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HeCMOTp5I Ha BCe pa3Ho06pa3l1e aHaJll1Tl1qeCKOH XI1MI1I1 ,ll,I1CCepTau.1111 no )TOH 

,ll,l1cu.l1nrrI1He MO)f(HO ycrroBHo pa3,ll,errl1Tb Ha Tpl1 BI1,ll,a - nOCB5ImeHHble aHaJll1Tl1qeCKoMY 

06eCneQeHI11O l1cCrre,ll,yeMoro 06beKTa (BemecTB 11 MaTepl1aJ10B) 11 COQeTaHl1lO 3Tl1X ,ll,ByX 

HanpaBrreHI1H. ABTop ,ll,aHHOH pa60Tbi BbI6paJI nepBoe HanpaBrreHl1e 

COBepllleHCTBOBaHHe MeTO,ll,a aToMHo-a6cop6u.HOHHOH cneKTpoMeTpHH, a KOHKpeTHo 

3eeMaHoBcKoH aToMHo-a6cop6u.I10HHOH cneKTpOCKOnHH C 3rreKTpOTepMHQeCKOH 

aTOMl13au.HeH (AAC-3TA). 

ABTop CnpaBe,ll,rrl1BO YKa3bIBaeT Ha 60rrblllHe nOTeHu.HarrbHble B03MO)f(HOCTH 

,ll,aHHOrO MeTO,ll,a H OTMeQaeT B KaQeCTBe O,ll,HOrO 113 ero OrpaHHlJeHHH MaJlbIH rrHHeHHhIH 

,ll,Hana30H rpa,ll,Yl1pOBOQHOrO rpa¢HKa. 3TO OrpaHI1QeHHe OTpa)f(aeTC5I Ha B03MO)f(HOCT5IX 

HcnOrrh30BaI·~n5I BO,ll,HbIX CTaH,ll,apTOB npH KaJlH6pOBKe, npHMeHeHH5I MeTO,ll,a ,ll,06aBOK 11 

Hcnorrb30BaHHe HerrHHeHHOH rpa,ll,yl1poBKI1. KpoMe Toro, aBTOp CQHTaeT He06xo,ll,HMbIM 

C03,ll,aHl1e YCKopeHHOH npOu.e,ll,ypbI ou.eHKH npe,ll,erra 06HapY)f(eHH5I MeTO,ll,a. 

TaKI1M 06Pa30M, u.errb ,ll,HCCepTau.HH A.O. )J,b5IKOBa - YBerrHQeHl1e npaBHrrbHOCTH 

H npOH3BO,ll,HTerrbHOCTH AAC-3TA 3a ClJeT paClllHpeHIDI rrHHeHHoro ,ll,l1ana30Ha 

H3MepeHHH H YCKopeHHe npou.e,ll,YPbI ou.eHKH npe,ll,erra 06HapY)f(eHH5I - Crre,ll,yeT 

npl13HaTb aKTYaJIbHOH. 
( 

Pa60Ta Tpa,ll,Hu.110HHO HaQHHaeTC5I C rrHTepaTypHoro 0630pa. TIpaB,ll,a, TeMa 0630pa 

BbI6paHa ,ll,OCTaTOQHO Y3KOH - :no rpa,ll,YHpOBOQHble KpHBble B 3eeMaHOBCKOH aTOMHO

a6cop6u.HOHHOH cneKTpOCKOnHI1. 06blQHO B TaKHX 0630pax paCCMaTpHBalOTC5I KpaTKO 
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,Upyn1e XapaKTepHCTHKH MeTO,Ua aHa.f1H3a, B03MO)KHble 06beKTbI HCCJle,UOBaHH5I, HO, B 

npHHU:Hne, :HO ,UeJlo BKyca. ,L(pyroe ,UeJlo - YTO KOJlHyeCTBO paCCMOTpeHHbIH B 0630pe 

pa60T HeBeJlHKO - 57, H 60JlblllHHCTBO H3 HHX ony6J1HKoBaHo 60Jlee 15 JleT Ha3a,U. B 

JlHTepaTypHOM o630pe ,UeTaJIbHO paccMoTPeHbI <pH3HyeCKHe OCHOBbI 3eeMaHoBcKoH 

AAC, <paKToPbI, BJlH5IlOmHe Ha <P0PMY KOHu:eHTPaU:HoHHoH KPHBOH, BonpocbI 

HeMoHoxpOMaTHYHOCTH JlHHHH H3J1yyeHH5I H nOrJlOmeHH5I, caMoo6pameHHe 

aHaJIHTHyeCKOH JlHHHH, Heo,UHopo,UHOCTb pacnpe,UeJleHH5I aTOMOB B nOrJlOmalOmeM 

CJloe, BonpocbI paClllHpeHIDI ,UHHaMHyeCKOrO ,LJ,Hana30Ha B AAC, HCnOJlb30BaHHe 

aJIbTepHaTHBHbIX JlHHHH H p5I,LJ, ,LJ,pyrHx BonpocoB. 0630P HanHcaH npo<peccHOHaJlbHO, 

YeTKO, JlaKOHHYHO. OH OXBaTbIBaeT Bce OCHOBHble np06J1eMbI, KOTOPbIM nOCB5ImeHa 

,LJ,HCCepTaU:IDI, ,LJ,OCTaTOYHO nOJlHO xapaKTepH3yeT <pYH,LJ,aMeHT, Ha KOTOPOM OHa CTPOHTC5I. 

ITpaB,LJ,a, 06bIYHO 0630p 3aKaHYHBaeTC5I nocTaHoBKoH 3a,LJ,aYH HCCJle,LJ,OBaHH5I - B ,LJ,aHHOH 

,UHccepTaU:HH :Horo He C,LJ,eJlaHO. ITO-BH,LJ,HMOMY, aBTOp CYHTaeT, YTO :na 3a,LJ,aYa 

C<P0PMYJlHpOBaHa B HaYaJIe pa60TbI, YTO B 3HaYHTeJlbHOH Mepe COOTBeTCTByeT 

,UeHCTBHTeJlbHOCTH. 

BTOpa5I rJlaBa ,LJ,HCCepTaU:HH nOCB5ImeHa )KCnepHMeHTaJIbHOH ou:eHKe BJlIDIHIDI 

Pa3J1WIHhIX <paKTOPOB Ha napMeTpbI 3eeMaHoBcKoH KOHu:eHTPaU:HOHHOH KpHBOH. C 

u:eJlblO ou:eHKH HeO,LJ,HOpO,LJ,HOCTH pacnpe,LJ,eJleHH5I aTOMOB B neYH B,LJ,OJlb ee BepTHKaJIbHOH 

OCH 6bIJlH H3rOTOBJleHbI rpa<pHTOBble ,UHa<pparMbI ,LJ,Jl5I OTBepCTHH B KOHTaKTax, yepe3 

KOTopble JlyY CBeTa OT CneKTpaJIbHOH JlaMnbI npOXO,LJ,HT B aToMH3aTop. I13MepeHH5I 

npoBo,UHJlHCb Ha pe30HaHCHOH ,LJ,JlHHe BOJlHbI cepe6pa - 328,1 HM. Ou:eHKa 

HeO,LJ,HOpO,LJ,HOCTH pacnpe,LJ,eJleHH5I aTOMOB B nOnepeYHOM CeyeHHH aToMH3aTopa C,LJ,eJlaHa 

Ha OCHOBe cpaBHeHIDI xapaKTepHCTHyeCKHX Mace ,LJ,Jl5I Pa3J1WlHbIX 30H aTOMH3aTopa. 

YCTaHOBJleI-io, YTO KOHu:eHTpaU:HH aTOMHoro napa B BepXHeH H HH)KHeH 30Hax neYH 

OTJlHyalOTC5I B 1,5 pa3a. I1cCJle,LJ,OBaHO TaK)Ke BJlH5IHHe HeO,LJ,HOpO,LJ,HOCTH H3J1yyeHH5I B 

JlaMnaX nOJlHOrO KaTo,Ua. 

Oco6oe BHHMaHHe y,LJ,eJleHO COHCKaTeJleM HCCJle,UOBaHHlO B cIleKTpe HCTOl.JHHKa 

H3J1Yl.JeHH5I Hea6cop6HpyeMoH oco6eHHocTH O,LJ,HO)JleMeHTHbIX H MHOrO)JleMeHTHblX 

JlaMIl IlOJlOrO KaTO,LJ,a, BbICOKOl.JaCTOTHoH JlaMIlbI, JlaMIl C HeOHOM H aproHoM, HCTOl.JHHKH 

CIlJlOlliHOrO cneKTPa. TaKoe KOMnJleKCHOe HCCJle,LJ,OBaHHe I1.CTOl.JHHKOB H3J1yyeHH5I B 

aTOMHOH a6cop6U:HH BbIITOJlHeHO, nO)KaJIYH, BnepBble. IToKa3aHo, l.JTO OCHOBHbIM 

<paKTOPOM, BJlIDIlOmHM Ha KPHBH3HY rpa,LJ,YHpOBOl.JHbIX 3aBHcHMocTeH, 5IBJl5IeTC5I 

2 



HaJUf4Tle B CrreKTpe HCT01.J:HHKa CBeTa Hea6cop6HpyeMoro H3JIY1.J:eHH5L Bo BCeX 4JIY4a5IX 

CHH)KeHHe ,nOJIH Hea6cop6HpyeMoro H3JIY4eHH5I (YMeHblIIeHHe CrreKTpaJIbHOH lIIHpHHbI 

LQeJIH, YMeHblIIeHHe CHJIbI TOKa, HCrrOJIb30BaHHe OrrTHMaJIbHOrO HCT04HHKa CBeTa) 

rrpHBO,nHT K CHH)KeHHlO CTerreHH KpHBH3HbI rpa,nYHpOB04HOrO rpa<pHKa H YBeJIH4eHHlO 

ypOBH5I o6paLQemur. ABTop ,neJIaeT 060CHOBaHHbIH BbIBO,n, 4TO rrpe,nBapHTeJIbHbIH 

BbI60p HCT04HHKa H3JIY4eHH5I H YCJIOBHH aHaJIH3a rr03BOJI5IeT CHH3HTb B03MO)KHOe 

HeraTHBHOe BJIH5IHHe Hea6cop6HpyeMoro H3JIY4eHH5I Ha ,nOCTHrHYTbIe aHaJIHTH4eCKHe 

XapaKTepHCTHKH. 

[JIaBbI 3 H 4 rrOCB5ILQeHbI rrp06JIeMe JIHHeapH3aUHH rpa,nYHpoB04HbIX rpa<pHKoB B 

3eeMaHoBcKoH AAe C 3TA. ABTop orrHCblBaeT rrpeHMYLQeCTBa JIHHeHHOH 

KaJIH6pOB04HOH 3aBHCHMOCTH, paccMaTpHBaeT pa60TbI rrpe,nlIIecTBeHHHKoB B :nOH 

06JIaCTH, YKa3blBaeT B03MO)KHbIe TeopeTH4ecKHe H MeTo,nH4eCKHe pelIIeHH5I. 3aTeM 

,neTaJIbHO orrHcaH aJIrOpHTM JIHHeapH3aUHH, rrpe,nJIO)KeHHbIH paHee HaY4HbIM 

PYKoBo,nHTeJIeM pa60TbI rrpo<peccopoM b.B. J1bBOBbIM. Ha OCHOBaHHH :nOH 

HH<popMaUHH COHCKaTeJIeM 6blJ1H rrpoBe,neHbI 3KcrrepHMeHTaJIbHbIe HCCJIe,nOBamur. 

I1oKa3aHO, 4TO HCrrOJIb30BaHHbIH . pac4eTHbIH aJIrOpHTM o6ecrre4HBaeT 

y,nOBJIeTBOpHTeJIbHyK> JIHHeapH3aUHlO JIHlIIb B YCJIOBH5IX, Kor,na OCHOBHOH BKJIa,n B 

KPHBH3HY rpa<pHKoB BHOCHT Hea6cop6HpyeMa5I pa,nHaUH5I OT HCT04HHKa CBeTa, 

rrorra,nalOLQa5I Ha ,neTeKTop, a He CaMOrrOfJIOLQeHHe aHaJIHTH4eCKOH JIMHHM. I1oKa3aHO 

TaK)Ke, 4TO ,nJI5I 3JIeMeHTOB C HeCKOJIbKHMH 6JIH3JIe)KaLQHMH pe30HaHCHbIMH JIHHM5IMH (B 

4aCTHOCTH, ,nJI5I Ni) 3TOT rrpHeM He MO)KeT 6bITb MCrrOJIb30BaH. TaKOH rro,nxo,n, KaK 

OTMe4eHO B pa60Te, B eLQe 60JIblIIeH He3<p<peKTHBeH ,nJI5I Tex 3JIeMeHTOB, y KOTOPbIX 

KpHBM3Ha KaJIH6pOB04HbIX KpHBbIX CB5I3aHa C 3aBHC5ILQHMH OT MaCCbI XHMH4eCKHMH 

3<p<peKTaMH. 

Ha OCHOBaHHH H3JIO)KeHHOrO COHCKaTeJIb pelIIHJI YCOBeplIIeHCTBOBaTb aJIrOpHTM 

paC4eTa C TeM, lJTo6bI c,neJIaTb ero 60JIee YHHBepCaJIbHbIM H rrpHro,nHbIM K YCJIOBH5IM 

peaJIbHOrO aHaJIH3a. AJIropHTM BKJIlOlJaeT TeOpeTHlJeCKOe 060CHOBaHHe, BbI60p 

KaJIH6pOB04Horo paCTBopa H rrpoue,nypy IlpOBe,neHH5I H3MepeHHH, BKJI104a5I ee 

3KCIlepHMeHTaJIbHYlO oueHKy. B ueJIOM, 3KcrrepHMeHTbI Ilo,nTBep,nHJIH B03MO)KHOCTb 

Ha,ne)KHOH JIHHeapH3aUHH KaJIH6pOB04HbIX KpHBbIX C rrOMOLQblO Ilpe,nJIO)KeHHOrO 

,nBYXIlapaMeTpH4eCKoro OIlHCaHM5I KOHueHrpaUHOHHOH KpHBOH. OueHKa 

Ilpe,nJIO)KeHHOrO H pa3pa60TaHHoro aJIrOpHTMa JIHHeapH3aUHH 3aBeplIIaeTC5I ero 
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onp060BamieM B YCJIOBI1HX peaJIhHOfO aHaJIl13a, XOTH peaJIhHhIM aHaJII130M 3TOT 

3KCnepl1MeHT Ha3BaTh Tpy,ll.HO, T.K. lJeCh l1,ll.eT 0 rrpl1fOTOBJIeHl111 CHHTe311pOBaHHhIX 

paCTBopOB, a He 0 ,ll.eHCTBI1TeJIhHO peaJIhHOM 06beKTe aHaJIH3a. B ueJIOM aJIfOpl1TM 

rrOKa3aJI Ha,ll.e)KHYlD pa60TY rrpH MI1HHMaJIhHhIX 3aTpaTax BpeMeHH Ha KaJIH6pOBKY. 

):(aHHhIH aJIfOPHTM rrl1Heapl13aUl1H OKa3aJICH YCTOHlJl1BhIM K HaJIHlJHlD HeCeJIeKTHBHOfO 

rrOfJIOlUeHI1H 11 113MeHeHI1lQ CPOPMhI I1Mnyrrhca a6cop6UHH. 

AHaJIH3Y peaJIhHhIX rrp06 TKaHeH )KHBOTHOfO npOI1CXO)K,ll.eHlliI nOCB51lUeH pa3,ll.eJI 

,ll.HcCepTaUI1H 4.7. TIo ,ll.aHHoMY pa3,ll.eJIY MO)KHO C,ll.eJIaTh H OCHOBHoe 3aMelJaHHe rro 

,ll.HccepTaUHH B ueJIOM . C HaweH TOlJKI1 3peHI1H, B ,ll.HCCepTaUHH rro TeXHHlJeCKHM 

HaYKaMT HY)KHO 6hIJIO Y,ll.eJIHTh 60JIhWe BHHMaHHH ee rrpHKrra,ll.HhIM acrreKTaM 

paccMoTpeTh rrOTeHUHaJIhHhle 06beKcThI aHaJIH3a, perrraMeHTHpyeMhle aHaJIHThI, 

MeTpOJIOmlJeCKl1e Tpe60BaHHH H pa3pa60TaTh XOTH 6hI O,ll.HY MeTo,ll.HKY aHaJIH3a, 

,ll.eMOHCTpl1pYlDlUYlD ,ll.OCTHfHYThle pe3yrrhTaThI. K CO)KaJIeHHlD, pa3,ll.eJI 4.7 HarrHcaH B 

H3JIHWHe 06lUeM BI1,ll.e, OH CO,ll.ep)KHT TOJIhKO ,ll.aHHhle rro orrpe,ll.eJIeHHlD Me,ll.H. Ho H 3TI1 

,ll.aHHhle, Cy,ll.H no npHBe,ll.eHHhIM ny6JIHKaUHHM, nOJIYlJeHhI ,ll.pyfHMI1 I1CCrre,ll.OBaTeJIHMH, a 

COHCKaTerrh B lJHCJIO coaBTopOB He BXO,ll.HT. MO)KHO Ha,ll.eHThC51, lJTO B ,ll.aJIhHeHWeH 

pa60Te A.O. ):(hHKOB y,ll.eJIHT rrp06JIeMe rrpHMeHeHI151 CBOHX HaYlJHhIX ,ll.OCTH)KeHI1H 

He06xo,ll.HMOe BHI1MaHHe. 

11, HaKOHeu, B rrraBe 5 aBTopoM B pe3YJIhTaTe TeOpeTHlJeCKOfO H 

3KcnepHMeHTaJIhHOfO I1CCJIe,ll.OBaHHH cpoTOMeTpl1lJeCKOH rrofpewHocTH H3MepeHHH 

MaJIhIX CHfHaJIOB rrpe,ll.JIO)KeH H pa3pa60TaH rrpocToH MeTO,ll., n03BOJIHlDlUHH C rrOMOlUhlD 

nOJIY3MnHpl1lJeCKOfO Bhlpa)KeHHH ynpolUeHHo oueHHBaTh rrpe,ll.eJIhI 06HapY)KeHI1H 

CJIe,ll.OBhIX cO,ll.ep)KaHHH aHaJIHTOB. 

TaKHM' 06pa30M, aBTopoM ,ll.HCCepTaUI1H rrpOBe,ll.eHa TeOpeTHlJeCKaH H 

3KcnepHMeHTaJIhHaH oueHKa BJII1HHHH pa3JII1lJHhIX cpaKTopoB Ha KpHBI13HY 

rpa,ll.YHpOBOlJHhIX fpa¢HKoB B 3eeMaHoBcKoH AAC C 3TA. TIoKa3aHo, lJTO OCHOBHhIM 

cpaKTOpOM, BJIH51lDlUHM Ha CTerreHh KpHBH3HhI fpa,ll.YHpOBOl..J:HhIX 3aBHcHMocTeH, 

HBJI51eTCH HaJIHlJHe B crreKTpe HCTOlJHHKa CBeTa Hea6cop6HpyeMofo H3JIYl..J:eHH51. 

TIpe,ll.JIO)KeH arrfopHTM JIHHeapH3aUHH KaJIH6pOBOl..J:HhIX KpHBhIX BO BceH 06JIaCTH 

H3MeHeHHH a6cop6UHOHHOfO CHfHarra. Pa3BHT ynpolUeHHhlH cmoc06 oueHKH rrpe,ll.erra 

06HapY)KeHH51 rrpHMeHHTeJIhHO K aToMHo-a6cop6UHOHHOMY aHaJIH3Y. 

4 

http:BXO,ll.HT
http:l1,ll.eT
http:Tpy,ll.HO


B )],I1CCepTaUI1I1 )],aHO HOBOe perneHI1e aKTyaJTbHOH 3a)],al.J:l1. Pa60Ta BbITIOJTHeHa Ha 

BbICOKOM HaYl.J:HO-3KCnepI1MeHTaJTbHOM ypOBHe . ABTOpe¢epaT OTpa)J(aeT cO)],ep)J(aHI1e 

)],I1CCepTau.I1I1. Pe3YJTbTaTbI pa60TbI peKOMeH)]'yeTC5I I1CnOJTb30BaTb B aHaJTI1TI1l.J:eCKI1X 

JTa60paTOplUIX, npI1MeWIlOllJ,I1X MeTO)], 3eeMaHOBCKOH AAC C 3TA. Pa60Ta 

COOTBeTCTByeT TPe60BaHlUIM I10JTO)J(eHI151 0 npI1CY)J()],eHI1I1 Yl.J:eHbIX CTeneHeH, a ee aBTOp 

AJTeKCen OJTerOBJ1l.J: ;Qb5lKOB 3aCJTY)J(J1BaeT npI1CY)J()],eHlUI eMY yqeHon CTeneHI1 

KaH)],J1)J,aTa TeXHI1l.J:eCKI1X HayK no cneu.l1aJTbHOCTI1 02.00.02 - «AHaJTI1TI1l.J:eCKa51 XI1MI151». 

Pa60Ta 06cY)J()]'eHa I1 0)]'06peHa Ha 3ace)],aHI1I1 HaYl.J:HO-TeXHwlecKoro COBen 

OT)],eJTeHI151 Kar.reCTBa I1 aHaJTl1TI1KI1 AO «rI1pe)]'MeT» ' ~" fUt,iklfil- 2015 r., 

npOTOKOJT N2 .4. . 

PYKOBO)]'I1TeJTb I1CnbITaTeJTbHOrO 

aHaJTI1TJ1KO-CepTl1cpI1KaUI10HHOrO 
IO.A. KapnoB 

ueHTPa J1HCTI1TYTa «rl1peL(MeT», 

L(OKTOP XI1MI1QeCKI1X HayK, 

QJTeH-Kopp.PAH 

YQeHbIM ceKpeTapb HTC rI1peL(MeTa no B.E. EapaHOBCKa5I 
--~~~~-------

KaQeCTBY, KaHL(I1L(aT TeXHI1QeCKI1X HayK 

A,[l,pec: 119017, r.MocKBa, 


b.TonMaQeBcKI1H nep., ,[l,OM 5, CTp. 1, 


Ten. +7(495) 953-87-91, 


E-mail: karpov@giredmet.ru 
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