) UNICHECK

BrlaCHUK BOKYMEHTY: ID nepeBipku:

BeB3a Oner Mukonamosuu 1000772826

HaTta nepeBipKu: Twvn nepeBipku:
13.12.2019 15:14:29 GMT+0 Doc vs Internet + Library
DaTa 3BiTYy: ID KopucTyBaua:
14.12.2019 17:17:56 GMT+0 90740

Ha3Ba pokymeHTy: 2019 NpebeHiok_Bnapucnas_Po3poOka Ta pocnig>keHHA aHanizaTopa

ID cpanny: 1000783761 KinbkicTb cTopiHok: 19 KinbkicTb cniB: 10877 KinbKicTb cumBonis: 83151 Po3mip cdanny: 90.20 KB

6.51% CXOXiCTb

HaubinbLwa cxoxicTb: 1.25% 3 pyxepeno 6idnioreku. ID hainny: 5995746

0% UutaT

He 3HaWeHOo XXOAHUX uuTaT

0% Buny4yeHb

BunyyeHun TeKcT BiACYTHIN

MipMiHa cCMMBOJIB

3amiHa cuMmBoiB “



https://unicheck.com

ID cphanny:

Haszea pokyMmeHTy: 2019_N'pebeHiok_Bnapucnas_Po3pobkaTa A... 1000783761

«Po3po0Ka Ta A0oC/TiKeHHs aHali3aTopa MeTaHy»

I'peGenrok Biagucnae CeprilioBuu.

KnrouoBi c/1oBa: rasoaHaizaTop MeTaHy, iHbpauepBOHMUIA, cepeIHbOXBUNBOBUH, aHTUMOHIZ, iH7iO.
KopoTkuii 3MicT po6oTH: y faHiii po60Ti po3IsiHyTO TIPU/IaZ, 10 JETEeKTY€ Ki/IbKiCTb Ta3y MeTaHy y MoBiTpi
Ta OTr0 PO3MOBCIOZPKEHHS Y TIPOCTOPOBOMY PO3MOZLI.

AHOTAUIA

VY wuiti poboti 6yB po3pobisieHuii puaj, 10 BUMipIOE KOHLIEHTPALIit0 Ta3y y MPOCTOPi, Ta3, 1[0 AOC/iIKYEThCS
—1je Ta3 MeTaH.

[lnst BUsIB/IeHHs Ta3y MeTaHy OyB JOC/TiZ)KeHUH ceHcop, 10 BUpobJieHNH 3 aHTUMOHIY iHzto, 110 pearye Ha
JOOBXKMHH XBWIb 2,5-5,5 HM. Y pobori mpencraBneHuii po3paxyHOK HaAidHOCTI mpumafy, OIHcaHi
TEeXHOJIOTiuHi ITapaMeTpy KOMITOHEHTIB, 1[0 BUKOPHCTOBYIOTBCS Y TIPUCTPOL.

HocrigKyBaHa ycTaHOBKA MOXKe 3a0e3T1eunTH HaCTYIHI ITapaMeTpu:

. Ioty>HicTb npunagy 600 MBt
. YacToTa poboTtu 24MTI'1y

. Temneparypa rasy 273 K
Yacruna 1

1.1. 1MeTaH K JOC/IifPKyBaHHi ra3

MerTaH - € HAalMPOCTILIIOK OPraHiuHOK CIIOJYKOI0 BYIVIELFO 3 BOAHEM, IPUPOJHUH 6e36apBHMIi ra3 Oe3 3amaxy,
ximiuna popmyna - CHa.[1]

3ycTpiyaeThcst B 0Ca/IOBil TIOPOAi UM YOXJIi 3eMHOI KOpH y BUIVIAI Bi/IbHUX CKyIueHb, B PO3UMHEHOMY (B

HadTi, TJIaCTOBKX Ta TIOBEPXHEBUX BOZAX), PO3CiTHOMY, COpPOOBaHOMY MOPOAAaMU Ta OpraHiuHa PeYOBHHOKO Ta
rasorizipaTHomy craHax.[1]

Mertan (CH.4) - Ge36apBHuii ra3 6e3 3amaxy Ta HaHIIPOCTIIIMEA 3 yCiX MO/IEKy/ ByIieBOAHIB . B armocdepi

3emni CH4 mpucyTHill Maibke ycClog¥ BMiCTOM TNpHOIM3HO 2 YaCTHH Ha MilbHOH 3a obcsrom (ppmv) Ta

BUKJ/IMKAE 3HauHy CTYpOOBaHICTh /11 HABKO/UIIHBOTO CePe/IOBHUILA, OCKIIBKY Lie TAapHUKOBHH ra3 Ta 3pOCTa€ B
KOHILIeHTpaLii 3i mBUAKicTIO 6/113bK0 1% Ha pik . Xoua CH4 € HETOKCHYHUM, HOTO MPUCYTHICTb Yy IPYHTOBOMY
rasi BUK/IMKaE 3aHEINOKOEHHS 1110/j0 HABKOJIMIIHBOTO CepeloBUILLA, OCKINIbKY BiH MOJKe isITH SIK 3aJyL/IMBe Ta
€ BuOyxoHe6e3MeuHnuM TPU HasBHOCTI B MOBITPi KOHLIeHTpallii Bifg 5 10 15 BifcOTKiB. BU3HAIOUM MOTEHLIiHHY
Hebe3reKy, 1oB’si3aHy 3 npunosepxueBnm CH 4 . [2]

1.2, Omiaj NIPUHLUIIB POGOTH AaTUHKIB 3amaxiB

IpuHimn pobOTH AaTuvKa € OJHUM 3 HaWBaK/IMBILIMX B/IACTUBOCTEH, Tak SIK Bifl HbOTO 3ajI€Xarh CIIEKTD

BHU3HAUEHUX pEUOBMH, 4YaC BH3HaueHHs, IIOPOTroOBi KoOHI|eHTpaljii, BapTicte i iH. Ilapamerpu. Byzemo
Opi€eHTYBaTHCS Ha 110 K/1acH}iKarlito aTuuKiB 3a MPUHLIUIIOM poOoTH1:

1) iH(pauepBoHi (OnTHYHI);

2) TepMoXiMiuHi (KaTaniThyHi);
3) HaniBNpOBiOHWKOBI;

4) dhoToioHI3auinHI;

5) e/IeKTPOXiMiYHi.

PoboTa iH(pauepBOHUX [JATUMKIB 3aCHOBAaHA 3a TPUHLIMIIOM He JUCIEpPCiHHOTO iH(ppauepBOHOTO METONY
(HOIM). TIpuHuumn poGOTH JaTudKa, L0 BHU3HAYAE TUM i KOHI|EHTpAL[if0 Tra3y, 3aCHOBAaHWN Ha 3MiHi
iHTeHcBHOCTI IY BUMpOMiHIOBaHHS [0 i TiC/s MOIMIMHAHHS B iH(GpauepBOHOMY JeTeKTopi 3 LleHTpasbHOO
BHOOPUOIO UyT/IHBICTIO. [leTeKTOPY BUKOPHCTOBYIOTH /IBi XBHUJIi, OZfHa 3 SIKMX (AKTUBHA) MTOIIMHAETHCS ra3oM, a
apyra (oropHa) - HeMmae. [l akTUBHOI JOBXMHM XBW/Ii BUMIDIOETbCS piBeHb CHUrHajy, SKUH IOTiM
MOPIiBHIOETBCSL 3 €TaJOHHUM 3HaueHHsM. s iHopmaris 00po6rseTbCST 3 BHUKOPHUCTAHHSIM CyudacHHX
anropuTMiB. Pe3y/nbraTroM Takoi 00poOKM € JiHiHHUN BUXiJHUN CUTHAJ KOHL|eHTpaLlii rasy.

PoboTa JaTurKiB TaKOTO TUITY He 3aJIe)KUTh Bifl CTaHy HaBKOJIMIITHBOTO cepe/ioBUIa. BoHU CTiliKi 1o Bibpariii,
riepelkos, cuiikariB. Tak camo, JaTUMKM MarOTh BHUCOKY TOYHICTb, UyT/IMBICTb, HAAilHICTIO i HIBUAKUM
Bigrykom. TaTuvk He CXWIbHMH [0 «TlepeHacuueHHs», T. E. TIpu BeJIMKUX KOHIL|HTpaAL[isiX He Bif0yBaeTbCs
36iif poboTH JaTurka abo 3CyB MOPOroBUX 3HaueHb. OOC/IYTOBYBaHHS JATUHKIB, TIPH MPaBU/IbHIA yCTAHOBLI,
MiHIMaJIbHO - TIepeBipKa HY/IbOBOTO 3HaueHHs 6e3 KanibpyBaHHs HeoOXiHa OAWH pa3 B piK, L0 3HAUHO
Cripoiye TexHiuHe 06CIyroByBaHHsI NPUCTPOIB 3 CEHCOpPAaMH TaKOro THIy, aje He BHKI/IIOYAE 30BCiM.
HeponmikaMy BUKOpPHCTaHHsI iH(pauepBOHUX [AaTUMKIB € MOUYATKOBI BUTPATH Ha IX TMOKYIIKY, ieHTH]iKarlis
Ti/NIbKY KOHKpeTHUX rasis (MeTaH i CO,).

Pobora TepMOXiMiuHKX [ATUMKiB 3aCHOBaHA Ha BUMIpi peakiiii OKHC/I€HHS Ta3y. 3aCTOCOBYIOTHCS [jist
3HaXO/)KeHHsI KOHLIeHTpaLlili roproumx rasiB B mpocTopi. BrimB rasy Ha KataqiTUUHWHN JaTYvK MPU3BOJUT 10
ropiHHsa ra3y 0e3 yTBOpPEeHHs MOJyM'si, BHAC/TiJOK YOr0 3MiHIOEThCSI TEMIIeparypa KyJbKOBOTO JaTuuKa, IO
TSrHe 3a co60t0 3MiHy oropy. [la/i oTprMaHe 3HaueHHs OTIOpY MOPIiBHIOETLCS 3 €TaOHHUM 3HaY€HHSIM OTIOpY
JlaTuuKa, 110 He ITi/|IaBajIoCs BIUIMBY HAaBKOIMIITHBOTO cepefoBuilia. KoHIjeHTparlist ra3y JiHilHO 3a/IeKUTh Bif
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3HaueHHs1 OTOpY, UMM BHILle 3HaYeHHsI, TUM BHILje KOHLIeHTpaLlisi. KoHLjeHTpallito ra3y o6unC/IIo0Th IUISIXOM
BifICTe)KeHHs 3MiH O1opy.

IMpuHIMn po6OTH TePMOXiMIUHUX AATUMKIB Ma€ psif TepeBar: IUPOKUI CIeKTP iJeHTH(iKOBaHUX PEYOBUH
(metaH, 3pimkenuii HadToBui ra3 (3HI'), mpomax i iHmi roproui rasu), poboTa [JATUMKIB He 3a/€XKUTh Bif
CTaHy HaBKOJIMIITHBOTO CepejOBUIIA, HEBHUCOKA BapTicTh. Tak camo, € psif iCTOTHHUX HeJO/MiKiB: CXUIbHI Z0 Ail
cunikaTiB,

MO’K/IUBO TIeDeHaCHUeHHs IeTeKTyeMUX [a30M BHACIIIOK BIVIMBY BUCOKUX KOHLIEHTpaLlili, B pe3y/ibTari 4oro
[ATUMK MOXe BHHTH 3 jagy, abo MOXyTh OyTH 3MilljeHi 1MOporosi 3HaueHHs. Yepe3 CyTTEBHMX HeIOJIKiB
PEKOMeH/YETbCsI TTPOBOAUTH KatiOpyBaHHsI HY/sS i MOPOTOBHMX 3HadeHb JAaTuMka OJMH pa3 B KBapTas, L0
icToTHO 36i/BIIIYy€E BapTiCTh 06C/IYTOBYBaHHSI.

HaniBnpoBiAHMKOBI AaTYMKK MpHU3HauUeHi /7151 BUSHaYeHHs CipKOBOJHEBUX CIOMYK. BiZiMiTHa KOHCTpYKTOpChKa
0CO6/MBICTE JATUMKIB B TOMY, 1[0 Ha KPEMHI€BY MiZIK/IaZKy HAHOCSAThLCS ILIAPY HarpiBaslbHOI TTiBKU. TaKoX 5K
i y KaramiTWYHMX [aryukiB, IX [id 3acHOBaHa Ha BJIACTUBOCTSX IOIIMHAHHS rasy IOBepPXHeI0 Harpitoro
oxcuay. B pobouomy craHi, Konu MpUCyTHIN iHINWH ras, 0 BUKIMKAE€ OKUC/IIOBAJIBHO- BiJHOBHY peakliito,
KOHL|eHTpallisl HeraTUBHUX i0HIB KMCHIO 3MeHIIYeTbCA. Lle MpU3BOAUTE 0 3MeHILeHHs IPAHUYHOI HaNpyTy, i,
SK HACIiIOK, [0 3MeHILeHHs ONopy Jaruuka. UyTIMBMIl Marepian faTuvka Mae HU3bKY IPOBifHICTL B
MPUCYTHOCTI 4UCTOro MoBiTps. Ilpy MosiBi /eTeKTyeMOro roproyoro rasy, MpoBiJHICTe JaTyMKa 3pOCTa€ 3
POCTOM KOHL|eHTpaLil LIboro rasy. MatoTh INUPOKHUI CTIeKTP JleTeKTyEMUX DeUOBHH: FOPHOUNI ras, NIPUPOJHUIN
ras, KOKCOBUH ras, BOZIeHb, TIapH CIIUPTY, 030H, OKCH/, BYTJIeLt0, amiak, 6eH30J1, CipKOBOZIeHb, JIeTI0Ui OpraHiuHi
peuyoBrHu (JIOP). HamiBrpoBiJHUKOBI AaTuMKK TMPOCTi, HaAilHi i MalOTh BUCOKWH CTYMiHb YYTJIMUBOCTI.
[I1poKo BUKOPHCTOBYIOTBCS B [IeTEKTOPax MOOyTOBOTO rasy. Y IPOMUC/IOBOCTI He 3aCTOCOBYIOTHCS, TOMY 1[0
He [IOCMTb TOYHi NpU BU3HAueHHi OKpeMHX rasiB, uyTMBi [0 aTMocdepHOi TemriepaTypy i BOJIOrOCTi,
TMOBi/IBHO NPOXOJUTh IIPOLleC OuuilieHHs mics ifeHTudikanil rasy. PekoMeHyeTbCs IPOBOAUTH IepeBipKy
JATUMKIB i KanibpyBaHHs MOPOroBHX 3HaueHb OJMH Pa3 B KBapTa/l. TOMY L0 He JI0OCUTh TOUHi TIPY BU3HaYeHHi
OKpeMHUX rasiB, uyT/uBi flo aTMochepHOl TeMIiepaTypy i BOMIOrOCTi, IOBINBHO NPOXOAUTH MPOLIeC OYUIL[eHHS
micns ipeHtudikarii rasy. PeKoMeHAYeTbCs NPOBOAWTH MeEPeBipKy [JaTuMKiB i KajniGpyBaHHsS MOPOTOBHX
3HayeHb O/IMH pa3 B KBapTal. TOMY L0 He JOCUTb TOYHI DM BH3HAUeHHI OKPeMHX rasiB, YyTIUBi J0
aTMoc(epHOI TeMIiepaTypy i BOJIOTOCTi, MOBIJIbHO MPOXOJUTh TPOLIeC OUMILeHHs Mic/s ifeHTHdikaLlii rasy.
PekoMeHZIy€ThCs1 IPOBOAWTY NepeBipKy JaTuMKiB i KanibpyBaHHs TOPOroBHX 3HaueHb OIMH pa3 B KBapTall.
[leTeKkTyBaHHsI peyoBUH (POTO-iOHI3aLilHNI ceHCOpaMH 3iMCHIOEThCS Tif Ai€r0

yAbTpadioseToBOro BUMPOMiHIOBaHHS. ['a3 MpOXOAUThH uepe3 CEHCOPU JaTuvKa i MOJIeKY/M OpraHiyHuX i
HeopraHiyHMUX peuoBHH iOHi3yl0TeCsl. PoboTa doro- ioHizanifiHux gatunkis (PI/I) 3acHOBaHa Ha BUMipIOBaHHI
CTpyMy, BHUK/IMKAHOrO ioHi3aljiero MosieKysn rasiB i mapiB (oToHamy, BUIIPOMiHIOBAaHHUMH JKEPEeIoM
BaKyyMHOro yisrpadiosnietooro ([BY) BunpomiHoBaHHs - [IBY-rmamriu.

[IBY-BunpoMiHIOBaHHsI uepe3 BiKHO JIAMITU BUXOJUTH B i0Hi3aliliHy Kamepy, /ie BCTAaHOBJIEHi [jBa eJIeKTPOH,
O[IVH 3 IKWX 3'€HAHUH 3 JKepesioM >KUBJIEHHS], a iHILIMI 3 eJIeKTPOMEeTPoM. ¥ ioHi3aliliHy Kamepy MoAa€eTbCst
npoba. Ilig Ai€ro BUMPOMIHIOBaHHS KOMITIOHEHTH 3 €HEpri€lo ioHi3allil, MeHIIOH eHeprii (OTOHIB, IO
BUIyCKaloTbcsl [IBY-nammoro, ioHisyroThcs. B ioHisawliiiHili kamepi MNpOTiKae CTpyM, Be/JMUYMHA SIKOTO
MPOTIOPI{iiHA KOHI[EHTpAL[ii JOMiIoK. IIpU I1bOMYy KOMIIOHEHTH UHCTOTO TIOBIiTps, MarOTh Oi/IbII BHUCOKL
roTeHIjiasv ioHi3alii, mo He ioHi3yOThCcs. DoTO-iOHI3aALiNHI [JaTUMKKA MOXYTh [eTeKTyBaTH HeBeIrKa
KI/IBKICTBb rasiB: MeTaH, ajIkaH| i [IiOKCU/, BYTJIeL0.

EnexTpoxiMiuHi JaTuvKy [03BOJISIFOTh BU3HAUaTH KOHL|EHTpALilo rasiB y CyMillli 3a 3HaUeHHSIM eJIeKTPUYHOI
TPOBiJHOCTI PO3uUMHY, SKWWA TOIMMHYB Ijed ra3. [JaTuMK{ [aHOro TUITy 3aCTOCOBYIOTHCSI [/Isi BUSIBJIEHHS
TOKCUYHOTO rasy (BojeHsb, GocdiH, amiak, yaZiHUM ra3, OKCH/ CipkH, OKCH/J, a30TY, XJI0p, CipKOBO/eHb i iH.) B
BHUPOOHMUMX TpoliecaX. BH3HaueHHs KOHIL|eHTpalil ra3y Bifi0yBa€eTbCsl LIXOM BHUMIPIOBAaHHSI CTPyMy 3
e/IeKTpoxiMiyHoro rnpuHunoM. Ha po6oyomy enekTpofi BcepeivHi e1eKTPUUHOI 0CepeiKy MPOXOAUTh MPOLIeC
esleKTpoxiMiuHoro okucieHHs. CTpyMm, sKMH BHPOOJSETHCS NPU peakiil AeTeKTHKTYEMOIO Trasy, IpsMO
NpoNopLiiHUil KoHLleHTpaLjil rasy. JlaTuiky BiJjpi3HAOTHCS BUCOKOIO e(eKTUBHICTIO, Ha/liliHICTIO, Yy T/IMBICTIO
i HEeBHCOKOIO 11iHOM0. Tak camo, aTulKy He pearytoTh Ha 3MiHU BOJIOTOCTi, He BUMararoTb HarpiBaHHS,

Bci npuHImmM poO0TH JaTYMKIB MarOTh CBOI MO3UTHBHI | HEraTUBHI CTOPOHH.

3asie)xHo Bij cdepy 3acTOCYBaHHS BHOMPAIOTH TOM UM iHIIMH TUI AaTuMKa.

Metoay feTeKLil PO3BMBAIOTHCS, B OCTaHHI Ki/libKa POKIB 3'IBU/IMCS JJaTUMKK Ha OCHOBi HAHOTPYOOK, siKi
3[laTHI BUSIBUTY PEYOBMHY B HalMeHILMX KOHLleHTpalisaX. JJoc/i/KeHHs B LIbOMY

1.3. Tunu ra3oBux aHajisaTopis

T'a3o0aHamizaTopH - MPUIAH, 10 BU3HAYAIOTh HAsIBHICTH Ta BUMIDIOIOTH KOHIIEHTPAIIi}0 OZIHOTO UK 6aratbox
CKJIaJHUKIB B cyMmimax ra3y . KokeH aHanmizaTop rasy npusHaueHWi [ BHUMipIOBAHHS TiIbKA TEeBHUX
CKJIa/IHVKIB Ta KOMIIOHEHT Ha TJ/1i KOHKpeTHOI ra3oBoi cymimii. [Topsifi 3 BUKOpUCTaHHSIM OKpeMUX aHasi3aTopiB
razy OyayroThCs cHCTeMH, siKi 06’€QHYIOTh B TpPylM Ta CTBOPIOIOTH B3AEMOIOB’SI3aHi CHUCTEMH [IJist
BUMIPIOBaHHS KOHL|eHTpaLil y MeBHUX JiISHKaX [IPOCTOPY .
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Knacudikauisi rasoaHani3aTopiB BefeTbCsl 3a Pi3HUMH KpPUTEpisMU THEBMaTHYHi, MarHiTHi, MexaHiko-
€JIeKTPUYHi, ONTHYHi, TEePMOKOHAYMETPHUHi, TepMOXiMiuHi, iH(payepBoHi, OMiHeclieHTHi, (HoTO-
KaJIoMeTpH1uHi, XiMiuHi, ioHi3aL|iliHi, eneKTpoxiMiuHi .

1.3.1. TepMOKOHAYKTOMeTPHYHI ra30aHa/Ii3aTopH.

[ist ix 6a3yeThCs y 3MiHi TEMIONPOBiAHOCTI B 3a/1€)KHOCTI BiJj CK/Ia[y ra30BOi CyMiLlri.
TepMOKOHAYKTOMETPUYHI aHa/li3aTOpU rasy 4acTillle 3a BCe BUKOPUCTOBYIOTBbCS TOZi I TUIBKU TOZi, KON
NoTpibHI BUMIpIOBATH /HIlle OJHY CKJIaZOBY rasy, To6TO OJHY KOMIIOHEHTY, Yepe3 Te 1|0 He MaroTh BeJMKOI
BUOIPKH, /11 BU3HaueHHs1 KoHrjeHTpaiiit H » , He, Ar, CO , B ra3oBux CyMiIliax, 1o Mictsate N . Uy T/IMBiCTh
L[BOTO aHai3aTopy rasy CK/Iajila€e A0 [eCATKIB BifCOTKiB 3a 06’emoM, TOOTO Ieli aHamizaTop MOTpi6HO
BUKOPUCTOBYBATH TO[i, KOJIK OfUH KOMIIOHEHT MOTPi6HO BU3HAUUTH B [IOBOJIi TOUHUX KOHIIEHTpALIisX.

1.3.2. TepmoximMiuHi razoanasizaTopu.

Ix mpuHLMN nonArae y BUMiprOBaHHI TenioBoro eekTy XiMiuHOI peakiii, B sKiii 6epe yuacTb KOMIIOHEHT,
KU TMOTpiOHO BM3HauMTH. Y OiMbIIOCTI BUMAAKIB BUKOPUCTOBYETHCS OKUC/IEHHS CK/IQJHUKIB KHUCHEM
MOBITPs; Karajli3aTopd — MapraHijeBO-MiJHUM uM [pibHO [JUCIiepCHA IIaTHHA, HAaHeCeHa Ha TIOBEPXHIO

MOPUCTOrO NpUazy. 3MiHa TeMIepaTypd  IIPY OKUC/IeHHI BUMIpIOIOTb 3a [JOIIOMOIOI0 MeTajleBOro JpoTy 41
HarniBIPOBiJHUKOBOIO TepMO-pe3ucTopa. Y psfi BUMNAJKIiB Karali3aTopoM BUCTYIA€ IJIAaTUHOBUN TepMo-
Pe3ucTop, SIKWM BUKOPHMCTOBYIOTH SIK TPUCKODIOBau peakiiii. BeqvumHa moB'si3aHa 3 4ucyioM mosieli M
OKHCJTEHOTO KOMITOHEHTa Ta TeTlJIOBUM e(eKTOM CHiBBifHOIIeHHAM: , Je k-koedillieHT, Mj0 BpaXxoBye BTpaTH
Terl/1a, L0 3a/leXXaThb BiJ KOHCTPYKLIiT npuiazgy.

1.3.3. MarsiTHi razoaHasizaTopu.

IIi anamizaTopy rasy 3acTOCOBYIOTBCSI TOZi, KOJMIM TIOTPiOHO BHM3HAUMTH CK/IQZOBY ra3y II0 MarHiTHUM
rapaMeTpaM, BUKOPHMCTOBYIOUM MarHiTHI BJacTUBOCTI rasy. € JBa TUMM rasiB: apaMarHiTHi, 1110 BTACYIOTbCS B
MarHiTHe I0jle Ta iaMarHiTHi, 1[0 He BTATYIOTbCSl B MarHiTHe moJe.

MarHiTHa CHpPUAHATIVBICTE-BEJIMUMHA 3a [OTIOMOTOI0 sIKOi Iieid MeTo[ 3[ilCHIOETBCS, BiH BHMIiDHOETHCS
KiJIbKicHO. MarHiTHa CripudHSAT/IMBICTh MapaMarHiTHUX rasiB € MO3UTUBHOIO BeIMUMHOIO, JliaMarHiTHUX rasis -
HeraTMBHOK. MarHiTHa CIpUHHSAT/INBICTE Ma€ BJIACTUBICTb aJUTUBHOCTI, TOOTO CK/Ia/A€ThCS.

IMapamarHiTHi BTacTMBOCTi MaroTb KHCEHb i OKHC a30Ty, PHYOMY 3a abCOMIOTHMM 3HaueHHsIM iX Mar”iTHa
cnpuiiaaTvBicte B 100 pasiB i 6inmblie MepeBUIye MarHiTHy CIPUMHSTIMBICT IiHIUMX Ta3iB i mapis.
Hanpuknaz, 3a 40noMororo 1ii€i BJaCTUBOCTI BUMIDIOETBCSI KOHLIEHTpAL|isl KUCHIO . TOUHICTb BMMIipIOBaHHs
KOHLieHTpaliii ckiazgae 10 2 - 100%.

B nporo tuny anHasizaTopy rasy BUMIpPIOIOTh CH/IM, IO AiIOTh Ha BMillleHe B aHajli30BaHy CyMIIll TiJio B
HeOJHOPiJHOMY MarHiTHOMY MOJi.

Binbir TouHi BUKOHaHI MO CXeMi KOMITeHcalliif, 1o mij uac obepTaHHs poTOopa BPiBHOB)XYETHCS BiZJOMHM
MOMEHTOM, /711 CTBOPEHHsl SIKOTO BHUKOPHCTOBYIOTbCS MarHiToe/leKTpUYHe UM e/IeKTPOCTaTH4HA. CUCTeMU,
BPiBHOBa)Ky€ThCs BifIOMUM MOMEHTOM. AJjle POTOPHi aHa/i3aTopy CK/IaJHi i Ha/mamTyBaHHs iX notpebye 6araro
yacy.

1.3.4. ITHeBMaTHUHi ra3oaHasizaTopHu.

CyTb CeHCOpy NOJIATaE y 3a/1eXKHOCTI LI{IIbHOCTI Ta B’SI3KOCTI rasy Ta ra3oBoi cymiuii Big, ii cknagy.

Cywmil 3MiHIO CBOI MapamMeTpH Ta iX BU3Ha4YarOTh 3a J0MIOMOrOl0 3MiHU NTapaMeTpiB Ti/jpoMeXaHiuyHOro MOTOKY.
Amnanizarop rasy 3 rnepeTBoproBayeM Ha JIpOCeIbHOMY IPHHLIMII BUMipIO€ TifjpaBiiHUi OMip Karinspa Mnpu
NIPOITyCKAaHHI Yyepe3 HbOro rasy UM ra3oBol CyMmilii

ITpu nocriiiHill neperoHi rasy uepes Apocesb BUMIPIOETHCS Mepernaf, TUCKY Ha HbOMY, IL{i/IbHICTB Ta B’SI3KiCTb
rasy.

CTpyMeHeBi aHasi3aTop rasy /ja€ MOXK/IMBICTb BUMIpIOBaTH JMHAMiYHWN THUCK CTPYMeHs rasy, 10 /IaBUTh Ha
comja JWHaMiuHMil. IX BMKOpPUCTaHHS MOXHA TOMITMTH, HanpuK/iaj, B a30THiil MPOMMCIOBOCTI /s
BUMiproBaHHs BMicTy H, B a30Ti (giarnazon BumiproBanHst 0-50%), B mpomMuciioBocTi - 71t Bu3HaueHHst C1, (0-
50 ta 50- 100%). Yac BUMipy € Ma/liM Ta CTaHOBUTb JieKi/ibKa CeKyH[], TOMY iX 4aCTO BCTAHOBJIFOIOTb B MiCLISIX
JJIs1 BU3HAUeHHs! KOHL|eHTpal{il rasy Ta BubyxoHebe3neuHHX MiCLisX, [ie KOHLIeHTpallis MeHIlle j0 BUOYXOBOI.
1.3.5. IndpayepBoHi razoaHasisaTopu.

His ix mossrae y TOMYy, IO MOJIEKYIM BHOIDKOBO TOIIMHAIOTHCS iH(pauepBOHMM BHUIIPOMIHIOBaHHSIM B
piamasoHi 1-15mkm. lle BUNpOMiHIOBaHHS MOXKe MOIVIMHYTM yCi Tasd, B SIKMUX MOJIeKy/la CK/IaJaeTbCs
ILI[OHalMeHIIIe 3 [IBOX Pi3HUX aTOMiB

Benukuil crieKTp MOrMIMHAHHS Pi3HUX rasiB /la€ MOX/IMBICTb BUMIpIOBAaTH BeMKY Ki/lbKiCTh pi3HUX rasiB Ta
cyMillle, 11j0 Ma€ BUCOKY BHOIpKY Ta Ma€ IIMPOKe 3aCTOCYBAHHs B J1abopaTopisix Ta MPOMHUC/IOBOCT.

Mae 3aaTHiCTh BUMiproBaHHs KoHLeHTpatlii 10 * -100%. B gucrepciiHUX aHasi3aTop ra3aX BUKOPUCTOBYHOTh
BUIPOMIHIOBAHHS OfHi€l NOBXMHM XBWJI, OTPUMaHe 3a JONOMOTOI0 MOHOXPOMATOpiB, TPH3M, Audpaxiii,
peuriTok. Y He [AUCHepCiHHMX aHami3aTop ra3ax, 3aBAsSKM OCOOIMBOCTAM ONTHUUHMX CXeMH IpH/IaZy
3aCTOCYBaHHS  CBiTNIOGMINETpM TnpuiiMauiB BUINPOMIHIOBAaHHS BHKOPUCTOBYIOTb He MOHOXPOMATHYHI
BUMPOMIHIOBAHHS.
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PucyHok 1.1. Knacudikarjisi onTHUHUX MpuiafiB 3a Gi3snyHUM MPUHLIMTIOM

PucyHok 1.2. Knacudikarjisi oOnTUUHKUX MPUIAZiB 3a TEXHIUHUMH 03HAKaMU

1.3.6. YaeTpadiosieroBi rasoanasnizaropu.

[puHuun iX Aif - cesleKTUBHe MOIIMHAHHS MOJIeKy/1aMU ra3iB NapiB BUNIPOMiHIOBaHHs B fiana3oHi 200-450 HM.
Ce/leKTVBHICTh BHU3HaUeHHsI OJHOATOMHHX rasiB JyKe BHCOKa. Lle yHiBepcasbHa riardopma AeTeKTYBaHHS
razoBoi xpomarorpadii . etekuis BYX 3abe3mneuye siK sKiCHY, Tak i KiJIbKiCHY CIIeKTpanbHy iHpopMaLito As
GiIBIIOCTI CrOMyK ra30Boi (asu.

CrekTpasibHi JjaHi - € TpUBUMIpHMMHM (uac, TOIVIMHAHHS, AOBXWHA XBWIi) i XapakTepHi /s XimiuHol
CTPYKTYpH. Maiike BCi CTIO/TyKH NOT/IMHAKOTE B 0671acTi BYX eleKTpoMarHiTHOTO CrieKTpy 3a BUHSATKOM rasiB-
HOCIIB BOZHIO , r'eJlito Ta aproHy

. ©oToHM BUCOKOI eHeprii, KOpoTKoi xBuli BYX 30HAYyIOTb eneKTpOHHI Nepexogu Maibke y BCiX XiMiuHHX
3B’s13KaX, BK/IFOUAFOUM OCHOBHUI CTaH /10 30y/pKeHOro . Pe3ysibTaToM € crieKTpasbHi "BifOMTKY ManbLiB", sKi €
crietpivHUMU 711 OKpeMol CTPYKTYPH 3'€JHaHHS i MOKYTb OyTH JIerko ineHTH(ikoBaHi.

JleTeKTOpH /IOMIOBHIOIOTH Mac-CIIEKTPOMETPIIO , sika 60PeThCs 3 XapaKTePHUCTUKOK KOHCTUTYLIIMHUX i30MepiB
Ta CIOJYK 3 HU3BKWMU MaCOBHMH KilbKiCHUMH ioHamu. CIIeKTpH TaKoK MOXKYTb OyTH BHKODHCTaHi JJIst
BiIK/IFOUeHHsT OOBYIVIEHHs aHa/iTy, W0 NPU3BOAUTH [O TOUHOIO KiJIbKiCHOTO TIpe/CTaB/I€HHS BHECKY
iHAMBiZlyabHOrO aHasiTy B BUXiAHMN BiAnoBigb. Lle XapakTepHO Mif/la€ThCs 3HAUHOMY CKOPOUEHHIO uacy
BUKOHAaHHS 38 PaXyHOK XpOMaTorpahiuyHOro CTUCHeHHS], TIOCH/IEHOTO BUTPATOIO.

IBo- i GararoaromMHi rasd MarOTh Oe3lepepBHHUI CHEKTP TMOMHWHAHHS B Y®- 00/1acTi, IO 3HWKYE
CeJIeKTHBHICTb IX BU3HaueHHs. OfiHaK BiZICyTHICTh criekTpa Y®- nornuHaHHs B Bogi Ny, Oz, CO, fo3Bosisie B
faraTbOX IPaKTUYHO BaXJIMBUX BHWIAJKAaX MPOBOAUTH [OCHTh CeleKTHBHI BHMipoBaHHs. [liarmasoH
BU3HAYAETHLCS iX KOHIEHTpaLisamMu 3a3suyaii 10 -100% (a5 napu gianasod pryTi 2,5-10 -6%).
YnbTpacioneToBuii aHani3aTop BUKOPUCTOBYEThCS [/Is1 aBTOMaTUUHOIO KOHTPO/M0 BMicTy Cla, O3, SO, NO,,
H, S, C10,, guxnoperaH, 30KpeMa B IIPOMHC/IOBUX BUKH/AX, @ TAKOX JJis1 BUsiBlieHHs napiB pTyTi, Ni (CO)4, B
TIOBITpi BCcepe/ivHI NPUMilLieHb.

1.3.7. JIromiHecLieHTHI ra3oaHasiisaTopu.

OnTHuHi AaTYMKU KUCHIO B OCHOBHOMY 3aCHOBaHi Ha TIPUHLIUII TaciHHs MoMiHecreHwii. Ha BigmiHy Bif yxe
ICHYIOUMX CHACTeM Ha OCHOBI IHTEHCHBHOCTI, BUMIPIOBAHHSI TPUBAJIOCTI JIFOMiHeCLIeHLii Jja€ MeBHi MepeBary,
TaKi sIK HeYyTIMBiCTb BUIYroByBaHHsl OapBHMKAa ab0 3MiHM iHTEHCHBHOCTI cBiT/a 30ymkeHHs. Lle moneriye
BUKOPUCTAHHSl IIPOCTHX ONTWYHMX BOJIOKOH. Metozu a30BOro BHMIpIOBaHHSI IIOKa3ald IOTY>KHUM
iHCTpyMeHT A7l HempsMOro BHMIDIOBaHHSI JKWTTA JroMiHecreHnii. Tyr OapBHMKM 3 4YacoM po3mamy
JroMiHecLleHLil B MOPSAZAKY [ecATKiB 4d COTeHb MIKpPOCEeKyH[, [03BOJISIIOTh BUKODUCTOBYBATU IIPOCTY OMNTO-
€/IeKTPOHHY CXeMy Ta HeZlopory 06po0/II0BabHy e/IeKTPOHIKY.

Y XeMitOMiHeCLIeHTHUX aHajli3aTopax rasy BUMIpPIOIOTb IHTEHCUBHICTb

JIFOMiHeCLIeHL T, 30y)KeHOl 3aB/sSKK XiMiuHil peakiii KOHTPOJbOBAHOTO iHIPEiEHTa 3 PeareHTOM Y TBepAii,
piAkiit uu rasomnopi6Hil ¢asi. [Tpuknaz - B3aemoaiii. NO 3 IIpo ;3 , 11J0 BUKOPHUCTOBYETHCS [/l BU3HAUeHHs
OKCHJIB a30Ty:

NO+03->N0,"+0,->NO,+hv+0,

1.3.8. ®DoTO-KOJIOPUMETPUYHI ra3oaHasiizaTopu.

LIi nmpuagy BUMipIOIOTh iHTEHCUBHICTb 3a0apB/ieHHsI TIPOAYKTIiB BUOIPKOBOI Mi>K BU3HAaYeHHUM KOMITOHEHTOM
Ta crieLiia/ibHO TiZibpaHuM peareHTOM. Peakijito 371iliCHIOIOTB, SIK MPaBW/IO, B PO3uMHi (pifuHHI aHamizaTtopu
rasy) ud Ha TBEpPJOMY HOCii y BUIJIsiAi CTpiuku, TabieTky, mopoiiky (BiamosizHo CrpiukoBi, TabeTkoBi,
MOPOIIIKOBI aHastisarop rasy). JlerekropHa TpyOKa - Iie rpajyioBaHa CKisiHa TpyOKa, HarllOBHEHa XiMiuHHAM
peareHTOM, 1110 NpU3Be/ie [0 3MiHU KO/IbOPY IPU BIUIMBI Ha Hel rasy. 3aCTOCOBYETbCS 3a JJOIIOMOIOI0 PyYHOIO
Hacoca, sIKWii BTSITHe 1po0y B TPyOKY.

TpyOKH, SIK TIPABHJIO, TIOCTAYAOTLCS B YITAKOBIi 10 JIeCATH i 3aredaradi Ha 060X KiHIsgx. B mporeci po6otr
HAaKOHEUHWKH O0pHBAIOTBCS, a TPyOKa BCTAaB/ISETHCS B PYUHMM Hacoc. 3aje)kHO Bif BHPOOHHMKa, Hacoc
BUKOPUCTOBYE ab0 cuib(hoH, a60 KOHCTPYKLIit0 MOPIIHS, POTArytoun 100-MimimiTpoBHii 3pa3ok uepe3 TpyOKy.
Ko npoba npobupaeTbest Bropy 1o Tpy0lLii 0 Hacoca, BiH pearye 3 peareHTOM TaKUM YKMHOM, 110 JOBXKHHa
YTBOPIOETHCS 3MiHU KO/MBOPY NpoNopLiliHa KoHLeHTpawii. Touka, Ko/ 1 peakLjisi IPUNHUHAETHCS, 3UUTYETLCS
3 rpa/lyOBaHOTO MapKyBaHHs Ha TPYOLIi.

®DoT0-KONOpUMEeTPUYHI aHasi3aTopyd Tra3y 3aCTOCOBYIOTh [l BUMIipIOBaHHS KOHL|EHTpAlii TOKCUUHMX
JoMiIIoK (Hamp., okcugiB asoty, ITpo », C1 ., CS ,, O 3, H, S, NH 3, HF, docreHy, psgy opraHigyHux
3’efHaHb)B atMocdepi MoBiTpi npuMimeHs. ITpu KoHTpoOIi 3abpyAHeHb MOBITPsI LIMPOKO BHKOPHCTOBYIOTh
NepeHOCHi NPWJIa/iv TepioAnyHOI Aii. Bemke urcio GpoTo-KoJOpUMeTPUUHHI aHali3aTop rasiB 3aCTOCOBYIOTh
SIK TQ30CUTHAIi3aTOPiB.

1.3.9. EnexTpoximiuHi rasoanasizaTopu .
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EnextpoximMiuHuii faTumK rasy BUMIipIO€ KOHL|EHTpaLlil0 1{i/IbOBOTO rasy, BUKOPHUCTOBYIOUN PeaKLiil OKMCIeHHs
abo Bi/jHOB/eHHsI /75l TeHepyBaHHS TTIO3UTHBHOTO ab0 HEraTWBHOTO TTOTOKY CTPYMY Yepe3 30BHiIlIHii KOHTYP.
OCHOBHi KOMITOHEHTH €/IeKTPOXiMiUHOTO JATUMKA BKJFOUAlOTh "pobounii” enekTpos,

"niunbHUI" enleKTpoy B 6inbLIOCT] BUMa/KiB "onopHUH" eneKTpoj. 1]i KOMITOHEHTH TIO€{HYIOTLCS BCepeAnHi
KOPITyCy /IaTuMKa 3 PiZIKMM eJIeKTPO/IiTOM. Y BepXHill UaCTHHi JlaTUMKa € OTBip, 1[0 00MexXye MeMbOpaHy Ta
Iudysito, yepes siKe HABKOJIMIIHE TOBITPsl B3a€EMO/I€ 3 e/IEKTPOJITOM aTuuKa.

OCHOBHMMHU KOMIIOHEHTaM¥ eJIeKTPOXiMiuHOro AaTtumka € pobounii (abo 4yT/IMBHI) eneKTpof, 3yCTpidHMI
eJIeKTPOZ, i, SIK TIpaBUJIO, eneKTpoZ Bifiky. Lli enekTposau ykiazieHi B KOPIyC ZaTurKa Py KOHTAKTi 3 piAKUM
esieKTpostiToM. Pobounii eslekTpof 3HaXOAWUTRCS Ha BHYTPIILIHIN rpaHi TedI0HOBOI MeMOpaHH, OPHCTOI [Is
rasy, ajle HelIpOHUKHOI /7151 eJIeKTPOIITY.

a3 gudyHaye B fgatuuk i uepe3 mMemOpaHy Ao pobouoro enektpopa. Kosm ras3 morparuisie Ha pobouunit
e/IeKTpOo/, BifI0YBA€ThCS e/IeKTPOXiMivdHa peaklisi; abo OKuciIeHHs, abo BiJHOB/IEHHS 3a/Ie)KHO BiJ| THITY rasy.
Hanpuknaf, oKcHz, ByIJIELI0 MOXKe OKUC/TIOBATUCS [0 BYTJIEKHMCJIOTO ra3y abo KMCHIO MOXKe 3BOZJUTUCS JI0 BOAU.
Peakijisi OKHC/IEHHSI TIPU3BOJWTH [0 HA/IXOZKEHHs €/IEKTPOHIB BiJ, po6OUOTo eeKTpoja /0 TPOTHIIEKHOTO
e/IeKTpOo/ia yepe3 30BHilIHIN JIaHLIFOT; | HaBMaKy, peakL{isi Bi/{HOB/IeHHsI IPU3BOAUTD [I0 TIOTOKY e/IeKTPOHIB Bif
3ycTpiuHOro esieKTpoga Ao pobouoro enekrpoga. llel MOTIK esIeKTPOHIB YTBOPIOE €JIEKTPUYHUH CTpyM,
MPOTOPIiHHUI KOHIleHTpallii ra3y. EjeKkTpoHika B Npu/aji BU3HAUYAE i TiJCHUIFOE CTPYM i Maciitabye BuXif
BiJMOBifHO M0 KanmibpyBaHHs. IToTiM mpuiaz BiZoOpaXkae KOHLIEHTpALlil0 ra3y, HanpuK/Iaf, B 4YacTKaxX Ha
MinbiioH (PPM) [/ JaTUMKiB TOKCMYHOTO Ta3y Ta BiZICOTKOBOMY 06'eMi /1St AaTUMKIB KHUCHIO.

Y KOH[YKTOMETpPUYHHUX aHa/li3aTopax rasy BUMIpIHOETbCSl e/IeKTPONPOBiJHICTb PO3UMHY IPU CeIeKTUBHOMY
TIOIVIMHAHHI iM BU3HAYa€eThCsl CKlagoBa. Heomiku 1UX aHas1i3aTopiB rasy - HU3bKa BUOIPKOBICTh Ta TPUBAJIICTh
BCTAHOBJIEHHsI TI0Ka3aHb TPU BUMIDIOBAHHI MaauX KOHLeHTpauiil. KoHAyKTOMeTpUuHuM aHamisaTtop rasy
LIMPOKO 3aCTOCOBYIOTH AJ1s1 BU3HaueHHs [1po 2, CO, SO ., H» S, NH 3 Ta iH.

1.3.10. Ioni3aniiini rasoananisaropu.

IMoeepxHeBa ioni3aris (T1I) - Le popma eTeKTyBaHHs rasy, sika CITUPAETLCS Ha XeMOCOPOLiF0 MOJIEKY/T aHAITy
Ha HarpiTUX TBePAMX INOBEPXHSX Ta Ha BUIyueHHs YTBOPEHMX iOHIB aHajiTy 3 MoBepxHi afcopOeHTy B 6ik
MPOTH/IEXKHO 3MIIIIEHOTO JIiUMIbHUKA. [TysKe 1ikaBor ocobmsicTio ITI mporiecy € Te, 1110 BiH 3HAYHO MipOi0
HeuyT/IMBU 10 Ma/lMX MOJIEKYJT 3 BUCOKOIO i10Hi3yIOUOKO eHeprieto.

[lisi 3acHOBaHA Ha 3a/Ie)KHOCTi e/IeKTPOINpPOBIAHOCTI rasiB Bif ix ckiaagy. IlosBa JOMILIOK B rasi UMHWTbL
[IO[aTKOBUH BIUIMB Ha OCBIiTy iOHIB abo Ha iX PyX/IHUBICTb i, 0T)Ke, Ha pekombiHaijito. Pe3ynbTyroue 3miHa
MpoBifHOCTI TIporiopuiiiHa BMicTy fowmimok. Llefi Bup BubiproBOCTI pobuTh BusiBieHHs I1I wikaBuMm Ajist
BUSIB/IEHHS] OPraHiUHUX NMPO/AYKTIB po3Mazy, He3aKOHHMX HapKOTHKIB Ta psiAy iHIIMX HebGe3euHnX Marepiais.
BoHy BUKOPUCTOBYIOTh iOHI3yIOUY [1it0 BUTIDOMIHIOBaHHS Ha 3allOBHEHOMY ra3oM JaTuuKy. SKILo yacTka Mae
JIOCHTH eHeprii , 06 ioHi3yBaTH Ha ra30BUii aToM ab0 MOJIEKY/Ty, B Pe3yJIbTaTi eJIeKTPOHH i i0HW BUK/IMKalOTh
MIPOTiKaHHS CTPYMY , SIKUI MOKe OyTH BU3HaAUeHUH.

[HetexTopu raszonofibHOI ioHi3aLii CKIajaloTe BaXKIMBY TpYyIy NPWIAZiB, IO BUKOPUCTOBYIOTHCS [JIs
BUSIB/IEHHS] Ta BUMIpIOBaHHsI BUITPOMiHIOBaHHS. LS cTaTTs /la€ KOPOTKHIA OIS/, OCHOBHUX THIIB, @ OisbI
JleTanbHy iHpOpMaLito MOKHA 3HANTH Y CTATTSX MPO KoykeH iHcTpyMeHT. CynpoBifHuii rpadik nokasye 3MiHy
reHepallii ioHHOI Mapy 3 pi3HOO NPUK/IA/EHO0 HATPYTol A/ MOCTIMHOrO MaJawuoro BUIPOMiHIOBaHHS. €
TPU OCHOBHI NTPaKTUYHI [Iif04i PeriOHY, OAMH 3 SKUX BUKOPUCTOBYE KOKEH THII.

Bce ionizariiiini razoaHasnisaropu MicTsTh POTOYHY i0Hi3aLlit0. Kamepa, eleKTPOJU KOl HaK/Ia/|aloTh Pi3HULIs
noteHyianiB. 1li mpucTpol MKPOKO BUKOPHUCTOBYHOTHCS /1Sl KOHTPOJIIO MIiKpO-/IOMILLIOK B IOBITpi, a TakoX B
SIKOCTI ZIeTEeKTOPIB B ra30BUX Xpomarorpacgax.

1.3.11. OnTHYHi Ta ONTHKO-aKyCTHYHi razoaHaizaTopu

B onTuuHux rasoaHanizaTopax KOHL|eHTpallisi BU3HauaeThCs 3MIHOIO ONTUUHUX BIaCTUBOCTeH ra3oBoi cymilii,
SKi BK/IIOYAlOTh IOKa3HWKM 3aJIOM/IeHHS, CIeKTPa/AbHUN IOIVIMHAHHA | BUIPOMIHIOBaHHS, CIIEKTpasbHY
minbHicTh. Halibinpil mommpeHi YOTHpM TpPynM ONTUYHUX —Tra30aHasii3aTopiB: iH¢pauepBoHe i
ynbTpadiosneToBe NOIIMHAHHS; (UIyOpPeCLieHTHUH; KoM BHUAMME BHUIIPOMIHIOBaHHs MocjabieHe, ONTUYHI
ra30aHaji3aTopy BOJIOAIIOTb BEJMKOI DPO3JiNBHOI0 3[aTHICTIO, 10 pOOWUTH IX 3aCTOCOBHUMH JIsi aHai3y
MiKpO-KOHLIeHTpaLiii BHOyXOHeOe3neyHWX i TOKCMYHHX Tra3iB TIpU OJHOYAaCHOMY KOHTPOJ TOBiTpS B
arMocdepi BUPOOHUUMX MPUMIlIieHb.

D0TO0-aKyCTHUHUI edeKT BiHOCHUTHCS [0 reHepallii 3ByKy 3a [JOTIOMOIOIO IIPOLIECY ONTUYHOTO OCa/pKeHHS
Telia 3 MOJA/BIIMM TePMiUHMM DPO3IUMPEHHSM, 110 MPU3BOAUTL /0 JIOKAILHOIO MifIBUIIEHHS TUCKY, LI10
BUpo6/Isie BUXifHi aKycTHuHi XBumi. Y JHIMHOMY aKyCTHYHOMY DeXXHUMi YHIKaJbHOIO BJIACTHBICTIO (OTO
aKyCTHUUHOTO e(eKTy B TeoMeTpii 3 CUMeTpi€l0 B OJHOMY BUMIpi € Te, 11J0 KO/ ONTHYHE /PKepesio PyXaeThCs 31
IIBU/IKICTIO 3BYKY, aMILTTyZja aKyCTHYHOI XBUJI TiHIMHO 36ibIIyeThes B Uaci 6e3 o6mexkeHHs. TyT ommcaHo
3aCTOCYBaHHs LIboro edeKTy [JIs Bi/jCTe)KeHHs NPOCTe)XKeHHs rasiB 3a [OIOMOIOX ONTHYHOI PeIliTKH, siKa
pyxaeTbCsl 3i IIBHAKICTIO 3BYKY BCepefyHi pe3oHaropa, 00/1aZHAHOTO pe30HAHCHUM IT'€30e/eKTPUUHHM
JIeTEKTOPOM KpHCTaJIiB, /Ialoud MeXi BUSIB/IEHHS B Jiarla30Hi YaCTHMH Ha KBaIpWIbHOH. AMIUIiITYAa (GOTO-
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aKyCTHUUHOTO e(eKTy /15l OIITUUHOTO [Kepera, I1{0 PyXaeThCsl 3i IBUAKICTIO 3BYKY B Of[HOBUMIpHii reometpii,
JIiHIMHO 30i/BIIYETHCS B Yaci, He 0OMeXKYIOUUCh JIiHIHHUM aKyCTUUHMM pPeXKMMOM. TyT BUKOPHUCTaHHS LIbOTO
TIPUHLIMITY ONUCAHO AJIs leTeKTyBaHHs CJIi/liB ra3iB, BAKOPUCTOBYIOUM JiBa 3MillleHi 110 4acTOTi MPOMeHi Bif,
naszepa CO,, CripsAMOBaHi i KyTOM OfIUH /I0 OfIHOTO, 111006 Ha/JaTH ONTUUHI MEXi, I1[0 PyXaroThCs 31 MIBU/KICTIO
3BYKY B ITOPO>XKHUHI 3 TIO3ZJ0BXHIM Pe30HaHCOM.

lazoananizarop iH¢pauepBoHOro i ysnprpadioneToBoro BUIIPOMiHIOBaHHS. Ko)keH ra3 XapakTepU3yeThCs
MEeBHUM CIIEKTPOM IMODIMHAHHS. ['a3u, 110 MicTATh ABa abo Gisiblie reTeporeHHUX aroma, Taki sk CO, CO,,
CH., NH;, C,H>, MaroTh CIIeKTpH MMOITMHAHHS B iHdpauepBoHiii o6macTi. OZHOATOMHI ra3u XapakTepU3yThCs
JIiHIMHUMY CTIeKTPaMH MOIVIMHAHHS, 1110 JIe)KaThb B Y/IbTpadiosetoBoi 06acTi.

[Io6 BUKOPUCTOBYBaTH 1l€fi MeTO[ BHMIpIOBaHHs, He0OXifHO, I1[00 TMeBHHI KOMIIOHEHT MaB CIIEKTp
TIOIVIMHAHHS, BiAIMiHHUI Bifj CIIeKTPiB MOIVIMHAHHS iHIIMX KOMITOHEHTIB aHas1i30BaHOI CyMillti.

1.3.12. OnTuyHi xiMiuHi ceHcopH

OnrtuuHi  xiMiuHi gaTuvku Ta 6iOCEHCOpU BT COOOK iHTErpoBaHi aHAMITHUHI CHUCTEMH, ILO
BHUKODUCTOBYIOTb ONTUYHY IepeTBOPeHHs. Y LMX CHCTeMax XiMiuHe BMMIpIOBaHHSI IPOBOJUTBLCS Ha OCHOBI
B3aeMoZil CBiT/Ia 3 XiMiUHOIO CHCTEMOIO Ta MO/ a/IbIIOro ePeTBOPeHHsI OTPUMaHOro ONTUYHOI0 CUTHaly B
e/leKTpUUHUMA curHas. ONTUYHI BOJIOKHA YaCTO BUKOPHUCTOBYIOTH SIK iHTErpyroue cepe/iOBHILE, TOB'SI3yIOUU
KOMIIOHEHTH ONTOE/IeKTPOHHOIO TIpU/IaZly 3 e/IeMeHTOM MOJIeKY/ISPHOTO pO3Mi3sHaBaHHS, SIKUil TeHepye
BiJMOBib y mpucyTHOCTI aHasiTy. LIi pUCTpOi KOAYIOTH XiMiuHy iH(OpMaLlilo 3a JOMOMOrO ONTUYHOTO
CUTHAJIy, IIJ0 PYXa€eThCs B ONTUUHUX BOJOKHAaX. XiMiYHUI JaTUMK ONTHYHOTO BOJIOKHA CK/IA/IAETHCS 3 TaKUX
OCHOBHHX KOMIIOHEHTIiB: ONTMYHOIO BOJIOKHA, ONTOEJeKTPOHHOrO IpWaajy Ta TBepAodasHoro egemMeHTa
MOJIEKY/ISIPHOTO PO3Ili3HaBaHHSL.

OnTryHi XiMiyHI CEHCOpU € OJHi€0 3 HaWBa)K/IUBIIMX KaTeropidt xiMiuHux ceHcopiB. Llef knac gaTuvkiB
noeaHye ximiuHe Ta 6iosoriuHe po3Mi3HABaHHS 3 TPOrPECOM B  ONTUKO-€IEKTPOHHHMX TEXHOJIOTIsX.
3acToCyBaHHS COJIbTE/IEBUX MarepialiB [0 LIMX [JAaTUMKiB, 0COOMMBO y BUIVIS/I TOHKWX TUTIBOK, BUK/IHMKA/IO
3HayHUM iHTepec 3aBKU TMPOCTOTI BUIOTOB/IEHHS Ta THYYKOCTi KOHCTPYKLil rporecy. Xapakrep 30/ib-
TeJIeBOTO MpOLeCy AyXKe A00pe MiAJaeThCst HAaHECEHHI0 TOHKUX IUTIBOK i3 3aCTOCYBaHHSM Pi3HUX METOZIB,
TaKMUX sIK [il-IOKPUTTS, Bi/PKUMaHHS Ta PO3MM/IEHHs. Y 6araThb0X CEHCOPHMX IPOrpamax, CoJib-TejieBa IliBKa
BUKOPUCTOBYETHCS JJis1 3abe3reueHHs] MiKPOIIOPUCTOI OIOPHOI MAaTpHLji, B Ky BXOIUTIOIOTHCS UYT/IMBI 710
aHaJITy MOJIeKy/IH i B sKi Jpi6HilI BMAY aHaMTY MOXKYTh AUGYHAYBAaTH Ta B3aEMOZISATH.

3ane)XHO Bifi TUITy ONTUYHMX CEHCOPIB IX /lisl 3aCHOBaHAa HA HACTYITHUX MPUHLIMMAX :

° TIOIIMHAHHS CBiT/1a (abcop6uis);
o BiZIoOpa)keHHs! ePBUHHOTO (I1a/Ial0uoro) CBiT/IOBOrO TIOTOKY;
o JIIoMiHecLeHU,T.

ITpy 1jbOMy BHKOPHCTOBYIOTBCSI 3a/I€)KHO ONTHYHHX BJIACTHBOCTeH cepefoBHIL (KoedilieHTiB 3a/10MIIeHHS,
BizobpakeHHs Ta iH.) BiJ KOHLIeHTpaLliii BU3HaUEHUX PEUYOBUH.

PosmisiHeMo (yHJaMeHTa/bHi SBHIIIA, 1110 JIe)KaTh B OCHOBI il ONTUYHUX XiMIUHHX CeHCOopiB.

1.3.13. Xpomarorpadiuni razoananizaropu

LIi aHamizaTtopu mpu3HayeHi A/ BUMipIOBaHHS 0araTOKOMITIOHEHTHHMX CyMillleli rasiB, CK/IafiiB PeUOBHH i
TBep/IUX PeUOBHUH.

T'azoBa xpomarorpadisi (I'X) - 11e MeTo, sIKMH BiJJOKPEMJTIOE T'a30By CYMIilll [ji BU3HAYeHHsI HAsBHOCTI Ta
KOHIIeHTpaLlii ra3iB Ta AoMilIoK y 3pa3ky. [IpaBHIbHO 3aCTOCOBaHHUM, MOXe BUMIpSTH A0 piBHs ppb, 1o

po6UTH HOT0 MPHJATHUAM /|15l BUKOPUCTAHHS B MPOLIecax BUCOKOI UMCTOTH.

Y I'’X KOMIIOHEeHTH ra30Boi CyMillli Bi/JOKPeMITIOIOTHCS IIIJIIXOM LIMPKY/ISLiT ra30BOr0 3pa3ka, BUKOPHCTOBYIOUM
iHepTHUI ra3-HOCiH, B LUPKY/ISAPHY TPYOKY, 110 MPOXOAUTD Yepe3 MPOTOYHY TPYOKY, BiZioMy sIK KoJjioHa. Pi3Hi
CKJIa/IOBI rasy BiZJOKpeMJIIOIOTbCS 3aBASKM IX B3a€EMOZil 3 MarepiasoM KOJIOHKH, BHAC/iJOK 4Oro pi3Hi
MOJIEKY/H y 3pa3Ky BiZJlOKpeMJTFOIOThCS B pi3HUiA uac. 1]i KOHKpeTHi 4acoBi 3aTPUMKH BU3HAYaIOTHCS IaTUUKOM
Ha BUXO/i 3 KOJIOHH, OCKiZIbKA OKpeMi MOJIEKY/ISIpHI BJIACTUBOCTI KOXKHOTO ra3y 3MyLIYIOTb MO0 MPOXOAUTH i
BUXO/UTH B Pi3HUH yac.

ITopiBHAHHS yacy yTpUMaHHs [J03BOJIsiE KOPUCTYBauaM sIKICHO ifleHTH(iKyBaTH TWMHM rasy 3a IOpSJKOM, B
SIKOMY BOHHM BiJJOKDeMJ/TIOIOTBCSI 3 KOJIOHKH. SIKII[0 YMOBM TOCTiiiHi, KOHKpeTHHI ra3 Oyzie BiflOKpeMITIOIOUHCh 3
O7{HAKOBHUM YaCOM YTPUMYBaHHsl, [03BOJISIIOUM BUBOAWTH KOHKpeTHi TWMU rasy 3 obmacti miky. Kpim Toro,
BifHOCHMIT 06CsAr KOXKHOT KOHLIeHTpaLlii ra3y Tako)X Mo)ke GyTH BHMIpSIHUI [JeTEKTOPOM, KOMTH KOXKeH ras

BiZIOKDEMJIIOIOTBCSI 3 KOJIOHKH.

Cuctemu razoBoi xpomarorpadii (Takox Bifjomi sik cuctemu I'X Ta rasoBi xpomarorpacu) BUKOPUCTOBYIOTb
abo ynakoBaHi, ab0 Kari/isIpHi KOMIOHKHU fi/1s1 pO3/jiieHHs CyMilliel Ha OKpeMi KOMITOHEHTH, sIKi TOTiM MOXYTb

Oyt BumipsHi. 'X y To€gHaHHI 3 Mac-CIIeKTPOMETDi€0 JO[AaTKOBO IABHWILYE CeJeKTUBHICTH Ta
imenTudikariito 3'eqHanHs. BrockoHaneHHs B cydacHux cuctemax 'K BimoOpakaroTh mocCTikiHME mporpec y
rasysi 3acTOCyBaHHsI TeXHIKH, BK/IIOYarOUH eKOJIOTiuHi BUMPOOYBaHHs, KPUMIiHA/IiCTHKY, 6e3MeKy Xap4oBHX
MPO/JYKTIB Ta aHasi3 6iogu3ers.
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AmHanizaTopyu 1bOr0 TWUIly MarOThb T[IOKa3aHHS [ OJHOUAaCHOTO BHUMipHOBaHHS [eKiJIbKOX TUIIIB Tasy,
BHUMipIOBaHHS1 6araTOKOMIIOHEHTHHX Ta30BUX CyMillleld, CK/Iay PiZiiH i TBepAUX peuoBUH. XpoMarorpadu - e
nepiofguyHi MPUCTPOI, SKi MarOTh OLIBII CK/TaZIHY KOMITOHOBKY, HDK PO3I/ITHYTi ra30aHasTi3aTopH.

T'a30-HOCi¥ nepiogryHO BBOAWTH 3pa30K aHa/li30BaHOTO ra3y. Y po3ziIoBoi

KOJIOHI, 3arioBHeHiM TBepauM abo pigKMM COpOEHTOM, aHasli30BaHa CyMilll PO3AiSAETbCS HAa KOMIIOHEHTH.
HaliMeHIII TIOIIMHAIOTHCS Ta3y PyXalOThCs Y3[OBK IIapy copbeHTy 3 6inmblior mBuzkicTio. Tomy B mpobi
cymini rasis, 110 MiCTUTb TpH, TepIIMii € HaliMeHII aficopOOBaHMM Ta30M, a OCTaHHIH - fobpe copboBaHUX.
ITicsist Toziiny KO>KeH KOMITOHEHT 3 ra30M-HOCiEM YTBOpIOE OiHApHY CyMilll, aHasli3 sIkOi MOXKHa TPOBOJMUTH
pi3HUMH MeTOZamMH, B TOMY UYHC/Ti OBroBOpIOBa/MCS BHlle B AeTeKTopi. OCKIMBKY B MpoLieci BUMipIHOBaHHS
B/IACTUBOCTI ra30-HOCisi MOXKYTb 3MiHIOBaTHCS, NPU NPOXO/PKEHHI OCTaHHLOTO uepe3 [eTeKTOp (iKCyHTbCs
3MiHHM HOT0 B/IaCTUBOCTEH, BUK/IVKaHI HasiBHiCTIO aHanizoBaHoi cymimi. [ 3-6,9-12, 14,16, 17

]

1.3.14. KaraniTuuHuii AeTeKTop (mesicrop)

KaranitTiuHi fieTekTopu rasy MpaijoloTh LUISIXOM BUMIipIOBaHHSI BUXO/y TeIula B pe3y/bTaTi KaTa/liTUUHOrO
OKHCJIEHHS 3 TOPIOUMX TasiB MOJIeKy/l /10 BYIVIEL0 JiOKCHAy i BOASHOI mapu NpM TBepZiil moBepxHi . 3a
[IOTIOMOT'0I0 KaTtasiizaropa TeMIieparypa, TpH siKii Bii0yBa€eThCsl OKUC/IEHHS, 3HAYHO 3HWXKYEThCS TIOPIBHSIHO 3
OKHC/IeHHsIM ra3oBoi ¢a3u . KarasizaTop moxe OyTu BOyZOBaHHMII B TBep/OTI/IbHUM [aTuMK, 10 MiCTHTh
e/IeKTPUYHUM HarpiBadi TPUCTpPil, 1[0 BHU3Hauae Temrieparypy. [IoTik 3pa3koBOro rasy TOAA€THCS Haf,
JIaTYMKOM Ta TOPIOYMMHU ra3amMu (PYHKI[IOHYIOTb IIJISIXOM BUMIpIOBaHHS TeI/IOBijaui, 1110 BUHUKAE BHACIiI0K
KaTa/liTUYHOTO OKUCJ/IEHHSI MOJIeKy/l TOPIOUMX rasiB [0 BYIVIEKUC/IOIO a3y Ta BOJSHOI Mapu Ha TBeppii
TOBEpPXHi. 3a JI0TOMOro0 KaraslizaTopa TemIiepaTypa, NpH sKii BiZi0yBaeTbCsl OKMCI€HHS, 3HAYHO 3HMKYEThCS
TIOPIBHSIHO 3 OKMCJIeHHsIM ra3oBoi dasu. Karasizatop Moxke OyTu BOynOBaHUI B TBEpJOTIMLHUN JaTUMK, L0
MICTUTh e/leKTpUUHMIN HarpiBau i NpUCTpiii, 110 BU3Hauae Temieparypy. Haj AaTuMkoM NOJAEThCS MOTIK
3pa3KoBOrO rasy, i JIerko3aiiMUCTi Ta3u B 3pa3Ky IOCTiHO OKHC/IIOIOTHCS, BUIISAIOUM TeIUIO i IMiABUILYHOUN
TeMmIiepaTypy JaTuMka. BifxuneHHs Temmeparypyd B [aTUMKy KOHTPOJIOIOTbCS [/l IOCTiMHOrO 3arucy
KOHLIeHTpalLlii TOproYrX rasiB y 3pasKy.

Haii6ibIn pyaaTHi MeTau AJIst CTIPUSTHHST OKUC/IEHHEO MOJIEKYT, 110 MicTsite CH-3B’s13KH, Taki SIK MeTaH Ta
iHII opraniyHi BUAY, - 1je Ti, [0 BXOJATE /10 TPyNH 8 mepioguyHol Tabnuii , 30KpeMa IlaTHHa Ta Hanafiil .
JlaTurK Temreparypu , siK TIpaBUJIO , IIJIATUHOBUI TepMOMETP OIIOPY HAMOTaHi KOTYLIKH , @ TAKOXK
BHUKODHCTOBY€ETbCS B SIKOCTi e/IeKTPUYHOr0 HarpiBava Ayist faTuvka. Omnip BUMIPIOETBCS LIISIXOM Ii/IK/IFOUeHHS
[laTumKa siK ofiHi€l pyku MocTta BiTcToHa i BUMiproBaHHsI 1103abanaHCOBOI HalpyTH Yepe3 MiCT.

Korymka 50 p mesicTopoM IM/IaTUHOBUHN MPOBiJ BCTAHOBJIIOETHCS HA [JBOX JPOTSHMX OIOpax, sKi TaKOX
BUKOHYIOTb POJ/Ib e/IeKTPUYHUX 3'€/jHaHb. KoTyllka BOy0BaHa B IOPUCTHI KepaMiuHuUii MaTepiaJl, sIK TIPaBUIIoO,
[IMHO3eM , I[00 YTBODUTH HaMHCTUHY JJOBXKHHOIO 0/M3pK0 1 MM. Marepian KaramizaTopa MpOCOUYEThCS 3
30BHIIIHLOI cTOpOHU Gicepy. Lleii THI KaTa/JiTUYHOrO JaTyvKa 4acTO Ha3WBAKOTH a. Bubip karamizaropa Ta
06po6Ka 30BHIIIHBOI YaCTHHHU bicepy - HampuKiaj, IUIIXOM BK/IIOUEHHsS Au(y3iiiHOro Iiapy - BIVIMBAaE Ha
3arajJibHy YyTJIMBICTH AlaTuMKa Ta BiJHOCHY UYyT/IMBICTB A0 Pi3HMX rasis. Ha 4yTMBICTB Ta Ce/leKTHUBHICTB
TaKOX BIUTMBAae BUOIp KaTaji3aTopa Ta TeMmrieparypa, TpH siKiii mparftoe natuuk. [lamaziii Ta HOro OKCUAu €
Hakbi/bII IMPOKO BUKOPUCTOBYBAaHMMH KaTali3aTopamy; BOHH MaloTh T1epeBary B TOMY, 1[0 BOHM Habararo
aKTHBHIIII, HIXK IJIaTHHA, 3aBJSKH YOMY /IaTUMK MOXKe TPALfOBaTH MPU MiHiMa/lbHO MOXJIMBiM Temrieparypi.
laTuviK BCTAHOB/IEHWH Yy 3aXUCHIil OaHLi 3 BiJKPUTUM TOKPUTTSM, TakK IO TOTIK rasy /I0 JaT4dKa 3HAuHOH
Miporo audy3iiiHui.

Tabmug 1.1.

BucHoBKu:

Y 1poMy po37ili MM BU3HAUMIM, sSKi eJIeKTPOHHI 3aco0M MOXKyTb OyTH BHUKOPUCTaHi /Il BHU3HAUYeHHS
KOHL|eHTpallil 3piPpKeHNX BYIJIEBOAHEBUX rasiB, a TaKOXK iHIIMX TOPIOUMX rasiB, sIKi BUKOPHCTOBYIOTHCS B
nobyTi. Hamu Gyno BUsIBIEHO, L0 il JOCSATHEHHS MeTH HAIOro AOCTiZPKeHHs HaWOLIbII MigXOISIIUMU
JaTyvKaMy [l BU3HaYeHHs] BUCOKOIO DiBHS KOHLIeHTpaAL|il FOpIOUMX rasiB B IMOBITPi € HaMiBIIPOBi/JHUKOBI,
OCKiZIbKM TpU3HadeHi /Il BU3HaueHHs rasiB B IIMPOKOMY Jiama3oHi KoHieHTpauii. Ha ocHoBi orsisigy Ta
aHami3y TeXHIYHMX XapaKTePUCTHK iCHYIOUMX TPOTIO3ULIil pi3HUX BUPOOHMKIB Ha PUHKY CEHCOpiB

Yacruna 2

2.1. CrnekTp J0CTi/PKeHHs ra3y

Ha puc. 2.1 HaBe/leHi po3paxyHKOBHU# CIIEKTP MOMIMHAHHS V2 CMyrH MeTaHy Ha BifcTaHi 2,2 KM Ta CyMapHHi
criektp norvHaHHa CH4 Ta HoO BifnoBigHO 3 ypaxyBaHHSAM IIMPUHY BUIIPOMIHIOBaHHS 30H/yHOUOrO ja3epa
3,0 cm-1 mpu mocTiliHOMY cKaHyBaHHi 3 KpokoM 0,1 cm-1. B pe3synbraTi aHasti3y CHiJIbBHO [ifOUMX CIIEKTPiB
MO’KHa TTPUITH J0 HACTYTTHUX BICHOBKIB.[3]

1. Obnacth BCiX UiTKO [03BOjJIeHMX obeprasbHUX JiHiM R-TiKKM 3HaXoAsATbCs B IIMOOKIM
Herpo30poi YacTUHU aTMocdepy, OTKe, TPOBEJEHHsS BUMIDIOBaHHSI B I1IbOMY /iamna30Hi [IOBXKHUH XBUJ/b
HEMOXXJINBO.
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2. IHTeHCMBHAa HeBuWpillleHa IieHTpasbHa Q-rinka po3umpeHi Ta gedopmoBaHa —uepe3
JIOTITIEPiBCHKOTO Ta 3iTKHEHb eekTiB. [TpoTe BUCOKA iHTEHCUBHICTD [JO3BOJISIE CTPOTO BU3HAYMTH MAaKCUMYM
yacToTu (Vo) L€l ninii. B IK-nigapHol cucTeMi 1110 4aCTOTY BUKOPHUCTOBYIOTH B SIKOCTi periepHOi Kparku st
TOYHOTO BU3HAYeHHs [JOBXUHU XBu/i BUnpoMiHtoBaHHs [1I'C.

3. 3 BHCOKOIO TOUHICTIO [[03BOJIeHi obeprasbHi JiHii P-riku. BugHo, 1o fiHii, 110 3HaX0AATHCS B
GesnocepesHiii 6MU3BKOCTI Q-TiIKM TaKOXX 3HAXOISTHCS B HEMPO30pill YaCTHHI MPOMyCKaHHS aTMOC(hepH.
TMourHarouM 3 JOBXHUH XBUIb A > 3,4 MKM obepTasbHi niHii P-rinku nposieisitotbest. OfHaK Gpopmy LUX JIiHIH
(P7, P9) TakoX CuIbHO AedOpMOBaHi, O3BOMMTH LIeHTPa/bHY YaCTHUHY BiJ, KPHJ MOXKHA TiJlbKM YMOBHO.

Hocutk i30me0BaHa obepranbHa Jinisg P10, 4iTKo Ta CTpOro BU3HaueHi LeHTP Ta KpWJa JiHii, TOMy OCHOBHi

BuUMipu MetozioM [ITIP B peasnbHili aTMocdepi Mo>KHa 3poOUTH Ha Liii JIiHil.

PesysnbTary eKCriepuMeHTa/IbHUX BUMipIOBaHb CIIEKTPIB IOIIMHAHHS B Jiiana3oHi JOBXUH XBIWIb A = 3,25-3,45
MKM HaBefeHi Ha puc. 2.1. CrieKTp TOIMIMHAHHS, TOKa3aHWi Ha puc. 2.1, a, OyB OTpUMaHWi MiC/s
TIPOXO/KEHHsT TepeOyNOBY€ETbCS 3 KPOKOM cKaHyBaHHs 0,1 cm-lTacmekTpaneHoi wmpuHow 0,7 cm-1
BurnpomiHioBaHHs III'C yepe3 KioBeTy 3 MeTaHOM uucToTol0 90%TaB craHzapTHUX ymoeax. Ha puc. 2.1, 6
HaBeJIeHO eKCTIepUMeHTa/IbHO BUMIPSTHUH CIIeKTp MOITIMHAHHS peabHOI aTMOChepu

OCHOBHMMH MOIVIHAYaM{ BUIIPOMIHIOBaHHS B L[bOMY Jiana3oHi BBaxatoTecsi CHsTaH.0.[4]

PucyHok. 2.1. Po3paxyHkoBi cniektpu noryimHanHs CHy (a)raCH, + Ha (b)

PucyHok. 2.2. BuMmipsiHi criektpu nornuHanHs CH4 (a)raatmocdepu Ha Bigcrani 2 200 m (b)

3 IaHOTO ZI0CBi/ly BCTAHOBWJIM JJOBKUHY XBHWJIb [IJ/Is1 KAMED CIIOCTepe>KeHHs A = 3,25-3,45 MKM.

2.2. Bubip J0BXMHM XBHJI J/Isi BU3HAYEHHS a3y

Bubip [0OBXMHU XBW/i /IS BU3HAUeHHS a3y KOHTPOJ/IIOETHCS iCHYFOUMM BHUXiZJHUM CIIEKTPOM [pKepeja
iH(pauepBoHOro BUNpPOMiHIOBaHHs. CIeKTp NOIVIMHAHHS BOJAY IOKa3y€e CWIbHe MNOIVIMHAHHS Ha JOBXXUHAX
XBU/Ib MeHUIe 3, 5-8 Ta micis 16 MKM. SKIIO crieKTpasbHi /IiHII BU3HAUAE€TbCS rasy 3HaxXOAATbCS B LUX

006/1aCTsIX, TO CMOCTEpIiraloThCs Mepelikoy uepe3 NPUCYTHICTb Bosiord. OTke, HalKpallyi pe3y/ibTaTd poboTH
OynyTs B obmacti 8-16 Ta 3-5 MKM, B SKHX pO3TAalllOBaHi CIEKTpasbHi JIiHIl BeJHMKOI KiIbKOCTI rasiB. Y
JaTurkax obmacTk 3-5 MKM oOpaHa 3 HaCTYITHUX MPUYHH:

1. Benuka KifbKicTb aficopOLiiHuX JIiHiM B 06acTsix cnektpa 3-3,5 MKM i/ BYI/IeBOJHiBTa4,2 MKM
st CO,.
2. CrangapTHa IK-1amna 3i CK/ISIHUM KOPITyCOM BUITyCKa€ BUIIPOMIHIOBAHHS 3 JOBXXUHOKO XBUJ/IL [10 5

MKM. OG6sacTe TOHas 8 MKM BHMara€ 3acTOCYBaHHsI Oi/blll OPOTOTO JpKepesia iH(ppauepBOHOTO

BUMpOMiHIOBaHHsS. KpiM TOro, TOUHICTh BH3HAUYeHHs JIiHIM TOIIMHAHHS 3HIDKYETBCS, TOMYy JaHa 001acTh
BUKOPUCTOBYEThCA pifiko. JlianasoH 5-8 MKM He BUKOPUCTOBY€ETHCS 3 BULLle3raflaHUX [IPUYUH.

3. Hi niHill norHaHHS ra3y Ha AOBXXHHI XBUMI 4 MKM, 1110 J03BOJIsSi€ BCTAHOBUTH ONIOPHUIA CUTHAJ B
LIbOMY CITeKTPI.

2.3. IndppauepsoHni (I9-kamepu)

IndpauepsoHi (IY-kamepy) TeruioBisiiiHi Kamepu eCATUIITTAMY BUKOPHUCTOBYBAIMCH JJIs Pi3HUX 3aCTOCYBaHb
Iui HadTy Ta Ta3y, BK/IIOUAIOUM eJIeKTPUUHI / MeXaHiuHi OIVIsffik, TIepeBipKH piBHS pe3epByapiB Ta HaBiTb

nepeBipKU IjTicCHOCTI TpyO B TexHosoriuHoMy ob6nagHaHHi. B ocTaHHi poku Oyna po3pobreHa HOBa
TEXHOJIOTisl ONTHYHOTO ra30-Bi3yBaHHs , sika MOKe "6auuTH" ByIJIeBOJHEBi rasu Ta JIeTIOUi OpraHiuHi Cronyku
(JIOC), sKi BuUMycKaloTbCcsA B aTMocdepy uM TMpOTiKaloTh B arMocdepy. MOXKHAa BUKOPUCTOBYBAaTH /IS
3a/0BOJIEHHSl HOPDMATUBHUX BUMOL LOJ0 CKODOYEHHS BUKW/[IB, OJHOYACHO CIIPUSIIOYM 3MEHILeHHIO BTpar
MPOAYKL{l, 11j0, B CBOI uepry, 3abe3neuye MO3UTHBHY Bifjady Bij iHBecTuuii. Kamepu - Lje BesivuesHa

€KOHOMisl Yacy B TOPIiBHSIHHI 3 iHIIMME TeXHOJIOTiSIMU OIVISAY, & TAKOXK TIPOIIOHYIOTh TiepeBaru Oesnexku Ayis

onepaTopiB.

@ispuni npuHiMnu  GyHKUioHyBaHHs iH(payepBoHOro Jjaruvka Bsaemopgis IK- BumnpomiHroBaHHS 3
MOJIEKYJIOI0 YXBaJIOI0 ra3y € BUMip BHXiZHOrO CHrHaiy, COpMOBAHOTO IepeTBOPEHHSIM TIOITHHEHOTO ra3oM
iH(pauepBoHOrO BUIIPOMiHIOBaHHS. [U-BUMNPOMiHIOBaHHS - YaCTHMHA e/IeKTPOMAarHiTHOIO CIeKTpa, 3a3BUYai
MOIVIMHAETLCST MOJIeKy/laMM rasy. Konu foBXMHA XBW/II BUIPOMiHIOBaHHS 30ira€Thbcsi 3 BIACHOIO YacTOTOIO
KOJIMBaHHSI MOJIEKYJI, IX eHepreTMUHUM CTaH 3MiHIOEThCS. [HIIMMU C/I0OBaMH, aMILITyJa KOIMBaHb aTOMiB
301/IBLITYeThCS TIPY TIOIVIMHAHHI BUMPOMiHIOBaHHS 3 MEBHOIO I0BXKUHOKO XBuU/i. ITornyMHaHHS iH(pauepBoHOro

BUITPOMiHIOBaHHs 36i/blye Temrepatypy rasy. I4-BUIpOMiHIOBaHHSI pearye 3 AWIMOIBHOI MOJIEKY/IOIO rasy.
MoneKy/isipHUM JUIOJb (POPMYETHCS, KOJIM KOJMBAHHS MOJIEKY/IM HECUMETPUYHI 100 Pi3HUX aTOMIB UM XK
aToM{ pO3TalllOBaHi HECHMETPHYHHM UYWHOM. Bararounch, atomMu AehOpMyIOTb MiKaTOMHi 3B'S3KY, SKi
YTBODIOIOTh [JUIOJIBHUA UM My/BTUIIONLHOIO MOMeHT. lle mokasaHo Ha puc. 2.1 ana Monekym SOo.
CrMeTpUYHi MOJIeKY/IM He MOpyLuyroThcs IK-BUNPOMiHIOBaHHSIM, TaK $IK He CTBOPIOIOTH AWNOiB. [leski
nofAinHi Monexkynu, Ttumy O., H.TalN,, € mNpeKpacHUM TNpUK/IaZioM CHUMETPUYHOIO MOJIEKY/IH, 1[0 Mae
cumeTpuuHe (puc. 2.1a)ta HecuMerpuuHe (puc. 2.16) HanpsMOK Ko/vBaHHA. ByrieBogHi B oc Ge3neunoi

po6oTH B IaxTi Ta Ha XiMiYyHOMY BMpPOOHMILITBI, KOMdopTHa arMocepa B OyAUHKY Ta cayloHi aBTOMOGi/s,

BU3HAUEHHs BUTOKIB Ta CKJIa/ly Ta3y - BCe Ije MOXKHA 3/[iliCHATH 3a [OTIOMOTOI0 [JaTUMKiB rasy kommanii SGX
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Sensortech. Kommanisi BupoGnisie  Ge3miu  TuMiB  JaTuMKiB:  MeJ/TiCTOPHME, TepMoO-KaTasiTiueHe,
HariBIPOBiTHUKOBI, MiKpO- e/leKTpOMeXaHiuHi. Ajie HalbiNbIIKMX yCriXiB gocsria B cTBopeHHi [U-gaTumkiB
rasy. I1po nepepary Iux NpwIa/iB Mepes iHIIMMY TUTIAMHU JaTYHKIB Ta criocobax iX 3aCTOCYBaHHS ITiZie MOBa B
Ll cTarTi. iHdpayepBoHi AaTuMKy rasy: HUIIX 4O Ge3reku Ta eHeproe(eKTHBHOCTI JAATUMKKU KOMIIOHEHTH
HOBHOM aKTHBi3y10TbCs [U- BunpomiHtoBarHsM 3i 38's3kiB C-H. Koy uucio 38's3kiB C-H pocre, abcopbiiiiiHa
KpUBa BUPA)KAEThCSl CUMBHIIIE, OCKiBKH abcop6wis miku Ha fiarpaMi GpopMyOTbCs B Ipynd. [HTeHCHBHICTD
BUITPOMiIHIOBAHHS MOJIEKYJI Ia3y, B 3a/1eXKHOCTI BiJ| JOBXXMHHU XBUJIi, HA3UBA€ThCsI abCOPOLIIHUM CIIEKTPOM.
Pucynok 2.3 KonvBaHHs aTOMiB B MOJIeKy/Ii

:a)CMMeTnYHOo;6)acumMeTpunyHo;B)aeopMaLlinHo

Tepmorpadist (IU-Terio-Bizyanisatisi) - 1je MeTof, 6€3KOHTAaKTHOTO BUMIipIOBaHHS TEMITEPATYPH 3a JOMIOMOTO0
IK-kamepy, BiakanibpoBaHoi 3a Temreparypoto. TerioBa enepris, BusisieHa [K-kamepamu, He BUAWUMA [Jist
JIFOZICBKOTO OKa, TOMY Pi3Hi TeMIlepaTypu B TeIUIOBOMY 300pakeHHi MOXyTb OyTH "BifobpakeHi" Ha pi3Hi
KOJILOPH [I/1s1 BiZloOpa’keHHs 3a JOMOMOTO0 MPOrpaMHOro 3abesmneuenHs s [Y- Bisyanizanii (puc. 2.3). Konu
TeMIepaTypa 3MiHIOEThCS, KOIbOPH Ha 300paKeHHI 3MiHIOHOThCS, MOTNEPe/Karour KOPUCTYBAUiB PO MOXK/IUBI
cdepr, 10 BUK/IMKAIOTh 3aHENOKOEHHS, UM T03a 0ocobnuBuMK ymoBamH. Bubip Haitbinbm migxopsioi
KOJIbOPOBOI MaJIiTPX MOYKe AOMOMOITH BUALIUTH KPUTUYHI 0COO/IMBOCTI TEIJIOBOrO 300paykeHHs!.

OnTryHa KapTHHA rasy BUKOPUCTOBYETbCS [/ AOTPUMAaHHS HOPM, 3a0La/pKYIOUM TpOLIi Ta MOKpalyHuu
6e3rneky omeparopa. OfuH i3 MPUK/IA/IB - KOMIIaHisl, fKa royaja BUKOPUCTOBYBATH TEXHOJIOTiI0 OMTHUYHOI
06pobku 306paxkeHb razy B 2005 poLii Aj1s MOIIYKY BTiKaFOUMX BUKH/IB Ha CBOIX BUDOOHHUMX MOTY>KHOCTSIX.
Kommanisi mjomicsitist orisijae 150 06'ekTiB Ta MPOTATOM OAHOTO pOKy omisimae 1700 cBepAioBUH.
BHUKODHUCTOBY€E iH(ppauepBoHy Kamepy A/ BusiBieHHs MeTaHy Ta JIOC, 1o 3abe3meuye Bi3yasbHe
NiATBepyKeHHs NpOTiKaHb Ha piBHi 0,8 rpam / roguHy.

3[aTHICTL CKaHyBaTH Be/IMKi IUIOLi Ta BidyaslizyBaTy ra30Bi IOTOKM B PeXXUMI peabHOro yacy. Lle fornomarae
iHCTIeKTOpaM TOYHO BU3HAUMTH JpKepeso HeCTabiMbHUX BUKHUZIB Ta HeTaiiHO pO3MoyYary MpoLjeC PeMOHTY, 110
pobuts mepeBipku 6inbin edekTuBHUMH. HacrpaBpi, mMmif 9ac MoJBOBOrO [JOCTiZXKEeHHs, CKaHyBaHHS 3a
JloroMoroto iHppauepBoHKX Kamep Oyi1o0 IjoHaiiMeHIlle B 1eB'STh pa3iB LIBHU/LIIE, HiXK BUKOHAHHS CKaHyBaHHS
METO/y Ha TOMY > 00Jla/[HAHHI CcaiTy.

[IBuAKicTL CKaHyBaHHS TIOJIeTIIye BUPOOHMKaM HadTH Ta Tasy uactimle obcTexxyBaTé oOnmafHaHHS. Bimbin
4yacTi MepeBipKM Ta PeMOHTH MOXKYTb 3HAYHO 3MEHILUWTH BUKWAM MeTaHy Ta Bukuau JIOC. Hampuknag,
LIJOKBapTa/bHi OMUTYBaHHS MOXYTb CKOPOTUTH BUKMM Ha 80 BifCOTKiB, TOAi SIK TiBpiuHi MOHITOPHHIOBL
JOCJIiZPKeHHsI Ta pEMOHTHA MOXKYTb 3MeHILIWTH BUKUAX Ha 60 BiZCOTKIB.

Ilo po3po6ku kamep, 6inbIIicTh HAQTOra30BUX YCTAaHOBOK BUKOPHCTOBYBA/IM aHA/I3aTOpP TOKCHUHUX BUIIApiB
(ATB), iHakie Bifomui siK "Hroxau", [yl aHa/i3y piBHIB KOHIL|eHTpaLjii rasy Ta Ki/lbKiCHOr0 BU3Ha4eHHs
BUKH[Y ra3y B atMocdepy. TeneBizopy HafiiiHi, BifHOCHO HM3BKi, Ta MOXKYTh iZeHTHU]IKyBaTH OiNbIIICTH
rasis. Hepjonikom nopiBHsHO 3 Kameporo ATB e Te, 1110 orepaTop MOBUHEH TOYHO 3HAaTH, KyAU 3BePHYTUCH,
1100 IIyKaTh HeCTpaBHICTb -Tai3uuHO TopKaTucs ii. [HImMMuU cioBamu, sniffers - 1ie sik rpaTH B KiHI[i XBoCTa
Ha BiCJTFOKY, B TOH 4ac sIK ONTHYHMI 3HIMOK Ta3y - Ile Ta cama rpa - azne 6e3 3aB's30k. Takoxx ATB 3HauHO (B 5-
10 pa3iB) mBHALLIe, Hi’K CHalTIep.

OnTruHa cucTeMa Bisyasiszauil rasiB TakoX IIPOTIOHYE psifi repeBar Oe3reku Iepej TpaAWLidHUMU
TeneBizopamu. Lle f03BosIsie AUCTAHLIHO BUSBUTY ra3, sIKW MOJKe TOTeHL{IHO BUOYXHYTH UM CIIPUUMHNATH
npo6siemu 3i 30POB’SIM y THX, XTO JXa€ ra3oM. Kamepy 103BO/ISIIOTH OIepaTopaM 3a/IHIIATHCs Ha Oe3neuHii
BificTaHi mif yac mepeBipok. 3amicTb TOro, 106 CTOATH B XMapi rasy, BOHM MOXYTb 3a/IMILATHCS Ha 3eMI,
BKa3yBaTH Ha 1My BrUcoToro 10 un 20 ¢yTiB Ta BU3HAUaTH, Y4 BUTIKa€E BiH ra3 B atMocdepy.

2.4. IlpomixxHmii iHdpauepBoHUI

CepenboxBriboBui un MWIR iHdpadepBoHUii - e nifMHOXKHA iH(pauepBOHOI CMYTU e/1eKTPOMarHiTHOro
CIEKTPY, 10 OXOILIIOE JOBXXUHY XBUJb Bif 3 MKM 710 5 MKM (3000 #M g0 5000 HM). Lle mpomeHuCTe Terio, sike
GauaTh Hallli 0XOJI0/KeHi KaMepH TeIIoBi3opy.

Tennosi kamepu MWIR 3aaTHI JOMOITHCS HalBUILIOrO [iara3oHy BUSIBJIEHHS /IS TEIVIOBUX iH(pauepBOHUX
KaMmep CIIOCTepe)KeHHsI Ta YaCcTO OXO/OKYHOThCS 3a JONIOMOIO0 LIUPO-KyJiepa, 110 J03BOJIsi€ IM MPONOHYBaTH
eKCTpeMaJIbHU /liana3oH 3 BUCOKOI KOHTPACTHICTIO Ta HeBeIMKUM piBHeM LIyMy.

2.5. Texnonoris Midwave Infrared

Obmacte MWIR Tako)k Ha3HUBAae€TbCS 'TEIUIOBOIO  iH(payepBOHOIO", OCKiBKM  BUIPOMiHIOBaHHS
BUIIPOMIHIOETBCS Bifl caMoro 06'eKTa, a 30BHIIIIHE JyKepesio CBiT/Ia He MOTpibHe A/1st 300pakeHHs1 00'ekTa. []Ba
OCHOBHMX YMHHMKA BU3HAuUalOTh, HACKIILKY SICKPaBUM € 00'eKT JIsl TeIUIOBi3opa: Temmepatypa 00'ekTa Ta
Horo BumpoMiHioBaHHs (¢isMuHa BracTUBiCTH MatepianiB, fKa OIMCye, HacCKiIbKA edeKTUBHO BiH
BUIPOMIiHIO€E). OCKiJIbKM 00'€KT CTa€ rapsAdvillivi, BiH BUIPOMIiHIOE OiJbllle eHeprii Ta CTa€e SCKpaBillluM [ijis
TeIUIOBi3ifiHOI cucTeMH. ATMOCGepHI 3aTeMHEHHs BUK/IMKAIOTh Habarato MeHIe PO3CiIOBaHHSI B CMyrax
MWIR ta LWIR, HiX y gianasoH SWIR, ToMy KamepH, 4ymIMBi [0 LUX [OBFMX XBW/b, MalOTb BHCOKY
TOJIEPAHTHICTb [0 UMY, TIA/TYy Ta TyMaHy.
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Ockiibky 06'€KT CTa€ rapsiyilivM, BiH BUIIPOMiHIOE Oijibllie eHepriiTacTae SICKpaBilllUM JJIsl TeIUIOBi3iiiHOI
cucteMud. ATMocepHi 3aTeMHeHHsI CIPUUMHSAIOTh HabaraTto MeHIle po3citoBaHHS B fiana3oHi MWIR, HiX y
nianasoHi SWIR, ToMy Kamepy, 4yTJIMBI [j0 LJUX JOBIUX XBU/Ib, MalOTh BUCOKY TOJIEPAHTHICTb [0 AUMY, TATY
Ta TyMaHy.

MWIR 36upae CBIT/IO B CIIeKTPa/IbHiM cMy3i Big 3 MKM 70 5 MKM. Kameprt MWIR BHKOPHCTOBYIOTBCSI, KOJTHA
TOJIOBHA MeTa - OTPUMaHHs BUCOKOSIKICHHX 300pakeHb, a He ()OKYCYBAaHHSI Ha BUMIipIOBaHHI TeMIlepaTypH Ta
MOBiNIbHOCTI.

[Hiarnazon MWIR criekTpy - 06/1aCTb, /ie TeMIOBUI KOHTPACT BULMH 3a paXyHOK ()i3VKU YOPHHUX TiJl; B TOH yac
K B giariazoHi LWIR crioctepiraetbcst Habararo 6isbliie BUTIPOMiHIOBaHHS, 1110 BUTIPOMIHFOETHCS 3 Ha3eMHHUX
006'exTiB mopiBHsHO 3 fAiamasoHoM MWIR, Ki/lbKiCTh BHUIPOMIHIOBaHHsS MeHIa Bij TemmepaTypu ( KpuBi
ITnaHka): came ToMy 306paxeHHss MWIR 3a3Buuaii 3a6e3neuyroTh Kpaiuii kKoHTpact, Hixk LWIR. Hanpuknaz,
MK BUKWZIB rapsuix [JBUTYHIB Ta BUXJIONHUX TasiB BifOyBaerbcs B fiamasoni MWIR, Tomy Ui Kamepu
0c06/11MBO UyT/IUBI /IO TPAHCIIOPTHUX 3aCO0iB Ta JITaKiB.

2.6. Marepianu 15 iHppauepBoOHOro JeTeKTyBaHHA

\ PrucyHoK 2.4 JliHiliKa iH$pauepBOHOTO BUITPOMiHFOBAaHHS

PucyHok 2.5 maTepianu A/ ileTeKTyBaHHs iH()pauepBOHOr0 BUIIPOMIHIOBaHHSI BUSHAUEHOI'O CIIEKTPY

2.6.1. InSb

Antumonipg iHgito (InSb) - HamiBrpoBigHMKOBa criosiyka 3 eHeprieto 0,17 eB ripu KiMHaTHil Temreparypi,
3aB/IKM UOMY ILIMPDOKO BUKODHUCTOBYETbCS B iH(pauepBoHuX Kamepax cepefnbol xBuni (MWIR) ps
orpumanHsi [Y-306pakeHb 10 AOBKUHUA XBWI 5,5 MKM. OfiHaK iCHYIOTH [iesiKi 0OMeXXeHHs IeTeKTOPIB, 110
BHUKODUCTOBYIOTh HAacHMMHWA InSb, Hampukias BHUCOKWM TEeMHHH CTPyM Ta TIpallo€ TP KpiOreHHik
Temnepatypi . Lli mpobsemMu MO>KHa MOAONATH, BUKOPUCTOBYHOUM HaHO-TIPOBOAY InSb, OCKiIbKK KBaHTOBe
obMerkeHHsI B 0fHOBUMipHUX (1D) HaHO-TIPOBiJHMKAaX BHU3HA4a€ IX YHiKajbHi ONTOENEKTPOHHI BIaCTHBOCTI.
TemHuiéi cTpyM GOTOJETEKTOPIB HAa OCHOBi HAHO-TIPOBOJA3HAUHO 3MEHIIMTBCA 3a PAXyHOK YCaJKh
po3mipiB[1]npuayiieHHst GOHOHHOTO PO3CilOBaHHSI B HAHO-CTPYKTYpax [4] , 1110 MPU3BOAWTD [0 IMiZIBUILIEHHS
pob6ouoi Temnepatyp . Bricoke criBBijHOIIEHHS CHTHaJ / LIyM MoKe OyTH OTPUMAaHO MU TPUBAIIOMY TepMiHi
eKcruyaratlii poTo-HOCITB Ta CKOpOUEHOMY Yacy TIPOXOZpKeHHs HeCcy4oi y oTofeTeKTopax Ha ocHOBi InSb Ha
OCHOBi HaHO-TIPOBi/JHVKA 3aBASKH BUCOKOMY CITiBBiJHOILIIEHHIO HAaHO-TIPOBiZ MiX 1MoBepxHeto Ta 06'eMoMm [5] .
BpaxoByroun 1i ocobymBocti Ta icropito o6'emHux InSb-gerekropiB, IjikaBUM € [ociipKeHHs (oOTO-
BiJMOBi/ie¥ (oTornpuiiMadiB Ha OCHOBI HaHO-TIPOBOAIB InSb. YcmimiHa AeMoHCTpallisi 3Hali/ie 3aCTOCYBaHHS B
MeJHLVHI, 000pOHi, BUSB/IEHHI BOTHIO , CITIIKyBaHHI Ta aCTPOHOMII.

A 3BaKalouM Ha Te, L0 B TOMY >K HAmNpsIMKy Bif0yBaeTbcst 0csabneHHs iOHHOTO CK/IafiOBOTO 3B’SI3KY, TO
PYX/MBICTb HOCIIB 3apsifly pisko 3pocrae. Cepej, BCiX HamiBNPOBIJHUKIB aHTUMOHIJ, iHJil0 Ma€ pekOpAHO
BUCOKY PYXJIUBiCTb e/IeKTPOHIB. AGCOJTFOTHE 3HaUeHHs! PyX/IMBOCTi eJIeKTPOHIB /71t Oi/IBIIOCTI CIIOMyK iCTOTHO
NepeBUILYE PYX/IUBICTb AipOK. BHK/IIOUeHHS CTAHOBUTb TiIbKM aHTUMOHIJ|, a/llOMiHil0, y SIKOTO PYXJIMBiCTh
[ipoK Maibke B TpU pasu IlepeBHIIY€E PyX/IMBICTb eJIeKTPOHiB.[6]

B ocraHHi pokd BUpOOJieHi efieMeHTapHi Ta CK/IaAHi HaMiBIIPOBIJHWKA , MeTald, OKCHAW, HITpPUAW Ta
pi3HOMaHiTHi iHIII HeopraHiuHi MaTepianu y Bumsizi HaHo- mpoBofiB [7] . Lle MOTHBOBaHO MOJK/IMBICTIO
TIPOBOZUTH iH)KeHepito 3a30piB, 3MiHIOIOUHM fiiamMeTp ApoTy [8], 3acTocoByrouu edeKTH KBAHTOBOTO yTPUMAaHHs
IJI1 pO3MIpiB MPOBOJIB HWXK4Ue pafiyca bopa, BUKOpHCTaHHS BUCOKOSIKICHUX MOHOKDHCTATUHHUX MPOBOJIB
TMOKpalljeHi MOBepXHi MOPIBHSHO 3 TPaB/JeHUMH KOHCTPYKLISIMU TIOAIOHUX PO3MipiB, a TaKOK MOXIIUBICTb
3nilicHeHHs iHTerpaujii npucTpoiB 3HM3y Bropy. Bapianii eHeprii 3asopy B jiamasoHi Mo)XHa OTpUMary,
BHUOMpArOUM iiaMeTp JiaMeTpa, 3a/Ie)KHO BiJj 6a)KaHOTO PEXKUMY JOBKUHU XBHJIL.

AwnTtumoHiz iHgito ( InSb ) - kpucraniuHa crionyka, BUroToBreHa 3 eneMeHTiB iHzito (In) Ta cypmu (Sb). Le
HamniBIPOBiJHUKOBUM MaTepian 3 By3bKUM 3a30poM 3 rpynu III - V, sikuii BUKOpPUCTOBY€EThCS B iH(bpauepBOHUX
JeTeKTopax , BK/IIOYAlOYM KaMepy TeIlIo-Bi30pyBaHHs, iH(pauepBOHI CHCTeMH HaBilllyBaHHSI pakeT Ta
iH(pauepBOHY acCTPOHOMIIO . AHTUMOHI/IHI IeTeKTOPY iH/i10 Yy TIHBI MiXK JOB)KUHOIO

xBwii 1-5 MKM. AHTHMOHIZ iHfi0 OyB [yXe IOIIMPEHHUM JETEeKTOPOM Yy CTapHX, OAHO J[eTeKTOPHMX
MeXaHIYHO CKaHOBAaHMX CHCTeMax Terl1o-Bidyasnisaljii. IHIle 3acTOCyBaHHS - Lie [Kepesjo BUIIPOMiHIOBAHHS
TeparepLiiB, OCKi/IbKY 1le CUIbHUM oToemiTep.[4]

Lleli MaTepian BUKOPUCTOBYEThCS /151 CTBOPEHHSI KAMEPHOTI'O CIIeKTpa cepejHbOI0 XBUJIIO IIOBITPSHOIO CBiT/Ia.
InSb-zeTekTopH € GoTOENEKTPUUHUMHU Ta T€HEePYIOTb CTPYM IpY BIUIMBI iH(pauepBOHOTO BUITPOMiHIOBaHHSI.
Ha pucyHky 2.5 moka3aHa ekBiBajieHTHa cxema A InSb, mjo BkIlouae oropy InyHTa, KOMIAKT-AWUCK
€MHICHOro KOMMNaKT-AXCKa Taa uyMm nocrpity. llym nocrpiny e pesyiasrarom ctpymy IBG nocriliHoro crpymy,
1110 BUPOO/IsiETbCst GoHOBUM iH(pauepBoHMM BUNpoMiHIOBaHHAM. Ockinbku IBG mpomopLiiiHuil akTHBHiH
obacTi feTekTopa (puc. 5), MeHIIi JeTeKTOPY MatoTh MeHILHH [ITyM ITPY MOCTPL/I Ta MeHII 3HaueHHs..
VYnakoBka: Yci gerektopu InSb cepii BumararoTs po6ouoi Temneparypu 77 © K. JleTeKTop MOCTaBISETHCS B
CTaHAAPTHOMY MeTajeBOMYy ZeKopi 3 cariipoBuM BiKHOM Ta mosieM 3o0py 60 °. doctynHi # iHwi BapiaHTH
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BiKOH Ta ekpaHiB. Bci fetekropu InSb mMoxyTh OyTy mepesbaueHi B KOMIIeKTaLjil eTeKTopa OXOI0pKeHHs
I71s pobOTH €3 CUITKOTO PiJjKOro a30Ty.

MMigcumoBau PA-9 crnieLjialbHO MiXOAUTH O KOXKHOTO Jerektopa InSb, mo6 3abe3meunTd MakCHMalbHY
YyT/IMBICTh, TOCUIEHHS Ta MIPOMYCKHY 3AaTHICTh. ITifcumoBau PA-7 3 pery/ib0BaHUM MOCU/IEHHSIM 3 MEHILLIO0
BapTiCTIO TMiJXOAUTb [/l 3aCTOCyBaHb 3 HH3bKOKO uactotoro (DC-10 kI'u). Bubuparoun mOCHIEHHS
MicvIoBada, BUOWpPArOYM HAMOLMBIIy TPAKTHUHY BelWUMHy PU MpUBOASYM [0 HAWHIKYOTO 3arajabHOro
mymy. OpfHak ci1ij BpaxyBath ferektop IBG, 11060 YHHUKHYTH HAaCH4eHHs IIOCTiHHOrO CTpyMy Iepef,
nigcunioBaya.

2.6.2. HgCdTe

HgCdTe - moTpiiiHe HamiBMPOBiJHUKOBE 3'€[HAHHS, SIKE JEMOHCTPYE 00Opi3 AOBXKUHU XBUJIi, TIPOMOPLIiAHUI
cknagy cruiaBy. @akTUYHMK [eTeKTop CKiafjaeTbcsi 3 ToHKoro mapy (Big 10 go 20 mxm) HgCdTe 3
MeTaJli30BaHUMH KOHTAaKTHIUMH HaK/IaZIKaMH, 1[0 BU3HAUalOTh aKTUBHY 001actb. POTOHM 3 eHepriero, 6ibIIo
3a

€Heprif0 HariBIIPOBiJHUKOBOI CMyTH 3a30py, 30y[)KYIOTb €IeKTPOHM B 30HY MPOBIJHOCTi, THM CaMHUM
301/IBLITyFOUM TIPOBiHICTL Matepiamy. [IoBKMHA XBHJI MMIKOBOI peakLil 3a/eKUTh BiJ eHeprii cMyru 3a30py
Marepiasy i MOxke JIeTKO 3MiHIOBaTHCs, 3MiHIOIOUM CKJlaJ, CIUIaBy. [jist Toro, 106 BifuyTy 3MiHy NMpOBigHOCTI,
noTpibeH cTpyM 3MiljeHHst abo Harmpyra. 3a3BUyaii IETEKTOPU BUTOTOBJISIIOTEL Y KBa/jpaTHiii abo MpsMOKyTHii
KOHirypauii i miJTPUMKUA PiBHOMiIPHOTO PO3MO/i/ly CTPYMY 3MillleHHs 0 BCili aKTUBHiM 06/1acTi.
HetekTopHe 3MmileHHs1 Ta poboua cxema: OcHoBHa cxema jyisi pobotu ITK HgCdTe pmerektopie cepii J15
ToKasaHa Ha pUCyHKy 2.5. Lli feTeKTopy € MpUCTPOSIMU HU3BKOTO OMOPY, SIK MpaBuio, Bifg 10 go 150 Om i
noTpebyIoTh MornepeHBOTO MiJCH/II0BaUa LIyMy HHU3bKOI Hanpyru. [ToCTiiHUE CTPyM 3MillleHHsI BUPOOJISETHCS
B [IeTEKTOPi 3 BUKOPUCTAHHSM [Kepesia MOCTIHHOro CTPyMy HU3BKOro IIyMy abo 6Gatapei 3 pe3ucTopom, Lio
obmexye ctpym. KoHzeHcarop 3'ejHaHHsI 3MiHHOTO CTpyMy 6JIOKY€ Hampyry 3wmillleHHsl TIOCTiHHOTO CTpyMy
BiJ MiJCuUIIOBaua BUCOKOTO TOCH/IEHHSI i 3arobirae HaCHYeHHIO TMOCTiHHMM CTpyMOM. [Ijisi AOCSTHEeHHs
ONTUMAJILHOI TIPOAYKTHBHOCTI, 1[0 Mae BOyJOBaHy CXeMy 3CyBYy i CIHeL{iajbHO MiJXOAUTh A0 KOXKHOTO
JeTekTopa Ha 3aBofi. Husbkuil piBeHb ILIymMy, BUCOKWM KoedillieHT MOCH/IEHHS Ta ILIMPOKA IPOIYCKHA
3[aTHICTE 3abe3reuyioTh HaleXXHY TPOAYKTHBHICTb [Jisi MoAanbiiol 06poOKM CHUTHAMIB OCL{IOCKOMAMH,
nepetBoproBauaMu AD, 6/10KyBabHUMH MiZACHTFOBaYaMH TOLIO.

Tesnypug kagmiro pryti (Hg 1 - x Cd x Te) - npakThuHO ineanbHa cucrema IU- getekropis. Ii BigmiTHa nosuis
3a/IeKUTh Bifl TPhOX OCHOBHHX 0COOIMBOCTEMH:

° 3a/eXkHu Bif cknasy kagmieBui (Cd) eHepreTMuHUi fiana3oH (UyTIMBICTb JOBKUHU XBUJIi MOXe
OyTy Ha/lalITOBaHA LIUISIXOM 3MiHH ii CKJIafly CIIaBy X B MeKax 1-30 MKM),
e BeJMKi onTuuHi KoedillieHTH, 1jo 3abe3revyroTb BHUCOKY KBaHTOBY e(eKTHBHICTb, CIIPUSIT/IMBI

MpUTaMaHHi MeXaHi3MH peKoMOiHaliil, 110 TPHU3BOAATE /10 TPHUBAJIOTO TePMiHy eKCIUTyaTalii HOCis Ta BUCOKOT
pob6oyoi TeMneparypy.

. Kpim TOro, Hag3BUuaiiHO Maja 3MiHa TOCTIMHOI PeLIiTKU 100 CKIay /AO03BOJISIE BUPOLYBaTH
BUCOKOSIKICHI IIIapy Ta reTepOCTPYKTYPH.

BucokosikicHi 3pa3ku HgCdTe 1eMOHCTPYIOTh KoedillieHT TMOMIMHAHHS o Y KOPOTKOXBUIBOBIH 06macTi, o6
Biamosizatu mogeni Keitn. IIpoGiemu, sIK BUAAETHCS, YCKIAAHSIOTHCS B 0b6iacti LWIR mosiBoio XBOCTa
TIOTVIMHAHHS, 1[0 TIPOCTATAETbCS Ha eHeprii, HIKJYi 3a eHepreTMYHWN IIPOMIXKOK, IO BiZJHOCHTBCS [0
HeOAHOPIJHOCTI KOMIO3ULIil.

2.6.3. PbSe

Cenenigy cBuHio ( PbSe ) abo ceunipo (II) , ceseHizs , A cesieHify 3 CBUHIO , € HAITIBIIPOBIAHUKOBHM

Marepianom . Bin yTBoproe Ky6iuni kpuctamu Ha NaCl cTpykTypu; BiH Mae npsimuii ipomixok 0,27 eB mipu

KiMHaTHi} Temneparypi. (3ayBa>kumo, 1110 [2] HenpaBWIbHO ifeHTH(iKye PbSe Ta inuii HaniBnposigHuku IV —
VI sik Marepianu HerpsiMoro 3a3o0py.) [3] Lle cipuii KpucTastiuHuii TBepAui MaTepiai.

BiH BUKOPHCTOBYETHCS /1711 BUPOOHULITBA iH(pauepBOHUX [1eTeKTOPIB Ji/isl TepMidHOI 00pOOKH 300pakeHs , [4]
, [IKi TIpaLIOI0Thb Ha JA0BXHHAX XBU/b MiX 1.5-5.2 MKM. BiH He BUMarae 0X0JI0)KeHHs], ajie Kpallje [paLjfoe Ipu
6inbI HU3BKUX TeMreparypax. [TikoBa Uy TIHBICTb 3a/1€KUTh Bifi TeMITepaTypH i KOJMBAeThCs B MeXax 3,7—4,7
MKM.,

PbSe - ne ¢doro-koHAYKTOPHUM MaTepias. MexaHi3M Ioro BUsIB/IeHHsI 3aCHOBaHMI Ha 3MiHi MpoBigHOCTI
MOMIKPUCTa/IiYHOI TOHKOI IUTIBKM aKTMBHOIO Matepiany npH nafadfi ¢otoHiB. Lli ¢hoToOHM MOMIMHAIOTHCS

BCepeZuHI MiKpo KpucrtaniB PbSe, BHK/IMKaroud IOTiM MPOCYBaHHS eJIEKTPOHIB 3 BajIeHTHOI 30HH B 30HY

npoBiAHOCTI . He3Baxkarouu Ha Te, 11]0 BOHa Oy/ia IIMPOKO BUBYEHA, CHOTOAHI MeXaHi3My, 1110 BiAMOBifat0Th 3a
ii BUCOKY JedeKTUBHICTb IIpU KiMHATHIM TeMmepaTypi, HeZIOCTaTHBO BHBUEHI. 3araJbHOBU3HAHUM € Te, 10
MarTepias Ta MOMKPUCTaIiYHa MPUPO/ia aKTUBHOI TOHKOI IUIIBKY BIiIirparoTh K/IFOUOBY POJIb SK Y 3MEHIIeHHI

MeXaHi3My IIHeKa i 3MeHIIIeHHs] TEMHOTO CTPYMY, [IOB'si3aHe 3 HasiBHICTIO Oe3/tiui 06/1acTell BUCHAXKEHHS MiXK

3epHaMH Ta MOTeHL{iHKX 6ap'epiB Bcepe/vHi MOJIKPUCTaIiYHUX TOHKKX IU1iBoK. HeoxonomkeHi iHdpauepBoHi
(I9) macuBU (OKYCHOI TUIOIIMHKA [03BOJISIFOTh 3MEHIIMTHA PO3Mip, Bary, MOTY)KHICTb Ta BapTicTh IU- Kamep,
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pol6/ATh IX AOCTYNMHHUMH [l MAacOBHUX DMHKIB, 1[0 OXOIUIOIOTH ixHi mporpamu. [U-zianasoH cepejHboOl
nopkuHn xBuni (MWIR) (3 - 5 MKM) € opHi€to 3 HakuikaBimux IY-obsacteit At 00CTeXeHHS Tapsuux
006'eKTiB Ta ra30BOI CIIEKTPOCKOITii.

TexHororis 151 i€l rpynu € eBOJIOLOHYBa/IM Bifi JOPOrUX

BiliCBKOBHX CHCTeM, IL[0 OXOTIOZAKYIOTCS, [0 [ielleBIINX [JIS 3aCTOCYBaHb, 110 TT0TPeOyI0Th OAWHHULIL HU3bKOT
BaprocTil. OfHaK, Mano OXOJO)KEeHUX [eTeKTOpiB, 3[aTHUX IIpaljloBaTH IpU KiMHATHiIM TemriepaTypi B
pianasoni MWIR: nonikpucraniuauii cBuHIeBuit cenenig (PbSe). Kamepu PbSe BOyzoBaHi 6e3 Temneparypu
cucTema crabisisariii, 1[0 03B0JIsIE KOMITAKTHI Ta eHeproedeKTUBHI KOHCTPYKIii. [lesiki mpo6iemu, moB'si3axi 3
L[i€}0 HU3BKOIO BAPTICTIO TEXHOJOTII, - Ije edeKTH, TOB's3aHi 3 TPUPOAOI0 Marepiamy: Bucoka 1 / f yactora
HIyMy KoJsiHa, BUCOKa Jie/leKTPUYHA KOHCTaHTa i Teruiosi fpeiidu.3 Ili Heponiku MoxkHa MiHimisyBaTu 3a
[IOTIOMOTOI0 BJIOCKOHa/IeHOT 06pOOKH Ta BUKOPHUCTAHHSI KOHKPETHHX CXEM.

- me BigHiMaHHS (OHY, siKe, SIK [TPaBWJIO, BUJA/SE 3 TIOTOUYHOTO BHMIpIOBaHHS OL{iHKY T€MHOTO ITOTOYHOTO
306parkeHHs

OTpUMaHi i3 3aCTOCyBaHHSM MexaHiuHOro 3aTBopa.7 binblie Toro, koxkeH mikcens FPA mae yHikanbsHi po6oui
TOYKH (3MillleHHs) 3HaueHHs) Ta YyTIMBOCTI (TocuieHHs). JJBoToukoBa kopekuisi HepiBHOMipHOCTi (NUC), sika
HabyBae (OHM XOJIOAHOIO Ta rapsdoro 300paKeHHs! TPAJULIiHO BUKOPUCTOBYETBCS IS TIOM’SIKIIEHHs LIUX
HachnigKiB..

2.6.4. PtSi

Cuninu/ MIaTUHY , TAKOXK BiZIOMMI SIK MOHOCWU/TILIM/L TUIATHHU, € HEOPTaHIuHOIO CIIOJyKOIo 3 popmysoro PtSi i
YTBOPIOE OPTOPOMOIUHY KPHUCTa/IIUHy CTPYKTYPY NP CUHTe3.

Kpucraniuna ctpykrypa PtSi € opTopoMOiuHOI0, KO)KEH aTOM KPEeMHiI0 Ma€ IIiCTh CYCi[HiX aTOMIB IJIaTHHH.
BizmcTanp M’k KpeMHI€M Ta TUVIAaTUHOBUMM CyCi/laMM € HaCTyITHMM: OJMH Ha BificTaHi 2,41 aHrcTpemy, JBa Ha
BificTaHi 2,43 aHrcTpeMu, O/JMH Ha BificTaHi 2,52 aHrcTpeMy, a OCTaHHi /iBa Ha BificTaHi 2,64 anrctpeM. KoxxeHn
aToM IIJIaTUHU MaE LIiCTh CYCiJ[iB KDEMHIiI0 Ha OJJHAKOBUX BifICTaHsX, a TAKOXX /[Ba CyCi/iy T/IaATUHH Ha BifCTaHi
2,87 Ta 2,90 anrcrpem. Bci Bigcrani moHaz 2,50 aHrcTpeM BBa)KalOThCS 3aHAZATO Jla/leKUMH, 100 AiicHO 6yTH
3a/lyueHHMH [I0 B3a€MO3B'A3KiB CrIoyKu. B pe3ysnbrati Oy/10 mokasaHo, 110 Ba HabOpU KOBaJeHTHUX 3B'SI3KiB
CK/IaJIal0Th 3B'13KH, 1110 YTBOPIOKOTH 3'€AHaHHsA. OauH Habip - 1je TpU LieHTpasbHi 3B'13KU Pt-Si-Pt, a iHILIMWiMA
BCTaHOBJ/IFOETHCSI [JBOMa LieHTpa/lbHUMU 3B'sa3kaMu Pt- Si. KokeH aToM KpeMHII0O B CHOMyLi Ma€ OfHY
TPULIEHTPOBY 3B'A30K i ABi ABi

LeHTpanbHi 3B’s13ku. HaliToHmia mmiBka PtSi cknmaganmacs 6 3 [JBOX uUepryrOThCS TUIOUIMH aTOMiB, OZIHOTO
apKyIla OpTOPOMOIYHMX CTPYKTYp. Binbll TOBCTI MIapy yTBOPIOIOTHCS LIISIXOM YK/Ia[aHHS T1ap YepryloThCs
ymctiB. MexaHi3M 3B's13yBaHHsI MK PtSi 6isibllle cXo>Kuii Ha MeXaHi3M YMCTOrO KpeMHit0, HDK UMCTHI IJIaTHHU
abo Pt2Si, xoua eKkcriepuMeHTH BUSBWIM y PtSi xapakTep MeTaseBOro 3B’s3KY, SIKOTO He BHCTaua€ YHCTOMY
KPEeMHilo.

HemronagHo 6ynu po3pobreHi Ta 3acTOCOBaHi AeTeKTopu MacuBiB cuiinuay mwiatiau (PtSi) KinbkicTs
3aCTOCYyBaHb [IJIs1 BUKOHAHHS iH(pauepBoHUX criocTepekeHb cepeiHboi xBuI (MWIR) Ta paziomerpiil-6. PtSi
[leTeKTOpH MaroTh [y>Ke HU3bKY KBaHTOBY e(heKTHBHICTB Ji/1s1 BUsIB/IeHHs BUpoMiHroBaHHS MWIR mi0opiBHSIHO
3 KOMepLiliHuUMH focTymHi feTekTopy aHTUMOHiAYy Indium (InSb). Kpim Toro, 3amicTh BifHOCHO mockoro
CTeKTpabHOIO BiAiryKy KpuBa InSb-zerexkropiB, PtSi-geTekTopy MaroTh CU/IBHO 3a/le)kKHY KPUBY peakiiii Ha
nopkuHy xBuii. OpHak, [erektopu PtSi MOXyTb OyTHM BHIOTOB/IEHI 3 BUKOPHMCTAHHSIM CTaHAAPTHUX
TEXHOJIOTii 0OPOOKU KPeMHII0 i MOXKYTh OyTH BUTOTOBJIEH 3i 3HaUHO Gi/BbLIOK PiBHOMIPHICTIO MiKCeNiB /10
nikKceniB, HXK y ferekropax InSb6,7. Ha jkanb, CUIBHUIN 3a7eXHICTb JOBKWHU XBWIi KpUBOI peakiii PtSi
pobuTh pajiomMeTpit0 Habararo CK/IaHIIION, HiXK 3 TUIOCKOIO AETeKTOP BiAmoBifi. SIKIO XOueTbCs OMUCATH
OITUYHI XapaKTePUCTUKY CIIOCTEPeXKYBaHOI Lifi, il 6a)kaHO OMMCATH LIk He3alIeXXHO BiJ| AaTUMKa. 3aIeXHO
Bizi aTumka 1je Moxke 6yTH Gibl-MeHIn jierko. KiHI[eBUM CTIOCTEPEXKEHHSM 11i/li € BUKODUCTAHHS JATUMKA 3
nmobpe BioMO0 (GYHKI[i€I0 peakiiii Ha JOBXKHHY XBW/Ii Ta 3pOOMTH Dsifi BUMIPIOBaHb iHTEHCHBHOCTI B /Iy)Ke
BY3bKMX ONTHYHUX [iana3oHaX XBWU/Ib. 3 LJbOTO MOXKHAa DEKOHCTPYIOBaTH CIeKTpajibHe BUIIPOMiHIOBaHHS
MilreHi. 3 6aratbox MPUUMH, BK/IKOYAOUH Yac 360py Ta MOTY)KHICTb CUTHAITY, Lie TaK Lie HEMOXK/IMBO, i 3aMicTb
L[bOTO TPOBOJUTBHCS €[UHE IIMPOKOCMYTOBe BUMiptoBaHHS wLiai. OTpuMaHuil pe3synbrar BumiproBaHHs
BKJIFOYA€ 3ropTKy (GYHKLii BiAAryKy JaTurKa [JOBXWHM XBHJI 3 L{JIbOBIM CITEKTPOM XapaKTepHCTHKH, 106
copMyBaTH 3ajI€KHY Bifi JaTuMKa KilbKiCTb. 1 TOTO, 1j06 BUTSAITH CEHCOPHI He3aJIeXHi BEeJIMYMHU 3 TIPU
LJbOMY BHUMipIOBaHHi He0OXijHO 3p0OUTH TIPUMYILeHHs I1{0A0 YyT/IMBOCTI JaTuMKa i L{i/IbOBUH CrieKTpaabHUI
BigmoBifge. Y pmanili poboti Oyme po3misHYTO 3aranbHy NpobsieMy paZioMeTpUUHOTO BHMIDIOBAHHS 3
BUKOPUCTAHHSAM a JaTuUK i3 CUIbHOO

3a/Ie)KHICTIO Bifi CH/IBHOI JOBKHUHH XBWJI 3 0COO/IMBHM aKLIEHTOM Ha (OKyCHY IUIOLHy PtSiT Bisyasi3atop.
KinrjeBoro MeTot0 1ji€l po6oTH Oyfie OTpMaHHS Pa/jioMeTPHYHOTO OMHCY HeBUPIIeHOI TOUKH.

2.7. Insb cencop

PucyHok 2.6 cencop InSb

PucyHoK 2.7 MaTpuLisi CeHOCpy
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Pucynok 2.8 CTpyKTypa KOH)KHOT'O eJleMeHTY MaTpULii

Mo>ke 300pa)kyBaTH Ta3 MeTaHy 3i IIBUAKICTIO Bi/je0, BUKOPUCTOBYIOUH JIHILIE iX OJJHO MiKCEeJbHUH JeTeKTOp Ta
CTPYKTYpOBaHe OCBiTieHHs. [kepenoM cBiTna € iH¢payepBoHMI JazepHuii piof mpaioe Ha 1.651pm
HaJIallITOBaHAa Ha JIiHilo MOIJIMHAHHSA rasy MeTaHy. CBIiT/IO CTPYKTYpYEThCS 3a AOIIOMOIOK0 afipeCoOBaHUM MiKpo-
J13epKasIbHUI MacUB Ji/Is1 MaTFOBaHHSI J1a3epHOTO BUXO/Y 3 TOC/IiIOBHICTIO MacoK Aziamapa.

PrcyHok 2.9 3a1eXXHICTb Yy T/IMBOCTI CEHCOPY Bif| JOBXWHU XBU/IL

OTpuMaHe CBIiT/IO pO3CisiHE CBIT/IO 3aNUCY€ThCs 3a JOMOMOIOI OJHO MiKCeJbHOro jetekropa InSb, sikuii
3abesneuye Mipa Kopessijii MiXk MPOrHO30BaHUMHU 3aKOHOMIDHOCTSIMK Ta PO3TIO/IL/IOM ra3y B CIieHi. 3HaHHS
LJbOTO CIiBBiJJHOIIEHHs] Ta 3aKOHOMIpPHOCTell /I03BOJISIE PEKOHCTPYIOBAaTH 300pakeHHs rasy creHa. [s
3aCTOCYBaHHA JIOKasli3allii BUTOKIB rasy 4acToTa KaJpiB KamMepu € MepBMHHOK Ba)K/IMBICTi, sIKa B JaHOMY
BUIaZIKy 0OepHeHO MpoIopLiiHa KBajpary JiHiliHOI po3zineHOI 3AaTHOCTI. TyT MU [JeMOHCTPyeMO Tra30Bi
300pakeHHsI IPU~25 KaZIpiB B CeKyH/Y, BUKOPUCTOBYIOUM 256 11abJI0HIB MacoK (BiAmoBigHI Ta po3pisbHa
34aTHICTH 306pakeHHs1 16x16). Ta fonoMaraeMo 3a/aui po3MillleHHsI f)Kepesia BUKU/IB ra3y, MU IepeKpHUBae
3apakeHe 300pakeHHsT ra30BOTO 300pa)keHHs] HU3BKOI PO3ZLIbHOI 3aTHOCTI HA KOMip BMCOKOI PO3AiTbHOL
3/1aTHOCTi 300pa)keHHsI CLIeHH, 3aIicaHe 3a J0TOMOror0 CTaHAapTHOI Kamepu CMOS.

BucHoBKM

IMepesaru InShb:

1 He cxunbHi 0 BIUTMBY Hebe3rmeuHuX XiMiuHMX cepe/IOBUIIIaX.

2. Ha BigMiHy BiJj KaTaaiTUYHUX JaTuuKiB [Y AaTuvky He CXWIBbHI 10 OTPY€EHHS.

3. He BUsIB/ISIIOTE BOZIE€HB, 1110 BUK/IIOUAE TIepexpecHy Uy TIUBICTb.

4. CO, Bu3HauaeThCs 6e3 meperkoy Bifj iHImMX rasie.

5. Hemae 3HIWKeHHsI TOYHOCTi BH3HAYeHHs TpM il BUCOKMX KOHL|EHTpaL|iil rasiB 4u MpoTsarom
TPUBAJIOTO Tepiofy vacy.

6. CrabisbHa Ta TpYBaJia eKCIuIyaTaLlisi moTpedye MiHiMaJbHOTO Yacy Ha MOBipKY.

7. CrabinbHicTE po6OTH HABITH MiC/IsI TPUBAIOTO 30epiraHHsl.

8. Huspka BapTicTh BO/IOAiHHA B TOPIBHSHHI 3 KaTaJiTMUHUMM JaTuvkamu. [lo HefosiiKiB ciif
BifIHECTU JOCUTB:

1. BuCOKy LIiHy TakMX [JaTUMKIB.

2. IonatkoBe 0X0I0[pKEeHHs Mifl uac pobOTH CeHcopa.

InbpauepBoOHi AAaTUMKK 3HAXOAATH IIMPOKe 3aCTOCYBAaHHS B CHUCTeMaX KOHTPOJIFO KOHLIEHTpalil Ta BMICTy
pi3HUX ra3iB Ha BUPOOHMLITBI, B IIaXTaX Ta TyHeJ/sIX, TOOYTOBUX ra30o-curHasisaropax. He3Bakarouu Ha OibIr
BHCOKY B TIOPiBHSIHHI 3 TeJUIICTOPHUMHU JaTuMKaMy BapTiCTh, NPAKTHKA MOKA3ye€, 1[0 BK/IAJIeHHS B CUCTEMY
6e3reKy MOBHICTIO OKYIIAIOThCS.

3. PO3PAXYHKOBA YACTUHA

3.1 3aranbHUIT MeTop OL[iHKH HaiiHOCTi pa/lioe/IeKTPOHHOI anapaTypu

TTapameTp HafiitHOCTI BU3HAUAE TIePio/ Yacy, MPOTATOM SIKOTO MPOAYKT 36epeske CBOI B/IaCTHBOCTI.

BuxijHUMM [aHUMU [/ PO3paxyHKY IOKa3HUKIB HaifHOCTI THUIIOBUX KOHCTPYKLiM pafiioeseKTpOHHOL
amapatypu (PEA) €: MpUHIMIIOBA CXeMa i3 MO3HAueHHsIM THITB JIeTasel, 110 BXOAATb B Hei, PEXXUM pOOOTH

BCiX fleTasield (e/leKTpUYHI, K/IiMaTHUHI Ta MeXaHiuHi), 3HaueHHs] iHTEHCUBHOCTI BiZJMOB BCiX THIIiB /eTasieid

TIpY HOPMaJIbHUX i (PaKTUUHUX peXXKMMax, 3HaueHHs CepeJHbOro yacy 6e3Bi- IMOBHOI poOOTH i Aucnepcis ass

eJIeMeHTIB, CXWIBHUX [I0 TIOCTYIIOBOI BiZIMOBHU CIIPaL{bOBYBaHHSI.

Po3mIsiHYTO [1Ba OCHOBHI Crocobu BUpiliieHHs pobyieMy Ha OCHOBI aHami3y omy6stikoBaHux Aanux. OfuH i3

migxopiB - te BigxuneHHs EK Ha BXiJHOMY KOHTpOJIi 3 BUKOPUCTaHHSM Criellia/lbHUX MEeTOZiB TeCTyBaHHS B

TO€/IHAHHI 3 TPOrpaMol0 TeCTyBaHHS Ha Bunas. Lle TecTyBaHHs BUSIB/ISIE KOMIIOHEHTH i3 «IIpUXOBaHUMU

Jedektamu», MmigpobmeHrMH JeTassIMU Ta JeTalsiMK 3 HeCyMiCHUMM MartepialaMH sIK i3 BHyTpillHiMH, TaK i i3
30BHIIIHIMK ymMOBamMu 0OC/IyroByBaHHsl. IHImMiA TiAxig posmisijae ocobimBicTs crBOpeHHss EC 3 Hawo-
pO3MipHMMU TapameTpaMH. Y L[bOMY BMIIAIKy MOAY/JIbHUM NPUHLUI 3aCTOCOBYETHCS /i1 TPOEKTYBAaHHS
MIPUCTPOIB, 1110 J03BOJISIE 3HAYHO 3HU3UTHU HaBaHTa)KeHHs Ha OKPeMi e/leMeHTH, a HeClpaBHICTb JUCKPeTHOTO
MOZy/Is1 CTIPUYMHSIE MOT0 BiJK/IIOUeHHs Bif CxeMU 3 MOZasblIMM MepeHanaliTyBaHHsAM cTpyktypu EK. Mu
MOKa3yeMo, 110 3arajioM mpobsieMa MiBHIeHHS] HaAiHHOCTI - Lie CK/IaZiHe 3aBZaHHs, [0B’s13aHe 3 po3p0OKO0

ONTUMAJILHOI CTPYKTYpU esieMeHTiB IC, ycBizoMIeHnM BUOOPOM MaTepiasiB, TECTYBaHHSM Ta ONTHUMi3alli€ro

CXeMHHUX pillleHb.

Habip mepenbauae BXifHI OI/IAAW, CKPUHIHT-TECTH, JiaTHOCTHYHI HePYWHIiBHI TeCTH Ta BHNAZKOBi
nmectpykTuBHi Tectu. Lle mpu3Besie 40 BiIMOBU Bifi Halibi/bll HeHaJiMHUX KOMITOHEHTIB. 3 METOIO MiJBUILIEHHS
3ara/sibHOl HaZIiItHOCT] €e/1eKTPOHHOI CHUCTeMH 3aCTOCOBYETHCS IPUHLIMII MHOKMHHUX HaZMipHOCTeH it
HallBa)K/IMBIILIMX KOMIIOHEHTIB, KO/ Ije HeoOXiJHO, i TpHU3HAuaeTbCsl PeXXKMM YaCTKOBOTO HaBaHTa’KeHHS
pobotu EK. Y 3arajbHOMY BUMAZAKy BXiZiHa repeBipKa MPOBOAUTHCS B MeXKax MPUMMAaIbHUX BUTIPOOYBaHb,

BK/IFOYArOuM BUMPOOyBaHHsI 30BHIIIHBOTO BUIVIZY Ta MEPEBipKy e/IeKTPUUHKX MapaMeTpiB, 110 BijobpaxkaroTh
sKicTe mpoaykuii. Expanizaijii BUNpoOyBaHHs BK/IOYalOTh BUMPOOYBaHHsS Ha BWIIAJ, TETUIOBU/IIEHHS Ta
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rapsye 3amMouyBaHHs. [liaTHOCTHYHI HepyHHIBHI TeCcTW NpOBOAATHCS 3 iH(OpPMAaTMBHHMH MapameTpamy 3
BHUKOPUCTaHHSM TpagikKiB Ta YMOB, 110 CIIPUSIIOTH MPOSIBY /e(DEKTIB, @ TAKOXK HAa OCHOBI Pe3y/bTaTiB OLIHKH
Jpeiidy napameTpiB micsisi Tecty. BumnaskoBuil gecTpykTuBHUM (hi3WUHUMM aHani3 3aCTOCOBYETHCS 3 METOIO
OLiHKM 30epe)xeHHs1 IapaMeTpiB NpoeKTyBaHHsI Ta nporiecy EK.3.

Sxkuio 3a 100 roguH BUpi6 Habupae 0.01 BizMOBH, TO 3a OAHY rOUHY POOOTH Lje YMC/I0 TTOBUHHO OyTH B 100
pasiB menie, To6To 0.0001 BigMoBM B roguHy. LI BesMuMHa Ha3sHBAETHCS YAaCTOTOK abo iHTEHCHBHICTHO
Bi/IMOB i € BeJIMUMHOIO 06epHEHOIO /10 cepeAiHbOro uacy 6e3BifMoBHOI poboTH.

L1 Be/lMYMHA € CTaTUCTHUUHOIO, yCepeJHEeHO, CIIPaBe/IMBOIO /sl OCUTh BEJIMKOI KiIbKOCTi BUPOOIB i B
MeyKax peCypCHOro Tepiofy, ToOTO B MeXKax cepe- HBOTO TepMiHy Cy»K6u BUpoOy. Li€to BeTMUMHOI0 MOXKHA
XapakKTepu3yBaTh 1 HAZilHICTb OKDEMHX €JIEMEHTIB arapaTypd, i BCbOTO €JIeKTPOHHOTO OOJajHaHHSI.
[HTEeHCHBHICTB Bi/JMOB e/IeKTPOHHOI araparypu Oyze JOpiBHIOE CyMi iHTEHCHBHOCTI BifIMOB BCiX e/ileMeHTiB
Lii€l arnaparypu:

ze A - iHTeHcuBHicTb BiMoB. Tozi HampaltoBaHHs Ha BiZIMOBY:

3.2 Po3paxyHOK HaAiHHOCTi mpuIajy, 10 po3po0/sieTbCs

3aBJaHHAM PO3paxyHKY € BH3HaueHHs HMoBipHOCTi P(t) 6e3BizmMoBHOI poboty Ha 100 ropvH ekcrutyaratil i
3arajbHUH yac 6e3BifMoBHOI poboTti t(m). IMOBipHicTE 6e3BifMOBHOI pO6OTH TTOBUHHA BPaXOBYBAaTH BiJMOBHU:
Karactpodi-uHa (parroBa), mapamMeTpryHa (IOCTYIIOBA).

IIpu po6oTi enemenTiBe PEA Ta BChOTO MPUCTPOIO B 11i/IOMy BUKOPHUCTOBYEThCS PsiJj TTO/I0’KEHb HafIiiHOCTI:

1. ImoBipHicTh 6e3BizMOBHOT poboTH enemenTie PEA ofHoro turmy:
ne N - unc/Io0 KOMITOHEHTIB B eleMeHTi, P; - iMoBipHicTh 6e3BifMOBHOI pOOOTH KOMITOHEHTA i-T0 uKcIIa.
2. TIpu HOpMasbHIH eKcrTyaTatii B labopaTtopHux ymoBax (t,°C = 20), konu

3aKiHUeHWH Tepiof «IPUCTOCYBaHHS» JeTajeld, iHTEHCHBHICTh BiJMOB Mo)Xe OyTu TpHHHATA MOCTiHHOW. €
crielfiasibHa [IOBiIKOBa TaOMHIs, i@ BKA3y€ThCs iHTEHCHBHICTH BifMOB A/t Bcix kommoHeHTiB PEA. st
eJIeMeHTIB, 110 CK/IaJaoThCsl 3 TPYITH KOMIIOHEHTiB, CyMapHa iHTeHCHBHICTh BU3HAUaThCS SIK:

3. BenmurHa HarpanoBaHHs Ha BiiMOBY (dac 6e3BijMOBHOI poO0TH) BU3HAYaETHCS 3@ 3aKOHOM:
3ae JOpiBHIOE3 ypaxyBaHHsM I10IIPAaBKOBUX KoedillieHTiB Ha yMOBU eKCILTyaTatlii.
4. IMoBipHicTE 6e3BiZiMOBHOI pOOOTH 3a yac t:

Ie t 6epeTbes sIK paBusio piBHUM 1000 roauH. [5]

IMepiua TeH/eHList CTOCYETBCS BCe OIBIIOr0 BUKOPUCTaHHS KOMepL{iHUX KOMIIOHEHTIB y BiCBKOBil TexHilli
(ME) uepe3 roctpy HeoOXi/jHICTb CKOPOTHTH BUTPATH Ha PO3POOKY Ta BUMPOOYBaHHs IPOAYKLii Ta CKOPOTHTH
Yac 3aIycKy BUDOOHHMIITBA.

BinburicTs i3 1jUX 3acTOCyBaHb MalOThb CyBOPi BUMOTH /10 HaZliMHOCTI (Ha/litHOCTI Ta JOCTYITHOCTI), OCKiJIbKU

HECIPaBHICTh CHCTEMH MOXKE MPU3BECTU /10 €KOHOMIUHMX BTPAT, [0 Hebe3meku jrofeit abo 0 eKoIoriuHol
mikozu. Cepe/| pisHUX TUIB HeCTPaBHOCTeH, SIKi MOXKYTb IPU3BECTH /10 BUXOAY 3 Jafly CUCTeMHU, OCHOBHUI

BIUIMB MalOTh IOCTiliHI HeCIpaBHOCTI Mepe)XeBUX MPUCTPOiB. BOHM MOXYTb IepelIKO/pKaTh KOMYyHiKaulil
MPOTSIFOM TPUBAJIOTO Tepiofly dacy i, OTKe, MOpyLIyBaTH ab0 HaBiThb BiJK/IIOYAaTH aJTOPUTMH YIIPaBITiHHSI.
BifCyTHICTb CTPYKTYpPOBaHOTO TIiIXOZy, 1O [O3BOJISIE OL{iHIOBaTU TIOCTiMHI HeCrpaBHOCTi, 3aBa)kae
[y3aliHepaM CUCTeM ONTUMI3yBaTH pillleHHs, 110 MiHIMi3yt0Tb Lji mopii.

Temrepatypa Moke 3MiHIOBaTHCs B Mexax BiJ 20 °C (HopMasbHi J1abopaTopHi ymoBH) zo 60 °C i Buie. B

JJAHOMY TPOEeKTi IPOBOJAUTBCSI PO3PaXyHOK IPUCTPOIO B eKCTPUMa/IbHUX yMOBAX, BBAKaTUMEMO, L]0 eJleMeHT
nipawiroe 3i 100% HaBaHTa)keHHsM Tob6TO Ky = 1.

Hwkue, B Tabmuisx 3.1-3.4 TmoKa3aHO 3HAUEHHsI TOMPABKOBOrO TeMmrepaTypHoro koedirjienra K, ams
€JIEKTPOHHUX KOMIIOHEHTIB, 110 3aCTOCOBYIOTbCSI MPU PO3POOLi CXeMH eeKTPOHHOro iH(pauepBOHOTO
[laTuMKa TIPUCYTHOCTI BiAMoBigHO #o creuumdikanii. B Tabmuui 3.5 MokasaHO Mepesiik efeMeHTIB, M0
BUKODHCTOBYIOTbCST 11 PO3POOKM JPYKOBAaHOI IUIATH Ta iX TapaMeTpH, L0 HeoOXifiHI A/ po3paxyHKy
MMOKa3HWKA HafliiHOCTi. [6]

Tabmwg 3.1

3HaueHHs1 TemmeparypHoro Koedinienra Kt 1A repMaHieBHX pe3HCTOpPiB B 3a/IeKHOCTI Bij
TemnepaTypu

Tabmuug 3.2

3HaueHHs1 MONMPABKOBOro TeMmeparypHoro Koedinienta Kt A apcenia-raxieBux JiofiB B 3a1e)XHOCTI
BiJ TeMneparypu

Tabmug 3.3

3HaueHHs TeMnepaTypHoro koedinienra Kr pisa

iHTerpajbHUX MiKpOCXeM B 3a/1&)KHOCTI Biji TeMmeparypu

3HaueHHs TIONPABKOBOTO TeMIlepaTypHOro koeodiuienta K. psis1 iHTerpamsHHMX Mikpocxem B Tabmumi 3.3
QHAJIOTiuHi /151 KPEMHIEBUX TPaH3KCTOPIB, 11J0 BUKOPUCTOBYIOTBCS IPH PO3PO0LIi CXeMHL.
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Cxo)ke 3HAueHHs IIOIPABKOBOIO TeMrieparypHoro koedinienta K. matote 1Y Ta coro-giogu, a npu
eKCTpeMa/IbHUX YMOBax BUKODUCTaHHS BOHHM MaTHUMYThb Maiike ifeHTHuHe 3HaueHHs K,=1.5, s auHamiuHO1
FOJIOBKU (TY4HOMOBLIA) Lie 3HaYeHHs1 CTAHOBUTb Takox 1.5.

3HaueHHs1 TMONMPABKOBOro TemmeparypHoro koegimienra Kt 1A kKepamMiuHMX KOHJEHCATopiB B
3a/IKHOCTI Bijj TeMnepaTypu

Bynemo BBakaTH, 10 BCi KOH/IEHCAaTOPH KepaMiyHi, MOHOJIITHI OJHOTO THITY, [/ CIIPOLLeHHSI PO3paxyHKY, Lie
MaiiKe He BIUIMHE Ha PO3PaxyHOK MapaMeTpa HaJilHOCTi, a/ke MeTaseBO-II/IiBKOBI KOH/|@HCAaTOpH i KepaMiuHi
MaroTh CXOXKe 3HaueHHs MapameTpy IMONpPaBKOBOIO TeMrepaTypHoro Koediuienta K. npu Temneparypi 60 °C
(2,0).

3HaueHHs MOMPABKOBOTO KOe(illieHTy [/ pe3ucTopiB GepeThCsl Ha MPHUK/IAJi TePMaHi€BUX PE3UCTODIB TUITY
OMJIT-0.125.

VY peanpHHX yMOBax ekcrutyatanii esemeHtTr PEA MOXyThb MifaBaTvcs BIUIMBY: Bibpaliil, yZapiB, THCKY,
coHsiuHOI i mpoHuKarouoi pagiauii Ta iHmux a-kropis. ToMy HafilHICTE eneMeHTIB peanbHOI amaparypu
3HAUHO Bi/Jpi3HAETHCS Bif HAZIMHOCTI anapatypy B 1ab0OpaTopHUX yMOBaX eKCIUIyaTallil e/leMeHTiB.
Opi€eHTOBHHUI PO3pPaxyHOK IPOBOAUTHCS 3a JOTIOMOTOO iHTEerpajbHOIO I0- MPaBOYHOro KoedinienTta K. 3a
TeXHIUYHMMM YMOBaMH NPHUCTPill BiIHOCHTHCS A0 CTalliOHapHO-Ha3eMHUX IPUCTPOiB, To6TO K) = 10.
BiamoBifHO [0 KOMITOHEHTHOI 0a3u MpUCTpoto, Oysio TmifibpaHO OCHOBHI TapameTpw, HeoOXigHi /st
PO3paxyHKY ITOKa3HHMKa HaJliHHOCTI IPUCTPOIO B eKCTpeManbHUX YMOBax. BBaxkarrimMeMo, 110 efleMeHT Ipaljtoe
3i 100% HaBaHTa)keHHsIM TO6TO Ky = 1. Bci HeoOXiZHI TapamMeTpy CTPYKTHUPHU30BaHi B Tabmuui 3.5, HIbKue
TpOBeJIeHO PO3pPaxyHOK MOKa3HMKa Ha/liiHOCTi. [HTeHCH-BHICTh BiZIMOB

e/IeKTPOHHUX KOMMOHeHTiB [ Oy/ia B3ATa B 10/]aTKOBI# stiTepartypi. [6]

Tabmuus 3.5

ITepesik eieMeHTIB, 11j0 BUKOPHUCTOBYIOTHCS 151 PO3pOOKY /IPYKOBAHOI M/1aTH Ta IX mapaMeTpH, 110 HeobXigHi
[I71s1 pOo3paxyHKy IOKa3HUKa HaJiltHOCTi

BucHoBKM

Byno pospaxoBaHo mokasHMK HagiiiHocTi IU gatumka mpucyTHOCTi. Po3paxyHOK mMoka3HMKa HaJiHHOCTI
ZlaTYrKa, 6ys10 OTpUMaHO Mpu pobOTi MPUCTPOIO MPOTITOM

1000 roguH B eKcTpeManbHMX ymoBax. Orpumanuii pesynbrar 0.4191 , 1e cBiguuTh mpo Te, 10 JaHUMN
MPUCTPill MOXke TpAIlOBaTH B eKCTpeManbHUX ymoBax mpotsrom 1000 roguH, i Le He Oyhe A/t HBOrO
KPUTUYHHM, BiH He BUiifie 3 /1a/ly, 3BUYaiiHO PO3paxyHOK € IPUONU3HMM, ajle HaBiTh Tak, MOXKHA CKa3aTH, 1o
JlaHa cxeMa € Jyke JoOpOIO Ta HafiliHOIO, a/pke B peaJlbHUX yMOBaxX BiH 3MOJKe Ipal{fOBaTH [IOBIIE Ta
HaJliliHillle, OCKi/bKY PO3paxyHOK IPOBOJUBCS B eKCTPeMalbHUX YMOBax.

Yacruna 4

4.1. ArmocdepHi BikHa

IndpauepBoHe atmMocdepHUl BIKHO € 3arajJbHUM JUHaMiuYHUM BJaCTUBICTIO B aTMocdepi 3emsi , B3sTOi B
Lji/loMy Ha KO>KHe Miclie i 3B'130K iHTepecy, 1[0 [j03BoJIsI€ AesKUi iH(pauepBOHe BUIIPOMIHIOBaHHS Bifj XMap i
3eMJTi TIOBEPXHi MOPSsI TIPOXOAUTE Oe3rmocepejHbO B MPOCTip 6€3 MPOMiXKHOTO TOT/TMHAHHS i TIOBTOPHO BUKHZIIB
i, TakuM umHOM, Oe3 HarpiBaHHs aTrmocdepH. [laHa BIACTUBICTb [O3BOJISIE YAaCTHHM iH(pauepBOHOIO
(TernyI0BOrO) BUMPOMiHIOBAaHHSI, 1110 BUXOJUTh BiJ] MOBEPXHi XMap, 3eMHOI Ta MOPCHKOI MOBEPXHi, NTH B KOCMOC
6e3 BiZluyTHOTO MOIIMHAHHS Ta IE€PEeBUINPOMiHIOBaHHs, OT)Ke - 6e3 BiuyTHOro HarpiBy camoi aTMocdepwu.
BoasHa mapa Ta rasu, 10 BXOAATb 10 arMocdepu 3emyi, K IpaBUIO, IOIIMHAIOTH iH(pauepBoHe
BUITPOMIHIOBAHHS, 11J0 HaJIXOAWTh i3 00'€KTa, Ta TOMY CTa€ CH/IBHO 0C/1abJieHNM, SIKILO pajialiisi TOBUHHA OyTH
BUSIB/IEHA Ha BEJIMKUX BiZICTaHsAX Bif 00'ekTa.

PucyHok 4.1 atmocdepHe BikHO y iHpauepBoHOMY CeKTpi

Moro He MOXXHa BM3HauUTH TIPOCTO SIK YaCTMHY abo Haip YaCTHH e/leKTPOMAarHiTHOTO CMeKTPY, OCKiMbKH
CreKTpasbHUAM CKJIaZi BUTIPOMiHIOBaHHS BiKOH CHJIBHO 3MIiHIOETBCSI B 3a7Ie)KHOCTI Bif Pi3HMX MiclleBUX yMOB
HaBKOJIMIIIHBOT'O Cepe/loBHUILA, TAKUX K BMiCT BOZJSHOI [1apy Ta TeMIleparypa [10BepXHi CyIi-Mops, i ToMy, 1110
Masto abo B3araji 4aCTHH CIIeKTPY NPOCTO He MOIIMHAETHCS i TOMY, 1110 YacTHHA J1(y3HOT0 BUIIPOMiHIOBaHHS
MPOXOJUTh Mailke BepPTHKaJbHO BIOPY, @ YaCTMHA - Maibke TOPU30HTa/bHO. Benukuil po3puB y CreKTpi
TIOIVIMHAHHS BOJSHOI Mapy, OCHOBHOT'O TMapHUKOBOTO a3y, € HalBa)K/IMBIIMM y AvHaMilli BikHa. [HII rasy,
0c06/IMBO BYIVIEKHC/IMI Ta3 Ta 030H , YaCTKOBO OJIOKYIOTH Iepezauy.

BikHo He Moke OyTM UiTKO BH3HAueHO, SK YaCTWHA UM psAJ YacTHH eJIeKTPO- MarHiTHO crekTpa
BUIIPOMIHIOBaHHs], Uepe3 CH/IbHO BapilOEThCS CIIEKTPA/IbHOIO CK/Ia/y BiKHA Ta MiCLIeBUX YMOB HaBKOJIMIIHBOIO
cepefioBUIla (BOAsHA apa, TeMIiepaTypa BUIIPOMIHIOIOUOI MOBepXHi Ta .), 10 IepelIKOKae POXOKeHHI0
BUNPOMiHIOBaHHS. 3 1ji€l )K NPUYMHU BIaCTUBOCTI BiKHA Pi3Hi B 3a/e)KHOCTI BiH HampsIMKy MOLLUMPEeHHs
BUIPOMIHIOBaHHs (BepTHKA/AbHO BrOpy UM MapajefbHO 3eMHOI noBepxHi). ConmifHuli BHECOK B CIIEKTD
MOIVIMHAHHSA BHOCUTb BO/SIHA apa (Tak 3BaHui
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«TIapDHMKOBUH ra3», TOpsj 3 BYIVIEKHC/IM Ta30M, METAaHOM, 3aKMCOM a30Ty Ta 030HOM), IJ0 POOWTH Horo
HaMBa)X/MBIIIMM (DaKTOPOM y Bapialjil BIaCTUBOCTEH BiKHA. Ba)K/JIMBO PO3yMiTH DPi3HHII0 MK TIOHATTSIMH
«arMocepHUi BiKHO» Ta

«CIeKTpasibHUM BiKHO». ATMOc(hepHHUil BiKHO - JUHaMiuHe (MiHIMBUI) BacTUBiCTb aTMOCdepy, a TO uac, sK
CreKTPa/IbHUM BIiKHO - TIOCTiliHA XapaKTePUCTHKA TMOIIMHAHHA BMITPOMIiHIOBaHHS 0e3/1iui MapHUKOBUX Ta3iB.
AtMocdepHHUit BIKHO KaKe, I1J0 KOHKPETHO B JaHUH MOMEHT BiJj0yBaeThCsl B aTMOChepi, a CrieKTpaTbHUM BIKHO
TMOKA3y€ BI/IUB TiNbKK OAHOTO 3 Ge3/ivi UNHHUKIB Ha 3arajbHy KapTHUHY.

TakuM uMHOM, 1151 BUsiB/ieHHst [U-curHany HeoOXiJJHO BUKOPHUCTOBYBATH Tak 3BaHi aTMocdepHi BikHa . [To cyTi
€ /iBa iH¢ppayepBoHi aTMoc(epHi BikHa (CMyTH): BikHa KOPOTKOI / cepe/jHbOI XBUJI, 1110 OXOIITIOIOTh 2—5,6 MKM,
Ta JIOBIO-XBU/IbOBE BIiKHO, III0 OXOIUTIOIOTH MpubmusHo Bifg 7,5 o 14 mMkm. Ckiag matepiaiiB [eTeKTOpiB
NiZOMpaeThCs 1711 Uy TMBOCTI 0 ofHiel cmyru. Le Ta onvcye CrieKTp Kamep J/is1 BUSIBJIEHHs Ta IeTeKLii rasa.
4.2. IuBaAYMCh IJIH0Ie HA ONITHYHI 3HIMKHM rasy

OnruuHa Kamepa /7151 Bisyasi3auii rasy € By3bkocrellianizoBaHoro Bepcieto [U- un TeniosisiiiHoi kamepu. Bin
CK/IAJAEThCsl 3 JiH3M, [eTeKTopa, eJeKTPOHIiKH, 1jo 06pobsisie curHaji Bifi /eTeKTopa, Ta BHAOLIyKaua 4d
eKpaHa, Ij06 KopucTyBad Mir 6a4uTH 306pa’keHHs], CTBOPeHe KaMeporo.

OnTHUHy KapTHHKY ra3y MO)XKHA TOPIiBHATHU 3 IeperysifioM Bifieokamepu - orepatop 0auuTh, SK BHIYBae
[IIMaToK ra3y, sKuii iHakiie 6ye 61 abCOMOTHO HEBUIMMUN HE030POEHUM OKOM. ['a30BHii 1uieit BUIIsAAAE
Tak, HiOW BiH BUXOAUTD i3 Majialouoro rnpeaMeTy, MakKe siK JUM Bifi CUTapeTH UM CHT'apH.

[ITo6 mobaunTy Iieil MMAaTOK ra3y, KaMepa BUKOPHCTOBYE YHIKa/JbHUNA MeTO[| CIIeKTPaJbHOro (inkTpa, sKuid
[I03BO/ISE 1OMy BHUSIB/ISITU TIeBHY TasoBy CHOAyKy. DifbTp BCTaHOBMIOETbCS Iepef [ETeKTOPOM Ta
OXOJIOMKYETBCSI pa3oM 3 HUM [isd 3arobiraHHs Oyab-KOro oOMiHy BUIPOMIHIOBaHHSIM MK (i/JETpoM Ta
JetekTopoM. PinbTp 00MeXXye NOBKHHY XBWJI BUIPOMIHIOBaHHS, IO /J03BOJISIE TIPOMTH 4epe3 AETeKTOp [0
Jly>ke By3bKOI CMYyTH, 3BaHOI CMYT'OO NpONycKaHHs. Ll MeToAMKa Ha3UBA€ETHCS CIIEKTPAIbHOMO aflanTaLli€to.
Kamepr BHKODHCTOBYIOTh KBaHTOBi J€TEeKTOPH, sKi MOTPeOyIOTh OXOJIOKEHHS /0 KPiOTeHHHX TeMIlepaTyp
(6m3pko 70 K um -203 ° C). Kamepu cepefiHBOI XBUJ, sIKi BUSB/ISIOTH BYTJIEBOAHEBI Ta3H, Taki sSIK MeTaH,
3a3Buuail MparooTh B AianasoHi 3-5 MKM (MKM) Ta BUKOPUCTOBYIOTb [leTeKTOp aHTHUMOHify iHgito (InSb).
Kamepw 3 JOBruMH XBUJISIMH, sIKi BUSIBJISIFOTh TaKi rasu, sIK rekcaTopyz CipKy, MaroTh TeH/AEHLIi0 TpalitoBaTh
B Zliana3oHi 8-12 MKM Ta BUKODHCTOBYBATH KBAaHTOBHUH f06pe iHdpauepBoHuii POTOAETEKTOP .

Kamepy OGI BHUKOPHCTOBYIOTh NepeBary MOIIMHAIOYOI MPUPOAY MEBHUX MOJIEKY/, 1jo6 BizyasizyBatu IX y
pigHOoMy cepesioBuLli. MacuBH (pOKyCHMX IUIOIIMH KaMepH Ta ONTHUHI CHCTeMHM CIIeljia/bHO Ha/lallToBaHi Ha
Jy>Ke By3pKi CHeKTpa/bHI Jiana3’oHd, MOPSAKy COTeHb HAHOMETPiB, Ta TOMYy € Y/bTpace/leKTUBHUMMU.
BUSBAISSTH MOXYThH JIMIIE Ta3W, TOIIMHAIoui B iHdpauepBoHil o6rmacTi, sKi 0OMeXeHi BY3bKOCMYTOBHUM
NponyckHuM ¢ineTpoM. [Ijisi GinbIIOCTI ra30BUX CIHOJMYK XapakTepUCTUKU iH(pauyepBOHOIO MOIVIMHAHHS
3a/1e)KaTh BiJ| JOBKWHU XBHIIL.

SIKII0 KaMepa CrpsiMOBaHa Ha Miclie mofii 6e3 BUTOKY rasy, 06’€KTH B Mo 30py OyAyTh BUIIPOMiHIOBATH Ta
BifjbuBaty iHdpauepBoHe BUNpPOMiHIOBaHHsI uepe3 00'eKTHB Ta ¢inbTp kKamepu. SIKio MK o6'ektamu Ta
KaMeporo iCHye ra3oBe XMapa Ta ra3 IOIJITHA€ BUITPOMIHIOBAHHS B JiiaTa30Hi NMPOIMyCKaHHs CMYTH OibTpa,
Ki/IbKiCTh BUNIPOMIHIOBaHHSI, 11J0 IPOXOAUTE Yepe3 XMapy, A0 ieTeKTopa 3MeHIIUThCs. (1106

nobaunTH XMapy I0 BiIHOLIEHH!O 0 (OHY, MK XMapoo Ta ()OHOM TIOBHHEH GyTH MPOMEHHUCTHIH KOHTPACT.
PucyHok 4.2. igkmouenHs MCU o kamepu/ceHcopy iHTepdeicy

PrcyHok 4.3 TakTyBaHHs MIKPOKOHTpOJIepa

Y 1pOMy BHUMAJKy AJsi CMHXPOHIi3allil BUKOPUCTOBYIOTHCS KOJ¥ po3MexkyBaua. Lli kogu BOymoBaHi B MOTOL
[IAHUX, 11100 BKa3aTH 10YaTOK / KiHeIlb Psika UM MovarokK / Kinens Kaapy. [IpumiTka. 1i Koy migTpUMyrOTECS
yme fi71st 8-6iTHOI MapasiebHOI IMPUHY iHTepdeiicy gaHyX. s iHINX MUPUHY [JAHUX, Lieil peXKUM reHepye
Herepe/0auyBaHUil pe3y/bTar, 1[0 BUKOPUCTOBYBATUCS Y MO/A/bILOMY aHamisi . Koau ycyBaroTh HeobXifiHICTE
DCMI_HSYNC ta DCMI_VSYNC pns curHasisanii mpo 3akiHueHHsl / TOYaToOK JiiHisg 4 pamka. Komm
BUKOPUCTOBYETHCS Liell peXkKUM CUHXPOHi3allii, € Ba 3Ha4eHHs, SIKi He IOBUHHI BUKOPHCTOBYBAaTHU JJIs1 JaHuXx: 0
ta 255 (0x00 ta OxFF). Lli aBa 3HaueHHsi 3ape3epBOoBaHi [yisi AaHuXx L igeHTHdikauii. KontpomtoBaru
3Ha4YeHHS [JaHUX 3aJIeXKUThb BiJ MOZy/si Kamepu. [IJist [IbOoro NpUurHa, AaHi 300paykeHHsI MOXKYTh MaTHl JIMIIIE
254 moxuBi 3HaueHHs1 (0x00 <3HaueHHs AaHUX 300pakeHHs1 <OXFF). KoxkeH KoJ, CHHXPOHIi3allii CK/IaJaeThCs
3 4-6aiiroBoi mocigoeHocTi OXFF 00 00 XY, oe po3MmillleHO BCe KO MAaloTh OAHAKOBY Tepily 3- GalTHy
nocnigoBHicTs OXFF 00 00. JIume octatouna 0xXY 3armporpaMoBaHuii [ijis T03HauUeHHs BiJjIOBifHOT TOAT.
PucyHOK 4.4 y3arasbHeHa CTPYKTypa Crioco0y BIUMipIOBaHHS

Cepep, ycix 3acobiB HajaBaHHs iH(opMallii MOKHA BHZITUTH Te/EeBi3iliHi CUCTeM, 110 MaroTh HabimbLIMil
MOKA3HUK iH(OPMAaTUBHOCTI cepeJ, YCiX HasiBHi, $IKi BMKODHUCTOBYIOTBCS [/l aHasi3y ONTHYHUX TMOJIiB
Pi3HOMAaHITHOTO MTOXO/PKEHHS.

ITpu 1{bOMY HasiBHUH IOCTIHHO 3pOCTAOUMi TIONUT Ha 3ac00y BUMIipIOBaHHS 3 XapaKTePHCTUKAMH, SIKi MOKYThb
OyTu 3abe3meueHi TIbKK TeneBi3ifiHOIO CHCTEMOTEXHIKOH. PoOmsiTbCcs uuc/ieHHi Cripobu  BUpiLeHHs
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Ba)X/IMBUX 3a/ja4 B aCTPOHOMil, Ha TPAHCIIOPTi, B MeTa/lypriiiHOMy BUPOGHHULTBI, B /la3ePHUX Ta eJI€KTPOHHO-
TPOMEHEBUX TEXHOJIOTisIX 00p0OKM MaTepiasiB, B MeJUUHIH AiarHOCTHLIi TOLIIO.

CHUCTeMH €KOJIOTIYHOTO MOHITOPHHTY aTMocdepy, IO 3apa3 iCHYIOTb , 0a3ylTbCS TepeBaKHO MOJENSX
po3pob/IeHNX Ha MaTeMaTUYHUX MPHUHLIMIIAX PO3MOBCHOKEHHS

3abpyaHIOBaYiB, OTPUMaHi pe3y/bTaTh CIiBCTABISIIOTHCS 3 Pe3y/ibTaTraMy peabHUMY, 110 Oy oTpuMaHi 1o
cxeMi KOHTPOJIbHUX TOYOK.

CreKkTpasbHUH Jjiana3oH BUOMPAETHCS 3a XapaKTepPUCTHKAaMU ONTHYHOI CUCTeMH, 1110 3abe3rneuye Aesike 1ose
30Dy, a TAKOXK TTOTO/PKYETHCST UHAMIUHMIA /liaria30H 3 iarla30HOM SICKPaBOCTi 06’ €KTa.

PucyHok 4.5 Emopu ¢a3oBux Hanpyr

LYK HampyT, 300pa’keHuid Ha PUC TOCTIZOBHO TTOBTOPIOETHCS, 3apsiiy MEPEXOAATD Bifi OJJHOTO eleKTPOAY A0
iHIIIOTO Ta AOXOASATh [0 BUXiZIHOTO efleMeHTa, fie CUTHaJI IPUHMAaeThCs Ta TTi/ICHUTIOEThCS.

Ha nepiry MaTpuijfo — reHepyrouy — Tafla€ CBiTVIOBHH IOTIK, a Apyra — MaTPHL [1aM sITi — i30/1b0BaHa Bif,
CBIT/IOBOTO MOTOKY Ta BUKOPHCTOBYETBLCS [JIsl 3UMTyBaHHsS curHany. [lepesaua 3apsiziiB 3 mepiuoi fo gpyroi
Marpulii Bij0yBa€eTbCs aHAJIOTIYHUM MeTOAOM (POPMYBaHHsI MOC/IiZIOBHOCTI HAMpyT.

Prcynok 4.6 Cxema nepegiaui curnany B 1133 maTpuri

[ToTim 3aps0Ba KapTyHa 3a gonomMoroto imnysnecis 011, 012, 013, 021, 022,

023 nmepeBoguThCs B ceklito 2. CeKIiii po3/i/ieHi ONTHUYHO, a iX eJleKTpOHHA cxeMa criiibHa. [Tepiui 1udpu B
M03HaueHHi iMITy/IbCiB BBeeHi /1/1s1 HaouHOCTi. Yac mepejjadi BU3HAYAETLCA CrTiBBigHOIIeHHaM t1=n1/f1, ge nl
— KINBKiCTb DAAKIB B KOXHiM cekuii, f1 — uactoTa mepepaui psigkiB. B cekuii 2 3apsau psakamu
NepeBOAATLCS B pericTp 3, Ta no enemeHTHO immynscamu 031, 032, 033 Ha BuxigHuit enement 4. Yac
repesiadi OZHOTO psijKa uepe3 BUXiJHWH eneMeHT t2=n2/f2, me n2 — KilbKiCTb e/leMeHTiB B psgky, f2 —
yactora nepeziavi. Ha mepezauy ofHiel 3apsijoBoi KApTHHY Ha BUXiJHUI eJleMeHT NoTpibeH vac t3=n1n2/f2.
Ilo OCHOBHMX TACIOPTHUX XapaKTePUCTHK I[133 Hanexars: poboua ocBimieHicth El-ocBiTieHicTh, siKa
3abesneuye HOMiHa/bHI 3HAUYeHHsI TapameTpiB; 006/macTs criekTpaiabHOi uyTiueocti 0S(0)- iHTepBam Mix
JBoMa 3HaueHHsIMM [ minTa [ max, /1 IKMX 4y T/IMBICTb AopiBHIOE 0,1Smax; HepiBHOMIpHICTB curHamy Nc
M0 TIOJIF0 300pa’keHHsI-BiIXU/IEHHsI CUTHAMy Bifi HOro cepegHbLOr0 3HAueHHs MPU OJHAKOBil OCBiT/IEHOCTL
MillleHi; pO3/i/iibHa 3/1aTHICTb.

4.3. KoMnoHeHTH 3 AKMX CK/Ia/la€ThcA iH(pauepBoHUI ra3oaHastizaTop

PucyHok 4.7 CTpykTypa MikpokoHTpoJ/iepa STM32{104

PucyHnok 4.8 gaTurk oNTHYHOTrO ra3oaHasizaTopa

Tabnuus 4.1 po3niHyBaHHS eKpaHy

Tabsmrs 4.2 po3niHyBaHst CEHCOp

Xapaxkrepucruku SSD1289:

. [paiiBep OfIHOKOHTPOJIEBOrO MiKpokKoHTponepa 240RGBx320 gy 262- KoMbOpOBOro amMoOpGhHOro
TFT LCD
. B0k >xuBeHHs

- VDDEXT = 1,4 B - 3,6 B (BHyTpilHs si0riKa)

VDDIO = 1,4 B - 3,6 B (intepdeiic BBozy / BUBOLY)

- VCI=2,5B - 3,6 B (;ykepeio )XUB/IeHHs /7l BHYTPIIIHHOTO aHAJI0Or0OBOTO KOHTYPY)
. BuxigHi Hanipyru

- Bopiii Bopit:

VGH-GND =9V ~ 15 B VGL-GND = -7 ~ -15 B VGH-VGL = 30Vp-p

- I>xepeno ppaiiBepa: VO - V63 =0 - 5V

Tunose KoMBaHHA BUXiHOI HaNpyru Ha Mxepei: £ 10 MB

- npuBig VCOM:

VCOMH =3,0B ~ 5,0 B VCOML = -2.0V ~-3.0B VCOMHA = 5,5 B

. CucremHuit inTepdetic

- Bucokorsukichuii intepdeiic uepes 8 / 9- / 16- / 18-6itHi cepii 6800 / mapanenbhi 8080 cepii
- IMocnifoBHuit nepucepiiinmii intepdetic (SPI)

- InTepdeiic BinoOpakeHHsI pyxoMHX 306pakeHb

- 6- / 16- / 18-6itHuiit RGB-inTepdeiic (DEN, DOTCLK, HSYNC, VSYNC, DB17-0)
- intepoetic VSYNC (cucremuuii inrepdeiic + VSYNC)

- inTepdetic WSYNC (cuctemuuii intepdeiic + WSYNC)

. ITifTpyMKa HU3bKOI'O €HeproCIOKUBaHHS:

- JKepeJio HU3bKOI Halpyru

- HusbK1ii NOTOYHMI peXXUM CHY

- 8-KOJIbOPOBHI PeXXUM Bi0OpaXKeHHs /151 €KOHOMIT eHeprii

- DyHKLIis po3n0ziny 3apsay [Js NOCUIeHUX JIaHLIIOTiB

. BucokomBuakicHi gyHkiii RAM-azpecu

CX0XicTb I LnTtatn I MocnnaHHs KomeHTap A MigmiHa cumBonis
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- DyHKLIis CMHXPOHi3allii 3an1cy onepaTMBHOI laM’ATi

DyHK1iA apecH BiKHa

- Bigobpaskaty 1aHi oriepaTUBHOI aM'sATi Ta 3araibHi JaHi BUOIPKOBO Ta OJHOUYACHO
- DyHKLIis BepTUKA/IbHOI TPOKPYTKU

- 300pa)keHHsI B pe>KUMi 300pa)keHHs

- YaCTKOBUH PeXXUM BifoOpakeHHsI

. BHyTpinIHs cxema »KUBJIEHHSI

- ['eneparop Hanpyru

- [epeTBOpIOBau MOCTIHHOTO CTPyMY 710 6X / -6X

. BOynoBaHuii BHYTPIilLIHi reHepaTop

. Buytpimns emHicte GDDRAM: 172800Byte

. [TigTpyMKa Kazipy Ta iHBepcil 3MIHHOTO CTpyMy

. E€mHicTb a1 36epiranss TFT: Cs Ha 3aranbHux Ta Cs Ha BOpoTax

. [ligTprMKa KepyBaHHs [)Kepe/IoM Ta HarlpsIMKOM CKaHYBaHHS BOPIT
. IporpamoBaHa KprBa KOpeKLii raMMu

. 4 TlonepesiHbO 3a/jaHa KpMBa KOpeKLil ramma

. BOyoBaHa eHeproHe3ajiexHa mam'sath A/1s Kanibpysauds VCOM Poswmip aucriies: 240 RGB x 320
. TligTpYMKa rHyUKHX pO3TalllyBaHb 3aTBOPIB 3 000X CTOPiH CK/ISHOI TiJKIaZKK
Xapakrepucruku G13393-0909W:

. Opuuni cnerudikarii napamerpa

o Po3wmip 306paxenHs 12,8 x 10,24 mm

. Oxomnopyxenns [IBoctynenese TE-0X0/10pKeHHS -

. 3arasibHa Ki/bKicTh nikcesiB 640 x 512 (327680) nikcesis

. KinbkicTs edexTrBHUX mikcesniB 640 x 512 (327680) nikcesis

. Posmip nikcenis 20 x 20 MKM

° Kpok nikcens 20 MKM

. Koedgirient 3anoBHenHst 100%

. 28-KOHTAKTHUN MeTaneBUi nakeT (AuB. Po3MipHUii KOHTYP) -
Marepian BikHa CarngipoBe CKJIO 3 aHTUBiZOVBHUM ITOKPUTTSIM -

o Hanpyra »xusnenns Vdd -0,3 go +5,5 V

. TakroBa immynbcHa Hanpyra V (MCLK) Vdd + 0,5 B

. INouartkoBa imMnynbcHa Harpyra V (MSP) Vdd + 0,5 V

. Po6oua temnieparypa * 1 * 2 Topr 0 o +60 ° C

. Temrmeparypa 36epiradss * 2 Terr -20 go +70 ° C

. Honyctumuii ctpym oxonogkysaua TE Ic 2,8 A

. [Homyctrma Hampyra oxonomkysaua TE Vc 4,0 B

. Po3ciroBaHHs noTyHOCTi Tepmicropa Pth 0,2 MBT

XapakTepuctuku STM32f103cb

Makc. TakroBa uacrora npotecopa 24 - 72 MI'y Mikpo-apxiTtekTypa
ARM Cortex-M3

L]

OcHoBHa:
. Appo ARM Cortex-M3 3 MakCHMa/IbHORK TaKTOBOIO yacToToro 48 MI'u.
. Mam'aTb:
. CraTruHa oriepaTUBHA MaM'sITh CKIafaeThes 3 48 K6.
o Flash cknagaetnest 3 16 K6.
. Mepudepis:
KoskHa cepist F1 Bkirouae B cebe pi3Hi nepridepiiiHi mpucTpoi, sKi 3MiHIOIOTHCS Bij JiHil 70 JTiHil.
BucHoBKM:

Bynu po3misiHyTi arMocdepHi BikHa, 1[0 3aBa’KalOTh BUMIPIOBAaHHIO. A TakoX y Liilf yacTuHi 6y/au po3ryisiHyTi

OCHOBHI KOMITOHEHTH KiHLIEBOTO ITPUCTPOO, 06paHi IX XapaKTepUCTHUKH Ta MifibpaHi A/s BigHOBigHOT CrTiibHOT
pobot. ByB obpaHMii MiKDOKOHTpOJep, eKpaH, caMe CEeHCOPHHWHM NpUCTpili Ta po3pobsieHa yacTHHA [Ist
3abe3reueHHst TIOCTIHHOIO HAMPYTOK Ha MiKPOKOHTpOJIEP Ta eKpaH, 11j0 3abe3rneunTs Ge3mnepebiiiHicTs pobotu
Ta BiZICYTHICTB CIUIECKIB B Halpy3i Ta K HAC/iJOK BUXOZY TIPUCTPOIO 3 po6OYOro CTaHy.

3ara/iibHi BUCHOBKH:

VY nauiii poboti 6ynu AocmifikeHHI CeHCOpH, 1[0 AAIOTh 3MOrY MOOAUWTH LIiNBHICTH PO3MOJLTY MeTaHy y

armMocdepi, OyM po3rIsHYTI OCHOBHI NMPUHIMIM POOOTH ONTHYHOTO Ta30aHali3aToOpy Ta CKOHCTPyHOBaHa

Hioro mogernb.

[Hanuii raszoaHasizaTop po3paxOBaHU Ha BHUMIDIOBaHHs KOHILIEHTpaLii Ta BiJC/i/KOBYBaHHS y TMPOCTOPI
T10/10KeHHs1 Ta3y. ['a3, iKW BUMipIOETHCS —MeTaH.
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Mauuii razoaHasizatop qo6pe MiJX0AUTh [/ BUMiPIOBAaHHS KOHIIEHTpaIlil y MPOCTOpi Ta BU3HAUEHHST MiCIist
3abpy/iHeHHs i SIK HaCJIJ0K BUpiIIeHHsI caMoi 1po6sieMu 3a6pyHeHHsI.

T'a30aHasi3aTop € KOPUCHUM Y THX MICLISIX, Jie € 3’€JHaHHs TPy UM € MOXKJ/IMBICTb BUTOKY Ta3y MeTaHa, 10 Ja€
3MOTY IIBUJKO BU3HAYUTH Npo6JieMy Ta BUPILINTH .

CX0XiCTb I UnTtaTtn I MocunaHHs KomeHTap A MiamiHa cumsonis
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