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1 HOACHUTEJBHASA 3AIINCKA
1.1 Heap AMCHMIUIMHBI: TOATOTOBKA BHICOKOKBAIU(UIIMPOBAHHOTO CIICIIUATHCTA
XUMHKa B 00J1aCTH CHEKTPAILHOTO aHAIN3a.
3amauyn: U3y4uTh OTOOP W MOATOTOBKY MPOO K aHAIW3y, METOABl pa3JCiCHHS H
KOHLICHTPUPOBAHUS 3JIEMEHTOB, CHEKTPAJIbHbIE METOAbl AHAIN3A: ATOMHO-3MHCCUOHHBIN,
ATOMHO-a0COpPOIIMOHHBIN,  PEHTIeHO(MIYOPECUEHTHBIA W METOABl  MOJICKYJISIPHOUN
CIIEKTPOCKOITHH.

1.2 MecTo aucuMimiiuHbl B cTpykTrype OOIT

Jucunmmmna «CHeKTpalbHbIi aHaIu3 PyA» OTHOCHUTCS K JUCHUIUIMHAM IO BBIOOpPY
yactd, (QopMupyeMOol  ydyaCTHHKaMu  oOpa3oBaTelbHBIX  OTHOmIeHWl  Onoka bl
(b1.B./1B.04.02).

Jliis ocBoeHMsl TUCHMILIMHEBI « CIIeKTpaIbHbIN aHaIu3 NPUPOIHBIX OOBEKTOBY CTYCHTHI
UCTIONB3YIOT 3HAHMS, YMEHUS, HAaBBIKH, C(OOPMHUPOBAHHBIEC B KypCe aHATUTUIECKON XUMHH.

Kypc «CnexTpanbHblii aHaIN3 NPUPOAHBIX OOBEKTOB» TECHO CBS3aH C JPYIMMHU
JUCHUTUTMHAMH: MaTeMaTHKOH, (U3UKOW (ONTHKA), METPOJIoTHEH, (u3nueckol XuMuew,
XUMHYECKON TEXHOJIOTHEN.

1.3 IncunniiuHa HanpasJjeHa Ha popmupoBanue ciaeayromux komnerenuuii: 1K -
4, IIK -5:

IMK-4. CnocobOeH pemath TEXHOJIOTMYECKHE 3a/Iayd, IIOCTABJICHHBIC CICIIHAIHCTOM
Oojiee BBICOKOW KBaIM(UKAIMK, W BBIOUPATh TEXHUYECKHUE CPEACTBA M METOIbI HUX
UCTIBITAHUN, HHAMKATOPAMH JTOCTH)KCHUSI KOTOPOH SIBIISICTCS:

e [IK-4.1. TIIpoBoaWT TMOWMCK H CHCTEMaTH3alMi0 HHPOpMAUKU JUIsi  BBIOOpA
ONTHMAJILHBIX METOJIOB M METOAWK CHUHTE3a M XapakTepu3aluu (yHKIHOHAIHLHOTO
MaTtepuaia (BemecTBa).

e [IIK-4.2. OcymectBisieT moa0Op BEIIECTB W BHIOOP ONTHUMAIBHBIX YCIOBUH MAJist
CHHTEe3a (PYHKIIMOHAIBHOTO MaTepuraja (BEIIecTBa).

o [IK-4.3. IlpoBOoaUT XapaKTEepHU3alMIO TMOJIYYEHHOrOo (YHKIHMOHAIBHOTO MarepHasa
(BemecTBa) GU3HKO-XMMHYSCKHUMH METOJAMHU C HCITOJIb30BAHUEM THUITOBOTO HAYYHOTO
000pyI0BaHUS.

ITK-5. Cnoco0OeH ocCyIIeCTBISATh KOHTPOJb KadeCTBAa ChIPbs, KOMIIOHEHTOB H
BBIMTYCKAGMOH TPOIYKIIMM XWMHUYECKOTO HA3HAYCHHsS TI0J] PYKOBOACTBOM CIICITHAIIMCTOB
0oJiee BBICOKOM KBATH(DHUKAITIY, HHANKATOPAMH JIOCTHKECHUS KOTOPOU SIBIISIETCS:

e [IK-5.1. BoiOupaer MeTOAbI U CPECTBA KOHTPOJIS KAauecTBa, ChIPbsi, KOMIOHEHTOB U
BBIITYCKaeMOI TMPOJYKIMHM XWMHYECKOTO HAa3HAUYE€HUS Ha COOTBETCTBHE TpeOyeMoii
HOPMAaTHUBHOM TOKYMEHTaIUH.

e [IK-5.2. BemomHsieT CcTaHAapTHBIE ONEpalii Ha TUIIOBOM OOOPYIOBaHUH IS
XapaKTEPUCTUKU CBIPbS, NPOMEKYTOUYHOM M KOHEYHOW MPOLYKIUH XHMHUYECKOTO
IIPOU3BOJICTBA.

e [IIK-5.3. CocraBnsier MpOTOKOJBI HCIBITAHUIH, OTYETHI O BBITOJHEHHOH padoTe Mo
3aJaHHOH Qopme.

e [IIK-5.4. OcymecTBiseT KOHTPOJIb TOUHOCTH aHAIUTHUYECKOTO OOOpPYJOBaHUS  Ha
COOTBETCTBHUE TpeOyeMOil HOPMATUBHOHN TOKYMEHTALIUH.

1.4 IlepeyeHp NJIAHMPYEMBIX pe3yJbTaTOB OO0y4eHusi. B pesynpraTe H3ydeHus
JUCLUIUINHBI CTYI€HT AOJKEH
- 3HATh:
e CcTaHJapTHBIE ONEpalyy MO MpeAaraeMbIM METOIUKAM;



e OCHOBHBIC TNpaBWJA BIIAJCHUS 0a30BHIMH HABBIKAMHU MCIIOJIB30BAaHHUS COBPEMEHHOM
arnmapaTypsl IpU NPOBEICHUU HAYYHBIX UCCIIEIOBaHUN;

® OCHOBHBIC METOJBl HCCICIOBAaHMA, M MATEeMaTHYECKOW 0OpabOTKH JTaHHBIX
XUMHUYECKOI0 OKCIIEPUMEHTA,

- YMeThb.:

e BHIOMpATH METOBI TUATHOCTUKHU BEIIECTB U MAaTEPUAJIOB, TPOBOJIUTH CTAHIAPTHBIC
U3MEpPEHHUS;

® T[PUMEHSTh CTAaHJAPTHOE NPOrpaMMHOE OOECIeUeHUE NPU MPOBEICHUU HAYUYHBIX
HCCIICIOBAaHUII;

®  ICIIOJB30BaTh pa3IuyHbIC MOJXOIBI, MIPUMEHSIEMbIC IS 00paboTku
AKCTIEPUMEHTAIBHBIX JTAHHBIX;

- BJAaJeTh:

e HaBBIKAMH IUIAHUPOBAHMS, AHAJIN3A;

e 0az0BbIMM HABbIKAMHM MHCIIOJIb30BaHMS COBPEMEHHOH ammaparypbl IpH
MIPOBEJCHUM HAYUYHBIX UCCIEAOBAHUI MO0 aHATTUTUYECKON XUMMUH;

® METOJAMU PETUCTPAlMd M KOMIIBIOTEp- HOH 0O0palOTKU pe3ynbTaToB
XUMHUYECKOI'0 IKCIIEPUMEHTA.

1.5 O0masi Tpya0eMKOCTh AMCUMILVIMHBI «CHeKTpaJbHbI aHAJIM3 NPUPOTHBIX
00beKTOBY» COCTABISIET 3 3aueTHble euHUITBI (108 4.).

[IporpaMma mpemycMaTpuBaeT HM3ydYeHHE MarepHalia Ha JICKIUAX W JIa0OpaTOPHBIX
3anatuax. [IpemycmorpeHa camocrosiTenbHas paboTa CTYAEHTOB 1O TeMaM M pasjeliaMm.
[IpoBepka 3HaHMI OCyIIECTBISIETCS] PPOHTAIBHO, HHAUBUAYAIBHO.

1.6 O0beM AUCUMIIMHBI U BU/IbI Y4eOHOI 1eATeTbHOCTH
O0beM TMCUMILIMHBI M BUAbI Y4e0HO# padoThI

Buj yueOHoii padoThl Bcero yacos Cemectp 7
OO011as TpyJ0€MKOCTh 108 108
AyIUTOpHBIE 3aHITHUS 66 66
Jlexumn 32 32
JlaGopaTopHble paboThI 34 34
CamocrositenpHas paboTta 42 42
Buj uTOroBOro KOHTpOJIS: - 3ayer

2 YYEBHO - TEMATHYECKOE IINTAHUPOBAHHME
Y4yeOHO-TeMaTHUYeCKUH IIaH

Bcero AyIuTOpHBIE CamocTosn
Ne HaumeHnoBaHue TeM (pa3ieioB) 4acoB 3aHATHUSA TeJIbHas
Jlekuuu | JlaGopaTop pabora
HbIC
3aHATHA
1. | Benenue B aHaiIM3 NPUPOIHBIX MAaTEPUATIOB 1 1
2. |IIpo6ootbop. Bumsr mpob. ['eHepanbHas mpobda u 1 1
e€ pazzenka
3. |IIpoGomoaroroBka. MeTOabI BCKPHITHS TIPOO. 2 2
[Tpo6onoaroroBka TBEPABIX MOJIEZHBIX
MCKOIMAEMbIX Ha MEPBOM CTaJANH. 3 2 2
[Tpo6onoaroToBKa HEOIUTOB K HOHHOMY OOMEHY. 3 2 2
Omnpenenenre KOMMYECTBEHHOTO COIEPKaHUS
LIEOJINTOB B MOPOJIAX. 4 2 2




Kucnornoe BckpoiTue ams onpeneneaus N2O,
K20, P20s merogom ADCA ¢ HHIYKTUBHO
CBSI3aHHOU IIIa3MOMH.

MeTOI[H pasaciICHuAa U KOHICHTPHUPOBAHUA
9JICMCHTOB

OcCHOBHEBIE TECOPCTUUCCKHUEC ITOJIOXKCHUA
CIICKTPAJIbHOT'O aHAJIM3a. ®OU3NYECKUE OCHOBBI
CIICKTPAJIbHOT'O dHAJIN34d

HNctounukn B036y)K,HeHI/ISI ATOMHBIX CIICKTPOB

CnekTpasbHble TpHOOpHI

CriocoObl perucTpaluy U AETEKTOPbI U3ITYUSHHS

© o N|e

MeTto1bl aTOMHO-PMHUCCUOHHOM CIIEKTPOCKOIIUU.
Onpenenenne coaepxkanust N2O, K>O B ropHbIx
noponax u pyaax merogoM ADCA ¢ MUHAYKTUBHO
CBSI3aHHOM IIJIa3MOM.

OrmpezenieHne coAepX aHUs 30J0Ta  METOJIOM
ADCA c ucnapenuem

[TomyKoMMYeCTBEHHBIN aHAIN3 TC€OXUMUUYECKHUX
npo0  aTOMHO-’MHCCHOHHBIM  METOJIOM  C
MPOCBINKOU

S

Rk

10.

ATOMHO-a0COpPOLIMOHHBIA aHANW3: (HU3NYECKUe
OCHOBBI, MCTOYHHKH PE30HAHCHOTO W3IYYCHUSI.
AToMu3zanus mpoObl B TUIAMEHH
OnpeneneHue MaccoBbIX JoJiell cepebpa B
npo0ax  30J0TOCOJACPKAIIUX Pyl  METOAOM
IJIAMEHHOM aToMHOM abcopOuuu

11.

ATOMHO-a0COPOLIMOHHBIN aHAIH3 C
ANMEKTPOTCPMUICCKUMU CIIOCOOAMHU aTOMHU3AIHH
poOBI.

Omnpenenenue Au, Pt, Pd, Rh, Ir, Ru B ropasix
MOpOoIax, pyax, MPOayKTaxX UX MepepadoTKH,
MOYBaxX METOJOM aTOMHOM aOCOpOIUH C
ANEKTPOTEPMUYECKOM aTOMH3AINEH MPOOKI

12.

Peructparus aHaTUTHYECKUX CUTHAJIOB U
CIOCOOBI TPayUPOBKH aTOMHO-a0COPOIIMOHHBIX
CHEKTPOMETPOB. AMMapaTypa B aTOMHO-
a0COPOITMOHHOM aHAJIN3E

13.

PentrenodayopeciieHTHbIN aHaIu3: GU3NUECKue
OCHOBBI. CTIEKTPOMETPBI U HCTOYHUKHU
BO30YXJI€HUs] pEHTTEHOBCKOM (piryopeciieHuuu

14.

JIeTeKTOpBI, CUCTEMa PETHCTpAIliU U amnmapartypa
s POA. Cnocobsl POA, moaroroBka mpob K
aHAIIN3Y

Omnpenenenue maccoBoil konnentpauuu Fe, Ti, V
B TOPHBIX opoJIax u pynax
pEHTTeHO(ITYOPECIIEHTHBIM METOAOM

15.

MonekynspHas CIIEKTPOCKOITHSL. OCHOBBI
abcopOumoHHOll cnekTpogoromerpun B YO u
BUIMMOH 00J1aCTAX.

OmpeneneHne coepKanus XpoMa B CTOYHOM
BOJIE CLIEKTPO(YOTOMETPUIECKIUM METOJIOM Ha




cnektpodoromerpe CD-46. 4 2 2
Onpejenenue coaepxkanns Mn?* B mpupoaHBIX U
CTOYHBIX BOJaX METO/IOM CIEKTPO(POTOMETPHH 4 2 2
Ha KOK -3M.
Onpenenesne KHHETUKN HOHHOTO 06MeHa Fe** na 4 2 2
LEOJIMTAaX METOAOM CIEKTPO(HOTOMETPUH HA
K®K-3M. 4 2 2
Wccnenopanue paBHOBecus KatuoHos Pb?" na
[EOJUTAX CIEKTPOPOTOMETPUUECKIUM METOIOM
16. |MonexynsipHas criekrpockorus: UK- 2 2
CIIEKTPOCKOIUS U CLIEKTPOCKOIUS
KOMOWHAIIMOHHOTO PACCESHHUS. 5 2 3
OmnpeneneHue CTPOEHUS HEU3BECTHOTO
OpraHn4eckoro Beuiectsa metoaom MK-
CIIEKTPOCKOIIUH.
Hroro 108 32 34 42
HNuTepakTHBHOE 00YUYeHHE N0 TUCHHIJIHHE
Ne HauMenoBanue Bun dopma KoanuecTBO
TeM (pas3/ielioB) 3aHATHA HHTEPAKTUBHOIO 4acoB
3aHATHA
1 | BreaeHue B aHAIM3 IPUPOTHBIX JIK [IpocmoTtp u 1
MaTepUajoB o0cyxaeHne
BUJICOPUITEMA
«/loObIua MeTamioBy»
2 | IIpo6ooTbop. Bumst mpob. JIK [TpocmoTtp u 1
I'enepanbHas npoba u eé o0cyxieHue y4eOHOro
paszaenka BHIEO(DUIbEMA
«I[Ipo6ooTbop»
3 | IIpobGomoaroroBka. MeToabt JIK [TpocmoTtp n 2
BCKPBITHUS P00 o0cyxieHue yueOHoro
BUJICOPHIIbMA
«IIpobonoaroToBKa»
4 | OcHOBHBIE TEOPETUUYECKHE JIK IIpocmotp n 2
MOJIOKEHUS CTIEKTPATILHOTO o0cyxieHue y4eOHOTo
aHanu3a. PU3nYECKre OCHOBBI BUJICOPHIIbMA
CIEKTPAJILHOTO aHAJIN3a «Omneparus ['enuit.
OTtkprITHE
CIEKTPAIILHOTO aHAJIN32»
5 | CnekrpanbHble IPUOOPHI. JIK IIpocmotp n 2
CrniocoObl peructpayu u o0cyxieHue yueOHoro
JETEKTOPHI N3ITyYCHHS BUZCOPUITEMA
«CriekTpasibHbIe
puOOpbI»
6 | Metozsl pa3aeneHus u JIK Jlekuus-nuckyccust 2
KOHIICHTPUPOBAHUS
7 | Meroasl aTOMHO-3MHUCCHOHHOM JIK Jlexuus ¢ ommbkamu 1
CTHIEKTPOCKOITHH.




8 | AtomHO-aGCOpOIMOHHBIN JIK Jlexuus-guckyccus 1
aHanu3: (PU3NYECKHE OCHOBHI,
UCTOYHUKHU PE30HAHCHOTO
U3Iy4YeHuUs

9 | MonekysipHasi CHEKTPOCKOIIHSI: JIK Jlekuus-nuckyccust 2
HK-cniekTpockomnus u
CIIEKTPOCKOIIHS
KOMOMHAIIMOHHOT'O PACCEsIHUSI

10 | AToMHO-ab6COpOIIMOHHBIN aHAIN3 JIK [TpocmoTtp u 1
C 3JIEKTPOTEPMUYECKUMHU o0cyxieHue yueOHoro
croco0amMu aTOMHU3AIUH TPOOBI BUZCOPUIBMA

«DNEKTPOTEPMHUIECCKUI
Croco0 aToMH3aIuu
poOBI»

11 | Perucrpauus aHaIUTUYECKUX JIK IIpocmotp n 1
CUTHAJIOB U CITOCOOBI 00cyxaeHue yueOHoro
rpaJlydipOBKH aTOMHO- BUACOPMIEMA
a0COpPOLIMOHHBIX CIIEKTPOMETPOB. «ArmnmnapaTtypa B aTOMHO-
Amnmnaparypa B aTOMHO- abcopOLIMOHHOM
abcopOLIMOHHOM aHaIM3e aHaJmn3e»

12 | PentrenodmyopeceHTHBIN JIK Jlexuus ¢ ommbkamu 2
aHaIu3: GU3NYECKUE OCHOBBI.

CrieKTpoMeTpsl M HCTOYHHUKH
BO30YK/I€HUS] pEHTTEHOBCKOM
(bayopecueHIun.

JleTeKTopsl, cucreMa
perucTpanyy | ammaparypa s
PDA. CnocoObl POA,
MOATOTOBKA MPOO K aHAIU3Y

13 | OnpeneneHure KUHETHKH JIb Pabora B ManbIx rpynmnax 2
noHHOro 06Mena Fed* na
LEOJUTAaX METOAOM
cnekrpodoTomerpun Ha KOK

14 | Onpenenenue CTpoeHUs JIb Pabota B ManbIx rpynmnax 2
HEM3BECTHOTO OPTaHHYECKOTO
BeniecrBa Meronom MK-

CIIEKTPOCKOITHH.
UTOTrO 22

3 COAEP/)KAHME TEM (PA3JEJIOB)
Tema 1
Lenu u 3anaun kypca. [ToHsATHE «CTIEKTpaIbHBIN aHATN3», KJIacCU(UKAIU €ro THIIOB.
OcHoBHbIE TI0N0KEeHNA. (OCHOBHBIE XAPAKTEPUCTHKM YpOBHEH HHeprun. OCHOBHBIE
XapaKTepUCTUKU CIEKTpaJbHbIX JIMHUH. EcTtecTBeHHOoe ymmpenue. JlopeHTueBckoe
yimpenue. JlonnepoBckoe yuipenue. baza onopHbIX ClieKTpalbHBIX JaHHbBIX.
Tema 2
IIpo6ooT0op. DTamsl aHamuTUYECKOTO HccienoBanus. [lonstue mpoba. Buabl mpo0:
reHepalbHasi, IPOMEXYTOUHas1, TOTOBasi, JlabopaTopHas (macrmopTHasi), KOHTpoibHas. Oouue
CrocoObl KOHCEpPBUPOBaHUS M XpaHeHHUs mpoO. Pabouuit mnan mpo6ootdopa. IIpoTokon
npobooTdopa.




IIpo6ooT6op  chimyunx marepuanoB. [IpUuuHBI HEOIHOPOJHOCTH  CBHITYYHX
martepuaioB. [eHepambHas mpoba W e€ pasjenka: H3MeIbUYCHUE, IepeMeIInBaHue,
cokpaiuenue, cyuika. CokpauieH1e npoobl METOJOM KBapTOBaHMSL.

[Ipo6ooTOOp MeTauioB, LUIAKOB M TEXHOJOTMYECKHMX PacTBOPOB. Y CIOBHUS
IPaBUIBHOTO OTOOPA MPOOBI )KUIAKOTO METa/lIa [0 XOLY MJIaBKH. M3II0KHUIIBI U «CKpAIHHAY.
ABTOMaTH3UPOBAHHBIN 30HAOBBIN crmoco0d otbopa. IlpaBuna orGopa mpoOBI TBEPAOTO
metasuia. CBeprieHue, BbIpyOaHue, paclniuBaHue.

[Tpo6ooTOOp MeTamuIoCOAEpIKAIEr0 BTOPUYHOTO ChHIPhS, IOBEIHPHBIX CIUIABOB U
U3JeNuii, TBEPIOro TOILIMBA.

Ocob6ennoctu ipobooTdopa razoB. OTO6OpP OoNbIIMX W HEOOIBIIMX MPOO Taza. OTOOP
po0 B ABaAKyHPOBAHHBIE COCY/IbI.

[Tpo6o0oTOOP KHUIKOCTH, MOMYXKUAKUX MATEPUAIOB, PEAKTHUBOB M 0OCO00 HHCTHIX
BeriecTB. OTOOp o0 NMpH ONPEAETCHUN «CIEI0BY.

[Tpo600TOOP 0OBEKTOB OKPYKAIOMICH CPEIIBI.

[Ipo6ooTbop BO3ayxa. OcobenHoctu mpobooTOOpa arMochepHOro BO3AyXa H
IIPOU3BOJCTBEHHONW BO3IYIIHOM cpeabl. ACIMpPAlMOHHBI M BaKyyMHBIM MeToAbl OTOOpa.
XapakTepuCcTUKa TBEPABbIX aJCOPOCHTOB MpU MPOOOOTOOpPE MNPOMBIIUIEHHOTO BO31yXa.
Konctpykuuu copOImoHHBIX yCTpOHCTB. CIIOCOOBI H3BJICUSHHS a1COPOMPOBAHHBIX BEIIECTB.

ITpo600T6Op NPUPOAHBIX U CTOYHBIX BOA. I'JTaBHBIE MPUHLUIIBI TPU OTOOpPE MPOO BOJ
pasHbIXx TUMOB. Buasl orbopa mpoOd BOABI: pa3OBBIH, NEPHOAWYECCKHMA, PETYISIPHBIN.
OcobenHoctn oTOOpa MpoO CTOYHBIX BOA U NUTbeBOM Bojbl. [IpaBmiia odopmieHus
otroOpaHHbIX P00 Bobl. KoHCEpBHUpOBaHUE U XpaHEHUE TPOO BOIBI.

IIpo600oT6Op 1MOUB, paCTeHUH, NbUIH, OBITOBBIX U MHYCTPUAIbHBIX OTXOO0B.

Tema 3

IIpo6onoaroroBka. Metoas! BCKpbITHs Npo0. Paznoxenue (pa3Bai) aHaIU3UPyEMbIX
po6. «MoKpeIe» crocoObl pa3nokeHus: 00paboTka MUHEPAILHBIMU KHCIOTaMH, 00paboTKa
OpPraHMYeCKUMH KUCIOTaMH, 00paboTKa BOJHBIMU paCTBOpPaMu cosiei u ocHoBaHUU. «Cyxue»
CHOCOOBI Pa3JI0KEHHUs: CIUIABIICHHE CO IICJIOYHBIMH TUIABHSMH, CIIABICHHE C KHUCIOTHBIMU
IUIaBHSIMH, DPAa3JIOKEHUE CIIEKaHUEM, pPa3JIoKEHHE IPU HAarpeBaHUM C COJIIMH aMMOHUS.
CrieruanbHbIe METOJIBI: TEPMUYECKOE Pa3IOKEHHE, Pa3JIOKEHHE C UCIIOIb30BaHUEM HOHHUTOB.
CrienuanpHble METOJIbl PA3JIOKEHUs: aBTOKJIABHAs M MHUKPOBOJIHOBAs IMPOOOIOJTrOTOBKA.
Paspymienne opraHuueckux BemlecTB (MUHEpanu3alus MpoObl): «CyXHe» CHOCOOBbI,
«MOKPBIE» CIIOCOOBI.

Tema 4

Metoabl pa3iejeHHs] U KOHUEHTPHPOBAHMS 3J1eMeHTOB. MHIUBHIyadbHOE H
TPYNIIOBOE KOHIEHTpUpOBaHWE. AOCOTIOTHOE ¥ OTHOCHTEIBHOE KOHIICHTPUPOBAHUE.
VY nanenue MaTpullbl U BblAEICHHE MUKPOKOMIIOHEHTOB. KoinuecTBeHHBbIE XapaKTEPUCTUKU
KOHIICHTPUPOBAHMUSI.

Mertoabl ocaxaeHHs. MeToabl COOCaXJIEHUS: SBJICHUE aJICOPOLUU M OKKIIIO3MH,
COOCaX/ICHUE C KOJIEKTOPOM.

Metoa 5KCTpakIuu: NOHATHE 0 K03 (DUILIMEHTe pacTpeeNIeHHs, CTETIEHU U3BJICYCHHUS,
dakTope pasfeneHus, TUIBl OKCTPAKIMOHHBIX CHCTEM: MOJEKYJSPHBIE COCIUHEHUS,
BHYTPUKOMIUIEKCHbIE ~ COCJUHEHHS, HMOHHBIE  acCOLMAThl;  METOABl  KOJOHOYHOH
OKCTPAKIMOHHOW XpoMaTorpaduu; MPEUMYIIECTBO JKCTPAKIIMK pacIUlaBaMH;, amrmaparypa
HKCTPAKIUH.

CopO1noHHbIE METOAbl KOHLEHTPUPOBAHUS: (PU3NYECKHe cOpOLUsS U XeMOCOpOIHS;
pasHble  CIOCOOBI  OCYIIECTBIEHUS  COPOIMH: CTaTUYECKUH,  TUHAMHUYECKHH,
Xpomarorpaduyeckuii; XapakTepUCTHKa COpPOEHTOB: HEOPraHMYECKHE W OpraHHYECcKUe,
HPUPOJIHBIE U CUHTETHUECKHUE TTOJIMMEPbI, HOHUTHI.

MeTo/ CeleKTUBHOTO PaCTBOPEHHSI MATPHUIIBL.

Juctunnsanus, cyOnuManmuss ¥ pPOJACTBEHHbIE  METOJbI:  MpocTasi  OTrOHKa
(BbINapuBaHue), pPeKTU(UKALKSA, MOJIEKYJISpHAs TUCTWIUIALUS (AUCTWUISLIUS B BakyyMe),
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cyOnumanusi (BO3rOHKa), METOJ TEPMHUYECKONM OTIOHKM OCHOBBI, BaKyyMHas ILJIaBKa C
MIOMOIIIBIO 3JICKTPOHHOTO ITy4Ka, IEpPEeroHKa NpH MOMOIIM XHMHUYECKMX TPaHCHOPTHBIX
peaKIui.

[Mupomerammyprudeckue METOAbl: MUPOMETALIYPTUYECKOe IIIAKOBAHUE, METO/]
KOHIIEHTPUPOBAHHUs, MPOOMpHas IUIaBKa;, MPOOMpHBIA aHanu3 (ompeaeiacHue AU u AQ):
IIMXTOBaHHWE, IUIaBKa (TUTeNbHas, IuepOepHas), KyIleIupoBaHUE, pa3BapuUBaHUE,
onpenenenue AU u Ag.

KpucranmuzanuoHHble METO/IbI: HAIPABICHHAS KPUCTAIUIM3ANMS U 30HHA IIJIaBKa.

Meroas! hunbrparuu, muddysuu u Tepmoauddys3uu.

Paznenenue u 04MCTKA B TPaBUTALIIOHHOM M0JIe: (GMIIBTPALUS U HEHTPUPYTHPOBAHUE
(mepexpucTauIM3asl B LEHTPOOEKHOM  mose). Bpibop MeTona KOHIEHTPHUPOBAHUS.
Texuuueckoe oopmiieHne KOHIEHTpUpoBaHusi. OCOOEHHOCTH KOHIICHTPUPOBAHUS B PAa3HBIX
METOJIaX aHaIH3a.

Tema S

OcHOBHbIE MapaMeTpbl DJIEKTPOMAarHUTHOIO HU3IYUYEHUS: 4YacToTa, CKOPOCTh
pacrpocTpaHeHHs CBeTa B BaKyyme, JJIMHA BOJHBI, BOJHOBOE YHCIO, CIEKTD,
SHEPreTUYeCKH TMOTOK, OCBEUIEHHOCTh, SPKOCTh HCTOYHHMKA B JaHHOM HaIlpaBJICHUU,
WHTCHCUBHOCTh CIIEKTPAJIBHBIX JIMHUHA, IIMPUHA CHEKTPAJbHBIX JIMHUN: E€CTECTBEHHAS
HIMpUHA JIMHUMA, JOMJIEPOBCKas IIMPUHA JIMHUKW U yAapHOE (JIOPEHTIEBCKOE) YIIHpPEHUE,
HKCTIO3HIIHSI.

DHepreTuyeckue YpOBHH. OHEPreTHYeCKHe YPOBHU sIiep, KOHJIEHCUPOBAHHBIX
CHCTEM, DJIEKTPOHHBIE SHEPreTUYECKHe YPOBHH, KojeOaTelbHbIe, BpallaTelbHbIC YPOBHH
MOJIEKYJI, YPOBHU TOHKON CTPYKTYPBI, YPOBHH CBEPXTOHKON CTPYKTYPHI.

CucremMaTika aTOMHBIX CIIEKTPOB: OJHO - H JIBYXAJIEKTPOHHBIE CTIEKTPBI SJIEMEHTOB C
BHEIIHEH S-000JIOYKOH, CHEKTPHI AJIEMEHTOB C 3aMOJIHSAIOIUMUCS U 3alOJHEHHBIMH P-
000JI04KaMU, CIIEKTPBI AJIEMEHTOB C JTocTpanBaromumucs d- u f-odonoukamu.

duznyeckue OCHOBBI aTOMHO-3MHCCHOHHOTO CHEKTPAIBLHOTO aHanms3a:
MHTCHCUBHOCTh CIEKTPATbHON JHHUM, JUCCOIMAIUS XUMHYECKHX COCIWHEHHNA, HOHHU3AINS
aTOMOB, YypaBHEHHMe OamaHca CBOOOJHBIX aTOMOB, NPUHILHUII BHYTPEHHErO CTaHIapTa,
MaTeMaTHYECKUE MOJIEIH IPaayupOBOYHON KPHBOM, MaTpUIHBIE d(()EKTHI.

Knaccugukanus creKTpoCKONMUYECKUX METOJOB: MO TUIYy ONTHYECKUX SIBICHUH, B
COOTBETCTBUHM C JHUAIla30HAMH JHEPTUU SJIEKTPOMATHUTHOTO H3IIyYEHHS, 10 H3y4aeMbIM
o0beKTaM. MeToJibl ONTHYECKOW CIEKTPOCKOMMM: aTOMHO-3MHCCHOHHBIA (ADC), aToMHO-
dayopectientHeii  (ADPC), aromuo-abcopoumonnsiii (AAC). Mertoasl pEeHTTEHOBCKOM
CHEKTPOCKONUM: PEHTIT€HOIMUCCHOHHBIN aHau3 (PDA), peHTreHo(1yo-peclieHTHbIN aHaIn3
(P®A), penrrenoadbcopobunonnsiii (PAA). Meroabl 3JIEKTPOHHOM  CHEKTPOCKOIHUH:
peHTreHoBckuil potornekTpoHHbli (POIC) u oxe-snexrporHsii (OIC) MeToabI.

Tema 6

DneKkTpudeckas Ayra MOCTOSHHOTO TOKA. DJIEKTPUYECKHE XaPaKTEPUCTUKH TyTOBOTO
paspana. OCHOBHBIE MapaMeTphl IUIa3Mbl JyTM MOCTOSIHHOTO Toka. lcmapenue mnpoOsbl.
ATomu3anus BelecTsa.

HuzkoBonbTHAas aKTHBU3MPOBAaHHAs Jyra IEpPEeMEHHOIo TOKa. BbICOKOBOJIbTHAs
KOHJICHCHPOBaHHAs HCKpa. IHTEHCHBHOCTD CIEKTPAIbHOM JJMHUU B HCKPOBOM paspsizie.

[Tnasmotpon. Ilpunuun paboTsl 1a3MoTpoHa. TemmepaTypa | 3JEKTpOHHAs
KOHIICHTpalus. BiusHIe HEKOTOPHIX TapaMeTPOB HAa MHTEHCUBHOCTD CTIIEKTPAITBHBIX JIMHUH.

Hckpossie ucrounuku. I'eneparop UBC-28.

Onektpossl. JIBa criocoba X MPUMEHEHHS: «TOYKA K TOUKE» U «TOYKA K TUIOCKOCTH.

ITnamena. Crpykrypa mnameHud. TemmepaTypa u cocTaB. M3iaydeHue miameH.
@DakTopkl, BIUSIONIE Ha TAPOOOpA30BaHNE M ATOMU3AIINIO BEIIECTBA.

I"a3opa3psiaHbie TpyOKH MOHMKEHHOTO naBienus. [lonslii katon. Mcnapenue npoosl.



BbIcOKOUacTOTHAs WMHAYKTUBHO CBsA3aHHAass aproHosas IuiasMa. (CxeMa Tropeiku
BBICOKOYACTOTHOM MHIYKTHBHO CBS3aHHOM aproHoBoH Iutasmel. Mcnapenue, atomMu3anus
poObl U BO30YX/I€HUE CIEKTPOB UCIyCKaHMs. JnarHocTuka miuasmMbl. AHAINTHYECKUE 30HbI
B UCIL

CBepXBBICOKOYACTOTHBIN MUKPOBOJIHOBBIN pa3psi.

JlazepHble HCTOUHUKHU BO30Yy ) aeHUs. Thneromuii pa3psia. AHaATUTHYECKOE TIPUMEHEHNE
MCTOYHUKOB aTOMU3ALIHH.

Tema 7

OCHOBHBIE YacTU CHEKTPaJIbHOIO MpuOOpa: BXOAHAS LIeib, OOBEKTUB KOJIIMMATOPA,
JUCTIEPTUPYIOMINHN 3JIEMEHT, (POKYCHPYIOLINA OOBEKTHB.

Hucneprupyrommii sseMeHT. [Ipusma. [lokasaTtens mpenoMieHUs U TEOpPETHUYECKas
paspemiaronas crnocoOHOCTh Mpu3Mbl. Ju(ppakiMOHHBIE pPEHIeTKH. YTIOBas IUCHEpPCHs,
cBoOOHass 00NacTh [JUCHEPCHMM M pa3pellaronias CIOCOOHOCTh PELIETKH. OJIEMEHT-
oTpaxatomas audpaknuonHas pemerka ani WK oGmactu.  Dmiemne-oTpaxarenbHas
JU(pPpaKkLMOHHAs pellieTKa, 00ecreunBaroIias KOHIEHTPAaLKo JTU(dparupoBaHHOTO U3MEPEHUS
B criekTpax Beicokux nopsakoB (K = 70+150). Hexnaccuueckue nudpakiiHOHHBIC PEIIETKH.

Crunockornel u  ctuiioMerpbl .Ctunockon Iu(PaKIMOHHBIM CTAlMOHApHBIA U
MEPEHOCHOW CTHJIOCKOII.

Cnexrporpadsl. Ilpusmennsie cnexktporpadsl. JludpakunoHHble crneKkTporpadsl.
Crektporpadsl CO CKPEIICHHON AUCIICPCUCH.

CriekTpoMeTpsl. MHorokaHaibHbIE CIIEKTPOMETPBI. Ckanupyronye
(mocnenoBarenpHble) crneKTpoMeTpbl. KoMOMHMpOBaHHBIE CHEKTPOMETpbl. MoOuibHbIE U
IIEPEHOCHBIE CIIEKTPOMETPHI.

Tema 8

Busyanshbeie cnocoOsl perucrpauuu. dotorpaduueckue crnocodbl PerucTparyi.
I'omoxpomHuas dotomerpus. I'erepoxpomuas QoromeTpusi. POTOINEKTPHUECKUE CHOCOOBI
peructpanvu: (OTOIEMEHTHI, (POTOITEKTPOHHBIE YMHOXXUTENHU, 3JIEKTPOHHO-ONTHYECKUE
peoOpa3oBaTe, MHOTO3JIEMEHTHBIE TBEPAOTEINBIE (POTONIEKTPOHHbBIE AETEKTOPHI (AUOAHbBIE
u I13C — nuneliku 1 MaTpuiel). OCHOBHBIE IPEUMYIIECTBA MHOIOJIEMEHTHBIX TBEPAOTEIBIX
(OTORIIEKTPOHHBIX JETEKTOPOB.

Tema 9

Crnekrporpaguueckre MeToapl aHanu3a. KauecTBeHHBIH crekTporpaduyeckuit
aHanmu3. [lomyKoaMuecTBeHHBIH aHaiaM3: Cnoco0 CpaBHEHHUs CIIEKTPOB, CIOCOO MOCIETHHX
JUHUN, CrOco0 TOMOJIOTMUECKUX TMap JIMHUM, CIOCO0 CTYMEHYaTOro OCJa0JeHUs JIMHWM,
croco0 M3MepeHHs IUpUHBI JUHUM. KomuuecTBeHHBIM aHamu3: crmocod TpexX 3TaloHOB,
croco0 TOCTOSIHHOTO Tpaduka, cmocod «HyJeBoro oOpasila CpaBHEHHUS», CIOC00
3JIEMEHTHBIX J100aBOK, CIOCOO OMOPHBIX 00PA3I0B CPaBHEHHUS, CIIOCOO BHEIIHEro CTaHAapTa
(cmoco6 B. B. Xoxiopa), yu4€T WU3MEHEHHUS COJACpPXKAHUA DOJIEMEHTAa CpaBHEHUS.
ITonmyKOIMYeCTBEHHBIN aHAIN3.

Komruiekc aBToMaTu3upoBaHHbIN 1 BO30Y:K/I€HUSI SMUCCHOHHBIX criekTpoB AKBOC
(IpOCBINIKA): Ha3HAUYEHUE, TEXHUYECKHE JaHHbIe, COCTaB W3JENus, CTPYKTypHas CXema,
YCTPOMCTBO M paboTa COCTaBHBIX YacTel W3/eiusi, KOHCTPYKIMs. TexHuka Oe30MacHOCTH.
OrneHka COOTHOIIEHHUS! MHTEHCUBHOCTH CIIEKTPAJIbHBIX JTMHUM BU3YaJIbHO.

Hctounuk Bo30yxnaeHus crnekrpoB NMBC-28: HazHaueHWe, TEXHUYECKHE JaHHBIE,
CTPYKTYpHasl CXeMa UCTOYHMKA, COCTaB U3/IENUs, YCTPOMCTBO M MPUHIIMIT pabOTH COCTaBHBIX
yacTe wu3nenusi, KoHcTpykuus. IIporpammuoe obGecneuenue wuszgenus. OOpaboTka
pe3yabTaroB. [IpaBuia TeXHUKH OE30MACHOCTH.

CnektpomeTpuyeckie MeToAbl aHaiu3a. (OCHOBHBIE TIOJIOKEHUS CHEKTPOMET-
puueckoro aHanuza. IIpuHIMIBI pabOTHl CIEKTPOMETPUUECKUX MPUOOPOB: (POTOMETPOB CO
cBeTopuibTpamMu (IJIaMEHHbIE (OTOMETPBI) U CHEKTPO(YOTOMETPOB, MOCTPOCHHBIX Ha Oa3ze
MOHOXpoMaTopa. BbIOOp ONTUMAaNbHBIX HSKCHEPUMEHTAIbHBIX YCIOBHM M MpPUMEHEHHE
npuOopoB A (HOTOMETPUH IIJIAMEHH.
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MeTtonbl  ONTHYECKOW SMHUCCHOHHOW CIEKTPOMETPUU C HHAYKTUBHO CBS3aHHOU
wiazmoii (MCIT-O2C).0O6mas xapakrepuctuka NUCIT-O23C: UCII-pa3psia, OeTeKTUpPOBaHUE
SMUCCHH, U3BJIeUeHne nH(popMalnu, padoune xapakrepuctuku, posib MCII B ananuTrueckoi
naboparopuu. IIpudopsr UCIT-ODC. OcHOBHbIE KOMIIOHEHTHI M CX€Ma TUIHUYHOTO Mpudopa
NCII-O3C: pacnbliuTend, paclbUIMTEIbHbIE KaMepbl, ajJbTePHATHUBHBIC METOJbl BBOJA
npoObl; TeHepaluMsi HSMHUCCUM: TOpEJIKM, pPaJuOyacTOTHBIE TIE€HEpaTopsl; cOop U
JNETEKTUPOBAHUE SMUCCUU: MpeJaromiasl ONTHKa, YCTPOMCTBO JUCIEPTUPOBAHUS O JJIMHAM
BOJIH, JIETEKTOpHI, mpuoopHoe obecneuerne MCIT-ODC ¢ smienie-pemerkamMu, COBPEMEHHBIE
MaTpUYHBIC JETEKTOpPHI; 00pabOTKa CHUTHAJOB M yHOpaBJICHHE MpuOopoM: o0paboTka
CHUTHAJIOB, KOMIIBIOTEPHl M TIPOLIECCOPHI, MPOTPaMMHOE OOECIIeYeHHE; OTOIHUTEIbHBIC
npuctaBku UCII-OOC: aBTomo3aTopbl, mpucTaBku BBoAa poosl. O630p metomonoruu MCII-
0oC.

Tema 10

@usnuecKkue OCHOBBI aTOMHO-abcopOIHoHHOrO Metoga. CnocoObl  M3MepeHus
aTOMHOTO mnoriomnieHus. Pa3nuume MeTronoB aToMHOM abcopOUUMU M aTOMHOM SMHUCCHUHU.
VICTOYHHMKM pPE30HAHCHOTO M3IIyYeHHUs: JaMIlbl C TOJBIM KaToaoM, Oe33JIeKTPOIHBIC
BBICOKOYACTOTHBIE JIAMITbI, HCTOYHHUKH CILIOIIHOTO CIIEKTPA.

Cxembl aTOMHO-a0COpPOLIMOHHBIX CIIEKTPOMETPOB: OJIHOJIIY4YEBOW  CIIEKTPOMETP,
JBYXJIyYEBOU CIIEKTPOMETP, CXEMbI yu€Ta HECENEKTUBHOTO OTJIOIICHHUS.

Meton aroMHO-aOCOpPOLIMOHHOIO aHaiu3a C aToMM3alued MnpoObl B IUIAMEHHU.
XapakTepucTuKa HEKOTOPHIX IUIAMEH TOPEHHs C IPEABAPUTENIBHBIM CMEUIMBAHUEM Ta30B:
BO3/yILLIHO-allETUJIEHOBOE IuIaMs, IulaMs okcujaa a3ota (l) ¢ amermneHom, miuamsi BO3yX-
npornan/0yTaH. YcTpoWcTBa A MONy4YEHHUs a’po30Jiel: MHEBMATHYECKH pacHbUIUTENb,
ropesiKka ¢ CUCTEMOU MpeABapUTebHOrO cMemrBanus. CriocoObl MOBBIIEHUS JUCTIEPCHOCTH
a’pozonia. Cxema aromMu3anuu B ruiameHax. CHeKTpalibHble XapaKTepUCTHKU U HEKOTOpPbHIE
OCOOEHHOCTH OIpEAEIEHUS] OTJENbHBIX 3JEMEHTOB aTOMHO-a0COPOLMOHHBIMU METOJaMHU B
mwiaMeHn.  AToMHo-abcopOruonnsie  crekrpomerpeiAAnalyst 200,  AAnalyst  400.
KOMIOHEHTBI CHCTEMBI: CHCTEMa IOAa4YM Ta30B, PACHBUINTEIbHAs Kamepa, ONTHYecKas
cuctema, y3eld o00pabOTKu pe3ynbTaToB. Mepbl NPEIOCTOPOKHOCTH MpH padore ¢
TUTAMEHHBIMH aTOMU3aTOPAMH.

Tema 11

ATOMHO-a0COPOIIMOHHBIN aHATU3 C AJIEKTPOTEPMUUYECKUMH CIIOCO0aAMU aTOMHU3AINU
npoObl. THUIBI AIEKTPOTEPMUYECKUX ATOMU3ATOPOB. ATOMHU3alnMs B TpadUTOBOW TIEUU.
KommuiekcHast ontuMuzanus yCIOBUH aTOMHO-aOCOpOLMOHHOIO aHanuza. Moaudukanus
MaTpunibl. Pexxum «ra3-ctom». HWHTerpupoBaHue curHajga mnoriomeHusi. TpyOdarbie
ATOMHU3aTOPHI U3 TYTOIUIABKUX METAIUTOB. OTKPBITHIE AIIEKTPOTEPMUIECKHE aTOMH3ATOPHI.

AtomHO-abcopOironnsiii criektpomerp AAnalyst 800. OcoOeHHOCTH KOHCTPYKIIHH:
rpaduroBsiii atommzatop THGA ¢ aBromozaropom AS-800, kamepa st CKUTaHus (TOperka
AAcmekTpoMeTpa), paclbUIUTeNbHAsT KaMmepa, ONTHYecKass CHCTEMa C MHOXKECTBOM JIAMII,
KOMITBIOTEPHBIN y3€ll.

Tema 12

Perucrpanusi aHaNMTUYECKHX CHTHAJIOB W CIIOCOOBI TPaIyHMpPOBKH aTOMHO-
abcopOLMOHHBIX creKTpodoToMeTpoB. CrocoObl perucTpaluy aHATUTHYECKUX CUTHAJIOB.
OcHoBHbIE 3Tarbl pa3paboTKW MeToAuKu aHanuza. CrnocoObl TpadyHWpOBKHU: CTaHIAPTHBIN
croco0 TpagyupoBKH, CIIOCOO OrpaHMYMBAIOUIMX PACTBOPOB, crnocol0 100aBOK, crnocod
OTIOPHOI'O AJIEMEHTA (3JI€MEHTa CPABHEHHUS).

AnmapaTypa Ui METO10B aTOMHO-a0COPOLIMOHHOT0 aHAIIN3A.

Tema 13
MeToapl  PEHTT€HOBCKON  CHEKTPOCKONMHM  (PEHTTeHO(IIyOpECHEHTHBIN —aHau3).
®u3nyecKue OCHOBBI METOAA: TOPMO3HOE U3JIYyYEHUE, CHHXPOHHOE H3IIy4EHUE,
XapaKTepUCTHUECKOE  HU3JIydeHHe, JeUHUIMM B  PEHTICHOBCKOM  CIIEKTPOCKOIIUU,
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B3aUMOJICHICTBHE PEHTICHOBCKOTO W3JIy4YCHUS C BEIIECTBOM, 3aKOH MO3/1H, BBIXO.
¢uyopecueHIMM, 3aBUCHMOCTb WHTEHCUBHOCTHM PEHTTEHOBCKOM  (IIyOpecHeHIHH OT
xuMHu4eckoro coctasa. [lpupoaa pona B POA. basza onopHbIX CIIEKTPOCKOMMYECKHUX JTaHHBIX.

Cnexrpomerpsl. Kpucrami-nudpakimoHHbIE CIIEKTPOMETPBI: AU(PaKIHs PEHTTEHOB-
CKOTO H3JIyueHHs] Ha KPHCTAUTMYECKOW peIIeTKe, ypaBHEHWE bperra; mpuHIMIUANIbHAS
cXeMa  KpUCTAUI-AU(PAKIMOHHOTO  CIIEKTPOMETPA;  CKAHUPYIOIIME  CIIEKTPOMETPHI,
MHOTOKAaHAJIBHBIC U SHEPTOUCIICPCHOHHBIE CTIEKTPOMETPBHI.

HcTounuku BO30YXIEHHUS PEHTTEHOBCKOH ()IyOpECIeHIIMU: PEHTIC€HOBCKUE TPYOKH,
PaIuOU30TOITHBIC HCTOUHUKH.

PaznoxeHne peHTTeHOBCKOTO U3JIy4YEHHS B CIIEKTP: CXEMa Pa3JIOKEHUs, KPHUCTAIIIbI —
aHaJTN3aTOPBHI.

Tema 14

JleTeKTopel M CHCTEMa PErHCTPAllMU PEHTICHOBCKOTO H3JIyYCHUS: Ta30pa3psIHble
IPONOPIHUOHATIBHBIE JIETEKTOPHI, CUUHTHUISILUOHHBIE U IOJYPOBOJAHUKOBBIC JETEKTOPHI.
OunbTphl VIS BBIICICHUS aHATUTUYCCKUX CHrHajioB. CHCTeMa peructpaiuu U o0pabOTKU
AQHAJTUTHYECKUX CUTHAJIOB.

CriocoObl peHTreHO(IYOPECIICHTHOrO aHayn3a. TpaJuIMOHHBIE CHOCOOBI aHANIN3A.
Croco6 BHemHero cranpapta. Crmoco0 pas6aBieHus mpoObl. Croco0 mob6aBok. Croco0
BHYTpeHHero cranaapTa. Criocod crannapra-gpoHa. MHOTOKOMIIOHEHTHBIH aHAIU3.

[ToaroroBka npo6 k ananu3zy. [loaroroBka mopomKooOpa3HbIX MPOO: MPECCOBAHME,
cruiaBieHue. [loArotoBka O KUIKUX Tpo0: pAacTBOPEHHE, BBICAJIMBAHHE, OCAXKICHHE.
[TogroroBka mpo6 MerayuioB M criiaBoB. COBOKYHMHOCTh NMPHEMOB MOATOTOBKHA MHPOO K
PEHTTCHO(IIYOPECIICHTHOMY aHAU3y. TeXHUYeCKas XapaKTePUCTHKA M MPHHIUIBI PaOOTHI
cnekTpoMeTpoB Mapku «Ipayn, KOPTIMX», <KADVANT' X».

Tema 15

MonexkymspHas criekTpockonus. AOcopOunonHas cnekrpockonus B Y®- u Bugumon
obnactsax. OcHOBBl abcopOimonHON crnekTpodoroMeTpun. CrocoObl MpeacTaBIeHUs
CIEeKTpoOTOMETPHUECKUX BeIMYMH. 3akoH byrepa-JlamGepra-bepa. ®uznko-xumuyeckue u
MHCTPYMEHTAIbHBIC MPUYHHBI OTKIOHEHUS OT 3aKOHA. 3aKOH aJJUTHBHOCTH ONTHYECKHUX
niaoTHocTed. OnTUManabHble yCloBHs GpoToMeTpudeckux u3mMepeHuid. CeneKTUBHOCTb.

Anmnapatypa. MWcrounukn wu3nyudenus. KroBerbl. [IpuéMHUKM H3dyuyeHHs.
®oTokono-puMeTpbl. CrieKTpOPOTOMETPHI.

OcHOBHBIE TIpHEMBI (HOTOMETPUYECKMX HU3MEpEeHud. MeToa TpagyrnpOBOYHOTO
rpagpuka. Metox MossipHoro ko3d¢duuuenta mnoriomeHus. Merox no6aBok. Mertoa
mupdepeHnmanbHoil  poromMeTpuu. AHaIUM3 MHOTOKOMIIOHEHTHBIX CHCTEM (METOA
®upopna). DoTromeTpruuecKoe TUTPOBAHUE.

Ocob6ennoctu koHCTpykiuu (otomerpa KPK-3M, cnekrpodoromerpa CD-46 u
cnektpodoromerpa upmer  Perkin-Elmer Lambda 25. Meroauka omnpeneiaeHus
KOHIIEHTPALIUH BEIIECTB.

Tema 16

WNndpakpacHas cnektpockomnus. OOmue cBeleHUs O NpUpoAe KoyedaTelnbHbIX
CHEKTPOB MHOTOATOMHBIX MOJIEKYJ. XapakTep MOJEKYJSIPHBIX CHEeKTpoB. HopmanbHbie
KoJieOaHus

MOJIEKYJI M HX CBOWCTBA. XapaKTepUCTUUHOCTH 4aCTOT W  WHTCHCUBHOCTH B
K0JIeOATEIbHOM CIIEKTPE MOJIEKY.
Anmaparypa. Hcrounukn  wu3nydeHus.  MOHOXpOMAaTopBI. ITpnemMHuKn

UH(PAKPACHOTO H3ITYYCHHUS.

Metoapl yCWJICHHS W PETUCTPAIlMA CUTHAJIOB B WH(]paKpacHOW 00JIACTH CIIEKTpA.
CoBpeMeHHBIE MOl  UH(PPAKPACHBIX CHEKTPOMETPOB. ['palyHpoBKa MPU3MEHHBIX
WH(pPaAKPACHBIX CIIEKTPOMETPOB. TeXHUKA MPUTOTOBICHUS 00PA3IOB JIIsl aHAJIH3A.
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KadecTBeHHBII W  KOJIMYECTBEHHBIM aHANW3 1O HWHQPPAKPaCHBIM  CIEKTpaM.
KauectBennsiii ananu3. TexHuKa NMpPOBENEHUS KadyeCTBEHHOro aHanu3a. KoiaumdyecTBeHHBIM
aHaJIN3 1O UHPPAKPACHBIM CIIEKTPaM MOTJIOIIEHUSI.

@ypbe cnekrpodoTomeTpel uHPpakpacHble DPCM: Ha3HauYeHHE, TEXHUYECKUE
JaHHbIE, YCTPOUCTBO U pabota Dypbe crieKTpopoToMeTpa; yCTPOUCTBO U paboTa OCHOBHBIX
qacTei: ONTUYECKU OJIOK, ANIeKTpoHHas yacTb. Cucrema o00paboTku gaHHBIX. [IporpamMmmHoe
obecnieuenue: nporpamma FSpee s Windows 95/98. Pabora Ha @yphe crieKTpoMETpeE.

MosnekyJIsipHBIi aHAIN3 110 CIIEKTpaM KOMOMHAIIMOHHOTO paccestHus cBera. McTouHukmn
BO30YXIIEHHsI CIIEKTPOB KOMOMHAIIMOHHOTO paccesiHus. OOmiye cBeaeHus 00 U3MEepeHHH
OCHOBHBIX IapaMeTpOB JHUHUKA KOMOMHAIIMOHHOTO paccesHus. M3MmepeHue 4acToT JWHHNA
KOMOHMHAIIMOHHOTO paccesiHus. V3MepeHue WHTEHCUBHOCTU JIMHUN KOMOWHAIIMOHHOTO
paccesiHusl B UX MakcuMmyMme. CriektpanbHas anmnapaTypa. MojekyJispHbl KaueCTBEHHbIN U
KOJIMUECTBEHHBIN aHAIN3 110 CIIEKTpaM KOMOMHALIMOHHOTO PACCESHHUS.

4 METOAUYECKHUE PEKOMEH/JIALIUU (YKA3AHUSA) 1JIA
CTYJAEHTOB 1O U3YUEHUIO JUCHUIITINHBI

PaGouass mporpamMMa mpu3BaHa MOMOYb CTYJEHTaM €CTECTBEHHO-Teorpapuueckoro
dakynpTeTa B OpraHu3alii CaMOCTOATEIHLHOW pabOThHI M0 OCBOCHHIO Kypca «CIeKTpasIbHBIH
aHanu3 pya». CrnekTpaiabHbli aHAIN3 — OJUH U3 OCHOBHBIX Pa3/€i0B aHATUTHYECKON XUMUH,
KOTOPBIA SIBIISIETCS. COCTABHOW 4YacThi0 (PU3UKO-XMUMHYECKUX U (PU3NYCCKUX METOJIOB
uccienoanus. «CreKTpalbHbIN aHaIN3 TPUPOJHBIX 0OBEKTOB» M3ydaeTcs KakK AMCLUILTNHA
CIeIHATU3AIMH 110 AHAIUTUYECKOW XMMUHU B CEIbMOM CEMECTPE MOCIE OCBOCHMSI OCHOBHBIX
KYPCOB XHUMHH.

Pabouas mporpamMma JUCIHILIMHBI, COCTABICHA B CTPOTOM COOTBETCTBHH C YUCOHBIM
TUTAHOM.

YyebHO-METOANMYECKHE MaTepuaibl [0 IMOATOTOBKE JTAOOPATOPHBIM 3aHSATHUSAM
MPEJICTABICHBI OTACNIBHO MO KaXKJI0il TeMe B COOTBETCTBHM C MPOTPaAMMON AUCIMILTUHBI U
MOCJIEIOBATEILHOCTRIO M3YUeHUsI Kypca: «BBeneHue B aHanM3 MPUPOIAHBIX MaTEPHAIOBY,
«[Ipo6ooTOop, TPOOOMOATOTOBKA, METOJIbI Pa3/IeCHUs] U KOHLIEHTPUPOBAHUS JIEMEHTOBY,
«CreKTpOCKOIMMYECKHE METObI: OOIIME TOJIOKEHHUS, aTOMHas CIHEKTPOCKOMHUS — aTOMHO-
OYMHUCCHOHHBIN, aTOMHO-a0COPOIIMOHHBIN, PpEeHTIeHODTYOPECIIEHTHBIN aHaN3; MOJIEKYJIIpHas
CIIEKTpOCKOMUs — abcopOiuonHas crekTpockonus B Y® wu Bumumoin obmactax, UK
CHEKTPOCKOMHS, MOJEKYJIsIpHAs  CIEKTPOCKONHUS IO CHEKTpaM KOMOWHAIMOHHOTO
paccestHus.

B xaxzaom paznesne naHsbl:

1) yueOHO-MeTOAMYECKHE MaTepHalibl JIEKIIMOHHOTO Kypca, BKJIIOYAOLIUE MOj-
POOHBII TUTaH JIGKIIMK TI0 KaXXJA0W M3ydaeMoi TeMe, BOIMPOCHI U 3a/IaHusl ISl CAMOKOHTPOJIS,
CIIMCOK OCHOBHOM M JIOMOJIHUTEIBLHOM JINTEPATYPhI C YKa3aHUEM KOHKPETHBIX CTPAHHUII,

2) y4e0HO-METOIMYECKHUE MaTepUalbl IO TOJITOTOBKE J1ab0paTOPHBIX u
MPaKTUYECKUX 3aHATHH, COJEp)Kalllie TUIaHbl TPOBEACHHUS 3aHATUM C yKa3aHUEM
MOCNEAOBATEIHbHOCTH pACCMATPUBAEMBbIX TEM, 3aJaHds [N CaMOCTOSTENbHONW paboThl,
KpaTKHE TEOPETHYECKHE M YUEeOHO-METOAUYECKHUE MATEpHAIbl MO0 TE€ME, CUCTEMY BOIIPOCOB
st camonpoBepk  (cM.  «IIpakTuxym»). BrimonHeHnue 3amaHuii JacT BO3MOXKHOCTD
CTyJIEHTaM TJy0’K€ YCBOUTH TEOPETUUYECKUU MaTepuaj, MPUMEHUTH MOJTyUYeHHbIC 3HAHHUS Ha
MPAaKTHKE, BBIPAOOTATh MPOYHBIC YMEHHS U HABBIKK CIIEKTPATBLHOTO aHAIH3a.

[IpencraBneHsl Tak)Ke KOHTPOJBHBIE PabOTHI, BOMPOCH KOJJIOKBUYMOB TIO BCEM
paszienamM M3y4aeMoM JUCLUMIUIMHBI, KOTOPBIE TIO3BOJIAT MPOBEPUTH YPOBEHb YCBOEHUS
M3Y4YEHHOI0 MaTepuaa.

[Ipexe yeM NPUCTYNUTh K BBINOJIHEHUIO 3aJaHUil JJIsI CAMOKOHTPOJS, CTYJIEHTaM
HEOOXOAMMO U3YYUTh PEKOMEHIYeMYIO IO KaXaod Teme mauteparypy. OOmmi Crmmcok
y4eOHOM, y4eOHO-METOINYECKON U HAYYHOH JTUTEepaTyphl MPEICTABICH B OTACIHLHOM pa3/eie
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nocobusi. Kpome TOro, B JEKIMOHHOM Kypce MO KaXXIOW TeMe YyKa3zaHa OCHOBHAs U
JOTIOJIHUTEIIbHAS JTUTEPATYpA.

PaGouast mporpamMma COJIEp>KUT KpaTKHE PEKOMEHIAIMK O BBIMOJTHEHHIO KYPCOBBIX
paboT Mo CHEKTPaJIbHBIM METO/1aM aHaJIN3a.

W3ydyenne nucHUIUIMHBI 3aBepmiaeTcss 3adéroMm. llporpamma BKIIIOYAaeT CIHCOK
IPAKTUYECKUX BOMNPOCOB K 3a4€Ty MO HM3y4aeMoll aucuuiviMHe. B mpouecce ocBoeHUs
JTUCIUIUIMHBL HEOOXOAMMO TIOCTOSHHO oOpamiarbcs K PpPEeKOMEHAyeMOW juTeparype, K
MPaKTUKYMY «AHAIUTHYECKHUE METOJbl B MCCIIEOBAHUU MPHUPOIHBIX 00BEKTOBY, 4. I-l1I,
aBtop JI. I'. Kosnecnukoga.

[Ipu pabote ¢ paboueii mporpaMmMoit 0co60e BHUMaHUE CIeayeT 0OpaTUTh Ha METOIbI
npo6ooTdbopa, MNPoOOMOArOTOBKH, pa3AelNeHUs W KOHLIEHTPUPOBAHHS JJIEMEHTOB, Ha
buznueckue OCHOBBI aTOMHO-3MHCCHOHHOTO, aTOMHO-a0COpOLIMOHHOTO,
PEHTreHO(IIYyOPECIICHTHOTO aHAIM30B, a Takke Ha (uU3MUeckue OCHOBBI METOJIOB
MOJIEKYJISIPHOH CIIEKTPOCKOIHH.

Cnenuduka B um3ydeHMH TeM No 2-4 HACTOSIMIErO KOMIUIEKCA TPOSBISETCS B
MHOT000Pa3uu BHIIOB MPOO, KAKIABIA U3 KOTOPHIX XapaKTEPU3YETCs PSAIOM OTIHYUTEIBHBIX
0COOEHHOCTEH.

Crnenupuka B usydeHumn TeM Ne 5-16 HacTosmiero KOMIUIEKCA MPOSIBISICTCS B
MePBOHAYAILHOM HM3yYEHUU OOIIMX TOJOKEHUH METOJOB CIHEKTPAJbHOTO aHauu3a, K
KOTOPBIM ~ OTHOCHUTCS  KJIACCU(UKANMWSA, XapaKTEPUCTHKAa OCHOBHBIX  IapaMETPOB
ANEKTPOMArHUTHOTO  M3JIYYCHHs, DSHEPreTUYeCKHe YpPOBHHU, CHCTEMaTHKa aTOMHBIX
CIICKTPOB, CIIEKTPaIbHBIC MPUOOPHI U MX OCHOBHEIC y3ibl. Ha OCHOBE OOIIMX IMOJIOKCHHI
Janee M3ydaloTcs JAETalbHO METOJIbl aTOMHO-PMHCCHOHHOM, aTOMHO-a0COpPOIIMOHHOM,
PEHTTeHO(IIYyOPECIEHTHON U MOJIEKYJIIPHON CIIEKTPOCKOIIUH.

Onucanue nocjenoBarejbHocTn u3yyennss Y MK:

1. U3yuenue coxaepkaHus yueOHOM mporpamMmbl  «CHEKTpalbHBIA — aHaAINU3
MPUPOJHBIX OOBEKTOBY.

2. VI3yyeHHne TEOPETHUYECKOro Marepuaja: padoTa ¢ TEKCTOM JICKIMW, OCHOBHOU H
JIOTIOJTHUTEILHON JIUTEPaTypOi, MOJArOTOBKA K CEMHUHAPCKOMY 3aHATHIO B COOTBETCTBUU C
MJIAHOM, HAITMCAHWE KOHCTIEKTa OTBETOB Ha BOMIPOCHI CEMUHAPCKOTO 3aHATHSI, BBICTYILJICHUE
Ha CEMHUHAPCKOM 3aHSTHH.

3. M3yuenne conepaHus TeKCTa JIabopaTopHOW paboOThHI, clada JOMycKa K
BBITIOTHEHUIO JTa0OpaTOpHO paboThl, BBIMONHEHUE JTabOpaTOpHOil pabOTHl M HamKMCaHUE
oTuéra, 3a1muTa JabopaTopHOil paboTHI.

4. TloarotoBka U caya KOJJIOKBUYMA.

5. IloaroroBka u ciaya 3a4éTa.

[Ipexne uyeM MNPUCTYNUTh K BBINOJIHEHUIO 3aJlaHUM JJI1 CaMOKOHTpPOJs, Bam
HEOOXOUMO H3Y4YUTh TEOPETHYECKYI0 YacTh Kaxkaol u3 17 mabopaTOpHBIX paboT MO
MPAKTUKYMYy «AHaJIUTUYECKHE METOJbl B HCCIEAOBAHUM TMPUPOJHBIX OOBEKTOBY,
peKOMeHTyeMoMy yueOHOMY mocoOuto. Ha oCHOBaHMM TMOJIyYEHHBIX 3HAHUHW MOJITOTOBUTH
KpaTKUE OTBETHI HA MTOCTaBJIEHHBIE BOIIPOCHI.

B mporecce ocBoeHUsT AMCHUIUIMHBI HEOOXOJIUMO PETYJISIPHO OOpaIaThCs K CIUCKY
PEKOMEH/I0BAaHHOUW (OCHOBHOU M JOTIOJHUTEIHHON) TUTEPATYPHI, KyPHATbHBIM CTAThSIM IO
COBPEMEHHBIM CHEKTPaJbHBIM METOJaM HCCIIEIOBAHMS, U3YUUTh YCTPOMCTBO aIIapaTyphl,
METOJIMKY MPOOOMOATOTOBKH, pa3/IeIeHUs] ¥ KOHIICHTPUPOBAHUS JIIEMEHTOB, X0/ aHan3a U
TIATEIHHO BBIMOJIHATH SKCIIEPUMEHTAIBHYIO YacTh PaOOTHI.

PeKOMeHI[alll/l]/l K U3YYCHHUIO OTACJIBHBIX TEM KypcCa

Ilpu u3yyennu teMbl Ne 1 «BBenenue B aHamu3 MPUPOIHBIX MATEPHATIOB» 0C000€
BHUMaHUE ClIeqyeT oOpaTuTh Ha Ied M 3aJaYd Kypca, Ha TMOHITHE «CIEKTpaIbHBIN
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aHaJIM3», JOCTHKEHHUS OTEUECTBEHHBIX M 3apyOeKHBIX YYEHBIX B OOJACTH TEOpUU H
MPaKTUKU CHEKTPAIbHOTO aHAJIK3a.

Ilpu_m3yuyenun _tembl Ne 2 «IIpo6ootbop, Buasl npod. I'eHepanbHas npoda u e
paszzaenka» ocoboe BHUMaHHE CIIeyeT OOpaTHTh Ha ATAlbl aHATUTHYECKOTO MCCIIeIOBAHMUS,
BUIBI Tp0oO, oOmue crnocoObl KOHCEPBUPOBAHUS M XpaHEHUA NpoO, MPUUYUHBI
HEOJJHOPOAHOCTH CHIITyYUX MAaTepPHaJIOB, Ha pa3lAeiKy reHepalbHON MPOOHL.

IIpu n3yuyenun tembl Ne 3 «IIpoGomoaroroBka. MeTombl BCKPBITHS MPoO» 0coboe
BHUMAaHHE CJIEyeT OOpaTHTh Ha CYHUIHOCTb M 3HAYMMOCTH IPEIBAPUTEIBHON XUMHUYECKOU
MOJATOTOBKU MpoO (BCKpBITHE, pasiiokeHue). M3ydas «MOKpble CHOCOOBD) Ppa3lioKEHHUs,
paccmotpute 00pabOTKy MpoObl MUHEPAJbHBIMU M OPraHUYECKUMHU KHUCIOTaMH, BOJHBIMU
pacTBOpamMH CoOJIE W OCHOBaHUH. YCBOWTE, YTO KHUCIOTHI Pa3[eNsilOT Ha JBE TPYIIIbI:
KHUCJIOTBI, HE OKa3bIBAIOLUE OKUCIUTEIBLHOIO JEWCTBUS, M KHUCIOTHI, ACUCTBYIOIUE Kak
CUJIbHBIE OKHCIUTEIH.

[Tpu u3yueHnn «CyxXux» cocoOOB pa3yIoKEeHUs] 0C000e BHUMAaHHE CIIeAyeT 00paTuTh
Ha pas3iuyhe MEeXAy CIUIaBIICHUEM M CIIEKaHMEeM, Ha CIUIaBJICHHE CO MIENOYHBIMU U
KHUCJIOTHBIMH IUIABHSIMHU, PA3JIOKEHUE CIIEKaHUEM, Pa3jIoKEHHE IPU HAarpeBaHUU C COJSIMU
AMMOHHSI.

[Tpu n3ydeHnn crenuaIbHBIX METOI0B Pa3oKeHHUS 00paTuTe BHUMAHKUE Ha CYIIHOCTh
TEPMHUECKOTO DPA3JOKEHHs, MUPOTUAPONM3a M TMHPOJIU3a, a TaKkKe pas3lioKeHUe C
UCTIOJIb30BAaHUEM HMOHHTOB, Ha OCOOEHHOCTH MPOOOMOJATOTOBKM B aBTOKJIABaX U
MUKPOBOJHOBBIX I€YaXx.

Ipu n3yyennu Tembl Ne 4 «MeTojbl pazsieneHust 1 KOHUEHTPUPOBAHUS JIEMEHTOB)
0coboe BHUMaHUE cleAyeT OOpaTuTh Ha KIacCHU(PHUKAIUI0 METOJOB M KOJMYECTBEHHBIE UX
XapaKTePUCTHKHU: CTENEHb H3BJICYCHUs, KOd(UIMEeHT KOHUEHTpupoBaHuUs, KodpduimeHt
paszeneHusl.

[Ipu n3yyeHHH METOJI0B OCaXKJIEHUs, COOCAKICHMSI, IKCTPAKIIUU 0OpaTUTE BHUMaHUE
Ha YCIIOBUSl MPOBEIEHUS OCAXKICHUS U OSKCTPArMpoOBaHHs, HAa CYLIHOCTb aJCOpOIUH U
OKKJTFO3UH, Ha TOJIOKHUTEIBHYIO U OTPHUIATEIBHYIO POJIb COOCAKACHHUS, BHIOOP KOJUIEKTOPA.
[Tpu u3yueHUH MeToAa SKCTPAKIHUU OMPEEIUTE KOIMUYECTBEHHbIE XapaKTePUCTUKUA METOJA:
KOA(Q(UIMEHT paclpeieseHus, CTEeHb U3BJIeUeHUs, (aKTop pa3/eleHUs, a TaKKe: THUIIbI
DKCTPAKIMOHHBIX CHCTEM: MOJIEKYJISIPDHBIE COECIUHEHMS, BHYTPUKOMIUIEKCHBIE COEIMHEHUS,
HMOHHBIE aCCOIUATHI.

[Ipy u3yuyeHUM METOAOB CEJIEKTUBHOTO PACTBOPEHUS, AUCTUIUIALNH, CyOIUMAIlNH,
MUPOMETAIITYPrUUECKUX U KPUCTAUIOXUMHUYECKUX METO/I0B HEOOXOIUMO YCBOUTH CYIITHOCTh
mpouecca HCIApeHUs, KOTOPBIA JIE)KUT B OCHOBE IIPOCTOM OTIOHKH, MOJIEKYJISIPHON
JUCTWIIISAIUK U cyOonuMmanuu. K oTroHke mocie XuMHU4ecKUX MpEeBpaIleHU OTHOCATCS TaKkKe
cyxasg M MOKpas MuHepanuzauus. HemanoBakHOe 3HaU€HHE MMEET METO] MEPErOHKH IpH
MOMOIIM XUMHYECKMX TpPAaHCHOPTHBIX peakuuid. OcoObli BUA  peIBAPUTEIBHOIO
KOHIIEHTPUPOBAHUS — MPOOUpPHAs IJIaBKa, KOTOpasl SBJISETCS OCHOBHBIM METOJOM KOHIIEHT-
pupoBaHus 0JaropoAHbIX METAJUIOB, COJIEPHKALUXCS B PyJaX, TOPHBIX MOPOAAX U MPOTyKTaX
ux nepepaboTku. I[Ipm u3yyeHMH 3TOro MeToJa pas3IOXKEeHUs M KOHUEHTPHUPOBAHUS
MHUKpPOKOJIMYECTB OJIarOPOJIHBIX METAIOB 0CO00O€ BHHMaHUE O0paTuTe Ha MpoLecc
[IMXTOBAHMS, TUTEIBbHYI0 M IIepOepHYI0 IJIaBKy, KYNETUpOBaHHWE U pa3BapUBaHUE.
Heo0xoaumo yCBOUTDH MOHSITHS «BEPKOIIEH», «KOPOJIEK», KKOPTOUKAY.

Ilpu n3yyenun tembl Ne 5 «OCHOBHBIE TEOPETUUECKUE TOJIOKEHUS CIIEKTPAIBHOIO
aHann3a. OuU3MYecKre OCHOBBI CHEKTPAIbHOTO aHaiM3a» HEOOXOAMMO YCBOUTH OCHOBHBIE
NapaMeTpsl AJIEKTPOMATHUTHOTO H3JIyYEHUsS: 4acTOTY, CKOPOCTh PAacCHpOCTPAaHEHUs CBETa B
BaKyyMe, JUIMHY BOJIHBI, BOJTHOBOE€ YHCJIO, SHEPTUIO, BEPOSITHOCTh CIIOHTAHHOTO M3JIy4YEHHUS,
BEPOATHOCTb BBIHYX/IEHHOTO H3Iy4YEHHS, SHEPI€TUYECKUN IMOTOK, OCBEIIEHHOCTb, SIPKOCTh
UCTOYHUKA, WHTEHCHUBHOCTb CIEKTPAJbHBIX JIMHUN, oSKcno3uius. Ilpu  u3yuenuun
KJIacCU(UKAUU CHEKTPOCKOIUYECKUX METO/0B 00paTuTe BHUMAaHHE Ha KJIACCU(PHUKALUIO B
COOTBETCTBUU CO CBOWCTBAMHU JJIEKTPOMArHUTHOTO M3Iy4YeHHs] M CBOWCTBAMU aTOMHBIX
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CUCTEM, OOOCHYHTE CHCTEeMAaTUKy aTOMHBIX CIEKTpOB. BaXHO YCBOUTh MOHSTHS:
MHTEHCUBHOCTb CIEKTPAJIbHOW JIMHUHU, IPUMEHEHHUE 3aKOHA ACUCTBYIOIUX MacC K MpoLeccy
JUCCOLIMAIMU XUMHYECKUX COCIMHEHHM, MOHU3AlUA aTOMOB; XapaKTEPUCTHKY ypaBHEHUS
Oananca CBOOOJHBIX aTOMOB M MOJIEJIEH TPalyHpPOBOYHON KPUBOM.

HN3yuenue teMbl Ne 6 «lVcTouHMKH BO30YXIEHHsSI aTOMHBIX CIeKTpoB B ADCA»
ClIelyeT HauyaThb C XapaKTEPUCTUKU IJIAMEH U IPOLECCOB, MPOTEKAIOUIMX B IUIAMEHU IIPU
BBEJICHUM pAacTBOpa aHalu3upyemoi mpoOsl. Jlamee paccMOTpeThb 3IEKTPUYECKYIO YTy
NEPEMEHHOTO U MTOCTOSIHHOTO TOKa KakK 00Jjiee BHICOKOTEMIIEPATypHBIA UCTOYHHK, YEM TUIaMs
(~7000 K). OOpaTuTh BHHMaHHE Ha CXEMY BBOJA MPOOBI METOAOM IPOCHITKH U METOIAOM
ucnapenus. [Ipu xapakTepucTuke HCTOYHHUKOB BO30OyxkneHus crnekrpoB (MUBC) wu3yunth
NBC-28, koTopbplii TO3BONSET paboTarh B peXUMax Jyr'H IEPEMEHHOTO TOKa |
HU3KOBOJBTHONH HMCKpbl W  HUCHOJB3YeTCs B  JIA0OpAaTOpUSAX TPYNIbl  KOMIAHHHA
«IlerponaBnoBck». OcobOro BHUMaHUS 3aCIyKUBAET M3yYEHHUE 3JIEKTPOIOB, KOTOpPbIE MPU
paborte ¢ anexTpopaspsanbiMu UBC npuMeHsoTCs B BHJIE IBYX OCHOBHBIX CIIOCOOOB: «TOUKA
K TOYKE» U «TOUYKa K IUIOCKOCTH». ATOMBI aHAJM3UPYEMOI'0 BEIIECTBA MOTYT IOCTYNaTh B
paspsi HE TOJNBKO B IIPOLIECCE€ TEPMUYECKOTO0 HCHApPEHHs, HO U TOJ JEHCTBUEM
O0MOapIMPOBKH MOBEPXHOCTH aHAIU3UPYEMOU MPOOBI HOHAMU. B CBS3M ¢ 3TUM HEOOXOAUMO
o0paTuTh BHMMAaHHE Ha TICIOUIUI pa3ps] MOCTOSHHOIO TOKa NPHU MOHMKEHHOM JaBJIEHUU
WHEPTHOTO Ta3a, OCYIIECTBIISIEMBII B CIEUUAIbHBIX Pa3psAIHBIX TpyOKax C KaTOJOM WIU
aHOJIOM B BHJEe nojoro uuiauHzapa. OOparure Takke BHUMAaHME Ha TO, YTO YCJIOBUEM
BO3HUKHOBEHHUS paspsia SBISETCS BeChbMa Majlo€  pPAcCTOSIHHE  MEXIy  Kpaem
LIWIMHJIPUYECKOTO aHOAAa M IOBEPXHOCThbIO IMpoObl (karoma) — mnopsaka 0,1-0,5 mwm.
HeoOxoaumo neTanbHO HU3YYUTh METOJ| BHICOKOYACTOTHOW HMHIYKTUBHOCBSI3AHHOM IJIa3Mbl
KaK HCTOYHUKA BO30OYXKIECHHUS CHEKTPOB. DTOT METOJ SIBISETCS OIHMM W3 OCHOBHBIX B
ATOMHO-3MUCCUOHHOMU cnieKkTpockonuu. OOpaTuTe BHUMaHUE Ha TO, YTO BAXKHEUIITNM Y3JIOM B
CXEM€ IIOJIyYE€HHs BBICOKOYACTOTHOTO HHJIYKIMOHHOIO pa3psja sBIseTcs ropenka. Jlis
BO30Y>KIEHHS pa3psiia HeoOXoauMa MpeaBapuTelibHas HoHu3auus raza. C 3Tod Lenbio
MCIIOJIB3YIOT BRICOKOBOJIBTHYIO HCKpPY (Karymika Tecna).

IIpu n3yuyenne Tembl Ne 7 «Crnekrpanbubie mpuoopsl ADCA» HEOOXOAUMO YCBOUTb,
YTO OCHOBHBIMU YaCTSIMU CIIEKTPajbHOro MpuOopa SBIAIOTCS: BXOJHAs ILEib, OCBEllaeMas
UCCIIElyeMbIM H3JIy4€HHUEM; OOBEKTUB KOJJIMMAaTopa, B (POKaJIbHON IUIOCKOCTH KOTOPOTO
pacrojio’)keHa BXOJHas IeNb; JUCHEPrHPYIOMIMNA 3JIEMEHT, paboTaoluil B NapauieIbHOM
ny4yke cBeTa; (OKYCHUPYIOIIMN OOBEKTUB, CO3JAIOIIUMN B CBOEH (hoKanbHOM MOBEpXHOCTH
MOHOXpPOMaTHYECKOE H300pa)K€HHEe BXOJHOM INETH, COBOKYIHOCTh KOTOPBIX M 00pasyeT
CHeKkTp. B kauecTBe QuUCIIEprupyroIiero eMeHTa UCHOIb3YIOT MPU3MBbl U JU(PPAKLIUOHHBIE
peméTku  paznuyHeix TUNOB. (Oco0oe BHUMaHHME OOpaTUTE HA OTIWYUE OOBIYHOU
JU(PPAKIMOHHOM PpEemETKH OT pPEemETOK ¢  MpO(QUIMPOBAHHBIM IUTPUXOM (3IIENIE), B
KOTOPBIX HCIOJB3YEeTCs] COYETaHHWE PEIIETKM M MPU3Mbl WIM JBYX PELIETOK, HalpaBICHUS
JUCIIEPCUM B HUX  B3aUMHO  INEPHEHAMKYJSpHBL. ~ OWeiie-pemeérka  pasjaraer
MOJIMXPOMATHUUECKOE W3JyYeHHWE Ha JJIUHBlI BOJH M CO3MAa€T CIEKTpP, COCTOSALIUN U3
NEPEeKPBIBAIONINXCS  CHEKTPOB  MHOTMX  AM(PAKIMOHHBIX  TOPSIKOB, a  Apyrou
JUCTIIEPTUPYIONIMM AJeMeHT (Ipu3Ma MM pemérka) pasienseT Nnopaaku. B pesynbrare B
(dokanbHON TUIOCKOCTH NpHOOpa oOpaszyercs JBYMEpHas CIEeKTporpamma (3Iiesuierpamma),
cocrosimas U3 Habopa CTPOK, KakJaas U3 KOTOPbIX OTHOCUTCS K OMpPENEIEHHOMY MOPSAKY
mudpakuuu.  CyIiecTBYIOT — IpPU3MEHHBbIE  CHeKTporpadbl € KBapleBOM  ONTHUKOM,
TupakIUOHHbIE CHEKTporpadbl ¢ TUIOCKOM IUGPAKIMOHHON pemeETKON U 3epKalbHON
dokycupyromeil ONTUKON, a TaKXke CchnekTporpadpl CO CKpEIIEHHOW JucrHepcued —
s ¢dekTuBHAsT KOMOMHALMA NPU3MEHHONM U IUQPAKUMOHHON TUCHEPTHPYIOUINX CHCTEM.
CrnextpanbHble  MpHOOPBl € (DOTORNIEKTPUUYECKONH  perucTpanueii  (CreKTpoMeTphl)
MOJpa3/IeNAloTCs Ha JBa BUJA: MHOTOKaHAIbHBIE M CKaHMpYOIIME (IOC/Ie0BaTEIbHBIE).
OOparure BHHMMaHHE Ha TO, YTO OCHOBOM MHOTOKaHAJbHBIX CIIEKTPOMETPOB SBISETCS
MOJIMXPOMATOP C BOTHYTOM TU(PaKIMOHHON peméTKoii, mocTpoeHHoi no cxeme [lamena —
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PyHre; oCHOBOI CKaHUPYIOLIUX CIIEKTPOMETPOB YaIlle BCETO SIBIISIIOTCS MOHOXPOMATOPHI C
TUIOCKOW AU(PPaKIIMOHHON PeIETKOM.

Ilpu_m3ydyennu teMbl Ne 8 «CrocoObl perucTpaiu U JETEKTOPbl H3JIy4YCHUS B
ACDOA» BaXHO NOHATb, YTO HM3MEPEHHE HMHTEHCUBHOCTHU CIIEKTPAJIbHBIX JHUHUH MOMKET
OCYUIECTBIISITECS  BU3yaJIbHBIM, (oTorpadpudeckuM U  (POTOIIEKTPUUECKUM CIOcOOaMHu.
BusyanbHble cOCOOBI PEruCTpalliU CIIEKTPOB HCHOIB3YIOT MPU CTUIIOCKOMMYECKUX W TpPU
CTHJIOMETPUYECKUX OIpeeICHUsIX COCTaBa MAaTEepUaliOB, TJIABHBIM OOpa3oM METaJuIoB.
dotorpapuyeckne CrocoObl PEerucTpanuy 10 HEJaBHETO BPEMEHU NMPUMEHSUTUCh B METOJIE
ADCA nambonee mupoko. B aBTOMaTH3MpOBAaHHOM BapHaHTE 3TOT CIOCOO PETUCTpAIUU
npuoOpeTaeT HOBOE KauyeCTBO — OrPOMHYI0 HWH(POPMATUBHOCTH: HHUKAKUMH JIPYTHMHU
croco0aMu TMOKa HEBO3MOXHO OJHOBpeMeHHO ompenensats mo 300-500 muausm go 70
aNieMeHTOB B mpobe. Bospacratomme TpeOoBaHMS K CKOPOCTH W TOYHOCTH aHAIIM3a
oOycnoBuiu BHeApeHue B NpakTUKy ADCA (OTOINEKTpUYECKUX CIOCOO0B perucTpanui u
doToMeTpUH CHEKTPOB, KOTOpBIE HEMOCPEACTBEHHO MNpeoOpasyloT CBETOBOM IMOTOK WU
SPKOCTh HM300paKECHUSI HYXKHOW CICKTPAIBHOW JIMHUM B SJEKTPUUYCCKUM CUTHAIL. Mepoit
MHTCHCUBHOCTHU JIMHUU CIY’KUT 3HAUYEHHE 3TOr0 CUrHaia (Cuja TOKa WiM HampspkeHue). K
YCTpOMCTBaM Takoro poja oTHOcATCS porodnemMeHTsl (P3), HOTOINEKTPOHHBIE YMHOKHUTEIN
(®BY), oanexkTpoHHO-onTHUeckue — mnpeoOpaszoBarenu  (DOII),  MHOTO’IEMEHTHBIC
TBEPAOTENbHBIE (POTOINEKTPOHHBIE ACTEKTOPHI (nuoanbie U [13C-nuneiiku u Matpuibl). s
u3Mepennii B Y®- U BUIUMOW O0OJACTAX CHEKTpa HAMOOJBIIEE PACIPOCTPAHCHHUE 10
HemaBHero Bpemenu umenu @D u O®DY. OOparure BHHUMaHHUE Ha YCTPOICTBO, OCHOBHBIE
XapaKTepUCTUKU U NpuHUUI padoTel @3 u @Y. Ocoboe BHUMaHUE 00paTUTE HA MaTepHUal
JUIsE U3roToBIeHUsT okHa PDY: ®DY ¢ okHOM U3 OOPOCHUIMKATHOTO CTEKJa MPUMEHSIOTCS
JUIS PETHCTPALUU M3ITydYeHHd B WHTEpBaje JnH BoH oT 300 am o Ommwkaeirt UK obmactw.
VYnbrpaduoneroBoe cTeksio mpo3payHo a0 185 Hw, emé Ooiee KOPOTKOBOIHOBYIO TPAHUILY
IIPO3PAYHOCTH HMeEEeT CUHTeTHYecKui kBapi (~160 HM), OAHAKO €ro HENmoCcpeaCTBEHHOE
NpPUMEHEHHE IIJIOXO coueTaeTcss ¢ MaTtepuaioM kopnyca DPOY mo kodpduimenty
TEPMHUECKOTo paciupeHus. Hambonee KOpOTKOBOJHOBOW TIpaHMIIEH CBETONPOIYCKAHUS
00J71a/1al0T KPUCTAIJIBl TaJOTCHHUIOB IIETOYHO3EMENbHBIX MeTauioB. [lo mexaHudeckum
XapaKTepUCTHKaM HaubOosiee MPUTOAEH JUIsl HM3rOTOBIEHHS OKOH ¢Topua marHus Mgk

(4. ~115

min HM). i 1ened CrneKTpalibHOIO aHalk3a BaKHA BBICOKAs YyBCTBUTEIbHOCTH
@DV B untepnane anuH BosiH 200-300 HM, r/1e pacnoaokeHo OOJBIIMHCTBO YyBCTBUTEIbHBIX
CHeKTpaNbHbIX JUHUA. OnHako @OV B MIENEBBIX CHEKTPATBHBIX MPUOOpPAX HCHOIB3YIOTCS
HEONTUMAIbHBIM 06pa30M: IIOIIAb BBIXOIHOH metu 06bIuHo He mpeBbimaet 0,1-0,2 Mm%, a
wionaap paboueidt yactu (orokaroga POV, KOTOpOH MNPONOPLHUOHAIEH TEMHOBOH TOK,
npumepHo B 10* pa3 Gombire. JIydmuMu BO3MOKHOCTSIMH YMEHBIIMTH IUIOIIAIb KaTOAA JIO
pa3smMepoB  H300pakKeHUsI ~ IIeNd  O0JaJal0T  MHOTORJIEMEHTHBIE  TBEPAOTEIBHBIC
(OTO3IEKTPOHHBIE JETEKTOPbI, OCHOBAaHHbIE Ha BHyTpeHHeM (oTorddexte — mnepeHoce
3apsna. K Hacrosmemy BpeMeHH pa3pa0OTaHO HECKOJIBKO THIIOB TakOro poja JETEKTOPOB:
doroauonnast marpuiia (PDM), nerexktop ¢ 3apsaoBoii cBsazpio (CCD), merekrop ¢
nkeknuei 3apsga (CID), meTekTop ¢ CerMEHTHPOBAHHON MAaTpUIEH W 3apsSI0BOM CBSI3BIO
(CCD — SCD). Bce oHuM OCHOBaHBI Ha CBETOYYBCTBHUTEIBHBIX CBOMCTBAX CBEPXYHUCTOTO
KPUCTAIIMYECKOTO KPEMHUSI U pa3MyaloTcs Croco0aMu MOJMyUYEHUs U CUUTHIBAHUS 3apsja.
[TosToMy ocoboe BHUMaHHME O0OpaTUTE HA MEXaHHW3M BO3HUKHOBEHMS BHYTPEHHETO
dororddekra B MOIyNpOBOIHUKOBBIX YCTPOMCTBAX.

IIpn wm3yyeHum Ttembl Ne 9 «Merojbl aTOMHO-3MHCCHOHHOM CHEKTPOCKOIIUI
o0paTuTe BHUMaHNWE HAa Ha3HAYCHHE, TEXHUYECKHUE TaHHBIE, COCTABHBIE YaCTH, CTPYKTYPHYIO
CXeMy, YCTpOMcTBO U paboTy aBTOMAaTU3MPOBAHHOIO KOMILJIEKCa I BO3OYKIACHUS
smuccHOHHBIX cnekTpoB (AKBOC). Hayuurech oleHuBaTh BH3yaJbHO COOTHOIIEHUS
MHTEHCUBHOCTH CIEKTPAIbHBIX JUHUHN. [Ipy mpoBeneHNN KaueCTBEHHOIO aHajlu3a METOJIOM
ADC pemaroTcsi Tpu BUA 3a7a4: OOIIMI KAa4eCTBEHHBIM aHAIU3 C IEJbI0 YCTAHOBJICHUS
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9JIEMEHTHOTO COCTaBa IpOOBbl; YAacCTHBIM KauyeCTBEHHBI aHAlW3 C IEJbl0 BBIABICHUA
NPUCYTCTBUS WM OTCYTCTBHSL OJHOTO WJIM HECKOJIBKHUX JJIEMEHTOB B JaHHOM mpobe;
Ka4eCTBEHHBI aHaIU3 C ILEJbI0 BBIABIECHUS CIEIOB 3J1eMeHTOB. [lomykoanuecTBeHHBIH
QHIN3 TI03BOJIIET CAENaTh IPOMEXKYTOUHBIE OLEHKH COAEpXaHHUS DJIEMEHTOB B
aHanmu3upyembIx Mpob6ax. [Ipu npoBeeHHH NONYKOJMYECTBEHHOIO aHaliu3a MPUMEHSIOT
CIoco0 CpaBHEHMS CIIEKTPOB (Ha OJHY IIJJACTUHKY BMECTE CO CIIEKTPOM AaHAJIU3UPYEMOI
poObI (oTorpadupyrOT CHEKTPhl OJHOTO MJIM HECKOJbKHX O0Opa3IoB CpPaBHEHHS); CIIOCOO
NOCJETHUX JIMHUH, T. €. JUISI K&KJIOW JIMHUU UMEETCS] KOHLIEHTPAIHsI, TPU KOTOPOH 3Ta JIMHUS
CJIMBaeTCs ¢ POHOM; 3TO 3HAYUT, YTO IO UCUE3HOBEHUIO U3 CIIEKTPOB T€X WM UHBIX JTUHUMN-

MOYKHO JIelaTh BBIBOJBI O KOHIIGHTPALMM MCKOMOTO 3JieMeHTa. [IpuMeHsIoT Takxke crnocod
TFOMOJIOTHYECKUX Iap JIMHUH, B KOTOPOM, IPOCMATpHBasl IOJY4YEHHbIE CIEKTPOrpaMMBbI,
HAXOJAT Mapy JIMHUH AIIEMEHTOB, MHTEHCHUBHOCTH KOTOPBIX paBHbI. VIMes HaboOp Takux
JUHUAN, MOXKHO JeaTh IOJYKOJIWYECTBEHHBIE OLIEHKH COJEpXAaHHUA MCKOMOIO 3JIEMEHTA.
KpowMme BhIlIeyKa3aHHBIX CIIOCOOOB MPUMEHSIOT CIOCO0 CTYNEHYATOro OCIa0JIeHus JIMHUN U
croco0 M3MepeHus WUpuHbl JuHUA. IlocnegHuii croco®d OCHOBAaH Ha TOM, YTO C POCTOM
KOHLEHTPAllUU 3JIEMEHTa YBEJIMYMBAETCS HE TOJBKO BBICOTAa, HO M IIMPUHA KOHTYypa
CHEKTPaIbHBIX JIMHUHM. Takum 06pa3oM, IpU HEKOTOPHIX YCIOBUSAX 0 IIMPUHE JTUHUA MOKHO
CYyIUTh O COJEpKAaHUM HCKOMOro »3jeMeHTa. KoJu4ecTBEHHbI aHanu3 IpeArnonaracT
O00BEKTHBHOE H3MEPEHHE IUIOTHOCTU IIOYEPHEHUH AaHAIUTUYECKUX JMHUH C MOMOILBIO
mMuKpoporomerpa. OOparuTe BHUMaHHE HA TO, YTO MMOYEPHEHHE (OTOIUIACTUHKY 3aBUCHT HE
TOJIbKO OT MHTEHCUBHOCTH JI€HCTBOBABILEIO CBETA, BPEMEHU 3KCIIO3UILMM U JUIMHBI BOJIHBI
CHEKTpaJIbHOM JIMHUU, HO U OT cocTaBa mposiButens. KonnyecrBenuoii ADCA oCHOBaH Ha
TOM, YTO TEOPETUYECKU CYLIECTBYET JMHEHHAs KOppesLus MeXy Jorapu(MoM OTHOIIECHUS
WHTCHCUBHOCTEH JIMHWHA  aHAJTUTHYECKOW Tapbl W JorapudMoM  OTHOCHUTEIBHON
KOHIIGHTPALlMM OIpEeNeIsIeMoro »3JeMEeHTa W 3jeMeHTa cpaBHeHMs. OJHako JMHEHHas
KOPPEISIHU MEXTy IMOYepHEHHEeM S U Jiorapu(MoM WHTEHCUBHOCTH | coOitoaeTcst TOIBKO

JUIsL yyacTKa HOpMallbHbIX mouyepHeHuid. [loaToMy ypaBHEHue AS =yblgc, +ylga
KOPPEKTHO NPUMEHSATh JMIIb B IpeJesax 3TOro JMHeHHoro yuactka. [lis ompeneneHus
YHUCJIEHHBIX [1apaMETPOB BHIIIE NMPUBEAEHHONW 3aBUCUMOCTU WJIM Ul €€ NPEJCTAaBICHUS B
rpa¢u4eckoM BHJE HEOOXOIMMBI 00paslbl C HM3BECTHBIM COJIEPKAHUEM OIPEeIIeMOro
aneMeHTa. OCHOBHbIE BapHaHTbl WX HCHOJB30BAaHUS [UIsl TIOCTPOEHUS I'PagyHpPOBOYHBIX
3aBHCUMOCTEH: croco0 TpEX TaTOHOB (A omnpeseseHns Haubosiee BEPOSITHOTO MOJOKEHHS
npsiMoi TpeOyeTcs He MeHee TpEX o0pa3loB CpaBHEHUS: JBa NI ONPE/IEICHUs TapaMeTpoB
OpsSMOM U OJMH I IPOBEPKU TUIIOTE3bl JTMHEHHOCTH); CIIOCOO MOCTOSHHOTO rpaduka (mpu
CTPOTOM IIOCTOSIHCTBE BCEX YCJIOBHH aHaln3a MapaMeTpbl TPajgyMpOBOYHOrO rpadukxa

I
lg==flgc)
2 JIOJIKHBI OCTaBaThCs HEM3MEHHBIMU BO BpemeHH).[lpu AS =0 ppmonnsercs
lga
paeerncro lgcAs=0= D (cnocoG mymeBoro o6pasua cpamenms). KoHueHTpaumo,

YJIOBJIETBOPSIONIYI0 3TOMY pPaBEHCTBY, 0003HAuYalOT KaK Co, a COOTBETCTBYIOUIMI oOpa3zer]
CpaBHEHHS Ha3bIBAIOT HyJCeBbIM. [lonokenne TOoYku ¢ koopauHatamu (lgco, 0) Ha
IpagyupOBOYHON TPSMOM HE 3aBUCHUT OT CBOMCTB (hoTosmynbcuu. [pyrum oOpasuom, c
MOMOIIbIO0 KOTOPOTO MOCTPOEHHBIA OJJMH pa3 rpalyHpOBOUYHBIN IpaduK KOPPEKTUPYETCS IS
KaX/10i (DOTOIUIACTHHKH, CITY’KUT B 3TOM CIIOCOO€ TaK Ha3bIBa€MbINl KOHTPOJIBHBIA 00Opazer:
UM MOXET ObITh OJHA U3 paHee NMPOAHAIU3UPOBAHHBIX NpoO. Ilpu BeIMONHEHHMH aHaMU3a
€AMHUYHBIX 00pa31[0B HEM3BECTHOTO COCTaBa MPUMEHSIOT CIIOCO0 3JIEMEHTHBIX 100aBoK. J[is
ATOTO TOTOBAT 00pa3libl CPABHEHHUSI HA OCHOBE aHAJTM3UPYEMOM MPOOBI, AETAT €€ Ha N MOPIHii
U B KaXayto u3 (N — 1) BBOAAT ompeensieMblil 371eMEHT B MOCIIEA0BATEIbHO BO3PACTAOIIEM
kosimdyectBe. [locTpoMB 3aBHCUMOCTh MHTEHCUBHOCTH AHAIUTHYECKOW JIMHUM (OTHOLICHUS
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WHTCHCUBHOCTEH) OT COMEPIKaHMSI JOOABKH Cro6., SKCTPATIOIUPYIOT ATy 3aBHCUMOCTh K HYITIO
Y HaXOJST COJIep KaHUe DJIEMEHTa B CXOAHOU mpobe (puc. 1).

L; ______ NHorma B omHOM W TOM ke mpobe

16 1 | HEOOXOJMMO ONpPENEIUTh COJACPKAHUE

| OOJIBIIOTO YHCIIA AJIIEMEHTOB (HECKOJBKO

: JECITKOB). B 3TOM cuTyanuu npuMeHstoT

121 | crocod BHemHero craHgapra B. B.

: X0XxJ10Ba, Koraa B Ka4ecTBe

8 ! AQHAJIMTUYECKOW Iapbl HCIIOIB3YIOT OIHY

| | U Ty XK€ CIIEKTPaJbHYIO JIMHUIO B JBYX

e l I CIIEKTpaXx, IIOJIYYE€HHBIX oT

| : aHAJIM3UPYEMOHN MPOOBI U OT HEKOTOPOTO

I ' oOpasna cpaBHeHus. Jlns momydeHus

0 2 4 6 [.-[ CIIEKTPOB TPHUMEHSIOT WX CHHXPOHHOE

C, =3,08 cms.lu3,mc_% B036y>1<:7:'[eHI/Ie B JBYX IIOCJIEIOBATEIIHLHO

COCAMHEHHBIX HCTOYHUKAX W3Iy4YCHUS.

Puc. 1. Onpenenenune coaepkanus CrieKkTphl (uKcHpyroTCS Ha

3JIEMEHTA CII0COOOM 2JIEMEHTHBIX (bOTOTIACTHHKE BCTHIK C  MOMOIIBIO
100aBOK.

CIIELIMAIBHOTO ONTHYECKOIO

TPUYECKOW DHEPTUM IMUTAIOMIEH CETH B IIPUCIIOCOOJIEHUS.

MMITYJIbChl Pa3psAIHOIO TOKa 3aJaHHOU

(GOpMBI, aAMIUTUTY/BI, MOJSPHOCTH M YaCTOThI, BO30YXKIAIONIUE MEXKIy SJIESKTPOJIaMHU
AHAJIUTUYECKOTO IIPOMEKYTKA HU3KOTEMIIEPATYPHYIO nia3my, U3JIyYaroulyro
XapaKTEPUCTUYECKUI CIIEKTP UCCIEAYEMOTO BEIIECTBA.

[lomkur OCHOBHOrO pa3psAa B aHAIMTHYECKOM MPOMEXYTKE OCYIIECTBISAETCA
MPUHYIUTEIBHO BBICOKOBOJIBTHOM BBICOKOYACTOTHON MCKPOW Majoil SHEPIUH, TEHEPUPYEMOI
cxeMoi nmopkura. FMIcTouHMK cOeMHEH ¢ KaMepou pas3psiia CUIOBBIM KaleneM, epeaaroniim
HaMpsHKEHUE TOJDKUTAOIIET0 MMITYJIbca M TOKAa OCHOBHOTO pa3psia OT HCTOYHHMKA K
AHAIMTUYECKOMY TIPOMEXYTKY. B Kamepe paspsna HaxoOATCS BEPXHUW U HWKHHUHU
anekTponbl. Kamepa paspsma cHaOkeHa  CICNMATBHOW  ONTHYECKONM  CHCTEMOM,
MPOSKTUPYIOIIEH Ha OJKpaH YBeTW4YeHHoe B 3,5 paza wu3oOpaxeHue pabOYMX KOHIIOB
AJIEKTPOJIOB WJIM pa3psiia MEXIY HUMH. OJTO TO3BOJIAET KOHTPOJIUPOBATH MPABUIHLHOCTH
YCTaHOBKHM TPOTHUBOAJNEKTPOJAa WM CTENEHb OOropaHusi »dJIEKTPOAOB, YyCTaHABIUBATh
AHATUTHYECKUN TPOMEKYTOK MEXKAY DJIEKTPOJAMHU IO MX TEHEBOM MNPOEKIHMH Ha 3KpaH.
Pexum paboThl MCTOYHMKA KPYTJIOCYTOYHBIA € May3aMud 3 MHUH. MOCHE 3-X MHH. paOOTHI.
HcTounuk sBNIETCA CTAllMOHAPHBIM YCTPOHCTBOM, MOXKET MIPUMEHATHCS ¢ TPUOOpaAMHU KakK C
dororpaduyeckuM, Tak U € (POTOIIEKTPUUYECKUM CIOCOOAMH PETUCTPALUU CIEKTpa H
pabotath ¢ pa3IMYHBIMU THIAMH KaMep paspsja. 3allOMHUTE OCHOBHBIE TEXHUYECKHE

JlAHHBIE UCTOYHHKA: HANPSDKEHHE ITHTAHUs — oHOMA3HAs CeTh MepeMeHHoro Toka 2201 5%,
50 I'm; makcuMmasnbHas MOTpedisieMas MOIIHOCTh C BHYTPEHHHUM peoctaToM — 3 kBT, ¢
JOTIOJTHUTEIFHBIM peocTaToM — 5 KB; sJekTpudeckne pekuMbl BO30YXKICHUS CIIEKTPa,
UCTOYHUK MOXET paboTaTh B pEKHUME JIyTH MEPEMEHHOTO TOKAa U B PEXKHUME HU3KOBOJIBTHOU
WCKpPBI; MCTOYHHK OOECIIEYMBACT PETYJSPHBIH BBICOKOBOJIBTHBIA MPOOOH aHATUTHYECKOTO
IPOMEXyTKa He MEHee 3 MM Ha MEIHBIX MOJUPOBAHHBIX 3JEKTPOAAX IAMAMETPOM 6 MM,
3aTOYEHHBIX Ha Mnosycdepy; MaKCUMaJIbHBIM TOK yTH ¢ BHYTPEHHUM peoctatoM — 10 A, ¢
BHemHUM — 20 A; yacToTa paspsjaa B pexume Oyrd nepemenHoro toka — 100, 33,3, 20
pa3psI0B B CEKYH/y, B peKUMe yHUNIOJISIpHOM AyrH 50 u 25 pa3psaaoB B CEKyHIY.
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[Ipy wm3yueHum MeToAa ATOMHO-DMUCCUOHHOM CHEKTPOCKONMMM C HHAYKTHBHO
CBSI3aHHOM IUIa3MOI» HalO TOMHHMTH, 4YTO IIjla3Ma SIBIISETCS OCOOBIM HCTOYHHUKOM
aToMu3anuu/ Bo30YKJIEHHsI B aTOMHO-IMUCCHOHHON cniekTpockonuu. [1nazma — 31o mrobdas
dbopma MaTepuu, conepKamas KpoMe HEHTpPANbHBIX aTOMOB, DPAJUKAIOB WU MOJEKYJ
3aMETHYIO JIOJII0 3JIEKTPOHOB U IOJOKUTEIBHO 3apsKEHHBIX HOHOB. JIBa XapakTepHBIX
CBOWCTBA IJIa3MBl — 3TO CIIOCOOHOCTH MPOBOJAUTH JEKTPUUECTBO U HCIIBITHIBATH JCHCTBUE
MarHuTHoro mnojs. HMcnonme3yemble B aHandtuueckod ADC  muiasmel  SBISFOTCS
MOHHU3MPOBAHHBIMU Ta3aMH C BBICOKOW 3Heprueil. llna3zmeHHble pa3psabl 3HAYUTEIBHO
ropsuell miaMeH U TMe4Yel U HCIHOJIb3YIOTCSd HE TOJBKO Ui JUCCOLMAlMU 00paslioB
¢dakTHUecKku JO0Or0 THIIA, HO TaKke BO30YXIeHHS W (WJIM) HMOHM3ALUU aTOMOB JUIS
aTOMHOM M HMOHHOM HMuccUU. COBpEMEHHBIM JOCTH)KEHHUEM CpPEIH  IUIa3MEHHBIX
HCTOYHHUKOB B AHAJIUTHUYECKOW ONTHYECKOH HSMUCCHOHHOM CHEKTPOMETPHH SIBIISIETCS
aproHoBass WHAYKTUBHO cBs3aHHas 1iasma (MCII). Crounu [pundunn (bupmunrem,
Anrnust) nepsblii omyosukoBain (1964) paboTy 00 HCIONIB30BaHUHM WHAYKTHBHO CBSI3aHHOMN
I1a3Mbl [IPH aTMOC(EPHOM JaBIeHUM Il 3jaeMeHTHoro aHanuza B ADC. T'a3 apron
MPOMYCKAaeTCsl dYepe3 TOpeliKy, COCTOSIIIYI0 U3 TPEX KOHLEHTPUYECKUX TPYOOK,
BBIIIOJIHEHHBIX U3 KBapla. MenHas kaTylika, Ha3blBaeMas KaTylIKOH WHIyKTOPa, OKPYXKaeT
BEpXHUN KOHEI[ TOPEJIKM U CcoeAuHseTcss ¢ reHepatopom paauoudactoTsl (PY). Korma
sHeprus reHeparopa PU (o6eraro 700-1500 BarT) npukiiagbiBaeTcsl K KaTyIIKE WHIYKTOPA,
B HEW BO3HMKAaeT TOK IIEPEMEHHBIX HANpaBICHUM WIM KojJeOaHUl € YacToTOMH,
COOTBETCTBYIOIIEH uacTore reHeparopa. B OGonpmmuctBe MCII mpubopoB sta uactora
coctasisieT 27 wim 40 MI'LL. Takoe PY xonebaHne Toka B KaTyIIKe BHI3BIBACT MOSBICHHE B
BepxHel 30He ropenku PY anekTpuueckoro 1 MarauTHoro nojei. [Ipu npoxoxaenuun yepes
rOpeJIKy aproHa IpOINYCKaeTcsl MCKpa, CpbIBalollasi C aTOMOB aproHa HECKOJIbKO
3JEKTPOHOB. OTHU DJJIEKTPOHBI 3aXBAaTbIBAIOTCA MAarHUTHBIM TIOJIEM M YCKOPSIOTCA.
VYBenuueHue DHHEPruM DIIEKTPOHOB TaKUM HCIOJIb30BAaHUMEM KaTYLIKM HAa3bIBAETCA
VWHJyKTUBHBIM CBSI3bIBAHUEM. OTH 3JEKTPOHBI BBICOKOW SHEPTUU CTAIKHBAIOTCS 3aTEM C
JpYTMMU aTOMaMH aproHa, CpbIBas IOMOJHUTENbHbIE 3JIEKTPOHBI. Y 1apHasi HOHU3AILMs Ta3a
aproHa npoJoJKaeTcs B BUJE LEMHOM peakluu, IpeBpalas ra3 B Ijia3My, COCTOALLYIO U3
aTOMOB aproHa, JIEKTPOHOB U MOHOB aproHa ¢ GOpMHUPOBAHUEM, TaK Ha3bIBAEMOI'0, pa3psa
C MHIYKTHBHO CBSA3aHHOM IT1a3MoM. Pa3psan 3aTeM Moaaep:KUBaeTCs B MPEAEIax FOpENKu U
KaTyIIKW Harpy3kKu C IOCTOSIHHOM mepenaded mMm sHepruum PU mocpencTtBoM mpornecca
MHAYKTUBHOTO cBaA3biBaHuA. Paspsan MCII nosiBnsgercs B BHIE OYEHb HHTEHCHBHOIO
OpUIUIMaHTHO-0€JI0T0 B BUJE KAty pa3psiia. B ocHOBaHuM pa3ps MMeET BUJI TOPOUJIA, WU
(bopMy «IIOHUYMKA», TaK KaK HECYHMIMH MpoOy MOTOK pachbuiuTeNss OyKBaJIbHO MPOTHIKAET
OTBEPCTHE B IIEHTPE pa3psana. Teno «IoHYMKa» Ha3bIBaeTcs o0sacThio nuuaykuuu (ON), Tak
KaK 3TO 00J1acTh, B KOTOPOH MMeeT MeCTO MHIAYKTHUBHAs nepefaya PY sHepruu ot KaTylIku
K Iiasme. JTO Takke o0JacTh, B KOTOPOH HCIycKaeTcsi OojbIas 4acTh OEJIOro CBeTa,
Ha3bIBAEMOT'0 aprOHOBBIM KOHTHMHYYMOM. [IpoObl, Kak MpaBHJIO, MEPBOHAYAIBHO B BHJIE
xuakoctu s BBoja B MCII pacnpuisitorcs B BUAE a3po30Jis — MeNlbyaiiiero TymaHa us3
Karenek oOpasia. A3’po30ib 3aTe€M MEPEHOCUTCS B LIEHTP IUIa3Mbl BHYTPEHHMM HOTOKOM
aproHa (wiu pacneuisitomuM). @DyHKIMM paspsiga Ha 3TOM  3Talleé  MHOTO3HAYHBI:
JiecoJIbBaTallMsl, UCTIApEHHE TBEPIBIX YACTHUI] COJIM, aTOMH3ALM (3TU MPOLECCH TPOUCXOIAT
B 30HE IpenHarpeBa), BO30yXJIeHHWE U HMOHHU3aLUA (MPOUCXOAAT B 30HE HAYaIbHOIO
U3Iy4YeHUs U HOpMaJbHOM aHamuTuyeckoi 30He — HA3 — 310 061acTh miua3msel , B KOTOPOi
OOBIUHO U3MEPSETCS YMUCCHSI AHATTUTA).

Opnaum u3 BaxkHbIX npeumyuiects MCII Hag ninameHaMu U neyamu SIBISIETCS HAIMUUE
BBICOKOW TeMIlepaTypbl BHYTPH IUIa3Mbl: B TO BpeMs, KaK BEPXHUU Ipeaen TeMIeparyp
m1aMeH U nedei Haxogutes B paiione 3300 K, remneparypa raza B uentpe MCII cocrasnser
oxoiio 6800 K. Baxnoit ocodennocteio UCII sBisiercsa BBoa aspo3ons yepes uentp VUCII u
BCJIEICTBUE OTOTO0 OKPYKEHHUE €ro BBICOKOTEMIIEPATypHOM IUIa3MOM CpPaBHUTEIBHO
MPOJOJKUTENbHOE BpeMsl (2 MwumucekyHnabl). s monydeHuss uHbopManuu o mpobde
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U3MEpSIETCS CBET, UCIyCKaeMblil B IU1a3Me BO30YKIEHHBIMM aTOMaMH U MOHAMU. DMHUCCHUS
IJ1a3Mbl  SBISIETCA  MOJIMXpOMarudyeckol. PasgeneHue cBeta 10  JAJMHAM  BOJIH
OCYIIECTBIISICTCS MPU MOMOIIM MOHO- HJIM HoJauxpomaropa. dakTuueckoe 1eTeKTUPOBAHUE
CBE€Ta  IIOCJIE€  BBIJENEHMS  JUIMH  BOJH  BBIIOJHAETCS C  HCIHOJB30BaHUEM
CBETOUYYBCTBUTEIILHOTO JeTeKTOpa, HanpuMep dotoymHoxutens (POY) uiam coBpeMeHHBIX
METOJIOB JIETEKTUPOBAaHMSI, TAKUX KaK yCTpoiicTBa nHkekuuu 3apsaa (YU3) unu ycrpoiicTBa
ces3anHoro 3apsga (YC3). [Ilomydyenue KadecTBEHHOW HWHMOpMAnMuM  BKIIOYAET
UACHTU(DUKAIMIO HAJIMYMS SMUCCHM Ha JUIMHAX BOJH, XapaKTEPHBIX UL OIpPEIesIIeMbIX
aneMeHToB. Jljis 3TOro wucclenayrTcs, Mo KpallHell Mepe, TpU CHEKTpajbHbIe JIMHHUU
anemenTa. OrpenernieHue KOIWYecTBa 3JeMEHTa B IpoOe MOXKeT ObITh peaTn30BaHO C
HCIIOJIb30BaHUEM TIpaUKOB 3aBUCUMOCTH WHTEHCHUBHOCTUM AMHUCCHHM OT KOHIICHTpAIH,
Ha3bIBaeMbIX KpuBbiMH TpanyupoBku. B WCII BBoasTcs pacTBOpbl € M3BECTHBIMU
KOHIIEHTPALMAMU HCKOMOTO »JJIEMEHTAa, Ha3blBaeMble CTAaHIAPTHBIMH pPacTBOpaMHU, U
U3MEPSETCS UHTEHCUBHOCTb XapaKTEPUCTUYECKOW AMHUCCHM JUlsl Kaxkaoro snemeHra. llo
9TUM HWHTEHCHUBHOCTSIM 3aTeM CTpOSTCS TpadUKH 3aBUCHUMOCTH HMX OT KOHLIEHTpalUn
CTaHJIapTOB C IOCTPOEHHUEM ISl KaXKJIOr0 d3JIEMEHTa IpaJlyHupoBOYHOM KpuBoH. [locne
M3MEpEHUs] WHTEHCHUBHOCTU aHaJUTa IO TPaJyUpPOBOYHOM KPUBOH JTOro 3iIeMEHTa
HaXOJUTCSI COOTBETCTBYIOIIAs 3TOM MHTEHCUBHOCTU KOHLEHTpaius. C HCIONb30BaHUEM B
npubopax UCIT-ADC KoMIBIOTEPOB U MPOTPAMMHOI0 0OECIIEUEHHS 3TH IPalyHpOBOYHBIE
KpPUBBIC HAXOAATCS B MaMATH KomIibioTepa. [Ipenensr oOHapyKeHHs JIEMEHTOB HaXOISATCS

B JMana3oHe MKI/I. Jjis TOYHBIX KOJHYECTBEHHBIX Pe3ynbTaToB (L2 %) KoHIeHTparms
nomkHa B 100 pa3 npeBsIaTh npeaesbl 00HApYKEHUSI.

OOpatute BHHMMaHue Ha npeumyuniecta wmerona HWCII-ADC mnepen apyrumu
METOJIaMU: ISl TTOJTyYeHHUs TPaAyUPOBOYHON KPUBOK JOCTATOUHO MPOBECTH aHATN3 TOJIBKO
JIBYX pPacTBOPOB — (POHOBOrO M CTaHIAPTHOTO; Majoe TpeOyemoe pasbamicHHE 00pasia;
OJTHOBPEMEHHOE OMpe/eleHre OONBIIOr0 4YHClIa JJIEMEHTOB B IIMPOKOM JHAra3oHe
KOHLEHTpalMi; MOTPEeIIHOCTh aHajlu3a Haxoaurcs B obmactu 1 % U MeHblIe IpU
KOoHIleHTpauusax Oosiee ueM B 100 pa3 mpeBbIIAIOMIMX Tpeaesn OOHApYKEHUs; METO,
BO3MO’KHO, UCIIBITHIBAET HAUMEHBIIIEE YUCIIO MIOMEX CPei OOBIYHO UCIOIb3YyEMbIX METO/I0B
AHAJINTUYECKOM aTOMHOM CIIEKTPOCKOIIUH.

Ocoboe BHuUMaHue oOpatuTe Ha mnpudOopHoe obecneyenue meroga WCIT-ADC:
pacnbUIMTENM AaHAJIWTA, HACOCHl, pPAaCHbUIMTEIbHBIE KaMepbl, JpeHaXHas CHUCTEMa,
albTepHAaTUBHBIE METOJABl BBOJA MpPOOBI, TOPENKH, pPaJMOYaCTOTHBIE TI'€HEPaTOpPHl,
nepearolas ONTUKA, YCTPOWCTBAa AMCIIEPTHPOBAHMs 10 JJIMHAM BOJH, JETEKTOPHI,
YCTPOUCTBO Mjii OOpaOOTKM CHTHAJIOB — KOMITBIOTEPHI M IPOILIECCOPBI, MPOrPAMMHOE
obecrieyeHne, aBTo103aTopHbI.

K nmpubopam 11 BBojga npoO OTHOCSTCS pacHbLINTENN — NPUOOPHI, Mpeoldpasyromue
KHUJKOCTb B a3p030Jib, KOTOPBII MEPEHOCUTCA B IIa3My. BOJBIIMHCTBO IPOMBINUIEHHBIX
UCII — pacnpuinTeneid — MHEBMAaTHYECKOTO THUIIA: KOHIICHTPUUYECKHE, PACIBUIMTENIN C
MOTIEPEeYHBIM TIOTOKOM, pachnbuiuTenh babunrrona, pacmeuintens babunrtona c V-
kaHaBkoi. Ilpu ynbTpa3ByKOBOM paclbUIEHMHM SKHJKasg MpoOa HakauuBaeTcs Ha
KOJIEONTIOLIHMICS Tbe303JIeKTpUYeCKUi mpeoOpasoBarenb. Ero konebaHus IUCTIEPTUPYIOT
po0y B BHUJE TOHKOTO a3po30Jsl, TaK YTO OOpa30BaHME a3p030Js HE 3aBHCHUT OT TEUEHHUS
raza pacnbuiutenss. Heo6XonumMo 3HaTh JOCTOMHCTBA KaXKAOTO BUAA pacnbliuTenei. Tax

KaK JI7Isl HEDKEKIHH B TLIa3MYy TIOJXO/IAT JINIIb OYeHb MEIKHe Kari asposons (oxomno 10 4 m
¥ MEHBIIE), MEXKAY pPACHBUIUTEIIEM W TOPEJIKOW MOMENIAETCS pacHbUIMTENbHAs KaMmepa,
OCHOBHOH (hyHKIMEH KOTOpOH ABIsETCS yIaleHHe U3 a3po30isl KPYIMHBIX Kanens (10 95-99
% 1poOb1). BelHOC M3MUIIKOB MPOOBI BBHIMOIHSET JpEHa)XXHasih cUcTeMa, KOTOopas MOKET
ObITb B BHUjAE TMeTenb, OJ0KkoB, U-00pa3HbIX TpyOOK WM JaXe COEJUHEHHOW C

MEPUCTATBTHIECKUM HACOCOM TPYOKH.
AJbTepHaTUBHBIE METOJBbl BBOJAA MpOObBI — TeHepalus TUAPUAOB: Mpoda B
pa30aBIIEHHOI KHCIIOTE CMEIINBACTCS C areéHTOM-BOCCTAHOBHTENEM, OOBIYHO C PacTBOPOM
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Ooporunpuaa HaTpusi B pa30aBICHHOM THAPOKCHIE HaTtpus. B peaknuu Ooporumpuma c
KHCJIOTOM 00pa3yeTcsi aTOMapHbIid BOAOPOJI, KOTopelid pearupyet ¢ Hg, Sb, As, Bi, Ge, Pb,
Se, Te m Sn B pacTBOpe ¢ 00Opa30oBaHUEM JIETYYUX THIPHIOB ATHUX DJIEMEHTOB. OTH
ra3oo0pasHbleé  COEAMHEHHUs  3aTeM  OTAEIAIOTCS  OT  PEaKUMOHHOHM CMecu U
TPaHCIOPTUPYIOTCS B II1a3My (yYMEHbIIEHUE IpeienoB oOHapyxkeHus B 1000 pa3).

Jpyroii aqbTepHAaTUBHBIA METOJ — PACIbUICHUE C IIPAMON MHXKEKLIMEW — UCIIONIB3YET
MUKPOKOHIICHTPUYECKUI pacnblinTeNb, KoTopblii nomeniaerca B MCII ropenky Ha mecro
OOBIYHON MHKEKTOPHOH TPYOKH.

Heo0xoaumMo NOMHUTB, YTO BBOJI MPOOBI B TOPEIKY — OJIHA U3 CAMBIX OTBETCTBEHHBIX
omeparuii. LlenTpanpHoi yacThio mpubopHoro obecneuenuss merona MCII-ADC sBusiercs
ropeiika, KOTOopas COCTOMT M3 TPEX KOHLEHTPUYECKUX TPyOOK il MOTOKAa aproHa u
WHXXEKIUU a3po30iist. [IpoMekyTok Mexy ABYMSI HAPYKHBIMH TPyOKaMu MOAICpKUBAETCS
Y3KHM, 4TOOBI BBOAUMBIA MEXAY HUMHU ra3 BBIXOJIWJ C O0JBIION cKopocThio. KoHeTpyKius
Hapy»XHOW KaMmepbl 3acTaBJIsIET ra3 JIBUraTbCsl TAaHT€HLUUAIbHO BOKPYr Kamepbl. OjqHa u3
GyHKIUI 3TOro rasa — OXJIaXJEeHHE KBApLEBBIX CTEHOK TOPENKH; 3TOT ra30BbId MOTOK
HA3bIBACTCS BHEIIHUM Ta30BbIM NOTOKOM (pacxox ero 7-15 n/mmnu.). Kamepa mexmy
BHEUIHUM U BHYTPEHHHUM IOTOKOM BBIHOCHT Ta3 MPSIMO MO IUIa3MEHHBIA TOPOH; 3TOT
MOTOK HA3bIBAETCS MMPOMEKYTOUHBIM M PAacXo]l €ro coctasisieT okosio 1 yi/muH. IToTok rasa,
HECYIIUH a’p030Jb MPOObI, MHXKEKTUPYETCS B IUIa3My 4Yepe3 IEeHTPaIbHYI0 TPyOKy MU
nHxkeKkTop. CKOpPOCTh MOTOKA rasa TakoBa, YTO OH B COCTOSIHMM INPOOUTH OTBEPCTHE B
1a3Me; 3TOT MOTOK HAa3bIBAETCS BHYTPEHHUM, WU TIOTOKOM PACTIbUIMTENS MPOOHI.

OMuccust 007acTH IJ1a3Mbl, Ha3bIBAEMOW HOPMAJIbHOUM aHanmuTHueckoi 30H0U (HA3),
oTOupaercs Uid CHEKTPOMETPHUYECKOrO0 H3MEpeHusi JuOO0 CO CTOPOHBI IIa3Mbl B
BEPTUKAJIBHON OpUEHTALNH, OO0 TOpU3OHTAIBHON. He3aBucuMo OoT THNa KOH(UTYpanuu
UCITI, uznydyenue oObyHO coOupaetcss (pOKyCUpPYIOLIEH ONTHKOM, HApUMEp BBITYKIBIMU
JMH3aMH WM BOTHYTHIM 3€pKajoM. DTa ONTHKA 3aTeM (OKYCHpPYET M300paKeHHE ILIa3Mbl
Ha BXOJHYIO LIEJb JUCTIEPTUPYIOIIET0 YCTPONUCTBA HIIU CIIEKTPOMETpA.

Crnenyromuit mar UCII-ADC pasznuueHrne >MHCCHH OAHOTO AJIEMEHTa OT SMUCCHUU
Opyrux sjeMeHToB. OHO MOXKET OBbITh pealn30BaHO AU(PPAKIHMOHHOM pPEMIETKON WiIH
Dmerie pemérkoir. OTpakarenbHas AUGPaKIUOHHAS PEMIETKAa — 3TO MPOCTO 3€PKATIO C
ONMM3KO  PACHOJIOKEHHBIMM  JIMHUSIMHM, pAacuepyeHHbIMM WJIM  BBITPABICHHBIMH  Ha
noBepxHocTu. [TnoTHOCTH MMHMI unu kaHaBok coctasisieT oT 600 no 4200 na 1 mwm. Ilpu
Ma/ICHUU CBETa Ha TaKyl PELETKY MMEET MECTO ero Au(ppakius Ha yroil, 3aBUCALIMHA OT
JUIMHBI BOJIHBI CB€Ta U IUIOTHOCTU JIMHUK peméTku. Yem Oosblie AIMHA BOJHBI U BBIIIE
IUIOTHOCTH JIMHUM, TeM Ooublie yroi auppakuuu. Duieiuie pemeérka coyeTtaeT B cede aBe
JTUCHEPrUPYIONIME CHCTEMbI, KOTOPbIE pacrojararmTcs JIpyr MO OTHOIIEHHIO K JpYry
neprneHaAuKynsapHo.  OObIYHbIE  JUQPPAKLMOHHBIE  PEMIETKM  ONTUMM3MPOBAHBI  Ha
OTpeAeNEHHYIO JUIMHY BOJHBI U AJISl ONPENEIEHHOTO Mopsiika, OObIYHO — MEPBOro. JIIesuie
pemérka MMeeT OTIMYHOE pa3pelleHHe, TaK Kak B HeW MCIONb3yITCsl OOBIYHO Oosee
BBICOKHE CIIEKTpaJIbHbIE MOPSAKH, YTO MPUBOJIUT K YMEHBILICHUIO TabapuTOB nMpudopa.

Jlia npenckasyeMoro pasaeseHus MOJUXPOMATHYECKOTO CBETA PEIIETKA BKIKOYAETCS
B IpubOp, Ha3bIBaeMblil criekTpoMeTpoM. DYHKIUS CleKTpoMeTpa: (popMHpoBaHHE MTydKa
CBETa, Pa3JIOKEHHE ero PelETKoN Mo JUIMHAM BOJIH, (JOKYCHpPOBAaHUE AUCHEPTHPOBAHHOTO
CBeTa Ha IUIOCKOCTb WMJIM KPYTI Ha BbIXoje. J[pyrumu cioBamH, CHEKTPOMETpP MOJIydaer
Oenblii  CBET WM  IOJUXPOMATHUECKOE HW3IyYeHHEe U JUCHEeprupyeT ero B
MoHOXxpomaTnueckoe. OxHa wiu Oosee miened Ha IUIOCKOCTH WM Ha Kpyre Ha BBIXOJIE
3aTeM IMPOIMYCKAIOT ONpeaeEHHbIE [UIMHBI BOJH K JIETEKTOPY U OJOKUPYIOT IpYyrue JIHHbI
BOJIH. MoOHOXpoMaTuyeckoe HW3JIydeHHe Tmocie Audpakuud OT pPemeTKU COCTOUT
[IEPBOHAYAJIbHO W3 JJIMH BOJH, NPEJCTABISAIOIIMUX CBET, MUCIYCKAaEMbI JTaHHBIM BUIOM
2eMeHTOB. Tak ke, KaK My3bIKaJIbHbIi MHCTPYMEHT CO3/1aéT rapMOHUKU 3BYKa, pemIéTKa
CO3/1a€T TAapMOHMKH CBETA, HA3bIBAEMbBIE CIIEKTPAJIBHBIMU MOPSIAKAMH.
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MHOro31€MEHTHBIN aHaIu3 — HW3MEPEHHE KayeCcTBa M KOJIMYECTBA HECKOJBKHUX
9JIEMEHTOB B OJHOM oOpasie — peanusyercss C OOBIYHBIMH JHCIEPTUPYIOIINMHU
YCTpOiiCTBaMH ABYMsI OCHOBHBIMH CIOCOOAMHU: MPU MOMOILIHU MOIUXpOMaTopa (B OJHOM H
TOM K€ CIIEKTPOMETPE HCIIOJIb3YIOTCS HA BBIXOJE MHOXKECTBO IIEJIEH U JETEKTOPOB; IS
OOBIUHBIX MOJUXPOMATOPOB CaMOll MOMYJSPHOW KOHCTpYKIHMel siBnsiercss y3en Ilamena-
PyHre; Takoil ClIEKTpOMETP COCTOUT M3 BBIXOJHOM ILEIU, BOTHYTOW PEIIETKH U MHOXKECTBA
ienieil Ha BBIXOJIE, PACIIOIOKEHHBIX 110 OKPY>KHOCTH, Ha3bIBaeMoi kpyrom Poynanna) umm
MOHOXpOMAaTOpa, KOTOPBIM HCIOJIB3YETCS B MHOI'OJJIEMEHTHOM AaHAIN3E C IPUMEHEHUEM
OBICTPOTrO CKaHUPOBAHUS OT OJHOM JIMHUU dMHUCCUU K JAPYroi. DTOT Mpolecc pean3yercs
00 M3MEHEHHEM yria TU(PAKIIMOHHON penIéTke e€ BpalleHHEM, WU JI TIepeMeICHIEM
JETEKTOpa B IJIOCKOCTHU IIEJIM MOHOXPOMATOpa NMpu (PUKCUPOBAHHOM IOJIOKEHUH PEUIETKH.
B 0Ob4HBIX MOHOXpOMAaTOpax, Kak MpaBUJIO, HCHONB3YIOTCS y3ibl UepHbi-TepHepa u
D6epra. DTU KOMITAKTHBIE CLIEKTPOMETPHI UMEIOT BXOIHYIO LIEJb, INIOCKYIO PEMIETKY, OJJHO
(D6epra) mmu nBa (Yepnsi-TepHepa) 3epkana aisi KOJUIMMHUPOBAHUS W (POKYCHPOBAHUS
CBETa M OJIHY BBIXOJHYIO Il€Jb; KOJUIMMATOp — YCTPOMCTBO, (opmupymoliee y3Kul
MapauIebHbIMA MyYOK Jy4Yel WM 4acTULl. BOJIBIIMHCTBO MOJE3HBIX AHATUTHUYECKUX JTUHUN
smuccun UCIT-ADC nexut B quamnazone 190-450 um.

ITocne BpieneHus CIIEKTPOMETPOM HAIUICKAIIEH JTMHUM SMUCCHUHU JUIS U3MEpPEHUs €€
MHTEHCUBHOCTH HUCIIOJIb3YETCSl IETEKTOP C COOTBETCTBYIOLIEH 3JIEKTPOHUKOU. JleTekTop —
YCTPOICTBO B U3BMEPUTENILHOM IIpUOOpE, CiryXkallee sl pa3InyHoro poja npeoOpa3zoBaHUi
ANEKTPOMArHUTHBIX Kosiebanuii. Jlo cux mop Haubonee IIHUPOKO HCIOIb3YyEMbIM
nerektopom B MCII-ADC sBmsiercs ®DY. ®DY — 310 BakyymHas TpyOKa, KOTOpas
COJIEP>KUT CBETOUYBCTBUTENIbHBIN MaTepua, Ha3blBaeMbIil (HOTOKATOAOM, BEIOPACHIBAIOIINN
AJIEKTPOHBI TpU yAape Mo HeMmy (OTOHA CBeTa. OTH DIIEKTPOHBI YCKOPSIOTCS TI0
HampaBJICHUI0O K JMHOIY W BBIOMBAIOT OT JBYX JO MATH BTOPHUYHBIX 3JEKTPOHOB.
BTopuuHbie 35IEKTPOHBI YAAPSIOT MO CIAEAYIOLEMY AUHOAY C JOMOJHUTEIbHON MHKEKIUEH
AJIEKTPOHOB, BBHI3BIBAIONIMX HA CBOEM NYTH MHOKECTBeHHBINH 3¢ dekt. Tunuuneii OIOY
colepkuT oT 9 no 16 auHOAHBIX KackaaoB. Ha KOHEYHOM 3Tame BTOPUYHBIE 3JIEKTPOHBI
COOHMpAlOTCS aHOJOM, MOXeET ObITh cobpaHo m0 10° BTOpHMUHBIX 37MeKTpOHOB. 3aTeM
MU3MEPSIETCS DJIEKTPUYECKU TOK aHOJa, KOTOPBIA IPEACTABISIET OTHOCUTENIBHYH) MEpPY
MHTEHCUBHOCTHU U3JIy4eHUs, focturiiero ®OY.

B 60-e rozpl nosBIIINCh MaTpUUHBIE 1€TEKTOPHI. BblIO yCTaHOBIEHO, YTO JAaTYMKH HA
OCHOBE KpEMHHUs OTBEHYAIOT Ha BO3JCICTBHE CBeTa, IOCJIE YEro OHM CTalu OBICTPO
BHEIPSTHCS B JIMHEWHbIE M JBYMEpHbIE MAaTpPHUIIbl, HAa3bIBAEMbIE TBEPIOTEIbHBIMU
¢doronpuéMHUKaMU WK JAeTeKkTopamu. [l CIeKTpockonmuM ObUIM pa3paboTaHbl TpH
XapakTepHble Uil 3TOr0 BHJIA YIIyYIIEHHbIE TBEPAOTENbHBIE JETEKTOPHl C BBICOKOM
qyBCTBUTEIBHOCTHIO U paspemieHneM — ¢poroanoanas marpuna (PJIM — PDA), ycrpoiicTBo
¢ umkekiuen 3apsma (YU3 — CID) u ycrpoiictBo cBsizannoro 3apsga (YC3 — CCD).
VYerpoiictBa YU3 n YC3 oCHOBaHBI Ha CBETOYYBCTBUTEIBHBIX CBOWCTBAX KPEMHHUS H
MPUHAIIEKAT IMHUPOKOMY Kilaccy ycTpoHcTB ¢ mepeHocoMm 3apsiga (YII3 — CTD). brnok
CBEPXYHMCTOIO KPEMHHUS COCTOMT M3 KPEMHHEBOW IOAJIOKKH, Ha KOTOPOM BBIPAIIMBAETCS
M30JIMPYIOIIMI CII0M Juokcuaa KpeMHHus. Kaxaplii aToM KpeMHUS B TOJJIOKKE CBSI3aH C
COCE/IHUM aTOMOM KpeMHUs B TpEXMepHOM pemérke. CBsi3b KpeMHUI-KpEMHHIH MOKET OBbITh
pa3opBaHa JIOCTaTOYHON BEIMYMHBI >HEpPruel, Hampumep, (HOTOHAMU ONTHUYECKOTO WM
ynpTpaduoneToBoro auanasoHa. Korma cBs3p paspbiBaeTcs, U3 PEIIETKH MCITyCKAaeTCs
AJEKTPOH C MOCIEeYIOIIMM 00pa30BaHUEM B KPUCTANIMYECKON CTPYKTYpE IbIPKH, DTO mapa
— 9JIEKTPOH-AbIpKa. Eciau kK OJIOKYy KpeMHMs NpPUKIIAAbIBACTCS HAIpsDKEHHE, CBOOOTHBIE
ANEKTPOHBl HAYMHAIOT ABUTAThCS B HANpPABIECHUHU, MPOTHBOIIOJIONKHOM MPUIOKEHHOMY
MOJIF0 MM K IIOBEPXHOCTU pas3fella KPEMHUI-IMOKCHI KpPEMHHS, TOrJa Kak JAbIPKH
HAYMHAIOT JIBUTaThCS B APYTOM HalpaBlI€HUH, UM B HAIIPABIEHUH AJIEKTPUUECKOTO OIS, U
OCTaBJIAIOT O00JIaCTb, OOEIHEHHYIO TOJIOKUTEIBHBIMU 3apsAfaMd. OTO MepeaBHKEHUE
JJIEKTPOHOB B Ipeleiax KPUCTAUIMYECKOW PEIIETKH CO31a€T TOK, HMPONOPIUOHAIBHBIN
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KOJMYECTBY IMOMAaBIIUX B CTPYKTYpy (oToHOB. To ecTh, ueM Ooubliiee KOJUYECTBO CBETA
MOTJIOIIAETCS KPEMHHUEM, TeM OOJblIe 3JIEKTPOHOB 3aXBaThIBACTCS CJIOEM JIMOKCHJA
KpemHus. JneMeHThl Y113, Ha3piBaeMble MHUKCEIaMH, MOTYT MMETh pa3Mepbl oT 6 mo 30
MHUKPOH H BBICTPaMBAIOTCA OOBIYHO B KOH(UTypammio JBYMEPHBIX KPEMHHUEBBIX
dhoronpuémankoB oT 512 x 512 no 4096 x 4096 nuxcenoB. Kaxaplii U3 3TUX MHKCEIOB
CHIOCOOCH COXpaHATh 3apsil, TeHEepHUpPOBaHHBI (oTOHOM. VMIMEHHO cmoco0 MONTydeHus,
ONPAILIMBAHMS U COXPAHEHUs 3apsAJ0B OTJIMYAET OJMH THI YCTPOMCTB OT Apyrux. MmMerorcs
cnekrpometpsl MCIT ¢ gerexkropom YU3. B HEM wucnonb3dyercs suieiie pemeTka u
nerektop YU3 ¢ 6onee wem 250000 muKcenoB, CIIOCOOHBIX OIPEACNATHh CIICKTPAIbHBIC
nuann WCII B mmpokoM auana3zoHe JJIMH BoJH. B Metone co3maércs «MOMEHTaJIbHBIN
CHUMOK» BC€X JCTeKTHPYEeMbIX JHHHUI MOJAOOHO TeM, KOTOpble HaOIIoal0TCs Ha
(doTomIaCTUHKE B ONTUYECKON MUCCHOHHOW CHEKTPOCKOMUH. 3apsii, akKKyMYJIUPOBaHHBIHI
MUMKcenaMu B ycTpoiicTBax cBa3aHHoro 3apsga (YC3), HOMKEH CUYUTHIBATHCA
MOCJIeIOBATEIbHO U B TMpOIECCe YTEHUs 3apsia oH paspymiaercs. CrenoBatensHo, YC3
Ha3bIBAECTCS IOCJIENOBATEIbHON pa3pylIalolell cucTteMord urteHus. B mocnenHee Bpems
MOSBWIICA HOBBIM THII JETEKTOpa — JETEKTOp C CErMEHTUPOBAHHOM MaTpulled U
ycrpoiictBoM cBsizanHoro 3apsiaa (CCJ — SCD) mns smemne npubopa MCIIL. Bmecto
HCIIOIb30BaHUsI MacCUBHBIX YC3 ¢ COTHSIMHU ThICSY compukacaromuxcs nukcenon, B CCJJ
HMMeeTCsl MHJIMBUIyallbHAsi COBOKYITHOCTh HeOombIux cyomarpuil ot 20 g0 80 muKcenoB B
kaxmoil. Mmeercs cBbime 200 TakuxcyOMaTpull, pAacIlOIOKEHHBIX Ha HEOOJBIIOM
KpeMHUEBOM (POTOMPUEMHUKE B JBYMEPHOU CTPYKTYpE, CBA3AHHOW C MOJTydaeMOM SIiere
CIIEKTPOMETPOM 3IIeJUIETPaMMON. DTH CyOMAaTpHIbI COOTBETCTBYIOT 236 wmim OoJblueit
yactu caMbIX BakHbIX JuHUA VCII, Habmonaemsix MCII cnektpomerpueit 70 3meMeHTOB.
CyOmaTpuiia cocTouT U3 Tpéx obnactei: POTOUYBCTBUTEIBHONU 001acTH, 00JIACTU MAMSTH U
BBIXOJHOW AJIEKTPOHHOU cxeMbl. UHdopmanus, xpansmiascs B HeOONbIIUXCyOMaTpUIax
CCH, moxer ObIThb OBICTPO 3ampolieHa B J000i mocienoBaTenbHOCTH. Kpome Toro,
JETEKTOP C CETMEHTUPOBAHHOM MaTpulleil 001a1aeT XOPOIUINM OTKIMKOM K cBeTy oT 160 10
782 um.

OOpaboTka CHUTHAJOB: DJIIEKTPUYECKUII TOK, HU3MEpeHHBbIH Ha aHojge DIV,
npeobpaszyercss B MH(OpMaIMIO, KOTOpas MOXET ObIThb HCIOJIb30BaHA KOMIIBIOTEPOM WIIU
aHamuTUKOM. IlepBelii »3Tam — mnpeoOpa3oBaHME aHOJHOTO TOKa, MPEICTABISIONIETO
MHTEHCUBHOCTh SMUCCUH, B CUTHAJ HamnpspKeHUs. Tak Kak BO BCEX KOMMEpPUYECKUX MpUOOpax
NCII-ADC wucnons3yercs uu¢poBas o0pabOTKa, CHUTHAN HANpsDKEHUs Mpeodpasyercs
aHasioro-ippoBbiM, unn A/Ll xonBeprepoM B 1uppoByro uHpopmauuioo. OTta nudposas
uHpOpMalUs HUCHONb3yeTcsl Uid  JajbHelmeidl oOpaboTKHM KOMITBIOTEPOM U KOHEYHBIM
pe3ynbratoM OyaeT mHpopMalus, rnepeaaBaeMas IJITaBHOMY KOMIIbIOTEPY WM aHAJIUTUKY B
BUJE YHCIA, MPEACTABIAIOIIEI0 MHTEHCUBHOCTh OSMUCCUM WIM KOHIEHTpanuio. C
yinyumieHHbIME JieTekTopamMu YU3 u YC3 co3nmaéres «MOMEHTaNIbHBIM CHUMOK» 00J1acTH
JUIMH BOJIH M BCE MHTEHCHUBHOCTH B Npejenax 3Toi obsacTu mpeoOpa3yrorcs B HUGPPOBYIO
MH(OPMaLIMIO U MOTYT OBITh 3allMCaHbl B MaMATh JUIsl IOCTOSIHHOTO XpaHeHus. BaxkHas yacTb
mo60it UCIT-ADC cucreMbl — BCTPOSHHBIN B MpUOOp yHpapisiomuii koMneioTep. Bo Beex
npubopax UCII-ADC, oaHako, UCNOIb3yeTCS BHEIIHUM KOMIBIOTEP, B3aWMOAECHCTBYIOLINI
CO BCTPOEHHBIM KOMIIBIOTEPOM U JIEHCTBYIOLINM B KauecTBE UHTepdeiica MeXIy aHATUTUKOM
u npudopom. B coBpemennsix UCII-ADC kaxnas ¢yHkuus npubopa aBTOMAaTH3UpPOBaHA U
HaxXOAMUTCS TMOJ YIpPaBICHUEM KOMIIBIOTEpA, KOTOPBIM JEHCTBYET B COOTBETCTBUU C
IIPOrpaMMHBIM 00€ecTIedYeHUEM.

Baxxnoe 3HaueHne B ADC HMEIOT JONOJIHUTENbHBIE IPUCTABKU: aBTOJA03aTOPBI U
NPUCTaBKU BBOJAA MpoObl. THUNUYHBIE aBTOJ03aTOPbl MMEIOT BMecTUMOCTh 710 100 mpoO,
moaenu mnobonbmie — a0 300-500 mpo6. ['maBHast QyHKIMS aBTONO03aTOpPa — OCBOOOIUTH
QHAINTHKA OT MEPEeKIIOUEHUs BPYUHYIO TpyOOK BBOJa MHpoOBI OT OJHOTO pPacTBOpa K
npyromy. Ilocnenneii pazpaboTkoit ABIsS€TCS aBTOA03aTOP AJIsi pabOThI C MAJILIMU 00BEMaMHU
npo6 (H'1 ma u mensme). C npubopamu MCIT-ADC  Takke IIUPOKO HCIIOIB3YHOTCS
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pazHoOOpa3Hble NPUCTAaBKU BBOAA Mpo0, TakWe Kak YJIbTPa3BYKOBBIE PACIbUIUTENH,
pacTBUIHTENN TPSIMON HHXKEKIIMH, TeHEepaTopbl THIAPHUAOB, TPadUTOBBIE TEUYM U CHUCTEMBI
Ja3epHoi abisuuu, BTOPOH OJIOK JAecoibBaTallly U T. [I.

CobOpanue MeTo10B, TapaMEeTPOB U UHCTPYMEHTAPHS, UCIIOJIb3YEMbIX JJISI POBEICHUS
aHaiM3a, HasbplBaeTcss MeTojosorueid. B gr000M aHanmu3ze CyHIeCTBYeT HECKOJIbKO
XapakTepHbIX uepT, obumx g Mmetomoiorun WCII-ADC: 1) mpurortoBienue mpod u
crangaptoB s BBoja B VMICII; 2) BeIOOp MeTo1a BBOJIa MPOOBI M UCIIOJIB3YEMOM JIJIsi 3TOTO
anmaparypel; 3) NporpaMMHpOBaHHE TNpUOOpa C HUCHOJIB30BAHHWEM MPOTPAMMHOTO
obecrieueHus st cOopa JaHHBIX U UX 00paboTKH; 4) MpoBEepKa MPaBHIIBHOCTH HACTPOUKHU H
byHKIIMOHUpOBaHMs TTprOOpa; 5) BBOJA B IUJIA3My pacTBOpPA MEPBOrO CTaHAAPTA U HAKATUE
KJIQBUIIM KOMIIbIOTEepa; 6) BBOJA CIEAYIOUIMX CTaHAApTOB (€CIM OHHM HCIIOJB3YIOTCS) U
¢dboHOBOTO pacTBOpa; 7) BBOA NMPo0; 8) KOHTPOIIL Ka4eCTBA aHAIN3a MPHU MTOMOIIH dTATIOHHBIX
pacTBOpoB; 9) 0O0paboTKa pe3yJbTaTOB aHATU3A.

YMectHO oOpatuth BHUMaHue Ha nomexu B metone MCII-ADC, yto mpuBOAUT K
OTJIMYMIO CHTHAJla OT aHajiWTa B mpo0Oe OT CHUrHalla aHajauTa TaKoM XK€ KOHLEHTpalud B
rPalydpOBOYHOM pPAaCTBOpE: TOMEXHM CIEKTPAJIBHOIO MPOUCXOXKACHUS U  IOMEXH,
00yCIIOBJICHHBIE BBICOKUMHU KOHIICHTpPAIUSIMU HEKOTOPBIX 3JeMEHTOB B mpobe. [Ipomenypa
KOHTPOJISI KauecTBa aHalW3a — aHAJU3 MPOO M3BECTHOTO COCTaBa BMECTE C HCCIICTyEMBIMU
npobamu; Al 3TOTO KCIOJIB3YIOTCS 3TaloHHBIE Marepuanbl. [lomaBnsromiee OOIBIIMHCTBO
00pa3IloB BBOAATCS KakK pPacTBOPHI, KOTOPbIE HEOOXOIUMO CTaOWIM3UPOBATH, JIOBECTH
KOHIIEHTPALlMIO aHaluTa 10 TNpeesioB pabdouyero auamazoHa mpubopa, obecrneyuTh
BOCTIPOM3BOJMMOCTh PACIBUICHUS pacTBopa. TBEpAbIe 00pasmbl MEPEBOISAT B PaCTBOP
KHUCIIOTHBIM Pa3jioXEHHEeM, HWHOT/a PACTBOPEHUIO TMpENlIecTBYeT cIuiaBieHue. Jlpyrue
METO/Jbl TIPHUTOTOBJICHHUS MPOO BKIIOYAIOT AKCTPAKIUIO, PEAKIUU HEUTpalu3aIuu
IpeBapUTelIbHOE KOHLIEHTPUPOBAHKE MTyTEM BbITAPUBAHUS UM HOHHOTO OOMEHA.

BaxxapIM moHATHEM, CBS3aHHBIM C MPUTOTOBJICHHEM OOpa3lloB M KOPPEKIMEH MmoMeX
ABIIIETCS COrjlacoBaHMe MaTpuil. B ciydae, korja MaTpuilbl CTaHIApTOB U 00pa3loB
COBEpPIICHHO pAa3JIU4YHbl M HE TMOJJIAIOTCA COTJaCOBAaHUI0O W HUMEET MECTO IoMexa,
UCIIONIB3YETCSI METOJ, Ha3blBaeMbIi BHYTPEHHUM CTaHAApTOM. BHyTpeHHU# cTaHaapT
(BHYTpEHHMH STaJIOH) CIYXXUT JJs TOrO, 4TOOBI TOKa3aTh, KaKOe KOJMYECTBO OOpasia
MEPEeHOCUTCS] B TIa3My. BHyTpeHHWI cTaHgapT — 3TO DJJIEMEHT, MNPUCYTCTBYIOUIMI B
OJIMHAKOBOM KOHIIEHTPAIIMM BO BCEX aHAIM3UPYEMBIX PAacTBOpax Kak YacTh MaTpPHUIIbI, WM
AIIEMEHT, A00aBIsIeMblii K cTaHAapTaM, poHaM U o0pas3laM B X0Jie IPUTOTOBIEHUS MPoOkL. B
MOCJICTHEM CJIy4ae dJIEMEHT BHYTPEHHErO CTaHJapTa He JOJDKEH MPHUCYTCTBOBAaTh B IMpooe.
Baxupiv nns mro6oit meroponorun MCIT-ADC sBasioTcss pexkuM pabOThl U U3MEpPEHUS
smuccuu. Kaxapiii mpubop MCIT-ADC umeeT nBa CTaHIAPTHBIX peKUMa pabOThl — OJIUH JIJIst
BOJIHBIX PacTBOPOB, JPYTroi — JIsl OpraHu4ecKuX pacTBopoB (Tabdm. 1).

BaxxapIM mapaMeTpoM aHaiM3a MOXET OKa3aThCsl BpEMsI UHTETPUPOBAHMUS, HIIH BPEMS,
pacxoayemMoe Ha HM3MEpEeHHE WHTEHCHBHOCTH AMHUCCHHM JJS KaXKIOW UIMHBI BONHBL [Ipu
BBHIOOpE MJIMH BOJIH /Ui M3MEPEHUS HMHUCCHUU DJIEMEHTOB AaHAJINTAa PYKOBOJICTBYIOTCS
HECKOJIbKUMH KPUTEPUSIMU: JUIMHBI BOJH JOJDKHBI OBITH JOCTYIHBI JJISI HCIIOJIB3YyEeMOTO
npudopa; MOJDKHBI COOTBETCTBOBATH KOHIICHTPAILMSIM ONPENETISEMbIX DJIEMEHTOB; MPHUPOIE
MPOUCXOXKACHUS JTUHUU IMHUCCHUM; JTUHBI BOJIH JOJDKHBI ObITH CBOOOJHBI OT CIIEKTPATbHBIX
nomex. MeTo, HCTIONIb3YEeMBIN TSl U3MEPEHUS SMUCCUH, OOBIYHO BCTPOCH B caM MpUOOp H
HE MOXeT OBITh JeTKO MOAM(UIMPOBAH TMoib3oBareraeM. Cambie OOBIUHBIE CIOCOOBI
M3MEPEHHS IMUCCUHU: CKAaHUPOBAHHUE CIIEKTPOMETPOM B OOJIACTH, OKPYKAIOMICH OXHUIACMBbIC
JUHUHM 3MHCCHUU, C U3MEPEHHSIMH Ha KaXJIOM Iare, WIM YCTAaHOBKOW CIIEKTpOMETpa Ha
OTpeeIEHHYIO JUTMHY BOJHBI U BBHITIOJHEHHE W3MEPEHHUM TOJIBKO HA JITOW JIJIMHE BOJIHBIL.
CymecTByeT TpeTHil Cmoco0, KOTOpPHI OCHOBaH Ha HCIOJB30BAHUM  YIIYYIIEHHBIX
NETeKTOpHBIX cucteM Ha ocHoBe oswemte, YWU3, CCI. Otu npubopbl HU3MEPSIOT U
3aMKUCHIBAIOT OJHOBPEMEHHO dMHCCHUIO OOJBIIMHCTBA CIEKTPANBHBIX JIMHUNA U CBS3aHHBIN C
HuMU ¢oH, ucnyckaembiit UCIIL.
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Tabauua 1

PaGouuii mapamerp Bonnbie Opranunueckue

pacTBOpPHI pacTBOpHI
BY momnocTh (kBT) 1,0 15
Bremnawuii motok aproxa (Ji/MuH.) 12,0 15,0
[IpomexyTOUHBIN TOTOK aproHa (J1/MHUH.) 1,0 2,0
BuyTpennuii notok aprosa (Ji/MuH.) 1,0 0,7
CxopocTh pacnbuieHUs (MJI/MUH.) 1,0 0,7
BricoTa 0630pa (MM HaJl BUTKOM KaTyIIIKH) 15,0 15,0

HemanoBaxunoe 3HaueHue wumeer ycrpaneHue nomex B MCII-ADC. Ilomexu
MOJIPA3/CIIAIOTCS Ha YEThIpE KaTeropww: MpocTou npeitd ¢oua, npeiid HakioHa QoHa,
IpPsMOE  CIIEKTPAJIIbHOE HaJOXKEHWe, CIOXKHBIM Japeiid ¢ona. IIpocroit napeiid dona
ompeseNnsaeTcss Kak Apei( MHTEHCUBHOCTH (OHA, KOTOPBIA IMOCTOSHEH B JIAHHOM JIMAIla30He
no o0euM cTopoHaMm JUHUM aHanuta. [IpuunHOl npeiida HakiIoHAa (HOHA OOBIYHO SBISETCS
HaJIMYME€ OYEHb MHTEHCUBHOM aTOMHOW WJIM MOHHOW JIMHUM AMHUCCHH, YIIUPSIOLIEHCS WU
BBICOKOM KOHIIEHTpallMel 3JIeMeHTa B Mpo0e WM HATMYHEeM 3JIEKTPUUECKUX TOoJIeH B Ia3Mme.
Hpyroii npuunHoii aApeiida HakIoHa (OHA SBIISIOTCS MOJICKYJISIPHBIE 30HBI SMUCCHH, HHOTIA
npucytcTByromue B paspsae MCIL Ilpsmoe cnekTpaibHOe HalloKeHHE OOYCIOBJICHO TEM,
YTO KaXKJas CHEKTpajbHas JIMHUS HUMEET KOHEUHYIO CHEKTPaJbHYIO IHIMPUHY, U TEM, UTO
U3MEpUTENIbHbIE CHUCTEMbl HE COBEpIICHHBI. M3MepsieMblii NEeTEKTOpOM CBeT (aKTUUYECKU
MCXOJIUT U3 MaJIoN oOnacTu AyiuH BojH. Cle10BaTeNbHO, HE CYIIECTBYET U3BECTHOTO Crlocoda
HAOMI0/IaTh OJHY U TOJBKO OJIHY JJIMHY BOJIHBI cBeTa. M3-3a 3TOro orpaHudeHus MOKET
OKa3aThCsl, YTO JBE JMHUU TIEPEKPHIBAIOTCS, €CITU OHU HAXOJATCS B CIIEKTPAIBHOM JTHAIIa30HEe
cnektpoMerpa. Crnoxsbiil apeid ¢ona mpencraBmsercs IpeiioM MHTEHCUBHOCTH (POHA,
3HAYUTENIbHO M3MEHSIOMMUMCS M0 00CMM CTOpOHAM JIMHUM aHAJIWTa. JTa MoMexa OOBIYHO
BBI3bIBACTCS MOSIBJICHUEM PsAJIa MHTEHCUBHBIX, TECHO PACIIONOXKEHHBIX JTHHHUA BOIHU3H JUTUHBI
BOJIHBI aHaJUTa M, BO3MOXKHO HENOCPEJICTBEHHO €€ mnepekpbiBatomux. Kpome Toro,
CYLIECTBYIOT emE 1 aOCOPOIMOHHBIE TOMEXH: YaCTh AIMUCCHH aHAIHMTA MOTJIOIIAEeTCs, TIEpe]
TeM Kak monacte B JeTektop. CyliecTByeT JBe€ MNPUYUHBI a0COPOIIMOHHBIX TOMEX:
MoTJIoNIeHre SMHUcCUU Huke 190 HM KHUCIOpPOAOM TMpH OTCYTCTBHMM BakyymMa WIU B
creKkTpoMerpe 0e3 MpOoIyBKHU; CaMOIIOIJIONIEHNE, KOTJa KOHIIEHTpalMsl 3JIEMEHTa C CHIIbHON
AMUCCUEN BBICOKA.

Ilpu_u3ydyennu teMbl _Ne 10 «ATOMHO-aOCOPOIIMOHHBIN CHEKTPAJIBbHBIA aHATU3:
buznyecKrue OCHOBBI, UICTOYHUKU PE30OHAHCHOTO M3ITyYeHHsI. ATOMH3AIIUS TPOOHI B TNIAMEHNY
HaJ0 YCBOUTh, 4YTO aTOMHO-a0COpPOLMOHHBINA aHau3 (AAA) — METOA 3JIEMEHTHOTO aHaIu3a
U WCCIENOBaHUS BEHIECTB M MaTepuajoB IO AaTOMHBIM CIIeKTpaM morjomeHus. s
HaONIOZICHUSI ATHUX CIIEKTPOB Yepe3 aTOMHBIM map MpOObl MPOIMYCKAIOT BUIAMOE WIIH
yinbTpaduoIeTOBOE U3NIydeHHe. B pe3ysibpTare MOriomeHrs KBaHTOB U3IMYUYEHUS AJIEKTPOHBI
ATOMOB TIEPEXOJISIT C HIHKHUX SHEPTETHUYECKUX YPOBHEH Ha BO30YKIEHHBIE. DTUM IMEepexoiaM
B ATOMHOM CIIEKTPE COOTBETCTBYIOT TaK HA3bIBAEMbIC PE30HAHCHBIE IMHUU, XapaKTEPHBIE NI
JaHHoro  aneMeHTa. OOpatuTe BHMMaHHWE Ha  JOCTOMHCTBA  METOJA:  BBICOKAs
u3oupatensHocTh. Huskue mpenensl obHapyskenus (107%-107 MKr/ma s pasHBIX THIIOB
aTOMM3ATOPOB), XOPOIIasi BOCIPOU3BOIUMOCTh (OTHOCUTENBHOE CTaHAAPTHOE OTKJIOHEHHE <
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1%), BBICOKas CTENEHb aBTOMATH3AIMH, OOJBINAs MPOU3BOAUTEIBLHOCTH (0 500
OIIpEICNICHUH B Yac).

B pesynbraTe ceneKTUBHOTO MOIVIONICHUS CBETa Ha YacTOTE PE30HAHCHOIO Mepexojia
MHTEHCUBHOCTh MPOXOJAIIETo IMyYKa CBETa Ha 3TOW YacTOTE SKCIIOHEHLMAIBHO YOBIBAeT MO
3akoHy byrepa — Jlambepra — bepa: | = loexp (-kil), rae lo u | — vHTEHCHBHOCTD MagarOMIETO U
NPOLICIIEr0 M3JIyYCHUH COOTBETCTBEHHO; Ky — KOI(QUIMEHT TMOINIOMEeHUsT CBeTa
CBOOOAHBIMU aToMamu; | — TosmiHa mororaIero cios. [IoMHuTe, YTO TSI MPAKTUUECKUX
1eJIel OIb3YIOTCS 3HAYEHHEM ONTHYECKO# IoTHOCTH aroMHoro mapa: A = Iglo/l = kL Ige =
aN, rie a — ko3 dunmeHTt nponoprmoHaIbHOCTH, N — KOHIIEHTpaus CBOOOAHBIX aTOMOB, { -
TOJIIIMHA TorJiomaromniero cios. Janee popmupyercs npeacraBieHue o GpakTopax yIupeHus
CHEKTPAJIbHBIX JIMHUH: €CTECTBEHHOE, JIOPEHTIEBCKOE (0O0YCIIOBIMBAECTCS CTOJIKHOBEHUEM
YacTUIBI C JPYI'MMH 4YacTUIAMH) U JIOIUIEPOBCKOE (0OYCIOBIMBAETCS XAOTHUYECKUM
TEIUJIOBBIM JIBU’KEHHUEM aTOMOB) YIIIUPEHUSI.

BaxHO ycBOWTH, YTO AaTrOMHOE IMOTJOMICHHWE (B OTJIMYHE OT MOJIEKYJSPHOTO)
HaO01aeTCsl B OYEHb Y3KOM o0jacTu crekTpa (WIMpUHA JTUHUI MOTJIOUICHHS] COCTaBISET
Bcero 0,001-0,01 um). TTosToMy mist u3mMepeHus: abcopOIUU B LIEHTPE JIMHUU CIIOH aTOMHBIX
MapoB  MPOCBEYMBAIOT MOHOXPOMATUYECKMM IIYyYKOM CBeTa C JUIMHOM  BOJIHBI,
COOTBETCTBYIOIIECH IEHTPY JIMHUH. J[JIsl 3TOTO MCIONB3YIOT HCTOYHUKH JIMHEHUATOTO CHEKTpa
TOTO K€ DJIEMEHTAa, KOHIEHTPAILMI0O KOTOPOro OMpelessitoT. B kadecTBe MCTOYHMKA CBETa
MCIIOJIB3YIOT Ta30pa3psaHbIe JIaMIIbl HU3KOTO JaBJIeHUs (TJICIOLUI pa3ps] B IOJOM KaToJe,
BBICOKOYACTOTHBINA 0€337eKTPOIHbIN pa3psn). [lormomaronuii cjaoi aTOMOB CO3/1aI0T 3a CUET
UCIIAPCHUS HAaBECKH TPOOBI TpH aTMOCPEPHOM WIH JIaXKE TIOBBIIICHHOM JaBJICHUU.
@DaKkTUYeCKH TMpPUMEHEHHE JIMHEHYaThIX HCTOYHUKOB CBETa IIO3BOJISIET TOBBICUTH
YyBCTBUTEIHLHOCTh aTOMHO-a0COPOIIMOHHBIX M3MEPEHHI HE MEHEe YeM Ha J[Ba IMOPsIKa IO
CPaBHEHHMIO C HUCTOYHMKAaMHU CIUIOMIHOTO crekTtpa. Oco0o creayer OTMETHThb, YTO MpHU
WCIIOJIb30BAaHUN JIMHEHYAaTOr0 HWCTOYHUKA OTMATaeT HeoOXOJUMOCTh B TPUMCHECHUU
CHEKTpaJIbHOTO Tpubopa C BBICOKOM pa3pemaroniel crmocoOHOCThIO. MaKCUMYMBbI
SMUCCUOHHON U aOCOPOIMOHHON JTMHHUI 1O BO3MOXHOCTH JOJKHBI COBMAAaTh (UTO OBIBAcT
OUYEHb PEAKO), a IIMPUHA dMHCCUOHHOW JIMHUUM MHOTO MEHbIIEe MIMPUHBI aObCOpOIMOHHON
auHuKM. OOpaThTe BHUMaHUE Ha NPUHLIUIINAIBHOE OTJINYUE METOJI0OB aTOMHOM abcopOuuu oT
aTOMHOW dMHUCCHUU:

1. Jns atomu3anuu mpoOwl, T. €. IpeBpalleHus €€ B map J0CTaToYHa TeMIlepaTypa
2500-3500 K. B sTom TeMmepaTypHOM HHTEpBaje MOUTH BCE aTOMbI HAXOASTCS B OCHOBHOM
COCTOSIHMH. 3aCeIEHHOCTh OCHOBHOT'O YPOBHS, a CJIEIOBATEIbHO, U CUTHAJ abcopOIuu ciiado
3aBUCAT OT Temmeparypbl. B abcopOiuu HaOMOMaI0TCA TJIaBHBIM 00pa3oM pe30HaHCHBIC
Nepexo/bl, T. €. aTOMHBIE CIEKTPHI MOTJIOMICHUS COJIEp)KaT TOpa3[0 MEHBIIE JHUHHUHA, YeM
CHEKTPBI IMUCCUU. ITUM 00ECTIEUYUBAIOTCS BHICOKAS CEIEKTUBHOCTh METOJAa U BO3ZMOKHOCTh
UCTIOIB30BaHUSI CPABHUTEIBHO TPOCTBIX MOHOXPOMAaTOPOB B KadeCTBE CIIEKTPAIBHOTO
npubopa.

2. JIyst TaMII ¢ TIOJTBIM KaTOJIOM M BBICOKOYACTOTHBIX JIAMIT TAKXKE XapaKTEPHBI BEChMa
MPOCThIE CIEKTPBl, UMEIIHME K TOMY K€ Maibli (OH. DTO OMOTHUTENHHO CHUXKAET
TpeOOBaHUS K pa3pelIaroniei cnocoOHOCTH CIEKTPATILHOTO Mpubdopa.

3. B aromHoii abcopOuuu wu3MepseTcs OTHOCUTEIbHOE HM3MEHEHHE CHUTHalla OT
UCTOYHUKAa CBETa J0 W IOCIE €ro MNpPOXOXACHHUS uepe3 IOMIOMIAOIMNNA CIoH, a He
abCoNIOTHOE 3HAYeHHME CHUTHama. bmaromapst d3ToMy  CHMKAOTCS  TpeOOBaHUS K
PETUCTPUPYIOLIEH anmapaType, a TakKe OTIaJaeT HeoOXOJUMOCTh YUETa TaKUX MapaMeTpoB,
KaK CBETOCWJIA, MIMPUHA IIENU W AWCIEPCHUS CIEKTPAIbHOTO MPUOOpa, YyBCTBUTEIHHOCTH
IIpUEMHUKA CBETA.

[leHTpanbHBI BOMPOC 3TOM M3y4yaeMOW TEMbl: UCTOYHUKU PE30HAHCHOTO M3ITyYEHHSI.
Kak y»e Ob110 cKa3zaHo, A1 u3MEpeHusl CurHaia abcopOmy HeoOX0IUM BHEITHUN MCTOYHUK
u3nyuenus. Jlydmie Bcero Juisi 3TOM e MOAXOIUT WCTOYHUK JMHEHYaTOro CIeKTpa —
paspsiaHbie TpyOku, uinu jammbl ¢ monbsiM karogom (JIIIK), m Ge3snmekTpoaHbie Jammbl C
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BBICOKOYACTOTHBIM BO30YXJICHHUEM, XapaKTepU3YIOLIUECS Y3KUMH JIHMHUSMH HCIYCKaHUS
(~0,001 HM). MCTOYHMKM CIIJIOIIHOTO CIIEKTpa 4Yalle HCIHOJB3YIOTCA B CUCTEMax YuéTa
HECEJIEKTUBHOIO MOTrJIoleHus (B Koppekropax ¢ona). Heo0xo1uMo 3HaTh yCTPONCTBO BBIIIE
Ha3BaHHBIX MCTOYHHMKOB PE30HAHCHOIO M3JIy4eHHS M MEXAaHU3M  BO3HUKHOBEHMS
SMUCCHOHHOTO CIEKTpa HYKHOTO 3JieMeHTa. OO0paTtuTe BHUMaHHUE, YTO AJIS Psiia DJIEMEHTOB
(As, Rb, Cs, P) 6e331eKkTpoiHbIC JIaMITbl SBJSIOTCS JIYUIIMMHA HCTOYHHUKAMH PE30HAHCHOTO
U3JIy4YECHHUS.

[Tpu m3ydenun Bompoca «AToMHU3aIMs NpoObl B IUIAMEHM» MPEXe BCero, odparure
BHUMaHUE Ha MPUHIUIHAIBHYIO CXEMY OJHOIYYEBOrO U ABYXJIYYEBOI'O CIIEKTPO(POTOMETpA.
B onHOmyuyeBOM creKTpo(OTOMETpe CBET OT MCTOYHHMKA PE30HAHCHOTO H3IIy4eHUs,
MIUTa€MOI'0 HUMITYJIbCHBIM TOKOM, MPONYCKAKT 4Yepe3 IUIaMs, B KOTOPOE BIIPHICKUBAETCS
MEJIKOAMCIIEPCHBIA a3p030J1b pacTBOpa MpoObl. B miiaMeHn 4acTHUKH a’po30J1sl UCIIAPSIOTCS
U JUCCOLMUPYIOT, 00pa3ysi CBOOOAHbBIE aTOMBI, CIOCOOHBIE TOTJIOMIATh CBET Ha PE30HAHCHBIX
JUIMHAX BOJH. B pe3yipTaTe aroOMHOIO NOIJIOLIEHUS HayallbHas MHTEHCHUBHOCTb CBETOBOI'O
nyuka lo cHmkaercs A0 HEKOTOpPOW BelnWuuHBI |, 3aBUCSAIIEH OT KOHUEHTPALUU JaHHOTO
3JIeMEHTa B MpoOe. MOHOXpOMAaTOp BBLIETSET Y3KYI0 001acTh CIIEKTpa (0 HAaHOMETpa), B
KOTOpPYIO TMOMNajaeT HyXHas aHanuTtuuyeckas nuHus. [Ipuémuuk cera (oObruHo DIY)
MPEBPAILAET CBETOBOM TNOTOK B JJICKTPUYECKUW CHUTHAJ, KOTOPBIA TIOCJE YCHUJICHUS
BOCIIPUHUMAETCS PErUCTPUPYIOIIUM YCTPOWCTBOM. B KauecTBe MOCIEAHErO MPUMEHSIOT
camorucel, TH(GPOBO BOJIBTMETP WM CTPEIOYHBIA PHOOp. IHTEHCHBHOCTh PE30HAHCHOTO
U3IyYEHUs U3MEPSIOT ABAXKIbl — JO pACIbUICHHS MpoObl B IJlaMsi U B MOMEHT €&
pacnblieHus. Pa3HOCTh 3THX JBYX OTCUETOB U ONpPEIENsieT 3HAUEHHE AHAJUTHYECKOIO
curnana. B nByxirydeBoM crieKTpooTOMETpe MEePBUYHBIN MyYOK PE30HAHCHOTO H3ITYUYCHHS
JEeIUTCS Ha JBa, OJUH M3 KOTOPBIX Jajiee MPOXOJUT dYepe3 aTrOMH3aTop, a BTOPOM —
HampaBlseTcss B 00xon Hero. 3areM 00a Myyka MOMEPEMEHHO HAIPaBJISIOTCS HAa BXOJIHYIO
mieJdb MOHOXpoMmaropa ® moouepénHo (Omaromapst ciBury 1o ¢ase) AETEKTUPYIOTCS,
YCUIIMBAIOTCSI U CPAaBHUBAIOTCS APYT C ApyroM. Ha BbIXOJe Takoro mpubopa OTCUMTHIBACTCS
HEIOCPEJICTBEHHO 3HAUEHUE ONTUYECKOM IuioTHoctu A = lg 17" ['maBHBIM IPEUMYIIECTBOM

JBYXJTy4EBOTO CIIEKTPOPOTOMETPA CUUTACTCS JIyHIlasi JOITOBPEMEHHAsI CTAOMIIbHOCTD.

Jlanee u3yd4aroTcsl THIBI IJIaMEH M UX CTPYKTypa: COCTaB CMECH U COOTHOIICHHE
KOMITOHCHTOB, ONTHMAJBHBIA pacXxoj TOIUIMBA U OKUCIHTENS, NPHOIH3UTECIHEHYIO
TEMIEpaTypy IJaMEHH, CKOPOCTh TOPEHHs, CTPOCHHE JaMHUHapHOro IuiameHu. [lmams —
€IMHCTBCHHBIN THIT AaTOMH3aTOPa, B KOTOPOM 00pa30BaHUE CBOOOIHBIX aTOMOB IPOUCXOJIUT B
pe3ynbTaTe SK30TePMHYECKUX OKHUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEaKIUi, C ydacTheM
ra3000pa3HBIX TOIUNIUBA W OKHUCIUTENs. [IOMHHTE, YTO BO3AYITHO-AlETHIICHOBOE TLIAMS
0ecroie3Ho MPUMEHSTh K 3JIEMEHTaM, Y KOTOPBIX YHEPTrHs CBSI3U METAII-KUCIOPO] BBIIIE 5
5B (Al, Ta, Ti, Zr u gp.). [Inamst «Bo3ayX-aleTUICH» 00Ja1a€T BHICOKOH MPO3PAYHOCTHIO B
obnact muuH BoaH Oosiee 200 HM, ciaaboii cOOCTBEHHOM SMHCCHEH H 00eCIeuHMBaeT
BBICOKYIO 3((heKTUBHOCTh aTOMHU3auu 6osee yeM 30 371eMeHTOB.

[leHTpanbHBIM BOMIPOCOM TEMBI SIBISETCSA «YCTPOICTBA AJIS MONTYYSHUS adPO30JEii.
B Hacrosimee Bpemsi pa3pabOTaHBI JCCSITKH KOHCTPYKIMH PacCHbUIUTEIBHBIX YCTPOUCTB,
OCHOBHBIMH W3 KOTOPBIX SIBIISIOTCS MHEBMAaTHYECKHE U YIbTPA3BYKOBBIE IUCIEPraTophl,
obecreunBaroIue Mpeodopa3oBaHUE JKHUIKOCTH B O0OJAKO MEJIKHUX a’pO30JIbHBIX YACTHII
pa3MepoM B HECKOIbKO MHKPOMETpOB. Bce 3Tu ycrTpoiicTBa pabOTalOT B KOMIUIEKCE C
COOTBETCTBYIOIIEH Tropenkod. CHcTeMa paclbUIMTENh — TOpEeJKa SBIAETCS IEHTPaJIbHOU
YaCcThI0 YCTAHOBKH IS IJITAMEHHOTO aTOMHO-a0copOIimoHHOro ananmusa. OT kauecTBa paboThI
3TOTO y3J1a 3aBUCUT Ka4eCTBO aHATUTHICCKUX U3MEPECHHUH.

Haubonee mupoko mpuMeHsSIeMO SBISIETCS TOPENKa C MpeABapUTEIHHBIM CMEIICHUEM
TOPIOYEro raza M OKHUCTHUTeNs. PacTBop mpoObI 3acachIBaeTcsl yepe3 THOKUN Kamwuisip U
pacmubUIsIeTcsT TTOTOKOM OKHCHHTENs. JIs pacmbUieHUsT pacTBOpa MPOOBI HCIOJIB3YeTCs
CTaHJApPTHBIA KOHIEHTPUYECKUN MHEBMATUYECKHI pacnbuinTensb. OOpa3yromuiicss a3po30ib
MOCTYIIAeT B KaMepy, TJIe CMEITUBASTCS ¢ TOIUTMBOM M OKUCTHTeIeM. CKOPOCTh pacIblICHUS
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pacTBopa peryjaupyercs HOTOKOM Ta3a-OKUCIUTENs, ocTynaromero yepes3 mryunep. O6mako
KareJeK a’po30Jii Ha CBOEM IMYyTH B TOPENKY CTAJIKHUBAETCS C KPBUIBYATKOW, Ha JIOMACTSIX
KOTOpOM OHM JMOO0 OCaXJalTcd W 3aTEM CTEKAloT B JPEHaX, JUOO JOMOJHUTEIBHO
JTUCTICPTUPYIOTCs Ha emé Ooyiee Menkue Karumd. KppUipbuaTka Takxke (HOpPMHUPYET MOTOK
ra3oBOi CMecH, MOCTYIAIOIIEH B TOPETIKY.

OOpatuTe BHUMaHUE, YTO CTAOMIBHOCTH IUIAMEH B CHCTEMax C IMPEABAPUTEITHHBIM
CMEIIeHHEM O00eCleuynBaeT XOPOIIYI BOCIHPOU3BOJUMOCTD Pe3yIbTaTOB U3MepeHul. Takoi
Croco0 TPaHCIIOPTUPOBKHU PACTBOPOB B TIAMS HCIIONB3YETCS B IMOAABIISIOMIEM OOJIBITUHCTBE
ATOMHO-a0COpPOIIMOHHBIX CHEKTPO(YOTOMETPOB, XOTSA TEXHUYECKUX PEIICHUH CHUCTEMbI
pacmlbUIMTENh — CMECUTENIbHAs KaMmepa — Topelika — IulaMs TMPeajioKeHO Ooliee JecsATKa.
MaxcumyM abcopOrmu HabmogaeTcs HpU pacXojge pacTBopa ~ 2 cM/mMuH. OHAKO
3¢ (HEeKTUBHOCTh PACIIBUICHUS TIPH 3TOM cOocTaBisieT He Ooinee 5%. OcranbpHas 9acTh pacTBOpa
HE UCIOJb3yeTCs JUISl aHaIN3a U YXOIUT B JIPEHAXK.

His  sbdexTuBHONMIECOTBBATAIIMN  a3P0O30JIs, HWCIApEHUs TBEPIABIX YACTUI U
aTOMM3AIMKU HEOOXO0UMO, YTOOBI pa3Mep Karlelek, MOCTYMAIIMX B I1aMsi ObLT I0CTATOYHO
MabiM (<10 mkM). CroocoObl TMOBBIMICHUS AWCIEPCHOCTH  a’po30Jisi: TMPUMEHEHUE
NEePUCTATBTHUECKUX HACOCOB JUIsl IPUHYAUTEIHHON MOAAYU pacTBOpa MpoObl B KANWILISP B
COUCTAaHWM C pacHbUTUTEIeM baOWHITOHA; pacHbUICHHE 4Yepe3 Kamuuiap C BBIXOJHBIM
orBepctueM nuameTpoM 10-30 MKM, B KOTOPOM pacTBOpP HAaxXOJUTCS TOJ BBICOKUM
ruapaBianueckuM  gasieHueMm  (10-40MlIla); wucnonb3oBaHMe — pa3iaMYHBIX — [IPOTOYHO-
WHKEKIIUOHHBIX YCTPOUCTB; MIPUMEHEHHE yIIbTPA3BYKOBBIX PACIIBUTUTENCH.

PacributuTenne M CMeECUTENIbHAs KamMepa HaXOMATCS B IIOCTOSHHOM KOHTAaKTe C
pacTBOpamu, KOTOpBIE Yallle BCEro SIBJISIIOTCS arpecCUBHBIMH. [109TOMYy OHU JOJKHBI OBITH
W3TOTOBJICHBI W3 KOPPO3MOHHO-CTOHMKUX MAaTEPUAIOB: IEHTPAIBHBIN KalMJUIAP BBITIOIHSIIOT
U3 IJIATHHO-UPUIUEBOrO CIUIAaBa, OCTalbHBbIC JETadd M3 TaHTala; HCHOJB3YIOT TaKKe
Te(hJIOHOBOE MOKPBITHE BHYTPEHHUX CTCHOK CMECUTEIIBHON KaMepFhI.

HaubGonee uwacro B mpakTuke aTOMHO-a0COPOIMOHHOIO aHajHM3a HCIOJB3YIOTCA
HIEJIEBBIC TOPEIKH, IMO3BOJISIONINE TOTyYaTh TOHKUE TUIOCKHE IUIaMeHa ¢ OOJBIION JTHHON
MOTJIONIAOIIETO CJIos (MPSAMOYTroJibHAs Iedb JUIMHOM 12 cMm, mupuHOM MeHee 1 MM
BBICOTOW OKOJIO 1 cM). OrpaHWyeHHs OJHOIIEICBON TOPENKH: HEJOCTATOYHAs TOJIIWHA
IUIAMEHU, 3aCOPEeHHEe IMIeNH OTIOXKEHUSMU COJed W TOJCOC B IJaMsi NBUIMHOK U3
nabopaTtopHOTO BO3Ayxa. Bce 3THM HEMOCTaTKM BO MHOTOM YCTPAHSIOTCS TPHUMEHEHUEM
TPEXIIENEBbIX TOPENOK, Y KOTOPHIX OOKOBBIE IUIAMEHA DKPAHHPYIOT OCHOBHOE IJIams OT
KOHBEKTHMBHBIX TOTOKOB BO3/JyXa, T€M CaMbIM oOecmeunBasi 0ojieeé BOCCTAHOBHUTEIbHBIN
XapakTep IeHTPATbHOTO TUIAMEHHU.

OO6pa3oBanue CBOOOJHBIX aTOMOB B IJJAMEHU SIBIIETCS CJCACTBHEM IIEJIOU
COBOKYITHOCTH TIPOIIECCOB: a) MOJYYEHHE adpo30Jis U3 pacTBOpa aHAIM3UPYyeMOW MpoOsL; 0)
UCTIApEHUE PACTBOPUTENS M3 PAcTBOpa aHATU3UPYEMOU MpoObI; B) UCHAapeHHWE TBEPIBIX
YaCTUYEK a’dpo30Jisi M IUCCOIMAIUS MOJEKYJl Ha aTOMBI; T') MPOIECChl BO3OYXKICHUS U
WOHM3AIMM aTOMOB, a TakKke O0pa3oBaHWE HOBBIX COCAMHCHHA B PE3yJbTaTe PEaKiuil C
paauKanaMi, aHHOHAMU, aTOMaMH KUCIIOPOJa U yIiepo/ia, MMEIOIIMMHUCS B IJIAMEHH U T. II.

[TomHMTE TaKkKe, YTO MPEILITBI OOHAPYKESHHSI MHOTHX JIEMEHTOB TIPH UCITOJIb30BAHUN
IUIAMEHU B KadecTBe aToMmu3aTopa u3MeHsoTcs oT 1 1o 20 mxr/n. OTHocuTenbHas omrmoka
U3MepeHnst abcopOIMu Ha OJHOJydeBOM mpubope coctaBmsier 1-2 %. CrenuanbHBIMU
npuéMaMu (IBYyXJydeBas CXeMa) ITO 3HAYEHHE MOXXHO CHH3UTh O HECKOJIBKHX JIECSATBIX
JI0JIeH TIporieHTa. B 1memom miaMeHHbIi BapuaHT aTOMHO-a0COpOIIMOHHOTO METO/1a YCIEITHO
NpUMEHSIeTCS i KOJMWYECTBEHHOTro ormpeaencHus Oonee uyem 60 »snementoB. [lpu
pacTbUICHHH PACTBOPOB B IIaMs BBIICISACTCS PSJT BPEAHBIX M TOKCHYHBIX BemlecTB. [loaTomy
HaJ TOPENKOW JOJKHAa OBITh O0yCTpOEHA CHCTeMa MECTHOTO OTCOCa OTXOMSIIUX Ta30B.
bamtonsl ¢ razom ciemyer pacnojiaratb BHe ToMenieHuWs. OHH  3aKpeIUISIOTCS B
BEpPTHKAIBHOM IMOJI0KeHNH. TemnepaTtypa GaIoHOB C ra3aMu He J0JKHA mpesbimath 40°C,
a UX yJaJieHHue OT MUCTOYHHWKOB TeIUia JIOJDKHO COCTAaBJIATh He MeHee 2 M. Ha Oamione, B
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KOTOPOM XPaHUTCS alleTUJICH, OCHOBHOW KJamaH JOJDKEH OTKpPBIBAThCS HE MOJHOCTBHIO, a
ToNbKO Ha 1,5 o6opora. BropuuHoe naBieHue aneTuineHa He JomkHo npebimats 0,1 MIla (1
Kr/cM?), pacxoj aleTunaeHa MeHee 3 ji/MuH. Henb3s HCIONB30BaTh TPYObl U3 MEAM WM W3
MaTepHaloB, COJEPKAIIUX CepedpPO WK PTYTh.

ATomH3anusi B IJIJAMEHAX HMEET PAJl CepbE3HBIX OrpaHUYEHUll, O00YCIOBIEHHBIX
NOOOYHBIMU pEaKIUSIMUA B IUIAMEHH M MaJOi MPOAOJDKUTENBHOCTHIO NMPEeObIBaHUS B HEM
yactun (~ 102 ¢). Kpome Toro, mmamena He Oe3omacHel B paboTe M TpeOyIOT pacxona
JIOBOJIBHO OOJIBIINX 00BEMOB Ta3000pa3HbIX TOIUIMBA U OKHCIUTEIS.

Ilpu_wu3yyenuu _TeMbl _Ne 11 «ATOMHO-aOCOPOLIMOHHBIA aHAIU3 C JJIEKTPOTEp-
MUYECKUMH  CIOCO0aMHM  aTOMH3allid  MpoObB» OoOpaTuTe BHHUMAaHHE HAa TO, HYTO
JNEKTPOTEPMUYECKUE AaTOMU3AaTOpbl Oosiee Oe3omacHbl U 3(Q(EKTHBHBI BO MHOTHX
otHomeHussX. K HacTosmieMy BpeMEHH OHHU pa3pabdOTaHbl B HECKOJIBKHX BapHaHTax:
rpajuroBas kioBera JIpBoBa, meub Maccmana, neuyb ¢ miaaTgopmoil U3 nuporpadura,
TpyOuaThle aTOMHU3aTOPBl W3 TYTOIUIABKMX METAJUIOB, OTKPBITHIE 3JEKTPOTEPMHUYECKHE
atomuzatopsl u T. 1. Cienyer paccMorpeTh Oosiee moapoOHO KroBery JIbBoBa, meub
Maccmana u neub ¢ ruiargpopmoi. I'paduroBas TpyOka (ktoBeta) mmeer anuHy 50 MM,
BHYTpeHHUH nuamertp 4-5 MMm. AHanu3upyemas poda B BHJI€ KaIuld pacTBOpa HAHOCUTCS Ha
TOpELl YTOJBHOI'O IEKTPOJia U Mociie €€ BbICYLIMBAHUS 3JEKTPOJ BBOJAT B IIPEIBAPUTEIILHO
pasorpeTtyto 10 Temmepatypsl 2800° C rpadutoByio TpyOKy (Uepes IomnepedHoe OTBEpCTHE B
e€ uentpe). [Ipu cONPUKOCHOBEHNH IIEKTPO/IA C TEJIOM TPYOKH Mpoba B TEUEHHUE HECKOIBKHIX
CEKYH/I UCTIapsieTCsl BHYTPb KIOBETHI U IMOYTH MOJHOCTHIO JIOKAIHU3YETCs B HEll. ATOMU3aTop U
AJIEKTPOJBI C MpOoOaMU pa3MEIIaloT BHYTPH KaMepbl, 3alOJHSEMOM HHEPTHBIM ra3oM J0
JaBJIeHUsI, OOJIBIIEr0 WM paBHOro aTMocepHoMy. CBETOBOMY IMYYKY, IPOXOSIIEMY Yepe3
kroBeTy oT JIITK uimu ot 6€33J1eKTpOIHOM JIaMIIbI, 0OBIYHO TPUIAIOT (POPMY JIBOHHOTO KOHYCa
C BEpIIMHOMN B IIEHTpe KIOBETHI. Jlanee oH mpoenupyercs Ha BXOJHYIO HIeb MOHOXPOMAaTopa
C IMaMETPOM TIATHA 3-4 MM.

ITeu» Maccmana mnpexacraBmsieT (rpaduTOBBIA TpyOUyaThIi aToOMHU3ATOP) COOOM
OTKPBITHI ¢ 000MX KOHIIOB IWUIMHAP JAIUHONH 40 MM C BHYTPEHHHM IHaMETpOM 6 MM U
TONIIMHOW CTeHOK He Ooznee 1,5 MM. B 1mentpe artoMmmusaropa umeercss HeOOIbIIOE
MONEpEeYHOe OTBEPCTHE JUIsl BBOJA MPOOBL. ATOMH3ATOp 3aKpemiéH MEXIy JIByMs
rpadUTOBBIMU KOJblIaMu. Ileub MOCTOSHHO 00/lyBaeTcsi MOTOKOM Al, UTO NMperoXpaHseT e
OT OOTOpaHus U CIIOCOOCTBYET YJAJICHHUIO UCTIApEHHOM TPOOkI U3 aromMu3aropa. Temmeparypa
BHyTpH meun MoxkeT gocturath 3000° C. Boma, mpoTekaromias uepes JepsKaTeny
aTOMHM3aTOpa, OXJAXKIAeT €ro HapyKHble YacTH, a IOCie 3aBepLIeHUs LHKJIAa padOThI
JIOCTaTOYHO OBICTPO, B TEUEHHE MHUHYTHI, OXJaKAAeT A0 KOMHATHOW TeMIepaTypbl M caM
aTOMHU3ATOoP.

Temneparypa rpaduTOBOI €4y, U3TOTOBJICHHOU u3
MOJIMKPUCTAIIINYECKOT03JIeKTporpadura MOBBILICHHON IJIOTHOCTH, perynupyercs
CHELHATbHBIM 3JIEKTPOHHBIM YCTPOMCTBOM € NpPOTrpaMMHBIM yrpaBieHHeM. OObIYHO
TEMIEPATYPHYIO MpOrpaMMy IO BPEMEHH JENIAT Ha HECKOJIbKO ITaroB: a) BHICYLIMBAaHUE
Ipo6kI (MCTIapeHue pacTBopuTens, npu Temmeparype 100-105° C s BogHBIX pacTBOPOB); 6)
030JICHHE; B) aToMu3aIus (2-5 ¢); T) OTXKUT, T. €. MOABEM TeMIEpaTypsl 10 00Jiee BHICOKOMH,
yeM TemIleparypa aToMHu3aluu (HeoOXOIUM JUIsl YCTPaHEHUs «IaMsATH» aToMM3aTropa Io
OTIpeNIeIIIEMOMY DIIEMEHTY U yJIAJICHUS] HEMCIIAPUBIITUXCS MATPUYHBIX KOMIIOHEHTOB MPOOHI).
Bech nmki u3mepeHMs, BKIIOYas M BpeMs Ha OXJaXJeHHe, He mpesbimaer 1,5-2,0 MuH.
OOpaTuTe BHUMaHNE Ha MPUHLIUIIHAIBHOE pa3inuue Mexay rpaguToBoit kroBeroil JIbBoBa u
neupto MaccMaHa: HcrapeHue NpoObl B KIOBETE€ OCYIIECTBISETCS B H30TEPMUUYECKHX
YCIIOBHSX, B TIeun MaccMmaHa - B HEM30TEPMUYECKHUX, MPUBOASIINX K MHOTOYHCICHHBIM H
TPYAHO UHTEpIpeTHpYeMbIM dpdexTam. braronaps neun ¢ mardpopmoii u3 nuporpadura, Ha
KOTOPYIO M HaHOCWJIaCh aHajIu3upyemas npoba, ObLI yCTpaHEH TJIaBHBIM HEAOCTAaTOK €YU
Maccmana. BayTpp TpyOuaTtoro arommsaropa ObUla BBeJAeHa IUIaT(GopMa, HarpeBaHHe
KOTOpPOM MPOUCXOTUT B OCHOBHOM IO/ JEHCTBHEM H3Iy4YeHHs] OT CTEHOK meuu. T. e. ¢
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HEKOTOPBIM 3ama3/[bIBAHUEM U HCTIapeHHe MpoObl HAUMHAETCS B MOMEHT, KOI/Ia TeMIleparypa
ra3a BHYTPM aTOMM3aTOpa YK€ JOCTHUIJIa HYXXHOro 3HaueHus. B Hacrosiuee BpeMs nedu ¢
mwiatropMoi  M3rOTaBIMBAIOTCS W3 €AMHOrO Kycka Trpaduta, npuuéMm miaardopma
KOHTaKTUPYET C TEJIOM €YU OCPEACTBOM TOHKON HOMXKKH.

O60061mas pe3yapTaThl MHOTOUMCIICHHBIX UccienoBanuii, Y. CnaBun chopMyInpoBai
TaK Ha3bIBAEMYIO KOHLEHIIHIO CTA0MIN3NPOBAHHO 110 TeMIIepaType Meud ¢ miaatdopMoit s
YCTpaHEHUs 3aBUCHMOCTH pE3yJIbTaTOB aHaiu3a B TIpaduUTOBBIX IeyaXx OT COCTaBa
aHaM3UpyeMbIx Tpo6. OHa BKIOYaeT: a) mnpuMeHeHWe tiatdhopmbel JIbBoBa; 0)
Monupukanuo MaTpulbl (K YHCIy HauOosJee YacTo NPUMEHSEMBIX MOAH(PUKATOPOB
OTHOCSITCSI CMECh HUTPATOB MarHusi W Majuiajus), B) CKOPOCTHOM HarpeB mnedd (HE MEHee
1500° C/c); T) npuMeHeHne Ge3bIHEPIMOHHON CUCTEMBI PErHCTPAIIMH CHTHAIA HOTJIOMICHHMS
1) UCIIOJIb30BaHUE PEXKHUMA «ra3-CTOI» B MOMEHT PEruCcTpaliy CUTHAJIA; €) UHTErPUPOBAHUE
CUTHAajIa TMOTJIOLIEHUS; >K) HCIOJIb30BAHHE 3€E€MaHOBCKOTO KOPPEKTOpa HECEIECKTUBHOTO
HOTJIOUICHMSL.

Hapsiny ¢ rpaguToBbIMH aTOMHM3aTOpaMH HCIOJB3YIOTCA Takke TpyOuaTbie
aTOMHU3aTOPBI, M3TOTOBJICHHBIE U3 (POJBIH TYTOIUIABKMX METAIIOB, yame Bcero Mo m W
(BHyTpeHHmid mumerp 1,5-2 mm, mnmuHa 20-25 mMm). ['1aBHas o0yiacTb MX NMPUMEHEHUS —
OTIpeNieJIeHNe AJIEMEHTOB, CKIIOHHBIX K KapOmmooOpa3zoBanuto. OCHOBHOE NMPEHMYIIECTBO —
BO3MOKHOCTh OBICTpOro Harpesa atommsatopa (mo 10000° C), omHako 3To NPHBOIUT K
CHI)KEHMIO TOYHOCTM u3MepeHus. OTKpbITbIE  3JIEKTPOTEPMHYECKHE  aTOMM3ATOPbI
MPEJICTABISIIOT COOOM AJIEKTPUUYECKU HArpeBaeMble UCIIAPUTENH, HaJ KOTOPBIMU MPOIYCKAOT
IIy4OK CBETA.

Oco0oe BHUMaHuEe 00paTUTE Ha TO, UTO MeTOJ AAA C UCTOJIb30BaHUEM I'PpaUTOBBIX
nedeil 00ecreumBaeT PEKOPIHO HHU3KUE Mpeaesibl OOHApY>KEHHsI MHOTHX 3JEMEHTOB: OT
JECATBHIX A0 THICSYHBIX JIOJIeH MHKporpamMma B JUTpe pacTBopa MpoObl, B aOCOIIOTHOM
BeIpakeHnd — ot 104 10 10712 r. B 1e0M 9THM METOI0M MOXKHO ONPEAeATh MpuMepHO 70
3JIEMEHTOB.

Ilpu n3yuyennu tembl Ne 12 «Perucrpanus aHaIUTHYECKMX CUTHAJIOB U CIOCOOBI
IPagyupOBKA aTOMHO-a0COPOLIMOHHBIX CIEKTPOPOTOMETPOB. Armaparypa B aTOMHO-
a0bcopOLMOHHOM aHaIu3e» 00paTuTe BHUMAHUE HA TO, YTO JUISl PETUCTPALIUN aHATUTHYECKUX
CUTHAJIOB TPUMEHSIOT TUKOBBINA (aMIUTUTYIHBINA) U UHTErpANbHBIN criocoObl. [lepBhIil u3 HUX
0oJbIIe TOIXOIUT JUISl IJIAMEHHBIX aTOMU3AaTOPOB: B HACTOSAIIEE BpeMsl CUTHAl JETeKTopa
npeoOpa3yloT B IUPPOBYIO (OpMY, YTO MOBBIMIAET MPABUIBHOCTh M BOCIPOU3BOAMMOCTD
OTCYETOB, a TAK)KE 00ECIIEUNBACT JYUIIYIO 3alllUTy CXEMbl OT BHEITHUX IIYMOB.

Bocnpon3BoaumMocTh M3MEPEHUI CUTHAJIOB ¢ NMPUMEHEHUEM KakK IUIAMEHHBIX, TaK U
AIIEKTPOTEPMUYECKMX aTOMHM3aTOPOB 3HAUYMUTEIBHO YJIYYIIAETCS MpPU HHTETPUPOBAHUU
(HaKOIUIEHUM) CUTHaJla B TEYCHHE OIpPeeIEHHOTO BpeMeHHU. [[i1s riaMeHHbIX aTOMHU3aTOpOB
BMECTO HMHTETPUPOBAHUS  MCIOJNB3YETCS TaKkKe CYMMHUpPOBaHME WJIM YCpPEIHEHHUE
MHOTOKpPAaTHBIX H3MEPEHUH MIHOBEHHBIX 3HAYEHMH CHUTHAJIOB (HampuMmep, YCpeIHEHHE
MTHOBEHHBIX 3HAUYEHMM curHaia, uMmepssiierocs ¢ umurepsaiom 0,1 ¢ B teuenue 10 c).
[IpuMeHEeHnEe MHTETpaToOpOB IO3BOJSET B KAaueCTBE MEpbl CUTHAjJa NPUHUMATh IUIOLIANb,
OTpaHUUYEHHYIO MMKOM a0copOuuu. ITo Aa€T BO3MOXKHOCTh YCTPAHATh IIOMEXH, CBSI3aHHBIE C
HEPETYJIIPHBIM XapakTEPOM MCIIAPEHUS ONPENENIIEMOr0 3JEMEHTA W MATPHUILBl; HEPEIKO
YIIy4IIaeTcs TAK)Ke TMHEMHOCTh TPaJyupPOBOYHBIX I'parKOB.

[TpomexyTouHO€E TOJ0KEHHE 3aHUMAET CIOCO0 U3MEPEHUs! aHAIUTUYECKOTO0 CUTHAa
M0 HIMpUHE MHKa abcopOLKHU, YTO TO3BOJISET PACIIUPUTH 00JaCTh MPUMEHEHUS TPadUTOBBIX
nevyel B CTOPOHY NOBBIIIEHHBIX KOHLEHTPALIUN ONPEAEIAEMBIX JIEMEHTOB.

N3yyast ocHOBHBIE 3Tambl pa3pabOTKU METOJIMKHM aHaiu3a, MOMHUTE, YTO BO BCEX
cilydasix CleAyeT O0ecledyuTh IO0JIHOE H3BJICUCHUE ONPEAeIsIeMOro »JIEMEeHTa W3 B3ATOU
HABECKH; BBIOOp pPEaKTUBOB JIOJKEH YUUTHIBaTh TpeOOBaHMS MOCIEAYIOIIUX 3TANOB aHAJIN3a,
B YaCTHOCTHU YCTOMYMBOCTh aHAJU3UPYEMBIX PACTBOPOB IPHU XPAHEHUH, MUHUMYM IOMEX Ha
CTaUSX UCHapeHusl U aTOMU3allU1, HU3KUN CUTHAJ XOJIOCTOM MPOObI U JIp.
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[Tpu BBIOOpE ycnoBuii AAA OCHOBHBIMH KPUTEPHUSIMH SIBIISIOTCSI MUHUMYM BITUSTHAH H
MakCUMyM  OTHOIIEHHUS CHTHAI/IIyM. XOpOUIMM OPHEHTUPOM ISl ONpE/ACICHUs
ONTUMAJIFHON padoueil 00J1acTH U3MEPEHUN MOTYT CIYKUTh JaHHbBIE O XapaKTePUCTHUECKHUX
KOHILIEHTpanusax siaeMeHToB. Ilox xapakrepuctuyeckoir B Meroge AAC mnoHuMmaercs
KOHIIEHTpAallUsl 3JIEMEHTa B PaCTBOPE, COOTBETCTBYIOIIAsA onTUdeckoi miotHoct A= 0,0044
(nmu iporryckauuto 99%). OOBIYHO HIDKHSISI TPAHHUIA U3MEPEHUI JT0JDKHA, TI0 KpaiiHel Mepe,
Ha TOPAJOK IMPEBBIIATh 3HAYCHHE XapaKTEepUCTUYECKOW KoHIeHTpanuu. Mcxons wu3
OKH/IAEMOTO COJIEPXKAHMsI ONpEIENIEMOro »JeMeHTa B TBEPAOW Mpode W 3HAYECHUs
XapaKTepUCTHUECKON KOHIEHTPALUH, JIETKO OLEHUTh JOMYCTUMYIO CTENeHb pa30aBieHUS
poObI IpH €€ PaCTBOPEHHUHU.

Cyl1ecTBEHHBIM JTanoM pa3pabOTKU KOHKPETHON METOJMKH SIBISETCS IpPOBEpKa
HAJIMYMS MAaTPUYHBIX 3((HEKTOB U HECeNeKTUBHOTO noriomeHus. O0a 3TH SBICHUS JOJKHBI
OBITH CBEJICHBI K MUHUMYMY .

KonnyecTBeHHBIN aHanM3 AaTOMHO-a0COPOLIMOHHBIM METOAOM  BBIIIOJMHSETCA C
MOMOUIbI0 TPAAyUPOBOYHBIX TIpapUKOB, SBISIOMMXCA Tpaduyueckoil  WLIIOCTpauuen
(YHKIMOHATIBHON 3aBUCUMOCTH MEXAY KOHIIGHTpauueil (coxep)kaHMeM) WIM Maccoi
(KOTMYECTBOM)  OMpENesieMOro JJeMEHTa W 3HAaYeHHWEeM aHaJUTHYeCKOTO CHUTHaja
(aMIIUTYJHBIM WM MHTETPAJIbHBIM). OJTa 3aBUCUMOCTb YCTAHABJIMBAECTCS IMPU MOMOUIU
pacTBOPOB cpaBHEHUS (CTaHIAPTHBIX pacTBOpoB). [Iporeaypa rpaaynpoBKku BKIIOYAET B ceOs
M3TOTOBJICHUE U U3MEPEHHE 3TUX PacTBOPOB B pabO4YeM HMHTEpBAJIE U YCTAHOBJIEHHE BUJA
rpagyupoBouHoil pyHkimu A = f (¢). B ontuMansHOM paboueM MHTEpBaJIC 3Ta 3aBUCUMOCTh
JOJKHA OBITh MUHEWHOW. KOHKpeTHBIN BUA rpaayupoBOYHON (DYHKIIMU yCTAaHABIUBACTCS IS
KOHKPETHOM MpoLeAyphl aHaiu3a M KOHKPETHOro crekTpodoromerpa (MHAUBUIYyaTbHAS
rpagyupoBKa mpubopa 1o mMecry ero npuMmenenus). Ilapamerps! rpagynpoBoyHol pyHKINN
MOJBEPKEHbI (PIYKTyallMsiM «OTO JHS KO JHIO» M Jake B TeueHue Oosiee WM MeHee
IIPOJIOJKATENIBHOM CepuM u3MepeHud, [1oaTOMy OHM JOJDKHBI PEryJISIpHO IIPOBEPSTHCS.
H3BecTHO MOBOJILHO MHOTO croco0oB rpaayupoBku B AAC, K BaXHEHIIMM U3 HUX
OTHOCSITCS: CTaHJAPTHBIN cr10co0 (C cOrJacoBaHUEM WM 0€3 COIJIaCOBAHMSI aHAIU3UPYEMBIX
U TPagydpOBOYHBIX PACTBOPOB IO OCHOBHBIM KOMIIOHEHTaM MAaTpHUIIbI), CIOCO0
OTpaHMYMBAIOIINX PAcTBOPOB U crnocol no6aBok. MHoraa ucnonb3yercs crnocold OMOpHOTO
aneMeHTa. Hamnmywimme ycnoBusi Ui JIMHEWHOCTH CYIIECTBYIOT B MHTEPBAJIE ONTHYECKON
miotHoctd ot 0,5 mo 0,8. M3mepeHune HMHTETrpaibHBIX CUTHAJIOB aOCOPOIIMM HECKOJIBKO
pacuMpsieT JUHEWHBIM ydacTOK TIpaayupoBoyHoro rpaduka. CraHgapTHBIH crocob
IpaJyupOBKH BaM M3BECTEH, MOITOMY CJEIYEeT PacCMOTPETh CHOCO0 OrpaHMYMBAIOIIMX
pPacTBOPOB — YKOPOYEHHBIM BapHaHT IMpeblayliero crnocobda. I'paxynpoBouHyo (yHKIIHIO
YCTaHABJIMBAIOT C MOMOIIbIO JIBYX I'paJlyMpOBOUYHBIX PACTBOPOB, BbIOMpaeMbIX Tak. YTOObI
coJiepKaHue OMpeAEsIeMOro IeMEHTa B OTHOM M3 HUX ObLIO HEMHOTO OOJIbLIE, B JPYrOM —
HEMHOT'O MEHBIIIE, YeM KOHIIEHTpAIUs Cx B aHAJIU3UPYEMOM PACTBOpE, T. €. c2<cx< c1. Torna
KOHIIEHTPALUS ONPEENIEMOro 3JIEMEHTA Cx MOXKET OBITh HalZIeHa U3 COOTHOLLICHHS

_ C,—C
=y 4212 _
Cx C2 AL—A, (AX Az)

@dakTUYecKM B ATOM CIOCO0E MCKOMBIM SIBIIIETCSI OYEHb Y3KMHA Yy4YacTOK
rpagyupoBoyHOM KpuBoi. Takoil cmocod TrpagyupoBKM MOXKeT oOecneuutb Oolee
BBICOKYIO TOUHOCTb PE3YJIbTaTOB, YeM IMPEIbIIYIIHIi; 00Jiee TOro, OH MOXKET IPUMEHSThCS
U Ha HEJIMHEHHOM y4acTKe rpaJlyHpoBOuYHOro rpaduka. EcrecTBeHHO, U B 3TOM cilydae
JOJDKHA TPUHUMAThCSI BO BHUMAaHME «IIONpPaBKa XOJOCTOro ombiTay. [IpoGiiemsbl
COTJIaCOBAHMS MATPHUILl AHAIU3UPYEMBIX U I'PaAyHPOBOYHBIX PACTBOPOB 34ECH TE KE
camble, 4TO U B IPEBIAYIIEM CIIOCO0e.

B cnocobe no6aBok anammszupyemasi mpoOa MCIONB3YETCs JJIS COTJIaCOBaHUS €€
COCTaBa C COCTaBOM I'paJlyUpOBOYHBIX 00pa31oB. C 3TOi 11eIbI0 pacTBOP MPOOBI IENAT Ha
pSA  aJIMKBOT M BBOIAT B HHUX [IOCJIEJOBATEIbHO BO3pacTaroliee KOJIHUYECTBO
ompenenseMoro sneMeHTa. JKemaTenpbHO, UTOOBI TpU  3TOM  00ECHEYMBAIOCH
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9KBHUJUCTAHTHOE DPACIOJOXKEHHE TOUEK Ha IpagyupoBOYHOM rpaduke. OnHY aJIUKBOTY
OCTaBJIAIOT Oe3 100aBKu. Jlasiee Bce aTMKBOTHI JOBOJIAT O OJMHAKOBOIO 00BEMA.

W3mepsist curnan abcopOLM OT BCEX alMKBOT, CTPOAT IPadyUpOBOUYHBIN IpaduK U
HKCTPANIOIMPYIOT €ro J0 mepecedeHus ¢ ocbto adbumec (A = 0). OTpe3ok 1o ocu adbuucc
NaéT 3HAaueHUWe MCKOMOW KoHueHTpauuu. I[lapamnensHo pgomkHa OBITH IpojenaHa
AQHAJIOTHYHAS TIPOLEAYPAa C «XOJOCTBIM « PAcTBOPOM, IOCKOJBKY Ui HEr0 HaKJIOH
rpaduka MoXKeT ObITh MHBIM H3-3a Pa3nuuuil coctaBa. [lanee HalJileHHas «IOIpaBKa
XOJIOCTOTO OIBITa» BHIUUTACTCS U3 KOHLEHTPAIMH, HAlICHHOI 110 TepBOMy IpaduKy.

Croco®6 [100aBOK MO3BOJIAET KOMIIEHCHUPOBAaTh pa3jIMYHOIO pPOAA IOMEXH,
CBSI3aHHBIC, HANPUMEp, C TPAHCIOPTHPOBKOW MPOOBI B aTOMU3ATOp, OIHAKO OH HE
YUUTBIBaeT Takue (HaKTOpbl, KaK CHEKTPaJbHbIE HAJIOKEHHs, CIBUI HMOHU3ALMOHHOIO
paBHOBecHsI, 00pa30BaHUE B AaTOMU3ATOPE HOBBIX COCTUHEHUH H TIp.

I'maBHOE ycioBHE NMPUMEHUMOCTH crioco0a A00aBOK — MJEHTUYHOCTH MOBEIECHUS
OTIpeNIeNIIEMOro 3JIEMeHTa B Ipode U B J00aBKe; /Uil HEKOTOPBIX BapuaHTOB AAC BaXHO
TaKXke, YToObl B HUX Oblja oOecrieueHa oMHaKoBasi Xumudeckas ¢popma snementa. Kpome
TOoro, cmnocod ycmemHo paboTaeT TOJABKO B Mpelenax JUHEWHOTOo  yd4acTkKa
IpagyupoBOYHON QYHKLIUU.

Ocoboe BHMMaHHE OOpaTUTE Ha ammapaTypy METOJa aTOMHO-a0COPOIMOHHOTO
aHanmu3a. B mocnenneit momenmu cepum «CrhekTp» € y4€TOM HAKOIUIEHHOTO OIIBITa
peaTu30BaHbl OCHOBHBIC TEXHUYECKHE pEIICHUs, HEOOXOOUMBIE JUISI TPOBEIACHUS
IIOBCEJHEBHBIX  OIpPENEJIEHUN MHKpPOCOJAEp)KaHMM MeTaJuloB: a) aBTOMAaTHYecKas
Koppeknust ¢oHa; 0) YeTHIPEXJIAMIIOBAas TYpeJb, MO3BOJSIOMIAS SKOHOMHUTH BpeMs
oreparopa MpU NPOBEIEHUH MHOTO3JEMEHTHOIO aHajiu3a; B) YEThIpEe BUJA IJAMEHH,
OXBATHIBAIOIIME BECh TEMIIEPATYPHBIN JMANa30H; T') BO3MOXKHOCTh pabOTaTh B PEKUME
SMHUCCHH, YTO HEOOXOJUMO Ui ONpeAeieHUs UIENOYHBIX M LIENOYHO3EMETbHbBIX
AJIEMEHTOB; 1) BBICOKOHAIEkKHAs ra30Basi aBTOMATHKA; €) KOMIIBIOTEPHOE YIIPABJICHUE; K)
BO3MOXHOCTh pPAa0OTBl C NPUCTaBKaMH (PTYTHO-THJIPUIHONW CHUCTEMOH, NPOTOYHO-
WH)KEKIIMOHHBIM OJIOKOM ¥ T. TI.), 3HAYUTEIbHO PACIIUPSIOMIUMH aHAIUTUYECKHE
BO3MOXHOCTH ITpHOOpa.

Cpemu 3apy6Oexsbx ¢GupMm, uMIoptupyromux B Poccuto crnexkTpodoTroMerpsl,
IepBoe MECTO 3aHUMaeT amepukaHckas ¢upma «PerkinElmerCorp.». Haunnas ¢ 2002
roja ¢pupMa OCyIIEeCTBHIIA MOCTaBKy criekTpodoromerpoB cepun «AAnalysty («AAnalyst
200», «AAnalyst 400», «AAnalyst 600», «AAnalyst 700», «AAnalyst 800»). B npubopax
ATOM CepuM YCTpaHEHBl MHOTHE HEIOCTATKH, BBIABICHHBIE B TIPOIECCE IKCIUTyaTalluu
nprOOpOB MpebIAYIIMX MoKoseHNH. K 4uciay OCHOBHBIX JOCTOMHCTB HOBBIX MPUOOPOB
OTHOCSITCSI: MHTYUTHBHBIH HMHTEpQEiCc, BOCEMb S3BIKOB IO BbIOOPY, HOBBIA aH3aiiH
CHUCTEMBl pACIbUICHUS, HOBas »ILIENJIe-ONTHYEeCKas CHCTeMa € MHOTO03JIEMEHTHBIM
TBEPJIOTENBHBIM JIETEKTOPOM HM3IYYCHHUH, BCTPOCHHBIA OJIOK MUTAHUS Oe31JIEKTPOIHBIX
BU-nammn, HOBBIH MOAXO K CEPBUCHOMY OOCITY >KMBAHHIO.

B npubopax HOBOI cepuu pearn3oBaHa IBYXJIydeBas cxemMa N3MEPEHHs] CUTHAIOB
abcopOumu, KOTOpasi KOMIIEHCHUPYET BO3MOXHBIE H3MEHEHMs SPKOCTH HCTOYHUKOB
PE30HAHCHOTO M3JIy4eHHUs (J1aMIl) U Jr000W Jpeiid curHaga BO BpeMsl aHAIM3a U MEXKIY
u3MepeHussMu. TunuyHas JUIMTENbHOCTh TIOJHOTO IUKJIA Pa3JIoKEHMs, BKIIOYas
oxJaxaeHue, coctapisieT 20-45 MuH.

Bropoe mMecTo 1o 00bEMyY MMITOpTa aTOMHO-a0COPOLIMOHHBIX CEKTPOPOTOMETPOB
B Poccuro 3ammmaer koprmopamus — «ThermoElektrony  (CILA), sBustomiascs
npaBornpeeMHUKOM (upmbl «Unicamy». B Hacrosimiee BpeMsi OHa BBITYCKaeT aTOMHO-
abcopOumonHbie crekTpodoromerpbl cepuii «SolarM» u «SolarS». Ilpubopsr 06enx
cepuil cHaOKEeHbl YHUBEPCAIBHOM rOpesIKOil, KOPpO3MOHHOCTOMKHUM IJIATHHO-UPHIUEBBIM
pacIbUTUTENIEM W KaMepoW pacIbUICHHS, MPUTOMHON Ui pabOThl C JIOOBIMH THUIIAMH
pacTBOPUTEIIEH.
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[Mpoxyxkius kommanuu «ShimadzuCorp.» u3BecTHa B Hariel ctpane 6omee 40 ser.
Tonpko 3a mocienHee JecATWIETHE YCTaHOBieHO Ooinee 1500 aHamMTHYECKHX
KOMIUIEKCOB B JIaOOpaTOPUSX HAYYHO-UCCIIEIOBATEIbCKUX UHCTUTYTOB, MIPOMBIIIICHHBIX
OPEINpPUATHA, WHCIEKUMH pa3audHoro mnpodwis U JAp. ATOMHO-aOCOpPOLMOHHBIC
CIIEKTPOMETPHI B ATUX IMOCTaBKax INpeacTaBieHbl npuoopamu AA-6800 u AA-6650. Onu
OCHAILEHBbl JABYMs aTOMM3aTOpaMM — IUIAMEHHBIM M 3JIEKTPOTEPMUYECKUM, CMEHa
KOTOPBIX OCYLIECTBIIIETCS aBTOMAaTH4ecKH. llimaMeHHBI aToMu3aTop BBIOJIHEH Ha
OCHOBE THUTAaHOBOW TOpEJIKM, IUIATUHO-UPUIMUEBOIO KalMWUIIpa U KEPaMHUYECKOIO
uMmiiaktopa; rpaduroBas mneubr GFA-EX7 cnaGxkena 1udpoBbIM yrpaBiecHUEM
TEMIEPATYPOI U ra30BBIMU ITOTOKAMH.

IIpu _mn3yuyenun t1eMbl Ne 13 «PeHTreHO(IyOpeCHCHTHBIM aHAIN3: (U3HYECKUE
OCHOBBI. CIIEKTPOMETpPhl M HMCTOYHHMKH BO30YXKICHHS PEHTTEHOBCKOH (hiyopecreHnnn
JUIsi  Hayala HEeoOXOJAMMO YCBOUTb, 4YTO METOAbI 3MHCCHOHHOM pEHTI€HOBCKOM
CIEKTPOCKOIINY, KaK U JIPYTUE€ SMUCCUOHHBIE CIEKTPOCKOIINYECKUE METO/Ibl, BKIIOUAIOT B
cebst Tpu 00s13aTeNbHBIX cTafuu: 1) BO30yKJIEHUE CHEKTPa, COAEPIKAIIEr0 SMUCCUOHHbBIE
JMHUH, XapaKTepHBIC ISl SJIEMEHTOB, IPUCYTCTBYIOIIUX B MPO0E, — XapaKTePUCTHUECKUE
JUHUM; 2) W3MEpPeHHE HMHTEHCHUBHOCTEH OTHX IJMHUN; 3) KOHBEPCHIO M3MEPEHHBIX
MHTCHCUBHOCTEN B KOHILIEHTPAIMM OMIPEIEIISIEMbIX JIEMEHTOB C IOMOIIBIO PA3IUYHBIX
KaTUOPOBOYHBIX TMPOIEAYpP, BKIIOUAIONIMX B CeOs Takke BBEJIEHUE TIOINPaBOK Ha
marpuunbie 3¢ dextsr u ap. Kak n3BecTHO, XapaKTepUCTHYECKHE PEHTTEHOBCKHE CIIEKTPHI
BO3HUKAIOT B pe3yJbTaTe IMEPEeXOJ0B MEXIy YpPOBHSMU BHYTPEHHUX OJJIEKTPOHOB C
pasHocTamu suepruii ~ (10° — 10%) 3B. CTpyKTyphl JHEpreTHUeCKUX YPOBHEH BHYTPEHHHX
3JIEKTPOHOB JIJIsl BEIIECTB B aTOMAapPHOM U KOHJEHCHPOBAHHOM COCTOSIHUSIX OYEHb OJM3KU.
[TosTOMy B pPEHTIeHOBCKMX METOJax He TpeOyercss aroMmm3anusi mpoO. PeHTreHoBckue
CHEKTPHhl BO3HUKAIOT MPU OOMOApAMPOBKE MMOBEPXHOCTH AHAIU3HPYEMOIO BEIIECTBA
IIy4KaMHM YacTULl BBICOKOM DJHEPruM (AECATKH KHJIODJIEKTPOHOBOJIBT) — 3JIEKTPOHOB,
PEHTTEHOBCKUX KBaHTOB, MPOTOHOB, HOHOB. Jlanee HEOOXOAMMO YCBOUTD Ki1acCU(UKAIIIO
METOJIOB peHTreHocnekrpagpHoro anamuza (PCA): 1) aHanu3 1o mNepBUYHBIM
SMUCCHOHHBIM criekTpam ¢ ¢ortorpaduyeckoit peructpauueir (PCA); 2) anmamuz mno
BTOPUYHBIM JMHUCCHOHHBIM CHEKTpaM — peHTreHoduyopecuentnoii  (PDA); 3)
abcopOLMOHHBIN peHTreHocnekTpanbHblid aHanu3 (APCA), ocHOBaHHBINM Ha 3aBUCUMOCTH
ocjabJieHus PEHTI€HOBCKOTO H3JIy4YEHHUs, MPOXOSIIEro 4epe3 CIOW aHaIUu3upyeMoro
MarepHaia, 0T XMMUYECKOr0 COCTaBa MaTepuaia U SHEPTUU U3IydYeHus; 4) MUKpOAHAIN3 C
MOMOIIBIO AJIEKTPOHHOTO 30HJA — PEHTreHOCNEeKTpalbHbI MuKpoaHanus3 (PCMA); 5)
JY4YIIMMHM AHAJIUTHYECKUMU BO3MOXXHOCTSIMU ISl ONpPEAENEHUs JIETKUX DJJIEMEHTOB
obOnanaer Oxe — JJIEKTPOHHBI CHEKTPAJIbHBIM aHalW3 — aHanu3 1o crekrtpy Oske-
anektpoHoB (OOCA).

Haubonbimiee pacmnpocTpaHeHue Ui ONpEAETeHUs 3JEMEHTHOIO  COCTaBa
aHaTM3UPyEeMbIX MaTepuaoB noxyumsi meroa POA, miisg kotoporo k Havany 1960 rr. Oblna
co3JaHa ammaparypHas Oa3a M OpraHM30BaHO CEPHUITHOE MPOU3BOJICTBO MPUOOPOB
pa3IMYHBIX TUIIOB.

OO6paTtute BHUMaHKE Ha TO, 4TO MeToa PDA oTHOCUTCS K TpyMIe Hepa3pyIIaomux
METOJOB M TMPUTOAEH JUIS OIpPENEICHHUs COACpkKAaHWS TNPUMEPHO 84 DIEMEHTOB
[Teproauyeckoil CUCTEMBI B IIMPOKOM JUAIa30HE MX MACCOBBIX KOHLEHTpamui. [Ipenen
0OHApYKeHHs [T MHOTHMX JIE€MEHTOB HaxoauTcs Ha ypoBHe 107 macc. % (s nérkux
AJIEMEHTOB OH 3HAUYMTEJHHO BBILIE), U B TO K€ BPEMS BO3MOXHO OIpE/IeJIeHHE BBICOKHUX
conepxanuii (~100 macc %) ¢ mocrarouHoil TouHOocThiO (B mpenene — a0 0,1% Ha
COBPEMEHHBIX MOJHOCTHhIO ABTOMAaTHU3UPOBAHHBIX MPUOOpPax). AHaIU3UpyeMble MPOOKI
MOTYT OBITh  MOHOJUTHBIMH, TOPOIIKOBBIMH, JKUIKUMH, TPOBOAALIMMHU  WJIH
HEIMPOBOAIMMH 3JIEKTPUYECTBO. BO3MOXKEH NMpsAMON aHaIu3 IUIEHOK, MOKPBITHM, MAacT.
Bo mMHOrux ciyyasx moJaroToBka npo0 K aHajqu3y kKpaiiHe rnpocta (nHorzaa e€ He TpedyeTcs
BoBce). Ocoboe MperuMyIIecTBO MeTo/1a OOYCIOBJIICHO MAaJIbIM KOJIMYECTBOM JIMHHKA B
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CIEKTpaX, 4YTO OYEHb BaXHO IMPHU aHaJM3€ CJOXKHBIX IO COCTaBy MpoO, ColepKalIuX
AIIEMEHTHI ¢ OJM3KUMHU CBOHCTBAMHU.

Meron P®A mno3Bonsier ompeaensaTh cBbimie 30 37eMEHTOB OJHOBpeMEHHO. Ha
COBPEMEHHBIX MPHOOpax MPOLEcC MOJHOCTHI0 aBTOMATU3UPOBAH, MOIAAETCS aBTOMATH3AIMH
U MOAr0TOBKA Mpo0 K aHanu3y. [IpogomkureabHOCTh aHamu3a oJJHOM MpoObl cocTaBiser 1-5
MUH.

Nzyuas ¢wusudyeckue ocHoBel Meromga P®DA, oOparure BHMMaHHE Ha TO, 4YTO
uccueayemas npoda pacnojaraercs B HEIOCPEACTBEHHON OJIM30CTH OT OKHA PEHTI€HOBCKOU
TpyOKH, U €€ MOBEPXHOCTh OOMOapAMpyeTcs MEePBUYHBIMU PEHTICHOBCKUMH Jydamu. [lon
BO3/JICUCTBUEM IEPBUYHOIO PEHTICHOBCKOIO H3JIy4eHHUS B Npo0e BO3HHKAET BTOPUYHOE
(ryopeciieHTHOE) PeHTI€HOBCKOE M3ITyuyeHHe, KOTOPOe Jlajee pasiiaraercs CleKTpPOMETPOM
Ha XapaKTEpUCTUYECKHE cOCTaBisAoIre. Kaxplil 371eMEHT UMEET CBOIO MHAMBHUYaJIbHYIO
CUCTEMY XapaKTEepPUCTUYECKUX TMHUKOB (CHEKTPAJbHBIX JHMHUN), YTO Ha€T BO3MOKHOCTh
OCYLIECTBJIATh KAUYECTBEHHBIN M KOJMYECTBEHHBIN aHAJIN3bl 3JIEMEHTHOI'O COCTaBa Pa3JInYHbIX
MaTepHaoB.

PeHTreHoBckue yun NpeacTaBiIsSIIOT COOON AJIEKTPOMArHUTHOE M3JIy4EHHUE TaKoi ke
MPUPOJBI, UYTO U CBETOBOE M3inyueHue. Ho xapakTepu3yeTcss MHOTO MEHbILIEH JJIMHON BOJIHBI
A (COOTBETCTBEHHO — MHOTO OoJjbineii sHeprueii (oroHoB E) B kadecTBe equHMIIBI JITHMHBI
BOIHBI A 4acTO UcHomb3yercs aurcrpeM (A):

14=0,1 am=10" m.

WHTepBan JUIMH BOJIH PEHTTEHOBCKMX Jydei coorserctByer 0,1 —100 A. Jluanason
JUIMH BOIIH, MCIONb3yeMbIX B Merone PDA, cocrasnser 0,4 — 67 A. B sror mHTepsan
HOMAAIT BCE XapaKTEPHUCTUYCCKHE JIMHUU 3JieMeHToB oT B (Z = 5) mo U (Z — 92)
BKJIFOUUTEIBHO.

PentreHosckoe nanyuenue

AHon

174 OnekTponsl

Boasnoe oxnaxzenue O Hutb Karoxn

e ————

« ( ) HdKaJia
l i
Puc. 2. Cxema reHepanuu
PEHTTEHOBCKOTO B
H3TyYCHHUSL. | 1]}
Hctounnkom MIEPBUYHOTO

Buicokoe HanpsmkeHne
W3JIyYEHNsI B METOJIE P®DA, KakK

MPaBWJIO, CIYXHUT PEHTTeHOBCKas TpyOka (puc. 2), B KOTOPOHl B HPOCTPAHCTBE MEXITY
HarpeThlM KaToJOM (Hampumep, CHupajibHas HUTh Hakaja) M aHOAOM H3 TMOIXOJSIIETO
MaTepuaia co3JaéTcsl CUIIbHOE IEKTPUUYECKOE TOJIE.

ONEeKTPOHBI,  MCIIyCKa€MbI€ KaTOJOM, YCKODPSIIOTCS DJIEKTPUYECKHM IIOJIEM C
HanpspkeHueM U (HampspkeHue TpyOku) U OoMOapAupyrOT MaCCUBHBIA METAJUIMYECKUN aHOI,
I7Ie OHU TOpMO3ATCs. BenencrBue TopMOXKEHHs 2JIEKTPOHOB B MaTepHalle aHOJa HEKOTopas
4acTh UX YHEPreTHUUECKUX MOTEPh MCIYCKAETCs B BUJE PEHTTEHOBCKUX KBAHTOB, T. €. B BUJIE
HEMpEPbIBHOTO  (TOPMO3HOTO) CHEKTpa PEHTI€HOBCKOTO W3IYYEHHS, OIHCHIBAEMOIO
dbopmynoit Kpamepca (morsomenre u3IydeHnsl B MaTepualie aHoJa U OKHE TPYOKH TP dTOM
HE YUUTBIBACTCS):

A 1
| (AdA = K (Amin —1)=d),
rae K — KoHCTaHTa; A,,;,— KOPOTKOBOJIHOBASI IPAHUIIA TOPMO3HOTO M3ITyYCHHUSI.
KpuBasi aToro pacmpezneneHust Xapakrepusyercs:: 1) HaludmeM KOpPOTKOBOJIHOBOM

IpaHulbiA,,;, (A (cOOTBETCTBYeT MakcHUMalbHON SHEpPrUM 3JIEKTPOHOB, OGOMOGAPAUPYIOIIMX
MUIIEHB ):
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Amin - E = %;
eU U

2) pe3KuM BO3pACTaHHEM KPHBOW B CTOPOHY OONBIIUX JAJUH BOJH BIUIOTH IO
MaKCHUMyMa, COOTBETCTBYIOIIETO Ay gy = 1,54, 30CTENEHHBIMCHHXEHHEM
WHTEHCUBHOCTU TOPMO3HOTO M3IyUEHHUS 10 MEPE YBEIUYCHUS JUIMHBI BOIHBI.

CrieKkTpaibHyl0 UHTEHCUBHOCTH TOPMO3HOTO M3JIY4YEHHSI XapaKTepU3YIOT BEIUYUHOU
L(dor./(c-A)) wmm Iz(dor./(c:3B)). B usMmepeHHble 3HaueHWs [, wum I JOIDKHBI
BBOJWTHCS TOMPAaBKM Ha OTPAKATEIBHYIO CIOCOOHOCTh KpHCTaIa-aHAIM3aTopa |
3 PeKTUBHOCTD JIeTEKTOpA.

C yBenuuenueM HanpspkeHus: U MHTEHCUBHOCTh TOPMO3HOTO U3NydeHUsir pacTér, a
MaKCHMyM CIIEKTPaIbHOW KPUBOM M €€ KOPOTKOBOJHOBAs I'paHUIla CMEIIAIOTCS B CTOPOHY
MaJIbIX JJIMH BOJH (puc. 3 a).

o
_

I, ‘
A AT
4> %,
Z
A Aanin Aonax A
e -
5 10
2
g8 9F
&
g sf
=
5 7L
]
3 6F
E Rh (50 kB, 0 MA)
E oI
g S
E 4T
o]
Cr (50 kB. 40 mA)
2k
! — W (50 kB, 40 MA)
Vo

T T T T T

v
8§ 9 10
r A

o
ot
s
w
o
1

MoCufeCr Ca C1S P Si Al Mg
TMosnoxenne K-THHMI 3TEMEHTOB
Puc. 3. 3aBHCHMOCTh HHTEHCUBHOCTH TOPMO3HOTO M3TYUCHHUS [0 THATIPSDKEHUS MEXKTY
anektpoaamu U (a) u oT atoMHOr0 HOMepa snnemenTta Z (0), a Takke 3aBUCUMOCTh

OTHOCHUTENBHOM 3(h(PpeKTUBHOCTU BO30YKAEHUS (PIIyOPECIIEHIINY PEHTTEHOBCKUMH TpyOKaMu
0T MaTepuasna ux aHoja (B).

Jl51s Toro uToObl HanboIee HHTEHCUBHAS YaCTh TOPMO3HOTO M3NyUEHUS MPUXOIUIACH
Ha HYXHBIM CIIEKTPaIbHBIA HHTEPBAJI, SJICKTPOHBI HEOOXOIUMO PA3TOHSTh JOCTATOYHO BBICO-
KMM YCKOPSIOUIUM HanpsykeHueM. Hampumep, s JOCTHXKEHHS A, = 1Ananpskenue Ha
TpyOKe JOmKHO ObITh 12,4 kB, a 11t TOCTHXKEHUST MaKCUMyMa Ha JiiHe BOJHBEI 0,2 A—62
KkB.

HemnocpenctBeHHO B XapaKTepUCTUUYECKOE PEHTICHOBCKOE u3inyuyeHue (puc. 4)
npeoOpasyercs MeHee | % KMHETHYECKOH sHepruu >1ekTpoHoB ( 1 cromkHoBeHme m3 10°), a
ocTanbHas PHEPrus MpeodpaszyeTcs B TEIUIO — TPATUTCS Ha pa3orpeB aHoza. [loaTomy TpyOku
HYKJTaIOTCS B TIPEIBAPUTEIILHOM OXJIAXKICHHH.

Hampumep, B TpyOke ¢ MeAHBIM aHOIOM, paboraromieil mpu HampspkeHuun 40 kB
HEIMOCPEICTBEHHO B PEHTTEHOBCKOE M3IydeHue mpeBpamiaetcss Bcero 0,2 % motpebisiemoit
SHEPTUH.
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VHTEeHCHBHOCTh TOPMO3HOT'O CIIEKTpa BO3pPACTaeT C yBEJIMYEHHEM aTOMHOIO HOMepa
MeTajula, U3 KOTOPOTo BBIMOJIHEH aHoA (pHuc. 3 6), MpH 3TOM KOPOTKOBOJIHOBAsI TpaHMIA U
HOJIOKEHHE MaKCUMyMa MHTEHCUBHOCTH OCTar0TCs Hen3MeHHbIMU. Hanpumep, s TpyOku ¢
BOJIb()PaMOBBIM aHOAOM (Z = 74) ucmyckaeMoe TOPMO3HOE U3Ty4YeHUE B 3 pa3a HHTCHCUBHEE,
4yeM 11 TpyOKH ¢ aHOIoM U3 XxpoMma (Z = 24) mpu MpOoYrX PaBHBIX YCIOBHSIX.

BbIX0l pEeHTreHOBCKOTO M3IIyYeHHs] OCYIIECTBIIIETCS 4Yepe3 TOHKOe OepHilIeBOe
OKHO.

Kpome TOpMO3HOrO wm3nmyueHHss B paboTe PEHTTEHOBCKOM TPYOKM pazIuyaroT
CUHXPOTPOHHOE M3JIyuyeHHE, KOTOpPO€ BO3HHMKAECT B pPE3YyJbTaTe€ YCKOPEHUS 3apsKEHHbBIX
YaCTHI, JBWKYIIUXCA IO KPYroBOH OpOWUTE, CUIBHBIMH 3JIEKTPHUYECKUM M MArHUTHBIM
nojsimMu. Jlocturaemslil pu 3TOM aOCOIOTHBIHN Npesien 0OHApYyKEHUs FIIEMEHTOB COCTaBIISAET
101% — 10 r, a nuamerp B0O3GYXKHAIOMEro IyYKa MOXET OBITh yMeHbIIEH 10 10 MKM.
TopMO3HOE M CHHXPOHHOE H3JIyYEHHME SBISIOTCS HCTOUYHUKAMHU CIUIOLIHOIO CIEKTpa B
PEHTT€HOBCKOM CIIEKTPOCKOIHH.

a &
Mpouecc soabyaenua  Mpouyecc penakcaynm
(noHW3aumA) MyTEM MCNYCKaHUA
XapakTepuCTUHeCKoro
WanyJYeHuA
e-b
o Bicoge i A —O—O——Q———.—-‘ ;,3
5 o o PR :
¢ - Z O i
£
DoToH
——

Puc. 4. Cxema BO3HUKHOBEHHMSI XapaKTEPUCTUUECKOI'O PEHTTEHOBCKOTO U3JTyUYEHUs: a) B
pe3yibTare BeIOMBaHM eKTpoHa Ha K — ypoBHe o0pa3yeTcs BakaHncus; 0) nplpka Ha K —
YPOBHE 3aI0JIHAETCS 3JIEKTPOHOM C L 3- moaypoBHs, 4TO NPUBOIMT K BbIAEIEHUIO SHEPrUuM Ex
— EL3, xoTOopastyHOCUTCSl pEHTTCHOBCKUM KBaHTOM hv.

[Tpu 6omOapupoBKe aHO/IAa TOTOKOM YCKOPEHHBIX JIEKTPOHOB Manas ux Jois (~ 1
WM MeHee CTONKHOBeHM# 3 10°) BBI3BIBAET MOHM3ALMIO ATOMOB MMIIEHM, YTO, B CBOIO
ouepelib, MOXKET 3aKOHYUTHCSI UCITyCKaHUEM KBAaHTOB XapaKTEPUCTHUECKOIO PEHTTEHOBCKOTO
U3ITy4eHusl, 00yCIOBIEHHBIM 3all0JHEHHEM 00pa30BaBLINXCS BAKaHCUM 3JIEKTpOHAMHU ¢ OoJiee
ynan€HHbBIX o0oJouek (puc. 3). BeposTHOCTH 3TOro mporecca XapakTepusyeTcs BeTUYNHOM

di
MIOTIEPEYHOTO CeYeHHs MOHM3auuU Qi B COOTBETCTBHU C YpaBHEHHEM i qQ;n;, roe q —

YHCII0 NEKTPOHOB, MAJAIONINX HA eNHUILY TOBEPXHOCTH MUIIEHH (371./cM?), cofeprKamieit N;
aTOMOB dJIeMeHTa | B equnuIe 00bEMa (aT./cM®), u BeibBatomux di B B c10e TonmuHOH dx.
Benmuunna Q; KOHUENTyaJlbHO M  MaTeMaTHMYeCKH CBsi3aHa C  KOA(P(PUIUEHTOM
(OTO3IEKTPUUECKOTO MOTIIOLICHHUS.

DHeprus KBaHTa XapaKTEpPUCTUYECKOTO U3ITYUYEHHs paBHA Pa3HOCTH SHEPTeTUUYECKUX
COCTOSIHUHM 3JIEKTPOHOB Ha YPOBHSX JO Mepexojia U Mocie Hero (pa3HOCTU HEPruil cBsA3M
HAYaJbHOTO M KOHEYHOro cOCTOSHUM aTtoMa). IlockonbKky B aromMe Takue COCTOSIHHS
JUCKPETHBI U MHAMBHYaJIbHBI JIs1 KAKIOTO 3JIEMEHTA, TO U XapaKTEPUCTHUECKOE U3ITyUEeHUE
MPEJICTaBICHO AUCKPETHBIMHU IO JITMHE BOJHBI JINHUSMHU.

W3nydeHue, BBbI3BIBAEMOE AJIEKTPOHAMM, Ha3bIBae€TCsi IE€pBUYHBIM. l3myuenwue,
BbI3bIBaeMoe ()OTOHAMU, Ha3bIBAETCS BTOPUUYHBIM, HIIN (DIyOpPECHEHTHBIM.

BbIcOKOBO30YKIEHHbIE 3JIEKTPOHHBIE COCTOSIHMS MOTYT paclajgaTrbcs Takke B
pe3yabTare Oe3bI3TydaTesIbHBIX IMEePEXOJI0B C yNAJIEHUEM JIONOJIHUTEIbHBIX 3JIEKTPOHOB.
ITepexonpl Takoro poja M3BECTHBI Kak mepexoipl Oxxe. Cxema 3HEPreTHUUECKUX YpPOBHEN
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aToMa, pa3peliéHHbIe epexoIbl U CUCTEMAaTHKa HAUMEHOBAHUM XapaKTEePUCTUYECKUX JIMHUN
MOKa3aHbl HA puc. 4.
besb3nyuarenbHbli MEXaHU3M 3aKJIOUAeTCs B TOM, 4YTO M30BITOYHAS DSHEPTUs
nepenaércst IpyromMy >JEKTPOHY, HAXOSAIIEMYCs Ha TOM e WM Oojiee BHICOKOM YPOBHE,
BCJIC/ICTBUE YEro JJIEKTPOH MoKuaaeT aroMm (puc. 6). B pesynpraTte BO3HUKAET IBAXJbI
MOHM3UPOBAHHOE COCTOSIHUE.
Takum 00pa3oM, BaKHO YCBOWUTH, UYTO H3IY4YCHHE, BBI3BIBAEMOE 3JIEKTPOHAMH,
HA3bIBACTCS MEPBUYHBIM, a U3ITy4EHHUE, BhI3bIBAEMOE (DOTOHAMHU, HA3BIBACTCS BTOPUYHBIM,

1501051 (l)ﬂyopeCHCHTHBIM. KpOMe TOI'0, HAJ0 3HaTh MCXaHU3M O)KC'HCPCXOI[OB.
n I j

4 3 72
4 3 512
4 2 502
N 4 2 32
4 1 32
4 1 12
4 0 12
B2
129
M ”1"—B1 lﬂ—a - ; 1 .;/'5
31 12
3 0 122
B1
w |Y -
v 3/2
2 2 1 12
7 w 2 0 12
L-ccpus
Qi) @y lv
K XX 1 0 12
K-cepust

Puc. 5. [lonHas cxeMa SHEPreTUYECKUX YPOBHEN U PA3pEIIEHHBIE MTEPEXOIbI
rRrTOTk 10 Nl-ofamouku

a o
o i
L ] \
\ -8 P P [‘_._o__....._.._._—
L o - Ly, ———o—eo—
o L /1———-——-—-0———.——-

Puc. 6. Cxema Osxe-smuccun:
a) ¢poron hucC sneprueii, TocTaTouHOM s HoHHM3aNUU K-000109KH, BEIOMBAET 3JIEKTPOH. B
pesynsrare Ha K-ypoBHe oOpasyercsi Bakancusi; 0) apipka Ha K-ypoBHE 3amoiHsAeTCS
AIIEKTPOHOM L1-TIOJTypOBHSI, BBIEIUBIIASCS YHEPTHsI MEPeAa&TCs APYroMy AIIEKTPOHY C Ls-
MOAYPOBHS. DTOT BTOPOU JJIEKTPOH MOXKET UcIyckatbes ¢ sHeprued E(L| |3) = E(Ly) —
Ex.B pe3ynbTaTe BOSHUKAET Bl HOHU3UPOBAHHOE COCTOSIHUE.

DJNEeKTPOHHBIE  COCTOSIHUS, COOTBETCTBYIOIIME HAYaJIbHOMY M  KOHEYHOMY
COCTOSIHMSIM ~ TIPOIIECCOB  a0COpPOLMM WM SMHUCCHUU  PEHTIC€HOBCKOIO  M3ITyYeHUs,
Ha3bIBAIOTCS PEHTI€HOBCKMMM YpOBHSIMU. HopmasnbHbIE PEHTTEHOBCKHE YPOBHHU (MM
IUarpaMMHbIE yYpOBHH) OIMCHIBAIOTCS  yAaJ€HUEM OJHOTO M3 D3JEKTPOHOB U3
KOH(UrypaIyu, COOTBETCTBYIOLIEH HEUTPaJIbHOMY OCHOBHOMY COCTOSHUIO. DTH YPOBHH
00pa3yioT CHEeKTp, MOAO0OHBIN OJHOINEKTPOHHBIM HIIHM «BOJOPOIONOJOOHBIMY» aTOMaM,
OJTHAKO CMBICT HMX pa3nuyeH. B peHTreHoBckoil cmekrpockonuu cumBosl K o3Hagaer
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COCTOSIHME aToOMa, M3 KOTOPOro YJal€H OJIUH U3 1S-2JIEKTPOHOB, B TO BpeMsl Kak BCE
OCTaJIbHbIE HAXOJATCS Ha CBOMX IPEKHUX MecTax. AHAJIOIMYHO CUMBON Lj o3Hauaer
COCTOSIHME aTOMa, M3 KOTOPOro YIaléH OJMH W3 AJIEKTPOHOB 2p1/2 M T. J. 3HaUCHUE
SHEPruH, COOTBETCTBYIOIIEE YIAJICHUIO OJJIEKTPOHA 3a Hpelensl aroma (mpenen, K
KOTOPOMY CTPEMSITCSI TE€pPMBbI), YCIOBHO IOjaraeTcsi paBHbIM HyI0. [lockonbky st
pa3bopa CIEKTPOB HMMEET 3HAYEHHE JHIIb OTHOCHTEIBHOE pACIIOIIOKEHHE YPOBHEH,
CXeMaM DPEHTI'€HOBCKMX YpPOBHEH MOXHO MpUIaBaTh TOT K€ BUJ, YTO M ONTHYECKUM, a
uMeHHO K-COCTOSHHIO COMOCTaBNATh HanboIee TIyOOKUN YPOBEHB H T. II.

PenTreHoBckre ypoBHM MMEIOT Pa3MYHYIO CTENEHb MOHM3AIMH — OJHOKPATHYIO,
JIBYKPATHYIO, U T. [I., @ B HEKOTOPBIX CIy4asiX MOTYT OBITh 3JICKTPUYECKH HEUTPATbHBIMHU.
DNEeKTPUUECKU HEUTPAIBbHBIM SBISETCS BO30YKIAEHHBIA YpOBEHb, YTO COOTBETCTBYET
pa3pbIBY 3JIEKTPOHHOH CBSI3U B 00JaCTU BaKaHCUU OCTOBHBIX 3JIEKTPOHOB. Takue ypoBHHU
MOTYT JlaBaTh Hauaji0 BO3HUKHOBEHUIO cepuil PunbOepra. MHOrOKpaTHO MOHHU3UPOBaHHbBIE
1 BO30YX/IEHHBIE YPOBHU MOTYT BO3HUKATh B PE3yJbTaT€ MHOTO3JIEKTPOHHBIX MPOIIECCOB,
KOTOpblE€ BEAYT K OJEKTPOHHOMY BCTPSXMBAaHHIO, WIM K BTOPUYHOW HOHU3ALUU
(anmekTpoHHas nepectporika, nepexoabl Oxe u Kocrepa — Kponura).

PenTtrenoBckue sMuccus 1 abcopOIHsl MOAUMHSAIOTCS MTPaBHiiaM 0TOOpa.

XapaKTepUCTUYECKOE PEHTTEHOBCKOE M3JIyUYE€HUE COCTOUT U3 CEpUM PEHTTEHOBCKUX
CHEKTPAJIbHBIX JUHUI C JUCKPETHBIMH YacTOTaMH, XapaKTEePHU3YIOMIMMHU H3ITyYarolIui
atoM. Jlpyroil XapakTepHOW YEpPTOM SMHUCCHOHHOTO CIIEKTpa SBJISETCS HAJIU4YUE
SMUCCHOHHBIX IOJOC, COOTBETCTBYIOIIMX IEPEX0/aM Ha BaJCHTHbIE YpOBHU. B cmekTpax,
BO30YKIaeMbIX JIEKTPOHAMH WM (OTOHAMH, HanOoJiee MHTCHCUBHBIC JIMHUH HAa3bIBAIOTCS
IUarpaMMHBIMU, WJIM HOPMajbHBIMU, PEHTTEHOBCKUMH JHUHUAMU. OHH COOTBETCTBYIOT
pa3pen€HHBIM NEPEeX0aaM MKy HOPMAJIbHBIMU (JHarpaMMHBIMH) YPOBHSIMH.

WznyuatenbHblil  pacnaj BO30YKAEHHOTO YPOBHS MOXKET 3aKaHUYMBATHCS MEPEXOJ0OM
aToMa B HEHTpaJIbHOE OCHOBHOE COCTOSIHUE M, TAKMM 00pa3oM, HMETh Ty K€ SHEPTHUI0, YTO U
COOTBETCTBYIOIIAas JIMHHUS B a0COpOIMOHHOM crekTpe. Takue IJMHUU Ha3bIBAIOTCS
PE30HaHCHBIMH, a caM Ipoliecc 0003HayaeTcs Kak pe3oHaHCHoe u3nydeHue. Kpome Toro,
BBIICTISIIOT PEHTTEHOBCKUE CATEJUTUTHBIE IUHUM (HeAuarpaMMHbIe), OOJBIIMHCTBO HX
KOTOPBIX 00YCJIOBJICHO MEPEX0JaMi U3 MHOTOKPATHO MOHW3UPOBAHHBIX WA BO30YKIEHHBIX
cocrosgHuil. K apyrum mexaHusmam, NPUBOASIIUM K MOSIBICHHIO CJIAOBIX SMHCCHOHHBIX
JUHUM, OTHOCATCS PE30HAHCHOE W3JIy4YeHHe, u3MydaTenbHbiiOxe-3¢(exT, MarHuTHbIE
JUIOJIbHBIE U DJIEKTPUYECKHE KBaJpPYMOJbHbIE MEPEXObl, B MeTalax el M IMIa3MEeHHOe
BO30YKJICHHE.

Jli1s aTOMOB C OTKPBITBIMU 3JIEKTPOHHBIMU 000JIOUKAaMHU, T. €. IEPEXOHBIX METAIIIOB,
JAHTAHOUJOB, AaKTUHOWJOB, HAOJIOAETCS paclIelyieHue psAa JIUHUM, O00yCIIOBIEHHOE
B3aUMO/JICIICTBHEM 3JIEKTPOHOB B 3TOW OTKpHITOM oOosouke. JIMHMM, COOTBETCTBYIOIIME
MHOTOKpPaTHOM HMOHHU3AIlMH, YacTO WMEIOT OOJBIIYI0 WHTEHCHBHOCTh, YeM THArpaMMHBIC
JuHUU. B 3TOM citydae 0603HaYeHNE X KaK CaTeTUTOB JIMIIEHO CMbICTIA.

PeHTreHoBckure YpOBHM ONPENENSIOTCS KaK HayalbHOE W/WIM KOHEYHOE COCTOSIHUE
AJIEKTPOHHOM O00O0JIOUKHM aTOMa, COOTBETCTBYIOIIEE JAaHHOMY PEHTTEHOBCKOMY IEPEXOIy.
COOTBETCTBEHHO K JHWArpaMMHBIM OTHOCSITCS YPOBHH, C TIOMOIIBIO KOTOPBIX MOXET OBITh
OTKCaH MPOLECC YAAJIEHUS OJTHOTO IEKTPOHA U3 3aMKHYTOM 3JIeKTpOHHON KOHpUrypanuu. B
Tabmuie 2 TOKa3aHa CBs3b MEXAY [IUAarpaMMHBIMHA YPOBHSMH W DJIEKTPOHHBIMH
KoHpurypausiMu. OO0o3HaueHHE YpPOBHEH OTHOCUTCS K MHOTO3JIEKTPOHHBIM CHCTEMaM MU
BaKaHCHsIM, a HE K DJIGKTpOHaM, YJalsieMbIM W3 OTHX CHUCTeM. Bce JIWMHUWM, BBI3BaHHBIC
nepexoJaMu 3JIEKTPOHOB, OKaHuMBaromumucs Ha K-ypoBHe, otHocsrcs k K-cepum. U3
NEepexoJI0B, OKaHUMBarIUXcs Ha L-ypoBHe, oOpasyrorcss nauHuu cepuu L u 1. a. Takum
00pa3oM, peHTTeHOBCKHE CIIEKTPBI COCTOST U3 cepuii, 00o3Hayaembix OykBamu K, L, M, N, O
u 1. A. llossnenne K-cepum nuHMI B CHEKTpe Kakoro—iaubO »sjeMeHTa 00s3aTelIbHO
COIIPOBOKIAETCS MOSABIECHHEM OCTaJbHBIX cepuid. Kaxnmas cepusi cOCTOMT W3 JIMHMIA,
0003Ha4aeMbIX B TOPSIKE BO3pAacCTaHUSl 4YaCTOThl M3Iy4eHHs] Kak «,f3,yuT.n. Haubomnee
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Tabnuua 4
JlnuHbl BOJH U 3HEpTruu GpotoHoB Ma — nmuHwmii

YpoBeHb | DiekTpoHHas YpoBeHb | DneKTpoHHAas YpoBeHb | DIIeKTpOHHAA
KOH(HUTypaIus KOH(HUTyparus KOH(UTyparus
K 1st Ms 3d5_/12 01 st
L1 2s 1 N1 4s71 02 5p1 /s
Lo 2p1/; N2 4pijs O3 53/
L3 2P3_/12 N3 47’3_/12 O4 5d3_/12
M1 3s?t N4 4d§/12 Os Sdsg /12
M2 3p1/: Ns 4ds ), Os 5f5/2
M3 3p3 /1 2 Ne af. 5_/12 07 Sf. 7_/12
Mg 3d;/; N7 Afrs

MHTCHCUBHBIMU sBJIAIOTCS JInHUU K-cepuu, 3atem uayt aunuu L-cepun T. A. OTHOCUTENbHAS
MHTEHCUBHOCTD JIMHUM B CEPUU ONPEIEIAETCS BEPOSITHOCTBIO IIEPEXOL0B MEXKAY YPOBHAMU U
IpaBuJiaMu 0TOOpa JJIsl paJuallMOHHBIX IEPEXO0/I0B!

[Io |Pekomenayer IIo |[Pexomennye I1o Pexomennyer Ilo Pexomennyerc
3ur6 |csa UIOITAK |3urban | Tcst 3urbany cs 3urbany A
a-Hy y HIOITAK HIOITAK NIOITAK

Kay K- Lj La, L3—>Ms LB, L— My Ly Lo— Newm)

Ka, K- L, La, L3—> My LB L— Ng Ln Lo > My

KB, K- M, LB, Lo— My LB, L—- Ms LI L3 > M

Kp, K— N; LB, L3> Ns Ly, L— N4 Ls Ls > M3

Kp; K - N, LB, Li—» Ms Ly, L—- N2 Lt Ls » M2

KB3| KoM, LB, Li»> M Ly, L— N3 Lu L3 = Nem

KB, K- M, LpBs L3— Oss Ly, L- O3 Lv L2 = Newm

KB, K — Ng LB, L3— N Ly, L- O2 Ma, Ms — N7

KB4x K- N, LB, L3—» O Lys L— N1 Ma, | Ms —> Ng

Kpe K- Mg Lg; L3— Ne) Lys L- O4 M B M4 — Ne

Kp: K- M, LB, Li— Ms Lys L- O My Ms — Ns

M¢ Mas -N23

An# 0; Al = +1;Aj = +1;0; 1.
Tabmumna 2
CBsI3b MEX/Ty PEHTTEHOBCKUMH JTHAarPAMMHBIMU YPOBHSIMHU H SJIEKTPOHHBIMHU
KoHGurypamusmu (o 3urdany)

Tabnuma 3
Ces13p Mex 1y 0003HaueHussMu 3urdoana u MIOTIAK
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Z DJIeMEHT A, A E, k3B Z DJIeMEHT A A E, x»B
62 Sm 11,47 1,081 74 W 6,983 1,775
63 Eu 10,96 1,131 75 Re 6,729 1,842
64 Gd 10,46 1,185 76 Os 6,478 1,914
65 Th 10,00 1,240 77 Ir 6,262 1,980
66 Dy 9,590 1,293 78 Pt 6,047 2,050
67 Ho 9,200 1,347 79 Au 5,840 2,123
68 Er 8,820 1,405 80 Hg 5,648 2,195
69 Tm 8,480 1,462 81 Tl 5,460 2,270
70 Yb 8,149 1,521 82 Pb 5,286 2,345
71 Lu 7,840 1,581 83 Bi 5,118 2,422
72 Hf 7,539 1,644 92 U 3,910 3,170
73 Ta 7,252 1,709

[TosrTomy ToHKasi cTtpykTtypa Kauznyuenusicocroutusasyxanuunii —Kau Ka,,a He u3
TpEX, Tak Kak nepexo] Li— K 3anpeméH, u T. 1. CooTHOIIEHNE UHTEHCUBHOCTEN Haunboiee
WHTCHCUBHBIX JIMHUW COCTaBJISIET IKalleaZ:IKﬁ = 100:50: 20.9T10 Hanboyiee HMHTCHCHBHBIX

JIMHUH COCTaBJISIET I,(alzl,(a2

g, = 100:50:20.0T0 COOTHOILIEHHME BBINOJIHACTCS B PaBHOM
Mepe Ui BCEX DJIEMEHTOB.

Bmecro mpuHsATONW A0 CHX MOp CUCTEMBbI O0O3HAUYEHUN YPOBHEW, CEepuil M JIHHMHIA,
KoTopasi Obuta BBeAeHa 3urOanHom, Komwmccus MIOITAK B Hacrosimee BpeMs Tpejiaraet
HOBYIO, OoJee 4€TKyro cucreMy (tabim. 3).

Hanpsbkenne Ha TpyOKe, KOTOpPOE JOJDKHO YCKOPATH DJIEKTPOHBI ISl BO3OYKIACHUS
JUHUHA oOmpenenéHHON cepuM, Ha3bIBaeTCs HampsbkeHueM Bo30yxaeHUs Unop. 3HaueHUS
HanpspKeHUs Bo30ykaeHuss M « - TuHui npuBeieHsl B TabauLe 4.

Tabnuua 5
OrHomenne HHTEHCUBHOCTEN K 1 K, — TMHUM JUIS 2JIEMEHTOB

B untepBasie Z = 20+30

Z I(KI 18) Z I(KI 18)
I(K| |a) I(K| |a)
20 0,129 26 0,136
21 0,130 27 0,137
22 0,131 28 0,139
23 0,132 29 0,140
24 0,134 30 0.142
25 0,135

OT BHJA CHEKTPAJIbHOIO pachpesesieHuss 3aBUCUT 3(P(EKTUBHOCTh BO30YXKIEHUS
duyopecueHIIMM TeX WM HHBIX 3jeMeHToB. Ha puc. 3 ¢ mnpuBeleHbl JaHHbIE 00
OTHOCHUTENIbHOH 3(pPeKTUBHOCTH BO30YKIEHHS (PIIyOpPECIEHIIMU TPYOKaMu C BOJIb(PaMOBBIM,
XpPOMOBBIM UM PpOJHUEBBIM aHOAAMHU, NPUUEM SPPEKTUBHOCTb IEPBOM MNPHUHATA PABHOM
equnune. HaubGonbmas sddexTuBHOCTS BO30YXJIeHUS (IYOPECLEHTHOW JIMHUM B
JUIMHHOBOJIHOBOM ~ 00JIacTW  JTOCTUTAeTcsi TPYOKOH ¢ pOAMEBBIM aHOAOM. BaxHoii
XapaKTePUCTUKON TPYOKH SIBISIETCS COOTHOILIEHNE MHTEHCUBHOCTEH XapaKTEpUCTUYECKOTO U
TOPMO3HOTO KOMIIOHEHTOB (puc. 7).

DTO COOTHOILIEHHE HCIONb3yeTcsd MpH pacuéTax Mo MeTony (QyHIaMEeHTaIbHBIX
napameTpoB. B KkauecTBe WIIIIOCTpAallMM NMPUBEACHBI JaHHBIE JUIsI TPYOOK ¢ XpPOMOBBIM WU
BOJIb()paMOBBIM aHO/IaMU (Ta01. 6).

[Ipy mpoXoXAEeHHUU IydyKa PEHTIEHOBCKOIO W3JIy4EHMsI 4epe3 CIOM TOMOIE€HHOTO
BEIIeCTBA €ro0 MHTEHCHUBHOCTb OCJIa0eBaeT B HANpPaBIEHUU PACIPOCTPAHEHUS 3a CUET
IIPOLIECCOB IMOTJIOIIEHUS U PACCESHUS 110 3aKOHY:
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I = loexp (-ud),
ey — TUHEHHBIH K03 UIHenT ocnadnenus (cM), yunuThIBarOMMi XapaKTepUCTHKH
BeIeCTBA (IUIOTHOCTh M aTOMHBII HOMep); d — TOJIIIMHA CJI0sI BEILECTRA.

Enununeii nuneitHoro xko3dduumenta ocnalneHus SBISETCS CaHTHMETP B MUHYC
nepoit cremenu (cMl). DTOT KOXPQUIMEHT 3aBUCHT OT SHEPIUM WM JUTMHBI BOJIHBI
MOTJIOIIAEMBIX PEHTTEHOBCKUX KBAHTOB U OT IUIOTHOCTH p TOTO Marepuaja, yepe3 KOTOPBIH
MPOXOUT U3ITyUCHHE.

N
™R
>
Q

Topmosnoe
W3y UCHHE

NHTeHCHBHOCTH

1 1 A
0 10 20 30 40 50

Oneprus, KIB

Puc. 7. CHeKTp TOPMO3HOT'O U3JIIYUCHUS C XapaKTCPUCTHYCCKUMU JIMHUAMHA MaTE€pHuajia aHoJda.

Korma paccMaTpuBaeTcsi HpPOXOXICHHE PEHTICHOBCKOTO W3JIyYCHHs 4epes
MHOTOKOMIIOHEHTHYIO TpoO0y, II€JIeCO00pa3HO II0JIb30BATHCS IOHATHEM «MAaCCOBBIN
ko3 durment ocmabaenus»u/p (CM*r). OH 3aBUCHT JUIIL OT ATOMHOTO HOMEpa
NOTJIONIAIONIETO 3JIEMEHTa W OT OJHEPruM WM JUIMHBI BOJIHBI  TIOTJIOMIAE€MBIX
PCHTI€HOBCKUX KBaHTOB. Ero 0003HaYaIoOT (4.

Tabauua 6
Houns xapakTepucTudeckoro uznyderus (%)
JUIst TPYOOK C pa3HbIMU aHOJIaMU

Harmpsixenue Xpom Bonbdpam
Ha TpyOke, kKB
Tpyoka EA % Cr/W
20 67,6 26,5
30 71,3 35,6
40 72,6 38,3
50 72,8 38,7
Tpyoxu FAQ60/1 Cr; FAAQ 60/3,5 W

ITomHOe ocnabieHHe MPOUCXOMUT B BHUIE JABYX MPOLECCOB — (POTOIEKTPUUECKOTO
MOTJIONICHHS U paccesHus. [loaTomy K03 dUIMeHT ocnabieHus MpeaCcTaBIseT cO00 CyMmmy
JBYX K03((HUITUEHTOB:

u=t+o,
r1€ T — JUHEWHbIH KOA(PGUIUEHT MOIJIOMIEHUS; ¢ - JIMHEHHBIH KO0d()PUIMEHT paccesHHUs.
HoHun3zanus aToMOB 3aBUCHT TOJIBKO OTT U MOXKET OBITh OMKMCaHA YPABHEHUEM:
di

-— = 70
dx ai,

di

rae (- yucio (poToHOB, MAAAOIINUX Ha MPOOYy, (bOT./CMZ; - = = UACIIO (hOTOHOB, TEpSIEMBIX HA

eAVHMIIC IJIMHBI MyTH B pe3ylbTaTe (POTOINEKTPHUUECKOro moriomeHus. OTHOCUTETbHBIN
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BKIaA T WU 0 B o0mmil Ko3hUIMEHT ocnaabiieHus ( 3aBUCUT  OT JUIMHBI BOJIHBI
PEHTI'€HOBCKOT'O M3IYYEHHUSI M OT aTOMHOT'0 HOMEpa MOTJIOIMIAIOUINX 3JIEMEHTOB (Tab. 7).

Baxxno To, 4TO mONS T BO3pacTaeT Cc yBelWyeHHEM Z M AWM UYTO 3Ta COCTABISAIOIIAS
JOMUHUPYET Hall 0 B 00JIACTH JJIMH BOJIH, THIIMYHOM 1t POA.

[TooToMy MOXXHO TmpUHATH, 4YTO B TpakTuke P®DA ocrnabieHue HIESHTUYHO
MOTJIONICHUIO. PEHTreHOBCKME KBAaHTHI MPH  IOTJIOMIEHWHM B  BEMIECTBE CIOCOOHBI
MOHU3UPOBATH BHYTPEHHHE IEKTPOHHBIE 000JIOUKH.

Tabnuua 6
3HaveHus 10U T B KO uImeHTe ocnadieHus
UIHEKOTOPBIX YJIEMEHTOB B MHTEpBaie JauH BoiH 0,2-2,0 A

1A
Z | Dnemenr
0,2 0,7 2,0
6 C 0,10 0,71 0,98
12 Mg 0,60 0,95 0,99
29 Cu 0,90 0,99 0,99
47 Ag 0,95 0,99 0,99

Orto sBieHue HOCUT HaszBanue (otodddekra. DoTodrhdexT Bo3HHKAET TOrAa, KOrmaa
SHEpPrus PEHTICHOBCKOro KkBaHTa E> Enop. B pesynbrare 3JeKTpPOH MOKHIAET aToM, a
N30BITOK OHCPIrUun BLIACIACTCA B BHUAC PCHTICHOBCKOI'O KBaHTA. HOJIy‘-IaeMOG BTOPHUYHOC
PEHTIEHOBCKOE M3JTyUCHUE HA3bIBACTCs (IIyOpeCeHTHBIM (puc. 4).

Up

P); |
(Up),

[o—
[}
.

4x,A

Puc. 8. 3aBHCHMOCTH MaccoOBOTO KOB(I)(l)I/II_[I/IeHTa TOTJIOIICHU A T/p OT AJIMHBI BOJIHBI
maaaromero pCHTrCHOBCKOI0 U3JTy4YCHHA.

ITporiecc BO30OYKAECHUS PEHTTEHOBCKOHM (DIyopecleHIIMM aHaJOTMyYeH  IpoLeccy
BO30YKJCHUSI XapaKTEPUCTUYECKOTO PEHTIEHOBCKOTO H3IY4YEHHs 3JIeKTpoHaMU. CHEeKTpbI
PEHTI€HOBCKOW (piryopeciieHnu cojiepkaT MHGOpMalKioo, HEOOXOAUMYIO JUIsl aHaliu3a
AIIEMEHTHOT'O COCTaBa BEIIECTB U MaTepUAJIOB.

[Ipy xayecTBEHHOM aHajIM3€ OMPENENSIOT JJIUHBI BOJH (DIYyOpPECLUEHTHBIX JTUHUH, a
3aTeéM C MOMOIIbI0 TaOJMIl yCTaHABJIMBAIOT MPUHAIIECKHOCTh 3aPETUCTPUPOBAHHBIX JTMHUN
TE€M WUJIU UHBIM 35ieMeHTaM. PoTo3(pdexT cymiecTBeHHO BIMSIET Ha mpouecchl noriomeHus. C
YBEIMYEHUEM JUIMHBI  BOJHBI TpHU JTOCTH)KEHUH Ay, KOTAa sHeprus kBaHTa E
craHoBUTCcsipaBHOMEK, poTroaddext ¢ K-000m0uku npekpamaercs U 0pu 3ToM KO3PPHUIIUEHT
MOTJIONIEHHS CKaYKOOOpa3HO yMeHbIaetcs (puc. 8).
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JInuHy BONHBIAgHA3bIBAIOT KpaeM K  TOTJIONIEHUs] aHHOro »3semeHTa. Ckadok

0003Ha4aroT Kak S (st K-0005109kM — Sk) ¥ BRIYUCISIOT U3 COOTHOIICHHUS:

Sk=,
I/Ie)- MacCOBBIA KOI(PPUIIUESHT MOTIONICHHUS] HA KOPOTKOBOJIHOBOM CTOPOHE MUKA (BEpXHSS
Touka Ha puc.8); (t/p),- MaccoBbIi KOAD(HUIIMEHT TMOIVIONICHUS Ha JJTMHHOBOJHOBOMH
CTOpOHE NUKa (HUXKHSS TOUKa Ha puc. 8).

Uem cuiibHEE MOTJIOLIACTCS U3TyYeHHE AJIEMEHTa B Marepualie MpoObl, TeM MEHbIIEe
TONIIIMHA CJIOSI MPOOBI, W3 KOTOPOTO BBIXOJAHWT HAPYyXKy H3MepseMoe (IIyopecIieHTHOE
uznyuenue. [Ipoba cumrtaercs OECKOHEUHO TOJCTOW ISl KOMIIOHEHTAa HM3Iy4YeHHs], eciu e&
TOJIIIIMHA JOCTATOYHO ISl TOTO, YTOOBI MPAKTHUYECKU MOJHOCTBHIO MOTJIOTHTh H3ITYYCHHE OT
obpatHOl CcTOpOHBI MPOoOBl. C0il TPOOBI TOMIIMHOW, JOCTATOYHBIA IS TOTJIOIICHHS
OCHOBHOM jonm wu3nyueHus (Hampumep, 90%), Ha3pIBaeTCs HACBHIIIEHHBIM cioeM. [lpu
aHaJIM3€ KUJIKUX TPoO0, HaHECEHHBIX Ha (UIBTPOBAIbHYIO OyMmary, 3(h(exT moriomeHus
NPaKTUYECKH UCKITIOUEH. B 3TOM ciiyuae roBopsT 0 6€CKOHEUHO TOHKOI mpooe.

B3aumoneicTBysl ¢ 3JEKTpOHAaMH pPa3HBIX 000J0YEK, KBAaHT PEHTI€HOBCKOIO
U3ITyYeHUsT MOXET M3MCHHUTH HAlpaBlieHUE CBOETO JBIDKEHUS. [Ipu 3TOM BO3MOXKHBI JBa
ciydasi: 1100 (POTOH MPH CTOJIKHOBEHHUU C aTOMOM COXPaHsET CBOIO SHEPIHI0, TNO0 mepenaét
4acTh CBOCH DHEPrHMHM OJIHOMY M3 JJICKTPOHOB aToMa. B mepBoM ciydae IIMHA BOJIHBI
PacCesTHHOTO M3JIy4YeHHsI He U3MEHSETCs, a BO BTOPOM — HECKOJIbKO Bo3pacTtaeT. [lepBblit BuI
paccesiHUsl Ha3bIBaCTCSI KOTEPEHTHBIM, HIIM PIJICCBCKUM, paccesHueM (YIpyroe paccesHue,
KJIACCMYECKOE pACCEsHUE), BTOPOM — HEKOTEPEeHTHBIM, WJIM KOMTOHOBCKHUM, PAaCCESHUEM
(Heynpyroe paccesiHue).

VHTEHCUBHOCTD PACCESTHHOTO M3JIyYeHUs 3aBUCUT OT COCTaBa MpOOBI: A MpoO, B
COCTaB KOTOPBIX BXOJAT B OCHOBHOM JIETKHUE 3JIEMEHTHI (JIETKasi MaTpHIia), JOJs PACCETHHOTO
u3NyudeHus Benuka. J{s npoO, KOTOpbIE COCTOST MPEUMYIIECTBEHHO U3 TSHKENBIX JIIEMEHTOB
(TspKENast MaTpUIIA), OIS PACCETHHOTO U3JIYYCHUSI OTHOCUTEIILHO HEBEIUKA.

XO0Ts paccesHUE HEBEIMKO 10 CPABHEHHIO C MOTJIOIIEHHUEM, OHO MPOUCXOIUT BO BCEX
CITydJasiX, sSIBIISIICh IOMEXO0H, o0pa3yroiiel (poH B CIIEKTPOMETPE, IIOITOMY KEIIATSIIBHO UMETh
€ro Ha BO3MOXHO Oojee HM3KOM ypoBHe [lsi cHuKeHUS (OHA PACCESTHHOTO H3IMyuYeHUs
MPUMCHSIIOT ITePBUYHBIE (PHIIBTPHI, YCTAaHABIMBACMBIE MEXIY OKHOM PEHTICHOBCKOW TPYOKHU
U TIPOOBHI.

OOpatuTe BHUMaHUE HA TO, YTO PAa3HOCTh YHEPTUH AICKTPOHHBIX YPOBHEHAE aToma
WHAWBHUAyalbHA AT JIOOOT0 AJIEMEHTa, MO3TOMY MO TMOJIOKEHUI0 PEHTTeHOBCKUX JIMHUMA B
CIIEKTPE MOJXKHO BBITIONHATh KAa4yeCTBEHHBIM aHamm3. CBsi3b JUIMHBI BOJHBI (SHEPTHH)
PEHTTEHOBCKOM TMHUH ¢ aTOMHBIM HOMEPOM DJIEMEHTA OIKChIBAaeTCS 3aKOHOM Mo3nu:

AE =hv =2n%m,e*
I/IeV - 4aCTOTa PEHTTEHOBCKOW JIMHUU; ¢ - TIOCTOSTHHAS dKPaHUPOBAHMUs; No U N1 — TTaBHBIE
KBAHTOBBIC YUCJIa HAYAJLHOTO M KOHEYHOT'O COCTOSTHUH.
K, 5B
100 +
80
60 |+
40

20

—
[SS N S e o <f =]
T

1 ) i

20 40 60 80 Z

Puc. 9. 3aBUCHMOCTb PHEPTUU OCHOBHBIX JIMHUI PEHTTCHOBCKOTO CIIEKTPa OT aTOMHOTO
HOMepa.
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[TocrosiHHas skpanupoBanusic > 1. Hanpumep, mist L-o6onouku o= 7,4. 3aBUCUMOCTD
SHEPrUU OCHOBHBIX JMHUN PEHTI€HOBCKOI'O CIIEKTpa OT ATOMHOT'O HOMepa IPUBECHA Ha pHC.
9.

PentreHosckas QuiyopecueHUMss — 3TO MEXaHM3M OCBOOOXKIEHMs aromMa oOT
M30BITOYHOM 3HEPIUH, MOJYYEHHOM NpU HMOHU3ALUHU, MYTEM HCIYCKaHUS PEHTTEHOBCKOIO
¢dorona. CymiecTByeT Takke Oe3bI3TydaTesIbHbI MEXaHU3M CHATHS BO30YXKIEHHsS — IyTEM
ucnyckanusi Oke-3JeKTPOHOB (CM. BBIIIIE).

BeposiTHOCTh pasnaniioHHOIro nepexojia Ha K-ypoBeHb ONpeAeNsieTcs BbIXOJOM
dnyopectieHun K-ypoBHs:

renk - YUCIO MOHU3ALMH, CONPOBOXKAAIOMIMXCS U3ITyYaTebHBIM IEPEXOIOM; Ny — ObLIee
YUCIIO MOHU3aIUK K-ypOBHS.
BepositHOCTh  O€3panManimoHHOTO Tiepexona Ha K-ypoBeHb XapaKTepU3YeTCs
BBIX0AOM Oske-dMucCCHHay IPUYEM
Wk + ag = 1.
Ha puc. 10 npeacraBneHa 3aBUCHMOCTh BBIXOJa PEHTI'€HOBCKON (IyOpecleHINH U
Oxe-amuccuu K-ypoBHsI OT aTOMHOTO HOMEpa dJIeMEHTa.

BeposiTHOCTD

10 15 20 25 30 35 0

1

I 5
H B Ne P Ca Mn Zn Br Z-
ATOMHbBIH HOMST

Puc. 10. BepositHOCTh ucnyckanust Oxe-31eKTPOHOB U PEHTI€HOBCKON (IyopecLeHINH
B 3aBUCUMOCTH OT @aTOMHOT'O HOMEPA JJIEMEHTA.

Boixon ¢ayopecueHnuu pacTér ¢ yBeIMYEHHEM aToMHOro Homepa Z. Jlns nérkux
anemeHToB (Z 10) mnpeobmamaer Osxe-amuccus. Ilostomy w™eron PDA mno3Bomser
UACHTU(PUIIMPOBATh BJIEMEHTHI, HauMHas B Jy4lleM ciaydae ¢ 6opa (Z = 5), a mpoBOJIUTH
Ha/I&KHbIE KOJIMYECTBEHHbIE OIpE/esIeHUs] JIeMeHToB — ¢ HaTtpus (Z = 11). Jlna Gonee
BbICOKMX L- u M-ypoBHell ompezeneHue BbIxoja (IYyOPECHUEHIMU OCIOXKHSIETCS
0e3bI3yyaTeIbHbBIME paualuoHHbIMU niepexogamMu Koctepa — Kponwura, T. e. mepexogamu
3JIEKTPOHOB C OJTHOTO MOAYPOBHS Ha JIPYrou B Mpejenax oHON o0oouku. B obmem ciayuae
BBIXOJ (DJIyOpEeCLEHIIMN pacTET C yBETMUYEHHEM KaK aTOMHOI'O HOMEpa, Tak U C IIIyOWHBI
06omouku (Tadmn. 10).

BaxHelWmuM MOHATHEM B PEHTTeHO(IYOPECHEHTHOW CHEKTPOCKOIUHU  SB-JISETCS
NOHATHE 00 WHTEHCUBHOCTU PEHTIeHOBCKOW (uyopecueHuuu.O0menpunsaras, Xots
UUICTM3UPOBAHHAs, CXeMa BO30YXKIEHUSI PEHTI€HOBCKON  (hIyOpEeClEeHIIMH MpeicTaBiIeHa
Ha puc. 11.

45



Tabauua 9
3HaueHus BbIxo1a GryopectueHuu M-0001049eK

Z DneMeHT Wi pm W (cpennee)
76 Os 0,013 -
79 Au 0,024 0,023
82 Pb 0,026 0,029
83 Bi 0,030 0,035
92 U - 0,06

OHOPOAHBIA MYYOK MEPBUYHOTO M3IYUECHHS, BBIXOISIIUN M3 OKHA PEHTTEHOBCKOU
TPYOKHU M COCTOSIIMI W3 XapaKTePUCTHUYECKOTO U TOPMO3HOTO KOMIIOHEHTOB, MaJaeT MO
YIJIOM ¢ Ha IUIOCKYI0 M WACaTbHO POBHYIO MOBEPXHOCTH MOIYOECKOHEYHOT'O TOMOTEHHOTO
aHanu3upyemoro oOpasua u morjomaercs B HEM. B pesymbrare aromel oOpasia,
YYacTBYIONIME B TIOIJIONICHWH, WOHU3UPYIOTCS, BaKaHCUsS BO BHYTPEHHEH 000104Ke
3aIOJIHSETCSA 3JIEKTPOHOM C BHEIIHUX 00O0JOYEK, a HEPIUs ATOro Mepexojia BHIAENSETCS B
BUzE (HOTOHA XapAKTEPUCTHUECKOTO (HITyOPECIIEHTHOTO HU3ITyYCHHUSI.

Puc. 11. Cxema Bo30y>kKA€HUSI PEHTT€HOBCKON (IyOpECHEHIINH.

@dnyopecleHTHOEe H3JIy4YeHHEe MpU BBIXOJAE M3 HPOObI YAaCTHYHO TMO-TJOLIAeTcs, a
YACTUYHO BBIXOJUT HAPYXKY; ONpenenéHHas MoJis ero orOupaercs (MojJ yriomy) KOJUIH-
MaTOpoOM CIEKTpOMETpa, pas3jlaraercsi B CIEKTP M  PErucTpUpyeTcs JEeTEeKTOPOM
cnekTpomerpa. Ilpn m3MeHeHHn cocraBa MPOOBI MEHSETCS €ro MOTJIoIATeNbHas CIoco0-
HOCTh Kak (WIbTpa, a CJIEJOBATEIbHO, U MHTEHCUBHOCTb BBIXOSAMIETO (DIyOpecleHTHOTO
U3JTYYCHHs, YTO IPUBOJIUT K TaK Ha3biBaeMoMy 3(h(PeKTy MaTpuaHOTO OociIalIeHusl.

@DyopecleHTHOE M3JIyuYeHHE 3JEMEHTOB, YHEPrUs KOTOPBIX HMPEBOCXOIUT SHEPTHUIO
BO30YKIEHUS aHATUTHIECKON IMHUK A; < Ay ,, THE Ay,— JUIMHA BOJHBI K-Kpas MOIJIOMIEHUS
eMeHTa A), CIOCOOHO JOMOJIHUTENIBHO BO30YXIaTh (IIyOpeCHEeHIMI0 dJeMeHTa A
(BropuuHas (ayopecueHuus, u3buparenbHoe Bo30yxkaeHue). M3 puc. 10 BuaHO, UTO
u3IydeHue odieMeHTa S, B030yxkaéHHoe B 00bémedVmiapoBoro cmos r, r + dr,
pacIpoCTpaHssCh BO BCEX HAINPaBICHMUAX, BO30YXKJAaeT H3Iy4YEHUE aTOMOB dJIEMEHTa AB
nenTpe Orunoretndeckoit cdepbl. OOmM BKIag U30UPATEIHHOTO BO3OYKICHHUS MOIYYUM
CYMMHUPOBaHHEM OTJICNIbHBIX BKJIAJ0B MO0 BceMy 00bEMyY MpoObl. Bropuunas ¢ayopecrenuus
UMeeT BaKHOE 3HA4YCHHE JUIS dJIEMEeHTOB ¢ Z=> 20, Korja aHanu3upyemasi mpola COIEpKHUT
aneMeHThl ¢ OnuskumuZ. I[lpuparieHne WHTEHCUBHOCTH, OOycloBleHHOE 3(PheKToM
U30MpaTETFHOTO BO30YKICHHS, MOXKET JOCTHTATh B HEKOTOPHIX cirydasx 30-50%.

CymectByloT Takke 3(QQeKThl TpPeThero MOpsJiKa, KOrja, Hampumep, H3IydeHHe
anemenTa C Bo30OykaaeT uznydeHue snemeHTa A. OObluHO 3TH 3G (EKThl HEBEIHKH, HO B
OTJENBHBIX CIy4asx MOTYT Jocturats 2-3%.
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B GonbmmHCTBE TpakTHYECKUX ciiydaeB ddpexraMu BO30YKICHUS TPETHETO MOPSIKA
MOXHO TipeHeOpeub. C yd€TOM CHENaHHBIX JOMYIIEHUH BBIPAXEHHE HHTEHCHUBHOCTH
(uryopecLeHIH JIeMeHTa A MOXKHO 3alucaTh B BUJE

A
Iy = Iy + X I35= Iyp (1 + Zsllz_i),
rne I,p — J[0JI1 MHTEHCHMBHOCTH (IyopecleHIUH, BO30yXIEHHOM HENoCpeacTBEHHO
IIEPBUYHBIM H3JTy4EHUEM TPYOKH; I3x— JI0JIi MHTEHCUBHOCTH, OOYCJIOBJIEHHAs MPOIECCAMH
N30MpaTeIbHOr0 BO30YXKICHHS 3a CUET 31eMeHTOB S. CyMMHpOBaHUE IIPOU3BOJUTCS 110 BCEM
JMHUSAM JIEMEHTOB S, CHOCOOHBIX 1M0IBO30YKAaTh AHATUTUYECKYIO JIMHUIO 3JIeMEHTa A.

W3 3TOrO BBIpa)XE€HUS CIEAyeT, YTO MHTEHCUBHOCTb JUHUU (DIyOpPECLEHIUH 3aBHUCUT
HE TOJBKO OT KOHIICHTPAIlMH OMpEAESIeMOro 3JIeMeHTa A, HO U OT OOLIer0 XMMHUYECKOTrO
cocTtaBa IpoObl. DTa 3aBUCUMOCTb OTPAXKAaeTCsl B MAaCCOBBIX KO3((UIIMEHTaX MOIIOIIEHUS U
0COOEHHO TPOSIBIISICTCSI B MPUCYTCTBHM MEPEMEHHBIX KOJIMYECTB AJIEMEHTOB, BBI3BIBAIOLINX
3¢ dexThl N30MPaTENHLHOIO MOMJIOMEHHS U BO30YKIEHUS PEHTI€HOBCKOI'O U3JTy4EHUS.

D¢ ekt n36npaTeaTLHOr0 NOTTOMCHHUS U3TYUYCHUS aHATTUTHYECKON JIMHUY (Hampumep,
cnekTpanbHoil Ka — sinHuManeMeHTaA) 3aKiO4YaeTcss B YMEHbIIEHHMM €€ HMHTEHCHBHOCTHU
BCJIEJICTBHE CIIOCOOHOCTH aTOMOB JIPYTHX 3JIEMEHTOB M30MPaTEIbHO TOTJIONATh H3ITyUeHHE C
JnaHHOM nnuHOHM BonHbL. K TakuM ssemeHTaM B OTHOCATCS T€, y KOTOpBIX JUIMHBI BOJH (-
KpaeB moriomenus (A5 Heckonbko Oolblle, 4eM [IMHA BOIHBI K- Kpas MOTJIOLICHHS
aMeMeHTa A, T. e, < A5.

Takum o0Opa3oMm, BapHanuu OOIIETO XMMHYECKOTO COCTaBa MPOOBI (€ro MaTpHIIhI)
CYLIECTBEHHO YCIIOXKHSAIOT 3aBUCUMOCTh MHTEHCHUBHOCTH aHAJIMTUYECKUX JIMHUNA 3JeMeHTa A
OT €ero cojepkaHusi B npode. MOHOBOE M3IyUYEHUE UMEET CIIOKHYIO CTPYKTYpPY M B 00LIEM
CJlydae COCTOUT M3 CIIEAYIOIIHUX KOMIIOHEHTOB: 1) paccessHHOro nmpo0oil u3iyueHus Tpyoxu (c
MHTEHCUBHOCTBIO ); 2) PACCESHHOTO JETANSAMH NPUOOpa u3mydeHus npoods (1y); 3) muddysno
pPacCcestHHOrO0  KpUCTaNIOM-MOHOXPOMATOPOM  M3JIy4eHMsI IPOObI (Ig); 4) TOPMO3HOTO

u3nydeHuss (Horo- u OxKe-31eKTPOHOB, KOTOpble 00pa3oBalMCh B MpoOe MOj JEHCTBHEM
M3JTyYECHHS. PEHTTEHOBCKOH TpyOKH (I; 5) (hiIyOpeCUEHTHOTO W3Iy4eHHsi 3JIEMEHTOB, W3

KOTOPBIX COCTOUT KPHUCTaLI-MOHOXpoMartop (Iy); 6) anmaparypHoro kommonenta (Ig,
BKJIIOYAIOLIETO U3yYyeHHe TPyOKH, pacCestHHOE AeTansiMu MpruOopa, KOCMHUYECKOE U3ITyUYeHUE
¥ ()OHOBBIE UMITYJICHI, UMEIOIIHE HIIEKTPUUECKYIO TPUPOTY.

Taxum 06pasom, Iy = kylg+ kplf + kaly + kylj + kslIf + kel§,
rae koddduimeHTsl K oTpa)karoT OTHOCHUTENBHBIH BKJIAJ KAKIOTO KOMIIOHEHTa B OOIIYIO
MHTEHCUBHOCTH (OoHA, TpUuéM ) k; = 1.

VHTEHCUBHOCTH TEpPBBIX MATH KOMIIOHEHTOB 3aBHCAT OT XHMHUYECKOTO COCTaBa
pOOBI; 3TU 3aBUCUMOCTH, 1O CYIIECTBY, MPEACTABIIAIOT COOON TOMOIHUTEIbHBIE MAaTPUUHbIE
addexTbl. OTHOCUTENBHBIN BKJIAJ KaXKIOTO U3 KOMIIOHEHTOB (POHA 3aBUCHUT OT KOHKPETHBIX
anmnapaTypHbIX YCJIOBHI POBEIEHUS aHAIIN3A.

B kopoTkoBonHOBoM ob6nactu cnekrpa (0,4-2,5 A) cocrasnsromas Ié,f, KaK MpaBuUio,
paBHA HYJIO, T. € HUCIIOJIb3YEMbIE KPHCTAIJIBI-MOHOXPOMATOPbI OOBIYHO HE COAEPHKAT B CBOEM
COCTaB€ AJIEMEHTOB, UMEIOIIINX CIIEKTPaIbHbIC JIMHUU B YKa3aHHOU 00JIaCTH.

ITpu u3yuyenun Bonpoca «CreKTpoOMETpbl U MCTOYHUKH BO30YKJI€HHUsI PEHTT€HOBCKOM
diryopecueHIUN» HE0OX0UMO CHavajla U3y4uTh KJIAaCCU(PHUKAIUIO U CXEMY CIIEKTPOMETPOB,
a 3aTeM UCTOYHUKHU BO30YKICHUS PEHTI€HOBCKON (hIIyOpeCLeHIIHH.

Cy11ecTBYIOT pa3iIU4HbIE CHOCOOBI BBIJCJIEHUS HYXHBIX AHAIUTUYECKUX JIMHUNA W3
CyMMapHOro  (uayopecueHTHOro wu3inydeHus. [lisg  3TOro OpUMEHSIOT — KpHUCTalll-
TU(GpaKIUOHHBIE W JHEProAUCIEPCHOHHbIE  CHEKTpoMeTpbl. Kpucramn-audpakiuoHHbIe
CHEKTPOMETPBl  UCMOJB3YIOT BOJIHOBBIE CBOMCTBA  JJEKTPOMAarHUTHOTO  M3JIYy4YEHUS
(cieKTpoMeTphI ¢ BOJIHOBOM aucnepcueit, BJl), a ”MEHHO CTOCOOHOCTH AJIEKTPOMArHUTHOTO
u3nyueHuss K wuHTephepeHuun u gudpakimuu. Crnektpomerpsl ¢ BJl Moryt ObITh
CKaHUPYIOIHUMH 1 MHOTOKaHATbHBIMH.
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B kaudecTBe AMCIIEPTUPYIOIIETO JJIEMEHTa B PEHTICHOBCKMX CHEKTPOMETpax
MPUMEHSIOT TPUPOJHBIE WU CHUHTETUYECKHE KpUCTaUIbl. Kpucramn mpencraBisier co0oit
TBEPAOE TENO, COCTOsIIee M3 aToOMOB (MOJIEKYJ), KOTOpbhIE OOpa3yloT MEepUOAUYECKYIO
CTPYKTYPY B TPEX U3MEPEHUSX. B TakoM pacnoyioxKeHUH YaCTHI] UMEETCS MHOTO IJIOCKOCTEHN
pPa3IMYHOTO HANpPABIICHUS, Yepe3 KOTOpbIE MPOXOIAT Y3JIbl KPHUCTAJUIMYECKON pPEIETKU
(aTOMBI, MOJIEKYJIbI). DTU MIOCKOCTH HA3BIBAIOTCA TNIOCKOCTAMH KPUCTAUIMUECKOU PEIIETKH.
Bce m1ockocTr paBHOYIaJICHBI IPYT OT Apyra Ha MEXKIUIOCKOCTHOE paccTosiHue d.

Koraa napamiensHble peHTI€HOBCKUE JIyYH Ma/Ial0T Ha TJIOCKOCTh KPUCTAJUTMUECKOM
peIIETKH, KakJIas pacrlojoKeHHas Ha HEW yacTHlla JACWCTBYET Kak IIEHTpP pacCcesiHHUs U
UCITyCKaeT BTOPUYHYIO BOJHY. Bce BTOpHYHBIC BOJIHBI COOMPAIOTCS BMECTE B OTPAKEHHYIO
BoJIHY. T0O e camoe MPOUCXOJUT U Ha IPYTUX MapaJICIbHbBIX IIOCKOCTAX KPUCTAIIMUECKON
pemIETKH, MOCKOJIBbKY B MpeieiiaX MEKIUIOCKOCTHOTO paccTosiHus 0 pEeHTTCHOBCKUE BOJIHBI
MOTJIOUIAIOTCS He3HAuuTeNlbHO. [Ipu oTpakeHMM PEHTIe€HOBCKHX JIydyed, MUMEIOIIUX UIUHY
BOJIHBI A , OT JBYX COCEIHUX IIJIOCKOCTEH, HAXOAAIIMXCS APYT OT JIpyra Ha MEKILIOCKOCTHOM
paccrosiuun 0, pa3HOCTh X012 OTPAXKEHHBIX JIyuei coctaBut 20Sin6(puc.12).

\AC| + |CB| = 2dsinf

Puc. 12. ludpakuus peHTT€HOBCKHUX JIy4eil Ha KpUCTaiax.

Ecnu 3Ta pa3HocTh paBHa L1€J0MY YHMCIY AJUH BOJH (nAd, OTpaXEHHBIE JIyun OyayT yCUIUBATh
JIpyr Apyra BCienCTBUE MHTep(EepeHIMH. JTO yCIOBHE JUIsi KOHKPETHBIX 3HAUEHUH JTMHBI
BOJIHBI 1 1 MEXKIJIOCKOCTHOTO PACCTOSIHUSI UBBIMOIHSIETCS TOJIBKO TPH OMPEACIEHHOM yrie 6:

ACV — = sinf wu |AC| = dsing; ypasuenne bporra umeer Bua: [AC| +|CB| = na = 2dsing.

OOparute BHUMaHME Ha (yHIAMEHTAJbHblE pa3IMuus MEXIy Judpakuuein
PEHTT€HOBCKUX JIyded W OTpaXKCHHEM CBeTa: AU(PParupOBaHHBIM KpPUCTAIJIOM IYy4OK
oOpa3yeTcst paccestHueM MEePBUYHOrO IMy4Ka BCEMH aTOMaMM KpHCTallja, BCTPEYAIOLUIMMUCS
Ha €ro MmyTH; AU(pakiyusg MOHOXPOMAaTUYECKUX PEHTIC€HOBCKHUX Jy4yeil MMEEeT MECTO TOJBKO
O]l YIJIOM, YJOBJETBOPSIOIIUM YypaBHEHHMIO bparra; MHTEHCHBHOCTh JU(PParMpOBAHHOTO
PEHTT€HOBCKOTO IMyYKa 3HAYUTEIbHO MEHbIIE MHTEHCUBHOCTU MAaJarollero My4yka. YciloBue
JU(PParupoBaHHOTO OTPAXKEHUS I W3NMYUYEHMs C JUIMHOM BOJHBI A BBIMOJHSAETCS JUIS psla
3HaueHUM N U 6, T. €. IOJTHOE OTPAKEHUE JEJIUTCS Ha pa3InyHble NOPSAAKU oTpaxkenud (1,2,
n). Yem BbIllIe MOPSJIOK OTPAKEHUs, TeM cilabee WHTEHCHBHOCTh COOTBETCTBYIOLIEH 4acTH
OTpaXEHHOT'O M3NTydyeHus1. MakcuManbHO BO3MOXKHAs BEJIMYMHA TOPAKA OTPAKEHUS 3aBUCUT
OT JUIMHBI BOJIHBI, THIIA HCIOJB3YEMOrO0 KpHUCTalla, a TaKXe YIJIOBOIO JHala3oHa
crektpomerpa. M3 ypaBHenusi bparra cienyer: H3dydeHHME C JJIMHOW BOJIHBI, PaBHOM
MIOJIOBUHE, TPETH, YETBEPTH U T. Jl. COOTBETCTBYIOLIEH IJIMHBI BOJIHBI, OTPAYXKAETCSI 1O OJHUM
U TEM K€ YIJIOM 6 TpH UCIIOIb30BAaHUM KPUCTAIJIa TOTO K€ CaMoro THUIIA.

OCHOBHBIMH y3J1aMH KPUCTAIUI-AU(PPAKITUOHHBIX CIIEKTPOMETPOB SIBIISIOTCS:
® UCTOYHMK  TEPBHYHOTO  PEHTTEHOBCKOTO  M3JIY4YEHUS Ui BO30YXKIEHUS
bayopectieHIuu TpooHI;
® YCTPOMCTBO MOJAYU M YCTAaHOBKH MPo0;
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® CIIEKTPOMETPUYECKOE YCTPOWMCTBO ISl BBIACICHUS M ACTCKTHPOBAHHS CIEKTPAIbHOM
JIMHUM C JUTMHOW BOJIHBI 4,

e ObICTpOICHCTBYIOIIass  PETHCTPUPYIOIIAs ¥ BBIYUCIUTEIbHAS amnmaparypa s
OIIPE/ICIICHNs] MHTCHCUBHOCTU AHAJIMTHYECKOW JIMHUU U pacdyéTa COOTBETCTBYIOLICH
KOHLICHTPALIUH ONPEJIEIIIEMOT0 JIEMEHTA,;

e  yCTpOWCTBO ynpanieHus (puc. 13).

Kpome Toro, He00X0IMM KOMILIEKC CPEIICTB MIOArOTOBKH P00 K aHAIU3Y.

2 11 12

4 7 9

Puc. 13. brnok-cxema peHtreHoBckoro crmekrpomerpa mno Coimnepy: 1 — peHTreHoBcKas

TpyOKa; 2 — BbBICOKOBOJIbTHBI HCTOYHUK NUTaHUSI PEHTTEHOBCKOM TpyOku; 3 —
CHEKTPOMETPUYECKOE YCTPOHCTBO; 4 — mpoba; 5 — nmepBUYHBINA KOJUIMMATOpP; 6 — KpUCTaLI-
aHanmu3aTop; 7 — OJIOK JETeKTHPOBaHUS; 8 - TPEAyCHINTENb; 9 — HCTOYHUK NUTAHHS

nerekropa; 10 — siexkTpoHHBIE OJOKHM 00pabOTKM WM mpencraBieHus wHbopmamuu; 11 —
CUCTEMa aBTOMATHYECKOTO yIpaBJIcHHs; 12 — KOMIBIOTEPHBIN KOMILIEKC.

Ananusupyemast npo0a pacrojiaraercss HEIOCpPEACTBEHHO Iepe]] BBIXOJHBIM OKHOM
PEHTI€HOBCKOM TpyOKH.

Pentrenosckas tpyOka, oOmydas mpoOy, BO30y»JaeT B €€ MOBEPXHOCTHOM CJO€
XapaKTepUCTHUECKOE PEHTI€HOBCKOE M3JIyYEHHE aTOMOB 3JIEMEHTOB. M3imydeHue oT mpoObl
yepe3 MEepBUYHBIN KOJUIMMATOP MOMAaeT Ha KPUCTAIUI- aHAIM3ATOP C MOCTOSSHHOM PeIETKU
dro yriiom 6, 0o0ecreYyrBarOIIUM BBITIOJIHEHUE YCIOBUS TU(DPAKIHOHHOTO OTPaXEHHS nA =
2dsing, rae N — nopsaok Audpakuuu, paBHeii 1, 2, 3.

KommuMaTop coCTOMT U3 psia NapauleldbHBIX IUIACTUHOK W CIYXKUT  JUIA
(GbopMUpPOBaHUS MAPAJIENBHOIO Iydka (IIyOpEeCUEHTHOIO MW3JIy4YeHHs, MaJarollero Ha
kpuctaii. JlupparupoBaHHOE€ OT KpUCTaUla M3JIydY€HUE IIOMajaeT B  JETEKTOD,
npeoOpa3yroluil  KBaHTbl PEHTT€HOBCKOTO M3JIYYEHHUS B DIJIEKTPUUECKHE HMITYJIbCHI,
aMIUIMTYa KOTOPBIX IPONOPLMOHAIIBHA YHEPTUU KBaHTOB. [locie ycunenns u aMIuIMTy AHON
CEJIEKIINM, TIO3BOJISIIOIIEH HCKIIIOUUTh KOMIIOHEHTHl (OHA, OOYCIIOBJIEHHBIE BBICIIUMU
nopsiAKaMyu TU(GPaKIMKA U PacCessHUEM MOCTOPOHHETO M3JIyYeHHs, UMITYJIbChl MOCTYNAKT B
NepecyeTHOE YCTPOMCTBO, PETHCTPUPYIOLIEE WX KOJMYECTBO 3a BPEMs HKCIIO3ULIUU.
KonnyecTBO 3aperucTpupoBaHHBIX HMMIYJIbCOB MOXET OBITh BBIBEJEHO Ha TabdIo,
nudponevars WK nepenano uim nepeaano B OBM st mocnenyromieit 00paboTKu 1 pacdyéra
COJIEp/KaHUM DIIEMEHTOB.

Heo0xomuMo IIOMHUTH, UYTO KaXKIbIH XUMHYECKHM DJIEMEHT HMEET CBOIO
WHAUBUAYAIBHYIO CUCTEMY XapaKTEPUCTUYECKUX IMUKOB (CHEKTPaJIbHBIX JUHUM). YTO maér
BO3MOXXHOCTh OCYIIECTBJIATh KAaYECTBEHHBINI W KOJMYECTBEHHBIM aHAIN3bl 3JE€MEHTHOIO
COCTaBa pa3jIMyYHBIX MarepuanoB. s sToro mpuMmeHseMblé NpUOOp NODKEH o0safarh
JIOCTaTOYHOM pa3pelaroniel CrnocoOHOCThIO, T. €. BO3MOXKHOCTBIO pa3inyaTh OJIM3KO
pacIoyio’KeHHBIE IPYT K APYyTy CHEKTpajibHble TUHUU. Jucnepcus onpeaensercs GopmMyon
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Puc. 14. 3aBucumocts kauectBa BoiaencHus tuHUN CrKBu MnKaot criekTpaibHOTo
pasperienus npubopa: a) 0,0014; 6) 0,0054;8) 0,0104; r) 0,015 A.

W3 »3TOro ypaBHEHHs CledyeT, 4YTO Jucrepcus (MiaM paspelieHue JIMHUN)
YBEJIMYMBACTCS C YMCHBIICHHEM MEXKIUIOCKOCTHOTO PAaCcCTOSHUS OWIMIPU MCIOIB30BAHUH
BBICOKUX HOpPSAKOB au¢pakuuu. [Ipn HepocTaTouHOM paspeleHud Npudopa JIMHUM MOTYT
HAKJIaJbIBAThCS, YTO TPUBOIUT K MCKAKCHHUIO (OPMBI JIMHUH, CMEUICHHIO TIOJO0KECHUS
MaKCHUMyMOB, B3aHMHOMY YBEIUYECHHUIO HWHTCHCUBHOCTEH W BHOCUT JOIOJIHUTEIIbHbBIE
MOTPEIIHOCTH B pe3yJsibTaT aHanu3za (puc. 14).

Bugno (puc. 14), kak mo mepe yXyJIIEHUS pa3pelleHus JTUHUU 1ehOpMUPYIOTCS,
«HAE3KaT» APYT Ha JIpyra U ¢ KaKOro-To MOMEHTa CTaHOBSITCS HEPA3IUUMMbIMHU.

B cocraB chmekTpomerpa BXOIAT TAaKKe YCTpOHCTBa [uIs BbIBOJA MPOOHI,
BaKyyMHpOBaHUs paOodero o0bEéMa CIEKTPOMETpa, pEeryJupoBaHUS U  KOHTPOJIS
TEMIIEPATYPbl CHEKTPOMETPUUECKUX KAHAJIOB M T. M. YIPABICHHE CIIEKTPOMETPOM MOXKET
OCYIIECTBIISITECS ~ BPYUHYIO, OT  CHUCTEMbl  AaBTOMAaTMY€CKOTO  YyNpaBJ€HHs,  OT
MUKpOIIpoLe6ccopa WiIN HEMOCPEACTBEHHO OT KOMIIBIOTEPA.

Pentrenoonruueckas cxema CHEKTpOMETpoB cepur «CHEKTpOCKaH», 00JaJarolimnx
BBICOKOM CBETOCHJION, moka3aHa Ha puc. 15. Cnektpomerpsl ¢ BJl Moryt ObITh
CKaHHUPYIOIIMMU W MHOTOKaHalIbHbIMU. CKaHHMpYIOIIME CIIEKTPOMETPhl HMMEIOT OJIUH
HAaCTPaMBaE€MbIl  KPHUCTAUI-MOHOXPOMAaTOp, MHOTOKaHAJIBHBIE  CIIEKTPOMETPBI  MMEIOT
HECKOJIBKO CIEKTPOMETPUUECKUX KAHAJIOB, KaXbIil M3 KOTOPBIX COCTOUT M3 COOCTBEHHBIX
MOHOXpOMATOpa, JAETEKTOpa M KOMILJIEKCAa PErMCTPUPYIOLIEH ammaparypbl Ul U3MEpPEHUS
WHTEHCUBHOCTEN NuHUNA. Kaxaplii kaHal B MHOTOKaHaJIbHOM CIEKTPOMETPE HACTPOEH Ha
ONpEACIEHHYI0 AHATUTHYECKYIO JIMHHUIO.

[TockombKy XapakTepUCTUUECKOE PEHTTEHOBCKOE M3TyYeHHUE JIETKUX AJIeMEeHTOB (Z20
CHWJIBHO TIOIJIOIIAETCS BO3JYyXOM, MEXaHU3M TOHHMOMETpa BaKyyMHpOBaH. BxomHoe OkHO
BaKyyMHOH KaMepbl MaKCUMaJIbHO MPHUOJIUKEHO K MOBEPXHOCTH MPOOBI (PaccTOsSHUE 2MM,
YTO TIO3BOJISIET BBLACTATh AaHAJUTUYECKHE JUHUM JErkux osneMeHToB (ot Na) npu
PacroI0KEeHUHN aHATU3UPYEMOi TPoObI Ha BO3TyXe€.
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CnektpoMmeTpbl ¢ BoJHOBOW aucriepcuert (BJl) — Hambomnee TpaaulIMOHHBIN THIT
npubopoB. Kak mnpaBuno, 3TH npubopsl o0mamgaioT Oojiee BBICOKUM  CIIEKTPAIbHBIM
pa3penieHneM 1 00ECTICUYUBAIOT JTYYIIUE PE3YIbTATHI IS JIETKUX JIIEMEHTOB.

Baxyymnaas xaMepa

Puc. 14. Pertrenoontuueckas cxema ClieKTpOMETPOB cepuH « CIIEKTPOCKaH:
1 — ananu3upyemas mpo6a; 2 — OKHO BaKyyMHOU KaMephbl; 3 — peHTTeHOBCKast TpyOKa; 4 —
npuéMmHas (BbIXOHAs LIeJIb); 5 — OJIOK JeTeKTUPOBaHUs; 6 — KpUCTalI-aHAIN3aTop; 7 —
BXOJ[HAs LIETIb.

OHEProAUCIEPCUOHHBIE  CIIEKTPOMETPHI  UCIHOJB3YIOT KBAaHTOBO-IHEPrE€THYECKUE
CBOICTBa 3JEKTPOMAarHUTHOro wusiaydeHus. K HUM  OTHOcATCA  CHEKTPOMETPBI €
HOJIYTIPOBOTHUKOBBIM jieTeKkTopoM — [IT/[-criekTpoMeTphl, cliocoOHbIE pa3nuyarh N3IydeHus
C pa3IMYHBIMU  JJIMHAMH  BOJH;  CIEKTPOMETpHl, paboTarouue MO0  IPUHIHUITY
T pepeHIMaIbHOro AeTeKTopa, U JIp.

DHEeproAMuCIepCUOHHbIE CIEKTPOMETPHI OTINYAIOTCS MajbIMU TabapuTaMu U Maccow,
3HAYUTEIbHO Jemenne (mpuMepHo B 5-10 pa3) M B OTIENBHBIX CIIydasx MOTYT 0OeCHeyYHuTh
0oJiee BHICOKYIO UyBCTBUTEIIBHOCTh U3MEPEHNUH, ueM B/l-ciekTpomeTpsl.

IlenTpasibHBIH BOIPOC M3y4aeMOM TeMbl — HCTOYHUKHM BO30Y>KIAECHUS PEHTI€HOBCKON
(byopecieHIun.

IIpu u3ydyenun tembl Ne 14 «JleTeKTOpBI, CUCTEMa PETUCTPALMU U amnmapaTrypa Ais
P®A. Cnocobet P®A, moaroroBka mnpo0 K aHaiau3y» oOpaTHUTe BHHMMAaHHME Ha TO,
QHAINTUYECKUM  CHTHAJIOM B  KOJIMYeCTBEHHOM P®A  gBisiercd HMHTEHCHBHOCTH
XapaKTepUCTHUECKOI0 PEHTT€HOBCKOTO M3JTyUYEHUs 3JIEMEHTA, U3MEPEHHAsi B OTHOCUTENIbHBIX
eluHuIax. B nerekrope sHeprus peHTreHOBCKOT0 U3JIy4eHus IpeoOpasyeTcs B yA0OHYIO A
00paboTku W peructpanuu (Hopmy dJIEKTpUUYecKux curHaioB. B merome PDA o6wuHO
UCIIOJB3YIOT  JIETEKTOPbl, Ha BBIXOJE KOTOPBIX CpEIHSAA AaMIUINTyAa HMITYJbCOB
MPONOPLUMOHANIbHA SHEPTUU TOMIONMIEHHOTO (GoToHa. B CBsA3M ¢ 3TUM HEOOXOAMMO 3HATh
YCTPOMCTBO, MPUHIMI JIEHCTBUSA U CXEMY ra30pa3psiiHbIX INPONOPLUOHAIBHBIX JIETEKTOPOB
(mpoTOYHBIE M OTHAsHHBIE), a TaKKe CHUHTWUIALUOHHBIX W TOJXYIPOBOJHUKOBBIX
JIETEKTOPOB.

[lpuHIMnI [OeHCTBUS TPONOPLUOHATIBLHOTO JIETEKTOpAa: PEHTICHOBCKOE H3IIyuYeHHe
MIOMAIAET BHYTPb JETEKTOpPA YEPE3 TOHKOE MPO3PAYHOE OKHO, PACIOIOKEHHOE MOCEPEIUHE
ero HWJIMHApPUYECKOW cTeHKU. BrereBummii GpoToH, B3aMMOAEUCTBYS C aTOMaMH MHEPTHOTO
ra3a, BBI3bIBA€T UX HOHHM3AIMIO, B PE3yJIbTaTe 4Yero oOpa3yroTcs 3JIEKTPOH-UOHHBIE IMaphl.
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KonngectBo oOpasyromuxcs map MNPONOPLUUOHAIBHO SHEPrHMM MOMIOMEHHOIO (OTOHA
(oTcroga Ha3BaHMeE JAeTeKTOpa). Mexly KaToAOoM M aHOAOM IPMJIOKEHO HampsbkeHue ~2 kB.
[Ton BIusiHMEM ATOrO HaIpsDKEHHs] 00pa30BaBIIMECS JIEKTPOHBI U MOHBI, ABUrasiChb K CBOUM
AIIEKTPOAAM, MPHOOPETAIOT SHEPrUl0, JAOCTATOUHYIO Ui JIOTIOJIHUTENbHOW HOHHM3AIUN
aTOMOB HMHEPTHOrO rasza. B pe3ynpTaTe 4YMCIO MOHOB 3HAYUTENIBHO BO3PACTAaE€T U 4Epe3
BBICOKOOMHOE COIIPOTHUBJIEHUE, BKIOYEHHOE IIOCIEI0BATEIIBHO CO CYETUMKOM, MPOTEKAET
TOK, BBI3BIBAIOIINI HA 9TOM COIPOTUBIICHUH UMITYJIbC HAPSKEHUS.

OOparuTe BHUMaHKE, CHUHTWUISIIMOHHBIE JETEKTOPHI COCTOST U3 JIBYX yacteil: POV
U JIIOMUHECLUPYIOLIEro KpHucTauia (MOAWJ HATpHsl, aKTUBUPOBAHHBIN TaJIMEM), KOTOPBIH
npeoOpa3yeT pPEHTIEHOBCKOE HW3JIyYeHHE B BHAMMBINA CBeT (€ro MOMEUIAloT Iepen
dotokatomom). CBeroBoil moTok pgainee mnomamaer Ha DOV, rae mnpeobpazyercs B
ANIEKTpUYECKU TOK. [loMynmpOBOAHMKOBBIA JNETEKTOp MPEACTABISIET COOOH IUIACTHHKY
aKTHBUPOBaHHOTO MoHOKpucTauia Si wim Ge. Ha e€ moepxHocTh HamblieH cioit AU
TommuuHOW He Oomee 20 HM, 0Opa3ylomMi KOHTAaKT, K KOTOPOMY THPHUKJIAIbIBAIOT
OTPULIATEIIBHOE HanpspkeHue cMmemeHusd. llon  neicTBMEM PEHTITEHOBCKUX — KBAaHTOB
JJIEKTPOHBI W3 BAJICHTHOM 30HBI INEPEXONAT B 30HY NPOBOAUMOCTH. Kakaplii Iepexon
COINPOBOXKAAETCA IOSBICHUEM JBIPKM B BAJIEHTHOH 30HE, KOTOpas B JJIEKTPUUYECKOM IIOJIE
BeAET ce0s Kak CBOOOAHBIM dnekTpuyeckuil 3apsia. [lockosbKy K MOJYNPOBOJHUKY
OPUIOKEHAa Pa3HOCTh IOTEHLMANOB, 3JIEKTPOHbI M JbIpKM OyayT mepeMelarbes K
3JIEKTPO/IaM, BbI3bIBAsi KPAaTKOBPEMEHHBIN HMMITYJIbC TOKA, KOTOPBIM MOCIE YCUIEHHUSI MOKET
OBbITh 3apErUCTPUPOBAH IEKTPUUECKOM CXEMOIl.

HeoOxomuMo ~ Takke  YCBOMTH  OCHOBHBIE  XAapPAKTEPUCTUKH  JIETEKTOPOB:
3¢ (eKTUBHOCTb, HIHEPreTHYEcKoe paspelieHue, (opMa aMIUIMTYAHOTO pacHpeesieHus,
TakKe (QUIBTPBI JUISl BBIACICHUS AHAIMTUYECKUX CUTHANIOB. [l TOoro 4roObl ciadble
JIEKTPUYECKUE UMITYJIbCBI, BBI3BAHHBIE MOIVIOIIEHUEM PEHTIC€HOBCKUX KBAaHTOB B JIETEKTOPE,
MOTJIA OBITh 3apETUCTPUPOBAHBI, IETEKTOP MOAKIIOYAIOT K JIEKTPOHHOM CXEeMe, COCTOSIIEH
U3 IPEeNyCWINTENs], YCWIUTENs, IUCKPUMHMHATOpPA, IIEPECYETHOM CXEMbl, TallMepa U
YIOPAaBISAIOLIET0 BEIYUCIUTEILHOTO KOMILIEKCA.

N3zyuas cnoco6sl POA, momMHUTE, 4TO BCE BU/IbI KOJMUECTBEHHOI'O aHAJIN3a OCHOBAHbI
Ha TOM, YTO CyLEecTBYeT (YHKUMOHAJIbHAs  3aBUCUMOCTBMEXAY  H3MEPEHHOM
WHTEHCUBHOCTBIO aHAJIUTUUYECKOH JINHUU M KOHLEHTpPALUENd COOTBETCTBYIOLIETO DJIEMEHTa B
npo6e. /11 mpakTH4ecKoro MpUMEHEHHsI MET0/1a HEOOXOMMO:

e 0TpaboTaTh NPUTOJIHYIO AJIS aHATU3UPYEMBIX MaTEPUaJIOB MPOIEAYyPY MOATOTOBKU MPOO K
aHaJIN3Y;

e BBHIOpaTh ONTHUMAJIbHBIC YCIOBUS BO30YXICHHUS U PETUCTPALlMU CHEKTPOB PEHTTEHOBCKON
¢aryopecueHIMY TPUMEHUTEIBHO K pellaeMoi aHaTMTUYECKOH 3a1a4e;

® YCTAHOBUTb CBA3M MEXIYy H3MEPEHHBIMH WHTCHCUBHOCTSMHU AHAJUTHUECKUX JIMHUA H
COJIEp’)KaHUSIMU OTIPEAEIIEMBIX JIEMEHTOB C TOMOLIBIO I'PaAyHPOBOYHBIX MPOO.

Jlig nepexona OT U3MEPEHHON MHTEHCUBHOCTH aHAJIMTUYECKON JIMHUM K COIECPKAHUIO
OTIPEEIIEMOr0 AIEMEHTa pa3paboTaH psJl MPUEMOB: CIIOCOO BHEIIHEr0 CTaHJApTa, CIOCO0
pa306aBieHus Mpoobl, crocod 100aBOK, Cocod BHYTPEHHErO CTaHJapTa, crocold cTaHaapra-
¢oHa; I8 MHOTOKOMIIOHEHTHOTO aHajlM3a MHCIIOJIb3YIOT YpaBHEHHsI CBSI3M Ha OCHOBE
¢usnueckux Moxenei. CymecTByeT TpHM Kiacca ypaBHEHHMH CBSI3M, OCHOBaHHBIX Ha
buzndeckol Mozaenu BO30YXKIeHUS: MeToA (yHIaMEHTAIbHBIX TOIMPABOK, METON -
KOPPEKILIUU, METOJ] (C-KOPPEKLIHH.

PentrenodayopeclieHTHBI METOJ| MO3BOJISIET HANPSAMYI ONpPENeNsTh IOYTH BCe
XHUMHUYECKHE 3JIEMEHTHI [leprouueckoil cucTeMbl B TOPOIIKOOOPA3HBIX, JKUAKUX U TBEPABIX
npobax. B cBs3u ¢ 3TUM HEOOXOIMMO YCBOWTH H3MENbUYEHHE, MPECCOBaHHE, CIUIaBICHUE
TBEPIABIX NPoO; MOATOTOBKY K aHAIM3Yy >KUJAKHX Ipo0: pacTBOPEHHE, BBHICYIIMBAHUE,
OCaXIEHHE U3 PacTBOPOB; ra3000pa3Hble BENIECTBA aHAIU3UPYIOT HETOCPEICTBEHHO MOCHe
IIPEIBAPUTEIBHON OYMCTKH.
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[IMOHHON CHEKTPOCKONMuU B Y@ U BUIUMON OOIACTIX»

Ilpu u3ydyenunm tembl Ne 15 «MosekynsapHas CHEKTPOCKOMUS: OCHOBBI abCopO-

u TeMbl Ne 16 «MounekynspHas

cnekTpockonus: MK cnekTpockonuss M CHEKTPOCKONUS KOMOMHALIMOHHOTO pacCesHUs»
PYKOBOJICTBYHTeCh yueOHbIM mocobueMm: Komecnukosa, JI. . AnanuTHueckue MeTOIbI B

HCCIICAOBAHUMU IIPHUPOIHBIX 00BEKTOB:

ydyeOHOe TMmocoOue JuIsi CTYIAEHTOB 5 Kypca

cnenuaiabHOCTU «020101-Xumus»: B 2 4. / JI. I'. Konecuukosa. — bnarosemenck: M3a-Bo
BI'TIY, 2008. — C. 33-79, 137-156.

Y4eOHO-MeTOAMYECKOE O0ecTedyeHHe CAMOCTOATEILHOM pPadoThl CTYJAEHTOB 110

AUCHUILINHE
Ne KoumnuectBo
4acoB, B
HaumenoBaHue pasjaeia
@ opMbI/BH/IBI COOTBETCTBHUH C
(Tembl) .
CaMOCTOSITEIbHOI pPadoThI y4eOHo-
TeMATHYeCKUM
ILUIAHOM
3 | [IpoGomoaroroska N3yuenue OCHOBHOM 8
JTUTEPaTyPhI
Nzyuenue JIOTIOTHUTETHHON
JTUTEPaATyPhI
KoncnexktupoBanue H3y4eHHBIX
HMCTOYHUKOB
9 | Meroabl aTOMHO- | M3yueHue OCHOBHO 4
SMHUCCHOHHOM JIATCPaTyphl
CTIEKTPOCKOTIHH Nzyuenue JOTIOTHUTEIHHOU
JTUTEPaATyPhI
Odopmnenue nabopaTopHOH
paboTsl
[ToaroroBka oTyeTa o
nabopaTopHoi pabore
Pemenne pacueTHbIX 3a7a4
10 | AAA: ¢wusnyeckne ocHOBHI | M3yuyeHnue OCHOBHOM 2
MeTo A JIMTCPATyPBI
N3yuenue JOTIOJTHUTETbHON
TUTEPATyPHI
Odopmnenue nabopaTtopHoOit
paboThI
[TogroroBka oT4era o
nabopaTopHoii paboTte
Pemenne pacueTHsIx 3a1a4
11 | AAA ¢ | U3yuenne OCHOBHOM 2
3JIEKTPOTEPMHUUYECKUM JINTEpaTypbl
croco6oM ATOMU3AIIN N3yuenue JOIIOJTHUTEIILHOU
IpOGEL TUTEPATYPHI }
Odopmnenue nabopaTopHOH
paboThI
ITonroroBka oTyeTa o

nabopaTopHoii padote
Pemrenne pacueTHsIX 3a1a4
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14 | Hderextopsl, cucrema | M3yuenue OCHOBHOM 1
perucTpaly M amnmnaparypa | JUTepaTyphl
s POA N3yuenue JOIIOJIHUTEIILHOU
JTUTEPaTyphI
Odopmnenue naboparopHOit
paboThl
[ToaroroBka oTyera o
JabopaTopHOU paboTe
15 | MonekynsapHas Nzyuenue OCHOBHOM 8
CIIEKTPOCKOIHS JINTEPATyphI
N3yuenue JOTIOJIHUTETBHOM
JTUTEPaTyphI
KoHcrniekTupoBaHue H3y4eHHBIX
HMCTOYHUKOB
[MoaroroBka  pedeparoB  u
Mpe3eHTalMi
Odopmnenue nabopaTropHOt
paboThI
16 | MonekymnsipHas Nzyuenue OCHOBHOM 3
cnektpockonusi: K- JTUTEPATYyPHI
CIIEKTPOCKOIHS 1 N3yuenue JOTIOJIHUTETbHON
CHEKTPOCKOMUS JTUTEPATyPHI
KOMOHWHAIIMOHHOTO Odopmnenue nabopaTropHOt
paccesiHusL. paGoTHI
UTOro 42

5 HPAKTUKYM 1O JUCHUIITIMHE

1. Konecuukosa, JI. I'. AHanuTHueckue METOAbl B HCCIEIOBAaHUM MPUPOJHBIX
00BEKTOB: yuyeOHOe nocoOue i CTyAeHTOB 5 Kypca crnenuanbHoctd «020101-Xumus»: B 2
4. / JI. I". KonecaukoBa. — bnarosemenck: M3a-so BI'TIY, 2008. — 173 c.

2. Konecuukosa, JI. I'. AHanmuTudeckue METOAbI B HCCIEAOBAHUM TNPHUPOIHBIX
00bekTOoB: yueOHoe nocodue: B 3-x 4. / JI. I'. Konecuukora. — binarosemenck, 2010. — Y. 2. —
200 c.

3. KonmecamkoBa, JI. I'. AHanmuTH4eckne METOABI B HCCIEAOBAHUHM TPHUPOIHBIX
00BekTOB: yuebHoe mocobue: B 4-x u. / JI. I'. KonecuukoBa. — bnarosemenck: U3n-so BI'TIY,
2011.— Y. 11l. - 201 c.

IIpumepHBIii I1aH 1a00paTOPHBIX padoT

Ne Tema mabopaTopHOil pabOTHI Bcero
4acoB

1. | Kucnornoe Bckpoite ans onpenenenus N20, K20, P20s metonom ADCA ¢ 2
WHIYKTUBHO CBSI3aHHOM IJIa3MOM.

2. | Ompenenenne conepxkanust N20O, K2O B ropHbIx mopojax u pyaax MeTOJOM 4
ADCA ¢ MHTlyKTUBHO CBSI3aHHOM IJIa3MOM.

3. | Onpenenenne MacCOBBIX JI0JIeH cepeOpa B IpoOax 30JI0TOCOACPKAIMIUX PY/T 4
METOIOM IJIAMEHHOM aTOMHOM abcopOIuu
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4. | Onpenenenue Au, Pt, Pd, Rh, Ir, Ru B ropHbIX mopoaax, pyaax, IpoayKTax 4
WX TIEpepabdOTKH, TTOYBAX METOJIOM aTOMHOM abcopOmu ¢
3JEKTPOTEPMUUYECKON aTOMU3ALNEHN MPOObBI

5. | Ompenenenune MaccoBoil konneHTpauuu Fe, Ti, V B ropHbIX opojaax u pyaax 4
PEHTIeHO(ITyOPECIICHTHBIM METOIOM

6. | Ompenenenue coepKaHusi XpoMa B CTOYHOM BOIE 4
CHeKTpohOTOMETPUUECKUM METOIOM Ha criekTpodoTomerpe CD-46.

7. | Onpenenenue conepxkanust Mn?* B mpupPOIHBIX U CTOYHBIX BOAAX METOIOM 4
cnekrpodoTomerpun Ha KOK -3M.

8. | OmpeneneHre KNHETUKH HOHHOTO OOMEHa Fe®* Ha reoMTax METOIOM 4
cnekrpodoromerpun Ha KOK-3M.

9. | UccnenoBanue paBHOBECHS KATHOHOB Pb?* na meonuTax 4
CHEKTPO(HOTOMETPHUICCKHM METOJIOM

UTOoro

34

6 IMJAKTUYECKHUE MATEPUAJIBI 1JIA KOHTPOJIA
(CAMOKOHTPOJIs1) YCBOEHHOI'O MATEPHUAJIA

6.1 OueHo4HbIE CPEACTBA, IOKA3AaTEJM U KPUTEPHH OLlCHUBAHUS KOMIIETCHIM I

HNupexc OuenouHoe IMoxka3arenu Kputepuu oneHuBanus
KoMIIeTe Cpe/ICTBO OlleHMBAHUS c¢()opMUPOBAHHOCTH KOMIIETEHIM I
HIIUH
I1K-4, OtueTt o Huskwnii — CTaBUTCSI, €CIIU JOMYIIECHBI
[IK-5 | maGopatopHoil | HEYAOBJIETBOPUTEINl | CYIIECTBEHHBIE OMMOKH (B X0/1€
pabore BHO IKCIICPUMEHTA, B OOBSICHCHUH, B
odopmiIeHUN PadOTHI, O TEXHUKE
0€30IacHOCTH, B pabOTE C BEIIECTBAMH U
npudopamu), KOTOpPbIe HE UCTIPABISIOTCA
JaXe 10 yKa3aHUIO MPEerno/1aBaTels.
[Toporossiii — CTaBUTCS, €CJIH JIOMYIICHBI OJIHA-/IBE
yIOBJIETBOPUTENbH | CYIIECTBEHHBIE OLIUOKH (B X0O€
0 AKCIIEPUMEHTA, B OOBICHEHUH, B

odopmiIeHUN PadbOTHI, MO TEXHUKE
0€301acHOCTH, B pabOTE C BEIIECTBAMH U
pudopamu), KOTOPbIE UCIIPABIISAIOTCS C
MOMOIIbIO MPEINOo/1aBaTeNsl.

ba3oBblii — x0po110

a) paboTa BBINOIHEHA ITPABUIILHO, O€3
CYLIECTBEHHBIX OLIMOOK, C/IE€TIaHbI BHIBOIbI;
0) IOIyCTUMBI: HETIOJIHOTA ITPOBE/ICHUS

WM 0OPMIIEHHS DKCTIEPUMEHTA, O/IHA-/[BE
HECYILIECTBEHHBIE OIIMOKU B IPOBECHUU
i 0(OPMIICHUN IKCTIEPUMEHTA, B
npaBiiiax paboTHI C BEIIECTBAMHA H
npudopamu
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Bricokmuit —
OTJINYHO

a) paboTa BBITOJIHEHA TTOJTHO, TPABUIIHHO,
0e3 CyIIeCTBEHHBIX OIMOOK, CACTaHbI
BBIBOJIBI;

0) 9KCIEPUMEHT OCYIIECTBIICH T10 IIaHy C
YYETOM TEXHUKU 0€30MIaCHOCTH U MTPABHUII
paboTHI C BeIIeCTBAMH U IpUOOpamu;

B) UMCIOTCS OpTaHU3aI[HOHHbBIC HABBIKH
(moyIepKUBAETCSl YUCTOTA PAbOYEro Mecra
U TIOPSIJIOK Ha CTOJIE, SKOHOMHO
UCIIOJIb3YIOTCSI PEAKTUBBI).

Komnoksuym

Huskuii —
HEYJOBJIETBOPUTEI
BHO

- HE3HAHHE TPOrPaAaMMHOT0 MaTepHaa;

- IPU OTBETE BO3HHUKAIOT OLINOKH;

- 3aTpyJHEHUS  TNPH  BBIOJHEHUH
NPaKTHYECKUX paloT.

[ToporoBbiii —
YAOBJIETBOPUTEIHH
0

- YCBOGHHE OCHOBHOT'O MaTepuaa;
- [IpU OTBCTEC JOIMYCKAOTCA HCTOYHOCTH,

- [IpU OTBCTC HCAOCTATOYHO IMPABUJIBHBIC
(GOpMyJINPOBKY;

- HapyUIEHHUE [0CIE0BATEIbHOCTH B
U3JI0KEHUU TIPOrPAaMMHOTO MaTepHuala;

- 3aTpyIHEHUS B BBITIOJTHEHUH
NPaKTHYECKHUX 3aJaHUH.

bazosriit —

XOPpOIIIO

- 3HaHUE MPOrPAMMHOT0 MaTEPUAIIA;
- TPaMOTHOE U3JI0KEHUE, 0e3
CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha
BOTIPOC;

- IPaBUJILHOE MPUMEHEHUE TEOPETHUCCKUX
3HAHUM;

- BIIQJICHUE HEOOXOJUMBIMH HAaBBIKAMH
NIPY BBIMTOJIHEHUH U MIPAKTHUYECKUX 3a7a4.

Bricokmuit —

OTJIIMYHO

- rITy0OKO€ M MPOYHOE YCBOECHUE
MIPOrPaMMHOTO MaTepHaIIa;

- TIOJTHBIE , TTOCTIEIOBATEIHHBIE ,
IrpaMOTHBIC U JIOTUYCCKU HU3JIaracMbIC
OTBCTHI ITPU BUJAOU3MCHCHHNHU 3aJaHH;

- cBOOOJTHO CIPABJISIOIIUECS C
MOCTABIEHHBIMHU 3a/1a4aMH, 3HAHUS
MaTepuana;

- IPaBUJILHO 00OCHOBAHHBIEC IPUHSTHIC
peIIeHus;

- BIIQJICHWE Pa3HOCTOPOHHUMH HaBBIKAMH
U IpuE€MaMH BBIIIOJTHCHUA IMPAKTUYCCKHUX
pabor.
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KonTponbHas Husknii —

BbHO

pabora HEY0BJIETBOPUTEI

AO0IMYCTHIT YUCIIO OH_II/I6OK U HEAOYECTOB
PEBOCXOISIIIee HOPMY, IIPH KOTOPOI
MOJKET OBITh BBICTABJICHA OIICHKA «3»

[ToporoBbiii —

0

YAOBJICTBOPUTEIIBH

€CIIM CTYJICHT IIPABUJILHO BBIIIOJHUII HE
MEHEee IOJIOBUHBI PA0OThI MM JIOITYCTHIL:
He OoJiee ABYX IpyObIX OIIMOOK; HIIK HE
Oosiee oHOM rpy0OOIt U OTHON HETPYOOit
OIIMOKH U OJJHOTO HEJ0UETa; WK He Oojiee
JBYX-TpPeX HErpyObIX OMIMOOK; MU OJHOM
HEerpy0oi omMOKY U TpeX HEJJOYETOB; MU
IIPU OTCYTCTBUH OIIMOOK, HO TIPU HAJTHYUH
YeThIpeX-TISITH HEI0UETOB.

ba3oBrrit
XOpOIIIO

CTYJEHT BBIIIOJIHUI pabOTy MOJHOCTHIO,
HO JIOIYCTHUJI B HEl: He OoJiee OTHOM
HErpy0oi OITMOKY U OJTHOTO HEJ0UeTa UITN
He 0oJiee ABYyX HEJI0UETOB

Bricokuit
OTJINYHO

pabota BeIoTHEHA O€3 OIMOOK, YKa3aHbI
BCE pacueTHbIE (POPMYIIbI, €AMHUIIBI
u3MepeHus, 0e3 OMMOOK BBIMOITHEHBI
MaTeMaTHYECKUE PACUCThI

6.2 IlpoMe:kyTOUYHAsI aTTECTAUS CTY/IEeHTOB MO JUCIUILINHE

IIpomexxyTouHast arTecTanus SABJIAETCS NPOBEPKON BCEX 3HAHMM, HABBIKOB U YMEHUHN
CTYJI€HTOB, MPUOOPETEHHBIX B MpOIlECCEe M3YUYEHMS AUCUUIUIMHBL. DOpMON MPOMEXYTOUHON

aTTecTalMuy N0 JUCIUILIIMHE SABJISIETCS 3a4eT.

I[J'If[ OLCHUBAHHA PE3YJIbTATOB OCBOCHHA AOUCHUILIIMHBI HNPUMCHACTCA CIICAYIOIINEC

KPpUTCPpUHU OLCHHUBAHUA.

Kpurtepun oneHuBaHMs YCTHOTO OTBETa Ha 3a4eTe
Onenka «3a4TEHO» BBICTABIISETCS CTYAEHTY, €CIH:
1. Bonpoce! packpbIThl, U3710KEHBI JOTHYHO, 0€3 CYIIECTBEHHBIX OLINOOK;
2. IToxazaHO yMeHUE WITIOCTPUPOBATH TEOPETUUECKHE MTOJI0KECHHUS

KOHKPETHBIMHU ITPUMEPAMU;

3. IIpo1eMOHCTPUPOBAHO YCBOCHUE PAHEE U3YUYEHHBIX BOIIPOCOB,
c(OpMHUPOBAHHOCTh KOMIIETEHIIUH, YCTOMYMBOCTD UCIIOJIb3YEMbIX YMEHUN U

HaBBIKOB.

4. JlomycKarTCsl HE3HAYUTEIHHBIE OIITHOKH.

OI[eHKa «HE€ 3a4YTEHO0> BBICTABJIACTCA, CCIU.

1. He packpbITo OCHOBHOE coiep)kaHHe YIeOHOTO MaTepHaa;

2. OO6HapyKeHO He3HaHUE WM HEMIOHUMaHue Ooubliel uin Hanbosee
BaXHOW yacTH y4eOHOro MaTepHarna;

3. JlomyieHs! OMMOKY B ONpeAeTICHHH TTOHATHH, KOTOPHIE HE
UCTIPABJIEHBI [TOCTIE HECKOJIBKUX HABOSIIMX BOIIPOCOB;

4. He chopmupoBaHbl KOMITETCHIINN, YMEHHS U HABBIKH.
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6.3 Tunosbie KOHTPOJIbHbIC 3aJaHUA UJIH UHBIEC MaTEepPHUaJibl, Heo0XoauMBbIe IJIsl
OLCHKH PE3YyJbTAaTOB OCBOCHUSA NUCHMUIIJIUHDBI

INPUMEPBI KOHTPOJIBHBIX PABOT
KonTpoabHas padora Ne 1
Tema: «CnexkTporpaguyueckue MeToAbl AaHAJIH32)
Bapuant Ne 1

1. Ha3oBuTe KOJIMYECTBO OCHOBHBIX JTUHHUI B aTOMHOM CIIEKTpe cepedpa, ypaHa.

2. KakoBa Macca HaBecKM MOPOLIKOOOpa3sHOW MpoObl Ui  KaueCTBEHHOTO
CHeKTporpaduyeckoro MeTo1a anaau3a?

3. Ha ckompko J3TamoB peKOMEHIyeTcs pa30uBaTh BpeMsl SKCIIO3UIHUK CHEKTpa
AJIEMEHTOB TIPH CTIEKTPOrpaduuIecKoM MeToie aHanu3a?

4. Kakoit cnoco® HCIOJB3YIOT MpPH IOUCKE CIEIOBBIX COJCPXKAHUI DIEMEHTOB B
METATMYECKHUX TIpoOax?

5. Kakoe oOopynoBanue wucnosib3dyercs mpu pacmudpoBke crnekrpa? Yro coboi
NPECTaBIISIeT aTJIaC CIIEKTPATBHBIX JIMHUN JIEMEHTOB?

6. Uro coboit mpencraBisier crnekTp okene3a? Ilouemy mnpu pemeHuu 3agad
Ka4eCTBEHHOTO aHalIM3a CIEKTp JKejle3a WrpaeT poiib OMOPHOTO [UIS OTOXKACCTBICHUS
CHEKTPAJIbHBIX JTUHUN APYTUX JIEMEHTOB?

7. Kakum 00pa3oM MOKHO ONPEACTHTH IOJIOKEHHE CHEKTPaTbHBIX JHHUNA HCKOMBIX
3JIEMEHTOB B cpoTOrpadipOBaHHOM CIIEKTpe?

8. Kakue 3amaum pemaroT NpU NPOBEJCHHHM Ka4eCTBEHHOTO AaTOMHO-DMHCCHOHHOTO
CHEKTPaJIbHOTO aHanu3a’?

9. B uém 3aximouaercs ciocod TOMOJOTHYECKUX Map JHHUN MPU MOTYKOJINIECTBEHHON
OILICHKE COZCPKAHU SJIEMEHTOB B aHAIU3UPYEMOi Ipode?

10. HazoBuTe OCHOBHBIE KOMIIOHEHTHI TPOSBHTENS s  (OTOIUIACTUHOK TIPU
KOJIMYECTBEHHOM AaTOMHO-O’MUCCHOHHOM CHEKTpajdbHOM aHanmu3ze. OT dYero 3aBUCHUT
noyepHeHHe (POTOIUTACTUHKU MpPU MPOBEACHUM KOJWYECTBEHHOTO CHEKTPOTPauuecKoro
aHanu3za’?

11. U3006pa3ute rpaduyuecku ompeneeHrne KOHIEHTPAIMU DJIEMEHTa B  aHAIMU3UPYEMOU
npobe crnoco6oM «TpEX 3TaNoHOBY. JlaliTe onmucanue crnocooa.

12. Jlaiite onucaHue croco0a OMOPHBIX 00pa3lOB CPaBHEHMsI NPU KOJIMYECTBEHHOM
OTIpEeNIeIEHUN COJAEP)KaHUS d3JEMEHTa B aHaIM3MpyeMol mpobe  crmeKkTporpaduiyeckum
METO/IOM aHaJIN3a.

13. CriocoGoM 371eMEHTHBIX J00aBOK YAOOHO OIpENeNsiTh HEM3BECTHBIH COCTaB MIpHU
BBINTOJIHEHUH aHAIN3a €JMHUYHBIX 00pa3ioB. Kakoe ypaBHeHHE HEOOXOIMMO HCIOIB30BAThH
npu pacyére JUIst Mpod ¢ IPOU3BOJIBHBIM COOTHOILIEHUEM J100aBOK:

Iycq _ @Il 11-1)e e —ho N
;0 = ; B —_— 7

ac =—-"0cC ; =
L -1, x L—1 x L—-1

KontpoabHnas padora Ne 1
Tema: «CnexkTporpadguyueckne MeToAbl AHATN3A
Bapuant Ne 2

1. Ha3zoBuTe KOJTUYECTBO OCHOBHBIX JIMHUW B @aTOMHOM CIIEKTPE 30J10Ta, KeJe3a.

2. Ha kakue rpymlmbl MO COJAEPKAHUIO MOTYT OBITH MOJAPa3JENeHbl OOHApYKEHHBIE
AJIEMEHTHI TTPU KaY€CTBEHHOM CIIEKTPOTpaPUIECKOM METO e aHan3a?

3. B Buae uero omnuchBaeTcs IMOCIEIOBATEILHOCTh TMOSBICHUS JIMHHUA CIEKTPOB
DJIEMEHTOB U UX COSTMHEHUN?

4. Kakue cnexktporpadsl 6oee y1oOHbI sl KAYeCTBEHHOTO CIIEKTPAIbHOTO aHamu3a’?

5. Kakumu ¢oTosMynbcusiMU JIydllle TIOJB30BaThCS NpU OOHAPYKEHUHU CIIEJOB
AIIEMEHTOB, JIsl 00IIIEro KaYeCTBEHHOT'O aHaIMu3a?
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6. B xaxoM amamazoHe JAJIMH BOJH HAXOIATCS HEKOTOPHIE XapaKTEPHBIC IMHUU B CIIEKTPE
xenesa?

7. HazoBure crnocoObl MOIYKOIMYECTBEHHOTO aHAINM3a, KOTOPHIE MO3BOJIIOT CHEIATh
NPOMEXYTOUHbIE NPUOIMKEHHBIE OLICHKA COJIEPKAHHUS JIIEMEHTOB B aHAJTU3UPYEMBIX
npo0ax.

8. B uém coctouT cnoco0 CpaBHEHHUS CIEKTPOB IPU IOJYKOJHMYECTBEHHOW OLIEHKE
COZIep’KaHMs dJIEMEHTa B aHAIN3UPYEeMOii Tipode?

9. KakoBo Ha3zHaueHHe crocoda MOCIEIHUX JIMHUM MPU MOJYKOIMYECTBEHHON OLICHKE
COZIeprKaHMs dJIEMEHTa B aHAIN3UPYeMOi ipobe?

10. Ha3oBuTe OCHOBHBIE KOMIIOHEHTHI (ukcaxa g (OTOIUIACTHHOK U YCIOBHS
(UKCUPOBaHMS PH KOJIMYECTBEHHOM aTOMHO-3MUCCHOHHOM CIIEKTPAJIbHOM aHAIH3E.

11. Kak BBIIISAUT OCHOBHOE TPaJyHMpPOBOYHOE YpaBHEHHE, MPHUMEHSIEMOE B
doTorpadguyeckomM KOJIMIECTBEHHOM aHAIIU3E:

a)S=ylgl —i'; 6)A5=51—52=)/lg;—1;
2

B) AS = yb,lgc, +ylga;rigl = a;SP1?

12. B u4ém 3akimodaercss Crmoco0 IOCTOSHHOTO rpaduka IpU  KOJTUYECTBEHHOM
OTpECNICHUU COJEPKAHMUS DIEMEHTa B aHaJM3upyeMoil mpode crekTporpaduyecKkum
METOJIOM aHaiu3a’?

13. U3006pa3ute rpadguuecku onpeaeacHue coaep>KaHus JIeMEHTa ClIOCOOOM 3IIEMEHTHBIX
n00aBOK B aTOMHO-MHUCCHOHHOM CIIEKTPaJlbHOM aHanm3e. B KakoM cioydae yao0HO
IPUMEHSTH 3TOT CII0C06?

KonTtpouabnas pabora Ne 2
Tema: «IloaroroBka npod Kk aHajauzy»
BapuanT Ne 1

1. B kakoMm arperaTHOM COCTOSHUU JOJIKEH HAXOAMTbCS MaTepuan aHAIU3HpPyeMOu
npoObl B METOJax IUIAMCHHOH M DJIEKTPOTEPMHUYSCKON  aTOMHO-a0COpOIMOHHON
CHEKTPOMETPUH, a TAKXKE aTOMHO-3MUCCHOHHOU crnekrpoMerpun ¢ ucrounukom HCII u B
1aMeHu?

2. ITlouemy Henmb3s MOCyAy M3 IUIABJICHOTO KBaplia MCMOJIb30BATH JJIS MPUTOTOBJICHUS
npo6 ¢ ygactuem HF u H3PO4? OTBer moarBepauTe ypaBHEHUSIMH XUMHUYECKUX PEaKIUi.
[Tpy KakuX yCIOBHIX MOXHO MCIIOJIb30BaTh KBAapLEBYIO OCyTy?

3. Uto coboii mpencrarisieT crekioyriiepo? KakoBel ero 0COOEHHOCTH 110 CPABHEHHIO C
XMMHUYECKON MOCYI0M, U3rOTOBICHHOM U3 Ipyrux MarepuanoB? IIpu Kakux yclIOBHUSIX MOKHO
HCIIOJIb30BaTh NOCYAY U3 CTEKI0yTriaepoaa?

4. KakoBo riaBHoe mpeuMymuiecTBo GpaphopoBoii MoCy/ Il epea ApyruMHu BUIaMH?

5. Kakue matepuainbl pacTBOPSIIOTCS B KOHLEHTPUPOBAHHOM M pa30aBIe€HHOW a30THOMN
kucinote? [Ipy kakux ycIoBHMSIX HpPOBOJAT mpouecc pactBopeHusa? [IpuBenute mnpumepsl
XUMHYECKUX PEAKIUM.

6. KakuMu mnpaBuiamMM pyKOBOJCTBYIOTCS MpPHU BbIOOpE KHUCIOT JJs IepeBeleHUs
aHAIM3UPYEMBIX PO0 B pacTBOp?

7. B xakom BHJe XJOpHas KUCJIOTa MPOSBISIET OKUCIUTENbHbBIE cBoMicTBa? Kakue mepsl
0€30IacCHOCTH Ha10 MPOSBIATH NpH padore co 100% xmopHON KUCIOTOH?

8. [IlpuBemute mpUMepHl peareHTOB, B NMPUCYTCTBUH KOTOPBIX Pa3lIOKEHHE BEIIESCTB B
pe3yJbTaTe XUMHUYECKUX PEAKIIUNA MPOUCXOIUT O3 U3MEHEHUS CTENICHU OKHCIICHMUS.

9. B uém 3akirouaroTcs  NPEUMYyIIeCTBA  NMPHUMEHEHHs  aBTOKJIABOB  TIpH
npobonoaroroke? Kakue 3amauM  pemaroTcss € NPUMEHEHHEM aBTOKJIABOB  NpHU
npobonoarotoske? [IpuBeauTe 0THOTO U3 AaBTOKJIABOB.

10. KakoBa  mocnemoBaTeNbHOCTh — Mpollecca  pPa3jOXKEeHHUs  OPraHUYEeCKHX U
OpraHOMUHEPAJIbHBIX BEIIECTB B MHUKPOBOJHOBBIX Meyax? YrTo coOoil mpencTaBisioT
CHCTEMBI OTKPBITOTO U 3aKPHITOrO THUIIOB IIPH MUKPOBOJIHOBOM Harpe€BaHUM aHAJIM3UPYEeMOH
npo06s1?
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KonTpoabHast padora Ne 2
Tema: «IloaroroBka npod Kk aHaJIH3Y»
BapuanT Ne 2

1. B kakoMm arperaTHOM COCTOSIHUU JIOJDKEH HAaxOJUThCS MaTepuaj aHalu3upyeMoit
poObI B METOIaX PEHTTeHOMITYyOPECIIEHTHON CIIEKTPOMETpUn?

2. HazoBure BemiecTBa, B TPHUCYTCTBHM KOTOPHIX HENb3S HCIOJNB30BATh IS
poOOMOATOTOBKY IUIATHHOBYIO mocyay? I[lpuBenuTe HEKOTOpHIE YpaBHEHHUS XHMHYECKOM
peakuun. Kakue MeTopl OUMTKY TJIATHHOBOM 1ocynbl Bel 3Haere?

3. HazoBuTe mnosmMMepHbIE MaTepUalbl, HCIOIb3yEeMbIE B HACTOSIIEE BpeMs IpH
npoOonoaroToBke. [Ipyu kakux yCIOBUSIX UX MOKHO TPUMEHSTH?

4. KaxkoBo riaBHOE JOCTOMHCTBO XMMHYECKOU mocyabl U3 rpadura?

5. Jlns pacTBOpeHHsI KaKMX COCIMHECHUN MPUMEHSETCS (PTOPUCTOBOJOPOIHAS KUCIOTA?
OTBET NOATBEPAUTE YPABHECHUEM PEAKIIUH.

6. IIpuBemuTe MpUMEpPHI pEareHTOB Ha OCHOBE MEPOKCHIa BOAOPO/A B MOPSIIKE BBEACHUS
B 1mpoOy. CocTaBbTe YpaBHEHHs PEAKIM IMEPOKCHIA BOJOPOJA C BOCCTAHOBHUTEISIMH B
KHUCJION U IIEIOYHOM Cpee.

7. Kak Ha3pIBaeTcs CMeCh COJSTHOM M a30THOM KHCJIOT B cooTHomeHusx 3:1 m 1:3?
[TpuBenuTe npUMepsl peakuil aHaIU3UPYEMBIX IPOO CO CMECHIO KUCIIOT.

8. [IlpuBemuTe mpuMeEpbl PEarceHTOB, B IMPHUCYTCTBUH KOTOPBIX PAa3JI0KEHHE BEIECTB B
pe3yibTaTe XUMUYECKUX PEAKIUi IPOUCXOIUT C U3BMEHEHUEM CTETICHU OKUCIICHHUSI.

9. KakoBa (u3nueckas CyIIHOCTh M YCIIOBHS IIPOIIeCCa PAacCTBOPEHUS aHAIM3UPYEMOK
poObl B MUKPOBOJIHOBBIX medax? HazoBuTe mpenmylecTBa MUKPOBOJIHOBOTO HArpeBaHUs
pacTBOPSIEMBIX TTPOO.

10. HazoBuTe HMCTOYHHMKH TOTPEIIHOCTCH TIpU  PA3JIOKCHWH  BEIISCTB  TIpHU
poOOIOATOTOBKE.

KOJIVIOKBUYMBbI

1. ATOMHO-ABCOPBIIMOHHBIN CHEKTPAJIbHBIA AHAJIN3
1. ®usnyeckue OCHOBHI AaTOMHO-a0COPOLIMOHHOTO CIEKTPAIbHOTO aHanu3a. Paznuums
METOJIOB aTOMHOM aOCOpPOIIMU U aTOMHOU SMUCCHH.
2. WICTOYHUKY PE30HAHCHOTO U3IIYYEHUS: JIAMIIBI C TTOJIBIM KaTOJI0M;
6633H€KTpOZ{HBIC BBICOKOYAaCTOTHBIC JIaMIIbl; HCTOYHUKHU CIIJIOIITHOT'O CHCKTpa.
3. CxeMbl aTOMHO-a0COPOIIMOHHBIX CIIEKTPO(HOTOMETPOB.

4. Atomu3zanys B IilaMeHax. TUIbI IUIaMeH M MX CTPYKTypa. Cxema OCHOBHBIX MPOILIECCOB,
MPOTEKAIONIUX B IJITAMEHH.

5. ®opMupOBaHUE MOTJIOUIAIOLIET0 €0 B AJIEKTPOTEPMUYECKUX aTOMM3aropax: nedb [
Maccmana, eus b. B. JIbBoBa, aTomu3aius B rpauTOBOM NEUH.

6. Peructpanus aHaIMTHUECKUX CUTHAJIOB M CIIOCOOBI IPaAyUpOBKU aTOMHO-a0COPOIIMOHHBIX

CIEeKTPO(HOTOMETPOB.

Anmnapatypa A1 MeTo/1a aTOMHO-a0COpPOLIMOHHOTO aHANIN3A.

8. IloaroroBka mpo0 K aHAIM3y: MaTepUalbl Ui W3TOTOBICHHS XHMHUYECKOH ITOCYIBI;
OKHUCJIUTEIN; PACTBOPEHME BEIIECTB PA3JIMYHBIMU pPEAareHTaMU; pa3IOKEHUE BELIECTB B
aBTOKJIaBaX; pa3JIOKEHHWE BEIIECTB B MHUKPOBOJIHOBBIX I€4YaX; KOHIEHTPUPOBAHUE H
pa3JiesieHuE BEIECTB.

~

Jlurepartypa
Hpo6simeBa, A. . OCHOBBI aTOMHOTO CIIEKTPAIPHOTO aHAIM3a:  yueOHoe mocooue / A.
A. IpoOsimiea. — CII6.: CITIOI'Y, 1997. — 200 c.

—
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Kunrcron, I'. M. IIpoGonoaroroBka B MEKPOBOJHOBBIX Tieyax. Teopus u mpaktu-ka / I
M. Kunrcron, JI. I'. Ilapuneina; nox pen. H. M. Ky3pmuna. — M.: Mup, 1991. — 336 c.
Konecunuxosa, JI. I'. Ananutuyeckue METOJIbI B UCCICOBAHUM MPUPOJHBIX OOBEKTOB:
yaeOHoe mocobue: B 4-x 4. / JI. I'. KonecuukoBa. — bnarosemienck: U3n-so BI'TIY, 2011.
— W Il -201 c.
Ky3bemun, H. M. MukpoBonHoBasiipooonoaroroska / H. M. Ky3emun, U. B. KyGpakosa //
Kypn. ananut. xumun. — 1996. — T. 51. — Ne 1. — C. 44-49.
JIsBoB, b. B. ATOMHO-a0copOIMOHHBINH crnekTpanbHblii  aHanu3 / b. B. JIbBoB. — M.:
Hayka, 1966. — 322 c.
Meramisl U CruiaBel. AHAJIU3 W HccleqoBaHuE. MeToabl aTOMHOM CIEKTPOCKO-TIHH.
ATOMHO-?MHCCHOHHBIH, aTOMHO-a0COPOIIMOHHBIN U PEHTI€HO(DIYO-pPECIECHTHBINA aHAIN3:
cnpaBounuk / B. U.Mocuues, I'. 1. Hukonaes, b. . Kanmunaun; nox pen. B. 1. Mocuuesa.
— CII6.: HITO «IIpodeccuonany, 2006. — 716 c.

7. Mocksus, JI. H. MeTtoas! pa3aeneHust 1 KOHIEHTPUPOBAHUS B aHAIUTHYECKONW xumuu / JI.

10.

[\S)

B

~

H. Mocksumn, JI. I'. Iapuueina. — JI.: Xumus, 1991. — 256 c.

OpnoBa, B. A. CoBpeMeHHbIE BO3MOXHOCTH aBTOKJIABHOM XUMHYECKON MOATOTOBKHU
ananutuyeckux npod / B. A. Opnosa, C. A. lllepctHskoBa, FO. A. Kapmos // 3aBoa.nab. —
1993. - T.59. - Ne 9. - C 1-7.

OCHOBBI aHATUTUYECKOM XHUMHUU: Y4eOHUK JUIsi By30B: B 2 kH. Ku. 2. Meroasl
xumudeckoro ananusa / FO. A. 3onotoB [m ap.]; mox pea. FO. A. 3omoroBa.— 3-¢ u3m.,
nepepad. u gomn. — M.: Beicmas mkona, 2004. — 503 c.: un. — (Cepust «Knaccuueckuii
YHUBEPCUTETCKUN YUCOHUK).

DU3UKO-XMMHUYECKUEe MeTOAbl aHanu3a. CrekTpaibHble METOIbl aHajIHM3a: ydueO-HOoe
nocooue / A. O. [IpsikoB [u np.]. — CII6.: M3a-Bo CIIGI'TY, 1999. — 163 c.

2. PEHTTEHO®JIYOPECHEHTHBINA AHAJIN3

@dusnuecKkue OCHOBBI PEHTICHO(IIyOPECUEHTHOIO METO/a aHajlu3a: TOPMO3HOE
U3JIy4YCHUE; CHHXPOHHOE H3IyYCHHE; XapaKTEPUCTUYECKOE H3IIydeHHe; NePUHHULIUU B
PEHTI€HOBCKOM CIEKTPOCKOIMH; B3aUMOJEHCTBUE PEHTIEHOBCKOIO M3JIyueHHs C
BEIIECTBOM — IIOTJIOIIEHUE U paccesiHue; 3aKOH MO3Iu Kak TeopeTHdecKass OCHOBA
METO/a; BbIXOJA (DIyOpecleHIINH; WHTEHCUBHOCTh PEHTI€HOBCKOW (hyopecueHuy;
npupona ¢pona B POA; 6a3a onopHbIX CIIEKTPOCKONUYECKUX JaHHBIX.

CriekTpoMeTpbl PeHTIeHO(ITyOpECIIEeHTHOTO METO/Ia aHATTU3A.

HcTounuku BO30YKIEHHUS PEHTIC€HOBCKON (DIIyopeclieHLUn: PEeHTTEHOBCKUE TPYOKH C
OOKOBBIM M TOPLIEBBIM OKHOM; PaIMOM30TOITHBIE HCTOYHUKHU.

Pa3nojxeHne pEeHTreHOBCKOTO WM3JIyYEHHUs B CIHEKTP: CXEMa pa3JIOKEHUs; KPHUCTaJUIbI-
aQHAJIU3aTOPBHI.

JleTekTOoppl M cHUCTEMa PETUCTPALlUM PEHTTEHOBCKOTO W3IIY4YEHMs: Ta30pas3psiiHbIE
PONOPLUUOHAIIBHBIE, IPOTOYHBIE, OTIIasiHHBIE, CIUHTHUISLIUOHHBIE,
IIOJIyTIPOBOIHUKOBBIE;  OCHOBHBIE XapaKTepUCTUKHU JIETEKTOPOB; (PUIBTPHI  AJs
BBIIEJICHUS] ~ AQHAJIMTUYECKMX  CUTHAJIOB; CHUCTEMa perucTpauuu H  00paboTku
AQHAJTUTMYECKUX CUTHAJIOB.

Anmaparypa Juist peHTTeHO(IIyOpECIIEHTHOT'O aHAJIN3a.

CriocoObl  peHTreHO(IIyOPECIeHTHOTO aHalu3a: TPaJUIMOHHBIE CIIOCOOBI; Crocod
BHEIIIHETO CTaHAapTa; Ccrmocod pa3daBieHuss mpoObl; cmocod 7g00aBOK; Crmocod
BHYTPEHHET0 CTaHAapTa; crocol cranaapTa-hoHa; MHOTOKOMIIOHEHTHBIHN aHaANIN3.
[TonroroBka mpo® K aHanmM3y B PEHTTEHO(DIYOPECIIEHTHOM  METOo/e: IMOATOTOBKA
MOPOUIKOOOpa3HbIX MPOO; MOArOTOBKA XHJAKHUX Mpo0; MOJArOTOBKA MPOO METAIIOB U
CIUIaBOB

MeTtponoruuecknue XxapakTepUCTHKH.
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OTYET 110 JIABOPATOPHOWM PABOTE
IIpaBuia odopmiiennst 1a00paTOPHOro KypHaia

JlaGopaTopHast paboTta oopMisieTCss B TETPaan KaKIbIM CTYJIEHTOM CaMOCTOSITEIHHO.
VYka3bIBaeTcss Ha3BaHHE PaboOThI, HopMyIHpyrOTCsa 1enb. Jlanee onmuceiBaeTcs Xoa paloThl,
npuBoaATCs (ecau Tpedyercs) GopMyJibl, paCU€THBIE COOTHOIICHUS U PE3YJIbTaThl pacueToB
(9KCIIepUMEHTOB) B BHUjAE TaOJMI, CXEeM, PUCYHKOB U TpadukoB. B coorBercTBHM C
0’KUJAEMBIMU U MOJIyYEHHBIMH pe3yJIbTaTaMu JEJIal0TCs BHIBO/BI 00 yCIEITHOM (HEYIaqyHOM)
BBIMOJIHEHUM 3aJlaHMsl, MPOU3BOJAUTCS AaHAIM3 JIONMYIIEHHBIX OIIMOOK M MpelaratioTcs
BapHaHThl WX YCTPAaHEHUs, a TaKkKe MpPeUIaraloTcsi Crnoco0bl TOdy4YeHUs Haubosee
ONTUMAJILHBIX PE3yJIbTATOB.

BOITPOCBHI K 3AYETY
| vacTh

1. OO6mue npeacTaBiIeHUs O IEOTUTAX.

2. CymHOCTh METOAa KOJMYECTBEHHOTO OIPEEIICHUS] COMCPKAHUS IIEOJIMTOB B TIOPOAAx
TEPMOXUMHUYECKUM METOJIOM.

3. Xon BBINOJMHEHUsT pabOTHl TIPU OMNpEICNICHHH KOJIMYECTBA IIEOJUTOB B IIOPOJE
TEPMOXUMHUYECKUM METOJIOM.

4. CymHOCTh THAPOCTATHYECKOTO METOJA OMpPEIENICHHs MIOTHOCTH TMPHUPOIHBIX IIEOJIUTOB.
Bussl miiotHocTH. X071 BBITONTHEHUS paboThl. PacyeTs.

5. VYcrpoiictBo u pabora ¢otoanektpokonopumerpa (poromerp KDK-3). Ilpunuun ero
JEUCTBHS.
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10.

11.

12.

13.

14.

15.

16.
17.

18.
19.
20.

el AN

SRl

©o

10.

CrpykrypHas cxema ¢otomerpa K®DK-3. Ontmueckas cxema ¢dortomerpa. [lopsmok
paboTbel Ha (QoToMeTpe MpU U3MEpPeHHUU KO3 UIMEHTa MPOMYCKaHUS WM ONTHYECKOU
IJIOTHOCTH.

Br16op nmiuHBI BOJHBI, BBIOOp KIOBETHI, HOCTPOCHHE TPAaTyMPOBOYHOrO rpaduka u
omnpezneneHue kodpduuuenta QaxTopuzalMu NPU  ONPEINCICHUU KOHUEHTpPALUU
AHAJIU3UPYEMOTO PACTBOPA METOAOM MOJIEKYJISIPHOM crieKTpockonuu B Y@ U BUAUMOMN
obnacTu.

OCHOBBI METOJIOB a0COPOIIMOHHOM crieKTpockonuu B Y@ U BUAUMON 007acTsIX. 3aKOHBI
CBETOIIOIJIONIEHUS B CHEKTPO()OTOMETPHH.

Crnekrpoporomerp CD-46. YcrpoiictBo u pabora crnekrpodoromerpa. CTpyKTypHas
cxema cnekrpodoromerpa. Onrudeckas ¥ NIPUHIUIHAIBHAS JIEKTPUUYECKAs CXEMBI.
[Mopsimox pabotel Ha crnekTpodoTomerpe CD-46 mpu ompencneHUU KOHIECHTPAIIUU
aHAJIM3UPYEMOTro BEUIECTBA.

CymHOCTh THAPOCTATHYECKOTO METOJa  OIpENeNIeHUS HOHOOOMEHHOW €MKOCTH
neonuToB. Bunbl noHooOMeHHON emKkocTH. [lopsnok BeIMONHEHHUS pPabOTHl MpU
OTpeielIeH HOHOOOMEHHOM €MKOCTH 1[EOJTUTOB.

Metonuka u3ydeHHsT paBHOBECHS  KAaTHOHOB METANIOB HAa MOAU(PHUIIMPOBAHHBIX
neonurax. Pacuer paBHOBecHs kaTnoHoB cBuHma Ha Na' neomurax. Pacuer
TEPMOJMHAMHYECKHUX MapaMeTpOB MOHHOIO OOMEHa Ha BHICOKOKPEMHUCTBIX MPUPOIHBIX
L[EOJIUTAX.

Metoauka u3ydyeHUs: KMHETHUKHM HMOHHOTO OOMEHa KaTHMOHOB METaNIOB Ha IIEOJIMTax
CHEKTPO(POTOMETPUIECKUM MeTOZI0OM. KnHeTnyeckast KpuBasi reTeporeHHOro HOHOOOMEH-
HOTO IIpPOLIecca U €€ XapaKTePUCTHUKA.

MeTtopl pacyeTa KUHETUYECKUX IapaMeTpoB 0OMeHa KaTHOHOB METAJVIOB Ha LIEOJIMTAX
HA OCHOBE CIIEKTPOPOTOMETPUUECKUX U3MEPEHUH.

MeToauka ycTpaHEHUsl KECTKOCTH BOJIbl MPU MOMOILM peakUuii MOHHOro OOMeHa Ha
neonutax. XoJ BBIMNOJIHEHHUsS pPa0boThl. Pacuersl kecTkocTd BOJbL. MoHOOOMEHHas
€MKOCTb 1IE€0JIUTOB 110 OTHOIIEHUIO K HOHAM >KECTKOCTH BOJIBI.

OcHoBbI MeTOZI0B HH(pakpacHoi criekTpockomnuu. Xapakrepuctuka MK cnekrpa.
[IpubGopsr um Meronuka peructpanuun MWK crektpoB. YCTpoHWCTBO CKaHHUPYIOIIKUX
CHEKTPOMETPOB U (Pypbe CIIEKTPOMETPOB. AHAIU3ATOPHI YacCTOTHI AMCIEPTUPYIOIIEro U
Moaynupytotiero tumnos. MaTepdepomerp MaiikenscoHa.

Wnentudukanus u CTpyKTypHO-rpynnoBoi aHanu3 B MK criekrpomeTpun.

Metoauka cusatus UK ciekTpoB Ha Gpypbe CIEKTpOMETpE U UX UACHTUDUKAITHS.
CrniexTpockomnus KOMOMHAIIMOHHOTO paccesHus. CIeKTpbl KOMOMHAIIMOHHOTO PACCESTHUSL.
Peructpanus cnekTpoB KOMOMHAIIMOHHOTO PACCESIHUSL.

Il yacTp
Yo Takoe ONTHYECKUI DIIEKTPOH?
[Touemy aToMHBIE CLIEKTPHI UMEIOT JIMHEHYAThII XapakTep?
Yro Takoe pe3oHaHCHAas JIMHUA?
[ToueMy MO HMHTEHCHBHOCTH SMHUCCHOHHON JIMHUM MOXHO H3MEPHUTh KOHLIEHTPAILIHIO
areMeHTa’?
B uem 3axmmrouaetcs addexT camooOparneHus TUHAA?
B yem nocToMHCTBA U HETOCTATKU (POTOIMIACTUHKU?
[Touemy miameHa He MOTYT OBITH MCIIOJNB30BAHBI JUIsl ONpEAENICHUs TPYIHOJIETYUUX
DIIEMEHTOB?
[Touemy 11t TOTyYEeHHMS TJIA3MbI HCTIOIB3YIOT aproH?
B uem 3akirouaercst METOI BHYTPEHHETO CTaHAapTa?
Onumure JBa MeToAa NPOOOMOATOTOBKM, HCIONb3yeMble OOBIUHO Ul aHalu3a
reosiornyeckux npod merogom ADC-UCIL
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11. Kakue crocoObl koppekinuu ¢oHa B aTOMHO-aOCOPOIIMOHHOM aHAJIM3€ BaM W3BECTHBI?
KakoBblI MX IpenMyLIecTBa U OTpaHUUEHUs?

12. Tloyemy B aTOMHO-aOCOpPOIIMOHHOW CHEKTPOMETPUHM HET HEOOXOJIUMOCTH HCIIOIH30BaTh
JUCIIEPTUPYIOLINE CUCTEMBI C BBICOKMM pa3pelieHuemM?

13. Iloyemy B aTOoMHO-aOCOPOLIMOHHOW CIEKTPOMETPUU HCIIONB3YIOT MOHSITHE ONTUYECKOU
IUIOTHOCTHU?

14. Yro Takoe MmoaudukaTop npodsl 1 MOAU(PUKATOP MATPHUIIBI?

15. Kak ycrpoeHa jnammna ¢ noJjslM KaToaoM?

16. [Touemy neun AJisg 3IEKTPOTEPMHUUECKON aTOMU3ALUN BBIIOJHEHBI U3 MUPOIUTUYECKOTO
rpaguta?

17. OnwumuTe pa3auyHbIe CTaUU JIEKTPOTEPMHUUECKON MPOrPaMMBbI.

18. KakoBo paznuure Mex Iy MOHOXPOMATOPOM H IMOJTHXPOMATOPOM?

19. Yro Takoe audpakuuonHas pemerka? Uto Takoe pemerka smesie?

20. ITouemy Ba)kHO, YTOOBI aHOJ| PEHTI€HOBCKON TPYyOKH OBbLIT M3rOTOBJICH M3 OYCHb YUCTOTO
Martepuana?

21. OOBsICHUTE MPOUCXOKICHUE XAPAKTEPUCTHUYECKOTO W HEMPEPBHIBHOTO PEHTTEHOBCKOTO
U3ITyYeHUsl B PEHTI€HOBCKON TPyOKe.

22. Onummre 1Ba  MeToJa  NMPOOOMOATOTOBKH,  WCHOJB3YEMBIX  OOBIYHO  JUIs
PEHTTreHO(IIyOPECIICHTHOTO aHAlIM3a F€0JIOTHYECKUX MPOo.

23. Urto Ttakoe K cepusa? Jlns pemieHus Kakux 3a7ad HCIONb3yeTcs ypaBHeHHE Bynbga-
Bparra?

24. TlpuBenute 3aK0H bepa U OCHOBHBIE €T0 OTPaHUYCHHUS.

25. Kakyro nH(opMaIiuo MOKHO MOTYYUTh, U3y4asl ONTUYECKUE CBOMCTBA BelleCcTB B YD- u
BUJIMMOM Jrara3oHe?

7 HEPEYEHb THO®OPMAIIMOHHBIX TEXHOJIOT'UI, UCIOJIb3YEMBbBIX
B NPOINECCE OBYYEHUA

Nudopmanuonnbie TeXHOJOrMM — OOydeHHE B SJIEKTPOHHOW 00pa3oBaTelbHON
cpeie C IeNabl0 paclIMpeHus J0CTyna K o0pa3oBaTelbHBIM pecypcaM, YBEJIWYEHUs
KOHTAaKTHOTO  B3aMMOJECHCTBHS €  IPENOJABaTeleM, IOCTPOCHUS  MHIAUBUIYAIBHBIX
TPaeKTOPHUI MOATOTOBKH, 0ObEKTUBHOI'O KOHTPOJIS U MOHUTOPHUHTA 3HAHUH CTY/IEHTOB.

B oOpasoBarenpHOM mpolecce MO JUCHUIUIMHE HCIOJIB3YIOTCS  CIIEAYIOIne
MH(pOpPMallMOHHbIE TEXHOJIOTHH, ABJISTFOLUECS KOMIIOHEHTaMH DNeKTpOHHOU
UH(pOpPMaLMOHHO-00pa3oBarTenbHOM cpeasl BITIY:

e Odurmanshsiii caiit BI'TTY;

e Cucrema snexktpoHHoro ooyuenuss ®I'bOY BO «bI'TIY »;

e (Cucrema TecTHUpOBaHMs Ha OCHOBE eAMHOro noprana «lHTepHeT-TecTupoBaHUs B
cdepe 00pazoBaHUS WWW.1-exam.ru»;

e Cucrema «AHTUILTarHaT.BY3»;

e DJIEKTPOHHBIE OMOINOTEUHBIE CHCTEMBI;

e MynbTUMEAUITHOE COITPOBOKIACHUE JIEKIINN U TPAKTUYECKHUX 3AHITHIM.

8 OCOBEHHOCTHU N3YUYEHWS JUCHUIIVIMHBI UHBAJIMJIAMU U JIMIAMMU C
OI'PAHUYEHHBIMHA BO3MOKHOCTSAMU 310POBbSA

HpI/I 06y‘IeHI/II/I Jul ¢ OrpaHUYC€HHBIMHU BO3MOXXHOCTIAMHU 3A0POBbS HNPHUMCHSIIOTCA

aJanTUBHBIE 00pa30BaTEIbHBIE TEXHOJIOTHH B COOTBETCTBHH C YCIOBUSMU, U3JI0)KCHHBIMU B

pasnene «OCOOEHHOCTH peau3aiii 00pa30BaTeIbHON MPOrpaMMBbl ISl HHBAJTUIOB | JIUIL C

OTPaHMYEHHBIMH BO3MOXXHOCTSIMH 3JIOPOBBS» OCHOBHOW 00pa3oBaTeNbHON MpOrpamMMbl

(I/ICHOJ’IB?;OB&HI/I@ CIICIINAJIBbHBIX y‘-Ie6HBIX mocooui wu JUOAKTHYCCKUX  MaTCpuaioB,
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CHCIHATBHBIX TEXHHUYECKUX CpPEACTB OOYYCHHS KOJUICKTHBHOTO W HWHIUBUAYAILHOTO
NOJIb30BAHUSA, TPEAOCTABICHHE YCIOYr AacCUCTeHTa (TIOMOIIHMKA), OKAa3bIBAIOIIETO
00yJaromuMcsi HeOOXOMMYI0 TEXHHUYECKYIO MOMOIINb M T. I.) ¢ YYETOM WHAMBHIYaTbHBIX
0COOCHHOCTEH 00yUaroNIIXCsl.

Jiist oOydJaromuxcsi ¢ OrpaHMYCHHBIMH BO3MOXXHOCTSIMH 3JIOPOBBSI TIPEIYCMOTPEHBI
cienyromue (opMbl OpraHU3aIUK MEAArOTHYECKOTo MpoIecca U KOHTPOJIS 3HAHHIMA:

- IS CIIA0OBUISIIHX:

obecrieunBaeTcst HHAUBUAYAIbHOE paBHOMEpPHOE ocBelieHne He meree 300 Jtokc;

JUI  BBITIOJTHCHUSI KOHTPOJIBHBIX 3aJaHUW TMPH HEOOXOTUMOCTH TPEAOCTABISACTCS
YBEJIMYHBAIOIIIEE YCTPOMCTBO;

3aJ]aHUsl JUTS BBITIOJTHEHUS, a TAK)KE HHCTPYKIIUHU O TOPSAKE BBIIOJTHEHUST KOHTPOJIBHBIX
3aJjaHuil OPOPMIISIFOTCS yBEIMUSHHBIM IpudToM (pasmep 16-20);

- JUIS TIIYXHUX ¥ C1a00CTBIIIAIIHX

o0ecrieynBaeTcsi  HaJMYUMEe  3BYKOYCWJIMBAIOIIEH  ammapaTypbl  KOJUIEKTUBHOTO
MIOJIb30BAHUS, TIPU HEOOXOAUMOCTH OOYYAIOIIMMCS TPEAOCTABISAETCS 3BYKOYCHIMBAIOIIAS
anmaparypa MHIMBUAYaJIbHOTO MOJIb30BaHHUS;

- UL JIMI C TSDKEJBIMH HApYHNICHUSMU PEYH, TIyXHX, CJIA0OCIHBIIIAUX BCE
KOHTPOJIHHBIE 3a/IaHUS 10 KEJIAHHIO MOTYT ITPOBOJIUTHCS B MUCBMEHHOM (hopme.

OcHoBHOW ~ QoOpMOii  OpraHu3alu  IMEJArorM4YecKoro  mporecca  sBJSICTCS
MHTETPUPOBAaHHOE OOYyYEeHHWE WHBAJIHMIOB, T.€. BCe OOydaromyecs ydaTcsi B CMEIIaHHBIX
IpyImmax, WMEIT BO3MOXKHOCTh IIOCTOSIHHO OOIIATBCS CO  CBEPCTHHKAMH, JIeTYe
AIalITUPYIOTCS B COLIUYME.

9 CIIMCOK JIMTEPATYPbBI 1 THOOPMAIIMOHHBIX PECYPCOB

9.1 JIuteparypa
OcHoBHas JIUTEepaTypa

1. Tanees, A. A. AToMHO-a0COpOIIMOHHBIN aHanmu3: yuyeOHoe mocobue / A. A. 'aneeB
[u ap.]. — CII6.: U3n-Bo «Jlanby, 2011. — 304 c¢. ObC «Jlanby» (2 3K3.)

2. Kapnog, 0. A. Mertonsl npo6ootdopa u npodomoarorosku / FO. A. Kapnos, A. I1.
CaBoctuH. — M.: bunom. JIabopartopus 3Hanuit, 2010. — 243 c. (10 3k3).

Jlono/JiHuTeIbHAS JIUTEPaTypa

1. Bacunswes, B. II. Ananutinueckass XuMusi: ydeOHHUK JUIsL CTYJl. BY30B, OOYy4arOLIMXCS
10 XHUM.-TEXHOJ. crel.. B 2 kH. KH. 2. ®usuxko-xumudeckue Meronnl a”Hammza / B. II.
BacuibeB. — 2-e u3n., nepepa0. u gom. — M.: Ilpoda, 2002. — 384 c.: ui. (5 3k3)

2. OnTuka: uHppaxpacHas Gypbe-CeKTpOMETpHsl : yueOHOe TocoOue /ISl By30B
/ A. U. E¢pumosa, B. b. 3aitues, H. FO. bonasipes, I1. K. Kamkapos. — 2-e u3z., ucnp. u aom.
— Mockasa : U3mparensctBo KOpaiit, 2022. — 143 c. — (Bsicmee oopazoBanue). — ISBN 978-5-
534-09143-4. — Tekcr : anexTpoHHbIH // O6pa3zoBarenbHas miatdopma IOpaiit [caiit]. —
URL: https://urait.ru/bcode/492470

3. OcHoBbI aHaMUTHUYECKOW XUMMHU: B 2 KH. KH. 2. MeTopl XMMHUYECKOrO aHalIu3a:
yaeOHuK u1st By30B / FO. A. 3onoToB [u ap.]; mox pen. FO. A. 3omorosa. — 3-e usg., mepepaod.
u gomn. — M.: Beicrmas mkoma, 2004. — 503 c.: un. — (Cepus «Kmaccuyeckuit
YHUBEPCUTETCKUN yUeOHUKY). (34 9K3)

4.  XaputoHos, lO. SI. AnanuTHuecKkas XUMUs (aHAIUTUKA): Y4eOHHK /IS BY30B: B 2-
x kH. KH. 2. KonmnuectBeHHbI# aHanmm3. OU3NKO-XUMHYECKHE (MHCTPYMEHTAIBHBIC) METOIBI
anammza / FO. A. XapuronoB. — M.: Beicmas mkona, 2001. — 558 c.: ui. (16 5k3)

9.2 ba3bl JaHHBIX 1 HHPOPMALMOHHO-CIIPABOYHBIE CHCTEMbI

1. Caiit o xumun http://www.xumuk.ru
2. CaliT comepX HUT TEXHUYECKYI0 U HOPMATHBHYIO HMH(OpPMALMIO MO METAJUTypruu
www.markmet.ru
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3. DnekrponHas oubauoreka mo xumuu http://www.chem.msu.su/rus/elibrary/
4. [TopTan Hay4HOI 3JIeKTpOHHOM Onbmmoreku http://elibrary.ru/defaultx.asp
9.3 DJ1IeKTPOHHO-0U0JIHOTEYHbIE PeCypChl
1. Polpred.com O630p CMU/CnpaBounuk https://polpred.com/news
2. DBC «lOpaiit» https://urait.ru

10 MATEPUAJIBHO-TEXHUYECKAS BA3A
JUida npoBeneHUs 3aHATHM JIEKIMOHHOIO THIA, TPYNIOBBIX W WHIWBHIYAJIBHBIX
KOHCYJIbTallU{, TEKYyIIEro KOHTPOJS M IPOMEXKYTOYHOM aTTECTallMM HCIIOJIb3YIOTCS
ayJJUTOPUHU, OCHALIEHHbIE y4yeOHOW MeOenblo, ayJUTOPHOW AOCKOW, KOMIIBIOTEpOM(paMu) ¢
YCTAHOBJICHHBIM JIMIICH3WOHHBIM CIHCHUATIM3UPOBAHHBIM HNPOrpaMMHBIM O6CCHC‘ICHI/IGM,
KOMMYTaTOpoM [Ull BBIXOJAa B 3JIEKTPOHHO-OMOJIMOTEYHYI0 CHUCTEMY M BIIEKTPOHHYIO
uHpOpMaLMOHHO-00pa3oBarenbHyto  cpexy BITIY, MynbTUMEIUHHBIME MPOEKTOPaMH,

3KCHO3ULMOHHBIMU SKpaHaMHU, y4eOHO-HaIJITHBIMU ocoousIMu (Tabauipl,
MyJIbTUMEANIHBIE Tpe3eHTanuu). Jlisg mpoBeneHUs NTaOOPATOPHBIX 3aHATHUH  TaKKe
UCIIOJIb3YETCS:

Ayn. 445 «A». JIabopaTopus puznyeckoi XuMuu

Cron naboparopusriii 2-mect. (10 mT.)

Cryn (20 mr.)

Cron npenogaBatens (1 mrt.)

Cryn npenogaBatens (1 mrt.)

[Trorutp (1 wT.)

AynuropHas pocka (1 mr.)

Kommerotep C  YCTaHOBJIICHHBIM  JIMIEH3UOHHBIM  CIICHHATU3UPOBAHHBIM
porpaMMHBIM oOecriedeHrueM (3 1iT.)

8 - moproBeiii kommyTatop D-Link mis BbIxoga B 3JIEKTPOHHO-OHOIHOTEYHYFO
CHUCTEMY M S3JIEKTPOHHYIO HH(DOpMaImoHHO-00pa3oBaTenbHyt0 cpexy bITIY (1 mT.)
Mynstamenuitabnii mpoextop SHARP -10 X (1 mit.)

[MpunTep nazepusiit «CANONy (2 mT.)

DKCIO3UITMOHHBIH KpaH (HaBecHO#) (1 miT.)
SAMP-cnexkTpomeTp Hu3koro paspemeHus «Crous Tpak» (1 mr.)
AxBaguctumarop [13-10 (1 mr.)

Becbt GF-300 (1 m.)

Becoi Topcuonnsie BT-100 (1 mT.)

Bucko3zumerp (4 mirt.)

HNonomep (3 miT.)

Konaykromerp annon-4120 (3 mr.)

K®K-2 (1 mwr.)

Jlrokemep (1 mt.)

Memanka marautHas [1-3-6100 (2 mt.)

Monynb «Tepmuueckuii ananuz» (3 wmwr.)

Monayns «Tepmoctar» (3 mT.)

Monynb «YHUBEpCaIbHbIA KOHTPOILIEP) (3 1WIT.)

Monynb «9nekTpoxumus» (3 mT.)

Monynb yHuBepcaabHbIi (6 IT.)

Ha6op cut KII-131(1 mmrt.)

[Monspumerp (1 mrT.)

[Torentmomertp (1 mit.)

66


http://www.chem.msu.su/rus/elibrary/
http://elibrary.ru/defaultx.asp
https://polpred.com/news
https://urait.ru/

e Ilenrpudyra nadoparopuas OITH-8 (c poropom) (1 miT.)

e [ltaTuB 1yst SJIEKTPOIOB (2 1MIT.)

e Dkcukarop ¢ kpanoM (1 miT.)

e  Monaynb «O06mmenadboparopusbiii» (1 mrT.)

e Cnekrpodoromerp (1 mt.)

Cnekrpodoromerp KOK-3KM (1 mr.)

Kommiekt apuomerpos (1 mit.)

Metponowm (1 mit.)

MocT peoXopaHbIi ¢ COCYA0M

Tepmoctar TC-1/80 CITY (1 mr.)

Y4eOHO-HATISIIHBIE TOCOOUS - CTIAiiIbl, TAOIHIIBI, MyJIbTUMEIUHHBIC TPE3CHTAIIUH 110
muctuminHe « CeKTpadbHbIA aHAIU3 TPUPOJHBIX 00BEKTOBY

e IlltatuBsl ans NpoOUPOK, HarpeBaTeIbHbIe MPUOOPHI, TabOpaTOpHas Mmocyaa
o XWMHUYECKHE PEAKTHBBI IO TEMATUKE J1a00paTOPHBIX padOT

CaMmocrosiTenbHass paboTa CTYJEHTOB OpraHM3YeTCs B ayJUTOPUAX OCHAILlEHHBIX
KOMITHIOTEPHON TEXHHUKOH C BBIXOJIOM B 3JIEKTPOHHYIO HH(OPMAIIMOHHO-00pa30BaTEIbHYIO
cpedy By3a, B CIELUAIM3UPOBAHHBIX J1a0OpaTOpUAX IO AUCLUUIUIMHE, a TaKKe B 3ajax
JIOCTYyIIA B JIOKanbHY0 ceTb bITIY.

JIMIEH3MOHHOE TIPOrPaMMHOE 0OECIIEUCHHUE: ONEPAIIMOHHBIE CHCTEMBI CEMENCTBA
Windows, Linux; opucusie mporpammer Microsoft office, Libreoffice, OpenOffice; Adobe
Photoshop, Matlab, DrWeb antivirus u T.1.
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11 JUCT UIBMEHEHUHI U JONOJHEHUI

YT1Bepxaenue uzmenennii 1 gfonoaHenni B PIIJI nusa peanusanum B 2020/2021 yu.
I.

PITJ] obcyxnena u omoOpena st peanusanmu B 2020/2021 y4u. r. Ha 3acenaHuu
kadeapsl xumun (mpotokod Ne 9 ot «11» mrons 2020 r.). B PIIJ] BHeceHbl ciemayromnue
W3MEHCHUS U JIOTIOJTHEHHUS:

B pabouyto nporpamMmy BHECEHBI CIIEIYIOIINE U3MEHEHHUS U JOMOTHEHUS:

Ne uzmenenus: 1
No cTpanuIlbl ¢ UBMEHEHUEM: TUTYJIbHBIN

JINCT

Vckmounts: MUHUCTEPCTBO HAYKU U | Brmiounts: MUHUCTEPCTBO
BBICIIIET'O OBPA3OBAHUS [TIPOCBELLEHNS POCCUICKOI
POCCHIICKOI ®EIEPALIA ®EJIEPALINN

YrBep:xknenue uzmenenuii B PILL nis peanuzanum B 2021/2022 yu. r.

PIIJ] mepecmoTpena, oOcyxkaeHa U ofgoOpena mns peanmsanuu B 2021/2022 yyeOHom
rofy Ha 3acefnanuu kadeapsl xumuu (mporokos Ne 7 ot 14 anpens 2021 r.).

B paGouyto nporpaMMy BHECEHBI CJIEIYIONINE U3MEHEHUS U JOTIOJTHEHUS:

Ne usmenenuns: 2
No crpanuilpl ¢ U3MeHeHUEM: 66

HckmrounTh: BxirounTs:

B nynkT 9.3:
OBC «tOpaiit» https://urait.ru/

YrBep:knenue usMeHenuii u ponosnenuit B PII/ s peanmuszanuu B 2022/2023 yu.
r.

PIIJ] mepecmoTrpena, oOCcyxkaeHa U ofgoOpeHa mns peanmsanuu B 2022/2023 yyeOHOM
rojly Ha 3acefianuu Kageapsl XuMuu (mpotokos Ne 8 ot 26 mast 2022 r.).

B pabouyro nporpamMmy BHECEHBI CIEIYIOIINE U3MEHEHHUS U JOMOJIHEHUS:

Ne m3menenwus: 3
Ne ctpanuisl ¢ u3MeHeHHeM: 66

13 nmyHkTa 9.3 UCKIIIOYUTD: B nyHKT 9.3 BKIIOUHTS:

1. Polpred.com O630p CMU/CripaBo4HUK 1. HayuHnas snexTpoHHas 6uOi1noTeKka
(http://polpred.com/news.) eLIBRARY.RU

2. 9BC «Jlanwy» (http://e.lanbook.com) (https://elibrary.ru/defaultx.asp?)

PIIJI mepecmotpena, obcyxnena u ogobpena aisi peanusanuu B 2022/2023 yyeOHOM
rojly Ha 3acefanuu kageapsl xumuu (mpotokos Ne 1 ot 14 centsops 2022 r.).
B pabouyto mporpaMMy BHECEHBI CIEAYIONINE U3MEHEHUS U TOTIOTHEHHUS:

Ne n3menenus: 4
Ne ctpanutsl ¢ u3MeHeHueM: 65-66

B Paznen 9 BHeceHbI H3MEHEHHUS B CIIUCOK JUTEPATyphl, B 0a3bl JAHHBIX U UHGOPMAIIMOHHO-
CIpAaBOYHBIE CHUCTEMbI, B DJIEKTPOHHO-OMOIMOTEUHbIE pecypchl. YKa3aHbl CCBUIKH,
ofOecneunBaromie JOCTyHn OOydYalomUMCS K DSJIEKTPOHHBIM Y4YeOHbIM M3JaHUSIM U
AIIEKTPOHHBIM 00pazoBaTeiabHbIM pecypcaM ¢ caiita PI'BOY BO «bI'TIV».
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Yr1Bepxkaenue uzmeHeHuii u nonojHenuit B PIIJL nias peanusamum B 2023/2024 yu.
r.

PITJ] nmepecmoTrpena, oOCykaeHa u ogoOpeHa s peanusanuu B 2023/2024 yueOGHOM
rofy Ha 3acefanuu Kadeapsl xumuu (mpoTokos Ne 9 ot 28 urons 2023 r.).

YrBep:kaenne usmenenuii u gonoaHenuii B PIIJ past peanuzamuu B 2024/2025
y4. I.

PII/I mepecmoTpeHa, obcyskaeHa U og00peHa s peanuzanuu B 2024/2025 yyebHoM
rofy Ha 3acefganuu kKageapsl xuMuu (mpotokosn Ne 8 ot 30 mast 2024 1.).
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