OBECIIEYEHHME TEILJIOBBIX PEXKNMOB

. II. COYECJIAB

Vkpanna, Onecckasi TOCyJapcTBEHHAs aKaJeMUs XOI0a
E-mail: Vutys78@mail.ru

Jlata mocTymnieHus B pe1aKIHIo
31.08 2010 .

Omnmnonent k. m. n. A. A. ALLIEVJIOB
(YHY um. 0. ®enproBuya, r. YepHOBIIHI)

PEKM PABOTLHI ZIBY XKACKA/IHOI'O
TEPMOJJIEKTPUUYECKOI'O OXJIAKJIAIOLIEI'O
YCTPOUCTBA, OBECIIEUVBAIOIINN
MUHUMAJIBHYIO UHTEHCHBHOCTDH OTKA30B

Paccmompena mooensv 63aumocesisu noka-
3amenell HA0eHCHOCMU U OCHOGHBIX 3HAYU-
MbIX napamempos 08yXKACKAOHO20 mep-
MOINEKMPUUECKO2O OXIANCOAIOU,e20 YCm-
policmea ¢ nociedo8amenbHbiM 1eKmpu-
YeCcKUM coeOuHeHuem Kackaoos.

OJHMM U3 OCHOBHBIX TPEOOBAaHUH, IPEIbABIAEMBIX
[IPU MPOESKTUPOBAHUH TEPMOIIEKTPUUECKUX YCTPOICTB
(TIY), sBnsieTcs obecrnevueHne 3a1aHHbIX 3HAUCHHH 1M0-
Ka3areJiel Ha/leXkKHOCTH. B kayecTBe 0CHOBHOTO IOKa3a-
Teust HasiekHocTH TOY BrIOpaHo Bpemst 0e30TKa3HOH pa-
6OTHI.

[Tpu onpeeneHny mokazaTeneil HaJIe)KHOCTH KacKa/l-
Heix TOY (KTJY) B ycnoBusxX sKCIUTyaTalluu, a UMEH-
HO HHTCHCHBHOCTH OTKA30B A U BEPOSTHOCTH 0€30TKa3-
HOW paboThI P, TIoyiaraem:

— BCE TEPMORJIEMEHTHI COEAMHEHBI IEKTPUUECKU
MOCIIEIOBATEIBHO, BKIIOYAsT KACKaJIbI;

— BBIXOJ] M3 CTPOsI JTFOOOTO TEPMOIIEMEHTA IPUBO-
JIUT K BBIXOY M3 CTPOSi MOAYJISl M yCTPOMCTBA B LIEJTIOM;

— COOBITHS, 3aKJIIOYAIOIINECS B BBIXO/IE TEPMOIJIe-
MEHTOB U3 CTPOS, IPUHUMAIOTCS HE3aBUCUMBIMU;

— KaXIBIil TEPMOIJIEMEHT B KacKkamax paboTaeT B
OJTHOM U TOM K€ TOKOBOM PEKHME MPH PA3TUIHBIX TEM-
MepaTyPHBIX yCIOBHUSAX;

— TepMmoanekTpuueckue monyau 1 KTOY Ha ux oc-
HOBE OTHOCATCS K HEBOCCTAaHABIMBAEMbBIM U3JIEIIHSM.

Takum 006pa3zom, mokazarenu HajiexHocT TOY pac-
CMaTpUBAIOTCA IIPU CIEIYIOLUX JONYLIEHUAX:

— OTKa3bl TEPMOBIIEMEHTOB IIPOUCXOJIST BHE3AITHO;

— WHTEHCUBHOCTh OTKa30B OTACIbHBIX TEPMOIIIEMEH-
TOB HE 3aBHCHUT OT BPEMEHH;

— BpeMs HapabOTKH /10 OTKa3a pacrpeensercs 1o
9KCIIOHEHIIMAJILHOMY 3aKOHY.

AHayu3 3aBUCUMOCTH ITOKa3aTeNell HaJle)KHOCTU OT
BPEMEHH 10 JIaHHBIM UCTIIBITAHUHA W SKCITyaTaIlu JIst
Pa3ITUYHBIX 3aKOHOB paclpeeNieH s MOKa3bIBALT, YTO JIJIsI
onwucanus nokaszareneit HagexHoctu KTOY nipu P>0,95
OIpaBlaHHO MPHUMEHEHHE HKCIIOHEHLIMATbHOTO 3aKOHA
pacnpenenenus (Tak kak otkazel KTOVY cpaBHUTENBEHO
PEIKU U paclpelieieHbl BO BPEMEHHU € [TOYTH OIUHAKO-
BOM IMJIOTHOCTBIO MTPH JUTUTEIHLHOM SKCILTyaTalliH, B CBS-
31 C YeM MOKHO CUYMTATh UX HHTCHCUBHOCTD BEJIMYMHOM
MIOCTOSIHHOM ) KaK Hanbosee MpoCTOoro i KOJTMYeCTBEH-
HOM OLIEHKH MoKa3aTenel HaIeKHOCTH.

ITpu npoextuposannu KTDY 06b4HO 3ama10TCs: X0-
JIOZIOTIPOU3BOIUTENLHOCTD (), T. €. CyMMapHasi TETUIOBas
Harpy3Ka, TEMIIEPATypa TEILIONONIOMIAONIETO criast 7)) 1
TeMIeparypa TeroBblaessomero cnast 7. Kpome Toro
HAKJIaABIBAIOTCS PA3IMIHbIE OPaHUYEHNS (110 KOJTNYECTBY
TEPMO3JIEMEHTOB B KaCKaJax, HOTPEOIIsIEMOIt MOIITHOCTH,
BEJINYMHE Pabouero TOKa, HHTEHCHBHOCTH OTKA30B U
T. 1), C Y4€TOM KOTOPBIX HEOOXOANMO OTIPEACIUTD TOKO-
BBII PEKUM PaOOThI OXJIAXKIAIOIIIET0 TEPMOAJIEMEHTA.

Omnpenenum pexxum padotel KTOY ¢ mocnenoBaremns-
HBIM DJIEKTPUYECKHM COEIMHEHHEM KacKaloB IpH yc-
JIOBUH 0O€CIIeueHNs] MUHIMAIbHON HHTEHCHBHOCTH OTKa-
30B 1 MAKCHIMaJILHOW BEPOSITHOCTH O€30TKa3HOH pabOTHI.

PaccmatpuBaemsie KTOY cobuparoTes, Kak mpaBH-
710, Ha 0a3e YHU(ULIUPOBAHHBIX U OJJMHAKOBBIX BETBEIl
TEPMOAIIEMEHTOB WM CTaHAAPTHBIX MOIYJNEl Ha UX oc-
HOBE, M TI03TOMY ISt BceX N KacKaJ0B JJOIDKHO cOOIIIo-
JIaThCs yCIOBHE

Bilmaxi :Bi+llmaxi+1 =...:BNImaXN , i=1,2,.,N, (D)
rIe A8 (40 Kackajaa:
B, — OTHOCHTEJbHBIA pabounii TOK, Bi:I/]max,';
o o el
— MakKCUMaJbHBIH pabouuil ToK, I, =-——;
max; i R.
1
e; — KOO(QPUIHMEHT TEPMO-DIC BETBU TEPMODJIEMEHTA,;
T, | — TeMIeparypa TEIIONOIOMAONIEro Cras;
R, — D7MEKTPUYECKOE CONPOTHRIICHIE BETBU TEPMOdIIE-

MCHTA.

OO6mwmii nepenazg remneparypbl Ha KTDY mMoxxHo mipe-
CTaBUTH B BUZIE

N N
AT =Y AT, =Y AT, O,
i=1 i=1
TJIE IS I-TO KacKazaa:
AT max; — MAKCHMaJIbHbIH ?epena;[ TeMIEePaTypHl,
ATmaxi =0’ 5ZiT;'—l >
Z. — YCPCIHCHHBIIi MOKa3aTeNlb TEPMOIEKTPHYCCKOMN
3G GEKTUBHOCTH MOAYJIS;
0, — omocmggﬂmmﬁ reperaj TeMIepaTyphl,
— i,
O =ar
max;

AT — pabounii nepenan temneparypel, AT, =T. T, ,.

i—

2

IIpu moctpoennu KTDY HeoOxoaumo coOmonars yc-
JIOBHE CTAI[HOHAPHOCTH MPOIIECCa OXIaXACHHS (TeTrI0-
BOTO COIPSDKCHUS KACKaJ0B) — KOJHMYECTBO OTBOIUMO-
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TO TeIIa OT NPEAbIAYIICro KackKaaa JOIKHO OBITh paBHO
XOJIOAOTIPOU3BOAUTECIIBHOCTH MMOCIICAYIONICTO. Bocnosb-
3yeMCs CIICAYIOIUMU U3BECTHBIMH COOTHOIIICHUAMU.

U3 YCI0BUA CTAIMOHAPHOCTHU OTHOIIEHHUE KOJTMYECTBA
TEPMOIJIEMEHTOB B COCCAHUX KaCKaJdaxX MOXHO 3aIln-
CaTh KakK AT

5 2aa+4?ﬁﬂ®g+a?—q

nHl max; * Vi i-q
- = s (3)
? 2Bi+1 - B, ®i

i+l
XomnononpoussoautenbHocts KTOY onpenensiercst
«XOJIONHBIM» (TIEPBBIM) KAaCKaJIOM M paBHA

0, = "112max1R1 (2B, - 312 -9)). 4)

MourHocTs noTpebnenus i-ro kackaga KTOY ompe-
Jiensercs mo popmysie

i max; .| Ri+1 +1

2 ATmax
VVi =2ni1maxl~RiBi(Bl +Tt®i)’ (5)
a XOJOIWJIbHBIN KOSCI)(I)I/ILII/IgHT KTV
)
EY =37 (6)
>,

CyMMapHYyI0 HHTCHCUBHOCTB 0TKa30B KTOY MoxHO
IIPEJCTABUTH B BUJE CyMMbl HHTEHCUBHOCTEH OTKAa30B
Ka)JIOr0 KacKaja:

N
=D
i=1

C y4eToMm BIISHUS TEMIIEPATYPHBIX YCIOBUN PaOOTHI
KaQXXJI0TO KacKaJia ¥ TEIUIOBOW HAarpy3KH MOKHO 3allu-
caTh COOTHOIICHHUSI JIJISI ONPEICIICHUSI OTHOCUTEIIBHOM
BCIIMYNHBI CyMMapHOﬁ HNHTCHCHUBHOCTHU OTKA30B ZIByX—
KackagHoro TOV:

AT
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L
rac }\,0— HOMUHAJIbHAasA MHTCHCHUBHOCTb OTKAa30B,
C,, C, — orHOCHUTeNbHAs TEIUIOBAs HArPY3Ka MEPBOIO
BTOPOTO KacKajia, COOTBETCTBCHHO,
_ Qo C _ Q0+VVI .
=T 5 2" 2 ’
mla R, Mol Ry

max | max 2
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G

Kz, Kz, — k03 QUUMEHTb 3HAYNMOCTH, YIUTHIBAIOLINE
BIUSTHUE TIOHIDKEHHBIX TemmepaTyp [1, c. 67].

s oueHKH BepoATHOCTH 0€30TKa3HOW paboThl P
KT3Y moxHO 3anucath COOTHOIICHHE

N
P=exp —2 AR
i=1
r1e ¢t — Ha3HAuYeHHBIN pecypc.
Tax Kak KaXIblid TEPMOAJIEMEHT B KacKaiax padora-
€T B OAHOM U TOM K€ TOKOBOM pe>1<1/1Me B pa3anH1>1x

)

TeMIIepaTypHbIX YCIOBUAX, BbIpAXKEHUE IS OIpeerie-
HUS ONTUMAJILHOTO OTHOCHTEIBHOTO pabovero Toka B
pexuMe A MOXHO IPEICTaBUTh B BUJIE

B, =10, (10)

IJI€ 1|, — MONPABOYHbIA KO3 (HUIMEHT TOKOBOTO PEXKH-
Ma mepBoro kackana (puc. 1).
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Puc. 1. 3aBucHUMOCTbh KOAQPHUIIMEHTA TOKOBOTO pEKUMA OT

OTHOCHTEJIBHOTO Ieperaa TeMIepaTypsl B IIEPBOM KacKaje
npu 7=300 K

HUcnonp3yst yenosue (1), mociie HECIOKHBIX TPeo0-
pa30BaHUM MOTYYNM COOTHONICHHE JJISI ONPEACTICHUS
IIPOMEKYTOYHOMN TEMIIEPATYPEI B PEKUME lmin

To~TyT (¢ ~1) =TT, =0, (a1
e ¢ =Lp;
N,
_€90,Z,
€,6,Z, .

[TpomexyTounyto Temneparypy 7, onpenensiem me-
TOJIOM TIOCJIEJIOBATENIbHBIX NpuOnmxenuit. [Ipeasapu-
TEJIbHO IIPUHSAB YCIIOBHE PAaBEHCTBA I1€PENaJOB TEMIIE-
paTtypsl 10 Kackaaam, ornpexneisem e,6,Z,AT 0,1
JUTSL KXXJIOTO KacKaga ¢ y9eTOM TeMIlepaTypHO! 3aBHU-
cuMoOcCTH napaMeTpoB. IlogcTaBuB MogyyeHHbIE 3HaYe-
Hus B (11), nonmyunm HoBoe 3Hauenue 7). 3aTeM KOppeK-
TUPYEM CPEHHE 3HaUEHHsI TEMIIepaTyphl 110 Kackagam 1
BBIYKCIISIEM HOBBIE 3HAYEHHS yKa3aHHBIX BeTUUuH. [Ipax-
THKA ITOKA3bIBACT, YTO ABYX-TPEX MPHOIIKCHUI BIIOTHE
JIOCTATOYHO AJISl TOTO, YTOOBI 3HAUEHHS TIPOMEKY TOUHOM
Temneparypsl 7 CXOmuanck B npenenax 1%.

Pesynbrarhl pacueToB OCHOBHBIX [TapaMeTPOB U IO-
kazaTteneit HagexHoct KTOY mpu 7=300 K, nepenanax
temriepaTypsl AT=60, 70, 80, 90 K, BenmnunHe TetuioBoit
Harpysku Q, ot 0 1o 1,2 Br u =10* u, A,=3-10% 1/4
MOKa3aHbl Ha pHcC. 2—5.

AHaJu3 pacyeTHBIX JaHHbIX IOKAa3aJl, YTO B paccMar-
pHBAEMOM PEXKHME A . C POCTOM OOIIEro mepenana
temnepatypst AT

— BEJMYMHA ONTUMAJIBHOM TPOMEKYTOUHOM TEMIIe-
patypbl T yMEHBUIAETCS 110 JIMHEHHOW 3aBUCHUMOCTH

(puc. 2);
T, K T 6 T |

/

260

| | |
250 | | | | T~ |
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Puc. 2. 3aBUCHUMOCTb ONTUMAJIbHON IPMEKYTOUHOH TEM-
neparypsl OT OOIIEro nepenana TeMIepaTypsl
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Puc. 3. 3aBucuMocThb xonomuibHoro kodhduumnenta £V (1),
OTHOIICHHS KOJIYECTBA TEPMOAIIEMCHTOB B CMEXHBIX Kac-
Kanax (2) ¥ OTHOCHTEIHHOW BENTMYMHBI CYyMMapHOW WHTEH-
CHUBHOCTH OTKa30B (3) oT 0o0Iiero nepernaja TeMIeparypbl
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Puc. 4. 3aBucUMOCTh CyMMapHOTO KOJIMYECTBA TEPMOAJIEMEH-
TOB JByXKackasHoro TOY ot olmiero nepernajia Temreparypbl
JUISl PA3NIAYHBIX 3HAYEHUH Q)
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Puc. 5. 3aBUCHMMOCTH CyMMapHON MHTEHCHBHOCTH OTKa30B (a) U 0€30TKa3HOI paboThl (6) OT 00Iero mnepenana TeMiepaTypbl
VTS Pa3MYHBIX 3HAYeHUH Q)

— XONOMIIbHBIH K03(pUIMEeHT yMeHbIaeTcs (puc. 3,
KpuBas [);

— pacTeT OTHOIIICHUE YUCIIa TSPMODIICMEHTOB B Kac-
Kanax ny/n, (puc. 3, KpuBas 2) M MX CyMMapHO€ KOJIH-
4gecTBO (puc. 4);

— CyMMapHasi BeJIMYMHA HHTCHCUBHOCTH OTKa30B A

7\’2
Mo

(puc. 5, @) 1 ee OTHOCUTENbHAS BEIMYUHA yBEJHU-

yuBatorcs (puc. 3, kpusas 3);

— BEpPOATHOCTh 0€30TKa3HOM paboThl P yMEHbIIAET-
ca (puc. 5, 0).

[Ipu 3amannom niepenase remnepatypsl A7 ¢ pocTom
TEIJIOBOM HAarpy3KH CyMMapHOE KOJIMYIECTBO TEPMO3JIe-
MEHTOB YBEITUUUBAETCSI, PACTET MHTEHCUBHOCTH OTKA30B,
a BEPOSITHOCTH 0€30TKa3HOHM pabOThl yMEHBILIASTCA.

Ha puc. 5 Toukamu 0003Ha4YeHBI JTaHHBIC SKCIIEPH-
MEHTaJbHBIX UCCIIEI0BAHUM aHAIOTMYHBIX KOHCTPYKLMH
KT3Y npu MakcuMalibHOM 3Ha9€HUH KOA(PPHUIIMSHTA pe-
JKUMa Kp= 1,0 [1, c. 24]. Xoa sKcHepUMEHTaIbHBIX
sapucumoctelt A,=(AT) u P={AT) npakTuyecku uieH-
THYEH TEOPETUUECKUM JUISt peskuma Q) . T. €. MOJIEIb
B3aUMOCBSI3M MOKa3aTesleld HaJeKHOCTH U OCHOBHBIX
3HaYMMBIX IapaMETPOB MOXKHO HUCII0JIb30BaTh AJIs IpY-
TUX PEXKHUMOB.

Haubomnbiiee 0TKIIOHEHHE TEOPETHUECKON BETUNUUHBI
WHTEHCUBHOCTH OTKA30B OT SKCIEPUMEHTAIILHON COCTaB-
nsiet He 6oee 10%, 4To onpeensieTcst orpemnHOCTbIO,
BHOCHMOM U3MEPUTEIIbHBIMU CPEICTBAMH KOHTPOJIS TEM-
[IEPaTypPHOTO I10JIs, OTVINYMEM KOHCTPYKTUBHBIX U TEH-
N0(U3NIECKUX TapaMeTPOB IKCIIEPUMEHTAITBHBIX U TEO-
petuueckux anajioros KTOV.

Taxum 00pa3oM, NOTYUEHHbIE COOTHOLLICHHS TIO3BO-
JISIFOT OTIPENIeIIATh 0Ka3aTe I HaIe)KHOCTH JIByXKacKa/l-
HbeIX TOVY B pexxnme, o0ecIieYMBarOIeM MUHUMAILHYTO
CYMMapHYIO HHTEHCUBHOCTb OTKa30B U MaKCUMaJIbHYIO
BEPOSITHOCTH 0€30TKa3HOM pabOThI B ITUPOKOM JTHAITA30-
HE U3MEHEHHUs Nepenaia TeMIIepaTypbl U pa3Iu4HOM Te-
IIJIOBOM Harpyske.

IIpuMeHeHHe pexuMa A . TIO3BOJISET HOCTPOUTH
KT3VY mnoBeiieHHON HAACKHOCTH TIPH MPUEMIIEMBIX
JHEpro3arpaTax.
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