1. ®usnveckue 0cHOBBI MeTOAa OsKe-3JIeKTPOHHOM CIIEKTPOCKONUM
PaznuyHbple METOABI CIIEKTPOCKONMU JIEKTPOMArHUTHBIX HM3JIIyYEHHW W CIIEKTPOCKOIIMM 3apsi-
YKEHHBIX YaCTHUIl MOTYT MCIOJIb30BaThCS ISl IMATHOCTUKHU COCTaBa (aHalin3a) MOBEPXHOCTH U IIPUIIO-
BEPXHOCTHBIX CJI0EB TBEPABIX Ted'. B Tabir.1 npuBeaeHbl HEKOTOPBIE OCHOBHBIE METOJIBI CIIEKTPOCKO -
UM, UCIIOJIb3yEeMble ISl aHajn3a MOBEPXHOCTHBIX CIIOEB TBEPIBIX TeEJ, KIACCU(DUIMPOBAHHBIE CO-
[JIACHO THUITYy YaCTHI], UCIOJIb3yEeMbIX JUIsl BO30YK/IEHUS CIEKTPa U YacCTUIl - HOCUTENe nHpopmanuu

0O COCTaBC BCIICCTBA.

Tabnuua 1. OcHOBHBIE METOJIbI CIIEKTPOCKOIUH, UCIIOJIb3yeMbIe ISl JUArHOCTUKH COCTaBa MOBEPX-
HOCTHBIX CJIOEB.
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MeToapl 37EeKTPOHHOM CIEKTPOCKONUU OCHOBAaHBI Ha W3MEPEHUU DHEPTEeTUYECKOTO CIEKTpa
AJIEKTPOHOB, MCITYCKAEMBIX C MMOBEPXHOCTH TBEPJOTO TeJia MO/ ACHCTBUEM T€X WJIM WHBIX BO30YK/a-
I0IKX (PaKTOPOB.

B snexrponnoit Oxe-cnekrpockonuu (DOC) st BO30YKICHHUS UCHOJIb3YETCsl ITyUOK 3JIEKTPO-
HOB, Ha3bIBAEMBIX HepsuuHbiMu d1ekmpoHamy. OOBIYHO TPUMEHSIOTCS MEPBUYHBIE AJIEKTPOHBI C

sHeprueit ot 1 1o 25 k3B. PaccMoTpuM mporiecchbl, NPOUCXOIAIINE B TBEPAOM TEJI€ MO JACHCTBUEM



NIEPBUYHBIX 3JEKTPOHOB. BO-NEpBBIX, HMEET MECTO ynpy2oe paccesnue 31eKmpoHO8
Ha MOTEHIMAJIE 3JIEKTPOHHBIX 000JI0YEK aTOMOB. DJIEKTPOHBI, TOKMHYBIINE 00pa3el]
MOCJIE OJIHOTO MJIM HECKOJIBKMX aKTOB YIIPYTOTO PacCEsHMs, UMEIOT Ty € 3HEPIHIO,
YTO U IEPBUYHBIE FIIEKTPOHBI.

YacTb 3HEpruu NepBUYHBIX ANMEKTPOHOB (puc.l) MoxeT ObITh NepeaaHa B pe-
3yJbTaTe HEYNPYroro paccestHusl 3JEKTPOHAM BHYTPEHHUX OOO0JIOYEK aTOMOB, B pe-
3yJbTaTe 4Yero MOCIeHUE, BMECTE C HEYNPYTrOpacCesHHbIMU NMEPBUYHBIMU DIIEKTPO-
HaMU MOTYT SMUTHUPOBATHCS C TOBEPXHOCTH TBEPAOIO Tejla. DTH AJIEKTPOHBI Ha3bIBa-
10T 8MOPUYHBIMU, UX KOJIMUYECTBO B CIIEKTPE OBICTPO MalaeT C POCTOM SHEPIUH.

OOpa3zoBaBuIasicsi 3a CUET HEYIPYroro CTOJKHOBEHHUS BaKaHCHUsA Ha 00O0JIOUKE
aroma 4epes KopoTkoe BpeMs (T~ 107'° ¢) 3amonusercs 31eKTPOHOM OJHOIO U3 BEILIE-
Jexalux ypoBHel. M30bITOK SHEPTUM MOKET MONTH HAa UCITYCKAHUE PEeHIMeeHOBCKO-
20 Keanma' WM TIepeIal TPEThEMY JIEKTPOHY, KOTOPBIA MOKET ObITh MCITYIIEH aTO-

MOM.
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Puc.1. Cxema mnporiecca BO30ykKACHUS JIEKTPOHOB, MPUBOJIAIIECTO K 00-
PA30BaHUIO XaPAKTEPUCTHUECKOTO PEHTreHoBckoro wuanydeHus (1) wmm

Oxe-anexTpoHoB (I1)

' CrleKTp SMHUCCUU PEHTTCHOBCKHUX KBAHTOB SIBISIETCS XapaKTEPUCTUIHBIM M MOXKET OBITh UCTIONB30-
BaH JJIA XUMHYCCKOI'O aHaJIu3a, COOTBeTCTByIOIIII/II\/II METO/ Ha3bIBAIOT peHTFeHOBCKOfI IMHCCHOHHOM
CIIEKTPOCKOIIHEN



Kunernueckass 3HEprusi 3TOro 3JEKTPOHA 3aBUCUT OT PA3HOCTH MOTEHLUHAJIbHBIX
sHepruii HavyasnbHOTO (ypoBeHb K), mpomexytoynoro (L;) 1 KOHEUHOTO COCTOSHUS
(L»), mo3TOMY CHEKTp PHEPTUU TAKUX JIEKTPOHOB OYJIET Xapakmepucmuyien sl aTo-
MOB KaKJJOT'0 XUMHUYECKOT'O 3JIEMEHTA.

[Iponecc 3anoaHEeHNs] BAKAHCUU 3a CYET JIEKTPOHHBIX NEPEXOIOB MEKIY BHY-
TPEHHUMHU 000JIOUYKaMHU aToma ¢ nepenavyeil u30bITKa SHEPIHH TPETbEMY 3JIEKTPOHY
Ha3bIBaeTcs aghgexkmom Oouce, a 3TU NEKTPOHBI — Oorce-anekmponamu. Takum 00-
pazoMm, B ocHOBe MeToAa DOC nexaT Takue MPOLECChl, KaK MOHU3ALMs BHYTPEHHUX
aTOMHBIX YPOBHEH MEPBUYHBIM 3JIEKTPOHHBIM ITyYKOM, Oe3bl3iydareiabHblii Oxe-
nepexoa M BbIxoJ Oxe-3JIEKTpOHA B BaKyyM, I'Zl€ OH PErMCTPUPYETCS IPU NOMOLIU
ANEKTPOHHOTO CIIEKTPOMETPA.

TouHO Taxke, KaK ¥ MpU BO30YKIECHUU IEKTPOHHBIM My4ykKoM, OKe-31eKTpo-
Hbl MOTYT HMCITyCKaThCsl U B TOM Clly4ae, KOrja BaKaHCHs Ha BHYTPEHHEW 3JIEKTPOH-
HOIl 000JI0YKE aToMa CO3/aeTcs MOJ JIEUCTBUEM YCKOPEHHBIX MOHOB WJIM 32 CYET
MOTJIONIEHUS PEHTT€HOBCKOTO KBaHTa C UCIycKaHueM (QoTornnekTpoHa. COOTBETCTBY -
IO MeToA Ha3biBaeTCsl OKe-CHEKTPOCKONUEN ¢ HOHHBIM WJIM PEHTT€HOBCKUM BO3-
oyxaenueM. DPdexr Oxe Obu1 OTKPHIT B 1925 rogy Isepom Oxe (P.Auger)’, pado-
TaBIIUM C PEHTT€HOBCKHUMHU JIyYaMH.

Ha puc.2 xauecTBEHHO MPEACTABIEH TUIIUYHBIN CIEKTP JIEKTPOHOB, UCITyCKae-
MBIX TBEPJBIM TEJIOM MOJ JEHCTBUEM ITyYKa BBICOKOSHEPI€TUYHBIX IIEPBUYHBIX 3JIEK-
TPOHOB ¢ 3Hepruent Ep. Ha HeM 00bIYHO HAOMI0IAI0TCS CUIIBHBIN MUK YIIPYTOpaCCEesH-
HBIX 3JIEKTPOHOB C MAaKCUMYMOM OKOJIO Ep M HA3KOIHEPreTUYECKAS II0JIOCA BTOPHUY-
HBIX 3JIEKTPOHOB. OKe-3JIEeKTPOHBI Jal0T HEOOJbIINE MUKU Ha KPUBOM dHEpreTuye-
ckoro pacnpeneneHus N(E) Ha cuiibHOM (hoHE BTOPUUHBIX 3J€KTPOHOB. Bhinenenue
cnekTpa Oe-3JIeKTPOHOB Ha 3TOM (pOHE MPEACTABISAET COOON BeChbMa TPYAHYIO IKC-
HNepUMEHTAIbHYIO 3a7auy. MeToJ;, B KOTOPOM BO30YXAaeMbI€ JIEKTPOHHBIM IIyYKOM
O2ke-371eKTPOHBI UCTIONB3YIOTCA ISl MACHTH(PUKALIMA KOMIIOHEHTOB Ha MOBEPXHOCTH,

ObL1 peasioker B 1953 roxy JIsuaepoM®, ogHako mupokoe npumenenue Oxe-Crek-



TPOCKOMNUHU JJISI XMMHUYECKOr0 aHajin3a Hadajaoch mocie 1968 roma, korma Xappuc
npennoxuin nuddepeHrpoBaTh KpuBbie sHepreTudeckoro pacnpeneiaeHuss N(E) s
nojasjieHns (JoHa BTIOPUUHBIX U HeynpyropaccesHubix Oxe-snekrponos”. Ha puc.3 B

KauecTBe mpumepa npuseneH Oxe-crekTp cepedpa B MHTErpasibHON U nqudepenim-

anbHOM dopme.
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Puc. 2. Tunu4HbIf CIIEKTP BTOPUYHBIX, PACCESTHHBIX U OkKe-3JIEKTPOHOB.
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Puc. 3. Oxe-cnexktp Ag: a - unrerpanbhbii N(E); 6 — auddepenuu-

poBanubIii AN/dE.

Paccmotpum moapoOHEE CBSI3h DHEPTETUYECKOTO MONIOKEHUsT OKe-THHUH B
CIIEKTPE C IHEPreTUUECKUM CHEKTPOM aTOMOB BemlecTBa. [IycTh mepBUYHas BakaHCUs

oOpazoBanack B K-00o0y0uke aToma, COOTBETCTBYIOLIMN YpPOBEHb UMEET dHEpruo E.



(puc.1), u oHa 3amoJHSAETCA AMEKTPOHOM U3 L-000m0uku, umeromum sHepruto B, a
pa3HocTh dHepruu Ei, — E, nepenaercs 3JeKTpoHy ¢ ypoBHs L,. DHeprus Oxe-snek-
TpoHa OyJieT

E,=Ey—E, —E,—¢, ) (1)
r7ie @a — paboTa BBIXOJAa aHATM3UPYIOIIETO 3JIEKTpoJia crekrpoMerpa. PaccMoTpeH-
eI Oxe-niepexoy; uaeHtuunupyercs kak nepexoq KL,L,. Bo3amoxkeH nemnsiii psij
noao0HbIX nepexonoB (KL,L,, KL;L,, MoMsM,, ...) ¢ pa3HbIMH BEpOATHOCTIMHU. Xa-
pPaKkTepHOU 0COOEHHOCTHIO MeToAa OkKe-CIEeKTPOCKONUH SIBIISICTCS TO, UYTO DHEPTHS
OXe-3NeKTPOHOB HE 3aBUCHUT OT DHEPTHUHU JJIEKTPOHOB BO30YXKIAIOMIETO ITy4Ka, a
OIPENEIISICTCS UCKIIOYUTEIBLHO PA3HUIIEH DHEPIrUM AJICKTPOHHBIX YPOBHEW aTOMOB
3JIEMEHTA U, B HEKOTOPOU CTENEHU, €70 XUMHUYECKUM OKPYKEHUEM.

B otimumne ot 0C, B MeTOZIe pEHTTC€HOBCKOM (POTOTIEKTPOHHOM CITEKTPOCKO-
muu (POIC) cnekTpalibHOE MOJIOKEHUE XapaKTEPUCTHUECKUX MUKOB (DOTORIEKTPO-
HOB 3aBHUCUT OT SHEPTUHM BO30YKJAIOMIETO PEHTTEHOBCKOTO KBAaHTA AV W DHEPTHH
ypoBHs (Harpumep Ej), ¢ KOTOPOTO BEIOUT (POTOIEKTPOH:

E,=hv-E -¢,. (2)

[Tockonbky miist Oxe-mpoliecca HyKHbI, IO KpallHEW Mepe, JBa dHEpreThye-
CKHX YPOBHSA U TPH JIEKTPOHA, B OTAeNbHBIX aToMax H u He Oxe-351eKTpoHbI BO3HU-
KaTh HE MOTYT. TOYHO Tak k€ HE MOTYT ObITh UCTOUHUKAMK OXKe-3JIEKTPOHOB HU30J1H -
pOBaHHbBIEC aTOMBI Li, uMeroIre Ha BHEIIHEH 000JI0YKe OAWH 3JIeKTpoH. Bee ocTanb-
HBI€ AJIEMEHTBI MOTYT ObITh HUaeHTU(UIMpoBaHbl MeTogoM JOC. Haunbonee Beposit-
Hble Orke-Tepexo/ibl, Habto1aeMble B 3JIEKTPOHHON Oxke-CeKTPOCKOIHH, MPEICTaB-
JIEHBI HA puC.4. DTO TEPEXOBI MIEKTPOHOB MEXKITY COCETHUMU OPOUTAISIMH, T.€. CE-
puu KLL, LMM, MNN, NOO u OOO. Xorts, kak ToBOpujIoch Boiie, Oxe-3pGheKT B
M30JIMPOBAaHHBIX aToMax Li HEBO3MOXEH, B TBEPAOM TeJi€ BAJICHTHBIC AJICKTPOHBI
000011IeHbI, @ TOTOMY BO3MOKHBI niepexosl Tuna KVV ¢ yyactrem BaleHTHBIX 3JIEK-
TPOHOB. DTO MO3BOJISIET ONpeAesaTh TUTU MeToaoM DOC B pa3IuyHbIX COCIMHEHHU-

AX.



Kak ynmoMmuHamochr BbIIIE, 3al0JHEHWE BAaKAaHCUM HAa BHYTPEHHUX OOO0JIOYKAX
MOKET MPOUCXOAUTH Kak ¢ aMHuccued Oxe-31eKTpOoHa, TaK U C U3ITyUYCHHEM PEHTIe-
HOBCKOTO KBaHTa (puc.5). BeposrHocTh penakcanuu B pesylbrate (OxKe-3MUCCHU
MPEBBIIIAET BEPOSTHOCTh UCIYCKAHUSI PEHTT€HOBCKOIO KBaHTA I OTHOCUTEIBHO
HErTyOOKHX YPOBHEH ¢ 3HEpruei He nmpesbiaroei [2 3B. DTo yrBepxkaeHue crpa-
BEIJIMBO JIJISI BCEX aTOMHBIX ypoBHEN — K, L, M, N u T.1.

Merton D0C, kak u Apyrue MeTOJbl JIEKTPOHHOU CIIEKTPOCKOIUHU, MO3BOJISIET
MoJIy4aTh WH(OPMAIUIO TOJIBKO O COCTABE MPUIIOBEPXHOCTHHIX C0eB obpasma. [1pu-
YUHOM 3TOro SIBJIAETCS Maliasi CpefHsis JJIMHa CBOOOJHOTO MpoOera 3JIEKTPOHOB C
sHepruel, TunudHou st Oxe-31ekTpoHoB (50 — 2000 5B) BenencTBre uX MHTEHCHUB-
HOT'O HEYIPYTOro paccesiHusi B TBEpJOM Tese. OxKe-3JIeKTPOHBI, OTJAABIINE SHEPTUIO
Ha BO30YyXJCHHUE MIa3MEHHBIX KOJICOaHMM, Ha BO30YXKICHUE BHYTPEHHUX 000JIOYEK
WIM Ha MEX30HHBIE MEPEeXObl, UCKIIOYAIOTCS U3 HAONIOAAEMBIX XapaKTEepPUCTHYE-
ckux O’Ke-TMKOB U CTAHOBSTCS YaCThIO TTOUTH OJJHOPOAHOTO (hOHA BTOPUYHBIX DJICK-
TPOHOB, Ha KOTOpPBII HaknaasiBatoTcss Oxe-nuku. Ha puc.6 mnoka3zana 3aBUCHMOCTh
ri1yOuHbI Bbixoga Oke-3JIeKTPOHOB OT UX dHepruu. [ myOuHa BbIXoJa ciiabo 3aBUCUT
OT BUJ]a MaTPHIIbI, T.K. OCHOBHbIE MEXaHU3MBbI MTOTEPh BKIIIOYAIOT B ce0s1 BO3OYXK/eE-
HUE JIEKTPOHOB BAJICHTHOM 30HBI, a INIOTHOCTh BaJEHTHBIX AJIEKTPOHOB HE SIBISETCA
CUJIBLHO MeHswonlehcs (QyHkiuen Z. DakTUYECKH, SMHUCCHUSL 3a MPEJeTbl TBEPAOrO
TeJIa OKa3bIBACTCS 3aMETHOM TOJIBKO i1 OKe-3JIEKTPOHOB, UCIYIICHHBIX aTOMaMH
MOBEPXHOCTH U MPHUIOBEPXHOCTHBIX CIIOEB (2 — 5 MoHOCHOEB). B cuimy aToro, Metos
Oxe-CIeKTpOCKONMY YyBCTBUTENEH K COCTABY aTOMOB Ha IMOBEPXHOCTU U HECKOJIb-
KHX TIPUIIOBEPXHOCTHBIX CIIOEB 00pa3iia. Yike Mpu HAJMIUU Ha MTOBEPXHOCTH HCCIIC-
JyeMoro o0pasiia OJJHOTO MOHOCJIOs ajicopOara, TMHUU BEIIECTB, COCTABIISIFOIIUX aJI-

cop0at, TOMUHUPYIOT B OKe-CIeKTpe.
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Puc. 4. Hanbonee yetko BoipakeHHbIe OkKe-miepexo/ibl, HaOI0aeMbIe B
D0C. Touku, umeroiue 00j1ee UHTEHCUBHYIO YEPHYIO OKpPACKY, Mpe-

CTaBISIIOT OO0 Hanbosee BeposiTHbIe OKe-epexo/bl.
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Puc. 5. OTHOCHTENbHBIE BEPOATHOCTH pEJaKCaluy IMocie 00pa30BaHUs
JbeIpkH Ha K-00onouke nytem smuccun Oxe-3JeKTpoHa U IMMyTeM UCIyC-

KaHMsI PEHTI€HOBCKUX (DOTOHOB € XapaKTEPUCTUUECKON SHEPTUCH.
BBuay sroro, ananu3 TBepabIX Tel MeToAoM OKe-CIeKTPOCKOUUA HEOOX 0 TH -

MO HPOBOJUTH B YCIOBUAX CBEPXBHICOKOro Bakyyma® (p L10"° Topp), mo3BoISIOIIErO

HCCIICA0BATh ATOMHO-YUCTBIC ITIOBCPXHOCTH.

Puc.6. 3aBucuMocTb ri1yOMHBI BbIx0/1a OXe-3JIeKTPOHOB OT UX SHEPTHUH.

HOCKOHBKY B O)KG-BJ]GKTpOHHOﬁ OMHUCCHUH MOTYT Y4aCTBOBATHb JJICKTPOHLI Ba-

JICHTHBIX 000JI04YEK dTOMOB, YYAaCTBYIOIIIUX B O6p&30BaHI/II/I XUMHNYCCKUX CBHBCI\/’I, (I)Op-



Ma JIMHUM U HEPTUs MAKCUMyMa 3aBUCAT OT XUMHUYECKOTO OKPYKEHUS aTOMOB BELIE-
ctBa. B cuiy aToro u3 Oxe-CekTpoB MOKHO MOJTy4aTh HH(GOPMALIUIO 0 XUMUYECKOM
CBS3U B MCCIEAYEMOM BelecTBe. ECau nmMeeTcs: CuibHasi XUMUYECKAs! CBSI3b MEXIY
ABYMsI MJIM OOJBIIMM YHCIOM aTOMOB, TO BHYTPEHHHE TMOPUIU3MPOBAHHBIC 3JIEK-
TPOHHBIE YPOBHHU MOTYT CIABUHYTBHCA HA HECKOJIBKO AJIEKTPOHBOJIBT IO CPABHEHHUIO C
UX DHEpPrueil B M30JUMPOBAHHBIX aTOMax (Tak Ha3piBaeMble Xxumcasuru). Ha puc.7. B
Ka4yecTBe NpuMmepa npuBeneHsl qudpdepeHunanbable Oxe-CrneKTpbl aToMOB Si B 00-
pa3lax Ha OCHOBE AMOKCHJA KPEMHUS U 2JIEMEHTAPHOIO KPEMHUS B 00JIaCTH MEpPEX0-

na LVV kpemuusi.
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Puc. 7. Cnextpbl Oxe-31eKTpOHOB KPEMHUS, COOTBETCTBYIOLIUE MTEPEXO-

ny LVV s SiO, (76 5B) u Si (92 5B).

IIpu MOHHOM CBS3U BJIEKTPOHHBIE YPOBHU AJIEKTPOOTPULIATEIBHBIX 3JIEMEHTOB
CIBUTAIOTCSI B CTOPOHY MEHBIIMX 3HEPTUM, & 3JEKTPOIOJIOKUTEIBHBIX — B CTOPOHY
Oosiee BBICOKUX dHEpruil. COOTBETCTBYIONINM XMMHUYECKHH CIABUT B KHHETHYCCKOU
sHeprun Oske-3JeKTpOoHa HAOMI0IaeTCsl SKCIEPUMEHTANIbHO. Eciii ¢ M3BMEHEHUEM XU -
MHMYECKOI0 COCTaBa MEHSETCA 3JIEKTPOHHAS INIOTHOCTh COCTOSIHUM B BAJICHTHOM 30HE,
TO HaOMoaeTcs n3MeHeHue popmbl Oxe-MUKOB, 00YCIOBIECHHBIX MEPEX0AaMU, B KO-
TOPBIX YYACTBYIOT BAJICHTHBIE JIEKTPOHBI.

Tonkas crpykrypa Oxe-CIIeKTpOB He Bcerja oOycoBiIeHA JIMIIb pacrpeesie-

HUEM BHCKTpOHHOﬁ IUIOTHOCTH B BAJICHTHOM 30HE. O}KC-BHCKTPOHLI, BBIXOAIITUE C



MMOBEPXHOCTH, MOTYT TEPSITh JUCKPETHBIC KOJIMUECTBA SHEPTHH, OTJaBas €€ Ha BO30y-
KJICHHUE TJIA3MOHOB, MOHHU3AIMI0O BHYTPEHHUX YPOBHEH, MEK30HHbBIE BO30YKIICHUS,
YeMy COOTBETCTBYIOT paznuuyuMble Muku. B Oxe-criekTpe Takue nuku OyJayT UMETh
XapaKTepHbIE YHEPTUU, MEHBIIINE, YeM DHEprus ocHOBHOU ymuauu. [Ipu popmupona-
HUH TOHKOM CTPYKTYpbl Oxe-CIeKTpa OCHOBHOE 3HAYEHUE UMEIOT IUIa3MOHHBIE TIOTE-
pu. I11a3MoHBI — KBa3M4aCTHULIBI, KOTOPBIE MOTYT CO3JaBaThCs OBICTPHIMU 3JIEKTPOHA-
MU, TEPAIOIIMMH JTUCKPETHBIE KOJIMYECTBA SHEPIHH HA BO30YKICHHE KOJIJIEKTUBHBIX
KosieOaHuil 1a3Mbl TBepAoro Tena. [Ima3MoHHBIE MOTEPU PHEPrUU €CTh BEJIMYMHA,
XapakTepHas JJIsl JAHHOTO TBEPJAOTrO Tela U U3MEHSIOIIASICSA IPU U3MEHEHUN XUMUYE-
CKOI'0 COCTaBa.

CrBur cnekTpa TakKe MOXKET IPOUCXOAUTH BCIIEICTBUE HAKOIUIEHUS 3apsia Ha
MOBEPXHOCTH M3-3a MaJIOil MpoBOAUMOCTH oOpasma. [Ipu 3ToM Takke MOXKET Mmpowuc-
XOJUTh YIIUPEHUE YSHEPTETUUECKUX JTUHUN Ha OKe-CIEeKTPE U YMEHBIIEHUE OTHONIE-
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oOpasma

aJIOB B CUCTEME DJICKTPOHHAsI MyIIIKa — 00pa3el] — aHaJIu3aTop.
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B ciiydae MeTaminueckoro Wik CHIbHOJIETUPOBAHHOTO MOJYIPOBOJIHUKOBOTO 00pa3-
11a 3apsIKK TIOBEPXHOCTH HE MPOUCXOAUT, B OTIINYUE OT 00pa3la ¢ MI0XOW MPOBOIU -
MOCTBI0. PaccMoTpuM nopoOHee BTOPOM ciydaid.

Ha moBepXHOCTH NPUCYTCTBYET HEKHl HE PaBHBIN HYIIO MOTEHIHAN §s, KOTO-
pbIii MOXeT n3MeHsTbes (puc. 7). Ilocne BKIOYEHHS JIEKTPOHHOMN IYIIKH IPOUCXO-
IUT TepepacrpeaescHle 3apsiia U TOKOB. Tak kak TOK Oxe-3JeKTpOHOB IpeHedpe-
KUMO MaJl, TO ¢opMyJia Al paclpelielieHus TOKOB OyJIeT BBIMIAJETh CICAYIOLIUM
oOpazom:

IPZISE+ID . (3)

Tok depe3 oOpazer; NOCTOSHEH U 3aBUCUT TOJILKO OT MPOBOJUMOCTH 00Opaslia,
tornaa u3 (3) BUJIHO, YTO HA MepepacnpeieIeHue TOKOB, a, CIEeI0BaTEIbHO, U 3apsaaa
MOTYT OKa3blBaTh BIMWSHUE M3MEHEHUE TOKAa NepBUYHOro myuka (Ip) m u3MeHeHue
TOKa BTOPUYHBIX 3JEKTPOHOB (Isg). [lepBBIii MOKET M3MEHSTHCS 3a CUET HECTaOWIb-
HOCTH TOKa BO BPEMEHH, 3a CUYET HECTAaOMIBbHOCTU (DOKYyCHPYIOLIEH CHCTEMbI M 3a
CYET IepeMeIeHns Iydka. BTopoii MOKeT IpeTeprieBaTb U3MEHEHHUs 3a CUET IepeMe-

HIEHUS MTyYKa HA Y4acTOK C APYrMM KO3((PHUIMEHTOM BBIXOJAa BTOPUYHBIX 3JIEKTPO-
HOB. M3MeHenue cooTHoieH s (3) MPUBOIUT K TOMY, YTO Pa3HOCTh MOTCHIIUATIOB {a

- s M3MEHsETCS, CIICACTBUEM YETO W SIBJISCTCS CABHI JMHHUU CIIEKTPa, a TaKkKe MX
pa3MbITHE U UCKaXKECHHE.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB, MO3BOJISIONIMX U30€XKaTh 3apsIKU 00pa3a:
1. Jlnsa croka 3apsizia Ha MOBEPXHOCTh 00pa3la ¢ IIOXOW MPOBOJAUMOCTBIO CHaydasa
HANBUIAIOT TOHKYIO TUICHKY METajula, a 3aTeM Y3KHMM ITyYKOM HMOHOB MPOTPABIUBAIOT
OTBEpPCTHE, B KOTOPOE 3aT€M MO3UIMOHUPYIOT 3JIEKTPOHHBIN 30H . [Ipu 3TOM paccTo-
SHUE OT aHAJIU3UPYEMOr0 y4acTKa /10 METaNINYECKOro KOHTaKTa Oy/1eT HeOOIbIINM,
YTO CIIOCOOCTBYET CTEKAHMIO 3apsiJia;
2. Jlns KoMIeHcaluu 3apsijia Ha TOBEPXHOCTHU B IOMOJHEHHUE K 3JIEKTPOHHOMY 30HIY
Ha Hee HampasJsioT y4ok MeaieHHbIx (E=5-10 3B) snekTpoHoB, paguyc KOTOPOro B
HECKOJIBKO pa3 MPEeBBIIIAeT AUaMeTp 30Ha. TOK 3TOT0 Mydyka peryiIupyroT TaKuM 00-
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pa3oM, 4TOOBI B CTAIIMOHAPHOM PEKUME TIOTHBIN TOK JIBYX 3JIEKTPOHHBIX ITyYKOB TOY-
HO KOMITCHCHPOBAJ 3apsijl, YHOCUMbI BTOPUYHBIMU AJIEKTPOHAMU U CTEKAIOIIUI ue-
pe3 obpa3zer;
3. 3apsa MOKHO YCTpaHUTH MyTeM MOAOOpa yriia MajeHusl JJICKTPOHHOTO MydYKa Ha
MMOBEPXHOCTh, U3MEHSS YIrojl MO3WIIMOHUPOBAHMS C MOMOIINBI0 MaHHUITYIsATOpa. Tak
KaK KO3 (PHUIMEHT BBIXOAa BTOPUYHBIX AJIEKTPOHOB CUIILHO 3aBHCHT OT yTJia MAJACHUS
IIEPBUYHEIX’, TO B PAJE CIIy4aeB yAaeTcs NoA00paTh HEKUIA yroll, P KOTOPOM HU3Me-
HEHUE 3apsjia TOBEPXHOCTH BO BPEMEHH OYyI€T HYJICBBIM.

B 3akmouenue mznoxenust puznyeckux ocHOB MeToaa Oke-CreKTPOCKOIUU U
€ro MPaKkTUYECKOro MPUMEHEHHS HUXKE MPHUBEJCHA Ta0JIMIla C OCHOBHBIMU XapakTe-
PUCTHUKAMH PACIPOCTPAHEHHBIX METOJOB 3JIEKTPOHHOM CIIEKTPOCKOIWHN ISl THArHO-

CTHUKH ITOBCPXHOCTH U IIPHUIIOBCPXHOCTHBIX CJIOCB.

Tabnuua 2. Hexkotopsie xapaktepucTuku MeTooB POIC, YOC u 50C.

POOC YOC 20C

Bo30y>xnatoiue ya- | poToHbI (bOoTOHBI AIIEKTPOHBI
CTHLIBI
Dueprust Bo30yxma-| 1000 — 1500 B 2—-15-3B 3—-10x3B
FOLUX YaCTHULL (MgKq, Al, Cu, W)
Ob6nacte,  otkyna|JlarepanbHblil pasmep | Jlarepanbublit  pas-|JlatepanbHblii  pasmep —
DMUTHPYIOTCS ~ Xa-|— JuaMeTp peHTtre-|Mep — auamerp Y®|aumamerp  3JIE€KTPOHHOTO
pPaKTEpUCTUYHbIE HOBCKOT'O TTy4Ka ny4Ka ny4Ka
YaCTHUIBI I'myOuna — 0.5 — 2 um | 'nyOuna — 1-3 am  |['myOuna — 0.5 — 2 HM
Oueprusi peructpu-|10—2 500 5B 1-105B 10—-2 500 »B

YEMBIX YaCTHIL
EcrectBennas 1mm-|[1).2% 10.2% [0.5%
pHHA JJUHUH B CIIEK-
pe, AE/E100%
OTHOCHTENBHBII (0.1 (C10%) (0.1 (C10") (0.1 (C10"7)
npenen oOHapyKe-
nust, %ar (at/cm’)

OcoOenHocTH 3HauuTeNbHAs BEIMYMHA XUMC/IBUTA JIMHUM | DHEPIUsl JIMHUI B CHEKTpe
CIIEeKTpa. HE 3aBHCUT OT DJHEPTUH
3HadyeHne OHHEPTruil JNHUHUN B (OTOIJEK- |BO30YKAAIOUIETO  ITydKa.
TPOHHOM CHEKTPE 3aBHCHUT OT SHEPIUH Bo3-|Bo3MokHa BBICOKAs JIO-

? Ha sToM 5()peKTe OCHOBAH OJIMH U3 OCHOBHBIX MEXAHU3MOB (DOPMHUPOBAHHS KOHTPACTA B PACTPOBOMN 3IEKTPOHHOM MH-
KPOCKOITHH
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Oy Iarmux KBaHTOB ((hOTOHOB) KaJIbHOCTH (710 10 HM)

[Ipumenenue HccnenoBanue mnpu-|MccnenoBanue KauecTBeHHBII M TONYKO-
ponbl XUMCBS3H | JJIEKTPOHHOM CTPYK- [JINYECTBEHHBIA  DJIEMEHT-
KOMITOHEHTOB Typbl BaJICHTHOW 30-|HBbIM AHAJIN3 TBEPHABIX TEll
TBEPAOTO Tella HBbI TBEPJBIX TEI B oTmenbHBIX ciydasx —
M3Y4YEHUE XUMCIABUIOB

Memoo PDIC. B ocHoBe meTona (POTOIIEKTPOHHON CHEKTPOCKOIMH JICHKHUT
ABJICHHE BHEIIHETO (OTO3(PPeKTa — NCIyCKaHUE SJIEKTPOHOB aTOMAMM BELIECTBA O/
JCHCTBUEM PEHTTCHOBCKOTO WM YJIbTPadHOJIETOBOTO AJIEKTPOMATHUTHOTO H3IIyde-
HUsl. COOTBETCTBEHHO 3TOMY, Pa3jM4a0T PEHTICHOBCKYIO (POTOAIEKTPOHHYIO CIICK-
tpockonuio’ (PO®IC) u ynbTpaduoneToByo (OTOIIEKTPOHHYIO CIEKTPOCKOIHIO
(YOC). DHeprus (OTOIIEKTPOHOB 3aBUCUT OT DHEPTHHM DJIEKTPOHHBIX 000JIOYEK
(TepMOB), ¢ KOTOPBIX OHM OBUIM MCHYIIEHBI, MOATOMY CHEKTP (POTORIEKTPOHOB Xa-
PAKTEPUCTUYCH /I aTOMOB KaXKJIOTO XUMUYECKOTO 3JIEMEHTA, YTO U JIEIaeT BO3MOXK-
HBIM TTPUMEHEHUE METOJI0B (DOTODIEKTPOHHON CIIEKTPOCKOTHUH ISl TUATHOCTUKH XH-
MHYECKOT'0 COCTaBa, T.€. aHaim3a. OCHOBHBIMU JOCTOMHCTBamMu MeTojga PDOIC mo
cpaBHeHuio ¢ DOC sBistoTCs 0oJjiee BBICOKAs pa3pemiaroias crmocoOHOCTh. MeTon
P®OC B Hamm THUA XOPOIIO Pa3BUT U IMIUPOKO MPUMEHSIETCS OOBIYHO IS BBISICHCHUS
XUMHUYECKOTO COCTOSHHS KOMITOHEHTOB TBEPJIOTO Tela M aacopOaToB. 3a pa3BHUTHE
metona POOC K.M 3urbany B 1981 Obuta npucysxkaena HobGeneBckas npemus B ¢u-

3uKe’.

* Meton POIC Taxske Ha3bIBAIOT SIIEKTPOHHOM CIIEKTPOCKONHEH I XMMUYeCKOro aHamn3a (DCXA)
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Puc. 8. Cnextp POOC (a) u D0C (6) cepedpa. [y cpaBHEHHS HA CIIEK-

Tpax (a) u (0) OTMEUYEHBI IUMPUHBI TUHUH.

Memoo YOC. Ilpu Bo30YyXICHUHU JIEKTPOMATHUTHBIM U3JIyUECHUEM YJIbTpadu-
OJIETOBOTO Juamna3oHa (HOTOIIEKTPOHBI SMHUTHPYIOTCS C BAJCHTHBIX JJIEKTPOHHBIX
000JI0YEK aTOMOB WJIM U3 BaJCHTHOM 30HBI TBEPAOTO Teia. B cuily 3TOro B criekTpax
Y®C naubonee IpKoO BbIPAKEHBI XUMUYECKHUE CIABUTH, IOATOMY 3TOT METOJ] B OCHOB-
HOM NPUMEHSIETCS JJIsl UCCIIEIOBAHUSI XUMHYECKUX CBA3EU M DJIEKTPOHHOM CTPYKTY-
PbI BAJICHTHOM 30HBI TBEP/IBIX TEI.

Memoo snexmponnou Odxce-cnekmpockonuu TPUMEHSETCS IS ONpeeaeHus
AJIEMEHTHOI'O0 COCTaBAa MOBEPXHOCTH M HECKOJIBKUX ITPUIIOBEPXHOCTHBIX CJIOEB aTO-
MOB TBepnoro tena. [lo crnektpy sHepruii Oe-3JE€KTPOHOB MPOU3BOAMUTCS Kade-
CTBEHHBIN DAJIEMEHTHBIA aHAJIM3 y4YacTKa MOBEPXHOCTH, O00JIy4aeMOTO TMEPBHUYHBIMU
AJIEKTPOHAMH, 4 110 UHTEHCUBHOCTU CIEKTPAJIbHBIX JUHUM - KOJIUYECTBEHHBIN. Takxke
B pAJIE CJIy4aeB OH MO3BOJISIET MOTYUYUTh HHGOPMAIIUIO O XUMUYECKHUX CBA3sIX. MeToj
O0C, npourpsiBasi B CHEKTpalibHOM pazpenieHun metonam POOC u YOC, umeer
MPEUMYIIIECTBO TMEpe] HUMHU B JIOKAIBHOCTU. biaromapst Tomy, 4To AUMAMETP DJICK-
TPOHHOTO IMy4YKa B COBPEMEHHBIX 3JIEKTPOHHBIX MYIIKaX MOXET ObITh YMEHBIIIEH J0

10-15 am, a rmybuna Bbixoga Oe-3JeKTPOHOB COCTABIISIET 2-5 HM, CTAHOBUTCS BO3-
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MO>KEH JIOKAJIbHBIN JIEMEHTHBIN aHaIu3 00JIacTeli MUKPO- 1 HAHOMETPOBBIX MacCIITa-

60B (Oxe-MuKpoaHaIn3).

2. Annaparypa u MeToauka udmepenunii Qxe-crekrpa

B nepBbix kommepueckux Osxe-criekrpomerpax (70 - 80 rr XX B.) B kKauecTse
JTUCTIEPTUPYIONIETO AJIEMEHTa MPUMEHSUICS aHAIU3aTOp DHEPTHM DJIEKTPOHOB THIIA
"yununopuueckoe zepkano” (ALl3), Takxke 4acTO Ha3bIBAEMBIN «IMIMHAP Benambaa»’
(puc. 9). OTOT aHAIU3aTOP COCTOUT U3 JABYX KOHIICHTPUYECKUX IWJIMHAPOB. JHEPIUs
AJEKTPOHOB, MPOXOSAUIMX Yepe3 IIENN U MONAJAolINX B JETEKTOP, ONpEeIeseTcs
HANPsDKEHUEM MEXTy OOKJIaIKaMH IIMHIpUYecKoro KoHaeHcatopa U. U3mepenuem
ATOTO HAMpPSIKEHUsI OCYIIECTBISECTCS pa3BepTKa crnekTtpa. Kpome Hero, Ha UIUHID
1oJlaeTcsa MOAYJUPYIOIIee MepeMeHHoe HanpspkeHue ¢ amiuutyao A<<U. C nomo-
IIbIO TI0JIAYM MOJYJIUPYIOIIETO CUTHaja MPOU3BOIUTCS anmnaparHoe AuddepeHupo-
BaHUE CIEKTpa: CUTHaJ, MOCTYMAIOIINIA C BBIX0/Ia CHHXPOHHOTO YCHJIMTES, IPOIop-
nmoHaneH dN(E)/dE. Vicnonb3oBaHue MOAYJISIIMOHHOW METOIUKH TO3BOJISICT 3HAYH-

TCJIbHO ITOBBICUTH BCIINYHWHY OTHOIICHUA CI/IFHEU'I/HIYM B PCTUCTPUPYCMOM CIICKTPC.

OOKIIa K1 KOH- Brrxoansie
JieHcaropa el
Bxoanbie p U -
IeIn JlerekTop
Oobpazen I ——— |
. =3 !
N -7 | |
-
-
@\ — — — 'I3ﬂeKTp0HHaﬂ nymKal
N |
b = _ T
dN/dE
4 V
> <_ CHHXPOHHBIH npeIBapUTEIbLH
E YCHJIUTED bIil yCHUJINTEJIb

Puc.9. Cxema sHepreTHuecKoro aHajadzaTopa Tvia uinHapa Benanbaa.
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B coBpemMeHHBIX 3JIEKTPOHHBIX CHEKTPOMETPAX Yallle MPUMEHSETCS noaycge-
pudeckuil ananuzamop 3Hepruit (IICA), cxema kotoporo mnpencrasieHa Ha puc. 10.
DTOT aHAJIU3ATOP COCTOUT U3 KOJUIMMATOPA, TJI€ SJIEKTPOHHBIN MyYOK CTAaHOBUTCS Ta-
pajuieIbHBIM U (POKYCHpYETCS, U MOTyCcHepuyecKoro KOHIEHCATopA.

VYpaBHEHHE aHAIU3ATOPA BBINIIUT CIAEAYIOIUM 00Pa3oM:

_ , _ R
o

rae Vy — HampspkeHHne MeXAy nonychepruuecKuMHU 3JeKTpoAamMu, £ — 3Heprus mpo-
MyCKaHUs 3JIEKTPOHOB, R; U R, — panuychl BHyTpEHHEW W BHEUIHEN chepbl 3HEepro-
aHaau3aropa.

Hoaycdepuyeckue JTUH3BI

Beixoanas
HieJab

[
A

IIpomexyTouH |
51 JIMH32 |

-

Bxoanas aun3a

Feo

Oobpa3zen

Puc.10. Cxemaruueckoe n300pakeHne noiychepuyeckoro SHeproaHaiu-
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3aropa.

Pa3BepTka cniekTpa B nonychepruyeckoM aHaIM3aTOPE SHEPTUN MOXKET OCyIIe-
CTBIIATBCA ABYMS criocobamu. B pexume nocmosinnozo 3adepoicugaroujeco nomeHyu-
ana MEXIY BXOJHOM Y MPOMEKYTOUYHOM JIMH30U MOJAETCS MOCTOSHHOE HAIPSKEHUE
3a7iepKKU s, a pa3BepTKa IO SHEPTHH DIIEKTPOHOB MPOHM3BOIUTCS W3MEHEHHEM
HarnpspkeHus: Mexay noxychepamu (puc. 10). DToT peskum yao0eH Jyis aHam3a JJIeK-
TPOHOB ¢ MajnbiMu 3HeprusiMu (10 150 3B), Tak Kak B 3TOM ciydae 3a/1€pKUBAIOLIUM
HaIpSKEHUEM OTCEKAETC MHTCHCUBHBIM MUK HU3KOOHEPIE€TUYHBIX BTOPUYHBIX DJICK-
TPOHOB, U, KaK CJIEICTBUE, TOBBIIIACTCSA YyBCTBUTEIBHOCTD U PA3PELICHUE.

B pexume nocmosinnozo nomenyuana noaycgepuueckux 21eKmpooos Hampsi-
KEHUE MEXAY MONTyc(hepuyecKuMH 3JEKTPOAaMH V) ocTaeTcsl MOCTOSHHBIM, a pas-
BEPTKA 110 YHEPIUU 3JIEKTPOHOB OCYIIECTBIISIETCS U3MEHEHUEM HAIIPSKEHUSI 3a1€PK-
KA. DTOT pexuM yJI00€H JUIsl IETEKTUPOBAHUS AJIEKTPOHOB C DHEPrusiMu cBbIlie 150
aB.

B kadecTtBe NETEKTOPOB Ha BBIXOJE AHAIM3AaTOPa HCIIOJIB3YHOTCS BTOPUYHBIC
aneKTpoHHbIe yMHOXkuUTENH (BOY). Onna u3 konctpykuuii BOY npencrasiser codoi
CBEPHYTYIO B CIIUpPAJb CTEKISHHYIO TpyOKy (puc. 11), BHyTpeHHss CTEHKa KOTOPOi
MNOKPBITA MAaTEPUAJIOM C BBICOKMM KO3(D(PHUIIMEHTOM BbIXOJ]a BTOPUYHBIX 3JEKTPOHOB.
[Ipn MHOTOKpAaTHOM COyIapeHuu 3JIeKTpoHOB B BOY 00pasyercs anekTpoHHas JIaBU-
Ha, KOTopasi GOPMHUPYET UMITYJIbC TOKA, PETUCTPUPYEMBI CUETHOM AJIEKTPOHHOM cXe-

MOM.

IlepBuuHbIii
JJIEKTPOH

Brrxon

——
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Puc. 11. CxeMa BTOpUYHOTIO 3JIEKTPOHHOTO0 yMHOXHUTEIS (BOY).

NMITyIbCHBIN, 3JIEKTPOHHO-CUETHBIM pexuM peructpauuu Oxke-3IeKTPOHOB
4acTO MPUMEHSETCS B COBPEMEHHBIX CIEKTPOMETPAX C KOMIIBIOTEPHBIM YIIPaBJICHU-
eM. [Ipu sToM monydaercst Oxe-crekTp B uHTerpainbHou popme N(E). [ns Toro, uto-
OBl IPOU3BECTH ammapaTHoe JUu(pepeHInpoBaHUE CIIEKTPA, MOAYIUPYIOIIUN CUTHAT
MOJKET MOJABaThCAd KaK MEXAy MoychepuyecKuMH 3JIEKTPOAaMH, TaK U Ha MpoMe-
KYTOUHYIO JINH3Y.

OCHOBHBIE OTJIMYMS JIByX HamOojee HMIMPOKO HCIIOJIb3YEMbIX aHaJIN3aTOpPOB,
A3 u TICA, 3akmrouatorest B cienytonieM. B A3 monHbIi TenecHbl yromn cobopa
5JIEKTPOHOB COCTaBiIseT OKoJo 1 ¢p, Torna kak B IICA on cocraBiser okono 107
cpOmmobKa: UCTOYHUK NMEPEKPECTHON CCHUIKM HE HaljeH. Takum oOpazoMm '"cBeTocH-
na" A3 nmpumepno B 100 pa3 OGonsbiie, uem y IICA. EctectBeHHO, 4TO QOB
yroa cOopa IpUBOJUT K YBEJIMYEHUIO MHTEHCUBHOCTU CUTHAJIA B CHEKTPOMETpax ¢
aHAJIM3aTOPOM B BHJIE IMJIMHIPUYECKOTO 3epkaia. OaHaKo, pa3peliarolas crnocoo-
HocTh cniekTpomeTpa ¢ [ICA 00biyHO B 2 — 3 pasa jydlle Ajs TOro K€ OTHOIIEHUS
CUTHAJIA K IIyMY B CIIEKTPE, YEM IPH UCIIOIB30BAHNN HUINHAPUYECKOTO 3epKaIa.

3. MeToanka nmoAroToBKu 00pa3unon

[lepen mpoBeaeHUEM HCCIEIOBAaHUN METOJIOM 3JIEKTPOHHOU OKe-CIeKTPOCKO-
IIMA TTOBEPXHOCTH o0Opasia HeoOXOAUMO CIeIaIbHbBIM 00pa3oM IMOArOTOBHThE. Kak
ObLIO CKa3aHO BbIIe, OXKe-3JeKTPOHBI IMUTUPYIOTCS U3 TOBEPXHOCTHOTO CIOs (TOJI-
uHoM nopsinka 0.5-2 um). CrnenoBatenbHO, MPU HATUYUU HA TTOBEPXHOCTH 00Opaslia
ajzcopOara W/uinm OKMca®, CIiekTp OyAET colepKarh JIMHUU ajgcopbara (B 4aCTHOCTH,
yriiepoja) U KUciIopoJia, MHpopMaIiusi 0 COCTaBe aHAIU3UPyeMOoro oopasiia OyaeT uc-
Ka)KCHHOM.

CymiecTByeT psiJi CHOCOOOB MpernapupoOBaHUs TOBEPXHOCTH.

1. Tepmuyeckuil OT)KUI B BaKyyMe IIO3BOJIAET JUJII HEKOTOPBIX BEIIECTB, HE

4 DT0 0GCTOATENBCTBO CYNIECTBEHHO TIPU AHAIN3€ TIONYIPOBOAHHKOBEIX MATEPUAINIOB, TOCKOIEKY Ge, Si M Apyrue mpak-
THYECKH BAKHBIE TTOJYIIPOBOAHUKH OKHCIISIOTCS Ha BO3IyXe
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KPUTUYHBIX K BBICOKMM TeMIIepaTypaM, YJIalIUTh KakK IUICHKY ajcopOaTa, Tak U OK-
CUIHYIO TUICHKY.

2. CkanbiBaHue oOpa3lia B BaKyyMe€ IO3BOJIIET MOJYYUTh MOHOATOMHO-
YUCTYIO MMOBEPXHOCTh. ITOT METO OCOOEHHO XOPOIIIO MOIXOIUT JIJIsl aHAJIN3a MOHO-
KPUCTAJJIOB, UMEIOIIUX TUIOCKOCTh CIIAHHOCTHU, TaKUX, HapuMep, Kak GaAs.

3. HonHoe TpaBieHUE — CTaHJAPTHBIA METOJl OYMCTKH MOBEPXHOCTH OT 3a-
rps3HeHU U okucina. [IpuHIMN 3TOro MeToa 3aKiIrYaeTcsl B PacClbUICHUU MOBEPX-
HOCTHOTO CJIOSI TBEPAOTO Teja MoJi AeHCTBHEM OOMOApIUPOBKH MOHAMU HWHEPTHOIO
ra3a (0ObI9HO Ar) ¢ 3Hepruen ~ 5 k3B, mis gero B coctaB Oxe-crieKTpoMeTpa 0ObId-
HO BXOJMUT MOHHAA ITyIIKA.

HNonnoe tpasienne B DOC HUCHONIB3yeTCS] HE TOJNBKO JJII OYMCTKHU MOBEPXHO-
cTy 00pa3IoB mepes N3MEepEeHneM, HO U JJIS TOTy4YeHus Mpouie N3MEHEHHs COCTa-
Ba oOpa3ua no riayOuHe. MIOHHBIN My4OK CO3/1a€T Ha MOBEPXHOCTH 00Opasla Kparep
(puc. 12), nuametp xkoToporo (00br4HO 5-20 MM) HaMHOTO OOJIbIIIE JUAMETpPA AJEK-
TpoHHOrO 30H1a (~0,5 MM). [Ipodune KOHLIEHTpaIMK MO TIyOUHE MOMYYaloT ITyTeM
HENPEPHIBHON PErUCTPALIMK 3JIEMEHTHOTO COCTaBa Ha JTHE KpaTepa B XOJ€ paciblie-
HUs (WM TocTie TpeKpalieHusi TpabieHus). MonHas GomOapaupoBKa, MpOBOANMAs
OJIHOBPEMEHHO C 3JIEKTPOHHOM, OKa3bIBaeT Mayioe BiusiHue Ha Oke-aHauu3, TOCKOJIb-
Ky YMCJIO BTOPUYHBIX 3JIEKTPOHOB, BO30YKTaeMbIX HOHHBIM ITy9YKOM, HAMHOTO MEHb-

11e, 4eM P BO30YKICHUU IEPBUIHBIM IJICKTPOHHBIM ITyYKOM.
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DJIEKTPOHHBIN
My40K

WonHBIH y4oK

Puc. 12. Ilocmoiiablil nemMenTHRIN aHau3 MeTogoM DOC ¢ HOHHBIM
TpPaBJICHUEM.

[Ipu nocnoiiHOM aHalIM3€ pa3pelIeHre M0 TIyOHHE ONMpPEAesaeTCcsd HECKOJIbKU-
mu (paktopamu. K HUM OTHOCATCS OJHOPOJHOCTH MOHHOTO My4yKa Ha HCCIEAYEMOM
y4acTKe MOBEPXHOCTHU, II1yOrHa BbixoAa Oxe-3JIeKTPOHOB U OJIHOPOJHOCTH 00pasiia.
[ToTepsimu B pa3penieHUu U3-3a HEOJHOPOJIHOCTH MOHHOIO ITydKa MOYXHO NpeHeope-
raTh B TE€X CIy4YasiX, KOT/Ia €ro pa3Mepbl BEJIIUKHU 110 CPABHEHUIO C 3JIEKTPOHHBIM ITy4 -
KoM. BkJiaj riryOuHBI BBIXOJ]a COCTABISIET HECKOJIBKO aHTCTPEM M OCTAETCS MOCTOSIH-
HBIM B Tpolecce pacnbuieHus. Hanbonee BakHBIM (aKkTOpOM, OTpaHMYUBAIOIIUM
pazpeleHue 1no riyOuHe, sBIseTcss HEOAHOPOJHOCTh oOpa3la, 00yciIoBJIEHHas He-
OJINHAKOBOW TOJILMHON TOHKUX IUICHOK HA MCCIEAYEMbIX NOBEPXHOCTSIX, HATUYUEM
MOJINKPUCTAIUIMYECKUX 3€PEH, CPABHUMBIX 10 pa3MepaM C TOJILUHOM IJIEHKH, a TaK-
e 0o0pa30BaHUEM BBIJICJICHUN AJIEMEHTOB IUIEHKU. JTU apTedakTbl MOXHO yCTpa-
HUTb, IPUMEHUB METOJI IEKOHBOIIOLMHU K IMOTYYEHHOMY MPOPUITI0 KOHUEHTPALIUH.

HemnpepsiBHast peructpanusi CekTpa B MPOLECCE MOHHOTO TPABJICHMS ITPUME-
HAETCS TaKXe UIsl KOHTPOJISI OYMCTKH MOBEPXHOCTH. Y MEHBIIEHUE U MOCIEAYIOIIEe

MCYE3HOBEHUE JIMHUM yriiepojia (€ciii yriaepoJ HE BXOAUT B COCTaB UCCIEIYEMOTO
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oOpas1a) CBHJICTEIbCTBYET 00 yJIaJeHUH ajcopOaTa, KHCIOpOoaa — O IMOJHOM CTpaB-

JIJMBAHHUHU OKHCJIA.

4. KayecTBeHHBbII U KOJIUYEeCTBEHHBbII aHAJIN3

[lesb KauYE€CTBEHHOrO aHalin3a IMOBEPXHOCTH TBEPJbIX Ten merogom D0C —
ONPEIeUTh HATUYUE TOTO WJIM UHOTO DJIEMEHTA, MOJIYyYUTh, €CJIM 3TO BO3MOXKHO, UH-
dbopManuio 0 XMMHUYECKUX CBSI3SIX 3TOTO 3JIE€MEHTa ¢ KOMIIOHEHTaMU MAaTPHUIIbI U AaTh
MPUOJIM3UTEIBHYIO OLIEHKY €TI0 KOHIIEHTPAIUH.

KonnuectBennsiit ananuz metoioM JOC npumeHseTcs sl ONpeaeIeHus KOH-
LHEHTpAlUU MPUCYTCTBYIOIIMX HA MOBEPXHOCTHU AJIIEMEHTOB C YKa3aHHEM TIpaHUI] J0-
BEPUTEJILHOTO MHTEPBaJla WM CTAHJAAPTHOTO OTKJIOHEHUS NJIi U3MEPEHHOW BEIUYH -
HBI COJIEp’KaHUSI KOMIIOHEHTA. TOYHOCTh AJIEMEHTHOIO aHaIM3a ONPEACISIETCS BO3-
MOHOCTSIMH MCTIOJIb3yEMON METOUKH aHaJIN3a.

Kauecmeennvui ananuz. Tlocne 3anucu Oxe-crieKTpa HEOOXOIUMO OIpese-
JUTh, KAKUM UMEHHO XUMUYECKUM 3JIEMEHTaM COOTBETCTBYIOT 3apErMCTPUPOBAHHbBIC
MaKCUMYyMBI criekTpa. JJist Takol uaeHTU(UKAIIUA UCTIOJIB3YIOTCS CIIPABOYHUKH C Ta-
Onuuamu >Hepruii OxKe-IepPexoa0B U aTIackl STAIOHHBIX OXKe-CIIEKTPOB®.

B npornecce o0pabotku u aHanmza Oxe-CeKTPOB MUPOKO UCIOIB3YIOTCS Ta-
KM€ METOJbl YKCICHHOTO aHalih3a SKCIEPUMEHTANbHBIX JAHHBIX, KaK BBIYUTAHUE
dona (puc.13), bunsrpanus myma, muddepenuupoanue crekrpa N(E) (cm. puc. 14)

CIJIaKUBaHUE, yCPEeAHEHHUE, anmpokcumaius Gopmsl tuaun Qynknueit ['aycca:

6= expE(’C;ﬁ)zE (5)

(puc.14a), a Takxke pazjeneHne OJU3KO pacroyioKEHHBIX MTUKOB. [IporpamMmMHusble cpen-

cTBa JUIsl 00paboTKku Oxke-CreKTPOB OOBIYHO BKJIFOYAIOT OCHOBHBIE METObI YHCIICH-
HOTO aHaJIN3a, YacTO HUCIOJb3yE€Mble B CIEKTPOCKOMHUHU, a TakKXe 0a3bl JaHHBIX 00

OHCPIruiax u OTHOCUTEIbHON MHTCHCUBHOCTH O)KG-HCPCXO,Z]OB.
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Puc.13. [Ipumep nepBuunoit 06pabotku Oxe-criekTpa oOpasiia cepedpa

pu noMouu nporpammsl Origin 6.1: BelunTaHue Qpoxa.

[Ipu ucnonb3zoBanuu ¢yHKUMU ["aycca s ONMcaHus JUHUA B MHTErpajbHBIX

cnektpax N(E) moj sHeprueil Makcumyma FE, NOHMMAIOT IOJOKE€HHE MaKCHUMyMa

(3HaueHue MmapaMmeTpa Xo) MOArOHOYHOM rayccuansl. [lIupuny nuka AE OlleHHBaIOT

KaK TOJIHYIO IUPUHY TayccuaHbl Ha ypoBHe 1/2 makcumyma (FWHM — Full Width at

Half Maximum) AE = 20. B kadecTBe MHTEHCUBHOCTH JIMHUN OepyT aMIUIUTyay A

WJIU UHTETPAIbHYI0 HHTEHCUBHOCTS / (TJI0IIA/Ib MOJ] TayCCHAHOM ).
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Puc. 14. K onpenenenuto napaMeTpoB CIEKTPAIbHBIX JIMHUAN

B muddepennmansupix cnekrpax dN/dE (puc. 140) non BenuunHoi E., nmoHu-
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MAIOT CIIEKTPAJIbHOE I0J0KEHUE MUHUMYMA, IIMPHUHA [HKA ONPEEIAeTCs KaK pac-
CTOSTHUE MEXIY MAaKCUMyMOM M MHUHMMYMOM IO IIKajJ€ SHEPIruil, UHTEHCUBHOCTb
(amruMTyZQ) - KaK pa3HOCTh 3HAYEHU B MAKCUMYME U B MUHUMYME, TI0JT UHTErPaJIb-
HOW MHTEHCHUBHOCTBIO ITMKA MOHUMAIOT aMIUIUTYly, YMHOKEHHYIO Ha IIUPUHY.

B pesynbrare usmepeHuil 1 MareMaTuyeckod oOpaOOTKH MOJTYYEHHBIX CIEK-
TPOB IO MOJIOKEHUSAM IMHUKOB, HE MPOBOAS JONOJHUTEIBHBIX U3MEPEHHUM, MOKHO Ka-
YECTBEHHO OMNPEAENIUTh HAJMYUE TOTO WM MHOTO 3JIEMEHTa HAa MOBEPXHOCTH U €ro
npuOIU3UTENBHYIO KOHLIEHTpaluio. B psije ciyyaeB, Ipu perucTpalud XUMCIBUTOB
MO’KHO OIPENIEIUTh XUMUUECKYIO (DOpPMY OIpEAEieMOro 3JIeMEHTA.

Konuuecmeennwiii ananus. JIns npoBeneHUs] KOJIMUYECTBEHHOIO aHAIU3a METO-
aoM D0C He0OXO0AMMO YCTaHOBUTH CBSI3b MEXAY TOKOM O3Ke-3JIEKTPOHOB JTAHHOTO
AJIEMEHTa W KOHILIEHTPALMEN 3TOTO 3JIEMEHTa B MOBEPXHOCTHOU oOnactu. Tok Oxe-
AJIEKTPOHOB, BO3HUKAIOIIUX B pe3yabrare Oxe-nepexona WXY B 3J1€EMEHTE 00 MOKHO

3armcaTtb B BUJC:

La(WXY) =[ Jf J:"?,,(E,Z)aa(E,EW)Na(Z) ya(WXY)exp(—é)dC)z’EdZ , (6)

rae Q — Bo3Oyxaaembiil 00beM, E — aHEeprus Oxe-371eKTpOHOB (pacipeaesieHue dHep-
ruii Oxe-351ekTpoHoB ["ayccoBo wimm JloperneBo), £, u £,(£.Z) — sHeprus v 1ioT-
HOCTh BO30YXAIOIIET0 MOTOKA MEPBUYHBIX JIEKTPOHOB, E, — dHEPrus BHYTPEHHETO
ypoBHs W, o E, E,) — ceueHrne HOHU3ALMKU BHYTpPEeHHETO YpoBHs W, N,(Z) — atToMHas
KOHIICHTpAIUs 3JIEMEHTA 0. Ha TIyOuHe Z OT MOBEPXHOCTH, A — IImyOuHa Beixona Oxe-
AIIEKTPOHOB, €Xp(-Z/A) — BEpOSITHOCTh Bbixoja Oxke-3iekTpoHa, Y. WXY) — BeposT-
HocTh Oxe-niepexona WXY. Jliist mpocToThl MpeanoaraeTcsi AByMepHas OJHOPO-
HOCTb DJIEMEHTHOTO COCTaBa B CJIOSX, MAPaUICIbHBIX TOBEPXHOCTH.

JIis nanbHEWIero YTOUHeHUs] MOKHO MPEIOIOKUTh TPEXMEPHYIO OJTHOPO/I-
HOCTh XMMHYECKOTO COCTaBa B 00JIACTH, I7Ie 3HAYUTEIbHA BEPOATHOCTH BbIxoaa. Kpo-
M€ TOro, UMEET CMBICI pa3leiuTh IJIOTHOCTh BO30YXKJIAIOLIETO MOTOKAa Ha JBE

KOMIIOHEHTHI: ,(E.Z) =1, +1,(E.Z) tne {, — nepBUYHBIN BO30YKIAFOIIMK MTOTOK,
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1,(E,Z) — B0O30YXIaOIIHNIA MMOTOK, BBI3BAHHBI PACCETHHBIMHU TICPBUYHBIMU DJICK-
TpoHamu. Toraa MOXKHO HalMCaTh:
1,(WXY) =1,TN .y, (WXY)T(E, E; )A(l +R,) | (7)

rae Rs — koaddunment obpatHoro paccesvus, a T — mponmyckaHue aHaIU3aTopa.

UT0oObI MPOBOUTH KOJIMYECTBEHHBIN aHAIN3 Ha 0CHOBE (hopmyiibl (7), HEOOXO-
VMO 3HATh C TPeOyeMOil TOUHOCTBIO CeUeHHE MOHM3AINH, BbIX0 OKe-3JIeKTPOHOB U
koadduimeHT odpatHoro paccesiHusa. Kpome Toro, Hy>kHO TOUHO U3MEPUTH a0COJIOT-
HbIEe 3HaUeHUs Toka OKe-dJIEeKTPOHOB. AHAJIN3 YCIOXKHIETCS M IMIEPOXOBATOCTHIO TO-
BEPXHOCTH, KOTOpasi OOBIYHO YMEHBIIAET BbIXOJ OKe-3JIEKTPOHOB IO CPABHEHUIO C
IJIaJIKON MOBEPXHOCTHIO. [ToCcKONIbKY BCe 3TH TpeOOBaHMS HENb3s BHIOIHUTH B YCIIO-
BUSIX OOBIYHOTO JlabopaTopHoro Oxke-aHanw3a, KOJIMYECTBEHHBIM aHAIN3, OCHOBAH-
HBI Ha TEOPETUYECKOM OIpeAesieHnH (HU3NIECKUX BEIIUYUH, MTOKA YTO MPAKTUUECKU
HEBO3MOXKEH. TeM He MEHee, CYIIECTBYET Psii METOJOB, KOTOPHIE JEIAaI0T BO3MOXK-
HBIM KOJMYECTBEHHBIN aHanu3 Mmetogom D0C.

1). MeToa BHEITHUX TAJIOHOB.

B stoM metone Oxe-CreKTphl UCCIETyeMOro o0pasiia CpaBHUBAIOT CO CIIEK-
Tpamu HTAJIOHA, COJIEPXKAIIETO0 UHTEPECYIOUIUN AJIEMEHT C U3BECTHON KOHIIEHTpAIlH-

eil. KOHIEHTpaluIo 2J1eMEHTA 0. B UCClIeyeMoM obpasiie NV, MOKHO OIPEIENUTh 10

KOHLIEHTPALMHK TOTO JJIEMEHTA B dTalloHe N, | Mojb3ysack GopMyiioi (7):

NS IEAPHI+R!

NI 1P A OI+R;
= ®

BaxHBIM MpenMyIIECTBOM TaKOTO METOJIa SIBISETCS TO, YTO HE HY)XHO 3HATh
CEUYCHHE MOHM3AIMU U BbIX0J OXe-3JIEKTPOHOB, T.€. BCE CBOJUTCS K OTHOCUTEIbHBIM
u3MepeHusM. Ecnu coctaB ucciemyemMoro odpasma OJIM30K K COCTaBy 3TaloOHA, TO
rIIyOrHa BBIX0OJa U KO3(PPUIIMEHT 0OPATHOTO pacCesTHUS BBIMIAIA0T U3 Gopmyisl (8),
U BCE CBOJUTCS K M3MEPECHHIO OTHOIICHHSI TOKOB. OUEBHIHO, YTO BCE CKa3aHHOE
CIPaBEIJINBO, €CIIM U3MEPEHUS C UCCIICAYEMBIM U TAIOHHBIM 00pasiaMu MPOBOIAT-

Ci B OAMHAKOBBIX YCIIOBHAX.
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Ecnu obOpazen u 3TaJloH pa3IuyaroTcs MO COCTaBY, TO HYKHO IO BO3MO>KHOCTH
0oJiee TOUHO Y4ECTh BIUSHUE MATPHUIIBI HA KOADPUITMEHT 00paTHOTO paccesiHus U Ha
rIyOuHy BbhIXOaa. Kpome Toro, ecim u3-3a pa3iuyuii B MaTpHIle U3MEHHUTCS (hopma
Oxe-mrka, To Bbicota Oxe-nuka B nuddepennupoBanHoM OxKe-CIEKTPe HE MOKET
CIIY’KATh TOYHON OTHOCUTENBHON Mepoit Oxke-ToKa.

Koaddunment oOGpaTHoro paccessHusi MOKHO OIIEHUTh, CPABHUB KPUBbBIC 3aBU-
cumocTH Bbixoga Oxe-31eKTpoHOB oT E, ¢ TeopeTnueckumu 3aBUCUMOCTSIMU Ceye-
HUSl MOHU3AIMK OT E, WM ¢ TaHHBIMHU, XapaKTEPHU3YIOITUMHU BBIX0J OKe-3JIeKTPOHOB
B 3aBHCUMOCTH OT E, 1j1s ra3oB, n60 B ciaydae ra3oB KodphuUIEeHT 00paTHOTO pacce-
sHusI peHeopexxkumo Mai. KoadduineHtT 00paTHOTO paccestHUs yBEIMUMUBAETCS C PO-
CTOM TJIOTHOCTH MATPHIIBI U DHEPTUU MEPBUUYHBIX JICKTpOHOB. [Ipn Hammuwu naH-
HBIX 0 Koahdummente oOpaTHoro paccesaus B popme Rz(E, E\, D), tie D — maccoBas
IJIOTHOCTh MATPHIIBI, MOKHO O0ECIIEYUTh JOCTATOYHYIO TOYHOCTD JJIsSI KOJTHMYCCTBEH-
HOT'O aHaJun3a.

2). Meton k03 PUIIMEHTOB 3JIEMEHTHON 1yBCTBUTEIILHOCTH.

MeHee TOYHBIM, HO BeChbMa IIEHHBIM METOIOM KOJIMYECTBCHHOI'O aHaJIM3a sB-
JISIETCSL METO/I, OCHOBAHHBIN HA BBEJCHUH KOY(PDHUIIMEHTOB DIIEMEHTHON YyBCTBUTEIb-
HocTu. [lomaras, 4To A KaXXI0ro 2JEMEHTa MOXKHO BBECTH OMpe/IeIeHHbIN k03P du-
IIMEHT YyBCTBUTEIHLHOCTH, ATOMHYIO KOHIICHTPAIlMIO AJIeMEHTa X 3alliCHIBAIOT B

BHUAC:

' Sx i ]70’ H (9)

rae Su, S¢ — KO3POUUHUEHTbI OTHOCUTEIBHON YYBCTBUTEIBHOCTU K 3JIEMEHTY O H X,
COOTBETCTBEHHO. OYEBUAHO, YTO, BBOJAS KO3 UIMEHTH YyBCTBUTEIBHOCTH, HE 3a-
BUCAILME OT MaTPHUIIbl, Mbl IIpeHEOpEraeM U3MEHEHUEM OOpPaTHOrO paccesiHusl U Iily-
OMHBI BBIX0JIa B 3aBUCUMOCTH OT MaTepHalia, U, CJIe0BaTeIbHO, METOI, B OOIIEM, SIB-

JEICTCS ITOJTYKOJIINYCCTBCHHBIM. I[Ba BaXXHBIX ITPCUMYHIICCTBA TAKOI'0 MCTOAA — OTCYT-
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CTBHE 3TAJIOHOB U HEUYBCTBUTEIILHOCThH K IIEPOXOBATOCTH MOBepxHOCTH. [locmennee
o0BsicHAETCS TeM, 4TO Bce OKe-NTMKU OJIMHAKOBBIM 00pa3oM 3aBUCST OT Tomorpapuu
MTOBEPXHOCTH.

3). Meton ydera kod(hPUITMEHTOB BBIXOA.

VHTEHCUBHOCTD JIMHUW MHTEPECYIOMIETO JJIEMEHTa B 3TOM METOJIE OTHOCHTCS
HE K CyMMapHO#l MHTEHCUBHOCTH BCEX JIMHUMN, HaOM0/1aeMbIX B OKe-CeKTpe, a K UH-
TEHCHUBHOCTH JIMHUU dTaloOHA. [[J1s1 KaXK0ro 3JIeMEeHTa MOKHO BBECTH OIPEICIICHHBIN
K03 UIMEHT BbIXoJa D (3aBUCAIIMN OT SHEPTHM MEPBUYHOTO Iy4YKa U OT MaTpH-
1e1). KoaddummenTom BbhIxo/1a HA3bIBACTCA KOJUYECTBO SMUTUPOBAHHBIX OrKe-dIeK-
TPOHOB B pacyeTe Ha OJIMH MEPBUYHBIN AIEKTPOH. ATOMHAsI KOHIICHTPAIIUS 3JIEMEHTA
X paccUnTHIBACTCS MyTEM CPaBHEHHUS MHTCHCHBHOCTH €0 JIMHUU [, ¢ MHTEHCUBHO-

CTBIO JIMHHUU 3TANOHA [, UIBMEPEHHOU B TEX K€ YCIOBUSIX:

— ]x Det
N, D1 , (10)

rae Dy u Do — ko3 dunnenTs! Bbixoja Oxke-3JIeKTPOHOB ISl UCCIENYEMOT0 U 3Tajo-
Ha, COOTBETCTBEHHO. B kauecTBe 3Tasiona B Meroae DOC 0ObIYHO UCIONIBb3YETCs ce-
pebpo (muuaust MVV, E,, = 354 eV). 3nauenus ko3)PUIUEHTOB BBIX01a IJIs1 KaX0TO
AJIEMEHTA JJIs pa3HbIX 3HaueHui E, (3Hepruu nepBUYHOrO My4yKa) NpUBEJICHBI B CIIpa-

BOYHHKAX.

MeTtoauka 3KCriepuMeHTa
Obpasey 0ns ucciredosanus NPECTABISET COOOM IUIEHKY CHIIBHO JIETUPOBAH-
HOTro TBepAoro pacteopa SiyGe .« TONMHUHON 1,3 MKM, BBIPAILIEHHYIO Ha T€pMaHUEBON

noioxke opueHtanuu (111) meTonom razodazHo SMUTAKCUH.

Onucanue IKCIIEPUMEHTAIBHON YCTAHOBKH
CBepxBbICOKOBaKyyMHas cucteMa Omicron Multirpobe S™ mpennasnauena

JJIA UCCIICJOBAHMA MOp(l)OJIOFI/II/I H XUMHUYICCKOI'0O COCTaBa MOBCPXHOCTHU TBEPAbIX TCJI
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METOJaMU CKaHupyrouen TyHHenbHO Mukpockonuu (CTM), aToMHO-CUIOBOT MU-
kpockonuu (ACM) 1 37IeKTPOHHOM CIIEKTPOCKOIIUH.

Cucrtema COCTOUT U3 aHATUTHYECKOM kKamepbl oobemoM ~150 1 (puc.15a, 156,
103.11), U3roTOBIECHHON M3 HEMAarHUTHON HEPKaBEIOIEH CTalu, CIELHAIbHO MpE-
HA3HAYEHHOM I MPEIU3UOHHOMN 3JIEKTPOHHOU clieKTpockonuu. B paboyem oObeme
WOHHO-TETTepHbIM (puc.150, 103.24) ¥ TUTAHOBBIM CyOJIUMaIMOHHBIM (puc.150,
103.23) Hacocamu nojnepxuBaercs aasienue 107" Topp. TypOo-MoneKyIapHbIi
Hacoc (puc.15a, 156, m03.26) CiyKUT AJi1 OTKAYKH CUCTEMBI TIOCIIe pa3BaKyyMHUpPOBa-
HUS U npu paboTe HOHHOM mymku (puc.15, 103.9), a Taxke Juisl OTKaYKH LUTFO30BOM
KaMmepsl (puc.15, mo3.21), yepe3 KOTOpyro 3arpyxkarotcs oopasiisl (puc. 158, mo3.19).
[IpeaBapuTenbHbIN BaKyyM B MarucTpaiy CO3/Aae€TCsl pOTOPHO-TUIACTUHYATHIM (opBa-
KYyYMHBIM HacocoM (puc.1506, mo3.27) yepe3 JOBYIIKY M3 aKTUBUPOBAHHOTO AaJIIO-
MUHUS, KOTOpasi MPEOTBPAIIAET MONaJaHue MapoB Maciia u3 opBaKyyMHOI'O Hacoca
B TypOO-MOJIEKYJISIPHBINA HACOC.

Jiis  Bo3Oyx)aeHus: Oxe-dJIeKTPOHOB TPHMEHSETCS AJIEKTPOHHAS — ITyIIKa
EKF-300 (puc.15, mo3.10) ¢ BonbhpamMoBbIM KaToA0M (YCKOPSIOIIEE HAMPSHKEHHUE 10
5 kB, Tok nyuka 510 5 HA). PoKycHpOBKa ITy4Ka OCYIIECTBISECTCS] OJHOU JIEKTPOCTA-
TAYECKON IMH30U. J[MameTp 3nekTpoHHOro nydka cocrasiusieT 0.5 — 1 mm. [ns nmo3u-
[IMOHUPOBAHMSI DJIEKTPOHHOTO 30HJa Ha 00pa3Ile MPUMEHSIOTCS OTKJIOHSIOIINE Tuia-
CTHUHBI,

Cuctema BrIo4aeT B ceOsi woHHyro mymky ISE-10 (puc.15, 1mo3.9) nns
OYUCTKH O0pPAa3I[0B MOHHBIM PACIbUICHHEM M MPOGUIMPOBAHUS COCTaBA IO TIIyOWHE
(yckopsttoliee HanpsibkeHue 10 S5 kB, Tok myuka g0 30 HA, 1uaMeTp mydka MOXET Ba-
peupoBathcs B npeaenax 1-25 mm). OTKJIOHSIONIas cUcTeMa B JaHHON KOHCTPYKUUU
OTCYTCTBYET, [I0O3TOMY MO3UIIMOHUPOBAHNE HOHHOTO MTyYyKa B HEOOXOAUMON 00s1acTu
oOpasiia Mpou3BOAUTCS C MOMOIIBI0 MaHuIyJsiTopa (puc.156, 158, mo3.17).

Oco0eHHOCThI0 KOHCTpYKIMH IyIuku ISE-10 sBnsercs 1o, 4To ra3, uCnoJib3y-

€MBIW JUISl TPaBIICHUS, IOAAETCS U3 PE3EpByapa 4yepe3 KilanaH-HATEKATENb HEMOCPEI-
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CTBEHHO B HOHM3AI[MOHHYIO KaMepy MyIIKH, a HE B BaKyyMHBI 00beM. [1pu aTom of1-
HOBPEMEHHO MPOMCXOJUT OTKayKa ra3a Inpu MOMOLIM TypOOBaKyyMHOI0O Hacoca, Tak,
YTO BO BpEMsI TPABJIEHUS B BAKYYMHOUN KaMepe COXpaHAeTCs JUHAMUYECKOE paBHOBE-
cue (pexum auddepeHInaTbHON OTKauku). [IpeuMyIiecTBOM Takoro pexuma siB-
JSI€TCSl MEHbIIEee 3arpsi3HEHNE BAaKyyMHOT0 00beMa, MEHbIIIEE JIaBJIEHUE B BAKYYMHOU
Kamepe, a Takxe Oonbiias 3QpPeKTUBHOCTh HOHM3ALMU raza. Bece 310 mo3BossieT uc-
M0JIb30BaTh Pa3INuHbIe (HE TOJIBKO MHEPTHBIE) ra3bl, BKIIOUAs KUCIOPO/I.

s peructpanuu crnektpa Oxe-3JeKTPOHOB CIYKUT NoJychepruieckuil aHa-
Ju3aTop dHepruid 35mekTpoHoB EA-125 (puc.15, mo3.1) ¢ paguycom monychepuaecko-
ro konjencaropa 125 mm. Ilpu nomomu kommumaropa (puc.15, mo3.6), cocrosiiero
U3 4-X 3JIEKTPOCTATUYECKUX JIMH3, 3JIEKTPOHHBIM MY4YOK (POKyCHpYyeTCsl Ha BXOJIHYIO
mienb aHanmmzatopa (puc.158, mo3.3). Kpome Toro, ¢ moMomipio GOKyCHPYIONUX JTHH3
KOJUIUMATOpa y aHaJIM3aTopa MOKHO MEHSTh yTrojd cOopa aHaTU3UPYEMBIX 3JEKTPO-
HOB. AHAJIM3aTOp COACPKUT HAOOp BXOAHBIX (puC.15B, 1103.3) U BbIXOAHBIX (puUC.15B,
1no03.4) mene pa3TuyHoOro pazMepa, Mo3BOJISIOIMINX MEHSITh pa3pelieHue U YyBCTBU-
TEJIBHOCTh Mpubopa. JleTeKTUpOBaHHE OCYIIECTBIAETCS MIATHKaHAIBHBIM (5 BDIY)
6mokom peructpamuu (puc.156, mo3.5). J[namazoH perucTpupyeMbix SHEPIHM dJIEK-

TpoHOB cocTasisier 0 — 2000 »B.
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Puc.15a. OGumii BU CBEPXBBHICOKOBAKYYMHOMN cucteMbl Omicron Multirpobe S™.

1 — monycdepudeckuii ananuzatop sHepruii nekTpoHoB EA-125; 2 — 610k 00pabOTKK UMITYIHCOB
B3OV, 3 —Bxoausie menu; 4 — BeIXoAHbIE TIenn; 5 —0mok BOY; 6 — konnmumarop; 7 - BXOIHAs JIMH34;
8 — nmpoMexyTouHas nuH3a; 9 — nonnas nmymka ISE-10; 10 — snexrtponnas nmymka EKF-300; 11 —
aHaMTHYECKas Kamepa; 12 — croiika st 6JI0KOB ympaiieHusi; 13 — OJIOK yrpaBJeHHUs] YHeproaHa-
mu3atopom EAC 2000; 14 — 6ok nutanus BOY; 15 — Gnok ynpasienus nonHoit mymkoit ISE-10;
16 — 6ok ynpasienus anekTpoHHoi mymkoi EKF-300; 17 — manunynsatop; 18 — noaynoxkonepxa-
Tenb; 19 — obpazerr; 20 — mmbep 3arpy304HOil kKamepsl; 21 — 3arpy3ouHasi kamepa; 22 — HOHU3AIH -
OHHas J1amna; 23 — TUTAHOBBIN CyOJIMMAIMOHHBIN Hacoc; 24 — HOHHO-TETTEPHBIA Hacoc; 25 — mu-
6ep TypOO-MOJIEKYISpPHOro Hacoca; 26 — TypOo-MOJIeKyJIpHbIM Hacoc; 27 — pOTOPHO-IJIaCTUHYA-
THIM (pOpBaKyyMHBIN Hacoc; 28 — KOMIIBIOTED YIpaBieHUs; 29 — 6510k npuema u o0paboTKH UHPOp -
Mmaruu; 30 — ONTOBOJIOKOHHAS JIMHUS Nepe/laul CUTHaIa.
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Puc. 156. ®yHkimoHagbHas cxeMa CBEpXBbICOKOBaKyyMHOM cucteMbl Omicron Mul-
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tirpobe S™

Puc. 158. CxeMa B3aMMHOTO PACIIOJIOKCHUA 3JICMCHTOB O}KG-CHGKTPOMeTpa B COCTa-

BE CBEPXBBICOKOBAKYyyMHOM cucteMbl Omicron Multirpobe S™.

BOYVY paboraioT B UMIYyJIECHOM 3JEKTPOHHOCYETHOM pekume. Kaxapiid siek-
TPOH, IONAJAOIIMN Ha BX0X BOY, mopoxaaeT OTAEIbHbBIN JJIEKTPUIECKUN UMITYJIbC
B 1Henu perucrpauuu. C LEIpl0 TaIbBAHUYECKOW Pa3BA3KH BBICOKOBOJIBTHBIX LENEN
pErucTpalvy U HU3KOBOJIbTHBIX LIETIEH KOMIIBIOTEPHOTO MHTEpPeEiica, UCIONb3YIOTCS
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ONTOBOJIOKOHHASI CBs3b (puc.150, 1mo03.30) mexay OigokoM 0O0pabOTKH HMITYJIHCOB
B3V (puc.15a, 156, no3.2) u 6mokom npuema u o06padoTku undopmaiuu (puc.156,
1103.29), CBSI3aHHBIM C KOMIBIOTEpOM ympasieHus (puc.156, mo3.28), crangapTHBIM
untepdericom RS-232.

B xamepe mMeeTcss MarHUTHBIA TpAaHCHIOPTEP MJIs MEpEeMeENIeHUs 00pasloB U3
[UTF030BOM KaMepbl B AaHAJIMTUYECKYIO U MAaHUIYJIATOpP (AepxkaTesb oOpas3la), KOTo-
pBIii O00ecneurBaeT TPEXMEPHOE MO3UIIMOHUPOBAHUE 00pas3la OTHOCUTEIBHO TOYEK
(dhokyca IIEKTPOHHOMN MYIIKU, HOHHOW MYIIKA U BXOJHOU JIMH3BI TOIyCHEeprUIecKoro
sHeproananuzaropa (puc.15s, mo3.7). B rosioBke MaHUIyJISITOpa, B KOTOPOW MOMeEIIIa-
€TCSl CTAHJAPTHBIN MOAJI0XKKOAEPKATENb, UMEETCS JIEKTPUUECKUIN HArpeBaTeslb Koc-
BEHHOT'O Harpesa Jjisi oTKura oopasioB B Bakyyme (10 770°C), a TakKe KOHTAKTHI
JUTsl HarpeBa oOpasiia mpsiMbIM MPOMYCKaHUEM TOKaA.

OOpa31pl Kpenarcs Ha CHeUalbHBINA MOMI0XKKOAEpKATENb CTaHAAPTHON (op-
MBI U pa3MepoB (puc.16), KOTOpbI B CBOIO ouepenb 3arpyxaercs B kamepy. Kperme-
HHUE MOYKET OCYLIECTBIISITHCS C MOMOIIBIO CIIENUAIBHON MPOBOMSIIENH 3MOKCUIHON
CMOJIbI, COBMECTUMOW CO CBEPXBBICOKMM BAKyyMOM, a TaKXke€ C MOMOILBIO 3aKUMOB
13 MaTepuala, KOTOPbIii COBMECTUM C BaKyyMOM: HEpXKaBEIolIasl CTajlb, Me/lb, TUTAH,
MOJTHOJIEH, TAaHTAJI, BOJIb(PaM.

I TOYHOTO TO3UITMOHUPOBAHUS 00pa3lia OTHOCUTEIBHO 3JICKTPOHHOTO H
MOHHOT'O MyYKOB M ONTUYECKONW OCH U TOUKH (POKyca aHAIM3aTOpa MOXKET ObITh MIPU-
MEHEH JIIOMUHO(OpP, KOTOPBIM B BHUJIE CYCIIEH3WU TOpOIIKa ZnS B M30MPOMUIOBOM

CIIUPTC 0CO00I YUCTOTHI (GFO MOKHO COBMCHIATH C BaKYYMOM) HAaHOCHUTCA
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Jlopoxka u3
moMuHOpopa

Puc. 16. Kpennenue o6pasiia Ha CTaHAAPTHOM TMOJIJIOKKOAepKaTele.

B BHJIC JIOPOXKKU BOKPYT oOpasna (puc.16). Habmronas cBedenue mroMuHOpopa B TOU -
K€ MMaJICHUS Ha HEro 3JIEKTPOHHOTO IydYKa Yepe3 CIEeIUalbHOEe OKHO B BEpXHEH YacTH
aHaJIu3aTopa, PacIioj0XKEHHOE Ha ONTHYECKOM ocHu Kosummaropa (puc.l5, 1mos.6), ¢
MOMOIIBI0 PYYEK OTKJIIOHEHUS JIyda X, y COBMEIIAIOT MSITHO C ONTHYECKOM ochbio. Ha-
0Jio71asi UHTEHCUBHOCTD JIUHUU Zn B OXe-CIeKTpe, COBMENIAIOT MIOCKOCTh 00pa3iia
¢ OKaTHHOM ITOCKOCTHIO BXOAHOU JTMH3BI KOJUTUMATOPA, KOPPEKTUPYS IPU ATOM T10-
JIO’)KEHHUE TOYKH TAJCHUS JICKTPOHHOTO JTy4a. MIHTEeHCUBHOCTh CUTHAJIA U3MEPSIETCSI C
noMmoIipo BoJbT™MeTpa B7 — 40/4, mOAKIIOUEHHOTO K aHAJIOrOBOMY BBIXOJy OJIOKa
cbopa u 06paboTku uHPopManuu. 3aTeM 00pa3el] MpU MOMOIIY MAHUITYJISITOpa yCTa-
HABJIMBACTCS TaK, YTOOBI AJICKTPOHHBIN MyYOK ObUI HANpaBiieH B BHIOPAHHYIO TOUYKY
Ha €r0 MTOBEPXHOCTH, IIPH ATOM HY>KHO YYE€CTh PA3HHUILY BBHICOT MOBEPXHOCTEHN JTIOMH-
Hodopa u 06pasna. OKOHYATENBbHYIO HACTPONKY TOJIOKEHHS U (OKYCa AIEKTPOHHOTO
Jy4ya MPOU3BOJAT 110 MAKCUMYMY CUTHaJIa Kakou-nmn0o auHuu B Oxe-cnekrpe. C no-
MOTIIbIO JTIOMHHO(OpA TaK)KE KOHTPOJUPYIOT MOJIOKEHUE U OJHOPOJHOCTH HOHHOTO

My4Ka.

MeTtoan4yeckue peKOMeHIauumn

34



[lepen Tem, Kak MPUCTYNHUTH K BHIMIOTHEHUIO paOOTHI, CIEAYET U3yYUTh TEXHHU-

YCCKHC OIMMCAHHA M PYKOBOACTBA ITOJB30BATCIIA CIACAYIOIIHUX 3JICMCHTOB 3KCIICPH-

MEHTAIbHON yCTAHOBKH :

1.
2.
3.

4
3.
6
7

CBepXxBBICOKOBaKyyYMHOI cucteMbl Multiprobe S

[Tonycdepuyeckoro 35eKTpOHHOTO HeproananuzaTopa EA 125

bioka ynpaBieHus: noiaycpepruuecKoro 3JIeKTPOHHOIO 3HEProaHalu-
3atopa EA 125 EAC 2000

OnexktponHo mymku EKF 300

Nonnoit nymku ISE -10

[Iporpammsl yripasienus: Oxe-criektpomerpoM Wspectra

[Tporpammel 06paboTku u ananuza Oxe-crnekTpos "Presenter”

Hwxe npuBeaeHbl peKOMEHIyEMbIE€ TapaMeTPbl SKCIIEPUMEHTA.

1.

THonycpepuueckuii snepeoananuzamop EA-125. BXonHbie U BBIXOJI-
Hble menu 6X3 mm, pexum — CPE, Ep=10 5B, yBenuuenue 2x.

Inekmponnasn nywka EKF-300. Tok HUTH Hakana - 2.4 A, yckopsito-
miee Hanpspkenue 3 kB. [o3umuun perynupoBok Goxycuposku (Focus) u mo-
tennuana cetku (Greed) moacTpanBaroTCs BU3YaldbHO IO MATHY HA JIFOMU-
HO(Ope, KOTOPOE JTOIHKHO UMETh KpyTiyto (hopmy U quamerp okoso 0,5 M.

Honnas nywrxa ISE-10. Ilepen noHHBIM TpaBlieHHEM o0Opa3ia He00X0-
JIUMO OTKJIFOUUTHh MOHHBIM M TUTAHOBBIN CYOJIMMAIlMOHHBIA HACOCHI, TaK KakK
B yCnoBusax Bakyyma ~10° Topp ux paGora HemomycTuMa. BKIHOYHTE Typ-
OoMoeKyIapHbIi Hacoc. OTKPBITH KilallaH-HATEKATeNb Ha UOHHOW MYyIIKE,

YCTaHOBUTH JaBJi€HUE Ar B aHAIIUTUYECKOM Kamepe B pexume AuddepeH-
unanbHol otkauku 2[10° Topp. Vekopsromee Hanpsokenue 5 KB, TOK HUTH
Hakana 10 A, Tok mydka 15 YA, HanpspbkeHne (HOKyCHPYIOIIETO AJIEKTpoaa

3.7 kB, nanpsbkenne skctpaktopa 4850 B. Ilpu ykazaHHBIX mapamerpax

JUaMETP MOHHOTO Iy4YKa COCTaBiAeT 18 MM (peXHUM MIMPOKOIro IyyKa),
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HEOJHOPOJHOCTh MOHHOTO TOKa MO CEUYECHMIO IMy4yka — He Oosee 5%, cko-
pocth TpaBieHus Si0, = 100 am/u4).

4. [TapameTpsl pa3BepTKU CHEKTpa: B peKUME 0030pa IIar o OCH dHep-
ruit AE = 1 3B, Bpemsi HakoruieHUs1 JaHHBIX B 0AHOM Touke cnekTpa (Dwell)

=1 ¢, B pe)XuMe BBICOKOTO pa3penieHus mar no ocu sHepruii AE = 0.1 3B,

Dwell=5 c.

Texnuka 0e30macHOCTH
1. CTyeHTBI, BBIMOJHSIONIME JTA00paTOPHYIO pabOTy HE MMEIOT IpaBa MPUCTY-
naTh K MOJTYYEHHOW paboTe 0e3 mpeaBapuTeIbHOT0 HHCTPYKTaXa Mo MpaBHIaM
ee 0€30MacHOT0 BBITIOJIHEHHSI.
2. Yckopsromee HanpspkeHue dnekTpoHHor nmymku EKF 300 m nonHon myniku
ISE -10 coctaBnsier 3000 — 5000 B. Ctynenram 3amnpeniaercs npou3BOAUTh Ka-
KHe-TM00 NEUCTBUSL C KAaOEJSsIMU, CBS3BIBAIOIIUMU OJOKW MUTAHUS C DJIEKTPOH-
HOM ¥ MOHHOM IyIIKaMH.
DKCIUTyaTaliio CBEPXBBICOKOBAKYYMHOro kKomiuiekca Omicron Multiprobe S
npoBoauTh B cootrBeTcTBUM ¢ IITD m IITh snexkrpoycraHoBOK morpeOuTenen
Hanpsbkenrem cBbie 1000 B.
3. IIpu o6HapyxeHuu 1edEKTOB B U3OJISIUHU MTPOBOJIOB, HEUCIIPABHOCTEH MyCKa-
Tenen, pyOUIbHUKOB, IITETCENeH, pO3€TOK, BUJIOK M JIp., a TaKXKe 3a3eMJICHUS
CleIyeT HEMEICHHO COOOINUTh OTBETCTBEHHOMY 3a MPOBEICHHE JIA00PATOPHOU
paboThl. Bce HencnpaBHOCTH 3JIEKTPONPUOOPOB, AIEKTPOAPMATYPhI, IJIEKTPOCE-
TH U TPOYETro 3JIEKTPOOOOPYAOBaHUS JOJLKHBI YCTPAHSITHCA TOJIBKO COTPYIHU-
KOM, UMEIOIIUM JIOIYCK K TTOJIOOHBIM paboTaMm.
CryneHTaMm He pa3pelniaeTcs BKJIIYATh U BBIKIIOUATH 3JIEKTPOpUOOpsl, 06e3 pas-

peIIeHus] OTBETCTBEHHOTO 32 MIPOBEICHNE TA00OPATOPHOM padOTHI.
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4. Ilepen HadyamoMm pabOTHI CTy/IEHTaM HEOOXOIUMO M3YYUTh BAaKyYyMHYIO CHUCTE-
My M CHUCTEMY Halycka Ta3oB (aproHa, a3oTa) B BaKyyMHBIM 00BbEM, a TaKke
IPONTH MPOBEPKY 3HAHMI MO paboTe ¢ cocynamu moa aaBieHneM. Hamyck apro-
Ha JJI TPABJICHUS OCYIIECTBIISICTCS MEIJICHHO C TIOCTOSTHHBIM KOHTPOJIEM JaBJie-
HUS B Kamepe. JlaBieHrne aproHa B BAKYyyMHOM 00ObeMe He JOJKHO MPEBHIIATh 5
10 Topp. Ctynenram 3anpeniaercs padoTa ¢ razamMu 0e3 pa3pelueHus 1adopanTa
B BHJIy TOTO, YTO BO3MOXXCH BBIXOJ[ U3 CTPOSI HOHHBIX JIAMIT I HOHHO-TETTEPHOTO

Hacoca Ipy OOJIBIIOM AABJIEHUU B BAKYYMHOM OOBEME.

3aganus

1. CuHate Oxe-cHeKTp 3nuTaKkcuaibHou mieHku SiGe../Ge B mojJHoOM auana-
3oHe sHepruii ananuzaropa EAC-2000 (40 — 1500 »B) B 0630pHOM pexuMe.

2.  Cuatp Oxe-CHeKTphl ¢ BHICOKUM pa3pelieHueM B y3KOM CIIEKTpaibHOU 00-
amactu ukoB S1, Ge, C, O.

3. C noMoIibto HOHHOTO TPaBJICHUs YAAIUTH CIIOH ajcopdara ¢ HOBEPXHOCTH
oOpasia, Juisi TOYHOTO OIpEAESICHUS MOMEHTA €ro yAAJICHUS UCTIONb3YETCs
perucTpanys JMHUM yIiepoa B IPOLECCe TPABJICHHUS.

4. Tlocne ynanenus ajgcopoara cHATh Oe-CIEKTPbl B CHEKTPAIBLHON 00J1aCTH
mukoB S1, Ge u O.

5. C noMouipi0 HOHHOTO TPaBJICHUS YAAIUTH CIION OKHCIIA C TOBEPXHOCTU 00-
pasia, Juisi TOYHOTO OIpPEAENICHUsI MOMEHTA €ro yAaJIeHUs UCTI0Ib30BaTh
pPEruCTpaLMIO JJMHUU KUCIOPOa B IPOLECCE TPABJICHHUSL.

6. Ilocne ynaneHus okucia cHATbh Oe-CIEKTp B IIOJIHOM UHTEPBAJIE SHEPI U
(40 — 1500 5B).

7. CuaTb Oe-CIeKTphl B CHEKTPAIbHOM 00J1aCTH MepeXxo0B KPEMHUS U rep-

MaHHs C BBICOKHM pPa3pCuICHHUCM.
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8. IIpowusBecTu nepBUYHYIO 0OPAOOTKY CIEKTPOB C TTOMOIIBIO TPOTPAMMBI
Wspectra (OunbTpaiusi, criaxuBaHue, Beiuntanue Gouna, nuddepeHimpona-
HUE).

9. CpaBHHTH MOJYUYEHHBIE CIIEKTPHI C ATAIOHHBIMU criekTpamu s Si, Ge, O u
C.

10. PaccuuTaTh KOHIIEHTPAIMIO 3JIEMEHTOB Ha MMOBEPXHOCTH 00pasiia ¢ moMo-
HIbIO TPATYUPOBOYHON XapaKTEPUCTUKHU U TIO0 KoY PUIlMeHTaM BbIXoa.

CpaBHUTH PE3YIBTATHI.

KoHTpoJibHBIE BONIPOCHI
1. HazoBuTE OCHOBHBIE METO/IbI JIEKTPOHHON CIIEKTPOCKONNH, JAUTE UX CPaB-
HUTEIbHYIO XapaKTEPUCTHUKY.
Cyuraocts 3 dekra Oxe. IOC kak METOJI AIIEMEHTHOT'O aHAJIU3A.
ITouemy B aromax H n He Oxe-21eKTpOHBI BO3HUKATH HE MOTYT?
['myOuna Beixosa Oke-31eKTPOHOB.

Yem o0yciioBieHa TOHKas CTpykTypa Oxe-crekTpoB?

A O i

B gewm 3akmrouarorcst ocobeHHOCcTH MeToa Oke-CeKTPOCKONUU B CpaBHE-

HUU C IPYTUMHU METOJIaMHU CHEKTPOCKOIHUH, UCIIOIb3YEMbIE ISl TUArHOCTH -

KM COCTaBa MOJIYyIPOBOJHUKOB?

7. UeM 0OyCJOBJIEH XUMUYECKHI CABUT B KUHETUYECKOM sHepruu Oxe-3Jek-
TpoHa?

8. Ilpumenenne DOC miig aHanu3a MOBEPXHOCTU MATEPUAIIOB C HU3KOW MPOBO-
TUMOCTBIO.

9. Unrerpasibubli 1 auddepeHIupOBaHHbIA dHEepreTUdeckuil crektp Oxe-
AIIEKTPOHOB.

10. Tunsl ananu3aTtopoB 3Hepruii npuMmensomuxcs B 90C. JleTeKTopsl.

11.3aueM KCHONIB3yETCS MOHHOE PACIbUICHUE MOBEPXHOCTU 0Opa3lia nmpu aHa-

JIM3€ cocTaBa TBEP/bIX Tell MetojgoM DOC?
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12.MeTo/ibl KOJIMYECTBEHHOTO aHaIu3a JIEKTPOHHOU Oxke-CIeKTPOCKOHH.
13.Kakue MeTo/1pl YHCIICHHOTO aHain3a dKCIEPUMEHTAIBHBIX JIAHHBIX MCIIOJIb-
3y10TCs Iipu 00paboTke Oxe-CreKTpoB?

14.TTosicuuTe 3agaHuEe U METOJUKY SKCIIEPUMEHTA.
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* TexHUYECKOE OIMMCAaHUE CBEPXBBICOKOBAKyyMHOro Komiiekca Omicron Multiprobe S.



