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1 HOACHUTEJIBHAS 3AIINCKA
1.1 eap AMCUHMILVIMHBI: TIOATOTOBKA BBICOKOKBAIH(HIMPOBAHHOTO CIIEIHATUCTA
XMMHKa B 00J1aCTH CIIEKTPATIBHOIO aHAIN3a.
3agaun: M3y4uTh OTOOp M TMOATOTOBKY MPOO K aHadM3y, METONbl pasJelieHUs U
KOHLEHTPUPOBAHUSA 3JIEMEHTOB, CIIEKTPajbHbIE METOJbl aHAIM3a: ATOMHO-DMHCCHOHHBIH,
aTOMHO-a0COpOLIMOHHBIN,  PEHTIeHO(IIyOPECUEHTHBIM M METOABl  MOJIEKYJSIpHOU
CIEKTPOCKOIIUH.

1.2 MecTo aucuMimiiuHbl B cTpykTrype OOIT

Hucuunnuna «CrHekTpaibHBIM — aHadu3 MPUPOJHBIX OOBEKTOB» OTHOCUTCS K
JUCLUIIMHAM 1O BBIOOPY dYacTh, QOPMHUPYEMOM ydaCTHHKaAMH 00pa30BaTEIbHBIX
otHourenmii 6ioka b1 (b1. B./1B.04.02).

st ocBoeHMS AUCITUIUIMHBI « CTICKTPaJIbHBIA aHAIN3 TPUPOJAHBIX O0BEKTOBY CTYACHTHI
WCIIOJIB3YIOT 3HAHMS, YMEHHUSI, HABBIKU, CPOPMHUPOBAHHEIE B KypCEe aHATMTUYECKOM XUMUH.

Huctunnuna «CrekTpalbHbli aHaIU3 MPUPOTHBIX 00BEKTOB» TECHO CBSI3aH C IPYTUMHU
TUCHUIIMHAMU:  MaTEeMaTUKOW,  (u3ukoil  (ONTHKA), XUMHYECKOM  METPOJIOTHUEH,
(U3HMYECKUMH METOJIaMU  KCCIICIOBAaHUS B XUMHUH, (PU3NUECKOW XHUMHEH, XUMHYECKOU
TEXHOJIOTHUEH.

1.3 IucuuniuHa HanpasjeHa Ha ¢popMupoBanue ciaeayomux komnerenumii: IK -
4, IIK -5:

IMK-4. Cnoco0eH pemars TEXHOJIOTHYECKHE 3aJa4d, MOCTABJICHHBIC CIICIHATUCTOM
Oosyiee BBICOKOW KBaIM(UKAIMK, U BBIOUPATh TEXHUYECKHUE CPEACTBA U METOJbI HUX
UCIIBITAaHUN, HHAMKATOPAMH JOCTHKEHUS KOTOPOU SBIISAETCS:

e IIK-4.1. TIpoBoguT TOWCK © CHCTeMaTu3anuiO WHGOpPMANWK s BBIOOpa
ONTUMAJIHBIX METO/J0B U METOJUK CHUHTE3a M XapaKTepu3alHuu (PyHKIHOHAIBHOTO
MaTtepuaa (BelecTna).

e [IIK-4.2. OcymectBisier moadOp BEHMIECTB W BBIOOP ONTHMAJIBHBIX YCIOBUN IS
CHHTE3a (PYHKIIMOHAIBHOTO MaTepuraa (BEIIecTBa).

e [IIK-4.3. IlpoBOOUT XapaKTEepPH3AIHIO TOIYYEHHOTO (QYHKIMOHATHHOTO MarepHaja
(BemecTBa) GU3NKO-XUMHUUECKUMH METOJIAMH C MCIOJIb30BAaHUEM THIIOBOTO HAyYHOTO
000pyT0BaHUA.

IK-5. CriocobeH OCyIIeCTBIATh KOHTPOJb KauyecTBa ChIPbsi, KOMIIOHEHTOB H
BBIIIYCKAEMON NPOAYKIMM XHMHUYECKOTO HA3HAYEHHs I0J PYKOBOJACTBOM CIELHMAINCTOB
6osiee BBICOKON KBaTM(PUKALUN, HHANKATOPAMM JIOCTH)KEHUS KOTOPOH SBISETCS:

e [JIK-5.1. BeiGupaer METOJBI U CPEACTBA KOHTPOJISI KaueCTBA, ChIPbsi, KOMIIOHEHTOB U
BBIIYCKA€MON MNPOAYKIMHM XMMHUYECKOIO Ha3HAUYEHHsS Ha COOTBETCTBHE TpedyeMoii
HOPMAaTUBHOM TOKYMEHTAI1H.

e [IK-5.2. BpimonHseT CTaHAapTHbIE ONEpAllMM Ha TUIIOBOM OOOPYJIOBAaHUM JJIs
XapaKTePUCTUKU CBIPbS, MPOMEXKYTOUYHOM M KOHEYHOW MPOIYKIUU XUMHUYECKOTO
IIPOU3BO/ICTBA.

e [IIK-5.3. CocraBnsier MpOTOKOJBI HCIBITAHUI, OTYETHl O BBIOJHEHHOH paboTe Mo
3alaHHou (hopme.

e [JIK-5.4. OcyuecTBisieT KOHTPOJIb TOYHOCTH AHAJIUTHUECKOrO OOOpYJIOBaHMS  Ha
COOTBETCTBHUE TPeOyeMOil HOpMATUBHOM JOKYMEHTAIUH.

1.4 TlepeyeHb IUIAHMPYEMbIX pe3yJbTaTOB O00yuyeHusi. B pe3ynbraTe H3ydeHUs
JUCLHUIIIMHBI CTYAEHT TOJKEH
- 3HATH:

¢ CTaHAAPTHBIC OIICpaluu 110 IpcajiaracMbIM MCTOIHUKAM,



® OCHOBHBIC TpaBHJa BIAJEeHUS 0Aa30BHIMH HABBIKAMH HCIIOJIB30BAHHUSI COBPEMEHHOM
arnmnaparypbl Ipu IPOBEACHUH HAYYHbBIX UCCICIOBAHUM;

® OCHOBHBIC METOIBl HCCIICJIOBAHMS, W MATEeMAaTHYECKOHM OOpabOTKH JTaHHBIX
XUMHUYECKOI0 SKCIIEPUMEHTA;

- 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
AKCTICPUMCHTAIBHBIX JTAHHBIX;

- BJAaJeTh:

e HaBBIKAMH IUIAHUPOBAHMS, AHAJIN3A;

e 0az0BbIMM HaBbIKAMHU MHCIIOJIb30BaHMUS COBPEMEHHOH ammaparypbl IpHU
MIPOBEICHUM HAYYHBIX UCCIEAOBAHUI MO0 aHATTUTUYECKON XUMUH;

® METOJaMU PETUCTPAllMd U  KOMIBIOTEPHOH  00pabOTKM  pe3yibTaToB
XUMHUYECKOI'0 IKCIIEPUMEHTA.

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

[IporpamMma mpemycMaTpuBaeT H3ydeHHE MarepHhalia Ha JICKIUAX H J1a00paTOPHBIX
3anatuax. [IpemycmorpeHa camocrosiTenbHas paboTa CTYACHTOB MO TeMaM M pasjeliaMm.
[IpoBepka 3HaHMI OCyIIECTBISIETCS] PPOHTAIBHO, HHAUBUAYAIBHO.

1.6 O0beM AUCUMIIMHBI U BU/IbI Y4eOHOI 1eATeTbHOCTH
O0beM IMCHUIIMHBI M BHbI Y4eOHOH padoThI

Buj yueOHoii padoThl Bcero yacoB Cemectp 7
OO6mas Tpya0eMKOCTh 108 108
AyIUTOpHBIE 3aHITUS 66 66
Jlexumn 32 32
JlaGopaTopHble paboThI 34 34
CamocrositenpHas paboTta 42 42
Bu HTOroBOro KOHTPOJIS: - 3ayer

2 YYEBHO - TEMATHYECKOE IINTAHUPOBAHHME
Y4yeOHO-TeMaTHUYeCKUH IIaH

Bcero AyauTOpHBIE CamocTost
Ne HaumeHnoBaHue TeM (pa3/1esioB) 4acoB 3aHATHUA TeJIbHasA
Jlekuuu | JIaGopaTop pabora
HbIE
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
[TpoGomoAroToBKa TBEPBIX MOIEIHBIX
MCKOIMAEMbIX Ha MEPBOM CTaJANH. 3 2 2
[TpoGomoAroToBKa MEOTUTOB K MOHHOMY OOMEHY. 3 2 2
Onpenenenre KOJIMUYECTBEHHOTO COAECPKAHUS
LIEOJINTOB B MOPOJIAX. 4 2 2




Kucnornoe BckpoiTue ams onpeaeneHus N2O,
K20, P20s merogom ADCA ¢ UHIYKTUBHO
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, KoO B ropHbix
nopojax u pyaax merogoM ADCA ¢ UHAYKTUBHO
CBSI3aHHOMH IIJIa3MOH.

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-a06COpOIIMOHHBII aHAIN3 C
AIIEKTPOTEPMUUECKAMH CIIOCOOAMU aTOMHU3AIIH
POOBI.

Omnpenenenue Au, Pt, Pd, Rh, Ir, Ru B ropasix
nopojax, pyJiax, IpoJyKTax Ux rnepepadboTkH,
MOYBaxX METOJOM aTOMHOM aOCOpOIUH C
JIEKTPOTEPMHUUECKOM aToMuU3aLuei mpoobl

12.

Peructparus aHaTUTHYECKUX CUTHAJIOB U
CIOCOOBI TPayUPOBKH aTOMHO-a0COPOIIMOHHBIX
CHEKTPOMETPOB. AMMapaTypa B aTOMHO-
a0COPOITMOHHOM aHAJIN3e

13.

PentrenodayopeciieHTHbIN aHaIu3: GU3NUECKUe
OCHOBBI. CTIEKTPOMETPBI U UCTOYHUKHU
BO30YXK/IeHUs] pEHTTEHOBCKOM (piryopeciieHunu

14.

JIeTeKTOpBI, CUCTEMa PETHCTpaIliy U amlmapaTtypa
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.

OmnpeneneHne coiepKanus XpoMa B CTOYHOM
BOJIE CHEKTPO(HOTOMETPUIECKIM METOJIOM Ha




cnektpodoromerpe CD-46. 4 2 2
Onpenenenne coaepxkanus 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
L[E0JIUTAX METOJOM CIEKTPOPOTOMETPUU Ha
K®K-3M. 4 2 2
Wccnenosanue paBHOBecHs KaTHoHOB Ph?" Ha
[EOJUTAX CIEKTPOPOTOMETPUUECKIUM METOIOM
16. |MonexynsipHas criekrpockorus: UK- 2 2
CHEKTPOCKOMUS U CTIEKTPOCKOIIHS
KOMOWHAIIMOHHOTO PACCESHHUS. 5 2 3
Omnpenenenue CTPOSHHUS] HEU3BECTHOTO
OpraHn4eckoro Beniectsa metoaom MK-
CHEKTPOCKOIHUHU.
Hroro 108 32 34 42
HNuTepakTHBHOE 00YUYeHHE N0 TUCHHIJIHHE
Ne HauMenoBanue Bun dopma KoanuecTBO
TeM (pas3/ielioB) 3aHATHA HHTEPAKTUBHOIO 4acoB
3aHATHSA
1 | BreaeHue B aHAIM3 IPUPOTHBIX JIK [IpocmoTtp u 1
MaTepUajoB o0cyxaeHne
BUJICOPUITEMA
«JloObr4a MeTaIoBy
2 | IIpo6ooTb6op. Busr mpoo. JIK [TpocmoTp n 1
I'enepanbHas npoda u eé o0cyxieHue yueOHoro
pasznenka BUJICOPHIIbMA
«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
CMEKTPAJILHOTO aHAJIN3a «Omneparus ['enuit.
OTtkpbITHE
CIEKTPAIILHOTO aHAJIN32»
5 | CnekrpanbHble TPUOOPHI. JIK IIpocmotp n 2
CrniocoObl peructpaiuu u o0cyxieHue yueOHoro
JETEKTOPHI N3ITyYCHHS BUZCOPUITEMA
«CriekTpalibHbIe
puOOpbI»
6 | Metozsl pa3aeneHus u JIK Jlekuus-nuckyccust 2
KOHIICHTPUPOBAHUS
7 | MeTtoasl aTOMHO-dMHUCCHOHHOM JIK Jlexuus ¢ ommbkamu 1
CHEKTPOCKOMUH.




8 | AtomHO-aGCOpOIMOHHBIN JIK Jlexuus-guckyccus 1
aHanmu3: (U3NYECKUE OCHOBBI,
UCTOYHUKHU PE30HAHCHOTO
U3Iy4YeHuUs

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

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

«DNEKTPOTEPMHUIECCKUI
Croco0 aToMH3aIuu
poObI»

11 | Perucrpauust aHaTUTUYECKUX JIK IIpocmotp n 1
CUTHAJIOB U CIIOCOOBI o0cyxieHue y4eOHOro
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
PODA. CnocoObl PDA,
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.
UTOIrO 22

3 COAEP KXAHUE TEM (PA3JIEJIOB)
Tema 1
enu u 3anaun xkypca. [loHATHE «CTIEKTPaNbHBIN aHATN3Y, KIacCU(PHUKAIIIS €r0 TUIIOB.
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
CcrocoObl KOHCEPBHPOBaHMsSI W XpaHeHus mpoO. Pabouwmit miman mpobGoorbopa. IIporokon
npobooTrdopa.




[IpoGooT6op chimyunx MaTepuanoB. [IpUYuUHBI HEOIHOPOJHOCTH  CHITYYHX
marepuaioB. [eHepampHas mpoba W e€ pasjenka: H3MeIbYCHUE, IepeMeIIiBaHue,
cokpaienue, cymka. Cokpanienue mpoobsl METOJIOM KBapTOBaHUSI.

[Ipo6ooTOOp MeTauioB, LUIAKOB M TEXHOJOTMYECKHMX PacTBOPOB. Y CIOBHUS
MIPABUJIBHOTO 0TOOpa MPOOBI KUAKOTO METaslIa Mo XOAY IUIaBKU. M3T0KHUIBI U «CKpaIHHAY.
ABTOMaTH3UPOBAHHBIN 30HAOBBIN crmoco0d otbopa. IlpaBuna orGopa mpoOBI TBEPAOTO
Mmetaia. CBepieHue, BoIpyOaHue, pacnuiuBaHue.

[Tpo6ooTOOp MeTamuIoCOAEpIKAIEr0 BTOPUYHOTO ChHIPhS, IOBEIHPHBIX CIUIABOB U
U3JIEJIHIA, TBEPJIOTO TOIUIMBA.

Ocob6ennoctu ipobooTdopa razoB. OTO6OpP OoNbIIMX W HEOOIBIIMX MPOO Taza. OTOOP
po0 B 3BaKYHPOBAHHbBIE COCY/IbI.

[Tpo6o0oTOOP KHUIKOCTH, MOMYXKUAKUX MATEPUAIOB, PEAKTHUBOB M 0OCO00 HHCTHIX
BeniecTB. OTOOP Mpod MpH ONPEIEICHUN «CIEA0BY.

[Ipo600TOOP 0OBEKTOB OKPYKAIOIICH CPEIBI.

[Ipo6ooT6op Bo3myxa. OcobenHoctu npobooTOopa arMochepHOro BO3AyXa U
IIPOU3BOJICTBEHHOW BO3IYIIHOM cpeabl. ACIMpPAlMOHHBI M BaKyyMHBIM MeToabl oTOOpa.
XapakTepucTuka TBEPABIX aJCOPOCHTOB MpU MPOOOOTOOPE MPOMBIIIJICHHOTO BO3AYyXa.
Konctpykuuu copOImoHHBIX yCTpOHCTB. CIIOCOOBI H3BJICUSHHS a1COPOMPOBAHHBIX BEIIECTB.

[Ipo60o0oTOOP MPUPOAHBIX U CTOYHBIX BOA. | TaBHBIE MPUHIUIIBI TPU 0TOOpEe Mpod BOJ
pasHbIXx TUMOB. Buasl orbopa mpoOd BOABI: pa3OBBIH, NEPHOAWYECCKHMA, PETYISIPHBIN.
OcoOenHoctu oTOOpa MpoO CTOYHBIX BOA U MUTHEBOM Bonbl. [IpaBuma odopmieHus
otroOpaHHbIX P00 Bobl. KoHCEpBHUpOBaHUE U XpaHEHUE TPOO BOIBI.

[Ipo6GooT6op MoYB, pacTeHH, BTN, OBITOBBIX U MHAYCTPUATHHBIX OTXOOB.

Tema 3

IIpoGonoaroroBka. Metosbl BCKpbITHS MTPo0. Paznoxkenue (pa3Bai) aHaIu3upyeMbIX
po6. «Mokpsbie» cnocoObl pa3ioxkeHus:: 00paboTka MUHEpaAIbHBIMU KHCIOTaMU, 00padoTKa
OpPraHMYeCKUMHU KUCIOTaMH, 00paboTKa BOJHBIMU pacCTBOpPaMu cojiei u ocHoBaHUHU. «Cyxue»
CHOCOOBI Pa3JI0KEHUs: CIUTABIICHHE CO MICJIOYHBIMH TUIABHSMH, CIIABICHHE C KHUCIOTHBIMH
IUIaBHSIMH, DPAa3JIOKEHUE CIIEKaHWEM, pa3JIoKEHHE INpPU 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 pasiejeHHs] U KOHUEHTPHPOBAHMS 3J1eMeHTOB. MHIuBHIyadbHOE H
TPYNIIOBOE KOHIEHTpUpOBaHWE. AOCOTIOTHOE ¥ OTHOCHTEIBHOE KOHIICHTPUPOBAHUE.
VY nanenue MaTpullbl U BblAEICHHE MUKPOKOMIIOHEHTOB. KoinuecTBeHHBbIE XapaKTEPUCTUKU
KOHIICHTPUPOBAHMUSI.

Metoabl ocaxaeHHs. MeToAbl COOCaXJIEHUs: SBJICHUE aJCOPOLUU M OKKIIO3HH,
COOCaX/ICHUE C KOJICKTOPOM.

Metoa SKCTpakIuu: NOHATHE 0 K03 UILIMeHTe pacTpeeNIeHHs, CTETIEHU U3BJICYCHHUS,
dakTope pasfeneHus, TUIBl OKCTPAKIMOHHBIX CHCTEM: MOJEKYJSPHBIE COCTUHCHUS,
BHYTPHUKOMIUIEKCHbIE ~ COCJUHEHHS, HOHHBIE  acCOLMAThl;  METOABl  KOJOHOYHOU
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/ cCeneKTUBHOTO PACTBOPEHUS MAaTPUIIBI.

Juctmnnsanus, cyOnuManmuss W POJACTBEHHBIE  METOJBI:  MpOCTasi  OTrOHKa
(BeImapuBaHue), peKTHUUKAIUSA, MOJICKYJApHAs MUCTWUIAIUSA (TUCTHUIALNMUS B BaKyyMe),
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cyOnumanusi (BO3rOHKa), METOJ TEPMHUYECKONM OTIOHKM OCHOBBI, BaKyyMHas ILJIaBKa C
MIOMOIIBIO 3JIEKTPOHHOTO ITy4Ka, IMEPEeroHKa NPH MOMOIIM XHMHUYECKHX 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 §

OcHoBHbIE MapaMeTpbl DJIEKTPOMArHUTHOTO U3IYUYEHUS: YacTOoTa, CKOPOCTh
pacmpocTpaHeHHsl CBeTa B BaKyyme, JUIMHA 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-
000JI04KaMH, CIIEKTPBI AJIEMEHTOB € TocTpanBatomumucs d- u f-odbomoukamu.

dusnueckue OCHOBBI aTOMHO-3’MHUCCHOHHOTO CIEKTPAJIbHOTO aHajM3a:
MHTEHCUBHOCTh CIEKTPATbHON JMHUM, TUCCOIMAIUS XUMHUYECKHX COCIWHEHHNA, HOHHM3AINS
aTOMOB, YpaBHEHHE OayjaHca CBOOOJHBIX aTOMOB, MNPHUHLUUI BHYTPEHHErO CTaHAAPTA,
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
CHEKTPOCKONHUM: 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

DneKTpruyecKasl Ayra MOCTOSITHHOTO TOKAa. DJIEKTPUUYECKHE XAPAKTEPUCTUKU TYyTOBOTO
paspsana. OCHOBHbBIE MapaMeTphl IUIa3Mbl JyTM MOCTOSHHOTO Toka. lcmapenue mnpoOsl.
AToMu3zanus BelecTBa.

HuskoBonbpTHas aKTUBHU3MpOBaHHAas Jyra IIEPEMEHHOrO0 TOKa. BBICOKOBOJIbTHAs
KOHJIEHCUPOBaHHAsI UCKpa. IHTEHCUBHOCTH CIIEKTPAIbHOM JIMHUU B UCKPOBOM pa3ps/ie.

[Tnasmotpon. Ilpunuun paboTsl 1a3MoTpoHa. TemmepaTypa | 3JEKTpOHHAs
KOHIEHTpalus. BiusHie HEeKOTOPBIX MapaMeTpOB HA HHTEHCUBHOCTH CIIEKTPAIbHBIX JIMHUH.

Hckpossie ucrounuku. I'eneparop UBC-28.

OnexTpozsl. J[Ba criocoba UX MPUMEHEHHUs: «TOYKa K TOUKE» U «TOYKa K IUIOCKOCTH.

[Inamena. Crpykrypa miamenu. Temmeparypa u coctaB. M3ilydeHue IuIaMeH.
@DakTopBbl, BAUAIOIINE HA TApOOOpa30BaHUE U ATOMU3ALIMIO BEILIECTBA.

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



BbIcOKOUacTOTHAs WMHAYKTUBHO CBsA3aHHAass aproHosas IuiasMa. (CxeMa Tropeiku
BBICOKOYACTOTHOM MHJIYKTHBHO CBS3aHHOM aproHoBOHM Iutasmbel. Mcnapenue, atomu3anus
poObl U BO30YX/I€HUE CIEKTPOB UCIyCKaHMs. J{narHocTuKa miua3mMbl. AHAINTUYECKUE 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 auppaknuoHHas pemerka ana WK oGmactu.  Dmiemne-oTpaxarenbHas
JU(ppaKkLMOHHAs pelleTka, 00ecreunBaromias KOHIEHTPAaKo Tu(dparupoBaHHOTO U3MEPEHUS
B criekTpax BeicOkuX nopsiakos (K = 70+150). Hexnaccuueckue nupakiimOHHBIE 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'omoxpomHasi goromerpusi. ['erepoxpoMHas goromerpusi. POTOAIEKTPUUECKHE CIOCOOBI
peructpaivu: (POTONIEMEHTHI, (POTOINEKTPOHHBIE YMHOXXUTENHU, 3JIEKTPOHHO-ONTHYECKUE
npeoOpazoBaTe, MHOTOAJIEMEHTHBIE TBEPAOTENbIE (OTOAIEKTPOHHbBIE AETEKTOPHI (AUOAHbBIE
u [13C — nuneliku 1 MaTpuiel). OCHOBHBIE TPEUMYIIIECTBA MHOTOJIEMEHTHBIX 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. Xoxmnopa), y4€T WuU3MEHEHUS COJACpPXKAHUA DdJIEMEHTAa CpaBHEHUS.
ITomyKOIMYECTBEHHBIN aHAIN3.

Komruiexc aBToMaTu3upoBaHHbIN 1 BO30Y:K/I€HUSI SMUCCHOHHBIX criekTpoB AKBOC
(IpOCBINIKA): HA3HAUEHUE, TEXHUYECKHE JaHHBbIe, COCTaB W3JENus, CTPYKTypHas CXema,
YCTpOMCTBO M paboTa COCTaBHBIX YacTed W3/eius, KOHCTPYKIMs. TexHuka OGe30MacHOCTH.
OrneHka COOTHOLEHUS! MHTEHCUBHOCTH CIIEKTPAJIbHBIX JIMHUM 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. lIpuHIMNBI PabOTHl CIEKTPOMETPUUECKUX MPUOOPOB: POTOMETPOB CO
cBetouiIbTpamMu (TUTaMeHHBIE (POTOMETPBI) U CIEKTPO(HOTOMETPOB, MOCTPOSHHBIX Ha 0a3ze
MOHOXpoMaTopa. BbBIOOp ONTUMANBHBIX HSKCHEPUMEHTAIBHBIX YCIOBHM M NpPHUMEHEHHE
puOOPOB 1 (POTOMETPHH TIIAMEHH.
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MeTtonbl  ONTHYECKOW SMHUCCHOHHOW CIEKTPOMETPUU C HHAYKTUBHO CBS3aHHOU
miazmort (MCII-O2C).06mas xapakrepuctuka UCII-O2C: UCII-pa3psia, AeTeKTHUpOBaHUE
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; TEHepalmusi OMHCCHUU: TOPEIKH, pPaJrovYacTOTHBIE TeHepaTtopbl; 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

@du3nyeckue OCHOBBI aTOMHO-abcopOLMOHHOro Metoga. CrnocoObl H3MepeHus
aTOMHOTO ToriomieHus. Pa3nuume MeTromoB aToOMHON abcopOIUMU M aTOMHOM SMHUCCHUHU.
VICTOYHHMKHM pPE30HAHCHOTO W3IIyYEHHUsS: JaMIlbl C TIOJBIM KaToaoM, O€33JIeKTPOIHBIC
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
0COOEHHOCTH OMpEeeNICHHs] OTACIBHBIX AIIEMEHTOB aTOMHO-a0COPOIMOHHBIMH METOJaMH B
miamMeHd.  ATomHO-abcopOunonHeie  cnekrpomerpetAANnalyst 200, AAnalyst  400.
KOMIIOHEHTBI CHCTEMBI: CHCTeMa IIOJa4Yl Ta30B, PACHBUINTEIbHAs Kamepa, ONTHYecKas
cucreMa, y3en o00paOOTKM pe3ynbTaToB. Mepbl IPeroCTOPOKHOCTH Tpu  pabore ¢
TUTAMEHHBIMH aTOMU3aTOPAMH.

Tema 11

ATOMHO-a0COPOIIMOHHBIN aHATU3 C AJIEKTPOTEPMUUYECKUMH CIIOCO0aAMU aTOMHU3AINU
npoObl. TUIBI 3IEKTPOTEPMHUUECKUX aTOMH3aTOPOB. ATOMHU3alUs B TpaUTOBON IEUH.
KommuiekcHast ontuMuzanus yCIOBUH aTOMHO-aOCOpOLMOHHOIO aHanuza. Moaudukanus
matpullbl. Pexum «ra3-crom». HWHTerpupoBaHue curHaia noryomeHus. TpyOuarsie
ATOMHU3aTOPHI U3 TYTOIUIABKUX METAIUTOB. OTKPBITHIE AIIEKTPOTEPMUIECKHE aTOMH3ATOPHI.

AtomHO-abcopOironnsiii criektpomerp AAnalyst 800. OcoOeHHOCTH KOHCTPYKIIHH:
rpaduroBsiii atomm3atop THGA ¢ aBromo3zaropom AS-800, kamepa st CKUTaHus (Topeika
AAcnekTpoMeTpa), pachblUTUTEeNbHAs KaMepa, ONTHYECKash CUCTeMa C MHOXKECTBOM JIaMil,
KOMITBIOTEPHBIN y3€ll.

Tema 12

Perucrpanusi aHaNMTHYECKHX CHTHAJIOB W CIIOCOOBI TPAaIyHpPOBKH aTOMHO-
abcopOIMOHHBIX cIeKTpodoToMeTpoB. CrocoObl perucTpalyuy aHATUTHYECKUX CUTHAJIOB.
OcHOBHBIC 3Tamnbl pa3pabOTKH METOAWKH aHaim3a. CrocoOBl TPaTyHpOBKH: 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).
@®u3nyecKkue OCHOBbI METOAA: TOPMO3HOE U3JIYyYEHUE, CHHXPOHHOE H3IIy4EHUE,
XapaKTEepUCTUUYECKOE  H3IyYeHHe, JAe(PUHUIMM B  PEHTTEHOBCKOM  CIEKTPOCKOIHH,
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B3aUMOJICHICTBHE PEHTICHOBCKOTO W3JIy4YCHUS C BEIIECTBOM, 3aKOH MO3/1H, BBIXO.
¢uyopecueHIMM, 3aBUCHMOCTb WHTCHCUBHOCTHM 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-AM(PAKIMOHHOTO  CIIEKTPOMETPA;  CKAHUPYIOUIME  CIIEKTPOMETPHI,
MHOTOKAaHAJIBHBIC U SHEPTOIUCIIEPCHOHHBIE CIIEKTPOMETPBHI.

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
IPOTIOPIHUOHATIBHBIE JIETEKTOPHI, CHUHTHIUISIIMOHHBIE W IOJYIIPOBOJAHUKOBBIC JETEKTOPHI.
OunbTphl VIS BBIICICHUS aHATUTUYECKUX CHrHaioB. CHCTEMa peructpaiuu U o0pabOTKU
AQHAJTUTHYECKUX CHTHAJIOB.

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

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

Tema 15

MonexynsipHas criekTpockonus. AGcopOunoHHas cnektpockonus B Y®- u Bugumon
obnactsx. OcHOBBI abcopOimoHHON crnekTpodoTroMeTpun. CrocoObl MpeacTaBIeHUs
CIEeKTpo(OTOMETPHUECKUX 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 ko3 ¢duuueHta mnoriomeHus. Merox no6aBok. Mertoa
mupdepeHnmanbHoil  poromMeTpuu. AHaIUM3 MHOTOKOMIIOHEHTHBIX CHCTEM (METOA
®upopna). DoTromeTpruuecKoe TUTPOBAHUE.

Ocob6ennoctu koHCTpykiuu (otomerpa KDPK-3M, cnekrpodoromerpa CD-46 u
cnektpodoromerpa upmer  Perkin-Elmer Lambda 25. Meroauka ompeneiaeHus
KOHIIEHTpPALIUH BEIIECTB.

Tema 16

WndpakpacHas cnektpockomnus. OOmue cBeneHUs O TNpuUpojae KoyedaTenbHbIX
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 yCHJICHHS W PETHCTPAIlMA CHUTHAJIOB B WMH(pPaKpacHOW 00JACTH CIEKTpa.
CoBpeMeHHbIE MOJENIM  HMH(PPAKPACHBIX CHEKTPOMETPOB. ['pagyupoBKa NPU3MEHHBIX
uH(ppaKpacHbIX CIEKTPOMETPOB. TeXHUKa MPUTOTOBIECHUS 00PA3I0B JIsl aHAIH3A.
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KadecTBeHHBII W  KOJIMYECTBEHHBIM aHANW3 1O HWHQPPAKPaCHBIM  CIEKTpaM.
KauecTBeHnblii aHanu3. TexHuka NPOBEAEHUsS Kadye€CTBEHHOIO aHanu3a. KoamyecTBEeHHBIN
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.

MounekyJIpHBIi aHAIH3 10 CIIEKTpaM KOMOWHAITMOHHOTO paccessHus cBeTa. VICTOUHUKH
BO30YXIIEHHs] CIIEKTPOB KOMOMHAIIMOHHOTO paccesiHus. OOmiue cBeaeHUus 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 METOANYECKUE PEKOMEHJIALIUU (YKA3AHUSA) IJI5
CTYJAEHTOB 110 U3YUEHUIO JUCHUIIJINHBI

PaGouass mporpamMMa mpu3BaHa MOMOYb CTYJEHTaM €CTECTBEHHO-Teorpapuueckoro
dakynpTeTa B OpraHu3alii CaMOCTOATEIHLHOW pabOThHI M0 OCBOCHHIO Kypca «CIeKTpasIbHBIH
aHAJIU3 TPUPOJHBIX 00BEKTOB». CIEKTpalbHbI aHAIW3 — OJMH W3 OCHOBHBIX DPa3eiioB
AHATUTUYCCKOW XHMMHH, KOTOPBIA SIBISICTCS COCTABHOM 4YacThi0 (U3MKO-XMMHUYECKUX U
dbusznueckux MeTonoB uccienoBaHus. «CHEKTpadbHBIA aHANU3 MPUPOIHBIX OOBEKTOBY
M3Y4YaeTCsl Kak JUCIUIUIMHA CIICHHUATU3AINH 110 aHATUTUHIECKON XUMUU B CEIbBMOM CEMECTPE
MOCJIe OCBOEHUSI OCHOBHBIX KYPCOB XUMUHU.

Pabouas mporpamMma JUCHHILIMHBI, COCTABICHA B CTPOTOM COOTBETCTBHH C yUCOHBIM
TUTAHOM.

Y4yeOHO-METOAMYECKHE MaTepuaibl IO TMOATOTOBKE JTAOOPATOPHBIM 3aHSTHUAM
MIPEACTABICHBl OTJIEIBHO MO KAXKJI0M TeMe B COOTBETCTBUMU C MPOTrPaMMON TUCUUILIUHBI U
MOCJIEIOBATEILHOCTRIO M3YUeHUs Kypca: «BBeneHne B aHaIU3 TPHUPOAHBIX MaTEPHAIOBY,
«[Ipo6ooTOop, MPOOOMOATOTOBKA, METOJIbI pa3/IeCHUs] U KOHIIEHTPUPOBAHUS JIEMEHTOBY,
«CreKTpOCKOIMMYECKHE METObI: OOIIME TOJIOKEHHUS, aTOMHas CIHEKTPOCKOMHUS — aTOMHO-
OYMHUCCHOHHBIN, aTOMHO-a0COPOIIMOHHBIN, PpEeHTIeHODTYOPECIIEHTHBIN aHaN3; MOJIEKYJIIpHas
CIIEKTpOCKOMUS — abcopOruonHas crektpockonus B Y® wu Bugumoit obmactax, UK
CHEKTPOCKOMHS, MOJEKYJIsIpHAs  CIEKTPOCKONHUS IO CHEKTpaM KOMOWHAIMOHHOTO
paccestHus.

B xaxzaom paznesne naHsbl:

1) yueOHO-MeTOAMYECKHE MaTepHalibl JIEKIIMOHHOTO Kypca, BKJIIOYAIOLIUE MOJ-
POOHBII TUTaH JIGKIIMK TIO0 KAXKIOW M3ydaeMoi TeMe, BOMPOCH! M 3a/laHusl 11 CAMOKOHTPOJIS,
CITMCOK OCHOBHOM M JIOMOJIHUTEILHOM JINTEPATYPhl C YKa3aHWEM KOHKPETHBIX CTPAHUII,

2) y4e0HO-METOIMYECKHUE MAaTepUabl 1O TOJITOTOBKE J1a00paTOPHBIX u
MPaKTUYECKUX 3aHATHH, COJEp)Kallie IUTaHbl TIPOBEACHHUS 3aHATHH C yKa3aHUEM
MOCNIEOBATEIPHOCTH pPAacCMAaTPUBAEMBbIX TEM, 3aJaHds s CaMOCTOSTENbHONW paboThI,
KpaTKHE TEOPETUYECKHE M Y4EOHO-METOAUYECKHUE MAaTEpHAIIbl MO0 TE€ME, CHCTEMY BOIIPOCOB
st camompoBepk  (cM.  «IIpakTuxym»). Brimonnenue 3amaHuii JacT BO3MOXKHOCTD
CTyJIEHTaM TJIy0’K€ YCBOUTH TEOPETHYECKUU MaTepual, MPUMEHUTH MOJTyUYeHHbIC 3HAHHS 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 H3YYUTh PEKOMEHIYEMYIO IO KaXaod Teme mauteparypy. OOmmi Crnmcok
y4e0HOM, y4eOHO-METOINYECKON U HAYYHOH JTUTEepPaTyphl MPEICTABICH B OTACIHLHOM pa3Jeie

13



nocobusi. Kpome TOro, B JEKIMOHHOM Kypce MO KaXXIOW TeMe YyKa3zaHa OCHOBHAs U
JIOTIOJIHUTEIIbHAS JINTEPATYPA.

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-3MHCCHOHHOIO, aTOMHO-a0COpOLIMOHHOTO,
PEHTreHO(IIYyOPECIICHTHOTO aHAIM30B, a Takke Ha (uU3MUeckue OCHOBBI METOJIOB
MOJIEKYJIIPHOM CIIEKTPOCKOITHH.

Crneunduxka B wm3ydenun Ttem No 2-4 HAcTOSIIET0 KOMIUIEKCA TPOSBISETCS B
MHOT000Pa3uu BHIOB MPOO, KAKIABIA U3 KOTOPHIX XapaKTEPU3YETCs PSAIOM OTIHYUTEIBHBIX
0COOEHHOCTEH.

Crnenupuka B uzydeHun TeM Ne 5-16 Hacrosmiero KOMIUIEKCA MPOSIBISCTCS 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. 3yuenue coxaepkanus yueOHOM mporpamMmbl «CHEKTpalbHBIA — aHaANIN3
MPUPOJHBIX OOBEKTOBY.

2. VI3yyeHHne TEOPETHUYECKOro Marepuaja: padoTa ¢ TEKCTOM JICKIMH, OCHOBHOW H
JOTIOJTHUTEIBHON JUTEPaTypoi, MOArOTOBKA K CEMUHAPCKOMY 3aHSITUIO B COOTBETCTBUH C
MJIAHOM, HAITMCAHWE KOHCTIEKTa OTBETOB Ha BOMIPOCHI CEMUHAPCKOTO 3aHATHSI, BBICTYILJICHUE
Ha CEMHHAPCKOM 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.

[Ipexxnge uyeM TPUCTYNUTh K BBIIONHEHUIO 3aJaHUl U1l CaMOKOHTpounsa, Bam
HEO0OXOUMO H3YYUTh TEOPETHUYECKYI0 YacTh Kaxkaol u3 17 mabopaTOpHBIX paboT MO
MPAKTUKYMY «AHAJIUTHUYECKHE METOJbl B HCCIEAOBAHWM TPUPOTHBIX OOBEKTOBY,
peKOMeHTyeMoMy yueOHOMY TocoOuto. Ha oCHOBaHMM MOyYEHHBIX 3HAHUHW MOJATOTOBUTH
KpaTKUE OTBETHI HA MTOCTaBIEHHBIE BOIIPOCHI.

B mporecce ocBoeHUsT MUCHUIUIMHBI HEOOXOIUMO PETYJISIPHO OOpaIaThCs K CIUCKY
PEKOMEHIOBAaHHOUW (OCHOBHOW M JOTIOTHUTEIHHON) TUTEPATYPHI, KYPHATHHBIM CTAThSIM IO
COBPEMEHHBIM CHEKTPaJbHBIM METOJaM HCCIIEIOBAHMS, U3YUUTh YCTPOMCTBO aIIapaTyphl,
METOJIMKY MPOOOMOATOTOBKH, pa3/IeIeHUs] ¥ KOHIICHTPUPOBAHUS JIIEMEHTOB, X0/ aHan3a U
TIATEIHHO BBIMOJIHATH SKCIIEPUMEHTAIBHYIO YacTh PaOOTHI.

PeKOMeHIlaIIl/Il/I K UBYIYCHHUIO OTACJIBHBIX TEM Kypca

Ilpu u3yyennu teMbl Ne 1 «BBenenue B aHamu3 MPUPOIHBIX MATEPHATIOB» 0C000€
BHUMaHHE ClleAyeT oOpaTuTh Ha 1IN M 3a7aydl Kypca, Ha TOHATHE «CIEKTPaJIbHBIN
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aHaJIM3», JOCTHKEHHUS OTEUECTBEHHBIX M 3apyOeKHBIX YYEHBIX B OOJACTH TEOpUU H
IIPaKTUKU CHEKTPaJIbHOTO aHAJIN3a.

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) pa3lioKeHHUs,
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 3yueHnn «CyxXux» croco0OB pa3sIoKEHUs] 0CO00e BHUMAaHHE CIIEAyeT 00paTuTh
Ha pas3luyhe MEeXAy CIUIaBICHUEM M CIIEKaHMEM, Ha CIUIaBJICHHE CO IMIENOYHBIMU U
KHUCJIOTHBIMH IUIABHSIMHU, PA3JIOKEHUE CIIEKaHUEM, Pa3sIoKEHHWE IPHU 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 METOJIOB OCaXIEHUS, COOCAKICHMUS, IKCTPAKIIUN 0OpaTUTE BHUMaHUE
Ha YCJIOBUS NPOBEAEHUS OCAXIEHUS M HKCTParupoBaHUs, Ha CYIIHOCTh aACOpOLMU U
OKKJIIO3UH, Ha TOJIOKUTEIbHYIO U OTPULATENIbHYIO POJIb COOCAXJIEHUS, BEIOOP KOJUIEKTOpA.
[Tpu u3yueHun MeToAa 3KCTPAKLIMK ONPEIEIINTE KOJIMUECTBEHHBIE XapaKTEPUCTUKNA METOJA!
KOA(Q(UIMEHT paclpeieseHus, CTEeHb U3BJIeUeHUs, (aKTop pa3/eleHUs, a TaKKe: THUIIbI
DKCTPAKIMOHHBIX CHCTEM: MOJIEKYJISIPDHBIE COECIUHEHMS, BHYTPUKOMIUIEKCHBIE COEIMHEHUS,
HMOHHBIE aCCOIUATHI.

IIpy m3ydyeHUM METOJOB CEJIEKTUBHOTO PACTBOPEHMS, AUCTUIUIALUM, CyOIMMAaIUH,
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
cyxas W MOKpas MHHepanu3auus. HemanoBakHOe 3HAUEHHE MMEET METOJ, IEPErOHKH IpU
MOMOIIM XUMHYECKMX TpPAaHCHOPTHBIX peakuuid. OcoObli BUA  MpeIBAPUTEIBHOTO
KOHIIEHTPUPOBAHUS — MPOOMpHasl IJIaBKa, KOTOpas SBJSETCS OCHOBHBIM METO/IOM KOHIIEHT-
pUpoBaHus 0JIaroOpoOJHBIX METAIOB, COJIEPKALIUXCSA B PyJaX, FTOPHBIX MOPOAAX U MPOTYyKTaxX
ux nepepaboTku. I[Ipm H3yyeHMH STOro MeToJa pa3JOXKEeHUs M KOHUEHTPHUPOBAHUS
MUKpPOKOJIMYECTB OJIarOPOJIHBIX METAIOB 0cO000€ BHHMaHuUE O0paTUTe Ha MpoLecc
[IMXTOBAHMS, THUIENbHYI0 U IIepOepHYyIO IIJIaBKy, KyNeJIMpOBaHWE M pPa3BapUBaHUE.
Heo0xoaumo yCBOUTDH MOHSITHS «BEPKOIIEH», «KOPOJIEK», KKOPTOUKAY.

Ilpu n3yyenun tembl Ne 5 «OCHOBHBIE TEOPETUUECKUE TOJIOKEHUS CIIEKTPAIBHOIO
aHann3a. OuU3MYecKre OCHOBBI CHEKTPAIbHOTO aHaiM3a» HEOOXOAMMO YCBOUTH OCHOBHBIE
NapaMeTpsl AIEKTPOMATHUTHOTO M3JIyYEHHUS: YacTOTY, CKOPOCTb PacIpOCTPAHEHHUs CBETa B
BaKyyMe, JUIMHY BOJIHBI, BOJJHOBOE YHCIIO, SHEPTUIO, BEPOATHOCTh CIIOHTAHHOTO H3JTyYeHUs,
BEPOATHOCTb BBIHYX/IEHHOTO H3Iy4YEHHS, SHEPI€TUYECKUN IMOTOK, OCBEIIEHHOCTb, SIPKOCTh
UCTOYHUKA, HWHTEHCHUBHOCTb CIEKTPAlbHBIX JIMHUM, odKkcrosunus. [lpu  u3ydenum
KJIACCU(UKALIUU CIIEKTPOCKOIMMUYECKUX METOJIOB OOpaTUTE BHMMAaHHE HA KIACCH(PHUKAIUIO B
COOTBETCTBUU CO CBOWCTBAMHU JJIEKTPOMArHUTHOTO H3Iy4YEHHs] M CBOWMCTBAMU AaTOMHBIX
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CUCTEM, OOOCHYHTE CHCTEeMAaTUKy aTOMHBIX CIEKTpOB. BaXHO YCBOUTh MOHSTHS:
MHTEHCUBHOCTb CHEKTPAJIbHOW JIMHUHU, IPUMEHEHHE 3aKOHA JAEUCTBYIOLIMX Macc K MpoLeccy
JUCCOLMAIMU XUMHYECKUX COCAMHEHUN, MOHU3AIMU aTOMOB; XapaKTePUCTUKY YpaBHEHUS
Oananca CBOOOJHBIX aTOMOB M MOJIEJIEH TPalyHpPOBOYHON KPUBOM.

HN3yuenue teMbl Ne 6 «licTtounuku BO30YyXIEeHHUS 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). O6patuTh BHUMaHHE Ha CXEMy BBOJa MPOOBI METOMOM IPOCHINKH U METOIAOM
ucnaperus. I[lpu xapaxTepucTuke HCTOYHMKOB BO30yxnaeHus crnekrpoB (MBC) wu3yuutsb
NBC-28, koTopbplii TO3BONSET paboTarh B peXUMax Jyr'H IEPEMEHHOTO TOKa |
HU3KOBOJBTHON HMCKphl W  HUCHOJNB3YeTCS B  JIADOPATOPUSX  TPYNIbl  KOMIIAHHHA
«IlerponaBnoBck». OcobOro BHUMaHUS 3aCIYyKUBAET H3yUEHHUE DJIEKTPOJOB, KOTOpbIE MPHU
pabote ¢ anexrpopazpsanbiMu UBC npuMensitoTes B BUJie ABYX OCHOBHBIX CIIOCOOOB: «TOYKa
K TOYKE» U «TOYKA K IUIOCKOCTH». ATOMBI aHAU3UPYEMOTO BEIECTBA MOTYT MOCTyNaTh B
pa3psa HE TOJIBKO B IIpOLlECCE TEPMUUYECKOTO MWCIApEHHs, HO U MoJ JACeHCTBUEM
O0MOapIMPOBKH OBEPXHOCTH aHAIU3UPYEMON MPOOBI HOHAMU. B CBSA3M ¢ 3TUM HEOOXOAUMO
o0paTuTh BHMMAaHHE Ha TICIOUIUI pa3ps] MOCTOSHHOIO TOKa NPHU MOHMKEHHOM JaBJIEHUU
WHEPTHOTO Ta3a, OCYUIECTBIIEMBII B CIENUAJIbHBIX Pa3psAIHBIX TpyOKax C KaTOJOM WIU
aHOZIOM B BHJE MOJIOTO IwmHApa. OOpatuTe Takke BHUMaHHE HA TO, YTO YCIOBHEM
BO3HUKHOBEHHUS paspsia SBISETCS BeChbMa Majlo€  pPAcCTOSIHHE  MEXIy  Kpaem
LIWIMHJIPUYECKOTO aHOJA M IOBEPXHOCThbIO IMpoObl (karoma) — mnopsaka 0,1-0,5 mwm.
HeoOxoaumo neTanbHO HM3YYUTh METOJ] BHICOKOYACTOTHOW HMHIYKTHBHOCBSI3AHHOW ILJIa3MbI
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 HHIYKIMOHHOTO pa3psja sBIseTcsl ropenka. Jlis
BO30YKJIeHHs paspsja HeoOXoauMa mpeaBapuTenbHas HoHu3anus raza. C 3Toil 1enbio
HCIIOJIB3YIOT BRICOKOBOJIBTHYIO HCKpPY (Karymika Tecna).

IIpu uzyyenue tembl Ne 7 «Criexrpanbabie Tpuoopsl ADCA» He0OX0AMMO YCBOUTb,
YTO OCHOBHBIMU YacCTSIMU CIIEKTPaJIbHOrO MpUOOpa SBIAIOTCSA: BXOJHAS IIENb, OCBELIacMast
UCCIIElyeMbIM H3JIy4€HHUEM; OOBEKTUB KOJJIMMAaTopa, B (POKaJIbHON IUIOCKOCTH KOTOPOTO
pacrojio’)keHa BXOJHas IeNb; JUCHEPrHPYIOMIMNA 3JIEMEHT, paboTaoluil B NapauieIbHOM
nyyke cBeTa; (OKYCHUPYIOIIMNH OOBEKTHB, CO3JAIOIIUN B cBOEH (poKanbHOM MOBEpXHOCTH
MOHOXpPOMaTHYECKOE H300pa)K€HHE BXOJHOW IIEIH, COBOKYIMHOCTb KOTOPBIX U 00pasyeT
CHeKkTp. B kauecTBe QuUCIIEprupyroIiero eMeHTa UCHOIb3YIOT MPU3MBbl U JU(PPAKLIUOHHBIE
peméTkn  paznuyHeiX TUNOB. (Oco0oe BHUMaHHE OOpaTUTE HAa OTJIMYKME OOBIYHOM
TU(PPAKIMOHHOM PpEemETKH OT PEemETOK ¢  NpOQUIMPOBAHHBIM IUTPUXOM (BILENJE), B
KOTOPBIX HCIOJB3YyETCs] COYETaHHE PEIIETKH M MPU3MbI WIM JBYX PEIIETOK, HalpaBICHHS
JUCIIEPCUM B HUX  B3aMMHO  NEPHNEHAMKYJSpHBL.  OLIeiye-pemérka  pasjaraer
MOJIMXPOMATHUECKOE W3JyYeHHWE Ha JJIUHBlI BOJH M CO3MAa€T CIEKTpP, COCTOALIUN U3
NEPEeKPHIBAIONINXCS  CHEKTPOB ~ MHOTUX  AU(PAKIMOHHBIX  TOPSJIKOB, a  JApyrou
TUCTICPTUPYIOMNK JIeMEHT (TIpu3Ma WM pemiéTka) pasaenseT mopsaku. B pesynpraTe B
(dokanbHON TUIOCKOCTH NpHOOpa oOpaszyeTcs ABYMEpHas CHEKTporpaMma (3uieiuierpamma),
cocrosimas U3 Habopa CTPOK, KakJaas M3 KOTOPHIX OTHOCUTCS K ONpEeAeNEHHOMY MOPAIKY
mudpakuuu.  CyIiecTBYIOT — IpPU3MEHHBbIE  CHeKTporpadbl € KBapleBOM  ONTHUKOM,
TupakIUOHHbIE CHEKTporpadbl ¢ TUIOCKOM IUGPAKIMOHHON pemeETKON U 3epKalbHON
dokycupyromeil ONTUKOH, a TaKXke CchnekTporpadbl CO CKpEIIEHHOW Jucrepcued —
s ¢dekTuBHAs KOMOMHALMSA NPU3MEHHON W IUGPAKIUMOHHON JUCTIEPIUPYIOMIMX CHCTEM.
CrnextpanbHble  MpHOOPBl € (DOTORNIEKTPUUYECKONH  perucTpanueii  (CreKTpoMeTphl)
MOJpa3eNAoTCs Ha JBa BUJA: MHOTOKaHAIbHBIE M CKaHHUpylouiue (MOocienoBaTelbHbIe).
OOparure BHHMMaHHE Ha TO, YTO OCHOBOM MHOTOKaHAJbHBIX CIIEKTPOMETPOB SIBISETCS
MOJIMXPOMATOP C BOTHYTOM AUGPPAKIIMOHHON PEmIETKOM, mocTpoeHHOW 1o cxeme Ilamena —
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PyHre; oCHOBOI CKaHUPYIOLIUX CIIEKTPOMETPOB YaIlle BCETO SIBJISIIOTCSI MOHOXPOMATOPBI C
TUIOCKOW AU(PPaKIIMOHHON PemIETKOM.

Ilpu_wm3yyennu teMbl Ne 8 «CrocoObl perucTpanud W JIETEKTOPhI H3IY4YCHUS B
ACDOA» BaXHO NOHATb, YTO HM3MEPEHHE HMHTEHCUBHOCTHU CIIEKTPAJIbHBIX JHUHUH MOMKET
OCYUIECTBIISITECS  BU3yaJIbHBIM, (oTorpadpudeckuM U  (POTOIIEKTPUUECKUM CIOcOOaMHu.
BusyanbHble cOCOOBI PErHCTPALMU CIIEKTPOB HCIOIB3YIOT MPU CTUIOCKOMMYECKUX M MpPU
CTHJIOMETPUYECKUX OIpPENEICHUSIX COCTaBa MAaTepHalIOB, TJABHBIM OO0pa3oM METaslIOB.
dotorpapuyeckne CrocoObl PEerucTpanuy 10 HEJaBHETO BPEMEHU NMPUMEHSUTUCh B METOJIE
ADCA nambonee mupoko. B aBTOMaTH3MpPOBAaHHOM BapHaHTE 3TOT CIOCOO pPErHUCTpaIuu
npuoOpeTaeT HOBOE KauyeCTBO — OrPOMHYI0 HWH(POPMATUBHOCTh: HHUKAKUMH JIPYTHMHU
croco0aMu TMOKa HEBO3MOXHO OJHOBpeMeHHO ompenensats mo 300-500 muausm go 70
3NIeMeHTOB B mpobe. Bospacratomme TpeOoBaHHMS K CKOPOCTH W TOYHOCTH aHAIM3a
oOycnoBuiu BHeApeHue B NpakTUKy ADCA (OTOINEKTpUYECKUX CIOCOO0B perucTpanui u
doTomMeTpun CHEKTPOB, KOTOPBIE HEMOCPEACTBEHHO NpeoOpa3yloT CBETOBOW IMOTOK WU
APKOCTh W300paKeHHsI HYKHOW CIEKTpalbHOW JMHHHM B JJIEKTpUYECKUU curHail. Mepoit
MHTEHCUBHOCTHU JIMHUU CIY’KUT 3HAYEHHME ITOr0 CUrHajia (Cujia ToKa WM HampsbkeHue). K
YCTpOICTBaM Takoro poja oTHocsATCs (poTosnemeHTsl (P3), HOTOANEKTPOHHBIE YMHOXKUTEIN
(®BY), oanexkTpoHHO-onTHUeckue — mnpeoOpaszoBarenu  (DOII),  MHOTO’IEMEHTHBIC
TBEPAOTENbHBIE (POTOINEKTPOHHBIE AETEKTOPHI (nuoanbie U [13C-nmuneiiku u Matpuibl). s
u3Mepennii B Y®- U BuUIUMON 0OJACTAX CHEKTpa HAMOOJbINEE PaCIpPOCTPAHEHHUE [0
HemaBHero Bpemenu umenu @D u O®DY. OOparure BHHUMaHHUE Ha YCTPOICTBO, OCHOBHBIE
XapaKTepUCTUKU U IpuHLUI padoTel OO u ®IY. Ocoboe BHUMaHuE 00paTUTE HA MaTepUal
JUIsE U3roToBIeHUsT okHa PDY: ®DY ¢ okHOM U3 OOPOCHUIMKATHOTO CTEKJa MPUMEHSIOTCS
JUISL PETUCTPALIMK U3TydyeHUil B uHTepBasie AauH BoiaH oT 300 um no Omwkuent UMK obnacru.
VYnbrpaduoneroBoe cTeksio mpo3payHo a0 185 Hw, emé Ooiee KOPOTKOBOIHOBYIO TPAHUILY
MPO3PAYHOCTH HMeEEeT CUHTeTHueckuil kBapi (~160 HM), oAHAKO €ro HEmocpeACTBEHHOE
OpUMEHEHHE IUIOXO coueTaeTcss ¢ MarepuanoMm koprnyca POV mo kospduuueHTy
TepMHUECKOro paciupeHus. Hambornee KOpOTKOBOJHOBOW TIpaHMIIEH CBETONPOITYCKAaHUS
00ajaloT KPHUCTAUIbl TAJOT€HUI0B LIENOYHO3EMENbHBIX MeTamioB. [lo MexaHmdyeckum
XapaKTepUCTHKaM Haubosee MPUTOAEH JUIsl HM3rOTOBJIEHHUS OKOH ¢Topua marHus Mgk

(A ~115 HM). i 1ened CrneKTpalibHOIO aHalk3a BaKHA BBICOKAs YyBCTBUTEIbHOCTH
OBV B untepnane anuH BosiH 200-300 HM, r/1e pacnoaokeHo OOJBIIMHCTBO YyBCTBUTEIbHBIX
cHeKTpaJbHbIX JUHUNA. OnHako @OV B mIENEBBIX CHNEKTPAIbHBIX MPUOOPAX HCIOIB3YHOTCS
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
pa3sMepoB  H300paKeHUs ~ IMEeTM  O0JIalaloT  MHOTORJIEMEHTHBIE  TBEPIOTEIBHBIC
(OTO3EKTPOHHBIE JETEKTOPbI, OCHOBAaHHBbIE Ha BHyTpeHHeM (oTorddexte — mnepeHoce
3apsaa. K HacrosmieMmy BpeMeHH pa3paboTaHO HECKOJIBKO THIIOB TakOro poja JETeKTOPOB:
dorognonnas marpuma (PDM), merektop c¢ 3apsgoBoit cBs3eto (CCD), merektop c
nkeknueit 3apsga (CID), meTekTop ¢ CerMEHTHPOBAHHON MAaTpPHUIEH W 3apsSA0BOM CBSI3BIO
(CCD — SCD). Bce oHM OCHOBaHBI Ha CBETOYYBCTBHTEIBHBIX CBOMCTBAaX CBEPXUYHUCTOTO
KPUCTAIIMYECKOTO KPEMHUSI U pa3MyaloTcs Croco0aMu MOJMyUYEHUs U CUUTHIBAHUS 3apsja.
[TosToMy ocoboe BHUMaHHE o0OpaTUTe Ha MEXaHW3M BO3HHUKHOBEHHMS BHYTPEHHETO
dororddekra B MOIyNpOBOIHUKOBBIX YCTPOMCTBAX.

IIpn wm3yyeHum Ttembl Ne 9 «Merojbl aTOMHO-3MHCCHOHHOM CHEKTPOCKOIIUN
oOpaTuTe BHUMaHUE Ha Ha3HAUY€HUE, TEXHUUECKHUE JaHHbIE, COCTaBHBIE YaCTH, CTPYKTYPHYIO
CXeMy, YCTpOMcTBO U paboTy aBTOMAaTU3MPOBAHHOIO KOMILJIEKCa I BO3OYKIACHUS
smuccHOHHBIX cnekTpoB (AKBOC). Hayuurech oleHuBaTh BH3yaJbHO COOTHOIIEHUS
MHTCHCUBHOCTH CHEKTPAIBHBIX JUHUH. [Ipu mpoBeneHNN KaueCTBEHHOTO aHallM3a METOJ0M
ADC pemaroTcss Tpu BUA 3a7a4: OOIMIMM KAa4eCTBEHHBIM aHAIN3 C IIEJbIO YCTAHOBJICHUS
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3JIEMEHTHOTO COCTaBa MpoObl; YACTHBIM KAuyeCTBEHHBIM aHalM3 C LENbI0 BbBISBICHUS
NPUCYTCTBUSL WM OTCYTCTBHSL OJHOTO WJIM HECKOJIBKHX 3JIEMEHTOB B JaHHOH mpooe;
KAueCTBEHHBIH aHaldW3 C LEJIbI0 BBIABICHHUS CJIEI0B 3JeMEeHTOB. [lomykonnyecTBeHHbBIN
QHIN3 TI03BOJIIET CAENaTh IPOMEXKYTOUHBIE OLEHKH COAEpXaHHUS DJIEMEHTOB B
aHaM3UpyemMbIx mpodax. [lpu mpoBeneHUHM MOMYKOJIMYECTBEHHOTO aHajiu3a MPUMEHSIOT
CIoco0 CpaBHEHMS CIIEKTPOB (Ha OJHY IJJACTUHKY BMECTE CO CIIEKTPOM AaHAJIU3UPYEMOI
poObI (oTorpadupyrOT CHEKTPHI OJHOTO MM HECKOJBKHX O0Opa3IOB CPaBHEHHs); CIIOCOO
NOCJETHUX JIMHUH, T. €. JUISI K&KJIOW JIMHUU UMEETCS] KOHLIEHTPAIHsI, TPU KOTOPOH 3Ta JIMHUS
cnuBaercs ¢ GOHOM; ATO 3HAYUT, YTO MO UCYE3HOBEHHIO U3 CIIEKTPOB TEX WJIM UHBIX JTMHUMNA-

MOYKHO JIeJaTh BBIBOJBI O KOHIICHTPALIMM MCKOMOTO 3JeMeHTa. [IpuMEeHSIOT Takke crocod
FOMOJIOTHYECKUX Map JIMHWHA, B KOTOPOM, IMPOCMATpUBasi IMOJYYEHHBIE CIIEKTPOTPaMMBbI,
HAXOJAT Mapy JIMHUH SIIEMEHTOB, MHTEHCHUBHOCTH KOTOPBHIX paBHBL. Mmes Habop Takux
JUHHUM, MOKHO JIeNaTh MOJYKOJIWYECTBEHHBIE OICHKU COJEpXKaHUS HCKOMOTO 3JIEMEHTA.
Kpome BhIlIeyKa3aHHBIX CIIOCOOOB MPUMEHSIOT CIIOCO0 CTYNEHYaTOro OCHA0JICHUs JIMHUA U
croco6 m3MmepeHus mMpuHbl uHui. [locnexanuii cmoco® OCHOBaH Ha TOM, YTO C POCTOM
KOHLEHTPAllUU 3JIEMEHTa YBEJIMYMBAETCS HE TOJBKO BBICOTAa, HO M IIUPUHA KOHTYypa
CHEKTPaJIbHBIX JUHUA. TakuM 00pa3om, MpU HEKOTOPHIX YCIOBUAX IO HIUPUHE JTUHUNA MOXKHO
CYyIUTh O COJEpKAaHUM HCKOMOro »3jeMeHTa. KoJu4ecTBEHHbI aHanu3 IpeArnonaracT
O0BEKTUBHOE H3MEPEHHE IUIOTHOCTU TOYEPHEHUU AHAIUTUYECKUX JIMHHM C MOMOIIBIO
mMuKpoporomerpa. OOpaTuTe BHUMaHHE HA TO, YTO MMOYEPHEHHE (OTOIIACTUHKY 3aBUCHT HE
TOJIbKO OT MHTEHCHBHOCTHU JIEHCTBOBABIIETO CBETA, BPEMEHU IKCIO3UIMH U JJIMHBI BOJHBI
CHEKTpaJIbHOM JMHUU, HO U OT cocTaBa nposiureis. KonnuectBeHHsii ADCA ocHOBaH Ha
TOM, YTO TEOPETUYECKHU CYIIECTBYET JMHEHHAS KOPPEISIHI MEXTY JIOTapu(MOM OTHOILICHUS
WHTCHCUBHOCTEH JIMHWHA  aHAJTUTHYECKOW Tapbl W JorapudMoM  OTHOCHUTEIBHON
KOHIEHTPALlUU OMNpPENeIIeMOro dJeMEeHTa MU JJeMeHTa cpaBHeHUsA. OJHAKO JMHEWHas
KOPPEJSIHUS MEXTy IMOYepHEHHEeM S U Jiorapu(MoM WHTEHCUBHOCTH | coOto1aeTcst TOIBKO

JUIsl  ydyacTKa HOpMallbHbIX mouyepHeHuid. IloaToMy ypaBHeHue AS=rblgc +ylga
KOPPEKTHO NPHUMEHATh JHIIb B IpPEJeNax ATOro JUHEHHOro yvactka. /[[ns onpeneneHus
YHUCIIEHHBIX [1apaMeTPOB BhIIIE€ NMPUBEAEHHONW 3aBUCUMOCTU WM JUId €€ NpPEICTaBICHUS 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
npsAMoil TpeOyeTcsi He MeHee TpEX 00pa3loB CPaBHEHMs: [Ba JUIS ONPEAEICHUs apaMeTpoB
OpsSMOM U OJMH I IPOBEPKU TUIIOTE3bl JTMHEHHOCTH); CIIOCOO MOCTOSHHOTO rpaduka (mpu
CTPOTOM IIOCTOSIHCTBE BCEX YCJIOBHH aHaln3a MapaMeTpbl TPajgyMpOBOYHOrO rpadukxa

I
lg== f(lgc)
2 JOJIKHBI OCTaBaThCS HEM3MEHHBIMU BO BpemeHH).[lpu AS =0 ppmonnsercs
lga
pasercto IgcAs=0= D (croco6 mynmesoro oGpasua cpaBhenms). KoHueHTtpaumio,

YJIOBJIETBOPSIIONIYIO 3TOMY pPaBEHCTBY, 0003HAuYalOT KaK Co, a COOTBETCTBYIOIIMI 0oOpaser|
CPaBHEHHUS HAa3bIBAlOT HYyJIEBbIM. [lonokenue TOuku ¢ 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 Npo6. 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) BBOASAT ompesensieMblil 371eMEHT B MOCIIEA0BATEIbHO BO3PACTAOIIEM
KonuuecTBe. IlocTpoMB 3aBUCMMOCTP MHTEHCUBHOCTH AHAIUTUYECKOW JIMHUU (OTHOLIEHMS
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WHTCHCUBHOCTEH) OT CONEPIKaHMsI JOOABKH Cjo6., SKCTPATIOIUPYIOT ATy 3aBHCUMOCTh K HYITIO
Y HaXOJST COJIep KaHUe DJIEMEHTa B ICXOAHOU mpobe (puc. 1).

L; ______ NHorma B omHOM W TOM ke mpobe

16 1 | HEOOXOIMMO  ONPENEIUTh COJIEpPKAHUE

| OOJIBLIOr0 4YHCIIa 3JEMEHTOB (HECKOIBKO

: JECITKOB). B 3TOM cuTyaluu npuMeHstoT

121 | crocod BHemHero cra”mapra B. B.

: X0XJIOBa, Korzaa B Ka4eCTBe

8 ! AHAJIMTUYECKOW Mapbl HMCIOJIB3YIOT OJHY

| | U Ty XK€ CHEKTPAIbHYIO JIMHHUIO B JIBYX

e l : CIIEKTpax, HOJIyYEHHBIX oT

| : aHAJIM3UPYEMOM MPOOBI U OT HEKOTOPOTO

I ' oOpasna cpaBHeHus. Jlns momyudeHus

0 2 4 6 [.-[ CIIEKTPOB TIPUMEHSIOT HX CHHXPOHHOE

C, =3,08 cms.ln3,mc_% Bo36y>K%[eHHe B JIBYX IIOCJIEIOBATEIIHHO

COCAMHEHHBIX HCTOYHUKAX W3IyYCHUS.

Puc. 1. Onpenenenune coaepkanus CrieKkTpsl duKcHpyroTCS Ha

3JIEMEHTA CII0COOOM 2JIEMEHTHBIX (bOTOTTACTHHKE BCTHIK C  TOMOIIBIO
100aBOK.

CIIELIMAJIBHOTO ONTHYECKOTO

TPUYECKOW DHEPrUM IMUTAIOMIEH CETH B IIPHUCIIOCOOJIEHUS.

MMITYJIbChl Pa3psAIHOIO TOKa 3aJaHHOU

GbopMBI, aMIUTUTYABI, TOJSPHOCTA M YaCTOTHI, BO30YXKIAIOIMIHUE MEXIY dJIEKTPOJaAMU
AHAIIUTUYECKOTO IIPOMEXKYTKA HU3KOTEMIIEPATYyPHYIO jasmy, W31y 4Yaroly 1o
XapaKTEePUCTUUYECKUH CIIEKTP UCCIEAYEMOTO BEIIECTBA.

[Tookur OCHOBHOTO pa3pslla B AHAJUTUYECKOM MPOMEXKYTKE OCYIIECTBISAETCS
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 MEXAY DJIEKTPOJAMHU IO MX TEHEBOM MPOEKIHMH Ha 3KpaH.
Pexxum paboThl MCTOYHUKA KPYTJIOCYTOUHBIA € May3aMd 3 MHUH. MOCHE 3-X MHH. paOOTHI.
HcTounuK sSBISETCA CTAllMOHAPHBIM YCTPOHCTBOM, MOXKET MIPUMEHATHCS ¢ TPUOOpPaAMHU KaK C
dororpaduyeckuM, Tak U C (POTOIIEKTPUUYECKHUM CIOCOOAMH PETUCTPALUU CIEKTpa H
paboTaTh C pa3IWYHBIMH THUIIAMH Kamep paspsga. 3alOMHUTE OCHOBHBIE TEXHUYECKHE

JIAHHBIC UCTOYHHKA: HANPSDKEHHE MMUTAHNs — ofHOMA3HAs CeTh MepeMeHHoro Toka 2201 5%,
50 I'm; makcuMmasnbHas MOTpedisieMas MOIIHOCTh C BHYTPEHHHUM peoctaToM — 3 kBT, ¢
JOTIONTHUTEIIbHBIM peocTaToM — 5 KB; anekTpudeckue pexuMbl BO30YXKICHHS CIEKTPa;
UCTOYHUK MOXET paboTaTh B pEKHUME JIyTH MEPEMEHHOTO TOKAa U B PEXKHUME HU3KOBOJIBTHOU
UCKpPBI; HCTOUYHUK OOECIEYMBACT PEryJSIPHBbIN BBICOKOBOJBTHBIM MPOOOH aHaIUTHYECKOTO
IIPOMEXYTKa HE MEHEEe 3 MM Ha MEIHBIX IOJUPOBAHHBIX 3JIEKTPOJAX JUAMETPOM 6 MM,
3aTOYEHHBIX Ha Mnosycdepy; MaKCUMaJIbHBIM TOK yTH ¢ BHYTPEHHUM peoctatoM — 10 A, ¢
BHemHUM — 20 A; yacToTa paspsaa B pexxume nyru nepemenHoro toka — 100, 33,3, 20
pas3psioB B CEKYHAY, B peKUME YHUTIONSAPHON Ayry S0 1 25 pa3psiioB B CEKYHY.
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[Ipy wu3yuyeHMM MeTO/Ja aTOMHO-DMHCCHUOHHOW CHEKTPOCKOIMUU C HHIYKTHUBHO
CBS3aHHOM IUIa3MOW» HaA0 IIOMHMUTH, YTO IIJJa3Ma SIBJISAETCS OCOOBIM HCTOYHUKOM
aToMu3anuu/ Bo30YKJIEHHsI B aTOMHO-IMUCCHOHHON cniekTpockonuu. [1nazma — 31o mrobdas
dbopma MaTepuu, conepKamas KpoMe HEHTpPANbHBIX aTOMOB, DPAJUKAIOB WU MOJEKYJ
3aMETHYIO OO0 AJIEKTPOHOB M TOJIOXHUTEIBHO 3apsDKEHHBIX HMOHOB. JlBa 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 u HWOHHOW dSmuccud. COBPEMEHHBIM JOCTH)KEHHEM CpeOu IUIa3MEHHBIX
HCTOYHHUKOB B AHAJIUTHUYECKOW ONTHYECKOH HSMUCCHOHHOM CHEKTPOMETPHH SIBIISIETCS
aproHoBass WHAYKTUBHO cBs3aHHas 1iasma (MCII). Crounu [pundunn (bupmunrem,
Anrnust) nepBblii omyonukoBai (1964) paboTy 00 HCIONB30BaHUH WHAYKTHBHO CBSI3aHHOMN
I1a3Mbl [P aTMOC(EPHOM JaBleHUM I 3JaeMeHTHoro aHanuza B ADC. T'a3 apron
MIPOITYCKAeTCsl 4Yepe3 TOpeKy, COCTOSALIYI0 M3 TpEX KOHUEHTPUYECKUX TpPYOOK,
BBITIOJTHEHHBIX U3 KBapia. MeaHas Karylika, Ha3blBaeMas KaTylIKOW UHIYKTOpa, OKpyKaeT
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 PU snexTpudeckoro u MmaruutHoro nojueil. [Ipu npoxoxkaenuu yepes
rOpeJIKy aproHa IpOINYCKaeTcsl MCKpa, CpbIBalollasi C aTOMOB aproHa HECKOJIbKO
3JEKTPOHOB. OTHU DJJIEKTPOHBI 3aXBAaTbIBAIOTCA MAarHUTHBIM TIOJIEM M YCKOPSIOTCA.
VYBenuueHne DHHEPruM DIIEKTPOHOB TaKUM HCIOJIb30BAaHMEM KaTyIIKM Ha3bIBAETCA
WHJyKTUBHBIM CBSI3BIBAHUEM. OTH 3JEKTPOHBI BBICOKOW SHEPTUU CTAIKHBAIOTCS 3aTEM C
JPYTMMH aTOMaMH aproHa, CpbIBas IOMOJHUTENbHBIE 3JIEKTPOHBI. Y 1apHasi HOHMU3AIMs Ta3a
aproHa IpoJoJKaeTcs B BUJAE LIENTHOM peakluy, IpeBpallas ras3 B IJIa3My, COCTOSLLYIO U3
aTOMOB aproHa, JIEKTPOHOB U MOHOB aproHa ¢ GOpMHUPOBAHUEM, TaK Ha3bIBAEMOI'0, pa3psa
C MHAYKTHBHO CBSI3aHHOM Iu1azMoil. Pa3psia 3aTem mojaepKuBaeTcsl B MpeAenax ropeiaku 1
KaTyIIKW Harpy3kKu C IOCTOSIHHOM mepenaded mMm sHepruum PU mocpencTtBoM mpornecca
MHIYyKTUBHOTO cBsi3biBaHUA. Paspan WCII mosiBasercs B BUAE OYE€Hb HWHTEHCUBHOIO
OpUIUIMaHTHO-0€JI0T0 B BUJE KAty pa3psiia. B ocHOBaHuM pa3ps MMeET BUJI TOPOUJIA, WU
(bopMy «MOHUMKA», TaK KaK HECYIIUH MpoOy MOTOK paCHbLIUTENS OYKBAJIBHO MPOTHIKAET
OTBEPCTHE B IIEHTPE pa3psana. Teno «IoHYMKa» Ha3bIBaeTcs o0sacThio nuuaykuuu (ON), Tak
KakK 3TO 00J1acTh, B KOTOPOH MMEeT MEeCTO MHAYKTHUBHaA nepenada PU sHepruu ot KaTyIIku
K Mmiasme. JTO Takke o0JacTh, B KOTOPOH HCIycKaeTcsi OoibImas 4acTh OEJIOro CBETa,
HA3bIBAEMOTO apPTrOHOBBIM KOHTHHYYMOM. [Ipo0Obl, kKak mpaBuUio, MEpBOHAYAIHLHO B BHJE
xuakoctu s BBoja B UCII pacnbpuisitores B BUAE a3po30Jis — Mellbyaiiiiero TymaHa us3
Karesnek oOpasia. A3po30ib 3aTe€M NMEPEHOCUTCS B LIEHTP IUIa3Mbl BHYTPEHHUM OTOKOM
aproHa (wiu pacneuisitomuM). @OyHKIMKM pa3psga Ha OSTOM  3Talleé  MHOTO3HAYHBI:
JIecoJIbBaTaIlsl, UCTIAPEHHUE TBEPIBIX YACTHUILL COJIM, AaTOMU3ALMS (3TU MPOIECCHI 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).

Onnum u3 Baxkubix npeumyiects MCII Hag ninameHamu U nedyaMmu sIBISIETCS HAJIUYUE
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
oxosio 6800 K. Baxxnoit ocooernnoctbro UCII siBnsieTcst BBox a’po3zosns yepes3 nentp UCIT u
BCJIEICTBUE OTOTO0 OKPYKEHUE €ro BbICOKOTEMIIEPATypHOM IUIa3MOM CpPaBHUTEIBHO
MPOJIOJDKUTENIbHOE BpeMs (2 mwmmucekyHbl). st monmydenust wHpOpManuu o Tpode
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U3MEpSIETCS CBET, UCIyCKaeMblil B IU1a3Me BO30YKIEHHBIMM aTOMaMH U MOHAMU. DMHUCCHUS
IU1a3Mbl  SBJISIETCA  MOJIMXpOMaruyeckoil. 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 rpaxyupoBku. B HCII BBogsTCs pacTBOpbl C W3BECTHBIMU
KOHIIEHTPALMAMU HCKOMOTO »JJIEMEHTAa, Ha3blBaeMble CTAaHIAPTHBIMH pPacTBOpaMHU, U
U3MEpSETCS UHTEHCUBHOCTb XapaKTEPUCTUUYECKOW AMHUCCHM JUIsl Kakaoro anemeHra. llo
9TUM HWHTEHCHUBHOCTSIM 3aT€M CTpOSTCS TpadUKH 3aBUCUMOCTH HMX OT KOHILEHTpalun
CTaHJIapTOB C IOCTPOEHHUEM ISl Ka)KJIOro 3JIEMEHTa IpaJlyupoBOYHOM KpuBoH. Ilocne
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
noswkHa B 100 pa3 npeBblaTh npeesisl 00HapyKeHUsl.

OOpatute BHHMMaHue Ha npeumyniecta wMerona HWCII-ADC mnepen apyrumu
METOAAMU: JUIsl TIOTY4YEHUsl TPaTyupPOBOYHON KPUBOM J10CTaTOYHO NMPOBECTH aHAIU3 TOJIBKO
JBYX pPacTBOPOB — (POHOBOrO M CTaHIAPTHOTO; Majoe Tpebyemoe pa3zbamicHHE 00pasia;
OJTHOBPEMEHHOE Olpe/ielieHne OOJBIIOro YHucia 3JEMEHTOB B IIMPOKOM JIMAra30He
KOHLIEHTpAllMi; MOTPEeIIHOCTh aHaju3a Haxoaurcs B obmactu 1 % U MeHblIe MpU
KOHIIeHTpauusax Oosnee yeM B 100 pa3 mpeBbIIAONMX TpeAena OOHapyKEeHUs; METO[,
BO3MO’KHO, UCTIBITHIBAET HAUMEHBIIIEE YHCIIO MIOMEX CPeld OOBIYHO UCIOIb3yEMbIX METO/I0B
AHAJINTUYECKOM aTOMHOM CIIEKTPOCKOIIUH.

Ocoboe BHuUMaHue oOpatuTe Ha mnpudOopHoe obecneyenue meroga WCIT-ADC:
pacHbUIMTENN aHAJIWTA, HACOChl, PpACHbUIMTENbHBIE KaMEphl, JpEHa)XKHas CUCTEMA,
albTepHAaTUBHBIE METOJABl BBOJA MpPOOBI, TOPENKH, pPaJMOYaCTOTHBIE TI'€HEPaTOpPHl,
nepearolas ONTUKA, YCTPOWCTBAa AMCIIEPTHPOBAHMs 10 JJIMHAM BOJH, JETEKTOPHI,
YCTPOICTBO 111 00pabOOTKM CHUTHAJOB — KOMIBIOTEPHl M IPOLECCOPHI, MPOTrPAMMHOE
obecrieyeHne, aBTo103aTopHbI.

K nmpubopam 11 BBojga npoO OTHOCSTCS pacHbLINTENN — NPUOOPHI, Mpeoldpasyromue
XKHUJKOCTb B a3p030Jib, KOTOPBII MEPEHOCUTCA B IJIa3My. BOJBIIMHCTBO IPOMBIIUIEHHBIX
HUCII — pacneumTeneid — MHEBMAaTHYECKOTO THUIIA: KOHIIEHTPUYECKHE, PACIBUIMTENIN C
MOTIEPEYHBIM TOTOKOM, pachblinTenb babuHrrona, pacneuiutens baOunrrona c V-
kaHaBkoil. Ilpu ynbTpa3ByKOBOM paclbUIEHHHM JKUJKas Mpo0a HakauuWBaeTcs Ha
KOJICONTIOLINICS TbE303JIeKTpUUeCKuid mpeoOpa3oBarens. Ero konebaHus IUCTIEPTUPYIOT
mpoOy B BHUJE TOHKOTO a3po30Jisi, TaK YTO O0Opa30BaHHE a’3pO30Js HE 3aBHCHUT OT TEUEHHUS
raza pacnbuiutenss. Heo6XonumMo 3HaTh JOCTOMHCTBA KaXKAOTO BUAA pacnbliuTenei. Tax

KK JUT MEDKEKIHH B TUIa3My MOXO/IST JTHIIb OYeHb MEJIKHE KaIlmi aspo3ois (okomo 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

HNEePUCTATBTHYECKHM HACOCOM TPYOKH.
AJNbTepHaTUBHBIE METOIBl BBOJAA TMpPOOBI — TeHepalus TUAPUAOB: IMpoda B
pa30aBIEHHOI KHCIIOTE CMEIINBACTCS C areéHTOM-BOCCTAHOBHUTENEM, OOBIYHO C PAacTBOPOM
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Ooporunpuaa HaTpusi B pa30aBICHHOM THAPOKCHIE HaTtpus. B peaknuu Ooporumpuma c
KHCJIOTOW 00pa3yercsi aToMapHbIi BO0po1, KoTopeiid 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 yacTeio mpubopHoro obecneuenuss merona UCII-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€HLUAIbHO BOKPYr Kamepbl. OjHa u3
GyHKIUE 3TOr0 rasa — OXJIaXJCHHE KBApIEBBIX CTEHOK TOPENKH; 3TOT Tra30BbIA MOTOK
HA3bIBACTCSl BHEIIHUM Ta30BBIM MOTOKOM (pacxox ero 7-15 n/mmnu.). Kamepa wmexmy
BHEUIHUM U BHYTPEHHUM 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
nHxkekTop. 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
JIMH3aMU WM BOTHYTBHIM 3€pKajlioM. JTa ONTHKA 3aTeM (POKycupyeT u300pakeHue IIa3Mbl
Ha BXOJHYIO LIENb JUCIIEPIUPYIOLIETO YCTPONCTBA WIIM CIIEKTPOMETPA.

Crnenyronuit mar UCII-ADC pasznuueHne >MHUCCHH OAHOTO AJIEMEHTa OT SMUCCUU
Apyrux siaeMeHToB. OHO MOXeT OBbITh pealn30BaHO JU(PPAKIUOHHOW pEIETKON WU
Omerie pemérkoir. OTpakarenbHas AUGPaKIUOHHAS PEMIETKAa — 3TO MPOCTO 3E€PKAIO C
ONMM3KO  PACIONIOKEHHBIMH ~ JTUHUSIMH, pAacuepueHHBIMM 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 M 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
oTpeAeNIEHHYIO JUIMHY BOJHBI U AJISl ONPEeIEHHOTO MOpsiiKa, OOBIYHO — MEPBOro. DIIesuie
pemérka MMeeT OTIMYHOE pa3pelleHHe, Tak Kak B HEeW MCIOJb3yITcs O0ObIYHO Ooiee
BBICOKHE CIIEKTPaJIbHbIE MOPSAKH, YTO MIPUBOJIUT K YMEHBILIECHUIO TabapuToB npudopa.

Jlia npencka3syeMoro paszaesieHus MoJUXPOMATHYECKOTO CBETA PEIIETKA BKIKOYAETCS
B Npubop, Ha3bIBaeMblil criekTpoMeTpoM. DYHKIUSA ClieKTpoMeTpa: (GopMHupoBaHUE MydKa
CBETa, Pa3JIOKEHHE €ro PelmETKON Mo JUIMHAM BOJH, (POKYCHpPOBAHUE AUCIEPTHPOBAHHOTO
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 PemeETKU COCTOUT
NEPBOHAYAIBHO M3 JUIMH BOJIH, NPEICTABISAIOIIMX CBET, WCIYCKAeMBbId TaHHBIM BUAOM
2JeMeHTOB. Tak ke, KaK My3bIKaJIbHBI MHCTPYMEHT CO3/aéT rapMOHUKU 3BYKa, pemIéTKa
CO3J1aET TApMOHUKHU CBETA, Ha3bIBAEMbIE CIIEKTPAIbHBIMU TOPSIIKAMHU.
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MHOro31eMEHTHBI aHAIU3 — HU3MEPEHHE KadecTBa M KOJMYECTBA HECKOJIBKUX
JJIEMEHTOB B OJHOM oOpasne — peanusyercss C OOBIYHBIMH JHCIIEPTUPYIOIINMHU
YCTPOHCTBAMM JIByMsI OCHOBHBIMHM CIOCOOAMM: MPHU MOMOILM MOJUXPOMAToOpa (B OAHOM U
TOM JK€ CIIEKTPOMETPE HCIOJB3YIOTCS Ha BBIXOJE MHOXECTBO LIEIEH U JETEKTOPOB; JUIS
OOBIYHBIX MOJMXPOMATOPOB CaMOM MOIYJIAPHONM KOHCTpYyKIMeH sBisercs y3en [lamena-
PyHre; Takoil ClIEKTpOMETP COCTOUT M3 BBIXOJHOM ILEIU, BOTHYTOW PEIIETKH U MHOXKECTBA
11ee Ha BBIXOJE, PACIOIOKEHHBIX 110 OKPY>KHOCTH, Ha3biBaeMoil kpyroMm Poynanna) win
MOHOXpOMaTOpa, KOTOPBIA HMCIOJIb3YyETCS B MHOTOIEMEHTHOM aHAJINW3€ C MPUMEHEHHEM
OBICTPOr0 CKaHMPOBAHHUS OT OJHOM JIMHUM SMHCCUH K JIpyroil. OTOT mpolecc peainsyercs
00 M3MEHEHHEM yria TU(PAKIIMOHHON penIéTke e€ BpalleHHEM, WU JI TIepeMeICHIEM
JIE€TEKTOpa B MJIOCKOCTH LIETM MOHOXPOMATOpPa NMPpH (GPUKCUPOBAHHOM I1OJIO)KEHUH PELIETKH.
B 0Ob4HBIX MOHOXpOMAaTOpax, Kak MpaBUJIO, HCHONB3YIOTCS y3ibl UepHbi-TepHepa u
D6epTa. OTH KOMIAKTHBIE CIIEKTPOMETPBl UIMEIOT BXOJHYIO IIEJIb, INIOCKYIO PEIIETKY, OJHO
(D6epra) unu nBa (Yepusi-TepHepa) 3epkana isd KOJUIMMUPOBAHUA W (OKYCHPOBAHUS
CBETa M OJIHY BBIXOJHYIO WIeNb; KOJUIMMATOp — YCTPOHCTBO, (opMupYyIOlLIee Yy3KUi
MapauIeabHbIA MyYOK JyYel WX YacTHULl. BOJIBIIMHCTBO MOJE3HBIX AaHATUTHUYECKUX JTUHUN
smuccun UCIT-ADC nexut B quamnazone 190-450 um.

[locne BbIENEHUS CIEKTPOMETPOM HaAJEKAIEH JIMHUKA SMUCCUH ISl U3MEpEeHUs eé
MHTEHCUBHOCTU MCIIOJB3YETCs IETEKTOP C COOTBETCTBYIOLIEH AJIEKTPOHMKOW. JleTekrop —
YCTPOICTBO B U3BMEPUTENILHOM IIpUOOpE, CiryXkallee sl pa3InyHoro poja npeoOpa3zoBaHUi
JIEKTPOMArHUTHBIX Kosebanuil. Jlo cux mop Haubosee MIMPOKO MCHOIb3YEMbIM
nerektopom B MCII-ADC sBmsiercs ®DY. ®DY — 310 BakyymHas TpyOKa, KOTOpas
COJIEPKUT CBETOUYBCTBUTENBHBIN MaTepHrall, Ha3blBaeMblil (HOTOKATOIOM, BIOPACHIBAIOLIHI
AJIEKTPOHBI TpU yAape Mo HeMmy (OTOHA CBeTa. OTH DIIEKTPOHBI YCKOPSIOTCS TI0
HaNpaBICHUIO K JAMHOLY M BBIOMBAIOT OT JBYX JO ISATH BTOPUYHBIX 3JIEKTPOHOB.
BTopuuHbie 351EKTPOHBI YAAPSIOT MO CIAEAYIOIEMY AUHOAY C JOMOJHUTEIbHOW MHKEKINEH
3JIEKTPOHOB, BBI3BIBAIOIIMX Ha CBOEM IyTH MHOXeCTBEHHBIH 3(dext. Tunnunsii OOV
coliepKuT oT 9 no 16 auHOAHBIX KackaaoB. Ha KOHEYHOM 3Tame BTOPUYHBIE 3JIEKTPOHBI
cOOUpAIOTCA AHONOM, MOXeT ObITh cobpaHo m0 10° BTOPHMUHBIX >7EKTpOHOB. 3aTeM
U3MepseTcsl JJEKTPUUECKUH TOK aHO/Aa, KOTOPBIM MPEACTABISET OTHOCUTEIbHYIO MEpY
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 paspenieHreM — ¢poroanoanas marpuna (PJIM — PDA), ycrpoiicTBo
¢ umkekiuen 3apsma (YU3 — CID) u ycrpoiictBo cBszannoro 3apsga (YC3 — CCD).
VYerpoiictBa YU3 n YC3 ocHOBaHBI Ha CBETOYYBCTBUTEIBHBIX CBOWCTBAX KPEMHHUS H
MPUHAIIIKAT MHUPOKOMY Kiaccy ycTpoHCTB ¢ mepeHocom 3apsima (YII3 — CTD). brok
CBEPXYMCTOIO KPEMHHUS COCTOMT M3 KPEMHHUEBOM IOAJIOKKH, Ha KOTOPOM BBIpAIIMBAETCS
M30JIMPYIOIIMN CJI0M Juokcuaa KpeMHus. Kaxaplii aToM KpeMHUS B MOJJIOKKE CBSI3aH C
COCE/IHUM aTOMOM KpeMHUs B TpEXMepHOM pemérke. CBsi3b KpEeMHUI-KpEMHHIM MOXKET 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
HA4YMHAIOT IBUraThCs B APYTOM HalpaBICHUH, WU B HAIIPABICHUH 3JIEKTPUYECKOIO OIS, U
OCTaBJIAIOT O00JIaCTh, OOCIHEHHYIO TOJOKUTEIBHBIMU 3apsAfaMd. OJTO TeEpeaBHKEHHUE
JJIEKTPOHOB B IIpeAeiiaX KPUCTAUIMYECKOM PEIIETKH CO3MaET TOK, NPONOPLUOHAIBHBIN
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KOJMYECTBY IMOMAaBIIUX B CTPYKTYpy (oToHOB. To ecTh, ueM Ooubliiee KOJUYECTBO CBETA
MOTJIOIIAETCS KPEMHHUEM, TeM OOJbIIe 3JIEKTPOHOB 3aXBAThIBACTCS CIIOEM JIMOKCHIA
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 3apsga oH paspymaercs. CrenoBatensHo, YC3
Ha3bIBA€TCsl IOCJEN0BATEIbHOM pa3pyliarolell cucreMord utreHus. B mocnenHee Bpems
MOSBWIICA HOBBIM THII JETEKTOpa — JETEKTOp C CErMEHTHPOBAHHOM MaTpuled 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 ObITh OBICTPO 3ampolieHa B J000# mociemoBaTenbHOCTH. Kpome Toro,
JIETEKTOp C CETMEHTHPOBAHHON MaTpullei 001aiaeT XOpOLIMM OTKIMKOM K cBeTy oT 160 110
782 aMm.

OOpalOoTka CHUTHalOB: DJEKTPUYECKHH TOK, HU3MEpeHHbIH Ha aHoge 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
ynyumeHHbIME JieTekTopamMu YU3 u YC3 co3maéres «MOMEHTANBHBIM CHUMOK» 00J1acTH
JUIMH BOJIH M BCE MHTEHCHUBHOCTH B Npejenax 3Toi obsacTu mpeolOpa3yrorcs B HU(PPOBYIO
MH(OPMALIMIO U MOTYT OBITh 3alMCAaHbI B MaMATh JUIsl IOCTOSIHHOTO XpaHeHus. BaxkHas yacTb
mo60it UCIT-ADC cucteMbl — BCTPOSHHBIN B pUOOp yHpaBisiomuil koMnbeloTep. Bo Beex
npubopax UCII-ADC, oaHako, UCNOIb3yeTCS BHEHIHUM KOMIBIOTEP, B3aUMOAECHCTBYIOLINI
CO BCTPOECHHBIM KOMIIBIOTEPOM U JICHCTBYIOLINM 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 mnobonbme — a0 300-500 mpo6. ['maBHast QyHKIMS aBTONO03aTOpPa — OCBOOOIUTH
QHAINTHKA OT MEPEeKIIOUEHUs BPYUHYIO TpyOOK BBOJa MHpoOBI OT OJIHOTO pPacTBOpa K
npyromy. Ilocnenneit pa3paboTKOM SBIISETCS aBTOA03AaTOP AJIs pabOThI C MAIBIMU 00BbEMaMU
npo6 (J'1 man m menbme). C mpubopamu HUCII-ADC  TakkKe IIUPOKO HCIOIB3YOTCS
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pazHoOOpa3Hble NPUCTAaBKU BBOAA Mpo0, TakWe Kak YJIbTPa3BYKOBBIE PACIbUIUTENH,
pacTbUIMTENN TPSIMON HWHXKEKIIMH, TeHEepPaTopbl THAPHUAOB, TPAUTOBBIE TEUM 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 momexu B metone MCII-ADC, yto mpuBOIuT K
OTIIMYMIO CUTHAJla OT aHajiWTa B mpo0Oe OT CHUrHalla aHaauTa TaKOM K€ KOHILEHTpaluu B
rPalydpOBOYHOM pPAacTBOpE: TIOMEXH CIEKTPAJIBHOTO MPOUCXOXKACHUS M  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, CBSI3aHHBIM C MPUTOTOBJICHHEM OOpa3lloB M KOPPEKIMEH moMeX
ABIIIETCS COrJlacoBaHMe MaTpuil. B ciydae, korja MaTpuIlbl CTaHIApTOB U 00pa3ioB
COBEpPIICHHO pAa3JM4YHbl M HE TMOJJIAIOTCA COTJaCOBAaHUI0O W HUMEET MECTO I[oMexa,
UCIIONIB3YETCSI METOJ, Ha3bIBaeMbIi 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 merononorun MCIT-ADC sBastoTcss pexkuM pabOThl U U3MEpPEHUS
smuccuu. Kaxapiii mpubop MCIT-ADC umeeT nBa CTaHIAPTHBIX peKUMa pabOThl — OJIUH JIJIst
BOJIHBIX PacTBOPOB, JPYTroi — JIsl OpraHu4ecKuX pacTBopoB (Tabdm. 1).

BaxapIM mapaMeTpoM aHaimM3a MOXKET OKa3aThCsl BPEMsSI UHTETPUPOBAHMS, A BPEeMS,
pacxoayemMoe Ha HM3MEpEeHHE WHTEHCHBHOCTH SMHUCCHH M KaXKIOW UIMHBI BONHBL [lpu
BBIOOpE MJTMH BOJIH I M3MEPEHUS HMHUCCHU DJIEMEHTOB AaHAJINTA PYKOBOJCTBYIOTCS
HECKOJIbKUMH KPUTEPHUSIMU: JUIMHBI BOJH JOJDKHBI OBITH JOCTYIHBI JJISI HMCIOJIB3yEeMOTO
mpudopa; MOJDKHBI COOTBETCTBOBATH KOHIICHTPAIMSIM OMPENETISIEMbIX DJIEMEHTOB; TPHUPOIE
MPOUCXOXKACHUS JTUHUU IMHUCCHUM;, ITUHBI 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
OTpeeNIEHHYIO JUTMHY BOJHBI U BBHITIOJHEHHE W3MEPEHHM TOJIBKO Ha 3TOW JJIMHE BOJIHBIL.
CymecTByeT TpeTHil Cmoco0, KOTOpPHI OCHOBaH Ha HCIOJB30BAHUM  YIIYYIIEHHBIX
JNETEKTOPHBIX cucTteM Ha ocHoBe »omemne, YU3, CCI. Otu npubopsl HU3MEpSIOT U
3aMKCHIBAIOT OJHOBPEMEHHO 3MHCCUIO OOJBIIMHCTBA CIIEKTPAIBHBIX JIMHUWA U CBS3aHHBIN C
HumHu (oH, ucmyckaemsiii CII.
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Tabmuma 1

Pabouwnii mapamerp Bonnbie Opranuueckue

pacTBOpPHI pacTBOpEI
BY momuocTh (KBT) 1,0 15
Bremnuit motok aprona (Ji/MuH.) 12,0 15,0
[TpomexyTOUHBIN OTOK aproHa (JI/MuH.) 1,0 2,0
BryTpennuii moTok aprosa (J/MuH.) 1,0 0,7
CKOpOCTh pacnbuieHus! (MJI/MUH.) 1,0 0,7
BricoTa 0630pa (MM HaJl BATKOM KaTYIIIKH) 15,0 15,0

HemanoBaxunoe 3Hauenue wumeer ycrpaneHue nomex B HCII-ADC. Ilomexu
HOJpPA3JeNAI0TCA Ha 4YeThlpe KaTeropuu: mpocroi apeild ¢ona, apeiid HnHakinona dona,
npsIMOE  CIIEKTPaIbHOC HAJIOKEHUE, CIOXHBIA apeid ¢ona. IIpocroit npeiid dona
ornpenensercss Kak apei MHTEHCUBHOCTU ()OHA, KOTOPBIM MOCTOSHEH B JJAHHOM JMaIla30He
no o0euM cTopoHaM JUHUM aHanuTa. [IpuunHOlN npeiida HakiIoHA (OHA OOBIYHO SBISETCS
HaJINYME OYEHb MHTCHCUBHOW aTOMHOW WJIM MOHHOHM JIMHMM SMMCCUM, YIIUPSAIOLICHCS Win
BBICOKOM KOHIIEHTpalLMeH JIEMEHTa B Ipo0e WM HATMYMEM 3JIEKTPUUECKUX T0JIeH B IIa3Me.
Hpyroii npuunHoii aApeiida HakIoHa (OHA SBIAIOTCS MOJIEKYJIIPHBIE 30HBI SMUCCHM, MHOTA
npucyrcTBytomue B paspsae MCIL. Ilpsmoe cnekrpaiibHOE Hallo)KeHHE OOYCIIOBJIEHO TEM,
YTO KaX/las CIEKTpajbHas JIMHUSA MMEET KOHEUHYIO CIEKTPAJIbHYIO IIUPHUHY, U TEM, UYTO
U3MEpUTENIbHbIE CUCTEMbl HE COBEpIIEHHBI. M3Mepsiemblll E€TEKTOpOM CBET (aKTUUYECKU
UCXOJUT U3 MaJoi o6sacTu JuinH BoJH. Cie10BaTenbHO, He CYIIECTBYET U3BECTHOTO CcIIoco0a
HaO0JI0/IaTh OJHY U TOJBKO OJIHY JJIMHY BOJIHBI cBeTa. M3-3a 3TOro orpaHudeHusi MOKET
0Ka3aThbCs, YTO JIBE JIMHUU NIEPEKPBIBAIOTCS, €CJIM OHU HaXOJATCS B CIIEKTPAJILHOM JIMAIla30He
cnektpoMerpa. Crnoxsblil apeid ¢ona mpencrasnsercs IpepoM HMHTEHCUBHOCTH (OHa,
3HAYUTEIbHO M3MEHSIOIUMCS MO0 00eUM CTOpPOHAM JIMHUM aHajduTa. JTa momexa OObIYHO
BBI3bIBAETCS MOSIBICHUEM PsAJIa UHTEHCUBHBIX, TECHO PACIIONIOKEHHBIX JTUHUA BOIH3H JUIMHBI
BOJIHBI aHAJUTa M, BO3MOXKHO HENOCPEICTBEHHO €€ mepekpbiBaomux. Kpome Toro,
CYLIECTBYIOT el U aOCOPOLIMOHHBIE TOMEXHU: YaCTh AIMUCCUM aHAJIMTA MOTJIOUIAeTCs, epe]
TEM Kak momacth B Jerekrop. CyliecTByeT JABe HNPUYMHBI aO0COPOIIMOHHBIX IOMEX:
norjouieHue sMuccud Huxke 190 HM KHCIOpOAOM IpH OTCYTCTBMM BakyymMa WU B
CHieKTpoMeTpe 0e3 MPOyBKH; CaMOIOTJIOLICHNE, KOT/1a KOHLIEHTPALMs 3JeMeHTa ¢ CHIIbHOU
OMUCCUEN BBICOKA.

IIpn wn3yvyenun Ttembl Ne 10 «ATOMHO-aOCOpPOLIMOHHBIM CHEKTpalbHBIM aHAIU3:
(duznyecKrue OCHOBBI, UICTOYHUKH PE3OHAHCHOTO M3IIyYeHHsI. ATOMH3AIMS MPOObI B TJIAMEHN
HaJI0 YCBOUTH, YTO aTOMHO-a0COpPOIIMOHHBIN aHanu3 (AAA) — METOJI SJIEMEHTHOT'O aHaIN3a U
UCCJIEIOBaHMsI BEIIECTB W MaTepHajoB [0 AaTOMHBIM CHEKTpaM mnorjomeHus. Jlus
HaOJIOZIEHUsT 3TUX CIEKTPOB dYepe3 aTOMHBIM Mmap MpoObl MPOIMYCKAalOT BUAMMOE WIH
yibTpaduoeTOBOE HU3JlydeHue. B pesyibTare MoriomeHns KBaHTOB U3IYUYEHHS AJIEKTPOHbI
aTOMOB NEPEXOJAT C HUKHUX SHEPreTUYeCKUX YPOBHEH Ha BO30YkIEHHBIE. DTUM IepexoiaM
B @TOMHOM CIIEKTPE COOTBETCTBYIOT TaK Ha3bIBA€MbI€ PE30HAHCHBIE JIMHUU, XapaKTEPHbIE JIJIs
JaHHOTO  »nemeHta. (OOparure BHUMaHME€ Ha  JIOCTOMHCTBA  METOJA:  BBICOKas
m36upatensHocTh. Huskue mpenenst obmapysxkerus (1074-107 Mkr/ma s pasHBIX THIIOB
aTOMM3AaTOPOB), XOPOIIasi BOCIPOU3BOIUMOCTb (OTHOCUTEIBHOE CTaHAAPTHOE OTKJIOHEHHE <
1%), BBICOKas CTETNEHb aBTOMATH3AIMH, OOJbINAas MPOU3BOAUTEIBLHOCTE (0 500
OIIpE/ICIICHUH B Yac).

B pesynbrare ceneKTHBHOrO MOIJIOIIEHUS CBETa HAa 4aCTOTE PE30HAHCHOIO Iepexoa
MHTEHCUBHOCTh MPOXO/AIIEro IMy4yKa CBETa Ha 3TOW YacCTOTE 3KCIIOHEHLUAIBHO YObIBAeT MO
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3akoHy byrepa — Jlambepra — bepa: | = loexp (-kil), rae lo u | — uHTEHCHBHOCTD MaarOMIETO KU
NPOILICIIEr0 M3JIyYCHUH COOTBETCTBEHHO; Ky — KOI(QUIMEHT TMOINIONeHNsT CBeTa
CBOOOAHBIMU aToMamu; | — TosmrHa morormaIero cios. [IoMHuTe, YTO TSI MPAKTUUECKUX
1eJIel OJIBb3YIOTCS 3HAYEHHEM ONTHYECKO# IoTHOCTH aroMHoro mapa: A = Iglo/l = kL Ige =
aN, rie a — koapdunmeHt nponoprmoHaIbHOCTH, N — KOHIIEHTpalus CBOOOAHBIX aTOMOB, { -
TOJIIIMHA TorJiomaromiero cios. Jlanee popmupyercs npeacraBienue o GpakTopax yUIMpeHHs
CHEKTPAJIbHBIX JIMHUH: €CTECTBEHHOE, JIOPEHTIEBCKOE (00YCIIOBIMBAECTCS CTOJIKHOBEHUEM
YacTUIBl C JPYT'MMH 4YacTUIAMH) M JIOTUIEPOBCKOE (0OYCIOBIMBAETCA XaOTUYECKHM
TEIUJIOBBIM JIBU’KEHHUEM aTOMOB) YIIIUPEHUSI.

BaxHO ycBOWTH, YTO AaTrOMHOE IMIOTJIOMIEHHWE (B OTIMYHE OT MOJEKYJISIPHOTO)
HaO01aeTCsl B OYEHb Y3KOM oOjacTu crekTpa (WIMpUHA JTUHUI MOTJIOUICHHS] COCTaBISET
Bcero 0,001-0,01 um). TTosTomy st u3mMepeHust abcopOIMU B LIEHTPE TUHUH CIOW aTOMHBIX
NapoB  IPOCBEYMBAIOT MOHOXPOMATUYECKUM IIyYKOM CBeTa C JUIMHOM  BOJIHBI,
COOTBETCTBYIOIIECH IEHTPY JIMHUU. J[JIsl 3TOTO MCIONB3YIOT HCTOYHUKH JIMHEHYATOTO CIEKTpa
TOTO K€ DJIEMEHTAa, KOHIEHTPAILMI0O KOTOPOro OMpelessitoT. B kadecTBe MCTOYHMKA CBETa
MCIOJIB3YIOT Ta30pa3psaHbIe JIaMIIbl HU3KOTO AaBJIeHUs (TJICIOLIUM pa3ps] B IOJOM KaToJE,
BBICOKOYACTOTHBIN 0€337eKTpOoaHbIN pa3ps). [lormomaronuii ciaoi aTOMOB CO3/1a0T 3a CUET
UCTIAPCHHUS HABECKH TPOOBI MpH aTMOCHEPHOM WM JaKe MOBBIIICHHOM JaBJICHHH.
@DaKkTUYEeCKH TMpPUMEHEHHE JIMHEHYaThIX HCTOYHUKOB CBETa IIO3BOJISIET TOBBICUTH
YyBCTBUTEIHLHOCTh aTOMHO-a0COPOIIMOHHBIX M3MEPEHHI HE MEHee 4eM Ha JBa MOopsjaKa 1o
CPaBHEHHMIO C HUCTOYHMKAaMHU CIUIOIIHOTO crekTtpa. Oco0o creayer OTMETHThb, YTO MpHU
UCTIOJIB30BaHUM JIMHEHYAaTOr0 MCTOYHHKA OTIAAAaeT HEOOXOAMMOCTh B IPHUMEHEHHH
CHEKTpaJIbHOTO Tpubopa C BBICOKOM pa3pemaronieil crnocoOHOCThIO. MaKCUMYMBbI
HSMHUCCHOHHOM 1 aO0COpOLMOHHOMN JMHUNA 110 BO3MOKHOCTH JIOJKHBI COBNAJaTh (UTO ObIBAET
OUYEHb PEAKO), a MIMPUHA dMHCCUOHHOW JIMHUUM MHOTO MEHbIIEe MIMPUHBI aO0COpOIMOHHON
auHuKM. OOpaTUTe BHUMaHUE Ha NPUHIMIIMAIBLHOE OTJIIMYME METO/I0B aTOMHON a0copOIuu OT
aTOMHOW dMHUCCHUU:

1. Jns atomu3anuu TpoObI, T. €. IpeBpalleHus e€ B map J0CTaTOYHa TeMIlepaTypa
2500-3500 K. B sTom TeMmepaTypHOM HHTEpBaje MOUTH BCE aTOMbI HAXOASTCS B OCHOBHOM
COCTOSIHMH. 3aCeIEHHOCTh OCHOBHOTO YPOBHS, a CJI€I0BATEIbHO, U CUTHAN adcopOuuu ciadbo
3aBUCAT OT Temreparypel. B abcopOium HabmogaroTcs TJIaBHBIM 00pa3oM pe30HAHCHBIE
Nepexo/bl, T. €. aTOMHBIE CIEKTPHI MOTJIOMICHUS COJIEp)KaT TOpa3[0 MEHBIIE JUHHUNA, YeM
CHEKTPBl IMUCCUHU. DTUM 00ECIIEUUBAIOTCS BBICOKAs! CEJIEKTUBHOCTh METOJIa U BO3MOXKHOCTb
UCTIOJIB30BaHUSI CPABHUTEIBHO TPOCTBIX MOHOXPOMAaTOpPOB B KayeCTBE CIIEKTPAIHLHOTO
npubopa.

2. 1511 TaMII ¢ TIOJIBIM KaTOJIOM M BBICOKOYACTOTHBIX JIAMIT TAK)KE XapaKTepHBI BEChMa
IPOCThIE CIEKTPbI, MMEIOLIME K TOMY e Maiblii (OH. DTO JONOJHHUTEIBHO CHIDKAET
TpeOOBaHUS K pa3pelIaroniei crnocoOHOCTH CIEKTPATILHOTO Mpudopa.

3. B aromHo#l abcopOuuu u3MepseTcsi OTHOCHTEIbHOE H3MEHEHHE CHTHajla OT
UCTOYHUKA CBeTa J0 U IOCIE €ro MNpPOXOXAECHHUS uepe3 IOMIOMAIMNNA CIoH, a He
abcomoTHOE 3HAYeHWe CurHaia. bnaromaps 5>ToMy  CHUXKAlOTCS  TpeOOBaHUS K
pEerucTpUpyIOLIeH anmapaType, a TakKe OTaaeT HeoOXOIMMOCTh YUéTa TaKuX MapaMeTpoB,
KaK CBETOCHJIA, IIUPHUHA MIETH U AMCIEPCUsl CHEKTPaJIbHOro Mpudopa, YyBCTBUTEIBHOCTD
IIpUEMHUKA CBETA.

LleHTpasibHBINA BONPOC 3TOM M3y4aeMOM T€Mbl: HCTOYHUKH PE30HAHCHOTO M3JIyUEHHS.
Kak y>e Op110 cKa3zaHo, A1 u3MEpeHus: CurHaia abcopOmuy HeoOX0IUM BHEITHUN MCTOYHUK
u3nydeHus. Jlydine Bcero A 3TOM LEIM MOAXOJUT HMCTOYHHMK JIMHEHYaToro Crekrpa —
paspsaHbie TpyOku, uinu jamibl ¢ monbiM Katogom (JITIK), u Oe3dnexkTpoaHble JIaMIibl C
BBICOKOYACTOTHBIM BO30YXJICHHEM, XapaKTePU3YIOIIUECS Y3KUMH JIMHHUSIMH HWCITYyCKaHUS
(~0,001 ©M). VMCTOYHMKHM CIUIONTHOTO CIEKTpa dYalle HCIOJB3YIOTCS B CHCTEMax yuéra
HECEJIeKTUBHOT'O MOTJIOIIEeHUs (B KoppekTopax ¢ona). Heo6xoamumo 3HaTh yCTPOUCTBO BBIIIE
HA3BaHHBIX MCTOYHHUKOB PE30HAHCHOTO M3Iy4YeHHMs] M MEXaHHW3M BO3HUKHOBEHHS
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SMUCCHOHHOTO CIEKTpa HYKHOTO 3JieMeHTa. OOpaTtuTe BHUMaHHUE, YTO AJIS Psiia DJIIEMEHTOB
(As, Rb, Cs, P) 6e331eKkTpoiHbIC JIaMITbl SBJSIOTCS JIYYIIMMHA HCTOYHHUKAMH PE30HAHCHOTO
U3JIy4ECHHUS.

[Tpu m3ydenun Bormpoca « ATOMHU3AIMS MPOOBI B IUIAMEHW» MPEXKIE BCEro, 0OpaTHTe
BHUMaHUE Ha NMPUHIUIHAIBHYIO CXEMY OJHOIYYEBOrO U ABYXJIYYEBOI'O CIIEKTPOPOTOMETpA.
B onmHOmyuyeBOM crekTpo(OTOMETpe CBET OT MCTOYHUKA PE30HAHCHOTO H3IIy4eHUs,
MIUTa€MOI'0 HUMITYJIbCHBIM TOKOM, IMPOMNYCKAKT dYepe3 IUIaMs, B KOTOPOE€ BIPBICKUBAETCSA
MEJIKOAMCIIEPCHBINA a3p030JIb pacTBOpa MpoObl. B miiaMeHn 4acTHUKH a’po30J1sl UCHIAPSIOTCS
U JUCCOLMUPYIOT, 00pa3ysi CBOOOAHbBIE aTOMBI, CIOCOOHBIE TOTJIOMIATh CBET Ha PE30HAHCHBIX
JUIMHAX BOJH. B pe3yipraTe aroMHOrO NOIJIOUIEHMs] HadajlbHas MHTEHCUBHOCTh CBETOBOTO
nyuka lo cHmkaercsa IO HEKOTOpPOW BeiaMuYuHBI |, 3aBUCSAIIEd OT KOHUEHTPALUU JaHHOTO
3JIeMEHTa B MpoOe. MOHOXpOMAaTOp BBLIETSET Y3KYI0 001aCTh CIEKTpa (0 HAaHOMETpa), B
KOTOpYIO IMOMNaJaeT HyXHas aHanuTtuuyeckas JuHusA. [Ipuémuuk cera (00biyHO DIY)
MPEBPAILAECT CBETOBOM NOTOK B DJJICKTPUYECKHW CHUTHAJ, KOTOPBIA IIOCIE YCHIICHUS
BOCIIPUHUMAETCS PErUCTPUPYIOLIUM YCTPOHWCTBOM. B KauecTBe MOCIEAHErO MPUMEHSIOT
camorucel, TH(GPOBO BOJIBTMETP WM CTPEIOUYHBIA TPHOOp. IHTEHCHBHOCTh PE30HAHCHOTO
U3IyYEHUsT U3MEPSIOT JABAXKIbl — JO paclbUIeHUs MpoObl B IjamMsi M B MOMEHT €&
pacnblieHus. Pa3HOCTH 3THX JBYX OTCUETOB U ONpEJENseT 3HAUEHHE AHAJUTHYECKOIO
curnana. B nByxirydeBoM crieKTpoOTOMETpe MEePBUYHBIN MyYOK PE30HAHCHOTO H3ITYUYCHHS
JEeIUTCS Ha JBa, OJUH M3 KOTOPBIX Jajiee MPOXOJUT 4Yepe3 aTOMMU3aTOp, a BTOPOH —
HampaBlseTcss B 00X0J Hero. 3areM 00a Mydyka MONEPEMEHHO HAIpPaBIISIIOTCS HA BXOJHYIO
mieJb MOHOXpoMmaropa ® moouepénuo (Omaromapst cuBury 1o ¢ase) AETEKTUPYIOTCS,
YCUIIMBAIOTCS U CPAaBHHUBAIOTCS JIPYT ¢ ApyroM. Ha BbIxoze Takoro mpuOopa OTCUUTHIBACTCS

. 1
HEINOCPE/ICTBEHHO 3HAYEHHME ONTHYECKOH IUIOTHOCTH A = lg 70 ['maBHBIM mpenMyIIECTBOM

JBYXJTy4EBOTO CIIEKTPOPOTOMETPA CUUTACTCS JIyHIlasi JOITOBPEMEHHAsI CTAOMIIbHOCTD.

Jlanee u3yyaroTcs THUIMBI TUIAMEH M HMX CTPYKTypa: COCTaB CMECH M COOTHOIICHHE
KOMITIOHCHTOB, ONTHMAJBHBIA pacxoj TOIUIMBA W  OKUCIHTENS, NPUOITH3UTEIHLHYIO
TEMIEpaTypy IJaMEHH, CKOPOCTh TOPEHHs, CTPOCHHE JaMHUHapHOro IuiameHu. [lmams —
€MHCTBCHHBIN THIT AaTOMH3aTOPa, B KOTOPOM 00pa30BaHHUE CBOOOIHBIX aTOMOB IPOUCXOJIUT B
pe3ynbTaTe SK30TePMHYECKUX OKHUCIUTEIhHO-BOCCTAHOBUTEIBHBIX PEaKIUi, C ydacTheM
ra3000pa3HBIX TOIUIUBA W OKHCIUTENSA. [[OMHUTE, YTO BO3IYNIHO-AaIETHIICHOBOE ILTAMS
0ecroie3Ho MPUMEHSTh K 3JIEMEHTaM, Y KOTOPBIX YHEPTrHs CBSI3U METAII-KUCIOPO] BBIIIE 5
5B (Al, Ta, Ti, Zr u gp.). [lnamst «Bo3ayX-ameTuiIeH» 00Ja1aeT BHICOKOM MPO3PAaYHOCTHIO B
obnact muuH BoaH Oostee 200 HM, ciaboi cOOCTBEHHONM HSMHCCHEH M 00ecCIIeurBaeT
BBICOKYIO 3((heKTUBHOCTh aTOMHU3auu 6osee yeM 30 371eMeHTOB.

[leHTpanbHBIM BOMIPOCOM TEMBI SIBISETCSA «YCTPOIMCTBA AJIS MOJTYYSHUS adPO30JEii.
B Hacrosimee Bpemsi pa3paboTaHBI JCCSITKH KOHCTPYKIIMH PaCHBUIUTCIBHBIX YCTPOWCTB,
OCHOBHBIMH W3 KOTOPBIX SIBIIIIOTCS MHEBMATHYECKHE U YIBTPA3BYKOBBIE IUCIIEPraToOpBI,
obecreunBaroIie MpeoOpa3oBaHUE JKUAKOCTH B O00OJIAKO MEJIKHUX a’pO30JIbHBIX YaCTHII
pa3MepoM B HECKOIbKO MHKPOMETpOB. Bce 3Tu ycTpoiicTBa paboTaloT B KOMILIEKCE C
COOTBETCTBYIOIIEH Tropenkod. CHCTeMa paclbUIMTENb — TOpeJKa SBIAETCS IEHTPaJIbHOU
YaCcThI0 YCTAHOBKH IS IJIAMEHHOTO aTOMHO-a0copOIinoHHOro aHami3a. OT kauecTBa paboThI
3TOTO y3J1a 3aBUCUT Ka4eCTBO AaHATUTHICSCKUX U3MEPCHHU.

Haubonee mupoko mpuMeHseMOil SIBISIETCS TOPENKa C MPeABAPUTETHHBIM CMEIICHUEM
TOPIOYEro ra3a M OKHCIUTENsA. PacTBOop mpoOBbI 3acachIBaeTCs 4Yepe3 TMOKWN Kamwuisip |
pacmubUIsieTcss MOTOKOM OKUCHHTens. JIns pacmbUieHUsT pacTBOpa MPOOBI HCIOJIBb3YeTCs
CTaHJAapTHBIA KOHIEHTPUYECKUN MHEBMaTHYeCKUil pacnbuinTenb. OOpa3yromuiics a3po30ib
MOCTYIaeT B KaMepy, TJIe CMEIIUBAETCS ¢ TOIUIMBOM U oKkuciauTeneM. CKOpOCTh pachbUICHUS
pacTBopa peryiaupyeTcs TOTOKOM Ta3a-OKUCIUTENs, OCTyHaromero yepes3 mrymep. Oomako
KareJeK a’po30Jii Ha CBOEM IYTH B TOPENIKY CTAJIKUBAETCS C KPbUIbUATKOM, Ha JIOMACTAX
KOTOPOW OHHM JHOO OCAXKIAIOTCSI W 3aTeM CTEKAIT B JPEHAXK, JUOO JOMOIHUTEIHHO
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JUCTeprupyloTcss Ha emé Oosiee Menkue Karui. KpbUibuaTka Takke (OpMUPYET MOTOK
ra3oBOM CMECH, IMOCTYIAKOLIEN B TOPEJIKY.

OOpatuTe BHUMaHUE, 4TO CTAOMIBHOCTH IUIAMEH B CHCTEMax C IpeIBapUTEIbHBIM
CMEIICHHEM 00eCIeunBaeT XOPOIIYI0 BOCIIPOU3BOAMMOCTh PE3yJIbTaTOB M3MepeHuid. Takoi
Croco0 TPaHCIOPTUPOBKH PACTBOPOB B IJIaMsl HCIIOIb3YETCS B MOAABIIAIONIEM OOJIIIUHCTBE
aTOMHO-a0COPOLIMOHHBIX CIEKTPO(YOTOMETPOB, XOTS TEXHHYECKUX PELIICHUH CHCTEMBI
pacnubUIMTENh — CMECUTENIbHasg KaMmepa — ropelika — IulaMs MpeasioKeHo Ooliee aecsaTka.
MakcumyM abGcopbuum HabmOfaeTcs HpU pacxXode pacTeopa ~ 2 cM>/mMuH. OmHAKO
3¢ (peKTUBHOCTD paclbUICHUS MIPH 3TOM cocTaBisieT He Oosee 5%. OcranpHas 4acTb pacTBopa
HE UCIOJb3YETCs JUIS aHAIM3a U YXOIUT B IPEHAK.

Hna  sddexTuBHONMIECOIBBATAIIMN  a3pPO30J1s, HCHapeHusi TBEPABIX YacTUIl U
aTOMHU3AIMH HEOOXOIMMO, YTOOBI pa3Mep Karelek, MOCTYMAOMUX B TIaMsl, OblJI JOCTaATOYHO
ManbiM (<10 mkM). CrnocoObl MOBBIMIEHUS AMCIEPCHOCTH  a’po30Jisl: MPUMEHEHHUE
NEePUCTATBTUUECKUX HACOCOB JUIsl IPUHYAUTEIBHON MOAAYM pacTBOpa IpoObl B KaIWLISp B
COUETaHUM C pachpUIuTeNeM baOWHITOHA; pacHbUICHHE 4Yepe3 KalujuiAp C BbIXOJHBIM
orBepctueM juamerpoM 10-30 MKM, B KOTOPOM pacTBOpP HAaxOOUTCS IOJ BBICOKUM
ruapaBianueckuM  fgaBienuem  (10-40MIla); wucmonb3oBaHMe — pa3iHUYHBIX — MPOTOYHO-
WHXXEKIIMOHHBIX YCTPOMCTB; MPUMEHEHHUE YIbTPA3BYKOBBIX PaCHbLUIATEICH.

PacnpuiuTens M cMecuTeNlbHas KaMmMepa HaXOIATCS B IOCTOSHHOM KOHTAakKTe C
pacTBOpaMu, KOTOpBIE 4Yallle BCETO SBJISIOTCSA arpeccUBHbIMU. [103TOMYy OHM JOKHBI OBITH
U3TOTOBJICHBl U3 KOPPO3MOHHO-CTOMKHMX MATEpUANIOB: LEHTPAJIbHBIA KAMUIUISP BBIMTOIHIIOT
U3 IJIaTUHO-UPUIUEBOrO CIUIAaBa, OCTaJbHbIC JETAld U3 TaHTaJla; HCIHOJB3YIOT TaKKe
Te(hJIOHOBOE MOKPHITUE BHYTPEHHUX CTEHOK CMECUTEIBHON KaMephl.

Haunbonee dYacTto B TNpakTUKE aTOMHO-aOCOPOIIMOHHOIO aHAM3a HCIOIb3YIOTCS
IeNieBble TOPENKU, MMO3BOJISIONINE MOTy4YaTh TOHKHE IUIOCKHE IIaMeHa ¢ OOJbIION TIIMHON
MOTJIONIAIOIIETO CJosT (MPSAMOYTOJIbHAS Iedh JIMHOW 12 cMm, mupuHOW MeHee 1 MM u
BbICOTON OKoJi0o 1 cm). OrpaHuyeHHs] OJHOLIEJCBONW TOPENIKU: HEIOCTAaTOYHAs TOJIIMHA
IUIAMEHH, 3aCOpEHHE WIeNU OTJOXKEHUSMU CoJied M MOJACOC B IUIaMsl TNBUIMHOK W3
1abopaTOpHOTO BO3AyXa. Bce 3T HeZOCTaTKM BO MHOTOM YCTPAaHSAIOTCS NPUMEHEHUEM
TPEXIIENEBbIX T'OPEJIOK, Y KOTOPHIX OOKOBBIE IUIAMEHA SKPAaHUPYIOT OCHOBHOE IJIaMsl OT
KOHBEKTHBHBIX IOTOKOB BO3JyXa, TeM caMbIM oOecrmeunBas 0Oolieeé BOCCTAHOBUTEIHHBIN
XapakTep IeHTPaIbHOIO IUIAMEHH.

OOpa3oBaHue CBOOOJHBIX aTOMOB B IUIAMEHHM SBJSETCA CJIEICTBHEM  LIEJIOH
COBOKYITHOCTH TIPOLIECCOB: a) MOJY4YEHHE adpo30Jii U3 PacTBOpa aHAIU3UPYEMOU MPOoOkI; 0)
UCIIApEeHHE PACTBOPUTENSI M3 pacTBOpa aHATU3UPYEeMOUl MpoObI; B) HCHapeHUE TBEPABIX
YacTUYEK a’po30Jii U JUCCOLMAIMS MOJIEKYJ Ha aTOMBbl; TI') IPOLECChl BO30OYXICHUS H
MOHM3AIMM aTOMOB, a Takke o0pa3oBaHHE HOBBIX COCAMHEHH B pe3yJbTaTe pPeakiuil C
panuKaiaMu, aHHOHAMH, aTOMaMH KUCIIOPOJa U yIiiepo/ia, UMEIOIIMMHUCS B IIJITAMEHHU U T. II.

[TomHMTE TakkKe, YTO MPEEIIbl OOHAPYKEHHSI MHOTHX JJIEMEHTOB TIPU UCIIOJIb30BAHUN
MJIaMEHU B Ka4eCTBE aroMu3aTopa M3MeHstoTcs oT 1 mo 20 Mkr/m. OTHOCUTENbHAsT OmmMOKa
u3MepeHus: abcopOuuu Ha OAHOIy4YyeBOM Tmpubope cocrabmser 1-2 %. ChneunaibHBIMU
npuéMaMu (IByXJy4yeBas CXe€Ma) 3TO 3HAYEHHE MOXHO CHHM3UTh O HECKOJIBKHX JIE€CSATBIX
JoJei mpoleHTa. B 1ienoM miaMeHHbIH BapHaHT aTOMHO-a0COPOLIMOHHOTO METOAA YCIIEIIHO
MPUMEHSETCS JUIsl KOJMYECTBEHHOTO ompeneneHus Oosee uvem 60 »smementoB. Ilpwm
paciblUIEHUH PacTBOPOB B IJIaMsl BBIAENSETCA Pl BPEIHBIX M TOKCUYHBIX BeliecTB. [loaTtomy
HaJ TOPENKON MoJiKHa ObITh 00YyCTpO€Ha CHUCTEMa MECTHOIO OTCOCAa OTXOJISALIMX Ta30B.
bamnmonsl ¢ razom crieayer pacnonaratb BHE mnoMemieHus. OHHM  3aKperuisitoTcs B
BEpPTHKAITBHOM IMOJI0KeHNH. TemmepaTtypa GalIoHOB ¢ ra3aMu He JomkHA mpesbimats 40°C,
a UX yJaJeHue OT MCTOYHHKOB TeIJia JOJDKHO COCTaBIATH He MeHee 2 M. Ha Oarmione, B
KOTOPOM XPAaHUTCS alleTUJICH, OCHOBHOM KJamaH JOJKEH OTKpPBIBAThCS HE MOJHOCTHIO, a
ToJIbKO Ha 1,5 o6opora. BropuuHoe naBieHue aneTuieHa He JomkHo npebimats 0,1 MIla (1
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Kr/cM?), pacxoj] alleTHIeHa MeHee 3 /MUH. Henb3sl MCIONB30BaTh TPYOBl M3 MM MM U3
MaTepHaloB, COJEPKAIIUX CepedpPO WIH PTYTh.

AToMH3anusi B IJIJAMEHAX HMEET PAJl CepbE3HBIX OrpaHUYEHUll, O00YCIOBIEHHBIX
NOOOYHBIMM pEaKLUUsSMU B IUIAMEHH M MaJlOM MPOJOJIKUTEIBHOCTBIO NPEObIBAaHUS B HEM
yactur (~ 102 ¢). Kpome Toro, muamena He Oe3omacHel B paboTe M TpeOylOT pacxona
JIOBOJIBHO OOJIBIINX 00BEMOB Ta3000pa3HBIX TOIUIMBA U OKHACITUTEIS.

Ilpu_wu3yyenunu _TeMbl _Ne 11 «ATOMHO-aOCOPOLIMOHHBIA aHaIU3 C JJIEKTPOTEp-
MUYECKUMH CIOCO0aMHM  aTOMH3allid  MpoOB» OoOpaTuTe BHHMAaHHE HAa TO, HYTO
JNEKTPOTEPMUYECKUE AaTOMHU3aTOpbl Oosiee Oe3omacHbl U 3(G(EKTHBHBI BO MHOIHX
oTHomieHUsX. K HacTosmieMy BpeMeHH OHHU pa3paboTaHbl B HECKOJIBKUX BapHaHTaXx:
rpajuroBas kioBera JIpBoBa, meur Maccmana, neuyb ¢ miaaTdopmMoil U3 nuporpadura,
TpyOuaThle aTOMHU3aTOPBHl W3 TYTOIUIABKMX METAJUIOB, OTKPBITHIE 3JEKTPOTEPMHUYECKHE
atomu3zatopsl u T. 1. Cremyer paccMoTpeTh Oosiee moapoOHO KroBery JIbBoBa, meub
Maccmana u nedb ¢ ruiatgpopmoid. I'paduroBas TpyOka (kroBeta) mmeer amuHy 50 MM,
BHYTpeHHUH nuamertp 4-5 MMm. AHanusupyemas ipoda B BHJI€ KaIUld pacTBOpa HAHOCUTCS Ha
TOpELl YTOJIBHOI'O JIEKTPO/ia U Iociie €€ BICYLIIMBAHUS 3JIEKTPOJ BBOJAT B IIPEABAPUTEIBHO
pasorpeTtyio 10 TemmepaTypsl 2800° C rpadutoByio TpyOKy (Uepe3 TomepedHoe OTBEPCTHE B
e€ nentpe). [Ipu cONpUKOCHOBEHNH IIEKTPO/IA C TEJIOM TPYOKH Mpoba B TEUEHHUE HECKOIBKHIX
CEKYH/I UCTIapsieTCsl BHYTPb KIOBETHI U MMOYTH MOTHOCTHIO JTIOKAIHU3YETCS B HEl. ATOMU3aTOp U
AJIEKTPOJBI C MpOoOaMU pa3MEIIaloT BHYTPU KaMepbl, 3al0JIHAEMON HHEPTHBIM ra3oM J10
JaBJIeHUsI, OOJIBIIET0 WM paBHOro aTMochepHoMy. CBETOBOMY IMYYKY, IPOXOJSIIEMY Yepe3
kroBeTy OoT JIITK mimu ot 6€331eKTpOIHOM JIaMTIbI, 0OBIYHO TPUIAOT (POPMY JIBOHHOTO KOHYCa
C BEpIIMHOM B IIEHTpe KIOBETHL. Jlanee oH mpoenupyercs Ha BXOJHYIO IIeTTb MOHOXpOMAaTopa
C IMaMETPOM TIATHA 3-4 MM.

ITeu» Maccmana mnpexacraBmsieT (rpaduTOBBIA TpyOUyaThIi aToOMHU3ATOP) COOOM
OTKPBITBIA ¢ 000MX KOHIIOB HMIMHAP JUIMHON 40 MM ¢ BHYTPEHHHUM JHaMETpPoOM 6 MM U
TOJIIIMHOW CcTEeHOK He Oosee 1,5 MM. B meHTpe arommsaropa umeercs HeOOIbIIOE
MONEpEeYHOe OTBEPCTHE [UIsl BBOJA MPOOBL. ATOMH3ATOp 3aKpemiéH MEXIy JIByMs
rpaduTOBBIMU KOJblIaMH. Ileub MOCTOSHHO 00]1yBaeTcsi MOTOKOM Al, UTO NMperoXpaHseT eé
OT OOTOpaHus U CIIOCOOCTBYET YIaJICHUIO UCTIApEHHOM MTPoObI U3 aToMu3aTopa. TemmepaTrypa
BHyTpH meun MoxkeT gocturath 3000° C. Boma, mpoTekaromias uepes jaepsKaTenu
aTOMHM3aTOpa, OXJAXKIAeT €ro HapyKHble YacTH, a IOCie 3aBepLIEHUs LHKJIAa padOTh
JIOCTaTOYHO OBICTPO, B TEUEHHE MHUHYTHI, OXJaKAAeT A0 KOMHATHOW TeMIepaTypbl MU caM
aTOMHU3ATOoP.

Temneparypa rpaduTOBOIt €4y, U3TOTOBJICHHOU u3
MOJIMKPUCTAIIINYECKOT0JIeKTporpadura MOBBILICHHON IJIOTHOCTH, perynupyercs
CHELHATbHBIM 3JIEKTPOHHBIM YCTPOMCTBOM ¢ NpOrpaMMHBIM yrpaBieHHeM. OObIUHO
TEMIEPATYPHYIO MporpaMMy IO BPEMEHH JEJAT Ha HECKOJbKO 3TAaloB: a) BBICYIIMBAHUE
TIpo6kI (MCTIapeHue pacTBOpuTens, npu Temmeparype 100-105° C s BogHBIX pacTBOPOB); 6)
030JICHHE; B) aToMu3anus (2-5 ¢); T) OTXKUT, T. €. MOABEM TeMIEpaTypsl 10 00Jiee BHICOKOMH,
yeM TemIleparypa aToMHu3aluu (HEOOXOOUM JUIs YCTPaHEHUS «IaMsITH» aTOMU3aTopa IO
OTpeeNIIeMOMY 3JIEMEHTY U yAaJleHUs! HEMCIApUBIIUXCSI MATPUYHBIX KOMIIOHEHTOB MPOOHI).
Bech nmki u3mepeHMs, BKIIOYas W BpeMs Ha OXJaXJeHHe, He mpesbimaer 1,5-2,0 muH.
OOpaTtuTe BHUMaHUE Ha MPUHLIUIHAIBHOE pa3inuue Mexay rpaguToBoit kroBeroil JIbBoBa u
neupto MaccMaHa: HcClapeHue NpoObl B KIOBETE€ OCYIIECTBISETCS B H30TEPMHUYECKHX
yCIIOBUSIX, B eun MaccmaHa - B HEM30TEPMHUYECKHUX, MPUBOISAIINX K MHOTOYHCIEHHBIM U
TPYAHO UHTEpIpeTHpYyeMbIM P dexTam. braronaps neun ¢ mardpopmoii u3 nuporpadura, Ha
KOTOPYIO M HAaHOCHJIaCh aHaJu3upyeMas mpoda, ObLI yCTpaHEH TJIaBHBIM HEAOCTAaTOK INEYU
Maccmana. BayTpp TpyOuartoro arommsaropa Obula BBeJeHa IulaT¢opMma, HarpeBaHHe
KOTOpPOM MPOUCXOJUT B OCHOBHOM TMOJ JCHCTBHEM H3JIYyYEHHUS OT CTEHOK meuu. T. e. ¢
HEKOTOPBIM 3aIa3/IbIBAHUEM U UCTIApEHHE NMPOOBI HAUWHACTCS B MOMEHT, KOT/Ia TeMIlepaTypa
raza BHYTPH aTOMH3aTOpa yKe JOCTUIJIa HYXKHOro 3HaueHus. B Hacrosiiee BpeMs nedu c
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mIaThoOpMOr  M3TOTABIMBAIOTCS W3 €IWHOTO Kycka Tpadwura, mnpuuéMm matdhopma
KOHTaKTUPYET C TEJIOM MEYH MOCPEACTBOM TOHKOM HOXKKH.

O60061mas pe3yapTaThl MHOTOUUCIICHHBIX uccienoBanuii, Y. CnaBun chopmynupoBa
TaK Ha3bIBAEMYIO KOHIEIIINIO CTAOMIN3UPOBAHHOM TI0 TEMIIEpaType MeUH ¢ mIaThopMoi s
YCTpaHEHUs 3aBUCHMOCTH pE3yJIbTaTOB aHaiu3a B TIpaduUTOBBIX IeyaXx OT COcCTaBa
aHanmu3upyembix mpo6. OnHa BriItouyaer: a) mnpuMmeHeHue 1wiargopmel  JIbBoBa; 0)
Monupukanuo MaTpulbl (K YHCIy Haumbojee YacTo NPUMEHSEMbIX MOAU(PUKATOPOB
OTHOCSITCSI CMECh HUTPATOB MarHusi W Najuiajus), B) CKOPOCTHOM HarpeB mneudd (HE MEHee
1500° C/c); T) npuMeHeHne Ge3bIHEPIMOHHON CUCTEMBI PETHCTPAIIMH CHTHAIA MOTJIOMICHHMS
1) UCTIOJIB30BAHUE PEXKHMMA «Ia3-CTOI B MOMEHT PETUCTPAIlMU CUTHAJIA; €) UHTErPUPOBAHUE
CUTHAJIa TMOTJIOLIEHUS; >K) HCIOJIb30BAHHE 3€E€MaHOBCKOTO KOPPEKTOpa HECEIECKTUBHOTO
HOTJIOUICHMSL.

Hapsiny ¢ rpaguToBbIMH aTOMHM3aTOpaMH HCIHOJB3YIOTCA Takke TpyOuaTbie
aATOMHM3ATOPBI, M3TOTOBJICHHBIC W3 (OJBIM TYrOILIABKMX METauIoB, yamie Bcero Mo u W
(BHyTpeHHmi numerp 1,5-2 mm, mmuHa 20-25 mMM). ['maBHas o0yacTb MX NMPUMEHEHUS —
OTIpeNieIeHNe AJIEMEHTOB, CKIIOHHBIX K KapOumooOpa3zoBanuto. OCHOBHOE NMPEHMYIIECTBO —
BO3MOKHOCTh OBICTpOro Harpesa atommsatopa (mo 10000° C), omHako 3To NPHBOAUT K
CHIDKEHUIO TOYHOCTH  u3MepeHus. OTKpBIThIE  3JIEKTPOTEPMUUYECKHE  aTOMH3ATOPHI
MPEJICTaBIISIIOT COOOM 3JIEKTPUUYECKU HArpeBaeMble UCIIAPUTENH, HaJ KOTOPBIMU MPOIMYCKAIOT
My4OK CBETA.

Oco0oe BHUMaHue 00paTUTE Ha TO, UTO MeTOJ AAA C UCTHOJIb30BaHUEM I'PaUTOBBIX
nedeil 00ecreunmBaeT PEKOPIHO HHU3KUE Mpeaesibl OOHApY>KEHHsT MHOTHX 3JEMEHTOB: OT
JECATBHIX A0 THICSYHBIX JIOJIeH MHKporpamMma B JUTpe pacTBopa MpoObl, B aOCOIIOTHOM
BeIpakeHnd — ot 10™* 10 10712 r. B 1e0M 9THM METOI0M MOXKHO OIPEAeATh mpuMepHo 70
3JIEMEHTOB.

Ilpu u3yuenun _tembl Ne 12 «Perucrpanus aHaJIUTHUUECKUX CUTHAJIOB U CIOCOOBI
TPagyupOBKA aTOMHO-a0COPOLIMOHHBIX CIEKTPOPOTOMETPOB. Ammaparypa B aTOMHO-
a0bcopOLMOHHOM aHaIu3e» 00paTuTe BHUMAHUE HA TO, YTO JUISl PETUCTPALIUN aHATUTHYECKUX
CUTHAJIOB TPUMEHSIOT TUKOBBINA (aMITUTYIHBINA) U UHTErpANbHBIN criocoObl. [lepBbIil u3 HUX
0oJbIIe TOIXOMUT JUISl IJIAMEHHBIX aTOMU3aTOPOB: B HACTOSAIIEE BpeMsl CUTHal JETeKTopa
npeoOpasyoT B nudpoByo (HopMmy, YTO MOBBIIMIAET MPABUIBLHOCTH M BOCIPOU3BOAMMOCTH
OTCUETOB, a TaK)Ke 00ECTIEUNBACT JTYUIYIO 3aIIUTY CXEMbI OT BHEIITHUX IITyMOB.

Bocnpon3BoauMoCcTs M3MEPEHUN CUTHAIOB ¢ MPUMEHEHUEM KaK IUIAMEHHBIX, TaK U
ANEKTPOTEPMUUYECKUX AaTOMHU3ATOPOB 3HAUUTEIHHO YIYYIIACTCS TPU HHTETPUPOBAHUH
(HaKOIJIEHNH ) CUTHAJa B TEUYEHUE OMNpeIeIEHHOTO BpeMeHHU. J[J1s miIaMeHHBIX aTOMH3aTOPOB
BMECTO HMHTETPUPOBAHUS  HUCIIONB3YETCS Tak)Ke CYMMHpPOBAHHME WM  YCpPEIHEHUE
MHOTOKPAaTHBIX HM3MEPEHHII MTHOBEHHBIX 3HAYEHWI CHUTHAJIOB (HAmpuUMeEp, YCpeIHEHUe
MTHOBEHHBIX 3HAUYCHHMH CcUTHaia, u3Mmepssiierocs ¢ umarepBaiom 0,1 ¢ B teuenue 10 c).
[IpuMeHeHrne HMHTETrpaTOpOB MO3BOJSET B KAa4€CTBE MEPbI CHUTHAla MPUHUMATh IUIOIIA[b,
OTpaHUYEHHYIO MUKOM a0copOuuu. ITo Aa€T BO3MOXKHOCTh YCTPAHATh IIOMEXH, CBSI3aHHBIE C
HEPETYJISIPHBIM XapaKTEPOM HCIAPEHUsl ONPEIEIsIEMOro 3JIEMEHTa U MaTpHUIlbl; HEPEeaKO
YIIy4IIaeTCsl TAKXKe JIMHEHHOCTh TPaAyUPOBOYHBIX TpaduKOB.

[TpoMexyTO4HOE MOJNIOKEHHE 3aHUMAET CIIOCO0 U3MEPEHHS aHATUTHYECKOTO CUTHAJIa
M0 HIMpPUHE MHKa abcopOLMHU, YTO MO3BOJISET PACIIUPUTH 00JIaCTh MPUMEHEHUS TPadUTOBBIX
neyeil B CTOPOHY MOBBIIIEHHBIX KOHLIEHTPALUMI ONPEEIsIEMbIX 3JIEMEHTOB.

N3yuass ocHOBHBIE 3Tambl pa3pabOTKH METOIWKH aHAJIW3a, TTOMHHUTE, YTO BO BCEX
CIyJasix cleAyeT 00ecleyuTh MOJIHOE HW3BICYCHHE OIPEACTSIEMOro JJIEMEHTa U3 B3STON
HABECKH; BHIOOP PEAKTHUBOB JOJKEH YUUTHIBATH TPEOOBAHUS MOCIIESAYIOMNX ITAIOB aHAIN3a,
B YaCTHOCTHU YCTOMYHMBOCTh aHAJU3UPYEMBIX PACTBOPOB IPHU XPAHEHUH, MUHUMYM IOMEX Ha
CTaUSAX UCHapeHusl U aTOMU3allM1, HU3KUH CUTHAJ XOJIOCTOM MPOObI U JIp.

[Tpu BeIOOpE ycnoBuit AAA OCHOBHBIMU KPUTEPUSMU SIBIISIIOTCS MUHUMYM BIIHSIHANA U
MakCHUMyM  OTHOLIEHHUS CHUTHAJI/IIyM. XOpOILIUM OPHUEHTUPOM JJIs  OIpeAeTeHHs
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ONTUMAJIFHON paboueit 00J1aCTH U3MEPEHUN MOTYT CIYKUTh JaHHbBIE O XapaKTePUCTHUECKHUX
KOHILIEHTpanusax siaeMeHToB. [lox xapakrepuctuyeckoir B meroge AAC mnoHumaercs
KOHIIEHTpalUsl 3JIEMEHTa B PaCTBOPE, COOTBETCTBYIOIIAsA onTudeckoi miotHoctu A= 0,0044
(nmu iporryckauuto 99%). OOBIYHO HIDKHSISI TPaHUIA U3MEPEHUI JT0JDKHA, TI0 KpaiiHel Mepe,
Ha TOPANOK IMPEBBIIATh 3HAYCHHE XapaKTEepUCTUYECKOW KoHIeHTpanuu. Mcxons wu3
OKH/IAEMOTO COJICP)KAHMs ONpEIENIEeMOro »JeMeHTa B TBEPAOW mpode W 3HAYECHUs
XapaKTePUCTHUECKON KOHIEHTPALUH, JIETKO OLEHUTh JOMYCTUMYIO CTENeHb pa30aBiIeHUS
poObI IpH €€ PaCTBOPEHHUH.

Cyl1ecTBEHHBIM JTanoM pa3pabOTKU KOHKPETHON METOJIMKH SIBISETCS IpOBEpKa
HAJIMYMSA MATPUUHBIX 3((PEKTOB U HeCeNeKTUBHOrO norinomeHus. O0a 3TH SBICHUS JTOJKHBI
OBITH CBEJICHBI K MUHUMYMY .

KonnyecTBeHHBIN aHanM3 AaTOMHO-a0COPOLIMOHHBIM METOZOM  BBINIOJHSETCA C
MOMOUIbI0 TPAAyUPOBOYHBIX TIpapUKOB, SBISIOMIMXCA Tpaduyueckoil  WILIIOCTpauuen
(YyHKIIMOHATBLHOM 3aBUCMMOCTH MEXJy KOHIICHTpalMe (coaepaHueM) WIM Maccou
(KOTMYECTBOM)  OMNpENesieMOro dJeMEHTa W 3HAaYeHHEeM aHaJUTHYeCKOTO CHUTHaja
(aMIIUTYJHBIM WM MHTETPAJIbHBIM). OJTa 3aBUCUMOCTb YCTAHABJIMBAECTCS IMPU MOMOLIU
pacTBOPOB cpaBHEHUS (CTaHIAPTHBIX pacTBOpoB). [Iporeaypa rpaaynpoBKu BKIIOYAET B ce0s
U3TOTOBJIEHUE 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
KOHKPETHOW MpoLeAyphl aHaiu3a M KOHKPETHOro crekTpodoromerpa (MHAUBUIYyaTbHAsS
rpagyupoBKa mpubopa 1o mMecry ero npuMmenenus). Ilapamerps! rpagynpoBoyHol pyHKINN
MOJBEPKEHbI (PIYKTyallMsiM «OTO JHS KO JHIO» M Jae B TeueHue Oosee WM MeHee
IIPOJIOJKATENIBHOM CcepuM u3MepeHud, [1oaTOMy OHM JOJDKHBI PEryJISIpHO IIPOBEPSTHCS.
H3BecTHO MOBOJIBHO MHOTO croco0oB rpaayupoBku B AAC, K BaXHEHIIMM U3 HUX
OTHOCSITCS: CTaHJAPTHBIN cr1ocob (C corJacoBaHUEM WM 0€3 COIJIaCOBaHMS aHAIU3UPYEMBIX
U TpaJydpOBOYHBIX pPAaCTBOPOB IO OCHOBHBIM KOMIIOHEHTaM MaTpHIlbl), CHOCO0
OTpaHMYMBAIOIINX PAcTBOPOB U crnocol no6aBok. MHorga ucnonb3yercs crnocold OMOpHOTO
anneMeHTa. Hamnmywimme ycnoBusi Ui JIMHEWHOCTH CYIIECTBYIOT B MHTEPBAIE ONTHYECKON
miotHoctd ot 0,5 mo 0,8. M3mepeHuwe HMHTETpaibHBIX CUTHAJIOB aOCOPOIIMM HECKOJIBKO
pacuMpsieT JUHEWHBIM ydacTOK TIpaayupoBoyHoro rpaduka. CraHgapTHBI crocob
IpaJyupOBKH BaM M3BECTEH, MOITOMY CJEIYET PacCMOTPETh CHOCO0 OrpaHMYMBAIOIIMX
pPacTBOPOB — YKOPOYEHHBIM BapHaHT IMpeblayliero crnocobda. I'paxynpoBouyHyo (DyHKIIHIO
YCTaHABIIMBAIOT C MOMOIIbIO JIBYX I'paJlyHpOBOUYHBIX PACTBOPOB, BbIOMpaeMbIX Tak. YTOObI
coJiepKaHue OMpeAEsIeMOro IeMEHTa B OTHOM M3 HUX ObLIO HEMHOTO OOJIbLIE, B JPYrOM —
HEMHOT'0 MEHbIIIE, YeM KOHIIEHTpAIUs Cx B aHAJM3UPYEMOM PacTBOpE, T. €. c2<cx< c1. Torxaa
KOHIIEHTpALUS ONPEENIEMOro 3JIEMEHTa Cx MOXKET OBbITh HalZIeHa U3 COOTHOLLICHHS

CG=C,p
A-A, (Ax AZ)

Cx:CZ+

@DaKkTHYEeCKH B O3TOM CHOCOOE WCKOMBIM SBIISETCS OYEHb Y3KHH YYacTOK
rpagyupoBoyHOi KpuBoil. Takoil cmocod TrpagyupoBKH MOXkeT oOecneuuTb OoJee
BBICOKYIO TOYHOCTH Pe3yJIbTaTOB, YeM MPEABIAYIIHNiT; O01ee TOT0, OH MOKET MPUMEHSThCS
¥ Ha HEIIMHEHHOM yYacTKe IpaJlyHpOBOYHOTO rpaduka. EcTecTBEeHHO, U B 3TOM Cllydae
JMOJKHA TPUHUMATHCS BO BHUMAHHE «IOMpPaBKa XOJOCTOrO OMmbITay. I[IpoGremsr
COTJIACOBaHUs MATPHIIB AaHATU3UPYEMBIX W TPaJyUPOBOYHBIX PACTBOPOB 371ECh TE KE
camble, 4TO U B MPEABLAYIIEM CIIOCO0e.

B cnocobe no6aBok anammszupyemasi mpoOa HCIONB3YETCs AJIS COTJIaCOBaHUS €€
COCTaBa C COCTaBOM TPaJyMpPOBOYHBIX 00pa3noB. C ATOH LeNbI0 pacTBOP MPOObBI JENAT Ha
P  QJIMKBOT H BBOIAT B HHUX IIOCIICJOBATEIHLHO BO3PACTAIONIEe KOJIHYSCTBO
ompezenseMoro  sneMeHTta. JKemaTenbHO, YTOOBI TpU OTOM  00ECIEYHBAIOCH
SKBHUJIUCTAaHTHOE PACIOJIOKEHUE TOUYEK Ha TpaayupoBOYHOM rpaduke. OAHY aTUKBOTY
OCTaBJIAIOT Oe3 100aBKu. Jlaiee Bce aTMKBOTHI JOBOJIAT IO OJMHAKOBOI'O 00BEMA.
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N3mepsist curnan abcopOIMu OT BCEX alIUKBOT, CTPOST TPayUPOBOYHBIN rpaduk 1
HKCTPANIOIHMPYIOT €ro J0 mepecedeHus ¢ ocbto adbumcce (A = 0). OTpe3ok 1o ocu adbuucc
NaéT 3HAaYeHUWEe MCKOMOW KoHueHTpauuu. I[lapamnensHo pgomkHa OBITE IpojEnaHa
aHAJIOTUYHAs TIPOLEAYpa C «XOJOCTBIM «PacTBOPOM, IIOCKOJIbKY JJIsi HEro HakKJIOH
rpaduka MoXKeT ObITh MHBIM H3-3a Pa3nuuuil coctaBa. [lanee HalJieHHas «IIOIpaBKa
XOJIOCTOTO OIBITa» BHIUUTACTCS U3 KOHLEHTPAIMH, HAICHHOI 110 TepBOMY IpaduKy.

Cnoco®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, 00pa30BaHNE B AaTOMU3aTOPE HOBBIX COCTUHEHUH H TIP.

I'maBHOE ycioBHE NMPUMEHUMOCTH crioco0a A00aBOK — MJEHTUYHOCTH MOBEIECHUS
OTIpeNieNIIeMOro 3eMeHTa B Iipode U B J00aBKe; /Uil HEKOTOPBIX BapuaHTOB AAC BaXHO
TaKXke, 4ToObl B HUX Oblja oOecrieuyeHa oJMHaKoBasi Xumudeckas ¢popma snementa. Kpome
TOro, CHocod ycrnemHo paboTaeT TOJNBKO B MpeAenax JHMHEWHOro ydacTka
IpagyupoBOYHON QYHKLUU.

Oco0oe BHMMaHHME OOpaTUTE Ha ammapaTypy MeEToia aTOMHO-a0COPOIIMOHHOTO
aHanmu3a. B mocnenneit momenmu cepum «CrnekTp» € y4€TOM HAKOIUIEHHOTO OIIBITa
peaTu30BaHbl OCHOBHBIC TEXHUYECKHE pEIICHUs, HEOOXOOUMBIE JUISI TPOBEIACHUS
IIOBCEJHEBHBIX  OIpPENEJIEHUN MHKpPOCOJAEp)KaHMM MeTauloB: a) aBTOMaTHuYecKas
Koppeknust ¢oHa; 0) YeTHIPEXJIAMIIOBAas TYpeJb, MO3BOJSIOMIAS SKOHOMHUTH BpeMs
oreparopa Mpu IPOBEIEHUH MHOTO3JEMEHTHOIO aHajiu3a; B) YEThIpe BUJIA IJaMEHH,
OXBATHIBAIOIIME BECh TEMIIEPATYpPHBIN JHMANa30H; I') BO3MOXKHOCTh pabOTaTh B PEKUME
SMHUCCHH, YTO HEOOXOJUMO JJisi ONpeAeieHUs UIENOYHBIX M LIENOYHO3EMEIbHbBIX
AJIEMEHTOB; 1) BBICOKOHAIEXKHAs ra30Basi aBTOMATHKA; €) KOMIILIOTEPHOE YIIPABJICHUE; K)
BO3MOXHOCTh pPAa0OThl C NPUCTaBKaMH (PTYTHO-THJIPUIHONW CHUCTEMOH, NPOTOYHO-
WH)KEKIIMOHHBIM OJIOKOM ¥ T. TI.), 3HAYUTEIBHO PACIIUPSIONIMMH aHAINTHYECKUE
BO3MOXHOCTH ITpuOOpa.

Cpemu 3apy6exnbx ¢GupMm, uMIoptupyrommux B Poccuto crnexTpodoToMerpsl,
HepBoe 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 YCTpaHEHBI MHOTHE HEIOCTATKH, BBIABICHHBIE B TIPOIECCE IKCIUTyaTalluu
nprOOpOB MpebIAYIINX MOoKoseH!H. K 4Hciay OCHOBHBIX JOCTOMHCTB HOBBIX MPUOOPOB
OTHOCSITCSI: MHTYUTHBHBIH HMHTEpQEiCc, BOCEMb $3BIKOB IO BbIOOpPY, HOBBIA aM3aiiH
CHUCTEMBl pACIbUICHUS, HOBas »ILIENJIe-ONTHYEeCKas CHCTeMa € MHOT03JEMEHTHBIM
TBEPOTENBHBIM JIETEKTOPOM HM3IYYCHHUH, BCTPOCHHBIA OJIOK MUTAHUS Oe31JIEKTPOIHBIX
BU-nammn, HOBBIH MOAXO K CEPBUCHOMY OOCITY >KMBAHHIO.

B npubopax HOBOI cepuyn pearn3oBaHa IBYXJIydeBas cXxemMa N3MEPEHHs CUTHAIOB
abcopOumu, KOTOpash KOMIICHCHUPYET BO3MOXHBIE HW3MEHEHHS SPKOCTH HCTOYHUKOB
PE30HAHCHOTO M3JIydyeHus (J1amIil) u 00N JIpeid curHaiga BO BpeMs aHAllM3a U MEXKIY
u3MepeHusiMU. TunuyHas JUIMTENbHOCTh TIOJHOTO IUKJIA Pa3NIOKEHUs, BKIIOYast
oxJaxaeHue, coctapisieT 20-45 MuH.

Bropoe mMecTo 1o 00bEMyY MMITOpTa aTOMHO-a0COPOIIMOHHBIX CEKTPOPOTOMETPOB
B Poccuro 3anmmaer koprmopamus — «ThermoElektrony  (CILA), sBustomiascs
npaBornpeeMHUKOM (upMmbl «Unicamy». B Hacrosimiee BpeMsi OHa BBITYCKaeT aTOMHO-
abcopOumonHbie crekTpodoromerpbl cepuii «SolarM» u «SolarS». Ilpubopsr 06ewnx
cepuil cHaOKEeHbl YHUBEPCAIBHOM rOpesIKOil, KOPpO3MOHHOCTOMKHUM IJIATHHO-UPHIUEBBIM
pacIbUTUTENIEeM W KaMepo pacIbUICHHS, MPUTOMHOW Ui pabOThl C JIOOBIMH THIIAMH
pacTBOPUTEIIEH.

[Mpoxyxkius kommanuu «ShimadzuCorp.» u3BecTHa B Hariel crpane 6oee 40 ser.
Tonpko 3a mocienHee JecATWIETHE YCTaHOBieHO Ooinee 1500 aHanuTHYECKHX
KOMIIJIEKCOB B JIJAOOpaTOPHSX HAayYHO-HCCIEI0BATENbCKMX MHCTUTYTOB, MPOMBIIIJICHHBIX
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NPEANPUITHN, HWHCHEKIUA Pa3Iu4HOro mnpoduias u Jap. ATOMHO-aOCOpPOIIMOHHBIC
CHEKTPOMETPHI B 3THX IOCTAaBKax InpenacTabiieHsl npudopamMu AA-6800 u AA-6650. Onu
OCHAIIIEHbl JABYMS aTOMH3aTOpaMH — IUIAMEHHBIM M 3JEKTPOTEPMUYECKUM, CMEHa
KOTOpBIX OCYULIECTBJIIETCS aBTOMATHUYECKH. I[lmaMeHHBI aToMu3aTop BBIIOJHEH Ha
OCHOBE THUTAaHOBOW TOPEJIKH, IUIATUHO-UPHUAMUEBOTO KaMWUisipa U KEepaMHUYeCKOIro
umnakropa; rpaduroBas meub GFA-EX7 cHaGxkeHa 1UQPPOBBEIM  yIpaBICHHEM
TEMIEPATypPOil U Ta30BBIMH ITOTOKAMH.

IIpu u3yyenuu Tembl Ne 13 «PeHTreHo(yopecleHTHbIH aHamu3: (usnyeckue
OCHOBBI. CIIEKTpPOMETpPHl U HCTOYHHUKH BO30YKICHHS PEHTTEHOBCKOM (hiyopecueHunm»
JUIs  Hadajia HEoOXOAMMO YCBOMTh, YTO METOJbl HSMHCCHOHHOH PEHTTEHOBCKOM
CHEKTPOCKOIUH, KaK U JIPYTUE SMUCCHOHHBIE CIEKTPOCKOMUYECKHE METO/IbI, BKIIOUAIOT B
ceOst Tpu 00sI3aTENbHBIX cTafauu: 1) BO30yKIEHUE CIEKTPa, COAEPIKAIIETO SMUCCUOHHBIE
JIMHHUH, XapaKTepHbIE JIJISl 3JIEMEHTOB, MPUCYTCTBYIOUINX B MpobOe, — XapaKTepUCTHUECKHE
JUHUM; 2) W3MEpPEHHE HMHTEHCHBHOCTEM JTHX JIMHUM; 3) KOHBEPCHIO H3MEPEHHBIX
MHTCHCUBHOCTEH B KOHIIEHTPAIIMH OMPEICNISIEMbIX AJIEMEHTOB C IMOMOIIBI0 PA3IMYHBIX
KaTMOPOBOYHBIX TMPOIENYp, BKIIOYAIOMIMX B ce0s Takke BBEACHHE IIONPABOK Ha
MaTpuuHbie 3P eKTh u ap. Kak u3BecTHO, XapaKTepUCTUYECKUE PEHTTEHOBCKUE CIIEKTPHI
BO3HUKAIOT B pE3yJbTaTe IEPEXOJ0B MEXJY YPOBHSMU BHYTPEHHUX 3JIEKTPOHOB C
pasHocTamu 3Hepruii ~ (10° — 10%) 3B. CTpyKTyphl SHEpreTHueckuX ypoBHEil BHYTPEHHUX
AIIEKTPOHOB JIJIsl BEIIECTB B aTOMAPHOM M KOH/JICHCHPOBAHHOM COCTOSIHUSIX OYEHBb OJIM3KH.
[ToaToMy B PEHTI€HOBCKHX MeETOJaX He Tpedyercs aromuzauus mpoO. PeHTreHoBckue
CHEKTPbl BO3HUKAIOT IpU OOMOApAUPOBKE IMOBEPXHOCTU AHAIU3HPYEMOIO BEIIECTBA
My4YKaMH YacTUIl BBICOKOW OJHEPruM (AECATKH KHIIOJIEKTPOHOBOJBT) — JIIEKTPOHOB,
PEHTTEHOBCKUX KBAaHTOB, IIPOTOHOB, HOHOB. Jlaiee HEOOXOMMO YCBOUTH KIIACCHU(HKAIHIIO
METOI0B  peHTreHocnekTpainbHoro axanuza (PCA): 1) aHanu3 1o NepBUYHBIM
SMHUCCHOHHBIM cHekTpaMm ¢ Qororpapuueckoir perucrtpanueit (PCA); 2) anamus mo
BTOPHUYHBIM 3MHUCCHOHHBIM CIIEKTpaM — peHTreHoduiyopecueHTHbii (PDA); 3)
a0COpOIMOHHBIN peHTreHocnekTpaibHbid aHanu3 (APCA), ocHOBaHHBINM Ha 3aBUCUMOCTHU
ocia0leHnsT PEHTT€HOBCKOTO H3JIy4EHHUS, MPOXOJAAILIEr0 4epe3 CIOW aHaIW3UpPyeMOro
MaTepuaia, OT XUMHUYECKOT0 cOCTaBa MaTepualla v SHEPTrUuu U3IydeHUs ; 4) MUKPOAHAIIN3 C
MOMOIIBIO AJEKTPOHHOTO 30HJAa — PEHTTeHOCHEeKTpanbHbIl Mukpoanamn3z (PCMA); 5)
JYYIIMMHU AHAJIUTHUYECKUMU BO3MOXKHOCTSIMU ISl ONpEAENieHUs] JIETKUX 3JIEMEHTOB
oOmamaer Oxe — 3JEKTPOHHBIA  CHEKTpajJbHBIM aHanM3 — aHanu3 mo cnekTpy Oxe-
anekTpoHoB (OOCA).

HauOonbiiee pacnpocTpaHeHue Ui ONpEAETeHHS DJIEMEHTHOTO  COCTaBa
aHAIM3UPYEMBIX MaTepHalioB Moay4yui Metosl POA, s kotoporo k Hadany 1960 rr. Obiia
co3/laHa ammapaTypHas 0a3a M OpraHM30BaHO CEpUHHOE NPOM3BOJCTBO HPUOOPOB
Pa3IMYHbIX THUIIOB.

OOparuTte BHUMaHUE Ha TO, 4TO MeToA PDA OTHOCUTCS K Ipymie Hepa3pyIIaonux
METOJIOB M TPUTOJEH JUIsl OIpeAeseHHUs] COAEpk aHUs TNpPUMEpPHO 84 3IIEeMEHTOB
[Teproanueckoi cucTeMbl B HIMPOKOM AHMAla30HE MX MaccOBBIX KoHUeHTpauui. [Ipenen
oOHApYKeHHs [T MHOTHX JJIeMEHTOB HaxomuTcs Ha ypoBHe 107 macc. % (mmst mérkux
AJIEMEHTOB OH 3HAYMTEIBHO BBILIE), U B TO K€ BPEMS BO3MOXHO OIIPENEICHUE BBICOKHUX
conepxanuii (~100 macc %) ¢ mocrarouHoil TouHOCThIO (B mpenmene — a0 0,1% Ha
COBPEMEHHBIX IOJHOCTBIO AaBTOMATHU3MPOBAHHBIX NpUOOpax). AHaTu3upyemble MpoObI
MOTYT OBITh  MOHOJUTHBIMH, TOPOHIKOBBIMH, IKHUAKUMH, HPOBOASIIMMHU WU
HENPOBOASIIMMHU 3JIEKTPUYECTBO. BO3MOXKEH MpsMOW aHanu3 IUIEHOK, HOKPBITHM, MacT.
Bo MHoOrux cimyuasix moarotoBka npo6 K aHayiu3y KpaiiHe mpocTa (MHorja e€ He TpeOyeTcs
BoBce). Ocoboe MpenMyIlecTBO METOAAa OOYCIOBJIEHO MajibiM KOJMYECTBOM JIMHUN B
CIEKTpaX, 4YTO OYEHb BaXHO IPHU aHaJM3€ CJOXKHBIX MO COCTaBy MpoO, ColepKalIuX
AIIEMEHTHI ¢ OJM3KUMHU CBOHCTBAMHU.
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Meton P®A mno3Bonsier ompenensaTh cBbimie 30 31€eMEHTOB OJHOBpeMeHHO. Ha
COBPEMEHHBIX MPHOOpax MPOLECcC MOJHOCTHI0 aBTOMATU3UPOBAH, MOJAAETCS aBTOMATH3AIHH
U MOAr0TOBKA Mpo0 K aHanu3y. [IpogomkurenbHOCTh aHamu3a oJJHOM mpoObl cocTaBiser 1-5
MUH.

Nzyuas ¢usudyeckue ocHoBel Meroma PDA, oOparure BHMMaHHE Ha TO, 4YTO
uccueayemas npoda pacnojaraercs B HEIOCPEACTBEHHON OJIM30CTH OT OKHA PEHTI€HOBCKOU
TpyOKH, U €€ MOBEPXHOCTh OOMOapAMpyeTcs MEePBUYHBIMU PEHTICHOBCKUMH Jydamu. [lon
BO3/ICUCTBUEM IEPBHUYHOTO DPEHTICHOBCKOIO H3JIy4eHHUS B NpoOe BO3ZHHKAET BTOPUYHOE
(ryopeciieHTHOE) PEeHTI€HOBCKOE M3ITyuyeHHe, KOTOPOe Jlajee pasiiaraercs CeKTPOMETPOM
Ha XapaKTEpUCTUYECKHE cOCTaBiisAomre. Kaxaplil 371eMEHT UMEET CBOIO MHAMBHUYaJIbHYIO
CUCTEMY XapaKTEepPUCTUYECKUX TMHUKOB (CHEKTPAJbHBIX JHUHUN), YTO Ha€T BO3MOKHOCTh
OCYLIECTBJIATh KAUYECTBEHHBIN M KOJIMYECTBEHHBIN aHAJIN3bl 3JIEMEHTHOI'O COCTaBa Pa3InYHbIX
MaTepuasoB.

PeHTreHoBckue yun NpeacTaBiIsSIIOT COOON AJIEKTPOMArHUTHOE U3JIyYEHHUE TaKoil ke
MPUPOJIBI, YTO U CBETOBOE M3iydeHue. Ho xapakTepusyeTcsi MHOTO MEHBIIEH JJIMHON BOJHBI
A (COOTBETCTBEHHO — MHOTO OoJjbineii sHeprueil (oroHoB E) B kadecTBe eqMHMIIBI JITHMHBI
BOIHBI A 4acTO UcHomb3yercs anrcrpeM (A):

14=0,1 am=10" m.

WHTepBan JUIMH BOJIH PEHTTEHOBCKMX Jydei coorserctByer 0,1 —100 A. Jluanason
JUIMH BOIIH, MCIONb3yeMbIX B Merone PDA, cocraBmser 0,4 — 67 A. B sror mHTepsan
NOMAAI0T BCE XapaKTEPHUCTUYECKHE JIMHUU 3JieMeHTOoB oT B (Z = 5) mo U (Z — 92)
BKJIFOUUTENBHO.

PentreHosckoe nanyuenue

Anon

174 1 OnekTponsl

Boasnoe oxnakactue e Hutb Karoxn

e ————

« ( ) HdKaJia
¥ [rre—
Puc. 2. Cxema reHepanuu
PEHTT€HOBCKOTO .
H3TyYCHHUSL. I 1]}
Hctounnkom MIEPBUYHOTO

Buicokoe HanpsmkeHne
H3JIyYEHNsI B METOJIE P®DA, KakK

MPaBWJIO, CIYXHUT PEHTT€HOBCKas TpyOka (puc. 2), B KOTOPOMl B HPOCTPAHCTBE MEXITY
HarpeThlM KaToJOM (Hampumep, CIupajibHas HUTh Hakaja) M aHOAOM U3 TMOIXOJSIIETO
MaTepuaia co3JaéTcsl CUIIbHOE IEKTPUUYECKOE TOJIE.

ONEKTPOHBI, MCIIyCKa€Mbl€ KaTOJO0M, YCKOPSIOTCA DJJIEKTPUYECKHM IIOJEM C
HanpspkeHueM U (HampspkeHue TpyOku) U 0oMOapAupYyIOT MAaCCUBHBIA METAJUIMYECKUN aHOI,
I7Ie OHU TOpMO3ATCs. BenencrBue TopMOXKEHHsI 3JIEKTPOHOB B MaTepualle aHOAA HEKOTOpas
4acTh UX YHEPreTHUUECKUX MOTEpPh MCIYCKAETCS B BUJE PEHTTEHOBCKUX KBAHTOB, T. €. B BUJIE
HEMPEPHIBHOTO  (TOPMO3HOTO) CHEKTpa PEHTT€HOBCKOTO HW3IYYEHHs, OIHCHIBAEMOIO
dbopmynoit Kpamepca (morsonienre u3mydeHns] B MaTepualie aHoJa U OKHE TPYOKH MPH ITOM
HE YYUTBIBACTCS):

A 1
| (AdA = K (Amin —1)=da,
rae K — KOHCTaHTa; Ayy,i,— KOPOTKOBOJIHOBAS TPAHHUIIA TOPMO3HOTO HU3ITyUCHHS.
KpuBasi aToro pacmpezneneHust Xapakrepusyercs: 1) HaludymeM KOpPOTKOBOJIHOBOM

IpaHulbIA,, i, (A (cOOTBETCTBYeT MakcHManbHOH SHEPrUM 3JIEKTPOHOB, OGOMOGAPAUPYIOIIMX
MUIIEHB ):

1 _ hc _ 12,35,
min — elU U ]
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2) pe3KuM BO3pacTaHHEM KPHBOM B CTOPOHY OOJIBIIMX JJUH BOJH BIUIOTH IO
MaKCHMyMa, COOTBETCTBYIOLIETO Ay gy = 1,54, 310CTENEHHBIMCHUXEHHEM
WHTECHCUBHOCTH TOPMO3HOTO U3ITyYEHUs IO MEpE YBEIHUCHUS JJTMHBI BOJTHEI.

CrekTpanbHyl0 UHTEHCUBHOCTh TOPMO3HOTO HM3JIyYEHUS XapaKTePU3YIOT BEITUYMHON
L(dor./(c-A)) wmm Iz(dor./(c:3B)). B usMmepeHHble 3HaueHus [, wim I JOIDKHBI
BBOJWTHCS TOMPABKM HA OTPAKATEIBHYIO CIOCOOHOCTh KpHCTaIa-aHAIM3aTopa |
3(PEeKTUBHOCTD JIeTEKTOpA.

C yBennuenueMm HanpspkeHUss U MHTEHCHBHOCTh TOPMO3HOTO M3JIy4eHHUsl; pacTér, a
MaKCHMyM CIIEKTPaIbHOW KPUBOM M €€ KOPOTKOBOJHOBAs I'paHUIla CMEIIAIOTCS B CTOPOHY
MaJibIX JJIMH BOJH (puc. 3 a).

@
-

Ly> 2> 4

2> 7

A Kmin Rmax A
L el
10
g
g 9r
&
g st
=
f 7+
2
g 6F
é 5 Rh (50 xB. 40 mA)
T
53
E af
o 2
Cr (50 xB. 40 MA)
2
: — W (50 KB, 40 MA)
.

T T
12§45678‘)l()

xR

MoCufeCr Ca (1S P Si Al Mg
Monokenne K-THHNI 3IEMEHTOB
Puc. 3. 3aBHCHMOCTh HHTEHCUBHOCTH TOPMO3HOTO M3TYUCHHUS [0 THATIPSDKEHUS MEXKTY
anektpoaamu U (a) u oT atoMHOr0 HOMepa dnnemenTta Z (0), a Takke 3aBUCUMOCTh

OTHOCHUTENBHOM 3(hPpeKTUBHOCTH BO30YKAEHUS (PIIyOPECIIEHIINY PEHTTEHOBCKUMH TpyOKamMu
0T MaTepuasa ux aHoja (B).

J5is Toro uToObl HanboJIee HHTEHCUBHAS YaCTh TOPMO3HOTO U3ITy4EHHUS MPUXOINIACH
Ha HYXXHBIM CIIEKTPATbHBIA HHTEPBAJI, SJIEKTPOHBI HEOOXOUMO PA3TOHSTh JOCTATOYHO BBICO-
KHM YCKOPSIOIIUM HampshkeHueM. Hampumep, s JOCTHXKEHHS A, = 1Ananpskenue Ha
TpyOKe JomkHO ObITh 12,4 kB, a 1Isl TOCTHXKEHUsT MaKCMMyMa Ha JuihHe BOJHEI 0,2 A—62
kB.

HemnocpenctBeHHO B XapaKTepUCTUYECKOE PEHTICHOBCKOE u3inyuyeHue (puc. 4)
npeoOpasyercs MeHee | % KMHETHYECKOH dHepruu >1ekTpoHoB ( 1 cromkHoBeHume m3 10°), a
ocTanbHas PHEPrHs MpeodpazyeTcs B TEIUIO — TPATUTCS Ha pa3orpeB aHoja. [loaTomy TpyOku
HY>KJTaIOTCS B TIPEIBAPUTEIILHOM OXJIAXKICHHH.

Hanpumep, B TpyOke ¢ MeAHBIM aHOIOM, paboraromieil mpu HampspkeHuun 40 kB
HEIMOCPEICTBEHHO B PEHTTEHOBCKOE M3IydeHue mpeBpamiaetcss Bcero 0,2 % motpebisiemoit
SHEPTUH.

WHTEHCMBHOCTh TOPMO3HOTO CIIEKTpa BO3pAacTaeT C yBEIMUYEHHEM aTOMHOI'O HOMepa
MeTajula, U3 KOTOPOro BBIMOJIHEH aHoA (pHuc. 3 6), MpH 3TOM KOPOTKOBOJIHOBAsl TpaHMIA U
MOJIO’KEHHE MaKCMMyMa MHTEHCUBHOCTH OCTalOTCS HeM3MeHHbIMH. Hanpumep, nns TpyOku
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BOJIL(PAMOBBIM aHOIOM (Z = 74) ucIycKkaeMoe TOPMO3HOE U3ITy4YCeHHE B 3 pa3a HHTCHCHUBHEE,
4yeM Juist TpyOKH ¢ aHooM U3 XpoMa (Z = 24) npu IpoYUX paBHBIX YCIOBUSX.

BbIX0JT pEeHTreHOBCKOro H3JIy4YEHHsS] OCYIIECTBIISIETCS Yepe3 TOHKOe OepHIHeBOe
OKHO.

Kpome TtOpMoO3HOro wu3iydeHus B paboTe PEHTIEHOBCKOM TPYOKH pa3inyaroT
CUHXPOTPOHHOE U3IyUYeHHE, KOTOPOE BO3HUKAET B PE3yIbTaTe YCKOPEHUS 3apsIKECHHBIX
YacTUll, JIBUXKYIIUXCA IO KPYroBol OpOUTE, CHIBHBIMH D3JIEKTPHUYECKUM U MarHUTHBIM
noJsisiMu. JlocTUTaeMblil Tipy 3TOM aOCOIIOTHBIN Tpeaesl 0OHAPYKEHUS AJIEMEHTOB COCTaBIISET
10 — 10 r, a JTUaMETP BO30YXKIAIOMIEro Iydyka MOXET OBITh yMEHbINeH 10 10 MKM.
TopMO3HOE W CHHXPOHHOE H3IY4YCHHE SBJISIOTCS HCTOYHUKAMU CIUIOIIHOTO CIEKTpa B
PEHTTEHOBCKOM CIIEKTPOCKOIIHH.

a 6
Mpouecc soabyxpenna  [pouecc penakcauwm
(woHw3auunA) MYTEM MCMyCKaHWA
XapakTepucTUYecKoro

nanydeHWA

e-b

—0—‘——.—0—7L —_——————— /,
o - & I
I

A Py Y
\ e o
L
DoToH

;‘Nb)

Puc. 4. Cxema BO3HUKHOBEHUS XapaKTEPUCTUUECKOTO PEHTI€HOBCKOI0 U3IYUYEHHUs: a) B
pe3yabTaTe BRIOMBaHMA dieKTpoHa Ha K — ypoBHE 00pasyeTcst Bakancus; 0) npipka Ha K —
YPOBHE 3aII0JIHAETCS JIEKTPOHOM C L3- moypoBHs, UTO NPUBOAUT K BBIAEICHHIO 3HEprun Ex
— EL;, koTOpastyHOCUTCSl pEeHTT€HOBCKHM KBaHTOM hv.

ITpu 6omOaparpoBKE aHO/Aa TOTOKOM YCKOPEHHBIX 3JEKTPOHOB Majas ux o (~ 1
MM MeHee CTONKHOBeHHH u3 10°) BBI3BIBAET MOHH3AIMIO aTOMOB MHIIEHH, YTO, B CBOKO
o4epeab, MOXKET 3aKOHUUTHCS UCITYCKaAHMEM KBAHTOB XapaKTECPHUCTUICCKOIO pPEHTTCHOBCKOI'O
U3JTy4eHHUs, 00YyCIIOBIEHHBIM 3alI0JJHEHHEM 00pa30BaBIINXCS BAaKaHCHI 3IEeKTpOHaMU ¢ boee
yAaaJ€HHBIX 000J0ueK (puc. 3). BeposTHOCTH 3TOTO mporecca XapakTepU3yeTCsl BEIIMUNHON

di
IMONEPEYHOro CEYECHUA MOHU3AINU Qi B COOTBETCTBUH C YPaBHCHUEM Ix = qunis rme q —

YHCIIO HIEKTPOHOB, MAAIONMIMX HA €IMHHILY TOBEPXHOCTH MUIIEHH (311./CM?), colepKanieit N;
aTOMOB dJIEMeHTa | B equHuIE 00BéMa (at./cM®), n BeBIBaoImMX di B B cloe TommuHO#M dx.
Bennunmna Q; KOHLENTyalbHO M MaTeMaTHYeCKH CBsizaHa C KO3 UIMEHTOM
(OTOIIEKTPUYECKOTO TTOTIIOIICHHS.

OHeprus KBaHTa XapaKTEPUCTUYECKOTO U3ITYUEHMs paBHA Pa3HOCTH HEPIETUUYECKUX
COCTOSTHUH 3JIEKTPOHOB Ha YpPOBHSX JI0 MEPEX0J]ia M IOciie Hero (pa3HOCTHU SHEPrHil CBSI3U
HAYaJbHOTO M KOHEYHOIO COCTOSHUM artoMa). IlockonbKky B aromMe Takue COCTOSIHMS
JUCKPETHBI U UHAUBHUIYaAJIbHBI JJIS1 K&XKIO0r0 3J€MEHTa, TO U XapaKTepUCTHUECKOe U3ITyueHUe
IIPEJICTaBJIEHO AUCKPETHBIMHU 110 JYIMHE BOJIHBI JINHUSMHU.

W3nydenue, BbI3bIBaEMOE JJIEKTPOHAMM, Ha3bIBae€TCs MEpBUYHBIM. 3myuenue,
BbI3bIBaeMO€ (POTOHAMH, HAa3bIBAETCS BTOPUUHBIM, MITH (PITyOPECIICHTHBIM.

BbicokoB030YX/IEHHBIE 3JEKTPOHHBIE COCTOSIHMSI MOTYT pachajaTrbcsl Takke B
pe3yibTare Oe3bI3TydaTesbHBIX MEePEeX0JI0B C yNAJIEHHUEM JIOTIOJIHUTENBHBIX 3JIEKTPOHOB.
Ilepexonpl Takoro poja M3BECTHBI Kak rnepexonbl Oxe. Cxema 3HEpreTH4EeCKUX YPOBHEHN
aToMa, pa3pelI€HHbIE IEPEX0/bl U CUCTEMATHKAa HAUMEHOBAHUN XapaKTEPUCTUUECKUX JINHUI
MOKa3aHbl Ha puc. 4.

be3bi3nyvarenbHblii MEXaHU3M 3aKJIOYaeTcss B TOM, YTO M30BITOYHAs SHEPrHs
nepenaércsi Ipyromy 3JEKTPOHY, HAXOISAIIEMyCs Ha TOM e WM 0oJjiee BBICOKOM YPOBHE,
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BCJIE/ICTBUE YE€ro JJIEKTPOH MOoKuAaeT aroM (puc. 6). B pesynpraTe BO3HUKAET IBAXJbI

HOHU3UPOBAHHOC COCTOSAHUC.
Taxum o6pa30M, BAXHO YCBOUTb, UYTO H3ITYYCHHE, BBI3BIBACMOC JJICKTPOHAMM,

Ha3bIBACTCA IICPBUYHLIM, 4 U3JIYUYCHUC, BBI3LIBACMOC d)OTOHaMI/I, Ha3bIBACTCA BTOPUYHBIM,

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

4 3 712
4 3 512
4 2 502
v 4 2 37
‘ 4 1 32
4 1 122
4 0 12
B2
12
M f‘l].__B} lB—a Y- ; T j;/li
31 12
3 0 122
B
w ¥ .
v 372
~ 2 1 12
g w 20 12
L-ccpust
AT LY L
B 1 0 12
K-cepust

Puc. 5. [lonHas cxeMa SHEPreTHYECKUX YPOBHEN U Pa3pEIIEHHBIE ITEPEXOIbI
rRrTOTk 10 Nl-ofamouku

a 7]
< e
L ] \
\ -9 r Y L‘ Y O o Y
L Py Y //2—.—__._——
. Ly .

Puc. 6. Cxema Oxe-d>MUCCHU:
a) ¢poron huc sneprueii, ocTaTouHO# I HOHM3ANUU K-000J0YKH, BEIOMBACT SJIEKTPOH.

B

pesynsrare Ha K-ypoBHe oOpasyercsi Bakancusi; 0) apipka Ha K-ypoBHe 3amomHsercs
AIIEKTPOHOM L1-TIOYypOBHS, BBIICIHMBIIASACS dHEPTUS MepeAaércs Ipyromy SJIeKTpoHY C La-

MOAYPOBHS. DTOT BTOPOW AJIEKTPOH MOXKET HcIyckarbes ¢ sHeprued E(L| |3) = E(L,)
Ex.B pe3ynbrare BOZHMKAET ABAXk /bl HOHU3UPOBAHHOE COCTOSHUE.

DJNEeKTPOHHBIE  COCTOSIHUS, COOTBETCTBYIOIIME HAYaJIbHOMY M  KOHEYHOMY
COCTOSIHUSIM ~ TIPOIIECCOB  a0COpOLMM WM SMHUCCHUU  PEHTIC€HOBCKOIO  M3ITyYeHUS,

HA3BIBAIOTCS PEHTTEHOBCKUMHU YpOBHSAMHU. HopmanbHble PEHTTEHOBCKHME YPOBHU (MU
IUarpaMMHbIE yYpOBHH) OIKCHIBAIOTCS  yJaJ€HHUEM OJHOTO M3 JJIEKTPOHOB W3
KOH(UrypaIyu, COOTBETCTBYIOLIEH HEUTPaJIbHOMY OCHOBHOMY COCTOSHUIO. DTH YPOBHH
00pa3yloT CHEKTp, MOJOOHBIN OJHOIIEKTPOHHBIM WM «BOJOPOAONOAOOHBIM» aToMawm,
OJIHAKO CMBICII MX pa3ivueH. B peHTreHoBckol crnekTpockonuu cuMBoi K o3Hauaer
COCTOSIHME aTOMa, M3 KOTOPOro YJal€H OJUH W3 1S-2JIEKTPOHOB, B TO BpeMs Kak BCE
OCTaJIbHbIE HAXOJSATCA HAa CBOUX IMPEXKHUX MecTaxX. AHAJIOTMYHO CUMBOJN L o3Hauaet
COCTOSIHME aTOMa, M3 KOTOPOrOo YIal€H OJUH W3 AJIEKTPOHOB 2p1/2 M T. 1. 3HaUEHUE
SHEPruM, COOTBETCTBYIOIIEE YIAJICHUIO JJIEKTPOHA 3a Mpenenbl aroma (mpenen, K
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KOTOPOMY CTPEMSTCSl TE€pPMBbI), YCIOBHO Hojaraercs paBHbIM Hymr0. [lockonbKy uis
pa3bopa CIEKTPOB HMMEET 3HAUCHHE JIHIIbL OTHOCHTEIHHOE pPAacCIOIOKEHHE YPOBHEH,
CXe€MaM PEHTI'CHOBCKUX YPOBHEH MOXKHO IpHUJaBaTh TOT K€ BHJ, YTO M ONTHYECKUM, a
uMeHHO K-coCTOsSHHIO COMOCTaBNATh HanboIee TIyOOKUN YPOBEHB H T. II.

PenTreHoBckue ypoBHM MMEIOT PA3JIMYHYIO CTENEHb MOHU3ALMM — OJHOKPATHYIO,
JIBYKPATHYIO, U T. [I., @ B HEKOTOPBIX CIy4asiX MOTYT OBITh 3JIEKTPUYECKH HEUTPATbHBIMHU.
DONEeKTpUYECKn HEeHTpalbHBIM ABJISETCA BO30YKAEHHBIM YPOBEHb, YTO COOTBETCTBYET
pa3pbIBYy AIIEKTPOHHOHM CBSI3M B 00JaCTH BaKaHCHU OCTOBHBIX JIEKTPOHOB. Takue ypoBHU
MOTYT J1aBaTh Ha4yaj0 BO3HUKHOBEHHIO cepuil Pundepra. MHOrokpaTHO MOHU3UPOBAHHbIE
1 BO30YXK/IEHHBIE YPOBHU MOTYT BO3HUKATh B PE3yJbTaT€ MHOTO3JIEKTPOHHBIX IPOIIECCOB,
KOTOpbIE BEAYyT K D3JEKTPOHHOMY BCTPAXMBAHMUIO, WM K BTOPUYHOM HOHU3ALUU
(anmekTpoHHas nepectporika, nepexoabl Oxe u Kocrepa — Kponura).

PenTrenosckue amuccus 1 abcopOLMsl OJUMHAIOTCS NTpaBUiIaM 0TOOpa.

XapaKkTepUCTUYECKOE PEHTTEHOBCKOE M3JTyUYE€HUE COCTOUT U3 CEPUM PEHTTEHOBCKHUX
CHEKTPAIBbHBIX JIMHUH C JAMCKPETHBIMM YAacTOTaMH, XapaKTEePU3YIOUIMMHU H3ITy4aroIiui
atoM. Jlpyroil XapakTepHON YEpTOM SMHUCCHOHHOTO CIIEKTpa SBJISETCS HAJIU4YUE
HSMHCCHUOHHBIX I0JIOC, COOTBETCTBYIOIMX IEpeXo/iaM Ha BaJleHTHbIE YpOBHU. B cmekrpax,
BO30YKIae€MbIX JIEKTPOHAMH WM (OTOHAMH, HanOoJiee MHTCHCUBHBIC JIMHUH HAa3bIBAIOTCS
JIMarpaMMHBIMHU, WM HOPMAJIbHBIMH, PEHTT€HOBCKUMH JIMHUAMH. OHHM COOTBETCTBYIOT
pa3peéHHBIM NEPEeX0aaM MKy HOPMATbHBIMU (JHarpaMMHBIMH) YPOBHSIMH.

W3nyyarenbHblil pacnag Bo30ykKIEHHOIO YPOBHS MOXKET 3aKaHUMBATBCS MEPEXO0A0M
aToOMa B HEHUTpPaJIbHOE OCHOBHOE COCTOSIHUE U, TAKUM 00pa3oM, UMETh Ty K€ SHEPIHUI0, UTO U
COOTBETCTBYIOIIAsl JIMHUS B aOCOpOLMOHHOM crHekTpe. Takue JIMHMM Ha3bIBAlOTCA
PE30HaHCHBIMH, a caM Ipoliecc 0003HayaeTcs Kak pe3oHaHCHoe u3nydeHue. Kpome Toro,
BBIJICJIAIOT PEHTICHOBCKUE CATEUIUTHBIC JIMHUM (HEAMarpaMMHbIE), OOJBIIMHCTBO HX
KOTOPBIX O0YCJIOBJICHO MEPEX0JaMi U3 MHOTOKPATHO MOHW3UPOBAHHBIX WA BO30YKIEHHBIX
cocrosgHuil. K apyrum mexaHusmam, NPUBOASIIUM K MOSIBICHHIO CJIAOBIX SMHCCHOHHBIX
JUHUM, OTHOCATCS pPE30HAHCHOE W3JIy4YeHHe, Hu3IydaTenbHbIiOxe-3p(PexT, MarHuTHbIE
JUIOJIbHBIE U DJIEKTpUYECKHE KBAJPYMOJIbHbIE MEPEXObl, B MeTalax emé M IMIa3MEeHHOe
BO30YKJICHHE.

Jl1s1 aTOMOB C OTKPBITBIMU 3JIEKTPOHHBIMU 000JIOUKAaMHU, T. €. IEPEXOHBIX METAIIOB,
JAHTAHOUJOB, AaKTUHOWJOB, HAOJIOAETCS pacllelyieHue psaa JIUHUM, 00yCIIOBIEHHOE
B3aUMOJICHICTBHEM 3JIEKTPOHOB B 3TOW OTKpHITOM oOosouke. JIMHMM, COOTBETCTBYIOIIME
MHOTOKpPaTHOM HMOHU3AIMH, YacTO WMEIOT OOJBIIYI0 WHTEHCHBHOCTh, YeM TUAarpaMMHBIC
JAuHUU. B 3TOM citydae 0603HaYeHHE X KaK CaTeTUTOB JIMIIEHO CMbICTIA.

PeHTreHoBckue YpOBHM ONPENENSIOTCS KaK HayalbHOE W/WIM KOHEYHOE COCTOSHUE
AIIEKTPOHHON O00O0JIOUKHM aTOMa, COOTBETCTBYIOIIEE NAaHHOMY PEHTTEHOBCKOMY IE€PEXOIy.
COOTBETCTBEHHO K JHArpaMMHBIM OTHOCSITCS YPOBHH, C TIOMOIIBIO KOTOPBIX MOXET OBITh
OTKCaH MPOLECC YAAJICHUS OJTHOTO AIEKTPOHA U3 3aMKHYTOM 3JIEKTPOHHON KOHpUrypamu. B
Tabmuie 2 TIOKa3aHa CBs3b MEXAY JIUAarpaMMHBIMHA YPOBHSMH W DJIEKTPOHHBIMH
KoHpurypanusiMu. O0o3HaueHHE YpPOBHEH OTHOCUTCS K MHOTO3JIEKTPOHHBIM CHCTEMaM MU
BaKaHCHsIM, a HE K DJIGKTPOHaM, YJasieMbIM W3 OTHX CHUCTeM. Bce JIWMHUWM, BBI3BaHHBIC
nepexoJaMu 3JIEKTPOHOB, OKaHuMBaromumucs Ha K-ypoBue, otHocsrcs k K-cepum. U3
NEepexo/I0B, OKaHUMBarOIUXcs Ha L-ypoBHe, oOpasyrorcss naunuu cepuu L u 1. a. Takum
00pa3oM, peHTTeHOBCKHE CIIEKTPBI COCTOST U3 cepuii, 00o3Hayaembix OykBamu K, L, M, N, O
u 1. A. llossnenune K-cepum nuHMI B CHEKTpe KakOoro—iaubO sjeMeHTa 00s3aTelIbHO
COIIPOBOKIAETCS MOSABIECHHEM OCTaJbHBIX cepuidl. Kaxnmas cepuss cOCTOMT W3 JIMHHM,
0003HauaeMbIX B TIOPSIIKE BO3pACTaHHWS YacTOTHI W3Iy4YeHHs Kak «,f,yut.n. HambGoree
MHTEHCUBHBIMU SBJISIIOTCA TuHUM K-cepun, 3atemM uayT quHun L-cepuu T. 1. OTHOCUTEIbHAS
MHTEHCUBHOCTb JINHUI B CEPUH ONPEAEIAETCA BEPOATHOCTBIO EPEXO0A0B MEXY YPOBHIMHU U
npaBUIaMy 0TOOpa Ui paJHallMOHHBIX TIEPEXO0/I0B:

An= 0; Al = +1;Aj = +1;0; —1.
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Tabnuua 4
JlnuHbl BOJH U 3HEPTruu GpoTtoHoB Ma — nuHwmii

Z DnemeHt v A A E,xoB & Z i DiuemeHT LA m E, xB
62 Sm 11,47 1,081 74 W 6,983 1,775
63 Eu 1¢ 10,96 1,131 75 . Re X 6,729 1,842

L1 2s 1 N1 4s71 02 5p1 /s

Lo 2p1/; N2 4pijs O3 53/

L3 2p3_/12 N3 47’3_/12 O4 5d3_/12

M 3st Na 4ds}, Os 5d; },

Mo 3pi) Ns 4ds 7, Oe 5fc/s
Ms 3P§ /12 Ne 4f. 5_/12 07 of: 7_/12
Ma 3d;/; N7 Afrs
Tabnuma 2

CBs13b MEXly PEHTT€HOBCKMUMHU JUarpaMMHBIMU YPOBHSIMU U 3JIEKTPOHHBIMU
KoH(urypanusamu (1o 3urdany)

[Io |Pekomenayer IIo |Pexomennye I1o Pexomennyer Ilo Pexomennyerc
3ur6 |cs UIOITAK |3urban | Tcs 3urbany cA 3urbany i
a-Hy y HIOITAK HIOITAK NIOITAK

Kay K- Ls 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, LpBs Li—»> M3 Ly, L—- N2 Lt L3 » M2

KB3| Ko M, LB, Li-»> M Ly, L— N3 Lu L3 = Newm

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

KB, K — Ng LB, L3— N1 Ly, L- O2 Ma, Ms — N7

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

Kpe K- M; Lp; L3s— Ne() Lys L— O4 M B Mz — Ne

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

M¢ Mas =N23

Tabnuma 3
Ces13p Mex 1y 0o003HaueHussMu 3urdoana u MIOTIAK
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64 Gd 10,46 1,185 76 Os 6,478 1,914
65 Tb 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 m 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

[TosTomy ToHKasi cTtpykTtypa Kauznyuenusicocroutuszasyxanuuii —Ka u Ka,,a He u3
TpEX, Tak Kak nepexoj Li— K 3anpeméH, u T. 1. CooTHOIIEHNE UHTEHCUBHOCTEN Haunboiee
WHTEHCUBHBIX JIMHUM COCTaBJISET IKalleaz:IKB = 100:50: 20.9t0 HanbojJee WHTCHCHUBHBIX

JIUHUWA COCTaBJISIET IKa1:IKa2:IKB = 100:50: 20.9T0 COOTHOIIIEHWE BBHITIOJHACTCS B PaBHOU

Mepe Ui BCEX DJIEMEHTOB.

Bwmecto mpuHsATONW A0 CHX MOp CUCTEMBbI O0O3HAUYEHUN YPOBHEH, CEpuil M JIMHMIA,
KoTopasi Obuta BBegeHa 3urbOanHom, Komwmccus MIOITAK B Hacrosimee BpeMs Tpejiaraet
HOBYI0, OoJiee 4ETKYI0 cucteMy (Tada. 3).

Hanpsokenne Ha TpyOKe, KOTOpPOE JOJDKHO YCKOPSATH DJIEKTPOHBI ISl BO3OYKIACHUS
JUHUHA ompenenéHHON cepuM, Ha3bIBaeTCs HampsbkeHueM Bo30yxaeHUs Unop. 3HaueHUs
HanpspKeHUs Bo30ykaeHuss M « - TuHui npuBeieHsl B Tabaule 4.

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

B untepBasie Z = 20+-30

Z Kl 18) Z Kl 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 BHAa CHEKTPaJIbHOIO pacHpeieseHus 3aBUCUT 3()(HEKTUBHOCTH BO30YXKIECHUS
¢diyopecueHIIMM TeX WIM UHBIX 3JeMeHToB. Ha puc. 3 6 mnpuBeneHsl AaHHbIE 00
OTHOCUTENbHOM 3((HEKTUBHOCTH BO30YXA€HUS (PIyopecleHIInN TpyOKaMu ¢ BOJIb(PaMOBBIM,
XpPOMOBBIM ¥ POJHUEBBIM aHOAAMH, NPUIEM 3(PPEKTHBHOCTD TEPBOI MpPHHATA pPaBHOU
enunune. HauOonbmas >¢p¢pexkTuBHOCT, BO30YXKACHUS (IIyOPECLEHTHOH JIMHUM B
JUIMHHOBOJIHOBOM ~ 00JIaCTH ~ JOCTUTraeTcs TpyOKOM ¢ poAMeBbIM aHOJAOM. BaxHoi
XapaKTePUCTUKON TPYOKH SBISETCS COOTHOIIEHNE MHTEHCUBHOCTEH XapakTepUCTUYECKOTO U
TOPMO3HOTO KOMIIOHEHTOB (puc. 7).

OTO COOTHOIIEHHE HCIOJIb3YeTCs NpU pacuérax Mo MeToJy (YyHIaMEHTAIbHBIX
nmapamMeTpoB. B KauecTBe WILTIOCTpAIlMM TPUBEACHBI JaHHBIC IUISI TPYOOK C XPOMOBBIM H
BOJIb()PaMOBBIM aHOAAaMH (TalJI. 6).

[Ipr TPOXOKIEHUH ITydKa PEHTTEHOBCKOTO H3JIyYEHHUS 4Yepe3 CIIO TOMOTEHHOTO
BEIIECTBA €r0 MHTEHCHUBHOCTh OCJIa0eBaeT B HAlpaBJIEHUM paclpOCTPAaHEHHUs 3a CUET
MPOIIECCOB IMOTJIOMICHUS M PACCesSHUS 110 3aKOHY:

I = IO eXp (-Aud)’

ey — TMHEHHBIA K0dQGUIHeHT ocaabneHns (cM™), yUUTHIBAIONMINN XapaKTePUCTHKA

BelllecTBa (IUIOTHOCTh M aTOMHBIN HOMEp); d — TOJIIMHA CII0s1 BEI[ECTBA.
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Ennnuneit muHeitHoro koadduimenta ociabiaeHusi sBISETCS CAaHTUMETP B MHHYC
nepBoii cremenu (cMt). DTOT KOSDOHUIMEHT 3aBUCHT OT SHEPTMH MM JJIHHBI BOJHBI
MOTJIONIAEMbIX PEHTIC€HOBCKMX KBAaHTOB M OT IUIOTHOCTU p TOTO MaTepuaja, uepe3 KOTOpPBIi
MIPOXOAUT U3ITyUEHHE.

~~
= Q

Ko

Topmosnoe
H3NYUCHHE

HHTeHCHBHOCTH

KB

1 L |

0 10 20 30 40 50

JHeprusi, k3B

Puc. 7. CriekTp TOPMO3HOIO U3JIyUEHUS C XapaKTEPUCTUUECKUMHU JIMHUSAMU MaTepuaia aHoa.

Korma paccmarpuBaeTcsi NpPOXOXKIEHHUE PEHTICHOBCKOTO U3IyYeHHUs 4epes
MHOTOKOMIIOHEHTHYIO TIpo0y, IMei1ecoo0pa3HO TOIh30BAThCS MOHITHEM «MAaCCOBBIN
ko3 durment ocmabaenus»u/p (CM%r). OH 3aBUCHT JUIIL OT ATOMHOTO HOMEpa
MOTJIONIAIOIETO 3JEMEHTa W OT OSHEPIUM WIM JUIMHBI BOJIHBI  ITOTJIOIIAEMBIX
PEHTTeHOBCKUX KBaHTOB. Ero 0003Hauaror y;;.

Tabmauma 6
Hons xapakrepuctuyeckoro usmydenus (%)
TSl TPYOOK C pa3HBIMH aHOJaMU

Harmpsixenue Xpom Boasdppam
Ha TpyOKke, 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

[TonHoe ocnabieHue MPOUCXOAUT B BHJE JIBYX MPOIECCOB — (POTOAIEKTPHUUECKOIO
norJiomeHus u paccesiHus. [loaromy koapduIeHT ocnabaeHus npeacTaBiser codoil cymmy
JIBYX KO3 (UIIUEHTOB:

u=t+o,
re T — JUHEWHBIA KOA(PQHUIMEHT MOIJOUIeHNS; o - JUHEHHBIH K0d(ULMEeHT paccesHus.

WNonuzanus aTOMOB 3aBUCUT TOJIBKO OTT M MOKET OBITh ONKMCaHa ypaBHEHUEM:
di
-— = Td;
ax ai,

di
e Oi- uncino GpOTOHOB, MANAININX Ha TIPo0y, BoT./cM?; - o5 - MCIo (hOTOHOB, TEPSIEMBIX HA

eJMHHMIIC JUIMHBI IyTH B pe3yibTaTe (POTOIIEKTpUIEeCKOro moriomeHus. OTHOCHTETbHBIN
BKIIaJ, T U ¢ B o0mmi Kodp(duIMeHT ocnableHus y 3aBUCHT  OT JJIMHBI BOJHBI
PEHTICHOBCKOTO U3JIYYCHHS M OT aTOMHOTO HOMEpa MOTJIONIAOIINX 3JIeMEHTOB (Tab. 7).
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Baxxno To, 4TO mONS T BO3pacTaeT ¢ yBeluyeHHEM Z M AW UYTO 3Ta COCTaBISAIOIIAs
JOMUHUPYET Hall ¢ B 00JIACTH JJTMH BOJIH, THIIMYHOM 1t POA.

[TooToMy MOXXHO mpUHATH, 4YTO B TpakTuke P®DA ociabieHue HIAESHTUYHO
MOTJIOIICHUIO. PEHTreHOBCKME KBAaHTHI MPU TMOTJIOLIEHWHM B BEIIECTBE CIOCOOHBI
MOHU3UPOBATH BHYTPEHHHE IEKTPOHHBIE 000JIOUKH.

Tabnuua 6
3HaveHHs 10U T B KO PuImeHTe ocnadieHus
UJISTHEKOTOPLIX SIEMEHTOB B MHTepBae juiuH BoiH 0,2-2,0 A

A A
Z | DaemeHT
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

Ot1o aBneHue HOCUT HaszBaHue (otorpdexra. DoTodhdexT BO3HHKAET TOrAa, KOraa
9HEpPrusi PEeHTICHOBCKOro KBaHTa E> Eiop. B pesynpraTe 37€KTpOH MOKHAAET aToM, a
M30BITOK SHEPTrUU BBIIEISETCS B BUAEC PEHTICHOBCKOTro KBaHTa. [lomydaemMoe BTOpHUYHOE
PEHTIEHOBCKOE U3JTyYCHHE HA3bIBACTCS (hIyOpPECIEHTHBIM (puc. 4).

Up

(7o) o
(Tp), b}

b
(3]
.

'x,A

Puc. 8. 3aBucumoctsh MmaccoBoro k03¢ GHuIMeHTa MorJIONEHUs T/p OT JJTUHBI BOJTHBI
MaJaroIIer0 PEHTTEHOBCKOTO H3TYUYSHHUS.

ITporiecc BO3OYKAECHUS PEHTTEHOBCKOM (DIyOopecleHIIMH aHaJOTHMyYeH  IpOoLeccy
BO30YKIIEHHSI XapaKTePHCTUYECKOTO PEHTTEHOBCKOTO W3IY4YeHHs AJIeKTpoHamH. CIIEKTpHI
PEHTI'€HOBCKOW (piryopeciieHInu cojiepkaT MHOpMalKioo, HEOOXOAUMYIO JUIsl aHalIu3a
AIIEMEHTHOTO COCTaBa BEIIECTB U MAaTEPHAJIOB.

[lpy ka4yecTBEHHOM aHAJIHM3€ ONPENEINSIOT JJIMHBI BOJIH (PIIyOPECHEHTHBIX JIMHHM, a
3aTeM C MOMOMIBIO TAOJMI] yCTAaHABIMBAIOT MPUHAUICKHOCTh 3aPETHCTPUPOBAHHBIX JTHMHUH
TEM WJIN UHBIM 37eMeHTaM. PoTodPPeKT CyIecTBEHHO BIUsSET Ha npolecchl nornomenus. C
YBEIMYCHUEM JUTMHBI  BOJHBI  TIPU TOCTIKEHUH Ay, KOTAa sHeprus kBaHTta E
craHoBuTcsipaBHOUEK, poToad ekt ¢ K-obomouku npekpamiaercss u npu 3ToM KO3PPHUIIUEHT
MOTJIONICHHS CKaYK00Opa3Ho yMeHbIaeTcs (puc. 8).

JInHY BOJHBIAKHA3BIBAlOT KpaeM K  TOTJIOIIEHHs JaHHOTO dyeMeHTa. CKaydok
0003Ha4aroT Kak S (st K-000J109KkH — Sk) ¥ BEIYUCIISIOT U3 COOTHOIICHHUS

Sk=,
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I7I€)- MacCOBBIM KO(P(HUIIMEHT MOTJIOMEHNUS Ha KOPOTKOBOJHOBOM CTOpPOHE MHUKa (BEPXHSIS
Touka Ha puc.8); (7/p)p- MaccoBbli KO3(PPHUUMEHT NOTIOMEHUS Ha AJTMHHOBOJIHOBOM
CTOpOHE MUKa (HIDKHSSI TOUKa Ha pHcC. 8).

Yem cuiibHEE MOTJIOLIAETCS U3IYyYEHHUE DJIEMEHTa B Marepualie NnpoObl, TEM MEHbILE
TOJIIIMHA CJI0sI MPOOBbI, U3 KOTOPOrO BBIXOAMT HAPYyXKy H3MepseMoe (IIyopecleHTHOE
u3nydenue. IIpoGa cumrtaercss 6GECKOHEYHO TOJICTOM AJIsi KOMIIOHEHTA HM3JIy4eHUs, eciu e
TOJIIIMHA JAOCTATOYHO JUIsl TOTO, YTOOBI MPAKTHUYECKU MOJHOCTHIO MOTJIOTUTh U3ITYYEHHE OT
oOpatHOil CcTOpOHBI TMPoObl. Cioil MPOOBI TONIIUHOW, JOCTATOYHBIA MJII TOTJIOUICHUS
OCHOBHOI gonu wusnydeHus (Hampumep, 90%), Ha3pIBaeTcsl HachleHHbIM cioeM. [lpu
aHau3e JKUAKUX Mpo0, HAaHECEHHBIX Ha (UIBTPOBAIBHYIO OyMmary, 3(GQeKT MOTIoueHus
MPAKTUYECKH UCKIIOUEH. B 3TOM ciyuae roBopsT 0 0ECKOHEUHO TOHKOI mpooe.

B3anMoneicTByss € DIEKTpOHAMHM pa3HbIX O000JIOYEK, KBAaHT PEHTTEHOBCKOTO
U3ITyYEHUs] MOXET W3MEHHUTh HampaBlieHHWE CBOEro JBIKEHUs. [Ipu 3TOM BO3MOXKHBI JBa
cirydasi: 1u00 (OTOH MPH CTOTKHOBEHUHU C aTOMOM COXPAHSET CBOIO YHEPTHIO, JTHO0 mepeaaét
4acTh CBOEW JHEPrMH OJHOMY M3 JJIEKTPOHOB aToMa. B mepBoM ciydae IjMHA BOJIHBI
paccestHHOrO U3JIyUYEHHs] HE U3MEHSETCS, & BO BTOPOM — HECKOJIbKO Bo3pacTtaet. [lepBrlii BuA
paccesiHisI Ha3bIBA€TCS KOTEPEHTHBIM, WJIM PAIJIEEBCKUM, paccesHueM (yImpyroe paccesHue,
KJIACCUYECKOE PpACCEesHUE), BTOPOM — HEKOTEPEHTHBIM, WJIM KOMTOHOBCKHUM, pAacCEsSHUEM
(Heympyroe paccesHue).

VHTEHCUBHOCTD pPAcCESIHHOIO M3JIy4E€HHs 3aBUCUT OT COCTaBa MpoObI: A 1poO, B
COCTaB KOTOPBIX BXOJAT B OCHOBHOM JIETKUE 3JIEMEHTHI (JIETKas MaTpHIla), JOJs PaCCeIHHOTO
U3IydeHus Benuka. st mpoO, KOTOpbIe COCTOSAT MPEUMYIIECTBEHHO U3 THKEIBIX HJIEMEHTOB
(TspKENast MaTpHIIA), T0JISI PACCESTHHOTO U3JIyUYE€HUsI OTHOCUTENIbHO HEBEIUKA.

XO0Tsl paccesHUE HEBEJIMKO 110 CPAaBHEHUIO C MOIJIOIEHNUEM, OHO MPOUCXOIUT BO BCEX
CIIydJasiX, SIBIISISICH TIOMEXO0H, o0pa3yroiiel (poH B CIIEKTPOMETPE, MOITOMY KeNATEIbHO UMETh
€ro Ha BO3MOXHO Oojiee HM3KOM ypoBHE [Iyisi CHUXKEHHS (pOHA PACCESIHHOIO H3ITyuYeHUs
IPUMEHSIOT NepBUYHBIE (PUIBTPBI, YCTAHABIMBAEMbIE MEXIY OKHOM PEHTI€HOBCKOW TpyOKH
Y TIpOOBI.

OOparuTe BHUMaHHME Ha TO, YTO PAa3HOCTb SHEPTHM 3JIEKTPOHHBIX ypOoBHEHAE aToma
WHAMBHUAYaIbHA AJIS JIIOOOr0 3JIEMEHTA, [MO3TOMY IO MOJIOKEHHIO PEHTI€HOBCKUX JIMHUH B
CHEKTpE MOKHO BBINOJHATh KaueCTBEHHbIN aHanu3. CBs3b JUIMHBI BOJIHBI (SHEPIHM)
PEHTT€HOBCKOM JINHUU C aTOMHBIM HOMEPOM 3JIEMEHTA ONMCHIBAETCs 3aKOHOM Mo3u:

AE = hv = 2rn%m,e*
IJIeV - 4YaCTOTa PEHTT€HOBCKOM JIMHUU; 0 - TOCTOSTHHAS KpPaHUPOBaHUs; No U N1 — TJIaBHBIE
KBAaHTOBBIE YKCJIa HAYAJIbHOI'O ¥ KOHEYHOT'O COCTOSIHUH.
£, 5B
100 |
80

60 +
40

._.
AN O
T

1 i i i

20 40 60 80 Z

Puc. 9. 3aBucHMMOCTb SHEPIMU OCHOBHBIX JINHUHA PEHTI€HOBCKOTO CIIEKTPA OT ATOMHOI'O
HOMEDA.
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[TocTostnuas skpanupoBanusic > 1. Hampumep, nis L-o60n0uku o= 7,4. 3aBUCUMOCTD
SHEPrUM OCHOBHBIX JINHUN PEHTIE€HOBCKOIO CIIEKTPa OT aTOMHOI'O HOMEpa IpUBEEHA Ha pUC.
9.

PentrenoBckas QuiyopecueHIMs — 53TO MEXaHH3M OCBOOOXKICHHS aromMa OT
M30BITOYHON SHEPTUH, MOJTYYEHHOM MPU HOHU3ALUHU, MyTEM HCIYCKaHUS PEHTTEHOBCKOTO
dorona. CymiecTByeT Takke Oe3bI3TydaTeNbHbII MEXaHU3M CHATUS BO3OYXKICHUS — IMYTEM
ucnyckanus Oxe-3JeKTPOHOB (CM. BBIIIE).

BepOHTHOCTL paguanMOHHOro IMepexoja Ha K—ypOBeHb ONpeaACIsICTCA BbBIXO0M
dnyopecuenun K-ypoBHsi:

P
Ny

Wg = E,

rzienk - 4MCIIO MOHM3AIMI, COMPOBOKIAIONIMXCS U3ITYYaTENbHBIM TIEPEXOIOM; Tx — ODLIEE
YUCII0 HOHU3AUK K-ypOBHSL.

BepositHocTh  Ge3pammaniuoHHOrO Tmepexojna Ha K-ypoBeHb XapaKTepu3yeTcs
BeIXOI0M Oske-dMHCCUHay TPUYEM

wg +ag = 1.
Ha puc. 10 npencraBieHa 3aBUCMMOCTh BBIXOJla PEHTT€HOBCKOW (IIyOPECUCHIINN U

Oxe-s3muccuun K-ypoBHsI OT aTOMHOT'O HOMEpa 3JI€MEHTA.

BeposiTHOCTE

|

I 5
H B Ne P Ca Mn Zn Br Z7-
ATOMHbBIH HOMST

Puc. 10. BepositHOCTh Ncniyckanust Oke-3JIEKTPOHOB ¥ PEHTI€HOBCKOMN (h1yOopecleHIINN
B 3aBHCHUMOCTH OT aTOMHOI'O HOMEPA JIEMEHTA.

Breixon ¢ayopecuenuuu pactér ¢ yBeiauueHHMEM aToMHOro Homepa Z. Jlns nérkux
anemeHToB (Z 10) mpeobnamaer Oxe-amuccust. I[lostomy wmeronx P®DA mo3Bomser
UICHTU(PHUIMPOBATh 3JIEMEHTHI, HauMHAas B Jy4lieM ciydae ¢ Oopa (Z = 5), a mIpoBOJIUTH
HaJ&KHBIE KOJIMYECTBEHHBIC OMpeeieHus1 dJIeMeHTOoB — ¢ Hatpus (Z = 11). Jlna Gomnee
BbICOKUX L- u M-ypoBHeil ompeneneHue BbIXoAa (IIyOpPECLEHIMH  OCIOXKHSIETCS
0e3bI3IydaTeabHbIMU pagrallMoHHbIMU niepexoaamu Kocrepa — Kponwra, T. e. mepexogamu
3JIEKTPOHOB C OJTHOTO MOJYPOBHS Ha JIPYroM B Mpejenax oJHoi obonouku. B obmiem ciydae
BBIXOJ (IIyOpEeCIeHIIMH PacTET C YBEIMYEHHEM KaK aTOMHOIO0 HOMepa, TaK M C TITyOWHBI
o6onouku (Tabm. 10).

BaxknelmuM MOHATHEM B PEHTTEHO(DIYOPECIIEHTHON CHEKTPOCKONUHM  SIB-JISIeTCS
NOHATHE 00 MHTEHCHUBHOCTH PEHTICHOBCKOW  QuryopecueHIMu. OOmenpuHsTas, XoTs
UHUJeaNu3UpOBaHHAs, cXeMa BO30YXJACHUS PEHTI€HOBCKON  (iyopeclieHIuy MpeicTaBiIeHa
Ha puc. 11.
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Tabanma 9
3HaueHus BeIxoa (yopecueHuu M-000m04uek

Z DneMeHT Wy WM (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

OnHOpPOHBIA IMYYOK MEPBUYHOIO U3IYYEHUS, BBIXOASAIIMN M3 OKHA PEHTTEHOBCKOMH
TPYOKH M COCTOSIIIMN W3 XapaKTEPUCTUYECKOTO U TOPMO3HOTO KOMIIOHEHTOB, MaJaeT IMOJ
YIJIOM ¢ Ha IUIOCKYIO M HJEaJIbHO POBHYIO ITOBEPXHOCTh MOJyOECKOHEYHOI'O FOMOTE€HHOIO
aHanmu3upyemMoro oobpasma W morjomiaercss B HEM. B pesynprare arombel  o0Opasia,
YyYacTBYIOLIME B IMOMVIOIIEHUH, HOHHM3UPYIOTCA, BAaKAHCUS BO BHYTpPEHHEH 000sI0uke
3aMoJIHIETCS AJIEKTPOHOM C BHEIIHMX O0OJIOUEK, a PHEPIrHsl 3TOr0 NEepexojia BBIACNSETCA B
Bujie (POTOHA XapaKTEPUCTHUECKOTO (hITyOpPECLIEHTHOI'O U3ITyYEHHUSI.

Puc. 11. Cxema Bo30y>KeHUS PEHTT€HOBCKOM (hTyOpeCIICHITUH.

@dyopecieHTHOEe HM3JIy4YeHHEe TpPU BBIXOJAE M3 MPOObI YaCTHYHO TO-TJIOMIAETCs, a
YaCTUYHO BBIXOJIUT HApyXKy; ONpelenéHHas Hojis ero oroupaercss (IoJ YIrJioMy) KOJUIH-
MaTOpOM  CIIEKTPOMETpa, pas3jiaraercsi B CIEKTP H PErHCTPUPYETCS JETEKTOPOM
cnekTpomerpa. Ilpu m3MeHeHMH cocTaBa MpPoOBI MEHSETCS €ro MoromaTenbHas Ccrocoo-
HOCTh KaK (MIIbTPA, a CJIeJOBATEIbHO, U MHTEHCHBHOCTH BBIXOSIMIETO (DIIyOpECIIeHTHOTO
U3JIy4YEHHUs1, YTO IPUBOAUT K TaK HazbiBaeMoMy 3(h(peKTy MaTpuyHOro ociaalieHusl.

@dyopecieHTHOE HM3IIyYeHHE JJIEMEHTOB, YHEPTHsS KOTOPBIX MPEBOCXOIUT SHEPTHIO
BO30Y KI€HUS aHATMTHYECKON IMHKUU A; < Ag,, TA€ Ay ,— JUIMHA BOJHBI K-Kpasi MOIIOMICHHUS
arieMeHTa A), CIIOCOOHO JIOMOJHUTENBHO BO30YXKAaTh (IYOPECHEHIUIO »JlIeMeHTa A
(BTopuuHas QuryopecueHnus, uzbupartenbHoe BO30yxkaenue). M3 puc. 10 BuaHO, UTO
U3IydeHUE OdlieMeHTa S, Bo30yxkunéHHoe B o0bémedVmiapoBoro cmos r, r + dr,
pacIpoCTpaHssICh BO BCEX HAIMPaBICHHUAX, BO30YXKTAaeT HM3ITy4YCHHE aTOMOB JJIEMEHTa AB
nerTpe Orunoterndeckoil chepsl. OOmuMN BKIaL M30UPATEIbHOTO BO30OYXKAECHUS MOIYYUM
CYMMHUPOBaHHEM OTJICIBHBIX BKJIAJIOB MO BceMy 00bEMyY MpoOkl. Bropuunas ¢myopectenmms
UMeEeT BaKHOE 3HAa4YeHHE Ul 3JeMEeHToB ¢ Z> 20, Korja aHanusupyemas npola COAEpKHUT
aneMeHThl ¢ Onu3kumuZ. IlpuparieHne HWHTEHCUBHOCTH, OOycloBlIeHHOE 3(deKToM
U30MpaTEeNTLHOIO BO30YKICHHS, MOXKET JOCTUraTh B HEKOTOPHIX ciyyasx 30-50%.

CymecTtBytoT Tarkke S(PQEKThI TPEeThEro MOpsKa, KOTJa, HanmpuMep, H3IydYeHHE
anementa C B030yxknaer minydyeHue snemMeHta A. OObIYHO 3TH 3((PeKThl HEBENUKH, HO B
OTJENBHBIX CIIy4asiX MOTYT JOCTHTaTh 2-3%.
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B GonbmmHCTBE TpakTHYECKUX ciiydaeB ddpexraMu BO30YKICHUS TPETHETO MOPSIKA
MOXHO TnpeHeOpeub. C yd€TOM CHENAHHBIX JOMYIIEHUH BBIpAXEHUE HHTEHCHBHOCTH
(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 1MOABO30YKAaTh 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¢ dext n30npaTeTLHOrO NOTTIOMEHHS N3TYYCHUS aHATUTHYECKON JIMHUY (Hapumep,
cnekTpanbHoi Ka — sinHuMaieMeHTaA) 3aKiO4aeTcss 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
pPaccestHHOrO0  KpUCTaNIOM-MOHOXPOMATOPOM  M3JIy4eHMsI MPOObI (Ig); 4) TOPMO3HOTO

uznyueHus: Goto- u Oxe->TEKTPOHOB, KOTOphIE 00pazoBajlch B MpoOE MOJ JEHCTBUEM
M3JIYYEHHUs] PEHTTEHOBCKON TpYOKu (I3; 5) (IryOpECUEHTHOTO H3IIyYeHHs DJIEMEHTOB, W3

KOTOPBIX COCTOUT KpHCTAI-MOHOXpomarop (Ig); 6) anmaparypHoro kommouenta (I,
BKITIOYAIOIIETO M3JIyYeHHE TPYOKH, paccesHHOE ACTaISsIMUA MTPHOOpa, KOCMHUECKOE N3ITyUeHHE
¥ ()OHOBBIE UMITYJICHI, UMEIOIIHE HIIEKTPUUECKYIO TPUPOTY.

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

VIHTEeHCUBHOCTU TEPBBIX MSTH KOMIIOHEHTOB 3aBUCAT OT XHMMHYECKOTO COCTaBa
poObI; 3T 3aBUCUMOCTH, 110 CYIIECTBY, MPEACTABISIOT COOON JOMOTHUTEIbHBIE MATPHYHBIC
3 dexThl. OTHOCUTENBHBIA BKJIAJ KaX/J10T0 U3 KOMIOHEHTOB (DOHA 3aBUCUT OT KOHKPETHBIX
anmapaTypHbIX YCIOBUH MMPOBEICHUS aHATTN3A.

B KkopoTkoBonHOBOM o6nactu cnekrpa (0,4-2,5 A) cocrasnsromas Ié,f, KaK MpaBuUIIo,
paBHA HYJIIO, T. € UCIIOJIb3YEMbIE KPHCTAIIIBI-MOHOXPOMATOPbI OOBIYHO HE COAEPIKAT B CBOEM
COCTaBe AIEMEHTOB, IMEIOIUX CIEKTPAIbHBIC JIMHUHU B YKa3aHHON O0JIACTH.

ITpu u3yyenun Bonpoca «CreKTpOMETphl U UCTOYHUKH BO30YKJIEHHSI PEHTT€HOBCKOM
duryopecueHIII» HEOOXOAMMO CHavaja M3YYHUTh KIACCU(PHUKAIMIO U CXEMY CHEKTPOMETPOB,
a 3aTeM UCTOYHUKHU BO30YKICHUS PEHTI€HOBCKON (hIIyOpeCLeHIIHH.

CyIecTByIOT pa3in4HbIe CIOCOOBI BBIICICHUS HYXHBIX aHAIUTHYCCKUX JIMHUN W3
CyMMapHOro  (uayopecueHTHOro wu3inydeHus. [lisg  3TOro OpUMEHSIOT — KpHUCTalll-
TU(PPaKIMOHHBIE W DYHEPTOAWCIEPCUOHHBIE  CHEeKTpoMeTphl. Kpucramn-nudpakinumoHHbIe
CHEKTPOMETPHl  HCIOJB3YIOT  BOJHOBBIE  CBOMCTBAa  3JEKTPOMArHUTHOTO  M3IY4YEHUs
(cieKTpoMeTphI ¢ BOJHOBOH aucnepcueit, BJl), a ”MEHHO CTOCOOHOCTH 3JEKTPOMArHUTHOTO
u3aydeHuss K wuHTepdpepeHuun u audpakuun. Crnekrpomerpel ¢ BJI moryt ObITh
CKaHUPYIOIMMHU 1 MHOTOKAHAJIbHBIMU.
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B kaudecTBe AMCIIEPTUPYIOIIETO JJIEMEHTa B PEHTICHOBCKMX CHEKTPOMETpax
MPUMEHSIOT MPUPOJIHBIE WIIM CUHTETUYECKHUE KpucTauibl. Kpucramn mpeacraBisier coOoi
TBEPAOE TENO, COCTOsIIee M3 aToOMOB (MOJIEKYJ), KOTOpbhIE OOpa3yloT MEepUOAUYECKYIO
CTPYKTYPY B TPEX U3MEPEHUSIX. B TakoM pacnoyioxKeHUH YaCTHUI] 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, HAXOASAIINXCS APYT OT JIPyra Ha MEKILIOCKOCTHOM
paccrosiuun 0, pa3HOCTB X018 OTPAKEHHBIX JTydeit coctaBuT 20Sind(puc.12).

\AC| + |CB| = 2dsinf

Puc. 12. ludpaxiust peHTT€HOBCKHX JIy4ei Ha KpUCTaJUIax.

Ecnu sTa pa3HocThk paBHa 11€J0MY YHCITY JAJIUH BOJH (nAd, OTpaXEHHBIE JIyun OyayT yCUIUBATh
JIpyr Apyra BCienCTBUE MHTep(EepeHIMH. JTO yCIOBHE JUIsi KOHKPETHBIX 3HAUEHUH JTMHBI
BOJIHBI 1 1 MEXKIJIOCKOCTHOTO PACCTOSIHUSI UBBIMOIHSIETCS TOJIBKO HPH OMPEACIEHHOM yrie 6:

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

OOpatute BHHMaHuWE Ha (QyHIAMEHTAIbHBIE pa3NIU4Yus Mexay audpaxiueit
PEHTT€HOBCKUX JIyded W OTpaXKCHHEM CBeTa: AU(PParupOBaHHBIM KpPUCTAIJIOM IYy4OK
oOpa3yercs paccesHHEeM MEePBUYHOTO Mydyka BCEMHU aTOMaMH KPHUCTAIIa, BCTPEUAIOLTUMUCS
Ha €ro MmyTH; AU(pakiyusg MOHOXPOMAaTUYECKUX PEHTIC€HOBCKHUX Jy4yeil MMEEeT MECTO TOJBKO
MOJI YTJIOM, YJIOBJIETBOPSIONINM ypaBHEHWIO bparra; MHTEHCHUBHOCTh IU(PArupoBaHHOTO
PEHTICHOBCKOI'0 IMy4Ka 3HAYUTCIIbHO MCHBIIIC MHTCHCUBHOCTH IMAAArOIICro ITy4dKa. VYcnosue
TU(GParupoBaHHOTO OTPAKECHUSI ISl U3JIYUYCHUS C AJTUHOW BOJHBI A BBIMIOJHSAETCS IS psijia
3HAYCHUM N U 6, T. €. MOJTHOE OTPAKECHHE JICTTUTCS HA Pa3IudHbIC TOPSAKK oTpaxkenus (1,2,
n). Yem BhIlIe TOPSIOK OTPaXKEHUS, TeM Clla0ee MHTEHCHBHOCTh COOTBETCTBYIOIICH YacTu
OTpa)KéHHOFO N3JIYUCHUA. MaxkcuMalbHO BO3MOKHAS BEIHUYNHA mopAAgKa OTpaXCHUA 3aBUCUT
OT JUIMHBI BOJHBI, TUIMA MCHOJIB3YEMOI0 KpHUCTaJla, a TakKKe YIJIOBOrO JMana3oHa
crektpomerpa. M3 ypaBHenusi bparra cienyer: H3dydeHHME C JJIMHOW BOJIHBI, PaBHOM
MOJIOBUHE, TPETH, YETBEPTHU U T. J. COOTBETCTBYIOIIEH JIIMHBI BOJIHBI, OTPAXKAETCS MO OJAHUM
Y TEM K€ YTJIOM 6 TIpH MCTOJb30BaHUHU KPUCTAJJIa TOTO K€ CAMOT0 THIIA.

OCHOBHBIMH y3JIaMU KPUCTAILI-TU(PPAKIIMOHHBIX CTIEKTPOMETPOB SIBIISTFOTCSI:
® HCTOYHHMK  TEPBHYHOTO  PEHTTEHOBCKOTO  W3Iy4YEeHUS I BO30OYKIEHUs
bayopeciieHIuu TpoosI;
® YCTPOMCTBO MOJAYU M YCTAaHOBKH MPO0;
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® CIIEKTPOMETPUYECKOE YCTPOWMCTBO ISl BBIACICHUS M ACTCKTHPOBAHHS CIEKTPAIbHOM
JIMHUM C JUTMHOW BOJIHBI A,

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-
aHayiMzatop; 7 — OJIOK JNETEeKTUPOBaHHUA; 8 - MpelyCHIuTeNb, 9 — UCTOYHUK NUTaHUS

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

Ananuzupyemast npo0a pacrojiaraercss HEIOCPEACTBEHHO Iepe]] BBIXOJHBIM OKHOM
PEHTT€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  KBAaHTbl PEHTT€HOBCKOTO M3JIYYEHHUS B OJEKTPUUECKHE HMITYJIbCHI,
aMIUIMTYa KOTOPBIX IPONOPLMOHAIBHA YHEPTUU KBaHTOB. [locie ycunenns u aMIuIMTy AHON
CEJIEKIINH, TI03BOJISIIOIIEH HCKIIIOUYUTh KOMIIOHEHTHl (OHA, OOYCIIOBJIEHHbBIE BBICIIUMU
nopsiAKaMu TU(GPaKIMKA U PacCesTHUEM MOCTOPOHHETO M3JIyYeHHsI, UMITYJIbChl MOCTYNAOT B
nepecyéTHOe YCTPOMCTBO, PErHCTPUPYIOLIEE WX KOJMYECTBO 3a BpEMs HKCIO3ULIUU.
KonnyecTBO 3aperucTpupoBaHHBIX HMMIYJBCOB MOXET OBITh BBIBEJEHO Ha TaldIo,
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
JIOCTAaTOYHOM pa3pelaroiieil CrocoOHOCTBIO, T. €. BO3MOXHOCTBIO PAa3jIM4arh OJIM3KO
pacIoIoKeHHBIE IPYT K APYTy CHEKTpaibHble TUHUU. Jucnepcus onpeaensercsa Gopmyaon
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Puc. 14. 3aBucumocts kauectBa BoiencHus 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)
YBEIMUYMBACTCS C YMEHBIICHUEM MEXIUIOCKOCTHOTO PacCTOSHUS OWIMIPH UCIOJIB30BAHUH
BBICOKMX TOpPsAKOB au¢pakuuu. [Ipn HepoCTaTOUHOM paspemeHud Npudopa JIMHUM MOTYT
HAKJIa/IbIBaThCS, YTO MPUBOAMT K MCKAKEHUIO (OPMbI JIMHUM, CMELIEHUIO TOJO0XKEHUS
MaKCHMyMOB, B3aHMHOMY YBEIWUYEHHIO 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,
BaKyyMHpOBaHUsI paOodero o0bEMa CIEKTPOMETpa, pEryJupoBaHUS U  KOHTPOJISA
TEMIIEPATYPbl CHEKTPOMETPUUECKUX KAHAJIOB M T. M. YIPABICHHE CIIEKTPOMETPOM MOXKET
OCYIIECTBIISITECS ~ BPYUHYIO, OT  CHUCTEMbl  AaBTOMAaTMY€CKOTO  YyNpaBJ€HHs,  OT
MUKpOIIpoLe6ccopa WiIN HEMOCPEACTBEHHO OT KOMIIBIOTEPA.

Pentrenoontuueckas cxema CHEKTpOMETpoB cepur «CHIEeKTpOCKaH», 00JaJarolinx
BBICOKOM CBETOCHJION, moka3aHa Ha puc. 15. Cnektpomerpsl ¢ BJl Moryt ObITh
CKaHHUPYIOIIMMU W MHOTOKaHalbHbIMU. CKaHHpYIOIIME CIEKTPOMETPhl HMMEIOT OJUH
HAaCTPaMBaE€MbIl  KPHUCTAUI-MOHOXPOMAaTOp, MHOTOKAHAJIbHBIE  CIEKTPOMETPHl  UMEIOT
HECKOJIBKO CIEKTPOMETPUUECKUX KAHAJIOB, KaXbIil M3 KOTOPBIX COCTOUT M3 COOCTBEHHBIX
MOHOXpOMATOpa, JAETEKTOpa M KOMILJIEKCA PErMCTPUPYIOUIEH anmmaparypbl Ul U3MEpPEHHS
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
PAcIIOIOKEHUH aHAIM3UPYEMOM POOBI Ha BO3TyXe€.
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CnektpoMmeTpbl ¢ BoJHOBOW aucriepcuert (BJl) — Hambomnee TpaaulIMOHHBIN THIT
npubopoB. Kak mnpaBuino, 3TtH npubopsl oOmagaroT 0ojiee 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 11eJIb); 5 — OJIOK JIeTeKTUPOBaHMs; 6 — KpUCTaIlI-aHAIN3aTop; 7 —
BXOJIHAs ILETb.

OHEProAUCIEPCUOHHBIE  CIEKTPOMETPHI  MCHOJB3YIOT KBAaHTOBO-IHEPIETHUECKHE
CBOICTBa 3JEKTPOMarHUTHOro wusiaydeHus. K HHUM  OTHOcATCS  CHEKTPOMETPBl  C
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 n3ydyenun tembl Ne 14 «JleTeKTOpsl, CUCTEMa PETUCTPALUU U anmapaTrypa A
P®A. Crnocobst P®A, mnonroroBka mnpo0d K aHamu3y» oOpaTuTe BHHMaHue Ha TO,
QHWINTUYECKUM  CHTHAJIOM B  KOJIMYecTBEHHOM P®A  sgBisiercd  MHTEHCHBHOCTh
XapaKTePUCTHUECKOI0 PEHTT€HOBCKOTO M3JTyUYEHUs 3JIEMEHTa, U3MEPEHHAasi B OTHOCUTEIbHBIX
euHuIax. B gerekrope sHeprusi peHTreHOBCKOTO U3JIy4YeHus: mpeoOpasyeTcs B yA0OHYIO s
00paboTkn W peructpanuu (HopMmy dIEKTpUUYecKUx curHaioB. B merome PDA oO6wuHO
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
[IONaJAacT BHYTPb JETEKTOPA 4epe3 TOHKOE MPO3pPayHOE OKHO, PACIIOJIOKEHHOE MOCEPEIUHE
ero IMUINHAPUYECKONW cTeHKH. BiiereBmmii (OTOH, B3aUMOJEHCTBYSI C aTOMaMHU WHEPTHOTO
ra3a, BBI3bIBACT UX HOHHM3AIMIO, B PE3yJIbTaTe 4Yero OOpa3yroTCs 3JEKTPOH-WOHHBIEC IMaphl.
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KonngectBo oOpasyromuxcs map MNPONOPLUUOHAIBHO SHEPrHMM MOMIOMEHHOIO (OTOHA
(oTcroga Ha3BaHMeE JeTeKTopa). Mexly KaToJOoM M aHOJOM IPUJIOKEHO 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, 0O0pa3ylOmMi KOHTAaKT, K KOTOPOMY TPHKJIAIbIBAIOT
OTPULIATENIBHOE HanpspkeHue cMmemeHus. llox  neicTBUEM PEHTTEHOBCKUX KBAHTOB
AJIEKTPOHBl W3 BAJICHTHOM 30HBI IMEPEXONAT B 30HY NPOBOAUMOCTH. Kakaplii Inepexon
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,
MOTJIM OBITh 3apPETUCTPUPOBAHBI, IETEKTOP MOJAKIIOUAIOT K 3JIEKTPOHHOM Cxeme, cOCTOosALIeH
U3 MPEeNyCWINTENs], YCWIUTENs, IUCKPUMHMHATOpPA, IIEPECYETHOM CXEMBl, TalMepa U
YIOPAaBISIOLIEr0 BEIYUCIUTEILHOTO KOMILIEKCA.

N3zyuas cnoco6sl POA, momMHHTE, YTO BCE BU/IbI KOJMUECTBEHHOT'O aHAJIN3a OCHOBAHbI
Ha TOM, YTO CyLEecTBYeT (YHKUMOHAJIbHAs  3aBUCUMOCTBMEXAY  H3MEPEHHOM
WHTEHCUBHOCTBIO aHAJIUTUUYECKOM JINHUU U KOHLEHTpPALMEN COOTBETCTBYIOIIETO 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 OTIPEAEIIAEMBIX JIEMEHTOB C MTOMOUIBIO I'PaAyHPOBOYHBIX MPOO.

Jliig nepexona OT U3MEPEHHON MHTEHCUBHOCTH aHAJIMTUYECKON JIMHUM K COAECPKAHUIO
OTIpEeIeNIIEMOT0 AJIEMEHTa pa3paboTaH psll MPUEMOB: CIIOCOO BHEIIHEr0 CTaHJapTa, CIOco0
pa3baBieHus MpoObl, crocod 100aBOK, cocod BHYTPEHHErO CTaHJapTa, crocod cTaHaapra-
¢doHa; 179 MHOTOKOMIIOHEHTHOTO aHajlM3a MHCIIOJIb3YIOT YpaBHEHHsS CBSI3M HAa OCHOBE
¢usuueckux moxenei. CymiecTByeT TpHU Kilacca YpaBHEHHUH CBSI3M, OCHOBAaHHBIX Ha
buzndeckol Mozaenu BO30YXKIeHUS: MeToA (yHIaMEHTAIbHBIX TOIMPABOK, METON -
KOPPEKILIUU, METOJ] (-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,
OCaX</IEHHE U3 pacTBOPOB; ra3000pa3Hble BELIECTBA AHATU3UPYIOT HEMOCPEACTBEHHO IOCIIe
MPEABAPUTEIHLHON OUUCTKH.
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[IMOHHON CHEKTPOCKONuU B YD U BUIUMON OOJIACTIX)»

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

u Tembl Ne 16 «MouekynsapHas

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 u. / JI. I'. Konecuukosa. — bnarosemenck: M3a-Bo
BI'TIY, 2008. — C. 33-79, 137-156.

Y4eOHO-MeTOAMYECKOE O0ecTedyeHHe CAMOCTOATEILHOM pPadoThl CTYJAEHTOB 110

AMCHMILINHE
Ne KoumnuectBo
4acoB, B
HaumenoBaHue pasjaesa
DopMbI/BUABI COOTBETCTBHHU C
(Tembl) .
CaMOCTOSITeIbHOM PadoThl y4eOHo-
TeMATHYECKUM
ILUIAHOM
3 | [IpoGomoaroroska N3yuenue OCHOBHOM 8
JUTEPATYPHI
Nzyuenue JIOTIOTHUTETHHON
JUTEPATYPHI
KoncnexktupoBanue H3y4eHHBIX
HCTOYHUKOB
9 | Meroabl aTOMHO- | M3yueHue OCHOBHO 4
3MUCCUOHHOU JINTEPATYPhI
CHEKTPOCKOIIHH N3yuenue JIOTIOJIHUTEIBHON
JTUTEpaTypPHI
Odopmiienue nabopaTopHOi
paboTsl
[ToaroroBka oTuera 1o
nabopaTopHoi pabore
Peienue pacueTHbIX 3a1a4
10 | AAA: ¢wusnyeckne ocHOBHI | M3yuyeHnue OCHOBHOM 2
MeTo A JIMTCPATyPBI
N3yuenue JOTIOJTHUTETbHON
TUTEPATyPHI
Odopmnenue nabopatopHoOit
paboThI
ITonroroBka oTyeTa o
nabopaTopHoii paboTte
Pemrenne pacueTHsIX 3a1a4
11 | AAA ¢ | U3yuenne OCHOBHOM 2
3JIEKTPOTEPMHUUYECKUM JINTEpaTypbl
croco6oM ATOMU3AIIN N3yuenue JOIIOJTHUTEIILHOU
IpOGEL TUTEPATYPHI }
Odopmnenue nabopaTopHOH
paboThI
ITonroroBka oTyeTa o

nabopaTopHoii pabote
Pemenue pacyeTHbIX 33124
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14 | Hderextopsl, cucrema | M3yuenue OCHOBHOM 1
perucTpauuu W anmnaparypa | JATepaTyphl
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
[TogroroBka  pedeparoB  u
Mpe3eHTalui
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 IPAKTUKYM IO JUCHUIITIMHE

1. KonecaukoBa, JI. I'. AHamuTHYeCKHME METOABI B HCCICAOBAHUH TPHUPOIHBIX
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: yueOHoe mocobue: B 4-x u. / JI. I'. KonecuukoBa. — bnarosemenck: U3n-so BI'TIY,
2011.— Y. 1l. - 201 c.

IIpumepHBIii I1aH 1a00paTOPHBIX padoT

No Tema mabopaTopHOit 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 MeTOJ0M 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 TIEpepadOTKH, TOYBAX 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. | Hccnenosanue paBHOBecHs KaTHoHOB Pb?* Ha meomurax 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

Hupexc OunenouHoe IToxa3aTenn Kputepun onennBanus
KOMIIeTe CpeacTBO OLlEHUBAHUSA c(hpopMHPOBAHHOCTH KOMIIETEHIIH
HIUH
I1K-4, OtueTt o Huzkwuii — CTaBUTCS, €CIIU JOIYIIEHBI
I[IK -5 | nabopaTopHOil | HEYJOBJIETBOPUTEN | CYLIECTBEHHbIE OIINOKHU (B X0/1€
pabore BHO AKCIIEPUMEHTA, B OOBICHEHUH, B
odopmiIeHUN PadOTHI, O TEXHUKE
0€30IacHOCTH, B pabOTE C BEIIECTBAMH U
npudopamu), KOTOpPbIe HE UCTIPABISIOTCA
JlaXke M0 yKa3aHUIO IPenogaBaTes.
[Toporossiii — CTaBUTCSI, €CTIU JOMYIIEHBI OJHA-]BE
yIOBJIETBOPUTENbH | CYIIECTBEHHBIE OLIUOKH (B X0O€
0 AKCIIEPUMEHTA, B OOBICHEHUH, B

ohopmIIeHUN PaOOTHI, O TEXHUKE
0€301acHOCTH, B pabOTE C BEIIECTBAMH U
npudopamu), KOTOPbIE UCIIPABIISAIOTCS C
MOMOIIBIO MPEIOo/1aBaTeNsl.

ba3oBblii — xopomo

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

Wi ohOpMIIEHUS SKCIIEPUMEHTA, O/THA-/IBE
HECYIIIECTBEHHBIE OLTMOKU B MPOBEICHUU
i 0(OPMIICHUN IKCTIEPUMEHTA, B
npaBiiax paboThI C BEIIECTBAMHU H
npudopaMu
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Bricokmuit —
OTJIMYHO

a) paboTa BBITOJIHEHA TTOJTHO, TPABUIIHHO,
0e3 CyIeCTBEHHBIX OIIUOOK, CIICTaHbI
BBIBOJIBI;

0) 9KCIEPUMEHT OCYIIECTBIICH T10 IIaHy C
Y4eTOM TEXHHUKU O€30MacCHOCTH U IIPaBUII
paboTHI C BeIIeCTBAMH U IpUOOpamu;

B) UMEIOTCS OpraHU3aI[MIOHHbIE HAaBBIKH
(moxnep:kuBaeTcs yucToTa pabodero Mecra
U TIOPSIJIOK Ha CTOJIE, SKOHOMHO
UCIIOJIb3YIOTCSI PEAKTUBBI).

Komnoksuym

Huskuii —
HEYJOBJIETBOPUTEI
BHO

- HE3HAHHE TPOrPaAaMMHOT0 MaTepHaa;

- IPU OTBETE BO3HHUKAIOT OLINOKH;

- 3aTpyJHEHUS  TNPH  BBIIOJHEHUH
IPaKTHYECKHX 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 —

XOPOIIIO

- 3HaHHE MPOTPAMMHOTO MaTepHaa;
- TPaMOTHOE U3JIOKEHUE, 0e3
CYIIECTBEHHBIX HETOYHOCTEH B OTBETE HA
BOIIPOC;

- MPaBWJIbHOE TIPUMEHEHUE TEOPETUICCKUX
3HAHUM;

- BIaJeHUE HEOOXOJMMBIMU HaBBIKAMU
MIPY BBITIOJIHEHUU U MTPAKTUYECKUX 33]1a4.

Bricokmuit —

OTJIIMYHO

- rITy0OKO€ M MPOYHOE YCBOECHUE
MIPOrPaMMHOTO MaTepHaIIa;

- TIOJTHBIE , TTOCTIEIOBATEIHHBIC ,
TPaMOTHBIC U JIOTUYCCKH HU3J1aracMbIC
OTBCTHI ITPU BUAOU3MCHCHHNHU 3aJaHHs;

- cBOOOJTHO CIPABJISIOIINECS C
MOCTaBICHHBIMU 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 HEYIOBJIETBOPUTE

JIOITYCTHIT YUCIIO OITHMOOK U HEI0UETOB
MIPEBOCXOISIIEe HOPMY, IPU KOTOPOU
MOJKET OBITh BBICTABJICHA OIEHKA «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.

bazosriit
XOpOIIO

CTYJEHT BBIMIOJIHUI 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 IIpoMe:kyTOYHAasI aTTECTALUS CTY/IEHTOB MO TUCIUILINHE

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. IToxazaHoO yMeHUE WIIITIOCTPUPOBATH TEOPETUUECKHE MTOJI0KEHHUS

KOHKPETHBIMHU ITPUMEPAMU;

3. IIpo1eMOHCTPUPOBAHO YCBOCHUE PAHEE U3YUYEHHBIX BOIIPOCOB,
c(OpMUPOBAHHOCTh KOMIIETEHIIUH, YCTOMUYUBOCTD 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 KOMIIETCHIINH, YMEHUS 1 HABBIKH.
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Tunosble KOHTPOJIbHBIC 3a/IaHUS UWJIN HHBIC MaTE€pUuaJbl, HEOﬁXOIlI/[MbIe I
OLEHKH pE3yJbTaTOB 0CBOCHUA NUCHHUIIJIUHBI

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

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

2. KakoBa Macca HaBeCKM IOpPOIIKOOOpa3HOM mpoObl Uil  KayeCTBEHHOI'O
CHeKTporpaduyeckoro MeTo1a anaau3a?

3. Ha ckonbko »3TamoB pekOMEHJyeTcs pa30uBaTh BpeMs HKCIO3ULUHU CIEKTpa
AJIEMEHTOB TIPH CTIEKTPOrpaduuIecKoM MeToie aHanu3a?

4. Kakoil cnoco0 HCHONAB3YIOT IHpPHU IOMCKE CIEJOBBIX COAEp)KaHUH DSJIEMEHTOB B
METATUYIECKHUX TIPoOax?

5. Kakoe ob6opynoBanue wucnoib3dyercs npu pacmudpoBke crekrpa? Yro coboii
IPEJICTaBIISIET aTiIaC CIEKTPAJIbHBIX JJMHUM 371EMEHTOB?

6. UYro coOoili mpencraBaser crektp okeneza? Ilouemy mnpu pemeHun 3amay
KaueCTBEHHOI'0 aHaJIM3a CIEKTp JKeJe3a MrpaeT pPojib OMOPHOTO JUIsl OTOXIAECTBICHHS
CHEKTPAJbHBIX JINHUM JPyTUX 3JI€MEHTOB?

7. Kakum 00pa3oM MOKHO OIpPEAEIUTh IOJOKEHUE CHEKTPAJIbHBIX JIHUHUA HMCKOMBIX
3JIEMEHTOB B chpoTorpadupoBaHHOM CIIEKTpe?

8. Kakume 3amaun pemaroT MpH MPOBEACHUM KAYECTBEHHOTO ATOMHO-IMHCCHOHHOTO
CHEKTPaJIbHOr0 aHayn3a’?

9. B uém 3aximouaercs ciocod TOMOJOTHYECKUX Map JHHUN MPU MOTYKOJINIECTBEHHON
OLIEHKE COJIepKAaHUs 3JIEMEHTOB B aHAIM3UpYeMoi Tpode?

10. HazoBuTe OCHOBHBIE KOMIIOHEHTHI TPOSBHTENS s (OTOIUIACTUHOK TIpU
KOJINYECTBEHHOM aTOMHO-3MHUCCHOHHOM CHEKTpalbHOM aHanmu3e. OT uero 3aBUCHUT
MOYEepHEHHE (POTOIUIACTUHKU TPU TPOBEIECHUU KOJMYECTBEHHOTO CHEKTPOrpaduueckoro
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
METOJIOM aHaJIHu3a.

13. CriocoGoM 371eMEHTHBIX J00aBOK YAOOHO OIpENeNsiTh HEM3BECTHBIH COCTaB MIpHU
BBIMIOJTHEHUM aHalIM3a €JUHUYHBIX 00pa3uoB. Kakoe ypaBHeHHEe HEOOXOIMMO HCHOIb30BaTh
npu pacyére JUIst Mpod ¢ IPOU3BOJIBHBIM COOTHOILIEHUEM J100aBOK:

Iicq _ @Il 11-1)e i —ha o
;0 = ; B —_— 7

W AT L-L T L-q

KoutpoJsbHas padora Ne 1
Tema: «CnexkTporpadguyeckne MeToAbl AHATU3A
Bapuant Ne 2

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

2. Ha kakue rpymlmbl MO COJAEPKAHUIO MOTYT OBITH MOJAPa3JENeHbl OOHApYKEHHBIE
AIIEMEHTHI IIPH KaYE€CTBEHHOM CIEKTPOTpauuecKoM MeTo ie aHajm3a?

3. B Buae dyero omnuchIBaeTCs IMOCIENOBATEIBHOCTh IOSIBICHUS JIMHUN CIIEKTPOB
DJIEMEHTOB U UX COSTMHEHUN?

4. Kakue cnextporpadsl Oosee y1oOHBI il KAUECTBEHHOTO CIIEKTPAIbHOTO aHan3a?

5. Kakumu (orosmynbcusiMu JTydIlle TIOJB30BAThCS TPH  OOHAPYKEHUU  CJIEIOB
AJIEMEHTOB, JUIs O0IIET0 Ka4YeCTBEHHOIO aHaI13a?
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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 MPH KOJIMYECTBEHHOM aTOMHO-3MUCCHOHHOM CIIEKTPAJIbHOM aHAJIH3E.

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

a)S=ylgl —i; 6)A5=51—52=ylg;—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 kakoM arperaTHOM COCTOSHHUHM JOJDKEH HaXOJIUTHhCS MaTepHuaj aHaTu3upyemMoi
npoObl B METOJaxX IUIAMEHHOW M DJEKTPOTEPMHUYECKOM  aTOMHO-a0COpPOIMOHHON
CHEKTPOMETPUH, a TAKXKE aTOMHO-3MUCCHOHHOU crnekTpoMerpun ¢ ucrouHukom MCII u B
IaMeHu?

2. ITlouemy Henmb3s MOCyAy M3 IUIABJICHOTO KBaplia MCMOJIb30BATH JJIS MPUTOTOBJICHUS
npo6 ¢ ygactuem HF u H3PO4? OTBer moaTBepauTe 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? Ilpu Kakux yCIOBHSIX HpPOBOJAT mpouecc pactBopenua? [IpuBenute mpumepsl
XUMHYECKUX PEAKIUM.

6. Kakumu mnpaBuiamMu pYKOBOJCTBYIOTCS MpPHU BBIOOpE KHUCIOT JAJs TepeBeleHUs
aHAIM3UPYEMBIX Po0 B pacTBOp?

7. B xakom BHJE XJOpHas KUCJIOTa MPOSBIISIET OKUCIUTENbHbBIE cBoiicTBa? Kakue mepsl
0€30IaCHOCTH Ha/10 MPOSBIATH NpH padote 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
OpPraHOMUHEPAIBHBIX BEIIECTB B MHKPOBOJHOBBIX Ieyax? UYUTo co0oit TpencTaBisiOT
CHCTEMBI OTKPBITOTO U 3aKPHITOrO THUIIOB IPH MUKPOBOJHOBOM Harpe€BaHUM aHAIM3UPYEMOH
mpoObI?
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KonTpoabHast padora Ne 2
Tema: «IloaroroBka npod K aHaIH3Y»
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 IMEPOKCH/IA BOJAOPO/IA B MIOPSIIKE BBEACHHUS
B 1poOy. CocTaBbTe YpaBHEHHs PEaKIMi IEPOKCHIA 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 IIPOllecCa PacTBOPEHUS aHAIM3UPYEMOK
poObl B MUKPOBOJIHOBBIX medax? HazoBuTe mpenmylecTBa MUKPOBOJIHOBOTO HArpeBaHUs
pacTBOPSIEMBIX TTPOO.

10. HazoBuTe HMCTOYHHMKH TOTPEIIHOCTCH TIpU  PA3JIOKCHWH  BEIISCTB  TIpHU
poOOIOATOTOBKE.

KOJIVIOKBUYMBI

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€KTPOZIHI>IC BBICOKOYAaCTOTHBIC JIaMIIbl; HCTOYHUKHU CIIJIOIITHOT'O CHCKTpa.
3. CxeMbl aTOMHO-a0COPOIIMOHHBIX CLIEKTPOHOTOMETPOB.

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

5. ®opMupoBaHHE MOTIIOIIAIOLIETO CIO0S B JJIEKTPOTEPMHUECKUX aTOMM3aropax: meub I
Maccmana, neus b. B. JIbBoBa, aTomu3aiius B rpauTOBOM NEUH.

6. Peructpanusi aHaAIMTHUECKUX CUTHAJIOB M CIIOCOOBI IPaAyUpOBKU aTOMHO-a0COPOIIMOHHBIX

CIEeKTPO(OTOMETPOB.

Arnmapatypa Juis METoa aTOMHO-a0COpOIIMOHHOT O aHaJIM3a.

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. Ipo6smmesa. — CI16.: CIT6I'Y, 1997. — 200 c.

—
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Kunrcron, I'. M. IIpoGonoaroroBka B MEKPOBOJHOBBIX Tieyax. Teopus u mpaktu-ka / I
M. Kunrcron, JI. I'. apuneina; nox pex. 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-pPEeCIECHTHBINA aHAIN3:
cnpaBounuk / B. U.Mocuues, I'. 1. Hukonaes, b. . Kanmunaun; nox pen. B. 1. Mocuuesa.
— CII6.: HITO «IIpodeccuonany, 2006. — 716 c.

7. MocksuH, JI. H. MeTtoas! pa3aeneHust 1 KOHIEHTPUPOBAHMS B aHAIMTHYECKOW xumud / JI.

10.

[\S)

B

~

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

OpnoBa, B. A. CoBpeMeHHbIE BO3MOXHOCTH aBTOKJIABHOW XWUMHUYECKON 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 mkomna, 2004. — 503 c.: wi. — (Cepus «Knaccuueckuit
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®JIYOPECIHEHTHBINA AHAJIN3

@u3nuecKkue OCHOBBI PEHTIEHO(IIYOPECHEHTHOIO METO/a aHajlu3a: TOPMO3HOE
U3ITyYeHUe; CUHXPOHHOE M3JIy4YEHHE; XapaKTepUCTHUECKOEe H3IydeHHe;, Ne(pUHULUU B
PEHTTEHOBCKOM  CIIEKTPOCKOINHMH; B3aMMOJECHCTBHE PEHTTEHOBCKOTO M3JIYYEHHsI C
BEIIECTBOM — IIOTJIOIIEHHWE U paccestHhe, 3aKoH MO3IM Kak TeopeTHueckas OCHOBa
METO/a; BbIXOJA (DIyOpecleHIINH; WHTEHCUBHOCTh PEHTI€HOBCKOW (hyopecueHuy;
npupoja ¢poHa B POA; 6aza onmopHBIX CIIEKTPOCKOTTMYECKUX TAHHBIX.

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.

JleTekToppl M cHUCTEMa PETUCTPALlUUd PEHTTEHOBCKOTO W3JIY4YEHMs: Ta30pas3psiiHbIE
MPOMOPLUUOHAIIEHBIE, MIPOTOYHBIE, OTIasiHHBIE, CUUHTHUISIIUOHHBIE,
MOJIyIIPOBOJIHUKOBBIE; OCHOBHBIE XapaKTepUCTUKH JETEKTOPOB; (HUIBTPHI  JAJA
BbIIETICHUS]  AQHAJMTUYECKMX CUTHAJIOB; CHCTEMa perucTpaluuu H  o0paboTku
AQHAJTUTUYECKUX 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 XapakTepUCTHKH.
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OTYET 110 JIABOPATOPHOM 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
ONTUMAJIBHBIX PE3YJIbTATOB.

BOITPOCHI K 3AYETY
| vacTh

1. OO6mue npeacTaBIeHUs O IEOTUTAX.

2. CymniHOCTh METOJIa KOJMYECTBEHHOTO ONPECICHHS COJEP)KAaHUS IIEOJIUTOB B TIOPOJIAX
TEPMOXHUMHYECKUM METOJIOM.

3. Xoa BBINIOJHEHUS pPA0OTHI TIPU ONPEACICHUN KOJIWYECTBA IICOJIUTOB B TOPOJIE
TEPMOXHUMHYECKUM METOJIOM.

4. CymrHocTh THAPOCTATHIECKOTO0 METOJIa OMPECIICHUS INIOTHOCTH MPUPOIHBIX IICOJUTOB.
Bunpl mnotHocTH. X0 BRIIOTHEHUS paOoThl. PacueTsl.

5. VYcrpoiictBo u padora dorosrnexrpokosopumerpa (poromerp KDK-3). I[Mpuniumn ero
JIEUCTBUA.
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10.

11.

12.

13.

14.

15.

16.
17.

18.
19.
20.

el N

SRl

©o

10.

CrpykrypHas cxema ¢otomerpa K®DK-3. Ontmueckas cxema ¢dortomerpa. I[lopsmok
paboTel Ha Qoromerpe mpU U3MEpeHHH KOd(P( UIIMEHTA MPOIYCKAHUS WIA 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.

CyImHOCTh T'MIPOCTaTUYECKOI'O METOAA OINpPEAETICHUS HOHOOOMEHHOH eMKOCTH
neonuToB. Bumbl noHOOOMeHHOW emKocTH. [lopsmok BeIMONHEHHUS pPabOTHl MpU
OIpeieIEHUU HOHOOOMEHHOW EMKOCTH 1I€0JIUTOB.

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 ycTpaHEHHUs YKECTKOCTH BOJIbl MPU MOMOIIM peakuuii MOHHOro OOMeHa Ha
HeoiauTax. XoJ BbINOJIHEHUs paboTel. Pacdersl jxecTkocTd Bojbl. MoHOOOMEHHas
€MKOCTb 1I€0JIUTOB 110 OTHOIIEHUIO K HOHAM >KECTKOCTH BO/IBI.

OcHOBBI METOI0B HH(paKpacHOil criekTpockonuu. Xapakrepuctuka UK crnekrpa.
[IpubGopsr um Meronuka peructpanuun MWK crektpoB. YCTpoHWCTBO CKaHHUPYIOIIKUX
CHEKTPOMETPOB U (Pypbe CIIEKTPOMETPOB. AHAIU3ATOPHI YacCTOTHI AMCIEPTUPYIOIIEro U
Moaynupytotiero tumnos. MaTepdepomerp MaiikenscoHa.

WNnentudukamnus 1 cTpyKTypHO-TpynmnoBoit ananu3 B UK crekrpomerpun.

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

Il yacTh
UTo Takoe ONTUYECKUI ANEKTPOH?
ITouemy aTOMHBIE CIEKTPBI UMEIOT JINHEWYATHIN XapakTep?
Yro Takoe pe3oHaHCHAas JIMHUA?
[ToueMy MO HMHTEHCHBHOCTH SMHUCCHOHHON JIMHUU MOXHO HU3MEPHUTh KOHLIEHTPALIUIO
areMeHTa’?
B uem 3axmmrouaetcs addexT camooOparneHus TUHAA?
B yem nocToMHCTBA U HETOCTATKU (POTOIMIACTUHKU?
[Touemy miamMeHa He MOTYT OBITH MCIIOJNIB30BAaHBI JUIsl ONpEAENICHUS TPYIHOJIETYUUX
DIIEMEHTOB?
[Touemy fuIs MOSTyYEHHUS IUIa3MBbl HCTIOIB3YOT aproH?
B uem 3akirouaercst METOI BHYTPEHHETO CTaHAapTa?
Onumwure 1Ba MeTroAa NPOOOMOATOTOBKH, HCIOIb3yeMble OOBIYHO [UIsl aHaINW3a
reosiornyeckux npod merogom ADC-UCIL
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11

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24,
25.

. Kakme cmocoOsl koppekiuu (poHa B aTOMHO-aOCOPOIIMOHHOM aHaJINu3€ BaM HM3BECTHHI?
KakoBbl uX npeuMyIiecTBa 1 OrpaHUuCHUS?

[Touemy B aTOMHO-a0COPOIIMOHHOI CHEKTPOMETPUU HET HEOOXOAMMOCTH UCIOIb30BaTh
JUCIIEPTUPYIOIINE CUCTEMBI C BBICOKHM pa3pelieHueM?

[TouemMy B aTOMHO-a0COPOIIMOHHOI CIEKTPOMETPUH HCIOJIB3YIOT MOHATHE ONTHYECKON
IUIOTHOCTHU?

UYro Takoe MoaudUKaTOp MpoObl 1 MOAUPHUKATOP MATPHUIIBI?

Kak ycTpoena j1amna ¢ nosisiM KaTtoiom?

[Touemy neuu st 3JIEKTPOTEPMUUECKON aTOMU3ALUMU BBIITOJIHEHBI U3 TUPOJUTUYECKOTO
rpaguta?

OnuiuTe pa3audHble CTAAUH 3JIEKTPOTEPMUUYECKON MPOrPAMMBI.

KaxoBo paznuuue Mex1y MOHOXpOMATOPOM U IOJUXPOMATOpOM?

Uro Ttakoe nudpaknuonHas pemietka? Uto Takoe pemierka niesie?

[Toyemy BaxHO, 4TOOBI aHOJT PEHTICHOBCKOM TPYOKHM OBLT U3TOTOBJIEH U3 OYEHb YUCTOTO
Marepuana?

OOBsicHUTE TIPOUCXOXKJIEHUE XapaKTEPUCTHUYECKOTO M HEMPEPBIBHOTO PEHTICHOBCKOTO
U3ITyYeHUsl B PEHTI€HOBCKON TPyOKe.

Omnumure  7aBa  MeToja  MPOOOIMOATOTOBKHU,  HMCIOJB3YEMbIX
PEHTTreHO(IIyOPECIICHTHOTO aHAlIM3a F€0JIOTHYECKUX MPOo.

Uto Takoe K cepus? [Qns permeHus: Kakux 3ajad HCHONb3yeTcs ypaBHeHue Bynbda-
Bparra?

[IpuBenuTe 3aK0H bepa U OCHOBHBIE €70 OTPaHUYCHMUS.

Kakyro nadopmaiumo MoKHO OTYyYUTh, H3ydasi ONITUYECKHE CBOICTBA BellecTB B YD- u
BUJIMMOM Jrara3oHe?

O0BIUHO 1A

6.3 OUEHOYHBIE CPEACTBA AJIs1 MIPOBEPKHU YPOBHSI COOPMUPOBAHHOCTH

KOMIIETEHIIUM, IIK-1, ITK-5.

TecThl COACPIKAT CICAYIOIIHUEC THUIIbI 3aJlaHui

Bec Pe3yabTar onenuBanus (6a/LIbl,
Ne 3aJaHusA
Tun 3aganus sananns MoJIyYeHHbI€ 32 BbINOJIHEHHE 3a1aHust /
(6awn) XapaKTepUCTUKA NPABUWIBHOCTH OTBETA)

3a/laHus 3aKpbITOrO 1,2,3 1 6amn 1 6 - mosHOE MpaBUIILHOE COOTBETCTBUE; 0
THUTIA C BEIOOPOM 0 - ocTaNbHBIC CITyYan
OJIHOTO TPaBHIILHOTO
(1u34)
3a/IaHUs 3aKPBITOTO 4,5,6,7 | 2 6ama 2 0 — MOJHOE MPaBUIBLHOE COOTBETCTBUE
THIIa C BEIOOPOM (TmocnmeoBaTeNbHOCTh  BApUAHTOB  OTBETA
HECKOJILKHUX MOXeT OBbITh TM000i); 1 6 — ecnu gomymieHa
MPAaBUIIbHBIX OTBETOB ollHa OImMOKa / OTBET MPaBUJILHBIA, HO HE
(3uz 6) noTHbIH; 0 6 — OCTaNIbHBIE CITydan
3aJITaHUs 3aKPBITOTO 8,9 2 daiuta 2 0 — MMOJIHOE MPaBUIILHOE COOTBETCTBUE; 1 O
THIIA HA — ecnu JIomylleHa OJHa OmuOKa / OTBET
YCTaHOBJICHHE MpaBWIbHBIN, HO He mnonHbi; 0 06 -
cooTBeTCTBUS (4 Ha 4) OCTaJIbHBIC CITy4Yan
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3a1aHUC 3aKPBITOTO
THIIA HA
YCTaHOBJICHHC
OoCICA0BAaTCIbHOCTHU

10, 11 2 Oaiuta 2 0 — MOJIHOE TMPaBUIILHOE COOTBETCTBUE; 1 O

— eclu JIomyIeHa OJHa OmuOKa / OTBET
NpaBWIbHBIM, HO He monHbi; 0 ©6 —
OCTaJIbHBIE CITy4Yau

3a/laHusl OTKPBITOIO
THUIIA C KPATKUM
OTBETOM

12,13 3 bata 3 0 — mosHOE MpaBUIIBLHOE COOTBETCTBHE; O O

— OCTAJIbHBIC CIyYau.

3a1aHHs] OTKPBITOrO
THIIA C Pa3BEPHYTHIM
OTBETOM

14, 15 506amioB |5 0 — MONHOE MPAaBWIBHOE COOTBETCTBHUE;

€CITU JIOMYIICHA OJlHA ONIMOKa/HETOYHOCTD /
OTBET NPABWIBHBIM, HO HE TOJHBIA - 3
Oayyia; eciau  JONMyIIeHO OoJyiee  OJHOMU
omMOKH / OTBET HENPAaBUJIBHBIN / OTBET
orcyTcTByeT — 0 OamoB

dDopmupyemMasi

KOMIICTCHIUA

Nuaukatopsl ¢()OpMUPOBAHHOCTH KOMIIETEHIMHU

IIK-1. Bumazeer
byH1aMeHTaIbHBIX

CUCTEMOI
XUMHUYECKUX

MOHATHU U 3aKOHOB, HHAUKATOpaAMH

JOCTHIXXCHUA KOTOpOﬁ SABJIICTCA:

HU-1 nk-1- 3HaeT OCHOBHBIEC €CTECTBEHHOHAYYHBIC
3aKOHBI U 3aKOHOMEPHOCTH IIPOTEKAHUS XUMHUYECKUX
IIPOLIECCOB

N/I-2 nk-1- YMeeT HHTEpIIPETUPOBATH MOTYUCHHBIE
PE3yIIBbTAThI, UCTIONB3Ys OA30BbIC MOHITHS XUMHYE-
CKHMX JUCLUILIUH.

HN-3 nk-1- UMeeT npakTH4YeCKuii onbIT TpUMe-
HEHUSI CHCTEeMbI PyHIaMEHTAIbHBIX XUMUYECKUX T10-
HATUNA U €CTECTBEHHOHAYYHBIX 3aKOHOB B Mpoheccro-
HaJIbHOM 1€ TeIbHOCTU

Tecr mo gucnuminne «CreKTpaibHbIN aHATN3 TPUPOTHBIX O0BEKTOBY
3aanus ¢ BLIOOPOM 0JHOT0 MPABUJILHOI0 0TBETA
1. Kakoii »Tan npoOOmOAroTOBKU TBEP/BIX MOJE3HBIX HCKOMAEMBIX CIIEAYeT cpas3y IMocie

oTOopa reHepaibHON NPoOKI U €€ COKpaIleHus?

a) [IpocenBanne

6) [IpeacraBuTensHOE yCpeIHEHHE U pa3/ielika Ha Ja0opaTOpHbIe MPOObI

B) BekpriTre mpoObl KMUCTOTOM

r) CriekTpaabHbI aHAIN3

Otsert: 0

2. Yrto sBnsieTcs (pU3MUECKOW OCHOBOW aTOMHO-dMHCCHOHHOTO CIIEKTPAILHOTO aHAJN3a
(ADC)?

a) [lornomenue cBeTa aroMaMu B OCHOBHOM COCTOSTHUM

6) Ucnyckanue (OTOHOB aToMaMu HpU Iepexojie ¢ Bo30yKIEHHOTO YpPOBHS Ha Oosee
HU3KUI

B) PaccesiHre peHTI€HOBCKOTO U3Ty4YEeHUs

r) Kone6anus monexyn B UK-nuanazone
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OtBet: 0

3. Kakoil MCTOYHMK aTOMHU3AIMM HCIOJB3YeTCs B KIACCHYECKOM BapHUaHTE AaTOMHO-
abcopbuunonnoit cnekrpomerpun (AAC) ¢ mmameHem?

a) DJleKTpuyecKas Jyra

0) BricokouacToTHast MHAYKIIMOHHO-CBs13aHHas mia3ma (ICP)

B) Bo3ayirHo-aneTnieHoBoe Wil 3aKUCh-a30Ta-alleTUIICHOBOE I1IaMs

r) MIckpoBoii pa3psi

OtBer: B
3ananue Tuna «Bepuo/HeBepHo»
4. VYtBepxnaenue: l'eHepanbHas mpoba — 3TO yacTh JabOpaTOpHON NPOOBI, B3sATAS
HEIIOCPEICTBEHHO IS aHAJIU3A.
Bepno
Hesepno

Otset: HeBepHo.
5. VYtBepxknenue: B wMeronme pentrenogayopecuentHoro anamuza (PDA) s
BO30Y>KJCHHS CIIEKTpa o0pasiia UCIOIb3yIOTCS IEPBUYHBIEC PEHTIC€HOBCKHE JTYYH.
BepHo
Hesepno
Oteet: BepHo

3aganue ¢ HECKOJIbKUMH BAPHAHTAMH OTBETOB
6. Kakme MeToapl MOXXHO OTHECTH K .Memooam pasoeieHusi U KOHYEHMPUpOosaHus
anemenmos Ha 3tare npodonoarotTorku? (Beidepure 1Ba MpaBUILHBIX OTBETA)
a) CrniekTpaibHO€E rpaTyupOBaHHE
0) DKCTpakIusi OpraHUYeCKUMH PaCTBOPUTEISIMU
B) Ocax7icHUE M COOCAXKICHUE
r) Bo30yxnenue crektpa B 1yre NoCTOSHHOTO TOKa ) PoToMeTpuyeckoe u3MepeHue
OTtBeT: 0, B
7. Kakue w3 mepevncIeHHBIX HCTOYHUKOB BO30YKIEHUS HCIOJB3YIOTCS B aTOMHO-
YMHUCCHOHHOM criekTpomeTpun? (BoibepuTe 1Ba MpaBUIIbHBIX OTBETA)
a) [lmams
0) ITombIif KaTOTHAS JTaMIIa
B) DJeKTpUYeCcKas Ayra Wiu UCKpa
r) I'paBumerpuueckas neunn) Jlazep
OTtBeT: a, B

3aaHue Ha COOTBETCTBHE

8. YcTaHOBUTE COOTBETCTBHE MEXY METOJIOM aHAIM3a M €0 KIFOYEBBIM MPOIECCOM HITH
YCTPOWCTBOM:

1. ArtomHo-abcopOumonnsiii anamus (AAC)

2. PentrenoduyopecuenTHblil ananus (POA)

3. Uudpakpacnas cekrpockonus (MKC)

4. ATOMHO-3MHUCCHUOHHBIN aHAJN3 C WHAYKIIMOHHO-CBsi3aHHOM tia3moii (ICP-AES)

A) Bo30yxnenue BHYTPEHHUX AIEKTPOHHBIX o0oJi0ueK aToma.
b) [Tornomenue PE30HAHCHOTO U3ITy4YeHus CBOOOTHBIMU aTOMaMH.
B) KonebarensHo-BpalaTenbHbie [IEPEXO/bI B MOJIEKYJIAX.

[') Bo30yxneHne ¥ HOHM3aLUS B  BBICOKOTEMIEPATYpHOH  I1a3Me  aprosa.
OtBer: 1-b, 2-A, 3-B, 4-T
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9. YcraHoBUTE COOTBETCTBHE MEXAY THIIOM IIPOOBI U €€ OMpe/iesIeHueM:

1. TenepanbHas (00mias) mpoda

2. JlabGoparopnas npoba

3. AHanuTHueckas rmpoda

A) TIlpobGa, mosydeHHass B pe3yibTaTe o00pabOTKM JlabopaTOpHOW MPOOBI |

HEMOCPEACTBEHHO UCIOJIb3yeMast JUlsl aHaJIn3a (MOpOILOK, pacTBOP).
b) Ucxonnas npencraBurenbHas npoda, 0ToOpaHHast OT BCEro 00bEKTa UCCIeI0BAHHUS.
B) IlpoGa, monyueHHass B pe3yJibTaTe COKpAIICHHS U O0OpaOOTKH TeHepallbHOW MPOOHI,
HampaBlisieMasi B J1a00OpaTOPHIO.
OtBeT: 1-b, 2-B, 3-A
3aaHMe HA YCTAHOBJIEHHE MOC/IEI0BATEILHOCTH
10. VYcraHoBUTE MpPaBWIBHYIO IOCIEA0BATEIBLHOCTh JTAlOB IOATOTOBKH TBEPAOH
re0JIOrnYecKoi MpoObl K aTOMHO-?MUCCUOHHOMY aHAIU3Y:
a) V3MenbueHne U MCTUpaHUE J10 3aJaHHON KPyITHOCTH
6) OT60p reHepanbHOM MPOOLI
B) BekpriTue (crimaBienue ¢ Oypoid, pacTBOpeHUE B KHCIOTE U T.1I.)
r) BeicymmBanue u kBapToBaHHe
1) Cokparienue (paszuenka) 10 1a00opaToOpHOU TPOOkI
OTBeT: 0, 1, 2, T, B
11. YcraHoBHUTE JOTMYECKYIO MOCIIEI0BATENBHOCTD MPOLIECCOB IPU MPOBEIEHUU aTOMHO-
abcopOLMOHHOTO aHaIH3a!
a) Perucrpanus ocnabieHuss MHTEHCUBHOCTH PE30HAHCHOTO U3TyUYSHHUS
6) Atomu3arus npoOsl B IJIaMEHU WK TpapUTOBON KIOBETE
B) [Toaya n3nmyyeHus oT UCTOUYHMKA (MO0 KaTOAHOM JaMIIbl) 4yepe3 aTOMHBIH map
r) [lepeBon aHaMM3UpPyEeMOro 3J1eMeHTa B CBOOOIHbIE AaTOMBI B OCHOBHOM COCTOSTHUU
OTBeT: 0, T, B, 2
3agaHue ¢ KOPOTKUM OTBETOM
12. Ha3oBHUTE OAHO M3 OCHOBHBIX MPEUMYIIECTBO MCIOIB30BAHUS DIEKTPOTEPMUIECKOM
atomusanuu (rpaguroBoil nmeun) B AAC 1o CpaBHEHHMIO C IUIAaMEHHOM aToMH3alueH.
Otgert: bonee BbICOKast YyBCTBUTENBHOCTh
13. Ilouemy npu noaroroske npod st POA yacTo MCMONB3YyIOT METO/Ibl IPECCOBAHUS B
TaOJeTKN WM CIUIABJICHHE CO CTEKI000pa3yIoUIMMU peareHTamMu (O00pOCHIMKATHBIMU
¢rocamu)?
Oteert: /[15 nosy4eHNs: pOBHOM M PENPE3EHTATUBHON MOBEPXHOCTH
3anaHue ¢ pa3BepHYTBIM OTBETOM
14. Bam, kak TE€XHOJIOTY, TOCTaBJI€HA 3a]ja4ya OIPe/IeIUTh MaJble (CI€OBbIE) COAEPKAaHUS
Tsoxenbix MetaiioB (Pb, Cd) B oOpa3ie noHHBIX 0TiIOkeHHH. OOBACHUTE JTOTUKY BbIOOpa
merona aHanu3a (Hampumep, AAC ¢ anekrporepmudeckoil aromuzanueit uinu ICP-MS) u
CBSI3aHHBIE C 3TUM OCOOCHHOCTH IpobdomoAroroBku. Kakue ¢akTops! (Mpenn3uMOHHOCTD,
npezen  OOHapyKeHus,  CTOMMOCTb,  CKOpOCTb) BBl ~ OyJere  Y4YMThIBaTh?
Orter: Jlns onpenenenus cienoBbix KonudecTB Pb u Cd B cioxHOI MaTpuie (JOHHBIE
OTJIO’KEHUS1) HauboJiee MOAXOAAT BbICOKOUYBCTBUTENbHBIE MeTOJbl. AAC ¢ rpadutoBoit
neybto  (DJIEKTpOoTepMUYECKash aToMu3anus) oO0JjajaeT oO4YeHb HHU3KUMU MpeleraMu
OoOHapyKeHHUsl [ ATUX DSJIEMEHTOB M OTHOCHTEIBHO HEBBICOKOH CTOMMOCTBIO
o0opynoBaHus, HO OH TMocienoBarenbHbIil (MemineHHbli). ICP-MS umeer emé Ooiee

HU3KHE  Tpeleibl  OOHApYKEHHUs,  BBICOKYIO  CKOPOCTh M BO3MOXKHOCTb
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MHOTOKOMIIOHEHTHOTO ~ aHaJiu3a, HO O00OpyJoBaHME JOpoke © Tpebyer Ooiee
KBaJTM(HULIHUPOBAHHOTO o0O0chmyxuBanusa. [IpoOormonroroBka B 000MX Clydyasx JIOJDKHA
BKJIIOYATh TOJIHOE BCKPBITHE MATPUILIBI, OOBIYHO «MOKPBIM» CIIOCOOOM C HCIIOJIb30BAaHHEM
cuibHbIX KucnoT (HNO3, HF, HCIO4) B cucreme BBICOKOTO JaBJICHUS (MUKPOBOJIHOBOE
pa3J0kKeHUE), 1S MOJTHOIO IIEPEBOAA JIEMEHTOB B PaCTBOP U YCTPaHEHMsI OpraHU4eCKON
U CUJIMKaTHOW Mmatpuipl. Bwibop Mexay meromamu OyaeT 3aBUCETh OT Tpebyemoit
TOYHOCTH, OI0JKETa, KOJIMYeCcTBa 00pa3LoB U IOCTYITHOCTH 000PYAOBAHHUS.

15. Onummre Guznyeckre 0OCHOBBI MOJIEKYIISIPHOM a0COPOIIMOHHOM CIEKTPOCKOTHHU B Y D
U BUAMMOM oOnactsax. Kakue TUIbl mepexosoB B MoJieKylax Mpu 3ToM npoucxoast? Kak
3TOT METOJ MOXKET OBITh HCIIOJIb30BAaH B aHAIN3€ NPUPOAHBIX OOBEKTOB (IIPUBEIHUTE
npumep)?

OtBer: Qusnueckoll OCHOBOM MeETO/a SBIJIAETCSA IOIJIOIIEHUE 3JIEKTPOMAarHUTHOTO
u3nyyeHuss B YO u Buaumoin obnactu (umHbI BojaH ~ 190-800 HM) Mosiekyinamu WJd
noHaMu B pacTBope. IlormoieHne KBaHTa cBETa MPHUBOIUT K AJIEKTPOHHBIM IEPEXO/IaM:
BAJICHTHBIC WJIM HEMOJENEHHBIE JJIEKTPOHBl MOJEKYJIbl TEPEeXOJIIT C OCHOBHOTO
HHEPreTHUECKOTO YPOBHS HA BO30YKIEHHBIA. ITHTEHCUBHOCTh MOIJIOMICHUS MOAYUHSACTCS
3akoHy byrepa-Jlambepra-bepa u wucnonb3yercs Ui KOJWYECTBEHHOTrO aHanuza. B
aHaM3€ TPUPOAHBIX OOBEKTOB METOJ| YacTO MPHUMEHSETCS B BHIE (OTOMETPHUECKUX
METO/IOB C HCIIOJb30BaHMEM IBETHBIX peakuuii. Hampumep, ompenenenue ¢ocharo B
NPUPOIHBIX BoJax: (GochaT-mOHBI pearupyroT ¢ MOJIHOIATOM aMMOHUS B KHCIIOW Cpesie C
00pa30BaHUEM TI'ETEPONOIMKUCIOTHI, KOTOpasl 3aTeéM BOCCTAHABIMBAETCS /10 UHTEHCUBHO
OKpAIIEHHOTO «MOJIMOJCHOBOTO CHHET0», KOHIIEHTPALIMIO KOTOPOTO U3MEPSIIOT MPU JITIHHE

BOJIHBEI ~ 880 HM.

®opmupyemast HNuaukaropsl chopMHPOBAHHOCTH
KOMIIETEeHI U KOMITeTEHIIUH
IK-5. Cnocoben HN/-1 nk-5- 3HaeT MeTOJBI U CpPEICTBA KOHTPOIIS

OCYILECTBIATh KOHTPOJIb KauecTBa KAauecTBa, ChIPbsl, KOMIIOHEHTOB U BBIIIYCKaeMOU
CBIpb4, KOMIIOHEHTOB u NPOAYKIMM  XHMHYECKOIO  HA3HA4yeHUs  Ha
BBIITyCKaeMOU IIPOYyKLIMH COOTBETCTBHUE TpeOyeMoii HOPMAaTUBHOMN
XUMUYECKOIO0  HAa3HAYEHUs II0J JIOKYMEHTaLUH.
PYKOBOJICTBOM CIIEIAAINCTOB UA-2 nk-5- Ymeer COCTaBJIATh IPOTOKOJBI

Oosiee BBICOKOW KBanupUKaIMH,
HHINKATOpaMu JOCTHIXXCHUA

KOTOpPOU SIBJIAETCS:

WCIIBITAHUHN, OTYETHI O BBHITIOJIHEHHOW paboTe Mo
3alaHHoN (hopme

N-3 nk-5- OcymecTBisieT KOHTPOJIb TOYHOCTH
AHATUTUYECKOTO O0OPYIOBaHMS Ha COOTBETCTBHUE
TpeOyeMoli HOpMAaTUBHOM TOKYMEHTAIIUU

Tect no AucuunauHe CnekTpajbHbIii AHAJIU3 NPUPOAHBIX 00bEKTOB

33.IIaHI/I$I C BBI60p0M OZHOT'O ITPABUJIBHOT'O OTBCTA

1. Kakoii MeToJ aTOMHOI'0 CIIEKTPAJIbHOI0 AHAJIHM3A XapaKTepu3yeTcs HAUMEHbIIMMH
npeaejaMu o0HApyKeHusl 1Jisi 00JILIIMHCTBA 3JIEMEHTOB NPH MCIOJIb30BAHUH JJICK-

TPOTepMHYeCKOH aToMu3anumn?

a) ATOMHO-?MHCCHOHHBIH aHAIIU3 C {yTOBBIM BO30YKICHUEM
0) ATOMHO-a0COPOIIMOHHBIN aHATU3 C TIJITAMEHHOW aToMU3aIuein
B) ATOMHO-a0COpOLMOHHBIN aHAIN3 C JJIEKTPOTEPMHUYECKOH aTOMHU3anuei
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r) PentrenodayopeciieHTHBIN aHATH3
OtBet: B
2. Kakoii u3 nepeyncjeHHbIX ITAN0B MPOOONOJATOTOBKHA TBEPAOr0 NMPUPOIHOI0 00b-
€KTAa SIBJISIeTCH MEePBBLIM U 00513aTeJIbHBIM /111 00ecriedeHns penpe3eHTATUBHOCTH ?
a) [IpocenBanue
0) O3oiieHHe
B) [IpaBu/IbHBIH IP0000TOOP M (popMUPOBAHME TeHEPAJIBLHOMH NMPOOLI
r) CriaBneHue ¢ 60paToM JINTUS
Otser: B
3. IIpuHOMI KAaKOro MeT0J4a OCHOBAH HA M3MEPEHHHU IOIJIOLIEeHHS Pe30HAHCHOI0 M3-
JIy4eHHs CBOOOJHBIMHM ATOMAMH AHAJMTA B OCHOBHOM COCTOSIHUU?
a) ATOMHO-?MHUCCHOHHAs CIIEKTPOCKOIIUS
0) ATOMHO-20COPOUMOHHBII aHAIN3
B) PeHTrenoduiyopeciieHTHbIN aHamu3
r) UK-cnekrpockomnus
OrtBer: 0
3ananus Tuna «Bepno/HeBepHo»

4. YrBep:xkaenue: [y aHaM3a MaKpO3J1eMEHTHOI0 COCTaBa TBeP/AbIX MP00 MeTO10M
P®A 4yacto MCnoab3yIOT MeTO/bI NMPECCOBAHUS MOPOIIKOBBIX TalJIeTOK CO CBSI3YIO-
MM, 4YTO SIBJISIETCA NMPUMEPOM MOATOTOBKH NMPOO 0e3 MX XMMHUYECKOr0 BCKPBITHUS.
Oteet: BepHo.

5. YTBepxkaenne: [Ipu pasaeske renepajbHON NpoObl METOIOM KBAPTOBAHMS OCHOB-
Hasl LeJib — YBEJMYUTh Maccy Npodbl AJs yI00CcTBa MOCJEAYIOLIEero aHajJu3a.
OtBet: HesepHho.

3aiaHus C HECKOJIBKMMU ITPaBUJIbHBIMU OTBETAMU

6. Kakue n3 mepe4mncaeHHBIX METOI0B OTHOCATCH K MeT0JaM BCKPbITHA (pa3Jioxke-
HH#A) TBEPABIX P00 ISl MOCJIeAYI0LIero 3JIeMeHTHOI0 aHAIu3a?
a) KuciioTHoe pa3ioskenne B OTKPBITBIX HJIH 3aKPBITHIX CHCTEMAX
0) CnuiaBiienue ¢ meouHbiMU miaBHsavu (Na;CO3, NaOH)
B) [IpocenBanue Ha cutax
r) KBaproBanue
A1) MUKpPOBOJIHOBOE pa3jioKeHHe
OTtBeT: 2, 0, 1
7. Kakue U3 nepe4nciaeHHbIX (PAKTOPOB KPUTHYECKH BAKHBI [1Jis1 o0ecnieyeHus npa-
BIJILHOCTH Pe3y/IbTATOB CIEKTPAJIbHOI0 aHAJIU3a Ha dTane npodoordopa?
a) Pennpe3eHTaTHBHOCTH NMPOOBI (COOTBETCTBHE CPEIHEMY COCTaBY 00bEKTA)
0) OTcyTcTBHE 3arpsAA3HEeHUs] MPOOLI M3BHE U NOTEPb AHAJMTA
B) CxopocTh 0TOOpa MpoObI
r) Ucno/sib30BaHue NpaBUILHOIO HHCTPYMEHTA U CXeMbl 0TOOpa (TOYe4HbIe, 00beaH-
HEHHbIEe TPOObI)
OTtBer: 2,0, T
3aaHKs HAa COOTBETCTBHE
8. YcraHoBuUTe COOTBETCTBHE MEKAY METO0M CHEKTPAIbHOI0 aHAJIN3a U THIIOM MC-
M0JIb3YeMOro B HeM HCTOYHNKA U3JTy4eHUs1/BO30Y:KIeHHS.
1. ADC c unayktuBHO-cBsi3aHHOM mia3moii (ICP-OES)
2. AAC c uraMeHHO# aToMu3anuei
3. POA
4.  AAC c aeKTpoTepMUYECKO aToMHU3aIe
A) PU-karymika (MHIYKTOpP) JUIsl CO3aHUsI BBICOKOTEMIIEpATyPHOI M1a3Mbl aproHa
b) I'a3zoBoe mtamst (Bo3ayX-alleTHIICH, 3aKUCh a30Ta-alleTHIICH)
B) Penrtrenosckas TpyOka ¢ anonom u3z Mo, Rh, Ag
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I') I'paduToBas kroBeTa, HarpeBaemasi MJIEKTPUIECKIM TOKOM
OtBeT: 1-A, 2-b, 3-B, 4-T
9. YcTaHOBHMTE COOTBETCTBHE MEKIY BHA0OM MPOOLI U ee onpeieeHueM.
1. TenepanbHas nmpoba
2. JlabGoparopnas npoba
3. AHanuTHueckas rmpoda
4. ApxuBHas npoba
A) IIpoGa, pnocraBineHHas B JabOpaTOpUI0 U MpeJHA3HAYEHHAs JUIsl  aHalu3a
b) Yacts naGoparopHoil mpoObl, HEMOCPEACTBEHHO MOJBEpraeMas MpoOONOIrOTOBKE U
U3MEPEHUIO0
B)  CoBokymHOCTP  BCeX  TOYEYHBIX  MpoO,  OTOOpaHHBIX  OT  OOBEKTa
') Yactp naGopaTopHOil mpoObl, coXpaHseMas 1Jisi BO3MOXKHOTO MOBTOPHOTO MM apOuT-
pPaXHOTO aHaJIu3a
OtBet: 1-B, 2-A, 3-b, 4-T

3aaHus Ha YCTAaHOBIIEHUE MOCIEI0BATEIbHOCTH
10. YcraHoBHTe NPaBUWIBHYIO IOCJI€10BATELHOCTh ITANOB IMOATOTOBKH TBepaOii
NPo0bI M0JIE3HOT0 MCKONMAeMOro K 3jeMeHTHOMY aHajan3y merogom ICP-OES mocie
ee JIOCTABKHU B J1a00paTopHIo.
A) Paznenka mabopatopHoii mpoOs! (Apo0iIeHHe, HCTUPAaHKEe, COKPAIIICHHE MacChl METO0M
KBapTOBaHUS)
b) XuMUYecKoe BCKPBITHE (mampumep, KHUCJIOTHOE pas3oxKeHHe)
B) BeicymmBanue W ycpeaHEHHE TeHEepaJbHOW MPOOBI, OTOOpP J1a0OpaTOpHON MPOOEI
') PacTBOpeHue Moay4eHHOTo MPOIyKTa B MOAXOAAIIEM pacTBOpHUTeNe (4acTo pa3daBiieH-
HO KHCJIOTE)
M) [IpocenBanue i KOHTPOJISI KPYITHOCTH YaCTHUIL
OmBer:B—>A—->J1—->b—-T
11. YcraHoBHTEe IMOC/JIEA0BATEJBHOCTh MPOLECCOB, IPOMCXOAAIIUX B ATOMHO-
a0copOLMOHHOM crieKTpoMeTpe ¢ rpa¢guToBOM NeYbIo.
A) Perucrpanusi aHaIUTHYECKOTO CUTHaNa (MUHUMYM IIPOITYCKaHUs) I€TEKTOPOM
b) ITuponus (ynanenue MaTpuLbl)
B) Atomuzanus (o6pazoBaHue cBOOOIHBIX aTOMOB)
I') Mnokekius 10361 IpOOBI B TPaUTOBYIO KIOBETY
J1) Ucnapenue pactBopurens
Ormer: ' -1 —-b—-B— A

3aaHus ¢ KOPOTKUM OTBETOM

12. Kak Ha3pIBaeTcsl ONTHYECKUIH 3JIEMEHT CHEKTPAJbHOr0 Npudopa, npeiHa3Ha4YeH-
HbI UIA NPOCTPAHCTBEHHOI0 pa3/jiesieHHsl M3JYYeHMs 10 [JAJUHAM BOJIH?
OrtBet: /lucnieprupyromuii 3JIeMeHT
13. Kakoii OCHOBHOW 3aKOH JIEKMT B OCHOBE KOJMYECTBEHHOr0 adCOPOLMOHHOIO
ananusa (Y®-Bugumas, UK, AAC)?
Oteert: 3akon byrepa-JlambGepTa-bepa

3ajaHus ¢ pa3BEPHYTHIM OTBETOM

14. OnumuTe poJib M OCHOBHBIE ITANbl MPOOONOATOTOBKH B 00eclieYeHNH Ka4vecTBa
pe3yJbTaTOB CHEKTPAJbLHOI0 AaHAJM3Aa NPH KOHTpoJie cbhipbsi. Kakue omudku Ha
3TOM JTalle MOI'YT IPUBECTH K HEKOPPEKTHOMY 3aKJIIOYECHHIO 0 KaYecTBe apTHH Ma-
TepuaJa?
Ortser:

Pouib: [IpobonoaroroBka — camblii KpUTUYHBINA 3Tal, ONpeAeNsolUuil TPaBUIbHOCTD
(accuracy) pesyibTara. HempaBuibHas MOATOTOBKA J€NIA€T OECCMBICICHHBIM JIaXKe CaMblit
TOYHBIN aHAJIU3.
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OcHoBHbIE 3Tanbl: OTOOpP peNpe3eHTATHBHON TeHEpPAIbHOW MPOObI — €€ pasjeiika
(cymika, 1pobJeHue, COKpaIIeHne MacChl) — TOydeHue J1ab0paToOpHON U aHATUTUYECKOU
poObl — BCKpBITHE/TIEPEBO]I B (hOpMY, IPUTOIHYIO JUIsl aHANIK3a (pacTBOpEHUE, CIUIaBIie-
HUE, IIPECCOBAHUE) — IPU HEOOXOAMMOCTH — KOHLIEHTPUPOBAHUE WJIM pa3felicHue Me-
HIAIOIINUX 3JIEMEHTOB.

Bo3mo:xkHble oIMOKH:

Ha stane nmpo6ooTdopa: HenpeacraBurenpHas mpoda (ommdka onpoOoBaHuUsI) — pe-
3yJbTaT HE OTPa’kaeT COCTaB BCEH MapTUH.

Ha stane pa3genxmu: 3arpsisHeHHe OT MEJIONIET0 00OpYyAO0BaHUs, MOTEPs JETYUUX
KOMIIOHEHTOB, HEOJHOPOJHOE U3MEJIbYECHHUE.

Ha sTane BekpsoiTusi: HenonHoe pasnoxkenue mpoobl, IOTEPH aHAJIUTa 3a CYET Jie-
TY4YECTH W COPOLIUH, 3arps3HEHUE U3 PEAKTUBOB.

IMocaencrBue: JIabopaHT Mo PyKOBOJCTBOM CIIELMATIUCTA MOJYYUT TOUHBIM IUd-
POBOI pe3yJibTaT, HO OH OYJET OTHOCUTHCSA HE K PEaJbHOM MapTHM ChIpbs, a K HEempa-
BUJILHO TMOATOTOBIEHHOW mpobe. Pemenne o OpakoBKe WM MpUEMKE MapTUU OyIeT
OINOOYHBIM.

15. CpaBHHMTEe NPUHIUNBI ATOMHO-3MUCCHOHHOTO (ADC) U aTOMHO-20COPOLIMOHHOTO
(AAC) ananusa. B yem kioueBoe gpusnyeckoe pasaunuue? Kak 3T1o paziudue Biausier
Ha BHIOOP MeTOJa /JIfl pelleHUs] KOHKPEeTHOH aHAJUTHYECKOW 3aja4yu (Hampumep,
omnpejaeleHHe NpuMeceil WJIM MaKPOKOMIIOHEHTOB) IPH KOHTpoOJie KadecTBa?
Otser:

du3nyeckoe pasjimume:

AIJC: U3mepsieT UHTEHCUBHOCTh U3JIyYEHHUS, UCIyCKAeMOI0 aTOMaMH, MepeXOsIu-
MH C BO30OYXICHHBIX ypOBHeW Ha Ooznee Hu3kue. CHrHaI TPOMOPLUOHATICH YHUC-
Ty 8030Y4COEeHHbIX ATOMOB.

AAC: U3mepsieT NOroeHne pe30HaHCHOTO U3IIYYeHHUs] aTOMaMH, HaXOSIIIUMUCS B
OCHOBHOM cOCTOSTHUH. CHUTHAI TPOTIOPLIMOHANICH YHUCITY He8030)HCOEHHbIX ATOMOB.
Bausinue Ha BbIOOP MeTOAA:

AIC (ocooenno ICP-OES): ITo3BossieT onpeaensath MHOKECTBO 351eMeHTOB (10 70)
OJIHOBPEMEHHO WJIM MOCJEI0BaTeNbHO. XOPOI /Il MHOTOKOMIIOHEHTHOI'O aHajIu3a, orpe-
JIEJICHNs MaKpo- ¥ MHUKPOKOMITOHEHTOB. Bricokas TemmnepaTtypa [ICP-ma3mel yMeHbIIaeT
XUMHUYECKHE TOMEXH.

AAC: O0bruHO ocienoBaTenbHbIil MeToa (1 snemeHT 3a u3mepenue). O6nagaeT uc-
KIIFOUUTENIBHO BBICOKOW UyBCTBUTEJIBHOCTBIO JUIsl MHOTHX 3JIEMEHTOB (0COOEHHO ¢ Tpadu-
TOBOM TMeYbi0). MeHbIIIe CIEKTPAIbHBIX TOMEX (BBICOKAs CENEKTUBHOCTH MU3-3a Y3KUX JIH-
HUM HCTOYHMKA). YacTo MpeanouTutereH s PyTUHHOIO OINpEAeNeHHs] OJHOIO-ABYX
KITFOYEBBIX MUKPOKOMITOHEHTOB MJTU TIpUMecel (Harmpumep, KOHTPOJIb TOKCUYHBIX dJIEMEH-
toB Pb, Cd, As B cbipbe). [Iporie u yacTo femieBnie B KCITyaTalluy, YTO BaXKHO JUIS 11€XO0-
BBIX J1a00paTOpUil KOHTPOJIS KAUueCTBa.

7 HIEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOTUI, UCHOJIb3YEMbIX
B NPOIECCE OBYYEHUSA
NupopManuoHHBbIe TEXHOJOIMH — OOy4YeHHE B DIIEKTPOHHOH 0O0pa3oBaTeNbHOU

cpele C IeNbl0 paclIMpeHus J0CTyna K oO0pa3oBaTelIbHBIM pecypcaM, YBEIHUYEHHS
KOHTAaKTHOTO  B3aUMOJICHCTBUSI €  MpErojaBaTelieM, TIOCTPOCHUS  WHIAWBUIYaTbHBIX
TPaeKTOPUH MOATOTOBKH, 0O BEKTHBHOTO KOHTPOJISI | MOHUTOPHUHTA 3HAHUH CTYJICHTOB.

B oOpasoBarenpHOM Tmpolecce IO JUCHUIUIMHE HCIOJIB3YIOTCSA — CIETYIOIIHe
UH(pOpPMaIOHHBIE TEXHOJIOTUH, SIBIISTFOIIIIECS KOMITOHEHTaMH DNeKTPOHHOM
uH(pOpPMaLMOHHO-00pa3oBaTenbHOM cpeast BITIY:
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e Odunmanpuslii caiit BITIY;

e Cucrema amektponHoro ooyuenuss ®I'bOY BO «BI'TIY »;

e (Cucrema TeCTUpPOBaHHS Ha OCHOBE €AMHOro noprana «HTepHeT-TecTupoBaHUs B
cdepe oOpazoBaHUS WWW.1-exam.ruy;

e Cucrema «AHTUILTArHaT.BY3%;

e DJEKTPOHHBIC OMOTUOTEYHBIC CHCTEMBI;

e MynbTUMEAUINHOE COIIPOBOKIACHUE JICKLIUN U ITPAKTUYECKUX 3AHIATHUM.

8 OCOBEHHOCTU U3YUYEHUS JUCHUTTJIIMHbI THBAJIUJAMU U JIMIIAMMU C
OI'PAHUYEHHBIMHA BO3MOKHOCTSAMU 310POBbS

[Ipu oOydeHuu NUIl C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMH 3JI0POBbSI TMPHUMEHSIOTCS
aJIalITUBHBIE 00Pa30BaTEIIbHBIC TEXHOJIOTHU B COOTBETCTBUH C YCIOBHSMH, U3JIOKCHHBIMH B
paznene «OCcoOOCHHOCTH peann3alii 00pa30BaTeIbHON MPOTPaMMBI JIsl HHBAJIMOB U JIHII C
OTPaHUYCHHBIMH BO3MOXXHOCTSIMH 37I0POBbs» OCHOBHOW 00pa30BaTEIbHOW IMPOTPAMMBI
(MCTIONTb30BaHME  CIICIUANBHBIX ~ y4EOHBIX MMOCOOMH H  JAWJAKTHYECKHUX MAaTepUalioB,
CHCIHATBHBIX TEXHHUYECKUX CPEACTB OOYYCHHS KOJUICKTHBHOTO W HMHIUBUAYaLHOTO
MOJIb30BAHUS, TIPEAOCTABICHHE YCIYr AacCUCTeHTa (TIOMOIIHHMKA), OKAa3bIBAIOIIETO
00yJaromuMcsi HeOOXOMMYI0 TEXHHUYECKYIO MOMOIIb M T. I.) ¢ YYETOM WHIAMBHIYaTbHBIX
0COOEHHOCTEHN 00yJaroIuXCsl.

Jiiss 0OydJaromuxcsi ¢ OrpaHMYCHHBIMH BO3MOXXHOCTSIMH 3JIOPOBBSI TIPEAYCMOTPEHBI
ciemyroue (GopMbl OpPraHU3aIUH MTEAATOTHYECKOT0 MPoIiecca M KOHTPOJIS 3HAHHIMA:

- IS CITAa0OBUISIIMX:

obecrieunBaeTCst HHANBUAYAIbHOE paBHOMEpHOE ocBelnieHne He meree 300 tokc;

JUI  BBITIOJTHCHUSI KOHTPOJIbHBIX 3aJaHUH TMPH HEOOXOTUMOCTH TPEAOCTABISACTCS
YBEJIMUHBAIOIIIEE YCTPOMCTBO;

3aJlaHusl TSl BBITIOJTHEHUS, @ TAK)KE UHCTPYKIIUHU O MOPSIKE BBIMTOIHEHHUS KOHTPOJIBHBIX
3a7jaHuil OPOPMIISIFOTCS yBEeIHMUSHHBIM IpudToM (pasmep 16-20);

- JUIS TIIYXHUX ¥ CJ1a00CTBIIIAIIHX

oOecrieynBaeTcsi  HaJMYWMEe  3BYKOYCWIHMBAMOIIEH  ammapaTypbl  KOJUIEKTUBHOTO
MOJIb30BaHUs, NMPU HEOOXOAMMOCTH OOYyYaromMMCs HPEeAOCTaBIsAETCS 3BYKOYCHJIMBAIOIIAs
anrmaparypa MHIUBUAYIEHOTO MOJTb30BAHHUS;

- Uil JIMI] C TSDKEJBIMH HApYIICHUSMH PEUYH, TIyXHX, CJIA0OCIBIIIANUX BCE
KOHTPOJIHHBIE 3aIaHUS 10 KEJIAHHIO MOTYT ITPOBOIUTHCS B MUCHBMEHHOM (hopme.

OcHoBHOW  QopMoil  opraHuzanuM  MEJaroru4eckoro  mporecca  sBJsETCs
WHTETPUPOBAaHHOE OOYyYEeHHWE WHBAIHMIOB, T.€. BCE OOydYalomIMecs ydyaTcs B CMEIIaHHBIX
Ipynnax, HMMET BO3MOXKHOCTh IIOCTOSIHHO OOIIAThCS CO  CBEPCTHUKAMHU, JIerde
aIalITUPYIOTCS B COLTUYME.

9 CIIMCOK JIMTEPATYPbI U ”THOOPMAILIMOHHBIX PECYPCOB

9.1 JIuteparypa
OcHoBHas1 JiUuTEepaTypa

1. 'aneeB, A. A. AToMHO-a0COpOIIMOHHBIN aHanu3: yueOHoe nmocodue / A. A. I'aneeB
[u ap.]. — CII6.: U3n-Bo «Jlamby», 2011. — 304 ¢. OBC «Jlanby» (2 3k3.)

2. Kapnog, 0. A. Mertonsr npo6ooTdopa u podomoaroroBku / FO. A. Kapnos, A. I1.
CaBoctuH. — M.: bunom. JIabopartopus 3nanuit, 2010. — 243 c. (10 3k3).

JdomosHuTeIbHAS JIUTEPATYpPa

1. Bacunswes, B. I1. Ananutiueckass XuMusi: y4eOHHUK JUIsL CTYJl. BY30B, OOYyYaIOLIHXCS
II0 XHUM.-TE€XHOJ. crel.. B 2 kH. KH. 2. Ousuxko-xumudeckue Mmeronnl a”Haimza / B. Il
Bacunwes. — 2-e uzn., mepepad. u gom. — M.: Jlpoda, 2002. — 384 c.: un. (5 3k3)

2. Onruka: nHbpakpacHas Qypbe-CIEKTPOMETpHUs : ydeOHOe TocoOure Tl By30B
/ A. U. E¢pumosa, B. b. 3aiiues, H. FO. bonasipes, I1. K. Kamkapos. — 2-e u3z., ucnp. u aom.
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— Mocksa : U3gatenbctBo IOpaiit, 2022. — 143 ¢. — (Breicmiee o6pazoBanune). — ISBN 978-5-
534-09143-4. — Texkct : anexTpoHHEIH // OOpa3oBarensHas iatdhopma KOpaiit [caiiT]. —
URL: https://urait.ru/bcode/492470

3. OcHoBbI aHaMUTUYECKOW XuMuu: B 2 KH. KH. 2. MeTOapl XUMHUYECKOTO aHAIH3a:
yueOHuk juist By30B / FO. A. 3omoToB [u ap.]; mox pexn. FO. A. 3onorosa. — 3-¢ uzg., nepepao.
u gon. — M.. Beicmas mkoma, 2004. — 503 c.: un. — (Cepus «Knaccuueckuit
YHUBEPCUTETCKHUHN YU4eOHHUK» ). (34 7K3)

4.  XaputoHos, lO. SI. AnanmuTHueckas XuMus (aHAIUTUKA): Y4eOHUK IS By30B: B 2-
x kH. KH. 2. KonmnuecTBeHHbIN aHan3. OU3NKO-XUMHUECKHE (MHCTPYMEHTAIBHBIC) METOIbI
anaymsza / 10. 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. CalT COACPKUT TEXHUYECKYIHO M HOPMATHUBHYIO HMH(POPMAIMIO 10 METALTYprHU
www.markmet.ru
3. DnekTpoHHas 6ubnmoreka mo xumun http://www.chem.msu.su/rus/elibrary/
4. [TopTan Hay4HOM 3JIeKTpOHHOM Onbmmoreku http://elibrary.ru/defaultx.asp
9.3 DJ1IeKTPOHHO-0MOJINOTEYHBIE PecypChl
1. Polpred.com O630p CMI/CnpaBounuk https://polpred.com/news
2. OBC «lOpaiit» https://urait.ru

10 MATEPUAJIBHO-TEXHUYECKAS BA3A
I[JI?I IMPOBCACHUA 3aHATHI JICKOMOHHOI'O THIIA, TI'PYNIIOBBIX W HWHAWBHUAYAJIbHBIX
KOHCYJIbTallMi, TEKYyIIEero KOHTPOJII UM TPOMEKYTOYHOM AaTTECTAllMU HCIIOJIb3YHOTCS
ayJUTOPUHU, OCHALIEHHbIE y4yeOHOW MeOenblo, ayJUTOPHONW JOCKOW, KOMIBIOTEpOM(paMu) ¢
YCTAaHOBJICHHBIM JIMIICH3WOHHBIM CIHCHUATIU3UPOBAHHBIM HNPOrpaMMHBIM 06GCHC‘~ICHI/IGM,
KOMMYTaTOpoOM Ul BBIXOJa B DJIEKTPOHHO-OMOJIMOTEUHYI0 CHUCTEMY M DIIEKTPOHHYIO
uH(popMalnoHHO-00pa3oBarenpHyto  cpeny BITIY, MynbTuMeauiHBIMH MPOEKTOpaMH,

JKCIO3ULMOHHBIMU JKpaHaMHU, y4eOHO-HAIJIATHBIMU ocoousIMu (Tabnuisl,
MyJbTUMEANMHbIE Tpe3eHTauuu). g mnpoBeneHuss JaOOPaTOPHBIX 3aHATUH  TaKkKe
UCIIOJIb3YETC:

Ayn. 445 «A». JIaGopaTopus puznyeckoi XuMuu

Cron naboparopHslit 2-mecT. (10 mT.)

Cryn (20 mr.)

Cron npenogasatens (1 mr.)

Cryn npenogasatens (1 mrt.)

[Trorutp (1 mT.)

AynutopHas aocka (1 mr.)

Kommerotep C  YCTaHOBJIICHHBIM  JIMIIEH3UOHHBIM  CIICIHATH3UPOBAHHBIM
porpaMMHBIM oOecrieueHueM (3 1miT.)

8 - moproBblii kommyTarop D-LinK mis BbIxoma B 3IEKTPOHHO-OMOIHOTEYHYFO
CUCTEMY U 3JIEKTPOHHYIO HHPOpMAIMOHHO-00pa3zoBarenbHyto cpeny BI'TIY (1 mir.)
Mynbprumeauiinsii npoekrop SHARP -10 X (1 mT.)

[TpunTep mazepusrit «CANONy (2 mT.)

DKCTMO3UIMOHHBIN YKpaH (HaBecHOM) (1 mmT.)

SAMP-cnexkTpomeTp Hu3Koro paspemeHus «Croun Tpak» (1 mr.)

AxBaguctusuisitop 3-10 (1 mT.)

Becer GF-300 (1 mT.)

Becst Topcuonnsie BT-100 (1 mT.)
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Bucko3umerp (4 mr.)

HNonomep (3 miT.)

Konnykromerp annon-4120 (3 mr.)

K®K-2 (1 mr.)

Jlroxcemep (1 mt.)

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

Monynb «Tepmudeckuil ananu3z» (3 wwrT.)

Monyns «Tepmoctar» (3 1wiT.)

Monynb «YHUBEpcaIbHbIA KOHTPOIIEPY (3 1IT.)

Monynb «9nexTpoxumus» (3 1wT.)

Monynb yHuBepcaabHbli (6 1IT.)

Habop cur KII-131(1 mr.)

[Tomstpumerp (1 mT.)

[TorenmomeTtp (1 mit.)

Lentpudyra nadboparopnas OITH-8 (c poropom) (1 mit.)
[lITaTuB A5 3AEKTPOIOB (2 1IT.)

DxcukaTop ¢ kpanom (1 mT.)

Monynp «Oo6menadopaTopHslit» (1 mT.)

Crnextpodoromerp (1 mr.)

Crexrpoporomerp KOK-3KM (1 mit.)

KommiekT apuomerpos (1 mit.)

Metponowm (1 mit.)

MocT peoXopaHbIN ¢ COCYA0M

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

Y4eOHOo-HarIsIIHbIE TOCOOUS - CNaiiibl, TAONMUIIBI, MyJIbTUMEIUNHBIC TPE3CHTALIUU TTO
mucuuruinHe « CIIeKTpalTbHBIN aHaIH3 PHUPOTHBIX 0O BEKTOBY
[lITatuBsl 17151 MPOOUPOK, HarpeBaTEIbHBIE MPUOOPHI, TabopaToOpHas mocyaa
XUMHUYECKUE PEAKTHBHI TI0 TEMATHKE JTAO0OPAaTOPHBIX padoT

CaMocrosTenbHas pa60Ta CTYACHTOB OPraHU3yCTCA B aAYAUTOPUAX OCHAIICHHBIX

KOMITBIOTEPHON TEXHHUKOH € BBIXOJIOM B 3JIEKTPOHHYIO MH(OPMAIMOHHO-00pa30BaTEIbHYIO
Cpedy By3a, B CIELUAIM3MPOBAHHBIX Ja0OpaTOpUAX MO AUCLUIUIMHE, a TaKKe B 3ajax
JIOCTYIIA B JIOKaJabHYO ceTb bITIY.

JIniieH3uoOHHOE MporpaMMHOC obecrneucHue: OIICPpalOHHBIC CUCTCMbI ceMeiicTBa

Windows, Linux; opucusie mporpammel Microsoft office, Libreoffice, OpenOffice; Adobe
Photoshop, Matlab, DrWeb antivirus u T.1.

Pazpabotuuk: [1anosa JLIL.., kaHaAUAaT XUMUYECKUX HAYK, AOIEHT Kadeaphl XUMUH.
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11 JIUCT UIBMEHEHUI Y TOMMOJTHEHUM

YrBep:kaenue uzMeHeHuit u qonojanennii B PIIJI qns peanuzanun B 2024/2025 yu. r.
PII/I mepecmoTpeHa, oOcyxaeHa U of00peHa i peanuzanuu B 2024/2025 yyeOHoM
rojay Ha 3aceqanuu kadeapsl xumuu (mpoTokos Ne 8 ot 30 mas 2024 r.).

Yr1Bepkaenue usmenennii u gonoanenuid B PIIJI nas peanuzaunu B 2025/2026 yu. r.

PIT/] mepecmotpena, obcyxneHa u ogoopena s peanusanuu B 2025/2026 yuebHOM
rojay. Ha 3acefanuu kadeapsl xumun (Mpotokod Ne 6 ot 26 mapra 2025 r.).

75



