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2 #include Hire.hy 0 || dataf2]s0;

ADDR 9x68 30 JuestFrom(I2C_ADOR,3);

4 unsigned int data[3]; 31 int lp«@;

nsigned long timel, time2, time3; 32 while(Wire,avallablie(
6 int raw_adc; ( data[lp]eire.read();
7 int result _mat[8192]; 34 1p++;

int flag=0;
9 int flag2e«o; 36 flagedata[2]&exse;
10 void setup(){ 37 1f(data[2]==0){
11 Wire,begin(); 38 flag2es;
12 Wire,setClock(400200); 39 Wire.begin();
13 Serial.begin(115200); 48 Wire.beginTransmission(I2C_ADOR);
14  Wire,beginTransmission(I2C_ADDR); 4] Wire.write(0xld);

10 \ “a. 1»::_A:
oid loop(){ a4 .'".ag-DJ(B«?;
18 Wire.beginTransmission(I2C_ADDR); 45 }

19  Wire,urite(@x10); 46 ywhile(flage«0x80);

20 Wire.endTransmission(); 4l raw_adce(data[@]&8xFF)*256+data(1];
21  timel=millis(); 48 result mat[i]eraw_adc;

)

.
24 for(int 1=0;ickk;is+){ 51 for(int 1«0;1¢<kk;i++){
; .

0 flag=0; 53 Serial.print(’,’);
27 data[0]«0;
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®U3HUK, TEXHOJIOI MIH
XYPIDJIDHIUMNH BYTIIJ Ne 46 X 119-126

FT-NIR CIIEKTPOMETPUITH TEXHUKUIH COHI'OJIT,
VPBIYNJICAH TOOIIOOJIOJI

I1.Bariparyyn ¢, C.Dux6ar’, B.3anman’,
B.Hapan6ar®, O.Bexio0x"

CIIIVA, Quauk, Mernoio2ulin Ty PIdAIH,
Xopaznosonuti usuruiin carbap
® Mockeazutin Ipywum vywnuti Uz Cypeyyan

Yjauprrana

OHo 02y YAIN0 HUN YAQaH MYAGHL 0Tpbit Mydcud axcuarar DPypve
rysupzasmmals cnexkmpomempuiin emmne cydaazdcar 6atidand ynoacaim,
myxatin dazastcutiz Tameuiiin ondep yp auuzmail aiculIarad waapiiaza-
mati moTupor snemenmyyduiiz conzogrc, waapdazdas mooyooANbL2 TUE.
Memn onmukuiin snemenmyydutiz yecpar onmuk 3amuiH cydanzaaz Cumy-
ASUBIH MPO2PaM 099D TUUHC, HUA YAGAH TYAAGHBL T VY C2Y'YPIIC 2apa
2apautin 400mBm wadawvie demexmopm upaxdss 1.219mBm xypmon 6yy-
PYYAAT MOOUO0ANLZ TULCIH OO CIERTMPUTIH NPOZPAM TAM2AMACUTIH CYOa-
eaae 2y tuameae.

Tyaxyyp yec: Cnexmpomemp, OUpbiH MYICUTH CREKMPOMEMP, ONMUKULIN
mooyoo, Pypve TYsup2asm, HIGMPYYAIAM

1 OPILIINJI

Oypne XyBUpraarTaii HUJI yaaaH TysSaHbl CIEKTPOMETP Hb XaTyy, ITITHTIH,
XUHAH IMMHEIYIIT, 9CBYI HIBTPYYIJITHIH HILT yIaal TygaHbl CHEKTPHUIir rapra-
gar TexHuk oM. Oprasnuk HICTYVYINHE Oy TINHH CyTaIraan;1 HOMUITH COPOH30H
PE30OHAHC, MACC CIHEKTPOMETD, PEHTIeH KPHUCTAIorpadbii OaraxKyyabil amur-
Jlajiar. DAraspadc HIJI yIaaH TYsaHbl CIIEKTPOMETDP Hb XapbLUAHIYIT XsMJ[ ODTOr-
i Gaiiar. MeH HIJT y/laaH TYsIaHbl CIIEKTPOMETD Hb JAIIZKIJL sIMap HIMIH COPOr
HOJIOO Y3YY/IIXIYI T/ VilJIBIPJISJITHITH IIPOLECCHID CYIAXa/| yp JAYyHTHI oM [1].
Hun yiraan TystaHbl OHpBIH MYZKHITH CHIEKTD Hb HAXUJITaaH COPOH30H JIOITHOHDI
4000 - 12500cy~! goarmonsr Too Gyxmit MyzKH1 Xamapar. Wi CrieKTphin My-
xu NH, CH, SH-uitn ycreperduitd MOJTeKyTy VI SHEPIH MHHTI3CHISP HalipJia-
rajl OPOJIIICOH aTOMYY/IBIH X3/103/13/11itH criekTp eepwunermger. Men 900015000

* . P
e-mail: battsenguun p@mas.ac.mn
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I1. Bamyoneyyn, C.Ouxbam, b.3anoan, B.Hapanbam, O.bexyooorc

eM ™! MK X371 X9T9H 37I€KTPOHbI MINIKIITYY/L azZKUIIar/iar [2]. Tuitmanc
HIJI yIaaH TYSaHBI OfPBIH MyZKHITH CHEeKTPOMETPHiH HaraykKuiir 30xXmon 6yTId-

XU TV YPBIMIICAH TOOLOOIBIT TYHIITIICIH.

2 TEXHUKNMH COHI'OJIT BA TOOITIOOJIOJI

Hrmepgpepomemp:

[TO/MXPOMATHK TIPJIHITH TAPXAITBIH CEKTPOMETD Hb JOJITHOHBL yPT Oy
Xaprajscad OJIOH JAaBTAITTall XIMIKIIT XHIAT 601 Pypbe XyBUpraaTTail HUI
yilaaH TySaHbl CIEKTPOMETp Hb HHTeP(epOMEeTPHIIT alllirIacHaap Hal XIMKIII-
T99p xaprasisax OyX J0JTHOHLI YPTHIT OyPTIaIaT JlaByy TaaTail [3]. Mnrepdepo-
METPYY/L Hb X9POTid Mmaap/iaraacaa IIajiTraalan eep eep dailgar 1 aKmuiiax
3apunM Hb kI [4]. Maiikosibconsr narepdepoMerp Hb SHIUIH Oereejl ammr-
Jlaxasl Xsuibap Ty 1 HILL yJIaal TysiaHbl CLLEKTPOMETPT X3PITVIIXI, TOXHPOMZKTOLL.
LlanaprajiThii JOJATHOHBIT XOEP X3C3TT XYBaaH, XOAOITOOHT TOJINHbL TyCTaMK-
raiiraap bas3plH 30pee yyceoHuil gapaa XOEp JOJTHOHBIN OylLaan HUATYYIIIL.
Yyuuit yp ays narepdepent yyemor [5]. Angaaryii cliekTp rapran aBaXbIH Ty
XOIOJITOOHT TO/Ib Hb OH6p HApPHiiBwIanTall, TOITMOI Xypaaap IH/LKIST Oatx
ecroil |6| Y yHWi Mt/ #b TOMUIr cyypbrail Hb TOITMO/I XypAaap Xe/1e/1/1er
3aM 199p Gaiipiyyiaax oM. YT 3aM Hb TOITMOJI Xypiraifraac ragHa, XdMzKH/I-
TuiiH xyrauaar 6ara 6afiraxbiH Ty/L OHI6p XypATail bafix 1aap/iaraTai.

Jlazepwvir yypae:

JleTexkTopT OYpTrazK Oyil 9HEPTHN Hb Uy, XypAaap Xel1e/1er TOJb 600H
XOIOATOOHTYI TOJMHOOC UPK Oyil rap/uiiH JOJITHOHY Y/IbIH UG oM. it
spuanm F Hb Japaax baifmaap OUIUIIoH.

|E|?> = 24%(1 + cos2r ft) .

Yyua f ub gapramzk 6a 27 /A = 270 raAruiir TOonBoJIL:
o2nf =270 - 2upy, — f = 200, (2)

DHAXYY JABTAMAKIIT MOLYIANMITH AaBTaMzK r9ms [7]. 7 Hb Hwl yiraan
TystaHbl [OPIIUHH JOJTHOH TOO 6Orees Mam eprem My»Kuiir xamapha. Hiivssc
MOJLYJISIILIH JIABTAMKHIT XAI0APTIAXBIH TY/LL OHI6D HApUiBaIaITail Jasepbir
“rorrmon’™oop ammraagar [8]. Viaan He-Ne(Temmii-Heon) jasep b y39rmox
OPUINIH My KHITH Ta3epyy/1aac XaMrHiAH XM/ 06ree;l Xoporaxa/, Xsibap, Ha-
puiiBuman caiiraii [9]. Tuiivdsc HIT yilaaH Tydambl CIEKTPOMETPT 9HY JIa3epblr
ammriax Gosoaekroit. Araapr He-Ne stazepbin 10iaruousl ypT Hb 632.816 nm
yHup JOJTHOH TOO Hb:

7=1/\=15802.4cu”" (3)

X5pB99 XOAOIreeHT TOJUHBI XyPA Hb Uy = 2.5313 cm/cex 00T MO LY 15~
el jgasranek Hb f = 80 k[ Oaiix 6a 9Hd Hb aHXHDI HUIJ ylaaH TysdaHbl 9X
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YYCIYYPUIiH MAIl oHgep JaBTavk 1 X 10'° Tr99¢ 125,000 gaxun Gara. Wi
TyxaifH xsbapuial Hb CIEKTP raprai aBax IPOTECCHIT WYY Xaabap 60IroHO.

Domodemermop:
Hut yiaan Tysiamsl OffipblH MyzKuiiH criekrpoMerpr uxsswdn InGaAs (mmmn,
rajin, apcernt) acsan Ge-mitn GoTOIeTEKTOPBIN Xaparapr. Ge-uitn ¢gorose-
TexkTopToit xapbiyynaxas InGaAs dorogeTekTop Hb XypJaH Xapuy Yl
V3YYILISr Gereen MIapIx, anrax dagpap caiitail [10] rya InGaAs perexropbir
COHTOH, TOOLOOJLIY VIBII XHIACH.

Cnexmputin Mooy00A0A:
MareMaTHKIITH XyBb1 HHTEep(eporpaMblH TINIIUTTIIANT Tapaax baiiamaap Omr-
ms [11].

) = /(;x B(v)cos(2mév)dr (4)

Yyun B(v) b spuanMuiin J00HOH TOOroop dudest dbyHKIl, § Hb XOEDP J10/1-
ruOHbI (ha3blH OOPUJIOT.

d === 012 - (5)

0 — uite dyski [(§) — nitn MaTeMaTHK HISPXUIIIMAT 0JICHOOP Xapraizax
cekTpuiir Pypbe XyBuprajiraap XyBUPrazx ToA0PXOiLaaor. YyHIsc cneKTpuiin
TICMIUTIY)I Hb Japaax Oaiiraap rapHa:

+o0
B(y) = / I(d)cos(2mvd)dd (6)
J =00

[IpaxTuxT upTepdeporpaMbiH CHEKTPHHT rapraxni Tya1 Pypoe XyBup-
raaT Hb JaH radiaapaa Xaaraarryit. Gassii 3epeeryii Xacrasce Xoep Tl TIrI
xoMTai1 Baiix écroil u GoauT narepdeporpamyyi Hb (has3blH amiaarail (X 3aifubl
KOMILJIeKe (DYHKIIPIC IHaaTraakK) daiar yanp tarm xaMraii baitrarryit. Tuii-
M33C CHHYC, Kocnuyce xacryyauiir aryyiacan Xypaan @ypse Xysupraar(FFT)-r
xaparr |12].

3 SATBAPYJIAJI, TYPIINJITBIH YP JIYH

Onmux 3aMblH MOOUYOONON:
Xynxop Toaunbl dhokycesiH 3aiir ricktu288.github.io/ray-optics/ cumyms-
IIBIH TIPOTPAMBIH Tyc/IaMzKTal ojicoH /3ypar 1/. D3 3aiir ojcHOOD CHeKTpo-
MeTpuiil sarpapuajbia 3ypruiir /3ypar 2/ raprax 6010MKTOH OOICOH.
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[1.Bamusneyyn, C.Ouxbam, b.3andan, b.Hapanbam, O.bexuooxic

3ypae 1. "Ray optic simulator"npozpasm 023px TyHIIP MOAUHDL
cumyaayu. Lapautiz moav pyy 45 xam enyeeep, Sca satinaac
myceazxad usicua onyzeop 6.35cm 3ai0 dorycracan.

0 |

Bypae 2. Dypve Tysupzasmmall HUA YAGAH MYAAHDL
cnexkmpomempuiin eponzull 3azeap. 3a26ap 029pT 2AeMEHMYYO,
T00pondviH 3aiiz 6odum xamocsrzosp CorelDraw npozpam 033p
3ypcan.

Hun ymaan Tysams! yyeryypuiin rapaatsra ontuk daiai ub 400MBr. InGaAs
JIETEKTOPBIH XaHAJITHIH Yaas1 0 1.2MBT yunp gammer rapaarer 400MBT wa-
JIBIT JIETEKTOP 199D ovux00 1.2MBT1 60mT0m Oyypyyiax maap/narataii. Yam-
JIBIH TOOIOOJIBIT XUHX/199 TOJIb DOJIOH JOJTNOH XYBaariuilH HIBTPYYIIX, O-
roX XyBHIT TOOTIOX X3parTaif. [spmamitn “YpByy KBajpar Xyyan -wilr anrian
Bypar 2 j1axpb 3arBapbiH JETEKTOPT UPIX TaIBIT TOOTIOOJICHBIT XYCHITTIIP Y3YYil-

TENE
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Xycnsem 1.Qypve TYsup2asnmail HuA Yaaar myAaiv
CRERMPOMEMPUTIH 2ACMEHINYYD 09IPL HUA YAGAIH TYAGHDL 29PN
wadavin ymeyyo. (Xycnsem doapx anemenmyyduiie ypae 2 0sop
yaaanaap mamdazascan moowo, dazyy dy2aapaacat,)

[Mapamiinn yyeryypase | Oiiarsia DIeMenTIT TeMEHTIIC rapax
Ne | Duementuiin nap JTTEMEHT xyBb (%) | Tycax rapamiin DIPJIHIH Ta1amT
XypTasix 3aif (cM) aagan (MBr) (MBT)
1. | Xymxsp Toan 34 99 41.87 41.45
2. | Ilapabomx Toan 59.57 99 13.5 13.37
3. | Jomrnon xysaard 80.81 90 7.26 6.54
4. | Toap 96.11 99 4.62 4.57
5. | Joarmon xysaaru 111.38 90 34 3.07
6. | Ilapa®oa Toin 131.65 99 2.19 217
7. | XyHxap TOTH 160.89 99 1.45 1.44
8. | JerexTop 174.89 1.219

XyCHIIT3/ XapyyJcan TOOIOO/IBIH YD AYHID3C JETEKTOPT UPIX [ajiall
1.219MBT rapcan Hb JeTeKTopblil XaHaIThbH Taga1 1.2uBr-aac nx rapcan 4 sms
yTra Hb XaMTHiiH abCcoTI0T HOXLeI 49X VTITa TY.T TOXIPOMIKTOI H0I0XDLII TOL0P-
XOI1J10B.

Xynoon ascarn doxuoe 60A06CPYYAAL MYPULUAITL

Terextop nb 900-2600un Myzku MapIx gaasapraii, 0-10B ananor ra-
pastrait. Jderekropnin yrreir aBaxed TvLL 0-10B opoaTToit anasor Toon xyBup-
rardiiir COHTOCOH. AHAJIOr TOOH XYBHPTAariuilH yTIbIl' KOMILIOTEPT OpYY/1axbii
Ty 400k n—n xyparaii, USB rapaitaap KOMILIOTEPT XOJ00TI0X DOJIOMATOl
PIC18F4550 MIKPOKOHTPOJLICPBII COHIOH AITAIIAXaap CXeMHiir 3oxmocon /3y-
par 3A /. Bypar 3B-1 MUKPOKOHTPOJ/LIEPBIH M3AIINIHT KOMIIBIOTEPT OpPYyIax
MpOTpaM XaHIaMzHiiH 3xHuii 3arsapeir “Arduino uno” nporpam J»sp xuiicHuiir

Y3YYI9B.

A =04 e Crarestmmias

Bypaz 3. A) Proteus npozpam 022p Tuticon demexmopole
komnvlomepmati xoaboxr youpdaazvm cxem B) Arduino uno-o
BUMCINL MURPORONIMPONACDBIH NPOZPAMBIH KOO
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[1. Bamyaneyyn, C.Ouxbam, 5.3anoan, B.Hapanoam, O.Boxyoooic

AHAJIOT TOOH XyBUpIardaap XopByY 919K KOMIILIOTEPT XY/II9H aBCaH J10-
XIOT TYXaitH armmT Xy1o9K apaa] Oyphe XyBUPraarT XuifH CleKTpUiir rapram
asax nporpamaap LabVIEW nporpamsir corrocon 6a CleKTp rapran aBax ypb/i-
qIIICAH CHMYIISIIBIT exme Tooroosicon He-Ne masepein gasrank 80kI'im-9¢ bara
vrryy 6omox 10kTh, 30k, 50k qapranzkyya 199p XuiicomH.

= Ti Vew Poect Cpeme Yook Fmzow Hep o 1

S My T W 7| Uptasphotonfemt | Tor e 90 B4 - T [& E T —S0kiun |
A ~30 kI'm

= Nyranaa yc)

3ypaz 4. A) LabVIEW npozpan 093p eep eep dasmamorcmall
doazuonyyduie nomoe Oypve Tysupeanm Tulin CNEKMP 2aP2GH A6AL
cxem B) LabVIEW npozpamd opyyacar 2ypear eep dasmamicmat
doazuonyydvin 2paguk

B

0 10 20 30 40 50 80 70 80 20 100 110 120
Xyrauaa(vc) Jlastases ( k)

3ypaz 5. A) LabVIEW npozpamd opyyacan 2ypear eop
dasmamoiemati doazuonyydom nutianbap epagur B) Iypean eep
donzuonv. Dypve zycupzaam rudcrutl dapaa 2apcai CNEXMP

Xymsn ascan joxuor 6omosepyyiaax LabVIEW nporpam gssp xuiicsn
rypunwarbin Xysbg 10k, 30xI'm, 50k gapravzKTail JOJITMHOHYYABIT HIMZAK
Dypbe XyBUPraaT XAHH CHEKTPHIIr raprai aBaxaj JaBTaMzk Oyp J9X aHXHbI
JaUIafiBIH yTra yp JIYHCHE yTraTait Taapu Gaficam.
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