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HacTrosguse pexomMeRiamma (P) AOBBOJADT DACCIATATH OpeKHOD
TOM[ISDATY DY A& OOBEPXROCTA TDeHAAR, TOMASDATYP'WR rpaIneHT HO
RODMANIR K ROH, TOMNODATYDrHE HAUDAKS HAR, K OpR HAI'DGRE A OOTH~
BARBR NsTajel pERIMOMBHX yoTpOHCTE 2 OLPHATH DOXUMH AX [0B-
TODRO~KDATROBDOMORHOR padeTHd [0 KPURTEDMAM TSDMAYACKOR HArDY-
KeHHOCTA.

A OsRKE pasoTOCAOCOOHOCTM MPOAKTADYSMHX (PPURIMOHHEX
yOTPOACTB MMPOKO HACNOOABBYIOTCA MOTOLH TOILIOBOR [(AHAMAKE X MO-
ReNdDOBAHMA, [10SBOJIADILAE DACOYATHBATE RX QPUKLMOHHO~RIHOOT-
HH@ XBPDAKTEDUCTHKA {0 DADAMSTDAM TDPeFREA M KIRAmUBaARAg. (QRHA-
KO BCS OHM TPBOyOT HOBOJLHO OJAOXNHX pACuUeTOB. B HNaHRWX P paoc-
CMATPUREETCA MOTOX BHABJSHHAA TOMISDATYD'HX NPARSAOB MODAMEHA-
MOCTH DASJAAIPHX CONABOB LJA WKKBOB TOpPMO30B R MyPT 00 KPATE-~
pPHAM TPBUMHOOIPASNBAHNA BCAAACTRAS TOPMAYSCKMX HBMDAKS Hul
A TEPMOHArpYXKBRHOCTH, KOTODPHA ADMNO/ZIHAGT R DA3IBABAST AMeNWils-
CA METODM, CyWHOCTh 8I'0 B KoNOJAB30BARHM 0000UEFHOIO MADAMET -~

pa g pegleatna Audd epeviaanbkruX ypaprerdit npornecca,



(PilusNAA ANAJNS DPABHOMODHOCTR (SAHRMAI MIMBDAHMA, BDPIMS -~
Hid, RAAPH, MACCH K T.M.), OOKDAWAKT KOMMYOCTHBO [19PBMSH HX,
BXOJAALMX B NdPjepeHIMANLA08 YPABI@HME, K OTHUM YMORHUADT 4@O-
JIO HAYAXBHHX d I'pavHdqdrHX YCAOBAM peuAeMOR 3afaud. Tem ocasmus
38848 MATOMATUYSCKOR QU3RKM CBOLMTCA K DOLOHAD 00u4HOID
Juppope HUMANLHOI0 ypaBi'$HUA, 9T0 NO3BOAAST OYUECTBSAHO VKO-
MOMETH M DOPJAMSHTADOBATE BDOMA BLOOMNOHAA DACYSTOB,

Openna3Hayenu mia oneuuaaucros HUM, KB, npsnonanaress
R _ACHADAHTOB MAMAHOCTPOATSNBHHWX BYSOB.



1. KOHCTPYKUMA ¢PMKUMOHIWX YRNOB JNEHTOYHO-
KOJOUO WX TOPMOBOB M WMHHO-TTHABMATUYEC~
KX MYQT

QPUKIMOHHNS yOTpoicTBA paBJM4alT 00 BRLY KOHTaKTApOBAa-
g | 8 1. JenToudp-KOJOADUHHE TODMOSA U LMHHO-[IHEBMATHYeC—

KBe My§TH OTHOCAT KO BTODOMYy PONY, TaAK Kak KOBGQ]UIMEHT B3&AM-
HODO NepeKpPHTHA Eﬂa-ﬁi 1.

3a nccaenyemult oObeKT OHJAM NPARATH QPUALMOHHHE Y3JH JBH-
TOYHO~KOJOAJYHOIO Topmo3a (puc. Ia) B WHHHO-OHEBMATHYE CKOR
MypTH {pHc,10), npuMeHAEMHE B MAURAHAX ¢ THXSJHM PeXUMOM PpACOTH.

JIGHTOUHO-KOJIOIOY HLE TOPMO34 OTJAWYAKTCAH HNPOCTOTOH KOHCT-
pyxikn., KacTKME KOJOOKA 3AKpEIULIDTCA HA OTHOCHTEABHO THOKON
CTAJIBHOR JIBHTE C MNOCTOAHHWLM WA nepameliHd waram, TopmomeHda
OCYI6CTBAALTCA HAKATHOM HE DPYKOATKY, CBA34HHYD O KDJISHYATHM
B&JIOM, K KOTODOMY [pUCOelsHeHH BEePTHUKANbHHE TArA.

H3-~-3a GoAbBWOI0 KO3({]UIlMEHTE CAMOYCHJICHUA OPM pPaABHHX 84a-
MUKEIIWKAX yCHIAAX B OJMHAKOBOM HQUAMETpe WKABA TOPMO3HOH MOMBHT
JGHTO'1IHO-ROJADAOYHDDD TOPMO3E BHAYMTOJIBHO [IpeBuildeT PA3BHABAG -
MU# KOJIONOYHHM TODPMO3DM.H 38BHCHAT OT KOBQJALEHTA TpeHuAa. Pac-
Npe faJsieine HOPMaJIbHNEX JaBJs ikl BAOJAL JBHTH ONpEAGJIASTCH ©
IOMOUBK 33BACAMOCTYM JilJispa, TopmO3HOR MOMBHT Jie HT QOUHO-KOJID~
NOYHOI'O TOpMO3d4 OTJM4A8TCS HEeYyCTORYMBOC ThIO,

B UWHHHO~XHEBMATHYOCKHUX MyJTaX MaKCKUMAJBHO MKCIDJB3YyeTCH
MOBBPXHOCTL TPEHMAA WKABA, TAK KAK KOJIOIKKA [18DBKPHBAKT eI0
NOYTH NOJHOCTHW. KONOAKNA 38KpBIVIBHH HE [THEBMATUYECKOR Kamepe-
daJione A3 PEe3IMHOKODIHOM TKAHH, HEMEDER B MNOAe paUHOM CAYBIHMA
QOpMy 3SarnyTroro oBAJILADIO KOAbUA, [Iph nojaave O4BJIEHAA KAMEpA
paclApAeTes M I uxuMaeT KO/OUKKA K Oapadany. K BHYTpeHHeMY [po-
TAKTOPY UWIrddTAMN KPBMNATCSH METAJINYECKME KOJOAKK, O0CANLIOBAH-
Hue  DUAIMOHHEMA HERJIAJIKAMA ,

CRATHE BO3IYX M0JAETCA BO BHYTPOHIH [I0JIOCTb Y8pe3 CBEp-
Aetye B nigs N1 HUONesab, nocaeliHuih pacuupseTca A KOJADIUKHM MpA-
XAMUTC 1 K LIKARY ¢ rudod, odacneymnaiwaed 188 1a4y 3a4AHHOI0
KpyTSUeTD MOMEHT 1, JIABJIeHKE BA heal OBEGPXHOC TR TpelUHA paB-
P pECL 1 AR T o I{U'Jflrjl‘litﬂali'l"ﬂ Tpriiida, U[LHBHHT'HJII::HD BAN -
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T8JIbH08 SAN0NAHEHAS O0&JN0OHA BOILNYXOM, & 3aTeMm 00BOOORISHAe OT
HEr0 NPABOJAT K YBEJMY6HAKW BpeMeHM cpalsaTHBAKAR MYyQTH HpH
CoJILIOM H3HOC8 KOJIOHOK,

2. YCJAOBHA PABOTW QPUKIMOHHMX Y3NIOB

B npoieoces TpeHAs (PUKIAOHHHE MATODAAJ R BOCHPHHAMADT
KaK IMHBMAYSBCKA@, TAK M OTATHIOCKHO HulDYy3IKH, NOABEprawTcA
BO38ACTBAIO BHCOKMX TOMMNBPATYDP (O00BEMHHX A NOBBPXHOCTHHX) M
TEMMB PATYPHHEX I'PANMEGHTOB, B TAKAS BH3IBAHHHX KHMA BHCORAX
Hanpaxenuuf I 7.

B HarpymeHHHX y3JIaX TpBHMA BCJ/JA8IACTBHE 3HAYUTEJABHOI'O T8fi~
JIOBH 8JI8HAA MOXET MPOACXONUTE PA3MArdYS8HMS METAMIMYECKHX K
ASCTPYKIMA KOMNOIMKLMOHHHX MATBDUABJIOB,

B 3aBACAMOCTA OT TeMiepaTypu HA KOHTAKTHOR [OBODXHOCTH
pPa3JIMYanrTCsd TOPMO3HHO YCTpoAcTBa: C Bachkma JIKMM - [0 IOOOC.
NerKamM ~ g0 250 , cpeldsm - A0 600, Tamesmm.- oo I000°C
poxumami padotd [ I ] . Mo oObvemHuM Temieparypam ReNATCA
Ha rpynmu; go 200, Ao 400 u mo 600°C.

Takaa Raaccuuxalng no3poasgeT BROAPATH PPAKLMAOHRHHE MATE-
PRAJNIH INA [ApH TPOHMA TOpMO3a (MyPTH) .

PaGora TOpMOXeHUAa ABAxymelcR CypHJBHOR KOJOHHHW 00CTAB-
AAGT NPAMBPHO 4 ., IOB A%, Temiaeparypa Ha KOHTAKTHOR NOBEDX-—
HOCTE QPHKIMOHHOA napu mocraraer H00°C u dosee. B mydrax
clienneHnn OypoBoRt ne8de/ kU padoTa CYKCOBAHMA - I.IO5 Ix; a
TEMNEPATYPa HA ROHTAKTHON NOBEpPXHOCTM (pUKUMOHHOR napr - 00—
nee 400°C. MMoaTomy NOBTQPHO-KPATKABpPEMGHAHYU pemuMm pacoTh
pPACCMATPHBABMHUX (PUKIIAOHHHEX Y3JIOB OTHOCHM K CPOJHAM B TAXSJLM,

AAn 06ocHOBAHHOI'O BHOODA HAalemMHOM napH TPeHuUA HEOOXO~
aaMa noJitan Mhidopmallia o TerJioBoH K MexaHnyecKoB HarpyxaHHO-
CTH (PUKIMAOHHUX yCTpOKHCIB M0 348haHHHM BE8DPOATHOCTHO-~-CTATHCTH-
JACKAM X4PBKTOPUCTHKAM €68 [0KadaTeJ B .



3. AJIOPUTM PACYETA

3.1. Pac4eT TeMOBpATYDH [I0BBDPXHOCTH TPEHUA M
TOMIBDATYPHOI'O0 I'DAMNGHTA [DH TOPMOXS HUH

BHCOKH8 TEMASDATYDH M TSMNEPATYPRHME DPPAMUEHTH B TRAKEJIO—
HATPY 48 HHRX (PAKIMOHRRX y3J8X H8 [OBePXHOCTAX KOHTAKTA Bu-
QLBAT HBMEHEHN8 QPUKLMOHHO-A3HOCHHX XAPAKTE8PUCTHUK MATE PRA—
JI0B DApH, OPABOAAT K CTPYKTYPHHM [OPEBPAUIOHASIM B HMX ¥ HHT8H-
CHPUIMDYIQT HPOTAKAHA8 [IPOLSCCOB GUIMKO-XUMUYECKOHN mexatrKiu

[11].

MaxcAM8IbHAA TOMBDATYPA OBEPXHOCTH TpeHMA MPd HOBTOHP—
BO~KPATKOBPEMEHHOM DEKMME TODMOKSHMA OIPENBJIAGTCH (10 JOpMYy~

ne /9/ ‘
1);ﬁ11 ::rdté*‘*“dpiqrihtﬂ-r o .

B pacyerax fpuHUMacm 'J'g =0
JCTAHOBABHAACH 0058M:HAN TEMISPATYPE NBPSJ /1 ~HM TO}MO-

RO HRACM
dotn Wrn e_fE_(*"‘J‘____ﬁ_“—ll_ .
sy = Lzt |

4 i-exp(-Ktoer)
3n8ch \!.:é' Rmn /G.c.

HOHTSKT [IBYyX GO{pAK4CAKMMXCA MOBEPXHOCT8W 3ABUCAT OT
EX MAKDOTeOMeTDAM, BOJHACTOCTA B MUKDOIeOMaTpuu | 2 .

BHCOKAA TEMNepaTypa W3MBHAST MEXaHWY8CKAS8 CBOMUCTBY QPUAK-
LMOHHLX MAT8DPRAJIOS, BO3pACTAWT QAKTUYSBCKAH K KBHTYPHAA IO~
UAAM KOHTAKTA, & TEMI8PATYpPHAA BCHMUKE \Pa., B 8THX yCHOBHUAX
MAJIA 0 CPABHOHAD CO CP8[Nelt TemepaTypoit NOBEPXHOCTH TPEHUA
AJ* . Temneparypa QPUKIMOHHOTO KOHTAKTA Olpgie/A8TCA CP8R-
Hedt Temneparypod mosepxHocr4 Tpenpa | I, 9.

SHAYATBALHOS U3MEHBHUE TODMOIHOID MOMBHTA OTHOCUTBJbLHO
cpaiero 8ro 3HayeHds JIpABOAMT K HBNOCTOAHCTBY BpemeHd TODP-
MOXGHAA M ADYCAX nokasarened | I]



KOSPIMIIMOHTA CTACAJIBHOCTHA TODMOSHOI'0 MOMBHTA

o = Mree

+mQy’
ROBYxpHIMGHTA KOJIe08HA TOPMO3HOI'0 MOMEHTA

(J‘-?'— Mt min .

Mt max
Koa3ginume Hta 3yPeKTABHOCTR TOPMOXKS HUA

4]53q,=:clcnr

't_ ’
Op4BeeHHON KTUBHOCTH TODMO34

%n_‘_#l‘ﬂ-h:&ﬁ- | 3 S
b wiE

raeMy ce M1 moxn WM™ © cpenuanfl, maxcamanbuuilt 4 MmaHH-
MaJIbHLRA TOpMO3HHS MOMBHTIH, T+ -~ OPOEOFMMTYNBHOCTL TOPMOXS -
HIUA; YU = 4UCJI0O ONMHAKOBHX TODMOKSHUIR; h ~— auseitnun mauoc.

TopMmo3, olscneuyrnpanunil magcumanbHos 3HAYEHNS8 OB IP.T
IPA HAHKHX yCJAOPHAAX BKCOJyaTalui, OyHneT oarnmanibHum, [IpaBe-
H8HHAA B4 OKTUBHOCTDH [O03BOJIAET OLBHHTL 80 KOHCTPYKIMO M ME-

TOPUAJA HB TOJABKO 10 H3MEHEHMK TODMO3HOI'0 MOMEHTa, HO 4 [0
AOJICOB8YHOCTH,

UcenenosaHus noxasmBapT, YTO HE TpPeHM8 U HMSHOC pelmies
BJAAAHAS OKABHBAGT TemilepaTypHull pemum padOTH WPHKIBOHHOR napu.,
APHODPUDOBAHME BTOMO QdKTOpA [IpM JMACOPATOpHHEX HMCIHT AHWAX [pU~
BOJIAT K HEJIOCTOREPDHOCTH pPe3yJbTaTOB,

[Ipn moJienapoBannn padoTH HATYPHOIrO y3Jia HA Mmajaoradapur-
HHX nCpaaIAx [?J ¢ yuetoMm MacmTalHoro pakTopa BHARNAGTCA CTAGWIDL -~
HOCTh BuXOUHHX HnapameTpoB {(KO3y(QUUMSHTE TpPOHKA, WNHTEHCHUDHOrTH
A3HAUMB 1IMA) §PURLAOHIEX YCTPORCTE —~ ORHOIC M3 OCHOBHHX YCAO-
Bl HAaIlOXHO ¥ yoTOR 4mpoit padoTu mammd, OdacriaeHie cTadnab-
HOCTI BuX0'UiWX O4APAMCTPOB JABACHT OT TemieparyplHoro pexuma ,
IKCHAPUMEHTAIBHOE OlIp8 L8JIeHM8 KOTOPOI'0 TpeOyeT AAMTEJIbildX
HOPOLOC TOHWMX CTAHIOBHX M HATYDPHHX RedguT widd. [loaTomy G605~
Wolk Teo,aldl1e KM B OPAKTAS KAW AHTEpec NpeilcTaRuABT HOCTA-
TOYHO HAJO KWK PACHIET Temilap i1 ypHOro pexdMad 3/JevsHTOBR Napu
Tpehid,



10

B TAXEJOHAPDYRSHHHX WDAKIOHHHX yYSJAX TeMmleparypa Ha [o-
BEPXHOCTH KOHTUKTA C KPATKOBPOMEHHHM UCTOUHUKOM TeILIA j:(‘lf
AOCTUrE6T OOJBUAX IHA4CHAH, TIDOMCXORUT H3MEHEHU8 TEILIG. A3UY8-
CKUX XapaxTepUCTUK maTspuasid. B 3TOM cAy4a3e pacyeT pacnpelis~
JeHlA TEeMNepaTypd B TODMO3HOM UKABE CHONUATC.. K PEWSHAD HeJM-
HeHMHOW Bafaul TEONOOPOBONHOCTU fIpA HeJMHBHUHHX CPAHUYHHX YCHAQ-
BHAX, B 4acTHOCTH, I ORHOMEDPHOIO cJayyasa IRuddepeHIabHOS
ypPaBHeHAE TOIIOODPOBOJHOCTH C UCTOYHAKOM TeNJa UMeeT BHAS

@=L[3(0)g’§‘i 1+ §[v);

0t Oxn
HAYaJbHHE @ I'DAHMYHNe YCJOBAA 38LADTCA B BAJS:
npa t=0
Va0
npu % =0

- }(0’)%—;“-}?=6;(0N;

npun X = L

- () 2.6, (vIv

A1 HEeUM3O0TPONHNX TOJ [OpPH HAJMWYAK TEILJIOBOID COAPOTHBJSHAA
HA KOHTAKTEe M 3aTpyAHEeHiiOM TENJOOOMEHe HA I'pPaRMMAX C OKPYXaD-
el cpejoit 3aLaya YCJADKHABTCA. PemigHne ae B oduem BRAe BO3MOX-
HO JIAWE 4UCJAGHHUME MEeTOUaMi, B CBA3M C HEM3BBCTHOCTHU H He-
0{1P8 I8 NIEHHOCT L0 MHOPUX PpPAHKYHHX YCAOBMA B KAXHAOM KOHKPETHOM
cJAy4yae HeOOXDHMM KMHAKBUAAYAJBHLMA fIOAXDIL.

PacgerT TemiepaTypHoro pexiama TOpMO3a 4 MydT RAeTCA B He-
CKOJIBKO YINpOoWeHHOR Qopme,

[py 3ajasHOM HAYAJLHOM  JI0OOE fochsylues paciipe i J/e-
HA8 TEMIEpATYPY IABACHAT 0T JLAKTSJBHOCTH [polecca t , Roajda-
[MeHTa TeMaeparypoapoBoyHocTd G @ pasmepa cucremn X . Ho
CyWecTBeHHO8 3HAYeHWe UMEeT He Kaxkias W3 OTUX BeJiidnh B 0T-
LSJBHOUTH, & BIOJHE OMPEf8JieHREA #X KOMOUHAUMR, HA3uBaEMaA

pdosue M napamatpom] II ].
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BBelleine TaKoro 0COCUEHHOTO fapamaTtpa Z-Kg/ at CBOJAT
nagde peHlnaJbH06 ypPABHOHAS B YACTHHX HOPOM3BONHHX K OGHKHO~
BeHHOMY RaddepeHIMalbHOMY YpPABHOHMIO M NO3IBOJAAET COIMATH MOTO~
AAKY 0OpeResioRAA TEMIOPATYPHOO peXMMa TOPMO30B R My§PT OO
OpocTHm pacyaTHHM (OPMYJIAM ¢ PerJaMeHTHDOBSHHON NOPDONHOCT B,

CpPaBHEHH® pacueTOB C AAHHLMHA IKCISDAMEHTANLHHX HROCABAO—
BaHAR NOKA3aJI0, 494TO0 AJA pacyeTa& TEeMNepPATypPHOro NOMY A CD8A~

Helt Temmeparypu TpeHusa '¥* nOpA KPATKOBPEMEHHOM TODMOKGHUN
MOXHO C [AOCTATOYHOM TOYHOCTHY [OLBL30BATHLCA DEiSHAGM ONHOMED-

HO#f 3ajayd TenaonpoBOLHOCTA, T.8, PACCMATPABATH pacnpocTpaHe-
Hile TeN/a TOJbKO 10 HOPDMAJAA K [I0BAPXHOCTH TPEHMA.

M1A TopM030B B MyJT, padoTaAKUKAX B NOBTOPHO-KPATKOBPSMBH-
HOM pekdAme, KOIjla HeOCTATOYHO BpPEMEHM MAA NPOHMKHOREHAA TOll~
JIOBHX BOJH BHYTPh LMJMHIPAYSCKOrO TeA8 38 OJMH LMKJ, MOXHO
NpAHATH, YTO TEMMN8PATYpPA B Npoliscce TPOHNA HIMBHABTCA B NO-
BODPXHOCTHHX CJ0AX C DAyOuHOM KAK B OOJyCeCKOHe4HOM TeJas,

TAK KaK pajmmyc ukdBa HAMHOO OOJbile, 48w 80 ToJsunMHa, OTchIA

pacnpelisieHine TemospaTypH ¢ AOCTATOUHONR CTEOeHB TOYHOCTH
MOXHO DACCMATPHBATH Kak O/MoMepHyw 3anauy (I) .

dannuem ypasheHne TO{UJIONPOBOIHOCTA BIA OMHOMEDHOR 3apa-
44 (cXema pacyeTHOR mojes UaHA Ha puc, 2):

o _ v
Y- (1)
ot O X
Ypanhaeuude (I) yHmoBJETBOpPAEGT CPAHHYHOMY ¥CJOBMAK
{apu t'—tl(ar_&)

(a@——z .-:gt'od'\?é-_ U;:e* -' (2)
_ Xt (2a)
=2

Mocas HexoTOopuX fapeoCpasopanuit ypipHenua (I) u (2) -
MOXHO MNpefiCTARUTH B BHIE

oV (amd“lﬂ" =V'vex e_t(ao* 2) Zo

—— = (3)
Dz 2. Z




I2

rje 2 - DASHOBHAHOCTH 0COOCUEGHHON nepeMmeHHON, BeanuydHa, 00-
paTHaa KpaTepu dypha, [locaefHull BupaxaeT AJAA HOCTALMOHADHHX
OpOLeCCOB COOTBOTCTBHE MEKAY CP8AHAMH CKODOCTAME HSMEpeHMA

ycJaoBuR B OKpyxameil cpefie A nepecTpofiKy TBMNePATYPHOI'O MOJA
BHYTP4 TeJa FLnQ\:/x" .

Takuam 00pasoM; = = L _x?
fo at '’

rge O -~ KOSPIMLMGHT TEMNAPATYPOIMPOBOMHOCTH MAT@DAAJA us/y

{ I]; t - Bpeuma.

laabheituass sagada COCTOMT B OQpel6JIeHWNA TEMIepPATYpW O0-
BOPXHOCTA TPEHMA C y4O0TOM HOKOTODOUN 3a1aHHOM TEXHOAOI'MI8CKOR

TeMBPATYPH Vyg, o

JCTaHOBJIBHO, 4T0 B COJABUAHCTBE CJAy4aeb TeMm18epaTypHHe
HaNpAKEHAA IABUCAT OT TOMARPATYPHOI'D Ipaiuedra, (Onpeus)Aad yo-
JOBMAsI, OpPA KOTOPHX 6r'0 BAJAYMHA HE AP8BOCXOLMT HAOIYCTUMOHR,
BHOJEM OI'pDanKYeHME {10 \Drox » XAPAKTEDH3YiOUWSH ycHOBAA HA
[I0BEPXHOCTH TpeHAA, OpH KOTOPWX TOpPMO3 paldQTaeT HOPMAJBHO,

H peryJuipyemoi ¢ MOMOWbBO OXJIAKIG HAA.

BeJuudHy TeMmlIepATypPHOrO IPAAMEHATS MOXHO YMOHBUWTDL [IyTeM
CHAKOHNA Ju00 a0COJJOTHHX 3HAYSHUR TeMmieparypud Ra N0OBEPXHOCTH
TDEHUA , JU00 CKOPOCTY 68 HApPACTAaHUA,

AIA pacuerTa TeMO8PATYpPH [HOBSDPXHOCTR TPOHHHA 34NMUBM HHTE-
rpaJ ypabHesna (3):

-
P {2 j e d
V== e 2 +Cy 4)
5, Ve (z ‘
UHDEIIBJIEHHHH AATerpad e %a da B ypaBHE HRH (4)
MOKHO MpeACTABATb = A N&
> 3
&E‘- Teo -x% ‘FY
...._._......dz =3 € _ xdx-= 2(7@("{); (4a)
Q ax

s @(-—ZE)

NoncraBus (4a) B (4), N0Jyd4m

V=3 % Uy, F”e"a" (":)*-Cl )

—~ WHTErpad BSPOATHOCTH l'ayccad.
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Ana onpenenenusa nocToaHuoft nHrerpaponakrs C, B ypaR-
HeHRUU (D) KMCHNDJB3yam JHOMOJHATOALHHE YCJUBHA TEIOBOI0 OQNaH~
Ca, M0 KOTOpOMY B JCof MOMEHT BpDEMAHH TNN0, HAKAMANBAAMOA
B pACCMATDUABASMOM BJaMaHTe, MPOIOPIAOHANIBHO padoTa TPaHMA

/1/:
t
Escr'l}da =(__wl ;&:n ) jl _!J.E_Q‘_th,gl-ﬁﬁc:n) W T w

ty (5)

NoAcTABAAA B (6) 3Ha4edns UV #3 (5), UOIYYam

*21:- | g
e g 7o, Ee o F )b m
+ %SC‘ ‘Z'C;da = “mﬁtm) Wra L o

O003HA UMM

M =Uﬁﬂ) WraTw .
Q

(:"u-l'
dusck Lw  ~ OeapasmepHult n1apameTp OTPA«48T X8PAKTEp
MIMEHEHNA TACOTH TOPMOXEHHA N0 OTHOCHTesbHoMy BpemennT=t/ty u

PACCHUTHBA.TCA M0 FOpMyIB Lw = WT , ros W, - Teky-
TO
G0 pUODTA Tpenusiy +  — TeKywas KDOPIMHATE BPemeHM;

4+ ~ 00JHO8 BPEMA TOPMOKEHMHA.

[lepenuiiem ypaBHeuue {6)

2‘2: H %Sreﬁwle EX*P(%E:)dE + @’S“'Ciao"‘ M,

KOTOPDE nocne DOD3HAYAHAH

22:\(‘1}7 2, bpety, SENS
% (1 )da =®LK{'§)

-~
[IpMMET BUll
7

Pu%(“;" ) rbee (i, -t

),
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OnpefeJidM [OCTOAHHY®D HHTEr PUPOBAHUA
o - B ()M
. Bgczn '

lloacrasup sHayeune C; 8 (5), ¢ yusToMm TEmAOBOr0 O&J&H-
cd, 0JIY4iam

ba (V)
0.3 o Oy ol ) 2 LR

25 N =c Tex &feio (8)

Temnepar ypy MNOB8PXHOCTH TPEHAA TOPMO3BHOI'0 LKMBA [OCJA
HE CJIOKHHX [peolOpasoBaHMil oapsjesuMm no Gopmyie

2 v, 2 AF e ) (F)

Q—J\Tﬂ) Wrn Lw
P\G(}Sﬁeagq ‘

(9)

3uech & rn PACCUMTRBAOTCA B NEpBOM [pulidxetns /8/:

i
d\Tﬁ = H.E,c, '3__!__ 3
&:C. V Qq

e @l,z ~ pasMep 9JIBMEHTA (IAph B HANPABJGHMAW JMHEUHOrO [10-
TOKd (MO HODMAJX4 K NOBEPXHOCTH TPBHUA C ydeTom ob /1/

Qop.4ysia NpArogHa B ciayuas, korma 0,6 < K, < I; ‘U3 3 wc;
Po 2 0,4,

>
~ ' "y -
Uw Haxomm mo gopayne Ul = (ax ¥ - 302 ), rueT=th,
- 0THoCSTEN Lue Byewmt /1y ¢/,

B Hpolecce TOpMOKBHAS B 38BUCUMOCTH OT UCXOAHLHX KDHUBHX
JPAKUMOHHOHK TaIOCTORROCT B pexuMa padoTH, 0T XAPAKTepa U3Me~
HeHAH yieabHOM Harpyska ( t& =congt , Y0 = var ) Bo3MOMHN
Pa3JI44HHEe BN M3MerdeHAsd paGOTH TpeHia Opd TOPMOKEHUHA [I0 BPeMBHK

/1,2,9/.

AHanus ypaBHeHAd (3) 4 (9) moKA3LBaeT, 4TO, AAMEHAA
Peoex » MOKHO JI'DAHAYUTE TEMIBPATYDPY {DBEPXHOCTH TDOHMA,
001L8MHYD TEMNEPATYPY M TEMNPATYPHRYN Clada~hf. Wi 3TOr0 HEO0U-
X0 AMO YMEHBUATE cpPEeHWL TEMISPATYPY NOBEPABO.1IK THEHUA,



IS

OpaMeHAA OXnaxiende. BHOOJHE HA® BTHUX YCJAOBUIl (I03BOJAST 3HA-
Y4TOJIbHO YMEHLUUTD TPAIMHOOODPA30BAHME HA KOHTAKTHOR HOBEpPX-
HOCTH TPOHHUA OPA IMKIAMGECKAX TOIOBHX BO3ABHCTBUnX /3.

Ipumep pacuyercra.

McxopHue IaHHHe: papa TpeHng CcTaJb B()XI‘CA‘ M peTKHAKC
QK"24-A-

X'-'-'(O.. !O\lo"?'m Q=105. ioc’” t ( 10)€ Vi, =100 C,

PaccanuBa:y BO3MOXHHE D'pAHMIM A3MEHEHWA 0GOOWSHHOIO
IAapAMETPa Z = *&

npa x ==L =0 2 no

apd X = 4 M#
_(1i0*)?
()l O0te

105 -1074(4...10)
aps X = O mMm

-3} 2

2 =002 oo,

105 - \0"b.(|...10) -

2 = O e
Min peanbHoro topmosza A =0... 0.

PaccyuTRB4EM TEMNEPATYPHRRA PpaiunelHT (3), NDAHAMAA MBK—~
CUMAJIBHIE 3HAYEHU:

npp zZ2 =4
qrad V= \1%0 ‘{f('o V) lf} - 200,
npy Z = 40
0 o) J10 7 _
[%rud’t}: !?SQ Q&(O ©) Vig =1O-

PacieT 1o §opmydie (V) Opud3BOLAM B clellywtiiem MoPAILKS .
NCXGHWE HdH:ibd,;
5 . 5
WTF\ = 60 ‘O") -D.m 3: 7'75 \O K.T/Mx : ﬂO-’-—"l“‘l Mxl
E\ - W
Oy = 105 10 & ™M¥e 1=0 30 Mo 0y = Ueh DmfeneC

0, = (170 D [W WG 4 = (0. 10)e Uy, = YOG



I6

UOOOIOHHEMA ApamMeTD £2 HAXOAUM KUK B Opesulyusm [paMepa.
Unpaiejsem :

€3¢ =1,73Ja,t =173 Ji05 106 10" =17,73 {0 >
b2ag =1,73 0.t =1,75\lo;,""i“"‘o-b"|o'F 3 {0 M),
h1n = = Q056
{4 17,73 485 L4 47,73 4GS IIOS lo"b' ’
3903 0,3 197

ups K = 60 .1, 52/1.37 2.0,44.109 = Ls.w““.
2’} 137,20, 44-103 [ e—‘/" (~15.10 30]

lp4 pacyere ‘Uw npusumaem U = 0,4, TAK KaK JUIA KOHKDET-
HOPO CJIY48A (JAHEMHWA 38KOH U3MEHEHUA MOWHOCTA Tpenns /I1,9/
P ROCTHrB6T MAKCHMAJABHOH BEAHUMHH B MOMEHT Bpemens & < 0,4

/Y

Tw =0,4(2~0,4) = 0,64,
SHA4YeHAA (P( ‘ﬁ—i ) " <D lﬁl/z) ~ RHTErpaJjia BepPOAT-
nRocTd [aycca BuOCupaem us radantm /10/,

[10 dopmys8 (9) Buddcidces 083pABMEPHYID ¢ p6JHI. (I0BEPX-
ﬁocwuyn TeMmiaeparypy

LT s A

056) . 60, 105 0,664
3+ 8 = Lol

» [ 4 [ & - ? -

3.2, PacuyeT TepMUYECKHMX HBOpAXeHWy OpA HaArpese
H OCTHBA&HMA TOPMO3HHX WKABOB

ULBHKA TOMISPATYPHEX HA(APAAHAK, BOIHMKAKNMX B TO[MOS~
HiX WKABASX 0ODA BLCOKMAX TeMI8paTypHuX IpalUeHTaX, d Taxkke Npu
DCTHBAHMM {OCTATOYHIA HANPAXeHAH) /4/, BARHA JAd BHOOpA HX
ONTUMAJBHIEX KOHCTPYKTUBHEX NapameTpon.

B npouscce KpaTKOBPEMEHHOI'D TOpMOXBHAA 9Qy 6HTABHAN DJYy-
OMra NpOHAKHOBeHMA Telna &, 3,  MeHBUWE TOJMIMHN WK4BA, [Iph
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OTOM [PMHUMACM, 4YTO TOMIIBDUTYPH MIMBHMETC, B HOBOPXHOCTHHX
CACAX C IAYOWHOR, Kdit B (0AYyO8CKOHEUHOM TEJE8 C HMCTOYHUKOM
TONAOBLASJI8 HUSA MOWHOCT B Q o UJHOMBDHO8 ypABHEHMO T8 ILIONPO-
BOJHOCTA B OTOM CJAYy4uds 4MEsT BAL

65‘15 =0 ’O‘A‘I?
2t a2 (10)

ypapieius (IU) yAOBJBTBODAST CJcI(YsaildM HAYALLHOMY N
PpAHRYHOMY YCAOBAAM

Rt| 3 abAi;D‘“ ﬂtzéldv*Q‘:O “"?u %=0,

M)(*.O\ =0 (II)

YoJwBin \II) HEOOXOMuMH M JOCTHATOMHU MJn peUBHUA RUp-
o peHLMa8Abiteroe ypashenun (I0) ¢ #cabadsvsanuss 00CCWEHAODIO

napaMerpa.
Tlopsxoua K Ce3pa3mapiins aoopnuuarau. 8 TdKMe 0003HAYMB

AV = r"’.—(—l—-)-———ti)‘t 1% A = at‘r*Fc;K‘Fjﬁj-
Q= Qt/ﬂt.lw B.=6‘“

ypabtigtine (10) u kll) MOKHO 3anucafh B Bajue

®A1) m; ( L2)
Dt Ox®
s B, aD+Q hpu X=0(2=0)
X (13)
AD(x,0)= ]
BROAR 000OWEHHNE DAPAMBTP & = K& /ut = le Y i
@epﬂﬂul&ﬂh§03 ypasHeHie ([2) OpejucTABAM Kak
AT dad
2 =
LlZ da‘ #'( fZ)-aEI- O (14)
Pewenue ypanienua (I14):
— - a -
dﬁv=°l&3i (15)

doD 2% . daD .20 &%

THE T da v
_'i},-_- je‘é %da'\'cz .




I8

Pawenune (I5) RmouaxHo ynunnaTBupurb ycaosasm (I3) opa

2=0: 20y B [aje £ ﬁ‘d?_}aﬂo+ca]+Q =0

T

PBUBHHB ypannanuna (I4), ynoammopﬂnﬂﬂru ycaoBuam (I16):

[' e&f'{ 2T )] Kh+ﬁ‘¥(;%)’m)

e
z

e“?(zr) L fetatde - “‘"S ¢

nuTarpan_raycca. TemnepaTypy MOBEPXHOCTHM HAr'DBBA 0M1p6 I8 UM
m (I7) npp X = 03

- Q
A 'U*H(t) Y SR (18)
e

_Hs (I?7) nosayumm ycraHoBubBuAicH nepefaf TeMI8pAaTypH

np# -t'-"'cm
Q
AV = ok (19)

[lpga NOBTUPHO-KPATKOBPBMABHHOM peKAME ({IpOlieCcC TOPpPMOXeHUA
HOCKHT DOPUOAMUYECKMH XAapAKTep: o4epellHoe OCTHBAHUE TOPMO3HOM
papH R[O TEMISPATYPH MCXONHOW HJAM BHUE RCXOHHOR, NOpHYem OT
TOPMOXBHNA K TOPMOXEHUNO [0CJA8HA. pPAcTeT. BpeMn OCTHBAHMA,
KRK NpaBMJIO, B HECKOJBKO DPA3 [IpeBHUIACT BpeMn TOPMOKEHMS.
Ompe lieAAM N3MeHBHRA nepenann TeMNePATYpPH NP OCTHBAHMKM, Ypap-
HAHNE (1<) MONKHO YHUOBJIETBOPATH CASNYIOMUAM LDAHIYHHM YCJOBHAM:

npg X = Z2 =0

Rtl.’l\gﬂv F\tz())lbrl) =0, (20)
X -
fpn 2 = C"‘:’( J"-'-"Q) ;
AV xO)“Nvu.
B3 (15) ¢ rpatidiaMy yeaoBaami (20), OKOAYATEJBHO
MOJLY LM

AV =

KLFM.+




I9

__Taunaparypy IOB8PXHOCTH OCTHBJAHUA ONIPEASJiMM [IPU yCJD-
Bad X = O:

Y A l+KE>L {W " ( <)

JHa.. paclpefie/ieHue nspenajia TEMISDATYpH [IPX HAI'peBe
(I6) 8 ocruBaHul (2I), MOXHO HANTH BOIHHUKAKUKAE TEPMMUYSCKAS
HanpAKeHiAa B TOPMOIHHX wKupax, A ONHOMADHOR 3alayu, acJs
[Ip8AO0J0XKUTE, 49TO MaTepua yapyriaig B cBOUCTBA 8I'0 18 HIMEHAWT -
cs1, 0683pA3MEDHNS HANPAKeHMA onps/siawrca /§/:

>_G(I-0_ . a0 - V{xt) (28)
EJ«.U._TQ 0,

$usudackn O PACCMATPUBABICA KAK OTHOWEHUS QAKTHYEC KA
REACTB ysllidX HulIDAMBRUN K HAOPAKEOHMAM, KOTODHE UM8JY OhW MECTO
Opd NOJLOM CTE8CHOHMKM TONIVBOIO pPUaCUMdpeiidH,

ba3pasMepHoe HanpaxkeHss Ha JOOOR TOMMHE [VIACTUMHKA
(WKKuBa) npu Harpens ﬂﬂpﬂnﬂﬂHBTCH no ¢opMye

L [l e 2

nmpy X = 0, T.6. ﬂa [I0B8PXHOCTH 'romo:auoru HKABA

3 - B +_.:l__ [?_ri E“E "’Hg}f)l" (26)

mmX=i 2t L

~ RS
N __e ’ PR
62"" EE LT (1 ) 26)

CUOTBUTCTBEHHY TeMUBPaTYPHO8 HUANPHLBHNE lIPp4 OCTHBAHKY
HA [OBEPXHOCTHA WKUBA (X = ) oyuaT

>*  _kbBe e
= &R e tﬂl +4§t (d?)
6""“ KBL+ [{ l ‘-
apu ;(L-:L _1_
a;, - 9 __( KB‘-,____.__. )(l_e‘l;&q) ( R8)
2001 {aFﬂr (B + 2= *
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H3 ananusa ypasHerail (25) R (26) BAUKO, YTO TBMIAPATYp-
HHO HANpAXeHAA (npn HAr'peBd) HA NOBEPXHOCTA TOPMOIHOI'D WRABE
NOYTR B A8CATH DA3 NpeBLIAKT BHAYEHMA HANpAXeARH, BO3HAKAKLUMX
3 6ro TOJMURHE, UHKW JOCTHIrADT MAKCHMYMA, 6cJ/M fpousce Tenjao-
RIOJNDOBAH (En = () # papHHW HYJO, ROT'HA TOILIOOOMEH COQKOHe-
qen (B >~ ), CymecTBeHHO® BJMAHME OKA3HBAGT HA OCTHBAHAA

KpATAPHR PL , 0COCEHKO ¢ YBOAMUBHUAM NPOROAXKATENLHOCTH TOP-
MOX@HHA, .

BaNMRGUHHE TEpMAynCcKnX HAMDAKSHKHA KA NOBBPXHOCTH T IO~
RHHGJIGHNA NpM OTCTABAKAK MOYTH B MNATH pA3 CGoNhLEme, 4eMm B (10Ji-
HO# TOJMMAHE TOPMOIHOLD WKURA - CM, \L7) R \cu). UHA noCcTUranT
MAKCAMYMA MDA MATEHCABHOM Temiooomefis ( By ) u MUHAMEN b~
i, acim By = 0 ,

ipamep paocdera,
Hoxomuna llainne:

Pm_
Rt ::HHM"" “‘lz"‘ﬁzﬂ ?") = ) F;TTP(iB
1.
]"33 E:m i =105 l(_)" M- ,. t =5c
M.C ’ (>
Bagucine . .
Bxp= 1,73 105 G 6 5 = 125 10 M

B - Go 125 !D____Om

38

v "_:_E - !SLE...IQ_E#Eu =0 5’1(;:)
© (125 10 3)? ’

{52
K= 4— ={3

N

SHaYanne g yHrimn omnooK Fayrcaeftf BHOAPSAM U3 TAOMULM
/10/ .

QMpe neJiqeM (OeapA3MEpHOE TAMIIBPATYPHOS HAMPAYCHUE HA [0-
BOPXHOCTA (IKHBA [Ip§1 HAUPOBE (0

AL 1 0% é_a"a*rag)-ﬁe% (2 i.:-zga_
“

152 0024 5"“
ﬂﬂﬂl()
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Onpe s iges 083pASMEPHOS TeMNEDATYPHOO HANDAKSHM® HA OB~
HO#l TO/MMHS mpa HaipeBe (26):

¢
2% . & 03% “ho3%
62“ {+1{33 0'02‘,51“ 0'555'( i —-e ' ) = 0,4,

TesneparypHos HagpAKsHieé BMA OOBEPXHOCTH WKUBA OPA OCThH-
BaHuM paccaurass 00 opuyse (27). Tak KaKk BpesmA OCTHBAHAA
t =I5 C, CHAayaJia HAlnem

a,.f - 173 {5 o€ s = 247 107 M,

- O 2!7 O3 =003M ,
T ncn553§1s \S
1t =F, - = O,321.

- A\e
Torma (2!1 {0 s)

= 1 33 002 H O3

p i
Sioer = {33 OO +;[é"‘?({_e )+ei%(2\50334 )J:O'ﬁ
3 14 O

TemilePaTypHRA HANPARGHAA HA MOJHOM TOJILEHE WKARA ipd
ooruBahnn (28)

) ) 133 O0OM :
#* -
S

200y
oM | ‘ J 314 DAY

PacysTH NOKA3WLAKT, YTO HAKOOJAbLWWE TOIJIOBNE HAIIPANKSE HAA
HCILTHBAST NOBEPXHOCTH TpoHuA. LMKINYOCKDS N8Ucrrye TOIMIDBRX
HArpyXeHUR NpUBOMMT K YCTAJOCTHHM HAOPAXAHMsM, [IJpk 8TOM pao-
WapeHde OOBEPXHOCTHHX CJHAOEB BH3HBAST HAIIDAKSHAS CEATHA, KO-
TOPO@ YPABHOBEWMBASTCH PACTACKBALUAME HAPAXSHAAMA B LBHTPEK b-
HOH qacTd, BciasicTBAE CABAra [Ip4 CKXATHA MORBT DPALTpPECKABY-
THCA NOBOPXHOCTH, Haikndosse oNacCHHWE BULX paspyustiusa fpeicran-
JABT DA3BMTUY IpEidHE BO BHYTPEHHIOW DACTArMBAMUYW O00JACTS,
Korna WKAB OXJIAXOABTCH C [NOBOPXHOCTHA CTECHOHME HADYKHHX CJIO8B

BH3WBAET pacTAxkeHHe, PazpylieHHs [IpA 9TOM AHUIMUDYSTCH I'I8~TO
HA [OOBBPXHOCTM HJM OJM3KD K Halt,

3.3. 0OTAMANIEH08 yNpaBJ/6HMS TOMNJOBLME [IPOLIS CCHaME
MPA TOPMOX8HRM

JUig yopasJeHMA OPOLBCCOM TEIJIOBHIBJSHUA NPH TOPMONXEHEM
HeOOXOLAMO B pPACYOTHOR MOL8JIM YYMTHLATL OXJAKA8HI® A I'DALMSHT
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TOMNEDATYpPH KAK BO3BMOXHHE MNPAYAHH DACTDSCKABAHUA MATEDHAJA
MRABA.

CocraBum mdpdepoHIMaIbHOS YPABHOHUE OalaHca TamAa map#
TOPMO K8 HIHU

Rdt ~cmda® + F\ta‘él ,ﬂ)dt} (29)

OTODHA NpupalleHids [epsnala TeMNepATYPH HMAET BMIQ

dAD _ Eiv'-'n" (Q...F\_tlé' A’D’) (30)

C Apyro#f cCTOpOHH, TeNJ0 Np# TOPMOXOHMR ROAT HA HAI'peBa-
Hde TODMO3HOR CHUCTeMH M DACCEHMBACTCA B BAAS TenaooOmsHa, 04~
AAHC KOTOPOI'0 MDXHO 38MUCATH KAK

Q-Ru8 sV = Auyd (a@h.? : (31)

lpanas uacTh ypapHeHua (3]) oapenesnsgaT Tenap, WAylee B MaTe-
puan mKupa H8 ypeauduyeHnd 00B8MHHX TeMnepaTyp OpA KAXJIOM TOp—
MOXGHBM, Aia NpeAoTBpalieHAA PACTPACKNBAHMA 8r0 OT TepmHyec-—
KAX HAMNpAXsHAR HEeOOXOLUMO YCTAHOBATH MAKCHAMANTBHYO BeJMGAHY
rpalugHTa Temneparyph, TAKXE 3aBACANEro 0T MHT8HCHMRHOCTH Tell-
JIOBOI'O [I0TOKA,

Takim 00pasom, MHTOHCHBHOCTH TANJOROI'O MNOTOKA CJAYRHT 0C-
HOBHuM 08DAMETPOM KAK MDA HAD8BJHAM MaTepuasia, TaAKk B BO3HMK-
HOBGHUK OOJIBWMX TEPMATECKNAX HAnpaXaHu#t (B ypaBHaHne BXOIMAT
rpafieHT TBMI8pPATYPH) , KOTODWUMY C8JyeT JAPABJATHL PHA TOPMO-
K8 HAA ,

Juia TopMo30B, paCoTHIOWNX B IIORTOPHO-KDATKOBPEMAHHOM pe-
RAMS, HBUOXOUMO OIPEIEJINT 6 MAKCHAMANBHYK Beanuuany & , mps

KOTOPOR BOIHNUKANT MAKCUMAJIBHHE TAMNIECKAE HANMPAXOHUA, BH3H
BANUIME TpeunnooCpal30oBaAHAE,

IloJHar pacoTa TOPMOREHUA PABHABTCA CyMm4g padoT nmocTyna—
TAJIPHO W BPAUATOJIEHO JDBXYNAXCA 4AcTel cucTein (HANpAaep,
TOpMO3A GypnBolt seOallkK) .

-G vt W
W ""'Ei"" “'5""" ]11_); *'(')",

-



|
e G:GJGN - oOwudd pec, neforByoua# Ha Kpwk; G, - B8O
TaJeBoll chacremu, Typdodypa & JBI;G N - Bac OypuUABHOLO HMHCT-
pymenraV-cKopocTs Kpika; Ll g - MOMEHT MHepusu OApAGAHHOID

bdJd OypoBul .ueda,u.nm.@ - yrjosas CKopocTb OapalaHa; N -
YACJIO CBOYel, ONyCKRAGMHX B CKBREUHY,

Ilpy ycJioBid, 4TO BO BP8MA TOPMOXBIMA BCA paCoTA (penpa-
WasTCA B Temao, W => Q » COCTHBHMM YpaBHuHKE TEMNJIOBOrO
dasancd

oy

rae Muw -~ macca mkuBa ¢ yyerom B¢QEKTUBHON TOMUMHL [IPOHMK.-
HOBEHUA TEIUIA,

B ypaBHeHUW ylIpaBiuieMoro 00bEKTA NpUHMMHEM 38 yNp4B-
Juoumit 18 pamaTp %'QE*Q s yudTuBaa (3[) B {3V}, uoayuum

O
dal . By i, 2a0_ g'a___t_i!?_’ = U 1,2!{) , (32)
at am L ‘O

U i A/Qm
CocraBi JdgepeHiiMd/ibH08 ypaBHEHME TEILAGIIDUBOUROCTH
JVIA HAJMHIPKHY8CKOI'0 WKABA

r eNe " rae -
ba'D‘_ (l oAl 650*4_2__{}_1&2‘_) (33)
ot T L ol Das
C HayaJlbhura
QPU‘(HL,ET,C)) =0 ({34)
U DA Hl]“‘l"R )
(
SR - L-CANE TGN I & )
Ly oL b

YCIAOBAHA, KOTOpHE HEDOXDUMMMH B AUVCTATOYHMM R4A ol'L pPEUBHWA
G WUCIOJB30sdHMEM 000CUEHHOD0 (1ApaMaTpa.

BBOWH DOOCWBHHMA (HpaMeTp X <T° *éj ypdabrauny ( 33)
HPUBS 98 K BRY Cl{

: 0o \ 36}
iy A 4,{(;;+)t> d 8¢

X
B
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Pemenine ypapHeH#ss (36) NpejCcTaBAM B BMANS:
, - 4

dal _ o %% 3,

dx X

AD = Cije{— 3d)‘(“'”‘:a.

Tagnmm o0pazom, 00o0usHAHU napamaTp 03BOJAST BMECTO
yeTHpeX IPAHWYHHX M OLHOI'0 HAYANBHOID ycJoBU{ OPPaHMURTLCA
JARMb MiMH (34) u(35), HOoTOpHE MpelncTaB)IABM B NUJA

et | 2R _’eﬁ’ k_pj{ "x%dx# t%, (38)

(37)

KE";. = Qtaa;g/ Qti J\

U3 mepsoro ygfnang (38) onpa e nium
TN

a NOACTARJAA BTOpPOS8, [OJYY MM

QR
C, = Ay ]
| . 222. e";’:{ m-‘q"; EE-
.. N
R34+ 22 {Xo o
. = B2t 25

o - - il S

dt

HecoGcTBBHHHMK AHTEL PAT B DHPAK8HAAX \i?.ﬂ* H 4U) apsi-

CTabsM B BRIE u a2 28 . ,ﬂ...,,
m'a_x d){_ze \i(ﬁ L‘ dz =&= ’&Q f ( )41)
E oy :
rAe Moc/e iy n?gHTBFtHH Lay?ca, KOTOPHY iA[Iilam

- } ]
2 )\ ez --m*e Qj.é’:) (42)

s’

WA GOJIBMMX 3HARCHWA 4pl yMedTa JyRUIAK (i) [ A3I0%M
B PAL M ¢ HOCTATOMHON TOYHOC ThY DPP IHAYBMO A JIMIMA 8T I8 H 3 Al

A
ofe(B)-2 212

Tka

- (40)

r'ne




Q
Yudrunad (43) B pupaxevun (40) u TO, 4TO R » 2y
YIDOOTMM SHaYcHUE CI

x.ltl - Xof
QR \rxn 9___..... x‘. i x:"jg_._,_.
——r’:‘""— 2\ B, HQR{J\ (x.*f.‘Zh:En) ’

(44)

HoZcraphs {44) b (37) nocne HOKOTOp WX OPEOODU3DBAHMN
[OJdyddaM ypabHenus [P yOopas/buwed ¢QyHKIyY

dal _ A4y 4 2a . _QuR_
el e er(R2 +22+2¢ Bat ), (45)

Takus o0pa3oM, METO/A0M TepMOyNpPYLdX OOTEHIMUIDE N8DaME-
WeHuld O0Mpeidc.i8Hd QAA KbBdIUCTETMYSCKOI'0 CAyUEH T6n[I€PHTY PHHEE

HANPAKBHUAA B HAPPOTOM LPMJMHIDAYS KoM TIJg8. YCILA4HOBABHO, YTO

paCTPOCKUBAHMAE MATSPDUAJIA [IPOMCXOLMAT NOU HKOACTBASM MHKCAMAL~
HOM pa3HocTd HA HKeHME, KOTOPWS MUMET BHUJ

(’xi -6“_— m’r-l( (AD Q-ff}}”). (46}

JAN88 DPELAM LEADUALMONLY BAIdYy, (103BO0AHMY 0 OSIPEILEJMTL
MATEMATHYSL KLU QM OPUTM LA Y IPABJHIEA Py HKLMM U(Jt , npa
KOTOpOM OOSBKT yNpaB/sHUA M3 Hauaibhoro (npa t=0 U=l )

N8 eBOAMTCA B HEKOTOpOe KoHmyhow (npu t«t . §U=U¢) nouo-
KOHAG M JHET mdHUMYyM MHTOrpdJd

3, = [V (V)dt (a7

lIpd OLpalid48HHOM BHAYUHAY MAHCHMAJBIEX TUPMUYECKMAX HAO-
DAKE 14U (uannepuuevpuuecuaﬂ 3anaya )

g, = B2 (e_"?__ - de®) gt < &

L. X adx {48/
[lpeiic canB I'pALUBHT Temaspaiypd  (40) B BAUg
dal _dsV  d _E dav . o/t
. pye 'a:)t(' X .—Lﬂ.:—m XU( ): (49)
C yYoTOM HOBUX KOOPUAMHAT 3dldiles
dav 'U({)'Sl ‘1
dt (50)
A Ky (A'I)’-LLU)"Sz
dt £ X :

(-
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Tax KaKk BCS ypaBu@huAd (50) AnHeRuue, COCTABHM QyHKLMA
[anaprona / 6/

H= 2> ¥ §. = v, UM +¥s %‘ (w»w)+ l}lsu’(t) (61)

B OTuiueM o8 3&&1'92:3.)11:!106 JIH8&YOHMRS :

X :

Fom= W 25 r2 0 V) -0, .

H“"(M‘—*‘ wuc*t)' (52)
U( T \2Wsy T 2w, e X

®
o (. \IJ —~ CONPAKBHULG (yUKIMK, OfpaleangaMMe K3 H(r] ADaH -
IMANABHROr0 ypanheHus

d Wi >
= 2 3 V.. \ 53)
t L DX,
Ero pauweiiss npﬁlfCTﬂluHi R BHIO:
w-l '_c; . wz Oﬂ:_*:__ '

_f—__-nﬂ"

2*!(‘1?*?27) |
wz = Cr‘; = Contt (54)

Yy = C, = const
YUATHBA L (D4) R (L), 00 ynm J(
' g 2 y,ak*t? 2
IR XC LSS S/ L. SO JETUY P
U({) 2%’; OWy(n?rat) Ot 24y U2} t t

rae C; # C_ - AOCTOAKIWE, OllpgdesileMud M3 Bupasednn (45)
npr o= U U=y, M ocooTRATCTRIBNG = Q.

U, = QotR 86)
° cm(R24+2%) (
M8 hmi o PpanbHary CODTHOMS Wit \4H) ¢ yustTom \ Hhh) pac-
CYUNTHEM t \
' 5
.- B0 [ u(t)dhlU(t)]{dt:%,‘&.Q_Lr C.*C&{:z,—)
3 (e ARTVUTT: X §7)

o
U8 coorHomeHUA tSh). (H6), (H7) ualtnem 3HAY HAG NOCTOA
HH X Cl ! Lf':
- C.‘ - QE:{_ g..._- ——— \w)
cm(R* y24,))
(' k 5‘231“1" ‘ s
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. L EL
v X, = T
1 3

JauTuban (Hu) & (b6}, noiyuam

o) - S [1-3(8) A5 el | o

C Oomouby ypabHeudA (59) onpesusueM OTUMuibLind TEILAD-

OTBOA UPA HAUDEBO TO[MO3HMX Oup U TEMUSPATyPHME (PSRGAM (DK~
MOHMMOCTH CHOAALOS ARA N3IIOTOBJoHIN WKMBOB.,

C oToll AL SHAYGHES yupaBAAUWEH ¢ yHKLMH, T,.8, CKODOCTH
HAr'pesa U(i) 43 (89) DOROTALUM B (47) R HARUSM MUMHMMYM RATE-
rpaaa, ¢yHkls, 00acneuMBLILAR MAIAMYM HHTOI'PAAG, NO3RA0ANST
OUPeJSAMTE ONTUMANDHIA TEOJOOTHOL NP Hal'PEBE TOPMOINMX DAD,
TOM CRMilM yMOHBUMTL CKOPOCTM HAIPOHEG HCOOALIYyOMUX MATOPNA-
AOB 4 YMOHLAUUTDL TOPMOHANDALO HUA,

Jiam yAOOCTBA DAOYETA 000IHAY UM

D= R BlWZQ X 'U({)-D['“%%(i*a-b)],

Cmn Qaiiﬁ ) Qn "ad ) 3 Ett

Torua U({);(J*th)p-
(logcTasuM sHaYeHMS U({) B (47):

.- [ ve(t)at = (1o pejrvet DRk 2RSS

{ex))

o L~
B npumepax pacyeTa MCNUALIOBAAMCL MEXBHHUECKHE XUpPBKTERML
THKW cTaneR, pexowmeHHOBE&HHHX B pudm:e[ 7] . G50 (ara-

A0H) C [_}penwmu APOYHOCTH &, = 7-x107 Tu; <oalCld - &, |
a 74xI07 Ma; ISAHMY - O, = 85xI07 Ma; Wxakd - G = [0Ux10'lla.

3HAYEeHUS MAKCHMAABHO JOyCTAMOCU TODMMYSCKOIO HAUPARS-
HUA BWOMpAJOCH [UiA KAKIOLo MaTepuana M3 capasodnaxa [/ 8/

AAH PACCYMTHBAAOCH {10 QOpmyJid

Z:t :?E AL s
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HSBecTHO, 4TO MIMEHEHHE TOMNEPATYPH HA MOPBPXHOCTH TOP-
MO3HOI'0 UWKHRA HOCHT IMKJMYeCKAN XapakT8D R 3ABACAT 0T YUoJA
CIIyOKO-N0A%EMIlLX Onepalinit, B HA4Y3JI8 coycxa ee mpupameHns He-
IHAYATENBHD. [IPADPOCT TBMNEPATYPH YBOJNAYNBABTCA C yBEJUYBHNEM
APBMBHA TOPMOXSHKST, OJIHEKO TENJA0BO8 DABHOBeCMs HO HACTYHIABT
BC/8ICT B8 OJLHOBPOMBHHOI'0 YRAJKWYBHUA TEJICOTHAYW M BOIPACTA~
HUA pAaCoTH TOPMOXSHNA B QIpolieccd CIHYyCHA,

[loaydeHHAR ynpaBaaowasa gyHruwAa (59) onrmmusnpyer ren-
JIOOTBOA I[P HJI'P8BE TOPMO3HHX [18p; BHABJABT Temi8paTypHHA [Ipa--
A8Jll OPUMBHAMOCTH PA3AAUHHX CIIIA&ROR, M3 KOTODHX R3ITOTARIA-
BAPTCA WMKHABH,

[IpuBafam pAMED pacY8TA MUHMMYMA RHTAIPAJA fjfi no dop-
mysne (60}, Hexomuwe HanHuE:

Qo - GO 10w R =0726m C = OHY IO ym fkr 1pad
= {40kr 7 = o@qsr« a=10% 10 m¥e,
jb = } 25 o7 oc E =285 o*la ty =0

+ -(OH ) ,ar Q230M ju_oia%.

BH4MCITiM 3 .5
Lq p 4 2185 107 125 0 168 &7
- M |- 0,35

2.
X, = N2+ 2% _0eQB 200 540
at - 4Df3|C) 10

skl ShuaE Batbant b

D = 80 QY 0,605 ,912_2___53*___.._58_:&1{3,
T oMY O3 (072551 O

2 2y §10°

3
B = 60 ‘05 68 ‘Oﬁ D&Q"S 0,325 o

925’-{-62(!*32%‘5) =056 q

3 . ¢
O )4 ﬁl—) -1 6 \O
Jy :.348’“(10 2 OH6 = + 0,26 |
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GO 10”188 107 0,605 G125 10
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[—\ = 2*-*'-6? (i" 5 2%8) 0’64‘*

_ 2| 1 . 5. 10” 2 107 ) STl
3= sus2(10-2 064 121067 120 ): G5 (08,

Rag maropuais s, ke

lOC 1O oMY 103 “4(04%2@35 2\ g0
B - """—"-——'—-—-‘E—me,,",l —_. ‘ ED D =
@O.10" 188 107, O35 O+25 (O ‘)

A = 2 ,({* 3 5‘)):0,30,

2 10° i
b s O ]
J, ﬁ&qa*‘*(lo 2 O8O0 LC{- + (R0 E“"]:*:-Q%H-'W
Y ; :

MuHUMYN QyHKLIMH J1 «Becneunsaet mMarepdas wapku 30XHI, npw

HAarpeB6 TOPMO3HLX NAD KOTOPOI'0 O0Ay4aeM O 4malbHul Terio-
OTBOA. TOM CAMbM yMEHbWIEM CKODPOCTH 6P0 HAl[:8B& H T8MOHADN-
PsXE HAS
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OCHOBHLE OBOSHAYEHWUA

G KOJMMueCTRO Temaa TpeHas, Jx

C YHoe bHAs TEIUIOBMKOCTH MaTepaani, J&/krlC
m MaCCA WMKUPA, KI |

A% [LIOTHOCTh Ma'ragua.na mKABA, KI/MS

Vv O00vem WKHBA, M
AV llepenaf TeMnepaTyp, °C
'U*(*l;t) Texkywaa Temneparypa, °c

o TesmnepaTypa cpefid, °C

vﬁP CpelHAas Temneparypa, °C

Bru TemnepatTypa B paccmarpuBaemolt Touaxs, °C
eV [panseHT TeMnepaTypu, CC/m

Dyex  T6XHOJOTAMYECKAR Temmeparypa,

DA 2 [paleHT TeMmepaTypu Mo paimycy, = (/M

Rﬁ TennonorJjgomamuaq ROBEPXHOCTH, Mf

p.il UXJaRBAUAA [IOBEPXHOCTH KNRD, M=

Ra HoMUHANEHAR [LAOUANLL TDEHMA, "

o KO3y ALIMEHT JMHENHOI'D pPIClLHP8iHis

dn KoadRIMEeHT pacnpelis /IsHAA TEILIOBHX POTOKUB

A Koagd MUME HT TENAONPOBOLHONTI MATADHANA MKUBAE,

BT/M°C

n Terywurid paanyc wrRpa, M
2. Kooposnara (WApnHa WKARL), M
QL Koodd AINEHT TemnepaTypolpoBOIHOT T MATEPH 34
MKMBAE , Mz/(?.
R HoMuHa/bHH} DALAYC WHARG, M
B Kparepult buo
&‘3 donyckaemos Hampaxenne, [la
Gy Panua i lbHO8 Hanpsxawue, lla
beg TaHreHuuanbHoe Hanpaseuss, [l4
| aud Koad] miment oGneminit medopmumn
& Moayak ynpyroctTn, fla
j}n KoaddmiimeHT JUHARHOR Tepmiuer KOR ledopMmAarig,
O
" KosdduunenT [yaccons
U(L) ypanasomans JvHriwdg
by Bpama TOopMO» YHlg, ©



3]
ol 4
lLw be3Spa3mepHanR KOODAMHATA BPEMOHM
o1 Bpema ocTuBanMs, o
{y  KOBQQUIMEHT TEMIDOTHAUR, LK/ CH

gw OppeKTUBHAH TOJMUMHA NPOHUKHOBOHMA TONL4, M
Wyn lonHan padora TOopmOxeHud, [x
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