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«Macc-CrIeKTpoMeTpusi — 3TO HCKYCCTBO M3MEPEHHUS aTOMOB M MOJIEKYJ C
LEJIbIO OTIpeIeTICHUs] X MOJIEKYJIsipHOro Beca. Takas nHpopmanus o Macce WiIn Bece
MHOT/JAa JOCTaTOYHA, 4acTO HE0OXOaMMa, HO BCErAa IMoJie3Ha Ui MACHTU(UKALUU
BemecTsa. Ha mpakTuke Takoe MCKYCCTBO 3aKIIIOYACTCA B Pa3MEILCHHMM 3apsiia Ha
MOJIEKYJIE aHAIM3UPYEMOT0 BEILLIECTBA U JlalbHENIIEM HaOII0ACHNH 32 TPACKTOPUSIMHU
JBIDKEHUS ITOJIy4aeMBbIX IIPY 9TOM MOHOB B BAKyyMe€ I10J] BO3ACHCTBUEM Pa3IN4HbBIX
KOMOMHAIMI JIEKTPUYECKUX U MAarHUTHBIX MOJIEH.

CyTp [aHHOTO MeToAa 3aKJIIYAeTCsl B  IPEBPALEHUM HEWUTpaIbHOU
aHAJIM3UPYEMON MOJIEKYJbl K HoHaM. Jjis HEOONbIIMX M MPOCTHIX AHAIM30B TaKas
MOHM3AIMSI MOXET OBITh OCYIIECTBIIEHA B ra30BOW (pa3e mpu B3aUMOJIEHCTBUU UX C
3NIEKTpOHAMH, (POTOHAMM WM JPYTMMH HOHaMHU. MeToj Macc-CIeKTPOMETPUHU B
COYETAaHMU C XpOMaTOrpauecKUMU METOJAMH MO3BOJIIET WJIEHTU(DUIIMPOBATH
HEN3BECTHBIC BEIIECTBA U MPOBOJINUTHh UX KOJIUYECTBEHHOE ONPEACICHUE B IIUPOKOM
JaIa3oHe KOHLICHTPALUH.

Macc-crekTpoMeTp — 3T0 NpUOOp, OCYIIECTBISIFOIINNA N3MEPEHUE OTHOLLEHUS
Macchl (parMeHTa MOJIEKYJbl K ero 3apsany. llomamas B Macc-CIEKTPOMETD,
AQHAJIM3UPYEMbIE MOJIEKYJbl II0CIEAOBATEIbHO HOHU3HUPYIOTCS, IOJYyYUBIIMECS B
pE3yabTaTe 3TOTO MOHBI PA3ACISIIOTCS B 3aBUCUMOCTH OT MPUCYIIUX UM OTHOLIEHUHN
MaccChl K 3apsfy U JETeKTUPYIOTCA. Pe3ynpTaToM 3THX IPOLECCOB SBIAETCA Macc-

CIIEKTp, KOTOPBIK HeceT B cebe nHpopMaIiio 0 MOJIEKYJISIPHON Macce aHaiu3a U ero

CTPYKType
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Macc-cnekTp — COBOKYMHOCTb JIaHHBIX 00 00pa3yroNIUXCs TP OMPEETICHHBIX
YCJIOBUSIX MOHM3allMM B PE3yJbTaTe pacraja KOHKPETHOTO BELIECTBA MOHAX M UX
WHTEHCUBHOCTH. XapaKTEPUCTUICCKUNA MOH — OOBIYHO MOJICKYJIIPHBIN NOH WJIH €ro
dbparMeHT, MPUCYTCTBHE KOTOPOTO B MAacCC-CHEKTPE CIOCOOCTBYET HICHTU(DHUKAIIAN
BEIECTBA.

TouHOCTh W3MEpeHUs MacChl — Jpyras Ba)KHas XapaKTepUCTHKAa METOoa,
CBSI3aHHAs C paspeuieHrueM. HM3MepeHne macc 3apsiKEHHBIX YAaCTHUI[ IO3BOJISIET
OnpeaeNiaTh OpyTTO-GOpMYJTy HCCIEAYEMOro BellecTBa. OT0 BO3MOXHO OJiaroaaps
TOMY, UTO ATOMHBIE MACChI AJIEMEHTOB U UX U30TOIOB HE SABJISIIOTCS 1IEJI0YUCICHHBIMU
BEJIMYMHAMH, TPU STOM YCTAHOBJIEHO, YTO B MPHUPOJE COOTHOUIEHHWE H30TOIOB
Metonbl noHuzauuu MoHu3anuss — MpoLEcC, MPOUCXOAAIMA B HOHU3ALMOHHOU
KaMepe W TMPUBOIANINN K OOpa30BaHHWIO MOHOB aHAIM3UPYyEeMOIO BemiecTBa. [lon
METO/IOM HOHU3AIMU MOHUMAETCA MEXaHU3M MOHM3AIMU U B TO K€ BPEMsSI HICTOUYHUK
MOHU3AIUU

YceTpoiicTBO, BHYTPU KOTOPOTO OHA OCYUIECTBIAETCS. Bece METObl MOHU3ALINH,
IPUMEHSIEMbIE B MAacCC-CIIEKTPOMETPUM, OOBIYHO MOKHO pa3AeliuTh Ha TPYIIbl *
IPOTOHUPOBAHHKE; NEMPOTOHUPOBAHUE (AeTpoTONAIKs); * KaTHOHHU3AIUS, * TIepeHOC
3apsOKEHHBIX YaCTHI] U3 )KUIKOU (Das3hl B Ta30BYIO; * 3aXBaT WU TIOTEPS JICKTPOHOB U
Ap.

[IpoToHupoBaHUEe — METOJI HOHHU3AIMU, MPU KOTOPOM K aHAIU3UPYEMOil
MOJIEKYJIe TIPUCOETUHSAETCS MPOTOH WM HECKOJIbKO MPOTOHOB, COOOINasi MOJEKYyJe
Kaxaelil pa3 3apsa +1. IlepepacnpeneneHne 3I€KTPOHHONW IUIOTHOCTH MOJICKYJIBI
OPUBOJUT K OOpa30BaHUIO CTAOWJIBHBIX KAaTHOHOB. TakuM CIOCOOOM dYacTo
MOHU3UPYIOT NENTUABI. DTOT BUJ UOHU3ALUH XapPAKTEPEH JJI1 MOHU3AIUU JIA3€PHOI
necopOiueit pu coneiicteun Matpuiel (MALDI), sanekrpocnpeii-nonnzanuu (ESI)
XUMUYeCcKoN moHuzanuu npu armochepuom nasieHuu (APCI). JdenporonupoBanue

(menpoTronariusi)
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Meron HWOHM3ALMHU, NPU KOTOPOM OT MOJEKYJbl OTIIEIUIAETCS NIPOTOH, B
pe3yibTaTe 4ero MojeKyia mpruooperaer 3apsg—1. DTOT BU MOHU3AIIMN XapaKTepeH
s MALDI, ESI u APCI npu ucciienoBaHnn BEUIECTB KHCJIOTHOTO XapakTepa,
Hanpumep, (PeHoT0B, KApOOHOBBIX U CYIH(OHOBBIX KUCIOT U ap. KaTnonmsanus —
METOJI HOHM3ALINH, NTPU KOTOPOM TOJIOKHUTEIBHO 3apsSKEHHbBIE YaCTHUIbI 00pa3yroTCs
pU B3aUMOJCHCTBUM ¢ KAaTUOHAMU MIEJIOYHBIX METAJUIOB WJIU AJTIOMUHUS. JTOT BUJL
MOHM3ALMN OKa3aJICA TMOJIE3€H JIJIi HeCTAaOWIbHBIX MPU MPOTOHUPOBAHUU MOJIEKYJ U
MOXeT ObITh peanu3oBan ¢ npumeHenueM MALDI, EST u A PCI

ONEKTPOHHBIA yJlap — METOJl MOHM3AlUH, TPU KOTOPOM OCYIIECTBISETCS
OoMOapaMpoOBKa  MOJIEKYJl  aHAJIM3UPYEMBIX BEIIECTB IMYYKOM  3JIEKTPOHOB
onpeesieHHo sHepruu. [Ipu 3ToM MosieKyia TepseT AAEKTPOH U MoaydaeT 3apsia + 1,
KOTOPBIN OBICTPO TIEpepacipeacnseTcs, o0pa3ys pajauKaibl U KaTHOHBL. DTOT BUJ
MOHU3AIUU Haubosee MOAXOJIUT JUIS OTHOCHUTEIIBHO HETIOJISIPHBIX
HU3KOMOJIEKYJISIPHBIX BEIIECTB, MPU 3TOM OOBIYHO XOPOIIO BUJHA (parMeHTaIus
UCCIIEyEMON MOJIEKYJbl. 3aXBaT 3JEKTPOHOB — METOJ MOHM3ALHH, MPU KOTOPOM
abcopOIIMs WK 3aXBaT 3JEKTPOHOB MPUBOIUT K MOHU3ALIUUA MOJIEKYJIbI, 001a1at01Ie
BBICOKMM CPOJICTBOM K 3JIEKTPOHY, HAmpuMep, MOJIEKYJ IOJ W HEHACBIILIEHHBIX
YIJIEBOJIOPOJIOB, TaJIOT€HCOIEPAKAIUX WM METAJUIOPraHUYECKUX BEIIECTB.

W cTouyHMKY MOHU3AIMU TOJIBKO YE€TBEPTh BEKA Ha3aJl UCCIIEA0BATEIN B 00JIaCTH
dbapMakosioruu, OUOXMMHUHU, TOKCHUKOJIOTUU U CYJA€OHOW MEIMIIMHBI HadaJlu
UCIIOJIb30BaTh B CBOEW paboTe Macc-CIeKTpoMeTpuueckoe obopyaoBanue. Ero
BO3MOKHOCTH ObLTH OTpaHUYCHBI HCCIIeIOBAHUEM OTHOCHUTEJILHO
HU3KOMOJIEKYJISIPHBIX BEIIECTB B Ta30BOM (pase, MOHU3AIMS KOTOPHIX MPOUCXOIMIIA
IIPU TOMOIIM 3JIEKTPOHHOTO y1apa.

Onnako cefyac cUTyalusi 3HaYUTEIbHO U3MEHIIIACH: HEIAPOM MUPOBOE HAYYHOE
COOOMIECTBO MPUCYIUJI0O MHOTO CaMbIX MPECTHKHBIX MPEMHUIl pa3paboTyuKam,
JOOMBIIUMCSI yYCIIEXOB B CO3JIaHMM HOBBIX IIOJIXOJIOB K MAacC-CHEKTPaIbHBIM

HCCIICAOBAaHUAM.
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Macc-ananu3aTopbl 1OCJ€ TPOBEACHHS HWOHU3AIMK 00pas3la OJHHM U3
OMHCAHHBIX BBIIIE METOJOB CyMMa OOpa30BaBIIMXCS HMOHOB IMOMaJaeT B Macc-
aHanu3aTop. 3a MEepHoJ CYLIECTBOBAaHUS MAacC-CIEKTPOMETPUU  pa3padOTaHO
HECKOJIBKO BUJIOB TaKMX aHaln3aTopoB. Kax NbIil U3 HUX UMEET CBOM MPEUMYIIIECTBA,
HEJ0CTAaTKH, a TaKKe€ CBOIO CTOMMOCTbh, Nopoil Hemanyr. Ilpu BbIOOpe mpubopa
HEO0OXOJIMMO YETKO MPEJICTABIISITh KPYT 3aJ1a4, KOTOPbIE IJIAHUPYETCS peliaTh ¢ €ro
MOMOIIbI0, M HACKOJBKO TOYHBI M aJIeKBAaTHBI TMOCTaBJIEHHBIM 3agadaM OyayT
MOJIy4a€MbI€ C UX ITOMOIIBIO PE3YJIbTATHI.

B ocHOBe KaueCTBEHHBIX XapaKTEPUCTHUK JTIOO0TO Macc-aHAIM3aTOpa JIeKAT:

* OBICTPOJICHCTBUE;

* TOYHOCTb OTIPEICIICHUSI MACChI;

* IMAMa30H U3MEPSIEMbIX MACC;

* paspemiaroias criocoOHOCTb;

* CKOPOCTh CKaHHUPOBAHUS;

* BO3MOXHOCTh MPOBEJIEHUs MHOTOKpaTHOro ckanupoBanus macc (MCMC). B
XTA wyare BCero ucroab3yoTcs:

* MAarHUTHBIE CEKTOPHBIE aHATTU3ATOPHI;

*  KBaJpYMOJbHBIE  aHAIM3ATOPHI  C  KBAJPYMOJIBHBIM  (UIBTPOM;
Xpomarorpapuyeckue METO bl ONPECICHUs TOKCUKAHTOB.

TouHOCTh Macc-aHaIM3aTOpa ONpPEAENAeTCs CTa0MIBHOCTBIO M pa3peraroniei
crocoOHOCThIO npubopa. Hampumep, npu 3assienHoit tounoctu 0 ,0 1% mpudop
HAJIEKHO OmpeensieT MoeKysipHyto Maccy nienrtuaa 1000 [ ¢ ommbkoit + 0,1 [ unu
JUTSE TICH TUa ¢ MoJekyssipHon Maccoit 10000 [ ¢ ommoOkoii +1,0 1.

JlnanazoH Macc Macc-aHajau3aTopa — OJIMH U3 OCHOBHBIX IapaMeTpoB Mpudopa.
Hampumep, ans kBaapynoiapHOro GpuibTpa TUIMYHBL W quana3oH coctasisier 3000 m
/z, 1UIs MAaTHUTHOTO cekTopHOTO mprbdopa — a0 10000 m /z, a y BpeMsmpoIETHOTO
JIana3oH MPAKTUYECKH HE JuMmutupyercs. Bosmoxnocte MC-MC-ananuza — 3T0

BO3MOXHOCTbD MacCC-aHaJInu3aTopa IIPpOBOJHTDH MHOI'OKPATHOC DTUKINYCCKOC
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UCClIeJOBaHHE BHIOpAaHHBIX HOHOB. HanpuMep, MpoBoUTCS HCCe10BaHNE BEIIECTBA,
BbIOMpAeTCs €ro XapakTepUCTUUYECKUI MOH, (parMeHTaIusi KOTOPOro HCCieryeTcs,
3aTéM CHOBAa BBIOMpAETCS XapaKTEPUCTUYECKUH HWOH U HUCCIEAyeTCS €ro
(dbparmeHTaIMs C IIeNBI0 BEIOOPA HOBOT'O XapaKTEPUCTUYECKOT0 HoHA U T. A. [lox a3Tum
IIPOLIECCOM IIOIPa3yMEBAETCs TAHIEMHAs Macc-criekrpoMerpus, wim MCr.

VYka3zaHHOU cTOCOOHOCTBIO 00J1a/1at0T JIHILb b HEKOTOPbIE MacC aHaIU3aTopbl. Mx
XapaKTepUCTUKU OyayT paccMoTpeHbl HMKe. CKOpOCTh CKaHUPOBAHUS — BaKHAs
XapaKTepUCTHKa MaccaHanu3aropa. MHOrue u3 HUX 00JIaJar0T HU3KOW CKOPOCTHIO,
JUIS CKAaHUPOBAHUS IIOJIHOTO Juamna3oHa TpeOyeTcss HECKOIbKO CEeKyHHA. 37ech
HEOOXOJMMO OTMETUTh, YTO THUIHMYHAS I[IMPUHA XpOMaTorpauyeckor IMHUKa B
KanWUIIpHOU XpoMaTtorpaduu coctasisieT 2 ¢. C 1pyroil CTOpPOHbI, BPEMSITPOJIETHBIN
aHAJIM3aToOpP CMOCOOEH MPOBECTU MOJHYIO Pa3BEPTKY BCEMY AHAMA30HY HU3MEPSIEMbIX
MAacc 332 HECKOJIBKO MUJUIMCEKYH/I U JaXKEe MEHBIIIE.

Ha »nekTpoHHOM HOCHTENE IPUBEAECHBI OCHOBHBIE XapaKTEPUCTHKHA Macc-
ananu3atopos (em. CD);

* MArHUTHBIN CEKTOPHBINA MacC-CIIEKTPOMETD;

* KBaJPYIOJIbHbIE aHATN3ATOPbL;

* KBaJPYIOJIbHBIA aHAJIU3aTOP HOHHAs JOBYIIKA;

* BpeMsinposieTHbId aHanuzarop (TOF);

* aeKTpocTatnyeckas nonnas jgosymka (LTQ Orbitrap).

BeiBoau OCHOBHBIE THIIBI MacC-IAETEKTOPOB J[[eTEeKTMpOBaHNE HOHOB SIBIIAETCS
€lle OJHMM  KJIIYEBBIM  MOMEHTOM  YCIEXa  MacC-CIHEKTPOMETPHUYECKOIO
uccliie1oBaHus. BbIOOp COOTBETCTBYIOIIETO YCTPOMCTBA /AJIsl IE€TEKTUPOBAHUS 3aBUCUT
OT psiJia YCIOBUM U, TJIaBHBIM 00pa3oM, OT ITOCTABJIEHHON aHATUTUYECKOM 3a1auu (CM.
CD).
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