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K BO!lpocy 0 np!iMeHeH!ffl 38M B BKTIIBBUIIOHHOM aHan~t3e 

B pa6ore on~tcaH nporpaMMHhiii J{orvmneKc anSI o6pa60TKH raMMa

cneKrpoB llplf f!HCTpyMeHTanhHOM BKTIIBBUIIOHHOM aHanH3e MHOI'OKOMITD

HeHTHb!X o6beKTOB. Op~tBoa~trcSI 6noK-cXeMa pa3n~t'!HbiX Bap~taHTOB CBH3H 

C 38M; paCCMOTpeHa B03MO>KHOCTh lfCilOnb30BaHHH MlfHH-3BM B Ka'!eCTBe 

aHanf!3aropa fl anH npeaBap~trenbHoii o6pa6oTKH raMMa-crreKrpoB, 

Pa6ora BbmonHeHa B fla6oparop~t~t HaepHbiX peaKUHii 0115111. 

llpenp11HT 06be.lli1HeHHOrO 11HCTI1TYT8 HAepHbiX 11CCJie):IOB8HKH 

~y6Ha 1976 

C) 1976 061>eOUHeHHWU UHc•u•y• .IIOePHWX UCCAe006QHUU){y6Ha 

Pacrnul}lpoBKa u o6pa6oTKa cneKTPOB raMMa- HJJiy'leHHH 

HBJIHeTCH Hau6onee TPY.ll.OeMKoii Ja,ll.a'leii B aKTHBau.uoHHOM 

aHaJIH3e CJIO)I(HbiX MHOrOKOMnOHeHTHbiX 06beKTOB. flpH no

Jiy'leHHH raMMa- cneKTpoB c noMOil.l,bJO Ge (Li) ,lJ.eTeKTopoa 

60JiblllHX 06beMOB H C BbiCOKOH pa3pernaJOil.l,eH cnoco6HOCTblO 

)l.JIH nOJIHOrO H3BJie'leHHH HHI}JOpMal.I,HH HaH60Jiee l.l,eJieCO

o6pa3HbiM npe,ll.CTaBJIHeTCH HCnOJib30BaHHe 3BM, a B CJiy'lae 

MaCCOBOrO MHOr03JieMeHTHOrO HHCTpyMeHTaJibHOrO aHaJIH3a 

3TO HBJIHeTCH e,lJ.HHCTBeHHO B03MO)I(HbiM pellleHHeM. 

B Jla6opaTOpHH H,ll.epHbiX peaKLI,HH pa3pa6oTaH KOMnJieKC 

3JieKTPOHHoii annapa TYPbi H nporpaMMHoe o6ecne'leHne ,ll.JIH 

aBTOMaTH3al.I,HH H3MepeHHH H o6pa60TKH cneKTpOMeTpH'Ie

CKOH HHI}JOpMal.I,HH, B TOM 'IHCJie CJIO)I(HbiX raMMa- cneKTpOB, 

noJiy'leHHhlX C nOMOil.l,blO noJiynpOBO,lJ.HHKOBhlX ,lJ.eTeKTOpOB. 

Ha puc. 1 npe,ll.cTaBJieHa 6JioK-cxeMa TaKoro HJMepu

TeJibHO-Bhl'IHCJIHTeJibHoro KoMnJieKca. MJMepuTeJibHaH 

3JieKTPOHHaH annapaTypa BKJIJO'IaeT B ce6H Ge(Li) ,lJ.eTeKTOpbi 

c pa3JIH'IHbiM 'IYBCTBHTeJibHbiM o6beMOM /30-60 eM 3 / 

H 3HepreTH'IeCKHM pa3pellleHHeM nopH,ll.Ka 2-3,5 K:JB )l.JIH 

JIHHHH 60Co/ E y= 1333 K:JB/, JapH,ll.O- 'IYBCTBHTeJibHbiH npe,11.

YCHJIHTeJib, JIHHeHHbiH ycHJIHTeJib H aMnJIHTY.ll.HO-U.HlPPOBOH 

npeo6pa30BaTeJib Ha 4096 KaHaJIOB C 'laCTOTOH KBaHTOBaHHH 

100 Mr~. MHTerpaJibHaH HeJIHHeiiHoCTb H3MepnTeJibHo

npeo6pa30BaTeJibHoro TpaKTa - He xy)l(e 0,05*, ,ll.OJiro

BpeMeHHaH CTa6HJibHOCTb B HOpMaJibHbiX Jia6opaTOpHhlX yc

JIOBHHX - He Xy)l(e ±1,5 KaHaJia ,ll.JIH nHKa B KOHLI,e 3HepreTH

'IeCKOH lllKaJibl B Te'leHHe CYTOK. flpH Heo6XO,ll.HMOCTH HMeeT

CH B03MO)I(HOCTb CTa6HJIH3al.I,HH no penepHbiM nHKaM HJIH 

no HMnyJibCaM CTa6HJibHOrO HMnyJibCHOrO reuepaTopa. 

)l.JIH HHTerpaJibHOrO HaKOITJieHHH raMMa- CITeKTpOB 

ucnoJib;JYJOTCH MHoroKaHaJibHbiH aHaJIHJaTop AM-4096 HJIH 
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Puc. 1. E/loK- cxeMa pa3/IU'-IHbiX 6apuaHm06 o6ecne'-leHUJl 
U3MepeHUU U o6pa6omKU ZQMMQ- cneKmp06 QKmU6Up06QH1ibiX 
npo6. 1 - npeoycuAumeA&, 2 - ycuAume/1& c aKmUBHbiM rfiop
MupoBaHueM, 3- aHa/lozo-ZJuf/JpoBou npeo6pa3oBameAb, 4,5-
oucnAeu, 6 - neprfiopamop. 

MHHH- 3BM TPA-1001, a BLIBO.IJ. ,IJ,aHHhiX rrpoH3BO,IJ,HTCH Ha 
nep<lJopa Top llJI -150. llonyqeHHLie nep<lJoneHTLI BBO.IJ.HTCH 
B 3BM "MHHCK-32" ,IJ,nH o6pa60TKH unu pacrreqaTLIBaiOTCH 
B BH,IJ,e rucTorpaMM Ha rpa<lJorrocTpouTene )].PII- 3 rrpu 
IIOMOIIJ,H cPOTOC'iHTLIBaromero ycTpoifcTsa FS -1501 u ycT
poiicTsa ynpasneHHH Yll -7. KoMnneKc aHanu3a Topos 
AH-4096 /5 IliT/ CBH3aH c 3BM "MuHcK-32" CTaH~apTHLIM 
KaHanoM BBo,IJ,a-BLIBo,IJ,a c noMOIIJ,LIO crreuuanLHo pa3pa6o
TaHHoro YCTpOHCTBa COIIpH)I(eHHH. 
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Muuu- 3BM TPA-1001 HMeeT 03Y 16K 12-pa3pH.IJ.HLIX 
enos, HHTep<lJeifc CBH3H C AQIJ H OCIJ,Hnnorpa<lJuqecKHH 
,IJ,Hcrrneif c .IJ.BYMH yrrpasnHeMLIMH MapKepaMH. Muuu-3BM 
MO)I(eT 6LITb HCIIOnb30BaHa H ,IJ,nH OKOHt{aTenbHOH o6pa60TKH 
cpaBHHTenbHO IIpOCTbiX CIIeKTpOB 110 rrporpaMMe 
"IOIIHTEP-16"/l I, KOTopaJI ,IJ,aeT B03MO)I(HOCTL crroMOIIJ,LIO 
,IJ,HCIIneH H,IJ,eHTHcPHD,HpOBaTb cPOTOIIHKH, OIIpe,IJ,enHTb HX rrno
IIJ,a,IJ,H u pa3perneHue, a TaK)I(e pa3MeqaTL cno)I(HLie crreKTPLI, 
,IJ,nH OKOHt{aTenLHOH o6pa60TKH KOTOpbiX HCIIOnL3yeTCH 3BM 
"MHHCK-32" / 2/. 

HeOTbeMneMOH qaCTblO KOMIIneKCa o6pa60TKH HBnHeTCH 

ToqeqHbiH ,IJ,HCIIneif CO CBeTOBbiM KapaH,IJ,ailiOM, CIIeiJ,uanbHO 
pa3pa6oTaHHbiH ,IJ,nH 3BM "MHHCK-32". 

Ha 6a3e 3BM "MHHCK-32" C03,IJ,aH nporpaMMHblH KOM
rrneKC o6pa60TKH raMMa- CIIeKTpOB ,IJ,nH IJ,eneif HHCTpyMeH
TanbHOrO aKTHBaiJ,HOHHOrO aHanH3a. llpHHIJ,HII OpraHU3aiJ,HH 
MaTeMaTU'ieCKOH o6pa60TKH raMMa- CIIeKTpOB, KaK OCHOBbl 
,IJ,nH IlpOBe,IJ,eHHH aKTHBaiJ,HOHHOrO aHanH3a, MO)I(eT 6LITb 
ucrronL30BaH u B ,IJ,pyrux 3KcrrepuMeHTax rrpu pa6oTe c 
raMMa-crreKTpaMu. OcHoBa rrporpaMMHoro ~~MnneKca -
crreKTpoopueHTHposaHHaH cucTeMa CllOPC , ,IJ,aroiiJ,aH 
3KcrrepuMeHTaTopy npocToif H y,IJ,o6HLIH annapaT ,IJ,nH B3au
MO,IJ,eHcTBHH C rrporpaMMaMH o6pa60TKH CIIeKTp~ 

raMMa- cneKTp, 3aperucTpuposaHHLIH MHoroKaHanLHLIM 
aMIInHTY,IJ,HblM aHanu3aTOpOM, TpaKTyeTCH KaK CyMMa Tpex 
KOMIIOHeHT: 

n 

S(x)= L A.p.(x)+B(x)+o(x), 
n= l I I 

r,IJ,e Aipi(x) 
raMMa- KBaHTOB; 

i - LIH rruK rronHoro rrornoiiJ,eHHH 3Hepruu 
B(x)- <lJoHosaH cocTasnHIOIIJ,aH /sKnroqaH 

KpaH KOMIIOTOHOBCKOrO pacceHHHH, IIHKH yTet{KH H ,ll,pyrue 
BKna,IJ,bl BCeB03MO)I(HblX HerrpepblBHblX pacrrpe,IJ,eneHHH 3Hep
rHH B ,IJ,eTeKTOpe/; o(x)- CTaTHCTH'ieCKaH OiliH6Ka /OiliH6KH 
B pa3HbiX KaHanax C'IHTalOTCH He3aBHCHMblMH/. 

llo,IJ, o6pa60TKOH raMMa- CIIeKTpOB IIOHHMaeTCH pa3nO)I(e
HUe ero Ha BLIIlieyiiOMHHYTLie KOMIIOHeHTbl H CTa THCTH'ie
CKaH OIJ,eHKa rrapaMeTpOB 3THX KOMIIOHeHT, OCyiiJ,eCTBnHeMLie 
C IIOMOIIJ,blO MeTO,IJ,a HaHMeHbiliHX KBa,IJ,paTOB; rrpH 3TOM 
OCHOBHOH HHTepec npe,IJ,CTaBnHIOT OIJ,eHKH rrapaMeTpOB rro-
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JlC 3HbiX KOMIIOHCHT, TaKHX, KaK IIJlOJl.(a,[(b, IIOJlYWHpHHa H 

nOJlO*CHHC IIHKOB nOJlHOrO IIOrJlOJl.(CHHH 3HeprHH, a TaK*C 

HX OWH6KH. 

B Ka"'CCTBC MO,[(CJlH nHKa nOJlHOrO IIOrJlO~CHHH MO*CT 

6biTb 3a,[(aHa J1106aH KpHBaH, ,[(OCTaTO"'HO IIOJlHO OIIHCbiBaiO

Jl.(aH ero ¢opMy I 4/. B Ka"'ecTae Hcxo,nHoii HHiiJopMaU.HH .nnH 

nony"'CHHH TaKOH KpHBOH HCnOJ1b3YCTCH, HallpHMep, Ta6J1H"'

HaH pacneqa TKa /rroKaHaJlbHO/ yqacTKa raMMa- crreKTpa 

C H30J1HpOBaHHbiM ¢JOTOIIHKOM, IIOJlY"'CHHOrO C IIOMOJl.(biO 

HCnOJ1b3YCMOro B JKCIICpHMCHTC CllCKTpOMCTpH"'CCKoro 

TpaKTa. 3Ta HH¢JopMal.I,HH B BH.[(C MaCCHBa "'HCCJl BBO,[(HTCH 

a 3 B M. I'ayccoacKaH KPHBaH ¢opMHpyeTcH aaToMaTH"'CCKH. 

<l>OH MO,[(CJlHpyCTCH IIOJJHHOMaMH 4e6biWCBa. 

B onHCbiBaCMbiH KOMnJlCKC BXO.[(HT MaTCMaTJt"'CCKOC 

o6ecnC"'CHHC .[(HCnJlCH CO CnCKTpOMCTpH"'CCKOH opHeHTal.I,HCH. 

~HCnJlCH HCnOJ1b3YCTCR ,[(JlR pa3MCTKH ¢JoTonHKOB H OllTH

MaJlbHbiX rpaHHl.l, yqacTKOB npH MaTCMaTH"'CCKOH o6pa60TKC. 

IlpH BH3yaJ1bHOM paCCMOTpCHHH CllCKTpa C nOMOJl.(biO,[(HCIIJlCH 

MO*HO onpe,[(CJlHTb JHeprHlO J1I06oro ¢JoTOilHKa. flpH HaJlH"'HH 

,[(HCnJlCR OTna,naCT HC06XO.[(HMOCTb BBC,[(CHHR ,[(OIIOJ1HHTCJ1b

HOH HH¢JOpMal.I,HH ,[(JlR MO,[(CJlHpoBaHHH KpHBOH, OIIHCbiBaiOJl.(CH 

¢opMy ¢oTonHKa. Heo6xo,nHMo a nepay10 oqepe,nh pa3MCTHTb 

nHK, Bbi6paHUblH ,[(JlR MO,[(CJlH. 

C l.I,CJlbiO npeo6pa3oBaHHR pe3yJ1hTaTOB MaTCMaTH"'C

CKOH o6pa6oTKH CIICKTpa B liJH3H"'CCKHC C.[(HHHl.l,bl H3MCpCHHH 

B 3BM BBO.[(RTCH ,naHHbiC ,[(JlH JUeprCTH"'CCKOH KaJ1H6poBKH 

H y"'eTa J¢l¢leKTHBHOCTH ,neTeKTopa. 

Hcnonb3oaaHHe 6H6nHoTeKH H3oTonoa /a rraKeTHOM 

PC*HMC/ ,naeT B03MO*HOCTb nony"'CHHH paC"'CTHbiX ,naUHblX 

KaK DO OTHOCHTCJlbHOMY /no JTaJloHaM/, TaK H no a6co

J110THOMY /no ¢JopMyJ1e aKTHBal.I,HH/ MCTO,[(aM aKTHBal.I,HOH

HOro aHaJ1H3a. PaC"'CTbl BblllOJlHHIOTCH no BCCM npHCYTCT

BYIOJl.(HM B CnCKTpe JlHHHHM ,naHuoro H30Tona, "'TO RBJlRCTCH 

.nononHHTCJlbHbiM KOHTponeM TO"'HOCTH aHaJ1H3a. B Hac ToR

Jl.(CC BpCMH COCTaBJlCHa 6H6J1HOTCKa ,[(JlR 126 H30TOnoB C 

opHCHTal.I,HCH Ha (n, y)- peaKl.I,HIO. 

KoHC"'HbiH pe3yJ1bTaT o6pa6oTKH - ,naHHbie o6 JJlCMCHT

HoM cocTaae rrpo6bi I a r /r I c yKa3aHHCM TO"'HOCTH 

orrpe.neneHHH. 0wH6Ka ou.eHHaaeTcH c y"'eToM BKna.na To"'

HoCTH KaK MaTeMaTH"'CCKOH o6pa60TKH, TaK H CaMoro MC-
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To,na aHaJ1H3a. TaK, B HaWHX 3KCIICpHMCHTaX, OWH6Ka 

orr pe .n ene HH jl ___ ;uJ.l!MeH.I.ll.O.:r:O- .. c..ru; :r a.aa . a6c OJllOI HLu.t..M e iri.LJ.oM 

coc.iio.riHeT 10- 12~~-~o.:nroc.a:x:.e..Ilhllbl~'--: 4.:J>tiQ.. .. 
BllporpaMii~~IH KOMnJlCKC BXO,[(HT TaK*C MaTeMaTH"'C

CKOC o6CCIIC"'CHHC ,[(JlH pHCOBaHHH raMMa-CIICKTpOB C no

MOJl.(blO rpa¢orrocTpoHTCJ1R. MaKCHMaJlbHbie pa3Mepbi pH

cyHKOB 800 MM X 800 MM. 

OnHcauHbiH BhiWe nporpaMMHbiH KoMnneKc onpo6oaaH 

ua 100 o6pa3u.ax pa3J1H"'Horo npoHcxo*.neuHH: reonorH

qecKHX, 6HonorH"'CCKHX, JKonorH"'CCKHX npo6ax H .np. Bbi

nonHeuo 6onee 1500 JJlCMCHTOollpe,neneHHH. flepe,n o6pa-

6oTKOH CllCKTpOMCTpH"'CCKOH HHdJopMal.I,HH, Bb!BC.[(CHHOH ua 

nep¢oneuTy c n106oro aMnJlHTy,nHoro auanH3aTopa HMnynh

coa, HC Tpe6yeTCH npe,naapHTCJlbHblX onepal.I,HH, ,[(OCTaTO"'HO 

pacnonaraTb KaJ1H6poBO"'HbiMH ,[(aHHblMH ,[(JlH cneKTpOMCTpH

qecKoro TpaKTa. Bae,neHHbiH a naMRTh 3BM cno*HbiH 

cneKTp /HanpHMep, H3 50 nHKOB/ C noMOJl.(biO ,[(HCnJlCR pa3-

MC"'aCTCR H f'OTOBHTCH K o6pa6oTKC B TC"'CHHC 3-5 MUH. 

Ha MaTeMaTH"'CCKYIO o6pa60TKY Tpe6yCTCR 15-18 MUH. 

06pa!llCHHC K 6H6J1HOTCKC H30TOnOB H BblllOJlHCHHC BCCX paC

"'CTOB npoH3BO.[(HTCH 3a 4-5 MUH. 

Ha puc. 2 a Ka"'eCTBe npHMepa npHae.neu o6pa6oTaHHhiH 

C noMO!llbiO nporpaMMbl raMMa- cneKTp O,[(HOJlCTHCH XBOH 

Ke,npa. 06ny"'CHHC B TC"'CHHC 51 'I npoBO,[(HJlOCb Ha pcaKTOpC 

Jla6oparopHH ueH:TpoHHOH ¢JH3HKH OHJIHHEP-30 /.">/ noTo

KoM 4,6 ·10
9 

ueumpoH/CM 2c. CneKTP H3MCPRJ1CR c noMOJl.(biO 

Ge(Lil .nereKTopa o6beMoM 30 eM 
1 

c pa3peweuHeM 

3 KJB no nHHHH 1 ·1 ~· Cs / Ey = 0,662 M;;Bj H aMnJlHTy,nuoro 

auaJ1H3aTopa HMnynhcoa AH-4096. 

B pe3yJ1hTaTe MaTeMaTH"'CCKoH: o6pa6oTKH JKcnepHMeH

TaTop, noMHMO ocuoaHbiX napaMeTpoa,pacnonaraeT .norron

HHTCJlbHhiMH CBC,[(CHHHMH: 0 COOTHOWCHHH IIHK -dJoH, 0 pa3pe

WCHHH ,[(JlR o6pa6oTaHHbiX ¢JoTOIIHKOB, 0 B03MO*HblX HaJlO*C

HHRX H T.,[(. flOJTOMY MaTeMaTH"'CCKaR o6pa6oTKa raMMa

CIICKTpOB, HCnOJ1b3YCMaH B rrporpaMMHOM KOMnJlCKCC, MO*CT 

6WTb IIOJ1C3HOH IlpH OTJla,[(KC aw6paHHOro ,[(JlH H3MepeHHH 

CIICKTpOMCTpH"'CCKOrO TpaKTa C l.I,CJlbiO OllTHMH3al.I,HH ycno

BHH H3Mepe_HHH raMMa-crreKTpoa. 

Cne.nyeT ell.(e pa3 no,nqepKHYTb, "'TO rrporpaMMHbiH KOM

IIJlCKC C03,[(aBaJ1CH ,[(JlH o6pa60TKH raMMa- CIICKTpOB, IlOJly-
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Y:eHHbiX npH npOBe)J.eHHH aKTHBai.J.HOHHOrO aHanH3a CflO)KHbiX 

MHOrOKOMnOHeHTHbiX 06beKTOB C HCnOnb30BaHHe B KaY:eCT

Be HH.Ll.HKa TopoB Ge (Li) )J.eTeKTopoB · c o6beMoM nop.ll)J.Ka 

30-45 CM 3 C pa3peweHHeM 2,5 - 4 K3B B 3HepreTHY:eCKOM 

)J.HanaJoHe 0,1 - 3 M:JB. Pa3pa6oTaHHLIH KOMnneKc u.ene

coo6pa3HO npHMeHHTb npH onpo6oBaHHH B03MO)KHOCTeii 

MeTO)J.OB HeHTpOHHOH aKTHBai.J.HH B pa3nHY:HWX 06naCT.IIX, 

npH pa3pa60TKe HOBbiX MeTO)J.HK, a TaK)Ke B TeX cnyY:a.IIX, 

KOr)J,a KOflHY:eCTBO HCCne)J.yeMOH npo6bi orpaHHY:eHO H noB

TOpHbie o6nyY:eHH.Il HeB03MO)KHbl. 

llpH cepHHHWX aHanH3aX no OTpa6oTaHHOH aHanHTHY:e

CKOH MeTO)J.HKe, a TaK)Ke npH HJBeCTHOM KaY:ecTBeHHOM 

COCTaBe npo6 nporpaMMHWH KOMnneKC MO)KeT 6biTb cy

weCTBeHHO ynpoweH H cneu.HanH3HpoBaH. MoryT 6LITL BBe

)J.eHLI nonpaBKH )J.n.ll yY:eTa norpewHocTei pa6oTLI cneKTpo

MeTpHY:eCKOrO TpaKTa B TeX cnyY:a.IIX, KOr)J,a 3KCnepHMeH

TaTOp He pacnonaraeT onTHManLHLIM HJMepHTenLHbiM o6o

PY.Ll.OBaHHeM, B03MO)I(Ha ou.eHKa BKna)J.a B cneKTp annapa

TypHoro ~OHa, a TaK)Ke BHeWHero ~OHa npH H3MepeHH.IIX 

B JarpH3HeHHOM noMeweHHH. Bee nepeY:HcneHHLie BOJMO)K

HOCTH 3aflO)KeHW B nporpaMMHOM KOMnneKCe. 

K Y:Hcny pa3pa6aTwsaeMwx HaMH peweHHi /s paMKax 

C03)J.aHHOrO KOMnneKca/ Cne)J,yeT OTHeCTH OI.J.eHKY BKna)J.a 

KOMn TOHOBCKOrO pacceHHH.H OT H30TOnOB C 60nbWHM Celie

HHeM aKTHBal.l,HH H OT H30TOnOB, CO)J.ep)Kai..LIHXC.Il B npo6ax 

B 6onLwHx KOnHY:eCTBax. llpe)J.nonaraeTc.ll o6ecneY:HTb )J.o

nonHHTenLHLiii KOHTpOnb B03MO)KHbiX HaflO)KeHHH C nOMOI..LibiO 

npoBepKH COOTHOWeHHH HHTeHCHBHOCTeH ~OTOnHKOB Ka)K)J.OrO 

06Hapy)KeHHOrO B cneKTpe H30TOna no )J.aHHblM KBaHTOBbiX 

BbiXO)J.OB, 3aflO)KeHHbiM .B 6H6nHOTeKy H30TOnOB, H ocy

I..LieCTBfl.IITb C nOMOI..LiblO 3BM Bbi6op OnTHManbHhiX BpeMeH

HbiX napaMeTpOB npOBe)J.eHH.Il aKTHBal.l,HOHHOrO aHanH3a B 

3aBHCHMOCTH OT nOCTaBneHHOH nepe)J. 3KCnepHMeHTaTOpOM 

3a)J.aY:H 16 ,7 I 

ABTOpbl 6naro)J.apHbl aKa)J.eMHKY r .H.<I>nepoBy 3a no

CTaHOBKY 3a)J.a'IH H nOCTOJIHHbiH HHTepec K pa6oTe, a 

TaK)Ke COTPY.Ll.HHKaM OT)J.ena pa)J.H03neKTPOHHKH na6opaTo

pHH .ll)J.epHLIX peaKU.Hii OIUIH Ja o6ecneY:eHHe Y:eTKoi pa-

6oTw cneKTpOMeTpHY:eCKOH annapaTypbl H 3BM. 
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