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Pa3paboTan, H3roTOBJIEH U BBEACH B SKCIUTyaTaIlHI0 KOMIBIOTEPHBIN HHTEpPENC 1 IpUKIaIHOEe IPOrpaMM-
Hoe obecreueHue At Macc-criektpomerpa MI-1201, Haxonsimerocs B cocTaBe npudopHoro napka LlenTpa koi-
JICKTUBHOTO MOJNb30BaHUS «XUMHS». ITOT SKCHEPUMEHTAIBHBII MpuOOp paboTaeT Mo MPUHLUILY PE30OHAHCHOTO
3axBata 93JekTpoHOB (P3D) [1, 2] w mnpemHa3HayeH IS TNPOBEICHHS HWCCICIOBaHWH B 00JacTH Macc-
CIIEKTPOMETPUN OTPULIATEIBHBIX HOHOB, 00PA3YIOIIUXCS U3 MOJIEKYT OpraHHUeCKUX coeauHeHuit. O0nactu npu-
MeHeHus: Meroja P3D cBs3aHBI ¢ M3yueHHEM IEKTPOHHOH CTPYKTYpBI MOJICKYJ, MOJYyYEHUEM HUX SHEpreTude-
CKUX XapaKTEPUCTHUK IPH IPOBEACHUH TEPMOXUMHUYECKAX OLEHOK XUMHUYCCKUAX peakiuid. MeTom MOXKeT mpume-
HATBCS JJIS1 pacIIM(POBKH COCTaBa CMecel COeTUHEHHH, TaK KakK d()()eKTHBHBIH BHIXOA HOHOB YYBCTBHUTEIEH K
HAJIMYUIO T€X WIN UHBIX (PYHKIMOHANBHBIX Ipyni [3].

Macc-cniektpomerp MM-1201 Ob11 co3man OoJiee TPHIIATH JIET Ha3all, HO TeM HE MEHEee Ha CeTOIHSIIHHUN
JICHb HE yTPaTHII aKTYaJbHOCTH, TaK KaK COBPEMEHHBIE MacC-CIIEKTPOMETPEI HCIIONB3YIOT HHBIE TPUHIIHITEI HOHHU-
3anuu. IIpubopsl ¢ BO3MOXKHOCTBIO PE30HAHCHOTO 3aXBaTa 3JCKTPOHOB Ha CETOMHSIIHUN JAE€Hb CEPUIHHO HE BbI-
myckaroTcst. HecMoTpst Ha mmpokre BO3MOKHOCTH METOJIa, MOPaJIbHO yCTapeBIIas aHAJOTOBasi CHCTEMa PETHUCT-
panuu qaHHbpIX Ha MU-1201 He 103BOJIsIa B TIOJTHON Mepe PAacKpBITh €ro MOTeHIHAN. Perrennem 3Toi mpooiieMsl
cTaja pa3paboTka HU(POBOI CUCTEMBI BBIBOJA AAHHBIX, YIOBICTBOPAIOIIECH TpeOOBAaHMSM, MPEIbIBISIEMBIM K
CHCTEMaM aBTOMAaTU3AI[MH MacC-CIIEKTPAIbHBIX MPUOOPOB [4], KOTOpast HE TOJBKO MOJHOCTHIO 3aMEHMIIA CTAPYIO
CHCTEMY TIONyYCHHs] CHTHAJIOB W CHCTEMY Pa3BEepPTKU DHEPTHH AJIEKTPOHOB, HO M HAJIENWIa MPUOOp HOBBIMHU
(YHKIUSIMHY, TPUHIUIIHAIBHO HEAOCTYIIHBIMU AJIS peaii3allid Ha cTapoi 3JIeMEeHTHOM 6a3e. B Xo/e BBINOIHEHUS
pabOTEl HAMU CO3/1aHBI JICKTPOHHBIC CXEMbI YCTPOHCTB OIM(POBKU AAHHBIX, U3TOTOBJICHBI 1 CMOHTHPOBAHBI Ie-
YaTHBIE TUIATHI, pa3paboTaHo MPUKIaJHOE IPOorpaMMHOE obecnieueHre. B pe3ynbrare ux BBEACHHS B HKCIUTyaTa-
[UIO B 3HAYUTENHEHONH Mepe YIAIOCh YIPOCTHTh W YCKOPHUTH MOJIyYEHHE TOTOBOTO MacC-CIIEKTPa, Pealn30BaTh
HAKOIUIEHHE CHUTHAJIOB INpPH 3alMCH KpHUBBIX 3¢ ¢exTuBHOro BhIxona (KOB), uro mpuBeno k 3HAUUTETHLHOMY
YIYYIIEHAIO COOTHONICHUSI CHTHAN/IIYM. TakKe IMOSIBIIIACH BO3MOYKHOCTH YHPABIATH JHEPTHEH SJIEKTPOHOB C
KOMITBIOTEDA.

KittoueBble crioBa: Macc-CIEKTPOMETPHSI, OTPUIATENbHBIC HOHBI, PE30HAHCHBIH 3aXBAaT 3JIEKTPOHOB, KOMIIb-
I0TepHU3aIHs, IPOrPaMMHOE 00ecTieueHre, KPUBEBIE d((PEKTUBHOTO BHIXO/A.

Beenenue. Meton P30 B Hamiem MHCTUTYTE
peann3oBaH Ha €JMHCTBEHHOM NpUOOpEe — MarHuT-
HO-CEKTOpPHOM  Macc-criektpomerpe  MI-1201
[1, 2]. HecmoTps Ha Ooilee yeM TPUALIATHIETHUIN
BO3pacT, €ro HCIOJIb30BaHUE OCTAaeTCd aKTyallb-
HbIM. OJIHAKO €ro CHCTeMa PErucTpamry U padoThl
C JaHHBIMM OKa3ajach MOPaJbHO YCTapeBIIECH:
JaHHBIE C TpUOOpa PEerucTPUPOBATU C MOMOIIBIO
IBYX JJIEKTPOMEXaHMYECKHX CaMOIIUCIEB, pa3-
BEPTKY DHEPIHH JIEKTPOHOB IpH noxydeHnn KOB
OCYIIECTBISUIN C HCIOJB30BAaHUEM aHAJIOTOBOIO
O5oKa pa3BepTKH, KOTOPBI HE MperycMaTphBall

BHEILHETO YIpaBjieHus u peryiaupoBku. [Ipu obpa-
00TKe crieKTpa TpeOOBAIOCh UCTIONB30BaTh PYYHOMH
nepecyeT 3Ha4eHUH MHAYKIUH MarHUTHOTO MOJIS B
MaccoBble uncina. [Ipu 3Tom pacueT 3HaYeHHH Macc
Ha TOJIy4€HHOM CIEKTPE OCYIIECTBIISUIN BPYUYHYIO,
MPOM3BOAS BBIYUCIIEHUS I KaKIOTO0 MAacCOBOTO
nuka. B pesynbpTare yero KoHeUHbI aHATU3 OAHO-
ro obOpasna MOTr 3aHMMaTh A0 OJHOM HENeNH.
B cBs13u ¢ coxpaHsromencs: akTyaabHOCTBIO HCCIIe-
JOBaHUH C MCIOJB30BAHMEM JaHHOTO MpHOOpa
HamMu Oblla MOCTaBlieHa KOMIUIEKCHAas 3ajgada
Mo pa3pabOTKe, W3TOTOBIEHUIO M BHEIPEHUIO
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XUMUA

COBPEMEHHOTO KOMIIBIOTEpPHOTO HHTepdeiica u
HPHUKJIQJHOTO TPOTPAMMHOT0 00ECTIeYEHHS.

Pe3yabTaThl U 006cy:xk1enue. Pemrenue mo-
CTaBJICHHOW 3aJ]a4M BKIIOYAJIO B ce0sl CIemyromme
MTyHKTBHIL:

1. Pa3pa0oTka 3JIeKTPOHHOH cXeMbl Hep-
BHYHOI 3JIEKTPOHHOH MJIAThI, OIU(POBHIBAIO-
el MmokazaHusl AaTyhka XoJula U MHTEHCUBHOCTD
Macc-CIIeKTpoMeTpuyeckoro curHaia. Cxema 3a-
MeHWIa co00i Ba DIEKTPOMEXaHHYECKHX CaMo-
MMCIA: OJHOKOOPAWHATHBINA JUIsI 3alliCH  Macc-
CHEKTpa W IUIAHIIETHBIA JBYXKOOPAWHATHBIN I
sanmucu KOB. [lokazanus gatumka XoJuia paHee
CHUMAIIMCh BPYYHYI0 W BPYYHYIO II€PECUHUTHIBA-
JUCh B 3HaueHUs MaccoBblx yucen. lllkama macc

CTpOMJIaCh NO JABYM KpaHMM TOYKaM, 4YTO Hera-
THBHO CKa3bIBAIIOCH HA TOYHOCTH M3MEPEHHs Mac-
COBBIX 3HAYCHUN HOHOB M TPeOOBAIO OOJIBIIOTO
KOJIMYECTBA PYYHBIX BHIYUCICHUH.

CxeMa TIEpBHYHON OSJIEKTPOHHON IUIATHI
BKJIIOYAEeT B Ce0s YCHIINTEIb aHAJIIOTOBOTO CUTHA-
na LM358, 16-0utHblii aHamoro-mugpoBoi mpe-
obpazosarenp (ALIT) ADS1115, a Takxke MUKPO-
koutposiep «Arduino-Nano» [5]. MukpokoH-
TPOJUIEP BBIMOJIHSACT B3aUMOJCHUCTBHE C BBIIIE-
ykazanaeiM ALIIl u mouepHeil mmaroit mo mpoTo-
koiy 12C, mpousBoaut onu(poBKY YCHICHHOTO
Macc-CIeKTPOMETPHYECKOTO CUTHaa, MPOBOIUT
MEepPBUYHYIO 00pabOTKy NaHHBIX M oOecredrnBaeT

CBSI3b C TIEPCOHANBHBIM KOMIIBIOTEPOM uepe3
USB-nopr (puc. 1).
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2. Pazpa0oTKa 3J1eKTPOHHOH CXeMBI J04ep- HUS KoJieOaHMif; a TaKkKe MPUHUMATh CUTHAJI Macc-
Hell IUIAThI, BBIIONHAIOUICH pPa3BEpTKY SHEPIUU CHEKTPOMETPHUUECKOTO TIHKA.
3nekTpoHOB. OCHOBHAs npobieMa mpu pa3paboTke * BoBoguT Ha MOHHMTOpP BHINIEyKa3aHHbIC
TaHHOI CXeMBI 3aKJIF0Yaiach B TOM, YTO B IIPOIIEC- JaHHbIE B hopMe Macc-criekTpa (puc. 3, a).
ce paboThl IUIaTa JAODKHA HAXOIAUThCSA MOJA HMOTEH- + Ilo3BonsgeT ynoOHO U OBICTPO OTKANIUOPO-
[IMQJIOM HCTOYHHKA HOHOB, KOTOPBIA COCTaBIISET BaTh IIKAIy Macc 110 W3BECTHBHIM HOHAM.
3—5 KWJIOBOJIBT OTHOCHUTEIBHO MOTEHIHANA 3EMIIH * Ynpasinser sHepruei JIeKTPOHOB (II03BOJIS-
U, Clef0BaTellbHO, NepBUUHON miathl. C Lenblo €T KaK yCTaHaBJIHMBATh IIOCTOSHHOE 3HAYCHUE dHEP-
HEJOMYIIEHHsI MOMagaHusl BHICOKOTO HAIPSKEHHUS THH, TaK U 33/1aBaTh MapaMeTpPhI U Pa3BEPTKH).
Ha TJIaBHYIO IDIaTy, HEOOXOAWMO OBUIO TIIpeny- * Peructpupyer xpuBble 3((HEKTHBHOTO BHI-
CMOTpETh rajbBAaHUYECKYIO Pa3Bs3KY. Xo0J1a HOHOB (pHuc. 3, 6).

Jist 3T0rO B cXeMe ObLT HCHOJIb30BaH MHKPO- * O0ecneunBaeT HaKOIUICHUE CUTHAIA.
gun  ADUM2250, obecnieunBaromuii  BBICOKO- * JlaeT BO3MOXXHOCTH OBICTPOTO CKaHHPOBa-
BOJIBTHYIO M30JsIuio HHE 12C, mo koTtopoi npo- HUS SHEPTUH DJIEKTPOHOB C ILEJBI0 PETHCTPAINU
HUCXOIUT ABYCTOPOHHHUU OOMEH JaHHBIMH MEXKIY Macc-CIeKTpa, MOJYYSHHOTO HE TIPH OJHOM €IIUH-
OCHOBHOM M gouepHel matamu. Kpome Toro, cxe- CTBCHHOM 3HAUEHHM DHEPTHH, a TPU «BCEX BO3-
Ma conepkuT 12-OuTHBIN LM PO-aHAIOTOBbIH Mpe- MOJKHBIX» (332 CUET CKaHHUPOBAHUS SHEPTUH 3JIEK-
obpazoBarens MCP4725 u ycunutens BBIXOJHOTO TPOHOB C BHICOKOW YaCTOTOH B IOJy4€HHOM Macc-
curHana OPO7. [IpuHnunuanpHas cxema go4epHen CIEKTpE TMPHUCYTCTBYIOT CHUTHAJbl HOHOB, 00Opa-
IUT1aThl IpeACTaBIeHa Ha pUCYHKe (puc. 2). 3YIOIIMXCS IPU Pa3HBIX YPOBHSAX SHEPTUH).

3. PazpaGoTka nmporpaMMHOro ogecrieyeHus.
[Iporpamma Hanucana Ha si3bike JAVA 8 ¢ UCTIONb-
30BaHHEM BCTPOCHHOTO B cpeny paspabotku Eclipse
[6, 7] xommwisitopa JavaSE-1.8 u siBisiercst kpoc-
iaTgopmMeHHOH. B mporpamme mpuMeHEHBI TOJIBKO
CTaHIapTHBIC OuONMoTeku Java. MCXomHbIi Kon
pasMemieH B OTKPBITOM JIOCTyIle TIO  ajpecy
https://github.com/VVS1864/mass_spectrometr.

[IporpammHoe oOecriedeHre OCYLIECTBISIET
psa GyHKUM:

3akarouenue. 1. Pa3paboraH, M3roToBiicH U
BBEJIEH B OJKCILTyaTaI[Mi0 KOMITBIOTEPHBIA HHTEp-
¢eiic U mpuKIagHOE NMPOrpaMMHOE OOecredeHue
Ut Macc-criektpomerpa MI-1201.

2. MHOTrOKpaTHO CHWXKEHBI TPYJ03aTpaThl 1O
MOJTyYE€HUIO TOTOBOTO MAacC-CIIEKTPa MCCIIETyEeMbIX
COEAVHEHU.

3. 3HaUMTENbHO PACHIMPEHBl AHATUTHUYECKUE
BO3MOXHOCTH Ipubopa.

e O0OecnieunBaeT B3aMMOJIEHCTBHE KOMIIBIOTE- Paboma evinonena no meme Noe AAAA-AI17-
pa ¢ MEKpOKOHTposuTepoM «Arduinoy, uaro mo3so- 117011910027-0 2oc. 3a0anus ¢ ucnoab308anuem
JIIeT TIPUHUMATH MMOKa3aHUs JaTdhka XOJia, BBI- 000py0osanuss NPUbOPHO20 NAPKA YEHMPA KO-
TIOJTHATH MX TEPECUET B MAaCCOBBIE YUCIA U YCpe- JIEKMUBHO20 NONb308aHUL  «Xumusy Yumckoeo
HSITh €JMHUYHbIE U3MEPEHHUS C LIEJIbI0 CrIIaKUBa- HUncmumyma xumuu YOUIL] PAH.
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In this work a computer interface and application software for the mass spectrometer M1-1201, which is part
of the instrument Park of the Center for collective use «Khimiya», were developed, manufactured and put into
operation. This instrument operates on the principle of resonance electron capture (REC) [1, 2] and is designed for
research in the field of mass spectrometry of negative ions formed from organic molecules. Applications of the
REC method are applied to the study of the electronic structure of molecules, obtaining their energy parameters
for thermochemical calculations of chemical reactions. REC can be used for determining of the composition of
mixtures of compounds, since the effective yield of ions is sensitive to the presence of certain functional groups
[3]. Mass spectrometer MI-1201 was developed in 1980's, but has maintained relevance today, because of its'
unique ionization technique different from that of modern mass spectrometers. Instruments with resonance elec-
tron capture technique are not commercially available to date. Despite the wide possibilities of REC, the outdated
analog data recording system on the MI-1201 did not fully reveal its potential. The solution to this problem was
the development of a digital data system that fully meets the requirements for automation systems of mass spectral
devices [4]. It not only completely replaced the old signal acquisition system and the electron energy scanning
system, but also gave new functions that are unavailable for implementation on the old element base on principle.
In this work we have created electronic circuits of data acquisition devices, manufactured and installed circuit
boards, developed application software. As a result of their commissioning, it was allow considerably simplifying
and accelerating the acquisition of the mass spectrum, to realize the signal accumulation when recording the effec-
tive yield curves (EYC), which led to a significant improvement in the signal/noise ratio. It is also possible to con-
trol the energy of electrons by a computer.

Key words: mass spectrometry, negative ions, resonance electron capture, computerization, software, effec-
tive yield curves.
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