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NMPOrPAMMA OBPABOTKW MACC-CIMNEKTPOB
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620002, Exarepunbypr, Mupa, 19
alexey@umc.ustu.ru

MocTynuna B pegauvo 2 gexabps 2002 ¢

PaspaBoTana nporpamma gna obpaboTky Macc-cnexkTpa, NpeacTaENEHWs MHDOPMALIMIA NO NapameT-
pam NWKoe, kanuBpoBeky WKansl Mace | ong oToipaxeHun 0edeKTos MACCh YrNeBoaopoaos 1 ropyrne-
poaos. PacomoTpeH anroputy obpaboTeu u uHTEpdEAC NPOTrPaMMel.

METDHSA, MPOTPaMMHDOBIHNE, MYNLTHMEAWE
TEXHONOMHH, ONTHMMWISLHA BLIMMCIIeHWH,

Kamwrine Bopwc Anexceesn'y — AOLUBHT Kadeaps!
MONEKYTISPHON (HU3HIo (A0 -TEXHMYECKDID
chaynsTera YITY-YTTH, kananaaTt pusuxo-mare-
MATHYECKHX HAYK.

OBAaCTs HAYYHBIX WHTEPECOR: MacC-CITeKTpo-
METDHA,

AsTop 30 crared.

Anexcanapoa Jleonmn Muxainogy — cTyaenT 4-
ro xypca kadheapsl MOTeKynapHO#A duswmicn duan-
KO-TEXHIecKore axynsTera YT TY-YTIH.

OBRacTs HayuHbIX HHTEPECOB: MacC-CNexTpo-
METDHA.

PaapaGoranmas mporpasua HanmmcaHa B HHCT-
pyMmeHTansHoi cpene Borland Delphl 5 nog onepa-
HoHHYI0 cHeTeMy Windows H mpefHASHAMEHA [TA
ofpabfoTKK CTIEKTPa M BEIBOJA HH(POPMALIH I10 na-
paMeTpam MUKOB, KATHOPOBKH IIKATEI MACC M /1A
orofpameHns AeeKTOBR MACChl VITIEBOAOPON0B M
drropyrnepogos. [TporpaMma uMeeT ya0GHRI HHTeD-
defic 1 orobpamaer HexoaHeiH U obpaboTaHHbIH
macc-crerTp (puc. 1),

Macec-cnextp nocrynaer Ha ofpafoTry B BHOe
TexeToBoro haiia ua By cTonfLoR: NepBbii - Mac-
ca B ATOMHBIX eIMHWLIAX MACCE! (2.€.M.] ¥ BTOpOi -
MHTEeHCHBHOCTEL HOHHOTO TOKA, HOH/C.

Cyrb ofipaboTKkH cocTOMT B pasfHeHHH Beero
Macc-CreKTpa Ha 30HB MHKOB H 06pafoThu Kama0-
ro MUEKA IMyTeM ANNpoKCHMAaHH ero PyHKIHe#d [a-
yeea no MeTofy HaMMeHbIx kBaaparos (MHK).
MHHK 'peanxsosaH no criocoBy onpeaenureneii (1,
.258] ¢ nocnegoBaTe/ILHLIM NPHEIIHEHHEM Napa-
METPOB K MHHHMYMY CYyMME! KEAJIDATOB OTKAOHE-
Huit, Oyaxuma Mycca BeIOpaHa B CleIyOUIEM BHIE:

j[hﬂ:ﬂq-ﬂ-éll'mm-ﬂ {-%1]} ‘ {l]

rae f - *HTeHCHBHOCTE MOHHOIMO TOKAa, moH/c; M -
MACCOBAA KOOPAMHATA CIIEKTpa, a.e.M.; A - QoH B
MECTe PACTIONOMEHWA MHKa, HOH/C, B - BeiCcOTA
IHKa, OTCUWTAHHAS OT YPOBHA QoHa, MoH/c; M, -
nogoikeHHe UEHTPa [THKA, a.e.M.; R-6espasmepHuii
napamerp, onpeaemonpil GopMy nHKa M paBHEIA
OTHOMmIEHAIO M, K IIMpHHE NHKA Ha [IJIOBHHE BhI-
COTHI,
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Puc.1. Bunagka “Cnestp”

Omin ruk (~ 100 Tovek) anmpokCHMHPYeTCH dyH-
KiMelt Maycea B cpeaHes B Tedenne 30 mc (Ha K ¢
yactotoi 700 MIl). 3oHa NHKa MMEET JIEBYI0 Tpa-
HHILLY, MAKCHMATLHOE 3HAYEHHE [IToC/Ie MHOTOKDET-
HEIX YCPeAHEHHH 0HO YMEHbIIACTCA) M MPaBYIo rpa-
HMLY (0OTMe4YeHbl TOYKAMM Ha prc. 2).

Pue.2, Muk w ero soua

OnpepeneHne 30H MHKOB BEITIOIHACTCH B [BE CTa-
AMH [NOCIeI0BATEMbHOCTE KOTOPBIX HA3BAHA NPe/-
BapHUTENEHOH 00paboTKOM): MHOMOKDATHOE YCpeIHe -
H€ CMIEKTPa ¥ 3aMeHa THHHAMH BO3PacTAIOUHK U
YORIBAIOIMX yuacTRoB. [Tocnemywias (nocaeaHnsn)
o6paboTka COCTOMT M3 TPeX CTAIHI: OTCEHBAHHE 30H
TTHKOB, YbH BBICOThI MEHLILIE IEPEOND HENOMEX0BOro
nHKa (BEIGHMPaeMOro MOML30BATENEM), 3aMeEHA THHH-
SIMH 30H NOMEXOBBIX MHKOB ¥ pasfensHan o6paboT-
Ka Ka#aoro NHKa B NpefeIax era 30HLl.

B nmporpamue cymectsyer 9 Braanok: “Cnextp”,
“Hudopmaia”, “Tectuposanue”, “Kanufipopounsie
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Maccel”, "Kamubposounas kpusana®, “Teopusa CH",
“Teopua CF”, "Hactpoixa” u "OTaensHbl k™,

Ha prnaake “Crnextp” (Puc. 1) oro6pamaerca rpa-
(puk Macc-crexTpa. MMeeTca BOIMOKHOCTE Nepe-
ABHMHEHHUHA W YBEIHYEHHA OTALTEHOTO YHACTHA CHeK-
Tpa. Ha srnagke "HMndopmanua” (puc.3) B suae tab-
JHLEN pacnionaraeTed HHQOpMaLMA, NoMyYeHHAR
nocie norHoi o6paboTHH Macc-cleKTpa, co 3Hade-
HMAMH CJIeAYHOLIMX NapaMEeTPOR /UM KASJIOT0 ITHKA'

- M-mMaccoBOe 9HCI0 HOHOB BEIIIECTRA

- Macca - TouHas Macca HOHOB BeIIeCTRa (Moo-
WEHHE EHTPA [THUKA), B a.e.M.;

- Oumbka - cpeiHeKBaPATHYHOE OTHIOHEHWE
MACCEI,

- Me - pedhekT Macchl (pasHocTb MACCHL M MACCO-
BOro YMcia), B mmu (TEICAYHAR JOMA a.€.M.).

- DMe - pasHoCTs MEHITY TEKYILHAM M npemsyy-
M Me, B mmau.

- R- fespaamepHbiii napaMeTp, onpeaenaommi
dopmy nka.

- dR - cpeanexBafipaTHYHOE OTHIOHEHHE MTapa-
MmeTpaR.

- BeicoTa - BhICOTa MHKA, OTCYHTAHHAS OT YPOB-
HA hoHa, MoH/¢.

- 5td Err - cranaaptHoe otwioHerne MHK wia
AAHHOrO ITHUKA, AeleHHOe HA BLICOTY [THKA (OTHOCH-
TEMLHOE CTAHAAPTHOE OTHIOHEHHE),

- Iter - KOMMYEeCTBO MTEPALIHIA, OCYLIECTRIEHHbIX
MHHK ana panHoro rmuka.

- Sum - cyMMa KBA/JPATOB OTKIOHEHHI TOMEK 0T
ANTPORCHMHPYIONEH KpHBOIA,

- Kol - konm4ecTBo TOMEK 1A JAHHOTO [THKA.

[TporpamMma no3so/AeT COXPAHNTE JaHHYI0 Ta6-
Juuy B HTML-chopMmare.
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Puc.3. Benagka “MkthopMaums”

Ha sinaaxe “TecrHpopanne” pasmelena obian
uHopMaimd ro ofpaboThe: KomwaecTro obpaboran-
HbIX MHKOB B JAHHOM CTIEKTPE, KOMHYECTBO Npo-
6AeMHBIX TMKOB, KOTOPBIe He GbuM ofpaboTatsl
BOIIEACTEHE TOID, YTO Bo BpemA paborel MHH napa-
METPEI BLIIILTH 33 AOMYCTHMEIN THATIA30H U TPHHA-
TH HepeaIbHLIE 3HAYEHHA (3TO MOMKET MPOH30HTH,
¢CIH BelcoTA MHKa GaMaka k aMiuTyae daykrya-
LMi, MM ECIH NHE ABJIAETCA YACThIO ABOMHOIO
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MUKA), BpEMA BEIMHCIEHNA, noTpaYenHoe Ha ofpa-
BoTiy BCero CrekTpa, NapaMeTphl TpobeMHBX ITH-
HOB, NapaMeTphl BCEeX 30H HKOB.

Ha srnaake “KamuGpopounsie Maccel” (puc.4)
MOMBIORATENL MOMET 3a]AThL KAMTHOpoBOYHEIE [pe-
nepHbie) Macesl. KamMOpoBKa criekTpa fgenaeTca A
Toro, YTolkl YYECTE H3AMEHEHHE MATHUTHOTO TTI0JIA,
HOTOPOE HMEO MECTO IPH PETMCTPAIHH CITEKTPA.

TG 34457, C 21 1 44, moner
210380168, C27 H 46, monax

| |338.391E, C24 H 50, Monar
C[362.40778, C 25 H 52, monex
SN |G A28, C 20 H B4, monar
|© | |a00 43048, C 27 H 68 sonex
L |BRAASA4, C70 H OGS wonex
T a0 an0n. © 20 M B0, wone
0 |4z2 48548, C 30 H B2, wonoe
"' S5 a8 60112, € 51 H 64, monox

4B BIRA4. C I3 MBS wones

i | |4TEE4BY. © 34 H 70, wenex

g 492 BE3TE, C3EH 71, wones
!L GBOE ETH42. C30H T4, wonex

Puc.4. Benagra "KannGposoutbie Macck”
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Te Maccel, KOTOPBIE NOILAOBATENE BEIGEPET B Ka-
9ECTBE KANMOPOBOYHBIX H3 CIIMcKa “Bee Macchr”,
JAHOCATCH B IEBYI0 YaCTh cIMoka “KamGposoqHbLe
MACCH!" 110 BO3PACTAHHIO BETHYMHEL Mace,

B rpynne “Beoa spyuny” noassosaTens HabH-
paeT MM BLIDHpAET M3 CIIMCKA CTAHAAPTHBIX HC-
THHHOE, 110 €0 MHEHHIO, 3HAYEHHE V18 MACCHL, OT-
MEeYeHHOH B criMceKe KannGpoOBOYHEIX MACC, W BBO-
JAHUT ero B nocie HHi cronben cimeka "Hamubpopoy-

Hble Macchl”, [Tocse Toro, KaK NoJIb30BATETL BBEJ
HAMUOpPOBOYHBLIE MACCHI, OH J0MMKEH HAMKATE HA
KHONKY "Co3faTh KpHBYIO™, PH aToM GyAeT co3aa-
Ha KambpoBoYHad KpUEBAas, KoTopas oToSpakaeT-
cA Ha Bknajke "Harmbposounan kpusan”,

Ha exnazke “Teopua CH” (pre. 5) otoSpamaiorca
AedeRTh MACE [UTA YIIEBOJ0OPOAOE B BH/E TEOPETH-
HECKOH M NPakTHYeCKol KpHUBO,
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Puc.5. Brnagka “Teopwa CH"

TeopeTuveckan KpuBasa MMeeT QOPMY “ITHIILI",
BEPXHHE TOYKH KOTOPOH COOTRETCTEYIOT MOEKYAD-
HBIM yraesogopogam (C H, ). Mesay Monexynap-
HBIMH YT/IEBO10POAAME HAYT YTIeBOA0POALI C COOT-
BCTCTBYIOUIHM ROIHYECTBOM OTIIEIUIEHHLIX ATOMOB
Bogopoja. Ha swnagke “Teopusa CF™ aHalorwygHo
Biutaake “Teopusa CH” oTofpamaioTes oTHRIOHEHMA
OT MACCOBOI'0 YHCHIA Ui Mace ropyraeponos.

Ha ernapke "Hacrpoiika" MoMHO OpoH3BecTH
npejRapHTENBHYI0 H nocinegHomn obpaborku, [Lta
NpoBeeHAA NpeisapUTensHo# ofpaloTii Heo6xo-
AMMO 3a0aTh aHaveHHA KolUsred 1 KrivoMn e coor-
BETCTRYIOLMX nofax seoja (KolUsred - rosmrgectso
yepeaHeHHi criexTpa, KrivoMn — MHOKHTES, KOTO-
PLIH YHA3RIBAST BO CKONBLKO Pa3 OfIHA M3 CTOPOH
30HBI MHUKA Jo/kHA GBITh GoMbiie Apyroi, 9Tolb!
HACHTHPHIIMPOBATE 9TY 30HY KaK YaCTh HETIOMEX0-
BOTO [THKA).

Braaaka "OTaeasHeIil NHE" clenaHa I8 Bo3-
MOMHOCTH 06paGoTRH OTASNLHOTO MHKA H Mofyye-
HIA HHPOPMALIMM 0 TapaMeTPax JJiA Kaxaoil ure-
patpn MHHK ¢ nensio cpasHenma stoil mHdopManyy
¢ MHpopMauHeH, BuAABAEMoN mNporpammoi
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TableCurve 2D Windows v.2.01 (AISN Software), ko-
TOpas NO3BOIAET ANMPOKCHMHPOBATL OZHH OTIE Th-
Hbli MUK (hyHEIHeN, 3agaraeMoil NoMk3a0BaTeTEM.

B nmporpaMme #MeeTCH BOAMOMHOCTE COXPAHHTE
HaolpaxeHue KATHOPOBOYHOM KPHBOR, rpadMKos ¢
priagok “Teopusa CH" u “Teopna CF” s daiine dop-
maTa BMP BoamosxHOCTE MpocMoTpa rpadHKoB Beex
cTajaui obpaboTrH.

Ha macc-cniextpomerpe MH-1201AM B peskimMe
CHeTa HOHOB 6T CHAT W o6paboTaH chexTp ooTa-
TOYHEIX VIJIEBOIOPOAOE B guanasose 300-400 a.e.m.
¥cranorneHo, yto GoH CHEKTPA HMEET NepHoIHY -
HocTh 14 a.e.M. Crieyer saaMeTHTh, 9TO “mauia” yrie-
BOJOPOJIOB TOME HMEET NEPHOAMYHOCTE 14 (Macca
CH, pasna 14 a.e.M.) ¥ BRICOTEI [IMKOB HMEIOT TAKYIO
e NepHOIHYHOCTE, B nporpamme B kayecTee ann-
POKCHMHPYHOLLEH iyHKIIMH /15 MHKA COEKTPA, KAK
H3JI0MKEeHO BhILIe, B3ATA (pyrkuma Naycca, [pw pac-
cMOTpeHHH #e dhona GuLT cienaH BeIBoI, 9To hopMa
MMHHA He ARNASTCA FAyCCOBCKOM H IT0 KPasM MHE Cra-
AAET C MEHBLLIEH KPYTH3HOM (MOYTH THHERHO).

B HurepreTe Gbuia Haligena sapyGesnasn npo-
rpamma IsoPro 3.0 (paamenaerca Ha cTpaHmHLe
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http://members.aol.com/msmssoft) pupmu MS/
MS Software. OHa caysHT 1A oTofpaskeHHa 1 pac-
HETA HHTEHCHBHOCTEH NHKOB BELIECTE C THXHEILIME
M3DTONAMM, HMEIOILMX 3aJaHHENT ATOMHIA COCTAB.
Pacuernl nokasaay, uro y muka Jlopenua ¢oH no
KpasM yMeHbllaeTca Mepnento. TakuMm ofpasom,
BO3MOKHO, 9TO B CNIEKTPE YIIEBOAOPOIOE ITHKH AB-
amoTes nukamy Jlopenna, @opMy/IbI THEOB JAHLL B
|2, c.82]. B aTix ¢opMynax yaTeH yinopok pasabpoc
HoHOB. [loTIoNEMTENLHOE BIAHAHKEe Ha (opMy ITHKA
oraskBaeT ofseMHE 3apan (2, c.46].

Ecnu B criesTpe NPHCYTCTRYIOT YTNeBOR0POAE]
1 GTopyHepoikl, TO H3-3a 61H30CTH MACC HX ITHKH
YACTHYMHO HAKIAJLIBAITCA APYT Ha Apyra, Beuto
npoBepeHo, 9To NpH o6paboTke, KoTopas peatHao-
BaHa B MPOTrPAMME, PACCHMTAHHOE NOJIOHEHHE LIEH-
Tpa KAMI0T0 [THKA B IBOHHOM IIHMKE OTIHYAETCA OT
HONOM¥EeHHA LEHTPA KaMIoro MHKA TpH obpaboTie
ABoiiHOIO NMHKA No dopMyne ABYX MIkos Ha 10-20
mimu. JTo BRIBBEHO TeM, YTO Ka#IbIH MHK CBOMM
CNajoM BIMAET HA APYTOH, Ha-3a Yero Ha peaynbTH-
PYIOLIEM CIEKTPE HX LIEHTPI PAciosioe sl Gnice
JADYT K ApYTY, ueM Ha camom nene. [loaToMy Koppex-
THee ofpafaTeBaTs ABoitHON MK mo dopMyne IBYX
muKkos (0603HAYEHHA AHANOIMYHEI NPHBEIEHHOH

ehinte GyHruun Maycea):
J(M) = A+B~e_b‘m"'n"rl#' l]‘ * Gé{l'mrm'l# ﬁ‘ (2)

Ornpenenesye HATHYHA OJHOMD THKA HITH IBYX H
ofpaboTra CNEKTPa IO COOTBETCTBYIOLIHM opmy-

JNaM ARIASTCH NepPCNerTHBOR JaThHeHILIMX paspa-
BoTok.

Honomanrensro Geut obpaboran cnexrp B AHAa-
nasoHe Macc 12-37 a.e.M. ¥ 1A KasI0T0 MHKA ObLn
oTpefeieH COOTBETCTBYIOLIHIA eMy COCTAB HOHOB (B
ToM 4Kcse Gsui ofHapy»xessl HoHsl H, O, LiO). Tax-
ste GbuU1 06pafoTaH CTIEKTP YIMEBOAODONOE M CTIEKT,
COlEPIKALIIHIA YIe BOAopoas! H dropyraepoab:. Pac-
npege/ieHHe YIeBogopoaos XOPOoIlo COBIIANO C TE0-
PETHYECKHM.

Pacnpesenenme e (TopyriepoloR [IOKa3ang,
YTO MACCH IHKOE GOMEIIe TEOPEeTHHECHMX, H3 Hero
fuUTH caenaH BeIBOJA: THG0 u3-3a o6paboTM ABOT-
HOTO ITHUKA He No hopMyie JBYX MHKOB IEHTPLI ITH-
KOB TOPYITIEPOI0E H YTNEBOA0pOoB cOMKaloTed,
nubo o PTOPYTIEpOAAX BMECTO HEROTOPBIX &TOMOE
ihTopa NpHCYTCTBYIOT AT0MBl BOACPOIA.

PeaynbTaThl TECTHPOBAHWA M peaynbrarsl obpa-
GOTHHM MACC-CIEKTPOB NOKA3ANH, 9T0 MCIONb30Ba-
HHe NporpaMMel YCHODAST PACIIM(POBKY MAce-
cnekTpoB. [lepeneTHEL! TPOA/IDKEHHA JaHHOH pa-
fOTRl 3AKMOYAIOTCA B PeaTH3allHH BOSMOMHOCTH
ANNPOKCHMALIHMH ABOHHLIX TTHKOB 110 opMyne ABYX
MMHKOB, YCTPaHeHHH oIIHG0K, KOTOpBIE BOSHHKAKT
1pH 06paboTRe OTASTLHBIX THHHA H CIIEKTPOB C Ma-
JILIM OTHOOIEHHEM CHIHAJ-IIYM, ABTOMaTHIaLMH
pacumdpoBHH CMIEKTPOR, PACCMOTREHMH ATITTPOKCH-
malguu mukos GyHriHed JlopeHua, yueTe Beca Aia
OTHE/bHAIX TOUEK BKCIIEPHMEHTAMTLHOTO ITHKA, YITy™-
IIeHHH ANTopHTMOB 06paloTHH, ONTHMHIALMH Bhi-
YHCJIEHHH, TPHMEHEHHH TEXHOIOTHH HEHPOHHBIX
ceTei,
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PROGRAM FOR PROCESSING OF MASS-SPECTRUM
A.A. Solomein, B.A.Kalinin, L.M.Aleksandrov

A program for processing of mass-spectrum, representation of information about parameters of
peaks, for calibration of mass-scale and for representation of mass-defects of hydrocarbon and fluorine-
carbons has been developed. Algorithm of processing and interface of program was viewed.
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