rABA 3

SMdEKTbI TENJIOBOIO YOAPA
B UMNYJIbCHbIX PEAKTOPAX
HA BbICTPbIX HEATPOHAX

TensioBbiie/ieHHe B HMIYJbCHbIX PeaKTOpax Ha OLICTPLIX HRHT-
pOHAax camoracsiiero AeficTBHS HACTOJNbKO HHTEHCHBHO W HPOHCXO-
JUT 3a CTOJIb KOPOTKOE BpeM$i, 4TO pacCllipeHHe MeTajid aKTHBHOM
30HbI HM3-32 MEXaHHYeCKOH HHEpIHH OTCTaeT OT POCTa TeMNepaTyphl.
Yacrb TenJaoBoi 3HEPruH HMIyJabca npeobpasyercs B 3HEPruio Oc-
HWLIALHE Tormuda. Bubpauuu cTeb 3HAUHMTENLHBI, YTO HEKOTO-
pble peakTopbl MOcJe BCOBIIKH MOLLHOCTH JaXe 3BeHAT. B 1yTKy
MOXKHO cKazatb, uto HMPCJl nomgo6GeH KOJ0KOJY BBICOKOro TONa
(uactora BHOpALHil — HECKOJBLKO KWJIOTepIl); poJib $13bIKA, HHM-
[HHPYIOLLEro 3BOH, BbINOJHAET OycTep peakTHBHOCTH.

B nyabcupyiomeM TOMJIHBe BO3HHKAIOT MeXaHHYeCKHe Hamps-
JKEHHsl, KOTOpble HAKJIaJblBalOTCs Ha TEepMHUecKHe HanpsaKeHis,
BbLI3BAHHBIE TPOCTPAHCTBEHHOH HEOJAHOPOAHOCTbIO TOJSI TeMmmepa-
Typ. Cymmapuble HanpsizkeHHuss B HHTEHCHBHBIX BCIBIMIKAX JOCTH-
raloT OOJIbIUNX 3HAYeHHH, a MHOTJAa H NPEBOCXOAAT Npejesa Mpou-
HOCTH Marepuana. Bo mHorux cayuasix Obliim  3a()MKCHPOBAIbI
MOJOMKH OT/EJbHBIX 3JEMEHTOB peaktopa N Jaxe paspylleHue pe-
aktopa 6e3 BO3MOXKHOCTH €ro peMOHTA.

ITocsieioBaresbHble CKATHA MW paclIMpeHHs TOMJAHBA MPOOJI-
KalTCsi, NOKa 3Heprus Kosiebauuil He Oyjer norJjouleHa 3a cyer
BHYTPEHHEr0 TpeHus; OOLIYHO BpeMsi 3aTyXaHHsi COCTABJsET le-
CKOJMbKO MHaaucekyHa. Ilocie 3TOro ocralorcs JMilb TEePpMHYECKlie
HanpsiKenusi, oOycJaoB/AeHHble HePaBHOMEPHBIM HArpeBOM, TakK Kak
Tenjionepejsaua 3a Takoe KOPOTKOe BpeMsi HEeCYLIeCTBEHHA.

¢ dexkTel TENJIOBOro ylapa OULYHIAlOTCH H B peawropax lie-
PHOZHUYECKOro JeilcTBHS, KOT/lla HarpeB TONJHBA 3a HMIYJbC 10-
CTHTaeT HECKOJbKHX JeCsITKOB rpajlycosB.

§ 3.1. KAYECTBEHHOE PACCMOTPEHME ABNEHMHA
TENNOBOIO YAAPA. METO[bl AHAJIU3A

Bo3bmeM cBOOOAHBII TOHKHI MeTaJIHUYECKHII CTepiKeHb Orpa-
HHUYEHHOH aauHbl L u Harpeem ero mrHoBeHHo Ha T °C (paBHOMep-
HO No ajauHe). iHHA CrepiKHS [OJKHA yBeauuutbess Ha %TL,
O/IHAKO CHJIBI MHEPUHH NPensTCTBYIOT GLICTPOMY paculnpeHHio. 3Ha-
YHT, CTEPKEeHb B TeEpPBblil MOMEHT OKa)KeTcsi Kak Obl B CXKATOM
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cocrosuun, u aepopmauns Gyaer pasua —=I. Ecan crepixenb
ynpyruii; TO B COOTBETCTBHM C 3aKoHoM [yka B HeM MOABATCA
BHYTPEHHHE HanpsKeHus CXKaTHs

o, = — ExT.

OjHaKo Ha CTep)KeHb HHKaKHe BHEIUHHE CHJbI He JeHCTBYIOT, OH
N006eH NpyXKHUHE, KOTOPYIO CXKaJjii, a 3aTeM ObICTPO  OTHYCTHJIL
[lpn paclmpenui cTepKeHb M0 HHEPUHH MPOCKOYHT  MOJOKEHIE,
COOTBETCTBYIOLLEE PAaBHOBECHOH /LISl TeMIepaTypbl T, naamie
L(14+xTo), n pacrsinerca Ha u=2xToL. BuyTpennne HarpsKeHis
CXKATHS CMEHSIOTCS PaBHBIMH PACTArHBAIOUIMMH HaNpAXKEHHAMH, H
cTepiKeHb HAYHeT CxuMarbcs. Tak BO3HHKAIOT — OCUHJISLLITH
CTEPIKHS, HaBEACHHBIE TEMJIOBBIM HMIYJIbCOM.

Jlns OUEHKH TepHoja OCHHAJNSALHA  PacCMOTPHM MeXaHHue-
CKYI0 MOJ/leJib CTEPXHsI B BH/EC TPYXNHHBI C COCPe0TOUEeHHOIT Mac-
coit (TouHee, MpyXKHHbl ¢ Maccami Ha oGomx kouuax). Toraa ee

macca m=Lp/2 (npuBeseHa K eIHHHIE MOMEPEYHOro  CEUEHHs),
A

nanna [=L/2, a xectkocth k=2 E[L. Tlepuox xoneGaHuii Macchl

= 2ny/ mlk = aL/c.

NpOJ0JbHONH 3BY-

3nech c= V E/p — CKOpOCTb pacnpocTpaHeHus

KOBOil BOMHBI B MaTepHaje CTEepMKHs. JHEPrus YHNpyro CKartoii
NPyKHHBI, OUEBHJHO, PaBHA
P
T kupae BT ETL
yap = 2 = L.2.28 4
MaKcHMaJbHYI0 CKOPOCTb YACTHIL CTEPKHSA-IPYKHHBI NOJYYHM, Mpil-
paBHSB YNPYrylo HEPrHio KHHETHUECKOIl (Esam=mv3[2):
mvt  ExTL
2 4 ;
Ortciona
v—cnT. (3.1)

[lycTh Tenepb HAarpeB CTepP:KHA MPOMCXOAHT HE MIHOBEHHO, a
aa Bpems 0. CKOpOCTb YAJIMHEHHS CTePKHs JI0 PABHOBECHOTO 3Hi-
yenusi 6e3 yueTa HHepUMaJbHBIX CHaA paBHa, ouesuino, x=TL/26.
Cae0BaTe/bHO, BAHSIHHEM HHEPIHH MOXKHO npenebpeub, KOTjia Bbl-
MOJIHSIETCS HepaBeHCTBO

®TL/20 & cxT  nan
IToncraBasis B cooTHowenue (3.2) JaHHble, XapakTepHble 1A

UPCI (L~20 cm, c~3-10° cm/c, B=4-10° ¢), MOKHO YOeNHTDL-
¢si, 4To OHO He BbinosHsiercsi, OObIYHO JJIHTEJIBHOCTb  BCLIIKH

0> L/2. (3.2)

MOULHOCTH B peakKTope OKa3bIBAeTCs MeHbllle HJIH nO:me_u:ZO_u_ C
NMPOJAOJIbHBIX

NepHOAOM €ro cOGCTBEHHBIX ynpyrux — KosaeGaHui.
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Hcnoab3ysi M nagblie MOAENb CTEPXKHS B BHIE TNPYKHHB ¢
COCpPe/lOTOUeHHOH Maccoil, mojayyaem OoJiee jeTajbHOE COOTHOIIC-
HHE MeXKJy HHepPUHAJbHbIMH HAMNpsIZKEHHAMH H  JAJHTEJIbHOCTHIO
BenbiKY, [TycTh HAarpeB CTepKHS MPOHCXOAHT MO 3dKOHY

0, ewmn t<O0;

Tit) = w (1 —cospt), ectu 0<t < i (3.2)
p

T,, ecan t> n/p.

3nech noaHas JUIMTEJNBHOCTH  HMIYJbCa
0=mn/p, a sneprus umnyanca pasua T.
YpaBHeHHe JBHIKEHHS] TIPHBELCHHOH Macchl MOJYCTepPKHs

mu -+ ku — ExT (t) = 0, (3.3)

raie ud — OTKJIOHEHUe MdCCbhbl OT HA4YaJbHOIO MNOJIOXKEHHS, a OTpH-
[aTeJIbHBIH YJieH — CHJla, pacTArHBalomias NpPyKHHY, 3KBHBAJEHT-
Hasi BHYTPEHHEMY HanpsiKeHHIO B CTEPXKHE MPH Harpese.

Pewenne storo ypaBHeHHs C HauaJbHbBIMH ycaoBHAMEH =0
uu=0:

MOLIHOCTH  peakTopa

_|n9mb~+ | ?Om@&'OOmEC npu 0 <t < h“

2
2 mAS l_v
p?

R~

gt _+u_li_+8we|:v8meﬂnl|:v|
4o MAMVI_V \ p \ p
p?
— sin 2% sin [ .IM.Z npH e
P \ P P

3nech ug=nTL/2— cratnuecKoe nepeMelleHHe KOHILA CTepIKHS;

»* l.x@i =4E/pl? o= 2¢/L.

Hanpsienuss B cTep:kHe paBHBI CyMMe YNPYrHX CHJ H CHJBI pac-
TSUKEHHST (MOJIOXKHTeJbHOE 3HAYEHHE ¢ COOTBETCTBYET pacTsKe-
HHIO) :

o = ku— ExT ().

Jlns oTHOLIEHMST HANPSAKEHHS! K HANPSKEHHIO NPH MTHOBEHHOM
narpese oo=ExT; nmeem

I — t
i e g
h[ Uy 2 p
a
I G aa t>Z.
L) P
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Ha puc. 3.1 npuBeieHbl 3aBHCHMOCTH 0/0q H uluy or BpeMeHd
npu pasubix 3navenusix w/p=Ty/T,, rae Tp=20, a Ta=2nlo—
nepuoa cobeTBeHHbIX KoaebGanuii crepxkus. [Ipu na3menenuu Tp/Ta

6/é,

,ﬁ
-1
t
g7
0 T 21 o 2n(t/Tp)
a
ufty % et ) \41 i _
18— T et
10
m\
45 -
at |,
0 a 27 3 27(t/Th)

Puc. 3.1. Mexauuueckne KosieOaHHS peakTopa, BO3HHKAIOIHE
B pe3yJibTaTe HMNYJhCa MOLHOCTH [2]:

a — W3MeHeHHe WHEePUHAJAbHLIX HanpsKeduil Bo BpemMeHn (oy=ExTo);

6 — uaMenense pasvepa peaktopa (up=#ToR) BO BpemeHH :.ub.al

OTHOUICHHE IHPHHBI HMIYJLCA TEMJIOBLILENEHHS K NCPHONAY COBCTBEHHBIX
KoseGaHuil peakTopa); BepTHKAJbHbE CTPEJOMKH MOKa3bLIBAlOT  KOHell
. HMIyJbca MPH COOTBETCTBYIOUIEM 3HAYCHHH ._.c\._.a

or 0 10 | MakCHMAaJbHble CMEIEHHs W HanpsAXKeHHs OJH3KH K COOT-
BETCTBYIOIIUM 3HAYEHHAM /5 MIHOBEHHOrO Harpesa. [Toka nau-
TeJbHOCTh MMIYJbCAa HE NPEBbIMIAeT Nepuojaa COGCTBEHHbIX c¢BOOON-
neix KoseGanuit crepxusi (Tp/T,<<2),

OCUHJIJIILLHY ~ pasMepa
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CTepKHs W Hanpsukenuit cyumectsyior. Ilpu Tp/T,=3 cmeueHris
YK€ He TNpEeBLIIAIOT CTaTHYECKOro 3HaueHusa xTL/2, a wuanpske-
HHs cocTaBisioT MeHee 109 Beanunnsr ExT,.

Tenepy na ocHoBanum storo mpocroro anaam3a chopmyanpy-
€M OCHOBHBIC NO/OXKEHHS, OTHOCALIHECS K HHEPUHAJbHBIM 3(pdhek-
Tam.

I. B 6picTpo mHarpeBaeMOM  Tede BO3HMKAIOT ~MeXaHHUECKIIE
ynpyrue kosieGaHusi M HanpsiKeHHs, HA3bIBAEMBIE UHEPYUANbHOLMIL.

2. Ilpn 3an9HHON  AJMTENBHOCTH  TenJIOBbLACJCHHS HHepILII-
AJIbHBIC HAMNPSKEHUA NPONOPUHOHANbHBI CTENEHH HarpeBa.

3. Hanpsixenuss 3aBHCAT OT AIHTENBLHOCTH Harpesa. Makci-
MaJbHOE 3HAYeHHe HaNpsIKEeHHS COOTBETCTBYET MIHOBEHHOMY Ha-
FPEBY M 15 paBHOMEDPHO HAarpeBaemoro ctepxHs paBHo ExT: B
APYrHX TeJlaX HamnpsizKeHHss MOTYT ObITb HECKOJbKO Ooabiie. Ecan
AHTEJNBHOCTL HArpeBa He MNpeBbIIAeT MPHMEPHO MOJOBHHBI t1e-
pHOia COGCTBEHHBIX 3BYKOBBIX KoJeGauuii Teaa, To HanpsKeHis
HEHaMHOrO OTJIHYAi0TCA OT MAKCHMAaJIbHOTO 3HAYEHHS,

4. Ecan npomoskuTenbHOCT HarpeBa Gosiee yem B 3 pasa
MPEBEIIACT MEPHOL COOCTBEHHLIX KoJeGaHHii Tesla, TO HHEPIHAdL-
Hbl€ HANpsIKEHUsl U OCUHJISILHH HE3HAYHTENbHBI (B CPaBHEHHH
C HanpsiZKeHHEM NpH MCHOBEHHOM HArpeBe TaKOil Ke HHTEHCHBHO-
CTH).

Lo cux mop pasrosop mea o cBoGomHOM crepkue. Ecanm xe
CTEPXKEeHb OJIHAM M3 CBOHX TOPIIOB NMOKOHTCS HA KECTKOM OCHOBAHHH
(nam pasnenen Ha nBe wacTH WM Gosee, BIVIOTHYIO ~Kacawulnecs
Apyr Apyra), TO npu GBICTPOM HAarpeBe MPOHCXOAHT OTJeJeHIle
CTEPIXKHS OT OCHOBAHHS (HJH Pasjer uacrell CTepiKHS).

Ynpyras sueprusi, 3anacennas B GbCTPO HarpeToM Ccrepxie,
NOJHOCTBIO (MPH MTHOBEHHOM HarpeBe) WJH YaCTHYHO (npu men-
JIEHHOM  HarpeBe) MEPeXOJANT B KHHETHUECKYIO SHEPTHIO MOCTyIa-
TeAbHOro nBrxenns. Tak, ckaras npymkuna, Gyayun npumara K
MACCHBHOMY OCHOBAHMIO M OTMYIIEHa, MOANPHITHBAET HAa HEKOTOPYIO
BbICOTY. CKGPOCTL MOCTYNATEeNLHOTO ABHIKEHHS LLeHTPa Macc CTepK-
HAA (MM uyacTell CTEpPIKHA) ONpesesieTcsi COOTHOLICHHEM (3.1).

[TonpoGueiit ananns sgdexra «NPBIFAOUIHX» CTEPXKHEH JaH B
pasjieie, OTHOCALIEMCS K peaKkTopaMm MNepHOAHUECKOro JeilCTBHSI.
B UPCIl Bo usbeikanue Heynpyroro CmemeHms BCe 3/1eMEHTbI
PeaKkTopa 0GBIYHO KEeCTKO CKPENJIeHbl MeXay co6oil.

o cux mop amaausupoBasoCh sBJAEHME TEMJOBOro ylapa Ha
rpy6oii moaean ynpyroro CTEPXKHA-NPYKHUHBI C COCPENOTOYEHHOMH
maccoit. B neficTBHTENbHOCTH NMHAMHKA CH/IOWIHOfM YyIpyroi cpesbl
C TEMNIEPATYPHBLIMH TPajJHEHTAMH ONHCHIBaeTCs ypasHeHHeM (2.25)
(cm., nanpumep, [1]), B pemenun KOTOPOro nOSABJSIOTCS B 06IIem
CJlydae BOJIHBI pa3pexeHHsi W cxkartus. Ilepememasicb B Tese, OHM
CO31AI10T CJIOXKHYIO AHHAMHYECKYIO KaPTHHY HaNpsiKeHHOro COCTOS-
HHSI.

Ilns wamocTpanuu npounecca BOHHKHOBEHHS W pacnpocTpaHedis
YUpYrux — BOJH BHOBb OGPATHMCS K TOHKOMY METaJJIHYECKOMY
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erepxkuio (puc. 3.2). B narperom 10 TeMnepartypbl T crepkHe B

MoMeHT =0 BO3HWKAeT Hampsi’KeHWe CKaTHs, OJHMHAKOBOE mEQd:
Kpome TOpUOB, re oHo paBHo 0 (cM. pHuc. 3.2, smiopa /). Beaen

R
CTBHE TpaJueHTa HalpsiKCeHHs TOPILbI HAYHHAIOT JABHTaTbLbCH. HUsme

HeHHue NJIOTHOCTH Cpejibl Ha TOpliax IIPUBOJAMT K TNOSIBJCHHIO ﬁUM.M.
JIHEHTA HamnpsiKeHHs H JIBHXKEHHIO YaCTHIL CTePKHA, yAaJE€HHbIX

topua (cm. puc. 3.2, smopbi 2, 3). @POHT HaNpAKEHHS :mnozmmp_wm._
ercst, TakuM 06pa3oM, K UEHTPy CTepXKHS; CKOpOCTb MepeMelles

paBHa ckopocTh 3Byka B cpene ¢=  E/p. Uepes ppems t=L[2%

© |
L%
¢

4 V7

_

_ L
=@ FL

g Z
obnacms nonoxumensksix degopmanul

C=3~ (pacmaxenue) 5

ez - odnacms kyaelsix Geopmayud

BRER - 0fnacms cxamus

Puc. 3.2. Cxema pacnpocTpaneHHss BOAH ynpyrux aedop-
Maluit B CTepxKie, NOABEpPrHyToM GBICTPOMY HArpeBy B MO-
ment f=0

BOJIHBI Pa3peKeHust JOWAYT 10 LUEHTPa CTepKH:A (cm. u:w.xw.waﬂ__mm,
pa 4); Hanpsikenue Gyner Be3jie paBHO HYJIO, KpOMe LEHTP o:.,u
Touky x=0, rje BCJIEJICTBHE CJIOKEHHs [IBYX BOJH Pa3perKenHs e
orpunatenbHo. LleHTp CTaHOBHTCS HCTOYHHKOM HOBOH BOJIHDI ?En
peKeHHus, pacxoifuleicss K TOpLaM. Dra BoJHA ._%8. w.voz.m B
OPOXK/1aeT BOJIHY CXKATHS HA TOPIAX CTePXKHS, TaK Kak :u&”, iy
JlaBjieHus Ha (pouTe waom OTpaKeHHOH BOJHbI :M:vm_w.:m: xaw_.s:a-
py cTepxHs. JTO NPOH30HIET cnycTs BpeMs t=L/c :oﬂ_mgﬁ,_v:o
paTypHOro CcKauka; K 3TOMy MOMEHTY CTepXKeHb vnim,:z
pactaunyt. [IpoBeisi anajornynble paccykJIeHUs s BOJH - wo..
[I0JIyUnM, UTO KO BpeMeHH {,=2L/c crepKeHb OKaxeTcsi B xwm:v
HauaabHoM (T. e. cxkatom) cocrosinud. Taknm obGpasowm, oamc::o »
ocumMaaHpyer ¢ nepuogoM 2L/c (yto oTaHYaercs OT noayue E_:“~
panee 3uauenust sl/c 1A MOAENH NMPYXKHHBI C COCPEAOTOUEH

maccoit) .




[TpoBenennoe paccyxnenune OCHOBAHO Ha TaK HAa3biBaeMOM
»mms% IKBUBANEHTHOLX HAZPY30K, BriepBhie BBeleHHOM BéprpunHom
(2]. Meroy siBasiercs reoMeTpHYECKHM aHaJoroM peleHHs AHHaMt-
HeCkorp ypaBHEHHS YNPYrocTH METOAOM BOJAH. MOXKHO CUHTATh,
YT0 Harpe Tesa MPHBOAMT K BHYTpeHHeMy naBienmio p=ExT(!);
KaXnas toyka, rjae ecTb TPajHeHT [aBJeHHs, CTAHOBHUTCH HCTOY-
HHkoM Bosn paspeskenust win cxkartns. Paspsaka AaBieHus 00bI'l-
HO Haypnaercs co cBOGOAHBIX MOBEPXHOCTEll TeJa W pacmpocTpaHi-
€TCH nepnenAMKY/AsIPHO K MOBEPXHOCTH B riy6b Teja €O CKOPOCTbIO
Mmsa. Ot a6CcoJIOTHO TBEPJOi MOBEPXHOCTH BOJHA OTpayKaercs
€3 norsiomieHusi; Ha rpaHuie pasjena ynpyrux cpeji BoJiHa UacThu-
HO otpakaercs, a uwactnuno npoxoauT. Ot cBOGOAHON TMOBEPXHO-
CTH Bojna orpakaercsi ¢ o6paTHbIM 3HAaKOM JlaBJleHHsi Ha ee
$ponre,

Ananua uHepuMaJbHBIX HANPsIKEHHil B TeJe NPOBOAAT ONHHM
13 H3NoKEeHHBIX METOJ0B MJIH C MOMOLLBIO NPAMOrO peleHust ypas-
HeHHs nupaMUyecKOM ynpyrocTH.

§ 3.2. OQHOMEPHLIA AHANM3 HEKOTOPBIX NMPOCTLIX TEN

Toukuit opHOpPOAHBIH CTEPIKEeHb KOHEYHOR AJMMHBL. 3ajxaya O KO-
Nebauusgx cBOGOJHOrO TOHKOTO CTEPXKHS HMEeT TOYHOe aHaJHTHYe-
CKoe pemenue. [lunamMuyeckoe YypaBHEHHe YNPYrocTH B TePMHHAX
Nepememennii TOYEK CTEPIKHA B OCEBOM HampapJjenuu u(x, f) sami-
ChiBaercs Tak:

1 0% d0*u aT

T S (84)

Ero peuleHue MILEeTCs B BH/E
u(x, t)=ft—x)+gt+x)+F(x 1),

Tae F(x, t) —uacTHOe pelleHHe, 3aBHCALLEe OT HEPABHOMEPHOITH
TeNNoBLIe/IeHHsT BIOMb CTepPIKHsS, a [ U g —npamas #u odparnas
”miz B CTepKHe, CyMMa KOTOPBIX fBJIseTcs OOLIMM pelleHneM Ol
POZIHOrO BOJHOBOTO ypaBHEHHS.
Ecau remnepatypHblii CKauoK 3ankcaTth B BHIE

ax

T =T, ,_Maono,n, .

+8,)T ) (3.5)

A{x.ﬂcl:m_:,c CTepIKHs), TO NMPH HauaabHBIX ycaoBusax u(x, 0)=
=i(x, 0)=0 u rpanuunblx ycaosusx Ou/0x=xT npu x==+L/2.
Pewenue 6yner nmerb Takoil Bua [3]:

t
S (P L

F(x, 1) =bxc sin = i = T (t—t")dt’;

0

fpAMas BOJHA:

Huske naetcss aHalH3 peleHHs.

L L
0, Wigy <z<L For 5
Y il L 3L
0T Q‘AWI. &N~. e ,\N,A.||“ .
f2) = % u o) el (3.6)
z2—L/2 -
ge—n—u,T, | T(%)dz, Logn
5 ¢ 2
ofipathasi BOJIHA:
0 SR
’ N N ’
= L L 3L
d i =L\ 4y By S
ata=ug, | TESR e, g<rsg
L
Niu.h\,m - 3L, 5L
80 = a0 —a@—xT, | T(L)d&, 5 <z<Ti68
—an I L 7L
Z'—5L ’ m -
B@=g@+T, | T(*T=)a, S-<a<7
L
H T. A
' HanpsxeHnHsi BRIUHCAAIOTCSA 1O popmyJie
o (x, 1) = E (Qu/ox — »T). (3.7)

Bausuue AJHTEJbHOCTH HMNOyJdbcCca TemnJoOBbBlE
JEeHWS Ha J HHAMHYECKHE HANpskKeHHs. Yrobbl HCKJIIO-
WHTh CTATHUECKHE TeMmrepaTypHble HanpsiKeHHs, Bbi3BaHHbIe Hepap-
HOMEPHOCTbIO HArpeBa NMO JIHHE CTEPXKHs, KOTOpbie, OYEBHIHO, HE
4ABHCAT OT JJIHTENLHOCTH MMIYJbCa, NoJoKuM So=0 1 8a=1. Tor-
[la HeTPYAHO TMOJYUHTb BbipaxKeHHe I MEeXaHHUECKHX Hanpsie-

HHIT B LeHTpe CTEPZKHA!

1) o.ANAaMw“
L 3
wﬂolﬂvlﬂs. MINANA%“
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OueBH/IHO, 34MHCaHHOE BbIpaKEHHEe JlaeT TepPHOIHUeCKYI0
3HakonepeMenHyio QyHkuuio Bpemenn aas t>0. Ecan 0<L/c, T0
npu moGoit popme TEMIIePaTypHOrO CKauKa T(f) wmakcumambHoe
3HaueHHe HANPsKEHHIT B LeHTpe crTepxKHsa paBHo ExT, u 1ocrura-
ercs B uHTepBase Bpemenu [L/2c¢, 3L/2c]. B 3TOM uHTEpBaJe
dyukuus 2T (1—L/2c) umeer Mmakcumym, pasHblii 2.

[pu 0>L/c makcuMaabHOe 3HAuU€HHE HANPSKEHHs Oy YOBIBA-
et ¢ poctoM 0, no ne monoronno. Murepdepenuns ynpyrux BO:IH

n/6s

/ Pue. 3.3. 3aBHCHMOCTh MaKCHMAJbLHOTO

3HA4YEeHHS] JHHAMHYECKHX HamNpsiKeHHi B
CTepKHE OT AJHTEJbHOCTH HMIyJabca
tenaosbiaenenns y=0c/L (0,=Ex=T,):
— — — — MAKCHMalJibHbi¢ HANPAKEHHA CHKa-

N THH BO BpeMs HMOyJabca; ~— ITHKOBbi¢
~ HanpaXxeHust B CBOGOAHBIX OCUHANAUHAX

—_—
|
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BBI3bIBAET MOSBJICHHE MAaKCHMyMOB H MHHHMYMOB B 3aBHCHMOCTH
om (0¢/L). dast yacTHoro cayuas

T "N\o s < 0; (3.8")

1 npmmit>0

3aBHCHMOCTD 0y, (0¢/L) npuBenena na puc. 3.3.

Hanpsaxenust cxatusa npu (<0 aas  y=0c/L=0,5 onpesens-
jotca dopmyaoit o;=—(1/2 y) ExT,. Hanpsixenue B nikax ocunind-
1Mi noc/ie OKOHYAHHS UMIYJIbCA O, KAK yXKe rOBOPHJIOCH, MEHSAeTCs
He MOHOTOHHO. IIpH YeTHBIX 3HAYEHHSIX Yy, HAUMHASA C Y=2, OCLH.I-
JSIHA CTEPIKHS Toc/e OKOHYaHMs UMMyJabca BOOGIe OTCYTCTBYIOT —
POJIHBI CXKATHS H PaspereHus racat Apyr apyra. MakcuMyMbl oo
NpH ReueTHHIX Y ompenedsiotes coorHoiennem op= (1/y) ExT,.

Bauauue GopMb TemMmnepaTypHoro ckauka I(f).
Jlio6asi moHOoTOHHAs1 GyHkuus T (f) B 3alaHHOM HHTEpBaJjie H3MeHe-
HHSI apryMeHTa 0 MMeeT MakCHMyM MPOH3BOJHOM (dT/dt),, 6oablue,
yem 1/0. TTo3TOMy eIHHHYHBIH TeMMnepaTypHbI CKaYyOK HeJHHEeHHOi
¢opmbl B MEPBOM NPHOJHIKEHHH anpOKCHMHPYeTCs JIMHEHHBIM HAa-
pactanueM TeMMepaTypbl 3a BpeMs (dT/dt) »' <0. Coraacho rpa-
¢uky puc. 3.3 MakcnmaibHbie Hanpsxenus npu 0<2,5 L/c moHo-
TOHHO yOBIBAIOT C pocToM 0; c/e1oBaTeJbHO sl TAKHX JJMHTE/IbHO-
cTeii MMMyJbCa TENJIOBbIAeaeHHs Henuueiinocts T (f) yBeanuunBaer
om (ecrecTBeHHO, 6e3 npesbillenus BeaHunibl ExTy).

BaussHHe HEePaBHOMEPDHOCTH HarpeBa no JJHHE
ctepxua Hanmuue saBucumoctn T (x, {) He TONbKO AaeT TepMH-
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{{éckue HampsKeHHsl H3-3a TPajHeHTa Temnepatyp BH/a ExAT (x)—
7(0)], Ho W BaMsieT Ha HHEPUHAJIbHbIE HANPIAKEHUS BCJCACTBHC 1no-
BIGHHS. IOMOJHUTEibHBIX HCTOUHHKOB BOJH B KaXofi TOUKe
erepxus, rjae 0T/0x oTInuHA OT HYJIs.

PaccmoTpum cayuail mpejiesibHO Goabiuoii [B pamkax npuGIH-
kernsi (3.5)] HepaBHOMEPHOCTH TETJIOBBILCJICHHS —8,=0, 8o=m/2.

b1

T(x, t) = W T, cos ﬂk T (t), (3.8")

‘pne To— cpennnit narpes crepxus. Tak kak 85,=0, To M mpAMbIe
) o6paturie Boaub ucyesaior [em. (3.6) n (3.6")] u cmeutenus TO-
WeK cTepxKHs U (X, {) onpeaensioTcs BbIPaKeHHeM

) t
— i BT cin N sin 2T — 1)l ;
u(x, f) = ne—- Ty sin— , sin =t/ T (¢ —t) dt (3.9)
0

Tenepb s HOPMHPOBAHHBIX HANPSKEHHH MOJYUHM
t
o= 20D % cos BN fin TE T —t)d —T )|
ExT, 2 o il L

0

(3.10)

Jlas aumeinoro ckauka temnepatypsi [cM. (3.87)] HOpMHpOBaHHbBIE
HAMNPSKEHHS ONPE/eNsIOTC TaKHM COOTHOUICHHEM:

l%wiﬁ s £ < 0,
oy, (x, 1) 2 cos—— i -
il 2 L Fofae! D . et
II_.m_:IIQI@VIm:_'u aas > 0.
‘ ny L L

Anaau3upysi 3TO COOTHOUICHHE, HETPYLHO ybeaurthes, 4to IpH
y<<1 (KOpPOTKHil MMIYJbC) HOPMHPOBAHHbIE HAWPATKEHUIA JIOCTH-
FaI0T MaKCHMaJbHOTO 3HAaueHusi B npouecce CBOGOJHBIX OCLHJIA-
it (npu ¢>0), npuyem onu GoJblie, yem B Caydae paBHOMEPHOTO
narpesa. [das y=0 (cTyneHuaTblii CKauok TemrepaTypbl) MakcH-
MaNbHBIe JAHHAMHUeCKHe HanpsukeHHs om= (7/2) ExTo, rie n/2—
KOS((uLHEHT HePABHOMEPHOCTH TEMJOBbUIEJEHH B paccmartpH-
paemom npumepe. [IpH AJAHTENbHOM —HMIyJbCe TETVIOBBLIIC/CHIA
(y>1) 3aBucumoctb o (y) ocraercs TaKoil e, KaKk M B ciyvae
pABHOMEPHOTO HarpeBa CTepxKHs (CM. pHc. 3.3).

Cayuail CHILHO HEPaBHOMEDHOTO TEIVIOBbIIEJeHHs, BrEpBbIE
paccmorpennblit B pa6ore [3], umeer 0cO6eHHOCTb, a HMEHHO: Hanps-
JKeHHA (M CMelleHHsl TOYEK) B CTEpKHE He obpasyioT Geryuiei BO.I-
Jbl; BCe TOYKH CTepXKHS OCUH/IIHPYIOT KOTepeHTHO [em. (3.9)]

B cMelleHHH TOUYE€K CTEpPXKHS pPasaedsiioTcs NPOCTPAHCTBEHHbIE H
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BpéMeHHEle mepeMennbie. Bpemennasi uacte u(x, f) B Qopmyue
(3.9) nonyuena Kak pelieHHe CJeYIOWEro ypaBHeHHUs:

22

s O T f.
—E=xc oL T,T (9

D16 He UTO MHOE, KAK YpaBHEHHE JBHXKEHHSI OCIHJJsiTOpPA C COBCT-
BeHHO# yacToToil KoseGaHuit w=rmnc/L, ynpyrocrtbio 2E/L, noaseprae-
MOro BoajeficTBHIO BHemHeil cuibl xTE (macca ocuuaasropa m=
=9F]»2L). Cnenosate/ibHO, HCIOJb30BaHHe NMPH KauecTBEHHOM pac-
CMOTPEHHH SIBJEHHS TEIJIOBOTO yJlapa MOJENH OCUHLIHPYIOLLei
NPYXKHHBI ¢ Maccoit BnoJHe onpasaano. bosee Toro, remneparypHas
o6paTHasi CBSI3b MO PEAKTHBHOCTH B PeakTOpe ¢ TEIVIOBbIJeJeHHeM
Bujga (3.8"”) TOUHO ONHCHLIBAETCS MOJE/AbIO MPOCTOrO OAHOYACTOT-
HOrO OCHUMJJIATOpA, KoTopasi paccmorpeHa B ra. 2 [cp. ¢opmy.sl
(2.27) u (3.9)]. B peaxropax Gea orpaxaTeisi noJe HeHTPOHOB
JeHCTBUTENBHO CHJIBHO HEPAaBHOMEPHO; BO3MOXKHO, 3TO H €CThb OJHA
H3 PA4BHLIX NPHYMH TOTO, YTO MPOCTAsi MOJeJb KOTePeHTHO KoJel-
JIOLIErocsi CTePXKHSI JaeT HeNmJOXHe pe3yJbTaThl MPH ONHCAHUH JH-
HAMHKH MYJbCHPYIOLIEro peakropa.

060a0ukn chepuyeckue U UHIAHHAPHUYecKHe. B cdepuueckux u
[HJHHIPHYECKHX 000JiouKax NpH PaBHOMEPHOM Harpese ymnpyrue
BOJIHBI HE MOTYT PacnpOCTPaHsTLCS BOJbL MOBEPXHOCTH (BCaeacT-
Bie cummerpun tena). Ecam Kk TOoMy Ke 060JI0YKH TOHKHE, TO pa-
JHaJibHble HanpsiKeHUsi He MrpaloT CyLleCTBeHHON POJIM BCJeJCTBHE
OueHb BBICOKMX COOCTBEHHbIX uacToT ocuuisuuii. Konebaaus ke
o6oJ0ueK MO pajuycy H OCHHJJISLHH KacaTeJbHBIX HamNpsKeHi
GyayT, OUYEBHIHO, KOTePEeHTHBIMH s Bcex Touek obosouku. Bép-
rput (2] noayums ypaBHEHHs ABHMKeHHs1 000JI0U€K, TOJBEpraembix

A

6bicTpomMy Harpesy, B Buae (3.3), riae k/m=w?=E/pR? nns Kopor-
KOil LHJAMHAPHYECKOH 0600uKH H w?=2E/(1—p)pR? — nas chepu-
yeckoit 0060J0UKH; p— Koa(duuuenr ITyaccona, m=E[/w?R; R —
paaunyc 06OJIOYKH; & — H3MeHeHHe pajauyca obosoukH. [as Gecko-
HEYHO JIJIMHHON IHJIHHAPUYECKOH 060JIOYKH MOXHO HCMOJb30BATh
10 XKe ypaBHenne Buaa (3.3) ¢ w?=E/(1—p?)pR? HO pelienne Aas
u(t) cnepyer noMHOXKHTL Ha (1+u).

Jlisi KacaTenbHbIX HANpSKeHHH B KOPOTKOH LHJHHIPHUYECKOMH
0060JI04Ke HMeeM

0y = 0/ExTy = ufu,—T (t), (3.10%)

rjae u(i) — pewerne ypauenus (3.3); 7(f) — ¢popma remneparyp-
HOro ckauka, a uo=x1oR.

B cdepuueckoit 060/04ke U B 6€CKOHEYHO AJHHHON HHJIHHADH-
yeckoi obosouKe

oy = (1 —w) o/ExTy = ufuy,— T ()- (3.107)

. Peutende ypasHeHHsi KosneGanuit 1 npou3BosbHON  popMbl

remmnepaTrypHOro ckauka ecTb

u(t) = xTRw _.‘ T (t")sinw(t—1t)dt". (3.9)

0 .

EcrecTBeHHO, UTO TPHBEJEHHblE paHee pEIICHHs I KoJsieb6a-
HIHit CTePIKHS COTJIACHO YpaBHEHHIO (3.3) npu dopme Temnepatyp-
moro ckauka T (f) = (1—cos pt)/2 roasrcst AJs cepHyeCcKHX U Ild-
JIMHpHUECKHX 00oJ0uek (CM. pHuC. 3.1, a, 6), ecin BBECTH COOT-
BeTCTBYIONLHE MHOKHTEAN (1—p) Wi (14p). ) )

Jlnsi gopMbl TeMmepaTypHOro HMIyJbca BHIA (2.6), xoropbiit
6JH30K K peaJbHOMY JIsi CaMOracsulero peakropa, B. ®. Koaecos
IIPOHHTErPHPOBAJ yPaBHEHHE (3.3) amaautnuecku [4]. Ha craanu
¢BOGOMHBIX Kosebauuil nocje OKOHYAaHHS HMMOyJabca HOpMHPOBAH-
Hoe 3HaueHHe NMHKA HHEPUHAJbHBIX HaNpsiKEHHA Jst BCex 060.10-
yek onpejesisiercs Bolpaxennem

g, = yn/shym, (3.11)
e y-— oo, — «b/3,52. 2

B 3TOM cJyuae HamnpsiKeHus MaiaioT MOHOTOHHO C yBeJjHtue-
HHeM ¢ — OTHOLIEHHA AJHTENbHOCTH HMIYJ/bCa MOLIHOCTH peakTopa
K :mv.:oh< ero coOCTBeHHbIX KoJsieOaHHil, B OTJIHYHE OT JIMHEIHOro
WM KOCHHYCOH/AAJbHOrO CKauka TemiepaTyphbl.

Ilap. /lunamuueckoe ypaBHeHHe TepMOYNPYrocTd B chepuhe-
CKOIl reoMeTpHH ¢ YrJI0BOi CHMMETpHEl HMeeT BHI

\%|:+|w-@||wlznl_lmh po debl o BT, g1y
or® r or ™ @ ot l—n ar
1 1 1 —2p
e — — £ +wd—2y
c? E (1 —p)
Sanuiem hhm.n@mvz HauaJibHble W TpaHHYHbIE YCJ10BHA:
u(r, 0)=0; u(0,8)=0; o, (R, )=0,
il KOMIIOHEHTBI TeH30pa HanpsKeHHi: .
paznanbHas
du pcp u ExT (r, 1) 3.13
— wl — ey —— % 5
Sxrr= 1 ar l—p r 1 —2p ( )
KacareJjbHbI€
o B gy et hlm|=v (3.13)
o8 = Toe = Grr l4-p\ r or /)’

Pemenue aas u(r, {) noayseno B pabore [2] merosoM rapmMoHi-
yeckoro anaausa npu T(f) Bujia

T () = (Ty2) (1 — cos pt),

p=m/0. (3.14)
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Pacmupenne cdepbl MPOHCXOAUT nono6Ho paciunpenuio 060710-
yek; Xapakrep 3aBHCHMOCTH MaKCHMaJbHOil jepopMaluH OT OTHO-
[eHHs! JUIHTeJBHOCTH HMMYJbCa HarpeBa K fepHOJy MepBOH rapMo-
HIKH coGeTBeHHbiX Koaebanuit Ti=2m/w) (01=2,668 c/R) 61U30K
K ToOil 3Ke 3aBHCHMOCTH Aasi oGonouek. Pacuer B. ®. Kosecosa 110
AHAJOTHUHOII METOJHMKe MoKa3zalj, 4YTO CyllecTBeHHOe 3Ha4YeHHE
HMEEeT TOJLKO fepBas rapMoHHKa (Kpyrosas 4actoTa BTOPOH rap-
MOHIKH w2=6,092 ¢/R) [5].

Ha nosepxHocTH cepbl MAaKCHMafbHbie 3HAYCHHs TaHTEHILI-
aJbHbIX HaMpsiKeHHil J0CTHraloTcs, KaK 0ObIYHO, NpH 0=0 u paBubl

0,
i = ExT,, npu 0/T;=0,0 o0ge= § ExTs;
I—p l—p

Ogp —

a npu 0/T,=2 cunxaiores 10 39, mMakcumyma.
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Puc. 3.4. Jnmamuueckne Hanpsukenns B uentpe cepnt [2] (cm. mo-
scuenna K puc. 3.1)

B uentpe cdepbl KapTHHA HanNpsKeHHHd COBEPLICHHO JpYras
(puc. 3.4). Haa 0/T,< 0,5 snauenne HanpsiKeHUH cXKaTHS TIOCTOAH-
no B nurepsane [0, 0,85 n] usmenenns il U paBHO ExTo/(1—2 p).
910 OOGBSICHSETCS TEM, UTO BOJIHA pa3perkeHHsi elle He yCneBaer K
3TOMY BpeMeHH JOiiTH /10 LeHTpa cpepbl. [Tocae 3TOr0 HaNpAXKeHHs
MEHSIIOT 3HAK M CTAHOBATCS OuYeHb GOJbHMH. PH3HUECKH 3TO O3HA-
yaeT OKyCHPOBaHHE BOJIH Pa3pexeHns B LEHTpE cepor. [lpu 60
(MrHOBeHHBIIl CKauOK TeMmmnepaTypbl) HanpsiKeHHe CTPEMHTCS K
GeckoneunoeT. OAHAKO 3TO He O3HayaeT, uTo MaTepHan cdepbl
JIOJPKEH pPa3pyliuTbesl, Belb LEHTPaJibHble HANpsXKeHHs H30TPOI-
HBl H He aaioT cMmemlalomiux jaepopmaunit. CyllecTBeHHOe 3HAUC-
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HHe HMeloT JHIIb HAnpsiKeHHs B HEKOTOPOH OKPECTHOCTH LEeHTpa.

HauanbHble HamnpsKeHHsi CXKAaTHA YMEHbIUATCs ¢ POCTOM
0/T, moutH Tak Ke, KaAK 3TO HMEEeT MEeCTO IJsi CTepHeH (CM.
puc. 3.3), a HanpsKeHHs BO BpeMs CBOGOAHBIX — OCHM/VISUHIT —
GuicTpee H MOHOTOHHO.

Chepuueckuit caoit (noabtit wap). duag nonoro mapa ¢ BHYT-
PEeHHUM H BHEWIHHM pajuycamu R; u Rj, HarpeBaeMoro mo 3akomy
T(r, t)=T(r)T2(f), ananuTHUECKOE pellIEHHE, MOJy4YeHHOe ¢ Mo-
MOILLIO Pa3JoxKeHust N0 COGCTBEHHBLIM (QyHKUMAM, JaHO B pabo-
Tax [5; 6]. TToablit wap B reoMeTpHYECKOM CMbIC/E 3aHHMaeT Mnpo-
MEKYTOUHOE MOJOKeHHe MeXKay chepryeckoit 060/0uKOH H 1ApOM.
[Tostomy aast Hero ¢ GOJBUIHM YCNeXOM NPHMEHHMO CIpaBeIH-
BOE /sl OJIHOPOJAHOrO Mapa yTBepiKieHue O TOM, YTO B OCLHJISA-
IASX CYIIeCTBEHHA JIMIbL nepBasi rapMOHHKA.

Koabueo6pasubiit auck. B paborax [5, 6] npuBoautes rakxke
pellleHHe JAMHAMHUYECKOTO yDaBHEHHS TEPMOYNPYLOCTH JIsi KOJb-
1eobpa3HOro AHCKa:

d%u 1 du u

R e % (141

or? r Or r:

L loe @i

ar M%

rie ¢2=FE/(1—p?)p, C TPaHHYHBIMH YCJIOBHIMH

du w
o SR | — QU \N)
or T— M 3 XA~ 1 T«v _MHM_.

§ 3.3. PACYET AMHAMMYECKMUX HATMPSIKEHMA
B KOHCTPYKUMOHHbBIX DJIEMEHTAX PEAKTOPA

Hanpsikennsi, BO3HHKAIOIIHE B TONJHBHBIX  3J€EMEHTAaX HM-
NyJbCHOTO peakTopa, mepeialoTes Ha KpenexHble JeTaju peakropa
W repmerHsupyiomue obosoukn. Paccmorpum aBe HanGoaee pac-
NPOCTPAaHEHHbIE CXeMbl KOMMNO3HLHH TB3JOB B HMIY/JIbCHOM peak-
TOpe M MeToAbl pacHera 3(Q(eKTOB TENIOBOro yiapa.

LuanHapuyeckuii T8 B oGonouyke. CepaeuHHK TB3Ja MOXKET
ObITh CINJOIIHBIM HJH CErMEHTHPOBAHHLIM H XapaKTEPH3yeTcs Be-
auuunamn Ey, Sy, ¢ Ly, a obosouka — Ep, Sz, ca, Lo; 31ech Si—
/101 a/lb NONEePEeYHOro CeyCHHs.

CepreyHuk Ha xecTKom ocHoBanuu Ecau obo-
JIOYKa TB3Ja KPEMUTCs Ha ONOPHONH IVIHTE B HHXKHEl 4YacTH, TO
3TOT cJayyail 3KBHBAJEHTeH CTePIKHIO Ha JKeCTKOil NOJCTaBKe
(puc. 3.5, a).

[pu GbICTPOM HarpeBe CTEpXKHA-CEpAeYHMKAa mojcTaBKa (M
caM CepjeuHHK) MNoJyyaioT MeXaHHYeCKHi HMMyJbc. 3HaueHue M-
myJabca HETPYAHO ONpene]UTb, paccMaTpPHBAsi TMPOLECC PacrpocT-
paHeHHs] YOPYFHX BOJIH BJOJIb CTEPIXKHS M OTPa)K€HHsl HX OT €ro
KOHIIOB (METOJL 5KBHBAJIEHTHBIX HArPy30K).

[lpn MrHOBEHHOM HarpeBe KOHEIl CTepiKHs, MNOKOsLLHACA Ha
OCHOBaHHH, NaBHT Ha Hero ¢ cuioit ExToS B Teuenne Bpemenu L/c,
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NOKa BOJIHA pa3pexeHHs HAeT OT CBOGOAHOrO KOHIA /0 OCHOBa-
nusi. Ilocne 3Toro naBieHHe cTepKHS Ha OCHOBaHHE CTaHOBHTCS
pPaBHBIM HYJIO, @ CKOPOCTb BCEeX TOYEK CTEePIKHS OJHMHAKOBOW, paB-
Hoil xToc. CrepiKeHb OT/AeAsieTCsl OT OCHOBaHHS, MOJYYHB HMIYJbC

77 \\W\
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Puc. 3.5. Cxembl KpemJeHHS TOMJIHBHLIX 3Je-
MEHTOB B peakTope:

a — TB3J Ha KECTKOM oCHoBaHHH; 6 — TB3a B 06oJ0uKe,
noABelleHHoN CBepXy; 6 — TB3Jbl CKpemieHsl GoaTaMmu

I=mu=xTocLSp=xToELS[c. Takoii e pe3yabTarT TNOJYyYaercs,
€CJIH paccMaTpHBaTh CTepPIKeHb KaK CXKAaTylo NPYXKHHY C COCpelo-
TOYEHHOI Maccoi. PaBHBIH HMIYJbC NPOTHBOIOJOXKHOTO 3HAKA MPH-
obperaer nmojcTaBKa.

Ilpn nuueifiHOM xapaKTepe HapacTaHHs TeMIepaTypbl 3a BpeMs
0 naBiieHne cTepXHSI HAa NOJACTAaBKY H3MEHSETCS IO 3aKOHY

g ﬁxﬂcmu\o npn < 6;
» T E npu £ > 0.
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Boana paspexennsi, GpoHT KOTOPOH AOXOAHT N0 OCHOBaHHS
epxHs uepe3 Bpems f=L/c, ymeHbllaeT JaBjeHHe Ha BEJHYHHY

MELED e Lopo>e> L

T E npH NV.W'*.P

Puc. 3.6. /laBnenne cTepxkusi Ha JKECTKYIO MOA-
CTaBKY NpH JHHEAHOM Xapakrepe :muua...u::n
TeMnepaTypul Bo BpeMmenH B crepikue T =Tt/0:

o = o — JlABJICHHE 34 CuYeT Harpepa; — — — — CyM-

z» hmw&o::a B npaAMoNl H OTpPajkKeHHOM BOJIHe pa3spexe-
HAA; — pesyabTHpylouiee napiaenue (0¢=ExnTq)

Tpa)keHHasi BOJIHA pa3perkeHHs JOMOJHHTEJNbHO YMEHbIUAEeT AaB-
CHHEe Ha Takyio e BeJHunHy. CTepXKeHb OTACJHTCS OT OCHOBAHHS
MOMEHT f;, KOT/la pe3yJbTHpYIOIlee [aBJI€HHE CTAHET pPaBHBIM
yaio (puc. 3.6).
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MexaHHYEeCKHH HMMYJbC, MOJyYaemblil CTEpKHEM U MOJACTaB-
KOIl mocJie uX pasjesieHus,
4y
NHMAQau\oﬁTIS¢ e Y% (3.15)
Y 17y npu y > 2

0

rae y=0c/L, a ly=%ETo,LS/c —numnyabc B ciydae MrHOBEHHOTO

HarpeBa. Takum ke 06pa3oM MOMKHO HAHTH HMIYJILC JAJsi MPOH3-

BOJIbHOI (hOpMBI TemmnepatypHoro ckauka T (). \
[Tpn HepaBHOMEPHOM MO JJIMHE CTEPKHS M0Je TenJIOBbIIeJeHH s

HMIYJbC OMNpeJensieTcss CJAeAYIOUHM COOTHOINeHHeM  (MOJyueHo

B. J1. JTomunse [3]):

ans T(x, t) B Buge (3.5) u anneinoit Gpyuxunn T (f)

46 1 — 2 sin (x/2) -
1 ——= ﬁ et — A| JIsi 2;
1=1, F Ty nx v,_ il s (3-15)
17y s Yy > 2,
a aas T (f) KocunycoupanbHoi Gpopmbi u y< 2
- _ m—2 b cos (mty/2)
\\:A_ 2=28, :~T+|Iuﬂ;v. (3.16)

W3 coornowenus (3.15") caenyer, Bo-nepBbiX, UTO HEpaBHOMEp-
HOCTb HarpeBa CK43bIBAETCsl HA 3HAYEHHH MEXaHHUECKOro MMMyJbca
TOJIKO st OBICTPBIX TemmnepaTypHblX ckaukoB (0<y<l) wu, BoO-
BTOPBIX, YTO TOMPaBKa K MMMOYJbCY HEBeJHKA — BbIpaMKeHue B
KBa/lpPaTHLIX CcKoOKax B (opmyJte (3.15") uamensiercss g npemenax
or I o 0,725 npu Bcex BO3MOXKHBIX 3HAYeHHAX Oq Op M Y.

B cermenTHpOBaHHOM (cocTOsilleM H3 TaGJETOK) CepjleyHHKe
KapTHHA pPacnpoCTPAHEHHS YNPYTHX BOJIH MOXKET OKa3aThCsi CJIOXK-
Hee, TaK KaK MNPH Pa3JeIeHHH CErMEHTOB MNOSBJSIOTCS AOMOJHIN-
TeJbHble CBOGO/HbIe NMOBEPXHOCTH, IJle BOO3HHKAIOT HOBBIE BOJIHBI
paspexenust uan cxkatus. CerMeHTHPOBAHHBLIN CTEpPKEHb AHAJOIH-
YeH OJIHOPOJHOMY, €CJIH OH BCIOAY CXKAT, pacCTATHUBAOUHE YCHJINS,
€CTEeCTBEHHO, uepe3 MNOBEPXHOCTH pasiena TabJeToK He mepea-
10TCS.

I'paduueckuit ananus, nposenentsit Béprpunom [7], a rakke
1ounoe pemenne B. JI. Jlomunse [8] mokasbiBaioT, 4T0 MexaHHue-
CKHil MMIYJIbC CErMEHTHPOBAHHOTO CTEPIKHS ONPEIENSeTCsT TeMH
ke cootHomwennamy (3.157) B cayude auneiiHON 3aBHCHMOCTH TeM-
MepaTvpbl OT BPEMEHH /1151 TIPOH3BOJLHOI NpOCTpaHCTBEHHON dop-
MBI TETJIOBBIIEJNEHHS.

HerpynHo Takxke y6eauTbes (mpeasaraercst HHTATENI0 B Kaue-
CTBe ympa)KHeHHs ), 4TO MPH OJHOPOJHOM TEMNJIOBBIJIJIEHHH, TPOU3-
BOJIbHOIT (hopMe TeMmmepaTypHoro ckauka 7 (f) u y<2 mexaHuue-
CKHI MMIYJbC CTEPXKHS M IMOJCTABKH HE 3aBHCHT OT TOTO, CErMEHTH-
POBaH CTEpKEeHb HJIH OH OHOPO/IEH.
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- Pacuer ckopocreii oTje/pHBIX TabJeTOK CepjedyHHKa mocjae
WX pa3jiesieHlst BHINOJIHEH B vmmoamx [8, 10].
Cepneunuk B vopyroit o6oaouxe,
eBepxy (puc. 3.5, 6). Ilycrp cepeunHK MOKOHTCS Ha JIOHBIIIKE
000JI0UKH, HHIJle He Kacasicb ee IHJHHAPHYECKOH IOBEPXHOCTH.
Jlns pacnpocTpanenusi ynpyrux BOJH B cHCTeMe CTepXKeHb — 060-
JIouKa pelIaioNyio posib HrpaeT mnapamerp yo1=S82E5¢i/S E c2, Ha-
BbIBaeMblil QuHaMuUeckol J#ecTKoCTor0 000A01KI OTHOCHTENBHO Cep-
Jleunnka. Cuyuail oueHb 3ecTKoH 000J0uKH (yg1>>1) IKBHBaJeHTEH
T0JIbKO YTO PACCMOTPEHHOMY BAPHAHTY CTEPXKHS HA KECTKOM OCHO-
sanun. Tlpu 3TOM MHepuuMa/JbHBblEe HamnpsKeHHsT B caMoil 060/0uKe
le3HAUNTEJbHBI, HO HA ONOPbLI MEPelaeTcss MeXaHHUeCKHH HMIyJbC.
PaccMoTpHM KapTHHY pacnpocTpaHeHHs ynpyrux aedopmanuit
B cucTeMe cepJleyHHK — 060J10uKa ISt  TPOH3BOJIBHOTO  3HAYCHHS
JKECTKOCTH OBOJIOUKH yz; HAa OCHOBE MOJIEJIN 3KBHBAJEHTHBIX HArpy-
‘30k. Ilycte cepneunnk mrHosenno narper na To °C. Ha rpauuue
ceprevnHKa ¢ 000J10YKOIl (Ha JIOHBIIIKe 060J0YKH) BO3HHKHET rpa-
aneHt naBjaenuss E\x«To, w ynpyrue BOJIHBI DPa3peXXeHHsi HauHyT
nepemeniatbesi B rayOb cTepiKHS B 000JIOYKH CO CKOPOCTbIO 3BYKa.
.hmeonzm::m MartepHasna & BOGJW3H TpaHMIBLI pa3jiena cpea Oyaer
onpenensthest (paccMatpuBaem cxemy puc. 3.5, 6) OTHOLIEHHEM
BEJHUHHBI TIEPEMEeLICHHs] TPaHHIbl K ry0HHe TPOHHKHOBEHHS! BOJIH
paspekeHusi, MHaue TrOBOPS, OTHOIICHHEM CKODOCTH MepeMelleHns
IPaHHIlbl K CKOPOCTSIM 3BYKa B cpejax:

B cepieuHHKe
J

MOJIBEIWEHHON

(3.17)

& = Uppley — %Ty;

B o0oJiouKe

& = Upp/Cye

W3 ycaosus 6Gajanca ynpyrux CHa Ha rpanuie (rpajMeHt naB-

JienHs J0JKeH ObiTh paBeH HYJ BCIOAY, KpoMe (poHTa BOJHBI)
onpesesseTcsi CKOpoCTb MepeMelleHHs] TPAHHILBI Upp:
&, EySy = —8,E,8s;
Acav\nu — Xﬂov mu.m— = Ae_.v\mnv NWN%.N“
Oy = E#TS, . &xT, : (3.18)
E,S, /ey + EqSyfey 1+ vs

CpaBuuBasi (3.18) c Buipaxkenuem (3.1) s CKOPOCTH paculu-
penust cBOGOAHOrO CTEP:KHSA, BHAHM, YTO HAJAH4YHe onopbl (060s04-
KH) yMeHbLIaeT  CKOPOCTb paclIMpeHHst cepjeuyHuka B 1-4vyay
pas, rae y=E>Ssci/ESics— KecTKOCTb 000J0UYKH 110 OTHOLIEHHIO
K cepaeunnky. O6biuHO yo < 1.

Tenepb MOXXHO BBIUHCJIHTHL HamNpsiKeHHe B 0060J0ouKe:

EnT iei/[(1 + Yo1) Ca]-

(3.19)
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u\mz_:%bvn. =o=<=m==2m CEepAEYHHKOM, TPONOPUHOHAJNEH HanpsxKe-
HHIO Ha TOpLE CepJeyHHKa, KOTOpoe B cjlyyae KOHEYHOro 3HaudeHus
Y21 PaABHO :

0y = 0,8y/S; = ExxToye/(1 + v4y)-

Torna mexanuueckuit HMIyJbc NPH ONOpe Ha 0060JI0YKY C XKECTKO-
‘CThIO y paBeH

1) =1 ()20 — f(o0) T,
0y () 3
rae [(oo) — uMnyJabe, MOJYYeHHBI CEpACYHHKOM MpH Omope Ia
KecTKylo moacraBky: /(oo)=/o [em. (3.15)]. 10T peayabrar Bnep-
Bole Gbia nosyuen B, paGore [9]. B. JI. Jlomuase nokasax [3], uto
TPH TPOM3BOJBHOM y M JHHEHHON 3aBHCHMOCTH TENJIOBBLICSEHHS
or Bpemenu T (¢) =Tot/0 (unum nmpousBosbHom Buae T(f), HO OmHO-
POZHOM MO JUTHHE CepJeYHHKA TEMNJOBbIAEJeHHH U y< 2) HMIyJbC
nojyyaeMplii 060JIOUKOi MOCJe OTAENEHHs CepAeYHHKa OT JIOHBIL-
Mw.m%mvmngmmanu TeM Ke cootHomenuem (3.20); [(o0)=I [cwm.
Hdas msarkoit oGonoukn (y<<1) MexaHHYeCKHil HMNyJbC Ma.,
O/IHAKO CTAHOBATCS 3HAYHTEJNbHBIMH HHEpLHaJbHbIE HANpPSKEeHHS B
o6osouke (3.19). Cornacuo paGore [3] nHKOBble 3HaueHHs HHEp-
LHAJbHBIX HanpsiKeHHid B 000JIOUKE PaCCUHTHIBAIOTCS 10 CJAEAYIO-
wHM dopmynam:
AJsl JIHHEHHOro Xxoja HapacTaHusi Temnepatypsl (y=0cy/L)

S+ 8T, 0<y< I,

—\.—\. .—\V—n

st KOCHHYCOM/aJIbHOH (OpPMBI TeMmepaTypHOro HMMyJbca, Ofmpe-
neasiemoro (3.14)* (y=mncy/pL) o ot

(3.20)

T oEqcy

(I +ya) ez (3-19)

Oamane =

aa+ae cos Ty/2 )

I —y2
Mlmxlu- m\vv_.

Hanomnum, uro kosdduuuentst 8, u S0 onpeaessior npoct-
pancTBeHHyl0 (opmy KpHBOH TemaoBbiaenacHua [em. (3.5)]; S.=1
60=0— cay4yaii paBHOMEPHOTO HarpeBaHHs. . .

CepneuHux Ha nmpyXHHHOH noaBecke. Ecaum cep-
JIGUHHK TB3J1a OMHPAETCSl HA JOHBIIKO 00OJOYKH yepe3 NpyxKHIY,
TO Ha 060JIOYKY mepejaercsi JHLIb He3HAYUTeJbHas JOJs YNPyroif

y<1

wT Eqcy
(1 +va1) 1 e

O2maxe =

* -

Jv: ONHCaHHH PeajJlbHOrO HMIYJbCa HEHTPOHOB B peakTope KOCHHYCOH-
Ja/IbHOH 3aBHCHMOCTBIO CJENyeT HMeTh B BHAY, uTO B KauecTse p CleayerT MpH-
NM_MM._. peauunny /1,79 04/2, rae 01/ — AeitcTBHTENIbHASE NOJYIIHPHHA BCHBILIKH

opa.
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sneprun ynapa. KosimuecTBeHHBIi aHaAH3 MNPOBEAEM, HCNOJbL3YA
MpeNblIylIHe pPe3ysabTaThl PacCMOTPeHHsi pacmpoCTPaHEHHS ympy-

PHX BOJIH B cHCTeMe cepleyHHK — o6ojiouka. CKopocTh mnepenayt
TPOJIOBHBIX YNPYrHX JAedopmaiuuit B MPYXKHHE ecTb, OYEBHIHO,

A A
Ci= a\ k/m, rne k— craTHuecKasi JeCTKOCTb €JHHHIBI JJIHHBl Npy-

Skunbl (SKBHBasieHT Beanunubl ES st cTepiKHs); M -— macca exu-

NPYHKHIbI

HHOB AAHHEB npy&uHbL OTHOCHTenbHas JAedopMalHs
(3.17) w

[pH pacluMpeHHH cepiedyHmKa, corsacio Qopmynam
(3.18), pasna

ey = cyxTo/les (1 + va)ls

A
rae ys=kci/E\Sics— OTHOCHTesIbHAS ~ THHAMHYECKas JKECTKOCTh
NpyXuHbl H cepieyHnka. MakcHMasbHasi OTHOCHTEbHAs nepopma-
uusi B 060J04UKe, HA KOTOPYIO CEpJeYHHK JaBHT uYepe3 TNPYKHHY:

: s e e eixTy . (3.21)

s ¢ (1 +47a3) (1 4 va1) (1 4 Vas) Ca
.—.ﬁx KaK JHHaMHyecKas KEeCTKOCTb :U%E:IV_ Mo OTHOLIEHHID K

A
cepieuHHKY ya H K 060J0UKe yaz=Fkca/E2Sacs oueHb Mana, To (3.21)

MOXKHO YIPOCTHTDL:
c®Ty

&y =~ Vo

Ca
.—.m:ovv MakcuMaJbHble JIHHAMHUYECKHE HanpsaxeHus g 0060JIOUKe
NpH HaJHYHH TPYKHHBI 3aNHLIYTCS B BHAE

Ogup = E2Ea = EoxT (V3uCy/Ca (3:21)

Jlerko BHIETb, UTO 3TH HANpPSIKEHHs BO MHOrO pa3 MeHblle Hanpd-
JKeunil B 060J04Ke TPH HEMOCPeJCTBEHHOM KOHTaKTe ee ¢ cepiaed-
HHKOM TB3/1a 0y, onpejeasembix popmyaoi (3.19):

. Onp/ 02 = Vaa (1 4 a1)- X

Jlns npuMepa yKaxKeM, 4TO NMpH mapamerpax TPYzKHHBI k=10H,
m=10 r/ecMm u Aas CTaALHOH O0OJOYKH CeYyeHHEeM 10 MM2 guHAMH-
yecKast JKEeCTKOCTb NpysKHHEl ys2=0,0015. [laxe ana npyxuHbl B Jie-
csiTKH pa3 Gosee MecTKoi H Gosblue mo macce ys BCe-TaKH MHOTO
menbiue 1.

MaoTHas nocaaka cepleyHnka B 060a04KYy. ITO
cayuait Hanbosee peablblii, H B TO K& BPEM: HauboJsiee TPYAHLIN
aas anaausza. OrpaHnuuMmcs NPHOJNHIKEHHBIM pacCMOTPEHHEM. Mo-
JKeT 1MoKasaTbCsl Ha NepBblil B3IV, 4TO IVIOTHAs Mocajka cepied-
HHKa B 060J0UKy 6e3 KOHTAKTA €ro ¢ JOHBILIKOM OGOJOYKH A0/K-
Ha cuusuth sdpexr Tenmosoro ynapa. JleHCTBHTEJbHO, 000J04Ka
He MOJYHHT MeXaHHYeCKOro HMIyJbca, €CJH KOHTaKT cepleulura
¥ 060JOYKH OCYIIECTBASETCS TOJABKO MO OGOKOBOH MOBEPXHOCTH H
npHueM CHMMETPHYeH OTHOCHTEJBbHO IeHTpa Macc cepieulika, a
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NPO/IOJILHEIE CHJIBI, BO3MyHLaloliHe 06OMOUKY, He MOTyT ObITh 6O0JIb-
LI€ CHJIBI TDEHHS MOKOA MeXy Helil H cepeuHHKOM. Ho ofecneunts
Ha NMPakTHKe TaKylo Mnocajky, KOTopas aaBaja Gbl XOPOIIHH KOH-
TaKT 0G0JIOYKH H CepleyHnKa NpH HeGOMbIIOH CHJIE TPEHHS MeX1y
HHMH, OKA3LIBACTCS HEBO3MOXKHO, €CJIH YYecTh HMMIYJBbCHBIH Xa-
PaKTep TenJIOBLIJCHEHHS B TBIJIE. ,
[lnothas nocanka naer npeumyiiectsa (6osee HH3KHE 3Hauye-
IS THHAMHYECKHX HanpskeHHH B 060/04Ke) UL B TOM cayuae
KOTla CHila TPeHHs MeXAy 0B6OJOYKOH TB3/a M MJIOTHO IOCAIKEH.
HBIM B HEE€ CEpPAECUHHKOM CYIIeCTBEHHO MeHbIIe YIPYrod CHJIbI, BO3-
HHKAIOULeHt B 060JI0YKe, Ha AOHBIKO KOTOPOi CBOGOIHO o::c.mmqnm

cepleuHuK. DTO yCJIOBHE 3anuim
: _ eM JIIsT MTHOBEHHOIO ¥
TEINJIOBbIIeJIEHHA: il

Cuna «dﬁ:xm & ¥Ynpyras cuia
+

b:\q q«&“ mw.xﬂaﬁ&.mn_
S S o (3.22)
W P, & EyxT o8¢,

(1) frp Lea
rae — roauiuHa 060J04KH: P, — HOpMasbHOe naBieHue cepleyHn-
Ka Ha 060J04Ky N0 GOKOBOil NMOBEPXHOCTH; frp — KOG GuunenT Tpe-
HHsL CKOJIbXKEHHs Ha GOKOBON NMOBEPXHOCTH CepAeYHHK—O060JI0UKA:
d u L — nuamerp un nanna ceplaeyHHKa. .

M3-3a umnysnbcHoro xapakrepa TemioBbizeserns Temnepartypa
CCPACUNHKA 3HAUHTE/NbHO H3MEHACTCS 33 KAXKAYI0 BCHBIIKY MOLL-
HOCTH B peakTope, B TO BpeMs KaK TeMmnepaTypa OGOJIOYKH He Y-
MeBaeT H3MEHHUTbLCH Cpa3y e mnocJje uMnyJabca. B pe3yabTaTte B
COOTBETCTBHH C Tly/ibCalllell TeMNepaTypsl CTepiKeHb paciuupsiercs
H JaBJIeHHe ero Ha 000JI0uKy TaKiKe LHKJIHYECKH H3MeHsieTcs. Yo-
JIOBHE CTATHYECKOrO DABHOBECHS YNPYrHX cHA B 060JOYKe M cep-

ACYHUKE JlaeT AJst aMIVIHTY/bI H3MEHEHHs KOHTAKTHOTO AaBJeHHS
cienyoulyio gopmyay:

AP, = *To
! (d/28 +- po) [Ey + (1 — wy) JE; Awwwv
Ecan no nmnynsca P,=0, 1o nabienne cpasy mnocJie HMIyJbca
Oyzrer onpeneasithes (opmynoit (3.23). INoacrasus (3.23) B Hepa-
BEHCTBO (3.22), moJyunM HOBOe ycjioBHe, NPH KOTOPOM CHJa Tpe-
HHS NPpH ABHXKEHHH CEPJeUHHKA, MJIOTHO MOCAXKEHHOTO B 060J0YKY
MeHbIIE YNPYrHX CHJ, BO3HMKAIOUWINX B OGOJNOYKE, HA [AOHBIIKe
KOTOPOil cepaeuHnKk cBOOOIHO MOKOUTCS:

d/28+ps | V—py (1 + ya) frp Le
i 21) [1p LCo
.Wa ! M~ Vv mN@n._. - AW.MAV

O6bit
menw.“:_o df6>1 u E\<<E,. Torna Hepasencrso (3.24) penyuupy-

. d> (1+ .<..:v wauhmw\hn = \n;h.

frp L d/L. (3.25)

OrHollenne JuaMeTpa cepjeyHnka K ero jaaune obbiuno He Gouiee
0,1; B TakoM cayyae /sl BBINOJHEHHs HepaseHcTBa (3.25) Ko3b-

(punEenT TpeHnsi CKOJbXKeHHs JoJKeH GbiTh mopsjaka 0,01 0 menb-

we. [Tpu Tpenun merajia no merajnay 6e3 cmasku frp Bcerjpa 60Jb-
we 0,1. 3HaunT, OCHMJIHpYIOUHIT cepleyHHK OyJeT pacTIruBaThb
060J10uKy, KaK ecyii Obl OH NPEACTABJSJ C Hell OJHO 1ieJoe.

Ha ocHOBe BbIBEJEHHBIX paHee COOTHOIIEHHH JJs OJHOPOIHOTrO
crepxusi (cM. § 3.2) HeTPYyAHO MOJYYHTb MAaKCHMaJbHble HanpsKe-
Hus B 060JI0UKe, €CJH HCMNOJb30BaTh YCPEIHEHHBbIE yNpyrue mapa-
MeTphI:

7 _ ES, +ES, E,S,

E = !
Sy + S, Si+ S, (= %er)s

[le  Yer — CTATHUECKAS  IKECTKOCTb 06O0JIOUKH: Yer= EaS2/EiS1=

=12 (/1)
c=yEp s o=l
1T P8

[TpuBenem awmb OKOHYATebHbIE pe3yabrartbl. [Ipn MruoBeHHOM Ha-
rpeBe MaKCHMalbHasi MpojoJibHas Jaepopmanns OGOJOUKH £2=
=2xT/ (1 +vycr), MaKcHMaJbLHOE HATIPSIKEHHE

Oz = 2ExT /(1 + Ver)- (3.26)

[Mpu Gosee MeJIEHHOM HarpeBe HanpsiKeHHs yMEHbLIAIOTCS, HO He
JI0 HYJsl, KaK B cjyuae cBOOGOJHOIl MoOcajxkH cTepXHsi B 000JI0YKY,
a 10 MOJIOBHHBI 3HaueHus, onpeaeasemoro gopmyaoit (3.26):

Oy (4 = ) = EgxT /(1 + Yer)- (3.27)

DTO NOHATHO, TaK KaK HArpeTblil B pe3yJjbTaTe BCHLILIKH CepeuHuK
pacunpsiercsi BAOJb M YBJekaer 3a co6oit 0060JI0UKy He3aBHCHMO
OT MHEpIHH coGCTBeHHOI H 060s0ukH. CpaBHHM OcCeBble Hanpske-
Husi B obosouke [em. (3.26) u (3.27)] ¢ oceBbIMH HHEPUHAJbHBIMH
HanpsiKeHHsIMH B 000JI04Ke B cayuae cBOOOJHON TOCaiKH, onpene-
asembiMu popmysoit (3.19). 3amenum B (3.19) aAHHAMHUECKYIO
JKECTKOCTb Ya; €€ BbIpayKeHueM uepes ycr. Torna smecro (3.19) no-
JYUHM

0y = ExTy/(ca/ey + Yer)- (3.28)

Tak Kak /¢, 06buHO He Menee | (n ne 6osee 3), T0 o2 H3 (3.26)
Pcerja mo Kpaiikeit Mepe B JBa pasa 6osblue, uem oz u3 (3.28) *.

* HapmoMHuM, 4TO 3TO CHpPaBeJJAHBO BCerga, Kpome cayyas, Koraa
M.:u AAQ\N‘.
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Caenyer 3aMeTHTb, YTO MPH IJOTHOI Mocaake 060JOYKA HCIIHI-
TBIBAET KOJIBLEBYIO JedopMaluuio H3-3a YBeJHYEHHs KOHTAKTHOrO
AaBJeHusi NpH Kaxnoit Benbiwke [cm. (3.23)]. Kosbuessle nanps-
JKEHHst B 060/I0UKe paBHBI

o, = AP,d/26 < Ep,T,, (3.29)

T. €. TOrO JKe NOPs/Ka, YTO H OCEBbIe HANPSIKEeHHS,

Hlo cux mop paccMaTpuBaJicsi MJIOTHBII KOHTAKT CepPAEYHHKA H
060/104KH 10 Beeil nopepxHoctd. Ecain oHH KOHTaKTHPYIOT B HEGOJb-
woit o6iacti (310 GJHXKE K peasbHOlNl CHTYallHH, TaK Kak cepaey-
HHK MM 000/I04Ka BCErja MMeIOT HeKOTOPYIO 3JIHMICHOCTh B Ceue-
HHH, KOHYCHOCTb MO JI/IHHE MJH H3rub), TO pacuer OCJONKHSIETCS.
Pacemorpnm nanGosee npocroii cayuail — KOHTaKT B JBYX MecTax,
CHMMETPHYHLIX OTHOCHTEJBHO I[leHTPa CepAeYHHKa, no GOKOBOI Mo-

BEPXHOCTH Ha janHe [. B sTom cayuae BMecto ycaosus (3.25) ume-
eMm

frp L di2, (3.30)

KOTOpOe BhImosHsieTcst npu ycaosun 2/<d. Hanomuum, uto Hepa-
BeHcTBO (3.30) ycranaBiMBaeT ycloBHe caaGoro BJAMSHHS TMPOLOJb-
HBIX KoJeGaHuil cepjieunuka Ha 06oaouky. KoubueBble Hanpsixe-
HHSL B 060JIOYKe H3-3a DajJMAaJbHOTO DPAaCIUMPEHHs CepJeuHHKa,
KOHEYHO, OCTAIOTCs TAaKHMH Ke, KaK H /Ui IJIOTHOH MNOCAajKH IO
Bcelt nosepxHocTH [em. (3.29)].

Ecau pacnpeneseniie KOHTaKTHOrO naB/JeHHss Mo GOKOBOi MO-
BEPXHOCTH HECHMMETPHYHO OTHOCHTEJNbHO I€HTPa Macchl CepaeuyHH-
Ka, TO MOCJe/HHIl B pesylbTaTe TeMNepaTypPHOrO CKauka MOJY4HT
MexaHuueckuit umnyabc. IMocae Kaxoii BembllKh peakTopa cep-
JleYHHK Oy[eT HeMHOro NpPO/BHraTbCsi B CTOPOHY Gojee caa6oro
KOHTAKTa H pPaHO /M MO3/HO JOCTHTHEeT npoGKH TBajia. [lostomy
JIaHHBIH cay4ail IKBHBAJEHTEH CTEPXKHIO C KOHTAKTOM IO TOpLY
(cm. § 3.2).

TonausHble naacTHHBI, cKpenaeHHble GOATAMH. DKBHBAJEHTHAS
CXEMa TOINIMBHBIX MJIACTHH, CKPEIIEHHBIX 6oaTaMi, H3o6paKkeHa Ha
puc. 3.5, 8. Bo BpeMsi HMnyJibca TeNJIOBBLIAEJIEHHSI TOMMBHBIE M/A-
CTHHBI MOJIYYalOT MeXaHHYECKHH HMIYJbC, OTTAJKHBAsIChb APYr OT
Apyra; KHHeTHUeCKasi SHeprus ABHKYIIHXCSH CO CKOPOCTBIO Uo MJa-

CTHH Npeo0pa3syercs B MOTEHUHAJbHYIO SHEPTHIO PACTAHYTOrO 6OJ-
Ta, T.e.

(P2S:L/2 + p,S,L/2) v} = 6°S,L/2E,,

rae Ss, S| —ceuenne 60JaTa W MJIACTHHBI COOTBETCTBEHHO, a pp M
1 — IVIOTHOCTH MarepHataa 6ojaTta M muaactuubl. OTClONa MakcH-
MaJibHble HanpsKeHus B 6oarax

0 =v,(p1E2) "* (0o/pr + Sy/Ss)'". (3.31)

Taxkum o6Gpa3oM, HaANpsKEHHS 3aBUCAT OT CKOPOCTH TOMJIHBHBIX
NJacTHH mocae HX pasjnenenus, Pacuer ckopoctd Obln  NpOBeISH
B NpeJblaylieM pasjede.

[Ipu GbicTpom cKauke Temmepatypni To Bce IIACTHHBI JBH-
JKYTCsi C OZAMHAKOBOH CKOpPOCThIO Up=C1%4T0. Toraa

0 = (E1Ep) "%, Ty (pofp1 + Su/Sd)™"* (3.31")
Jaist nuHeiiHoit GopMbl TEMIEpaTypPHOro cKauka
ey, W IS (3.32)
17y, y=>2,

rae y=20c/L, a L — BbicoTa aKTHBHOMH 30HBI.

Béprpun [7] npoaHain3npoBaa TOYHOCTb NPUOJIHIKEHHOTO COOT-
Homenusi (3.31) u nokasais, 4TO OHO JlaeT BeCbMa XOPOLIHE pe3yJib-
Tatel npu Sp/S;<<0,4, T. e. KOria cedeHHe TOIJIMBHONH TMJIACTHHBI,
npuxoasiieecss Ha oauuH Goar, Gosee yem B 2,5 pasa npeBblIacT
ceyenne 6oJra.

Ecan S;< Sy, T0 MeXaHHueCKHe HamnpsiKenus B Goare oGpatio
TIPONOPUHOHAJBHEL ero auaMerpy dr;. ITO OTHOCHTCH K INIalKOH
yactu Goara; B pe3b0OOBOil uacTH, rile MHHHMAaJbHBIH AHAMETP
dpey<dry, HaNPSKEHHS BbIE K BBIPA3sTCA TaK:

d? 2 —\Ww &w...
Q.Uﬂu = Q.—...- &-.._._ - .—\.hwmw xu.ﬂao .—\. 5 &w —
&_umw u.—&_.h pes
S, 4
=VEE; %T,21/ =22 —. (3-33)
n od
pes

JIisi CHUIKEHHSI HanpsiKeHHil B pe3b0OBOH yacTH ceueHue raal-
KOi1 yactn GoJiTa PEKOMEHJYyeTcsl yMeHbllaTh JI0 pasMepa MHHH-
MaJbHOTO ceyenus Gosita. B 3tom cayuae HanpsikeHus B Gosite npH
S, < S, paBHB

S
o=V EE, »T, lmwln
S !

T dpes

— VEE 0T, 2 (3.33)

W, caenoBaTenbno, Menbiue B dpa/dpes pas, uem B pe3b00BOIl 4acTH
©06b1uHOr0 60JITA.

§ 3.4. YACNEHHBLIE PELUEHMS OMHAMMYECKUX
YPABHEHMHA TEPMOYNPYIOCTH

[asi reoMeTpHYECKHX TeJ, B KOTOPBIX YNpyrue BOJIHBI ~MOTYT
pacnpoctpansTbesi GoJiee yeM B OJHOM HanpasjeHHH  (LHAHHIDP
KOHEUHOI BBICOTBHI, OFPAHHYEHHAs MJACTHHA H T. I.), HJIH B CJay-
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Hae CJIOXKHOH 3aBHCHMOCTH —TeMNepaTypsl OT KOOpJIMHAT H Bpe-
MEHH UYHCJIEHHOe pelleHHe JAHHAMHYECKHX YPaBHEHHil TepMoymnpy-
FOCTH pallHOHAJIbHEEe aHAJHTHYECKOro.

Hawme Bcero mpu pacuere aMHAMHUECKHX Hamnpsi)KeHuit B MHO-
FOMEPHLIX TeJaX OrpaHHYHMBAIOTCS pPeLICHHEM YPABHEHHS, 3aMmi-
CAHHOTO 115 DACIIHPEHHA Tela TOMbKO B OAHOM HANPAB/CHHH.
Takne ypaBHeHHS: HMEIOT 3HAKOMBII BuA [em. (3.4) u (3.14)], mo
ApyrHe KOI(Q(GHUHEHTH NpH usieHe, CopepKauleM TPAajiHEeHT TeM-
neparypul. Jlas UHAHHADA, OCUH/IHDPYIOILErO TONBKO B panmadb-
HOM HanpaBJeHuH, BMecTo %(1+p) B ypasuenun (3.14) crout Ko-
spduunent »(1+p)/(1—p); nosiBasercs oTAHUHAS OT HyJs oce-
Basl COCTABJIAIONIAA TeH30pa HANpPAKEHHIl:

E du

l4pn or
= Ell=p A O H Ogy ONPENC/SIOTCs INO-TIPesKHeM
(A4 (1 —2mp’ o O 1 Oow ONp ¥
Boipaxenusmu (3.13) u (3.13%).
Has naacthuel m  wMAMEADA, YVANMHSIOMEXCH 1O Hanpas-
JICHHIO OCH X, ypaBHewHe ynpyroctd umeer Bua (3.4) ¢ xosgpu-
ukentom npu 97/0x #'=x%(1+p)/(1—p) n ckopoctbio AByKa (2=

=E(1—p) (14p) (1—2p)p. Cocrasasiomue TE€H30pa ~ NpsKeHH
B 3TOM CJlyyae paBHBI

Oxx = 0p;p—

; (3.34)

o, =p b _ BT
- ax  1—2u°

(3.35)

E du
4+ p ox

Metoj uncsieHHOrO  perueHus OJIHOMEPHBIX  HeCTallHOHAPHBIX
YPABHEHHHl TePMOYNPYrocTH O6GBIYEH — HCIOJb30BAHHE KOHEYHO-
PA3HOCTHOTO ~ anreGpaHYeCcKOro aHAJgOra ypaBHEHHH B YaCTHBIX
NPOH3EBO/IHbIX.

Takoit ke merox moxuO NPUMEHUTb W /I aHaJu3a JAHHAMH-
UECKOH YNPYFrOCTH CJOXKHBIX CHCTEM, BKJIIOYAIOUHMX H TOMNJIUBHBIE,
H KOHCTPYKUHOHHble ssemeHTsl. Hanpumep, ecam TB31 B BHze
CTepPHHSL 3aKmoueH B 060/104Ky, KOTOpas, B CBOIO ouepeab, 3aKper-
JIEHA HA ONOPHON peleTKe, TO COBMECTHOE pelieHHe ypaBHEHHI
BHAa (3.4) aas TB3ja, 060JOYKH H PCIIETKH ¢ MOJAXOAAIIHMH yC-
JIOBHAMH ~ Ha TpPaHHIAX CpPel JaeT yJ0BJAETBOPHTE/bHbIE pe-
3yJIbTATHI.

Ilporpamma nas umecsennoro pacyera JHHaMHYyeckHx naedop-
Maunit B Tonausebix auckax UPCII B (r, 2) reomerpun Geira pas-
pa6orana Ilx. Powepom *. Ero aJrOPHTM YUHTBIBAET TeMMepaTyp-
HYIO 3aBHCHMOCTb CBOWCTB MaTepHajla H MOXET ONHCHLIBATL He

TOJBKO ynpyroe, HO H BA3KO-yIpyroe H NnJaacTHYHOE TNMOBEJeHHEe TOTll-
JIUBAa.

0 =0yy = Opr— .

* Reusher J. A. Analysis of Internal Heating Shock Effects in Reactor Fuel
Elements. — «Nucl. Engng and Design», 1972, v. 18, p. 2lo.
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Meton pelieHHs s UHJAHHAPA GeCKOHEUHOM AJHHBI NOAPOOGHO
paspa6oran C. U. Ceparoxosoii [11].

O6cyaum HEKOTOpbIe Pe3y/bTAThl YHC/JEHHBIX Pacyeros, BHINOJ-
HeHHBIX aas TB3a0B peakropa SPRII, mnpencrasasionmmx coboit
KpyrJble NJACTHHBL C LEHTpanbHbiM orBepctmem [12, 13]  (cwm.
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Puc. 3.7. Pesyasratsl oaHomepHoro pacuera 3sddex-
TOB TEMJOBOro yjAapa B TONAHBHONH MJAacTHHE peak-
ropa SPRII ana umnyasca AT=420°C u 0=
=41 mkc [14]: ’
" = P 2. Ql
a— Tauresnuanbibie nanpsokenns (1 MMa=102 kre/um?);
H3Mexenne papuyca., Kpusnle / oTHOcsiTCA K BHewHed Go-

KOBOIl MOBEPXHOCTH NJACTHHBI, KPHBble 2— K MNOBEPXHOCTH
UEHTPAJbHOIO OTBEPCTHS

puc. 1.2). Taurenuua/jbHble HaNPsKeHHs JOCTHTalOT MAKCHMAJb-
HBIX 3HAYEHHH Ha BHYTpPEHHEH NOBEPXHOCTH MJIACTHHEI (puc. 3.7, a);
HHTEPECHO, YTO B HauaJe OCUMJIALMI pasMep IEeHTPaJbHOro OT-
BepcTHs yMmeHbmaercs (puc. 3.7,0); npH  MeLJIEHHOM :mﬁw@w
OYeBH/HO, OTBEPCTHE Beerja yBeanunBaercs. B pacuerax mo SPR

OBIJIO HCCJIEIOBAHO BJAHAHHE (OPMBI HMIYJbCa  TEMJOBbIAEJNEHH.
Kak yxe ormedasoch, Gojee KpyToe Hapactanue TemnepaTypal
NPHBOJMT K YBEeJHUCHHIO HANpPsKeHHid. Paccuutannbie 3nauenus
TAHTEHUMAJLHBIX HaNpszKeHuil s Tpex BHAoB Gymkuwmit T(t) —
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JHHeHHOro, Kochuyconaaabhoro n Q(f) no (2.6') [Q(f) — suep-
roBbIIeJIEHHe B peaktope] paHsl B Tabu. 3.1.

Ta6auua 3.1
HopmupoBanibie 3Hauennst NUKOBBIX HANDSUKEHWI

Q\mxﬂo
BuyTtpennsin| Hapymnas
Bua TemnepaTypHOro cxauyka noBepx- nosepx-
HOCTh HOCTh
Jluneitnwii, (3.87) 1,2 1,0
Kocnuyconaaaphwii, (3.27) 3,2 1,2
Q(¢) no (2.6") 4,4 1,5

Cpasuenne naunbix ta6ua. 3.1 ¢ puc. 3.4 naer OCHOBaHHs CUH-
TaTh, 4YTO JHHAMHYECKass TEePMOYNPYroCTb LHIHHAPHYECKOH maa-
CTHHBI C OTBEPCTHEM ropasno 6JuMkKe K TEPMOYNPYrOCTH CHJOLI-
HOi cepbl, uem TOHKOW 0GoMOuKH. OpHAKO CHHXKeHHe Hanpsi-
MEHHI B LEHTPAJbHOA YaCTH 3a CYET OTBEPCTHSI BCe-TAKH 3a-
MEeTHO.

Ilpu ucnonb3oBanHH ONHOMEPHBIX YPAaBHEHHIl NMOJYYalOTCH 3a-
BLILIEHHbIE 3HAUEHHA NepeMelleHHil H HanpsKeHHH, TaK KakK He
YYHTBIBAETCsi CHHXKEHHE BHYTPEHHEero JaBJieHHsl B Cpejle M3-3a pac-
IIHPennsi B JAPYrHX HanpasJjeHHsX. MHoroMepHbie ypaBHeHHS Tep-
MOYNPYroCTH 3HAYHTEJNBHO CJOXKHee B pelleHHH H TPeGyloT 3aMmer-
HBbIX 3aTparT MawWHHHOrO BpeMeHH — B 10—20 pa3 Goublue, yem
onHOMepHBIe ypaBHeHHs. [losTomMy MHOromepHbie pacueTbl He Ha-
IIJIH elle WHPOKOro NMpHMEHeHHsi Ha NpakTHKe, TeM 6oJee yTO
TEHJEHLHsI K 3aBbILICHHIO HANpPSXKEHHH B OJHOMEpPHBIX pacueTax
JlaeT BCerja MeJaHHblii 3amac NPOYHOCTH MaTepHaJa.

§ 3.5. CPABHEHME PACYETHBIX M 3KCNEPMMEHTAJIbHBIX JAHHbBIX
NO TEMNNIOBBLIM YAAPAM

ITpoctie Mertonbl anmaauTHYecKHX oueHok (cM. § 3.2 u 3.3)
YCNeNmHO HCMOJb3YIOTCS B NpPAaKTHKe KOHCTPYHPOBAHHSI HMIYJIbC-
HBIX peakTopoB. CTenmeHb TOYHOCTH 3THX NPHOJIHMKEeHHH Oblia ole-
HeHa JJsi TB3J0B peakropa APRFR (puc. 3.8). Paccunrann u u3-
MepeHBl TaHreHIHWaJbHble HAMpsi)KeHHs] HA BHEIIHEeH TOBEPXHOCTH
TOMJIMBHON nJuacTHHB. 3aBeimenne B 1,5—2 pasa, kotopoe jaer
¢opmyna (3.10"), mpPOHCXOAMT H3-3a TOrO, UYTO He YUHTHIBAETCS
pacliMpeHde MJIAaCTHHEI B OCeBOM HanpasJjeHHn. Popmyaa (3.31)
U1 HanpsiKeHHu# B 60JTax, CKPenasionMX TOIJHBHbIE MJIACTHHBI,
naer morpemwHocTh He xyXe 30% Bo Bcefi obsacTh, rie coxpa-
HSETCs ynpyroctb marepuana. Jlns sHeprum wumnysabca GoJee
(2,4--2,6) 10" nenenmit MaTepuas TOMJMBHBIX TNJIACTHH  CTAHO-
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BHTCSl TJIACTHYHBIM, BCJEACTBHE Yero Hampsienue nepecraer GbITh
JIHHEHHOH (DyHKLHeH 3HeproBble/eHHsi BO BCIBILIKE.

Ha peakrope UBP B Jly6He namepeHbl AHHAMHUYECKHEe Hamps-
JKeHHS B CcTaJabHON 000J0YKe TB3Ja MOC/Je HeHTPOHHOH BCHbILIKMK
sHeprueit ~ 10'° nenenmii, 4TO COOTBETCTBYeT Harpesy AeJsiuLe-
rocs martepuana (NayTOHHsi) B HcnbiTyeMoM TB3je Ha 15° [15].
CepieuHHK TB3Ja CBOGOLHO MOKOMJICA Ha JOHBILUKE 000JOYKH, YK-
penaenHoit B BepxHeil yactH (cMm. puc. 3.5,0). IlanHa cepleyHHKa

6Md = e Ao
| 4950 ARE
401
930}
20
40t
0 u_. q,10"gen.

Puc. 3.8. CpaBHeHHe 3KCNEPHMEHTAJbHBIX H aAHAJHTHYECKHX
NHKOBBLIX 3HA4YEHHIl JMHAMMYECKHX HampsuKeHHi B peakTope
APRFR [14]:

1 — paccunrtanunie mo dopmyne (3.10°) TaHreHuHajbHbHE HaNPAKEHHA

B TBOJe; 2 — paccudranubie mo ¢dopmyse (3.31) mpoaoibHbBle Hanpsie-

HHA B Goatax; O — HanNpsiKeHHs B TBJe (SKCHEPHMEHT), X — Haups-
Wennsi B 6oATax (3SKCNEPHMEHT)

Goiia 125 mm; nepuon  coberBennbix  KoameGammit  (T,=2L/c=
=150 MKC) B HECKOJbKO pa3 NPeBbllIaJ AJHTEJBHOCT HMIYJbCa
momHocTH peaktopa (36 Mmkc). B stom cayuae MaKcHMaJbHbIE
WHepLHaJbHBle HaNpsKeHHss B 000J04Ke B coorBeTcTBHH ¢ (3.197)
(y<1) paBuni ~6 MIIa*, uro Xopomio corjacyercsi ¢ H3MepeH-
HbiM 3HaueHueM ~5 MIla, ecan yuecTh nJjoxoe 3peHHE TEPMOYyM-
pyrux KoHcTaHT. Mexay mnpounM, JHHAMHYECKHE HANPSKEHHs B
craJgbHON 060J10uKe 6Ge3 TOMJMBHOrO CepjAeuyHHKa, MOMELIEHHOH B
AKTHBHYIO 30HYy, OKAa3aJ/IHCb OTJIHYHBIMH OT HYJIS: >u~|w MIla
(puc. 3.9). Ilo-BHaAHMOMY, HCTOYHHK STHX HaMpsKeHHH — Harpes
CTaJbHOl 060JI0UKM MTHOBEHHBIMH Y-KBaHTaMH BO BpeMsi HMIIYJIbCa

* | INa (nackaib) — eAHHHIA H3MEPEHHsI MeXaHHYECKOro HampsiKeHHs B CH-
¢reme CH; 1 MIla (meranackamb) =~0,1 xrc/Mm2.
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MOLIHOCTH. 3aTyxauue KojeGaHuit CcTanbHON OGOJOYKH  TBS.1A
HUBP-30 npoucxoaumo 3a 10 mc.

HauGosnee nonmoe u nocrosepnoe cpashenue TEOPETHYECKHX
H SKCNEPHMEHTA/ILHBIX JaHHLIX GbIJIO MPOBEJEHO NMPH aHaJH3e pe-
aktopa SPRII, ronnusuble nmaactuun KOTOPOIry MpeicTaBasioT co-
60l Kpyryible AMCKH C HLEHTPaJbHbIM orBepcTHem. Pasmepnl naa-
CTHH: BHeWwHui aAnamerp — 205 MM, BHyTpeHHHII — 4] MM, TOJIUIH-

5
L T T

L AN 1)

ey =

Puc. 3.9. OcumanorpamMma AMHAMHUCCKHX HAMPAKEHHH B
CTAJBHON  ofoaouie UHJHHAPHYECKOTO  TBIJAa  peakTopa
HBP-30 (Bmbpoc ayua ocuiorpap)a BHH3 — HABOAKA OT

HMIIYJIbCA MOWHOCTH HA JACTEKTOP HamnpsizKeHwii)

Ha —34 mMm. Pacuersl M 3KCHepHMEHTHI nposoauauce [13, 14, 16,
17] B mHpokoM amanazoHe H3MeHeHHS IHEPrOBLITEJICHUS B HM-
mysbce (Harpes ot 100 no 560° C); npum 3TOM AJAHTESBHOCTH HM-
nyJabca H3Mensnacb B mpenenax ot 100 go 32 mke. Umncienube
pacueThl GbIIH BLINOJHEHbI KAK 10 OJHOMEPHLIM YDABHEHHSAM, TAK
H o nast  aBymMepHOH  reomeTpuu. PesyibTaThl  npuBeseHn  Ha
puc. 3.10, 3.11 aas paaumanbHBIX CMeLLeHHi BHeUIHelH H BHYTpPEH-
Heil NMOBepXHOCTeH TONAMBHOH mJacTHHBL, B pacuerax ¢opma HM-
MyJbCa TEeNJIOBLIe/eHna Obisia npejicrasiena B Buae (2.6”); yun-
ThIBaJach ~ HCPABHOMEPHOCTh  TEMJOBBILAEJEHHS BJAOAbL pajMyca
NJ1aCTHHDI.

CuibHOe  pasiHuHe 3SKCMEPHMEHTANLHBIX | pacueTHHIX  JlaH-
HBIX B HHTepBajse 0—I120 mkc (cm. pue. 3.10) oGwbsicusercs 4yB-
CTBHT2JBHOCTBIO JI€TEKTOPOB MEPeMelleHNs K HMIYJAbCY H3Jy4eHHs.
OTcyrcTBHE Ha 3IKCIEPHMEHTAJLHOI KPHBOH BBLICOKMX YaCTOT —
CJACACTBHE TJIOXOTO paspellieHHsi H3MEpPHTEJbHOH  cxeMbl. OCHOB-
Hasg rapMOHHKAa pajHaJbHBIX KOJEGAHWH NJIACTHHB MMeeT NepHoj
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170—180 mkc kak B 3KcnepHMeHTe, TaK W B pacuete s JBY-
mepHoit reomerpud. Pacuer aJs OAHOMEPHOH TreoOMETpHH  3aHH-

amaer nepuox no 130 mxc. MakcumanabHOe paauaJbHOe paciuupe-

Hie naactunbl (cM. puc. 3.11) cunbHO 3aBbillaeTcst B MoOcCJeHEM

CJlayuae H JHIIb HEMHOrO 3aHHXKaeTcs s hm%gmﬁzow FeOMETPHH.

Haun6oapuue pasnuyus HabaonaoTcss B o6jaacTu HEeHTPaJbHOTO
OTBEpPCTHA, pacClIHpeHHe TONJIHBa Ha BHYTPEHHEM pajauyce IJjaa-
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Puc. 3.10. PaauanpHoe pacuinpenne
TONANBHON naacTHibl peaktopa SPR 11
(AT=509°C, 0,/,=38 wmkc):

O — SKCnepHMeHT: ——— — pacyeTr AJaA ABY-

MmepHoil reomerpuu: [ — BHemHufl  paauyc;
2 — pasuyc UeHTPaALHOro OTBEPCTHA

Puc. 3.11. 3aBucumocTs MakcHMalb-
HOTO PagHajJbHOrO PacIIHPEHHs TOM-
JuBHoil naactuuel peaktopa SPRII
OT SHEPruM BCIBILIKH
I — premnuit paauye; [/ — BHYTpeHHHl
paanyc; O, @ — 3KCHEPHUMEHT; — + — —
pacder AAS  OAHOMEPHO/l TeoOMETDHH;
— pacueT AJH ABYMEpPHON reomer-
pPHH

CTHHBLI YBEJHYHBAETCA € POCTOM HHTEHCHBHOCTH  BCHbilIeK ObICT-
pee, uem mpejcKasbiBaer TeopHs. Bo3MOXKHO, 3/1ech CKasbiBaeTcs
H3MeHeHHe CBOWCTB MaTepHa/sia TJIACTHHBI MPH BLICOKHX TemIepa-
Typax WIH B HHTEHCHBHBIX PaJHallHOHHBIX MOJAX™.

§ 3.6. O MPOYHOCTH SJIEMEHTOB PEAKTOPA
B YCNOBMAX TEMNOBOIO YAAPA

PakTopsl, BJHAKUIHE HA NPOYHOCTH. dogmhnwmsm TeIJI0-
BOI0 yjlapa B HMIYJbCHbIX peakropax Ha ObICTPLIX HEHTPOHAX Hme-
10T ueabiit psia BHewHHX npossaennit. Ilpexie seero, 310 pacrpec-
KHBaHHe TOMJHBHBIX NJAaCTHH B MecTax HauOOJbUIMX HanpsixKeHHH.

* Jxk. Pouwep, npuuaB BO BHHMaHHe 3aBHCHMOCTL CBOICTB ypaHa oT Tewrme-
PaTypbl, @ TaKie SBJEHHH BSA3KOCTH M NJACTHYHOCTH, NOJYYHJI TOUHOe corJaacue
pacuera n 3kcrepumenta na peakropax SPRII u SPR IIL

6 3ak. 1603 81




XapakrepHslii NpUMep — paspylieHHe TOMIHBHBIX MJACTHH peak-
topa SPRII (cM. pue. 1.2). Oxun us HMITY/IbCOB 3TOTO peakTopa
C NpeleabHBIM 3SHeprosbieneHnem (AT=>506°C) conposoxra.cs
CHJILHBIM TPOXOTOM, MOXOXKHM Ha BBICTPEJ] H3 DYXKbsl, H CHONOM
HCKD, BBIJETAIOIIHX H3 AKTHBHOH 30Hb (Ha6uoxaanch Ha 3Kpaune
Tesesusopa) [18]. Buemnnit ocMoTp He BbIsBHM CYUIECTBEHHBIX Je-
bopmauuit HIH NMOJOMOK MeXaHHUeCKOH yacTH peakropa. Ha peak-
TOpe B JaJbHeiillleM GblI0 MOJYYEHO HECKOAbKO HMIYJbCOB C
SHeprosulienennem Goaee 600°, nocae uero mpoBeaeHa ero WHCMHEK-
unsi. Ilpn pasGopke akTuBHON 30HBI B OXHON M3 CPeJHHX TOIIHB-
HBIX NJacTHH Oblia OGHapyXeHa paamaibHas Tpemuua. MWMemHo
B 3TOH nuacthHe OBIO NPOCBEPJEHO B paaHaNbHOM HamnpasJe-
HHH LHJHHADHYECKO® OTBEPCTHE MOJ TepMOmapy, KOTOpoe M ocaa-
GHJIO NPOYHOCTH BCel MIACTHHBL, HMckpet  npu paspymennn nua-
CTHHLI NPEICTAaBAAIH COGOM CropaiouiHe B BO3JyXe YaCTHUYKH Me-
TaJ/MHYECKOrO ypaHa, KOTOpbIi nHpodopen.

B umnysabcax ¢ Goabwum sueprosbizesenuem HHOrLA JAHHAMM-
YECKHE HanpsizKeHus B 60JTaX, CKPEMSIOUHX yPAHOBBIE JHCKH,

MIPEBOCXOAAT npejiess TeKyuyeCTH. YaauHeHHe 60aTOB (maacTHue-
CKas nepopmauus) B peakrope APRFR nocse 1mkaa paborut Ha
HMIyJbCax ¢ 3sHeproBbiienenHeM 23-107 jpenenuii cocTasiIo

Gosiee 2 MM,

Junamuyeckne manpskenns MOTYT nepeiaBaThCsi HA TNPHBO/bLI
PETyJIHPYIOIIHX CTEepIKHEH, BbI3bIBAs npexaeBpeMeHHbIl  H3HOC
HJIH TIOJIOMKY 3y6beB mIeCTepPeH, NOAUIMITHHKOB H T. 1. [Tpn wucmmt-
raunn APRFR na paspymenne Gbl1 3ameuen nporu6 camux pe-
TYJHPYIOUHX CTepIKHEel,

BosjeiictBie nmkanveckux wanpsikenmit ma MaTepHa/bl
THBHOH 30KBI HMIYVJBCHOrO peakTOpa ycyryGasercs NpH HaJHYHK
kopposnu. Ouarn Kopposun B MeTase SBASIOTCH HCTOYHHKOM pas-
BHTHA MHKpOTpeILiH. Paspywenne Koppoampyiouero marepnasa
B HaNpAKEHHOM COCTOSIHHH Ha3biBACTCS KOPPO3HOHHBLIM PaCTPECKH-
BanueM. CnaaBbl ypana ¢ mMoam6aeHom, Hauboee IIHPOKO MpH-
MEH;CMble B KauyecTBe TOIJIHBA MMNYJbCHBIX PeaKTOPOB, BecbMa
TIO/IBEPIKEHBl BJHAHHIO KOPPO3HOHHOTO DACTPECKHBAHHS,

Brnepsruie koppoznonnoe pacTpeckuBanmue Haba01aa0Ch NpH-
MepHo 20 ser Hazaa ma o6pasuax u3 cnaasa U c¢ 10% Mo (no
macce). Uepes cyTkm mocsie M3roToBJenus obpasuna B dopme un-
JHHIPHYECKOrO CTEePXKHS METOA0M XOJIOMHOIL NPOKATKH OH pac-
TPECKaJICH, T1aBHBIM 06pasoM B 0ceBOM HanpaBiaeHun. Eme oqun
NPHMED AElCTBHS KOPPOIHOHHOTO PACTPeCKHBAHHS: MOCAE HCMbITA-
Hus peakropa APRFR Ha mmnyabcax HHTeHCHBHOCTBIO Bbillle npo-
€KTHOH aKTHBHasi 30Ha OKasaJach AeopMupoBaHHOi, N H3BJeYe-
HHE CKPenisioulx GOJTOB M3 ypaH-MOJHOIECHOBOrO CMAaBa 6bLIO
sarpynueno. Korna ke nx ynanoch ocBo6oants, To oHu paspyuun-
JHCh. ITO NPHMEPEl PA3PyUICHHS MO BJAHSHHEM COBMECTHOr0 BO3-
JeHCTBHS OCTATOUHBIX HanpsizKeHnH u  arMocepHoil  KopposuH.
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aK-

B saBucHMOCTH OT KOHKDETHON KOHCTPYKUHH annaparta H pe-
JumMa paboTbl OrpaHHYHBATL €ro MOUIHOCTH MOTYT KaK JHHaMHue-
CKHe HanpsiKeHHsl B TOMJMBE, TaK H HANPSIKEHHA B KOHCTPYKIHOH-
Hbix neraasx. das UPCIl  onpezeasiiouiumu  IBASIOTCS  HANpe-
JKE€HHs1 B TONJIMBHBIX NJAaCTHHAaX, TaK KaK Bcerjga uMeercs 6oJiblie
'BO3MOJKHOCTH ]It YJy4llleHHsi MPOYHOCTHEIX XapaKTePHCTHK 60.1-
TOB H OMOP peakTopa, yem s BbIGopa THNA TONJHBA.

Hukauueckuit xapakrep Hanpsikenns martepuanos B UPCJL me
'OKa3biBaeT CYUIECTBEHHOrO BJMSHHA Ha HX NPOYHOCTb BBHAY He-
Gosibioro upcaa wHKA0B. OGBIYHO NMOJHOE KOJHYECTBO BCIHbILIEK
nopsiika 1000. Jas UPILI, HanpoTns, HMEHHO LHKJHYECKAs NPOY-
HOCTb siBJIsieTcs onpeaesitomei. ITpn wacrore caenoBaHus UMIY/ib-
€oB, ckaxeM, 50 ' u Bpemenn pa6otwl peakropa 1000 cyTok Ko-
JIHYECTBO HMIYJIbCOB OKasbiBaeTcs paBHbiM 4,3-10° Tak xak oc-
AHJJAUMKE TB3J1d NPOLOJKAIOTCA B TeyeHHe HEKOTOPOTO BpeMeHH
HoCJe HMIyJibCa MOILHOCTH, TO MOJHOE UYHCJAO IHKJIOB Hampsie-
Hus1 paBHO npumepuo 10!,

HUPTI, npoektupyembie Ha 3HAYMTEJLHYIO CPeAHIOI0 MouL-
HOCTb, MMEIOT TOHKHE IHJHHIPHYECKHE TB3Jbl B MeETa/JIHUecKOil
o6oaouxe. [lpoyHocTb TONMJIMBHBIX CEPIAEUHHKOB He HrpaeT poJan
‘B STOM CJyyae; CyLIeCTBEHHO JHIIb COXPAHEHHE ILEeJOCTHOCTH 060-
JIOUKH.

Mepbi no cmsruenuwio Temaosbix yaapos. Ilpexne Bcero pac-
CMCTPHM BO3MOMKHOCTH YMEHBLICHHS HHEDUHAJIbHBIX HaNpsiKeHuii
B TONJIHBE HMNYJbCHOTO peaKkTopa, KOTOpbie Onpeiefsiiot, B nep-
Byi0O ouepelb, MOCJAEACTBHsi TENJOBOrO yjapa. IDTH HanpsKeHus
nponopunonanbibl Komnaekcy ExTo. Ilonorpes tonanuBa 3a Bpems
Heitpontoit  BenblwkM  To=Qo/cppV, rtae ¢p, p, V — Tenaoem-
KOCTb, MJIOTHOCTb ¥ 0GBeM TOmIHBA. 3HAYMT, NPH 3aTaHHOM Terl-
JIOBLI/Ie/IEHHH B efauHHlle o6beMa TomauBa 3(P¢exkTs TenJaoBoro
yAapa 4yBCTBHTEJbHbB K napamMeTpaM sIepHOrO MaTepHaja peak-
Topa uepe3 ux Ge3pasmepHblii Komnaeke Ex/cpp (taba. 3.2). K co-
ManeHnio, oOBIMHO TNPH TMPOEKTHPOBAHHH pPeAKTOpa  HHMKeHep-(u-
SUK BBIHYKIEH PYKOBOACTBOBATHCA APYFHMH KPHTEDHAMH NDH Bbi-
" Gope si/1epHOTO TOMJMBA, HANPHMED pPAIHALMOHHON  CTOMKOCTHIO,

TaG6anua 3.2

MpubausuTeabnsle 3nauenns Kommiexca Ex/c p @ AdS HEKOTOPHIX SIIEPHBIX
maTepuanos npu Temneparype 7'

Narepua®  lpu (5-gasa)| Pu(8)-+1%Ga PriVeE | Puos |Utay+1,5%Molucy) + 10%Mo
mx\ﬁhb —0,072 0,090 ~0 0,26 0,70 0,30
i, 1°C 400 400 400 1500 500 500
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TenJao(H3NUECKHMH CBOMCTBAMH, a TaKXe Ha/JHYHEM OmbiTa M0
HCNOJb30BaHHIO JIAHHOTO TOMJHBA, HEOOXOAHMOCTbIO  obecneunTb
OTPULATENIbHBIA  TeMNepaTypHbIi  KOIPHUIUHEHT  PeaKTHBHOCTH
W T. 1.; NPH BO3MOXXHOCTH BBIOPATh TOMIHBO C MHHHMAJbHBLIM (HJH
JlaXke HyJIeBbIM) 3HaueHHem napamerpa Ex/cpp 3HaunTesbHO 06-
neryaiorcss TpeGOBaHHA K LHKJIHUYECKOH MPOYHOCTH 3JIEMEHTOB akK-
THBHOII 30HBI.

1. Mrak, neppas mepa no CHHXKeHHIO 3(Q(}EKTOB Temnjn0Boro
yiapa — 6660p Tonausa ¢ noodxo0auwjumu  XapakTepucTuKamu.

2. VnepuuaabHble HanpspKeHHs B TOIVIMBE 3aBHCAT OT  (OpMbI
Tesa H ero pasmepoB. MaJble Tesa 06/1a4al0T MeHbLIed MeXxaHHYe-
CKOIl MHepIMeil, a Mo3TOMy B HHMX MeHblle HHepUHaJbHble Hampsi-
Kennst. B wmwape uam UHJAMHApPe yNpyrHe BOJIHBL (DPOKYCHPYIOTCA B
LLeHTPe Tesa, YTO NMPHBOJAHT K 3HAYMTENbHBIM HanpsiKenusam. Hau-
6oJiee pasrpyKeHHBIMH OKAa3bIBAIOTCA CTEPKHH H TOHKHe 0GOJIOUKH.
[Mpu naune crepxkusi L<<0c/6 HanpsixkeHHsi B TOMJIHBE He TpeBbl-
wawT 0,1ExT,. [lostomy 3arpy3ka UHJHHAPHYECKHX TB3JOB KO-
POTKIMH CerMeHTaMH ¢ pPa3Bsi3KOil MeX1y HHMH B BHI® JHCKOB
M3 MATKOr0 Hejeqslllerocss MartepHaja WJIH ra3oBoro 3asopa Mo-
JKeT CYILIeCTBEHHO CHH3HTH 3((dekThl Tenyoporo ynapa. CermeHThl
TONJIMBHBIX 3JIEMEHTOB MOTYT JaKe HaXOJIHTbCA B KOHTaKTe Jpyr
C JpVroM, HO, ecJaM TMJIolajb KOHTAKTHPYIOUleH MNOBEPXHOCTH
HaMHOrO MeHblle MOMepPeyHOro ceyeHusi TBIJA, ynpyras BOJHA Cy-
HleCTBEHHO ocaabiasietcs. 1o Hcnoab3oBaHo B peakropax SPRII
n SPRIII, rae TOn/iMBHBIE JMCKH CONMPHKACAIOTCS JPYr C JAPYrom
TOJMBKO MO HeGOJbIUOf MNJOMIaAH, a B OCTAJbHON 4YacTH  MEXKIy
HUMH cOXpaHsieTcsi 3a3op Aasa obecneueHHsi CcBOOOJHOro Temie-
patypHoro pacmupenusi aucko (cMm. puc. 1.2). B pesyabrate
3TOr0 Harpy3ku Ha Goatsl cHHxKalortcs; B Gopmyae (3.31) aas
HanpsKeHuin B OosTax B KauecTBe S; CJelyeT HCHOJb30BATH
TOJLKO MJOLIA/b KOHTAKTUPYIOUIMX MOBEPXHOCTEH TENJIOBLIIe/ISAIO-
IAX JHCKOB.

Takum oGpa3om, BTopasi Mepa 1O CHHMKEHHIO TENJOBOro yia-
pa — eotbop nodxodawied Gopmol u pasmepos TEIN08.

3. Hakowel, ssoipasHusanue HeluTPOHHO20 NOAAL B AKTHBHOM
30HE peakTopa yMeHblIaeT MaKCHMaJbHbI HAarpes TOM/IHBA 33 HM-
MyJbC MPH COXPAHEHHH HHTEHCHBHOCTH BCHBIIIKH M, ECTECTBEHHO,
cHuxaer umHepunanbubie Harpysku. B MPCJIl nocrnkennio 3tof
nean cnoco6CTBYET 3KCHEPHMEHTAJbHAsi TNOJOCTb B UEHTPaJbHOlH
yactn akrtuBHOil 30Hbl. Jia peakropa APRFR  6bi10  noacuu-
TAHO, YTO MPH HAJHYHH TOJOCTH [HAMETPOM 5 CM  HHEpPUHAJb-
Hble HanpsixeHuss B TomamBe B 1,3 pasa Mmedblle, ueM B cayuae
OZIHOPOJIHOM AKTHBHOIl 30HBI NMPH OJMHAKOBOM  3HEPrOBbIIEJCHHH
3a BCMBILKY.

Bausinne HepaBHOMEPHOCTH TEMJIOBBIEJCHHS MO JIJIHHE LMJIHH/-
pHYECKOrO TBIJAa HAa HHEpLHAJbHble HANPAXKEHHS OTHETJIHBO Je-
moucTpupyercst dopmyaoit (3.19%).
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Buibop MaTtephana TOMANBA, a Takxe (opMbl H pasMepoB Tom-
JHBHbIX CepleuBHKOB 06bluHO orpanmnved. Hampumep, 3nauntesb-
HOe yMeHblueHHe Ko3((HUHMEHTa  TeMrnepaTypHOro pacilHpeHH:
APHBOJAMT K CHHMKEHHIO OTPHIATEJbHOrO MOIIHOCTHOrO s dexra
PEaKTHBHOCTH H B MTOTe — K YMEHbLIEHHIO YCTOHYHBOCTH Sﬁﬂbp.
B HMPCJL BooGule HEeAONMyCTHM uepecuyp Masblid TeMmepaTypHbIH
K03((DHUMEHT PEeaKTHBHOCTH; TOIJIHBO C HYJICBBIM 3HAUCHHEM %
MOMKET HCMOJb30BATLCSH, MO-BHAHMOMY, TOJbKO B peakTopax ¢ OT-
pHILLATEJBHBIM JOTJIEPOBCKHM KO3(D(HUHEHTOM PEaKTHBHOCTH.

[TostoMy OCHOBHOe 3HaueHHe B GopbOe € BPEAHBIM BJAHAHHEM
TeNJOBLIX YAapOB NPHAAETCS TAKHM MepaM, KOTopble crnoco6CcTBY-
JOT CHHJKEHHIO HanpsiKeHHI B KOHCTPYKIHOHHBIX JIETAJasAX peak-
TOpa, NO3BOJsIA B TO K€ BpeMs TOIVIHBY PacWUpATbCA M OCLH.I-
JIHPOBATh.

4. t10, npexae BCero, 3axKpennenie OCYUAAUPYIOULULX dera-
aell 6 mecrax, ede OuxHamuveckue CMeWeHus MUHUMAAbHBL WIH
poo6uie orcyrcTByior. [IpuBenem aBa npumepa. AxTHBHast 30Ha
peaktopa Godiva IV, umeiomas (popmy UHIHHAPA, duxcupyercs
B Tpex C-06pasHbix cTaJbHbIX cKoGax (pHC. 3.12), kamxnpas u3
KOTOPBIX OXBATBIBAET PEaKTOp CBEPXy H CHH3Y. Beaencreue cuM-
METPHH B LEHTPAJbHON TOPH3OHTAJBHOM MJIOCKOCTH OTCYTCTBYIOT
cMellleHHs; KpelieHue CKOO K onopaM peakTopa OCYLLeCTBJACHO B
910l o6aacTH, Gaarogapa uemMy TNOCJe/HHe He MOJBEpraioTcs BH-
Gpaunam. Jlpyroit npumep. B peakrope VIPER cepaeunnku -
JMHIPHYECKHX TB3JOB MOJBEIIHBAIOTC K CTa/AbHOI 060/0UKE B
cpenneii uactu (cm. puc. 1.4). B atom cayuae KosebaHusi U pac-
IKpeHHe TOIIHBA HHYeM He OrpaHHYHBAIOTCH, a B 0060J10UKe TB3J14
¥ JApYrHX JeTajsX peakTopa JAMHAMHYECKHE HAmNpsMKEHHs MaJbl
(ocraiorca aumb 3(QeKTsl, CBA3aHHBIE € HarpeBOM 060J104KH
y-KBaHTAMH, H TePMHYECKHE HAMPSKEHHs NPH OCTHIBAHHH pPEaKTO-
pa). IloaBecnTb cepledyHHK B 000JOYKEe MOMKHO NMyTeM INJIOTHOH
€ro 1nocajKi B IeHTPaJbHON YaCTH.

5. PaaukaapHOii Mepoil yMeHblUeHHsl HHepUHAJNbHLIX  Hanps-
Kenuil B 060J109Ke IHAHHAPHIECKOTO TBAjJa (@ TaKxKe npH mnoasec-
Ke KoMnakTHoii aktusHoii 3onsi MPCJl ma omopax) sBjagercst npy-
acunnas (peccoprasn) nodsecka. Ha o60a0uky TB3Ja HIH OMOPBI
peakTopa nepejaercs B 3TOM cCjyuae JHIIb Majast 10Js SHEpriH
yaapa (cm. § 3.3). Peccopnbie NOABECKH YCHEIMIHO HCMOJBb3YIOTCS
B UPCJI. Hanpumep, TONJHBHbIE NJACTHHBI peakTopa Godiva IV
(cm. pue. 3.12) saxartel B C-o6pasHbiX omopax uepes CTaJbHOE
KOJIbIlO, CrelnajbHasi popMa KOTOPOro mpHJaer eMy CBOHCTBA
npyxutbsl. Tlpn Hcnonb3oBaHuH B TB3JaX HUPITO npyXHHHBIX
NOABECOK TOSIBATCH  JIpyrHe npobjembl:  yCTaNoCThb  MPYZKHHbBI
U BO3MOMKHOCTb KOJeOaHHi Cep/ledyHHKa Ha TNpyxHHe ¢ HU3KOH Ha-
ctoroii. IToatomy Bonpoc o 11e/1ec000pasHOCTH NPUMEHEHHS NPYHHH
g UPIIJ ¢ 6Goabluoil cpeiHeil MOIHOCTBIO CJaelyer NOKa CYHTATh
OTKDBITBIM.
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6. B umaung
. HYEeCK .
p OM  TB3Je nepenauya MeXaHHYeCKOro Hu- Jyer u3 (OpMyJ TEOPETHYECKOro aHanusa Ttemsosoro yaapa. Ha-

yabca Ha ONOPHLIE KOHCTPYKIHH peakropa mu
UECTBEHHO YMEHbWAIOTCS TaKkKe MpH
HO20 cepdeunura 8 oboaouky. ns

HHKa, cocTosmero u3 tabjaeTok 1

Puc. 3.12. Peaktop Codiva 1V. Akrupnas 4acTh, HAXO-

AAULAACA BBILE BepPXHEH MOJKH TPEHOXKHON ONOphI, CO-

CTOHT M3 YPAaHOBLIX TOMJHBHLIX JAHCKOB, nxvm:ao—._:zx

Tpems C-o6pasubiMi ckoGamn uepes NpYKUHSIEEe KOMb-

uo. Baok asapuwilnoii 3amuTel HaxomuTCs B BhiBE/JeH-
HOM MOJOXKEHHH MOJ BEPXHeil NOJKOI

JOBEH; JUIsi Cep/CYHHKA OJHOPOAHOTO 3TO BEPHO TOMBLKO B Caydae

CHMMETPHYHOTO pacnpejie/ieHHsi KOHTAKTHOTO AaBJEHHs MO JJHHe

T8371a. CuelyeT HMeTb B BHAY, 4TO MJOTHAS MOCANKA He YMEHb-

Emo.\.a HAnpsiKeHui B camoit o6osouke TB37a (cM. § 3.3).

A n.:_ﬂmp HHIKEHEPHO-KOHCTPYKTOPCKHX ~ Mep,  HampaBJIeHHbIX
CHHE HHEPUHAJIbHBIX HANpsKeHHH, HenoCPeACTBEHHO CJe-
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HX BHOpauuu cy-

NAOTHOU nocadke Tonaus-
_CerMeHTHPOBAHHOTO cep/iey-
MUHON [ B¢, 3TOT BBIBON Geayc-

npuMep, yBeJHUEHHE OTHOIIEHHS TOJUIHHBI OOOJIOYKH K JHAMETpY
WHANH)(PHYECKOTO TB3Ja YBEJHYHBAET ee IKeCTKOCTb H BeleT K
cHixennio Hanpsokenuit fem. (3.19)], ymeHbIIeHHIO HanpsiKeHHi B
GoATaX, CKPeNJSIOUHX TOMJHBHbIE  MJIACTHHBL, C€noco6CTByeT

| YMEHBIEHUIO OTHOWEHUS NOBEPXHOCTU NAACTUHbLL, npuxodsujelcs

wa oour Goar, Kk cewenuro 6oata [em. (3.3)]. Tlpoduanposanue
GonTa TakiKe BeleT K CHHKenuio Hanpsxennin [em. (3.317)].

8. Jlukeudayus KOHUEHTPATOPO8 HanpaycexHuil Kaxk cnocob yse-
JIMUeHHs NPOYHOCTH TpHOGperaer 0coboe 3HAUEHHE /IS AKTHBHBIX
30H MMNyJbcHbIX peakTtopos. Mleso B TOM, 4TO mnpouecc paspyiue-
HUS NPU UMKJAHYECKHX HArpy3Kax HauyHHAeTcst ¢ MHKPOTPeLLNH,
KOTOpble Tpexjae BCero BO3HHKAIOT BOJM3H KOHIEHTPATOPOB Hanpsi-
skeunii. [Ipumep TOMY-— pacTpecKHBaHHe TOMJIHBHBIX TMJIACTHH
SPR Il — Gl npuBesen B Hauade aanuoro naparpada. Ilpu
MOJlepHH3AUMH peakTopa B MUacTHHax Oblia npojenaHna miesb
g obaacty GoablIMX HanpsukeHuit (cm. puc. 1.2), B pesyabrate
yero npw AajbHelilell 3KCN/yaTalHH paspylieHHii He HaGI0AaN0Ch.
Jemndupyioline ¥ peccopHble y3Jbl HeOOGXOAHMO YCTAHABJUBATH
Ha NyTH pacnpoCTPaHEHHs YNPYrux BOJH jfeopMallii nepen oTBeT-
CTBEHHBIMH 3/J€MEHTAMH, TAKHMH, KaK NPHBOJABI CTEPXKHe# ynpas-
JIeHWsl, 1eTeKTOPbl HEHTPOHOB H T. .

9. TToBHICHTH TPOYHOCTL KOHCTPYKIHH HMIYJbCHOFO peakTopa
MOIXHO He TOJbKO CHHYKEHHEM aMIJIHTY/Ibl NMepeMeHHbIX HHepUHa/b-
HBIX HANpSKEHWH HJIH KBA3HCTATHUECKHX TEPMOYNpPYrHx, HO H
YMEHBLUUCHUCM CPEOHUX HANPSJCeHUL (MOCTOSIHHOM COCTABJSAIONLE
Mexannueckux Hanpsikenuit). Ilpesen BBLIHOCJAMBOCTH MaTepHala
NpU UHKJIHYECKOM HArpyXeHuH 3aBHCHT OT MOCTOSIHHOMH COCTABJISIIO-
weit nukaa op [19] *. Ecan oo 64H3Ka K Ogp — Npeaesy BpeMEeHHOit
[IPOUHOCTH, TO MaTepHaJ paspyliaercsi laxe TpH O4eHb He601b-
WMX UHKJINYECKAX HarpysKeHusx; HampoTus, mpu co=0 jonyctH-
Mas aMnJauTyRa LHKJIAa HanpsKeHHi J0CTaTOYHO BeJHKA (06BIYHO
3Ta BeauuuMHa of03HauaeTcs O_;, H ee 3HAYeHHe NPHBOAHTCS B
CnpaBoyHHKaX). D10 OCOOEHHO CYLIECTBEHHO JLIA HUPI1, B KoTO-
pPBIX 3HAUMTEJbHAs CPEJHssi MOLLHOCTD npefonpeienser BbICOKHE
CTATHYECKHe HaNpsiKeHHsi 3a CcueT TeMnepaTypHbIX Mnepenauos H
JIABJIEHHS] Ta3a OCKOJIKOB JIEJIEHHH.

10. U, naxosel, Hesib3s 3a6bIBATH O KOPPO3HOHHOM pacCTpECKH-
pannyu. Tak Kak 3a KOPPO3HIO OTBETCTBEHHbI MpeXje BCEro KHCJO-
pOl, a TakkKe BOJAOPOA M Mapbl BOAbL, TO NOMeuweHue peaxkTopa
6 armocgpepy cyxoeo a30TA, Y2ACKUCA020 UAU  UHEpPTHO20 easa
JKeaaTeqbHO, a B CJAydae TOMAHBA M3 YypaH-MOJHGIEHOBOro Crjia-
Ba — Heo6X0AHMO.

* —.:um.ﬂn..z BLIHOCJMBOCTH 34BHCHT TaKiKe OT UYHCJA IHKJI0B HArpyXKeHH:d N;
paccymiaeHna B TEKCTe OTHOCATCA K mm_»OZvT.::@O onpejaegeHHOMY 3Hauenuio V.




