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1 Knacugikanisi Ta XapakTepucTUKa ONTHYHUX METOAiB aHAJI3Y

CrexTpalibHI METOJM aHali3y 3aCHOBAHI Ha BUMIPIOBaHHI €()EKTiB B3a€EMO/I11
€JIEKTPOMArHiTHOTO BHUIIPOMIHIOBAHHS 3 PEUYOBMHOIO. 3arajlbHUM XapakTep LHX
B3a€EMOJIIA 3aJIEKUTh B1J 3MIHU €HEPreTUYHOTO CTaHy aToMmiB 1 modekyn. I[lpu
30y/KeH1 aToMiB (TIpH Tiepenayl iM eHeprii) 3A1HMCHIOEThCS 3MiHA X04a O OJIHOTO
KBAHTOBOT0 uncia. [Ipu oMy BUHUKA€ BUITPOMIHIOBAHHS MIEBHOI TOBXHHU XBUJI

i vacroru (Tadm. 1).

Tabm. 1 - 3aexHICTh JOBKUHHU XBHJI1 B1J 3MIHU KBAHTOBOT'O YHCJIA 1

BIJIMOBIHI METOIU aHAJI3y

KBanToBe 4ncio, sike JoBxxuna _
Meron anamzy

3MIHIOETHCA (00J1aCTh) XBUJI, M



Penrreniscepka

["onoBHE (pEeHTIeHIBCHKA) 10®% - 10" .
CHEKTPOCKOMIS
OnTu4H1 METOIU

[ToGiune(onTHYHA) 760-10" um aHai3y 3MiHCHHS

[adppauepBona Bugnma 380-760 um KOJIMBAJILHOT'O CTaHy

YabTpadioneroBa 100-380 um 3MiHEHHS CTaHy
BAJICHTHUX EJIEKTPOHIB
EnexkrponHnii

MarnitHe (MiKpOXBUJIHLOBA) 10° - 10" napaMarHiTHUR
pE30HaHC

SAnepHuii criin SnepHuit MarHiTHUMA

, 10" - 10™
(pamiodacToTHA) PE30HAHC

OnTu4H1 METO/IM aHaTI3y 3aCHOBAaHI Ha BUMIPIOBaHHI €EKTIB B3a€EMO/I11 PEUOBUHU
3 €JICKTPOMArHITHUMHU XBHJISIMU ONITUYHOTO JAiana3oHy B aiama3oHi Big 100 mo 10000 am.
OnTuyHuUil A1ana3oH miApO3AUISIOTh Ha yibTpadioneToBy - YP(100-380 um), BuguMy -
B(380-760 um) 1 indppavepBony - [U(760-10000 am) obmacri.
3a TUIOM B3a€MO/IIi €IEKTPOMArHITHUX XBUJIb 3 PEUOBUHOIO ONTUYHI METOIN
KJIaCU(IKYIOTh HACTYITHUM YHHOM:

- abcopbyitini Memodu — sIK1 3aCHOBaH1 Ha BUMIPIOBaHHI BUITPOMIHIOBAHHS, SKE

MOTJIMHYTO PEUOBUHOIO(KOJIOPUMETPIs, (DOTOKOIOPUMETPIs], CIEKTPOHOTOMETPIs,

aTOMHO-a0COpOIINHUHN aHaMTi3);

- eMicitini Memoou — K1 3aCHOBaHI Ha BUMIPIOBaHHI IHTEHCUBHOCTI CBITJIa, SIKE

BUINPOMIHIOE pedoBUHA((DIIOOPOMETPisl, eMICIHHUN CIEKTpaIbHUN aHaIli3, TIOJIyM siHA



dbotomeTpis):

- Memoou, sIK1 3aCHOBaH1 Ha BUMIPIOBaHHI IHTEHCUBHOCTI BUIIPOMIHIOBAHHS, SIKE

poscisiHe(Hegenromempis), ad0 MOTIUHYTO (mypoioumempis) CyCIIEH31€I0 PEYOBUH;

- Memoou, sIK1 3aCHOBaH1 Ha BUMIPIOBaHHI e(PEKTIB MO pHU3AIITHIX

B3aEMOJI1H (pedhpakmomempis, inmepdepomempis, noagpumempis).

B onTthuHux MeTomax aHaimizy MOXKHa BHUMIpIOBATH e(EKTH B3aeEMOAIl 3
CJIEKTPOMArHITHUMHU XBWISIMH SIK MOJIEKYJl Tak 1 aromiB. ToMy 1 METOAM aHami3y
PO3MOIISAIOTECA Ha MOJICKYISApHI ((pIroopoMeTpisi, KOJIOPUMETPisi, (POTOKOIOpUMETPIs,
criekTpodoToMeTpisi) 1 aTOMHI (eMICIMHUHN CHIEKTpaIbHUN aHaIi3, MOJIyM siHa PoToMeTpis,

aTOMHO-a0COpOIIMHUI aHaTi3).

2 MoJiekyJsipHa adcopoOIiiiHa CIIEKTPOCKOITist

Metoau MoJeKyIsApHOI a0COpPOIIMHOI CHEKTPOCKOII BIIHOCUTBHCS JO ONTHYHUX
METO/IB aHaji3y, fKI 3aCHOBaHI Ha BHMIPIOBAHHI €(EKTIB B3a€MOJli PEYOBHHHU 3
€JIEKTPOMArHITHUMH XBWJISIMH ONTUYHOTO Jiana3oHy. MeToa 3aCHOBaHO Ha BUMIPIOBaHHI
noryiMHaHHs (abcopOirii) CBITIIOBOIO MOTOKY MOJEKYJaMU PEYOBUHU. J[0 MOJEKyJspHO-
a0COpOIIfHUX  METOJMIB  BITHOCSATh  KOJOPUMETPII0  (TMOpIBHAHHS  3a0apBJICHHS
aHATI3yEMOTO 1 CTaHIAPTHOTO PO3YHUHIB 6i3yaibHO), (POTOKOIOPUMETPIIO(BUMIPIOBAHHS
IHTEHCUBHOCTI CBITOBOTO TMOTOKY, SIKMH TIPOMIIOB uepe3 pPO3UYHUH, (homoeneKmpuiHum
cnocobom) 1 ceKTpoGoTOMETPit0(BUMIPIOBAHHS
IHTEHCUBHOCTI MOHOXPOMAMUYHO20 CBITIOBOTO  TIOTOKY, SIKHM  TIPOWIIIOB  Yepe3
PO3YHH (homoereKmpudHumM cnocobom).

PeuoBuHa 37aTHA BHOIPKOBO MOTJIMHATH BUIPOMIHIOBAHHS TIEBHOI JJOBKUHHU XBUJI.
[Ipu 1bOMY €HEpPreTHYHHUN CTaH MOJICKYJIM 3MIHIOETHCS, BOHA 30Yy/KY€ThbCs. 3arajabHa
EHEepris MOJIeKYyIH E cKiamaeTbest 3 €Heprii pyXy eNeKTpoHiB E,, eHeprii KOJIMBaHHS

aTOMIB y MOJIEKYJIi — E,, 1 eHeprii o0epTaHHsS MOJIEKYIH - E,q:

E=E +E + Ez;.



[lornuHanHs BUNpPOMIHIOBaHHS HU3bkuX eHepri(I4) mnpusBoauth nume K
3MIHEHHIO 00epTaibHOi ab0 KOJMBAJIbHOI EHEprif(eHepris MOTIMHAETHCS OKPEMHUMHU
(YHKIIIOHATPHUMH TpyMaMHu) 1 Takl CHEKTpU IOTJIMHAHHS 3BYTh MOJEKYJISIpHUMH. B
yibTpadioneToBil 1 BUAUMIA YaCTHMHAX CHEKTPY MOIVIMHAHHS €HEeprii MpU3BOIUTH M0
NepexoJly €JICKTPOHIB Ha JCSIKUX OpOITalaX(IOJJIOBHMM YMHOM Ha 30BHIIIHIX) Ha OLIBII

BHUCOKI €HEepPreTUYH1 PiBHI, 1 TaKl CIIEKTPH MOTJIMHAHHS 3BYTh €JIEKTPOHHUMHU.

Tab11.2 3anexxHICTh KOJIbOPY PO3YUHY BiJl MOTJIMHEHOI YaCTKU CIIEKTPY

Komip

[Tornmuuena JlomatkoBuii

MOTJIMHEHO1 YaCTKU .
yacTKa CIEeKTpy, HM (cocTepiraeMuii) Koip po3unHy

CIIEKTPY
dioneToBuit 400-450 2’KoTo-3enenuit
Cuniit 450-480 Kotuii
3eneHo-cuHii 480-490 OpanxeBuit
CuHbo-3eneHni 490-500 YepBoHwii
3eneHui 500-560 [TypnypHmit
’KoBTo-3eneHuit 560-575 dioneToBuit
Kostuii 575-590 Cuniit
OpanxeBuii 590-625 3eneHo-cuHii
YepBoHnii 625-750 Cunbo-3eneHuit

Po3unmHu pedyoBHH B 3aJNeXHOCTI BiJ 00JIacTI TOMIMHAHHA MOXYTh OyTH
0e30apBHUMU(SKIIIO PEYOBMHA TMOMVIMHAE BUIMPOMiIHIOBaHHS y Y®, ado IY obmactsax
CIIEKTPY). SIKIIO PO3YMH PEUOBUHU TOTJIMHAE €JIEKTPOMArHITHE BUIIPOMIHIOBAHHS SIKOiCh
JIOBXMHY XBHJII Y BUJMMINA YaCTUHI CIIEKTPY, TO BiH 3abapsienuil. Kosip po3unny Oyne
XapaKTepu3yBaTUCA TIEWO YAaCTKOK CBITJIA, sIKa MpoWILia Kpi3b Hboro(He Oyna

norauHyTa). Llei xomip BIAPI3HAETHCS BiJ KOJIbOPY MOTIMHEHOT YACTKU BUITPOMIHIOBAHHS



1 3BeThCA JOJATKOBUM (JIOTIOBHIOE KOJIp TIOTJIMHYTOI YacTKH CBIiTIA 10 O171010).

3aJIe)KHICTh KOJILOPY PO3UMHY BiJl TOTIMHEHOT YaCTKH CIICKTPY HaBelIeHa y Ta0. 2.
3 3akonu cBiTI0NOrJIMHAHHSA. ONTHYHA I'YCTHHA PO3YHHY

KpiM konbopy po3uuHy, SIKMH 3aJIeXUTh BiJ NPUPOAM PEUOBUHHU, BAXKIUBOIO
XapaKTePUCTHKOID € KUIBKICTh TOMJIMHYTOTO CBITOBOTO BUIPOMIHIOBAHHSA, SIKE
BU3HAYA€THCS 3aKOHAMU CBITJIOTIOTJIMHAHHS.

Ilepumii 3akoH cBiT/I0 NorJiMHaHHSA (3akoH Byrepa-JlamGepra) — BiJHOCHA
KUTBKICTh IOTJIMHYTOTO BUIIPOMIHIOBAHHS HE 3aJI€KUTh B1Jl IHTEHCUBHOCTI Ma1at0u0T0
BUIPOMIHIOBaHHS: KOXKHUHU IIap PIBHOT TOBIIMHMU MOTJIMHAE OJTHAKOBY YACTKY

MOHOXPOMAaTHYHOI'O MOTOKY €HEprii, 10 NPOXOJUTh KPi3b HBOTO.
- K I
I =1,*10" ",

lo - IHTEHCHBHICTB CBITOBOT'O TIOTOKY, SIKUM ITa/Ia€ Ha PO3YHH;

| - IHTEHCHBHICTB CBITOBOTO NOTOKY, SIKMI MPOMIIOB CKPi3b PO3UHH;

L — TOBIIMHA MOTJIMHAIOYOTO APy, CM;

K - koedilieHT MPONOPIIHHOCTI, IKUH BIAMOBIAa€ 00OPOTHIH TOBIIKHI IIAPY, IO
MOTJIMHAE, 11100 NMOoTiK ociadmas y 10 pasis.

L S

}IKHlok:?,TO‘Fg 10

Jlpyruii 3aKoH CBITJIONOIIMHAHHSA (3aK0H bepa) — BeuunHa NOTJIMHAHHS TTPSIMO
MPOTOPI[IiHA YHCITY YaCTOK PEYOBUHM, 110 MOTJIMHAE:

k=£- C’

1€ £ - MOJIIpHUM KOe(DILIEHT MOTJIMHAHHS (ONTHYHA T'YyCTHHA) PO3YUHY 3 MOJISIPHOIO
KOHIICHTpAIl€0 | MOJIB/T y KIOBETI TOBITUHOIO | cM, SIKWH 3aJIeKUTH BiJl IPUPOIH
PEUYOBUHU;

C — MonsipHa KOHIIEHTpAIIisl PEUOBUHU, MOJIb/]I.

O0’ennanmnii 3axkon byrepa-Jlam6epra-bepa - iHTEHCHUBHICTH CBITOBOTO



BUIIPOMIHIOBAHHS, SIKE MPOMIILIO KP13b PO3UMH, 3aJI€KUTh BiJ MOJSIpHOI KOHIeHTpalii C 1
TOBIIMHY APy PEUOBUHH |

| =15*1072¢",

B norapudmiuniit hopmi 3aK0H Ma€e BUTJIIS;

Igi==2Cl=D.
I

Bupaz Ig { = D 3BeTbcst ONTUYHOIO TYCTUHOKO. BiTHOIICHHS IHTEHCUBHOCTI CBITIIA,

SIK€ MPOMIIIO CKP13b PO3YHMH, 0 IHTEHCUBHOCTI MaJal0uoro CBITJIOBOTO MOTOKY 3BEThCS

i

nponyckanasm: 7= . OnrrdHa rycTHHA i IPOIYCKAHHS TOB’S3aHHI MiXk COBOIO:
1
D=Ilgfi=-IgT.

i BeIMYMHU € OCHOBHUMH KUJIBKICHUMH XapaKTEPUCTHUKAMU MOIJIMHAI0YO01
CIIPOMOXHOCT1 PO3UYHMHIB.

3rigHo 3akoHy byrepa-Jlambepra-bepa ontuyHa rycTuHa nmpsMo nponopuiiHa
KOHIICHTpAIlli PpEUOBUHHU (SIKIIIO MOJIAPHUIN KOE(]II[IEHT MOTJIMHAHHS 1 TOBIIMHA
MOTJIMHAIOYOTO 1Iapy MOCTIMHI) 1 Tpa(iyHO 1S 3aJIEKHICTh Ma€ BUIISI MPSAMOT (PUCYHOK
3.5). Ilpu nocuTh BUCOKUX KOHIICHTPALIISIX 115 3AJIEKHICTh MOPYIIYETHCS, TOMY Tpeba
MepeBIPSATH MIANOPSIKOBAHICTh MOTJIMHAHHS pO3UnHY 3akoHy byrepa-JlamGepra-bepa B

JOCJIIKYEMOMY J1ana3oHl KOHIIEHTpaIliil.
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Puc 2 3anexHicTh ONTUYHOT Puc.3 Cnekrtp nornuHaHHs

TYCTHHH BiJ KOHIICHTpAIIlii



[lornuHaHHS CBITJIOBOTO TOTOKY 3aJ€XHUTh Bl JOBXHMHHA XBwil. ['padiune
300paXeHHS 111€1 3aJIeKHOCTI 3BETHCS CIEKTPOM MoriMHaHHS (puc. 3). CHeKTp MOTIMHAHHS
3HAXOAATh €KCIEPUMEHTAIBHO, BUMIPIOIOYH ONTHUYHY TYCTHHY JaHOTO PO3YMHY MPHU Pi3HUX
3HAYEHHSIX JOBXKWHU XBWiIil. [Ipy BUKOHaHHI aHaMi3y BUMIpHU 3AIHCHIOIOTH TIPU JOBXKHUHI

XBI/IJIi, sSgKa Bi,ZIHOBiI[a€ MAaKCHUMAJIbHOMY 3HAYCHHIO OITUYHOI I'YCTUHH.

4 ®oromerpisa. CyTHicTh MeTOaY

. B dotokomopumerpii (poroMerpii) BHU3HAYAEMHI KOMIIOHEHT 3a JOMOMOIOIO
XIMIYHUX ((POTOMETPUYHMX) peakUid IMEepeBOJATh y KOJIbOPOBY CIOJIYKY, a IOTIM
BUMIPIOIOTh OINTUYHY TyCTHHY 3a0apBJICHOTO PO3YHMHY (HOTOETIEKTPUYHUM METOJIOM.
KoHueHTpanio BU3HAYAIOTh OYIyHOUYM TpaayipoBOYHMI Tpadik, ado 1HIIMM METOI0M
(MeTox cTaHIapTiB, METOJ JOJATKYy). BumiproBaHHS 3aBk/1U BUKOHYIOTH IO BIJHOIICHHIO
70 pO34YMHY IMOPIBHSAHHS (HYJIbOBOIO), y SIKMM HE JOAAIOTh PEAKTUBY JJIS OACPKAHHS
KOJIbOPOBOI CHOJYKH 1 ONTHYHY T'YCTUHY SKOTO BBa)XKaIOTh HYJIbOBOW. [l BUMIpY
ONTUYHOI TYCTUHU BHUKOPUCTOBYIOTH (POTOKOJIOPUMETPH, HANPUKIAJ, KOJIOPUMETP
doroenexTpuunmii KoHeHTpaniianit KOK-2 (puc. 4).

CBiTOBHI MOTIK BiJ JKepena 1 mMpoXoauTh yepe3 CUCTEMY JIIH3, TETUIO3aXUCHUN 2,
HEeUTpabHUK 3 1 KOMBbOPOBUMA 4 CBITIOPUIHTPU, KIOBETY 5 3 PO3UYMHOM TMOPIBHSHHS, YU
KIOBETYy 6 3 pOOOYMM PpO3YMHOM, CBITJIO PO3MOAUIbHY IUIACTHUHY 7 1 MOMAJa€e 4d Ha
dotonion 8 (mpu moBxkuHi XxBuUIl 590-980 HM), un Ha doTtoenemenT (315-540 um), y STKHUX
MEPETBOPIOETHCS HA EJIEKTPUYHUNA CUTHAJ, MPONOPUINHUA NPOMYCKAHHIO PO3YUHY.
OcranHiii BuMiproeTbcsi a00 Mikpo ammepmerpoMm (KDK-2), abo o0pobnseTscs 3a
JIOTIOMOTO0 MiKpoTpoIiiecopy 1 HanaeTbes y udpoBomy Burisal (KOK-2MII). Krosetu 5
1 6 po3raioBaHi Ha IepecyBHIN TIaTGOPMI, sIKa T03BOJISE 110 YeP31 BBOJUTH B CBITJIOBUI
noTiK 1l po3uwHH. [lpunmaxg mae nekiuIbKa KOJBOPOBUX CBITIO(PUIBTPIB 4, TOJIOCU

IMPOIIYCKaHHA AKUX OXOINUIIOIOTH YCIO BUJIUMY YaCTUHY OIITHUYHOT O z[ianasoHy.
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Puc. 4- [IlpunnumnoBa ontuyHa cxema npuiaxy KOK-2: 1-mxepeno
BUIPOMIHIOBaHHS; 2-TEIJI03axiCHUM CBITIOPUIBTP; 3-HeWTpanbHuil cBiTIOPUIBTP; 4-
KOJILOPOBI CBITIO(PUIBTPU; S-KIOBETa 3 PO3UYMHOM IOPIBHSAHHS;, 6-KIOBETa 3 POOOYUM

PO3YMHOM; 7-CBUJIO PO3MOALIBHA TIIaCTUHA; 8-hoToaion; 9-poToeneMeHT.

CBITOMUIBTPY MIIOUPAIOTH B 3AJIEKHOCTI BiJl CHEKTPY NOTJIMHAHHS PEYOBUHH, 11O
BHU3HAUYAETHCS: MAKCUMyM IIOTJIMHAHHA PpO3YMHY IOBUHEH BIAMNOBIIATH MaKCUMyMYy

MPOITYCKAHHS CBITIO(PUIBTDY.

BucnoBok. OntuyHi MeTONM aHamizy 0a3yrOThCS Ha B3a€EMO/Ii PEUYOBHH 3
€JIEKTPOMArHiTHUM BUIIPOMIHIOBAHHSIM. Jl0 ONTUYHOrO [1ana3oHy BIAHOCSTH
€JIEKTPOMArHiTHI XBuIi 3 AoBxkUHOIO (A) Big 100 1o 10000 HM. Moro moaiisors Ha
Tpu obxacTi: * yasTpadioneroBy (YD) — 100-380 um; © puaumy — 380-760 HM; *
iHppauepBony (1Y) — 760-10 000 aM.

IIuTaHHA 18 CAMOKOHTPOJIIO

1. Jlatm xmacudikaiiiro Ta XapaKTepUCTUKY ONTHYHUX METOJIIB aHAITi3Yy.

2. IIlo coOoto npencTapisie ONTUYHUM Aiania30H €JIeKTPOMArHiTHUX XBUJIb?
3.B yomy cyTh MeTOTy MONEKYJISPHOI aOCOPOLIHHOT CIEKTPOCKOMIi?

4. ChopmymroiiTe OCHOBHI 3aKOHH CBITJIONOTJIMHAHHS.

5. o npencrapisie cobor0 POTOKOIOPUMETPIS?
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