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BBE,llEHI1E 

nOcneAHee AeCRTHneTHe OTMe4eHO 3 Ha4HTenbH~MH H3MeHeHHRMH 
B 06nacTH pa3pa6oTKH nonynpoBoAHHKOB~X AeTeKTHpY~HX CH CT eM. 
OAHHM H3 HaH60nee npHMe4aTenbH~X AocTH~eHHH HapRAY C nOABne
HHeM KpeMHHeB~X MHKpOCTpHnOB~X AeTeKToPoB / 1l , RBHnOCb nonyye
HHe n pOMblwneHHo r o ynbTpa'H1CToro repMaHI1R (HPOe) . Xopowo H3BeCT
HO, 4TO repMaHl1eB~e AeTeKTopbI 4aCTI1~ COBepWl1nl1 KopeHHY~ nOMKY 
B 06nacTH c n e KTpOCKOnHI1 y-113nY4eHHR 11 CpaBHI1TenbHO HeAaBHO Ha
4anH HrpaTb Ba~HY~ ponb B cneKTpOMeTpHH 3apR~eHH~x 4aCTH~. 
YnbTpa411c TblH repMaHI1H /HMe~HH pa3HOCTHY~ KOH~eHTpa~l1~ npHMe

10 10ce.::i 1 09 ~. CM-3 / OTKpbln HOBbie C(j)epbl npHMeHeHl1fl nonynpoBoA
HHKOBOH MeTOAHKI1 perl1CTpa~HI1 4aCTI1~. nOMI1MO TpaAH~HOHHoro npH
MeHeHI1A AnA cneKTpOMeTpl1H paAI10HYKnHAOB, HPae-AeTeKTOP~ CTanH 
Hcnonb30BaTbCR B 3KCnepHMeHTax (j)H3HKH CPeAHHX 11 B~COKHX 3Hep
rHH /2/ . 6narOAapR HPGe nORBHnaCb B03MO~HOCTo pa3pa6oTKH MHoro
Kpl1CTanbHblx repMaHl1eBbiX I S-5/ a TaK~e KOM6HHI1pOBaHHblx repMaHI1~
KpeMHHeBblx / 6/ TeneCKonOB. npeAHa3Ha4eHHblx AJlR perl1CTpa~HI1 y
H3nY4eHHA 11 3apR~eHHblx 4acTH~ C 60nbWOH AnHHOH CB060AHoro npo
6era. 

PaHee co~anOCb 0 pa3pa6oTKax B na60paTOpl111 RAepHblX npo6
neM OHRH KpeMHl1eBbiX AeTeKTopoB AnA MHorOKpHCTanbHoro TeneCKona , 
I1cnonb3yeMoro npl1 HccneAOBaHI1H npo~eCCOB nOrn~eHI1A nl10HOB aTOM
H~MH RApaMH / 7 /. nORBneHl1e ynbTpa4HCToro repMaHHR. HaKonneHHblH 
onbiT pa60TbI C nonynpoBoAHHKOBblMH AeTeKTopaMI1 n03BOnHnl1 113rOTaB
nl1BaTb B flRn OI1RI1 HP~AeTeKTop~ /8 / , I1Me~He cneKTpOMeTpH4eCKHe 
napaMeTp~ . 6nH3KI1e K npeAenbHO AOCTI1~I1M~M. B HaCTOR~eH pa60Te 
Onl1CblBalOTCR HPCe -AeTeKTopbl, HMe~He pe3KI1e p - n nepexoAbI, C Ma 
no~ rny611HoH 3aneraHI1A, KOTopble MoryT HdHTI1 npl1MeHeHl1e B pAAe 
~t3114eCKI1X 3KCnepI1MeHTOB. B 4aCTHOCT I1 AnA C03AaHHA TeneCKonH
4eCKHX cneKTpOMeTpOB 

XAPAKTEPHCTHKI1 HPGe-,llETEKTOPOB 

TeneCKOnl14eCKI1e nonynpoBoAHHKOBbie cneKTpoMerpbl npl1MeHROTCA 
B ABYX 06nacTAx - c neKTpOMeTpl111 11 HAeHTHcl>I1Ka~1111 4dCTI1~. B nep
BOM c ny4ae cne~TpOMeTPbl 06b14HO pacc411TaHbI Ha perI1CTpa~l1~ OAHO
ro copTa 4acTI1~. Cl1rHanbi OT oTAenbH~x AeTeKTopoB I1cnonb3yoT cR 
AnA CeneK~1111 Tex 'taCTI1~. KOTop~e pacceHBaOTCR Hn~ Y4aCTeyOT 
B AAepHWX peaK4HAX. B cneKTpoMeTpaX-~Ae~THcl>HKaTopax Cl1rHan~ OT 
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AeTeKTopOB aHan~3~pY~TC~ C nOMO~b~ anrop~TMa ~AeHT~$~ Ka 4~~ An~ 

onpeAeneH~~ T~na 4acT~4 ~ BbIAene H~~ C06bIT~ ~, ~Me~Il\ I-1X Ha pyweH~e 

3aB~C~MOCT~ ~OH~3a4~OHH~X nOTepb 3Hepr~~, T.e. OT HOC~Il\I-1XC~ K 
pacce~H~~ ~n~ ~AepH~M peaK4~~M. 

~ B nepBOM ~ BO BTOP OM cnY 4aAX He06xoA~MO T04HO 3HaTb TOnll\~Hbl 
He4YBCTB~TenbHbJX 06Jla CTe i1 AeTeKTopOB - IMepTBblx" cnoeB. np~ 3TOM 
npe4~3~oHHOCTb Tene C Kon~4eCKoro c neKTpOMeTpa paCTeT C YMeHbwe
H~eM MepTB~X cnoeB AeTeKTopoB . TaK KaK T eX Honor~A ~3rOTOBneH~A 

cTaHAapTHoro HPGe-AeTe KTop a B Kn~4aeT c03AaH~e p -n nepexOAa C no
MO~b~ A~$$Y3~ ~ n~T I-1A 8 / . rny6~Ha 3anera H ~A KOToporo 600~1000 MKM, 
TO B03H~Kna He06xOA~MOCTb B pa3pa60TKe HPGe-Ae TeK TOpOB C He
60nbWO~ rny6~Ho~ 3ane r aHI-1A p -n nepexOAa ~ pe3KO~ rpa H~ 4e~ pa3
Aena KOH4eHTpa4~1-1 np~MeC ~ A~$$Y3~OHHOro CnO A OT OCHOBHOrO MaTe
p~ana. HeKoTop~M peWe H ~eM 3TO~ 3aAa4~ ABn~ e T CA H~3KOTeMnepaTYp

Ha~ A~$$Y3~~ n~T~~, KOTOpa~ ~CnOnb30BanaCb B pa60Te / 5 / . Ho HeAO
CTaTKOM TaKOrO nOA xoAa ~Bn~eTC~ yMeHbweH~e nOBepXHOCT~ KOH4eHTpa
4~~ n~T~A ~, CneAOBaT enbHO, CH~meH~ e Ka4eCTBa OM~4eCKOrO KOH
TaKTa. 

An~ nOnY4eH~~ Tep6y eMbi X p -n nepeXOAOB B HPGe 6bln pa3pa60TaH 
MeTOA A~¢$Y3~~ n~T~A B C~nbHOM TeMnepaTYPHOM rpaA~eHTe. An~ 3TO
ro ~CnOnb30Ban~ C b CBeTOBble ~Mnynbcbl HarpeBaTen~ ~ oXna)t{AeH~e 

06pa34a ~3rOTaBn~BaeMOrO AeTeKTOpa. He06xOA~M~~ rpaA~eHT TeMne
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PHC . 2 . BO.f1hT-aMnep Hble xap aKTe
PH C. I. P acnpe~eneHHe KOH~eHTp a PH CTHKH Ae TeK TopOB, H 3~lep eHHhle 

,-\HH .f1HTHH B HPGe. B np m·fOH Hanp aBJlem·m. 
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paTYp~ ~. cooTBeTcTBeHHo, K03$¢~4 ~e HTa A~$$Y3~~ n~T~~ OT nOB e px 
HOCT~ B rny6~HY Kp~CTanna AOCT ~ ranCA B~60pOM pe)t{~MOB ~MnynbcHoro 

HarpeBa. 
KaK nOKa3anl-1 Aanb He~w~e ~ccneAOBaH~A, Me TOA rpaA~eHTHo~ A~$ 

¢Y31-1~ n03Bon Ae T nonY4aTb B HPGe pe3K1-1e p -n nepeXOAbl C rny6~ HO~ 
3aneraHi-1A AO 10 MKM. Ha p~c. 1 npeACTaBneH OAI-1H ~3 np~MepOB pac
npeAene Hi-1A KOH4eHT pa4~1-1 nI-1T~A B re pMaH~~ nocne r p aA~eHTHo~ A~$

¢Y3HI-1. npO¢i-1Jlb pa cnpeAeneH~A nonY4 e H 1-13 ~3MepeH I-1~ nOBepXHocTHO~ 

n pOBOAi-1MOCTi-1 Ha C$e pH4eC KOM wnH$e . B AaHH OM cnY4ae rny6~Ha 3ane
raH i-1A p - n ne peXOAa - 80 MKM. Anfl cpaBHeHI-1A Ha 3TOM )t{e pi-1CYHKe no
Ka3aHO paC4eTHoe pacnpeAeneH~e KOH4 e HTpa4i-1 1-1 nj.1 T H~ no rny6~He 
n pi-1 06bJ4HO~ AH¢¢Y3H j.1 / T AH¢ = 340 °C2- t = 10 MHH / , KOT opoe onH
Cbl BaeTCA ypaB HeHi-leM N(x) = N Cx / 2 \l D t ). rAe D 1-1 t - K03¢¢H4HeHTo
~ BpeMA AI-I¢¢Y3 i-1~ COOTBeTCTBeHHO. 

TeXHonor ~ A r paA~eHTHO~ i-1MnynbcHo~ Ai-1¢¢Y 3~j.1 n03BonAeT pa30rpe
BaT b noeepxHoc Tb Kpj.1 CTanna AO 60nee BbiCOKHX TeMnepaTYP /-800 C/, 
4TO BeAeT K nOBblWeH1-1~ nOBepxHocTHO~ KOH4eHTpa4 ~j.1 nj.1T~fI ~, cneAO
BaTenbHO, ynY4w ae T Ka 4eCTBO OMI-I 4eCKOro KOHTaKTa. AnA npi-lMepa 
Ha pl-lc.2 nOK a 3aHbJ Bonb T- aMnepHble xapa KTe pI-IC THK1-1 AeTe KTopOB , j.13
MepeHHble B npflMOM Ha npaBneH"H1 AJlfl AeTeKTopa ,HMe~ero 06b1 4H bU':1 
Aj.1$$Y3HOHHbJ~ ne pex oA I conpOT~BneHj.1e KOHTa KTa 294 OM/ i-1 AeTeKTopa 
C rpaA~ e HTHO~ Aj.1$$Y3H e~ n~Tj.1f1 IconpoT~BneH~e KOHTaKTa 77 OM/. 

<·,r! 
,. '" IPu 5"'99.2 " 238, 

.,~ f ,~.'''- "P<" I:-{ 

; 6 H
pU 

~~ 
I 81 k aB 11. 5 k~B I ,-

5.~'.Sl ~ 200 

I J 

1 
' f 

I ~,
/ ~ 1 


1 2900 
 310O2700:t40Q 1 !loll nl. A'~:' IC ilHail 

238 238
PHC. 3. CneKTp a -~ac'I'H1J, Pu, PHC. 4. CnSl<Tp a -~aCTHl~ Pu, 
no.rry~eHHbIH C nOMOll\hlO HPOe - p;e non Y'{eHlIbIH C nOMO!l\blOHPOe -AeTeK
TeKTopa, o6nYQaeMOrO co CTOPO Topa, o6~aeMoro co CTOPOHhl 
lIbl OMH'lea.Koro l<OHTaKTa. p-n nepexop;a . 
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PHc.5. 3aBliCHMOCTli 3!lxPeKTI/SlIOCTH 
peJ'HCTpat.l1{J1 T npMOlKellIlOJ'O Ha 

n pmICeJlHR . 

n pOT I-1 BOnOnOIKHbl~ KOHTaKT (pt ) 
nnaHapH~X HPGe-AeTeK TOpOB 1-13 rO 
TaBn l-1Ban CR nY TeM OKHCne HI-1A no

Be pXHOCH1 B CMe CI1 H2 0 2: liF C no

C11eAY~I1M Ha nblneHl1eM 30 n oT a. nl-160 
C nOMo~ b~ 110HH O~ HMnn o HTa4 111-1 r an-

U/B/ nl1A H11H 60p a / 8/, 4TO n03BonR e T 

HMe Tb TOHKY~ /e 1000 ~/ He4YB c T
BI-1Tenb Hy~ 0 6 n a c Tb. 3 TO BI1AHO 1-13 B~COKoro 3H e p re TI1 4e CKOro pa3
peWe HI1A /FWHM = 11 . 5 K3B/. nonY 4e HHoro AnA a -4 aC H1L.\ 238pu 

/pl-1c. 3/. CnegyeT OTMe TI1 Tb. 4 TO I1MnnaHTl1pOBaHH~e KOHT aKT~ ABn R
~TCR 60nee H aAe )l(H~MH, HO KOHTaKTN, nOnY4eH H~e C nOMO~b~ OKI1C
neHI1R, OTn H4ae T TeXHOnOr l-14e CKaR npOCTOTa 113 r OTO BneH I1 A. 

npOBeAe HHble I-1 c c n e AOB a HI1R C HPGe - AeTet<TOpa MH, 06nY4aeMblMI1 a 
4 a CTI1 4a MI-1 c o CTOpOH~ 11I1T l1 e eO r O KOH Ta KTa , nOKa 3 anl1 , YT O MO)l( HO 
non Y4aTb /KaK BI1AHO 1-13 p l-1 c .4 / TOHKl1e MepTB~e cnol1 . ~3Me pe HI1A 
C KOnnI1Ml1pOBaHH~MI1 a - YaC TH4 aMI1 , n aAa~I1MI1 Ho geTeKTop nog p a3

HblMI1 yrnaMI1, ganl1 Benl1 411HY He4YBCTBI1TenbHO~ 06nacTH co CTOPOHbl 
p-n nepexoAa Me Hbwe 10 MKM . 

nOA TBepIKAeHl1eM pe3 Ko r o, · npaKH14eCK I1 CTyneH4aToro xapa KTe pa 
p-n nepexOAa ABnAeTCR 3aBI1C I1MOCTb 3$$eKTI1BHOCTI1 perl1CT pa 41111 OT 
n pl1nOIKeHHoro HanPAIKeHI1R, n peACTaBneHHaA Ha pl1c. 5. Bl1g HO , 4TO 
OHa 60nee pe3KO B~XOA I-1T B HaC~~eH l1e y Ae TeKTopa C rpaAl1e HTHO~ 
gl1$$Y3I1e~ no cpa8 He H I1 ~ C AeT e KTopaMI1, 11 3rOTOBn eH Hbl MI1 no CTaH
AapT Ho~ TeXH OnOrl1 l1 . ~3Be c T Ho . 4T O I1geanbH~~ cTyneH4aT~~ nepe

xog MO)l(eT o6ecne 411T b pean l1 3 a4 11~ Hal1nY 4Wl1 X 3 KcnnyaT a 4l1o HH~X x a 
p a KTepl1 CTI1K nnA. Ae~ CT B I1 T enbHo. KaK nO Ka 3 a n l1 113MepeHI1R, pe3 KI1 ~ 

n e pexOA ynY4WI1n x a p aKTepl1CTI1K I1HPGe - AeTeKTopO B: YBenl1411nOCb 

npo6 118Hoe Ha npRIKe Hl1e, YMeH bWl1n l1 Cb o6paTH~e TOKI1 11 y nY4Wl1nOCb 
3Hep r e TI14eC KOe 11 BpeMeHHoe p a 3peWe ti l1e n o cpa8H eHI1~ c o cTaHgapT
H~MI1 AeT e KT o p aMI1. 

n p~MEHE H ~ E HPGe -AETEKTO POB 

Pa 3pa 6oTKa MeTOAI1 KI1 nonY4e HI1A TO HKI1X BXOgHblX OKO H B BPGe 

geTeKTo p ax n03Bonl1n a npeAnO IKI1 T b 3 KCnepl1MeHT no nOI1 CKY ABo~ Horo 

6e3He~ T pI1 H HOrO 6eTa- pacna~a (2 ~ Ov) C n OMO~b~ MHOrOKpl1CT a nbHoro 
c neKT p OMe Tp a coenaAeH I1~ ~ , / p~c . 6/ . Bonpoc cy~ecTBoBaH~R 3Toro 
p eAKoro n p04ecca ABnAe TCA BeCbMa aKTyanbHblM. A Hal160nee 4Y BCT

B I1 T enb H~M cnoco6oM e r o p erl1CTpa41111 o 6 n aAaeT B HaCTOR~ee Bpe MA 
TeX HI1 Ka nonyn poBoAHI-1KOBO~ cne KTpOMe T p l1 l1. ~ cnonb30BaHl1e lIPGe -

AeT eKTo pa /1 00 MM2x7 MM/ Aano B03MO~HOCT b C B~COKO~ T04HOCTb~ 
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PH c .6. BnoK-cxeMa 3Kc n e p HMeHT a 

n o nOHC KY 2 f3 Ov - pacn <lAa C I1 0MOIl\b lO 
MllorO Kp HCT aJI bHOrO HPGe -cneKTp o
MeTp a. 

.. / 1 . 1l0rIlOT ~TEnb, I.' 
I I , \ , \  rH~THbiA 

~IlnbTPGIl)::1 
o ____ Il I1A4> PAI IIA 

E< fe" ,' ,' y?:>??_. 
j ETE K1 0P 

~ K P~OCT A r 

PI1 C . 7. CxeMa ( : n e K"p O~jeTp a "MMHJ.! r~ 
XM.lIOnpOBO/l 

a n e JIbCI1 H" . 

3KCne p l1MeH TanbHO ~ccneAOBaTb np 0 4 e cc npOXO~AeHHR 3neKTpOHOB 
4 epe3 ee~e CT BO 11 n o n Y411Tb AaHHbie 0 Ha~6onee BepOA T H~X n OTe PAX 

~ $nYKTya411 Ax nOTe p b 3Heprl-111 3neKTPOHO B , Ha OCHoae KOTOp~X CAe
naHa 04e HKa 4YBCTe~T eJ' bHOCTI1 c ne KT pOHe Tpa ~3 32 HPGe - AeTe KTO 
pOB n o nOI1CKY 2f3 -pac n aA a 48Ca /9. 10 /ov 

BWCOKl1 e cneKTpOMeT p l1 4 eCKI1e xapaK Tepl1C TI1 KI1 pa3pa6oTaHH~X Ae
TeKTopOB cTI1Myn&.1pOeanl'l C03AaHI1e c n eK TpOMe Tpa Tl1 n a " t1I1HI1 -anenb
C~ H " , npe AHa3Ha4e HHoro AnR perl1cTpa411~ 3neKT p OHOB. B COCTaa 

c neKTpOMeTpa BXOAI1T $l1n bTp 113 4eT~pex n OCTOAHHWX •MarHI1TOa /11 

pac nOnO)l(eHHblX eOKpy r nO rnOT I1 TenA 11 3 Bon b<p paMa , 11 H P Ge-AeTe KTOP 

pa3Me pOM 50 MM2 x 7 MM /pl1c.7/. ~cnon b 30BaHl1e KOMn a KTHo r o Mar
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PH C .8. <l> parMeJ-lTbl cneXTp a H3JTY 4eHHR 
169

Yb, n o.rry4eli 

Hble C nOMOII\hlO HPG e - A e T e K T o pa B CO'l e'l'a~nnj C MarHHTHhIM 

tPl1JIbTP OM 11 6e 3 lIero . 

H~THoro $~nbTpa 8 C04eTaH~~ cHPGe-AeleKTOpOM n03BOIl~IlO 3Ha4~
TeIlbHO YBen lo1 4101 Tb ~36~paTeIlbHOCT b pe rlo1 c Tpaq~ ~ 3neKTpOHOe B A~a
na30He 100 ~ 1000 K3B ~ 3$$eKT~BHOCTb ~3MepeH I-1A. Ha p~c.8 nOKa
3aHbI $parMeHT~ cneKTpOB 3neKTpOHOB BHYTpeHHe~ KOHBep Cl-11-1 169Yb, 

nOJlY4eHHble C nOMOll4b~ "r1~H~-aneIlbCI-1Ha" , 101 AaHO cpaBHeH~e C 101 3 
MepeHIo1AM~ 6e3 MarH~THOrO $~nbTpa. BIo1AHO nOAaBne Hlo1e Y- KBaHTO B 
~ POCT ~HTeHC I-1 BHOCT~ nlo1KOB 3 BK /B 8 pa3 B 06Jla CTIo1 300-600 K3B/. 
np~MeHeH~e HPGe -AeTeKTop a nOMIo1MO BblCOKoro 3HepreT~ 4eCKoro pa 3
peweH~A np~Beno K nORBneH~~ e amHoro Ka4eCT Ba cne KTpOMeTpa 
B03MomHOCT~ T04HO~ 3He preT ~4e C KO~ Kan~6poBK~ B npoqe cce 3Kcne
plo1 MeHT a C nOMOll\b~ BHeW HIo1X Y-Io1CT04 HIo1 KOB. 

3AKIlI04E Hl-t E 

Pa3 pa6oTa HHble B IlRn OHRH HPGe-Ae TeKToPbI c AI-1~~Y31010HHblM~ pe3
K~MIo1 p-n ne peXOAa MI-1 OTJll-14aeT 60Jlee BblCOK~A TeXHOJlOrlo14 HOCTb ~ 

npOCTOTa 1-1 3 r OT OOneHI-1A no c paBHeH~~ . Hanpl-1Mep. c aHanor~4H~MIo1 

AeTeKTopaM~. nonY4eHHblMIo1 c ~CnOJlb 30BaH lo1 eM na3epHo~ MeTOAIo1KI-1 / 12 . 

r ny6101Ha 3aJleraH~A nepeXOAa. T. e . MepTBbI~ CJlO~ XopOWO BocnpO
1013BOAIo1TCH npl-1 0AIo1HaKOBblX TeX Honorlo14eCKI-1X peml-1Max. 3a C4eT YBeJlI-1
4eHI-1H KOHqeHTpa~l-1~ nlo1 TIo1H y nOBepXHOCTIo1 ynY4waeTCH Ka4eCTBO KOH
Ta KTa. 4TO BeAeT K YMeHbweHI-1~ KOHTaKTHblX WYMOB. nplo1 3TOM OTCyT
CTBl-1e pa 30rpeBa OCHOBHO~ MaCCbI Kp~CTanna n03BonAeT coxpaH~Tb 
xapaKTepl-1 CTIo1KIo1 Io1cXOAHoro MaTep~ana. CTyneH4aT~~ XapaKTep P-D 
nepexOAa ynY4waeT cneKTpOMeTp~4eCK~e xa paKTeplo1CTI-1KI-1 AeTeKTopOB . 

B03 MomHOCTb ~3rOTOBneH~R AeTeKTOpOB C KOHTpon~pyeM~M~ TOH
K~M~ He4YBCT B~ TenbH~M~ 06naCTRM~ AaeT B03MOmHOCTb ~X ycnewHorO 
HC nOnb 30BaH~A AnR c03AaH~R pa3n~4H~X MHOrOKp~CTanbH~X CneKTpO
MeTpOB, 06naAa~~x 60nbwe~ TOPM03HO~ cnoc06HOCTb~ ~ ny4w~M~ 

3 K c nIl yaT a ql-1oHHblM~ x apaKTep~CT~KaM~ no cpaBHeH~~ c KpeMH~eBblMI-1 

TeIleC Kon aM~ . 

rOBOpA 0 AOCTO~HCTBax HPGe -AeTeKTopOB C A~$$Y3~OHHblM~ ne
peXOAa MI-1, He n b3A He OTMe TI-1Tb ABa peanbH~x HeAoCTa TKa pa3pa6o
T aH Ho~ Me TOAHKIo1. 3TO - pa3MblT~e C BpeMeHeM A~$$Y3~OHHoro nepe
xOA a np~ H axomAeH~~ AeTeKTopoB B KOMHaTHo~ TeMnepaType ~ HeB03
MomHO CTb T e p M~ 4eC Koro OTm~ra paAHa4HOHH~X nOBpemAeH Io1 ~ . C 3TO~ 
T04KH 3peH~R 60Ilee npeAn04T~TenbH~MH RBIlR~TCR HPGe- AeTeKTopbl 
C HMnIla HT ~ po Ba HHblMH Bbln pRMflR~ll\~M~ ~ OMH 4ec K~M~ KOHT a KT aM~ . 

Pa60Ta MHoroKp~cTanbH~x cneKTpOMeTpo B BO MHorOM onpeAenReTCR 
Han~4~eM cTa6~IlbHO~ nOBepxHOCTIo1 AeTeKT o poB. n03TOMY AanbHe~w~~ 
nyTb nOBblweH~R HaAemHOCT~ cneKTpoMeTpoB  C03AaH~e TeXHonor~4

Hbl X MeT OAoB naCC~Ba4Io1H nOBepXHoCT~. 
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