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CnekTpomMeTp MICTUTb OMNTMYHO 3B'A3aHi SXKEperno BUMPOMIHIOBaHHS, KOHAEHCOPHY CUCTEMY, KIOBETY
ONs aHamnizoBaHOli ras3oBOi CyMilli, NonixpomaTtop 3 BXIQHOK LWINMHOK W BUXIQHOK  LWINMHOM,
YCTAHOBMEHOK 3 MOXMMBICTIO CKaHyBaHHSA CnekTpa, npuMiMay BUMNPOMIHIOBAHHS, a TaKoxX

pe30HaHCHMWIA MiAcunioBay 3 Pe3oHaHCHOK 4YacToTOolo fp =ALIJIeN, npe AL - cnekTpanbHWii

AianasoH, Wo ckaHyeTbes, [ - nepiog CTPYKTypu aHanizosaHoro rasy, N - wBMAOKICTb ckaHyBaHHS
crekTpanbHOro dianasoHy, 3'€4HaHui i3 npuiMavyeM BUMPOMIHIOBAHHSA, a TakoX MICTUTb JOOaTKOBY
AiadparMy, crnektpanbHa LvpuHa akoi gopisHioe AX = MJ] i aka posmilleHa y NnowmHi BUXiaHOT
LWiNTMHKW nonixpomaropa, a M - € WifiMM Yncrom.
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KopucHa mogenb Hanexutb OO ranysi ra3oBoro aHanisy i moxe 6yTu BUKOpMCTaHa npu aHanisi
rasoBMx CyMillen, CnekTp nornuHaHHa abo BUNPOMIHIOBAHHA AKX Mae nepioguvyHy abo
KBasinepioanyHy CTPYKTypYy.

Bigomuii cnektpomeTp, AKMn MICTUTb ONTMYHO 3B'A3aHi [Kepeno BUNPOMIHIOBAHHS, KOHLEHCOPHY
cucTeMy, KIoBeTY AN aHanizoBaHOl ras3oBoi CyMilli, MONiXpomMaTop 3 BXiOHOK LUISIMHOK W BUXIQHOM
LWISIMHOI, YCTAHOBIMEHOI 3 MOXIMBICTIO CKaHYBaHHA CMeKTpa, npyuiMad BUNPOMIHIOBAHHS, a Takox
pPEe30HaHCHWUI MigcunioBad Ans  BUAINEHHA KOPWCHOTO CuUrHamy 3 pPEe30HaHCHOK  4acToTo
f=AL/[eN, B€ AL - CMEeKTpasibHWiA - [ianasoH, WO CKaHyeTbCss, [ - Nepiog CTPYKTypu

aHanizoBaHoro rasy, N - LWIBMAKICTb CKaHyBaHHSA CMEKTPanbHOro AianasoHy, 3'€QHaHum i3 npunMadem
BUMPOMIHIOBaHHS, i B SKOMY CKaHyBaHHS LOCHiAKyBaHOro crnekTtpa BigOyBaeTbCs 3a [OMOMOrOH
BUXIAHOI LWiNMHK, siKka 3aKpinneHa Ha npuBogi i o0epTaeTbesa 3 Benukoto weuakictio N l].

Takuin cnekTpoMeTp Mae 3HaudHi MOXMOKM BMMIPY BHACMIAOK HEKOHTPOSIbOBAHOMO 3MILLEHHS Y
NAOLWMHI BUXIAHOT LWiNMHX CNeKTpoMeTpa CnekTpa, WO CKaHYyETbCS.

3agayeto KOpMCHOI Moaeni € 3MEHLEeHHS NOXMBKM BUMIPIB CKaHYHO40ro CnekTpomMeTpa.

MocTaBneHa 3agaya BUPILWLYETBLCS TUM, LLO CNEKTPOMETP, L0 MICTUTb ONTMYHO 3B'A3aHi SKepeno
BUNPOMIHIOBaHHS, KOHOEHCOPHY CUCTEMY, KIOBETY ANs aHanisoBaHOI ra3oBoi Cymilli, nonixpomaTop 3
BUXIAHOHO LLIMMHON, YCTAHOBMNEHOK 3 MOXIMMBICTIO CKaHYBaHHA CMekTpa, NpuriMay BUMPOMIHIOBAHHS,
a TakoX pes3oHaHCHUI nigcunoBay, 3'€4HaHUn i3 NpuinMadYeM BUNPOMIHIOBAHHS, pe30HaHCHa YacTtoTa

AKOTO  f, =AL/[leN, A€ AL - crekTparnbHWil [ianasoH, WO ckaHyeTbes, O - nepiog cTpykTypu

aHanizosaHoro rasdy, N - LIBUAOKICTb CKaHyBaHHS CNeKTpanbHOro Aiana3oHy, SKUMR, 3rigHO 3 KOPUCHOHD
mMoJenno, MICTUTb OOAAaTKoBy AiadparMy, CrekTpanbHa LWUpUHa SAKOI OOPIBHIE Ay =m[ | AKa
po3MillieHa y NAOLWMHI BUXiZHOT WIiNnHM nonixpomaropa, a m - € LifiuM YMCrOM.

CyTb KOPWCHOI MoAeni MOSACHIETLCA kpecneHHAmn. Ha ®ir. 1 306paxxeHa CTpykTypHa cxema
cnekTpomeTpa, Ha Pir. 2 - ckaHyBaHHSA cnekTpa nornvHaHHa SO, y BMXIOHIN NAOLWMHI cnekTpomeTpa
3a JOMOMOrO BUXIAHOI LWINWHK, WO obepTaeTbes, | BUAINEHHSA 3a 4ONOMOro 4oAaTKoBOI Agiadparmu
AINAHKN CnekTpa, Wo CkaHyeTbecs, Ha dir. 3 - 3MiHa BENWYMHM KOPUCHOrO CUrHamy npu CKaHyBaHHi
(4+0,5) nepiogis CTPyKTYpWn CriekTpa aHanisoBaHoro rasy (a) Ta (4+2 « 0,25) (6).

CnekTpomeTp MICTUTb AXepeno BUMPOMIHIOBaHHA 1, KONIMaTOPHY NiH3Y 2, Wo (opMye CBIiTNoBUIA
noTik, KloBeTy 3 BikHamu 3, 4, WO MICTMTb aHani3oBaHy rasoBy CyMill, o0'ekTuB 5, skun dokycye
BUMPOMIHIOBAHHA B NMOLWMHY BXigHOI wWinuHu 6 nonixpomaTopa. [lonixpomaTtop ckrnajaetbecs 3
AndpakuiiHoi pewiTkn 7 i ckaHyr4oi BUXiAHOI WinvHM 8, ycTaHoBreHoi Ha oci npusoda 9. Ons
BMOOPY AiNsHKM CMeKTpa, sika CkaHyeTbcs, cnyxutb gdiacdparma 10. Cuctema peecTpadii MiCcTUTb
doTonomHoxyBay 11, nonepeaHin nigcunioBad 12, pes3oHaHCHWA nigcunioBay, HacTPOEHWUA Ha
YacTOTy CkaHyBaHHs 13, pe30HaHCHWI MigcUoBaY, HACTPOEHMIA Ha YacToTy f, =AL/[eN , AETEKTOPU

15, 16, aHanoro-undposui nepetsoptoad (ALIM) 17, nocTinHui 3anam'atosytounin npuctpin (M3IM1)
18, 6nok BuBogy iHopmauii 19, 6nok iHgukauii 20, 6rnok xuenenHa ®EM 21, gaTymk Temnepatypu
22.

CnekTpomeTp npautoe y Takuim cnocib. MoTik BUNPOMIHIOBaHHA Big AenTepieBoi nmamnu 1 tuny
O0C-30 chopmyeTbCs 3a AOMOMOro KOHAEHCcopa 2 i HanpaBnseTbLCA B KIOBETY, ChOpMOBaHy BikHamu
3, 4 3 aHani3oBaHOW ra3oBOK CyMmiwwto. MasoBa nNpoba MoXe HaAXoOAUTUM B KIOBETY SK BHACIiZoOK
BMKOPUCTaHHSI cucTemMun npoboBigbopy, Tak i npupogHoi andysii Yepe3 MeTanokepaMiYHUA KOXyX, Y
KA BOHA MOXE BCTAHOBMOBATUCSA. 3a AONOMOro 00'ekTMBa 5 BUNPOMIiHIOBAHHST (DOKYCYETbCA Ha
BXiAHY LWiNWHY 6 MOHOXpoMaTopa i 3anoBHIOE YBIFHYTY AudpakuinHy pewitky 7. OudpakuinHa
peLliTka po3Krnagae Ha CrekTpyu nagarode BUMNPOMIHIOBAHHSA i POKYCYe MOro Ha BUXIOHY PyxXnuBy
winuHy 8. BuxigHi winvHn 8 HapisaHi Ha AWcKy 3a Koro pagiycom. 3aranbHa KinbKiCTb HapisaHux
winuH gopisHioe 20. [Inck BCTAHOBIIEHUIN HA OCi CUHXPOHHOrO ABUryHa 9. AKWO y KIOBETi NPUCYTHIN
SO,, To y doKanbHi MMAOLLMHI PeLliTKM CrocTepiraeTbCa MOro cnekTp nornuHaHHsA. Oiadpparma 10
obMexye BEenUUMHY CKaHOBaHOI AiMNsiHKM CMNeKkTpa, PiBHY UWinomy 4ucny nepiogie cnektpa SO, B
obnacTi (210-230) Hm (ame. ®ir. 2). Ha uin ginaHui cnektpa mMoxyTb 6yTn npucyTHi 10 MakcumymiB
nornuHaHHsa SO,.

LWinuHm 8 Ha gucKky HapizaHi TakmMm YMHOM, WWO6 N-Ta LWinvMHa, 3akiHYMBLUM CKaHYBaHHS CrekTpa
SO,, Buiwna 3a mexi giadparmu 10, a (n+l)-wa yeivwna. TakMm YMHOM, Npu 0BepTaHHi aucka
BinbyBaeTbca GesnepepBHe ckaHyBaHHA cnekTpa SO, B cnekTpanbHomy dianasoHi (210-230) Hm. Ak
npuiMay BUNPOMiHIOBaHHA 11 BUKOPUCTOBYETLCA COHsiUHO-cninuin PEN. CurHan 3 gooTonpuiimaya 11
HagXxoaAuTb Ha nonepeaHin nigcnnioBad 12. OCKiNbKM TiNbKM YacTMHA BUNPOMIHIOBAHHS MOMNIMHAETLCS

SO, B 3a3Ha4yeHOMy fdianas3oHi JOBXWH xBunb, To 3 OEI 3HiMaeTbcs sk BUCOKo4yacToTHa V ~

CKnagoBsa curHany (BHaCJ'Ii,IJ,OK HasiBHOCTI CTPYKTYpU cneKTpa), TaK i HU3bKOYacToTHa V = cknagoBsa
CurHany, dka BM3Ha4a€eTbCA 4YaCTOTOK CKaHyBaHHA CNeKTpa.
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dopma curHany, wo 3Himaetecs 3 PEI nicna nigcuneHHa y nonepegHboMy nigcuntoBadi 12,
300paxeHa Ha ®ir. 2. BenvunmHa HU3LKOYACTOTHOI CKNagoBOi V = 3anexuTb Bif KOHUEHTpauii B
razoxogi SO, i iHWMX MOrMUHAYMX BUMNPOMIHIOBAHHS B LK obBnacTi cnekrtpa KOMMOHEHTIB, Big
napameTpiB mxepena BunpomiHioBaHHA Ta PEI. TobTo B HiA MICTUTbCS KOpWUCHa iHdopMalis, sika

MOXe OyTM BuKopucTaHa npu obpobui curHaniB. Tomy V=, V-~ nigcunolTbCa BignoBigHUMM
nigcunioBavamun 13,14, petekTyioTbeca aetektopamu 15, 16 i nogatotbea Ha Bxig AUM 17. Y ALM
BenuumMHa V= BUKOPUCTOBYETbCS SIK OMOpHa Hanpyra, a V ~ HagxoauTb Ha iHpopMauinHuiA BXiA.
Takum ymHom B AL BigOyBaeTbCsi NEPETBOPEHHS aHANoroBMx CUrHanis B LUM@POBY opMy i
ofHo4acHo OepeTbcs BigHoweHHA V ~/V =, Curdan 3 AL HagxoguTtb B T3l 18, ge 3anucaHa
3aneXHiCTb KOHUEHTpauii aHanisoaHoro rasy (SO,) Big BigHOLLIEHHS curHanis pobo4oro i onopHoro
kaHaniB i gani B 6nok BuBoay iHdopmauii 19. bnok BnBoay iHdbopmauii posnoginse iHdopmauito y
BigNOBIOHIN opmi Mk Grokom iHAoukauii 20, BMxogom Ha umdpo-gpykytounin npuctpin (LAIM),
BMXOOOM Ha camonuceub. Y 6rnoui iHaukauii 20 34iCHIOETBCA AMHaMiYHa iHAMKauia pes3ynbTaTis
BMMIpPIOBaHHSA Ha TPMPO3PSAHOMY CBITNOAIOAHOMY iHAMKaTopi. [ns BpaxyBaHHA 3anexHOCTi NoKasis
aHanisaTopa Big MOro TemnepaTypu BCTaHOBMEHUA AaTymk Temnepatypu 22 (tepmoonip), 3'egHaHun
3i CxeMOI KOMMeHcaLii Hyna geTektopa. Y 3anexHocCTi Big TemnepaTtypu aHamnisatopa 3MiHI0ETbCS
BeSIMYMHA KOPUCHOrO CUrHany, LWo HagxoauTb Ha iHdopmauinHmi Bxig AL 17.

Ockinbkn Ha onopHun kaHan AL mae nogaBaTncst NeBHE 3HAYEHHS NOCTiNHOI Hanpyru (-10 B),

BeSIMYMHA HM3bKOYACTOTHOI cknagoBol V =, wo HagxoauTb Ha AL, nigTpuMyeTbcs Ha LbOMY piBHI
3a paxyHOK peryrntoBaHHs nigcuneHHa ®EIN 3a gonomororo naHuora 3BOPOTHOrO 3B'A3KY, LLIO BKINOYaE
onok xueneHHs OENM 21. Takum YMHOM, NpU 3MiHIi BENNYMHU HU3bKOYACTOTHOI CKIMaZoBoi curHany V=,
BUKMMKAHOMY MOrMMHaHHAM SO, B KIOBETI, 3anWneHiCTi0 ONTUYHUX €feMEHTIB, 3pOoCTae Hanpyra Ha
®ET, He nepeBuLLyIOYM JONYCTUMOrO 3HayYeHHs. [Hwi 6noku xuenenHs (namnu OOC-30, enekTpoHikn)
Ha ®ir. 1 He nokasaHi.

LWogo Bubopy obnacti ananizy SO, - (210-230) HM, TO BOHa OGyMOBreHa CrnekTpanbHUMU
xapaktepuctnkamm obpaHoi enemeHTHoi 6asu (PEM-142, namnmn OOC-30), a TakoxX BiAHOCHO
HEeBENMKUM iHTerpanbHUM nornnHaHHam SO, B Ui obnacrTi.

Mpu cepegHbOKBaApPaTUYHOMY [OETEKTYBaHHI KOPUCHOrO CUrHany, Lo 3asBuyail MPUUHATO B
rasoaHaniTMYHMX Npunagax, noro BENMYnMHa BU3HAYAETLCH MITOLLED, WO 3HaXOAMTbCs nig obBiaHO
KopucHoro curHany. lNMpuyomy uUda nrnowla 3anexuTb, Npu Heuinomy 4ucni ckaHoBaHux nepiogis [
CTPYKTYpU CRNeKTpa CMyrn nOornMHaHHSA, Big4 no4vaTkoBOl a3n (No4aTKoBOI [JOBXWHU  XBWNI)
ckaHyBaHHs. [lincHo, Hexan, Hanpuknag, ckaHyetbca m-4,5 nepiogis [ cTpyktypu cnektpa NHs. IMpu
He3HayHUX KoHueHTpauisx NH; B KlOBeTi CKaHOBaHU CnekTp moxe ByTn npeacTtaBneHun y BUrnAgi
No3MTUBHUX Hanisnepiogis cuHycoign. Toai curHan, wo 3Himaetbcsa 3 PElM, moxe ByTn 3anucaHun y
BUrNAA:

lpsinmt/t,npu2nt<t<(2n+1)t
I(t) = { , (1)
—lgsinnt/tnpu(2n+ Dt <t <(2n+ 1t
He n-012..k 1= O/ Ay - nepioq curHany, Wo Bignosigae nepiogy CTPYKTypW, AOCNIAXyBaHOro

rasy; fo - yacrora CKaHyBaHHs CnekTpanbHoi AinaHky AL =mi

3as3Buyar gocnigxkyBaHa AinsiHka crnekTpa Buaindetbca giadpparmoto 10, cnekTpanbHa WypuHa
Akoi JopiBHIOE AL | po3MilleHa y NAOLWMHI BUXiaHOT WinvHu (B 6esnocepeaHin ii 6rnmabkocTi). Toai, y
pasi 3MiHW NONIOXEHHS CnekTpa LWWOoAo AiadparMu, MOXNUBUIA BUNAOOK, KOMW CKaHYeTbCA 4 Linux
nepiogn cTpyktypu cnektpa i 0,5 nepioga, abo konu ckaHyeTbca 4 uinux nepioau i gsa no 0,25
nepiogn (aue. ®ir. 3). Y nepwomMy BunNagKy BenuuYuHa CUrHany nicns pgeTekTyBaHHsa 6yge
AopiBHIOBaTH:

T t/2
Iy = 4o [sinnt/wdt +1y [sinat/wdt=9lt/n (2)
0 0

y Apyromy:
T t/4

Iy =4l [sinat/tdt+ 2l [sinat/wdt =861y /- (3)
0 0

Takum YmMHOM, BigHOCHa 3MiHa curHasny npw 3cyBi CNeKTpa AoChigXXyBaHOro rasdy LWoao giagpparmum
OOpiBHIOBaTUME:

A = (1 ~12)/165100% = 45%,
ae ICp = (Il + |2)/2

(4
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Taki KONMBaHHA KOPUCHOTO CUrHany npu3BoAATb OO0 3HAYHMX NOXMBOK BUMIpOBAHHS. Tak, SKLWO
MaKkcuMMarbHa KOHUEHTpauis gocnigkyBaHoro rady gae ocnabnenHs curHany Ha 30 % (Take 3Ha4eHHs
3a3BuMyan BUOUpalOTb ANA OOCATHEHHsT NIHIMHOCTI WKanu npunagy), TO iHCTpyMeHTasrbHa noxmobka
npunagy npv 3a3HayeHnx KonMBaHHAX KOPUCHOTO curHany He moxe OyTu kpawe 15 %.

Jlerko 6aunTy, WO SKWO M OOPIBHIOE LINOMYy YUCIy MepiodiB CTPYKTYpM ChekTpa, Hanpuvknag
m=4 70 npun Oyab-SKOMY MOSOXEHHI CNekTpa Wwoao diacdparMmn BenuumMHa OeTEeKTOBaHOro curHany
Oyne ogHa n Ta x:

T
Iy =1, = 4lp [sinnt/tdt =8l /7 - (3)
0
TobTO 3MilWeHHS CKaHOBAaHOI AINSAHKM ChnekTpa AOChigKyBaHOro rady, sika piBHa LinoOMy 4ucny
nepiogis CTPYKTYpM LIbOro CMeKTpa, LWOoAo AiadparmMu, BCTAHOBMEHOI 3a BUXIOHOK LUINIMHOW, He
npu3BOAMTL OO MOSIBM A404ATKOBOI NOXMOKM BUMiptoBaHb. Takum YMHOM, BBEOEHHSI B MPONOHOBAHUN
CNEeKTpoOMEeTp, NPU3HAYeHUNn Ans aHanidy rasoBuMx KOMMOHEHTIB, BUXIQHOI adiadparmu, Lo obmexye
CKaHOBaHy [insiHKy cnekTpa Uinum 4YucrioM nepiodiB CTPYKTYpW CrekTpa aHanisoBaHoro rasy,
nigBvWye MKWOro METPOSIOrNivyHi napameTpu, WO [O3BOMSE PO3WMPUTU  ianasoH BMMIPOBAHMX
KOHLIEHTpaUi, 3MEHLWNTM NOXMOKY BUMIpiB. MMoaibHMIA cnekTpoMeTp MoXxe OYyTM BUKOPUCTaHUI Ons
aHanisy Takux rasie, gk SO,, NHs;, NO y cnektpanbHomy gianasoHi 210-230 HM, a Takox Oz y
gianasoHi 300 HM i NO, y gianasoHi (430-460) HM, Ta 6araTbox iHWWX rasiB, WO MawTb
KBasinepiognyHy CTPYKTYpy CNekTpa y BU3Ha4YeHOMY CreKTpanbHOMY Aiana3oHi.
[hxepena iHdbopmallii:
A.c. 1518732, CCCP, MKW/ GO1N 21/61, KoppensiunoHHbI razoaHanunsartop, 1985. - npototumn.

®OPMYJIA KOPUCHOI MOJEN!I

CnekTpomeTp, WO MICTUTb ONTMYHO 3B'A3aHi MKepeno BUNPOMIHIOBAHHS, KOHAEHCOPHY CUCTEMY,
KIOBETY ANS aHani3oBaHOi ra3oBoi CyMilli, MONIXpOMaTop 3 BXiAHOK LIMMHOK M BUXIOHOK LWiNMNHOL,
YCT@HOBMEHOK 3 MOXNMBICTIO CKaHyBaHHS CMeKTpa, MpunuMay BUNPOMIHIOBAHHS, a TakoX
pe3oHaHCHMIA NiacKIoBay 3 Pe30HaHCHOK YacToTol f, =AL/[leN, e AL - CNeKTpanbHUM Aiana3oH,

WO CKaHyeTbCcs, [1 - nepiog CTPyKTypu aHanisoBaHoro rasy, N - wBumakicTb ckaHyBaHHS
CMeKTpansHoro AianasoHy, 3'€AHaHun i3 npunmMavyemM BUMPOMIHIOBAHHSA, AKUA BiAPISHAETLCA TUM, LLO
MiCTUTb JoAaTkoBy Adiadparmy, crnekTpanbHa LMpuUHa AKOI OOPIBHIOE Al =m[ i fka po3MilieHa y
NAOLWMHI BUXIAHOT LWinnHM Nonixpomartopa, a M - € Linum Y1Mcriom.



UA 72000 U

/9

m 20

78

19

3

14

16

%\
; 9
So —i—
Ny
o)
-
~—
e N
L o
ﬂ..l.llw|||||~5
—— N

@ir. 1

@ir. 2



UA 72000 U

|, ela.on.

@ir. 3

Komm'toTepHa BepcTka I. MNasnbHikoB

HepxaBHa cnyba iHTenekTyanbHOi BNacHocTi YkpaiHu, Byn. Ypuupkoro, 45, m. Kuie, MCI1, 03680, YkpaiHa

0N “YKpaiHCbKMI iIHCTUTYT NPOMMUCIIOBOI BriacHocTi”, Byn. [Na3yHoBa, 1, M. KuiB — 42, 01601



