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B na6opaTOP~~ AAepH~X npo6neM C03AaHa MHoro~eneeaA ycTa
HOBKa APEC 111 , npeAHaaHa4eHHaA AnA npoeeAeH~A w~poKoro Kpyra 
~ccneAOBaH~H Ha ~a30TpOHe 0~~~. aeTeKT~py~aA 4aCTb 3TOH ycTa
HOBK~ COAeP*~T 18 KOaKC~anbHO pacnono*eHH~X ~~n~HAP~4eCK~X 
MHoronpoeono4H~x nponop~~oHanbH~x KaMep /UMnKJ/2/. KoHcTpyK
T~BHO KaMep~ MO*HO pa3Aen~Tb Ha ABa T~na: CaMOnOAAeP*~Ba~~e

CA ~ pacTAr~eaeM~e /6ea BHyTpeHHeH onop~/. B caMonOAAeP*~Ba~
~~xcA KaMepax nono*eH~e ~naH~ee, Ha KOTop~x KpenATCA npoeo
no4H~e 3neKTPOA~, ~~KC~pyeTCA onopH~M ~~n~HAPOM, K KOTOpoMy 
~aH~~ np~Kne~Ba~TCA 3nOKC~AH~M KneeM /p~C. 1/. np~ C03AaH~~ 
paCTAr~BaeM~X KaMep /p~C. 2/ ~naH~~ /Ha BpeMA ~3rOTOBneH~A 
KaMep/ KpenATCA Ha *eCTKOM BHyTpeHHeM BCnOMoraTenbHOM pacnop
HOM 3neMeHTe, KOTOP~H YAanAeTCA np~ MOHTa*e KaMep~ B AeTeKT~
py~~eM 6noKe ycTaHOBK~ nocne Toro, KaK ~naH~~ aaKpennA~TCA 
Ha Hapy*HOH onope. 

B AaHHOH pa6oTe np~BOA~TCA on~caH~e TexHonor~~ ~aroToene
H~A ~ peaynbTaT~ ~3~Ko-MexaH~4ecK~x ~cn~TaH~H ~aH~ee ~ onop
H~x ~~n~HAPOB AnA UMnK, a TaK*e ~~n~HAP~4ecK~x KaTOAOB AnA 
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KOnbUA An~ ~nAHUEB KAMEP 

~naH~~ KaMep ABnA~TCA Hecy~~M~ 3neMeHTaM~, K KOTOp~M Kpe
nATCA HaTAHYT~e npoeono4K~ UMnK 131 . B npo~ecce MOHTa*a KaMep 
OH~ cKne~Ba~TCA ~3 HeCKOnbK~X HaAeT~X APYr Ha APYra KOne~. 
npo~~nb Kane~ o6ycnoeneH KOHCTPYK~~eH KaMep~ ~ cnoco6oM aaK
penneH~A KaTOAH~x ~ aHOAH~x npoeono4eK /p~c. 1 ~ 2/. KaMep~ 
ycTaHOBK~ APEC ~Me~T A~aMeTp~ OT 128 AO 1040 MM, paccTOAH~e 
aHoA-KaTOA 6 MM /AnA 6onbw~HcTea KaMep/. 8 3TOM cny4ae peanb
HaA Ton~~Ha OTAenbHoro KOnb~a ne*~T e A~anaaoHe 375 MM, a paa
HoTon~~HHOCTb He AOn*Ha npeB~WaTb ~0,05 MM. ~eCTK~e Tpe6oea
H~A npeADABnR~TCA TaK*e K ~~3~KO-TeXH~4eCK~M napaMeTpaM Ma
Tep~ana ~naH~eB /np04HOCTb, no B03MO*HOCT~ He6onbWOH TeMnepa
TYPH~H K03~~~~~eHT n~HeHHOro pacw~peH~R, B~COKOe 3neKTp~4eC

KOe conpOT~BneH~e,. B03MO*HOCTb MeXaH~4eCKOH o6pa60TK~ ~ T.A./. 
Bee 3TO AaeT npeACTaeneH~e o B03H~Ka~~~x np~ ~aroToeneH~~ KO
ne~ TPYAHOCTAX. 

Konb~a AnA KaMep He6onbworo A~aMeTpa B~Ta4~ean~cb ~3 n~cTo
eoro CTeKnOTeKCTOn~Ta. MaTep~an 3TOT cpaBH~TenbHO AOporoH, 
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PHc. I. CeqeHHe caMonoAAepEHBaromeftcn UMTIK loch BpameHHH 
npoxo,[IHT BHH3Y I. I - clmaHI:.\bl KaMepbl; 2 - onopHbiH QHMH.r:IP; 
3 - Kpene~an BTYnKa. 

1 2 3 4 5 6 7 8 

PHc. 2. CeqeHHe pacTnrHBaeMOH UMTIK loeb BpameHHH npo
XO,[IHT BHH3Y I. I - cP.rraHQbl KaMepbl; 2 - pacnopHbiH 3neMeHT; 
3 - KaTO,[IHbie npoBonoqKH; 4 - aHO,[\Hble npoBonoqKH; 5 -
3amHTHbie orpaHHqHTenbHble o6onoqKH; 6 - oxpaHHbiH noncoK; 
7 - MeCTO 3anaHBaHHH KaTO,[\HbiX npOBOnoqeKj 8 - nnaTbl 
,1:\nH llpHnaHBaHHH aHO,[\HbiX npOBonoqeK j 9 - BHHTbl ,1:\nH 3a
KpenneHHH KaMepbi Ha pacnopHOM 3neMeHTe H Ha pa6oqeM 
MeCTe. 
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TPYAH006pa6aT~BaeM~~ H Tpe6yeT npH MeXaHH4eCKO~ o6pa60TKe 
npHMeHeHHA cne4HafibHOH ~TA~HO~ BeHTHllA4HH. npH H3rOTOBfieHHH 
H3 CTeKnOTeKCTOfiHTa TOHKOCTeHH~X KOfie4, OC06eHHO 60fibWOrO 
AHaMeTpa, CfiO~HO nony4HTb pa3Mep~ C Tpe6yeMOH T04HOCTb~ 
BCneACTBHe aHH30TpOnHH CBO~CTB MaTepHana, TPYAHOCTH KOHTpOnA 
TennOBWX ycnOBH~ npH H3rOTOBneHHH KOfie4, He06XOAHMOCTH HCnOnb-
30BaHHA onpasoK H T.n., 4TO 3Ha4HTenbHO aaTPYAHAeT H YAOPO~a
eT H3rOTOBneHHe TaKHX KOne4. 

3Ha4HTenbHOH 4aCTH 3THX TPYAHOCTe~ YAaeTCA H36e~aTb, H3ro
TasnHBaA K0llb4a MeTOAOM OTfiHBKH B cne4HafibHbiX npeCC$QpMaX H3 
3nOKCHAHO~ CMOll~ C HanonHHTeneM. no3TOMY HaMH 6~nH pa3pa6oTa
Hbl OCHaCTKa H TeXHOfiOrHA H3rOTOBneHHA KOfie4 TaKHM MeTOAOM. 
npeABapHTefibHO Ha o6pa34aX /H3rOTOBneHH~X no pa3HOH TeXHOnO
rHH/ 6~nH HCCneAOBaH~ MeXaHH4eCKHe CBOHCTBa H TennO$H3H4eCKHe 
XapaKTepHCTHKH MaTepHanOB, nony4eHH~X Ha OCHOBe 3nOKCHAHO~ 
CMOfi~ K-115 C HCnOfib30BaHHeM pa3Hb1X HanonHHTene~ /Ksap4eB~H 
neCOK, OKHCb THTaHa, OKHCb an~MHHHA HAP./. HaH6onee nOAXOAA
~HMH OKa3afiHCb n~neBHAH~~ KBap4, OKHCb THTaHa H OKHCb an~MH
HHA B paBHOM BeCOBOM COOTHOWeHHH C 3nOKCHAH~M KOMnayHAOM. Ta
KOe COOTHOWeHHe OKa3anOCb OnTHMafibHbiM C T04KH 3peHHA np04HOC
TH o6pa34a H TeXHOfiOrHH 3anonHeHHA llHTe~HOH $OpM~. 

nocne oTnHBKH H nonHMepH3a4HH o6pa34bl noABepranHCb Harpesy 
AO 80°C C B~Aep~KO~ npH 3TO~ TeMnepaType B Te4eHHe 7 4aCOB 
AflA OKOH4aTefibHOH nonHMepH3a4HH H, KaK CfieACTBHe 3TOrO, no
B~WeHHA np04HOCTH. 6onee AflHTenbHaA B~Aep~Ka He npHBOAHna 
K yny4weHH~ xapaKTepHCTHK. Ha nony4eHH~x TaKHM o6paaoM o6paa-
4ax 6~no nposeAeHo onpe,[\eneHHe TeMnepaTypHoro K03$$H4HeHTa 
nHHe~Horo pacwHpeHHA H MOAYfiA ynpyrocTH /a TaK~e ero H3MeHe
HHe B 3aBHCHMOCTH OT speMeHH Harpy~eHHA o6pa34a/. AnA OnpeAe
neHHA TeMnepaTypHoro K03$$H4HeHTa llHHe~Horo paCWHpeHHA OTfiHBa
fiHCb HllH H3rOTaBnHBafiHCb 06pa34~ AflHHO~ 300 MM H AHaMeTpOM 
20730 MM. 0THOCHTefibHOe H3MeHeHHe AfiHH~ 06pa34a H3MepAfiOCb 
MHKpOMeTpOM npH pa3fiH4H~X TeMnepaTypax B HHTepsanax OT +20°C 
AO +40°C. MOAYfib ynpyrocTH onpeAenAnCA HCXOAA H3 senH4HH~ 
nporH6a 6pycKa paaMepoM 100x10x10 MM, aaKpenneHHoro Ha OAHOM 
KOH4e H Harpy~eHHoro Ha APYrOM. B Ta6n. 1 npHBeAeH~ ycpeAHeH
H~e 3Ha4eHHA TeMnepaTypHOrO K03$$H4HeHTa fiHHe~HOrO pacwHpeHHA 
H MOAYfiA ynpyrOCTH{ nony4eHHWe Ha o6pa34ax, H3rOTOBneHHWX no 
onHcaHHOH s~we TexHonorHH. 

Ha pHc. 3 npHBeAeHa aaBHCHMOCTb senH4HH~ Ae$opMa4HH o6paa-
4a nOA AeHCTBHeM nOCTOAHHO npHno~eHHO~ CHn~ KaK $yHK4HH Bpe
MeHH Harpy~eHHA. BHAHO, 4TO npH6nH3HTenbHO a Te4eHHe 400 4a
cos Ae$QpMa4HA o6paa4a soapacTaeT Ha 60%, a aaTeM MeAfleHHO 
pa~TeT H e~e ysenH4HBaeTCA Ha -10% 3a BpeMA -2000 4aCOB. 3TO 
06CTOATefibCTBO npHHHMaeTCA BO BHHMaHHe npH B~6ope BeflH4HHW 
HaTA~eHHA nposono4eK. 
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Ta6mu.~a 

06pa3~bi KOMn03H~HH Ha ocHoBe Si02 Ti02 Al203 

TeMnepaTypHblli K03¢¢H~eHT 5,0+0,2 5,5+0,2 
nHHeiiHoro pacmHpeHHH a, Io~oc - -

4, 7:!:_0,2 

Mo~ynb ynpyrocTH* E, Jo+~Kr/cM25,25~0,1 4,4+0,1 5,6+0,2 

* 3HaqeHHH E H3MepeHbJ cpa3y nocne HarpyJI(eHHH HCllbiTyeMoro o6-
pa3~a. 
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PHc. 3. 3aBHCHMOCTb ~e~opMa~HH o6pa3~a /HanonHHTenb 
Ti02 / no~ ~eiiCTBHeM nocTOHHHO npHnoJI(eHHOH cHnhl. 

Konb4a, npeAHa3Ha4eHH~e AnR KpenneHHR KaTOAH~x npoeono4eK 
H Hapy*H~X 3a~HTH~X o6ono4eK, B Ka4eCTBe HanonHHTenR COAep*aT 
n~neBHAH~~ KBap4, a KOnb4a, npeAHa3Ha4eHH~e AnR KpenneHHR 
aHOAH~X npoeono4eK, - OKHCb THTaHa. XOTR np04HOCTH~e XapaKTe
pHCTHKH KOMn03H4HH C OKHCb~ THTaHa XY*e, 4eM C KBap4eM /CM. 
Ta6n. 1/, OHa ropa3AO ny4we nOAXOAHT AnR MeXaHH4eCKO~ o6pa-
60TK~. B AanbHe~weM e Ka4eCTBe HanonHHTenR AnR ecex Kone4 
npeAnonaraeTCR HCnOnb30BaTb OKHCb an~MHHHR. KOHCTpyKTHBHO 
KOnb4a, npeAHa3Ha4eHH~e AnR KpenneHHR aHOAH~x npoeono4eK, 
AOn*H~ 6~Tb e~nonHeH~ c na3aMH no BHewHe~ o6pa3y~eH KOnb4a 
/c waroM 2 MM, WHPHHOH 0,2 MM H rny6HHOH 1,5 MM/ 131 . TaKHe 
na3~ Ha KOnb4aX MeTOAOM OTnHBKH nony4HTb npaKTH4eCKH He npeA
CTaBnReTCR B03MO*H~M H n03TOMy AnR HX H3rOTOBneHHR npHXOAHT
CR npH6eraTb K $pe3epoeaHH~. 

npeCC$QpMa /pHC. 4a,6/ AnR OTnHBaHHR KOne4 COCTOHT H3 OC~ 
HOBaHHR 1, $QpMHpy~~HX K0ne4 2 H 3 H KP~WKH 4. AnR H3rOTOB-
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PHC. 4. IlpeCC~OpMbl ~H OTnHBKH KOne~: a - ~H KaTO~HbJX, 
6 - ~H aHO~HbiX npoBonoqeK. I - ocHoBaHHe; 2 - HapyJI(
Hoe ~OpMHpy~ee KOnb~O; 3 - BHyTpeHHee ~OpMHPYID~ee 
KOnb~O; 4 - KpblWKa; 5 - BHHT H BTynKa; 6 - KOnb~O /oT
nHBKa/; 7 - nonocKa nep~OpHpOBaHHoro cTeKnoTeKcTonHTa; 
8 - ynnOTHHTenbHble KOnb~a. 

neHHR AeTane~ npecc$opM~ Hcnonb3oeancR an~MHHHeB~H cnnae ~T16 
/AOCTaT04HO npo4eH, XOpOWO nonHpyeTCR, HMeeT cpaBHHTenbHO 
HefionbWO~ K03~H4HeHT TeMnepaTypHOrO pacwHpeHHR/. 8 OCHOBaHHH 
iljJt:\,.'-~jJMbl i:tbiiiUJIMC::Mbl "-UJ lb4t:~blt: lld~bl W U1 Ulloi.JdHHblllo "-VJit:4 VI U I -

eepcTHR noA BTYnKH co wnHnbKaMH IAnR H3roToeneHHR KOne4,npH 
nOM~H KOTOp~X, B AanbHeHWeM, KpenHTCR KaMepa/. 

noArOTOBKa npeCC$OPM~ K 3anHBKe npOH3BOAHTCR cneAY~~HM o6-
pa30M. OcHoeaHHe npecc$opM~ nporpeeaeTcR npHMepHo AO 70°C, 
OTBepCTHR nOA BTynKH 3anHBa~TCR napa$HHOM, 3aTeM B HHX nOMe
~a~TCR BTynKH C BHHTaMH 5, B~CTyna~~He 4aCTH KOTOp~X fiYAYT 
HaXOAHTbCR B Tene OTnHBaeMoro KOnb4a 6. napa$HH 3anonHReT 3a-
30p~, npeAOTBpa~aR 3aTeKaHHe B HHX CMeCH. AHanorH4HaR onepa-
4HR B~nonHReTCR npH H3rOTOBneHHH KOnb4a C OXpaHH~M nORCKOM. 
8 na3 BCTaBnReTCR 3apaHee CKneeHHOe KOnb40 7 H3 TOHKOrO CTeK
noTeKCTOnHTa. 4aCTb KOnb4a, HaXOAR~aRCR B Tefie H3AenHR 6,nep
$QpHpyeTCR H CfiY*HT KaK apMHPY~~HH 3neMeHT. W3fiHWKH napa$HHa 
YAafiR~TCR, pa604H~ noeepXHOCTH OCHOBaHHR $OpMHPY~HX AeTaneH 
H Kp~WKH CMa3~Ba~TCR TOHKHM CnOeM 4HaTHMa AnR npeAOTBpa~eHHR 
aAre3HH 3anHBaeMOH CMeCH K MeTanfiH4eCKHM noeepXHOCTRM, H, noc
ne ycTaHOBKH ynnoTHHTeneH 8, npecc$opMa co6HpaeTcR. Ha 3anH
B04H~e OTBepCTHR /paCnOfiO*eHH~e AHaMeTpanbHO/ YCTaHaBnHBaeTCR 
3anHB04H~~ 6yHKep H npHCOeAHHReTCR npo3pa4H~H wnaHr, COeAHHeH
H~~ C $QpBaKyyMH~M HaCOCOM. 

AnR H3rOTOBneHHR KOfie4 HCnOfib30BanCR KOMnayHA cneAY~~ero 
COCTaBa - HanonHHTenb 46,5%, 3nOKCHAHaR CMOna K-115 46,5%, 
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OTBepAHTellb' 7%, n~peA npHrOTOBJleHHeM KOMnayHAa B Te4eHHe Hec
KOJlbKHX 4acos npoKallHsaeTCR HanonHHTellb H nporpesaeTCR 3noK
CHAHaR CMOJla AJlR YAaJleHHR BilarH, 3aTeM HanOJlHHTeJlb BBOAHTCR 
B ropR4Y~ 3nOKCHAHY~ CMOilY H CMeCb T~aTeJlbHO nepeMeWHSaeTCR, 
nocne 4ero OHa OXJlamAaeTCR npHMepHO AO 300( H B Hee BBOAHTCR 
OTBepAHTellb. nocne T~aTeJlbHOrO nepeMeWHBaHHR CMeCb B~IlHBaeTCR 

B 3allHB04H~~ 6yHKep, rAe OHa nOABepraeTCR BaKYYMHPOBaHH~ AJlR 
YAaJleHHR ny3~pbKOB B03AYXa, nonaBWHX B Hee BO BpeMR nepeMewH
saHHR, nocne 4ero oTKp~saeTCR aanHB04Hoe OTsepCTHe 1-1 cMecb 
nocTynaeT a npecc$opMy. Bo speMR aanHBKH CMecH a npecc$opMy 
4epe3 BTOpoe OTBepCTHe npOH3BOAHTCR OTKa4Ka AO TeX nop, noKa 
B npoapa4HOM WJlaHre He noRBHTCR KOMnayHA. A 3aTeM Ha 3aJlHB04-
H~e OTBepCTHR YCTaHaBJlHBa~TCR KOMneHCaTOp~ - MeTallJlH4eCKHe 
I..IHilHHAPbl C nopWHeM, HanOJlHeHH~e KOMnayHAOM, noA nopwHeM C03-
AaeTCR AaBJleHHe -8 Kr/cM2 H CMeCb MOmeT nepeAaBJlHBaTbCR B 
npecc$OPMY AJlR KOMneHCai..IHH 06DeMHO~ ycaAKH KOMnayHAa BO BpeMR 
nOilHMepH3ai..IHH. nocJle 3aJlHBKH npecC$OpMa HaXOAHTCR B nOMe~eHHH 
npH TeMnepaType - 300(, rAe npOHCXOAHT nOJlHMepH3ai..IHR H3AellHR. 
nocne 3Toro C npeCC$OpM~ CHHMa~TCR KP~WKa H OCHOBaHHe, a 1-13-
AeJlHe, HaXOAR~eecR MemAY $OpMHpy~~HMH KOilbl..laMH, nOABepraeTCR 
Harpesy a ne4H npH TeMnepaType 8ooc a Te4eHHe 7 4acos. AnR 
nOJly4eHHR KOJlel..l C HAeHTH4H~MH pa3MepaMH Heo6XOAHM0 CTporo 
C06Il~AaTb BeCb TeXHOilOrH4eCKH~ pemHM, 

PaaMepbi H3roTosneHHoro no npHBeAeHHO~ rexHonorHH KOilbl..la 
nony4a~TCR MeHbwe oaaMepoe, ~r:~.'l-'~'·H·'"'" l"'pecc!)lop~~o~. H.:: ;:;c;;;.;;.;;,.,;;;y 
OKOH4aTeJlbHOro pa3Mepa KOilbl..la BilHReT 06DeMHaR yCaAKa KOMnayH
Aa npH nOilHMepH3ai..IHH, a TaKme pa3JlH4He TeMnepaTypH~X K03¢$H1..1H
eHTOB MaTepHaJla npecC$OpM~ H OTnHBKH. ~3MepHTb AHaMeTp TOHKO
CTeHHOrO KOilbl..la 06b14H~MH H3MepHTeJlbH~MH HHCTpyMeHTaMH TPYAHO. 
no3TOMY AilR OnpeAelleHHR AHaMeTpa ~ H3MepRJlH AJlHHy OKpymHOCTH 
KOilbl..la 6onee T04H~M cnoco60M, npH KOTOpOM pa30pBaHHOe B OAHOM 
MeCTe KOilbi..IO nJlOTHO npHmHMaJlH K BHYTPeHHeMy KOilbi..IY 3 npecc
$OpM~ H H3MepRJlH 3a30p B MeCTe paap~Ba /H3-3a He06XOAHMOCTH 
paapyweHHR KOJl·ol..la npHMeHeHHe nocneAHero cnoco6a orpaHH4eHo 
on~TH~MH 06pa31..1aMH/ .. 6~IlH noJly4eH~ CileAY~~He K03$$H1..1HeHT~ 
IlHHe~HO~ yCaAKH AJlR KOJlel..l C HanOJlHHTeneM 1-13 OKHCH THTaHa 
/2,6+0,2/·10-3 , OKHCH all~MHHHR /2,9+0,3/•10-3 H 1-13 KSapl..leBOrO 
necKa /1 ,3~0,3/·10-3/ycTaHOBJleHo, 4TO 3TH BeJlH4HH~ 3aBHCRT OT 
TOil~HH~ OTilHBaeMoro KOilbl..la, napTHH 3nOKCHAHO~ CMOn~ H Hanon
HHTellR/. nony4eHH~e AaHHhle Y4HT~Bam1Cb npH npoeKTHPOBaHHH 
npeCC$QpM. no onHCaHHO~ TeXHOilOrHH 6~Jl0 H3rOTOBileHO HeCKOJlbKO 
KOMnJleKTOB KOilel..l AJlR CABOeHH~X H OAHH04H~X 1..1HilHHAPH4eCKHX npo
nOpi..IHOHaJlbH~X KaMep ycTaHoBKH APEC. 

HaTRHYT~e nposono4H~e 3IleKTPOA~ KaMep B~3~Ba~T Ae$opMai..IH~ 
$JlaHI..IeB /nporH6/, 4TO npHBOAHT K OCJla6JleHH~ HaTR~eHHR nposo-
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Il04eK. no3TOMY CTORna 3aAa4a B~6paTb OnTHMaJlbH~~ BapHaHT TOil
~HH~ HCnOilb3ye~X $IlaHI..IeB, cnoco6a HX 3aKpenJleHHR, TeXHOJlOrHH 
HaMoTKH H MOHTama KaMep a AeTeKTHPY~~eM 6noKe ycTaHoBKH APEC. 
AJ1R 3TOro He06XOAHMO 6~Il0 paCC4HTaTb BellH4HHY nporH6a $JlaHI..IeB 
noA Ae~CTBHeM npHilOmeHHO~ Harpy3KH. 

Pac4eT npoBOAHilCR no $OpMyne 141 /pac4eTHy~ cxeMy eM. Ha 

pHC. 5/: 

w = 

p 

a 

p p 

bi!tx»d 

rAe: w - aenH4HHa npor1-16a /MM/; 
p- Harpy3Ka /Kr/; a - BHeWHH~ 

paAHYC KOnbl..la /MM/; b - BHyT
peHHH~ paAHYC KOilbl..la /MM/; E -
MOAYilb ynpyrocTH /~Hra/ MaTe
pHall KOilCI..I · ( Kr I cM2) ; 5 - Ton
~HHa KOilbl..la /MM/; C- K03$$H-
1..1HeHT, y4HT~sa~H~ cnoco6 aa
KpenneHHR $I1aH1..1a. 
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PHc. 5. CxeMbi HarpyJKeHHH !lmaH~eB. 

AnR sapHaHTa /a/ /cso6oAHO 
onepT~~ $naHe1..1/: 

'l QU ATT 
_ .. 1 2 2 -.n 1 

c = 0,217 [- -- (8 - 0 ) + --82 JnE...... + 2o2 Jn.£...1, 
1+v I-v 8 8 

rAe 

I + v b 
K 1 = ---- ln 8 ; 8 = -

I- 82 a 

r 
(J = a 

v - K03$$H1..1HeHT nyaCCOHa. 
AnR sapHaHTa /6/ /mecTKO aaKpenneHH~~ $naHe1..1/: 

C = 0, 217 [(I+ 2K2 X82 - 0 2 ) + 4K2 {32 Jn.£... + 2o 2 Jn.£...], 
8 f3 

rAe 

1 - (I + v ) ln f3 
K 2 = ---------

1+v+0-v)B2 

BellH4HHa Ae$0pMai..IHH $IlaHI..IeB w noA Ae~cTBHeM npHilomeHHO~ 
Harpy3KH p CHilbHO 3aBHCHT OT cnoco6a HX 3aKpenneHHR /AJ1R CilY-
4aR /a/ npHMepHO Ha ABa nopRAKa 60ilbWe, 4eM AJlR CilY4aR /6/ 
npH OAHHaKOB~X reoMeTPH4eCKHX $aKTOpaX H Harpy3Ke/, 
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B HaweM CJly4ae np11 1113rOTOBileHI111 KaMepbl cjlJlaH~.tbl noJly>KeCTKo 
3aKpenJleHbl Ha OCHaCTKe 11 np11 MOHTa>Ke rOTOBbiX KaMep B AeTeKTI1-
py~eM 6oKce OA11H $IlaHe~.t 3aKpenJl~eTc~ >KecTKO, a APYro~ YAep
>KI1BaeTc~ Ha nOABecKaX /ero MO>KHO C411TaTb CB060AHO onepTbiM/. 
8 Ta611. 2 npiiiBeAeHbl pe3yilbTaTbl pac4eTa /Ail~ Cily4a~ CB060AHO 
onepToro ¢naH~.ta/ se1111411Hbl npor116a $IlaH~.ta noA Ae~cT~eM HaT~
HyTbiX npOBOil04eK 11 3KCnepi1MeHTaJlbHO 113MepeHHble Be1111411Hbl npo
ri160B Ail~ OAHO~ 113 CABOeHHbiX KaMep /3aMepbl npOI13BOAIIII111Cb no 
Mepe MOHTa>Ka KaMepbl B OCHaCTKe/. 

Ta6mu.\a 2 

DuaMemp CI\OA npo&ol\. 0 (lt\M) 528 540 552 561, 576 
HamA)I(. ogHou npo&. F I a I 150 43 150 1,3 150 
Hamstlt<. &cex npo6ol\ ~F [Ke) 124,5 38.4 130 381, 135 
DuaMemp npo6oga d !MM I 0.1 Q02 0.1 0,02 0.1 
Mamepue1A npoFloga 6p62 Wno3. 6p62 Wno3 6p62 

:[ . u ~ 1 2 3 4 5 0 
" u Clt 7 
~ 0 0 U1 2,5•" c: "< 0- 1-1 ex 
E a 0 .... 1 p 8,2 c 0 . ..., C!J 

a. 
:I "< a C!J 1-1 - <0,5 
41 u :::J 7 Q) 2 
:::J ·-> I. 0 p 2.6 06 QJ y 
.L C!J o X I 1-1 2 C!J X. "< - -
< "\() :I c 3 

..0 :r 0 ::r E p 8,9 2 2 0.8 
cs 0 E QJ :::J 
< "< 0 a. :r 

4 H - - - <0,5 
(J 0 C\) ~ ~ ? 4D ~ p 2,7 016 6.2 111 

..... , 0 :::J a. 
1-1 6(12""~ LL a.. Cll I I - - - -<l c. < so_ 5 

212 22,2 p 916 410 3417 

.6 F ~ = ~11F J P [ 2 I 31,9 5,4 4 9,2 5.1 34,7 
A l ~ [It\ It\) - - - - 0.043 
t::. L 'P (MM} 0123 0128 0135 0,2 6 0,25 

* IIpH pac'!eTe 3Ha'!eHHe E npHHHTO paBHbiM 35000 Kr/cM2, v = 0,3. 
HyJKHO 3aMeTHTb, 'ITO BapbHpoBaHHe 3Ha'!eHHeM v B npegenax 0,2-
0,5 cna6o BnHHeT Ha BenH'IHHY nporH6a. 

**CpaBHHTenbHO 6onbmoe ocna6neHHe HaTHJKeHHH npoBono'!eK nepBo
ro cnoH MOJKHO o6'bHCHHTb HennoTHbiM npHneraHHeM cP.rraHu;a K pacnop-
HOMY :meMeHTy /ocTaTO'IHbiH mocl>T/, 
***H3MepeHo qepeg 30 cyToK nocne H3roToBneHHH cnoH; pacxoJKge
HHe MOJKHO 06'bHCHHTb TeKytieCTbiO MaTepHana qmaHu;a /CM,pHC, 3/. 
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H3 Ta611. 2 BIIIAHO, 4TO IIIMe~T MecTo cy~eCTBeHHble pacxo>KAeHIII~ 
Me>KAY paCC4111TaHHbiMIII 3Ha4eHIII~MIII npor1116a Ill 3KcnepiiiMeHTailbHO 1113-
MepeHHbiMIII, 3TO MO>KHO 06b~CH111Tb HeCOOTBeTCTBIIIeM peaJlbHOH CXeMbl 
3aKpenileHIII~ $IlaH~.teB c pac4eTHOH /peaJlbHoe 3aKpenJleHIIIe 6o11ee 
>KeCTI<Oe/. 0AHaKO np111 nepeHOCe KaMepbl C MOHTa>KHOH OCHaCTKIII B Ae
TeKTIIIPY~IIIH 60KC HeonpeAeileHHOCTb B 3aAei1Ke $IlaH~.teB YMeHbWaeT
C~ 11 npor1116bl AOil>KHbl cooTBeTCTBOBaTb pac4eTHb1M AaHHbiM. KaK BIIIA
HO 1113 nOCileAHeH CTpOKIII Ta6111111.4bl (L\L i p) , 3Ha4eHIII~ npor1116os BO 
BCeX CilO~X npaKT1114eCKIII OAIIIHaKOBbl, 4TO n03BOil~eT COOTBeTCTBy~
~IIIM pacT~>KeHIIIeM $JlaH~.teB 6JlOKa KaMep YCTpaHIIITb OCJla6JleHIIIe HST~
>KeHIII~ HIIITeH, nocJleAHee yTBep>KAeHIIIe MHOrOKpaTHO nOATBePAIIIIlOCb 
Ha npaKTIIIKe. 

OnOPHblE UHilHHAPbl 

OnopHble LtiiiiliiiHAPbl 2 /eM. p111c. 1/, coeAIIIH~~~~~e $naH~.tbl caMo
nOAAeP>KIIIBa~~~~~xc~ KaMep, AOil>KHbl IIIMeTb AOCTaT04HbiH 3anac np04-
HOCTIII Ail~ o6ecne4eHIII~ HY>KHOrO HaT~>KeHIII~ npOBOil04eK, 3aKpenJleH
HbiX Ha $IlaH~.taX. KpOMe Toro, OHIII AOil>KHbl COAep>KaTb B03MO>KHO Ma
IlOe KOI1114eCTBO Be~eCTBa Ha eAIIIH1114Y nosepXHOCTIII Ail~ YMeHbWeHIII~ 
pacce~H~~~~ 4aCT1114 111 3HepreTIII4eCKIIIX noTepb. B Ka4eeTse MaTep111a11a 
Ail~ 1113rOTOBileHIII~ OnOpHbiX LtiiiiliiiHAPOB lllenOJlb30BaJlaeb JlaseaHOBa~ 
:-:.":c::~<~ (:;,Liciii:>ni:IIVi tst:a ... y = i ,38 rieM ::; MOAYilb ynpyroeTIII E = 
= 50000 Kr/cM2; TeMnepaTypHbiH K03$$111~.tllleHT IliiiHe~Horo pacw~~tpeHIII~ 
a= 5,3·10-

5 
1/rpaA). MexaHI14eeK~~te csoHcTsa JlaseaHa AOeTaT04Ho 

CTa6111JlbHbl np111 3Ha4111TeJlbHbiX KOile6aHIII~X BJla>KHOeTIII Ill 1113MeHeHIII~X 
TeMnepaTYPbl AO +50°C. Heo6xOAIIIMa~ Ail~ yeTOH4111BOeTIII TOil~IIIHa 
OnOpHoro 411111111HAPa nOI1Y4aJlaeb CKilelltBaHIIIeM IlaseaHOBOH nJleHKIII 
/0,05-0,1 MM/ 3nOKCIIIAHbiM KJ1eeM. To11~111Ha I<Ileesoro CJlO~ s 3as~~t
e~~tMOeTIII OT MeTOAa ei<IlelltBaHIII~ e11oes JlaseaHa COeTaBJl~Jla /0,05+ 
~0,02/ MM Ill /0,0170,005/ MM Ill np111 pac4eTe Ha YCTOH4111BOeTb He 
Y4111Tb1BaJlaeb. 

Pae4eT o6oJl04KIII npoBOAIIIIlC~ no 3Mnlllp1114eeKOH $opMyile AoHHe-
11~ /5/ : 

o,sE- -10 -7 ::_ 
a H 

a = E --------np 
1 + 0,004 L 

aT 

rAe anp - npeAeilbHOe Hanp~>KeHIIIe MaTep111a11a o6oJl04KIII (Kr/cM2); 
E- MOAYilb ynpyroeTIII (Kr/e~; h - TOil~IIIHa o6oJl04KIII /eM/; a
PaAIIIYC 060J104KIII /eM/; aT - npeAeil TeKy4eCTIII MaTep111a11a 060I104-
K11 (Kr/cM2), 
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Jln.R npoeepKI1 pac4eTHbiX AaHHbiX 6b1Il0 npaBeAeHO 11CnbiTaHI1e 
HeCKOJlbKI1X a60Jl04eK OCeBbiMI1 Harpy3KaMI1 BnJlOTb AO 11X pa3pywe
H11.R. nepeA c6opKO~ KaMepbl KamAbl~ onapHbiH 411J111HAP 11Cnb1TbiBaJ1C.R 
r~OJlyTOpHO~ Harpy3KO~. 

.1H 
(MM) 

1,0 

0,5 

0 400 800 1200 1600 2000 2400 T(l.lac) 

PHC. 6. 3aBHCHMOCTb BbiCOTbl HarpyJKeHHOI'O /250 Kr/ 
OITOpHOI'O ~HnHHApa OT BpeMeHH. 

Ha DI1C. 6 MOmHo B~APTh ~~MPHPH~P R~rnT~ rnPrT~rnn~Hnrn nnn~

Haro 411J111HAPa IA11aMeTpoM 148 MM 11 TOJ1~11HO~ 6x0,1 MM/ KaK ~YHK-
41111 epeMeHI1 HarpymeHI1.R. H3 npi1BeAeHHoro PI1CYHKa B11AHO, 4Ta 
npi1MepHo a Te4eH11e nepBbiX 200 4acoe nocne HarpymeHH.R Ae~opMa-
41111 a60il04eK paCTYT npH noCTO.RHHO~ Harpy3Ke, 3aTeM BeJlH4HHa 
Ae~opMa41111 npaKTI14eCKH ocTaeTC.R Hei13MeHHO~. 3To o6cTO.RTeJlbCT
eo He06XOAHMO npHHI1MaTb BO BHHMaHHe npH H3rOTOBileHHH KaMep. 

PaccMOTPHM Hcnonb30BaHI1e onopHoro 4HJlHHAPa Ha npHMepe H3-
roTOBJleHH.R 6IlOKa 113 ABYX KaMep /eM. PHC. 1/ C CYMMapHbiM Ha
T.RH<eHI1eM npoeonoK 222 Kr. Ha onopHbl~ 4HJ1HHAP IAHaMeTpoM 148 MM, 
BbiCOTO~ 400 MM/, 113rOTOBJleHHbl~ 113 WeCTH CJlOeB naecaHOBO~ nileH
KI1 TOJl~HHO~ 0,1 MM, HaKileHBa~TC.R nepBble KOI1b4a KaMepbl. 8 cne-
4HaJlbHO~ OCHaCTKe 411Jl11HAP CmHMaeTC.R BHHTaMH Ha 0,54 MM /ee
IlH4HHa cmaTI1.R onpeAeil.ReTC.R HHAHKaTopaMH/, 4TO COrJlaCHO Harpy-
304HO~ xapaKTepHCTHKH Ail.R 3Taro 4HJlHHAPa, npHBeAeHHO~ Ha PHC.~ 
COOTBeTCTByeT Ae~CTBY~~e~ CHJle 222 Kr. nocne H3rOTOBileHH.R Ka
Mepbl 3TO yCHJlHe KOMneHCI1pyeTC.R CyMMapHO~ CHilO~ HaTRHYTbiX npo
BOil04eK. KaK nOKa3ai1 OnbiT 3KCnnyaTa4HH TaKHX KaMep, B Te4eHHe 
HeCKOJlbKI1X IleT He Ha6Jl~AaeTC.R OCJla6neHHe HaT.RmeHH.R npOBOI104eK. 

~pyro~ BHA caMcrnOAAepmi1Ba~~HXCR 4HI1HHAPH4eCKHX KaMep, HC
nOilb30BaHHbiX a cneKTpoMeTpe, - 3TO ABYXKOOPAHHaTHble /cTpHno
Bble/ KaMepbl. KaTOAbl TaKHX KaMep npeACTaBil.R~T co6oH TOHKOCTeH
Hble 4HJlHHAPbl C npOBOA.R~HM nOKpbiTHeM. 0TCYTCTBHe KaTOAHbiX npo-
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t.H -103 
H 

PHc. 7. HarpysoqHaH xapaKTe
PHCTHKa onopHOI'O ~HnHHApa 
,rumMeTpOM I 48 MM H BbiCOTOH 
400 MM, CKneeHHOI'O H3 6 cnoeB 
naecaHa Ton~HoH: 0,1 MM. 

1;5 

1,0 

0,5 

(} 100 2oo Pru> 

BOil04eK Cy~eCTBeHHO CHHmaeT 
oceey~ Harpy3KY·Ha onopHbl~ 
4HI111HAP, 4TO n03BOJl.ReT yMeHb
WHTb era TOJl~HHy; HO np11 3TOM 
noeepxHOCTb era AOJlmHa OTee-
4aTb seeM Tpe6oeaHH.RM, npeAc-
.RBileHHbiM K KaTOAY, T.e. 4eile
C006pa3HO HX caBMeCTHTb. CKJle

HBaHHe CilOeB 060I104KH npOBOAHilOCb Ha BCnOMOraTeJlbHOM 411IlHHAPe 
H3 naecaHa. KamAbl~ cno~ o6ona4KH CTbiKoeanc.R no HaKJlOHHO~ K 
OCH 06pa3y~e~ C 4eJ1b~ yMeHbWeHH.R BJ1H.RHI1.R ynpyri1X CBO~CTB 
JlaBCaHa B MeCTe CTbiKa. 8HeWHHe KaTOAHble 4HI111HAPbl 113rOTOBil.RI111Cb 
113 ABYX CilOeB IlaecaHa T0~11HO~ 0,05 11 0,1 MM, npeABapi1TeilbHO 
Ha OAHO~ noeepxHOCTH HaHOCHilOCb npaBOA.R~ee noKpbiTHe, a Ha APY
ro~ - HaKJlOHHble K CHrHaJlbHbiM npOBOJ104KaM npOBOAR~I1e nOJlOCK11 -
cTpHnbl. C 4e11b~ ycTpaHeH11.R oceeo~ Harpy3KI1, ea3HI1Ka~~e~ npH 
TeMnepaTypHbiX nepenaAaX, BHeWHH~ KaTOA Kpeni1TC.R TOilbKO K OA
HOMY ~I1aH4y, HMe.R B03MOmHOCTb CB060AHO CKOilb311Tb no BTOOOMV. 
no TaKa~ TeXHOilOrl-111 6biilO CAeilaHO 5 KaMep pa3Haro A11aMeTpa. 

ABTOpbl 6naroAap.RT C.M.KopeH4eHKO 3a nocTa.RHHae eH11MaH11e 
K HaCTO.R~e~ pa6oTe 11 T.C.T11xaHoey 3a BblnanHeHI1e 4epTemHo
~opMI1TeilbCKHX pa60T. 
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KBaHTOBOK reopHH noJUI. AnyWTI, 1984. 

Tpynbl VII MeliCJlyHaponHoro ceMHHapa no npo6neMaM 
4JH3HKH Bb!COKHX JHeprHli . 11y6Ha, 1984. 

Tpynbl UI MeliCJlyHaponHoro cHMn03HYM& no H36paHHbl"' 
npo6neM&M CTITHCTH'IecKoli MeX&HHJ<H. lly6Ha, 1984. 

(2 TOMa) 

Tpynbr Me>KnYHiponHoro coaeUlaHHII no aH&11HTH'Ieci<HM 
BbiQHCneHHRM Ha 38M H HX npHMeHeHHIO B TeopeTHqecJ<OK 

4JH3HKe. 11y6Ha, 1985. 

Tpynbr XII MeliCJlyHaponHoro cHMfl03HYM& no JIJlepHoli 
JneKTpOHHJ<e. 11y6Ha, 1985. 

Tpynbl MeliCJlyHaponHoli WJ<Onbr no CTpYJ<TYpe IIJlpa. 
Anywn, 1985. 

Tpynw V MfliCJlYH&ponttoA wJ<o/llol no HeA'rpoHHoA 4JH3HJ<e 

Anywn, 1986. 

T pynbl IX Bcec0103HOro coaeUlaHHII no ycJ<opHTeJIRM 
3apR>KeHHbl.lt Q8CTHU. lly6H&, 1984. (2 TOMB) 

Tpynbr VIII MeliCJlyH&ponttoro ceMIOI&pa no npo6neMaM 
4JH3HJ<H BbiCOKHX 3HeprHJi . lly6H8, 1986. (2 TOM&) 

TpyRbr X BcecoiOJHoro coael.LII.HHR no ycJ<opHrenRM 
38pRJKeHHbl.lt UCTHU. 11y6Ha, 1986. (2 TOM&) 

Tpynbr MeliCJlyHaponttoli WKOnbl<eMIOiapa no 4Jn3HKe 
TR>KenbUt HOHOB. 11y6H&, 1986. 

Tpynbr CoaelllaHHR " PettopMrpynna- 86''. 11y6Ha. 1986. 

Tpynbr Me)f(RyHaponttoro coaemaHHR no reopHH 
ManOQICTH'IHbiX H J<B&pl<·&npoHHhlX CHCTeM. 11y6Ha, 1987 . 

Tpy nbl VIII Me)f(RyH&ponttoro coaemaHHJI no npo6neMaM 
~BaHTOBOH reopHH nonA . Anywra, 1987 . 

TpyRbr II MeliCJlyHaponttoro CHMn03HYMI no npo6neMaM 
P.38HMOReliCTBHR MIOOHOB H nHOHOB C BeWecTBOM. 
Jly6Ha, 1987 

~~pynbr IV Me>KnyHaponHoro cHMn03HyMa no H36paHHhiM 
npo6neM&M CT&THCTH'IecKOK MeX&HHKH. lly6Ha, 1987. 

4p. 50 K. 

4 p . 30 K . 

5 p. 50 K . 

7 p . 75 K. 

4 p . 00 K . 

4 p . 80 K . 

3 P- 75 1<. 

4 p . 50 K . 

13 p. 50 K . 

7 p. 35 K . 

13 p. 45 K . 

i p . 10 K . 

4p . 45K. 

4 p . 30 K . 

3 p . 55 K . 

4 p . 20 K . 

5 p . 20 K. 
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rnaanOQTaMT , n/R 79. H3narenbCKHH ornen 061>en101eHHoro IOICTHTYTB RnepHbiX HCcnenoB&HHH. " 

BaHKO 10. H AP· 13-88-468 
TexHonorHR HsroTosneHHR ~a~es H onop~ 
3neMeHTOB ~1lHHAPHqeCKHX MHOronpOBOnoq~ KaMep 

0nHC~BaeTCR TeXHonOrHR H3rOTOBneHHR H pesyn&Ta~ ~H-
3HKO-MeXaHHqeCKHX HC~TaHHA ~aH~eB H onop~ ~HAPOB 
AflR ~HnHHAPHqecKHx MHoronposonoq~ n~onop~oHanb~ Ka
Mep ycTaHOBKH APEC. ~na~ HsroTasnHsa~TCR MeTOAOM OTnHB
KH s cne~anb~ npecc~opMax H3 snoKCHAHOA CM~ c Hanon
HHTeneM. Onop~e ~HHAP~ CKneHB~TCR H3 HeCK01lbKHX cnoes 
nascaHosoA nneHKH. 

Pa6oTa B~nonHeHa B na6opaTOPHH RAep~ npo6neM OHHH. 

Coo&....- 06Mamleaaoro IIIICTIITJTa .uepawx aecnQO....a. Jly6u 1988 

llepeBOA O.C.BHHorpaAOBoA 

Vanko J. et al. 
Technology Flanger and Supporting Element 
for Cylindrical Multiwire Chambers 

13-88-468 

Technology and results of testing the cylindrical 
multiwire proportional. chamber flangers and supporting 
cylinders are described. The flangers are casted from 
a compound based on epoxy resin. The supporting cylin
ders are glued o~ several .mylar layers. 

The investigation has been performed at the Laborato
ry of Nuclear Problems, JINR. 
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