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1. Bse;n;euue 

Op;Hn:M H::J nepcneKTHBHblX MaTepn:aJioa, cymecTBCHHo pacwn:pi!IOmn:x o6rracTb 

npHMCHCHHH p;eTCKTOpOB 0/];HHO'fHblX ::JapHJKCHHblX 'faCTH~, i!BJli!CTCi! aaporeJib Ha 

ocHoBe SiOdl/. TaK, ncnoJih::JOBaHn:e aToro MaTepn:aJia B Ka'feCTBe pa)l;n:aTopoB 

noporOBblX 'lepCHKOBCKHX C'fCT'fHKOB no::JBOJli!CT OTKa::JaTbCi! OT ra::JOBblX C'fCT'fH

KOB BblCOKoro /];aBJICHHH, a TaKJKC npop;BUHYTbCi! B o6JiaCTb CKOpOCTCH 'faCTH~, 

rp;e HeBo::JMOJKHO npn:MeneHne p;pyrnx MaTepnaJioB. B HacToi!mee apeMH aaporerrh 

MOJKCT H::lrOTaBJIHBaTbCH C nOKa::JaTCJii!MH npeJIOMJICHHi! B /];HaTia30HC OT U = 1,006 

p;o n = 1,075 ( nJioTHOCTh p = 0,03 - 0,36 r / CM
3

) /2/, 'ITO p;aeT BO::JMOJKHOCTh co::Jp;a

BaTb noporOBblC C'fCT'fHKH, cnoco6Hb!C npoH::JBO/];HTb pa::l/];CJICHHC 'faCTH~ B o6Jia· 

CTH f3 OT 0,93 p;o 0,99. IlyTeM /];aJlbHCHWCH TCpMoo6pa60TKH aaporeJii! B03MOJKHO 

nOBbiWCHHC noKa::JaTCJIH npellOM1ICHHII /];0 U = 1,25 H 6oJICC (p=l,l9 r/cM3 )/3/. 

TaKn:M o6pa::JoM, aaporerrh yJKe rroJIHOCThiO nepeKpbiBaeT no nrroTHOCTH n no no

Ka::JaTeJIIO npeJIOMllCHHH HHTCpBaJI MCJKp;y ra::JaMH H TBCp)l;biMH TCJiaMH. 

0;J;HaKo aaporeJib o6rrap;aeT H pi!p;OM cymecTBCHHblX HC)l;OCTaTKOB: CHJibHa!I ::Ja

BHCHMOCTb ero npo3pa'IHOCTH OT )l;JIHHbl B011Hbl B KOpOTKOBOllHOBOH 'faCTH cneK

Tpa BH/];HMOro CBCTa H no'ITH nOJIHaii Henpo3pa'IHOCTb B 06JiaCTH YJibTpa<fln:oJICTaj 

::JHa'IHTCJlbHOC paCCCHHHC CBCTa B o6JiaCTH KOpOTKHX )l;JIHH BOJIH, npHBOAHmee K 

noTepe HanpaarreHHOCTrl H::JJIY'fCHHi! BaaurroBa-llepeHKOBa (lfBli) npn 6onhwnx 

p;JIHHax pap;naTopoa; TpJAHOCTH c MexaHH'feCKOH o6pa6oTKOH n: p;p. 8TH <f?aKTOpbi 

cymccTBCHHO npenJ'!TCTBYIOT C06HpaHHIO CBCTa Ha <f?oTonpHeMHHK, OC06CHHO B 

cny•me pap;naTopoa oOJibWHX pa3Mepoa. 

lfcnOJib::JOBaHHC CMCCTHTCJii! cneKTpa /];JIJ'l yny'IWCHHi! CBCTOC6opa Ha <f?OTO

npHCMHHK B cny'fae pa)l;n:aTopoB MaJiblX pa::JMepoa, KOrp;a ynbTpa¢noJieToBaH 'faCTb 

lfBl{ eme MOJKCT BblXOp;HTb H3 pa;J;HaTopa, BnepBbiC 6biJIO npep;JIOJKCHO B /4/. 8Ta 

H/];CH HCnOJib::JOBaTb CMCCTHTCJlb cneKTpa /];llJ'l YBCJIH'fCHHi! CHrHaJia OT 'ICpCHKO

BCKHX C'ICT'IHKOB HaWJia /];aJlbHeltWee pa3BHTHC B CJiy'fae pap;HaTOpOB 60llbWHX 

pa3MCpOB npH BHcp;pcHHH B o6'beM aaporelli! CBCTOBO/];OB, H::lrOTOBJICHHblX B BH/];C 

npi!MoyroJibHblX nnaCTHH, cop;epJKamnx CMCCTHTCllb cneKTpa/5/. PenyJibTaTbl 

MO/];CJIHpOBaHHi! OTKliHKOB HCCKOllbKHX BapHaHTOB TaKHX 'ICpeHKOBCKHX C'fCT'fH

KOB, npoeKTHpyeMbiX p;nH pa6oTbl B cocTaBe p;eTeKTopa KE,I(P, noKa::JaJin:, 'ITo 

MOJKHO p;06HTbCi! cymeCTBCHHOro COKpameHHi! KOJIH'fCCTBa <f>8Y 3a C'ICT Bb!Hrpbl

Wa B CBCTOC6ope. TaM JKC 6blll0 C,ll;CJlaHO npep;noJIOJKCHHC, 'ITO MOJKHO noJiy'IHTb 

/];OTIOJIHHTCJlbHE 'H BblHrpbiW B KOliH'fCCTBC co6npaeMOro CBCTa, CCJIH yp;aCTCJ'l BHC

p;pHTb BCWCCTBO, J'!BJIHIOmeeci! CMCCTHTCJICM cneKTpa, Henocpep;cTBCHHO B MaTe

pHaJI aaporeni!. 

TexHorrorni! p;onupoaaHHi! aaporeni! H3BCCTHhlM cMecTn:TerreM cneKTpa 1,4-p;u

(2-(5-<J?eHHJIOKCa::Jorr)}-6eH30JI (POPOP) snepBhle 6h!rra pa3pa6oTaHa B YHHBep

CHTeTe HM.KOMCHCKoro, BpaTHCJiaBa /6/. ,Jl;onn:poBaHIIC aaporeJii! CMCCTHTCJICM 
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CTICKTpa npHBO)l;HT K TOMy, 'iTO 9JICKTpOMarHHTHOC HOJIY'iCHHC, BO:JHIIKaiO!l\CC B 

penyJI:&TaTe B:JaHMO)l;CHCTBH.Il nap.ll:lKCHH.biX '!aCTIIQ C aTOMaMII BC!l\CCTBa ar-Jpo

reJI.Il, MO:lKeT 6biTh naxBa'!eHo a6cop6upoBaHHbiM POPOP II nepeH3Jiy~rcHo B p;I!

ananoHe )l;liiiH BOJIH, )l;ll.ll KOTOpbiX, C O)l;HOH CTOpOHbl aaporCJib nponpa'ICH, a C 

p;pyron, KOTOpbiC 6oJiee COOTBCTCTBYIOT MaKCHM8JibHOll KBaHTOBoii ~ryBcTBUTeJib

HOCTH <J>oToKaTop;oB <1>3Y. TaK Mo:lKeT 6biTh nepeHnny'ieHa :11: ncnorrh'lOBaHa :JHa

'IHTCJibHaH '!aCTb ll3JIY'!CHH.Il B KOpOTKOBOJIHOBOll o6JiaCTH CTICKTpa, KOTOpa!I npaK

TH'iCCKH HC MO:lKCT 6biTb HCnOJibiJOBaHa B CJiy'iae 06bi'IHOro al:lporeJUI. IJpol(ecc 

nepCH3liY'ICHH.Ii npHBO)l;l!T TaK:lKe K yBeJIH'iCHHIO BpCMCHH BbiCBC'UiBaHH!I. 

'TaKHM o6panoM, H31IY'!CHHC aaporell.ll c HMnnaHTHpoBaHHhiM POPOP o6rra

p;aeT BCCMH aTpH6yTaMU JIIOMHHCCQeHQHH, a JICrHpoBaHHbili CMCCTHTCJICM CilCKTpa 

aaporeJib MO:lKCT paccMaTpHBaThC.Il :11: HCnOJih30BaTbC!I B Ka'ieCTBC CQUHTUJIJI5!TOpa. 

3TO OTKpbiBaer HOBYIO B03MO:lKHOCTb npiiMCHCHU.Il aaporCJI5! B pa3H006pa3HhlX 

CQHHTHJIJI.IlQHOHHbiX C'iCT'IHKaX. 

2. TipuroToBneuue Si02-aaporenJI :a cnoco6 ero 
~onupoaaBHJI POPOP 

Si02-aaporerrh 6biJI H3rOTOBJICH nyTeM CBepxKpHTH'ICCKon cyiiJKH anKoren.ll 

(T=270°C; p=l2M1Ia), TIOliY'iCHHoro rnp;pOliHOOM paCTBOpa TeTpaMCTOKCHCIJ

JiaHa B MC'I'HliOBOM cnnpTC B CJia60ll\CliO'iHOll cpep;e aMMUaKa C TIOCJIC~J;YIOiliCll Bbi

p;ep:lKKOH B MCTHJIOBOM CTIHpTe npH HOpMaJibHbiX ycJIOBH.IlX B TC'ICHH<" 7 CYTOK. 

0THOIIJCHH.!I 06'bCMOB TeTpaMCTOKCHCHJiaHa, MCTHJIOBOro CTIHpTa H BO)l;hl B nepBo

Ha'IaJibHOM paCTBOpC 6biJIO 2:2:1 COOTBCTCTBCHHO. Si02-aaporCJib 3aTCM TIO)l;Bep

raJIC.Il o6:lKn:ry npn TeMnepaType 400°C B Te'ieHne 5 '!acoB. IIony'IeHHhie o6pa3Qhi 

HMCliH TIJIOTHOCTb p=0,18 r/cM
3 

H noKanaTCllb npeJIOMJICHH.Il n=l,038. 

;il;Ba o6pa3Qa H3 Si02-aaporerr.11, n:MeBIIJne <J>opMy QHJIIIHp;poB p;IIaMeTpoM 25 MM 

II BhiCOTon20 MM, Bblp;ep:lKIIBaJIIICh B aTMoc<J>epe napoB PO POP npii TeMnepaType 

t=245°C II noHII:lKCHHOM p;aBliCHHII p=l50 ITa, B Te'ieHIIe 7 'JaCOB (o6paneQ Nl) II 

24 'IaCoB (o6paneQ N2). BecoBbie KOHQCHTpaQHII a6cop61IpoBaHHoro a.'JporeneM 

CMCCTIITCJI.II cneKTpa B penyllhTaTe COCTaBIIliii 0,7% II 2,5% COOTBCTCTBCHHO. 

Jlern:poBaHHbiC06panQbl HMCliH cna6bill KOpii'iHCBaTblll OTTCHOK no cpaBHCHIIIO 

c 'iHCTbiM aaporeneM. 06ny'ieHn:e ynhTpa<J>IIoJieTOBhiM CBCTOM noKanano, 'ITo npo

HIIKHOBCHIIe CMCCTIITCJI.Il cneKTpa no o6'beMy aaporCJI.Il HepaBHOMepHOC - OCHOBHa!I 

KOHQeHTpaQH.H POPOP, oco6eHHO B cny'Iae o6panQa Nl, cocpep;oTO'ICHa B noBep

XHOCTHOM CliOC TOli!l\IIHOll HCCKOllbKO MHllliiiMCTpOB. 

B II3MepeHH.IlX TaK:lKe IICnonhnoBanC.Il KOHTpol1bHhill o6pa3eQ 'IIICToro a."'po

ren.ll, HMCBIIJIIll TC :lKC pa3MCpbi, 'ITO H nernpoBaHHbiC o6panQbi. 
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3. OnTH'leCKHe CBOHCTBa nerupoaaBBbiX aaporenell 

Ha pn:c .1 nptiBCIJ;CHhi <JaBncnMocTn nponpa'IHOCTII nernpoBaHHhiX o6panQOB aapo

re:u•ii ll KOHTpOllbHOro o6panQa 'IliCTOrO aaporeJI.Il OT )l;liUHbl BOJIHbl CBeTa, 113MC

peHHblf' Ha cneKTpo<f>oToMeTpe. Ha aTOM lKf' JHICYHKC noKanaHbl cneKTpbi B03-

6yJKp;eHn:.ll n: n:nrry'reHn.ll PO POP B nonncTnporre/7 /. Bn:p;Ho, ~rTo p;onupoBaHne 

npiiBO)l;HT K 3Ha'IIITCJihHOMY CHillKf'HIIIO nponpa'IHOCTll o6panUOB, npn'ICM TCM 

6oJihiiJe, '!eM 6oJibiiJe KOHUCHTpaunH PO POP. B o6nacTn, cooTBCTCTBYK>ll\ei't cneK

TPY norm>ll\CHH.Il POPOP, p;onnpoBaHue Bbl3biBaeT no'ITII norrHyiO noTep!O npo

npa'IHOCTII. YMeHbiiJeHIIe npo3pa'IHOCTII B p;uananoHe AmiH BOJIH, coOTBeTcTBy

l<)~Hx 06JiaCTli BII)l;IlMOro CBCTa, CB.Il3aHo, llO-Bll)l;IIMOMy, C paCCC'.IlHilCM CBeTa B 

p;onn:poBaHOM aaporene. 
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naBHCliMOCTH OT )l;liHHbl BOliHbi CBCTa: 

1 - 'IIICThill aaporenb, 2- o6paneu Nl, 3 - o6paneu N2. 
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3 

·" 



I 

4. Hccne;o;oaauue KBHeTBKB uony"<IeH:HJI cu;BHTBJIJIJITopa ua 

ocuoae aaporeJIJI 

I1:CCJIC;IJ;OBaHIIC KllHCTIIKll ll3liJ'ICHllll IIpOBO;IJ;llJIOCh MCTO;IJ;OM CTICTa OTIJ;CJihHhiX 

rt,>oToHoa/8/. CxeMa II:JMepeHnil npnae;o;eHa Ha puc.2. Ilccne;o;yeMhiH o6pae1eu 

o6ny'Ia.JICH aneKTpoHaMII oT pa;o;uoaKTIIBHoro IIcTO'IHIIKa Ru106 
( MaKcnMaJihHa!I 

aHepriiH 3,55 MaB ). CurHaJI, :JarrycKarow;uil apcMfi-UIIrt,>poaoil npeo6pa3oBaTCJih 

(BIJ;JJ) C 'IJ'BCTBIITCJlhHOCTh!O 20 nc/KaHa.JI, Bhlpl16aTh!BaJICll B pe:JyJihTaTe CO

Bllap;eHIIH IIMnyJihCOB OT r1_)oTOYMHOiKllTCJICll <1>8Yl II <1>8Y2 (XP1020), KOTOJ>hlf' 

perncTpiipOBa.JIII CBCT, B03HIIKaiOUJ;Hll B CUIIHTIIJIJifiTOpe ( IIOJIIICTIIpOJI, 2% napa

Tepr1_)eHIIJI, 0,2% PO POP) TOJIUJ;HHOH 4 MM B peCJyJlhTaTe rrona;o;aHII!I B Hero ~m·K

TpoHOB, nporuep;umx 'Iepe:J nccne;o;yeMhiH o6pa..'3eu a..')porenl!. CunHTI!JIJI!ITop pac

nrmarancH B 30 MM :Ja aaporeJICM. CnrHaJioM "CT<lii" JJ;JIH BUll rnyiKIIJI IIMTI,VJih<' 

OT <1>8Y3 (XP2020), KOTOj)hlll pcrncTpiipoBaJI CBE'T OT a~port'iiH. llHTCHCl!BHOCTb 

3TOI'O CBCT<l ocna6JIHJiaCh C IIOMOUJ;hK) IJ;IIar1_)parMhl H!lCTOJibKO, 'IT06b! C'HI'JlilJl OT 

<l>oY3 COOTBCTCTBOBaJI B cpep;HeM 0,05 r1_)0T03iiCKTj)OHaM. HanplliKCHIIC Ha ct>8Y3, 

Ko~rt,>rt,>nuneHT ycnneHIIll ycumnenH n nopor perucTpaunu rt,>opMnpoBaT<'Jill cooT

BCTCTBOBa.JIII OJJ;HOr1_)0TO:liiCKTpOHHOMY peiKHMY paOOTh!. 
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PHc. 2. CxeMa arrnapaTyphl ):IJI!I H:JY'IeHHH KHHCTIIKII W3l1J'ICHIIH 

neriipoBaHHoro aaporemr 
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B IIOiiJ''ICHHhle pe:JyJihTfi.Thl BHOCHJiaCh KoppeKUIIH .6.t Ha KoppeiiHUIIIO MCiK;IJ;Y 

II:JMepeHHhiM BpeMeHeM n aMnJIHTYiJ:Oll A periicTpiipyeMoro cnrHa.Jia OT ct>8Y3: 

.6.t = J( /VA, r):le KoHcTaHTa K Haxo):lnnach II::l ycnoBIIH HaiiJiy'Iruero BpeMeHnoro 

pa::lperueHIIH npii II:::JMepeHIIH rt,>yHKJ.:Illii armapaTypHoro panperueHII.ll. <l>ynKQIIH an

napaTypnoro pa.apeweHII.!I 6h!na Ha.il):leHa nyTeM H:JMepeHHH BpeMeHHoro cneKTpa 

HB'9: B 'IIICTOM aaporene. 

Ha. pn:c.3 npeiJ:CTaBJieHhi apeMeHHhle cneKTphl Imny'IeHMH rreriipoBaHHh!X o6-

pa.m:~oB II KOHTpoJihHoro o6pa..'3ua 'IIICToro a<~poreJIH. BpeMeHHoil cneKTp H::lliY'Ie

HIIH 'IIICTOI'O a<~poreJI!I XopOWO a.nnpoKCIIMIIpyeTCH r1_)yHKUHCll Thycca. C 0' = 750 IIC. 

Jl:aHHhie II3MepeHIIll r1_)IITIIpOBa.JlllCh B llpCIJ;llOJI())KCHIIH, 'ITO II3MepeHHbiC CIICK

Tph~ npep;cTaBJIHIOT co6oii cBepTKY rt,>yHKIJ;IIII anna.paTypHoro panperueHII!I II :Ja-
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PHc. 3. BpeMeHHhle cneKTphl II::lJIY'IeHnH aaporerrbHhiX CJ.:IIIH'riiiiJI.!I'I'opoB 

c rt,>IITIIpyrow;IIMII KpiiBhiMII. PoM6IIKaMII II3o6pa.JKeH crreKTp 

II3l1J'ICHHH 'IIICToro aaporeJIH 

5 

r 



BI'!CIIMOCTII, KOTOpaJI Dpi'!Mt:'HJ!CTC!I )J;JHI OTII'!CRHI'!Jl BbiCBC'II'!BaHII!I )J;BYX- 11 TfH'XKOM

TIOHCHTHbiX opraHII'ICCKIIX CI(IIHTIIJIJIHToposl 9 I: 
. e-t/7'2 -e-~ R 
z( t) = T2-TJ + -e-1/TJ TJ 

1 +R 

rp;e TJ, T2 11 T3 - COOTBCTCTBCHHO TIOCTO!IHHbie BpCMCH HapacTaHIIJI BCIIbiWKII 11 Bbi

CBC'IIIBaHIIJI 6biCTpOH H MC)J;JICHHOII KOMTIOHCHT, R- KOG<jl<fliii.1IICHT, nponopi(IIOHaJih

Hb!H BKJia)J;y Me)J;JICHHOH KOMIIOHCHTbl Bb!CBC'IIIBaHIIH B IIOJIHYIO IIHTCHCIIBHOCTb 

BCTib!WKII. 

IToMnMo ocHOBHoro MaKcnMyMa B crreKTpax mmy~reHU!I o6pa3I(OB rrpu6mmu

Tt:'JihHO -qepe3 15 HC Ha6JIIO)J;aCTCJ! )J;OTIOJIHIITCJibHb!H TIIIK, BCJIWIIIHa KOToporo co

CTaBJIHCT OKOJIO 1180 OT aMITJillTY)J;b! OCHOBHOfO TIHKa. llpoiiCX())K)J;CHllC ero CBH3<1HO 

c Gtfl<jleKTOM perucTpai(IIII nocneiiMTIYJihCOB <f>8Y 19 I. AnnapaTypHb!H rruK nocm·

HMnynhcoB TaK2Ke Y'IHTb!Banc.II rrpii <jliiTHpoBaHIIH. B peGynhTaTe 6b!JIH HaH)lCHhi 

CJIC)J;Y!Oll.IHC 3Ha'l.CHll.II napaMeTpOB: T2 = 1 ,40±0,06 HC (55± 11% OT IIOJIHOH IIHTCH

CllBHOCTII) ll 73 = 5,2±0.4 HC (45±9% OT IIOJIHOH llHTCHCllBHOeTH) )J;JI!I o6pa3I(a 

Nln T2 = 1,45±0,12 HC (68±30%) H T3 = 5,4±1,1 HC (32±11%) )J;JI.II o6paal(a N2. 

B cny-qae BOG6y2K)J;CHll.II IIGJIY'ICHll.II aaporen.11 aneKTpoHaMn OT llCTO'IHIIKa Ru 101
' 

eeTCeTBCHHO rrpcp;IIOJIO)!(llTh, 'ITO perHCTpHpyeMbiH CBCT .IIBJI.IICTC.II peayJibTaTOM 

rrepenany'l.eHII.II HBlf cMeeTHTeneM crreKTpa (MaKellMaJihHaJI aHeprnH 'IaeTUil OT 

HCTo~IHIIKa Emax=3,55 MGB CYll.ICC:TBCHHO rrpcBb!WaeT noporoByiO :mepru10 p:nH 
BOOHIIKHOBCHII.II HBlf (Enop=1,4 MaB). ITpneyTCTBlle Mep:ncHHOH KOMIIOW~HThi Bbi

CBC'l.llBaHHH M02KHO 6b!JIO 6bl eBJIGaTb e rrpOI(CCeOM nepellOJIY'ICHIIJ! CMCCTHTeJICM 

CIICKTpa CBOcro co6CTBCHHOfO llOJIY'ICHHH, TaK KaK CTICKTp ero H3JIY'ICHII.II ll IIO

rJIOll.ICHllH OHa'l.HTCJibHO nepcKpb!BaiOTe.II. 

BpeMeHHble eneKTphr uony~reHHH necne)J;ycMb!X o6pa3I(OB ·6b!Jill TaK2Ke UGMc

peHbi npn o6ny'IcHHH ux aneKTpoHaMn OT HeTO'IHIIKa Tz2°4
, MaKenMaJibH<tJI c.Hep

r>IH KOTOpb!X Emax=760 KGB, 'ITO 3Ha'l.IITCJibHO Hll2Ke rropora BOOHllKHOBCHll!I HB'I 

B ucenc)J;yeMb!X o6pa3I(aX. B eny-qae KOHTpOJibHoro o6paGI(a He Ha6mop;anocb cse

~wHII.!I aaporenH, a )J;JIH nerHpOBaHHb!X aaporenefi IIOJIY'ICHHb!H BpCMCHHOll CIIeKTp 

oKa:JaJJcH TaKIIM 2Ke, KaK n rrpii o6ny~reHIIll GJieKTpoHaMn oT IICTO'IHHKa Ru 106
. B 

p:aHHOM cny-qae OCHOBHYIO ponh npn Boo6y2Kp;cHHH POPOP MoryT IIrpaTb Top

M<>aHoe H nepeXO)J;HOC HOJIY'ICHllH, BOOHIIK<11011.1HC Dpll )J;BH2KCHHH <IJICKTpOHOB B o6-

paol(e, Boo6y2Kp:eHne caMoro POPOP, a TaK2Ke B03M02KHblc pap;Hai(HOHHble nnu 

6c:>pap:Hai(HOHHb!C MCXaHH3Mbl nepep;a'Ill CIHeprHH OT B036Y2K/J:CHHOro BCll.ICCTBa 

KBapi(a. 

6 

I 

\ 
j 

~ 

1 

,, 
1 (•) 

:1 
w 
l /t 

5. Moy'IeHHe cneTOBhlxo;n;a 

Hecnep:osaHne cB<'TOBhixop:a nernp~>BaHHhiX o6pa.'1I(OB nposop:unoeb npn o6ny

-qeuuu nx n-'IaCTHI.1aMn c aHeprueil 5,4!J9 t-.bB oT ncTO'IHIIKa Pu2
:
19

, a TaK:lKe Koc

Mll'IeCKIIMH 'IaCTUI!aMl!. 06pa3I!bl ycTaHRBJil!BaJII!Cb Ht'TIOCpCJJ;CTBf.:'HHO Ha. CTCKJIO 

<f>8 Y ( XP 1020) 6en Ka.Knx-nH6o gononHUTCJihHhiX Mep p;nH yny~rweHUH orrTII'Ie

cKoro KOHTa.KTa. UG-38. rurpocKOIUI'!CCKHX CBOlu!CTB a~poreJIH. 

B cny'rae o6ny'IeHilH n-'IaeTniiaMu ucTo~rHIIK pavMCUia.JicJI Ha rrosepxH<>CTI! 

o6panuos. CnrHaJibl oT <f>8Y ycunnaamrch n rrocTynamr Ha. AUIT c ~ryscTBl!TeJib
HOCThK) 0,25 nKniKaHan. IToKa;:mHII!I AIJ,IT obiJill rrp<>KaJI1!6posa.Hbl B KOJII!'Il'CTBe 

perneTpnpyeMbiX <jloTOCIJlCKTJ>OHOB C IIOMOll.lbK) CBCTOBb!X l!MIIYJibeOB OT CBt'TOJJ;l!

oga. li:JMepeHHbie a.:~.mnnTyJJ;HhH' crreKTpb! cnrHa."IoB rroKa:JaHbl Ha pnc.4. TaM :lKe 

IIJ>l!Bf.:'JJ;CH CIICKTp, IIO:IY'H'HHh!il IIJ>ll OOJIY'IeHllll II]>HMOyroJibHOfO IIJI8CTII'Wt'KOf0 

CI(l!HTIIJIJI.IITOpa. (nomrcTnpon, 2%napaTep<jlt'HIIJia, 0,2% POPOP) e pa.:JMepaMn 

2 X 1,5 X 1,5 CM, KOTOJ1blll ThK:lK<' ycTa.HaBJil!BRJICH Ha CTCKJIO <f>8Y. A~po
reJib C Mf.:'HbillllM cop:epm:aHl!l'M CMeeTl!TCJI!I CIICKTpa ( o6panel( N1) Bcero B 3 
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Puc. 4. AMIIJIHTYAHhi<' crri'KTpbi cnrHanos oT <f>8Y npu 

o6Jiy'H'Hlill ac.porCJI<'H II IIJiaCTH'It'CKOro CI(l!HTli.'IJIHTO]la 

n-'Ia.CTHL\a.Ml! OT Pu239 
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pa::Ja ycrynaeT no TE'XHU'ICCKOMY CBCTOBbiXO/IY Cl~IIHTliiinliTOpy, CBt'TOBb!XO)J; KO

TOporo o~eHnBaeTC.li B 24% oT CBCTOBhrxoga N al(Tl). UeHTp Tlim:ecTI! pacnp<'lJ;f'

neHUli COOTBCTCTBYCT 26,5 perncTpnpyeMbiM• cpOTO:lJICKTpoHaM. TeXHU'ICCKI!li CBC

TOBbiX0/1 o6paa~a N2 oKa::Janc.li em<> B 4 paaa MCHhlllC, XOT!I cop;cpm:aHIH' POPOP 
B HCM ::JHa'IUTCJibHO BbllllC. 8TOT pe:JyllhTaT MO)f(HO ITOH.liTh, ITpiiHHMaJI BO BHII

MaHHC, 'ITO CB060p;HbiH upo6er n-'IaCTll~ B aaporene HE' II]H'BOCXO)l;HT 0,5 MM. 

IIor.rromeHue u pacce.liHHe caeTa B MaTepna.rre ca}.wro aapore.rr!I Ha rryTir K cf>8Y 

rrpnaop;nT K 6onee cunhHoMy onra6neHHJO ciirHa:ra oT o6paa~a c 6onblll!IM co

p;epm:aHiteM POPOP. Ilpii o6ny'ICHHll KOHT]lOJihHoro o6paa~a H<' 6bmo aaMP'IeHo 

KaKOrO-.riU60 CBC'!CHII!I. 

CxeMa II::lMCJlCHIIii CBPTOBhiXop;a a,.')porcneif rrop; p;ciicTBH<'M KOCMII'H'CKHX 'Ia

CTH~ rroKa.'3aHa Ha piic.5. TenecKorr U::l p;ayx c~nHTHJIJI.lii~HoHHhiX C'H~T'IIIKOB BhiAP

nliJI KOCMl!'ICCKHC 'IaCTH~hi, KOTOpbi<' II<']lt'CCKMII IICCJICIJ;YE'Mhiii o6pci31'~ B p;narra

::lOHC yrnoB OT 0° p;o 20°. CnrHan OT cf>8Y ycmmaanc!I :Jap!Ip;OBO-'IYBCTBHT<'llhHhiM 

ycrr:rnTcneM n rrocTyrran Ha AUII c 'IYBCTBIITeJihHOCTbK) 1 rrKn/Karmn. Coarra

p;eHne CIIrHMOB OT C~HHTUJIJili~liOHHh!X C'!CT'IHKOB II liCIIhiTbiB<lCMOro C'ICT'IIIKa 

IIpiiBO)l;HJIO K Bbipa6oTKC CTpo6upy10mero CHrHana )l;llli H."'JMcpeHl!li aMIIJIIITYIJ;hi. 

c:=.:::-____,____ 

•. 

<!> 
3 
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A3POfEJ1b 

cD3Y 

cD3Y 
~.J' 

-·--[}>------------~ 
PHc. 5. CxeMa uaMepcHHli cacTOBhiXop;a a3poreneif rrop; !J;CHCTBHCM 

KOCMli'ICCKliX '!aCTII~ 

8 

J 

' 

·~ 

B p;aHHhiX H:JMepeHH.liX cymecTBCHHhrii cpoH npep;cTaBJI.liJio MB'I, o6paay10meenr B 

CTCKliC BXO/];HOro OKHa cf>8Y IIfJH IIpOXO)f(IJ;CHl!H '!epe3 Hero KOCMl!'ICCKl!X '!aCTUIJ. 

BenH'HIHa 3Toro cpoHa II3Mcp.Hnacb OTIJ;CJihHo, Korp;a uccrrep;yeMhiH o6pa3e~ yp;a

JI.li1IC.li nn c'!eT'IUKa. Ha pHc.6 rrpep;cTaBJieH crreKTp aMrrnrrTyp; curHanoa OT cf>8Y 

B cny'rac o6ny'!eHn.li o6pa3~a N2. TaM )f(C noKa3aH op;IIH nn crreKTpoB ciirHanoa 

cf>8Y, rrony'ICHHhiH IIpH K11liii6poBKC erreKTfJOMCTpH'ICCKOro TpaKTa C IIOMO!l.\h!O 

cBCTO/];liO/];a. li:J-lJa HCKOTopoH HeacpcpeKTliBHOCTII Tpiirrepa B CJICKTpe rrprrcyT

CTBYCT ¢on cny'IaiiHhiX coarrap;enHH, Bhi3BaHHhlfi lllyMaMII cf>8Y. B rrpep;norrmKe

HHH, 'ITO 3TOT cpoH HMCCT Bli/]; ::mTyXa!OWCH aKCIIOHCHThi, cyMMapHhiH CIICKT·p BcCX 

IICcnep;yeMhiX o6pa3~0B 6blll IIpocpiiTIIpOBaH CYMMOH cpoHa H pacnpep;eneHII.li ra

Y<;Ca ( crreKTphr rrpocyMMIIpoaaHhi c qenh!O yaenwreHHJI cTaTIICTIIKII ). PenynhTa.T 

cpiiTIIpOBaHII.li IIOKa3aH Ha pRe. 7. 

Ha puc.S rrpep;cTaBneHh! nnMepeHHhle aMrrnHTYAHhiC cneKTphr cnrHamm oT cf>8Y 

IIOC]JC Bhi'IliTaHII.li IIhC/];CCTana, a TaK)f(C pC3YJibTaThi Bhi'IIITaHII.li cpoHa cny'IaHHhiX 

cosrrap;eHIIH. CTpenKaMn Ha pncyHKax o6oaHa'!CHhi ~eHTphr T.li)f(ecTII rrony'!eHHhiX 

pacnpep;el!CHHH II YKa3aHhi COOTBCTCTBY!OWIIC liM 'IIICna periicTpiipyeMhiX <PoTo-

31ICKTpOHOB. 

C ~Cllb!O II01JYTfCHH.li /];OITOJIHHTC1JhHOH O~CHKII BKnap;a c~IIHTli.fi1J.li~l!II B IT01IHYK) 

BCJIH'IHHY cnrHana oT nernpoaaHHhiX a3poreneif, nnMepeHII.li 6hlnii TaK)f(C npoae

IJ;CHhi B reoMeTprru, Korp;a C'ICT'IIIK 6hm nosepHyT B npoTHBorrono)KHYJO cTopouy 

OTHOCIITC1IhHO HaiipaB1JCHIUI KOCMI!'ICCKIIX '!aCTII~. Pe3y1IhTaThi li3MepeHHH IIO

Ka3aHhi Ha pnc.9 BMCCTC CO CIICKTpaMII, II01IY'ICHHhiMli IIOC1JC Bbi'Il!TaHIIH cpoHa 

cny'!aHHhiX COBIIap;eHHll. 

Cpep;nue nna'!eHII.li Konn'!eCTBa perrrcTprrpyeMhiX <t>8Y cpoToaneKTpoHoB oT 

rrccnep;yeMhiX o6pan~oB nocne Bhi'IIITaHII.li BKnap;a HB'I B CTCKJie cf>8Y nprrsegeHhi 

B Ta6nrr~e. 

Ta6JIHn;a. Cpep;nne '!Hcna 3aperiicTpn:poaaHHhiX cporoaneKTpOHOB OT 

II:Jny'!eHnH rrccnep;oaaHHhiX o6pa3~0B 

~ 
Pacrrono)f(cHIIe o6pa3~a o6pa3e~ o6pa3eq 'IrrcThiH 

OTHOCIITC1IhHO <1>8Y "N2" "N1" a3porenh 

Baepxy 4,5±0,5 
:.-r-:-·---

2,7±0,5 2,4±0,4 

BHII3Y 3,4±0,6 1,4±0,6 -0,1±0,5 

CpaBHIIBaH nony'!eHHhiC nHa'!eHII.li cpep;Hnx '!rrcen perrrcTpiipyeMhiX cpoToaneK

TpoHoB, MO)KHO cp;enaTb Bh!Bop;, 'ITO gonupoaaHIIe a3pore1I.li POPOP rrpnaop;rrT K 

ysenn•reniiJO cyMMapnoro cBeTOBh!Xop;a p;nH o6pa3~a N2 IIO'ITH B 2 pa3a, a o6-
pa3~a N1 np1I6nn3IITeJibHO na 35%. 
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PHc. 6. AMrrmiTYAHhle crreKTpbl cnrHarroB OT <P8Y: oBen/];O'IKII -

o6rry<reHne o6pam:\a aaporemr N2 KOCMII'!CCKIIMII 'iaCTIIUaMn; 

:J8.1UTpHXOB8.HHhiH cneKTp - Tij)II OCBeineHIIII <fl8Y OT CBeTO/];II0/];8. 
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PHc. 7. Pe:JyJihTaThl cpHTHpoBaHH.!I cyMMapHoro aMIIJIHTYAHoro crreKTpa 

cHrHaJioB oT Bcex HCCJie/];yeMhiX o6paauoa a8poremr ( oBeO)J;O'IKYI) 

cyMMOM na.Tyxarorne:ii 8KCITOHCHTbl ll: cpyHKUIIll: faycca (KpiiB8.H 1 ). 
Kpn:BM 2 - anrrpoKcll:MaUII.!I cpoHa crry<raHHblX coarra)J;eHn::ii 
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PHc. 8. AMrrrrv.:Ty)l;Hble cneKTpbl cnrHarroB, Ha6mo)J;aeMhiX npn ofiny•reHJIII 

o6pacll:(OB KOCMH'ICCKHMII 'IaCTliQ8.Mll ITj)II pacrrOJIO)Kt'HIIH o6pa:JUOB 

Ha.)J; <P3Y. CrmoWH<UI' JIIIHIUI- Ht>o6pa6oTa.HHblt' )J;aHHhlt', :JBe:3)J;O'IKII

penyrrhTaT Bhi'IIITaHH.!! cpoHa crry•rai1HbiX ('OBTiau;eHirii 

1 J 



I 

----·---------- - ~-- ------ -- -

120 160 

06pa:3e~ I 
140 ~II Jl n 

06pa:3e~ 
100 H I_ N2 N1 

120 
80 H II Ill I 

100 

f~ 60 I+- II 'f1~11l I 80 

40 I+- II T I 6Tt I 60 ~ ~ .Jrl I .J: 
Iii I f· 

40 ~I I I 

~201£ I ·~ 20 ll '~ I 9.7 "'·"· _' _' ._. ·_ .• _._ t 0 -l. I I I l I I II I . 0 .t5 0 5 1 0 15 20 25 0 5 10 15 20 

0 
() 

g 160 --
180 ( 

() Si02 ~:~ rm n Be' l ~140 a3porem. o6pa3~a 
::t 

120 
120 

100 

#kt 100 
80 

80 
1111 +It 60 

l+ I ~~~ 
60 

40 40 

l' 20 r I* 6 . .3·1ji ......... ~_ .. I I 0 
I 6.21ji.:>. , 

j I I I I I I I I I L.L . .....L OI"Jii ~I I I I I I I 1.1 ~ 
0 5 10 15 20 0 5 10 15 20 

Konu-qecTBo tlJoTo3neKTpOHOB 

Puc. 9. AMmmTygHble crreKTpbi ciirHanoa, Ha6mogaeMbiX rrpii o6rry'ICHIII!I 

o6pan~OB KOCMII'IeCKliMII '!aCTIIQaMH I1pii paCITOIIO:iKCHIIII o6pa.3QOB 

rro)J; c.t>8Y. CmmwHM niiHIIJI- Hco6pa6lnaHHbW IJ;n.HHhW, naenp;o'IKII

penyrrbTaT Bbi'IliT8HliJI <f>oHa cny'Iai.J:Hb!X COBfia)J;f?HIIll 
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Ilpep;nonara.JI, 'ITO IIOHII3aJ.J;ROHHb!C llOTepii 3HCpi'IIII KOCMII'ICCKHX 'JaCTIIQ B 

a[}porene ( 1,83 M3B cM2 /r / 10/) 6rrii3KII K IIOHIIDa.QIIOHHb!M noTepHM /1-'IacTRQ, un 

nony'IeHHb!X p;aHHb!X MOJKHO O~CHIITb OTHOWCHIIe ~ )l;liJI JICI'IIpOBaHHb!X a3poreneii. 

B op;HRX 11 Tex JKe ycnoBI11IX rrp11 o6ny'reHnR o6panuoa N1 u N2 a-'IaCTUQaMH 6b!Jio 

3aperncTp11pOBa.Ho 4,8±0,3 :1'.1 1,3±0,2 <f>.3./M3B, a npii o6ny'IeH:I'.III KOCMI1'ICCKIIMII 

'!aCTUQaMII 1,3±0,5 11 4,7±0,5 <f>.a./M3B COOTBCTCTBCHHO. CTOJib cyiQeCTBCHHM 

panHIIQa B OTHoweHHU ~ p;nii o6panQoB Nl II N2 CBHnaHa c ABYMH o6cToHTenb

CTBaMH. B cnyqae o6panQa Nl IID-3a HepaBHOMepHoro rrpoHIIKHOBCHIIH POPOP 

a ero o6'beM ( o6ny'IeHRe ynhTpa<f>IIoneToBb!M CBCTOM noxaoano, 'ITO p;nH aToro 

o6paoQa CMCCT:I'.ITCilb CllCKTpa cocpegOTO'IeH I'ilaBHb!M o6pa30M B llOBCpXHOCTHOM 

cn,oe TOIIIQIIHOll 2 MM), Bbi'I:I'.ICJICHHblll CBCTOBb!XOA Ha 1 MaB 3HeprHM, IIOTepHHHOH 

M:I'.IHI1M8ilbHO IIOHU::mpyiOIQCH 'JaCTM~eif, Heo6xop;:I'.IMO YBCil:I'.I'IIITb I1pH6JI:W.:3MTCJihHO 

B OTHOWCHIUI TOiliQMHbl BCCI'O o6pa..'1Qa a3pOI'CilH K TOiliQIIHC :I'.IMllrraHT:I'.IpOBaHHOH 

cMeCTI1TeneM crreKTpa 4~5 • B aToM cny'Iac OTHOWeHne ~ p;nH o6panQa Nl 6yp;eT 

6m13KO K 1. 3Ha'IJITCilbliOC ocna6neH:I'.IC II3ilY'ICH:I'.IJI, Bb!DBaHHOI'O a-'IaCT:I'.IQaMM, 

a o6pa.'3Qe N2 Ha nyTM K c.t>8Y H3-na nornoiQeHMH :1'.1 pacceHHII.II B aeiQeCTBe ca

Moro a3poren.II rrpHBOp;UT K 3aHHJKCHHOMY H3MepeHHOMY 3Ha'!eHUIO CBCTOBb!XOp;a 

p;n.II aToro o6pan~a. Op;Haxo ecnu npcp;nonoJKHTb, 'ITO xonn'IecTBO ucrryiQeHHoro 

cseTa npu o6ny'ICHII:I'.I o6panQa N2 a-'IaCTIIQaMH no KpaiiHeil: Mepe He MCHhiiie, 

'IeM p;n.II o6panQa Nl, oTHOIIIeHue ~ p;n.II BToporo o6pa3Qa TaKJKe 6yp;eT 6mmKo 

K cp;IIHIIQC. 

6, 3aKJIIO"<JeHHe 

Ylccne)l;oBaHbl CQIIHTIInn.II~IIOHHbie cnoil:cTBa p;ayx neriipoBaHHb!X POPOP o6-

pa3QOB a..'3pOI'Cil.II. BecOBM KOHQCHTp~II.II CMCCTIITCII.II CllCKTpa B o6pa3QaX 3ap;a

BaJiaCb apeMeHeM IIX Bblp;epJKKH B aTMoc<J>epe POPOP II cocTa.Bn.IIna npii6nw,:m

TerrbHO 0,7% II 2,5%. 

Ylccnep;oBaHIIC K:I'.IHCT:I'.IKII :1'.131IY'ICHMH neriipOBaHHb!X a:Bporeneif MCTOp;OM C'ICTa 

oTp;enbHblX <f>oTOHOB npH o6ny'IeHHII o6panQoB /1-'IaCTIIQaMII oT llCTO'IHIIKa Ru 106 

l10Ka..'1aJIO, 'ITO 58±9% OT llOilHOll :I'.IHTCHCMBHOCT:I'.I BCllbllliK:I'.I Bb!CBc'IIIBa.eTC.II C llO

CTOHHHOH apeMeHII r = 1.40±0.06 He. Ha6niOp;aeTC.II TaK)Ke Mep;neHHaH KoMno

HCHTa C xapaKTCpHb!M BpeMCHCM T = 5.2±0.4 HC (42±6%). 

YlnMepeHHblll CBCTOBb!XOA nop; p;CHCTBIICM 0!-'IaCTIIQ o6panQa C MCHblliliM CO

p;epJKaH:I'.ICM POPOP COCTa.Bil.IICT nrm6nii3IITCilbHO 30% OT CBCTOBb!Xop;a opraHll·· 

'!ecKoro cQIIHTIIilrrHTopa (nonucTIIpon, 2% napaTep<f>eHHna II 0,2% POPOP), a 

o6panQa c 6onhiiiiiM cop;epJKaHHeM POPOP-8%. Ha6niOp;aiOIQaiiC.II panHHQa B ae

nii'IIIHe CBCTOBb!Xop;a CB.II3aHa C paCCCHH:I'.ICM II llOI'ilOIQCHIICM m:my'IeH:I'.I.II B a3porene 

Ha nyTII K c.t>8 Y. 
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B cny"'ae o6ny"'eHWl KOCMH"'CCKHMH "'aCTH:QaMH cBeTOBbiXO~ nerHposaHHhiX o6-

pann;os rrpeBOCXO)I;HT CBeTOBbiXO~ o6pan:Qa "'HCTOro aaporeJIJI Ha 35% ~JIJI a.'3p0-

reJIJI c MeHbWHM co~ep)J(aHHeM POPOP H Ha 100% ~mr aaporeJIJI c 6orr:&wiiM co

~ep:lKaHHCM CMCCTHTCJIJI CI1CKTpa. 

IIorry"'eHHble ~aHHble yKanbiBaK>T, "'TO OTHOWCHHe ~' xapaKTepw.Jyrowef' na
BHCHMOCTh CBCTOBbiXO~a OT GHeprHH H COpTa "'aCTH:Q, )I;JIJI o60HX rrerupoBaHHbiX 

o6pa3:QOB 6nH::.JKO K 1. 
Ilposep;eHH:&Ie HCC1le)I;OBaHHJI I10Ka3aJIH, "'TO )I;OI1HpoBaHHe aaporCJIJI CMCCTl!Tf'

neM crreKTpa p;enaeT rrpaKTH"'eCKH HCBO::.JMO)J(HbiM HCI10Jib::.JOBaHHe ero B Ka"'CCTBC 

MaTepHana pap;HaTopoB "'epeHKOBCKHX C"'eT"'HKOB H::.J-::.Ja ::.JHa"'HTeJibHOrO cp<>Ha JIK>

MHHeC:QeHTHOrO H::.JJIY"'CHHJI. Op;HaKo C:QHHTHJillJI:QI'IOHHbie xapaKTepHCTHKll rrony

"'eHHbiX o6pan:Q<>B I103BOJI.HK>T naKJIK>"'HTb, "'TO BO::.JMO)J(HO Ha rrpaKTHKC I1pi1TOTO

B1leHHe 6biCTpbiX CUHHTl:IJI1IJITOpOB C npoMe)J(yTO"'HOH I11IOTHOCTbK> MC)J()I;Y ranoM 

H )J(H)I;KOCTbK> Ha 6ane Si02-aaporerreil:. 8ToT cnHHTH11JIJITop M<>)J(eT HaHTll rrpli

MeHeHHe I1pH HCI101lb::.JOBaHHH ero B Ka"'eCTBe aKTHBHoro BCWCCTBa )I;CTCKTopoB B 

OI1biTaX, rp;e Ba)J(Ha rrporropnHOHaJibHOCTb Me)J(p;y BeJIH"'HHOH liOHW.Ja:QHOHHbiX 110-

Tep:& H K011H"'CCTBOM perHCTpHpyeMoro CBeTa, a TaK)J(e rp;e KpHTH"'HbiM JIB11HCTCH 

KOJIH"'CCTBO BCWeCTBa Ha rryTH perHCTpHpyeMbiX "'aCTH:Q, HanpHMep B GKCIIepl:I

MCHTax C TJI)J(CJibiMH HOHaMH H "'aCTH:QaM~ HHI3Kl:IX BHeprHH. 

AsTopbi Bbipa:lKaK>T 6rrarop;apHOCT:& Bopo6:&eBy A.H., p;HcKyccl!H c KoTopbiM 

HHHUHHpoBanH Ha"'ano aToll pa6oTbi, a TaK)J(e AKHMosy IO.K. li 3perrosy B.IT. na 

o6cy)J()I;CHliJI H rrpOJIBJieHHbiH HHTepec K pa6oTe. Mbi TaK)J(C 6narop;apHbi Anrre

JIK> 11;10. lla I10MO!llb rrpH rrpoBep;eHl:IJI HIJMepeHHH Ha CIIeKTpocpoToMeTpe ll ranh

nepHHOH P.C. oa npe;o;ocTasneHHe pannli"'HbiX C:QHHTHJIJIHPYK>lliHX p;o6asoK. 
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