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Muxaun ApHonbaoBu4 bBrnoxuH
(1908-1995)

B Hos6pe 2008 1. ucnonusiercss 100 ner co qus poxaeHus Muxaniaa ApHOJIbIOBHYA
broxuHa — KpyMHEWIIEro OTEYEeCTBEHHOTO CIICIUANINCTa B OO0JIACTH PEHTTEHOBCKOM
CIIEKTPOCKOIUH, (PU3UKU TBEPJIOTO TeJIa U PEHTTEHOBCKOTO IPHOOPOCTPOCHHMS.

Muxania Apnoasaosu4 biaoxun (1908-1995)
Domo 1978 2.

Pons Muxauna ApHonbaoBuya biioxuHa B pa3BUTUM OTE€YECTBEHHON PEHTTEHOBCKOU
CHEKTPOCKOIUU U PEHTTEHOCIIEKTPAIbHOIO aHAJIW3a CTAHOBUTCS OCOOCHHO HArJsiAHOM, €Clu
CPaBHUTH YPOBEHb PA3BUTHUSl ATUX HAYUYHBIX HAIpPaBJICHUN B MOMEHT Hayalla €ro Hay4HOU
nesTensHOCTH (Hauasno 30-X IT.) ¥ Ha ee 3aBepiaroriem dtarne (Hadano 90-x 1r.).

OO6mmas cuTyalus B peHTT€HOBCKON CHEKTpOoCcKonuu B Havane 30-X rofoB BhITJIsLAENA
creayommmM obpazoM. Ou3nueckas IpUpoIa PEHTTEHOBCKOTO U3ITyUYeHHs OblIa, B OCHOBHOM,
nonsta nocie oTkpbiTuii B.K. Pentrena (1895), Y. bapkna (1906), M. ¢on Jlays (1912),
I'. u JI. bparros (1912), I'. Moznu (1913), M. Cur6ana (1916-1924), A. KomnrTona (1922).
ITpuMeHUB 3aKOHOMEPHOCTH, ycTaHoBiIeHHbIe Mo3ziu, Koctep u XeBemu' OTKPbUTH HOBBIA
XUMHAYECKHi s7eMeHT — rapumii (1923), mponeMOHCTpUPOBaB YHUKAIBHBIE BO3MOXXKHOCTH
PEHTI€HOBCKOM CHEKTPOCKOINMUH, KaK METOJ]a KaYeCTBEHHOI'0 XMMUYECKOTo aHanu3a. Bekope

! Coster D, Hevesy G.v. Entdeckung des Elements Hafnium.Nature. 1923.Vol.111. P. 79.



(1925) anamormuHbIM 00pa3oM OBLT OTKPBHIT peHuid. CTano sICHO, YTO BO3HHMK HOBBIH,
JIOCTaTOYHO YHUBEPCAJIBHBIM METOJl XMMMYECKOTO aHajlu3a W M3y4YeHUs DIJIEKTPOHHOTO
CTpoeHHs aToMOB. B Hamiell cTpaHe B 3TO BpeMs NPaKTHYECKU OTCYTCTBOBAIU HAYyYHbIE
npuOOpsI (Kak JTabopaToOpHbIE, TAaK W CEpUIHHBIC) Ui MPOBEACHUS PEHTTEHOCHEKTPaTbHBIX
UCCJICTOBAHUM, YUCIIO CIIEHUATHCTOB U3MEPSIIOCH €IMHULIAMHU.

UYepes nonBeka yKe HECKOJIbKO IPEINPUITUN CEPUITHO BBITYCKAIM PEHTIE€HOBCKUE
CHEKTPOMETpPBI, CYIIECTBOBAJIO OOJBIIOE HAay4yHOE COOOIIECTBO, MHOTOYHCICHHBIE
reOXMMUYECKHe M 3aBOJCKHME JabopaTopuu ObuIM  00OPYAOBaHBl OTEUECTBEHHBIMU
npubopaMu JUIsi TPOBEJCHHSI PEHTIEHOCIEKTPAIbHOIO aHaiu3a. PeryiaspHo mpoBoasTCs
Bcecoro3nble  KOH(EpeHIIMM ¢ COBEIIaHWs 10 PEHTIEHOCHEKTPAIbHOMY  aHaIH3Yy,
PEHTTEHOBCKOM CIEKTPOCKOINH, CYIIECTBYET OOIIMpHAs OTeUeCTBEHHAss MOHOTrpaduyeckas
JauTepaTypa, OTEYeCTBEHHbIE MOHOTpa(uH MepeBeACHbl HA MHOTHE S3BIKM MHUpa M HM3IaHbI
BEYILLIUMU 3apyOeKHBIMHU U3/1aTEIbCTBAMH.

Bxnag M.A. bioxuHa BO Bce 3TH JOCTH)KEHHMSI O4Y€Hb 3HauuTeneH. Ero mo mpaBy
MOKHO CUUTaThb OJHUM M3 OCHOBOIIOJIOXKHUKOB PEHTI€HOBCKOM CHEKTPOCKOIUH,
PEHTTEHOCTIEKTPATbHOTO aHAJIN3a U PEHTTEHOBCKOTO MPUOOPOCTPOEHUS B HAIlIEH CTpaHe.

M.A. Broxun poounca 6 1908 2. ¢ Ooecce. B 1932 2. on 3axonuun Jlenunepaockutl
Qu3UKO-MexanuyecKuti. UHCMUmym u NoAy4Ul Keanugukayuro «uxxiceHep-puzuxy. Ha mom
MOMeHm 3mo 6blI0 OOHO U3 IYYULUX BLICUIUX YUEeDHBIX 3a6e0eHue 8 Haulell cmpane 8 obaacmu
nooecomosxu  gusuxos®. Ilo npeonoscenuro A.HU. Anuxanosea ¢ 1931 2. M.A. Broxun
yuacmeyem 6 padomax ¢ pPeHmIeHOBCKUM U3TYYeHUueM, NposoouMvbiM 6 Jlenunepaockom
Quszuxo-mexnuyeckom uxncmumyme. Hmenno 6 smom nepuoo OH HA4UHAem 3aHUMAMbCSL
usyyeHuem peHmaeHo8CKUX CNeKmpos meepobix mei.

Ilo oxonuanuu uncmumyma M.A. Broxun npucmynaem x pabome 6 Jlenunepaockom
uncmumyme 2eono2udeckux Hayk. AH CCCP, emecme ¢ komopwim 6 1934 2. on nepegeoen &
Mockesy.

ITepuon ¢ 1932 r. mo 1941 r. nocesiiieH MHTEHCUBHON Hay4HOU paboTte. IMEHHO B 3TO
BpeMs  (OPMHPYIOTCS OCHOBHBbIE HayuyHble HHTepechl Muxamna ApHOJIbIOBUYA,
OTIpeNIe/IUBIINE BCIO €ro JalbHEHIIYI0 NIeATeNIbHOCTh: PEHTICHOBCKOE NPHOOPOCTpPOEHHE,
PEHI€HOCHEKTPAJIbHBI aHAIU3 U HCIOJIb30BAaHUE PEHTTEHOBCKON CIEKTPOCKONUU ISt
U3yUYeHUs] DJIEKTPOHHOTO CTpoeHus atomMoB. Tak, B 1936 r. M.A. bioxun nyOnukyeTr B
KypHanie «3aBojckas Jiaboparopus» crtaThio «lIpuMeHEHHEe H30THYTHIX KPUCTAIJIOB TPH
PEHTTEHOCTIEKTPAIbHOM aHau3e»’. B 3TOT jke MepHoa BBIXOAMUT Psil paboT (BBIMOIHEHHBIX
COBMECTHO c N.b. BopoBckum), MOCBAIIEHHBIX  Pa3BUTHIO KOJIMYECTBEHHOTO
PEHTTEeHOCTIEKTPAIbHOTO aHamu3a MuHepanoB*’. B kouie 30-x rogoB Muxanin ApHOJIbIOBHY
BBITNOJIHIET CEpUI0 paboT, MOCBALICHHYIO BIMSHHUIO XHMUYECKOM CBSI3U HAa PEHTICHOBCKHE
CHEKTpbl. DTO HampaBjieHHE pabOThl HANUIO OTPaKEHHWE B KAHIUIATCKOW TUCCEpTAlluU

? Drot WHCTUTYT BO3HUK B 1919 kak ¢usmko-mMexaHndyeckuil ¢axynpTeT JICHHHIpaacKoro
[Tonurexunueckoro uHctuTyTta no uHunuatuse A.D.Modde. Hopas cuctema oOyudeHus,
coyeraroliasi TIy0OKyI0 TEOPEeTHUECKYI0 MOArOTOBKY HAa MHUPOBOM YPOBHE C NPaKTHYECKOU
paboToil B HayyHBIX MHCTUTYTaX, Jajia MOpa3sUTeNbHble pe3ynbTarbl. C 3TUM HHCTUTYTOM
CBs3aHbl MMEHA BIIOCIEACTBMM 3HAMEHUTHIX yueHblx — A.M. Annxanosa, C.H. BepHoga,
I'A. I'pun6epra B.I1. Koucrantunosa, A.W. Jlypse, I'.H. ®nepona, F0.b. Xapurona u ap.

3 Broxun M.A. IIpuMeHeH e H30THY THIX KPHCTAIUIOB IIPH PEHTIEHOCTIEKTPATLHOM aHAIH3E.
3aBojckas nabopatopust. 1936. Ne 4. C. 439.

4.BopOBCKI/IP”I N.b., biioxun M.A. AHanu3 MUHEpPaIOB METOJOM PEHTT€HOBCKOM
cnekrpockonuu. M3sectuss AH CCCP. Cepus reonoruueckas. 1937. Ne 5. C. 929.
5.Bop0BCKI/IP“I N.b., bnoxun M.A. Onpeznenenue radpHus B LIUPKOHOBBIX MuHepanax Coro3a.
N3Bectust AH CCCP. Cepus reonornueckas. 1937. Ne 7. C. 185.



M.A. bioxuHa «BiusiHue XMMH4YECKOHM CBs3M Ha Kgp-rpynmy Xpomay, 3allMLIICHHYIO MM B
1939 r. UTorom sToro mepuoaa HaydHol paboTel M.A. biioxuHa MOXHO CYHTATh BBIXOJ B
ceer B 1939 r. nepBoil oredecTBeHHONM  MOHorpaguu B 3TOH  obOjacTu
«PentrenocnexTpanbHbii aHamu3» (coBmectHo ¢ M.B. BopoBckum)®. Drta KHUTa OTpasmia
BECh OIBIT PEHTTEHOCHEKTPAIbHOIO AaHaJIN3a, HAKOIUIEHHBIM MHPOBOM HAyKOHM K 3TOMY
BPEMEHH, U OPUTUHAIIbHBIE PA0OTHI aBTOPOB.

B »TOT X€ mepuon HauMHaeTcs
AKTHBHAs I€Jarornyeckas JAesTeIbHOCTh
M.A. bnoxuHa. Ha kadenpe
PEHTT€HOCTPYKTYPHOTO aHaJIn3a
¢usnueckoro Qaxyiabrera MOCKOBCKOIO
rOCyJapCTBEHHOTO YHUBEPCUTETA HUM.
M.B. JlomoHnocoBa M.A. biioxuHbIM
OBUIM MTOCTABJICHBI M OMMCAHBI 337a4H 10
PEHTIE€HOCHEKTPAIIBHOMY ~aHaJIU3y JUIst
CIEIMAILHOTO PAKTUKyMa
¢usnueckoro daxynpreta MI'Y. Oto
ObUIM TIEpBBIC B HAICH CTpaHe mIard 1o
MOATOTOBKE  CHEIUAINCTOB B  3TOU
obmactu. OnucaHus 3TUX 33734 BOILIH
BMNOCJEACTBUM B IIHPOKO H3BECTHOE
PYKOBOJICTBO «CnenuanbHbIi
¢buznueckuii PAKTHKYM» .
[lenarornueckass JeATEIBHOCTh BCErza
Obl1a OJTHOM M3 Ba)KHBIX COCTABJISIOIINUX
pabotel  Muxamna  ApHOJbI0BHUYA,
MpUBEIIIasl BIOCIEACTBUU K CO3JAHUIO
KPYNHOM Hay4yHOM IIKOJBI B 0O0IacTH
PEHTIE€HOBCKOM CIIEKTPOCKOIINHU u
PEHTI€HOCTIEKTPAJIBbHOTO aHAIN3a.

Jlemom 1941 2. M.A. Broxun Obnodcka monozpaghuu
emecme ¢ uacmoio  Hncmumyma H.B.boposckozo u M.A.Bnoxuna
eeonoeuveckux Hayk AH CCCP  oOvin «Penmeenocnekmpanvuulii ananusy,
asaxyuposan 6 Ceeponosck. B 1943 2. no 1939 2.

npocwvbe ypanvckozo gunuara AH CCCP
M.A. Bnoxun opeanuzyem penmeeHOCNeKmpanbHylo 1abopamopuio, KOmopou pyKogooum 00
so3spawgeruss 6 Mockey 6 1945 2. B nepuoo seakyayuu npooonsxicaemcs nedacoeudeckas
oeamenvHocmv M.A. Broxuna — on npenooaem 6 Ypanbckom unOyCmMpuaibHOM UHCIUMYMe.
Ilocne so3zspawenus 6 Mockgy, ¢ 1945 no 1951 2. M.A. Broxun — pyxogeooumens
PpeHmeeHoCneKmpanbHoll 1abopamopuu 60 Bcecoroznom uncmumyme MUHepaibHO20 CbiPbAL.
B 1946 r. M.A. bnoxun nyOnukyeT B KypHaie «Ycmexu (PU3UUECKUX HAYK»
(dbyHIaMEeHTaIbHBIH  0030p « PCHTTCHOBCKME CHEKTphl KaK METOJ[ HCCIICAOBaHUS

% Boposckuit M.B., Brioxun M.A. PentrenocexTpanbubii anamms. M.-JI.: TOHTU HKTII
CCCP. 1939.-499 c.
7 CriermanbHsiit pusmaeckuii npaktuxym/Ilox pex. npod. I'. B. CrimBaka. M.:MT'Y, 1960.



pacrnpesiesieHusl SJICKTPOHOB MO COCTOSTHMsAM»®., Ha OCHOBe aHain3a COCTOSIHUSI Pa3BHTHS
PEHTT€HOBCKOM CIEKTPOCKOIIMU Ha TOT MOMEHT BpeMmeHH, M.A. biioxuH nenaer BbIBOJ O
WCKJIFOUUTEJIbHOM Ba)XXHOCTH HCIIOJIb30BAHUSI PEHTIC€HOBCKUX METOJOB IS H3Y4YEHHUS
3JIEKTPOHHOTO CTPOEHHSI aTOMOB M MOJEKYJI W TPOOJIEeM XUMHUYECKOW CBS3M, NETaTbHO
aHAIM3UPYEeT HWH(OPMATHUBHBIE BO3MOXKHOCTU PEHTITCHOBCKOW CHEKTPOCKONuU. LleHHbIM B
9TOi oboOmaromeii pabore sABISETCS TO, YTO B HEHW YAEICHO 0cob00e BHUMaHHE
JUAarHOCTUYECKUM BO3MOYKHOCTSIM PEHTTEHOBCKOW CHEKTPOCKONMMUHU. 3HAYMTENbHAs 4YacTh
STHX BOIIPOCOB MOJyYHIIa JanbHelIee pa3Butue B padorax M.A. broxiuHa ¥ ero yueHHKOB B
50-e — 70-e rr. B ator xe mepumom M.A. bioxuH 3aBepiiaeT paboTy Haa JOKTOPCKOM
JUccepTaluei, NOCBIIEHHOW BOIIPOCaM PEHTT€HOCIIEKTPaIbHOIO aHaJIN3a.

B 1951 2. no npuenawenuro Pocmosckoeo eocy0apcmeenHo2o YHueepcumema
M.A. Brnoxun nepeezscaem 6 Pocmos-na [[ony — 2opoo, e0e oH npodwcuin 00 KOHYA HCUZHU.
Hauunaemcs naubonee niooomeopmwviii nepuod e2o Hayuuou oesmeinvHocmu. B 1954 2.
M.A. Bnoxun 3awuwaem 00Kmopckyio ouccepmayuto "Memoosl penmeenocneKmpanibHo20
ananuza”. B 1956 2. emy npuceoeno yuenoe 3eanue «npogheccop». B mom dice 200y 6
Pocmoeckom yHusepcumeme opeanusoeana kageopa gusuxu meepdozco mena, b6eccMeHHbIM
pykosooumenem komopoi M.A. broxun 6vin oxono 30 nem u Ha KOmMopou (eOUHCMBEHHOU 8
CCCP) oguyuanvro comosunu cneyuanucmos no peHmaeHo8CKOU CReKMpOCKONUU.

B stot nepuon M.A. biioxunbsiM ObuT caenaH GpyHAAMEHTAIbHBIN IIar B TOHUMAaHUU
(U3MKU TIPOLIECCOB TPU PEHTreHO(IYyOpecleHTHOM aHanu3e. PaccMoTpeB MexaHH3M
reHepaluy aHaJUTHYECKOI0 CUTHaJla Ha OCHOBE YIPOIIEHHOW, HO OTPa)Karollell OCHOBHbIE
yepThl sIBACHUS (pusmyueckod Momenu, Mwuxawn ApPHOJBIOBUY  3aJI0KHJI  OCHOBBI
COBPEMEHHOI'0 IMOJXO0Aa K peHTreHodyopecieHTHOMY aHaimu3y. C 3Toro MoMmeHTa
HAUMHAETC  MHTEHCHMBHOE  PA3BUTHE  KOJIMYECTBEHHOW  TEOPUM  B3aWMOJCHCTBHUS
PEHTTE€HOBCKOT'O M3JYUYEHHS C BEILECTBOM KaK OCHOBBI PEHTTEHO(IyOpPECIIEHTHOIO aHaju3a,
Hamezmee ceoe pazsutue B paborax H.®D. Jlocesa, B.II. Aponnna, I'.B. [laBauHCcKOTO 1 Ap.
Coycrss  gecaTwieTdss 3TH  HWJAEM TPUBEIM K CO3/aHUI0 MeTojaa (yHJIaMEHTalIbHbIX
rapaMeTpoB, LIMPOKO MCIIOIb3yEMOI0 B CETOAHSIIIHEN aHATMTHYECKON TPAKTHKE.

B PocroBe-Ha-/lony B mnosHOM Mepe mnposiBuiacs TanaHT M.A. bnoxuHa Kak
Bblatolerocss npudopocrpoutens. B Hauane 50-X romoB, ecau HE CUUTAaTh OTIEJbHbBIE
71a00paTOpHbIE YCTAHOBKH, B CTPaHE MCIIOJb30BAINCh PEHTTEHOCHEKTpalbHble MPUOOPHI
HEMEI[KOTO U MIBEACKOr0 MPOM3BOJACTBA, KOTOPbIX HE XBarajio M 3TO CAEPKHUBAIO
NPUKIATHOE HCIOJIB30BaHUE PEHTICHOCHEKTPAIbHOTO aHanu3a. M.A. broxuneiM  ObLITH
pa3paboTaHbl YHUKaJIbHbIE JIUISl TOTO BpeMeHHM peHTreHoBckue cnekrtpomerpsl KPYC, JIPYC
u KPOC. Ho, BO3MOXHO, TJaBHOE [OCTI)KEHHE B O0JacTH  PEHTTEHOBCKOTO
npuOOPOCTPOECHMSI 3AKJIIOYAETCS B TOM, YTO YJAlOCh HaJQJUTh BBINIYCK PEHTI€HOBCKUX
CIIEKTPOMETPOB. B TedeHHe MOCIeAyIIUX NeCATUICTUH MHOTHE J1alopaTOpUU B CTpaHE
OblTM  OCHaIIeHbl Tpubopamu, BbINyHIEHHBIMU B PoctoBe-Ha-/lony. Brigaromuiics
CHEeIMAMCT B 00acTu peHTtreHoBckoi crnektpockonuu K.W. HapOGyTrr BcmoMuHaer:
«Hecomnennoti 3acnyeoti Muxauna Apnonvoosuua sensemcsi mo, 4mo OH HAAAOUN 8
macmepckux Pocmosckoco yHugepcumema manocepuiinoe npouzs00Cmeo pPeHmeeHO8CKUX
cnekmpomempos. Muoeue 200v1 Pocmoeckuil Ynueepcumem 6vi1 eOUHCMEEHHBIM MECHOM,
20€ MOJACHO ObLIO NOIYYUMb HOBOE PEHM2EHOCNeKmpanbHoe obopydosanuey’. B nanpHelmem
Muxaun ApHOJIBAOBUY MHOTO CHJI IOTPAaTWJI Ha OPraHM3alMI0 B HALIEW CTpaHE CEPUIHOIO

¥ Broxua M.A. PentreHoBckue CIIEKTPBI KaK METOJ UCCIICA0BAHUs PACIPEACIICHUS
2NEKTPOHOB 110 cocTossHuAM. Y DH. 1946. T. 28. Bemn. 4. C. 438-481; T. 29. Beim. 1-2. C.
104-146.

’ Hap6yt K.W. Bocnomunanus. Pykonuck. Marepuan npenocrasies 1.C. CMupHoBoit
(HapOyTr).



BBIMYyCKa PEHTT€HOCIEKTPaIbHOTO0 000pYI0BaHKE, YTO OCYHIECTBHIOCH yke B 60-¢ roabl Ha
3aBojge  «bypeBectHuk». I'enepanbubiii  gupekrop HIIO  «bypeBecTHuk»,  wieH-
koppecionzieniT PAH H.U. Komsx B 1980 r. mmcam: «K ayuwum npubopam 0nas
PEHM2eHOCNeKMPANbHO20 AHANU3A, CO30AHHLIM 8 2mu 200bl (Hauano 60-x 2. — ped.) &
meopueckom coopyscecmge ¢ M.A. Fnoxunviv, K.H. Hapoymmom u A.M. Pymuenm,
OMHOCUMCSL  KOPOMKOBOJIHOBBII  cnekmpomemp  ckanupyroweeo muna DPPC-2  u
nonyaemomamudeckutl keawmomemp @OPK-1B. Dmu npubopvl ycnewino ucnoib3yomcs
MHOUMU HAY4YHO-UCCNIe008aMENbCKUMU uHcmumymamu u NPOMBLULTIEHHBIMU
npeonpusmusimu» .

B 60-e-80-¢ rr. M.A. biioxuH Takxe NpPOAOKAET HAauyaTble B JIOBOCHHBIM IMEPUOJ
PEHTI€HOCHEKTPAIbHbIE HCCIEIOBaHUSl 3JEKTPOHHOTO CTPOEHUS aTOMOB U MOJIEKYII.
binaromaps ycunusam Muxauna ApHoibaoBUYa B POCTOBCKOM YHHMBEPCHUTETE BO3HHMKIIA
OoJplllasi Hay4yHas IIKOJA OKCIEPUMEHTATOPOB M TEOPETUKOB IO PEHTTEHOBCKOM
CHEKTPOCKOMUYU, PEHTTEHOCIIEKTPaIbHOMY aHalu3y, MpoOJeMaM 3JIEKTPOHHOTO CTPOCHUS
aTOMOB, MOJIEKYJI ¥ TBEPJBIX TEJl, Pa3IMYHBIM BOIIPOCAM B3aUMOJCHCTBHUS PEHTTEHOBCKOIO
u3nmydeHus: ¢ BemiectBoM. Heckonbko netr M.A. bnoxun BosrmaBmsut HUWU dusuku npu
PocroBckom ynuBepcutere. I[lom pykoBoactBoM Muxauna ApHOJIBIOBUYA 3aIUTUIN
nuccepranuu A.B. baxtuapos, B.T. benos, A.C. Bepunnun, B.®. Boskos, W.U. ['ery3uHn,
B.®. llemexun, UILU. [lyiimakae, I'.3ommep, [O.®. Manbues, JI.M. MoHnacTeipckuid,
N.A. Hukudopos, E.I'. Opnmoa, A.U. IlnatkoB, T.M. IlontunaukoBa, A.I". XacaOog,
WN.I'. IBeiiuep, A.T. IllyBaes.

[Tocrenenno PoctoB-Ha-J{0HYy CTAaHOBUTCS IEHTPOM PEHTTEHOCIIEKTPAIBLHOIO aHalu3a
U PEHTTEHOBCKOM crieKTpockomuu Bcecoro3noro 3Hauenus. B 60e-70-e roabl OOIBIIMHCTBO
3alIUT JUccepTaluil B 00JacTU PEeHTI€HOBCKON CHEKTPOCKOMHUH, PEHTI€HO(IYyOPECIIEHTHOTO
aHajn3a, JIEKTPOHHO30HA0OBOI0 MUKpPOAHAIU3a MPOXOJAWJIO HAa JAUCCEPTALIMOHHOM COBETE B
PI'Y BHE 3aBHCHMOCTH OT TOTO, TJI¢ OblJIa BBITIOJHEHA 3Ta padoTa.

B nanbueitiiem Bnusinue M.A. bioxuHa cTano pacnpoCTpaHsAThCA yepe3 IIKOJIBI €ro
YUYEHUKOB M COPATHUKOB. J|0CTaTOYHO yNOMSIHYTh KpyIHYIO HayuHyto mkony H.®. Jlocesa B
Upkytcke''.

Muorue ronel M.A. biioxuH SBIsICA TpEeAcenaTesieM OPraHU30BaHHOM MpPH €ro
AKTUBHOM YYacTUU PEHTICHOCHEKTpalbHON cekmuu KomruiekcHoro coBeta 1o (hu3HKe
TBepaoro tena U CoBera Mo pPeHTreHOBCKOM W anekTpoHHO# cnekrpockonuu AH CCCP,
npenceaareneM pabodel rpymibl peHTreHocnekTpaibHoro ananusza Hayunoro Coseta AH
CCCP mno aHanuTHUECKOM XUMHH, TMpEJCeNaTeleM MU WIEHOM OpPIKOMHMTETOB MHOTUX
Bceecoro3ubpix . MexIyHapoAHBIX KOH(EpEeHIMH U COBEUIaHW 10 PEHTIeHOBCKOM
CIIEKTPOCKOIUHU U PEHTTEHOCIIEKTPATLHOMY aHAIIU3Y.

M.A. brioxuH siBisieTcss aBTOpoM 0Ko10 250 myOnuKkaiuii, B TOM YKCIIe YEThIPEX KHUT,
OATH U300peTeHui, psaa craTeil MO0 PEHTIEHOBCKOMY W3JIyYEHUI0O U PEHTI€HOBCKOMN
CIIEKTPOCKOIIN U TS boapmon CoBeTcKoit DHIUKIIONEINNA u duznueckoro
SHIIUKIIONECIMYECKOro cioBapsi. Ero monorpadus "®usnka peHTTeHOBCKUX Jiydeil"'? BhIlUIa
nBymsi m3nanusamMu B CoserckoM Corose, a Takxke uizaaHa B [lonbmie, 'epmanuu u CIIA;

' Komsik H.M. 50-1eTHe 0Te4ecTBEHHOr0 PEHTIEHOBCKOTO IPUOOPOCTPOeHH . ATmapaTypa u
METO/Ibl PEHTT€HOBCKOro aHanu3a. Bein. 24.J1.:Mammunoctpoenue. C. 4-12.

! Cwmarynosa A.H., [laBnunckuii I'.B. MpkyTckas nikosia peHTT€HOCIEKTPAIIBHOTO aHAIN3a.
Tesucsl goxi. V Beepoccuiickoii KOH(]. 10 peHTTeHOCIeKTpaabHoMy aHanusy. Upkyrck, 30
Mmas — 2 urons 2006 r. C.3.

"2 Brioxun M. A. ®u3pKa peHTTeHOBCKHX Jydeil. 1-oe u3manne — M.: [0Cy/1. H31-BO TEXH.-
Teop. auT. 1953.- 456 c: 2-e uznanue, nepepadboranHoe - M. :['ocya. U31-BO TEXH.-TEOP. JMT.
1957.-518 ¢



Monorpadus "MeTo1sl PEHTI€HOCIIEKTPAIbHBIX HCcleAoBanui" "’ u3mana takke B ['epmaHum,

Awnrmmn, CIOA, Waanu u SInoHuy 1 iMelia IIMPOKUi pe30HaHC B MUpe (CM., Harpumep ).

OTnuuntensHON  OCOOGHHOCTHIO  MoOHorpaduii  M.A. broxuna  sBisieTcs  HMX
SHIMKJIONEANYECKUN XapakTep. OHU OXBaThIBalOT MPAKTUUYECKH BCE BOMNPOCHI, CBA3AHHBIE C
PEHTI€HOBCKUM M3Jy4€HHEM, OT 3JIEMEHTAPHBIX MPOLECCOB 10 npuMeHeHui. [lo stoi
NPUYMHE OHM B TEYCHHE MHOTHUX JIET Mrpajid posib yueOHHKoB. I[lo kauram M.A. brnoxuna
YUYWJIOCHh HECKOJIBKO TOKOJICHMM CHENUAIMCTOB IO PEHTTEHOCHEKTPAIbHOMY aHaJIU3y |
PEHTreHOBCKON cnekTpockonuu. C  Apyroil CTOPOHBI, CIELUUAIbHBIE pa3fesibl ATHX
MoHOrpaduil He NOTepsUIM HAyYHYIO0 aKTyaJbHOCTh JI0 HACTOSIIEr0 BPEMEHH, O 4YeM
CBUJIETEILCTBYET PETYJISIPHOE LIMTUPOBAHUE 3TUX KHUT MO MPOIIECTBUU MOJTYBEKAa C MOMEHTA
HaIMCaHMUSL.

B Teuenue moutu Tpex necatwietuid M.A. BIoXuH ObUT YJIE€HOM PEIKOJUICTHH,
OTBETCTBEHHBIM PENAKTOPOM, HAay4HbIM pEAAKTOPOM BBIIyCKaBIIUXCs B JleHuMHrpane
MEePUOINYECKIX COOPHUKOB "Amnmaparypa ¥ METOJIbI pEHTTEHOBCKOT0 aHau3a". DTO U3/1aHKe
SBIISICTCS YHUKAJIBbHOW B MHPOBOM TNpAKTHUKE KOJUIEKTMBHOM MoHorpadwueir. C 1967 r. B
TCUCHHWE TPEX JECSATUICTHH BBIIUIO HECKOJBKO [eCATKOB TOMOB”. B  OosbIIMHCTBE
cobopunkoB M.A. brioxuH ObUT HAyYHBIM HJIM OTBETCTBEHHBIM pelakTopoM. CeromaHs MOKHO
00BEKTHUBHO CKa3aTh — YPOBEHb 3TOT0 M3AaHUS ObLT OJTHUM U3 CaMBIX BBICOKHX B MUpPE Ha TOT
nepuoj BpeMeHu. 1 B 3ToM Takke HecOMHeHHas 3aciayra M.A. bioxuna.

3a ronsl M.A. BIOXMHBIM IIOATOTOBJIEHLI COTHU clienuaainucToB. OH SIBIISIETCS
co3zaTesnieM OJHOW W3 CHUJIBHEHIIMX HAyYHBIX HIKOJI B 00JACTH PEHTI€HOCIEKTPATIBLHOTO
aHaJIM3a U PEHTTEHOBCKOM CHeKTpockonmuu B mupe. Ero yueHuku paboTaroT BO MHOTHUX
roponax Poccun, CHI" u 3a py6exxom. Cpeau HuX Oosee necsiTka JOKTOPOB HAyK W JCCSITKU
KaHIUAAaTOB HayK. MHOTHE U3 HUX SIBIISIOTCSA yYaCTHUKAMU 3TON KOH(EpEeHIUH.

Bbicokuii ypoBeHb HCCIEIOBAaHUNA B OOJIACTH PEHTTEHOBCKOM CHEKTPOCKOIUU U
PEHTTeHOCTIEKTPaIbHOTO aHalu3a, Hajiuyue OOJBIIOro HAaydyHOro cooOIllecTBa B Halen
CTpaHe — BO MHOT'OM PE3yJIbTaT MHOTOTPAHHOM J1eATeNbHOCTH Muxanna ApHOJIbA0BHYA.

Martepuanst VI Beepoccuiickoil koHpepeHIIuu 10 PeHTTeHOCTIEKTPaIbHOMY aHAIU3y
SIBJIIFOTCSI PEAJIBHBIM CBHUJIETENILCTBOM TOI'O, UTO M CETOJIHS OCTAIOTCS aKTyaJbHBIMU MHOTHE
HaIpaBJieHUs! B 00JIaCTH PEHTI€HOBCKON CIEKTPOCKOINH, Y HCTOKOB KOTOPBIX CTOsT Muxanmn
ApHonbi0BUY B1OXMH, a COCTaB Y4aCTHUKOB KOH()EPEHLUHU — 3TO MpPsSIMbIe MU KOCBEHHBIE
€ro YYeHUKH, YYCHUKU YUYCHUKOB U T.J.

M.A. broxun Hauan B 1932 r. paboTath B 00,1aCTH PEHTT€HOBCKOM CIIEKTPOCKOIIUY 110
npemioxkennio  A.®. Modpde — wHemocpeacrBennoro yuenwka B.K. Pentrena. YdeHwku
Muxauna ApHOJNBIOBUYA CETOJHS YYaCTBYIOT B paboTe 3TOW KOH(pEpEeHIIMU, CUMBOIU3ZHUPYS
HEIOCPE/ICTBEHHYIO0 YEJIOBEYECKYI0 CBf3b, CYLIECTBYIOIIYI0 B O0JAacTH PEHTT€HOBCKOMN
CIIEKTPOCKOIIMM M PEHTIEHOCHEKTPAJIbHOTO aHalM3a: OT OTKPBITUS X-Iy4dedl [0 Halleu
KOH(epeHIINH.

M.H.®wmmnmnos

B Broxur MLA. MeTo/ibl pEHTI€HOCTIEKTPAIbHBIX HccienoBanuid. M.: ['ocyn. u3a-Bo
¢u3z.mar. ut. 1959. — 386 c.

' Parrish W. Book reviews: Methods of X-ray spectroscopic research by M.A. Blokhin. Acta
Crist. 1966. Vol. 21. Part 2. P. 291-292.

"> Ammapatypa u METO/IBI PEHTT@HOBCKOTO aHaiu3a, B 1-40, J1.,1967 — 1988.
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PeHTFeHO(bnyOpecueHTHbIVI aHalnn3 € NOoJiHbIM BHELWWHUM
oTpaxXeHunewm. dwlswqecme OCHOBbI N aHanNUTN4YecKoe npunmeHeHune

Anoe H.B.
Mocxoeckuii cocyoapcmeentuviii ynusepcumem um. M.B. Jlomonocosa, 2. Mockea
alov@analyt.chem.msu.ru

Opnum u3 HauOosiee YCMEUIHBIX M HMHTEPECHBIX HaIpaBICHUN pPa3BUTHUS METOJa
pertreHoduryopeciieHTHOro aHanmmza (PDA) sBusercs npumeHeHue dddexta moTHOTO
BHemHero otpaxeHus (ITIBO) pentreHoBckux maydeir. ITOT 3hdEKT ObLT IKCIIEPUMEHTATBLHO
OTKpBIT amepukanckuM ¢(uzukom Komnronom (Compton) B 1923 r. OH oGHapyXui, 4TO
oTpakaTelbHasi CIOCOOHOCTh TOBEPXHOCTH IUJIOCKONW MHUIIEHH PE3KO BO3pacTaeT Ipu
O0JIy4eHUH €€ PEHTT€HOBCKHM JIydaMH MpHU CKOJB3AMMX yriuax (mpumepHo 0.1°) . Oxnako
npouuio okojo 50 jer, mpexae yeM Obla BhICKa3aHa PEBOJIOLMOHHAS HJIES O MPUMEHEHUU
sdpdexra [IBO B POA. [lepBoimu 310 caenanu B 1971 r. simonckue yuensie Monena (Yoneda)
n Xopuymu (Horiuchi). Oru npemnoxuim npoBoauth POA Maioro KoJM4yecTBa BEIIECTBA,
MOMEIICHHOTO0 Ha TOJIHOCTHIO OTPAKAIOIIYI0 PEHTTEHOBCKHE JIYYU IOJUIOKKY-pe(IeKTop.
3aTem 3Ta MeTo/MKa OblTa neTaabHO paspaborana AuruHrepom (Aiginger) u BobGpaymexkom
(Wobrauschek) B ABctpuum u Kuaorom (Knoth) m IlIBenke (Schwenke) B I'epmanuum wu
odopmiileHa MU B HOBBIII METOJl PEHTTEHOCIIEKTPaIbHOTO aHan3a, MMOJYYUBIIUN Ha3BaHHE
Total-Reflection X-Ray Fluorescence Analysis (TXRF).

Metona peHTreHO(ITyOPECIIEHTHOTO aHa/li3a C MOJIHBIM BHEIIHUM OTpakeHueM (PDA
[IBO) oGnagaeT psiioM Cephe3HBIX MPEUMYILECTB MO CPABHEHUIO C KJIACCUYECKUM METOJ0M
P®A. K HuM oTHOCATCS Majas TiiyomHa oTrOopa aHaauTH4eckoi mHpopmanuu (Menee 100
HM), HU3KHE TIpelenbl OOHAapyKeHUs (HI/MJI W HIXKE), BBICOKAas BOCIPOU3BOIUMOCTH
pesyibpTaToB aHamm3a (s,=0,01-0,02), Maioe KoJM4ecTBO aHATM3UpyeMoi mpooOsl (5-50 MKT),
CYIIECTBEHHOE YIPOILEHUE MPOIEayphl KOJHMYECTBEHHOTO aHaiu3a (MCIOJIb30BAHUE
BHYTPEHHEr 0 CTaH/1apTa), OTCYTCTBUE MAaTPUUYHBIX 3PHEKTOB.

B noxmame paccMoTpeHbl (pU3MYECKHE MPOIIECCHI, JEKAlUe B OCHOBE METOJa,
BKJIIOYAst OTpPakKCHHUE, MPEJIOMJICHHE U TIOJTHOE BHEIITHEE OTPaKEHUE PEHTTEHOBCKUX JIydei,
dbopmupoBanue crosiunx BoiH mpu [IBO pentreHoBckux mydeir. OmnucaHa KOHCTPYKLHUS H
OCHOBHBIE Y3JIbI COBPEMEHHOI0 3HeprojucnepcuoHHoro crnekrpomerpa POA [1BO, B Tom
YHCIlie UCTOYHUKU PEHTT€HOBCKOTO U3ITyUEHUSI, MOHOXPOMATOPHI U IE€TEKTOPHI.

[IpencraBieHsl akTyalbHblE NPUMEPHl aHAJIUTUYECKOro MpUMeHeHHus merona PDA
[IBO. OtmeueHa BbicOKas >(QPEKTUBHOCTh METOJAa NpPHU MPOBEACHUHM KAueCTBEHHOTO U
KOJIMYECTBEHHOTO aHAJIN3a TBEP/BIX M JKUAKHX O0BEKTOB Pa3IMYHON MPUPOIBI (BOAA, TOYBHI,
a’po30.id, HeTh U HEPTEIPOAYKTHI, XUMUKATHI, METAJUIbI, MUHEPAJIbl, OMOJIOTHYECKHE TKaHH
M JKUAJKOCTH, PACTHTEbHBIC MaTepHAIIbl, MPOAYKTHI MUTaHus). OOCYXKIAIOTCSI BOSMOKHOCTH
€ro TMpUMEHEHHs B YIbTPAMUKpPOAHAIN3e, aHalW3e CJEelO0B DJJIEMEHTOB M aHallu3e
MIOBEPXHOCTHU U MIOBEPXHOCTHBIX CIIOEB.

B Hactosimieit pabote ucciieoBaHO BIMSHHE MOP(OJIOTHH MOBEPXHOCTH TBEPAOTO
Tena Ha (QopmupoBaHue aHanutuueckoro curHaia B PDA [IBO. OOnapyxeHo, dTO
WHTEHCUBHOCTb PEHTIC€HOBCKOW (DIIYOPECHEHIIMH TPH CKOJB3AMIEM MaJeHUH MEPBHYHOTO
PEHTTCHOBCKOTO M3IYYCHHS CYIIECTBEHHBIM 00pa3oM 3aBUCHT OT MOP(OIIOTHYECKOTO THIA
MOBEPXHOCTU (TOHKasl IUICHKA, OCTPOBKM Ha MOBEPXHOCTH, TOHKAs IJICHKA C OCTPOBKAMHU).
[Tokazano, uro wmerox PDPA I[IBO wmoxer OBITh HUCHONB30BaH JIs1 HWIASHTU(DUKAIIIU
MEXaHH3MOB POCTa TOHKUX IJICHOK METAJJIOB U CILJIABOB.
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PeHTreHohnnyopecueHTHbIN aHarIM3 ¢ UCMOJfIb30OBaHUEM
paccesiHHOro usny4yeHus

A.B. Baxmuapoeg
Canxkm-Ilemepbypeckuil 2ocyoapcmeennviil ynusepcumem, e-mail: avb@AB14523.spb.edu

Co BpemeHu oOmyONMKOBaHHMS pabOThl, MOJOKMBIIEH Hayalo HUCHOJIb30BAHUIO
paccesHHOrOo TpoOOM W3My4deHHs M MCKIIOYEHUs MaTpuuHbIX 3¢¢ektoB B PDA
(G.Anderman, J.Kemp, 1958r. ), mpomwio 50 met. Criocod B 0T€UECTBEHHOM JIUTEpaType ObLIT
Ha3BaH criocobom cranaapta-pona (A.H.Cmarynosa, A.P.benosa, B.IT.Adonun, H.®.Jloces,
1964r.) u mosy4yws1 mMUPOKOE NMPUMEHEHWE W JajbHelInee pa3BuTHe. BHayame B kadecTBe
CBOE0OPa3HOr0 BHYTPEHHETO CTaHJapTa MCIOIb30BaJIOCh PACCEIHHOE TOPMO3HOE U3ITyUeHHE
BOJIM3M aHATUTHUYECKOW JUHMM. B nanmpHeilleM BBISICHUIIOCH, YTO OMU30CTH CTaHIApTa K
AQHAJTUTHYECKOW JIMHUHM COBCEM HE 00s3aTelbHa, M CTAlld MCIIOJIb30BAaThCS KOT€PEHTHO /1, U

HCKOI'CPCHTHO 71, PaCCCAHHBIC ITMKHA XaPAKTCPUCTUICCKUX JIMHHAN aHoa.
TeopeTI/I‘ICCKI/Ie HUCCIICAOBaHMA BO3MOXHBIX BapHAHTOB IIOKasajid, YTO JIy4YIIHUM

CTaHJApTOM SBISICTCS M, TIOCKONBbKY auddepeHnnanbuplii  MaccoBblii K03 dumeHt
KOMIITOHOBCKOTO pacCesHUs JITKUX 3JEMEHTOB, OOBIYHO COCTABJISAIOIIMX HAMOJIHUTENb
npo6bl, ocraercss noctossHHbIM (C.C.Jlenun, U.B.Cepukos, 1969r.). B kopoTKOBOIHOBOI
obmacty, rae npeobianaeT HEKOTEPEHTHOE pacCesHUe, XOpOIIUe pPe3yibTaThl JAeT TaKkxke
PUMEHEHHE PACCESTHHOTO TOPMO3HOTO H3ITyUeHHUS.

Bapuant cmocoba ¢ HCIONB30BAaHHEM H,, SIBISETCS OCHOBHBIM Tmipu PDA
MHUHEPAJILHOTO CBIPbs, MIOYB U OPraHMYECKUX BEIECTB Ha CPEJIHUE U TsKelble 3JIEMEHTHI (Z
=26 ¥ BBIILIE) IPY MAacCOBOM COJIEP>KaHUU ONpenesieMblX 3yeMeHToB a0 1-3 %. Hckomoe
COZIep’KaHHEe IEMEHTA PAaCCUUTHIBAETCS 110 U3MEPEHHBIM 3HAUEHUSIM CKOPOCTEll cuera 7,

oc oc
N, B Ipo0e 1 00pasie cpaBHEHUS 1, ,H1 4

Ci=C,"(n,"/ns") (ny/nu)=Ks (n4/n,) (1.

Ho nmpu BbICOKMX  cOJepKaHUSIX  OINPEACISIEMOr0  JJIEMEHTAa  BCJICJICTBHE
M30UpaTEILHOTO MOTJIOICHHST TIEPBUYHOTO M PACCESTHHOTO M3ydeHus: kKodddumment K,
HEOJTHO3HAYHO U3MEHSETCS, U (POpMyIa CTAaHOBUTCS HEITPUTOTHOM.

Jlis onpenienieHys BBICOKUX COACPKaHUM MPEJIOKEHO PsiJl TPUEMOB: YUeT U3MEHEHUS
kodpdurmenta paccesaus (LU dyiimakaes, A.JL.I[BersiHCcKMil), ydeT 3(¢PEeKTUBHOTO
aToMHOro Homepa mpoOsl (A.A.BepuruH), mocTpoeHHE OSMIUPUYCCKUX 3aBUCUMOCTEH
(A.C.CmupnoBa, B.H.Tananosa).

D} PexTUBHBIM TPHUEMOM O0Ka3alloCh HCIOJIB30BaHUE YIECIBHOTO aHaJIUTHYECKOTO
napamMerpa  R; - OTHOWIEHUS YJEIbHOW WHTEHCUBHOCTH AHAJIUTUYECKOW JIMHUM K
UHTEHCUBHOCTHU M. OOmas gopmyna g pacuera JHOOBIX COJAEp’KaHUM 3allMChIBaeTCs B

dbopMe yHacTHOro OT JeleHus paboyero aHaTUTHYECKOro mapamerpa R = My / n,. Ha
YIEIBHBIN R ;.

Cs=R/R; 2).

B dopmyne 1 mapamerp R; wuMeeT 4yacTHOE 3HAYECHHE JUIsi 0Opas3lia CpaBHEHUS C
HU3KUM COJIEpKAHUEM OINPENEIsIeMOro 3JIEMEHTa, OH paBeH R L= k) L [Ipu
YBEITUYCHUH COJIEP KaHHUI ONpeessIeMOro M MEIIAOIINX YJIEMEHTOB BeeACTBUE 3G (HEKTOB
n30UpaTeabHOrO MOTJIONICHUS, YIeNbHbINH mapameTp R; Bo3pactaer. Ho 3To Bo3pacranue

YETKO KOPPENUPYeT C HMHTCHCUBHOCTSIMH AHAIMTUYECKUX JIMHUNA OmpeneisieMoro #Hy u
MENIAIIIUX /1, dJIeMeHTOB. [loaToMy ynenpHbIN mapaMeTp MOXKHO paccuuTaTh 1o Gpopmyie
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RI = Rlo + a,ny + ZanM+ bmcnmc+ dHK nHKZ + dA nA2+2dMnM2 (3)
B KOTOPOW TIOCTOSTHHBIC KOOIPPUIMECHTH! a4, by, by , d 4 , d4 , d,, ONpPENENSIFOTCS IO
U3MEpPEHUsIM MAaccuBa TIpagyHMpPOBOYHBIX 00pa3lloB, OXBATHIBAIOUIETO BECh JMANa3oH
OTIpeIeNIIEMbIX COJIepPKaHUM.
VYpaBuenus (2) u (3) npuMEHUMBI [Tl aHAJIA3A JIFOOBIX COJIEPYKaHMUI Pa3IMUHbBIX PYIHBIX
9JIEMEHTOB BO BCEX pyJax U MPOAYKTaX UX MepepaboTKu, T.€. SIBISIFOTCS YHUBEPCAIbHBIMH.
OHU TIPOIILITH MHOTOJICTHIOIO MPOM3BOJICTBEHHYIO alpOOAIIfio B YCIOBHIX KPYITHOTO
ropaonepepabdarsiBaroiiero kombunara (B.A.3aiiues, 2007).
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PeHTreHoBCcKas chriyopecueHTHas CNeKTPoCKonusa
(HoBble TexHONMOrMM U HOBblE NPUMEHEHMUSA)

bpvimos H.A.
HIIII, «bypesecmuuxy, OA0

Meton peHTreHOBCKOU QuryopectieHTHOM crekTpockonuu (PDA), ocHOBaHHBIM Ha
¢oToHHOM BO30YKJCHUHM BHYTPEHHHUX ODJIEKTPOHHBIX OO0OJIOYEK aTOMOB W PETHCTpalUu
BO3HUKAIOIIEH TMPU OSTOM PEHTTEHOBCKOM (IyopecleHIMU 3aHHMaeT BBbIIAIOLIEeCs
MOJIOKEHHUE Cpelld OPYTUX METO/0B aHanu3a. B 0030pe MpHUBOIATCS OCHOBHBIE MapamMeTphl
3TOr0 METOJa U CpaBHEHHE C KOHKYPHUPYIOIIMMH METOJaMH KOJIMYECTBEHHOIO aHalu3a.
Pazputue P®DA ompenensercs pacTymuMu TpeOOBaHMAM MOTPEOUTENeH U  HOBBIMH
TEXHOJIOTMYECKUMHU JOCTHKEHHUSIMH B PA3TUYHBIX 00JIACTIX HAYKH.

B kauecTBe TEXHOJIOIMUECKHUX JOCTH)KEHHUH PAcCMaTpPUBAIOTCA: YCIIEXU B CO3/1aHUU
KallWUIAPHOM ONTHKM U  MHOTOCIOMHBIX  TU(PArdpyromuX CHCTEM MO3BOJIIOIINUX
npeoOpa3oBbIBaTh  MEPBUYHOE  H3JIyYEHHWE  HMCTOYHHMKA, CO3/JaHUE  HOBBIX  THIIOB
MOJYIPOBOJIHUKOBBIX ~JETEKTOPOB C TEPMODJEKTPUUECKUM OXJIaKJICHUEM, pa3BUTHE
JBYMEPHBIX  PEHTITCHOBCKUX JETEKTOPOB M MX JJIEKTPOHMKH, JByMepHbIXx CMOC
MukposietekTopoB, [I3C Marpuil, Tra30BbIX CHUHTWUIALUOHHBIX CUYETYHUKOB, Ta30BBIX
MHUKPOTOYEUHBIX  JIETEKTOPOB ,  METAJUIOKEPAMUYECKHX  PEHTTEHOBCKHX  TPYOOK,
MasorabapUTHBIX TPYOOK, OOIINI IPOrpecc B BBIYUCIUTEIBHON TEXHUKE.

Onucanbl HECKOIBKO CIICNUATBHBIX KOH(MUTypaluii MNpuOOpPOB TMOSIBUBIIMXCS B
nocieaHee Bpems. CrnektpomeTpnl ckombasmiero najaenus GI-XRF u ckomnp3simero Beixoja
GE-XRF. Ilporpecc B  co3qaHMM  MHHHUATIOPHBIX  PEHTTEHOBCKUX  TPYOOK,
MOJYIPOBOIHUKOBBIX PEHTIC€HOBCKHUX JI€TEKTOPOB, MHOTOKAaHAJIbHBIX aHAIM3aTOPOB MAJOro
pa3Mmepa, CIEHUATU3UPOBAHHOTO  MPOTrPaMMHOrO  OOecreueHHss MO3BOJMII  CO31aTh
nopratuBHele EDXRF. MWcnonb3oBaHWe CUHXPOTPOHHOTO M3JAy4YeHUS JUJIi PEHTIEH
¢IryopecieHTHOI MUKPOCKOIIMH TPUBENIO K MPOrpeccy B aOCOPOIMOHHBIX METOJaX U MUKPO
KOMIIBIOTEPHONH TOMOrpaduu. DHEProAUCIEepCUOHHAs CHEKTPOCKOMUS CTaja IIUPOKO
IIPUMEHSATHCS B [IPOCBEYMBAIOIICH U CKAHUPYIOLIEH 3JIEKTPOHHON MUKPOCKOIIUU.

B coobmiennn paccMOTpeHBI YCIIeXu B 00JIaCTSIX TPAAUIIMOHHOTO MpuMeHeHUs1 POA u
B [T CPAaBHUTEIBHO HOBBIX pa3BHBAIOIIMXCS oOnacTsax. Hampumep, npumMeHeHHEe B
MenumnuHe ¢ 1995roma. In vivo P®A wuccienoBaHus MO3BOJISIIOT ONPEACIATh TSKEIbIE
METaJulbl B TKaHSIX, KPOBH, Moue M B Bojocax. Ompenenstorcss CBUHEL, KaaMUH, PTYTh
’Kee30, MO, TJIaTHHA, 30J10TO U ypaH. IIpomeinuienHoe npumenenne TXRF nnsa ananusza
MOJTyTIPOBOIHUKOB Havyato B 90x ronax. Ceituac yxe 6onee 400 CIEKTPOMETPOB YCTAaHOBICHO
Ha BeAyUMX MpeanpusaTusx. OCHOBHOE MCIOJIb30BaHUE - 3TO aHAJINU3 CIEIOB 3arps3HEHUH,
BKJIIOYas JIETKUE syieMeHTHl. [Ipenensl oOHapy>KeHHs yIy4IIAlOTCS IMPEeIKOHIIEHTPALUEH.
POA u ananuzaTopbl OTPaKEHHOTO IMydKa HCHOJB3YIOTCA MJISl XapaKTEPUCTUKU TOHKHX
IUIEHOK, NPUTOTOBJIEHHBIX M3 HOBBIX MarepHaloB. Jcmonb3oBaHHME B apXeoJOTUU
noptaTuBHBIX POA u Tak xe CU u PIXE. Ananu3 cienoB TXRF nis onpenenenus onacHbIx
BEILIECTB B TMHIIE, COUPTHBIX HAMUTKAX B KPUMHHAJIUCTHUKE, B MOAJNEIBHBIX MPOJIYKTaX,
nevaTax U jekapcrBax. B KpuMUHaMMCTUKE 3TH MPUOOPHI UCTIONB3YIOT ISl UACHTH(PUKAIIUN
Pa3IMYHOro poja JIEKapCTB, CJIEJ0B IOMA/Ibl U CJIEIOB BBICTpEIA.

JlanbHeumee pa3BUTHE BO3MOKHOCTEH PDA CBsA3aHO € MOSBICHUEM KOMMEPUYECKHUX
PEHTTEHOBCKHUX JIa3epOB U KPUOTEHHBIX JIETEKTOPOB, SKCIIEPUMEHTaIbHbIE 00pa3ilbl KOTOPBIX
YK€ CyIIECTBYIOT.
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On Extreme X-Ray Focusing: From Micro- down to Nano-Guiding

S.B. Dabagov
INFN - Laboratori Nazionali di Frascati, Via E. Fermi 40, I-00044 Frascati (RM), Italy
RAS - P.N. Lebedev Physical Institute, Leninsky Pr. 53, 119991 Moscow, Russia
e-mail: sultan.dabagov@Inf.infn.it

New scientific applications of intense coherent X-ray beams require focusing of the
beams to sub-micron spot sizes. In order to propose suitable technological solutions for
micron and sub-micron X-ray elemental analysis and imaging one becomes necessary to
understand the basic features of X-ray focusing at the extreme diffraction limited conditions .

In this report, recent studies on X-ray micro- and nano-focusing and its applications in
XRF by means of various capillary-guide systems performed by different research groups in
the world will be analyzed. The fine features of X-ray propagation both in ultra narrow
collimators and at glancing reflection from a smooth surface, plane or curved, can be
described within the unified theory of trapped radiation propagation: surface channeling in
micro-guides and bulk channeling in sub-micron/nano-guides .

S.B. Dabagov, and H. Uberall, Nucl. Instr. Meth. A580 (2007) 756.
S.

1.
2. S.B. Dabagov, Reviews of Topical Problems: Physics Uspekhi 46 (2003) 1053.
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HoBoe nokoneHne peHTreHOBCKUX aHaNIUTU4YeCKNX
MHCTPYMEHTOB Ha 6a3e NosnmMKanumnnapHoOu ONTUKU

Kymaxos M.A.
Hncmumym penmeenosckoit onmuxu, Mockea,e-mail: iroptic@list.ru

[lonukanunspHass oONTHKa MOXET 3aXBaTblBaTb OT PEHTIEHOBCKOIO MCTOYHHKA
3HAYUTENIbHYIO HEPTHUIO, T.K. €€ yrjoBas ameprypa MoxeT gocturath (5-10) rpagycos, 4To
MHOT'OKPaTHO MPEBBIIAET KPUTHUECKHUM YT O OTpaKeHUSI.

KospduuueHnt TpaHcMuccuu, B 3aBUCUMOCTH OT TNPUMEHEHHUS MOXKET MEHAThCS OT
HECKOJIbKUX MporeHTOB 70 (30-40)%. [Ipu 3TOM MOKHO CcO3/1aBaTh Kak MapalieIbHbIC MyYKH
(1t TudpakIMOHHBIX 3a7a4y) Tak U cokycupoBanHbele myuku. B MIPO BnepBble co3naHbl
PEHTT€HOBCKUE JUH3bI ¢ (DOKYCHBIMU IMATHAMU MUKpPOHHOrO ypoBHs. Ha 0Ga3e sToit onTuku
CO3/IaHO OKOJIO JeCSITKa HOBBIX TNPUOOPOB: PEHTTCHOBCKUE MHUKPOAHAINU3ATOPBl IS
JOKQJIbHOTO XMMMYECKOTO aHanu3a, IudpakToMeTpsl s (a30BOr0 M CTpecC aHajau3a,
pedIIeKTpOMETpHI U T. 1.

brnarogaps ucnonb3oBaHMIO ONTHUKH, BCE 3TU MPUOOPHI MOPTATUBHBI, MOTPEOIISAIOT
MaJIyl0 MOIIHOCTb, PaAULIIMOHHO Oe3omacHbl. OHU He TPeOYIOT OXJIaXIEHUS U CHelHaTbHbIX
ITOMELICHU M.

Bo wMHoOrmx cnydasx ypaercs cheiatb MHOTO(QYHKIIMOHAJbHBIC ammapaTsl, T.e.
COBMECTUTh B OJHOM Ipubope ($a3oBbIA M AIEMEHTHBIM aHaau3 U T.J. B ogHOM M3 HaImmx
npubopoB (MUHUIIAB -6) coBMerieHb! 6 (yHKIHIA.

[Ipubops! HAXOAAT MHOTOUNCICHHbIE IPUMEHEHUS, B TOM YHCJIE B HAHOUHAYCTPUH.
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PeHTreHocnekTpanbHbIM MUKpOAHaNn3 B reosIoruu:
HOBbIe TeHAEeHLUUMn

Jlaspenmuves FO.I".
Hncmumym eeonoeuu u munepanocuu um. B.C. Cobonesa
Cubupcroeo omoenenusi Poccuiickoii akademuu nayx, Hosocubupck
e-mail: micropro(@uiggm.nsc.ru

B ucropuu npumenennss PCMA B reojioruu MOKHO BBIIEIUTH psiJ] ATAINOB, COJIEPIKaHUE
KOTOPBIX OINpPEHENACTCS TEXHUYECKHMM YPOBHEM DJIEKTPOHHO-30HJOBOM  ammaparypsl,
pa3BUTHEM TEOPHHM KOJIMUYECTBEHHOTO aHalIM3a, MPOrPeccOM 3JIEKTPOHHO-BBIUMCIUTEIbHON
TEXHUKA M COOTBETCTBYIOIIETO MPOTPaMMHOr0 obecreueHus. XapaKTepHbIMH YepTaMH
COBPEMEHHBIX MMKpPOAHAJIN3aTOpOB, MNpuMmeHseMblx st PCMA MuHepanos, SBISIFOTCS
IIPAKTUYECKH IIOJIHOE YIIPABJIEHHWE OT KOMIIBIOTEpAa M BO3MOXKHOCTH JUINTEIBHOE BpEMS
coOnroaaTh CTaOWIBHBIA PEXUM IPU JTOBOJBHO BBICOKOM TOKe 30HAA. llepBbiil daxTop
CIy>)KUT TPOJOJDKEHHEM Ipoliecca aBTOMAaTH3allMd 3JIEKTPOHHO-30HJOBBIX IMPHOOPOB,
Hayatoro B 70-x rojax Mmpouuioro Beka, BTOPOM — OTKPbIBAET HOBbIE BO3MOYKHOCTU KaK MPHU
OIpeIelIEeHU! OCHOBHBIX KOMIIOHEHTOB, TaK M, TJIaBHBIM 00pa3oM, IPU aHAJIN3€ Ha IPUMECH.

O6b1yH0 PCMA MunepanoB BenyT npu Toke 30-50 HA u Bpemenu cuera 10-20 c. B
HoCJeIHUE TOAbl Bce OoJjiee 4YacTO TMOSABISAIOTCS pPabOThl, B KOTOPBIX cooOmiaercss o0
M3MEPEHUSIX TPU JOBOJIBHO cUibHOM ToKe 30H7a (300-400 HA) u GOJBIIOM BpEMEHHU cyeTa
(o 600 c). EcrecTBeHHO, YTO HE BCE MHUHEpPAJbl BBIICPKUBAIOT TaKOH peXHUM, HO, €CIIU OH
BO3MOXKEH, CTAaTUCTUKAa M3MEPEHHH CyIIeCTBEHHO yiyumaercs. MHorma ¢ Toil ke Lenbro
IpPUMEHSAETCA Mapajuleln3alns W3MEpPEHUH, KOIrJa pPETUCTpalys aHAJIUTHYECKOM JIMHUU
BEJICTCSI OJJHOBPEMEHHO Ha HECKOJBKUX CHEKTpoMeTpax. B urore, ynaercs CHU3UTH IHpenesn
oOHapysxeHus 10 BeanuuHsl 0,001-0,002 %, a B psige ciaydaeB U HMXKE. YKE OMMCAH OIBIT
orpejeNieHus] IpUMecel B TaKUX MUHEpajlaX KakK OJMBUH, MHUPOI, PYTHI, XPOMIUIHUHEIH]I,
[IUPKOH, MOHAILIUT U Jaxe KIMHOTYMHUT, coiepxamuii 10 2 % H,O. IlogoOueiii PCMA
IPUMEHSETCS B OOLIUX F€OXMMHUYECKHUX ITOCTPOEHUSAX, B MOHOMUHEPAJIbHON re0TepMOMETPUH
u B reoxponosioruu no Th-U-Pb — metomy. HecmoTpsi Ha ompenesneHHble OrpaHMYCHMS,
pesynbratel PCMA MOXHO B pse cCilydaeB paccMaTpuBaThb Kak albTepHATHBY Oosee
YyBCTBUTENBHBIM, HO U 00Jiee TOPOTOCTOSILIMM METOJaM HMPOTOHHOI'O MHUKPO30HIA (METOX
PIXE) u u30TOMHOM Macc-CIIEKTPOMETPHH.
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CoBpemMeHHas Teopust bopMUpPOBaAHUA PEHTreHOMITyOpeCLeHTHOro
aHanMTU4eCcKoro curHana

Iasnunckuii I'.B.
HHUH npuxnaonoii puzuxu Hpkymckoeo eocyoapcmeeHno2o yHusepcumema
e-mail: pavlinsky(@chem.isu.ru

Teopernueckas 3aBUCUMOCTh HHTEHCHUBHOCTH PEHTI'€HOBCKOW (DIyOpPECIIEHIIMN OT COCTaBa
aHAJIM3UPYEeMOro MaTepuajga LIMPOKO UCHOoNb3yeTcss B coBpeMeHHOM P®OA kak npu
METOAMYECKUX HCCICAOBAHUAX, TaK M HEMOCPEICTBEHHO NpPU  aHalIM3€ OJHOPOIHBIX
MaTepHuaoB (crmocoObl GyHIaMEHTAIBHBIX TapaMeTPOB, GyHIaMEHTAIbHBIX KO (PHUITUEHTOB,
TEOPETUYECKHX TTONPABOK, 0L —KOPPEKLU U Ap.)

B cymectByromeM TEOpeTHYECKOM BBIPAKEHUM JJIi MHTEHCHUBHOCTH PEHTIC€HOBCKOM
(iryopecueHIIMM 0Ka3aJ0Ch PAllMOHAIBHBIM BBIJCIUTH YaCTh, OMPEICIISIONIYI0 BEPOATHOCTh
npeoOpa3oBaHusl NEpBUYHOrO (GoToHa B (OTOH (uyopecueHTHOro usiydeHus. Kpome
BEPOSATHOCTH (DOTORNIEKTPUYECKOW HOHU3AIMM aTOMOB, COBPEMEHHBbIC IPEACTaBICHUS
YUUTBIBAIOT BEPOATHOCTU JPYTUX IPOLECCOB BO3HUKHOBEHUS (IyOpECLEHIMH. YKa3aHHbIE
BEPOSTHOCTH dopmanpHO pa3feneHbl Ha ClIydad COBMAJCHHS (HEMOCPEICTBEHHAs
(oTronoHM3alMsA, KacKaJHble IIepexonbl, BO30YyKIAEHHE CBOOOJHBIMU JIIEKTPOHAMM) U
HecoBMmaJieHus1 (M30uparenbHOe BO30YXKACHHE, CaMO(MIyOpECUEHIUs, BIUSHUE IPOILECCOB
paccesHus, 3p(eKThl TPETHEro MopsaKa) TOYEK MOTJIOUICHNS EPBUYHOTO U BO3HUKHOBEHMUS
¢ayopecueHTHOTO (POTOHA.

ComnocTaBieHle 3TUX BEPOATHOCTEH IMO3BOJMIO YCTAaHOBUTH, YTO (POTOIIEKTPUUECKOE
BO30YKIIEHHE HE BCErJa SIBISIETCS ONPEACIAIONIMM B BO30OYKACHUU (iyopecueHiun. Tak
Harnpumep, (payopecueHlrs 3JE€MEHTOB ¢ MaJbIMU aTOMHBIMH HOMEpaMH (KHCIOpO[, a3oT,
yriaepon, 0op) oOycloBieHAa HOHM3MPYIOIUM JeiicTBueM (oTo- U Oxe HIEKTPOHOB
obOmydyaemoro  marepuana. CregyeT TakkKe  YUMThIBaTh  KacKajJHble  IEPEXOJbl,
Tparcopmupytonme HedPPEeKTUBHOE KOPOTKOBOMHOBOoe K — wu3mydeHWe u30MpaTeIbHO
BO30YyKJIaIOIINX JIEMEHTOB B Oosiee 3pdekTrBHOE L — n3mydeHne 3Tux 3J1eMEeHTOB.

HHTEeHCHBHOCTh PEHTICHOBCKOW (PIyopecleHIMd B 3HAYUTEIBHONH Mepe OmpeaessieTcs
MHTEHCUBHOCTBIO BO30YKAarolero u3iaydeHus. [lepexos K HCIONB30BaHUIO IMEPBHUYHOTO
U3JIy4YCHUSI PEHTICHOBCKUX TPYOOK C 3a3eMJIEHHBIM KaTOJIOM IOTpeOOBal ydeTa BO3Bpara
00paTHO pACCESIHHBIX JJIEKTPOHOB KAaTOJHOIO Iydyka Ha IIOBEPXHOCTh IOJIOKUTEIBHO
3apakeHHOTo aHoja. TeopeTuyeckuii yuer «peanddy3um» oOpaTHO pacCesTHHBIX AJIEKTPOHOB
II0Ka3aJl, YTO MHTEHCUBHOCTH JJIMHHOBOJIHOBOM COCTaBIIAIOLICH NMEPBUYHOIO M3IyUYCHHMS, a,
CJIEZIOBATENIbHO, U MHTEHCUBHOCTh PEHTI€HOBCKON (DIyOpECHEHIIUN B OTACIBHBIX CIydasx
BO3pacTaeT B 1.5 pasza.

Eciu B ¢opmyne I MHTEHCHUBHOCTH PEHTI€HOBCKOW (DIIyOpPECIEHIIMH BEpPOSTHOCTH
npeoOpa3oBaHus MEPBUYHOIO (poTOHA B (HOTOH (UIyOPECLIEHTHOIO M3Iy4YeHHs 3aMEHMTh Ha
BEPOSTHOCTh €ro mpeobpa3oBaHusi B ()OTOH TOPMO3HOTO HU3IYUEHHUS, TO NPEACTaBISACTCS
BO3MOXHBIM  OINpPENEIUTh HHTEHCUBHOCTH  (DOHOBOTO  M3JIy4€HHUs,  OIpPEAEsIIEMOro
TOPMOXXEHHEM CBOOOJIHBIX 3JIEKTPOHOB, BOSHUKAIOIIUX B 00MyyaeMoM martepuaie. Pacuers
IIOKa3aJld, YTO HMHTEHCHUBHOCTb 3TOI0 M3JIy4deHUs Al 3JeMeHTOoB ¢ Z<l1 oka3biBaeTcs
Oosnble (OHOBOIO M3IMYUYEHMs, ONPEAETIeMOro NEpBUYHBIM HM3IyYEHHUEM, PACCESIHHBIM Ha
obpasiie.

Bpsag nm pemaemoil siBasiercs mpoOrieMa TEOPEeTHUECKOro ONUCaHMs B OOINEM BHJE
PEHTTEHOBCKOM (DIIyOpecleHInM TeTepOTreHHBIX Cpell M3-332 MHOTrooOpas3us BapHaHTOB
peaqbHOM  HEOJHOPOAHOCTH  (uyopecuupyromero  Mmatepuana.  OpHako, — ciaydvaid
PEHTTEHOBCKOM (hIyopecieHIInu aHcaMOJIsl YaCTHIl, OCAKJCHHBIX Ha HEKOTOPYIO TIOJUIOKKY,
pPaBHO Kak U (IIyOpecUeHIMs OTIECJIbHBIX YAaCTHIl PA3IUYHON (POPMBI, MOTYT OBITH HalJECHBI
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TeopeTndyecku. B mpeacraBieHHOM 10KIaae 00CYKAE€Hbl HEKOTOPbIE BapHAHThl YKa3aHHOTO
CiIyyasl.

Ecnu K- ¢ayopecnieHnns aToMOB BBIUUCIIAETCS JOCTATOYHO TOYHO, TO PACUYETHI
UHTEHCUBHOCTH L — 1 M — (hiyopecieHTHBIX TMHUNA TPECTABIISIOT ONPEACICHHY IO
npo6iemy. [lesio B TOM, 4TO 3TH pacyeThl JOJKHbBI YUUTHIBATh BO3MOXKHbIE OXe — Iepexo/Ibl
u nepexoasl Kocrepa-Kponura (To ecTh nepepacnpesielieHue BakaHCUN MEXTy
HOJYPOBHAMN). B nokiazne paccMoTpeHbl BapuaHThl HOHU3aMK L3 — 0005104KH 11 4aCTHOTO
ciydast ucriyckanus Loy — muHun. CBeieHHs 0 BEPOSTHOCTU PA3JINYHBIX IEPEXOO0B
Kocrepa-Kponura He 1ocTaTO4HbI U1l IPOBEACHUS TOYHBIX PAacyeTOB, a IPEeHEOpeKeHNE
VMU MOYKET IPUBECTH K CYIECTBEHHBIM ITOTPEIIHOCTSIM.
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Ocob6eHHocTU NnpuMmeHeHusa PCA onsa uccnegoBaHus matepuanoB
KyNnbTYypPHOro Hacnegus

A.I'. Pesenko
Hucmumym zemnoui kopvt CO PAH, 664033, Hpxymck, yn. Jlepmonmosa, 128
e-mail: xray@crust. irk.ru

OOcyXaeHO TpHUMEHEHHE peHTreHocnekTpaibHoro aHammza (PCA) mpu  pereHun
pa3IMYHBIX 3a]ad, CBS3aHHBIX C W3YYEHUEM MaTepUaloB WIH OOBEKTOB, HMEIOLIUX
apXeoJIOTUYECKYI0, HCTOPHUYECKYI0 WM XYJOKECTBEHHYIO II€HHOCTb. PaccMOTpeHsl
cienyromue oOBEKThl aHalIM3a: M3AENUS M3 CTEeKJIa M KepaMUKH, pa3HOOoOpaszHas mocyna,
yKpalleHus1, CIJIaBbl METANIOB HA OCHOBE jKeJe3a, MeAM, cepebpa, 30510Ta, OpyIaus TPyAa,
CTpOUTENbHbIE MaTepuaibl Pa3IU4YHOIO MpoHucXOokJeHHs. OueHb 4YacTo HU3y4YeHHE
XMMHUYECKOTO COCTaBa OTAEIbHBIX MaTepUaloB, HAIPUMED, Py psla METaIOB, 0OCcuIMaHa U
Jp. HEOOXOAMMO C ILEJbI0 BBISBICHHUS HCTOUYHUKOB CBIPBS: JOUCTOPUYECKUX PYIHHUKOB,
KaMeHOJIOMeH U T.1. OCHOBHOE BHUMAaHHUE YJeJIeHO paboTaM IO MCCIEIOBAHUIO TUTMEHTOB,
3NN M3 CTekia, KepaMuKu U MeTauia. Pabora aHanmuTHKa IpU  UCCIEIOBaHUU
paccMaTpUBaeMbIX MaTepHalloB IOXO0Ka Ha paboTy KpuMuHaIUCTa. B oboux ciyuasx
MPUXOJUTCS BOCCTAHABIMBATh KapTUHY TOTO, YTO M KakK MPOMCXOAMUJIO MO KpYyHHIaM
COXpaHMBILErocsi Matepuana. JloOBITHIE MaTepuall KelaTelbHO COXpaHUThb. COOTBETCTBUE
PCA stum TpebGoBaHMAM U MPUBEIN K IIUPOKOMY €ro MCIHOJIb30BAHUIO JJIsI UCCIIEIOBAHUS
XMMHMYECKOTO COCTaBa paccMaTpuBaeMbIX MmarepuanoB. (OTMeueHO  BO3pacTarouiee
KOJIMYECTBO My OIMKAIMA 110 3TOM npobnemaruke [1, 2].

TexHONOTHST TOATOTOBKM OOpa3loB K aHaMM3y H MpobdjemMa HEOJHOPOAHOCTU
HCCIIelyeMbIX MaTepHaioB OOCYKAEHbl OuYeHb KpaTko. bojee moapoOHO paccMOTpPEeHbI
CrocoO0bl MepeBojia HKCIEPUMEHTAIBHBIX UHTEHCUBHOCTEH B KOHLIEHTPALMH OIpPEIesIIeMbIX
9eMEHTOB. J[s1 OLEHKM B3aMMHBIX BIUSHHUI 3J€MEHTOB HCIOJIb30BaHbl TEOPETHUECKHE
MHTCHCUBHOCTH AaHAJIUTUYECKUX JMHUN HEKOTOPBIX 3JIEMEHTOB, ONpPENEIsIEMbIX B CTEKIE U
KepaMUKe, a TaKK€ MHTCHCUBHOCTHM KOTE€PEHTHO U HEKOT€PEHTHO pPacCesHHOTrO
XapaKTepUCTHUECKOro n3iyueHus anona (Hanpumep, RhK,). AHanu3 npumepoB npuMeHEHUs
PEHTIC€HOBCKUX METO/OB JUI HMCCJIEOBAHUS pPAacCMAaTPUBAEMBIX OOBEKTOB IOKa3aj, 4TO B
psize ciydaeB pa3paboTaHHbIe paHee MeTonuku PDA, opueHTHPOBAaHHBIE HA PELICHUE APYTHX
3aJa4, MOKHO MCII0JIb30BaTh B paccMaTpuBacMoi 00iacTu 0e3 CyIIECTBEHHBIX M3MEHEHMH.
OTO OTHOCUTCS K M3JEIMIM U3 KEpAaMUKU M CTEKIA, CIUIABAM U METaJUIyPru4eCKUM IUIAKaM.
[Tono6uble 3amaun pemwanuch B 1a00paTOPUAX TEOJIOTMYECKOro MpoQuiis U B 3aBOACKHUX
1a00paToOpUsAX CTEKOJIbHOM M METaJUypruueckoil mnpomsbliieHHocTH. Heckonpko uHaue
BBIMJISLIUT 3aJ1aua UCCIIE0BAHUS HEKOTOPhIX MaTepuanoB 0e3 U3MeHeHHUs: 00pa3loB B Cilyyae
npuMeHeHus MHUkKpo-POA cnektpomerpoB. [l pemieHus Takux 3ajad  HeoOXOIUMO
IIPUBJICUEHUE COBPEMEHHOI'0 apceHalla TEOPETHUECKUX U IKCIIEPUMEHTANIbHBIX pa3paboTok. B
HEKOTOpBIX CiIy4yasX TOJIBKO COYETaHWE HECKOJBbKUX METOJOB I03BOJSET HaTH
YAOBJIETBOPUTEIIbHBIE PEILLICHHUS.

1. Pesenxo A.I'., Pesenko B.A. llpuMeHeHNE PEHTIEHOCIEKTPAIBLHOTO METO/IA aHaIu3a IJIst
WCCIIeIOBAaHUS MaTepuanoB KyibTypHoro Hacimeaus (O063o0p) // Meroabl U OOBEKTHI
xumuyeckoro ananuza. 2007. T. 2. Ne 1. C. 4-29.
2. Pesenxo A.I'. llpuMeHeHNE PEHTIEHOCTIEKTPAIbHOTO METO/Ia aHAIN3a JUIsl UCCIIEIOBAHUS
MaTepuaioB KyJbTypHOro Hacieaus u3 crekna // Proc. Intern. Conf. on Contemporary
Physics - ISCP-IV. Ulaanbaatar, 2007. — MYUC-uitn X3Bmdx yinasipt x3BmB. — C. 225-
247.

Paboma evinonnena npu yacmuynou gpunancosoit noodepaicke PODU, epanm 07-05-01061
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PeHTreHodnyopecueHTHbIA aHan1M3 pacTBOpPOB: pacllnpeHue
BO3MOXHOCTEM MeToAa 3a CYEeT KOHLEHTPUPOBaHUA

Husun I"H., Cmamxyc M.A., 3onomos FO.A.
Xumuyeckutl pakynomem Mockosckozo eocyoapcmeeHH020 YHusepcumema
um.M.B.Jlomonocosa, e-mail:tsisin@analyt.chem.msu.ru

OfHUM M3 MIKPOKO HMPUMEHSEMbIX MHCTPYMEHTAIBbHBIX METOJOB OIPEIEIICHUS JIEMEHT-
HOTO COCTaBa NPUPOAHBIX M MPOMBIIIICHHBIX MAaTEPUATOB SIBISATCS PEHTICHOQIIyopec-
neHTHeii (P®) - 6maronmapst mpoctoTe anmaparypHoro oGopmieHus (0COOCHHO B MOCIEIHNE
rofibl), BO3MOKHOCTH MHOT'O3JIEMEHTHOT'O OIPEJENICHUs], BBICOKOH BOCIPOM3BOANMOCTU U
OTHOCHUTEJIbHO HU3KOW CTOMMOCTH aHaiu3a. BmecTte ¢ TeM /10 HEJAaBHEro BPEMEHU H3-3a
CPaBHUTEJIBHO HEBBICOKOW YYBCTBUTEIBHOCTH METOJl HAaXOAWJ OrpaHHMYEHHOE MPUMEHEHUE
IIpU OIpEAEICHUN HU3KUX COJIEP’KaHUN 3JIEMEHTOB, B YACTHOCTH B OOBEKTAX OKpYXKarouleu
CpEeJBl.

Hcnonp30BaHue LEUIIONO3HBIX (UIBTPOB [UIsl KOHIEHTPUPOBAHUS JJIEMEHTOB U3
pacTBopoB ¢ mnocienyromuMm PO onpeneneHneM 3JI€MEHTOB HENOCPEICTBEHHO Ha (HIBTPE
BecbMa 3((PEKTUBHO, TaK Kak MNP COPOLMM JIOCTUTAIOTCS BBICOKHE KO3(PPUIIMEHTB
KOHIIGHTpUpoBaHus, ¢uyopecueHus snementoB ¢uiabtpa (C, H, N, O) He momamaer B
pEerucTpUpyeMblii CHEKTP, Majasl TONIIMHA M HU3Kas IUIOTHOCTh (DUIBTPOB MUHUMHU3UPYET
MIOTJIOIIEHHUE U PACCEHBAHUE MIEPBUYHOTO U (IyOPECLIEHTHOTO U3ITyUeHHS.

PaccMoTpeHbl OCHOBHBIE CHOCOOBI KOHUEHTPUPOBAHUS 3JIEMEHTOB Ha TOHKOCIOMHBIX
¢mibTpax: copOuus Ha (GUIbTpaX € HEKOBAJCHTHO-UMMOOWIN30BAaHHBIMH pEareHTaMu, C
MPUBUTBIMU TpyIIIaMU, Ha (QUIbTpaX C “MEXaHUYECKU 3aKpeIJICHHbIMU COpOeHTamH, a
TaKXXe M3BJICUEHUE 3JIEMEHTOB Ha (WIBTPAaX B BHJE NPEABAPUTEIHHO CHOPMHPOBAHHBIX B
pacTBOpe MaJoOpacTBOPUMBIX U MOIMMEpPHBIX (opMm. OCHOBY (PUIBTPOB COCTaBISIOT
LEJUII0I03a, CHUHTETHMYECKHE IIOJMMEpPHl JMHEMHOIO M Pa3BETBICHHOIO  CTPOCHMS,
CUHTETUYECKUE BOJIOKHA, OOpalleHHO-()a30Bble CHUJIMKAresyd, IEHOMOJWYPETaHbl U Jp.
BapbupoBanue mpupo/isl IPUBUTOM TPYIIIBI UM BBOJAUMOTO B PAaCTBOp peareHTa, MaTepuaa
MaTpHUlIbl, cI0co0a UMMOOMIM3AIIH TPYIII O03BOJIIET KOHIIEHTPUPOBATh JIEMEHTHI C yUE€TOM
0co0eHHOCTEeH 00BEKTOB aHANIN3A.
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COBpeMeHHbIe MeToAdbl IJNIEKTPOHHO-30HAOBOIO MUKpoaHalnn3a

Llxnosep BA., I pueopves A.B. !" Bacunves A.JP>.
' Cucmemvr ons Muxpockonuu u Ananusa, Mockea, e-mail: microscop@microscop.ru
’PHI] «Kypuamosckuti Hnemumymy, Mockea, e-mail: a.vasiliev56@gmail.com
3HHcmumym Kpucmannoepaguu PAH, Mocksa.

Muxkpoananu3 -  HeoOXoAMMas  KOMIIOHEHTAa  COBPEMEHHOW  3JIEKTPOHHOM
MHKPOCKONHMH. AHAJIN3 SHEPTUNA WIN JIUIMH BOJIH PEHTTE€HOBCKOI'O M3JIy4E€HUs, BOSHUKAIOIIErO
npu obsydeHuM oOpaslia 3JIEKTPOHAMM, MO3BOJIAET OBICTPO U TOYHO IOJy4YaTh CBEACHUS O
XMMHUYECKOM COCTaBe ucciexyemMoro obpasua. Ilpaktuuecku Bce COBpPEMEHHBIE PacTpOBBIE
3JIEKTpOHHBIE MUKpocKkonbl (POM) u npocBeunBaromue 31eKTpoHHbIe MUKpocKomnbl (IT9M)
OCHAIIAFOTCS TEM WIM HHBIM THIIOM JETEKTOPOB Ui PEHTIE€HOBCKOI'O MHUKpOAHAJIM3a, a
uHOr/a U HabopoM 3 JBYyX jAerekTopoB (B POM). PeHTreHOBCKMI 3HEproaucrnepcHOHHbIN
Mukpoananus (PO/IM) no3Bossier ObICTPO OMpeAensiTh XMMHUYECKUH COCTaB HCCIENLyeMOro
o0pasia ¢ BBICOKOW TOYHOCTBIO, MOTYy4aTh NPO(UIN pacipeeseHUs JIEMEHTOB IO JIUHUSAM,
1 no obnactu (0O6bemy) oOpasiia, T.6 OCYHIECTBIATh KapTHpoBaHue. [IpuueM KOIM4ECTBO
aHaJIM3UPyEeMbIX DSJIEMEHTOB HE BIMsIET Ha BpeMs Habopa nNpoQuiIs WM CHEKTpa.
[IpoctpanctBenHoe paspemienue POJAM B IIOM (daktuyecku ompenensiercs auaMeTpoOM
IIydyKa 3JEKTPOHOB M MOXKET JOCTUTraThb HECKOJBKMX HM. CKOpPOCTB CYETa COBPEMEHHBIX
netektopos, Harpumep cepun Appollo (EDAX, CIIA) nocturaer 10° cex™. D10 mo3BoMISIET
B TEUYEHUH HECKOJIBKMX CEKyHJ I0JIydaThb 2-X MEpHbIE KapThl pacHpelesieHHs J00ro
KOJIMYECTBa AJIEMEHTOB B oOpasuax B POM u IIOM. DHepreTnueckoe paspelieHUe Takux
netekTopoB <52 3B ms yraepona u <128 3B nis Mn Ko, npudeM He TpebyeTcs oXinaxaeHue
KUJIKUM a30ToM. B Hactosimiee Bpemsi ucnoib3oBanne POJIM B coueTaHWM C HOBBIMHU
Bo3MoOkHOcTIMM POM u IIOM mno3Bomser ObIcTpo pemaTth 3aJaud  3-X MEpPHOIo
pacnpeneneHus 3J1eMeHTOB, (a3oBoro aHanusza. OJHa U3 BO3MOXKHOCTEH - UCIOJIb30BaHUE
C(OKYCHUPOBAaHHBIX MOHHBIX IIYYKOB JUIs KapTHpOBaHUS Habopa cpe3oB oOpasua c
MIOCJIENYIOIIMM BOCCTAHOBIICHHEM TPEXMEPHOW CTPYKTypbl. BTOpas — mociienoBaTenbHBIN
HakiIoH oOpasua B [IOM c mapamiensHoil peructpauueil kapr. OcoOeHHO 3¢ (eKTuBHO 3Ta
METOJ/IMKA OKa3bIBAETCS MPH HCCIEIOBAaHUM OMOJOTMYECKUX U METUIMHCKUX OOBEKTOB, B
YaCTHOCTH, Cpe30B JXKMBbIX TKaHed. McnonpzoBanue POJIM B couetaHuu ¢ JETEKTOPOM
00paTHOOTPaKEHHBIX 3JIEKTPOHOB B POM naeT BO3MOMXKHOCTH OJHOBPEMEHHO ONPEIEINAThH
XMMHMYECKHHA COCTaB M KPUCTAJUIMYECKYIO CTPYKTYypy. BbICOKas CKOpOCTb cdeTa OTKpPBIBAET
BO3MOXHOCTM MHKpOaHalIM3a B DJKCHEPUMEHTaxX In-situ B 3JEKTPOHHOM MMKPOCKOIIE,
HaIpuMep IpPU UCCIEJOBAHUM IIPOLECCOB KPUCTAUIN3ALNN, PACTBOPEHHUS, KaTaIUTUYECKUX
peaKkusx.

B npencraBnenHoi pabote OyayT HpuBEACHbI NpUMEPHl UCCIEIOBAHUN C ITOMOIIBIO
JETEKTOPOB pa3Horo tuma kak st POM, tak u s [I9M. Kpome sToro Oyzaer mpeacTtaBieH
Metor ALCHEMI, no3sosstomuil onpeaesaTs MOJI0KEHHE aTOMOB OIPEIEICHHOIO COpTa B
KPUCTAJUIMYECKOU pelIeTKE.
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OueHKa NpaBUIIbHOCTU pe3ynbTaToB pPeHTreHo(yopecLUeHTHOro
onpenerieHNUs MUKPO3anNemMeHToB No nporpamme GeoPT

Aicyesa T.C.
Huemumym 2eoxumuu um. A.I1.Bunoepadosa CO PAH, 2. Hpkymck, e-mail: aisu(@igc.irk.ru

[Tporpamma  GeoPT 510 MexayHaponHas mporpamMma  Mpo(ecCHOHANIbHOTO
TECTUPOBAHUS T€0AHAIUTUYECKUX Ja0OPATOPUiA, BBITIOIHSIIONINX PYTUHHBIN aHaIu3. Y4yacTue
B HEW TMO3BOJSIET PAJOBBIM JTA0OpPATOPHSIM  OLIGHHWBATh MPABUIBHOCTh BBIIABAEMbBIX
pe3yJbTaTOB MyTeM CPaBHEHHs C KpuUTepueMm mporpammsbl «fitness-for-purpose», a Takxke ¢
pe3ysbTaTaMu JpPYyTUX y4acTHUKOB TectupoBanus. B Ilporpamme yuactByer OGomee 70
reoaHaJIMTUYECKUX JlabopaTopuil mupa. AHamutudeckuil neHtp Mucruryra I'eoxumun CO
PAH sBnsietcs oqauM u3 ydacTHUKOB mnporpamMbl GeoPT yxe B Teduenue 10 netr. Cxema
y4acTHs TaKoBa: MOCTYMAIOIIMK Ha aHanu3 o0pasell pacupeielssioT BO BCE aHAJTUTUYECKHE
nabopatopud MHCTUTYTa M AHAIM3UPYIOT BCEMHU HMMEIOIIMMUCA MeEToJaMu. AHAalu3bl
BBITIOJIHSIOT B pOpME BHYTPHIA00paTOPHOTO KOHTPOJIS.

B mnacrosmieit pabore mpeAcTaBieHbl Ppe3ydbTaThl  PEHTITEHO(IYyOPECIEHTHOTO
onpexaenenust Sr, Zr, Nb, Y, Rb, V, Cr, Ni, Co, Cu, Zn, Pb, U, Th, Ba B o6pa3uax GeoPT,
MoJIy4eHHbIe B Taboparopuu PeHTreHoBckux MeTo0B aHanu3a Mucturyra ['eoxumun.

PentrenoayopeciieHTHOE OIpeesieHHe 3JIEMEHTOB BBIIIOJHEHO HA PEHTTEHOBCKUX
cnektpomerpax VRA-30 ¢upmer Kapn Leiic (I'epmanust) u S4 Pioneer pupmer Bruker AXS
(I'epmanust). IIpenens! onpeaeneHnss MUKPO3JIEMEHTOB UCIIOIb3YEMbIX METOJIUK COCTABISAIOT
B ppm: Ba-50, Sr- 5, Zr-10, Nb-5, Y-10, Rb-5, V-10, Cr-20, Ni-10, Co-10, Cu-10, Zn-10, Pb-
10. IIpaBUIBHOCTH pe3yJbTaTOB peHTreHOo(yopecueHTHoro anainuza (PDA) ouenuBanu
MyTeM CpPaBHEHHUA C JaHHBIMU JpYrMX MeTofoB M mno Z' kpureputo. Kpurepuit Z'
NPUMEHSIETCA [JI1 OLEHKU pe3yibTaToB aHanu3a Il kaTeropuu, HCHNONB3YEMBIX NpH
UCCJIETOBAHMSIX B IPUKIJIAJHOU F€OXUMUH.

CpaBuenue pe3ynbratoB POA ¢ maHHBIMH aTOMHO-a0COpPOIIMOHHOI CHEKTPOCKOIUH,
ATOMHO-3MUCCHOHHOM CIEKTPOCKONHUU MU MAacC-CIEKTPOCKONUU € HMHJIYKTUBHO CBSI3aHHOUN
I1a3MOM 0Ka3aj10, YTO Pe3yJIbTaThl PAaCCMAaTPUBAEMbIX METOJIOB ISl BCEX AHAIM3UPYEMBIX
9JIEMEHTOB B OOJIBIIIMHCTBE CIIy4aeB XOPOIIO COTJIACYIOTCSI C MPUHATHIMU aTTECTOBAHHBIMU
3HAYCHHMSIMU U MeX Ty co00H, 3a uckimouennem Sr, Pb, Cr.

Onenka npaBWIbHOCTH pe3yiabTaToB PDA 1o kputepuio Z' npoBeieHa 1o JaHHbIM 6-TH
payHI0B. YCTaHOBJIEHO, 4TO TpoMaxu mnpu omnpenencHud Nb, Ni, Pb meromom POA
HaOMIOAAI0TCA AUl COACpIKaHWM, ONM3KMX K Mpeneny omnpeaeneHusa. Takke HpoBeIeHO
comnocraBiieHHe Z' C JOMyCTUMBIMM OTHOCUTEIBHBIMM CTAHJAPTHBIMU OTKJIOHEHHSIMH,
MPUHATBIMU OTEUECTBEHHBIMU HOPMAaTUBHBIMM J0KyMeHTamHu. [loka3ano, uro 50% npomaxos
no nporpamme GeoPT He mpeBbIIAIOT 10MYCTUMBIX 3HAYEHUH.

VYuyacrtue B porpaMmme GeoPT IO3BOJIWIIO OLICHUTH MPaBUIIBHOCTH
PEHTTeHO(IIYyOPECEHTHOTO OINpeAENeHUs] MHKPOAJIEMEHTOB M BBISIBUTH METOAMYECKUE
OLITMOKH.
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NMpnumeHeHne POA ana HenpepbIBHOroO KOHTPOSSl cOCTaBa
Xenes3opyaHbIX cMecen B NPOU3BOACTBE arnomepara

Anos H.B.!, Bonkos A.H.!, Coxonos A.J1.°, , Huumemves E.H.”, Yuepos A.H.°
1 . .
Mockosckuii cocyoapemeennsiii yHugepcumem um. M.B. Jlomonocosa, 2. Mocksa
e-mail: alov@analyt.chem.msu.ru
’Bruker Baltic, 2. Puca
1340 «KoncOM-CKCp, 2. Machumozopck

Jnst  CBOEBPEMEHHOTO TMPUHATUS YNPABICHUYECKUX PEHICHUH U  TOBBIMICHUS

5(p(GEKTUBHOCTH  HCIIONB30BAHMUSA PECYPCOB  HEOOXOJMMO TPOBOJUTH  HENPEPHIBHOE
ompejeNieHUe jkeje3a M Kanblug B kene3opynHeix cmecsx (OKPC), ucmonb3yembix B
pOU3BOJACTBE arjsomepaTta. Cpeny aHaJTUTUUECKUX METOJI0B ONPEENIEHUS COCTaBa BEIIECTBA
B POMBIIIICHHBIX YCIOBUAX Haubonee MePCIIEKTUBHBIM SIBJISICTCS
pentrenoduryopecueHTHbI ananmus (POA).
Ha arnodabpuke Ne 4 ropHo-oOoratutensHoro mnpousBojactBa OAO «MarHuToropckuit
METaJUTypruuecKuii KOMOMHAT» HaMM BHEApPEHa CHCTEMa aBTOMAaTHYECKOTO SKCIPECCHOTO
koHTposis coctaBa JKPC Ha OCHOBE SHEProJUCIEPCHOHHOTO PEHTTeHO(ITYOPECICHTHOTO
cnektpomerpa ConX-02 ¢upmsl Bruker Baltic. Ananuz )KPC npoBoautcs HermocpeacTBEHHO
Ha JIeHTe KOHBeliepa 6e3 otbopa mpob. s Bo3Oyxknenus crnextpa duyopecueHuu KXPC
UCHOJB3YIOT PEHTTEHOBCKYIO TpYOKy ¢ MOiIMOAeHOBBIM aHoioM. Hampspkenue Ha TpyOke 30
kB, cuna toka 100 MKA. B criekTpoMeTpe npUMEHSETCs MOIYITPOBOIHUKOBBIA KPEMHHUEBBII
G py3noHHO-IperhoBbI  neTekTop ¢ oxnaxkaeHueM werojnoM Ilemstee no —20°C u
paspematomieii criocooHocteio 260 n 200 5B mo mmaMsam Fe Ko u Ca Ko, COOTBETCTBEHHO.
Kpome nunmii sxene3a u Kanblys, B CIIEKTPE MPUCYTCTBYIOT JIMHUW TUTaHA, BaHAIMS, XpoMa U
aproHa (B cocTaBe BO3/yXa), OJJHAKO MHTEHCHUBHOCTU MX 3HAUUTENbHO Hmke. OOpaboTka
CHEKTpa C YYETOM MEXKIJIEMEHTHBIX BIHUSHUNA, pacyeT KOHIIEHTPAIMM METOJIOM
(yHIaMEHTANBHBIX MApaMETPOB OCYIIECTBIISETCS C TOMOIIBIO MPOTPAMMHOTO OOECTIeYeHHUs
Assaykit. IlporpaMma y4uThIBa€T HM3MEHEHHE PACCTOSIHHS MEXIY CIEKTPOMETPOM U
MaTepHajoM, OTAENbHbIE KyCKH KOTOPOTO MMEIOT HempaBHIbHYIO ¢Gopmy. HabGop cmexrpa
PEHTTEHOBCKOM (hIyopecleHIIMU MPOUCXOIUT B TEUCHHE 3aJaHHOTO BPEMEHH, 3aTeM JaHHbIe
nepenaioTcs B mporpammy Assaykit anms pacuera koHuentpauuu. Mcxons u3 tpeGoBaHmid
TEXHOJIOTMYECKOro Impolecca U TouHOCTH onpezenenus coctapa JKPC BbiOpaHo onTuMaibHOE
BpeMs Habopa criekTpa 6 MUHYT.

J171st OLleHKH TOYHOCTH M3MEPEHHUs KOHIEHTpauuu xene3a u kanblus B JKPC Ha nenre
KoHBeliepa MeTogoM PDA ¢ moMOIIpI0 MEXaHU3UPOBAHHOTO POOOOTOOPHUKA Uepe3 KaxKable
12-18 munyT oTOMpanu mpoObI Il XUMHUYECKoro aHanu3a. Bec mpo6 cocraBun 1,5-2,5 kr.
bruto uzyueno 6omnee 70 o6pasuoB JXKPC B auanazone konuentpamuii Fe 58,0-61,5% u CaO
2,8-5,3%. Ilorpemnocts or6opa mnpo6 cocraBmia 2,83% s Fe u 0,88% mna CaO.
CrangapTHOe OTKJIOHEHHE pe3ynbTaroB PDA OT pe3yiapTaTOB XMMHUYECKOTO aHAIW3a PaBHO
0,99% st Fe u 0,56% pns CaO. Pa3dbpoc maHHBIX OOYCIOBIEH HEOIHOPOIHOCTHIO
XMMHYECKOrO0 U Trpanyjomerpudeckoro cocrtaBa JKPC. VYcrTaHOBIEHO, YTO IpaTyHpOBKY
CHEKTPOMETpa LIE€JIeCO00pa3HO MPOBOAUTH IyTEM CpPAaBHEHUS pPE3yJbTaTOB XUMHUYECKOTO
aHanu3a npo0, OTOOPaHHBIX MEXaHW3MPOBAHHBIM MPOOOOTOOPHUKOM, U pe3yibTaToB PDA
HEIMOCPEACTBEHHO Ha JICHTEe KOHBelWepa Npu JABMKEHUN MaTepuaa.

[IpoBeneHHbIe  HDKCIEPUMEHTAJIbHBIE  HMCCIEAOBAHMS  TO3BOJMIU  BIEPBBIC
UCToNIb30BaTh MeToq PDA s co3maHus aBTOMATHYECKOM CHUCTEMBI  OIpeeNieHUs
XMMHUYECKOT0 cOCTaBa HeoJgHOpoaHOoro chipbsi B cocTaBe ACYTII mpouecca armomepanuu
XKPC B ycnoBusix OAO «MarHuTOropcKuii METauTyprudecKiuii KOMOMHATY.
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PeHTreHodnyopecueHTHOe onpeaeneHune peHus (VIl)
C 3KCTPAKUUOHHBLIM KOHLEHTPMPOBAHMEM MeTansa HeMTpasnbHbIMU
3KCTpareHTaMmm Ha TBepAOM HocuTtene

Anmonos A.B.‘-'Z, Yepuviues A.E. 6, Tpoxauenkosa O.11. % , Mlwenko A.479
“ Mocxkoeckas I ocyoapcmeennas Axaoemus Toukou Xumuueckoti Texnonozcuu
um. M.B. Jlomonocosa, e-mail: aischenko@yasenevo.ru
YTHI] ®I'VII THUUXTAO0C, Mockea, e-mail: top-eos@list.ru

AHanUTUYECKUN KOHTPOJIb COJAEP)KAHHUS PEHMsSI B IPOMBIIUIEHHBIX pPacTBOpPax
OCJIOKHSIETCSI BCIICJICTBHE HAJIMUYUs B HUX CONMYTCTBYIOUIMX PEHUIO METAJJIOB, B YaCTHOCTHU
MonubaeHa. Jlng pemreHuss — 3aJayd  KOJMYECTBEHHOI'O OINpEJEIeHUs peHus B
CEepPHOKHUCIBIX pacTBOpax, KaK IMPaBUJIO, MHCHOIb3YIOT O3KCTPAKIMOHHBIE METO/IbI
pasaeneHus M KOHIEHTpUpoBaHus. Hamum wuccnenoBaHbl  yClIoOBHS — 3KCTPAaKLIMOHHOTO
W3BJICUCHMSI, KOHLEHTpupoBaHusi u pasnaeneHuss penus (VII) u  momubnena (VI)
HEUTpadbHBIMU OSKCTpareHtaMu: rekcaOytuntpuamuy ¢Gocdopuoit kuciaotel (I'BTA),
tpuankmwidpochuaokcun (TADPO) ¢ mocieayrommM ONpeAeTIeHHEM PEHUS B IOIyYeHHOM
KOHIIEHTpATe METOJOM PEHTTeHO-(ayopeciieHTHOro ananu3a (PDA).

Omnpenenenbl OINTHMAaJbHbIE yCJIOBHUSA 9KCTPaKLMOHHOIO U3BJICUECHMS,
KOHIeHTpupoBaHus u pazaencHus penus (VII) u monubaena (VI) B cepHOKHCIBIX pacTBOpax
MEIHO-MOJIMO/IEHOBOIO TMPOU3BOACTBA HEWTpalbHbIMU 3KcTpareHtam: ['BTA u TA®O,
HAaHECEHHBIMU Ha TBEPJbI HOCUTENb (OCpe30BBIM aKTHBUPOBAHHBIM yroib Mapku BAVY-A).
HccnenoBaHo BIUsIHME KOHIGHTPAIMU CEPHOM KHUCIOTHI B BOJIHOW (pase Ha 3((eKTUBHOCTH
AKCTPAKIIMOHHO-copOImonHoro u3siedeHus penus (VII) u momuoaena (VI) TA®O u I'BTA,
UMIIPETHUPOBaHHBIMM B BAY, B crarnyeckux YCIOBHUSX. YCTaHOBJIEHBl 3aBUCHMOCTH
skctpakiuu perus (VII) u momu6aena (VI) ot BpeMenu koHTakTa ¢as.

JUisi KOJIMYECTBEHHOT'O OIPEJENICHUs] PEHHsl B IOJYYEHHBIX KOHIIEHTpaTax OBLIH
1o100paHbl ONTUMANIbHBIE YCIOBHUS U pa3paboTaHa METOAMKA PEHTTeHO-(IyOpeCLeHTHOrO
ananu3a. Pabora nmpoBonuiace Ha oredectBeHHOM aHanu3atope « CIIEKTPOCKAH-MAKC».
OnpejieieHne peHus MPOBOIUIOCK NIPH JUTHHE BoMHEI 1433 mA Ha kpucramie LiF.
[TpenBapuTenbHO HA UCKYCCTBEHHO MOATOTOBICHHBIX 00pa3lax aKTUBHUPOBAHHOTO YTJIs, 6e3
00paboTKU U TIpeABapUTENIbHO 00padoTanHOro ’KcTpareHToM TA®MO, OBLIO MOKa3aHo, YTO
BBEJICHUE DKCTPAreHTa CHWKAET MHTEHCUBHOCTh M3JIy4YEHMsI IMHUU PEHUs (TPpalyupOBOYHBIN
rpaduk cmemaercs). [lomydyeHHble 3KCIEpUMEHTANIbHbIE PE3YJIbTAaThl MOCTYKUIM OCHOBOM
JUTSL pa3pabOTKH METOJUKU OMPEEICHUs PEHUS B IPUCYTCTBUM MOJIMO/IEHA B CHUIBHOKUCIBIX
pacTBOpax METOJIOM PEHTIeHO-(IyOpECIIEHTHOTO aHalu3a. B kauyecTBe 00pa3lioB CpaBHEHUS
MPEAJIOKEHO HCTIOIB30BaTh AKTMBUPOBAaHHBIA yroib (Mapku BAVY-A), o0paGoTaHHBIHA
10J00paHHBIM ONTUMAJIEHBIM KOJIMYECTBOM SKCTPAreHTa, U COACPKAIMNA PEeHUI B UHTEpBaJIe
koHeHntpanuii ot 0,1 mo 2,0 %macc. M3nyuaTenan TOTOBUIUCH B BUE TaOJETOK HA MOJIOKKE
U3 MOJINCTUPOIIA.

Takum o6pa3zoM, HAMU YCTAaHOBJIEHBI ONTHUMAJIbHBIE [TapaMeTPhl SKCTPAKLIUHU PEHUS
U3 CUIBHOKHUCIBIX pacTBOpoB ¢ nomoibio TADPO u I'BTA B npucyrcreun bAY. [lokazana
s¢pdextuBHOCT  ucnoab3oBaHuss ['BTA, umnpernupoBannoro B BAY, s
HKCTPAKLUMOHHOI'O M3BJCUEHUS M KOHLEHTpUpOoBaHUs peHus. IlpemnoxeHHblii crocob
MO3BOJIAET OIpEAEsATh PEHUl B MNPUCYTCTBUU MOJMOJEHAa B pPACTBOPAX C BBICOKUM
coJiep’)kaHuEeM CepHON KucioTel. Pa3paboTana MeToAHMKAa PEHTIEeHO-(PIyOpPEeCIEHTHOTO
OIpeJieNICHUs PEHUS B TIOJyYEHHBIX KOHIIEHTPATaXx.
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OnpeaeneHne XMMMUYeCKNX CBSAI3eN B TOHKUX CNOSAX
kap6oHuTpuaa 6opa BC,N, c nomousto
XPS n TXRF-NEXAFS metonoB
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! Texnuueckuii yHugeepcumem Japmwmaoma, yi. [lemepcena, 23, 64287,
Hapmwmaom, I'epmanus
? @usuko-Texnuueckoe Dedepanvhoe Yupeacoenue, yn. A6oe, 2-12, 10587,
bepnun, I'epmanus
S Unemumym neopeanuyeckoti xumuu um. A.B. Huxonaeea CO PAH,
np. Axao. Jlagpenmuesa, 3, 630090, Hosocubupck, Poccus

Bo3pacrarommii mHTEpeC K H3BECTHBIM coeauHeHusM cucteMbl B-C-N (rpaduwur,
aliMa3, TeKCaroHAJIbHBIA M KyOudeckuid HUTpuA Oopa, kapObuj Oopa, HUTPH] yriepoja), a
TaKke K TpoiHoMy coequHeHHio BC,Ny, 00ycCIOBI€H HX MallbiM YJEIbHBIM BECOM H
MHOTO(YHKIIMOHATbHBIMA CBOWCTBAMU. OTH MaTepHalbl UMEIOT YHUKaJIbHbIE 3HAYCHHUS
MEXaHWYECKOM MPOYHOCTH, XMMHYECKOM CTOMKOCTH, ONTHYECKOW IIPO3PAYHOCTH H
JTUDIIEKTPUUECKHUX XapakTepucTuk. [lepBoHayanbHO TUIEHKHM KapOuaa ©Oopa moiydanu
METOJIOM XHMHYECKOro OcaxkJeHUs u3 ra3oBoil ¢aszel (CVD) ¢ ucnonb3oBaHUEM CMecei
TOKCHYHBIX M  B3PBIBOOMACHBIX THAPUAOB U TaJIOTeHUIOB Oopa ¢  pa3iIHMuYHBIMH
YIJIEBOAOPOAAMHM, AMMHAKOM U a30TOM. 3HAUYMTEIbHBIM YCOBEPILIEHCTBOBAHHUEM 3STOTO
METOJla SIBUWIOCH HCIIONb30BAaHHE B KAayeCTBE HCXOJHOTO BEILIECTBA JIETYYUX COCIUHEHUI,
cojiepKalux B ce0e Bce HeOOXOAMMBIE [Tl CHHTE3a CIIOS 3JIEMEHTBI: 00p, yriaepos, a3oT. ITo
MOTYyT OBITh  JIETy4yHWe€  DSJIEMEHTOOPraHMYECKHE COCAMHEHHS THMa  KOMIUIEKCOB
ankmiamMmuaoopanoB R;N-BHj. Panee  HamMM  MUIA3MOXMMHMYECKHM  Pa3JI0KEHUEM
tpumetunamuabopana (CHz)3N-BH3 Opim nomydenst mienku BCNy, h-BN, a Taxke cmecu
h-BN u B4C u u3yuyeHsl HEKOTOpbIe UX (PU3MKO-XUMUYECKUE CBOMCTBA. OHAKO JeTaabHOE
M3yYECHUE ATUX TUICHOK ABJISETCS TPYJHOM 3a1a4eil.

B nannoii paboTe a5 onpenenaeHus TUIIOB XUMUYECKUX CBSA3EH M CTPYKTYpPbl TOHKHUX
IJICHOK KapOOHWTpuaa Oopa TPUMEHEHBI METOIbl PEHTICHOBCKOW (OTOIIEKTPOHHOM
cnekrpockonuu (POIC) (XPS) um Meron peHTreHOBCKOW (hIyopecueHlIMn C TMOJHBIM
BHemHUM oTpakeHueM (TXRF) B kxomOuHanumm ¢ METOIOM OKOJIO TOPOrOBOM TOHKOM
CTPYKTYpPBI pEHTTeHOBCKUX crieKTpoB noriouienus (NEXAFS).

XOTs B MCXOJTHOM BEUIECTBE TPUMETUIAMUHOOpAaHE XUMHUYECKUE CBSI3U MEXAY 00pom
M a30TOM UMEIOTCS, B CIEKTPaX CHHTE3MPOBAHHBIX IJICHOK HE OOHAPYKEHO OCOOEHHOCTEH,
xapakTtepusyromux cBs3u B-N. Tonbko npu nobasnennn NHs B razoByro a3y B mporecce
CHHTE3a IJICHOK B CIIEKTpaX MOSBISIIOTCS 0COOGHHOCTH, XapaKTEpHbIE JIJIsl TOHKUX 00paslioB
h-BN. OueBnino, ucxoxubie cesi3u B-N paspsiBarorcs mpu temmeparype cuntesa (700°C) u
BOCCTAHABIIMBAIOTCS CHOBA, €CIIM PAaBHOBECHE PEAKIIMK CABUraeTcs 3a cuer aodasienus NHs
. B aTOM city4yae moisiydeHHbIE pe3yJbTaThl CBUAETEIBCTBYIOT O HAJIMYMM I'€KCArOHAJIbHOIO
OKpY’>KEeHHsI Jisi Oopa, yriepoja U a30Ta U MOTYT ObITh OOBSICHEHBI oOpa3oBaHueM h-BN,
rpapura, a Take h-BCxNy. CrnenoBarenbHO, BOIpoc 00 00pa3oBaHMM CTaOWIBHOTO
TPOMHOTO coequHeHus KapOuaa 6opa 10 cux nop ocraercs HepemieHHBIM. I XPS u TXRF-
NEXAFS meroas! narot cornacyrommuecs: pe3yibTarsl, npu 3tom NEXAFS cnekrpel nator
Jydinee pa3perieHue 1mo YHEPrusaM, HO 0ojiee TPy AHbI B 00BSICHEHUH 0COOEHHOCTEH CTIeKTpa.
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3aBUCUMOCTb aHANMMTUYECKOro CUrHana ot pasmepa 4YacTtvuy npu
peHTreHocnyopecueHTHOM aHann3e ocagkoB OTPaboTaHHbIX
aBMaLUMOHHbIX Macern

bapanos E.O., Braoumuposa JI.H., [1asnunckuii I'.B.
HUH npuxnaonoii puzuku Hpkymcko2o 2ocyoapcmeeHno2o yHusepcumema
e-mail: pavlinsky(@chem.isu.ru

Jis  yCTaHOBIEHWS CTENEHM W3HOCAa AaBUAIIMOHHBIX  JBUTATENCd  IIUPOKO
UCIOJIB3YIOTCA CBEJEHUS 00 3JIEMEHTHOM COCTaBE€ OCAJKOB OTPAOOTAHHBIX aBHALIMOHHBIX
Macen. OTQUIBTPOBAHHBIM  OCAIOK  AHATU3UPYIOT  PEHTTCHO(MIYOPECIEHTHBIM WU
ONTHYECKUM CIUHTUJUISIITAOHHBIM METOOM.

[Ipy CUMHTUIUISIUMOHHOM METOJIe€ KpPYIHbIE YacTUIbl HE YCHEBAIOT MOJHOCTHIO
aTOMHU3UPOBATLCSA TIPU pa3orpeBe B IUIa3Me, YTO MPUBOAUT K HCKAKEHUIO TMOTydaeMoun
uHpopmanmu. KpoMe Toro ycTaHoBKa OCTaTOYHO CIIOKHA U MIOATOMY CTallMOHApPHA.

CymiectBytommass ~ majorabaputHas — peHTreHO(JIyopeclieHTHass — ammapaTypa C
MOJTYPOBOIHUKOBEIM JIETEKTHPOBAaHUEM aHAJIMTUYECKHMX CHUTHAJIIOB JIMIIIEHA YKa3aHHBIX
HEJIOCTAaTKOB, OJHAKO Ha pe3yJbTaThl aHallu3a CYUIECTBEHHOE BIMSHUE OKa3bIBAET
MPAKTUYECKH HEKOHTPOIUPYEeMasi KpyITHOCTh YaCTHUIl aHAJIM3UPYEMOI'0 0CaIKa.

OpgarM #3 BaXHBIX TMAapaMETPOB Uil JIMATHOCTUKU JBUTATENCH  SBIsIETCS
YCTaHOBJICHHAsl TpU aHajdu3e Mapka CTajld 4YacTHUIl HW3HOCAa, IMPE/ICTaBICHHBIX B
paccMatpuBaeMoM ocazake. Jlyist onpeneneHuss 3TOW MapKH 4acTO HCIONb3YIOT CBEACHHS O
COOTHOIICHUN MHTCHCUBHOCTEH aHATMTHYECKUX JIMHUNA MAaCCUBHBIX CTAaHIAAPTHBIX 00pa3IoB.
BwmecTe ¢ Tem, ykazaHHOE COOTHOILIEHHE JIOJKHO MEHSTHCS C U3MEHEHUEM pa3Mepa YacTHLl.

BapunpoBanue coOOTHOIIEHUS MHTEHCUBHOCTEH XpoMa, JKeje3a U HUKeNs (OCHOBHBIX
AJIIEMEHTOB BBICOKOJIETHPOBAHHBIX CTaleil) OIEHEHO PACYETHBIM IMyTeM C HCIOIb30BAHHEM
BBIPKEHUS TSI MHTCHCUBHOCTH PEHTICHOBCKOW (DIITyOpPECIICHIINM HEHACHIIIEHHOTO TUIOCKO-
napajuiensHoro cnosi. IIpu 3TOM y4MTHIBaANIHMCH MPOLIECCHl M30MPATEILHOTO BO30YKIACHMS,
Hen30eXKHbIE IS paccMarpuBaeMoil Matpuipsl. [Ipenmonaranoce, 4to 3(h(HEeKTHBHOCTH
JETeKTUPOBAHUS YKa3aHHBIX AJIEMEHTOB OJMHAKOBA. PacueThl BBIMOIHEHBI Ui CIEAYIOMIUX
ycnosuit: [lepBuyHoe U3MyuyeHHE PEHTTC€HOBCKOM TPYOKH ¢ POJUEBBIM aHOJOM M TOJIIMHOM
oepummreBoro okHa 300 mxm. Hampsokenue Ha TpyOke 40 kB. Yriabl najgeHus NepBUYHOTO U
or6opa ¢uyopectentroro mnyuenns — 50° um 35 coorBercrBeHHO. OKazamock, dTO,
Hanpumep, g mapku ctanu IKISM ( 98.2% Fe; 1.5% Cr; 0.3% Ni) cooTHouieHue
unateHcuBHocTel muHUA FeKa : CrKa : NiKo mensiercst ot 1 : 0.023 : 0.0012 nnst MaccuBHOM
poObI (d > 40 mxm) 10 1 : 0.017 : 0.0026 nast mpoOs! TommuHOM B 1 MKM. [Ipu aTOM BKITan
M30UpaTeTLHOTO BO30YKACHHUS aTOMOB XpOMa HM3JIyYCHHEM JKeJie3a M HHUKENsl IPU TOM Ke
CaMOM YMEHBIIEHUH TOJIIIMHBI cokpaTuiica ¢ 78% no 18%.

IIpn Takoi CyIIECTBEHHOM 3aBUCHUMOCTH COOTHOILIEHUS WHTEHCUBHOCTEH JIMHUU
OCHOBHBIX JJIEMEHTOB OT pa3Mepa 4YacTHIl BIIOJHE BO3MO)KHAa HEOJHO3HAYHOCTh
YCTaHOBJICHHUSI MapKU CTaJi, TOCKOJBKY B PEAIbHBIX aBHAIIMOHHBIX MaclaX CpeIHUI pazMep
YyacTUIl KoseOJeTcs B 3HAUUTENbHBIX Mpeiesax.
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AnbTepHaTUBHbLIN MeToZ, PeHTreHONTyopeCcLEeHTHOro
aHanu3a NopoLUKOB

bampax UK., Hnoun H.I1., Aumowun M.K., Hosuxoea M.II.
HIIII «KBAHT», Mockea, e-mail: nilyin-rsa@mail.ru

[Topouiku sABISAIOTCS TPYIHBIMU O0BEKTAMU I PEHTTEHO(IYyOPECIIEHTHOTO aHAIIN3A.
CnoXHOCTh MX MPOOOIMOATOTOBKH, 3aBUCUMOCTh WHTEHCHUBHOCTU CIEKTPAIbHBIX JIMHUH OT
KPYIHOCTH 4acTull, 3¢ ¢dexra 0OBONIAKUBAHUS, MOPUCTOCTH OOpa3la—u3Iydaressi, CHIKAIOT
MPaBWJIBHOCTh aHallM3a, BIUIOTH JI0 MOJYYEHHUS Pa3jIMYHBIX COCTABOB B 3aBHCUMOCTH OT
KpynHocTu (pakiuii ogHoro marepuana. CHUTOBOW aHanu3 He oOecneunBaeT MOJIHOTO
pasneneHus MopouIka 1mo Gpakiusm.

Jliss Gonee TONHOTO pa3leeHus] MOpoLIKa MO (PakUUsAM HCHOIb30BaH CHOCO0
CToKkca, OCHOBaHHBI Ha PA3IMYHON CKOPOCTH OCaXICHUHM YaCTUYEK Pa3IMIHOTO pazMepa u
Macchl B BA3KOW >KuAKOCTH. [IpennokeHo mpocroe YyCTpOMCTBO — KOHMYECKHH cocyl ¢
OOKOBBIMHU OTBEPCTHUSIMH, Yepe3 KOTOPBIE CIMBACTCS KUAKOCTh CO B3BEIICHHBIMHU YaCTHIIAMHU.
Otbupatorcss Qpakuuu o Mepe ux ocaxaeHusd. Jns nmukBupanuu >pdexta HanUmaHus
MEJIKMX YaCTHUI] Ha KPYITHBIE UCTIOIb3YETCs YIbTPA3ByKOBOE JUCIIEPTUPOBAHIE HAa YCTAHOBKE
Y31H-2T.

D¢ dekTuBHOCTH MPEIOKEHHOT0 crocoba pasfeneHus Ha (QpakuuM IOKa3aHa Ha
PacTpOBBIX DJIEKTPOHHBIX CHUMKaX, MMOy4eHHbIX Ha POM « Nanolab 2100».

PaznuuHble (pakuuy MOPOIIKOB € pa3MepaMy YacTULl OT €OUHMIl JI0 COTEH
mukpomerpoB  cucteM  Ni—Ti, Ni—Cr mnpoaHaau3upoBaHbl MO  OTHOCHTEJIbHBIM
unteHcuBHOCTM JHUK NiKo / TiKo u NiKo/ CrKo.na cnekrpomerpe «CITAPK-1».
AHaM3bI TOKA3aJli 3aBUCUMOCTh PE3yJIbTATOB OT KPYMHOCTH YacTull. OHAKO 1O XapaKkTepy
3aBHCHUMOCTH OTHOCHUTEJBHBIX WHTEHCUBHOCTEH OT KPYMHOCTH MOKHO OBLIO MPEATONIO0KHUTD,
910 3TOT APPeKT OoOyCIOBICH pa3TUYMeM TOJIIWH HW3IYYarolluX CIIOEB YacTHIl B
3aBHCHUMOCTH OT KO3 (PHUIIMEHTOB MOTJIOIICHHS aHATUTHYECKUX JINHUH.

Jyis monTBepiKIEHHsT STOr0 BHIBOAA OBUIM IpoaHamu3upoBaHbl mopomkn Ni—Cr,
CIpeccoBaHHasl U3 HUX TabJeTKa U TOHKUE CJIOU, CHAThIE C TabJIETKH; MPOBOJOKA HUXpPOMa
X20H80 u cusaTble ¢ He€¢ TOHKHE cion (Tabiuia). 3 HUX MOXKHO cHellaTh BBIBOJ, YTO B
MOPOIITKaxX, Kak U B MACCUBHOM 00Opasie abcopOnroHHbIi A(PEKT ncKakaeT pe3ysibTar, a B
TOHKHX CJIOSIX TIPU €ro OTCYTCTBUH TOJIYyYalOTCs NMpPaBWIbHbIE pe3ylbTaThl. B cucremax c
00JbIIMM MAaTPUYHBIM 3((HEKTOM PEKOMEHAYETCsl MPOBOAMTH aHAW3 Ha TOHKHX CIOSX,
CHSITBIX CO CIIPECCOBAHHBIX MTOPOIIKOB.

[Tpu HeGoMbIIUX MaTPUIHBIX A PeKTax XopoIime pe3yabTaThl MOTYT OBITh TTOTYYEHBI
06e3 mpoOOMOJArOTOBKM HAa TPOM3BOJBHO HACHIMAHHBIX IOPOIIKAX IPU aHAJIHM3E 10
OTHOCUTENbHBIM HMHTEHCHUBHOCTSIM  CHEKTPAJIbHBIX JMHUM KOMIOHEHTOB. Kak ObLI0
yCTaHOBJAEHO B [l] OSTH OTHOLIEHHS] JIMHEMHO 3aBUCAT OT OTHOILEHUS KOJIMYECTB
KOMIIOHEHTOB.  Pe3ynbpTaThl  aHANWM30B  TOPOIIKOB,  IOKa3bIBalOT  HE3aBUCHMOCTD
OTHOCUTENIbHBIX WHTEHCHUBHOCTEHl OT KOJIMYecTBa aHanu3upyemoro mnopoika. IIpu stom
JIOCTATOYHO WMETh OJUH 00paser] CpaBHEHHMs Ui BCETO HMHTEpBaja COACPKAaHWM, a s
OMHAPHBIX CUCTEM aHAJIN3 IPOBOJIUTCS Oe3 00pa3lioB CPABHEHUSI.

C % | mopowok | ocaaok B3BECh TOHK. CJIOH MnpoBo- | ToHK.ciou ¢ | [Tacmopt

C Ta0JIeTKH JIOKa IIPOBOJIOKH MIPOBOJIOKHU
Ni 69,27 68,41 65,97 74,87 69,16 75,69 72,6-75,6
Cr 26,38 27,04 29,68 20,67 26,49 19,96 2023

1 Hnvun H.II. 3aBoackas naboparopus. 2007. T. 73. Ne.9. C. 8-17.
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Bo3moxHoctn PC®PA no cnocoby ctaHgapTa — pacCesiHHOro
M3NYy4YeHUs B CUCTEME aHaANIMTUYECKOro KOHTpPOns NpoM3BoACTBa
AparoueHHbIX MeTannos

baxmuapos A.B. IL 3atiyes B.AZ 3auyesa A.B?
! Cankm-ITemep6ypacruii 2ocydapemeennviii ynusepcumem, e-mail: avb@ABI14523.spb.edu
?Konmponvno—ananumuueckoe ynpasienue 3@ OAO “I'MK “Hopunsckuii nukens”,
e-mail: vazaicev@norcom.ru

Metoquka  PC®A, ocHOBaHHasi Ha  COCTaBJICHUM  MOAU(PUIHMPOBAHHBIX
YHHMBEpCAJIbHBIX ypaBHEHMs crocola cranaapTa-¢oHa [1], mpUroAHBIX Ul aHalu3a BCeX
MIPOAYKTOB (OJHO YpaBHEHUE Ha OIpENeIseMbI JIEMEHT), paHee MCIOIb30BAIACh IS
OIIpeZeNICHUs] LIBETHBIX METAJUIOB [2]. YHHMBEpCalbHBIA AITOPUTM C 3JEMEHTaMHU HOBHM3HBI
ObUT IPUMEHEH ISl OTIPEICJICHUS IParoleHHBIX METAJIIOB B PA3IIMYHBIX MPOIYKTaxX Mpolecca
IIPOU3BOJCTBA MNIATUHOBBIX METAJIOB.

AHanu3 MpoBOAWICA Ha BOJHOBOJMCIEPCHOHHOM MHOTOKAaHAJIbHOM CIIEKTPOMETPE
¢bupMbl ARL, OCHAIIEHHOM PEHTIC€HOBCKON TpyOKo#l ¢ monuOaeHoBbIM aHoaoM (50 kB, 50
MA). B kauecTBe aHAMTUYECKUX JUHHIA Ucnob3oBanuck Ko- (Ag, Pd, Rh, Ru) u La-nuaum
(Pt m Au), a B KauecTBe BHYTPEHHETO CTaHJAapTa — HEKOTePEHTHO paccessHHoe MoKa-
U3JIy4YeHHUE PEHTTeHOBCKOM TpyOKu. Bpems skcno3uiu o0pas3noB coctabisiio 10 cekyH.

AHaNM3UPOBANIKUCH MPOAYKTHl METAJUTYPIMUYECKOro lieXxa - MUIaMbl, KEKH, NUIaKUd U
KoHIeHTpaThl — 3anossipHoro @unmnana OAO «I'MK «Hopunbsckuit Hukens». TBEprodasHbie
MPOJYKTHI MOCJE JAOU3MENbYEHHs] MPOObl 10 KPYHMHOCTU 75 MHUKPOH B MeJbHULE (PUPMBI
«Herzog» npeccoBanuch B TabJIETKH C MOIIO0KKONW M3 O0OpHOM Kuciotbl. PesynbraTtel POA
KOHTPOJIMPOBAJINCH ATTECTOBAaHHBIMM METOJMKAMM BbINOJHEHUs u3MmepeHuir (MBU) Ha
OCHOBE TpaJAMLIMOHHBIX METOJOB AaHAIW3a JParoleHHbIX METANIOB (KIACCHUYECKHUX -
NpOOUPHOH TUIAaBKHM B HUKEJIEBBIN IITEHH, TPaBUMETPUH, TUTPUMETPUH, aTOMHOI abcopOuuu,
atomHoi smuccun ¢ UCII u macc-ciekTpoMeTpun).

Koppemsiuust pesynabtatoB POA ¢ pe3yibraTaMu KOHTPOJIBHBIX METOJIOB IOKAa3bIBAET
BBICOKYI0 TOYHOCTb PE3YJIbTAaTOB, MOJy4a€MbIX IO YHHBEpCalbHOMY airoputMy POA. B
LIIMPOKOM JHala3oHE OINpPEACIsAEeMbIX COAEPKAHUI BCEX JPArolleHHBIX METAJIOB IIPH
3HAYUTEIILHOM U3MEHEHUH COCTaBa TBEPIOPA3HbIX MPOO CYLIECTBYET peajbHasi BO3MOKHOCTb
MOJTyYeHHs TpUEMIIEMON TOYHOCTH aHaiM3a 0e3 paspylueHus TBEpAoW ¢a3bl oOpasua. ITo
MO3BOJIUT CYIIECTBEHHO CHU3UTh CTOMMOCTbH BbIMOJAHEHUsI KXA © B JecATKH pa3 MOBBICUTH
OIIEPATUBHOCTH B MOJYYEHUH JOCTOBEPHOI aHATUTUYECKON MH(pOpMAIMK NIPH IPOU3BOJCTBE
JparolieHHbIX MeTauioB. [10CKONIbKY aHATUTHUECKUH KOHTPOJb NMPOU3BOJICTBA IJIATHHOBBIX
METaJUIOB B HAcTosIee Bpemsl 0a3upyercs, B OCHOBHOM, Ha HEIOCTaTOYHO 3KCIIPECCHBIX
METOJIaX, TPEOYIIHUX TepeBoaa NMpod B yA0OHYI0 (a3y Uisi pacTBOPCHHUS, Pa3JCICHUS H
KOHLICHTPUPOBaHUsl KOMIIOHEHTOB [3], mpemyaraemasi skcrnpeccHas weroguka PCODA
IIPEACTABIISIETCS IIEPCIIEKTUBHOM.

1. [MatenT P® Ne2240543. 2004. Crioco0 peHTreHO(IyOpEeCIeHTHOTO aHaIi3a 3JIEMEHTHOTO
coctaBa BemiectBa. //Makxaposea T.A., Baxmuapoeé A.B., 3aiiyes B.A. llpuoputer oOT
17.10.2002.

2. 3auyes B.A., Maxaposa T.A., baprxos A.B., baxmuaposé A.B., Mocxeun JLH. //
Hepazpymarommii  KOHTpOJIb ~ COCTaBa  MOJMMETAUIMYECKHX pyAd HU  TPOAYKTOB
oborarurenbHOro 1ukna. «LBerHbie Metauiby. 2006, Ne 8, c. 60-67.

3. Kapnos FO.A., Kapmannuxos B.Il., Xapvrxoe H.E., Bapanosckas B.B. // TlpobGnembl
MIPOM3BOICTBA TJIATHHOBBIX MeTauioB. Te3ucel nokia. XVII YepHseBckoi KoHPEpeHIHH 1O
XUMHH, aHATUTUKE U TEXHOJIOTHH IJIATHHOBBIX METaIIOB, T. MockBa, 2006 rox, ctp. 7-9.
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PeHTreHodnyopecueHTHbIN KOHTPOJlb COCTaBa U CTabUNbHOCTH
ra3o4yyBCTBUTENIbHbIX MaTepuanoB Ha OCHOBE TOHKUX MJIEHOK U3
cmeceun aTnonopcgpupuHoB meam (ll) u ko6anbTa (Il)

Baxmun A.B. *, Tonvowmpax M.A. *, Hocosa E b. **, Hesanenxo H.E.**,
Huwenxo A.A. "
* Mockosckas ['ocyoapcmeennas akademusi MOHKOU Xumudeckou mexuvonoeuu um. M.B.
Jlomonocosa, 119571, Mockesa, npocnekm Beprnaockozo, 86, e-mail: aischenko@yasenevo.ru

** Cankm-Ilemepoypeckuii I'ocyoapcmeennwiii Ynusepcumem, Xumuueckuii paxynvmem,
199004, Canxm-Ilemep6ype, Cpeonuii np. B.O., 41-43

MeTanaokoMIIeKChl  MOPGUPUHOB, MO3BOJIAIONIME H3MEHSTh Ta304yBCTBUTEIbHBIC
CBOMCTBa MaTepuajla Ha UX OCHOBE INPU 3aMELIEHUU ILEHTPAJIbHOIO aToMa MeTajula U
3aMecTuTeneld B MOPp(MUPUHOBOM LIMKIIE SIBJISIOTCS MEPCIEKTUBHBIMU MaTepHallaMu JUIs
CO3JIaHMsI TA30BBIX CEHCOPOB. YCTAHOBIIEHO, YTO STHONOP(PHUPUHBI MEPEXOJHBIX METAJIOB
SBJISIFOTCA ONTHUMAJIbHBIMM BEIIECTBAMM [UISl CO3/IaHMSI Ta304yBCTBUTEIBHBIX 3JIEMEHTOB
CEHCOPHOI'0 YCTPOMCTBA ompejaesieHus aMmmuaka U okcuaa azora (II). Onpenenena BenuunHa
OTHOCHUTEJBLHON UYyBCTBHTEIBHOCTH TOHKHX IUIEHOK Ha ocHoBe AtuonopdupunoB Co(ll),
Ni(Il), Cu(Il), Zn(Il), Pd(II) u Pt(Il) B mimpoxkom TeMIiepaTypHOM MHTEpBAJIC U JO3UPYEMBIX
KOHIIEHTpanusx ammuaka ot 2-100 ppm.

[néaku MeranonopGUpUHOB HAHOCKWIM BaKyyMHBIM HCIAPEHHEM Ha BCTPEYHO-
HITBIPHEBYIO CHUCTEMY 3JIEKTPOJIOB, HAXOASIIMXCS Ha CUTAJUIOBOM mojuioxkke. [ KoHTposs
cocTaBa MW CTAOMIBHOCTH TOJYYCHHBIX Ta304yBCTBUTEIBHBIX CIOEB HMCIOIB30BAIM METOJ
P®O®A (NITON-XTL, Thermo-Fisher Scientific, 50 k3B ¢ sHepreTmueckoil mucnepcueii),
MO3BOJISIOIINNA TPOBOJUTE HEPA3PYIIAIOUIUI KOHTPOJIb OJYYEHHBIX MAaT€pUAJIOB 0 U MOCIE
AKCIIO3UIUH IETEKTUPYEMBIX T'a30B.

POA TpelGyer Hanuuus CTaHAAPTHBIX OOpa3lOB COCTaBa, COAEPKAHHE HCKOMBIX
KOMITOHEHTOB B KOTOPBIX ObLIO OBl YCTAaHOBJIEHO pedepeHTHBIM MeTo/oM. st 3Toro Obul
BbIOpaH meton AAC, u3BecTHbIH Kak HauOoyiee AOCTYMHBIA M3 BBICOKOTOYHBIX METOJIOB
ananu3a. [Ipumensuica cnexktpometp A-2 (HIIO “Untep®otodusuka”), obimagaronuii Kak
IJJAMEHHBIM, TaK M 3JEKTPOTEPMHUYECKUM TUIIOM aTOMH3auuu. V3MepeHus mpoBOAMINCH B
AIEKTPOTEPMUUYECKOM aTOMM3aTOpe, MPU 3TOM HCHoJb3oBasach SR-koppekuus (Cmura-
Xudtn).

[Toxazano, uto meron P®DA Moxer OBITH HCIIOJIB30BaH [UIsl KOHTPOJS COCTaBa U
CTaOWJIBHOCTU Ta304yBCTBUTEIBHBIX MaTEPHUAJIOB MPH BHIOOPE ONTHMAJbHBIX YCIOBUH H
KOHIIEHTPAIlUi KOMIIOHEHTOB MpU (OPMUPOBAHUM TOHKHX IUIEHOK Ta309yBCTBUTEIBHBIX
MartepuaioB Ha ocHoBe 3TronopdupuHoB kodanbTa (1) m meau (I1). KanubpoBounsie kpuBbIe
MOKa3bIBAlOT HAJIMYUE B3aUMHOOJIHO3HAYHON 3aBUCUMOCTH MPOBOJMMOCTH U KOHIIEHTPALUU
aMMHaKa sl psjia MeTaJUIOKOMIUIEKCOB MOP(GUPUHOB. Y CTAaHOBJICHO BIUSHUE TEMIIEpaTyphbl
u BozaeiictBus Y@ - oOmyueHMs TUIEHKH Ha BEIWYHHY AHAIMTUYECKOTO CHTHAIA H
MOJIO’KEHHUS €r0 MaKCUMyMa.

Paboma evinonnena npu noooepoicke epanma PODH 08-03-00686-a.
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MpakTnka Mukpo-PPA: oT aHannmsa MUKpPOCTPYKTYpPbI OO
CKaHUPOBaHUA MaKpPOOOHLEKTOB

Bnoxuna E.C., Klock W.
Rontgenanalytik Messtechnik GmbH, Taunusstein (Germany)
e-mail: e.blokhina@roentgenanalytik.de

O0630p, mOCBAMIEHHBIN 3HeproaucnepcuoHHoMy MHKPO-PDA (u-EDXRF) mmpoko
UCTIOJIBb3YEMOMY JUIsl KAQUeCTBEHHOI'O M KOJHMUYECTBEHHOTO aHalu3a pPa3iU4YHbIX OOBEKTOB
MPOMBIIIJIEHHOTO ¥ OBITOBOrO Ha3HAY€HHWs, TMPEIMETOB CTapUHbI M HCKYCCTBa, B
COBPEMEHHOW KPUMHUHAIUCTHKE, B T€OXHMHUH, AT KOHTPOJS 3arpsA3HEHUs OKpPY KaroLIei
cpelbl, B OMOJI0TMH, OMOXUMHUHN U BO MHOTHX JPYTUX 00IaCTAX.

CoBpemeHHbIe PEHTI€HOCTIEKTPaIbHbIE npudopbHI SIBIISIIOTCS MOIIIHBIM
YHHUBEPCAIBHBIM CPEACTBOM JUISI OJHOBPEMEHHOTO OIPEICNICHHs] TOJIIMH MHOTOMEPHBIX
MOKPBITUH, aHATTN3a COCTaBa OTAEIBHBIX CIOEB, CKAHUPOBAHUS PACIPE/ICIICHHUS SJIEMEHTOB 10
MIOBEPXHOCTH ¥ BIITyOb 0Opa3ia. Vcnonp3oBaHne BaKyyMHON KaMephl U Pa3TUYIHBIX CMEHHBIX
(GUIBTPOB MO3BOJISIET CHUZUTH MOPOT OOHAPYKEHUS HCCIEAYEMBIX AJIIEMEHTOB 10 HECKOJIBKUX
ppm, a TaKXkKe aHAJIM3MPOBATh JIETKHE JJEMEHTHl BIUIOTH N0 HaTpus. llpumeHenue
(hoKyCHUPYIOIIEH ONTHKU JaeT BOZMOXHOCTh JOCTHYb JIaTepaabHOTO paspemeHus 20-30 MKM,
YTO WIrPaeT CYIIECTBEHHYIO pOJIb TPU KOHTPOJIE COBPEMEHHBIX IPOU3BOIACTBEHHBIX
MPOIIECCOB B MUKPOAJIEKTPOHUKE M HAHOTEXHOJIOTHSIX.

Ha KoHKpeTHBIX MpuMepax U3 pa3iInyHbIX 00JacTel MPUMEHEHHs MOKa3aHbl IIUPOKHUE
BO3MOYKHOCTH  PEHTTEHOCIIEKTPAIBHOTO  METOJa  MHKpPOAaHaIHM3a,  HEOOXOIUMOCTh
UCIIOJIb30BAaHUS TeX WM MHBIX KOHCTPYKTHBHBIX OCOOCHHOCTEH 000pyI0BaHMS U Pa3IMUHBIX
MaTeMaTHYeCKUX Mojeieid  00pabOTKM W3MEpeHHMH Il PEHICHHS  OIPENeIeHHBIX
M3MEPUTENbHBIX 33]1a4.
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PeHTreHoCneKkTpanbHbIN aHaNU3 MHOIMOCNIOMHbIX
MHOIFOKOMMNOHEHTHbIX HEHACbIWEHHbIX NOKPbITUN:
TeopeTuyeckmne OCHOBbI U NPaAKTUYECKOe NPUoXeHune

Bnoxuna E.C.
Rontgenanalytik Messtechnik GmbH, Taunusstein (Germany)
e-mail: e.blokhina@roentgenanalytik.de

O030p, NOCBALICHHBI NPUMEHEHHUIO PEHTICHO(IYOPECLHEHTHOTO MeTojaa Ui
OJTHOBPEMEHHOT0 M3MEpPEHHUsl TOJIIMH U COCTaBa HEHACBIIICHHBIX CJIOEB METANIMYECKUX U
HEMETANIMYEeCKUX MOKPBITUH B PA3IMYHBIX OOJACTSAX IPOU3BOJACTBA: OT IPOCTEHIIEro
W3MEPEHUs TOJIIIMH, HalPUMEpP, KOPPO3ZHOHHO-3AIIUTHBIX TIOKPBITHI THUTIA IMHKA Ha JKeJe3e
WIH 30JI0TO-HHUKEJIEBBIX 3allUTHBIX CJIOEB HA MPOBOJHMKAX MMEYATHBIX IJIAT JI0 TOJIHOTO
aHamM3a  MHOTOCIOHHBIX  CHCTEM  MHOTOKOMIIOHEHTHBIX  CIUIAaBOB,  HampuMep,
CdS/CulnGaSeS/Mo/Crekio, UCMOJIb3yeMbIX B IPOU3BOJACTBE COJHEUHBIX Oarapei, WM
JIEKOPATHBHBIX TIOKPBITHI U3 CIUIABOB JIParMeTaslIoB.

Oco0eHHO Ba)XHO UCIOJIB30BAHUE AHAIUTUYECKUX MOJeNeld KOJIHMYEeCTBEHHOTO
pacueTa COCTaBa HEHACBILIICHHBIX CJIOEB B ClyyasX, KOrjga MpeHeOpekeHHe KOHEYHOCTHIO
TOJILIMHBI HCCIEAYEMOro o0paslla MOXET TMPUBECTH K CYIIECTBEHHOMY HCKa)KEHUIO
pe3ynbTaToB u3MepeHus. OmHUM U3 TOCIEOHUX TNpumepoB sBiseTcs RoHS anamus
(«Restriction of Hazardous Substances Directive», mpunsaras EBpocoro3om B 2003 1. u
BCTymnuBIIas B cuity ¢ urosist 2006 r.) coaepkaHusi TaKUX 3JIEMEHTOB, KaK, HallpuMep, CBUHEL,
PTYTh WIM KaAMHH B TPHUIIOSX H CIUIaBaX HAa OCHOBE OJIOBA, HCIIOJIB3YEMBIX TpHU
MPOU3BOJCTBE DIIEKTPOTOBAPOB U  JJNEKTPOHUKH, WJIM B IJIACTHKOBBIX H3ICIUSAX,
NpeIHa3HaYeHHBIX JJISI MAaCCOBOTO TIOTPEOICHHUS.

Ha mnpumepax KOHKpPETHBIX MPOMBIIIJICHHBIX MPUIOKEHUH TOKa3aH TMPOIEeCC
MIOJTYYeHHS pe3yJIbTaTa IMOJIHOTO aHaJ W32 MHOTOCIOMHBIX MHOTOKOMIIOHEHTHBIX MOKPBITHH,
OT TEOPETHUYECKOro MOJEIUPOBaHUS [0 KOHEYHOW peanu3alud B HM3MEPUTEIHLHOM
00OpYJOBaHUHM W TPOTPAMMHOM OOECIIEYCHHH, NMPOUCTIOCOOICHHBIX UIS PA3TUYHBIX TPYII
MOJIb30BaTeNeH U MPOU3BOJICTBEHHBIX 3a/1a4.
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Mpo6onoaroroBka B POA

bopsenko A.T.
Xumuueckuti pakynomem MI'Y um. M.B. Jlomonocosa
e-mail: borzenko@environment.chem.msu.ru

Pentrenodnyopecuenthslii anann3 (PP@A) — mmpoko HCMONb3yeMbli B aHATUTUYECKOU
MpPaKTUKE METOJ aHajlIu3a, XapaKTepU3YIOUIUICS  XOPOIIMMHM  METPOJOTHYECKUMHU
XapaKTepUCTHKAaMHU, BBICOKOH JKCIPECCHOCTbIO U  0030pHOCTHIO. MeTon MO3BOJSET
OTpeeNsaTh MPAKTUYECKU Bce AeMeHThl [lepuoanueckoii Tabmuibl (0T OEpUILINS 10 ypaHa)
B 00BEKTaX, HAXOSAIIMECS B PA3IMUHBIX arperaTHbIX COCTOSHUSIX.

Kak 1 B 60JbIIMHCTBE JPYTUMX HHCTPYMEHTAIBHBIX METOJI0OB aHAJIN3a, COBPEMEHHBII YPOBEHb
anmnapaTypHoro oGopMIeHHsS METOJ]la MO3BOJSET CYIIECTBEHHO MUHHUMHU3HPOBATh (DaKTOPHI,
BIUSIOUIME HA IOIPEHIHOCTh M3MEPEHMsI AHAIUTHUYECKOIO CUTHAJa Ha 3aKIIOYUTEIbHOM
cranuu aHanu3a. OOBIYHO [N JOCTATOYHO BBICOKMX KOHIIGHTPALM OMpenesieMoro
pJIEMEHTa B MPOoOE M HE3HAUUTENIbHOW BEIMYMHE (POHOBOTO CHUIHAja 3Ta MOTPEIIHOCTH HE
MPEBBIIIAECT JIECATOM, @ B HEKOTOPBIX CIIy4yasX WM COTOM JIOJM TpoleHTa. Mexmy Tewm,
peasibHasl OrPELIHOCTh aHAIN3a, KaK MPaBUJIO, IPEBOCXOANT BBIILIEYKA3aHHYIO BEJIMYMHY Ha
moyiropa — JBa mopsiaka u Oosee. OCHOBHOW NPUYMHOW 3TOTO SIBISETCS IMOTPEITHOCTD,
BHOCHMAs Ha 3Tarie mMpoOONOArOTOBKH.

Cranus mpeaBapuTEIbHOM TMOATOTOBKH MPOO SBISIETCS OJHON M3 Hambolsiee TPYIOEMKHX,
JUIMTEIbHBIX U OTBETCTBEHHBIX CTaJMH BCErO aHalM3a B LEJIOM. JTa CTaJus BHOCUT BECbMa
CYLIECTBEHHBIH BKJIaJ B OOIIyl0 MOrpemHocTh aHanmuza. OrpomHoe pa3HooOpazue
aHAJTM3UPYEeMbIX OOBEKTOB HE IMO3BOJSET CO3[aTh YHU(DHUUUPOBAHHYIO IPOLEAYDPY,
MO3BOJIAIOILYIO Y4YecTh chenupuky BceX pemaembix 3aaad. Kpome Ttoro, HeoOxoammo
MPUHUMATh BO BHUMaHHUE U TOT (akT, YTO JJIsl TOCTPOCHUS TPAAyUPOOUHBIX 3aBUCUMOCTEH B
Ipolecce KOJMYECTBEHHOrO aHaiu3a TpeOyercs Haimuuue oOpasloB  CpaBHEHMS,
a/JIeKBaTHOCTh KOTOPBIX aHaNU3UpyeMoil mpoOe BO MHOIOM OINpeAeNsieT MNPaBUIbLHOCTh
MOJTyYaeMbIX Pe3yJIbTaToB. HacTo 3TO MPUBOAUT K HEOOXOIUMOCTH Pa3pabdOTKH CIICIIUATEHBIX
METOJIMK MIPUTOTOBIEHUS 00pa3I0B CPABHEHHS.

B pabote paccMOTpeHBI COBpEMEHHBIE TEHICHIIMM B 00JACTH MOATOTOBKH aHAIM3UPYEMBIX
npod K peHTreHodIyopeclueHTHOMY aHanu3y. [IpoBeneH aHamnM3 OCHOBHBIX HMCTOYHHMKOB
MOTPEIIHOCTEW NPUMEHUTENBHO K TPaJAMLMOHHBIM crocobaM mpodonoarotoBku B PDA:
UCIOJIb30BaHNE MOPOIIKOBBIX MPOO U MPECCOBOK, IUIABIEHBIX U3Iy4yaTeseH, MpsAMOi aHalln3
TBEpAbIX 00pa3L0B U PACTBOPOB, UCIOIb30BAaHUE PA3IMUHBIX BAPUAHTOB KOHLEHTPHUPOBAHUS
AQHAJMTOB M3 KUIKOW 1 ra30BOM (ha3bl.
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P®A o3epHbIX 0CaKOB A1 uUccriegoBaHUA reOXMMUYECKUX
nokasaresneu naneoknmmarta Cesepo-Boctoka Poccuu

bopxodoes B.A., Muniwok I1.C.
Cesepo-Bocmounwiii KOMIIEKCHbLI HayuHo-uccaedosamenvckuti uncmumym J{BO PAH,
2. Maeaoan, e-mail: borkhodoev_v@neisri.ru

KomMmruiekc reoXuMu4ecKkux U MajJeOMarHUTHBIX JaHHBIX IMOJYYEeH IO OCaJKaM 03ep
OnereireITreiH (67°30" N, 172°05" E), Ourrepu u [xynberra (63°10° N, 153°53" E),
I'srtreikait (63°10° N, 176°45" E), I'pant (60°44" N, 151°53" E). Cpean reoXxuMuuecKux
XapaKTePUCTHK HCCIIEIOBaHbl COJICpPXKAHUS MOPOA00OPA3yIOIIUX U PEAKUX JIIEMEHTOB,
notepu npu mnpokanuBanuu (IIIII1) u oTHOmEHUST MEXITy HEKOTOPHIMH DJIEMEHTAMH, B
YaCTHOCTH, HHJeKC XxuMuueckoro u3menenus (MXHN) [Al,O3/(Al,O3;+CaO+Na,O0+K,0)].

O3epHbIe 0CaIKU MPEACTABISAIOT COOO0M pa3IMYHbBIE Wbl C Pa3MEPOM YacTHI] He OoJiee
50 mxm. ConeprkaHus KOMIIOHEHTOB BapbHPOBAIM B MIMPOKUX Mpefenax, Hanpumep, SiO; ot
43,1 no 92,4%, a Fe,Os or 1,0 mo 25,5%. OO6pasibl couepkajidi OpPTaHHKY, JIETy4He
KOMIIOHEHTbI, KapOOHATHI U BOJY, IOATOMY UX Iepes] aHanu3oM npokanusanu npu 1000°C.

OcHOBHBIE TIOPO000PA3YIOLINE AIEMEHTHI OmNpesesieHsl Ha crnekTpomerpe CPM-25
criocobom ¢yHmaMeHTanbHbIX mapameTpoB [1]. [IpoObl ocaakoB CIUIaBIISIN PU TEMIEpaType
1000°C ¢ Tterpaboparom ymTuss B MaccoBoM oTHomenuu 1:1. M3 wmcreproro cruiaBa
dbopMoBanK IBYXCIOWHBIN U3ITydaTelb Ha MOJIJI0KKE U3 OOPHOM KHCIOTHI.

Penxue aneMeHThI onpesienieHsl Ha criekTpoMerpe VRA-30 crioco6om cranmapra-ona
C HCTOJB30BaHUEM HeKorepeHTHO paccesHHord Ko-nmuaum Rh-anoma PT [2]. Tlpenenst
oOHapyXeHwUsI 10 JaHHO# Metoauke st Rb, Sr, Y u Zr - 4 v/1, yist Nb - 3 /1.

B pesynbrare wuccnenoBaHUsS — BBISBICHBI  3aKOHOMEPHOCTH  pachpefesieHust
TCOXMMHUYECKUX  XapaKTepUCTHK B  OCaJKaX  pa3IUYHbIX  03ep, OOYCIOBJICHHBIC
KIIMMaTH4YeCKUMH (HaKTOpaMH M YCIIOBUSIMH OCAJKOHAKOIUIEHUS. Tak, 1Mo pacmpeeeHUIo
r€OXMMUYECKHUX MapaMeTPOB YCTAHOBJIEHO JIBa CLICHAPUS OCAJKOHAKOILJICHUS B 03€pax.

[lepBbiii  cueHapuwii  xapakTepeH Il o3epa  OJbIBITBITIBIH.  Ocajkam,
c(hOpMUPOBABIIUMCSI B TEIUIbIE CTaJUU, CBOMCTBEHHBI HHU3KKUE KoHIeHTpamuu Ti0,, Al,Os,
MgO, Fe,03, mansie Benuuunsl [T 1 UXU u Beicokue comepxkanust Si0,, CaO, Na,O,
K,0. Otu ocaaku conepkaT Majao OPraHUKH M ClIa00 XMMUYECKH W3MEHEHHI. J[si ocankoB
XOJIOHBIX CTaNi HaOII01aeTCsi 0OpaTHasE 3aBUCUMOCTb.

Bropoii cuenapuii TUnuYeH s rojiolieHa (TepBasi CTaius) OCTalbHBIX 03ep, Te
JIOMUHUPOBAJIO OMOTE€HHOE HAKOIUICHUE. DTH OTJIOKEHUSI ObUTH CHJIBHO M3MEHEHBI. [l o3ep
I'biTreikail u ['paHa roOIEHOBBIM HIIaM CBOMCTBeHHBI HU3kHe cogepxanus Al,Os, MgO,
Fe, O3 u Boicokue Si0;, HO a1 ocaakoB o3ep JKynpeTTa U DHrTepu HaOMogaeTcs: oOpaTHas
TeHAeHIMs. ['0J01eHOBbIe OCAIKK BCEX 03€p XapaKTepU3yITCs HU3KUM conaepkanueM Ti0;
HE3aBHCHMO OT UX T'eHE3HCca, pa3Mepa, TIyOHHBI i reorpaduuecKoro moJI0KeHUsI.

Bo Bcex M3ydeHHBIX O3€pHBIX pa3pe3ax OTMEUeHa pe3Kas CMEHa TIeOXMMHYECKHX
XapaKTEPUCTUK HA TPAHHUIIEC TOJIOIEHA U TUICUCTOIIeHA. Y POBEHb U3MEHEHHUS F€OXUMUYECKUX
MapaMeTpoB COBMAJAET C W3MEHEHHUSIMHM MAarHUTHOW BOCIPUUMYMBOCTH. Takas TeHICHIIHS
HAOMOIaeTCs W Uil JPYTHX CTpaTUrpaduyecKux pyOekel IUIeHCTOIeHa, YTO SBISICTCS
BaYKHBIM a0MOTUYECKUM KPUTEPUEM NPHU PACUICHEHUU O03€PHBIX TOJIIII.

Hccneoosanus evinonnensl npu gunancogoti noooepaicke PODH (epanm 07-05-00610).

1. Borkhodoev V.Ya. X-Ray Spectrom. 2002. V.31. P. 209-218.
2. bopxoooes B.A. XKypu. ananut. xumun. 1996. T.51. C. 226-233.
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JKcnpeccHasa naeHTUdUKauma matepmarnos

bpvimos U.A, [Inomnukos P.H.
«HIIII Bypesecmnuxy, OAO, 195112, P®, . Cankm-Ilemepoype,
Manooxmunckuii np. 68

[IpoGnema uaeHTUGUKAIIMN U OIICHKA HAJICKHOCTH TAKOH WACHTU(DUKAIMH TOCTATOYHO
UIMPOKO PacHpoOCTpaHEHa; OHA BCTpeyaeTcs, HampuMep, MPH BXOJHOM KOHTpPOJE CIUIaBOB U
JIPYTHX MaTEpPHUaIoB, B KpUMHUHAIMCTUKE - IPU CPABHEHUU Pa3HOOOPA3HBIX 0OBEKTOB (OCKOIKOB
CTEKJIa, MOJIMMEPHBIX MaTEPHAJIOB, MUIIEBBIX IPOAYKTOB U T.1.).

VYBepeHHass uWACHTU(UKAIMS MaTepUalIoOB CIIOKHOTO COCTaBa 4YacTO  SIBISIETCS
3HAYMUTENILHO OoJiee TPyJAHOW MpoOJeMON, YeM HX KOJIMYECTBEHHBIM aHanu3. Pa3nudnbie
MOJIXO/JIBI K MPOIIeType UACHTU(DUKAIIMHA PACCMATPUBAIOTCS B KIIACTEPHOM aHAJIH3E.

[Ipemnoxennass HamMu mpoleAypa WACHTH(PUKAIMK MaTepuajioB OCHOBaHA Ha
pe3yiibTaTax U3MEpPEeHUsi UHTEHCUBHOCTEW JTMHUN UX PEHTI€HOBCKUX CIEKTPOB.

CpaBHHBaeMble OOBEKTHI PACCMATPUBAIOTCS KaK BEKTOPBI, KOMIIOHEHTAMH KOTOPBIX
SBIAIOTCST  aOCONIOTHBIE WJIM OTHOCHUTEIbHBIE WHTECHCHUBHOCTH JIMHHM, OTHECEHHBIE K
COOCTBEHHBIM CPEAHEKBAJIPATUYHBIM OTKJIOHEHHsIM. CpelHEeKBaIpaTHUYHbIE OTKJIOHEHUS MOTYT
ObITh HaWJEHBbl OSMIUPUYECKH, TO pe3yjbTaTaM MHOTOKPAaTHBIX W3MEPEHUH, OIICHEHbI
TEOPETUYECKH WUJIU 33/1aHbl a Priori.

bnuzocts Apyr K Opyry wu3ydaembix oOpa3loB OIIEHMBAETCA IO EBKJIHUJOBBIM
pPacCTOSTHUSIM MEXy BEKTOPaMHU.

Jlis KONUYECTBEHHON OLIGHKH ONU30CTH JAPYr K JAPYry MHOTOMEPHBIX BEKTOPOB,
OTOOpAXKAIOIINX UCCIIEyeMble OOBEKTHI, €BKIMIOBBI PACCTOSIHHSI MKy HUMH CPAaBHHUBAIOTCSI C
pacyeTHbIM KPUTHUYECKUM 3HAYCHHEM, SBIAIOIIMMCSA (QYHKIMEH 4Yucia KOMIOHEHT BEKTOPOB,
YHclia CTeTIeHel CBOOOIBI U 33JaHHOM JIOBEPUTEIHLHOM BEPOSITHOCTH.

[IpuBenenusiii anroputm peainzoBad B iporpamme MJIEHTUOUKAILI A, koTopast
MO3BOJISICT MPOBECTH MHOTOKPATHBIE M3MEPEHUsI HHTEHCUBHOCTEH BBIOPAHHBIX CIEKTPAIBHBIX
muHui 10 10 cpaBHHBaeMbIX 00pas3IloB.

[To pe3ynpTaTaM M3MEpEeHUN PacCUUTHIBAIOTCS CPEAHUE MHTEHCUBHOCTU U MOTPEIIHOCTH
n3MepeHuil. Jlanusie MOryT ObITh HOPMUPOBAHBI HA CKOPOCTh CUETa MPH 3aJaHHOMN JJIMHE BOJIHBI
(Hampumep, HAa CKOPOCTh CYeTa TUHUH ITaBHOT'O KOMIIOHEHTA WJIM PACCESTHHOTO U3TYUYCHHUS).

PazpaGorannas mnporpamma Obuta ompoOoBaHa TIpU HUACHTU(DUKAIIUH HEKOTOPHIX
MOHETHBIX CIUIaBOB, IUIACTMACC U psfa, pacnpocTpaHeHHbIX B CaHKT-IleTepOypre copToB yasi.

BerurcnuTeNbHBIN  OJIOK MpOTrpamMMbl MOXET OBITh NMPUMEHEH IS HACHTU(UKANUN
IPOU3BOJIBHBIX OOBEKTOB, C HCIIOJIB30BAHMEM XapaKTEPUCTUK, TIOIYYEHHBIX JHOOBIMU
METOJIaMU; TIPH STOM HMCXOJIHAsi WH(POPMAIIMs MOKET OBITh BBEJEHA C KJIIABHATYPHI WIH B BHJIC
TEKCTOBOTO (paiina.
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ANeMeHTHbIN COCTaB KaK MapKep nNaTtosiormiyeckon TpaHccgpopmauum
HaAHOCTPYKTYPHOro Kapkaca 6Monorn4yeckom TKkaHu

Basuna A.A. "7, Aynvuenxo B.M.?, 3a6enun A.A.”, Konmozopos FO.IL.*, Kopnees B.H.",
Kynunanos I''H. ’ Kynpusnosa T.A. °, Maesckuti E.H. ", Manywrkun A.A. ! JTanuna H.®.",
Jlemseun B.I1.°, Hatioa O.B.”, Ilananmononyno A.H.’, Tonouxo B.II.°, Tpynosa B.A.°,
M.P.Illapagymounos’

'Hnemumym meopemuueckoii u sxcnepumenmanvoti 6uogusuxu PAH, ITywuno, vazina@iteb.ru
*Unemumym soepnoii usuxu un. I 1. Byoxepa CO PAH, Hosocubupck
@Iy PHI] «Kypuamosckuii uncmumymy, Mockea
*Unemumym 2eonoeuu u munepanozuu CO PAH, Hosocubupck
> Unemumym obweti u neopeanuyeckoii xumuu PAH, Mockea
SPoccutickuti onkonoeuueckuti nayunwiii yenmp um. H.H. Bnoxuna, Mockea
712-51 20podckas knunuueckas 6onvnuya, Hosocubupcxk
SUnemumym neopeanuveckoii xumuu CO PAH, Hosocubupck

B mocnennee necATuieTHe B KAaueCTBE CAMOCTOSATEIHHOTO pasjieia MaTOJOTHUU
chOpMYITUPOBAHO TIOHATHE MUKPOIIEeMeHmo3d, Kak Kiacca Oone3Her, 00yCIOBICHHBIX
JIe(UIUTOM WU U30BITKOM JKU3HEHHO HEOOXOAMMBIX DJIEMEHTOB, M30BITKOM TOKCHUYECKUX
MHUKpPOAIJIEMEHTOB, a TakkKe AucOallaHcOM MakKpo- W MHUKPODJIEMEHTOB. Hapywenus
20MeoCmasuca 21eMeHmHO20 COO0epHCaHUss — OTKIIOHGHHWE B COJIEPKaHUU XUMHUYECKUX
9JICMEHTOB B OpTaHW3Me, MPUBOIST K IIMPOKOMY CIIEKTPY HAPYIICHUH B COCTOSIHHH 3JI0POBbS
4yenoBeka. MUKPOIJIEMEHTO3bl MOTYT  BBI3BIBATHCSA  PA3IMYHBIMH  TNPUYMHAMH — Kak
9HJIOTCHHOTO, TaK M SK30T¢HHOT'0 XapaKTepa.

[IpoBenensl mupoKoMaciTaOHble UCCIEAOBAHUS PA3TMYHBIX SMUTEINATBHBIX TKaHEH
W DHJOTEIUS METOJAMH PEHTICHOBCKOW ()IyOpeCHEHIMU U AU(PPAKIHHA C HCIIOJIb30BAHHECM
CUHXPOTPOHHOTO H3Iy4YeHHs. BbIsiBIeHa BBICOKAs HAHOCTPYKTYpHAsl YIOPSI0YEHHOCTh
MPOTEOTIMKAHOBBIX ~ CTPYKTYp MEXKJICTOYHOIO MATpPUKCAa OIUTEIUANBHBIX  TKaHEH,
00yCJIOBJICHHAs] TICPUOJUYHOCTHIO TPHUKPETUICHHS TIOJUCAXapHUIHBIX IEeTMe K OCIKOBOMY
KOpY TMPOTEOTJIMKAHOB; OOHAPYXEHHAsi NEePUOJUYHOCTh HWHBAPUAHTHA [UISI CTPYKTYPBI
MIPOTEOTIMKAHOB MUTEIMATBHBIX TKAaHEH.

OOHapyXeHO, YTO TMpPH B3aUMOJICUCTBUU C KAaTHOHAMU METAJIOB CTPYKTypa
MIPOTEOTIMKAHOB TOJBEpraeTcsl CyuecTBeHHOW TpaHcdopmanmu. [lokazaHo, 4To KaibIMii
SIBIIIETCS. OCHOBHBIM 3JIEMEHTOM B MHHEPAJIbHOM COCTaBE TKaHU. BBISBIECH HEM30MOPQHBIA
XapakTep WHKOPIIOPUPOBAHHUS KATHOHOB KaJIbIMA B HAHOCTPYKTYPHBIH KapKac TKaHH.
Kanpruii, QopmMupyss MOCTUKH MEXIy KapOOKCWIBHBIMH H CyJb(paTHBIMU TpyHIaMH
MOJIMCAXAPUAHBIX IICTIEH TMPOTEOTJIMKAHOB, MEHSET TEPMOJAMHAMHUYSCKHAE IapaMeTphI
CTPYKTYpHOTO KapKaca MeEXKJIETOYHOrO MaTpHkca. B3aumopeicTBHe NPOTEOTTUKAHOB C
KaTHOHAMHM  paccMaTpuBaeTcs Kak  (QakTop, oOecrnedyuBaromuii  MOIUPUKANUOHHYIO
a/IafTalyIo OpraHu3Ma K IUPOKOMY TeMIIepaTypHOMY JHUAINa30Hy OKPY KaIoLIei cpebl.

[IpoBeneHs! HccaeI0BaHUsT TKAHW MOJIOYHOH KeJie3bl M PECIIUPATOPHOTO TPaKTa MPHU
OHKOJIOTHYECKON TpaHchopmaluu. BhISIBIEHB 3HAYHMTENbHBIE HW3MEHECHHS SJEMEHTHOTO
CoJIep>KaHus TKaHeH 1 HeoOpaTuMas TpaHCPOpPMAITUSI CTPYKTYPBI MEKKIECTOYHOTO MAaTPHUKCA.

OO0cyxnaercs poib MUHEpaIM3alldyd MPOTEOTITMKAHOBOTO KapKaca MEKKJIETOYHOTO
MaTpHUKCa TKaHU B MPOIIECCaX HAPYIICHUS CTPYKTYPHOI'O TOMEOCTa3Kca TKaHU, B YACTHOCTH,
IIPU UHBA3UHU U MeTacTa3upoBaHuu. CIEKTP AIEMEHTHOTO COJIepKaHUsI TKAHEH B COUCTAHHUH C
JAHHBIMU PEHTTeHAU(DPAKIIMOHHBIX HCCIEIOBAHUN CTPYKTYPHI MOKET OBITH OMOMapKEepoOM H
WCIIONB30BAThCS ISl JUMATHOCTUYECKUX W TEPaNeBTUYCCKUX IIee  HapaBHE C
MaMMOTpapUIECKIMH METOIaMHU.

Pabomwi eévinonnsiromes npu noooepoicke epanma PHI] « Kypuamosckuil uncmumym»

2008-2009.
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OnpeneneHune docdopa B chocchopopraHnyeckmx coeauHeHusaXx
peHTreHcpnyopecueHTHbIM MEeTOA0M

Bacunvesa JI.A., I punwmeiin U.J1., ' ypwinee 3.A4., Hearnos M.B.
00O «Ananumy, C-Ilemepbype, bBonvwoii np. B.O., 0. 31 og. 108,
Poccuiickuii Hayunwvui [lenmp «Ilpuxnaonaa Xumusy, C-Ilemepbype,
np./lobpontobosa, e-mail: 14 mi@analit-spb.ru

Tpaguionno mpu ompeaeneHun ¢ochopa B  OPraHUYECKUX  COCIAUHEHUSX
UCIOJIB3YIOT METOJbl 3JIEMEHTOPraHWYecKoro ananusa. Hampumep, korga HeOousbloe
KOJIMYECTBO AaHAM3UPYEMOI0 BEIIeCTBa CKUTAIOT B KBaplLEBOM TpyOKe, a coiepiaHHe
dochopa ompenensroT MyTEeM MOCIEIYIOIIEro B3BEIIMBAHHUA OOpPA30BABILEHCS MSATHOKUCH
dochopa. [Ipu 3ToM NPOUCXOIUT pa3pyllIeHHE aHAIM3UPYyeMOoro olpas3la, U yKazaHHas
IpoLeaypa 3aHUMAeT JUINTEIbHOE BPEMSI.

Hcnonws3zoBanne Meroaa peHTreHduryopectenTHoro ananusa (POA) mis onpeneneHus
cozepkanusi (ocdopa B OpPraHMYECKUX COEAMHEHHSX IO3BOJISIET M30EKaTh pa3pylICHHS
oOpa3ia, a TaKKe CyIIeCTBEHHO COKPAaTUTh BpeMsl aHaJIH3a.

B nanHo#i paGoTe paccMmaTpuBaiM pa3IUyYHBIE BapHaHTHI ompeneneHus ¢ocdopa B

dbochopoprannueckux KUAKUX oOpasmax ¢ momomiplo PDA: Meron ¢dyHIaMeHTaIbHBIX
apaMeTpOB U METO/1 OCTPOCHUS I'PATyUPOBOYHBIX 3aBUCUMOCTEH.
W3mepenuss mpoBOAMIN C TOMOIIbIO 3HEPrOJUCIEPCUOHHOIO PEHTTEHO-(IyOpECLEHTHOTO
cnekrpomerpa EDX-700HS (Shimadzu). M3mepenus npoBoAKIM MPH CIEAYIOUIMX YCIOBUAX:
komumatop — 10 MM, atmMmocdepa — Bo3ayx, HampsbkeHue — 15 kB, tok — 100 MkA (ABTO),
MepTBoe Bpems — 25%, skcno3uuusi — 300 c, nuHusa - Pgg, sHeprus — 2,01 k3B, nuanaszon
uHTerpupoBanus — 1,95 — 2,07 kaB, yuer ¢poHa — aBTOMaTHUECKH

[IpaBUNBbHOCTH TPOLEAYPHl OIEHUBAIM, aHAIM3UPYsS O0Opasllbl C HU3BECTHBIM
coziepkanueM Gochopa U paccUUTHIBAs CTENEHB MPaBUILHOCTH ompeaeneHus (R, %).

Haunyumue pesynpTaThl ObUIM TONYYEHBI JUIS TPagyHPOBOYHBIX 3aBUCHUMOCTEH,
IIOCTPOCHHBIX 110 TIPaAyHpPOBOYHBIM OOpa3ljaM Ha OCHOBE pAacTBOPOB OPraHUYECKUX
coenmuHeHnii (pocdopa, Hampumep: Tpudenuwndpochuta B 1,4-mMOKCaHE, W HA OCHOBE
optodochoproit kucnotel. OprodochopHy0 KHUCIOTY yAaloCch WCIOIB30BATh B KadeCTBE
CTaHJIaPTHOTO BELIeCTBa JJIsl MPUTOTOBJICHUS TPaTyHPOBOUYHBIX PACTBOPOB TOJIBKO IOCIIE
TOro, Kak ee pa30aBWiIM OpraHudeckuM pactBopureneMm. llpu 3Tom wucnonb3zoBaHHUE
optoochopHOil KHCIOTHI B KayecTBE CTaHAAPTHOrO BEIIeCTBAa JJIsi TMPUTOTOBIICHUS
IPaJyUpOBOYHBIX  PACTBOPOB  BBIIISAMT Oojiee NPEANOYTUTENBHBIM  Onaromaps ee
JIOCTYITHOCTH U JIeLIEeBU3HE.

CreneHb TPaBUIBHOCTH OMNpPEAEICHUS IS  Pa3IuuHbIX  (pochopopraHnuecKux
KUIKOCTEH mpejcTaBieHa B Tabnuie (R — 11t rpaxynpoBOYHOM 3aBUCUMOCTH, TTOJTYYSCHHOM
1o pactopam Tpudenmidocduta, R, — no pactBopam oproochopHOil KUCTOTHI).

No HasBanue Conepxanne hocdopa B Ry, % R2, %
- oOpasma obpasrie, %
1 Humetundocdopucras 28.1 94 08
K-Ta
2 | Aumedocodon 14,9 99 100
3 | Ddopan 9,2 96 102
4 | Tpudenundpochur 10,0 - 101
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PeHTreHocneKkTpanbHbIA aHanNnu3 maTepuanos,
Mcnonb3yeMbIX B y3rax TPeHUs

Bepwununa H.B.
Pocmosckuii cocyoapcmeennsiii ynueepcumem nymet coooujeHus,
2. Pocmos-na-/{ony, e-mail:VershNataly@mail.ru

Hcnonp3oBaHne (QPUKIIMOHHOTO MOJMMEPHOrO0 MaTepuana B KadecTBe TOPMO3HOM
KOJOJKM  JKEJIE3HOJOPOKHOTO  Kojieca MPUBOJUT K  YCTAIOCTHOMY  Pa3pyLICHUIO
MOBEPXHOCTHOTO CJIOSl CTajJbHOTO KOJIeCa, CBA3AHHOMY C BOJOPOJHBIM HW3HAIIMBAHHEM.
W3BecTHO, YTO MOSBIEHUE BOAOPOJA B MOBEPXHOCTHOM CJIO€ KOJieca B IPOLECCE TPEHUS
00yCIIOBJIEHO MHTEHCHUBHBIM €ro BBIJCJICHHEM U3 IMOJMMEpPHOr0 MaTepuaja B pe3yibTare
TEPMOJICCTPYKIMH. B 3aBUCHMOCTH OT TeMIepaTypHOTo pexxumMa TpeHust 1uddys3ust BOIOpoaa
MPOUCXOIUT Ha pa3Hylo MIyOHHY, IPH ATOM HauOOJIbIIas €ro KOHIIEHTpalus HabIo1aeTcs B
00J1aCTH, UMEIOIEH MaKCUMAJIbHYIO TEMIIEPATYPY.

PenTrenocnekTpanbHblii  (DIIyOpeClEHTHBIM aHaJi3 KauyeCTBEHHOTO AJIEMEHTHOTO
COCTaBa MaTepuaia MOJMMEPHONH TOPMO3HOW KOJIOIKH, KOJieca U ABYX MPOTHUBOIIOJIOKHBIX
CTOPOH 4YacTHI], KOTOpbleé B pe3yJbTaTe MPOIECCOB BBIKpAUIMBAHUS W OTCIIAWBaHUS
OTIEJSIOTCS OT MaTepHualla Kojeca, BHIIOJHEH HA PEHTTEHOBCKOM criektpometpe CITAPK-1M
(HITIT «bypeBectark», OAO, 1. Cankt-IleTepOypr). CrekTpoMeTp MO3BOISET 0OHAPYKUTH
HaJU4he XUMUYECKUX 3JeMEHTOB OT 2/ Sc no 92 U. YcioBus 3KCIIEPUMEHTa ClIeTYyIOLIHUE:

HanpsDKEHUE Ha aHOJIE PeHTI€HOBCKOM TpyOku 25 kB, auana3on ckanupoBanus 0.85 — 2.8 A ¢

marom 0.005 A u skcnozunmeii 2c. TlonmuMepHas TOPMO3HAs KOJIOIKA, KPOME TIOJIMMEPHOTO
CBA3YIOUIETO Marepuaia, apMUPYIOIIEro KOMIIOHEHTa, BYyJIKaHU3aTtopa (cepel) U
TEXHUYECKOTO yTJIepo/ia, CoJAepkaia CISAYIOIINe XUMHIECKUe JIeMeHThl: Sv, Pb, Zn, Cu, Ni,
Fe, Mn, Cru Ba.

PentrenodyopeciieHTHBI aHaMW3 OTCJIOMBIIMXCS YacTHIl Koyieca (pa3sMepoM OT
HECKOJIbKMX MWJIJTUMETPOB /10 HECKOJbKHX CAHTUMETPOB B JUAMETPE U TOJUIMHON 10 1 cMm)
MOKa3aJ, 4TO WX MPOTUBOIOJIOKHBIE CTOPOHBI MMEIOT Pa3HbIN SJEMEHTHBIH COCTaB: OJIHA
CTOpOHA MMeEJIa JIE€MEHTHBIM COCTaB, MICHTUUHBIN COCTaBy CTalM KoJieca, a Ipyras — KpoMe
COCTaBa CTaj, cCoJepkKaia HabOp XUMHUYECKUX AIIEMEHTOB, IPUHAJICKAIINX MTOTUMEPHOMY
Mmatepuany. [lonumepHslit MaTepuan, 00pa3oBaB TOHKUN CIOW, MPAKTHUECKU «IIPUBAPUIICT» K
MMOBEPXHOCTU OTCJIOMBIIUXCS YaCTHI[ CTAJIBHOTO KOJIECa, YTO YKa3bIBa€T HA BBICOKYIO
TEMIIEpaTypy B 30HE KOHTAKTa MOBEPXHOCTU KOJECa C MOJUMEPHON TOPMO3HOM KOJOJIKOW B
MPOIIECCE TOPMOKEHHUS.

[IpoBeneHHBIE HWCCNEAOBAaHUS TOKa3ald, UYTO B  pe3yJdbTaTe BOAOPOIHOTO
W3HAIIMBAHUSl OTCJIAUBAIONIUECS YAaCTHIbl CTAJbHOTO KOJeca MPUIUIAIOT K HarpeTou u
pa3MAr4eHHoil (B Tpolecce TPEHHUs) MOBEPXHOCTU MOJUMEPHONW TOPMO3HOH KOJOMAKH,
HEKOTOpPbIE U3 YaCTHUI[ B MPOIECCE MOCIEAYIOUIEr0 B3aUMOJICUCTBUS, BO3HUKAIOIIETO MPU
TPEHHH, TPOCTO BJIABIMBAIOTCS B IOJUMEPHYIO KOIOAKY. TakuM 0Opa3zom, MeTasl Kojeca Kak
Obl «HaMa3bIBACTCS» HA TOBEPXHOCTHh TMOJUMEPHON TOPMO3HOM KOJOJIKM M JOCTATOYHO
MpOYHO Ha HEW yAepkuBaercs. B  pesynapraTte oOpasyercs O4YeHb HEPaBHOMEPHBIM
MCTAJJINYCCKUI CIIOM, COCTOSINMN M3 OTCIOMBIIMXCS YaCcTUI KoJieca. YUYHUTBHIBAS, YTO
OTCJIOMBIIIMECS YaCTUIIBI KOJieCa MMEIOT pas3Hble pasMmepbl U GopMy, a TaKKE IMO-Pa3HOMY
3aKpEIUISIIOTCA B MOJIMMEPHOM KOJOJKE, TO Mapa TPEeHHs KoJjieca ¢ MOJUMEPHON TOPMO3HOM
KOJIOJIKOM B T€YEHHE HEKOTOPOTO BPEMEHHU MEPEXOUT B Mapy TPEHUS KoJieca ¢ MOTUMEPHOM
TOPMO3HOIM KOJIOAKOW M 3aKperuieHHbIMM B Heil aOpa3WBHBIMH YacTUIAMHU, 3HAYUTEIHHO
YBEITWYUBAIOIIUMHI MHTCHCUBHOCTh M3HAIIIMBAHMS CTAJIBHOTO KoJieca.
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O dhopmupoBaHum hoHa B ANMHHOBOJIHOBOM obGnactu
PEeHTreHOBCKOro cnekrtpa cdnyopecueHumn

T'opoynos M.C., llasnunckuii I.B.
HUU npuknaonou ¢puzuxu HUprymckoeo eocyoapcmeenno2o yHugepcumema
e-mail: pavlinsky@chem.isu.ru

B n1nvHHOBOJIHOBOM 00J1IaCTH  IPOLIECC MOIVIOIIEHUS] B OKHE PEHTI€HOBCKUX TPYOOK
JieNlaeT MpeHeOpPeKMMO MajibiM BKJIAJ, TOPMO3HOTO MEPBUYHOTO CIEKTpPa, PacCEesHHOIO Ha
oOpasiie, B ¢dopmupoBaHne  (OHOBOW  COCTABIAIONIEH  XapaKTEPUCTUUECKOTO
¢dnyopecuieHTHOrO u3iAydeHus. OAHMM U3 KOMIIOHEHTOB (oHa B yKa3zaHHOH oO1acTu
OKa3bIBaeTCsl TOPMO3HOE M3JTy4YeHHE CBOOOHBIX AIEKTPOHOB ((hoTo-, Oxe n KomnToHoBCKHE
3JIEKTPOHBI), BOZHUKAIOIIUX BO (IIyOpecLUpYyIOIeM MaTepHale.

Pa3paboran anroputM pacuera CHEKTPaJbHOTO PACHpPENETICHUsS paccMaTpUBAEMOro
TOPMO3HOTI'0 U3JIy4YeHMsI. AJTOPUTM IIPEAYCMATPUBAET JBa BO3MOKHBIX BapuaHTa. [lepBbiii u3
HUX NpPEnojaraer, 4yro TOPMO3HOE H3JyY€HHWE BO3HMKAeT B TOYKE HOHM3AIMM aToMa
NEPBUYHBIM (OTOHOM. DTOT BapUaHT MPUMEHUM JJs CHeKTpalbHOW obmactu 12 — 18 A’
(obnactp (yopecuenTHbix auHUN Na — F). Bropoil BapuanT paccmarpuBaer ciyvail, Koraa
TOYKa BO3HMKHOBEHHUS TOPMO3HOI'0 ()OTOHA HE COBIAAAET C TOUKOH MOSBIEHUS CBOOOJHOIO
3JIeKTpoHa (001acTh (IIyOpPECHEHTHBIX JIMHUH 371eMeHTOB ¢ Z < 9).

[TokazaHo, 4to mpu TONIIMHE OEPUILTUEBOTO OKHA PEHTIC€HOBCKOM TPYOKH 75 MKM
TOPMO3HOE  HM3JIy4eHHE CBOOOJHBIX  DJIEKTPOHOB  CTAaHOBUTCS  OINPEICNIAIONIMM B
dopmupoBanuu (oHa s obnactu memeHToB ¢ Z < 11 (Na). Ecnu nepBuuyHOoe usiyueHue
MOHOXpOMATHYHO (pamuoaktuHeie nerounnkn ' Cd win **' Am), To npeo6manarontyio poib
B (OpPMUPOBAHMU JUIMHHOBOJHOBOIO TOPMO3HOIO Wu3iIy4deHus wurpatoT KommroHoBckue
AJIEKTPOHBI. {751 peHTreHOBCKUX TpyOOK, paboTarolmux MpH HampsbkeHuH MeHee 60 kB,
OCHOBHBIM B (OpMHUpPOBaHWM (OHA CTAHOBUTCS TOPMO3HOE wu3nmydeHue ¢oro- u Oxe
3JIEKTPOHOB. PacyeTsl 3aBUCUMOCTH CHEKTPAIbHOM MHTEHCUBHOCTH TOPMO3HOTO M3JIy4EHUS
ATHX AJIEKTPOHOB OT ATOMHOI'0 HOMEPA BMELIAIOLIE MaTPHUIIbl [T0OKA3au, YTO BEIUYMHA (POHA
B CYILIECTBEHHOW Mepe OIpeleNseTcss 3JeMEHTHBIM COCTaBOM 3Toil Marpuubl. Ilpu sTom
cootHomeHne BkiIagoB K — u L — ¢oroanekrponos, a Taxxke K — snekrpoHoB Oxe Takxke
ABJIsIeTCA (PYHKLMEH ATMHBI BOJHBI TOPMO3HOI'O U3IYUYEHUsI U aTOMHOTO HOMEpa Z 3JIEMEHTa,
MIOCTABJISAIOIIETO JIEKTPOHBI.

PacueTHble BeIMYMHBI MHTEHCUBHOCTEH TOPMO3HOIO CIIEKTpPAa COIOCTaBJIECHbl B
Tabnuie ¢ SKCepUMEHTATbHBIMA MHTEHCUBHOCTSIMH (DOHOBOTO M3Iy4eHus: Ha quHuu NaKa
JUIl HEKOTOPBIX DJIEMEHTOB U COEAMHEHHH. DKCIEpUMEHT BBIIOJHEH HAa PEHTT€HOBCKOM
cnekrpomerpe CPM-25 mnpu nepBUYHOM H3IYYEHHU PEHTTEHOBCKOM TPYyOKH C POAMEBBIM
aHOJIOM U ¢ 6epuiutHeBbIM OKHOM TonmuHon 300 mxkM. Hanpsbkenue Ha TpyOke 40 kB.
Tabnuua.

ComocTaBieHHe pAacyETHBIX BEIMYMH HMHTCHCUBHOCTH TOPMO3HOTO  M3JIyY€HUs W
HKCHEPUMEHTAIBHBIX BEJINYMH (POHA HEKOTOPBIX 37eMEHTOB B o0Onacti NaKo —nuHum.

JJIEMEHTHI Al,O3 S Ti Fe Cu MoO;
Pacuer 0.3 2.1 0.9 1 0.9 0.5
ODKCIEPUMEHT - 2.1 1.2 1 0.8 0.7

ComnocraBieHue JAHHBIX pacucTa u SKCIICPUMCHTA CBUICTCIILCTBYCT 06
YIOBJIETBOPUTEILHOM WX coriacud. HaOmomaemble pacXokIeHHsT BO3MOXO CBSI3aHBI C
BJIMSIHUEM Ha PE3yJIbTaThl SKCIIEPUMEHTA MPOIECCOB HEMOJHOro cOopa 3apsjia B MIPOTOYHOM
MPOTIOPIIMOHATIBHOM JIETEKTOPE.
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PeHTreHodnyopecueHTHbIA aHanNM3 OKUCIIOB U COJien No
OTHOCUTESIbHbIM UHTEHCUBHOCTAM JIMHUIA KOMMNOHEHTOB

[ pucopvesa U.B., nvun H.I1., Hosuxosea M.II.
HIIII «KBAHT», Mocksa, e-mail: nilyin-rsa@mail.ru

AHalli3 CIOXHBIX OKHCIOB M COJIed CBSI3aH C OINPEICICHHBIMU TPYIHOCTSIMH,
OOyCIIOBJIEHHBIMU  BBICOKMMH TpeOOBaHUSMU K TOYHOCTH ONPEIENICHUS COJEp:KaHus
KOMIIOHEHTOB TPU HMX BBICOKMX KOHIIGHTPAIMSIX B IMOPOMIKOBBIX mpobax. [lomroroska
u3JIydaTelied aHaIM3upyeMord MpoObl M HEOOXOAMMBIX HECKOJIBKUX OOpa3IloB CpaBHEHUS
TpeOyeT 3HaYUTENLHOTO BpeMeHH. [Ipr OONBIINX KOHIIEHTPAIMSIX OMPEISIISIeMbIX 2JIEMEHTOB
CYIIECTBEHHBI MaTpUUHBIC d(PPEKTH U AJIA MOTYUYEHHUS MPABWIBHBIX PE3YyJbTAaTOB TpeOyeTcs
HECKOJIbKO 00pa310B CpaBHEHMUS.

[IpemyioxeHo UCTOIB30BaTh MTOKAa3aHHYIO paHee B padoTe [1] muHelHy0 3aBUCUMOCTD
OTHOCHUTENbHBIX HMHTCHCUBHOCTEH CIEKTPAlIbHBIX JUHUH KOMIIOHEHTOB B CTalsiX OT
OTHOILIEHUS UX CoJiepKaHui. B 3ToM citydae He urpaer posib IpoOONnoAroToBKa, MIIOTHOCTh U
MOBEPXHOCTh M3JIy4aTessi, Er0 YCTAaHOBKA B CIIEKTPOMETP, PEKUMBI paboThl. JIunelinocts ['X
HAO0/TaCh BO BCEM HMHTEPBaJe KOHIICHTPAIMA HE TONBKO MAJS TOHKUX CIIOEB, HO W JUIA
MacCHUBHBIX 00pa3ioB. Marpuunbie 3(h(eKThl OTpakaroTcss Ha HakioHe ['X, He BIUsAs Ha
TUHEHHOCTh. [Ipr 3TOM MOSIBIISIETCS BO3MOKHOCTD HCIIOIH30BaTh MUHUMAIIBHOE ( 10 OJHOTO)
oOpasiia CpaBHEHHS WJIM OOXOIUTHCS O€3 HUX JIJII OMHAPHBIX CUCTEM.

B noxnane mpuBOASTCS aHAIUTUYECKHE MaTepuaibl, MOJITBEPKAAIOLIUE JIMHEUHYIO
3aBHCHMOCTh KaK 00111ee CBOWCTBO, a HE YaCTHBIH ciyyail.

Paccmotpenbl  onyOaukoBaHHble aaHHble[2] 1o aHamu3y cucteM CuO—NiOH,,
CuO—Zn0O, pns koTopelx noctpoeHsl I'X, nmeromue napadoauueckyro Gopmy, 4To Tpedyer
BBEJICHUSl TMOMPaBOK Mpu aHammze no KB muHMsAM g0 1,5-2,4. Pesynabprartel ObUIH
MEePECYUTAHBI TT0 OTHOCUTEIHLHBIM HHTEHCUBHOCTSM U Jaiu JuHeiHbie ['X a1 3Tux cucrtem.

Jns noarBepxkaeHus 3pPEeKTUBHOCTH U YHUBEPCATHHOCTH TaKOW METOAMKHU aHaln3a
OBUTH TOATOTOBJIICHBI M MpoaHanm3upoBaHbl Ha crekrpomerpe «CITAPK-1» (TpyOka Au-
25kB) MenkoaucnepcHble MOPOMIKH cMeceld okucioB M coseir Fex CuixO; FeiZnix O;
Zn0O—(NiSO47 H,0); Zn yer—(NiSO4 7 H,0). ( CoCl,.6 H20)x —(PbO);x 1o 8 obpasios ¢
conepxkanussMu ot 1% 1o 95%.KoMmoHeHThl mog00paHbl ¢ MaKCHMAalbHOW pa3HUICH B
MaccoBbIX K03 durmentax noromenus ( 1 ZnKa B Zn 48,9, B Ni 306, B Fe 255 em?/r; st
CuKa B Cu 53.7, B Fe 308 CMz/l“; mwist CoKa B Pb 341 CMZ/F). [ToaroToBka u3my4aTenei
CBOJAMJIACh K IIPOM3BOJIbHOM HAChIIKE IIOpOIIKAa Ha IOAJOXKKY. O€3 IpeccoBaHMs U
CBsI3yromIero Hanojguurelst. KonudectBo nmopoiika MeHsuioch ot 6 10 200 mr.

[loka3zana HE3aBUCUMOCTb OTHOCHUTENIbHBIX HMHTEHCHUBHOCTEH OT  KOJIMYECTBA
aHATM3UPYEMOU TTPOOHI.

[Tomyuens! muHelHble I'X 171 BCero HHTEpBalla COACPKAHUN B ITUX CUCTEMAX.

BriBoibI: Pa3zpaborannas METO/IMKA aHajam3a MTOPOIITKOBBIX mpo0
MHOT'OKOMIIOHEHTHBIX OKHCJIOB MO OTHOCHUTEIbHBIM MHTEHCUBHOCTSIM IMO3BOJISIET MPOBOJUTH
KOJIMYECTBEHHBI aHanu3 0e3 mpoOONoAroTOBKU MPHU MPOU3BOJILHOM KOJUYECTBE MPOOBI IO
muHelHol ['X ¢ MuHMManbHbIM KoauuecTBoM OC, a s OuHapHbIX coenuHeHuit - 6e3 OC.
[lonTBepkieHa yCTaHOBJEHHAs JIMHEHHash 3aBUCHMOCTb JUJII MAacCHUBHBIX OOpas3LoB C
OoNbpIIMMU  MATPpUYHBIMU dPdeKTaMu, UYTO JaeT OCHOBaHHE CYHTATh e& oOmIei
3aKOHOMEPHOCTBIO Npu PDA.

1. Unvun H.I1. 3aBoackast maboparopus. J{uarnoctuka matepuanos. 2004. T.70. Ne6. C.3—-10.
2. Bent H. Spectrochimica Acta. P.B. 1972. Februari. Vol. 27B. Ne 2.
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MHdopmMaTUBHOCTbL peHTreHocnyopecLeHTHOro aHanums3a
NMOPOLLUKOB CyXOro Mosioka

Iynuueea T.H., Ilawkosa I'.B.
Hncmumym ceoxumuu CO PAH, 664033, 2. Hpxymck, a/s 4019,
ya. @asopckozo la, e-mail: tng@ige.irk.ru

[IpuBneuenne pe3yiabTaToOB peHTreHoduyopecueHTHoro ananmza (PDPA) mopomikos
CYyXOro MOJIOKa JJisi W3Y4YCHHsI BIMSHUS AHTPOIOTEHHOTO BO3ICHCTBHUS HA COCTOSHUE
OKpY Karollel Ccpelpl SBISETCS HOBBIM JUISl SKOJIOIMUECKONM OMOreOXMMHUHU HalpaBICHHUEM.
Pe3ynpTaTUBHOCTE pelIeHHs 3TON 3aJa4u anpuopu OyeT OonmpeneisiThes HAOOpOM aHAUTOB,
npenesaMu OOHApy)KEHHsS W METPOJOTMYECKHMMM XapaKTEepUCTUKaMU MeToauku POA.
[Topomky cyxoro MOJOKa SBIAIOTCS HETUNUYHBbIMU Anis PDA BcieacTBue CIOKHOTO
OMOOPraHMYECKOr0  KOMIIOHEHTHOTO  COCTaBa, HHU3KOTO  CyMMapHOTO  COJEpKaHHS
MUHEPATbHBIX KOMIIOHEHTOB M U3-32 OTCYTCTBUS MHOTOKOMIIOHEHTHBIX CTaHIApPTHBIX
o6pasio (CO) MopomKoB cocTaBa CyXoro MoJioka. Mcrosib30BaHne UCKYCCTBEHHBIX CMeCei
HE peaJu3yeMO H3-3a HEJOCTYMHOCTH HAMOJHUTENS, YIOBJIETBOPSIOIIET0 TPeOOBaHUSM K
YHUCTOTE.

B nmpennaraeMom cooOLIeHMM TMPEACTaBISAIOTCA JaHHbIE 1O WH(OPMAaTUBHOCTH
pa3paboranHoii Meronuku P®A MOpOIIKOB CyXoro MoOJIOKa, pEaJM30BaHHOW Ha
PEHTICHOBCKOM C BOJHOBOH mucnepcuerr cmekrpomerpe S4 Pioneer ¢upmsr Bruker
(I'epmanusa) B BakyyMHOM pexume. OCHOBHBIMU JOCTOMHCTBAMU METOJIUKU SIBISIOTCS
MPOCTOTa MPOOOMOATOTOBKH, HE TpeOyromel NecTpyKIHMH (CyXOl WM KUCIOTHOH) mpoO,
UCIIOJIb30BaHUE JJI TPagyHpPOBKHM CTAaHAAPTHBIX OOPA3LOB pPACTUTEIbHBIX MaTEpHUaJIOB,
OTCYTCTBHE OTPaHMYCHUH Ha IKUPHOCTH MOJIOKA, HCKIIOYEHHE HEOOXOJUMOCTH
o0e3kupuBaHUsT MOJIOKa. M3mydarenum W3 mopoimka CyXOoro ocTaTka MOJoOKa Maccoit 4 r
MIPECCOBAJIH O] AaBJICHUEM 4 TOHHBI P KOMHATHOM TeMIlepaType.

[Tpu onpenenenun snmementoB Na, Mg, Al, Si, P, S, Cl, K, Ca, Mn, Fe, Ni, Cu, Zn, Rb,
Sr u Zr u3yuyeHo BiusHUE BBIOOPKU I'paJlyHpOBOYHBIX 00PA3II0OB, MOMPABKU Ha MOTJIOMIEHUE U
B3BEIICHHOTO PETPEeCCHOHHOTO METOJla, HCIOJIb3YyeMOro IpH OLIEHKE MapaMeTpoB
KaJTHMOPOBKH.

[Toka3pIBaeTcs, YTO BKJIIOUYEHHE B I'PaJyHpPOBOYHYIO BBIOOPKY, KpOME CTaHIAPTHBIX
00pa3IoB cOCTaBa PACTUTEIbHBIX MAaTEPUAIOB, AMUHOKUCIIOT U O€JIKOB U UCIOJIb30BAHUE O
KOPPEKIMH MO3BOJIMIIN CHU3UTH Mpezes oOHapyx)eHus ams anemeHToB Al, Si, Mn, Cu, Ni u
Zr no nx107 (n=3-5). [Ina anementoB Na, Mg, P, S, Cl, K, Ca, Fe, Zn, Rb u Sr onpenensiembie
COJIEp’KaHUsl B IOPOLIKAX CyXOr'0 MOJIOKAa 3HAQUWTENbHO BBIIIE IPAHULIBI KOJINYECTBEHHOIO
oTpeieNeHusl.

Nnmroctpupyercss NepcrneKTUBHOCTh HCIONIb30BaHUA pe3ynbTatoB PDA mopouikos
CYXHUX OCTaTKOB MOJIOKA /I MHOTOIUTAHOBBIX UHTEPIpPETaINii B OMOreOXMMHUH OKpY Karolen
Cpelbl.
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CkaHupyoLwwmm peHTreHothnyopecueHTHbIN MUKpOaHanus
reosiorMn4eckmx oopasuoB ¢ MCMOSIb30OBaAaHNEM CUHXPOTPOHHOIO
n3ny4veHus

[apvun A.B.

Huemumym 2eonoeuu u munepanocuu CO PAH, Hosocubupck, e-mail: avd@uiggm.nsc.ru

[lepBble PKCIEPUMEHTHI O MPUMEHEHUIO CHHXPOTpoHHOro wusnydenus (CH) nus
anemMeHTHoro ananu3a Obuth poBeneHsl B S CO AH B 1976 r. (onenenst MJIK coseit Zn
(~15 ppb) u Au (~70 ppb) B Bomubix pactBopax). B mepumon 1980-1985 rr. BeIIOTHEHO
0O0JIBITIOE KOTMUECTBO MeToaudecKkux padbot mo POA na myukax CU u3 Hakonuteneit BOIIII-
3 u BOIIII-4. Onenensl npenensl 0OHapy)eHus Juisd 00pas31oB ¢ CHIIMKAaTHON MaTpunen: 30 —
50 ppb (Ru, Rh, Pd, Ag), 50 — 100 ppb (Rb, Sr, Y, Zr, Nb),). YHuxkanpusie paboTsl 1O
ONPENEIEHUI0  TKENBIX  DJEMEHTOB ¢ Bo30yxkueHuem  K-cepuil  kecTKUM
MOHOXpPOMaTH3UPOBAaHHBIM H3IydeHHeM c 3Heprueil > 80 k3B mposenensl na BOIIII-4,
npenensl oOHapysxenus - 0.1 — 0.5 ppm (Ba, P33, Os, Ir, Pt).

Tabauna 1. Buasl ananutuyeckux padoT, mpoBoAuMbIX Ha HakonuTesne BOIIII-3.

AHajauTHYECKas MOJIa AHanur 11O, r/r | Ilpumeyanne
[TanopamHbIit aHaImn3 nosgonser | P, S, CLK, Ca, Ti 300 —50 | TIpenermsr
ompenelaTh  comepxkanne 6omee 40 | V- Cr, Mn, Fe, Co, Ni 50-5 obHapysKeHus
GOTBIIMHCTRE  THIIOB Cu, Zn, Ga, Ge, As, Se 5-0.5 3aBUCAT oT
SJICMCHTOB B Br, Rb, Sr, Y, Zr, Nb, | 0.5 0.1 | ycrosuii
reOJIOTUYECKHX  00pa3loB.  AHAIM3 |\, 0.1-05 | anamsa _
MPOBOAUTCA B HECKOJBKO CTaauid ¢ | Ag, Cd,In, Sn, Sb, Te,I | 0.5-3 SHEPruu
UCIIOJIb30BaHUEM SHEpruii Bo30yxaenus | Ba, La, Ce, Nd, Sm 0.5-5 | Bo3OyxueHus,
12-15: 20-24 u 40-42 x>B. Pb, Bi, Th, U 05-2 TUIIA MAaTPHUIBI
W T.]I.
CeneKkTuBHBINM aHanu3 — onpeaencaue | Ru, Rh, Pd, Ag 0.05 Hcnonpsyeres
IPYIIIbI COCEHUX 3JIEMEHTOB Th, U 0.5 JICTICPCHOHHRIH
bubTp
CxaHupylOUMiA aHajau3 — u3ydeHde | Duementer or P jgo | 1-100 | Bosmoxen aHa-
IOBEPXHOCTHOrO  pacmpeneienns ¢ | erux P39 mo K- s TOKCIIBIX
cepusM (T1, Th, U) mo
paspenieHueM ~ 50 MKM. L
-CepHsIM

Bricokass WHTEHCHUBHOCTb, €CTECTBEHHasi MOJISIPU30BAHHOCTb, Majas yrioBas
pacxoauMOCTh W HempepbiBHBIM criekTp CH  mo3BONSIOT NPOBOAWTH JIOKAIBHBIA U
CKaHUPYIOIIUN MUKpPOAHAIU3 C TMPOCTPAHCTBEHHBIM paspemeHueM ~ 50 mkm. HaGop
AHAIM3UPYEMBIX  DJIEMEHTOB, [IMAlla30H KOHIICHTpAlMM W  Tpeaenbl  OOHapyKeHUs
OTIpEe/IeTSAIOTCA BBIOOPOM ycnoBHil aHanm3a. [IpoBeaeHbl MHOTOYHMCIEHHBIE CKaHHMPYIOIINE
HCCTIEOBAaHUS TEOJIOTHYECKUX U TPUPOAHBIX OOpPa3OB: KEPHBI JOHHBIX OCAIKOB O3€p
IlenTpanpHOi A3uHM, Kelle30MapraHeBble KOPKU U KOHKpeunH TuxXoro okeaHa, HUIM(bBI U
CHUJIBl TOPHBIX TIOPOJ, MPHUPOJHBIE M CHUHTETUYECKHE ajiMa3bl, MUHEpaJIbHBIC 3€pHA,
JIPEBECHO-KOJIBLIEBBIE TIOCIEI0BATEIILHOCTH U T.JI.

B Cubupckom HUUN merponoruu B 2006 r. aTrecroBaHa METOJWKA BBITIOJHEHUS
u3Mepenuit «OnpeneneHne 3JIEMEHTHOTO COCTaBa 00paslloB TOPHBIX MOPOJ METOJO0M
PEHTTeHO(ITYOPECIICHTHOTO aHAIIN3a C UCTIOJIB30BAHUEM CHHXPOTPOHHOTO U3ITy9ICHUSDY

Paboma noooepocana epanmamu PDPDPU (06-05-64365-a, 06-05-64931-a, 07-05-
92103-'PEH _a) u unmezpayuonnvivu npoekmamu CO PAH (Ne7, Nel08).
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K TeopeTnyecKkomMy yyeTy MeX3sfIeMEeHTHbIX BIIUSAHUA U BEJTUYUHDI
NOBEPXHOCTHOM NJSTIOTHOCTU NPU peHTreHodSTyopeCLEeHTHOM
aHanu3se NfeHo4YHbIX obpa3uoB

Iyimakaes L., Henamosa FO.A., Copouunckas, A.J1., [{leemanckuii M.A.
FOoicnviil peoepanvruviti ynusepcumem, Pocmoes-na-/{ony, e-mail: ahcik@mail.ru

Metog PCDA sBnsercs nHanbonee NEPCHEKTUBHBIM ISl aHAIN3a dSJIEMEHTHOTO
COCTaBa CJIOEB «MHUKPOHHBIX» TOJIIMH, HE JOCTYMHBIX 30HAMPOBAHHIO B PaMKax Oxke-,
(OTOAIEKTPOHHON, PEHTITCHOBCKOW (C MPOTOHHBIM H  DJIEKTPOHHBIM  BO30YXKICHHEM)
CHEKTPOCKOIHUH.

OnHako OTCYTCTBHE CTaHAAPTHBIX IUICHOYHBIX 00pasioB (M HMCKIIOYUTEIbHAS
CJI0)KHOCTbh W3TOTOBJICHHS T'PayUPOBOYHBIX HEHACHIIICHHBIX CIIOEB B JIAOOPATOPHSIX) PE3KO
OTPAaHUYUBAET BO3MOXHOCTH HCIIOJIB30BaHMsI CyIIecTBYIOMuX crmocoboB PCOA. B cBs3u ¢
STHUM TOBBIIIAETCA POJb CHOCOOOB, OCHOBAaHHBIX HAa TEOPETHYECKOM YyuyeTe MaTpPUUHBIX
3¢ (HeKToB, BeTHUYNHA KOTOPBIX 3aBUCUT OT TOJIIHUHBI UCCIIETyeMON TUICHKH.

[TpumenurensHo k PCDA HeHachImeHHBIX (TJICHOYHBIX) OOPa3IloB MO aHAJOTHH C
pabotoii [ 1] o60ocHOBaHbI ypaBHEHHSI CBA3H BUA: .

1-) a AC,
1

ucnp __ yusm J=
e =
1+a,,Am

(1)

rae o - Kod(hGHUIMEHTH MEXIIEMEHTHBIX BIIMSAHHI, XapaKTepU3yIOIIME OTHOCHTENbHOE
M3MEHEHHE UHTEHCUBHOCTH (DIyOPECLCHIINH JIEMEHTa i MPH €ANHUYHOM M3MEHEHUH TOJIBKO
CaMOro COAEp)KaHUS BIMAIOUIETO 3JeMeHTa j (T. €. KOI((UIMEHTHI, BBIYUCICHHBIC B

U/ICUTN3UPOBAHHOM IIPE/IIONI0KEHUN TIOCTOSIHCTBA TOBEPXHOCTHON TNIOTHOCTH 71 00pasina);
_ 1.9l - ko3 PUIMEHTHI BIUSHHUA TOBEPXHOCTHOH IJIOTHOCTH 00pasia.

i 1, om

OKCHEepUMEHT Ha MaTeMaTHYeCKOM MOJenu B HpUOIMKEHUU BO30YXKACHUS
(bayopeclueHIIMM CMEIIaHHBIM PEHTTEHOBCKUM TMEPBUYHBIM M3IYYEHHEM IOATBEPIHII
KOPPEKTHOCTh pa3BUBaeMoro noaxona. OTHOCUTENbHAS CPeIHEKBAApaTUUHAs MOTPEITHOCTD
M0 JAHHBIM 15 ompeaeneHuil Kaxaoro sjneMeHTa coctaBuiia cootBeTcTBeHHO 0,07%, 0,06%,
0,06%, 0,11%.

DneMmenTamu 00pasnoB ciayxunu Cr, Fe, Ni,Ir. JlnamazoH u3MeHEHHUs COIEpKaHUS
AJIEMEHTOB B «aHAIM3Upyembix» obpazuax 20-25% (Cr,Fe,Ni), 25-40 %( Ir), nuana3on

U3MEHEHHMs MOBEPXHOCTHOW IUIOTHOCTH obOpasuoB — 0,00007 — 0,0002 Z/CMZ.

Koappunments MEKIIEMEHTHBIX BIMSHUA  HAXOIWIU myTeM YHCIIEHHOTO
mudQepeHIMPOBaHUS C UCIOJIb30BAHUEM MOJEIN «CKuMaeMoro odpasua» [2]. Ilpu sTom
3Hayenne npupamenns AC,; Biamsomiero siuementa npuHsTo 0,0045 (0,45%). Ilpupamenne

MOBEPXHOCTHONH IJIOTHOCTM Ha 9JTame pacdyera Kod(Q(GUIMEHTOB BIMAHUACQ,, (TIpH
2
(UKCHUPOBAaHHOM JJIEMEHTHOM cocTaBe obpasua) mnpunsro 0,00005 2/ cm” . 3HaueHus

UCKOMBIX cofepxkanuii C, ompenessyii ¢ UCIOJIb30BAaHMEM ypaBHeHUWil Buaa (1) m merona
WTEpaLUil.

1. yiimaxaes LLLH., Tapnononvckuit M.I"., [yiimaxaesa T.I"., Lnonanckuii A.A. // 3aBoackas
naboparopusi. 1993. Nell. C. 16-19.

2. [lyiimaxaes L. H., Tapnononvckuii M.I'., [[yiimaxaesa T.I'., [[Inonanckuii A.A. // 3aBonckast
naboparopusi. 1994. Ned. C. 18-20.
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BapuaHT cnocoba TeopeTu4ecKkux nonpaBoK B moaenu
«CXnMmaemoro obpasua» ¢ nepeMeHHbIMU KoadhpurumeHTamun
MEX3N1eMeHTHbIX BNIUAHUN

Iyiimakaes L., Copouunckas M.A., Henamosa FO.A., [{eemanckuii A.JI.
FOoicnviti peoepanvhuviii ynusepcumem, Pocmoe-na-/{ony, e-mail: ahcik@mail.ru

[Ipu 3HaUMTENBHOM OTIMYMHU 3JEMEHTHOTO COCTaBa Mpod OT cocraBa oOpasina

CpaBHEHUSA KOIPPUIIHMEHTHI Q;;, XapaKTepusylollMe BIHSHHEC DJIEMCHTOB j Ha

WHTCHCHUBHOCTD JIMHUU 3JICMCHTA i, MOTYT CYHICCTBECHHO U3MCHATLCH. HOC—)TOMy HGO6XOIII/IMO
BHOCHUTD ITOIIPABKY HAa 3aBUCUMOCTDb BCIIMYHHBI 051.]. OT DJICMCHTHOI'O COCTaBa Hp06.

[TpumenutenbHo kK PCOA HachlllleHHBIX 00pa3lioB B paMKax MOJEIH «CKUMAEMOTro
oOpa3ua» mo aHajoruu ¢ padbotoit [1] 060cHOBaHO ypaBHEHHE CBSA3H BHJIA

ucn, usm 1
[P = 1—2 A,.j+5;aijkAck AC, |; (1)
J

rae A;; - KodQPUIMEHTHl MEKINEMEHTHBIX BIMSAHMNA JUisi 00pasua CpaBHEHHA, &, -

KOO QHUIMEHTHI, OMpEACTAIOIINe H3MEHEHHE BEIMYMHBI TIOMPABKH 33 CYET H3MEHEHUS
KOHUEHTPALUHU K -TOTO AJIEMEHTA.

DOKCIepUMEHT Ha MaTeMaTHYeCKOH MOJenu B MNPHOIMKEHUH BO30YKICHHUS
(iryopeceHIIE  CMEIIAaHHBIM ~ PEHTTEHOBCKUM  TIEPBUYHBIM  H3IYYCHHEM  TOATBEPIHIT
KOPPEKTHOCTh Pa3BUBAEMOI'0 MOIX0/A.

Onementamu 00pas3noB ciayxxuu Ni, Zn, Ge, Mo. KoappuuueHTsl MexX37IeMEHTHBIX
BIUSHUN HaXOJWIM MYTEeM YUCICHHOTrO Aud@epeHInpoBaHrs C HCMOJIb30BAHUEM MOJEIH
«CXKIMaeMoro obpasnay. J{nanazoH n3MEeHEHHs KOHIICHTPAIUH SJIEMEHTOB B aHAJTU3UPYEMBIX
obpazuax 20-25% (Ni,Zn,Ge), 25-40% (Mo). CocraB obpasua cpaBHeHus 22,5( Ni),
22,5(Zn), 22,5(Ge), 32,5(Mo) Pacuer KOHLEHTpauMii MPOBOAWIN  METOJOM
MOCJIE0BATEIbHBIX MPUOIMKEHUH (5 MPUOIMKEHNH).

[Ipy  He3HauWuTeNBHBIX  BapuUalUsAX  cocTaBa  oOpa3loOB  OTHOCHUTEIbHAs
CpeIHEeKBaIpaTHUecKas MOrpeluIHOCTh pe3yabTaToB aHanu3a cocrasmia 0,06% no ganHbiM 60
ornpezaeneHuil (MCIOIb30BaHUE TMOCTOSHHBIX KO3(PPHUIMEHTOB MEXKIJIEMEHTHBIX BIMSHHUMA B
TeX ke ycnoBusix jgaer mnorpemHocTs 0,02%). OpHako TpW 3HAYUTETHHOM OTIMYHUU
AJIEMEHTHOTO COCTaBa Mpobd OT coctaBa oOpasmna cpaBuenus (10-35% ( Ni, Zn, Ge), 15-50%
(Mo)) BapmaHT cmoco0a TEOPETUYECKHX ITOMPABOK B MOJCIH «CKHMMAEMOTO o0Opasma» ¢
MEePEeMEHHBIMH KOA(h(UIIMEHTAMHI MEXAIIEMEHTHBIX BIUsSHUN naet o =0,6% (B TO BpeMs Kak

WCTIOJIB30BaHUE TIOCTOSIHHBIX KO3()(PHUIIMEHTOB MEKITIEMEHTHBIX BIMSHUHI B TEX JKE YCIOBHAX
naetr o =15,2%).

1. Beamuuxo FO.HU., Kanunun bB.J[., Meacesuu A.H., [Inomnuxoe P.HU., Pesenxo A.I. //
3aBojckas maboparopust. 1977. Ne4. C. 437-442.
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Y4yeT Bapnaumm (pm3ankKo-XxmmMmm4eCcKknx CBOMCTB NJTIEHOYHbIX
u3ny4yarteriem cnocob6om BHYTPEeHHero ctaHpapTa

Epoxuna M.A., Kapnykoea O.M.
Hpxymckutl cocyoapcmeennslil ynusepcumem, 2. Upxymck, e-mail: rfa@chem.isu.ru

AHanm3 ManbIX KOJIMYEeCTB BemecTBa (mpod O6uocyOcTpaToB, KOHIIGHTPATOB U T. II.)
SBJSICTCS. BaKHOW TMpoOJeMOil aHanmuTHUecko XuMuu. [Ipu peHTreHo(IIyopecieHTHOM
aHanmu3e (POA) Takux mpo0 M3myyaTeau MOXKHO TOTOBUTH B BHUJE TMOJIMMEPHOH IUICHKH, B
KOTOPYIO BBEIEH aHaIU3UpyeMblii Matepuai [1]. @U3nKo-XMMHUYECKUE CBOMCTBA MJIEHOYHBIX
u3Nlyvatesield 3aBUCIT OT YCIOBUM UX MPUTOTOBJIeHUs. OlieHEeHa BO3MOXHOCTh MPUMEHEHUs
crocoba BHYTPEHHEro CTaHJapTa JUisl ydyeTa Bapualuil CBOMCTB IUIEHOYHBIX M3JIydaTesiei,
MOJyYeHHBIX BBEJACHHEM 3011 OuomMarepuanoB B MeTwiaiemwtonosy (MIl). Anamutamu
spisumich Mg, P, K, Ca, Mn, Fe, Zn, Sr; npeaenbl u3MeHEeHUs UX COJEPKaHMs B MPoOax 301
COCTaBJISLIM COOTBETCTBeHHO, %: 0,7-6, 1,3-18, 3-42, 1-12, 0,3-3, 0,3-6, 0,01-0,5, 0,004-0,05;
anemMeHTamMu cpaBHeHus cinyxwm Ga u V. OTHomieHne Macchl 300161 K Macce MI B menke
u3MeHsoch ot 1:5 1o 1:10; conepkanue kaxa0ro BHyTPEHHETO CTaHAAapTa B HEW PaBHSIOCH
~ 0,4 %; 3nauenue moepxHOCTHOW MmioTHocTH (Pg) m3mywareneir BappupoBaiso oT 2 A0 6
Mr/cM’. AHATHTHYECKHMH JTHHASMHA YKa3aHHBIX JIEMEHTOB ClIy uin Ko-nuaum.

Teoperuueckn yCTaHOBJIEHO, YTO IOIPEIIHOCTH orpeneneHus Mg u P cnocobom

IPSIMOrO  BHEIIHEro  craHmapra  (koodduuueHT Bapuanmpp  Y1BC )  COCTaBISIFOT
cooTBeTCTBEHHO 7 W 18 %; i octanbHbIX aHamuTOB OHU paBHBI 30-40 %. OCHOBHBIMHU
MCTOYHMKAMU TOTPEIIHOCTEN sBIsAIOTCS Bapuauuu Ps (Sr, Zn, Fe, Mn); xumuueckoro
cocraa u Ps (K, Ca, P); xummueckoro coctaBa (Mg). B pesympraret POA crocobom
BHYTPEHHEI0 CTaHJapTa JOMOJHUTEIbHYIO MOTPEIIHOCTh BHOCHUT pPa3jIMyUe MOTJIOIICHUS

(V) v T
IICHKOH W3IydeHHs CpAaBHMBACMBIX JMHMA. IlOKa3aHO, 4YTO MOTpemHocTH VY BC
ompenenenus P u Mg kimaccudeckuM crioco6oM BHYTPEHHETO CTaHIapTa COOTBETCTBEHHO B
1,5 u 5,5 pa3 Gonblie, 4eM CIOCOOOM MPSMOTO BHEIIHETO CTaHJapTa; JJIA IPYTHUX aHAJTUTOB

T T
sauenus Y Bc m3Mensiores ot 1,3 10 16 %. Iorpemmocts Yic = 1,3 % momydena mpu
OTpeieNieHuH Zn ¢ ONTUMAJIBHBIM Ul HETO 3JeMeHTOM cpaBHeHusi Ga. Hambomnee moiHBIHM
y4eT BapHaluii (U3UKO-XMMHUYECKHX CBOMCTB IUICHOYHBIX H3JIydaTesieil obOecreynBaeT

V) T
KOMOWHUPOBAHHBIN CIIOCOO BHYTPEHHETO CTaHAapTa [2]: 3HaUeHHS Ve paBHbl 1-5 % u He
3aBUCAT OT BBIOOPA 3JIEMEHTA CPABHEHMUS.

o 3
DKCTepUMEHTAIBHBIC OIICHKHU MOTPEIIHOCTEH Viisc cosmamm ¢ TEOPETUYCCKUMHU JJIsI
St, Zn u P; oyt Mg onu B 3,7 pasa Oosbliie, a JIJIsl OCTadbHBIX aHAJIUTOB B 2-3 pa3a MEHBIIIE

sHavennii Y nec . Hambomee BEPOATHOW IIPUYMHOM 3TOrO HECOOTBETCTBUS SIBISAETCS
KCIMOJIb30BAHUE TOMOT€HHON MOJENH IJIEHOYHOTO M3JIy4aTessl NMPU pacueTe TEOPETUUYECKUX
MHTEHCUBHOCTEH, B TO BpeMsl KaK peasibHbIe MIIEHKU ObLIN reTeporeHHbIMu. Pa3znuuue Teopun
U JKCIIEPUMEHTAa MUHUMAJIBHO IS KOMOMHHPOBAHHOTO CIIOc00a BHYTPEHHETO CTAaHIAPTa:

£l v
3HayeHMsT Y KBC  COCTABISIOT 2-6 % W He TPEeBBINAIOT BHYTPHIA00OPATOPHOIL
MPEUU3UOHHOCTH PE3yJIbTATOB aHAIU3A.

1. ITarent Ne 2239170 P®. Cioco® M3roTOBIEHUS CHHTETHYECKUX CTAaHAAPTHBIX 00pPa3IloB
aTMOC(epHBIX a’dpo30Jiel, HarpykeHHbIX Ha GunbTp / E.H. Kopowcosa, A.H. CmacyHosa,
O.B. Kysueyosa, B.A. Ko3znos.

2. Kapnykosa O.M., Cmazynosa A.H., Obonvanunosa B.I'., Basunosa O.B. // XXypH. ananur.
xumun.— 1979.—T. 34, Ne 11. — C. 2085-2089.
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MaHopamMHbIn PPA Ha cnekTpomeTpe SOMPC-1

Kancapaes b. 7K.
T'eonocuueckutt uncmumym CO PAH, 2. Yian-Y0s, e-mail: bato(@geo.buryatia.ru

Ha  sHepromucnepcMoHHOM  peHTreHOBCKOM  cmektpomerpe  DJIITPC-1 ¢
MOJISIPU30BAaHHBIM ~ M3JIyYEHHEM  HaJla)keH  BBICOKONPOU3BOAMTENbHBIM  IMaHOpaMHbIN
(MHOTO2JIEMEHTHBIN) aHaM3 HA 33 ayeMeHTa 0e3 pacxoja IOPOroCTOSAIIUX PEareHTOB, Ta30B
u 0e3 0coObIX TpeOoBaHMI K TOMEIIEHUIO U TPOOOIOIrOTOBKE.

[IpumeHeHre TONSIPU3AIMK TIO3BOJIMIO HAa TOPSIOK CHU3UTH (DOH paccesHHOTO OT
poObl TOPMO3HOTO U3MydeHus. [Ipu aHanu3e 31eMEeHTOB OT NaJUTaus 10 HeoJuMa-caMapus
no nuHUsIM K-cepum mpakTHYeCKd HET TIOMEX OT APYTUX 3JeMEHTOB. Takxke HET mpolieMm,
CBS3aHHBIX C PACTBOPUMOCTHIO MHUHEpPAJOB U MapamMeTpaMu MpoO, BIUAIOIIMMU Ha
pe3ynbTaThl aHanuM3a ApyruMu Meronamu. CHekTpsl HarmsiaHbel.  Meroauka o00pabOTKH
MO3BOJIIET MHHMMM3UPOBATh BiusHUE 3((EKTOB H30HpaTENbHOrO BO3OYXKICHUS H
TIOTJIOIIEHHUSL.

B nmocnegnue ronael mpoBeneH OONBIION 00bEM METOAMYECKHX paboT
CPaBHMUTEJIbHBIX aHAIM30B Ha pa3HOTUNHBIX cnekTpomeTpax D/IIPC-1 u VRA-30. Ouenenst
npeneiabl 0OHAPYKEHUsI SJEMEHTOB, BOCHPOU3BOAMMOCTh U JIPYTHE XapaKTEPUCTUKH (CM.
TabI1.).

Cnekrpomerp, DJIEeMEHTHI [Ipenen Bocnpowns- Amnanuzupye-
YCIIOBHS omnpejene- BOJIUMOCTh MBIN MaTepua,
aHaJM3a HUS, ppm pe3ynbTaToB, % | HaBecka
SOIIPC-1, Mn, Fe, Ni 1000 10-15 ['opubie
ITaHOPAMHBIN Cu, Zn 100,30-40 |7-10 IIOPOJBL, PY.HI,
amanu3 Ha 33 | As, Se, Br 5-10 5-15 IOYBHI, JOHHBIC
DJIEMEHTA 3a Rb, Sr, Y, Zr, Nb, | 2 -1 3-6 OCaJIKH,
5-10 muHyT. Mo 1-2 3-8 pacTeHus, 3071a
Anmon - W, |Pd,Ag,Cd 0.5-0.8 3-8 (moporiok
yCKOpSItolIee In 3-4 5-10 100 - 200 mem,
HaIpspDKEHUE Sn, Sb, Te, I 1-3 3-10 5 rpamm).
55 kB, Cs, Ba, La 3-5 3-10
nomsipuzatop  — | Ce, Nd 5-8, 20 4-15
AJTIOMUHUM. Pb, W, Hg, Bi 7-30-50 |[8-20

Th, U 20 - 30 15-20
VRA-30, 10 mun | Fe 500 4-8 To ke
Anon-Rh, 40 kV | Ni, Cu, Zn, Ga, | 10-15 5-10

W 20- 30 10-15
VRA-30, 10 mun | As, Se, 3-5 5-10 To xe
Rh, 45 kV Pb, Bi, Th 5-20 10-15
VRA-30, 10 mua | Rb, Sr, Y, Zr, Nb, | 2-3 2-5 To xe
Anon- Rh, 50 kV | Th 15-20 10-15

JIOCTOMHCTBA TOJISAPHU3AIMOHHBIX CIIEKTPOMETPOB — BBICOKAs MPOHM3BOJUTEIBHOCTH
(200-300 »memenToompenencHuit/uac) u uHpopmatuBHOCTH (30-50 smementoB 3a 1-3
npuema). OHM  yJOOHBI JIJII PYTHHHBIX AaHAJIM30B OOJIBIIMX MAaCCHBOB T'€OJIOTHUCCKHUX H
sKosiornyeckux nmpo6. Ha mydmux npubopax mpeensl 00HapyKeHUsT COCTaBISIOT JOIU ppm
B JIMana3oHe aTOMHBIX HOMepoB 20-50.
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YTOouHeHue cogepxaHunm Sr, Zr, Ba, Ce B cTaHgapTHbIX oOpa3uax
metoaom POA

Kancapaes b.2K., Punuunosa K.111.
T'eonocuueckuit uncmumym CO PAH, 2. Ynaan-Y0s, e-mail: bato(@geo.buryatia.ru

KauecTBO aHanmm3a CHJIBHO 3aBHCHT OT KadecTBa CTAHJAPTHBIX OOpa3IloB COCTaBa
(COC). TlosiBnenue BBICOKOUYBCTBUTEIBHBIX METOJOB aHAIM3a MOKa CIad0 OTPa3wioch Ha
kauectBe poccuiickux COC. Ha Sr, Zr, Ba, Ce ne arrectoBano ot 25% 1o 60% COC ropHbIx
MOPOJI U MPUPOTHBIX cpell. Majo JaHHBIX M0 UX HepeaTTecTanuu, Mano HoBbix COC.

[Ipn ouenke metposnoruueckux mnapameTpoB crnektpomerpa DIIPC-1 u otnaaxe
METOJIMK aHajun3a MPUMECHBIX 2JIEMEHTOB MO crmocoly craHmapra-GoHa PACXOXKICHHUS C
aTTECTOBAaHHBIMUA 3HAYCHHSIMH B II€JIOM OKAa3aJMCh Majbl, HO €CTh H CIy4aW OOJIBIIHNX
OTKJIOHECHHH. BpiOopka Takux mpoO mpuBencHa B Tabnuie (manaeple mo 100 mpobam - B
noknane). Jns cpaBHeHMs 37ech NpuBEACHbI nMaHHble 1o raddopo CI'J[-2 u dYerbipem
kutarickum COC. CopaeprkaHusi I1aHbl B I'/T, yCThI€ KJIETKHA — HE aTTECTOBAaHHBIC 3HAYCHMUSI.

Sr Zrx Ba Ce
JlaHHBIC HaIllk | aTT HaIllk | aTT | HAIIKW | aTT HaIllk | aTT
Meitmeuntr JIBM | 37,2 35 40,3 50 19,5 40? 15,6
['panut JABI' | 165 140? 73 70 70 70 50 50
KapOonatut 4220 4600? | 220 230 | 420 443 470
KBapuur Ks-1 | <2 <1 1,6 <1
I'a66po Mo-3 | 1240 1040? | 23,6 87 110 15,2
Mapuynoautr M2 | 74 120? 844 700 | 100 170? 222
JlysiBput MIII-4 | 800 800 2900 816 800 647
[lepunotur My-1 | 14,5 50? 4,0 9,2 66? <2
Kumbepimur My-4 | 345 280? 82,1 83 290 250 70
Tep. 'muaa CJIO-1 | 450 510 86 3820 33007 | 23
Bynk. Un  CHO-3 | 980 1400? | 167 170 | 1430 1300 39,4
['panur CI-1A | 14 20? 710 690 | 4,2 19? 62 62
I'panut Cr-3 |83 8 468 470 | 65 90 88 90
Uzsectasax Cu-1 |77 94? 5.4 31 6,2
Uzectasax Cu-2 | 410 500? 31,4 26 46,8 60? 12,2 187
Honomur  Cu-3 36,4 46 65,2 80 372 410 243
Casaronocutr CcB-1 | 5350 5200 180 185 | 7270 6900 223 219
3ona yraneit  3yk-1 | 3400 3300 100 119 {2700 2250? | 37 38
l'a6opo CI'JI-2 2270 2240 218 219 | 1610 1520 153 163
Sediment Gsd10 27,4 25.3 73,2 71 42,8 42 40,6 38
Soil Gss4 84 77 512 500 | 217 213 131 136
Soil Gss5 41,2 41,5 256 272 | 305 296 87 91
Soil Gss7 25,1 26 300 318 | 194 180 101 98

Jl1s BceX TUMOB TOPHBIX MOPOJ U TIOYB CTPOUIIN 0o01ue rpaayupoBku. [Ipu sTom nms
Ce u Zr cymmapHasi IOTrpelHOCTh cocTaBuiIa nopsiaka 6% B quana3oHe coaep:xanuii ot 20 1o
2000 r/1. lna Sr u Ba morpemHocTh 60JbI1Ie TTOYTH B 2 pa3za. Buaumo, 310 00yCIOBIICHO B
3HAYUTEIBHOM CTENeHN OUIMOKaMU aTTECTAllMH 3TUX AJIEMEHTOB B YacTH Ipo0.

TpeOyromue yTouHEeHHs (HAa HAIl B3IJISA) JaHHbIE OTMEUEHBI BOMPOCHUTEIbHBIM
3HakoM. HauOosnee 3aMeTHBI pacxXokAeHUs sl KapOOHATHBIX, YJIBTPAOCHOBHBIX TMOPOA U
noHHBIX ocankoB. [ POA na D/IIPC onpenenenue conepxkanmii Sr 1 Ba Beime 5-8 1/T B
3THUX U APYTUX THMAX MPOO 0COOOH CIIOKHOCTH HE MPECTABIISET.
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O6 nHTepnpeTauMmn mogenemn KPynHocT B
peHTreHodNyopecLueHTHOM aHanuse

3azopoonuii B.B.
Kuesckuii nayuonanvhwiii ynueepcumem umenu Tapaca [llesuenko
Kues, Yxpauna, e-mail: zww(@, univ.kiev.ua
3aBUCUMOCTh WHTEHCHUBHOCTEH aHAIMTHYSCKUX JIMHUH (IyOpecleTHOro W3Iy4YeHHsS OT
pa3MepoB YacTUIl U3TydyaTeNel sIBISIeTCS OJJHUM OJHUM U3 OCHOBHBIX (DaKTOPOB, BIUSIOIINX
Ha TOYHOCTH PE3yJIbTATOB PEHTICHO(IyOPECIEHTHOTO aHali3a MOPOIIKOBBIX MaTEpUANIOB.
CraHmapTHBIC METOJIBI TOMOTCHU3AIIMN TAKUX MAaTEPHUAIOB HE BCer/a MpuroaHbl. PaspaboTka
TEOPETUYECKHX METOJOB Y4éTa pa3Mepa uacTHI-33jJada akTyajbHas. CyliecTByroIue
TEOPUH y4eTa KPYIMHOCTH 0a3MpyIOTCS Ha ONPEACTIEHHBIX MPEIINOI0KECHUIX OTHOCUTEIHHO
XapakTepa TUCKPETHOCTH YacTHIl M pachpejeleHuss ux B mpoOe. B Hacrosieit pabote
MIPENIPUHSITA TIOMBITKA ONMUCAHMS PEIICHUS TaKOW 3a/J1aud, ONMHPAsCh HA TCOPHIO MEPHI H
unterpana Jlebera-Ctuntbeca. Kak usBectHo, unterpan Jlebera-Ctuntbeca ompenenéH Ha
COBOKYITHOCTH MHOKECTB, JIJIsl KOTOPBIX 3a/laHbl OTepald OObEAMHEHUS, TIEPECCUCHHS H
pPa3HOCTH—TAaK Ha3bIBaEMBIX OOpEIEBCKMX WM O-KOJbIlax. Ha OopeneBCKMX MHOKECTBax
CYLIECTBYIOT JICHCTBUTEIIbHBIC aJTUTUBHBIC (DyHKIIMU—OOpEneBCcKue Mephl 4. Jlns mobou -
m3mepumoit ¢pyuknuu f uHTerpan Jlebera-Ctuntreca I fdu o3nadaer ycpemHeHue 1Mo mepe
E

MHOXecTBa E, T7ie Mepa 3agaHa. Pazmep YacTHIl MOXXHO CUMTATh MHOXKECTBAMHU YHUCIIOBOM
OCH, T.K. K@KIOH YacTHIIC MOXXHO IIOCTaBHTh B COOTBETCTBHE 4HCIO—e& pa3mep. Bce
MHOYKECTBA YHCIIOBOH MPSMOH SBISIIOTCS OOPEIEBCKUMHU, a TOTOMY U3MEPUMBI OTHOCHTEIBHO
r000it Mepbl JIlebera-Ctuntbeca. Takum 00pa3zom, AJisi pacCMaTPUBACMbIX MHOXKECTB KJIaCCOB
KPYIHOCTH CIIPABEIMBBI YTBEPIKICHUSI TEOPUU MEPhI M U3MEPUMBIX (DYHKIIMH, 3aJaHHBIX Ha
THX MHOXECTBax. PaccMaTpuBaeTcs MpUMEHEHUE TaKOro Mmojaxoaa K Tteopun Berry-Furuta-
Rhodes. B aToif Teopun mpenmnonaraercs, 4To BCE YACTHUIBI UMEIOT OJMHAKOBBIN CpEIHHIA
pasmep a O6pasel pa36UBAIOT B CEYEHHH HA MHOKECTBO TOPU30HTANIBHBIX CI0EB. BriBeneHO
BBIpA)KEHUE JUISI yCPEAHEHHOTO H3nydeHus u3 (i+17) cios:

(1) = IOJ_iJ_lfnfEF(a_) . Beens o6osnauenue @(a)=1,aF (a)nf , WHTEHCHBHOCTh

M3Iy4eHus1 OT hiryopecuupyromei Gaspl MOKHO 3anucath B Buje: [, = (I)(Q)Z[IJT]" Kak
i=0

CyMMa IO BCeM cJOsAM. BplpakeHus Uil npomyckaHus cioé J,,J,  HaxomaT uepes

usBecTHble napamerpsl: 77, C,, C; U QYHKIUIO MIOTHOCTH OMHOMMAIIBHOTO PaclpeieieHHs
bayopecuupyomux U He(IyopeCMPHUIONINX YaCTUI] HA TIYTH U3ITydeHHs.. MOXXHO TOBOPUTH
00 oHOM (DYHKITMU pacmpenesieHus Ha Iy TH W3IIy4YeHus, J(a), clienaB MmonpaBKy Ha pa3HOCTh
MOTJIOMIAIONINX XaPAaKTePUCTUK 11 COOTBETCTBEHHO TEPBUYHOTO U  (DIyOpECIEHTHOTO
n3nydeHnit OyHKIuIO J(a) MOXHO MPEICTAaBUTh KaK MPOU3BOMISILYI0 (QYHKIIUIO TSI MEPBI
Jlebera-Cruntheca, v 31a GyHKIUSA sBIseTcs GyHKIUEH pacripenencHus mepol u(a) = dJ(a),

3aJJaHHOM Ha KoJblle MHOXeCTB vacTull. CyMMuUpys IO BCEM CIJIOSIM, HWHTEHCUBHOCTb
[IEPBUYHOTO U3JIy4YCHHUS, IIPOLLEIIETO i CII0EB [oJIy4yaem B BUJIE

I, = ZQJ(a)J(a) = jq)(a)dJi (@), a mist GIyopecueHTHOro usiny4enus 1, = Jlnd]i (a), Tne
i=0 E E,

E, E; onuchIBalOT paclpelieliCcHHe YacTUI] Ha MyTH W3Iy4YeHUS (Iyopecuupyromux u

He(dIyopecuUpYIOIUX YacTULl, a WHTETPUPOBAHUE MPOBOASAT MO PACHPEICICHUI0 MEPHI

YaCTHII HA TIYTH U3TyUYCHUSI.
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Bo3moxHocTn PPA reteporeHHbIX TEXHONOIrM4YeCKUX cmeceun

3azopoonuii B.B.
Kuesckuii nayuonanvhwiii ynueepcumem umenu Tapaca lllesuenxo
Kues, Yxpauna, e-mail: zww@univ.kiev.ua

Ha npumepe MHOIOKOMIIOHEHTHBIX CEpJCUHUKOB CBAPOYHBIX MOPOIIKOBBIX MTPOBOJIOK
PacCMOTpPEHBI BO3MOXHOCTH P®A TeTepOreHHBIX TEXHOJIOTHYECKUX MaTepuanoB. Jlis
BbIOOpa crocoba pacuéra MacCOBBIX JI0J€H OLIEHUBAIN BEIMYUHBI MEKIIEMEHTHBIX BIMSHUH.
B rpynne He menee 50 mpo0 Ha ATMHAX BOJH AQHAJUTUYECKUX JMHHUNA OIpPEIENIIeMBIX
HJIEMEHTOB PACCUMTBHIBAIM IapaMeTphl:  JIOMOJHUTENIbHOE BO30YXKAECHUE HU3IyYEHUEM
MaTpUIlbl; BEIMYUHBI APQexTa mnorjouieHus; 3P(GEeKTUBHBIC IMHBI BOJH MNEPBUYHOTO
CIEKTpa; MaccoBble KO3(PPUIMEHTH MOIVIOMIEHUsI MEPBUYHOIO M (IIyOpPECLIEHTHOIO
M3IY4YCHUH CMECSIMHM;, TIONPAaBKH HA TMOTJIOMICEHHWE W JIOTIOJIHUTEIbHOE BO30YXKICHHUE.
YcranoBiaeHo mnpeobnaganue abcopOUMOHHBIX A()QPEKTOB, BEIUYMHBI JIOMOTHUTEIBHOTO
BO30YKIEHUsI MaTpuled Ha MOPAAOK MeHblle 3(QEKTOB MOrIOIIEeHUs, IOMpaBka Ha
noABo30ykaeHue Onu3ka K exauHuie. [lpu npeHeOpekeHHM €10 TMOTeps TOYHOCTH HE
IPEBBICUT JOMYCTUMBIX TPeOOBAHMH K TOYHOCTH KOHTpOJiA. D(ddeKTuBHbIC IIUHBI BOJIH
NEPBUYHOTO CIEKTpa psga ONpEelesieMbIX JJIEMEHTOB HENOCTOSHHbI U 3aBUCAT OT
XMMHUYECKOT'O COCTaBa, B IMIEPBYIO OuYepelb, OT COJEpXKaHHUA OMKaHIUX COCeTHUX
AJIEMEHTOB, YTO OOYCJIOBJIEHO CEJIEKTHUBHBIM IOTJIOLIEHUEM MEPBUYHOIO H3IYUYEHUS ATHUMH
3JIEMEHTaMHU. YCTaHOBJECHO, 4YTO A(QQEKTUBHbIE JUIMHBI BOJH CBSI3aHBl CO CKayKaMH
MOTJIOUICHUSI COCEHUX «MEMIAIOIIMX» JJIEMEHTOB B IOIVIOIIAIONINX XapaKTepUCTHKAaX
OIpENeNIIEMBIX 3JIEMEHTOB. JTa CBA3b HMMEET pa3IM4HbIl XapakTep M 3aBUCUT OT
nepepacnpesesieHdss  BKJIaJ0B  Y4YacTKOB  IIEPBUYHOIO  CHEKTpa B BO30YKICHHE
¢uyopecueHIIMM ONpeAessieMbIX J1eMeHTOB. [l pacuéra MacCoBBIX [JOJEH MpeliokKeHO
UCTOJIBb30BaHUS TPEX YPABHEHUH CBA3M: OL-KOPPEKLHMH; YHpolueHHoro crocoba MOII ¢
3G GEeKTUBHON IIIMHOM BOJHBL, crocod Ap-xoppekuuu. OHU SBISAIOTCS TPUOTMKEHHBIMU

BapuantaMu MODII. Pacuérnbie BblpaxkeHns MOPII npenHasHadeHb! I8 TOMOTEHHBIX
MaTepuaigoB, TEXHOJOTHMYECKHE CMECH  SBISIIOTCA  PyAOMHMHEPAJIOMETALINYECKUMHU
KOMIIO3UTaMM, TJ€ TIpaHyJIOMETPUYECKUI COCTaB OTIEIbHBIX KOMIIOHEHTOB MOXKET
U3MEHATbCA B Mpefesiax TEXHUYECKUX YCIOBUH. DTO MOXKET OKa3blBaTh BIMSHHUE Ha
pe3yabTaT aHain3a. TpaAulMOHHBIE CIIOCOOBI TOMOT'€HU3AlMU HE MPUTOIHBI U3-3a HAJIHYUS
¢a3, He moATArOIMXCS CTAaHAAPTHBIM METOJaM poOOMOAroTOBKU. B cTabmisHOM Tiporecce,
OJIHAKO, TPAaHYJIOMETPUUYECKHN COCTaB KOMIIOHEHTOB MOJYKHO CYMTAaTh ITOCTOSIHHBIM.
[TpemioskeHo BBIMOMHATE P®A mpeccoBaHHBIX MOJMAMCIEPCHBIX TaOJIETOK-M3ITydaTeseit
IIOPOIIKOB  HEINOCPEACTBEHHO IIOCJIE TPUTOTOBIEHHA cMmecei. llpencraBuTenbHOCTD
obOecneunBaroT 8-10 wm3myuaTenell M3 pa3HbIX MECT CMECH C IpeABapUTEIbHBIM
JIOMEIIMBaHUEM Iociie oToopa. [ KOppeKUuM HyJeBbIX MPUOIMKEHUH TEOopeTHdecKue U
DKCIIEPUMEHTAJIbHbIE  WMHTCHCUBHOCTH  CBSI3bIBAIM  IIOJIMHOMAMM  IIE€PBOM  CTEIECHM.
PaccuutbiBay cpelHUE OTHOCHUTEIbHBIE TOIPEUIHOCTH OTKJIOHEHHS MAacCOBBIX JOJeH,
BBIUHCJICHHBIX 10 YPAaBHEHUSM CBSA3H, OT YCTAHOBJIEHHOI'O UX COJEP)KAaHUS B KOHTPOJIBHBIX
CMecsiX, KaK OLEHKY NpaBWJIbHOCTH. HammeHblve 3HaY€HUs] MOrPEUIHOCTEH JOCTUTHYTHI
criocobom Ap -koppeknuu. M3moxkeHHble pe3ybTaThl MOJO0KEHBI B OCHOBY METOIUK PDA

psila TEXHOJOTUYECKHX CBApOYHBIX KOMIIO3MIMK. MeTposiorudeckas arrectanus crocoda
pacuéra MaccoBbIX aoJied A -koppekuuer mnoarBepawna, uro Il; u Il; He mpeBocxoasT

HOPMHPYEMBIX BEJIMYHUH.
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PaspaboTka MeToamMyeckux noaxonoB ANsl aHanu3a MbileYHbIX
TKaHel MeTOAOM pPeHTreHo-thyiyopecLeHTHOro aHanumsa ¢
MCMONb30BaHMEM CUHXPOTPOHHOIO U3Ny4YeHuUs

B.B. 3s6epesa, B.A. Tpynosa
Huemumym neopeanuyeckout xumuu um. A.B. Hukonaesa CO PAH,

630090 Hosocubupck, np. Axkao. Jlaspenmvesa, 3.

ConepkaHue OJHUX M TEX € 3JIEMEHTOB B OMOTKAHAX 3a4acTyl0 BapbHpyeT Ha
HECKOJIbKO TIOPSIKOB BEJIWYMHBI - B 3aBHCHMOCTH OT THNA TKAaHH W €€ COCTOSHUS
(maTosyorus), MO3TOMY JUIs OINpPEesICHUs] KOHIICHTPALUI 3JIEMEHTOB MCIOJIb3YIOTCS Pa3HbIe
OMOCTaHIapThl, B KOTOPBIX COJAEpKAHME AJIEMEHTOB OJM3KO K MX COJAEpKaHUIO B 0Opasle,
Ouosoruueckas MaTpuila CTaHAapTa MPU 3TOM MOKET OBbITh HEe MISHTHUYHOM HCCIIEIyeMOMY
MaTtepuany. Bo3HHMKaeT Bompoc: MpaBOMEPHO JIM MCIOJNb30BaHHE CTaHJAapTa C MaTpHIeH
OTJMYHOI OT OMomatpuisl o0pasiia, U MPH KaKUX yCIOBUSX 3TO BO3MOXHO?. C 3TOil 1enbio
JUTSL KQXKJIOTO U3 MCTIONb3YEMbIX MEXIYHApPOJHbIX cTaHAapTHEIX 00pa3uoB: NIES Ne6 (msrkue
TKaHu MoJuttocka, MbIbl), NIST 1566 (msrkue Tkanu ycrpuibl), NIST 1577 u NCS ZC
85005 (tkanm Obrubeil meuenu), [AEA A-13 (kpoBb xuBOTHBIX), NIES Ne2 Freeze-dried
human serum (chIBOpOTKa KpOBH 4eJIOBeKa) OBUIM paccuuTaHbl  KOd(PPHUIIUEHTHI
OTHOCUTENIPHOW  CHEKTPOMETPHUYECKOW 4yBCcTBUTENBbHOCTH (Rjs) MO OTHOIIEHHIO K
KOMIITOHOBCKOMY TIMKY ISl K&KIOr0 W3 ONpeAesieMbIX 3JeMeHTOB [l, 2], mocTpoeHb
KpPHUBBIE OTHOCUTEIBHOM CIEKTPOMETPUUYECKON YyBCTBUTEIBHOCTH. VI3MepeHust IpOBOMIUCE
Ha CTAHUUU JJIEMEHTHOTO PEHTTeHO(IyOPECIEHTHOIO aHajh3a C MCIOJIb30BaHUEM
cuHxpoTpoHHoro uznyuenus (POA-CHU, BOIIII-3, USAD CO PAH); sneprust Bo30yXJIeHUS:
13, 18 u 20 xk3B. [Ipu cpaBHEHUU KPUBBIX OTHOCUTEIbHON YyBCTBUTEIBLHOCTH, HATIPUMED, AJIs
cTannapTHbix 00pasuoB Bovine liver NIST 1577 (tkanb neuenn) u Mussel NIES No6 (msrkue
TKaHU MOJUTIOCKA), ObUIO OOHApYKEHO, YTO OHU MPAKTUYECKU COBIAAIOT. 3HAYMMBIC
otnnuusa (n=5, P=0.95) B BenuuuHax Rjs 11t 3TUX ABYX CTaHAAPTOB HAOIIOJAIOTCS TOJBKO
s K, XxoTs cogepkanne HEKOTOPBIX 3JIEMEHTOB B HUX OTJIMYACTCS Ha MOPSAJOK BEITMUMHBI;
MaTpulla OJHOTO CTaHAapTa MPEACTaBIsSeT COOON OPraHMYeCcKYH COCTaBISIONIYI0 TKaHH
nedyeHu ObIKa, JPYyroro — MBIIIEYHON TKAaHM MOJUIIOCKA. TakuM o0pa3oM, HCIOJIb30BaHUE
CTaHJapTa TKAHM [I€YEHH IMPABOMEPHO [UIsl OMNpPENETCHUs] COACpKAHMSI DJIEMEHTOB B
MBIIICYHBIX TKaHAX (3a uckitouenueM K), napsay co crangaprom NIES Ne6.

TonmuHa uccaenyeMpix 00pa3loB BapbUPyeT B 3aBUCHUMOCTH OT THUIIA HUCCIIETyeMOMn
TKaHU, KPOME TOr0, UCCIIeAyeTcsl OMONCHIHBIA MarepHuai (€ro KOJIMYeCTBO OTPaHUYEHO).
Tonmuua obpasna npu PDA ananuze sABIAETCS KPUTHYCCKUM (PAKTOPOM M JOJHKHA OBITH
ompejeneHa s Kaxaou rpymnmsl s1emMenToB [3]. [Ipu uccnenoBaHuy BIMSIHHS TJIOTHOCTH
M3IyYaTessi Ha BETMYUHBI KO3()PHUIIMEHTOB OTHOCUTENFHON YyBCTBUTEIBHOCTH (Ha TIpUMeEpe
CTaHIapTHOTO 00pa3a TKaHU MEYeHH) ObLIO BBISIBICHO, YTO 00JACTh JIIEMEHTOB OT Mn 110 Zn
WCTIBITHIBAET HAWMEHBIIEE BIMSHUEC W3MEHEHHUs IUIOTHOCTH TAOJETKH CTaHapTa (dHeprus
B030yxeHus 17 k3B) npu HOpMUPOBAHUM IJIOLIACH MHUKOB ONpENEIsIeMbIX JIEMEHTOB Ha
MUK KOMIITTOHOBCKOTO pAacCesiHHA. 3HAuMMble OTJIMYHMA B BeIUYMHAX Kod(dummeHToB
OTHOCHUTENFHOM UyBCTBUTENBHOCTH (Ris) TpuM H3MEHEHMH TOBEPXHOCTHON IUIOTHOCTHU
u3nydarens ot 14.9 no 45.8 MI/cM? HaGITFOIAIOTCS TS K, Ca, Fe u Rb.

1. E.D. Greaves, G. Bernasconi, P. Wobrauschek, C. Streli, Spectrochimica Acta B 52 (1997)
923 —933.

2. L.M. Marco, E.D. Greaves, J. Alvarado, Spectrochimica Acta B 54 (1999) 1469-1480.

3. R. Al-Merey, J. Karajou, H. Issa, Applied Radiation and Isotopes 62 (2005) 501-508.
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K peHTreHocnekTpanbHomy onyopecLueHTHOMY aHanu3y
NNeHO4YHbIX 06pa3L 0B Ha OCHOBE PerpecCUOHHbIX YpaBHEHUM
CBsA3U 6e3 npuBrevYeHUs cneymanbHOM NONpPaBKU Ha BENIUYUHY
NOBEePXHOCTHOM NJIOTHOCTHU

Henamosa 10.4., Copouuncras M.A., [yiimakaes LI H., [Jeemanckuii A.JI.
FOoxcuwiii pedepanvrwviii ynusepcumem, Pocmos- na -/[ony, e-mail: ahcik@mail.ru

B pa6ore [3] npumenurensHo k PCDA «HeHACHILIEHHBIX» 00pa3loB B pPaMKax
noaxoja [1,2], OCHOBaHHOTO Ha MCIOJIb30BAHUYU BBIPAKCHUS ISl BETUUUHBI TIPEBBIIICHHUS O

(Mo cpaBHEHHIO C €IUHUIEH) B HOPMUPOBOYHOM MHOXKHTEIE (l+5) K BeJIMYMHE
WHTEHCUBHOCTHU (hITyOpecleHIINN deMeHTa 4 ¢ yuyeTom o0o3HaueHui B [1,2]:

EY
S=al —— 1| Hu (1)
ZCi lum(lJrA)

rne Hon(154) = %lm] + Iu._mA ) (2)
sing  siny

TCOPECTUICCKU 000CHOBaHAa BO3MOHOCTH 0606H1€HI/I${ Pa3sBUBACMOTI'0 IMOAXOOdAa Ha Cﬂyqaﬁ,

KOIJIa HEHACHINIEHHOCTh ()IyOPECHHUPYIOIIEro CIIOS UMEET MECTO TOJBKO JUIS HECKOJIBKHX

3JICMCHTOB 06paSI_[a.

3anucanHas B pa3BepHyTOil (opme s 4-KOMIOHEHTHOTO oOpasla BeiduduHa g7

m

MMEET BUJI
ﬂ;w = /Um(1+A)CA +lum(1+B)CB +lum(l+D)CD + ﬂm(1+E)CE . (3)

Hns cucrempr Cr-Fe-Ni-Ir — B yClOBHSIX HEHACBHIIIEHHOCTH [JIi BCEX JJIEMEHTOB
obpaszua (20-25%, 20-25%, 20-25%, 25-40%; 0,00007-0,0002 F/CMz) 0 JAaHHBIM 15-TH
oTpeieNIeHUI KaKI0To dJIeMeHTa 0e3 BBEICHHUS TOTPEITHOCTH B BEIMYMHY PACCUYUTHIBAEMOMN
WHTEHCUBHOCTU (PKCIEPUMEHT Ha MAaTEeMaTH4YeCKOW MOJIEIH) MOJy4YeHbl OTHOCUTEIbHBIC
CPEIHEKBaIpaTHYECKHE MTOTPEITHOCTH GCOOTBETCTBEHHO 2,7%, 1,8%, 0,7%, 1,8%.
Pe3ynbTHupylomas MOrpelIHOCTh g B JAHHOM ClIydae COOTBETCTBYET YHCTO METOAMYECKOMN

IMOrpCIHOCTU Pa3BUBACMOI'O crocoba aHam3a.

1. Ayiimaxaes II.H., Bepwunun A.A., Yupxos B.H. // 3aBoackas maboparopus.
Huarnoctuka marepuanon. 2001. Ne7. C. 17 - 21.

2. Hyimakaes LY., Bepuwunun A.A., Hyiimaxaesa T.I'. // Te3. nokn. III Beepoccuiickoit u
VI Cubupckoii kKoH(pEpEeHIIMU O PEHTICHOCTECKTpadbHOMY aHanmm3y. Hpkyrtck, 1998.
C.12.

3. Iyimaxaes LILHU., [{younuna FO.A., Kupukosuu M.A., [{eemanckuii A.JI. // Te3. noxn. IV
Bcepoccuiickoit KOHPEpPEHIIMH TI0 PEeHTreHOCTeKTpaibHOMY aHanu3y. Mpkytck, 2002.
C.61.
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O cBsI3n aHaNMTUYECKOro curHana c KOHLleHTpaLIMeﬁ B
pPeHTreHoCnekTpasiibHOM aHalrim3e

Hnoun H.II.
HIIII «KBAHT», Mocksa, e-mail: nilyin-rsa@mail.ru

OnHa M3 OCHOBHBIX 3aJad TEOPUHM METOAOB  PEHTIC€HOCHEKTPAJIbHOIO aHaIHu3a
COCTOMT B YCTAHOBJICHHM CBS3UM M3MEPEHHBIX MHTEHCUBHOCTEH JMHHUI € coJep:KaHuEeM
KOMIIOHEHTOB. B Teopun u npaxktuke PCA mpuHATO BbIpakaThb COJEP’KAaHUS B MaCCOBBIX
MPOIIEHTaX 0e3 JOCTaTOYHOTO TEOPETHYECKOT0 00O0CHOBaHMS. B kimaccmyeckux paboTax 1o
aTOMHBIM criekTpaM [1] Obl10 MOKa3aHo, YTO BCE CBOMCTBA CIIEKTPOB OMPEACISIOTCS TOIBKO
aTOMHBIMM HOMEpPaMH JJIEMEHTOB, HO HE UX aTOMHBIM BecoM. B [2] mokazana dusmdeckas
HEKOPPEKTHOCTh  HUCMOJb30BaHUS IUIOTHOCTH M uucia ABOraipo (XapakTepHCTUK
OJTHOPOJHON cpeAbl) [UIsl yCTAaHOBJEHHSI 3aBUCUMOCTH HMHTEHCUBHOCTH OT MAacCCOBBIX
nporieHToB B PCA.

W3BecTHBIE (HhOpMYIIBI TEpecyeTa MPOLUEHTOB SBISIOTCS HEIWHEHHBIME (YHKIHSIMHU,
YTO MPUBOJUT K M3MEHEHHUIO COOTHOIIECHUHN a/C AJs Pa3IMYHBIX COCTaBOB .OTHOCUTEIbHbBIE
u3MeHeHus: Aa/Ac MOTYT MEHSATBCS B JICCATKU pa3 MpU OOJIBIION pa3HUIIE AaTOMHBIX HOMEPOB
KOMIIOHEHTOB, YTO MPHUBOJUT U3MEHSIOLICHCS MOrpelrHocTy nepecyera mnpoueHTos[3]. [Ipu
OINpEACICHUN TSKENbIX 3JEMEHTOB B JIETKOM MaTpUlle «HACBILLEHUE» TpajyupOBOYHOMN
KPUBOM HacTymaeT mpu HeOOoIbIINX (HECKONbko %Macc.) coaepxkanusix. [Ipu rpagyupoBke
[0 aTOMHBIM MPOLEHTaM JIMHEHHas: 001acTh XapaKTePUCTUKH 3HAUYUTEIILHO PaCIIUpSETCs,
BILJIOTH 70 Bcero unTepnana (1o 100%).

B pabote [3] Ha mpuMepax aHaIU30B CHCTEM C YBEIHMYMBAIOUICHCS Pa3HOCTHIO
ATOMHBIX HOMEPOB AJIEMEHTOB MOKa3aHO, YTO Ipu rnocTpoeHnu ['X mo MaccoBbIM MPOLIEHTaM
NOJy4aroTcs mapaboiudecKkue KpUBble, MPH aTOMHBIX MPOLIEHTaX — JIMHEHHbIE TpaduKu JUIs
Tex ke cucreM. [Ipum HenmuHeiHbIX rpadukax HE0OXOAMMO BBOAMTH MOMPABKH, KOTOPHIE
OTHOCAT Ha MaTpU4HbIC P PEKTHI [2].

OO0paboTka psaa UMEBLIMXCA B JIMTEpaType aHAJIUTHUYECKUX JAHHBIX H
IpagyHpOBOYHBIX XapaKTEPUCTUK ISl pa3JIUYHBIX CUCTEM C UCIIOJIb30BAHUEM KJIACCUYECKOIO
cxembl POA, ¢ paguMoOakTUBHBIM HCTOYHUKOM, C SHEPIOJUCIEPCHOHHBIM CIIEKTPOMETPOM,
IIPU 3JIEKTPOHHO-30HA0BOM MUKPOAHAIN3€ NI0Ka3aa, 4YTo MoJyYeHHble HenuHeinble I'X npu
I(c) mpu nepecuere o 1(a) gar0T IMHEHHBIC XapaKTEPUCTUKU JTSI aHATUTUYECKUX JTUHUH.

1. 3ommepghenvo A. Ctpoenune aroma u cnektpsl. Ilep. ¢ Hem.T.1 M.I'ocrexTeoppen. 1956.
591 c.

2. Unvun H.I1. 3aBoackas nabopatopus. Jnarnoctuka marepuanos.T.74. 2008. (B mevyarn)
3. Unvun H.I1. Xypnan ananutuyeckoit xumuu. 2007. T.62. Nell.c.1210-1217
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AnbTepHaTUBHbIN PeHTreHOMTyoOpeCLeHTHbIN aHanm3

Hnoun H.II.
HIIIT «KBAHT», Mocksa, e-mail: nilyin-rsa@mail.ru

PazButue xommuectBeHHoro P®OA wumer mo myTd  TOWCKOB M Ppa3paboOTOK
JIbTEPHATUBHBIX MAaTEeMaTHYECKUX CIOCOOOB M METOJUK aHajau3a, Oa3supyrolmuxcs Ha
U3BECTHOM YypaBHeHuu lllepmaHa M HCNONB30BAaHMM CTAHJAPTHBIX 00pa3LoB  JUId
HOpPMMpOBaHUs mapameTpoB. Takoil moaxon 3(pQeKTHBEH NpU NPOBEIEHHMH MAaCCOBBIX
AQHAJIN30B OJHOTUIIHBIX MAaTepUaJIoB. J[JI OMHOYHBIX aHAJIN30B Pa3IMYHBIX MaTEPHUAJIOB
TpeOyeTcst uHoi noaxo. Kpome toro cymectByer psaa npobiem POA, orpanrnunBarommx
BO3MOXHOCTH METOJia: MO pa3mepaMm U (opmam 00paslioB, KaueCTBY UX IMOBEPXHOCTH,
HEOOXOIUMOCTh 3HAHMS CIEKTPAJIbHOIO COCTaBa BO30YXKIAIOIIETO0 CIEKTpa M €ro
U3MEHEeHMs B 00pa3liax CpaBHEHUS, BBICOKHE TPeOOBaHU K TPOOOMOATOTOBKE.

B ocHoBe paspaboTaHHOro ampTepHATUBHOTO MeTona PDA momokeHbl HOBBIC
pELIeHNs Ha BCEX dTalax aHaJIn3a:

Cnocob npob6onoo2omosxku TOHKHX CIIOEB WH3iIydareiaeil Ha HUIM(OBaIbHbBIX
Oymarax. OTo0 o0ecrnedynBaeT BO3MOXKHOCTh aHajM3a OOBEKTOB, 0€3 OrpaHWYEHUs HX
pa3mepoB, (HOpMBbI, KaUeCTBA TTOBEPXHOCTH.

Ananumuyeckum cueHaniom sSIBISETCS OTHOLIEHUE NHTEHCUBHOCTEN CIIEKTPaIbHBIX
JUHUM KOMIIOHEHTOB. IIpum 3TOoM oTnagaer HEOOXOJUMOCTh 3HAHUS CHEKTPaJIbHOTO
coCTaBa IEPBUYHOIO M3JIY4YECHUs M ydeTa €ro M3MEeHEeHHMs B oOpa3liax CpaBHEHHs, UTO
TpeOyeTcsl TpU aHajau3e [0 OJMHOYHBIM JIMHUAM. VICKIIOYaloTCs MOTpEIHOCTH
U3MEPEeHUIl 3a CYeT KayecTBa IOBEPXHOCTU NPOObI, €€ YCTAaHOBKM B CIIEKTPOMETD,
HECTaOMIBHOCTH PEKUMOB MUTAHUS.

Ananuz 6 moHKUX cnoAX WCKIOYaeT MaTpuuHble 3(P(EKThI, ydeT KOTOphIX B
TpaiuuuoHHOM P®A sBiseTcs IJIaBHOM TPYAHOCTBIO, BIMSIOLIEH Ha IPaBUIBHOCTD
aHaJIN3a.

Cnocob yuema ¢hona npu aHaIN3€ TOHKUX CIIOCB

Cnoco6 onipenieneHus TOMIINH CJIOEB U TIIICHOK

Kosgppuyuenm — omnocumenvnvix — unmencugnocmeti  Kij ~ —€JIMHCTBEHHBIN
MOCTOSIHHBIM 3MIMPUYECKUIl MapaMmeTp JUisl JAaHHOM Mapbl 3JEMEHTOB B  JIHOOBIX
COUETaHMSAX C APYTUMU DJIEMEHTaMU

Cnocob amnanuza u ¢opmyna pacuema COACPKaHUM KOMIIOHEHTOB IO HX
OTHOCHUTEJIbHBIM UHTEHCUBHOCTSIM 0€3 BBEJICHUS MONIPABOK HAa MaTpUUYHbIE 3()(PEKTHI.

Hcnonvsosanue amommuvix npoyenmog COJAEpKaHUs KOMIIOHEHTOB. DTO OTBEYAeT
peasbHbIM  (PU3MUYECKUM YCIOBHUSM PEHTI€HOCHEKTPAIbHOIO aHalIM3a, CYLIECTBEHHO
pacmupsieT TuHelHyo 06macts ['X, moBbimaeT Ko3QQHUIUEHT YyBCTBUTEILHOCTH.

AHanuTHYeCcKne BO3MOXHOCTHM METOJA IPOWUJUIIOCTPUPOBAHBl  pe3ysbTaTaMU
aQHAJIM30B CIIAaBOB L[BETHBIX METAJJIOB CO CIIELUAIbHBIMU CBOMCTBAMU, PA3JINYHBIX THIIOB
CTaJIei, MOPOILIKOB, IOBEIMPHBIX M3/EIHI, MHOTOKOMIIOHEHTHBIX OKHCIIOB 0e3 00pa3ioB
CpaBHEHUS U y4eTa MaTpUIHBIX 3 (eKToB.

1. Unvun H.I1. Te3ucwl noknanos «Ananutuka Poccun 2004» Mocka PAH 2004. ¢.259.
2. Unvun H.I1 3aBonackas maboparopus. J{narnoctuka. matep-B T 71 2005. Ne 8 ¢.3-11.

3 HUnoun H.I1 Tesucw noxmanoB V Beepoce. Kornd-mmu mo PCA. Mpkytck 2006. c. 56.
4 HUnvun H.II. 3aBonckas maboparopusi. Jlmarnoctuka marep-B. T.73. 2007 Ne 9. c. 8-17.
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NMonykonnyecTBeHHbIN PeHTreHOMNyopeCLEeHTHbIN
aHanus cnnaBoOB Ha CNeKTpomMeTpax
cepumn «CINMEKTPOCKAH-MAKC»

Kanunun B.J]., Cepeees FO.H.
HIIO «Cnexmpony Canxm-Ilemepbype, e-mail: to@spectron.ru

[TosnykonuuecTBEHHBIN aHAIN3 CIUIABOB C MCIIOJIb30BAHUEM IIapaMETPOB MOTJIOLICHUS
ObL1 mpeioxkeH B padote [1] st ciektpomerpa CITAPK-1M. [lanpHeliee pa3BUTHE 3TOTO
crniocoba ananusa 6bu10 onpoboBaHo Ha cnekTpomerpax cepun «KCIIEKTPOCKAH MAKC».

[Ipy ananu3e cmjaaBOB MO M3MEPEHHBIM HHTEHCHUBHOCTSIM AHAJUTHUECKUX JIMHUUN
AJIEMEHTOB MPOU3BOAMUTCS PACIIO3HABAHUE THUIA CIUIABA U PACUYET COAEPKAHUN IO CUCTEME
YpPaBHEHHHU CBSI3U BUJIA:

wa _ B,
’ 1-1,+P"1,

roe: [ - CKOpPOCTh cuéTa aHAIUTHYSCKOM JIMHUH, HCHpaBHeHHOﬁ Ha (I)OH, HaJIOXKCHHC

1

n B =y - S ) -C),

1

CIIEKTPAJILHBIX JIMHUH W TPOCYETHI 3JCKTPOHHOTO TpakTa, P - aOCOpOLMOHHBIN (BaKTOp
(Teopernyeckuii KOd((GUIMEHT, 3aBHCAIIUNA OT OTHOIICHUS aOCOPOIMOHHBIX CBOWCTB
MaTpPHUILIbI ¥ OINpPENesieMOro 3JEMEeHTa, a TakKe OT pexkuma paboThl criekTpomerpa. J u J gy
CKOPOCTH CuéTa aHATUTHUYECKOW JIMHHUM OJJIEMEHTa B MATpUIlE M B YHUCTOM 0Opasie
(paccuuThiBalOT 1O  TporpamMme  «TeopeTHdyeckMxX ~ HMHTEHCHBHOCTEW»). Ilpomemypa
IpaJyupOBKHU 00IIast Al BCEX THIIOB CIUIABOB: M3MEPSIOTCS CKOPOCTU CYETa aHATUTUYECKUX
JUHUN B TpaayupoBOYHBIX oOpasmax ('O — umcThie 3JIeMEHTHI) U B KOHTPOJIBHOM 0Opasiie
(KO). Mna mnposepku crocoba mnpoBoauics aHanuz ['CO 4YyryHOB, YIJIEPOAMCTHIX,
JCTUPOBAHHBIX UM  OBICTPOPEXKYIIMX CTajel, HHUKEJIEBBIX CIUIABOB, JIATyHEH, OpOH3
(aIIOMUHUEBBIX U OJIOBSIHHBIX), allOMUHHUEBBLIX CIUIaBOB. [lo BceM rpyrmmam ciuiaBoB ObLIN
MOJTYYCHBI YIOBJICTBOPUTEIBLHBIC pe3ysbTaThl. [IpuMep pe3yibTaToB ONpeAeieHHs XpoMa,
MOJINO/ICHA U HUKEJSI B ISTHPOBAHHBIX CTAJISIX MIPUBEICH B TAOIUIIE.

TIpuGop CIIEKTPOCKAH MAKC-GV CIHEKTPOCKAH MAKC-G
Dnement | XPOM MOJIUBJIEH HUKEJIb
Cpac-{s CaTT, A?’% CpaC'{a CaTTa AEJ,% CpaC‘ia Carr, A?,%
rCco % % ANY% | % % ANY% |9 % A %
20,33 (20,5 | 017 | 0,127 0,027 | 7,00 6,97 0,03
JI32s | 40,12 | 40,1 0,45 | £0,002 | (0,1) 0,03 +0,05 +0,06 0,20
1625 | 1626 | —001 | 0.0088 | 0006 | %9928 | 1064 | 10,56 0,08
JIT33B 40,09 | +0,05 | 0,35 | £0,0011 | £0,001 | *e HOpM. | +0.06 40,05 0,35
17,18 | 17,16 | 002 | 0261 | 0251 0,01 9,54 9,56 -0,02
JIr34s | 20,09 | +0,05 | 035 | 40,004 | +0,004 | 0,04 | +0,06 | +0,05 0,20
17,93 17,9 | 003 10312 |0,297 0,015 | 781 7,89 -0,08
JIT'358 40,10 | 0,1 0,35 | +0,004 | 0,005 0,04 +0,05 +0,06 0,20
14,94 | 1487 | 007 10128 |0,116 0,012 | 12.00 11,88 0,12
JIT368 40,08 | £0,03 | 0,35 | £0,003 | £0,003 0,03 +0,06 +0,03 0,35

*A, % - Tpene BO3MOXKHBIX 3HAUEHUI MOrpemHocTy pe3yiabratoB ananuza no [OCT 28033-
89 «CTAJIb. MeTton peHTreHO(DITyOpECIIEHTHOTO aHATTN3ay.

1. Kanunun b.J[., I[lnomnuxkoe P.H. IlpumeHeHHEe NOPTATUBHOIO PEHTTEHOBCKOIO
cnekrpomerpa CITAPK-IM nnist ananusa craneid u crutaBoB // “3aBojckasi jaboparopus’”,
1998. T. 64. Ne9. C. 29 - 32.
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PeHTreHohnyopecueHTHOe onpeaeneHne meam B MeAHbIX pyaax u
KOHUEeHTpaTax

Kanunun B.J1., *[Jumaxypuosze O.B.
HIIO «Cnexmpony, Cankm-Ilemepoype, e-mail: kalininu@online.ru

*40 «Maoneynuy, Kaspemu (I py3us), e-mail: laboratoria@madneuli.ge

WNHtepBanbl  ompenensieMbIX — CoaepKaHUM Menu B pydax  MaaHeynbCKUX
MectopoxaeHuit coctaBisaioT oT 0.1% nmo 2,5% wu or 7% po 25% B KOHILEHTpaTax.
CopnepxaHue UHKA B 3TUX Marepuanax He npesbimaet 0,5%, nHTepBa conepkaHus xKese3a
ot 5% 1o 35 %. [lopomooOpa3yomumMu B pyiax SBISIFOTCS OKCHJIBI KPEMHUSI, aTFOMUHUS U
cynbdar kanbuug. ConepkaHue cepbl B KOHIIEHTpaTaX pa3HbIX KapbepoB MOXKET U3MEHATHCA
or 10% no 50%. Jns ompeneneHusi coAepKaHUKW MeIW HCIOJIb30BAIUCH MOPTATHUBHbBIC
kpuctami-nudpakuonnsie peHtreHoBckue crekrpomeTpsl «CIIEKTPOCKAH MAKC-Gy
(BO3aymIHbIN) ¢ peHTreHoBckoil TpyOkoit bX-7 (amon Ag, 40 kB, 0,1 MA) wu
«CIIEKTPOCKAH MAKC-GV» (BakyyMmHBIi) ¢ peHTTeHOBCKOM TpyOkoit bXB-17 (anon Pd,
40 kB, 0,5 MA).

[IpoGrl Ha peHTreHo(IyOpeCHEeHTHBIH aHadu3 IMOCTYMaloT B BHUAE IMOPOIIKAa C
KpynHocThIO 3epeH ~70-100 mxM. YacTtb mpoOsl Maccoit 10 T AOMOJHUTENBHO U3MENbYAIOT B
nabopaTopHoM JuckoBoM uctupatene JIJIM-65 no kpynHocTH 3epeH mopsiaka 5-20 MKM.
[TogroroBka 00pa3oOB I W3MEPEHHH MPOBOAWIACH JBYMS CIIOCOOAMH: HACBIIKOW H
npeccoBanueM. M3menpuéHHas npoba Hackmanach BO (hTOPOILIACTOBYIO KiOBeTY & 20 MM,
YIUIOTHSUIACh CTEKJSIHHOM IUIACTUHKOM M aHaJIM3MpyeMasl IOBEPXHOCTb 3aKpbIBajlach
JIABCAHOBOM IIIEHKOH; PEKOMEHJOBAHO HCIIONB30BaTh s pyaAbl. B mpecc-dpopme & 20 Mm
npeccyroT (pUrypHbIM IMyaHCOHOM KIOBETY U3 O0pHO# kucioThl Ha npecce [II'P-10 ¢ ycunuem
2 1. 3aTeM B KIOBETY M3 OOpHOW KHCJIOTHI HACHITIAIOT U3MEIbUYEHHYIO MPOO0Yy U MPECCYIOT C
ycunueM 7-8 1. [IpeccoBaHre peKOMEHJ0BaHO MCIOJb30BaTh /JIsl KOHLIEHTPATOB.

Jns  rpaxydMpoBKHM CIEKTPOMETPOB HCIOsb3oBauch KoMmIiulekTsl CO  cocrasa,
paspaborannbie AO «Maaneynm». JonomautensHo 3td CO ObUTM MPOAHATU3UPOBAHBI B
aKKpeIUTOBAaHHBIX JabopaTopusax «MexaHoOp WHXHHUPHHT aHaIUT» U «HOpHIbCKuii
HUKEJbY» TUTPUMETPUUYECKUM, aTOMHO-a0COPOIIMOHHBIM U aTOMHO-OMHCCHUOHHBIM METOJaMHU
aHayin3a. MakcumanbHOE pacX0XkI€HUE Pe3yIbTaTOB ONPEAEICHUS MEIU B KOHLIEHTpATax He
npesbimano 0,5% adc. B atux CO 6bu10 00HapyxeHo ot 0,1% g0 4% III1I1.

[Ipn ompeneneHun wmenu WUCHONb30BaIM aHanuTuueckyro mauauo CuKp. s
cnektpomerpa «CIIEKTPOCKAH MAKC-G» mnonydyeHa yJIOBIIETBOPUTENbHASI CpPEIHSsSA
KBaJpaTUyecKass MOTPEIIHOCTh JUHEHHOM TIpagynpoBOYHON 3aBucuMoctd 6.=0,06% B
nuanaszone conepxkanuit menu ot 0,1% no 2,5% B pynax. CraTuctuyeckas MOTPEHIHOCTD
u3MepeHuit cocrapisia 26 ,=0,006% nis HUKHUX conepxaHuil U 26.,=0,016% nns BepxHUX
conepxkanui. Mg  cnexktpomerpa  «CIIEKTPOCKAH  MAKC-GV»  nonyueHa
YIOBJIETBOPUTEIbHAS CPEIHSS KBAIpaTHUECKas MOTPEIIHOCTh IPAlyHPOBOYHOMN 3aBUCUMOCTH
[Cu]=a,1(Cu)/I(S)+azl(Cu)/I(nc) 6:=0,21% B nuamazone comepkanuii Mmeau ot 7% mo 25% B
KOHILIEHTpaTax pa3HbIX KapbepoB. (CTarucThueckass MOTPEeIIHOCTh U3MEPEHUN COCTaBIsia
26,=0,07% s HWKHUX coAepkaHuh U 26,=0,43% st BepXxHuUX cojaepxaHuid. s
crektpomerpa «CIIEKTPOCKAH MAKC-G» mnonydeHa yJIOBIECTBOPUTENIbHAS CpPEAHSA
KBaJipaTu4yecKas MOTPEIIHOCTD rpagyupOBOYHOMN 3aBUCUMOCTH [Cu]=-ap+a+l(Cu)-
a,l(Cu)*I(Fe)+asl(Cu)/I(nc) 6,+=0,20% B nuamnaszone conepxkanuii meau ot 0,1% mo0 25% B pyaax
U KOHIIGHTpaTaxX OJHOro Kapbepa. CTaTucTHYecKasl MOTPEIIHOCTh M3MEPEHUN COCTaBiIsIa
26,=0,01% nns HIKHUX coaepkaHuil U 26,=0,5% 1 BepXxHUX conaepxaHuM (CBSI3aHO C
HU3KOW CKOPOCTBIO CUE€Ta HEKOT€PEHTHO PAaCcCEeSHHOM JTMHUHN Ag-aHOa).
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CneKTpaanblﬁ n MHBepCVIOHHO-BO.ﬂbTaMnepOMeTpM‘-leCKVIVI aHanums3
CTaHOAPTHbLIX oﬁpasuoa no4ye

A.U. Kawenes, U.11. Bumep, E.B. Muwykosa
Mockoeckuii cocyoapcmeennvlil ynugepcumem um. M.B. Jlomonocosa, Mockea, Poccus
e—mail: Kamenev_ai@mail . ru

Omnpenenenne MUKPONIPUMECEH TSKENbIX METAJIOB B MOYBAaX SIBJSETCS aKTyalbHOMU
3amaveil. [lnga ee pemieHuss HauOoliee 4YacTO MCIMONB3YETCS CIHEKTpPalbHbIE METOMAbI, B
YaCTHOCTH AaTOMHOW a0copOImMu W pPEHTreHO-(IIF0OPECIICHTOro aHaim3a. HecMoTps Ha
BBICOKME METPOJIOTUYECKUE XapaKTePUCTHKH BOJIbTAMIIEPOMETPUUYECKHE METOMBI pEexke
MPUMEHSIFOTCSI B TPAKTHYECKOH paboTe, XOTS SIBISIFOTCS TOJE3HBIMH allbTEPHATUBHBIMU
METOJIaMU OTpEJIeNIEHUs MUKPONpPUMECEH TSHKENbIX METalIoB (MeIW, CBUHIA, KaAMHS U
[MHKA). 3ajadeil JaHHOTO  WCCIIEJIOBAaHHMS OBUIO  COIMOCTABICHUE  AHAJTUTHYECKUX
BO3MOXKHOCTEM CHEKTPAJIbHBIX U  BOJbTAMIIEPOMETPUUYECKHMX METOJOB Ha IpUMepe
OTpeAeNICHUs] COJCPIKAHUSA KHUCIOTHO-PACTBOPUMBIX (POPM  BBHINICYKA3aHHBIX  TSKEIIBIX
METaJUIOB B aTTECTOBAaHHBIX 00Opasmax s KoHTposisa coctaBa mouB OK TOII 2-99 u 3-99.
Pe3ynbrarsl aHasiv3a CONMOCTABISUIM C ATTECTOBAHHBIMU 3HAYEHUSMHM COJICPKAHUN METAIIOB.
KadectBo  BBINIOJIHEHMsSI  aHalW3a 10  KOHTPOJIUPYEMBIM  TIOKA3aTeNsiM  CUUTAIH
YIOBJIETBOPUTEIbHBIMU TPU BBIIOJTHEHUH HOpMaTuBa: | X-Xok ‘ < K. OunenuBaim X —
pe3yabTar aHanusa, AX — ero morpemHocTb, Mpyu 3TOM YUYUTHIBAIH Xok — aTTECTOBAHHOE
3HaUYECHHE COJEPKaHMs MeTailia B 00pasiie, AX ok — €ro HOorpemHoCTb.

[IpoGonoAroToBKy AJisi BOJIBTAMIEPOMETPUUECKOTO ONpEAENCHUS MPOBOIMWINA MyTEM
00paboTKK TMpU HarpeBaHWU HaBecku oOpasma (2 1) 5 M a3zorHoil kucnoroir. Tak kak
OnpesiefieHue STUM METOJOM HEJb3d BBINOJHATH B CHJIBHOKUCIBIX pacTBOpax, ObLIO
HEOOXOIUMO yAansiTh H30BITOK Aa30THOW KHCIOTHl BBIIAPUBAHHEM C TOCIEAYIOLUIUM
n00aBJICHHEM pacTBOpa TUIPOIMTPATA HATPHS, INOO XJIOPUIa aMMOHHUSI.

N3mepenust mpoBOAUIN HAa pPEHTTeHO-(roopeciieHTHOM mpubope «CIeKTpOCKaH» ¢
Mo-anonom u kpuctamui-aHanuzatopoM LiF 200 npu Hanpsbkenuun ucrounuka nuranus 40 kB
u Toke 0,5 MA, BoIbTaMIIEPOMETPUUECKOE OTpe/IeJIeHUE BeIu Ha aHanu3aTope XAH-2.

HopmaTuB KOHTpOJIE JUIsi KaXAOro TIOKa3aTelas M KaXJIOro KOMIIOHEHTa ObLI
paccyuTaH C y4e€TOM MOrPEIIHOCTEN Pe3ybTaTOB aHAIM3a U MOrPEIIHOCTEN aTTECTOBAHHBIX
3Ha4YeHW o0O0pa3loB KOHTpois. PesynmpraThl aHanmm3a o00OMMH — METOJaMH  OBLIH
yIOBJIETBOPUTEIBLHBIMH 10 BCEM KOHTPOJIUPYEMBIM MMOKA3aTEISIM.
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HekoTopble 0COGEHHOCTU MHOrO3N1€MEHTHOro KONIM4eCTBEHHOrO
PC® aHanusa cnoxHbix cpen (XXMK, rny6okoBoAHbIX CynbhUAHbIX
pyA) c noMoLbIO Y3KOMOSIOCHOro AeTeKTopa U Kpucrtann-
AncpakLMOHHOro crneKkTpomeTpa

Kamunckuii E.IO.
@I'VHIIII "Cesmopeeo”, Cankxm-Ilemepbype, e-mail: kamin_evgen@mail.ru

VY3KOMOJNIOCHBIA JETEKTOp TMPENCTaBIseT CO0OW COoYeTaHHWEe CEeIeKTUBHOTO QMIbTpa U
BTOPUYHOTO H3itydarens. uiabTp U U3aydyaTesb JeTeKTopa BbIOpaHbl TakuM 00pa3oM, YTOOBI
dbayopecueHIIUs  OMpenensieMoro  JJeMEHTa Tomajgana B «pabouuily  JaUamnas3oH,
pacloONIOKEHHBIA  MEXAY 3HaueHUus MU OHHeprud K-kpaeB moriomeHus 3JIEMEHTOB
celleKTHUBHOrO (unbTpa W usnmyuatens. s yBEpPEeHHOTO OMNpeAeNieHUs MallblX (COThIe
IPOLEHTa) KOHUEHTpAalUUui B MPUCYTCTBUU JAECATKOB IMPOLIEHTOB MEILIAIOLIETO COCEAHETO
sneMeHTa  (Hampumep, KoOaidbTa B MPHUCYTCTBUU  Kelle3a,  XapaKTepHBIX  JUIS
xene3oMapranieBbix KoHkpenuidl XXMK u riyOoKOBOAHBIX Cylb(pHUAOB), B KOHCTPYKIHIO
KaHajla  BBOJUTCS JOMOJHUTEIbHBIA (QuibTp  (IUIACTUHKA JOMOJHUTENIHLHOTO (uibTpa
HAKJIEWBAETCsI HAa MaTepual IOTJOMIAomero GuibTpa KaHama), L-kpail KOTOPOTO JIEKHUT
MEX/1y JIMHUSMU OTIPEAEIIIEMOro U MEUIAIOIIero SJeMeHTa.

B cnyuae ananmuza )KMK sto Llll-kpaii Eu, nexammuii mexay u CoKa u FeKp. Oto
Cy’KaeT TOJIOCYy MPOIYyCKaHMs, MOBBIIIAET U30MPATEIbHOCTh 332 CYET PE3KOr0 yMEHbILIEHUs
BKJIaJ]a M3JIyYCHHS MEIIAIONIEeTo dJeMeHTa. PazpaboTaHHast TEXHONIOTHsT HauOosee yCHelHo
npumensierca st POA Bemectsa )KMK, cocTosiiiero B OCHOBHOM M3 OKHCIIOB Kele3a U
Mmapranna 1o 40-50% u oboramieHHbIX B cymme 110 1,5-3,5% HukeneM, Meiblo, KOOAJIBTOM,
LIUHKOM M JIPYTUMH SJIEMEHTAMHU.

Kpucramn-nudpakimonaple  pEeHTTEHOBCKHE cnektpomerpsl  THna  «CITAPK»
MpeAHa3HauYeHbl 7151 KOJIu4ecTBeHHOTOo POA mpo0 Ha 3JIEeMEHTBI OT TUTAaHA JI0 CTPOHIUS MO
K-cepun u or Oapus no ypana mo L-cepum B amamazone coaepxkanuii 0,0001-100%.
ManomoriHoi peHTreHoBckoil Tpyokoi BC-1 ¢ cepeOpsiHbIM aHOIOM NpU HanpsikeHuu 35 kB
B HACBIIIEHHOM cJI0€ MPOOBI BO30Y X 1aeTcs (IIyopeceHTHOE U3TyUeHUE JIEMEHTOB, KOTOPOE
nocie audpakuuu Ha (okycupyromem wuzornytom no Morancony kpucramie LiF(200)
bukcupyercss mnporicyeTyukoM. Jlnsi ompesenieHuss KOHUEHTpalUuu 3yieMeHTa (1) MIHUPOKO
UCTIOJIB3YeTCs Croco0 cTanaapTa-poHa ¢ H3MEpEeHHEM OTHOIIEHHsI UHTeHCUBHOCTEH Ni/Ns,HK
(Ni — duyopecuieHIisl onpeAessieMoro 3jJeMeHTa W NS,HK - HEKOTEPEHTHO PaCCesSTHHOE
nepBudHOe u3nydeHue). OmHaKo ucmoiib3oBaHWE NS,HK B KadecTBE «CTaHaapTa-(poHay He
MO3BOJIIET C HEOOXOAMMOI TOYHOCTHIO MPOBOJUTH KOJMUYECTBEHHBIM aHAIU3 CIOXKHBIX IO
coctaBy cpen (KMK, rmy6okoBoaHbIE CYyTbGUIHBIC PYbI), XapaKTEPU3YIOIIUXCS BEHICOKUMHU
KOHIICHTPALIUAMH ONPENETIEMbIX JJIEMEHTOB, CHUJIBHBIM MEXKIJEMEHTHBIM BIIUSHUEM U
3HAYUTEIbHBIM H3MEHEHHEM BeIMYMHBI I(P(GEKTUBHOTO aTOMHOTO HOMEpa HCCIEAyeMOTO
BemectBa Z3¢p (mias XKMK B mpememax 15-20 em)). B paspaGoranHoit MeToauKe
KOJIMYECTBEHHOT0 MHOTOKOMIOHEeHTHOro P®A mpo6 XXMK B kadecTBe 3HaMeHaTelNs
aHAJIMTUYECKOro MapameTpa wucrosibdyercs N s,KI' (KOTEpPEHTHO pacCesHHOE IMEePBUYHOE
usnyudenue) B crenenu (1/2), t.e. (Ns,kr)*>. D10 oGecreunBaet MHUHHUMAJIbHYIO 3aBUCUMOCTb
aHAJIMTUYECKOr0 MapaMmerpa OT u3MeHeHus Z 3¢ cpenbl B Juana3oHe, XapaKTepHOM IJis
KMK  u jgaeT BO3MOXKHOCTH HCIOJB30BaHUS €IUHOTO ATAJIOHUPOBOYHOTO Trpaduka.
PazpabGorannas meTonuka no3Bonmia mepeBectu POA npo6 KMK w3 paspsna
MOJYKOJIMYECTBEHHOTO B pa3psijl KOJIUYECTBEHHOTO aHAIN3a U 00eCTIeYuTh TOYHOCTh HE HUXKE
[T xareropun (mo knaccupukanuu HCAM).
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PeHTreHodnyopecueHTHbIM aHanu3 Npoo6 AOHHbLIX OTMOXEHUN B
KOMMJeKce MeToaoB rocyfapCTBeHHOro MOHUTOPUHra
reonorun4yeckou cpenbl wenbda bapeHueBa u benoro mopen
C NHTerpanbHO-KOMMNJIEKCHOW OLIeHKOW CTeneHu 3arpsa3HeHus

Kamunckuii E.FO., Kopneeg O.10., [Twenuunviii I'A., Peibanxo E.J[., Llumapaes M.
QI'VHIIII « CEBMPI'EO», Cankm-Ilemepbype, e-mail: kamin_evgen@mail.ru

B mporiecce rocyrapcTBEHHOr0 MOHUTOPUHTA reosioruueckoit cpeanl menbda (I'MI'CLL)
MOpPCKHX  aKBaTOPUM  HW3MEPSIOTCS  MHOTOYHCIECHHBIE  pa3MepHbIE  MapaMeTphl,
XapaKTEPU3YIONINE COCTOSHHUE U CTEIMEHb 3arpsi3HeHHs cpenbl menbda. s ompeneneHus
apaMeTpoB MNPUPOJAHO-TEXHOTEHHOTO 3arpsi3HEHUs] JOHHBIX OTJIOKEHUM HCIOJIb30BaH
KOMIUIEKC METOJIOB aHajau3a Mpo0 JOHHBIX OTIoKeHH. Komruiekc Bkitodaer B cels
peHTreHO(IIyOpECIICHTHBIN aHanu3 Mpo0 Ha 6a3e KpUCTALI-TU(GPAKIIMOHHOTO CIIEKTPOMETpa
"CIIAPK", cnyxammii uisi onpeneneHus KOHUEHTpauuid 15 syneMeHTOB (¢ mOporom
gyyBcTBUTEeNbHOCTH 10 Mr/kr), B wactHoct, Zn, Zr (¢ IIJIK -300 mr/kr), Pb, Cr, Ni, V (c
ITAK-100 mr/kr), As, Co, Cu (c ITIK-50 Mr/kr) u ap., a TakKe raMMa-ClieKTPaIbHbIN aHAIN3
— JUIs omipeiesieHus1 KoHneHTpanuu 6 n3oronoB (Ra-226, Th-232, K-40, Cs-134, Cs-137, Co-
60 mpu mopore uyBcTBUTEIHHOCTH 5-20 BK/KT u GoHOBBIX 3HaueHusx 5-10 Bk/kr) u merton
OMOTECTUPOBAHUS — IS OMPEIENICHUs OEIKOBOTO TOKA3aTelNs U COPOIIMOHHOM aKTUBHOCTH.

Co3nana TexHoJIOTHS HMHTerpaibHO-komIuiekcHOM — oneHku (MKO) 3arpsiznenus
MHOTOKOMIIOHEHTHOM reojiorndecko cpeapl. Texnonorus MKO ocHoBaHa Ha KBaJpaTUYHOM
dbopMe anmpoKCUMAIIH MTapaMeTPOB 3arpsi3HEHUs IeNb(ha U MpeaycMaTPUBaeT BBIUYUCICHHUE
CyMMBbI 0Oe3pa3MepHBIX BEIWYHH CPEIHEKBAJPaTHUYECKUX I[apaMeTPOB CTATUCTUYECKUX
pactipenenenuil. K HUM oOTHOcATCS - cpeAHee 3HAYEHUE, OTKJIOHEHHS OT CPEIHEro M
KBaIpaTUYHOTO OTKJIOHEHUS CIy4YailHON BEIMUMHBI C YUETOM «MHIEKCA PUCKa.

B ocnoBe mnpuHnmna ¢opmupoBaHus OalIbHOW OICHOYHOM IIKajdsl B pabore
UCIIOJIb30BAaHbl  OKCIIOHEHIMAJIbHbIE (YHKIMM HM3MEHEHHUs BEJIMYMHBI IapameTpa B
3aBUCHUMOCTH OT 0asia OICHOYHOW IIKalibl. B mpeanaraemoit mkaie BBEIEHBI CIEIyIOIIHe

Gammet m = 0, 1, 2, 3, 4. 5. CremeHp 3arps3HEHUs JOHHBIX OTJIOXKEHUU IIenbda
xapakrepusyercs (yHkuuei Buna — exp(+m), npunnmaromas npu m=0, 1, 2, 3, 4, 5
COOTBETCTBEHHO cienytomue 3Hauenus: 1,0; 2,7; 7,5; 20,4, 55,5 u 152,0. bamn "0" ects
¢oHOBOE 3HaueHHWEe, HOPMUPOBaHHOEe Ha cebsa. B osrom cayuae exp(0)=1. Bamn "5"

COOTBETCTBYET KaTacTpO(GUUECKOM CHTYaIlMH U OmpeesieTcs 3HauenneM exp(+35)=152.

PazpaGorannast texHonorus WMKO peanu3zoBana mnpu  HM3Y4YEHMH  IUIOIIAHOTO
pacnpezesieHus: MPUPOAHO-TEXHOTEHHOTo 3arpsisHeHus cpeabl menbda bapenuesa u benoro
Mopei. YcranoBieHo, uro cpeanuit MKO 6amn coctaBmsier mis menbda bapeniieBa Mops
2.36, a nusa benoro mops - 2,41, T.e. HAXOAUTCA MEXKIY «yMepeHHO» (06amn 3) u «cimaboi»
(6anmn 2) cremeHbplo 3arpsi3HEHUs. TeppUTOpHs MPOSIBICHUS WHTEHCUBHOTO 3arps3HEHUS
(cooTBeTCTBYIOIIAsT MATUOATUIBHOMY), COCTaBIsieT OKoino 6% juisi peruoHa meibga
bapennesa mops u 4,3% nnsa teppuropun benoro mops. Breiieneno 8 yuactkos mensda,
CTENCHb 3arpsi3HCHUS KOTOPBIX OICHUBAeTCs Kak 4-X W 5-u OajuibHOE, J1Ba W3 KOTOPBIX
cootBeTcTBYIOT [lpupaznomaomy u IllTokmMaHOBCKOMY He(dTera3aHOCHBIM MECTOPOKICHUSIM
menbha. Beinenen «(hoHOBBINY y4acTOK, HaXOmsAIIMics B paiioHe KaHWHCKOH BO3BBIIIICHHOCTH
(Mexny o. KomryeB m mn-om Kanun). KOMNOHEHTHBI cOCTaB MPHPOIHO-TEXHOTCHHOTO
3arpsi3HCHUSI  pPa3lUueH Uil 3arpsA3HCHHBIX  YYacTKOB M TIPEJCTABICH  Pa3IUYHBIMU
COOTHOIICHHUSIMU JJIEMEHTHBIX COCTABIISIOIINX, MPEICTABIISAIONINX YIPO3Y [T MOPCKOW Cpebl
JKHUBYIIUX B HEH )KUBBIX OPraHU3MOB.
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PeHTreHoq:nyopecueHTHoe onpenerieHne HeKOTopbIX
peakKko3eMeribHbIX 3JIieMeHTOB U UX Koppendauua ¢ Topuem

ol 2 . i
A.Kapusaii', I11.3y3aan”, P.Batieanmaa
I 2
Lenmpanvhas eeonocuueckasn nabopamopus, Moneonus, “Llenmp s0epHvix
uccneoosanutl, MonulV, Monzonus

B pabore wu3MOXKEHBI pe3yNbTaThl OJHOBPEMEHHOI'O OMNpEICNCHHs HEKOTOPBIX
PEAKO3EMENIbHBIX W COINYTCTBYIOIIUMX 3JEMEHTOB PEJIKO3EMEIbHBIX MECTOPOXKICHUN
Monronuu, a TakKe YCTaHOBJIIEHAa KOppelslUHuOHHble cBsi3u P3D ¢ paanoakTuBHOM
3JIEMEHTOM TOPHEM.

OnHolt w3 TpyaHocTew ompeaeneHus P3D mpu HMCHOJb30BAHUM PATMOU30TOIHOTO
ucrounnka Am**! sBJIseTCS PaconoKeHHe XapaKTePHCTHUECKUX JTHHII P3D 10 OTHOIICHHIO
K KOMITOHOBCKOMY DPacCesHHI0, 4TO TpeOyeT TOYHOro yuéra (oHa ISl ONpEeIesICHUs 3TUX
aneMeHTOB. Pazpaborana meTtomuka Juisi ogHOBpeMeHHoro ompenenenus La, Ce, Pr, Nd, Y,
Zr, Sr, Ba ¢ yuérom wmarpuuHoro sddexta u (oHa HEKOTEPEHTHOTO pacCesHHS Ha
SHEProAUCIIEPCHOHHOM PEHTI€HO(IYOPECHEHTOM CIIEKTPOMETPE.

DHEepProANCIepCUOHHBIN CIEKTPOMETP UMEET MOIyIpOBOAHUKOBLIN netextop Si(Li) ¢
paspemienueM 180 »B nHa nunamit MnK, c sHeprueit 5.9 k9B, a Takxke paguon30TONHBIN
ucrounnk Am’*' ¢ axrmBHOCTBIO 20 MKioph. JUIs NPOBEPKH TOYHOCTH M IPABHILHOCTH
aHayiM3a OBbUIM KCIOJIb30BaHbI CTaHAAPTHBIE 0Opa3Ibl COCTaBa: Tperei, TITUHUCTBINA ClaHel]
TB-2, anoptro3utr Ank, megHo-MonuOaeHOBOsI pyaa Cu-Mo, rpaaut GM, nonesoii mmar FK,
6azansT BM, m3Bectusak KH, ¢mroopur FM, amaturosas pyna 2b, GSO-Cu-2. [TomydeHHbIC
pe3ysibTaThl MOKa3aldu, 4YTO JaHHas MeToauka coorBercTByeT III kareropuu TOYHOCTH
aHaJIN3a MUHEPAIBHOTO CBIPbSL.

JlanHasi METOAMKAa YCHEIIHO HCIOJb30BaHA JUIsi MAacCOBOIO aHajau3a HEKOTOPBIX
pPEAKO3eMEeNIbHBIX M COMyTCTBYIOIIMX 3/AeMeHTOB Mymrua xyaar u JlyruiiH rojckux
MECTOPOXKJCHUNA. B 3THX MecTOpoXAeHUsX B OCHOBHOM mpeobnanaer P30 nepuenoit
TOYIIBl, CyMMa pEIKO3eMEIbHBIX 3JIEMEHTOB KoseOiercs B mpenenax 0,04-12,80%. B
pe3yJbTaTe pa3paboTKU JaHHOW METOAMKH JTOCTUTHYTHI CIEAYIOLINE Mpelesbl OOHAPYKEHUS:
La, Pr, Ba, Zr - 60 ppm, Ce, Nd, Y - 50 ppm, Sr -100 ppm.

N3yueHne KOppensIMOHHOMN CBSI3U MEX]y paaloaKTUBHBIM 31ieMeHToM TopueM (Th) u
P30 wumeer mpakTHueckoe 3HauUE€HUE B MCCIEJAOBAHUU MECTOPOKIEHUH pPEIKO3eMETbHBIX
9JIEMEHTOB M MECTOPOXKIEHUM  PaJMOAaKTUBHBIX  3JIeMEHTOB. [[nsg  ycraHoBieHUs
KOPPEJSIIMOHHON CBsI3M Mexay TopueM M P3D ObuiM MCHOIb30BaHbl JAHHBIE XMMHUYECKHUX,
HEHUTPOHHO-aKTUBALIMOHHBIX, PEHTICHO(MIYOPECIEHTHBIX aHANW30B M JaHHbIE HEKOTOPBIX
CTaHJapTHBIX 0Opa3lOB COCTaBa, CO3JaHHBIX Ha OCHOBE IMIPO0 U3 MOHIOJBCKUX
penKo3eMeNbHbIX MecTopoxaeHui. CtaTucTuyeckas o0padoTKa STUX JAaHHBIX MOKa3ajia, 4To
B MHTepBasie KoHueHTpauui 0,11-22,6% cymmbr P33 u B untepBane konuenrpauuii 0,023-
0,35% Topust CylecTBYeT YJOBJIETBOPUTENbHAS JIMHEHHAs KOPPEJSIIUOHHAS CBSA3b. OJTO
JWHEHHasT KOpPPeNsIHsl MOXET OBbITh HCIOJIb30BaHa JJIi KAueCTBEHHBIX BBIBOJOB O
CYILIECTBOBaHUM MecTopokaeHuii P3D depes ompeneneHue Topus paauoOMETPUUECKUM
METOJIOM. Ty 3aBHCHUMOCTh MOXXHO pacIIUpUTh B Clydae YpaHOBOH aHOMaluu O
CYILLIECTBOBAaHUH UTTPUEBOU I'PYMIbI PEIKO3EMETbHBIX 3JIEMEHTOB.
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PeHTreHocnekTpanbHbIN priyopecUeHTHbIA aHanm3
MHOIOKOMMOHEHTHbIX HEroMOreHHbIX MaTepuanoB
npu paspaboTke U MOHUTOPUHIe KayecTBa
CBapoOYHbIX MaTepuanos

Kapmanos B.U., [loxoonsa UK., Tapabopxun JI.A.
Hncmumym snexkmpocseapxku um. E. O. [lamona, HAH Ykpaunsi, 2. Kueg
e-mail: leotar@ukr.net

uxThl CBapOYHBIX MaTEpUAIOB — 3JIEKTPOJIOB, MOPOIIKOBBIX MPOBOJIOK, (IIOCOB —
NPEJCTaBIAT cO00M MHOIOKOMIIOHEHTHBIE PYA0-MHUHEPAIO-METANINYeCKUe KOMITO3HIINY,
C/I03UPOBAHHbBIE U CMELIAHHbIE B CTPOT'O OIPEIEICHHBIX COOTHOILICHUSX.

B mporecce pa3paboTku HOBBIX CBAapOYHBIX MaTEpUajoOB, B MPOHU3BOJACTBE WU TPHU
CepTU(HKAIMKA TAPTUH TOTOBOW MPOAYKIUH TPEOYIOTCS  3HAYUTENbHBIE  OOBEMEI
OMepaTHUBHON aHATMTUYECKON HHQPOpPMAIMM O XMMHYECKOM COCTAaBE BCEX HCIOJb3YEeMBbIX
CBIDBEBBIX MAaTEpUAJOB, IIJAKOB, HAIJIABJICHHOM METajule, TBEPIOM cOCTaBIsIOIIEH
cBapouHbix asposoneit (TCCA).

Kpome Toro, B cucreme oOecnedeHMsl KadecTBa HpPHU IPOM3BOACTBE CBAPOUYHBIX
MaTepUajIoB NPEeayCMAaTPUBACTCS OMEPATUBHBIM aHATUTUYECKHH KOHTpPOJIb B Haumbojee
YYBCTBUTEJBHBIX TOUYKAX TEXHOJOTMYECKOTO Ipolecca — IPU J03UPOBAHUM M CMELIMBaHUU
IIUXTHL.

IlepeuncnenHbple 3ajayd peIIAUCh C HCIOJb30BAaHUEM ammapaTypbl U METO/OB
peHTreHocnekTpaibHoro ananuza (PCOA).

B nokmane paccmotpenbl  meroauueckue Bompockl PCDA  HeroMoreHHbIX
MHOTO(]a3HbIX MaTepuaaoB. BaxHelme u3 HUX ClieTyIoue:

— BIUSHUE Ha WHTEHCUBHOCTH (IyOpECHEHIIMM TEPEeMEHHOTO pa3Mepa YacTHIl
MaTepuaga  ONpelNeisieMoro  JJeMEHTa W HAaloJHWUTENS,  (PU3UKO-MEXaHHYECKUX
XapaKTePUCTHK MPUTOTOBICHHBIX MPO0;

— cnoco0 ycrpaHeHus rereporeHHbIXx d¢pdexktoB npu PCDA wmartepuanos,
COJIEp>KalINX MaJOpacTBOPUMEBIE B TeTpaboparax HATPUIl U JTUTHIA, OKCHIbI TOJMBAJICHTHBIX
metaios (Ti, Fe, Zr u np.);

— cnoco® CHUXKEHHMsSI TeTEePOreHHOCTH MHOTO(A3HbIX MaTepHuaIoB IMyTEM
MEXaHMYECKOTO M3MEJIbUYEHUS C MHUKpPOJOOaBKaMU KpPEMHUHOPraHUYECKUX SKUIKOCTEH,
o0ecreynBaroINX HHTCHCU(DUKAIIMIO MPOLIETYPhl U3MENBYCHHS U PETYIUPYEMOe MOTyUYeHHEe
pa3MepoB YacCTHI] B y3KOM HHTEpBaJie 3HaUCHMUI;

—  pacYeTHO-3KCIEPUMEHTANBHBIM  CIMOCO0  y4yeTa BIAMSHUS HAa  BEIUYHUHY
MHTECHCUBHOCTHU ONPEEINIIEMOr0 2JIEMEHTA Pa3Mepa YacTHIL] C UCIIOIb30BAaHUEM COOTHOIIECHHUS
aJIUTUBHOCTH CYMMBI MapIHallbHbIX BKJIAJJOB MHTEHCUBHOCTEH OTAENBHBIX KJIACCOB YACTHII
U UX JI0JIU B CMECH;

— yuyeT BIMSHMS MATpUYHBIX 3(G(dEeKToB B Mpoldax € HCMIOJIb30BAHUEM OJIHOTO
MHOTOKOMIIOHEHTHOI'O JTaJlOHAa, pPAacyeT IIONPAaBOK HAa IIOMVIOIIEHHE U JIOMOJIHUTEIBHOE
BO30Y’KJICHE Ha OCHOBE WCIIOJIb30BaHUSA (PYHIAMEHTAJIbHBIX COOTHOIIGHUH IS
MHTEHCUBHOCTH (DITyOPECHEHTHOTO U3ITyYSHHS JIEMEHTA;

— pa3paboTka MpPOrpaMMHOro  obOecreyeHusi, MO3BOJIAIOIIEIO  ONEPATUBHO
paccuMThIBATh DJIEMEHTHBIH COCTaB MHOTOKOMIIOHEHTHBIX MPOO H  CTaTUCTUYECKH
JIOCTOBEPHO OIIGHMBATh €ro COOTBETCTBHE 3a/JlaHHBIM HOpPMaMm TOYHOCTH, a TaKxKe
00pabaThIBaTh MOTYUYEHHYIO TIO pe3y/IbTaTaM aHATHUTHYECKOTO KOHTPOJIS TEXHOJIOTHYECKOTO
nporuecca HHGOPMAIUIO U Ha OCHOBE CTaTHCTUYECKUX METOJOB OLIEHHWBATH €r0 TOYHOCTH U
IpeyiaraTb PeKOMEHJAIMH 110 €70 KOPPEKTUPOBKE.
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PeHTI'eHO(bOTOQ.HeKTPOHHoe N peHTreHocneKkTparnbHoOe
(bnyopecueHTHoe onpepnesreHne BasieHTHOCTU MapraHua
B CBAPOYHbLIX a3p030JiiX

Kapmanos B.U., lloxoons UK., Aeoowun U.P., Oouney E.B., * Xuocyn O.FO.
Hucmumym snexkmpocsapku um. E. O. Illamona, HAH Yxpaunwi, 2. Kueg
*Uncmumym mamepuanoseoenus, HAH Yxkpaunwl, 2. Kues
e-mail: leotar@ukr.net

TBepnass cocrtapnsitomiasi cBapousbix asposoneid (TCCA), chopmupoBanHas npu
MCIIAPEHUU U KOHJICHCAlIMM KOMIIOHEHTOB CBAPOYHOI'0 MaTepuaja U HaIlJIaBJIEHHOTO MeTasuia
B IIpoIlecCe DJIEKTPUUYECKON JTYTrOBOM CBapKH, MPEICTaBIsAECT COOOW CIOKHYIO OKCHIIHO-
dbTopuaHyto MHOro31eMeHTHYI0 cucteMy. Pasmep uactury TCCA HaxoauTcs B IuManazoHe OT
HECKOJIBKMX JIECATBHIX JO HECKOJBKUX COTeH MHUKpoMeTpoB. Haubombinyto cTeneHb
MIPOHUKHOBEHUSI M COOTBETCTBEHHO OHMOJOTHMYECKYI0 aKTUBHOCTHb MPOSBISIOT YaCTHUIBI C
pasmepom 0,01+5 Mkm. XUMHYECKHII COCTAB MEJIKUX M KPYMHBIX YacTHI] HEOIHOPOJICH.
Hawnb6onee TokcuuasiM 351eMeHTOM B TCCA cBapOYHBIX AJICKTPOIOB SBIISIETCS Mapranen. Ero
cojiepaHue B adposodie coctasisieT 2,5+12 mac. %.

Herartusnoe Biusinue Mn Ha opraHu3M 4eloOBeKa 3aBUCUT OT BAJIEHTHOTO COCTOSHUS
ATOTO AJIEMEHTA U BO3PACTAET C YBEIMUCHUEM BAJICHTHOCTH: Hanbosee TokcndeH MnO;.

JlanHble, moyydeHHble paHee ¢uznueckuMu metoiamu aHanuza (OIIP, nudpakuus
PEHTTEHOBCKUX Jy4ed W T.A.), YKa3blBalM Ha TO, YTO HambOoyiee BEPOSTHO MapraHen B
CBAPOYHBIX a9PO30IISX HAXOXUTCS B BHAe Mn® i Mn®" B COeMHEHNSX IIMHHENEBOTO THITA, A
o Hammund HOHOB Mn'" B cocTaBe TBEPIOro OCTATKA CBAPOYHBIX adPO30JICH CBEICHHUS
OTCYTCTBOBAJIM. JTO CBSA3aHO C OYEHb MaJbIMU pa3MepaMH YacTHUl], PEHTI€HOaMOP(HOCTHIO
CTPYKTYPBI 1 COBMECTHBIM IIPUCYTCTBHUEM COEAMHEHUI MapraHIla pa3HOil BaIEHTHOCTH.

B nmannoii paborte BaseHTHOE cocTtosiHue Mapranna oOpasnoB TCCA, momydeHHBIX
IpU CBapKe SJIEKTPOAAMH OCHOBHOTO U PYTHJIOBOTO BHJOB MAaJOYTIEPOAMCTHIX CTaleH,
KOMIUIEKCHO HCCJIEIOBATIOCh METOJaMU PEHTTEHOBCKOW (DOTORIEKTPOHHON CHEKTPOCKOMUU
(POC) u  (DuU3MKO-XMMUYECKHM pa3leibHbIM AaHATU30M C HCIIOJIB30BAHUEM METOoJAa
peHTreHocneKTpanpHoro (iyopecuentnoro ananusa (PCDA).

Meton POC npencraBnsiercss Haubosee HHGOPMATUBHBIM U OJHO3HAYHBIM CIIOCOOOM
Olpesie/ieHUs] BaJIEHTHOro cocTossHus atomoB MapraHua B TCCA. OpHako 3TOT METOJ
oKa3ajcsl HeA0CTATOYHO 3(PPEKTUBHBIM B CIyyae OJHOBPEMEHHOI'O MPUCYTCTBUS MapraHia B
HECKOJIbKMX BAJICHTHBIX COCTOSHUSIX B oOpasue. I[loatomy mansi  KOJIMYECTBEHHOTO
onpeneneHuss B TCCA wmapranma pazindHOM BaJIGHTHOCTH HCIOJB30BAIM M30HMpaTeIbHOE
pacTBOpPEHUE OKCHJIOB C MOCIHEAYIOUIMM PEHTICHOCHEKTPAIbHBIM OMNPEJEICHUEM B
yHapeHHBIX 0CaKaX.

PenTrenodayopeciieHTHBIM METO0OM ONPEIEISTA CyMMapHOE COJIepKaHue MapraHia
B oGpasue TCCA, a taoke Mn>" 1 Mn®" ocite X XMMHYECKOro H36UpaTeIbHOTO PaseeHus
Y ynapuBaHUs U3 pacTBOPA; COJIepKaAHUE Mn*" Haxogumu o Pa3HOCTH.

To4HOCTB pa3febHOTO OMpEeICHUS MapraHila pa3IndyHON BaJICHTHOCTH BO MHOTOM
onpenensiercsi TouHocThio PCDA u B mepByr ouepenb — HaJEKHOCTbIO OIpPeaeseHUs
3JIEMEHTHOT'0 COCTaBa 00pa3I0B CPaBHEHUS.

PesynbpTaTthl uccneqoBaHMs TIO3BOJWIM BIEpPBBIE YCTAHOBUTH (DaKT 3HAYMMOTIO
npucyrerBust Mn'" B TCCA cBapOdHBIX 9IEKTPOIOB, H3YUUTh (hAKTOPHI, BIMSIOMINE HA €r0
konmnuecTBeHHOe GopmupoBanne B TCCA, U B KOHEYHOM HUTOT€ MEPECMOTPETh MPOLEAYPY
OIICHKU TOKCUYHOCTH CBAPOUYHBIX a3P0O30JIEH.

62



CpaBHeHne BO3MOXHOCTen TpaamumoHHoro PO®A n POA INBO
B UCCriefoBaHUU TOHKUX MMEHOK Ha KPUCTANNIMYECKUX NOANOXKaX

Koemyn A.11., Koncmanmunos I'.K., [lonomapenxo B.O., Capviues /. A., Paznomazos B.M.
HUU ©usuxu FOxncnoeo @edepanvrozo Ynusepcumema, Jlabopamopus puzuxu u
acmponomuu FOHI] PAH, 2. Pocmos-ua-/{ony, e-mail: ayda_mixalich@mail.ru

B pabore mpencrtaBieHbl pe3yNbTaThl peHTreHOQIIyopecleHTHOro aHanuza (PDA)
TOHKUX TUIEHOK BaggSro2TiO3 (BST) u Ndg0sBigosFeOs. DxcniepumeHTs MPOBOAMINCH HA
cnektpomerpe POC-001, ocHAIEHHBIM peXUMOM MOJHOTO BHemHero oTpaxenus (I1BO), u
Ha cnektpomerpe ¢upmbl EDAX DX-95, kortopslii peanusyeT TpaauluoHHbI POA.
OOpa3ipl TOHKMX IUIEHOK OBUTM MOJy4YeHbl MyTEM TpepbiBaHMA TazopaspsaHoro BY
HanbuteHus* Ha 15, 30 1 T.4. ceKyH1ax HaIbUICHHUS.

OCHOBHBIMU OCOOCHHOCTSIMU HCCIIEZIOBAHUS AJIEMEHTHOTO COCTaBa TOHKHX IUICHOK
SBJIIIOTCS: HEHACBIEHHOCTh BBIX0Jla BTOPUYHOIO M3Iy4yeHHs (IJinHA mpobera BTOPUYHOTO
PEHTTeHOBCKOTO (OTOHA OOJIbIIE TOJNIIMHBI TUIEHKH) U Malloé YUCJIO aTOMOB B IUIEHKE MO
CPaBHEHUIO C YUCJIOM aTOMOB B NMOAJIOKKH. [locnennee o0CTOATENBCTBO SIBISIETCA TPUYUHON
HU3KOTO YPOBHS OTHOILUEHMs IIOJIE3HOTO curHaia k ¢onosomy. B merone PDA TIBO
[aJalllee Ha MOBEPXHOCTh IUIEHKU IOJ YIJIOM MEHbILIE KPUTHYECKOIO yrjia IMOJIHOIO
BHEILIHETO OTPAKEHUS U3JIyYEHUE MPOHUKAET JUIIb B TOHKUW CJIOW aHAIU3UPYEMOU IUIEHKH,
HE 3aTparuBasi IpPU 3TOM CJIOM NOAI0XKKU. [loaTOMy, BbICOKash BEITMYHMHA COOTHOIIEHUS
«TIOJIE3HBIA CUTHAN-(POH» M BBICOKAs KOHTPACTHOCTb CIEKTPOB moiy4daemblx npu [1BO
MIO3BOJISIFOT TOBOPUTH O BO3MOYKHOCTH HCCIIEOBaHMS HAHOIUIEHOK Ha KpPUCTaNIMYECKOU
MOJIIOKKE JAHHBIM METOJIOM, YTO 3KCIEPHUMEHTAIbHO ObUIO MOATBEPKIEHO B padoTe. bulio
YCTaHOBJIEHO, YTO AHAJIUTUYECKUE JIMHUM XUMHUYECKUX 3JIEMEHTOB KakK TOHKUX MIEHOK BST,
tak U NdoosBigosFeO; na cmextpomerpe mis POA TIBO perucrpupoBanuch yxe Ha 15
CEKyH/Ie HalblieHus, B To BpeMs kak Juis EDAX DX-95 perucrpauns aHaauTUUECKUX JIMHUN
OblJ1a BO3MOXHA TOJIbKO 1tocsie 3600 MUHYT HaNbIIICHUSI.

o0pasen AlKa FeKa | BiLa BiMa
Ioanoxka 8.2 0 0 0
t=15” 52 0.7 3.5 1.13
t=30” 3.57 1.4 5.8 2.39
t=3600” 0 110.58 | 263.60 94.59

B Ttabmuue mnpuBeneHa AMHAMHMKA HW3MEHEHMs AaMIUIMTYJ aHAJUTUYECKUX JMHUN
XUMHUYECKHUX 3JIEMEHTOB Ha CIEKTpax MojiydeHHbIX npu nomouu POA T1BO. Yeenunuenue
amruiutyn nunuit FeKo, Bilo, BiMa — n1eMeHTOB MUIIIEHH - MO3BOJISIET YTBEPKIaTh, YTO Ha
MIOBEPXHOCTHU IMOJIOKKH yKe 1ociie 15 cekyHabl HaXOAsATCsl aTOMBI 3JIEMEHTOB PacIbUIIEMOi
muiieHu. [Ipuaém nanHble, monydeHHble mpu 006padotke cnektpoB POA T1BO, nmokassiBaror
YTO KA4YECTBEHHO COCTAB MHIIEHM U OCAXJAAEMOM HAa IMOBEPXHOCTb KPUCTAJUIMYECKOU
MOJJIOKKU CTPYKTYpbI COBIAAAET. YMEHbIIEHUE BEIUYMHBI aHanuTuyeckoil muHuu AlKa -
JJIEMEHTA NOJUIOKKH- TIO3BOJISET YTBEP)KJIATh, YTO IUIEHKA IIOJyYEHHAs HAlbLJICHUEM B
teueHuu 30 ceKyH/1 TOJIIe, YeM IJIEHKA NOJyUYeHHAas! HalbUICHUEM B TE€UEHUHU 15 CeKyH.

1. B.M. Myxopmos, I'H. Tonmaués, FO.HU. [onosxo, A.H. Mawenrxo, «MexaHnusm
BBICOKOYACTOTHOTO PACHBUICHUS CI0KHBIX OKCUA0BY, KTD, 1998, Tom 68, Ne9.

63



Ocob6eHHOCTU B pa3BUTUU NporpamMmmMHbIxX cpeacte PDA MNBO ans
uccrnegoBaHUA 3NIEMEHTHOro cocTaBa MeTansn-auaneKkTpuK-meTans
CNOUCTbIX CTPYKTYP

Koemyn A.1l., I[lonomapenko B.O., Pasnomazoe B.M.
HUHU Quzuxu FODY, Jlabopamopus npobaem ¢uzuku u acmponomuu FOHL] PAH
e-mail: ayda_mixalich@mail.ru

N3BectHo, uTo B MeTone POA TIBO (peHTreHohIyopecieHTHBIN aHalu3 Ha OCHOBE
MIOJTHOTO BHELIHETO OTPa)XeHMs) MPOHUKAIoIIee B MpoOy MEepBHUYHOE M3JIyueHHE NpHU yriax
MEHBIINX YyIJa MOJHOTO OTPaKeHUs MMEET SKCIIOHEHIMANbHBIN «3aTyXalollui» XapakTep, a
MoKa3aTesb SKCIIOHEHTh! (BEIMYMHA, CBS3aHHAs C TIIyOMHOM NPOHUKHOBEHUS U3Iy4YEHUS B
BEILIECTBO) CHJIbHO 3aBUCUT OT yria nafeHus. [lockojbKy yrojl MHOJHOTO OTpa)KeHUs
COCTaBISiET TOPSAIOK OJHOTO MHIUpaauMaHa, BO3HUKAET HEOOXOIMMOCTh B Pa3BUTHU
JIOPOTOCTOSIINX TEXHUYECKUX CPEIACTB JUIsl oOecriedeHusl CcTaOMiIu3aluy yrjla MaJeHus
MEPBUYHOTO M3JIy4YEeHHS. YTJIbl MaJAOIEro Ha TUICHOYHYIO P00y H3ITydeHHs MPEICTaBISIOT
co0oil HekoTophll yrioBoi cekrop. [loaromy Ui peanuszanuu IpengaraéMoil cxemsl
npubopa Hy’KHA JOCTATOYHO HAJE)KHAsg TEOpeTHYecKas MOJENb B3aUMOJCHCTBUS M3ITyUCHHS
C IUIEHKOW Ha MOJUIOKKe. B kKadecTBe BapHaHTa TakOM MOJEIU MCIOJIb30BaHa MOJENb «/le
Bypa»*. Bo3MoxxHOCTH 3TO#1 MOJIenu JIsl pelieHus] HAllluX 3a/1a4 (MHTerpUPOBAaHUE 110 yTiam
NaJCHUs NEPBUYHOIO HM3IYUYEHUS BCEX BBIXOAHBIX XapaKTEPUCTUK) Mbl IPOBEPWIN Ha
IpUMepe M3rOTOBJIEHHOTO B pabore®* IulaHapHOrO0 PEHTTEHOBCKOTO MHOTOCIONHOTO
BonHoBoma  Ni(75A)/C(98A)/ Ni(97A)/C(94A)/Ni(202A)/Si0,. B sroit xe padore mis
PEHTTEHOBCKOT0 MOHOXpomaTHueckoro usnydenus (20 KoB) usmepena yrioBasi 3aBUCUMOCTh
Kod(duUIlMeHTa OTpakeHUs BOTU3U CKOMB3AIIETO YIJIa MOJTHOTO OTpa)XeHHs (M3MEpEHUs B
3TON paboTe MPOBOAMIUCH Ha CHHXPOTpoHE). Ha pHucyHKe mpuBeneHa 3KCIEpUMEHTaTbHAS
3aBUCUMOCTh KOA(PPHIHMEHTa OTPaXKEHHUs OT IUIAHAPHOTO BOJHOBOAA. Ha aTOM ke pucyHKe
HAaHECeHa pacCYMTaHHas HAMM TeOpeTHYecKass KpuBas OTpak€HUs Takoro (oroHa oT
BosIHOBOZa. [lonmyueHo xopouiee coryiacue MoAenu ¢ 3KcnepuMeHToM. C HCIonb30BaHUEM
TOM ke MOJEIM PacCUUTaHbl JIOMOJHUTEIbHBIE XapaKTEPUCTUKU IUIAHAPHOW CTPYKTYpPhI —
paccumTaHsbl yrioBble 3aBUcuMocTH Beixoaa (uyopecuenuuu NiKao- u SiKo-nmunuit. B pabote
00Cy’KJaI0TCS TIOJTYyUYEHHbIE PE3YJIbTAThI.
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1. G. de Boer “Glancing-incidence x-ray fluorescence of layered materials” // Phys.Rev.B 44,
N.2, (1991), pp. 498-511; De Boer D.K.G., Van den Hoogenhof W.W. //Spectrochim. Acta.
1991. V.46B. P.1323; Van den Hoogenhof W.W., de Boier D.K.G. // Spectrochim. Acta.
1993. V.46B. P.277.

2. F.Pfeiffer and N.Saldit, P. Hoghoj and 1. Anderson, N. Schell “X-ray waveguides with
multiple guiding layers” // Phys.Rev. B62, N.24, pp. 16939-16943 (2000).
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ConocrtaBneHue HeOACTPYKTUBHbLIX U A€eCTPYKTUBHbLIX MeTOAUK
onpepernieHnsa MmetTansioB B alpP0O30JiAX

Koporcosa E.H., Kyzueyosa O.B., llImenésa E.H., Cmacynosa A.H.
Hpxymckutl cocyoapcmeennsiil ynusepcumem, e. Upxymck, e-mail: rfa@chem.isu.ru

Jliss KOHTPOJISL YPOBHS 3arpsi3HEHHUST METaUTaMH aTMOC(EpPHOTO BO3/1yXa M BO3IyXa
pabodeil 30HBI MpeANpUATUN B 3apyOeKHOW M OTEUECTBEHHOW aHATMTUYECKON MpaKTHUKE
yalle NPUMEHSIOT CIEKTpajbHble METOAbl aHanu3a. Ha ocHOBe JIUTEpaTypHBIX JaHHBIX U
HCCIE0BaHUI aBTOPOB COIOCTABJIEHbl HEIECTPYKTUBHBIE M JECTPYKTHUBHBIE METOJIUKH.
CpaBHEHBI UX METPOJIOTUYECKUE XapAKTEPUCTUKH, OTMEUEHbI IOCTONHCTBA U HEJIOCTATKH.

Jlns ananuza a’po30Jedl IIMPOKO MPUMEHSIIOT HEAECTPYKTHUBHbIE HEHUTPOHHO-
aktuBaioHHbli (MHAA) u pentrenocnextpanbubiii (PCA) MeTonbl, HECKOIBKO padoT
MOCBAILIEHO HCIOJIb30BAHUI0 MAacCC-CIEKTPOMETPUM C MHAYKTHUBHO CBSI3aHHOW IUIa3MOHM C
nazepHoil abmsanuei. C uX MOMOIIBI0O MOXKHO OJHOBPEMEHHO OIPENeNATh OONBIIOE YHCIO
anemeHToB (o 40) 06e3 paspymieHuss o00pasiia; TOCIeTHEe Ba)XHO TMPU BHIIOJHCHUH
apOutpaxHbeix uccrneaoBanuid. IlpeumymectBom HWMHAA  sBaseTcss ero  BBICOKas
YYBCTBUTEJIBHOCTb, YTO IO3BOJSET ONPEAENATh COJAEp)KaHHE 3JEMEHTOB B a’po30JiiX Ha
YpOBHE HOpUPOAHOro (oHa, OJHAKO OH He OJKchpeccHbld. OCHOBHOM HEZOCTaTOK
tpanuunoHHoro PCA - HuU3Kas YyBCTBUTEIBHOCTb, OH YCTPAHSETCS MCIOIb30BAaHUEM
CIIEKTPOMETPOB C BO30YKIEHHEM CIEKTPOB IIyYKOM IPOTOHOB WJIM CHUHXPOTPOHHBIM
u3nyyeHueM. WX mnpruMeHeHue IaeT BO3MOMKHOCTb OIPEAENATh 3JIEMEHThl B a3pO30JIsiX
HepenKko ¢ npeaenom ooHapyxeHus Cpin<0,1 Hr.

[ToxazaHa BO3MOKHOCTb HCIOJIB30BaHUsl HeaecTpyKTuBHOro PCA 1o BTOpUYHBIM
cnektpam (PDA) st HerpepbIBHOTO aHaIKM3a Ta30MbLIEBBIX BEHIOPOCOB.

Jns  aromHo-abcopoumonnoro (AAA), momsporpadudeckoro, (HoToMeTprUIecKoro
(OPMA) MeTolI0B, Macc-CIIEKTPOMETPUU C WHAYKTHBHO-CBS3aHHON Iuiazmoili u PDA mpu
UCIOJIb30BaHUU CIIEKTPOMETPOB C IMOJHBIM BHEUIHUM OTPAaXECHUEM IMEPBUYHOIO H3IIyUYECHMUS
Tpebyercs crnenuduueckas o6paboTka mpod a’po3oiield, cCOOpaHHBIX HAa (UIBTP, C ILEIbIO
HepeBe/ICHUs] aHaluTa B pacTBop. J[aHa cpaBHMTEIbHAs OLIEHKAa CIOCOOOB MHHEpalu3alluu
aHAIM3UPYEMbIX MPOoO M MPUBEACHBI MPHUMEPHI ONpPENETICHHUS METauIoB B a’po30JsaX ¢
IIOMOUIBIO Pa3JIMYHBIX JECTPYKTUBHBIX METOAMK aHaiu3a. [loka3aHO, 4TO MO CpaBHEHUIO C
HEJECTPYKTUBHBIMU METOJAMKAMH KX OCHOBHBIM HEJIOCTAaTKOM SIBJIAETCS JJIUTEIBHOCTD,
TPYAOEMKOCTh U TOTEPU AHAIUTOB TPHU IMOJATOTOBKE NPoO0 K aHAIN3Yy; MPEUMYIIECTBOM -
BO3MOKHOCTb UCIIOJIb30BAHUSI CHHTETUYECKUX PACTBOPOB VISl TPAAyUPOBAHUS METOAMK.

OTcyTCcTBHE CTaHIAPTHBIX 00pa3IOB COCTAaBa a’p0O30Jiel BBI3BIBACT CIOXKHOCTH IPH
rpagyupoOBaHUM HEIECTPYKTUBHBIX METOJIUK M MPOBEPKE MPaBUIBHOCTH PE3YyJIbTATOB JHOOBIX
METOAMK aHalu3a, MOITOMY 0c000€ BHHUMAHHUE YJIEIEHO PACCMOTPEHHUIO MPUEMOB CO3/IaHUS
CUHTETUYECKUX I'PalyHpPOBOYHBIX 00pa310B, aJIeKBATHBIX PEAJIbHBIM ITPOOaMm.

[IpuBeneHbl mpuMepbl MCMOIB30BAHMS PAJla HEACCTPYKTUBHBIX U JI€CTPYKTHUBHBIX
METOJIUK sl yCTAHOBJICHUS! XUMUYECKUX (DOPM HAXOXKIECHUSI SJIEMEHTOB B a3pO30JIsX.

[IpencraBiaeHsl pe3ynbTaThl COOCTBEHHBIX HCCIEAOBAHUH IO COIMOCTABICHHUIO
pa3pabotanHoit meroauku PDA u crangaptuzupoBaHHbIX MeTOoguK AAA u OMA npu
aHalM3e aTMOC(EpPHBIX U CBApPOYHBIX adposoneil. YcrtanosneHo, uto ans Cr, Fe, Co, Cu, Pb
pesynbtathl AAA u ®MA Hepenko Hmwke naHHbix P®DA. [lokazaHo, 4TO BeIMYMHA
CUCTEeMAaTUYECKUX TMOTpemHocTeil B pesynbratax AAA u OMA 3aBucuT OT crnocoba
MUHEpaIU3allud MaTepuaja, BHJAa XHUMHUYECKOTO COEIMHEHUS aHajluTa, U KOJUYECTBa
KPEMHEBOM KHCJIOTBI, KOTOpasi OCTAETCs MOCJIe pa3oKeHusl MpoObl, U COPOUPYET Ha CBOEH
noBepxHocTH 10 40 % (OTH.) OT MacChl HEKOTOPBIX AJIEMEHTOB, COOpaHHBIX HA (PHUITBTpE.
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U3y4yeHue adhhekTa MMKpoabcopOLMOHHON HEOQAHOPOAHOCTHU OT
pa3mepa 4YacTul nany4artensi U ero NOBepPXHOCTHOM MITIOTHOCTHU

Kopacosa E.H., Cmazynoea A.H., Cmasuykas M.B.
Hprymckuti cocyoapcmeennwiil ynueepcumem, 2. Upxymcek,e-mail: rfa@chem.isu.ru

[Ipu peHTreHO(ITyOPECIICHTHOM aHaIN3e BO3MYIIHBIX 3arps3HCHH, COOpPAaHHBIX Ha
GbuIbTp, ONHUM W3 HMCTOYHUKOB MOTPEIIHOCTEH UX pPEe3yJbTaTOB MOXET SBUTHCS BIIHSHUE
pazmepa D wactuil a’sposonell Ha MHTEHCUBHOCTH I; ¢uryopecueHmmu. Ycrpanuth 3¢p et
MHUKpoabcopOImonHo HeogHopoaHoctn (MAH) mist Takux oOpas3ioB JOMOTHUTEIHHBIM
M3MENbYCHUEM WU TJIABJICHHEM MaTepuaia ¢ (II0COM HE TPEICTABISICTCS BO3MOKHBIM, YTO
TpeOyeT U3bICKaHUsI CIIOCOOOB €ro yYeTa.

WN3yueno BiMsiHME pa3Mmepa 4YacTHI] IOPOIIKOBOIO Marepuana, HEeCyIIero
ompesensieMble B a3p030JIIX KOMIIOHEHTHI, Ha BETUYHHY |; B quanazone JyiuH BOJH A oT 0,05
o 0,20 vM. OOpa3upl, HUMHTHUPYIOUIME HArpy>KeHHbIE AaclUpPalUOHHBIE (QUIBTPHI,
MPEJICTABISAIOT CO0OM TOHKYIO OPraHMYECKYIO IJICHKY M3 METHJILEIUTIONO03bI, COJIEPKallyIo
matepuan ['CO mouB u mopomkoByo cmech (IIC) u3 coeauHeHUil TSDKENbIX METaUIOB,
HauboJsee YacTo MPUCYTCTBYIOMINX B a3po30iisiX. [Ipu ux co3ganuu 1uist TOCTHKEHUS pa3mepa
D uactun, xapaktepHoro ans a’sposoneit, Mmatepuan ['CO mpenBapuTenbHO U3METbYATH 10
D<20 mrMm. 3arem otnenpable HaBecku cMecd I'CO u I1C mocTOSIHHON MacChl JOIMOJIHUTEIBHO
UCTUPAN B araToBOW CTyINKe B T€UEHHE PA3MYHOIO BpEMEHHU T U3 MHTepBaia oT 5 mo 180
MUH. ¢ jJoOaBieHueM crupTta. Ha MX OCHOBE TOTOBWIM TIJIEHOYHBIE OOpasllbl M CTPOWIIH
3aBHCHMOCTH OTHOCHUTEIHHOTO M3MeHeHus nuTteHcuBHocTH Al/Ii=1(T).

YcraHoBiI€HO, YTO JIsl M3JIy4yaresied C IMOBEPXHOCTHOW IUIOTHOCTBhIO P=5 Mr/cm?
BenuunHa Ali/l; mng Ko- muamii Mn u Zn u LB-nuaum Pb mgocturaer 60 % mpu
BOCITPOM3BOMMOCTH KCIIEPUMEHTA, XapaKTEPU3yeMoil K0d(P(UIIMEHTOM Bapuallid, paBHBIM
4-7 % B 3aBUCHMOCTH OT OIpeAensieMoro sieMeHTa. Mccnemyemas 3aBUCHMOCTh UMEET
HECTaHJAPTHBIA XapakTep: Ha NEPBOM CTauMU HU3MENBUYCHHS BeIUMYMHA |; HE3HAYUTEIHHO
CHIDKAeTCsl, 3aTeM 3HaueHue l; ¢ pocToM T yBemM4MBaeTCs, YTO cOrjacyercs ¢ pu3n4ecKou
npupozoit apdpexta MAH nipu oTcyTcTBUM 00BOJIAKMBAHUS KPYITHBIX YAaCTHII MEIKUMH [1],
nanee BHOBb majaeT. [IpenmonoxkeHo, YTO CHUKEHME WHTEHCHBHOCTH CBSI3aHO C
arperupoBaHMEM YaCTHIl TOHKOM3MEIbYEHHOro Tmopomka. OOpa3oBaHHWE KOHIIIOMEPATOB
MOATBEPK/ICHO JaHHBIMU TPaHYJIOMETPUYECKOTO aHalli3a: 3HadeHHe pa3Mepa YacTHI
MOPOIIKOBBIX CMECEl Iocie HMX TPEXyacoBOro HcTUpaHus jocturaer 140 MKM.
Ha6mromaembrii 3¢ hekT HEeBO3MOKHO OOBSICHUTH MPOCTHIM OO0pa30BaHWEM KOHTJIOMEPATOB,
COCTaB KOTOPBIX COOTBETCTBYET CpEIHEMY COCTaBy IOpPOIIKOBOM cMecH. lloctaBiensl
CHELMAbHBIE SKCIIEPUMEHTBI IO BBIABICHUIO MPHUPOABI 00pa3oBaHMsI KOHIJIOMEPATOB U
uccienoBaHuio 3aBucuMocTu BenuduHbl Ali/l; or Tommmubl W3nywatens. B gacTHOCTH,
YCTAHOBJIEHO, YTO MpHU yBeauueHun Pg HeHachllmleHHbIX u3inydarened B 10 pa3 BennunHa
Ali/1; camkaercs B 2-3 pasa.

1. Jloces H.®., Cmaeynosa A.H. OCHOBBI PEHTI€HOCIEKTPAILHOIO (HIyOpECIIEHTHOIO
aganusa. - M.: Xumust, 1982. — 208 c.
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O BO3MOXXHOM BNUAHUN npoueccoB KaCckaaHOro pacnaga I'HYGOKVIX
BaKaHCMMN HA OTHOCUTESIbHbIE NHTEHCUBHOCTH npu
PeHTreHoCcnekTpajibHOM aHalrim3e

Kouyp A.I'., Cyxopykos B.JIL., /[yoenxo A.H., [lempos U /. , Mumvkuna E.b.
Pocmosckutl cocyoapcmeennbiil yHusepcumem nymetl coooujetus,
Pocmos-na-Ilony, e-mail: agk@rgups.ru

WNonuzamust  riyOokoi  00OJNOYKM  aToMa  MOPOXKAAeT  BBICOKOBO30YKIEHHOE
KOPOTKOXKHBYILEE COCTOSHHME, MOJBEp:KeHHOe pacrnany. OCHOBHBIMM MMyTSIMH pacrnajaa
BAaKaHCUM SIBJSIOTCSA PaMalMOHHBIA M Oe3paauanuoHHblid. [Ipu paguanmoHHoOM pacnane
BaKaHCHsI NEepeMeIlaeTcss B OJHy U3 0oJjiee BHEIIHUX O0O0JIOUEK, U HCIYCKaeTcsl (OTOH.
IIpu OespanmanmonHom pacnaze (mpoueccsl Oxe, Kocrepa-Kponura, cynmep Kocrepa
Kponwura) BmecTo 01HON HCXOIHON BHYTPEHHEH BaKaHCHUM BO3HHUKAIOT JBE€ BAKAHCHUU B
Oosiee BHEIIHUX 000JI0YKaX, U UCIYCKAETCs 3JEKTPOH.

[Tockonbky Hanbosiee BEpOSATHBI, KaK MPABUIIO, IEPEXOJIbI C yHacTHEM OJM3KUX 000JI0UeK
aToMma, TO pachaJl BHyTpeHHEH BaKaHCHM IPEJCTaBIIs€T COOOM CIIOKHBIH MHOTOLIArOBBIN
nporiecc. B MHOr03JIeKTpOHHBIX aTOMax KacKaJbl pacrajoB MOTYT ObITh OYEHb CIOKHBIMH
Y HACUMTHIBATh MIJIIMOHBI BeTBeH [1]. B mporecce kackamHoro pacnaga mpoucxoaut 1)
MHOT'OKpaTHas MOHM3allMsg aroma, 2) HUCIycKaHue (OTOHOB pa3IM4HBIX Ccepuil, 3)
HCIyCKaHHE 3JIEKTPOHOB B PE3yJIbTaTe MHOXKECTBA Oe3pa uallMOHHBIX TIEPEX0/I0B.
OCOOEHHOCTBIO 3MUCCHOHHBIX M 3JIEKTPOHHBIX CIIEKTPOB KACKaJHOTO pacrajia sBJseTcs
TO, YTO CHEKTpPhl JaHHOM OOOJIOYKM HCITyCKAIOTCS U3 OrPOMHOIO KOJIMYEeCTBa
MHOI000pa3HbIX ~MHOTOJBIPDOYHBIX KOH(PUIypalMi, BO3HUKAIOLIMX HpU  pacnaje
HayaJIbHOM BakaHCUM B Oosiee riryookoi odonouke. [Ipu 3ToM, ¢ 01HOM CTOPOHBI, CIIEKTPHI
pUOOPETAIOT OUYEHb CIOXKHYIO CTPYKTYPY U OOJBIIYIO 3HEPreTUYECKYIO MPOTSKEHHOCTh
[2,3], ¢ Ipyroii CTOpOHBI, CBSI3b MHTErPajIbHONW MHTEHCUBHOCTU KAaCKaJHOTO M3JIYUYCHHS C
MHTEHCUBHOCTBIO MCXOAHOTO BO30Y’XKAAIOLIEro Iydyka (OTOHOB MM 3JIEKTPOHOB
CTAHOBUTCSI HETPUBUAIILHOM [4].

[TocnenHee 06CTOSTENBCTBO TOJIKHO YUUTHIBATHCS IIPU PEHTICHOCIIEKTPAIILHOM aHAJIU3E,
Korjga BO3OYKAarolee H3IyYeHHe CIOCOOHO HOHU3MPOBATh BHYTPEHHIOI OO0OJIOYKY
aToMa, a aHaJu3 MPOBOJAUTCS MO JMHUM OJHOW M3 Oojee BHEUIHUX o00ojodek. B stom
cllydae BKJIAJl «IIPSIMOI» MOHM3ALUU HCCIETyeMO 000JI0UYKH MOXKET ObITh CYIECTBEHHO
MEHbILIE KaCKaJHOT0 BKJIAJA.

1. Kochur A.G., Dudenko A.l., Sukhorukov V.L., Petrov I.D. J. Phys. B: At. Mol. Opt.
Phys. 1994, 27, 1709-1721

2. Kochur A.G., Sukhorukov V.L. J. Phys. B: At. Mol. Opt. Phys. 1996, 29, 3587-3598.

3. A.G. Kochur Ye.B. Mitkina V.L.Sukhorukov.J. Phys. B: At. Mol. Opt. Phys.1998, 31,
5293-5300

4. A. Moewes, R.G. Wilks, A.G.Kochur, E.Z. Kurmaev. Phys. Rev. B 2005, 72, 075129
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MeToauka PDA ctaneun B npob6ax, oopazoBaHHbIX
HaTupaHueMm obpasua Ha WncoBarbHYH LUKYPKY

Kpexnun 10.C., Maiioposa E.H
HIIO «Cnexmpony, Canxm-Ilemepbype, e-mail: to@spectron.ru

Pa3paborana u arrecroBana Bo ®I'YII "BHUHNM wum J[.M.Menneneea" meToauka
BBHITIOJTHEHHs u3MepeHuit maccoBoit gonu Ti, V, Cr, Mn, Fe, Ni 1 W B BBICOKOJIETHPOBaHHBIX
XPOMOHHUKEIIEBBIX CTasIX METOJOM oOoTOopa mpo0 Ha 1UM(OBAIBHBIE MIKYPKH H
pEHTreHO(IIyOpECIIEHTHOTO aHain3a Ha peHTreHoBckoMm crnektpomerpe «CIIEKTPOCKAH
MAKC - G».

MaccoBble 10 TEpPEUYHUCICHHBIX AJIEMEHTOB OMNPEIENSIOT C IOMOIIBI0 BapHaHTa
cniocoba GpyHnameHTanpHbIx apamerpoB (CDII), mpemrycMaTpuBaromIero UCIOIb30BaHUE IS
KaXJIOro »sjeMeHTa omHoro ooOpasna cpaBHeHus (OC). Bropuunbie 5>¢dekTsl He
yunutbiBatoTcs. B kauectBe OC NpuMEHSIOT M3rOTOBJIEHHBIE B cooTBeTcTBUM ¢ MU 2706-
2001 (@I'VII "BHUMUMC") xpyxxku ¢punbrpoBangbHoii Oymaru auamerpom (12,00£0,05) mm,
MPOMUTaHHbBIE JO3UPOBAHHBIM KOJIMYECTBOM PACTBOpA MOHA METaJLIaA.

AHanusupyemble 00bEKTbl — HaTUPbI NPEJCTABIAIOT COO0I0 HEHACHIEHHBIN ciioi. Ilo
ATOW MPHUYMHE WHTErpan BO30YKIEHUS ISl KaXKIOTO i—T0 3JIEMEHTa 3alucaH OTHOCUTEIHHO
MOBEPXHOCTHOM IUIOTHOCTU j—TO »iemeHta B Harupe, Pj=C;p;d, r/eM’, W COJIEPIKUT

r
muoxutens | 1 — exp(—>. M i/lej )|, B koropom M;; - CyMMapHBId MacCCOBBIM
j=1

Koo unmeHT ocnabiaeHus U3MydeHus (MEPBUYHOTO Ha JTMHE BOJIHBI A.M (IIyOopecieHTHOTO
i-ro nneMeHra) B j—oM siaemeHrte. Ilepexon or C; kx Pj, mo3BoiseT H30aBUTbCS OT
NPUCYTCTBUSI HEU3BECTHON BEIMYMHA TOJIMHBI cos d. Bennunna C; paccUnMTBIBAEeTCS I10
COOTHOILIEHHIO: .

-
C,=100P, /) P,
j=1

[TorpenHocTH METOUKY OINpE/IeNIeHbl IyTEM COIIOCTABIICHHUS PE3yJIbTaTOB aHanu3a 12-
u I'CO craneit cepun 2OPM c ux arrecroBaHHbIMU 3HaueHUsAMU. [lonydyeHHblE B pe3yJibTaTe
OTHOCHUTEJIbHBIE BEJIMYMHBI PACIIUPEHHBIX HeompenenéHHocTe U; pe3ynbTaToB U3MEpPEHUit
MacCOBOW JIOU DJIEMEHTOB MpH KOXPQPUIMEHTE OXBaTa, pPaBHOM 2, BKIIOYAIOIIHEC
IIPOMEKYTOUHYIO MPEIU3MOHHOCTh (BapbUpyeMble (pakTophl: Bpems, onepaTtop, pesxxum PT), a
TaK)Ke HEOIpeAeIEHHOCTU MaccoBol KoHIeHTpaluu B OC 1 KOppEKTUPYIOIIEH 3aBUCUMOCTH,
MIPUBEJICHBI B TAOIHUIIE:

DnemeHT | Mac.nonu, % U;, otu.% | DnemeHT Mac.nomm, % | U;, otH.%

(ot — 110) (ot — 110) (ot — 110) (ot — 110)
\\ 0,3-5 40 -9 Cr 5-25 8-6
Ni 5-45 9-3,5 V 0,1-0,3 40 - 28
Fe 50 - 80 3,5-4,5 Ti 0,3-3 50 -35
Mn 0,2-5 30-7

PaccMoTpenue mnpuBenEHHBIX JaHHBIX IOKa3blBaeT, 4ro OHU oT 1,5 no 4 pa3
npesbimatoT Tpeboanus ['OCT 28033-89. Meronuka MoOKeT ObITh HpPHUMEHEHa IpHU
AKCIIPECCHOM OINPEJIEIIEHNE COCTaBa C LIE€JIbI0 COPTUPOBKHU MM UAEHTU(UKAIMK o0pa3La, U B
ciydasix, Korja oTOop OOBIYHOM MPOObI HEBO3MOKEH (YHHKAJIbHBIN 0Opa3elr] WM BBICOKUE
3aTpaTbl BPEMEHM). AHAJIOIMYHbIE pE3y/lbTaThl MOJIY4YEHbl HAMU IPHU MCIOJIB30BAHUU B
kauecTBe OC 4HMCTBIX DIIEMEHTOB.
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NMpumeHeHNe peHTreHoCNeKTpasribHOro aHanu3sa Ans KOHTponA
MaTepuanoB MeTannypruyeckoro npoussogctsa Ha OAO «HKMK»

Kpusonyyrxasa U. A., Conosves b. B.
OAO «HKMK», llenmpanvhas komniekcHas 1abopamopus KoMouHama
654010, Kemeposckas o61., 2. Hosoxysneyxk, na. Ilobeo, 1
e-mail: krivolutskaya_ia@nkmk.ru

Pentrenodnyopecnientueiii  ananuz (P®A) mnpuMeHseTcss B aHAIUTUYECKON
nabopatopun OAO «HKMK», Bxoasieil B cocTaB IEHTpaIbHON KOMILIEKCHOH J1abopaTopuu
koMmOuHarta ¢ 1977 r. 3a 30 ner B 1abopaTopuu pazpadboransl Mmetonguku POA st mmpokoro
Kpyra MaTepuaioB METAJLITypru4ecKOoro nporu3BOCTBA.

[lepBpIMU B TPOM3BOICTBO OBUIM BHEIPEHBI METOJUKN aHAJIN3a BbICOKOJIETMPOBAHHBIX
cTajei (XpOMOHUKEIEBBIX, XPOMOMOIUOAEHOBBIX, OBICTPOPEIKYIIUX U T.J.) HA CKAHUPYIOIINUX
peHTreHoBcKuXx crekrtpomerpax VRA-2, VRA-20. Jlanee maGopaTopusi ocHamanach Ooiee
MPOM3BOIUTENbHBIMU MHOTOKaHAJIbHBIMU PEHTI€HOBCKUMHU criekTpoMeTpamu KP®-18, CPM-
20, CPM-25. B nHacrosiiee BpeMsi 3IKCIUTyaTUPYIOTCS pEeHTI€HOBCKUE criekTpomeTpbl CPM-
25 (Poccust), VXQ-150 (pupmbr Shimadzu) u 3akymieHasii B 2005 romy crekTpoMeTp
Simultix 12 (¢pupmsr Rigaku).

Metonsl PDA mnpumeHstorcs A BXOAHOTO KOHTPOJIS ChIPHEBBIX MAaTepHAJIOB,
TEXHOJIOTMH JOMEHHOI'O U 3JIEKTPOMETAILTy pruuecKOoro Iponu3BOCTBaA.

Ha pentrenoBckux crnektpomerpax CPM-25 u VXQ-150A pa3paboTaHbl METOIUKH
aHaJlM3a CJIEQYIOIIMX ChIPbEBBIX MAaTEpUAJIOB: arjioMepara, HW3BECTHU M OTHEYIOPOB
(BBICOKOMArHe3uajbHbIX, ATFOMOCHUINKATHBIX, XPOMUCTBIX).

C 1991 roma KOHTpPOJb XHUMHUYECKOTO COCTaBa JOMEHHBIX IIUIAKOB M YyTyHa
MOJTHOCTBIO TiepeBeieH Ha MeTo ikl PDA. PazpaboTanbl METONMKY aHAIM3a HA 9 KOMIIOHEHTOB
B JOMEHHBIX 1I1akax u 10 aneMeHToB B uyryHe ais cuekrpoMerpoB CPM-25 nu VXQ-150A.

Kectkue TpeOoBaHUS K BpEMEHU aHAJIW3a MPEAbSBIISAIOTCS MPU KOHTPOJIE TEXHOJOTUU
AJIEKTPOMETAJUTYpPrHUecKoro npousBojcTsa. B skcnpecc-nabopatopun DCIIL ycraHOBIEHBI
cnektpomeTpsl VXQ-150A um Simultix 12. AHanmu3 3IEKTPOMETAJUTYPrHYECKOTO IIIaKa
BBIMOJIHSACTCS. 32 5 MHMHYT C YYeTOM BPEMEHH 3aTpayMBaeMOro Ha IOATOTOBKY MHpoO0.
HaubGonee cioxHblii U3 KOHTPOJIMPYEMBIX B JKCIIpecc-1abopaTopur MaTepualoB —
nutakoo6paszyromue cmecu (LIHOC). Kommosuiuio M3roTaBiMBaeMbIX U HCHOJIb3YEMBIX Ha
OAO «HKMK» HIOC COCTABJISIIOT IIEPEMEHHBIE 110 CBOEMY COCTaBy OTXObI
(dbeppocIIaBHOTO, aTIOMHUHHEBOTO, H3BECTKOBOTO MPOM3BOACTB M rpaduta. Pazpaborana
METO/MKa BbIMoyHEeHUsT u3Mepenuii POA yraepona, ¢propa, OKCHIOB alllOMUHUS, KPEMHUS,
Maraus, Hatpus ¥ Kanus B [IIOC. OTmedeHo, 4TO Npy N3MEHEHUN HCXOJHBIX COCTABIIAIOIINX
[IJTAKOOOpa3yIoIuX cMecei Wi Ncnoiab3oBanuu B mpoussojcTtee LHOC npyroit komno3unuu
TpeOyeTcs OTAeNbHbIE KATMOPOBKH CIIEKTPOMETPOB U pa3paboTKa METOAMK aHAIU3A.

Bce KOHTpoOJIbHBIE METOJIMKU aTTeCTOBaHbI B cOOTBeTCTBUM ¢ TpeboBaHusmMu ['OCT
5725-2002.

KpoMe ykazaHHBIX KOHTPOJBHBIX METOAMK aHaimu3a Mmeron PDA mnpumensercs B
naboparopuu AJi1 aHAJIW3a HU3KOJETMPOBAaHHONW M BBICOKOJIETMPOBAHHOW CTalld, LIBETHBIX
cruiaBoB (OpoH3, naTyHel, 6a00UTOB).

C nomompbto Metona P®DA  npoBoauThCS  OLIEHKAa  COCTaBa  Pa3JIMUHBIX
HKCIEPUMEHTAIbHBIX, TEXHOJOIMUECKUX MaTepUalioB M OTXOAOB IPOM3BOJACTBA (ILMXTA,
OKaJIMHA, IIJIaM, OTHEYNOpPbI MOCJE CIy>KObI, MEepeIuIaBbl OTXOJ0B C OTBAJIOB U T.A.). g
psizia MaTepHaIoB MOJArOTOBJIEHbI JaHHbIE [T aTTECTAllMM METOAMK aHAJIN3A.
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PeHTreHohnyopecueHTHbIN MUKPOaAHannM3 Meauko-
Ononormyecknx o6 LEKToB

1 1 2 3 4
Kynpusanosea T.A. ", Jlamuna O.U. ", bopzenxo A.I'.°, Bazuna A.A.", [lIknoeep B.A.
Hncmumym obweti u neopeanuyeckotl xumuu um. H.C. Kypnaxosea PAH,
Mockea, e-mail: kupr@igic.ras.ru
2 .
MI'Y um.M.B.Jlomonocosa, xumuueckuii ghaxyniomem
3 . .
Hucmumym meopemuueckotl u sxcnepumenmanvrou ouogusuxu PAH, Ilywuno
4
00O Cucmemst 0Ona mukpockonuu u ananusza, Mockea,

DJIEeMEHTHBIM aHalKu3, BKJIIOYasi MUKPO- U YJIbTPA MUKPODJIEMEHTHI, B MEIUIIMHE
WCIOJIb3YIOT MPU U3YYEHHH MX POJIM B PA3IMYHBIX 3a00JI€BaHUIX; MPU HUCCIETOBAaHUU
OuocyOcTpaToB aisi Iiefied AMarHOCTUKU, TPH W3YYCHHHM BIUSHUS 3arpsS3HEHHOCTH
OKpYXalollei cpenbl Ha 3/710pOBbE YENIOBEKa; ONpeesIeHUe TOKCHUYHBIX METAJUIOB B
CBS3H ¢ MPOUTAKTUKON MpodecCHOHATbHBIX 3a00IeBaHUI U TIP.

[TokazaHo, 4TO PEeHTTeHO(ITYOPECIIEHTHBIM METO/I TI0 TIPeIeiTy OOHAPYIKEHUS psiaa
3JIEMEHTOB MPEBOCXOJUT MHOTHE HHCTPYMEHTaJbHbIE METONbl aHanmu3a. OO0bekTamu
HCCIIE0OBAHUS CIIy KWIH: OIEPALMOHHBIA MaTepuall, CyXOW OCTAaTOK LEIbHOW KpPOBH,
J1a3Mbl, CBIBOPOTKH, BOJIOCHI, U TIP.

B Meauko-Ouonoruueckux, B OCHOBE CBOEHl OpraHMYecKux OOBEKTax s
OTIpeIeTICHUsI SJIEMEHTOB ¢ aTOMHBIMH HoMmepamu Z>10 11emecoobpa3Ho MCIOJIb30BaTh
METO/Ibl, aHATUTUUYECKUN CUTHAII B KOTOPBIX PETHCTPUPYETCS SHEPrOAUCIIEPCUOHHBIMU
CHEKTPOMETpaMH ¢ OepHIIIIMEBBIM OKHOM. B 3TOM cilydyae He perucTpupyroTcs JeTKue
anementsl (H, C, N, O), KOTOpbI€ COCTaBISIOT OCHOBY OPraHMYECKUX BEILIECTB U YaCTO
OCJIO)KHSIOT TPOBEACHHE MHOTMX HWHCTPYMEHTAJbHBIX METOJOB. OTO IO3BOJISIET
BbIOpaTh YCIOBHS aHallM3a, OOECIEeYUBAIOLINE HAAEKHOE OIpPE/IeJICHHE OCTAIbHBIX
3JIEMEHTOB, OTHOCUTEJILHOE COJEp’KaHUE KOTOPBIX B Mpo0Oe Majo, MPUOIU3ZUTEIBHO 3a
BpeMsl CTaHJAPTHOT'O aHAJIW3a 3TUMH METOJAMHU.

JlokaJIbHBIN pEeHTreHO(TYyOPECIIEHTHBI aHAJIM3 TKAHEW W BOJIOC BBINIOJIHEH Ha
pentreHodyopeciieiTHoM Mukpoanaiauzarope EAGLE III p-probe B kommanum
«Cuctemsl 711 MUKPOCKOIIMU U aHaIu3a». Bce aIeMeHThl onpenenstoT OJHOBPEMEHHO
B OJIHOM U TOM k€ mpooe.

Ha mpumepe ananmu3a BOJIOC M TKaHEW MOJOYHOMN KeNe3bl U OPOHXOB H3Y4YECHBI
CHCTEMaTHYECKHE TOTPEITHOCTH JIOKAIBHOTO PEHTTeHO(IyOPECIIEHTHOTO aHaln3a
(mpoxo’k/IeHne aHaJIUTHUYECKOTO CHUTHalla Yepe3 CIOH APYyroro cocTaBa, BIUSHUE Ha
AQHAINTUYECKUI CUTHAJ MaTepuasa MOJJIOKKHU, MEPEKPHITUE PEHTTEHOBCKUX CIIEKTPOB
OmpeseNiieMbIX JJIEMEHTOB, HW3MEHEHHE yria oTOopa aHaJUTHYECKOTO CHUTHAala,
Hayne AudpakmonHoro d3QdexTa u ap.)

Hcnonws3zoBanne mnporpammbl No standards (¢pupmer EDAX) mosBosser ambo
UCKJIIOUUTh, TMO0 YMEHBIIUTh PACCMOTPEHHBIE CHCTEMAaTUYECKHE MOTPEITHOCTH.

Pa3zpaboTtannsiii cmocod (mist ameMenToB oT Na o U) ompeneneHnuss OCHOBHBIX U
MHUKPORJIEMEHTOB B OMOJIOTHYECKHX OOBEKTax BechbMa MEpPCHEKTHBEH, TaK Kak
onpenenenue P, S, Cl, K, Ca B mpo0Oax OpraHMYeCKOTO MPOUCXOXKICHUS IPYTHMHU
MHCTPYMEHTAJIbHBIMU METO/IaMU HE BCET1a BO3MOXKHO.

Paboma evinonnena npu noooepoicke I panma Ipezuoenma P® HIII Ne 284.2006.3.
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PeHTreHoBCKMe cCneKTpbl pacTBOPOB COJeH

Kynpusanosa T.A , JIamuna O.H., Myxanosa A.A, Ocmposckasa B.M., @ununnos M.H.
Hncmumym obweti u neopeanuyeckoti xumuu um. H.C. Kypuaxosa PAH,
2. Mocksa, e-mail: kupr@igic.ras.ru

PaccmoTpeHa BO3MOKHOCTb MCHOJIBb30BAHUS SYMHCCUOHHBIX PEHTI€HOBCKHX CIEKTPOB
JUIsL  ONpEJeNIeHusT XUMUYECKOrO COCTOSHUSI aTOMOB B pacTBopax. B kauecTBe
AQHAJIMTMYECKOTO CHUTHAJa UCIOJIb30BAHO OTHOIIEHHE WHTErpajJbHONM HMHTEHCUBHOCTH
nocienHeit smuccuonHoit muauu (OMU I12JI) K — cepum o6bruHo 310 auHus Kfo,
0OyCIIOBJIEHHAsl JJIGKTPOHHBIM TEPEXOJOM C Yy4YacTHEM BaJIEHTHOM O0OO0JIOUYKM aroma
OTpeNIeNIIEMOr0 3JIEMEHTa K MHTETPaJIbHONM MHTEHCUBHOCTH HOPMUPYIOLIEH JTUHUU, OOBIYHO
sto juHus KP1, oOycioBieHHas 3JIEKTPOHHBIMH MEpexoAaMu Oe3 ydacTHsl BHEIIHEH
AMEKTPOHHON 00070uku aroma. beumm m3mepenst OWU I129JI Ni, Cu, Zn, Mo u np. B
HCXOJHBIX U TMEPEeKPUCTAITU30BAHHBIX COJISIX, B HACBHIIIEHHBIX M pa30aBIEHHBIX BOJHBIX
pactBopax pazmmuHbiX cojiel (NiSOy4, CuSOy4, ZnSO4, CuCl,, ZnCl,, Cu(CH3;COO),-H,O0,
Zn(CH3COO)2'2H20, u K4M0123i040'8H20 u l[p).

XKunkue npoObl aHAIM3UPOBAIN B CIIELUAIBHBIX TE€(IOHOBBIX KIOBETaX AMAMETPOM
25 MM C peHTTeHONpPO3payHbIM CMEHHBIM THOM M3 Maiiapa tommuHoi 12 mxMm. PabGota
MIPOBOAMIIACH HA CTAaHAAPTHOM aHAJIIMTUYECKOM 00OpYyA0BaHUU (PEHTTEHO(ITyOPECIICHTHBII
cnektpomeTp VRA 33) npu aTMochepHOM AaBICHHH.

JUis BOJHBIX pacTBOPOB MOJy4yeHbl JuHEHHble 3aBucumoctd OWN TIDJI ot
KOHIIEHTpPALMH coJiel MpH pa30aBlIeHMH UCXOIHBIX PACTBOPOB BOJIOM.

[Ipu noGanennn k pactBopam KyMo013S1049-8H,O (1% u 7%) cunsHOTO
BoccraHoBuTes (1,1-auMeTHIrMapa3uHa) nojryyeHa ciaoXKHasl HellMHeHask 3aBUCUMOCTb.

Otmeuennble ocobernnoct noseaenus OWU I19J1 B pacTBopax MOryT ObITh CBSI3aHBI
C U3MEHEHHMEM »JJIEKTPOHHOI'O COCTOSHMSI KaTHOHOB B pPAacTBOpax MpU H3MEHEHUHU
KOHLEHTpaluu. JTO JaeT BO3MOXXHOCTb HENOCPEACTBEHHOTO HAOMIOJIEHUS JIUHAMHUKHU
n3MeHeHus (opmbl cymectBoBaHus Cu, Zn, Mo M JApyrux 3JIEMEHTOB B pacTBOpax ¢
HCI0JIb30BAaHUEM IMUCCHOHHOW PEHTTEHOBCKOM CIIEKTPOCKOIINH.

HccnenoBanbl  cUCTEMAaTHYECKHWE  MOTPEIIHOCTH  HA  CTaJuU  IOJY4YCHHs
AHAJMTUYECKOTO CUTHala M OOpabOTKH HKCIEPUMEHTANbHBIX NaHHbIX. Bemmumna OUU
I13JI He 3aBMCHT HHM OT KOHLIEHTPALMM OIPEIENseMOro 3JIEMEHTa, HU OT o0beMa
aHAJIN3MPYEMOI'0 PacTBOPA.

Paboma evinonnena npu noooepowcke I'panma Ilpesuoenma P® HIL Ne 284.2006.3 u
npoepammvl OXHM PAH «Co3z0anue 3¢hgexmushvix Memooo8 XuMU4ecKkoeo aHaiusda u
UCCNe008aHUsL CMPYKMYPbl 8eUjeCms U MAmepuanosy.
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HabniogeHune TecT-peakumm TeTparngpo-12-monubgocmnukara
kanusa ¢ 1,1-aumetTunrugpasvHom (AMI)
peHTreHocnyopecUueHTHbIM MEeTOA0M

Kynpusanoea T.A., @ununnoe M.H., Jlamuna O.H., Ocmposckasa B.M., Manvues /. A. K
Huemumym obweti u neopeanuueckotl xumuu um. H.C.Kypnaxoea PAH
'®I'VIT «25 F'ocHUH Munoboponwr Poccuuy

Pentrenodnyopecuentaenii  ananmuz (PDA) sBisiercs HE3aMEHUMBIM — METOJIOM
BEILIECTBEHHOI'0 aHaJN3a TBEPIBIX TEJ C MCIOJIb30BAHMEM PEHTTEHOBCKUX 3JIEMEHTOB MpPHU
ompeneneHun GopMbl UX HaxoxieHHs B mpobe. B mpemnoxennom metone [1] B kadecTBe
AQHAJTMTUYECKOTO CHUTHAJa MCIOJIb3YIOT OTHOIICHHE HWHTerpanbHOW mHTeHcuBHOCTH (OUN)
nocineaHet amuccuonHon auHuM (I19JI) XapakrepucTHUECKOro PEHTIEHOBCKOIO CIIEKTPA,
0OyCIIOBJICHHON MEpexoJ0M 3JEKTpPOHA W3 BaJCHTHOM IOJIOCHI HAa BHYTPEHHUN YpPOBEHb
aTOMa, K MHTErpaJIbHON MHTEHCHUBHOCTH JIMHUM TOM K€ CEpUM, OOYCIOBIECHHOW OJHUM U3
BHYTPEHHUX 3JIEKTPOHHBIX ITEPEXO/IOB.

[IpoBeneHo uccienoBaHuEe XMMHUYECKOIO COCTOSHMUS aToMa MO B KOMIUIEKCHOM COJIU
(KC) K4Mo,S1049, "MMOOMIM30BaHHOW Ha peareHTHOW uHAuKatopHou Oymare (PUB) B
nporecce ee B3aumoneicTeus ¢ JMI. Ananmutnueckum curhHanom BeiOpana OWU nunum
momubena KB, (A =0.06211 am) x KB -muanum (A = 0.06323 aM).

PUBb wumeer cnabo-XelATyl0 OKpacKy M HE MEHSeT ee B Ipolecce MOCTPOCHUs
HPSIMOJIMHEMHOIO TPajyupOBOYHOIO rpaduka: MHTEHCUBHOCTH M3JIyYEHMsI aHAIUTUYECKOU
s MoKa; » ot maccel Mo Ha nucke PUB & 24 mm. [Ipu nobasnenun JIMI" oxpacka PUB
U3MEHSETCd OT cJlabo 10 MHTEHCHUBHO CHHEH U TEMHO-CHHEH, 4YTO CBS3aHO C
BocctanoBneHneM KC wu oOpaszoBanuem wmonubaeHoBoro cuHero (MC) — THraHTCKOTO
KJIacTepa, YCJIOBHEM OOpa30BaHMsI KOTOPOTO IO JaHHBIM PEHTTEHOCTPYKTYPHOI'O aHaIn3a
aprsercs cootHomeHne Mo(VI) : Mo(V) paBroe 3:1; mpu atom JIMI' okwucnsercs mo
Hutpo3oaumeTmiianmiraa (HIAMA) [2].

o H3('|.3 o~ o~ H3(-|-3
| | |
8lo=McF*=q| + "H_NHQ = 6|0=Mo"'=p| 4 5|—Mo =0 + TTI—N=O +H50
| |
| H;C H.C
®parMeHT AMTI ®parmentsl MC HAMA

K4M0128i040

[TonyuenHnas u BocCHpoW3BOAUMAs 3aBUCUMOCTh u3MeHeHus: OWUW monmbnena ot
KonnyectBa nobasineHHoro Ha PUB JIMI' moka3biBaer, YTO OTHOILICHHE SKBHUMOJIIPHOTO
KOJIMYECTBA BOCCTAHOBJICHHOTO MO, COEIMHEHHOTO ¢ HEBOCCTAHOBJICHHBIM MO, K MOJISIPHOMY
KonuvectBy fobasnenHoro IMI paBro 2 : 6 : 1.

[Tony4yeHHbI1 MaTepuanbHBI OalaHC KOPPETUpPYeT C MEXaHHW3MOM TeCT-PEaKIUU
onpeaenenus [IMI-BoccTaHOBUTENS U IEMOHCTPUPYET BO3ZMOXKHOCTTH MeTona PDA npu
OTIpEJIeJICHUU BaJIGHTHOTO cocTosinusg monuOaeHa B Ky4Mo01,S1049 1 B MonmbmeHoBOM
CHUHEM.

1. Kynpusnosa T.A., @ununnoe M.H., Jlamuna O.H. // KypHall cTpyKTYpHOH XMMHHU.
2003. T. 44. Ne 3. C. 460 — 471.

2. Ocmposckas B.M., Manvwes /1.A., Jlamuna O.HU. u op. // KpuTndecknue TEXHOIOTHH.
Mewm6pansbl. 2002. Ne 15. C. 29.
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PeHTreHodnyopecueHTHOe onpeaeneHMe MakpococrtaBa
XanbKoreHnagHbIX ctekon cuctem As-S, As-Se, As-S-Se

Kypeanosa A.E., Cnonamun I'.E., Cyukos A.H.
Hncmumym xumuu evicoxouucmoix eeugecms Poccutickoil akademuu Hayx,
Huoicnuii Hoseopoo, e-mail: kursa85@mail.ru

[IpuBnekaTeTbHOCTh BBICOKOYHCTBIX XaJIBKOTEHUIHBIX CTEeKOJI cucteM As-S, As-Se,
As-S-Se kak mMarepuanoB JAJsl U3TOTOBJIEHUS BOJIOKOHHBIX CBETOBOJOB COCTOUT B BBICOKOM
npospayHoctu B cpeaHeM HWK-nmmamazone. MHorme skciulyaTallMOHHBIE XapaKTEPUCTUKH
BOJIOKOHHBIX CBETOBOJIOB OINPENEISIIOTCA COCTABOM CTEKOJ CEpJLEBHHBI M 00OJOYKH, YTO
BJIEYET 33 COOOW HEOOXOIUMOCTh €T0 KOHTPOJISL.

[lenbro sBiANach pazpaboTKa METOAMKH PEHTTeHO(IYyOpPECHEHTHOIO OIpeesIeHHs
MaKpoCOCTaBa  XaJbKOT€HHJHBIX CTEKOd cucteMbl  As-S;, As-Se, As-S-Se Ha
pentreHoduryopecteHTHOM criekTpomerpe ARL OPTIM’X (Thermoelectron).

O6pasubl cpaBaeHus (OC) xalbKOTEHHIHBIX cTekon cucteM As-S, As-Se, As-S-Se
NPUTOTOBWJIM METOAOM MPSIMOTO CHHTE3a M3 MPOCThIX BewlecTB. llpu sToM Hcmonb3oBaiu
0COOOUHUCTBIE CeJIeH MapKH «0cC.4.17-3», MBIIBIK (METAIMUECKU) MapKku «oc.4.21-5» u
cepy Mapku  «oc.4.17-5», ouumennyro guctwusinuen. OC  mpunanu  popmy
IJIOCKONApAJUIEIBHBIX IUIACTUH BBICOTOM 2 MM, MOBEPXHOCTb KOTOPBIX MOJIMPOBANACH IO
4-My KJaccy 4MCTOTHI.

B kauectBe aHamuTHuyeckux JMHUM ObuIM BbIOpaHbl K- nuaumm As, S u Se.
[TonyueHHble 3HaUY€HUsT MHTEHCUBHOCTEH H3JIy4YEHHs, MCIIPaBJICHHbIE HAa BEIWYMHY (OHa,
WCTOJIb30BAJIH [Vl HOCTPOCHUS I'PayHpOBOYHBIX XapakTepucTuk (I'X).

Hdna OC xanbKOreHuAHbIX cTekod cucreM As-S u  As-Se rpaayupoBOYHbIE
XapaKTePUCTUKH OTHOCUTEIbHBIX HHTEHCUBHOCTEH OT X OTHOCUTEJIbHBIX COJACPHKAHUN HOCAT
JIMHENHBIN Xapakrep.

s OC crekon cuctem As-S-Se nmonmydenHble ['X X0opoIio onuchIBaIlCh TOJTUHOMOM
BTOpOH cTemeHu. B nemsx ymnporieHuss oOpaOOTKM JaHHBIX W YMEHBIICHHS IOTPEIIHOCTH
nporuo3a, ['X crpowsn B KOOpJAMHATaX CPeIHEE OTHOLIEHWE MWHTEHCUBHOCTEH - OTHOIICHHE
COJIepKaHUH B BUJIE IIPSIMOA.

KauyecTBo ammpokcumanuy BO BCeX TpeX CiydasX XapaKTepU30BalM OLECHKOM
JMCIIEPCUN  OTKJIOHEHMHM SKCIEpUMEHTAJIbHBIX JaHHbIX OT JMHUM perpeccuu. Pacuer
COJIEp’)KaHUI BEJIM COIVIACHO OOpPAaTHBIM PErpecCUOHHBIM YpPaBHEHMSIM, B KOTOPBIX
HOPEJUKTOPOM U OTKIMKOM CIYXHWJIM, COOTBETCTBEHHO, OTHOILEHHS HHTEHCUBHOCTEH U
conepkaHuil. COOTBETCTBUE PpACIpPENETICHUS] OCTATKOB HOPMAJIbHOMY TPOBEPUIU IO
BEJIMYMHE ACUMMETPUHU U SKCLIEHTPUCHUTETA.

BenuunHa OTHOCHUTENBHOIO CTaHAAPTHOIO OTKJIOHEHHUS (S;) Npu omnpeaeeHuu
MakpokoMnoHeHToB He mpeBbimaeT: 0,0004 mias meimbsika 1 0,0003 — mis cepsr; 0,0014 nis
Mmbibsika 10,0005 — mist cenena; 0,002 — nust Mbrmbsika U cenerna U 0,005 — nst cepsl
(ctexna cuctem As-S, As-Se u As-S-Se, COOTBETCTBEHHO).

Pa3paboranHass MeToJIMKa MO3BOJSET O€3 pa3pyLIeHMs, C BBICOKOH TOYHOCTBHIO
ONpeAeNIsATh MAaKpPOCOCTAB XAJIbKOI€HUIHBIX CTEKOJ cucTeM As-S, As-Se, As-S-Se, koTopeie B
MOCJIEAYIOLIEM HCIOJB3YIOTCS B KA4ECTBE ONTUYECKUX CPEN MPU M3TOTOBICHUM Pa3IUYHbIX
9JIEMEHTOB UHTEIPAJIbHOM ONTUKU U ONTOAIEKTPOHUKH, & TAKIKE JIA3EPHOM TEXHUKU.
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P®A ¢ Bo30yxk1eHUEM PEHTT€HOBCKUM U3JIy4YeHHeM OT U30TOIMHOM
MHUIIEHU-KOHBEPTOPA HA MyYKe NPOTOHOB

Jleseney B.B, Omenvrux A.11.,Lyp A.A.
HUDTTMT Hayuonanvhwiii Hayunwlil yenmp « XapoKo8CKull (u3uKo-mexHudeckull
uncmumymy, Xaporos, e-mail: levenets@kipt.kharkov.ua

3HauyMTeNbHbIE JTOCTH)KEHUS B Pa3pabOTKe M CO3JaHUU OoJiee COBEPIIEHHBIX CHUCTEM
JETEKTUPOBAHUS M3JIy4EHHUs PEHTIC€HOBCKOI'O JMalla3oHa, YJy4dlIEHHE BO3MOXKHOCTEH
BBIUMCIIUTEIbHOW TEXHUKH U MPOrpaMMHOr0 OOECcledyeHus MPUBEIM K WHTEHCUBHOMY
Pa3BUTHIO PEHTTEHO(ITYOPECIICHTHOTO aHaIN3a U Bce 0oJiee MHUPOKOMY €TI0 HCHOIb30BAHUIO.
Tpamunmonnass cxema P®DA BriIouaeT MCTOYHUK Bo30ykmatomero mimydeHus (MMBU) Ha
PEHTICHOBCKOW TpyOKe WM paJMOaKTHBHOM HCTOYHHMKE. B MeHee pacmnpocTpaHeHHOM
BapUaHTE HCIHOJb3YETCs CHUHXPOTPOHHOE M3aydeHue. OJHAKO, XOPOIIMMH BO3MOKHOCTAMHU
obmamaer PDA, korma B kauectBe MBW BbICTymaer 31eKTPOCTATHUYECKUH YCKOPUTEIb.
Bo30Oyxnatoniee u3yuyeHHe TIEHEPUpPYETCs IpHU  B3aMMOAEHCTBUM IydKa IPOTOHOB C
DHEPrUsIMU 10 HECKOJIbKMX M5B ¢ MUIIEHbIO-KOHBEPTOPOM W3 YHCTBIX MAaTEpHUajIoB
(meramioB). Takoil MCTOYHHMK 00aIaeT BHICOKOW CBETHMOCTBbIO M JOCTATOYHO XOPOIIMMH
CIEKTPAJBHBIMM XapaKTEPUCTUKAMHM — CIIEKTp IPEACTABIEH KBa3UMOHOXPOMAaTHYECKUM
XapaKTepUCTHUECKUM PEHTIC€HOBCKMM U3JIyuyeHueM (B oOcHOBHOM, K-cepus) muineHw,
TOPMO3HOE M3JIyUYEHUE MPAKTUUECKH OTCYTCTBYET. [I0CKOJIBKY BBIXOJA XapaKTEPUCTUYECKOTO

PECHTICHOBCKOI'0 HU3JIYYCHHA IMPOMNOPLHHUMOHAIICH E;‘, TO TIIOBBIIICHWEC OSHEPruM IIy4dKa,

3HAYUTENIBbHO YBEJIMYMBACT MHTEHCUBHOCTh BO30Yy’KIaroliero msiaydeHus. Ho ¢ HekoTopoit
HA4aJIbHOM SHEPruu, IMOSABISETCS BO3MOXKHOCTH IIPOTEKAaHUs SAEPHBIX PEAKIMM C BBUIETOM
HEHTPOHOB M COIYTCTBYIOIIUM TaMMa-u3inydyeHueM. CeueHusl MOAOOHBIX peakiuil OblcTpo
pacTyT B JMANa30HE HECKOJBKUX M5B M HaAMHOrO IpeBBIIAIOT CEYEHUs APYTUX pPEaKiuil.
OTO NPUBOAUT K MOBBIIEHUIO (POHA U3-3a MEPEPACCEIHHOIO FAMMa-U3JIy4YeHHs B 2JIEMEHTax
YCTaHOBKH U JAETEKTOPE.

Bo3moxxkHo n36exath 3Toro 3dexra, eciiv UCIoIb30BaTh B KAU€CTBE MUIIICHU MaTepral
C colepKaHHeM H30Toma ¢ 0ojiee BBICOKUM MOPOroM (p,h) peakiyu, WK €CIH Ha MUIICHb C
€CTECTBEHHBIM M30TOIHBIM COJIEP)KaHUEM HAHECTH IJICHKY U3 TaKOro M30TOIa, C TOJIIIHUHOM
JIOCTaTOYHOM 11 cOpoca B HEl HaAOPOTrOBOM /Uit APYTHX U30TOIOB SHEPTUH.

Hampumep, ana mumenu uz meau (3Heprus Ko 8,05 k3B), B ecrecTBeHHOM M30TOIHOM
cocTaBe KOTopoH coaepxutcs 69,1 mac.% uzoromna Cu® u 30,9 mac.% nsoroma Cu®. [Toporu
peakimu (p,n) s msoronoB Cu® u Cu® pasuer 4,1 MsB u 2,1 MsB COOTBETCTBEHHO.
[TosToMy mpu 3HEpruM Mnmyyka MpoTOHOB 2 M>3B MOXHO HMCHOJIB30BaTh MEJlb €CTECTBEHHOIO
M30TOIHOI0 cocTaBa, a uid 3 MaB u 4 MsB Heo0XoauMo MPUMEHATh MUIIEHb U3 W30TONA
Cu®.

[TpobGeru mpoTOHOB B MeM C HayayibHOW sHeprueid 3 MaB u 4 MaB paBubl 19 MM u 55
MKM COOTBETCTBEHHO, TOTJa TIeHKa u3 m3otoma Cu® Ha KOHBEpPTOpE M3 ECTECTBEHHOIO
M30TOMHOI'0 COCTaBa JOJDKHA O0ecredyuTh cOpoC PHEpru MmpoTroHamu 10 2 M»sB, T.e. oHa
JIOJIKHa ObITh HE MeHee 16 MKM JUIsl IpOTOHOB ¢ 3Heprueit 3 MaB u 36 MKM /17151 IPOTOHOB C
sHeprueit 4 MaB. Eciu umeromuiicss B pacriopskeHUH yCKOPUTEIb MOXKET obecneunTs bosee
BBICOKHE PHEPIUU MPOTOHOB, a BEJIMYMHA SHEPIrUU MEPBUUYHOIO PEHTIEHOBCKOTO M3JIyUYECHMUS
HE OYEeHb KPUTUYHA, YTO CIIPABEUIMBO /7151 OOJIBIIMHCTBA MPAKTHUECKUX 33/]a4, TO B KaUeCTBE
MaTepuaza MHIICHH-KOHBEPTOPa MOXHO WCIONb30BaTh M30TOmbl Hukems: Nit u Ni®,
coJiepKalirecs: B €CTECTBEHHOM HHUKese B konuuectBe 67,9 m 26,2% u uMmeromue noporu
(p,n) peakmuwuii 9,3 u 6,9 M>B.

74



Ocob6eHHOCTM NPO6ONOAroTOBKU NPU PEHTIreHOCNEeKTParibHOM
aHanuse 6MonornyeckMx o6 bLEKTOB Ha (hunbTpax

Jlavuna O.U., Kynpusnosa T. A., Qununnos M.H., Myxanoea A.A.*
Hncmumym obweii u neopeanuueckoti xumuu PAH um. H.C. Kypuaxosa, Mockea
' Hncmumym sxenepumenmanvrou munepanocuu PAH, 2. Yeprnozonoexa
e-mail: lyam@igic.ras.ru

MHUKpPO3JIEMEHTHBIM COCTaB KPOBH, CBIBOPOTKHM, IPYTMX CpPel M TKAaHEH 4YeloBeKa
urpaet OONbIIYI0 POJb MPU JAMATHOCTUKE, JCUEHUHU, M3YyUYECHUU BIIHMSHHS 3arpsS3HEHHOCTH
OKpY’Karollel cpe/bl Ha 3J0POBbE YEJIOBEKA, ONPENEICHUN TOKCUYHBIX METAJJIOB B CBSI3U C
npodMIaKTUKON MpodeccuoHaNbHbIX 3a0o0eBaHuil. B OGonbIIMHCTBE cilydaeB macca mpod
Takoro poja orpanuyena. CieayeTr OTMETUThb, YTO OCOOEHHOCTBIO MEIUKO-OHOIOrMYECKUX
po06 sBIsETCSA UX HEOJHOPOAHOCTb.

[Tpu ompeneneHun MajbIX COAEPKAHUI HJIEMEHTOB B KPOBHM U CHIBOPOTKE YEJIOBEKA
UCIIONB30BAaH CMOCO0 HaHeceHUsi MpoObl Ha LEJUIIONO3HBIA (QUIBTP C TMOCIETYIONINM
BEICYIIUBaHUEM. XpomaTorpaduaeckuid 3p(EeKT mpu BIUTHIBAHUHN TPOOBI, HEOJHOPOIHOCTH
camMoii MpoObl, a TakKe HEOJHOPOAHOCTh MHTEHCHUBHOCTH MEPBHUYHOTO IYy4YKa BBI3BIBAIOT
HEOOXOUMOCTh OTPAaHUYCHHS O0JIACTH HaHECeHHs MpoObl Ha GWIBTP. AICOpOIMOHHAS
€MKOCTb (PUIbTpa THMA «CHHSS JIeHTa» auaMeTrpoM 23 MM mpu ero Tommmue 0,2 MM
anexBaTtHa mpode 90-100mxut. [TomyuernHast mpoda HEOTHOPOHA TAKXKE U 110 TONIIUHE.

[IpoBeneHa oleHka Mpod MO KPUTEPUSIM «TOHKOTO» U «HACBIIICHHOIO» CIIOEB MpPH
JOTYIIEHUH, 4YTO HAIOJIHUTEIEM BMECTO HCHApUBILIEHCS BOJbI SBIAETCA LEIUII0JI03A.
[Tonydeno, uto ipu U=25 kB nns nuaum FeKa TonmuHa «TOHKOT0» M3JIy4daTess COCTaBIsSEeT
0,01 MM, a TonmMHA «HACKIIEHHOTO» - 0,22MM. s nuanu SKa 5TH BEIMYUHBI COCTABIISIOT
0,0007 u 0,15 MM, cooTrBeTcTBEeHHO. [IpOOBI ABIAIOTCS HACBHIIIEHHBIMU TIPU ONPEIEICHUHN TI0
K-cepuu nerkux snementoB (S, Cl, Mg, Al) u HeHACHIIIEHHBIMH, HO HEe «TOHKUMI» 11 Fe,
Cu, Zn. ITony4deHsl rpaAyHpOBOYHBIE 3aBUCUMOCTH, TOATBEPAUBIINE PACUET.

[Ipoananu3upoBaHbl BapUaHTBl  HMCIHOJB30BAaHUS  PA3JIUMYHBIX  MOJJIOXKEK s
YIIy4ILIEHUS METPOJIOTHUYECKUX XapaKTEPUCTUK KOJIMYECTBEHHBbIX omnpeaeneHuil. [lpennoxen
croco® nansi ompeAeNieHUs] AJIEMEHTOB, MPUCYTCTBYIOIIUX B MaTepuane (QuibTpa, ydera
HEOJIHOPOJHOCTH MPOO C MCIIOJIIb30BAHUEM OTHOCUTENbHBIX MHTEHCUBHOCTEH. McciaenoBansl
BO3MO>XHOCTH UCIIONIB30BaHUs criocoda 100aBOK U paz0aBieHHs] HEOJHOPOAHBIX mpol. Beero
JUUISl TPOBEICHUS aHAIM3a UCToIb30Baiu 300 MKII CBIBOPOTKH WIIH IEJIBHOM KpoBH (3 00pasia
no 100mxun). [IpuBenens! pesyabtatsl onpenenenus Mg, Al, S, Cl, K, Ca, Fe, Cu, Zn y rpynn
monel ¢ panom 3aboseBaHUM, HaXOIALIMXCA Ha pa3HbIX cTaausx jedeHus. IIpoBepky
MPABUJILHOCTH OMPEEICHUS MTPOBOAMIN aTOMHO-a0COPOIIMOHHBIM METOIOM.

Paboma svinonnena npu noooepacxe I panma Ilpesuoenma P® HIII -616.2008.3
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OnpeneneHne MaccoBbIX coAepXXaHUM ypaHa B NOTOKe
TEXHOJIOrM4YeCKUX pacTBOPOB Ha IHEpProancnepCcMOHHOM
cnektpomeTpe CPB-1H

Maoorcapa E.O., Bepueun A. A., Haymux A. H., @ypcos A.B., Knazee b.b.
TOO «TexnoAnanumpy, Pecnyonuxa Kazaxcman, 2. Ycmo-Kamvenoeopck,

e-mail: daltek@ukg.kz

B Hacrosimiee Bpemss Ha  OOJBIIMHCTBE MPEAUPUATHN, J0OBIBAIOIIUX U
nepepadaThIBAOIIUX MHHEPAIbHOE CBhIPhE, IIUPOKO BHEIPEHBI aBTOMATUYECKHE CHUCTEMBbI
yrpaBiaeHus: TexHojgorndeckumu mnporeccamu (ACYTII).

TpaguunoHHo TPoOBI OTOMpAIOTCA C Pa3IMYHBIX TEpEeleioB U MEpelalTcs B
aHAIUTUYECKYIo JlabopaToputo. OIHAKO, a)xe MpU UCIHOJIb30BAaHUU SKCIPECCHBIX METOOB
aHanM3a, BpeMsi OT OTOOpa MpoOBl [0 BBIIAYU PE3yJbTATOB aHAIM3a HE TMO3BOJISET
ONEpPaTUBHO YIPABIATH TEXHOJIOTMYECKUMHU IpOLEccaMM, U, TeM Oojee, obecreunuBaTh €ro
aBTOMATHU3MPOBAHHBIA KOHTPONIb. B CBI3M ¢ 3TUM 3amada pa3pabOTKU aHAIUTHYECKUX
npuOOpPOB AJI AJIEMEHTHOIO aHajdu3a TEXHOJIOTMYECKUX MPOJYKTOB HEMOCPEICTBEHHO Ha
MOTOKE, HE YCTYMAIOLIET0 0 METPOJIOTUYECKUM XapaKTePUCTUKAM TPATUIIMOHHBIM METOaM,
SIBJISIETCS] BECbMA aKTYaJIbHOM.

OpHolt n3 MOAOOHBIX 3ajay SIBJISIETCS OIMpeNeieHHe MAacCOBBIX COAEpKAHUM ypaHa B
TEXHOJOTMYECKUX pacTBOpax IpPH €ro J00blYe METOAOM IIOA3EMHOIO BBILIEIAYMBAHUSI U
MOCJIEAYIOIIEro MPOU3BOCTBA KOHILIEHTPATa IPUPOTHOTO ypaHa.

Jnst pemienuss momoOHOM 3amaum ObLT pa3paboTaH aHAIM3aTOp ypaHa Ha 0ase
SHEProJAUCIEPCUOHHOTO pPEHTreHO(IIyOpeCIIeHTHOTO CIIEKTpOMETpa CPB-1H,
IIPEIHA3HAYEHHOTO0 JUIsl HENPEpPBIBHOTO  ONPEACNIEHUS IOJIE3HBIX KOMIIOHEHTOB B
TEXHOJIOTHYECKUX pacTBopax (IyJibliax), AaBTOMATHYECKOM OOpabOTKM M3MEpPEHHOU
MHPOPMALIMU ¥ BO3MOKHOCTH BbIJIaYM PE3yJbTaTOB 00paOOTKU B BHJE BBIXOJAHOTO CHTHaa
JUTSL YTIpaBJICHUS MCTIONHSIOMMUMU MexaHu3MaMu. OCHOBHOM CJIOHOCTBIO B JaHHOM 3ajiaye
ABIISICTCS HEOOXOAUMOCTh TPSMOTO OIpENeeHUs] 3JEMEHTOB B IIMPOKOM JIMara30He
conepskanuit (ot 2,0+10 Mr/n 10 1ECATKOB I/J1) B arpeCcCUBHBIX pacTBOpax.

JUis cHIKEHMsI TOpOroB OOHAPYIKEHUS SJIEMEHTOB U MOBBIIIEHUS! UyBCTBUTEIBHOCTH
CIEKTpOMeTpa Oblla MpeasoKeHa Tpex-oceBasi TreoMeTpust usMmepeHus. IllepBuyHbIM
MCTOYHUKOM BO30YKJIEHUSI MOXKET CIYKUTh peHTreHoBckas TpyOka bX-10 ¢ anogom u3 Ag.
Pabouee HampskeHHEe Ha PEHTI€HOBCKOM TpyOke cocrtaBisieT 45 kB npu toke Tpyoku — 0,3
mA. Bropuunbimu m3nydatesmsiMu ciryxat Mo ninn Cd mumenu. MaTepuan MUIIIEHH BBIOpaH
uis  Haumbonee d¢p(GeKTUBHOrO BO30OYXKACHUS ypaHa NpPU COXPAHEHUH JIOCTATOYHOM
CTaTUCTUYECKOW NPEICTAaBUTEIILHOCTH BHYTPEHHEIO CIEKTPaJbHOrO CTaHAapTa — 0OpaTHO
paccessHHOrO M3NyuyeHHs nepeoOiryuatens. s peructpanuu BbIOpaH MOIYIIPOBOIHUKOBBIN
netektop Si-PIN ¢ TepMO3JIEKTpUUECKUM OXJIaKJICHHUEM C SHEPreTUYECKUM pa3pelieHueM
175 9B (Emnko -5.9 ¥9B). Tonmuna yyBcTBUTENBHOM 00nactu getekTopa S00 MKM 0Ka3aioch
JIOCTaTOYHOM 11 3 deKTUBHON peructpanuu ypaHa no L — cepun. AHamu3 pacTBOpOB
BEJIETCSl HENPEPBIBHO C BblAauel pe3yspTaToB Kaxaple 600 - 900c. Bpems ananuza 3aBUCHUT
OT COJIEpP>KaHUA ypaHa B aHAIM3UPYEMOM TOUKE TEXHOJIOTUYECKOT0 MOTOKaA.

PesynpTaTroM paboThl CTallo CcO3laHUE aHAlM3aTopa ypaHa B TEXHOJIOTHYECKHX
pacTBopax.

B noxnane oOcykaatoTcsi BO3MOKHOCTH MPSIMOTO OMPEEICHNUS HU3KUX COJEp KaHUN
AJIEMEHTOB PEHTTEeHO(IYOPECIICHTHBIM YHEPTOJAUCIEPCHOHHBIM METOIO0M HEMOCPEICTBEHHO
HA TEXHOJOTHYECKHX MOTOKaX U BCTpaMBAaHUE WX B aBTOMATUYECKUE CHUCTEMBI YNPaBICHHUS
texHosiornueckumu npoueccamu (ACYTII).
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NMoaroToBka Nnpo6 heppocnnaBoB ANsl PEHTreHOCNEeKTParibHOro
aHanusa cnnasneHnem c crnrocom Ha yctponctee MAKC-2M

Maxcumos B. H.
000 «Komnanus omxpvimuix cucmemy, Cankm-Ilemepoype
e-mail: analytlabgen@mail.ru

[IpoGonoaroroBka  crulaBieHueM ¢ (QUIIOCOM  IIUPOKO  NPUMEHSAETCS  IpHU
PEHTICHOCIIEKTPAIbHOM aHAIM3€ pa3IMYHBIX MaTepHajoB OKCHAHOTO THIIA, TaKUX Kak:
CTEKJIa, PY/Ibl, IIEMEHTHI, OTHEYTIOPHI U T.II.

Hctopus ananusa GpeppocriiaBoB MOBTOPSET UCTOPUIO aHAIN3a OKCUIHBIX MaTepHaJIOB,
3TO TMEepBOHAYaJbHAs TMPOOOMOATOTOBKA MPECCOBAHMEM W HEW30EKHBIA TIepexoll K
CIJIABJICHUIO.

B Hactosimee Bpemsi psAIOM 3apyOeKHBIX (HPM BBITYCKAIOTCS YCTPOWCTBA IS
CIUIABJIEHUS C (DIIOCOM C MCIIOJIb30BAaHHEM Ta30BOI0 M 3JEKTPUYECKOI0 HarpeBa oOpasloB.
[Ipu sTOM cmaBieHHE NPOM3BOJAUTCA B THIVIAX W3 CIUlaBa Pt/Au W rpaBUTallMOHHOE
(bopMOBaHUE CTEKIOBUAHOTO U3TyyaTessi-IUCKa B U3JI0KHUIIE U3 TAKOTO K€ CIUIABa.

@eppocmiaBel Kak METaUIbl HE PAcTBOPSIIOTCS B Ooparax, W IMO3TOMY HUX JIMOO
OKHCIISIFOT TIepe]1 CIIaBICHUEM, JTHOO CIUIABJISIFOT B CMECH HUTPATOB M KapOoHaToB. bosch 3a
COXPAHHOCTb THIJIEH M3 IUIATUHBI, YaCTO CO3JAIOT BHYTPH THUIJIS 3alIUTHYIO MOBEPXHOCTH U3
Oopara, oOcHOBHOW uactu (Quitoca. Bce 3T0 yBenMuuMBaeT KOJUYECTBO OMNEpaluid
poOONOATrOTOBKY M BpEMsI aHAIM3a.

CmnaBneHne Ha rpadUTOBOM MOJIOKKE ymporiaeT mpodonoaroToBky. CruiaBieHHe
MPOM3BOJIUTCS HEMOCPEACTBEHHO B THUIJIE-TIOJUIOKKE, a paciljiaB He BBUIMBAIOT B M3JIOKHUILY,
a (hOpMYIOT Ha ITOM K€ MOJUIOKKE METAUIMIECKUM ITaMIioM. [lomydeHHslii oOpaser B BUe
CTEKJIOBHJIHOTO CJIOSI, CKPETJICHHOTO € MOJUI0KKOM, HCIOJIBb3YETCs ISl aHAJIN3A.

st GonpmmHCTBA (EeppOCIUIaBOB HET HEOOXOJUMOCTH HCIOJIb30BATh HHUTPATHI, a
MO’KHO MCIIOJIb30BaTh CMeCh TeTpabopaTa JMTHA C KapOOHATOM JIUTHUS, OO0JaJaroIlyro
JOCTaTOYHBIMUA OKHCIUTEIBHBIMU CBOMCTBaAMU. TakuM 0Opa3oM, crioco0 MpoOOMoAroTOBKU
(beppocIulaBOB MPAKTUUYECKU HE OTJIMYAETCS OT HNPOOOMOATOTOBKU OKCHIHBIX MAaTEpUasIOB.
ENWHCTBEHHBIM OTIMYHEM MOXET OBITh TOJBKO Oojiee BBICOKOE pa3daBiieHHE o00pasia
¢dmrocom ot 1:10 o 1:40.

VYerpoiictBo MAKC-2M  aBTOMaTMueckM  OCYIIECTBISET  BCE  OlEpaluu
poOOMOATOTOBKY, HAYWHASI C BBOAA CMECH TIPOOKI ¢ ()JIFOCOM JI0 BBIBOJIa TOTOBOT'O 0o0OpasIia.
Bpewmst crutaBieHust B 1000M ciaydae cocTaBiseT 5-10 MUHYT, 4YTO B HECKOJIBKO Pa3 MEHbILE
BPEMEHU MOJy4YEHUS JIUTHIX JUCKOB.

B kadecTtBe mpumepa MOXXKHO NPHUBECTH aHAINW3 AJIIOMUHUS B (eppoBaHaIUM NpU
conepxanuu BaHaaus okojo 80% (Tpaduku MPecCOBaHHBIX W CIUIABJICHHBIX OOpa3IloB),
noiy4yeHHbl Ha peHTreHoBckoM crnekTpomerpe CIIEKTPOCKAH. Paz6aBnenue obpasia
dbeppoBananus ¢urocom 1:10.
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MogroroBka NPo6 K peHTreHocneKTpanbHOMY aHanu3y MeTogoM
cnnaBneHus

Maxcumos B. H.
000 «Komnanus omxpvimuix cucmemy, Cankm-Ilemepoype
e-mail: analytlabgen@mail.ru

HeoqHopoaHOCTh aHAIMTHYECKUX P00 MpUBeEIa K HEOOXO0AUMOCTH CIIIaBJICHUS.

DOBOJIIOLMS METOJMK CIUIABJICHUS OT CIUIABJIEHUS, JAPOOJIEHUS KalulM pacijiaBa
MIPECCOBaHMUsl MOJYYEHHOI'O TOpPOLIKA, Yepe3 CIUIABJIIEHWE W BBbUIMBAHUE paciliaBa [0
CIJIaBJICHUS U (POPMOBAHHUS pacIulaBa B CAMOM THUIJIE.

OcHoBHas yacTh (iroca s cruiaBieHus — 6opar nutusa. Pazopas nuarpamma Li,O —
B203.

KommoneHntsl ¢aroca — OKUCIMTENH, TOMOTE€HU3aTOphbl paciuiaBa, (IOUIN3aTOPHL,
MOBEPXHOCTHO-aKTUBHbIE BeleCTBa. MHOTO(QYHKIIMOHAIBHOCTh KapOOHATA JINTHSL.

Kucnorno-ocHoBHast Teopus crutapnenus. Kampkynsatop F. Claisse ans onTumanbHOTO
ompenesneHuss (aoca Ha ocHoBe Terpabopara u Merabopata sautusa. OrnpeneseHue
MHUHHMMaJIbHO BO3MOXKHOT'O pa30aBiIeHUs IPOOBI (PIFOCOM.

[TpoGuiembl npu CryIaBICHUH.

AnmnapatypHoe O(QOpMIICHHE METOJUK CIUIABJICHMS, MPEUMYIIECTBA M HEJIOCTATKU
Pa3INYHBIX YCTPOMCTB.

CmaBiieHue.
l'a3 DIJIEKTPUYECTBO
BricokoyacToTHbIE TIEUN [leun conpoTuBneHus
BrimuBanue dopMoBaHuE paciiaBa
B U3JIOKHUILY B TUTJIE 0€3 BHUTMBAHUS
Mexanungeckoe
dbopmoBaHHue
I'paBurtanmonnoe
¢dbopmoBanue

3aKpCHHeHI/Ie CTCKJIOBHUIHOT'O
CJIOA Ha TUTJIC

Cxema arrapaTrypHoro O(I)OpMJIeHI/ISI METOJHUK HpOGOHO)II‘OTOBKI/I CIINTaBJICHHUECM.
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OnbIT 3KCcnnyaTauum peHTreHOBCKOro CrieKTpomeTpa
MXF-2400 anoHckoun oupmbl “Shimadzu” B ycnoBusix
akcnpecc-nadbopatopum KKLI-2 OAO “3CMK”

Manopwieun B.B., Opnosa JI.H1., 3aay I'.B., 'naskun B.H.
OAO « 3anaono- Cubupckuii Memaniypeuyeckuti KOMOUHamy
654043, HosokysHneyk, uiocce Kocmuueckoe, 16
e-mail: rslczl@zsmk.ru

st obGecniedeHns: BBICOKOTO YpOBHS KadecTBa BbIuiaBisiemoro Ha OAO “3CMK”
MeTaiia, He0OXOJUMO TOTY4YeHHE AOCTOBEPHBIX PE3yIbTaTOB XUMHUYECKOTO aHAM3a TaKUX
MaTepuajoB, Kak uyryH, gpeppociuiassl, HIOC, mnaku.

ToyHOCTH BBITIONHSAEMOTO aHalM3a JaHHBIX MaTepuanoB B 3/madoparopun KKII[-2 Ha
npubope CPM-25 He ypaoBineTBopsja pacTyUIMM TpeOOBaHUSAM TEXHOJIOTUH, OCOOEHHO
TOYHOCTh aHamu3a ¢ropa, cepwl, Qochopa. B Hos6pe 2006 roma Obul mpuobpeTeH
peHTreHoBckuii cnekrpomerp “MXF-2400" smonckoit ¢upmbl “Shimadzu.” B wurome 2007
roja mpubop BHeAPEH B paboTy.

[lenbto naHHOW paOOTHI SBJISETCS MOJyYEHHE PE3YJbTaTOB aHAJIW3a MaTepHUasioB,
BBITIOJIHCHHBIX HA PEHTIeHOBCKOM  crektpoMerpe “MXF-2400”  smoHCKoW — GUPMBI
“Shimadzu,” ¢ BEICOKO# TOYHOCTBIO.

bbun co3nmaHbl aHANUTUYECKUE MPOrpaMMBbl ISl BBIMOJHEHUS aHaldHu3a CIETYIOIINUX
matepuanos: geppociiassl (Fe-Mn, Fe-Si, Si-Ca, Si-Mn, nurarypa mMapraniieBas, Maprasei
Metamnaeckuit), [IIOC, kommonenTsl coctapisromiue [IIOC (mbuth mpousBoacTBa Al, MbUTH
npousBojcTBa Fe-Si, MIaBUKOBBINA IIMAT), NUIAKH, YYTYH, CTallb. PEXUM PEHTTEHOBCKOM
TpyOku - 40kV/70mA. Tun Varian OEG-83J (Rh) ¢ 6epumneBsiM okHOM Tommuuaon 0,076
MM.

Jnst obGecnieyeHWsT BBICOKOW TOYHOCTH aHalW3a BBIOPAaH ONTHUMAIBHBIM CITOCOO
PpOoOONOATrOTOBKY aHAIU3UPYEMbIX MaTepHAaJIOB.

OOWEenpUHATEIME ~ METPOJIOTUYECKHUMH ~ XapPaKTEPUCTHKAMHU,  OINPEIEIISIONIMH
KaueCTBO METOJUK BBITIOJHECHHUS aHAIIN3a, SIBISIOTCS TIpeen 0OHapYKEHUs, TPEIU3HOHHOCTD
Y IPaBWIBHOCTh. PaccunTaHHble 3HaYEHUS TPEEIOB 0OHAPYKEHUS AIEMEHTOB 3HAYUTEIBHO
HUKE pe3ysibTaToB, TMOMY4YeHHBIX Ha crnekTtpomeTpe CPM-25.I1pubop mnpomien MOBEpKy.
OneHena mnpuOOpHAsl TMOIPEHIHOCTh Hpubopa. 3HAYEHHsS] OTHOCHUTEIBHOIO CPEIHEro
KBaIpaTHUECKOTO OTKJIOHEHUS CIy4YailHON COCTaBISIOUICH MOTPEUTHOCTH OMPEACIsINCh C
nomotipio kKomiuiekta ['CO JII' cramu serupoBanHOM it dnemerToB Si, Mn, V, Cr, Ni.
[TomydyeHHble pe3yNbTaThl 3HAYUTENIBHO HIDKE JOMYCTUMBIX pPE3yJbTaTOB, OTOBOPEHHBIX B
METOJIMKE TMOBepKU. PaccuMTaHbl TNOKa3aTeld BHYTPUIA0OPATOPHOM MPELM3MOHHOCTH
METOJIMK  BBIMOJHEHHUS] W3MEPEHWH, CO3JaHHBIX aHAJUTUYECKHX MpOorpamm  JUIs
aHATM3UPYEMBIX 10 HHUM KOMIIOHEHTOB 3a JUIMTENbHBIA Tiepuo] paboTsl mpubopa.
[TonydyeHHbIe 3HaUEHUS TTOKa3aTeNIe 3HAUUTENbHO HIKEe HOpMupyembix MY MO 14-1-3-90,
Y TOPa3/10 HUKE 3HAUEHUM pacCUUTaHHBIX 1Js ciekTpomeTpa CPM-25.

B pabote npeacTaBieHsl MpeuMyIIecTBa U HEAOCTATKU aHAIMTUYECKOTO KOMILJIEKCa,
po0JieMsbl 3KcIuTyaTanuu cnekrpomerpa MXF-2400.
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Bbi6op cnocoboB noarotoBku Npod AnA peHTreHoCcneKTparbHOro
dnyopecueHTHOro aHanusa c¢peppocnnaBoB

Mapvuna I'E., Kapnos [O.A.
QI'VII «l'upeomemy, 2. Mocksa, e-mail: marge@girmet.ru

@eppocmaBel — [JOCTATOYHO CIIOXKHBIE OOBEKTHl i1 aHanu3a. HeobOxomaumo
KOHTPOJIMPOBATh HE TOJIKO COJIEP’KaHHE OCHOBHBIX KOMIIOHEHTOB, HO U MAaKPOKOMIIOHEHTOB
1 MUKpoIpuMecei (0THOBpEMEHHOE OTpeiesieHre 10 18 3J1eMeHTOB B mpooe).

[Ipu mpoTexkaHMM MeETAJUTYPrHUECKUX MPOLECCOB KPHUCTAIM3AIMK [OJy4aeMOro
cimTKa (eppociuiaBa He yAaeTcsl O00EeCIeYWTh JOCTATOYHO DPAaBHOMEPHOE pacIpe/esieHue
JJIEMEHTOB B 00BeMe. OTO CBA3aHO C TeM, YTO KOMIIOHEHTHI, BXOJAILIME B COCTaB
(deppocmiiaBa, B3aUMOJICHCTBYSI Mexay co0oH, (opMupyIOT rerepodasHyio CTPYKTypy
MeTajula, B COCTaB KOTOPOTO MOTYT BXOJHUThb COEJMHEHHUS C pPa3JIMYHOM TemmepaTypoil
TUTaBJICHUS W TUIOTHOCTBIO, TBEPIbIE PAcTBOPHI MEPEMEHHOro cocrtaBa W T.1. Hambombimee
BIMSIHUE Ha CTPYKTYpPY M H3MEHUMBOCTH XMMHUYECKOIO COCTaBa METajlja OKa3blBAaeT, KaK
NPaBUJIO, B3aMMOJICHCTBHE JICTHPYIOLIETO OJJIEMEHTAa C JKEJIe30M, MPHUCYTCTBYIOIIMM B
3HAYUTENIbHBIX KOJMYECTBaX B OOJBIIMHCTBE THUIIOB (DeppoCIaBoB, M C 3JIEMEHTaMHU-
BOCTAHOBHUTEISIMU (YTJIEpOJ, KPEMHHUH, allOMHHHN); B OTIENbHBIX CIydasX BO3MOXKHA
JMKBAIMs BCJICACTBUE B3aMMOJEHCTBHSI JIETHPYIOLIMX JIEMEHTOB C MPOYMMHU 3JIEMEHTaMU
CILJIaBa.

OCHOBHBIMH METOJJAMH TPOMBIIUIEHHOIO aHAINW3a METaJLIyprU4ecKod IMpOoAyKLUU
SBIISIIOTCSL  QTOMHO-D)MHCCHUOHHBINA, aTOMHO-a0COPOIIMOHHBIN, CHEKTPO(POTOMETPUUECKUN
METO/bl, HCHOJb3YIOT PEHTICHOCHEKTPAIbHBIH MeTol. B cBA3M €O CIOXHOCTBIO U
JOPOrOBU3HOM 00OPYJOBAaHUS U PA3IMYHBIMU BO3MOKHOCTSIMH METOJIOB PAaCIpOCTpaHEHUE U
[IPOTA WCTOIB30BaHUS (U3NIECKUX METOJOB HEOIUHAKOBHI. PEHTreHO(IIyOopeCcIIeHTHBII
aHanu3  Onmarojapst  BBICOKOM  TOYHOCTHM, HPOM3BOJIUTENBHOCTH, YHHBEpPCAJIBLHOCTH,
9KCIPECCHOCTH ABISETCA HauOoJsiee MEPCIEKTUBHBIM IIPU PELICHUU 33734 aHAaJIUTUYECKOIo
KOHTPOJIS (peppOCIIIIaBOB.

Kak mpaBmimo, pe3yabTaT pPEHTICHOCIEKTPAIBLHOTO  aHAJW3a  ONpeAessieTcs
MPEIIECTBYIOUIMM IpoLeccoM ompoboBaHus (or6opa u mHoArotoBkH mpod). Crnocob
MOArOTOBKU MPOOBI K aHAJIM3Yy ClelyeT BhIOMpaTh ¢ 0coOoi TiiareapbHocThi0. Heobxonumo,
YTOObl aHANU3UpyeMble MNpPOObI, CTaHAAPTHbIE 0O0pa3lbl M 00pa3libl CpaBHEHHs ObLIN
MOJITOTOBJICHBI OJMHAKOBBIM CIIOCOOOM, MO BOCHPOHM3BOIUMBIM METOAUKaM. Mcronb3yemblit
METOJ] JOJDKEH OBITh JOCTAaTOYHO MPOCTHIM, HEAOPOTMM U SKCHPECCHBIM, HE BHOCSIIUM
CHCTEMAaTHYECKHX TOTPEIIHOCTEH B Pe3yJIbTaT ONPEIEICHUSI.

K paccmotpenuto npennaraercsa 4 cnoco6a MOATrOTOBKU Npod (eppomonubaeHa amis
MPOBE/ICHUSI aHajM3a Ha HOBOM BOJHOBOM pEHTreHOQIIyopecleHTHOM aHaimm3atope ARL
OPTIM'X ¢upmsl «Thermo Fisher Scientificsy» (IlIBeiinapus): aHaau3 MOHOJHMTHBIX TPOO;
MIOPOLIKOBBIX MPOO, CIPECCOBAHHBIX B TAOJIETKHU; U3TydaTeel, MOITyYeHHBIX CIIaBICHUEM, U
pactBopoB. OmnucaHbl HeoOXOAMMBbIE MaTepHadbl M PEAKTUBBI, ATallbl POBEAECHUS
SKCHEPUMEHTa ¢ CPaBHUTENBHBIH aHAIM3 JAHHBIX CIIOCOOOB TOATOTOBKU  IMPOO
IIPUMEHHUTEIBHO K PEHTT€HOCIIEKTPAIbHOMY aHaJIH3Y.

Paboma evinonnena npu noooepocke Cosema no epanmam Ilpesudenma Poccuiickotl
Dedepayuu 0151 NOOOEPHCKU MOAOOBIX POCCUUCKUX YUEHBIX U 8e0Yuux HayuHvlx wkon HII —
1651.2008.3
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PeHTreHOpaguomMmeTpU4eCKUN aHanun3 3anexen, NoACTUNaOLWMUX
c¢nrooputoBbIe pyabl

Memenes A.IO.
Huemumym xumuu /[BO PAH, 2. Braousocmok, e-mail: metelev@ich.dvo.ru

[Ipu pa3pabotke MecTopoxacHuid GuroopuToBEIX pya  Spocmackoro [OK B
MOJCTUIAIONINX OCAJKaX BCTPEYAOTCS OOBEKTHI, aHAINW3 KOTOPHIX HEOOXOMUMO Ui MX
JanpHeero ucrnonb3oBaHus. K TakuM oObeKkTaM OTHOCSTCS LIMHKOBBIE PYJibl (HEOOXOAUMO
ompenenenue Zn, Fe, As), Tantan-unoouessie 3anexu (Ta, Nb, W) u nmpoune (Sn, Rb, Cs u np.).
Panee namu Obuia pa3paboTaHa METOJIMKA PEHTIEHOPAIUOMETPHUUECKOTO onpenenenus Zn, Fe u
As B mpoaykrax mnepepaboTku UuHKOBOM pyabl [l1]. B Hacrosmeii pabGore moka3zaHa
BO3MOXHOCTb ~ ONpEIENCHUsS COJAEpKaHWs OJ0Ba W JpPYyruxX OJJEMEHTOB B  3aleXkax,
MOJCTUIAIONINX (IIFOOPUTOBBIE PYIbIL.

W3mepeHus BBIMOJIHSAINCH HAa NOJYNpoBOJHUKOBOM Si(Li) neTrexkrope ¢ 4yBCTBUTEIbHOM
OBEPXHOCTBI0 25 MM’ M 9SHepretmueckuM paspemretmem 200 5B mo muamm Mn. [l
BO30Y)KJIEHUSI ~ XapaKTEPUCTHUUYECKOIO  PEHTICHOBCKOIO  M3JIy4EHHMsS  UCIOJIb30BaJIMCh
paguoHykKnHuaHble UCTOYHUKH Pu-238, Am-241 u Co-57 ¢ aktuBHOCTHIO OT 10 1o 70 mKu.
TTOBEepXHOCTHAs MIOTHOCTh AHAM3MPYEMBIX OOPA3IIOB COCTABIISIIA > 2 I/CM’, 4TO OTBEYACT
HACBIIIEHHOMY [0 TOJIIMHE CJOo0 oOpa3ima. B kauecTBe aHAJIMTHYECKOTO MapameTpa
HCIOJIb30BaJIM KaK MHTEHCUBHOCTb aHAJIMTUYECKON JINHUU, TaK U CIIEKTPAJIbHOE OTHOLIEHHUE.
Copep:xanue d3JeMEHTa B NpoOax pPacCUUTHIBAIUM OTHOCHUTEIBHBIM METOAOM, HCIOJb3Ys
IpaJyHpOBOYHBIE 3aBUCUMOCTH, IOJIYYEHHBIE IO pe3yjibTaTaM H3MEPEHUH CHELHAIBHO
MOITOTOBJIEHHBIX 00pa3LIOB.

PazpaGorana Mertonuka ompeneneHuss onoBa mpu cogepxkanuu  0,05-5 %. Ilpu
ucrionb3oBanun Am-241 wu  Bpemenu ananmm3a 100-300c  mOBTOpsSIEMOCTh aHaIM3a
(OTHOCHUTENBHOE CpENHEE KBaJApPaTUUECKOE OTKIOHEHHE pe3ysIbTaTOB €AMHMYHOIO aHalu3a,
MOJIyYEHHBIX B YCIIOBHUSX MOBTOPSEMOCTH) MO pe3yJibTaTaM JIByX MapajliebHbIX U3MEpPEeHU
100 mpo6 cocraBnster 2,4-0,7 %otH. Koadduument wyBcTBUTENBHOCTH cocTaBiseT 200
nmr/c/%. Bo3MmoxeH ananmu3 ¢ wucnosb3oBanueM Pu-238. Ilpm sTomM Bpemsi aHamuza
yBenuuuBaercs 10 1800 ¢, noBropsieMocTh aHanu3a coctaBisieT 8,6-2,8 %0TH, K03 UIEHT
qyBCTBUTEIBHOCTH 2 mMIT/c/%. OQHOBpEMEHHO ¢ Sn BO3MOXKHO omnpenenenue Fe, As, Zr, Cs,
Ba.

Jns  ompeneneHUss ONTUMAIBHOW Macchl o0pa3a MOJy4YeHa SKCIEpPUMEHTAIbHAS H
TEOpeTUYecKasi 3aBUCHUMOCTh MHTEHCHUBHOCTEW AaHATUTHUYECKOW JMHUU U HEKOTE€PEHTHOTO
U3IYy4YeHUs OT TMOBEPXHOCTHOM IUIOTHOCTH TpoObl. [l TeopeTHueckoro pacudera
WHTEHCUBHOCTH AaHAIMTUYECKUX JIMHUN HCMHOJIb30BaNach pazpaboTaHHas HaMH MpOrpamma,
MO3BOJIAIONIAs IPOBOJUTH IIOCTPOEHHUE CIIEKTpA XapaKTEPUCTHUUYECKOIO PEHTIE€HOBCKOIO
M3ITyYeHUs TI0 33JJaHHBIM YCIIOBUSM aHallM3a U XUMUYECKOMY COCTaBY MPOOBHI.

Pa3zpaboransr Meronuku ompenenenus Nb (0,01-0,1 %) u Ta (0,01-0,5 %). Hus Nb
ucnonb3oBanu K -nmmHuio n ucrounuk Bo30yxaenns Am-241. ina Ta L, u Lg- nuann u Pu-
238. Ilpu stom ompeaenennto memaioT Ko-muann Cu u Zn, TpUCYTCTBYIOIIMX B MpoOax.
Ucnonw3oBanue K -muauii Ta u uctounnka Bo30yxaeHust Co-57 mo3BomsieT U30aBUTHCS OT
HaJIOKEHUM Ha aHAJIUTUYECKYl0 JMHUI0. OrmpeneneHbl MOBTOPSAEMOCTb M IPAaBUIBHOCTD
METOJIMK aHaJIH3a.

Pa3paboTanHble METOIMKH UCHIOB3YIOTCSA Ui aHanu3a 00bekToB fApocnasckoro ['OK.

1. A. FO. .Memenes, B .B. Heanenxo, B. H. Kycmoe, A. H. HYonux B. 3 .Illecmogey.
PenTrenopannomMeTpudeckuii aHaiau3 NpoyKToB MnepepadoTKH LUHKOBOM pybl // 3aBojcKas
nabopatopus. Juarnoctuka marepuainos. 2003. T.69. Nel1. C.23-25.
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OnbIT peHTreHonyopecueHTHOro aHanusa ¢gpeppocnnaBsoB

Muxaunosa T.JI., Hopuyein C.H., [llynses K.IO.
Huemumym memannypeuu YpO PAH, Examepunbype, e-mail: nsi@bk.ru

Brisicusinach BO3MOXKHOCTh UCCIIEeIOBaHUS beppocmiaBoB METOJIOM
pertreHoduryopectieHTHoro ananmsa (POA). AHaTU3UPOBAIUCH CIECIYIONINE KOHIICHTPAIHH
u coctaBbl: Fe-Mn (64-97% Mn), Fe-Nb (60-67% Nb), Fe-W (53-86% W), Fe-Mo (44-73%
Mo) Ha conepkaHuEe OCHOBHBIX KOMIIOHEHTOB U ITPUMECEH.

Anamu3 ¢eppocmiaBoB MetogoM PDA 3arpyaHEH M3-3a MX TMOBBIIIEHHOW MPOYHOCTH.
[TpobonoaroToBka OCYIIECTBISIACH CIEAYIONMM o0pa3oM. M3MenbueHHEe HMCXOJHOTO
Marepuaia npousBoauiaoch B Buopomensauiie ROCKLABS B ninpkoHueBoi cTymnke, 00bI9HO,
B T€UEHHE 5 MUHYT. 3aTeM U3MEJbUEHHBIN 1O pazMepoB MeHee 50 MKM IOpOILIOK IIPECCOBAIM
C BOCKOM (B OTHOIIIEHHH Tpo0a: BOCK = 5:1) Ha THIpaBINYECKOM Mpecce moa aaBieHueM 30
TOHH Ha TIOJIIOXKKY M3 OOpPHOM KHCIIOTBI, B UTOTE MOTyYalld U3aydaTenu auamerpoM 40 mwm.
Meton npoOOMOArOTOBKM € BOCKOM OKazajcsi HauOojiee MOAXOMALIMM JUIsl aHalIu3a,
MOCKOJIbKY METO/I CIUIABICHHS ¢ (DIIFOCOM HE MOAXOIUT M3-3a TOTEPh JIETKUX JIIEMEHTOB.

N3mepennst WHTEHCUBHOCTEH AHAIUTUYECKUX JMHUH BBITIOJTHEHBI Ha
BOJIHOJTUCIIEPCHOHHOM peHTreHo-ayopecientHoM crekrpomerpe S4 EXPLORER ¢upmbl
Bruker. VYcnoBus cbémku: pentreHoBckas Tpyoka AG Rh 22 mommuocteio 10 1 kBT,
O6epuiueBoe okHO 75 MkM, moteHnuan a0 50 kB, kpuctamnsl PET u LiF(200).

OnTumalnbHble YCJIOBUS BO30YKIEHUS M PETUCTPALUMU CIEKTPOB KaXKJIOTO 3JIEMEHTa
MoA0UpPAay C UCTIOIB30BAaHUEM METOJ]a MATEMAaTUYECKOTO TNIAHUPOBAHUS dKcriepuMenTa. s
y4eTra MaTPUYHBIX BIUSHUN HUCIOJIB30BAIH CIIOCO0 anb(a-KOPPEKIUH ¢ (PUKCUPOBAHHBIMU
kodddumeHTamM, 00ecTeynBaIOUIMii B BBIOPAHHBIX YCIOBUSAX BO30YXKIEHHUS CIEKTPOB
MUHUMAaJbHbIE CTaHJAPTHbIE OTKJIOHEHUS PE3yJIbTaTOB aHa/lM3a IO BCEM OIpPEAEIsieMbIM
AIIEMEHTaM.

Jlnist TpaiyipOBKH MCTIOJIB30BAIMCH CTaHIAPTHBIE 00pa3ibl (GeppOoCIIaBOB BBITYCKAEMBIX
3A0 «MCO», a Takke MHOTOKpPaTHO IPOAHAIM3UPOBAHHBIE (METOJOM aTOMHO-
SMHUCCHOHHOTO aHallu3a C WHIYKTUBHO CBS3aHHOW IU1a3Mbl) pabourme mpoObl JTaHHBIX
deppocmnaBoB. IlomyueHHble TpagyHpoOBOYHBIE TpaUKU OXBATHIBAIOT JAMANa3oH (A
OCHOBHBIX JJIEMEHTOB):

-pepponnoduii (Nb 35.2-68.8% macc),

-peppomapranen u maprasen Meramndeckuit (Mn 69,9-96,7% macc)
-peppomonubaen(Mo 44.1-73.4% macc),

-peppoBoabppam(W 53.3-84.6% macc).

CraniapTHble OTKJIOHEHHS ONpENIeTICHUsT KOHIIEHTPAIMI 3JIEMEHTOB, B YKA3aHHBIX BBIIIE
nuanaszoHax, paccuutanbl 1o nporpamme SPECTRA-plus u cocraBwmm: St.dev. (Mn) =
0,19%, St.dev.(Nb)=0,12%, St.dev.(W)=0,46%, St.dev.(Mo) = 0,65%.

B pesynbrare mpoBeneHHOW pabOThl MOXKHO CJeIaThb BBIBOA O MPHUHIMIHAAIBHON
BO3MOKHOCTH OJHOBPEMEHHOTO KOJUYECTBEHHOTO OIpPEACNICHUs] OCHOBHBIX KOMIIOHEHTOB
dbeppocmnaBoB u npumeceit MetogoM PDOA. OnHako M3HAIMMBAHUE JOPOTOCTOSIICH CTYIKH
U3METBYHTENS, OTPAaHUYMBACT BOZMOKHOCTh €r0 MacIITAOHOTO UCTIOIB30BAHUSI.

Paboma evinonnena npu ¢unamncosoii noooepoicke epanma «Bedywjue nayunvie wKonbl»

(HIII-4358.2008.3).
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PeHTreHOBCKMe MeTOAbl aHanM3a HaHOCNOEeB, pa3p360TaHHble B
XapbKOBCKOM nofinTexHn4eCKomMm UHCTUTYTE

Muxaiinos U.D.
Hayuonanvnviii mexnuueckuil ynusepcumem « XapoKo8CcKuil NOJUMEXHUYECKUU UHCIUMY )

OO6cyxkaaroTcst METOAbl PEHTTEHO(IIYOPECIIEHTHOTO, PEHTI€HOCTPYKTYPHOI'O aHAIN3a
U PEHTTE€HOBCKOM peduieKTOMEeTpUH, MOACPHU3UPOBAHHBIE 111 N3yUEHHsI HAHOCIIOEB.

1. PentrenodayopeciieHTHOE onpe/iejieHue TONIMUHBI B TMana3one ot 1 HM 10 10*um
U DJIEMEHTHOTO COCTaBa JJIs IUIEHOK, COJIEP)KalUX XUMHUYECKHE DJJEMEHTHI OT YyIJIepoaa
(Z=6) no ypaHa npou3BOJUTCS MTyTEM CPaBHEHUS CIIEKTPOB IUIEHKH U MOAJIOKKH. B kauecTse
CTaHJAPTHBIX 00pa3LOB JUIsl KOJUYECTBEHHBIX H3MEPEHUH NPUMEHEHbl MHOIOCIIOMHbIE
NEPUOANYECKUE CTPYKTYpBl, aTTeCTyeMble 3JEKTPOHHOM MHUKPOCKOIUEH cross-section U
PEHTTEHOBCKOM MU pakiueil B CKOIb3SIIEM MyUKe.

2. Onpenenenre TONIUHBI, IJIOTHOCTU U IIEPOXOBATOCTH IO YIJIOBOM 3aBUCHUMOCTH
R(0) pentrenoBckoro koddduimenta otpaxkenus BOm3u yriia bprocrepa. Peanuzosan in situ
MOHMTOPHUHT TOJILIMHBI U IUIOTHOCTU PACTYIIETrO CJIOSI IO M3MEHEHUI0 R CO BPEMEHEM IIpU
MIOCTOSIHHOM YTJI€ MaJICHUsI.

3. OmpeneneHue CTaTUCTUYECKUX XApAaKTEPUCTHK IIOBEPXHOCTH M HAHOCIIOEB 110
PEHTT€HOBCKUM  HHIMKaTpucaM paccessHust BOnm3u  yria  bprocrepa.  Ilomyuensr
sKcniepuMeHTanbHble Dypbe-crekTpsl noBepxHocTu. OOCyxaaeTcs nepexos oT GpakTaabHOR
K [VIaJKON MOBEPXHOCTH IPH YBEIMUYEHUHU TOJIIMHBI HaHOCNoeB. [IpuBeneHsl pe3yabTaThl in
Situ MOHHTOpPMHra W3MEHEHHH B HAHOCIOSNX METAJUIOB HAa KPEeMHUU HpU OOIydeHUH
BaKyyMHBIM YJIbTPa(HOIECTOM.

4. PeHTreHOCTPYKTYpHBII aHalu3 HaHOCIO0eB. Pa3paboTana cxema CheMKH, B KOTOPOH
T(QPaKIIUOHHBIA BEKTOP JICKUT B TUIOCKOCTH CJIOS. DTO IMO3BOJIIET YMEHBIIUTH BIHMSHUE
yummpenus CemsikoBa-llleppepa u momy4ats audpakTorpaMMbl MOBEPXHOCTHBIX CIIOEB
tonuuHon oT 1,5 HM. IlpencraBieHbl SKCIIEPUMEHTAIBHBIE TaHHBIE 11 HAHOCIOEB HUKENS
(1,5 am) u okcumoB HHOOMS (3,5 HM).

5. PeHTreHoBCKas TEH30METPHS B CKOJIB3SILIEM ITy4yKe. PaccMaTpuBaroTCs pe3ysbTaThl
OTIpe/IeNICHUs] OCTATOYHBIX HAMPSKEHUIM B HAHOCIIOSIX.

PazpaboTtanHbple METOJBI MO3BOJSAIOT CTPYKTYPHO AaTTECTOBAaTh HAHOCIOM 0e3 HX
paspyuieHusl.
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KonuuyecTBeHHOe onpeaeneHne Kucnopona v yrnepona Metoaom
PDA

Muxaiinoe U.®@., bamypun A.A., Byzaes E.A., Muxatinosa U.B.*
Hayuonanvnwviii mexnuueckuil ynusepcumem
«XapvkoscKuil noaumexHuyecKuti uncmumymy, XapvKoa,
*Ucnvimamenvuoiii yeump « YxpHUHMemy, Xapvkos

/1o HelaBHETO BPEMEHH CUUTAIOCh, YTO KOJWYECTBEHHBIN aHAIU3 JIETKUX JIEMEHTOB
METOZOM peHTreHo-(ayopeceHTHoro ananusa (POA) HenenecoobpaseH, MOCKOIbKY H3-3a
HU3KOro ypoBHsI curHaia P®DA CuIbHO NpOUrpbIBaeT MO YYBCTBUTEIBLHOCTH M TOYHOCTH
METOZlaM ONTHYECKOM crnekTpockonuu. [Ipu sTom npeumymecrsa POA odyeBuIHBI: 00JIBIION
00BEM 30HBI YCPEIHEHUS U BO3MOXKHOCTb H3MEPEHHsI TeTepOoreHHbIX cucteM. CeronHs
Onarogaps ycrexaM B KOHIEHTPUPOBAHUU MyukoB U noBbieHnto KII/1 peHTrenoontuyeckux
CXeM ynaercsi o0ecreunTh HEOOXOAUMBIA JJii TOYHBIX H3MEpPEeHH Habop HMMIYJIbCOB Ha
JUHUAX yriepoaa W kuciopoaa. [losTomy kauecTBO HM3MEpEeHUM 3aBUCUT OT YPOBHS
(OHOBOTO CHTHAJIA, TO €CTh OT KOHTPACTHOCTH JIMHUH.

[Ipn u3MepeHuUsix yriepoaa B HEJIETMPOBAHHBIX CTaJsAX METOAOM IpaJlyHpPOBOYHOMN
¢ynkmmu Ha cniektpomerpe CIIPYT —BM nam ypanoce causuth ¢on ao 10,6 umm/c mpu
KOHIICHTPAIIMOHHOM 4yBCTBUTENbHOCTH 7,8 mMmIl/(c-%mac). ITo oOecreunBaeT OnpeseieHIe
yriiepoja B Jauana3zoHe KoHueHtpamui 0,1+1,4%mac ¢ TtouHocthio +0,04%mac, yTO
cootBeTcTBYeT TpeboBanusiM ['OCT my1st onTUyecKon CrIeKTPOCKOIIUH.

P®A npenocraBisieT YHUKaJIbHYIO BO3MOKHOCTh KOJIMYECTBEHHBIX HM3MEPEHUH B
rereporeHHbix cucreMax Zn-ZnO, Al-Al,O3 u Fe-FeO mo cooTHOImEHUIO MHTEHCHBHOCTEH
muaut O-K, , Zn-L,, Al-K, wu Fe-L, coorBercTtBeHHO. IlpencraBieHbl pe3yiabTaThl
u3MepeHus: Gpropa, KMCIOpoJa U YIJepoja B MOPOIIKOBBIX MpoOax pyasl MyTeM pacyeTa
CTIeKTpa MeTOJOM (YHIAMEHTAIBHBIX MapaMeTpoB. OOCyXmaeTcs KOPPEKTHPOBKA ATHX
MapaMeTpoB B «JIeTKoi» oOmactu crekrpa. CHeKTpbl MOJyYeHbl C MPUMEHEHHEM HOBBIX
MHOTOCJIOHHBIX pEeHTTreHOBCKUX 3epkal Co-C, HMeommMx peKOpIHBIH KOdPPHUIUEHT
OTpa)KE€HUs Ha JIUHUU YIJepoja.

MuHMMaNbHBIN YpOBEHb IPOOOMOATOTOBKH, O0JIbIIAs 30HA yCpeIHEHHs HH(pOopMaIiu
U XOpollasi TOYHOCTh MOATBEPKAAIOT 11e1eCO00Pa3HOCTh JalIbHEHIIEr0 pa3BUTHSI METOOB
P®A nerkux 31€MEHTOB, B IEPBYIO OUYEPEb, AJI UCCIEIOBAHUS T€TEPOT€HHBIX CUCTEM.
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MeTponoru4yeckme acnekTbl aHanuM3a MmetTogamMm nasepHou
MMUKPO3OHOOBOW MacC-CNEeKTPOMETPUU U NTOKaNbHOW
peHTreHocnyopecLueHTHOU CNeKTPoOMeTpum

Moowcapos C.A., Pexapckas E.M., Kynpusinosa T.A., bopzenko A.I'.
Xumuueckuii pakynomem MI'Y um. M.B. Jlomonocosa
e-mail: borzenko@environment.chem.msu.ru

[Iporpecc B pa3BUTUM COBPEMEHHBIX TEXHOJOTHH (opmMupyeT MOTPeOHOCTH
OCYIIECTBJICHUS] AHAJTUTHYECKOIO KOHTPOJS LEJIOT0 psifa HOBBIX OOBEKTOB CIIOXKHOTO
(U3UKO-XMMUYECKOTO cOCTaBa (Cpelu HHUX, HallpUMep, pa3IM4YHbIe TUAJIEKTPUUECKHUE
3alUTHBIE M pa3JeUTe]bHbIE CJIOM Ha MeTajlaX U MOJYNPOBOJAHUKAX, MOJIOKKH IJIs
CO3/1aHMS SMUTAKCHUATIBHBIX CTPYKTYp). OHOI M3 OCHOBHBIX MPOOJEM IPU aHAIHU3E TAKUX
00BEKTOB SABJISIETCS HEOOXOIMMOCTH OINPEAENICHUsI 3JIEMEHTHOro MU (ha3oBOro COCTaBa,
XapakTepa XMMHYECKOHl CBS3H B MHHHMAIBHOM oObeMe BemecTBa (~1-5 Mxm’). Jlmst oTux
1esel, Kak MpaBUJIo, UCIOJIb3YIOT 30HA0BBIE METO/bl, B KOTOPBIX aHAJIUTHUUECKUNH CUTHAI
T€HEPUPYIOT BBICOKOIHEPTETUYECKUMH MMyYKaMH 3JE€KTPOHOB M MOHOB, PEHTT€HOBCKUM
U JIa3€PHBIM U3JIYyUYEHUEM.

OnHuM M3 Takux METOJOB SABISETCS Jla3epHass MHUKPO30HIOBAas Macc-
cunexktpometpus (JIMMC), DTo yHUBEpCaTbHBIH METO/ JOKAJIHHOTO aHAIN3a, KOTOPBIH
Mo3BOJsAET d(PPEeKTUBHO pemiaTh 00BN KpyT aHanmuTuyeckux 3amad. JIMMC mo3BossieT
ONpeeIATh BCE SIEMEHTHI [EPHOINUECKOil CHCTEMbI Ha ypoBHE coxepkanns 10 107 % us3
o0beMa B  HECKOJIBKO KyOMYECKMX MHKPOMETpPOB, XapaKTE€pHU3yeTcs  BBICOKOU
AKCIIPECCHOCTHIO, IIO3BOJISIIOLIEH CO3JaBaThb KapThl paclpelesieHusl JJIEMEHTOB Ha
MIOBEPXHOCTH aHAJIM3UPYEMOro O0BEKTa, a TAKKE OMNPEIeNATh U30TONHBIM cocTaB. Kpome
TOr0, COBPEMEHHBIE pa3HOBUAHOCTU MeToAa, Takue kak MALDI, SALDI u DIOS, no3BossitoT
MIPOBOAMTH MOJIEKYJISIPHBIN aHAIU3 OpPraHMYECKUX BEIECTB B IIMPOKOM JIMaNa30He Macc.

OnHako, Hapsiay C BBIIIENEPEYUCICHHBIMU JOCTOMHCTBAMHU, OTMEUAETCs HU3Kas
BOCTIPOU3BOAMMOCTS (S; ~ 0,05-0,15) momygaembix pe3ynbratoB. OueBUIHO, 4TO 3Ta MUdpa
ABJISETCS CYMMOUN METOJAMYECKUX U MPUOOPHBIX MOTPEITHOCTEH, a TaAKKE COCTABIISIIONICH,
00yCTIOBJICHHON XWUMHUYECKOW HEOTHOPOIHOCTHIO aHAJTU3UPYEeMOro OObeKTa. AHaIW3
paboT Mo Ja3epHoil Macc-CIEKTPOMETPHH, CBUIETENLCTBYET O TOM, YTO BO MHOTHX CIydasx
HE yJIEJSAEeTCs JOKHOTO BHUMAHUS 110100pYy IKCIEPUMEHTAIbHBIX YCIOBUM 711 JOCTUKEHUSI
Jy4dlied MpaBUIBHOCTM M BOCHPOM3BOAMMOCTU. IlpeacTaBisio HMHTEpeC NPOBECTH
COIIOCTABUTEbHBIM aHAIN3 PE3yJIbTAaTOB, MTOJYYEHHBIX METOJAMU JIa3€pHOW MUKPO30HI0BOM
MaccC-CIEeKTPOMETPUH U JIOKATbHON PEHTIeHO(ITYyOPECIIEHTHOM CIIEKTPOMETPUH

B pabGore wu3ydeHO BIUSHHE ammapaTypHbIX (akTopoB Ha (HOpMHpPOBaHUE
AHAJIUTUYECKOTO CHUTHAJda W METPOJIOTMYECKHE XAPAKTEPUCTHUKU aHalu3a MeEeTOJaMH
Ja3epHou MHUKPO30HI0BOU Macc-CIEKTPOMETPUN u JIOKAJIBHOTO
PEHTreHO(TyOpECIIEHTHOTO aHAJIN3a.
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Anroputmumnyeckasa knaccucpukaums ypaBHeHUN CBA3MU

Monuanosa E.H., Peoopoé B.B.
Hprymckuil cocyoapcmeennslil yrusepcumem nymei cooowjenus, Upkymck,
e-mail: moleli@irgups.ru

BoNBIIMHCTBO BapHaHTOB ypaBHEHHWH CBS3M, KCIOJIB3YEMBIX B MPOTPAMMHOM
00ecreYeHnn aHaTUTUYECKUX KOMIUIEKCOB, MPUBOAATCS K OOLIEMY BHUAY, KOTOPBI MOXKHO
MOJIYYUTh pa3jiokeHueM B psa Teimopa ¢GyHkuuu obpatHoii ynenbHo#i uHTeHCHUBHOCTH (C;
/I;) onpenensiemoro snementa B Touke OC (0mopHbIii 00pasern):

C,=C/ 1+ a,C)) (1)
J

¢ = /(1) (9

rae C; - cozepkaHME BIHAIOIIETO JIEMEHTA j B aHAIU3UPYEMOM U OIOPHOM oOpasie
COOTBETCTBEHHO;  Cjj Koaq)(bnune}y BIUSHUS DJIEMEHTa j Ha WHTEHCHUBHOCTH [;
dbayopecueniun  anementa i; C; - TpHUBENEHHOE coJep)kaHue odnemeHta i [1],
COOTBETCTBYIOIIEE U3MEPEHHOM BEIMUMHE /; TPU OTCYTCTBUU BIUSHUS SJIEMEHTOB .

[Ipu rpamyvpoBaHuM ypaBHEHHUI CBs3H, B 00IIeM cilydae, HEOOXOAMMO PEIIUTh JIBE
3aaud: T[OCTPOUTH TpagyupoBouHbli rpaduk (la) wu BeIOpaTh BuUI  (QYHKIHUH,

anmpokcumupyiomeii pasopoc touex C; =f ( C _)) BOKPYT 3TOro rpaduka, o0yCIOBICHHBIH
BJIMSIHUEM XMMHUUYECKOTO COCTaBa oOpasia Ha /;. ABTOpBI ypaBHEHHIA PEHIalOT 00€ ITH 33a]a4uu
Pa3IUYHBIME CIIOCO0AMHU, HO MHOTHE aJITOPUTMBI, UCIIOJIb3yEeMbIe TIPU TPATYUPOBAHUM ITHX
ypaBHEHUH TTOT00HBI.

CymectBytomiee MHOrooOpasue ¢opm ypaBuenus (1) onpenemnsiercs [2,3]:

> BBEIOOPOM IepeMeHHBIX B Bhipakenu (1) npn onucanun 3aucumoctu C;=f(C~): C; um
I

» BBIOOPOM OIIOPHOTO 00pasiia A pacyera TEOPETUYECKUX KOI(P(PHUIMEHTOB BIHSIHUS:
OJTHORJIEMEHTHBIN 00pasell, CTaHAapTHHIN oOpa3ell uiu mpooda;

» CrI0cOOOM ydeTa 3aBHCHMOCTH (-KO()(HIIMEHTOB OT COCTaBa 00PasLoB: (/;=CONSt WIu
a;=f(C;) mm o;=f(C}, Cy) nnn pacyet ko3 PUIHEHTOB B TOUKE TIPOOHI;

> sananuem ¢yukuuu (1a) B Bune: C;*=R; unu C;*=C//I,° xI; wnu epagpuxa.

Onpenenus B BepakeHnH (1) obnactu npumeHenns nepemenHslx (C; umn /), a Takxke
BapuaHToB TmocTtpoeHus QyHkmuu (la), BeIOOpa omopHOro oOpasma [uisi pacdera
TEOPETHUECKUX KOI(D(DUIIMEHTOB BIMSHUS U CIIOCO0a yueTa 3aBUCUMOCTH -KOA(PPHUIINEHTOB
OT cocTaBa 00pa3IOB, MOXHO, MCXOMsl U3 KOHKPETHOW aHAIUTHYCCKOW 3a7ayu, MOCTPOUTH
ONTHMAIBHYI0 TPaIyHPOBOYHYIO XapaKTCPHCTUKY, O€3 TPUBSI3KA K KOHKPETHOMY
ABTOPCKOMY YPaBHEHUIO CBSI3H.

1. Jongh W.K. X-ray fluorescence analysis applying theoretical matrix correction stainless
steel // X-Ray Spectrometry.-1973.-Vol.2, N 4.-P. 151-158.

2. Monuanosa E.HU., Cmaeynosa A.H., Koznoe A.B., Azvmyxko H.H. YpaBHEHHs CBS3U B
pentreHoduryopeciieHTHOM aHanm3e (0030p) // 3aBoack. maboparopus.- 1994, T.60, Ne2.-
C.12-21.

3. Monuanosa E.H., Cmaeynosa A.H., Anpenxoe H.I. ]JIBe TeHAEHUMU pacyera
(byHIaMEHTAJIBHBIX O.-KOA(POUIIMEHTOB MPH PEHTTeHODIYOPECIICHTHOM aHAIN3€ MaTEPUAIOB
IIMPOKOIIEPEMEHHOT0 cocTaBa // 3aBojck. nadboparopust.- 2001, T.67, Ne2.- C.12-17.
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MoHoxpomaTuyeckasa moaesnb BoO30yXaeHUS peHTreHOBCKOM
dnyopecueHUMN NONUXPOMATUYECKUM U3NYYEHUEM:
HOBbI€ afirOPpUTMbI U NePCNeKTUBbI UCMOSIb30BaHUS

Momnoeaposa O.B., Ockonox K.B.
MI'Y um. M.B. Jlomonocosa, Xumuueckuii gpaxynromem, Mockea
e-mail: o_monogarova@mail.ru

[IpaBUABHOCT PE3YJIBTATOB KOJIMYECTBEHHOI'O PEHTTEHO(IYOpPECLIEHTHOIO aHajIu3a
(P®DA) cHOXHBIX MHOTOKOMIIOHEHTHBIX CHCTEM B 3HAUMTEIBHOM Mepe 3aBHCUT OT
a/IeKBaTHOCTU TEOPETUYECKOTO OMUCAHUSI MaTPUUHBIX 3PPEKTOB MpU pacdyéTre MONpaBOUYHbIX
kodpPuuuentoB. s yuéra sddexta QUIBTpAUM MOJIUXPOMATHYECKOTO H3IIyUEHUs
PEHTT€HOBCKOM TPyOKM MOBEPXHOCTHBIMU CIIOSIMU aHajau3upyemoro obpasua B 60—-80-e rT.
NPOIJIOrO BEKa HCIMOJIb30BAIM  MOHOXpoMaTruyeckoe mpubmmwkeHue. HenpepbIBHBII
TOPMO3HOH (WJIM CMEUIAHHBIM) CHEKTP MEPBUYHOIO H3JIYyYEHHUs 3aMEHsUIH O-(yHKIHMEH
BUPTYyaJIbHOTO MOHOXpoMaTtuueckoro wuctounuka (BMMU) ¢ awanormynsiM 3¢dexkTom
BO30YKJIEHHs, YTO MO3BOJISUIO CYIIECTBO COKPAaTUTh 00BEM HEOOXOAMMBIX BbIYMCICHUH. C
Haydana 90-X IT. B CBA3M C HNIMPOKUM PACIPOCTPAHEHUEM KOMIIBIOTEPOB MOHOXPOMATHYECKYIO
MOJIETIb CMEHWII MOJIMXPOMATUUYECKUM MOJAXO0M, MO3BOJISIONINM MOCIEI0BATEIBHO YUNTHIBATD
BKJIaJ] BCEX COCTABJIAIOIIMX CHEKTpa BO30YXKIEHHS PEHTICHOBCKOW (UIyOopecUeHIMH HpU
pacuére nornpaBoYHbIX K03(pPULIMEHTOB 17151 KoauyecTBeHHOro PDA.

Jns Bo3MoOxkHOCTM  pacuéta mapamerpoB BMUM 0e3 crnenumanu3upoBaHHBIX
BBIUHCIIUTEIBHBIX CPEICTB AHAJIUTHUYECKHUE BBIPAKEHUSA BBIBOJMIM C MCIOJIb30BAaHUEM HE
BCEr/1a KOPPEKTHBIX BOJHOBBIX pacIpeleIeHUI NHTEHCUBHOCTH MIEPBUYHOIO PEHTTEHOBCKOTO
M3IY4YEeHUsI U MAacCOBBIX K03((UIMEHTOB noriomieHus. [103ToMy morpemHocTs pe3yabTaToB
aHaiM3a OKasblBajach Bblle. CylIeCcTBYeT MHEHHME, 4YTO COIOCTaBUMOIO  YpPOBHS
MOTPEHIHOCTH MPUHIMIINAIBHO HENb3sl JOCTHYb JaXe B clydae IPUMEHEHHUs JydIlIuX
MOHOXpPOMAaTHUYECKUX MOJENIEH, IOCKOJIbKY minHa BoJHbI BMM Bcerma 3aBucUT OT
COJIepKAaHUs ONpPENesIeMOro 3aeMeHTa. [ noaTBepKAeHns 3TOH TOUYKH 3pEHUs IPOBOJAT
aHanus, ucnonb3dyss BMU ¢ nimHON BOnHBI K -U3IIy4eHUs MaTepuana aHola B CMEIIaHHOM
CIIEKTpe PEHTreHOBCKOM TpyOku [1], uro B oOmmiem cimydae HeKoppekTHo. HezaBucumo ot
UCTIOJNBb3YEMOW MOJIENTM CYIIECTBYET HEOINpPEIeJEHHOCTh 3HAYeHUH (PyHIaMEHTaIbHBIX
rapamMeTpoB, 3aBUCSIINX OT @ priori HEU3BECTHOTO cOCTaBa MpoObl. B mporiecce BHIYUCICHMIA
3Ta HEONPeAeNEHHOCTh MOCTENIEHHO HUBEIUPYETCS MTEPALMOHHBIM MyTEM MpPU YTOYHEHMHU,
KAaK MCKOMBIX COAEP/KaHUM, TaK U JUIMHBI BOJIHBI BMU.

JIaKOHUYHOCTb ONMCAHMs, OYEBUIAHOCTb (PU3MUECKOTO CMBICIAa M CPABHUTEIBHO
HEOOJIbIION O0BEM BBIYMCIEHUI NpPU YCIOBHUM JOCTHXKEHHS COINOCTaBHUMOIO YPOBHS
HOTPEIIHOCTH PEe3yJIbTaTOB aHAIM3a IO3BOJISIFOT MOHOXPOMATHYECKOH MOAEIH 3PPEKTUBHO
KOHKYpPUpPOBaTh C TOJIMXPOMATHYECKMM MOJIXOJ0M TMpH pa3pabotke Teopun PDA
reTepOreHHBIX 00BEKTOB, OLICHKE MHUKpP0aOCOpOIIMOHHOM HEOJIHOPOJHOCTH,
COBEpPILIEHCTBOBAHUM METO0Jla (yHIAMEHTAIbHBIX MapaMeTpPOB, MPOBEIACHUU HKCIPECCHOIO
KOJIMYECTBEHHOT0 aHaiu3a. B HacTodiell paboTe MpensokeH HOBBIM MOJIXOJ K pacuéry
napametrpoB BMU mnoiay0GecKOHEUHBIX M TOHKOIUIEHOYHBIX 00pa3noB. COOTBETCTBYOIIUE
AQHAJIMTUYECKUE BBIPAXKEHHUS] TIOJYYEHbl C MCIOJb30BAaHUEM KOPPEKTHBIX BOJIHOBBIX
pacripesielleHuii MHTEHCUBHOCTH TEPBUYHOIO PEHTTEHOBCKOI'O M3IY4YEHHUS M MAaCCOBBIX
KOO(QQHUIMEHTOB TMOTJIOMICHUS W Y4YETOM BIHMSHHS MEMIAIONMX JJIeMEHTOB. lM3ydeHa
3aBUCUMOCTH TapameTpoB BMU ot Tommuubl oOpasia.

1. R. M. Rousseau. // Spectrochim. Acta B. 2006. V. 61. P. 759-777.
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OnpepneneHune opMbl HaX0XAEHUA Xerne3a B MUHeparnax no
3MUCCUOHHbLIM PEHTTeHOBCKUM CreKTpam

Myxanosa A.A., Kynpusnosa T.A.*, Mopeynosa A.A.
Hncmumym sxcnepumenmanvrou munepanocuu PAH, 2. Yeprnozonoexa,
e-mail: mukhanova@iem.ac.ru
*Uncmumym obweii u neopeanuyeckotl xumuu um. H.C.Kypnakosa PAH, 2. Mockea

Omnpenenenue (HopMbl HaXOXKJIEHHUS jKele3a B Pa3IUYHBIX MHHEpajaX, BXOIIIUX B
COCTaB OJIHOM MOPOJIbI HEOOXOAMMO JIJISl PELIEHHS BaXKHbBIX reojiornyeckux 3anad. Hanpumep,
JUIS OIpeJeNIeHHs] TeMIIEpaTyphl M JaBJICHUS 00pa3oBaHHUs MeTaMOp(pUUYECKUX KOMILUIEKCOB,
OTpe/eNeHUs] CTPYKTYPHBIX MapaMeTpoB (AJIMHBI CBSI3M, KOOPAMHALMOHHOIO YHCIA WIH
BaJICHTHOCTH) >KeJe3a, BXOSIIEro B cOCTaB MUHepana win (a3l HeOombInoro (10 10 Mxm)
pa3Mepa, 0e3 U3BICUCHHS U3 TOPOJIBI.

B pabGote mnpeanaraercs crnoco® omnpeneneHus (GopMbl HaXOXKICHHUSA JKele3a B
MUHEpajax M ¢a3zax MaJoro pasMepa MO MEPBUYHBIM HSMUCCHOHHBIM PEHTI€HOBCKUM
CIIEKTpaM, MOJIy4€HHBIM C OMOILBIO PACTPOBOTO 3JEKTPOHHOTO MHUKpockomna Tescan Vega Il
XMU c BonHoBbIM ciekTpomeTpoM (INCA, Oxford Instrument). B kauecTBe aHaIUTHYECKOTO
CUTHaja WCMOJb30BAJIM OTHOLIEHUS WHTErPalbHBIX HMHTEHCUBHOCTEM JBYX JIMHUU
XapaKTepUCTUYECKOIO0 PEHTTEHOBCKOTO 3AMMCCHOHHOrO crekrpa xene3a: FeKfs/FeKp;.
IlepBast U3 HUX COOTBETCTBYET IEKTPOHHOMY MEPEXOAY C YUaCTUEM BHEIIHEH 3JIEKTPOHHOM
000JIOYKH M, COOTBETCTBEHHO, MCIIBITHIBAET BJIMSIHHUE CO CTOPOHBI OJM)KHErO OKpYKEHHs
aToMma jKelyesa, KOTOpoe BblpaxkaeTcsi B u3MeHeHun (opmel auHu FeKPs u ee nuHTErpansHoil
unteHcuBHoctu (MW). UM o5TON nuHUM Takke 3aBUCUT U OT COJEpXKAHUS >Kejle3a B
aHanmu3upyemoil ¢aze. Bropas mmuus (FeKP;) oOycrnoBieHa 37I€KTPOHHBIM NEpeXoa0M
MEXJIy BHYTpeHHUMH oOosioukamu. Ee MW 3aBUCHT TONBKO OT COAEp)KaHUS >Kelle3a B
aHanusupyemoii ¢aze. Takum oOpazom, HOpMupyss MM mocnemneld SMHUCCHOHHOW JTUHUU
xkene3a FeKPBs na UM FeKP| nuaum nmomydaeM aHAIMTUYECKHI CUTHAI, 3aBUCSIINI TOIBKO
OT BJIMAHUA OJMKHETO OKPYXEHMsI aTOMa jKeje3a. JTOT aHAINTUYECKUI curHain Oynem
HaseiBaTh OWU TIDJI (oTHOCWTENbHAsT WHTETrpajbHas HWHTEHCHUBHOCTh IOCJIEIHEH
SMHCCUOHHOW JMHUM). JlaHHBIA ToaXxon ObLT pa3paboTaH A PEHTICHO(IIyOPECLEHTHOTO
METO/a aHaJIn3a U ObUI YCIIEIIHO MPUMEHEH s onpeeneHus popMbl HaxoxIeHus As U Se B
MacCUBHBIX oOpa3iax (crexmnax) [1].

Ha ocHOBHBIX MMHepanax »eje3a (MarHeTUTe, reMaTUTe, IMHUPUTE), METAIIIMYECKOM
JKeJe3e M HKeJIe30CoJepKalluX MUHepajax (FpaHaTax, MUPOKCEHAX), BBIAEIECHHBIX B YHCTOM
Buje, ucciaeqoansl m3Menenns OMMU I1DJ1 sxene3a B 3aBHCHMOCTH OT CTEIICHHW OKHCIICHHS,
HEKOTOPBIX TEPMOJUHAMHMYECKHX XapaKTEPUCTUK MHUHEPAIOB, JJIMHBI CBS3M U T.A.
AHaJOrMYHbIe 3aBUCUMOCTH TOIYYEHbI Ul MUPOKCEHOB M IPaHATOB 0€3 WX M3BJICUEHUS U3
MIOPOJIBI.

1. Kynpusinosa T.A., @ununnoe M.H., Jlamuna O.HM. UccnenoBanue BIUSHUS XUMHUYECKOU

CBSA3M Ha WHTETPAJbHYI0 WHTEHCHUBHOCTb JMHUA SMUCCHOHHOTO PEHTI€HOBCKOIO CIEKTpa
MbllIbska. // Kypnaan crpykryproii xumuu. 2003. T.44. Ne3. C.460-471.
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PacuyéT BonHoBoro pacnpeaeneHns MHTEHCUMBHOCTHU
NONIMXPOMaTUYECKOro NepBUYHOIO PEHTFEHOBCKOro U3ny4eHus,
MHOIrOKpaTHO paccesiHHOro B NIErkon maTtpuue

Ockonok K.B., Monozaposa O.B.
MI'Y um. M.B. Jlomonocosa, Xumuueckuii gpaxynromem, Mockea
e-mail: oskolok@analyt.chem.msu.ru

Hapsiny ¢ MCTUHHBIM TNOITIOIIEHWEM U OJHOKPATHBIM PAacCESIHUEM B3aUMOJICHCTBUE
KECTKOTO PEHTT€HOBCKOI'O M3JIy4YEeHMsI C JIETKOM MaTpULEH COIPOBOXKIAETCS MHOIOKPAaTHBIM
muddy3HbIM paccesHueM (GotoHoB. [Ipu nmpoBeneHNHN peHTreHO(IYyOpPECIEHTHBIX N3MEPEHUIT
JaHHBINA AP PEKT B 3aMETHON CTETIEHH CKa3bIBAaCTCA Ha:

® BOJHOBOM pacHpeAesieHMH WHTEHCHBHOCTH (DOHOBOTO CHTHalla B KOPOTKOBOJHOBOIA

o0nacTu crekTpa, OOyCJIOBJIEHHOIO KOI€PEHTHbIM M HEKOT€PEHTHBIM pacCesHUEM

TOPMO3HOTO ¥ XapaKTePUCTUYECKOIO  M3JIY4YEHHUS  PEHTICHOBCKOW  TpYyOKH

MOBEPXHOCTHBIMU CJIOSMU aHAIM3UPYyEMOro odpasa,

®  pacrnpeAeseHUH UHTEHCUBHOCTHU MEPBUYHOIO PEHTTEHOBCKOIO U3JIy4eHUs 10 IiyOuHe

obpa3sia u 3QpGeKTUBHOCTH BO30YKICHHSI PEHTTEHOBCKOU (ryopecieHInN (0COOCHHO

IIPY OIIPENICIEHUH TSKEIBIX SJIEMEHTOB B JIETKUX MaTPUIIAX ),

e ocnabieHun UHTEHCUBHOCTH KOPOTKOBOJIHOBOT'O XapaKTePUCTHUUECKOTO

PEHTIeHO(ITyOPECLIEHTHOTO U3JTyUeHHs B JIETKUX MaTpULaX.

TeopeTnueckoe omnucaHue MNEPEYUCICHHBIX MaTpUUHBIX 3((EKTOB HE0OXO0IUMO s
pacuéTa  MONPAaBOYHBIX  KOO(PPHUIMEHTOB  MpPU  HPOBEAECHUM  KOJIMYECTBEHHOI'O
pertrenoduryopecueHTHoro  ananmza (P®A). Kak mpaBwno, s yuéra BKIanza
MHOI'OKPaTHOTO  pacCcesHUsi B HMHTEHCHUBHOCTb H3MEPSAEMOro CHTHaJla JIOCTaTOYHO
OTPAaHUYUTHCS PACCMOTPEHUEM CIIydasl IBYKPAaTHOT'O pacCEesiHUSI PEHTI€HOBCKUX Jyueil. OnuH
13 HanboJiee U3BECTHBIX U IUPOKO MCIIOIb3yEMbIX aITOPUTMOB JIJIsl PEIICHUs JaHHOU 3a7jauu
ObLT pa3padoran YoppenoM [1]. OH mpeioxKmI NpUOIMKEHHOE aHAIMTUIECKOS BBIPAKCHUE
JUld OLIGHKM BKJIaJa JBYKPAaTHO pPACCEHHOIO MOHOXPOMAaTHYECKOIO M3JIy4eHHUs B
MHTEHCUBHOCTh pPEQIIEKCOB TPHU HM3MEPEHUH PEHTIEHOTPaMM  IOJMKPUCTAUTUYECKUX |
amopdubix MarepuanoB. K coxanenuto, cnenuGuyHOCTb MOJEIN YOppeHa He IO03BOJISET
UCIIOJIb30BaTh €€ HEMOCPEJCTBEHHO MJIs PELIEHUs MepeuucieHHbIX Bblnle 3amay POA. B
YAaCTHOCTH, PAaBEHCTBO YIJIOB MAJEHHsI U PACCESHHs U3Iy4YECHHUs SIBJISETCS JIMLIb YaCTHBIM
ciyyaeM. Kpome Toro, B npeasiokeHHOM MOJeNn Uil yuéTa KOTepeHTHOTO U HEKOT€PEHTHOIO
paccessHUsI MCTIONIB3YIOTCSl ceueHus, paccuuTaHHble 1mo (opmymnam Tomcona u KistitHa-
Humwuns! [2]. JlaHHBIE BBIpa)KE€HUS SIBISAIOTCS YNPOILUEHHBIMM U HE BIIOJIHE KOPPEKTHBIMH,
IIOCKOJIBKY paccesHHue (OTOHAa Ha DSJIEKTPOHHBIX O000JIOUKAaX aToMa pacCMOTPEHO Kak
paccesiHue Ha COBOKYTTHOCTH HECBSA3aHHBIX 3JIEKTPOHOB.

B Hacrosmeit paboTe MpemiokeH anropuTM pacuéTa OTHOIICHUS WHTEHCHUBHOCTH
OHO- M JBYKpaTHO KOTE€PEHTHO M HEKOT€pPEHTHO pACCeSTHHOI0 M3JIyuYeHHUs B
KOPOTKOBOJIHOBOW 00JacTH cCHeKkTpa Uil JETKMX MaTpull C HCIOJIb30BaHHEM Ooiee
KOPPEKTHBIX BOJIHOBBIX U YIJIOBBIX (PYHKUUH KOAPPUIMEHTOB paccesHus. Pa3BUTHINA moaxo.
OpUMEHEH K pacuéTy TMONPaBOYHBIX KOX(PQPHUIMEHTOB TPU OMHMCAHUHM  PaCCESHUS
HOJMXPOMATUYECKOIO PEHTTEHOBCKOTO M3Iy4YeHUs Ha aMop(HOM o0paslie NpHu OoNnpeierieHnn
CIIEKTPA UCITyCKaHUs PEHTI€HOBCKOM TPYOKH 10 pa3paboTaHHOMY paHee anroputmy [3].

1. Warren B.E., Mozzi R.L. //'J. Appl. Cryst. 1975. V. 8. N 1. P. 674.

2. Peatrenorexnuka: CrnpaBounuk. [100 peo. Knioesa B.B. M.: MammuHoctpoenue, 1992.
3. Ockonok K.B., Monoeaposa O.B. // BectH. Mock. yH-Ta. Cep. Xumus. 2006. T. 47. C. 409.
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PeHTreHodnyopecueHTHOe onpeaeneHme coctaBa, CBOMCTB U
NpPoOAYKTOB B3aUMOAEUCTBUA XPOMOreHHbIX NOSIMAEHTAaTHbIX
LeNnnoN0o3HbIX NONOC U AUCKOB

Ocmposckaa B.M., Jlamuna O.HU., Kynpusnoea T.A., Ilepsees P.H.*
Huemumym obwett u neopeanuueckotl xumuu um. H.C. Kypuaxosa PAH,
e-mail: ostr(@jigic.ras.ru
*®DI'VII "25 I'ocyoapcmeenHblil HayuHO-UCCIe008AMENbCKUL UHCIUMYM
Munoboponsr Poccuu”

[Ipy co3maHuM YW TPUMEHEHWH HOHOOOMEHHBIX XPOMOTEHHBIX MOIUACHTATHBIX
uemoino3 (I1L) BaxxHO onpenenuTs UX cOCcTaB, HOHOOOMEHHbIE CBOWCTBA U HaTU (opMy U
MeToll X 3(PGEKTUBHOTO MPUMEHEHUS B JKCIpecc-aHanuse. (s 3Toro yHuBEpcaabHBIM
oKazalsics MeToja peHTreHodyopectienTHoro ananusa (P®A), koTopsiit ObUT IPUMEHEH IS
M3YyUYEHUS reTapuiopmMazaHIeIITIoN03, reTepUIIrHAPa30HIIEIII0NI03,
apUIIa300JUTO0KCAANKIIIIECIUTION03 W WX KOMIUIEKCoB ¢ Metautamu. [IL[ B dopme
uHaukatopHeiXx nojoc (MII) m auckoBbix mMeMOpan (JIM) mmeroT mpeumyinecTBa Iepe
[EJUTIOJIO3HBIMU OyMaraMu ¢ aJCOpOIMOHHO 3aKPEIUICHHBIMH WHAMKATOPAaMH B TOM, YTO
CHOCOOHBI K KOHIEHTPUPOBAHMIO CJENOBBIX KOJMYECTB METAIJIOB C OJHOBPEMEHHBIM
uBeroBbIM nepexonom. I perenepupyrorcs npu pH < 1. MaTtpuusblii CUHTE3 Ha JIMCTOBOM
nemwtonoze (JIL[) mo cpaBHeHWI0O C CHHTE30M Ha BoJokHUCTOM mesutonoze (BIL) (c
MOCJEIYIOIUM OTJIMBOM JIUCTOB OyMaru) oOyCIIOBJIMBAET PacIoyiOKeHHE (DyHKIIMOHAIBHO-
aHanutuaeckux rpynn (PAIDY) naump Ha moBepxHoctd JILI, 4TO NPUBOAMT K MEHbIIEH
cratnueckoii ooMenHoit emkoctu (COE), HO k OoJiee BBICOKON YYBCTBUTEIBHOCTH (TaK Kak
BHyTpu UII He mackupyeTcs 4acThb OINpenesieMoro MeTajuia) Mo CPaBHEHUIO C JIMCTaMU U3
BLI, xotopast Gonblie mpurogHa s usrorosieHus M, TpyOOK M MHOTOCIOWHBIX TeCT-
CPEICTB.

Hucku w3 I & 24 MM 3akperuisiin Ha GuibTpe & 38 MM U3 OyMaru-oCHOBBI ISt
skcrpecc-TectoB Mapku [. POA Obul npoBeZieH Ha pEeHTTeHOBCKOM criekTpomerpe VRA-33
(I'epmanus) ¢ Ag-tpyOkoit mpu HampspkeHuu 28 kB m Toke 40 MA B Bakyyme 1O
aHamutuyeckuMm JuHUsAM K- u L-cepmii [kpucrtamm-anamuzatop LiF(420) u LiF(200)],
JIETEKTOP: IPOMOPLMOHAIBHBIN U CHUHTHILIALIMOHHBIN CUETYUKH.

[To rpagyupoBOYHBIM TpaduKaM ONpPEIECHO KOJIUYECTBO CEphl B TeTEPOIMKIIAX, a
TaKXke Mmetamia, koopauHupoBanHoro Ha I[IIl, m nokazano otaenenue c II anmoHoB
UCXOAHBIX cojeil MmeTauioB. [lo COOTHOLIEHMIO B KOMIUIEKCaX a30Ta, CEPbl M MEAH
ycranoBieH coctaB @Al : M =1 : 1. COE omnpezenena mo nBeToBbIM 0OMEHHBIM PEAKIIUSIM
I1L] ¢ consiMu MeTaJlIOB, COMPOBOXKAAIOIUMCS oOpazoBanueM Ha I1L] BHYTpPHKOMIUIEKCHBIX
IPYNIUPOBOK, a TAKXKE MPHU OIpe/ie-IeHUN B IPOoOe BBIACIAEMbIX YKBUMOJISPHBIX KOJINYECTB
MIPOTOHOB M AaHMOHOB MCXOJHBIX COJIel U HecopOupoBaHHBIX ocTaTkoB MeTaiia. COE paBHO
st BIL 0.2-0.4, gs JIL] 0.05-0.1 mr-sxs/r. Ha UIT u JIM ocymiecTBieHO TMHAMHUYECKOE H
CTaTMYECKOE KOHLEHTPUPOBAHME METAIJIOB C OJHOBPEMEHHBIM IIOJYYEHHUEM B 30HE
KOHIICHTPUPOBaHUS MBETOBOro mnepexona. Jocturayt mpenen obHapyxkenus 0.0005-0.01
mr/n. Habmronanacek abcontoTHast ceneKTUBHOCTh MeToga POA npu onpenenennn Ag, Bi, Ce,
Cd, Co, Cu, Er, Eu, Fe, Hg, La, Mn, Nd, Ni, Pb, Sm, Y, Zn B ux cMecsiX B BOJHBIX 00BEKTaX B
YCJIOBHSIX, IIPU KOTOPBIX CyMMa CKOHIIEHTPUPOBAHHBIX 3yeMeHTOB He mpeBbimaer COE
Matpuilpl. OmpeneneHue 5STUX Ke dJeMeHToB ¢ nomombio MWII ¢ kapmanHbIM
KOHLIEHTPATOPOM U IIBETOBBIM KOMIIAPaTOPOM TaK k€ UyBCTBUTEIBHO, HO MEHEE CEJIEKTUBHO.
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06 aToOMHbIX U MaccoBbIX AONAX cocTaBa BellecTBa
B PEHTreHOCNeKTpanbHOM aHanuse

Huxonvckun A.11.
2. Mockea

Copep:kaHue i-ro JIEMEHTa B ATOMHBIX JIOJISX:

n.
_— 1
C. = (1)
21
JIe N — YMCII0 ATOMOB i-TO 3JIeMEHTa B Mpo0e ¢ OOIIMM YHCIIOM aTOMOB Zn Iz
ConeprkaHue i-T0 AJIEMEHTa B MAaCCOBBIX JIOJISIX:
— l 1
TS m, @
J J
rZie m; — aTOMHAs Macca i-ro 3JIeMeHTa B po0e 00IIIei aTOMHOM Maccoi Zn ;m.
N3 (1) u (2) umeem:
c ML o e 3
m Z e T Y ( )
n,-m,
_mEn “
2n,m,
[Tockonbky m = 2Z (Z — nopsAKOBBIM HOMEP AJIEMEHTA B IEPUOIUYECKOM crucTeme),
Z,-3.n,
K= (%)
22,

MpuZ;=Z; K= 1.llpu Z; # Z; K# 1 u C, He coBnanaer ¢ C,.
B kauectBe kKoHKpeTHOro npumepa comnocrapieHus: C, u Cy,, pacCMOTPUM CUCTEMY BAI-*Fe,
CM. pacuéTHyO TaOIuILy.

C, 0 0,25 0,5 0,75 1
c Al 0 0,14 |033 0,6 1
" Fe 0 0,4 0,67 0,86 1

BriBoasr:

1. I[xama C, paBHOMepHa, a mkana C;,, He paBHOMEpHA M0 OTHOIIECHHUIO K YUCITY aTOMOB
paccMaTpuBaeMoOro 3JeMeHTa.

2. Kak cnencrBue m.l1, B OTCYTCTBUE MEXAIJIEMEHTHBIX BIUSHUN (MOHOATOMHBIN CIIOiN)
3aBucumocTs | = f(C) nuneitna npu C = C, u nenunelina npu C = Cy,.

3. Henuneitnocts I = f(C,,) 00ycroBieHa UCKIIIOUUTENBHO HEMUHEHHOCTHIO MKANBl Cpy
[0 OTHOILIEHHUIO K YHCIY M3JIy4aloIUX aTOMOB, T.e. JedopMarueil ocu abcuucc npu
nepexoge ot C, k Cy. Benuuunsl [ ocTaroTcss HEM3MEHHBIMU U JIMIIb CABUTAIOTCA
BJIEBO WJIM BIPABO IO OCH abCIHCC.
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OnpepeneHne KOHUEHTPaLUN MaKpPO U MUKPOINIEMEHTOB B NOPHbIX
nopoaax Ha cnektpomeTpe S4 Pioneer meTogamu cnnaBneHnUs u
npeccoBaHusi Nnpo6

Hosopaues E.A.
Jlanvnesocmounwiii ceonocuyeckuti uncmumym /[BO PAH, 2. Braousocmok
e-mail: nea99@mail.ru

B JanbaeBocrounom reonorndeckom uHctutyre [IBO PAH OGwimum orpabotansl u
ornpoOOBaHbl HA MaTepuane pa3iHYHbIX TOPHBIX MOPOA (OT YJIBTPAOCHOBHBIX 1O
YJIBTPAKUCIIBIX) METOJIMKH MPUTOTOBJICHUS IUIABJIIEHHBIX AUCKOB M MPECCOBAHHBIX TAOJIETOK,
MpeHa3HAYeHHBIX 7S HEMOCPEICTBEHHOTO OIpeNeNeHUs] KOHIIEHTPAIMil MEeTPOTeHHBIX H
MHUKpPORJIEMEHTOB Ha PEHTIeHO(IIyopecleHTHOM criekTpomerpe S4 Pioneer ¢upmer “Bruker
AXS”. 1511 IpUroTOBIEHUS AUCKOB HEOOXOAMMO CYIIIECTBEHHO MEHbIIIe Matepuana (1 rpamm
IIPOKAJIEHHOTO BEIIECTBA), YeM JUIsl NpUrotoBieHusi Tabnetok (7 rpamm BemectBa). Ha
pUMepe MeTPOreHHbIX IEMEHTOB U psaaa MukposnemeHnToB (Ba, V, Cr, Co, Ni, Cu, Zn, Ga)
OBUIO TIPOBENCHO CpPaBHEHHE [AHHBIX ONPEACICHUS WX KOHIEHTpPAIMKA MO JUCKaM H
tabnetkaM (cMm. Tabm.1). M3ydamuch oOpasibl ¢ BbeICOKMMH coaepxanusmu  Cr, Ni
(ynbTpaocHOBHbIE MOpoabl CuxXoT>-AnuHS), U C BBICOKMMM KOHLIEHTpauusmMu Ba, V
(yrnepoguctbie cuuuuThl CUXOT3-ANMHA), a TakkKe, AJS MOJHOTHI KapTUHBI, OCHOBHBIE U
CpeIHUE TIOpOJBI JAPYTUX MarMaTudeckux KomriuiekcoB [lpumopes u Kamuatku ¢
YMEPEHHBIMH COZEpPXKaHUSAMHU BCEX AJIEMEHTOB. Bcero aiis mpoBeeHus: ucclieJoBaHus ObLIO
IIOIFOTOBJIEHO HE MeHee 15 00pa3ioB OT Kaxaoro Tuma nopoa. OTHOCUTENbHbIE OTKIOHEHUS
3HAYCHW KOHIICHTpAIlMW, OMNpEACNIIeMBbIX IO TPECCOBAaHHBIM TabJieTKaM, OT 3HAYCHHH,
OIpeAeIAEMBIX 10 IUIABJIEHHBIM JAMCKaM, COCTaBJISIIOT, Hanmpumep, aias MgO ot -52 no +19
oTH.%; st S10, oT -10 10 +12 0TH.%. UyBCTBUTEIHLHOCTH BHIIIE Y MPECCOBAHHBIX TAOJIETOK,
B TO BpeMs KaK CTaHJAPTHHIC OTKIIOHEHHsSI, KOTOPhIE XapaKTEePU3YIOT TOYHOCTh MOCTPOCHHUS
KaJIMOPOBOYHBIX IPAUKOB, CYIIECTBEHHO HIKE Y TUTABJICHHBIX JUCKOB (CM. Ta0m1.2).

Tao0numa 1
DneMeHT Ba \Y Cr Co Ni Cu Zn Ga
m n|320 | 1160|950 | 1390 | 1930 | 1990 | 3120 | 3370
T | 2760 | 8860 | 7390 | 12200 | 15750 | 21000 | 26190 | 30060
C a8 4 5 3 3 3 2 2
P T|6 3 4 2 2 2 2 2
I -AACK; T -TablleTKa; m — 4YyBCTBHTENbHOCTH ((mMmn/c)/%); Cn, — mpenen

oOHapy>xeHus (1/T1).

Tabmuma 2
Daemenr | AC o m Onemenrt | AC o m
m| 0.1 |2320] .. n(0.39]970
MgO 1 0.05-45 1 0 55 To670 | 512 3377 F .36 [ 4280

AC — nuamna3oH KoHIeHTpaluii (Macc. %); 0 - crangapTHoe oTkiIoHeHue (%).

Hcnonp3oBaHne METONOB CIUIABJICHUS M IMPECCOBaHHS IMPOO OJHOBPEMEHHO, HE B
yiep0d KakoMy-iau0o, MO3BOJISIET MPOBOJUTH KOJIMYECTBEHHBIC ONpPENEeIeHUs] KOHIICHTpaLui
OOIMpPHOTO HAOOpa AJIEMEHTOB W B IIMPOKOM JHAla30He WX 3HAYCHHIA, XapaKTEPHOM IS
MIPUPOIHBIX 00PA3IIOB.

Paboma svinonnena npu noooepoicke epanma /[BO PAH (Ne 06-111-B-04-098).
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CoyeTtaHue cnocoba chyHaaMeHTanbHbIX NapamMeTpoB C
perpeccMoHHbIM NOAX0A0M B PeHTreHo(hTyopeCcLueHTHOM aHanuse

Haenunckuii I'.B., Braoumuposa JI.U.
HHUU npuxnaonoii puzuxu Upxymckoeo eocynusepcumema, 2. Upkymck
e-mail: pavlinsky@chem.isu.ru

Jis peanuzanuu  cnocoba ¢yHaaMeHTanbHbIX mapamerpoB (CDII) Tpebyercst BecbMa
OTpaHUYEHHOE YHCJIO TPaTyHPOBOYHBIX OOpPA3IOB, a €ro AJIrOPUTM IPeIyCMaTPUBACT
BO3MOXXHOCTb YJIYYIIECHUS METPOJIOTMUECKUX XapaKTEPUCTHK II0 MEPE COBEPLICHCTBOBAHHUSA
Teopun Bo30OyxaeHus uyopectennun. COII npeamonaraeT onpenesieHne coaep aHuii Bcex
JIEMEHTOB, (OPMHUPYIOIIUX aHAIM3UPyeMblii Marepuai. [lorpemHocTs COBPEMEHHBIX
BapuaHToB C®II npu 61aronpusTHEIX YCIOBUIX COCTABISAET AE€CATHIE JOJIU IPOLEHTA (OTH.)

Knaccnyeckuit  BapuanT cmocoba (yHIAMEHTAJIbHBIX IapaMeTpoOB  Ipearojaraer
COIIOCTABJICHUE OTHOCUTENIBHBIX HMHTEHCHBHOCTEH  (DIyOpECHEHIIMH  aHAJIM3HPYEMOTO
MaTepuaja M CTaHAApTHOro obpasua. B uneanbHOM ciydae (Hampumep, NpH pacueTHOM
MOJIETMPOBAaHUY IKCIIEPUMEHTAIbHBIX MHTEHCUBHOCTEHN) 1 peanuzauuu CPII nocratouHo
OJHOTO  MHOTOKOMIIOHEHTHOIO  CTaHgapTHoro obOpasma. OJHako, HCIOJIb30BaHUE
kinaccuyeckoro Bapuanta COII  TpeGyer mnpeaBapuTEeNbHOW OUYMCTKH — M3MEPEHHOMH
MHTEHCUBHOCTU PEHTT€HOBCKOHN (piryopecueHlnn OT (POHOBOW COCTaBISIOUICH, a Takke He
JIOIyCKAaeT CHUCTEMATHMYECKUX IOrPEIIHOCTEH IpU  IPELyCMOTPEHHOM  aJIrOPUTMOM
UTEPALMOHHOM pacyeTe MHTEHCUBHOCTEW OMPE/IeNIIeMbIX AJIEMEHTOB.

Jns  u3bexaHus yKa3aHHbIX OrpaHMuYeHM mpesiaraercss komOuHupoBaTh COII ¢
PETPECCHOHHBIM ~ MOJIXOAOM. JIeHCTBHTENBHO, COBpEMEHHAs PEHTIeHO(IIyOpeCeHTHAs
anmnaparypa XapakTE€pHU3yeTCs BBICOKON BOCIIPOM3BOAMMOCTBIO M3MEPEHHs AHAIMTHUYECKUX
curHanoB. [loaTomy palMoHanbHO OTKa3aTbCsl OT MCIOJIb30BaHUS OTHOCUTENBbHBIX
MHTCHCUBHOCTEHN u YCTaHOBUTH HEIIOCPEICTBEHHYIO 3aBUCHUMOCTh MEXIY
OKCIEPUMEHTAJIbHBIMU M PAcCue€THbIMM BEJIMYMHAMU HMHTEHCUBHOCTH PEHTTEHOBCKOM
¢uyopecueniuu. PerpeccuonHoe HaxoxaeHue Ko3((UIMEHTOB TaKOH 3aBUCUMOCTH
notpedyeT HEKOTOPOTO YBETMUEHHSI YMCIia TPalynpPOBOYHBIX 00pa3IOB.

Peanuzanuss ~ mpeIoKEHHOTO  MOAXOAA  OCYIIECTBIEHA € HCIOJIB30BAHHMEM
CMOJIEIMPOBAHHBIX 3KCIEPUMEHTAIbHBIX UHTEHCUBHOCTEH, ITOIy4EHHBIX IIyTEM UX pacuera ¢
n00aBJICHMEM  HEKOTOPOM  TMPOM3BONBHOM  (DOHOBOM  COCTaBIsAMONIICH.  YKa3zaHHas
COCTAaBJIAIOLIAs NPUHUMAJIACh IIOCTOSSHHOW JUIsl Ka)JO0ro 3JIEMEHTa, HO Ppa3In4yHOM Ui
pasHbIX 271eMeHTOB. Kpome Toro, pacyer HHTEHCUBHOCTEH OBl BBIIOJIHEH IIPU ydyeTe U IpU
npeHeOpe)KeHUN HOHM3auued aroMoB ¢Goro- ¥ Oxe 3JIeKTpOHAMH, BO3ZHUKAIOIIMMHU B
oOmyyaemoM Matepuane. Kak wu3BecTHO, BKJIaJ 3TOro Ipouecca B BO30YyXKAEHUE
PEHTI€HOBCKOW (DTyOpECIEHIIUN 3JIE€MEHTOB C MajibiM aTOMHBIM HOMEpPOM B psifie CllydacB
OKa3bIBaCTCs OIIPEACIISIOLHM. AHanu3upyemslit Marepuan MMHUTUPOBAJICS
YIIEPOACOAEPKAIMMHU CTAISIMU U TOPHBIMU TIOPOJIAMH, COAECPKAIIUMHU KUCIOPO U YIJIEPOL.
Jlnst aHanm3a yka3zaHHBIX MaTepUajoB HUCIOJIb30BaHbI 4 — 5 rpaaynpoBoyYHBIX 0o0Opa3nos. [Ipu
IIPEIOKEHHOM IIOAXO0/I€ MHTEHCUBHOCTH AHAJUTHUYECKOIO CUTHAJAa MOKHO HE OYMINATH OT
¢doHOBOW cocraBisromeii. Kpome Toro mokazaHo, YTO pacueTHOE MOJCIUPOBAHUE
AHAINTUYECKUX CUTHAJIOB dJeMeHToB ¢ Z<l0 MOYKHO OCYILECTBIISATh 0e3 ydyera
noHu3upytouiero neicTeus Gporto- m OKe SIEKTPOHOB, €CIM TPU ATOM CHCTEMaTHUYECKas
MOTPEHIHOCTh  pacyeTa HWHTEHCUBHOCTH OTHENBHBIX HPO0 MEHSETCs HE3HAYUTEIbHO.
[TorpemHocTh aHaaM3a pacTeT MO MEPE YBEIMUEHHUS HEMOCTOSIHCTBA BKJIa/la PACCMaTPUBAEMbIX
3JIeKTPOHOB. Eciu 3TH BKIIajbl 17151 aHAIM3UPYEMBIX P00 Pa3INyarOTCs CYIIECTBEHHO, TO YUeT
BIHstHUS (oTO U O’Ke HIIEKTPOHOB B PACYETHOM MOJICIIMPOBAHIH CTAHOBUTCS HEOOXOIUMBIM.
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OueHKa cTabuNbLHOCTU U3nyyaTtenen npu
peHTreHohNyopecLueHTHOM aHanu3e NOPOLLUKOB CyXOro Mosoka

llawxoea I'B., ' ynuuesa T.H.
Hncmumym ceoxumuu CO PAH, 664033, 2. Hpxymck, a/s 4019,
vi. @asopckozo 1a, e-mail:galinap@jigc.irk.ru

TemnepaTypHoe M paguallMOHHOE BO3ACHCTBHS  HAa IIOPOLIKM CYXOI'O MOJIOKA
IPUBOAAT K IUIABJICHUIO MOJIOYHOTO JKMpa W arperanuy JIMIHAJIOB Ha IIOBEPXHOCTH
U3Iy4yaTeNs, JACHaTypaluu OeIKOBBIX YACTHI, TMPOTEKAHUIO OKHCIUTENBHBIX pPEaKIIHii,
COIPOBOXKAAIOIIMXCS Pa3pbIBOM CTPYKTYPHBIX CBSI3€il M 00pa30BaHUIO JETYUUX COCTUHEHHM
[1].Takue BHYTpeHHUE W3MEHEHHsS (PUIUKO-XUMUYECKUX CBONCTB TPOOBI HEM30EKHO
IPUBENYT K U3MEHEHUIO METPOJIOTUYECKUX XapaKTEPUCTUK METOJUKN aHAJIN3A.

B nanHOM COOOIIEHNHM MPHUBOIATCS pPE3yJbTaThl M3YUYEHUS BIUSHUSA CTaOWUIHLHOCTH
u3Iydarened Ha pe3ylibTaThl PEHTTCHO(IIyOPECHEHTHOTO OIpENeNICHUs]  COJCepKaHUN
sanemenToB Na, Mg, Al, Si, P, S, Cl, K, Ca, Mn, Fe, Ni, Cu, Zn, Rb, Sr, Zr B noporikax
CyXOro MoJioka. M3yueHnue ObUIO BBIIIOJHEHO I MOPOILIKOB C Pa3HbIM COAEPKAHUEM KHpa:
30, 15, 0 %. IHTEHCUBHOCTH aHATUTHUYECKUX JIMHUM ONPEAEIISIEMbIX 3JIEMEHTOB U3MEPSIIN Ha
cnekrpometpe S4 Pioneer (Bruker AXS), Bo BHyTpeHHEM 00BeMe KOTOPOTO MOIEPKUBACTCS
temneparypa 38 °C.

bbuin peanu3oBaHbl JBE BpPEMEHHBIX CXEMbl OONydeHMs u3iayuaTesneid. B mepsoii
cXeMe, U3JIydaTean U3MepsUIMCh 1Mo nporpammam «Meroauku uamepeHus» (~10 mMun), yncio
m3Mmepenuit N=10-15. Bo BTOpoli cxeMe wu3iIy4aTenb, IIOMEIICHHBI B CHEKTPOMETD,
u3Mepsicst mocienoBatenbHo 10 pa3 (cymmapHoe BpeMmsi oOmydeHus ~2 4). B3BemmBanwue
M3JIydaTresied moKas3ano, 4To MOCje TAKOro BO3ACHCTBHS Macca U3JlydaTejed yMEeHbIIUIach Ha
1-2 %.

O1ieHeHbI TCH/ICHIIMA W3MEHEHUS! HHTCHCUBHOCTH aHAJTMTUYCCKON JIMHUU OT BPEMEHHU
BO3AeHCTBUA U yucaa udMepeHuid N. IlokazaHo, 4TO Id KaXXJ0M CXEMbl WHTEHCUBHOCTHU
aHanuTHdeckux JuHUN smemeHToB Na, Mg, P, S, Cl, K, Ca pacryr (koaddumnumeHTs!
koppemsiiun 1=0.80-0.95). Jlns mukposnementoB Al, Si, Mn, Fe, Ni, Cu, Zn, Rb, Sr, Zr u3-3a
BBICOKOW HEOJIHOPOJHOCTH paCHpe/esIeHUss UX B IMOPOIIKaX W HU3KOW CTaTHUCTUKHM CUETa
KOd(UIIMEHTHI KOPPEISINY TAKUX 3aBUCUMOCTE He Bhiie 0,55.

1. Pocoxcun B.B. Buoxumusi MOJ0Ka U MOJIOUHBIX NMPOJYKTOB: YuebHoe nocoodue. - CII6.
I'MOP/, 2006. — 320c.
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NMpumeHeHne NopTaTUBHbLIX U MEPEHOCHbIX aHanuM3aTopoB cocTaBa
ANA Hepa3pyLlaloLwero KOHTPOSA KOHCTPYKLUNA CTPOALLUXCA
u akcnnyatupyembix A3C

Iepwun H.B.,
LIHUH KM «IIpomemeiin, Cankm-Ilemepoype, e-mail: vw@prometey2.spb.ru

XapakTepHoil ocobeHHOCTbI0O ADC sBAseTCS  IIUPOKUM KPYr HCHOJIb3YyEMbIX
MaTepUasoB, MOAJIEKAIIUX KOHTPOIIO - ATO pa3jHyHble CTajiu, OPOH3bI, JIATyHH, CIIJIaBbl Ha
OCHOBE HHUKEIs, TUTAaHA U Jp., CBApOYHbIE MaTepHallbl, TEXHOJIOTMYECKUE PaCTBOPHI,
NPOAYKTHI KOppo3uu u T.4. Kpome Toro, Ha mpakTuke Bce 00Ibliie oLy aeTcsl TOTPeOHOCTh B
HEPa3pyIIAIOIIEM OIIEPAaTUBHOM KOHTPOJIE, IPOBOJAMMOM HEIOCPEJACTBEHHO Ha MECTE
npoBeneHuss pabor. IlosTomy BecbMa akTyanbHOW SBJISIETCS — BHeApeHHEe Haubolee
MEPCIIEKTUBHBIX YHUBEPCAJIBHBIX METOJO0B, MO3BOJISIIONIMX PEIIaTh MAKCUMAJIBHO IIMPOKHUM
Kpyr 3ajad 0pu MUHUMaIbHbIX 3aTparax. C ydeTroMm BbIIIeCKa3aHHOro Haubosee
MIPUBJICKATEIbHBIM SIBJISICTCSI MCIOJIb30BAHUE (PU3MUECKUX METOI0B KOHTPOJIS — 3TO, IPExKIe
Bcero, peHtreHo-crekTpanbHbii (PCDOA) u ontuueckuit-sMuccroHHbn (ADCA) MeToms
aHanuza. Kaxaplii U3 yKa3aHHBIX METOJIOB MMEET CBOM JOCTOMHCTBA M HENOCTaTKU. Tak
ADCA aHanu3aTtopbl MO3BOJISIIOT OMPEACNATh YIIAEPOJ, OJHAKO TMPU OSTOM TPeOYIOT
CHelHaNbHOM  00yBKM 30HBI KOHTPOJS MOTOKOM aproHa. Takue mnpuOOpbl MMEIOT Bec
o0biyHO He MeHee 30 Kr M pacmojiaraloTcsi Ha CIELUUATBLHOW TeJeKKe. PeHTreHoBckue
aHAJIN3aTOPbl UMEIOT CYIIECTBEHHO MEHbIIUE pa3Mepsl (3 — 5 Kr) U MO3BOJIAIOT MPHU 3TOM
aHAJM3UPOBATh HE TOJIKO CIUIABBI, HO U MOPOILIKOBBIE MaTepuaibl (Harp. (IIIOCHL, MPOIYKTHI
KOpPpO3UH), PACTBOPHI, KOHTPOJIUPOBATH COCTaB W TONIIMHBI METAIMYECKUX TMOKPBITUNA U
T.J., OJHAKO HE IMO3BOJISIOT aHAIM3UPOBATH “Jerkue” smeMeHThbl (Z<20). [lonomHuTenbHbIE
TPYJIHOCTH HCIIOJIb30BAaHUS MEPEHOCHBIX aHAIM3aTOPOB CBSI3aHbl KaK C OIPaHUYEHUSMU MPU
paboTe B YCIOBHUSAX JKapKOTO M BIQXKHOTO KJIMMAaTa, TaK U C HEBO3MOKHOCTBIO MPOBEACHUS
KOHTPOJISI B YCJIOBUSIX TECHOTO PACIOJIOKEHHUS UCCIIETYyEMbIX KOHCTPYKIIUH.

B nannoit pabote npearaeTcsi HOBBIM moaxox K npoBeaeHnio PCOA, no3Bosstomuit
B ONPEJEIICHHON CTENEeHU CHATh yKa3aHHble orpaHudeHusd. [Ipennmaraemplil moaxoa ocHOBaH
Ha KoHIenuuu “‘aucraHuuoHHoro” PC®DA, T.e. Ha MHKpooTOOpe mpod HcCIeayeMoro
MaTepuaga U MOCIEAYIOUIEM aHajdu3e OTOOpaHHBIX MHUKpomnpoO Ha cranuoHapHoM PCDA
aHanuzarope. Jns otbopa MukpompoO wucmonb3oBamu JBa crocoba. IlepBeiif, korma
[IOBEPXHOCTh HCCJIEIyEeMON KOHCTPYKLHU MPOTUPAIU CHELHalbHOM a0pa3uBHON WIKYpKO,
HAa KOTOpPOW OCTaBaJIMCh YAaCTUYKU HCClenyeMoro Mertamna. Bropoii, korma ot6op
MHUKPOYACTHUI] HCCIEAYeMOro MaTepuana OCYIIeCTBISUIA C TOMOIIbI0 mabepa W Janee
MOJTy4YeHHbIE MHUKPOYACTUYKH BIPECCOBBIBAIM B TaONEeTKy U3 OOpHOW KHUCHOTHI (100
CTeMaNbHON TacTMacchl). [IpenmyIecTBoM MocieaHero cnocoda oToéopa SIBIsSETCsS TO, YTO
MOJTy4Y€HHbIE TaOJIETKU MOKHO JOTOJIHUTEIBHO HCCIEAOBAaTh HAa PEHTTEHOCTPYKTYPHOM
aHamu3aToOpe C IEeNbI0 IMOJyYeHHs] MH(POPMAUU O CTPYKTYPHOM COCTaBE HCCIETyEeMOTO
MaTepuanga. AHaIM3 XHMCOCTaBa IMOJYYEHHBIX  M3Jy4aTeled  OCYLIECTBISUIM  Ha
MaJIorabapuUTHOM peHTreHOBCKOM  ¢uryopecueHTHOM crnektpomerpe «CIIEKTPOCKAH
MAKC GV», npousoactsa HIIO «Cnektpon».. [ BO3MOXKHOCTH TMOIYYEHHUS! pPealbHbIX
KOJIMYECTBEHHBIX JaHHBIX Oblla pa3paboTaHa cCreluajbHas MaTeMaTHYecKas MporpaMma
(ocHOBaHHAsi Ha MCIOJB30BAHMM METO/AA (PYHIAMEHTAJbHBIX MapaMeTpoB), MO3BOJIAIOIIAS
y4ecTb OCOOCHHOCTH aHajdu3a MHUKPOKOJIMYECTB HCCiexyemMoro Mmarepuana. [IpoBeneHHble
WCCIEAOBaHUS  TOKa3ajdd  JIOCTATOYHO  BBICOKYIO  d(PPEeKTUBHOCTh  pa3pabOTaHHOTO
“IMCTaHIIMOHHOr0” croco0a aHanu3a. Meroj OblT yCHEIHO ONpoOOBaH Ha JIETMPOBAHHBIX
CTaJIsIX, HUKEJIEBbIX CIUIaBaX U CIJIaBax Ha OCHOBE ME/H.
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OnpepeneHune peakosdeMerbHbIX 3JIEMEHTOB
Ha peHTreHo(nyopecUueHTHbIX CeKTpoMeTpax
cepumn «CnektpockaH MAKC»

Hepwun H.B., buuaes B.b., Mocuues B.U., *Kanunun b.J].
LIHHUU KM «Ilpomemeiiy, Canxm-Ilemepbype, e-mail: vww(@prometey2.spb.ru
*HIIO «Cnexmpony, Cankm-Ilemepbype, e-mail: to@spectron.ru

B nanHolf paboTe paccmaTpuBaeTcs OIBIT pa3paOOTKM METOAMKHM aHalu3a cMeceil
OKHCJIOB PEJKO3EMENbHBIX 3JIEMEHTOB M PEAKO3EMENIbHBIX JINTaTyp, HCHOJb3YEMBIX IpHU
BBIIJIaBKE CHEIICIIJIABOB. YUUTHIBAsA, YTO XMMHUYECKHE METOJbl aHaIM3a BECbMa TPYJOEMKH,
ObUIO  PEUICHO  UCMONb30BaTh I pEIICHHs  TOCTAaBICHHOM  3aJaud  METOJ
PEHTI€HOCTIEKTPAJILHOTO (IyOpPECLIEHTHOIO aHanu3a. MeToJ 10CTaTOYHO MpOCT, T.K. HE
TpeOyeT Kakol-1u00 JOMOIHUTENBHOW NepepadoTKu MpoObl, HO Ul €ro MPUMEHEHMs, Kak
IIPaBUJIO, HEOOXOIMMO MCIIOJIb30BAaHHE HAJIEKHO aTTECTOBAHHBIX CTaHAAPTHBIX OOpPa3LIOB.
JlononaHUTENbHAs CI0XKHOCTh OOYCIIOBJIEHA TEM, YTO PEAKO3EMEJIbHbIE 3JEMEHThl HMEIOT
Ooratele CHEKTPbl (PIIyOpPECLUEHIMH, TPUYEM MHOTUE JMHHUU COCEIHUX 3JIEMEHTOB B3aMMHO
nepekpbiBatoTcs. [loaToMy onpeneneHue yka3aHHBIX 53J€MEHTOB BO3MOYKHO TOJBKO Ha
aHaJIN3aTopax, 00JaJaoINX BBICOKUM pa3pelieHreM. Pa3paboTKy METOAMKHU OCYIIECTBISUIN
Ha  pentreHoduyopecueHtHoM  cnektpomerpe  «CIIEKTPOCKAH ~ MAKC-GVy,
npousBogactBa HIIO «Crnektpon». [lns  yiydilleHuss paspelieHus OM3KO-JIeKaluX
CIEKTPAJIbHBIX JIMHUN B CIIEKTPOMETP ObLI BBEJEH JOMOJIHUTENIBHBIA KPUCTAIUI-aHAIU3aTOP
LiF[220], 4T0o MO3BOIWIIO YJIyYLIUTh aHATUTHYECKUE XapaKTePUCTHKH CHEKTPOMETpa B ATOM
obmactu qymH BoiH (u3mepenue La, Ce u Pr mo LB-muamsam, Nd-Lu mo L3 u Lo-nmuausiv).

ITpoBepka 3¢ddeKkTuBHOCTH U 11eIecO00pa3sHOCTH NPUMEHEHUs 3TOro KpHUCTasula-
aHaJIM3aTopa JUIsl U3MEPEHUsT KOHKPETHBIX 3JIEMEHTOB MPOBOAWINCH Ipu usmepeHun CO
MarHueBbIX CILIABOB, COJepkalux Bce (kpoMme Pm) peako3eMenbHbIE 3J€MEHTHI. Y UUTHIBAs
NeUIUT HANEKHO AaTTeCTOBAHHBIX CTAHAAPTHBIX O00Opas3loB JuId CMece OKHCIIOB
PEKO3EMENIBHBIX JJIEMEHTOB UM PEIKO3EMENIbHBIX JIMraTyp, HamM Oblia pa3paboTaHa
CIelMaJIbHAs METOJMKAa aTTECTAllUd CMECed pEeIKO3E€MENbHBIX 3JEMEHTOB Ha OCHOBE
UCTIOJIb30BaHUs 3IIEIUIe-CIIEKTPOMETPA BBICOKOTO pa3pellieHus ¢ WHAYKTUBHO-CBSI3aHHOMN
wrazmoii PS1000 ¢pupmer Leeman Labs (CIIIA). MeTonuka ocCHOBBIBaJIach Ha MEPEBEICHUH
UCCIIelyeMbIX NIPO0 B PacTBOP, U HA JAlbHEHMIIEM OIPEEICHUH PEIKO3EMENbHBIX JIEMEHTOB
OIUPAsACh HA KaJHMOPOBOUHBIE I'paMKH, TOCTPOCHHBIE C HCIIOJIB30BAaHUEM PACTBOPOB YHCTHIX
OKHCJIOB YKa3aHHBIX 3JIEMEHTOB. bbuin pa3zpaboTaHbl METOAMKH XUMHUYECKOTO OIMpPEeSICHHS
takux 3nmeMeHToB kak Ce, La, Pr, Nd, Sm, Gd, Dy u np.

PenTtrenodayopecrieHTHOE OIpeseNeHusl COAEPIKaHUI PEeKO3EMENbHBIX 3JIEMEHTOB
NPOBOJIWIN CHOCOOOM (pyHJaMEHTAJIbHBIX IAapaMeTPOB; COOTBETCTBYIOIIAS MpOrpaMma
BkimrodeHa B maker wmatoOecrieueHus crnektpomerpa «CIIEKTPOCKAH MAKC-GV»y.
I'panynpoBka crekTpoMeTpa JUIsl 3TOro cCrocoda aHaluM3a C MCIOJIb30BAaHHMEM YHCTBIX
METAJJIOB M XHUMHUYECKUX PEaKTUBOB TMPOBOJUTCS Ha NPeaIpUATUU-U3roToBUTENE. B
pe3yJbTaTe TakoW I'paJyMpOBKH CIIEKTPOMETP MO3BOJISET ONPENENATh COAEPIKAHUS JIIOOBIX
AJIEMEHTOB B AHAJIUTHUYECKOM Juamna3oHe (OT HaTpusl A0 ypaHa) 0e3 ydera 0ocoOEeHHOCTeH
aHAJIM3UPYEeMOro Marepuaia. AHAJIUTHKY IPEJOCTaBlI€HAa BO3MOXKHOCTb IPOBOJUTH
KOPPEKTHPOBKY pE3yJIbTAaTOB C HCIIOJB30BAaHMEM 3TAJIOHHOTO o0Opasma. B kauecTBe Takmux
STAJIOHOB HCIIOJIb30BAIM 00pa3lbl, aTTECTOBAHHbIE C IMOMOILBIO 3IIEUIe-CIIEKTPOMETpa C
NCII. Tako#t moaxo/1 Mo3BoJIMI BHECTH HEOOXOAUMBIE MOMPABKU B METOIUKY, OMUPAIOLITYOCS
Ha crnoco® (yHIAaMEHTANbHBIX [apaMeTpoB, M MOJIYYUTh XOPOIIYH CXOAMMOCTb C
pe3ysbTaTaMu XUMHUKO-CIIEKTPAIbHOIO METOA.
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OnbIT NPUMEHEeHUs1 PEHTFreHOBCKNX CKaHUPYHOLMX
CMeKTPOMeTPOB AN KOHTPOSsA cocTaBa
KOHCTPYKLMOHHbLIX MaTepuanos

lepwun H.B., Mocuueg B.H., *Kanunun b.J].
L[HUH KM «IIpomemeiiny, Cankm-Ilemepbype, e-mail: vw@prometey2.spb.ru
*HIIO «Cnexmpony, Cankm-Ilemepbype, e-mail: to@spectron.ru

LleHTpanpHBlli HAYYHO-UCCIIENOBATEIbCKUN HHCTUTYT KOHCTPYKILIMOHHBIX MaT€pPUAIOB
«[Ipomereii» sBiIgETCS MHOTONPO(PHIBLHBIM MEXKOTPACIEBBIM TI'OCYIAPCTBEHHBIM Hay4YHBIM
MaTepHUaJIOBETYECKUM LIEHTPOM, Pa3pabOTKH KOTOPOrO0 HAXOAST IIWPOKOE NMPUMEHEHHE BO
MHOTHX OTpaciiiX IPOMBIIIJIEHHOCTH — B CYJOCTPOEHUM, AaTOMHOM DSHEPreTUKe, B
HerenoObIBatONIEl MW XMMHYECKOW MPOMBINUICHHOCTH, B CTPOMUHAYCTPUU H  Jp.
XapakTepHoil 0coOeHHOCTBhIO aHanmutudeckoir mnaboparopun IHHUM KM «IIpomereit»
SBJIIETCS. YPE3BbIUAHO HMIMPOKUI KPYT MCCIEAYEMbIX MaTepUalIOB - 3TO pa3jMyHbIE CTalH,
OpOH3bI, JIATYHH, CIUIaBbl HA OCHOBE HUKEJ, TUTAHA, [IMHKA, aJIOMHHUSA U JIp., CBAPOUHbIE
MaTepHuaibl, (heppocIiaBbl, IUIACTMACCHI, TOKPBITHS, W T.n. B 00mem ciydae KOHTpOIb
yKa3aHHBIX MaTepHajoB IMPEACTaBIIET BeCbMa CIOXKHYIO 3ajady U TpeOyeT NpHBIICUYEHUS
pa3nuYHbIX (PHU3MUECKUX U (PU3MKO-XMMHUYECKHX MeTonoB. [loaToMy BecbMa akTyalbHOU
ABJISICTCS  MOMCK  HauOoyiee MEPCIEKTUBHBIX YHUBEPCAIbHBIX METOAOB  KOHTPOJI,
MO3BOJIAIOIIMX PEIIaTh MAaKCHUMaJIbHO IIMPOKUI KPYT 3aJay MPU MUHUMAJIbHBIX 3aTparax.
OpgHMM U3 TakuX NEPCIEKTHBHBIX METONOB SABJIAECTCA METOJ PEHTTEHOCIEKTPAIbHOIO
¢dyopecuentHoro ananuza (PCOA).

Heo6xomumo ormeruth, uto B [ITHUM KM «Ilpomereit» HakormieH OOJBIION OIBIT
UCIIOJIb30BaHUsl PEHTI€HOBCKUX aHAJIM3aTOPOB JJI1 KOHTPOJIS COCTaBa CIIaBOB. B MHcTUTYTE
yxe Oosee 30 JeT HCMONB3YETCS PEHTTEHOBCKHN HWMIIOPTHBIA CHEKTpoMeTp Dwmrc
PW1220C. lonroe BpeMs SKCILTyaTUPYETCs TAKXKe pEHTTeHOBCKUM ciektpomeTp VRA-20. 3a
3TO BpeMsl pa3paboTaHO OOJBLIOE YMCIO METOAMK KOJUYECTBEHHOIO aHajlu3a Ul CaMbIX
pa3HooOpa3HbIX crutaBoB. Co3laHa YHUKalbHAs KOJUIGKIMS CTaHJApTHBIX 00pa3loB,
Brurovaromast 6oxee 3000 CO. Pa3paboran opurHHANBHBIA CIIOCOO ydeTa MEKIJIEMEHTHBIX
BJIMSIHUNA, OCHOBAaHHBIN HA UCMOJIb30BaHUM (PyHIaMEHTAIbHON (PU3NUECKOM MOJIENIN METO/IA.

K coxanenuto, 10 HeZaBHEr0 BPEMEHM pPEHTICHOBCKHE aHAJIM3AaTOPbl OBLIU
HEOCTYNHbI  OOJBIIMHCTBY PSAJOBBIX HPEANPUATHA  BCIEACTBHE UX JIOPOTOBHU3HBI,
IPOMO3/IKOCTH ¥ HEOOXOIMMOCTH Pa3MEUICHHUS B CIIEHUAIBHO 000PYI0BaHHBIX TIOMEIICHHSIX,
4TO 3aTPyJHSUIO BHEJPEHHE BBINICYKA3aHHBIX METOIMYECKHUX pa3paboTok. B Hacrosiee
BpeMms, Oy1arofapsi pa3BUTUIO TEXHUKU MOSBUINCH 0€30MacHbIe MaloradapuTHbIE HACTOIbHBIC
aHAJIN3aTOPBI IPAKTUYECKHU HE YCTYNAIOIIKUE 110 BO3MOXXHOCTSAM I'POMO3JKAM TPaJULAOHHBIM
aHanmu3atopaM. Takue mpubopsl Beiyckaet, B yactHocTd HITO «Cnextpon». Pazpabotannble
3TUM oObenuHeHueM peHtreHoBckue cnekrpoMerpsl cepun «CIIEKTPOCKAH MAKC» B
HacTosIlee BpeMsl IUPOKO MCIIOJIB3YIOTCS JJISl PELICHHUs CaMbIX pa3sHOOOpa3HbIX 3a/1ad MpU
HKOJIOTMYECKUX U MEIUUUHCKUX HCCIEIOBaHUsIX, B METAIypru, B J0ObIBarouIei
IIPOMBIIIJIEHHOCTH, B MAIIMHOCTPOEHUH, B HAYYHBIX UCCIIEI0BAaHUAX U APYTUX OTPACIAX.

B nanHoit paboTte Hamu Oblia ucciie0OBaHa BO3MOKHOCTb NIPUMEHEHHUs BaKyyMHOT'O
pentreHosckoro cnekrpomerpa «CIIEKTPOCKAH MAKC-GV» gmna  onpeneneHus
AIIEMEHTHOT'0 COCTaBa CTajiell, OpOH3 M CIUIaBOB HAa OCHOBE HUKENS, aIIOMUHUS U TUTaHA.
IIpoBeneHHbIE MCCIEIOBaHUS MOKA3aJIM, YTO JAHHBIN CIIEKTPOMETP IO3BOJIAET JOCTATOYHO
HAJEKHO OINpPEAENATh COAEPIKAHUS DJIEMEHTOB, BXOJSIIMX B YKa3aHHbBIE CIUIABbl U MOXKET
ObITh PEKOMEHJIOBAaH [yl MCIIOJb30BaHMUSA Ha MPENNpPUATUSAX, UMEIOIIUX JEJI0 C aHAJIN30M
pa3zHOO0pa3HBIX METAIUIMYECKIX MAaTEPHUAJIOB.
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MpuMeHeHUe peHTreHo(lyopecLeHTHOro aHanu3a Ansa KOHTpons
npoueccoB 06e3BpeXUBaHUA U YTUNU3aLUUN TeXHOINeHHbIX
obpa3oBaHM MaIMHOCTPOUTENbLHbIX NPeanpPUATUA

Ilempos B.I'., Tpybaues A.B., HYeuuna A.A.
Hncmumym npuxnaonou mexanuku YpO PAH, 426067, 2. Hocesck, yn.T.bapamsunoti, 0.34

[TpombllIIeHHbIE MPEINPUATHS MALIMHOCTPOUTENILHOW OTpaciu o0pa3yroT OoJibIloe
KOJIMYECTBO OTXOJIOB C BBICOKMM cojepxkanueM Tspkenbix MetamwioB (TM) (Cu, Cr, Cd, Ni,
Mn, Zn u ap). K Takum oTxogaM MOryT ObITh OTHECEHbI Pa3JIMYHbIE 1aCTOOOpa3HbIE OCAIKH,
oOpasyromuecss Tpu 00€3BPESKMBAHUHM OTPAOOTAHHBIX KOHLEHTPUPOBAHHBIX PACTBOPOB
(ranbBaHOLIaMBI), OCAAKH CTOYHBIX BOJ OYHMCTHBIX COOPYKEHHH IPOMBIIUICHHBIX
npeanpusTiid. M3-3a HU3K0M 3((HEKTUBHOCTH OYUCTHBIX COOPYKEHUN NPEANPHUATHNA OCATKU
MYHHIMIIAIBHBIX OYUCTHBIX COOPYKEHUH TAKXKE 3a4aCTyI0 3arPSA3HEHBI O TUMU METAJIIIAMH.

Hamu B Hacrosmiee BpeMsi pa3palaTbIBalOTCS TEXHOJOTMHM OOE3BPEXKHUBAHUSA H
YTWIN3ALMA TaKUX OTXOJOB C IIOJYYEHHEM pa3JIM4YHbIX KOHLEHTPAaTOB METAJUIOB JUIA
IIPOMBIIIJIEHHOTO UCIOJIb30BaHUs, a TAKXKE C MOJYyYEHHEM M3 OPraHUYECKOM 4acTH OcajKa
OpPraHOMHUHEPAIbHOTO yNOOpPEHHs MOBBIIIEHHOTO KayecTBa, IPH YCIOBUU TOrO, YTO
ocTaTo4Hoe cojiepkanue TM mocie ux BeleseHus! OyZeT COOTBETCTBOBAaTh HOpMATuBy. [Ipu
BBICOKOM cojiepkanud TM B ocasikaX CTOYHBIX BOJ OMOJIOTMYECKOM OYMCTKH MPUMEHSIINChH
KHMCJIOTHBIE METOJBI BbIJENIEHUs MeTauioB. IIpu oTHOcUTENbHO HU3KOM coxepkaHun TM
HCIIOJIb30BAJIMCh METO/Ibl KOMIIOCTUPOBAHUS € pa3z0aBieHHEM 0Ca/KOB, Harpumep Topdom. B
KayecTBE HOpPMaTHMBa Ha ocTaTo4yHoe cojepkaHue TM Obu mpunsatel TY-9849-018-
00483470-93 [1].

s xoHTpossa cogepkanuss TM Ha pa3iaMyHBIX CTaIUsAX MPOLIECCOB 00E3BPEKUBAHMS
U YTUIM3aLUU TaKuX 0TX0J0B npuMeHsics POA TBepabix MaTepuanoB. AHaIU3 NPOBOIUIH
Ha peHTreHoBckoM Oe3nudpakuuonHoM ananuzatope «KPAB-3YM». beuin paspaboransl
METOJIMKH aHaJIn3a, MO3BOJSAIOLIME IPOBOJUTH aHAIM3 MaTepuaioB B TeueHuu 15-20 muH,
BKJIIOUass 1npoboorbop u mpobomoaroroBky. [Ipumenenne P®OA gns  mpoueccos
00e3Bpe)KMBaHMsT W yTWIM3AllMM JIAHHOTO BHJA OTXOJOB II0Ka3aj0 CYIIECTBEHHbIE
IpeuMyllecTBa IO CPaBHEHUIO C JPYrUMH MeTojamMu aHaimu3a 1M, TakuMHM Kak
CHEeKTpO(OTOMETPUUECKUMH U MOJIsIporpaduueckumu Merogamu. IIpexne Bcero, 3To CBA3aHO
¢ teMm, yTo PDA dBisercss sKCOPECC-METOAO0M M MO3BOJISIET MPOBOJIUTH OJHOBPEMEHHOE
U3MEpPEHUE COJEPKAHUS  DJIEMEHTOB B MHOIOKOMIIOHEHTHOM cHucCTeMe. OTHOCHUTEIBHO
BBICOKasI MOTPEIIHOCTh aHAJIN3a HE YMAJSIET 3TUX CYIIECTBEHHBIX npeumyinecTB. [lockonbky
cogepkanue TM B OTAENBHBIX BHJAX OTXOAOB MOXKET 3HAYUTEIBHO W3MEHATBHCS, TO
HEOO0XOIMMO OCYIIECTBIIATH KOHTPOJIb B pekUMe OJM3KOM K pealbHOMY BpeMeHH, 4To POA
no3BoJIsAeT chenarb. [lomydeHHblE JaHHBIE MO3BOJISIIOT KOPPEKTHPOBATH  KOJINYECTBO
pEeareHToB MpHU YTWIH3ALMKU C UCIIOJIB30BAHMEM KUCJIOT, a TaKXKE KOJUYECTBO paz0aBUTEIS
IIPY NTOJIyYEHUH KOMITOCTOB.

[Ipumenenne POA npu pabore ¢ TEXHOrEHHBIMH OOPa30BaHUSAMH TPOMBIIUICHHBIX
NPEANPHUATUM  MAIIMHOCTPOUTEIBHOM  OTpacid, II0Ka3ajlo, 4YTO METOXN  SIBISIETCA
MEPCIEKTUBHBIM JUIsI KOHTPOJISL 3arpsi3HUTENEd NpH pa3pabOTKE CUCTEM YIIpaBJICHHUS
IIPOMBIIIJICHHBIMU OTXOJAaMHU TaKMX MHIYCTPUAIbHBIX LIEHTPOB.

1. B.I''Ilempos, B.Il.Cemakxun, A.B.Tpybaues. VIcmonb30BaHWE KHCIOTHBIX PEAreHTOB IMPH
YTHJIM3aLUU 0CaJKOB CTOYHBIX BOJ.- Mxkesck: M3n. IIM YVpO PAH, 2005.- 186 c.
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NU3mepeHne anemMeHTHOro coctaBa MarHUTHbIX NMEHOK MeToAaMum
peHTreHo-dnyopecueHTHoro aHanmsa (P®A) n npoToHHO-
MHAyuMpoBaHHoro nsnydernus (PIXE)

Ilemyxoe B.I1., Xomenko E.B., HYeuenun H.I'"., Yymanoe B.A.
Hayuno uccnedosamenvckuii uncmumym soepnoii pusuxu um. /[.B. Crobenvyvina, MI'Y,
2. Mocksa, e-mail: petukhov@annal9.sinp.msu.ru

DJeMEHTHBII COCTaB MAarHUTHBIX IJICHOK CYIIECTBEHHBIM O0pa3oM BIHUSET Ha HX
MarHUTHBIC XapaKTePUCTUKH. [[71s1 M3ydeHus: KOPPEeAlMi MAarHUTHBIX XapaKTePUCTUK TICHOK
U UX XMMHYECKOI'0 COCTaBa MbI MCIIOJB30BANU SACPHO-(PU3NUECKHE METOMBI TS U3MEPECHUS
KOHLIEHTPALlMU 3JIEMEHTOB B IUIEHKaX Ha ocHOBe criaBa Fe-Co-Ni.

DNeMEHTHBIN aHaJM3 COCTaBa MArHUTHBIX IIeHOK MeroaoM PIXE mnpoBomuics Ha
yckopurene nporoHoB B HUMAD MI'Y. Dueprus nporoHoB BapsupoBaiach ot 150 k3B no
500 x»B. CrexTp peHTreHOBCKOro M3Iy4eHus uamepsuics pin- aerekropom XCR-100 dhupmbl
AMPTEK. Meton PIXE o6namaer BBICOKOH UYYyBCTBUTEJIBHOCTBIO U YyJIOOEH TIpH
WCCTIEOBAaHUHN TOHKUX IJICHOK. VI3MEHsIsI SHEPTHI0 TPOTOHHOTO IMyYKa MOKHO MEHSITH JUTHHY
mpobera mpoToHa B oOpas3le, YTO MO3BOJSIET ONPEACNSATh HW3MEHEHHE KOHIICHTPAIUH
3JIEMEHTOB 10 I1youHe. KoHIeHTpalus 3J1eMEHTOB B TeX ke 00pa3lax u3Mepsiach TakxKe Ha
SHEPrOJIMCIIEPCUOHHOM  peHTreHoduryopeciieHTHOM aHanuzatope (PDA) u ¢ momoibio
MPUCTABOK AHEProJMCIEPCUOHHOTO aHanm3a XPU, reHepupyeMoro my4koMm 3JEKTPOHOB B
CKaHUPYIOIEM 3JIEKTPOHHOM MHKpockore (OM).

Jia POA wucnonb3oBan usrorosineHHblii B HUMAD MI'Y ananuszarop. OCHOBHBIMU
snemeHTaMu P®A  SBISIOTCA: T€HEpaTop PEHTIEHOBCKOTO H3JIYyYEHUSI C PEHTT€HOBCKOM
TpyOKoil MomHocThIO 4BT (aHOn TpyOKM MONMMOAEH) C MOHOKAIWUIIPOM Ha BBIXOJE;
JETEKTOpP PEHTT€HOBCKUX KBAaHTOB C OJOKOM MHUTAHUA U YCWJIHMTEIEM; MHOTOKaHAJIbHBIH
aHAJIM3aTOp MMIYJLCOB, TpOrpaMMHOe oOecriedueHrne. PeHTreHOBCKOE — HM3IIydeHHe
peructpupyetcs Si —PIN nuogom ¢upmer AMPTEK c pa3pemenrem 180 3B Ha sHeprum 5,9
k3B. M3MepeHus BBINOTHEHBI Ha TpeX 0Opa3lax MarHUTHBIX TUICHOK MPU HAIpPSHKEHUU Ha
TpyOke 20kB u Ttoke 100 MKA. Jlyisi ompeneneHuss MPOLEHTHOTO COAEP)KaHMs JJIEMEHTOB
CHIEKTPBI 00pabaThIBAIMCH IO METOTy (PyHIAMEHTATBHBIX MTAPAMETPOB.

TonmuHa TIEHOK OMpenessiack METOAOM pe3ep(OopIOBCKOr0 OOpaTHOTO pacCesHUs
1poToHOB U MeToaoM PIXE u3 pe3ynbratoB u3MepeHuii NOrIomeHns u3itydeuus K, nmHum
Cu, B0O30Oyxkmaemoro npotoHamu c dHepruei 250 k9B B mMemaHON TOMIOXKKE. DTH JTaHHbBIC
WCIOJIb30BAINCh B MPOIIECCE OINpeIeTeHNs] KOHIICHTPAIMA AJIEMEHTOB B 00pa3Iiax METO0M
P®A. U3 pe3ynbraToB H3MepeHus: CIIEKTPOB BUIHO, YTO B 000MX 00pa3iiax KpoMe OCHOBHBIX
JJIEMEHTOB — JKeJe30, KOOAIbT M HUKEIb, MPUCYTCTBYIOT HEOONBIINE KOJIWYECTBA Kajws,
Kamplisi W Meau. CpaBHEHHE PE3yJIbTaTOB, IMOTYYEHHBIX HCIOJIB30BAaHHBIMH METOJIAMH,
MOKa3bIBaeT, YTO OHHM MJAlOT pa3dpoc 3HAYeHWI KOHIEHTpamuwii Ha ypoBHe 15%.
OO6CyX1ar0TCsi BO3MOXKHBIE TMPUYUHBI PACXOXKICHUN, CPEIM KOTOPBIX HAMOOJBIIUN BKIIAJ
JaeT HeaJeKBaTHBIM ydeT TIIyOMHHOM 3aBUCHUMOCTH Bbixoga XPU mnpu Bo3OyxaeHHH
Pa3IUYHBIMH BUAM U3TyUYCHUM.

Bapuanus xuMHuecKkoro coctaBa B IJICHKAX aHAJIM3MPOBAIACh B TEPMUHAX U3MEHEHMS
JNIEKTPOHHOW TUIOTHOCTH CIUIaBa W pacCMaTpHBAJIaCh KaK OJWH W3 OCHOBHBIX (DaKTOPOB,
OMPENEIAIONINX TaKUe BAXKHBIE XapAaKTEPUCTHKM KAK HAMarHUWYeHHOCTh HACBILIEHUS U
KO3PIUTUBHOCTb TIJICHOK.
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Bo3moxHocTb andhepeHUManbLHON ANarHOCTUKN KONnM4ecTBa
BbicTpenoB n3 MMM metogom peHTeHoIyopeCLeHTHON
CMEeKTPOCKOMNMUM MO HaNM4YUK CypbMbl Ha KUCTU CTpensaBLIero

Ilooeopnas E.B., Toamaues H.A.
Boenno-Meouyunckas Axademus, Canxm-Ilemepoype, e-mail: t05@yandex.ru

B nacrosimee Bpemst Bce Oosbliiee MPUMEHEHHE B OOJACTH SKCHEPTHOM MPAKTHKH
MOJIy4aloT CHEKTPaJbHbIE METOIbl HCCIeAOBaHUA. B psne cyneOHBIX [en, CBSI3aHHBIX C
IIPUMEHEHUEM OTHECTPEIBLHOTO OPYXKHsl, IPEIMETOM HUCCIEN0BAHUSA YACTO SIBJISIOTCSI CMbIBBI
C PYK IOJ03PEBAEMOI0 B IPOU3BOJACTBE BBICTpENa. 3ajaya, CTOALIAS IEpel SKCIEPTOM,
3aKJI0YaeTcss B OOHApy)KeHHMH  OJJIEMEHTOB  CTOpaHHMs  KalCIOJbHOTO  COCTaBa,
UACHTUPUIMPYIOMIUM KOMIIOHEHTOM KOTOporo siBisiercss cypbma. Hamum mpoeneHo
HKCIIEPUMEHTAJIbHOE HCCIIEOBAaHUE INPUHIUINAIBHON BO3MOXHOCTU OIPEACICHUS CIIEJOB
BBICTpEJIa B CMBIBAX C PYK CTPEJSBLIETO METOAOM PEHTTEHO(DIYOPECIIEHTHOMN CIIEKTPOCKOIUH
(P®C). HccnenoBaHue MNPOBOAWIOCH HA  KPUCTALIAU(PPAKIIMOHHOM  CIEKTPOMETpE
«CITEKTPOCKAH-V» npoussoactea HITO «CITEKTPOH» (Cankr-IletepOypr).

boun u3y4yeHbl pa3nMyHBIE MO0 XWMHUYECKOW MPUPOAE PACTBOPUTENM U MaTepUabl
MOJUIOKKHM JUIl TPOM3BOJCTBA CMBIBOB. Jlydmine (U3MKO-XUMHUECKUE XapaKTePUCTUKU
MOKa3aJi BOJHO-CIIUPTOBAsi CMECh B COOTHOIIEHUH 1:1 U MapseBble TAMIIOHBI.

[IpenBapuTensHO OBUIO MPOBEEHO MCCIEIOBAHNE YYyBCTBUTEIBHOCTH METO/A HA CYypbMY.
B kauecTBe KOJMYECTBEHHOH XapaKTEpUCTHKU BbIOMpPAIach UHTEHCUBHOCTh aHAIIUTUYECKOTO
curHana Lg; nuHuM criekTpa cypsMbl. B pesynbrare Obuia moiaydeHa KanuOpoBOUHas MpsimMast
3aBUCHUMOCTH MHTEHCUBHOCTH aHAJIMTUYECKOTO CUTHAJIa JIMHUM OT KOHLEHTPALUU JIEMEHTA,
kod(durment koppemsiuu coctaBuin 0.9942, mpenen oOHapyxkenums 0,5 ppm. Chemka
CIIeKTpoB nposoaunack Ha kpucraaie LiF200 npu pabouem Toke 4 A, aHOTHOM HaNPSKEHUH
40 kB, sxcno3unuu 10 ¢, mar ckanupoBaHusi 2 MA Ha uHTEpBaje JiuH BoiaH 3200-3250 MA.

Jlist osTyueHHsI CMBIBOB ObUIM MPOU3BEICHBI TPU CEPUU BBICTPENIOB U3 9-MM NHUCTOJIETa
I[IM (I, IT u III), kaxkgast ¥3 KOTOPBIX COCTOSIIA U3 OJIMHOYHOTO, ABYX, TPEX, YETHIPEX U IMATH
MOCJIEeI0BATENbHBIX BBICTPEI0B. CMBIBBI Opaich MapieBbIM TAMIIOHOM CMOYEHHBIM B BOJHO-
cnuproBoil cMmecu. Pesynbrarel POC mokasanu OTCYTCTBHE CHUTHAlla CypbMbl B HAaTHMBHBIX
CMBIBAX C PYKHU CTPEJISABILIETO IIPU OJMHOYHOM U JBYX IIOCIIEI0BATEIbHBIX BbICTpenax. [Janee
HaM¥ OBUIO MPEANPHHATO KOHIEHTPUPOBAHKUE MPOOLI METOOM CyXoro o3osieHust npu 400°C
B TEYCHHE wYaca, CKOpOCTh HarpeBa MmydenpHoil meun 5°C/MUH. 30IbHBIC OCTATKH
MEPETUPANIUCH B araTOBOM CTYIIKE U CIIEKTPOMETPUPOBAIHUCH BO (PTOPOIIACTOBBIX KIOBETaX C
JIOTIOJTHUTEIHHBIM TIOKPBITHEM MPOOBI MOIMATHIIEHTEpEePTaTaTHON TUIEHKOM.

AHanu3 MPOBENEHHBIX MCCIEIOBAHUNM TO3BOJIIET cJlieNaTh BbBIBOJA, YTO B Clydae
MPEBAPUTEILHOTO CYXOro O30JICHUS TaMIIOHOB, HaJU4Khe CYpbMbl Ha CMBIBaX C PYK
CTPEJSABLIETO BO3MOXKHO YCTAaHOBMUTDH JIaXKe€ MPHU IMPOU3BOJICTBE OJIMHOYHOIO BBHICTpENA, B TO
BpeMs KaK COJEp>KaHUE CYpbMbl B HAaTHUBHOW MpoOe HAaXOIUTCS HAa YPOBHE KOHTPOJIHHOTO
CMbIBA. YBEJIUYEHUE K€ YMCIIa IPOU3BEJICHHBIX BBICTPEJIOB IOBBIIIAET KOJIMUYECTBO CYPbMbI
KaK B HATHUBHOM, TaK U B 030JIeHHOH mpobe. KonnyecTBeHHAas OlleHKa MPUBHECEHUS CYPbMBI,
KOTOpas pacCYMTHIBAJIACH KAK PAa3HMUIA AHATUTHYECKUX CUTHAIOB KOHTPOJIS M OOBEKTa CO
CMBIBOM, MO3BOJIIET CKOPPEIUPOBATH KOHIEHTPALMIO CYpbMbl B O30JEHHBIX CMBIBaX C
YKCJIOM MPOU3BEAEHHBIX BbICTPENOB (r = 0,973 npu P = 95%).

Takum 00pa3oMm, HaMH YCTaHOBJIEHa BO3MOXKHOCTH IU(D(EepeHIHATBHON TUATHOCTUKH
OJIMHOYHOTO M MHOKECTBEHHBIX BbICTpenoB U3 IIM 1mo HamuuMio U KOJIMYECTBY CypbMBbl Ha
KHCTHU CTPEJISBIIETO, BBISIBISIEMBIX METOJOM PEHTI€HO(DITYyOPECIIEHTHOM CIIEKTPOMETPHUH.
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AHanu3 omonornyeckmx o6 LEeKToB MeToAoM
peHTreHocnnyopecLeHTHOro aHanm3a ¢ NosfiHbIM OTPaXXeHUeMm

Ilonsxosea H.B.
Huemumym xumuu /[BO PAH, 2. Braousocmox, e-mail: polyakova@ich.dvo.ru

B nacrosiiee Bpemst 00J1b1110I HHTEPEC BBI3BIBAIOT UCCIIETOBAHMSI MUKPO3JIEMEHTHOTO
coctaBa OOBEKTOB OMOJOTHMYECKOrO TMPOUCXOXKIACHHS. ITO PACTUTENBHBIE HSKCTPAKTHI,
BELIECTBA, BBIICICHHBIE W3 MOPCKHMX OpPraHM3MOB, a TaKKe OHMOJIOIMYECKHE >KUIKOCTH
(cbIBOpOTKA M IJIa3Ma KPOBH, LieJIbHAsl KPOBb, MOYa U JIp.).

B wHcTHTyTax JlampHeBocTowHOTO oOTHeneHuss PAH mnpoBomsarcs paboTel 110
BBIICJICHUIO OHOJIOTUYECKH AaKTUBHBIX BEIIECTB M3 OKEAHUYECKOrO ChIPbsS, a TaKxke
YHUKaJIbHBIX JAJIbHEBOCTOYHBIX PACTEHUM JJISl CO3JaHUSI HOBBIX JIEKAPCTBEHHBIX IIPENApaTOB
1 OMOJIOTUYECKU-aKTUBHBIX 100aBOK. MHUKPOAJIEMEHTHBIM COCTaB 3THX COCAMHEHUN UTpaeT
BAOXHYIO pOJb B OHOJOrMYECKOM JCWCTBMM Ha OpraHuM3M 4YeloBeka. MeTogom
PEHTIeHO(IIYyOPECIICHTHOTO aHalIn3a C MOJHBIM oTpaxkeHueM Ha yctaHoBke TXRF8030C (FEI
Company, Germany) ObLITH OIpeACTICHbI:

-MHKpPORJIEMEHTHBIE  COCTaBbI IpenapaToB U TPOMEXYTOYHBIX TMPOJYKTOB,
MOJIyYalOIMXCsl Ha CTaJusX TEXHOJIOTMYECKOTO IIpOoLlecca M3 OKEAHWYECKOTO CBIpbS U
JIEKAPCTBEHHBIX PACTECHUI;

-MCCIJIEJIOBAHO U3MEHEHUE KOHLEHTpaluu MukposnemeHToB (Se, Cu, Mn, Zn, Fe, Cr,
S, Br) B mna3Me KpoBU IpU BBEJECHHWUM B OpraHu3M 4esioBeka mpemnapata «['uctoxpom»,
MPUMEHSIEMOro JUIs OOJIBHBIX ¢ 3a00JIEBaHUSIMU CEPLIA ;

-MHKPORJIEMEHTHBIM COCTaB 3J0POBBIX M MOPAKEHHBIX MHCYJIHTOM YYacTKOB MO3Tra
KPBIC HEMOCPEJICTBEHHO B TOHKUX Cpe3ax.

Counts

s 2
Energy (keV) Energy (keV)

TXRF cnekTp 3kcTpakrTa Tperasra, TXRF cniextp cpe3a TKaHU MO3ra KpbIChI
(10 mxm), Mo Ka, 500¢ (Gerr) Mo Ka, 500¢

Hamm mcciaenoBaHus MO3BOJISIOT ONPEENATh 3JIEMEHTHBIH COCTaB OMOJIIOTHYECKUX
00BEKTOB M U3y4yaTh MX BIHMSHUE HA KHU3HEACATEIBHOCTh. MeTON peHreHO(IIyOpECIIEHTHOTO
aHAIM3a C TMOJHBIM OTPAKCHUEM 3apEeKOMEHJIOBall ce0s HMEHHO B OJTOH OOJaCTH.
[Ipenmy1ecTBamMu €ro SIBISAIOTCS HEOOJNBIIOH 00BbeM MPOOBI, KOPOTKOE BpEeMsi U3MEPEHUS U
BO3MOKHOCTH OJJTHOBPEMEHHOTO OIPEIeIICHUS OOJIBIIOTO KOJIMUECTBA JIEMEHTOB.
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06 onTUMM3aLMKM COOTHOLWEHUA curHan/coH B
3HeproaucnepcUoHHOM peHTreHodriyopecLueHTHOM aHanuse

Iopmmuoit A.1O. *, Ilasnuncxuii I'.B. ** I'opbynose M.C. ** Bbaparnos E.O. **,
* Upkymckuil 2ocyoapcmeentblil yHugepcumem nymeti cooowenuti, portnoyalex@yandex.ru
** Unemumym npuxnaouou ¢huzuxu npu HUpkymckom 2ocy0apcmeeHHoM YHUgepcumeme,
e-mail: pavlinsky@chem.isu.ru

Panee Obuta mokazana [1] Bo3amMoxHOCTh pacdera curHaia u ¢pona B EDXRF Ha ocHOBe
aHaJlM3a MPOIIECCOB PAJIUAIMOHHOTO MEpeHoca B BEIIECTBE 0Opaslia U BELIECTBE JETEKTOpA.
Bb110 MOMy4YeHo yJ0BIETBOPUTENBHOE COIIACUE SKCIIEPUMEHTAIBHBIX U PACUETHBIX JaHHbBIX.
Henpto pgaHHOW paboThl SBISETCS PACIpPOCTpaHEHHE pe3yJbTaTOB Ha HU3MEpEHHs,
poBoAMMBIE Kak ¢ momotibio Si(Li), Tak u Ge neTexropa.

PaccmaTpuBanuch ciaegyronue BEpPOSTHOCTU PETHCTPaUUHM (OTOHA: p,gg - B IIHKE
HOJIHOTO TOIVIOLIEHUS; P gy - B «11UKax notepb» K cepuii qis Siu Ge nerekropos u L cepun
st Ge perekTopa (MOTEpPH PHEPTUU IETEKTOpa MPHU BBIX01€ (IIyOPECIEHTHBIX (JOTOHOB); p .y
- B «ropbe moTepb» (IMOTEpPH MPH BBIXOJIe KOMITOHOBCKH PAaCCEIHHOTO (JOTOHA); B «XBOCTE
notepp» (IMpU BBIXOJE U3 JETEKTOpa JJIEKTPOHOB BbICOKOW »sHeprum). [lapamerpsr
paccuuthiBasinch s Si(Li1) m Ge merekTopoB ¢ ToammHamMu h = 6; 2,5; 1,2; 0,6 mwm.

[lokazaHo, 4TO NOpM U3MEHEHUHU TONIIMHBI JETEKTOpa B OCHOBHOM M3MEHSETCS
3QPEKTUBHOCTD p,g¢ HA€TEKTOpa (MagaeT HOpU yMEHBIICHUU TOJIIUHBI JAETEKTOpa) U
BEPOATHOCTb PETUCTPALIUU B «rOpOE MOTEPDY P.,, OOYCIOBIEHHOM pErHCTpalMel 3JIEKTPOHA
OTJa4M TOCJIE BBIXOJA U3 JETEKTOpa KOMITOHOBCKU PAcCEHHOTO (hOTOHA (TaKkke MajgaeT npu
YMEHBUICHUM  TOJIIMHBI  JaeTekTopa). M3-3a Oompmiero 3HaueHus Koddduiumenra
dboTonorioueHus: BepoITHOCTh peructpauuu GoToHa B «ropbe morepb» ansi Ge nerexkropa
NPUMEPHO Ha MOPSAA0K MeHbIe, yeM JuIst Si netekropa. Onnako 1t Ge gerekropa B 001acTi
sHepruii 11-40 k3B cymiecTBeHHON SBIsSIETCS BEPOSITHOCTHh peructpanuu ¢otoHa B muke K
¢doronoTeps. BeposTHOCT peructpanuu (GpoToHa B «XBOCTE MOTEPH» Py, O0YCIOBICHHOM
BBIXOZIOM D3JIEKTPOHA M3 JETEKTOpa M BEPOATHOCTb PETMCTPAUUH B IHKE (DOTONOTEPH Pgy
OCTaIOTCS IPAKTUYECKH ITOCTOSHHBIMHU JUIsl Pa3JIMYHbIX TOJIIHMH JETEKTOPOB.

O1leHeHO TIpeAeIbHOE OTHOIICHHE AHAIMTHYECKUH CHUTHA/aHAIMUTHYECKUH (OH JIst
Si(Li)) u Ge neTekTopoB pa3HOW TOJIIMHBI TPU MCIOJB30BAaHUM S BO30OYKICHHUS
dyopectienmmn nerounnkos >+ Am, '’Cd, a Takke penTrenoBckoit Tpyoku ¢ Rh anomom.

Ilokazano, uro mansg Si(Li) m Ge pAeTEeKTOPOB BKIAAbl pa3IMYHBIX IPOLIECCOB
dopmupoBanuss  (HoHA  CyMIECTBEHHO oOTiAHYaroTcs. Jlis  ONEHKH  KOHTPAaCTHOCTH
UCIIOJIb30BATIOCh OTHOIIEHUE N gyar/Pogp-

Ge - nerekTop, Kak MpaBUJIO, TIOKA3bIBAET JIYUILyI0 KOHTPACTHOCTh 10 CPAaBHEHUIO C Si
JIETEKTOPOM B oOsiacTu sHepruii 10 10 k3B npu ucnoap30BaHUMN PaJUOAKTUBHBIX HCTOYHUKOB
*Am, "Cd u nocrarouno nerkux mMarpumax o6pasua (Ti, Cu), mocKombKy 11 Si geTekTopa
don B 9ITOMl oOOmactTh B 3HAYUTENBbHOM  Mepe  OOYCIOBIEH  perucrpamuei
BBICOKOHEPreTUYeCKHX (POTOHOB B «ropbe morepb». OJHAKO CYIIECTBEHHBIM HEIOCTATKOM
Ge pgerekTopa B HHU3KOIHEPreTHUeckoi oOnacTu sBIseTcss Oojbllas BEpOSTHOCTH
peructpanu JUHUKA B mukax Qotomorepb. [locmennuil mpouecc Npu HAIWYUK JTHHUN
aneMeHTOB ¢ 2Heprueit ¢otoHoB 11-40 k3B mpuBOAUT K perucTpanuu JTOMOJHUTETHHBIX
¢doHOBBIX MTUKOB B 061actu 1-30 k3B.

1. A.FO. IHopmmuou, I'B. Ilasnunckui, A.FO. Jyxanum, II. 3yzaan, b.Opoemuumee.
dopmupoBaHue AQHAJIUTUYECKOTO CUTHaja u ¢dona B ¢ryopecrieHTHOM
penTreHopaguomeTpuueckom ananuse. // JKAX. —2004. —Ne 11. - C. 1171-1180.
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Pa3paboTka MeToanku peHTreHodriyopecLeHTHOro
onpeaeneusa npumecen B aHOQHOM Macce

Ilomanoesa JI. A. **, Pennukxosa 10. H *., Ianwvxos C. /]. **
-Uprxymckuii I'ocyoapcmeennviii Ynusepcumem, 2. Upxymck, e-mail: rfa@chem.isu.ru
-000 “Pyc-Huocunupune” OII 6 2. Upkymck

AHOJIbI aTIOMUHUEBBIX 3JIEKTPOJIU3EPOB UIPAIOT BAXKHEHIIYIO POJIb B TEXHOJIOTHH
AIEKTPOJUTUYECKOIO MPOU3BOJICTBA altOMUHUA. KayecTBO aHOMOB 3aBUCHUT OT II€JIOrO psijia
(hakTOpOB, HaYMHASI OT CBOWMCTB MCXOJHOTO S3JEKTPOJHOTO CHIPhS, YCIOBHH MPOHM3BOICTBA
QHOJHOM MacChl W CaMUX aHOJOB U KOHYAas COCTOSIHUEM TEXHOJOTMM Ha CaMHX
anexTponusépax. KoHTpoampyeMbpIMi KOMIIOHEHTaMU aHOAHOM Macchl siBisitoTest S, Si, Fe,
V, coxepxaHue KOTOphIX B mpobax wusmensiercs B mpenenax (%) 0,015, 0,03+0,10,
0,03+0,10, 0,001+0,053, cootBercTBeHHO. IIpenbsBisembie TpeOOBaHUS K TOYHOCTH
ompeAeneHusl XapakTepusyroTcs morpemHocteio  A(%) 0,07, 0,011, 0,010, 0,001
COOTBETCTBEHHO. HecMOTps Ha MIMPOKOE MCTIOIB30BaHUE PEHTTEHODITYOPECIICHTHOTO METOIa
aHanmuza (P®A) B amiOMUHUEBON MNPOMBINLIEHHOCTH, 3TOT METOJA HE NIpUMEHSAETCS IS
aHaju3a aHoAHOM macchl. MccnenoBanusi MpOBOAWINCH HA PEHTTEHOBCKOM CIIEKTpoMeTpe S4
Pioneer (Bruker, AXS) nocnegoBaTenbHOTO TEHCTBHS.

OueHunu  BAUSHUA ~ KPYNHOCTHM  YacTHI] M3Jydarelss Ha HHTEHCUBHOCTD
¢dayopecuenuu. [lpu cyxom nonsmenbyeHH MaTepuana aHOAHON Macchl, coaepxaiiero 6%
yacTul ¢ pasmepom D>0,1mMm, B MexaHumyeckoM wuctupareine @Ppuu I[lynbBepuszert-2
paznuyHoe BpeMs (T) (oT 1 1o 20MHUH) HE MOTYUYUIIU MMOJOKUTEIBHBIX PE3yJIbTaTOB, TIOITOMY
MPUHSIIA PellIeHUue U3MeIbuaTh €ro B araToOBOM CTYIKE CO COUPTOM BpyuHyHo. [Ipu BbIOOpE
BPEMEHHU JOU3MEJIbYEHUS] YCTAaHOBMJIM, 4YTO HMHTeHCUBHOCTh Ka- snmuuit Fe, V u Si He
U3MEHseTCsa, a WHTeHCHMBHOCTh SKo- NIMHUM HEMHOro Bo3pactaeT. OnTuManibHOE BpeMs
nousMmenpueHus: 3MuUH. Matepuan aHOJHOM Macchl IUIOXO MPECCYeTcs, IMOATOMY JUIs
MOBBILICHUS] TPOYHOCTH TaOJETOK MCIBITHIBAIM HECKOJIBKO CBSA3YIOIIMX BEIIECTB: CIUPT,
cUpTOBBIA pacTBop Kiess b®, 5-% pactBop xenatuHa. HambGonee mpouHble HM3ITydaTend
MOJyYUSIM TIPU HUCIOJB30BAaHUU pacTBOpa JKENaTWHA, 3 Kalld KOTOPOro M00aBisiiv K
U3MENpYEHHOMY Marepuaily Maccol 1r. I KONMYECTBEHHOW OLIGHKM KadecTBa
MPOOOMOATrOTOBKH MPOBEIH 3KCIEPUMEHT MO CXeMe ITUCIEPCHOHHOIO aHaiu3a, C IIEeJNbIo
BBISIBJICHHSI TTIOTPEITHOCTEH, CBSI3aHHBIX ¢ HECTAOMIBLHOCTBIO JIOM3MENbUCHUSI U MPECCOBAHMUS
W3JIy4yaTesnen.

[Tpu BEIOOpE criocoba aHamM3a MCIBITHIBAIN CIIOCOOBI MPSIMOTO BHELIHETO CTaHIapTa
(CIIBC) u crangapra-ona. Jlydmme pesynpraThl moayuwin npu ucnosb3zoBanun CIIBC.
I'pagyvpoBoYHBIMU 0O0pa3amMu CIYXKWIA TpoObl aHOAHOW Macchl, MPOAHATU3UPOBAHHBIC
XUMHYECKUM METOJIOM.

[IpoBeneHsl  METPONOTHYECKHE  WCCIENOBaHHUS  pa3pabOTaHHONW  METOAMKH:
MOBTOPSIEMOCTh ~ Xapakrepusyercst koddduumentamu Bapuaumu i1 S, Si, Fe, V
cootBercTBeHHO(%) 5,2, 6,7, 4,6, 4,5, BHyTpunaboparopHas MNPEIU3UOHHOCTh —
cootrBercTBeHHO(%) 2,7, 5,0, 3,3 m 3,0. mpaBUIBHOCTP METOJUKH KOHTPOJHUPOBAIH
COTMOCTaBJICHUEM pe3yibTaToB PDA ¢ NaHHBIMM XMMHUYECKOTO aHalIH3a, BHIMOJHEHHOTO C
MOMOIIbIO CTAaHAAPTU3UPOBAHHBIX METOAMK. 3HAUYUMbBIE CHUCTEMATUYECKHE PACXOXKIICHUS
orcyTctBytoT. [lpm ompenenenun Cog97 HHTEHCHMBHOCTh (hOHA U3MEpsUId PSAOM C
aHAJIMTUYECKUMHU JINHUSAMU ONpesienseMbIX KoMrnoHeHToB. [Ipenen oOnapyxenust Coog97 S, Si,
Fe, V B mpo0ax aHoaHo# Macchl paBeH cooTBeTcTBeHHO (%) — 0,006, 0,007, 0,005, 0,001.
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K TeopeTU4YeCKoOMY ydyeTy MeX3aJNieMeHTHbIX BITUAHUN npu
pEHTreHOQ)ﬂyOpeCLI,eHTHOM aHarin3e reteporeHHbIX cpen

Ilpexuna U.M, yiimaxaee LI H., Henamosa FO.A., Copouunckas M.A., [Jeemsanckuu A.JI.
OAO «YMK», [Jenmpanvuas anarumudeckas iabopamopusl, Yensaounck
IOoicnviii pedepanvhwiii ynusepcumem, Pocmos-ua-/lony, e-mail: ahcik@mail.ru

[Tpumenurensao Kk PCOA rereporeHHBIX 00pa3oB 000CHOBaHA LEIECOOOpPa3HOCTH
MOCTPOCHUS YPaBHEHUH CBSI3H CIEAYIOUINM 00pazoM:
1.CtposiT (eHOMEeHONOTHYECKHE ypaBHEHUS [1] [UIsi MHTECHCHBHOCTH (DITyopeceHIInn
anemMeHTa A B reTreporeHHoM oopasiie (1):

0 0
Iy=1Ly,=1,(+aX,), (1
rae /Y- MHTEHCHBHOCTH SJI€MeHTa (KOMMOHEHTa) A(0l), pacCUMTaHHAs B MPEANOJIOKEHHH
_Po_CP D
TFOMOI€HHOCTH obOpasua, X, =~%—--%—, a=-k—, p, — IUVIOTHOCTb YacTHULBI (3€pHA)

19 1, 2
KOMIIOHEHTA 0, p — IJIOTHOCTh TeTeporeHHoro obpasua, C, — cojepkaHue KOMIIOHEHTA O B
obpasue, [ WHTCHCUBHOCTh 3JeMeHTa A B oOpaslle, COCTOSALIEM W3 TOMOTE€HHOTO
KOMIIOHEHTa ., T4 . unrencusmocTh dnementa A oOpa3ua (B MpPEANnoJIOKEHUH €ro
TOMOT€HHOCTH), D — pa3mep dYacTuil B YCIOBUSAX CTaOWIM3AIMM MPOOOMOJIrOTOBKU, K —
MOCTOSIHHBIN K03 puiineHt.

2.Il0 NOCTpOEHHBIM MOJEISAM I COOTBETCTBYIOIIMX COCTABOB PACCUMUTHIBAIOT
WHTEHCUBHOCTU (PIIyOPECIICHIIMH JIEMEHTOB, KOTOPBIC HCIONB3YIOT Jajiee JJIsi MOCTPOCHUS
ypaBHeHUl crioco0a Teopernueckux mnompaBok (TII) u koTOpble MOXKHO TNpEACTaBUTH B
obmeM Buje (2):

C,=oll,.1,,..). 2)

T.e. B pamkax crmoco6a TII ucmosnb3yroT HE TEOPETHYECKHME 3aBUCUMOCTH MHTEHCHUBHOCTH
aneMeHTa A OT cocraBa, a ()EHOMEHOJIOTHMYECKHE 3aBUCUMOCTH, MOJTYYCHHBIE Ha OCHOBE
PeaIbHOro ITPpagyupOBOYHOTO SKCIEPUMEHTA.

JlaHHbBIi MOAXO0M MPUMEHEH s aHanu3a npod momeHHoro nuiaka OAO «MEUYEJy.
Xumunyeckuit cocraB 1mpob — Si0; (36-45%), CaO (27-42%), MnO (0,7-3%), FeO (0,1-0,8%),
S (0,5-0.9%), MgO (7-23%), Al,O3 (9-15%), TiO; (0,4-4%).

HNutencuBHocTH (PiiyopeclieHINM, paccuuTaHHble o GopmynaMm Buaa (1), UCIOIBb30BANTHCH
nanee A7 MoCTpoeHus ypaBHeHuit crocoba TII B Mmogenu «c:xumaeMoro oopasiay.
Hcnpapnenue n3mMepeHHOW HHTEHCUBHOCTH Ha MEKAJIEMEHTHBIEC BIMSIHUS 110 popmyiie (3)

Iiucnp — 1;43;11 . [1 _ Zalech (3)

Jj=1
M03BOJIMJIO HAWTU COACPIKAHUE OMPEIETAEMOro ieMeHTa (KOMIIOHEHTA).
[To nanHBIM 35 ompeneneHuil s KaKIOTO AJIEMEHTa CpeHee a0COMIOTHOE OTKIOHEHUE
OT PEe3yJbTaTOB XUMHUYECKOTO aHanu3a coctaBuio ans Al — 0,38%, Ti— 0,11%, Si — 0,49%, S
- 0,02%, Mg — 0,40%, Ca — 0,66%, Mn — 0,06%, Fe — 0,09%, uTo cormacyeTcsi C HOpMaMu
JOMYCTUMBIX PACXOKICHUM MEXIy pe3ydbTaTaMH aHallu3a MPOJYyKTOB METaJLTyprHuecKoit
MIPOMBIIIUICHHOCTH Ha COJIEPKAHNE OCHOBHBIX KOMITOHEHTOB.

1. Bnoxun M.A., benoe B.T., [yimarxaes LIH., [Jonosa-I pewuwuna JIL.H. // 3aBonckas
nabopatopus // 1973. Ne9. C. 1081-1085.
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TBop4eckun nyTb B.I1. AdboHnHaA — K 70-neTUIO CO OAHA POXAEHUA

A.I'". Pesenko
Hnemumym semnoti kopvt CO PAH, 664033, Hpkymck, ya. Jlepmonmosa, 128
e-mail: xray@crust.irk.ru

[Ipodeccop, mokrop xumudeckux Hayk Banepuii I[letpoBud
Adonun (1938-1995) BHEC cyleCTBEHHBIN BKIIA B Pa3BUTHE KaK
PEHTreHO(IIYOPECIICHTHOTO METO/Ia aHalln3a, TaK U AJIEKTPOHHO-
30H]1I0BOTO MHKpOaHaau3a. Brinmyckuauk HpkyTckoro
rocyHuBepcuteta, yauenuk H.®. Jlocesa, 6onee 30 sner paboran B
uHcturyte reoxumun CO PAH, r. Hpkyrck. B 1968 r. on
3alUTIIT KaHIUAATCKYI0 nuccepranuio “MccnenoBanue BIMSHUS
CHEKTPaJbHOTO  COCTaBa  MEPBUYHOIO  W3JIyYeHUs  Ha
WHTEHCUBHOCTH JUTMHHOBOJIHOBOU PEHTT€HOBCKOM
¢nyopecueniuu”. C 1972 r. B.II. AdonuH BO3rIaBUI
1abopaTopui0 PEHTICHOBCKUX METOJIOB aHalIu3a HMHCTUTYTa
reoxumMuu. HeckonbKko MOKOJIEHUN pPEHTI€HOBCKUX CIIEKTPOMETPOB CMEHMJIOCH 3a 3TH T'OJIbI:
ot JIPCa, KPYCa, IPYCa k KP®-11, KP®-18 u CPM-25; or VRA-2 k VRA-20 u VRA-30.
[Ton ero pykoBoAcTBOM ObLIH pa3paboTanbl 3hPeKTUBHBIE METOAUKHU omnpenenenus Na, Mg,
Al, Si, P, K, Ca, Ti, Mn u Fe B ropasix mopoaax pazHoodpa3Horo cocraBa. MeToauKu BMECTE
C TPOTPaMMHBIM OOecTiedeHneM ObUIM BHEIPEHBI B JACCATKAX aHATUTHUYECKHX JabopaTopuii
Hamreld ctpanbl. B 1978 1. B.IL. AdoHHMH 3amUTUI JOKTOPCKYIO AMCCEPTAIMIO HA TEMY
“Teopusi KOJMYECTBEHHOTO aHajW3a [0 JJMHHOBOJIHOBBIM CIIEKTpaM PEHTI€HOBCKOM
dbnyopecuennun”. Im pazpaborana Teopus BO30YKICHHUS PEHTICHOBCKON (PIIyOpECIICHIINH B
JUIMHHOBOJIHOBOM O0JIAaCTH CHEKTpa M TeopeThdeckre OCHOBHI PDA 31eMEHTOB ¢ MalbIMH
ATOMHBIMH HOMEpaMmH, 4YTO OOeCHevyHmsio YCHEIIHOe TMpPUMEHEHUEe MeToda JUIsl 1enei
CHUJIMKAaTHOTO aHaiu3a. B mporecce pa3paOOTKu Teopuu BO30YKIeHUS (DIIyopecleHIInH B
JUIMHHOBOJIHOBOW 00JIaCTH PEHTT€HOBCKOT'O CIIEKTPa UM BBIIIOJIHEH KOMILJIEKC UCCIIe10BaHUN
TOPMO3HOTO M XapaKTePUCTUYECKOTO KOMIIOHEHTOB H3JIy4YECHHUS PEHTICHOBCKHX TPYOOK.
Pa3BuTtass uM Teopus BO30YXACHHS TOPMO3HOIO CIIEKTpa B JJIMHHOBOJHOBOW 005acTH
YUUTBHIBAET pacCesHUE AJIEKTPOHOB M MOIVIOIIEHHE (DOTOHOB PEHTT€HOBCKOTO M3IY4YEHHUS Ha
NyTH BBIXOJA W3 AaHOAA PEHTTEHOBCKOM TpyOku. OJHMM W3 TEPBBIX OH MPUMEHUI
MaTeMaTH4eCKOe MOJIEIMPOBAHUE Mpoliecca BO30YKAECHUS PEHTICHOBCKOTO HW3JIy4YEHHUS Ha
OBM, ocHOBaHHOE Ha KCIOIB30BaHUM MeToAa MonTe-Kapnio. ' maBHOE TOCTOMHCTBO TaKoro
M0/IX0J1a — 3TO MHOroodpasue nH(opMaluy, IOJTy4yaeMoi 3a OJIMH UK pacyéTa. YKa3aHHbIE
UCCJIEIOBaHMsI IOJIOKUIM Hadyallo HIMPOKOMY HCIOJb30BaHUI0 MeTtona Mourte-Kapno npu
uszydenuu Apyrux 3gdexroB PCA, B 4acTHOCTU BIUSHUS KPYITHOCTHU 3EPEH.

[Ipo¢. B.II. Aponun - aBrop 4-x moHorpaduii [1-4] no ykazanHoil npobiematuke. Ero
BKJIaa B pa3zButhe PCA uyacTuHO oTpakéH B 0030pax [5, 6]. B mepBoii nonoBune 70-X rT.
MPOILIOTO BeKa OH YUTANl KypChl JEKIUH M0 (pU3MKe PEeHTI€HOBCKOIO M3IyUYeHHs] U OCHOBaM
pPEHTreHOCTIeKTpaIbHOTO aHanmu3a cryaeHTam ¢uszdaka MI'Y. Ero ydenumku pabotarorT B
HacToswee BpeMs B 1aboparopusix PCA or Mocksel 10 BiiaguBocroka.

1. Agponun B.II., I'vnuuesa T.H.PeHTreHOCTIEKTpaIbHbIN ()IyOpECIeHTHBIN aHaIH3
ropHbIX nopoxa u Munepanon. HoBocubupck: Hayka, 1977. 256 c.

2. Agonun B.11., I'vnuvesa T.H., [luckynosa JI.®@. PeHTreHO(I1yOpECIEHTHBIN CUIIMKATHBIH
ananu3. - HoBocubupck: Hayka, Cu6. otn., 1984. 227 c.

3. Agponun B.I1, Jlebeov B.H. Meton Monte-Kapiio B peHTTeHOCTIEKTpaIbHOM aHaJIH3E.
HoBocubupck: Hayka, Cu6. ota. 1989. 110 c.

4. Adgponun B.I1., Komax H.H., Huxonaes B.I1., [lnomnukos P.H. PerTrenodayopeciieHTHbII
ananu3. - HoBocubupck: Hayka, Cu6. otn., 1991. 173 c.

5. Ilempoe JLJI., Bacunvesa U.E., [ ynuueea T.H. u op. Ananutnueckuit oraen UuctutyTta
reoxumuu uM. A.Il. Bunorpamosa // JKAX. 2003. T. 58, Ne 12. C. 1300-1308.

6. Cmacynosa A.H., I[lagnunckui I'.B. UpkyTcKas 111KO0JIa pEHTT€HOCIIEKTPaIbHOIO aHAIN3a
(PCA) // KAX. 2005. T. 60, Ne 2. C. 205-210.

105



NMocTpoeHune KonnyecTBeHHON Mmoaenu hopMmupoBaHuUA
conyopecueHTHOro curHana ansi pa3pabdboTku nabopartopHomn
MH(OPMaALMOHHON CUCTEMbI B KOJIMMECTBEHHOM
peHTreHocnyopecueHTHOM aHanuse

Pomanos A. B. l), Cmenosuu M. A. 1), ®ununnos M. H. ¥
U Kanyorcexuti 2ocyoapemeenmviii nedazoaumeckuti ynusepcumem wn. K.9. Luonkosckoeo, Kanyea,
e-mail: Lexus_sad@mail.ru
7 Hrnemumym obweri u neopearuweckott xumuu um. H.C. Kyprnaxosa PAH, Mocksa

CoxpalieHue BpeMEHHM, 3aTpauyuBaceMOro Ha pa3pabOTKy METOJUKH KOJIMYECTBEHHOTO
pentreHoduryopecuenTHoro ananu3a (POA) BemecTBa mpou3BOJILHOTO COCTaBa, MOXKET OBITH
JOCTUTHYTO 32 CYET UCIOJIb30BaHUS Ha dTamne pa3paOOTKH METOIUKU aHaIn3a 1abopaToOpHbIX
nHpopmannonuslx cucreMm (JIMC). Mcnonb3oBaHue TakoW CHUCTEMBI IO3BOJUT MPOBECTH
KOMIUIEKCHBIH ~ y4€T  ampuopHoil  uHpopManmuu O  (U3HUECKUX U XUMHUYECKHUX
XapaKTepUCTHKaX OOBEKTa aHalM3a, OCOOEHHOCTSX B3aMMOJCHCTBHS PEHTTEHOBCKOTO
U3IyYEHUsl C BEIIECTBOM, Y4YeCThb BIUSHUE H3MEPUTEIHHOW ammapartypbl Ha H3MepsSeMbIii
PEHTTCHOBCKUI CHEKTp. DTO MOXET CYIIECTBEHHO YIPOCTHTH pEIIeHHe 3ajadd BbIOOpa
oOnacteld cmekTpa M TPOBEACHUS HM3MEPEHMi, COKpaTUTh BpeMs IPOBEACHUs
HKCIEPUMEHTA M YBEIIMYUTH 00bEM TOITydaeMOi MoJIe3HON HH(POpMAITUH.

B ocnoBe pa3zpabarsiBaemoii JIMC st konmdectBeHHOTO PDA J1e)KUT MOJIEh TeHEPAIUH
PEHTI'€HOBCKOM (hTyOpECIICHIIMH B BEIECTBE CMELIAHHBIM MTOJUXPOMATHUECKUM U3ITyUYCHHEM.
[Ipu moctpoeHus Monean PEeHTTeHOBCKOM (yopecleHInu ObUT MPOU3BEIEH KOMILICKCHBIM
y4eT TMpOLECCOB, YYacTBYIOIUMX B mpouecce ero (opmupoanus. IIporecc moctpoenus
KOJMYECTBEHHOM MOJENIN pa3[esieH Ha CJIEAYIOLIUEe JTambl: a) pacueT CHEeKTPaJIbHOTO
pacrpesieNieHusl MEePBUYHOTO WU3IY4YEHUS PEHTTEHOBCKON TpyOKu; O) MOCTpOeHHE MOJENn
(dayopecueHTHOr0O U ()OHOBOTO HM3IYUEHHUS; B) pacyeT pacHpeleeHUs PEerucTpUpyeMoro
PEHTIEHOBCKOTO  M3JIyuyeHHsT C y4YeTOM anmapaTHoil  (QyHKUMH ¥ OCOOCHHOCTEH
B3aMMOJICHCTBUS U3IyUECHUS C ACTATISIMU CIEKTPOMETPA.

Jis ydera ocoOeHHOCTEH B3aMMOICWCTBUS MEPBUYHOIO M BTOPHUYHOIO M3IIYyUEHHS C
JeTasIMA U3MEPUTEIIBHON ammmapaTypbl 1 OCOOCHHOCTEH PETUCTPAIlii BTOPUYHBIX CIIEKTPOB
MpeJIoKEeH MOAXOA, OCHOBAaHHBIM Ha mombope ammapaTHoW (yHKuMM, Hanboyee TOYHO
ONMCHIBAIONICH TMPOMWIM PETUCTPUPYEMBIX JMHHKA, a Takke H00aBIEHHH B MOJENb
"BUPTYanbHBIX" MPOO U3 IEMEHTOB, MPUCYTCTBYIOIIUX B IETANSIX pudopa.

B pa3zpabortanHoil Mozieny yuTeHbl cieaytonme (GakTopsl: a) cnenuduka GopMupoBaHHS
U CHOEKTpajbHOE paclpeiesieHHe TMEepPBUYHOTO u3IydeHus; O)3hdexTsl paccesHus Hu
MIOTJIOIIEHHUS] TIEPBUYHOTO U (IyOpPECHEHTHOTO HW3IYUYSHHS B BEIIECTBE U DIIEMEHTaX
W3MEPHUTEIIbHONW  yCTaHOBKH; B) 3((PEKThl BTOPUYHON  (IYOpECICHIIMU; B) YyCIIOBHUSA
NPOBE/ICHUS M3MEPEHUN M BIMSHUE W3MEPUTEIBHOTO OOOPYJOBAaHUS Ha PETUCTPUPYEMBII
CUTHAJ.

1. Hasnunckuii I B. OcHOBBI (U3UKHA PEHTICHOBCKOTO u3nydeHus. — M: OU3IMATIINUT,
2007. — 240 c.

2. Pomanos A. B. Bo30yxJIeHHe pPEHTTeHOBCKOW (hIyopecleHIInd B KOHJICHCHUPOBAHHBIX
cpelax MOJMXPOMATUYECKHM PEHTICHOBCKUM u3iydeHueM: Jluc. kaHa. (us.-MaT. HayK. —
M.: MI'TY um. H.3. baymana, 2007. —125 c.
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K BO3MOXHOCTM MCNONb30BaHUA “KBasuBHYTPEeHHero” ctaHgapTta
B peHTreHodiyopecLeHTHOM 3J5IeMeHTHOM aHanuse
NfeHOYHbIX OOpa3uoB

Capviues /[ A., Kosmyn A.1l., Kpacnonyyxuii B. I1., Pasnomazos B.M., braowcesuu A.B.,
Hoeukosckuit H M., [lonomapenxo B.O., [yiimakaes L.
HUHUD IO®Y, IOHL] PAH, 2. Pocmoé — na /lony

OcHoBHOH MpoOeMON MPU HANBIJICHUH TOHKHUX IMJIEHOK 3JIEKTPUYECKH U MarHUTHO-
aKTUBHBIX MAaTEpUajOB B BBICOKOYACTOTHOM paspsie ra3oBoil muasMmbel [1] sBisgercs
OCYUIECTBJICHUE MEXaHU3Ma KOHTPOJII CTEXMOMETPUUYECKOI0 COCTAaBa HANbLISEMOW IUIEHKH.
B HUU ¢uzuku IODY pa3paboTan U U3roTOBIEH PEHTI€HO(IYOPECHEHTHBIH CIIEKTPOMETP
(POC — 001) Ha oOCHOBE TMOJHOTO BHEIIHETO OTPAKEHHS] PEHTIC€HOBCKOTO W3ITYUYCHUSI.
IlepBu4HOE M3IyUYEHUE NIPU YCIOBUU MTOJIHOTO BHEIIHETO OTPAKEHUS MAJacT Ha IIOBEPXHOCTD
UCCIIEyeMON IUIEHKM MOJ CKOJB3SIIMMM yriamMH, 4TO OOecHeuyMBaeT B3aUMOEHCTBHE
NAJAI0IIEr0 U3JIy4eHHs TOJIBKO C MaTepualloM IUIEHKU. biiarogapst 5ToMy OTHOLIEHUE YPOBHS
MOJIE3HOTO CUTHAJa K YPOBHIO (DOHA CTAaHOBHUTCS HACTOJIBKO BBICOKHM, YTO TOSBIISAETCS
BO3MO>XHOCTb aHAJIU3UPOBATH COCTaB IUIEHOK, MTOJIyYEHHBIX MPEPbIBAHNEM HANbUICHHUA Ha 15
cexkyHze. OJJHaKO 710 CHX MOp OCTaE€TCsl HEPa3pelIMMbIM BOIIPOC, O KOJIMYECTBEHHOM aHAIU3E
wiéHoK. B pabote mpennaraercs MCIOIB30BaTh METOJ “‘KBa3UBHYTPEHHEro” CTaHAApTa s
OCYILIECTBJICHUS KOJINYECTBEHHOI'O aHAJIN3a TOHKUX U CBEPXTOHKHUX IJIEHOK.

Jist TOoro, 4To0Bl OPUEHTHUPOBATH IUIEHKY B Kamepe 00JIydeHHsl, U3TOTOBJIEH CIIeLUaIbHbINA
croiuk. [TpoBenena cepust SKCIEPUMEHTOB € IJIEHKAMHU, KOTOPBIE OTJINYAOTCS APYT OT Apyra
BPEMEHEM HambuIeHUA. [ mpoBeaeHUs KOJIMYECTBEHHOIO aHaJIM3a HJIEMEHTHOIO COCTaBa
3TUX IUJICHOK npeasiokeHa MOJeNb “KBa3MBHYTPEHHEro” CTaHIapTa. B pabore
IIPEJCTaBICHBl  pPE3ylbTaTbl HM3MEPEHUS CEpPUM  IUICHOK, IMPUHLUUIHUAIBHAs CXEMa
cnexktpoMerpa P®A TIBO ToHKHX MIIEHOK, NPUBEAEHBI €0 AHAIUTUYECKUE U TEXHUYECKHE
xapaktepucTuku. OOCyaaeTcs aJIeKBaTHOCTh NMPUMEHEHHUsSI MOJENIN “KBa3WBHYTpPEHHEro
CTaHJapTa [yl IPOBEIECHUS KOJIMYECTBEHHOIO aHAIN3a FeTEPOANUTAKCUAIIBHBIX TUIEHOK.

1. B.M. Myxopmos, I'"H. Toamaues, FO.U. ['onosxo, A.U. Mawenko, KTD, 1998, 1. 68, Ne9,
c.99-103
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MUcnonb3oBaHue peHTreHodnoypecueHTHOro U aToMHO-
abcopOLMOHHOIro MeToA0B NpU onpeaeneHnun
KOMMOHEHTHOro cocTaBa NPOMBbILUIEHHbIX OTXOA0B

Caghaposa B.U., latioynuna I'.D., Huzamymounosa H.P., Muxeesa T.H, Xaxumosa I'".P.
I'Y Vnpasnenue cocyoapcmeennoeo ananumuueckozo koumponsi MIIP Pb
450104 2. Y¢ha, yn. Poccuiickas, 21. E-mail: ugak@bashnet.ru

B nHacrosiiiee Bpemst 01HOM U3 HanboJjiee aKTyalIbHbIX 33/]a4 SKOAHAJTMTUYECKOTO KOHTPOJIS
B Pecnybnuke bamikoproctan siBisieTcsi BOIMPOC OIEHKM Kilacca OMAcHOCTH pPa3zHOOOpa3HBIX
BUJIOB OTXOJZIOB, @ TAaK)XX€ OINpPEACICHUS YPOBHSA MX BO3ACUCTBHUSA Ha OKPYXKAIOUIYIO CPELy.
OTXx0Abl CTadM CEPbE3HON IKOJOTUUECKON MPOOIEMOMA, TOCKOIBKY TEeMIIbl UX 00pa30BaHuUs U
HAKOIUICHHUs OuYeHb BeMMKH. B Poccum k HacTosimieMy BpeMeHW Hakomwioch 44 Mipa. T
OTXOJI0B [1], MOYTH MOJIOBMHA KOTOPBIX TOKCHYHA JIJISI YEJIOBEKA U OKPY KAIOIEe MPUPOTHOM
Cpelbl.

[Ipu onpeneneHun Kiacca OMAaCHOCTH OTXOAOB Pa3IMYHBIX MPOU3BOJACTB CYIIECTBYET
HEO0OXOUMOCTh YCTAHOBJICHHSI WX TMOJIHOTO KOMIIOHEHTHOTO W XMMHYECKOro coctama. Jlis
ATOr0 UCHOJB3YIOTCS pa3sinyHble (U3NKO-XUMHUYECKHUE METO/bl aHainu3a. B nanHoil pabote
JUIS ONIPEICIeHNS SJIEMEHTHOTO COCTaBa OTXO/I0B MPUMEHSITUCH PEHTTeHO(DITyOPECIIEHTHBIN U
aTOMHO-a0COPOITMOHHBIA METOJIBI.

PentrenodayopeciieHTHOe  HMCCIEIOBaHUWE  TBEPABIX  OTXOAOB  Pa3IHUYHOTO
MPOUCXOXACHUS  (JIOM YepHBIX HM  I[BETHBIX METAUIOB, OTXOJbI  IEepPepadOTKH
MOJIMMETAINTUYECKUX pPYJ, U T.[I.) MPOBOJUIOCH C TOMOIIBIO SHEPrOAUCIEPCHOHHOTO
cnektpodoromerpa ¢upmbl  «Shimadzu» EDX-800HS, mo3Bomisionero omnpeaensiTh
xumuueckue sneMeHTsl oT C o U.

ATOMHO0-a0COPOIIOHHOE OTIPEICTICHUE PIIEMEHTHOTO COCTaBa OTXOJI0B IPOBOIMIIN HA
cnekrpodotomerpe  ¢upmbl  «Shimadzu», wmomenr AA-6800. IlogroroBka mpo0
OCYILECTBIISIACH B MHKpPOBOJNHOBOW cucteme «MARS-5» ¢upmsr CEM (CIIA), uro
o0ecneunsio  BBICOKYIO  S(PQPEKTUBHOCTb  U3BICUYEHHS]  DJIIEMEHTOB U XOPOIIYIO
BOCIIPOU3BOANMOCTD PE3YJIbTaTOB.

KoMIutekcHOe MCIoNIb30BaHNe ABYX COBPEMEHHBIX BHICOKOMH(OPMATHBHBIX METOJIOB
JUTSL MCCIIEJIOBAHUS COCTaBa OTXOJOB OOECIEUMIIO BO3MOXKHOCTh MONy4YeHHUS MHPOPMAIUH O
coliepkaHuu 85 XHMMUYECKUX JJIEMEHTOB U TO3BOJWJIO CYLIECTBEHHO COKPAaTUTh
MPOJOHKUTEILHOCTD aHAIIN3A.

1. IO.C. Jlpyeos, A.A. Pooun. AHanu3 3arps3HCHHOW TMOYB M OIACHBIX OTXOJOB.. MOCKBa
BMHOM. JIaGopatopus 3Hanuii, 2007.
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UccnepoBaHue mukpoyacTuul B cyaebHOM aKcnepTuse:
npenmMmyLlecTBa MUKPOPEHTreHoCcneKTpanbHoro ¢pnyopecueHToro
aHanusa u peHTreHo¢a3oBOro aHanu3a Ha CUHXPOTPOHHOM
M3ny4YeHun

Cupomunxun B.I1.* Jlobanos H.H.*, Cynvanos C.H.**, Jloposamosckuii I1.B.***
*Poccutickuti pedepanvHuill yenHmp cyoebHou sxkcnepmu3vl, Mocksa,
E-mail: ecolog@sudexpert.ru
**Uncmumym kpucmannoepaguu um. A.B. [Llyonuxoea PAH, Mocksea
*x% enmp CH u HT PHI] «Kypuamosckuii uncmumymy, Mockea

B cyneOHoii skcriepTH3e ucciae10BaHe MUKPOYACTULL IPOBOAUTCS TNIABHBIM 00pa3oM
1100 C TENBI0 ONpE/ICTICHNs BEIIeCTBa MM CMECH BEIIECTB, U3 KOTOPBIX OHU 0Opa30BaHBI,
a100 C 1LEeJbI0 YCTaHOBJEHUS MX OOLIEro MM Pa3IMyHOIO HCTOYHHMKA IMPOUCXOKICHHUS.
[IpeanoYTuTeNbHO MCHONB3YIOTCA Hepa3pylIAloNne METOAbl HccienoBannii. K TakoBbIM
OTHOCATCS W METOJ PEHTICHOCHEKTPAIbHOrO  (DIyOpecUeHTOro aHajau3a, WU MeTOoJ
peHTreHoga3zoBoro  aHaiuza.  Vcmonp3oBaHWE — MOJMKANMWUIAPHOH  (OKyCHpYIOIIen
PEHTI€HOBCKOW ONTUKM B PEHTTeHO(IYOpPECIEHTHBIX CIIEKTpOMETpax oOecrnednBaeT
BBICOKYIO Y/CTBHYIO MOILIHOCTh M3IYyYEHHS W JeJaeT ATH NMpuOOopsl Oosee yToOHBIMHU IS
paboThl ¢ MUKPOYACTUIIAMHU 10 CPABHEHHIO C TPAAULIMOHHO UCIIOIb3yEMbIMH CKAaHUPYIOIIUMHU
AJIEKTPOHHBIMU MHUKPOCKOIIAMH C SHEProJUCIIEPCHOHHBIME aHanu3zaTtopamu. Mcmnonb3oBanue
CHUHXPOTPOHHOT'O M3JIy4EHHUsS 110 CPAaBHEHUIO C UCIOJIb3YEMBIMU B JJAOOPATOPHOH IMpaKTHKE
npubopamMu ¢ OOBIYHBIMH PEHTI€HOBCKUMH TPyOKamMu 00ecrieurBaeT ropasio 6ojee BEICOKYIO
MOIIHOCTh HM3IY4YEHHUs M BBICOKYIO CTEIEHb MOHOXPOMATH3allMh. OTH OCOOEHHOCTH
CHHXPOTPOHHOTO M3ITyYSHHS MMO3BOJISIOT MPOBOAUTH PEHTI€HO(A30BbII aHAIN3 YaCTULl OYCHb
MaJIbIX Pa3MEpOB, CIOXKHBIX CMeCeH, a TaKkKe KpPYNMHO3EPHUCTBIX OOBEKTOB M OTIEJIBHBIX
MOHOKpPUCTAJIOB. B nanHON paboTe Ha mpuMmepe YeThlpeX OOBEKTOB Pa3IMYHONW HPUPOIBI
(dacTuipl Kpacku, Kycka Oymaru, Kpuctamwia (piroopuTa W MEIHON MPOBOJIOKH) MOKa3aHBI
BO3MOKHOCTH, KOTOPBIE MPEACTABISAIOTCS MPH SKCIEPTHOM HCCIIEIOBAHUM MHUKPOYACTHUL C
TTOMOIIIBIO MHUKPOPEHTEHO(DITYyOPECIIEHTOTO CTIIEKTPOMETpa c boxycupyoen
nonukanuuigpHoi ontukoit (“Eagle III” ¢upmer EDAX) 1 noporikoBoro nudppakromerpa ¢
JBYMEPHBIM JIETEKTOPOM, YCTAHOBIIEHHOTO HAa WCTOYHHKE CHHXPOTPOHHOTO H3ITyYCHUS
(cranuusa “benok” Kypuarosckuii nenrp CU u HT).
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MN3meHeHMne cMbICNIOBOro coaepxaHns TEpPMUHOB METPONOrnyecKmx
XapaKTepuUCcTUK MeToAUK BbINOSTHEHUA namepeHun (MBU)
B KOJI4ECTBEHHOM XMMU4yeckom aHanuse (KXA)

Cmaeynosa A.H., Koznos B.A.
Hprymckutl cocyoapcmeennswiil ynusepcumem, 2. Upxymcek, e-mail: smag@chem.isu.ru

s 06bexkTuBHOTO BBIOOpa ontuManbHoii MBU KXA HeoOXoaumo 3HATh €€ OICHKU
CIIy4aifHOM M CHCTEMAaTHYECKON COCTABJIAIOIIMX MOTPEIIHOCTH M BO3MOXKHOCTH ONpEeIsATh
Majible COACpXaHWs KOMIIOHEHTOB. Takylo HHQOpPMAIMIO HECYyT METPOJIOTHYECKHe
xapakrepuctuku (MX) MBU: Bocripou3BoIuMOCTb, BHYTpHIIaOOpaTOpHasi MPEeUU3NOHHOCTD,
MOBTOPSIEMOCTh,  TOTPEUIHOCTh, HEOMPENeIEHHOCTh, TMpeAen OOHapyXeHHs, Mpeaent
onpeseseHusi, YyBCTBUTEIBHOCTh. ECIM MOMHATH MyOJIMKalMM, TOCBSIIEHHBIC aHAIN3Y
BelecTBa, 3a mnociennue 50 — 60 ner, TO coaepkaHHWE TEPEUYUCICHHBIX TEPMHHOB
CYILIECTBEHHO U3MEHMIIOCHh U TPOJOKAET TPaHC(HOPMHUPOBATHCS.

B 60-x rogax cuuTanoch, YTO «TOYHOCTh AHAIHM3a XapaKTEPU3YETCs OTKIOHEHUEM
PE3yJIbTaTOB aHAJIN3a OTHOCUTENIBHO UX CPEIHEro 3HaueHus» [1], T.e. onpenensercs OLeHKOoM
CIIy4aifHOM COCTaBIISIIOIIEN MOTpelmHOCTH. B Hactosiiee BpeMsi «TOYHOCTh — CTENEHb
OJIM30CTH pe3yJibTaTa aHAINM3a K KICTUHHOMY (MM OTIOPHOMY) 3HAYCHHIO» [2], T.e. e€ oleHKa
3aBUCHUT OT CIy4yallHOW M CHUCTEMAaTUYECKOW COCTABIISIOMIMX MOrPEIHOCTU. B Hamum aHH
«TOYHOCTBY» W  «IPABWIBHOCTBY»  SIBISIOTCA  KAYeCTBEHHBIMH  TOHATHUsAMH.  UX
KOJIMYECTBEHHBIMU  TOKA3aTESIMH  SIBIISIIOTCA  COOTBETCTBEHHO MOTPEIIHOCTh U eé
CHUCTEMaTHUYecKasi COCTaBlisitomias. PaccMoTpeHbl H3MEHEHHUs COAepKaHUid U APYrux
METPOJIOTMYECKUX TEPMUHOB.

ConocraBneHsl JBa MPUHIMUNA KIACCU(UKAIMUA CUCTEMATUYECKUX IMOTPEITHOCTEH.
OpnHa U3 HUX JaHa B HOPMATHUBHOM JIOKyMeHTE [2] u yJ10oOHa MpH U3JI0KEHUH PE3YyJIbTaTOB
MeXJ1IabopaTOPHOT0 HE3aBUCUMOTO dKCIepuMeHTa. Bropas — nmpeiosxkena B MoHorpaduu [1]
W TIoNydWsia JalibHeWiee pa3Butue B MoHorpaduu [3], a B pabore [4] maHbl TPUEMBI
CTaTHUCTUYECKOM 00pabOTKHU pe3ybTaTOB aHAlIM3a C IEJIbI0 ONPEACNCHUS OIICHOK OTIEIbHBIX
COCTaBISIOLIMX 3TOM Kkiaccuukanuu. Takoe paslenbHOE OIEHHBAHHE COCTaBIISIOLINX
MO3BOJIICT TMOJYYHTh MPEABAPUTEIbHYIO HMH(POPMAIMIO JUIS BBIABICHUS HCTOYHHUKA
CUCTEMATUYECKON MOTPEITHOCTH.

KpHUTHYECKH PaCCMOTPEHBI METObI OMPEIECHNs XapaKTepHCTHK morpemHoctd 4 1

.. HO
neonpenenéanocty Ay | u Ha npumepax koHKpeTHHIX MBU comocTaBlIeHbI UX OIEHKH. B
YAaCTHOCTH, JJS METOAMKHM (NMpsIMOM BHEUIHMH CTaHAApT) PEHTIeHO(IIyOpPECLIEHTHOIO

— o v
onpeneneHus Fe (CFe =0.032 /0) B NpoOe aHOAHOM MacChl NOJYYWIM HPAKTHYECKU

OJINHAKOBLIEC OLICHKU A, =%0.003% y A7 =10.004%; JUIsL pe3yibTaTta onpenenacHuss Ag B

pyne (CAg =35.9 %1) C TOMOUIIbIO  COPOIIMOHHO-aTOMHO-a0COPOLIMOHHOIO  aHajIu3a

(MHOTOMAKTOpPHAS METOIMKA) TIOTYIHITH 4, =%0.7 %7 y Ay =+1.5 %1

1. Hanumos B.B. IlpumeHeHne MaTeMaTHYeCKON CTATUCTUKU IPU aHAJIMU3€ BeElecTBa /
M: duzmatuzaar, 1960. — 430 c.

2. TOCT P UCO 5725 - 1,4 —2002. I'CU TouHOCTh (NIPaBUIIBHOCTh U MPELU3MOHHOCTD )
METO/IOB U pe3yJibTaToB u3mepeHuid. — M: ['occtangapt Poccun, 2002.

3. Kannan B.A., @urumonoe JIL.H., Maiiopos H.A. Metposorus aHaJIUTUYECKOTO
KOHTPOJISI IPOU3BOJICTBA B IBETHOW MeTaiutypruu. — M: Metamnyprus, 1989. - 200 c.

4. Cwmacynosa A.H. K. ananmur. xumun. — 1997. — T. 52, Ne 10. - C. 1022 — 1029.
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BbiOop onTUManbHbIX YCIIOBUMA 3KCMPECCHOrro
pPeHTreHoCneKTpanbHOro aHann3a MmeTtaniam4yeckmx oopasuon
NPOn3BOJNIbHON (pOpPMbI

Cmaeynosa A.H., Canynos P. B., Kapnykosa O.M., Hukumuna B.T".
Hpxymckutl cocyoapcmeennuiil ynugepcumem, 2. Upkymck, e-mail: rfa@chem.isu.ru

[Ipu pentrenoduryopecuientHoM ananusze (PPA) mpoO MeramioB, OTOOpaHHBIX Ha
nidoBaIbHYIO MKYPKY, conepkanue (Ca) onpeaensieMoro 3jeMeHTa A HaxoIsAT CiocoOoM
BHYTPEHHETO CTaHJIapTa, TaK KaK OTHOIIEHUE MHTEHCUBHOCTEH cpaBHUBaeMbIX JTUHUH (I1a/Ip)
MO3BOJIIET YYECTh IMEPEMEHHOCTh Hatupaemod Mmacchl (Pg). B sTtom ciywae anemeHTOM
cpaBHEHUsI B OOBIYHO CIIYXKUT 3JIEMEHT, COCTABIISIOMINIA OCHOBY MeTaiuia. ABTOp paboThl [1]
YTBEP)KIACT, YTO OKCTPANOJSALUS pe3ylbTaToB u3MepeHuid [a/lg, MOMydeHHBIX Ui
HECKOJIbKMX HEHACBIIICHHBIX W3Ty4areiei, Ha TOHKHME CJOUM O00eCHeunBaeT XOpOILYyIo
TOYHOCTH pe3ysbTaToB POA mnpob mepeMeHHOro coctaBa BCleACTBUE ycTpaHeHus 3(dekTon
MEKIJIEMEHTHOTO B3aUMOJICHCTBHSI.

JUida TOpoBepKH ATOW TUNOTE3bl MOJEIHUPOBAIU SKCIEPUMEHT IO OIPEIEICHUIO
cogepxkanuii Ni, Mn u Cr B I'CO BbicokonerupoBanubix ctaneit (kommuiekt JIPT) mpu
ucnonp3oBaHuu Fe B KadecTBe 5JeMEHTa CpaBHEHHUSA. TeopeTHUYeCKHEe HMHTEHCHUBHOCTH
paccunteiBaiu 1o nporpamMme I'.B. IlaBnunckoro [2], Bapsupys Ps uznyuareneit ot 0,16 no
0,80 mr/cm’. B otrowrenus 14/l cIydaifHbIM 06pa3oM BBOIMIIN HOTPEIIHOCTH B 1OTSIX V, —
kod(duimenta BapualuK, XapaKTEPU3YIOMIETO BOCIPOU3BOAUMOCTh OTHOIEHUU [5/1g.
3HaueHuss V, usmensui ot 1 1o 10 % B 3aBUCHUMOCTH OT ONPEIEISIEMOro 3JE€MEHTa U €ro
conepxkanus. PaspirpeiBas Juist Kaxaoro ykasanHoro osnemeHta B ['CO mo 18-36
AHAIINTHYECKNX CHTYAIHii, pacCUnTHIBAIN ero comepxkanne Ca 1o dopmyire:

& ~obg
A L B (1)
B
rie ® — kod(p(PUIHEHT HHTEHCUBHOCTH, OIpPEAENSEMBbIi C MOMOILIBIO T'PaTyHpPOBOYHOTO
obpasta (I'0), Cp — comepkaHnme BHYTPEHHEro CTaHZAPTAa B aHAIM3HPYEMOM 0OpasIie.
Y CTaHOBHIH, 4TO KO3((HIMEHTHI BapHaluy Vpc , XapaKTepPH3yIOLIHe OrPEIIHOCTH pacuera

) T
colepIKaHuii H1eMeHTOB 110 (hopmyte (1) B TOHKHX 105X, B cpeaHeM paBHbl Ve = 1,2V, | Ho
B PEAKUX HEOJIaromnpusiTHBIX ClydasxX MOTyT JocTurath 3V,. AHaJIOTMYHbIE MOTPEIIHOCTH

o ~
Vie mns crmoes IPOMEXYTOUYHOM TOJIIMHBI B cpeaHeM cocTaBisitoT 1,8V,, HO MoryT
Cx Cy =
nocturatb S5V,. Eciu yyectb, YTO 3HAyYeHUE B HEHW3BECTHO W NPHUHSTH B =

ro
Cs (Momemupys BapuanT, 4to npo6a u I'O cojepskaT MOCTOSHHOE KOJIUYECTBO dIeMeHTa B),
TO CHUCTeMAaTH4eCKas MOTPEIIHOCTh B pesynabTarax PDA moxer mocturate 70 %, u ee

Tro X
BemuunHa 3aBucuT orT orHomenms Cp /Cp. JlaHBl peKoMeHZAIMM TI0 CHHKEHHIO
CHUCTEMATHYECKON TOTPEITHOCTH ITyTEM BBIOOpA TpayMpOBOYHON (PYHKIIMU MeTOMUKU PDA.

1. Hnvun H.II. // 3aBoack. mabopatopust. — 2005. — T. 71, Ne 8. — C. 3-11.
2. Ilasnunckuii I'.B., [lanvkos JI.B. // lepexrockonus. — 1993. — Ne 12. — C. 72 — 82.

111



OCo6eHHOCTU CTPYKTYPbI AUCNEPCHbIX YacTul,
KOHOEHCUPOBAHHbIX U3 HU3KOTEMMNepaTypHOM Nna3mbl

Cmonanos H.A., llanvkun H.A., Yemeepmakosa O.D.
Mopooeckuii cocyoapcmeennulil ynusepcumem um. H.I1.Ozcapesa,
430000, 2.Capanck, yn.bonvuwesucmcekas, 68, e-mail: smolanovna@yandex.ru

N3BecTHO, YTO MNpHU HUCCIENOBAHMM HAHOKPUCTAUNIMYECKHX CTPYKTYpP YMEHBIIEHUE
pa3MepoB KPUCTAJNIMTOB U IMOSIBJICHME MUKPOUCKRXEHUW MPUBOIUT K YUIIMPEHUIO
peHTreHoBckux peduiekcoB [1]. OcoOeHHO 3TO 3aMETHO Ha KOHICHCHPOBAHHBIX TOHKHUX
TUIGHKAX M3-32 TOSABICHHUS TEKCTYPbl M HEOONbIIONW TONIMHBI. [losToMy anst monydeHus
OOBEKTUBHOM KapTHHBI O CTPYKType M CBOMCTBaX HAaHOKPHUCTAJUIMYECKUX CTPYKTYP,
MOJyYEHHbIX B TpOIecCe JOYrOBOIO pACHBUICHHA, HAMHM OBUI HCHOJB30BaH, KpOMeE
peHTreHorpaduyecKoro aHajau3a Ipyrue pe3oHaHCHbIE METObI, B 4acTHOCTH PDA u DIIP.

Merogamu PCA, PDA wu DIIP-ciekTpoMeTpuu HCCIEIOBaH COCTaB, CTPYKTypa
NBUIEBUIHBIX YaCTULl MaTepHualsia, 00pa30BaHHOTO B MPHUKATONHOM 007acTH, Ha MOIJIOKKE B
[EHTPe M Ha CTEHKaX BaKyyMHOH kamepsl. OmpejeneH 3jeMEHTHbIM M (a30BbId coCTaB
MPOJIYKTOB TUIA3MOXUMHUYECKOM peakimu (puc.l). Merogom PDOA ycraHOBIEeHA 3aBUCHMOCTD
COJZIep>KaHusl TUTAHA OT pazMepa QpakIuu Ui MaTepuania, MOJy4YeHHOrO B YCIOBHUSX HOHHO-
CTUMYJHPOBAHHOTO OCAXJEHUS TMOKPBHITUH W 0e3 Mojayd NOTEHLHMala Ha TOMJIOXKKY.
OTMe4eHO, 4TO YMEHBIIEHHE pa3MepOB MOMydyaeMbIX (Ppakinii U MOBBILIEHUE TTOTEHI[MAIA Ha
MOJIJIOKKE MPUBOJUT K YBEJIMUECHUIO COJIEPKAHMSI TUTAHA B OCAXKIEHHBIX MPOAYKTAX IJIa3MBbl.

50 v e 1 30000 - —0.075 MM
1 — 0.1 MM
£ 25000 -
2 A S
=
&= 20000 A
)
2 -
15000 -
B
o H,2
‘ ‘ 20 ‘ 10000 \ \ |
30 35 45, TPaL 40 45 0 2000 4000 6000
Puc.1. YyacTku peHTreHorpaMm MmopoIIkoB Puc.2. OIIP-criekTp caku pa3nu4Hoit hpakunn

pakuuii 0,1 (A) 1 0,075 (B) 1-TiN, 2- TiN;

CpaBHUTENBHBIA ~ aHANW3  pEHTreHorpaduueckux  uccienoBanuii  (puc.l) wu
uccaea0BaHui, npoBeaeHHbIX MeTogoM DIIP-ciektpoMerpun (puc.2), yka3zplBaeT Ha HATUYNE
B COCTaBE MPOAYKTOB IJIA3MOXUMHUYECKON pEaKIIUH, 0 KpallHEW Mepe, IBYX THUIIOB CTPYKTYP.

[TomydeHHble pe3ynbTaThl OOCYXKHAIOTCS C TO3MIUUA CTPYKTYPHBIX  (Da3oBBIX
MEePEXOJI0OB MPU M3MEHEHHHM HAINPSDKEHUS CMENICHUS, BIMSIONIETO Ha  IMPOIECCHI
XeMOCOPOIMH. ITO MOXKET MPUBECTH K MOSBICHHUIO AIEKTPOHHBIX U MAarHUTHBIX CPeJ] HOBOTO
tumna [2].

1. Anopuesckuii P.A., ['nezep A.M. /| DMM, 1999.- T.88.- Ne 1. C. 50-73
2. Cawmoiinenko 3.4., Ilywenxo E.H. u op. // XT®, 2007.- T.77.- B.5.- C.96-101.
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OnpepeneHne MOMILHOro OTHOLWEHUSA MeTasnsnoB B
reTtepobumeTanInyecKkux
coefnHEeHUAX peHTreHoryopeCueHTHbIM MeTO40M

Copoxuna H-M., Ky3emuna H.I1., Makapesuu A.M.
Xumuueckuit pakynemem MI'Y, e-mail: Sorokina@analyt.chem.msu.ru

Bozpocmmii uHTEpeC K CHHTE3y IeTepoOMMETaNIMYEeCKUX KOOPAMHAIMOHHBIX
COEIMHEHUI 00YCJIOBIEH MHOrooOpa3ueM UX (PyHKIMOHAIBHBIX CBOWCTB U MEPCIEKTUBAMU
WCIIOJIb30BAaHNs B COBPEMEHHOM MaTEpHATIOBEICHUH. BaXkHble CBOMCTBA ITUX COEIMHEHHUU
3aBUCAT OT WX 3JEMEHTHOro cocraBa. HeoOXoquM 3KCIpEecCHBI KOHTPOJIb CTEXHOMETPUHU
METaJJIOB B Ipouecce cuHTe3a. CI0XKHOCTh 3a7jaun 3aKIII0YaeTcsl B TOM, UYTO B Psi/I€ CIy4aeB
HE00X0IMMO HCCIIEI0BaTh Majble KOJUYecTBa 00pa3lia, HaXOAAIIEerocs B KOHCHCUPOBAHHOM
¢aze (TIEHOK KOMIUIEKCOB U MaTepUaIOB Ha MOIOKKAX).

[lepeuncieHHbIM BbIllIe  TpeOOBaHUAM B TIOJTHOM Mepe OTBEYaeT
pPEHTTeHOQUIYOPECIICHTHBI METOj] aHanu3a. B JaHHOHW paboTe OH HCIIOJIB30BAaH IS
OIpEJICJIEHUs] CTEXHMOMETPUYECKOr0 COOTHOLICHHMS METAJIOB pPa3IMYHONM XHMHUYECKOil
IPUPOBI B reTepOOUMETANTNYECKUX KOMIUIEKCAaX ¢ OPraHUYeCKUMHU JIUTaH aMu.

[IpennoxxeHHass MeTOJMKA KOHTPOJII MOJBHOIO COOTHOIIEHHMS METaUIOB B
MOJYYEHHBIX KOMIUIEKCAX M MX IUIGHKAaX Ha Pa3IUYHBIX MOJUIOKKAX MO3BOJSET OBICTPO
[0JTy4aTh MpaBWIbHbIE M BOCIPOM3BOAMMBIE pe3yjbTaThl. MeToauka BKIIIOYaeT B ceOst
M3rOTOBJICHHE OPUTMHAJIBHBIX MPOCTHIX U JOCTYIHBIX 00pa3l0B CPaBHEHUs, IPOCTOIl criocod
MOJAFOTOBKU OOpPAa3lOB K IPOBEACHUIO M3MEPEHUS U OIpENEJCHHbIH aaroput™M o0paboTKu
aHAJIMTUYECKOI'0 CUTHAja, MPU KOTOPOM Ha Pe3ysbTaThl aHAIM3a HE OKa3bIBAIOT 3aMETHOIO
BIMSHUSL Takue (akTopbl, Kak aOCONIOTHasT Macca HaBeCKH, TOJIIMHA CIIOS M
HEpaBHOMEPHOCTb pacrpeseneHus oOpas3na Ha nojuiokke. C MOMOIIBIO IMPEII0KEeHHON
METOUKU ObLIH UCCJIETOBaHbI ClelytoIIne reTepoOuMeTaIITMIECKHe
komruiekchl:[Ni(acacen)Ln(dik);] (Ln — La, Nd, Sm) u Me;Me,Lx5H,0 (Me; — La, Fe; Me;
— Co, Sr, ; HsL — nudtuneHtpuaMuHneHtaykcycHas kucinota). [lokazaHo, yTo JaHHas
METOJIMKA [O3BOJISIET MPAaBWJIBHO OIPEAEIATh COOTHOLIEHHE METaNIOB KaK B CaMUX
rerepoOUMeTaNIMYECKMX KOMILJIEKCaX, TaK U B TOHKUX IJICHKaX KOMILJIEKCOB, HAHECEHHBIX Ha
OKCHJIHBIE TOJUI0XKKH.
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PeHTreHohnyopecueHTHOE onpeaeneHne TOKCUYHbIX MeTannoB B
pacTBopax nocrie KOHUeHTPUpPoOBaHUSA ux 8-
rMAPOKCUXUHOJNIMHATHbLIX KOMMJIEKCOB Ha LeSIioNo3HbIX punbTpax

Copoxuna H.M. 1, Jlawmabeza O. 0.2, Temepoauies 3.A.2, Canos /[.U. 2 , Huzun ru!
"Xumuueckuii Gaxynemem MI'Y um. M.B. Jlomonocosa, e. Mockaa,

e-mail: tsisin@analyt.chem.msu.ru
IOV BIIO Ky6I'Y, 2. Kpacnoodap, e-mail: analyt@hcem.kubsu.ru

8- MIPOKCHXUHOJIIMH  4YacTO MPUMEHSIOT U1 T[PYNIOBOIO  pPA3ACIICHHUs U
KOHIIEHTPUPOBAHUS TOKCHYHBIX 3JIEMEHTOB, TTIaBHBIM 00pa3oMm, Oyiarogaps ero crnocoOHOCTH
00pa30BbIBATh YCTOWYMBBIE KOMIUIEKCHBIE COEAMHEHHS C HOHAMU METAJJIOB B KHCIIOM,
IIEJIOYHOM M HEUTpaibHOM cpene. BBuay Manoil pacTBOpUMOCTH OOJNBLIMHCTBA 3THUX
COEIMHEHUH B BOJIE, OJHUM U3 PACIIPOCTPAHEHHBIX IPUEMOB, 00ECTIEUNBAIOLINX U3BJICUECHNE
OTHOCHUTENFHO OOJBIIUX KOJIHYECTB JJIEMEHTOB, SBISETCS OCaXKIECHHUE WX B BHUAE 8-
OKCUXMHOJIMHATHBIX ~ KOMIUIEKCOB €  TIOCIEOYIONUM  OTHIEJIeHHWEM  TBepaoil  (asbl
bunbTpoBaHNeM uepe3 QUIBTPBL. DNEMEHTHhl ompenersiiu B ¢asze (uibTpa-KOHIIEHTpaTa, B
YaCTHOCTH PEHTTEHO(MIYOPECIEHTHBIM MeToMoM. OcaKIeHHEe 3JEMEHTOB B CTATUYECKHUX
YCIOBHSIX CONPSKEHO C TOTEPAMH §-THUAPOKCUXMHOJMHATHBIX KOMIUJIEKCOB Ha CTEHKax
coCynia, JUIMTENBHOCTBIO M TPYJOEMKOCTBIO SKCIIEPUMEHTA. DTH HEIOCTaTKU MOTYT OBITh
IPEOJIOJIEHBl NEPEXOJOM K JAUHAMUYECKHM YCJIOBHUSIM MPOBEACHUS HKCIIEPUMEHTA,
MO3BOJISAIOMIKUM (OPMHUPOBATH HEPACTBOPUMBIE OCAJKH B TOTOKE HEMOCPEICTBEHHO MeEpe]
UITBTPOM.

[Tpennoxen cnocod quHamuueckoro kKouneHTpuposanus Cr, Co, Cu, Fe, Ni, Pb, Mn u
Zn B BUJE &-TMIPOKCUXWHOJIHMHATHBIX KOMIUIEKCOB, ITOJIYYEHHBIX B IIOTOKE, M3 BOJHBIX
pacTBOpoB Ha TUAPOPOOUZUPOBAHHBIX ILEJUTIOJIIO3HBIX (QUIBTPAX. DIEMEHTHI OMPEICIISIN C
HCMOJIb30BAHUEM PEHTTCHOBCKOTO 3HeproaucnepcuoHHoro crekrpomerpa EDX-800HS
(SHIMADZU, Smnonwus). Ilokazano, uTo Mainble KojaudecTBa dyeMeHTOB (1 —35 Mkr)
COpOMpYIOTCS HA MOBEPXHOCTHM MNapa@UHU3UPOBAHHBIX (UIBTPOB, a U3BJICUYECHUE
OTHOCHUTENFHO OONBIINX KOJM4YecTB 3yeMeHTOB (20-50 MKr) oOycIOBIEHO CMENIaHHBIM
MeXaHU3MOM (pUITBTpaLIU U COPOLIUU.

Haiineno, urto Cr, Co, Cu, Fe, Ni, Pb, Mn u Zn KOJIMYECTBEHHO HU3BJICKAIOTCS W3
pactBopoB mpu pH 8,8-9,2, ckopoctsix mpomyckanus mpoOer 0,9 Mu/MUH W peareHTa
5,4 mn/muH, KoHIeHTparuu pearenrta 0,002 M.

B onTumanbHBIX YCIOBHSX TOJYYEHBI 3aBUCHMOCTH QHAIMTUYECKUX CHUTHAJIOB OT
coJiep>KaHus AJIeMEeHTOB Ha ¢uibTpe. B nuanazone copepxanuii 5 — 40 MKT 3TH 3aBUCHMOCTH
TUHEHHBI, KO3PPUIMEHTH Koppemsinuu Haxonarcs B nuanazoHe 0,991 —0,994. Tlpenerns
obonapyxenus Cr, Co, Cu, Fe, Ni, Pb, Mn u Zn, paccuutanHbie M0 3S-KPUTEPHIO, COCTABHIIN
0,3; 0,6; 04; 04; 03; 1,6; 0,7 u 0,3 MKr Ha (QUIBTPE COOTBETCTBEHHO. BBICOKYIO
BOCIPOU3BOANMOCTE COPOIIMOHHO-PEHTTEHO(IYOPECIIEHTHOTO ONPECICHUs 3JEMEHTOB B
pactBope (s; < 0,1) HaGmro1aM BO BCEM MHTEPBaJIe TMHEWHOCTHU IPalyMPOBOYHOTO IrpaduKa.
Paboma evinonnena npu ¢unancosoii noooepscke PODPHU (epanm Ne 06-03-96655-p 1z _a).
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OnpepeneHue coaep)XXaHUsi OKCUAOB KPeMHUS U antOMUHUSA B
LeonuTax MeToAoM peHTreHodnyopecueHTHOro aHanusa

Tananosa B.H., bysnosckaa A.I'., /[36onxoeckuii C.J1.
HHD0C PAH, Mocksa, e-mail: analyst@ineos.ac.ru

Hacrosimass paGora mocBsllleHa OMNPEAETCHUIO 3JIEMEHTHOTO COCTaBa  IIEOJIMTOB U
KaTaJu3aTOPOB Ha UX OCHOBE ISl IPUMEHEHUSI UX B HEPTEXUMUYECKOW MPOMBIIIICHHOCTH.
IleonuTsl (aMIOMOCHIIMKATBI) MPEACTABISAIOT COOOM CHUCTEMBI, COCTOSIIME U3 OKCUIOB
KpeMHuss 1 amomuHus. [lpu wucronb30BaHMKM B KayecTBE KAaTajaU3aTOPOB LIEOJIUTHI
MOJIBEpraroTcsi MOAU(DHUIIMPOBAHUIO ITyTEM BBEACHHUS B HUX COCTUHEHHH Kele3a, IMHKA,
HaTpus U cepbl. B ngaHHOM ciywyae, B oOpaslax, MOCTYNMBIIMX Ha aHaiu3, oOriee
CoJIep;KaHue IpruMecei He NpeBbIano 5% OTH.

B pabore npencraBieHbl METOJUKN ONPEEIICHUSI OKCUAOB KPEMHUS U aTIOMUHUS B
IIMPOKOM WHTEpBalle M3MEHEHHs WX coAep)kaHud. /[mama3oH M3MEHEHHUs OKCHJa KPeMHHUS
oT 30 110 95 %, okcuaa amomunus ot 5 10 70 %.

Hcnonszyemasi ammapaTypa: peHTreHoBckuil crektpomeTp VRA-30, ¢upmber Kapn
Leiic Uena, I'epmanus. PentreHoBckas TpyOka ¢ Mo-anogoM. Pexum paboter 40 xV, 20
mA.

[IyTeM TeopeTHyecKUX pacyeToB 3aBUCUMOCTEH MHTEHCUBHOCTEM AaHAIUTUYECKHX
JUHUM KpEMHUS U aJIIOMMHUS OT MX MPOLIEHTHOTO CO/AEP KaHUs MOKa3aHO, YTO 3aBUCUMOCTh
aHanutudecko nuHuM amroMuHuS ( [5; ) oT comepxanust amomuuusi (Ca; ) BBIpaKkeHa
NpsIMOM JIMHMEW, a 3aBUCUMOCTb aHanuTU4YecKo nuHuM kpemHus (Isi ) oT coxmepkaHus
kpemHuus (Csi) MMeeT KpyToii 3arud B 00J1aCTH BBICOKHX COJIEPKaHUN OKCHJIa KPEMHHUS, 4TO
MOYHO OOBSICHUTH 3HAYNTEIHHBIM MOTJIONIEHUEM U3ITyYSHUS] KPEMHUS aTIOMHUHHEM.

Jlis BbIBOJa pPAcuETHOTO YpPaBHEHUS ONPEICNICHUs COJEpKaHUs OKCHAA KpPEeMHUS
IpeiaraeTcsi MCIoJb30BaTh cienyrouuii cnocod. C pocToM coaepikaHus KPEMHHUS €ro
yaenbHas HHTeHCUBHOCTD (Iosi)aHanuTuueckoil TuHUM nafaet. BennunHa nocnenHeil umMeer
HauOoJbIlIee 3HAY€HHUE B 00JacTH HU3KUX cojaepkaHui amoMuHUA. C pOCTOM OTHOIIEHUS
KOHIEHTPALUN KPEeMHHS U aJIOMUHUS 3HAaYCHHE yAEeTbHOW MHTEHCUBHOCTU aHAIUTUYECKOM
JUHUMA  KPEMHHUS  yMEHBIIAeTCs. 3aBUCHUMOCTh  OOpaTHOW  BENWYMHBI  YJCIBbHOU
MHTEHCUBHOCTU aHAIUTHYECKOW TUHUM KpeMHHUSA (1/1osi) OT HUHTEHCUBHOCTH aHAIUTUYECKOM
muand - amoMuHus  (Ia1), paccuMTaHHass TEOPETHMYECKHUM IyTeM, HMEeT OOpaTHYIO
3aBUCUMOCTh, T.e. HamMmeHblee 3HadyeHHe (1/I,si)) B 00JacTHM HUBKUX COJACpP)KaHUM
AIOMUHUS, @ MaKCHUMajbHOE 3HaueHHEe B O0JACTH BBICOKHX COJCpKAHUN alOMUHHS, U
MIpeJICTaBIseT COO0M NMPSAMYIO JTMHHIO, KOTOPYIO MOKHO OMHUCATh CIEAYIOIUM YPaBHEHUEM:

l/Iosi =ado + ai*IAl (1)
N3 Beipaxkenus (1) BeITEKaeT:
Csi = Is * (@ + a*la) = a’ls + a*ls*la

(2)

Jannbplii cmoco® ompeseneHuss OKCHAAa KPEMHUS B TPUCYTCTBHHM 3HAYUTEIBHOTO
KOJIMYECTBA OKCHJIa QIIOMHHHS MPUMEHEH Ui aHaim3a 11 oOpasimoB MPOMBINIICHHBIX
[[EOJIUTOB U KaTaJN3aTOPOB HA UX OCHOBE.

BocrponsBoguMOCTh Pe3yJIbTaTOB (Sgocnp.) ONPENEISIIN KaK Cpe/jHEee KBaApaTUYHOE
OTKJIOHEHHE NECSATH MapaljiebHbIX aHanu3oB OT cpeanero. [lpu ompenenenun Al,Os B
auanasoHe KoHueHtpauui 1-5% Syerp. = 0,1%abc. (3,1%o0tH.) B amanasone 25-45% -
1,1%a6c¢.(3,0%o0tH.). [Ipu onpenenenun conepxkanus SiO, B quana3zoHe KOHIEHTpauui 85-
98% Ssocnp. = 1,2%abc¢.(1,2%o0TH.), B tnanaszone 55-75% - 0,8%abc¢.(1,2%o0TH.).

HNannsle P®A  cpaBHUBaimMCh € pe3yibTaTaMd  aTOMHO-aOCOpOIMOHHOM
cnekTpockonuu. [Toka3aHo OTCYTCTBHE CHCTEMATHUECKHUX PACXOXKICHUN JBYX METOJIOB.
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PeHTreHodnyopecueHTHOe onpeaeneHMe meau u Kobanbta Ha
Lenmnono3HbIX (ounbTpax, UMNPerHnpoBaHHbIX 1-(2-
kapbokcudeHunn)-3-retapun-5-apundopmaszaHamm

Temepoawes 3.A., Konwuna /[.H., Canos /[.1., Konwun B.B.
Kybancxuii cocyoapemeennsiii ynueepcumem, 2. Kpacnooap, e-mail: jfox@list.ru

OcyuiecTBiaeHne KOHTPOJS HaJ COJEpKAHUEM MHUKPOKOMIIOHEHTOB B OOBEKTax
OKpY’Karomie cpeapl TpeOyeT CO3[aHUSI HOBBIX SKCIPECCHBIX M BBICOKOYYBCTBUTEIBHBIX
METOJAMK, ITO3BOJISAIOIIUX O0BEUHNUTH ONEpallii KOHIEHTPUPOBAHUS ONPEIEIISIEMbIX BEIIECTB
U PErucTpalfio aHAIWTHYECKOTr0 CHUTHala HeNocpeAcTBeHHO B (ase copOenta. Takoe
COUETaHHE COBMENIAIOT B cebe TBepaodasHbie COpOEHTHI C WMMOOWIM30BAaHHBIMU Ha
MIOBEPXHOCTHU peareHTaMH.

Lenpro Hameir paboThl OBUIO TOTYYEHHWE TOHKOCIOMHBIX LEJUTIONO3HBIX (HIBTPOB,
UMITPETHUPOBAHHBIX 1-(2-xap6okcuenun)-3,5-nupenunpopmazaHom, 1-(2-
kapOokcudenmn)-3-pypui-S-pernnpopmazanom, 1-(2-kap6okcudenwn)-3-(2-(4-
HUATPOQEHWIT ) TUPPOIINI )-5-heHundpopmMazaHoM sl KOHIICHTPUPOBAHUS MEIW M KoOalbTa U3
pacTBOpPOB  CIOXKHOTO COCTaBa €  MOCHEAYIOIUM HMX  PEHTTeHO(IyOpECIeHTHBIM
ompeneneHueM. OrpeneneHus] MPOBOIWINA C TOMOIIBIO YHEPTOAUCTIEPCHOHHOTO PEHTTEHO-
¢dnyopecuenTHoro criekrpometpa gpupmbl Shimadzu EDX-800HS.

Jlisi KOHIIGHTPUPOBAaHUS MeIu W KOOanbTa HWCIONB30BaIH (PUIBTPHI, MOTYyYCHHBIE
obpabotkoit Oymaru 2,5%-M pacTBOpOM IIETWIOBOro cmupra, conepxamum 0,1M
COOTBETCTBYIOIIETO (popMasaHa.

B pesynbraTe BBINOJHEHHBIX MCCIEIOBAHUNA HaWJCHbI 3aBUCUMOCTH CTEIEHU
U3BJICUCHHUs] MEAM M KOOalmbTa B JWHAMHYECKHX YCIOBUsAX OoT pH cpenmpl, mokasaHo, 4To
MaKkcuMalbHast 3PPEKTUBHOCTb U3BJICUEHHSI ONPEIENIIEMBIX JIEMEHTOB JocTuraercs npu pH
6-7. YcTaHOBIEHO, YTO YBEJIMYEHHE Mpoiyckaemoro oobema mnpodsl ot 50 mo 100 mia u
ckopocTH npomnyckanus ot 0,5-1 MiI/MUH He NPUBOIUT K MOTEPSAM METANIOB HA CTaJUM UX
KOHIICHTPUPOBAHMUSL.

Kuneruky copOumu wucciaenoBagd METOJIOM JUHAMUYECKUX BBIXOAHBIX KPHUBBIX,
€MKOCTb «J0 HPOCKOKa» mpu copbuun menu cocraBuia 40-45 mkr, kobanbra 30-35 MKT.
HccnenoBaHo BIMSHME Ha HpoOIecC COpOLMU OCHOBHBIX COJIEOOPA3YIOLIMX KOMIIOHEHTOB
IPUPOIHBIX BOJ, MIOKa3aHo, uto mpucytersre n°10*-kparueix Maccorsix m36sTko K, Na',
NO3’, HPO42, Ca2+, Mg2+ HE BJIMSIET HA CTETICHb U3BJICYEHUS ONPEIETIEMbIX SJIEMEHTOB.
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MUcnonb3oBaHue peHTreHocnyopecLeHTHOro aHanmn3a npum oueHke
YPOBHSA 3arpsisaHeHUA ypb6aHo3emoB CaHkT-[leTepOypra

Tepexuna H.B., banape C.A., CII6I'Y, Cankxm-Ilemepbype, e-mail: banar@mail.ru

IIpy npoBeAeHMM KOMIUIEKCHBIX MCCIEAOBAHUNH JKOJOTMYECKOI'O  COCTOSHHUSA
TOPOJICKOH cpefibl TOYBEHHBIE MPOOBI aHATU3UPOBAIUCH PEHTT€HO(ITYOPECHEHTHBIM METOIOM
(cnexktpomerp SPECTROSCAN) Ha coaepxaHue psla XMMHUYECKHX 3JIEMEHTOB. AHaN3
BBITIOJTHSIICS CTIOCOOOM CTaHIapTa-QpoHa ¢ MPUMEHEHHEM CTaHIapTHBIX 00pa3oB (Tadm. 1). B
KauecTBE BHYTPEHHETO CTaHJapTa HCIOJIb30BATUCh HEKOTEPEHTHO paccessiHHble Tyuu K-
JUHUI MOJIMOAEHOBOTO aHO/AA PEHTIEHOBCKOW TpyOKU. MeTposoruueckue XapakTepUCTUKH
aHAJIM30B MOYB (BOCHPOM3BOAMMOCTh, IPABHILHOCTD, MPEesibl 0OHAPYKEHHS) ONpeIeIeHbI
o cta"naptHeiM popmyiam (Canpeikus, 1983).

Tabmma 1.
BocnpousBogumocts M npaBwiIbHOCTH pe3ynbraroB POCA mnouB (Sr — crangapTHoe
OTKJIOHEHHE, XapaKTepHU3yIollee BOCIPOU3BOAUMOCTh; dr — cpeaHsAs cucTeMaThdecKast
IIOTPEIIHOCTD)
Se- JAunana3zon JAunana3zon
MEHT Sr(%) | n cozfepmaﬂm”l (%) dr (%) n ?onepmannﬁ (%) CcO
min max min max
Zn 158 | 10 | 0,0092 | 0,0735 0,61 5 0,0429 | 0,0445 | CAIIC-3
Ni 23,6 | 10 | 0,0015 0,0134 3,11 12 | 0,0074 | 0,0118 | CAIIC-2
Mn | 997 | 10 | 0,0315 0,093 8,13 10 | 0,0073 0,0182 | CAIIC-1
Fe 6,22 | 10 | 2,095 9,886 11,85 13 | 0,9995 1,1825 | CAIIC-1
Pb 16,7 | 10 | 0,0054 0,027 -0,4 9 0,0234 | 0,0262 | CAIIC-3
Ti 8,6 10 | 0,267 0,614 -0,32 5 1,257 1,614 | CKP-1
Cr 184 | 10 | 0,0025 0,06 -2,78 4 0,017 0,018 | CKP-I

JlaHHble [uId IBYX aJMUHHMCTPATUBHBIX PAalOHOB, MOJyYEHHbIE ABTOPAMHU BO BpeEMs
MIPOBE/ICHUS] HE3aBHCHUMBIX HCCIEOBaHUMN, MpeacTaBieHbl B Tabnuue 2. PesymbraTsl ams
(DOHOBBIX YYaCTKOB COTIOCTABHMBI C JIUTEPATYPHBIMH TIOKA3aTEISIMA TIO0 OOJBIIMHCTBY
3JIEMEHTOB, 32 MCKJIIOYeHHEM CBHHLA. [IoBbIIEHHOE copepkaHus ero B (hOHOBBIX oOpasuax
CBSI3aHO, BEPOSITHO, C OIM30CThIO aBTOTpacc. OKupaeMoe BBICOKOE CBHHIIOBOE 3arpsi3HEHHE
BBISIBJIIETCS] TOJIBKO MPH pacyere K03()GUIMEHTOB KOHIEHTPALUU 0 PerHOHAILHOMY (DOHY.
Jlia yp6aHo3eMoB 000UX paiiloHOB YCTaHOBJIEHBI BHICOKHE YpoBHH conepkanus Ni, Zn u Co,
HOo KupoBckuii pailoH B IeJIOM XapakTepusyercs Oosiee BBICOKUM 3arps3HeHHeM. Takum
oOpazom, wmetoy P®CA, ornuuaromuiics NpoOCTOTOM mpouecca MPoOONOArOTOBKH U
HA/Ie’KHOCTBIO MOJy4aeMbIX pEe3yJbTaTOB, MOXHO PEKOMEHIOBaTh JUIsl HKOJOTHYECKOro
KOHTPOJISI KAuecTBa CPEIbL.

Tao0mwuua 2.
ConeprxaHne XMMUYECKHX 3JIEMEHTOB B ypOaHozeMax Cankt-IlerepOypra u mouBax (POHOBBIX
9KOCHUCTEM (MI/KT)

Zn Ni | Mn Fe Ti Pb Cr Co
BacuneoctpoBckuii paiton | 355,67 | 43,4 | 552,2 | 18727,1 | 2176,9 | 92,2 | 103,6 -
®donossie yyacTku (1) 74,0 | 20,6 | 374,0 | 14168,0 | 2122,0 | 62,2 | 47,8 -
KupoBckuii paiion 489,3 1 96,1 | 97,8 | 25186,7 - 113,9 - 27,7
®donossie yuacTku (I1) 35,0 5,1 | 21,7 | 9600,0 - 87,0 - 1,1
Pernonansubiii pon
(Vdumuera, 2005) 50 20 | 500 | 10000 4000 | 10-20| 40 | 5-10

117




PeHTreHohnyopecueHTHOe onpeaeneHne KpeMmHusa n cpocoopa B
pacTBopax nocrie KOHUeHTPMpoBaHUA Ha hunbTpax B BUae
ManopacTBOPUMbIX MUOHHbIX aCCOLMATOB reTeponosIMKUCIOT C
TPUOKTUNAMUHOM

Tuxomuposa T.H., Copoxuna H .M., Lusun I'.H., Temepoaues 3.4., Jlawmabeea O.O.
Mocxoeckuii cocyoapcmeentulil yHugepcumem um. M.B.Jlomonocosa,
e-mail: tsisin@analyt.chem.msu.ru
Kybanckuii cocyoapcmeennwiii ynusepcumem, 2. Kpacnooap

OpnHOl M3 BaXHBIX 3a]a4 3KOJOTMYECKOT0 KOHTPOJI MPUPOJHBIX BOJOEMOB SIBIISETCS
HaOJII0/IeHUE 3a CO/IepKAHUEM B BOJIe€ OMOTEHHBIX 3JIEMEHTOB, K YHCIY KOTOPBIX OTHOCSTCS
dochop m kpemHuil. M3BECTHO, YTO 3THU BIIEMEHTHI WIPAIOT CYLIECTBEHHYIO pPOJb B
MeTaboIM3Me PACTUTENBHBIX M YKUBOTHBIX OpPraHU3MOB BOJ0eMOB. OCOOEHHO HEOOXOAUM
KOHTPOJIb 32 cojepkanueM ¢ochopa, KOHIIEHTPALUS KOTOPOro B 0CO00 YHCTBIX 3aKPBITHIX
BOJZIOEMax He JO0JDKHA MPEBbIIATh 2 MKI/IL.

Kpemuuii u ¢ochop UYaCTO KOHLEHTPUPYIOT, a TaKXkKe ONPEACSIOT B BHJIE
MonnbaokpenueBoit U Monubaodocdopnoit rerepononukuciaor (I'TIK). OmpHoBpemeHHO
OIpENeNIATh ATU 3JIEMEHTBl MOXHO peHTreHoduryopecueHTHbIM (P®) meromom, mpuyem
Majble KOJIMYECTBA — IOCE MPEIBAPUTEIbLHOrO0 KOHLEHTpupoBaHus. Cpeau paziudHbIX
METO/I0B KOHIIEHTPUPOBAHUsI HanboJiee TEXHOIOTUYHO COPOIIMOHHOE KOHLIEHTPUPOBaHHE.

Haiinensr ycioBusi COBMECTHOTO KOHIEHTpHUpOBaHMsA (ochopa W KpeMHHs B BHIE
ruapodoOHBIX MOHHBIX accornuatoB MonuOaeHoBbiX [TIK ¢ Tpuoktunammuom (TOA) nHa
napaUHI3UPOBAHHBIX [EIUTIOJIO3HBIX (PUIbTpax: KOHIEHTpanus cepHor kuciotsl 0,2-0,3 M,
xouuentpamus TOA > 10” M, cKOpocTb IPOIYCKaHHs pacTBopa 1—4 Mi/MuH, Ko3(hHIEeHT
KOHIIEHTpUPOBaHUS Tpu 3ToM coctaBmwin 1500. Dochop © KpeMHUN ONpeaessiu
HErmocpeACTBeHHO Ha ¢uibTpax P® MeTomoM ¢ HCHIONB30BAHMEM CKAaHHPYIOIIETO
BAKYYMHOI'O KpHUCTaII-TU(PAKINOHHOTO CIIEKTpOMETPA CIHEKTPOCKAH-V.
I'pamyupoBounbie rpaduku uHEHHBI B 00mactu 10 — 600 ppb nipu onpenenenuu gocdara u
20 — 800 ppb mpu ompenenennn cunukara. [Ipenensr ooHapyxenus pocdopa u KpeMHUS B
pactBope coctaBmin 20 MKT/i1 11 40 MKT/JI, COOTBETCTBEHHO.
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N3yyeHune npouecca paspyLieHU OKCUOHOMN MNEHKU
n dopmMupoBaHue akTUBHOM NOBEPXHOCTU afNIlOMMHUA MeToA4aMu
peHTreHocnekTpanbHoro aHanusa u UKC-MHINBO

Tpenuxun M.B.., Ap6ysoe A.B.",. Jlpozdos B.A.",
Tumos A. T.Z, Huzoeckuii A.H.j, Jluxono6os B.A.!
" Hnemumym npo6nem nepepabomiu yenesodopodos CO PAH,
644040, Omck, yn. Hegpmesasoockas, 54
’Huemumym eeonoeuu u munepanoeuu CO PAH,
630090, Hosocubupck, npocn. Ax. Konmioea, 3
3HHcmumym kamanuza CO PAH, 630090, Hoeocubupck, npocn. Ax. Jlaspenmuesa 3,
e-mail: tremv@ihcpl.oscsbras.ru

B Hacrosmiee BpeMs onpenen€HHbI HAYYHBI MHTEPEC MPEACTABIISAIOT MEPCIEKTUBBI
WCIIOJIb30BAaHUS aKTUBUPOBAHHOIO ATFOMUHUS JJIS ITOJTyYEHUS HKOJIOTHYECKU YUCTOTO OKCUIA
QIIOMUHUS — OCHOBHOT'O KOMIIOHEHTa OOJIBLIONO YHCJa KaTaJIUTUYECKHX CHCTEM, a TaKxkKe
MIOJIy4€HHE YHMCTOTO BOJOPOJA, BBIIESAIOLIETOCS B XOAE PA3JIOKCHHS AKTUBUPOBAHHOTO
amomMuHMsl. KpoMe 3TOro, akTyallbHBIM SIBJISIIOTCS MCCIEA0BAHUS 110 CUHTE3Y U IPUMEHEHUIO
AIIOMOXJIOPUIHBIX KAaTaJU3aTOPOB C UCIOJIb30BAHUEM aKTUBHPOBAHHOTO antoMuHus. O1HaKO
MEXaHM3M Iepexojia AIFOMUHNUS B aKTUBUPOBAHHOE COCTOSIHUE JETAIBHO HE U3YYEH.

B nmanHO#l paboTre MeTOIOM  PEHTreHO(IYyOPECLEHTHOW  CIEKTPOCKONHMU U
PEHTTEHOBCKOTO MMKpOAHalIM3a IOBEJEHO HCCIIEIOBaHUE IIpoliecca aKTUBUPOBAHMS
o0Opa3uoB amoMuHus kujkor 3BTekTHKON In-Ga (T,=16 °C). [lokazaHo, 4yTo MpU KOHTaKTE
aIIOMHUHMS ¢ 3BTeKTUKON ITpu TeMreparype 20 °C Ha e€ nmoBepXHOCTH yxke depe3 30 MUHYT
peructpupyercs nosisneane Al u O, comepkaHWe KOTOPBIX BO3pacTaeT BO BpemeHu. Ha
MIOBEPXHOCTU AJIOMUHUS Ha PACCTOSHMU 1-2 MM OT 30HBI KOHTAaKTa, B CBOI O4Yepelb,
¢bukcupyercss yMEHbBILIECHHE COJEpKaHUS KHCIOpOoJa U IMOsiBIIeHHMEe KOMIOHEeHTOB In-Ga
9BTEKTHUKH. DKCIEPUMEHTAIbHO HaOII0/aeMble MPOSBICHUS B3aUMOACHCTBUS aJIFOMHHUS C
9BTEKTUKOM, YKa3bIBalOT HA HAJIM4YUE MOBEPXHOCTHOI'O PACIpPOCTPAHEHUS U MPOHUKHOBEHMUS
In u Ga no rpanunam 3épeH aTtoMuHMS, a Takke 00bEMHON 1udPy3un Ga B 3¢pHa ATFOMUHUS
[1].

HccnenoBanusi MOBEPXHOCTH amtoMHUHHMS, TpoBenéHubie MetogoM MKC, mokazanu, 4to
($a30BBI COCTAaB OKCHAHOHN IUIEHKM HEOJHOPOJEH M BKJIHOYAET KPUCTAIIMYECKHUE OKCHJIBI
(tuma y- u a-Al,O3) u ruppokcunsl amomuaus (tuna AIOOH). 3To, BEposSTHO U onpeesieT
€€ MPOHUIIAeMOCTh JJIsI SBTEKTUKH In-Ga.

Ilocnie KOHTaKTa PBTEKTUKH C amtoMUHUEM B MIK-criekTpax, CHATBIX C €ro OBEPXHOCTH,
HaOJII0AAETCsl NCUYE3HOBEHUE I10JIOC IMOIVIOIEHUS] XapaKTePHBIX Ui OKCUAHOM IUIEHKH, YTO
MO>KET CBUJETEIBCTBOBATH O €€ pa3pylIECHUU.

Takum o0pazom, B TMpolecce aKTHUBHUPOBAHUS AJTIOMUHHUS MNPOUCXOAUT YJaJeHUE
MACCUBUPYIOLIEH OKCHIHOW IUIEHKU M PEaJM3yeTCsl ero BhICOKas peaklMOHHAs CIIOCOOHOCTh
10 OTHOLIEHHUIO HE TOJIBKO K BOJIE U CIIUPTaM, HO U K XJIOPOPTaHUYECKUM COEMHEHUSIM.

1. M. B. Tpenuxun, A. B. byonos, A. I'. Kosnos, A. H. Huszosckuu, B. K. [ynnakun

[IpoHMKHOBEHUE HMHIUI-TaJUIMEBOro cIiaBa B amoMUHMNA. JKypHan (QU3MUECKON XUMMH.
2006. T.80. Ne 7. C. 1262-1267.
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UccnepoBaHue pacnpeneneHnss Makpo- 1 MUKPO3N1eMEeHTOB B
oGpasuax MMoKapaa n cocyaoB Yy KapaAUOXUPYPruYeCKMX 0ONbHbIX,
metog PPA-CU

Tpynosa B.A. ', 36epesa B. B. ', Oxynesa I H. °, Jlesuueea E.H. °, Jloeunosa U.IO. *
1 Hncmumym neopeanuueckou xumuu um. A.B. Hukonaeea CO PAH,
630090 Hosocubupck, np. Akao. Jlaspenmoesa, 3
2 Uncmumym namonoeuu kposooopawenus um. E.H. Mewankuna OI'Y
630055 Hosocubupck, yn. Peukynosckas, 15

B nocnenHue rombl pacTeT KOJIMYECTBO HCCIIEAOBAHUM, IOCBAIIEHHBIX POJIH
MHUKpPORJIEMEHTOB y OOJBHBIX C CEpACYHO-COCYIUCTHIMU TMaTOJMOTHsMH. B »3THX paborax
onpenensercss OONbIIOE KOJIMYECTBO XMMMYECKMX JJIEMEHTOB M, TIJIaBHBIM 00pa3oM,
UCCIIeAYIOTCST 00pa3ibl KPOBHU, CHIBOPOTKM M TUIa3MBbL. lloydeHHBIE MPU 3TOM JIaHHBIE HE
OTPaXKarT MeTa0OoJIMYEeCKHe IPOLEecChl B MHOKapae OoibHbIX. JIMTepaTypHBIX JaHHBIX O
pacnpeneeHnd XUMUYECKUX AJIEMEHTOB B Pa3HbIX OTJENAX CEpALa, BHIIOIHAIOUINX Pa3HYIO
(GyHKIIMOHATLHYIO HATPY3Ky, HE 0OHApYXKEHO.

Ilenbto naHHON pPabOTHI SIBJISETCS W3yUEHHE pacHpeiesieHUs MUKpPO3JIEMEHTOB B
pa3HbIX OTAENax CcepAalla U COCYIUCTOM CHUCTEMBbl IpPH Pa3HbIX CEPAEUHO-COCYTUCTHIX
NaTOJNOTUAX, [ TOHMMAaHHWS NPUYMH M MeXaHW3Ma pPa3BUTUS CEPAEYHO-COCYAMCTBIX
3a00JIeBaHU M HAMETUTH IYTHU KOPPEKLIUK BO3HUKILIUX HAPYILIECHUI.

Jannas pabota BBINOJIHATACH Ha HKCIEPUMEHTATBHOM CTaHLIUHU
PEHTTeHO(IIyOPECIIEHTHOIO 3JIEMEHTHOTO aHajli3a C MCIOJIb30BAaHUEM CHHXPOTPOHHOTO
manyuenuss  (BOIII-3, UWSADP CO PAH). OcHOBHOE MNpeuMyIIECTBO  MeToJa
PEHTIeHO(ITyOPECIIEHTHOTO aHAJIN3a C MCIIOJIb30BAaHHEM CHHXPOTPOHHOTO m3mydeHus: (PDA-
CH) 3akmrouaeTcs B BO3MOKHOCTH aHajIM3a 00pa3LoB Majoi maccsl (10 0.5 Mr Ha cyxoi Bec)
6e3 BCckphITUS 0Opas3ua. beumn onpenenensl cieayronue >nementsl: S, Cl, K, Ca, Sc, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr. lccnenoBanusi mpoBOIUINCE COBMECTHO C
WuctutyToMm natonoruu kposooodparenus uMm. E.H.Memankuna OI'Y.

UccnenoBanmch 7 y4acTKOB TKaHU MHUOKapAa y MAIMEHTOB C UIIEMUYECKON O0JIE3HBIO
ceplua: IpaBblii M JIEBBIM XKEIYyAOYEK, IPABO€ U JIEBOE IPEICEpANe, MEXIKEIYJOUKOBas
neperopoika, 30Ha HHGpapKTa, pyoden. XuMHUYeCKUe 3JIEMEHThI paclpelesstoTCs I0-pa3HOMY:
onHu pacnpezenstoress paBHomepHo (Cu, Ca, Se, Ni, Br), ans apyrux Oosiee BbICOKHE
KOHIICHTPALlMU OOHApYXHUBAIOTCA B MUOKape xkemynoukos cepana (K, Rb), 6onee Bbicokue
koH1eHTpauuu Cr u St - B 30He HHpapKkTa. DTU JaHHbIE HEOOXOIUMO YUUTHIBATh IIPH 0TOOpE
OMOTICHITHOTO MaTepuaja MUOKap/a.

Taxoke ObUIO IPOBENEHO MCCIEIOBAHUE paCIpeNeeHUs] XUMHUYECKUX 3JIEMEHTOB Y
0O0JIbHBIX C IPUOOPETEHHBIM MOPOKOM cepua. B aTom ciydae, Xupyprudeckas KOppeKLus
3aKJIIOYAeTCs B 3aMEHEe IIOPaXEHHOro  KjamaHa Ha Owuompore3. bbumn oOHapysKeHbI
3HAYUTENbHbIC OTIIMYHS B COJEPKAHUM XUMHUYECKUX 3JIEMEHTOB B COOCTBEHHOM KJanaHe U
Ouonporese. DTH pa3NUUKs MOTYT ObITh YUTEHBI IIPU MPOU3BOJCTBE OMOIPOTE30B.

IIpy pa3HBIX DATOJOTUSAX AaoOpPThl IMPOUCXOOUT €€  paclIMpeHMe M B HTOre
pacciavBaHue, 4YTO MPUBOJUT K Pa3pblBy aOpThl U MTHOBEHHOW cMmepTH. Ilpu uccnenoBanumn
OMONCHUIHHOTO Marepuana CTEHOK aopThl y OOJBHBIX C aHEBPU3MOW MO MEpe YBETHUYCHHS
JMaMeTpa BOCXOJSLIEro OTIENa, a U3MEHSETCs COJEpKaHME XMMHMYECKHX DJIEMEHTOB B €€
creHke. [loimydyeHHble HAMM JaHHBIE MOTYT OBITH HCIOJB30BaHbl NPU JAUATHOCTUPOBAHUU
CTEIIEHH PacIIUPEHHs A0PThl B KAapIUOXUPYPIHUU.
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N3yyeHue chopMbl HAXOXKAEHUA XMMUYECKMUX INEeMEHTOB
NO 3MUCCUOHHOMY PEHTFeHOBCKOMY CMeKTpy

Quaunnos M.H., Kynpusnoea T.A., Jlamuna O.H.
Hncmumym obweii u neopeanuueckoti xumuu um. H.C. Kypnaxosa PAH, 2. Mockea,
e-mail: kupr(@igic.ras.ru

N3meHeHne xapakTepa XUMHYECKOM CBSI3HM 3JIEMEHTA, BXOSAUIETO B COCTAaB TBEPIOIO
TeJNa WIM pacTBOpa, MPUBOIUT K U3MEHEHHIO (POPMBI, MOJIOKEHHSI ¥ MHTEHCUBHOCTU JIMHUIN
XapaKTepUCTHUECKOI0 PEHTTEHOBCKOro crekTpa. Perucrpanus atux 3¢ (HeKkToB conpskeHa co
3HAUUTENIbHBIMU JKCIIEPUMEHTAJIbHBIMU TPYAHOCTAMM M HOCUT XapakTep YHHUKaJIbHBIX
71a00PAaTOPHBIX SKCHEPUMEHTOB. D(H(PEKTHl XUMUUECKON CBSI3U CTAHOBSITCS 3HAYUMBIMHU, €CITU
B KayeCcTBE aHAJUTUYECKOIO CUIHaJjla UCIOJIb30BaTh PEHTI€HOBCKHE JIMHUHU, 00YCIIOBICHHbIE
ANEKTPOHHBIMU MEPEXO/IAMHU C YUaCTUEM BHEIIHEH AJIEKTPOHHON 000JI0YKH, TaK Ha3bIBa€MbIe
nocneanue sMuccuonnsie TuHun (I13J1).

Pa3paboran moxxon Kk ompeneiacHuO (GOPMBI  BXOXKJICHHS aromMa B Tpode,
OCHOBAHHBIM Ha PETHCTPAllMM OTHOIICHHS HHTETpaibHBIX WHTeHcHBHOcTeW [1DJI mroboit
PEHTTCHOBCKOM CEepHUM K WHTETPaJbHOH WHTEHCHUBHOCTH JIMHUH, OOYCIIOBICHHON
ANEKTPOHHBIM MEPEXOJ0M MEXy BHYTPEHHUMH YPOBHSIMH 3Toro ke atoma (OMU I19JI).
[TonoOHBIN aHATUTUYECKUH CHUTHAJI B OCHOBHOM MOJAYJIMPOBaH XMMHMUYECKUM COCTOSIHUEM
n3iyqarouero aroma. [I[puHIMNMATBHBIM PEUMYIIECTBOM 3TOTO aHAJIUTHYECKOTO CHUTHAIA
ABIISICTCS TO, YTO €ro BEJIMYMHA MPAKTHUYECKHM HE 3aBUCHT OT amnmapaTHoON (yHKIMU
CIIEKTPOMETPA, W €ro MOXXHO pPETHCTPUPOBaTh HAa CTAaHJAPTHOM AHAJTUTUYECKOM
obopynoBanuu. OTHOBpEMEHHAs! PErUCTpalys WHTEHCUBHOCTH spkux jmHuil 1 OMU [19J1
MO3BOJISIET ONPEACNIUTh KOHIICHTPAIUIO 3JIeMEHTa U (POPMY €ro BXOXKICHUS.

ITokazaHo, 4TO 1O PEHTTEHOBCKUM CIIEKTPAM MOXKHO ONPEIENATh JUIMHY XUMHUYECKOI
CBSA3U 2JIEMEHTOB B PA3JIMYHBIX COEJAMHEHUSAX HA CIIEKTPOMETPE ¢ HU3KUM Pa3pelieHUuEM U
yro OUU TID3JI koppenupyroT ¢ u3MeHeHneM (U3NKO-XUMUYECKUX CBONCTB TBEPIBIX TET U
KOHLEHTpauuel MmaiblXx g00aBok. I[loka3aHa BO3MOXHOCTH OINpPEAENEHUS XHUMHUYECKOTO
coctosiHust atoMoB Ni, Cu, Zn, Mo u ap. B BOJHBIX PacTBOpax paziINuHBIX cojieil. Beicokas
Bocnpousoarumocts ONU no3Bossier npociexuBaTh U3MEHEHUS ONMKANIIEro OKpYKEHUS
aToMa cO BPEMEHEM B JIAOMIIbHBIX COCTUHEHUAX WIH B PaCTBOpaXx.

OcCHOBHbIE M3MEPEHHUs BBINOJHEHbl Ha KpPUCTALI-AU(PPAKIIMOHHOM CHEKTPOMETpE
VRA-33 ¢ xomumartopoMm Costepa, pupmsl Carl Zeiss Jena (I'epmanus).

[loxazaHa BO3MOKHOCTb HCIIOJIb30BAHUS HHEPrOJUCHEPCUOHHOIO CHEKTPOMETpa C
paszpemienueM 150 5B B 1oKanbHOM pPEHTreHO(DIYOPECIIEHTHOM aHalu3aTope MpH
MaKCUMaJbHOM HampsbkeHun Ha TpyOke 40 kB g peructpanuu I19J1 K-cepum npu
uccienoBanuu Gpopmbsl BXxoxkaeHus 31emMeHToB ot Cu ao Te.

[IpemnoxenHbIil ciocod MOXKET OBITh pealiM30BaH Kak M0 MEPBUYHBIM (JIEKTPOHHOE
BO30YXKJICHHE), TaK M 110 BTOPUYHBIM CIIEKTpaM (pPEHTreHO(pIyOpECIEHTHBIM aHamu3). B
PEHTIeHO(IIyOPECIEHTHONH BEPCHM MOXHO OIpPENeNsiaTh (OpMy HaxXOXKIEHHUS SJIEMEHTOB B
TBEPABIX TEJIaX, MAccoBas JI0Js KOTOPBIX JIeKHUT B auanazoHe ot 100 % mo 100 ppm. B
9JIEKTPOHHO-30HJIOBOM BEPCUU MOXKHO ONPEACTUTh (OPMY HAXOXKICHHS DJIEMEHTOB C
aOCOJIIOTHBIM COZICpyKaHUEM 10" - 10" 1 OKANIBHOCTBEO HECKOIBKO MHKPOMETPOB.

Paboma evinonnena npu noooepoicke I panma Ilpesuoenma P® HII Ne 284.2006.3 u
npoecpammvr OXHM PAH «Co30anue s¢hghexmusnbix memooos Xumuueckozo ananuza u
uccne0o8anusi CmMpyKmypbl 8eujecms u Mamepuanogy.
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OnpeneneHusn cogepxaHua Na,O, MgO, Al,O;, SiO,, P,0;, K,0,
Ca0, TiO,, MnO, Fe,03, Rb, Sr B ropHbIXx nopogax Ha
3HeproanucnepCcUoOHHOM peHTreHodrlyopecLeHTHOM CreKTpomMeTpe
EDX-900HS

Xunnep B.B.
Hucmumym zeonoeuu u ceoxumuu YpO PAH, Examepunbype, e-mail: hilvervit@mail.ru

B Uucruryre reomorun u reoxumun YpO PAH peHtreHogyopecueHTHbIN aHanus3
(PDA) ucnonbzyercs i QpyHIaMEHTATBHBIX UCCIIEOBAHUNA B 00JIACTU CTPOECHHSI, UCTOPUU
(dbopMHpOBaHUS 3eMHOM KOPBI U Pa3MELIeHUs MOJIe3HbIX UcKonaeMbix. B Muctutyte ¢ 2004 r
NPUMEHSETCS PEHTreHO(IIyOpeCeHTHBIN sHeproaucnepcuonubiii cektpomerp EDX-900HS
(pupma SHIMADZU, Snonusi) ero mnporpaMmMHoe oOecleyeHue MpeaycMaTpuBaeT
PpoBYI0 00pabOTKy MpoduiIei MOIydeHHBIX CIIEKTPOB (M3MEPEHNE NHTCHCUBHOCTH TTHKOB
M0 TUIOMIAJIA U C pa3felieHueM KOHTYpPOB, aBTOMATHUYECKYI0 U PYYHYIO KOPPEKIUI0 (QoHa C
anMpOKCUMAaIe HECKOJIIbKMMHU Pa3InYHBIMHA (QYHKIUSMH), PEKUM MATPUUHONW KOPPEKIIUH H
CTaTHCTUYECKYI0 00pa0OTKY MOJIYyYEHHBIX PE3yJIbTaTOB aHAJIH3a.

PazpaGorana u aTrecToBaHa METOAMKA BBINIOJHEHUS W3MEPEHUH MaccoBOW JOJIH
XUMUYECKUX DJIEMEHTOB M HMX OKCcHUI0B MeTrogoM PDA na cmextpomerpe EDX-900HS c
UCIOJIb30BaHUEM KaMUOpOoBOUYHBIX rpadukoB. [Ipu pazpaboTke METOIUKHU aHATU3a MOTYUYECHBI
rpaJyupOBOYHBIE  3aBUCUMOCTH IO  TOCYJAapCTBEHHBIM  CTaHAApPTHBIM  0Opaslam
MarMaTHYeCKUX TOPHBIX IMOPOJA Ul JECSATH OKCHAO0B MOPOJ000pa3yIOLIMX 3JIEMEHTOB, a
TaKXKe JJIs1 pyOUInusl U CTPOHIIMSL.

[Ipu moarotoBke mpod ocoboe BHUMAHHE YACNIAIOCh WX TMPEICTABUTEIBLHOCTH IO
XUMHUYECKOMY COCTaBy U OJHOPOAHOCTH. AHAIU3 MPOBOAMWIICA HA IMPECCOBAHHBIX TalJeTKaX
muametpoMm 40 mm. Ilpu moarotoBke mpoObl K aHANU3y MPOBOJWIOCH PACTHPAHUE HABECKH
oOpasua (6 r) B SIIMOBOM CTYNKE B HpPUCYTCTBUU 5 % pacTBopa NOJIMBUHHUIOBOIO
cnupta. IlpocymenHas cmech mnomemanach B Ipecc-popMy H IpeccoBalach
JBYyXclOiiHas TabyieTka ¢ OOpHON KuciIOoTOM Ha ruapaBandyeckoM mnpecce JII-36
(bupmser «Kapa Lleiicy).

[lonmyueHsl nuHEHHBIE M KBaJpaTUYHbIE KaIMOPOBOYHBIE TIpaduku B Iuana3oHax
conepxanusi: Na,O (ot 2,0 no 10,0 mac. %), MgO (ot 0,5 no 10,0 mac. %), Al,O3 (ot 10,0 10
30,0 mac. %), SiO; (ot 40,0 mo 70,0 mac. %), P,Os (ot 0,05 mo 2,00 mac. %), K,O (ot 0,2 1o
10,0 mac. %), CaO (ot 1,0 go 20,0 mac. %), TiO, (ot 0,2 mo 2,0 mac. %), MnO (ot 0,05 no
0,5 mac. %), Fe,03 (ot 2,0 1o 20,0 mac. %), Rb,0O (ot 0,005 m0 0,2 mac. %), SrO (ot 0,01 1o
1,0 mac. %). [TonoOpanbl onTUMaNbHBIE YCIOBUS BO30YKICHHS CIEKTPOB AJIs OMpeesieHus
Nopo1000pa3yONIUX HIEMEHTOB: Cpea — BaKyyM, HalpsHKEHUE Ha PEHTTeHOBCKOM TpyOke 20
kB, cuma Toka 1 MA, mupuna komumuMaropa 10 mm, Bpems uzmepenus 90 c; st pyounus u
CTpOHLIMS: cpefa — BO3AyX, Hampspbkenue 50 kB, Bpemst usmepenus 40 c. Msmepenue
MHTEHCHBHOCTEH CIEKTPAIbHBIX JIUHUN MpoBoauM 1o K, nuHuAM (kpoMe kanbiusa — 1o Kg
JTUHUN).

VY corpynHukoB MHCTUTYyTa HakoIUIEH OMBIT pa3paboTku mponucu metoguk PDA s
MPAKTUKOB, B YACTHOCTH, JUII AaHAIUTUYECKOW IabopaTopuu OO0OTaTUTENbHOU (adpuku
Py6moBckoro monmuMmeraminueckoro  MectopoxkaeHus OAO  «Cubupb-Ilonumeramibn
(AnTaiickuii kpail), TIe MPOBOAUTCS aHAU3 TEXHOJOTUYECKUX MPOIYKTOB — OMPEAETSIOTCS
coJiep’KaHusl IIMHKA, MEIU, CBUHIIA U JKeJe3a C MCIOoJb30BaHUEM JByX P® crnexTtpomeTpoB
EDX-700HS. A Taxke s ropHomoOwBatomeld «Temupckoir [Ipon3BoacTBeHHON
Kommnanun» (KemepoBckass 007acTh), 3/1€Ch  BBINOJHICTCS JKCIPECCHBIA  aHAIIN3
XMMHUYECKOTO COCTaBa TMEPBUYHOTO CHIPhS: OKUCICHHBIX JKEJE3HBIX M MAapraHieBbIX Py,
[IUTAKOB, U3BECTHIKOB, J0JOMUTOB Ha Mojensix PO cnexkrpomerpoB EDX-800HS u -900HS.
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PeHTreHodnyopecuUeHTHbIN 3KCNpecc-aHanums3 ropHbIiX Nopoa u pya
Ha 3HeproaucrnepcuoHHbIx cnekTtpomeTpax EDX-800HS u -900HS

Xunnep B.B., Bomsaxos C.JI.
Hucmumym 2eonocuu u eeoxumuu YpO PAH, Examepunobype, e-mail: hilvervit@mail .ru

[Ipu pa3paboTke MECTOPOXKACHUN MOJIE3HBIX HCKOMAEMbIX IMepe] TOpHOI00BIBAIOIIUMU
OPEeIIPUITUSAMHM BCTAa€T IMpoOJieMa BBINOJHEHHUS SKCIPECCHOTO aHalu3a XUMHYECKOIo
cocTaBa IMEPBUYHOTO ChIphs. PesynbraTel peHTreHoduyopecieHTHoro anammuza (PDA)
MCXOIHOTO CBIPbS M MPOAYKTOB TIEpepabOTKH, HEMPEPHIBHO TNOJy4daeMble B TMpoIiecce
MIPOM3BOJICTBA, OKa3blBalOTCA 0Oojiee LEHHBIMH Ui YNPaBICHHUS TEXHOJIOTHYECKHUMHU
IIPOLIECCAMU, YEM PE3YJIbTAThI KIIACCHYECKUX XUMUUECKUX aHAIUTUYECKUX METOJIOB.

Ilenv pabomer: pazpaboTka MPONUCH AaHATUTUYECKON METONMKH B CBA3M C 3ajadyaMu
ropaopoobBaromeit «Temupckoii [IponsBoacrsennoit Kommanum» (KemepoBckast obmactp)
AKCTPECCHOTO aHAJIM3a XUMHYECKOTO COCTaBa MEPBUYHOTO ChIphs (coaepkanus MgO, Al,Os,
Si0,, P,0:s, S, K,0, Ca0, TiO;, MnO, Fe B okuclieHHBIX Kele3HBIX pynax, Mn, Fe, P, Si u
K B mapranneBsix pynax, Fe B mutakax m oxanmHax, Si0,, CaO, MgO, S B u3BecTHsKaX,
MgO, Al,0s3, SiO,, CaO, Fe,Os; B gonomurax) Ha P® 5sHeproaucrnepcuOHHBIX
cnekrpomeTrpax EDX-800HS u -900HS (bupmbr SHIMADZU, Snonws).

IlIpobonoozomoexka coctosia B pacTHpaHUM o0Opas3loB ¢ J00aBICHHEM pacTBOpa
MOJMBUHUIOBOTO CIIUPTA U MPECCOBAHMU B IBYXCIIOWHBIE TaONEeTKU-U3ITyyaTean ¢ OOpHOM
KHCIOTO# 1o naBneHneM 200 Kr/cM” Ha THIPABIHYCCKOM Mpecce.

Pe3ynomampr. DKCiepUMEHTAIbHO BbIOpaHbl ONTHUMAJIbHBIE YCIOBHUS PETUCTPaLUU
crnekTpoB Ha AByX mozenssx EDX-800HS u 900HS, ocHaiieHHbIX peHTI€HOBCKUMHU TPyOKamMu
HEOOJIBIIION MOITHOCTH U JIETEKTOPAMU C OXJaXKJICHHUEM XKUAKUM a30ToM (Mozaenb 800HS) u
C TEpPMOSJEKTPOHHBIM oxjaxaeHueMm (monenb 900HS): BbiOpaHbl JNHHUM, OUATIA30HBI
SHEPruil MUKOB ONpPEENIIEMbIX 3JIEMEHTOB, BBIIOIHEH YUYET U KoppeKuus (oHa. BeinonaHen
aHaJIM3 M COIMOCTaBJIeHHE pabOThl JBYX MoOJeJe  CHEeKTPOMETPOB; IOKa3aHO, YTO
YyBCTBUTEJIBHOCTh U pazpemaromias crnocoOHocts Moxenu 800HS Beime. Ha puc
npenctasieHsl TunUuHble PO criektpel ans ['CO amsickutoBoro rpanuta CI'-2, monmyuyeHHbIE Ha BYX
MOJIEIISX CIHEKTPOMETPOB C ILEJbI0 COIMOCTABHTEIHFHOTO aHAIM3a UX Pa3pelIaronieil CiocoOHOCTH H
YYBCTBUTENBHOCTH. BumHo, uro nuams Al K, Ha cnekrtpe, moysiyueHHoM Ha wmouenu S800HS,
MPOMUCHIBACTCA € CYIIECTBEHHO 0oJiee BHICOKUM pa3pCuicHrueM, 4€M Ha MOJACIIN 900HS (B ITIOCJIICIHEM

ciydae mHAA Al K, cymecTBeHHO HaKJIaasIBacTCs Ha TUHUIO Si K ,).
I uvrrc KA

4.00

Sika—
—FeKa

3.00

—KKa

] EDX-800HS
2.00

—AlKa

1.00 4

—K kh
—Fekh

EDX-900HS

—RhLa
—Tika

2.00 ' 400 | 6.00 " E.wB
Puc. Tunmunele peHTreHoduoopecueHTHbie cnekrpsl it ['CO  amsckutoBoro rpanuta CI-2.
VYcnoBus ChbeMKH: BaKyyM, HanpsbkeHue Ha TpyOke 50 kB, cuna Toka 100 MKA, Bpems ananuza 60 c.

VYcranoneno, uto npu omnpeneneauun MgO, Al,Os, Si0,, P,0s, S, CaO, TiO;, MnO,
Fe,03; B okucnenneix pynax, Mn, Fe, P, Si u K B maprannessix pyaax, Fe B mumakax
(MakcuMallbHOE OTKJIOHEHHWE 10 coliep kaHuIo kene3a He npesbimaet 0,94 mac. % mis EDX-
900HS) ymaercs mNOMYyYUTh «YIOBIETBOPUTEIbHBIC)» KAIMOPOBOUHBIE 3aBUCUMOCTU. B
M3BECTHSKAX 3aTpPyJHEHO ompeaeieHue coaepxkanuss MgO u S wu3-3a UX HHU3KOU
KOHLIEHTPALMU U MEXIJIEMEHTHOIO BIIMAHUA KaJlbLUA.

0.00

123



Cop6bunoHHoO-peHTreHochnyopecueHTHOe onpeaenenne meam (Il) n
Hukens (ll) B Boae nocne npeaBapuTeribHOro KOHUEHTPUPOBaHUA
Ha aKTUBHOM Yyrne ¢ Ucnosib30BaHMeM KBasuTBepAbIX usnyvyarenemn

Xumuenko C.B., Dxcnepuanoosa JI.11.
HTK «Hucmumym monokpucmannos» HAH Ykpaunei,
npocn. Jlenuna, 60, 2. Xapvkos, Ykpauna, 61001
e-mail: khimchenko@isc.kharkov.com, eksperiand@isc.kharkov.com

Penrrenodnyopecuentueiii  ananuz (PDA) BBITOAHO OTIWMYAaeTCS OT APYTHUX
WHCTPYMEHTAJIBHBIX ~ METOJIOB  JKCIIPECCHOCThIO, H30UPaTEeNbHOCTBIO, TOYHOCTBIO H
BO3MOXXHOCTBIO aBToMaTu3anuu. TouHocTh P®A B 3HauuTenbHONH Mepe 0OOyCIIOBICHA
KauecTBOM U3JyyaTess, TMOJIy4yaeMoro U3 aHalmu3upyeMoil mpoOsl. Vcmonb3oBaHue
MIpeIBapUTEIILHOTO KOHIICHTPUPOBAHHUS HA COPOEHTE, B YACTHOCTH, HA aKTUBUPOBAHHOM YTJIE
(AY), mo3BoJIs€T CYIIECTBEHHO CHHM3UTH TMpEAeNbl OOHApYyKeHHs 3JIeMEHTOB. YacTto B
KayecTBE WM3JIydarTess BBICTyIAaeT HEMOCPEIACTBEHHO copbaT B BHUJAE MOPOLIKA CBOOOIHOM
HACBITIKY UJIM HAHECEHHBIM Ha MOUIOKKY. MHOrma muist 3aKperyieHus MOpolIKa Ha MOAT0XKKe
€ro IMOKPHIBAIOT IMOJMMEPHOW IUIEHKOHM, WM mepesn copOuueil BBOAAT B aHAIU3UPYEMBbIi
pacTtBop cBsizyromuii areHT [1]. Ho Takue m3mydarenu HeylnOOHBI M MMEIOT HIEPOXOBATYIO
MOBEPXHOCTh, YTO MPUBOAUT K OOJIBIIIMM MOTPEHIHOCTSM aHAU3A.

Ilenpto pa®oThI siBUIACH pa3paboTKa H3IydaTesaeH, coaepxkanmx AY, TpUTroaHbIX s
P®A npupoIHBIX U CTOYHBIX BOJ TIOCJIE COPOIIMOHHOTO KOHIICHTPUPOBAHHUSI HOHOB METAILIIOB.
B nuteparype onucano [2] a3gppexTuBHOE COPOLIMOHHOE KOHIEHTPUPOBAHUE METAIIIOB Ha AY
Moclie TPEIBAPUTEIHFHOTO CBS3bIBAHUS MX B KOMIUIEKCHI C 8-OKCUXWHOJIWMHOM, TPHU STOM
OTMEUYEHO, YTO MAKPOKOMIIOHEHThI MPUPOJHON BOJbI HE BIUSIOT Ha pe3yibTaTel POA. Panee
Obuta ycraHoBieHa [3] mpuromHocTh ansi PDA BOAHBIX pacTBOPOB reneoOpasHbIX U
MJICHOYHBIX M3JTyyaTesiel Ha OCHOBE KeJIaTUHA.

[Toka3zana BO3MOKHOCTh HW3TOTOBJICHUS M3 YrOJBHOTO KOHIIGHTpara (copbata)
OJTHOPOJHOTO TejeoOpa3Horo (Ha OCHOBE JKEJNAaTHHA) WIM TOHKOIUIEHOYHOro (Ha OCHOBE
BOJIOPACTBOPUMOIO MOJMBUHUIOBOTO CIIUPTA) U3JIydaTessi, 00aJarouiero riaaakoi padboyeit
[IOBEPXHOCThIO. /I  ONTUMHU3aLMM  YCIOBUH  KOHLIEHTPUPOBAaHUS M OLIGHKH  €ro
3¢ (HEeKTUBHOCTU TOCTPOEHA U30TepMa COpPOIMM C MPHUBJICYEHUEM MPEAJIOKEHHOTO HaMH
npuema MopaenupoBanus 100%-HOro W3BIIEYEHHs HCCIEAYEMBIX MpUMecel (ucciaemyembie
AJIEMEHTHI BBOJMJIM HEMOCPEACTBEHHO B CyCIEeH3HI0 AY, U3 KOTOPOI FOTOBUIIM U3JTy4aTeb).

[TpuronHocTh pa3paboTaHHbIX u3Ay4arened mist POA mpoBepeHa Ha MOJEIbHBIX
pactBopax, coaepxkaumx wmeab (II) wim wukens (II). [Ipum ucnonb3oBaHWM TIJICHOYHBIX
U3NydaTesneil OTHOCUTENbHBIE cTaHnapTHble oTkiIoHeHus S, = 0.09 mns 0.08 mr/n Cu (II) u
S;=0.07 mna 0.5 mr/nm Ni (I). B cimydae remeobpasubix mimydarenein Sr= 0.15ams 3 mr/n
Cu (I). Tlpu wucmonb30BaHMM TUIGHOYHBIX H3JIydaTeleil HUXKHsS TpaHUIa ONpEeessieMbIX
koHneHTpanuii (CH), coorBerctBytomas Sr= 0.3, mus Cu (II) paBra 0.05 mr/m, mis Ni (II)
Cu=0.01 mr/n. Ilpu ompenenennn Cu (II) ¢ ucmonb3oBaHMEM TelIe0Opa3HBIX H3ITydaTesen
Cu=1.5 mr/m.

1. Belikov K.N., Mikhailova L.1., Spolnik Z.M., Van Grieken R. // X-Ray Spectrom. 2006.
V.35.P. 112-115.

2. Vanderborght B.M. Van Grieken R.E. // Anal. Chem. 1977. V. 49. No 2. P. 311-316.

3. Blank A.B., Eksperiandova L.P. // X-Ray Spectrom. 1998. V. 27. P. 147-160.
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PeHTreHodniyopecLeHTHOe KOCBEHHOe onpenerieHue nepxnopara B
npuMpoaHou Boae nocrne COpO6LMOHHOrO UMM 3KCTPAKLMOHHOTO
U3BMie4YeHUs ero TPOMHOro KOMMrieKca ¢ MeTansiom u
nocrneayroLero U3roToBreHUs KBa3uTBepaoro usnyvarens

Xumuenxo C.B., Dxcnepuanoosa J111.
HTK «vUucmumym monoxkpucmaninosy HAH Ykpaunei,
npocn. Jlenuna, 60, 2. Xapvkos, Ykpauna, 61001
e-mail: khimchenko@isc.kharkov.com, eksperiand@isc.kharkov.com

[lepxyopaTbl SBIAIOTCA OMACHBIM 3arps3HUTENIEM OKpY’KAIOUIeH Ccpelbl, KOTOpbIE
MOTYT HaKaIlJIMBaTbCSl B IPHUPOJHBIX O0BEKTaX OKpykawiel cpeasl. [loatomy onHoil u3
aKTyaJbHbIX 3a/a4 HKOJOIMYECKOTO MOHHUTOPHMHIA SBIISETCS KOHTPOJb COJEPKaHMS
yKa3aHHOHM MPUMECH B IIPUPOIHON BOJIE.

Cpenu MHCTpYMEHTAIbHBIX METOJIOB ONpEAEIeHUs NEepXJI0paToOB HALIM IPUMEHEHHE
METO/Ibl MOHHOH XpoMmaTorpaduu, Macc-CHeKTPOMETPHUH, MOHOMETPUHU C HCIOJIb30BAHUEM
NePXJIOPAT-CEIEKTUBHOIO JIEKTPO/Ia, a TAKXKe MOJIEKYJIIPHOH crniekTpoMeTpuu. B mocnennem
cillyyae IMepxJIopaT B BOJE ONPEACISAIOT IOCTe €ro JKUJIKOCTHON SKCTPaKLUUU WM
COpOLIMOHHOIO M3BJICYEHHUS HAa IEHOMNOJIMYpPETaHe B BUJE KATHOHHOIO KOMIUIEKCA (MOHHOTO
accomnara) ¢ Kpacureiasimu. lcmonb3oBaHue XpomaTtorpaguu WM Macc-CIIEKTPOMETPUH
TpeOyeT MAOpOrocTosiliel ammapatypbl, a B ClIy4a€ HMOHOMETPHUM M MOJIEKYJISIPHOM
CIEKTPOMETPUHU Ha pe3yJbTaThl aHajdM3a OKa3bIBAIOT BJIMSHUE T'yMaThl U aHHOHHbIE [IAB,
MIPaKTUYECKH BCErjga IMPHUCYTCTBYIONIME B IOBEPXHOCTHOM Boae. Hamm paspaborano
IIpeBapUTEIIbHOE COPOLIMOHHOE OT/AEJICHHE I'yMaTOB Ha TaMMa-OKCHJIE alIOMUHUS, a TaKKe
annoHHBIX [IAB Ha oOpamenHo-¢pa3zoBoMm cummkarene C18 mocie ux ocaxxaenus comssmu Ca
niu Ba.

[Ipennoxxeno mocie COpOIMOHHOTO YAAJCHHUS M3 BOJbI MEMIAIOMIUX OPraHUYEeCKUX
BEIIECTB ONpeAensaTh  MepxjopaTbl B DJJI0aT€é  KOCBEHHBIM COpOLIMOHHO-
peHTreHodIyopecieHTHBIM MeToioM. OH BKIIIOYAeT CBSA3BbIBAHUE MEPXJIOPATOB B TPOMHOM
KOMIUIeKC ¢ OatopeHanTpoaunaToM kobanbta (II) unu Terpadennnapconnem, ero BblieacHue
U3 aHAJIM3UPYEMOro pPacTBOpa IMPH IMOMOIIM KHJIKOCTHOM 3KCTpakuuu (xjsopodopm) uiu
copOmy  (aKTUBUPOBAHHBIM  yTOJIb), M3TOTOBJICHHE KBa3WTBEPAOro (TUICHOYHOTO)
manyvarens [1,2] w nmocienymomee U3MEpeHHEe  MHTEHCHUBHOCTH  PEHTTE€HOBCKOM
dayopecuieniimn  Ha aHanutudeckord JmHMM CoKo wmimum  AsKo ¢ wmcmonb3oBaHueM
nopratuBHoro  pentreHosckoro cnektpomerpa (CIIAPK-1). Iloka3ano, uro aus
HKCTPAKIMOHHOTO BapHaHTa T'PagyHpOBOYHAS 3aBHCUMOCTh AHAJMTUYECKOTO CHTHAlla OT
KOHIIeHTpauuu nepxiaoparos (1 — 10 mr/n) npeacrapiser coOoi NpsAMYIO JTUHUIO.

1. A. H. Maxaposckas, JLII1. Dxcnepuanodosa, A.B.bnank. DKCTPaKIMOHHO-
PEHTTeHOIIYOPECIICHTHOE ONpEEICHHe CelieHa W MBIIIbsIKa B MHTbEBOH Boje //
K.agamur.xumun, 1999, 1.54, Nell, ¢.1167-1170.

2. C.B Xumuenxo, JII1. Oxcnepuanoosa, A.b.brank. CopOUMOHHO-PEHTI€HO(ITyOPECIIEHTHOE
ompe/ieJIeHUe MUKPOIJIEMEHTOB B BOJIE C MCIIOJIb30BAaHUEM KBA3UTBEPIBIX U3ITydaTeNne //
Xumus 1 TexHoJiorust Boael. 2007, 1.29, Ne6, ¢. 506-514.
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PeHTreHohnyopecueHTHbIN aHanuM3 MaTepuanoB B YCIOBUAX
pa3nnyHbIX OrpaHNYeHnn

Lsemancrkuu A.JI., Epumenxo A.H.
2. Pocmos-na-/{ony, FOxcuwiii pedepanvhuiil ynusepcumem, e-mail: jecker@inbox.ru

[Ipumenenne P® Meroma nisi KOHTPOJIS TEXHOJOTHHA TMOITYYEHHUS Pa3HOOOpa3HBIX
MaTepuaaIoB OCIOXKHCHO pa3JIMYHbIMU OIPAHUYCHUSAMMU
- OTCYTCTBHE HEOOXOAMMOIO YKcia rpalyHpOBOUYHBIX 00pa3IoB;

- OTJMYME TPaTyHPOBOYHBIX OT aHAIM3UPYEMBIX OOpa3IoB MO (GopMe M TOBEPXHOCTHOM
TJIOTHOCTH;

- OTCYTCTBHE MOJHON MHGOPMAIIUU O COCTABE I'PaIyUpPOBOYHOrO 0Opasia;

- HEBO3MOXHOCTb U3MCPCHUSA aHAIUTHUCCKUX JIMHUHN BcexX DJIEMEHTOB, BXOIAIIIUX B COCTaB
BEIIECTBA U PsiJI APYTHUX.

HpeIIJIO)KCHI)I CXCMbI, MO3BOJAIONIMC IMPEOAOJICTh BBIIICYKA3aHHBIC OI'PAHUYCHUS, B
YaCTHOCTH, MPU OTCYTCTBUU BO3MOKHOCTH M3MEPEHUS HMHTEHCHUBHOCTEH BCEX aHAIUTUYECKUX
JUHUN 00pa3loB, yAOOHO BOCIOIB30BATHCS «HOPMHPOBOYHOW CyMMOI» WU H3MEpPEHHUEM
WHTEHCUBHOCTHU PACCESHHOTO MEPBUYHOTO PEHTTEHOBCKOTO M3IyYECHHUS.
Wcnonp3oBanne OTHOIICHUSI WHTEHCHUBHOCTCH AHAJIWTHYECKUX JIMHUU IIO3BOJIIET B
3HAYUTENIbHON CTENEeHHW YCTPAaHUTh BIMSHHE W3MEHEHHUU YCIOBUH BO3OYXKICHHUS H
peructpanu PEHTICHOBCKOI'O CIICKTPA, BCIMYHHBI HOBGpXHOCTHOfI IINIOTHOCTU U (I)OpMBI
MMOBEPXHOCTH 00pasiia.

[IpuBeneHb! IpUMeEpPHI IPAKTUYECKOTO UCIIONIB30BAHUS IIPEUIOKEHHBIX CXEM.
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K Bonpocy o BennuuHe 3acpcdpeKkTMBHOro Homepa cpeabl

Leemsanckuu A.JI., Epumenxo A.H.
2. Pocmos-na-/lony, IOsxcnoiii hedepanvHuiii ynusepcumem, e-mail: jecker@inbox.ru

Jis onmcaHus B3aMMOJIEHCTBHS PEHTTEHOBCKOTO HM3IYYEHHS C BEIECTBOM 4YacTo
UCIIOJIb3yeTCsl MOHATHE 3(GEKTUBHOTO AaTOMHOTO HOMEpa Cpeabl Z,py. O(GDEKTUBHBIN
aTOMHBI HOMEp CpeZbl CBA3BIBAIOT C IMOIJIOMIAIONIMMHM M PACCEHBAIOIMMHU CBOWCTBAMU
cpeapl — KOX(pQUIMEHTAMH TIOTJIOMICHUS M PACCESHHUs PEHTICHOBCKOTO H3IIydeHHs. A
BeJINYMHY YQPEKTHUBHOIO HOMEPA CPEJIbl OLIEHUBAIOT 110 COOTHOMIEHUIO Z4¢=2CiZ;. OnHaKo
TaKO€ MPOCTOE COMOCTABICHHE MOKET MPUBECTH K 3HAUUTENILHBIM olIHOKaM. J[eno B ToM, 4To
noHATHE A(PPEKTUBHOTO 3HAYCHHS JIFOOOW BEIMYMHBI OIPEIENACTCS MPUMEHUTEIHHO K
KOHKPETHOMY (DU3MYECKOMY SBJICHUIO M YCJIOBUSIM €ro mnporekanus. Hampumep, B
OOJIBIIMHCTBE CIy4YaeB HESBHO MPUHUMAIOT, 4TO 3(PQEKTHBHBI HOMEpP CIIOKHOW CpeIlbI
YHUCJICHHO PaBeH MOPSAAKOBOMY HOMEpPY 3JI€MEHTa, KOA(PUIMEHT 0CIablieH!s] KOTOPOro s
(OTOHOB JaHHOW SHEPruU paBeH KOAPPUIUEHTY ociabieHust JaHHOU cpenbl. COBEpIICHHO
SCHO, YTO BeJUYMHA 3(PPEKTUBHOIO HOMepa OyAeT OmpeaessaTbcs He CTOJIBKO aTOMHBIMHU
HOMEpaMU 3JIEMEHTOB BXOJSILUX B COCTaB CPE/bl, a SJHEPIHUEl MEPBUUYHOIO PEHTIE€HOBCKOIO
U3JTy4eHus. DTO O3HAYaeT, YTO OJIHO U TO K€ XMMHUECKOE COCTUHEHUE WU CIIOXKHAas cpena
MOXET UMETh pa3Hblii 2(PPEKTUBHBII HOMEP B 3aBHCHUMOCTH OT 3HEpPruu (OoTOHOB. OIEHKH
IIOKa3bIBAIOT, YTO 3HaUEHUs 3(h(HEKTUBHOIO HOMEpa MOTYT OTJIMYAThCA A0 5 pas.

C »ddekTuBHBIM aTOMHBIM HOMEPOM TaKKe CBS3BIBAIOT 3HAYCHHE MAaCcCOBOTO
kodpduuuenta paccesdHus. lIlpm 3ToM ocTaercs HEACHBIM CIOCOO  OIpeesIeHue
Kod(pHLIMeHTa paccestHUus, eClIM M3BECTHO 3HaueHue 3(dexkrnBHOro HOMepa cpeabl. HYacto
BEJINUUHY Z,p¢ NPENIAraloT OMNPENeNATh N0 OTHOIICHHIO MHTEHCHUBHOCTEH KOTEPEHTHO H
HEKOT'€pEHTHO PacCeSHHOr0 NMEPBUYHOrO M3iydeHus. OJHAKO Takas 3aBHCHUMOCTb B OOIIEM
cllydyae HEOJHO3HAa4YHA W €€ HCIOJIb30BaHUE I ONpeleNieHUs Z,pj MOMKET IPUBECTH K
Ccepbe3HbIM OIIMOKaM. PacueTsl NOKa3bIBAIOT, YTO S JBYX CpelJ C OJWHAKOBBIMHU
3G GEKTUBHBIMH HOMEpPaMM, OTHOLICHHE HWHTEHCUBHOCTEH KOIEPEHTHO U HEKOI'€pPEHTHO
paccestHHOrO NEPBUYHOIO PEHTIE€HOBCKOIO U3IyUYeHUs MOXKeET oTiinuaThes Ha 30-40%.
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N3yuyeHune noBeaeHus koadpcdpurumeHTa paccessHua B obnactum
aHoMaribHOro paccesiHus

Leemsanckuii A.JI., Epumenko A.H.
2. Pocmos-na-/{ony, FOxcuwiii pedepanvhuiil ynugepcumem, e-mail: jecker@inbox.ru

PaccesHHOEe TepBMYHOE PEHTICHOBCKOE M3Iy4YEHHE MIMPOKO HCIOJb3YyeTCs B
PEHTIeHO(UIyOPECLIEHTHOM ~ aHAlIM3€  OCOOEHHO, KOrAa  OTCYTCTBYeT  JOCTaTOYHas
uHpOpMaNUs O KOJIWYECTBEHHOM M KAaueCTBEHHOM COCTaBE HMCCIIEIyeMOro MaTepuaa.
OnHako B clyyae MHOTOKOMIIOHEHTHBIX MAaTEpUalOB HCIOJIb30BAaHUE PACCESIHHOTO
U3JTyYEHUS! OCIIOKHEHO aHOMAaJIbHBIM 3(P(PEKTOM 3aBUCUMOCTU KO3 (ULIMEHTA paccesHus oT
JUTMHBI BOJIHBI B 00JIaCTH KpaeB MOTJIOMICHHUS 3JIEMEHTOB, BXOAIIUX B COCTaB HCCIEAYEMOTO
MaTtepuana.

Panee, B paborax [lylimakaeBa ¢ cOaB. BBEICHO IMOHATHUS «CKauka» Kod(pQUIMEHTa
paccessHusl B 00JacTH KpaeB TOTJIOMICHUs 3JieMEeHTOB. B paGote [1] mpoBeneHa oreHka
«cKauka» KodpUIMeHTa paccesHus A pa3HbIX AIEeMEHTOB U dHepruil. [1o ee pesynbpraram
aBTOPBI JICNIAIOT BBIBOJL O HENPEPBHIBHOCTH (DYHKIUH 3aBUCUMOCTH KOX(PQHUIHEHTA
KOTepEHTHOr0 paccessHusl oT d3(QexkTuBHOr0o aroMHOro Homepa cpensl. [lpu >TOM
UCTOJB30BaHA  aNIpOKCUMAIMg  Kod(pQHIMEHTa KOTEPEeHTHOTO PpacCesiHHs, KOTopas
HEMpUMEHUMa BOJIM3U Kpast MOTJIONIECHUS JIEMEHTOB.

B Hactosmielr pabGote Ui MpaBUIBLHOTO MOJECIMPOBAHHS IPOLIECCOB PAaCCEsHUS
WCIIOJIb30BaHbl PA3JIMYHbIE BApUAHTHl PACUETOB JUCIEPCHOHHBIX TMomnpaBok. [lomydeHHbIe
pe3yNbTaThl PacueToB KOAPPUIIMEHTOB KOTEPEHTHOTO paccesiHUs BOJIM3U KpaeB MOTJIONICHHUS
Pa3IMYHBIX 3JIEMEHTOB COMOCTABJIEHBI C U3BECTHBIMH JKCIIEPUMEHTAILHBIMU M PACUETHBIMU
JAHHBIMM M HaXOJATCS B XOPOILEM COIJIacuu ¢ HUMHU.  Pe3ynbTaThl OLEHKH BEIMYUHBI
«CKauKa» CYIIECTBEHHO MPEBOCXOIAT COOTBETCTBYlomue 3HaueHus u3 [1]. ComocraBieHsl
pasnuyHble TPUOMMKEHHBIE BBIPAKEHUS I pacyeTa Kod(pQUIMEHTa KOTEepPEeHTHOIO
paccestHus.

Takum o00pa3oMm, MpeArnosoKeHHWe O TOM, YTO 3aBUCUMOCTh Ko3(dduuumeHra
KOT€PEHTHOTO PACCEesTHUST MOXHO TMPEICTaBUTh B BHJEC HENPEPHIBHOW (QYHKIUU OT
5(pPEKTUBHOIO HOMEpa CpeAbl, Ha Hall B3MJIAJ, MOXET IPHUBECTH K CYIIECTBEHHBIM
MOTPEIITHOCTSIM.

1. A.B.Komnes, O.B.I'pucopves, H.A.Acmaxoséa u Op. BblOOp ONTHUMAaIBHBIX YCIOBUU
PEHTI€HOCIIEKTPAJILHOTO OIPEJCIICHUS] AJIEMEHTOB € OOJBIIMMU U CPEIHUMH aTOMHBIMHU
HOMepaMHu crocobom cranaapra-goHna./ XypHan ananutuueckoil xumuu, 1984, XXX1X,
Nel, c. 599-605.
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NMpumeHeHMe peHTreHodrIyopecLeHTHOro Mmetoaa Ansa aHanusa
NpoAyKTOB nepepaboTkn saepHoOro Tonnmea

Henuwes U.B., [Twenuunas H.A., [Ipusanoea I1.A., Yucmsaxoe B. M.
QI'VII “I'HL] P® HUHUAP”, 2. Jumumposepao, e-mail: chistyakov@niiar.ru

[Ipu mpoBeseHUU HAayYHBIX HCCIEIOBAHUN B OOOCHOBAHUE PA3IMYHBIX TEXHOJIOTUH
nepepaboTKU SJEPHOTO TOIUIMBA Ba)KHOM SIBISETCA 3ajadya OMNPEIENICHUs 3JIEMEHTHOTO
cocTtaBa NpoO TEXHOJIOTMYECKHX MpOAyKTOB. [l ee pemieHHs Hapsay € MIUPOKO
UCIOJIb3YEMBIMH  CIIEKTPO(POTOMETPUUYECKUM,  PATUOMETPUUECKHUM U OMHUCCHOHHO-
CIEKTPAJIBHBIM METOJAMHU IIPU ONPEIEICHUH MAKPOKOMIIOHEHTOB IEPCIEKTUBHBIM SBJIAETCS
PDA. Opnako mnpw €ro WUCHONB30BAHUU HEOOXOJWMO YYHMTHIBATH TMPUCYTCTBHE
pPaZMOAaKTUBHBIX HYKIUIOB B aHAJIM3UPYEMBIX IMpo0ax, KOTOpOE BIUSET Ha BHIOOp THUMA
pu0opa, yCIoBHsI €ro MPUMEHEHUS, BUJ U3MEPSIEMbIX 00pa31IoB.

Jlnst u3ydeHus: BO3MOXHOCTEN npuMeHeHus: POA 1pu KOHTpOJIE UCCIeI0BaATEIbCKUX
IPOLIECCOB IEpPepadOTKH ypaH-IUIyTOHUEBOIO TOIUIMBA B pacilaBaXx CoOJIEH LIEJIOYHbIX
METAIUIOB ¥ B MONMONATHBIX pacIUiaBax, a TAKKE BBIACICHAA - Am H3 BbIIEp:)KaHHOTO Pu
ucnosib3oBaiau 3Heprogucnepcuonnbiil npudop CKC-0711-PT, pa3zpaborannsiii B Poccuiickoii
¢dbupme “I'pun Crap Texnomomxuz”. /lnanazon peructpupyembix sHepruii ot 3,5 no 21 k3B,
MaKCHUMaJlbHasi MOIIHOCTh peHTreHOBcKoi TpyOku 10 Br. KommakTHbI w3MepuTEnbHBIN
MOAydb Tpubopa MOXKET OBbITb PACIONIOKEH B BBITSDKHOM MIKady, a KOHCTPYKLUS
U3MEPUTENIBHON  SYEMKM JOMyCKaeT €€ J€3aKTHBALUI B Clydae paJuOaKTHUBHOIO
3arpsA3HEHHS. JTO MO3BOISIET H3MEPSITh 00Pa3Iibl ¢ CyMMapHOi akTHBHOCTHIO Pu 1 Am 10 107
bk.

HccnenoBanust mokaszainu, 4YTO TPH aHAIM3€ pPaJUOAKTUBHBIX Mpo0O Hauboee
NpUEeMJIEMBIM SIBJIETCS oOpas3ell B BHJE CyXOro OCTaTka WJIM IOPOIIKOBOIO TIISATHA,
PAacIIoJIOKEHHOTO B 30HE MAaKCHMAJIBHOW YyBCTBHTEIBHOCTH NMpHOOpa, IPU 3TOM BCS Macca
o0Opa3na y4acTByeT B MOJYYCHHHM aHAJIMTUYECKOTO curHaia. B oOpa3max ¢ amaMerpom
AHAIN3MPYEMOIO0 NSTHA 7 MM BEpPXHIO TpaHMIly JMana3oHa OIpelesieMbIX Mace
OTPaHUYUBAIM COTHAMHU MHKPOIPaMMOB, YTOOBI YMEHBIINTh AaKTUBHOCTh oOpasla u
B3aMMOBJIMSIHUE 3JIEMEHTOB Ha pe3yJIbTaThl aHAJIN3A.
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PeHTreHodnyopecLieHTHOe onpeaeneHue oTHolweHusi FeO/Fe,0;°%"

B NOPHbLIX NopoAaax

Yybapos B.M'., @unxenvumeiin A.JI.°
! Huemumym I'eoxumuu CO PAH, (acnupanm), Hpxymck, master-17@rambler.ru
2 Hucmumym I'eoxumuu CO PAH, Hpxymck, e-mail: finkel@igc.irk.ru

OnpeneneHue CoOACpKaHUS Kejle3a B COCTOSTHUSIX Fe™ u Fe'' B TFOPHBIX MOPOJAX
NpEeACTAaBIsIET MHTEpEC JJId TEeOXUMMHUHU, MNeTpoiorun u MuHepanoruud. CopepkaHus
JBYXBAJICHTHOTO JKeJie3a HAaXOJAT C TIOMOIILI0 MeTo/1a MOKpoi xumuu. B 70-x romax ObLI0
nokasano, uro orHomenne Fe’'/Fe’" B MuHepazax MoxkeT GbITh HAWICHO MO OTHOLICHHUIO
uHTeHcuBHOcTe LB w Lo JAMHMI  pPEeHTreHOBCKOTO  CIEKTpa Ha  3JIEKTPOHHOM
Mukpoananuzarope [1]. Ilorpemnocts onpenenenus (F e*"/Fe®™) B amdubonax cocraBuia 6-
20% [2]. B pabote [3] peKOMEHI0BaHO IIPOBOUTH OMPEICICHNE CTENIEHN OKUCIICHHUS JKee3a
Y HEKOTOPBIX 2JIEMEHTOB € MOMOIILI0 METO/Ia PEHTI€HOBCKOH (hiyopeciieHIInu 1o JuHusIM K-
cepun. [IpenmMyniecTBOM peHTTeHO(ITyOPECIIEHTHOIO METOAA aHAIM3a SIBIISIETCSI OTCYTCTBHUE
CPaBHHUTEIBHO TPYJOEMKOIO IMpolecca MpoOOnoAroTOBKHU, MPUCYIIIET0 MOKPOH XUMHUHU.

B nannoii pabore uccieq0BaHa BO3MOYKHOCTD OIIEHKH OTHOIIEHUS FeO/Fe,03°™ o K u L
CepUsM PEHTICHOBCKOrO (hIyOpecleHTHOro CHEKTpa B TOPHBIX moponaax. M3mepenus Obuin
BBITIOJIHEHBI Ha peTreHo(rypectieHTHOM criekTpomeTpe S4 Pioneer (Bruker AXS, I'epmanus).
brimo mpoBeneHo cpaBHEHUE MorpentHocTeit onpeaencaus FeO/ F6203°6III 10 OTHOIICHUAM
unteHcuBHocTel mmHMA KP,s/KB13 w LP/La. OueHka TOTpenIHOCTH — OIpeeeHus
FeO/Fe,05°™ Ha o0Opa3iax MOHOMHUHEPAIBHBIX TOPOIIKOBBIX (hpakiuii (rpaHaT, MUPOKCEH,
WIBMEHUT, am(uOo0J, MarHeTUT) IMOKa3aja MPEANOYTHTEIBHOCTh BbIOOpAa B KauecTBe
aHanuTudeckoro curHana otHomeHus: Kf,s/KB;3 (mpu ucnonb3oBanuu otHomenus LB/La
KO3 uuueHT Koppensuuu coctaBui MeHee 50%, npu ucnonb3zoBanuu Kf,s/KP;s - Gonee
90%).

brina npoBeneHa oneHka norpeurHoctu onpeneneHuss FeO na maccuse u3 46 ctanAapTHBIX
0o0pa31oB M3BEPXKEHHBIX TOPHBIX MOpoJ. B Tabmuie mnpuBeneHbl OLUEHKH MOTPEIIHOCTH

onpeaenenus FeO nmns pa3nuybIx quana3oHoB oTHomeHus FeO/ Fe,05°™.
Hwnanazon Hwnana3on Yucno OTHOCHUTENBHOE CTAaHIAPTHOE
OTHOIICHUS coaepKaHus 00pa31oB oTkioHeHnue onpeaenenus FeO, %
FeO/ Fe,0;°™ FeO,%
>0.45 0,5-5,0 16 16.17
5.0-20.0 19 5.51
<0.45 0,20-5.0 11 12.59

[Torpemnocts onpenenenus FeO metomom MOKpod xumuu coctaBisieT 5-15%. Takum
o0pa3om, peHTreHodyopecientTHoe onpezaeneHue coxaepxkanus FeO mo K-cepum moxer
OBITH BBITIOJIHEHO C TOYHOCTBIO COIOCTABMMOW WJIM HECKOJBKO XYIIIEH MO CPaBHEHUIO C
xumudeckuM. OgHako Meron POA obnamaer mperMyIiecTBOM B SKCIPECCHOCTH U HU3KUMHU
3aTpaTaMu Ha HpO6OHO)IFOTOBKy A MOKET OBITh MCIIOJIL30BaH JJI pPYTUHHBIX aHAJIM30B IIPU
F€OXUMHUYECKUX UCCIIECOBAHUSX.

1. Albee A.L., Chodos A.A. — Amer. Miner., 1970, v. 55, N % p. 103-107.
2. Jleexosa I'.B., Boiimkesuu B.I"., [llapkun, O.I1. — Munepan. Xypnan, 1982, 1.4, N4.
3. Qununnoe M.H., Kynpusnosa M.H., Jlamuna O.0. — XKAX, 2001, 1. 56, N8, ¢ 817-824.
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UccnegoBaHue aneMeHTHOro cocTaBa JleKapCTBEHHbIX pacTeHUM
MEeTOAOM pPeHTreHohNyopecLeHTHOro aHanmsa

" Yynapuna E.B., ° Mapmuinos A. M.
! Hucmumym eeoxumuu um. A.I1. Bunoepaoosa CO PAH, 2. Hpkymck
e-mail:lchup@igc.irk.ru
? Hpkymexuii uncmumym ycosepuiencmeosanus epaueti, 2. Upkymcex

HcxomupIM  CBIppEM IS M3TOTOBJICHHS MHOTHX  JICKAPCTBEHHBIX  CPEICTB,
MPUMEHSEMbIX KaK B HApOAHOW, TaK M TPAAWIIMOHHOW MEIUIIMHE SIBIISIOTCS PACTCHHUS.
[TponsBoauTeNM JIGKApCTB, B OCHOBHOM, OOpallafOT BHUMaHHWE Ha CBOWCTBA OT/CIIBHBIX
OpPraHMYECKUX COCAMHEHUU, OOHAPYKEHHBIX B PACTUTEIILHOM O0BEKTe, O1aronaps KOTOPbIM
JOCTUTACTCS JKEITAeMBIN TepaneBTUICCKU 3PPEeKT. DICMEHTHBIN COCTaB PACTCHUS B IIEJIOM
octaercsi He u3yueHHbIM. OJTHAKO (papMaKoIOrHUEcKOe NeHCTBHE PACTUTENBHBIX MPENnapaToB
Ha OpraHu3M OOYCIIOBJICHO HE TOJBKO OpPraHMYEeCKHMMH COCTABJSIIOIIMMH, HO U UX
MUHEpPAJIbHBIMA ~ KOMIIOHCHTaMH. PacTeHuss  SBISIOTCS ~ UCTOYHMKAMH  MaKpo- |
MHUKPO3JIEMEHTOB, a TMpenaparbl W3 HUX MOTYT HCIOJb30BaThCA IS MPOMUIAKTUKUA H
JICUCHHS] MUKPOAJIEMEHTO30B [1]. YIOOHBIM MHCTpYMEHTapUeM OMNpeIeIIeHHs IEMEHTHOTO
coCTaBa  pacTeHHUH  SBISETCA  pPEHTreHOQUIyopecleHTHas  crnektpomerpus  [2,3].
Pentrenodayopecrientasiii ananus (POA) npuopurereH nepes AeCTPyKTHBHBIMU METOIaMH,
NpeXJe BCEro, Hepaspylarolieil HCXOJHOE COCTOsSHUE o0pas3na MpoOOIoaroTOBKOM,
AKCIPECCHOCTHIO U HAJICKHOCTHIO OJTHOBPEMEHHOTO OIPENIEICHUSI MaKpO M MHUKPOAJIEMEHTOB
B HCCIIEyeMOM OOBEKTE.

[lenpto maHHOW pabOTHI SBISUIOCH ompesencHue MetogoM PDA sneMeHTHOro cocraBa
Ha/3eMHBIX 4YacTe ¢uanku nByxXuBeTkoBoil Viola biflora L. n ¢umanku necuanour Viola
arenaria DC, mpuMeHsIEMbIX B HAPOJHOW MEIUIIMHE JIJIS JICUCHHUS psija 3a00JIeBaHMi.

MeToauka nMpUroToBiIeHUsT u3nyuyateneid k POA 3akimouanach B IpeccOBaHUM TabIETOK
Ha TMOJJIOKKE W3 OOPHOM KHCIIOTHI, UCTONB3YsS | T PacTUTEIBHOTO CHIPhS. AHAIUTHYECKUE
muHuK 3nementoB Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Ba, Pb
U3MepsIM Ha peHTreHoBckoM crekTpomerpe S4 Pioneer (Bruker, AXS). C nomoursio
MPOrPaMMHOTO O0ECTeUeHHUs] CIIEKTPOMETpa ONPEIEISIA UX COACPNKAHHUS B HUCCIETYEMbIX
npobax. [Ipenensr oOHapyx)eHus coctaBuiay, MKT/T: Na (30), Mg (10), Al, Mn, Fe (5), Cl, Ti,
Ba (4),Siu Pb (3), P, S, K, Sr (2), Ca, Ni, Cu, Zn, Br, Rb (1).

B pesynbTare TpPOBEACHHBIX HCCICAOBAHWN BIIEPBBIC OINPEACICH MaKpo H
MUKPO3JIEMEHTHBIN cocTaB TpaBbl puanok Viola biflora L. u Viola arenaria DC. 1o naHHbIM
PD®A B oOpasmax oOHapyKEHO BBICOKOE cojepikanue kKamws, (Gochopa, MarHus, KaabIlws,
KPEMHHS, OTHOCSAIIMXCS K JKU3HCHHO BaKHBIM DJJIeMEHTaM. M3BECTHO, YTO COJIM Kallus
HEOOXOJUMBI JUII HOPMAJIM3alUU PabOThl CEPACUYHO-COCYAUCTON CUCTEeMBI, (hocop nMeeT
OoJbIIIOe 3HAUCHHE B OOMEHHBIX M SHEPreTHYECKHX IMPOIECCaX, MAarHUH CHU)KAET YPOBCHb
XOJIECTEpUHA B OpraHu3Me.

1. Jloskosa M.A., Pabunoeuu A.M., Ilonomapesa C.M. u op. Ilouemy pacteHus jgeqar. — M.:
Hayxka, 1989. — C. 24-36.

2. Pesenko  A.I.  PeHTreHO(IyOpECUEHTHBI  aHalU3  MPUPOJHBIX  MaTEpUAJIOB.
Hosocubupck: Hayka, 1994. 264 c.

3. Yynapumna E.B., ['vnuuesa T.H. // Ananutuka u koutpoib. 2004. T. 8, Ne3. C. 211-226.
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Ocob6eHHOCTM aHanu3a cocTaBa CBapoO4HbIX a3po30sien

Uivenesa E. U., Koporcosa E. H., Cmacynosa A. H., Koznoé B. A., Konopamuveg A.A.
Hpxymckuil cocyoapcmeennsiii ynusepcumem, 2. Upkymck, e-mail: rfa@chem.isu.ru

OneHka ypoBHS coAepkKaHHsl TSDKEJIbIX METANIOB B CBAPOYHBIX a3PO30JIsX SBISIETCS
BOKHOW MpoOJIEMON KOHTPOJISI 3arps3HEHH Bo3ayxa pabodeit 3o0HbI. [lo muTeparypHBIM
JAHHBIM M3Y4HIIM (Ha30BbI M XUMUYECKUN COCTAaB CBAPOUYHBIX adPO30JICH; YCTAHOBUIIHU, YTO
TSKEJIble METaUIbl OOBIYHO BXOJSAT B COCTAaB TBEPJOW COCTABIIAIOIIEH CBAPOYHOIO adPO30JIs
(TCCA) B BUAe OKCHAOB, (PTOPUAOB, CUJIMKATOB W COCAMHECHUW THUIA IITUHEICH.
ConepkaHre OCHOBHBIX 3JIEMEHTOB KOJeOseTcs OT n* 1072 % 1o n*10 %, a gua xenesa u
Maprasiia J0CTUTraeT B OTJAEIbHBIX ciaydasix 55 % u 20 % coOTBETCTBEHHO.

CrangapTu3UpOBaHHbIE METOJIMKH ompeaeneHus: Tsxkenbix MmetaioB B TCCA,
CpeIu KOTOPBIX HamOoJee 4YacTO UCHOJB3YIOTCS AaTOMHO-a0copOnuoHHbl (AAA) u
dbotomerpuueckuii  (OPMA) ananmu3bl [1], BKIIOYAIOT TPEABApPUTEILHOE PAa3JI0KEHUE
HArpy>KeHHBIX aCMUPAIMOHHBIX (QUIBTPOB C IENbIO TIEPEBEICHUSI B PACTBOP OMpEIeIIeMbIX
KOMITOHEHTOB. IX HEJOCTaTKU CBSI3aHbI C TPYJIOEMKOCTHIO, IPOAOIKUTEIBHOCTRIO aHAIN3a
(mo 8 yacoB) U ¢ MOTEPSAMU OMPEIENIIEMbIX SJEMEHTOB MPH CYXOM U MOKPOM O30JICHUU
Marepuana. B aTtux ycioBusx Oosiee MEPCHEKTHUBEH METOJ  HEAECTPYKTHUBHOTO
pentrenoduyopecuentHoro ananmza (P®A). Ho ero pemkoe wucnoinp3oBaHue JUis
ompeneneHus Tsokenbix meramwioB B TCCA, coOpaHHbIX Ha (DUIBTP, M OTCYTCTBUE CpPEIH
CTaH/IAPTU3UPOBAHHBIX METOJUK OOYCJIOBIEHO CJOXHOCTBIO TpaJyUpOBaHUS  U3-3a
OTCYTCTBUS CTaHAapTHBIX o00pa3noB (CO) cocraBa cBapouHbIX a’po3osieid. CrocoObl
MOJTy4YEHHUsI TPaJyUupPOBOYHBIX OOpa3lOB Ui METOJMK, B OCHOBY KOTOPBIX IOJIOKEH METO]
POA, B nureparype He ommcaHbl. TpyaHOCTh HMX pa3pabOTKH CBsi3aHA CO CIIOKHOCTBIO
($a30BOro M XMMHUYECKOTO COCTAaBOB CBapOYHBIX a3p030Ji€i, KOTOpble 3aBUCAT OT YCJIOBUMI
BEJICHUS CBAPOYHBIX PaboT.

[IpoBenensl uccnenoBanus mo paspaborke cunrermueckux CO cocrtaBa TBepAOH
¢a3pl cBapOUHBIX a3po3osield. B ocHoBY mosnoxkena TexHosorus noayuenust CO armochepHbIx
a’po3osieil [2] B BUIE NOJUMEPHBIX IJICHOK, B KOTOPBIX AHAJUTHl MPEJCTaBICHBI TOHKO
M3MENBbYCHHBIMU MOpoIIKaMu. M3yueno BnusiHue ¢azoBoro u xumuueckoro coctaa TCCA
Ha KayecTBO IIOJYyYaeMbIX IUIEHOK, HAlJIeHbl ONTHMAJbHBIE YCIIOBUS MX H3TOTOBJIECHMS.
Y cTaHOBNIEHO, YTO TOTPENIHOCTh MPUTOTOBICHUS TUIEHOUHBIX M3JIydaTeneil XxapakTepu3yeTcs
kodpurmenToM Bapuanuu V, pasaeiM (%) 4,2; 4,3; 3,7; 4,1; 4,1; 3,6 u 4,8 misa Zn, Fe, Cr,
Mn, Co, Ni u Cu coorBercTBeHHO. [loBepxHOCTHAs MIIOTHOCTH co3aBaeMbix CO paBHa 5-6
MI/CM°, 9TO COOTBETCTBYET PEATbHBIM MPOOAM CBAPOUHBIX a3pO30JIeil, COOPAHHBIX Ha
¢bunbTp. OnpeaeneHbl METPOJIOTHIECKHE XapaKTEPUCTHKU pa3pab0OTaHHON METOIUKH.

CornocraBnensl gaHHbie POA ¢ naHHBIMU, MMOJTYYEHHBIMU CTAaHIAPTU3UPOBAHHBIMHU
MetoaukaMu @MA u AAA Ha pealbHBIX ITPOOAX CBAPOYHBIX adPO30JIEH M CHHTETHUYECKHX
CO. YcraHOBIEHBI IPUYUHBI OTINYUS PE3YJIHTATOB.

1. MV 4945-88 MeTtonuueckue yka3aHHsl 110 ONPEIEICHUIO BPEIHBIX BEIIECTB B CBAPOYHOM
asposode (TBepnas (asza u rasel). — M.: MII «Papory», 1992. — 112 c.

2. Kopacosa E.H. Crioco0 M3roTOBICHUS CTaHJAPTHBIX 00pa3loB aTMOC(HEPHBIX a3po30Jiei,
HATpyXeHHbIX Ha Guistp. [Tar. Ne2239170, P®, MIIK®.../Kopxosa E.H. u np.; 3asei.
30.08.2002.
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K peHTreHodnyopecueHTHOMY aHannM3y reTeporeHHbIX cpen Ha
OCHOBE perpecCUOHHbIX ypaBHEHUN CBA3MU

Lnonsanckuit AA. 1, Ilpexuna H.Mz, Iyiimakaes [U.H.3,
1 — Jlonckoii eocyoapcmeennviii mexHudeckuil ynueepcumem, 2. Pocmos-na-/{ony
2 —0OAO «YMK»y, e. Henabunck, 3 — IOoichwiii hedepanvbhwiii yHUSepcumemn,
2. Pocmos-na-/[ony; e-mail: ashpol2003@mail.ru

['eTeporeHHOCTH aHAIM3UPYEMBIX 00PA3IIOB IO cell JeHb OCTaeTcs OJHON U3 Hanboee
CJIOXHBIX TIPOOJIEM PEHTIeHOCTIEKTpanbHOro (hyopecienTHoro aHanmmsa (PCDA). OcobenHo
TPYJHO pelraeMor 3Ta mpobiieMa OKa3bIBAETCs B TEX Clydasx, KOTJa IpaHyJIOMETpUYECKUil
COCTaB BapbUpyeT OT obOpaslia K o0pasily, a XOTsS Obl OJIMH U3 OMPEIENIIeMbIX SJIEMEHTOB
IPUCYTCTBYET B Mpo0Oax B BHJIE pa3HbIX coenuHeHUH. B Hacrosiell paboTte ucciieoBaHa
BO3MOXXHOCTh JKCIIEPUMEHTAILHOTO yueTa (hakTopa TeTepOreHHOCTH B YCIOBUSAX CIOKHOTO
¢da30BOro cocraBa IyTeM HCIOIB30BAHUSI HMHTEHCHBHOCTEH (IyOpPECHCHIMH [UIS JBYX
COCTOSIHMI TUCTIEPCHOCTH aHAIM3UPYEMOM MTPOOBI — UCXOTHOTO (D) U MOCie T03UPOBAHHOTO
nousmenbueHus (Dy).

[IycTh B TpPEXKOMIIOHEHTHOW TIpoOE OJMH W3 ONpPEICIIEMBIX DSJIEMEHTOB A
MPUCYTCTBYET B BUJE IBYX pa3zHbIX coenuHeHuil (paspr o' u o). [Ipu 3TOM umeeT MecTo

IPONOPLMOHATBHOCTh MEXIY pa3MepaMu 4acTull J0 U Mocie JousMenbueHus: D, =aD, n

" * " *
D, =a D, . Ko3ppunueHTsl NponopuruoOHAIBHOCTH @ U @ B OOLIEM ciIydae He paBHbI MEXTY

coboit, u mpu PCDA Ha OCHOBE perpecCHOHHBIX YPaBHEHUH CBSI3M HEOOXOAMMO BKIIIOUCHHE B
CTPYKTYPY YpaBHEHHs CHEIMaJIbHON IONpaBKM Ha OOBEMHOE COAep)kaHue OIHOW u3 (a3

14
(Hanpumep, Ca') M0 JAHHBIM PEHTreHorpaduvIecKoro (GazoBOro aHaimza. ITO IMO3BOJISACT

3amKcaTh aHATUTHYCCKOE YPABHEHHUE ISl KOHIICHTPAIIUK dlieMeHTa 4 B BUJIE
— D2 D2 )Z DZ DZ DZ DZ Dl v D2

3nechk B u E — aBa Apyrux onpenenseMbix djeMenTa. [lo-suaumomy, ¢ HeOOIBITION
MOTepeil TOYHOCTH BMECTO OOBEMHBIX COAepk aHHK (pa3bl MOKHO HCIIOIB30BATh
COOTBETCTBYIOIINE MACCOBBIE JIOJIH.

[Ipu ucnonp3oBanuu ypaBHeHM BuAa (1) BBIMOMHSETCS y4eT BIMUSHHUS HE TOJBKO
pa3Mepa yacTHI] MIOPOLIKOBOro 00pasiia, HO U €ro IJIOTHOCTH. B ciyuae, koraa 103upoBaHHOE
JOU3MeNbYeHHE MCXOIHOM aHamu3upyeMoil MpoObl HE MPOU3BOAUTCS U COOTBETCTBEHHO HE
YUMUTBHIBAETCS BIMSAHUE Pa3Mepa 4acTULl IPOOBI, IPEACTABISIETCS KeJIaTelbHbIM, 10 KpailHel
Mepe, yueT BIMSHUS IUIOTHOCTU p MpoObl. COOTBETCTBYIOLIUE YpPaBHEHUs], TOCTPOCHHBIE C
YUETOM BIIMSHUS IJIOTHOCTH U (ha30BOr0 COCTaBa, UMEIOT BH]L

Co=ay+al,+a,l +al Iy +al ] +bpl,+eC I, 2

IIpoBepka ypasHenwmii (1) u (2) Obula mpoBeneHa Kak C MOMOIIbIO HIMPOKOTO
MaTEeMaTHYeCKOTO MOJCITUPOBAHMSA, TaK MW OKCIEPUMEHTAIBbHO, W  IOJITBEPIUIIA
KOPPEKTHOCTb u 3 PEeKTUBHOCTD Pa3BHBaEMOTO MOJXO0/1a.
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PeHTreHocnekTpanbHbIi MUKPOAHaN13 OKCUAHbIX pyd MUPOBOIro
OKeaHa

1 2
Aeoonun B.B. *, Ban K.B.
1 - .
Mocxoseckuii eocyoapcmeentblil yHugepcumem, Mockea
2 - . .
Hucmumym skcnepumenmanvhoti munepanoeuu PAH, Yepnozonoska e-mail: kvv@iem.ac.ru

[TpoaykThl rMOOANBHBIX MPOLIECCOB HAKOIUICHUS OKCHUAHBIX pyA Ha nHe MupoBoro
OKe€aHa IMpeCTaBICHbBI JKeJIe30MapTraHIIeBEIMU KOHKpEeIUsIMH abuccaibHbIX KOTI0BHH (ZKMK)
1 KOOAJIbTOHOCHBIMHU JKeJIe30MapraHIeBBIMUA KOpKaMu Mo ABOAHBIX oausTHi (KMK).

KMK mnokppIBalOT OOMIMpHBIE TUIOMIATU TIyOOKOBOJHBIX KOTIOBHH MHUPOBOTO
OKeaHa M TMPEACTaBIsAOT €000l arperaThl KOHLEHTPUYECKOTO CTPOCHMSI, CJIOKEHHbBIE
MOCJIEIOBATENIbHO OCAXKJIEHHBIMHU CIIOSIMU OKCHUJIOB M THUJIPOOKCHJOB e€Je3a W Maprasia.
KMK 01u3Kku KOHKPEIHsIM TI0 COCTaBY, TEKCTYPHO-CTPYKTYPHBIM OCOOEHHOCTSIM U 00pa3yIoT
OOIIMPHBIE TOKPOBBI HA CKAJIbHBIX CKJIOHAX MOJBOAHBIX TOP MPEUMYIIECTBEHHO B 3alaHON
yactu Tuxoro okeana.

DK30reHHbIe pPYyJIHbIE OOBEKTHl OKE€aHa HE MMEIOT aHAJOrOB Ha KOHTHMHEHTE HU IO
yCIOBUSM 0OOpa3oBaHMs, HU 1O MacluTabaM NpPOSBICHUS, OTYACTH I03TOMY TI'€HE3UC
OKCUJHBIX PY/[l IBJIECTCS MPEAMETOM OCTPBIX AUCKYCCHUH.

Oco0eHHOCTH OKCHJIHBIX pyJ OKEaHCKOro JHa — TOHKOJIMCIEPCHOE CTPOEHUE,
c1a000KpUCTAITN30BaHHbIe (Pa3bl MHHEpATIOB >Keje3a M MapraHia, MEepPeMEHHBI CcocTas,
MPEPBIBUCTBIN TpoIlecC 00pa30BaHMsI, HAIUYUE MOCTOPOHHUX MPUMECEH, NUareHeTUYECKHe
npeobpazoBanuss W T.A. OcHOBHBIM 3jeMeHTOM cTpoeHus KMK u KMK sBastorces
CYOMHKPOCKOITUYECKHE CIONKHU TONLIMHOM OT 10JIeii MKM 110 1-2 MKM, 4yepejoBaHUe KOTOPBIX
onpelensieT TEKCTYPHBIM PUCYHOK PyJ U OTPaXaeT HIOAHCHI MPOIECCa OCAXKICHUS PYJHOTO
BEIIECTBA — IIOCTENIEHHOI'0 POCTa KOHKPELMHA U KOPOK.

HeranbHoe uzyuyenue pya KMK wmerogom JIPCMA ¢ npumeHEHHEM pacTpOBOTO
ANEKTPOHHOTO MHUKPOCKOINA TIO3BOJMJIO OICHUTh |AMAma3oH W3MEHYMBOCTU COCTaBa
YepeayIoIuXcsi CyOMUKPOCKOIMYECKUX  CIIOMKOB, YCTAHOBUTH PUTMHUYECKH-CIOUCTOE
YepelOBaHUE KOHTPACTHBIX 10 COJEPKAHMIO JKelie3a W MapraHia CIJIOHKOB, KOTOpOE,
BEpOSITHEE BCEro, OOBSICHSETCS ACHCTBUEM aBTOKOJIEOAaTEIbHOIO MEXaHHW3Ma OCAKIACHMS
BeIECTBA, PYHKIIMOHUPYIOIIETO B CPEIC aKTUBHOTO CJIOSI JOHHBIX OCAKOB.

B pynHOoii Macce KOHKpenuMid W KOpPOK, BCTPEUYCHBI M HICHTU(DHUIIMPOBAHBI
MHOTOYHCJICHHbIE CYOMHKPOCKOMUYECKHEe OOJOMKHU aKIeCCOpPHBIX MuHepanoB. Cpean HUX
Hapsily ¢ MUHEpajgamMu 0a3albTOMIHOMN accoluanu (TIaruoKaasbl, MUPOKCEHbBI, XPOMUTHI U
Ip.), IPUCYTCTBHE KOTOPHIX 3aKOHOMEPHO JIsl 0OCTAaHOBKH ()OPMUPOBAHUS PY/I, OTPEICIICHBI
«HeTunm4YHbIe» MuHEpaisl (cynbduasl Cu, Zn, Pb), a Takxke pyaHsle 1 mopogoo0pasyromnue
MUHEPaJbl TPAHUTOUJIHON aCCOLUAIMU. ITO OTPAXKAET CIOKHYIO0 00CTaHOBKY (hOPMUPOBAHUS
OKCHJIHBIX DY/l U aKTUBHOE Y4acCTHE BYJIKAHUYECKUX U MOCTBYJIKAHUUYECKUX MPOIIECCOB.

[TonyueHHbIE TaHHBIE TO3BOJISIIOT MOJOWTHU K PEHIEHUIO BOIIPOCA 110 UHTEPIPETALNH

reHe3nca 3TUX 00pa3oBaHMM U pacmn(poOBKEe MEXaHU3Ma OCAXKACHUS PyIHOTO MaTepHaa.
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FeTepoBaneHTHbIN N30MOPPU3M B MarHeamanbHO-XKene3ncTbIX
GopaTax No AaHHbLIM 3NIEeKTPOHHO-30HAOBOIO MUKpOaHanusa

Anexcanopoe C.M., Tponesa M.A.
T'EOXHU PAH, Mocksa

N3ydyenHble OOpaTbl pacHpoOCTPaHEHbl HAa CKApHOBBIX MECTOPOXACHUAX Oopa H
NPEJCTaBICHbl KaKk pOMOMYECKMMH, TaK M MOHOKJIMHHBIMH BHJaMH. B HHMX Maruuit
m3oBaeHTHO 3amemaercs Fe’ u Mn®', a Fe’* — Al u Cr. DnexTpoHHO-30HIOBBIT
MHUKpOAHaJIN3 POMOMYECKUX MAarHe3ualbHO-KEJIE3UCThIX OO0paToB CEepuUu JOABUIUTA —
BOHCEHHUTA (Mnge3+B05 — Fe*',Fe’'BOs) u3 MectopoxaeHuil [Ipubaiikanbs, SAkytun u
Ansicku npoBeneH Ha npudope SX-100 Cameca (®paniusi) Npu yCKOPSIOUIEM HAMpsSKEHUH
15 kB u Toke myuka 31nekTpoHOB 30 HA. DTajJOHBl — MUHEPAJBL: OJIMBUH, AUOICHUI U IIp.
Copepxanust B,O3; BBIUMCIEHBI IO pacyery 3JIEKTPOHEHTpanbHOCTH (Gopmya OGopaToB.
YCTaHOBNCHBI UX BHBI ¢ BHICOKHM comepkanmsamu Al, Ti'" u Sn*', samemarommx Fe'. Jins
Sn- wu Ti-OopaToB xapakTepHa BBICOKAss MAarHe3WajbHOCTh: B HHUX  MPOSBICH
KOMICHCAIHOHHBIN TeTePOBANCHTHBIN H30MOP(U3M C 3ameleHneM AByX noHoB Fe'" cymmoii
(Ti4Jr + Mg)éJr W (Sn4Jr + Mg)6+. Makcumanbibie coaepxkanus Al,O; B maroaBUrHTax
nocturatoT 11.7 %, TiO; — 16.5 % u SnO, — 21.3%, a B ryacure — a0 30.7 mac.%

Ne [TiO; | SnO, [ALO [MgO [FeO |[B,O | = [Mg |[Fe’ | Fe’ | Al [TiMg |SnMg
3 3
1.0 1.9 | 11.7 | 44.2 |22.3 [18.9 [100.0 | 2.0 | 0.0 | 0.5 0.4 | 0.05 | 0.05
16.5 0.1 32 504 | 851190 | 977 [ 1.9] 0.1 | 0.1 |0.1 | 0.80 | 0.00
49 |21.3 1.1 1485 ] 63 [17.7 | 99.8 12.0[ 0.0 | 0.2 0.0 | 0.25 | 0.55
0.0 | 30.7 0.0 | 33.0|18.8 [15.1 | 97.6 | 1.4 0.6 | 0.0 [0.0 | 0.00 | 1.00
[IpuMeuanne: | - aTIOMOMATHE3HONIOABHTHT, T. Bpykc,, xp. Hopk, Amscka; CIIIA,
2 - azompout, [lokyuan, Skytus; 3 - Ti-Sn-conepikaiuii MarHe3uoNIOABUTHUT, I'. Bpykc,
Ausicka, 4 - MOHOKJIMHHBIM TyJICUT, I'. bpykc, Alsicka, B KOTOpOM Fe’™  monHocThIO
3aMEILEHO MOJyCYMMON HOHOB (Sn4+ + Mg)6+.

AW |—

VIHEIME BHIaMH TeTepoBaIeHTHOro 3amernenns: 3Fe’” —> (Sb” +2Mg)”" mm (V> + 2Mg)”*
obnagaroT pomOudeckue yectepMaHuT (10 46 Moi.%) u V-coaepkamuii MarHe3uoJIt0IBUTUT
(mo 14%) (cm. myOnukanuu B xypHaite ['eoxumus, Ne 2, 2000 r.; Ne 2 u 6, 2002 . u Ne 9,
2008 r1.). IlomyudeHHbIE OaHHBIE CYIIECTBEHHO JOIOJHIIOT CBEACHHS O COCTaBe OOpaToB
Mar"e3uaibHO-CKapHOBBIX MECTOPOXKICHHUHI Oopa.
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PeHTreHocnekTpanbHbIW aHanN13 TYpManMHOB U3 CKapHOBO-
rpen3eHoOBbLIX NOpPoA

Anexcanopos C.M., Tponesa M.A.
I'EOXH PAH, Mocksa

Mecrtopoxkaenus oyioBa, Oopa, Bonb(pama u Oepwmus momyoctpoBa Chroap,
Amacka, CIHIA, nokanu3oBaHbl B MarHe3HaJbHBIX CKapHax IO JOJOMUTAM B KOHTaKTax
JEHKOKPATOBbIX  I'paHUTOB. MeracoMaTnyeckue MOpPOJAbl M TIPAaHUTBl  pEruoHa
rpeii3eHU3UpOBaHbl ¢ 00pa30BaHUMEM TYPMaJIMHOB psAja LIepal — JpPaBUT — YBHT,
accoruupyrommx ¢ Li-guoronuromMm u QuooputoM. PeHTreHOCHEKTpanbHbIi MHUKpPOAHAIN3
MuHepasiaoB TmpoBoauiics Ha mnpudope SX-100 Cameca (PpaHmus) TpU  YCKOPSIOIEM
HanpsbkeHuu 15 kB 1 Toke myuka snekrpoHoB 30 HA. DTajloH — MOHOKPHUCTAIUI TaHOypUTa
CaB,Si,0g (Teopernueckoe coaepxanue B,O; B munepane 28.3 mac.%):

N3yuen cocraB TypMaJIMHOB W3 MecTOpokAeHMM m-oBa Chroapn, Aumsacka, CLIA,
BKJIIOYasi MpPSIMOE OIpeJAesieHUuEe CoAepX aHusl B HUX Oopa. YCTaHOBJIEHO, YTO pPa3HbIE IO
COCTaBy OOPOAIFOMOCHUIIMKATBI XapaKTEePU3YIOTCS MIEPEMEHHBIMU coziepkaHusimMu B,Os.

Si0, | TiO, | AL,O; [CaO | MgO |FeO |Na,O [B,O3| F | HoO | -O=F | S
Typmanussl r. Vp, accouuupyror ¢ caiIMTOM, BE3yBHAHOM M BOHCEHUTOM  (28.4%)
357 | 04 | 259 |44 102 102 | 14 (84 |15 | L8 0.6 99.3
349 | 0.6 | 258 |44 10.5 871 1.2 1122 |14 | 1.7 0.6 [100.8
Typmanussl r. Bpykc, acCOUMUPYIOT ¢ KBapLeM U PYyTHIOM (28.6% u 28.2%)
344 | 02 | 310 | 14 47 [11.8] 2.1 |65 (04 | 3.0 0.2 95.3
35.1 | 0.3 | 293 |25 7.8 85| 1.6 |10.6 0.7 | 2.9 03 99.0
328 | 0.5 | 303 | 1.1 02 |18.8 | 2.0 [80 |03 | 2.7 0.1 96.4
328 | 0.2 | 31.3 0.7 03 [179 | 23 [10.5 |03 | 2.8 0.1 99.0
Typmanuns! Jloct-Pusep-Maiin, accouuupyoT ¢ ¢peppodaoronurom (28.9%)
352 |1 0.0 | 30.1 ]0.3 54 100 ] 2.6 [ 72 0.0 | 3.0 0.0 93.8
342 | 0.0 | 32.1 |12 5.5 951 22 (91 103 | 3.0 0.1 97.0
ITpumeuanue: B ckobkax ganbl cpegHue conaepxkanus BoOs mac.% B 3TasoHe.

[IpuBenennsie nanuble GUKCUpPyIOT ymMepeHnyto (ot 40% B Mg-npaBute) 10 BHICOKOMH
(98% B miepie) xKene3ucTocTh TypMaauHoB, Hanuuue B HUX (Ca-Na)-munana yButa (0T 7 A0
65 mon.%) u ux usMeHswomyiocs ¢ropuctocts (16 - 4%). Yacth xenmesza, CyMMapHO

ornpeaeneHHoro kak FeO, MOXeT ObITh TPEXBaJIEHTHBIM. V3yueHHbIEe MUHEpAJIBI COJEPKAT 10
0.3% MnO, 0.02 - 0.04% SnO; u, Bo3moxkHoO, Li,0.
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MeToabl 3neKTpOHHOVI MUKPOCKOMUN N PEHTreHOCNeKTpasibHOro
aHarin3a B U3y4eHUn KrneToK opraHn3ma 4yesfioBeka

bapxuna T.I'., I'onosanosa B.E., I'ywun M.IO.
I'Y HUU mopghonocuu uenosexa PAMH, 2. Mockea, e-mail: morfolhum@mail.ru

Hacyminbie npoGieMbl COBpeMEHHON OMOJIOTMH U MEJUIMHBI IUKTYIOT HOBBIE IOJXO/IbI
W3YYEHMsI pa3IMYHbIX KJIETOK OPraHu3Ma B HOpME U IIPYU MaTOJIOTHH.

B cBs3u ¢ 3THM, coueTaHME METOJIOB SJEKTPOHHOM MHUKPOCKONUU TPAHCMHUCCUOHHOU
(TOM), ckanupyromeir (COM) U peHTTEHOBCKOTO CHEeKTpalbHOro Mukpoanamuza (PCMA)
SIBJISIETCS] BECbMa MPOAYKTUBHBIM MPU CYyOMUKPOCKOMMMYECKUX U MOJEKYJSPHBIX U3bICKAHUSIX
B 00J1aCTH MAaTOJOTHH KIETKH.

Hamu npoBenen ananu3 OoyiblIoro (pakTHUECKOTo Marepuayia IpU H3YYEHHH KIIETOK
JIBIXaTeIbHOM CUCTEMBbI NpH ajuiepruueckoM puHute (AP) u OponxumansHoil actme (BA) u
KJIETOK Mepu(epruyeckoil KpOBH y 3TOr0O K€ KOHTUHIeHTa OoyibHBbIX. llenpio paboThl Oblia
MOphOo]yHKIIMOHANbHAS TUAarHOCTUKA JaHHBIX 3a00JIeBaHUM, YCTAaHOBJIEHUE HUX CXOJCTBA U
OTIMYHUI, a TaKke OOOCHOBAaHWE TMIPOBEACHUS psAa JIEYEOHBIX U MPOPUITAKTUICCKUX
MEPOIPUATHH.

Y OompHbix AP um BA Obuin wu3yueHsl cmbiBbl M3 nosnoctu Hoca (CIIH) wu
O6ponxoanbaeossipHbie cMbIBbl (BAC), a Takoke KiIeTku nepudepruyeckoil KpoBU ¢ IOMOIIBIO
TOM, COM, nonyToHKUX cpe3oB 1 MeTo10B PCMA.

KoHuenTpanus psra XMMAYECKUX 3JIEMEHTOB UCCIIEJOBANIACH TIPU PA3JIMYHBIX CTENEHSIX
BA B knetkax CIIH u BAC, a takxe B spuTpouutax u TpomOonuTax. OCHOBHbIE XUMUYECKHE
anementsl: K, Na, Ca, Mg, Mn, F, Cu, Zn, Fe, P, C. Ot snemMeHThI ObIIIN M3y4EHBI, TAK KaK
OHHU B OCHOBHOM BXOJISIT B COCTaB KJIETOUYHBIX MEMOpPaH, KOTOPBIE MOABEPIatOTCs H3MEHEHUSM
IIPU JIJIEPrUYeCcKUX 3a00JI€BaHUSX.

Hammu uccnenoBaHusl yCTaHOBMJIM B3aUMOCBSI3b CyOMUKPOCKOIIMYECKUX W3MEHEHUH B
Pa3IUYHbIX MOMYJISLUAX KIETOK JbIXaTeIbHONU CUCTEMBI NIPH AJUIEPTUYECKUX 3a00JIEBaHUSX C
U3MEHEHUSMU KOHUEHTpPALUN pa3InyHbIX XUMHUYECKHX 3JIEMEHTOB, B IepByro ouepenp Ca,
Mg, Mn, C, F.

B ocHoBHOI Tpymnme HaOmOAaeMBIX € OpOHXMAJBHOW THMIEPPEAKTUBHOCTHIO B
nepudeprudyeckoil KpOBU OTMEUAIUCH Pa3INyYHble U3MEHEHUS! KOH(QUTYpaIH S3pUTPOLUTOB U
TPOMOOIIMTOB, UX arperauus, HapylIeHue eJIOCTHOCTH MEMOpaH, U3MEHEHHsI KOHIICHTPALUU
XUMHUYECKHUX 3JIEMEHTOB.

Bce »Tu Haxoaku cnocoOCTBYIOT Oosiee TOYHOW AMArHOCTHKE CTaIMi ajlepruuecKux
3a00JieBaHUH, a TaKKe MOTYT ObITh NMPUMEHEHbI U JJI yCTaHOBJIEHHs aud@epeHnuanbHo-
JMAarHOCTHYECKUX MOP(OJIOTHUECKUX KPUTEPHUEB psijia APYrHX 3a00sIeBaHU YeloBeKa.
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ANEeKTPOHHO-30HA0BOE UCccneaoBaHUe No4YB permoHa osepa bankan

benoszeposa O.1O., Canuna H.b.
Hucmumym eeoxumuu um. A.1l. Bunoepaoosea CO PAH,
664033, 2. Upxymck, yn. @asopckoeo, 1 A, e-mail: obel@jigc.irk.ru

Hapsiny ¢ npyrumu npupoIHbIMH CpEIaMHU, ITOUBA SBJISETCS OJHUM U3 [TOKA3aTEIbHBIX
WHIUKATOPOB 3arps3HEHUs OKpyxkatomied cpenpl. OOnamas BBICOKOW  COpOIMOHHOM
CIOCOOHOCTBIO, OHA HE TOJIBKO aKKyMYJIHMPYET U yIEP>KUBACT KOMIIOHEHTHI 3arpsi3HEHHUs, HO U
BBICTYIIA€T KakK MPHUPOJAHBIN Oydep, KOHTPOIUPYIOMUN MePEeHOC XUMHUYECKUX 3JIEMEHTOB B
conpsbkeHHble cpenbl. [loaToMy IpoBeIEHHE SKOJIOIMYECKHX MCCIEN0BAHUN ITOYBEHHOI'O
MTOKPOBA SIBJISIETCS HA CErOHAIIHUN IeHb aKTyaJbHOU 3a/1auei.

B nanHO#l pabore mpeacTaBiIeHbl pe3ysbTaThl HCCIeAOBaHHMM MouB baiikanbckoro
peruoHa METOJOM PEHTTCHOCIIEKTPAILHOTO AJIEKTPOHHO-30HA0BOr0 Mukpoananusa (PCMA).
OO0pa3ipl TOPOIIKOB MOYB ObUTM OTOOpaHbl B HKOJOTMUYECKH YUCTHIX (DOHOBBIX pailoHax U
palioHax ¢ BBICOKOM CTENEHBIO TEXHOT€HHON Harpys3Ku.

Ha pentrenocnektpaisHOM MHUKpoaHanuzatope Superprobe-733 (JEOL Ltd, Snonus)
C TIOMOIIBIO BOJHOBBIX CHEKTPOMETPOB M DHEProaucrepcHoHHON npuctaBku Avalon 8000-
Sahara (Princton Gamma-Tech) pa3paborana Mmeronmuka PCMA wMwuHepanbHOH coOCTaB-
nsomeil mous. B pamMkax METOIMKHM pPAacCMOTPEHBbI CHOCOOBI IMOATOTOBKM 00pasLoB K
aHaiu3y, noao0paHbl ONTUMAJbHBIC YCIOBUS PETUCTPALMM AHAIUTUYECKOTO CHUTHAa,
OLIEHEHbl METPOJIOTUYECKUE XAPAKTEPUCTUKHU. VI3MepeHMs BBINIOJIHEHbI NPU YCKOPSIOIIEM
HanpspkeHun 15 kB, Toke 30nma 15-20 HA, auamerpe 3oHAa 1-10 MKM, Bpemsi u3mMepeHus
BappupoBaiu oT 5 g0 10 c. Ilepecuer OTHOCHUTENBbHBIX MHTEHCHBHOCTEH B COAEpIKAHUS
oTpesieisieMbIX 3JIeMEHTOB BhInoHeH PAP-meTonom no nporpamme Marshell, agantupoBan-
HOW B MareMaTH4eckoM obOecriedeHrn MUKpoaHanu3aropa Superprobe-733.

Ha ocHoBe pa3pabGoTaHHON METOAMKHU M3y4eH (a30BbI U XMMHUECKHUH COCTaB IOYB
balikanbCckoro permoHa no paiioHaM ¢ pa3HOM CTENEHbIO TEXHOTCHHOW HArpy3ku. Pe3ybrarsl
UCCIIeI0OBaHUM MOKa3aIy, YTO MUHEpaJIbHAs COCTAaBJISIONIAs TIOYB MPEACTaBIseT co00i cMech
MUHEpaNbHBIX ()a3 B BHUJAE HWHAMBUAYATIbHBIX YACTHI[ WM MX CJIMUIMIIAXCS arperaros,
pas3nuaHbIX GopM U pazmMepoB. Pasmepsl BeiesieMbIX a3 u3MeHSFOTCs oT 3 10 200 MEKpOH.
B ¢oHOBBIX paifoHax HaOIIOJAIOTCS YAaCTUIBI MPUPOTHOTO MPOUCXOKICHHS MPaBUILHOM
OorpaHeHHOH  (GopMBI B  BHJE  TNPSAMOYTOJBHUKOB,  KBaJIpaToB, TPEYTOJbHUKOB,
napajuieJIenuIe 0B, Tparneuuii. B OCHOBHOM OHM NPEACTABIECHBI IOJIEBBIMH ILIIIATAMH,
KBapleM, IUIaruokiazamu, amdubdonamu, rpaHataMu. B paifoHax ¢ BBICOKON TEXHOTEHHOM
Harpy3koH, Hapsiay ¢ MPUPOJHBIMH YACTULIAMM, BBIACISIFOTCS YAaCTULBI TEXHOTEHHOIO
IIPOUCXOXAECHNS, OOYCIIOBIEHHbIE IPOMU3BOJACTBEHHBIMHM IpPOLIECCAMU. OTO  YaCTHULBI
chepudecKoi, OKpPYyTIIOi, MOJIyOTpaHEHHON HETPaBWILHON (OPMBI, BRIPAKCHHBIC CAXKHCTOU
¢da3oif ¢ coegMHEHUSAMH yriepona, KapOOHaTaMu, OKCHIAaMHU METAJUIOB, MEJIKUMHU
METaJNIMYeCKUMH TpaHyJamMu u chepynamu. M3menenne (pa3oBoro u XMMHUYECKOTO COCTaBa
MOYB MO palioHaM I0Ka3ajno, YTO YPOBEHb MX 3arps3HEHUs YBEIUUMBACTCA OT (POHOBBIX K
MIPOMBIIIIJICHHBIM PalOHaM C BBICOKOW TEXHOTEHHOW HArpy3KOW W 3aBHUCUT OT CICIH(PUKH
JEUCTBYIOIUX POU3BOJICTBEHHBIX MPEAIPUATUH.

TakuM 00pa3oMm, KOMIUIEKCHOE HCCIEIOBAHHE HAa MUKPOHHOM YpPOBHE H3MEHEHUil
($a30BOro ¥ XMMHUYECKOTO COCTABA MOYB MO3BOJIUT BBIIBUTH JETPAAALMUIO M10YB, HCTOYHHUKH
3arpsi3HEHUs, UX BIIMSHUE Ha OKPY’KAIOLIYI0 CpEeAy PETrMOHa U OLEHUTh OOIIMN YpPOBEHb
3arpsi3HEHUS B YUCTHIX (DOHOBBIX pailoHaX U pailoHaX BBHICOKOW TEXHOT€HHOUN HATPY3KH.
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anIMeHeHVIe pPeHTreHoCneKkTpasiibHOro MUKpoaHasrninia AanA
CHeroreoxmmm4ecKkoro MOHUTOPUHra Gankanbckoro permoHa

benoszéposa O.FO., Koponésa I'.11.
Hncmumym eceoxumuu um. A.1l. Bunoepadosa CO PAH,
664033, 2. Hpkymck, yn. @asopckoeo, 1 A, e-mail: obel@jigc.irk.ru

CHeroBoil OKPOB SIBJISIETCS aKKyMYJUPYIOUIEH CPeNoi 3arpsi3HSIONINX BEIIECTB U3
MPU3EMHOTO ¢J10s aTMOc(epbl. XUMUYECKUN COCTaB CHErOBOTO MOKpoBa (hopMUpPYETCs Kak 3a
CYET IOTJIOLIEHUS Ta30B, IAPOB U a’pO30JIEH, TaK U B PE3yJIbTaTe MOCTYIICHUS Pa3InYHbIX
KOMITIOHEHTOB, CBSI3aHHBIX C TE€XHOTE€HHBIM IBLIEBBIM OCAJIKOM. JIMTETBHOCTH CYLIECTBO-
BaHUs CHETOBOTO IMOKpOBa Ha Tepputopuu [Ipubaiikaibs nemaeT CHEroreoXUMHUYCCKUN
MOHHUTOPHUHT OJIHUM U3 OCHOBHBIX CIOCOOOB OIIEHKHM M NPOTHO3a 3arpsi3HEHUN HE TOJBKO
aTMocdepsl IpKyTckoit 00:1acTH, HO ¥ BO3IYIIHBIX MacC, HEPEHOCUMBIX BJIOJIb JJOJIHHBI PEKU
AHrapel Ha akBaTopuro o3epa balikan. M3yueHune MakCUMalabHO BO3MOXKHOIO Kpyra
XMMHUYECKHX JJIEMEHTOB B JEHNOHUPYIOIIMX HPUPOIHBIX Cpelax IO3BOJSET OINpEAeIuTh
FeOXMMHYECKHE LUKIIBI UX pacipeeleHus U UACHTU(DUIINPOBATh HCTOUHUKU 3arpsi3HEHUSI.

B nanHOll paboTe METOIOM PEHTTEHOCHEKTPAIBHOIO 3JIEKTPOHHO-30HIO0BOIO
mukpoananuza (PCMA) mnpoBeneHbl HCCIEIOBAHUSA YETBIPEXJIETHETO T€OXMMHYECKOTO
MOHUTOPHHIA TBEPJBIX OCAJKOB CHETOBOI'O MOKpOBa permoHa o3epa baiikan. IIpoOsl chera
otobpansl 1o rogam (1996, 1999, 2002, 2004) 1o MOHUTOPUHTOBOMY MPOMUIIO B YUCTHIX
(OHOBBIX paiioHax U pailoHaX ¢ BHICOKOH TEXHOT€HHOW Harpy3Koi.

HccnenoBanust BBINOJHEHbl HAa PEHTTEHOCHIEKTPAIbHOM  3JIEKTPOHHO-30HIO0BOM
MuKpoaHanuzatope Superprobe-733 (JEOL Ltd, Smonus). B pexume pactpoBoro
JJIEKTPOHHOI'O MHUKPOCKOIIAa BO BTOPUYHBIX M OOpPAaTHO PACCESHHBIX JJIEKTPOHAX M3YyuyeH
(hazoBbIil cocTaB TBepAOH (a3bl CHETa MO0 MOHUTOPUHTOBOMY Tpoduito mo roaaM. OIeHEeHbI
pa3mMepsl U (HOopMBI BblAENIEHUs (a3, OAHOPOJHOCTh UX pacHpeneneHns. XUMHUUECKU cOCTaB
CHEroBOro MOKpOBa MO pailOHaM M MO TofaM H3Y4YeH C MOMOUIbI0 3HEProJIUCIEePCUOHHOU
npuctaBkd Avalon 8000-Sahara (Princton Gamma-Tech) mo mporpamme Spirit mpu
yckopsitomieM Hanpspkenun 20 kB, Toke 30Hma 2 HA, BpemeHu Habopa crmektpa 60 c. u
BOJIHOBBIX CIIEKTPOMETPOB IpU YCKOpsromeM HampsbkeHuu 15 kB, Toke 30Hma 20 HA,
skcno3uiuu u3mepenus 10 c., auamerpe 3ou1a 1-10 Mxm.

HccnenoBanne (a3oBOro M XMMHUYECKOTO COCTaBa TBEPIBIX OCAIKOB CHETOBOTO
MOKPOBa MO0 MOHUTOPHUHTOBOMY MPO(MUIIIO C Pa3IMYHON CTENEHbI0 TEXHOTEHHOW Harpy3kKu
MO3BOJIMJIO ONPENEIUTh pPANOHbI, OTIMYAIOUIMECS Pa3JIU4YHBIM COOTHOLIEHUEM YaCTHUI
MIPUPOJHOTO M TEXHOTEHHOI'0 MPOMUCXO0XKAECHHS. DTO COOTHOIICHHE Pa3IMYHO U 3aBUCUT OT
CTETNIEHH aHTPOIIOTEHHOT'0 BO3/IEHCTBHUS Ha OKPYIKAIOLLYIO CPELY.

N3menenune Ga3oBOro u XMMHUYECKOTO COCTaBa CHETa 1o rojam (3a 4-IeTHUM 1mepruo)
110 MOHUTOPUHTOBOMY MPOQHMIIIO TTO3BOJIMIO OLICHUTh YBEIUYEHUE 3HAUEHUI PErHOHAIBLHOTO
¢oHa, 00yCIOBIEHHOTO MUTPALIMOHHBIMU LUKIAMU, MPOCIEIUTh TUHAMUKY OOIIET0 YPOBHS
HAKOIUICHUS TEXHOTEHHOW COCTaBIsIONIEH OT (DOHOBBIX pPaliOHOB K pailoHAM C BBICOKOM
TEXHOI'€HHON Harpys3Kkoil B 3aBUCHMOCTU OT creUU(PUKU U pocTa 00bEMOB MPOMBILIUIEHHOTO
IIPOU3BO/ICTBA.

Takum o6pazom, nonyueHHbIe ¢ momomnisio PCMA naHHBIC MCCIIEIOBaHUS CHETOBOTO
MOKPOBA, KaK MHIUKATOpa K CMEHE HWHIYCTPHAIbHON OOCTAaHOBKM B PETHUOHE, MO3BOJISIOT
00BEKTHBHO OILICHUBATH COCTOSIHUE OKPYKAIOIIEH Cpelibl, €€ SBOJIIOLHUIO M SBOJIIOLUIO (OHA.
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MUcnonb3oBaHue peHTreHO(ba3OBOI'O N peHTreHoCrneKTpanbHOro
aHanun3oB AnA ANarHoCTukKm aHO4HOro okcunga anaroMnHuUA,
MO,EI,VI(bVILl,leOBaHHOFO mMeTansnom, ocaxKaeHHbiM B HAHOMNOPbI

Lacenxosa U.B., Myxypose H.H1., Komosa H.D.
Hncmumym ¢puzuxu um. b.1. Cmenanosa Hayuonanvnou akademuu nayk benapycu, Munck,
e-mail: gasenkona@inel.bas-net.by

B nacrosmeit pabote mpuBeICHBI Pe3yIbTaThl HCIOIB30BAaHHUS PEHTTEHO()A30BOTO H
PEHTI€HOCIIEKTPAJILHOIO aHAJINW30B Ui OLIEHKM KadecTBa MOJM(PHUIMPOBAHHOIO HUKEIEM
aHOJHOTO OKCHJa amfoMuHMA. MccmenoBanu oOpaslbl aHOAHOTO OKCHIA AJTFOMHHUS
tonmuHo  100-150 MKM, OTAE/NIeHHbIE OT aJIOMUHHUEBONM OCHOBBI M MOJyYEHHbIC
aHoaupoBaHuEM B 3% - HOM BOJHOM PAacTBOpE IIaBEJIEBOM KUCIOTHI B FaIbBAHOCTATHYECKOM
pexxume. Hukenb ocaxjaanu 3IEKTPOIMTUYECKM B PEXKHUME PEBEPCHUPOBAHHOIO TOKA.
[TomyueHnsle 00pa3bl XapaKTEPU30BATUCH PETYJSIPHBIM PACIIOIOKEHHEM II0p, pa3Mmep
KOTOPBIX COCTaBJISI opsiaka 50 HM.

HccnenoBanust OHOPOIHOCTH OCQKICHUS HUKENS MO JUIMHE IOp, JIEMEHTHBIH H
($a30BBIi  COCTaB IOJYYEHHBIX OOPA3lOB OLEHUBAJIM C IOMOIIBIO CKAaHUPYIOIIErO
9JIEKTPOHHOT'O  PEHTTEHOBCKOTO  MHUKpoaHanu3atopa JXA-8600S, obecneunBaroniero
paspemieHue ~ 4HM B pPEXKUME BTOPUYHON AJIEKTPOHHOW SMHUCCHH. M3mepuTeabHbIMU
kpuctautamu  saBisuch  Tallium  acid  phtalate (TAP) wm  Lithium fluoride (LIF).
PerucrpupoBanach HMHTEHCUBHOCTb K -JIMHUM XapaKTEPUCTUYECKOTO PEHTI€HOBCKOTO
U3Iy4eHUs] COOTBETCTBYIOHMX 3jemMeHTOB (1,486 k3B nmna Al u 7,477 k3B s Ni).
W3mepeHus: mpoBOIMIM B 30HaX Yy JIByX MOBEpXHOCTEH 00pa3loB (BEpXHEW M HUXKHEW) U B
TeOMETPUYECKOM LIEHTpe 00pasiia, T.e. B TPeX 30HaxX 10 BCel TomuHe oopasia. Pazmep 30HbI
OTIpeNIeNIAICS  SKCIEPUMEHTAIbHO, NPU  3TOM  TpejeibHbIE BO3MOXKHOCTH  OLIEHKHU
AJIEMEHTHOTO COCTaBa YyKa3aHHBIM BBIIIE METOJOM OTPAHWYMBAIOTCS MHUHUMAILHOU
obmacteto A0 5 MkM. DazoBelli cOCTaB U CTPyKTypa o0OpasLoB OIpenensiack Ha
PEHTTeHOBCKOM MuKpoaudpakromerpe tima D/max-111C.3.00.

W3 naHHBIX 3JIEMEHTHOrO aHalu3a CJledyeT, YTO B IpelesiaXx TOUYHOCTH H3MEpeHHi
nopsaka 10% copepkaHue HHUKeNs IO BBICOTE IMOP MPAKTUYECKHM NOCTOSHHO. JlaHHbBIE
MHUKpOaHaJIN3a MOJIy4YeHbl 0€3 3TaJIOHOB, U, CJIEI0BATEIbHO, BJISIIOTCS B ONPEEIIEHHON Mepe
OLICHOYHBIMH, HO OTHOUICHHUS SJIEMEHTHOTO COAEP)KaHUS B MCCIECIOBAaHHBIX 30HAX TeM HE
MeHee abconmoTHbl. MaeHTudukanus Habopa XapaKTEpPUCTHUECKUX IMKOB OTPAXKEHMs Ha
nudpakTorpaMMax IO3BOJIMJIA YCTAHOBUTh, YTO B 0Opasliax COJCPKUTCS AaHOTHBIA OKCHI
QIIOMUHUS B aMOpP(GHOM COCTOSIHUM U HHUKENIb B KPUCTAIIMYECKOM COCTOSTHHH.
PentrenorpaguieckuMu MCCIEIOBAHUSMHI aHOTHOTO OKCHA AIIOMUHUS 0€3 OCaKJCHHOTO B
IOpbl HHKENId TaKXKe YCTaHOBJIEHa pEeHTreHoaMopdHas CTpyKTypa oOpasuos. Pacuer
napaMeTpoB OJMKHEro mopsiaka (paauycoB KOOPAMHAIIMOHHBIX cdep, HX pa3MbITHil,
KOOPAMHAIIMOHHBIX YHCEN) M3 HKCIEPUMEHTAIbHBIX JaHHBIX I0Ka3aj, 4TO PACIOJOXKECHHE
aTOMOB B 00JacTW OJM)KHEro TOpsJKa aHAIOTUYHO TMOPAAKY B KPUCTATMYECKOU
MoauduKammu o tumy 7' - Al,Os.

Taxum obpazom, HOJTBEPXKIeHA 1eJ1ec000pa3HOCTh UCTIOJIb30BaHUS
pPEHTreHO(a30BOr0 W PEHTTEHOCHEKTPAIbHOIO AaHAJM30B JUIS KAueCTBEHHOM OICHKH
OCaX/Ia€MbIX MAaTE€pPHAJIOB B IOPbl AHOJHOIO OKCUAA ATIOMHUHMA, NP ITOM pasMmep
JIOKaJBHOTO Y4acTKa aHOAHOTO OKCHIA ATFOMUHUS JIJIsl OCKACHUS METaslla He MEHEee 5 MKM.
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PeHTreHocneKkTpanbHbIM aHanNM3 MOHOKpPUCTaNNoB Tennypuaa
CypbMbl U TBepAbiX pacTBopoB Bi,Te;Sey, NnermpoBaHHbIX
OJZIOBOM U UHAUEM

L acenxosa 14.B.l, Cseunuxoea T.E.
IHHcmumym Qusuxu um. b.1. Cmenanosa Hayuonanvhoii akaoemuu nayx benapycu, Munck,
2P[chmmym Memaniypeuu u mamepuanogeoenus um. A.A. baiikoea Poccuiickoii akademuu
Hayk, Mockea, e-mail: gasenkona@inel.bas-net.by

Martepuanabsl Ha OCHOBE TBEPIBIX PACTBOPOB XaJbKOT€HUIOB BHUCMYTa U CYPBMBI
UCIIOJIB3YIOTCS ISl TEHEPATOPHBIX M XOJIOAWIBHBIX YCTPOWCTB U UMEIOT MPU KOMHATHOU
TEMIIEpaType TEPMOAICKTPUIECKYI0 A(PEeKTUBHOCTE 7 =~ 3x10° K. OIIHOPOHOCTh
pacnpenenenus Kodp@duUIMEHTa TEepMO-3.A4.C. H, COOTBETCTBEHHO, TEPMOAJICKTPUUYECKUX
CBOICTB BO MHOI'OM 3aBUCUT OT OJIHOPOJHOCTH paclpeiesieHusl Jerupyromux 100aBoK U
OCHOBHBIX KOMIIOHEHTOB pPacTBOpa.

B pabore npuBeieHbl pe3ybTaThl PEHTIT€HOCIIEKTPAIBLHOTO aHaIN3a MOHOKPUCTAIIIIOB
Sb,Tes u BiyTes u TBepAbIX pacTBOPOB Ha WX OCHOBE, JIETMPOBAHHBIX OJIOBOM U HHIUEM.
MoOHOKpHUCTAIUTBI BBIPALIEHBI 110 MeTOAYy YOXpaabCKOro ¢ MOAMUTKON pacTyIIero KpucTauia
pacmiaBoM U3 MiaBaroiiero turis. McciaenoBaHusi MPOBOAMIN C MOMOIIBIO CKAHUPYIOLIETO
37eKTpoHHOro Mukpockona JSM-5610 LV c cucremoit xumuyeckoro ananuza ED XJED-
2201, a TakXke CKaHUPYIOUIErOo 3JEKTPOHHOTO PEHTTEHOBCKOrO MHUKpoaHaiuzaTopa JXA -
8600S ¢upmer JEOL. IIpu rcrionb30BaHIM MUKpPOAHAIN3AaTOpa 00ECTIEYHBAIIOCH Pa3peIIeHne
~ 4 HM B peXuMe BTOPUYHON 3JIEKTPOHHOM SMUCCUHM, U U3MEPHUTEIbHBIMH KpUCTAIJIaMU
spisuck TAP u LIF. PeructpupoBaiack MHTEHCUBHOCTb K, - IMHUU XapaKTepUCTUUECKOIO
PEHTT€HOBCKOTO HM3JyYEHHUS COOTBETCTBYIOUIMX 3JEMEHTOB. V3MepeHus OCyLIeCTBIISIN C
ucrnonbp3oBanueM nporpammel ZAF correction (MeTo Tpex mompaBok) U 3TajaoHoB Bi, Sb, Se,
Sn, PbTe B mATH TpPOM3BOIBHO BBIOPAHHBIX 30HAX IO TOBEPXHOCTH OOpas3loB IpHU
NEePEeMEIIEHIH UX OTHOCUTEIHHO MAJAl0IIeT0 U3TyYeHHUS.

UccnenoBanmst coxepkanust Sb, Te B monokpucramnax SbrTes m SbjgsSngesTes
noKasajau, 4TO JIETMpOBaHHBIE Sn MOHOKpPHUCTAIIBI Ha OCHOBe SbrTe; xapakrtepusyercs
0OJBIIMM OTKJIIOHEHHMEM OT CTEXMOMETPUM B CTOPOHY HEAOCTaTKa TeJulypa, HEXKEIU
HeJerupoBaHHbIl Temrypun cypsMel. B Bi,Sn,TeiySey, ¢ comepxxanuem Se y = 0,12
BBISIBJIEHO OO0JIbIlIEE COJIEP/KAHUE BUCMYTA IO OTHOUIEHHUIO K CTEXUOMETPUUECKOMY .

OO6napy:xeHa pa3iauyHas OJAHOPOIAHOCTH PACIpeAeSieHUs] OCHOBHBIX KOMIIOHEHTOB B
JICTUPOBAHHBIX OJIOBOM TBEPIBIX pPACTBOpAax: B MOHOKpUCTalIax Ha ocHoBe Bi)Te;
HEOJTHOPOJHOCTh COCTaBa YyMEHBIIIACTCS Npu BBeaeHMHM Sn B koiaumyectBe x=0,01; B
MOHOKpHUCTAJJIAX Ha OCHOBE TEIUTYPHIOB CYpbMbl (QuIyKkTyarnwu cojepxkanus Sb u Te
yBenuuuBaroTcss Ha 0,3ar.% B 1O CpPaBHEHHIO C HEJIETHMPOBAHHBIMHU. Y CTAHOBIIEHO
MOBBIIIICHUE HEOJHOPOJHOCTH B pacIpelelieHMH OCHOBHBIX KOMIOHEHTOB Bi um Te mpu
yBEIIMUECHUU cojepxkanus ceneHa ¢ y=0,06 mo y=0,12 kak JIerHpOBaHHBIX OJIOBOM, TaK M
HENeTUpoBaHHbIX  00pasuoB  Bij,SnyTe;,Sey,. Takum oOpazoM, BausHHME Sn Ha
OJTHOPOJTHOCTh TBEPIBIX PACTBOPOB HA OCHOBE TEJUTYpHIa BUCMYTa OTIMYAETCS OT BIUSHUS
JOPYTHX JETHPYIOMIMX T00aBOK B 3TOM XK€ MaTepHale U OT MOBEACHHUS 0JIOBA B TEILTypUIE
CYpPbMBI.

B monoxkpucramnax Bi,TesgsSeo s, serupoBanubix 5 mon % In,Tes, ycraHoBIEHO
HaJIM4YMe€ MUKPOBKIIOUEHHH C COCTaBOM, OTJIWYHBIM OT MaTpPHUYHOro. B JernpoBaHHBIX
MeHbIMM konudectBoM npumecu (0,5 u 1,0 mon.% In,Tes) TBepapix pacTBOpax pasHUIlA B
3HAUEHUSAX KOJMYECTBAa 3JEMEHTOB cocTtaBwia 1,1 ar. %, mpu 3TOM MMKpPOBKIIIOUYEHUS
JPYroro coctaBa He OOHApPYKEHBI.

Paboma svinonnena npu uacmuunoti noooepsxcke BPODHU, npoexm @ 06-0635.
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AmMopdHble KnacTepbl Ha MOBEPXHOCTU YacTUL, OTCEBOB
Apo6neHusa no gaHHbIM ACOM n AIN3SM

L'opnocmaesa T.A., Moxos A.B.
HI'EM PAH, Mocksa, CmapomonemHulil nep., 35, e-mail: avm@igem.ru

MeTtonaMu aHaTUTHYECKOW CKAaHUPYIOIIEH M MpocBeuMBarolieil Mukpockonuu (JSM-
5610LV + JED-2300 u JEM-2100F) uccnenoBanuch 00pa3ibl MEIKO3EPHUCTHIX OETOHOB C
oTceBaMHU JpoOiieHus meOHs M3BEP)KEHHBIX TOPHBIX mopoj. Kak m3BecTHO, HA TOBEPXHOCTH
TOHKOJIMUCIIEPCHBIX MHUHEPAJIBHBIX YaCTUL, SBIIAIOIIMXCS HAMOJHUTEISIMU B O€TOHE,
oOpa3yercs amopu3upoBaHHbIii cioit [1,2,3], KOTOpHI yBEeIMUMBAET WX PEAKIMOHHYIO U
aJICOPOIIMOHHYIO CIIOCOOHOCTb.

B o0pasnax Menko3epHUCTBIX OETOHOB CO CBEXHM CKOJOM Ha CKaHUPYIOLIEM
3IEKTPOHHOM MUKPOCKOIIE BBISABISUIMCH YYaCTKH C MUHEPAJIbHBIMHU YacTUL[AMH, UMEIOIIUMU
IUIOTHBIA KOHTAKT ¢ HOBOOOpa30BaHUSAMU. 30HbI, UMEIOLINE BHICOKYIO KOHLIEHTPALIUIO TaKUX
YUYaCTKOB, BBIICISUIMCH KaK OOBEKTHI JUIsl MOJTOTOBKH IMPENapaToB Uil MPOCBEUMBAIOIIETO
3JIEKTPOHHOTO MUKPOCKOTIA.

B npuroToBineHHBIX M3 3THX 30H CYCHEH3HOHHBIX Ipenapartax 3aUKCHpPOBAHBI Kak
amop(HbIe KJIacTepbl, TaK U KJIACTEPbl C HAYaJIbHOM cTajuell KpucTauin3aluud HOBOU (asbl.
Pa3mep »tux knacrepos coctasisietr 10-50 HM.

Takum o00pa3oMm TMOKa3aHO, YTO amMOp(U3UPOBAHHBIA CIOW COCTOUT W3 OTISIBHBIX
KJIaCTE€POB, KOTOPBIE MOTYT SIBJISTHCS 3apOAbIIIAMHU HOBBIX (a3.

Paboma evinonnena npu noooepocxke npocpammol OH3-9.

1. Onveunckuii A.I'. iccnenoBanue BAMSIHUSI MUHEPAJIOB HA OPMUPOBAHUE CTPYKTYPBI
THJIPaTUPYEMBIX LIEMEHTOB. ABTOped. JHC. HA COMCKAaHUE y4. CT. K.T.H.- XapbKoB. — 1969. —
17.C.

2. Kununxun A.M., Kanunkuna E.B. I10BepXHOCTHbIE U3BMEHEHMS IUOIICH/IA, BEI3BAHHbBIC
B3anMo/IeiicTBHEM ¢ Bojoi//MccnenoBanne TEXHOJIOTHH U CBOMCTB CTPOUTEIBHBIX U
TEXHUYECKHUX MaTepUasioB U3 MPUPOHOTO U TEXHOI'€HHOTO ChIpbsi. CO. HayuH. Tp. —
Amnatutsl: Konbckuit Hayunsiit nentp PAH. — 2002. - C.24-28.

3. Schott J., Berner R.A., Sjoberg E.L. Mechanism of pyroxene and amphibole weathering. —
I. Experimental studies of iron-free minerals// Geochemical et Cosmochimica Acta, 1981. —
V.45.—-P.2123-2135.
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PeHTreHoda3zoBble U MUKPOPEHTreHoCneKTpanbHble UccrnefoBaHUA
o0pa3uoB cUNUUMAHbIX 3BTEKTUK MOonNubaeHa un Bonbdgpama ¢
KpucTtannorpacgpumnyeckom TEKCTYpOu nocne Kpuctannmsaumm us

pacnnaBa

Tnecun b.A., I'necun U.b., Hexpacoe A.H.
HUDTT PAH, o. Yepnoeconoska, e-mail: gnesin@issp.ac.ru

b uccnemoBaHbsl 00pasipl, OJM3KHE MO COCTAaBy K JBOWHBIM CHIMIUIHBIM
sBTekTHKaM (Mo,W)sSi; + (Mo,W)Si,. [locie kpucrammm3anuu U3 paciuiaBa B rpaduTOBBIX
TUTIAX (TUIaBIeHWE B BAKyyMHOW TI€YM COMPOTUBIEHUS), TaKkKe KaK WU B CIydae
WCIIOJIb30BaHUS ~ MEAHOIO KpucTajmiu3aropa (OecTurenbHas TIUIaBKa BO B3BEIICHHOM
COCTOSTHUM ), BO BCEIl 00J1aCTH PAaCCMOTPEHHBIX OTHOCUTENBHBIX KOHIIeHTparuu Mo u W ot 0-
100 ar.%, ObuTO0 OOHAPY’)KEHO MPHUCYTCTBHUE TETPAroHaJbHBIX CHJIMIHIOB, M30MOP(HBIX
TeTparoHaabHbIM cunuiuaamM  MoSiy, WSi, u MosSis, WsSis. Hapsny ¢ nanHbIMH,
MOJyYEHHBIMH C TIOMOINIBIO PEHTIE€HOBCKOIO MMKpPOAHAINW3a, 3TO CBUIETEIBCTBYET 00
00pa3oBaHNM HEMPEPHIBHBIX 1O OTHOCUTENIBHBIM KOHIICHTpAIUsIM MOJIUOAEeHa U Boib(hpama
JBYX PSIOB TBEPHABIX pacTBOpPoB MoSi; - (Mo,W)Si,-WSi, u MosSiz - (Mo,W)sSi3-WsSis.
Mukpoananu3 mnpoBenu Ha npubope CamScan MV2300 HMOM PAH, yckopstoiee
Hanpspbkenue 20 kB, nuaMerp myuka MUKpoaHaiu3aropa 2-3 MKM, HaOOp 4uciia UMIYJbCOB
OCYIIECTBIIsIM 3a LMKIBI 1o 70 cekyHna, paspemienne He xyxe 0,05 Mxm. Bo Bcem
WCCJICJOBAHHOM WHTEpBAJie OTHOCHTEIBHBIX KOHICHTparmii Mo u W OblI0 0OHapyKeHO
NPUCYTCTBUE BBIIICYNOMSHYTHIX CUIMIMIHBIX (a3, KOHLEHTpalus MoJaubaeHa u Boiabhpama
B KOTOPBIX JIMIIb HAa HECKOJbKO ATOMHBIX IPOLEHTOB OTJIMYalach OT CPEAHEW B CIUIABE:
cumauia (Mo,W)sSis Bcerma ObUT HECKOJIBKO oOoramieH BoJdb(paMoM, a CHIIHIIHI
(Mo,W)Si, — Mou61eHOM.

Jlis peHTreHoBckoro (ha3oBOr0 aHaiM3a MCHOJIb30BAIM YCOBEPUICHCTBOBAHHBIN B
NOTT PAH nudpakromerp JJPOH-3. Ero ocoOeHHOCTBIO SIBIII€TCSI cCOUeTaHUE OOBIYHBIX IS
TUPPAKTOMETPOB BO3MOXKHOCTEH (ha30BOTO aHAIM3a W BO3MOXKHOCTEH HCCIICIOBAHUS
KpUcTaiorpauueckux TeKCTyp. bblUl MpoBeAeH MpelBapUTENbHbIM aHAINU3, MO3BOJIMBIIUI
BBISIBUTH BO3MOXKHBIE Ykl audpakmuu ans (a3, u30MOp(dHBIX TeKcaroHajdbHOH (aze
HoBotHoro ans monubnena (MosgSizCogs) U M30MOPGHBIX T€KCArOHATLHOMY AUCUIUIIIY
MoSi,. Hcnons3ysi npeaBapUTEIbHYI0 CheMKy NOMIOCHBIX ¢uryp (II®D) nmist BeIOpaHHBIX
yIJI0B  AU(pPaKkiuu  JJI1  BBISABICHUS  MOTEHIHUAIBHBIX  TEKCTYPHBIX  MaKCUMYyMOB
TeKCaroHalbHbIX (a3, M TMOCIEAYIOIIYI0 CbEeMKy Au(ppakTorpaMMm OUIM(POB HMEHHO B
OpUEHTAIlMM 3TUX MaKCUMyMOB, yJalloch MoOKa3aTh mnpucyTcTBue ¢Gazpl HoBoTHOro u
IEKCaroHaJbHOIO JUCWIMIUAA BO BCEM MHCCJIEIOBAaHHOM JIMANla30HE OTHOCHUTEIbHBIX
KoHIIeHTparuii Mo u W B 00pasiax, KpUCTALTU30BAaBIIMXCA B rpadutoBoM TuUTIe. Jlis
opueHTanmii  nUM(OB, COOTBETCTBYIOIIUX HMEHHO OOHAPYXKEHHBIM  TEKCTYPHBIM
MakcHUMyMaM, Ha OOBIYHBIX JU(paKTOrpaMMax HaOI0Jany SBHOE MPUCYTCTBUE JUHHUHA OT
00Cy>K/1aeMBbIX 3/1€Ch TeKcaroHaJbHBIX (a3. Taxxke ynanoch noka3aTh, 4YTo B 00Jjiee YUCTHIX MO
yriaepoay o0pasiax, KpUCTalIM30BaBIIMXCS B MEAHOM KpucTajumsaTtope, ¢aza HoBoTtHoro
SIBHO NPUCYTCTBYET, [0 KpaiiHell Mepe, B 001actu koHueHtpauuii 0-50 at.% W.

B oOcyxnaemom 31ech ciydae, HaJlMuue KpUCTANIOrpapUuecKod TEKCTYpbl
crocoOcTBOBanO BhIsABICHHIO (a3, m3oMopdHbIX (aze HoBOTHOrO u rekcaroHalbHOMY
mucunuuay. MccnenoBaHue crienyaibHO IMOJYYEHHBIX MOPOILIKOB, C MOMOUIbIO pa3Moiia
KyCOUYKOB JIUTBIX 00paslloB, HE IO3BOJISUIO BBISIBUTH MPHUCYTCTBUE ATHX (a3, Torga Kak
MHOTOKpaTHOE YCHJICHHE TU(PPAKTOMETPHUYECKOTO CUTHANIA TOJBKO B OTHOCHTEIBHO Y3KHX
00J1acTsIX TEKCTYPHBIX MAKCUMYMOB Ha MpeaBapuTenbHo CHATHIX [1D numdos, mo3Bonsno ux
Ha/Ie’)KHO OOHAPYKUTb.
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anMeHeHMe AJIeKTPOHHO-30HAOOBOIro MUKpoaHasnin3a ans
nccecrneaoBaHnsa CynepuoHHbIX Kpucrtannos

Lompauesa A.B., 3amopanckas M.B., Konecnukosa E.B., Hoeukoé b.B.,
1l]azcan-Manooicuesa /1.
Quzuxo-mexuuyeckuti uncmumym um. A.@.Hogpge PAH, Cankm-Ilemepoype,
e-mail: y.domracheva@mail.ioffe.ru

CyneproHHbIE MPOBOJHUKHU SIBISIOTCS OCOOBIM KJIAacCOM KPHCTAJIOB, B KOTOPBIX NpH
TEMIEpaTypax 3HAYUTEIbHO HIKE TEMIIepaTyphl ILIaBICHUsS HAOIIOAAETCS CTPYKTypHOE
pasynopsiioueHue OAHOM W3 MOHHBIX nHojpenieTok. OCOOEHHOCTBIO  CYNEPUOHHBIX
KPUCTAJIJIOB SIBJISIETCS HAJM4ME JBYX THUIIOB HOCHUTENIEH 3apsja: JIEKTPOHOB M HOHOB,
B3aUMOJICHICTBHE MEXAYy KOTOPBIMH IPHUBOAMT K IMOSIBIEHUIO Lenoro psaa 3¢dexros u
sapreHui. Llenpio paboThl SABIAIOCH H3YyYCHHE SBJICHUS HOHHOU MU y3uH, BO3HUKAIONMICH B
pe3yJbTaTe BO3JEHCTBUA AJIEKTPOHHOIO Iy4Ka Ha o0Opasel.

OTO sBJIEHME UCCIENOBAINCH HAa CYNEPUOHHBIX rerepocTpykrypax Agl-Ag,Hgls-Hgl, n
Cul-Cu,Hgl4-Hgl,, monydennbix metomom TBepaodaszHbix xumuueckux peakiuii (TOXP).
CTpyKTyphl HCCIEA0BAINCh METOJAMH IEKTPOHHO-30HI0BOI0 MUKPOAHAIN3a U JIOKAJIBbHON
KaTOJIOJIFOMUHECLIEHIIUH.

HccnenoBanuss METOJOM 3JEKTPOHHO-30HJOBOIO MMKpOAHAJIM3a IO3BOJIWIN IOJIY4YHUTh
pacmpesiesieHne JJIEMEHTOB B Te€TepOCTPYKTYpe BIOAb ocu Juddy3un U 0oOHAPYKUTH
aCUMMETpPHUIO MX paclipelielieHus] B reteporiepexoje. beumm ompeneneHsl KO3 GHUIMEHTHI
mud¢y3un. beiio oOHapyX eHO, YTO MpH JIOKAJIbHOM pa3orpeBe o0iydaemoil o6iactu
BCJIEJICTBHE OOJY4YEHUs TE€TePOCTPYKTYPbl JIIEKTPOHHBIM ITyYKOM BBICOKOH YJelbHON
MOIIIHOCTH HPOUCXOAUT U3MEHEHUE CBOUCTB KpucTaiuia. [lpu paszorpese obsacti TpoHHOTO
cymeproHHOro KpucTamia Ag,Hgl, Beime Temmepatypsl dasosoro mepexoma (T.=52°C)
MPOMCXOIUT PA3yTOPSIOUCHIE KPHCTAIINIECKOil penretkn mo monam Ag , Hg”' u peskoe
Bo3pactanne auddysun HoHOB cepebpa Ag . Habmomamace nuddysus uoHOB Ag B
kpucrauie Hgl, dyepes rpanuny rereponepexoma Ag,Hgls-Hgl,. Takum oOpazom, mon
BJIMSIHUEM 3JICKTPOHHOTO Iy4Ka ¢ BBICOKOM IJIOTHOCTBIO TOKA COJIEpKAHNE aTOMOB cepedpa B
kpuctamie Hgl, Bospactaer ot 0%ar. g0 20%ar. Taxke Obl1a M3ydyeHa 3aBHCHUMOCTh
JFOMHHECLEHTHBIX CBOMCTB OT 3JIEMEHTHOI'O COCTAaBA.

bouto ycranoBneno, 4ro kodpdunment auddQy3un 3aBUCUT OT IUIOTHOCTH TOKa
IEKTPOHHOrO Mmydka. Ilpou3BeneHa oOlLleHKa TeMIepaTypbl JIOKAJbHOI'O IEperpena
oOydaemMoii 06JacTu Ui pa3IMYHON IUIOTHOCTH TOKa. [lomydensl TMHAMUKY KOHIIEHTpAIUi
JIEMEHTOB MPH JIUTEIBHOM BO3JCHCTBUH 3JIEKTPOHHBIM ITy4YKOM Ha 00pasel.

Paboma 6wina evinonnena na 6aze I[KIl "Mamepuanosedenue u oOuacHocmuka 8
nepeoosvix mexHonocusx".
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MeTponormyeckme xapakTepucTMKN KONIM4eCTBEHHOro aHanu3a
nopoaoo6pa3syrLmnx MMHepanoB, BbINOSIHEHHOrO Ha
3HeproaucnepCMOHHOM U BOJTHOBbLIX KpUCTasnsax 35IeKTPOHHOro
MukpoaHanusatopa JXA-8100 (Jeol, AnoHus)

Exumosa H. U, A.A. Kapabyos
Janvneeocmounviii eeonoeuueckuti uncmumym /[BO PAH, 2. Braougocmox,
e-mail: nekimova@yandex.ru

DONBIIMHCTBO CKAaHUPYIOUIMX AJIEKTPOHHBIX MHKPOCKOIIOB OCHALIEHO TOJIBKO

sHeproaucnepcuoHHbiMu  criektpomerpamu (DJIC), Torma kak B Hamied Jiabopatopuu
pPEHTreHOCeKTpaibHblii  MUKpoaHann3atop JXA-8100 ocHameH TpeMs BOJHOBBIMHU
cnekrpomerpamu (BJIC), u DJIC INCAENERGY-250, npousBonctBa kommanuu Oxford
Instruments, Mo3TOMy MBI MMEEM BO3MOXKHOCTh AaHAJIM3MPOBATH OJUH U TOT XK€ oOpaser
nBymsi ciocobamu. ComocTaBieHHE MOITYYEHHBIX Pe3yJbTaTOB IPUBEIO K HEOOXOAMMOCTH
CpPaBHEHHMS  METPOJOTMYECKUX  XapaKTepUCTHK  00eUx  METOAUK,  TaKux  Kak
BOCIPOM3BOAMMOCTh, TOYHOCTh aHAJIN3a, MPEeIibl 0OHAPYKEHNUS.
BocmpousBoaumMocTh METOIMKH aHATN3a XapaKTepU3yeTCsl pACCETHUEM Pe3yIbTaTOB aHaIN3a
B CE€PHUHM MOBTOPHBIX aHAIM30B OJHOW U TOM K€ MPOOBI OTHOCUTENIHO UX CPEIHEr0 3HAUCHUSI.
Omnbka BOCIPOU3BOAUMOCTH fpoenp O CMBICITY SIBJISETCS caydaiiHOH. TOYHOCTH aHanu3a -
3TO XapaKTEPUCTHKA PE3yIbTaTOB aHAJM3a, OTPAXKAIOIIAS CTETIEHb X OJIM30CTH K UCTHHHBIM
3HAYEHUSM aHAM3UPYEMbIX COACPKAHWM BEIIECTB U BIMSHHUS Ha pPe3yJIbTaThl OIIMOOK
METO/Ia OIIPEIETIECHMS.

[IpoBenennbie SkcrepuMeHTHl Mokaszanu, uro JJC paboraer Gonee cTaOuiIbHO U
BOCIIPOM3BOAMMOCTh aHAJM3a Ha HEM BbIIIE (I CPEIHUX COAEPKAHUN aHAIU3UPYEMBIX
anemenToB), ueM Ha BJIC. Ommubka BocnpousBogumoctu Ha D/IC ne npesbimiaer 0.4 otH.%,
toraa kak Ha BJIC nuanasoH cpegnekBagparuyHoro otkiaoHeHus ot 0.01 go 1.39 otH.%. B T0
e BpeMs, MPHU MalbIX COJCPKAHUSAX AaHAIU3UPYEMbIX 3JIEMEHTOB BOCIPOM3BOJAUMOCTh
anasm3a Ha BJIC Beime B cpegHem B 2-3 pasa. llpu 3HaUMMBIX CoOJEpiKaHUAX
aHAJM3UPYEMOT0 JIEMEHTAa TOYHOCTh METOJUK CpaBHMMa, HO Mpu padote Ha DJIC aHamM3bI
Oosee cTaOMIIBHBI, MOCKOJIBKY MPUOOpHAas omiMOKa JIsl 3TOr0 METOJla MEHEee 3HAYMTEesbHA.
[Ipu conepkaHuu aHATU3UPYEMBIX 3JIeMeHTOB MeHee 1%, TouHocTh aHanu3a Ha BJIC Bbie,
HO B OOJIBIION CTENEHH 3aBUCUT OT TUIA KPUCTAJUIa-aHAJIN3aTopA.

[Ipenenst o6Hapyxenust (Crio) 3aBUCAT OT aTOMHOTO HOMEpPA 3JIEMEHTA, CPEIHEro
aTOMHOI'O HOMepa MaTpHUILlbl, KpUCTaJUIa-aHAJIU3aTopa (Ul BOJHOBBIX CIIEKTPOMETPOB),
BpEMEHU NpoBeaeHus ananuza. s nerkux snementoB (Na, Mg, Al) Cro oxoio 0.03-0.05%,
s snemeHToB ot Ti Cno=0.01%, mns Si, K, Ca Cno nexur mexay 0.01 u 0.05%. Oto
CpPEeHUE 3HAYEHHUs, IOCKOJbKY B KaXKIOM KOHKPETHOM cCiy4ae Mpeaes OOHapyXeHHs
WHIMBHIyalbHAsS BEJIMYUHA, U B 3aBUCUMOCTU OT MAaTPHUIILI MOXKET Pa3InyaThCsl B HECKOJIBKO
pa3 (Cro Mg B nuoncuze cocrasui 0.04%, a B onuBune 0.2%). Crio 371€MEeHTOB TIPHU aHAIHU3e
Ha DJIC, paccunuTaHHble AJi1 OJTHOTO M TOTO e 00pasila, oKa3zaauch Ha mopsamok xysxke Crio,
onpeneneHubsix Ha BJIC (nanpumep, muist Ca stu Bennuubbl paBHbl 0.04 u 0.004%, a nnsa Mg
0.07 u 0.007% cootBeTcTBEHHO). Bce skcrnepuMeHTbl NPOBOAMIUCH HPU YCIOBUAX, NPU
KOTOPBIX BO3MOXKEH OJHOBPEMEHHBII aHAJIM3 Ha CIIEKTPOMETpax 0OOUX THIIOB: YCKOpSIOIIEe
Hanpspkenue 20 kB, Tok 10 HA.
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UcnepoBaHue CTPYKTYPHO-U3MEHEHHOro CJyiosd Ha NOBepxXHOCTU
pr6 n3 ayCTeHVITHOI7I cTanu nocrne AonuTenbHoOn JKCcnnyatauuum

3muenxo /.C., Kopnees A.E., Cmenanosa U.A.
OAO «HIIO IJHUHUTMAILLL», Mockea, Poccus, e-mail: zmienko@gmail.com

B noxnane um3nojkeHbl pe3ysbTaThl MCCIENOBAaHUS MeTaya TpyO maporeperpeBarens
BbICOKOTO AaByeHus u3 ctanu 12X18H12T. O6opynoBanue skcIutyaTupoBajiock Oonee 15 ner
npu temneparype 10 650°C u naBnenun 24Mlla.

Ilesnib paboOTBl COCTOSIa B aHAIM3€ M3MEHEHUs CTPYKTYpPbl MPUIIOBEPXHOCTHOIO CIIOS
TpyO maponeperpeBaTess B IPOLEcce AIUTENIbHOM SKCILTyaTalllu.

[TpenBaputensHoe ucciaenoBaHue TpyO MeToJaMHM ONTHYECKOH MeTtauiorpaguu U
MarHuTHON (heppuTOMETpUH IMOKa3auo, 4YTO MPH HKCIUTyaTallid B MeTajule Ha Hapy>KHOU
IIOBEPXHOCTU 00pa3yeTcsi U3MEHEHHBIH 10 CPaBHEHUIO C MaTpuueil cioi, obnanaromuii
(eppOMarHuTHHIMHU CBOICTBAMHU.

HccnenoBanne Metauia TpyO NpPOBOJWIM METOJAMH ONTHYECKOW MeTtautorpaduu,
pacTpOBOM U IPOCBEUMBAIOLICH DJIEKTPOHHOM MHUKPOCKOIIMH, MUKPOPEHTT€HOCIIEKTPAILHOT O
aHaJIu3a U PEHTIT€HOCTPYKTYPHOTO aHAIN3a.

B npumnoBepxHoCcTHOM 001acTu TpyO OBLIO BBISBIEHO HECKOJBKO CIOEB, OTIMYABIIMXCS
10 COCTaBY M CTPYKType OT MeTajula IEHTpajdbHOM dacTu TpyObl. B cocraB 3Toi obmactu
BXOJIWIIN:

1. Cnoit okuciaoB, 0Opa30BaBIIErocs B IMPOLIECCE IKCIUTyaTallid Ha MOBEPXHOCTH
TpyO, UX OCHOBY COCTABJISIIM OKUCIIBI JKelle3a U XpoMa,

2. Cnout Tommuuout g0 30 WMKM, pacrojaraBIIMCS HEMOCPEICTBEHHO O]
OKHcIaMH, oOoraieHHbIH HukeneM (1o 70% macc.) U OTIMYABIIMKCS CJIA0bIM
TpaBJICHUEM;

3. CunpHO TpaBsimuics ciaod ToammHOM 10 200 MKM CO 3HAYUTEIbHBIM
KosmyecTBoM BbiaeneHni M23Ce 1 TiC. BHYyTpH ayCTEHUTHBIX 3€pEH 3TOTO CI0s
HaOmoganock Gonbmroe konudectBo BhieneHU Ti(CN) kak B BUAE MEPBUYHBIX
KPYIIHBIX YaCTHLI, TaK U B BUje MenkoaucnepcHsix (0,1 — 0,3 Mkm).

HanOonpmmii wHTEpEC C TOYKH 3pEeHHS OOBSICHEHHS TMOsBICHUS (da3bl  C
(heppOMarHuTHHIMU CBOWCTBAMH MPEACTABIISLT BTOPOH CIION — C MOBBIIIEHHBIM COJIEpKaHUEM
Hukens. C yderoM TOro, 4ro Ha TpaHMIIE 3TOro cJosl coiepxaHue Ni HM3MEHSIOCh
ckaukooOpazHo (0T ~12 % mo ~70%), MOKHO TPEANOTOKUTh 00pa30BaHUE XUMHUYECKOTO
COEJIMHEHMS JKEJI€3a C HUKEIIEM.

Ha ¢azoBoii nuarpamme Fe-Ni, B obiacTu Temmeparyp SKCILTyaTallud TPyO BO3MOYKHO
cymectBoBanue ¢a3pl FeNis, kotopas obnanaer (eppoMarHUTHBIMU CBOWCTBAMH U TIO
COCTaBY COOTBETCTBYET COJEP/KAaHHMIO »Kejle3a M HHUKelsd B yKa3aHHOM cijoe. Metogamu
PEHTTEHOCTPYKTYPHOTO aHaln3a HaMu ObLIO J0KazaHo oOpas3oBanue ¢aszbl FeNis — B ee
JU(PPAaKIMOHHOM CIIEKTpE MPUCYTCTBYIOT OYEHb cja0ble MAaKCHUMYyMbl, YKa3bIBaIOLIME Ha
MPUHAIIICKHOCTh KPUCTAIIIMUECKOM CTPYKTYPBl K IPUMHUTHUBHOM KyOMUECKON pelIeTKe.

KocBeHHBIM MOATBEPKIEHUEM 3TOrO MOCIYXKWJI U TOT (akT, 4To B 0Opasie TpyOsl,
HaxojuBLIeHCs JuuTeNbHOE Bpems npu Temmeparype 780°C, ciosi o0oraieHHOro HUKeIeM
0o0HapyeHO He ObLIO, a 10 JUTepaTypHbIM AaHHBIM FeNi; pacTBopsercs mpu 6ojiee HU3KOM
TEMIIEPATYPE.
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AHanus pacnpepneneHna XmMmn4eCKunux afieMmeHToB " nokasareneu
npenomiieHnsa B cepgueBnHaxX BOJTIOKOHHbIX cCBeTOBOAOB

Hexaxosa JLJL- _, Jlaspuwes C. B Jlunamos ,ZZ C.”, Juxaués M E Yeprook C. r’
30mos K.B." By6H06 M.M.", I'vposnos A.H."
*)Haqublﬁ YeHmp 80JIOKOHHOU ONMUKU PAH, Mocxkea, e-mail: ldisk@fo.gpi.ru
**)HHcmumym xumuu vicokouucmolx sewecms PAH, Huxcnuii Hoeeopoo

[IpoBeneHo uccienoBaHue KOPPENAINA U3MEHEHHS MoKas3aresneil mpenomiieHus ( 1n) B
3arOTOBKAaX [IJIsi MPUTOTOBJIEHUS OINTUYECKUX BOJIOKOH C PACIPEICICHHEM XUMHUYECKUX
9JIEMEHTOB B CEPALIEBHUHE 3arOTOBKM, YTO HEOOXOIUMO KakK JJIsi KOHTPOJS TEXHOJOTUU
M3TOTOBJICHHUSI CBETOBOJOB, TaK M JUISl MOCIEAYIOIIEH OLIEHKHM HUX HEJIMHEHHBIX CBOWMCTB M
ONTHUYECKUX IMOTEPb. 3aroTOBKM JUIsI CBETOBOJAOB M3roTaBinMBaliuch MeroaoM MCVD,
BEJIMYMHBI N U3Mepsiin ¢ nomoinbio York Technology Preform Analyzer P-102 ( A=632,8nm,
0=+0,0002), pacmpeneneHre 3JIEMEHTOB YCTAHABJIMBAJIOChH C UCIIOJB30BAHUEM METOAA
SHEProJUCIEPCUOHHOIO0 MHKpOaHalIHu3a (CKaHUPYIOUIMI 3JIEKTPOHHBIM Mukpockon JSM
5910-LV JEOL ¢ ananutnyeckoit cuctemoit INCA Oxford Instrument).

B oOunapubix cuctemax SiO(I)-M (M —okcua) mpu 100aBIeHUM K KBapIeBOMY
crexity | mon.% okcuaa 3HadeHus n yBenuuuBaroTcs Ha BenuuuHy An +0,002, +0,00088 u
+0,00145 g M = ALOs;(I) , P,Os(II) u GeO,(IV) coorBeTcTBeHHO. B
MHOTOKOMIIOHEHTHBIX CHCTEMaX MEXaHW3M 3aBHCHMOCTH M OT COCTaBa HE H3YyYeH.
VYcranoBieHo ik, 4yTo B nceBroOuHapHoM paspese I-AIPO4 cucremsr I-TI-1I1
HaOIIOAAeTCs MPAKTUYECKU JIMHEWHOE CHIDKEHHE N C YBEIWYeHUEM conepxkanus docdara c
BennunHy An =-0,00081[1]. OcoOeHHOCThIO M3YYECHHBIX HaMU OOBEKTOB SIBISETCS PE3KOE
W3MEHEHUE M TIPU OTHOCHUTEIHHO HEOOJBIIUX HM3MEHECHMSIX KOHIICHTPAIMM OHOTO U3
KOMITOHEHTOB, IPUYEM 3aBUCUMOCTh M OT KOHUEHTpPAIMU MOCIETHEr0 HE BCErja sIBIsETCA
nuHelHoi. HeoOXonuMocTh CO3/1aHus CBETOBOJIOB C 3apaHee 3a/JlaHHBIMU CBOWCTBAMH, B
YaCTHOCTH K, OOYCIOBIIMBAET aKTYaJbHOCTh TOUCKA KOPPENSLUUNA MEXAy M U COCTaBOM.
I'padbukn Ha puUCyHKE WUTIOCTPUPYIOT paJuaibHBIA MPOQHIL M W COOTBETCTBYIOIIECE
U3MEHEHHUE COCTaBa B OJJHOM U3 00pa3lIoB.

Lm;f —————————————Cgy MR .25 c Mon%
464 ¥ )

el Pt ey i 15 Aol

e 0 || I M W =4 - — ' [

J A La' 1 " P205

Lad e gl qes e
} : : -im ; . _swetoety = & ’ X \_ i 11}
SR 0 05 1 18 i I Y las

H3menenue mokasareis MIpCIOMIICHUS U KOHI.[GHTpaL[I/Iﬁ OKCHUAOB BAOJIb AUaMCTpa
cepaneBuHbI 3aroToBKH 17151 00p.Ne43(I1) (ormeTka 0 COOTBETCTBYET CepeIMHE CEPALICBUHBI)

Cocrassl cepaieBut cootBeTcTBoBaNU TpEX- (I-1I-III u I-III-1V ), uetbipéx- (I-1I-111-
IV) u narukomnoneHTHbIM ( ¢ dropuna-uoHom ) cucremaMm. Cojaep’kaHHE KOMIIOHEHTOB
BapbupoBaiock B mpeaenax ( % wmom.): 100-37 Iy 0-15 II; 0-33 III; 0-6 IV 0-1,7 F.
[TokazaHo, yTO B U3yUYEHHBIX 00pa3llax 3HAUEHUsI # MEHSAIOTCS B Y3KUX Ipejaenax - ot 1,45296
no 1,47122, gucnosast aneptypa coctaBisier 0,067+0,201. B GonpimuHcTBE 00pa3ioB u3
JETUPYIOMIUX A00aBOK HambobImas kKoppensiuus n Haomomaercs s 11, Haumenbmas mist
II. ITonyyeHHBIE pe3yIbTaThl AOMOJHSIIOT CBEICHUS O CBOMCTBAaX CTEKOJI, T.K. JAaHHBIE JIs 1 B
YEeTbIPEX- U MATUKOMIIOHEHTHBIX CUCTEMAX aHAJIOTHYHOI'O COCTaBa OTCYTCTBYIOT.

1. D.J.DiGiovanni, J.B. MacChesney, T.1. Kometani // J. Non-Cryst. Solids. 1989. V.113.
P.58-64
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OnpeneneHune coctaBa LMPKOHMEBLIX MaTepManos METOA0M
P3M-PMA

Kanunuyenxo T.1I'., Byeaii A.H., Poeynvckuii O.B.
Hucmumym npuxnaonoii ¢pusuxu HAH Vkpaunei, 2.Cymei, YVkpauna,
e-mail: t_kalinichenko@yahoo.com

OmpezenieHue cocTaBa IUPKOHHEBBIX MAaTEPUATIOB METOAOM PACTPOBOM 3IIEKTPOHHOMN
MHUKPOCKOIIUM C PEHTI€HOBCKUM MuKpoaHanuzoM (POM-PMA) ocnoxHEeHO XMMHUYECKON
HEOJTHOPOJIHOCTBIO 00PA3IIOB, YTO TpeOyeT pa3paboTKH 0COOBIX MOIX0I0B MPHU aHATHU3E.

JIns KONMMYEeCTBEHHOTO aHajiu3a CoOJIepKaHUs TpUMEcCed B IIMPKOHUEBBIX CIUIaBaX
MerogoM POM-PMA Obiin onpesienieHbl ONTUMAIBHBIC IS BCEX ONMPEACIIIEMBIX JJICMEHTOB
SKCIEPUMEHTAJIbHBIE YCIOBUSI, @ UMEHHO: BBIOPAHbI CEPUH U JIMHUM PEHTTEHOBCKOTO CIIEKTpa
3JIEMEHTOB, KPUCTAJUI-aHATIN3aTOPhI, YCKOPSIOIee HAINPsHKEHUE, TOK 30H]1a, BpeMs aHaJIn3a,

OIICHCHO HAJIMYHE YTAIIOHOB, 1101I00paHbl 00pa3Ilbl CPAaBHEHUS M CHATHI TAJIOHHBIC CIIEKTPHI.

B xone sxcnepumenToB Ha ipudope POMMA-102 («SELMI», CyMbl) yCTaHOBJIEHO, YTO

- OCHOBHAsI COCTABJISIONIAS UCCIIETyeMbIX 00pa3lloB — IUPKOHHIA,

- comepkanue Be, N, F, Al, Si, Cr, Fe, Nb, Sn, | Haxonutcs Hike ripeziesia 0OHapyKeHUs;

- comepkanue snemeHtoB B, K, Ca, Co, Ni, Cu, Mo, Cd, W, Pb — na mnpenene
oOHapyskeHHsI. DTO 03HAYAET, YTO ST DJIEMEHTHI pacIpeeIeHbl HEOAHOPOIHO W/WITN BIHUSICT
CTATUCTUYCCKUN XapaKTep IIpollecca TEeHEepalud M PETUCTPAMH  XapaKTePUCTHUECKOTO
PEHTTEHOBCKOTO M3TyUYCHHUS;

- comepxanue snementoB C, O, Mg, Cl, Ti, Mn, Sr, Zr, Hf onpenensiercss 10cTOBEpHO,
OJIHAKO C pa3HOW CTEMEeHBI0 TOMOreHHOCTH. HeoOXoIMMO OTMETHTh, YTO COJCpKaHUE
yIJIepO/ia 3aBBIIICHO BCIACACTBUE MACITHON OTKAUYKU BaKYYMHOM CUCTEMBI.

Hcnonb3oBanue Kpuctami-Iu(pakiiMOHHBIX CHEKTPOMETPOB C JUCIEpPCHEN MO JUIMHAM
BostH (BJIC-ananu3) mo3BosisieT onpenessTh COCTaB U JOKATH3AIMI0 MUHOPHBIX BKIIFOUCHHI.
Jlis TOBBIIIEHHUS KOHTPACTHOCTH JUHHUM XapaKTePUCTUYECKOTO HW3MYUYEHUS OT CIEIOBBIX
3JIEMEHTOB MUKPOAHAJIH3 MIPOBOJIMIIH C UCTIOIB30BAHUEM a30THBIX JIOBYIIICK.

YtoObl ompenenuTh, KakuM oOpa3oM JIOKaJIbHO H3MEPECHHBIC KOHIICGHTPAIMd MOTYT
OXapaKTepU30BaTh MaCCHUBHBIN obpaser, OBLIIO MIPOBEICHO MOJICJIUPOBAHNUE
AKCTIEPUMEHTAIIBHBIX YCI0BUH MeTogoM MoHTe-Kapio. OnpeaeneHo, 4To 3IeKTPOHHBIN 30H,]
(Eo=20 kB, I[p=10HA) npu B3aUMOJEHCTBUM C MACCUBHOW LHUPKOHHUEBOU MOIJIOKKOMH,
MOKPBITOH TOHKMM CJI0OeM oOkucia mupkoHus (20 HM), oOpasyeT 30HY TEHEpalUH
XapaKTePUCTHUECKOTO PEHTICHOBCKOTO M3JIYYCHHS JTUaMeTpoM Topsaka 1.5 Mkm.
CrnenoBaTenbHO, JOKATHHO U3MEPEHHBIC KOHIICHTPAIIUU OMTUCHIBAIOT TAKHE MUKPOOOHEMBI.

C moMomipio ByXJy4eBOTo (AIeKTpOHHO-uOHHOTO) mpubdopa CrossBeam1540EsB (Carl
Zeiss, 'epmanus) yCTaHOBJICHO, YTO MTOBEPXHOCTHASE MOP(OJIOTHUS MaTepHaia COXpaHsIeTCs U
B 00beMe. OOpasel nmpeacTaBiseT co00i METKO3EPHHUCTYIO CTPYKTYPY € pa3MepaMu 3epeH OT
JIECSATKOB JI0 COTEH HAHOMETPOB C OOJIBIINM KOJIMYECTBOM I'PAHHMI] pa3iesa.
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K Bonpocy o To4HOCTM pacyeTHOro metoaa y4vyeta ¢poHa B PCMA c
BOJIHOBOMN Aucnepcuen

Kapmanos H.C., Kanaxun C.B.
TI'eonocuueckuii uncmumym CO PAH, 2. Ynau-Y0s, e-mail: karmns@rambler.ru

B penTrenocnekTpalbHOM MUKPOAHAJIM3€ ¢ BOJIHOBOW TUCHIEPCUEN PACUETHBIA METO/T
ompexaeneHus: Gona o6IaaaeT TAKUMHU JOCTOMHCTBAMHU, KaK BO3MOKHOCTh yueTa )oHa B
o0pa3uax, UMEIOUINX CIEKTPbl C MHOTOYUCIIEHHBIMU CIIEKTPAJIbHBIMU HAJIOKEHUSAMU, U 0oJiee
TOYHBIN y4eT (oHa B ciiyyae HEIMHEHHOMN 3aBUCUMOCTH MHTEHCUBHOCTH (DOHA OT JAJTUHBI
BOJIHBI TIPY MAJTBIX yTiIaXx bparra u BOIHM3M KpaeB morionieHns. BaxkHo Takke, 9TO 3TOT
METOJ] CYIIECTBEHHO MOBBIIIAET MPOU3BOAUTEILHOCTD aHATN3A.

B nacrosmieit pabore B pamMkax €IMHOTO IMOJAX0J]a MPOAHATU3UPOBAHBI BO3MOKHOCTH
6-TM OINHCaHHBIX B JMTEpAType aNNPOKCUMHUPYIOUMX (QYHKUUH, NPUMEHIEMbIX JUIS
MOJIETUPOBaHUSL TOPMO3HOr0 u3inyuyeHus: B O3MA. Jljig HaxoXJIeHUsI mapaMeTpoB (PYHKIIHMA
pa3paboTaH alropuT™M, OCHOBaHHBIN HA MCIIOJIB30BAHUHU BOJIHOBBIX CIIEKTPOB. BhIsgBIEHO, UTO
HalileHHbIE 3HAYEHUS] HEKOTOPBIX MapaMeTPOB aNMpOKCUMHUPYIOMUX (YyHKINA 3HAYUTEITHHO
OTJIMYAIOTCS OT 3HAYeHUH, NPUBOAMMBIX aBTopamu ¢GyHKuud. [lpu 3TOM OTHOIIEHUs
MCXOJHBIX 3HAYEHUH OCTATOYHBIX CYyMM OTKJIOHCHHH allpPOKCHMAILMU K OKOHYATEIbHBIM JIJIs
pasHbix (yHKUUN BappupyioT oT 1.2 no 1.8. CnemoBaTenbHO, Hal/leHHbIE HAaMU 3HAYCHHS
napaMeTpoB  ANNpPOKCHUMHUPYIOUIMX  (QYHKIMH  oOecrneumBarOT  Jydliee  KadecTBO
anmpoKCUMAIUMU 10 CPABHEHUIO C «aBTOPCKUMMI» 3HAUCHUSMHU.

HaunmeHsblee BiIusiHUE HA Ka4ECTBO aNMPOKCUMAIIMU M, COOTBETCTBEHHO, HA TOYHOCTb
OLICHKM MHTEHCUBHOCTH (DOHA, OKa3bIBaeT CIOCO0 pacueTa MOIMpaBKU Ha 00OpaTHOE paccesiHue.
VY CTaHOBIIEHO, YTO pacyeT MOTJOMICHUSI MPEANOYTUTEIbHEE MPOBOIUTH C HCIOIb30BAHUEM
MaccoBbIX Kod(durmentoB moriomenus mo [einpuxy (Heinrich, 1987). I[lpumenenwue
JAPYyTUX MAacCOBBIX KOI((UIMEHTOB TIOIJIOUICHUS MOXKET YBEIUYUTh CPEIHIOI OLIMOKY
BbiunciaeHus: gona Ha 3-15%. Kak Hu yauBuTeNnbHO, HO Haubosiee 4acTO MPUMEHSEMBIi
Croco0 OLEHKH MHTEHCUBHOCTH TOPMO3HOT'O U3IYyYEHHUS OT MHOTOKOMIIOHEHTHBIX 00Pa3IoB C
WCIOJIb30BAaHUEM CPEJIHEr0 aTOMHOIO HOMEpa, BBIUMCIISIEMOIO C Y4€TOM MAacCOBOM J01H
HJIEMEHTOB, SIBJISETCSI HAUMEHee MOAXOAIIMM s 3Toi 1enu. OTHOCUTENIbHOE CTaHJapTHOE
oTKJIOHeHHE (S,) BBIYMCICHHOrO 3HaueHHus (OoHA B 3TOM ciydae B 1.6 pas3a mpeBblliaer S,
MojlyyaeMoe TIpH HCHOJb30BAHWUU JUISI BBIUMCIEHUS CpPEIHEro AaTOMHOTO HOMepa
MoaupurpoBaHHOH 351ekTpoHHOM nonu (Donovan, Pingitore, 2002).

Bun annpokcumupytomeid GyHKIMM OKa3bIBaeT CYIIECTBEHHOE BIUSHHE HA TOYHOCTb
olleHKH (oHa — S, 11 camoit moxoit ¢pynkuuu (Small at el, 1987) B 2.5 pasza npessiiaer S,
s myudmed gynkuuu (Smith, Gold, 1979). B nocnennem ciyuae mpu 0.1<A<1.2 HM u
10<7<83, S, cocraBmger 0.03-0.06, uto comocTaBUMO C OHIMOKON wu3MepeHus QoHa
TPaJAULIMOHHBIM criocoOoM. Takoe 3HaueHue S, JOCTATOYHO ISl OINpENeSCHHs] BbICOKHX,
CPEIHUX, @ B HEKOTOPBIX YCIOBHUAX, M HU3KHX KOHLUEHTpAIMHA. DTO MO3BOJIAET HAJCIThCA Ha
0ojiee IMIMPOKOE HCIOJIb30BAaHUE PACUETHOIO MeToja ydeTa (OHA B BJIEKTPOHHO-30HOBOM
aHajM3e C BOJIHOBOM JAMCHEepcHeil, TeM Oojee 4YTO eMy HeT aJbTEepHATHBBI MPU aHAIM3e
00pa3loB, WMEKIOIIUX CIOXKHBIE CHEKTPHl C MHOTOYHCICHHBIMH  CIEKTPaJbHBIMU
HAJIOXKEHUSIMH, KOT/1a ISl M3MepeHus: (poHa HEBO3MOXKHO MJIM CIIOYKHO BBIACITUTH CBOOOHBIC
OT XapaKTePUCTHUYECKOTO HM3IYYCHHS Y4YaCTKH CIIeKTpa. Peanmzanusi BO3MOXHOCTH ydeTa
¢oHa Kak pacyeTHbIM, TaK U TPAAUIMOHHBIM CIOCOOOM B MPOrpaMMHOM OOECHEHYEeHUU
MHUKPOAHAIU3aTOPOB TO3BOJIUT CYIIECTBEHHO MOBBICUTH 3 dekTnBHOCTE D3MA € BOJIHOBOI
JUCTiepcueli mpy aHajan3e MPOCTHIX U CIOXKHBIX 00pa3oB BO BCEM AHANAa30HE ONPEAEISIeMbIX
KOHILIEHTPALUM.
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PeHTreHocnekTpanbHbIM MUKpoaHanu3 das,
HaxogAawmxca B paBHoBecun B cucteme Ba—Cu-O

Knunkosa JL.A. ', Ban K.B. %, Huxonatiuux B.H. *
IHHcmumym Gusuxu meepoozo mena PAH, Yepnozonoska
2HHcmumym aKcnepumenmanvhol munepanoeuu PAH, Yepnoconoska,
e-mail: kvww@iem.ac.ru
I Hnemumym npo6nem mexnono2uu MUukpos1ekmponuky u 0cobo uucmolx mamepuanos PAH,
YepHoeonoexka

Jna cucremsl BaO,-CuO ¢ pasnmuunbiM conepkaHueM CuO B HCXOQHOW cMecH,
IPOBEJEH OTXKHUI MpPH pa3IUYHbIX TeMIeparypax M JuuTensHoctd U Mmetogom JIPCMA
ucclieIoBaHbl 00pa3zoBaBInecs (asbl.

UcxonupiMu BemectBamu ciayxmwm BaO, («u.g.a») u CuO («ocu. 9-2»). Cmecu
3alaHHOTO cocTaBa ¢ MHTEepBAIOM 1 M01.% CuO roMoreHu3upoBaiv U npeccoBaigu. OTxKUT
MOJIYYEHHBIX TaOJETOK MPOBOAWIM B alyHJOBBIX THUIJISIX Ha BO3JAyXe B TOPU30HTAIHHOU
TpyOuaroit reyu CONPOTUBIIECHUS, OCHAILIEHHOM NPEU3UOHHBIM  TIPOrPAMMHBIM
tepmoperynaropom PU®D-101. Temneparypa ¥ HpOJOKUTEIBHOCTh OTXKHUIOB BBIOpAHBI C
Y4€TOM ONTUMM3ALUU MPOLECCa, IPU KOTOPOM JOCTUTAKOTCS MPENEIbHO BO3MOKHBIE YCIOBUS
MOJIHOTO CHHTE3a, OTCYTCTBHS oOpa3oBanus BaCOj;, cokpailieHusi JIUTEIBHOCTH KOHTAKTa
paciuiaBa ¢ MaTepuajoM THUIJA M TOTepu pacmuiaBa. llepen mpoBeeHHEM HCCIIeIOBaHUN
meroaoM JIPCMA Ha moBepXHOCTh 00pa3liOB HAMBUISUIN YIJIEPOAHYIO TUICHKY, a PU MOJIMPOBKE
MOBEPXHOCTHU MPUMEHSIN aJIMa3HbI€ MacThI.

JletranbHoe nccnenoBanue 00pa3oB 1 00pa30BaBUIMXCS (a3 MPOBOAUIHN C TPUMEHEHUEM
pacTpoBOro 3JEKTPOHHOTO MHKpOCKOma-MukpoaHanuzaropa «Camebax» u «Tescan», a
OnpeACICHUC HX KOJIUYCCTBCHHOI'0 JJICMCHTHOI'O0O COCTaBa IIPOBECACHO C MNPHUMCHCHUCM
MOJIYTIPOBOJTHUKOBOTO JAeTeKkTopa. /[namerp anHanmmsupyemoil obsiactu oOpasia cocTtaBisut 2-4
MKM. I[J'DI YMCHBIICHUS TOTPCUIHOCTU OMPCACIICHUA KOJIUYCCTBCHHOI'O 3JICMCHTHOI'O COCTaBa,
KOTOpasi JUlsl CTaHJApTHOIrO ciiyyas He mpeBblmana 5% OTH., peKOMEHAyeTCsl MPUMEHSTb
OTHONICHUS U3MEPEHHBIX OTHOCUTEIHHBIX MHTEHCUBHOCTEH.

[Tonnyuennbie JIPCMA naHHBIE, COTIacyloTCsl C pe3yJibTaTaMH, MOJYyYEHHBIMU JIPYTUMU
METOAAMHU: BU3YaJIbHbIM IOJUTEPMHUECKUM M PEHTTeHO(A30BbIM aHAIM3aMHU M 3JIEKTPOHHOM
TUQpPaKkUuU B MPOCBEYMBAIOUIEM HIIEKTPOHHOM MHKpocKore. COBOKYIHOCTh TOJy4YE€HHBIX
PasIMYHBIMM METOAAMHU PE3yJbTaTOB MO3BOJIET MOCTPOUTH (a30BYI0 JHArpaMMy COCTOSHUS
cuctemsl BaO-CuOy 11 mHTEpBaja MCCIEA0BaHHBIX COCTaBOB M TeMIiepaTyp. BbisaBieH psn
0COOEHHOCTEM M OTIIMYMH OT paHee M3BECTHBIX AMarpamMMm. YCTAHOBJEHHAas HaMM JAuMarpamma
COCTOSIHUSL HE sBisieTcd InpocToil 3BTekTHueckod BaCuO,-CuO, a BkiIoYaeT AMCKPETHBIE
obmactn okcugoB Ba,CuminOy co crpykrypoii BaCuO,. OTu okcuzael MIaBATCS 110
HNEPUTEKTHYECKOMY MexaHu3My. B Ooratoit Meapto oOmactu Gopmupyercs psl TBEPIBIX
pactBopoB Ba,CuiOs., cyllecTBOBaHHE KOTOPBIX, IO BCEH BEPOSATHOCTH, OOYCIOBIECHO
oOpazoBanueM (a3 B pagy CuO-Cu,O no Mepe MOBBIIIEHUS TEMIIEPATYPHI.

152



PeHTreHocnekTpanbHoe nccregosaHne angpysmoHHbIX
npoueccoB B 6a3afibTOBOM CTEKITOBOJIOKHE

Knomvexo A.B., I'apwes A.B., I[lycmoseap E.A.
Xumuueckuil gh-m MI'Y, Mocksa, e-mail: knotko@inorg.chem.msu.ru
@axynemem nayk o mamepuanax MI'Y, Mockea

PCMA c suepreruueckoit qucnepcueii (ciekrpomerp INCA energy+ (Oxford Inst.) Ha
pactpoBoM 3ekTpoHHOM Mukpockorie SUPRA 50 VP (Carl Zeiss)) Obu1 UCTIONB30BaH ISt
UCCIIEIOBaHMs IPOLIECCOB, IPOUCXOMAIIMX NPU TEPMHUUECKOM U TUIPOIUTUUYECKOM
00paboTKe MNPOMBIIUIEHHOTO 0a3ajJbTOBOIO CTEKJIOBOJIOKHA PAa3JIMYHOIO cocTaBa (Kak
COOTBETCTBYIOLIIETO MPHUPOJHOMY rab0poba3anbTy, TaK M MOJIIMXTOBAHHOTO IS
yBenuueHus conepxanus Ca0).

Bbuto ycTaHOBIEHO Kak CpefHee coJepXKaHWe KaTHOHOB C BOJIOKHE, TaK U (METOA0M
JIMHEWHOT'O PEHTTEHOBCKOI0 KapTHUPOBAaHHUS IPU MCIOJIb30BAHUM MOHMKEHHOTo 10 10 xB
YCKOPSIIOILEr0 HampsDKEHUs1) paclpe/esieHHe 3JIEMEHTOB B CEYEHHH BOJIOKHA JI0 M TOCIe
TEpMOOOPAOOTKH B OKHCIUTENbHBIX YycIOBUsAX. CONocTaBiIeHHE IMOJYYEHHBIX JIMHEHHBIX
KapT pacrpesieleHus JIEMEHTOB U COOTBETCTBYIOIUX POM mukpodororpaduii no3sonusio
cAenaTh BBIBOA O JOCTHKEHHHM IPOCTPAHCTBEHHOI'O pa3pellieHHUs PEHTTEHOBCKOTO
KapTupoBaHus nopsaaka 0.5 MKM. AHanM3 pacrpesieleHus] KaTHOHOB B CEYEHMH BOJIOKHA
M0Ka3aj, YTO OTKUI B OKHUCIIUTEIbHBIX YCJIOBHUAX C OKHCIEHHUEM BXOSIIETO0 B COCTaB
BonokHa Fe™ NpPUBOIMT K YBETMUYCHMIO y IOBEPXHOCTH BOIOKHA KOHIeEHTpamun Ca B
cllydae HEMOJIIMXTOBAaHHOro Marepuasa M Na B cilydae CTeKjJa C IOBBIIIEHHBIM
conepxkanueM CaO. Ha OTHOCHTENIBHO TOJICTBIX BOJIOKHAX TOT BBIBOJ ObLI OATBEPKACH U
aHAJIM30M YCPEIHEHHOIO M0 IUIOIIAJU COCTaBa OKHMCIEHHBIX UM HEOKHCIIEHHBIX BOJIOKOH.
Taxke nmokazaHO U3MEHEHNE KaTUOHHOTO COCTAaBa BOJIOKHA B Pe3yJbTaTe KaK KHUCJIOro, TakK
U IIE€JIOYHOT0 TUAPOJIN3A B Pa3IMUHBIX CPElax.

Paboma evinonnena npu noooepacke PODHU (epanm 07-03-00822a), npozpamm Ne 6

u 9 OXHM PAH.
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NMpumeHeHne peHTreHoda3oBOro aHanusa u
PEeHTreHoCneKTpanbHOro MUKpoaHanusa ans usy4yeHmst MoUYeBbIX
KaMHeun

Konecnuxosa M.O., Kyzomuuesa I'. M., Jloguunosckuii H.1O., E¢pumosa FO.A.
Mocxoeckas I'ocyoapcmeennas Axaoemus Tonkou Xumuueckoti Texnonozuu
um. M.B. Jlomonocosa, Mocxksa, e-mail: Mary-Andre@inbox.ru.

Mouekamennas 6one3nb (MKD) siBnsercs ogHUM M3 paclpOCTPaHEHHBIX YPOJIOTHUYECKUX
3a00JIeBaHUI M BCTpEYaeTcss He MEeHee 4eM y 3% HacelleHUs M 3aHMMAaeT OJIHO W3 TEPBBIX
MECT Cpeiil YPOJIOrHuecKHux 3a0oaeBaHuii, cocTaBiss B cpeaneM o Poccun 34.2%.

3Hanue (Ha30BOrO0 M DIEMEHTHOTO COCTaBa MOYEBBIX KaMHEH TO3BOJISIET BBIOpATH
ONTHUMAJbHBIA METOJA JIeYEHHUs, CYAUTb O TATOJOTHH, HPEJOTBPATUTh MOBTOPHOE
KaMHeoOpa3oBaHue U MpoBoAuTh npodunaktuky MKB.

[lenp paboThl — oOmpenelieHne CcOoCTaBa MOYEBBIX KaMHEH MAalUeHTOB Y POJIOrHuecKon
KJIMHUKY Ip1 MockoBcKoM MeaunuHckoi akagemuun um. .M.Ceuenosa.

[To ¢a3zoBomy cocTaBy MoOuYeBbIE, KAMHH MOXKHO YCIOBHO pa3[eiuTh Ha 4 TpymImbl
(okcanartsl, ypatsl, (pocdarsl, qpyrue), npudeM okcanaTHblie kamMmHM Ha 2007 rog mo Mockse u
MockoBckoil 06iacTu cocTaBWiIn OKOJIO 74% cpenu Ipyrux MoueBblX KamHeil. Takas ke
cuTyanusi Habmomaercss W B JApyrux roponax Poccuu. DazoBblii aHaIW3 BBINOJHEH
pentreHorpaduyeckum  Merogom (HZG-4, CuKa, 20 5 — 50°), »snemeHTHBIA -
PEHTTeHOCTIEKTPaIbHBIM MHKPOAHAIM30M COBMECTHO C HCCIEIOBAHHUEM MUKPOCTPYKTYPHI
(Quanta 400).

Hamu mpoBenmeH kadecTBEHHBIM (C Hcmosib3oBaHWEM 0asbl JgaHHbIX PDF-2) u Bmepsbie
KOJIMYECTBEHHBIN (OMpeneieHne COOTHOIIeHusT (a3 B HeoaHoda3zHOM oOpasle MyTeM
CPaBHUTEIHHOW OIICHKW WHTCHCHBHOCTEH JHQPPAKIIMOHHBIX OTPAKCHHI) pEeHTreHO(a30BhIN
aHanm3 30 MOYEBBIX KaMHEH. YCTaHOBJIEHO OTJIHMYKE AU(PPAKIMOHHBIX KAPTUH BEIICIUIHTOB
(CaC,04 x nH;0), cBs3aHHOE C pa3HbIM KOJIMYECTBOM KPHUCTALIM3AIMOHHOW BOJBI, U
BeBeuUTOB (CaC,04 x H,0), o0ycnoBieHHoe 00pa3oBaHUEM TEKCTYpPbI, KOTOpask MPUBOAUT
K TOBBILIIEHUIO TBEPAOCTH KaMHsA. OOBsICHEHHE pa3HON TBEPAOCTH KaMHEW pa3HOIro BUJAA U
LEHTpa U nepudepun B Mpejaesax 0JHOT0 KaMHs MOJyYeHO NMPU U3YUYEHUH MUKPOCTPYKTYPHI
(HampuMep, PpBIXJIBIA ILEHTP, MPEICTABICHHbIA OTIEIbHBIMU KpHCTAJJIaMU, W TBepaas
nepudepus ¢ IIOTHBIMU MEPETUICTCHUAMHU KPUCTAIUTMYECKUX 00pa30BaHMIA).

Pacyer TeopeTMueckuxX 3HAYEHH WHTEHCHUBHOCTU AU(PPAKIMOHHBIX OTPAKEHUN s
CaC,04 x nH,O ¢ pa3HON BENMYMHOM 7 U CpPaBHEHHE 3KCIEPUMEHTAJIbHBIX 3HAYEHHH
MHTEHCUBHOCTU BEJJEIUIMTOB IO3BOJIMJI OLIEHUTH KOJMYECTBO MOJIEKYJ BOJBI, YTO OBLIO
MOATBEPHKIEHO METOJOM TepMOorpaBUMEeTpun. He HCKII0YEeHO, YTO KOJMYECTBO MOJIEKYI
BOJIbl MOKET BJIMSTH HA TBEPJIOCTh KAMHEH.

[IpuMeHeHre PEHTTeHOCIEeKTPAIbHOIO0 MHKpPOAHAIM3a TO3BOJWIO HAWTH pa3HUIy B
9JIEMEHTHOM COCTaBe IIEHTpa U nepueprun MOUEBHIX KaMHEH pa3HBIX BHIOB (B YaCTHOCTH, B
ypaTHOM KaMHe, MPEeACTaBIEHHOM MOYEBOM KHCIOTOM, HaliIeHO, YTO KaJIbLIUH MPUCYTCTBYET
TOJILKO B IIEHTPE U OTCYTCTBYET Ha nepudepun).

TakuM 00pa3zom, HCMOIB30BAaHHBIE METOJbI JJISi OMpEACNICHUS] COCTaBa MOYEBBIX KaMHEH
SIBJITFOTCSI HTH()OPMATUBHBIMU, HAJIS)KHBIMU U SKCTIPECCHBIMH.
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Bo3MOXHOCTU onpeaeneHns a3oTa B ob6pasyax pasnuyHoro Tuna
MEeTO[O0M PeHTreHOCNeKTPanbHOro MMKPO30HA0BOro aHanumsa

Komnonxoea H.H., Hamancon I1.K.
Hnemumym ceoxumuu u ananumuyeckoi XuMuu
um. B.H.Bepnaockozo PAH, Mocksa, e-mail: NNZOND@geokhi.ru

OcoOeHHOCTh PacTBOPEHHS a30Ta TMPU HKCICPUMEHTAIBLHOM  MOJICTUPOBAHUHU
TreOXMMHYECKHUX MPOIECCOB 3eMJITU MOBJIEKIO 32 cO00i HEOOXOUMOCTh MPSIMOT0 U3MEPECHHUS
KOHIICHTPALMU a30Ta B pa3iu4yHbIX (azax ¢ BBICOKOW CTENEHBIO JOCTOBEPHOCTH U
JOKANbHOCTH. J[7s  ompeneneHuss XUMHUYECKOTO cocTaBa o0O0BbekTOoB (BKIto4as N)
WCIIOJIb30BAJICS  PEHTTEHOCTIEKTpanbHbld  MuKpoaHanm3aTop SX 100, d¢upmer Cameca ¢
YeThIPbMsI BEPTUKAJIBHBIMHM CIIEKTpOMETpaMu. B KadecTBe KpucTaia-aHaIW3aTopa JUIs
onpezaeneHust asora ucnoib3zoBanuch PC2 u PCl. Tak kxak Bce 3J€MEHTHl M3MEPSUIUCH
OJIHOBPEMEHHO, TO YCKOPSIOIee HAMpsHKEHUE ISl CUIMKATHON YacTu — 15 KV, 11l MeTauioB
(B Tom yucine Pt u W) — 20xV. Tok 3onma 20nA. Vcnosb3oBajics pexxuMm pacTpoBOTO
CKaHMPOBAaHUS C pa3BepTKoN SxSMkM u 12x12mkM. B kauectBe 00pa3iioB cpaBHEHHs IS
a30Ta UCIOJB30BATUCH TepMocToiikas kepamuka BN u AIN. Jnst PC2 ckopocth cuera Ha BN
coctaBmsuia 64,27 um.cex/nA, mns PC1 - 12,83um.cex/nA. Ocoboro BHUMaHHS TpeOyeT
MIPaBUIBHOCTH BHIOOpA MOJOXKEHUS TUHUU (hoHA. CTaTUCTUUECKUN Tpesies1 OOHapy KEHUs IPH
stux ycnosusx st PC2 cocraBunm 0.05 %sec., mis PC1 — 0,1%Bec. COOTBETCTBEHHO.
[TonmyuyeHHble HAaMH JJaHHBIE COIJIACYIOTCS C JaHHBIMH, MOJYYEHHBIMU JAPYTHMHU METOAAMHU.
Wckmouenne cocTaBisliOT M3MepeHus MeHee 1%Bec. u3-3a HaJIU4YUs BBICOKOTO (POHOBOTO
3HA4YeHUs1 KOHLIEHTPALMK a30Ta Ha 00pa3Lax.
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U-Th-Pb gatupoBaHue moHauuToB U3 YepHbix cnaHues KMA
(Kypckass marHuTHaa aHomanusi) no pesyrnbtatam
PEeHTreHOCneKTpanbLHOro MMKpoaHanusa

Kopuw E.X.
Bopomnesicckuii 2ocyoapcmeennbiii ynusepcumem, 2. Bopoueoic, e-mail: korish_k@rambler.ru

B pesynprare neTanbHBIX HCCIENOBaHWK NUTH(OB BBICOKOYTIEPOJUCTHIX CIIAHIIECB
TUMCKON cBUTBI Tum-fctpeboBckoit cTpykTtypel (KMA) Ha pacTpoBOM 3JIEKTPOHHOM
mukpockore Jeol 6380 LW ¢ snepromucnepcrnonasiM ananuzatopom INCA 250 (BI'Y) Obuta
YCTaHOBJIEHA PEAKO3E€MeNbHAas MUHEpAIU3alusl B YIJIEPOJUCTBIX CIAHIAX M U3YYEHBI paHee
HE OIHCAaHHBIE 3/1€Cb MUHEPAJIbl: MOHAIUT, AJUIAHUT, OAcTHE3UT M CHUHXMU3UT. [loMumo
WHTEpeca B OTHOLUEHWHM HOBOTO HANpaBJICHUS B METAJUIONEHUYECKON pPEIKO3EMEIbHOM
CHEIMAIN3alNN YIVIEPOJUCTBIX CJIAHIIEB TUMCKOM CBUTBHI ObUIa Cl€jaHa MOMbBITKA OLEHKU
BO3pacTa Meramop(du3ma 3TUX OTJIOKEHHH MO COOTHOLICHUIO ypaHa, TOPHUsS M CBHHIA B
MOHAIUTE. JTOT METOJA JAaTHPOBAHUS METaMOP(PHUYECKUX IPOIECCOB MOJIb3YeTCsl OOJIBIION
MOMYJISPHOCTRIO B mocneaHee necartuierue moj Hazsanuem CHIME (chemical Th-U-total Pb
isochron method) (Suzuki, Adachi, 1991, 1998; Suzuki et al., 1994; Montel et al., 1996 u ap.).
Jlnst aHanmu3a ObUTM OTOOpaHBI camble KpyIHBIE, HamOoJiee XOPOIIO COXPaHUBIIHUECS,
UMEIOIUE MHHHMMAJIBHOE KOJIMYECTBO BKJINOYEHMHM 3€pHAa MOHALUTOB JIBYX pa3IUYHbIX
re’epanuii, oopasupl. CHauasaa 3epHa MOHAIIUTOB ObUIM M3YYEeHBI HA PACTPOBOM 3JIEKTPOHHOM
mukpockorne Jeol 6380 LW c¢ sHepro-gucnepcuoHHbiM aHanuzatopoM INCA 250 (BIY).
bbutM BBIMOTHEHBI UX CHUMKH B OTPa’KEHHBIX AJIEKTPOHAX U MpeaBapuTeabHble uzmMepenus U,
Th u Pb, uzyuena mopdosorus, BHYTpEHHEE CTPOEHHE KpPUCTAJUIOB M PEAKIIMOHHbIE
CTPYKTYPBI C yUaCTUEM MOHAIIUTOB.

KommnuectBennsie uzmepenust U, Th u Pb BeimonHsiuce Ha pacTpoBOM 3JIEKTPOHHOM
mukpockonie TESCAN VEGA II xmu o60pyaoBaHHOM BOJHOBBIM criekTpomeTpom (MOM
PAH), Tak kak Ha HSHEPTrOAUCIEPCHOHHOM CIIEKTPOMETpPE HE JOCTHTaeTCs JIOCTAaTOYHAS
TOYHOCTh aHaJIM3a 3TUX KOMIIOHEHTOB. B kauecTtBe cTangapToB ucnosb3oBanmuck ThO,, UO;
u PbTe. Benmmunna yckopsromniero HanpspkeHus diaekTpoHHor mymku 20 kB, Tok 30H712 Ha
mwmHape Papanes — 40 HA, QokycHoe paccrosiHEe 25 MM. Bpemst Habopa UMIyIbCOB IS
Pb m U mo 400 cek. ma smemente, 200 cex. - Ha ¢one, mis Th 100 cexk m 50 cex
COOTBETCTBEHHO. Mcnonp30Baiics pacCIMPEHHBIN 30H — 5X5 MKM.

[Tpoananu3upoBaHHbIE MOHALIMTHI COJEPXkKAT 3HAUUMble KOoHLeHTpauuu ceuHua (0,091-
0,461 % PbO), kOoTOpHIif MPUHATO CYUTATh paAHOreHHbIM, U ypaHa (0,073-0,154 % UO,), uto
SBJIAETCS KPUTUYECKM BAaXKHBIM I JAJbHEMIIMX pacyeToB Bo3pacToB. OmmOka merona
3aBHCHT OT MPEAENIOB MOTPEIIHOCTH ONpeAeNieHUs] KOHLIEHTPAlU ypaHa U CBUHIIA U OOBIYHO
He npesbimaer 50-100 muH. ner. [lpu oOpaboTke pe3yabTaToOB JAaTUPOBAHUS MOHAILUTOB «in
situ» OOBIYHO TPHUMEHAIOT MaTEeMaTHYECKUe METOIbl CTAaTUCTUYECKOW 00paboTKu
MIPEICTaBUTENBHBIX BBIOOPOK. DTO IMO3BOJSIET MUHUMU3MPOBATH OLIMOKY /10 BEJIMYMH, Kak
npasuio, MeHbine 10-15 mutH. ner.

boumn monyyenst ae nomyJsisinuu Bo3pacToB (1) 1629-2134 mun. net u (2) 1041-1471
MiH. set. M3-3a Hebomnbiioro pasmepa (He Oonmee 20 MKM B JuaMeTpe) HE YAAIOCh
OIIpEICIUTh BO3pacTa B LIEHTPAJIbHBIX M KPAEBBIX YACTAX 3€PEH, TaK KaK Iy4OK BO30YXKIECHUs
HMeeT AuamMeTp 5 MKM. BO3MOXHO, 3TUM OOBSCHSAETCS TaKo OOJBIION pa3Opoc 3HAUYCHHIMA
BO3pacTOB B 3aBHCHMOCTH OT TOYKHM aHajiu3a. TeM He MEHee, OHU OTPAKAIOT pa3yMHbIE
OIICHKU B KOHTEKCTE T€0JIOTHYECKOT0 pa3BUTHs TUM-ScTpeOOBCKOM CTPYKTYPHI.
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O HEeKOTOpPbIX UCTOYHMKAX MOrpeLHOCTU U3MEepPEeHUN Ha
3N1IeKTPOHHO-30HAO0BOM MUKpoaHanusatope JXA-8100

Koponwk B.H., Jlaspenmves FO.I'., Ycosa JI.B., Huemamynuna E.H.
Huemumym eeonocuu u munepanozuu Cubupcrxoeo omoenenus Poccuiickoii akademuu Hayk
Hosocubupck, e-mail: cameca@uiggm.nsc.ru

Mukpoananuzatop JEOL JXA-8100 oOecrieunBaeT AOITOBPEMEHHYIO CTAOMIBHOCTD
3JIEKTPOHHOIO 30HAA MpU TOKax mydka A0 10 MKA, 4TO MO3BOJIAET MPOBOJIUTH AHAIU3 C
IIMPOKOM BapHallMeil MHTEHCUBHOCTH. B TakuX pexrMax BO3MOXKHBI OOJIBIIHE ITOTPEIIHOCTH
M3MEpEeHUil, eclii He YUUTHIBATh 3aBUCUMOCTh AMILTUTY/ bl BBIXOJIHBIX UMITYJIbCOB CUETUUKOB
OT CKOPOCTH CYETa, BEJIMUYMHY MEPTBOIO BPEMEHM CUETUMKOB U UX NPEIEIbHYIO HAarpy3Ky, a
TaK)Ke APyTrre TEXHUYECKUE XapaKTEPUCTUKU U YCIOBHs pabOThl MUKpOaHAIN3aTOPA.

JUis IpOTOYHBIX METaH-aprOHOBBIX M OTHASHHBIX KCEHOHOBBIX CUYETYMKOB IpuOOpa
HaboiaeTcs najgeHue ~ 1 B aMmuuTyabpl UMIyJIbCOB Ha BBIXOJI€ YCUIIUTENS [0 MEpPE pocTa
Harpy3ku ¢ 0 7o 100 teic. umm/c. [Ipu y3koM OKHE TUCKPUMHUHAIIAN 3TO MPUBOJIUT K TIOTEPSM
no 50 % curnana. [losTroMy HEOOXOIUMO KOHTPOJHMPOBATH JOMYCTUMYIO pasHHIy B
CKOpOCTSIX cuéTa Ha oOpa3lax W dTaloHaX, Cjiexys IMpU 3TOM OO0IIeMy MpaBWIIy: HUKHHIA
MOPOT TUCKPUMHUHATOPA NOA0MUPATh IO MAaKCUMAJIbHONH HHTEHCUBHOCTH U HA000POT.

B anammse m3mepennas mHTeHCMBHOCTH [0 mpeoOpa3yeTcsi B HICTHHHYIO IO opMyJie

I=1,/(1-7-1,) ¢ mépteeiM BpemeneM 7=1.1-10° c. Jlns BeicOKMX | 3TOro sBHO

HegocTtaToyHO. HeoO0Xoaumo 3HaTh NpPENeNIbHYI0 HHTEHCUBHOCTb, BBIIIE KOTOPOM CHUET
NEPEXOANUT B PEXKUM «YyJUIMHAEMOIO» T, KOI/la MPUMEHSIOT HHYI0 (OopMyiTy. YKecTodaercs
TpeOOBaHWE M K TOYHOCTH T. VX H3MEpeHHble BEIMYUHBI, NPHUBEAEHHBIE B IOPSIKE
BO3pacTaHMs HOMEpPaA KaHaja, 3aMETHO OTJIMYAITCA OT «HOMMHana» B 1.1 Mkc u paBHbI 1.3,
1.3,12, 1.2 u 1.5 mxc ¢ s, =0.07. Beraicamiocs, uto g 1 — 4 crieKTpOMeTpOB COCTOSHHE

«HEYJINHAEMOr0» MEPTBOTO BpPEMEHU COXpaHseTcst 10 ckopoctel ~ 150, a mist maToro Ao
100 Tteic. wmm/c. Ilo »TMM pAaHHBIM OIICHWBAEM IOTPEIIHOCTh, BHOCHMYI CYETHO-

perucTpupyomniei cucrteMon. Tak, s TOTPEITHOCTA TEPBBIX MPUOIKSHUMA AK/K <0.01
pa3nuyre B MHTEHCUBHOCTSIX OT oOpasla M 3TajoHa He JOJDKHO mpeBbimath 100 Teic um/c,
€CIM TIPU ATOM MaKCHUMajbHas CKOpocTh cuéra He mpeB3ouaér 100 m 150 Teic. mmm/c
COOTBETCTBEHHO /I 5 U | — 4 ClIeKTpOMETpOB.

Jlig onieHKuM 0OIIel MOrpelHOCTH B TeYeHHE rojia MpoBeaeHo 7 cepuil uamepenuit K-
BEJIMYMH, NMPOBEJAEHHBIX C Y4ETOM BBIIICU3IOKEHHBIX (hakTopoB. CpaBHeHHE aucHepcUil
cepuil MOKa3ajo UX OJHOPOAHOCTh. ClieoBaTeNbHO, CXOAUMOCTb PE3yJIbTaTOB MU3MEPEHMI
OTJENbHBIX BBIOOPOK CO BpEMEHEM HE H3MEHWJIAch W NPUHAUIEKHUT OJHOW TeHEepalbHOM
COBOKYIIHOCTH. MEXIpyIIoBas CXOAUMOCTb COIOCTAaBUMA CO CPEIHEW BHYTPUIPYIIIOBON
cX0UMOCTBIO (5, < 1% ), 4TO HE MO3BOJIMIIO BBIABUTH UX 3HAUUMBIX BPEMEHHBIX CMELICHUH.
CnyyaiiHasi TOTPEIIHOCTh aHalii3a CJaraeTcd WHCTPYMEHTAIBHOM M CTaTUCTHYECKOU
MOTPENIHOCThI0O Habopa WMMMYJbCOB. Pe3ynbraThl pacuéra CTaTUCTHMUYECKOW IOTPEIIHOCTH
enuHuyHoro wusmepenuss K comocraBuma ¢ s,. CrienoBarenbHO, WHCTPYMEHTAJIbHAs
IIOTPELIHOCTD PSAIOBOTO aHAIM3a HECYLIECTBEHHA OTHOCUTEIIbHO CTATUCTUYECKOM.

B 3aBepuieHne kocHEMCs pabOThI B yCIOBUAX MEHSIOIIEIHCS TEMIIEpaTypbl IOMELCHHUS.
[Ipu e¢ Bapuarmu B mpenenax + 0.5° BOCHpOM3BOIUMOCTh M3MEPEHUH 03 KOPPEKTUPOBKU
PE3KOCTH IIPAKTUYECKH COBIAJAET CO CPEAHEN BHYTPUTPYIIIOBOM CXOAUMOCTBIO. I3MeHeHue
Temreparypsl Ha 1 — 2° 10mycTUMO, HO ITPU YCJIOBUU MOACTPONRKH Ha PE3KOCTh, MPU OOJIBIINX

TEMIEPATyPHBIX CMEIICHUAX TPEOYeTCsl IePEeHACTPOHKa CIIEKTPOMETPOB.
Paboma evinonnena npu noooepacxe PODHU. I'panm Ne 08-05-00240-a
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MUccnepoBaHne BaneHTHOro coctossiHusa atomoB Fe, Mn, Cu, As B
MUHeparnax ¢ NOMOLLbI 3NIeKTPOHHOro MUKpoaHanusaropa

Kynuxoea H.M.
HHcmumym munepanoauu, eeoxumuu U KpUCmManioxumuu peoxkux snemenmos (MMI'P3),
2. Mocksa, e-mail: kulikova@imgre.ru

Pa3pabGotan MeTon wW3y4deHHs] BaJE€HTHOT'O COCTOSIHHS U THIA XHUMHYECKOH CBSI3U
atomoB Fe, Mn, Cu, As B pazauudblx MuHepamax c¢ nomomisio MPCA.
MuKpopeHTreHOCIEKTPaIbHbIi METOA MPUMEHEH ISl ONpe/esieHns aOCOIIOTHBIX 3HAYCHMI
koa¢dutmenToB Ly mornomenus atomoB Fe, Mn, Cu u As B Munepainax. bon ucnonb3oBan
a¢ ekt camonornomenus Lo u LB peHTreHOBCKUX CNEKTpPalIbHbIX JUHUMA Ly Kpasimu Fe,
Mn, Cu n As. KodppuuueHTsl noriomeHus o (Lp) ONPEENsSIOTCA ITyTeM CpPaBHEHUS
OTHOCHUTENbHBIX HMHTEHCUBHOCTEW Lo (LP)-TMHMIA, M3MEPEHHBIX MPU JABYX pPa3IUYHBIX
ycKopsitomux HanpspkeHusix (£, u E,) B oOpasie u 3TajioHe (C U3BECTHBIM KOdhUIreHToM
TIOTJIONICHMS ), C OTHOIIICHUSIMH, PACCUYMTAaHHBIMH B Tiporpamme PAP.

3aBUCHUMOCTh BEIUYUHBI KOI(DPUIMEHTOB TMOTJIOMIEHNsT OT BAJIEHTHOCTH W THIMA
XUMHUYECKON CBS3M aTOMOB ObLIa MCIOJNIb30BaHA JUIsl omnpeaeneHUs: (OpMbl BXOXKIACHUS
JAHHBIX aTOMOB B KPUCTAJUIMUECKUE CTPYKTYpbhl MUHEpAJIOB. B pe3yibrare 1no BeITUYuHE |lg
YIJIOCh OINPENECIUTh KOHUECHTPALUU Fez+, Fe3+, Mn2+, Mn3+, Mn*" B pa3IUYHBIX 00pa3Iax
MHUHEpAJIOB TUTAHOMAarHeTUTa, XPOMHTA, OPTUTA, TPAHATOB, MHUHEPAIOB TPYIIIbI
KpUIITOMEJIaHa, TayCMaHuTa, OpayHHTa, NWHAKHOJIWTa, JroaBurura u J1p. [lpexen
oOHapyxeHHus: MOHOB oaHoW BaneHtHoctH 0,8 —2%. MccrnenoBanus (opMbl BXOXKIEHUS
aToMOB AS B pasJIMUYHBIX MHMHEpAJIaxX I10 BEJIUYMHE [lg TO3BOJMIM Pa3IM4YMTh BaJCHTHBIC
cocrosiHus As®  u As’’, XapaKTepu30BaTh CTCICHb HOHHOCTH CBS3H M OLCHHUTH POIb
MBIIIbSKA KaK aHHOHA B apceHuaax, cyibdoapceHunax, cyibdocomnsx. OCOOCHHO MIHPOKO
BO3MOKHOCTH JIaHHOTO METOJa IpPOSBUIIMCH IIPH MCCIIENOBAHUM II0 BEIMYMHE [, U [
peasbHOM BAJIGHTHOCTH M THIIA XMMHYECKOW CBs3M (MOHHAs, KoBaJieHTHas) aromoB Cu B
MUHEpaJiaX - KUCIOPOIHBIX COCTUHEHHSIX, Cylbduaax, apceHuaax, cyiabhoapceHuaax u ap.
HccnenoBanuch pa3nuyHble CXeMbl H30MOP(HBIX 3aMEIICHUH aTOMOB MEIHU B MUHEpajax W
MEXaHHU3MBI JOCTHKEHHsI 0011Iero 6anaHca BaJIEHTHOCTEH.
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JNlokanbHble peHTreHocneKTpanbHbie uccrnenoBaHus 6a3anbLTOBbIX
maTepuanos

Kynpusanosa T.A., Qununnos M.H., /[po6om H.®., @omuues C.B., Kpenes B.A.
Hncmumym obweii u neopeanuueckoti xumuu um. H.C. Kypnakosa PAH, e. Mockea,
e-mail: kupr@igic.ras.ru

bazanbt sABIISIETCS IIMPOKO PACIpPOCTPAHEHHOW T'OPHOM MOPOAOM, HUCIOJIb3YEMOW IS
MIPOM3BOJCTBA KAMHEJIUTBIX M3JEIUM U BOJIOKOH, CIyXalllUX JUIsd MOJY4YeHUs Ha UX OCHOBE
IIMPOKOIl raMMBbl COBPEMEHHBIX MaTepuasoB, 0OJalalolluX PSAOM YHUKAJIbHBIX CBOMCTB.
MuHepanbHBIi cOCTaB 0a3aJIbTOB 3aBHCUT OT XUMUYECKOTO COCTaBa U yCIOBUIN KPUCTAILIH3a-
uuu  0a3a’nbTOBOM JIaBbl (JaBIE€HUS U TEMIIEpaTyphl, CKOpPOCTEH KpUCTAUIM3ALUU H
oxJaxaeHus u Ap.). OH BAMSIET HA BEIMYUHY TEMIEPATYpPhl U JJIUTEIBHOCTh TEXHOJIOTHYEC-
KOro Ipolecca IUIaBKHM, U OT HEro 3aBUCUT BO3MOXKHOCTb JOCTHKEHUS OJHOPOIHOCTH
BTOPUYHOTO 0a3aJIbTOBOTO CTEKJIa B TEXHOJOTHYECKOM TMpoliecce. MHOrOKOMIOHEHTHOCTb
MOPO/IbI U €€ Bapualluy B IIMPOKUX MpeAesax 3aTPyJHSIIOT BBIOOP €AMHBIX TEXHOJIOTUYECKUX
MapaMeTpoB IJIABICHUS U1 Pa3IU4YHBIX 0a3zambToB. B mporecce mpousBoJCTBa KaMEHHOTO
JIUThs1, 023aJIbTOBOJIOKHUCTHIX MAaTEPUAIOB U U3/I€TIUI HA UX OCHOBE HEOOXOAMM KOHTPOJIb HE
TOJILKO 3a COAEpX aHHEeM, HO U 3a paclpeeIeHHeM MHOTUX KOMIIOHEHTOB Ha BCEX CTaIHsIX
TEXHOJIOIMUYECKOro IIpolecca.

Metomamu TOKambpHOTO peHTreHodyopeciieHTHOTO (JIPDA) u 31eKTpOHHO-30HI0BOTO
Mukpoananusa (33MA) uccneoBaH COCTaB UCXOAHOTO 0a3alibTa MECTOPOXKICHUS bynatoBo
(Apxanrenbckasi 001acTh), TUIMTKHU, OTIUTBHIE U3 3TOro Oa3anbTa, U 0a3anbTOBbIE HUTHU
(poBunr) mpomsBoactBa HUU I'padura (Mocksa). JIPOA 6a3anbTOB TPOBOAMIN Ha
pentreHoduryopeceaTHOM MuKpoaHaimzaTope EAGLE III p-probe B kxomnanuu «CUCTEMBI
JUIT MUKPOCKONUU M aHanu3ay. I3MA 06a3anbToB MPOBOAUIN Ha PACTPOBOM 3JIEKTPOHHOM
mukpockornie JSM-6460 LV (¢dupma JEOL, SmoHms) ¢ 9SHEproaucriepcCHOHHBIM
cnekrpomerpoM INCAx-sight (Oxford Instr., Aurmus). Ins kommeHcanuu 3apsiaa ObLi
HCIIOJIb30BaH PEKUM HU3KOI'O BaKyyMma.

[Tpocnexxen shdexT KpucTarM3alMoHHON AuddepeHnnanuy, 3aKIoYaloiics B
oborareHny mpuaoHHOTO ciiosi Fe-conepkanmmu COeTUHEHUSIME ¢ OO0JIBIIEH MIOTHOCTBIO.

[Toxazano, yto oguH u3 JedeKToB 0a3albTOBBIX HUTEH, TaK Ha3blBaeMble OYCHHKH,
Pa3NUYHOrO pa3Mepa, 3aBUCSINErO OT TONIIMHBI caMoil 0a3allbTOBON HHTH, CBA3aH C
HaJIMYMEM BBICOKOTEMIIEpATYPHBIX MUHEPAIOB B HCXOHOW TOPHON MOpO/Ie.

JlokanbHbIe PEHTreHOCHEKTpalnbHbie MeToabl aHamm3za (JIPCMA) wmoryt ObITh
3¢ (HeKTUBHO HCTOIB30BaHbI AJISl U3yUEHUs MPOIECCOB, MPOTEKAIONINX MPU MPOU3BOACTBE U3
0a3anbTa KAMHENWUTBIX M3JIEIMHA, OT HMCXOJHOTO MHOTOKOMIIOHEHTHOTO MHOTI0()a3HOTro
MUHEPAJIBHOTO ChIpbs 7O TOTOBOW MNPOAYKIMM Ha BCEX IMepenenax TEeXHOJIOTHYECKOro
nporecca. OHU MO3BOJISIFOT BBIJCIUTh U OTOPAKOBATh paciliaBbl 0azaabTa ¢ HEOOXOIUMBIMH
TEXHOJOTMYECKUM XapaKTePUCTUKAM TOTOBBIX KAMHEJIUTBIX U3JECIIUN.

[Tpumenenue JIPCMA naer BO3MOXHOCTh PEIIMTh MHOTHE aHAIUTUYECKUE 3a7aud B
o0jacT MeTpypruv U TEXHOJOTUU U3rOTOBJIEHUs 0a3aJbTOBBIX BOJIOKOH: OLIEHUTh MUHEpa-
JIOTUYECKYI0 U XMMHUUYECKYI0 OJAHOPOJHOCTh MUCXOIHBIX FOPHBIX MOPOJ, KAMEHHOTO JIUTh U
0a3aJIbTOBOTO BOJIOKHA, H3YYUTh MPOLECChl HEPABHOBECHOIO MHUHEpanooOpa3oBaHUs U
rerepoMoppu3Ma Ipu KPUCTAITU3AIUU OTIMBOK, & TAKXKE OMPEIETUTh MOHOMUHEPATILHOCTD
KaMEHHOTO JINThS.

Paboma evinonnena npu noooepocxe I panma Ipezudenma P® HII Ne 284.2006.3.
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PeHTreHocnekTparnbHbIM MUKpOaHanus
B obnactn M-kpaeB nornoLieHus

Jlaspenmuves FO.I". Ycosa JI.B.
Hncmumym eeonoeuu u munepanocuu um. B.C. Cobonesa
Cubupckoeo omoenenust Poccuiickoii akademuu nayx, Hogsocubupck
e-mail: micropro@uiggm.nsc.ru

B pabore paccMarpuBaeTcsi IPUMEHUMOCTh PA3JIMYHBIX METOJO0B KOPPEKIMHU U CIIOCOOOB
pacueta kod(durmentoB mornomieHuss p/p npu PCMA B obmactu M-kpa€B moriomeHus
2JIEMEHTOB C aTOMHBIMH HOMepaMu 76 - 83, T.e. B CUTyalluM, KOTOpasl PEryJsIpHO BO3ZHUKAET
NP OINpPEAENECHUH COCTaBa TAaKUX BAXHBIX B TI€O0JOr0O-F€OXMMHUYECKOM OTHOLIEHUH
MUHEpaJIOB Kak CyJab(uIbl, TEUIypUIbl, CYIb(POCOIU TSDKEIBIX METAJIOB, CaMOPOJHOE
30J10TO ¥ MHOT'OYHCJIEHHOE CEMENCTBO MUHEPAJIOB IEMEHTOB IJIATUHOBOM I'PYMIIbI.

HcnpIThIBaIUCh AEBATh METONOB KOPPEKLUU HA ATOMHBII HOMED U IOIVIOIIEHHUE, a TAKXKE
sTh croco0oB pacuera L/p. COOTBETCTBYIOUIME pacueThl OBUIM BBITIOIHEHBI C TOMOIIBIO
nporpamMmmbl KAPAT. Mcnonp3oBanuch coOOCTBEHHbIE U3MEPEHUS Ha 00pa3lax ¢ MaTpUUHBIM
3¢ HeKTOM, 0/HO3HAUYHO COOTBETCTBYIOLIUM MPEUMYIIECTBEHHOMY IOIJIOIIEHUIO B OJTHOM M3
M-uHTEpBaIOB, U NPUBJIEKATUCH MOAXOASIINE JUTEPATYPHBIE JaHHBIE. Y CTAHOBIIEHO, YTO HU
OJMH U3 METOAOB KOPPEKIMH B KOMIUIEKTE C €JUHCTBEHHBIM CIIOCOOOM pacuera
KOO(QQHUIMEHTOB TOTJIOUICHUS HE B COCTOSIHUM OOECHEYUTh MPHUEMIIEMYI0 TOYHOCTh
KOJINYECTBEHHBIX ONpesieeHnit Bo Beeil obmactu M-kpaéB.

Bo3MOXHBI Tpy IyTH NPAaKTHYECKOTO PELIEHMs TPOOJIEMbI: OA00P MET0/1a KOPPEKLIUHU U
criocoba pacueTa |/p B 3aBUCUMOCTH OT OCOOEHHOCTH COCTaBa aHAIM3UPYEMOro MaTepuala,
Nepexo] Ha METOJ| O-IapaMeTpoB M, HAKOHEL, M3MEHEHHE BEJIIMYMHBI [/p B HEKOTOPBIX
BHYTPEHHUX MHTEpBalax IIyTEM BBEACHUS KOPPEKTUPYIOLIETO MHOMKUTENS, BEJIUYHMHA
KOTOpPOIO 3aBUCUT OT METOJa KOPpPEeKLMM M HHTepBasa nornoumeHus. Ilocnepnmii myTs
NpeJCTaBisieTcs Hanbojee MEepPCIeKTUBHBIM M ObUI pealn3oBaH Hamu Uit metona PAP B
codeTaHuu co crocodom Mapenkosa ( crocod pacuera u3mMeHeH B My - My, My - My u, B
ocobeHHocTH, B My — My uHTepBanax ) u g metoga ZAF B coderaHHM €O CIIOCOOOM
I'eitpuxa-86 ( cmocob pacuera u3meHed B My - My u My - My uHTepBanax ). B koHeuHOM
utore TouHoctb PCMA B o00oux ciy4asx oOKa3ajach OJMHAKOBOH M XapaKTepH3yercs
OTHOCHUTEJIbHBIM CTaHAAPTHBIM OTKJIOHEHUEM OK0JIO 1 % OTH. /Ui BCEro KOMILIEKTa IaHHBIX.
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AneKTPOHHO-30HAO0BOE onpeaereHue
MHoOrosapsaHbIix ariemeHToB-npumecen Nb, Zr, Ta (n Hf)
B pyTuUiie U3 nopoa BbICOKUX U CBEPXBbICOKUX AaBfeHUN

Jlaspenmuves FO.I"., Koponok B.H., Ycosa JI.B.
Hncmumym eeonoeuu u munepanocuu um. B.C. Cobonesa
Cubupckoeo omoenenust Poccuiickoii akademuu nayx, Hogsocubupck
e-mail: micropro@uiggm.nsc.ru

HecmoTtps Ha kaxyuryrocst mpoctoty coctaBa — 110, — MPUPOIHBIA PyTHI BKJIIOYAET B ce0s
OOIIMPHBII HA0Op 37EMEHTOB-IPUMECEH, OTpaXKaIOIUX YCIOBUs ero oopazoBanus. OcoOblii
WHTEpEC TNPEJCTABISIOT TaK Ha3bIBaeMble MHOTrO3apsHbie 3yieMeHThl Nb, Ta, Zr, Hf,
IIOCKOJIbKY MMEHHO PYTHJ SBJISIETCS MX TIJIABHBIM KOHILIEHTpaTopoM B mnopoze. Huskoe
coJiepKaHue MHOTO3apSAHBIX 3JEMEHTOB B PYTHJIE BBI3BIBACT HAWOOJIBIINE TPYAHOCTU IPH
ux ompexaeneHun ¢ nomoimpbio PCMA. Ecniu comepxanne Nb u Zr HaxoguTcsi OOBIYHO B
npezeaax OT COTHIX JOJIEH INMPOLIEHTa 0 JAECATHIX, a MHOIJA U JI0 LEJbIX MPOLEHTOB, TO
conepxanue Ta Ha moaTopa MopsaKa HIwke, a coaepkanne Hf BooOme He mpespimaet 10 r/T.
YcranoneHo, yTo npenen ooHapyxkenus Ta u Hf npu ux onpenenenuu no Lo,-nuHum Ha
Mukpoananuzarope JXA-8100 B noBoasHO xEécTkoM pexxkume (Eg =25 kB, I =400 HA, t = 600
¢, MapaJuleJbHas pEerucTpanys Ha TpEX CHEKTpoMeTpax) cocTasisieT okouo 20 1/1. [Ipumepro
TaKOB e Mpezesl 00HapyKEeHUsI IPU OINPeIeTICHUH STUX IEMEHTOB 10 Ma-TMHUY (KpUcTall-
anamuzatop PET). SIcHo, uto onpenenenue Hf metoqom PCMA npakTudecku HEBO3MOXKHO, a
omnpezeneHue Ta cBA3aHO ¢ U3BECTHBIMU OTPaHUYEHUSMHU.

HccnenoBanue pyTuia HauuHaeTcs 0ObIYHO ¢ mpocMoTpa obpasua B pexume COMPO c
L[eJIbI0 BBISICHEHHSI OJJHOPOJIHOCTH MHHEPAJIbHBIX 3EpEH U BbIOOpAa y4acTKOB JJIsl aHAJIW3a.
3areM BBINOJIHACTCS MEPBUYHBIA aHAJIN3 HA IMPOKUA KpyT anemeHToB: Ti, Mg, Fe, Al, Cr, V
(KB-nmunus), Nb, Zr, Ta. U, HakoHel, COOCTBEHHO aHAJIW3 HA TPU MHOTO3aPSTHBIX AIEMEHTA!
NbLa; (PET), ZrLa; (PET), TaLa; (LIF, aBa cmektpomerpa). OTMEeTHM, 4YTO  TIpH
OJTHOBPEMEHHOU perucTpaluy aHAIMTHYecKuX jauHuid Nb u Ta mocturaeTcs MakCUMalbHast
TOYHOCTh H3MepeHHs oTHouleHus Nb/Ta, sBidromerocs BaXHbBIM I'€OXUMHUYECKUM
UHAUKATOpOM.  BocCnpou3BOAMMOCT  HM3MEpPEHUN  XapaKTEpU3yeTcsl  CTaHAApTHBIM
otkionennem 0,005 % mpu copepxkanuu Zr wim Nb okono 0,2 %, a qus Ta — 15 v/t npu ero
cogepxkanuu  nopsiaka  100r/t. OTH ToKa3aTreinu O00ecleuyrnBalOT  BO3MOYKHOCTh
koiuuectBeHHOro PCMA GoibIIMHCTBA NMPUPOAHBIX PYTHIIOB, BXOISIIUX B MapareHE3UCHI
BBICOKHMX U CBEPXBBICOKHX JIaBJIEHUI, HA TPU MHOT'03apsIHBIX DJIEMEHTA.

Paboma noooepaicana PODPHU (npoexm 08-05-00240).
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OnpepneneHune penadoccuta Ha IHEPreTU4ECKOM CneKTpomeTpe

Jleckosa H.B.
Hncmumym eeonoeuu armaza u 6aaeopoonvix memanioe CO PAH
e-mail: n.v.leskova@diamond.ysn.ru

Henadoccur [1] — CuFeO, —okcua menu u xene3a — peKUd TUIEPTCHHBI MUHEpa,
OOBIYHO BCTPEYAETCS B 30HE OKHCICHHMS MEIHBIX MECTOPOXIEHUH, B SIKyTMM OH HaiijaeH
BIIEPBBIE.

B wuccnenyemom obpasiue nenadoccuT HAaXOAMTCS B BUJIE arperaToB U3 paauaibHO-
JTYYUCTHIX 00pa3oBaHuii. Pasmep BoIieIeHUH OT IECATHIX TOJIEH MM 10 1 MM.

CocraB, monydeHHBI Ha MukKpoaHanuzatope Kamebakce, BBI3bIBAJI CJIOKHOCTHU
nepecuera m3-3a Cu’'. Xummdecknit coctas aenadoccHTa ONMPENeNsIcs Ha CKAHHPYIOEM
mukpockorne JSM —6480LV c¢ sHeprernueckum crnektpomerpoM ¢upmser OXFORD. B
KauecTBe dTajioHa Obul xanbkonuput CuFeS,  kuciaopon paccuuThIBAICS MO CTEXUOMETPHH.
Jlpyrue sieMeHTBl B Ipejeiax YyBCTBUTEIBHOCTH METOJa He Obuin OOHapyxkeHbl. Pacuer
MaTpu4HbIX 3¢]dexroB mpoBoamics mo mMetoxy XPP B mporpammuom obecneuennn INCA
Energy, B nporpamme Taxke €CTb BO3MOXHOCTb MEHATH BAJIEHTHOCTb JIEMEHTA.

[IpenBapurensHo 1o mporpamme «Spectrum Synthesis» TpH yCKOPSIOIIEM HampsiKEHUN
20 KB M TOKE MOIJIOLIEHHBIX 3JeKTPoHOB 1.0 HA rpaduyecky BOCIPOU3BOIWINCH CIIEKTPbI
9Ta’oHOB YUCTHIX AeMeHToB (Cu, Fe), coenunenuii (Fe, 03, CuFeS; ) mns ananuruueckux
muanit FeK, , CuK, . Bce oHu yknaapiBaroTCsi B OJIMH MHTEpPBaJ IIMPUHBI JIUHUH, CIIBUTA
JINHUH HET.

Cratuctuueckass o0OpaboTKa COCTaBa KPHUCTAIOB B Pa3HbIX yYacTKax aHILIM(a U B
pa3HBIX TOYKaX OJHOTO CPOCTKAa YOEXJaeT B OJAHOPOIHOCTH cocTaBa MuHepana. CpeaHuit
cocTaB Jenadoccura MO BCEM aHAIW3aM HCCIEAyeMoro o0paslia OTBEYaeT COJAEPKaHHIO
Fe;O3 — 52.39% Cu,0 — 46.93% cymma 99.32% u mnepecunThiBaeTcsi Ha (QOpMyiy
Cuoo99sFe1.000102 , YTO TPAKTUYECKH COOTBETCTBYET UACATbHON CuFeO, 3pauur
pe3ysibTaThl  SHEPreTUYECKOrO0  CIIEKTPOMETpAa IO  KauyecTBY  COOTBETCTBYIOT  JUIS
MUHEPAIOTUYECKUX UCCIIEIOBAaHUM.

B Hactosmiee BpeMsi U3BECTHBI HaXoJKU JenadoccuTa B CaMbIX pa3HbIX pPEerMoHax MUpa,
HaxoJlKa B cepeOpo-MoiMMeTallInyeckux pyaax 3amnagHoro BepxosiHbs SkyTuu pacuupsier
PETHOH €ro pacHpOCTPAaHEHUS.

1. Munepansl. CripaBounuk. Tom II. Bemn 3. — M: «Hayka» 1967. C. 15-18.
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PeHTreHocnekTpanbHble UCClleAOBaHUA NMPUPOAHbIX YrNepoaHbIX
HaHOTPYOOK

Monuanos B.IL', Cme6rescrkas HH., Meokos M.A.”
! Jlanbnesocmounsiii eeonocuveckuit uncmumym /[BO PAH
 Hnemumym xumuu JJBO PAH, 2. Bradusocmok,
e-mail: steblevskaya@ich.dvo.ru

Ha rore lanbHero BocToka nepcnekTUBHBIMU U3 HETPAAMIIMOHHBIX MCTOYHHUKOB 30J10Ta
SBIISIIOTCS METAJUIOHOCHBIE BBICOKOYTJIEPOAMCThIE MeTamopduyeckue mnopojabl. B kadectse
YHHUKQJIBHBIX aKKyMYJIITOPOB 30JI0Ta M METAJUIOB IIJIaTMHOBOM TI'PyNIBl 31€Ch BBICTYINAIOT
rpadUTHBIEC PY/IbI.

MetonaMu  peHTI€HOCHEKTPAIBHOTO MHKpPOAHAJIN3a W CKAaHUPYIOUIEH 3JIEKTPOHHOU
Mukpockonuu  (COM) oOHapyXeH OOUIMPHBIM psi CaMOPOAHBIX METAIJIOB U
MHTEPMETAJIO0HUI0B B TECHOM acconuanuu ¢ rpaguromio. M3ydenue caMOpoIHOMETAIbHON
accolpanuy ¢ MOMOIIbI0 PEHTIeHOCHEKTpanibHOro Mmukpoanaiausatopa JEOL 8100 u
CKaHMPYIOILLEro 3JEKTPOHHOro Mukpockona EVO-5, ocHaleHHOro 3HeproJucrnepcuoOHOn
npuctaBkoir INCA , mokasano, 9To B rpaUTOBBIX pyaax TOMHHHPYIOT Pa3HOOOpA3HBIE IO
AJIEMEHTHOMY COCTaBY MHKpPO- HaHOYACTHIIBI 30710Ta. [IpeobnagaroT KOMKOBUIHO-TYOUaThIe
3epHa, pocruraromue pasmepa 0,1 — 0,2 mm. IIpoOHOCTH TakOrux 30JO0THH BapbUpPYET B
nuamna3zone 850-900  emunun. M3ydyenue wux mnoepxHocth COM ¢ mpuBiIeYEeHUEM
PEe3yNbTaTOB PEHTI€HOCHIEKTPAIbHOTO MUKPOAHAIN3a BBISIBUIIO PUCYTCTBUE HAHOPA3MEPHBIX
YIJIEPOJMCTHIX TPyOUaThiX oOpa3oBaHuil. J[muHa ux coctaBiseT ~ 40 MxM, auametp — 4-5
MKM. JIOMMHUPYIOILYIO POJb B IPOLECCE KPUCTAIUIM3AaLUNd HAHOMATEpPHUaJIOB, M0-BUANMOMY,
urpajio obpazoBaHHE HA MMOBEPXHOCTU 30JI0Ta IUICHKH C MOCJIEIYIOIIUM MEPexooM K Ooee
rMOKUM CTPYKTypaM B BHJIE€ HAaHOTPYOOk. MHTepmpeTalys moJy4yeHHbIX JaHHBIX O XUMHU3ME
YIJIEPOJUCTBIX HAHOMATEPHUAJIOB MPUBOAUT K BBIBOJY, YTO B CTPOCHHUH IUIEHKH MPUHUMAIOT
y4acTHe YTJIEpOJ, KHUCIOPOJ, cepa, XJIop U Harpuil. Ilo Mepe ypaleHus OT MUHEpaJIbHOU
MaTpULIBl COCTaB HAHOTPYOKM CTAHOBUTCS MPAKTUUYECKH TIOJHOCTHIO YIJIEPOIUCTHIM
(rpacuroBbIM). [IpH 3TOM poJIb KUCIOPO/A U Cepbl HecyllecTBeHHA. [laHHbIM (QakT sBiseTcs,
MOKaJdyl, OJHUM U3 TEpPBbIX MOATBEPKICHUN Hanuuus (QyJuIepeHOBBIX HAHOTPYOOK B
IIPUPOJHBIX COCTNHEHUSAX.

CpaBHeHUE U3YYEHHBIX MPUPOIAHBIX M CUHTE3UPOBAHHBIX HAMHU paHEE YIJIEPOJHBIX
HAHOTPYOOK BBIBJISIET IIOYTH IIOJHOE€ MX BHEIIHEE M BHYTPEHHEE CXOJICTBO.
[IpencraBnsieTcsi, 4TOo PEKOHCTPYKLUS YCIOBUNH (OPMUPOBAHUS NPUPOIHBIX YTIEPOAHBIX
HAaHOOOBEKTOB UMEET BaXXHOE MPUKIATHOE 3HAUYCHHUE ISl CHHTE3a Pa3UYHBIX HAHOCTPYKTYP
B 1a0OPATOPHBIX U MPOMBIIIJIEHHBIX YCI0BUsIX. ClelyeT OTMETHTb, YTO pa3paboTKa METOJOB
MIPOM3BOJICTBA YTJIEPOIHBIX HAHOTPYOOK SBISETCS OJHUM M3 BEAYIIUX HAMPABICHUN B XUMHH
HaHoMmaTepuanoB. Oco3HaHHe 0cOOCHHOCTEH (HOPM HAXOXKICHHUS M PA3MEPHOCTHU BBIICICHUI
30J10Ta U YIJIepoAa, a TAKXKe CYIIHOCTH MX MOBEACHHUS IMPH PA3NHYHBIX B3aUMOJEHCTBHIX
JaeT OCHOBY Il TMOHMMaHUS MPOIeccOB (HOpMUPOBaHHS TPaPHUTOBBIX TPYyOOK M CHHTE3a
HOBBIX ()OPM HAHOPA3MEPHBIX YTIEPOIHBIX MATEPHAIIOB.
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MNMepBasa Haxoaka kKapboHaTa B npobax NyHHOro rpyHTa

Moxos A.B., Kapmawos I1. M., boeamuxos O.A., Maeazuna JI.0.,
Awuxmuna H.A., Konopynuna E.B., 'opnocmaesa T.A.
HI'EM PAH, Mockea, e-mail: avm@jigem.ru

[Tpu uccnenoBanuu MpoOBI JIYyHHOTO peroiuTa goctaBieHHoro Ha 3emmo AC "JlyHna-
24" Ha cKkoye KpyINHOW CHJIMKATHOW YaCTHIIbl, B COCTaB KOTOPOH, TOMUMO KPEMHUSI, BXOJSAT
MarHui, KajablMid M Kele30, yIaloch 3a()UKCUPOBATh HAPACTAIOIIYI0 HA HErO0 MHUKPOHHYIO
yacTully. PEeHTreHOBCKMH CIHEKTp, MOJYYEHHBIA OT 3TOW YACTHIIbL, COAEpXKal KakK MHUKH
9JIEMEHTOB CHWJIMKATHOW MaTpUIlbl, TAaK U HAOOp MHTEHCUBHBIX MHKOB JIETKUX JIAHTAHOHUJIOB.
VYanoce BBITIOTHUTH KOJIMYECTBEHHBIM SJEMEHTHBIM aHaIu3 ATOM YacCTULBl B PEKUME
HopMmupoBKH K 100%. C yderom BIMSHHMS MaTpULbl JaHHbIE 00 3JIEMEHTHOM COCTaBe
MIEPECUUTHIBAIOTCS HA CIIEIYIOUIYI0 SMIUPUUYECKYI0 (POPMYITy OTBEYAIOIIYO0 OACTHE3UTY:

((CesLa 15Pr g4Nd 04) 33Ca.12) 1.00[CO3]F o 85.

Ha 3emiuie GactHe3ut-(Ce) siBIsieTcss caMblM pacHpOCTpaHEHHBIM (pTopkapOOHATOM
REE. B xagecTBe akiiecCOpHOT0 MUHEpaja OH BCTPEUYECH B Pa3HOOOPA3HBIX MarMaTUYeCKuX U
MeTaMOop(UYECKUX TMOpoJax KHUCJIOro U cpeaHero cocraBa. OgHako B 3HAUUTENbHBIX
KOJMYECTBAaX BIUIOTH A0 MOPOA000pa3ylmuX OacTHE3UT H3BECTEH TOJIBKO B TMO3JHUX
KapOOHATUTaX JOJIOMUT-aHKEpUT-XJoputoBor (amun. C kapOOHATUTAMU TaKOro THIIA
cBs3aHbl KkpymnHeimme Ha 3emiie MectopoxaeHus LREE basu-O6o u Maynrun-Ilacc.
Kap6onatutoBoe Fe-Sr-P-LREE wmectopoxaenne Mymyrait Xyayk (FO-B  Monronus)
TeHETUYECKU CBS3aHO C INEJIOYHbIMU Oazanbromaamu. VIMEHHO 3/1ech BCTpeueHbl TPYyOKH
B3pbIBAa  BBIIIOJIHEHHBIE  CBOECOOpPA3HBIMU  alaTUT-LEJIECTHUH-aHIMJIPUT-MarHETUTOBBIMU
[IOPOJaMU MarMaTU4YECKOIO MMPOUCXOXKICHHUS.

Ha Jlyne OactHe3uT ormeuaercs BiiepBble. Mcxois U3 ero acconuaiuy ¢ MUHepaaiaMu
rpynmnbl IHpPOXJopa, (ropamaTUTOM, QIUIIOOPUTOM, OapuUTOM U aHTUIPUTOM €CTh BCE

OCHOBAHUsI TIPEAIOJIaraTh €ro MarMaTu4ecKoe MPOUCXOXKICHHUE.
Paboma evinonnena npu noooepacke epanma PODHU Ne 06-05-65215 u npoepammvr OH3-9.
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MwukpopeHTreHocneKkTparibHble uccnenoBaHua AN Py3nOoOHHbIX
NpoLeccoB B 3alUTHbIX MOKPbITUAX NONATOK ra3oBbIX TYPOUH

Mownukos Ap.B., Kprokos U.H., Peionukos A.H.
OAO «HIIO I[J[KTH», Canxkm-Ilemepbype, e-mail: rybnicov@online.ru

OnauM w3 Hambonee WHGOPMATHBHBIX AHAIWTHYECKHX METONOB HCCIICAOBAHMUS
G Gy3UOHHBIX TPOIECCOB M KUHETUKH TeTepodasHbIX peakiuil mpu (HOpMUPOBAHUU H
9KCIUTyaTallid MHOTOKOMIIOHEHTHBIX METaJUIMYECKUX CIUIABOB M MHOTOCJIOMHBIX MOKPBITHIM
JIOTIATOK Ta30BBIX TYpOWH SIBIIETCS MUKPOpPEHTIeHOCTIeKTpasibHbIN aHanu3 (MPCA).

CoBpeMeHHbIE  3allUTHbIE  TMOKPBITHS  SBISIOTCS  CJIOXHBIMH — OOBEKTaMH
(MHOTOKOMITOHEHTHOCTh, MHOTOCJIOMHOCTh, TeTepo(]a3HOCTh, MOPUCTOCTh H T.I.), YTO
00ycaBIMBaeT HEBO3MOXKHOCTh MCIIOJb30BaHMS CTAHAAPTHBIX IMPOLEAYp pacueTa cocTaBa
0e3 KOpPEKLUUU HCXOAHBIX SKCIEPUMEHTaIbHBIX AaHHbIX. Ilpu sToM mpupoaa s¢pdexTos,
M3MEHSIOIINUX OSKCIEPUMEHTAIbHO HA0MI01aeMyl0 HHTEHCHBHOCTh XapaKTEPUCTUYECKOTO
PEHTT€HOBCKOTO M3Jy4YeHHUs, MOXKET ObITh BeCbMa pa3HOOOpa3Ha (XMMHUYECKHUI CHBM,
nanpHoAelcTBytomme — 3ddextsl  rereporeHHoro  (ona,  dhdexTsl  HANOKEHUS
XapaKTEePUCTHYECKOTO PEHTICHOBCKOTO W3IYYCHUS  AHAJUTUYCCKUX JIMHHUHA, >PQPEeKThI
HAJOXEHHs 3JIEKTPOHHOTO 3apsiia, CTUMYJIMPOBAHHOE M3MEHEHHE COCTaBa MOJ ACHCTBHEM
AJIEKTPOHHOIO 3apsiia U T.1.).

CrangapTHele MpOLEAYpPhl pacueTa XUMHUYECKOTO0 COCTaBa MpPHU HCIOIb30BaAHUH
SHEPTrOAUCIIEPCUOHHBIX JETEKTOPOB MOTYT MPHUBOAWTH K OMIMOOYHBIM pe3yJbTaTaM IpU
UTHOPHPOBaHUM crielP(GGEKTOB, BOSHUKAIOIIMX B FeTEPOreHHbIX Matepuanax. [loatomy s
perucTpalMy  XapaKTepUCTHUUECKOTO PEHTIEHOBCKOIO M3JIy4YEHHMs - TIpU  PELICHUU
MpakTUYecKuX 3aaad MetogoM MPCA, TpeOyronux BEICOKOH TOYHOCTH M UYBCTBUTEIHLHOCTH
- IPEANOYTUTEIBHEE UCII0JIB30BATh KPUCTAIIIBI — aHAIU3ATOPBI.

s ompeneneHusi U3MEHEHUsT cocTaBa Ha JIud@Yy3UOHHO MalblX YPOBHAX
KOHILIGHTPALlMA D3JIEMEHTOB B METAJUIMYECKUX CIJIaBaX M MHOTOCIOWHBIX MOKPBITHUSIIX
HanOoJiee aKTyaJdbHO YUYMTHIBATh JalIbHENEUCTBYIOIMME 3P(EKTh TeTeporeHHoro (oHa u
3pEeKThl HAJOKEHUA XapaKTEPUCTUYECKOIO PEHTTEHOBCKOTO W3IYYEHHS Pa3IMUHBIX
3JIEMEHTOB.

HanbHeneiicTBytommii  3QQexT rereporeHHoro  (oHa  SABISAETCA  NPUYMHOM
«oOHapyxkeHusr» mnpoaudyHIMpOBABIIET0 dSJEMEHTa W3 ONU3NIekKalero Ccjios Mpu
(GU3M4YEeCKOM OTCYTCTBUH IOCIEIHEr0 B aHAIM3UPyeMoil oOmactu. DTOT 3((eKT BO3HUKAET
IIpYU BO30YKACHUU XapaKTEPUCTUUECKOTO PEHTI€HOBCKOIO U3JIyYE€HHUsI aTOMOB 3JIEMEHTOB, HE
HAXOJSIIMXCS B aHaTU3UpPyeMoil 001acTH, (IyOpecleHTHBIM MyTeM O] BIHSHHEM
XapaKTePUCTHUUECKOTO  PEHTTEHOBCKOTO  M3JIY4YEHHs  DJIEMEHTOB,  BO30YXJaeMbIX
ANEKTPOHHBIM MyYKOM B aHAJIM3UPYEMOM 00IacTu.

Taxke HEOOXOAMMO YYHUTHIBATH MPH KOJIMYECTBEHHOM aHAIN3e M APQPEKT, KOTOPHIHA
BO3HUKAET MpPHU HAJIOKEHUH Ha aHAIUTUYECKYIO JUHHUIO HCCIEAyeMOro 3JeMeHTa OoJee
KOPOTKOBOJIHOBBIX U3JyYEHHUH OT APYTUX 3JIEMEHTOB B 00JIe€ BBICOKUX MOPSIIKaX OTPAKEHHUS.
B murepatype mo MPCA, kak mpaBuiio, MPUBOIATCS CBEICHHs O HanbOoyee MHTCHCHUBHBIX
aQHAINTUYECKUX JIMHUAX. Kpome sHepreTnueckux 3HAYEHU BCEX AHAIMTUYECKUX JIMHUN
3JIEMEHTOB HEOOXOAMMO YUUTHIBATh U PacIpeiesieHUe UHTEHCUBHOCTH 10 3TUM JIMHUSM.
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PeHTreHoBckue cnektpbl M-cepun W 1 xummnyeckasa cBsisb B
BonbdpamMoBbIX GpOH3ax

Myxanosa A.A., Kynpusinosa T.A.*, Pedvkun A.D.
Hnemumym sxecnepumenmansvroi munepanocuu PAH, . Yepnoeonoska,
e-mail: mukhanova@iem.ac.ru
*Uncmumym obweti u neopeanuyeckotl xumuu um. H.C.Kypunakosa, e. Mockea

dopma HaXOXKIEHUS aToOMa, MCIYCKAIOIIEr0 PEHTI€HOBCKOE W3Jyu€HHUE, BIMSET Ha
SHEpreTHYecKoe  IMOoJio)KeHHue, (GopMy M  HMHTEHCUBHOCTb  SMHUCCHOHHBIX  JIMHUI,
00YCIIOBJICHHBIX 3JIEKTPOHHBIM MEPEX0/J0M C Y4aCTHEM BHEHIHEH AJIEKTPOHHOH O00O0JIOYKH.
dopma HaxOXKJEHUS aTOMa B KaKOM-JIMOO COEIMHEHHWH BKIIIOYAeT B ceOs cliefyrolne
IapaMeTphl: CTENEHb OKUCIIEHMs WM BaJEHTHOCTh JAHHOIO aTOMa; JJMHHA CBS3H MEXKIY
aTOMOM OIpPEAENseMOro 3JeMEHTa M aTroMaMH OJMKalIlero OKpYXKEeHHs; TeoMeTpus
OKPY’KEHHsI 3TOr0 aToMa IPyTMMHU aToMaMHU (KOOPJMHALMOHHOE YHCIIO0).

Hauunas ¢ 30-x r. mpomioro Beka /10 CErofHSIIHUX JHEH omyOJMKOBaHO OOJbIIOe
KOJMYECTBO paboT mo ompeneiaeHuo (Gopmbl HaxoxaeHus snemeHToB ot O mo U ¢
WCIIOIb30BAHUEM YMHUCCHOHHBIX PEHTTCHOBCKUX CHEKTpoB [1]. B ocHOBHOM paboThl ObuIH
MOCBAILEHBI U3YYEHUIO TOHKOW CTPYKTYpPbl KPAaeB MOIJIOMICHUS WIH «XUMHUYECKOMY CIBUTY)
HauOoznee spkux JuHUl K- unu L-cepuil peHTreHOBCKUX CIEKTpOB 3jieMeHToB. Hampumep,
JUI OKHMCIIOB BoJib(ppama ObLIM 3apeructpupoBanbl cMenienuss WKou, TuHHH, HccIe10BaHb
LPs, y¢ muuun u L-kpas nornouienus Boasppama B WS, u WO3 u t.1. [1].

B pabote uccnemnoBansl peHTT€HOBCKHE CIIEKTphl M-ceprn Bosib(hpama, TOITyYEeHHBIE C
MOMOIIBIO PACTPOBOTO 3JeKTpoHHOro Mukpockona Tescan Vega II XMU ¢ BogHOBBIM
cnektpomerpoM (INCA, Oxford Instrument), B Metaimmdeckom W, OKuCIax Bolb(hpama u
BOJIL(PaMOBBIX OpOH3aX.

Jns HaxoXIeHUs 3aBUCHUMOCTH MEXIY JJIMHHOW XWUMHYECKOM CBSI3U, CTEIECHU
OKHCJIEHUSI BoJib()pamMa B aHAIU3UPYEMbIX COCJUHEHMSIX M TOJYyUYEHHBIMH 3MHCCHUOHHBIMU
PEHTTEHOBCKUMHU  CIIEKTPaMHU, MCIIOJIb30BAIM IOAXOA, BIEPBbIE NPEUIOKEHHBIA  JUIS
MHKPO30HIOBOTO aHaln3a [2], a 3aTeM yCIEeNTHO MPUMEHEHHBIH B PEHTICHO(IYyOPECIICHTHOM
Metone aHaim3a [3]. CyIIHOCTb JAaHHOrO IMOAXOJA 3aKJIIOYAeTCs B TOM, YTO B KadyeCTBE
aQHAJIMTUYECKOT0 CHUTHANa JJis ompesesieHus (opMbl HAXOXKIEHHUS BoJib()pama HCIOIb30BalIN
OTHOILEHUS MHTErpalbHbIX HHTeHcUBHOCTeW (M) nByX nmHUI XapaKTepUCTHYECKOIO
PEHTT€HOBCKOTO AMHUCCHOHHOro cnekrtpa. Ilepas u3 Hux (WM3-O;) cooTBeTcTBYET
3JIEKTPOHHOMY IE€PEXO0Jy C y4aCTHEM BHEIIHEH 3JeKTPOHHOM 000JI0YKU M, COOTBETCTBEHHO,
UCHBITHIBACT BIMSHHUE CO CTOPOHBI OJMXKHEr0 OKpYsKeHus: atroMma Boiabppama. MW stoii nuHuM
TaK)Ke 3aBHCHUT U OT cojeprkaHus Bolb(pama B aHanusupyemoii daze. Bropas munus WMy
00yCJIOBJIeHA 3JIEKTPOHHBIM MEPEX00M MEKIY BHYTpeHHUMH obosioukamu. Ee 1IN 3aBucut
TOJBKO OT cojiepkaHusl BoJibppama B aHanmmszupyemout (aze. Takum oOpa3zoMm, HCTHOIB3YS
otHomenne MU mocnennet smuccuonnoi nuHun Boiabppama WM3-O; k U1 WMy nunumy,
M0JIy4aeM aHaJUTHUYECKUH CUTHAJ, 3aBUCALIUI TOJIBKO OT BIMSHUS OJIMKHETO OKPYKEHUS

aToma BoJib(ppama.

1. Mauzens A., Jleonxapom I'., Capean P. PeHTTeHOBCKHE CIIEKTPBI M XUMHUUECKas CBs3b. - Kues, Haykosa
nymka, 1981.

2. Oscannukosea H.A., Kynpusnosa T.A., T'onvoenbepe I'M. OnpepnencHue BaJCHTHOTO COCTOSHHS H
KOOpJIMHAIIMH aTOMOB IO TIOCJICAHEH 3MUCCHOHHON JTMHUU PEHTTCHOBCKOTO crekTpa. // 3aB.rab. 1987. T.53,
Ne 6. C. 45- 47.

3.  Kympusanosa T.A., @uiunnoe M.H., Jlamuna O.H. ViccrnenoBaHWe BIMSHHUS XUMHUYECKOH CBS3M Ha
WHTETPaJbHYI0 HWHTCHCHUBHOCTh JIMHHHA SMHCCHOHHOTO pPEHTTEHOBCKOTO CIIeKTpa MeImbsaka. / JKypHan
crpykrypHOit xumun. 2003. T.44. Ne3. C.460-471.
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KonunyecTBeHHbIN NOKanbHbIA PEHTreHOCNeKTpanbHbIA aHanus3
penbedHbIX 0Opa3uoB

Hamancon I1.K., Kononukoea H.H., @ununnoe M.H., Illyp E.A.
T'EOXHU PAH, Mockea, e-mail: natansonpavel(@gmail.com

HccrnenoBanusi XWMHYECKOTO COCTaBa BKJIIOYEHWH Ha TOBEPXHOCTH PEIbePHBIX
0o0pa3oB  METOAOM  PEHTTEHOCIEKTPAIbHOIO  JIOKAJBHOTO  aHalu3a  Ype3BbIYaitHO
3aTpyAHEHBL. JTO CBA3aHO, B MEPBYIO OYEPEb, C OOJIBIIUMHI METOIUYECKUMHU TPYIHOCTIMHU
npu ux peanuszanuu. B pabore paccMOTpeHbl 0COOCHHOCTH JIOKAJIBHOTO aHAIN3a peilbeHbBIX
0o0pa3loB, B YACTHOCTH, OH(PQEKTh, BO3HUKAIOUIME IPU H3MEPEHUU HWHTEHCUBHOCTH
PEHTTCHOBCKOTO H3JIyYeHHs, TEHEPHUPYeMOTO B MACCHBHOM o00paslie CcO  CIOXKHOMH
MOBEPXHOCTBIO, HAa MPUMEPE, U3YUEHUS 3JIEMEHTHOI'O COCTaBa HEMETAIUTMYECKUX BKIIOUEHUH
B (oKycax U3JIOMOB penbcoB. PaccMoTpena crenugurka NoAroToBKU pelibeHbIX 00pa3IoB:
CHSITHS PEIUIHK, YIbTPA3BYKOBOTO JUCIIEPTUPOBAHHUS, YTIACPOAHOTO HATIBIIICHHSL.

Jlsisi TIOCTPOEHUSI TPaTyUPOBOYHOW XapaKTEPUCTUKH Yy4eTa BIMSHUS IIEPOXOBATOCTH
MOBEPXHOCTH 00pa3lla Ha TOYHOCTh PYTUHHOTO aHaiW3a B JOKIAJe MPEAoKeHO
MCTIOJIB30BaTh 00pa3lbl CPAaBHEHUS] XMMHYECKOTO COCTaBa HEMETAJUIMYECKUX BKIIIOUCHHN B
PENbCOBBIX CTaNsX C pa3IUYHBIMM BETUYMHAMHU IIEPOXOBATOCTH MOBEpXHOCTU. [Jlns
BBITIOJIHEHUS] U3MEPEHUH MapaMeTpOB HIEPOXOBATOCTH MOBEPXHOCTH NP IMOMOIIN PUOOPOB
npopuIbHOTO MeToAa Hucmoiab3oBaHa Meroawka mo ['OCT 2789-73 «lllepoxoBaTocTh
noBepxHocTu. [lapaMeTpbl W XapaKTepUCTUKW». PaccMOTpeHBI BOIMPOCHl TOATOTOBKU
a/ICKBaTHBIX 10 IIEPOXOBATOCTH M COCTaBY 00pa3llOB CPAaBHEHUS «IIOBEPXHOCTH-COCTABAY.

167



Onpepenenne metogom PCMA chopm HaxoxaeHus cepebpa n
30/10Ta B IMTOXMMNYECKUX NOTOKAX pacCesHUA

llagnosa JI.A., Kpasyosa P.I'.
Hncmumym eeoxumuu um. A.I1l. Bunoepaoosa CO PAH, Hpkymck, e-mail: pavpla@igc.irk.ru

JloTIONIHUTENBHBIM ~ KPUTEPUEM  OLICHKM IE€PCHEKTHUB TIE€OXMMHUYECKMX aHOMAaJIMM
SBJISIETCS U3YUYEHHUE B HUX (DOPM HAXOXKICHHSI DJIEMEHTOB — HHANKATOPOB opyaeHeHus. Takue
HCCIIEI0OBaHMs paHee MPOBOAMUINCH B PyAax U SHIOTEHHBIX N€OXMMHUYECKHX IOJISIX 30J10TO-
cepeOpsSIHBIX MECTOPOXKIEHUH. B OTHOLIEHHH 3K30T€HHBIX F€OXMMHUYECKUX MoJiel (B HalieM
cllyyae aHOMAJWM, BBISBICHHBIX 1O JMUTOXUMHYECKHM IIOTOKAM paccesHUs) Takas paboTa
BBINIOJIHSETCSL BIepBble. MccienoBaHuss HayaTtbl € U3y4eHHUS (QOPM HAXOXKJICHUS B
AJUTIOBUAJIBHBIX OTJIOKEHUAX JIMTOXUMHUYECKUX ITOTOKOB PACCESHUS TJIaBHBIX JJIS1 3TOr0 TUMA
MHHEpAIN3aliN dJIEMEHTOB — Au U Ag.

OnbIT M3y4eHUs BELIECTBEHHOI'O COCTaBa PyA M CBA3aHHBIX C HHUMH SHAOT€HHBIX
TF€OXMMHYECKHUX TOJIEH 3MUTEPMAIIbHBIX 30JI0TO-CEPEOPSHBIX MECTOPOXKACHUN MOKa3al, uTo
TaKUM JIONOJHUTENbHBIM KpPUTEpUEM SBISIIOTCS  (OPMBI  HAXOXKICHHS  AJIEMEHTOB-
WH/IUKATOpOB opyneHeHHs O(pdeKkTuBHOE perieHne Mmomo0HOro THIA 337ad  HANpPSIMYIO
CBSI3aHO C OMpeEeNIEHHEM XUMHUYECKOIO0 COCTaBa BEIIECTBA B MHUKPOHHBIX BKIIOYEHHSX,
KOTOpPO€ MOXKET OBbITh YCIELIHO BBIIOJHEHO METO/IOM PEHTI€HOCHEKTPAIBLHOTO 3JEKTPOHHO-
30H710BOTO MUKpoaHaiau3a (PCMA), Mo3BOJISIONIMM ONPEACIISTh COCTAB U3 103 ¢ BEILECTBA.

MarepuanoM Ui HCCIENOBaHMS CIYXWIM 00pas3ibl 3epeH (MOHTHPOBaHHBIC
MOJINPOBAHHbIE AaHIUTH(BI), OTOOPAHHBIE U3 PHIXJIBIX OTIOKEHUH JIUTOXUMUYECKUX TMOTOKOB
paccesnust (dpakoust < 0.25 mm, oOoramieHHass PyIHBIMH MUHEpalaMu, T.H. «TsDKenas
bpakumsi»). M3ydyeHwe KOTOPHIX MPOBOJAWIM HA MHKpOaHaiausatopax Superprobe-733 wu
JXA8200 (JEOL Ltd, SmoHus) C TOMOLIbIO BOJHOBBIX U HHEPTrOAUCHEPCHOHHBIX
cnekrpometpos (D1C).

@opMy ¥ BUJA BKIIOYEHUH OMNpEAeTsUIM B PEKUMax pacTPOBOTO AIEKTPOHHOTO
MHUKpPOCKONa B OOPAaTHO pacCEesTHHBbIX W BTOPUYHBIX AJIEKTPOHAX, PEHTTEHOBCKUX Jyyax.
Omnpenenenue coctaBa MPOBOIIIN MO pa3paboTaHHON meroauke. Hanuuue u pacnpenenenue
aneMeHTOB m3ydanu ¢ nomomipio DJ[C Sahara-Avalon8000 ¢upmsr Princton Gamma-Tech
Ltd u EX-84055MU (JEOL Ltd, Snonus). XuMHUYECKHIA COCTaB HAWJCHHBIX BKIIIOUCHHM
ONpeAeI s, YIpPaBiss CbEMKOHM M IEpPECUUTHIBAS PETUCTPUPYEMBIE OTHOCHUTEIbHBIE
WHTEHCUBHOCTH B KOHIIGHTpPAllMM C TIOMOIIbI0 PAaCUeTHO-yHPaBISIOUIEH MTPOrpaMMbl
MARSshell32, anantupoBanHoii B mporpaMMmHoe obecrieuenne npudopa JCXA-733.

YcranosneHo, GopMbl HAXOKICHUS AU M Ag B PHIXJIBIX OTJIOXKEHHUSIX JTUTOXUMUYECKIX
MIOTOKOB pAacCesHUsl TECHEHIIMM 00pa3oM CBsI3aHBI C OCOOCHHOCTSIMH COCTaBa NMEPBHYHBIX
pynl u ¢dopMaMu HaxOXIEHHs B HHUX 3THUX OdJIeMeHTOB. EauHuuHble ompeneneHus Au
3aperuCTPUPOBAHBI B pa3pyIICHHBIX 3epHaX apreHTUuTa (aKaHTUTA) U TUPUTA, B TUAPOOKUCIIAX
Fe u Mn, a Takxke B pa3joXKUBUIMXCA COECIUHEHHUSX cepedpa, OT KOTOPBIX B TEUYCHHE
HEKOTOpOTO BPEMEHU perucTpupyercs PEHTTEHOBCKOE U3IyYEHUE 30J10Ta.
MukpoMUHEpaIbHBI W 3JIEMEHTHBIM COCTaB 30JI0TO- W cepedpocoaepkanmx o0pasioB
OTOOpPAaHHBIX M3 PBIXJIbIX OTJIOXKEHUHA BOJOTOKOB, JPEHUPYIOIIMX MECTOPOXKACHUE, B
JIOCTaTOYHOM CTEMEHU OTpakaeT 0COOEHHOCTHU BELIECTBEHHOI'O COCTaBa U3y4eHHBIX 30H. [Ipu
OIpENIeICHUN  PYAHO-POPMALMOHHONW TMPUHAUICKHOCTH  BBISIBICHHBIX T'€OXUMHYECKUX
aHOMaJIMI M, KaK CIIEJCTBHE, OL[EHKE MX MPOMBIIUIEHHON 3HAYUMMOCTH, (POPMBI HAXOXKIECHUS
AJIEMEHTOB, B MEPBYIO ouepellb Au U Ag, SBISIOTCS JTOCTaTOYHO 3(PPEKTUBHBIM KPUTEPHEM.
DTOT KpUTEPHUI MOXKET MPUMEHATHCS HA BCEX CTAUSAX MOMCKOBBIX padOT, B IEPBYIO OUEpEb,
HAa TEPPUTOPHUSAX 30H KPUOJIUTOIeHE3a, HAuWHAas C PErHoHAIbHOrO MPOTHO3a Ha Ci1ado
M3YyYEHHBIX IUIOMIAJX, 10 JETATbHBIX UCCIETOBAaHUN HA YK€ N3BECTHBIX PYAHBIX O0BEKTaX.
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OcobeHHocT PCMA ocTaTo4HbIX M 3aKaneHHbIX CTeKon
pacnnaBHbIX BKITIOYEHUA U3 OHFOHUMTOB MaccuBa Apbl-bynak

Lasnosa JI.A., [lepemsoicko HU.C., *Kapmarnoe H.C., Casuna E.A.
Huemumym eeoxumuu um. A.11. Bunoepaoosa CO PAH, Hpkymck, e-mail: pavpla@igc.irk.ru
*'eonoeuueckuit uncmumym CO PAH, 2. Yian-Yo0s

N3yuenne pacnnaBHbIx BkitoueHuil (PB) B MuHepanax ropHbIX HOpOJ a€T MHOTO€
JUIss  TIOHMMaHHUA OCOOCHHOCTEHl MarMaTHuYecKUX TMpoleccoB. MHorue mnapaMeTpbl
MUHEPaI000pa3oBaHusl MOTYT ObITh MOJTY4YEHBbI IpU UccienoBaHnuu cBoiicts PB. B mpouecce
U3y4YeHHUS  YCIOBHM  oOpa3oBaHMs ~ OHIFOHMTOB  (CyOBYJKaHHYECKHMX  aHAJOrOB
PEIKOMETAIUIBHBIX JIUTHH-(QTOPUCTHIX TPAHUTOB) MaccuBa Apbl-bynak ObLIO yCTaHOBJIEHO,
yTo MHOro4HcieHHble PB pasmepom 15-300 MkM B mopdupOBBIX BKpaIruIeHHHKax KBapila
coJlepKaT YacTUYHO PACKPUCTAJUIM30BAHHOE OCTa-TOYHOE aJIOMOCHIIMKATHOE CTEKJIO C
BbICOKMMHU KoHIeHTpanusiMu H,O, F, a unoraa u Cs. B He-ckonbkux PB oOHapykeHbI cTeKIa
(TOPUIHBIX PACIIABOB - PTOPUIHO-KAIBLIUEBOTO, PTOPUIHO-MATHUEBOTO U HATPHUHA-AIIOMO-
¢dbropunnoro. OmpeneneHue cocraBa 3TUX PB morpeboBamo pa3paboTku crHeruanbHOMU
metoauku PCMA.

N3 nmpobGnenoro oOpasiia OHFOHUTOB OTOOpaNH 1O OWHOKYJISIPHBIM MHUKPOCKOIIOM
HECKOJIBKO JIECSITKOB 3€PEH KBapla, COIEp KallluX MHOrounciaeHHsle PB, paciuioxkeHHble Kak
paBHOMEpPHO B MX 00BbEMe, TaK M MO 30HaM POCTa WM TPEUIMHHBIM 30HaM. BxiroueHus
BBIBOJAMJIM Ha TOBEPXHOCTh HUIM(OBKONW Ha MOPOLIKAX M ajaMa3HbIX [acTax pa3HOU
3epHHUCTOCTU. M3Mepenus mpoBomuiaum Ha MHUKpoaHanuszaTope Superprobe-733 (JEOL Litd,
SAnonus) u >nekrponHoM Mukpockorne LEO-1430VP (LEO Microscope Ltd, ['epmanus). B
peXHUME pacTpoOBOr0 3JEKTPOHHOIO MMKPOCKONA B OOpaTHO pacCesHHBIX M BTOPHUYHBIX
JMEKTpOHAX UccleoBanu (GopMy W BUA BKIIOUEHUH, a B PEHTTCHOBCKHX JIydyax —
pacopenesneHrue 3JIEMEHTOB 0 MOBEPXHOCTH. Bce 3TH M3MepeHus MpoBOAMIN C MOMOUIBIO
sHeproaucnepcuontblx crnekrpoMeTpoB INCAEnergy300 (Oxford Instruments Ana-lytical
Ltd, Anrnms) Ha 31neKTpoHHOM MuKpockore u Sahara-Avalon8000 (Princton Gamma-Tech
Ltd, Awnrnus) Ha MHKpoaHaIW3aTope. YCTOMYMBOCTH HCCIEIyeMBbIX 00pasloB MpU
NPOBEICHUN M3MEPEHMH W3ydand TpapuuecKd IO 3aBUCUMOCTH HMHTEHCHBHOCTHU
PEHTTEHOBCKOTO M3JIy4YeHHUs OT BpeMeHU OomOapaupoBKu oOpasiia 3ieKTpoHaMmH. BriOpaHbl
ONTHMAaJbHbIE YCIOBHUS BO30YXKIEHHUS W PErUCTpalUud AHAJUTHYECKOrO CHUrHaja. XUMHU-
YECKUH COCTaB OIpEAeNsuId C TIOMOINBIO SHEProAUCIEPCHOHHBIX (IO MpOorpaMMam,
MOCTaBJISIEMbIM (PHUPMaMH-IIPOU3BOIUTENSIMU CIIEKTPOMETPOB) M BOJHOBBIX CIIEKTPOMETPOB.
[Ipy KONUMYECTBEHHBIX OMNPEEICHUAX XHMHYECKOTO COCTaBa H3MEpPEHUs U IepecyeT
PETUCTPUPYEMBIX HHTEHCUBHOCTEH B KOHLIEHTPAIIMH BBHIOIHSIIN 110 iporpamme MARshell32
[1], amanTtupoBaHHOW a1 MHKpoaHanu3zatopa Superprobe-733. Marpuunbsie 3¢ deKTs
yuutbiBain PAP wmeromom. KoadduuueHTsl HOTTIOMIEHUS PAcCUUTHIBAIU 1O (GopMysaM
Mapenkosa.

O1eHKa METPOJIOTHUECKUX XapaKTepUCTUK MpeyiaraeMoil metoaukun PCMA mokasana,
YTO MOJy4yaeMble C €€ MOMOIIBI0 Pe3yJIbTaThl COOTBETCTBYIOT Il kaTeropum aHanus3oB WU
KaTeropuu aHaJu30B MPUKIAAHON reoxuMun. OTHOCUTENIbHBIE CTAHJAPTHBIE OTKIOHEHUS IS
omnpezaensieMblx 1eMeHToB cocTaBuin oT 0.03% 1o 0.74%, 4To HUKE JOIYCTUMBIX 3HAUEHUH.
JloBepuTenbHblE HMHTEpPBANBI I CpeaHero 3HadeHus npu  95%  cTaTUCTUYECKOH
noctoBepHocTu paBHbl oT 0.018 1o 0.534 %. [Ipenensr ooHapyxeHus snemeHToB ot 0.065 1o
0.217 % macc.

1. Kanaxun C.B., Kapmanos H.C. ApXUTEKTypa U OCHOBHBIE BO3MOXXHOCTH MIPOTPaMMHOTO KOMITJIEKCa
MARSshell32 // Tes. nokia. V Poccuiickoii koH(. 0 peHTTeHOCTIEKTpaibHOMY aHanu3y. — Upkytck. — 2006. — C.
48.
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PeHTreHocnekTpanbHble UccnegoBaHMA OEHTOCHbLIX OPraHM3MoOB
o3epa baukan

Hagadumrl JLD., [Tasnosa’ JI.A., lIynapuHaZ E.B., Posckosa' H.A., Mexanuxosa' U.B.,
CymypuHI A.H., HuKyﬂuHal ur.
1 Jlumnonoeuueckuit uncmumym CO PAH, yn. Ynan-bamopckas, 3, 664033, Hpxymck
2 Unemumym ceoxumuu CO PAH, ®asopckoeo, 14, 664033, Hpkymck
e-mail: paradina@lin.irk.ru

baiikanbckue GeCriO3BOHOYHBIE KMBOTHBIE COCTABIISIOT BAaXKHBIM 3JIE€MEHT 3000€HTOCa
npuOpEeXKHON 30HBI 03€pa M IMIUPOKO UCIHOIB3YIOTCS B KadyecTBE OOBEKTOB KOHTPOJIS
COCTOSTHUSI BOJTHOM SKOCHCTEMBI. JIJIsi MCCIieIoBaHMs COCTaBa THAPOOMOHTOB HCIOIH30BAHEI
METOJIbIl PEeHTreHOoCNeKTpanbHoro MmukpoaHanmuza (PCMA) u  peHTreHOCHEeKTpaabHOTO
dbayopecuentHoro ananuza (P®A). OOpasipl TOPHBIX MOPOJ BMECTE ¢ MPHUKPETUICHHBIMUA K
HUM TyOKamMHM M pydeHHHMKamH, a Takxke aM(uUIoAbl OTOOpaHbl HAa KaMEHUCTOW JIUTOPAIH
(FOxnb1it baiikan, Mbic bepe3oBblil) ¢ HECKOIBKUX INIyOUH, B pa3HbIe CE30HBI TOfa.

Metonom PCMA wu3ydeHbl: KOHTAKT T'yOKM M KaMEHHOTO cyOcTpaTa, OMOIOTHYECKOe
BBIBETPUBAHHE MUHEPAJIOB, 3aXBAaYCHHBIX TI'yOKOW, SJIEMEHTHBIH COCTaB CKeJeTa, KIIETOK
ryOku u e€ cuMOMOHTOB (3eneHble MukpoBogopociu Chlorella, 6akTepun), pacmnpenencHue
JJICMEHTOB B KYTHKYyJIe W BHYTPCHHHX opraHax am¢umon. VcciemoBaHus BBINONHIN Ha
PEHTICHOCTIEKTPAIbBHOM MHUKpoaHanusatope Superprobe-733 (JEOL Ltd), o6opymnoBanHOM
BOJIHOBBIMH ~ CHEKTpOMETpaMH ¢ Kpucramamu-aHanuzatopamu TAP, LiF, PET wu
SHEPTOAUCIIEPCHOHHBIM crieKTpoMeTpoM Sahara (Princton Gamma-Tech Ltd). Marpuunsie
s dexTel npu KonmudectBeHHOM PCMA yuurtbiBaiim PAP metonom, u3Mmepsisi U UCIIpaBIsis
U3MEpEHHbIE BEIMYMHBI OTHOCUTENIbHBIX HWHTEHCHBHOCTEH C MOMOUIBIO YIPaBISIOUICH
nporpaMmmbl  MARCHELL, BCTpoeHHOH B  ONEpalMOHHYIO  CHCTeMy  Mpuodopa.
OTHOCUTENbHBIE CTAaHIAPTHBIE OTKJIOHEHHs Ui BCEX IMPOaHATM3UPOBAHHBIX 00pa3loB
M3MEHSITUCH B Tipenenax (%): Na,O —0,31+2,91; MgO - 0,43+1,75; Al,O3 — 0,29+2,41; SiO,
- 0,12+2,31; K,0 - 0,44+2,01; CaO — 0,37+1,92; TiO, — 0,85+2,17; Cr,03 — 0,70+2,26;
MnO - 0,73+2,61 u FeO — 0,44+2.81.

UroObl yCTAaHOBHUTH 3aBHCHUT JIM DJIEMEHTHBIH COCTaB OEHTOCHBIX OpPTaHU3MOB OT
BHUJIOBOW TPUHAJICKHOCTH, CPEIbl OOMTAHMS, BO3pacTa W CTAJAWH PA3BUTHS >KHUBOTHOTO,
WCIIOJIb30BaH PEHTICHOCIEKTPAIbHBIN (IIyOpeCleHTHbIN aHanu3. AHaIu3 MNpPOBOIWIM Ha
cnektpometpe S4 Pioneer ¢upmbl Bruker (peHtrenoBckasi TpyOka ¢ pOJUEBBIM aHOJOM).
W3nyyatenn wm3roToBisum mpeccoBaHueM cmecu 0,2 T obpasma ¢ 0,8 r memmoao3sl Ha
MOAJIOKKE W3 OopHOM kucinoTel. Co omnpenensyii crnocodamMu BHEIIHErO CTaHAapTa U
cTaHgaprta oHa, a TakKe C TOMOIIBI0 YPaBHEHH nepxkaHue anemeHToB Na, Mg, Al, Si, P, S,
ClL K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Ba perpeccuu. I'pagyupoBounsie rpapuku
CTPOWJIH, MCIONB3YsI TOCYAapCTBEHHbIE CTaHIApTHbIE 00pa3lbl COCTaBa IMPUPOJHBIX CpE.
OTHOCUTENBHBIE CTAaHAAPTHBIC OTKIOHEHHS JJi1 OMOT€HHBIX 3JIeMeHTOB He npeBbimanu 0,08,
a Ju1st MUKpOd3JieMeHToB - 0,30.

Ha ocHOBe MOJNy4eHHBIX MaHHBIX TPOCIEKEH XapaKTep HAKOIUICHUS XUMHUYECKUX
AJIEMEHTOB B 3aBHCHMOCTH OT OMOJIOTHYECKHX OCOOCHHOCTEW pa3HBIX TPYIIT OPraHU3MOB U
TeOXMMHYECKOr0 cocTaBa cpelbl ooutanus. [lomydeHHbIE AaHHBIE UMEIOT MEPBOCTEIIEHHOE
3HAYCHHUE I M3yYeHUs] OMOTCOXUMHUYECKUX ITMKIOB B JKOCHCTEME O3epa M MOTYT OBITh
WCIONB30BaHbI TP MOHUTOPHHTE.

Paboma evinonnena 6 pamxax 0Owoaxcemnoti memvr Ne 24.2.4 (pyxoeooumens O.
A. Tumowikumn,).
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U-Pb-Th patupoBaHue MOHaUUTOB U3 MeTanefMTOBbIX FPaHyIMTOB
BopoHexcKoro Kpuctannmyeckoro MaccuBa no pesynbtaTtam
peHTreHocneKTparbHOro MMKpoaHanusa

Hunweun C. M., *Myxanosa A.A.
Boponesicckuil 2ocyoapcmeennviil yHugepcumem, 2eojocudeckutl pakyivsmem, Kageopa
NOJIe3HBIX UCKONAEeMbIX U HeOpONoIb308anus, 2. Boponeoic, e-mail: geoscience(@narod.ru
*Uncmumym skcnepumenmanvrou munepanozcuu PAH . Yepnozconoska

Monamuter  (pocaret  TR) sBasitoTcst  XOpomio  3apeKOMEHJIOBAaBIIMMH — CeOst
TEOXPOHOJOTMYECKUMH CEHCOpaMU. MeToauKa ONpeleNeHHus BO3pacTa I0 XUMHYECKUM
cocTaBaM MOHAILIUTOB OCHOBaHa Ha cojepxaHuu B HuX Th—U—-Pb u paanorennom xapaxrepe
CBUHIIa. B MHOTOUMCIEHHBIX SKCIEPUMEHTAIBHBIX U MPAKTHUECKUX paboTax (Hampumep,
Suzuki, Adachi, Tanaka, 1991; Montel, 1996), npuBomUTCA TEOPETUUECKOE
(MatemaTndeckoe) 000OCHOBaHUE METOJIA.

MomnaruTtel U3 MeTaMOpPHUUECKUX Topoj (MeTaneauToBBIX T'paHyluToB) Kypcko-
becenunckoro ©6moka (Kbb) Boponexckoro xkpucrammyeckoro wmaccuBa (BKM)
MPEJICTABICHBl 30HAIBHBIMH, HW30MECTPUYHBIMHU, PEKE HEMPABUIBHOW (OPMBI, 3epHAMH
pazmepoM oT 10 g0 50 MkM. 30HAJIBHOCTH B MOHAIUTaX OOYCIOBJIEHA TJIABHBIM 00pa3oM
paznmuuHbIM copepkanueM Th — U — Pb B npenenax kaxmnoit u3 30 (Puc.1).

AHanu3  30HANBHBIX  3€peH  MOHAIMTOB  OBLI  BBIIOJIHEH C  TOMOIIBIO
sHeprogucnepcuonnon mnpuctaBku INCA 250 (MOM PAH, BI'Y) mnpu yckopstoiiem
HanpspkeHnue - 20 kB u Bpemenu Habopa criektpa - 70 ¢. CocTtaB 30H cieayronuii: 1) ydacTku
«aopmansHOoro» moHarnuta (ThO,-6,15 % wmacc.; PbO-1,46 %wmacc.; UO,-0,67%mMacc.) 2)
y4acTKH MOHanuTa ¢ Bbicokumu conaepxkanusamu Si v Th (ThO;-18,62 % macc.; PbO-2,59 %
Macc., Si0;- 4,25.% wmacc.) 3) YuacTku MOHAIMTa ¢ BRICOKUMU cojiepkanusimu Ca, Sr, Th, Si
(ThO,-25,22 % wmacc.; PbO-1,77 % wmacc., CaO- 8,35 % wmacc.). KonTponbHble u3MepeHus
conepskanusi Th—U-Pb npoBoaunucek Ha BomHOoBoM cniektpomerpe INCA Wave (MOM PAH)
(15 xB, 50HA, 5-10MkM, Bpems Habopa st Pb u U -500c., st Th -300c.).

BrienienHbie 30HBI B MOHAIIMTAX OBUTH MPOJIATUPOBAHBL: 1) N30XPOHHA «HOPMAIBHOTO)
MoHauuTa — 3414 + 22 MiH. JeT; 2) U30XpOHHA XaTTOHUTCOIEpKaliero MoHauTa — 3181 +
27 MnH. 7ner; 3) HM30XpOHHA YepanuTcoiepskaiiero MoHamura — 1339 + 35 muH. JerT.
Me3oapxeickuil ~ BO3pacT  «HOPMaJIbHOTO» W XaTTOHUTCOJEPXKALIET0O  MOHALUTA
MMOATBEPKIAETCS F€OXPOHOJIOTUYECKUMH  JTAaHHBIMU (Apremenko, 2006) TSt
Metamop¢puueckux nopoa KBb (3277 + 33 mun. net). OOpazoBaHue 4epauTCOIEPKaLIUX
y4aCcTKOB MOHAITMTA BEPOSITHO CBSI3aHO C TEKTOHO-TEPMAIIbHOM M (IIFOMIHON aKTUBU3AIMEH B
peruone Ha py6exe 1, 3-1, 4 mupa. ner.

Puc.1 3oHaNBHBIN MOHAITUT

Paboma evinonnena npu ¢punarcosoii noodepaicke epanmos PODH 04-05-645835, 04-05-65109,
07-05-00292, 07-05-00891, 06-05-64088
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BnnsHmne aneMeHTHOro cocraBa Ha CTPYKTYpy U CBOUCTBa
nokpbiTun Ti-B-SI-N u Ti-B-Al-N

Hunorcun 10.11., Kopomaes A./]., Osuunnuxos C.B., Mowxoe B.IO., Hckycnoix H.A.
Hucmumym ¢huzuxu npounocmu u mamepuanogeoenus CO PAH,
Tomckuii eocyoapcmeennwiii yHusepcumem, Tomck
e-mail: pinzhin@phys.tsu.ru

OnHuM 13 MeTo10B MOIU(UKAIIMK MOKPBITHS U NEPEBOJL €0 B Pa3psij CBEPXTBEPABIX
HAHOKOMIIO3UTHBIX, SIBJISIETCSl JIETUPOBAHWE OCHOBHOI'O IIOKPBITUS JPYTUMM 3JIEMEHTOM,
MMEIOLIUM HU3KYI0 paCTBOPUMOCTH B HEM. DTO MOKHO pean30BaTh, OCAXAasl HA MOJIOKKY
HECKOJIBKO 2JIEMEHTOB OHOBPEMEHHO. IIpyu HU3KO0M pacTBOPUMOCTH OJHOIO U3 KOMIIOHEHTOB
U ero JocTtaTouyHo Au¢¢dy3noHHON MOABMKHOCTH B IMPOLECCE POCTa MOKPBHITHUS CIETyeT
OKUJATh PACCIOEHUE COCTaBa C BBIXOJAOM OJHOIO W3 KOMIIOHEHTOB Ha TPAHMIBI 3€PEH.
Bo3Hukaroniasi 3epHOrpaHUYHasl Cerperanys OrpaHHYMBAET POCT 3€pHA U, TaKUM oOpa3om,
MPUBOAUT K (POPMHUPOBAHUIO HAHOKPUCTAIITMUECKUX OKPBITHI.

CBolicTBa HAaHOKOMIIO3UTOB, TaKHME€ KaK CBEPXTBEPIOCTb, YBEIMUEHHAs BSI3KOCTb WU
HU3KUH  KO(POUIMEHT TPEHHUs, MOrYT KOHTPOJUPOBATbCSA  BBIOOPOM  3JIEMEHTOB,
(bOopMHUPYIOIUX MOKPHITHE.

B nacrosiieit pabore MeTogam 3J1eKTPOHHONM MUKPOCKOIMU M PEHTI€HOCIIEKTPAIbHOIO
aHaJM3a UCCIeI0BaHbl 0COOCHHOCTH TOHKOW cTpyKTyphl moKpbiTHid Ti-Si-B-N n Ti-B-Al-N ¢
Pa3IMYHBIM COACPKAHUEM JIETHUPYIOIIUX 2JIEMEHTOB.

OGHapykeHO, 4TO B YCIOBHSX HI3KoTeMneparyproro (T=200°C) naneceHus MOKpBITHit
(bopmupyeTcs ABYXYpOBHEBasl 3€peHHas CTPYKTypa ¢ (parmeHranueil 3epeH pasmepom 0.1-
0.2 mxM Ha cy03epHa pazmepoM 15-20 HM U HaTUYHEM TEKCTYpbI. YBEJIMUCHUE COJNCPKAHUS
JETHPYIOIINX DJJEMEHTOB NPUBOAUT K CMEHE MEXaHHM3Ma pocTa MOKpHITHA. B pesynbrare
(bopMHpYIOTCA OECTEKCTYPHBIE MOKPHITHS C Pa3MEpPOM 3€pHA KPUCTATMUECKON (ha3bl MeHee
15 M.

Jlia onpenenenus coaep KaHus JETUPYIOIIMX JJIEMEHTOB, a TaK K€ HEKOHTPOJIUPYEMBbIX
npumeceir (C, O), BIUAIMMUX HA MPOYHOCTHBIE CBOWMCTBA, MPUMEHSIIA METO]
PEHTTEHOCTIEKTpaIbHOrO aHanu3a. OnpeaeneHsl YCIOBHs MOJYyYEHUs TOCTOBEPHBIX JaHHBIX
10 COCTaBY JUISl TOHKUX MTOKPBITUI 0€33TaJOHHBIM METO/10M ¢ yueToM ZAF nonpaBok.
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OnpepeneHne KOHUEHTPaLMOHHOro npocduns B
NonynpoBOAHMUKOBbIX CTPYKTYpaXxX Mo AaHHbIM
pPeHTreHOCNeKTpasibHOro MMKpoaHanu3sa ¢ npuMeHeHneMm
MmoaenupoBaHua metoaom MoHTe-Kapno

T.b.1lonosa, E.FO. ®neconmosa, JI.A.bakaneunuxos, M.B.3amopsnckas
OTH um. A.@.Hogghe PAH, C.Ilemepbype, Poccus

[Tpu pa3paboTke pa3nUYHBIX TEXHOJIOTMYECKUX MPOLECCOB (MMIUIaHTAlMs, TUGPy3us,
SIUTAKCUSI) BO3HUKAET HEOOXOIMMOCTb OIPEAEICHUs] KOHIEHTPALMOHHOIO Mpoduis B
TOHKHX cllosiX. OHUM U3 HanboJiee MepCHeKTUBHBIX Hepa3pyLIaloIIuX METOI0B aHaIu3a sl
pelIeHns 3THUX 3aJad SBJISETCS PEHTreHOCHeKTpanbHbll MukpoaHanusz (PCMA). B stom
METO/I¢ TOJIIHMHA aHAIU3UPYEMOIO CJI0SI 3aBUCUT OT YHEPTUM DJIEKTPOHHOI'O 30HJA U MOXKET
BappupoBaThcs 0T 50 HM 10 HECKOJIBbKUX MUKpOH. IIpennaraemass HaMu MeTO/MKa OCHOBAaHA
Ha BapHallil SHEPTUU JIEKTPOHHOI'O 30HJA C MOCIeAyIoUled MaTeMaTudeckol o0paboTKoi
pe3yNbTaTOB M3MEPEHUH, YTO IMO3BOJIAET OIPEAEIATh pACHpPECICHUe KOHIEHTpaIUi
3JIEMEHTOB TIO TTyOHHE.

IIpu maremarnyeckoil 00pabOTKe 3KCIEPUMEHTAIbHBIE 3aBUCUMOCTH OTHOCHUTEIIbHOU
MHTCHCUBHOCTU PEHTIC€HOBCKOI'O H3JIY4Y€HHUS OT DHEPIUH DJIEKTPOHOB COIOCTABIIUINCH C
pacueraMu AJi1 MOJEIBHBIX paclpene’leHnil KoHueHTpauuu. Ilpu pacuerax HCIoib30BalIoCh
pacnpesiesieHne MIOTHOCTU FeHEPaliy PEHTTEHOBCKOT0 U3yUYeHUs M0 TiyOrHe, MOTy4YeHHOe
C IIOMOIIBIKO YHCIEHHOTO MOJEINPOBAHUS TPAHCIOPTA 3JIEKTPOHOB MeTooM MoHTe-Kapio.
B kauecTBe MOJENbHBIX paclpeesieHuli paccMaTpUBalUCh pactpeneneHue [aycca wu
CTyIIEHYaTO€ paclpezaeieHue (MOCTOSIHHAs KOHILIEHTpalMsT BHYTPU CJIOS C PE3KUMH
rpaHunamu). B ciayyae TOHKHMX cio0eB, Korja TtonmuHa cios (5-10 HM) MHOTO MeHbIIe
XapaKTepHOro pa3Mepa 00JaCTH TeHepalM PEeHTTeHOBCKOIO H3IY4YeHMs, paclpeieleHue
KOHIICHTPALIMH 3aMEHSJIOCH J1eNbTa-QyHKIHUEH.

[TapameTpsl MOAENBHBIX pacHpefeNeHui (MOJ0KEeHHe, BEJUYMHA MaKCUMyMa H
JUcrepcusl B cilydae pacrpeneneHus ['aycca, MOJ0KEHUE TPaHMIl €10 U KOHLIEHTpalus B
CJIO€ B CiIy4ae CTYIEHUYaTOro pacipeeieHus, IiTyOrHa 3ajeranus cjaos U KOJIUYeCTBO aTOMOB
Ha EJUHMIlY IUIOIIAJM B CIlyyae TOHKHMX CJIO€B) HAaXOAWJIUCh U3 YCJOBUS HAWIYYILIEro
COBMAJICHUS IKCIIEPUMEHTAIbHBIX U PACUETHBIX 3aBUCUMOCTEH.

W3mepenuss mpoBoamiIuch Ha MukpoaHaiuzatope “Camebax” ¢paHIly3cKoil (Qpupmbl
“Cameca”. DHeprusi >JIEKTPOHHOTO 30HJa M3MEHsu1ach OT 2 nmo 15 k3B ¢ marom 1 k3B.
Ocoboe BHUMaHUE YJIENIOCh JOCTUKEHHUIO HEO0OXOAMMOW TOYHOCTH IMPH HM3MEPEHUSAX C
SHEPrusiMU OJIN3KUMHU K SHEPTUU BO30Y)KJIEHUS aHAIUTUYECKUX JIMHUN (YBEJIMYEHHE TOKa
30H/1a, BpEMEHHM cyeTa, 0oJiee TOUHas OLEHKA BeJTUUMHBI (POHA, BBIOODP MOAXOAIINX ITATIOHOB
U T.J.)

OmnwuceiBaemMass MeTonuKa Oblla NMpUMEHEHa A uccienoBanus obpasuos SiC mocne
UMIUIaHTaIuu B HuX Al, ¢ mnocnemyrommMm omxkurom u 06e3 Hero. Jlpyras cepus
SKCHEPUMEHTOB  Obllla  MpOBEAEHAa Uil  CBETOAMOAHBIX  CTPYKTYp €  TOHKHUMH
snuTakcuabHbIMU ciosiMu AlGaN u InGaN, Haxoasmumucs Ha HeKoTopoit riryoune B GaN.

Halinennsle mapameTpel pacnpeneiacHHuss KOHLEHTPAaUU CONOCTaBJSUINCH C JTaHHBIMU
JAPYTUX HUCCIENOBAaHUM: KAaTOHOJIOMUHECLEHIMN, BTOPUYHON MOHHOM MAacC-CIIEKTPOCKOINH,
MPOCBEUMBAIONICH U PACTPOBOM HJIEKTPOHHOM MHMKPOCKOMHH. MOXXHO OTMETUTH XOpOIIEe
COIJIACOBAHUE PE3yJIbTATOB aHAJIN3A, TOJYYEHHBIX pPa3HBIMU METOJAMH.
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CBA3b paspewarowem CnoCoOHOCTN PEHTIeHOBCKNX
CMEeKTPOMETPOB C HEKOTOPbIMU METPOSIOrM4eCKUMU
xapaktepuctukamum [1]

Pomanenko .M.
HOM PAH, 142432 Yepnozconoska, Mockosckas obnacme, e-mail: igor@iem.ac.ru

AHaauTH4eckuii curuaj (y) y = yo — Yo (Yo — oO11as BelMunMHa CUrHajia Ha
aHAJIMTUYECKOMN JINHUM; Y1, — BEJIMUYMHA (JOHOBOTO CUI'HAJIa HA AaHAJTUTUYECKON JIMHUM).
®dopma aHATUTUUECKOI0 CUTHAJIa PEHTT€HOBCKOM JIMHUU MOJYUHSAETCS HOPMaIbHOMY
pacrnipenienenuto. BenuunHa OTHOIIEHUS aHAIUTHYECKOTO CUTHAJIa K (POHOBOMY CHTHAITY
3aBHCHT OT pa3pellarolieil CiocOOHOCTH CIEKTPOMETPA U JOJHKHA MOTUUHATHCS
COOTHOIIEHUIO:

Rz/R] = Fl/Fz, (1)
rae R, u Ry — otHomenus nuk/(poH Ha TaHHOM JIMHUM Ha JIBYX Pa3HbIX THUIIAX
crekTpomeTpos; 'y u 'y — monymmpuHa JaHHOM JTMHUY Ha ABYX Pa3HbIX THUIAX
CIIEKTPOMETPOB;

Ri =yoi/ybi; 2)

R = yoo/yba- 3)
IIpy ymeHblIEHNN NOJIYIIUMPHUHBI JUHUM ' B 7 pa3 IpUMEpPHO BO CTOJIBKO € pa3 JOJDKHA
YBEJIMUYUTHCS BBICOTA JIUHUM, U B TO K€ BPEMs B 7 pa3 YMEHbBIIUTCS 30Ha (poHA MOJ JTUHHUEH
(to ectb (OH TOXE MJOIDKEH YMEHBIIUTbCA B 7 pa3), TakUM oOpa3oM, B IIEpPBOM
NpUOIMKEHNH, OTHOLIEHUE MUK (OH JOHKHO YBEIHMUUTHCS MPUMEPHO B n° pa3 (u ecnu [ =
I, a T, = I'/n%), MOCKOIBbKY BO CTOIBKO K€ pa3 JOJKHA YMEHBIIMTHCS BEIMYMHA (POHOBOIH
MHTEHCUBHOCTH). COOTBETCTBEHHO, BO CTOJILKO K€ pa3 AOKHO YBEJIUUYUTHCS OTHOIICHUE MUK
don. U3 (2)u (3):

Ri = R=yo/ys; “4)

Ry = yorn/(ypa/n) = 0’ (yor/yb2). (%)
Torna R, = R-n’ i npezen oGHAPYKEHHs TOIDKCH YITyUIIHTBCS (CHU3HTBCS) B n” pa3. To ecTh
IIpY YJIyYILIEHUH pa3pellarolieil criocOOHOCTU CIEKTPOMETPa B N pa3 mpeaes 00HApPY:KeHUs!
(Chnin,p) AOKEH YIOyudlIUThCS (CHU3UTHCS) HE B n pa3 [2], a B n’ pa3. EcTecTBeHHO, 371eCh
UCIOJIb3YETCSl JOMYIIEHUE, YTO BEJIMYMHA aNMlapaTypHbIX NIIYMOB MJIi COBPEMEHHBIX
npubopoB ¢ 1U(POBOM, a HE AHAJIOrOBOM 3JIEKTPOHUKON MHHHMaibHa. Torma BiusHHE
MOJYIIMPUHBl AaHAJUTUYECKON JMHUM Ha KOI(GHUMEHT 4yBCcTBHTeAbHOCTH (S = (Y2 —
yD/(C2 = Cy)):

S:(yg —yI)/(Cz—C]), I/IJII/IS:AY/A C. (6)

OueBUIHO, YTO YeM OOJIbIIIE BEIMYMHA S, TEM MEHBIIYIO Pa3HUILY COJCpPKAHUN KOMIIOHEHTA
MOKHO OIIPENEIIUTD.

1. Tepmunsl, ompeaeneHuss U 0003HAUEHMS] METPOJOTHMUECKHX XapaKTEpUCTUK aHalIn3a
BemecTBa // JKAX.-T.30.-Ne10.-1975.-C.2059-2063.

2. Pomanenko H.M. Pacder nmpenena oOHApYKEHHsI B PEHTT€HOCIIEKTPAIIbHOM aHAJIHM3€ U €ro
CBSI3b C OTHOIICHHEM aHATMUTUYECKOTO CUTHANIA K (DOHOBOMY.

// KAX. 1986. 1.41. Beim.5. C.1177-1182.
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MeToauka AaTMpoBaHUA MUHepParioB rOpPHbIX NOPOA U pyAa C
NOMOLLbIO PEHTreHOCNEeKTPaNbHOro MMKpoaHanusa

Pomanenxo U.M., Myxanosa A.A., [lempoes JI.b.,* Konunos A.H.
Hncmumym sxcnepumenmanvrou munepanocuu PAH 2. Yepnozonoska,
e-mail: mukhanova@iem.ac.ru

*Uncmumym 2eono2uu pyoHbiX MecmopodicOeHull, nempozpaghuu, MUHepanio2uu u 2eoXumuu
PAH

B nocnennue roxpl B mMpakTHKE 3apyOeKHBIX T€OXPOHOJIOTMYECKUX HCCIICIOBAHUM
CTall IIMPOKO MPHUMEHATHCS HEU3O0TOINHBIM METOJ OINpeAesieHUus] BO3pacTa C IOMOIIBIO
peHTreHocnekTpaibHoro Mukpoananusa (T.H. CHIME — xumuueckuii M30XpOHHBIA METOA
[1]), koTOpBIiA, OAHAKO, MpakTU4YeCKH He u3BecTeH B Poccum. Metox HCXOAUT U3 JBYX
IIPEAIOCHIIOK

1. MoHauut He coAepKUT OOBIKHOBEHHOT'O CBHHIIA, T.€. BECh CBUHEL B MUHEpaJe

paJMOTreHHbII, 00pa30BaHHBIN 3a CYET pacmajia TOPHUs U ypaHa.

2. MoHauut He Tepsul paJuOreHHbIH CBUHEI] Ha BCEM MPOTSHKEHUU €ro KU3HHU,
T.e. Th-U-Pb cuctema B MuHepase octaBanach 3aKpbITOI.

Eciu 3tM ycnoBust coOMIOJEHBI, TO MOXHO BBIUYHCIMTH BO3pacT MO OTHOLICHUIO
ThO,*-PbO (rae B ThO,* BXxoauT u nepecynTaHHas 4acTh ypaHa) UCXOJIS M3 M3MEPEHHBIX
COJIEp’)KaHUM 3THUX 3JEMEHTOB Ha 3JIEKTPOHHOM MHKpoaniuszatope. CopepxaHue TOpus B
MOHAaIMTe OOBIYHO TMpeBbImaeT 1 macc.%, cliokHee BCero M3MEpPSIIOTCS Majble COAEpKaHUS
CBUHIIA, HO YK€ ITpH Bo3pacte MuHepana B 100 MiH. JIeT ygaercs ¢ J0CTaTOYHOW TOYHOCTBIO
ONpEIEINTh COAEP/KaHUE CBHUHLIA U, CIEJOBATEJIbHO, paccuuTaTh BO3pacT MuHepana. [Ipu
OO0JIBIIIOM CTATHCTUYECKOM HAOOpEe JaHHBIX, BO3MOXKHO, OLIEHUBATh BO3PACT C TOUHOCTHIO HE
xyke 5 orH.%. Hamu ObuiM wuccieqoBaHbl MeETaneauThl M3 JIBYX KOMIUIEKCOB
rpaHuTorsHeiicosoro siapa  bonbmoro  KaBkaza, pasznuuaromuxcss 10 JaBJICHHUIO.
[IpensaputenbHo Obuto  BeiMonHeHOo U-Pb  matupoBanme »otux ke 00pasmoB 1O
MOHO(paKIUAM [UPKOHOB C MTOMOIIBIO0 MacC-CIEKTpoMeTpa ¢ HOHHBIM 30H10M SHRIMP II B
1M BCEI'EU. b1 ycTaHOBJIEH OOJBINON AUaNa30H BO3PACTOB ACTPUTOBBIX IUPKOHOB [2],
YTO 3aTpyJHseT TOYHOE OINpejesieHHe Bo3pacTa MmeramopduszMa B peruonHe. Metomom
PEHTTEHOCTIEKTPAIbHOIO MHUKpOaHalu3a ObLJI0O YCTaHOBJIEHO, YTO MOHALMTHI Pa3HbIX
KOMIUIEKCOB HMEIOT OJM3KHE COJIEp)KaHHs KaK pEIKO3EMENbHBIX, TaK PaJUOAKTUBHBIX
3eMeHTOB. PaccuuMTaHHBIM BO3pacT COBMAgaeT B Mpefesiax MOTPElIHOCTH C U30TOIMHBIM
BO3PAaCTOM HOBOOOPA30BaHHBIX 000J0YEK [IUPKOHOB.

PeHTreHoCneKTpanpHbIi  aHAJIW3 MOHALIUTOB  BBINOJHSAIM HA PEHTTEHOBCKOM
mukpoananuzatope JXA-8100 (JEOL, fInonusi) u pacTpoBOM 3JEKTPOHHOM MMKPOCKOIIE
Tescan Vega Il XMU c sHeproaMcrnepCMOHHBIM M BOJHOBBIM crnekTpomerpamu INCA
(Anarams). OOt cocTaB MOHAIUTOB OIPEACTSUIM C TMOMOIIBI0 IHEProJUCIEPCUOHHOTO
CIEKTPOMETpa, COAEpKaHME TOpHs, YypaHa UM CBHUHLA ONpPEIEsUId Ha BOJHOBOM
CIIEKTPOMETDE.

1. Suzuki K., Adachi M., Tanaka T. Middle Precambrian provenance of Jurassic
sandstone in the Mino Terrane, central Japan: Th-U-total Pb evidence from an electron
microprobe monazite study. // Sedimentary Geology, 1991, v.75, 141-147.

2. Comun M.JIL., Jlenexuna E.H., Konunos A.H. O BO3pacTe BBICOKOTEMIIEPATYPHOIO
raeticoBoro sipa Lentpansnoro Kapkasza. // loknaner PAH. 2007. T.414. Ne6. C.793-797.
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KomMmnnekcHoe nccrnegoBaHue MeTeoOpUTHOro BelwlecteBa MmetToaoamMmum
PeHTreHOCNneKTpasibHOro aHarmn3a

Powuna U. 4., Kononkoea H.H.
Hnemumym ceoxumuu u ananumuyeckoi XuMuu
um. B.H.Bepnaockozo PAH, Mocksa, e-mail: NNZOND@geokhi.ru

OnHO W3 BaXKHBIX HAMpPaBICHUN TEOXUMUYECKUX HCCIEIOBAHHA — OIpeaencHue
AJIEMEHTHOTO COCTaBa BEUIECTBA, YCTAHOBJICHUE €0 MPOUCXOXKICHUS U pa3padoTka criocoboB
9KCIIPECCHOM TUarHocTHKu. Hamu mnpeanaraercs mosTamHOE MCCIEI0BAaHUE HEU3BECTHBIX
npod TMpennojiaraéMo HMEIOIIMX BHE3EMHOE IPOUCXOXKJEHHE JBYMs BapHaHTaMU
PEHTTEHOCTIEKTPAIbHOIO aHalln3a: PEHTIeHO(IYOPECIEHTHBIM METOJOM ( Ha CIEKTPOMETpe
AXIOS Advanced ¢upmbl PANanalytical B.V. ) 6e3 cneuuanbHOl MOATOTOBKU K aHAIU3Y
uccaeayemMoro oopasua, pazmepom He Oonee S0x50x40 MM. DTOT METOJ MPUMEHSICTCS IS
OLIEHKM YCPEIHEHHOI0 IOJHOI0 XMMHUYECKOIO COCTaBa OOBEKTa U  yCTAHOBJICHHS
BO3MOXHOCTH €r0 NPUHAJIEKHOCTH K KIACCy BEIIECTB, MMEIOIIUX BHE3EMHOE
npoucxoxaenue ( B ocHoBHOM mo Fe-Ni kpureputo ). JlanpHeilmiee yTOYHEHHE THIIA
METEOPUTHOIO BEUIECTBA IMPOBOJAUTCS METOJIOM PEHTT€HOCHEKTPaIbHOTO MHUKPO30H]I0OBOTO
ananu3a ( mukpoananuzatop SX-100 ¢upmer Cameca ). Tum BemecTBa onpeaensieTcs Mo
COCTaBy MHMPOKCEH-OJIMBUH-IIATMOKIA3-CTEKJIO U UX TrereporeHHoctu. [loaroroBka mnpo0
YAOBIETBOPSAET BCEM TpeOOBaHUSM, NPEAbSIBISIEMbIM K oOpas3iaMm, HampaBiseMbIM Ha
MUKpO30HJIOBBIE HCCIEN0BaHUsA. MUHUMAaNIbHBIN pa3Mep UCCIIEeTyeMbIX MUHEpPAIbHBIX 3€pEH
2-3 MKM.
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MukpopeHTreHocneKkTparibHble nccneaoBaHusa pasoBbIX
KapOunaHbIX peakuMn B HUKeneBbIX NlonaTtkax ra3oBbIX TYpOUH B
npouecce aKcnmayartaumu

Pvibnuxkos A.H., Kproxos U.H., Mownukoe Ap.B.
OAO «HIIO I[JKTH», Canxkm-Ilemepbype, e-mail: rybnicov@online.ru

XapakTepHOil 0COOCHHOCTBIO KAPOIPOUHBIX CIIABOB Ha HUKEJIEBOW OCHOBE SIBJISIETCS
MOHMWKEHHAs1 TMPOYHOCTh MEX3EPEHHBIX IPOCIOEK NPH MOBBIILIEHHONW TeMIlepaType IO
CPaBHEHHUIO ¢ 00JacTsIMU BHYTpH 3epeH. COOTHOIIEHNE NPOYHOCTH MEK3EPEHHBIX TPaHUIL U
BHYTpPU3EPEHHBIX 00JacTell ompeenseT ypoBeHb AedOopMalMOHHON cIOCOOHOCTH cCIijiaBa, U
ONTHMAaJbHbIE 3HAUEHUS STOTO0 COOTHOLIEHMS JOCTUTalOTCA B PE3yJbTaTe TEPMUYECKOU
00paboTKH.

W3BecTHO, YTO JKapoIpOYHbIE CIUIaBbl Ha HMKEIEBOM OCHOBE  SIBJISIKOTCS
MeTacTaOWIBHBIMU U B MPOLIECCE ATUTENbHBIX BBIIEPKEK U AKCIUTYaTal[MOHHOTO CTapeHHUsI B
HUX IPOUCXOIAT (pa30BbIe MPEBpAIlEHHs], B YaCTHOCTH, KapOUIHbIE.

3aKOHOMEpPHOCTH (OPMHUPOBAHUSA U U3MEHEHHS KapOMIHOIO COCTaBa MEK3EpPEHHBIX
MIPOCIIOEK B IPOIIecce MPOBEICHHU TEPMUUECKONW 00pabOTKH U IKCIUTYaTallMOHHOTO CTApEHUS
B CIUIaBaX Ha HUKeleBOM ocHoBe OWME893, DOUM698 wu ap. NpoBOAWIM METOIOM
PEHTICHOCTIEKTPAJIbHOTO MUKpOaHalin3a Ha ycrtaHoBke MS-46 gupmbl “Kameka” (Ppanius).
Nnentudukanuss MeX3epeHHBIX BBIJCICHUH MPOBOAMIACH € TIOMOIIBIO METOAMKH,
OCHOBAHHOM Ha ompejenaeHun K03()(HUIMEHTOB KOHTPACTHOCTH M)A, MPEJICTABISIOUINX COO0M
OTHOIIIEHWE UHTEHCUBHOCTEN XapaKTepUCTUUECKOIO0 PEHTTE€HOBCKOTO M3TyUEHUs IeMEeHTa A
oT (a3bl U MaTpullbl. Da3el B UCCIETOBAHHBIX CIIJIaBaX PAa3eIOTCS Ha ABE TPYIIIHL:

Zo > Zenn (MC, M;C, M3B2) n Zo <Zcmn ( Y, M;Ce, TI(C,N)),
rae Zo ¥ Zcr — COOTBETCTBEHHO CpeIHIE aTOMHBIE HOMepa B (pa3e U B CIIIaBe.

@a3pl NEepBOM TIpyNIbl, HUMEIOUIME BUJ TEMHBIX ISITEH Ha HW300paXEHUSX B
MOTJIOIICHHBIX ~ AJIEKTPOHAaX,  HUMEIT  CYLIECTBEHHOE  pa3jiu4Hble  COOTHOILIEHUS
ko3P duuuentoB kourpactHoctd it Ti, Cr m Si. @Da3sl BTOpOil Trpynmbl, HUMEIOIIUE
M300pa)KeHUs! B MOTJIOMIEHHBIX AJIEKTPOHAX BHJI CBETJIBIX MATEH, PAa3IMYaOTCs MO 3HAYCHUSIM
ko3pduunenToB koHTpacTHocTH g Ti, Cr u Al. DTo mo3BOJseT HAIEKHO IMPOBOAUTH
UIESHTU(DUKAITNIO MEK3EPEHHBIX BBIICICHUN ¢ pa3MepaMu 0,4 MKM U OoJiee.

OTnuyasce Mo cpefHeMy aTOMHOMY HOMEpY, pa3Hble KapOuabl MMEIOT OTIWYHS IO
xumuueckomy coctaBy. Kapoun MC - npeumyiiecTBeHHO Ha ocHOBE Ti (TaM Takke UMEITCs
Mo, W, HO B MeHbIIeM KonnuecTBe, 4eM B MC); M23Cs — mpenmyiiecTBeHHO Ha ocHOBe Cr
(Tam Takke umerorcss Mo, W, kak B MC, HO B MeHblIeM KosndecTBe, yeM B M¢C);. MeC - Ha
ocuoBe Ni, Mo, W un M;,C — taxke Ha ocHoBe Ni, Mo, W, HO ¢ 0oJjiee BBICOKHM
otHomenueM M/C.

N3menenue MEXaHUYECKHUX CBONCTB MeTajuia TypOUHHBIX JIOaTOK
razonepexkaynBaronux arperatos u3 OM893, D698 n npyrux xKapompodHbIX CIUIABOB Ha
HUKEJIEBOM OCHOBE B MpOIlecce MPOBEACHUS TEPMUUECKONH 00pabOTKH U 3KCIUTyaTallMOHHOTO
cTapeHus: OOBSICHAETCS HE TOJBKO Pa3sBUTHEM CTPYKTYPHBIX U3MEHEHHUH, 3aKIIOYAIOIINXCS B
JIOTIOJTHUTEIHHOM BBIIEJICHUH W KOAJIECUEHIMM YIPOYHAOMMX (a3, HO M NPOTEKaHHUEM

KapOWJIHBIX peakiuii B Mexk3epeHHbIX npocioiikax: MC —My3Ce — MeC — M C.
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UccnepgoBaHue pacnpeneneHus npumMmecHbix anemeHToB (Ti, Cr, Ni,
Ge) B cuHTteTn4yeckux cpopcreputax (Mg2SiO4), a Takxke
onpepaesrieHne X CTEXMOMETPUYHOCTU MEeTOL4OM 3JIEKTPOHHO-
30HOOBOro MUKpoOaHanusa

Cenun B.I'., /[yonuxoea B.b.

Huemumym eeoxumuu u ananumuyeckou Xumuu
um. B.H.Bepnaockozo PAH, Mocksa, e-mail: NNZOND@geokhi.ru

Bb10paHbl ONTUMAaNIBHBIC PEKUMBI ONIPEICIICHHS TUTaHaA, XpOMa, HUKEIII U TepMaHus B
CUHTCTHYECKUX (opcTepuTax. BbISSCHEHa 3aBUCUMOCTh TMpejesia OOHApYKEHHUS ATHX
3JIEMEHTOB OT YCKOPSIIOIIETr0 HANPsOKEHUS 3JeKTPOHOB. [Ipenensl oOHApyKEHHsI COCTABIISIOT
(B macc.%): nns tutana — 0.020, s xpoma — 0.009, ais wukens — 0.003, it repmanus —
0.006.

[Ipu ompeneneHUU CTENEHU CTEXHOMETPUYHOCTH (OPCTEPUTOB CPABHUBAIHCH
JUCTICPCUU OIPEICIICHUS OCHOBHBIX 3JIEMEHTOB IO F-KpHTepuio. 3HAYMMOCTh PACXOXKICHHM
CpeIHUX 3HAYEHHUH COJepKaHHUsSI OCHOBHBIX AJIEMEHTOB B 00pasliax M ATAJIOHAX OMpeIessuiv
mo t-xpurepuro. OTKIOHEHHWH OT CTEXHOMETPHUYECKOI'O0 COCTaBa B CHHTE3MPOBAHHBIX
dopcrepuTax He OOHAPYKEHO.
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MU3yyeHue ¢pazoBoro cocraBa metasnslypruyeckoro KpeMHus
metoaom PCMA

JI. @. Cysoposa, H. B. Hemuunosa™
Hucmumym ceoxumuu A.Il. Bunoepaoosa CO PAH, 664033, HUpkymck, yn. @asopckoco 1 A.
*Upkymckuii 20cy0apCcmeeHtblil MeXHU4ecKull UHCmMUumym.

[Tpou3BOACTBO METAUTYPTMUYECKOTO KPEMHHUS C TIOHWKEHHBIM COJIepKaHHEM
npuMeceil mpu pyIHOTEPMUYECKOM IUIaBKEe Ba)XKHO JJIsl €ro MCIOJb30BaHUS B KauyecTBe
0a30BOro mMatepuaia Jijisi COTHEYHBIX dJIEMEHTOB.

[lenbl0 HACTOSIIIIETO HCCIEOBAHUS SIBHJIOCH H3ydeHHE (Ha30BOTO W DIIEMEHTHOTO
coctaBa 00pa3loB paUHUPOBAHHOTO METALIYPIHYECKOTO KPEMHHSI C COJep)KaHHeM
cnenytomux npumeceit: Fe — 0.4, Al — 0.3, Ca — 0.4 mac. %, moy4aeMoro 1o TpaJauiMOHHON
TEXHOJIOTHH, I JabHEUIe pa3paboTKu METOIOB CHIKEHUS TIPUMECEi B HEM.

N3ydenne cTpyKTyphl, (ha30BOT0 COCTaBa KPEMHUS U XUMHUYCCKUN aHAIHM3 BKIIOUCHHMA
BBITIOTHEHBI METOJIOM PEHTTeHOCHeKTpanbHoro MukpoaHanmuza (PCMA) Ha s1meKTpoHHO-
30HJIOBOM PEHTTEHOCIIEKTPAIbHOM MHKpoaHaim3arope «Superprobe-8200» (Jeol LTD,
SInoHuUs), OCHAIICHHOM PEHTTEHOBCKUMH CHEKTPOMETPAaMU C BOJHOBOM M 3HEPreTUYECKOM
nucriepcueii.  J[aHHbIE O XUMHUYECKOM COCTAaBE BKIFOUCHHUH TIOJYYEHBI C HCIIOIB30BAHHEM
CHEKTPOMETpPa C HHEPreTHUECKON AUCIIEPCHEN MPHU CIEAYIOUIUX YCIOBUAX BO30YXKACHUS U
pEeTHUCTpaliK aHATUTHYECKOTO CUTHANA: YCKOpsitoliee Hanpspkenne 20 kKB, TOK MoriIomeHHbIX
AJIEKTPOHOB 2 HA, pa3mep 30Hma 1 MkM, Bpems Habopa ummyiascoB 60 c. [l rpaxyupoBKu
METOJIMKH HCIOJIb30BATIUCH CTAHAPTHBIE 00PA3IIbl YUCTHIX JIEMEHTOB.

Metonom PCMA B HcClIelyeMOM obpasiie 0OHapy KEHBI MeEJIKue
WHTEPMETANINYCCKUE BKJIIOYCHHUS HAa OCHOBE KPEMHHUs U Kene3a pasMepoM 2-50 MKM. —
CWJIMLIKJBI, pacloyiaralonifecss Ha TpaHuLaXx MeEXIy 3€pHaMU KpeMHHUsS. boJbHIMHCTBO
BKJIFOUEHUH HEOJHOPOIHO IO COCTABY, UYTO MOJITBEPIKIACTCS MOIYICHHBIMH U300paKCHUSIMH
B OOpaTHO pPACCESHHBIX 3JEKTPOHAX M PEHTTEHOBCKUX JydaXx. B OCHOBHOM CHIIMIIM[IBI
coctosaT U3 Kpemuusi (25-40 mac. %), xeneza (10-40 mac.%) u amromunus (6-20 mac.%).
HccnenoBanus mo3BOJWIM ONPENETUTh HAJIMYNE B papUHUPOBAHHOM KPEMHUHU CIIEAYIOLIUX
Haumbonee BeposTHbiX (a3: AlsFe,, (Fe,Ti)Si(Al), FeSi(Al), >kene3o B HUX MOXKET
3aMeIaThCs BAaHAIUEM U THTAHOM.

OOHapykeHbl pEeIKHe TeTEePOreHHbIE BKIIOUEHUS pa3MepoM MeHble 50 MKM
cocrosmue u3 cmecu CaSiO3 wu  Si02, SiC. CaSiOs, SiO;-xkpucrabonut. B
METaJLTypruueckoM KpeMHHH oOHapyx eHbl KpymHble (10 300 MKM) rOMOTeHHbIE BKIIOYCHHUS
KapOmma KpeMHUs. B HEKOTOPBIX U3 HUX, )KEJIe30 MOKET 3aMeIaThCsl MapraHileM, BaHAIHEM,
TuTaHoM.  [lomydeHHble  pe3ynbTaThl  XOpOIIO  COTJIACYIOTCS  C  pe3yJbTaTaMu
pEeHTreH0(a30BOr0 aHaIM3a U MUKPOCKOIIMYECKUX HCCIIEIOBAHUH.

C uenbio qanbHEWIIEH OYUCTKU U3 paMHUPOBAHHOTO KPEMHUS MTyTeM HaNpaBICHHON
KpUCTaIIM3ankk B Bakyyme 107 arm. u Temmeparype 1532-14520 momydeH MyiibTH-
KpUCTAITMYECKH KpeMHui. Ero wusydeHwe moa pacTpoBBIM MHKPOCKOIIOM IOKa3alo
HAJIMYUE OYCHb TOHKUX BKIIOYCHHA MHTEPMETAIUIHIOB MO KPasiM 3€PeH YHUCTOTO KPEMHHSL.
DT BKJIIOYEHHUS MENbYe M BCTPEUYAIOTCS PEXE, YEM Yy METAILTYPTUYECKOTO KPEMHUS U UMEIOT
nono6HkIi coctas: Si (40-47 mac.%), Fe (16-45 mac.%), Ti (1-18 mac.%) and Al (2-6 mac.%).

OdeBHIHO, YTO IS TIOJYYEHHUS OYEHb YHCTOTO MYJBTH-KPEMHHS HEJIOCTATOYHO
OJTHOM KpUCTAITU3AIINY.

Hccnedosanus noooepocanvt ananumudeckol 6e00McmeeHHoU yenesoil npoepammorni Ne PHIT
2.1.2.2382 Munucmepcmea Obpazosanus u Hayku P® “Pazsumue HayyHoeo nomeHyuand
Buvicwent wikonwt (2006-2008)
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N3y4yeHue MMHepanbHOro coctaBa kumoepnuros merogom PCMA

Cysoposa JI. CD.,1 Kocmposuyxuii C.H., ! Heanos A. C, ’SIkoenes ,ZZ.A1
]HHcmumym eceoxumuu CO PAH, 664033, Hpxymck, @asopckozo 14,
e-mail: Isuvor@igc.irk.ru
’Bomyo6unckas TP AK « AJTTIPOCA» ,678170, 2. MupHuii.

bonbuioe 3HaueHue [UIsl OLEHKM aJIMA30HOCHOCTH IOPOJ MIPAeT M3Y4YEHHE COCTaBa
MUHEPAJIOB OCHOBHOM Macchl KHUMOEPIHUTOB, KOTOPbIE MOABEPKEHbI CEPHEHTHU3ALNH U
CoJiep)KaT JIETyuhe KOMIIOHEHTHI. Henbto Hacrosimeld pabOTHl  SBIAETCS  OLCHKA
BO3MOXHOCTH U3Y4YE€HUSI MHUHEPAIBHOIO COCTaBa MEJIKO3EPHUCTBIX KUMOEPIUTOB C IOMOILBIO
EJl cnekrpomerpoB. EJIC cucTeMbl HMMEIOT MpeuMyILIecTBA IO cpaBHEHHIO ¢ BJI
CHEKTPOMETpaMH, T.K. OOECHeuMBalOT MISHTHU(UKALMIO MUHEpala B Ipouecce Habopa
CIeKTpa W He pa3pymaroT obOpasupsl. OCHOBHas Macca KUMOEPIUTOB Ipe/CTaBlieHa
MUHEpaJaMU: OJMBUH, (JIOrONUT, KApOOHATHI, IUIMUHEINU/bl, IEPOBCKUT, allaTUT, CYJIb(UIIBI.
Nx cnenuduueckoil 0COOEHHOCTHIO SIBISIETCS T€TEPOr€HHOCTh, BBIPAXKEHHAS B 30HAIBHOCTH
cocraBa. Kak mpaBuio, NepoBCKUTHI, allaTUThl U KapOOHAThl 000TallEeHbl PEIKO3EMEIbHBIMU
anemeHTaMu. CIOXXHOCTh COCTaBa, I'€TEPOTEHHOCTb, HAJOXKEHUE JMHUN PEAKO3EMENbHBIX
AJIEMEHTOB M OTCYTCTBHE OOpa3lOB CPaBHEHUS MOJAOOHOTO COCTAaBa CO3JAIOT MPOOJIEMBI TIPU
aHaJIM3€e STUX MUHEPAJIOB.

EJl cnekrpomerp OXFORD LINK 300 (JXA-6800) ¢ pazpemienuem 133 3B Ha iuaun
Mn Ko ucnonb3oBancst st onpeaeneHus ux cocraBa. OrmnpeneneHus TPOBOAWIUCH MPH
yckopsitoiieM HanpsbkeHun 20 kB, Toke mornoimeHHbIX 3nekTpoHOB 10 HA, Bpems
HakorieHusa umnyibcoB 100 c. ZAF meTon ncnonb30Bajics 1Sl KOPPEKIMU aHAIUTHYECKOTO
CUTHAJIa Ha MaTPUYHbIE F(P(PEKTHI.

[IpoBeneHo comocTaBieHHe METPOJOTHYECKHX XapaKTepUCTUK aHaiu3a o0paslioB
cpaBHeHus: onuBuHA Y-1, xpomura 79/62, unbmenura I'®-55, xpomucroro nupomna C-153,
npoananm3upoBaHHbix Ha DJIC m Ha BoMHOBBIX criekTpoMerpax (JXA- 733 ¢ mporpammoi
MarShell). ToYHOCTb MONyd4EHHBIX PpE3yJIBTATOB OKa3ajlach comocraBuMoi. llpu anamusze
MUHEpaJoB 0o0jee CIOKHOTO COCTaBa, amaTUTOB M  TMEPOBCKUTOB, OOOTaIEHHbIX
pEAKOMETAIbHBIMU 3JIEMEHTAaMH, BO3HHUKAIOT CIIOKHOCTH H3-3a HEBEPHOW OLIEHKH YPOBHSI
(dona B mporpammuom obecreuennu DJ[C. Bo3HukaeT He0OX0IMMOCTh BHUMATEIBHO U3Yy4YaTh
U PEKOHCTPYHUpOBaTh CIHEKTP B KaXKIOM KOHKpPETHOM ciydae. llpu omnpenenenun
KOHLEHTPAalUi pelKO3eMeNbHbIX KOMIIOHEHTOB < 1% Heo0X0IuMO NpOBEpsTh HaJINYHE
JUHUM aHAJIM3UPYEMbIX DJIEMEHTOB Ha BOJHOBBIX crnekrpoMerpax. (ComnocraBieHue
Pe3yNbTaToOB aHAIM3a 3TUX MUHEpaoB, noiayyeHHbIX Ha LINK300, ¢ pesynpratamu JXA-733
MOKA3aJI0, YTO PACXOXKICHUS 3HAUCHUN KOHIEHTPALU JUIsI MAaKPOKOMITIOHEHTOB HE 3HAUMUMBI.
B03MOXHOCTh PEKOHCTPYHPOBATh CHEKTP M MCIOIb30BaTh CTaHAAPTHBIE 00pa3Lbl COCTaBa U3
MPUPOJHBIX KUMOEPIUTOB Ui TPAAYUPOBKHM METOAMKH OOECIEYUBAIOT OIpeaecHIe
KOHIICHTPAllUM MaKpPOKOMIIOHEHTOB C TOYHOCTBIO, CPaBHUMOM ¢ pesynbTaTamMu Ha B/l
CHEKTPOMETpAX.

B pabore mpencraBieHBl METPOJOTHUYECKHE XapaKTEPUCTUKU pa3pabOTaHHBIX
MeTonuK. [IpuBeeHbl pe3yabTaThl UX MPUMEHEHUS Ui ONpPEeIeIeHUs MUHEPAIbHOTO COCTaBa
OCHOBHOH Macchl KUMOEPIUTOB il OOJBIIMHCTBA AJIMa3HbIX IOJICH, PaclOJIOKEHHBIX B
Sxytckoit npoBuHIMH. Co3gaH OaHK AHATUTHUYECKHUX JaHHBIX, KOTOPBI MOMOI aBTOpam
YCOBEPIICHCTBOBATH MUHEPATIOTHUYECKHI METO/1 TOMCKOB HOBBIX KUMOEPIUTOBBIX TPYOOK.
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To4yHOCTb MeTOAa pacno3HaBaHUsA o6pa3oB no nporpamme «PAHIM»
B PEeHTreHoCneKTpanbLHOM aHanuse

Tponesa H.B.
2. Mockesa

Hama xoHuenuus OJHOBPEMEHHOTO TUIAHMPOBAHUS MACCOBBIX HAy4HBIX H
MIPOM3BOJICTBEHHBIX PEHTI€HOCIIEKTPAJIbHBIX AaHAJIM30B BCErAa ObUIa TJIAaBHOW M YYCHBIX-
¢uszukoB M.A. brnoxuna u N.b. bopoBckoro. Amnmapatypa, Kaapbl, TEOPUsI CIEKTPOB — BOT
OOIIMPHBIA KPYTr MpoOJeM U COCTOSIHUS BOIIPOCOB, KOTOpBIE, OyIy4yH AOLEHTaMHu Kadeapsl
pentreHocTpykrypHoro ananu3za HUU ¢usnkun dusndeckoro dakynpreta MI'Y, 3TH yueHbie
00001mmIM B coBMecTHOM MoHorpaduu 1939 roxa.

Ee B xoH1e 19 Beka Ha OCHOBE TEOPUH BEPOSTHOCTU U MAaTEMAaTUKO-CTATUCTUYECKUX

MoJieniel ObUIH 3aJ105KEHBI MEXaHU3MbI TEOPUU pacro3HaBaHus 00pa3oB [1] (ki1acrep-aHanus,
kinaccupukauus U T.4.). OCHOBHOM MPHUHLIMII MEXaHH3Ma TEOPUH — Pa3I0KEHUE MaTpPULIbI
HEOJIHOPO/HBIX TAHHBIX HA OJTHOPOJHBIE Tpymibl. OUH U3 HATJISIAHBIX IPUMEPOB — PELICHHE
MaTpHILIbl IKCHEPTHBIX OLEHOK. B HacTosiiee BpeMsl B MOBCEIHEBHOM >KU3HH C MOMOILBIO
9TOW Teopurn Ha 0Oa3e OBICTPOACHCTBYIOIIMX KOMIIBIOTEPOB peanu3yeTcs MH(PpPOBOe
dotorpadupoBanue, TeIeBUICHUE, TeICPOHHAS CBA3b.
DO¢ddexTuBHOCT W HAAESKHOCTH MPOTrPaMM METO/AA pAaclO3HaBaHWs 00pa3oB Ui
pentreHocnekTpaibHoro anamuza (MCII, ®AKT, PAHI' u np.) 3aBUCUT OT TOYHOCTH
TPYNOUPOBAHUS HAa OJHOPOAHBIE TPYMNbI B (PAKTOPHOM IMPOCTPAHCTBE IO MPOTrpaMme
«PAHI» [1] paHHBIX MaTpuLbl pe3yibTaTOB IIOJHOIO MOJYKOJWYECTBEHHOIO WU
KOJIMYECTBEHHOTO PeHTTeHoceKkTpaabHoro ananu3a (PCMA, POA, POOC, OXKE-D3MA).

B nacrosmeil pabote npeyiokKeH U MPOBEPEH HA OPUTMHAIBHBIX U JIMTEPATYPHBIX
JAaHHBIX, MTOJIyYeHHBIX HAa aBTOMAaTU3UPOBAHHBIX PEHTTEHOCTIEKTPAIbHBIX YCTAHOBKAX, CIIOCO0
OLIEHKH Ha BUPTYaJbHOW OCHOBE METPOJIOTMUECKUX MMapaMeTpoB nporpammsel «PAHI .
Bapuanum kaxxoro 3jemMeHTa HEOJHOPOJHON UCXOJHON MATPHILBI TPOU3BOIUIN C TTIOMOIIBIO
reHeparopa Ciay4alHbIX yucesl M TpaHcpopmupoBaiu Ha auarpammax {X, Y} u {W, Z} B
AIUTMNTUYECKUE JAUCTIEPCUM KaXKIOW M3 OJHOPOJHBIX TPYII TOYeK. TOUYHOCTH OLICHUBAIU C
MIOMOUIBIO TUIIOTETUYECKUX ITAJIOHOB 33JJaHHOTO COCTaBa, BBOJAUMBIX B MCXOJIHYIO MaTpUILy.
Mepoit TOUHOCTH CITyKHJIM UHTEPBAJIbHbIE OLIEHKH Ha (DAaKTOPHBIX AMAarpaMmax. 3HAUUMOCTb
pa3nuYMs OHOPOIHBIX IPYIII IPOO U THIOTETHYECKUX HTAJIOHOB OLICHUBAJIM IO t-KPUTEPHUIO.
OddextuBHocts nporpamMmmbl «PAHI» MokeT OBITH CyIIECTBEHHO TIIOBBIIIIEHA 32 CUYET
IIPOU3BOJUTENIBHOCTH II0CJIE€ BKJIIOYEHMSI €€ HEMOCPENCTBEHHO B CUCTEMY aBTOMAaTHU3alUU
PEHTT€HOCTIEKTPaIbHON YCTaHOBKH.

[1] Hanumos B. B. Teopus sxkcniepumenta. M. Hayxka. 1971r. 210 ctp.
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UccnegoBaHue HannaBoOK Ha penbCOBYHO CTarnb
MeToAaMM 3NIeKTPOHHO-30HO0BOr0 MMKpoaHanusa

Ulesyosa C.U.,Kozaxoe A.T.
FOsicnviii peoepanvrwiii ynusepcumem, HUH ¢puszuxu,
2. Pocmos-na-/{ony, e-mail: shevtsov@ip.rsu.ru

B paboTte mpencraBieHbl HCCleAOBaHUs HAIUIABOK HA PEIbCOBYIO CTallb, HAHECEHHBIE
METOJIOM MHAYKIMOHHOTO HAarpeBa C LEJbI0 YIYUIICHHUS XapaKTEePUCTUK U3HOCOCTOMKOCTH H
IIPOYHOCTHU OBEPXHOCTHOTO CJIOSI.

Hcxoanplii MaTepuan HaIIaBKUA TPEACTABISLT COOOM MOPOIIKOBYIO CMECh METAIJIOB
(Fe, Cr, Mn, Ni, Mo, W, Cu, Co, W) B pa3IMuHbIX COYETAHUSIX U JOJAX C PIFOCOM U KUIKUM
CTEKJIOM.

[IpeameTom n3ydenust ObuTH PaKTUUECKUN OOBEMHBIN SJIEMEHTHBIN COCTAB HAMJIABKU
Y €T0 KOPPEIALUs C 0KUAAEMbIM, PACIIPEICIICHHE YIIEMEHTOB I10 TTyOHMHE U IOBEPXHOCTH
HariaBokK, (a3oBbIid cocTaB. MccnenoBancs Takke MEXaHU3M MEPEHOca B MPOIIECCe H3HOCA
TPEHUEM Naphbl HaIlJIaBKa-peIbCcoBasi cTaidb. Ha MOBEpXHOCTH U B MPUITOBEPXHOCTHBIX CIIOSAX
Ha TIIyOMHaX /10 HECKOJIBKUX MUKPOH HaOJI0/1aeTCsa U3MEHEHNE CTPYKTYPhI M COCTaBa
HaIlJIaBKU.

B paGore mpencrtaBieHbl M300paXKeHUs, MOJyYCHHbIE HAa PAacTPOBOM 3JIEKTPOHHOM
MHUKPOCKOTIe-MUKpPOAHAIN3aTOpe, pPA3IMYHBIX YYacTKOB HAIUIaBOK, B TOM YHCIE B
PCHTICHOBCKOM U3JIYYCHHU, W PE3YJIbTATBI KOJIUYCCTBCHHOI'0O W IOJYKOJIUYCCTBECHHOI'O
aHaJIM3a Pa3IMYHbIX HAIUIABOK.

Ocoboe mecto B paboTe 3aHMMaeT  HM3y4YeHHE MPUYMH TPEIIMTHOOOPa30BaHMUS,
OOYCIIOBIICHHBIX B TOM YHCJIE€ IIOCTOPOHHHMH HEMETAUIMYECKUMH  BKIIOUCHHSMHU.
HpeI[CTaBJIeHBI AHAJIOTM4YHBIC PE3YJIbTAaThI SJICKTPOHHO-30HJOBBIX I/ICCJICZ[OBaHI/Iﬁ
pa3pyLeHnii MeTajia, OTHOCSIIMECS K IPYTUM OOBEKTaM (Ta30MmpoBOJ BBICOKOTO JaBIICHHMS,
paspylIeHue B IpoIecce TPEHHs).
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3]19KTpOHHO-3OHIJ,OBoe nccnenooBaHue NOPUCTbLIX MaTepuanoB

Llesyosa C.U., Kozaxos A.T., Cmompaxoe B.I"., Epemxun B.B.,
Anewun B.A. IOxcnoiti pedepanvruiii ynusepcumem, HUH uzuxu,
2. Pocmos-na-/{ony, e-mail: shevtsov@ip.rsu.ru

B pabote mpencraBieHbl pe3ysibTaThl UCCIEAOBaHMS BBICOKOINOPHCTBIX MaTEpHAIOB
(mbe3odnieKTpUYecKast KepaMuKka M 3JEKTPOJIbl, CO3/7aBaeMble C IOMOIIbIO MOPOIIKOBOM
METAJUIyprii) B PACTPOBOM 3JIEKTPOHHOM MHUKPOCKONe-MUKpoaHanu3aTope. VccienoBan
psa kepamuk ¢ Bapuanuein nopuctocta ot 30 % no0 80% u ¢ mopamu 3amaHHON (opmol U
pa3Mepamu, a TakXkKe dJIEKTPOJbl C OUIIOPUCTOM CTPYKTYpo# (C ABYMs THUIIaMU IOpP C PE3KO
OTJIMYAIOIIUMUCS CPETHUMH pazMepaMu) U MOPUCTOCThIO ~ 50 %.

B pabGore ynensercss BHUMaHHE TIOATOTOBKE BBICOKOMOPUCTBIX MAaTEepUANOB K
UCCIIEZIOBAaHHUIO U METO/1aM 3aIOJIHEHUS MOP Pa3InYHbIMHU COCTAaBAMH.

TpaaAuIMOHHBIMUA METOJAMH U3YYCHHUS MHUKPOCTPYKTYPHI MaT€pHajoB, B TOM YHCIIE U
MOPHUCTBIX, SBISETCA ONTHYECKass W DJEKTPOHHAS MHUKPOCKONMS C TPYAOEMKUMH U
JUTNTETHBIMU U3MEPEHUSIMH JIMHEHHBIX pa3MepoB CTPYKTyp. B Hamiem moaxone OCHOBOM
U3yYEHUS  MHUKPOCTPYKTYpbl  SIBISI€TCSI  JIOKAJbHBIM  aHAJUTUYECKMA  CUTHalM  —
XapaKTepUCTHUUECKOE PEHTTEHOBCKOE M3JIy4YeHHE 3JIEMEHTOB oObekTa. lcnonb3oBanue s
MOJIyYCHHS XAPaKTEPUCTHK MUKPOCTPYKTYpPbI BBIOOPKM MHTEHCUBHOCTEH JIMHUI 3JIEMEHTOB
PEHTTCHOBCKOTO H3IIyueHHsI, yHpomaer o0paboTKy, Tak Kak HMEeT MecTo ImdpoBoe
IPEJCTAaBICHUE pPE3yJbTaTOB SKCIEpUMEHTa 03 JONOJHUTENbHBIX HW3MEPEeHUl WIu
npeoOpa3oBaHUl BUICOU300pAKESHUH.

BriObopka u3 JOKaJdbHBIX AHAJIMTUYECKUX CUTHAJIOB MOXKET OBITh IIOJy4YeHa B
CIlyd4allHBIX TOYKaxX IIOBEPXHOCTH oOO0pa3lla WIM CKAaHUPOBAaHHEM C 3aJaHHBIM IIaroM.
OnTuManbHBIM € Hallel TOYKU 3peHHs U M0 MH(OPMATUBHOCTH U MO CKOPOCTH IOJIyYEHUs
HKCHEPUMEHTAIBHOTO Pe3ysbTaTa SBJSIETCS HA0Op CIlydailHbIX OTpe3KOB. JlOMOJHUTENbHYIO
nHpopMaLKoo 00 00bEKTEe MOXKET JaTh PErHMCTpallds HECKOJIbKUX aHAJUTUYECKHX CUTHAJIOB
(MHOTO3JIEMEHTHBI COCTaB OOBEKTa M HAJIMYME HECKOJbKUX KaHAJIOB PETUCTPAINHN).
WNHdpopmaTuBHBI KaK OIMHOYHBINA HA0OP aHATUTUYECKOTO CUTHAJA, TAK U UX CYMMBI.

B pabote moapobHO mpeacTaBieHbl 0O00CHOBAHUS M METObl 00pabOTKM JIOKAJIHLHOTO
AQHAIUTUYECKOTO0 CHUTHAJNa JUIsl TOJy4YeHHMs] TaKUX XapaKTepUCTHUK MaTepuajoB Kak
IIOPUCTOCTD, Pa3MEPHI MO, IUIOLIAN YI€IbHON NOBEPXHOCTH, XUMUYECKOH OJTHOPOJAHOCTH.
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MCINMOJNIb3OBAHMUE
CUHXPOTPOHHOIO U3NNYYEHMUA
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CNEKTPOCKONWUA

HOBbIE METOObl OUATHOCTUKN
MATEPUANOB



TepmopeHTreHorpaduyeckuin pasoBbi aHaNU3 YETHbLIX H-aNKaHOB

Anexcanopos B.J].,IA]leKcaHdPOGCl 3.A.1, Xaoucosa }K.T.Z, Mycaeea b.B. 2, Poouenxo M.B."
'Ky6anckuii 2ocyoapemeennviii azpaphviii ynusepcumem, e-mail: alex2e@yandex. ru,
I po3nenckutl HepmaHOU UHCIUMYM

TepmopentreHodazoBbiii aHaim3 mnpoBoawics Ha audpakromerpe Jpon-2.0. Ilmockwuit
npenapar TOTOBMJICS Ha CTEKJE IMpeccoBaHWEeM (TOHKUM CJIOM CHUPTOBOM KallUIIbI
napaHOBOTr0 00pa3iia pa3paBHUBAINA U MPECCOBAIU CTEKJISIHHOM IJIACTMHKON); MPU 3TOM
MOBEPXHOCTh 00pa3lia COBMeENIalach € IUIOCKOCTBIO (OoKycupoBku. OOpazenr U CUETUHK
BpalllajJiCch aBTOMATUYECKU B TOPU30HTATBHOMN MJIOCKOCTU BOKPYT 00IIeH BEpTUKATBHONH OCH
TOHUOMETpPA C COOTHOIIEHUEM CKopocTelt v(cuérumka) = 2v(o6pasma). [Ipu sTom cuérumk
U3MepPST UHTEHCUBHOCTh TUGPAKIIMOHHON KapTUHBI MOCIEI0BATENILHO MOl Pa3HBIMU yTiIaMu
orpaxkeHus. [loka3aHus cuéTuMka pEruCTPUPOBAIUCH HAa JAMArpaMMHOM JIEHTE, KOTOpas
JBUTANIaCh CMHXPOHHO C BpalleHueM cuéTurka. B pesynbrare Ha JieHTe (UKCHpOBalach
nudpakTorpaMma (KpuBasi 3aBUCMMOCTH MHTEHCUBHOCTU AU(PAKIIMOHHONW KapTHUHBI OT yTia
oTpaxkeHus ). TunuuHas nudpakrorpaMma npeacTaBisiia co0oil cepuio MUKOB HaJ TJIaBHOMN
auHued ¢ona. Kaxaplii muk — oTpaxkeHue n-ro mopsiika ot cepum mwiockocteit (hkl) ¢

[}
MEXKIUIOCKOCTHBIM paccrosiHueM d, A . [TonoxxeHne mrka U3MepsuTd YIiioM oTpaxeHus 20°, a
MHTEHCUBHOTh — €r0 IUIOMaAp0. IHTEeHCMBHOCTE camMoro sipkoro nuka npuHuManu 3a 100,
WHTEHCUBHOCTb OCTQJbHBIX TIMKOB OICHMBAIM B JOJSAX OT HEro, T.€. U3MEPSIN
OTHOCHUTEIIbHYI0 HHTEHCUBHOCTh. M ieHTnduKaimo npoBoAuIn no Habopy MEKIIOCKOCTHBIX
paccTosiHM M WHTEHCHUBHOCTEH peduiekcoB. [l ycTpaHEHUS] CHCTEMAaTUYECKHX OHIMOOK
IIPU U3MEPEHUU YTJIOB OTPAXKEHHUS ChEMKY BEJIM C  BHYTPEHHHM  CTaHIApTOM —
repMaHueM; JJIs1 ATAJIOHHUPOBAHUS MAaJIOYTJIOBOM 0OOJACTH CHEMKH WCIOIB30BaIM OudTanar
kanusa. C momomipio TepManus U Oudranata kamus stamoHupoBaics H-Co3Hag, KOTOpHIA B
JAJIbHENIIEM HMCIIONIB30BANICA Ul ATAJIOHUPOBAHUS MAaJOyIJoBoW obmactu 20° npyrux
W3YYEHHBIX HaMH H-aJIKaHOB. JIJIs MOBBIMIEHHS TOYHOCTH M HAAECKHOCTU OIPEICICHUS
¢dazoBeiX TpuKIMHHO-TekcaroHansHoro (T—H) u pombuuecko-rekcaronampHoro (R—H)
MEPEX0/I0B UCIOIH30BATIOCH TOCTPOCHHUE TEMIIEPATYPHBIX IpaUuecKUX 3aBUCUMOCTEH: Ay,

by, ar/ V3 =f(T). Ilpu >ToM 3a Temmnepatypy R—H-nepexona mpunumanace Try , mnpu

KoTOpor ay= by, = agr/ V3 , a remneparypoid T—H-nepexona cunranace Tty , IpH KOTOPO

2
obecreunBanoch paBeHCTBO: ay = by =4/(2a,) -8,/ \/§ CpenHsis 4yBCTBHTEIHLHOCTh

peHTreHorpagu4eckoro MeToja K CcoJep)kKaHuio (a3l B 00paslie CoCTaBisia J0JH
IIPOLIEHTOB. HcxonHbIMU JaHHBIMU JUISI MHAYLUUPOBAHUSA AU(PAKTOrpaMM YETHBIX H-
aJKaHOB CIYXWIM TapaMeTpbl TPUKIMHHOW d3yieMeHTapHoW suedikun  H-C gHig, u
IPO3TAJTOHUPOBAHHBIM Ha OCHOBE THX JAaHHBIX MCIOJIb3yeMblil B pabote obpazer H-CsHssg
BBICOKON CTeneHH 4YUCTOTHI. J(MdpakunoHHas ChEMKA OCYIIECTBISJIACh HPU CIEAYIOLIEM
pexxume: ckopocTh aABwxkeHus cuetyuka 0,017-0,033 rpan/c u auarpammuoit jientst - 0,037
M/c; mKaibl ckopoctei cuéra ummynabcoB 400 u 1000 umm/c, pasmep meneit 1,05; 0,5 u
0,5 107 w, uHTEepBad cheMku 20= 1+80°. BpamarenbHblii MexaHuU3M  (ha30BBIX
IPEBPALICHUNM  ABJIAECTCA €OUHBIM Ul HEUYETHBIX M UYETHBIX H-aJKAHOB M I103BOJISET
O0OBACHUTH BIEPBBIC yCTaHOBICHHBIN TpéXPazubiii T— R—H nepexon 4ETHBIX H-aJIKAaHOB C
n. = 22,24 n 28. K nepectpoiike T-aueiiku B poMOMUECKYI0 MOXKET HMPUBECTH B3aMMHBIH
Pa3BOPOT OJIHOTO psifia MOJIEKYJ OTHOCHUTEIhHO npyroro Ha 90°. KonuuecTBeHHass MOJEIb
R—H mnpeBpalenns mokaspBaeT, 4YTO NP MOJHOM BpAIIEHNUHN LIETIOYEK KaK €JUHOTO LEJI0T0

[} 0
napamerp B ysenuuumBaerca Ha 0,1 A, a mapamerp a coorBeTcTBeHHO Ha 1,35 A.
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PeHTreHorpaduyeckoe nccriegoBaHue (pazoBoro COCToSAHUA
HEe4YETHbIX H-aJfiIkaHOB

Anexcanoposa 3.4.", Anexcandpos B.J1." Xaoucosa JK.T.?, Mycaesa B.B.>, Poouenko M.B.!
'Ky6anckuii 2ocyoapcmeennviii azpapnwiii yrusepcumem, e-mail: alex2e@yandex. ru,
1 po3nenckull He@hmAHOU UHCTMUMYM

HccnenoBanusiM  CTPYKTypbl ~ KPHUCTaLIOB  H-aJIKaHOB ~ C  IIPUBJICYECHUEM
CHEKTPOCKONMYECKNX, TEPMUYECKUX, PpPEHTreHorpauyeckux, peppakToMeTpuyecKux
METOJIOB MOCBALIEHbI paboThl M3BECTHBIX HccienoBareneid Mromnepa, Kuraiiropoackoro
AU., Muroxa 10.B., Teitnopa, Illepepa, Baitnmreitna B.K. B mocnegnue roapl kpome
KJIACCUYECKOW MOJEJIH BpALIATEIIBHOTO MEXaHHW3Ma POMOMYECKOTO-T€KCArOHAIBHOTO
npeBpaieHuss Mrojiepa MpeuioKeH HOBBIM MOJXOJ K PAacCMOTPEHMIO ATOr0 MEepexojia C
no3uuuid kKoHpopmannoHHoil Teopun Maponcemnu. Ilo Mronnepy, pasziauuue BBICOKO- U
HU3KOTEMIIEPATyPHBIX MOAU(PUKALUN H-aJIKAHOB CBOJAUTCS K Pa3HOW CTENEHU BpalllaTelbHbIX
IyJIbCallUii ¥ OPUEHTALMOHHOM YIIOPSAJOYEHHOCTH MX BJOJb IPOAOJIBHBIX Oceil. B pamkax
KOH(OpMallMOHHONW Teopur MapoHCcemn YYUTHIBAIOTCS KOH(OPMAIMOHHBIE Je(EKTHI
KPHUCTAJJIOB 3a CYET HPUCYTCTBUS TBEPIbIX (Da3 pazIMuHOro XapakTrepa U KOHIEHTPALUU
HETPAHCOUIHBIX WIH «HEIUIaHAPHBIX» KOH(POPMEPOB.

Jlnis vccaeioBaHus MeXaHU3Ma MOJIMMOP(HBIX MPEBpPaALeHU H-aJIKAaHOB B TBEPJOM
COCTOSIHUM  TpPHUMEHSUICS  TepMopeHTreHorpapuueckuii  ¢asoBbiii  ananu3.  PaGora
IPOBOJMIINCH Ha Kadenpe kpucramiorpadpun JIeHMHIPaaCcKOro rocyHUBEPCUTETa COBMECTHO
¢ @unatoBeiM C.K. u Korenbuukosoit E.H. Ucnonb3oBanuce audpakromerpsr JPOH-1,
JIPOH-2 n JIPOH-3, ocHameHHble BbicokoTemneparypHoil npucraskoii KPB-1100. Cpémka
Benach 1o cxeMe bperra-bpeHtano B pacxonsiiemcsi mydke peHTIeHOBCKHX Jyuei Cog, U
Cuyq - nznyyenus. JuppakuroHHble MUKU, XapaKTEePHbIE U1 POMONYECKON sSUeiKU, UMEIOT
unaekcsl hkl : 001, 110 u 200, nns rekcaronansHoi - 001, 100 u B cydae TpukimaHON - 001,
011, 012, 100, 101, 102 u 111. C ucnonws3zoBaHueM ypaBHeHHs bperra-Bynsda nms
Pa3IMYHbIX CHHTOHUHN pacCYUTHIBAINCH MMapaMeTphl KPUCTAJUIMYECKUX siueek a, b u ¢ . Pacuér
ocymectBisicss Ha OBM-6000. Ilonoxxenne nudpakunoHHbix nukoB 001 (6a3anpHbIX
pedrekcoB) XxapakTepu3yeT HapaMeTp ¢ KpUCTaNINYECKON pelIeTKH H-ajlKaHa, T.€. JJIMHY €ero
anugaTryeckoi nenu. 1o KOIMUECTBY U OTHOCHTEIbHON MHTEHCHBHOCTU 3TUX 0Oa3albHBIX
pedraekcoB cyaunu 00 OJHOMEPHOM YIMOPAIOUYEHHOCTH CTPYKTYphl B HalpaBICHUH OCHU C.
Otan pomOuuecko-rekcaronanbHoro (R—H) mnpeBpamienus ¢ukcupoBaics 1Mo mepexomy
pednexcoB hkl: 110, 200 B hkl: 100. Crenenp coBeplieHCTBa TeKCAroHaJbHOM (ha3bl
napauHOB C IMOBBIIIEHUEM TEMIIEPaTyphl Ul OJHOTO U TOTO e HcCielyeMoro obpasua
OLICHMBAJIACh MO BEIMUYMHE NOIymupUHbl pedaekca 100, n3mMepeHHONH Ha MOJIOBUHE BBICOTHI
IIUKA B M.

Tepmopentrenorpaduuecknii ananu3 mnokazain, uro R—H mnepexomy H-ankaHOB
MPEIIECTBYET HEMPEPBIBHBIN Mpoliecc TePMUUECKUX JeGopMaluil KpUCTAIUIMYECKUX SYEeK,
BKJIIOUAIOIIUI CIEAYIOLIUE dTanbl: 1-if — Korja Bce mapaMeTphl siueiKU a, B, € IPAKTUYECKH
HE M3MEHAITCA; 2-i — Korja napamMeTp a HadyMHAeT BO3pacTarb, B M € IPOJOJDKAIOT
OCTaBaTbC HEU3MEHHBIMH; 3-il — IpU KOTOPOM OJHOBPEMEHHO C MHTEHCHUBHBIM POCTOM a
HAa4YMHAET PacTH €, B HE M3MEHAETCS WIM HE3HAUYWTEIbHO BO3pacTacT M0 Ipenesa, Mocie
yero Ha 4-om otame a emé Ooyiee MHTEHCUBHO pacTET, B YMEHBINACTCS, € 3HAYUTEIHHO
YBEJIMUUBAETCS; 5-11 ATall XapaKTepu3yeTcs NOCTH)KEHUEM PaBEHCTBA ay = by = aR / V3, pu
KOTOPOM pOMOMYECKasi CUHITOHUSA Ul HEYETHBIX H-aJKAHOB MEPEXOIUT B I'€KCATOHAIbHYIO.
JUis MHTEpIIpeTaluy TepPMUYECKUX JegopManuii, ucxonas H3 IpeicTaBieHui Mromiepa o
Bpallaromencs TeKcaroHalbHOW ¢ase, pa3paboraHa kommuecTBeHHas wmojenb R—H -
IIPEBPALLEHUS.
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OueHka xapakTepa MUKPOOMONOrn4ecKkom Kopposnm
KOHCTPYKUMOHHOro matepuana AMr6 B akcnnyataumMoHHbIX
YCIOBUSIX FrePMO3aMKHYTbIX 00bemMoB

Anexoea T.A. *, Hoeoxcunosa T.IO. *, 3acycmuna H.A. ***, [Inomnuxoe A.J]. **,
bopucoe B.A. **, [lIknogep B.A. **** Xaxanoe C.H. ****
*Mocrosckuti cocyoapcmeennvlii yHugsepcumem umenu M.B.Jlomonocosa, Mockea
**Pakemno-kocmuueckasn kopnopayus «uepeusy um. C.I11.Koponesa, Mock. Obn.
***Uncmumym ouoxumuu um. A.H.baxa PAH, Mockesa
*EXX000 Cucmemvl 05t Muxpockonuu u ananuza, Mockea

be3onacHOCTh AMUTENBHBIX IOJIETOB B T'€PMO3aMKHYTHIX KOCMHUYECKHUX almaparax
HEMOCPEICTBEHHO  CBsSI3aHA C  IIPOTHO3UMPOBAHMEM  BO3MOXKHOCTU  IOBPEXKIACHMUS
KOHCTPYKIIMOHHBIX MaTrepualioB Mukpoopranusmamu. [lokasano, uro ma OC «Mup», a
takke PC MKC ¢ KOHCTpYKIMOHHBIX IIOBEPXHOCTEH BBIAEIAIOTCS MHUKPOOpPraHU3MBbI-
TeXHO(UIBI,  CIOCOOHBIE  pa3pyliaTh  IOJKMMEpPHbIE  MaTepualbl M BBI3BIBATH
OMOKOPPO3HOHHBIE MTOBPEKICHUS AIFOMHUHHUI-MarHueBoro criasa AMr6, npuMeHsomerocs
B U3JIEINSIX aBUAKOCMHMYECKON TEXHUKH. ABTOpPAMM CO3JjaHa KOJUIEKIUS MUKPOOPTaHHU3MOB,
BBIZICJIEHHBIX C KOHCTPYKUMOHHBIX moBepxHocTeil Ha OC «Mwup» u B pesynbrare
Monutopunra Ha PC MKC, B MoOAeNbHBIX YCIOBHUSX IPOBENEHBI 3KCIEPUMEHTHI 110
BO3/ICHCTBUIO KyJIbTYyp I'puOOB M OakTepHil Ha allOMUHUI-MarHUeBbIN craB. B kauecTBe
TECT-00BEKTOB OBLIM  HMCIOJIB30BaHbl o0Opasmsl AMr-6 ¢ pasznuyHol  00paboTKoi
MOBEPXHOCTH: MEXaHHYECKUM CIIOCOOOM, aHOJUPOBAaHHMEM M METOJIOM XHUMHYECKOH
oJIMpoBKHU. [IpakTHuecku Bce HUCCIENOBAaHHBIE BUIbl MUKPOOPIaHU3MOB - TEXHOQUIBI U
ObUIM CITOCOOHBI BBI3BIBATH KOPPO3HMOHHBIE M3MEHEHUS! MOBEPXHOCTH, JaKe MPH €€ 3alluTe
AHOJMPOBAHUEM WJIM XUMHUYECKOUN MOJUPOBKON. BUOKOPPO3MOHHOE MOBPEKICHHE 00pa3IloB
AMr6 wuccienoBalloch METOJAMH AaTOMHO-CHJIOBOM, DJEKTPOHHOM CKAaHMPYIOUIEH, W
AJIEKTPOHHON pacTpoBoil MHKpockomnuu. [lokazano, 4Tto 00paOOTaHHBIE MEXaHHUYECKUM
crocoOoM 00paslibl B 3HAUYUTENBHO OONBILICH CTENeHU MOABEprajuch OMOKOPPO3MOHHOMY
Bo3jeiicTBUI0. Hambosee arpecCMBHbIE BapUaHTHl KyJIbTYpP BBI3BIBAIM 00Ji€€ CHIIbHBIC
U3MEHEHHUs] TOBEPXHOCTH [0 CPaBHEHHMIO C XHUMHYECKOM Koppo3uei: HalIr0/1anoch
o0pa3oBaHuE MUTTUHIOB OKCHJIHOM IUIEHKH, PAacTpecKMBaHHE MOBEpXHOCTU. Meromamu
POM u ACM onpenenena riyorHa 6MOKOPPO3MOHHOTO MOBPEXKAEHUS cIuiaBa AMr6.

1. Anexosa T.A., Anexcanoposa A.A., Hosoxcunosa T.IO., Jlvicak JI.B., 3aecycmuna H.A.
be360pooos A.M. MOHUTOPUHT MUKPOOPTaHU3MOB-JIECTPYKTOPOB Ha MUJIOTUPYEMBIX
opoutanbHeIX KoMIuiekcax. //IIpuxit. onoxumust u mukpooduonorus. 2005. Ne 4. T.41. C. 435-
443,

2. Anexosa T.A., Anexcanoposa A.A., Hosoowcunosa T.1O., Jlvicak JI.B., 3aeycmuna H.A.,
T'onymeun U.A., Hacuxan U.C., [Inomnukos A./., bopucos B.A. IlpumeHeHne aTOMHO-
CHJIOBOM MHUKPOCKOITUH JUISI MOHUTOPHHIAa MUKPOOUOJIOTMYECKONW KOPPO3UU ATFOMUHHIA-
MaraueBbIX cruiaBoB. //TloBepxHocTh. 2005. Ne 1, C.54-59.
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JonomMuT N3 0OCHOBHOM Maccbl KUMOEpnNUTOB U 0O BLEKTOB
OKONOTPYOOUYHOro NpocCTpaHCTBA

Apmémosa E.B., Epemees P. B.
AHUTTI [THUTPU, PC (A) e. Mupnuwiii, e-mail: liskovaya@cnigri.alrosa-mir.ru

Jns  pacmmpenus 0a3bl MOWCKOBBIX KPHUTEPHEB aAJIMa3HBIX MECTOPOKICHHUN
pEeHTreHOrpaMuecKuM METOZOM HCCIIEZOBaHbl OCHOBHAs Macca KUMOEpIUTOB 3amaJHol
SIkyTum, a TakkKe JOJOMHTOBBIC, KaJIbIUT-IOJOMUTOBBIE TIPOKMIIKOBBIE 0Opa3oBaHUs
(¢pmroomusuael) HaxeiHckoro kubGepnutoBoro mons (MrmaroB II. A., 1994, 1995) u
BMeEIIAIOIINE KapOOHATHBIE TTOPO/IBI.

[Io naHHBIM TOJYKOJUYECTBEHHOTO PEHTTEHOrpaMuecKkoro aHaius3a JOJOMHUT
SBIISICTCST OJIHUM W3 TpeoOIagaroliiX MHHEPaJoB OCHOBHOW Macchl KHUMOepiauToB. Ero
conepxanue cocranisieT ot 0 10 47%, BctpeyaeMocTh — OT 3 10 88%.

Bo BMemaronmx mnoponax u (GIFOOAM3HUIAX JOJIOMHT SBISIETCS TBEPABIM PaCTBOPOM
JOJIOMUT-aHKEPUT C pPa3IUYHBIM COJEpKAHUEM KOMIIOHEHTOB, COIJIACHO IapaMeTpam
JJIEMEHTapHBIX stueek. OJHAKO B OTACIBHBIX o0Opasnax (GIooau3uaoB MO acCHUMETPUHU
orpaxkenust hkl=104 3aduxcupoBana cmecb nByX (a3 — Fe-momomur m ankepur (puc.l).
[Tono6noe Habmromaercs u oOpasnax, oToOpaHHBIX U3 3K30KOHTakTa Tena «Maiickoe». Bee
3TO MOXeET yKa3blBaTh Ha TO, YTO MPU (POPMHUPOBAHUU JAHHBIX MPOKUIKOBBIX 00pa30oBaHUI
MMEIIM MECTO HU3KOTEMIIePaTypPHBIC THAPOTEPMAIIbHBIC TIPOIIECCHI.
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1, umn/cek
I, umn/cek

3000
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Theta Cu Ka Theta Cu Ka

Puc.1. Ilpoduns munaun hkl=104 (a — nmpo6a Ne [1IM 9-249, 5K30KOHTAKT KHUMOEPJIUTOBOTO
Tena «Maiickoe», 6 — Ne 553/441-142,5, TOTOMHUTOBBIN MPOKUIIOK U3 BMEIIAIOIIUX MTOPOJT)

BrimosHeHHBIC MCCIIEIOBAaHUS TIOKA3alHd, YTO MPUMEHEHHE PEHTTEeHOrpaduuecKoro
METOoJla MOKET OBbITh JOCTATOYHO MH(OPMATHBHBIM IMPU H3YYCHHH JaHHBIX 00bEeKTOB. B
JAJIbHEUIIIeM BO3MOXKHA Pa3padOTKa METOAMKU W3YyYCHHUS OKOJIOTPYOOYHOrO MPOCTPAHCTBA
peHTreHorpau4eckiuM U ApyruMu (U3HKO-XUMHUYECKUMU METOIaMHU.
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MeToauka oueHKMn ocnabneHns peHTreHOBCKOro U3ny4eHus B
oonactu XANES

bopxoooes B.A.
Cesepo-Bocmounwlii KoMNIeKCHbI HayuHo-uccaedosamenvckuti uncmumym J{BO PAH,
2. Maeaoan, e-mail: borkhodoev v@neisri.ru

OddexT cTpyKTypsl Kpas MOrJomieHdus aToMoB B PDA mposiBisercs Kak OYEHb
0oJIpIII0€ OCNIa0IeHUE U3TYYCHHUS aHATTUTUYCCKON JTMHUH, KOT/Ia OHA HAXOJUTCS B HAaYaJIbHOU
obnactu kpast norsomenus atomos (XANES). Ha npumepe ocnabnenus usnydenus Ce L -
JUHUU OapueM yCTaHOBIIEHO, YTO M3BECTHBIE MaccoBble Kod(duuueHTs! ocnadbaenus (MKO)
HE OTpa)kaloT M30MpaTeNbHOE MOIJIONICHHE H3Iy4YeHHs] 3TOW JTuHUM B obmactu L3-kpas
noryoenus Ba.

Tounoe 3nauenne MKO B oGmacTd Kpas TOTJIOIMICHHS aTOMa MOYKHO HAWTH W3
XANES cnekrtpa, OAHAaKO JJIsI 3TOr0 HEOOXOIUMBI CIIELUAIbHBIE HCCISIOBAaHUA C
MIPUMEHEHHUEM BBICOKOpa3pelaroneit annapatypsl. [l oneHku ocinabieHus: peHTTeHOBCKOTO
m3nydenuss B obmactu XANES Obut mpemnmosken apyrodt momaxon [1]. [elicTtButensHoe
3HaueHue cooTBeTcTByromero MKO Haxogwid myTeM COMOCTaBICHUS H3MEPEHHBIX H
pacUETHBIX OTHOCHUTEJIBHBIX MHTEHCUBHOCTEW W3JIyUYECHHS AaHAJIUTUYECKOW JNUHUU. B naHHON
paboTe mpeCcTaBlIeHO NaibHeIee pa3BUTHE STOrO MOAX0/a.

dakTopamu, BIUSIONMMU HAa HEOMpeaeeHHOCTh nHTeHcuBHOCTH Ce L | -muHun mpu
n3Mepenun nHteHcuBHocTel Ce L3 |-muHuM 0T 00pa3lioB ¢ NOCTOSTHHBIM coepxkanueMm Ce u
pa3IUyYHBIM cojiep:kaHueM Ba, sBISITOTCS: BOCIIPOU3BOAMMOCTh U3MEPEHUH; HEOTHOPOAHOCTh
pacnpenenenust Ce u Ba B o0pasuax; pa3nuyHbie ypoBHH conepkanus Ba B oOpa3max.

UroObl OIEHUTHh BKIAA KaXJA0ro u3 I3TUX (AKTOPOB, OCOOEHHO TIOCIEIHErO,
9KCIIEPUMEHT TUIAHUPOBAIIU IO CXeMe JIBYX(PaKTOPHOTO TUCTICPCUOHHOTO aHAIH3A.

W3mepenuss  MHTEHCHBHOCTEH  TPOBEJEHbl  HAa  PEHTTeHO(IyOpPECIEHTHOM
cnektpomerpe S4 Pioneer (Bpykep, ®PI') ¢ penrtreHoBckoir TpyOkoi ¢ Rh-anomom
(manpspkerune 50 kB, Tok 40 MA). O6pa3iiel npeacTaBisum codoit cmecu Ce n Ba Ha ocHOBe
NaCl. Takas ocHoBa obecrieunBaeT 0ojee BBICOKYIO TOYHOCTH pacdyera OTHOCHTEIbHBIX
WHTEHCUBHOCTEH TIO CpaBHEHHIO C OCHOBOM, HMMHTHUPYIOIIEH TOPHYIO MOpPOAY, T.K.
neonpeaenenHocty MKO Na u Cl HamMHOTO HMXKE, 4eM JJIsi KUCJIOPOAA, COCTAaBJISIOIIETO
MIPUMEPHO MOJIOBUHY MacChl TOPHOI TOPOBIL.

boimu  M3roToBiieHBl CMECH, MJIi KOTOPBIX MPOBEPKAa OJHOPOJAHOCTU JIUCIIEPCUM
MoKazaja, YTo JUCIEPCUs 3a CUeT HeOJHOpPOoIHOCTU pacnpezeneHus Ce B nmpoOe He3HAYMMa
10 CPaBHEHUIO C JHCIEepCHel, 00yciIoBIeHHON BiausHHEM Ba Ha mHTeHCMBHOCTH Ce Lf3,—
JIUHUU.

Jns  Bcex UW3MEpPEeHHBIX  O00pa3loB  MPOBEIEHBI  PAacYeThl  OTHOCHUTEIHHBIX
unTeHcuBHOcTel Ce LB -nuHuu ns yKa3aHHBIX SKCIIEPUMEHTAIBHBIX ycioBuid. Haumyumiee
COOTBETCTBUE PACUETHBIX M OKCIEPUMEHTAIBHBIX OTHOCUTENIBHBIX HMHTEHCUBHOCTEH
MOJy4yeHo i ciydyasi, Korja pacuer mnpoBerneH ¢ MKO, 3HaueHue KoToporo Oosblie
tabnmuyHoro B 1,6 pasa. Kosdpduuuent koppemsiiuu  MeXAy pacyeTHBIMH U
AKCIEPUMEHTAIbHBIMUA OTHOCUTENIbHBIMU HHTEHCUBHOCTAMHU paBeH 0,987,

Meronuka omnenku MKO B obOmactu XANES, Brmrogaromas IUIaHUpOBaHWE
HKCHEpUMEHTa TI0 CXeMe JBYX(}aKTOPHOrO AHMCIEPCHOHHOTO aHaln3a, O0ecreynBaeT
BBICOKYIO JIOCTOBEPHOCTH pe3yJIbTaTa.

1. Bopxoooes B.A. // 5 Bcepoc. koH(]. IO peHTreHocnekTpaibHoMy aHanuzy. Upkyrck 30
Mas-2 urons 2006 r. Tes. noki. C. 8.
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CUHXPOTPOHHbLbIE UCCNeaAoBaHUA HAHOCTPYKTYP

Jlomawesckas I.11.
Bopoueocckuii cocyoapcmeennwiii ynusepcumem, Bopouneorc, e-mail: fit@phys.vsu.ru

[TokazaHna >(Q¢eKTUBHOCTHL  CHHXPOTPOHHBIX  HcciaepoBaHuit  XANES s
HAaHOCTPYKTYp Ha oOcHOoBe nouynpoBogHukos I[II-V. Bmnepssle ynamoce MOIy4HUTH
KoHTpacTHble P L3 kpas nornouienust B HaHOCTpyKTypax ¢ InP kBantoBbiMu Toukamu (KT)
u nopucteiM InP, KoTOpBIE paHee He yaaBasloch MOMYYUTh Ha ¢ - InP. Oco6o 3¢ dexTuBHBIMU
SIBJIAIOTCS TaKKe McclieoBaHus i1 HaHOCTpYKTyp ¢ KT u HaHOKpucTamiaMu (nC) KpeMHus,
BHEAPEHHBIMH B JUAJIEKTpUUYECcKyto MaTpully SiO,, T.K. B OJHOM JKCIEPUMEHTE YAAETCS
cpasy nosryuutb 00a Si L, 3 kpas nornomenus: KT niu nc u matpunst Si0;.

Anam3 cnektpoB XANES Fe L,3, Co Ly3, B K, Si L3 u O K B amopdubIX
HanokoMio3uTax (CosiFesz9B2g)1x(S102)x mokazan Haluumue MexXaTOMHOTO B3aUMOJICHCTBUS
MEXJIY DJEMEHTaMH METAJUIMYECKOM W JOUDJIEKTPUYECKOW KOMIIOHEHT HAHOKOMIIO3HUTOB.
YcTaHOBIEHO HaJIMUHE Fez+, Fe3+, Co*" B okmcnax d-MeTaiuIoB, a Tak)Ke CIOKHBIX OKHCJIOB
060pa M KpeMHHs B HAHOKOMIIO3UTaX. DJIEKTPOINPOBOJHOCTh B IpeJesiaX OJHOW TpaHyJbl
HaHoepputa FeO+Fe;03+Co0O, BHEApEHHOr0 B CWIMKAT — OKCHUAHYIO Cpely, Oyner
OTIPE/IeTIATHCS B3AUMHBIME OOMEHAMH 3IIEKTPOHOB Mexky nonamu Co”', Fe*" u Fe

Anammz O K u Sn Mys cnektpoB XANES HaHOCIOEB 0510Ba, MOJIYYEHHBIX
OKHCJICHHEM TOHKHUX IUIEHOK Sn IPU pa3iINuYHbIX TEMIIEpaTypax, CBUIAETEIBCTBYET O TOM, UYTO
W3MEHEHHE TOHKOH CTPYKTYypbl O3THUX CHEKTPOB MOXET HCIOJIb30BaThCS IPH aHAJIN3E
IIPOLIECCOB 3apOXKICHUS U pPOCTa OKCHUOB 0JI0BA pa3nuuHoU crexuomeTpun SnO u SnO».
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PeHTreHoda3oBbIM aHaNnM3 60puaoB Npu UX aTTecTauum MeTogom
fla3zepHoOM Macc-CrneKTpomMeTpumn

Hybposckas I'.H. | Bymenxo T.H., I pucopvesa I'.B., Komuap A.B.

Yepkacckuil 20cy0apcmeeHtblll MeXHOI02uYecKull yHusepcumem, 2. Yeprkacceol,
Ykpauna, e-mail: b-n-i-@rambler.ru; but82006@rambler.ru

TyromnaBkue COSAMHEHHUS XapaKTEPU3YIOTCS IIUPOKHM CIEKTPOM CBOKMCTB U
OTCYTCTBHEM CTAHJIAPTHBIX 3TATOHHBIX O0BEKTOB IIPU U3TOTOBJIEHUHU KaK CAMHX MaTEpUaJIOB,
Tak ¥ u3Aenuil u3 HuX. ONepaTHBHOCTH OMPENEICHUS COJEP)KaHUs TMpUMeced MO3BOJISET
6osmee A(PGEKTUBHO YIPaBIATh TEXHOJIOTHYECKUMH TIPOIIECCAMHU  TOJYYEHHUS ITHX
MaTepuanoB. BaxHOW sBIETCS BO3MOXHOCTh TMONYYCHHSI JIOCTOBEPHBIX pPE3yJIbTATOB
aTTecTanuu o0pa3ioB 0e3 UCIOIb30BaHMS CTaHIapTHBIX 00pa3IoB [1].

Lenbto qanHON pabOTHI ABISETCS U3YUYCHHE U3MEHEHHS 0] BO3CHCTBUEM JIa3epPHOTO
mnnydenust (JIM) ¢azooro cocraBa G6opumos Ti, Ni, Co, Hf, La, usrorosnennsix B UIIM
HAHY, metonom peHTreHoda3oBoro aHanusa ajis pa3padotku HoBoi meronuku JIMCA [2].
B xone wuccnenoBanHuit Obula mHOCTaBieHa 3ajadya IPOBEIEHUS CPAaBHUTEIBHOIO aHAJIN3a
($azoBOro cocrtaBa OTAETBHBIX OOpPUIOB TMPH HW3MEHEHUU YCIOBHM OKCIIEPHUMEHTa IO
OTIpE/ICJICHUIO JIEMEHTHOTO COCTaBa JIIsl BBIOOpa peXKUMOB pabOThl Macc-CIEKTPOMETPA.

PentrenodasoBeiii ananu3 oOpas3ioB 10 W MOCHIe ACHCTBHS Ja3epHOr0 H3IMy4YeHUs
npoBoauiics Ha audpakromerpe [JPOH-3M, ¢a30BbIii cOCTaB yCTaHOBIIEH TIPH CIEIYIOITNX
ycnoBusix uccnenoBanusi: CoK,/CuK, cxopocts cuetunka — 2 rpaj./mMuH., nuanasoH - 1-103
umrl/c, mocrostaaas Bpemenu — 1,0, Ua=30/35xV, [a=25/30 mA.

B pesynbraTte uccrnenoBaHuii BhISBIEHBI 3G (EKTHl 3pO3UU MOBEPXHOCTH 00pa3loB,
YTO BJIMSET Ha NPOIECChl (OPMUPOBAHHMS HMOHHOW IUTa3Mbl U TPUBOAWT K H3MECHECHHUIO
XMMHUYECKOTO COCTaBa o00pa3loB (CTEXMOMETPHH). YCTAHOBJICHO IIJIaBHOE YBEIWYCHHE
coJiepskaHusl aTOMOB B Ha moBepxHOCTH KpaTepa, KOTOpO€ JoCTUraeT Makcumyma npu 20
yaapax Ja3epa U yMEHBIICHHE COJep>kaHus aToMoB Ti B 3aBUCHMOCTH OT KOJMYECTBA
Ja3epHBIX HMMITYJIbCOB. BO BTOpOIl Cepuu OMBITOB 3KCIEPUMEHTAIBHBIE WCCIICIOBAHUS
MIPOBOMIIN Ha CIIPECCOBAHHBIX 00pa3liax U crieueHHbIX TabneTkax LaBg.

YcranosneHo, uro HeoOpaboranusiii JIM obpazen LaBg comepxut daszer: LaBg B,
B;LaOg, La,COs3, Toraa kak oopadorannsiii JIM ob6paszen cogepkut LaBg, La,O3 u La,COs.
PesynbraTsl oqHO- 1 AByxkpatHoro JIMCA nosepxHoctu LaBg npeacraBieHsl B TabauIe:

Micue Bwict enemenriB, % (mac.)

B.HaJ'Ii?ay llB IZC lbo 139La
1 34,8023 3,3077 1,30982 60,5800
2 28,0970 2,0970 0,5900 68,328
1 39,9634 1,0309 - 59,0050
2 35,1790 1,1900 - 63,629

[To pesynapratam wuccienoBaHuil Oopuaa JTaHTaHA MOXKHO CBUIETEIBCTBOBATH O
TOMOT€HHOCTH M W3MEHEHUHU cofepxaHus 0opa moutu Ha 5%, yriepoga — 69%, nanTtaHa -
2,4%. Ha mudpakrorpamme oOpasia Imocie JIa3epHOro ACUCTBUS HaOMIONAETCS CMEIICHUE
TUGPAKIIMOHHBIX JTMHUN, YTO CBUIETEILCTBYET O HAJTMUNU MUKPOHAIPSHKEHUH.

1. Cepebpaxoea T.HU., Heponos B.A., Ilewes I1.J]]. BricokoTeMmiepaTypHble OOpHABI. —
M.: Metamnyprus, YensOunckoe ota., 1991. 336 c.

2. Ilyoposcvka I'M., Fymenxo T.I., Bymenko B.O. Jlis na3epHOro BUIIPOMIHIOBaHHS Ha
IV ta V rpyn ta moxnuBicTs atectauii ix Ha EMAJI-2// Bicauk YITL.-2001.- Ne2.- C. 52-57.
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OunarHocTuka pasmepoB HAaHOKNAacTepoB U CTPYKTYpPbI
HaHOMaTepuanoB C NOMOLbLIO NONAPN3ALUOHHOIO TOPMO3HOIO
N3nyyeHus

Kykosa I1.H.
Jlabopamopus paduayuonnoii pusuxu, beneopodckutl 2ocyoapcmeeHtblil YHU8epCcumem,

e-mail: pnzhukova@mail.ru

N3y4aroTcst BO3MOXKHOCTH MCIIOJIb30BAHUS NOJIIPU3ALMOHHOIO TOPMO3HOTO U3IIy4ECHUS
(IITU) pensATUBUCTCKUX 3JIEKTPOHOB JUId JMAarHOCTMKM  MEJIKOAMCIEPCHBIX  Cpell.
ITokaseiBaercs, uro cuektp [ITH Ha aToMHOM Kilactepe COIEPKUT KOT€PEHTHBIM MaKCUMYM,
o0ycnoBneHHbI ocobeHHocTAMU [ITU pensiTUBUCTCKOro 31€KTpOHA Ha OTIEIBHOM aTOME U
3aBUCUMOCTBIO cTeneHu KorepeHTHOCTH IITU Ha kiacrtepe KOHEYHBIX pasMEpOB OT SHEPIUU
n3aydaeMoro ¢GoroHa. UYpe3BblUailHO CYIIECTBEHHBIM OKa3bIBACTCS YCTAHOBIIEHHBIN (haKT
3aBHCUMOCTH TIOJOXKEHHUSI YKAa3aHHOT'O MaKCMMyMa OT pa3Mmepa u (opMel kiactepa. JlaHHoe
OOCTOATENILCTBO ~ OTKPBIBAET BO3MOXHOCTb CO3/IaHUSI HOBOI'O METOJa JUArHOCTHKHU
MEJIKO3EPHUCTHIX MOJUKPUCTAIIIOB (HAHOMATEPHAJIOB) HA OCHOBE U3MEPEHMSI CIIEKTPAIbHBIX
xapaktepuctuk [ITHU. Co3nannas monens IITU B Menko3epHUCTON cpelle YUYMTHIBAET Kak
WHIUBUYalbHbIM, TaK W KOJUIGKTMBHBIM BKIJIAJ] Pa3IHYHBIX KJIACTEPOB B (OPMHPOBAHUE
BBIXOZa U3JIyYEHHS U MO3BOJSAET ONPEICIIUTD ITapaMeTPhl CPElbl 10 pPe3yabTaTaM U3MEPEHUM
CIIEKTPAJIbHO-YIVIOBBIX XapaKTEPUCTUK W3JIy4YeHUs. BBIOIHEHHBIE HCCIEN0BAaHUS TOKA3aJIN
HEOOXOAMMOCTh yuyeTa JUCHEePCHM TUAJICKTPUYECKOHM BOCIPUMMYHMBOCTH MaTepHaia,
NMocKoIbKy KorepeHTHbIH nuk I1TU, necymuii nndopmanuio o CTPYyKType HCCIEAyEeMOIo
MaTepuala, peanusyercs OObIYHO B 001acTH BakyyMHoro ynbTpaduosera. IlokaspiBaercs,
YTO TOYHOCTb WM3MEPEHUN IIapaMeTpPOB ATOMHOM CTPYKTYpbl OIPAHUYMBACTCS BIUSHUEM
MHOT'OKPaTHOT'O PACCESHUS U3ITy4YaOIUX JIEKTPOHOB B MULICHH.
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I'IpwmeHeHue MeToAa NIoKaribHOM KaToAoNIlOMUHEeCUeHUn ans
nccrieaoBaHnA TBepAabIiX Ten

3amopsanckaa M.B., Konnuxos C.1I".
OTH um.A.D.Hoghghe PAH, C.-Ilemepbype, e-mail: zam@mail.ioffe.ru

OcHallleHue KaTOAOJIIOMUHECIIEHTHBIMU CHEKTPOMETPAMU  3JIEKTPOHHO-30HIOBBIX
npuOOpPOB:  PACTPOBBIX  INEKTPOHHBIX ~ MUKPOCKOIOB M PEHTTCHOCHEKTPAIbHBIX
MukpoaHanuzatopoB (POM  u O3MA) mno3BoiseT coBMelaTh METOJ JIOKAJIbHOM
KAaTOAOJIIOMUHECIICHIIMA C APYTMMH METOJaMH PAacTpOBOW 3JIEKTPOHHOM MHUKPOCKONHEH U
PEHTT€HOCTIEKTPaIbHOTO MHKPOAHAIN3a, YTO 3HAYUTENIbHO PACIIUPSET HCCIEI0BaTEIbCKUE
BO3MOXXHOCTH JIOKaJIBHBIX METOJIOB. IIpumenenne MeToJa JIOKaJIbHON
KAaTOAOJIIOMUHECIICHIIMM 4Ype3BblYaliHO 3(QQEKTUBHO NpPHU MCCIAEAOBAHUU U KOHTPOJE
OCHOBHBIX  (U3UYECKUX U  (U3MKO-XUMHUECKUX IapaMeTpoB M  XapaKTePUCTHUK
MOJIyIIPOBOIHUKOBBIX M JAUAJIEKTPUUYECKUX MATEPUANIOB, a TAK)KE PA3JIMUHbBIX TUIIOB CTPYKTYD
Ha UX OCHOBE. DTO OTHOCHUTCS K HAHOCTPYKTYpaM, JIIOMUHO(OpaM, CUMHTUILIATOPaM (B TOM
YyCclie MOPOIIKOOOPA3HbIM), KEpaMUKe, reojlorndeckuM oobekTaM u 1p. [Ipumenenue merona
JIOKQJIBHOM KaTOJOJIOMUHECLEHIUH I103BOJISIET:

- OTpeeNATh MUKPOIIPUMECH, SIBIISIOIINMECS LIEHTPaMH JIOMUHECIICHIIMU Ha ypoBHE 10
#.107%, uro HAa HECKOIBKO MOPSAKOB MPEBHIIACT BO3MOKHOCTH PEHTIEHOCIICKTPATLHOTO
MUKpOaHan3a, a TAKKEe BU3YAIM3UPOBATh UX paclpeaeseHus no oopasiy

- M3y4aTh BAJIEHTHOE COCTOSHHUE MOHA, SBJIAIOIIErOCS LIEHTPOM JHOMUHECLECHIIMH, YTO
HEBO3MOKHO OIPEAEIAThH C IOMOIIBI0 PEHTTEHOCTIEKTPAIbHOIO MUKPOAHATIN3a

- UCCIIEOBaTh  JIOKAJBHYKD  CHUMMETPUI0  KPUCTAUIMYECKOTO  IIOJISI  LIEHTpa
JIOMUHECIIEHIIMM [0  IITApPKOBCKOMY  pACUICIUIEHUIO  M3JIy4yaTelbHbIX mojoc (A
IIMPOKO30HHBIX MaTepHaIOB, aKTUBUPOBAHHBIX PEIKO3EMEIbHBIMI HOHAMN)

- onpenensiTh (a3oBbI COCTaB MaTEpUATOB C OJM3KUM WU OJWHAKOBBIM CPEIHUM
aTOMHBIM HOMEpPOM IIO0 XapaKTEPHOH JIIOMUHECLECHLIMHA U BU3YaJIM3UPOBATh PaclpeiciICHUs
9THX (ha3 B Marepuase

- UICHTU(PUIMPOBATh TOYCUHBIE 1e(EKThI, SBIAIOUIMECS LIEHTPaMHU JIOMHHECHEHIUN U
HCCIIEIOBATh UX paclpe/ieeHHe Mo rTyOuHe U Mo MOBEPXHOCTH 00pa3La

- HCCJIEIOBATh JIIOMMHECLIEHTHBIE CBOMCTBA ITOBEPXHOCTHBIX CJIOEB TOJIIUHOW OT 5-
20HM npu BO30Y>KJI€HUH U3IIyUCHUS FIEKTpoHaAMU MeHee 2k3B

- U3y4aTh 30HHYIO CTPYKTYypy KaK XapaKTEpUCTHUKY KauecTBa MaTepuala 0 JaHHBIM
SKCUTOHHOM JIIOMUHECLIEHLINN

B Hameli naGopatopum Obuta pa3paboTaHa CHEUUATU3UPOBAHHAS CHUCTEMa JUIs
KaTOJIOJIIOMUHECIIEHTHBIX HccleAoBaHuil Ha ©Oa3ze wmukpoaHanmm3atopa «KAMEBAKCy,
MIO3BOJISIOIAs UCCIIEN0BATh CIIEKTPHI KaTOJLOJIFOMUHECIICHIINN B CIIEKTPAJIBHOM JHMAINa30HE OT
250 no 1200HM, B TOM uHcle B peXHUME BpPEMEHHOro aHanu3a. Paboumii nuamna3oH
temneparyp 77-300K.

Haubonee unrepecHble pe3yabTaThl NOJYUYEHBI NIPU MCCIEAOBAHUN AUDICKTPUUECKUX
MaTEpHUAJIOB U KEPAaMUK, aKTUBUPOBAHHBIX PEAKO3EMEIBHBIMU MOHAMH, JUIsI MHOTOCIOMHBIX
MIOJIyIPOBO/IHUKOBBIX CTPYKTYP U HAHOMATEPHAJIOB.
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NMpumeHeHne MeToaa PpeHTreHOBCKOM (POTO3NEKTPOHHOMU
CMEeKTPOCKONUU ANA uccriegoBaHuUs NeHOK HUTpuaa yrnepoaa

3opos H.b., Boponuna P./{., Bapaxun B.H., Mockeumuna E.H., Ky3zsakoe FO.A.
Xumuyeckutl pakynomem Mockosckozo eocyoapcmeeHH020 yYHusepcumema
umenu M.B. Jlomonocosa, Mocksa, e-mail: zorov@laser.chem.msu.ru

B teopernueckux paborax yuensix CIIIA npenckazaHa BO3MOXHOCTh CYIIECTBOBAaHUS
P  HOPMAJBHBIX YCIOBHUAX MATEPUAIOB, MPEACTABISIONMIMX COOON  pazIuvHbBIC
Moau(dUKaIMK HUTPUAA YIJIEepoJia, HEKOTOpble M3 KOTOPBIX MOTYT HMMEThb TBEpIOCTb,
CpaBHUMYIO C TBepAocThio anmaza [l1,2]. JlaHHOe yTBEpKIEHHUE CTUMYJIUPOBAJIO
MHOTOYHCJICHHBIE  JKCIIEpUMEHTalIbHble  pabOoThl MO  CHHTE3Y  CBEPXTBEPIOTO
Kpuctaumueckoro Hutpuaa yriaepona B- Ci;Ny. OpHako 10 HACTOSAIIETO BpEeMEHH
MHANBUAYyaldbHas KpucTtauinueckas ¢aza B- C3;Ny He cuHTe3WpoBaHa B IpernapaTHUBHBIX
KoJn4uecTBax. B Hacrosimedl paboTe TUIGHKH HUTpPUAA Yriepojaa ObLTH CHHTE3UPOBAHBI
Ja3epHO-JIEKTPOPA3PSAHBIM METOJIOM IyTeM Ja3epHO abmsauuu rpaduTa B a30THOM
wia3mMe. MeToabl  peHTTeHOBCKOH  (oToanekTpoHHoi  cnekTpockonuu (POC) wu
PEHTTeHOBCKOM  nudpakuumu  ObUIM  TPUMEHEHbl  JUISI  HMCCIENOBaHUS  IUICHOK,
CUHTE3UPOBAHHBIC B O/IHO- U JIBYXUMITYJIbCHOM peXUMe a0siiuu rpadura.

Meronom P®C noka3zaHo, 4TO IUIEHKH, MOJYyYEHHbIE IIPU BO3ACHCTBUM HAa MHUIICHb
TOJILKO pa3psijia, MOJBEpraioTcs B OOJBIICH CTETIEHHM BO3ACUCTBHIO KUCIOPOJAA BO3IyXa,
YeM IUICHKH, TOJy4YeHHbIE Ja3€pPHO-3JIEKTPOPA3PsAHBIM METOJIOM C HCHOJIb30BAaHUEM
OJIHOMMITYJIbCHOI'O PEXKHUMa JEHCTBUS Jlazepa. B nepBoM citydae copepxkaHue KUCIOpoAa 10
riyoune miaeHku nopsaka 10%, B To Bpems Kak Ha nmoBepxHocTH — cBbie 20%. Bo Bropom
Cllydae pacHpelelieHHe Kuciopoia No TIiIyOMHe paBHOMepHO (okono 4%). Takxe
PaBHOMEpPHO M COJEpKaHME a30Ta MO TIIyOMHE IUICHKH, a MPH BO3JCUCTBUU HA MUILIEHb
TOJIBKO pa3psjia coJepkaHue azora meHsercs ot 17 no 10%.

[IpoBeneHo cpaBHEHHE XapaKTEPUCTUK IIJICHOK, CHHTE3UPOBAHHBIX B OJHO- U
JIBYXUMITyJIbCHOM pPEXKHUME Jla3epHoil abnsaiuu rpadura. YCTAaHOBICHO YBEIHMUYCHUE
CTENEeHM KPUCTAJUIMYHOCTHU IJICHOK U KOHIEHTpPAlMU aTOMOB YIJIEPOJa B COCTOSIHUM SpP3-
ruOpuIM3all MO0 CPAaBHEHUIO C IUICHKAMU, CHUHTE3UPOBAHHBIMM TMPU MNPUMEHEHUHU
TPaJIMIMOHHOTO  OAHOMMITYJIbCHOTO  peXuMMa  JlazepHod  aOmsmuu.  Paccumrtan
OTHOCHUTENIbHBIA cOCTaB (ha3bl, B KOTOPOM aTOMBI yriepoja HaXOISATCS B COCTOSIHUH Sp3-
ruOpuamM3al, a aToOMbl a30Ta CBS3aHbl C OSTUMHU aromMamu yriaepoxaa. Mcmomib3ys
pe3yabTaThl pazioxkeHus POC cnekTpoB IS MJIEHOK, MOJIYY€HO, YTO MPU HNPUMEHEHUH
OJTHOUMITYJIbCHOTO pexkuma cooTHomeHnne N/C paBHo 0.54, a mpu JBYXHUMITYJIECHOM
pexume — 0,56. Takum o00pa3oM, B YCIOBUSX HAIIETO0 SKCIEPUMEHTA MPOUCXOIUT
oOpasoBaHune HOBOH (ha3bl, cOCTaB KOTOpoi cooTBeTcTBYeT (hopmysie C,N. CBoiicTBa ATOM
(ha3bl e1e NpeICTOUT OTPEACIIUTS.

1. LiuA.Y. Cohen M.L.//Science. 1989, 245. P.841.
2. Teter D.M., Hemley R.J.//Science. 1996, 271. P.53.
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OnpepeneHne aHEProeMKOCTU XPYNKOro paspyLieHus B
HU3KONEerMpoBaHHbIX CTaNIfAX METOAOM PEHTIeHOCTPYKTYPHOro
aHanun3sa (PCA)

Hnovun A.B., /Ipozoosa H.@., Kyuepsasvix I'.I., Qununnog C.A.
QI'VII [[HUH KM "llpomement” e-mail: nfdrozdova@mail.ru

B pabote onrcaHo mpuMeHEHHE METOJIa PEHTTCHOCTPYKTYPHOTO aHAIHM3a U3JIOMOB IS
MIPOrHO3UPOBAHUS TEMIIEPATYPHON 3aBUCMOCTH SHEPTOEMKOCTH PACIIPOCTPAHEHUS XPYTIKOM
TpemuHbl R, (7), BEINOTHEHHOE Ha 00pa3lax U3 CYJAOCTPOUTEIBHBIX CTaleH, MPUMEHIEMBIX
JUISL CTPOUTENBCTBA MOPCKHX TEXHUYECKUX COOpYyKeHuH. [l wmarepuanoB JaHHBIX
KOHCTPYKIIMKA HEOOXOJUM KOHTPOJb YCIOBHA TOPMOXKCHUS TPEIIMHBI MPH MUHUMATHHBIX
(pacueTHBIX) TeMIepaTypax dKCILTyaTaIluH, TOCTUTAOIINX - 40" - 50°C. B Hacrosimee BpeMmsi
TAKOH KOHTPOJb OCYIIECTBISETCS JMOO YHHKAIBHBIMH HCIBITAHUSIMH KpPyTHOTaOapUTHBIX
00pa31oB, 100 KOCBEHHBIMU METOJAaMHU, B KOTOPBIX JENIaeTCs JHIIb KaueCTBEHHAas OLEHKa
BUJa W3IOMa. MeTon  PEeHTreHOCTPYKTYpPHOIO — aHajlv3a  MO3BOJISIET  ONPEACNIUTH
pacnpenenenus Aedopmaiuii mo OeperaM pacnpocTpaHSIOUICICS TPEIIMHBI U paccuuTaTh
ylIenbHyl0 paboTy, 3aTpayrMBaeMyl0 Ha €€ TMPOJBIKEHHE Ha eAMHUIYy o0pa3zyemMoit
MTOBEPXHOCTH:

h
R, = 2I0 w, (y )dy

rae W, — IUIOTHOCTH PabOTHI IUIACTUYECKOro JAedopmupoBaHus, h — TiIyOuHa
IUTACTUYECKU J1€()OPMUPOBAHHOTO CJIOS, OIpeleNnsieMas METOJ0M PEHTTEHOCTPYKTYPHOTO
aHanmza. Ilpu sTomM pacnpenenenue nedopManuil ONpeneIsuioch IO TapUPOBOYHBIM
rpadpukam «aedopMaiysi — MOJYLIIMPUHA AU(PPAKIUOHHOTO MAaKCUMyMay, IOJy4YEeHHBIM
MyTeM 3aMepoB Ha oOpas3max ¢ 3amaHHou nedopmanumeit. 3aBucumoctu R,(7) xoporio
KOPPEIUpPYIOT ¢ pe3yibTaTaMH UCHBITAHUNA MO METOaM MEXaHHKH pa3pylIeHUs, YyTo JeiaeT
BO3MOKHBIM TIPUMEHEHHE METO/Ia PEHTT€HOCTPYKTYPHOTO aHaIN3a JIJIsl OI[CHKH TeMIIepaTyphl
TOPMOXEHHUsI TPEIIMHBl — KIOYEBOH XapaKTEepUCTUKH, ONpEACIAIONIed HUKHIOI TI'paHHILY
TEMIIepaTypbl MPAMEHUMOCTH MaTepraa.
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Mn K- cnektpbl XANES u anektpoHHas ctpyktypa MnO,/CNTs
HaHOKOMMNO3UTOB

Hnacoe B.B., Benuxoxamckuii /].A., Hukugopoe H.A.
Jlonckoti cocyoapcmeeHtblil mexHuueckull yHusepcumem, 2. Pocmos-na-/[ony,
e-mail: viily@mail.ru

B mnocnenHee necATWiIETHE TOBBIILIEHHBIM HHTEPEC MPOSBIAETCS K CO3JAHMIO
YCTPOICTB  HAKOIUIEHMsSI  DHEPrMM  OTHOCUTENIbHO  OOJBIION  MOIIHOCTH,  T.C.
CYNEpPKOHAEHCAaTOpOB. Jl0 HENAaBHEro BpPEMEHM B KayeCTBE OCHOBHBIX JJIEKTPOIHBIX
MaTepHUaJIOB PacCMaTPUBAIUCH OKCHUJIbI MEPEXOJHBIX METAJIOB B BOJHBIX 3JIEKTPOJIUTAX.
OpHako, UX HEAOCTAaTKOM SIBJISETCS HU3Kas yAeNbHas IUIOTHOCTH dHepruu (BT/kr) mpu
HanpspkeHusax nopsiaka 1 B. HemaBuo cuntesupoBanbl MnO,/CNT HaHOKOMIO3UT st
JIEKTPOJOB B OPraHUYECKOM DJIEKTPOJIUTE MJI1 CYNEPKOHJIEHCATOPOB C BBICOKOHN
anekTpoemkocTbio (500 F/g). Onnako, ynmopsiio4eHHOCTh CTPYKTYpPbl CHHTE3UPOBAHHOTO
MnO,/CNT HaHOKOMIO3MTa OKa3ajach JOBOJBHO HU3KOM, 4TO 00YCIIOBIEHO OTCYTCTBUEM
JAIBHETO TOPsiIKa B OKTadApruieckoM octoBe MnOg. M3-3a amopdHOI mpupoabl JaHHOTO
HaHOKOMIIO3HUTA MOJIyYarOTCs IMHUPOKUE PEHTT€HOBCKUE MUK, YTO OTPAHUYUBAET U3yUCHHUE
CTPYKTYPHBIX M3MEHEHUH, MPOUCXOASIINX B 3JEKTPOJE U3 JAHHOIO MaTepuaja B TEUECHUE
LUKIOB «3apsaa-pa3psa». C Apyroi CTOPOHBI, PEHTIT€HOBCKAsl CIIEKTPOCKOIHUS MOTIOIIECHHS
(XAS) nozBonsieT u3yyaTh MEXaHU3MbI, MPOTEKAIOUIME B OKPECTHOCTH MOTJIOUIAIOIIETO
aToMa, HE3aBUCUMO OT HaJlM4Ms JajdbHEN CTPYKTYpbl. MIconb30BaHNe TEXHUKU «in Situ» U
XAS nozBommino K.-W. Nam nonyuuts XANES criektpbl K-kpasi OTJIOMIEHHUs] MapTaHiia
JUis  mporecca paspsaa osnektpoga u3  MnO,/CNT HaHokomMmo3uTa B UHTepBaie
Hanpsbkenuit 4,0-1,5 B. B kaxaom u3 XANES cnektpoB K-kpasi MOTJIoeHNs MapraHiia
MPUCYTCTBYIOT clla0ble MO0 HWHTEHCUBHOCTH TIPEINOPOTOBBIE MMUKH XapaKTepU3YIOILIUE
JTUMOJbHBIA Tepexoa 1s-amekTpoHoB B cBoOoaHble 3d opOuTanu, KOTOpbIE YAaCTUYHO
paspelieHbl, Onaroaapsi KBaJpYMOJbHOMY CIapUBaHUI0 W/WIW 3aMemuBaHuio 3d-4p
opOuTanei, NpOUCXOAAIIEMY U3 HEEHPOCUMMETPUYHOTI'O OKPYKEHUS CIeTKa UCKa)KEHHOTO
OKTa3ipuueckoro ocrosa MnOg.

W3yuyenne ryiaBHOrO Kpas TMOIJIOUIEHWS MapraHia B CHCTEMax IOHM)KEHHOM
Pa3MEPHOCTU MO3BOJIMIIO CAENaTh OLEHKHM NoJiokeHus K-kpas mornioumieHuss mapraHua u
MPEANOPOTOBOr0 MHUKa A (T-pe30HaHC), MpeACTaBICHHbIE B Ta0N.2. DHEpPreTuuecKoe
nonoxeHne Mn K-kpas TOIJIOLIEHUS OMNPEAENsUIOCh €  HCIOJb30BAHMEM METOJUKH,
u3noxkeHHo B MoHorpapuu M.A. brnoxuna. IlomyueHHBIE OLEHKHM HCIIOJIB30BAHBI IS
ompeneneHusl 3Heprun xumuueckoro casura AE. B paccmoTpeHHbIX kiactepax MnO.
XUMUYECKUN CIABUI SHEPIUU CBSI3H OMNPENESIN OTHOCUTEIbHO Mn K-Kpas MOTJIONIEHUS B
KPUCTAJUTMYECKOM MapraHLe.

Ta6muia. [Tonoxxenne Mn K-kpast mornomenust 1 xuMmuueckuit ciBur AE ; s
HaHokoMmno3uToB MnO/ CNTs u MnO,/ CNT otHOcuTensHo kpuctamia MnO, B 5B

CoenuHenue Mn K-kpait Cngur snepruu | Ilonoxenue | Cnpur
MOTJIOIIEHUS ces3u AE, nuKa A mKa A
MnO (bulk) 6545,1 0,0 6541,1 0,0
MnO/CNTs 6548.5 3,4 6542,5 1,4
MnO,/CNT (1,5 B)* 6548,0 2,9 6542,0 0,9
MnO,/CNT (4,0 B)* 6551,4 6,3 6543,6 2,5
MnO,/CNT 6550,0 4,9 6542,6 1,5

*  DKCIIEpUMEHT
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CocTtaB, aTOMHOe CTPOEeHUE U MUKPOCTPYKTYypa aKTUBUPOBAHHbIX
XpOMOM (4+) cunmkaToB U repmMaHaToB

. Hexarosa JLJ., Jlaspuwes C.B. B Cyb6oomun K.A. v Kapukos E.B. "
)Hayunviii yenmp eonoxonnoti onmuxu PAH, Mockea, e-mail: Idisk@fo.gpi.ru
) Unemumym o6weri puzsuxu um. A.M.IIpoxoposa PAH, Mocksa

HccnenoBanbl cOcTaB, CTPOEHHME M MHKPOCTpyKTypa KpuctamioB Ca,GeOs (1),
Mg,Si04 (popcreput, II), CaMgSiO4 (montuueruut IIT), Li,MgSi04 (IV) u LiGaSiO4 (V),
AKTHBHPOBAHHBIX HOHAMH Cr''- IEPCIEKTHBHBIX MATEPHATOB T TBEPAOTENBHBIX JIA3¢POB,
nepectpanBaeMbix B auana3zoHe 1,1-1,4 mxm. @a3oBblii cocTaB 00pa3LoB M yTOYHEHHE
napaMeTpoB siUeeK MPOBEIEHbl peHTreHorpadguueckum merogoM (audpaxromerp APOH-4-
13), cTpoeHue KpHCTAUIOB UCCIEJOBAHO METOJOM PEHTTEHOCTPYKTYPHOI'O —aHaIn3a
(mudppaxkromerp CAD4). MukpocTpykTypa 00pa3loB H3y4yeHa C IMOMOIIBIO 3JIEKTPOHHOIO
mukpockorna  JSM  5810-LV, wux  xumuueckuil coctaB  omnpeaenéH  METOJOM
SHEProAUCIEPCUOHHOr0 MUKpoaHanu3a (ananutuueckas cucrema INCA, Oxford Instrument),
JUISL XapaKTEpUCTUKU paclpeiesieHus] KpUCTAUIMUecKuX (a3 Mo IMOBEPXHOCTH oOpasla H
OpHEHTAllMM 3epEH MCIOJIB30BaH METOA Audpakiuu OOpaTHO PACCESIHHBIX 3JIEKTPOHOB
(nmpuctaBka CRYSTAL, Oxford Instrument).

Kpucramner I n IV BepamuBanuchs pactBop-paciiiaBHbiM MetonoMm, III u V. —
METOZ0M OeCTUreIbHON BepTUKaIbHON 30HHOW MmiaBku, Il — metomom Yoxpanbckoro. s
HaxOXKJEHUs ONTUMAaJbHBIX COCTABOB pacIUIaBOB U pexuMoB kpuctamumsanuu I, III - V
ucronb3oBaicss PDA. VYcranomneHo, uto mia BelpamuBanus Ca,GeO4 onTHUManbHBIM
pacTBopuTeseM  sBiseTcss Moiaubmar sutus, a ang LimMgSiO4 Hanbonee moaxonsmum
pactBoputeneM sBisercss cMmecb PbO - B,0O; - LiF. Ilokasano, uyto mnpu pocte
MHKOHIPY3HTHO-IIABALIETOCSI MOHOKPHUCTANIa MOHTUYE/UINTA B HEONTUMAJIBHBIX YCIOBUAX
MOTYT 00pa30BbIBaThCS 30HBI C BKJIIOYEHHUAMM IPUMECHBIX (a3 QopcTepuTa, akepMaHUTa
CaMg;Si,07, okcuna Maraust u coenuneHuss CasMg,SizOj, (cTexuoMeTpusi ompeseseHa
MUKpPOAQHAJIU30M); MpPU ATOM COCTAaB OCHOBHOW MOHTHUYEIUIMTOBON  (a3bl MOXKET
BapbupoBathcs OT crexuomerpuyeckoro III no TBEpaoro pactBopa Ca;xMg;+xSiO4 ¢ x =
0,22.

N3ydeno atomHoe cTpoeHue akTuBHpoBaHHBIX Xpomom I, III u IV (tabmuma),
MPOBEJIEH  CPaBHUTEJIbHBIN  KPUCTAJIOXMMUYECKUII aHaliu3 CTpOeHus (Qopcrepura,
COEIMHEHUI U30CTPYKTYPHBIX EMY Y HMEIOIUX POJICTBEHHBIE CTPYKTYPBI.

Coenunenue ITapameTpsbl 3J1eMeHTapPHOM siYeiiKU HOparp. |Z| R
a, A b, A c, A p, 2pao
Ca,GeOy 5.2166(2), | 11.3810(4) | 6.7418(2) Pbnm | 4 | 0,030
(CaossMgo12)MgSiOy4 | 6.3571(5), | 4.8164(4), | 11.0387(8) | 90.30(1) | P2,/c | 4 | 0,051
Li,MgSiO4 4.9924(7) | 10.681(2) | 6.2889(5) | 90.46(1) | P2y/n | 4 | 0,062

[Tonwxenune cummeTrpun pewéTku ot pomOuyeckoir st III 10 MOHOKIMHHON
HalJIeHO JMIIb B  AaKTUBHPOBAaHHBIX XpPOMOM  KpHCTalaXx TBEPAOrO  pacTBOpa
Cr4+:(Cao,8gMgo,1z)MgSiO4. B kapkacnoii ctpykrype IV, noctpoeHHoii U3 TeTpa’ApoB, YacTh
U3 HUX 3aHATa KaTHOHAMM JIMTUS W MarHus ogHoBpeMeHHo. MonokiunHas ¢opma IV
HEPEXOAUT B pOMOUYECKYIO B HHTEpBaje TemiepaTyp 498-618°C.

Ananmu3 MukpocTpykTypsl kpuctamioB I, III -V meromom mudpaxmum oOpaTHO
paccestHHbIX 3JIEKTPOHOB II0KAa3aj, YTO OHM YCTYyNAIT MO KayecTBY MoHOKpuctamiam Il
[lepcieKTUBHBIM SIBJISICTCS TOJYUYEHUE CTEKIOKEPAMHUYECKUX MaTepHaIOB HCCIIEJOBAHHBIX
MAaTepHUaoB, YTO MMOKa3aHO Ha npumepe V.
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HoBble aHanuTU4Yeckue BO3MOXHOCTU ANSA UccriegoBaHus
o6pa3uyoB KatanusatopoB metogom P®IC ¢ ncnonb3oBaHuem
pPEeHTreHoBCKOro hoToaneKkTpoHHoro cnekrtpometpa SPECS

Kanunkun A.B., Cmupnos M.IO., [lawuc A.B., Bosx E.HU., Keon P.U., Huzosckuii A.H.,
byxmusapoe B.H.
Hncmumym xamanuza um. I'.K. Bopeckosa CO PAH, . Hosocubupck.
e-mail: avkalinkin@mail.ru

W3BecTHO, 4TO uCCleqOBaHHE HEKOTOPHIX KaTain3atopoB MmerogoM PDOOC Ha Oaze
CTaHAapTHOro JBoiHOro Al-Mg aHoJa uMeeT CyIIeCTBEHHbIE OTpaHUYCHHUs U3-3a
B3aWMHOTO HAJIOKEHUS JIMHUM B CIEeKTpe. B KauecTBe KIACCHYECKOTO MpHUMEpa TaKhX
o0pa3ioB 00bIYHO paccmarpuBaioT cuctembl Pt/Al,O3 u V,05/MOy, tne MOy mroboi
OKCUJIHBIN HOCHUTENb. B mepBom ciyuae myoner Pt 4f mamaraercst Ha nuHUIO HOocuTens Al
2p, a BO BTOPOM COBHIAAAIOT JIMHUU V 2p u cateuut Koz 4 naTeHcuBHON uHuK O 1s. Otn
OTpaHUYEHUS JIETKO paspernrarTcs npu UCIIOJIb30BaHUU HUCTOYHUKOB
MoHoxpomaTuzupoBaHHbIX u3aydeHnid Al Ka (hv = 1486.6 aB) u Ag La (hv = 2984,3 »B),
YCTaHOBIEHHBIX  Ha  ¢otornekTpoHHoM  crektpomerpe  SPECS.  [Ipumenenwue
MOHOXpPOMATOpa MCKIIOYAeT MPUCYTCTBHE CATEUTUTOB B CIHEKTpE, a HCIOJIh30BAHHUE B
pabote nuHMM Ag Lo CymecTBeHHO pacuiupser Bo3MokHOcTU metoga POIC Gnaromaps
BO30YKJIEHUIO TIIyOOKO JIeXaluxX ypoBHEH. B uyacTHOCTH, B 3TOM cllyyae CTaHOBUTCS
BO3MOXXHBIM HCCJIEIOBaHUE TMPOMBIIUIEHHBIX KaTanuzatopoB Pt/Al,Os; ¢ conepikanuem
AaKTUBHOTO KOMIIOHEHTa MeHee 1% Bec. Ha OCHOBE MCIONb30BaHUSA (DOTORIEKTPOHHBIX
muauii Al 1s m Pt 3ds,. Taxke mpumeHeHue wm3iydeHuss Ag Lo okazainoch BechMa
¢ (deKTUBHBIM TpU aHAIM3€ MHOTOKOMIIOHEHTHBIX 00BEKTOB. B pabore mnpuBomsarcs
KOHKpPETHbIE TPUMEPHI HCIIOJIb30BaHUA BO3MOKHOCTe crnektpomerpa SPECS nns
UCCIIETIOBaHUS PA3TUYHBIX KATATUTHUYECKUX CUCTEM.

Asmopol  svipadccarom  baazooaprHocms  Poccutickomy — ¢pondy  ¢hynoamenmanvHvix
uccaedosanuil (epanm Ne 07-03-00266) 3a ¢hunancogyio noooepiucky.
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N3yueHne CTPYKTYpPbl MIOHHO-NNA3MeHHbIX NMOKPbLITUW NMPU TPEHUU C
NPUMEHEHUEeM CUHXPOTPOHHOIO U3Ny4YeHUs

Konybaes A.B. 1, bypos C.B.z, Konybaes E.A.I, T onuapenko H.Mj, Tonouxo B.IL.*
"Hnemumym gusuxu npounocmu u mamepuanosedenus CO PAH, 2. Tomck,
e-mail: kav@ispms.tsc.ru
2Hoeocu6upcxuz? 20Cy0apcmeenHblil mexuuyeckutl ynusepcumem, 2. Hosocubupck

3 .
Huemumym cunvnomounou snekmponuxku CO PAH, 2. Tomck
! Cubupcruii yenmp cunxpomponnozo uznyuenus CO PAH, 2. Hosocubupck

W3ydeHnue 5BOMIOLUN CTPYKTYphl MOBEPXHOCTHOIO CIIOS MaTEepHalioB C IOKPHITHIMH,
MOJIy4YEHHBIMH ~ METOJOM  HOHHO-IUIa3MEHHOI'O  HAIlbUICHUS, NPOBOAMIM  METOJOM
PEHTIeHOCTPYKTypHOro aHanusa. [lokpsiTust coctaBa TiN u AIN Obuin HaHeceHbl HAa TUTaH
Mapku BTI1 meTonoM mia3MeHHO-aCCHCTHPOBAHHOTO JYroBOro HambuleHWs. HambuieHne
OCYILECTBIISJIOCH TPU OJTHOBPEMEHHOM paboTe wucmapuTens THTaHA (MM ATOMUHHSA) U
reHepaTopa rasopaspsaHoi Iuiasmel npu aasieHun azorta 0,3 Ila. OcobeHHocTs mporecca
noiyyeHus MokpbITHs TiN 3akimtoyanach €me U B TOM, YTO OAHOBPEMEHHO C TUTaHOM
pacobUIsiach Mellb C OTAENBbHOTrO ucnapurens. B pesynbrare 3TOro MOKpPHITHE HMEIO
HaHOKPHUCTANIMYECKYIO CTPYKTYPY, YETro Helb3sl JOOUTHCS MpHU paboTe TOJIBKO THUTAHOBOIO
ucHapuress.

PenTreHocTpyKTypHBIE UCCIIE0BAaHMS BHIIOIHUIN B CHOMPCKOM MEXKIYHApOIHOM LIEHTpPE
CUHXPOTpOHHOTO u3nyudeHus npu Uucturyre anepuoit ¢pusuku CO PAH r. HoBocubupcka.
PazmMep 1myuka CHHXPOTPOHHOTO H3JIyuyeHHMs cocTaBsul 1x1 MM, JUIMHA  BOJIHBI
PEHTIeHOBCKOro u3aydeHus Obuta A = 1,503 A. PacmmdpoBka peHTreHorpaMM M aHaju3
pe3yJbTaTOB ObUI BBHINOJHEH C MPUMEHEHHWEM CTaHAAPTHBIX IporpamMMm (a3oBOro aHaiusa.
Jns mpoBefeHUS SKCHEPUMEHTOB HCIOJIB30BAIM CIleUalbHO paszpaborannyro B HITY
MaJIorabapuTHYIO0 YCTaHOBKY Ha TpPEHHE, C IOMOLIbI0 KOTOPOW NPOM3BOJWIACH ChEMKa
PEHTIeHOTpaMM B IIpoIiecce H3HAIUBaHU 00pa3IioB.

N3 peHTreHorpamm, NOIy4EeHHBIX B pexXUMe TU(GPAKIMOHHOTO KMHO IIPU TPEeHUH oOpasia
¢ nokpeitieM u3 TiN(Cu), yaanock yCTaHOBUTb KMHETHKY W3HAIIMBAHUS M H3MEHEHUE
napaMeTpoB peuieTku umerommxcs (a3. OOHapyKeHHbIH NOBBIIIEHHBIH H3HOC TBEPAOIO
MOKPBITHSL MOXKET OBITh 00YCJIOBJICH MPUCYTCTBHEM KalelbHOU (paKkluu MEAH, CBSI3aHHOM C
OCOOEHHOCTSIMM TEXHOJOI'MH HAHECEHUS IOKPBITUH, KOTOpas, CHIDKAeT OOBbEMHYIO
IIPOYHOCTh HOKpbITHSA. Kpome TOro, anaimms3 pe3yibTaToB PEHTIEHOCTPYKTYPHBIX
UCCIIEZIOBAaHUM IO3BOJMJI OINPENEIUTh TOHKYIO CTPYKTYypy HCCIEAYEMBbIX MaTepUaoB.
N3zydenue ga3oBoro cocraBa moBepxHOCTHBIX cioeB oOpasia Ti-TiN(Cu) u cpaBHeHHE €ro co
CTPYKTYpPOH HCXOJHOTO THTaHA II0Ka3ajo, 4TO B IIPOLIECCE HAHECEHUS IOKPBHITUA B
MOBEPXHOCTHOM CJIO€ TOJUIOKKH CTPYKTypa THTaHa MOIUGPUIMPYETCS — YBEINYMBACTCS
napaMeTp peleTKH JaHHOH (as3bl, Ha 4YTO YyKas3blBaeT acuMMmeTpus peguekcoB Ti y
OCHOBaHHUS, M TIPOUCXOJIUT JUCIEPTUPOBAHHME 3€pPEH, IMPOSBIAIOIIEECS B YIIUPEHUH
pediekcos.

Anamm3  ¢a3zoBoro coctaBa TNOKpeiTHs AIN mokaszan, YTO TpH  IUIAa3MEHHO-
aCCUCTUPOBAaHHOM  HaIlbUICHMH o0Opas3yroTrcs JBe  (as3bl  JAaHHOTO  COEIUHEHHA —
rekcaroHanbHas U KyOudeckas. [Ipu Tpenun oOpasua TutaHa ¢ mokpbiTHeM AIN 3ameTHOTO
W3HAIIMBAaHUS MOKPBITUA He OoOHapyxuiu. OObsicHeHHe 3ToMy (GakTy MOXKeT OBbIThb JIaHo,
UCXOMA W3 TPEANOJIOKEHUS O TOM, YTO TOKPBITHE HE COACPKUT (ha3bl, yMEHbIIAIOIIEH
00BbEMHYI0 IPOYHOCTH MOKPBITHS.
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OnpepeneHne napameTpoB HAHOCTPYKTYPbI YyriepoaHbIX
MaTepuanoB MeTogamMu 60MnbLUEYrFIOBON PEHTIeHOBCKOW
AundpakTtomeTpumn

Kpasuux A.E. @ , Ocmaros A.C. @
(1) — Quzuko-Texnuueckuii uncmumym um. A.@.Hogppe PAH, Cankm — Ilemepoype
e-mail kravchik (@ mail.ioffe.ru
(2 )- OO0 «Bupuany, Cankm — I[lemepbype
e-mail: info @ virial.ru

OCHOBHBIM CTPYKTYPHBIM 3JIEMEHTOM TI'pa(UTONOAOOHBIX YIIIEPOAHBIX MaTepUAIOB
(YM) sBisieTcsi «reKCaroHaJIbHbIM» MOHOCION pPa3jMYHOM CTENEHU HCKAKEHHOCTH,
¢u3nyecku  MHTEPIpEeTUpPyeMbId, B  pamMKax [OJIMMEPHOM  mapaaurmMsl ,  Kak
MaKpOMOJIEKYJISIpHbI (pparMeHT. [IpocTpaHCTBeHHAss peryisipu3anus KBa3HUIIapaUIeIbHbBIX
MOHOCJIOEB, B 0O0IIIEM CiIydae He oOecleunBaroas TPEXMEPHOIO YIOPsI0UeHHs], 3a/1aeT TaK
Ha3bIBAEMBIi HAHOCIOW ,CTENEHb CTPYKTYPHOTO COBEPIICHCTBA KOTOPOTO OIpeneNsieT Kak
ypoBeHb ¢usnueckoro ymmpenus {(001), (hk)}munuii, Tax m acummerpuro(hk)-muuauii u
JpyTre OCOOCHHOCTH OOJBIICYTIIOBBIX PEHTIT€HOBCKUX AudpakTorpamm YM.
CoBokynHast uH(popManus, Iojgyyaemas IIpU aHalu3e BCed COBOKYNHOCTU JAaHHBIX
OOJIBLICYTTIOBOM PEHIeHOBCKOM TU(PPAKTOMETPUH  TO3BOJIAET CKOH(UTYpPHUPOBAaTH HaOOP
HaHOIIapaMEeTPOB, Pa3MEPHBIX M apa3MEpHbIX, XapaKTEPU3YIOUIMX CTPYKTYPHOE COCTOSHHUE
YM

K pa3mepHoii rpymnmne HaHOIapaMeTpOB OTHOCATCS CPEAHss TOJIIMHA HAHOCIOA - <
L.> u cpensss ammHa KBasWIUIaHApHOTO (pparmeHTa HaHocnos - < L,> , u3MeHstonmecs B
nuarnazone or 1 1o 100 HM B cpeaHUe CTeNeHN UCKaXXeHHOCTH - Adgp, B Aa (B «C» U «ay -
KpUCTaUIOrpapuyecknx HampaBleHUsX) -  rpaduTOnoj00HBIX MOHOCIOEB, M3 KOTOPBIX
coctosaT HaHociou. Croco® ompeaeneHUs  pa3MepHBIX HaHONApaMeTpOB OCHOBAaH Ha
MOJUGUIMPOBAHHOM METOJIe TapPMOHMUYECKOTO aHan3a (HOpMbl PEHTICHOBCKUX JMHUM,T.E.
uX (pU3MYECKUX YIIUPEHUI B paMKaX MOJEIBHBIX MPECTaBICHUN TUIOTHOCTH PaCIIpeIeICHUS
HAHOCJIOEB MO pa3MepaM U 3aBUCUMOCTEH OTHOCUTENBHBIX CpEIHEKBAJPATHUHBIX
MUKPOUCKAKEHUH OT PACCTOSIHUS B «PEILIETKEN.
[Topsimok BeJMYMHBI HAHOMIAPAMETPOB JUISl XapaKTepHOro YM -H30TPOMHOTO MUPOYTiIepoaa
nnoTHOCTHIO 1.9-2.1 r/em’:
<Lc>=10-12 am, < L,> = 6-8 uM, Adgp; = 0,008-0,01 um, Aa = 0,001 am
K apasmepHoii rpynme — mapamMeTpoB, XapaKTePH3YIOIIMX  OPTaHHW3alUI0 CTPYKTYPHI
YIJIEPOJHBIX ~MaTepUalioB HAa HAHOYpPOBHE U OMNpENeIsieMbIX IO  PacHpeesIeHUI0
WHTCHCUBHOCTH JU(PArupoOBaHHOTO PEHTTEHOBCOTO W3IIyYeHHUs Ha JuQpakTorpaMmax,
OTHOCATCS:
-  HMHTETPAIBHBIA  (AaKTOp TPOCTPAHCTBEHHOW OpPHUEHTAIMM HAHOCIOeB (  CTENeHb
TEKCTYPUPOBAHHOCTH YTJIEPOJHOIO MaTepHaa ),
- OTHOCUTEJIbHas JOJs  aTOMOB, HAaXOJALIUXCS B JAECTPYKTYPUPOBAHHOM (amMoOp(hHOM)
COCTOSIHUM, OLICHMBaeMasi IO YyIJy HakjioHa (oHa JU(pPaKTOrpaMMbl Ha MabIX YIJIax
nudpakiu
- OTHOCHUTENbHasl J0Jsl «TeKCaroHaJbHBIX» MOHOCJIOEB, BXOJIIMX B COCTaB HAHOCIOS,
orpenensieMasi TOJIbKO Ui M30TPOIMHBIX YM, B OTCYTCTBHE TPEXMEPHOTO YIOPSAOYCHUS B
CTPYKTYpE, 10 NMOsIBIEeHUS B TupakunoHHOM criekTpe aunuit (hkl)
- OIICHKA CTETIEHU TPEXMEPHOH YIOPAI0UEHHOCTH «T€KCAarOHAJIbHBIX)» MOHOCIIOEB B
IpaHMIIaX HAaHOCJIOs,0lpeieiseMas Kak Ha OCHOBE y4eTa COOTHOILIICHUS HHTEHCUBHOCTEH
auauit (11) u (10), Tak u ucnonpzoBanueM ko3 ¢puuueHToB Oypbe QyHKINN PUZNYECKOTO
YIIUPEHUS] pEHTT€HOBCKOH TudpakunoHHoi auauu (112).
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UccnepoBaHme mMo3anvyHoCTU B KpucTtansiax n TeKCTypbl B
nosinkpucTtaninax Ha ocHoBe NoJfiIApnU3aulMoOHHOIro TOpMoO3HOIro
N3ny4eHuns penAaATUBUCTCKUX IJTIEKTPOHOB

Kybanxun A.C.
Jlabopamopus paduayuonnoii pusuxu, beneopodckutl 2ocyoapcmeeHtblil YHU8epCcumem,
e-mail: kubankin@bsu.edu.ru

N3y4aroTcsi BO3MOXHOCTH [MArHOCTUKM ATOMHOW CTPYKTYpPbl KPUCTAJLIMYECKUX H
MOJIMKPUCTAJUINYECKUX MATEPUAIOB HA OCHOBE IOJIIPU3ALUOHHOIO TOPMO3HOIO W3JIy4YEHUs
(IITH) penaATUBUCTCKUX OSJEKTPOHOB B uccieayemMoM oOpasue. IlokasbiBaeTcs, 4TO
U3MEPEHUE CIIEKTPAJIBHO-YIJIOBBIX XapaKTepUCTUK KorepeHTHoW cocrasistomen I1ITUH,
npeobnajaronmied B BBIXOAE M3JIYyYeHHMs B pacCMaTpUBaeMbIX CIydasX, I[103BOJIAET
HCCIIEIOBaTh TaKUe CTPYKTYpHbIE OCOOEHHOCTH AaTOMHOW pEeHIeTKH, KaK MO3au4HOCTb
KPUCTAJIJIOB U TEKCTYPa MOJUKPUCTAIIIIOB.

Pa3zpaborannas monens IITU B Mo3amyHOM KpucTtauie (KOrepeHTHas COCTaBIIAIOIIAs
I[ITU B Kpucramie UAECHTUYHA HApaMETPUUYECKOMY PEHTICHOBCKOMY H3JIYUYEHHUIO)
IIOKA3bIBAECT, YTO B CIydYae MAJbIX YIVIOB OPUEHTALMH CKOPOCTH JJIEKTPOHA OTHOCUTEIBHO
OTpakarolleld KpucTauiorpauyeckoil IUIOCKOCTH CIEKTPaJIbHO-YIJIOBOE paclpeieieHue
[ITHA 3aBUCUT TOJBKO OT MO3aMYHOCTH B IIOCKOCTH, MPOXOIAIIECH Yepe3 BEKTOP CKOPOCTH
IEKTPOHA M CPEJHUM BEKTOp OOpaTHOW pELIeTKH, 3aJarolluil CpeiHee IOJI0KEHUE
OTpaxkarolme IUIOCKOCTH. Iloka3zaHa  yHHUKaabHOCTH  BO3MOXHOCTH  HCCIIEIOBAHUS
AHU3OTPOIMH YIVIOBOTO PACIpelecHUsl Ha OCHOBE u3MepeHus xapakrepuctuku [ITH npu
Pa3IMYHBIX yriax NOBOPOTa KPUCTA/lIa BOKPYT CPEIHET0 BEKTOpa 0OpaTHOM pEeUIeTKH.

VYcTaHoBIEHA CYHIECTBEHHAs 3aBUCHUMOCTb CHEKTPAJIBHO-YIVIOBOTO PaCIpEEICHUs
I[ITU penaTuBUCTCKUX 3JIEKTPOHOB B IOJUKPUCTAIUIE OT IAPAMETPOB TEKCTYpPbl MUIICHHU.
Coznmana Mofelnb, JAEMOHCTPUPYIOIIAs BO3MOXKHOCTh 3(PPEKTUBHOTO HU3MEPEHUSI TEKCTYPHI
ucclieyeMoro oopasua.
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Ocob6eHHOCTU KpucTannusaumm amopdHoro cnnaea FegeZr

Kyopenko E.A., Abpocumosa I'E., Aponun A.C.
Hucmumym ¢uzuxu meepooeco mena PAH, Yepnoeonoska, 142432
e-mail: lenak@issp.ac.ru

Meronamu peHTreHorpaduu, MPOCBEUYMUBAIOIICH M CKAaHUPYIOUIEH JIIEKTPOHHOMN
MUKPOCKOIIMU U PEHTTEHOCTIEKTPAIbHOI0 MUKPOAHAIN3a UCCIIEI0BaHa 3BOIIOIUSA aMOpP(HOTOo
crutaBa FegpZrigp, MOMy4eHHOro OBICTPOI 3aKalaKol pacijiaBa, MPHU Pa3IUYHBIX PEKUMAX
OTXKUra.

[TokazaHo, 4TO MpU UIUTETHHBIX HU3KOTEMIEPATYpPHBIX (HUXKE 350" C) omkurax B
aMOp(HOM CIUTaBe MIPOUCXOAUT (ha30BOE PACCIOCHUE HA 00IACTH C Pa3HBIM THUIIOM OJIMYKHETO
nopsiika U cocrtaBoM. JlanmbHelilee pa3BUTHE TaKOro IMpolecca MPUBOAUT K 0Opa30BaHUIO
HAaHOKPHUCTAJUIMYECKON CTPYKTYypbl MaTepuaya, COINpPOBOXKIAIOIIEMYCSI PACCIOCHHEM 110
COCTaBy, BO3MOXXHO II0 CHOUHOJATbHOMY MexaHu3Mmy. OTxkuru mnpu Ooliee BBICOKUX
TEMIEepaTypax NPUBOJAT K KpHUCTAUIM3ALMM C OOpa30oBaHHEM IEPECHIIIEHHOTO TBEPIOTO
pactBopa Zr B o-Fe wu unrepmerammmna FesZr. Mopdosorus 3tux 00pa3loB CHIBHO
HEOJIHOPOJHA: CIUIAB COCTOMT M3 KPYMHOKPUCTAIUTMYECKUX OechopMeHHBIX BblaeneHuii(300
HM), COOTBETCTBYIOIIMX COCTaBy UHCTOro >keie3a, mapamwienenuneqos (100 M)
MIPECHIIIEHHOT0 pacTBopa Zr-Fe u cepoil MenKoaucnepCcHONH MacCchl ¢ COCTaBOM OJIM3KUM K
yuctoMy Zr u FesZr.

JlaHHBIE  PEHTTEHOCNEKTPAIbHOIO  aHalu3a CBUJETENbCTBYIOT O  YacCTUYHOM
OKHCJICHUH MOBEPXHOCTHU 00pa3iia, 4TO MOTJIO MPUBECTH K 00pa30BaHUIO OKCHIOB LIUPKOHHSL.
O6cyxaaercs BONPOC O BO3MOXHOM BIIMSIHUM OKHCJIOB Ha CTPYKTYPY MOBEPXHOCTHOTO CJIOS
oOpa3sna.

Paboma evinonnena npu noooepoicke epanmos PODH No 06-02-16677, Ne 07-02-00424.
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Pusnyeckme CBOMCTBa CMELUAHHbIX OKCOrasoreHuaoB
BUCMYTa U LUNHKA

Kypbanos K. P.
Kazaxcmancxuii Hayuonanvhwiii yHusepcumem aspoxocmuyecko2o npubopocmpoeHus,
2. Kapaeanoa, e-mail: knuap _k@rambler.ru

H3mepenue KPUBBIX TEPMOCTUMYJIMPOBAHHOMN JIFOMUHECIICHIIUHA (TCJI)
OKCOTAJIOTE€HUJIOB BUCMYyTa M CBHHIA NpeACTaBisgeT co0oil ouyeHb 3P (EKTUBHBIN CHOCOO
HCCIIEIOBaHMs JIOBYILEK, IIO3TOMY SIBJISIETCS B HACTOSINEE BpEMS OJHUM U3 OCHOBHBIX
METO/I0B MCCJIEZIOBAHUS LIEHTPOB 3aXBaTa.

K ocHOBHBIM mapameTpaM, XapaKTEpHU3YIOIIUM pOJIb JIOBYHIEK B 3JIEKTPOHHO-
kuHetnyeckux mnponeccax TCJI moxHo orHectn rayOuny soBymiku (E), saddextuBnoe
MIOTIEPEYHOE CEUCHHE 3aXBaTa JICKTPOHOB JIOBYIIKAMH (S;) U IUNIOTHOCTh YPOBHEH JIOBYIIKH
(H). ns ompeneneHuss 3TUX MAapaMeTpoB 3axBaTa C IIOMOIIBI0 H3MEPEHHsS] KpPUBBIX
TEPMOBBICBEUHMBAaHUS pa3pab0TaHbl U YCHEIIHO IPUMEHSIOTCS MHOTO PA3JINYHBIX METO/I0B.

Cnenyer OTMETUTH, YTO H3ydeHHE ToibKO KpuBbiIX TCJI, He maeT BO3MOXHOCTU
MOJIyyeHHs Bceill HeoOX0oaAMMOM MH(POPMALUU O MUKPOCTPYKTYpe NMpHMeced B KpHcTasiax,
TaK KaK B HACTOSIIEE BpeMs KpHUBBIE TEPMOBBICBEUHMBAHUS HHTEPIPETUPYIOTCS YHCTO
(€HOMEHOJIOrMYECKM Ha OCHOBE CTAaTHCTUYECKUX Mojened. C MOMOINbI0 TakoW Teopuu
MOXXHO OIHCaTh TOJBKO IIE€PEepacHpeieIeHne HJIEKTPOHOB I10 IPHUMECHBIM YPOBHSM B
3alpelleHHo 30He, MPOUCXOJdIlee BO BpeMsl IOCTENEHHOro HarpeBa oOpasna. B stom
cilydae Juis pacuera HeoOXOAMMO 3HATh JIUIIb TapaMeTphl 3aXBaTa U PeKOMOMHAIUH.

B xauecTBe mpumepa MOXKHO IPUBECTU HECKOJIBKO MPOCTHIX Mozenel. M3BecTHO, 4To
naTercHBHOCTs TCJI OMpeeercs YUCIoM H3TydaTeNbHbIX ePexooB B | cM’ B equHMIy
BPEMEHH, TO €CTh, IPONOPIIMOHAIEHA CKOPOCTH PEKOMOMHAIINH

I(T) = ynf,
rae I(T) - ”HTeHCUBHOCTh TEPMOBLICBEUHBAHNS,
Y — K03 PULIHEHT peKOMOMHALIMOHHOTO NIEPEX0a,
N — IVIOTHOCTH 3JIEKTPOHOB B 30HE MPOBOJIUMOCTH,
f — MI0THOCTH HE3aHATHIX PEKOMOMHALIMOHHBIX IIEHTPOB.

[Ipenmnonaras, 4To BpeMs >KM3HHM 3JIEKTPOHOB IMOMAJAIOLIUX B 30HY MPOBOJUMOCTHU
MajJo0 U CYMTas CKOPOCTb HarpeBa [3 TOCTOSHHOH, YypaBHEHHE CKOPOCTH H3MEHEHUS
KOHIEHTPALIUHU 3JIEKTPOHOB B 30HE MPOBOJUMOCTH (N) UMEET BUJ:

dn
—=0oh-qn(H - h) —ynf
at qn( )—Y

" YPABHCHUEC CKOPOCTHU U3MCHCHUS KOHICHTpAalU 3aXBAaUCHHBIX 3JICKTPOHOB

dn _ —ah +qn(H - h),

dt
rae:o. — JacTHbll (akrop, H — mioTHocTh JoBymek u q — koddduuueHt mnepexona c
3axBatamu. [lng oOpabotku kpuBbix TCJI pa3HbIMEH aBTOpamMHu OBLIM  IPEAJIOKEHBI
NpUOJIMKEHHBIE METOJbl SHEPreTUYEeCKOM TINyOMHBI IIEHTPOB 3axBaTa. TOUYHOCTh ATHUX
METOJIOB 3aBUCUT OT NOpSAAKAa KUHETHKU IIpollecca PEeKOMOMHALMM, HaIU4Ms KaHaja
MOBTOPHOTO 3axBarta U T. A. Hanbosee nepcrneKTUBHBIM OKa3ajcsi METO/ M30XOPHOTO OTXKHUTra
U METOJ HayalbHbIX NpupamieHud. MetogoMm HauanbHbIX OpupamieHuit (MHII) sneprus
aKTUBaLlMU olpezessieTcs no HadanbHbIM yyacTkam TCJL, rie omycToleHue eHTpoB 3axBara
HE3HAYUTEIbHO M WM MOXXHO TnpeHeOperatb. BmepBbie mnomyuyensl cnektpsl TCJI wu
MIOTJIOLIEHUS] OKCOTaJIOr€HUI0OB BUCMYyTa U CBHHIIA PACCUUTAHBI UX I1apaMETPhI JJIEKTPOHHBIX
JIOBYIIEK ¥ KOHCTAHTA 3JIEKTPOH- (JOHOHHOT'O B3aUMOJICHCTBUSI.
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PeHTtreHorpacunyeckoe nccnepgosanme PbO — BiOX

Kypbanos K. P.
Kazaxcmancxuii Hayuonanvhwiii ynusepcumem aspoxocmuyecko2o npubopocmpoeHusl,
2. Kapaeanoa, e-mail: knuap _k@rambler.ru

Pentrenorpaduyeckoe ucCleJOBaHHE CMEIIAHHBIX OKCOTAJIOT€HHUJIOB CBUHIA U
BUCMyTa OCYILIECTBISUIM METOJOM THopomka. [II0THOCTH Bcex HOBBIX (pa3 OmpesesieHbI
MUKHOMETPUYECKHU B TeTpabpomdTane. B paboTe ObLIM UCTIOIB30BaHbI HCXOIHBIE BEIIECTBA U
MEeTOAbl OUYUCTKHU. [ ymoOcTBa Mpu MOJYYEHHH CMEIIAHHBIX OKCOTAJIOTC€HUIOB CBHHIA U
BHCMYyTa HUCHOJB30BAIKCH MPEIBAPUTEIHLHO CHUHTE3MpPOBaHHBIE Herurpockonudeckue BiOX
(rme X- CI, Br, I). Paccuntannble KOJIMYECTBa OKCHJIa BHCMYTa U COOTBETCTBYIOIIETO
TPUTAJIOTEHHIa BUCMYyTa B3BELIMBAJIM B CYXOM Kamepe, MOMEIald B KBaplIEBbIE amIlyJibl,
BaKyyMHPOBAJIH, OTHAUBaIN U oTxuranu npu temnepatype 500°C B Teuenun 150 yacoB s
BiOCl u BiOBr , a mis BiOI npu 360°C B Teuenune 220 yacos qis BiOF mpu 500°C B
teuenue 200 vacoB. UnauBuyansHOCTh moidydeHHbIX BiOX moarBepkaena merogom PDA.
CHHTE3bl CMEIIAHHBIX OKCOTAJOT€HHUJIOB CBHMHIIA M BHUCMYyTa MPOBOAWIM OTKUIOM
CTEXHOMETPUUYECKUX KOJIMYECTB OKCUAA CBUHIIA U COOTBETCTBYIOIIEro okcoraitorenuna BiOX
(rne X - F, Cl, Br, I) B BakyyMuUpoBaHHbBIX KBapLEBBIX amIlyjiax. TemmepaTypa U Bpems
cunTe3a s okcopropunoB coctaBuiim 500°C u 240 yacoB, a OCTaIBHBIX OKCOTAJIOTCHHIOB
800°C u 48 uvacos. [Tockonbky Bce coenuHeHus: onuckiBatoTcs coctaBamu PbO-nBiOX rae n
=1,2,3,4,5, paccMOTpUM pe3yJbTaThl PEHTTEHOBCKUX UCCIIEJOBAHUU B MOPSIIKE BO3PACTAHUS
n . Coenunenus PbBiO,X (n=1) oOpaszyercs BO Bcex YeThIpeX cUCTeMax. AHaIu3
pentreHorpamm nopoiika PbBiO,F moxkasan cTpykTypHOE POJCTBO 3TOrO COCIUHEHHS CO
cTpykTypoil A- tuma Ln,O; (rme Ln - La, Ce, Pr). Mcxoas u3 3TOro peHTreHorpamma
nopomka PbBiO,F mnpoungunmpoBana B TreKkcaroHajdbHOM CHHTOHMM C TapaMeTpaMu
anemenTapHoi sueriku a= 0,334 u c= 0,609 HM, ¢ ynucioM (GOPMYJIBHBIX SAWHHI] PAaBHBIM
enuHMIle. PeHTreHorpamma mopomka okcoxiopuaa PbBiO,Cl oka3zamoch HISHTHYHOM
pEeHTreHorpaMme MHHEpasla MepuTa W NPOUHAMLIHMPOBAHA B POMOMYECKOW CHHTOHUHU.
Oxcobpomun PbBiO,Br kpucrammmsyercst B TeTparoHaibHOM cuHroHuu. [lopomrkorpamMmy
okcomonuna PbBiO,I ¢ mapamerpamu mpouHIUIIMPOBATh HE yIal0Cch. PeHTTreHorpaMMa 3Tou
(a3pl HHAUIUPYETCS JIMIIb IPU YBOSHUH MapameTpa "a" U Tak, YTO CUMMETPHUSI CHUKAETCS
no pomobuueckoir. Ilo-Bumumomy, st ¢aszer PbBiO,1 cymectByer ae mnomumopdHbie
MoauduKanuMii, OJHAa TeTparoHaldbHAass W BTOpas TOMydYeHHAs B HacToslmield paboTte
pomoOudeckas. [lapameTpsl ameMenTapHoil staeiiku paBabl a=0,8111, 8=0,4046, c=1,3509 HM™,
3HAYCHHE PEHTTEHOBCKON ILIOTHOCTH 8,61 r/cM’ mpu umcie GOpMyIbHBIX CIMHHIl PABHOM
YEThIPEM XOPOIIIO COTJIACYETCs ¢ AKCIEPUMEHTAIBHOM TJIOTHOCTHIO 8,56 r/em’. Bnepsbie st
YEThIPEX HEONHMCAHHBIX PAHEE CMEIIAHHBIX OKCOTaJOTe€HU0B BUCMYTa U CBUHIIA MPOBEACHO
MH(OUUIUPOBAHUE PEHTITEHOIPAaMM IMOPOINKa, OMNPEJCIeHbl CHUMMETPHUS U IapamMeTpsl
3JIEMEHTAPHBIX SYEEK, TEOPETUUECKUE U IKCIEPUMEHTANIbHBIC IIJIOTHOCTU U JIJIsi ONMUCAHHBIX
paHee CMEIIaHHBIX OKCOHMOIUIOB PbBiO;,I, PbBi3;04I5 oOHapyxeHbl mnoiuMoOpgHbIE
MoauUKaAMK, I KOTOPBIX TaKXKe OMNPESICHbl PEHTreHOrpauuecKrue KOHCTAHTHI.
Y cTaHOBINEHBI CBSA3M MapaMeTPOB KPUCTAIMYECKUX PEHIETOK CMEIIaHHBIX OKCOTaJIOTeHUIIOB
C mapameTpaMu OKCOTaJOreHUI0B mpocteiiniero coctaBa BiOX, a takke 6-Bi,O3 u kpacHoi
Moaudukanel OKcuIa CBHHIIA U BBIBEIEHBI COOTBETCTBYIONIME ypaBHEHHUA. llomyueHsl
KoJieOaTeNIbHbIe CHEKTPhl BCEX OKCOTAJIOI€HHIOB, U3 KOTOPBIX CIEAYeT, YTO MOJIyYCHHBIC
(ha3bl UMEIOT CIIOUCTOE CTPOCHHUE.
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MccnenoBaHue MUKPOCTPYKTYPbI KPUCTASNNOB psija OKCUAO0B
MeToAOM Audpakuum oopaTHO paccesiHHbIX 3NIEKTPOHOB

Jlaspuwes C. B.", Hexakosa I, ,ZZ Hanos B.A.™” JYOMonoea E.E. " Anucun B.B.””,
bepeszosckas JI. fO
*)Haywblu yeump 60710KoHHOU onmuku PAH, Mocxea e-mail: ldisk@fo.gpi.ru
HHcmumym oowetl puzuxu um. A.M.IIpoxoposa PAH, Mockea
' )HHcmumym Mmawunosedenus um. A.A.bnaconpasosa PAH, Mockesa

Meton mudpakuuu o6paTHO paccesHHBIX 3JekTpoHOoB (EBSD) B coueranun c
BO3MOXXHOCTSIMU  3JIEKTPOHHOM MHMKPOCKOIIMM U MHKpOAHalIM3a CTAHOBHUTCS MOIIHBIM
MHCTPYMEHTOM ISl MCCJIEJOBAHUS OPHEHTAlMM  KPHUCTAIOB, HACHTUGUKAIMU (a3 ¢
pPa3INYHOM  KPUCTAJUIMYECKOW  CTPYKTYpOM, XapaKTEpPUCTUKH MHKPOHAINPSDIKEHUNH H
MEXKpPUCTAJUIUTHBIX KOHTAKTOB ¢ pasperienueM 0,5 MmxMm. B nanHo# pabore OH MCIOIB30BaH
JUTS H3yUEHHS KPACTAIUIOB PSijia OKCHIHBIX MaTepranos: ¢puannta (Y°:ZrO,), MOIHOIATOB I
BOJIb()PAMATOB  JIBYXBAJCHTHBIX JJIEMEHTOB, HEKOTOPHIX CHJIMKaTOB M TI'€PMaHaTOB.
HccnenoBanue mpoBeeHO € MOMOIIBIO AIEKTpoHHOro mMukpockona JSM 5810-LV (JEOL),
XMMHUYECKHI COCTaB OOBEKTOB ONpE/eiEH METOJOM HEProJUCIIEPCUOHHOTO MUKpOaHAIN3a
(cuctema INCA, Oxford Instrument), 111 XxapaKTepUCTUKH paCTIPECICHHS] KPUCTATUTMYECKIX
(a3 1o MoBepxXHOCTH 00pa3la U OPUEHTALUN 3epEH UCIIOIB30BaH METO AUDpaKIi 0OpaTHO
paccestHHbIX 31eKTpoHOB (mpuctaBka CRYSTAL, Oxford Instrument).

HccnenoBanbl 00pa3ibl KPUCTAIOB YaCTUYHO CTAOMIM3UPOBAHHOM TETparoHalbHOM
¢a3bl ¢uanuta cocraBa ZrO, -3 mon% Y03, moaBeprHyThie Ja3zepHON MonauduKanuu
MOBEPXHOCTHU, C LIEJIbI0 YCTAHOBJIEHUS] XUMHUECKOro U (ha30BOro cocTaBa 0Opa3yroIIErocs
MOKPBITUS U BBISICHEHUS TPUPOABI BIUSHHUS JIa3€pHOTO M3IY4YEHHs] Ha IOBEPXHOCTb
KpucTaioB. Ha MOBEpXHOCTH KpHCTalja B pe3ysbTaTe Jia3epHOM 00paOOTKM MpOM30MIEN
mpouecc IUIaBiIeHUs: ¢ (OpMHpPOBaHHEM IUJICHKHM M3 HECTEXHOMETPHUUYECKHX OKCHJIIOB C
Bapualel HECTEXMOMETPUH B Pa3IM4YHBIX TOukax oT 29,12 no 48,16 mo HUpKOHHIO U OT
51,84 no 70,44 ar.% mo kucnopony . Kapra pacnpenenenus a3 Ha mjeHKe mokasajia, 4To
IIpYU BO3AECUCTBUM Ja3€pHOTO M3IYUYEHUs MPOMCXOJUT CYIIECTBEHHOE M3MEHEeHHE (a30BOro
cocTtaBa C 0Opa3oBaHHMEM KyOMUecKOd M poMOndeckoil popMm IUOKCHAA HUPKOHHUS, a TaKXKe
psiia BOCCTAaHOBJICHHBIX HECTEXHOMETPUUYECKHX (a3.

Hns monmubnatoB u BosbdppamatoB MXOy4 ( M = Ca, Sr, Ba, Zn) meronom EBSD
olpezessigach OpUEHTAUs MOHOKpHCTALIOB. B ciyuae ZnMoOy4 npoBeaeHO uccieoBaHue
KauecTBa 00pa3ll0B MOHOKpHUCTA/IJIa Ha HAYaJIbHOM U 3aKJIIOUUTEIBHOM 3Tare pa3padoTKu
TEXHOJIOTMH €ro pocta. [loka3aHO, YTO B ONTUMAaJBHBIX YCJIOBHAX BBIPALEHBI KPHUCTAJLIBI
BBICOKOIO KadyecTBa ¢ MapaMeTpaMH TPUKIMHHON siemeHTapHoil sueiiku a =8.371(1)A; b=
9.694(1)A; c= 6.9649(8)A; a=106.881(7); f=101.729(7); y: 96.723(9); ¥V = 520.1(2)A°.

UccnenoBanue monokpucrtamion Ca,;GeOy, L1,MgSi04, CaMgSiO4 u LiGaSi04
MIPOBEJICHO C 1IeJIbI0 OOHAPY KEHHsI BKIIFOUEHUH PUMECHBIX KPUCTAIIIMUECKUX (a3 u
XapaKTePUCTUKU pealbHON MUKPOCTPYKTYPbl KPUCTAILIOB ( BBISBIIEHUE OJOUYHOCTU U
neQeKToB).
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Mcnonb3oBaHue ABNEHUA NOJSIHOro BHELWHero oTpaxxeHus
PEHTreHOBCKUX nyqe|7| Ansa onpegeneHnAa ToNwWnHbI TOHKUX clnoeB

Maniokos b.A.
HHUU Mamepuanoseoenus, Mockea, 3enenoepao,
e-mail: g-malyukov@zelnet.ru

SBnenne wHTEpPEpEHIIMM PEHTTEHOBCKUX JIydeid MOXKET HCIOJNIb30BAThCS IS
M3MEPEHHS TOHKUX CJ0eB. TImaTeaIbHO OTKOUTMMUPOBAHHBI MOHOXpoMmaThaeckuii (CuKo))
My4O0K PEHTTEHOBCKUX JIydel HAMpaBISAIOT Ha 00pasell, MPeACTaBISIONUN CO00M MOI0XKKY C
HAaHECCHHBIM Ha €€ TOBEPXHOCTh TOHKUM cjioeM. [loBepXHOCTh oOpaslia JoJDKHA OBITH
poBHOM w© rThnaakoil. MHTepdepeHIMOHHBIE KpPUBBIE TONydYadd Ha PEHTTEHOBCKOM
muppakromerpe JPOH-3, pabGoratomeM B pexuMe ABYXKPUCTAIBHOTO CIHEKTPOMETpA.

sy

% .

b |

L S i ] S - " . " . v

PenTrenoBckoe u3nyueHue majgaeT Ha MOBEpXHOCTh oOpa3iia noy yriamu 0,2-0,8°.

Ha pucyHke npuBeeHbl KpUBbIE 3aBUCIMOCTH MHTEHCUBHOCTH PEHTTEHOBCKOTO MyYKa,
TaJalOIEro Ha MOBEPXHOCTh HUKEIEBBIX ILUIEHOK TommmHoi 130 u 705 A, HaHeceHHBIX Ha
MOBEPXHOCTh KPEMHUEBOM MIaCTUHBI. PacueT TONIMHBI cJI0€B MPOBOIWIN 1O (hopmynam:

|, %)2 ~(n %)2 JUTSE MAKCHMYMOB,

’ 0, -9,

2 2
n; ~n; AJi1 MUHUMYMOB,

A
d=2|—-—
oy -

rac A — IJIMHA BOJIHBIL, 777 U ny; — TMOPAAKOBBIC HOMCPA COOTBCTCTBYHOIIUX MHUHHUMYMOB U

MaKCUMyMOB UHTEP(DEPEHIINH, (0 U (0, — YTIIbl A7 MUHUMYMOB 1 MaKCUMYyMOB
Bocnpou3BoAMMOCTh ONMCAHHOIO METOJa Ype3BBIYAHO BbICOKA M cocTapiseT 2-3 A,
HampuMep, yaaercs oOHapyXUTh yMEHbIIEHUE TOJIIUHBI IUIEHOK NpU MX cTapeHuu. Jlng
TOJIIUH TIeHOK Gosiee 500-600 A BO3HMKAIOT CIIOKHOCTH ¢ HyMepalueli MaKCUMYMOB, TaK
KaK B 3TOM cllydae MepBble HHTep(EpPEHIIMOHHbIE MAaKCUMYMbl OOHApYKUTh He yaaercs. s
OIIpeJIeNIEHUs TOPAIKOB OTPAKEHUN MOKHO MOJIb30BAaThCS Ipa)uueCcKUM CIIOCOOOM.

Janublii meton ObLT MpPUMEHEH [UIsl OLEHKM OJHOPOJHOCTH TOJIIMHBI IIJIEHOK B
pa3IMYHBIX y4yacTKax oOpasla sl KOHTPOJS TOJILIMHBI MOKPHITHHA MOJIYIPOBOJIHUKOBOIO
na3epa 0e3 ero paspymenusa. K cokaneHuro, MeToj, He SBISETCA SKCIPECCHBIM, IS €ro
npoBezeHus Tpedyercs ot 15 1o 30 muH.

OcoOblif HHTEpEC MPeICTaBISAET UCCIIEI0BAaHUE IBYXCIIOMHBIX TOKPBHITUH.

HuTepdepeHInoHHy0 KapTHHY yAaeTcs paciindpoBaTh TOJBKO TOTJa, KOTJa BHEITHUN

CJIO MEHE€ IUIOTHBIN, HAIIPUMED, B CIIydae CTPYKTYpPbl aTFOMUHUN-ITAIIIIAAUI-CTEKIIO.
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UccnepoBaHusa ¢pa3oBO-CTPYKTYPHbIX NpeBpaleHnin B metanne
auckoB 'TK-10-4 Bo BpemMA AnnTenbHON 3KcnsyaTauum

Manunoea E.I1., Puionuxos A.H., Kproxos H.H.
OAO «HIIO LIKTH», Cankxm-Ilemepbype, e-mail: rybnicov@online.ru

IIpu pemennu mpobiaemsl npoaneHus pecypca auckoB TBJI typ6unst I'TK-10-4,
n3rotoBiaeHHbIX U3 cranu O11428 (20X12BHM®), Obutn uccienoBaHbl 00pas3ibl  AMCKOB
MocIie 3aBOJICKOM TepMUYecKol 00pabOTKH, a Takke 0O0pasllbl, BIPE3aHHBIC U3 Pa3IUYHBIX
YyacTel AMCKOB IMOCIE MPOMBIIIIEHHOM dKerTyaTanuu B Teuenue 6500, 46000, 99743, 105931
u 138519 yvacos.

MetonoM HccleoBaHMSA, Hapsiy C ONTHYECKOHM MeTaiorpadueil, sBuiiach
mpocBeuuBaromas dnekTpoHHas Mukpockormuss (TEM) ¢ wucnonb3oBaHuEM DHEPro-
mucnepcuonHoro cnekrpomerpa (EDX) u cmekTpomerpa XapaKTepUCTHUYECKHX IOTEPb
(EELS). D1eKTpOHHO-MUKPOCKOIIMYECKOE HCCIECIOBAHNE BBIMONHIOCh Ha JIIEKTPOHHBIX
Mukpockonax JEM-200CX, Philips CM200 u Tecnai F20 ¢ EDX (Link analytical) u EELS
(GATAN) getekTopamMu METOI0M IKCTPAKIIMOHHBIX YTOIBHBIX PEILIHK.

B maprencutHoi#t cranu DI1428 mocie 3aBOACKON TepMOOOPaOOTKH W JIITUTEIHHOM
HapaOOTKK OCHOBHOW ympouHstomie ¢a3oil sBusercs kapobua tuma My3Ce Ha OcHOBe
anementoB Cr, Fe, Mo, W, V ¢ I'lIK kpuctaimuyeckoit pemerkoil. Kpome 3Toit dasbl, kak
MOKAa3bIBAIOT 3JIEKTPOHHO-MUKPOCKOMMYECKUE HUCCIEOBAaHUSI, B MUKPOCTPYKTYpE HMEIOTCA
PaBHOMEPHO paclpezielIieHHbIE MEJIKOIUCIIEPCHbIE HAHOPAa3MEpPHBIE YaCTUIbI KapOOHUTPUIOB
tuna M,(C,N) ¢ rekcaroHaJlbHOW KpUCTaJUIMYecKol pemeTkoi Ha ocHoBe Cr,N, B KOTOpPYIO
Bxoaut V u C, ob6o3HaueHHBIM M;,X, a Takke OTAENbHbIE YaCTHIBI KapOOHUTPHUIOB THIIA
M(C,N) ¢ T'IIK kpucramiuyeckoil pemierkoii Ha ocHoBe VC c amementamu Cr u N,
00o3HaueHHbI MX.

OnektponHas mukpockonusi ¢ EDX m EELS nerexkropamm wucnosib3oBasiach ist
UJCHTH()UKAIIUN ¥ ONPEIeTICHUs] XUMUYECKOTO COCTaBa BTOPUYHBIX (a3, BKIItOUasi KapOHIbI
M3 Cg, kapOoruTpUIEl M X 11 MX pazmepom oT 5-10 HM U BbIIIIE.

beuto oOHapyXeHO, 4TO BO BpeMs [UITMTEIBHOW AKCIUTyaTallud MPU TeMIepaTypax
350°C (o6macts crymmmsr) u 500°C (o6macts oGoma) B Meramte guckoB TBJI mpomcxomst
MOp(OJIOTHUECKUE W3MEHEHHsT KapOOHMTpHIHOW (a3sl M>X B HampaBiIeHUH OOJbIIei
KOAKCHAIBHOCTH YacTHUIl (OT YacTHIl Uroibuatoii popmer pazmepom 200x10 HM K Ti100yIaM
pasmepom 10-15 HM) ¢ W3MEHEHHMEM B XHMHYECKOM coctaBe KapoumgHoii (M3Ces ) m
kapOoHUTpUAHBIX pa3 (M, X nu MX).

Omnpenenen xumuueckuit coctaB ga3z M3Ce, Mo X 1 MX Metamia IUCKOB B 00acTu
TeMImepaTyp 300-500°C u YCTAHOBJICHA TEHJCHIUSA €r0 U3MEHEHUS B MPOLECCE JIUTEIbHOMN
HKCIUTyaTalliil B CTOPOHY OoJjiee ctabuibHOro cocraBa. Ilokazano, yto cootHomenus: Cr/Fe
st KapounoB M»3Cg, a taxoke cootHomenuss V/Cr u V/N st kapoorutpunoB M, X, MX,
uX pasmep u ¢opMa SBISIOTCS TEMIEPATyPO3aBUCUMBIMHU XapaKTEPUCTUKAMH, KOTOPHIC
MOTYT OBITh UCIIOJI30BAHBI JIJIS1 OTIPE/ICTICHUS IIEPErPEBOB AUCKOB MIPH SKCILTyaTallUH.

VYcranoBreHa peakuusi (pa3oBO-CTPYKTYPHBIX TPEBPALICHUNA MEIKOIUCIIEPCHBIX
kapOoHUTpUIHBIX da3z M, X u MX B Metayuie nuckoB u3 ctanu DI1428 npu skcrutyaTanuu 10
140000 uacos B o6mactu Temmeparyp 300-500°C, KoTOpas BEI3BIBAET €r0 BHICOKMIl YPOBEHb
MIPOYHOCTHBIX CBOMCTB U HEKOTOPOE YIPOUYHEHUE IPU JUTUTEIHHON HapaboTKe.
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TepMqucxaﬂ yCTOﬁHMBOCTb CMellaHHbIX OKCcoranoreHnaoB
CBUHLUa n BUCMYyTa

Mamaese M.M., Kypbanos K. P.
Kazaxcmancxuii Hayuonanvhwiii yHusepcumem aspoxocmuyecko2o npubopocmpoeHus,
2. Kapaeanoa, e-mail: knuap _k@rambler.ru

YCTONUMBOCTE ~ CMEIIAHHBIX ~ OKCOTaJIOTEHMJOB  BHCMyTa W CBMHLIA B
MOJINTEPMHUUYECKHUX YCIOBHSIX H3ydeHAa METOA0M Au(@epeHunanbHol TepMOrpaBUMETPHUU
(ATT) na BO3myXe, AN HUCCIEAOBAHMS MCIOJIB30BANIM HHIAMBHUIYaJIbHBIC COEIMHEHUS.
OnHoda3HOCTh TOJYYEHHBIX 00pPa3IOB KOHTPOJIMPOBAJIACH PEHTrEeHOTpadUuecKu. XOpoIIo
pacteptbie 06pa3iisl BecoM 0,2 - 0,25 r HarpeBaju Ha BO3JyXe CO CKOPOCThIO 6-9 rpaj/mMuH, B
TUTJISAX U3 KBaplia.

W3menenus Beca oOpa3ma B pe3yiapTare MNPOUCXOAIIUMX  IpPEeBpaleHUN
(uKcupoBanch Ha TepMorpapuMeTpruIecKux (TT), b depeHIanTbHbIX
tepmorpasuMerpudeckux (JTI) kpuBbIX, a TeMIiepaTtypa U TeIIoBble 3PHEKThI - Ha KPUBBIX
tepmuueckoro (TA) u nuddepenuunansuoro-repmuyeckoro (JITA) ananusza, COOTBETCTBEHHO.
BenuuuHbl M3MEHEHUs Beca yCTaHaBAMBaAuM U3 cpaBHeHus kpusBblX TI0 m JTI winm
HEMOCPEACTBEHHBIMHU B3BEIIMBAHUAMU 00pa3lloB 10 U MOCJIE HArpeBaHUs J0 ONpeesIEHHOM
temneparypsl (morpemnoctu = 0,001 r u = 0,0001 r., cooTBeTcTBeHHO). BemecTna,
MIOJIyYMBILIMECS B OCTATKE MOCJIE PA3I0KEHUS WM OKUCIIECHUS (Ha BO3AYyX€) aHAITU3UPOBAIKChH
MeTosoM PDA.

g coenqunennn PbBiO,F u PbBisO¢Fs paznoxkenune HaunHaercs pu TemmepaTypax
500 u 514°C, coOTBETCTBEHHO, a TaK)Ke UMeeTCs M0 OJHOMY 3HA0 P dekTy Ha kpuBoi J[TA
npu Ttemmeparype 650-660°C KOTOpble COOTBETCTBYIOT, IO-BHJIUMOMY, Pa3JI0KEHUIO
CMelIaHHbIX OKcopTopuaoB. PDA 00pa3loB mocie OKOHYAHHUS ONBITOB, IOKAa3ald, YTO
MPOIYKTaMH TepMoJIH3a siBisieTcs cuieHUT (asza (BisSi12049), KoTOpas oOpa3oBanack npu
BBICOKUX TeMIlepaTypax IpH B3aUMOJEHCTBHM CMEIIAHHBIX OKCO(TOPHIOB BHCMYyTa U
CBHHIIA C MaT€pUaJIOM TUTJIS (KBapII).

[lo naHHBIM TEpMOrpaBUMETPUYECKOTO AHAIM3a CMELIAHHBIE OKCOT'aJIOT€HUIbI
PbBi,03Cl,, PbBi3;04Cls u PbBisO¢Cls HaumHatoT paszmaratbcs MpHU TeMIeparypax
cootBeTcTBeHHO 740, 754 1 760°C . DHnorepmuueckue 3pdexts! Ha KpuBoit J{TA umeromue
MakcuMyMbl 925, 930 u 935°C 00ycnoBieHbl, OUYEBHIHO, 3aTpaTaMu TeIUIa Ha IUIaBJICHUE,
ucrnapeHue (WM cyOJIMMalUIO) 4acTH NPOXYKTOB pasiiokeHHs. B ciydae okcoOpomumoB
PbBi;04Br; u PbBisO¢Brs nposiisitorcst Takue ke 3aKOHOMEPHOCTH, TEMIIEpaTyphbl Havajo
paznoxenus 600°C mis okcobpommuna coctaBa PbBi3O4Br; u 665°C mns PbBisOg¢Brs. Ha
kpuBoii JITA umeercs mo ogHomy 3H103bdexTy npu temneparype 775 u 850°C, xkoTopsie
COOTBETCTBYET TEPMOJIU3y CMELIaHHBIX OKcoOpomuaoB. [Ipu Tepmonuse cMeIIaHHbIX
okcobpomunoB PbBi3;04Br; u PbBisO¢Brs npu temmneparype Boime 960°C nabmromaercs
sKk3oTepmuueckuit 3pdext Ha kpuoit [ATA, umeromuit makcumymsl pu 973 u 984°C. Ilo-
BUJIUMOMY, IIPU ITUX TEMIEpaTypax MPOUCXOJIUT OKHCIEHUE CMEIIAHHBIX OKCOraJIOr€HU/I0B
710 OKCUJOB, J100 B3auMoJeiicTBHe 00pa30BaBIIMXCSA OKCUIOB C KBaplEM. JEHCTBUTENBHO,
10 1aHHbIM PDA, Ha peHTreHorpaMmmax 00pasloB yKa3aHHBIX COCTaBOB, OOHAPYKEHbI JTUHUU
CHUJIMKATOB BUCMYTa U cBUHIA (Bi24S112,049, Bi1;2PbO5g, PbBi03). IIpornecc pacnaga PbBiO;1
u PbBi304l3 mpotekaer npu temneparypax 490 u 520°C, coOoTBeTCTBEHHO. XapaKTepUCTUKA
kpuBbIX ITA, TT' u ITI" cxoaHble KaK y OCTaJbHBIX CMEIIAHHBIX OKCOTAJIOTEHU]IOB BUCMYTa
Y CBHHIIA, T.€. pa3jiaraercs ogHoCcTaauiiHo 10 okcuaoB BucmyTa (I11) u cunna (11).

VY CcTaHOBIIEHO, YTO TEPMUYECKMMH YCTOMUUBBIMU U3 BCEX OKCOTaJIOI€HUIOB SBIISIOTCS
CMEIIaHHbIE OKCOXJIOPUABI BUCMYTA U CBUHIIA.
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O6 ogHOM BO3MOXHOCTM MOoAeNIMPOBaHUA NOTEPb HEPruun
KUNTOBOJIbTHbIMM 3J7IEKTPOHAMM B HAHOCTPYKTypax

Muxees H.H.I, Hlupokosa E.B.z, 3ybapesa H.E.Z, Cmenosuy M.A.?

1 o«
Hayuno-uccnedosamenvcruii yenmp «Kocmuueckoe mamepuanogedenue» Hncmumyma
kpucmannoepaguu um. A.B. [Llyonuxoea PAH, o. Kanyea, zakharov@kaluga.rosmail.com

2 . - .
Kanyawcckuii cocyoapcmesennviii nedazocuueckuti ynusepcumem um. K.O. Luonkosckoeo,
2. Kanyea, e-mail: m.stepovich@rambler.ru

Panee [1] nmpennokeHo ONMCBHIBaTH NMOTEPH SHEPIrUM KUIIOBOJIBTHBIMHU 3JEKTPOHAMHU B
KOHJICHCUPOBaHHOM BEIIECTBE B BUE CYMMBI JIBYX CIaraeMbIX, OJTHO M3 KOTOPBIX OTBEYAECT
3a IOTEPU SHEPIHH IEKTPOHAMHU, UCTIBITABIIMMH MaJIOYTIIOBOE PACCESIHUE U MOTJIOMICHHBIMU
MUIICHbIO, & BTOPOE OIMUCHIBAET MOTEPU SHEPTUU OOPATHO pacCeTHHBIMU AJIEKTpoHamu. B
pabote [2] mpennokeHbl HEKOTOPHIE MyTH BO3MOXKHOTO PAa3BUTHSL TAKOW MaTeMAaTHUECKOM
MOJIETIM ¥ Ha MpUMepe KOHKPETHOTO MaTepuaja MOoKa3aHO, YTO ATOT MOAXOJ] JTaeT XOpollee
corjacue MeEXIy pPAacueTHBIMU M JKCIEPUMEHTAIbHBIMHM pe3yJbTaTaMU U JIOMYCKaeT y4eT
npyrux 3G }eKxToB, yTOUHSIOIUX MAaTEMAaTUYECKYI0 MOJIEb PACCMaTPUBAEMOro (PU3NYECKOTO
SIBJICHUSL.

B nacTosmeit pabote paccMOTpeHbI HEKOTOPbIE BO3MOKHOCTH 0000IIEHUS U YTOYHEHUS
MOJICJIM TIOTEPb PHEPTrUM MOHOPHEPIeTHUUECKUMU 3JIEKTPOHAMHU B KPHUCTAJLJIaX, OMHCAHHBIC
B[1,2] um mpoBeneHa OllEHKAa HEKOTOPBHIX BO3MOKHOCTEH HCHOJIB30BAHUS MPEIJIaraeéMoro
MOIX0/1a JUTsI IPOBEICHHSI KOJTMUECTBEHHBIX PACUETOB B HAHOCTPYKTYPUPOBAHHBIX MUIIICHSX.
[TokazaHo, Kak yueT BBOJUMBIX MOMPABOK BIMIET HA XapaKTep U3ydyaeMoil (yHKINOHAIBHOM
3aBUCHMOCTH W IS Pa3jMYHbIX MHUIICHEH BBIOJHEHBI KOJIWYECTBCHHBIE OIICHKH TaKOTO
BIIUSTHUSL.

Hccneoosanus  ewvinonnenvt npu  uuancosoii  noooepxcke Poccuiickoco  ¢ghonoa
@dyHoamenmanvHulX ucciedosanull u npasumenvcemea Kanyoccxoii oonacmu (npoexm Ne 07-
02-96406).

1. Muxees H.H., Ilempos B.1., Cmenosuu M.A. // N3B. AH CCCP. Cep. ¢u3., 1991, 1. 55,
Ne 8, c. 1.

2. Muxees HH., Cmenoeuu M.A. //3aBonckas naGopatopus. [lMarHocTuka MaTepHaliosB,
1996, 1. 62, Ne 4, C.20.
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BnusiHne paBneHus u Temnepartypbl Ha 3NIEKTPOHHYIO CTPYKTYpPY
cuctemsbl CePd;

Mypun A.B. —1'2, Llabanoea U.H. * Haiimywuna E.A. 1’2,
' @usurko-mexnuueckuii uncmumym YpO PAH, 426000, 2.Hocesck, yi. Kuposa 132,
e-mail: xps@fti.udm.ru
?Vomypmexuii 2ocydapemeennviii yrusepcumem, 426034, 2. Hocesck, Vnusepcumeckas ni. 1

Mertannuueckie CIUIaBbl, COAEpXKAIlUe pPEIKO3EMEIbHBIE AJIEMEHTBl C YacTUYHO
3aI0JIHEHHBIMH 3J1EKTPOHHBIMU 00osioukamu, Takue kak CeCub unu CePd3, npunamiexar k
rpynne cucreM ¢ TsokenbiMu - pepmuoHamu (CT®) [1]. JlanHple MaTepualibl HMEIOT
YHUKaJbHble (PU3MYECKHE CBOMCTBA MO CpPAaBHEHUIO C OOBIYHBIMH METaUIaMHU M3-3a
0o0pa30oBaHMsl PE30HAHCHOIO COCTOsIHMSA BOmm3u ypoBH Depmu, 00yCIOBICHHOTO
B3aUMO/JICHICTBUEM KpailHe JIOKaIM30BaHHbIX {-3JIEKTPOHOB U J1€JI0KAJIN30BaHHBIX 3JIEKTPOHOB
IIPOBOAMMOCTH.

B nanno# paborte uccnenoBanach 3JIEKTpoHHas CTpyKTypa cuctembl CePds meromom
PEHTICHOBCKOM  (POTOZIEKTPOHHOM  CHEKTPOCKONMM  Ha  DJIEKTPOHHOM  MarHUTHOM
CHEKTPOMETPE M pacyeTaMy IUJIOTHOCTH COCTOSHUU MpH Ppa3IMYHBIX TeMIepaTypax H
JIaBJICHUM.

Jlis mpoBesieHUsl 30HHBIX PAacueTOB HCIOIb30BAJICA JUHEHHBIA MeTol MadUH-TUH
opbutaneil B NpUOIMKEHHMH aTOMHOM cdepbl ¢ 3kpaHupoBaHHbIM 6a3ucom (TB-LMTO-
ASA) [2].

BnusiHue naBneHuss MOIEIMPOBAIOCH MPU MOMOLIM W30TPOIHOTO U3MEHEHHs oObeMa
3JIEMEHTApPHOU STYEHKH MOJICIIBHON CUCTEMBI.

JUia MonenupoBaHMsl BO3ICHCTBUS TEMIEpPATyphbl, M3-32 OTCYTCTBHS aJE€KBaTHBIX
MOTEHLIMAJIOB  B3aUMOJEHCTBUS  JJI1  M3y4YaeMbIX CHCTEM, MpEeANnojarajioch, UTO
pacnpeneseHne OTKJIOHEHUS aTOMOB OT PaBHOBECHBIX MOJIOKEHUH B PEIIETKH MPU KOHEYHBIX
TEeMIIepaTypax MOXKET ObITh OIKUCAHO CIyYaiHOU (yHKIMeH pacnpenenenus [aycca.

bbu10 Moka3aHo, 4To MpH U3MEHEHUH BHEIIHUX YCJIOBUH (IaBICHUS U TEMIIEpaTyphl) B
cucreme ¢ TsokenbiMu (pepmuonamu CePd3 mpoucxoast ¢azoBble mepexojibl, UMEIOIIHUE
YUCTO JJIEKTPOHHYIO IIPUPOAY U CBSI3aHHBIE C W3MEHEHUEM 3allOJHEHMs DJIEKTPOHHBIX
ypoBHei. C 0/1HOI CTOPOHBI, BHELITHEE /1aBJICHUE YBEIUYUBACT THOPUAN3ALNIO BaJICHTHBIX 4/-
COCTOSIHUHM C S-,p-,d-COCTOSIHUSAIMH, C JPYTroil yMEHBIIAeT IJIOTHOCTh COCTOSIHUKA Ha Er u
THOPUIM3AIIHIO JIOKATH30BAHHBIX 4/-COCTOSIHHM C $-,p-,d-COCTOSTHUSIMHU.

VBe/ln4yeHne TemImepatrypbl TakKe MPUBOAMT K YMEHBIICHUIO THOpHIU3alUH
JIOKaJM30BAHHBIX 4/-COCTOSHHHA C S-,p-,d-COCTOSTHUSMHU.

1. FO.A.H3omo8,  D.3.Kypmaes. Marepuansl ¢  CWIBHBIMH  3JIEKTPOHHBIMU

koppemsmusamu. YOH, Tom 178, N1, c. 25-60 (2008).
2. K. Andersen, Z.Povilovska, O.Jepsen. Phys. Rev. B, Vol.34, pp. 5153 (1986).
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AHanus nonAaApmn3aulMoHHOro TOpmMo3HoOro n3ny4vyeHus 6bICprIX
ANEKTPOHOB KaK 30HAa ANA ANAarHOCTUKH aTOMHOM CTPYKTYPbI
BelLljecTBa

Haconos H.H.
Jlabopamopus paduayuonnoii pusuxu, beneopoockutl 2ocyoapcmeeHtblil YHUgepcumem,
e-mail: nnn@bsu.edu.ru

PaccmarpuBaercss MoauQUUIUMpOBaHHAs CXeMa PEHTICHOCTPYKTYPHOTO aHaliu3a, B
KOTOPOW B KQ4E€CTBE 30HAUPYIOLIErO U3IYyUYECHHS UCIIONb3YIOTCS PEIATUBUCTCKHUE DIIEKTPOHBI,
a u3MepsieTcs CHeKTp (HOTOHOB, U3TYUCHHBIX 3TUMHU DJIEKTPOHAMHU B HCCIEIyeMOM 0Opasle.
Takas cxemMa MOXET WMETb psJ MPEUMYIIECTB, OOYCIOBICHHBIX BO3MOXHOCTBIO
OTHOCHTEJILHO JIETKO YIPABIIATH IApaMeTpaMU 30HIUPYIOIIETO 3JIEKTPOHHOTIO ITy4Ka.

dusznueckold OCHOBOM O0OO0CYXIaeMOro MeETOJa JUArHOCTUKH aTOMHON CTPYKTYpbI
BeIlleCTBA  SIBJIIETCA  NOJIsApU3allMioHHOe  Topmo3Hoe  u3nyuenwe  (IITH), Becbma
YYBCTBUTEIBFHOE K MEXIyaTOMHBIM KOppellusM B MHIlIeHH. B paboTte aHammzupyroTcs
BO3MOXHOCTM ucnons3oBanus IITHM  1mus  wmccnenoBaHust  CTPYKTYpbl  KPHUCTAILIOB,
MOJIMKPUCTAIIIIOB, aMOP(HBIX M MEJIKOJUCIEPCHBIX CPell, a Takxke moiauMepoB. [loka3piBaeTcs
npeobianaHre KorepeHTHOH cocranisttonieii B Boixoae [1TH 3 ynopsao4eHHBIX U YaCTUYHO
YHOPSAAOYEHHBIX cpel, Hecylleld nHpopMalnioo 00 aTOMHOU CTpyKType MuineHu. M3yuaercs
HeraTUBHOE BiMsAHUE 3¢ (deKTa IIIOTHOCTH Ha XapakTepucTuku KorepentHoro IITU wu
MOKA3bIBAETCSI BO3MOXHOCTh CYLIECTBEHHOI'O YMEHbIIEHHS Takoro BiusHus. Ocoboe
BHUMAaHUE YIEISIETCS aHAIM3y MHOTOKPAaTHOIO pacCesHMs H3JIy4arollUX JJIEKTPOHOB,
OKa3bIBAIOIETO CYIIECTBEHHOE BIUSHUE HAa (OPMUPOBAHUE CIIEKTPATbHO-YTJIOBBIX CBOMCTB
[ITHU. Tloka3piBaeTcss 3aBUCUMOCTH I(H(HEKTHBHOCTH NUATHOCTUKHU CTPYKTYpPhl MHUIICHH OT
TEOMETPHUH Ipoliecca U3ITyUEHHUS.
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Mcnonb3oBaHUe CUHXPOTPOHHOIO U3Ny4YeHUs AN aHanusa
no4ye4yHbIX KaMHeMn YyenoBekKa in vivo. ConocrtaBrneHue
ANPpPaKUMOHHbIX AaHHbLIX C pe3yfibTaTaMu INTOTPUNCUN

Husoesckuii A1, Anuapos A.H.2, ITomanos C.C.3, Mouceenxo T.H.4, deoghunos U.B.4
1 Hncmumym xamanuza um I'. K. Bopeckosa CO PAH, e. HoeocuéupCKZHHcmumym

munepanoeuu ¥YpO PAH, e. Muacc3I/IHcmumym xumuu meepoozo mena u mexanoxumuu CO

PAH, 2. Hosocubupck? Hosocubupckas 2ocydapemeennasn obnacmuas Kiunuueckas 601sHuya

2. Hosocubupcxe-mail: alexniz@inbox.ruB 0CHOBY METOJIMKH ITOJI0KEHBI CIICTYIONINE UICH.
[lepBas 3axmtoyaeTcs B TOM, YTO B CBS3H C OTPAaHMUYCHHBIM KOJMYECTBOM BHUJIOM YPOJIUTOB
HET HEOOXOAMMOCTH TMPH HCCIEAOBAHUM METOJOM PEHTTEHOBCKOW nudpakuuu
NPOBEICHUS JIETAIBHOTO KpHUCTAUIOrpapuyeckoro aHamu3za MHHEpajia, a JIHIIb
OTIpeIeNIUTh €ro MPUHAIEKHOCTh K OJHOMY M3 M3BECTHBIX KJIACCOB MOYEYHBIX KAMHEH.
JudpakrorpaMMbl ypOJIUTOB, IPUHAUISKAIIUX Pa3HBIM KJaccaM CHIBHO OTIMYAIOTCS, 3TO
NPUHILUIKATBHO YOPOIIAET 3a/1ady, MOCKOJIbKY JOCTaTOYHO MMETh COOTHOIICHHWE CHUTHAI
IIyM Ha SKCIEpUMEHTaNbHON nudpaxtorpamme ~ 10. Bropas unes 3axitoyaercs B TOM,
YTO J03a OOJly4eHHs, TMOody4yaemas [MalUeHTOM, COOTBETCTBYET CYIIECTBYIOIINM
MEIUIUHCKIM HOpPMaM KakK H3-32 Majioro pa3Mepa IydKa CHHXPOTPOHHOTO H3IIy4eHUS
(CH), Tak ¥ HCMOIB30BaHMSI MOHOXPOMATHYECKOTO W3Iy4deHus. B maHHOW cepum
HKCIIEPUMEHTOB HCIIOJIB30BAJICS CIEHUAIBHBIA «00BEKT-()aHTOM», KOTOPBIA COCTOSIT M3
YpOJIUTA U CJIOS] TIOJJKOKHOT'O CBUHOTO >Kupa TonuuHon 3+16 cm. [loueunbsle kaMHU UMENH
pa3Mepsl 0T 3 110 8 MM.

HccnenoBanusi TMPOBOAWIMCH HAa CTAaHIMHA AU(PPAKIMOHHBIX  HCCIEOBAaHUM,
YCTaHOBICHHOW Ha 4-OM KaHaje CHHXPOTPOHHOTrO wu3inydeHus Hakomurtens BOIIIII-3
CunxpotponHoro uentpa Uucruryra saepnoit ¢pusuku CO PAH, r. HoBocubupck (UAD
CO PAH). MoHOXpOMaTH3UPOBAaHHBI MYYOK CHHXPOTPOHHOTO W3ITy4YeHUsS (SHEPTus
kBaHTOB 33.7 k9B) dhopmupoBacs BRIXOAHBIM KOJUTUMATOPOM (pazmep myuka 0.5x0.5 mm)
U Tmpoxoamn yepe3 oOpaszen. [udparupoBaHHOE H3Iy4YEHHE PErHCTPUPOBATIOCH
JBYXKOOpJIUHATHBIM eTeKTopoM MAR-345.

Paboma eévinonnena npu ¢punarncosoii noodepacke PODHU (epanm 06-02-17277)
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NMoaxoabl K KOMOMHUpPOBaHUIO 6GeccTaHAAPTHOroO
pPeHTreHoha3oBOro U peHTreHOCNeKTpanbHOro aHanusa
MHorocasHbIX NOPOLUKOB

Huxcuna O. E., Axumos U. C., Pyscnuxos C.I".
Cubupckuil ghedepanvhutii ynueepcumem, Kpacnospck
e-mail: I-S-Yakimov@yandex.ru

PesynbTathl psaga MexIyHapoaHbIX KOHKYpcoB Search-Match Round Robin - 2002 [1],
Round Robin on Quantitative Phase Analysis [2], Reynolds Cup-2008, moka3zamu, 4TO
CYLIECTBYIOT CE€pbE3HbIE MPOOJIEMBI C KAUECTBEHHBIM U KOJIMYECTBEHHBIM PEHTI€HO(PA30BbIM
ananmzom (P®A) o6pas3ioB crnoxHoro ¢asoBoro cocrtaBa. OIHUM €3 HampaBlICHUN
MOBBIIIEHUS JOCTOBEPHOCTH M TOYHOCTU PDA sBiseTCs NOMOIHUTEIBLHOE HCIIONb30BAHHE
JAHHBIX O KAYECTBEHHOM M KOJIMYECTBEHHOM 3JIEMEHTHOM cocTaBe. EcTeCTBEHHBIM sIBIIsSIETCS
UCIOJIb30BAaHUE ISl STOW LIEIM TaHHBIX peHTreHocneKTpaibHoro aHanusa (PCA), mockosibky
0o0a 3TUX METO/Ja PEHTI€HOBCKHE, HEpa3pylIarollhe, UMEIOT CXOXKYH MPOOOMOATOTOBKY H
MHOTH€ J1JabOpaTOpHH pacroiararoT OJHOBPEMEHHO 000MMH MeToJaMU. B npuiioskeHusx, riae
HET HEOOXOIMMOCTH B aHAJIN3€ OOJBIIOrO KOJIMYECTBA MPOO M BHICOKOW TOYHOCTH aHaJM3a,
1esnecoodpa3Ho MCHoiab3oBaTh OeccrangaptHele Metoasl POA u PCA T.K. moaroroBka
aJIeKBaTHBIX CTaHJAPTHBIX (TPaJyupOBOYHBIX) 00pa3OB YACTO MPEICTABISAET MPOOIEMY.

HNudopmannoHHo-oncKkoBasi cucrema peHTtreHodazosoro aHanuza (MIIC PDA) [3]
OPUEHTHPOBAHA HA aHAJIM3 0OPaA3IOB CIOKHOTO (Pa3oBOTO cocTaBa. Y IOOHBIN rpadUyecKuii
uHTepdeiic  monb3oBarens  00ecleYrBAaeT  BHIMNOJIHEHHE  HECKOJIbKUX  3()(eKTUBHBIX
MOUCKOBBIX CTpaTeruii KadyecTBeHHOro PXPA u 1OCTpoeHHME MOAEIBHOTO CIEKTpa
Tu(pakTorpaMMbl M3 HUICHTU(UIUPOBAHHBIX peHTreHo(pa3zoBbix 3TamoHoB. UIIC PDA -
€MHCTBEHHAs U3 y4acTBOBaBIIUX B [1] mporpamm, KOTopasi COBEPILIEHHO TOYHO OIpeaesuia
(a30BBIi COCTAB BCEX KOHKYPCHBIX 33 JaHHMA.

Paspaborana HoBas, 6-1 Bepcus UIIC PODA, B KOTOpoW HHTErpUpOBAHbI
KayeCTBEHHBIH M OeccTaHIapTHBIA KOJIMYECTBEHHBIH peHTreHodasonbiili ananu3 (KPDA) c
BO3MO’KHOCTBIO HMHTEPAKTUBHOIO YTOUHEHHUS PE3yJIbTaTOB aHajln3a (a3oBOro COCTaBa IIO0
JAHHBIM O KaUeCTBEHHOM U KOJIMYECTBEHHOM 3JIeMEHTHOM cocTaBe. beccrannaptasiii KPOA
BBIIIOJIHAETCS 10 MOAU(PUIIMPOBAHHOMY aBTOPOM METOAY CChUIOUHBIX MHTeHcHBHOCTEH (RIR)
Ha OCHOBE MOJEJIBHOIO CIEKTpa AudpakTorpaMmbl. YTOUYHEHHE (HAa30BOrO COCTaBa I10
JaHHBIM 00 DJJIEMEHTHOM COCTaBE€ MOJKET BBINOJHATHCA HECKOJbKUMHU crnocobamu. B
kauecTBeHHOM PDA, momumo TpaaunnoHHOW ¢uuibTparnuu 3TanoHoB PDF2 nmo manHbIM 00
o0lIeM KayeCTBEHHOM 3JIEMEHTHOM COCTaBe MPOObI, MOXKET BBIMOJHATHCA JUHAMHYECKAs
GuIbTpaLus ¢ yuyeToM elle He WACHTU(HUIMPOBAHHOTO OCTATOYHOI'O 3JEMEHTHOI'O COCTaBa.
I[Ipu KPDA oguHOuUHBIX MpoO MONHOE WM BBIOOPOYHOE yTOUYHEHHME (PA30BOTO cocTaBa
IIPOU3BOJUTCS IIyTEM COIVIACOBAHUSA JJIEMEHTHOTO COCTAaBa, PAaCCYMTAHHOTO W3 JAHHBIX
KP®A, OSKCHEpUMEHTAJIBHOIO  JJEMEHTHOTO  COCTaBa M MOJEIBHOIO  CIIEKTpa
mudpaktorpamMmbl. [Ipu KPDA rpynmbl 0IHOTHUIHBIX TPoO ¢ pa3sTuYHBIM KOJIHMYECTBEHHBIM
(ha30BbIM COCTaBOM aHAJOTUYHO MOXKET MPOU3BOAUTHCSA UTEPALIMOHHOE YTOUHEHHE (a30BOro
cocTaBa, MpPH HEOOXOAMMOCTH, COBMECTHO C YTOYHEHHEM CCBHIJIOYHBIX WHTEHCHBHOCTEH
(«xopyHnnoBbIx yucen») da3. Pesynprarer UTIC POA ¢ ucnonszoBannem ganusix PCA npu
KP®A 06pa3ioB u3 [2] uMeIOT cpeHre adCOMOTHRIE OTKIOHEHUsI MeHee 1% macc./dazy.

1. J-M.Le Meins, L.M.D.Granswick, A.Le Beil // Powder Diffraction. 2003. 18. Issue 2. 106-
113.

2.1 C. Madsen, N. V. Y. Scarlett, L. M. D. Cranswick. //' J. Appl. Cryst. 2002. 35. 383-400.
3. Axumos U.C. // 3aBoackas nmadoparopus. 2007. 11. 32-37.
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WUccnepoBaHue reTepocTpyKTYpHbIX KpucTtannos NH,Cl:Cu®* u
NH,Cl:Mn?* meToaamu peHTreHoda30BOro u
pPeHTreHoCneKTpanbHOro aHann3a

Ivsanxosa JI.A., Iynun F0.0., baxeanos A.C.*
CIIol'Y (Canxm-Ilemepbype, Poccus), e-mail: lyuba pyan@mail.ru,
*340 «Hayunvie npubopwiy (Canxkm-Ilemepoype, Poccus)

I{enpro maHHOW pabOTHI ABJISICTCS UCCIIEAOBAHUE OCOOEHHOCTEH 3axBaTa MpUMeceu Cu*’
v Mn*" kpucramtamu NH4Cl, BbIpamieHHBIME 13 (OPMAMHIHBIX PACTBOPOB (MAcCOBOE
otHomeHnne H,O:CONH;3=1:1) B yclIOBUsAX MOCTETICHHOTO CHIDKCHHS TEMIIEPATYPHI.

MeToioM MOHOKPHUCTAIBHOU TU(PAKTOMETPUN 3a(UKCHPOBAHO OPHUEHTUPOBAHHOE
BXOJKJICHHE MPUMECHBIX (a3 Meau B KPUCTAILIbI XJIOpUIAa aMMOHHUSA Ha MUKpoypoBHe[l, 2],
o crnoco0y ABYMEPHOTO M30MOpdu3Ma ¢ 00pa3oBaHHEM reTepodazHbIX KPUCTAIIOB (T.H.
«CHUHTAKCUYECKHUX cpacTaHuii»). [Ipu sTom Cu’" 3axBaTbIBacTCA IO (100) B BHIIE BPOCTKOB
ool comu (NHy4),CuCls-2H,O (mpu C=0,17-0,14 % Cu’" B pacTBope), B BHJIE
CuCl;-2H,0 (2,26-3,4 %), u B Bune meano-popmamuanoro coenunerus CuCl,-2CONH;3
(7,25 — 9,45 %). Ilpumecn Mn*" Bxomur B kpuctaysl NH4Cl o mnockoctu (110) B Bume
MnCl;-4H,0O u mo (100) B Buge (NH4)oMnCls-2H,0O npennonoXuTeapHO Tak ke I0
croco0y AByMepHOro nzoMopdusma.

Konnentpanus mapranma B kpuctamiax NH4Cl ompenensiack MeTOAOM pPEHTTEHO-
¢droopectieHTHOrO  criekTpanbHoro  anammsza (POCA) Ha  SHeEproaucrnepcHOHHOM
pentreHoduroopectieHTHOM — aHanuzatope  «PEAH-404»  (Rh-m3mydyenue, mnporpamma
o6pabotku EXACT, TonmmHa HaCBIIIEHHOTO cjosi Oosee SmMM, pasmep udacTtui menee 10
MKM).

[Tapamerp  snemeHTapHON  sideiku W (a30BBIE  COCTaB  OMpPENEIsUIUCH
peHTreHorpauueckuMi  METOJaMHU Ha TMOopTaTUBHOM Audpakromerpe udpeii-401
(TO3UIIMOHHO-9YBCTBUTENIBHBIA JeTekTop, Cu—ocTpodokycHas Tpyoka bCB-30, yriooit
nuanaszon 20 — 70 ° 20, nporpammHbIil komiieke Difract).

CpaBHUTENbHBIE PE3YNbTAThI UCCIEIOBAHUS MPUBEICHBI B TAOIHUIIE.

N3mensttomumiicss napamerp NH4C1:Cu2+ [2] NH,4CI: Mn>"
Koaddunment BxoxaeHus K>1, Cep = 0-2.6 macc. % | K<0.25, Cp=2.9-15.9 macc. %
npumecH, K K <1, Cop=2.6-7 mace. % | K=0.35, Cep=16-20.7 macc. %

U3mMenenne m.9.4., A +0.008 +0.006

1. @panxe B.J[.. [Iynun F0.0.. [Inamonosa H.B. // Bectauk CIIOI'Y. 7. (2003). 2. C. 16.
2. @panke B.JI.. IIynun FO.0O.. [lvanxosa JI.A. // Kpucrannorpadus. 52. (2007). 1. C. 80.
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CneKkTpoCcKonuA NpPoTAXeHHbIX TOHKUX CTPYKTYP CNeKTpoB
3HepreTUYeCKUX NoTepb 3NIEKTPOHOB AN KOJIMYECTBEHHOro
aHanusa CBepXTOHKMX NOBEPXHOCTHbIX CrioeB
3d-mMeTannoB U X coeauHeHUun

Cypnun JI.B., baxkuesa O.P., I'aii /.E.
Quzuko-mexnuueckuti uncmumym YpO PAH, 2. Horcesck
e-mail: lasas@fti.udm.ru

[IpoTsikeHHBIE TOHKHE CTPYKTYpBl CIIEKTPOB SHEPreTHUYECKHX IOTEPH 3JIEKTPOHOB
(EELFS — Electron Energy Loss Fine Structure) mnpeacTaBisitoT co00W OCHMILIAINHA
MHTEHCUBHOCTU HMHCCHUM HEYIPYIO pPacCEsSHHBIX OJJIEKTPOHOB B 3aBUCHUMOCTH OT UX
KMHETHUYECKOW »Hepruu. /laHHble oCUMIUIALUN 00pa3yroTcs Ipu BO30yKICHUH IOBEPXHOCTH
oOpasiia MTOTOKOM MOHOYHEpreTHUecKux MeKTpoHOB ( ~ 1k3B). EELFS crekTpsl sBistoTCS
XAFS (X-ray Absorption Fine Structure) mogoOHBIM SIBIEHUEM, MOCKOJBKY MOMYJISIINS
MHTEHCUBHOCTHU IIPOLIECCA PACCESTHUS MPOUCXOAUT B PE3yJIbTaTeé KOTEPEHTHOIO PACCESHUS
BTOPUYHOTO IEKTPOHA Ha OJIMDKAMIIEM aTOMHOM OKPY’KEHHH BO30YKIa€MOIo aToma.

B mnacrosimeit pabore momydensl M23-EELFS skcnepuMeHTanIbHBIE CIEKTPHI C
noBepxHocTel uncThix oopasnos Fe, Ni, Cu, a Takxxe M23-EELFS cnekrpos Fe, Ni, Cu u K-
EELFS crnexkTpoB KHCIOpOJa C MOBEPXHOCTH CTEXHOMETpUYECKHX OKcuaoB Fe,O3, NiO,
CuO.

O6pabotka skcriepuMeHTanbHbIX EELFS-maHHBIX ¢ Lenblo MOJydeHUs mapamMeTpoB
CTPYKTYpPBI HCCIIEyeMON 00JIaCTH CYLIECTBEHHO CIIOXKHEE, YeM IpOoLeaypa, UCIOoIb3yeMas B
XAFS cnekrpockonuu. B mepByro ouepenb 3710 cBsizaHo ¢ TeM, uto EELFS cnektp
dopmupyercss B pe3yinbTaTe BO30YXKIACHHS BHYTPEHHEIO YPOBHA aTOMa BeEIECTBa
AJIEKTPOHHBIM YAapoM. DTO HE TMO3BOJIAET MCIOIb30BaTh AMIIOJIBHBIC MpaBWiia 0TOOpa MpU
pacuere amIUIUTYJ] W UHTEHCHBHOCTEH 3JEKTPOHHBIX mepexonoB, (popmupyromux EELFS
nporecc. B Hacroseil pabote B paMkax TEOpUH paccesiHUs, B IPUOIMKEHUN OJJTHOKPATHOTO
paccestHisl BTOPUYHOTO AJIEKTPOHA HA COCEAHHMX aToMax IMOJyYeHbI IIPOCThIE aHAIUTUYECKUE
BbIpakeHus 1 onucanus EELFS cnekrtpos. Ilpemnoxkena MeTonnka pacueToB aMILIUTY] U
MHTEHCUBHOCTEN AJIEKTPOHHBIX MEPEXO0JO0B Pa3INYHON MYJIBTUIIOJBHOCTH (POPMUPYIOLIUX
EELFS mnponecc (mna ciydas Bo3OyxaeHus M23-BHyTpeHHero ypoBHs 3d-mepexoiHbIX
MeTtaiioB U K-ypoBHs kuciopomaa). Ha 6a3ze aTOMHBIX BOJIHOBBIX (DYHKIIMI PACCUMTAHHBIX U3
NIEPBBIX NPUHIUIIOB IIPOBEIEHBI PACUETHI NIEPBBIX JAEBATH CIAraeMbIX Psiia MYJbTUIIOIBHOTO
paznoxkeHus (A mpouecca BO30YXKIEHUS BHYTPEHHEIO YPOBHSI BELIECTBA 3JIEKTPOHHBIM
ynapom). Mcnonb3ys NpoBefeHHBIE pacueTbl U IOJTYYEHHbIE aHAIUTHYECKUE BBIPA)KEHUS
nposeneH pacuer M23 EELFS cnektpoB 3d-meramnoB u K EELFS cnekrpos kucnopoja.
[TosyyeHo Xopoliee COOTBETCTBHE PACUETHBIX M HKCIIEPUMEHTAJIbHBIX NaHHBIX. Vcronb3ys
METOJl peryyisipu3zaluud N0 TUXOHOBY JUIsl pElICHHUsS WHTErpajbHBbIX YpaBHEHHH (KOTOpPBIA
JaBHO M YychemHo wucnoib3dyercsi B XAFS chnekrpockonuu) M paccUMTaHHbIE HaMU
napaMmeTpsl paccessHus BTopuuHoro oiekrpoHa B EELFS (kotopble BXosST B SApoO
MHTETPajbHOTO ypaBHEHMs) HAMU IOJyYeHbl aTOMHbIE MapHbIE KOPPEJSALUOHHBIE (YHKIUU
u3 skcnepuMmenTaibHbix M23-EELFS cnextpos uncteix Fe, Ni, Cu u M23-EELFS cnekrpos
Fe, Ni, Cu u K-EELFS cnekTpoB KuciopoJa MOJYYEHHBIX C TOHKHUX OKCHIHBIX IJICHOK.
Xopolee COOTBETCTBUE IKCHEPUMEHTANIbHBIX U KPUCTAIIIOrpapUueCKUX aTOMHBIX MapHbIX
KOPPEJSIUOHHBIX (PYHKIUH, TT03BOJISIET HAM TOBOPUTH O TOM, YTO MCIIOJIb3Ys MPEI0KEHHbIE
TEOPETUYECKHE TMOJIXOAbl M METOJUMKH pPacyeToB M METOJOB SKCIEPUMEHTAIBHOM
peructpauuun  EELFS  crpyktyp, EELFS  cnekrpockomnus  1MO3BOJSET  MOIy4yaTh
KOJIMYECTBEHHBIEC JIaHHbIE Ha YPOBHE OJMKAMIINX MEKAaTOMHBIX JJIUH CBSA3H, MaplUalIbHbBIX
KOOPJAMHAIIMOHHBIX YHCET U NTapaMETPOB IUCIIEPCUN MEKATOMHBIX PACCTOSIHUM.
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PeHTreHO2neKkTpoOHHOE uccriegoBaHue HAaHOCTPYKTYP

LTepebosa H.C., " Illabanosa H.H., **Kodonosa B.B., *Kodonos B.H.
" ©usuro-mexruueckuii unemumym YpO PAH, e-mail: xps@fti.udm.ru
? TOY BIIO “Yomypmcxkuii 2ocydapemeennblil yHugepcumem”

3 HOI xumuueckoii pusuxu u mesockonuu YOHL YpO PAH
! Unemumym npurnaonoii mexanuxu YpO PAH, Hocesck

[lepcrieKTUBHBIM HAIpaBICHUEM CO3[aHUS METOJIUK MCCIEAOBAaHUS DJICKTPOHHOTO
CTPOCHHS BEIECTBA SIBJIIIFOTCSI METOJIMKH, OCHOBAaHHBIC Ha NMPUMEHCHHH PEHTTCHOBCKOU
anekTpoHHoU criekTpockonuu (POC). 3To cBsi3aHO ¢ TE€M, UTO PEHT'€HOAIEKTPOHHBIE CIIEKTPhI
MOTYT JaBaTh HH(OPMAIIHIO O JIOKATHHBIX XapaKTEPUCTHKAX CTPOCHUS BEIIECTBA, B OTIUYHE
OT TPAJUIIMOHHBIX METO/IOB, KOTOPHIE MAIOT MH(DOPMAIIHIO, YCPEAHEHHYIO TI0 HCCIEAYEMOMY
oOpasiry.

[IpoBeieHO  PEHTreHODJIEKTPOHHOE  HCCIIEJIOBAHME CMeced  MeTaJlICoIepKalliuX
BEIIECTB M3 OTXOJIOB METAJUTYPIHYECKOTO MPOM3BOJICTBA U MOJIMMEPHOTO ChIphbs. [lokazaHo,
YTO TMpPH B3aUMOJCUCTBUU MOJIMMEPHOTO CHIPbS C METaJUTyprU4eCKOW MbUIBI0 BO3MOYKHO
BOCCTAHOBJICHHE MeTa/uta. Hajaumdne BOCCTaHOBICHHOIO METajlla MPUBOJIUT K 00pa30BaHUIO
YTAEPOAHBIX METAIICOIEPIKALUX HAHOCTPYKTYP.

BoccranoBnenune MeramioB yBenuuuBaetcs B psany Fe, Co, Ni, Cu. 3To cBs3aHO C
yBeNMMueHHueM 3amofHeHus d o000J0YKM MeTaina U, CIeJ0BaTelbHO, OOpa3oBaHHE
METAJUIOYTJICPOIHBIX ~ HAHOCTPYKTYpP HANpPSIMYIO 3aBUCHUT OT CTCICHH 3allOJIHCHHS
951eKTpOHHOHI 3d-000J104KH METAILIOB.

B pabore wuccrmenoBanoch W3MEHEHHE CIIMHOBOTO MAarHUTHOTO MOMEHTa aTOMOB
nepexoaHbix 3d MeTaquioB B METaUIOCOJEpKallMX HAHOCTPYKTypax Ha OCHOBE CBS3H
OTHOIICHUST MHTCHCUBHOCTEH MaKCHMyMOB MYJBTHIUICTHOTO PACIICIUICHUS B 3S-CIEKTpax
MeTauioB. McciiemoBaHus METaIOCOACPIKAIUX HAHOCTPYKTYP TIOKa3alM YBEIWYCHHE
ATOMHOI'0 MarHUTHOI0 MOMeHTa Ha atoMax Co, Ni u nosiBiieHue ero Ha atome Cu.
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OnpepgeneHue cocTtaBa pasynopsigo4YeHHbIX NONynpoBOAHUKOBbLIX
cnylaBoB MeToA4aMM YNbTPaAMArkon peHTreHOBCKOW CMEeKTPOCKONun

Tepexos B.A.
Boponeswcckuii cocyoapcmeennwiii ynusepcumem, Bopouneorwe, e-mail: fit@phys.vsu.ru

K d4uciy BenWYmMH, COXPaHSIONIMX CBOKO OINPENSIEHHOCTh TPU MEPexoje OT
KPUCTANIMYECKOTO0 K aMOpP(HOMY COCTOSIHHUIO, OTHOCHTCS IUIOTHOCTH DJICKTPOHHBIX
COCTOSIHUI g(E)~Z5(E—Ei) (1). Kpome mnonno#t mmotHocTH cocTosHui (1), mose3Ho

7

BBCCTHU B PACCMOTPCHHUC - JIOKAJIbHYTO IIJIOTHOCTD OJICKTPOHHBIX COCTOSTHHUM

ga(E)~Z§(E -k, )K(pa /o, >‘2 (2), tne ¢, — opOuTamk, JOKAIU30BAaHHAS OKOJIO aToOMa «a»; B

TakoM ciyyae g,(E) — sBisieTcs II0THOCTRIO COCTOSIHUM BOJIM3M aTOMOB copTa «a». FIMeHHO
OHa SIBIsIETCSl HanOomee MH(OPMATUBHON B Ciiydae aMOP(HBIX CIUIABOB, B KOTOPHIX MOTYT
OCYUIECTBIIATHCS PA3IMYHbIE BAPUAHTHI CTEXUOMETPUUYECKOTO OECHopsiaKa: CTAaTUCTUYECKOEe
3all0JIHCHUE AHWOHHBIX M KAaTHOHHBIX IO3UIHHA, 00pa3oBaHME KIIACTEPOB XHMHUYECKOTO
COCIMHEHUS] B MATpHUIE JPYroro COCTaBa, pealn3alys pa3iHyuHbIX aJJIOTPOMHBIX (HopM
OJIHOT'O M TOT'O K€ XMMHUYECKOTO COEUHEHMUS.

Wudopmannio 0 JOKAJIbHONH IUIOTHOCTH  COCTOSHUNM  JaéT  PEHTreHOBCKas
CHEKTPOCKOMUS, KOoTopas B ciydae AMUCCUU U MOTJIOLIEHUS:

1By Y 8(E-E, [0, H 'co,-dﬁ\z (3); u B~ S(E-E)\[o, H p,dF ‘2 )
i S

MO3BOJISIET MOJYYaTh YHEPreTUYECKOE PACIPECIICHUE 3aHITHIX U CBOOOJHBIX 3JIEKTPOHHBIX
COCTOSIHMI aTOMOB COPTa «a.

Ha mpumepe mupoK030HHBIX MOTYIIPOBOJHIKOB IEPEMEHHOTO cocTaBa tuma a-SiCy u
a-SiN, nmokasausl Bo3MoxkHocTH USXES m XANES B ucciaemoBaHuyd KOMIIO3UIIHOHHOTO
Oecropsiika U COCTaBa dTUX CIUIABOB.

218



100 cM cBepX4yBCTBUTESbHbIN 3JIEKTPOHHbLIA MarHUTHbIN
CMeKTpoMeTp C NpucTaBKamMu

L2Thanesnuxos B.A., " Illa6anosa U.H., ' Kaszanyes A.E., "*Xonzaxoe A.B.
L @usuxo-mexnuyeckuii unemumym YpO PAH, 2. Howcesck, Poccus, e-mail:xps@fti.udm.ru
IOV BIIO Yomypmckuii 2ocyoapcmeennuiii ynusepcumem, Hoicesck, Poccus

AHanu3 MHoOrojeTHedl paOoThl MO CO3AAHMI0 M OSKCIUTyaTallud dSJIEKTPOHHBIX
MarHUTHBIX ~ CHEKTPOMETPOB  IOKa3ajl  3HAUYMTEIbHOE MPEUMYIIECTBO  MarHUTHOTO
HHEpProaHagInu3aToOpa M0 CPABHEHHUIO C AIIEKTPOCTATUYECKUM: 00Jiee BHICOKHE KOHTPACTHOCTh U
paszpenieHne (0COOEHHO B CIIEKTpaxX BaJIEHTHBIX I0JI0C); Halduuue (HOKaIbHOU MJIOCKOCTH, YTO
JlaeT BO3MOXKHOCTb OJHOBPEMEHHON PEerucTpaiyy 3JeKTPOHOB B OOJBILION SHEPreTHYecKOi
o0jacTu; KpoMe€ TOr0 MAarHUTHBIM aHAIM3aTOpP KOHCTPYKTHUBHO OTJAENEH OT BaKyyMHOM
KaMephl CIIEKTPOMETpA, YTO IO3BOJSAET NPUMEHATh TEXHOJIOTMUYECKHUE BO3JCHCTBUS Ha
obpasetr, B Tom uncie HarpeB 10 2000 K B )KUIKOM COCTOSHHHM U OXJIAXKACHHUE IO TeIHUEBbIX
TeMIeparyp, U JAp., COIMPOBOKIAIOIIUXCA arpecCUBHBIM Ta30BBIIACICHHEM 0€3 yXy/IIEeHUS]
paspenieHuss U cBeTocuiibl. CepuiiHbIe AJIEKTPOCTATUYECKUE CIIEKTPOMETPHI JHILIEHBI TaKUX
BO3MO’KHOCTEH U HE MOTYT OBITh HUCIOJIB30BAHBI JIII TEXHOJOTHUECKUX LENIeH.

B na6opatopun POC ®uzuko-texuuyeckoro umHcturyta YpO PAH coBmecTHO C
YAMYpPTCKUM TOCYIapCTBEHHBIM YHHMBEPCUTETOM CO3JaHbl JJIEKTPOHHBIE MAarHUTHBIC
CHEKTPOMETPHI ¢ ABOMHON (oKycupoBKoil ¢ paguycoM opOuthl 10cm., 30cm., 100cM. s
pabotbl B uHTepBase sHepruil ot 80 mo 1500 5B, a 100cMm. — 1o 4 M»3B, 10 OCHOBHBIM
rapaMeTpam He yCTyHarolIye JIydIIuM 3apyOeixHbIM IEKTPOCTATUYECKUM CIIEKTPOMETpaMm, a
II0 OCHALICHUIO TEXHOJIOIMYECKMMH INPUCTaBKaMU — IpeBocxonsdue ux. Ha yHukampHOM
100-cM. 37€KTPOHHOM MAarHUTHBIM CHEKTPOMETPOM C OONBIIUM PaAMyCOM IMKIOTPOHHOM
opOUTHI 0OecrieunBaeTCs HaUBBICIIAsl YyBCTBUTEIBHOCTH ( Ha JIBa MOpsAKa Bble, yeM A 30
CM CIIEKTPOMETPOB), YTO TIO3BOJSET BECTU HCCIECIOBAaHUS MalbIX J03 H3Iy4YEHHs MpU
OBICTPOIIPOTEKAIOIINX MPOLIECcCaX U OLICHUTh MAaccy MOKOs AJIEKTPOHHOTO aHTUHEUTPUHO MPHU
B-pacmane Tputus. [Ipubop ocHaieH CBEPXMOIIHON MMITYJIbCHON PEHTIEHOBCKOW TpyOKOMH
Ui BO30YKIEHHs JIEKTPOHOB U MHOTOKAaHAJIbHOM MHOTOQHOJHOW CHCTEMOW pEerucTpanuu
9MeKTpOHOB. CHEKTPOMETP MOXKET COBEpIIAaTh BpAalICHHWE [0 OCH, MNEPIEHIUKYJISPHOU
IUIOCKOCTH MAarHMTHOTO MEPHJMAaHa, 4TO JAeT IIMPOTHYIO 3aBUCUMOCTH M BO3MOYKHOCTB
UCCIIEZIOBAaTh CBEPXTOHKHE CJIOW KHIKHUX OOpasloB (0 OAHOATOMHOIO CIJIOSI) U BECTH
HCCIIEIOBaHMs ITOBEPXHOCTHBIX CJIOEB TBEPIBIX TEI 3a OJUH HMITYJIBC YJApPHOH Harpys3KH
TIPOIOJIKUTEIBHOCTRIO 10 107 c.

C nenpro U3y4eHUs MalbIX 103 U3JIy4eHUs! OBICTPOIIPOTEKAIOIINX POLIECCOB TpedyeTcs
0c000 BBICOKash YyBCTBUTEIBHOCTH AJIEKTPOHHOI'O CIEKTpa. B 3TOM ciydae eIWHCTBEHHO
BO3MOXKHBIM SIBJISIETCS MCIIOJB30BaHNE MATHUTHOTO YHEPrOaHAIM3aTOpa: BBICOKAs CBETOCUIA
100 cm cmekrpomerpa, Haimuuue (OKATHHONW IUIOCKOCTH IIO3BOJISIIOT C MHOTOAHOJHOM
MHUKPOKaHAJIbHOM IUIACTUHOM OJHOBPEMEHHO PErMCTPUPOBATH SHEPreTUYECKYI0 00JacTh B
HECKOJIBKO COT 3B, 4TO 1aeT yBennueHne 4yBCTBUTEIBHOCTH HA HECKOJIBKO MOPSIKOB.

B wmupe B Hacrosimee BpeMs HE BBIIYCKAIOTCA CIIEKTPOMETPBl C MarHUTHBIM
SHEProaHaanu3aTopoM. bBOJBIION OIBIT, IOJIYYEHHBIH HAIIMM KOJUIEKTMBOM, 10 CO3JaHHUIO
MarHMTHBIX DJIEKTPOHHBIX CIEKTPOMETPOB IOKA3bIBACT, YTO IPOBEIEHUE HCCICNOBAHUN B
OKCTPEMAJIBHBIX YCIIOBUSIX €AMHCTBEHHO BO3MOXXHO C HCIIOJIb30BAHMEM MAarHUTHOTO
SHEpProaHaIn3aTopa.
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HaHOHy3blpbKVI Ha NOBEPXHOCTU NenNnNOOKPOKUTa

Llenvmosuu B.4.
T'eogusuueckas obcepsamopus «bopoxy ¢punuan HD3 PAH, n. Bopok, Poccus. bopok,
Apocnaeckas obnacmn, 152742, e-mail: borokl@mail.ru

Panee yueHbIMH YK€ BBICKA3bIBAJIaCh THUIIOTE€3a O CYIIECTBOBAHUS CTaOWUIIBLHBIX
"HaHOMY3bIPHKOBBIX" 0OBEKTOB, HO JI0 OHA JIOJIT0 HUYEM He OblLIa MoATBepxkanack. Brnepbie
uccinenonatenu [1] Habmronanu "HaHOMY3bIPHKU" B BOJHOM pacTBOpE YIJIEKHCIIOTO raza mpu
temneparype 25-27°C. C mOMOIIBI0 aTOMHO-CHUJIOBOM MHUKPOCKOIUU OBLIM TOTYYEHBI
KauecTBEHHbIe H300pakeHUs, a MH(pPaKpacHas CIEKTPOCKOMMs MoKa3aja, 4TO BEILIECTBO
BHYTPH "My3bIpbKOB" JIEHCTBUTENIBHO, HAXOWIOCH B ra3oBol ¢aze. "HaHomy3blpbku" umenu
nuameTp okoJio ot 10 um 110 1,5 MKM.

Hamu ObUiM m3yudeHa MOBEPXHOCTH JIETIUIOKPOKHTAa CHHTETHYECKOTO W MPUPOIHOTO
MIPOUCXOXACHUS MPU MOMOIIM METOAOB ONTHYECKOHN (puc.l) U cKaHMpYIOIIEH 3JIEKTPOHHOM
MuKpockonuu (puc.2). HMccnenoBanusi MpoOBOAWINCH AJIS TOMCKAa M U3YyYEHUs] MUKPOIIOp U
HAHOIIOP, KOTOPBIE JOJKHBI ObUIM BO3HUKATh MPH Mpoliecce AeruapaTaluy JICMUIOKPOKUTA.
OpHaKo BMECTO HAHOMOpP HpU HAONIIOJEHUM B ONTHYECKUH MHUKPOCKOIN ObUIM OOHApYKEHbI
My3bIPbKH Pa3MEPOM OT J0JIEH MKM JI0 HECKOJIBKMX MKM. L[BeT my3bIpbKOB BapbHUpOBai OT
YepHOro JI0 KpPacHOBAaTOro M pbbKero. JlerambHoe wu3ydeHue obOpasna MOpU HOMOIIU
ANEKTPOHHOIO MHUKpOCKona ycrnexa He umena. [lo-BuauMomy, my3bIpbKH —SBISIOTCA
ra30HANOJIHEHHBIMU M JIONAIOTCSA B BaKyyMe AJIEKTPOHHOIO MMKpockona. IIpum moBTopHOM
MPOCMOTpe 00pa3lloB B ONTHYECKUH MHUKPOCKOIl KOJUYECTBO HAHOMY3BIPHKOB OBLIO
MEHBUIMM, 4YE€M JI0 BAaKyyMHUpPOBaHHUS, HO 4Yepe3 HECKOJbKO YacOB IIOBEPXHOCTb BHOBb
MOKpbIBajach my3blppkaMu. [Ipum paboTe ¢ ONTHYECKMM MHUKPOCKOIIOM HCIOJIb30Bajlach
MeTOo/MKa TpexMepHoil Mukpockonuu (3D-muxpockonus). KauectBo nzo0pakeHust Ipu 3TOM
PE3KO BO3pacTao.

Takum oOpa3om, BHEepBble ObLIO TMOKAa3aHO HAJMYKME HAHO- U MHUKPOITYy3BIPHKOB Ha
MOBEPXHOCTU TPUPOJHOTO W CHHTETUYECKOTO JIEMMIOKPOKHTa U BO3MOXHOCTb UX
HaOJIIOACHUS TIPU MOMOLIM OOBIYHOTO ONTUYECKOI'0 MHUKPOCKOIA C UCHOJIb30BAHUEM METOJIA
3D-MUKpPOCKOTHH.

SEMMY 000K SEMMAG: 260 kx
Vew i F310 T 20 m VEGAT TESCAN g
ataimiyy: 112807 Dal- BSE Detector 0 Beres we ras [

Puc.1. Hanomy3sipbku. OnTuka Puc.2. To ke, CKaHUPYIOIIHI MUKPOCKOTI

1. Zhang Xue, Khan Abbas, and Ducker William A. A. Nanoscale Gas State.
http://link.aps.org/abstract/PRL/v98/e136101
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UccnepgoBaHuMe 351EKTPOHHOIO M aTOMHOIO CTPOEeHUA
oumeTannuyeckux HaHovacTtuy Fe-Pt u Fe-Co metogamu
PEHTreHOBCKOM CMNEeKTPOCKONUU

lsauko O.B., Kosunxun A.B.
Hayuno-uccneoosamenvckuii uncmumym gusuxu FODY, . Pocmog-na-/[ony,
e-mail: olegl283@rambler.ru

I/ICCHCI[OBaHO OJICKTPOHHOC UM aTOMHOC CTPOCHHUEC OBYX HOBBIX MArHUTHBIX
HAHOMATEPHAlOB HAa OCHOBE OMMETA/NIMYECKMX HAHOYACTHUI KENe30-IUIATHHA M SKele30-
ko0ansT. HanouacTunsl Fe-Pt ObUIM CHHTE3MPOBAHBI METOJOM pPAcTBOP - pacillaBa B
nojusTHIeHe, HaHoyacTHbl Fe-Co  MeTogoM  TepMopachaja Ha  IOBEPXHOCTH
YIBTPAJUCHEPCHBIX YacTHl Tojuterpadropstunena. Merogom TEM nokasaHo, 4to B
TIepBOM CJIydae 06pa3yroTCs HAHOYACTHIIBI CO CpeHUM pasMepoM 45A, Bo BTopoM ciydae Ha
HOBEPXHOCTH HAHOTPaHYJI MOAUTETPa(TOPITHIECHA (POPMUPYIOTCS HAHOYACTHIIBL CO CPEIHHM
pasmepom 52 A.

N3 anammsza peHtreHoBckux smuccuoHHbIXx Fe KB, m Co KfB; -  cmekrpos
HCCIIElyeEMBIX HAHOYACTHUI[ CJENYyEeT, 4YTO aToOMBbl JKejle3a M KoOalpTa HaxoIATCs B
BBICOKOCIIMHOBOM ~ cocTosiHMM. Ilpn 3TOoM umcino HecmapeHHbIX 3d — 3JEKTPOHOB

JIOKAJIM30BaHHBIX Ha aToMax eljie3a B 000MX clydasx paBHO 4, a YHCIIO HecnapeHHbIX 3d —
3JIEKTPOHOB JIOKAJIM30BaHHBIX HA aToMax koOanbTa B HaHouyacTHiax Fe-Co pasHo 3.
Metonom EXAFS cnexkTpockonuu yCTaHOBIEHO, 4TO B HaHoyacTHlax Fe-Pt aTombl
IJIATHHBL  (POPMHUPYIOT HYHCTO MeTaumueckoe sapo co  crpykrypoit ['IIK, uto
MOJITBEPKIACTCSl JAHHBIMUA PEHTTEHOBCKOM audpakiuu. PeHTreHOBCKuEe sMHCCHOHHBIE Fe
KPBs- cnextpsl HaHouacTull Fe-Pt yka3pIBaloT Ha TO, 4TO aTOMBI JKeJie3a 00pa3yoT BHEIIHIOKO
000JI0YKY M3 TPEXBaJECHTHOT'O OKCHJIA >Keje3a, YTO COTJacyeTcs C JaHHBIMH UCCIETOBAHHMA
MeccbayspoBckux crekTpoB. Ha ocHOBe MOJSyYEHHBIX SKCIEPUMEHTAJIbHBIX JAHHBIX JUIS
Hanouactul] Fe-Pt mpennosxena monens crpoenus tTuna “Core-shell” (sapo-o6omouka).
Anamuz EXAFS cnexktpa K — kpas Co nHanouactuny Fe-Co yka3piBaeT Ha
dbopMupoBaHre MeTalu4eckor ¢asbl kobanbTa B HaHoyacTHax. He3HauuTenbHas 4acTb
aTOMOB KOOaJIbTa B3aMMOJICHCTBYET C JIETKUMH aTOMaMH, TAKUMHU KaK KUCJIOPOJ WiIn (Top.
PentrenoBckuii smuccuonnbiii Co KPs- cnekTp mokaspiBaeT, uTo MeTauiMyeckas (asa
SBJIAETCS OCHOBHOM. KpoMe TOro, B CIieKTpe MPUCYTCTBYIOT KOMIIOHEHTBI, YKa3bIBaloIMe Ha
oOpasoBaHue GTOPUIHON M OKCUAHOU (pa3 KobanbTa. AHAIN3 PEHTTEHOBCKOTO SMHCCHOHHOTO
Fe Kps- cmekrpa ykaspiBaeT Ha (OpMHpPOBaHHE B HaHOYACTHLAX IUPTOpHIA XKele3a C
HEOOJbIION NPUMEChI0 OKCHUAHOW (ha3bl, YTO HAXOJUTCS B COIVIACUM C JIaHHBIMH
HCCleIoBaHNi MeTooM MeccOayIpoBCcKoii crekTpockonuu. Ha ocHOBaHUM TPOBEICHHBIX
UCCIIEIOBAaHUM TpeasiokeHa Mojenab cTpoeHus HaHodactul Fe-Co, B KOTOpOHl aTOMBI
KoOasibTa O00pa3ylT MeTainyeckoe SApo, IUPTOPUPOBAHHOE IO TMOBEPXHOCTU U
OKpPYXEHHOE BHEUIHEH cepuueckoin 000J104KO nudTopuaa xKelesa.
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ATINAPATYPA ONA
PEHTITEHOBCKOIO AHAJNIN3A U
OAWATHOCTUKUN MATEPUATIOB

MATEMATUYECKOE
MOOENMNPOBAHUWE U
MPOrPAMMHOE OBECINEYEHWE



BoamoxHoOCTU U nepcrneKkTnBbl NIpuMeHeHUsA KoOMMJiekca
PEeHTreHoCneKTpasibHOro n peHTreHOCTPYKTYPHOro oGopy.qOBava
B opraHn3aumm CKBO3HOro aHaqiImTU4eCKoro KOHTposnsa B
aJloMMHUeBOM npoun3BoaAcTee

Apxunose C.H., baxeanoe A.C., Enoxun B.A., Epmonunckas B.A., Kopob6etinukos C.H.,
Kopobetinuxosa J1.11., Hukonaes B.U., Coexos B.b., Huxcosa E.B.
340 «HAYYHBIE I[IPUBOPBI», CIIOI'Y, Cankm-Ilemepbype,
e-mail: sinstr@sinstr.ru

AJIOMUHUII U €ro CcIuiaBbl SBISIOTCS OAHMMHM M3 OCHOBHBIX KOHCTPYKIHMOHHBIX
MaTepUasoB, IPUMEHAEMBIX IIPU CO3JaHUH TEXHUKH.

B 3A0 "Hayunbie npuOopbl" pa3paOoTaH HACTOJIbHBIA aHATIUTHYECKHH KOMILIEKC,
BKJIIOUAIOLIMI  HYHEProJUCIEPCUOHHBIA  MOJIYNPOBOAHUKOBBIA  crnekTtpomerp «PEAH»,
madpaxromerp «JUDPENy. HactonbHas anmaparypa J0IOIHEHA OPTATHBHEIM ITOJICBBIM
cnexrpoMeTpoM «ITAPC» ¢ mosrynpoBOIHUKOBBIM KPEMHHUEBBIM JAETEKTOPOM.

HacTtonbHble peHTreHOCHeKTpaabHble MEPCOHANbHBIE aHAIN3ATOPbl  00ECHEeYUBAIOT
npoBesienne PCDA paznuuyHblx npo® Ha MIMPOKUN psf MHPOPMATHUBHBIX 3JEMEHTOB B
71a00paTOPHBIX M MOJYCTAlMOHAPHBIX  YCIOBHSX. AMNNapaTypHbIH KOMIUIEKC IPOIIEN
UCTIBITAHUSA TIPU HUCCIENOBaHMUAX CbIpbid (OOKCUTOB, He(EIMHOB), pPA3IMYHOTO THUIIA
QIIOMUHUEBBIX CIUIAaBOB. VcciaenoBanuch pa3sHOOOpasHbIe TOYBBI Ui SKOJIOTHYECKOTO
MOHMTOpHMHIra. Bce WCIBITaHMs BBIITOJHEHBl 110 MEXKIYHAPOIHBIM METPOJOTHYECKUM
HOPMAaTUBHBIM JOKYMEHTaM C MHCIIOJIb30BaHMEM OaHKa TOCYJIapCTBEHHBIX CTaHAAPTHBIX
00pa3LoB cocTaBa.

B nokmaze npuBeneHbl pe3yibTaThl KaueCTBEHHOIO M KOJMYECTBEHHOIO aHAJIM3a.
[ToxazaHa BO3MOXHOCTb MACHTHU(PHUKAIIMU U OLIEHKH KayecTBa ChIpbsl U CIUIaBOB. B pexume
KOJIMYECTBEHHOTO  aHaJIU3a anpoOUpOBaHbl  pa3IMyYHbIE CIIOCOOBI, BKJIIOUEHHBIE B
IPOrpaMMHO-METO/IMYECKOE  00ECIeYeHUe aHaJIU3aTOPOB. Iloka3aHbl  pe3yabTaThl
UCIIOJIb30BAaHUs MEPBUYHON (MIBTPALMM KaK CpeJICTBA ONTHMHU3ALMKM AaHAJIN3a MPUMECHBIX
JJIEMEHTOB B CBHIPhE M ATIOMHMHHUEBBIX cIutaBaXx. OIEHEHBI pa3iuyHble BHIBI MHU(POBBIX
GuIbTPOB MpH MaTeMaTUYECKOM OOpaboTKe »HEpPreTMueckoro cmekrpa. I[IpuBeneHs!
arnmnapaTypHbIe U AHAIUTUYECKUE METPOJIOTUYECKUE XapAKTEPUCTUKU.

[TopratuBHBIA  SHeprogucnepcuoHHbld  criektpomerp «IIAPC»  obecmeunBaet
HKCIPECC-aHAIN3 Ha MPUMECHBIE AIIEMEHTbI-MHAMWKATOPHl B Ja0OPaTOPHBIX M TIOJIEBBIX
ycinoBuax. Kpome Toro, mopraTuBHbBIE CIEKTPOMETPBI yIOOHBI Ul JIOKAJIBHOIO SKCIpEcc-
aHalM3a cocTaBa OOBEKTOB OOJBIIOTO pa3Mepa C LENbI0 BBIABICHHUS HEOAHOPOJHOCTU
COCTaBa.

PentrenocnexkTpanbHas anmapatypa  JonoigHeHa — audpaxtomerpoMm «udpein».
[IpuGop mo3BosIsIET OCYIIECTBIISATh KOJMYECTBEHHBIM (DAa30BBIM aHAIU3 TBEPABIX H
MOPOIIKOBBIX MP00. B ToM uucine omnpenesneHne KpUOIUTOBOTO OTHOIICHUS B 3JIEKTPOJIUTAX
QIIOMUHUEBOTO TIPOU3BOJICTBA, OTIpeiesieHne conepkanus o-dassl Al,O3 B rimmHo3eMe.

Pa3paboranHblii KOMILIEKC anmnaparypbl 00ecreunBaeT aHAIUTUYECKUE UCCIIEOBAHUS
OT BXOJHOIO KOHTpPOJIA KadyecTBa ChbIpbsi [0 OINPEHCIICHUS KayeCTBa KOHEUHOIO IMPOMYyKTa
QIIOMUHHEBOrO IPOM3BOJACTBA — CIUIAaBOB, a TaKXe pEIICHHE HEKOTOPBIX 3ajad
9KOJIOTMYECKOI0 MOHUTOPHHTA IIPU POU3BOACTBE aTFOMUHUS.
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PeHTreHohnyopecUueHTHbIN 3HepProancnepCcUOHHbLIN HAaCTOSbHbIN
cnektpomeTp «PEAH» ¢ nonynpoBOoAHMKOBbLIM AETEKTOPOM

baxsanos A.C., Kopobetinukos C.U., Huxonaes B.H..
340 «Hayunvie npubopwi», Cankm-Ilemepoype, e-mail: sinstr@sinstr.ru

B 3A0 «Hayunwsie mpubope» pa3paboTaH M OCBOEH B CEPUHHOM TIPOU3BOJICTBE
pentrenoduyopecueHTHbIH anann3arop «PEAH» Ha 6a3e moaynpoBOIHUKOBOTO ApeiidoBoro
JETEKTOpa ¢ OXJIaXKaAeHueM aneMeHTamu Ilenbre.

TexHnyeckue XxapakTepUCTUKU CIIEKTPOMETpa:

DHepreTU4ecKoe paspereHne Ha duHuu 5,9 k3B — He xyxe 150 3B.

Junana3oH aHanu3upyemsbIx 31eMeHToB — oT Na 10 U.

HcTouyHUK PEHTreHOBCKOTO M3JIy4YeHHs — peHTreHoBckas TpyOka ¢ Rh anomom (W,
Mo), nuana3on HanpsikxeHuit ot 10 1o 50 kB, momHocTs 150 Br.

Ha6op u3 11 ¢punabTpoB nepBUYHOrO U3Iy4YEHHs,, ONTUMU3UPOBAHHBIX 10 TOIIIUHE U
MaTepHuay, MO3BOJIsIeT oOecreyrBaTh ONTHUMAJbHBIC YCIOBHUS BO30YXKAEHUS B HIMPOKOM
Jrarna3oHe IEMEHTOB.

Kpemuuessiii npeiidoBbiii neTexkTop obecrieunBaeT paboty mpu 3arpyske mo 50000
HIMIT/CEK.

[Ipubop uMeeT ChEMHYI ABTOMATHUYECKYH0 CHCTEMY CMEHbl 00pa3lLoB, KOTOpas
MO3BOJISIET 3arpy’kaTh OJHOBpeMeHHO 10 144 o6pasuos. Ilpu CHATOM yCTpONCTBE CMEHBI
o0pa3loB  o0ecrneynBaeTcsi BO3MOXKHOCTb H3MEPEHUs KpyMHOraOapUTHBIX —00pa3loB
HECTaHAApPTHBIX pa3MepoB. CucremMa BHICOHAOMIOACHHUS 3a 00JACThIO aHajaM3a W HaOOp
KOJIJIMMATOPOB MTO3BOJISIET C BBICOKOW TOYHOCTBIO NMPULIEINBATHCS HA UCCIIEAyEMble 00JaCTH.

B noxnane npuBeneHbl pe3ysbTaThl CpPaBHEHMsI aHajau3aTopa C  JIYyYUIMMH
OTEYECTBEHHBIMH U 3apyOEKHBIMU PEHTTEHO(DIYyOPECIIEHBIMU CIIEKTPOMETPAMHU.

OntuMu3anysi OTHOCHUTENIHOTO TIOJIOKEHUS PEHTICHOBCKOW TpYyOKH, NpoOBI |
JETEKTOPa, PErUCTPUPYIOLIETO (UIFOOPECLEHIINIO, T03BOJIMIA YMEHBUIUTh JJOJIK0 PACCETHHOIO
(OHOBOrO M3IIy4eHHUS OT PEHTICHOBCKOW TpyOKu. D10 olecrmeuuBaeT NOJydeHue Oojee
HU3KHUX [IPEJIEIOB OOHAPYKEHUS HIIEMEHTOB.

[TporpaMmmHO-MeTOIMUECKOE OOECIeYeHnEe I03BOJISICT MPOBOJIUTH JAEKOHBOIIOLUIO
CIEKTPOB, NU(PPOBYIO (GUIBTPAIMIO CIEKTPOB PA3IMUYHBIMU CIIOCOOAMH, aBTOMATHYECKUN
KayeCTBEHHBIH  aHaNM3, KOJMYECTBEHHBIM  aHadM3  pa3IMYHbIMM  JTAJIOHHBIMH U
0e33TaloHHBIMU MeTo/laMu. Bce meTonbl aHanmu3a v oOpaOOTKU CIEKTPOB MMEIOT TOHKHE
HACTPOWKM, YTO IO3BOJISIET JOOMBATHCS MAKCUMAJbHO TOYHBIX KOHEYHBIX pPe3yJbTaTOB
aHaIu3a.

[IporpaMMHBIM ~ KOMIUIEKC ~ yOpaBieHHs NpUOOPOM  IMO3BOJSET  MOJHOCTHIO
aBTOMATHU3MPOBaTh MPOLECC U3MEPEHHs] U pacueTa KOHIEHTpAalUUil JJIEMEHTOB B
aHAJIM3UPYEMbIX IPOOAX.

B noxnane npuBeneHbl pe3yabTaThl aHAIN3a JETKUX CIUIABOB, OOKCUTOB, CTaJIEH, IOYB
U JApyrux o0bekToB. OmpeneneHbl OCHOBHBIE METPOJOTMUECKHE TMapamMeTpsl U
XapaKTEPUCTUKU CIIEKTPOMETPA.

225



CoBpemeHHoOe o6opyanoBaHmne Thermo Scientific u
nopTaTUBHbIE CMEKTPOMETPbI ANSA peHTreHodnyopecueHTHOro
aHanu3sa. NMpumepbl NPpUMEHEHUA B pa3fIN4HbIX OTPACAX HAYK1U U
TEXHUKU

becconos E.B., l[lepexonaiiko H.A., Huoicos I1.C.
000 "Tepmo Texno”, e. Mockaa, e-mail: evgeniy.bessonov@thermotechno.ru.

Poccuiickas kommanust OOO  “Tepmo TexHo” sBisercs HSKCKIIO3UBHBIM
JUCTPUOBIOTOPOM OINTHYECKUX, PEHTITEHOBCKMX CIIEKTPOMETpOB U AudpakromerpoB Thermo
Scientific ARL Products B CHI' u mpenocraBnsier yHHKadbHBIE OTpAaClieBbIe DPELICHUS,
OCHOBAHHBIE HA HKCIEPTHOM OOCIYKMBAaHMM M WHAMBUIYaJIbHOH MOAJEPIKKE, BKIOYas
IpEINpOAaKHYIO TOATOTOBKY, IOCTaBKY, MOHTAX M HaJIa Ky 000pyA0BaHuUs, FapaHTUMHBINA U
IOCTIapaHTUIHBI CEpBUC, AHATUTUYECKYIO, METOJMYECKYIO TOIJAEPKKY W TPEHUHT
nepcoHalla 3aKa34yMKa.

Komnanuns «Tepmo TexHo» Obula co3aHa Ha 6a3e pOCCHIICKOrO MpeACTaBUTENbCTBA
MEXyHapoaHoH kopnopauun Thermo - MUpOBOro Jnjepa B MPOU3BOJCTBE aHATUTUYECKOTO
obopynoBanus. Bot yxe moutu 75 net moapasaenenue Thermo Scientific, koTopoe mpexe
Ha3bIBajIoCh «ARLy, 3aHMMaeT auaupyroniee mojloKeHUE B aHATUTUYECKON CIEKTPOCKOIHH.
Kommanust «<ARLy crosina y uctokoB pa3putus cnekrpomerpun B ObiBiiem CCCP.

B wnactosimee Bpema OOO “Tepmo TexHo” mnpemiaraer IMOJHBIA CHEKTP
PEHTIeHO(IIYOPECIICHTHBIX CIEKTPOMETPOB: BOJHOBBIE (MoImHOCThIO oT 50 mo 4200 Br),
SHEProJIMCIEPCUOHHBIE HACTOJIbHBIC U MIEPEHOCHBIE AHATTN3aTOPHI.

Campbiii momublii  criektpomerp ARL 9900 WorkStation o0benunsier B cebe
BO3MO>KHOCTH PEHTTEHOBCKOTO CIEKTPOMETpa, C BEPXHHUM (Haa HpoOOi) pacrnoioKeHUEM
AQHAINTUYECKOM  €MKOCTH, OCHAIlEHHOr0  MOHOKaHajaMH JJsi  SKCIpecc-aHajlu3a,
TOHHOMETPOM JUIsl OIpe/ieieHHs 3JeMeHTOB B auana3one ot Be no U, u nudpakromerpa.
O6mmas nporpamma A 000MX BUIOB aHANM3a, MMO3BOJISIIOIIASL YUYUTHIBATh MPU MPOBEIECHUU
eIMHBIX KaJTMOPOBOK M3MEpEHHs OT O0OuX TPHOOPOB € OJHON MPOOBbI, HAIEKHOCTDH
obopynoBanus ARL, 3HaMeHutbie mporpamMmbl OeccraHmapTHoro ananmsza QuantAs
(pa3pabotka Thermo ARL) u UniQuant - paspabotrka Omega Data System (moapa3zaenenue
Thermo ¢ 2005 roaa).

Crnexrpomerpsl cepun ADVANT'X, Gmaromapst pa3iuyHbIM BapuaHTaM MOITHOCTH,
BO3MOXXHOCTH aHAJIM3a TBEPIBIX, IOPOIIKOBBIX W JKUIKUX TMpoO, HUCIOIH30BAHUIO
3HaMeHuTOoro ronuomerpa ARL, ocHamieHHble nporpamMmoil OeccTaHIapTHOIO aHalIu3a
UniQuant, sBISIOTCS UACaTbHBIMUA NPUOOpaMU IJIsl IPOBEACHUST HAyUYHO-UCCIIET0BATEIbCKIX
pabor.

Mutagmuii U3 cepum BOJIHOBBIX criekTpoMeTpoB ARL — mpubop Optim'X, coznaHHbIHi
U3 TeX ke OJOKOB, UTO U MPUOOPHI CTAPIIETO Psizia, OTIMYACTCS OT HUX JIUIIb PEHTI€HOBCKON
TpyOkoit momHOCThI0 50 BT. OH — mpumep OOJKETHOTO CIEKTPOMETpa, 00JalaroIIero
BCEMHU IPEMMYLIECTBAMM BOJHOBOIO CHEKTPOMETpa M 3HAMEHMTOM HaJEKHOCTBHIO
obopynoBanust ARL.

DHeproaucnepcuoHHblii cnektpomerp Quant'X — npubop, MO3BOJSAIOMINN TPOBOJUTH
aHanu3 00pa3loB NPOM3BOJILHOM (DOPMBI, B TOM YHUCIIE C HCIOJB30BAaHHEM IPOrPAMMbI
OeccrangaptHoro ananusa UniQuant.

KomnakThelii nepeHocHoil cnektpomerp Anb}a-2000 npomsBoacTBa KOMITAHUH
Innov’X — mpubop, codeTarounii BOZMOKHOCTH JISi J1aOOPaTOPHBIX HCCIEIOBAaHUNA W IS
MIPOBEICHMS aHaIU3a ‘B MOJIAX .

Jlannoe oOopynoBanue ceptuduuupoBaHo B Poccuiickoii denepaiuu U YCIEIIHO
SKCIUTyaTUpYyeTCsl B  HAayYHO-HCCIEAOBAaTENbCKUX JIAOOpPAaTOpUSX M Ha  Pa3IMYHbIX
npomblieHHbIX npeanpustuax crpan CHI. IlpuBoxsdrcs mpumepsl MX HpPHUMEHEHHS B
Pa3IMYHBIX OTPACISAX HAYKU U TEXHUKH.
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N3mepeHue napamMeTpoOB PEeHTreHONKMUHECLUEeHUMN AN AaTYNKOB
WOHU3NPYIOLLUUX N3NYYEHUN

Bacunvkos P.T., /lasvioos A.A., Kasoponros H.B., 3yokoe M.H., Kouepeun A.11.,
Manioxos b.A., [lanmyes B.C.
HUU Mamepuanoseoenus, Mockea, 3enenocpao,
e-mail: g-malyukov(@zelnet.ru

PentrenognyopecueHTHbIH aHaIU3 JIETKUX XHUM. 3JIEMEHTOB B MaTepuajax 3aTpyAHEH
u3-3a Oompmux KOIPPUIMEHTOB TMOTJIOMIEHUSI MSATKOTO PEHTTEHOBCKOTO W3IyYeHUs B
oOpasuax. Jlns oOHapy»KeHHUs JIETKMX XHUM. 3JEMEHTOB B MaTrepuajaX U HU3JeIHUsIX B
nocjaeHue roJibl HAYMHAIOT MCMOJb30BaTh 3PdexT KoMrnToHa, MOCKOIBKY B 3TOM Cllydae
HEKOTepEHTHAsl COCTAaBJIAIONIAasl PACCESIHUS PEHTI€HOBCKOIO M3JIyYEHHUs MOYTH HA MOPSA0K
MHTCHCUBHEE KOTE€PEHTHOM COCTaBIIAIOLIEH paccesHMs. [[s1 perucTpanuy KOrepeHTHOro U
HEKOTepEHTHOI'O0  PEHTIC€HOBCKOIO  HM3JYUYEHHUS  HUCHOJb3YIOT  3HEPrOAMCIIEPCHOHHBIE
JIETEKTOPbI HAa OCHOBE KPUCTAIITOB Tria A’B®. DTH KpHCTAIIIBI JOKHBI yYIOBICTBOPSTH PSLY
KecTkux TpeOoBaHuil. [Ipexxne Bcero, MNHTEHCUBHOCTh JIIOMUHECLIEHIIUN JOKHA OBITh Kak
MOKHO 0o0Jiee BBICOKOI, a BpeMs MOCJIECBEUCHUS, KOTJa WHTCHCHUBHOCTh JIOMUHECIICHIINU
cnaznaet B 2000 pa3, He JOIKHO MPEBBIIIATH 3 MC.

Ha ©6asze penrrenoBckoro mudpakromerpa JIPOH-3, pabGoraromero B pexume
JIByXKpPUCTAJIbHOT'O CIIEKTPOMETPA, CO3/IaHa YCTaHOBKaA, MO3BOJISIOLIAS M3MEPATh 00a 3THUX
napamerpa. CKOHCTpyHMpOBaHa Kamepa, B KOTOPYIO YCTaHABIMBAIOT KPUCTAIIUYECKHIMA
oOpaser; ZnSe(Te). OOpaser ocBelmaeTcsi My4KOM PEHTTEHOBCKUX JIy4eld OT PEHTIE€HOBCKOU
TpyOKH ¢ MeAHBbIM aHoJOM. JIlOMUHECHeHTHOe Wu3IyuyeHHe OT oOpa3la mepenaercs B
doroymHokUTENH. CHUTHAM OT (POTOYMHOKHUTENS 00padaThIBaeTCsi MPOIECCOPOM U MOCTYTIAET
Ha MOHHTOpP. Mexay kamepoil ¢ o0pas3lloM W PEHTTEHOBCKOW TPYOKOW YyCTaHABIMBAIOT
3aCJIOHKY, KOTOpasi IEpEeKpPhIBAET PEHTTEHOBCKUH ITyUOK.

1 - !
i g

!
I
i

Ha pucyHke mokaszaHa 3aBHCHMOCTH Jiorapu(Ma OTHOCHUTEILHOW MHTCHCHBHOCTH OT
BpCMeHI/I Ha MOHI/ITOpe. Haqano KpI/IBOI>'I COOTBGTCTByeT HNHTCHCHUBHOCTHU
PEHTICHOJIIOMUHECIICHITMKM o0paslia BO BpeMs OOJyYEeHHS €ro PEeHTT€HOBCKHMH JIydaMmH.
VYyacTok pe3koro cmaja KpUBOM HMHTEHCUBHOCTH JIFOMUHECLEHIIMM COOTBETCTBYET
MEePEKPHIBAHUIO My4YKa PEHTTeHOBCKHUX Jydei. Clenyromuid y4acTOK COOTBETCTBYET CHady
MHTEHCUBHOCTU JIIOMUHECUEHLUUU M XapakTepu3yeT ucciaeayeMbli wmarepuan. HWHorna
YJlaeTCSI BBIICJIUTH JABA yLIaCTKa, COOTBeTCTBYIOHH/IX paS.J'II/ILIHBIM IICHTpaM JIIOMUHECCHOCHIINU B
Marepuaie. Bpems crnana mromuHecteHiuu B 2000 pa3 He A0MKHO NMpeBbimath 3 Mc. OqHako
B He6HaI‘OHpI/IHTHOM cnyqae 3a 50 MC UHTCHCHUBHOCTDH JIIOMUHCCIICHIINU CIIadacT BCCIro JINIIb
B 60 pa3. /lanHas MeTOauKa KOHTPOJISI JIIOMUHECIIEHIIMYA OKa3alach BaXHBIM CPEJCTBOM IS
TCXHOJIOI'OB, U3I'0TAaBJIMBAIOIIUX peHTF CHOJIFOMUHCCIICHTHBIC KpI/ICTaHHLI.

227



MaTtemaTu4yeckasa mogenb PeHTreHOBCKUX cnektpomeTtpoB POC-001
m PPC-002 ¢ NOSfIHbIM BHELWHUM OTpaXXeHUuem

Beopunckuii P.B., Hosuxosckuii H.M.* Capuviues /] A.
Hayuno-uccneoosamenvcrkuii uncmumym guzuxu FOsxcrnoco ®@edepanvrozo Yuusepcumema,
2. Pocmos-ua-/lony, e-mail: nin-work(@mail.ru, vedr@IP.rsu.ru

B  pabGore mocrtpoeHa mareMaTudeckas ~ MOJAENb  PEHTTEHO(IyOpPECHEHTHBIX
CIEKTPOMETpOB  mojHOro BHemHero otpaxenus (IIBO) P®C-001 u PDC-002,
paspaboranabpix B HUU dusuku IODY. Cnekrpomerp PDC-002 otnmuaercs ot POC-001
HaJU4YMEeM BTOPUYHOIO MCTOYHHUKA PEHTI€HOBCKOTO M3JIYUYEHHsS, YTO IMO3BOJISIET YMEHbBIIUTD
($OH M pacHIUPuUTh JUANA30H aHATU3UPYEMBIX AJEMEHTOB. {11 JOCTIKEHHS SKCTPEeMaTbHOU
YYBCTBUTEIHLHOCTH 3JIEMEHTHOTO aHAJIN3a HEOOXOIUMO BBISIBUTH POJIA PA3IUYHBIX (PAKTOPOB
(reomMeTpus CIIEKTPOMETPA, TUIT BO30YKIAIOIIETO U3TyUYCHHsI, KAYECTBO TTOBEPXHOCTH 3€pPKaJl,
MexaHu3Mbl (popmupoBaHus (HOHA U TP.), BIUSIONUX HA UHTEHCUBHOCTH (PDIIyOPECUECHIINH U
¢on. M3-3a OGonpiioro umcina ¢GakTOpoB, BIUAIONIMX Ha XapaKTEPUCTHKU CIEKTPOMETPA,
HKCIIEPUMEHTAJIbHOE ONpeAeNieHue UX ONTUMAIbHBIX 3HAaYEHHUH 3aTpyIHUTENBHO U Haubosee
palMoOHANbHBIA MYTh ONTHUMH3ALUU CIEKTPOMETPOB OCHOBAH Ha pPa3pabOTKe UX MOJIHBIX
MaTEMaTHYECKUX MOJEIEH.

B x01¢e KOMIIBIOTEPHOT'O MOJIETUPOBAHUSI, KOTOPOE YUUTHIBAET BIUSHUE FEOMETPUUECKHUX
(akTOpOB Ha XapPaKTEPUCTUKHU CTIIEKTPOMETPOB M MX PEHTIECHOBCKYIO ONTHKY, Oblia pelieHa
3aja4a pacuéra HHTEHCHUBHOCTU ()IYyOPECUEHIIUN C YYETOM 3aBUCUMOCTH TOJISI U3IYYCHUS B
MOBEPXHOCTHOM CJIO€ OT YIjla CKOJIbKeHUs. KOHEUHbI aJlrOpUTM MaTEMATHYECKOW MOJEIIH
OTJaXkeH B cpene Maple.

Pa3paborannas meToauka pacuera Obula peain30BaHa B KOMIIBIOTEPHOW MpOrpaMMme,
HanucanHoi B cpene Delphi. [IporpamMma mo3BossieT ONTUMH3UPOBATH TEOMETPHUIO JBYX
mozeneit cnekrpomerpoB POC 001 u POC 002 ¢ BropuyHBIM M TPETUYHBIM CIEKTpamH,
COOTBETCTBEHHO. Pe3ympTaTamm pacuera SBIAIOTCS: 3aBHCHUMOCTh  HWHTEHCHUBHOCTHU
(IIyopecleHTHOTO M3JIyYCHUS OT KOOPAMHATHI TOYKM Ha MOBEPXHOCTH 00pasiia; 3aBUCUMOCTh
MHTETPAIIbHON HWHTEHCUBHOCTH (DIYOPECLEHTHOTO U3Iy4YeHHUs OT CIBHUIOB oOpa3na Io
TOPU30HTAU; 3aBUCUMOCTh MHTETPAIBHOW HMHTCHCHUBHOCTH W3JyYEHMs, MaJaloIIero Ha
oOpaszell, OT MUPUHBI BXOJAHON U BBIXOJHOM IIETH MEXAY 3epKajioM U HUXKHEH auadparmMoid,
Jexallei B II0cKocTu o0pasua.
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OnbIT NCNONb30BaHUA IHEProanCNepPCUOHHOIO CneKkTpomeTpa
CPB-1M ansa aHanu3a o6 bLEKTOB OKpyXKaroLlien cpeabl

Bepueun A. A., Haymuk A. H., Maoowcapa E.O., bBenasyes E.1l., Ky3omunvix B.A.
TOO «TexnoAnanumy, Pecnyonuxa Kazaxcman, e. Yemo-Kamenozopck,
e-mail: daltek@ukg.kz

B Hactosmiee Bpems and  nodydeHus MHGOpMAlMM O  KAaueCTBEHHOM U
KOJIMYECTBEHHOM COCTaBE MUTHEBBIX U CTOYHBIX BOJI, a3P0O30JI€H, MOYB, JOHHBIX TPYHTOB BCE
Oosee IIMPOKO HpUMEHseTcs peHTreHocnekrpaipHblii  aHanu3 (PCA).  13BecTHble
npeumymiectsa PCA, Takue Kak 3KCIPECCHOCTh, IPOCTOTA MPOOONOATOTOBKH, OTHOCUTEIBHO
HECJIO’KHAsl U HeJoporas ammapaTypa JejlaeT ero 0COOEHHO MpPUBJIEKATEeIbHBIM /IS aHaIu3a
00BEKTOB OKPY’KaIOILEN CPEIbl.

B ocHOBHOM, /10 HACTOSIIIIETO BPEMEHH B SKOJIOTHYECKUX JIAOOPATOPHUSIX MPUMEHSIINCH
npubopsl ¢ BOMHOBOW mucnepcueld. PazBuBaembiii Hamu metox PCA ¢ sHeprermueckoit
Jycriepcuell UMeeT psii HEOCIIOPUMBIX MPEUMYILECTB, CBA3aHHBIX ¢ (U3UKOW perucTpanuu
U3JIY4YEHHUs OT IPOOBI U anmapaTypHBIM IIOCTPOSHUEM SHEProIUCIIEPCUOHHBIX TpuOopoB. [l
perucrpanuy, B TakuxX NpuOopax HCHOJIb3YIOTCA IOJYNPOBOJAHUKOBBIE JETEKTOPHI,
MIO3BOJIAIOIINE OJHOBPEMEHHO PETUCTPUPOBATh U3IYYEHHE OT BCEX aTOMOB, COCTABIISAIOLINX
po0y.

KoHcTpykTHBHBIE 0COOCHHOCTH COBPEMEHHBIX MOJYIPOBOJHUKOBBIX JIETEKTOPOB U
BO3MO)XHOCTh HCIIOJIb30BAHUS MAJIOMOIIHBIX PEHTT€HOBCKUX H3JIydaTeled IO3BOJISAIOT
co3/laBaTh TMOKHE BBICOKOUYBCTBHUTEJIbHbBIE CHUCTEMBbI, JNAIOIIME BO3MOXHOCTH ONPEICIAThH
KOHIEHTPALMIO KaK JIETKUX 3J1eMEeHTOB (HauuHas ¢ Al B 6e3BakyyMHOM BapuaHte U ¢ Na B
BaKyyMHOM), Tak U TspkelbIx (10 Ba no K-cepuu u 1o U no L-cepun).

B pazpaborannom TOO «TexnoAnanut» cnekrpomerpe CPB-1M (6e3BakyymHbII
BapMaHT), IPUMEHEHA cXeMa C JABYMsI HICTOUHUKAMU U3JTyUeHHUS.

BoicokoBobTHBIN HcTOUHMK u3nydeHus (U=5+50kB, [=100MxA, peHTreHoBcKas
TpyOKa ¢ MOJUOJCHOBBIM aHO/IOM) PAaCIOJIOKEH B TPEXOCEBOM M3MEpUTENIbHON Kamepe (1o
BARKLA). W3meputenbHas Kamepa OCHAalleHa MEXaHU3MOM AaBTOMAaTHYECKOW CMEHBI
BTOPUYHBIX MMIIEHEH A HM30MpaTeinbHOr0 BO30OYKICHUS aHATU3UPYEMbIX 3IIEMEHTOB.

HuskoBonbTHBI  wcTouHMK (U=1+6kB, [=800MKA, peHTreHOBcKas TpyOka ¢
cepeOpsIHBIM aHOJIOM, C TOHKUM OEpUITUEBBIM OKHOM) PACIOJIOKEH MPAKTUUYECKU BIJIOTHYIO
K 1ipo6e a1t 3¢ppekTUBHOTO BO30YXKIEHUS JIETKUX 3JIE€MEHTOB.

Ha nanHom cnekrpomerpe Obuiu pa3paOoTaHbl METOAMKH BBIMOJIHEHUS M3MEPEHMIA:
MBU 17109-1917-TOO 002-2008 «Bo3xyx paboueil 30HBL. PeHTreHocnekTpaabHbIi
(i1yopecLieHTHbII MEeTO/1 ONpeeeHUs MacCOBOM KOHIIEHTPAllMM BaHAIUs, XpOMa, MapraHua,
JKese3a, KobanbTa, HUKeIlsd, Mey, [IMHKa, CBUHLA U BucMyTay, MBU 17109-1917-TOO 001-
2008 «Boma muTheBas, mpUpOJHAS M CTOYHAS. PEHTreHOCHEeKTpalbHBINA (IyOopeCICHTHBIN
METOJ ONpeAeTICHUs MaCCOBOM KOHIICHTPALIMU BaHA M, XpOMa, Maprasua, eiesa, kooaibra,
HUKEJIsI, MEJIH, IIMHKA, CBUHIIA, BUCMYTa mnociie KoHieHTpupoBanus Ha JIDTATA-punsTpax».

O6e mertoauku obecneunBalOT MOpor oOHapykeHus meramioB Ha yposue 0,1T1JIK.
[Tpu HeoOxonuMOCTH TIpesies 0OHAPYKEHUS MOKET ObITh CHHKEH YCIOBUSAMU 0TOOpa 1mpoo.

[TorpemHocTh pe3ybTaTOB aHANIMW3a COOTBETCTBYET TPEOOBAHMSIM HOPMATHBHBIX
JIOKYMEHTOB, MPEAbSBIIAEMbIM K METOZaM aHaJIn3a aTMOc(hepbl U BOJHBIX O0BEKTOB.

Pazpabotannslii ciektpomerp CPB-1M (yTBepk/ieH Kak THII CpeACTBAa U3MEPEHUN) U
METOAMKH BBINIOJHEHUS W3MEPEHHI MOTYT TPUMEHAThCS B cdepe pacmpocTpaHeHUs
rOCy/apCTBEHHOIO METPOJIOTHYECKOT0 HAA30pa IPU HM3MEPEHUAX, PE3yJbTaTbl KOTOPBIX
UCIOJIB3YIOTCS JUIsl KOHTPOJISI COCTOSIHMSI OKpY>Karolllel cpelpl U 0e30lacHOCTH YCIOBMM

Tpyna.
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MynbTncOKYCHbIN PEHTFeHOBCKUN MCTOYHUK Ha pa3bopHOU TpyOke

Lenesep B.JI. OOO “quaenocmuka-M”, o. Mockea, e-mail: info@x-ray.ru

B mnacrosimee Bpems HeKOTOpble peHTreHOBckue wuctouHuku (PU), ucnonb3yembie B
pa3IUYHBIX JAEPEKTOCKONUYECKUX YCTAHOBKAX, MMEIOT Ui MPOCTPEIbHOW MHUIIEHU
MyJIbTHU()OKYCHYIO (DOKYCHPOBKY 3JIEKTPOHHOIO Iyyka B pa300pHBIX TpyOKax ¢ Tpems
pexxumamu(3 B 1):  HaHOodoOKycHBIH  (pokycHoe msTHO 0,5-1 MKM), MHKpPO(OKYCHBII
(pokycHOE MATHO HECKOJBKO MMKPOH MpPHU MOLIHOCTH MpuMepHo 1-2 BT Ha Mukpon
nraMeTrpa (OKyCHOTO MSATHA) U ¢ BBICOKOH MomHOCTHIO (10-15 BT). [Ipu 3TOM BBINTyCKaroTCS
OTJENbHO MOJEJIN HMCTOYHUKOB ISl MPOCTPENIBHOM M OTpa)KaTEeJIbHBIX MHILIEHEH, a Takke
IPOCTPENbHON MUILIEHBIO O0JbIIOro auamerpa (10 70 MM) CO CKaHUPYIOIIUM PEHTTEHOBCKUM
UCTOYHUKOM. PU ¢ oTpakaTeabHBIMH MHILEHSIMH MMEIOT NPH PAaBHBIX YCIOBUAX (POKYCHOE
IATHO B 3-5 Gouibliee, 4eM C MPOCTPeIbHBIMU, HO B 3TUX PU MOXHO paboTaTh ¢ MOIIHOCTAMU
B JIECATKM BaTT. sl (OKYCHUpPOBKM 3JIEKTPOHHOIO Iy4Ka HCIOJIb3YeTCsl OJlHAa WM JIBE
MarHUTHBIX JIUH3BI.

B PU 3amaua ontumuzamuu (OKYCHPOBKHM SJCKTPOHHOTO Tydyka | TOJYyYCHHS
MUHUMAaJIbHOI'O Pa3Mepa PEHTTEHOBCKOTO MCTOYHMKA B LIMPOKOM JIMANa30HE YCKOPSIOIIUX
HanpsDKEHUA M MOIIMHOCTEH SIBJISIETCS JTOBOJBHO CJHOKHOW. [Ipy BBICOKHMX yCKOPSIFOIIHUX
HanpsokeHusx (Oomee 30 xkB) u3-3a Gomnbiioro mpobera 37IEKTPOHOB B MUIICHH MOXKHO
MoJIy4aTh OTHOCUTENbHO Oombiine (¢GokycHble msaTHa (5-10 MKM) 1pu  MOIIHOCTH
pa3pyLIaroLIeil MUIIEHH, a IPU HU3KUX YCKOPSIIOIIMX HANPSDKEHUAX, KOTJa MOKHO 0JIy4aTh
HaHO(QOKYCHBIE TISITHA, PE3KO NaJaeT MOUIHOCTh MU HEOOXOAMMO HCIIONb30BaTh BCE
BO3MO>KHOCTH 3JIEKTPOHHOM ONTHUKU MO IOBBILIECHUIO €€.

Jlia penienus 1ol 3agaun ObLI pa3paboTad MyJIbTU(OKYCHBIH PEHTTE€HOBCKUN HCTOYHUK
Ha pa30opHOW TpyOke I Yyckopswooummx HampspkeHuit 5-100 kB. [l doxycupoBku
3JIEKTPOHHOIO IMyYKa MPUMEHEHa CHCTEMa U3 TPEX MAarHUTHBIX JIMH3 U AJIEKTPOHHAS IyIIKa
Ha Bosb(pamMoBOM TepMmokaToje. OHa MO3BOJIsIET BO BceM paboueM jauamna3oHe (OT COThIX
JI0JIeH BaTTa JI0 JAECATKOB BAaTT) 00ECIEYMBATH JOMYCTHUMBIN pazmep (OKYCHOTO MATHA. ITO
BaXHO B CIIy4ae HCIIOJIb30BAHMS KallMJUIAPHBIX JIMH3, KOTAA, MEHSS ONTHMAJIBHO pasMep U
MOITHOCTh (POKYCHOTO TMATHA, MOKHO OOECHEeYNTh Ha BBIXOJEC KANMMJUIAPHOH JIUH3BI
MaKCHMaJIbHYO0 MOIIHOCTb.

st mutanus GOKyCHPYIONMIE-OTKIOHSIOMIEH CUCTEMbl MATHUTHBIX JIMH3 M OTKIJIOHSIOLIHX
CUCTEM HCIIOJIB3YETCS pPAacTpOBOE IMTAIOIIEE YCTPOHMCTBO, KOTOPOE COCTOMT W3
HU3KOBOJIBTHBIX MCTOYHUKOB IUTAHUS KaTylIEK, F'€HepaTopa Pa3BEpPTOK M yCHINUTEIBHOIO
TpakTa. OHO MO3BOJIIET B COYETAHMHM CO CUUHTWIUILUOHHBIM JETEKTOPOM IIOJyYaTb B
MIPOIIEIIEM PEHTTEHOBCKOM M3JTyUeHHH PacTpOBOE N300paskeHHe MOBEpXHOCTH MuIeHH. [1o
9TUM HM300pa)XKEHUSM MOKHO ONEPAaTHUBHO (POKYCHPOBAThH IEKTPOHHBIN ITyYOK Ha MUILEHH,
OLIEHUBATh pa3Mmep (POKYCHOIro MATHA, U MPH HEOOXOAMMOCTH IOCTUPOBATh (DOKYCHOE IMSATHO
OTHOCHUTEJIBHO PEHTTEHOONTUYECKUX JIEMEHTOB, HAIPUMEP, KalWULAPHBIX JUH3. B omHOM
kapkace (170 x 350 x 300 mMm, Bec ~30 KI) pa3meriaeTcss CUCTeMa JIMH3 ¢ MATHUTOPA3PSATHBIM
HAcocoM M pyuHbIMHU 3aTBopamu. Ceituac Ha 20 kB nonydeno ¢oxycnoe nstao 0,3 MKM, 4TO
MO3BOJINJIO JOCTUTHYTh Ha IPOCBEYMBAIOIIEM PEHTTEHOBCKOM MHKpockone [1] paspemenue
0,1 mxm. IIpoBomutcst nopaboTka cHCTEMBbl (DOKYCHPOBKHM IO/ HHU3KHE YCKOPSIOIIHNE
HaIpspKeHUs, 4ToObl nmonyuuTh (pokycHoe nsaTHo 10-20 uM. KoHeTpykius nocienHeit JTuH3bI
nepes MUIICHBIO MO3BOJsET paboTaTh ¢ BCEMHU THUIIAMHM MHUIICHEH MpPU MPUMEPHO PABHBIX
napameTpax. B  mnpunnune, Bo3MoxHbI KomOmHaimmu PU ¢ POM, ACM wu
PEHTI€HO(IIFOOPECLIEHTHBIM aHATU3aTOPOM.

1. B.J[. I'enesep, HAHOUHAYCTPUSL, 2008, Ne 3, ¢ 20.
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MasopaspsagHble cnekTpoMmeTpuyeckue u No3nNLUOHHO-
YYBCTBUTESIbHbIE AETEKTOPbl PEHTFeHOBCKOro U3ny4eHus

Tocanoe An.Jl, I'ocanos J].A.], Knoukosa U.B.", Koznosckuii C.C.%, Yepezos HK’
" 000 «2nuon IMniocy, o.Canxm- Hemepbype, Poccus

‘T ocyoapcmeennvlil Texnuueckuti Yuusepcumem, 2. Cankm- [lemep6bype, Poccus
3 I'VIT «HIIO Paouesyiii uncmumym um. B.I". Xnonunay

1. Beimomnena  pa3paboTka  HOBBIX  MOJENE€W  OTHAsSHHBIX  Tra3opa3psIHBIX
IIPONOPLUOHAJIBHBIX CUETYMKOB PEHTTEHOBCKOIO W3IyueHus s JauanazoHa 1-30 xsB.
VYka3aHHbBIN SHEPreTUUECKUN TUana3oH MepeKphIBaeTCs MAThI0 KOHCTPYKIUSAMU C JUAMETPOM
or 10 mo 35 mm. XapakTepHass OCOOEHHOCTb- HCIIOJIb30BaHHE KEPAMUKH B KauyecTBE
M30JISITOPOB U TOBBILIEHHME TOYHOCTH LIEHTPOBKM HHUTHU-aHO/IAa OTHOCUTENIbHO KAaTOJHOTO
IWIMH]IPA, YTO MO3BOJIMIIO TTOBBICUTH XapaKTEPUCTUKH JeTeKTopoB. Hampumep, cuerunk CU-
P-1 ¢ nmameTrpom 35 MM umeeT 3HEepreTudeckoe paspemenne meHee 16% (Mn Ka) u 8,5 % Ha
muann Ag Ka. Ero sddexruBnocts Bbiie Ha 30 % B obsactu 12 keB B cpaBHeHUM C
U3BECTHBIMHU JleTekTopaMu. Ha ero ocHoBe co3maH OJIOK JETEKTHPOBaHMS, KOTOPBIH
oGecIieurBaeT BBHIMICYKA3aHHOE SHEPreTHYeCKOe paspelicHHe W mpH 3arpyske 107 ¢
oOecneunBaet casur nuka Cu Ka menee 1%.

Coznan GeckiieeBOl MPOMOPIUOHATBHBIA CYETUYUK, KOTOPBIM C HCIIOJIIb30BAHUEM CMECHU
Ilenunra Ha ocHoBe cMecu Ar u Xe oOecneunBaeT sHepreruueckoe paspemenue 12% (Mn
Ka) npu paguarmonroM pecypee Gomee 10'? cCOCUNTaHHBIX HMITYTECOB.

2. Co3zmaHa cucTeMa PErucTpaluyd Ha OCHOBE OTIHASHHOTO W MPOTOYHOI'O JIMHEWHOTO
KOOPJMHATHOTO JETEKTOpa ¢ Pe3UCTUBHBIM aHOoAoM. OkHO nerektopa 10*50 mm. Cucrema
OTJIIMYAETCS TEM, YTO B IPOLECCE 3KCIO3UIMH OCYIIECTBISETCS OJHOBPEMEHHBIH HaOOP
SHEPreTHYECKOro U MO3UIIMOHHOTO CTIEKTPOB. JlanbpHeiias o0paboTka mo3BoJIIeT MTHOBEHHO
BBIJICIUTH MO3UIIMOHHBIE CIEKTPHI YIS JIFOOOr0 BHIOPAHHOTO HHEPreTHYecKoro kaHana. J{is
obecrieueHus cTabMIBHOTO HAbOpa CIIeKTpa MPH JIUTETBHBIX SKCIO3UIIUIX B 000UX KaHaIax
PE3UCTUBHOTO aHO/A CO3/aHbl O3ULMOHHBIE pernepsl (maTeHT Poccun), mosokeHne KOTOphIX
OIpe/eAETCS MEXaHWYECKUMHU pa3MepaMy aHOJa U C MX IOMOIIbIO MOXKHO BECTH Y4YEeT
HCKA)XEHUH HIIEKTPOHHOIO CIIEKTpa OT TeMIIepaTyphl, BIaXHOCTH W ap. [lo3urmoHHOE
paspemenue — 150-200 mxm amst okHa 10*50 MM.

HoBast cucrema peructpanuy HaxoJIuT MPUMEHEHHE B almapaType PeHTIeHo(]a30BOro
aHaJIn3a.
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PeHTreHodnoopecueHTHbIe cnekTpomMeTpbl LLnman3sy

I'punwmenn U. J1.
000 AHAJIHAT (2enepanvhsiii oucmpudbvromop Lllumaosy ¢ PD),
C-Ilemepbype, e-mail: grin@analit-spb.ru

Komnanus [llumansy siBisieTcs ONHUM M3 KPYMHEWIIUX MHUPOBBIX MPOM3BOJIUTENICH
PEHTIeHO(IIIOOPECIEHTHBIX  CIIEKTPOMETPOB. Komnanuss mnpousBoAMT psii  Mojeieu
PEHTIEHOQUIIOOPECHEHTHBIX ~ CHEKTPOMETPOB, KaK  JHEProJUCIEPCHOHHBIX, TaK U
BOJIHOAMCIIEPCUOHHBIX. (CeMeNWCTBO 3HEProJUCIEPCUOHHBIX crekTpomeTrpoB Illumansy
MpeCTaBiIeHO TpeMsi ocHOBHbIMU Moneisimu cepun EDX: EDX-720, EDX-800HS u EDX-
900HS. Bce monenu ocHamieHbl 50-BaTTHBIMH PEHTIC€HOBCKUMH TpyOKaMu, BCTPOCHHBIMH
BUJI€O-KaMepaMu JJisi HaOJIro[eHHs 3a 00pa3lioM, CUCTEMOI KOJUITMMATOPOB, MO3BOJISIOLINX
BapbUPOBAThH JUAMETP PEHTTEHOBCKOI'O MATHA Ha MOBEPXHOCTU oOpa3ua orT 1 Mm g0 10 MM,
CUCTEMON TOYHOI'O MO3UIIMOHUPOBAaHUS 00pas3lia, BaKyyMHOM CHCTEMOM WM CHUCTEMOMU
NpOAYBKM TrenveM. Pa3mepbl kamepbl s oOpasla IO3BOJIIOT HCCIeIoBaTh 00pasiibl
nuametpoM 110 300 MM 1 BeicoToi 0 150 MM. JlnamasoH omnpenensieMblx 31eMeHTOB — oT C
(mns momeneit EDX-720 u EDX-900HS ot Na) no U, paspemenue ot 155 3B. Moaens EDX-
900HS ne Tpebyer mpumeHeHus xuiakoro azora. Crnekrpomerpsl cepun EDX moryt ObITh
UCIOJb30BaHbl KakK JUld aHanu3a npo0 OoibLIOro pa3Mmepa, TaK M MHUKPOIPOO MM JAJs
JIOKQJIBHOTO aHaiM3a. B  4YacTHOCTH, CHEKTPOMETpPhl OSTOW cepuu ObUIM  YCHEIIHO
ucrnonb3oBanbl B 1abopatopun AHAJIUT mis pa3spaboTku METOIUKH ompeneiaeHus Gocdopa
B JKUJIKHX U TBEPIBIX MUKpOIpobax hochopopraHuuecKnx CoOeTUHEHN. BCTpoeHHBIN MeTO
(GoHOBBIX (yHJAMEHTAIBHBIX MApPaMETPOB MO3BOJISIET UCIOJIB30BATh SHEPrOJUCIIEPCUOHHBIE
cnexktpomerpbl Illuman3y ans  ompenesieHuss TOJNUIMHBI TOHKMX OPraHMYeCKUX U
HEOPraHWYECKUX IUICHOK.

BonHonucnepcroHHble  peHTTeHO(IIOOpECHeHTHbIe — cnekTpomeTpsl  [luman3y
MPEJCTAaBICHbl  ABYMS  MOJACISAMHU: CKaHUpyromuM  cnektpomeTpoM  XRF-1800 wu
peHtreHoBckuM  kBaHTOMeTpoM MXF-2400. OTinuuTeNnbHBIME  OCOOCHHOCTSIMH — ATHX
IpUOOPOB ABISETCA JUANa30H OlpelesseMbIX 3JeMeHTOB oT Be no U, pacnonoxeHHast Haj
o0pa3ioM MolIHas 4-X KWJIOBAaTTHas PEHTTEHOBCKas TPyOKa M MasTHUKOBas, CBOOOAHAs OT
JMHAMHUYECKHUX HArpy30K cHcTeMa mojauu oOpasua.

Crnekrpomerp XRF-1800 3a cuer Hanmuuus BUIEOKAaMEPHI U CUCTEMBI KOJUIMMATOPOB
MO3BOJIIET OCYIIECTBIATh JIOKAJIbHBIM aHAIU3 M KapTUPOBAaHUE IOBEPXHOCTH oOpa3ua c
paspemienueM 250 MKM UM SBISETCS OAHMM U3 Haubojee OBICTPO CKaHUPYIOLIMX
PEHTTeHO(UIIOOPECIIEHTHBIX ~ CIIEKTpOMETpoB B Mupe. OH MoxeT ObIThb OCHAIIeH
OJTHOBPEMEHHO JI€CATBIO Pa3IMYHBIMM KpHUCTAJLIaMH, BaKyyMHUPOBATbCA WM NPONYBaThCS
renueM. BcTpoeHHass Typenb Ha BoceMb OOpasloOB INPU HEOOXOAMMOCTH JIOTOJIHSETCS
aBTOJ103aTOPOM Ha COPOK Mpo0.

PentrenoBckuii kBantometrp MXF-2400 moxeT ObITh OCHAIllEH OJHOBPEMEHHO 36
U3MEPUTEIIBHBIMU KaHAJIaMH, a TaKKe JONOJHHUTEIbHBIM CKAHUPYIOIIUM KaHAJIOM JUIs
ornpeneneHus: Tsokenbix ameMeHToB (oT Ti mo U). IIpoTOYHO-IPONOPIMOHANBHBIA CYETYHK
npubopa nmeer yn00Hoe yCTpOHCTBO aBTOMAaTHUECKOW CMEHbI HUTH.

232



P®A NBO B ycrnoBusix npUMeHeHUs NNOCKUX PEHTITeHOBCKUX
BOJIHOBOJOB-pPe30HaTOpPOB

E2opos B.K. %, E2opos E.B. ', Apanacves M.C.*
Turrm PAH, Yeprnoeonosxa, Mockosckas 061., 142432 Poccus,
e-mail: egorov@ipmt-hpm.ac.ru
2MHPSA, Mockesa

PentrenogyopecueHTHas  CHEKTPOCKONUS B YCJIOBHMSX IIOJIHOTO  BHEUIHEro
OTPKEHHMS TOTOKAa BO30YXKIAIOWIEH  PEHTTeHOBCKOM  pagualid  OT  IOBEPXHOCTH
uccaexyemoro oobekta (POA I[1BO) sBasieTcss OTHOCUTEIBHO MOJIOJBIM, HO TIPH 3TOM KpaifHe
3G HEKTUBHBIM METOJIOM KOJIMYECTBEHHOW 3JIEMEHTHOW JMArHOCTHKHU IMOBEPXHOCTH TBEPBIX
TeNl U CYyXUX OCTAaTKOB XHUAKOCTeH [1]. BaxkHeimeir ocoOEHHOCThIO ATOTO METOMA SIBIISCTCS
(bakT peasibHOro BO30YKJIEHHUsSI BTOPUYHON PEHTI€HOBCKOM (DIyOpECICHIIUH JIUIIb B TOHKOM
MOBEPXHOCTHOM CJIO€ M3y4aeMOoro oopasia, TOJIIINHA KOTOPOTO COCTABISIET 3+5 HAaHOMETPOB.
OToT (QakT, ¢ OJHOW CTOPOHBI, MPUBOJUT K PE3KOMY YMEHBIICHHIO BbIXOJa (HOHOBOM
COCTABIIAIONIEH PEHTICHO(IIyOPECHEHTHOTO CIEKTPa, a C APYroil — K MPaKTUYECKH MOTHOMY
MTOAABJIEHUIO B3aUMHOIO BIUSHUSA aTOMOB, COCTaBIISIOIIMX IIOBEPXHOCTHBIN ci10il. CHU)KEHHE
WHTEHCUBHOCTH (DOHOBOHM cocTaBisomeid (Ha 2+3 mopsaka B cpaBHeHUH ¢ P®DA,
BBIIIOJHSEMOM B CTaHAAPTHOW I€OMETPUH) IPUBOIUT K CYIIECTBEHHOMY CHHKEHHUIO IIOPOIOB
oOHapyxeHHs Tnpumeceil. BcneacTBue OTCYTCTBUSI  B3aMMHOTO — BJIMSHHUA —~ aTOMOB
konuuectBeHHass P®A [IBO chekrpockonus He HyXAaeTcs BO BBEIEHUU MaTPUYHBIX
MONPABOK.

B mnpexacraBisemoit pabore obcyxmarorcs wmeronumdeckue acrektel POA TIBO
CHEKTPOCKONMUU M KOHCTPYKIIMOHHBIE OCOOCHHOCTH CIIEKTPOMETPOB, PEAIU3YIOIIUX STOT
MeTo. JlaeTcs ero KpaTkasi aHaIuTHUecKas Xapakrepuctuka. ChopMyarpoBaHbl TpeOOBaHUS,
MpeIbsABIsiEMbIe K KaUYeCTBY MMOBEPXHOCTH MCCIEAYEMbIX 0OBEKTOB U K MapaMeTpaM CHCTEMBI
(bopMHUpPOBaHHUS NTOTOKA, BO30YKJIAIOIIETO BTOPUYHYIO PEHTICHO(IIYOPECLEHIIMIO B YCIOBUAX
ero mojHoro otpaxenus. IlokazaHo, 4To Takasg cucTeMa OKa3blBaeTcsi Hauboiee
3¢ deKTUBHON, Koraa BO30YXKAAoLEeH MOTOK (opMUpyeTcs ¢ IOMOIIbI0 HOBEHIIero
YCTpOICTBAa PEHTIEHOBCKOW OINTHUKHU — IJIOCKOTO PEHTIC€HOBCKOI'O BOJHOBOJA-pe30oHaTOpa
(ITPBP) [2].

B pabore mpencraBieHbl cpaBHUTEIbHBIE SKCepUMeHTaNbHbIE naHHble POA [IBO
CHEKTPOCKONUHU JSNUTAKCHANbHON TmeHKu Baj4Sr;oCuy40; nHa mommoxkke SrTiOs,
MIOJIyYEHHbIE B YCIOBUSAX (OPMHUPOBAHUS TOTOKAa BO30YXJAEHHUS C TIOMOIIBIO JIBYX
MOCIIEZIOBATEILHO PACIIONOKEHHBIX O00pe3almuX Ieied U BOJHOBOJHO-PE30HAHCHBIX
dbopMupoBareneil pa3IMIHBIX KOHCTpyKuuid. M3 3tmx maHHbIX cienyer, 4yto PDA TIBO
CIEKTPOCKOMUS, BBIMOJIHIEMAs B YCIOBUAX (OpMUPOBaHUA MOTOKa ¢ momoiisio [IPBP, Gonee
>pdeKTHBHA, KOT/Ia pAcCTOSHHE MEXAYy 3aJHUM CPEe30M BOJIHOBOJA-pe30HATOpa |
n3y4aemMbIM 00beKTOM oOKasbiBaeTcsi MeHee 50 MM. OOGcyxknatorcs ocodeHnoctu POA [1BO
CIIEKTPOB psifia 00BEKTOB, MOJTYYCHHBIX B YCIOBUAX (POPMUPOBAHUS IMOTOKA BO3OYKICHHS C
nomoibto [IPBP u cnenanel oneHkn wux npumecHoro cocrtaBa. lIpoaeMoHcTpupoBaHa
MPUHIMITAATBHAS BO3MOXKHOCTH TocTpoeHus: Ha 0Oa3e IIPBP pentrenodmayopecueHTHOTO
razoaHaigu3aTopa NpoToyHoro Tuma. O6cykaaTcs NyTH AalbHEHIIET0 COBEPIICHCTBOBAHUS
P®A TIBO crnekTpoMeTpoB, MOCTPOSHHBIX Ha 0a3e BOJHOBOIHO-PE30HAHCHBIX CTPYKTYp, a
TaK)K€ OCHOBHBIE HAIIPABJICHUS UX MMPAKTUYECKOTO NCIOJIb30BaHUS.

1. R. Klokenkamper. Total reflection x-ray fluorescence analysis. New York:Wiley. 1997
245 p.

2. V.K. Egorov, E.V. Egorov. Planar waveguide-resonator: a new device for x-ray optics // X-
ray Spectrometry. 2004. V. 33. P. 360-371.

233



Oco6eHHOCTN MexaHU3Ma BONTHOBOAHO-PEe30HAHCHOro
pacnpocTpaHeHUsi MOTOKa PEeHTreHOBCKOIro U3Ny4eHus

Eeopos E.B., Ecopos B.K.
HIITM PAH, Yeproeonoexa, Mockosckas o6n., 142432 Poccus,
e-mail: egorov@ipmt-hpm.ac.ru

3amaya (QopMupoOBaHHMS TIOTOKOB PEHTICHOBCKOTO H3JIyUYE€HUS MHUKPOMETPOBOTO
CEUEHMs] OTHOCHUTENBbHO JIETKO pEINAeTcsi € IMOMOUIbI0 CHUCTEM OOpe3aroluXx Ieiaed u
YCTPOMCTB MOHO M IOJMKAIWUIIPHOM ONTUKU. B TOXXe BpeMs, HECMOTPs HAa HEKOTOpPBIE
yCHEeXU PEHTTEHOOINTUKH 30HHBIX IJIACTUHOK, MpPaKTUYECKas METOAOJOTHs (hOpMUPOBAHUS
IIOTOKOB PEHTI€HOBCKMX JIydeli HAHOPAa3MEPHOIO CEUYEHMs MO-TIPEKHEMY OCTaeTcs
npobiemMatnyHoi. HekoTopelii mpopblB B 3TOM HampaBieHUH OO0O03HAYWICA B CBSI3U C
pa3pabOTKOl HOBBIX PEHTICHOONTHYECKUX YCTPOWCTB — IUIOCKMX PEHTI€HOBCKHX
BOJIHOBO/10B-pe3oHaTopoB (IIPBP) [1]. Otu ycTpoiictBa opueHTHpOBaHbl Ha (HOPMHUpPOBAHHE
MMOTOKOB PEHTICHOBCKUX Jydeld HUTEBUIAHOW (opmbl mupuHON 7+200 HaHOMETPOB, OJIHAKO
U3y4YeHHE UX CBOWMCTB TMOKas3biBaeT, uyto Ha ©Oa3e IIPBP Bo3mMoxHO mocTpoeHue
(bopmupoBaresel peHTT€HOBCKUX ITyYKOB HAHOPA3MEPHOI'O CEUEHHUS.

[IPBP  ¢yHKIMOHMPYIOT Ha OCHOBE MEXaHM3Ma BOJHOBOJHO-PE30HAHCHOTO
pacIpoCTpaHEeHUsl MOTOKA W3JIYy4YEHUs WM, APYTHMHU CIOBAMM, MEXaHHU3Ma PaJUualMOHHOMN
CBEpXTeKydecTu [2]. DTOT MeXaHU3M TPaHCIOPTHPOBKU H3IyYEHUs Y3KOH MPOTSKEHHOU
LIEeJIbI0 pealiu3yercss B TOM Ciyyae, KOIja HIMpUHA IIeJeBOro 3a30pa CTAHOBUTCS MEHBIIIE
umHEl KorepeHTHOCTH (L=Ao°/AL) 5TOro wm3nydenms. CyleCTByeT M HIDKHHH Ipefel
UIMPUHBI 3TOTO 3a30pa. BOIHOBOAHO-pE30HAHCHBIH MEXaHM3M HE MOXKET pealu30BaThCs,
€CJIM IIMPHHA 3a30pa OKa3bIBAETCSI MEHBIIE OJHOTO IMEPUOJA CTOSTYEH PEHTTEHOBCKOM BOJIHBI.
[Tpu peanuszanyy BOJHOBOAHO-PE30HAHCHOTO MEXaHM3Ma BO BCEM O0OBEMe IIEJIIEBOTO 3a30pa
BO3HHUKACT OJJHOPOAHOE MHTEP(PEPEHIIMOHHOE 0JIE CTOSYEeH PEHTTEHOBCKOM BOJIHBI, KOTOPOE
PE30HAaHCHBIM 00pa3oM 1ouTu 0e3 ocnabiaeHus TPaHCIOPTUPYET paJuallHOHHBIN MTOTOK BJIOJb
IIeJIeBOr0  3a3opa. JlaHHBIM  MeXaHM3M  IPEIoJaraeT  KBa3UMOHOXPOMAaTHUYHOCTb
TPAHCIIOPTUPYEMOI'0 M3Iy4YeHUs M, B OTIIMYME OT MEXaHM3Ma MHOTOKPAaTHOIO IIOJHOIO
OTPaXEHHUS, COCTABJSIONIET0 OCHOBY TOJUKANWUIAPHOW ONTUKH, XapaKTepusyercs
HETpepbIBHOH MOJOBOI CTpYKTypoil. Psin ocoOeHHOCTEH 3TOro MexaHu3Mma OIpeesseT
xapakrepHsle cBoiicTtBa [IPBP. Yron 3axBata n3nyuenus IIPBP mpocreiimeit KoHCTpyKInu
paBeH YIJIy pacxoauMOCTH C(HOPMUPOBAHHOIO IIOTOKA, IMpHYeM 00a OHH HE MOrYT
[PEBBILIATh YJBOEHHOIO 3HAYEHMs] KPUTHUECKOIO yIJIa IOJIHOTO BHELIHETO OTPa)KEHUS
MOTOKAa W3IydeHus Jansi Marepuana peduekropa. Ilotok, cdopmupoBannsiii [IPBP,
XapaKTepu3yeTcss OTCYTCTBHEM JU(PPAKIMOHHBIX CATEJUIMTOB HE3aBHCHMO OT UIMPUHBI
meneBoro 3azopa. PaamanuoHHas moTHOCTH moToka Ha Bbixoae [IPBP na 2+3 mopsiaka
MIPEBBIIIACT STOT MapaMeTp B MyUKax, (GOPMUPYEMBIX C IIOMOLIbIO 0OPE3aI0IINX HIEIICH.

B paGote moapoOHO 00CYXIar0TCs dKCIIEPUMEHTAIBHBIC TAHHBIE, XapaKTePU3YIOIIHNE
0COOEHHOCTH  BOJIHOBOJHO-PE30HAHCHOTO  paclpOCTPaHEHHs] MOTOKa PEHTIC€HOBCKOTO
U3Iy4YeHUsl, KOHCTPYKIMH  BOJHOBOJOB-PE30HATOPOB  OCHOBHBIE  HANpPAaBJICHUS  UX
BO3MOXXHOI'O IIPAaKTMYECKOTO IPUMEHEHHUsS, a TaKXe IIyTH IOBBIIIEHUS HX pPEaJbHOU
3¢ peKTUBHOCTH.

1. V.K. Egorov, E.V. Egorov. The experimental background and the model description for the
waveguide-resonator propagation of x-ray radiation through a planar narrow extended slit,
Review // Spectrochimica Acta. 2004. B59. P. 1049-1069.

2. B.K. Eeopos, E.B. E2opos. OcoOEHHOCTH SBICHUS DPAJUALMOHHON CBEPXTEKYy4eCTH B
PEHTI€HOBCKHUX BOJHOBOJIaX-PE30HATOPAX CIOXKHBIX KOHCTpYyKIui // MaTerpan. 2006. Ne6. C.
7-11.
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MHorokaHanbHbIN Kpuctann-andpakLuMoOHHbIN
peHTreHoBCKUM cnektpometp CPM-35

3axapoe A.B., ll]exomuxun C.II.
340 «Hayunpubop» e. Opén, e-mail: srm@nauchpribor.ru

«Hayurnpubop», Beaylmuil  pOCCHUHUCKHI  MPOU3BOJIWTEIh  PEHTTEHOBCKOW U
aHAJIUTUYECKONH TeXHUKH, uMeromnid CepTUHUKAT COOTBETCTBUSI CHUCTEMbl MEHEKMEHTa
kauectBa [SO 9001, nHa mnporskeHun 35 €T CEpUHHO BBIIYCKAa€T MHOIOKaHaJbHbIE
PEHTIE€HOBCKUE CIIEKTPOMETPBI, XOPOILIO U3BECTHBIE KaK B J1a00paTopusx y4&HBIX, TaK M Ha
MPOMBIIIICHHBIX TPEANPUATHIX.

Hcnonb30BaHre HAKOIUIEHHOTO OIbITa U 3HAHWM, MO3BOJIMJIO CO3JaTh CIIEKTPOMETP
HOBOro mnokoseHusi - CPM-35 ¢ XOpomumMH MeTPOJOTHYECKMMU XapaKTepUCTHKAMHU U C
BBICOKOW TPOM3BOJUTEIBHOCTRIO aHanmm3a. OnTuManbHash PEHTTCHOONTHYECKash CXeMa,
(UKCUpOBaHHbIE  KPUCTALI-AU(PAKIUOHHBIE KaHalbl (MOHOXpOMATOpbl) C  YJadyHO
MoIOOPaHHBIMU  KPUCTAJUI-aHATTM3AaTOPAMU PA3IMYHBIX THIIOB, MO3BOJSIOT OJHOBPEMEHHO
(mapajuienbHO) TOYHO IPOBOAWUTH 3KCIpecc-aHaiu3 10 16 BBIOpaHHBIX XMMHUYECKHX
371eMeHTOB. {7151 0030pHOro (KayecTBEHHOI'0) aHalu3a MPUMEHSETCSI SHEPTrOAUCIIEPCUOHHBIH
KaHal C DJEKTPOHHBIM OXJaKIACHUEM, HCTOYHMKOM BO30Y)XIEHHMS B KaHalle SBISIETCS
MOHOXPOMHOE PEHTICHOBCKOE H3IydeHHe, MO03TOMY (OH TMpPH PErucTpalil CIEeKTpa
MIPAKTUYECKH OTCYTCTBYET. MoIllHasi peHTreHoBcKast TpyOka (4 kBT) ¢ TOHKMM OepuiTneBbIM
OKHOM M M30JINPOBAHHBIM aHOJOM, MaKCUMAJIbHO MPHOIMKEHHBIM K HCCIIeTyeMOMy 00pasity,
MO3BOJISIET HE TOJNbKO YyBepeHHO wuccienoBath B, C, O, F, HO M yMeHbIIUTH Bpems
skcro3unuu g0 10 cek. B mpubope NpPUMEHEHBI: KOMIIAKTHBIE BBICOKOCTAOMIBLHBIC
VCTOYHUKU MUTAHUSI PEHTI€HOBCKON TPYOKHU U I€TEKTOPOB; aBTOMAaTH4eCKas (IIporpaMMHasi)
HACTpPOWKa PErHCTPUPYIOIINX TPAKTOB CHEKTPOMETPHUYECKUX KaHAJIOB, BaKyyMHas CHCTEMa
co crabuiM3anuell ypoBHS B CHEKTPOMETPHUUECKOM O0BbEME, C IUIAaBHBIM PEryJHpOBaHUEM
CKOPOCTH OTKAuKM M HAaIllyCKa; aBTOHOMHAs HHTEIPUPOBAHHAs CIUITUT-CUCTEMa BOJSHOTO
OXJIQXKJIEHUs C TOYHBIM MOJIEPKAHUEM TEMIIEPATYPbl U CKOPOCTH IMPOTOKA I€MOHU30BAHHOM
BOJIbI; TEpMOCTaOMIM3aLUs CIEKTPOMETPHUECKOro 00bEMa C HArpeBOM U OXJIaXJICHUEM;
CcTa0Wim3alisi W WHAWKANUS CKOPOCTH TMPOTOKAa pabodero ra3a MPONOPIHOHAIBHBIX
JIETEKTOPOB; TOYHOE MHOTOKPAaTHOE MO3UIIMOHHPOBAaHKE 00pa3la ¢ MOBBIIIEHHOW CKOPOCTHIO
BpallleHHsl TIPU aHalW3e, ¢ NMPUMEHEHHWeM Habopa TMEPBUYHBIX M BTOPHYHBIX (DHIBTPOB,
CMEHHBIX MAaCOK M3 rpadura Uim KaJMus, UCIOJIb30BAHNE KIOBEThl HOBOI KOHCTPYKIIHH.

CriekTpoMeTp UMeeT MOHATHOE M NPOCTOe B paboTe MporpaMMHOE oOecIeueHue,
KOTOpPOE M03BOJISET:

— TpPOU3BOJAUTH  YIPABICHHWE CIEKTPOMETPOM  Uepe3  CHEeIHaTH3HPOBAHHBIN
uHTepdeiic;

— YHIPaBIATH PEKUMOM pabOThl pEHTTEHOBCKOM TPYyOKH;

— MIPOBOJIUTH ABTOMATUYECKYIO0 KOPPEKTUPOBKY NOJI0KEHUs (POTONUKOB,

KOPPEKTHPOBKY U3MEPSIEMbIX HHTEHCHBHOCTEH C YIETOM «MEPTBOTO BPEMEHM»;

— IMarHOCTUPOBATh MPUOOP;

— BBIOMPATh Pa3JIMYHbIE METO/Ibl CTAHAAPTH3AIMH JJIs1 KOMIIEH AU Apeida;

— Ha OCHOBAHWU UHTEHCUBHOCTEH, MOyYEHHBIX IIPU U3MEPEHNHU KaIMOPOBOYHBIX

00pa3IoB, MPOU3BOIUTE pacyeT Kod(h(PHUIIMEHTOB KATMOPOBOYHOTO YPABHEHUS;

— MPOU3BOJAUTH PacyeT KOHIICHTPAIMK 3JIEMEHTOB MOCJIE U3MEPEHUN MHTEHCUBHOCTEM

OT UCCIeyeMbIX IPo0;
— COXpaHATh BCE MAapaMETPhl M pe3yJIbTaThl IPOBEIECHHBIX U3MEPEHHN B 0a3e JaHHBIX.
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MHorodyHKUMOHarnbHbIe NOpTaTUBHbIE AN paKTOMETPbI C
NpPUMeHeHMeM nonukanunnspHbix NMMH3 KymaxoBa

Hopaumos H.C., Boromoxog A.A., Jluxywuna E.B.
Hucmumym penmeenosckoti onmuxu, Mockaa, e-mail: iroptic@list.ru

HoBbrii kacc pEHTreHOBCKUX IU(PAKTOMETPOB (MEPEHOCHBIX U CTallMOHAPHBIX)
npeJHa3HaueHbl Ui JKCIpecc aHaiau3a ()a30BOI0 COCTaBa HEOPraHWYECKHX MaTepUalioB
OJTHOBPEMEHHO C PEHTTeH(IyOpPECLEHTHBIM aHAIN30M 3J€MEHTHOTO COCTaBa OJIHOTO M TOTO
e UCCIIEYEeMOro yyacTKa.

Hcnonp3oBanue momyanH3bl KymaxoBa TMO3BOJISIET CO3/1aBaTh IPOCTPAHCTBEHHO-
KOJJTMMHUPOBAHHBIC KBa3HUIapaJuleibHble PEHTTCHOBCKHE MYYKHM C BBICOKOW IUIOTHOCTHIO
U3IY4YeHUsT C PpacXOAMMOCTBIO ~3 Mpad., MepelaBaTh JHMHEHHBIE pasMepsl Qokyca
PEHTTeHOBCKOM TpyOku ©€3 JOMONHUTENBHOrO JAuadparMUpoOBaHHUs Ha HCCIEAYEMBbIit
oOpaserr.

OTnuuuTeNnbHON O0COOCHHOCTBIO pa3pabOTaHHBIX M peaJu3yeMbIX HOBOIO THIIA
PEHTIC€HOBCKUX TU(PPAKTOMETPOB ABISETCS UCIOIB30BAHNE KOMIIOHEHTOB MOJMKAMIUIIPHON
ONTHKKA (PEHTTEHOBCKHE JIMH3BI, PACTPhl), OOECIMEUMBAIOIIMX CJCAYIOIMINE BaKHBIC
napaMeTpsl B IPUMEHSIEMON PEHTTEHOONTHYECKOH 0€3KMHEMaTHYECKON CXeMe:

- CO3/IaHUE PEHTI€HOBCKUX M3JIYYEHHI C YBEJIWYEHHOW MIOTHOCTHIO 15-10° ¢doT. Kak
napajuieNIbHBIX, TaK M ¢(DOKYCHPOBAaHHBIX;

— MIPOCTPAaHCTBEHHO-KOJTMMUPOBAaHHbIE R-Myykn ¢ yriaoBoil pacxoauMocTbio ~3
Mpa;

- neperaya  JIMHEHHBIX  pa3MepoB  (oOKyca  pEHTTeHOBCKOM  TpyOku  6e3
JIOTIOJTHUTEIBHOTO JuadparMupOBaHus;

— (GuIbTpalus 1 MOHOXPOMATH3AIHs PEHTI€HOBCKOTO U3TyYEHUSI.

JudpakToMeTpbl YKOMIUIEKTOBAHBI BBICOKOI((EKTUBHBIM OJIOKOM  PETUCTpAIHU
TUGPAKIIMOHHOTO U3TYYEHUS, COCTOSIIMM M3 MO3UIIMOHHO-UYBCTBUTEIBHBIX JIETEKTOPOB C
YIIOBBIM HMHTEpBanoM onHoBpemenHoii peructpammn 12° u 55° mo 20. BosmoxnO u
HCIOJIb30BaHNE CIMHTUUIALIMOHHOTO JeTekTopa. PeHTreHoBckue TpyOKH AJii MEPEHOCHOTrO
I(pakToOMeTpa ¢ MOLIHOCTHIO 70 5-8 BT ocHalieHbl MOTyIMH30M B Ka4eCTBE KOJITUMATOpA.
Jnst cranimonapHoro audpakToMeTpa MCIONIb30BaHa PEeHTreHOBcKas TpyOka mo 50 Br, He
TpeOyrolasi BOASHOTO OXJIaXKACHUS.

[TporpamMmmMHoe oOecrieueHre MO3BOJISET JETKO U OBICTPO MOJYyYUTh BCE HEOOXOIUMbIE
JlaHHbIE, KaK O CTPYKTYype, TaK U XMMHUYECKOM cOcTaBe uccieayemoro obpasima. [Ipoctoit u
HarJsqHbIld uHTepdetic padoraer B cpene Windows 98/2000/Me/XP.
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Mporpamma aHann3a 3Hepro-gucnepcmuoHHbIX crnektpos B PCMA

Kanaxun C.B., Kapmanos H.C.
Teonocuueckuti uncmumym CO PAH, Ynau-Y0s, Caxvsanosotl, 6a, e-mail: skan_61@mail.ru

Pa3paborana nmporpamMma aHaiu3a CIEKTPOB, MOJIYYaeMbIX C MPUMEHEHHUEM 3HEPro-
JTUCTIEPCUOHHOTO CIIEKTPOMETpAa B  PEHTTEHOCIEKTpalbHOM MHKpoaHanuse. [Iporpamma
IpelHa3HaueHa JJi1 BBIJCJICHUSA B CIEKTPE XapaKTePUCTHMUECKUX PEHTTEHOBCKUX JIMHUN C
Y4eTOM TOPMO3HOM M XapaKTEepPUCTUYECKOW COCTaBJstoNIe (oHAa U pacyeTa KOHIIEHTPAIIHi
XUMHUYECKUX 3JIEMEHTOB.

Anroput™M aHaiM3a CHEKTpa BKIO4YaeT B cebs Heckonbko HdtamoB. 1. C
UCTIONb30BaHueM top-hat GpuibTpa ¢ OKHOM M KPBUIbSMH, 3aBHCAILIMMH OT OLEHKH TEKYIIEro
HHEPreTHUECKOro pa3pellieHusi, MPOU3BOJUTCS BbIACIECHUE XapAKTEPUCTHUYECKUX JHHHUNA H
npeaBapuTeNbHas — WACHTH(QHKAIMA  XUMHYECKHMX  d1eMeHToB. 2.  OcylecTBisercs
anIpPOKCUMAIIUs XapaKTEePUCTHUECKUX JUHUK GyHKImer [laycca ¢ yuerom ux “XBOCTOB” H
rpy0asi OlleHKa cojepKaHUi HIeHTHU()UIUPOBAHHBIX 37eMeHTOB. 3. IlodydyeHHble NTaHHBIE U
cBOOO/IHBIE OT JIMHUW YYacTKU CIIEKTpa HMCIOJB3YIOTCA Il pacuera KpuBoil (oHa mon
muauAME. 4. C y4eToM pacCUYMUTaHHOrO (poHaA MPOMU3BOJUTCA Oojiee TOUHAS ANMPOKCHMAIUS
XapaKTepUCTHUUYECKOTO  CIEeKTpa M  yTOYHEHHE HAIWYUS  XUMHUYECKHMX  DJIEMEHTOB.
Annpoxkcumanus JMHUNA OCYIIECTBISAETCS ¢ YYETOM MOIVIOIIEHUS U3TyYeHHs KayKIOW JINHUMY,
KaKk B HCCIeAyeMOM oOpasle, Tak W B OKHE crektpomerpa. 5. [lo wuHTErpampHOM
MHTEHCUBHOCTU AHAJIUTHYECKUX JIMHUN IPOU3BOAUTCS pacdyeT KOHLEHTpauuil, W jajiee
ITOBTOPSIFOTCSL JICMCTBUSA, HAYMHAs C NyHKTa 3. Pe3ynpTaTel aBTOMAaTHYECKOIO aHaIu3a
CIIEKTpa MOTYT OBITh CKOPPEKTUPOBAHBI OINEPAaTOPOM, KOTOPBIH HMEET BO3MOXHOCTb
BPYUHYIO YJQJIUTh W/WIH JOOABUTH 3JIEMEHTHI.

s ouenku pazpemienus OJIC MpoOBOAUTCS ammpoOKCUMAIMS TaycCHaHOM JHOO0
anmnapatHoro ctpoba (ans cnektpoB INCAEnergy), nubo aHanuTHYeCKOW cepuM JHMHUN
AIIEMEHTA, COJEPKAIErocs B TMPEIBAPUTEIHLHO H3MEPEHHOM KalMOPOBOYHOM CTaHAApTe
(marmpumep, Co wmeraummueckuid). s pacuera mHONMpaBOK Ha MaTpuUuHbie >PQEKTH B
MpOrpaMMy BKIIFOUEHBI 5 METO/IOB pacuera MOMpaBoK U 6 TabJIMIl MacCOBBIX KOA((UIIMEHTOB
noriomenus [1].

B nporpammy MoxeT OBITh OAHOBPEMEHHO 3arpy>k€HO CKOJIbKO YTrogHO (ailsios,
KOTOpBIE MOTYT COJAEpKaTh JH000€ 4MCcI0 CIEKTpoB. Jlyig cpaBHEHMsI CIIEKTPOB NpU HX
BHU3YaJbHOM HCCJIEIOBAaHUM MpOrpaMma MMEET JBE MaHETU CIEKTPOB. AHalU3 CIEKTPOB U
pacuer KOHUEHTpPALUMi MOKHO IPOBOJUTH KaK MHAMBHUIYAJIbHO, TAK U B MAKETHOM DPEKUME.
[Tporpamma Moxxetr ummnoptupoBath npoekTsl INCAEnergy 300,350 (Oxford Instruments),
MEPEeBOJUTh MX B CBOM COOCTBEHHBIH (hopMaT XpaHEHHUS M 3aTeM oOpabaThiBaTh. B memsax
KOPpPEKTHOTO pacdera (HopMynpHBIX KOI(D(UIIMEHTOB TporpaMma HMEET alTOPUTM
ONpe/eNieHUs] TUMa MHHEpaia, HWCIMOJb3YIOUMHA BCTPOEHHBIM CIPAaBOUYHUK MHMHEPANOB, B
KOTOPOM COZEpXkaTcsl KOJMYECTBO AaTOMOB KHCIOpPOJAa W KOHLEHTPAaLUU 3IIEMEHTOB, HE
aHAJIM3UPYEMbIX AJIEKTPOHHO-30HIOBBIM METOJIOM. B ciywae ecnu mporpamma He cMmoruia
pacrno3HaTh TUII MMHEpala WK cjeslaja 3TO He KOPPEKTHO, aHAIUTUK UMEET BO3MOKHOCTb
yKa3aThb HYXHBIM Tun. OT4eT O pe3yibTaTax coxpaHsercs B Bujae Excel-aiima, xoTopsrii
COJICP’KUT KpOME KOHIICHTpaIuii (opMyJibHBIE KOI(PQPUIIUEHTHI, OMUOKUA ONPEICICHUS H
npeJiesbl OOHAPYKEHHUS.

1. Jlaspenmvwes FO.I'., Ycosa JI.B. // XXypH. ananut. xumun. — 1994. — T.49, Ne 5. — C. 462-
468.
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PeHTreHopaguomMmeTpuyeckui akcnpecc-aHanus obpasuos
Hen3BeCTHOro coctaBa

Konecos I'. M., Jlopeny A. JI.
Huemumym eeoxumuu u ananumuyeckot xumuu um. B.1 Bepnaockoeo PAH

[Ipu BbIOOpEe MeTONA [JIs MPOBEAEHUS KOJMYECTBEHHOIO XHMHYECKOrO aHaju3a
XKeJlaTeIbHO UMETh NPEeABAPUTENbHYI0 HHPOPMAIIUIO O COCTABE U IIPOUCXOKAECHUN 00BEKTA,
KOTOPYIO MOKHO MOJY4YUThb, UCIOB3Ys peHTreHopaauomerpuueckuit meroa (PPM). C stoi
1[eJ1bI0 ObUT U3rOTOBJIEH M ONIPOOOBAH KOMOMHUPOBAHHBIN 0JI0K, 00ecreunBarOIUi yCI0BUS
IpsIMOTO M JBYXCTYNEHYATOrO BO3OYXKICHHsS PEHTreHOBCKOW (ayopecueniuu (Puc.).
KoHncTpykuuss On0ka MO3BOJISET IIJIABHO M3MEHSATh I'€OMETPHUI0 CHCTEMbI: HCTOYHUK-
MHUIIEHb- 00pa3el-AeTeKTOp /sl BbIOOpa ONTUMAJIbHBIX YCIOBUI aHaINU3a.

Peructpamuss wusnmydenus oT oOpasma mpoBoamnack Si(Li)-merekTopoM  upMBbI
“KEBEKC” nnomansio 10 MMm> ¢ Be-okrom 0.008 MM u paszpemenueM 150 3B na K,- nunun

Mn, 5.9 k3B ¢ nmocnenyromeir 00paboTKoN Ha MHOTOKaHabHOM aHanu3zatope “HOKHNA”.

Jyist 001t OICHKH XMMHUYECKOr0 COCTaBa 00BEKTa MCIOJB30BaIM 00pa3iibl J000H (GOpMBI U pasmepa;
Juist Oojiee TOYHOTO aHaim3a 1poObl nctupanu go 200 mer, oTOupanu HaBecKy maccod 50 mr, noGasisiin
alleTOH M OCaKAAJIM B3BeCh Ha OyMakHOM (MIBTPE B BHJE «TOHKOTO CIOs» auamerpoMm 20 MM, KOTOpBIH
3areM wu3Mepsuid. Bpemst  moarotroBku mpoObl cocTaBisio oT 3 05 MuH. s BapuaHTa TIpsSMOTO
BO30YKICHUS HCIOIB30BaN U30TOIIBI Fe* u Cd'% B KOHCTPYKIIHX KOJBIIEBOTO THIIA C aKTUBHOCTHIO 5-10
mCu.

[Ipu 3TOM UCTOYHMK Fe>’ npuMensun juis onpenenenus Al, Si, K, Ca, Ti, V mo ux K, -
U3IyYeHUI0; o0pa3laMM CpaBHEHUs ciayxuwin 6azanst (BM), yromsnas mneuie (FFA),
cnabsl  (TS,TB), oOpa3ubl KHUCABIX W  YJIbTPAOCHOBHBIX MOPOJA, HCKYCCTBEHHO
MPUTOTOBJICHHBIC MPOOBI pa3Horo cocraa. [Ipenensl ooHapyxkenus (IIpO) mpu sxcnozunuu
500-3000c coctaBmiu (B %): nast K u Ca- (0.1- 0.2), nns Ti, V - (0.01 - 0.02); mnst Al u Si —
toneko 10- 20% B BuAy cuiabHOro morionieHuss B obmactu K,- 7auHHA 3TUX
3JIEMEHTOB;TIOTPEITHOCTh onpeaeneHus — (4 - 25)%.

Jns  nmanazona osHepruii 5-20 k3B wucmonb3oBamu  Cd109
konpueBoro Ttuna. Ilpm »skcmosumuu 1000-2000 ¢ u  pacuere
COZIEP/KAHUSA IO METONY CIEKTpasbHBIX oTHOMmEeHU [IpO cocTaBmim
(B %): ms Fe -0.1; Cr u Mn-0.015; Ni, Cu, Zn, Pb (o Lg-nmunumn),
Rb, Sr, Y, Zr, Nb, Mo - (0.002-0.005); morpemHocTh aHanu3a- oT 2 T
o 20 %. Jlnd KOppeKuuMM IIOMEX BBOJMJIMUCH IIOIPABOYHBIC “?‘ﬁ‘nl

KO3 PUIMEHTHI, ONIPE/IeIEHHbIE SKCIIEPUMEHTAIBHO. o= e

Just onpenenenus rpymnmnsl snaemMeHToB oT Ag no Sb (mo K- cepun) HpI/IMCHSIJ'II/I HCTOUYHUK Am
aktuBHOCThIO 200 mCu ¢ ImpOMeKyTOYHOH MMIICHBIO M3 cOoelMHEeHHMH Oapus wiau camapusi. B kadectse
00pa3lmoB CpaBHEHUS B ITOM CIIydae HCIIOJIB30BAIHM 00pa3lbl MOJMMETAIIIHYECKIX, CepPeOPOCBUHIIOBBIX U
KaCCHTEPHUT- KBapIEeBHIX pyx; mpu dkcrmozunuu 1000-2000 ¢ kornTpactHOCTH ompeaeneHus Ag, Cd, Sn, Sb
cocraBmia (20-30)% ua 0,01 % npu I[IpO ot 0,003 mo 0,005%.

Meton 103BOJIIET OLCHUTh MATPHIy aHaJIU3UpyeMoro olpaslla U OTHECTH €ro K
KaTeropuy 3E€MHBIX WJIM KOCMHYECKUX OOBEKTOB, TNPUPOIHBIX HINW HCKYCCTBEHHBIX
MartepuanoB. Mcnoiab3oBaHre KOMOMHHPOBAHHOIO Ojoka mo3BojseT l)ompenendars ao 25
PYIHBIX U MOPOA00OPA3YIONIMX 3JEMEHTOB B TOPHBIX MOPOJaX, BTOPUYHOM ChIpbE, JOHHBIX
ocagkax M Ap.; 2) KOHCTPYKIUs OJoKa JOIycCKaeT OBICTPYyIO Mepe3arpy3Ky H30TOIHOTO
ncrounuka (B Tom uucie Fe55, Cd109, Am241) nns peanuzanuu pa3iIudHbIX METOANICCKIX
npuemoB PPM B nuanaszone snepruii ot 1,5 1o 30 k3B, a unoraa no 40 k3B; 3) npumenenue
Osioka B couetannu ¢ MHAA pacmupsier kpyr onpenensieMbix metonoMm MHAA anemeHnToB
(Ti, V, Pb, Y, Zr, Nb, Mo, Cd, Sn).

Paboma evinonnena 6 pamxax epanma PODOHU, Ne 06-03-32896-a.

MCTOMENE sropiIam Baitm) e
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PeHTreHodnyopecueHTHble UHDOPMaALUOHHO-aHaANMUTU4YeCKue
CUCTEMbI

Kopobetinurxosa JII1.
CIIol'yY, Cankm-Ilemepoype, e-mail:corobeynikova@sinstr.ru

Pa3BuTHe TeopeTHueckod M ammapaTypHOUl 0a3bl, a TakKe BECh OMBIT MPUMEHEHUS
PEHTTEHOCTIEKTPAIbHOIO (PIIyOPECHEHTHOIO METO/a MO3BOJSET CTPOUTh paclpeaesCHHYIO
AQHAIUTUYECKYIO CUCTEMY 10 HepapXUUECKOMY IMPUHLIUITY U3 TPEX YpPOBHEH.

Ilepevuii  — TmopTaTWBHAST PEHTIEHO(DIYOpECHEHTHAsl — ammaparypa KpUCTall-
nudpakIMOHHAsT WKW dHEprogucnepcronHas.: «2Dmane» (Poccus), «Horizon600» (AHrINs),
ITAPC (Poccust), obecrnieunBaroiias 3KCIpecc-aHalIu3 Ha AJIEMEHThl — HUHJUKATOphl 0e3
otbopa mpob6. Kpome TOro, mopratuBHbIE CIIEKTPOMETPHI HCIOJB30BAIU ISl JIOKAJIHHOTO
aHajM3a cocTaBa OOBEKTOB OOJIBIIOTO pa3Mepa C LEIbI0 BRIABICHHUS OAHOPOJHOCTH COCTAaBA.
Taxum o6pazom, oOecrieunBaeTcs Hepa3pyLIAOIINNA SKCIIPECCHBIN aHATUTUYECKUA KOHTPOJIb.

Bmopoit ypogens - HacTOIbHBIE PEHTTEHOCTIEKTPaIbHbIE IEPCOHAIBHBIE aHAIN3ATOPbI
uccnenoparens-IIAM - obecneunBaror PCDA paznuyHbix npod Ha IIHPOKHA Pl
MH(POPMATUBHBIX AJIEMEHTOB B MOJYCTALIMOHAPHBIX YCIOBUSAX. ANIApaTHO BTOPOW YpPOBEHb
CHUCTEMBI MPENCTABIECH aBTOMATU3MPOBAHHBIMU clieKTpomeTrpamMu Cnexkmpockan, BPA-18
(Poccus), ED 2000 (Aurnusi) PEAH (Poccust) Uiy MHBIMU KpUCTAIUT-TU(PPaKIIMOHHBIMU WITH
MTOJIYIIPOBOTHUKOBBIMHU ~ dHeproaucrepcuonusiMi. IIAW -  ananmmzatop wmccnepoBatens
(MMHepajora, 9KoJoOra, MarepuajoBea...) - OCHOBa MOOWJIBHOW M CTallMOHAPHOMN
71a060paTopuy B 3aBUCUMOCTH OT pelIaeMbIX 3a/1a4.

Tpemuii, vicuiuii ypoensy cUcTEMbl 00ECIIEUMBACT MPELU3UOHHBIA CTAllMOHAPHBIH
PEHTTeHOCTIEKTPaJIbHBIM KOMILJIEKCOM, Ha OCHOBE Takux amnmapartoB, kak ARL 9800 TAXA
(ABctpust), CPM-25, APM-1-01(Poccust), MagiX (Hunepnanaesl) u T.1. Tperuit ypoBeHb
PUAC obpa3yer nH(pOpMAIMOHHO-aHATUTUYECKUN YIPABISIIOIUN LEHTP, TIe XPAHUTCS U
oOpabaTsiBaeTCs BCsl MH(OpMAITUS MTEPBHIX IBYX YPOBHEH.

Bropoii u TpeTuii ypoBHH CUCTEMBI JAOMOJIHEHBl JU(PPAKTOMETPAMU MJIsi PEHTIE€HO-
CTPYKTYpHBIX ucciaenaoBanuii. CucreMy oOBEAUHSET €AWMHBIA METOIOJOTHUECKHI TOIX0 K
UCCIICZIOBAaHUSIM OOBEKTOB HA OCHOBE MOHATUS «HMH()OPMATHBHBIX» 3IIEMEHTOB, €IHWHAs
CTPYKTypa MPOrpaMMHO - METOJMYECKOro 00ecredyeHUs, pealn3yromias BeAyLUe CIOCOObI:
(yHIaMEeHTaIbHBIX TApaMETPOB, CTaHAApPTa-(POHA U TUHEWHOW M HEIMHEHHOHN perpeccuu.

[Tokazano, utro coBpemeHHas oredecTBeHHas amnmapatrypa — CIHEKTPOCKAH
(xpuctasmu-gudpakiuuonHslii  ckanupytommid  cektpomerp  HITO«CITIEKTPOH»,CankT-
[lerepOypr), PEAH (3HeproJucnepcuoHHbI, mnonynpoBoaHukoBbii 3A0 «HayuHnsble
pudopH», Cankr-IlerepOypr),  IIAPC  (IOpPTaTUBHBIA  3HEProJUCIEPCHOHHBIN
nonynpoBoaHUKOBbIE  3AO «Hayunsle mnpubops», Cankt-IlerepOypr) M HacTOJBHBIM
madpaxtomerp JHDPEH (3AO «Hayunsie npuGops», Cankr-IletepOypr) ¢ ycmexom
o0ecreunBaroT uccieoBanust HKHUX ypoBHe PUAC 1 KOHKYypUPYIOT C 3apyOeKHBIMU.

[IpencraBieHsl cpaBHUTENbHBIE XapAaKTEPUCTUKH YIOMSHYTHIX BBIIIE MPUOOPOB MpHU
aHaJIM3€ AJTIOMUHHUEBBIX CIIJIaBOB, CTaJIel, IEOJIOTMYECKUX U OKOJIOTMYECKHX OOBEKTOB.
[IpuBeneHbl XapaKTEPUCTUKH, TIOJYYEHHbIE Ha HOBBIX MOMXYyNpoBOAHUKOBBIX (IlenbThe-
a¢dekr) sreproaucnepcuonnbix criekrpomerpax PEAH u [TAPC.

PentrenodayopeciieHTHBIC NudopmMannoHHO-AHATUTHYECKUE CucrteMbl c
0asupoBanuem B kinaccuueckux (ombiT CIIOIY) u rexaudeckux (ombiT CIIOTTY «MTMO»)
yHuuBepcuterax u B PAH craHoBsTCS meHTpamu cOopa aHAIUTHYECKOW HHGOPMAIMH IS
pernonoB. PUAC obecnieunBaeT CKBO3HOM aHATUTHYECKUI KOHTPOJIb IPOU3BO/ICTBA.
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Knaccbl nepcoHarnbHbIX aHanNM3aTopoB B YHUBepPCUTeTax — LLeHTpbI
NoAroTOBKWU cneuuanmcToB U KBanmpuuupoBaHHbIX
nonb3oBaTteneu PCOA

Kopobetinuxosa JII1.
CIIol'yY, Cankm-Ilemepoype, e-male:corobeynikova@sinstr.ru

KonuenryaneHoe  moHATHE  "MEpCOHAJIBHBIM  aHamu3aTop  MccieaoBaTens'
copMHpOBAJIOCH B TpoOILECCe NPUMEHEHHs B Y4eOHOM TIpolecce Ha Te0JIOTHYECKOM
¢dakynpTere peHtreHodayopecueHtHelx VBK Ha 0a3ze ckaHHMpyrOIUMX — KpHCTasll-
T(QPAKIIUOHHBIX CHEKTPOMETPOB. YCIEeXH NPUOOPOCTPOCHUS, TMOSBICHHE HACTOJIHHOTO
nepconanbHoro ananmuzaropa "CIIEKTPOCKAH" no3Bonuiaun B TOpsAKe SKCIEPUMEHTa
opranu3oBath B 1994 roay kiacc mepcoHalbHBIX aHATU3AaTOPOB HA (aKyJbTeTe, I CHavyana
IPOXOAMIM OOy4YEHHE CTYJCHTBI-T€0JIOTH pa3HbIX CHELUATIbHOCTEH, Janee MOIKIIOYIINChH
yJaryecs OMoJIoro-moyBeHHoro (¢-ta u ¢-ta reorpaduu u reosxonorun, xumpaka, a ¢ 2000 r
cryaentsl u acupanTel  CIIGITY «MTMO», CIIOITIY («Ilomutex»), CIIOI'DTY «JIDTW».

Kitacc nmepcoHanbHBIX aHAIM3aTOPOB HE TpaJULMOHHAS yuyeOHO-Hay4yHas Jaboparopus, a
HOBasl yyeOHas cTpykTypa. CTyleHTbl paboTar0T CaMOCTOSITENIBHO, a HE MPUCYTCTBYIOT PSIOM C
npenojasateneM. B Kiacc MpUXOIAT YUUTHCS paboOTaTh C METOAOM, a HE «HAKUMATh KHOIKI.
Te, xTO NpUXOOWI NONYYUTh «AHAIUTHKY» OECIUIATHO [UIS BBINOJHEHUS TPAHTOB CBOMX
PYKOBOAMTENEH, yIIen W3 Kilacca HU ¢ 4eM. Kiacc - Uil caMOCTOSTENBbHBIX TBOPYECKUX
mmyHocteil. Paspabortana nocnedosamenvras obpazosamenvhas npocpamvmad, COCTOSILAS U3
IIECTH TEOPETUYECKHX YYeOHBIX KYypCOB, MPAKTUUECKUX 3aHATUH U CAMOCTOSTENBHOM paboTh
y4eHHMKOB. B mporpammy 3anoikeHbl npuHyunsl cmynenyamoz2o obpazosanus. BblylieHO
yueOHOe mocobue u pujep jekiuil. [lepBble nBa Kypca JeKIMii 3HAKOMAT ¢ OCHOBAMH METOJ1a,
[IPOrPaMMHO-METOJIMYECKUM OOECIICUCHHEM  MEPCOHAIILHOIO aHAJIM3aTopa M MeETOA0JorHeit
MPOBE/ICHUS UCCIIeI0BaHUI HPUPOAHBIX U TEXHOT€HHBIX  OOBEKTOB Ha OCHOBE
penTreHoguryopeciieHTHOro  Metoza. [locnemyronme Kypchl TPEIOCTABISIOT  BO3MOYKHOCTb
CTYJIEHTaM MAarucTpaTypbl COBEpIIEHCTBOBATH CBOM 3HaHMA. lIporpamma amantupoBaHa JUist
JPYTHX CIENUAIbHOCTEN (MaTepuaioBe/ieHle, KpUMUHAIIMCTHKA, ICKyCcCTBOBeieHHE U 1p). Kiacc
MEPCOHAIBHBIX aHAJIM3AaTOPOB IIOArOTABIMBACT BBICOKOKBATU(PUIIMPOBAHHBIX IOJIb30BaTENEH
pUOOPOB, LIEHTPOM pa3paboTku KoTophlx sBisiercs: Cankr-IletepOypr. Kitace ctan ocHoBoit
OOBEIMHEHNUS CTYJICHTOB pa3HbIX (aKyJIbTETOB U YHUBEPCUTETOB B COBMECTHBIX MCCIIEIOBAHUSAX.
W3 xnacca 3a ABEHAUATh JIET paObOThI BRITYIIEHBI 26 KaHIUIATCKAX U MHOXKECTBO MaruCTEPCKUX
nucceprauuid. [lojniepykaHbl MHOTHE CTYAEHUYECKHME W aclUpaHTCKue rpaHThl. OOydeHue B
Knacce mpomm ©Oomee 700 CTyZeHTOB, MarucTpaHTOB, AaCHUPAHTOB, JOKTOPAHTOB.
OO0y4anuch TNPUOOPOCTPOUTENN — TPOU3BOJCTBEHHHUKH, OHKcrepTel MOP®, »skcnepTsi-
KPUMHUHAJIUCTBI, IIKOJBHUKU. KypChl JI€K1IMi1 BKIFOUEHBI B LIENbIM psii MArUCTEPCKUX ITPOrPaMM.

BrimyckHuky, oBiazieBIme peHTreHo(IyOpECIIEHTHBIM METO/IOM, 0oJiee BOCTPeOOBaHbI
Ha PbIHKE MHTEIUIEKTYAJIbHOTO Tpy/aa. [Ipy yuacTin MHOTMX y4eHHMKOB Ki1acca BbinonHeHsl HUP u
OKP pa3paboTKH €IMHOr0 HACTOJBHOTO AHAJIMTUYECKOTO KOMIUIeKca Juisl (OpMUPOBAHUS
MHHOBAIIMOHHON 00pa30BaTeNbHON CpeIbl KIIACCHUECKOT0 U TEXHUYECKOT'O0 YHUBEPCUTETOB.

Ba cnextpomerpa «CIIEKTPOCKAH)» (BOJHOBOIUCIIEPCUOHHBIM CKaHUPYIOIUI) U
«PEAH» (PHEpProaucrepCHOHHBIN, ITOJYIPOBOIHUKOBBIA, MHOTOKAHAIBHBIN), TOTOJHECHHBIC
mppakTomeTpoM «Jludpeii», - HACTONBHBINA HCCIeIOBATEIbCKUN KoMIUIeKe. Ha mpakTuky u B
SKCIIETULIUIO CTYAEHTHI MOEIYT C MOJEBbIM MOPTATHBHBIM IOIYIPOBOJHUKOBBIM aHAIM3aTOPOM
«IIAPCy, peHTTeHOONTHYECKAsl CXEMa KOTOPOro pacCUUTaHa aclMpaHTOM-BbITycKHHLEH Kiacca.
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PeHTreHOBCKMM CMNEeKTPOMETP TPeTUYHbLIX CNEeKTPOB C NOJIHbIM
BHeWHUM OoTpaxXKeHnem BTOPUYHOIo n3ny4yeHus

Kpacnonyyxuii B.I1.*, Capviues /].A., Paznomazos B. M., I[lonomapenxo B.O.,
Hoesurxoseckun H. M., Bnaowcesuu A.B.
TT'TIN, 2. Tacanpoe*, HUHU @uszuxu FOxcnozo @edepanvroeo Ynusepcumema,
2. Pocmos-na-/lony , e-mail: ayda mixalich@mail.ru, i108@ip.rsu.ru

['maBHBIM JOCTOMHCTBOM CHEKTPOB, MOJIYYEHHBIX MPU MOJHOM BHEIIHEM OTPAXKEHUU
(IIBO) nepBUYHOrO M3Iy4YEHHUs] PEHTICHOBCKOW TPYOKM SBISIETCS HU3KUNA aOCOJIOTHBIM
npeaen obnapyxenus (I10), mocturarommii s mMamoradapuTHbeIX criekTpoMmerpoB [1BO
BEJIMYMH NOPsJIKa HECKOJIBKUX JECATKOB HAaHOIpaMMOB BenlecTBa. Bennuuna I10 naxoaurtes
B CHJIbHOW 3aBUCHUMOCTH OT CTEIIEHH MOHOXPOMAaTH3aUHU MIEPBUYHOTO U3ITy4YEeHHUS U OJIM30CTH
SHEPIrUM TOTJIOIEHHS OTNpeaesieMoro sieMenTa. beictpsiii poct 10 B msArkoir obmactu
CIIEKTpa CBSI3aH, B PNy APYrux (GakTopoB, ¢ OOJBUIMM OTIMYUEM DHEPrHil BO30YKIAIOLIUX
(OTOHOB M »HHEpPruil KpaeB TOIJIOMICHHUS OINpeNeIsieMbIX 3JeMeHTOB. lcmonb3oBanue
BTOPUYHBIX M3JIy4aTesiell B KadecTBe MCTOYHMKA BO30YXKIAIOUIETO HM3Iy4YEHHs MO3BOJIHIIO
JOCTaTOYHO IPOCTO PEryJUPOBAaTh HSHEPrUI0 3TOTO U3JIyYEHHUs M MPAKTUUYECKH HCKIIOYHUTH
BKJAJ, B QHAIMU3UPYEMBIA CIEKTP TOPMO3HOM COCTAaBIAIOUIEH MEPBUYHOTO U3JIYUYEHHUS
PEHTICHOBCKOM  TpyOKM  obOecreuumB  JOCTAaTOYHYIO  CTENEHb  MOHOXpOMaTH3aluu
BO30Y’KJAIONIEr0 aHaJIUTUYECKHWE JIMHUU W3Iy4deHHs. Bpbicokas cTeneHb KOJIMMAalUH
HeoOxonumas s [IBO BTOpUYHOrO M3NMyuyeHHMs Ha aHaIM3HpPyeMOM oOpasle, MO3BOJIHIIA
OTKa3aThCsl OT KAKOIo-JIMOO OrpaHUYEHUs] MEPBUYHOTO MydYKa W MAKCUMAaJIbHO MPUOJIU3HUTH
aHOJl TOPLEBOW PEHTICHOBCKOW TPYyOKM K TOBEPXHOCTH BTOPUYHOIO H3JIyyaTers,
MaKCHUMaJIbHO MCIOJb30BaB MEPBUYHOE H3JIyYEHHE MAJOMOIIHOIO MCTOYHHKA MEPBUYHOTO
m3nnyyeHusi.  Kpome TOro, KOHCTPYKIMSI CIEKTpOMETpa JIONMYCKAaeT BaKyyMHpPOBAHHE
CIEKTPOMETPUYECKOro  OJ0OKa U TPUMEHEHHue NOJUKANUIUIAPHOM  JIMH3Bl  JJIA
KOHILICHTPUPOBAHUS My4Ka NEPBUYHOTO M3IYUYEHUS C LEJbIO MOBBIIIEHUS TUIOTHOCTH MOTOKA
BTOPUYHOr0 u3inydeHus. llepBble pe3ynbTaThl HUCHBITAHUA NpUOOpa MOKa3aid, dYTO
aocomotHbIN [10 oTACNBHBIX 27IeMEeHTOB focTuraet 0,1 Hr TpH UCTIOIB30BAaHIUN MAJIOMOIITHOM
(~ 10BT) peHTreHOBCKOW TpyOKH C MOJMOACHOBBIM aHOJOM. TeCTOBBIM PEHTIC€HOBCKUIi
CHEKTpP CyXOro ocTaTKa CTaHAapTHOI'O pacTBOpa NPUBEAEH HAa PUCYHKE.

Takum  oOpa3om, MpUMEHEHHE BTOPUYHBIX  H3JIyyaTeled Kak  HCTOYHHKA
BO30YXIAIONIET0 aHAIM3UpyeMoe u3iaydeHue B crektpomerpax ¢ [IBO Bo30yskmarorero
M3JIy4eHUs]  MEpPCHeKTUBHO M  CO3JIaHUA  MaJOMOIIHBIX  HHEProAMCHEPCHOHHBIX
CHEKTPOMETPOB.

TecToBBIN PEHTICHOBCKUN cneKT CyXO0ro OCTaTa I'COPM-2 (Cr, Fe, Cu, N1, Co —
10% 1)
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Py4Houn peHTreHodnyopecueHTHbIN criekTpomMeTp «PoKyc-P»

Kymaxoe M.A., bonomoxos A.A., Cunuiiuyk A.A., Iyoun A.J].
Hncmumym penmeenosckoii onmuku, Mockea, e-mail: iroptic@list.ru

Cnexrpomerp «Dokyc—P» npennaszHadueH ajisi Hepa3pylIaloIero KOJIMYeCTBEHHOTO U
Ka4eCTBEHHOTO OIPEACIICHUs MacCOBOM KOHIIGHTpanuu osineMeHToB oT Sil4 mo U92,
COJIEpKalINXCs B aHaIM3upyeMom obOpasme (mpode). OOpasipl MOTYT OBITh KUIKAMU WITH
TBEPJBIMU (B BUAC JKUIKOCTH, MOPOIIKOB, IUICHOK, a3pO30JIbHBIX (DUIBTPOB U T.II.) JHO0O0H
¢dbopmbI 1 pa3zmepa.

Pa3paboTanHbIil CIEKTPOMETP MOXKET IMOCTABIISATHCS B IBYX BapHUaHTaX:

- € KOJUIMMALUMOHHOM MOJMKANWUISIPHOM CHCTEeMOW (JIMH30M), TO3BOJIAIOLICH
co3maBath (DOKYCHpYIOUIUH PEHTTEHOBCKUN TIYYOK [UIsl JIOKAJBHOTO MHKpPOAHalu3a W
KBa3HUIMapauIeIbHbIN (TIOMYJIMH30#) ¢ yIJIOBOM pacxoIuMOCThi0 ~ 3 Mpaz. Mcmons3oBaHue
AJIEMEHTOB TMOJMKAMWUIIpHOM onTuku KymaxoBa MO3BOJIIET pean30BaTh CICAYIOIINE
MIperMylIecTBa:

- IOPTaTUBHOCTD, JIETKUI BEC

- 6€301acHOCTh

- He TpeOyeTcs MPoOOMOArOTOBKA

- IPOCTOTA B MPUMEHEHUU U 00CITYKUBAHUU

- HE COJEPKUT PAANMOU30TOIIOB

- MQJIOMOIITHAsI PEHTI€HOBCKAas TPyOKa

- He TpeOyeTcs y 00CIIy)KMBAIOIIETO MePCOHANA HATHUUe JIUIIEH3UH

- 0CBOOOIeH OT y4eTa v KoHTposst COC

[Ipouecc ananusa ot Habopa JaHHBIX UX 00paOOTKH, apXUBUPOBAHUS 10 MOTYUYCHHS
pe3ynbTaToB B BUAEC TaONMIBI 3HAYCHHN KOHIEHTPAUUN ONpEeAeNsieMbIX JIIEMEHTOB
aBTOMATHU3UPOBAH U BBIMIOJHAETCS C IOMOILBIO ChEMHOTO KOMITBIOTEPA.

[IporpamMmMHOe oOOecrieueHUE TIO3BOJISIET OINPEACTSATh COJAEPKaHUS DIIEMEHTOB B
nuamazone or Na g0 U (B 3aBUCMMOCTH OT THIIa MPUOOpa) B IMIUPOKOM JTHANIA30HE
KOHIeHTpauui. JIyig BBIYMCIIEHUS KOHLIEHTPALUNA MCIONb3yeTcs MeToA (yHIaMeHTaIbHbBIX
rapamMeTpoB, C ABYyMSI BO3MOXHBIMU HOpMmupoBkamu (Ha 100% wiM Ha WHTEHCUBHOCTH
YHUCTBIX 3JeMeHTOB). MHTepdeiic moap30BaTeNisi COOTBETCTBYET CIOKMBIIUMCS CTaHIApTaM
Windows-miporpamm, 4TO TO3BOJIAET TOJIB30BATENSAM JIETKO W OBICTPO OCBOHTH PabOTy C
nporpammoii. [Iporpamma noctpoeHa B coorBeTcTBuH ¢ oOmumu npuHnunmamu OC Windows
U TIO3BOJSIET TMOCHUIATh KOMaHIbl NPUOOPY Ha TPOBEIEHHE H3MEpPEHH M pacueToB,
yCTaHABJIMBATh IapaMeTpbl aHaiM3a W Habopa CIEKTPOB, AHAIU3UPOBATh M COXPAHSIThH
pe3yNbTaThl, BECTH NPOTOKOJ, NPOBOAUTH KaK HJIACHTUPUKALUIO Cepuid  JTUHUI
XapaKTePUCTHUUECKOT0 M3IY4YEHHUs] SJIEMEHTOB, TaK W HUACHTU(DUKAIMIO THKOB BbUIETa U
CYMMapHBIX TTHKOB, OTOOpakaTb MapKepbl CEepHil TUHUI XapaKTEPUCTUUECKOTO H3IYUCHUS
3JIEMEHTOB. Y MO0Jb30BaTelNsl €CTh BO3MOXKHOCTh OTOOpaKeHUs CIIEKTpalbHON MH(pOpMaIuy,
MOJTy4EeHHOM ¢ mpubopa.

KoncTpykuus  cnexkTpoMeTpa  IpelycMaTpuBaeT  MCIOJIb30BaHME  MPHUCTABKH,
IIO3BOJISAIOIIEH UCIIOIB30BaTh B CTALIMOHAPHBIX YCIOBUSAX.
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MopTaTUBHbLIE peHTreHOBCKUe AudpakToMeTpbl
ANA U3MepPeHUs HanpsKeHUn

Kymaxoe M.A., Hopaumos H.C., Byakun A.E., Jliomyay A.B., 36onxoe A./J]., Komenkun A.B.,
Mameees JI.D.
MHUCuC, Mocksa, e-mail: v.lutzau@mail.ru

PenTtrenoBckuii MeTon onpezeneHus ynpyrux aedopMannii KpUCTauIMYECKOM
PELIETKH MaTEepUaliOB pealbHbIX U3/IEIUN U pacueTa 0 HUM JIEUCTBYIOIINX U OCTATOYHBIX
HaNPSDKEHUH SIBISIETCS €JUHCTBEHHBIM IPSIMbIM METOAOM. Pe3yibraThl pacuera
HaIpsKEHUH B OTHUX U TEX K€ U3JIETUAX M0 U3MEHEHUSIM, Pa3HECEHHBIM 110 BPEMEHHU
CILyKUT MaTE€pHaJIOM JUIsl ONIPEIETICHHUs OCTATOYHOIO Pecypca U3IEHsL.

OCHOBHBIM TIPEUMYIIIECTBOM COBMECTHO paspadaTeiBaecmMoro B OO0 «UPO» un
MUCuC peHTreHOBCKHUX TU(PPAKTOMETPOB SIBJISETCS BO3BpAT, HO YK€ Ha HOBOM YpPOBHE K
«METOAy TapajuleJIbHOrO Iydka» OT «(POKYCHPYIOIIUX METOIOB» B PEHTTEHOBCKOM
TU(QPAaKIMOHHOM  aHajiM3e. OJTO  CTaJO0  BO3MOXHBIM  Onarojapss — CO3JaHHBIM
MOJIMKANTAJUISIPHBIM PEHTT€HOBCKUM CUCTEMaM, MO3BOJISIOLIUX, TP MaJIbIX T€OMETPUUYECKUX
pa3mepax, Moixy4arh HEOOXOJMMbIe MapasieibHble PEHTT€HOBCKHE IYYKH PEHTIC€HOBCKUX
Jy4eil, Ha JBa Mopsiika CHU3UB MOTEPH MPH UX (GOPMUPOBAHUU.

OcCHOBHBIE TEXHUUYECKHE XapaKTePUCTUKH TU(PpakTOMETpa:

- OO61as Macca: TOHUOMETp ¢ OJIOKOM yIpaBiieHus — 14 Kr.
- PenrtrenoBckas TpyOka: moutHocTts — 10 (5) BT
- OxJjaxkJeHne — BO3IyIIHOE

OnbIT 3KCIUTyaTallUM CO3JaHHOM amnmapaTypbl MO3BOJIAET YTBEpXkJaTh, YTO OHU
HallyT I[IMpOKOE MpUMEHEHHEe B AaBHALMOHHOM, METaJUypruueckoil, He(dTerazoBoHu,
MaIIMHOCTPOUTENbHON TMPOMBIIUIEHHOCTH, JJI JUArHOCTUKM MAarucTpajeil aTOMHBIX
pPEaKTOpPOB, MOCTOB, IIIBOB, BAKHBIX Y3JIOB U JI€TaJICH.
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AudpakTomeTpbl ANA onpeaeneHus Kpuctannorpaduyeckon
OPUEHTUPOBKU MOHOKPUCTANIMYECKNX INIeMEeHTOB
(MoHOKpucTannos, cpe3oB)

Kymaxos M.A., Hopaumos H.C., 36onkos A./1., Jlromyay A.B., Komenkun A.B., Mameees
JI.b., Byakun A.E., Bonomokos A.A.
Hucmumym penmeenosckoti onmuxu, Mockaa, e-mail: iroptic@list.ru

Metoauka onpeaeneHus KpUcTauiorpagpuieckoil OpUeHTUPOBKU PACIIPOCTPAHSIETCS
Ha IIPOBEJICHUE U3MEPEHU YITIOB Cpe3a MOHOKPUCTAJUIMYECKUX IUIACTUH, IIPEIHA3HAYEHHBIX
JUI. TIPOM3BOJICTBA IBE30DJICKTPUUYECKUX PE30HATOPOB U (MIIBTPOB, TOIYIPOBOJHHUKOBBIX
npubOpoOB, TBEPIOTENbHBIX JIA3€POB, H3JEIUNH ONTORIEKTPOHHKM U  psAa JApPYrux
KOMIIOHEHTOB JJIEKTPOHHOM TeXHUKH. OOBEKTHUBHAs HEOOXOJUMOCTb CO3JaHMs JIaHHOTO
HaIpPaBJIEHUS B DJCKTPOHUKE 3aKIIIOYAETCS B PpEalbHOM BO3MOYKHOCTH CYIECTBEHHOI'O
MIOBBIIICHUS] TEXHUKO-DKOHOMMYECKUX IOKa3aTelled, YBEIWYEHHUS BBIXOJA MOJHBIX M3IEIUI
3a CYET MOBBIIEHUS TOYHOCTU KOHTPOJII OPUEHTUPOBKY MOHOKPHUCTAJUNINYECKUX CPE3OB.

PentreHoBckuii  TUGPAKUIMOHHBIA ~ METOX  ONpeAeNeHHs  NPEerU3MOHHON
OPUEHTUPOBKU B HACTOSIIEE BpeMs SBIAETCS €AMHCTBEHHBIM CIOCOOOM KOHTpOJIA yria
cpe3za. OnTHYECKUE METOAbl KOHTPOJS OPUEHTHPOBKH HMEIOT 0oJiee HU3KYI0 TOYHOCTh U
BCJIEJICTBUU TOT0 HE MOTYT ObITh MCIIOJb30BAHbI JUIsl CPABHUTEIBHOM OLIEHKH [OTPELIHOCTEN
PEHTICeHOBCKUX M3MEPEHUH B KaueCTBE HE3aBUCUMOTI'0 allbTEPHATUBHOTO CIIOC00a.

PenTtrenoBckuii AU pakTOMETp-KOMIIapaTop BBINOJIHEH B BUJE MEPEHOCHOro OyioKa
3JICKTPOHUKU M IIEPEHOCHOI0 NOHMOMETPUYECKOIO YCTPOMCTBA, B KOTOPBIX PAaCIIOIOKEHBI
WCTOYHUKU MUTAHMsI, PEHTT€HOBCKasl TPyOKa B 3alIUTHOM KOXKyX€, C pa3MEIEHHbIM Ha HEM
KOJUIMMALIMOHHBIM ~ YCTPONCTBOM, CHA0>KEHHBIM  MOJMKANUUIAPHBIMU JUH3aMH, Ha
TOHMOMETPUYECKOM YCTPONCTBE Pa3MEIEH TaKKe JTMHEHHO-KOOPAMHATHBIA IETEKTOP.

JudpakToMeTp-KOMIapaTop PEHTICHOBCKUM, CHAOKEHHbIM MONUKAMMIIIIPHBIMU
nuH3amu KymaxoBa, mnpeaHasHaueH AJs U3MEPEHHs YIVIOBBIX MOJIOKEHUN AU(PPaKIIMOHHBIX
MaKCUMyMOB C TIOCIEAYIOLUIMM ONpeAeIeHUEM KpHCTaIorpauyeckoll OpHUEeHTUPOBKU
MOHOKPUCTAJUTMYECKUX TIIacTuH. OO0MacTh NpPUMEHEHHsST — COPTHUPOBKA IO YTy cpes3a
MOHOKPUCTAJZIMYECKUX  IUIACTHH, INPEJHA3HAYCHHBIX JUI1  WM3TOTOBJICHUS  M3AEIUN
3JIEKTPOHHOW TEXHUKH.

OCHOBHOW XapaKTepHOW OCOOEHHOCTBIO 00enux MoaudUKanuil Kommaparopa
SABIISICTCS TO, YTO Onarojapsi HAIMYMIO PEHTTEHOBCKOM JIMH3BI C YIJIOM CXOJUMOCTH ~ 3-50
KpucTayuorpaduyeckas IUIOCKOCTb B HCCIEIyeMOM MOHOKpHCTasIe BbIOEpET U3
CXOJALIET0Cs TAJAIOIIer0 PEHTIeHOBCKOIO IydYKa Jy4H, OTBEYarollue ycioBuio Bynbda-
bparra. Oto, B cBOIO 0Yepesib, CHUMAET HEOOXOIUMOCTb YIJIOBOIO IIEpEeMEILeHHsI U3JTydaTels
U JIETEKTOpa B MPOLECCE HKCIIO3UIMU U CYIIECTBEHHO YIIPOILAET KOHCTPYKIUIO U FOCTUPOBKY
npubopa.

Crnenyer 0co00 OTMETUTH, YTO CO3JaHHAs TaMMa PEHTICHOBCKUX THU(PPAKTOMETPOB
JUISL OTIpeieIeHHs] KprcTauiorpaduyeckoil OpUEHTHPOBKH MOHOKPUCTAIIIMYECKUX OOBEKTOB
MO3BOJISIET OCYLIECTBISATh ONEPATUBHBIA KOHTPOJIb U Pa3OpakOBKY MOHOKPHUCTAJTMYECKUX
00BEKTOB B YCJOBHSIX NPOM3BOJACTBA M OLICHUBATh CTENEHb JA€(PEKTHOCTH U KadyeCTBO
00pabOTKM MOBEPXHOCTU. YKa3zaHHbIE AUDPPAKTOMETPbl MOTYT ObITh aBTOMATHU3UPOBAHBI U
BCTPOCHBI B IPOU3BOJCTBEHHBIE JINHUH.
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MopTaTUBHbLIN peHTreHOBCKUI andpakToMeTp Ans onpeaenieHus
OPUEHTUPOBKU KPUCTASINIMYECKOro cpesa

Kymaxoe M.A., Hopaumos H.C., Jliomyay A.B., Bynkun A.E., 3onkos A.J]., Koménxkun A.B.,
Mameees /[.b.
MUCuC, Mocxsa, e-mail: v.lutzau@mail.ru

Pa3zpaboTanHblli PEeHTIC€HOBCKUN AM(PPAKTOMETP MperHa3HA4YeH Ui ONEepaTHBHOTO
OIpesiesieHUs] OPUEHTHPOBKU MEPBOrO Cpe3a KPYIHBIX BbIPAILIEHHBIX MOHOKPUCTAJIOB Si,
KOpYH/Jla, KBaplia IO OTKJIOHEHHIO JU(PAKIMOHHBIX MAaKCUMyMOB IIpH CXOJSALIEMCS
IIEPBUYHOM PEHTIC€HOBCKOM IIy4K€ C OCbK), HOPMAaJbHOM K TIOBEPXHOCTH cpe3a
MOHOKpPHUCTAJIbHON ~ OyJiu. [Ipumenenne nonukanuuApHOW nuH3BI KyMaxosa i
(opMHUpPOBaHUS CXOJMIIErOCs IMydyka C YIJIOM CXOJUMOCTH ~ 5° MO3BOJSET IMOIy4aTh
TUGpakIUOHHbIE pedeKchl cpa3y OT HECKOJIbKHUX KPHUCTAIUIOrpadUyYecKuX IIOCKOCTEH,
OTKa3aTbCs OT CJOXHBIX T'OHMOMETPUYECKMX YCTPOMCTB JUIsl BpalleHus oOpasua,
3HAYUTENIBHO COKPATUTh BPEMs SKCIIO3UIIUU (/10 HECKOJIBKUX CEKYH]).

Jns  peructpaiu  JTU(GPAKLIMOHHOM KapTUHBI HUCHOJB3YIOTCA [JBa JIMHEHHO-
KOOpAMHATHBIX JeTeKTopa. B ciyuyae coBmageHus BBIBOJUMOW KpuCTaorpaduueckoi
IUIOCKOCTH C IJIOCKOCTBIO IIOBEPXHOCTH Cpe3a JACTEKTOpaMM PErucTpUpyeTCsl JiBa
CUMMETPUYHBIX IIMKA W JBa HECUMMETPUYHBIX B CJIydae HECOBIAJCHHUSA BBIBOAMMOMU
KpHcTaorpau4eckoil MiI0CKOCTH C IIIOCKOCTBIO cpe3a OyJIu.

KoHCTpyKTHBHO nudpakTOMeTp Il ONEPAaTUBHOTO OIpPEICIICHUS] OPUEHTHPOBKH
IIEpBOr0 Cpe3a KPYHHBIX BBIPAIIEHHBIX MOHOKPUCTAJUIOB Si, KOPYHJA, KBaplia COCTOUT U3
TOHMOMETPUYECKOI0 YCTPOMCTBA ¢ Pa3MEIICHHBIMU Ha HEM:

PEHTIE€HOBCKUM H3JIy4aTesieM, OCHAIEHHBbIM KOJUIMMAIMOHHOW CUCTeMOM Ha 0ase
MOJTHON (hOKYCHUPYIOILEH MOoNMKaMUIIpHOM TrH3bI Kymaxosa,

JBYMs JINHENHO-KOOPAUHATHBIMU I€TEKTOPAMH,

y3J1aMu rpy0Oil 1 TOYHON HACTPOIKH U3TydyaTesns Ha (OKyC.

Crnenyer 0cob0 OTMETHUTh, YTO CO3/laHHAs raMMa PEHTTCHOBCKUX IU(PPAKTOMETPOB
JUIsL OTIpe/IeICHUsl KpUCTAIOrpadudeckoil OPUEHTUPOBKU MOHOKPUCTAITMYECKUX OOBEKTOB
MO3BOJISIET OCYIIECTBISATh ONEPATUBHBIM KOHTPOJIb U Pa30pakOBKY MOHOKPUCTAJUTMYECKUX
O00OBEKTOB B YCJIOBUSIX IPOU3BOACTBA M OLICHMBATH CTENEHb JEPEKTHOCTH M KadyecTBO
00paboOTKN MOBEPXHOCTU. YKa3aHHbIE TUPPAKTOMETPbl MOTYT OBITh aBTOMATH3UPOBAaHbI U
BCTPOCHBI B IPOU3BOJACTBEHHBIC JIMHUM.
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PeHTreHocnekTpanbHaa annapartypa,
pa3pabartbiBaemas u Bbinyckaemas HIM «bypeBecTtHuk», OAO

Jlykvanuenxo E. M., HIIIT «bypesecmuuxy, OAO Canxm-Ilemepbype, e-mail: emluk@mail.ru

Hayuno-npousBoncteennoe mnpennpustue HIIIT «bypeBectauk», OAO, sBusercs
OIHOM W3 KpYIHEWIINX OTEYECTBEHHBIX OPraHM3alUl, IPUOPUTETOM KOTOPOH SBISAETCS
pa3paboTka M BBIIYCK AaHAJUTUYECKOM ammapaTypbl Ul MPOMBIIUIEHHOCTH U Hay4YHbBIX
uccienoBanuid. CyIlleCTBEHHOE MECTO Cpeld 3TOM ammnaparypbl 3aHMMAalOT PEHTI€HOBCKHE
CIICKTPOMETPBI.

B Teuenne 70-x — 80-x rogoB OBUIM BBINYIIEHBl THICSYM PEHTTEHOBCKUX
CIIEKTPOMETPOB, OXBATHIBAIOIIMX BCE OCHOBHBIE THIIBI PEHTIE€HOCHEKTPAJIbHOW amnmaparyphl.
MHorue M3 3TUX NpUOOPOB O CHUX TOpP YCIHEMHO paboTatoT Ha mnpeanpustusx ctpadn CHIT
(CPM-18, CPM-13, BAPC-3, CITAPK-1, AP-31 u mHorue npyrue). B nacrosiuiee spems HIIII
«bypesectHrk», OAQO BbIMyCKaeT psil PEHTTCHOBCKUX MPUOOPOB Ul CHEKTPAIbHOIO aHAIN3a,
IIPEAHA3HAYEHHBIX JUIS aHaJIM3a XUMUYECKOIO0 COCTaBa BEIIECTBA U OPHUEHTHPOBAHHBIX HA
pELIEeHNE PAa3INYHBIX AHATTUTUYECKUX 3aad.

Homenknatypa »53Tux npuOopoB mpeacTaBieHa B Tabmuie  Kiaccu(UKanuy
PEHTI€HOCIIEKTPAIbHON anmnaparypbl, HA KOTOPOH 0003HAYEHbl TUIBI MPUOOPOB, BITYCKAEMbIX
HIIII «BbypeBecTHUK», U OTHOCSIIMECS K Pa3IUYHbIM KilaccaM KpUCTaUI-AU(PPAaKLIMOHHBIX U
HHEPrOUCIIEPCUOHHBIX CIIEKTPOMETPOB.

IMTPUBOPBI U1 PEHTTEHOCIIEKTPAJIBHOI'O AHAJIM3A

KPUCTAJJI- OHEPTOAMCITEPCUOHHBIE
JUOPAKIIMOHHBIE AHAJIM3ATOPEHI (3C)
ITopraTuBHBIE
| DJ1C
Cramupyione MHoOroKaHaIbHbIE Crernuani3npoBaHHbIe
KJIC KAC CHEKTPOMETPBI JlaGoparophbie CranuoHapHbIe Criennan3upoBaHHble
(KBaHTOMETpBI) . S1C (yHUBepCaJbHbIC) aHaJIM3aTOPBI

| ! SIIC | I
_——d ———
| CIIAPK-1-2M | | AP-31 | | ACB-1 | i APD-7 i BPA-18 | ACD-1 ||AC3-2 |

W3 npuBenéHHON TaOIHIIBI MOKHO C(POPMUPOBATH TPU TPYIIITHI TPHUOOPOB:

-1 Tpymnmna — npubOpbl MacCOBOTO BBIIYCKA, XOPOILO 3apEKOMEHI0BABIINE ceOs 3a MOCIeHHIE
3-5 net (BPA-18, ACD-1, ACD-2);

2-s Tpymnma — npudopsl, pa3paboTKa KOTOphIX 3akaHunBaeTcs (ACB-1);

3-1 rpynmna — npubopsl, B koTopbix akkymynuposaH onbIT HIIIT «Bypesectux» 70-x — 80-x
rOJI0OB M KOTOpBIE 1O CHX IOp IOJB3YKTCS CIPOCOM B CHUJIY BBICOKMX aHAJIUTHYECKHX
XapaKTEPUCTHUK U BHICOKOKJIACCHBIX PEHTIreHOONTHYeCKUX cxeM (AP-31, AP®-6).

[TpuGops! 1-0if u 2-0if rpynnbl NOCTPOECHBI Ha OPUTMHAIBHBIX TEXHUUYECKUX PELICHHUSX,
MHOTHME W3 KOTOPBIX 3alIUIIEHbl aBTOPCKUMHU CBHJIETEIBCTBAMU M COCTaBJISIIOT HOBBIE
HampaBjIeHUs B MNPUOOPOCTPOCHUU. AHAIMTUYECKHE, TEXHHYECKME M SKCIUTyaTallMOHHBIE
XapaKTePUCTHKU ATHX IPUOOPOB HAxoIATCA Ha MHUpoBOM ypoBHe. Bce mnpubopst HIIII
«bypeBecTHHK» MOJIHOCTBIO CO3AAI0TCS HA OTEYECTBEHHON JIEMEHTHOM 0a3e, 4To NpeAcTaBiseT
HECOMHEHHBIE JIOCTOMHCTBA TPU OJKCIUTyaTalMd MpuOopa M COOTBETCTBYET TpPeOOBAHHIM
KOOIIepaly, B IEPBYI0 0YEPEIb, OTCUECTBEHHBIX IPOU3BOAUTEIEH.

Takum 00pa3oM, coYeTaHHWE HOBBIX OPUTHHAJIBHBIX W MEPCHEKTHBHBIX UAEH ¢ 3(deKTHBHBIM
ompiToMm HIIIT  «bypeBecTHuk» B  pa3paboTKe PEHTTEHOCHEKTPAIBHOW  ammaparypbl
MOJATBEPXKIACT €r0 JIUIUPYIOIIEe MECTO CPEAH MPUOOPOCTPOUTENBHBIX IPEANPHUITUN B CTPaAHE.

246



JKcnepTHaA cuctemMma AN UHXeHepa - MeToaucTa
no peHtreHodnyopecueHTHoMy aHanu3sy (PPA)

Monuanosa E.H., @Pedopos B.B.
Hpkymcxuii cocyoapemeennulil yHueepcumem nymeti cooowenust, Upkymck,
e-mail: moleli@irgups.ru

B mnacrosimee Bpems 3apyOeXHBIMH MPOU3BOIUTENISIMU IPOrPAMMHOTO OOecreueHHs
AQHAINTUYECKUX  KOMIUJIEKCOB  NOJJEPKUBAETCS  TEHAEHLUS  BBIOOPOYHOW  IOCTaBKU
MOTPEOUTENSAM BHIYUCITUTENBLHBIX OJIOKOB € 3aKPBITHIMH aJIrOpUTMamMu peanuzanuu. [locranoBka
Ka)KJI01 HOBOM aHAJIMTUYECKON 3a7auu TpeOyeT BIOKEHUS HEMANbIX JIOIOJHUTENIBHBIX CPEICTB.
ABTOpBI SBIAIOTCS MPHUBEPKEHIIAMH JPYrod TEHISHIMH - TMPEAOCTaBICHHS MOTPEOUTEIIO
YHUBEPCAJIBHOTO MPOrPaMMHOIO OOECHEeUeHUsl, NIPUTOJHOTO I PEIIeHMs IIHPOKOro Kpyra
3aga4. OJIHAKO OMBIT BHEJIPEHMsI TAKOTO MPOrpaMMHOr0 OOECIeueHus MoKas3all, 4To Jake Mpu
OTKPBITOM ONHCAHMM BBIYUCIUTENBHBIX AITOPUTMOB, UX pealu3allis Ha MpaKTUKe Tpedyer
BBICOKOW KBaJM(PUKAIIMA aHAJUTHKA W HE BCErja OO0ECIeYMBaeT JKeJlaeMbld pPe3ysbTar.
CymiecTByromye Kypchbl TOBBIINICHUS KBaTU(PHUKAIUU, TPeOYIOT OTBICYCHHUs CIylIaTeNs OT
IIPOM3BOJCTBA M OXBAaTbIBAIOT LIMPOKUN KPYr BOMNPOCOB Teopuu U mpakTuku PDA 6e3
KOHKpETHU3allul OTAENbHBIX pemaeMblx 3amad. B cBsa3u ¢ uyem, B HpI'VIIC coznmaercs
HKCHEpPTHAsE CUCTEMA, IMO3BOJISAIONIAs BBIMOJHUTH Pa3pabOTKy KOHKPETHOW METOIMKM aHaju3a,
OCHOBBIBASICh Ha 3HAHUSIX IKCIEPTOB B obmactu PDA [1].

Ocy1ecTBiIsIEeMbli TIPOEKT UMEET MHOTOCIOMHYIO apXUTEKTYpy, IPelyCMaTPUBAIOLLYIO
HCIIOJIb30BaHUE CEPBEPOB MPHIOKEHUN U CepBEpOB 0a3 JaHHBIX; OPUEHTHUPOBAH Ha paboTy B
BBIUHUCIUTENBHBIX CETSAX; MMEET CBOMCTBO pacHIMPSEMOCTH MpOrpaMMHOro obecrneueHusi. B
KauecTBE cpelbl pa3paboTKu dKcrmepTHOU cucteMbl BbiOpaH Clips. s co3maHusi BU3yalbHBIX
mabJIoOHOB MHTeprnpeTupyromero s3bika Clips Kakaplid OTACHBbHBIA SJIEMEHT (IIepeMEHHasl,
¢byHkuus, Gakt, 00bEKT, MPaBUIO U T.1.) MPEACTaBICH B BUAE (peiima [2], cmoTaMu KOTOPOTo
ciykat arpuOyThl 37eMeHTa. OmpeneneH MEeXaHW3M IMPUCBOSHHUs 3HAYEHUW ciioTam (peiima.
OTO TOCTYXKUJIO OCHOBOM pa3pa0OTKu BH3YyaldbHOrOo penaktopa 0a3pl 3HaHuil. s
IIPEIOCTABIICHUSI HHXEHEPY-METOAUCTY OOBSICHEHUM, TIE€HEpPUPYEMbIX MAIlMHOM BBIBOJOB,
pa3paboTaHO crenuaibHOe MPOTpaMMHOE CPEACTBO - y4HTenb. [lepBbIM 53Tarom sSBHUIOCH
co3manre 0a3pl 3HAHMKH 1O BBIOOPY TPagyUPOBOYHOW (YHKIMHM METOIUKH, HCXOAS U3
aITOPUTMHUYECKON KilaccuuKaluy ypaBHeHUN cBsi3u. @opmupyemas 6a3za 3HaHUN TakKKe UMEeT
B OCHOBE ()peiMOBYI0 MOJIe]Ib PECTABICHUS 3HAHUI. AHAJIIOTOB MpeagaraeMoi pa3paboTKi Ha
HACTOSIIIMIT MOMEHT He cymiecTByeT. B pabore [3] mepeuncienbl 3aqa4yu, BOSHUKAIOIINE MPU
CO3/IaHUM MHTEJUIEKTyaJIbHOTO TMpOrpaMMHOro obecrneuenuss s PDA, HO oHU He
CTPYKTYpUPOBAaHbl M HE ONpEIEeNeHbl MNOAXOAbl K HX peweHuto. llpuBeneHHblll npumep
MCIOJIb30BaHUs IIECTH MPaBUI B MPOAYKIIMOHHOW SKCIEPTHON cCUCTeMe sl BbIOopa oOpasiioB
CPaBHEHUSI «IIO HUHTEPBAy» COJIEP)KAHUH DJIEMEHTOB, HOCUT YacTHBIH XapakTep M He
YUUTHIBAET, HANpuUMep, TpaHyJIOMETPUUYECKH COCTaB M HaJIWYUe KOPPEISIUA MEXITy
COJIEP/KAHUSAMU KOMIIOHEHTOB.

1. Monuanosa E.H., Hockos C.H., Kumoe b.H. llpoexTupoBaHuE U CO3/1aHHUE SKCIEPTHOU
CUCTEMBI JIJISl ONMCAHUS MPOLIECCOB B3aUMOACHCTBUSI PEHTTEHOBCKOIO U3JIyUYEHHUS C BEIIECTBOM
/' Komnsrotepnoe mogmenupoBanue 2005: Tpyasr VI MexayHapoaHOW HayYHO-TEXHUYECKOM
koH(pepenmu. CI16.: M3a-Bo [Tonutexuuueckoro ynusepcurera, 2005, C.310-314.

2. Munckuu M. @peliMbl 115 TpeAcTaBlieHus 3HaHui, M.: Dueprus, 1979.- 151 c.

3. Yepkawun E.A. TexHONOTHs MOCTPOSHHS HHTEUICKTHOIO MPOrPaMMHOTO OOeCleyYeHus
aBTOMATU3ALMU [UIAHUPOBAHUSI METOJAUKH PEHTTeHO(IIyOPECUEHTHOIO aHau3a // AHaNUTHUKA U
KOHTPOJb, 2002, T. 6, Ne4d.- C.454-462.

247



Pa3spaboTka nporpammHo-annapaTypHOro Kommnriekca c
ucnonb3oBaHueM Si-Pin geTekTopa u peHTreHOBCKOM TPpyOKku Ans
onpegeneHUs KOHUEHTPaLMM 3NIeMEHTOB B CKBaXKMHaXx

Haymux A. U., Bepueun A. A., Maoocapa E.O., @ypcos A.B.,Ky3omunvix B.A.
TOO «TexnoAnanumy, Pecnybnuxa Kazaxcman, 2. Yemo-Kamenozopck,
e-mail:daltek@ukg.kz

[Ipu omenke u pa3zpaboTKe MECTOPOXKACHUH BakHA MHDOpPMALKA O COACpKAHUH
IIOJIE3HBIX KOMIIOHEHTOB Ha pa3jM4HbIX IiyOumHax. JlaHHas 3ajgada MOKET ObITh pelleHa
PEHTTEHOCTIEKTPAIbHBIM METOJIOM Ha IpuOope, OIMyCKaeMbIM HEMOCPEICTBEHHO B CKBa)KHHY.
B cymecTByomux MoAensX NPUMEHSIOTCS NPONOPLHMOHAIbHBIE JHOO0 CUMHTHIUISIUOHHBIE
CYETUMKHM, @ B Ka4eCTBE MCTOYHMKA NEPBUYHOIO U3IYyUYEHHs PaJUOAKTUBHBIE M30TOIIBI, YTO
BHOCUT CBOU CJIOKHOCTH.

[ToaTomy pazpaboTka HpOrpaMMHO-aNIapaTypHOr0 KOMILJIEKCAa C HCIOJIb30BaHHEM
MOJIyIPOBOJHUKOBOI'O ~ JIETEKTOpa W  MAJOMOIIHOW pPEHTTeHOBCKOW TpyOKHM  sBIIsJIach
aKTyaJbHOW 3a1a4eil.

Pazpabortannpiii TOO «TexHOAHaIUT» KOMIUIEKC COCTOUT M3 HA3eMHOro 0JIOKa Ha
6a3e IIK tuna Notebook, TpeXKWJIbHOTO KapOTa)XHOI0 Kalesst U U3MEPUTENbHOrO CHapsaa.

W3mepurtenbHblil CHapsi[ BBIIOJHEH B BHJE TE€PMETHYHOrO IOJOr0 IWJIMHJPA,
BHYTPH KOTOPOTO PpACIOJOKEHBI: JETEKTOp, IUIaTa-aHAINU3aTOp CIEKTPOMETPUYECKHUX
UMITyJIbCOB, BBICOKOBOJIBTHBIM MCTOYHMK MUTAHUS PEHTI€HOBCKOHN TpyOku. [lnst perucrpauuu
XapaKTEPUCTUYECKOT0 PEHTIEHOBCKOIO M3JIy4EHHUSI OT aTOMOB DJIEMEHTOB, COJEPKAIUXCS B
npobax, HCIOJIB3YETCS BJICKTPOOXJIaKIAeMbId TMOITyNpoBOAHUKOBBINA Si-PIN  nerexktop ¢
JHEpreTudeckuM paspemenueM 165 »B (Mng,). B kadecTBe HCTOYHHMKA TIEPBUYHOTO
U3JIy4EeHUs] UCIONb3yeTCsl peHTreHoBckass TpyOka 0,056X15 ¢ mMonmuOaeHOBBIM aHOIOM U
OOKOBBIM BBIXOJIOM DPEHTIC€HOBCKOI'O M3iydeHHs. [[ns obecriedyeHuss KOHTaKTa CHapsiia co
CTEHKOU CKBaXXUHBI UCIIOJIb3YETCS IIPUKUMHOE YCTPOUCTBO.

[Ipu mpoexTHpoBaHUM CHapsa ObLT pelieH psa 3a1ad: OblT pa3paboTaH KOMITAKTHBIN
BBICOKOBOJIbTHBIM HMCTOYHMK MHTaHUS PEHTTEHOBCKOW TPyOKM, 0oOecrnedyMBarolUii BBICOKHIMA
KM 111 paboThl B aBTOHOMHOM peXUMe, aKTUBHAs CHCTEMa BJIaro3alluThbl, oOecrieunBaronas
CUTHAJIM3ALMI0 M OTKJIIOYEHUE BCEX DJIEKTPOHHBIX Y3JIOB NPU IONAJAaHUU BJIaru B CHApsN.
Bbicokuii ypoBeHb MHTErpalid COBPEMEHHBIX 3JIEKTPOHHBIX KOMIIOHEHTOB TO3BOJIMII
pa3MecTUTh aHaJIMW3aTop, MPOU3BOIALIMI HAOOp M NpeaBapUTENIbHYI0 00pabOTKy CIEeKTpa,
HEIOCPE/ICTBEHHO B CHapsje. JTO MO3BOJSET CHU3UTh TPeOOBaHUS K KAaUeCTBY KapOTaKHOI'O
Kabenst M CHMMaeT OrpaHWYeHus Ha ero JUIMHY. IlomHas MoIHOCTB, moTpebiseMas
U3MEPUTENLHBIM CHApsSA0M, He npeBblmaer 15 Br. g cHUKeHus TMHaMUYecKOl Harpy3Ku Ha
M3MEPUTENIbHBIM y3el, BO3HUKAIOUIEH B MOMEHT CHycka M IHOAbeMa MOCIEeIHUN CHaOXKeH
nemrndepom.

[IporpamMMHOe oOecnedeHue MO3BOJISIET  YIPABIATH IPOLIECCOM  IPOBEICHUS
U3MEPEHUH M OCYIIECTBIATH BHU3YyaJIM3allMI0 PETUCTPUPYEMBIX NapaMeTpOB, 3allUCHIBATh,
XpaHUTh U 00pabaThIBaTh MOJYUYEHHYO HHPOPMAIMIO HEMOCPEICTBEHHO Ha MECTE MPOBEACHUS
pabor.

Pacyer maccoBoil moiM Hpou3BOAMTCA METOAOM (DyHIaMEHTaJIbHBIX HapaMeTpoB,
1100 MO ypaBHEHUIO CBS3HM C KOd(p(UIMEHTaAMH, PACCYUTAHHBIMU METOJIOM MHO>KECTBEHHOM

perpeccuu.
Pa3zpaboTaHHBIH KOMIUIEKC MOXET ObITh PEKOMEHI0BAH JIsi HIMPOKOTO MCIIOIb30BAHMS
B I€0JIOrOpa3BeKe.
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CoBpemMeHHOe peHTreHOBCKOe aHanuTuyeckoe obopyaoBaHue
¢mpmbl Bruker AXS

Pesenxo B.A., OO0 bpykep, e. Mockea, e-mail: vrevenko@bruker.ru

Komnanus Bruker AXS npennaraer peHTTeHOBCKOE aHATUTUYECKOe 000py0BaHHUE JUIs
UCCIIEIOBAaHUSI ~XMMHUYECKOTO W MHUHEpPAJOrM4ecKOro COCTaBa  BELIECTB, CTPYKTYpbI
KPUCTANIMYECKUX coeluHeHnid. dupma crenuanuzupyercs B pa3padoTKe U IHPOMU3BOJCTBE
PEHTTEHOBCKUX CIIEKTPOMETPOB U TU(PPAKTOMETPOB Ha MPOTSHKEHUU JOJITOr0 NEPHUOia BPEMEHHU.
PeHTreHoBCcKHE CUCTEMBI YK€ B TEUEHUE HECKOJIBKHMX JECATUIETUI paboTaroT Ha MPEANPUATUAX
U B Hay4HbIX yupexnaeHusx Poccum m CHI'. lo 1997 rona obopynoBaHHe BBITYCKaIOCh MO
Mapkoii Siemens.

MognenbHblil  psil PEHTTEHOBCKMX clekTpoMmeTrpoB oT Bruker AXS Bxirouaer
MIPAKTUYECKHU BCE COBPEMEHHBIE TUIIBI TPUOOPOB:

= S8 TIGER - mnocnenoBaTenbHbIi BOJIHOAMCIIEPCUOHHBIN criekTpomeTp ¢ 4 kBt
TpYOKOI M yIpaBJIEHUEM UEpe3 CEHCOPHBIN 3KpaH

= S2 RANGER - 3HeproaucnepcuoHHbli CIEKTPOMETP CO CTAHJAPTHON IreOMETpUeEn 1
HOBBIM KpEMHHEBBIM JipeiihoBeiM nieTexTopoM (SDD)

= S2 PICOFOX - »5HeproaMcnepCUOHHBI CHEKTPOMETP C IOJHBIM BHEIIHUM
orpaxenueM (TXRF wim POA TIBO)

= S1 TRACER — py4HOii BaKyyMHBII PEHTT€HOBCKUM CIIEKTPOMETP

= ARTAX - mukpo-P®A crnekTpoMeTp ¢ HOIMKATWUIIPHON PEHTI€HOBCKOW ONTHUKON
JUIS aHaJIu3a B TOYKE pa3mMepoM oT 70 MUKpOH

= QUANTAX - cucrema J3/IC mukpoanaiuza miss POM, IIOM u D3MA ¢ HOBBIM
HOJIYTIPOBOIHUKOBBIM JIETEKTOPOM HE TPEOYIOLIUM OXJIaKACHUS )KUIKUM a30TOM
Judpakromerpsl or Bruker AXS umeror eaunyio miargpopmy D8, uto mo3Bomsier

CO3/1aBaTh pa3IMYHble KOHQUIypaluy B 3aBUCUMOCTH OT 3aJad IOJb30BaTeNel MyTeM

CMEHBI pa3HOOOpa3HBIX MOy IEH U PUCTABOK:

= D8 ADVANCE — nopomkoBsIii 1upakTomMeTp

= D8 DISCOVER — nudpakromeTp BEICOKOTO pa3peLieHus

= D8 DISCOVER-GADDS - mukpoaudpaktomerp

* D4 ENDEAVOR — aBToMaTHuecKuii 1uppakToMeTp Ui IPOMBIIIJICHHOCTH
JudpakToMeTpbl MOTYT OCHAILATHCS:

" PpPEHTTeHOBCKOM ONTHKOI: aBTOMAaTHYECKUMHU WIM (UKCUPOBAHHBIMU ILEJSAMHU,
napajuleIbHO-TyYeBOM  IpaJueHTHOM  ONTUKOM  —  3epkanmamu  ['€Gens,
MOJIMKANAJUIAPHOU N MOHOKAIIMJUIAPHOW ONTHKOM, MOHOXpOMAaTOpamMu

* mpoOoaepkaTessiMU, oJIBECKaMH Diliiepa

"  TEeMIEpPaTypHBIMHU U PEAKTOPHBIMU KaMepaMu

* po3unuoHHO-uyBCcTBUTENBbHBIM (VANTEC-1, LynxEye), sHeproaucnepcroHHbIM
(Sol-X), neymepnasimu nerektopamu (Hi-Star, VANTEC-2000).

HpOFpaMMHOC O6€CH€‘ICHI/IC, OCHOBAHHOC Ha MHOI'OJICTHEM OIIBITC pa6OTBI (prMLI B oOJjlacTu
PCHTICHOBCKOI'O aHaJIM3a, IMO3BOJIACT NPOBOAUTH M3MCPCHUA U aHAJIU3UPOBATL JAHHBIC, KAK B

HHTCPAKTHUBHOM, TdK U B aBTOMATHUYCCKOM PCIKUME.

Cretmanuctel, paboTaroliue B NMPUKIAAHON j1abopaTopuu (UPMBI, BCerJa TOTOBBHI MOMOYbL B
pEIIeHUH UCCIIeI0BATEIbCKUX WU MPOU3BOICTBEHHBIX 33/1a4, CTOSALIUX Mepe/]] M0JIb30BaTEISIMU.
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OnpepeneHne aHaNMUTUYECKMUX XapaKTepPUCTUK cnekTtpometTpos PDA
Ha OCHOBEe MoAenupoBaHUA UX CUrHana

Casenves C.K.
000 «llpeyusuonnvie mexrnonozcuuy, Cankm-Ilemepoype, e-mail:ssav(@x-energo.com

B npakTtuke npumenenuss POA BO3HHMKAaeT MHOTO CUTYyaIldii B KOTOPBIX TpeOyeTrcs naTh
OBICTPBII OTBET Ha BONPOC O BO3MOXKHOCTH NMPUMEHEHUS KOHKPETHOro MpUOOpa JAJs aHaIn3a
OMPENIEIICHHOTO TMPOAYKTa M OMNpPEACIICHUS HAWIYYIIUX CIOCOOOB OOpabOTKH IMOIy4yaeMOro
CUTHAaJIa JJIs1 U3BJICUEHUS JTOCTOBEPHOM MH(OpMAIMK U3 TOIYYEeHHBIX JaHHBIX. B npunnune sty
3a/1a4y MO>KHO CUMTATh pemeHHON. OqHaKo NMPUMEHEHHE Ha NPAKTUKE U3BECTHBIX PEUICHUU B
YCIOBHUSIX HEJOCTAaTOYHOM KBaJM(HUKAIMKM TepcoHala M NpPU HAJIUYUU  ECTECTBEHHBIX
MaTepUaIbHBbIX U BPEMEHHbIX OIpPaHUYECHUI HaTaJKUBAaeTCs Ha pal mpobdsieM. B 3HaunrtenbHON
CTENEHH PELIUTh 3TH MPOOJIEMbl MOKHO MAaKCHMMajbHO OOOOIIMB HAaKOIUIEHHBIH OIBIT BBHJIE
aBTOMATHU3UPOBAHHBIX CUCTEM 00OpaboTku mHpopmauuu. B pabore omnuckeiBaeTcst pe3yJbTaTbl
MPUMEHEHUs pa3pabOTaHHOTO aBTOPOM MPOrPaMMHOTO KoMmiuiekca X-Energo mist pemieHus
0003HaUYEHHBIX 3a/a4.

OnpeneneHne TakuX XapaKTePUCTHK aHaln3a Kak BOCIPOM3BOAMMOCTh, IMpeaes
oOHapyxeHUs, (OHOBas KOHLIEHTpAalMs U T.J. BO3MOKHO Ha OCHOBE HM3BECTHBIX 3HAUYECHUU
OCHOBHOW ammapaTypHOd TMOTPElIHOCTH, WHTErpajbHOW YyBCTBUTEIBHOCTH, KOHTpacTa u
BpEMEHM 3KCNO3ULIMU. OCHOBHYIO allapaTypHyIO MOTPEIIHOCTh MOKHO CUHUTATh MOCTOSHHOMN
XapaKTepUCTUKOW OMPEJEIEHHOr0 Mpudopa, a BOT OCTajbHbIE BEIMYMHBI JIOJKHBI OBITH
ONpeseseHbl JUIsl KaXJ0ro U3 OIpenesieMbIX 3JIEMEHTOB M JJIi KOHKDPETHBIX PEXKHUMOB
u3MepeHus Ha BbIOpaHHOM mpubope. B kakoii-To cTeneHu 3HaueHre KOHTpAacTa U MHTErpajibHON
YyBCTBUTEJIBHOCTU (ONpEIENsIeMble KaK MPaBUJIO HE HANpPsSMYyl0, a B pe3yJbTaTe IepecueTa)
OyIyT 3aBUCHUTh M OT crmocoba o0paboTku curHamga. OMNBIT pacyeTHOrO OMpeaeICHUs
AHAINTUYECKUX XapaKTEPUCTHUK, pEalM30BaHHBbIM B IporpaMHoM Komiuiekce X-Energo [1],
MOKa3aJjl €ro BHICOKYIO 3(PPEKTUBHOCTD JUIsl PEIICHUs TPAKTUUYECKHX 3a7au.

B nannoii pabote omucana yactb X-Energo oTHocsmasicsi K mporpaMMe BUPTYaJIbHOTO
cnekrpomeTpa. JlaHHoe mporpamMMHOe oOecriedeHue Mo3BOJSIET d(DPEKTUBHO MOACIUPOBATH
Pe3yJIbTUPYIOLINI CUTHAT PEHTTEHOBCKOTO CIIEKTPOMETPa C YIETOM BCEX OCOOECHHOCTEH pabOoThI
peaJIbHOTO YCTPOWCTBa M Ha OCHOBE TMOJYYEHHBIX JIaHHBIX ONPEIENATh METPOJOrHYecKHe
XapaKTepUCTUKH aHalIn3a 00paslia MPOU3BOIBHOTO COCTABA.

Kpome pemieHuss yka3zaHHOM 3ajaydl  MOSBJISIETCS. BO3MOXHOCTb — OINpEAETICHUS
ONTUMAJIBHBIX PEXKUMOB pPabOThl MpuOOpa [UIs OCYLIECTBICHHUS aHalIM3a OIpPEaeIEHHOIO
MPOAYKTa, aHajau3a BIUSHUS DPA3NIUYHBIX (AKTOPOB HA METPOJIOTHMUYECKHE XapaKTepUCTUKU
aHanms3a.

Oco0o0 cienyer OTMETUTD, YTO IPUMEHEHHE OMMCAHHOTO MOJX0/a BO3MOYKEHO TOJIBKO Ha
ocHOBe 3(D(PeKTUBHON MPOrpaMMHON peanu3aliy, MO3BOJSIONIEH Jaxke MOJIb30BATEI0 HU3KON
KBaIM(UKALMM TOTy4yaThb HPAaKTUUYECKU Iosie3Hble pemieHus. I[IporpaMMHbiil komIuieke X-
Energo mpenmocraBiseT MOIb30BATENI0 MOUIHBIA HaOOp CpencTB MO TeHepalud 3aJaHuii,
COXPAaHEHUIO U AaHAJU3y IOJYYEHHBIX pPE3YyJbTaTOB, MOBTOPOHOMY HCIOJIb30BAaHUIO paHee
CO3/1aHHBIX JaHHBIX.

1. B.Kalinin, R.Plotnikov, S.Savelyev. Comparison of calculated and measured metrology
characteristics of steel and alloy composition determination by portable X-ray spectrometers
[5066-42], Proceedings of SPIE. Vol. 5066 Lasers for Measurements and Information Transfer
2002. 5-7 June 2002, St.Petersburg, Russia, p. 312-317.

250



NMpumeHeHne peHTreHodNTyopecLueHTHbIX aHann3aTopoB (hnpmMbl
«HOxnonumeTtann-XonauHr» Anga aHanm3a pasfnnyHbiX 00 bLEKTOB.
MeToaunyeckoe U meTponornyeckoe conpoBoXxageHune

Caszonos A.T.
340 «FOxcnonumemann-Xonouney, e. Mockea, e-mail: analizator@list.ru

OcHoBHas cdepa aestenbHOcTH 3A0 «tOxnonumeTania-XonauHry — pa3padoTka u
U3rOTOBJICHUE  PEHTTCHO(IYOpPECUEHTHBIX  SHEPrOJMCHEPCHOHHBIX  CIIEKTPOMETPOB
(anamm3aropoB). 3a 14 mer paboTel m3rotoBieHo Ooinee 500 aHATM3aTOPOB pa3TMYHBIX
MoJiesIell - KaK YHHMBEpPCAJbHOIO, TaK M CHELMANIbHOTO Ha3HadeHus. CHEeKTpOMETpbI
pa3pabaTbIBAIMCh B COOTBETCTBUHM C TEXHMYECKHUMH 3a/laHUSIMH 3aKa34MKOB, a OOBEKTaMHU
aHaIM3a SIBIUIMCH PA3JIMYHble MaTepHallbl: CTaJld, CIJIaBbl HA OCHOBE JIETKHMX, LIBETHBIX,
OaropoIHBIX METAJUIOB, Maclia aBHAIMOHHBIX  JBHUraTeNieidl, pa3IudHble OOBEKTHI
HKOJIOTMYECKOT0 MOHUTOPHHTA.

Bonbioe KoaM4YecTBO aHANIM3aTOPOB MOCTABIEHO B KPYMHBIE CTPYKTYPbI, UMEIOIIUE
Pa3BETBIICHHYIO CETh IOJPA3JCJICHUH, BBINOIHIIOMMX aHAIW3 OAHOTHIHBIX OO0BEKTOB. B
pszne ciaydaeB MpuOOpHl MMOMAJAl0T B TMOJpA3JesieHUs, HE HUMEloIue jadopatopuil u
npoeCCHOHATBHBIX AHAJUTHKOB, HAIpUMEp, Ha TaMOXeHHble mnocThl. KBanmupukanums
MI0JIb30BaTENCH He MO3BOJISET UM pa3padaThbiBaTh METOJUKH KOJIMYECTBEHHOTO XMMUYECKOTO
ananmm3a (MKXA) nop Texymme 3a1a4u ¥ TapaHTUPOBATh KaueCTBO PE3yJIHTATOB aHAIM3A.

[TosTomy, ¢ nenpio 3(h(HEeKTUBHOrO HCHOIB30BAHUS OOOPYJOBAaHUS OBUIO NPHHSTO
pelieHre O IeIecOO0pPa3HOCTH METOAWYECKOr0, METPOJIOTHYECKOTO ¥ TEXHHYECKOTO
COIIPOBOXKACHUS NpUOOpoB. DaKTUYECKHM MbI CO37JaéM U MepeAaeM MOJIb30BaTeIsIM
CTIeMAIM3UPOBAaHHBIE JTA00OPATOPHBIE KOMIUIEKCHI, OTBEYAIOIINE COBPEMEHHBIM TPEOOBAHMIM
K KOMIIETEHTHOCTH UcHbITaTedbHbIX J1aboparopuii (TOCT P UCO/MBK 17025).

B pamkax 3T0oi KOHIeNuu Gpupma BBITTOIHSAET CIeAyIONne padoThI:

M3roroBieHne CIEKTPOMETPOB MO/] 3a/1a4M 3aKa34nKa;

H3roroBneHne HE0OX0AUMOTO BCIIOMOTATEILHOTO 000PY/IOBAHUS;

3. Pazpabotka u merposiornueckas arrecranust MKXA B cooTBeTCTBUU C TpEOOBAaHUSIMHU
I'OCT 8.563 u I'OCT P MCO 5725. Bce mnepenaBaeMble 3aKa3uuKy METOIUKU
npoxodar skcneptuzy B @I'Y «PoctecT-MockBay;

4. BximoueHHe B KOMIUIEKT MPOTrPaMMHOT0 00eCTieueH sl CIIEKTPOMETPa MPOTrPaMMBI ISt
NPOBEIEHUS] BHYTPEHHEro KOHTposisi KauecTBa KXA, amanTtupoBaHHOM —ais
PUMEHSIEMbIX T0JIb30BATEIEM METO/NK;

5. OOyueHue omepaTopoB TEOPUM U TPAKTHKE pabOT Ha aHamu3aTopax, OCHOBaM
METPOJIOTUH aHAJIUTHYECKOTO KOHTPOJIS;

6. Hammcanue MHCTPYKIUI U METOAMYECKUX TTOCOOMH [T TOBBIIEHUS KBATN(DUKAITUH U
aKTyaJIM3alllu 3HaHUH NOJIb30BaTENCH;

7. Pazpaborka u wusrorosiieHue cosmecTHo ¢ PI'VII YHUUM [ocynapcTBeHHBIX
CTaHJApTHBIX 00PA3II0B COCTaBa;

8. IlmanupoBaHMe U MPOBEICHUE MEKIA00PATOPHBIX CIMUUTEIBHBIX HUCIIBITAHUH;

9. IlpoBeaeHue mo pe3ynbTaTaM BHYTPEHHEIO W BHEUIHETO KOHTPOJII MOHHUTOPHHIA
TEXHUYECKOTO ¥ METPOJOIMYECKOTO COCTOSIHUSA MapKa MPUOOPOB, IKCILTYyaTHPYEMbIX
BO BCEX CTPYKTYPHBIX [IOJIPA3/IEICHUSIX OpraHnu3aluiy;

10. [InanupoBaHUEe U CBOEBPEMEHHOE MPOBEACHUE MPOPUIAKTUYECKUX W PEMOHTHBIX
pabor;

11. [IpencraBnenne Bcell wuHpopmaumu o mpubopax Ha caidte «BupryanbHas
JIrarHoctuueckas yjadboparopus» (www.virtlab.ru).

N —
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CucrtemMbl AUCTAHLMOHHOIO KOHTpPONSA
TeXHU4YeCKOro u MeTposiorM4eckoro COCTosiHUs
peHTreHonyopecLeHTHbIX aHann3aTopoB

Caszonos A. I, Lllabas A. O.
340 «lOsxcnonumemann-Xonouney, Mockea, e-mail: analizator@list.ru

B mHacrosmiee BpeMs B KpPYIHBIX CTPYKTypax € pacCpelOTOYCHHBIMH ITyHKTaMU
IIPOBEJEHUSI M3MEPEHUM 3KCIUIyaTUPYIOTCS COTHH €IUHUL] WU3MEPHUTEIBHBIX KOMILIEKCOB
PEHTTEHOCIIEKTPAIbHOIO aHAJIM3a JJIEMEHTHOIO COCTaBa BEIIECTB W MAaTepHalloOB —
PEHTIeHO(IIyOPECLIEHTHBIX aHATN3aTOPOB (nanee — PA).

[TonnepkaHue TEXHUYECKOTO M METPOJOTHYECKOro cocTosiHus PA, wurparommx
3a4acTyl0 KIIIOYEBBIE POJM B TEXHOJOTMYECKUX IPOLECCAX, OCYLIECTBIISEMBIX TaKHUMH
OpraHM3alMsIMH, SBJISIETCS B TOM 4YHCIE€ M BONPOCOM O€30MacHOCTH, Hampumep, B
TaMOXXCHHOM KOHTpPOJIE — OSKOHOMHYECKOH, B MpOOMpPHOM Haa3ope — 0e30macHOCTH
MOTPEOUTENTHCKOTO PhIHKA, a B aBUALIUU — (PU3NUECKON O€30MMacHOCTH MacCaXHUPOB.

B 53Tux ycinoBusSX 3aKOHOMEPHBIM SBJISETCS JKEJAHUE 3aKa3yuka OIEPAaTUBHO
OTCJIEKHMBATh W TMOJIEPKUBATh COCTOSHUE TapKa NPUHAAISKAIMIUX €My HpuOOpOB.
O6ecneyeHnI0 TaKOW BO3MOXKHOCTH MTOCITYXKHJIO CO3/IaHUE U BHeApeHue crienuanucramu 3A0
«tOxnonmumerann-Xoaguuar» B 2002—2005 rT. KOMILJIEKCHBIX OTPACIEBBIX CUCTEM KOHTPOJIsS
(OCK) xak COBOKYIMHOCTH OpPTaHW3AIlMOHHOW, TEXHUYECKOM ¥  METPOJOTUYECKON
COCTABJIIIOLINX, B KaXJIOM Clyyae ONTHMHU3MPOBAHHBIX TOJ TpeOOBaHUS KOHKPETHOM
CTPYKTYPBI.

B Hacrosimee Bpemsi Takue CHCTEMBbl YCHEIIHO (YHKIHMOHHUPYIOT B CTPYKTypax
@enepanibHO TamoxeHHON cimy)0bl Poccum, Poccuiickoii ['ocymapcTBeHHONW mnpoOupHOH
IajaTel, rpaKaaHCcKol aBuanuu Poccun.

Opranmzanmonnasa 4vactb OCK Britouaer B cebs pa3paboTKy M KOHTPOJb
BBIMOJIHEHUS] PErJIaMEHTHBIX Pa0OT MO YYeTy, KOHTPOJIO COCTOSIHMS M BOCCTAHOBJIEHUIO
enuHull PA B CTpyKType opraHu3aiim-3aKkazquka.

B pamkax MeTpoJiornueckoii cocTaB/IsOLIeH CUCTEMbI OCYILIECTBISETCS pa3padoTKa
U METPOJIOTMYECKasl aTTECTALNUs METOIMK KOJMYECTBEHHOTO XUMUYECKOT0 aHaIl3a Ha OCHOBE
T'OCT P HCO 5725-2002 «TouHocms (npasuivHoCcms U Npeyu3uOHHOCHb) Memooos U
pe3y1omamos usmepenuiiy U OTPaciIeBbIX CTaHIAPTOB, IPUHATHIX B OPraHU3ALNH.

HaxoHneln, TexHu4eckasi 4acTh COCTOUT U3 pa3pabOTKH, BHEIPEHUS U TEXHUUYECKOH
MOJEPKKU Psiia IPOrPaMMHBIX IPOAYKTOB:

KopnoparuBubiii web-caiiT, sSBISIOLIUICS SIAPOM CUCTEMBI M HCIONb3YyEMbIH IS
XPaHEeHHUs JaHHBIX U paclpeesieHus] HH(POPMAIMOHHBIX TOTOKOB;

IIporpaMMHBII1 KOMILIEKC «AHAIN3aTOP», MOCTABIISIEMBIN Ka)XJI0MY I10JIb30BATEIIO
P®A u obecneunBaromuii Bce MpoOLEAypbl NEPBUYHOIO pacuera U MEpPEechbUIKU JaHHBIX Ha
CauT;

[IporpaMMHBIII KOMIUIEKC «OKcHepT», Hcnoiub3dyeMblil skcnepramun OCK  ans
UTOrOBOW 00pabOTKU pe3yIbTaTOB U CO3/1aHUS OTYETOB.

B cBoux 06a30BbIX 3neMeHTax paspaboraHHas cxema peanusauuu OCK sBnsercs
YHHUBEPCAILHON U MOXKET IIPUMEHSTHCS BO MHOKECTBE 00J1acTeH, I/Ie UMEETCsl Pa3BeTBICHHAS
CTPYKTypa OpraHM3aly C Paclpele/ICHHBIMHA ITyHKTaMU MHCTPYMEHTAJIbHOTO KOHTPOJS — B
HKOJIOTHH, CAHUTAPUH, Ha OOJBIINX TEXHOJIOIMYECKUX MPOU3BOJCTBAX H T.JI.
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KomMnakTHbIW BbICOKOYYBCTBUTENbHbIN PEHTreHOBCKUMN
crekTpomMmeTp Ha 6a3e NCTOYHMKA NOSMAPU3OBAHHOIO U3Ny4YeHUs

Typvanckuii A.I". , Cenxoe B.M., Muxun O.B.
Hncmumym penmeenosckoii onmuku, Mockea, e-mail: iroptic@list.ru

PazpaGorana sKCHepuMeHTalbHas CXeMa KOMIAKTHOTO  IOJYIPOBOJIHUKOBOTO
PEHTTEHOBCKOTO CHEKTPOMETpa JUTST BBICOKOYYBCTBUTEIHHOM PEHTTEHOBCKOM
CTIEKTPOMETPUH. [oBbIIeHuE YyBCTBUTEILHOCTH 00yCIIOBIICHO IPUMEHEHUEM
MOJIIPU30BAaHHOIO PEHTTEHOBCKOTO M3ITyYeHHUs Ui BO30OYKICHHS aHAJIU3UPYEMOro OObEKTa.
B kauectBe mossipu3aTropa NpUMEHSUIMCh KPUCTAIIIB alIMasa, B KOTOPbIX bperroBckuii yromu
st pedhrexca (311) ma smann CuKy,; cocraBmser 45.78°. B 9ToM ciiyuae peann3oBbIBagach
BO3MOXKHOCTh PETHCTPAIMH BTOPHYHOTO M3MydeHns mox yriaom 90° Mexmy magaiommM u
BTOPUYHBIM ITyYKaMd. [IpM STOM HWHTEHCHBHOCTh W3JIYYCHHUS, PACCETHHOTO OOBEKTOM
uccnenoBanus, 6au3 kax 0.

Cxema comaepXHUT MHUKPODOKYCHBIH HWCTOYHHK HW3IYUYCHHS, MOJHKAMHUIIPHYIO
MOJYJIMH3Y, aJIMa3Hblii MOHOXPOMATOP M SHEPrOAMCIIEPCUOHHBIN IMOJYNPOBOJAHUKOBBIN Si-
JETeKTOp (IIyOpPECEHTHOTO M3Iy4YeHHsA. B KauecTBe MCTOYHMKA HMCIOIB30BAACh TPyOKa C
Cu-anogom momHocteio 30 Br. Pasmep ¢okyca ucrounuka u (HOKyCHOE paccTOsHUE
MOJTYJIMH3BI COCTABIISTM COOTBETCTBEHHO 25 MKM M 2 MM. MHTEHCHBHOCTBH MPSMOTO IMyYKa,
COJIEp>Kallero XapakTepUCTUYECKUe JTMHUA U TOPMO3HOHM crHekTp mpu HampsbkeHuu 10 kB
nocturana 2x10° ¢ot/c. Tlonspu3oBaHHbI MydoK (HOPMUPOBANCS C TIOMOIIBIO ATMA3HOTO
MOHOXpomaTopa ¢ ko3dduirienTom otpaxenus 10 14% na pednexce (311). IIpu Hacrpoiike
Ha cnekTpanbHyto auHuio CuK, pacdyeTHas creneHs nossgpusanuu cocrasisiiaa 99,98%. Ipu
U3MEpEeHUH (PIYOPECHEHTHOTO CIHEKTpa TECT-O0BEKTOB B IIOCKOCTH NEPIEHIUKYIISIPHON
TUIOCKOCTH TOJSPU3AIMKA JTOCTUTHYTO YMEHBIIIEHHWE Ha JiBa MOPSAJIKa YPOBHS (POHOBOTO
CUTHaJa.
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[ByxBonHoOBasA peHTreHoBCKas pecdnekromeTpus
Ccnabo BO3MYLEHHbIX CIIOUCTbIX HAHOCTPYKTYP

Typvanckuii A.I"., Cenxos B.M., l{exow B.U., llupwun HU.B., I'epacumenxo H.H.
Hncmumym penmeenosckoii onmuku, Mockea, e-mail: iroptic@list.ru

PentreHoBckas pediiekToMeTpus, MPOBOJMMAs HA MOHOXPOMATHYECKOM H3IIy4EHUH,
LIIMPOKO HCIOJB3YeTCSl B HACTOAIIEE BpeMs JUIsl HCCIIENOBaHMUS CBEPXIVIAJKHX CIIOEB
HAaHOMETPOBOW TONLIMHBL. [Ipy 3TOM MIMPUHBI NEPEXOAHBIX CIIOEB HE JOJDKHBI IIPEBBILIATD
1-2 nanomerpa. Ilpum panbHellIeM YBEJIMYEHUHM LIEPOXOBATOCTH OCHWUISIIMUA HA
pediiekTorpaMmax pa3MbIBalOTCS U HE MOJIAI0TCA MaTeMaTHUECKOi 00paboTke.

B Hacrosieit pabote pedrexkToMeTpuueckue U3MepeHus: IPOBOAUIUCH OJHOBPEMEHHO
Ha AByX anuHax BoiH - CuK, n CuKg. D10 1ano BO3MOKHOCTh UCCIIEN0BATh CJIOH, IPaHULIbI
KOTOPBIX MUMEIOT Au((y3MOHHBIA XapaKTep HMIMPHUHON HECKOJIbKO HAaHOMETpPOB. B kauecTe
00pa3loB MepBOro Tuma ObUIM HM3y4YeHbl HOHHO-UMIUIAHTHPOBAaHHBIE CIIOM Ha OCHOBE
KpemHHUsA. B kauecTBe 00pa3IioB BTOPOro TUMA OBUIM MCCIIEOBAHBI CIIOM CHIIUIIMIOB HHUKEIs,
IIOJIy4YE€HHBIE OT’)KATOM IIJICHOK HUKEJIS Ha KPEMHHUEBOM TOJUIOXKKE.

PesynbraTel HcCClENOBAaHUS MOKAa3aid, 4YTO pPeQIIEKTOrPaMMBbl, COOTBETCTBYIOIIHE
M3MEPEHUI0 Ha OJTHOW JJIMHE BOJHBI, UMEIOT MPAKTUYECKU HE HaOIogaeMble ocuisiuuu. B
Clly4ae U3MEPEHHU Ha JBYX JJIMHAX BOJH OCLWIISALMH B YIJIOBBIX 3aBUCUMOCTSAX OTHOILEHUS
k03¢ punreHToB oTpaxkeHus R, / Rg oTueTnMBO HpOSIBIAIOTCA M MOAJAIOTCS OOpabOTKe.
3nece R, 1 Rp - xoadduiments: oTpaxeHus pEeHTIEHOBCKOTO H3Iy4€HHs CTPYKTYp Ha
muauax CuK, n CuKg cooTBeTCTBEHHO.
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CoBpemMeHHOe aucpakTomeTpmuyeckoe obopyaoBaHne KOMnaHum
Thermo Scientific

Yuowcos 11.C.
00O «Tepmo Texno., Poccus, 101831, Mockea, Konnaunvtii nep., 9a, ogpuc 404,
e-mail: pavel.chizhov@thermotechno.ru

Pa3BuTHe mOpoIIKOBBIX TU(PAKTOMETPOB B HACTOSIIIEE BPEMs, B OCHOBHOM, HAIlPaBJICHO

Ha JIOCTH)KEHUE CIIeTYIOIINX EeJIeH:

1) VYBenuuenue paspeiieHus: AuPppakTroMeTpa

2) lloBbllIeHHE FKCIIPECCHOCTH aHATIN3a

3) VYuuepcanuzanus JAuPPaKTOMETpoB (OBICTpoe MepeodOopyI0BaHUEe HHCTPYMEHTA s
peneHus cnenu(puIecKnx 3KCIepUMEHTABHBIX 3a/1a4).

Peanuzamuio mepBbIX JIBYX IMOJIOKEHHUH OOBIYHO CBSI3BIBAIOT C  YJIy4YLICHHEM
XapaKTePUCTUK MCTOYHMKA M3ITYYEHHUS M JETEKTOPOB. BaKHBIM 3TaroM MpHU 3TOM SBUIIOCH
CO3/1aHHE HEOOCIy)KMBAaeMbIX HHEProJUCIECPCUOHHBIX JETEKTOPOB (YCTaHABIMBAIOTCS Ha
mudpakromerpsl  Thermo ARL X'tra). [IpuMeHeHue Takux JETEKTOPOB IO3BOJISAET
UCKJIIOYUTh MOHOXPOMATHU3HPYIOIINE ONTHYECKHE dJIEMEHTH! (IUCKpUMMHALMS Oeloi yacTu
CHeKTpa, QuyopecueHTHOro wu3nydeHuss u K[ ocyuiecTBisercs 3JIEKTPOHHO) M, TaKUM
00pa3oM, 3HAYUTENIFHO YBEIMYUTh PETUCTPUPYEMYIO HHTEHCHBHOCTH BTOPUYHOTO ITyYKa.
DddexTBHOE OXNAXKICHHE S-CTymeHUYaThIM MojyseM llenbTbe CHHMKaeT BHYTPEHHHM HIyM
nerekropa g0 0.1-0.5 wumm/cek, YTO TPUBOAUT K PE3KOMY pOCTYy COOTHOIICHUS
«curHas/mym». C Apyroil cTOpoHbI, 32 CUET BHICOKOW MHTEHCHBHOCTH CHTHAla BO3MOXKHO
YBEJIIMYCHUE pajinyca TOHMOMETPA C COOTBETCTBYIOIIMM YMEHBIIEHHEM HWHCTPYMEHTAJIbHON
noymupuHsl pedexcos (1o 0.04° 20).

YuuBepcanuzanus X’tra JOCTUTaeTcs 3a CYET MPUMEHEHUS MOJYJIbHON KOHCTPYKIIUU U
OOJIBIIIOTO KOJIMYECTBA PA3HOOOPA3HBIX NPUCTABOK JUIS PEIICHHs CIEMUATbHBIX 3a/1ad
(9KCTIEpUMEHTHI TIPU HArPEBaHUU, U3MEHEHUE T€OMETPUH, PErHCTPAIlHsl MOTIOCHBIX QUTyp U
T.11.). [IpuMeHeHne BepTHUKAILHOTO roHuoMeTpa 0 — 0 reomerpun o0yerdaeT Kak yCTaHOBKY
MPUCTABOK, TaK M MpoOomoarotoBky. Judpakromerpsr X’tra, Takum o6pazom, d3PPeKTUBHBI
JUIS PELIeHHUs IHPOKOT0 KpyTa UCCIeI0BaTeIbCKIX M TEXHOJIOTHYECKUX 3a]1ay.

B HekoTOppIX ciy4asx (MPOMBIIUIEHHOCTh, TPHUKJIAIHAS HayKa) HE0O0XOAUMO
JalbHelee yBEIUYEHHE SKCIPECCHOCTH aHaln3a, MPUYeM Kak »3JIEMEHTHOro, TaKk U
nudpaxTomerpuueckoro. Jlis pemenus 3Toi npobiieMsl npeaHasHaueH npudop Thermo ARL
9900 Workstation, coBmemiatonuii 0 — 0 gudpakroMeTp W PEHTIEHO(PITYOPECICHTHBIN
CIIEKTPOMETP C BEPXHUM PACIIOIOKEHUEM MCTOYHMKA. [Ipu 3TOM BCE OMTUYECKHE HJIEMEHTBI
(kak (pryopectieHTHOH, Tak U JUGPAKTOMETPUIECKON YaCTH) HaXOMATCS B BAKYYMMHUPYEMOM
TaHKE, YTO TO3BOJIAET U30€XKaTh MOTJIOIIEHHS IEPBUYHOIO M BTOPUYHOTO ITyYKOB B BO3/yXe U
JIOCTUTHYTbh BBICOKOH CTAOMIIBHOCTH U3MEPECHHIA.

JIONOJTHUTENBHO B TOKIIaze Oy IyT 0OCYK/I€H OIBIT IPUMEHEHUs AUPPAKTOMETPUIECKOTO
obopynmoBanus «Thermo Scientificy ana pemieHus psAga HMCCICIOBATEIBCKUX U
MIPOM3BOJICTBEHHBIX 3a7ay.
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BbICOKOYYBCTBUTENbHbLIA PEHTreHO-PIyopecLeHTHbIN aHanu3
pacTBOpPOB C UCMOJIb30OBaAaHUEM COPOLMOHHOW HAKONUTENbHOWM
MUKPOCUCTEMbI

Xawuzoe P.X., I pyzoesa A.H., *KyMaxoe MA. **HMS’LIH I'a
Huemumym eeoxumuu u ananumuyecxot xumuu um.B. U. Bepnaockoeo, 'TEOXH PAH,e.
Mocxkea, e-mail: khamiz@geokhi.ru
*HHcmumym penmeenogckou onmuku, 2. Mockea
™ Mockosckuii eocyoapcmeennwiii yHusepcumem (MI'Y) um. M. B. Jlomonocosa

OHepro-1ucnepCuOHHbIN PEHTIeHO(ITyOpPECLIEHTHBIH aHanus3 (BAPDA) -
pacnpoCTpaHEHHBIH METOJ, MPUMEHSEMBbId JIsi OIpeAeseHHs] COAEpPKAHUS METaJIOB B
Pa3IMYHBIX CpeAax C OTHOCUTEIbHO BBICOKMMH KOHILIEHTPALMSIMH LEJNEBBIX KOMIIOHEHTOB.
[Ipenensl oOHapyKeHUSI METOJ]a MPU aHAJINW3€ PACTBOPOB HE HMXKE AECIATKOB MI/i1. B To ke
BpeMs, COBpPEMEHHbIE HOPMATHUBBI B OOJACTH OXpaHbl OKpYXarolled cpenbl, a Takke
TpeOoBaHUs, NPEIbIBISIEMble K AHATUTHUECKOMY OOECIEUEHUI0 MHOTHX TEXHOJIOTMYECKUX
MPOLIECCOB M HCCIENOBATENbCKUX pPabOT, CTaBAT 3aJady CO3MaHUA LIUPOKOJOCTYIHBIX
npubOpoOB C CYyIIECTBEHHO Oojiee HU3KUMHU MpenenaMu oOHapyxkeHus. CoueraHue
PEHTTeHO(IIyOPECIEHTHOTO aHalnu3a U [PEIBAPUTEIBHOTO KOHLICHTPUPOBaHUS
OIPENIENIAEMBIX 3JEMEHTOB C TIOMOIIbI0 HAKOMUTEIbHBIX COPOLIMOHHBIX MHKPOCHCTEM
(KOHILIEHTPaTOPOB MHOTOPA30BOTO MCIIOJIb30BAHMS), YCTAaHABIMBAEMbIX B aHAJIU3UpPyEMbIe
MOTOKHU WJIM PACTBOPBI OIPAaHUYEHHOI'0 00beMa, MPEICTABIAETCS NePCHEKTUBHBIM MOIX0A0M
JUTSL peIIeHUsl yKa3aHHOM npoOiemsl [1].

Jlia co3gaHMsi KOHLEHTPATOPOB HCIOJIb30BaHbl MHOIOKAHAJIbHbIE MOJIMKAIWLIAPHbIE
CTPYKTYpbI, pazpaboTtanubsle B IHcTuTyTe pentrenoBckoit ontuku (MPO). Kaxnaplit u3 coren
THICSIY MHUKPOKAHAIIOB COACPXKUT OJHY MHKpOrpanyiy copOenta [2]. Mukporpanyibl
COCPENOTOYEHBl B OJHOM M3 TOPLIOB MOJIMKANWIIIPHON CTPYKTYpbl U 00pa3yloT aKTHBHBIN
COpOLIMOHHBIN cloil. B kadecTBe COpPOLMOHHBIX MaTepUATIOB HCIOIb30BAHbl KATHOHUTHI,
copoertel  Tmma  "llommoprc", a  Takke copbent JDTATA,  coxepxammii
JUATUICHTPUAMUHTETPAALETaTHBIE TPYIITUPOBKHU.

[Ipubop, co3mannenii B HNPO, mnpeacraBisier co0oil peHTreHO(ITyOPECIIEHTHBIH
ananmu3atop (PDA), cocrosmuii U3 IBYX OJOKOB: HAKOMHMTEIBHOTO M HM3MEPHUTEIbHOTO. B
HAKOTMUTEILHOM OJIOKE aHAJTM3UPYEMBbIil paCTBOP € MOMOIIBI0 BCTPOSHHOT'O Hacoca B TEUCHUE
ONpEJEICHHOT0 BPEMEHU [MPOKAYMBAETCA Yepe3 s4YelKy, B KOTOPOM yCTaHOBJICHBI
KOHIIEHTPAaTOp, a TakKe YJbTPa3ByKoBOH aktuBarop. KoHIEHTpaTtop mnepeHocuTcs B
U3MEpUTENbHBIN  OsIok 11t cHsATUs P®DA  cmektpa. [lo wu3MepeHHMsIM WHTETrpagbHBIX
MHTEHCUBHOCTEHN I0JIOC CIIEKTPOB, MOJIyYEHHBIX Ul pa3HbIX 3HaYEHUI BpEMEHU HAKOIIEHUS,
CTPOATCS KUHETUYECKHME KPUBBIE I KAXKIOTO M3 ONpelesieMblX KOMIIOHEHTOB. llocie
IIPOBEJIEHUS HKCIIEPUMEHTA, HAKOIUTEJbHAsl A4YeiiKa PEreHEepUpyeTCs JIOT AJs [OBTOPHOTO
HCIIOJIb30BaHUS.

IToctpoena n anpoOupoBaHa MaTeMaTHYECKasi MOEIb MpoLecca KOHIICHTPUPOBAHUSI.
C wucrosb30BaHMEM YKa3aHHOM MOJENTU NpPEIOKEeH KHHETHYECKH MeToJ aHajlu3a
MHOTOKOMIIOHEHTHBIX PACTBOPOB, COAEPXKAILUX MHUKPOIPUMECH ILBETHBIX M TSKEINBIX
MetaiyioB. [loka3aHa BO3MOXXHOCTh CHMJKEHHSI Ha HECKOJBbKO TIOPSIKOB IIPE/IEIIOB
OOHapy’KEHHsI JIEMEHTOB MPH YHEPrOAUCIEPCUOHHOM PEHTTEeHO(IYyOpPECIICHTHOM aHaju3e
pacTBOpPOB.

1. Khamizov R. Kh., Kumakhov M. A., Nikitina S, V., Proceed. SPIE, 2005. V. 4953. P. 151 -

1592. ITatent PO Ne 2096353, omy6u. 20.11.1997.
2. Patent USA 7,271,895, Publ.18.09.2007
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Cucrema perucrtpaumm u o6paboTKu peHTreHOBCKOIro U3ny4eHus
B 3NTeKTPOHHO-30HAOBOM MUKpPOaHanuse

Llesyosa C.U., Kozaxos A.T., Ilnaxa I1.C., Huxonvckuii A.B.
FOoicnviii peoepanvhwiii ynusepcumem, HHUH gpuszuxu,
2. Pocmos-na-/{ony, e-mail: shevtsov@ip.rsu.ru

B nactosmieit paboTe mpencTaBieH OMBIT MOACPHU3ALNUU CHCTEMbI PETUCTpAllMU U
00paOOTKM PEHTT€HOBCKOTO H3JIy4Y€HUs B pPacTpoOBOM  JJICKTPOHHOM MHKPOCKOIIe-
Mukpoananuzatope Kamebakc-mukpo, (1980-e, @panuus), KoTopas MO3BOJSET JUIUTEIHHYIO
9KCIUTyaTaIuio mpubopa ¢ UCIOJIb30BAaHUEM COBPEMEHHBIX MH()OPMAIMOHHBIX TEXHOIOTHM.
AHanuthyeckasi 4acTb MUKPOCKOIa-MUKpPOAHAIN3aTOpa B HaIlleM BapHaHTE MpeJCTaBJIeHA
TpeMsl KpUCTaUT-TU(PPAKIIMOHHBIMH CIIEKTPOMETPAaMH HA0OPOM CMEHHBIX KPUCTAJUIOB.

MopnepHuzanusi ~ MHUKPOCKONA-MHKPOAHAIM3aTOpPa OCYHIECTBISATIACh B HECKOJBKO
sTanoB. OAHUM M3 CYIIECTBEHHBIX JTANOB SBISETCS IMepexoi Ha MUudpoByio dotorpaduto.
CuuTblBaHNE BHUJIEOCUTHANA (WM PEHTT€HOBCKOTO M3JIy4YEeHHUsI) POU3BOAUTCS KOHTPOJIEPOM
Advantech PCI-1716 u mpeoOpasyercss B bmp-daiin ( ~2 MO). AHaJIOTUYHBIA TOIXOM IS
MOJTyYeHHUsI N300paKeHHUI ¢ MOMOIIBI0 HU(POBBIX TEXHOJOTUN peaTu30BaH HaMH IS OXKe-
cnektpomerpa 9CO-3.

JpyruMm cyIiecTBEeHHBIM 3TallOM MOJEPHU3ALNU SBUIIACH TIOJIHAs 3aMeHa (UPMEHHOTO
MUKpPOKOHTPOJUIEpAa Ha HOBBIN, pa3paboTaHHbIN cOOCTBEHHBIMH ciiiaMd. OOMEH JaHHBIMU U
KOMaHJaMH MEXIy KOMIIBIOTEPOM U KOHTPOJIJIEPOM OCyIIecTBIseTcs o uHTepdeiicy RS-232
yepe3 COM-nopt. B MUKPOKOHTpOJIIEpE pealn30BaH CYET PEHTTC€HOBCKUX UMITYJIbCOB B TPEX
KaHaJlaX, HE3aBUCHUMOE YTMPABJICHHE TATHIO IIArOBBIMH  JBUTATENs, IO3BOJISIOINICE
yCTaHABIMBATh MO3UIIMH CIIEKTPOMETPOB M CTOJHMKA OOPAa3IOB, BBIMOIHATH CTaHAAPTHYIO
MPEIIOATOTOBKY  OOOpYJOBaHWs,  3alAChIBaTh  CICKTPbI W PaclpeleicHus ¢
HEMOCPEACTBEHHBIM oOn-line MX HaOMIOJeHHWEM, MPOBOIUTH CTATUCTHUECKHE W3MEPEHHS.
Yupapnenue 3-Msi PEBEPCHBHBIMHU JBUTATEISIMU U CEHCOPAMHU ITOJIOKCHHSI 00ecreunBacT
CMEHY KpHUCTAJZIOB B CIEKTPOMETpaX M HX ONTHMAIbHYI0 YCTaHOBKY C IIOMOIIBIO
HAXOXJICHUS MaKCHMyMa WHTCHCHBHOCTH. B mporpamMmax ympaBicHHs 000pYIOBaHHEM,
coxpaHeHHUs U 00paboTku MH(pOpMaIMu, HanmMcaHHbIX Ha si3bike Delphi B cucreme Window,
MaKCUMaJbHO HCIIOJb30BaHBl COBPEMEHHbIE BO3MOXHOCTH ODBM u  MHOrosetHuii
HEMOCPEACTBEHHBII OTIBIT paboThI Ha MHUKPOCKOIIe-MUKPOAHATIN3aTOpE.
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