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1. AKTyaJlbHOCTH TeMbl HCCJEA0BAHHUSA H €€ CBfi3b € 00LIEHAYYHBLIMH W
001IerocyAapcTBEHHbIMH MPOrpaMMaMuU

Macc-crieKTpoMeTpHsl SBJISETCS YHUBEPCATbHBIM M Han00JIee TOYHBIM METOI0M
MPOBEJICHHSI AJIEMEHTHOT0, XMMUYECKOr0 ¥ M30TOIHOTO aHajM3a COCTaBa BEIIECTBA B
MPOU3BOJLHOM arperaTHOM COCTOsiHUM. B mocnennee BpeMs B CBSi3U ¢ pa3pabOTKOi
MSTKAX METOJOB HMOHU3alMU 00pa3IoB 3HAYUTEIILHO PACLIMPUIOCH MPUMEHEHUE
MacC-CIEKTPOCKOMK B 00J1aCTH, TaK Ha3biBaeMbIX, «Hayk o u3Hm» (life sciences):
IPOTEOMKKA, T'CHOMUKA, OMOXMMUS, (GapMaleBTUKa W MEIMLMHA. 3[eCh OCOOEHHO
YCIELIHO MCIOJb3YIOTCS BPEMSIIPOJNIETHBIE MAacC-CIIEKTPOMETpPbL, a TaKXe Macc-
criekrpoMeTphl Tumna «Opoutpen». HecMoTpsi HA HECOMHEHHBIE NOCTUIKEHUS B 3THUX
00JIaCTsIX, HEJB3s1 HE OTMETUTH TOT (DAaKT, YTO BCE YIOMSIHYThI€ MPUOOPHI padoTaloT B
MMITYJIbCHOM PEXUME, MO3BOJISIIOLIEM aHAJIM3UPOBATh COCTAB MMILYJIbCHBIX MOHHBIX
MaKeTOB.

B T0 e BpeMs CyIIECTBYeT PsiJl 3a/ay, B KOTOPLIX HEOOXOAMMO HaKaIuIMBaTh
ci1a0ble CUTHAIBl B T€UEHHUE IJIMTEIILHOTO BPEMEHHU. DTO, MPEXkKIE BCEro, U30TOIHAS
Macc-CIIEKTPOMETPHSI, TJIE 0K €lIe CTATHYECKUE MACC-CIIEKTPOMETPBI HAXOAATCS BHE
KOHKYPEHIIMU. 37eCh MOXHO OTMETHUTb, B YaCTHOCTH, M3OTOIIHbIE HMCCJEI0BAHUS
BOIOPOJHO-TEIMEBbIX cMecel. Pemienne 5Tux 3ajad  NPEHbSBISCT  BBICOKHUE
TpeOOBaHUS K YYBCTBUTENBHOCTH U PA3pEICHMIO JIMHMHA MAacC-CIeKTpa Ha
CYNEPHU3KMUX YPOBHSX BBICOTHI IHMKOB, OOECNEUUTH KOTOPbIC B HACTOSIICE BPEMs
MOTYT JIMIIb CTATHYECKUE MACC-CIIeKTpOMETpBl. TakuM 00pa3om, pazpaboTka METO/IOB
pacuera NPUOOPHBIX XAPAKTEPUCTMK = CTATUYECKMX M BPCMSIIIPOJETHBIX —Mace-
CIIEKTPOMETPOB, OCHOBAHHBIX Ha HCIHOJb30BAHUM  BO3POCIIMX — BO3MOXKHOCTEH
BBHIYMCIIUTEIHHOM TEXHUKH, HECOMHEHHO, SIBJISETCS aKTyalbHOM 3a7a4ell IEKTPOHHOM
ONTHKM ¥ HAYYHOT'O MPUOOPOCTPOCHUS.

Pa3paGoTka HOBBIX METOJOB PACU€Ta MOHHO-ONTUYECKAX CUCTEM CTATHYECKUX U
BPEMSAIPOJICTHBIX MACC-CIIEKTPOMETPOB, OCHOBAHHOE HA MCIOJIb30BAHUM BO3POCIIMX
BO3MOYKHOCTEW BBIUACIUTENBHON TEXHUKM M MO3BOJSIOWMUX IPOEKTHPOBATh U
PACCUMTHIBATH MPUOOPBl € YJIy4LIEHHBIMU aHAIWTHYECKUMU XapAKTCPUCTUKAMH,
SBIISIETCS  AKTyallbHOW  3amadell  (QU3MYECKOH  DJIGKTPOHMKM M HAY4HOIO
pUOOPOCTPOCHUS.




2. M30TONHASE MACC-CIIEKTPOMETPHSE

M3oromHas Macc-CeKTpOMETpUs  SIBISAETCS HANSKHBIM U 3G heKTHBHBIM
CPCACTBOM DPCIIEHUA 3a/1a4 SICPHOM (PU3MKH, FeOXUMHMU, KOCMOXHMHH, B aTOMHOMN
[IPOMBIIIVICHHOCTH M KOCMMYECKHX HccienoBanusx. [Ipu srom crarmyeckue macc-
AHAIM3aTOPbl  MOTYT paboTaTh B pexuMe Macc-crekTporpada, PETUCTPUPY I
AOCTATOYHO IMPOTSUKCHHbIE yYaCTKH MacC-CIEKTPa MPOCTPAHCTBEHHO-IIPOTKEHHBIM
TO3UIIMOHHBIM JIETEKTOPOM. B TO ke BpeMsi orpoMHble rabapuThl 3JIeKTPOMarHHTa
COBPEMEHHBIX BBICOKONPEIM3UOHHBIX CTATHYECKHX MAacCC-CIIEKTPOMETPOB SIBIIAIOTCS
3HAYUTCIIPHBIM MX HEIOCTATKOM, OIPAaHMYMBAIOIIMM OOJACTh MX NpPUMEHEeHHs. B
HaCTOsIIIEE BPEMA BO BCEM MHPE UMEETCS JIMIIb HECKOJILKO TAKUX IPUOOPOB ¢ IITMHOMN
MOHHOU TpaeKTopuu nopsjka 10 M 1 ¢ paspelieHreM OT HECKOJIBKHUX COTEH ThICAY 10
MUIUIMOHA. Takue npuOOpBl 00ECTeUHBAIOT BBICOKYIO TOUHOCTH OIPE/ICIeHHs
aMIUTMTYZBI ITMKA H MacCOBOTO YHUCIa C pa3pellaroliell criocobHOCTbIO mopsiaka ~10°
IPY H30TONNYECKOH YyBCTBUTENBHOCTH 10 10° : 1, TO ecTh MO3BOAIOT aHaJIM3UPOBATh
BEIECTBa, CoJepKalie MuKpornpumecn 1o 107 Ha cocemmell macce, W TOYHOCTH
OlpesieieHlsl U30TOIHBIX OTHOLIEHHMH deMenToB 10 107 %. ITostomy aKTyaJIbHOM
3aj1ave SBISICTCs CHIKeHMe rabapuToB U Beca IPHOOPOB ¢ COXpaHeHHeM TPeOyeMbIX
AHAIMTHYECKUX  XapaKTePUCTUK, YTO COOTBETCTBYET COBPEMEHHOMY  TpPEH/Y
paspabOTKu  MOOMIBHBIX — MEPEHOCHBIX ~MAaJIOrabapUTHBIX — MAacC-CTeKTPOMETPOB,
CIIOCOOHBIX paboTaTh B «IIOJIEBBIX» YCIOBUsX. Pa3paboTka HOBBIX METOJOB pacuera
MOHHO-ONTHYECKMX CHCTEM CTAaTHYECKUX Macc-CHEeKTPOMETPOB, CBA3aHHOE CO
CHIDKCHMEM HX rabapuToB, M, B IIEPBYIO OYepellb, rabapuTOB >JIEKTPOMArHHUTA, C
COXpaHEHHEM H YJIY4YIIEHHEM OCHOBHBIX aHAIUTHYECKHX XapaKTePUCTHK Mace-
CHCKTpOMETpa — paspellleHduss W aOCONIOTHOW YYBCTBHTENILHOCTH, SIBJACTCS
aKTyaJlbHOH 3aaueil pU3NUeCKOl 2JIeKTPOHHMKH.

3. UcTopuyeckoe pazBuTHE

MoxHo  oTMeTHTH  cJeIylollHe  JTanHble  OPUIHMHAJbLHbIE  HJEH,
peajin3oBaHHbIe B Macc-cniekTpoMeTpud. IlepBasi maes npuHaIekuT ACTOHY, M
CBs3aHa C COBMECTHBIM MCIIOJIB30BAHMEM 3JIEKTPUUYECKOrO W MArHUTHOTO IOJeil Jyis
OCyLIeCTBIIeHUs] (POKYCUPOBKU 110 3HepruH. Bropas wues ['epmana Bonbnuka — 510
pacmMpeHrde MOHHOIO IIydKa IIepe/l BXOJOM B MarHMTHOE I10Jie, YBEeJIHYMBArOIIasl
napameTp «KadecTBO» CTAaTHYECKOro Mmacc-crnekrpomerpa. Ona Obula  BIEpBbIC
peann3oBaHa B HaCTOJIbHOM Mpudope Marcyna. Tperbs npunamiesxur B.M. Kenbmany
U CBs3aHa C HCIIOJb30BAaHUEM OJIEKTPOHHBIX IPU3M TI0 CBOEMY JICHCTBHIO
aHAJIOTUYHBIX CBETOONTHYECKUM MpuU3MaM. B mpu3MeHHOM Macc-CreKTpoMerpe,
CHaOXXEHHOM KOJUTUMATOPHOH W (QOKycHUpyIoleH JTUH3aMH, (PYHKIHH JUCIEPCHU U
(OKYCHPOBKM  BBINOJHAIOT pa3jIMuYHble HOHHO-ONTUYECKHUE 3JIEMEHTBI, I103TOMY
YBEIIMYUTh JIUHEHHYIO JUCIEPCUIO TPUOopa MOKHO HE U3MEHsIsI rabapuThl MarHuTa, a
yBelauuuBas (OKyCHOe paccTosiHhe (oKycupyromed nuH3bl. M ueTBepras, Takxke



npuHaiexamas Keiasmany — 970 Hcnonb3oBaHHe KOHUUECKUX MOJIEH sl pealn3aliu
npusMeHHbIx KOC.

Bce ostv mpen ObulM peanu3oBaHbl B KOHYCOBHJIHOM axpoOMaTHUHONW NpH3Me
(KAIT). Ilpuuem B KAIl peanusyroTcst >jeKTpuYecKde M MAarHUTHbBIC IIOJS,
MOIYMHSIONIMEC OJHOMY OOIEMY 3aKOHY, HOTOMY HET HEOOXOIUMOCTH paseNaTh
IOJIT  OTHENIBHBIX DJIEMEHTOB, KaK B Cllydyae JABYMEpPHBIX MPHU3MEHHBIX II0JIEH.
braronaps ouenb OONBUIOMY MOTOKY MarHMTHOT'O IOJIsl, MPOHU3BIBAIOLIEr0 HOHHBIN
nydok B KAII, uro pocruraercss myreM 2((PEKTHBHOTO — HCIIOJb30BaHHUs
BJIEKTPUYECKOro u MarHuTHoOro noJjieit, KAII obiagaer yHuKaibHO OOJIBIION YIIIOBOM
JICIiepcreit 1o macce, paBHou npuMepHo 51 pan. Ha 100% mu3MeHeHus: Macchl.

IlepsonavanpHO Ipeanosaragochk ucnoibzoBaTh KAIT B mpusmeHHOM Macc-
CIIEKTPOMETpE, CHa0XEHHOM TpPaHCAKCHUAIbHBIMUA KOJUIMMATOPHOU M (OKYCHpPYIOIIEeh
avH3amu. OpHako paHee paccuMThIBAIMCH ToOJbKO cBoiictBa KAIIL, a Bech
IPU3MEHHBIM Macc-CIEeKTPOMETp C JIMH3aMH JIeTaIbHO HE pacCUUThIBaICH. Takue
pacyeTsl NIpU3MEHHOro Macc-cuekrpoMerpa ¢ KAII u  TpaHcakcuaibHbIMU
KOJUIMMAaTOPHOM M (POKYCHPYIOIIEH JIMH3aMH M BBINOJHEHbl B pabore Tuiiekrec
JKanracoBHbl.

B BBINOJHEHUM UCCIEAOBAaHUM 110  TIOJIOXKEHUSIM, IIPEJCTABIECHHbIM B
nuccepraumu K 3amure Bkian Illyraesoit T.K. sBisercs onpenenstomum. Eit
MOJly4eHbl AHAJUTUYECKHE BBIPAKEHUs JUIS TOTEHIMala, OIMCHIBAIOIIETO T10Jie
TpaHCaKCHAJIBHOM JMH3bI. Hamucana M oOTIa)XeHa KOMIIbIOTEpHAas Iporpamma,
[03BOJIMBLIAST  AQHAJIM3UPOBATh  JAMHAMMKY  IIy4dKa  3apsDKEHHbIX  4YacTUIl B
TPAaHCAKCUAJIBHOM JIMH3€ NYTEM YMCJIEHHOI'O HHTErpUpOBaHMsl Oe3pa3zMepHbIX
ypaBHeHuil HpioToHa. PaccuuTanbsl mnapaMerpsl TOpMO3dlled TpaHCaKCUAIbHON
JIMH3BI, paboTtaromied B pexume anamopdora. [llyraesa T.K. Ttakxke ydacTBoBana B
pazpaboTke © OTJIaJKe IMpOorpaMMbl M  BBIIIOJIHEHMH pacuera [pUOOPHBIX
XapaKTePUCTUK BCEro MpU3MeHHOro Macc-criekrpomerpa ¢ KAIT u TpancakcuaaibHbIMU
JIMH3aMM ¢ ucrionb3oBanueM Mmerona Monrte-Kapro. [Ipyu 3ToM HauanbHble YCI0BUS
JUISL 3apSDKEHHBIX YacTULl, BBUICTAIOIIMX U3 MOHHOI'O MCTOYHHMKA, MOICIMPOBAIIMUCH B
IPEIIOJIOKEHUM HOPMAJIBHOIO PacIpe/iesieH|sl YaCcTUIl 110 DHEPIUu U yIyiam BbUieTa
YacTHIl U3 UCTOUHUKA.

[Tpu pemienuu 3aa4 UHAMUAKY ITyYKOB 3apsSHDKEHHBIX 4acTUI] Bee Oolbliee MecTo
3aHUMAaIOT YMCJICHHbIE METOJIbl pacueTa U KOMIIbIOTEpHOE MojiejMpoBaHue. Pa3Burue
BBIUUCIUTEIILHOM TEXHUKU CTUMYJHUPYET CO3JaHUE OTJIMYHBIX OT TpaJUIIMOHHBIX
HOBBIX BBIUMCIUTEIBHBIX TEXHOJIOTHH, I103BOJIIOLNIUX pPaCcCUUTHIBATh IIOBEICHUE
HIHPOKUX MYUYKOB 3apsHKEHHBIX YacTHUI[ ¢ OOJIBIIMM Pa3zOpocoM B HAUAIbHBIX JaHHBIX.
OnHako HCIOJIB30BAHWE TOJIBKO YHUCIIEHHBIX METOJOB HE TIO3BOJISIET BBLIIBHUTH
HEKOTOpble OO0IIMe CBOMCTBA MCIOJIb3YEMBIX IIOJIEBBIX CTPYKTYp. [luccepraiis
[lyraesoii T.K. sBIseTcss NPUMEPOM TeOpeTHUecKod paboThl, B KOTOPOMH
5¢(deKTUBHOE COUYeTaHME aJIeKBATHBIX AHAJIMTUYECKUMX METOHOB M KOMIIBIOTEPHOI'O




MOJCMPOBAHUS 1103BOJIMIIO IIOJIyYHTh HOBBIE HMHTEPECHBIE PE3YJIBTAThI, KOTOpPLIE
BOIUIOTHJIMCh B pacyeT KOHKPECTHOM CXEMbI CTATHYECKOI0 Macc-criekrpomerpa ¢ KAII
U TpaHCaKCHAJbHBIMU JIMH3aMH, a TaKXe CXEMbl BPEMSIIPOJETHOIO Macc-
CICKTPOMETPA Ha OCHOBE OCECUMMETPHUYHBIX 3EpKaJl.

HoBble Hay4Hble pe3YJIbTAThI.

OCHOBHBIM OOBEKTOM MCCIIEAOBAHUSl B JIUCCEPTAIMU SIBJISIOTCS CTaTHYECKUE
sneKkTpocTatnueckue U maruutHeie nosst KOC. [l uccnenoBanus JUHAMUKHU TYYKOB
3apspkeHHbIX yacTull B KOC ucnomnb3ytores Oe3pazMepHble ypaBHeHHs HproTona juis
3apsOKEHHOM  4YacTULbl M aHAIWTUYECKHe  BBIPAXEHHUS  JUIS  TIOTEHIIHAJIOB,
onuceiBaromue 1nojg KOC. IIpoBeleHO MoOJHOE HCCIIENOBaHUE OOIIMX CBOMCTB
KOPILYCKYJIIPHO-ONITUYECKUX CUCTEM CO CpEIHEH IUIOCKOCThIO B IapaKkCHabHOM
npuonxeHuu. llodyuyeHbl aHanUTUYECKHME BBIPAKEHHS JUIS TIOTCHIIMAJIOB I1OJIs
TpaHCAKCUANBHBIX U ocecuMMeTpuuHblx KOC, a Takke HEKOTOpPhIX CHUCTEM,
CBOJSIIIMXCA K JBYMepHbIM. Ha OCHOBE pa3BUTHIX aAHAIMTHYECKUX METOJOB
[IOCTPOEHB! AJICKBAaTHbIE MaTEMaTUYECKHE MOJICJIM pPeaIbHbIX CUCTEM M IPOBEJEH
pacyeT ux NpUOOPHBIX XapaKTePUCTUK U KOPITYCKYJISIPHO-ONTUUECKUX CBOMCTB.

OG60OCHOBAHHOCTD M /IOCTOBEPHOCTDH I0JYYEHHbIX Pe3yJbTATOB JOCTUIAETCs
KOPPEKTHOCTBKD ~ HCIIOJB30BAaHHBIX ~ MAaTeMAaTHYECKUX  METOJOB,  IIPOBEACHUEM
YUCJEHHBIX pPAacueTOB  pa3IMUYHBIMU  CIOCOOaMM M TUIATEJIBHBIM — aHAJIU30M
MOIPELIHOCTEN, COBHAAEHUEM pPACUETHBIX W DKCIIEPUMEHTAJIbHBIX pE3yJIbTaToB, a
TaK)kKe CpaBHEHHUEM II0JyUeHHBIX B pabOTe pe3yJbTaTOB ¢ pe3yibTaTaMu JIPYyIHX
aBTOPOB B T€X CJIyyasix, KOI/la TaKO€ CPaBHEHHUE BO3MOXKHO.

Oo6mast_onenka padorbl. B nemom nuccepramms T.OK. Illyraesoit sBisieTcs
3aKOHUEHHBIM MCCIIeIOBAaHUEM, ITEPCIIEKTUBHBIM B CBOEM MPAKTUYECKOM IPUMEHEHUH
B CaMbIX pa3JIMYHbIX OOJIACTAX HAyKH M TeXHUKU. OHa CONEPKUT HOBBIE XOPOLIO
000CHOBaHHBIC TEOPETUYECKHUE PEe3yJIbTaTbl, COBOKYIIHOCTbH KOTOPBIX SBIIAETCS
KPYITHBIM JIOCTHKEHUEM B Pa3BUTUU JUHAMUKH IIyUKOB 3apsDKEHHBIX YaCTHIL.
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