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HaHoMaTepuarnbl Ans
KOCMUYECKON TEXHUKU

HaBurauus -0
Jlekumsa 13. CnekTpockonus xapakTepucTMYeCKMX NoTepb 3HEPrun 3NeKTpoOHaMM
B Havano
CTpaHuupl canta
Kypcel Panee mpH H3VUCHHH OXE-CIHSKIPOCKONHH MBI YOSIHIHCH B TOM. Ha-
Harourokerepus CKONBKO HH(POPMATHBHEIM MOMKET OBITB CHIHAT 3ICKIPOHOE H3 WACTH
®yHKUMOHNbHbIE CIEKTpa. KOTOPYVEO He OTHOCAT HH K YOPYLO, HH K HEYIPYTOOTPAKESHHBIM.
HaHoMaTepuarbl N -
BLICOKOUMCTbIC B sToll 3e rmaBe MBI BEpATIE pacCKAaKeM O €llle OJTHOM IePCHOeKTHBHOM
BelllecTBa METOIE HCCASTOBAHNA XHMHYISCKOIO COCTABA BEIIECTBA — aHATH3E YHEPre-
PYHKLMOHaMbHbIE THYSCKHX [IOTEpPh 3JIEKIPOHOB. B JaHHOM MeToIe H3y4daeMoll BeaHdHHOMH
HaHomaTepuarsl ans ) i . .
— ABIAIOTCA MOTEPH SHCPIMH 3ICKIPOHOB, NPOMCHMAX CKBO3b TOHKYEO
PyHKUMOHAMbHblE IISHKY HIH MeMOpaHy. H3 caMol NOCTAHOBEM 3KCOEPHMEHTA ACHO. HTO

CHCTCMEL AHATIHIA 3HCPICTHHUCCKHX NOTCPE }’:LO(SHO COBMCIOATE ¢ IIPOCEBC-
YHBAKITHMH IICKTPOHHBIMH MHKPOCKOIIAMIHM.

HaHobuoTexHonorumn — —

B oOprHEOM IpocBeUHBAIOMIEM 3IESKTPOEHOM MHKPOCKOIIE 001acThk He-
KoHCTpyKLUMOHHbIE _ ~ .
HaHoMaTepuans! ClIeIOBAHHA BEIOHPANOT IHOO ¢ [OMOINBK) THA(DPATMEI, ITOMEINSHHOH B
KomnoauTHbie IUTOCKOCTH MEPBOTO H300PAKESHHA, THOO ¢ TIOMONIBI (POKYCHPOBKH IYUKA
HaHomatepuantl HA ONpeJelIeHHYED 00TACcTh 00pasia KOHICHCOPHBIMH THH3AMH. TaKke

HaHoTexHonoruv ans
cuctem GesonacHocTn
OGecneyeHune

eOMHCTBA U3MEPEHUN,
cTaHgapTM3auum u o...

VI0OHO HCIOIb30BATE CKAHHPVIOINHH INPOCECUHBAMOINHE 3IeKIPOHHBIH
MHEPOCKOIL. IPeHMyIIecTBOM KOTOPOTO ABIASTCA MEHBINHEH THAMETP Iyd-
ka. II300paxkeHHe B 3TOM MHKpOCKOIE GOpPMHPYeTCA B BHIE PacTpa. Ha-
IpaBIAA MTyHOK Ha ONpPEIeIeHHYI 00IacTh.

MporpammHoe -

ogecﬁequwe 3pagamero merox XII33 paspHBalcAd Kak albTepHATHBA PEeHITCHOB-
cpeacTs CKOMY MHEPOAHATH3Y IpPH H3VICHHH TOHKHX ILTSHOK. JTO OBLTO CBA3AHO C
"'3""9ng"“7'? HH3KOH 3(peKTHBHOCTEIO PETHCTPALINH PeHITEHOBCKOTO H3IyIeHnT (0T 1 m0
a3paodo... ’ v =

pasp 0.1 % 114 pasTHYHBIX THOOB CIEKTPOMETPOE) H MATOH 00TACTBIO TEHEPAITHH
MexayHapogHas v

HALWOHANbHAS peHITEHA B ILIeHKAX. bolee Toro. BOSMOKHOCTE HCCISIOBAHHA TETKHX 3Ie-
cucTeMmbl MEHTOB MeTodaMu PMA OblTa 3aTpyIHHIETBHO. T.K. IPeodTagaromuM Me-
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XAHI3MOM PeTaKCcalHH [IA T0J00HEIX ATOMOB ABIASTCA OJKe-IIPoIece.

Cefimac XII2D — MeTOI ABTACTCA CAMOCTOATETIBHBIM METOIOM HCCIE-
IOBAHUA, H B CHEKTPAX MOTEPh 3aT0KeHA HHDOPMAIHA He TOTBEO 00 37Ie-
MEHTHOM COCTABE. DJHEePIeTHHUeCKHE IIOTEPH IVUKA 37IEKTPOHOB 00VCIOB-
A€HBI YeTBIPEMA OPOLECCaMH. X0TA THINE 1 H3 HHX MOT'YT OBITE pajpelleHEl
¢ IIOMOIIBEC CTAHIAPTHOIO 3IEKTPOMATHHTHOIO CISKIPOMETpPa:

*  Bos0ymoeHHe (JOHOHOE, [PHBOIANEE K MAIBIM IOTEPAM SHEPIHH
(veree kT). ITnk QoHOHHBIX [OTEps HAXOIHTCA B IPedeiaxX HYICBOIO MAKCH-
MyMA CIIEKTPA MOTEPh (TO €CTh 3ISKTPOHBL, BO3OVIHBINNIE (POHOH, HEOT/IHMIHMb!
OT 3/IeKTPOHOB, IIPOCTO HEMBITABIINK YIPYTOS PACCEAHIE);

. DISKTPOHHBIE MEPEXopl (MHOO BHYIPH OJHOH 3MEKTPOHHOE 000-
JIOYKH, JHOO MEEIY 000I04KAMH) — BeIHYHHA [IOTeph LULE TAKOIO IIpolecca
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coctapaaeTr 1-50 3B. amamms 3Tofl 9acTH cmexTpa MOMNEHO HCIOTH3OBATH I7TA
HCCTIETOBAHAA THITEKTPINECKHK CBOHCTE MATEPHATA;

. Bos0y#aenne nnasMoHOB — JaHHEIH Npollece COOTBEICTBYET MH-
KEaM IOTepk B odxacT 5-50 3B. Ecan amina cpoboIHOrO mpodera mIasMo-
HOB H3BCCTHA., TO HHTEHCHBHOCTD COOTBEICTEYIOINHX IIHKOB MO:KHO HC-
[IOTB30BATE A1 OMpPENelIeHHA TOMMHUHEI 00pa3lia (HHTEHCHBHOCTE ILIa3-
MOHHEBIX OHKOB MPONOPUHOHAIBHA TOIMHHE, YTO HCIIONB3YETCA T4 mpo-
BEPKH PE3YIBTATOR AHATH3A 0DPA3IOB MEPEMEHHON TOMIIHHBI):

VoHAsanna aToMOB — BIHAHHE NPOLECCOB HOHM3AUNH NPHBOIHT K IIOAB-
TACHHIO PE3K0 HECHMMETPHYHBIX MAKCHMYMOB B CIIEKIpax MOTSPh. HA3BIBAC-
MBIX KpadMH HOITIOMMEHNA. AHANN3 NOT0XKEHAA KPacB [IOITIOMICHNIA 31eCh, KaK
u PD3C, aBndeTcA OCHOBOMH 114 ONpedele i XIMHIECKOI0 CoCTaBa.

7.1. IIpenennl 0OHAPY/KEHHA H Pa3pelIAMIasd CI0C00-
HOCTH MeTO0/a

B mHacToAmee BpeMA ¢ HOMOMIBIO MATHHTHBIX CHEKTPOMETPOB MOMKHO
paspemaTs COSKIp HEYIPYIO PACCEAHHBIX 3MEKTPOHOB ¢ TOYHOCTBH) IO-
paaxa 1 3B, uTo Ha IBa mMopAIKA TYHINE TOYHOCTH ONpEIcIcHHA SHEPTHH
[IHKOB B TYYIOHX PeHITCHOBCKHX 3HEProaHATH3aTOpax. ECIH sKeIepHMeHT
[IPOBOJHTCA B NMPOCBEUHBAIOITEH KOHDHIVPAINH, TO OOBIYHO AHATHIHPY-
eTcA [EPBHYHBIH NPOIIEIINHI 3TeKTPOHHBII IIyYOK, a IH(QPAKIHOHHBIE
pehIeKCcHl OCTAHABAMBAKTCA AHa(parMoi. IIpH IpOXOEISHHH 3IEKIPOH-
HOTO ITy9UKA UePe3 TOHKYIO ILICHKY BEPOATHOCTE YIPYTOIO PACCEAHHA IO-
PasIo BBINE BEPOATHOCTH HEVIPYTOro — HMEHHO MO3TOMY AHATH3HpPYETCA
LIeHTPATBHEIH IHQPAKIHOHHBNT MakcHMyM. [IpHMep CHEKTpa HEYIPYTOTo
pacceAHHA 3IEKTPOHOB NIPHBEISH Ha Pue. 7.1.

Hynepoll MakcHMyM HOTeph HCIIONB3YETCA IIA IPHBAZKH CHEKIpa K
Ha49aTy KOOPIHMHAT H OLCHKH paspellleHHA cOekTpoMeIpa. OTHOCHTEIbHAA
HHTSHCHBHOCTE [EPBOI0 ILIA3MOHHOIO HHKA IO CPABHEHHIO C HYIEBEIM
MAKCHMYMOM HO3BOIAET ONEHHTS IPHTOJIHOCTH TOHKOH IIMEHKH 1714 IOy~
JeHHA CUEKTpa. EcIH HHTSHCHBHOCTD NIA3MOHHOTO MHKA HE IPEBBIIACT
OIHOH JecATOH HACTH HYISBOTO MAKCHMYMA, TO 00pAa3ell JOCTATOHMHO TO-
HOK H IpPHTOIeH A14 padoTel. B 0olee TOEKHX oOpaslax BepOATHOCTE He-
VIPYIOro PacCeAHHA OYSHD MATA. B 00IeS TOICTBIX IIICHKAX MHOLOKpAT-
HOe paccefHHe 3TeKTPOHOB IPHBOINT K CIIAKHBAHHIO KPAEB, U4TO CHIDKAST
HATEKHOCTE Pe3yaeTaTos. [lo3ToMy cymecTsyeT ONTHMATBHAA TONIIHHA
o0pasa, IpH KoTopol TAHHBIE ABTAIOTCA CTATHCTHYECKH JOCTOBEPHBIMH, a
BePOATHOCTE MHOTOKPATHOTO PACCEAHNA HEBETHKA.
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MumimaTeHO OOHAPYAHMBLI CHTHAT B MeToZe XIID3 cooTBETCTIBYET
3 1
cargany ot 10°-10" aToMOB H 3aBHCHT OT ATOMHOTO HOMEPA 3TEMEHTA — TIDHE-
7Bl 3TIeMEeHTHI JaHHEIM METOI0M ISTeKTHPOBATE TPYIHEES, UeM IeTKHE.
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UrtercmnerocTs (oTHocuTensHEE eauHMuE)

IHepruA

BANEHTHON BOBDYHOEHUR 500 1000
CBASH BHYTREHHHK 1
SNBKTPIHOB Morepw sHeprum (3B)

Puc.7.1. IlpHMep COEKTpA HEVIPYTOTO PACCETHHA JMEKTPOHOE.

PaccMoTpHUM Temeps. KAk MPOBOINTCA HISHTH(PHKAIINA XHMAIECKOTO CO-
cTasa o0pasna. Kak yixe OBLTO CRA3AHO, HAYMATO OTCUETA IHSPTHI CBASBIBAIOT
€ TZABHBIM MAKCHMYMOM HYIEBBIX TOTEPE (VIPYTOE OTPAKEHHAE), A MHPHHY
3TOCO MAKCHMYMA CUHTAKT PABHOH 3IHSPIETHUSCKOMY Pa3spelleHHED MAar-
HHTHOI'O CIeKTpoMeTpa. K-kpal mormomeHHA yIiepoma OOBMMHO HCIOIB3Y-
FOT 11 KaTHOPOBKH IO 3HEPIHH — VITIEpOd Beelda NPHCYICIBYET HA IO-
BEPXHOCTH 00pasia H3-3a e 3arpAsHeHuA. [lomomeHHE Kpaji ONpeIeiAroT
KAK TOUKY MAKCHMATBHOTO HAKIOHA THHHH CIIEBA OT IMHKA TTOTTIOINEHNA.

Chpasa 0T Kpad DOMTOINEHHA YHEPTETHUSCKIH CIEKT] 0OBIHO ANIPOK-
CHMHpPYeTCA CIATAMEH 3KCHOHSHTON, H IpPH ONpeleIeHHH KOOPIHHAT H
HHTEHCHBHOCTEH. COOTEETCTBYIOMIMK MPOUHM BO3OVAICHUAM. 3Ta (oOHO-
Baf 3KCIOHCHTA BBIUHTACTCA (kak Ha Pmc. 7.2). Hammune 3nekTpoHOB ¢
TOTEPAME 3HEPTHH, OOTBIMHME 3HEPTHH HOHH3AINH ATOMA, CBA3AHO C BO3-
MOKHBIMH JOIOTHHTESABHBIMH IOTEPAMH (HA H3IV4cHHe (DOHOHOB. ILIA3-
MOHOB), BEPOATHOCTE 3THX MPOLUECCOB. OJHAKO, SKCIOHSHIHATBHO CIIATAST
¢ pocTtoM sHepruu. Ilocme ompezeTeHHA MOTOMEHHA H HHTCHCHBHOCTH
CIEAVIOMEr0 MAKCHMYMA CHOBA TIPOBOINTCA BEIYHTAHHE HOBOTO (hOHA.
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Puc.7.2. Berunragne KpHBOH (QOHOBOTO MOTTIOINEHAA LA ONPEISICHNIA
COTep:KAHHA HHKETA B OCKHIS HIUKETA

[TpocTeHmuy cHoc000M ONpeIelleHHA OTHOCHTENBHBIX KOHIEHTpPAITHI
37EMEHTOB COCTOHT B OIpeleleHHH HHTCHCHBHOCTEH IA KAKIOrO Kpad
mornomenuA. OTHOCHTeTbHAA KOHLEHTIPAOHA 3I¢MeHTa A BBIpaKacTcA

Uepes HHTCHCHBHOCTH KpaeB I, M cedeHHA MOHH3AUNH O, NPOCTOi dop-
MYTOH:

1,/o, |
ZIFJ"II.O_F (7.1)

i

C:

)

Koneuro, npuMeHeHHe 3ToH (QOPMYIBI TPeOVeT 3HAHHA BCSX CUCHHI
pacceAHHA.

[ToppmmeHne paspelleHHA 3TEKTPOHHEIX CIEKTPOMETPOB BRIABHIO TOH-
KVI0 CIPVETYPY Epad MOTTOMISHHA., OTPAKAKOIIYI NPHPOTY XHMHUSCKOH
CBA3H H KOOPIHHAIHOHHOE uUHclo. [I3sMeHeHHe THoa xmMmYeckol cBA3H
OPHBOIAT K CIBHIY Kpad IOITOIISHHA., a pacOiellIeHHe IHKA CBAIAHO C
VMeHBIIEHHEM KOOPIHHAITHOHHOH CHMMETPHH. B OKHCH aTrOMHHHA KaTH-
OHHBI OSCHOPATIOK B IEPEXOIHBIX CTPYKTYPAX (HMEIOIIHX OOTee BBICO-
KVE0 CHMMETPHEO ) OPHBOJHT K IMOABICHHI) HECKOIBKHX IIHPOKHX CpPABHH-
TEIBHO MOPOCTHIX MAKCHMYMOE. B TO BPeMA KaK CIOEKTP yeToiuHBOTO. HO
MeHee CHMMETPHYHOIO KOPYHIA HMeeT HecKOIbKO OCThIX IHKOB (Pre.7.3).
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Prc.7.3. ToHKAd CTPYETYPA KEPaf NOTTIOMEHHES B METACTADHIEHOH OKHCH ATHMHEHHA

(cBepxy) H CTAOHIEHOM KODYVELE (CHH3Y)

Tarum 0dpasoM. VBeIHUeHHE paspellleHHA 3IeKTPOHHBIX CIIEKTPOMET-
POB OTKPBEIBAST HOBBIE BOSMOKHOCTH 1714 H3YUSHHA CBOICTE BEIECTBA.

MocnenHee nsmenenue: Tuesday 10 January 2012, 12:21

Bbl ucnonbsyeTte rocteBor goctyn (Bxoa)

MPUBOPbI 1 METOA! N3MEPEHNS XUMUHECKOTO COCTABA U CTPYKTYPbl HAHOOBHEKTOB |
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