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I.J;u<}>pOB3H CHCTeMa onepaTHBHOrO ,li;HCT3HD;HOHHOrO 

KOHTpOJIH COCTOHHHH H30JIHD;HH ru6KHX UH-Tpy6 

EoJIOTOB C.B., repantMeHKO H.B., noYyMKO B.H. 

Bolotov S. V., Herasimenko N. V., Pochuyko V.N. 

CMcTeMa orrepaTMBHoro AMCTaHI.J,MOHHoro KOHTpOJHI c IJ,McppoBbiMM AaT'-IMKaMM 

BJia)I{HOCTM rrpeAJIO)I{eHa B Ka'-leCTBe 3aMeHbl TpaAMII,MOHHOM aHaJIOfOBOM, B OC­

HOBe KOTOpOM Jie)I{MT M3MepeHMe COIIpOTMBJieHMH IIeHOIIOJIMypeTaHOBOM M30JIH­

II,MM Tpy6orrpOBOAOB TeiiJIOBbiX CeTeM. L(McppOBbie AaT'-IMKM, paCIIOJIO)I{eHHbie B 

M30JIHII,MOHHOM CJIOe, o6ecrre'-IMBaiOT rrpHMOe M3MepeHMe BJia)I{HOCTM M TeMrrepa­

Typbi. PaCCMOTpeHa B03MO)I{HOCTb rrpMMeHeHMH IJ,McppOBOM CMCTeMbl KOHTpOJIH B 

rM6KMX rrpeABapMTeJibHO M3011MpOBaHHbiX Tpy6orrpOBOAax. 

The remote monitoring system with digital sensors was proposed as a replacement 
for the traditional analog one, which is based on resistance measurement of the heat­
ing network pipelines polyurethane insulation layer. Digital sensors inside the insula­
tion layer providing a direct measurement of the humidity level and temperature. 
The possibility of using the digital control system in flexible polyurethane foam insu­
lated pipelines was considered. 

BBe,u,euue 

fH6KHe npep;sapH:TeJibHO YI301IY1pOB3HHbie (nH) neHOIIOJIHypeTaHOM 

(nOY) Tpy6bi npHMeHHIDTCH B TeiiJIOBbiX CeTHX ropHYero (p;o 120 °C) Yl XO­

JIO,ll;HOfO TeiiJIOCH36)KeHHH npeHMy~eCTBeHHO 6eCK3H3JibHOM npOKJI3,ll;KYI. 

,l(aHHbiM TYIII Tpy6 I103BOJIHeT npoeKTY1pOB3Tb TeiiJIOBbie CeTYl C B03MQ)K­

HOCTbiD o6xop;a npeiiHTCTBYIM B BH:p;e IIOp;3eMHbiX CTpOeHHM Yl TeJieKOMMy­

HYIK3I..J;YIM. fH6KaH KOHCTpyKI..J;YIH Tpy6bi ycneUJHO crrpaBJIHeTCH C KOMIIeH­

cau;HeM TeiiJIOBbiX nepeMe~eHHM 6e3 npHMeHeHHH Cneu;HaJIH3HpOB3HHbiX 

KOMIIeHC3TOpOB. EJiarop;apH CBOYIM npeHMy~eCTB3M, rH:6KH:e nH-Tpy6hi 

BCe Ya~e CT3JIYI npHMeHHTbCH npH peKOHCTpyKI..J;YIYI TeiiJIOBbiX CeTeM. 

,l(JIH CTaHp;apTHbiX Tpy6 Yl cpaCOHHbiX Yl3p;eJIYIM, npep;H301IY1pOB3HHbiX 

neHOIIOJIHypeTaHOM, fQCT 30732-2006 npep;ycMaTpHBaeT HaJIHYHe CYI­

CTeMbl orrepaTHBHOfO ,ll;YICT3HI..J;YIOHHOf0 KOHTpOJIH (CQ,l(K) [1]. Pa60Ta 

CO,l(K ocHoBaHa Ha H3MepeHHH conpoTHBJieHHH H30JIHI..J;HH Me)K,ll;y Me,n;­

HhiM CYifH3JibHbiM IIpOBO,ll;HYIKOM, npOJIO)KeHHOM B CJIOe nnY, Yl CT3JibHOM 

TeiiJIOHecy~eM Tpy6oii. HaMOKaHHe YI30JIHI..J;YIYI npHBO,ll;YIT K pe3KOMY CHYI­

)KeHHID ee COIIpOTYIBJieHHH, YI3MepHeMOfO p;eTeKTOpOM IIOBpe)Kp;eHHH. ,l(JIH 

JIOK31..J;YIYI MeCT YBJI3)KHeHHH YI30JIHI..J;YIYI Ha Tpy6onpOBO,ll;e YICI10Jlb3YIDT YIM­

nyJihCHbie pecpJieKTOMeTpbi, npHHI..J;YIIl pa60Tbl KOTOpbiX OCHOBaH Ha YI3Me-
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peHI111 BpeMeHI1 npOXOJK~eHI1H no npOBO~HI1KY CI1CTeMhl KOHTpOJIH 3JieK­

TpWieCKOf0 11MnyJihCa ~0 MeCTa HaMOKaHI1H. 

flp11MeHeHI1e Tpa~I1~110HHOH aHaJioroaoH CO~K B r116K11x Tpy6o­

npoao~ax HeB03MOJKHO no cJie~yiO~I1M np11'-111HaM: 

- OTCJTCTBI1e B r116KI1X flH-Tpy6ax ~eHTp11py10~11X 3JieMeHTOB He 

n03BOJIHeT 3aKpeni1Tb npOBO~HI1KI1 CI1CTeMbl KOHTpOJIH, TaKI1M o6pa30M, 

HeB03MOJKHO o6ecneqi1Tb <l>11KC11pOBaHHOe paCCTOHHI1e OT npOBO~HI1Ka ~0 

noaepXHOCTI1 Tpy6hi; 

- eCJII1 OCHOBHaH Tpy6a 113fOTOBJieHa 113 MeTaJIJia, MaJioe paCCTOHHI1e 

MeJK~Y noaepXHOCTbiO Tpy6hi 11 npOBO~HI1KOM CI1CTeMhl KOHTpOJIH, BCJie~­

CTBI1e ero «npOBI1CaHI1H», np11BO~I1T K JIOJKHbiM cpa6aThiBaHI1HM ~eTeKTO­

pOB noBpe~eHI1H 11 11MnyJihCHbiX pe<t>JieKTOMeTpOB, o6ycJIOBJieHHbiX 

HI13KI1M COnpOTI1BJieHI1eM 1130JIH~I10HHOfO CJIOH; 

- eCJII1 OCHOBHaH Tpy6a 113fOTOBJieHa 113 nOJII1MepHOfO MaTep11aJia, 

OTCYTCTByeT B03MOJKHOCTb 113MepeHI1H COnpOTI1BJieHI1H 1130JIH~I111 OTHO­

CI1TeJibHO ee. 

UmppoBaH CI1CTeMa onepaTI1BHoro ~11CTaH~I10HHoro KOHTpOJIH 6bi­

Jia pa3pa6oTaHa 11 npoTeCT11poaaHa KaK aJibTepHaTI1BHOe perneHI1e ~JIH 

MOHI1TOp11Hra COCTOHHI1H Tpy6onpOBO~OB B flflY C ~eJibiO nOBbiiiieHI1H 

ToqHoCTI1 o6Hapy1KeHI1H MeeT noape~eHI1H, o6ecneq11aaH np11 3TOM ~o­

cTaToqHhiH ypoBeHb Ha~eJKHOCTI1 11 noMeXOYCTOHqi1BOCTI1. ~JIH KOJII1qe­

CTBeHHOH o~eHKI1 cTeneHI1 yaJiaJKHeHI1H 1130JIH~I111 6biJIO npe~JioJKeHo 11C­

noJih30BaTh ~11<l>pOBhie ~aTqi1KI1 BJiaJKHOCTI1 11 TeMnepaTyphi, pa3Me~eH­

Hbie B CJIOe flflY 1130JIH~I111 no BCeH ~JII1He Tpy6onpOBO~a [2]. HcnhiTaHI1H 

CI1CTeMhl KOHTpOJIH Ha yqaCTKe CTaJihHOH flH-Tpy6hi C 11CKYCCTBeHHbiM 

~e<t>eKTOM, 11MI1T11py10~11M YTeqKy TenJIOHOCI1TeJIH, noKa3aJII1 BbiCOKYIO 

qyBCTBI1TeJihHOCTb ~11<l>pOBbiX ~aTqi1KOB BJiaJKHOCTI1 11 TeMnepaTypbi K 

HaMOKaHI110 flflY 1130JIH~I111 [3]. 
Ha OCHOBe 11MeiO~eHCH TeXHOJIOfl111 6hiJia pa3pa6oTaHa ~11<l>poBaH 

CO~K, M0~11<l>11~11pOBaHHaH ~JIH np11MeHeHI1H B ri16KI1X nH-Tpy6ax. flp11 

3TOM noTpe6oBaJIOCb peiiii1Tb CJie~10~11e 3a~aq11: 

- peaJII13a~I1H npOBO~HI1Ka CI1CTeMbl KOHTpOJIH, COe~I1HHIO~ero 

~11<l>pOBhie ~aTqi1KI1 BJiaJKHOCTI1, B Bl1~e JieHTbl, TaK KaK 113fOTOBJieHI1e 

r116KOH flH-Tpy6hi ocy~eCTBJIHeTCH 3KCTpy~epOM 11 OTCJTCTByeT B03MOJK­

HOCTb 11X OT~eJihHOfO MOHTaJKa. ReHTa ~OJIJKHa 06Jia~aTb ~OCTaTOqHbiM 

3anaCOM npoqHOCTI1 B CBH311 C TeM, qTO B03MOJKHbl ee noBpeJK~eHI1H B 

npo~ecce BCneHI1BaHI1H KOMnOHeHTOB flflY B npOCTpaHCTBe MeJK~Y OC­

HOBHOH Tpy6oH 11 r11~po3a~I1THOH o6oJioqKoH; 

- yMeHbiiieHI1e ra6ap11THbiX pa3MepOB ~aTqi1KOB. ~aHHOe Tpe6oaa­

HI1e o6ycJIOBJieHO KOHCTpyK~I1eH KaHaJia, npe~Ha3HaqeHHOrO ~JIH no~aq11 
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npOBO,li;HI1Ka CO,li,K B npou;ecce 113fOTOBJieHI1H ri16KI1X nH-Tpy6. ,l1,11aMeTp 

TaKOrO KaHaJia COCTaBJIHeT MeHee 10 MM. 

PeaJIU33~UH ~u<t>poBOU CO,[(K ,lJ,JIH ru6KUX nM-Tpy6 

(11CTeMa onepaTI1BHOrO ,li;I1CTaHr:t;I10HHOfO KOHTpOJIH, MOp;11cp11r:t;11pO­

BaHHaH ,li;JIH np11MeHeHI1H B r116KI1X Tpy6onpOBOp;ax, COCTOI1T 113: r:t;11cppo­

BbiX p;aTqi1KOB BJia)KHOCTI1 (Q,lJ,B), npOBO,li;HI1KOB CI1CTeMbl KOHTpOJIH 

(OCK), 6JioKa ynpasJieHI1H EYCO,li,K-02, cepsepa (C), ycTpoiicTB OTo6pa­

)KeHI1H (YO). 

Ha p11cyHKe 1 npep;cTaBJieHa CTPYKTypHaH cxeMa u;11cpposoro p;aTqi1-

Ka BJia)KHOCTI1 11 TeMnepaTypbi. 
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~BT- ,n;aT'HIK BJI<DKHOCTH H TeMnepaTyphi, K- KOHTpOJIJiep, CH - CTa6HJIH3aTop 

Haiip5DKeHH51, nH - npeo6pa30BaTeJib HHTepq,eHCOB; 

nCK- IIpOBO,ll;HHK CHCTeMhl KOHTp01151 

PHcyHoK 1. CTpyKTYPH351 cxeMa ~Hq,poBoro ,n;aT'fHKa BJia)KHOCTH H TeMnepaTyphi 

Q11cpp0BOH p;aTqi1K BJia)KHOCTI1 (Q,lJ,B) npep;cTaBJIHeT co6oii ycTpOH­

CTBO, pa3Me~eHHOe Ha neqaTHOH nJiaTe. Q,lJ,B coep;11HHIOT Me)Kp;y co60H 

npOBO,li;HI1KOM CI1CTeMbl KOHTpOJIH (OCK) 11 pacnoJiaraiOT B CJIOe 00Y-

1130JIHIJ;I111 Tpy6 B npou;ecce np0113BO,li;CTBa. OCK npep;CTaBJIHeT C060H 

naTq-Kop,n; UTP Se 11 BKJIIOqaeT 4 cp;soeHHhiX nposop;HI1Ka: U - HanpH)Ke-
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HH:e nMTaHM.H + 15 B, GND - cpep;H.H.H ToqKa McToqHH:Ka nMTaHM.H, A, B - MH­

sepTYIPYIO~a.H 11 HeMHBepTYIPYIO~a.H JIMHMM MHTepcpeH:ca RS-485. 
B KaqecTBe qyscTBMTeJihHoro 3JieMeHTa MCnOJih3yeTc.H p;aTqMK 

BJICDKHOCTM 11 TeMnepaTyphi (,[\TB) SHT21, MMeiO~MH: Henocpep;cTBeHH hiM 
KOHTaKT qyBCTBH:TeJihHOH 06JiaCTI1 C 1130JI.H~MeH Tpy6onpOBOp;a. ,[\TB no3-
BOJI.HeT KOHTpOJIYipOBaTh BJICDKHOCTh B p;Mana30He Oo/oRH - 100o/oRH C 
pa3peweHH:eM - 12 6MT, norpernHOCThiO ±2% 11 TeMnepaTypy B p;Mana3oHe 
-40C- + 125 °C c pa3peweHMeM 14 6MT, norpernHOCThiO ±0,3 oc. 

(qH:TbiBaHH:e 11 nepsH:qHa.H o6pa60TKa 113MepH:TeJihHOH H:HcpOpMa­
~1111 ocy~eCTBJI.HeTC.H KOHTpOJIJiepOM (K), peaJIM30BaHHhiM Ha 6a3e 
TINY13A, no npoTOKOJIY JZC. nepep;aqa p;aHHhiX Ha 6JIOK ynpasJieHM.H CO,[\K 
nocpep;CTBaM ncK np0113BO,IJ;MTC.H no MHTepcpeH:cy RS-485, ,D;JI.H qero Ha 
nJiaTe ycTaHOBJieH npeo6pa3oBaTeJih MHTepcpeH:cos Ha MYIKpocxeMe 
MAX485. nMTaHH:e ,[\BT, nH 11 K ocy~eCTBJI.HeTC.H Hanp.HJKeHMeM +3,3 B qe­
pe3 cTa6MJIM3aTop HanpmKeHM.H Ha 6a3e MYIKpocxeMhi 78L33. 

EJioK ynpasJieHM.H EYCO,[\K-02 ocy~ecTBJI.HeT c6op, o6pa6oTKY 11 
nepep;aqy no KaHaJiy GSM onepaTMBHOH: MHcpopMa~MM o cocTO.HHMM 1130-
JI.H~MM Tpy6onposop;a Ha cepsep 11 ycTpoH:cTsa oTo6pa:>KeHM.H YIHcpopMa­
~1111 (KOMnhiOTep ,ll;MCneTqepa, M06H:JihHhie ycTpOHCTBa OTBeTCTBeHHbiX 
JIM~), a TaK:>Ke o6ecneqH:saeT onose~eHH:e o HaJIMqMM MeeT ysJia:>KHeHM.H 
1130JI.H~I111 TenJIOTpaCCbl 11 HI13KOrO 3ap.Hp;a aKKYMYJIHTOpHOH 6aTape11 
6JioKa ynpasJieHM.H nocpep;cTBOM cpyHK~MM SMS. CTpyKTYPHa.H cxeMa 6Jio­
Ka ynpaBJieHM.H npep;cTaBJieHa Ha pYICYHKe 3. 

QeHTpaJihHhiH npo~eccop (Qn) B cocTase EYCO,[\K-02, peaJIM30-
BaHHhiH Ha ARDUINO UNO, ocy~ecTBJI.HeT ynpasJieHMe sceMM 3JieMeHTa­
MM CMCTeMbl, nMTaHH:e 6JIOKa nepep;aq11 p;aHHhiX (En,[\) 11 npeo6pa30BaTe­
JI.H YIHTepcpeH:ca (nH). ABTOHOMHOe nMTaHMe CMCTeMbl 11 p;aTqH:KOB 
Hanp.H:>KeHH:eM + 12 B npoM3BO,D;MTC.H oT aKKYMYJI.HTOpHoH: 6aTapeYI (AKE) 
C B03MO/KHOCThlO 3ap.H,ll;KI1 OT CeTYl 220 B qepe3 6JIOK nMTaHM.H (En). ,[\JI.H 
nop;aq11 Hanp.H:>KeHM.H Ha npOBO,ll;HYIK CMCTeMbl KOHTpOJI.H (nCK) BO BpeM.H 
cqH:TbiBaHM.H p;aHHhiX C p;aT'-IMKOB 11CnOJih3yeTC.H 6JIOK ynpaBJieHM.H nMTa­
HMeM (EYn). YpoBeHh 3ap.Hp;a aKKYMYJI.HTOpHOH 6aTapeM KOHTpOJIYipyeT­
C.H 6JIOKOM KOHTpOJI.H 3ap.Hp;a (EK3). np11 Hep;OCTaToqHOM 3ap.Hp;e 6aTape11 
Qn cpopMYipyeT qepe3 En,a cooTBeTCTBYIO~ee GPRS coo6~eHMe. Mop;yJih 
GSM o6ecneqH:saeT YIHcpopMYiposaHMe onepaTopos o cocTO.HHMM TenJio­
ceTM np11 noMo~M GPRS coo6~eHMH, o6pa6oTKa KOTOphiX ocy~ecTBJI.H­
eTc.H Ha cepsepe (C) YIJIYI M06MJihHhiX ycTpOHCTBax OT06pa:>KeHM.H 11HcpOp­
Ma~I111(YQ). 
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~n - ~eHTpaJibHbiH npo~eccop, EH - 6JIOK HH,li;HKa~HH, nH - npeo6pa3oBaTeJib 
HHTepcpei:fcoB, EYO- 6JioK ynpaBJieHHa nHTaHHeM, AKE- aKKYMYJI51TOpHaa 6aTapea, 

EK3- 6noK KOHTpona 3apa,n;a, En - 6noK nHTaHHa, En,a- 6JioK nepe,n;a'-IH ,n;aHHhiX, 
c- cepBep, YO - ycTpOHCTBO OT06pa)!{eHH51, ncK- npoBO,li;HHK CHCTeMbl KOHTpOJI51 

PHcyHoK 2. CTpyKTypHaa cxeMa 6noKa ynpaBJieHHa 

BHeiiiHI1H Bl1~ 6JioKa ynpasJieHI151 EYCO,li,K-02 npe~cTaBJieH Ha p11-

cyHKe 3. Ero pa6oTa ocyll\eCTBJI51eTc51 B cJie~yiOII\eH: nocJie~osaTeJibHOCTI1. 

llOCJie 11HI1~11aJII13a~l111 ~aT'-111KOB np0113BO~I1TC51 llOCbiJIKa KOMaH~bl 113-

MepeHI151, ~aJiee Ka~hiH Q,li,B nocJie~osaTeJibHO BbiCTaBJI51eT Ha napaJI­

JieJibHYIO IIII1HY RS-485 TeKYII\11e 3Ha'-leHI151 OTHOCI1TeJihHOH BJI<DKHOCTI1 11 

TeMnepaTypbi. llp11eM 11 xpaHeHI1e ~aHHbiX C Q,lJ,B OCyll\eCTBJI51eTC51 ~eH­

TpaJibHbiM npo~eccopoM (Qn) 6JioKa ynpasJieHI151. nocJie onpe~eJieHHoro 
11HTepsaJia speMeHI1 npo113BO~I1TC51 ¢opM11posaHI1e TeKcTa GPRS coo6-

ll\eHI151 C ~aHHbiMI1 0 HOMepe 6JIOKa ynpaBJieHI151 (NQoY) 3Ha'-leHI111 OTHO­

CI1TeJibHOH BJiaJKHOCTI1 (,lJ,NQ_B) 11 TeMnepaTypbi (,lJ,NQ_T) ~JI51 KaJK~oro 

~aT'-111Ka, nO~KJIIO'-IeHHOfO K 6JIOKY ynpaBJieHI151. 
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6noK ynpaaneHMH 
6YCOAK ·02 

PHcyHoK 3. BHelliHHH BHA 6noKa ynpaBJieHHH BYCO,aK-02: 1- npoBOAHHK 

CHCTeMbl KOHTpOJIH, 2 - KOpnyc 6JIOKa ynpaBJieHHH 3 - CeTeBOH lliHyp, 

4- aHTeHHa GSM MOAJJIH 

nporpaMMHOe o6ecneqemte (nO) l.\11cppoBOH CO,l(K COCT011T 113 p;syx 
qacTeH: nO 6JIOKa ynpaBJieHI1H 11 nO onepaTOpa. nporpaMMHOe o6ecneqe­

HI1e 6JIOKa ynpaBJieHI1H o6ecne'lii1BaeT BbinOJIHeHI1e 6a30BbiX cpyHKI.\11H 
ycTpOHCTBa, TaKI1X KaK np11eM 11 nepep;aqa Cl1fHaJia, o6pa60TKa 113Mep11-

TeJibHOH 11HcpOpMal.\1111, OTnpaBKa C0061..1.\eHI1H 0 COCTOHHI111 TellJIOCeTI1. 
nporpaMMHoe o6ecne'lleHI1e onepaTopa cocTOI1T 113 cepsepHoi1 11 noJih30-
BaTeJihCKoi1 qacTei1. CepsepHaH qacTh o6ecne'lii1BaeT np11eM 11 aHaJII13 11H­

cpopMal.\1111, nocTynaiOI..l.\eH OT 6noKa ynpasneHI1H, 11 3aTeM nepep;aeT p;aH­
Hbie 0 COCTOHHI111 TenJIOTpaCCbl Ha M0611JihHOe ycTpOHCTBO. 

Ha p11CYHKe 4 npep;cTaBJieH 3JleMeHT 11HTepcpei1ca C 11HcpOpMal.\11eH 0 
COCTOHHI111 yqaCTKa TenJIOBOH CeTI1. 
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npacneKT WMiTa 

PHcyHoK 4. Pe3yJihTaThi AHarHOCTHKH Y"iaCTKa TennoceTH 

MapKep KaJKp;oro p;aT<UIKa MOJKeT 6biTh oKparneH B 3 u,seTa: 3eJie­

HhiH, opaHJKeBbiH, KpaCHbiH. QBeTa C0061ll,alOT 0 COCTO.HHI111 p;aHHOfO 

Yl.J3CTKa TeriJioceTI1. KpacHhiH - 11MeiOTC.H nospe1Kp;eHI1.H, JKeJIThiH - Tpe6y­

eTc.H o6paTI1Tb BHI1M3HI1e, 3eJieHbiH - llOBpe1Kp;eHI1H He 06HapyJKeHO. llp11 

H3/K3TI111 Ha MapKep MOIKHO YBI1p;eTb nop;po6HyiO 11H<PopM3ll,l110. KaJK,D;hie 

p;aTt.II1K qepe3 GPS-Koopp;11H3Thi np11B.H3aH K KapTe MeCTHOCTI1. 

HCTibiT3HI1.H L1,11<PpoBOH CI1CTeMhl onepaTI1BHOfO ,li;I1CT3Hli,I10HHOfO 

KOHTpOJI.H ocylll,eCTBJI.HJII1 Ha Yl.J3CTKe Tpy6onposop;a TeTIJIOBOH CeTI1 113 

r116KoH Tpy6hi «SMITFLEX-P 75/160» ,D;JII1HOH 30M. YcTaHOBKY u,11<PpoBhiX 

,li;3Tt.II1KOB BJI3/KHOCTI1 Ha JieHTY npOBO,li;HI1Ka CI1CTeMbl KOHTpOJI.H np0113-

BO,li;I1JII1 qepe3 KaJK,D;ble 3 M. B npou,ecce np0113BO,li;CTBa ri16KOH nH-Tpy6hi 

OCylll,eCTBJI.HJII1 CH.HTI1e llOK333HI1H C ,li;3Tt.II1KOB BJI3/KHOCTI1 11 TeMnepaTy­

pbi. Pe3yJihTaTbi 3Kcnep11 MeHTOB noKa3aJII1, t.ITO TeMnepaTypa, peri1CTp11-

pyeMa.H p;aTt.II1KaMI1, He npeBhiiliaJia 100 oc np11 npoxoJKp;eHI111 JieHThi qe­

pe3 3KCTpyp;ep 11 BCTieHI1B3HI111 KOMTIOHeHTOB llllY. KOHTpOllbHbie 11Cllbi­

T3HI1.H CO,ll,K nocJie np0113BO,li;CTBa nH-Tpy6bi 11 Ha 3Tane ee MOHTaJKa Ha 

Yl.J3CTKe TenJioTpaccbi noKa3aJII1, t.ITO 6JioK ynpasJieHI1.H EYCO,ll,K-02 ap;eK­

BaTHO BOCllp0113BO,li;I1T 11 nepep;aeT Ha cepBep 11H<PopM3ll,l110 06 OTHOCI1-

TeJihHOH BJI3/KHOCTI1 11 TeMnepaType 00Y 1130JI.Hll,l111 ,ll;li.H K31K,li;Of0 ycTa­

HOBJieHHOfO B HeH L1,11<Pposoro p;aTt.II1Ka BJiaJKHOCTI1. 

,lJ,aJibHeHrnl1e 11CCJiep;osaHI1.H 6yp;JT HanpasJieHbi Ha 113Yl.JeHI1e Mexa­

HI13Ma pacnpOCTpaHeHI1.H TeTIJIOHOCI1TeJI.H B 1130JI.HIJ,I10HHOM CJIOe np11 llO­

BpeJKp;eHI1.HX, a T3KJKe 11CllbiT3HI1.H L1,11<PpoBOH CI1CTeMbl KOHTpOJI.H Ha p;eH­

CTBYIOill,eM Yl.J3CTKe TeTIJIOCeTI1. 
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________________________________ HAYqHbiEnYEflHKAQHH 

3aKJiroqeuue 
Pa3pa6oTaHHcrn LVrcpposcrn CI1CTeMa onepaTI1BHoro p;I1CTaH~I10HHoro 

KOHTpOJIH COCTOHHI1H neHOTIOJI11ypeTaHOBOH 1130JIH~I111 Ha OCHOBe ~11cppo­

BhiX p;aTYI1KOB BJiaJKHOCTI1 11 TeMnepaTyphi MOJKeT 6hiTh 11CTIOJih30BaHa 

,ll;JIH KOHTpOJIH COCTOHHI1H r116KI1X nH-Tpy6. 

Q11cpposcrn CO,li;K 11MeeT cJiep;y10~11e npe11My~ecTsa: 

- Henocpep;CTBeHHhiH KOHTpOJih BJiaJKHOCTI1 nnY 1130JIH~I111, '-:ITO TIO­

BhiLLiaeT ero ,ll;OCTOBepHOCTh; 

- HeLJ:yBCTBI1TeJihHOCTh K paCCTOHHI110 Me:>Kp;y TIOBepXHOCThlO Tpy6hi 

11 npOBO,ll;HI1KOM CI1CTeMbl KOHTpOJIH; 

- OTCYTCTBI1e npoMeJKYTOLJ:HhiX 3JieMeHTOB Ha yqaCTKe Tpy6onpOBO­

p;a ,ll;JIH TIO,ll;KJIIOLJ:eHI1H p;eTeKTOpOB TIOBpe:>Kp;eHI1H 11 pecpJieKTOMeTpOB; 

- B03MOJKHOCTh 6ecnpoBO,ll;HOH nepep;a'-:111 11HcpOpMa~l111 0 COCTOHHI111 

Tpy6onposop;a nocpep;CTBOM M0611JihHOH CBH311; 

- HenpephiBHhiH KOHTpOJih COCTOHHI1H TeTIJIOTpaCChl C COXpaHeHI1eM 

11 o6pa60TKOH 11HcpOpMa~1111; 

- B03MOJKHOCTh OTCJieJKI1BaTh ,ll;I1HaMI1KY HaMOKaHI1H 1130JIH~I111; 

- KOHTpOJih TeMnepaTyphi TeTIJIOHOCI1TeJIH; 

- TIOBhiLLieHI1e TO'-:IHOCTI1 JIOKa~l111 TIOBpe:>Kp;eHI1H 1130JIH~1111; 

- B03MOJKHOCTh onpep;eJII1Th TIO TIOKa3aHI1HM p;aTLJ:I1Ka TeMnepaTyphi 

xapaKTep nospe:>Kp;eHI1H: TenJioHecy~aH Tpy6a 111111 r11,n;po3a~I1THaH o6o­

JIOLJ:Ka. 
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