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JlaMHn3e B.ll. n ap. 3 - 11551 

3KC11epnMeHT8llbi!Oe HCCl!ellOB8HHe 3q•j)eKTOB TOII.'IOBO!'O ynapa 

B TB3lle HMny,,bCHO!'O peaKTOpa IIOpUOIIH'!eCKO!'O neiiCTBlfll YJJ3P-2 

3KcnepnMeHTanbHbiM nyTeM HccneaonaHbi Mexam<'WCKHe 3¢¢eKTbt renno

eor-o yaapa Fl TB3ne H~IIIY:JbCHoro peaKTOpa Yl6P-2, HenocpencrneHHO H3Me

psmncb: BblCOTa IIOI!CKOK8 nepXHeii TOIIl!!!BHOii Ta611eTKH B pe3yJihTaTe 6b!CTpo

!'O (- I 00 MKC) noaorpena ronnHna ( ao 25 K) 11 llHHaMU'!eCKHe nanp.SI>KeHHS! 

B 060l!O'!Ke TB3l18, 3Kcnep1!'-leHT8llbHhle 1!8HHble B HCCKOllbKO pa3 38HH>KeHbl 

110 cpanHeHI!lO C COOTBCTCTBY!Ol!HIMH 'I'COpeT!l'!eCK!1Ml1 3H8'!eHUSIMH Bel!H'!HH, 

xapaKTepu3yrowux CHny Tcnnoeoro yaapa. lln.SI o6'b.SIC!teHH.SI yKa3aHHoro pa3Ho

rnacnl! !l!Jenno;;.;eHa Ka'!eCTBCHHa.SI Moaenh rennonoro ynapa B cron6e Heaae

anhHbiX 1'a6ncTOK, Monenb nponepeHa B norronHHTenhHbiX 3KCHepHMeHTax. 

Pa6ora BbtnOnHeHa B Jla6oparopan HellTpOHHOII ¢u3HKH 0!15!!1, 

Coo61!1CHHe 06bei!HHCHHOrO HHCTHTyTa S!llepHb!X HCCl!CIIOBaHHii, .Qy6Ha 1978 

Lomidze V.L. et al. 3 - 11551 

Experimental Investigation of Thermal Shock in IBR-2 
Fuel Pellets 

The results of experimental investigation of thermal shock me
chanical effects in JBR-2 fuel pellets are presented, The height of up
per fuel pellet jumping rlue to the fast (about 100 mks) fuel temperature 
(upto 25 K) and thermomechanical stresses in the fuel pin cladding 
are measured, There is a great disagreement betvveen experimental 
and theoretical resulls. For qualitative explanation of it a model of 
thermal shock in fuel pin, consisting of pellets, is proposed. The 
model 'NUS tested experimentally, 

The investigation has been performed at the Laboratory of 
Neutron Physics, JlNR, 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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BBE):(EHHE 

JlsneHHe Terrnosoro YAapa B HMIIYJILCHOM peaKTope 

o6yCJIOBJieHO 6LICTpLIM HarpeBOM JIAepHOrO TOIIJIHBa 3a 

BpeMJI Heii:TpOHHOH BCIILIWKH. H3- 3a MeXaHH'IeCKOH HHep

UHH TOIIJIHBHLie CTep>KHH He ycneBaiOT paCWHpJITLCJI B COOT

BeTCTBHH C pOCTOM TeMrrepaTypLI H Ha Ha'laJILHOM 0Tpe3Ke 

speMeHH OKa3LIBaiOTCJI c>KaTLIMH. B AaJILHeiiweM rroTeH

uuaJILHaJI 3HeprHJI C>KaToro CTep>KHJI paCXOAyeTCJI Ha B03-

6y)I(AeHHe BOJIH Aei!JopMaUHH H HaiipJI>KeHHH B 060JIO'IKe 

TB3Jia,a TaK>Ke Ha 3Hepruro yrrpyrux KOJie6aHHH caMoro 

CTep>KHJI /eCJIH OH UeJILIH/ HJIH Ha KHHeTH'IeCKYIO 3HeprHIO 

ero 'lacTeH /ecJIH OH COCTOHT H3 OTAeJILHLIX Ta6JieTOK/. 

)l,JIJI MO~HLIX HMIIyJILCHLIX peaKTOpOB rrepHOAH'IeCKOrO Aeii

CTBHJI, KaKHM JIBJIJieTcJI peaKTop H.liP-21 11, Terrnosoii YAap 

CTaHOBHTCJI aKTyaJILHOH rrpo6JieMOH KaK B OTHOWeHHH rrpoq

HOCTH 060JIO'IeK TB3JIOB, TaK H B OTHOWeHHH JIAepHOH 

6e30IIaCHOCTH /H3-3a COIIYTCTBYIO~HX 3~eKTOB peaKTHB

HOCTH/. MeTOALI pac'leTa MexaHH'IecKHX 3~eKTOB Terrnoso

ro YAapa AJIJI TB3JIOB CO CIIJIOWHLIMH TOIIJIHBHLIMH cepAe'I

HHKaMH AOBOJILHO HaAe>KHW, eCJIH CBOHCTBa TOIIJIHBa H3BeCT

Hhl C AOCTaTO'IHOH CTeiieHLIO TO'IHOCTH. 0AHaKO cy~eCTByiO
IUHe MeTOALI OIIHCaHHJI TeiiJIOBOrO YAapa B COCTaBHLIX TOII

JIHBHLIX cTep>KHJIX I 3- 51 ocHoBaHw Ha rrpeAIIOJIO>KeHHH o6 

UAeaJILHOM KOHTaKTe Me>KAY TOIIJIHBHLIMH Ta6JieTKaMH, II0-

3TOMY TeopeTH'IeCKHe BLIBOALI, OCHOBaHHWe Ha 3TOH MOAe

JIB, MoryT rrpusecTH K CYIUeCTBeHHo 3aswweHHWM oueHKaM 

"cunw" Terrnosoro YAapa. B 3TOM cnyqae 3KcrrepuMeHTaJIL

HWe MeTOALI HCCJieAOBaHHJI 6WCTporo Harpesa TOIIJIHBHLIX 

cTep>KHeii oco6eHHO none 3HLI. 
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l.J,eJILJO HaCTOJIII.{eii: pa6oTbl JIBJIJieTCJI o6Hapy>KeHHe n 

H3MepeHne MexaHH'IecKnx 34xlleKTOB rennosoro y.IJ.apa B 

COCTaBHOM TOnJIHBHOM CCp.IJ.C'IHHKe 3KCnepHMCHTaJibHOrO 

TB3Jia HMnynLcHoro peaKropa Ha 6blcTpblx HeiirpoHax 

HB P- 2 /1/ . llapannenLHO .IJ.enaeTcJI nonbJTKa npu6nn>KeHHO 

OnHCaTb TenJIOBOH Y.IJ.ap B TOnJIHBHOM CTOJI6e peaJibHbJX 

Ta6JICTOK C HCnOJib30BaHHCM MCTO.IJ.OB, OCHOBaHHbJX Ha 

MO.IJ.CJIH H.IJ.CaJibHOrO KOHTaKTa. 

1.KOHCTPYKaHR3KCllEPHMEHTAHbHOrO 
YCTPOHCTBA H METO,ll.HKA H3MEPEHHH 

3KcnepHMCHTaJibHOe yCTpOHCTBO COCTOHT H3 3KCnepn

MCHTaJibHOro TB3Jia H TB3Jia- HMHTa TOpa, KOTOpble npHKpen

JICHbl B BepxHeii: 'laCTH K CTaJibHOH Tpy6e .IJ.HaMeTpOM 

22 MM. Tpy6a, B CBOIO O'lepe.IJ.b, npHBHH'ICHa K onopHOH 

nnacrnHe. Bc11 KOHCTPYKUHJI noMemanacb sue aKTHBHoii 

30Hbl peaKTOpa H 06Jiy'laJiaCb HMnyJibCaMH HCHTpOHOB H 

- 6 10 16 -y - KBaHTOB C 3HeprHeH .IJ.O • .IJ.CJICHHH H .IJ.JIHTCJib-

HOCTLJO - I 00 M Kc. B HeKoropblx cnyqaJix .IJ.JIJI ysennqe

HHJI nJIOTHOCTH .IJ.CJICHHH 3KCnepHMCHTaJibHbJH TB3JI OKpy>KaJI

CJI UHJIHH.IJ.pH'ICCKOH 060JIO'IKOH H3 oprCTCKJia TOJIIUHHOH 

10 MM, a CO CTOpOHbl, npOTHBOnOJIO>KHOH peaKTOpy, yeT a

HaBJIHBaJICJI MC.IJ.HblH OTpa>Ka TCJib HCHTpOHOB. 

3KcnepnMeHTaJILHblii: TB3JI HliP-2 /eM. puc. 1/ npe.IJ.

craBJIJIJI co6oii: repMeTH'IHyro rpy6Ky H3 Hep>Kaaeromeii: 

CTaJIH .IJ.HaMeTpOM 8,6 MM, TOJIII.{HHOH 0,4 MM H .IJ.JIHHOH 

300 MM, 3anOJIHCHHYIO Ta6JICTKaMH H3 cne'ICHOH .IJ.BYOKHCH 

nnyTOHHJI .IJ.HaMeTpOM He 6onee 7,53 MM H 061l.{HM BCCOM 

97,45 2. TB3JI- HMHTaTOp HMCJI MC.IJ.HblH cep.IJ.C'IHHK H npe.IJ.

Ha3Ha'laJICJI .IJ.JIJI Bbl.IJ.CJICHHJI 34xiiCKTOB, He o6yCJIOBJICHHblX 

rennoBbJM Y.IJ.apoM B Pu0 2 . Ha craJILHbJX o6onoqKax 3Kcne

pHMCHTaJibHOrO TB3Jia H TB3Jia- HMHTa TOpa 6bJJIH pa3Mell.{e

Hbl TCH30.IJ.aT'IHKH /n03. 6/ H .IJ.aT'IHKH nepeMCII.{CHHH Bepx

Heii: ra6neTKH /no3. 3, 4 Ha puc. 1/. B o61l.{eii: cno>KHOCTH 

Ha Ka>K.IJ.OH 060JIO'IKC 6bJJIO HaKJICCHO 4 TCH30.IJ.a T'IHKa: 

.IJ.Ba .IJ.aT'IHKa cPOJibroaoro Tuna /l<I>KTK-5-IOOC-lll/H.IJ.Ba-

6yMa)I(HbJX /2TIK1i-10-200rli/, C K034xiiHUHCHTaMH TCH30-

'IYBCTBHTCJibHOCTH 2,22 H 2,13 COOTBCTCTBCHHO. 
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Puc.1. 3KcnepuMeHIIIa/lbHblii 
1'1py6a, 2 - eepxH.R.R npo6Ka, 
nepeMeUieHuii I ,ll.MII/, 4 
5 - IIIOn/lU8HbJe ma6Ae1!1KU, 6 
1118.:Ma, 8 - HUJKH.RJi npo6Ka. 

1!183/l HEP- 2: 1 - onopHa.R 
3 - Y.alllyUHca OUIII'IUKa MQ/lbiX 
nooeuJICHblii cepoe~IIUK ,ll.Mll, 
- neH300am~uK, 7 - o6oAo~Ka 

Henocpe.IJ.craeuuo H3MepJIJIHCh cne.IJ.yroll.{ne HCJIH'IHHhi: 

BhiCOTa llO.IJ.CKOKa BCpXHCft Ta6JICTKH h, CTaTH'ICCKOC 

Y.IJ.JIHHCHHC CTOJI6a Ta6JICTOK ~L B pe3yJibTaTe llO.IJ.Orpena 

TOllJIHBa 3a HMllYJibC, .I\CcPOpMaUHH f s o60JIO'IKH TB3Jia 

llOCJie HMllYJibCa MOIUHOCTH peaKTOpa. liJIOK- CXCMLI H3Me

peunii: yKa3aHHLIX aennqnu npe.ncranneHhi ua puc. 2a,6. 

,lJ,a T'IHKOM MaJihiX nepeMCII.{CHHii I ,lJ,MTI/, c noMOIULW 

KOTOporo H3MCpJIJIHCb 3Ha'ICHHJI h H L\L, CJIY)I(HJI .IJ.Hfi>

cPepeHUHaJibHhiH TpaHCiiJOpMaTOp C nO.IJ.BH)I(HbiM cep.zte'IHIIKOM 

H3 nepMaJIJIOCBOH JICHTbi,YCTaHOBJICHHhiH CB060.IJ.HO Ha Bepx

ueii: Ta6JICTKe TOnJIHBHOrO CTOJI6a. llepeMCII.{CHIIC CCp.IJ.C'IHH· 

Ka Bhi3bJBaJIO H3MCHCHHe aMnJIHTY.IJ.bl 3JICKTpH'ICCKIIX KOJIC-

6aHHH B CBrHaJibHOH 06MOTKC; perHCTpaUBJI 3TOrO H3Mene

HHJI OCYII.{CCTBJIJIJiaCb .IJ.BYMX napaJIJICJibHO llO,ll,KJIIO'ICHHhlMH 

OCUHJIJIOrpacllaMB C pa3HbJMB MaCWTa6aMB pa3BCpTKH no 

OCJIM X B Y: Me.IJ.neuuoii: - .ztJIJI perncrpauun Y.IJ.JIHHCIIBJI 

H 6blCTpOii: - .IJ.JIJI perBCTpaiiHH BhiCOTbl nO.IJ.CKOKa. 

B B3MepeHBJIX .IJ.ecllopMauuii: ucnoJIL30BaJIBCb .IJ.Ba 3ano

MBHaroll.{BX .IJ.BYXJIY'ICBbJX OCIIHJIJIOrpa.pa. 
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Puc.2. liAoK- cxe.wa U3MepeHuil. 
a/ H3MepeHue nepe.werqeHuil eepxHeilma6AemKu: 1 - HU3-

KO'lacmomHr.lil zeHepamop, 2 - o6.wo111Ka eo36yxoeHUJf ,4MH, 
3 - no06UJICHbiU cepOe'lHUK ,4MH, 4 - CUZHQAbHQJf 06M0111Ka 
,4MH, 5 - YCUAU111eA b, 6 - OC(#UAAOZpa(J. 

6/ H3.wepeHue oe(JopMa(#UU o60AO'lKU: 1 - UC1110'lHUK 
numaHUJf, 2 - conpomueAeHue, 3- meH300alll'lUK, 4- pa30eAu
meAr.Hr.lil KOHOeHca1110p, 5 - 'l€111blpexKaHaAr.Hr.lil ycuAumeAr., 
6 - 06YXAY'l€60U 3anoMUHQK>IqUU OC(#UAAOZpa(J, 7 - 6AOK 
nUIIIQHUJf yCUAUIII€AJf. 

2. METO)QfKA OliPAliOTKH 
3KCHEPHMEHTAJlhHMX )J.AHHhlX 
H PE3YJlhTAThl H3MEPEHHH 

Ilony'ICHHhle 3KCnepHMCHTanhHhiC ,IJ,aHHhiC /BhiCOTa no,IJ,

CKOKa BCpXHCH Ta6neTKH h, Y.IJ.nHHCHHC TOnnHBHOrO Cep

,IJ,eqHHKa ~L B pe3ynhTaTe no,IJ,orpeBa 3a O,IJ,HH HMnynhc, 

E 8 - .IJ.C«!>OpMa~HR o6onO'IKH TB3na/ n03BOnRIOT onpe,IJ,enHTh: 

6 

a/ CKOpOCTh BepXHCH Ta6neTKH 

v = v 2gh; /1/ 

6/ no,IJ,OrpeB R,IJ,epHoro TOnnHBa 3a BpCMR 6biCTpOH 'laCTH 

HMnynLca 

T=y ~L/aL, 
q 

/2/ 

r,IJ,e L (230,5 M-tf ) - BhiCOTa TonnHBHoro cep,IJ,e'IHHKa, 

a ( 8.10-6 K- 1 /2/ ) - K03cMIH~HeHT nHHeiiHoro pacwu

peHHR Pu0 2 , y q ( 0,55-t_O,OS) - ,IJ,ons 3HeprHH B 6hlcTpoii 

'laCTH HMnynLca; 

B/ npO,IJ,OnhHhiC ,IJ,HHaMH'ICCKHC HanpR>KCHHR B o6onO'IKC 

a = E E 
s s s 

/3/ 

(E 
8 

=2·10 11 H/M 2 - MO,IJ,ynh ynpyroCTH CTanH) 

Ilo,IJ,orpes Tonnusa T o~eHHBancs TaK>Ke no ,IJ,aHHhiM 

H3MepeHHR «!>mo3Hca HeiiTpOHOB F (0, 1) I c 3Heprueii 

6onLwe 0,1 M3B/: 

T = y AF (0,1)/k . 
q z 

/4/ 

3,IJ,eCh :A =3,6.10
13K/Heilmp./c.w2,k Z- K03«!>«i>H~HeHT HepaBHo

MepHOCTH TennoBhi,IJ,eneHHR no ,IJ,nHHe TB3na. O~eHKa no 

«!>mo3HCY 6blna B03MO>KHa TOnhKO B OTCYTCTBHe 3aMe,IJ,nHTens 

H3 oprcTeKna. 

IlorpeWHOCTh H3MepeHHR BhiCOThl nO,IJ,CKOKa Ta6neTKH 

H y,IJ,nHHeHHR TonnHBHoro cep,IJ,e'IHHKa onpe,IJ,ensnach Toq

HOCThiO npe,IJ,BapHTenhHOH rpa,IJ,yHpOBKH )),Mil H KnaCCOM 

TO'IHOCTH HCnOnh3YCMhiX npH60pOB. CHCTeMaTH'ICCKaR no

rpeWHOCTh O~CHHBaeTCR 3Ha'leHHeM ±5~, CTaTHCTH'ICCKaR 

norpCWHOCTh - He 6onee ±2~. IlorpeWHOCTh H3MepeHHR 

,IJ,e«!>opMa~HH E s 6Lina 6onhWOH /nopR,IJ,Ka 50~/, TaK KaK H3-

MepeHHhle .IJ.e«!>opMa~HH I /3 -:-s;. 10 -6 I oKa3anHch Ha nopo

re 'IYBCTBHTCnhHOCTH CXeMhl. 

THnH'IHaR KapTHHa no,IJ,cKoKa sepxHeii Ta6neTKH, 3ape

rucTpHposaHHaR )J,MII, noKa3aHa Ha puc. 3, a senH'IHHa 

cTaTuqecKoro y,IJ,nHHCHHR cTon6a Ta6neTOK - Ha puc. 4. 
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Puc.3. Ocf#U.II.IIozpaMMa mpaenwpuu noAema eepxHeii llla6Aem
Ku npu· nooozpeee monAuea Ha 25 K: h - 6blcoma noo1>eMa 
II06AeiiKU 01/IHOCUIIIeAbHO HO'IOAbHOZO noAOJKeHUJI /MM/, t -
epeMJI /Me/. 
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Puc.4. OCf#UAAozpaMMa cmamu'lecKozo yoAuHeHuJI CIIIOA6a 
ma6.11e111oK /MM/. YMeHbiUeHue ~L co epeMeHeM t /c/ 
o6yCA06AeHO 0CIIIbi60HUeM 1110nAU6a. 
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B TB3ne- HMHTa Tope y):{JIHHeHH.H CTep:lKH.H H "nphi:lKKOB" 

o6Hapy:lKeHo He 6hmo. 

Ha puc. 5 noKaJaHa JaBHCHMOCTh cKopocTH pacnmpe

HH.H CTOJI6a Ta6JICTOK OT llO):{OrpeBa TOllllHBa. 

v 

~0--

0 0,5 1,0 1, !5 2,0 L_ 3,!5 Af/Alo 2,5 3,0 

Puc.5. 3aeucuMocm& cKopocmu noocKoKa eepxHeii ma6AemKu 
/cM/c/ om nooozpeea 6T monAuea 3a uMnyA&c /~T=7 K/. 

0 

B npe):{UOJIO:lKCHHH H,I:{eaJihHOrO KOHTaKTa Me:lK):{Y Ta6-

JieTKaMH CKOpOCTh BepxHe~ Ta6neTKH MO:lKHO OQeHHTh llO 

llJopMyne 13 •5/: 

v =acT, /5/ 

r):{e C=yE/ p- CKOpOCTh 3ByKa B Pu() . 
Ecnu npe):{nono:lKHTh, 'ITO 3Ta ~opMyna cnpaae):{JIHBa 

H ,I:{JI.H CJiy'la.H HeH,I:{eaJihHOrO KOHTaKTa, TO BeJIH'IHHa C, 

COOTBeTCTBYIOIQa.H H3MepeHHO~ CKOpOCTH llO,I:{CKOKa V 

H H3BeCTHhiM 3Ha'leHH.HM a H T, OKa3hiBaeTC.H paBHOH 

/lt_0,2/ ·10 
3 M/C, T .e. npH6JIH3HTeJihHO B TpH pa3a HH:lKe 

cKopoCTH 3ByKa B Pu0 2. llpHBe):{eHHa.H 20~-Ha.H norpew

HOCTh onpe,I:{eJI.HeTC.H, rJiaBHhiM o6pa30M, CHCTeMaTH'IeCKOH 

norpeWHOCThlO OUeHKH BeJIH'IHHhl llO):{OrpeBa TOllJIHBa. 

B pa6oTe /4./ noKa3aHo, 'ITO aMniiHTy):{a He3aTyxaiOmeii 

BOJIHhl Hanp.H:lKeHHH B 060JI0'1Ke, B03HHKalOIJ.lHX B pe3yJihTa-
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Te TennoBoro y.napa B TonnHBe, pacc'IHTLIBaeTc}l no 4JopMy
ne 

a 
s max 

E acT . I 
= __ s ____ [o +o smrry 2 l 

c (l+y) a 0 rry/2 ' 
s 

/6/ 

r.ne y = E 8 S s c/ESc s - :>KeCTKOCTb o6ono'IKH, E, c u 
S (E 

8 
, C 

8 
S s) - MO,nynb ynpyrOCTH, CKOpOCTb 3ByKa 

H Ce'leHHe CTep:>KH}I /ofionO'IKH/, y = cEl/L - OTHOllleHHe 
,nnHTenbHOCTH HeHTpOHHOH BCnLIIIIKH 8 K BpeMeHH npo-
6era L/c 3BYKOBOH BonHLI B,nonb cTep:>KH}I ,nnHHOH L( y::;1), 
Oa H 0 0 - COCTaBn}IIOJ.UHe aKCHaJibHOrO K034JIPH.UHeHTa He
paBHOMepHOCTH TennoBLI,neneHH}I Kz =0 a. +Do (o a+ 20o I 1T = 1) . 
llpu c =10 - 3 M/c nony'IHM, nocne no.ncTaHOBKH B /6/ quc
neHHLIX 3Ha'leHHH OCTanbHLIX napaMeTpOB: 

as max = 3,5 · 10 
5 

• T /H/M 2 /. /6a/ 

TaKHM o6pa3oM, ecnu npHH}ITb, 'ITO c =10 3 M/c, To 
TeopeTH'IeCKHe 3Ha'leHH}I aMnnHTy,nLI Hanp}I:>KeHHH B ofionoq
Ke .nn}l H3MepeHHbiX no.norpeBOB TonnHBa /5-25 rpa.nycoB/ 
ne:>KaT B HHTepBane /1,8+8,6/·10 6 H/M 2• O,nHaKo H3-3a 
fionblliHX HMnynbCHbiX HaBO,nOK Ha Kafienb H TeH30,naT'IHKH 
I puc. 6/ H3MepHTb .ne4JopMa.UHH o6ono'IKH Bo BpeM}I 
HMnynbCa MOI.UHOCTH HnH Henocpe,nCTBeHHO nocne ero OKOH
'IaHH}I /T .e. B ycnoBH}IX, Kor.na 3aTyxaHHeM Kone6aHHH 
o6onO'IKH MO:>KHO npeHe6pe'lb/ He y.nanocb. ITo:noMy npu
se~eHHWe pac'leTBWe ~aBHwe ~n.a as max noKa He HMeJOT 
3KcnepHMeHTanbHoro no.nTBep~eHHJI. 

).J,e4JopMa.UBB OfiOnO'IKB fihiJIB B3MepeHbl nBlllb cnyCTJI 
HeKoTopoe BpeMJI /HecKonbKO nepuo.nos Kone6aHBH/ nocne 
OKOH'IaHBJI BMnynbca B ,na:>Ke ,nnJI CaMbiX MOI.UHbiX BMnynbCOB 
He npeBblwanu 5 · 10-6 /a =10 6 H/M 2/. 

s max 

3. AHAJIH3 PE3YJihTATOB H3MEPEHHH 

Pe3ynbTaTbl 3KcnepBMeHTa noKa3LIBaJOT, 'ITO cKopocTb 
pacwupeHBJI Tonnusuoro cep,ne'IHBKa, onpe.neneHHaJI no 

10 

~ 

' 

l 

BLICOTe no,nCKOKa BepxHeH TafineTKH, B HeCKOnbKO pa3 
HH)I(e TeopeTH'IeCKOrO 3Ha'leHHJI V"'acT, r,ne C - CKOpOCTb 
3ByKa B Pu02 . AMnnuTy,na 3aperucTpupoBaHHLIX nocne 
HMnynbca MOJ.UHOCTH HanpJI:>KeHBH B OfiOJIO'IKe O'leHb Mana 
/B .necJITKH pa3 HH)I(e pac'leTHoro 3Ha'leHBJI /6/ ,nnJI 
aMnnBTy,nLI Hanp}I:>KeHBH BO BpeM}I BCnLIIIIKB/. 

€. I 
IJ 

\.r -- ..._/ ........ 

J 

lJ 1\" 
\.... 

0 0.5 

Puc. 6. 0CfiUAAOZpaMMa 
MQI#UJI 060/IO'IKU /l#eHa 
epeM.R /Me/. 06Aacmb 
UMnyAbCOM Haeoc)KU. 

--

.... v \.... - -
-- _J 

1.0 1.5 2.0 t 

KOAe6aHUU 060/IO'IKU: l - c)e~op
c)eAeHUJI IUKQ/Ibl 1,2 •J0-5 /, t -
om 0 c)o 0,4 Me o6ycAoeAeHa 

ManocTb B3MepeHHbiX HHep.uuanbHblx 34JIPeKTOB B 3Kcne
puMeHTanbHOM TB3ne HliP- 2 o6'bJICHJieTcJI, BepoJITHO, He

u.neanbHOCTbJO rpaHH.U pa3,nena Me:>K,ny Ta6neTKaMu.Heu.ne
anbHOCTb KOHTaKTa Ha Ha'lanbHOH CTa~BB ,ne4JopMa.UBH C:>Ka
TBJI /ofinaCTb (O,cJHa puc. 7/,n.OJI)I(Ha npBBO~BTb K CHH)I(eHBIO 
ynpyrOCTB CTep:>KBJI B, CJie,noBaTenbHO, K yMeHbWeHBIO BeJIB
'IBHbl C. fipB fionblliBX ,ne4JopMa.UBJIX (c>c 0 ) BnBJIHBe rpa
HH'IHbiX 34JIPeKTOB Ocna6esaeT H CTep:>KeHb Ha'IBHaeT BeCTH 
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ce6Jl B COOTBeTCTBHH C JaKOHOM ryKa *. 

uyro ua puc. 7 JaBHCBMOCTL uanpJI:>KeuuB: 

MaUBB f npe.Il,CTaBHTL B <bopMe (f > 0) : 

-1 
a =- E In f 0 (f/f d n '0 < f < E 0 

f- n-1 (n-1) f 
0 ' f > E 0' 

-() 

0 eo 

Ecnu H3o6pa:>Keu

C:>Ka THJI OT .Il,e4lop-

/7/ 

e 
Puc. 7. IIpeonoAazaeMaJI 3aeucuMocmb Hanp.IIJICeHuii cJKamuJI 
0' 0111 oetjopMaf.IUU f OAJI CIIIOA6a HeuoeaAbHbZX ma6Aei/IOK: 
f 0- 6eAU'lUHa oetjopMaijUU, Ha'lUHQJI c KOIIIOpoii OQAbHeiiwee 
CJICQI/IUe cmepJICHJI MOJICHO C'lUIIIQI/Ib nOO'lUHJI10UIUMCJI 3QKOHy 
FyKa. 

*HJnaraeMaJI J.IJ.eCL Ka'leCTBeHHaJI MO.IJ.enL noae.Il,eHHJI 

CTOJJ6a Ta6neTOK JIBJJJleTCJI JJHWL rpy6biM npH6JJH:>KeHHeM 

K .Il,eHCTBBTeJJLHOCTH H He 3aTparHBaeT TaKHX Ba:>KHbiX 

aonpocoa, KaK .IJ.HccunauuJI 3Hepruu ua rpauuuax paJ.Il,ena, 

CJJy'laHHbiH xapaKTep KOHTaKTa /B03MO:>KHOCTL, HanpHMep, 

nepeKoca Ta6neToK/ H T .n. 
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r.IJ.e n 2: 1 H E0 > 0 - napaMeTpw, Tpe6yiOll{He 3Kcnepu

MeHTanLuoro onpe.Il,eJJeHHJI, TO B ".Il,oryKOBCKOH" o6naCTH 

(E<f O) ypaBHeHHe .Il,BH:>KeHHJI 'laCTBU CTep:>KHJI llpHMeT BH.Il, 
(aS 0, T = 0): 

1 

c2 

Cl
2u 1 au n-l a2 u 

--= (-) -
at 2 fn- 1 ax ax 2 

0 

/8/ 

T. e. 34l4leKTHBHaJI CKOpOCTL pacnpOCTpaHeHHJI CBrHana B.Il,OJJL 
CTon6a Ta6neToK nopJI.IJ.Ka 

CT=(~) 
Eo 

n-1 2 . 
n+ 1 n+ 1 

c /9/ 

3.Il,eCL V - CKOpOCTL CMell{eHHJI 'laCTHU TOllJJHBa, 

c - cKopocTL JByKa, v/c :S E 0 • HJ /9/ BH.Il,Ho, 'ITO 

C T < C DpB E<f O B CT= C llpB f ~ fO , DpB'18M CKOpOCTL 

pacnpOCTpaHeHBJI CHrHana C 1' 3aBHCBT OT CKOpOCTH 'laCTBU 

cTep:>KHJI v /npu E< Eo /. B cnyqae Tennoaoro Y.IJ.apa 

B CTon6e Ta6neToK v- acT. Ilpu MexaHB'IeCKOM Y.IJ.ape aenu-
'IHHa V paBHa CKOpOCTB y.Il,apHHKa. 

BnHJIHBe rpauuu paJ.Il,ena Ha xapai<Tep .IJ.e<bopM:auuB: 

/c:>KaTHJI/ CTOJJ6a Ta6neTOK B OllHCaHHOH MO.Il,eJJH uenHKOM 

Y'IHTLiBaeTCJI BBe.Il,eHHeM napaMeTpa C T BMeCTO CKOpOCTH 

JByKa c. ToT <baKT, 'ITO c T < c, Ka'leCTBeHHo o6'LJICHJleT 

MaJJOCTL H3MepeHHbiX HHepuBaJJLHblX 34l4leKTOB DpB TeDJJOBOM 
y.Il,ape. 

C uenLIO npoaepKB C.IJ.enauuwx awwe npe.IJ.nono:>KeuuB: 

H nonblTKH ofi'LJICHeHBJI ManocTB ua6nro.Il,aeMwx HHepuuanL

HbiX 3cilclleJCTOB 61alJJH npoBe.Il,eHW .Il,ODOJJHHTeJUoHhle BCCne.Il,OBa

HBJI, OTHOCJlll{BeCJI JC YeXaHH'IeCJCOMY y,Aapy DO CTep:>KHIO. 

B CTanLHYIO o6onoqxy .IJ.nHuoii 444 MM nouemancJI nu6o 

KepaMB'IeCKBB /H3 3JJeKTpocllapcilopaj CTeplKeHio, JJH60 CTOJJ6 

KepaMH'IeCKBX Ta6neTOK TOB lKe BhlCOThl /BhlCOTa CTOJJ6a -

260 MM, awcoTa O.IJ.Hoii Ta6neTJCB - 5 BJJB 10 JtfM/. Caepxy 
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na CTep:>Kenb CB060)J.nO na)J,aJI BOJih4JpaMOBblB y)J.apnHK. 
B MOMenT y)J.apa BKJllO'iaJICH JanycK OCI.(HJIJIOrpa4Ja, H CHr • 
nan c TenJo.D.aT'iHKOB, naKneennhlx na HH:>KHeii qacTH o6o
JIO'iKH, perHCTpHpOBaJIC.II Ha 3KpaHe. 

B 3THX Hccne.D.oBaHH.IIX 6Lmo ycTaHonneHo: 
1. CKOpOCTh pacnpocTpaneHHH CHrHaJia (cT) B CTOJI6e 

Ta6JieTOK 3Ha'iHTeJihHO MeHhUie, 'ieM D l.(eJIOM CTep:>KHe (c). 
llpH DhiCOTe Ta6neTOK 10 .MM /I<aK D 3KCnepHMeHTaJihHOM 
TD3ne/ CKOpOCTh C T D 3 + 4 pa3a MeHbUie C H COCTaBmleT 
/1,2 +1,6/ • 10 3 M/C /CKOpOCTh 3Byi<a B 4Jap4JopOBOM CTep
)K}{e C =4,9· 10 3 M/cj; )J.JIH Ta6neTOK BhiCOTOB 5 MM BenH· 
qnna cT yMen,r:UiaeTcJ ell.(e B 1,3 +1,4 pa3a /T.e. npH6nH-
3HTeJihHO B 2 l 3 + 2 1 2 paJa, 'iTO COOTBeTCTByeT 37a•1eHH· 
HM napaMeTpa n =2 + 3, nocKOJILKY c T - < ~-1 ) (n-d), a 
f Q no I}JHlH'ieCKOMY CMhiCJiy nponopl.(HOHaJibHa 'iHCJIY pal
pe 3 OD na e)J,HllHUY )J.JIHllhl CTep:>KH.ll/. 

2. CKopocTL pacnpocTpanenHH CHrHana BJJ.Onh cTon6a 
Ta6neTOK (c T) D03pacTaeT C yBeJIH'ieHHeM CKOpOCTH y)J.apHH· 
Ka . V /CM. puc. 8/. IlpH 3TOM JaBHCHMOCTh C (v)HaH6onee 
6mt3KaK/9/ npn n z2, <o z2.10-3 . T 

CT 
c 

0,33 

0,29 

0,25~~~---

0,21 

0, 17 f.-----+-+-

0,5 0,7 0,9 1,1 1,3 1, 5 1. 7 v 
Puc.8. 3a8UCUMOC111b CKOpOCIIIU pacnpocmpaHeHU.R CUZHQAQ 
C T 800./lb CIIIOA6a ma6Ae1IIOK /U3Mep.ReMOU 8 eOUHUijQX CKO· 
pocmu 38yKa c I om cKopocmu yoapHuKa v /M/c/. Bbzcoma 
ma6AemoK pa8Ha 5 u 10 MM OA.R HU»:Heii u 8epxHeii Kpu8oii 
coom8emcm8eHHO. 
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3. Kone6aHHJI o6oJIO'iKH c Ta6neTKaMH JaTyxaiOT JHa
'iHTeJILHO 6blCTpee, 'ieM C l.(eJiblM CTep)l(HeM/CM. puc. 9,10/: 
Ja 2-3 nepHo.D.a aMnnBTYJJ.a .D.e4JopMaUBii yMeHLUiaeTcJI Ha 
nopJIJJ.OK. 

E 

0 0.5 1.0 1.5 2.0 t 

Puc.9. OCIIUAAozpaMMa KoAe6aHuii o6oA0'4KU c lleAr.IM 
cmepxHeM: < - oedjopMaiiU.R o6oAo'4KU, t - epeM.R /Me/. 

f. 

..... ./' M.. -v IV '- for' 

" h ~r .... - -.A 

v y ... 

0 0.5 1.0 1.5 2.0 t 

Puc.10. OCIIUAAOZpaMMa KoAe6aHuii o6oA0'4KU co c111epxHeM, 
COCIIfQ8AeHHf>IM U3 OllfOeAf>Hf>IX 11fa6AellfOK: f • Oe¢opMOIIU.R 
060A0'4KU, t • 8peM.R /Me/. 
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TaKHM o6pa30M, MO:>KHO c,IJ;enaTL BLIBO,IJ;, '!TO Manag se
nH'!HHa H3MepeHHbiX ,IJ;e~OpMaUHH 060llO'!KH 3KCnepHMeH
TallbHOrO TB3na HB p- 2 /5 • 1 o-6 ''I =25 K/. sepOJITHee 
BCero, 06'bJICHJieTCJI 6biCTpb1M 3aTyXaHHeM KOne6aHHH H ,IJ;llJI 
,IJ;e~opMaUHH BO BpeMJI BCnbiWKH cne,IJ;yeT O:>KH,IJ;aTb Benaqa
HY * nopJI,D;Ka 5 • 10-5 npa 'I =25 K (a 

8 
= 10 7 H/M 2) , 

T.e. npH6nH3HTenbHO paBHYIO TeopeTH'!eCKOMY 3Ha'!eHHIO 
/6a/. 

CKopocTL pacnpocTpaHeHHJI cHrHana c T no CTon6y 
Ta6neTOK ,IJ;eHCTBHTellbHO OKa3anaCb 3Ha'!HTellbHO HH:>Ke 
CKOpOCTH 3ByKa C, npaqeM OTHOWeHHe C/CT= 3 7 4 ,IJ;llJI CTon-
6a ~p~OpOBbiX Ta6neTOK H ,IJ;llJI TOnnHBHOrO cep,D;e'!HHKa 
npH6llH3HTenLHO O,IJ;HHaKOBO. 

4. OCHOBHI:JE Bb/BO,lfbl 

1. H3MepeHHLie 34>4leKTLI Tennosoro y,11;apa B 3Kcnepa
MeHTanLHOM TB3ne HB P- 2 cymecTBeHHO 3aHH:>KeHLI no 
cpaBHeHHIO C pe3yllbTaTaMH TeOpHH, OCHOBaHHOH Ha MO,IJ;ellH 
H,IJ;eanLHOrO KOHTaKTa Me)I(,IJ;y TOnllHBHbiMH Ta6neTKaMH. 
3aperHCTpHpOBaHHaJI CKOpOCTb nO,IJ;CKOKa BepxHeH Ta6neTKH 
/pasHaJI 0,17 M/c npa no,11;orpese Tonnasa 'I=20 K 3a 
speMJI 10-4 c/ B 3-:-4 pa3a HH:>Ke TeopeTaqecKoro 3Ha'!eHHJI 
acT. ,Il;HHaMH'!eCKHe Hanpg)l(eHHJI B o6onoqKe, H3MepeHHLie 
cnyCTJI BpeMJI, paBHOe HeCKOllbKHM nepHO,IJ;aM KOne6aHHH, 
B HeCKOllbKO ,IJ;eCJITKOB pa3 HH:>Ke TeopeTH'!eCKOrO 3Ha'!eHHJI 
/6/ ,IJ;nJI HaqanLHOH aMnnaTy,IJ;LI Hanpg)l(eHHH H He npesLiwa
IOT 10 6 H/M 2 • HaqanLHaJI aMnnaTy,IJ;a Hanpg)l(eHHH, oue
HeHHaJI c ,IJ;eCJITHKpaTHOH nonpasKoii Ha 3aTyxaHHe Kone6a
HHH, He npesLiwaeT, cooTBeTCTBeHHO, 10 7 H/M 2 a 6nH3Ka 
K TeopeTH'!eCKOMY 3Ha'!eHHIO /6/ npH C = C T =10 3 M/c. 

2. 3KcnepHMeHTallbHbiM nyTeM ycTaHOBneHO, '!TO CKO-
pOCTb pacnpocTpaHeHHJI carHana B,IJ;onL cTon6a Hea,IJ;eanLHLIX 
Ta6neTOK 3Ha'!HTellbHO /B 3-4 pa3a/ HH:>Ke CKOpOCTH 3ByKa 
c, a npo,D;onLHLie Kone6aHHJI o6ono'!KH, BHYTPL KOTopoii 

*ITpe,D;nonaraeTCJI, '!TO xapaKTep 3aTyxaHHJI Kone6a
HHH o6onoqeK, 3anonHeHHLIX ~ap~opoBLIMH H TonnHBHLIMH 
Ta6neTKaMH, npa6nH3HTellbHO O,IJ;HHaKOB. 
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noMemeH cTon6 Ta6neTOK, oqeHL 6LicTpo 3aTyxaroT: 3a 2-:-3 
nepao,11;a Kone6aHHH aMnnaTy,IJ;a yMeHLwaeTcJI Ha nopJI,D;OK. 

3. 0CHOBHaJI npH'!HHa ManOCTH H3MepeHHbiX HHepuaanb
Hhlx 34>4leKTOB Tennosoro y,11;apa H 6blcTporo 3aTyxaHHJI 
Kone6aHHH o6onO'!KH TB3na - Ta6neTO'!HaJI CTPYKTypa TOn
llHBHOrO cep,IJ;e'!HHKa. 

ABTOPLI 6naro,IJ;apJIT H.IT.AHuynosa, B.A.KneiiHa, 
IO.A.HBaHOBa 3a nOMOIUb B npoBe,IJ;eHHH H3MepeHHH. 
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