-3. Tepmope3ucTopsbl

VYciioBue

3ananue 11-3. Tepmope3ucTopbl

B snekTporexHuke UCIOIB3YIOTCs TPUOOPHI, KOTOPbIE HA3BIBAIOTCA TEPMOPE3UCTOPDI, COITPOTUBJIE-
HI€ KOTOPBIX JIOCTATOYHO CUJILHO 3aBUCHUT OT TeMIlepaTypbl. Kciiu colpoTuB/ienne Takoro pe3sucTo-
pa BO3pacTaeT ¢ POCTOM TeMIIEpaTypbl, TaKOi IPUOOpP HA3BIBAETCS TEPMOPE3UCTOPOM C ITOJIOXKH-
TeJIbHOI XapaKTePUCTUKOM (TaKoii pe3ucTop Mbl Gy/ieM 0003HAUATH Ha CXeMax 3HAKOM «+» ). Ecim
CONIIPOTHUBJIEHNE TTPHOOPA YMEHBINAETCsSI ¢ POCTOM TeMIIePaTyphl, TO IPUOOP HA3BIBAETCA TEPMOPE-
3UCTOPOM C OTPHUIIATEIHHON XapaKTepUCTHKOl (Ha cxeMax Oymem 0003HAYATH €ro CO 3HAKOM «-» ).
s peatbHBIX MTPUOOPOB 3aBUCUMOCTU COIPOTUBJIEHUsI OT TEMIIEpaTypPbl HOCAT CJIOXKHBIN U pa3-
HOOOpa3Hblil XxapakTep. Ho B laHHOM 3alaHUN 9T 3aBUCUMOCTH OyJeM MPUOJINKEHHO OIUCHIBATH
JIMHETHBIMU (DYHKITUSIMIA:

R = Ry(1+at) (1)

JUIS TIOJIOZKUTENILHOI XapaKTePUCTUKY, U
R = Ry(1 — at) (2)

JUISl OTPUIIATENLHOI XapaKTePUCTUKM.

Bropoit BaxkHOIT XapaKTEPUCTUKOMN SIBJISIETCA MOIIHOCTH TEILIOOTIAYH — KOJIMIECTBO TEILJIOTHI, YXO-
JAIEN B OKPY2KAIONLYIO CPEy B €JIMHUILY BPpEMeHHU. byjieM cUuTaTh, YTO MOITHOCTDH TEILTOOTIaTN
IPOTIOPIMOHAbHAS TEMIIEPATYPe TEPMOPEIUCTOPA

P =pt. (3)

B dopmynax (1)-(3) t - ecTh pasHOCTb MeXKJy TEMIIEPATYpPOHl TEPMOPE3UCTOPA U TeMIIepaTypOif
okpyzaroreii cpejpl. Koadbdunuenter B dbopmynax a, 3, Ry (1)-(3) nosoxurenbhble, canraiite
UX U3BECTHLIMH. BO Bcex 4acTsx 3aJaHud paccMaTpHBAaeTCs 00JACTU TeMIIEPATyP, IPU KOTOPBIX
dbopmyiist (1) - (2) garoT HOJIOKUTE/IbHBIE 3HAYEHUsI COIIPOTUBJICHUI:

_ 1 . .
oT t — —00 J10 t = — JJIsl TEPMOPE3NCTOPA € OTPHUIATEIBHOI XapaKTePUCTUKOIL;
oT t = —é J0 t — +00/J1d TEPMOPE3UCTOPA C IOJIOZKUTEIBHON XapaKTePUCTUKOM.
TertoeMmkoCTh Kazkj10ro Tepmopesucropa pasua C' U He 3aBUCHT OT €r0 TeMIIEpaTyPhI.

CunraiiTe, YT0 TEPMOPE3UCTOD C TIOJOKUTEIHHON XapaKTepUCTHKOil (1) meperopaer TOJbKO B TOM
ciIydae, KOTJla €ro TeMIepaTypa CTPEMUThC K OECKOHEIHOCTH ¢ — 00. A TePMOPE3UCTOD C OTPH-
HaTeIbHON XapaKTepPUCTUKOI (2), Ieperopaer, ecii ero TeMieparypa CTpeMUTCs K ¢ — é

Eciu B nenm HaxoguTcs JiBa TEPMOPE3UCTOPA, TO CUUTANTE, UTO OOMEH TEIJIOThl MEXK/Iy HUMU He
IIPOUCXO/IAT.

CramuoHapHbIM (YCTAHOBHUBIIMMCSI) HA3BIBAETCSA PEKHUM, B KOTOPOM 3HAYEHUS TEMIIEPATYD U CO-
IIPOTHUBJICHAI TEPMOPE3NCTOPOB IIEPECTAIOT N3MEHATHCA C TCUYCHUEM BPEMCHU.
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IToackaska.

Pemennsa kaxkaoit vacTu 3aJlaHusgd PEKOMEH/IyeM HAYUHATDH C 3allUCU yPABHEHUIT, ONUCHIBAIOIINX Be-
Aty2 o

JIMYUHBL —~*- U3MEHEHUs TeMIIePaTyp TePMOPE3UCTOPOB 15 3a MaJIblil IPOMEXKYTOK BpeMeHn AT

(obo3HavaiiTe BpeMst T, 9TOOBI He MyTATh ¢ TeMIeparypoii t). /s sToro ymobHO BBECTH «OTHOCH-

1

TeJIbHBIC» CONPOTUBJICHAA TEPMOPE3NCTOPOB 7' 5 = R—(’f U TepeiiTi K YPaBHEHUSIM, OIICHIBAIOIINM

N3MEHCHU A COHpOTI/IBHeHI/Iﬁ TEPMOPE3UCTOPOB, KOTOPbIC MO2KHO IIPUBECTU K BUIY
Ary o
a—x— = FI,Q (7’1,7"2,]7)- (4)

e a- He CYIIECTBEHHBIN JUIA JaHHON 3a7adu mapamerp, Fjo (r1,72,p) - HEKOTOpbIe (DYHKIMH
OT TEPEMEHHBIX 1 , Ty U OT Oe3pa3MepHOro IMapamMerpa p, 3aBUCAINETO OT IapaMeTpoB 3aa4un
Ry, a, B, Uy, Iy. s Bamrero yao0cTBa BO BCEX YaCTdAX 3aa9d TOT HapaMerp OyJeT yKasaH.

Pemarp 3Tn ypaBHeHus: He cjemyer, JOCTATOYHO ITPOBECTU MX KAYeCTBEHHBIN aHAJN3 U MOCTPO-
UTh KadecTBeHHbIE IPadUKu TPpeOyeMbIX 3aBUCUMOCTEN. DTu rpaduKu ONMEHUBAIOTCS 110 CJIETYTO-
UM KPUTEPHUSAM: HavdaJbHBIE U IpeJebHble 3HAUEHNS; XapaKTep 3aBUCUMOCTH - MOHOTOHHOCTD,
BO3pacTaHue-yObIBAHNE; BHITYKJIOCTb — BOTHYTOCTH

Bcee rpacdukum HEOOXOIUMO TOCTPOUTH Ha MPUTOTOBJEHHBIX /I Bac OjaHKax B Jlucrax oTBeTOB.
Ucnospayiite creatuyto orudpoBKy oceil KoopuHaT (TaM, rje oHa ecth). Ocu Bpemenn orudpo-
BBIBATH HE HaJI0. Bui mocTpoeHHBbIX rpaduKoB H0/KeH ObITH 000CHOBaH (popMysiaMu, rpadpukamu
— IIPOCTOrO Yra IbIBAHUS HEJIOCTATOIHO.

Yactb 1. OauH «IOJIO>KUTEJIbHBI» TEPMOPE3UCTOP.
aIgRo
R
Tepmope3ucTop ¢ MoJI0KUTETbHON XapaKTepPUCTUKOM BKIIIOUEH B 1I€1b, B KOTOPOI MO/ JIEPKUBACTCS
IIOCTOAHHAS CHIa TOKa 1.

B manHoit yacTu ucnosb3yiiTe 6e3pa3MepHbIil mapamMerp p =

1.1 Onpenesnmnre MakCHMaJIbHOE 3HaYEHUE CHJIbI TOKa Iy, KOTOPBI MOXKET IIPOTEKATh Yepe3 pe3u-
cTop 6e3 ero meperopaHus.

1.2 Banumure ypaBHeHue Buja (4), ONUCHIBAIOIIEE W3MEHEHHE OTHOCHTEJILHOIO COMPOTUBIICHHUSI
pe3nucTopa ¢ TedeHreM BpeMeHH. Y KaxKuTe 3HavdeHHe IapaMerpa a B JIJAHHOM YpPaBHEHUH.

1.3 Ha 6usrankax B JIucTax oTBeTOB IOCTpOIiTE cXeMaTudeckKue rpaduki 3aBUCUMOCTH COITPOTHUBJIE-
HUsI TEPMOPE3UCTOPA OT BPEMEHU TIPU yKA3aHHBIX 3HAYCHUAX IMapaMeTpa P U PA3/JIMIHbIX Hada/lb-
HbIX (mpu 7 = 0) 3HAYCHUSX CONPOTHUBIICHUS 7.

Yactp 2. /IBa «oTpullaTeJIbHBIX» T€PMOPE3UCTOPA
P=pt P=pt
4623 liig é”_fﬁ’ —"'_:;/
0
— I | E
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B »sTo0it vacT 6e3pa3MepHbIil mapaMeTp paBeH p =




JIBa 0JIMHAKOBBIX TEPMOPE3UCTOPA C OTPUIIATETLHBIMU XapaKTe-
PUCTAKAMU COEJIMHEHBI ITOCJE/IOBATEIBHO U MOJKJIIOYEHBl K MC-
TOYHHKY ITOCTOAHHOrO Hanpsizkenust Up.

2.1 Tlonyunre ypaBHEHMsI, ONMCHIBAIOIINE U3MEHEHHST OTHOCH-
TeJILHBIX CONPOTHUBJIEHUI pesucTopos . [Ipuseaure ux K BULY
(4). Ykaxure 3HAUEHME ApaAMeTPa ¢ B 3THX yPABHEHUSIX.

2.2 ﬂOK&)KI/ITG, 9TO BO3MOZKHbBI TOJIBKO TaKHUE€ YCTaHOBUBIINECHA
PE2KHUMBI, IIPHN KOTOPBLIX COIIPOTUBJICHUA PESUCTOPOB OANHAKOBLI
r = To.

PaCCMOTpI/IM PeXKUM IIPOTEKaHHA TOKa, €CJIN B HaYaJIbHbIII MOMEHT COIIPOTUBJICHUSA TEPMOPE3U-
CTOPOB OJMHaKOBBI U PaBHDLI T(. B sTom ClIydae COIIPOTUBJICHUA PE3UCTOPOB MOT'YT USMCHATLCA C
TedYeHueM BpeMeHu, HO 6y,ZLYT OCTaBaTbCA PaBHBIMU.

2.3 Ompenenure, Mpu KaKUX 3HAYCHUAX [TapaMeTpa P BO3MOXKEH YCTAHOBUBIIUNCS PEXKUM IPO-
TEKaHUS TOKA.

2.4 Ha 6nankax B JIucrax oTBeTOB mocTpoiiTe cxemaTudeckue rpaduKi 3aBUCUMOCTU COIPOTUB-
JIHUSI PE3UCTOPOB OT BPEMEHM IIPU JIBYX YKa3aHHbIX 3HAUYEHUIX IapaMeTpa p U Pa3JMYHbIX Ha-
JaJIbHBIX YCJIOBULIX.

2.5 Haiijiure MakcuMaibHoe 3HAUEHNE HAIPAKEHUS UCTOUYHUKA Uy pax MTPU KOTOPBIX TEPMOPE3H-
CTOPBI He IeperoparoT. Beipasure 3Ty BeJIMUUHY depes3 napameTpsl Ry, a, (.

2.6 PaccunraiiTe unc/ieHHbIE 3HAYEHUsT YCTAHOBUBIIIETIOCS 3HAYEHUsT OTHOCUTEIHLHOTO COTPOTUBIIE-
HUS TEPMOPE3UCTOPOB 1" IIPU HAIIPSAXKEHUN UCTOUHUKA paBHOM Uy = o 2ax 1 mpu Ug = 0,50 Up max

[Tpu coBMecTHOM paccMOTpeHn: JIBYX (DYHKIUIT OT BpeMeH! (B HAIEM CJIydae — 9TO 3aBUCHMOCTH
COMPOTHBJIEHNUIT OT BpeMenu 11 (t) u ro(t)) HarIsiHOE TIpejICTaBIeHne O MOBEIeHNH ITUX (DyHKIUIA
JlaeT, Tak HasblBaeMas (a3oBas juarpamma. Jljis 9Toro cTpouTes JuarpamMmMa, 1o OcsM KOTOPOi
OTKJIAIbIBAIOT 3HAYEHUsI OJIHOI U IPYTOil (DYHKIMU B HEKOTOPBI MOMEHT BPEMEHH. DTOMY COCTOsI-
HUU COOTBETCTBYET TOYKA Ha Juarpamme. B mocjieryromnie MOMEHTHI BpeMeHU 3HadeHusd (hyHKITUN
U3MEHAIOTCA, COOTBETCTBYIOIad UM TOYKa IIJIABHO CMEHIaCTCd, B PE3yJ/IbTaTe IIOJIy4aeTCd JIMHUA,
KOTOpasl Ha3bIBaeTcst has30BOii TPAeKTOPUEii.

[ToJIHBIM AHAJIOrOM JAHHOI IIPOLEAYPHI ABJISETCS MOCTPOCHHE OOBIYHOI TPACKTOPUU IBUZKCHIUS
TOYKH 110 U3BECTHBIM 3aBUCHMOCTSIM €€ KOODJIMHAT OT BpeMeHu - x(t), y(t).

Bam Heobxo Mo ornmcaTh JUHAMUKY U3MEHEHHs COIPOTUBJICHUIT TEPMOPE3UCTOPOB B PACCMaTPH-
BaeMoOil cxeMe IPU PA3JIMIHBIX HAaYaIbHBIX 3HAUEHUAX COIMPOTUBJIEHUN T1g U Iy, KOTOPbBIE 3a1a10T
HaJaIbHYIO TOYKY Ha (a30Boil Juarpamme. /st KauecTBEHHOIO ocTpoeHnst pha30BOil TpaeKTOPHUH
BaM He HaJO pellarh IoJydeHHble Bamu auddepenimalibibie ypasuenus! Hago ymers anannsu-
pOBaTh XapaKTep M3MeHeHUs colpoTuBieHuii. Heobxommmo oTpasuTh HadaIbHbIe MOJI0KEHNsT (OHH
3a/JaHbl B yCﬂOBI/II/I) n IIpOoaHaJIM3NPOBATh K KaKHM IIPEJAC/JIbHBIM 3HAYCHUAM 6y,ZLeT CTPEMUTHCA
daszoBas TpaeKTOpHsI.

Paccmorpum nosejsienne cucremsl ipu p = 0, 20.
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2.7 Haiiure BO3MOXKHBIE CTAllMOHADHBIE (yCTAHOBUBIINECs ) 3HAYEHUsI COIPOTHBJIEHUI TepMOpe-
3UCTOPOB, HAHECUTE UX Ha (HA30BYIO JUATPAMMY.

2.8 Jlyist KaxKji0ro 3 yKa3aHHBIX HAYAJbHBIX YCJIOBHUil (OHH HAXOJSTCS HA I'DAHUIE OOJACTH U
OTMeYeHbl POMOAMI) TTIOCTPOHTE CXeMATHIECKY0 (ha30BYI0 TPACKTOPHIO.

[Iycts napamerp yBenumumics 1o 3uadenud p = 0, 30.

’2.9 [TocTpoiiTe anamoruvdnoe ceMmeiicTBo (hazoBbIxX TpaekTopuii s p = 0, 30

Iodckaska. Paccmompume maxoice ypasHerue oai CYmmvl CONPOMUBNAEHUT.

Pemnenne

3ananue 11-3. Tepmopesuctopbr Permenue

Hactp 1. OIuH «IIOJIOYKUTETBHBIN» TEPMOPE3UCTOP.

1.1 B sTom ciiydae ypaBHEHHE TEILJIOBOTO DaJlaHCa UMeeT BUJT
CRL=LRR(1+at)—pt(1)

TepmopesucTop 11eperoput, ec/iu MOIMHOCTD TEILIOThI, BblIe/IAI0Ieics IPU IPOTeKaH!n ToKa P =
I§Ro(1 + « t), Bee Bpems OyJer HpeBbIIATH MOIHOCTD Temoortaadn Py = ( t. Ilocrponm cxe-
MaTHIeCKne TpaduKn 3aBECUMOCTE 9THX MOITHOCTEH OT TeMIepaTyphbl.

@R

O6e pyHKINN SIBISIOTCS JTHHEHHBIME, TO3TOMY UX IPAMDUKN — IPAMbIe JTUHUU.

N3 rpacdukoB ciemayer, 9To OHU OY/IyT UMETh OOIIYIO TOYKY IepeceveHrs B yKa3aHHOM JIHaIla30He
TeMIepaTyp, ec/ii HaK/JIOH rpaduka F_y Oyaer 6osbine HakIoHa Tpaduka Py, T.e. IPU BbIIOJ-
HEHUU yCJIOBHS
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a I2Ry < f. (2)

B nporuBHOM Cjlytae MOIIHOCTH ITOCTYIIAOIIEH TEIJIOThl BCce BpeMsi Oy/IeT IPEBbIIaTh MOITHOCTH
YXOJSIIEH TEIIOTHI, TTO3TOMY PE3UCTOP OYJET pa30rpeBaThes 10 OECKOHETHOCTH U IIEPETrOPUT.

CrenoBaTeibHO, MaKCHMaJIbHasl CHJIa TOKa, KOTOPBI MOYKET IIPOTEKATh Uepe3 PE3UCTOP, PaBHA

[0 max — \/aL;{O : (3>

Criocob perenust 2.

U3 ypasuenus (1) cireyet, 9T0 B CTAIMOHAPHOM DEKUME YCTAHOBHUBIIASICSA TEMIIEpaTypa TePMO-
pe3ucropa paBHa

n I?R
BRi(1+at)—pft=0 = t:#{é}z@' (4)

W3 s1oit popMy/Ibl ciiegyer, UTO YCTAHOBUBIIHUIICSA PEXKUM BO3MOXKEH TOJIBKO IIPU BBITOJIHEHUN
HepaBeHcTBa (2). OJHAKO B JAHHOM DEIIEHHH HET apryMeHTAI[MH TOro, 9TO TeMmieparypa Oymer
pactu 10 beckoneunoctu. [losroMy jammoe pereHue oneHnBaeTCAd MEHBIITUM YUCJIOM OaJIIoB.

1.2 IlepeiiieM K ypaBHEHMIO /IS K3MEHEHNsI COIPOTUB/ICHUS 110 PEKOMEHJ0BAHHO MeTOIUKe.
JIJ1s1 5TOro BLIPA3UM TEMIIEPATYpPy PE3UCTOPa U9epe3 ero COIPOTHBJICHUE.

U3 dopmynsr R = Ry(1 + « t) cremyer

rz%zl—i—ozt,t:r;—l,dt:%(S)

[Moxcrasnsst 9Tn BbIpazkeHus B ypapaerue (1), mosyanm

r r al?R
G —BRor—2(r—1) = S&L =222 —(r—1) (6)

TeMm cambIM TTPUXOJIUM K HYKHOMY BUJIY yPaBHEHUS
axt =pr—(r—1) (7)

[Tepenuiiem ypaBuenue B Harisiinoit hopme
adt=pr—(r=1)=(p-1)(r-5) ®)

1.3 U3 sToro ypaBHeHUd CJIeIyeT, 9TO:

a) mpu p < 1 CONpPOTUBIIEHNE CTPEMUTCS K PEJIeTHbHOMY 3HAYEHUTO

=1, (9)

1-p?
HEe3aBHCHUMO OT Ha4YaJ/JIbHOI'O 3HAYCHUI,

6) npu p > 1 COPOTUBJIEHNE CTPEMUTCSI K DECKOHEYHOCTH HE3aBIUCUMO OT HAYAJIBHOTO YCJIOBUS.

[Ipu 3a1aHHBIX 3HAYCHUAX [TapAMETPOB:

1
1-0,6

a) p = 0,6 - cymecTByeT cTanuoHapHOE 3HAYCHUE T =
K 9TOMY 3HAYEHUIO;

= 2,5, IO3TOMY BCe KPUBBIE CTPEMSTCS

6) p = 1,4 - cTalMOHAPHOIO 3HAUEHUsI HET, [IO3TOMY BCE KPUBbIE YXOJAT B GECKOHEYHOCTD, [IPHYEM,
qeM 0O0JIbIlle HavYa/IbHOE 3HAYEHHE Ty, TeM OBICTPEe pacTeT COIPOTUBJICHUE.

Tpebyemble rpacdukn MoKa3aHbl Ha PUCYHKE.
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MowHocTe p=0,6 MowHocTe p=1,4

5,0 5.0 / / / . 3
Fd Fd 4 Fd
7 7 / 2
45 45 / / / /
: ' 7 7 4 7
/ / / /
v A .4 P4
Fd Fd d
4.0 ya y 4 rd 7
' s /] ré
7 7 i 7
- « 35 7 = 7 7
g g p pd rd S/
7,
E E 3‘0 - rd I[I VIJ
J

c c S A prd
o @ o5 P d 4
s = < P i 7
= = Fd i Fd
[=] [=] A/ rd L
[=% [=3 2‘0 F lfl rd
-] [+ P A
8 8 P rj

1,5 P I/‘

P f’
1,0 € e
rd
P
0.5 ,/"
-
|~
0.0
BpemAa
BpemMAa

YHactp 2. /IBa «oTpuiiaTejibHbIX» TEPMOpPE3UCTOPAa

2.1 IIpu nocyieoBaTeIbHOM COEJIMHEHUH CHUJIa TOKA B IEIH I10-
CTOsTHHA U paBHA P=pt P=pt

= mem - (10 (o 11®H

[TosTomy ypasHenus Teriosoro Gajamnca Jjig TepMOPe3ucTopos | R=R (1-at) R=R,(1-ar)
HNMEIO BUJI
|y
A
{O 8o = MR —pn| (1) "

Ypasaenusi (11) oingarorcst TOJBKO HHIEKCOM, TOITOMY JIOCTa~

TOYHO TPeoOPa30BaTh OJHO U3 HUX, PE3YJIbTAT IIPe0dPa30BAHUI

BTOPOI'O — aHaJIOTW4YeH. BhIpa3uM 3HavYeHne TeMIlepaTypbl TEPMOPE3UCTOPA Ue€pe3 ero COMPOTUB-
JleHne

R1 = Ro (1 — tl) = tl = 1;“; Atl = —iATl. (12)

[Mocste mogcranosku B ypasaenue (11), mosydum

C Ary U2 r B8

B

PaS,ZLeJII/IB YpaBHEHHUE Ha OTHOHICHUE (— ) IIOJIYy9YUM €I'0 B Tpe6yeMOM 153491 (§]

Chp = g+ (1-). (13)

ﬁ AT 45 R() (r1+r2)2
B xoTopom a = % U IPUCYTCTBYET YKa3aHHBIN 1apameTp p.

Taxum obpasoM, Tpebyemas cucTeMa ypaBHEHUI UMeeT BU

Ary
{aE = —apto+ (1-m)| . (14)
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2.2 Tloayuum ypaBHeHME, OIKMCHLIBAIOIIEE U3MEHEHNE PA3HOCTU CONPOTUBJICHUIA, /I 9€r0 BbIUTEM
13 [IepBOro ypaBHeHus: cucteMbl (14) BTOpoe:

A(r1—r LT
@B = —ap T — (n o) = — (G 1) (- 1) (15)

Taxk kak KO3(DDUIMEHT, CTOAIINI IPU PA3HOCTU COIPOTUBJICHUN OTPUIIATEIEH TIPH JIFOOBIX 3HAE-
HUSX MOIITHOCTH ¥ COITPOTUBJIEHUI OTPUIIATE/IHLHBIN, TO TIPU JIIOOBIX HAYAIBLHBIX YCJIOBUAX PA3HOCTH
COIIPOTUBJIEHUI CTPEeMUTbCsI K Hy 0. CJ1e/10BaTeIbHO, B YCTAHOBHUBITIEMCST PEYKUME COTIPOTUBJICHHST
TEPMOPE3UCTOPOB OYIYT PaBHBHI.

Pacemorpum oo u3 ypaBHenwii cucrembl (14) mpu 11 = 19 = r (B 9TOM cjIydae ypaBHEHHsI
OJINHAKOBBI ):

A A
aA—TTl:—ZLpW:—lrz)Q—l—(l—rl) = A =-24+(1-r)(16)

9TO eCcTh ypaBHEHHE, ONNCHIBAIOIIEe TMHAMUKY M3MEHEHUS COMPOTHBIIEHNUS.
VKaxkeM (pU3NIecKuil CMBICIT CIaraeMbIX 9TOTO YPaBHEHUS:

- BE€JINYNHa P(+) = g €CTh MOIIHOCTDL TEIIJIOTDhI (B HCIIOJIB3YEMbIX ¢ IMHUIIaX I/ISMepeHI/IH), BbBIJICJ/IATIO-
HleﬁCH IIpu IIPOTEKaHUM TOKa — Hal'PEB IIPOBOAHUKA ITPUBOAUT K YMEHBIIIECHUIO €I'0 COIIPOTUBJICHNI,
nosroMy B ypasHenun (16) oHa oTpuraTesbHa;

- BesmunHa P(_y = 1 — 7 - eCTb MOIIHOCTb TEILIOTHI, YXOJdIlell B OKpY»Kalollylo cpelly — ee yBe-
JIMIeHne TPUBOIAT K YMEHBIIEHUIO TeMIIEPATYPhl PE3NCTOPA, CJIE/IOBATENHHO, K YBEJIMIEHNUIO €T0
CONIPOTUBJIEHUSI.

2.3 B ycranoBuBIIeMca pezKuMe 3TH MOMIHOCTH PaBHbL P4y = P_).

Y
: Xy=p "

Pemtenne nannoit 3ajiaum nMeer KpacuBoe reomMerpudeckoe ucroskopanue. Obosnaunm r = r, a
paBHBIE MOIIHOCTH TeILIOTHI § = FP(4y. Toryja nocrapiennas MaTeMaTuiecKas 3aa4a (hopMyIupy-
eTcs CJIeYIONMM 00pa30M: HANTH TOYKM Iepecevyenns JIMHWUI, 3a/1aBACMbIX YPaBHEHUSIMUI

{z+y=1] @17

IlepBoe ypaBHeHme 33/1aeT TPIMYIO, OTCEKAIONIYIO Ha OCAX KOOPJAUHAT eIMHUIHbIe OTpe3Ku. BTo-
poe ypaBHEHUE OIUCHIBACT TUIEPOOIY, CHMMETPUIHYIO OTHOCUTEIHHO OUCCEKTPHUCHI KOOPAUHATHOI'O
yria. KoopauHaTbl TOUKHN HepecedeHus TUepbosIbl ¢ OMCCEKTPHUCOI JIEIrKO HAWTH

t=y = (@)'=p = c=y=p
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Ha pucynke npuBejieHa WLTIOCTPAIUs HAJIEHHBIM COOTHOIIECHUSIM.

Tenepb MOXKHO JIEMKO TTOCTPOUTH CXeMaTHIeCKue rpad K 3a-

BUCHUMOCTE MOIITHOCTEI: P( )
.
B |
_>p 1 ) L
Py = (upu pasupix sHadenusax p) u Py =1 —r. s mpo \\ \\ gj 2 JZ
BEJIEHHOT'O aHAJIN3a CJIeIyeT, YTO ruiepbosa u mpsaMast Kaca- LA v 1 i
_ 1 1 =4 7
IOTCS JIPYT JAPYTa IpH /p = 5, un npu p = ;. llpu Menbimem 1 \\ P=7l.
3HAYEHUN P UMEIOTCs J[Be CTalllOHapHble TOUKH. VI3 ypaBHe- \\ a T
rd
uug (13) ciemyer, 4To yBesmueHHe MOIHOCTH P4y IpuBO- \ / -~ rP=g
A
JIUT K YMEHBIIIEHUIO CONPOTHUBJIEHUS, & yBeJIUYeHNe MOITHO- N TN
< 0,5
cru P_) - X yBeudenuio conporusyenus. IIpocroit anams TN o
-
MOBEJIEHNST COIIPOTUBJIEHNS] IPU OTKJIOHEHWH OT CTaI[MOHAD- i N 7
- |
HOT'O 3HAUEHUs IOKA3bIBAET, 9YTO YCTONINBBIM SIBJISIETCH OOJIb- ey ]
1 [ y
mee craluoHapHoe 3HaveHue. Takum obpasoM, nmpu p < ; o o5 j r

CYIIIECTBYET YCTOMYMBOE CTAITMOHAPHOE 3HAYEHUE COIPOTUB-

JICHUsT TepMHUCTOpa, (CJIe1oBaTeIbHO, U ero Temieparypsl). [lpu p > }1 CTAIlMOHAPHBIX 3HAYEHUI
COIPOTHUBJIEHUS HET. B 3TOM cjiydae MOIIHOCTD, BBIJIEJIAIONIASCA TPU IIPOTEKAHUU TOKA BCETJIA,
MIPEBBIIIAET MOIITHOCTD MOTEPh, YTO MPUBEJIET K OECKOHEYHOMY YBEJIUUECHUIO TEMIIEPATYPhI U TIepe-
ropaHuio repmopesucTopa. 11080 nTor mpoBeeHHOMY aHAJIM3Y, CPOPMYITUPYyEM OKOHYIATEIbHbII

OTBeT Ha IIOCTaBJICHHBII BOIIPOC: YCTaHOBHBmHﬁCH PEXKUM IIPOTEKaHUA TOKa BO3MO2KCH IIPpU
1

Crocob perenns 2.

DTu )Ke Pe3ysbTaThl MOTYT OBbITH IIOJIyY€Hbl U Ha OCHOBAHUM aHaJ/n3a KOpHell ypasHenus (13) B

CTAIIMOHAPHOM PEKIMe
A
r=-t3(1-r) =0,

KOTOpO€ NIPpUBOJUTCA K KBaJIpaTHOMY ypPaBHEHUIO

r—r4+p=0

JIMCKpUMUHAHT 9TOTO YpaBHEHUsI PaBEeH

D=1—4p.

U MOYKeT IIPUHUMATH KaK IMOJIOYKUTE/IbHbIC, TAK U OTPHUIATE/IbHbIE 3HAYUCHUS .
WNuTepruperariust 3TUX BapUAHTOB ITOYTH OYEBU/IHA!

a) mpu D > 0 (T.e. pu p < %) ypaBHEHUEe UMeeT ABa KOPH:; UX MOXKHO HaiTH, HO Ha/IO JIOKa3aTh,
4TO OOJIBINNI U3 HUX ABJIAETCA YCTONINBBIM;

6) upu D < 0 (T.e. ipn p > 1) ypaBHeHue KOpHeii He MMEET, HO HAJI0 JI0KA3aTh, UTO B STOM CJIydae
TeMIIepaTypa HEOTPAHUIEHHO BO3PACTACT;

B) ipu D = 0 (r.e. ipu p = }1) KODHU yPaBHEHUs COBIAJAIOT, YTO COOTBETCTBYET «KPUTHUYECKOMY»
CJIyYalo.

2.4 ,ZIJ'IH Ka4eCTBEHHOI'O OIIMCaHA U3MEHCHUA COIIPOTUBJICHUA HaﬁﬂeM BO3MOZKHBIE€ CTallluOHapHBLIE
(yCTaHOBI/IBHII/IeCH) SHa4YeHUdA COIIPOTUBJICHUA.
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KakK OBLJIO TOKA3aHO B IPEJBIAYIIEM IIyHKTE, IpH P < %, IMEIOTCA JIBE CTallMOHAPHbIE TOYKH,
ABJAIONINECT KOPHAMU yPaBHEHUA

AT_—£+<1—T’>IO = TZ_r+p:O(19)

Ar T T r
DTu KOpHU paBHbI ([IPU 3aJaHHOM 3HaYeHun napamerpa p = 0,20)

P I o (), = 0,72 (20)

Eme pas nocrpoum rpacduxu dbyuxuuit P4y, Py opu p = 0,20. Crpekamu yKa3aHO, KaK KazK-
Jlasl MOIIHOCTD BJIMsIET Ha COIPOTUBJICHHE. DTOT PUCYHOK IIOATBEPIKIaeT, 4To Touka (7), = 0,72
apjgercd ycroirausoil. [losromy nmpu HavaabHOM yCa0BUM 1o > (?)2 = 0, 28 comporusieane OyIeT
MOHOTOHHO CTPEMHTECS K 3Hadenuio (7), = 0, 72.

IIpu ry < (?)2 = 0, 28 compoTrusjieHIE OYJAET CTPEMUTHCS K HYJIIO, T.€. TEPMOPE3UCTOPHI B STOM
cJiydae TIeperoparor.

Hy>xm0 Takke OTMETUTD, YTO ITPU TPUOTUKEHUN K HYJTIO CKO-
POCTB TTaJICHUA COITPOTUBJIEHAS PE3KO BO3PACTACT, TUHAM ITe-

=)

peceKaloT Och BpeMEHH IIPaKTUIeCKNA BEPTUKAJILHO. +
1.0
Ha PUCYHKaX HU2KE ITOKa3aHbI Tpe6y€MbIe 3aBUCUMOCTHU.
0,8
2
E
MowmocTs p=0,2 M =0,3
1y . owHOCTE P § 0,6
1.0 ' i :'
NN-‘-‘N“ﬁ"""—-—.___ 08 \ g \
08 T —— - \ 0.4
£ oo #ﬂ_—__.---"' L — || o % 1
é | é T~ 0.2 »
E, 04 E. 04 \ \ \ ; P
o:____________________ _____ 0z —
i i S e
0o 00 0 0,2 0,4 06 0,8 1
BpeMA BpeMA
COMPOTUEBNEHNA

2.5 MakcuMabHOMY 3HAYCHUIO HAIPAXKEHUA COOTBETCTBYET
MaKCUMaJIbHOE 3HaUYeHNEe ITapaMeTpa P, KOTOpoe, KaK CJIe/IyeT

13 TIPOBEJIEHHOIO aHaJIN3a, PABHO Pmax = 411‘ Torna u3 ompe-

_ o Uf ey 1
JICJICHAs STOTO NAPAMETPA Pmax = ~g3 R — HAXOJINM,

4
qTo

Up max = \/ 220 (21)

2.6 Ilpu ymenblieHUN HAIpszKEeHUs B 2 pa3a HapaMeTrp p
yMeHbITNaeTcsd B 4 pas3a, T.e. OKa3bIBaeTCd PAaBHBIM p = %
(mnm 0,0625). Ijist onpejiesieHnst yCTaHOBUBIIIErOCS 3HAYEHST

COIIPpOTHUBJIEHUA HeO6XO,HHMO PELNINTDL YPaBHEHUE
P _1—
=17 (22)

1 BbIOpaTh ero OOJIbINI KOPeHb, TaK KaK OH SBJIAETCH YCTONYUBBLIM, YTO MOXKHO ITPOJIEIATh 6e3
KOMMEHTapUCB
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b1 —r = P —rgp=0
;

1+vI=1p 243
r= 5 = ~0.93

B coorBercrBuu ¢ IIpaBujIaMu IIpeJCTaB/JICHUA TOYHbBIX U HpI/I6JH/I}K€HHbIX quceJ1

meewm:

npu Uy = Yopax p = L (rouno) Torma

r= 1+\/21—4p — 2+4\/§ (23)

upu Uy = 0, 50Uy max p = 0,0625 u
r= 23~ 0,93. (24)

2.7 3aBUCHMOCTH CONMPOTUBJICHIUI TEPMOPE3UCTOPOB OT BPEMEHU OIMUCHIBAIOTCS MOy IeHHON paHee
cucremoii ypapaenuit (14). @akTHUeCKH Mbl JOJIKHBI [POAHATM3UPOBATH BO3MOXKHBIE DeIeHHUsI
9TUX ypaBHenuii. 13 mosrydennoro panee ypastenust (15) ciemyer, 910 pasHOCTH COMPOTUBJIEHUI
Ipu JIIOOBIX UX 3HAYEHUSAX CTPEMUTCS K HYJIIO, MTO3TOMY Bce (Da30Bble TPAEKTOPHUH CTPEMATCH K
JUaroHaJd JuarpaMMbl 71 = Ta.

[Ipocymmupyem ypaprenust (14), 91006l MOTyYIUTh ypaBHEHUE JIJIS CyMMBbI COPOTHBIICHHIA.

Ar r
{GA_TI =—dprp t (1)

Panee mbr I[IoKa3aJikd, 4YTO CTalUOHapPpHBIE TOYKH CYIIECTBYIOT TOJIbKO IIpU P < % 1 HalllJId UX

snavenns (20). Hanecem nx Ha ¢as3oByio guarpammy.
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2.8 Kak ObL10 1TOKa3aHo paHee, TOYKa ¢ OOJIBIINM 3HAYECHUEM COITPOTUBJICHUS SABJISETCS YCTONYIN-

BOIil, 1109TOMY BCe (ha30Bble TPACKTOPHUH OY/IyT «YXOJUTH» B Hee.

2.9 IIpu p = 0,3 ycTofiYuBBIX TOUEK HET, TIO9TOMY BCe (ha30Bble TpaeKTOpUu OYIyT pa3derarbes.
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