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MOPTATUBHbIV CIIEKTPOMETP SAMP

WHCTUTYT (pmankm ropHeix npoueccos HAH YkpauHbl

Ilpusedeno onucanue paspabomanHoz0 NOAHOPYHKYUOHATLHO2O Maxkema SMP-
cnexmpomempa, no3eonsoue20 HadéucHo pezucmpupoéams cnexmpvl AMP *H ¢gaiou-
OoHacvluyenHvix yeaell. Pazpabomano cneyuanvhoe npocpammuoe obecneyenue, HOO
YApagneHuemM KOMOopo2o 6 d8MOMAMUYECKOM pedicume Npou3eooumcs 3anucb u oopa-
bomka cnekmpog ucciedyemvlx 0opasyos yeiei.

Knrouegvle cnosa: a0epHblii MAZHUMHBIL PE3OHAHC, CNEKMPOMEmp, Y20ilb, a8MOMamu3ayus
HAYUHO20 IKCHEPUMEHMA, TAO0PAMOPHbIL HPUOOP.

Beeaenue

B nacrosiiee BpeMst METOT SIIGPHOTO MarHUTHOTO pe3oHaHca (FIMP) momydwn
HIMPOKOE PACIIPOCTPAHEHUE B KAYECTBE HEPA3PYILIAIOUIEr0 METO/1a UCCIIEIOBAHUS
1 KOHTPOJISI COCTOSIHUSI, COCTaBa, CBOMCTB BEIIECTBA U AHAIN3A MPOTEKAIOIINX B
HEM mporieccoB. OCHOBHOM MPOTpecc B Pa3BUTUH METOAOB M TexHosioruid SIMP-
CIEKTPOCKOIUU ceivac cocpenoTtodyeH B odmactu SIMP Bwicokoro paspemieHus,
CTaBIIMM OJIHUM M3 OCHOBHBIX aHaJIMTUYECKUX METOJOB B XUMHUU, OHMOJIOTUU U
MeauiuHe. Pa3paboTaHbl BHICOKOYYBCTBUTEIbHBIE CIIEKTPOMETPHI C MOIIHBIMU
KPUOTEHHBIMM MAarHUTHBIMM CHCTEMaMU M PaOOYMMH 4YacTOTaMHU Ha MPOTOHAX
nopsiika coren MI 11, mporpaMMHoe o6ecriedeHre KOTOPIX MO3BOJIET IPOBOAUTH
TOHYalIlIKe aHanuTUdeckue BbruucieHus. Ho, Bmecte ¢ tem, u SIMP mupokux
JTUHUN (HU3KOTO pa3pelleHus) He yTPaTUil CBOMX MO3UIMI B HAYYHBIX UCCIEN0-
BAaHUAX M aHATTUTHYECKOM PUOOPOCTPOCHUU.

HanpHeiimee pazsutue AMP-mMeTon0B UCCaenoBaHUA U KOHTPOJISI CBA3AHO C
pa3paboTKOil HOBBIX METO0B 00OpaOOTKH W MHTEPIPETAIIMHN PE3YAbTATOB BBIMOJI-
HSIEMBIX MCCJIEIOBAaHUHN U CO3JaHHEM MOPTATUBHBIX MPUOOPOB, CPABHUTEIHLHO HE-
JOPOTUX, MPOCTHIX B AIKCIUTyaTallMM, HO OOJaJaOUIUX JOCTaTOYHON YyBCTBU-
TEIBHOCTBIO M COXPAHSIONIUX BCE MPEUMYIIECTBA MeToAa. Tak yxe pa3paboTaHbl
U YCHEIIHO IPHUMEHSIOTCS HECKOJIbKO MOJENIed MOPTAaTUBHBIX CIEKTPOMETPOB
BBICOKOTO pa3pelieHus], Kak, Harnpumep, PicoSpin u Magritec ¢ MOCTOSIHHBIMU
MarHutamMi u pabouynmu yactoTamu ais npotoHoB 30—80 MI'u. Cpenu mopra-
TUBHBIX YCTPOMWCTB, UCHONb3yHOIUX SMP mupokux IUHUNA, MOXKHO OTMETUTH
CHEKTPOMETP SJEPHOTO MArHUTHOTO pe30HAHCa HU3KOTO pa3pelieHus, paspabdo-
TaHHBIN ISl TPOBEACHMS SKCIIPECC aHalM3a MO KOHTPOJIO KayecTBa Pa3IMYHbBIX
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BujoB npoaykuuu ITAO «Texmpubopy, SAMP-anammuzarop «Xpomatsk-IIpoTon
20M» (3A0 CKb "Xpomarak"), nopraruBHsiii IMP-ananuzarop HU3KOro paspe-
menust «Crima Tpak» (OO0 «Pe30HaHCHBIE CHCTEMBI») U JIp.

Meroas! SIMP-ciekTpOoCKOIIUM € yCIIEXOM HMPUMEHSIOTCA Ul U3YYEHHUs HUCKO-
naemplx yried. C TEXHHYECKMMH M METOJUYECKUMHU pa3paboTKaMu B 3TOM
HaIpaBJIEHUU U Pe3ybTaTaMi MHOTOYMCICHHBIX UCCIIEI0BAaHUM, BHIIIOJIHEHHBIX B
NOTI'TI HAH Ykpaunbl, MOKHO 03HaKOMHUThCsI, Haripumep, B [1 - 3]. Jlanuas pa-
00Ta mocBsIIeHa pa3paboTKe MOPTATHBHOTO criekTpoMeTpa SIMP mmpokux nu-
HUN JUIs UCCIIEAOBAaHUS MCKOMAEMBbIX YIjiell U HeoOXOIUMOro IpOrpaMMHOIO
obecrieyeHus.

OcobeHHocTH 000PY/I0BAHHSA M KOMIILIOTEPHOI0 IPOrPAMMHOI0
olecneueHus IS uccieoBaHud yriei meroaom SAMP B ycinoBusix maxrHoi
JaabopaTopuu’

[TponBmkeHne CEKTPOCKOITMYECKUX METOJIOB MCCIIEOBAHUS YIJIEH B IIAXTHHIC
abopaToOpuK CBSI3aHO C HEOOXOJMMOCTBIO TPaHC(HOPMUPOBATH JOCTATOYHO TPO-
MO3/IKYIO JTa0OpaTOPHYIO YCTAaHOBKY B MaJIOTa0apUTHBIN MOOWIBHBIA Tipubop. [Ipu
9TOM HEOOXOJMMO COXPAHUTh TEXHUYECKUE XapaKTEPUCTUKU JTaOOpaTOPHOTO CIEK-
TpoMeTpa B 00ECTIEYNTh BO3MOXKHOCTh aBTOMATUYECKOM 3armicH U 0OpabOTKH CIIEK-
TPOB TIPHU TIOMOIIX CIICITHATU3UPOBAHHOTO KOMIIBIOTEPHOTO TPOTPAMMHOTO 00ectIe-
yenus. [loaromy paszpaboTka mopratuBHOTO criekrpomerpa SAMP, orpanmueHHOrO
pa3MepaMu U CHeUU(PUUECKUMHU YCIOBUSIMH SKCIUTyaTallid, CBA3aHA C PELICHUEM
MHOTHX Hay4YHBIX M TeXHHUYeckux mpoOmem. CrenoBaTenbHO, B JAHHOM CiIydae
yYMECTHEe TOBOPHUTH O Pa3pabOTKE COBPEMEHHOTO MPOrpaMMHO-AINapaTHOTO KOM-
IJIEKCa IS KcclieoBaHus yrieit meroaom SIMP.

PaboTe! B 3TOM HampaBieHnH ObUTA HA4YaThl C Pa3pabOTKOM M BBOJIOM B AKCILTya-
tarmio B UOI'TI HAH VYkpanHbl HENpephIBHBIX M HMITYJILCHBIX JIA0OPATOPHBIX
criekrpomerpoB SIMP HoBoro moxosienus [4, 5]. D1u criekTpoMeTphl OBUTH COTIPsIKE-
HBI C KOMITbIOTEpaMHU, 00J1aJalii JJOCTaTOYHO BBICOKOW UyBCTBUTEILHOCTBIO, COMPS-
raJiich C MPOTOYHBIM a30THBIM KPHOCTATOM U KaMepaMi BBICOKOTO JAaBieHHs. OmnbIT
YCIIEIIHOM IKCILTyaTalliK STUX CIIEKTPOMETPOB MO3BOJIHI CPOPMYITUPOBATH ITYyTH UX
JajbHEHIIero COBEpIIeHCTBOBaHUS. J[J1s1 HOBOTO CTAllMOHAPHOTO CIIEKTPOMETpa ObLI
UCIOJIb30BaH 0oJiee MOIMIHBIN AnekTpoMarHut (rose 10 k3 B 3a3ope 30 Mmm) u co3za-
Ha HOBas YIPAaBJSIONIAs KOMIIBIOTEpHAsl MporpamMma. YTIPOCTHIAch MpoLenypa H
Ka4yecTBO 3aIlluCH CIeKTpoB. Ha gaHHOM crnekTpomeTpe oTpabaThIBaIUCh UJIEH, HC-
MOJIb30BAaHHBIE 11 KAYECTBEHHO HOBOTO MOPTaTUBHOTO criekrpomMerpa SAMP mimpo-
KHUX JIMHUM.

[IpuBenéHHbIE BBIIIE IPUMEPBI YCIICIIHOW Pa3pabOTKU MOPTATUBHBIX CHELUATH-
3UPOBaHHBIX CIEKTpoMeTpoB SIMP monaTBepkaaroT 1enecooOpa3HOCTh MOJ00HOMN
pa3pabOTKU AJIsl HYXK/1 YTOJIEHON MPOMBIIUIEHHOCTH.

! B stux pa6orax npunumanu yuactue E.IT. Canynos u U.I'. KocTenko B To Bpems co-
tpynaukn WOITI HAH VYkpaumnst u H0.A. CiyxOun - corpyanuk [Jon®TU
nM. A.A. 'ankuna HAH Vkpaunsl.
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llopmamusnulii cnekmpomemp

OCHOBHOM 4YacTbIO CO37aBacMOI0 KOoMIUIeKca sBisercs cnekrpomerp SMP. B
CBOMX UCCJICIOBAHHSIX MBI HCIIOJIb3YeM CIIEKTPOMETPHI MIPEIHA3HAYCHHBIE JIJIS1 PET -
crpamuu SIMP na npotonax (*H). Jlxo6oii ciekrpoMeTp, Gy/ib TO CTalMOHAPHEIH I
MOPTATUBHBIM, JODKEH 00ecreurBaTh, MPEXKIE BCETO, YBEPEHHYIO PErHCTPAIHIO
criextpa SIMP H B yronsaOM 06pasiie. icXozst U3 9TOr0, ONpeAensioTcs MapaMeTphl
MarHUTHOM CHUCTEMBI M PaJMOTEXHUYECKOM CXEMOTEXHUKH CIeKTpoMeTpa. Bemnun-
Ha OJJHOPOJIHOI'O MarHUTHOI'O OJIS B 3a30pe MarHura, Ii¢ pacrosaraercs uccierye-
MBI 00pasell, onpeseNnsieT BEIOOp CXEMbI M TapaMeTphl paJIMOTPaKTa CIEKTpOMETpa
Y €0 YyBCTBUTEIHHOCTD.

OnbIT HAIIUX MCCIIEIOBAHUN TOKA3bIBAET, YUTO MAKCUMAJIbHAS IIMPUHA TTOJTHOTO
ciiektpa IMP 'H B yrie mo6oif Mapku He mpeBbIIaeT 6 — 7 D WM B eMHHUIAX Ya-
ctoThl 25 — 30 x['1. Otcroma creayer, 9To MaKCUMAIIbHBIA pa3Max pa3BEPTKU aBTO-
muHa 2 AHomax JUIA HE HMCKaKEHHOW 3alMCH CIEKTpa MOXET COCTaBisiTh S50 O
(£25 D) wmm B equaMIax 9actoThl ~ 200 k['11. CrioskHOCTH cniektpa AMP He yrie, B
KOTOPOM DPAa3pEIIatoTCs JIUHUK OT JKUJKUX M ra3000pa3HbIX (MIIFOUIOB, MTUPHUHA KO-
TOpHIX Ha | — 2 TOpsi/IKa MEHBIIE, YeM JIMHUU OT OPTaHWKH YTOJIbHOTO BEIIECTBa,
npeAonpenenser HeoOX0UMOCThb MPETYCMOTPETh BO3MOXKHOCTh 3alMCH TaKHX JIM-
HUM [P YMEHBIIEHHON pa3BEpTKe. Tak, JIs 3allMCH HENCKa)KEHHOTO CyMMAapHOTO
CIEKTpa BCEX MOTJIOMIEHHBIX YTOJbHBIM BELIECTBOM (IIOMIOB, HIMPHHA KOTOPOTO
cocraBisieT ~ 1 O, pazmax pa3BépTku aBToaMHA 2 AHo max MOXeT ObITh 2 D. 3Mme-
HEHME MOIMANAa30HOB Pa3BEPTKH MOXKET OCYIIECTBIIATHCSA B PyYHOM MJIM aBTOMATH-
YECKOM PEeXHMME B 3aBUCMMOCTHU OT BBIOOpA U3ydaeMOW YacTH CIIEKTpa WM MPU BbI-
MOJTHEHUU COOTBETCTBYIOIIETO 3Tala HUCCIeI0BAaHUN YroJbHOTO 00paslia, YCTaHOB-
JICHHOTO B IPOTpaMMHOM OOeCIIeYeHUH Mproopa.

[Ipu ucnosb30BaHUM MOIYJISLIMOHHONW METOJMKH 3alUCU CHEKTPOB JJIsl HEUCKa-
YKEHHOM 3aIMCH KaXXI0¥ JTMHUW WM TPYNIIbI JIUHUM TpU U3MEHEHUH MaciiTaba pas-
BEPTKM HEOOXOIMMO YCTaHABIMBAaTh COOTBETCTBYIOLIYIO aMIUTUTYAY MOJYJISILIU
1oJist (4acToThl) [6].

BozMmoxkHOCTH 1H000TO CIIEKTPOMETpa BO MHOIOM 3aBHUCAT OT €0 MarHUTHOMW CH-
creMbl. Jlydinme MoAeny MOCTOSIHHBIX MarHuToB, npumeHseMble B SIMP-cnekTpo-
MeTpax, 00ecneynBaloT MarHUTHBIC TIOJSI HAPSHKEHHOCTBIO JI0 HECKOJIBKHUX JIECAT-
KOB KO. UyBCTBUTEIBHOCTb CIEKTPOMETPOB C TAKUMU MarHUTHBIMU CUCTEMAMU T103-
BOJISICT MCCIIEIOBAaTh MUHUMAIbHBIE KOJIMYECTBA BelIecTBa 0e3 MpoIeypbl HAKOTI-
JICHUS U YCPEAHEHUS Pe3yNbTaToB. B cTallmoHApHBIX MOJENSX HAILIUX CIIEKTOPOMET-
POB HCIIOJIb30BAIMCH MarHUThI C HAMPSHKEHHOCTBIO MarHUTHOTO 1oJist 1o 10 k3. Jlns
MPOBEPKU  (PYHKIIMOHAIBHBIX BO3MOXKHOCTEW pa3pabaThiBAaEMOro IMOPTATUBHOTO
CIEKTpOMeTpa Obllla HCIOIh30BaHA MOPTATUBHAS MarHUTHAs CUCTEMa C HaNpsKeH-
HOCTBIO TOJIS B 3a30pe 5 MM 2,72 k3. JlaGoparopHas mpoBepka MokKasaia, 4To JaH-
Hasi MarHUTHasi cucreMa O0ECTeuMBaeT MPUEMIIEMYIO YYBCTBHTEILHOCTh CHEKTPO-
MeTpa.
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OnmHa W3 TIaBHBIX 3a/a4, KOTOpas peranach Mpu pa3paboTKe MOPTaTHBHOTO
CIIEKTPOMETPA, - TOOUTHCS CPABHHUTEIHLHO JIETKOW €ro0 MOOMILHOCTH, BTHCHYB BCIO
SNIEKTPOHMKY B pa3Mepbl OJHOTO CTAHJAPTHOTO OJIOKA YIS paJiodIeKTPOHHOW am-
naparypel, 0e3 morepu (PyHKIMOHATIBHBIX BO3MOXHOCTEH MOJHOLIEHHOTO CIEKTPO-
Mmerpa. Heckomnbpko 3aberast Brepén 0OTMETHM, YTO 3Ta 3a]a4a, B IIEJIOM, Obla pere-
Ha. Ha puc. 1 mpexacrasien oOmuii Buja cranmoHapHoro criektpomerpa SIMP u ma-
KETHOTO 00pasiia MOPTaTUBHOTO CIEKTPOMETPA ¢ MaJOradapuTHOW MarHUTHOW CH-
cremMoil. B nmanbHeiimeM, mpu TOBEACHUU 3TOM pa3pabOTKU 10 YPOBHS OIBITHOTO U
MPOMBIIIICHHOTO 00pa3na Ju3aiiH MprOOpa MOXKET BUIOM3MEHUTHCS, UTO OyzeT 3a-
BHCETh OT XapaKTEPUCTHK COBPEMEHHON MarHUTHOM CHCTEMBI U BU/A YIIPaBJISIOLLIE-
IO KOMITBIOTEpA (HACTOJIbHBIN, POMBIIIIEHHBIN WX HOYTOYK).

Puc. 1. Crammonapssni crekrpomerp SIMP (a); Maker MmOpTaTMBHOTO CIEKTpOMETpa
SIMP (6). (Doto Kocrenko N.I".)

CrpyKkTypHasi cxema CIIeKTpoMeTpa, IpuBesieHa Ha pucyHke 2. [Ipubop yciaoBHO
MOXeT ObITh MOAPA3/EIEH Ha JJBE OCHOBHBIE YaCTH — aHAJIOIOBYIO U LU(poByo. B
aHAJIOTOBYIO YacTh MPHOOpPA BXOAT aBTOIMHHBIN reHeparop ¢ cucteMoil APY u ¢a-
30BBIM JIETEKTOpPOM. B 1U(pOBYyI0 4acTh ycTpoiicTBa BXOJUT aHAJIOIroO-LU(pPOBOM
npeo6pazoBarens NI USB-6008, ucnosnb3yemblii B KaueCTBE KOMIIBIOTEPHOTO HH-
Tepdeiica Ui COrIacOBaHMS MEX/y aHAJIOTOBOW YacCThIO U KOMITBFOTEPOM U MPHUCO-
eIIMHSAEMBIH K KOMIIBIOTEPY IOCPEICTBOM cTaHiapTHOro uHTepdeiica USB 2.0.

ABTOIMHHBIN I'€HEPATOP CIIEKTPOMETpa BbINOJIHEH 10 cxeme [laynna-Haira. Pa-
6ouas vacrota aBroguHa 11,58 MI'11 onpeneneHa mapameTpamMy HCHOJIb30BaHHON
MarHuTHOM CHCTEMBI. AMIUIMTYJAa T€HEpalliyd aBTOJMHA M3MEHSETCS B HIMPOKHUX
npezaenax ot 10 no 200 mB. Pa3epTka ocymiecTBisieTcs 1Mo yacrore. Jlnanazon pas-
BepTtku oT £7,5 kl'm no +100 x['m. Moaynsuust mojst MarHura OCYILECTBIIAETCS
BCTPOEHHBIMH KaTylIkamu, B auanaszone ot 0,001 no 2,5 3. Beibop quanazona pas-
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BEPTKH U aMIUTUTYAbl MOIYJISLUA MOKET OCYIIECTBIISITHCS aBTOMAaTUYECKHU YTIPaB-
JSOWEN TPOrpaMMOM WJIM BPYYHYIO OIEPATOPOM B 3aBHUCHMOCTH OT YCIIOBUHM 3KC-
MIepHMEHTA U ITOCTABJICHHOH 33/1a4u.

B cxemy BBenieH (a30oBbIii JETEKTOP JUIs MOBBIMIECHUS 2 (HEKTUBHOCTH BBIACIICHUS
CHT'HAJIa, TO €CTh IMOBBIIICHUS! COOTHOUICHHUSI CUTHAJ/IIYM M YBEJIMUYCHHUS] YyBCTBH-
TENIbHOCTH U3MEPUTEIILHOTO TpaKTa nproopa.

Yacrora koneGaTeIbHOTO KOHTYpa aBTOJAMHA IMOJCTPANUBASTCS NMPH MOMOIIN Ba-
pHKara — KOHAEHCAaTopa C JIEKTPUYECKU YIIPABISIEMON €MKOCThIO. JTO MO3BOJISET B
ABTOMAaTHYECKOM PEKUME TPOBOJUTH MPOTSKKY CIIEKTpA 10 4acTOTE, U OTPEICIISATH
pe3oHaHcHYy0 4dactoTy SIMP. Vmpapienue BapukarmoM aBTOIUHA OOECIIEUUBACTCS
0JI0OKOM aHaJI0roBOW 00pPabOTKH, KOTOPBIN NpeoOpa3yeT CUrHANbL, MOCTYIAIOIINE U3
KOMITbIOTEpa MpHU moMoiy npeodpazoBatenss NI-6008 u HopMupyromux 1eneu, u
MOJIAET 3TH CUTHAJIBI HA YIPABJISIOLINH JIEKTPO]] BapHKaIia.

i CHMHXPOHHBI{ IETEKTOP |
I I
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| 1 2P 3P4 | 1" (NI-USB-6008)
A <
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12 |¢ P0.4-P0.7
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I_| _______ | i
| |
| |
| 1 —] v
L4 i — 8 : 13 |¢
| |
| |
Y ! o Brnok conpsixenus ¢ ITK
S 6P 7 9
| |
T 1 |
| |
| |
| |
| 10 |
| |
| |
_____ - — —J
K np"CMHOﬁ KaTyIHKC
K ocumnorpady
K KaTylmke MOAYJISUHH

Puc. 2. CtpykTypa IOpTaTUBHOrO CriekTpoMerpa: 1 — GOk reHepaTopa 3ByKOBOW YacTOTHI,
2 — GJIOK KOMITapaTopa 3BYKOBOW YacTOTHI; 3 — OJIOK CHHXPOHHOT'O IeTeKTopa; 4 — Oy epHbIit
YCHIUTEIh; 5 — KoNeOaTebHbIN KOHTYD; 6 — reHeparop; 7 — OydepHbrii kackam; | (8, 9, 10) —
BBIXO/IHBIE Kackaabl aBToauHa; Il — O10K KOMMyTanmu ¥ HOpMalu3anuy CUrHaioB; 11 —
0JIOK yIpaBJIeHUS IUANla30HOM Pa3BEPTKH U MOMCKOM LIEHTpa; 12 — OJIOK ympaBieHUs] MOAY-
upyronmm mnonem; 13 — 6ok ynpasnenus yposaem BY; BBB — Gnok BBozma-BeIBOIA

ITomumo YHpaBJICHUS BapUKallOM aBTOAWHA, OII0K COIIPSIPKCHUA C IIK oTBeuaer 3a

TeHEPALMI0 MOIYIMPYIOIIEro HarpspkeHusl. CUrHam MOAYISIMM TOCTYNAET B CHUH-
XPOHHBIM JETEKTOP, TIE AETEKTUPYIOTCA curHaibl SAAMP, nonydaemele ¢ aBToauHAa.
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Cursai ¢ CMHHXpOHHOTO JIETEKTOpa ITOCTYAeT Ha aHAIOTOBBIN BXOJ] N3MEPUTEIBHOTO
npeoOpaszoBarers.

BbIX0/161 M3MEPUTENBEHOTO MTpeoOpa3oBaTessl MOJKIIOUeHBI K KOMMYTaropaM, Ko-
TOPBIE YIPABJISIIOT MOLIHOCTBIO MOAYIMPYIOLIEro 1o, ypoBHeM BY, a Taxoke qua-
[Ia30HOM Pa3BEPTKU.

C nepcoHabHOTO KOMITBIOTEPA, BKIIOUEHHOTO B YCTAHOBKY, depe3 OJIOK BBOJa-
BbIBozla (BBB) mpousBoauTcs Bbliaua CUTHAIOB YIIPABJICHUS U IIPUEM U3MEPEHHOMN
uH(popmanun. CUTHAIAMH YIIPABJICHUS SBIISIOTCS:

- MUI000pa3Hble CUTHAJIBI IIOMCKA LIEHTPA U 3allUCH CIIEKTPa, KOTOPbIE MOMNAJal0T
B OJyiok yrpaieHusi auana3oHoM pazeeptku (BY/IP) u npeoOpa3oBbiBatoOTCSl B CUT-
HaJl ypaBJIeHHUs BapUKarloM aBTOJIMHA U MOCTYNaoT B aBTOMH SAMP;

- MCKPETHBIN CUTHAJI JHala3oHa pa3BepTKH, KOTOPBIM Takke nomnanaer B bYJIP
U y4acTBYeT B JOPMUPOBAHUHU CUTHAJIA YIIPABJICHUS BapUKAIlOM aBTO/IMHA;

- MCKPETHBIN CUTHAJI YPOBHS MOMYJSIMU, KOTOPBII MOMagaeT B OJOK yrpaBJie-
Hust Moayupyrotm nosieM (BYMII), u ynpapnsieT aMIumaTy 10 MOy IHPYIOIIETO
CUTrHaja, KOTopeli opmupyercst B Onoke cuaxpoHHoro nerektopa (BCI) u taxke
noctymnaet Ha Bxoa bYMII;

- JMCKPETHBIN CUTHaN yrpaBieHus ypoBHeM BUY, koropswlii momamaer B OJOK
ynpasnenus yposHeM BU (BYYBUY), u npeobpasyercsi B aHaIOTOBbBIN CUTHAN yIIPaB-
neHus ypoBHeM BY, koTopslil mocrynaer Ha BxoA aBTouHa SAMP;

Ha aBroauu SIMP noctynarot cienyronme CUrHaibl:

- cUrHaJ yrpanieHus Bapukarnom oT bYJIP;

- CUTHAJI C UI3MEPUTETLHOM KaTylIku criekrpomeTrpa AMP;

- curHan ¢ bYYBY.

Brixogueimu curgaiamu astToauda SIMP aBisgrores:

- curHas HY aBronmHa, kotopbii noctynaer Ha Bxoa bCJI, u ucnonb3yercss Tam
JUISI CHHXPOHHOTO JIETEKTUpOBaHus curHaia SIMP;

- BY BbIX0J, KOTOPBI MOXKET MOJABAaTHCS HA OCILIOrpad, MOIKITIOYAEMBIA K
CIEKTPOMETDY.

B0k CMHXpPOHHOTO JIETEKTOpa IMOJIY4aeT B KaueCTBE BXOAHOI'O CUTHAJIA CUTHAJ
HY aBTomHa, a €ro BBIXOJHBIMU CUTHAJIAMH SIBJISTFOTCSL:

- CUTHAJI ¢ U3MEPUTENILHOTO BBIXOJA, KOTOPBIN NoakitoueH kK bBB, u ciyxut s
nepenaun u3mepenHon nadopmarmu o SIMP nporieccax B rcciegyeMom oopasiie;

- BBIXOJJHOW CHUTHAJIa MOAYJIMPYIOLIETO MOJIs, CAYKALMI JJIsl TeHEpaluu CUHYCO-
UJIATIBHOTO CUTHaA 3BYKOBOM 4acToThl (f=22 I'r), KOTOpBIA MOCie AaibHEHIIero
yCUJICHHs U KoppeKuuu amrumTyasl B bYMII, nogaercs Ha kaTylmku MOLyaupyro-
LIEro I0JII MarHUTa CIEKTPOMETPA.

bnok conpsbkenus ¢ komnbiorepoM (BCIIK). dyHKIIMOHANBHO COCTOUT U3 ABYX
yacTeil — 65oka BBoJa-BbiBoa (bBB) n G1oka koMMyTaluy 1 HOpMalIu3alyy CUT-
HanoB. CtpykrypHas cxema bCIIK npencrasnena Ha puc. 3.

brnok BBoma-BeiBoga (BBB). ALIIT/ITAIT NI-USB-6008 (mpoussoactea National
Instruments), mpeacrasnser cob6oit ycrpoiicTBo, noakoyaemoe k [1K no mumue USB
U YIOpaBIsIEMOE Yepe3 CHELMAIM3UPOBAHHBIE NPOrpaMMHBIE JApaiiBepbl. JlaHHOE
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YCTPOHCTBO MMEET 8 aHaJoroBbIX 12-TW OWTHBIX BXOAOB (YacTtoTa oOIpoca 0
10 xI'm), 2 aHanoroBbIx 12-Tu OMTHBIX BBIXOJA, M 12 JBYHANpaBIeHHBIX AUCKPETHBIX
KaHAJIOB BXO0JIa/BbIX0a. DTOT OJIOK MpeqHazHavaeTcs Ui HEOCPEACTBEHHOM CBSA3M
ycranoBku SIMP c IIK. OH BbIpaOaThIBaeT aHAJIOTOBBIE U JUCKPETHBIC CUTHAJIBI, HE-
00xouMbIe JJ1s1 PabOThl YCTAaHOBKHU, a TaKKE€ M3MEPEHUS BEIMYMH (HANpsDKEHUH),
SIBJISIOIINXCS PE3YJBTATOM PAOOTHI YCTAHOBKH.

6BB

(NI1-USB-6008) BRHC

AHanorosblii, NMN006PaA3HbIN
AO.0 Mownck ueHTpa

AHanorosblii, NMA006PA3HbIN
AO.0 3anuck cnekTpa

OuncKp., 4 pa3spaga

P0.0-P0.3 YcT. yposHA BY
P0.4-P0.7 fvckp., 4 paspana YpoBeHb Mmoaynaumm
P1.0-P1.3 ANckp., 4 pa3pana [Mana3oH pa3BepTKH

Puc. 3. — Crpykrypnas cxema bCIIK

JlanHBIH GJTOK OTBEYaeT 3a (POPMHUPOBAHNE CUTHAJIOB:
— T1000pa3HbIid CUTHAM JUIS 3alMCH CIIEKTpa — CUTHAJ T CO3JIaHus pa3BepT-
KM T10 YaCTOTE, IIPH 3arucy crekTpoB AMP;
— TmI000pa3HbId CUTHAN JJIsl TIOUCKAa CHEeKTpa — CUTHAN JJIsl MTOMCKAa LIEHTpa
crnekTpa, rpu 3anucu AMP;
— JIMCKPETHBIA CUTHAJ 151 yripaBiieHusi ypoBHeM BY aBTouHa;
— JWCKPETHBIN CUTHAI JJIs1 YIIPABJICHUS! YPOBHEM MOIYJIMPYIOIIErO MarHUTHO-
o HOJIs;
— JWMCKPETHBIM CUTHAJI JUIsl YIIPABJICHUS IMANla30HOM pa3BEPTKHU 10 YacTOTe.
bnok oTBeuaer 3a u3MepeHUs: BHIXOTHOTO CUTHajia 0J0Ka CHHXPOHHOTO JETEKTO-
pa (BCJI), sBastroiierocst BBIXOAHBIM CUTHAJIOM Beeil yctaHoBkU SIMP.

IIpoepammnoe obecneuenue

[Ipu ncronb30BaHUU PYYHOTO PEKUMA pabOThI JaHHBIA CIIEKTPOMETP MO3BOJISET
MIOJIrOTOBJIEHHOMY CIIELIMAIIUCTY CaMOCTOSITENIHO YCTaHABIMBATh BCE MapaMeTphbl U
PEXHUMBI PabOTHI [T HEUCKKEHHOM 3amKcH crieKTpoB. B aTom citydae u 0O6paboTka
MOJTyYEHHOT'O CIEKTpa, COXPAaHEHHOTO B LU(POBOM (aiine TaHHBIX, TPOU3BOIUTCS
TFOOBIMH MIPUKIIQJAHBIMU ITporpaMMamMu. Ho 1pu BBINOIHEHUH PYTHHHBIX U3MEPEHHUN
WM TIpY BBITIOJHEHUH TEKYIIETro J1ab0paTOpHOTO KOHTPOJIS YrOJIbHBIX 00pa3IoB Ta-
KO pexxuM He nmpumensieTcs. B 3tom ciydae nmpubop mepeBoIUTCs B aBTOMaTHue-
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CKHI PEXUM, TIPH KOTOPOM OT OOCITY’KMBAIOIIETO TepcoHala TpeOyeTcsl TOJIBKO MO
TOTOBHUTH 00pa3el, YCTAHOBHUTH €ro B MPOOOTIPUEMHHUK U 3AITyCTHTh IPOLIECC UCCIIe-
JIOBaHUs MPOOHI.

Mertoo0THYeCKHEe acTieKThl peructpamuy criektpos IMP *H B yrue, ux o6pa-
OOTKH M MHTEpIIpeTalluK OTpakeHsl B padotax [1 — 5, 7 - 10]. Dtu HapaboTKu ObLIM
HCIIOJIb30BaHbl JUI OCHAILIEHHs MOPTATUBHOIO CIIEKTPOMETPA MPOrpaMMHBIM 00ec-
MIEUYEHHEM, YIPABIISIOLUM IPOIIECCOM 3aIIUCH CIIEKTPOB U UX 00pabOTKM B aBTOMa-
TUYECKOM PEXHME.

Ilpu pazpabotke manHOTO OOpasma mopratuBHOrO SIMP-criekTpomerpa Obiia
NpUMEHEHA CHCTeMa aBTOMATH3allik HaydHOro skcrepumenta LabVIEW. [lannas
cpena MmpecTaBiIsieT co00M MPOrpaMMHO-aIMapaTHBIN KOMIUIEKC, COCTOSIIIUIN U3 arl-
naparaoro ALII, moaxmouaemoro k ITK mo USB, u mporpaMMHO¥# 9acTH, HarmcaH-
HOHW Ha si3bIKe TporpammupoBanus G, W mpeaHa3HAueHHOW YIS YIpPaBIICHUS yCTa-
HOBKOH U MOJTy4€HHs SKCIIEpUMEHTANIbHBIX JaHHbIX [11]. PaboTa mporpammsl ocHO-
BaHa Ha Ornokax B3ammojeiicTBus ¢ ammapatasiMu ALIIT NI-USB-6008. Jlannbie
OJIOKM 00ECTIEUMBAIOT YIPaBJIEHHE PA0OTOM IMCKPETHBIX M AHAJIOTOBBIX KAaHAJIOB
BBIBOJIa, KOTOPBIE BXOAT B cocTaB ykazaHHOro AL, a yepe3 HUX ycTaHaBIMBAIOTCS
napameTpbl, HEOOXOUMbIE Ui 3alucH, OOpPaOOTKH CIEKTPOB U HHTEpPIIPETaluu
CIIEKTPOB.

B mpornecce n1abopaTOpHBIX HCIBITAaHUN JaHHBIA MaKeTHBIA 0Opasel CIeKTpo-
MeTpa T0Ka3ajl JOCTATOUHYIO CTabUIBLHOCTB Mpu 3anucu crektpos SIMP H yrieit
Pa3IMYHBIX MAPOK € Pa3HbIM cojepkaHueM (uronaoB. [lomydyaeMble ciekTpsl ObLIM
IPUTOJIHBI JUI aBTOMAaTU3UPOBAHHON 0OpabOTKHU, UTO SIBJISIETCS OJHOM M3 INIaBHBIX
enet pa3paboTKH. DTO TO3BOJISIET HAIEATHCS Ha YCTICITHOE JalbHEUIIICE TOBEICHUE
JaHHOM Pa3pabOTKHU 10 MPOMBIIIJIEHHOTO BHEJPEHUSI.

BriBoabl

CozmanHbIi  TIpUOOp  sBISETCA  TOJHO(PYHKIIMOHAIBHBIM —~ MakeToM  SIMP-
CIIEKTPOMETpA, MO3BOJISIONIMM HA/IEKHO perucTpupoBats crekrpsl IMP *H ¢rou-
JIOHACBIIEHHBIX YTJIed, MPUroIHbIE I aBTOMATU3UPOBAHHONW 00pabOTKU C LENTbIO
noJty4eHust HHQOpMaIK O COCTOSHUU U KOJIMYECTBE COAEpKAIuXCs B yrie (aou-
JIOB.

JlanbHeiliee coBEpIIEHCTBOBAaHKE MTPUOOpa MOTPeOyeT BHECEHUSI HEKOTOPBIX JI0-
paboTOK, KOTOpBIE OYIyT CHOCOOCTBOBATH MOBBIIIEHHUIO €T0 SKCILUTYaTaIllMOHHBIX Ka-
YeCTB Ul MPOMBIIIJICHHOTO BHEJApPEHUs. Tak sl MOBBILICHUS TOYHOCTH H3MEPH-
tenbHOTO Mporiecca ALIIT NI-6008 moxer ObITh 3aMEHEH Ha 0oJiee COBPEMEHHBIN 1
obictpoaeiictByrommii AI[IL. LlenecooOpazHo mpuMeHUTH OoJice MOIIHYIO COBpE-
MEHHYIO MaJoradapuTHyI0 MarHUTHYIO cucteMmy. Tak e HeoOXOquMO MperycMOT-
peTh KOHTPOJIb CTAOMIBHOCTH MapaMeTPOB 3alHCH CIEKTPa, M YCTAHOBUTH JOMYCTHU-
MBI IMana3oH MOTPEIIHOCTH OTKIOHEHHSI YCTAaHOBJICHHBIX TAPaMETPOB.

B ympasnsromee nporpaMMHOe 00eCedeHHE CIIEKTPOMETpa MOKHO BBECTH
(GYHKIIMIO «CTaTUCTHKA», KOTopas OyaeT OTCIeXUBaTh JApeid «Hyns», JaHHYIO
(YHKIIIO MOKHO OyZIEeT MCTOIb30BaTh JJIs1 KOPPEKTUPOBKHU aBTOIOJICTPONKH LIEHTPa
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JMHUY CTieKTpa. B KauecTBe manpHeiero passurus pazpadoranHoro [10 HeoOxo-
JIMMO BBECTH BO3MO>KHOCTh aBTOMAaTHYECKOTO CPAaBHEHHS MOJYYCHHBIX ITapaMETPOB
CIIEKTPOB C BHECEHHBIMU B 0a3y JIaHHBIX NMPUOOPA KOHTPOJIBHBIMU 3HAUYCHUSIMH CO-
OTBETCTBYIOIIMX BEJIMYMH ITAIOHHBIX CIIEKTPOB ISl aBTOMATUYECKOTO OTIPE/ICTICHHS
KPUTHUYECKUX 3HAYCHUH KOJIMYECTBA (DITFOMIOB B HICCIISTYEMOM 00pasIie.

[IporpammHoe obecnieuenune 1yist 00pabOTKU CIIEKTPOB MOKET OBITH IIEPEHECEHO B
Cpe/ly aBTOMAaTH3UPOBAHHOTO YIPABJICHHS HAYIHBIMH SKCIICPUMEHTAMH U MHKEHEP-
HeIMU pacueramu (MATLAB), uro paciumput Bo3MOXHOCTU IO 00paboTKe U BU3ya-
JM3aLUK TIOJYyY4aeMbIX B PE3yJIbTaTe SKCIICPHUMEHTOB JaHHBIX. [1OSIBUTCS BO3MOXK-
HOCTh BBIBOJMTH Ha IKPaH YKa3aHWs, BHITCKAIONIME U3 PE3YJbTATOB pacyeTa CIieK-
TpOB oOpasIa.
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O.M. Monuanos, I'A. Tpoiyvxuii, T.B. [liuxa

MOPTATUBHWIN CMNEKTPOMETP AMP

HagezneHo omnuc po3po0ieHoro noBHodyHKIioHaIBHOro Makera IMP-criekrpomMerpa, 1o
1103BOJISE HAiitHO peecTpyBaTh criektpu SIMP 'H ¢moinonacnuenoro Byrimis. Po3po6-
JICHO CIIeIiajibHe MporpaMHe 3a0e3MeueHHs, MMiJ] YIPABIIHHAM SIKOTO B aBTOMATHYHOMY
PEXUMI TPOBOJMUTHCS 3amuc i 00poOKa CHEKTPIB TOCTIKYBAHUX 3pa3KiB BYTLILIS.

KarwouoBi ciioBa: sjiepHU MarHiTHUE Pe30HAHC, CHEKTPOMETP, BYTULIS, aBTOMATH3AIlis
HayKOBOT'O eKCIIEPUMEHTY, JTA00PaTOpHUH MpHIIas.

A.N. Molchanov, G.A. Troitskiy, T.V. Pichka

PORTABLE NMR SPECTROMETER

Description of designed full-operational NMR-spectrometer prototype is provided. This
NMR-spectrometer allows registering 'H NMR spectra of fluid-filled coals. Custom
software is designed, which allow to control the NMR-spectrometer in fully automotive
mode and process the resulting NMR-spectra.

Keywords: nuclear magnetic resonance, spectrometer, coal, automatization of scientific
experiment, laboratory instrument.
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