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Macc-cnekTpockonus. @usndeckne MeToAbl HCCJIET0BAHUS.
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BBenenue
B xonne XX cToneTus u3 BceX €KEroHO MPOU3BOJMMBIX B MUPE MPUOOPOB 711 HAYYHBIX
HCCJICIOBAHUM HA JIOII0 MacC-CIIEKTPOMETPOB MPUXOIUIIOCH OKOJI0 5.%. EABa 11 MOKHO Ha3BaTh



Jpyrue MeTOo/1bl, KOTOpPbIE UMeIN Obl CTOJIb LIMPOKOE IPUMEHEHHUE, KAKOe UMEET Macc-
CHEKTPOMETPUUECKU METO/1, KpOME pa3Be UTO HEMPEB30MIEHHOT0 10 €r0 CIOCOOHOCTH U TIIyOHHE
IPOHUKHOBEHMS B HEJIpa CTPOCHUS BELIECTBA CIEKTPOCKONNUEcKoro Mmeroaa. Hamenmas
NEepBOHAYAIBHO CBOE MMPUMEHEHNE B (PU3HKE N30TOMOB, MACC-CIIEKTPOMETPHUSI B HACTOSIILIEE BpEMS —
OJIMH 13 HanOoJiee MUPOKO UCHOJIB3YEMBIX METOJIOB B XMMHH, T'€0JIOTMH, OUOJIOTUU U APYTHUX
00J1acTAX HAyKH.
B 1912 rony anrnuiickuit ¢pusuk Jx. J[x. ToMcoH, ucmons3ys cBOil mpuOOp — MepBbIii MPOTOTHUI
OyayIIMX Macc-CIIEKTPOMETPOB, BIIEPBBIE pa3/Ieiuil pa3inuyHble MACCOBbIE KOMIOHEHThl XUMUYECKUX
aneMeHToB. OKa3anock, YTO HEOH UMEET JIBE€ Pa3HOBUAHOCTH aTOMOB, UMEIOIME OTHOCUTENIbHBIE
Maccol 20 1 22. B HacTos11ee BpeMsi U3BBECTHO, YTO CYILIECTBYET TakKe U TpeTuid u3oron — 10Ne21.
Takum 00pa3oM, BriepBbie ObLITH U3MEPEHBI MAaCChl Pa3IMYHBIX H30TOMOB, TO €CTh aTOMOB OJJHUX U
TeX e 3JEMEHTOB, HO ¢ Pa3nuyHbIMU Maccamu. Heckonbkrumu rogamu nozxe @.Y. ActoHoM ObL10
OTKPBITO 212 cTaOUIBHBIX U30TOMOB PA3IMYHBIX AJIEMEHTOB, & MAaCC-CIIEKTPOMETPHS U T10 Ceil AeHb
OCTaeTCs OCHOBHBIM METOJIOM OIpEAEIIEHHUs Mace siAep.
B 80-e roap! 6611 HaliJileH METO MepeBo/ia B Ta30BYI0 (pa3y HeNeTyuynX OpraHuyecKuX COeAUHEHUH B
BH/JI€ MOHOB, U MacC-CIIEKTPOMETPHUSI IPEBPATHIIACh B YHUBEPCAIbHBIM METO/1 ONpeAeIeHUs
MOJIEKYJIIPHBIX MacC OOJBIIMX MOJIEKYJI, HECMOTPSI Ha TO, YTO OOJIBIIMHCTBO U3 HUX IPETEPIEBAIOT
JECTpYKIHIo mpu TepmudeckoM Harpee. K 1991 romay ObL1 oCylIEeCTBICH MPUHIIMITHATBEHO HOBBIHM
MOJX0/ K MOHU3AIIMU HEeJIeTYYHX COCTUHEHUM C COXpaHEHHEM UX MOJIEKYJIAPHON 11eTOCTHOCTH, TO
ecTb 0e3 TepMUUECKOH AecTpyKIMHU OonbmX MoJiekyl. [Toutu Bce kpynHeinme GpupmMbl HaydHOT O
IpUOOPOCTPOEHUS 3aMHTEPECOBAHBI B BBIITYCKE UCIIOIb3YEMBIX AJISl 3TOr0 METOAA TPUOOPOB.
Bo3spocno gncno mapameTpoB, TpeOYIOMIMXCS MPU CO3AAHUH ITUX MPUOOPOB: TOYHOE U3MEPEHHE
Macc, yIbTPaBbICOKOE pa3pelleHre, HaIuurue BCeX METOI0B MOHU3AIUH — 3JIEKTPOUCKPOBOH,
MaTpU4HOU NazepHoil gecopounonnoit (MALDI), anektpopacnsuienue (ESI), anextponHoro ynapa
(EI) u xumuueckoii (Cl). [To kanuTaaoBioXeHUSIM B HAy4YHOE TPUOOPOCTPOCHUE MacC-
CIEKTPOMETPHUSI 3aHUMAET BTOPOE MECTO MOCIIE ONTUYECKUX CIIEKTPATIBHBIX TPUOOPOB, KyAa BXOISAT
Y J1a3ephbl.
OO61mas cxema MeTOJja MacC-CIEKTPOMETPUH.
Macc-crieKTpoMeTpusi — METOJT UCCIIEI0BAHMS U aHaIN3a BEIeCTBA, OCHOBAaHHbBIA Ha MOHU3AIUU
aTOMOB M MOJIEKYJI, BXOJSIIUX B COCTaB MPOOBI, M PErUCTPaAIlUH CIIEKTpa Macc 00pa30BaBIINXCS
MOHOB.
Wnes meTona mpocTa 1 MOKET ObITh U3JI05KEHA B BUJE CIEIYIOLIEH CXEMBI.
1. TIpeBparuTh HEUTpaTbHbBIE YACTUIIBI — ATOMBI UJIM MOJIEKYJIbl B YACTUIIBI 3aPSKEHHBIC — HOHBI.
2. Pazngenuth 00pa3oBaBIIMECs HOHBI B TPOCTPAHCTBE B COOTBETCTBHH C UX MAaccoil OCPEICTBOM
AJIEKTPUYECKOTO MJIM MarHUTHOTO TOJIS.
3. U3mepsia aneKTpuyecKuil TOK, 00pa3yeMblil HapaBJIEHHO ABUKYIIMMHUCS HOHAMHU, MOYKHO
CyIUTh 00 U30TOIHOM, aTOMapHOM M MOJIEKYJISIPHOM COCTaBE€ aHAIM3UPYEMOI0 BEIIECTBa, Kak Ha
KayeCTBEHHOM, TaK U Ha KOJIMUYECTBEHHOM YPOBHE.
Memoowl uonuzayuu ewjecmaa.
Cy1iecTByeT MHOTO CITOCOOOB COOOIIMTH 3apsil HEUTpAIbHOU "yacThIle. B 3aBucuMocTH ot 3a1a4
MCCIICJIOBAHMS, a TAKXKE OT YCTOWUYMBOCTH YaCTHUIIBI BEIOOD MajaeT Ha TOT MJIM HHOU CITOCO0
noHuzanuu. Hanbonee mmpoko NpuMeHSeTCs 10 HACTOSILETO0 BPEMEHH METO/1 AJIEKTPOHHOT O yaapa.
MoHnn3anus NpoucxXoauT IPU CTOJKHOBEHHMH Iy4Ka IEKTPOHOB ¢ s3Hepruei 40 — 80 3B ¢
MOJIEKYJIaMHU U CCIIEyEMOTr0 BelIecTBa. Bpemst B3auMoeCTBUS 3JIEKTPOHA ¢ MOJIEKYJION mopsiaka
10-18 ¢, 1 B pe3yibTare 00pazyeTcsi MOJICKYJISPHBIN MOJIOKUTEIBHBIN NOH, @ H30BITOYHAS
KMHETHYECKas YHEPTUs YHOCUTCS IBYMS dJIeKTpoHaMu. Eciin BpeMst ku3HN 00pa3yronierocs
MOJIEKYJIIPHOr 0 HoHa MeHbuIe 10- 6 ¢, TO OH He AOCTUTaeT PErUCTPUPYIOLIETO YCTPOUCTBA U
OTCYTCTBYET B Macc-crieKTpe. B aToM ciydae puKCHpyrOTCs JIHIIb TPOAYKTHI pacnaia



MOJIEKYJISIPHOTO HOHA, BPEMS KU3HU KOTOPBIX mpeBbImaeT 10- 6 ¢c. DTOT mpolecc Ha3bIBaeTCs
(dbparmMeHTanuei, a MpoayKThl pacnaja — (parMeHTapHBIMU UJIM OCKOJIOYHBIMU HOHAMH.
PaccmoTrpum HelTpanpHyto Mosekyny Tuna Ab. [lpu 351eKkTpoHHOM y1ape BO3MOXKHO IMPOTEKAHUE
pasnuuHbIX npoueccoB: Ab+& — Ab++28 (1) z=+1,m=mAb

Ab+¢&— A++b- (2) z=#1,ml =mA, m2=mb
Ab+@&— A++b* +28 3) z=+1,m=mA
Ab+¢e — Ab- 4) z=-1, m=mAb

Ab+&—> Abt+++38 (5) z=+2, m=mAb
HMoHbI HIMEIOT MacCcy m | 3apsif Z, U, CTPOro TOBOPSI, pa3JeieHNue OCYIIECTBIISETCSA HE 10 Macce, a 1o
OTHOILIEHUIO Macchl HOHA K €ro 3apsty m/ z.
MeTton (OTOHHOTO yapa Mo CyMECTBY aHATIOTHUYEH METOTy JIEKTPOHHOT'O yapa, HO
3¢ (hEeKTUBHOCTh MOHU3AIMHY Ha JIBA-TPH MOPSIKA HIKe. Best M30bITOUHAS KWHETHYECKast DHEPTUS
YHOCHUTCS] OTHUM BBIOUTHIM AJIEKTPOHOM, U TOATOMY ITOPOT'OBBIE 3aKOHBI, TO €CTh 3aBUCUMOCTD
WHTEHCUBHOCTH MOHHOTO TOKA OT SHEPTUU OOMOAPAUPYIOMINX YACTHI], OTIIMYAIOTCS 115 POTOHHOTO
U DJICKTPOHHOTO ynapa. @OTOHHBIN yaap OKa3bIBAETCs CYIIECTBEHHO 00Jiee TOUYHBIM PH
ONPEACIICHNU TAKUX BEIMYUH, KaK TOTEHIIMAIbl MOHU3aUMU. {151 HOHU3aUU TEPMUUYECKU
HECTOMKHUX COCAMHEHUI UCIOIb30BaHUE 000X METOJIOB OeCcrepCreKTUBHO. [ noHu3auu
TPYJIHOJIETYYHX COEAMHEHUI B aHATMTUUECKOW XUMUH TPUMEHSIFOTCSI UICKPOBAasi U JIa3epHast
MOHM3alMA BenlecTBa. MoHU3aly moaBepraeTcsi TBEpJ0€ BEUIECTBO. B MCKpOBOM MCTOUHUKE
HCIapeHue U MOHU3ALHS UCCIEAYEMOro BEIIECTBA MPOUCXOIAT 32 CUET UCKPOBOTO pa3psa,
3aKATAKOLIETOCS MEKTY 3JIEKTPOJAMH IIPU PA3HOCTH NOTEHIIMATIOB MEKTy HUMH OT 3 10 5 kB. Ha
OJIHOM U3 3JIEKTPOJIOB HaXOAUTCs caM oOpasel]. JIazepHast MOHU3AIMSI IPOU3BOAUTCS TyTEM
HUMITYJILCHOTO JIa3€PHOT0 HarpeBa TBEPA0T0 BEIIECTBA, U 00pa3yIOMUNCs MIIa3MEHHBIN MTy40K
HAMpPaBJIAETCA B MacC-aHAIM3aTOp. B 3TUX yCIOBUSX MPOUCXOAUT MOJTHOE PA3PyLIEHUE XUMUYECKUX
COCJIMHEHUM, U B MacC-CIIEeKTpe (PUKCUPYIOTCS JIUIb aTOMHBIE HOHBI M ONPEENSIETCS JIE€MEHTHBIN
cocraB obOpasia. [Toxoxue pe3yabTaThl MOXKHO MOXYYHTh IPOU3BOAS UCTIAPEHUE U HOHHU3AIUIO
TBEPJIOTr0 BEIIECTBA MOHAMH WJIM HEUTpaJIbHBIMU aTOMaMHU C SHEPTUEN B HECKOJIBKO KUJIOBOJBT. Bee
3TH METO]Ibl XOPOIIX U MIHPOKO MPUMEHSIOTCS ISl SJIEMEHTHOI'O aHaIN3a.
MeToa moBEpXHOCTHOM HOHU3ALMH TTO3BOJISET MOJYy4aTh HOHBI IPU TEPMUUECKON MOHHU3ALUN
BEIIECTB HA MOBEPXHOCTH MeTaIoB. OOBIYHO MCITONB3YIOTCSI METAJLIBI C BHICOKUM 3HAYEHHEM
paboThI BBIXOA STIEKTPOHA, U TTIOBEPXHOCTh OTOMPAET JIEKTPOH Y COSAMHEHUSI, aICOPOUPOBAHHOTO
Ha 3TOU MTOBEPXHOCTH.
Haubonee pacpocTpaHeHHBI METO/1 3JIEKTPOHHOTO y1apa COMPOBOXKIAETCs (pparMeHTalueil, 4To B
OOJIBIIION CTETIEHU CBS3aHO C SHEpPruel Bo30yX ICHUS MOJIEKYJIIPHOTO HOHA, TOJydaeMOoi TIpu
ANEKTPOHHOM yaape. [1o3ToMy mosiBUIICS HHTEpEC K MATKON MOHU3AIMU, TO €CTh K HOHU3aLNHU 0e3
dbparmMeHTanyy.
K MeTomam MATKOM MOHU3AMK OTHOCUTCS XUMHUYECKast MOHU3anus. [Ipun XuMruyeckoil HOHU3aluu
o0pa3oBaHHE HOHOB ITPOUCXOIUT 32 CUET HOH-MOJICKYJISIPHBIX Ta30BBIX peakIuii. MeToa XopoIi B
TEX CIIy4asix, KOTJa UCCIeIyeMOoe BeIecTBO A — ra3. B HOHM3allMOHHYI0 Kamepy BMecTe ¢ A
HaIlyCKaroT ra3-pearedT R, mpuuem nasnenue R okosno 150 I1a, nanenue A 1,5 * 10- 3 Ila.
[IepBoHauanbHO MPOU3BOAUTCS MOHU3AIMS [a3a-peareHTa MIEKTPOHHBIM YAAPOM, 3aT€M MPOTEKAIOT
MOH-MOJIEKYJISIPHBIE PEaKIIMY BU/Ia

R++A=A++R
Bonbias gacte 00pa3yronmxcs HOHOB MOJIEKYJIIPHBIE U KBa3UMOJICKYJISIpHbIE. J{J1sl mOsICHEHU S
TepMHHA "KBa3UMOJICKYJISIPHBIE" paCCMOTPUM MPUMEP C AU-N-IEHTHUIaMUHOM. B Macc-criekTpe
AJIEKTPOHHOTO YJlapa OCHOBHOM MOH uMeeT m / z, papHoe 100, u ob6pa3yercs myTeM OTpbIBa I'PYIIIIbI
C4H9%, M = 57. [1pu xuMruuecKkol HOHHU3AIUHN HA0II0AaeTCs ""KBa3UMOJICKYJISIPHBIN" HOH Maccoit
158, xoTopsIii 00paszyeTcs 3a CY4ET MPUCOSAMHEHU S MPOTOHA K MOJICKYJIe TU-N-TICHTHJIaMiHa, M =



157. OCHOBHBIM 3TanioM MOHU3AIUH SBJISIETCS TTOJyYCHUE COCTMHEHUS B Ta30BOM (asze.

Jpyrum MeToaoM MITKOW MOHU3AIMH SBJIIETCA TojieBas necopouus. [loneBas necopOmust — 3To
o0pa3oBaHHE HOHOB B CHJILHOM 3JIeKTpocTaTudeckoMm mojie (108 B/cm) 3a cuer kBaHTOBO-
MEXaHUYECKOTO0 TyHHenbHOTO d(dekTa. [Toneras gecopOius MOKET TPOUCXOAUTH MPU HUZKUX
TeMIiepaTypax SMUTTepa BILIOTH 10 4 K 1 He conpoBoxkaaThes Aucconnanuei. B pesynprare
00pa3yroTcsi B OCHOBHOM MOJIEKYJISIPHBIE U KBa3UMOJIEKYJIIpHbIE HOHBI. Tak, Hampumep, B Macc-
CHEKTpe AJIEKTPOHHOTO yIapa aleTHIICATUIIMIOBOM KUCIOTHI MPEOOIaJatoT MPOIYKThI
JTUCCOIIMAaTUBHON MOHU3AIMU ¢ m / Z, paBHBIM 140 u 120, a B Macc-criekTpe mojieBoi aecoponuu
€CTh TOJIBKO JIBa MUKa: MOJEKYJsIpHbIN ¢ M = 180 u kBazumonekynsapHbiii ¢ M = 181, oOpa3zoBaHHbI
MyTEM MPUCOECTUHEHUS IPOTOHA K MOJIEKYJIE alleTUJICATUIIMIOBON KUCI0Thl. O THAKO, HECMOTPS Ha
OIIpEeNIETIEHHbIE YCIIEXH, ITOT METO/I HE MOIYYHUJ I0CTATOYHO IIMPOKOTO IPUMEHEHUS B CBSI3U C €0
n30MpaTeNnbHOCTHIO. Jlajieko He BCe MOJIEKYJIBI OT/AAI0T MOBEPXHOCTH AJIEKTPOH MPU HUZKUX
TeMIiepaTypax.

K nauany 80-x rojoB B Macc-CrieKTpOMETPUU OPraHMYECKUX MOJIEKYJ BOHHMKJIA ABOSIKAs CUTYyallUsl.
JI71st TeX MOJIEKYJT, KOTOPBIE yAaBaJIOCh TIOIHSTH B Ta30BYI0 a3y, MacC-CIIEKTPOMETPH S OKa3aaach
HE3aMEHHMBIM METOJIOM HCCIIeI0BaHus. B OONBIIMHCTBE ClyyaeB yAaBaaoCh OMPEIEIUTh
MOJIEKYJISIPHYIO Maccy, a mpoiecc (parMeHTaIuy ObLI HAMPAMYIO CBSI3aH C HAIMYHUEM TEX WJIM MHBIX
(GYHKIIMOHAIBHBIX TPYIIT U CTPOCHUEM YIJIEPOHOT0 Kapkaca. Macc-criekTp aaBai "oTneyaTku
naJbleB' KaXa0ro OpraHMyecKoro COeAMHEHMS U MO3BOJISUT paclo3HaTh €ro B MPUPOIHBIX
coenuueHusx. OHAKO BCe ATO ObLIO CIPABEIJIUBO TOJIBKO TOT[a, KOT1a BEIIECTBO MOXKHO OBLIO
MEepPEBECTU B ra30ByI0 a3y, MUHYSI IPOIECC TEPMUUECKON NECTPYKIIUU CAMOTO COCINHEHUSL.
BoNbIIMHCTBO TSKENBIX OPraHUYECKUX MOJIEKYJI OKa3aJuCh HEJOCTYIHBIMU JUIs HccienoBanus. K
Havyary 80-X TOJIOB CTaJI0 OYEBUIHO, YTO HanbOJIee Cephe3HOE OrPAaHUUYCHNE MACC-CIIEKTPAIBHOTO
METO/A CBSA3AHO C MMOJYYEHUEM MaCC-CIIEKTPOB HENETYUNUX COEAUHEHU . MacCc-ClIeKTPOMETPUYECKUM
METOJIOM MOXHO OIPEIEINIATh MOJEKYJISIPHYIO MacCy U CTPYKTYPY TOJIBKO TE€X CIOKHBIX
OpraHUYeCKUX BEIECTB, KOTOPHIE JIETKO MEPEXOAT B Mapo0Opa3HOE COCTOSHUE, UTO PE3KO CYKaeT
MepevYeHb BO3MOKHBIX O0OBEKTOB McceaoBanus. [louck myTel moimydeHus B Ta30Boi aze
MOJIEKYJISIPHBIX UJTU TICEBJAOMOJICKYIIPHBIX NOHOB HEJIETyYUX COCIUHEHUM, MUHYSI CTAHIO
napooOpa3oBaHus, IPEACTABIIACTCS Hauboiee MHTEPECHBIM 3TAllOM Pa3BUTHSI MacC-CIIEKTPOMETPHH.
['maBHas uaes HaliIGHHOTO PELIeHUs 3aKJIF0YaIach B UCIOIb30BaHUM MaTpullbl. OKa3anoch, YTO €CIIH
OouiblIIas HeleTy4ast MOJIeKyJia H30JMPOBaHa OT "COOTEUeCTBEHHUKOB' U OKpYXeHa HHOPOIHBIMU
Tenamu (M30JMpoBaHa B "'Marpuiie"), TO €€ MOXKHO BBHIOMTH M3 ATOTO OKPYKEHUsI 0€3 pa3pyIIeHHUS.
[Ipu 5TOM BBIOMBaHME TOJKHO OBITH OCYLIECTBJIEHO ITYTEM UMITYJILCHOM M0Ja4l OOJIBIION YHEPTUU
TaK, 4TOObI MOJIeKyJia Obliia BEIOWTA U3 MAaTPUIIBl YACTUYHO B BUJIE MOHOB, KaK IMOJIOKUTENbHBIX, TaK
Y OTPUIIATENIbHBIX, K YACTUYHO C 3aXBAaTOM HEKOTOPBIX JIEMEHTOB MATPHUIIBI, TO €CTh C
o0pa3oBaHHEM KBa3UMOJIEKYJIIPHBIX HOHOB. Hauano ObLIO MOJI0KEHO METOAOM, TOIYYHBIIUM
Ha3BaHue FAB (ot anri. Fast Atom Bombardment — GomGaparpoBka ObICTpBIME aTOMaMH ).
Honu3zanus 6pICTpHIMU aTOMaMH JIaBHO XOpoIIo u3BecTHa. OObIYHAS cXxeMa IKCIIepUMEHTA
3aKJII0YaIach B TOM, YTO MPOBOJAMIIACH HOHU3AIMS ATOMOB T'€JIHS JIEKTPOHHBIM YJIapPOM.
[TonoxxutenpHble HOHBI T€TUS PA3TOHSUIN B DJIEKTPOCTATHYECKOM 1oJie 10 3Hepruit 5 — 10 kB, 3atem
MOHBI TIOCTYIIANIM B KaMepy Iepe3apsiiKi, HalOJIHEHHYIO FeJIeM, U B Pe3yJIbTaTe Mepe3apsaaKu
MOJTy4YaJId aTOMBI renus ¢ 3Heprueit 5 — 10 kB, koTopeie 1 HapaBIsUIH HAa M CCIICTyEMbIN
TBepaoda3HbIil oOpasell. B pe3ynbrate pukcupoBaiv JUIIH OCKOJIKHA TOT'O BEIIECTBA, KOTOPOE
HaxOJIMJIOCh Ha MOBEpXHOCTU. OTHAKO MPU MOMEIICHUU UCCIEAYEMOT0 BEIIECTBA B TJIUIIEPUHOBYIO
MaTpUILy YJAJIOCh MOJYYUTh CIIEKTP HEJIETYUHX OPTraHUYECKUX MOJIEKYJ. DTO ObLI
MPUHITUTTHATBHBIA TPOPHIB B TEXHUKE MOHU3AIUY TEPMUUYCCKH HECTOMKUX COCTUHEHUH 03 nX
necTpykuuu. JlanpHeiiee pa3BUTHE MPUBETO K BHITECHEHUIO ATOTO METOJIa TEXHUYECKH OoJiee
yAOOHBIM MeTOAO0M, Tony4unBIIuM HazBanue MALDI (ot anrnuiickoro Matrix Laser Desorption



Ionization — MaTpuKcHas J1a3epHO-1eCOpOIIMOHHAS MOHU3AIIMS) — JIa3epHast AecopOIus B MaTpHUIIE.
U neanbubiM sBisiercs couetanne MALDI ¢ BpeMAnposieTHBIM Macc-CIIEKTPOMETpoM Oiaroaaps
UMITYJICHOMY PEXXHUMY paboThI mocieanero. [pu atom moctrxkumsl Maccesl 10 S000 mpu
paspemenun B 5000. Mcionb3oBanue npuOOpPOB HOH-ITUKIOTPOHHOTO PE30HAHCA M UX TOCIEAHEN
MoaupUKAINKU, TOTYYUBIIEH Ha3BaHHE Macc-clieKTpomeTpusi ¢ Dypbe-ipeodpazoBanuem (Furier
Transform Mass Spectrometry, FTMS), mo3Bonnio npoBoauTh u3mMepenus B aguamnazone 10 30 000
a.e.m. [Ipu aToM coxpansiercst Beicokoe paspernieHus Ha ypoBae 20 000.

Cepbe3nyto koHKypeHunto MALDI cocTaBiiseT MeTOA MOHU3AIUH, TOTYUYMBIINA HA3BaHUE
"snextpopacnbiieHue” (ot anrauickoro Electrospray lonization, ESI — snextpopacnbuinTenbHas
MOHU3AIKU). DTOT METOJ MOHHU3AIUH YaCTO HA3bIBAIOT 3JIEKTpoAuHaMuyeckum. Monunzanus
HMPOUCXOAUT MPU B3aUMOJICHCTBUU CUIIBHOI'O 3JIEKTPOCTATUYECKOIO MOJIsI C TOBEPXHOCTHIO
YKUJKOCTU Ha KOHIIE KaMJUIAPHOUN TpyOKu. B nccnemyemMon KuIKkoCTH JOMKHBI ObITh HOHBI.
[TosTomMy 00bIYHO 100ABIISIFOT HEOOBIIINE KOTUYECTBA HOHHBIX COJICH MU APYyTUe COCTUHECHUS,
KOTOpbIE€ MOTYT IIPUBECTU K 00pa30oBaHUI0 HOHOB. Tak, Hanpumep, Jo0aBKa amalibraMbl HATPUSI K
pacTtBopy cMecH (yJIEpEeHOB B OPraHHMYECKOM pacTBOPUTEIE MO3BOJIMIIA 3aPETUCTPUPOBATH
otpunarensubie HoHbI QymiepeHoB C60 , C70 u C70 + 2n , rae n npuHUMaeT 3HadeHus ot 1 go 12.
Texuuka norauzaruu MALDI u ESI B couetannu ¢ Hanbosiee MOIIIHBIMU COBPEMEHHBIMH MacC-
AHAJIM3aTOPAMHU MMO3BOJISIET YCIEIIHO ONMPENEIISATh MOJICKYJISIPHBIE BECa TAKUX MOJIEKYJI, Kak T-PHK
(TpancniopTHas puOOHYKJIEHHOBAs KUCI0Ta) — AuanazoH macc 25 000 a.e.m., JIHK
(me30xcupruOOHYKIEMHOBAS KUCI0TA) 1715 mochiefaoBaTenbHocTd B 100 HyKJICOTHIOB Macca B
muama3one 31 000 a.e.M., 6erok anpOymMuH — Macca B paiione 66 000 a.e.m. [Ipu HEkKoTOpOM
CHIKEHMH pa3pelIaroniei criocoOHOCTU TOCTHKUMBIM AMana3oH Macc COCTaBJISET HECKOIBKO COT
TBHICSIY ATOMHBIX €UHUIL. 37I€Ch YMECTHO MPUBECTH LIUTATY W3 IUICHAPHOMN JIEKIINU Ha KOH(GEPESHITUU
B bynanemre: "ESI 1 MALDI no3BoJsIOT OJIYyYUTh CIIEKTPHI HECKOIBKUX (heMTOMOJIEH 00pasiia ¢
MOJIEKYJISIPHOM Maccoi B HECKOJIBKO COT ThICSIY aTOMHBIX €IMHUILI. DTOT YCIEX OTKPHIBAET
MEePCHEKTUBY AJI1 IPUMEHEHUS MacC-ClIEKTPOMETPUH B MEIULIMHE, OMOJIOTUH U UCCIEA0BAHUAX
OKpYy>Karolen cpeapl".

Cnocoowl pazoenenus uoHoe.

Kak crmoco0oB HOHHM3alluu, TaKk U CII0co00B IIPOCTPAHCTBCHHOI'O pasACIICHUS HOHOB CYIICCTBYECT
J0CTaTO4YHO MHOTIO.

Ha puc. 1 npuBenena cxema, HIUTIOCTPUPYIOLIAs IPUHIIUAT pabOTHI TaK Ha3bIBAEMOTO MAarHUTHOTO
MaccC-CIIEKTPOMETPa, B KOTOPOM MOHBI PA3JIENIAIOTCS MO IeHCTBUEM MAarHUTHOTO MOJIs, C
MOHU3AIUEH TOCPECTBOM IJIEKTPOHHOTO y1apa.

Macc-criekTpoMeTp TpeOyeT co31aHus B HEM OUY€Hb YUCTOr0 BakyyMma. JlaBjeHne OCTaTOYHOr O ra3a B
npubope o0baHO cocTapiseT 0kojao 10-7 — 10-10 mm pt.cT. HelTpanbHbIe MOJIEKYIIBI HCCIIEAYEMOTO
rasza ocTyIawT B 00JIaCTh KaMepbl HOHU3ALINH, TJI€ IOJBEPTatOTCS CTOIKHOBEHHUIO C
MOHU3UPYIOMUMH dJIeKTpoHaMu. [Ipu sTom vacTe Mmonekyn (okono 0,1%) mpespaiiaeTcsi B MOHBI IO
cXeMaM, IPUBEACHHBIM BBIIIE. DIIEKTPUUECKOE o€, 00pa30BaHHOE YCKOPSIOIIEH pa3HOCTHIO
noteHnuanoB Uyck, cooOIIaeT MOHaM KHMHETHYECKYIO SHEPTHI0. MIConb3yst 3aKOH COXpaHEeHUS
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Pue. 1. Cxema noHM3aUMM METOLOM SNSKTPOHHOMO
YA&Epa 1M pEsasneHHA HoOHoEBE Mo MaccamMm B MarHMTHOmM
MacC-aHanIaTope

Ha woH, BieTaromuii co CKOpoCThO U B Macc-aHaIu3aTop, AeiHcTByeT cuiia JlopeHna:
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B nannom cinyyae BeKTOp MarHUTHOW MHAYKIIMHM HAIpaBJIeH HA HAC (3HAYOK
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B pesynbrare noH ¢ Maccoil m u 3apsaoM z OyJIeT ABUTATHCS B MATHUTHOM TIOJIE 110 TyTe
p=T0 | By

OKPYKHOCTH paguyca R, ompenenseMoro u3 COOTHOIIECHUS

Takum o6pazom, usmensist 6o Uyck , mu6o B, MOXKHO 3aCTaBJIsATh IBUTAThCs 10 OKPY>KHOCTH
panuyca Rj , Ha TMHUHA KOTOPOM HAXOAUTC ILLIETIb BX0/1a B JETEKTOP, HOHBI TOW UJIA IPYTOM MaccChl
UJTU BEIIMUMHBI 3apsifa. 3anuchiBasi 3aBUCUMOCTh HOHHOT'O TOKAa OT m / Z, TOTy4atoT Habop MHUKOB,
Ha3bIBAEMbI MACC-CIIEKTPOM.
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Puc. 3. Cxema BpemAnponeTHOM O MAaCcc- CNeKTROMETPA Eme omuH cnocod PAa3IeTHTh HOHBI T10

MaccaM — C03/1aTh KPAaTKOBPEMEHHBIN UMITYJILC MMOCTOSIHHOT'O 3JEKTPUUECKOTo mois (puc. 3).

29U L_,[m
m (v 2qU

HWOHBI JOJICTAIOT 40 KOJIJICKTOpPa 3a BpEM:A

u ===
[Tpuobperas ckopocTh

HexkoTopsle npyrue crnocoObl pa3aeneHust HOHOB 110 Macce.

KomOnHMpOBaHHOE BRICOKOYACTOTHOE (HECKOJBKO MErarepil) IepeMeHHOE U TTOCTOSIHHOE
anekTpudeckoe HanpspkeHnue Buga U =V + U0 cos ot, mogaBaemMoe Ha CUCTEMY YETBIPEX JIEKTPOJIOB
(puc. 2), BBIHYX/JIa€T MOHBI COBEPIIATH KOJEOATENbHOE IBUKEHUE B TAKT C YACTOTOM ( 3TOTO MOJIS.
[Ipu onpenenennbix BenuunHax U0, V 1 @ BO BRIXOAHYIO ILIEJIb Macc-aHAJIU3aTopa OyayT
MIPOXOAUTH TOJBKO MOHBI C OMPEAEIEHHON MACCOM M, OTBEYAIOLIEN YCIOBUIO:

m=aU0/ w2,

rJie a — HEKOTopasi NOCTOsIHHAs Mpubopa. Bece HOHBI ¢ OTIIMUHBIMUA MaccaMu OyIyT IBUTAThCS C



HapacTAaIMMH aMIUITUTYyIaMU KOJIeOaHUM, YTO MPUBOAUT K UX HEUTpaIn3allui Ha CTEHKAX
31eKTpoaoB. [lyTeM n3MeHEHNsI aMIIUTYAbl BBICOKOYAaCTOTHOTO HanpsbkeHust UQ uim ero 4acToThl
(® Macc-aHaJIM3aTOp HACTPauBaIOT HA PETUCTPAIIMIO0 HOHOB TOM MJIM MHOM TpeOyemoi macchl. Tak
paboTaroT KBapyIoabHbIE Macc-aHaMH3aTOpbl. OHU ropa3ao KOMITAaKTHEE MarHUTHBIX U 00J1a/1al0T
JIOBOJIbHO BBICOKOW 4YBCTBUTEIBHOCTHIO.

rae L — nnmuna ananuzaropa. TakuMm 00 pazom, n3-3a pazindusi B Maccax HOHBI IPUOOPETAIOT
pa3Iu4HbIE CKOPOCTH, 00OpaTHO TpomopiinoHanbHbie M. OOpa3yeTcs HOHHBIN "MakeT", B TOJIOBE
KOTOPOTO JIETAT JIETKUE HOHBI, TOT1a KaK TSKEJIBIE €r0 3aMBIKAOT, U, CIIEIOBATEIIBHO, HOHBI
JIOCTUTAIOT KOJUIEKTOPa B Pa3HbIe MOMEHTHI BpeMEHHU. B 3TOM COCTOUT NPUHIUI pa3eeHuss HOHOB
110 MaccaM BO BPEMSIIPOJIETHOM MacC-CIIEKTPOMETPE, TJIABHBIMU MTPEUMYILIECTBAMU KOTOPOTO
SIBJISIFOTCS IIPAKTUYECKU HEOTPAaHWUEHHBIN IMaa30H Macc U OYeHb ObICTPOE BPEMS perucTpaluu
Macc-cekTpa nopsizaka 10- 3 c.

B Macc-ciekTpoMeTpax MOH-IUKIOTPOHHOI'O PE30HAHCA NOH JIBUIKETCA MO ACMCTBUEM Cpasy ABYX
MOJIEH : CHIIBHOTO TTOCTOSSHHOTO MarHUTHOT'O M TIEPEMEHHOT0 3JieKTpuyeckoro (puc. 4). [lox

B
0, =22

JIEUCTBUEM MarHUTHOTO MOJISl MOH JIBUXKETCS MO OKPYKHOCTHU C [IUKJIMYECKON YaCTOTON
omnpeAesieMOl MacCO MOHA U MAarHUTHOM MHAYKIHEN. DIEKTPUUECKOE MOJIE U3MEHSIETCS C
LUKJINYECKON 4acToToh WE 1o 3aKoHy

E =EO cos oFEt

HpI/I PaBCHCTBC 9aCTOT oE n oB (HaHOMHI/IM, YTO IMOCJICAHAA 3aBUCHUT OT MAaCChl I/IOHa) HaCTynacT
PpCE30HAaHC, HpO)IBJISIIOH.IHfICH B 3aMCTHOM ITOTJIOMICHUH SHCPIUH SJICKTPUICCKOT O ITOJIA.
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Puc. 4. Ausiika macc-cnekTpomMaeTRa MoH-LMENOTROH-
HOTO pe3oHAaHCA

Takol Macc-CleKTpOMETp Yepe3BbIUalHO KOMITAKTEH (suelka HEKOTOPBIX Pa3HOBUIHOCTEH HE
MpEeBbILIAET pa3Mepa KycoUyKa caxapa), UMEET OUY€Hb BICOKHE UyBCTBUTEIbHOCTb, Pa3pellatoLyto
CIIOCOOHOCTH | Inana3oH Macc. MHTEpECHO OTMETUTh, YTO HOHBI B STYEHKE MOTYT YIACPKUBATHCS HA



CBOMX KPYTOBBIX OpOUTAX MO HECKOJIbKY JECATKOB 4yacoB. OTpHUIlaTEIbHBIE HOHBI, KOTOPHIE TAKKE
MOTYT 00pa30BbIBATHCA B MPOIECCE MOHUBAINH, BPAIIAIOTCS B STYEHKE B MPOTHUBOMOIOKHOM
HaIlpaBJICHUU U TaK)Ke OyyT pErucTpUpPOBATHCS B MACC-CIIEKTPE IIPU YACTOTE JIEKTPUUECKOIO MOJIs,
COOTBETCTBYIOIIEH X Macce.

Buowt pecucmpupyrouiux ycmpoiicme.

Tpetss 00s13aTenbHAs A€Talb MACC-CIIEKTPOMETPA — PETUCTPUPYIOIIEE YCTPOUCTBO, C ITOMOIIBIO
KOTOPOT'0 MOXHO OMPEACTUTh KOJTUYECTBO HOHOB C IAaHHBIM m / Z. 9TO MOTYT ObITh ()OTOMIACTHHA
(Macc-criekTporpad), 37AEKTPOMETP MM JIEKTPOHHBIM YMHOXHUTENH (Macc-crieKTpoMeTp). B
COBPEMEHHOM MpUOOpe pEerucTpupyrolnee YCTPOHNCTBO HEMOCPEICTBEHHO CBS3aHO C KOMITBIOTEPOM,
KOTOPBIN MPOU3BOJUT 00paOOTKY PE3yJIbTATOB U YIPABJISET SKCIIEPUMEHTOM.

YacTHu1ibl ¢ pa3uyHbIME M / Z TIO-Pa3HOMY OTKJIOHSITCS B MAarHUTHOM I10JIE U OKQ)XKYTCS B pa3HbIX
TOUYKax JeTeKkTopa. Ecnu nerektop — hoTornacTuHa, Mbl MOJyYnM Ha GoTorpaduu Macc-CreKTp
My4YKa HOHOB. B OONBIINHCTBE MacC-CIEKTPOMETPOB UCIOJB3YIOT APYTroi MpUeM: paanyc r
OCTaBJISAIIOT OCTOSIHHBIM, & CKAHUPOBAHMUE [0 Maccam MpPOU3BOAAT u3MeHsis B. @okycupyroniee
JIEMCTBHE CEK TOPHOTO MarHUTHOTO ITOJIS IIPOUJUIFOCTPUPOBAHO HA PUC. 5

2

Puc. §. Qorkyorpyiolles AelcTEME CEKTOPHOMO NONA:
1 — MCTOYHKME MOHOB, 2 — CeKTOPHOE& MArHWMTHOE None;
3 — AeTeKTop; i — Yron PacKodMMOocT MOHHOM O MyYKa C
OJMHAKD Bbl MAGCCO Bblk YoM M

Kax BuanHO 13 puc. 5, PokycupoBKa OCYIIECTBIISCTCS MO YIIy, TO €CTh HOHBI, UMEIOIINE OJMHAKOBOE
3HauYeHHE M/ Z, HO BXOJAIIME MO/l Pa3HBIMH yTilaMU B MATHUTHOE MOJIe, TTOCIIe TPOXOXKICHUS 3TOTO
MOJIsl CHOBA COOMPAIOTCS B OJIHY TOUKY. Ha mpakTrke mpoucxoauT HEKOTOPOe yIIMpEeHue
M300paKeHUsl, U TTOCIIeIHEE MOTYUnIIo Ha3BaHue "cepruueckas abepparus’. Xpomarudeckas
abeppatius cBsi3aHa ¢ pa30pOCOM UOHOB 1o SHepruu. [Ipubdopsl, B KOTOPBIX OCYIIECTBIISIETCS
(dboKyCHpPOBKa HOHOB KakK M0 yTIIy, TaK ¥ 110 YHEPTUM (CKOPOCTH ), Ha3bIBAIOTCS MPUOOpaMH C
JMBOMHON POKYCHUPOBKOM. DTU MpUOOPHI 0 TEXHUUECKUM XapaKTEePUCTUKaM CYIIECTBEHHO
MIPEBOCXOIAT MPUOOPHI ¢ 01HOM (pokycHpoBKoii. OCHOBHBIMH XapaKTEPUCTHKAMH MaccC-
CIIEKTPOMETPOB SIBJISIFOTCS IMAMa30H U3MEPSIEMBIX MacC U pa3peliaroias CiocOOHOCTh (pa3pelieHue).
Pazpemraromiast cmoco6nocTh 1000 03Ha49aeT, 9TO CUTHANBI, OTBedaromme m / z, pasasie 1000 u 1001,
OyayT pUKCHUPOBATHCS OTACTHHO HAa PETUCTPHUPYIONIEM YCTPOHCTBE, U UX MEepEKphIBaHUE HE OyneT
npeBbimarh 10% OT moJryCyMMBbI UX HHTEHCHBHOCTEH (YpoBeHb (poHa). B HEKOTOPHIX cirydasx



paspemienue ykaspiBaercs 11 50% ypoBHs pona. B Hanbosnee pacnpocTpaHEHHBIX 1 OTHOCUTEIBHO
JIEIIEBBIX CTATHYECKUX MPHOOpax Juana3oH nu3MepseMbIX Macc JIeKUT B uHTepBaie 500-1500
ATOMHBIX €IMHUII MAcChl, a paspelieHue — B uatepBaie 200-800.

bornee noporue crarndeckrne Macc-CIIEKTPOMETPHI ¢ TBOMHON (POKYCHPOBKOW MMEIOT Pa3peIIaroIyto
CITIOCOOHOCTH JI0 HECKOJIBKUX THICSY M JUaIa3oH u3MepsieMbix Mace, npesoimaronmii 10 000 a.e.m. B
MOCJIETHUE JIECATUIICTHS IIMPOKOE MPUMEHEHNE HAIIUTH BPEMSIIPOJIETHBIE MacC-CIIEKTPOMETPHI U
npuOOpPHI MOH-LUKIOTPOHHOI'O pe3oHaHca. Bo BpemsanponeTrHoM macc-ciektpomerpe (BIIM,
anriuiickoe cokpanienne — TOFMS ot Time of Flight Mass-Spectrometers) myuok noHoB, mpoitis
YCKOPSIOIIYIO Pa3HOCTh MOTEHIIMAIOB (HECKOJBKO KHUJIOBOJIBT), JIETUT B OECIIOJIEBOM MPOCTPAHCTBE K
netekTopy. [lox neficTBreM 0JJMHAKOBOTO YCKOPSIOIIETO HATPSHKEHU S MOHBI C pa3HBIM M / Z
MPpUOOPETAIOT Pa3HyI0 CKOPOCTh U PETUCTPUPYIOTCA B pazHoe BpeMs. Takum 06pazom, MpOUCXOIUT
pazesieHHe Mo OTHOIIEHHUIO MACChl K 3apsiy.

BpewmsinponeTnsie Macc-ClieKTPOMETPBI padOTaIOT B UMITYJIBCHOM PEXHUME, TUTEIBHOCTh UMITYJIbCA
okoJo 10- 4 cexynapl. OHM HE3aMEHUMBI IIPHU UCCIIEI0BAHUU MTPOILIECCOB, OBICTPO MPOTEKAIOLINX BO
BpeMeHH. B nyummx obpasijax quamna3zoH U3MepseMbIX Macc M pa3peliarolias criocoOHOCTb
JIOCTUTAIOT HECKOJIBKUX ThICSY. IMEHHO Ha BpEMSIIIPOJIETHOM MACC-CIIEKTPOMETPE YAAIOCh BIIEPBbHIE
3aperucTpUpOBaTh (PyIIEPEHBI, MOTYyUYEHHbIE TP Ja3€PHOM HUCIIApEHUU TpaduTa.

[1puGops! HOH-LMKIOTPOHHOTO PE30HAHCA UMEIOT PEKOPAHO BBHICOKYIO pa3pellarollyto ClIOCOOHOCTb,
JIOCTUTAIONIYIO0 HECKOJIBKMX MHJUTMOHOB. B 3Tux npubopax noHsl apeiipyoT U3 HOHHOTO UCTOUHHKA
B PE30HAHCHYIO MOJIOCTh MO/ IEMCTBUEM MTOCTOSHHOTO MAarHUTHOrO B 1 anektpuueckoro E moineit,
HaIlPaBJICHHBIX MEPIEHIUKYISAPHO APYT K Apyry. TpaekTopus ABMKEHUS — IIUKIIOU/IA, SIBIISIOMIASCS
pe3yJIbTaTOM PAaBHOMEPHOT'O MPSIMOJIMHEHHOTO IBUKEHUS U IBUKEHUS IO OKPYKHOCTH C
UKJIOTPOHHOM 4acTOTOM (YyIJIoBOW CKOPOCThIO) ® = qB / m. B pe3oHaHCHOM MOI0CTH HOHHBIN
My4OK MONaAaeT Mo JeHCTBUE MOJIIPU30BAHHOIO PAJAMOYaCTOTHOIO 10JIs 4acTOoThl n. [Ipu
paBEHCTBE ® / 2p = vV HACTYyMaeT pe30HaHC, TPOUCXOAUT MOTJIOMIEHUE SHEPTUH oI noHaMmu. [1pu
MOCTOSIHHOM v, MeHsIst B, MOXHO TOCTHYb pe30HaHCa MOCIIEI0BATENBHO M0 Pa3IUuYHbIM M / Z. 13
U3JI0)KEHHOT O JIETKO BUJIETh, YTO COBPEMEHHBIE MACC-CIIEKTPOMETPHI MO3BOJISIFOT OMPEIEIIATH MacChl
TSDKEJIBIX MOJIEKYJI BIIJIOTH JIO COTEH a.€.M. C TOYHOCTBIO /10 OJJHOI MaccoBoil ennHuLbl. Ho 31€ch
CJIeIyeT 3aMETUTh, YTO MACC-CIIEKTPOMETP pabOTaeT TOIBKO C 3apsHKEHHBIMU YAaCTUIIAMU U
ompeensieT UMEHHO UX MAcCChI.

[TepeBOpOT MPOMCXOAUT M B CHCTEME BBOJIa 0OPA3IIOB B MACC-CIIEKTPOMETP. DKCIIEPUMEHTHI C
MCIIOJIb30BAaHUEM MEMOPAHHBIX HAITyCKHBIX CUCTEM BBI3BIBAIOT HAMOOIBINI HHTEpec. B Hay4YHBIi
06uxo Bonwto cokpamenue MIMS (ot anrii. Membrane Inlet Mass Spectromertic Method — macc-
CHEKTPOMETPUUECKUE METO Il MEMOPAHHOTO BBOJIa). DTOT METO/] IIPUMEHSIETCS [Tl TPSIMOTO
aHaJIM3a OPraHUYECKUX COCAMHCHUH B BOJHBIX pacTBopax. CUTHAT Ha MAaCC-CIIEKTPOMETPE
MPOIOPIIMOHAJICH BEJTMYMHE MMOTOKA AaHATTM3UPYEMOTO COSIMHEHUS Yepe3 MmeMOpany. [[ist ananm3a
ra3oB, paCTBOPCHHBIX B BOJIC, UCIIOJB3YIOTCS MEMOpPaHbI, M3rOTOBJICHHBIE U3 Te(IIOHA, a B CITy4ae
JCTY4YHX OPTraHUYCCKUX COCTMHCHHUI — U3 CUIIMKOHOBOM PE3UHBI.

dusnyeckue 1 XUMHUYECKHE 3a1a49U, pelaeMbl Macc-
CIIEKTPOMeETPHEH.

Orlpezle.ﬂe}me H30TOMHOI0 COCTABA 3JIEMEHTOB H MAaCCOBBIX YHCeJ HOBBIX 3JIEeMEHTOB. MHoTrHe
XUMHUYECKHE DJIEMEHTHI HMEIOT HECKOIBKO CTA0MIIBHBIX U30TOIOB. Y yriepoaa, HallpuMep, ABa



ctabunpHbIx n30Tona — 6C12 u 6C13, pacipocTpaHeHHOCTH KOTOPBIX 99 1 1% COOTBETCTBEHHO.
Harpwuit MoHOM30TOMIEH. DTO O3HAYAET, YTO OH MPEACTABJICH TOJIBKO OJHUM CTaOUIIBHBIM, HE
MTOJBEPralOIIMMCS ECTECTBEHHOMY PaAOaKTUBHOMY pactiany usorornom 11Na23. B atoit cBszu
WHTEPECHBI CUTYAIlUU C ABYMS rajJoreHaMu: XJopoM u 6pomomM. [Ipupoaublii Xjmop o01agaet JByMsi
M30TONaMu ¢ MaccoBbIMH unciaMu 35 (76%) u 37 (24%), BCeACTBUE YETO €ro CPEeIHsIS aTOMHAs
Macca, IpUBOANMas B CIIPaBOYHUKAX, HELlETIOUKCIIEHHA U paBHa 35,5 a.e.M. DieMeHT Opom
npeacTaBiieH AByMs uzoronamu — 35Br79 u 35Br81 ¢ nmpakTtuueckn oagMHaKOBOU
pacnpoctpaHeHHOCThIO — 51 1 49%. B pesynbrare B pacuerax Mbl Kak Obl HCIIOJIB3YyEM MacCy
HECYIIECTBYIOIIEro CTabMIbHOTO u30Tomna 6pom-80.

Macc-crieKTpOMeTpUYECKU METO]] MTO3BOJISIET TAK)KE UIASHTU(PUITMPOBATH U OMPEIEISTh U30TOMHBIN
COCTaB si/iep, 00pa3yIOIIUXCs B PE3YIbTATe SACPHBIX PEAKIIUM 1 OOMOApIUPOBKH siiep OBICTPHIMU
YaCTHI[aMU B YCKOPUTEIISIX.

Pa3nesienue u30TonoB. To 0OCTOSTENBCTBO, YTO B MacC-aHAIN3aTOPE MOHBI PA3AETSIOTCS B
MPOCTPAHCTBE B 3aBUCUMOCTH OT UX Macchl m (IIPH PaBHOM 3apsifie Z) UCTIOb3YETCsl ISl pa3fesieHUs
M30TOIOB OJIHOT'O U TOTO K€ 3JIEMEHTA 10 Macce. JTO MO3BOJSET MPOU3BOAUTH 00OTallICHHE
BelllecTBa TpeOyeMbIM U30TONOM. Macc-cemapaTopsl AJis 000TameHusI U30TOMOB B TPOMBIIIIIEHHOM
MacIrTade CynecTBOBaIH yKe B nepBoi mojoBuHe 50-x rooB XX CTOJETHSI.

TouHoe ompenenenne Macc U HACHTU(UKAIKSI BEIIECTBA. 3/16Ch UMEIOTCSI IBE TECHO CBS3aHHBIC
po0JIeMBl, pelraeMbpie Macc-CrieKTpoMeTpreii. Haunewm ¢ Toro, 4to B Gu3HKE M XMMUH MbI 3a9aCTYO
MOJTB3yeMCsl TPUOIMKEHHBIMH, TO €CTh IIEJIOYMCIICHHBIMHI, MACCAMH M30TOITOB XUMHYECKUX
AJICMEHTOB — TaK Ha3bIBAEMBIMH MacCCOBBIMU YHclIaMHu. Ho, kKak U3BECTHO, HA CAaMOM JIeJIe MacChl
aTOMOB OTHOCHUTEJIBHO 9TaJOHA, B KaYECTBE KOTOPOro BeiOpaH u3oron yriaepoaa 6C12, He coBcem
[EJTOYMCICHHBI. DTO CBSI3aHO MPEXKIE BCErO C OTINYNEM MACChl MPOTOHA OT MacChl HEUTPOHA, a
TaK)Ke CyIIECTBOBAaHUEM TaK Ha3bIBaeMoro aedekra Macchl sapa. [locnenHuii mposBiiseTcs B
HECOOTBETCTBUH MACCHI SiAjpa CYMME MacC 3JIEMEHTAPHBIX YACTHUIl HYKJIOHOB, U3 KOTOPBIX JaHHOE
spo obpaszyercs. JlegekT macchl siapa onpenensieTcs u3 COOTHOLIECHUS DIHINTEHA Yepe3 SHEPT U0
CBSI3U sAIpa:

EcB = c2Ams .

Tak, 1o UMeeT eIMHCTBEHHBIN cTaOMIbHEIN u30oTom 531127, TouHoe 3HadueHUE ero Macchl 126,904
a.e.M. CymmupoBaHue Macc mokosi 53 npoToHoB u 74 HelTpoHOB fnaeT 128,027 a.e.M., TO ecTh 1edeKT
MAaccChI SIpa B JaHHOM ciiydae coctaBiisieT 1,152 a.e.m. i TeTKux aTOMOB 3TOT 3P QeKT,
€CTECTBEHHO, MeHbIIe. VI3MepeHHbIe MacC-CIIEKTPOMETPH el TOYHBIC 3HAYCHH ST MacC U30TOIMOB

U CIIOJIB3YIOTCS 7Sl ONIpEAeNICHUs XapaKTEPUCTHK SIIEPHBIX MPOIIECCOB — SHEPTUU pacnaja siep,
CEUeHM s 3aXBaTa.

W onbl, nMeroIe pa3iniHyl0 XUMAYECKYI0 (OpMyITy, MOTYT TeM He MeHee 00J1a/1aTh OJIMHAKOBON
MOJIEKYJIsipHOUM Maccoil. Hammpumep, non CO+ coBmagaer mo Macce ¢ HOHOM MOJIEKYJIbI a30Ta 28
a.e.M. [ToaTomy mipu aHanuse aTMOC(EpHOT0 BO3AyXa MOT'YT BOBHUKHYTh HEKOTOPBIE TPYAHOCTH MTPH
uneHTuukannu. Pemmenune npoOieMsl B TOM, YTO OJJUHAKOBBI X MACCHI JIMIIb TPUOIMKEHHO.
Tounple ke 3HadeHUS Macc cocTaBistoT 27,994 a.e.m. st CO u 28,006 st N2 . UToOb!
MOYYBCTBOBATh TaKMe HEOOIbIME pa3mnuns B Maccax mopsaka 0,01 a.e.m., TpeOyroTcst Macc-
CIIEKTPOMETPHI C BEICOKOH pa3peliaroniell CriocOOHOCTHI0, TO €CTh CTOCOOHOCTBIO BHAETH MTUKHU C
ONMU3KMMH 3HAYCHUSIMUA MacC HE CIIMBIIMMUCS B OJIMH MUK, a pa3aenbHo. CoBpeMeHHbIe TPUOOPHI
MO3BOJISIIOT Pa3IM4aTh HOHBI, MACCHl KOTOPBIX OTIIMYAIOTCS HAa OYEHb MAIIyIO BEJIMUUHY. Tak, ¢



MOMOIIBIO MAaCC-CIIEKTPOMETPA MOH-IIUKIOTPOHHOTO PE30HAHCA MOKHO Pa3JeNIbHO BUJETh MUKHU
noHoB CH u Cl-, oTiinyaronmxcst BCEro Ha Maccy JBYX 3JIEKTPOHOB.

OnpeneieHue Neproa0B NMOJTypacnaga H30TONOB U ONpeaeieHne reoJIOrHYecKoro Bo3pacra.
N3yuas u3MeHeHHEe OTHOCUTEIBHOM paclpOCTPaHEHHOCTH U30TOMOB OJTHOTO U TOTO YK€ DJIEMEHTA,
MIPOUCXO/ISIIETO BCIIEICTBUE ECTECTBEHHOTO PAJAMOAKTUBHOTO pacaja, OMpeAesioT BAKHYIO
BPEMEHHYIO XapaKTepUCTUKY Ipolecca — mepuoy nmoiaypacnana. OTMETHM, 9TO MacC-CIIEKTPOMETPHUS
MO3BOJISIET TAKKE OTCICKUBATH MYTH paciaja.

He menee, a B reosornyeckoM OTHOLIEHUH Aaxke 0oJiee BaXKHOE 3HAaUEHHE UMEET 00paTHOe
MPUMEHEHHUE OMMMCAHHON BBIIIE BO3MOKHOCTH MeToa. Peub uaet 06 onpeaeneHn reoJoruaeckoro
BO3pacTa IMyTeM pacuera O0IbIINX BPEMEHHBIX HHTEPBAJIOB U3 U3MEPEHU I PacpOCTPAHEHHOCTH
M30TONOB B 00pa3iiax rOPHBIX MOPOJ, MPEIMETOB apXEOJOTMUYECKUX PACKOIOK U T.1. Metox
olpezieNIeHUs Te0JIOrMYeCKOro Bo3pacTa Mo OTHOIIEHUIO pacnpocTpaHeHHocTeld Pb207 / Pb206 611
BIIEpBbIC MPUMEHEH B KOHIIE 30-X rogoB XX CTOJIETHS.

OnpeneseHue cocTaBa BellecTBa — KAUeCTBEHHbIN U KOJIMYecTBeHHbIN aHaau3. Onpenesienue
CTPYKTYPbI MOJIEKYJIbI U JHEPreTH4YeCKMX XapaKTepucTHK. Bce Oosbliiee mpuMeHeHne HaxoquT
Macc-CIEKTPOMETPHUS B XUMHUHU, 0COOCHHO OPraHNYECKOM, a Takke B Onosorun. MeTo| mocTaBisieT
UH(OpMaIKIO O TOM, KaKO€ BEIIECTBO MJIM CMECh KAKUX BEIIECTB MPEJICTABIISIIOT OO0t
uccieayeMslii oopaser (KaueCTBEHHbIN aHAIN3) U KaKOBA KOHIIEHTPALIMs BEILIECTB B CMECH
(KonM4ecTBEHHBIN aHanu3). B xoze aHanmm3a nHOrAa TakkKe MpeACTaBIsAETCS BO3MOKHBIM BBISICHUTD,
Kakue pparMeHThl U B KaKOW IMOCIeIOBATEIbHOCTA 00pa3yr0T MOJIEKYITY UCCIIEyeMOTO BEIIeCTBA.
Tax, npu MOHU3ALNU AUITUIOBOTO 3pupa moMuMo MoJekyisapHoro nona CH3CH20CH2CH3+
00pa3yroTcsl OCKOIOYHbIE HOHBL. Hannune B Macc-CcrieKTpe MOHOB ¢ MacCOM, MEHbILIEH
MOJIEKYJISIPHOTO Ha 15 a.e.M., TOBOPHUT O coAep)KaHUU B MoJieKyse MeTHiIbHbIX Tpynn CH3 . HoH ¢
Maccoii 45 sBisercs pparMeHToM, 00pa30BaBIIUMCS ITPU OTPBIBE STHIIBHOU rpynnbl C2HS (m/z =
29), COOTBETCTBYIOIIMK HOH KOTOPOM Tak)ke MPUCYTCTBYET B Macc-ClieKTpe. B HEKOTOPBIX ciyyasx
MOJIEKYJIbI KCCIIEAYEMOr0 BEIIECTBA TEPMUUYECKH HECTAOMIIbHBI. DTO 03HAYAET, UTO €CJIM HarpeBaTh
TBEPAbIN UM KUJKHUI 00pasel Jis MoJdydeHus apa, To ucapeHue OyJIeT COMPOBOKIATHCS
TEPMOJIECTPYKIIHEH MOJEKYJ. DTO MPUBENET K MCKAKEHUI0 MHPOPMALUK 00 U3HAYaJILHOM COCTaBe
oOpasua. Kpome Toro, npu 31eKTpOHHOM yAape He Bcerja oopa3yercsi MOJIEKYJISpHBIA HOH, YTO
3HAYUTENIbHO 3aTPyIHSAET onpeneneHne OpyTTo-popmyibl MoeKyibl. [loaToMy npu ncciaeroBaHuu
OpraHUYeCcKUX U OCOOCHHO OMOJIOrMUYECKUX MOJIEKYJI MHOTIa TPUXOJUTCS UCIOIb30BaTh OoJiee
MSITKHE, YeM JIEKTPOHHBIN yAap, METOIbl MOHU3ALMH U/UIH OTJIMYHBIE OT HAarpeBa METOIbI
MOJIy4€HHUs CBOOOIHBIX MOJIEKYJ UCCIIEAYEMOr0 BEIIECTBA, TO €CTh MEPEBOa MOJIEKYJI B Ta30BYIO

da3zy.

Metozaom J1azepHoi JecopOLUH ¢ TOMOUIBIO UMITYJIBCHOI'O JIa3epHOr0 MyuKa 00ayyaercs
moBepxXHOCTh 0Opasua. [Ipu 3Tom, n3deras HarpeBa, yJ1aeTcs 3aCTaBUTh YaCTh MOJIEKYJI IEPEUTH B
razoByto (azy. Bkirogaemplii ¢ HEOOJIBIION 3aIEPIKKOM JIEKTPOHHBIN JTyd HOHU3UPYET BHIPBAHHBIE
MOJICKYJIbI, U TIOJTyYEHHBIC HOHBI BBITATUBAIOTCS ICKTPUIESCKUM TOJIEM B MacCC-aHaN3aTop.
Crenyetr OTMETHTh, YTO, MEHSISI HHTEHCUBHOCTD JIA3€PHOTO JIy4a, MO)KHO TEM CaMbIM BapbUPOBAThH
r1yOMHY POHUKHOBEHUS B ITyOb 00pasiia, 0COOEHHO CIOUCTOr0, a TAK)KE U3MEHSTh XapaKTep
(parMeHTalMOHHBIX MPOLECCOB.

B HekoTophIX ciayyasix, 0COOEHHO MPU U3YUYEHUHU MOJTUMEPHBIX U OMOIOTHUYECKUX MOJIEKYII,
MPUXOIUTCSA PACTBOPSTH BEIIECTBO B OTHOCUTENbHO MHEPTHBIX PACTBOPUTENSAX, TAKUX, KaK
TIUIEepUH, THorIHIepuH. OOpa3yemas MaTpuila 6oMOapIupyeTcs TOTOKOM OBICTPBIX aTOMOB



WHEPTHOT'0 ra3a, YTO MPUBOJUT K BHIPHIBAHUIO U3 MATPHIIBI MOJIEKYJISIPHBIX U (hparMEHTapHBIX
MOHOB MCCIIEyeMOI0 BEILIECTBA, KOTOPbIE 3aTEM Pa3JEIIAIOTCs 10 Macce. B 3ToM cocTouT MeTo
O0MOapIMPOBKH OBICTPHIMU aTOMaMH, OOBEIUHSIONHHN "MATKOoe" ucrapeHue u "MArkyo"
MOHU3AIUIO.

KpOMe IMCPCUUCICHHBIX IIPUEMOB U3BCCTHEBI TAKXKC IT0JICBAA I[GCOp6I_II/IH H I10JICBAasg HOHMU3Aallls, B
KOTOPBIX UCITOJB3YCTCA 3JICKTPHUUCCKOC I10JIC BBICOKOM HaIIPSZKCHHOCTH IMOpAaKa 108 B/CM, moa
I[GflCTBHCM KOTOPOTr'o UCCICAYCMOC BCHICCTBO B BUJIC MOJICKYJI UJIM NOHOB OTPBIBACTCA OT o6pa3ua.

Emie oqHUM MSTKUM CITOCOOOM MOHU3AIMH SIBJISIETCS TaK Ha3biBaeMasi Xumuieckast nonuzanus. CyTh
€€ 3aKJIF0YaeTCs B TOM, YTO C MIOMOIIBI0 OOBIYHOT O 3JIEKTPOHHOTO yAapa HOHU3UPYIOT HE
uccienyeMblil ra3, a raz-peareHt (MeraH, u300ytan, ammuak). OOpazoBaBIIMECs HOHBI-PEareHThl TPU
CTOJIKHOBEHMH C MCCIIETyEMbIMUA MOJIEKYJIAMH OXOTHO UX MOHU3UPYIOT. BaxkHel MU nOHaMuU-
peareHTaMu, 00pa3yIOUIMMHUCS B pe3yJibTaTe JJIEKTPOHHOTO yapa, HalpuMep, MeTaHa, SBJISIOTCS
nonbl CH3+ u C2HS5+. [locnenyronme peakiiuu MeX1y MOJI0KUTENBHO 3apsSHKEHHBIMA MOHAMH -
pearentamu XH+ u Monekynamu M oOpa3ia uyT B OCHOBHOM IO ITYTH MPOTOHUPOBAHUSL:

M + XH+ —- MH+ + X

[Ipu Takom criocobe noHu3aluu oopasyrommuiics noH coctaa MH+ Hecet nndopmaiuio o OpyTTo-
dbopmyIe ncciaemyeMoil MOJIEKYIIbl, HOHU3AIMS KOTOPOH APYTUMH CIIOCOOaMH TIPUBOJIUT K
00pa30BaHMIO TOJIBKO OCKOJIOUHBIX HOHOB.

[Tpu moCTaTOYHO BHICOKHX TEMIIEPATYypaX MOKET MPOUCXOAUTH TEPMUUYECKAsT HOHHU3AIUS MOJIEKYI,
KOT'J]a BEIIECTBO MEPEXOIUT B ra30BYIO a3y YaCTHYHO B BUJIC HOHOB, KaK MOJIOKUTEIBHBIX, TaK U
orpunarenbHbix. OOpa3oBaHNe HOHOB B IAHHOM CJIy4yae MPOUCXOUT 3a CUET TEIJIOBON SHEPIuu,
KOTOpO# 00J1aAal0T MOJIEKYJIBI ITPU BBICOKUX TeMiiepaTypax. ['a3oBas ¢da3a B 3ToM ciyuae
MPEJICTABIISIET CMECh HEUTPAIBbHBIX YacTHUI] (ATOMOB M MOJICKYJI) U 3apsDKEHHBIX (MOHOB), M B Ta30BOM
¢a3e MOXKET yCTaHaBIMBATHCA HOH-MOJIEKYJISIPHOE paBHOBecHE. V3ydeHre KOHCTAaHT HOH-
MOJIEKYJISIPHOTO PaBHOBECH S MIO3BOJISIET OMPEICIATh BEIMYUHBI CPOJICTBA K DJIEKTPOHY U
MOTEHIIMAJIBI MOHU3AIUK MOJIEKYJI, SHEPT U pa3pblBa XUMHUYECKUX CBS3EU U DPHEPTUN 00pa30BaHUs
noHoB. Ciemyer OTMETUTh, OIHAKO, YTO KOHIIEHTPALIMS HOHOB, 00Pa3yIOUIMXCs ITPU TEPMHUIECKON
WOHU3AIMU, HA TPU-TISATH MOPSAIKOB HUKE KOHIIEHTPAIlUN HEHTPaIbHBIX YacTuil. Macc-
CIEKTPOMETPUUECKUE U3MEPEHUSI TO3BOJIAIOT TAK)KE OMPEACTATh TAKUE TEPMOIMHAMUYECKIE
XapaKTEePUCTUKU, KAK KOHCTAHThl PABHOBECH S, SHTAIBIINU U SHTPONUU XUMHYECKUX PEaKIUid,
SHTAIBIINK 00pa30BaHUs Ia3000pa3HBIX BEIIECTB.

[To-BuamMoMy, caMbIM SIPKUM U 3PPEKTHBHBIM TPUMEHEHHEM MACC-CIIEKTPOMETPHHU B XUMHUYECKOM
aHaM3e cMecei siBUIach pa3paboTka MeTo/1a, OObEAMHSIONIETO 1Ba MOITHEHIIINX aHATUTUYECKUX
MHCTPYMEHTA: XpoMaTorpaduio U Macc-CIeKTPOMETPHIO, YTO MPUBEIIO K CO3aHHI0 XPOMAaTO-Macc-
CIEKTpOMETpHUUECKOro MeToa. B aTom MeToze obpaser (cciemyemast ra30Basi CMECh) CMEIIMBAETCS
¢ TazoM-HocuTeeM (0OBIYHO TeNnii) Ha BXojie B xpomatorpad. Cmech mpoXoauT yepe3 JIIMHHYI0
KaMUJUISIPHYIO XpoMaTorpaduyeckyro KoloHKY. CKOpocTh Tu(Py3uH KOMIIOHEHTOB CMECH CHJIBHO
3aBUCUT OT XUMHYECKOW MPUPOJIbI KAXKIOTO U3 HUX, BCIECICTBHUE YETO MPOUCXOIUT pa3felieHue
cmecu. O6pazyeMblie Ha BBIXOJIE XpoMaTorpada mopiuu pa3aeieHHbIX KOMIIOHEHTOB CMECH
MOCTYHAIOT MOCIIEI0BATENBHO OJIH 32 IPYTUM B Macc-ClieKTpoMeTp. Takum
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KPOMBTOrPadK HeCKYID KONOHKY, MWUH

Puc. 6, }{}‘_'FOMETQF[JEMMEL M ke LNeHH B TE 30 BalX Enl:lﬁplﬁﬁl‘:lE. KM Macc-cNekT ol HHOMBKOYaNs-
HElX B2lUSCTR, pasdenNeHHblx B ¥pomMaTo rF:lﬂCbH'-IEC'KQﬁ FonNoHKe

o0pa3om, oTy4aeTcsi Habop Macc-CleKTPOB, KaXKAbIH U3 KOTOPBIX COOTBETCTBYET MHANBHIyaTbHOMY
KOMITOHEHTY cMecH. M cronb30Banne BMECTO Ta30BOro Xpomartorpada >KuKOCTHOTO TTO3BOJIIIIO
M3ydaTh HE TOJIbKO ra30BbIC, HO M JKUJKUE cMecH. MeTo 1 KU IKOCTHOM XpOMaTOMacc-
CIIEKTPOMETPUH MIUPOKO UCIIOIB3YETCS IS aHATH3a HEPTH U JPYTUX CIIOKHBIX OPTaHUIECKUX
cMeceil. Puc. 6 miumocTpupyer mpuMeHeHne JaHHOTO METO/1a JUIs aHalK3a COCTaBa MPOMBIIIIEHHBIX
ra3oBBIX BEIOPOCOB.

3aKJ/JII0YeHHE.

Macc-cnekTpoMeTpHsi B HacTosIIee BpeMsl SIBJISIETCs] OTHUM 13 Hanbosiee nH()OpMaTHBHBIX,
YYBCTBUTENIBHBIX U HAJICKHBIX aHATUTHYECKUX MeTo10B. JIto0as kpynHas ¢pusndeckas, XuMHUecKast
UM Ouonorudeckas 1a00paTopusi KMEET B CBOEM PAaCHOPSHKEHUHU Macc-CIIEKTPOMETP,
OpPUEHTUPOBAHHBIN Ha T€ UM UHBIE clienUpuUeckue nccienoBanus. CoBeplIEeHCTBOBAaHUE TEXHUKU
IIO3BOJIMIIO CO3/1aTh IPHOOPHI, CIOCOOHBIE UCCIIE0BATh MOJIEKYJIbl C OTPOMHBIMHM MAacCaMH HOPSIKa
100 000 a.e.m. u BbIIIIE, YTO, HECOMHEHHO, OTKPBIBAET IIPOCTOPBI ISl U3yUYEHHUS TAKUX CI0KHBIX
OMOJIOTMYECKUX MOJIEKYJ, KaK OEJIKM, a TaKKe JJIMHHOLIEI0YeYHble OpraHuyecKre nojumepsl. Macc-
CHEKTpOMETpHUS criocoOHa oOHapy)uBaTh nmpumecH Ha ypoBHe 0,0001% u HUXKe, YTO aKTyaJIbHO MPU
KOHTPOJIE CHHTE3a BBICOKOYHMCTHIX BELIECTB, HAIPUMEP B MUKPOIEKTpOHUKe. KOoMIakTHOCTB
HEKOTOPBIX THIIOB Macc-CIIEKTPOMETPOB U BaKYyMHbBIE YCIOBUS pabOThI MPEAONPEIEIUIN X
HMIMPOKOE MPUMEHEHHUE AJIs aHallu3a 00pa3loB B KOCMHUYECKOM IIPOCTPAHCTBE.

JIutepartypa.
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