .l(OXO.l(HJia no 0,2 MM. 

,l{JIH o6ecneqeHHSl )KeCTKOCTH KOHCTpyKI.(HII II repMeTHqHOCTII 

yCTaHOBKII pa,z{IIaTopoB no lIX 60KOBhIM KpaHM KOJibl.(eBbie cerMeHThl 

6bIJIH cKJieeHhl Me,K,Zzy co6oH TeKCTOJIHTOBhIMII nnaHKaMII TOJIII.(IIHOH 2 
MM (pIIc. la): BBe,neHIIe Bell{eCTBa no KpaHM ceKTopa npIIBeno B 

,na.m,HeifmeM K KpaeBhIM 3cpcpeKTaM no Tennonepe,naqe H norpe6oBano 

lIX KOMneHCaQIIII. 
YcTaHOB.JieHHhlH B CTeKJioTeKCTOJIHTOBOM Kopnyce ceKTop 

cnepe,nH II C38,Z{H 6hlJI repMeTHqHO 3aKphIT KphIIIIKa!',lH II3 

neHononIIyperaHa, 11IIMIITIIPYJOillIIMII
11 

coce,nHIIe MO.l(yJIH. 3a:mphl Me,K,Zzy 

KpblillKaMH H BHeillHHMII .l(JIH nJIOCKOCTeii crpoy nneHoqHbIMII 

pa,z{IIaTopaMII IICnOJlh3OBaJIHCh .l(JIH Bxona H Bh!XO)la OXJia)K.l(afOI.LICrD 

raJa. 

2.2. Cxe.Ma Za30BOW oX1LaJ1COe1tll.ll 

Tipe,nnonaraercx IIcnoJib3oBaTh nocne,noBaTem,Ho-napaJIJieJibHyio 

cxeMY raJoBoro oXJia)K.l(eHHH TRT nepe,nHero HanpaBneHIISI. 

0xna)K.l(af01.L1HH ra3 c BHemneif cTopoHhI ne-reKTopa nonaercx K nepBoMy 

II3 nocne,noBaTeni,Ho oXJia)K.l(ae:MhIX Moeynei1 nereKTopa. l!epe3 cttcTeMY 

ornepCTIIH, paBHOMepHO pacnpe,neneHHhIX no BHenIHeMY rrepHMerpy, ra3 

nocrynaeT B 3a3Op Me,K,Zzy BHemHIIM .l(JIH 3TOro MO.l(yJIH pa,z{IIaTOpOM H 

3KpaHOM H3 3KBHBaJieHTHOro pa,z{HUTopaM no llJIOTHOCTH H 

Tennorrepe.uaqe Bell{eCTBU, ycTaHOBJJeHHOMY Me,K,Zzy coce)lHIIMH 

Mo,nyJIHMH. l!epe3 3TOT 3a3op oxna)K.l(aIOI.LIHH ra3 nepe,nae-rcsi .l(JIH 

OXJia)K.l(eHHSI MO.l(yJIH co CTOpOHhl ero BHYTIJeHHero pa,z{IIyca, me 

npOIICXO,LIIIT MaI(CIIMaJihHoe TellJIOBhl,l(eJJeHIIC. l!epe3 Kanan 

nepeMeHHoro ceqenIISI B Z -HarrpaBJieHHII (narrpaBneHHe rryqKa); 

<pOpMIIpyeMoro ycTilHOBKOH pa,nHaTOpOB pa3HOH IIIHpHHhl, ra3 

paBHOMepHO pacrrpe,neJJHeTCSI HU BCe MC~a.uIIaTOpHble 3a30phl II 

OXJia)K,l(aeT crpoy C lIX Hapy;irnoii CTOpOHhl, rrpOTeKaH pa,z{IIaJihHO B 

HanpaBJieHHII C BHYfPCHHero pa,z{eyca ,ne-rercropa K BHeIIIHeMY. 

HarpeThIH ra3 nepenaercsi B cne.uyioll{IIH, BnemHIIii .UJIH 3Toro MO.l(yJIH 

3a3op, r,ne mrna)K.l(aeTcJI .n no KOTOPOMY nepe,naercx .l(JIH oXJia)K.l(eHHSl 

cnenyioll{ero MO.l\YAA nerercropa . .[(AA oxna)K.l(eHIISI ra3a HcnOJlh3yercsi 
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PHc. 2. CxeMa r3.3oBoro oXJia)l(',lleHH.sI. 

~ 

I 
I><: 

I>< 

~ 
~ 

>< >< 

~ 
~ 

b-

_j 

1 - KOJibUeBOH cenreHT, 2 - CTCK.'IOTeCTOJlHTOBhIH Kopnyc, 3 -
nenono.rrnypeTaH0Ba.sI KpbIIIIKa, 4 - TeilJI0C'heMHHK, 5 - pa,uHaTOpbI 

nepexonuoro n3.nyqemrn. 6 - MeCTa ycTaH0BKH TepMo,UaT'IHKOB, UM - U
o6pa.JHbie MaH0MeTpbl. CTpeJIJ<aMH no,ra.::mH0 HanpanJieHHe IlpoT0Ka 

ra.Ja. 4 
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3 

PHc.3. O6IQHH BH.z:t TenJioC1,eMHHKa. 

I - Tpy6Ka .UIDI B0,WIH0ro 0XJIIDK;neHH.sI; 2 - a.JIIOMHHHeBa.si Il0,UJI0)KKa, 3 -
ro<ppHpoBaHHa.sI CTpyrcrypa, 4 - naiiKa .UIDI TepM0K0HTai<Ta. 
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TeflJI0CbeMHHK, pa3MemeHHhlH B 3T0M 3a30pe. CxeMa ra:JoBoro 

oXJiroK,UeHllil npe,n:CTaBJieHa Ha pHC. 2. 

2.3. Tenn.oC'be.MltUK 

TeTIJioCbeMH0e yc-rp.oiiCTBo ,n:IDI mrna)K,UeHIDI HarpeToro ra3a 

,l(0JDKH0 y,n:oBJieTB0pHTh cne,zzyiomHM Tpe6oBaHIDIM: 

■ o6ecneqHBaTh Heo6xo,n:HMYJO H noCTOHHHYIO no BXO.LIY 

TeJ1.mepa-rypy oxna)K,Uaxomero ra3a ,LIIDI ncex oXJia)K,UaeMhIX 

Mo,nyneii B uenH HX nocne,n:oBaTeJibHOro oXJia)K,UeHIDI; 

■ pa3Mem;aTbCH BHYTpH MO,n)'AA, y,n:oBJieTBopHH 3a,n:aHHhlM 

rem,IeTpHqecKHM pa3MepaM ,l(eTeKTOpa H ero pa,n:HaI.{HOHHOH 

,n:mrne. 
lfaroTOBJieHHhIH ,n:AA nporonma TeIIJI0C'beMHHK He y,n:oBJieTBOpHJI 

TIOJIHOCTblO 3THM Tpe6oaaHIDIM H H)')K.LlaeTCH B onTHMH3al.{HH ero 

napaMeTpOB. KoHCTpyKTHBHO OH npe,n:CTaBAAJI co6oii rocppHpOBaHHhlH 

H3 amoMHHHH TOJimHHOH 0,5 MM nJIOCKHH pa,n:HaTop C KaHaJiaMH ,l(IDI 

rrpoxo.n:a·ra:Ja ,l(JIHHOH 103 MM H ceqeHHe 8 X 8 MM
2
. Ilo HapY)KHOMY 

nepHMe'l'py OH 6bIJI npHnMH K aJIIOMHHHCBOH Tpy6Ke ,llHaMeTpOM 8 MM, 

no KOTOpOH npoTeKaJia OXJI~aIOmM no,n:a. • 

CxeMaTHqno TenJI0C'beMHHK TIOKa3aH Ha pHC. 3. 

3. TEPMOMETP.fPIBCKl-IE BHYfPEHHIIE 3JIEMEHTbI 
TIPOTOTIITIA 

3.1. H azpe6ameJ1.bHble 3Jle.M£Htnbl 

IlpH perncrpauim H3JlyqenHH anyrpu cTpoy B e.n:ttHHUY apeMeHH 

npoHCX0JJ.HT TenJIOBbI,UeJieHHe, BCJIHqHHa KOTOporo oueHHBaeTCH CJICJJ.Y

IOmHM Bbipa)l(eHHeM: 

Q = I ·E · ro-1 · G · U, (1) 

me I - HHTCHCHBHOCTb nepeceKaIOIUHX CTpoy qacTHU, E - Bbl,lleIDieMM 

HMH B pa6oqeM ra3e :meprnH, ro - :meprIDI o6pa30BaHIDI nap B rIDoBoH 

cMeCH, G - K03<p<pHUHeHT ra30BOro ycHJieHIDI, U - HaIIpH)KeHHe Ha 

BbIC0K0BOJihTH0M 3JieMeHTe CTpOy. TaK KaK HHTeHCHBHOCTh npoxo.n:HmHX 

qepe3 CTpOY qacTHQ o6paTHO· nponopI~HOHaJibHa KBa.n;pazy paCCTOHHHH 

,n:o TOqKH CTOJIKHOBeHIDI IJY'IKOB, TenJI0BbI,lleJieHHe B,llOJib CTpOY 

yMeHblllaeTCH B pa,LIHaJihHOM HanpaaneHHH. 

):(IDI HMHTaUHH .pa,n:HaUH0HH0rD HarpeBa ,l(eTeKTopa 6bIJIO 

Heo6xo,n:HMO pa3pa6oTaTh H H3rDTOBHTh 6onee 1100 HarpeBaTeJibHhIX 

3JieMeIITOB ,n:JUI pa3MemeHHH HX BHYTpH K3.)KJ\OH CTpoy. 
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YcTaHaBJII-IBa.JIHCb OHH B CTpoy BMeCTO aHO,llHOH npoBOJIOKH. BeJIH'IHHbl 

Tennonepe,n:aq B,l(OJib HarpeBaTeJibHhIX 3JieMeHT0B .LIOJDKHhI 6bIJIH HMeTb 

6JIH3KHe 3naqeHHH C BeJIHqHHaMH Tennonepe;1aq B.ll0Jib aH0.llHbTX 

npOBOJIOK. 

HarpeBaTeJibHbie 3JieMeHTbl H3fOTaBJIHBaJIHCb H3 pe3HCTHBHOH 

HHxppMOBOH npOB0JIOKH · .llHaMe-rp0M 14 MKM, pacnonoiKeHHOH a 

:mnaroo6pa3HOH cpopMe MeiK.ny • .UB)'M51 6)'Ma)KHblMH JJeHTaMH. 

IlJIOTHOCTb 3Hr3aroB 6bIJJa nepeMeHHOH B)lOJih HarpeBaTeJibH0ro 

::ineMeHTa no R, qTo o6ecnequaano H3MeHeHtte TennoBbl,lleJ1emrn no 

3aKOHY: 

Q -~ [(60 + R)2 + ooo + z/r1
, (2) 

me Z - paccTOHHHe cpe.nttero MO.llYM TRT (Tuna C) OT rnqKH 

CT0JIKH0BeHH51 IIY'-IK0B. Pe3HCTHBHbIH IIpOBOJIO'-!HbIH 3JieMeHT llJIHHOH 

500 MM pacnonaranc51 no QeHTpY ttarpena-rellil .UJIHHOH 560 MM H 

IIIHpHHOH 3,9 MM. KoHUbl HHXpOMOBOH npOBOJIOKH TOK0ITpOB0)l5IIUHM 

KJieeM coeJ{HH51JIHCb C BbIXO.l{HbIMH Me.l{Hb!MH npOBOJIOKaMH .l{HaMerpoM 

0, 1 Ml\!. KmK)lbIH HarpeaaTeJihHblH 3JICMCHT BBO.l{HJIC51 BHj"TJ)b CTpoy H 

pa3Memanc51 CHMMe-rpHqHo OTHOCHTCJihHO ee UCHTpa. TenJIOBbl,lleJieime 

Ka)K,Uoro ycTilHOBJICHHOro HarpeBaTe,'Ul )'J\fCHhilla.JIOCb no Mepe y.n:aneHHJl 

OT BHyrpCHHero pa,n:nyca CCKTOpa. KottcTpyKUH51 HarpeBaTeM nOKa3atta 

Ha pHC. 4. 
Pa3pa6oTaHHbie ttarpeBaTeJihHbIC 3JieMeHTbl o6ecneqJ-fBU.'IH 

nmpOKHH ,l{Hana30H no MO[UHOCTH T_eilJJ0Bhl,llCJICHH51 B 3aBHCm,iocTH Of 

no,n:aaaeMoro Ha HHX Hanp51iKCHIDI, 06;1a.uanH CO0CTBCHHOH HH3KOii 

rennonpOBO,l(HOCTblO (IlpHJJO)KCHHe ), KpOMC Toro pacnpe,llCJJCHHe 

TCTIJIOBbl.l{CJICHH51 B.l{0Jib 3JICMCHTOB COOTBeTCTBOBaJIO Tpe6yeMOMY 

3aJ<OHy. 

3 .2. I( am'lUKU me.ltnepamypbt 

):(M mMepeHH.SI pacnpe,neneHH51 TCMneparyphI BH)'TPH nporonma 

HCil0Jih30BaJIHCb 123 .uarqHKa J npe.l{CTaBMIOmHx co6oJ1 ~fCJ{h-

K0HCTaHTaH0Bble Tep Mona phi (pttc. 5 ). 
TaK KaK aemecTB0 .uaTqHKOB H3-3a ero 6oJibllIOii 

TCnnonpoBO.l{H0CTH MOiKeT BHOCHTb IICKaiKCHWl B peaJlbH0C 

pacnpe.neneHHe TeMneparyp B npororune. npH tt3roTOBJJeHHH repl\mnap 

6bIJJH npHMCHCHbl TepMonapHblH K0HCTaHraH .l{HaMe-rpoM O. l MM 11 

')Jiek"TpOTCXHH4CCKa51 MC.l{H:ul npOB0JI0Ka .l{HUMerpoM 0,06 MM. 3-ro 

n03BOJIHJIO o6ecneqHTb OTHOCHTeJibHO Many10 BCJJH11HHY TCnJJoBoro 

noTOKa ITO TepMo,l.laTqHKaM, '-!TO MO"JKHO BH,l.lCTb no npHBCJ{CHHOH B 
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PHc.4. KottcTpYJ<QH51 HarpeBaTeJihttoro 3.'ICMei-na. 
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l - KJICHKa51 6yMa)f(HruJ JieHTa ( cKoTq), 2 - 6Y1ta)f(HruJ JieHTa, 3 -
HHXpOMOBruI npoBOJIOKa 0 14 MKM, 4 - TOKOilpOBO,Wlll.{HH KJICH, 5 -
MC.l-lHhlC BbIBO.l-lhl 0 l 00 MKM. 

1000 
A 

17 250 

Pttc.5. KoHc-rpyKI{H51 .n;aTqttKa TC!-.-meparyphl. 

I - KOHCT3HTaHOBruI npoBOJIOKa 0 I 00 MKM, 2 - Me,n:HruI npoBOJIOKa 0 
60 MKM, A - H3MepHTeJihHhIH cnali, B - penepHbIH cnaii (t = 0 ° C). 
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IlpHJIO)KCHHH Ta6JIHQC, f,l.{C npHBCL{CHbl BeJIHqHHbl TCilJIOilOTOKOB 

B.z.tOJih paJJIHqHhIX 3JICMCHTOB npOToruna. TepMonap1,1 KpenHJIHCh Ha 

noBepXHOCTb HarpenaTeJibHhIX 3JICMCHTOB (pHC. 6) H BMCCTC C HHMH 

BBOL{HJIHCb BttyTpb c-rpoy. IlpH 3TOM BO H36C)KaHHC TCilJIOBOfO KOHTaKTa, 

C03.L{aBaJIC51 B03.z.tYIIIHbIH 3a30p He Mei,:ee 0,5 MM MC:>K,Lly H3MCpHTCJihHbIM 

cnae.M H IlJIOCKOCTbIO HarpeBaTeJI51. 

C QCJibIO_ nonyqeHIDI . MaKCHMaJibHOH HH<pOpMaI..{HH 0 

TepMopacnpe.L{eJieHHH B CeKTope TCpMOL{aTqHKH 6bIJIH ycTaHOBJICHbI B 7 
H3 16 p51L{a.,'{ ( IlJIOCKOCTCH) CTpoy Ha -rpex ypOBIDIX C paJJIHqHI,IMH 

pa.LteycaMH. (pHc. I H pnc. 2). 3ro no3BOIDIJIO onpe.n:emrrh 

pacnpe.n:enettHe TeMneparyp no <p-, R-. Z-ttanpaBJICHIDIM. 

3.3. J(am'lllKll iJa6llelllUl 

B KaIJecrne ,uaTqHKOB a6coJIIOTHoro H ,u»cpcpepeHUHaJibHoro 

.L{aBJ1CHIDI _HcnoJih30BaJIHCh U - 06pa3u1,1e MaHOMCTJJhI. CxeMa · HX 

pacnOJIO~CHH5l nre.z.tCTaBJICHa Ha pHC. 2. 

4. 3KCI1EPllMEHTAJibHA5I YCTAHOBKA 

TepMOMCTJJllil npOTOTHna npOBO,[{HJiaCb npH CJIC,uyIOil{HX 

ycJIOBIDIX: 

• CKOpOCTb noTOKa OXJia)l(J.{aIOII{CfO ra3a H3MCHSIJiaCb OT O ,[{O 

90 JII MHH; 

■ IlOJIO)KeHHC ceKTopa no yrny <p MO)f(HO 61,mo ycTauaBJIHBaTb B 

.L{Hana.:ioHe OT O .L{O 180 °; 
CxeMa pacnoJIO)KCHllil TCpMOL{aTqHKOB Il03BOIDIJia onpe,ueIDITh 

pacnpe,ueneHIDI TeMneparyp BHyrpH npoTOTHna no cp.-, R-, Z

KOOP.LlHHaTaM. 

EnoK-cxer.ra H3MCpHTCJibHOH annaparyp1,1 npHBCL{CHa Ha pHC. 7. 
BbIXOL{hI 123 ycTaHOBJICHHbIX B npOTOTHne TCpMonap 6bIJIH BbIBC.L{CHbl 

Ha BhlXO,[{Hbie pa3oCMbl, c KOTOpbIX rpynnaMH no 16 HX MO)KHO 6hIJIO 

110.L{KJIIO'laTb K 16-KaH~LHOMy: KOMMj'TaTOpy. ,[{anee qepe3 

.LlHq><pepeHl.{HaJibHbIC ycH.JmTeJIH CHfHaJibl C TCpMorrap IIOCTYIIaJIH -Ha 

Al{Il, HHq>OpMal.{llil C KOTOporo nepeJ.{aBaJiaCb B nepcOHaJibHhIH 

KOMilhIOTep. HyJieBbIC H3MCpHTeJibHbie ToqKH Bcex TCpMonap 

ttaxo.z.tHJIHCh npH TeMnepaTYPe O ° C. 

Kann6pOBKa BCCX TepMonap npOBOL{HJiaCb B L{Haila30He 

TeJ1,,meparyp 12 ° C -100 ° C . 

Co3L{aHHOC npOrpaMMHOe o6ecneqeHHe Il03BOIDIJIO ynpaBIDITb 

npoueccoM cqHTbIBaHIDI H npOBOL{HTh B peaJibHOM BpeMCHH o6pa6oTKY 

HHcpopMal.{HH C npe.L{CTaBJICHHeM Ha .L{HCilJICH TCMilCpaTYPHhIX 
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Pttc.6. YcTaHOBKa TepMO,llaTqHKOB Ha HarpeBaTeJihHhlX 3JieMeHTaX 

1 -6y'MroKHillI BTyJIKa, 2 - H3MepHTeJibHhlH cnaii; 3 -HarpeBaTeJihHhlH 

3JieMeHT~ 4 - KJieH. · 

123 8 
ITpOTOTHil 

1 

MarncTparrh KAMAK 

KA004 Al 

2 3 

AUIT 

333 

4 

KK-
012 

5 

ITcpco1-iam,m,1u 

KOMilhI-OTC 

Pttc.7. nJioK -cxeMa H3MepHTe1IhHOH annaparyphI. 

1 - 6JIOK KOMMyraQHH, 2 - aHaJIOfOBhlH M)'JihTIITTJieKCOp, 3 - ycHJIHTeJib, 

4 -AI.l;II; 5 - KOHTpoJIJiep Kpeifrn KAM.AK. 
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38BHCHMOCTeH BO B peMeHH no IlO,l(KJIIOqeHHhIM 16 TepMO,l(aTqHKaM, C 

IlOCJie.llyromeii 3aTTHChlO J18HHbIX JlIDI acex rpynn TepMonap. 

5. PE3YJibTATbI H3MEPEHHM 

5 .1. llpot{eoypa mepMoU3M.epe1!uu 

ITepe,ll Ha'laJIOM H3MepeHHH 6bIJia nponepeHa repMeTH'IHOCTh 

BHyrpeHHero o6'beMa npoTOTHna, qepe'.l K0Topyro npOX0llHJI 

oXJia)l(JlaIOU{HH ra3. ITptt m6LITO'IHOM 11as;1eHHH B 0, l aTM ypoaeHh 

'fClJH Me)l(Jly 3THM OO'beMOM H BH)'TpeHHHM 06beMOM Bcex c-rpoy, 

coe,llHHCHHhL\I C B03,llyx0M B 0Kp)',KUIOIUeM ceICTop 6oKce, 6bIJI MeHee 

5 CM
3 

/ MHH. 

ITocJie c6opKH npoT0THna 6hIJia cwna TeMneparypHllil KapTa no 

BCCM 123· )"CTaHOBJICHHb!M TCpMonapa~I. ITpHBC,llCHHllil Ha pHC. 8 
fHCT0rpaMMa 11eM0HCTpHpyeT Hl!eHTHqHOCTh Bcex H3MepHTCJihHhlX 

KaHaJIOB H ,l!OCTaTO'IHYJO llllil HCilbITaHHH npOT0THna H3MepHTeJibHYIO 

TQqHOCTh; TaK, Bem:-1qHHa r, m, S pacnpe11ene11HJI TeMnepaTypbl BHYTPH 

llpOT0THna COCTaBJUIJia 0,25 ° C. 
ITpH H3MepeHIDIX TeMlleparypa 0Kp)')KaIOmero npOTOTHn 803,lly'Xa 

6brna OK0Jio 16 ° C, TeMneparypa oXJia)l(Jla10meii B0llhI - oKo,10 12 ° C. 
C QeJihIO ycKopeHIDI H3Mep1-1TeJlbH0ro npo1.1ecca H )'MeHblIICHHJI 

pacxo11a 0XJia)l(Jla10mero ra:Ja HCTT0Jih3088JIUCb CJIC,ll)'lOIUllil 

H3MepnTeJihHaJI npoQel!ypa. Ha HarpeBaTeJibHhie 3JieMCHThl npoTOTHna C 

BhIKJIIOqeHHhlMH BOl!OH H f830Bh!M np0ll)'B0M no11aBUJ10Cb Tpe6ycMOe 

HanpmKefrne. ITocJie Harpeaa nporoTHna BKJIIOl!aJic51 npo.llyB ero 

OXJia)l(JlaIOIUHM f830M, a T8K)Ke, npH HC06XOllHMOCTH, 0XJia)l(JleHHe 

TeIIJI0CbeMHHKa BOllOH,H H3)'"llaJiaCh llHHaMHKa npo1.1ecc0B B pmJIHqHhIX 

TOTJKaX BH)11:PH npoT0THna. no ycrnHOBJieHHIO CTal.lH0HapHoro 

TeMneparypHoro COCT051HH51 CTpOHJiaCb KapTa pacnpe)1eneHH51 

Te~meparyp, l10C,1e 11ero, npu HeO0XOllHMOCTH. yneJIH4HBa,1aCb CK0p0CTb 

npo11yaa oXJia)l(Jla10mero r:na, H npoueJ1ypa H3~1epeHHH uosrop}vmch. 

OcHOBHhIC H3MepeHH5I 6bIJIH rrpOBC)lCHhl B Il0JIO)KCHHH npoT0THna np11 

yrJie <p,, paBH0M O 0 ,qTo CO0TBeTCTBOBaJIO Il0JIO)KCHHIO ceKTopa c HH)KHHM 

BHyrpeHHHM Pa.llHYC0M H HUp)')l<HblM BCpXmlM (puc. l ). ,[(JUI HJ)"'lCHlrn 

BJIIDIHHJI BHYTpCHHCH KOHBCKI.IHH ra3a Ha TCpMopacnpe,[{CJICHWI 

rrpoB0,llHJIHCb H3MepeHH51 C H3MeHeHHeM IT0JI0)KCHHJI ceICTopa OT O O .no 
180 °. 

Ha pHc. 9 npe,acTUBJieHbl THIIHlIHhie llHHaMHI!eCKHe 3UBHCHM0CTH 

H3MeHeHH51 TeMneparyp BO BpCMeHH llIDI 8 TepMo,aarqHK0B npH 
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PHc.8. TiepBHqHoe pacnpe.[{CJICHHC TCMneparyp B npOTOTHilC. 
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PHc.9. THnHqHbIC .[{HHaMHqec.KHe 3aBHCHMOCTH H3MCHC~H.!I 

TCMnepaTYP BO BpeMCHH .[{JUI 8 TepMO,[{a'fl!HKOB npH OXJia)K,l{CHHH 
Harperoro ceKTopa. 
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OXJia.)l(",Z\eHHH " pa.z:(HaQHOHH011 Harpe-roro ceKropa 3.30TOM co CKOpOCTbIO 

npo,nyBa 44 JI / MHH, a 3aTeM 91 JI / MHH. 

5.2. HAmmau,UJl "paouau,uonnozo" nazpeea 

Ifa-3a HaJIH'IIDI 6oKQBbIX CTeHOK ceKTopa, ycTaHOBJieHHLTX npH 
0 • ' 

yrne cp = ± 21 ' HMeIOT MeCTo KpaeBbie 3cpcpeKTbl, -BbipaiKeHHble 'B t . 
YBeJIHtJeHHOM TenJionoTOKe IIO cp - HanpaBJieHHIO. C QeJIJ,IO HX 

KOMneucaQHH HarpeBaTeJIJ,Hble 3JieMeHTbl no nHTaHHIO 6bIJIH pa.3,neJieHbl 

Ha TpH rpynnhI (pHC. 16). 

HarpeBaTeJibHbie 3_11eMeHTbI Qempam,ttoii rpynnhI (III), 
co,nepiKall.\eH 968 crpoy, Haxo,nu11uc1, no,n ttanpj{iKeHHeM, 

o6ecnequaaIOII.\HM TepJIOBhI,neJieHHC B KaiK,UOM CTpoy MOID:HOCThIO 
10,8 MBT. . 

fpynn1,1 crpoy, opHeHTHpOBaHHbIX no,n yrJIOM cp, 6mI3KHM K ± 21 ° 
H COCTOj{Il.\HC H3 29 H 27 nnyK COOTBeTCTBeHHO, co,nepiKaJIH HarpeBaTeJIH 

c 6om,meu MOII.\HOCTbIO TCIIJIOBbI,neJieHIDI (rpynna I). 
IlpoMemyroqnM rpynrra ttarpeaaTe11eu (rpynrra II) pa3Mell.\aJiacb 

B COOTBeTCTBYIQII.\HX 40 H 36 crpoy. 

Ha pHc. 10 npHBe,neHo pacnpe,neJieHHe TeMneparyp no cp ,nM 

TepMO,LlaT4HKOB, ycTaHOBJieHHbIX B QCHTpailbHOM CJIOe C pa.nuycoM 

R2 = 275 MM ,nM 5, 8 u 12 PMOB crpoy no Z. Bu,ntto, qTo KOMnettcaQHJI 

KpaeBbIX 3cpcpeKTOB o6ecnetJHBaeT nocTOj{HHYIO TeMneparypy B 

,nocTaToqHo 6om,moM npOMCiKY'fKC no 3TOMY HanpaBJICHHIO. B TO )Ke 

BpCJ\,lj{ BH,nHO, qTo HMCIOT MCCTO TenJionoTepH no Z-HanpaBJICHHIO. Ilptt 

3THX H3MepeHH51X OXJiaiK,UeHHe OTCYTCTBOBaJIO. Ce1crop 61,m B 

nOJIOiKCHHH cp = 0 °. IlpH acex ,llaJibHeHllIHX H3MepeHH}IX MOJ.UHOCTb 

HarpeaaTeJieu cocTaBMJia 60 MBT, 25 MBT H 10,8 MBT ,nJUI I, II H III 
rpynn COOTBCTCTBCHHO .. B IIOCJie,nyIOII.\CM npe,nCTaBJICHHH ,naHHbIX 

o6JiaCTH npoTOTHna, COOTBCTCTBYIOII.\HC rpynnaM I H II, HCKJIIOqaJIHCb H3 

paCCMOTpcm-rn. 

5.3. TepAwpacnpeoen.enue e ce«mope, pacno1to.mennoM 
· npit <p= 0 ° 

IfayqeHHe TepMopacnpe,neJieHHJI B ceIrrope, pacnoJIOiKCHHOM npu 

yrne cp , paBHOM O 0 , IIOKa3aJIO' ,UOCTaToqHo xopornee COB!Ia,[(eHHe 

TeMrreparyp IIO Tepl\lO,UaT1lHKaM, ycTaHOBJICHHblM B CHMMerpHqHI,IX 

OTHOCHTCJibHO ero QCHTpa ToqKax. 3To no3BOJIHJIO B ,UaJU,HettmeM 

onpe,nc.IDITb cpe,nHIOIO TeMneparypy ceKTopa, npupaBHHBM 

TeMneparypbl B roqKax 6e3 TepMo,naTtJHKOB 3Ha<JeHIDIM TeMneparyp B 

CHMMeTpHqHo HM paCIIOJIOiKCHHbIX, HMeIOII.\HX TepMo,naTqHKH, TOqKaX. 
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50.00 
t°C 

45.00 

40.00 

35.00 

30.00 

25.00 

20. 00 -4---t-f-+--+-+-+-t--+-i--+--+--,f-+--+-+-+--t--+-+-+--+--,c-t---+-
-20.00 -10.00 0.00 10.00 20.00 

cp,rpaA 
Pttc.10. Pacnpe,neneHHe. Tel\ineparyp no cp .UM TepMo,naTt.rHKOB. 

ycTaHOBJICHHbIX B QCHTpa.JlbHOM CJIOC R 2 = 275 MM B OTC}'"fCTBHe 
OXJiaiK):ICHffj{_ · 

KpHBblC 1 orneqaIOT MOJ.UHOCTH Harpeaa CTpoy a 78, 60 H 10,8 

MBT ,nJI51 I, II H III 30H cooTBeTcTBeHHO. KpttBhie 2 0Taeqa10T MOJ.UHOCTH 

Harpeaa crpoy B 40, 25 H 10,8 MBr ,nM I, II H III 30H coornercTae1-11-10. 

KpHBbIC 3 orneqmoT MOJ.UHOCTH Harpena CTpoy IIO l 0.8 MBT ,llJUI BCCX 
30H. 

a) - ,llJIJI 5-ro p51.na cTpoy; 6) - .llJI51 8-ro pMa cTpoy; B) - .llJI51 12 pM,na 
CTpoy. 
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PHc. 10 (6) 
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lfayqa.n:ocb BJIIDIHHe TeilJIOCoeMHHKa, yCTaJJOBJieHHOro B6JIH3H 

16-ro p.sma CTpOY co CTOpOHbl Hap)')KHoro pa.n:Hyca, Ha 

TepMopacnpe,n:eJieHHe B 6JIH3KHX K HeMY TO'!Kax. 

IlpHBe.n:eHHble Ha pHC. 11 3aBHCHMOCTH IlOKa3bIBaIOT 

pacnpe,n:eJieHHe TeMneparyp no Z -HanpaBJieHHIO, 6e3 BKJIIO'!eHH51 

ra30BOro 0XJI8)K,/:leHH51 .U:JI51 TepMonap, yCTaHOqJieHHhIX Ha pa3HbIX 

ypOBH51X no R, HO npH cp = 0 °. PHc. 11-B coOTBeTCTBYeT I.{eHTPaJibHOMY 

CJIOIO ,n:aT'IHKOB, 11-a n 11-6 . - ,n:aTqnKaM, pacnoJIO)l(eHHblM 

COOTBeTCTBeHHO co CTOpOHbI uapyiKHOro H BttyrpeHuero pa.n:ttycoB 

ceKTopa. KpHBbie 1 IlOJiyqeHbI 6e3 OXJia)l(,n:aIOIQeH TeIIJIOC'beMHHK BO,[{bl, 

KpHBbie 2 - IlpH ee BKJIIO'IeHHH. CpaBHeune 3THX KpHBhIX IIOKa3bIBaeT 

CHJibHOe BJIIDIHHe OXJimK,n:a10meH TeUJIOC'beMHHK TPY6KH Ha yqacTKH 

CTpoy, 6JIH3KHe K Hap)')KHOMY pa.n:nycy, ,[{JI51 HeCKOJibKHX 

pacnoJioiKeHHhIX y TeIIJIOCoeMHHKa p.smoB. BKJIIOqeHHe ra3oBoro 

OXJimK')leHH51 YMeHbIIIaeT 3TOT 3cp<peKT. TaK, Ha pttc. 12 H pnc. 13 

IlOKa3aHbI rnc'I'orpaMMbI TeMneparyp npH OXJI~eHHH ceKropa N2 co 

CKOpOCTblO npo.n:yBa 22 H 91 JI / MHH COOTBeTCTBeHHO. Ha cpparMeHTUX 

(a) pncyHKOB npHBe.n:eHhI TepMopacnpe,[1eJieHm1 B ceKTope c 

HCl<.HIO'leHHeM ero o6JiaCTeH C CHJlhHblMH KpaeBbIMH 3cp<peKTaMH B6,1HJH 

yrnoB cp = ± 21 °, a TaKiKe 16 -ro p.sma c-rpoy'. <DparMeHTbI (B) H (c) 

IlOKa3bIBaIOT pacnpe.n:ene1rne TeMneparypbI .[(JI51 16 -ro p51,lla CTPOY C 

BKJIIOqeHHeM H 6e3 BO,ll51Horo OXJia)l(,lleHH51 TenJIOC'beMHHKa, 

COOTBeTCTBeHHO. BH,[{HO, 'ITO npH npo.n:YBe a30TOM co CKOpOCTblO 

91 JI / MHH HCKa,rcemie TepMopacrrpe,lleJieHH51 B 6JIH3KHX K 

TeTTJIOC'beMHHKY o6JiaCT51X npaKTH'!eCKH OTCYTCTByeT. 

TaKHM o6pa30M, ,[{HaIIa30H TeMneparyp B Cek.,ope, 

opHeHTHpOBUHHOM B IlOJIO:iKCHHH cp = 0 °, IIpH npo,llYBe' ero N2 npH 

CKOpOCTH 91 JI/ MHH COCTaBJI51eT l O ° C. 

HccJJe.n:oBaJIOCb BJIH51HHe CKOpOCTH npo.n:yBa OXJia)l(,llaIOmero ra3a 

Ha TeMnepaT)'pttoe pacnpe,lleneHHe BHyrpH ceKTopa. KpHBIDI 2 H KpHBM 

1 Ha pnc. 14 noKaJbIBalOT 3UBHCHMOCTb MaKCHMUJlhHOH BeJIH'IHHhl 

HarpeBa ueHTPaJlbHOH o6nacTn rrpOTOTnna n ero cpe,n:HeH TeMneparyph1. 

COOTBeTCTBeHHO, ,llOCTHraeMhIX IIPH cymecTBymmeM B npOTOTHUe 

ypoBHe TeUJIOBb!X IlOTCpb. MaKCHMaJlbHM Te:vmeparypa B npOTOTHIIC B 

OTCYTCTBHC OXJiaiK,llCHIDI COCTilBHJia 28 ° C OTHOCHTCJihHO TCMnepaTypbI 

0KpJ)l(a10meH cpe.l(bI. BH.llHO, 'ITO na BeJIHqttHa yMeHbIIIaeTc51 c 

YBeJIHqeuneM CKOpOCTH IlOTOKa OXJia)l(,llaIOmero npOTOTHil aJOTa, 

,[{OCTHrM 9 ° C npH CKOpOCTH, paBHOH 90 JI / MHH. PacqeT TeilJIOBhlX 

IlOTCpb . UO Z""., R- H <p -HanpaBJieHHHM B IIpOTOTHilC ,llOCTUTO'IHO 

TpynoeMOK. ,[(1151 3KCilCpHMeHTa.JlhHOH Ol(CHKH CYMMapHhlX BeJIHqHH 3THX 

noTepb 6bIJIH H3MCpCHbI TeMrreparypbI oXJia)l(,llaIOmero a30Ta Ha BbIXO,lle 

ero H3 npoTOTHila 6e3 TeilJIOCoeMHHKa. l13MepeHHH 6hIJIH npoBe,lleHbl 
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PHc.11. Pacnpe):leJieHtte Ter.mepa·1yp no Z B TIJIOCKOCTH <p = 0 B 

OTCYTCTBHe fa30BOro 0XJia)K,/:ICH!1JI. 

□ - 6e3 OXJia)l(,llaIOmeu TeIIJIOC'beMHHK BO,[lhI; !)._ - C oXJimK):laIOll(ett 

BO,llOH; * - 6e3 OXJIU)l(,llaIOmeif TeilJIOCbeMHHK,, BO,llbl npH paJBOpOTe 

npoTOTHila Ha cp = 180 °. 
a) B cJio51X c pa.n:ttycoM R 3; 6) B CJIOHX c pa.n:nycoM R 2; a) B cJionx c 

pa.n:HyCOM R I . 

19 



t °C 50.00 

1 ~ 
45.00 t / 3/ 

40.00 
:j( \ 

35.00 
. 

30.0□ , ✓ ~ 
25.00 

2 0. 00 +-+--t--+--+--+-+-t-+-+-t--t-l----t-t-i-,f--t--t-+---1-t--t--+---t--+--t-<H-i-1-+--l 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

N!! JHIAfl 

Puc. 11 (6) 

20 

t °C 50.00 

45.00 

40.00 

35.00 

30.00 

25.00 

20.00 I , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , r , 1 , 1 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

N!! pnAa 

Puc. 11 (B) 

21 



Nr------------- I N 

:: ~ (a) II ~!l ~-~ ]I :: f ~" ii ~~ ~~~" ;{~! 
I ' ' I ' I MNH~l~J~]~~I~' . 

15 20 25 30 35 t o C 40 o 10 -- 15 20 25 30 35 to C 4 0 

N.------------------~ N 
: [(b) I 4 t ~-(h-) ----1-----i-1-;;:;-~n-tries 2~ 

3 . n n Mean 21.21 
2 E- I II Ii RMS 1 .91 7 

, . ~ m u , ~. ~ ,~ ~M .. , : 
15 20 25 30 35 40 O 1 0 15 20 25 30 .35 40 

t°C t 0 e 
N.------------------~ N 
: [(c) n I 3 ~t(c-•) -----~-~ -~ --T~ntries 2~ Mean 22.7 _ 
2 t=- nn II I I 2 n RMS 1.717 

15 20 25 30 ·35 40 

t 0 e 

Pnc.12. Pacnpe,neJiem1e TeMneparyp B npoTonme npn 

OXJia)l(,[(eHHH a30TOM co CKOpOCTblO npo,uyna 22 JI / l\HIH'. 

a) c HcKJilOqeHHeM o6JiaCTeii B6JIH3H yrnoB cp = ± 21 ° H 16 pJl,L{a crpoy;. 

B) .umr 16-ro p51')1a crpoy c BKmoqeHHeM BO,WIHOfO OXJiaX<"..neHmI 

TeTTJIOCbeMHHKa; C) .[I.JUI 16-ro p.11.na crpoy 6e3 BO.U.IIHOfO OXJI~eHH.11. 
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Pnc. l 3. Pacnpe,neJie1me TeMneparyp B npoTOTHne npH 

ox.na)K,lleHHH a30TOM co CKOpOCTb!O npo,nyBa 91 JI/ MHH. 

a) C HCKJII04eimeM o6JiaCTeii B6illl3H yrnoB cp = ± 21 ° H 16 pR,(a CTpoy:. 

B) ,U.151 16-ro p.11;:(a CTpoy C BK..'IIO'!eHHeM BOµ.IIIIOfO ox.:1a)K,llCIIH.II 

TeIIJIOCbeMHHKa; C) .UIDI I 6-ro p51')1a CTpoy 6c1 BO,UJIHOfO OX.'Ia)K,lleHH.11. 
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.wrn p3.3JIH'IHhIX CK0pOCTeH ra.Joaoro UOTOKa. COBOKyilHOCTh acex 

H3MepeHHH U03BOJIHJia ITOJIY'IHTh 3aBHCHMOCTb cpe,nHeH TeMneparypbI 

«lf)leaJibHOro» no TeUJIOlI30JI.SlUJm ceKTopa OT CKOpocn1 U0T0Ka 

a30Ta (Kpl!Ba.H 3 Ha pHC. 14). ITpH 3aMeHe a30Ta yrneKHCJihIM 

ra.JOM 3<pcpeKT 0X.Jia)K,lleHH.ll npH TOH )Ke CKOp0CTH npo,nyaa 

yae,'IU'IHBaJIC5I Ha 19 %, 'I;f0 C0L'JaCYCTC5I c Be,'IlflIHHaMH MOJI.lJpHbIX 

TeU,'IOeMKOCTeH 3THX ra:1oa.' Ha pHC. 15 npe,acTaB}IeHbI 3aBHCHM0CTH 

cpe,aHeKBa.n:paTH'IHoro 0TKJIOHeHH.ll TeMneparyp B npoTOTttne OT 

CKOpOCTH npo,ayaa ero a30T0M. O4:eBH.l{HO, 'ITO C YAfeHbUieHtteM 

co6cTBeHHbIX IT0Tepb CJie.l{yeT 0)l(H)laTb ~reHbllleHH.ll TenJI0BhIX 

<pny11.1yaUHH. 

BbIUOJIHeHHhle H3MepeHH.ll XOp0UI0 C0Bila)laIOT C 

npe.naapHTeJibHblMH oueHKai\m H no.nrnep)l()laIOT He06XO,llHMOCTh 

npHHY.[(HTeJihH0ro 0XJia)K)leHH.ll Mo,zzyJieH TRT nepe.auero uanpaBJieHH.ll. 

5 .4. Tep.uopacnpeoeJlellll.R o ceKmope npu rp = 180 ° 

BjfH5IHHe K0HBeKI.(HH Ha 0)l(H,i:laeMoe TepMopacnpe.neJiettne B 

K0,lbUeBhlX Mo,ay1mx TRT my'IaJI0Ch nptt ox.1a)K)leHnH npoTOTHna 

ceKropa, ycTaHOBJieHHOro ITO,[( yrJI0M cp OT O O ,[(0 180 °. 
CpaBHeHHe KpHBhIX 1 H 3 Ha pttc. 11, IIOKa3bIBaIOl[{HX 

pacnpe,aeJieHtte no HarrpaaJieHHIO Z ,nm ceKTopa npH cp = O O H cp = 180 °, 
COOTBeTCTBeHH0, fOB0pHT 0 CHJlhHOM BJIH.lJHHH K0HBeK[{HH BttyrpH 

ceKTopa Ha repMopacrrpe,aeJJeHHe. l-faMepemrn 6bIJIH npoae.iWHbI 6e3 

BKJIIO'IeHIDI 0XJia)K,llaIOl[{HX fa30B H B0.l{bl. TaK, HanpttMep, pHC. 16 

JIOK3.3b!Baer, <no no ueHTpaJlhHOH OCH ce1<..,opa B pa,n;HaJlhHOM 

uanpaBJieHHH MaKCHMaJlhHM Tel\,mepaiypa .l{OCTHraeTC5I B ueHTpe, 

6JIH)l(e K Hap)')KH0My pa,nnycy TeMneparypa UOHH)l(aeTC.ll, 'ITO M0)l(eT 

6bITh o6b5ICHeHO yMeHbllieHHeM TaM TeUJIOBhl.l{eJiemrn HarpeBaTeJieM. 

YMem,meuue TeMneparypbr a6nmtt K BHYTpeHHeMY pa,zwycy B 

0611acTH MaKCHMaJihHoro TeUJI0BhI.neJieHtt5I HarpeaaTemIMH roaopHT 06 

:Jcp(pC!<TC ICOHBeKI.V1H (KplIBM 1). KpHBa5I 2 3TOfO pttCyttKa .l{.lill CJI)''IM 

cp = I 80 ° Il0.l{'IepKHBaeT !><p<peKT KOHBeKUHH, rrpH.l{aIOmeii 3llBHCHM0CTH 

t (R) npaicruqecKH JIHHettuhIH xapaKTep. 

Ha pttc. 17 npirne,lleHhr mcTorpaMMhr pacrrpe.neneHH5I 

TeMnepa-ryp B ceKTope 6e3 oXJia)l(JJ:eHH5I H .[(JI.lJ cp = 0 ° (17-a), 6e3 

OXJia,K,lleHH5I H .l{.fUI cp = 180 ° ( 176), C 0XJia,K,lleHHeM a30TOM IlpH 

npo.zyBe 44 JI/ MHH H cp = 180 ° (17c) H npu npo,nyae 91 JI./ MHH (17r). 

BH,UHO, 'ITO cpe.l{H5I.ll TeMrreparypa CCKTopa COCTaBJI.lJeT B 3THX CJIY'IMX 

38,5 ° C; 38,3 ° C; 31, 7 ° C; 28,2 ° C, coornercTBeHHO, B To apewi: KaK 

r. m. s. pacrrpe,neJICHHH - 3,7 ° C; 6,0 ° C; 4,1 ° C; 4,1 ° C; 4,0 ° C, 
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Pttc.14. BJIH.lIHHe cKopoCTH rrpo;::{yna oXJia,K,llaromero ra.Ja Ha 

TeMneparypuoe pacrrpe,n:eJieHHe BHYTpH nporomna: 

1 - 3aBHCHM0CTh cpe,n:HeH TeMnepaTypbI nporomna rrpH' 0XJia:ac,neHHH 

a30TOM; 2 - 3aBHCHM0CTb MaKCHMaJlhHOH BeJIH'IHHbI Harpeaa 

ueHTpaJibHOH o6JiaCTH rrpH oxna:ac,neHHH 3.30T0M; 3 - 3aBHCHMOCTh 

cpe,nHeii TeMnepaTypbI rrporomrra a CJIY'Iae 
11
H.[(eaJihHoii". 

TeIIJI0H30JI.lJI.{HH npH 0XJia:>IC,neHHH a30TOM. To'IKH (~) H (*) II0.ll)"IeHb! 

IlpH npo,nyae 0XJia:>IC,naIOIU}IM yrJieKHCJiblM fa30M ,llJI5I CJIY'IaCB I H 2 
C0OTBeTCTBeHH0. 
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t.°C 
7.00 t 
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5.00 
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---4.00 t 

3.00 t 2 

2. 00 .J--,___.----,.-t--+--+--+--t-+-,___.---+--+--+--+--t---+--+--t 
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Pnc.15. 3aBHCHMOCTb cpe,n:HeKBU,llpaTnqHoro OTKJIOHeHHR 
TeMneparyp B npOTOTHile OT CKOpOCTll npo.izyBa a30TOM: 

1 - npoTOTHil IlOBepHyr Ha 180 °; 2 - npoTOTHil IIOBepHyr Ha O 0 • 
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Pnc.16. Bm-umne KOHBeKUHH BHyrpn cTpoy Ha pacnpe,n:e,'IeHne 

TeMrreparyp B rrpOTOTHrre. fpaq>HKM IlOJIY'IeHhI ){fill ueurpaJibHOH cTpoy. 

I - npoTOTHil B IlOJIO)l(eHHH cp = 0 °; 2 - npOTOTHil B IlOJIO)l(elUiH cp = 
180 °. 
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Pttc.1 7. Pacnpe.l{eJieHHe TeMneparyp B-npoT0THne: 

a) B 0TC)"ICTBHe 0XJJa)K,.UeHHH H .l{JUI -<p = 0 °; 6) B 0TCYfCTBHe O}Ula)K,.UeHHH. 

H .l{JUI cp = 180 °; B) c 0XJia)K,.UeHHeM a:J0T0M npH npo.l{yBe 44 JI/ MHH H 

.l{!UI <p = 180 °; r) C 0XJJa)K,.UeHHeM 3.30TOM npH npo.l{yBe 91 JI/ MHH H .l{JIH 

<p = 180 °. 
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C00TBeTCTBeHH0. BH.llHO, qro npH IlP0.llYBe 3.30T0M 91 JI/ MHH ,UHaml30H· 

TeMnepaTypnoro pacnpe,ueJieHIDI cocTaBJIHeT 15 ° C (17r). 

6. 3AKJIIOqEHHE 

TepMOMeTpIDI IIOJIHOMUCIIITa6noro np0TOTHila 42 ° C ceKTopa 

TRT nirnMoro nanpaBJieHIDI ycTaH0BKH ATLAS LHC no,urnep.l{HJia 

neo6xo.l{HMOCTb npnny.l{HTeJibH0ro 0XJia)K,.UeHHH Mo.uyneii .l{eTeKTopa. 

IlpH HMHTaUHH c 20 % npeBbIIIIeHHeM MaKCHMaJibH0ro pa.l{HaUifOHH0ro 

narpeBa ceKTopa, 0XJia)K,.UeHHe ero a30TOM, BX0,nHIUHM B np0T0THil npn 

TeMneparype 19 ° C H co CK0p0CTbIO 90 JI_ / MHH o6ecneqHBaeTCH 

Te:-.mepaTypHbIH pa36poc B .l{Hana:JoHe .ll0 i 5 ° C. 

IlpHMeHeHHe yrJieKHCJIOr<) ra:Ja Il03B0MeT YMeHbllIHTb BeJIHqHny 

npo,uyBa na · 19 %. CJie.uyer 0iKHJlaTh, qTo npn TeMneparype 

oKpy,Kmomeii cpe,u1,1, 6qnee rrpH6JIH:>KeHHOH ..K cpe,uHeii Te:-.meparype 

,;J,CTeKTopa, TeMneparypHbIH pa36poc BnyTpH Mo.uyneii 6y):ler HMeTb 

MeHbIIIyIO BeJIHqnHy. 

IIpe):(IlOJiaraeMM 0l1THMH3aUIDI TellJI0C'beMHHKa 3aKJTIO'laeTCH B 

cymecTBeHH0M yaeJIHqeHHH ero IIJI0IUU.l{H, ~o ,ll;0JDKHO YMeHbIIIHTb B 

TOM :>Ke 0TH0IIIeHHH ero .l{JIHHY, CHH)KaH C00TBeTCTBeHH0 Il0JinyIO 

pa,n;nauHoHHyIO J:IJIHHY M0)lyJIH. 

He.l{OCTaTKOM rrpe):IJiaraeMOH cxeMbl 0XJia)K,.UeHIDI .sIBJUICTCH 

HeKOTOpbIH narpeB oXJJa)K,.UeHH0ro ra:Ja na ero nyrH OT TellJI0CbeMHHKa 

):10 BX0,ll;a B CJie.llyIOIUHH M0,llyJib .l{CTeKTopa. 3m M0)KeT 6bITh 

KOJ\meHCHp0BaH0 Il0HH:>KeHHeM ypoBHH TeMneparypbI 0XJJa)K,lleHIDI ra:Ja 

Ha BbIX0,ll;C TellJI0C'beMHHKa. 
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I1pRJio:>Kem1e 

Benwnn™ TeITJiorrepe.naq no OT.l(eJihHhIM ::meMeHTaM ceKTopa 

· ,n;JUl 6t =10 °Cua AJIHHe 50 CM. 

:meMeHT MaTepIIaJI Q,BT 

aHO.l(HaH IIpOBOJIOKa 

Me.l(h 0 50 MKM 1.6 * 10 -j 

6poH3a 0 50 MKM (0.8-:-5.1) * 10 -6 

BOJibcppaM 0 50 6.9 * 10 -6 

MKM 

Xe , ra3 B CTPOV 1.3 * 10-6 

N2 ,ra3 B CTPOV 6.0*10-6 
uarpeBaTeJih 2.8*10-6 

TepMorrapa (5.5-:-10.8) •10-6 
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