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Paznen 1. ®u3uka yrjsi ¥ rOpHbIX MOPOJ
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N3YYEHME KMHETWKW BbIXOOA BOAOPOIA (H) N OCHOBHbIX
SANEMEHTOB B AHTPALUWUTE METOOOM BUMC

UHcTuTyT dmnankm ropHelx npoueccos HAH YkpauHsbl

Onucanvt mMemoovl u pe3yibmamvl IKCHEPUMEHMANLHO2O UCCICO08AHUS INEMEHMHO20
cocmasa UCKonaemvix yenei mMemooom 6MmopudHoll UOHHOU Macc-cnekmpomempuu. Oc-
HOBHOU aKyeHm cOenNan Ha usyyenue KUHemuKu 6blxo0a 8000po0a, co0epl’CcaHue 0CHOG-
HbIX 9IEMEHMO8 6 aHmpayume u pacnpeoeieHue ux no 2ayoune oopasya.

KuaroueBble cioBa: macc-criekTpoMeTpusi, yroib, BUMC, MeraH, Bomopoj, riyOHWHA,
BTOPHUYHBIE HOHBI, 00€3BOKUBAHUE, MACC-CIIEKTP, UHTEHCUBHOCTH, 1eCOpOLIUs

BBenenune

CocTaB YrospHOTO BEIIECTBA M XapaKTEPHBIE MACIITA0Bl CTPYKTYPBI YIJIS
OTIpPEeIAI0TCS CTeNeHbI0 MeTaMopdu3Ma (yriaedukanuu), rTyOnHON 3aleranus u
reopmsnueckumu pakropamu [1]. Ocobast pois B Pu3MIECKUX Mporeccax, mpo-
UCXOJSIIUX B YIJie, MPUHAUICKUT METaHy, BOJAOPOIY, MO3TOMY HCCIIEJOBaHHE
COCTaBa YroJIbHOTO BEIIECTBA PA3IMYHBIMHI METOJJAMH MTPEICTABISET aKTYaIbHYIO
3ajauy.

B nmanHo# paboTe mpeacTaBiIeHBI pe3yNbTaThl SKCIEPUMEHTAIBHBIX HCCIIEN0-
BaHUI MOCIONHOrO aHaJln3a U pacrlpeieseHus 1o ITyOMHe OCHOBHBIX 3JIEMEHTOB
B cocraBe o0O0Opa3l0oB METOJOM BTOPUYHOW HOHHOM Macc-CIEKTPOMETPHH.
Hackonbpko HaM M3BECTHO, /10 HACTOSIIET0 BPEMEHH Macc-CHEKTPOMETPHUYECKHUE
WCCIIIOBAaHMSI COCTaBa YIJIeH ¢ MmaxT YKpawHbI HE MPOBOAMINCH, HECMOTpPS Ha
OUYEBHU/IHYIO BaKHOCTh TAKMX 3KCIIEPUMEHTOB, IPOBOJAMMBIX B APYIHX CTPaHAX.

Bo BTOpHYHO-HOHHOM Macc-CIIEKTPOMETPUHN UCTIONB3YIOTCSI IEPBUYHBIE MOHBI,
CHOCOOHBIE MPH MOMaJaHUM Ha MOBEPXHOCTh TBEPAOro Teja BbI3BaTh 3P (HEeKTUB-
HOE pacIbUICHUE BEIIECTBA, YTO XapaKTEPHO /ISl SHEPTH (3aBHCAIINX OT MAcChI
noHa) 1+100 k3B, X074, Kak mpaBUIIO, UCTIONB3YIOT SHepruu ot 4 1o 10 k3B. Ilo-
BEJICHNE TMOBEPXHOCTEH MOJ MOHHOM OOMOapAMPOBKOW HAIIIO JTOCTATOYHO 00-
IIMPHOE OCBELICHUE B JINTEpAType KaKk B OPUTHHAIBHBIX padoTax [l — 2], Tak u B
o630pax [3, 4].

PacnbiieHne HOHHBIM ITyYKOM — MPOLIECC IPUHIMIUAIBHO pa3pymaromuii. Ho
eciu TpeOyeTcsi, 9TOOBI TIOBEPXHOCTh OCTABAIACH MPAKTHYECKH 0€3 M3MEHEHUS,
To aHanu3 MetogoM BMMC MOXHO NpOBOIUTH NMPU OUYEHb MAJIBIX CKOPOCTSAX
pacmbuIeHHs o6pasna (MeHee 10~* MoHOCHOS B ceKyHy). UToOBI pu 3TOM 06ec-
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TIEYNTh JOCTATOYHYIO UYBCTBHTENHLHOCTh MeToza (~10% MoHOCHIOS) Heo6X0muM
TIepBUYHBII MOHHBIH IMydok auameTpoM ~1 MM ¢ Tokom ~107% A. TIpu croms
HU3KOM TIOTHOCTH TOKA IIEPBHUYHBIX HOHOB (~10~° MA/cM?) CKOPOCTH MOCTYILIE-
HUSl Ha MOBEPXHOCTh 00paslla aTOMOB WJIM MOJIEKYJ OCTaTOYHBIX Tra30B MOKET
MIPEBBICUTH CKOPOCTh UX PACIIBUICHUS MEPBUYHBIM ITydkoM. [ToaTOMy, H3MepeHus
metogoM BUMC B Takux yclnoBHSIX CileIyeT MPOBOAUTH, B OTIUYHE OT JUHAMHU-
YECKOr0 PEKHUMA, TOJIBKO B CBEPXBBICOKOM HIIM YHCTOM (KPHUOT€HHOM) BaKyyMe.

VYka3aHHble MpUOOpHBIE YCIOBHUS MpPUEMIIEMbl HE BO BCEX ClIydasx aHallu3a.
Hampumep, onpeneneHue mpoduisi KOHIEHTPAIMHA TPUMECEH, TPUCYTCTBYIOMINX
B MaJIbIX KOJIMUECTBAX B IMOBEPXHOCTHOM IUIEHKE TONIIMHOM cBbIme 50 HM, y100-
HO NPOBOJUTH NPU JUaMeTpe Mmydka, paBHOM 100 MKM, ¥ pU CKOPOCTH pacCIbl-
JICHUSI, TPEBBIIIAIOIIEH 107! aToMHBIX ClIOEB B cekyHay. Eme Oonee BbICOKHE
TUIOTHOCTA MOHHOTO TOKa TPEOYIOTCS, 4TOOBI 00€CIeYNTh CTATUCTHYSCKH 3HAYH-
MBIE€ KOJINYECTBA BTOPUYHBIX MOHOB C €IMHUIIBI TUIOIIAIU TOBEPXHOCTU, HEOOXO-
JTUMBIE TIPU UCCJICIOBAHUU PACTIPEICICHUSI TI0 TTOBEPXHOCTHU CIIEJIOB JIEMEHTOB
[P MIOMOIIM MOHHOTO MHUKPO30HJIa HJIM Macc-CIeKTpaIbHOro MUKpockomna. Ha
OCHOBAHUU CKa3aHHOTO MOKHO CJI€JIaTh BBIBOJ O TOM, YTO HEBO3MOXKHO obecrie-
YUTh MOBEPXHOCTHOE pa3pellieHrue B HECKOJIbKO HAHOMETPOB IJIsl MPUMECH, CO-
nepxkanue KOoTopoii paBHO ~107* ar. %, mpu ckopocTH pachbiieHns Menee 107
ATOMHBIX CJIO€B B CEKYHIY. DTO B3aMHO MCKITIOYAIOIIHE YCIOBUSI.

Takum oOpazom, meroiom BUMC aHanu3 noBepXHOCTU MOKHO MPOBOJIUTH B
JIBYX Pa3HbIX pexumax: 1) mpu Manol u 2) npu OONBIION MIOTHOCTH TOKA, pac-
MBUISIONIETO 00pas3etl.

B pexxume Manoil MIOTHOCTH PaCHbUISIONIETO TOKAa M3MEHSETCS COCTOSHUE
JUIIb MAJIOW YacTH MOBEPXHOCTH, OJaroaapsi 4eMy IMOYTH BBITOJHIECTCS OCHOB-
HOE TpeOoBaHME, MPEIbABIIEMOE K METO/IaM aHallM3a CaMOM MOBEPXHOCTU. ITO,
TaKk Ha3bIBaeMbIl, cTaTndyeckuil pexxum BUMC, noapobHo pazpaborannsiii Jloe-
6axom (Loebach) [5] u mupoko npeacrasieHHblit B 003ope Tpeiina (Treitz) [6].

B pexunMe ke BBICOKMX TUIOTHOCTEH TOKOB M COOTBETCTBYIOIIUX OOJIBITUX
CKOPOCTEH pacmbUIeHHs TPOBOAMTCSA OINpeaeneHue mnpoduieil pacmpeneneHus
3JIEMEHTOB TI0 ITyOMHE, MUKPOAHAIIU3 M ONpeJIeNieHne cIeloBEIX (Menee 10 ar.
%) Konn4ecTB 37eMeHTOB (AuHaMudeckuit pexxum BUMC).

1. DxcnepumeHT”*

HccnenoBanus pacrpeneneHuss B o0pas3lax MPOU3BOAUINCH HA YCTaHOBKE,
MPUHIMITHATIFHAS CXeMa KOTOPOH M300pa’keHa Ha pUCYHKe 1.

Bri6op mapamMeTpoB MOHHOTO IMydka (PHEPrHsi, MIOTHOCTh TOKA, TUI MOHOB)
OTpeNIeTsIICS TeM, YTOOBI 00eCIeYnuTh HEOOXOIUMYIO YyBCTBUTEILHOCTh aHATU3a
0e3 BHECEHHS 3aMETHBIX UCKaKEHUN B M3ydaeMblIil mpoiiecc.

UtoObl TIpoM3BECTH TOCIOWHBIN aHAIN3 HMCCIEIyeMOTO dJEMEHTa, 00paselr
YCTaHaBIMBAJIM B KaMepe MacC-CIIEKTPOMETpa W MOABEPrajid HENPEPHIBHOMY

* DKCIIEpUMEHT BBIMTOTHEH 0 TpyaoBoMy cormamennto Ne4 ot 01.04.2014 r.
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pacCIbUICHUI0 HOHAMHU, 3aT€EM OCTABUJIM HA CYTKU B BaKyyMe€ U MPOJOJLKUIN U3Y-
YeHHe U3MEHEHHE COCTaBa 00pasla.

Jnst obecnieyeHst YUCTOTHI IKCIIEPUMEHTA JaBJICHUE B KaMepe o0pasiia J10BO-
s 1o 107 Ia.

OrnpezesieHre U30TOMHOIO COCTaBa MydyKa BTOPUYHBIX MOHOB MPOU3BOAMIIU C
MOMOIIBI0 Macc-criekTpomerpa tumna MC-7201M.

[Mpunuun aeiictBus MC ocHOBaH Ha SIBIIGHUM BTOPUYHOM MOHHOW IMHCCHHU.
[TepBUYHBII MYy4OK HOHOB, HHKEKTHUPYEMbIH MOHHBIM UCTOYHUKOM, OoMOapaupy-
€T aHAIM3HPYEeMbII 00pa3el], Mpu TOM W3 MPUTIOBEPXHOCTHBIX CJIIOEB 00Opasia
BbIOMBAIOTCSI BTOPUYHBIE MOHBI. DTH MOHBI COOUPAIOTCS SMUCCUOHHBIM OOBEKTH-
BOM, KPOCCOBEP KOTOPOrO HaXOAUTCS B MJIOCKOCTU BXOJHOM arepTypbl MOHOIIO-
7151, BBINONIHAOIIEro QyHKIMIO0 puinbTpa Macc. Brienennas B mpoiecce aHaln3a
Y3 UHTErPAIIBHOTO MOHHOTO ITyYKa MapUHaIbHAs MOHHAsI KOMIIOHEHTA Cenapupy-
€TCsl TI0 PHEPTUSM U TpaHC(HOPMHUPYETCS B MOHHO-3JIEKTPOHHOM IIpeodpazoBaTesie
B DJIEKTPOHHBIN IYYOK, KOTOPbII Hampasisercss Ha nepsblii auHon BOVY. VYeu-
JICHHBIN 2JEeKTPOHHBIN ToK moctymnaeT B YIIT, B koTropom oH mpeoOpa3yercs B
HaIpsHKEHUE.

I, 312 maccer M

lepsuunbie uousl, 7, TiyGuna z

PazgeneHue Perucrpauus _/\M/\
Mace > MOHOB

Bropuunteie HOHBL, /, 2BM

Obpazen (MHILIEHB)

Puc. 1. IlpunuunuansHas cxema Mmeroga BUMC

AHanuzatop siBIsieTcsl OCHOBHOM yacThio MC, B KOTOPOM MpPOU3BOJIUTCS, XU-
MHUYECKUH M HW30TOMNHBIN aHaIM3 HCCIeAyeMoro o0pasla M IpeJBapUTENIbHOE
yCUJIEHUE MOJIy4YeHHOU HH(pOpMaLUU.

2. Pe3yabTaThl M X 00CyKICHHE

Nmeercss HECKOIBKO pa3IMYHBIX TIOJIXOJIOB K COCTaBJICHUIO W OIMHCAHUIO
CTPYKTYpHOM MOJENH MakpoMOJIeKynbl yrisi. Hambosee momynspHOW siBiseTCs
Moelb, ipeaiokeHHas @ykcom u Ban-Kpesenenowm [1].

11



Du3uKo-TeXHUYECKHEe NPodJieMbl TOpHOro npouspoacTsa 2016, Bbin. 18

B »T0li MOnenu neHTpanbHas apoMaTHYecKas 4acTb MaKpPOMOJIEKYJIbI COJEp-
KUT OT 6 10 11 KOHAEHCUPOBAHHBIX SAEpP, COEAUHEHHBIX APYT C APYIOM U C pac-
MOJIOKEHHBIMH BOKPYT THIPOapOMAaTHYECKUMHU O00pa30BaHUSIMHU, KOTOPBIE COCTO-
AT U3 reTepoaTOMOB U OOKOBBIX 3aMeCTHTeNIel. YYacTKu pa3pbiBa CBSI3M MOTYT
OBITh TAK)KE B MECTaX COCTUHEHHUSI apOMATUYECKHX A1ep ¢ nepudepruitHbIMUA TH/I-
pPOapOMaTUYECKUMH TpylInaMu. AHAIU3UPYS CTPYKTYPHYIO MOJENIb MaKpOMOJie-
KYJIBI YTJI5l, MO’KHO 3aKJIFOUUTh, YTO OCHOBHBIMM KOMIIOHEHTaMU YIJIEH SBISIOTCS
aTOMBI YIJIepojia, BOAOpO/ia U Kuciopoaa. BaxHeilelr 0cOOEHHOCThIO COeIHe-
HUH yriepoja sBIsSeTCs CIOCOOHOCTh K 0Opa30BaHMIO MPOUYHBIX CBS3EH aTOMOB
npyr ¢ apyroM. CymiecTByIOT 0Oojiee MO3/HKE THIIOTE3bl, OCHOBAHHbIE Ha JKCIIe-
PUMEHTAJIBHBIX PE3yNbTaTaX, MOJIY4eHHBIX MeToIOM SAMP.

CyTb 0HOM M3 HUX [8] CBOAUTCA K MPEINOI0KEHUIO, YTO CTPYKTYpa OpraHu-
YeCKOW Macchl YIJIl COCTOUT M3 YKECTKOM MOJIEKYJSIPHOM CETKU (MaKpOMOJEKY-
nspHas ¢aza), BHyTPU KOTOPOH HAXOTUTCS MOJIEKYJSIpHAs. KOMIIOHEHTa (MOJIEKY-
nsipHast ¢aza). MonekynspHas asza COCTOUT U3 CPaBHUTEILHO HEOOIBIINX MOJIE-
KYJI C Pa3JINYHBIM XUMHYECKUM COCTaBOM U (PU3NYECKIUM COCTOSHHUEM.

B noarepxknenune 3Toro ObUIO MACHTH(PUIIMPOBAHO B o0Opasliax OMTYMHUHO3-
HOTO YTJII METOJIOM Macc-CIIEKTPOMETPHH BBICOKOTO pasperienus [9] 6omnee 300
MOJIEKYJISIPHBIX KOMIIOHEHT, T.€. TOJIBKO C TOMOUIbIO 3TOT0 METOJIa MOKHO OIIpe-
JEJIUTH JETY4yI0 4YacTh MOJIEKYJ MOJIEKYISIPHOH (ha3bl.

C yBenuueHueM creneHu yriaeuxanuu ($aspl yrieoOpa3oBaHus) MPOTEKAIOT
peaxiuu, NPUBOIAIINE K yIATCHUIO KHCIOpOAa U BOAOPOJa U3 YIiisl ¢ o0pa3oBa-
auem motekyn tumna CO, CO2, CH4, H20, xoTOpBIe BXOIAT B COCTaB YTOJBHBIX
ra3zoB [1]. Kpome Toro, Tam copepxarcsi yriieBOJOPOAIbl, a TAKXKE BOJIOPOJ, CEp-
HUCTBIN ra3, MHepTHbIE ra3bl. OCHOBHOW M caMblii ONACHBIN T'a3 B YrOJbHBIX ILIa-
CTax — 3TO METaH, KOTOPbIN SBJISAETCS MEPBBIM YWIEHOM I'OMOJOTHYECKOIro psjlia
HACBILICHHBIX YTJIEBOJI0POIOB.

TakuMm oOpa3omM, UCXOMS U3 OMHUCAHUS CTPYKTYPHOU MOJETH MaKpPOMOJIEKYIIbI
YIS, MOXKHO CZENIaTh BBIBOJI, YTO METOJ MacC CIIEKTPOMETPUU MMEET HEeCpaB-
HEHHBIE IPEUMYILECTBA NIEPE] APYTUMHU METOAAMM, ITOCKOJIBKY MO3BOJISET OIpe-
JIEJATh 2JIEMEHTHBIN COCTaB M U3MEHEHUE €ro JUIsl YIJIeH ¢ pa3HOM CTEIEHbIO Me-
tamopdusma. B HacToseit paboTe nccieaoBanruch 00pasiibl aHTPALUTA.

B HauanpHOUM CTagn MHTEHCUBHBIMH SIBJISIOTCS IMKU C MAacCCOBBIMU YUCIaMHU
22, 28, 32, uro sBisercs ciaenactBueM aecopouun razos (C*, C2 ¥, CO* u Ny¥)
MPEUMYIIECTBEHHO C IOBEPXHOCTHBIX CJIOEB YTOJIBHOTO BEIIECTBA.

ITo mepe TpaBneHust oOpa3la KapTuHa Macc-criekTpa usmensercs. C pocTom
[yOMHBI MAKCUMAITBHBIM 10 HHTEHCHBHOCTH siBjisieTcst Tk ¢ m/z = 39 (K*) wim
npoTtorupoBanubiii kiaacrep (CsHs™), u m/z = 40 (Ca*) orobpaxkaer n3MeHeHHUE
cocTaBa MaTOYHOI'O PAcTBOpa, B KOTOPOM MPOXOAMIIO yrieoOpasoBanue. CTout
OTMETUThH LUKINYECKOE N3MEHEHNE MHTEHCUBHOCTEN aTOMAapHOTO M MOJIEKYJISp-
Horo Bojopona. Ilpu Beicokoil nHTeHCUBHOCTH Hi B 0oOpaslie mpakTHUecKu He
HaOI0TaeTCsl HATM4YMe MUKOB ¢ MaccoBbIMU unciamu 50-90. IIpu cHmkeHUH UH-
TeHCUBHOCTH Hi 1 pocre mHTeHCHMBHOCTH H2 HaumHaeTcss pocT MHTEHCUBHOCTEM
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MUKOB ¢ MaccoBbIMH urciiamMu 50-90, 10 TOro MOMEHTa 1MOKa HHTEHCUBHOCTh TTH-
ka Hy He ynanmer. [IpenArnonioKUTENbHO 3TO MHKH, COOTBETCTBYIOLIHE BBIXOIY
apoMaTudeckux coenuHenuit, Tuna 0enzon (CeHe m/z = 78) u anmudarnyeckux
coequnenuit: anerunen (CoH2™ m/z = 26), CoH wim HCN (m/z = 27), (CoHs*
m/z = 29), stan (C2Hs" m/z = 30).

BhIcOoKas MHTEHCHBHOCTH MOHHOTO Tmka (OH' m/z = 17) u (H?0O" m/z = 18)
CBUJICTEJILCTBYIOT 00 MHTEHCHMBHOM 00€3BOKMBaHMHM oOpasua. Ilpeamonoxu-
TEJIFHO OCHOBHBIM TPOJYKTOM pa3lIOXKEHHs YISl B IIyOMHE oOpasia siBIISETCS
METaH, O 4YeM CBHUJACTEIbCTBYIOT MPOAYKTHI JUCCOIMAIIMA MOJEKYJIbl METaHa:
(CHs" m/z = 15), (CH2*'m/z = 14) u (CH m/z = 13).
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T.A. Bacunenxo, B.A. Cmynaxk, E.A. Ilponcekuii

BMBYEHHA KIHETUKU BUXOAY BOAHKO (H) TA OCHOBHNX
ENNEMEHTIB B AHTPALUUTI METOOOM BUMC

OnrcaHo METOAM Ta Pe3yNbTaTH EKCIIEPUMEHTAITLHOTO JIOCIIKEHHS €JIEMEHTHOTO CKJIa-
Iy BUKOITHOTO BYTLLIS METOJOM BTOPHHHOI 10HHOI Mac-crekTpomeTpii. OCHOBHHHA ak-
UEHT 3po0JICHUI Ha BUBYCHHS KIHCTUKU BHXOJY BOJHIO, 3MICT OCHOBHHUX EJIEMCHTIB B
aHTpPAITUTI 1 PO3ITOALT iX 3a TITHOMHOIO 3pa3Ka.

KuarouoBi cioBa: mac-cnexktpomerpis, Byruuist, BUMC, meran, BojgeHb, riuOnHa, BTO-
PHMHHI 10HU, 3HEBOJHECHHSI, MAC-CIIEKTP, IHTEHCUBHICTb, 1eCOPOLIisl.

T.A. Vasilenko, V.A. Stupak, E.A. Pronsky

THE STUDY OF THE KINETICS OF HYDROGEN YIELD (H) AND BASIC
ELEMENTS IN ANTHRACITE BY THE METHOD OF VIMS

Describes the methods and results of experimental studies of the element composition of
fossil coal by the method of secondary ion mass spectrometry. The main emphasis is on

the study of the kinetics of hydrogen release, the contents of the main elements in anthra-
cite and their distribution in depth of the sample.

Keywords: mass spectrometry, coal, SIMS, methane, hydrogen, depth, secondary
ions, dehydration, mass spectrum, intensity, desorption.
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