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tlopAaHoB A.Ei., Ceprees C.B., <!>e~eHKO A.A. 13 - 12752 

TexHonor~H ~3roTosneH~H TOHK~x <t>oKyc~py~~~x 3epKan 
6onbworo A~aMeTpa 

B CBH3~ c coopymeH~eM B OHHH cneKTPOMeTp~4ecKoro 
KOMnneKCa 11 r~nepOH 11 , B COCTaB KOTOporo BXOAHT 4epeHKOBCKI-1e 
C4eT41-1KI-1, pa3pa6oTaHa HOBaH npOCTaH TeXHOnOri-1H l-13rOTOBneHI-1R 
TOHKI-1X <!>OKYCI-1py~~I-1X 3epKan 6onbworo A1-1aMeTpa 1-13 AOCTynHbiX 
MaTep!-1anos. Y cep~-11-1 l-13roToBneHH~x sepKan A1-1aMeTpoM 0,6 M 
OTHoweHI-1e Mace~ sepKana K nno~aAI-1 ero nosepxHOCTI-1 cocTas
nReT 0, 12 r I eM 2. np1-1 BOAHTCH AaHHble o <t>opMe nosepxHOCTI-1 
1-1 K03$<!>1-141-1eHTe OTpameHI-1R TaK~X 3epKan. 

Pa6oTa Bb!nonHeHa s Ila6opaTOPI-11-1 RAePHbiX npo6neM OHHH. 

Coo6weHHe 06beJJHHeHHOrO HHCTHTyTa SIJJepHbiX HCcneJJOBSHHII, lly6Ha 1979 

Jordanov A.B., Sergeyev S.V., Feshenko A.A. 13 - 12752 

Technology of Thin Large Diameter Focusing 
Mirrors Fabrication 

For Cherenkov counters used in spectrometer complex 
HYPERON (JINR) the new technology of focusing mirrors 
fabricating is developed. The main advantages of it are the 
simplicity and ability to make thin mirrors with large 
diameter using available materials. The mirrors made with 
the diameter 0.6 m have the ratio of mass with respect 
to surface area about 0.12 glcm 2. The information about the 
surface and reflectivity is presented. 

The investigation has been performed at the 
Laboratory of Nuclear Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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B npaKTI-1Ke <I>H3~4eCKoro 3Kcnepi-1MeHTa w1-1poKoe pacnpocTpaHe
HI-1e nony41-1nl-1 ra30Bble noporoBble 4epeHKOBCKI-1e C4eT41-1K~. AnH 
nepeAa41-1 ~3ny4eHI-1H OT paAI-1aTopa K <!>OTOKaTOAY <!>3Y B TaKI-1X 
C4eT4YIKaX 04eHb 4aCTO npi-1MeHHeTCH HaKnOHHOe napa6on~4eCKOe 
1-1n~ c<t>epl-14ecKoe sepKano 111. Ecn~-1 c4eT41-1K pacnonaraeTCH He 
B KOH4e <!>~31-14eCKOH ycTaHOBK~, TO HaPHAY C o6~1-1MI-1 Tpe6osaH~H
MI-1 lxopowaH <!>OKyc~pOBKa, BbiCOKI-1H K03<!><!>1-141-1eHT OTpameHI-1R 
~ T.A.I K sepKany npeADH8nHeTCH e~e OAHO Tpe6o8aH!-1e: pacceH
HI-1e, BHOCI-1MOe I-1M 8 ny40K 4aCTI-14, AOnmHO 6biTb MI-1HHManbHbiM, T, e. 
seni-141-1Ha OTHOWeHHH h / X0 , rAe X0 - paAHa4HOHHaH An1-1Ha 8e
~eCT8a OCHOBbl 3epKana, h - CpeAHHH TOn~HHa OCHOB~, AOnmHa 
6~Tb Mana. 

B pa6oTe 121 npeAnomeHo TaKoe 3epKano, l-13roTo8neHHoe 1-13 
OTpama~~eH C8eT nneHKI-1 IHanpHMep, MeTannH3HP08aHH~H MaHnapl, 
nporHyTOH nepenaAOM AaBneHHH, nony4aeTCH MHHI-1ManbHOe OTHOWe
HHe h/X 0 • OAHaKo Hcnonb30BaHI-1e TaKoro 3epKana conpHmeHo co 
3Ha4HTenbH~MH 3KCnnyaTa4HOHH~MI-1 HeYA06CTBaMI-1! He06XOAHMO 
nOAAepmH8aTb nepenaA Aa8neHHH ~P nocTOHHHbiM, np~-1 3TOM pa6o-
4ee AasneHHe rasa s C4eT4HKe He MomeT 6bJTb MeHbWe 8enH41-1Hbl ~p. 

npi-1MeHeHHe 8 WI-1POKOanepTypH~X C4eT4HKaX CTeKnHHH~X 3epKan 
TOn~HHOH AO 2-3 MM Is o6naCTH npoxOmAeHI-1H ny4Kal 3aTPYAHH
TenbHO H3-3a ManOH MeXaHH4eCKOH np04HOCTH TaKHX 3epKan 
1-1 TPYAOeMKOCTI-1 np04ecca HX ~3rOT08neHI-1R, 

B pa6oTe !3/ on1-1caH cnoco6 H3roTo8neHHH sepKan 6onbworo 
AHaMeTpa, o6ecne41-18a~~HH Many~ 8en~4HHY OTHoweHI-1H seca 
K nno~aAH I d = 0,9 rlcM 2 I. CAenaHHoe 3THM cnoco6oM 3ep
Kano nony4aeTcH TpexcnoHHbiM. <!>opMHP08aHI-1e oTpama~~eH nosepx
HOCTI-1 3epKana npOH380AHTCH MeTOAOM BaKyyM-$OpM08KH Ha wa6-
noHe. 0cH08HbiMH HeAOCTaTKaMI-1 3Toro MeTOAa H8nH~TCH Heo6xo
A1-1MOCT b 1-1 en on b30BaT b pa3nH 4Hble wa6noHbl np~-1 1-13 roTo8neHHH sep
Kan C pa3nH4HbiM~ $OKYCHbiMH paCCTOHHHHMI-1 1-1 803pacTaH~e se
ni-14HH '.d 1-1 hi X0 npl-1 yMeHbWeHHI-1 <!>OKYCHOrO paCCTOHHI-1H 3epKa
na. 

HaMH 6blna pa3pa6oTaHa HosaH TexHonorHH ~sroTo8neHHH 3ep
Kan, KOTopaH, Ha Haw 83rnHA, He HMeeT nepe4~cneHH~x Bblwe 
HeAOCTaTKOB, 
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3Ta npOCTaR TeXHOnOrHR OCHOBaHa Ha $HKCHpOBaHHH noeepx
HOCTH nneHKH, nporHyTO~ nepenaAOM AaBneHHR, C nOMO~b~ nonH
MepH3Y~~eroCR ee~ecTea /3noKC~AHaR cMona, neHononHypeTaH, 
aKpHn ~ T.A./. 0Ha noaeonReT ~3rOTOB~Tb Aeweeoe aepKano KaK 
C nOCTORHHO~, TaK H yMeHbWa~e~CR HnH yeenH4HBa~~e~CR OT 
~eHTpa K Kpa~ TOn~HHO~ OCHOB~. $oKyCHOe paCCTORHHe onpeAe
nReTCR een~4HHO~ nepenaAa AaBneHHR, nporH6a~~ero nneHKy. 

3epKano HaroTaen~eaeTCR cneAy~HM o6paaoM: e $QpMe 1 
/eM. p~c. 1/ KOnb~OM 2 3aKpennReTCR nneHKa 3. npH He06XOAHMO
CT~ He6onbW~M nepenaAOM AaeneH~R e~ coo6~a~T ecnoMoraTenbHbl~ 
npor~6. nocne 3Toro Ha nneHKy aanHeaeTCR ~HAKH~ MaTepHan 
OCHOBbl aepKana 4. noA Ae~CTB~eM C~n~ TR~eCT~ ero noeepXHOCTb 
cTaHOBHTCR ropH30HTanbHo~. TaKHM o6paaoM npeAeapHTenbHO $op
MHpyeTCR npo~nb Ton~HH~ 3epKana. n~wb nocne Toro, KaK Ma
TepHan OCHOB~ aepKana 4aCTH4HO 3aTBepAeeT H npaKTH4eCK~ 
noTepReT TeKy4eCTb, nneHKe C006~a~T OCHOBHO~ nporH6, $OpMH
py~~~~ oTpa~a~y~ noeepxHoCTb aepKana. nocne nonHero 3a
TBepAeH~R MaTepHana OCHOBbl 3epKano B~HHMaeTCR H3 $OpMbl, npH-
4eM KOnb~O 2 MO~HO He OTAenRTb OT 3epKana. B TaKOM cny4ae 
OHO yeen~4HT ~eCTKOCTb 3epKana H B AanbHe~WeM MO~eT 6b!Tb 
~cnonbaoeaHo KaK 4aCTb KpenR~e~ ero apMaTyp~. EcnH Hcnonb-
30BaHHaR nneHKa o6naAana rnaAKO~ noeepXHOCTb~, TO OCHOBa 
3epKana He Tpe6yeT nOnHpOBKH, npH He06XOAHMOCTH nneHKa MO~eT 
H He OTAenRTbCR OT OCHOBbl 3epKana, TorAa npH HCnonb30BaHHH 
MeTann~3HpoeaHHO~ nneHKH nony4aeTCR cpaay roToeoe aepKano, 
He Tpe6y~ee nocneAY~~e~ o6pa6oTKH. 

Ha 3noKCHAHoro KoMnayHAa K-115 6~no HaroToeneHo HecKonbKo 
OnbiTHb!X o6pa3~0B 3epKan C AHaMeTpOM OKOnO 30 H 60 CM H $OKyc
H~M paCCTORHHeM OKOnO 20 H 40 CM COOTBeTCTBeHHO, npH TOn~H
He ocHOBbl aepKana oKono 1 , 5 MM eenH4~Ha d cocTaenRna 
0,125 r/cM 2 ,oTHOWeHHe h/X 0 paBHRnocb:::6 · 10-3 . 

np~ ~3rOTOBneH~H 3epKan HCnOnb30BanaCb nonH3THneHTepe$Ta
naTHaR nneHKa /Ma~nap/ TOn~HHO~ 60 H 100 MKM H MeTannH3HPOBaH
HaR /Han~neHH~~ an~MHHH~/ C OAHO~ CTOpOHbl nonH3THneHTepe$Ta
naTHaR nneHKa MapKH 11A11 TOn~HHO~ 12 MKM. 
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ToncTble nneHKH /Ton~HHO~ 100 H 60 MKM/ nerKo OTAenRn~cb 
OT OCHOBbl 3epKana. 

bblnO TaK~e H3rOTOBneHO HeCKOnbKO aepKan, B KOTOPbiX TOH
KaR nneHKa 3anHeanacb KoMnayHAOM c HeMeTannH3~poea~Ho~ cTo
poHbl. H~ y OAHoro H3 o6pa3~oe TaKHX aepKan He Ha6n~Aanocb 
OTCnOeHHR nneHKH OT OCHOBbl. 

npH aanHBKe nneHK~ C MeTann~3HPOBaHHO~ CTOpOH~ 6~no o6-
Hapy~eHO, 4TO c~enneHHe HanblneHHoro cnoR an~M~HHR c KoM
nayHAOM 6onee npo4Hoe, 4eM c nneHKO~. 

no3TOMY nocne 3aTBepAeBaHHR OCHOB~ nneHKa MO~eT 6~Tb 
OTAeneHa TaKHM o6pa30M, 4TO OTpa~a~~~~ cno~ an~MHHHR OCTa
HeTCR Ha OCHOBe 3epKana. 

3Ha4~TenbHbl~ ~HTepec npeACTaBnReT $OpMa noeepXHOCTH 
MeM6paH~, nporHyTo~ nepenaAOM AaeneH~R, KoTopaR o6pa3yeT 
oTpa~a~~Y~ noeepxHOCTb aepKana. C 3TO~ ~enb~ Ha ycTaHOBKe, 
CXeMaT~4eCKH H306pa~eHHO~ Ha PHC, 2, 6~n~ npoBeAeH~ H3Me
peHHR eenH4HHbl npor~6a MeM6paHbl BAOnb ee oceeoro ce4eHHR 
IAHaMeTp MeM6paH~ - 310 MM,nporH6 e ~eHTpe - 5,10,20 H 40 MM/. 
MeM6paHa 6blna e~nonHeHa H3 MeTann~aHpoeaHHO~ nonH3THneHTepe
$TanaTHO~ nneHK~ TOn~HHO~ 12 MKM. norpeWHOCTb H3MepeH~R 
COCTaBnRna +0,025 MM . 

.QaHHble HSMepeHH~ annpoKCHMHposanHCb ypasHeHHeM BToporo 
nopRAKa: 

y 2 =2Rx + ax 2 • /1/ 

noAo6paHHble 3Ha4eHHR napaMeTpos R ~ a AnR pa3Hb1X nporH6os 
X npHBeAeHbl s Ta6nH~e. 

CornacHo ypasHeH~~ /1/ MeM6paHa npHHHMaeT $opMy B~TRHy
Toro 3nnHnCOHAa Bpa~eHHR (a<-1)/4/, CM. pHC. 3. npH ysenH-
4eHHH npor~6a ee $opMa np~6n~~aeTCR K c$ep~4eCKO~ (a=-Q. 

CneAyeT TaK~e OTMeTHTb,4TO npH nporH6ax 6onbwe 10 MM npH 
AHaMeTpe MeM6paHbl 310 MM nneHKa Bb!XOA~T ~3 o6naCTH ynpyro~ 
Ae$opMa~H~. 

HHA~KaTop-H3Mep~Tenb 

HHA~KaTop KacaHHR 

• I I ' 
' vnzzupuzzn •..........._ CTon ---

PHC. 2 
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X MaKe, MM 

5 

10 

20 

40 

x 

Ta6mt.!:l2. 

R, MM 

2406 

1241 

644 

333 

Pt-tc. 3 

a 

-48,0,:!:_1 

-22,6,:!:.0,2 

-7,57,:!:_0,2 

-1 ,95.:_0' 1 

Ocb spaiJleHtMl 
3nnt-tncot-tAa 

Mbt t-t3Mept-tnt-t K03¢¢t-t~t-teHT oTpameHt-tR t-tcnonb30BaHHO~ AnR 
t-t3roTosneHt-tR 3epKana MeTannt-t3t-tposaHHO~ nont-t3Tt-tneHTepe¢TanaT
HO~ nneHKt-t. H3MepeHt-tR npoBOAt-tnt-tcb Ha nnocKt-tx o6pa3~ax 
B At-tana3oHe Aflt.1H sonH 190-400 HM Ha cneKTpo¢oTOMeTpe C¢-16. 
Pe3ynbTaT~ t-t3MepeHt-t~ npeACTasneH~ Ha pt-tc, 4. Kpt-tsaR 1 co
oTBeTCTByeT o6pa3~y, B3RTOMY t-t3 cepeAt-tH~ pynoHa. Bo3pacT 
nneHKI-1 - 1,5 rOAa• Kpt-tBaR 2 COOTBeTCTByeT TOMY me o6pa3~y, 
O~TOMY At-tCTt-tnilHPOBaHHO~ BOAO~. KaK Bt.1AHO 1-13 rpa¢HKa, K03¢
¢H~HeHT OTpameHt-tR Han~neHHOro an~MHHt-teBOrO noKp~THR B ynbTpa
¢HoneTOBO~ 4acTt-t cneKTpa pe3KO ynan. 
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ABTOPbl 6na roAaPRT B. n. Amenenosa' 10. A. 6yAarosa' B. 6. ¢nR
rHHa 3a nosceAHeBHoe BHHMaHHe K pa6oTe "' none3Hbte coseTbl, 
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