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IlepexmoBa

OcTaHHIME pOKaMH €JIEKTPOHHY Ta 30HIOBY MIKPOCKOIIIO SIK Me-
TOAM MOCIIDKEHHS B yKPaiHOMOBHIM HaBYAJbHIM JiTEpPaTypi pO3TIIsi-
Jlany JIMIIE TIOBEPXOBO Ta (pparMeHTapHO, TOMY IIifi Yac BUKJIAJaHHS
Pi3HUX cliemiabHUX KypCiB aBTOPH 3iTKHYIHUCS 3 OpakoM MOCiOHHKIB 3
uiei TemaTuky. OcoONMBI TPYAHOILI BUHHUKAIU 3 MaTepiallaMH ILOJO
30HI0BOI METOAMKH. [ Toro, m00 3poOUTH BUKIAA METOMIB CIEKT-
POHHOT Ta 30HIOBOI MIKPOCKOTII CHCTEMaTHYHUM Ta JOCTYITHUM, OyII0
HAIMCAHO L0 KHUTY.

Merta mpomOHOBAaHOTO MOCIOHWKAa — O3HAHOMIICHHSI CTYJEHTIB ce-
PEIHIX Ta CTapIIUX KypCiB, SIKi HABUAIOThCA 3a HanpsMamu "dizuka" Ta
"IMpuknanna ¢izuka", 3 Gi3UIHUME TPUHOUTAMH POOOTH EIEKTPOHHHX
1 30HI0BHUX MIKpPOCKOITiB Ta OCHOBAMH aHAJTITHYHUX METOJIB, IO CYITy-
THI I[IM BHJIaM MiKPOCKOTIii.

Ilig gac po3riIsimy eNeKTPOHHOI MIiKPOCKOIi MPHUPOJHO BUHHKAE
moTpeba ii cmiabHOTO BUKIIAAY 3 OCHOBAMH MIKpOaHAJi3y, 3yMOBIIEHA iX
BUKOPUCTAHHSIM JJIs1 PO3B’si3yBaHHS MOAIOHMX 3aBaaHb. Kpim ToTO,
(GYHKIIT eTeKTPOHHUX MIKPOCKOIIB Ta MIKpOaHai3aTOPiB 4acTo Imepe-
KpUBaKOThCs. Hanpukiias, ckaHyBanbHi €IEKTPOHHI MIKPOCKOITH, 00131~
HaHl PEHTICHIBCBKUMH CIEKTPOMETPAaMH, BUKOPUCTOBYIOTH UIsl aHa-
i3y, a MIKpO30HJIOBI MpHIaau, po3po0iieHi s aHalizy, NaloTh 3MOTY
oTpuMaru 300pakeHHs. ToMy B MOCIOHWUKY OMMCAHO TaKOX aHAJiTHYHI
METOMKH, CYITyTHI MIKPOCKOTIIHHIUM METO/IaM JIOCIiJKSHHSI.

VY nepioMy po3iii MOCIOHWKA HABEIEHO OCHOBHI MOHSTTS ONTHKH
JIiH3 Ta iXHiX aOepamiii. BukiajgeHo KIIOYOBI O3HAYCHHS Ta TOHSATTS
ONTUYHOI MIKPOCKOIIii, SKi Jaii OyJe y3arallbHEHO IIiJ] 9ac PO3TIITy
€JIEKTPOHHOI MiKPOCKOIIii.

Jpyruii po3ain mpucBSYEHO B3aEMOJIT MaJar0uoro mydka eJeKTpo-
HIB 3 TBEpAMM TUIOM. YBEJCHO IMOHATTS, IO XapaKTepU3ylTh PO3Ci-
SIHHSI, PO3IJITHYTO OCHOBHI MEXaHI3MH TIPY)KHOTO Ta HENPYXKHOTO pO3-
CISIHHS €JIGKTPOHIB y TBepAoMy Tilli. OCOOJIMBY yBary ImpHIiJIeHO Ipo-
sIBy BTOPMHHHUX TIPOLECIB, AKi JIe)KaTh Y OCHOBI CKaHyBaJIbHOI Ta aHaJIi-
TUYHOI €JEKTPOHHOI MIKpOCKOMii (1osiBa BTOPMHHUX Ta 3BOPOTHO PO3-
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CISTHHX eNEKTPOHIB, a TaKOX 0)Ke-eJIEKTPOHIB Ta X-BUIPOMIHIOBAHHS).
KpiMm TOTO, pO3risHYTO TEHEepamilo eIeKTPOHHOTO ITydka (TPUHITUI
po0oTH pI3HUX EIEeKTPOHHHUX rapmar) Ta crmocid ioro ¢GoxycyBaHHS
(po®oTy MarHITHUX JiH3).

VY TperboMy pO3AiTI WAETHCS MPO OCHOBH AUGPAKIii EIEKTPOHIB,
PO3TIAHYTO Pi3HI BUIU TUQpaKTOrpaM, y TiM ducii AudpakTorpamu Bij
301KHOTO My4Ka eJIeKTPOoHiB Ta audpakrorpamu Kikydi.

UeTBepTHuil po3aia MOBHICTIO MPHUCBSIYEHUN POOOTI MPOCBITYBaAIb-
HOTO €JIEKTPOHHOTO MiKPOCKOIA: PO3TIITHYTO WOTO OCHOBHI CKJIaJIOBI,
peXuMH pOOOTH Ta MEXaHI3MH KOHTPACTY.

IT’siTuit po3aiN CTOCYETHCS CKaHYBaJbHOI €IEKTPOHHOI MIKPOCKO-
mii. Y HbOMY BHKJIaJIEHO TPUHIUI Ta PEKUMH POOOTH CKaHYBAILHOTO
€JIEKTPOHHOTO MiKPOCKOIIA.

Y mocroMy po3nisii HaBEAEHO OCHOBU SIKICHOTO Ta KiJIbKICHOTO pe-
HTT€HIBCHKOTO MIiKpOaHai3y MacHBHHX (32 JOMOMOTOI CKaHyBallb-
HOTO) Ta TOHKMX (3a JOMOMOTOI0 TMPOCBIYYBAIBLHOIO EICKTPOHHOTO
MiKkpockora) 3pa3kiB. KpiM Toro, ormmcano CymyTHIO aHATITUYHY METO-
JIKY — CIIEKTPOCKOIIII0 EHEPTETUYHHUX BTPAT CJIEKTPOHIB.

Y choMOMYy pO31iii MOCIOHMKA MPOAHATI30BAHO 30HOBY MIKpOC-
KOTi0. Y HhOMY OMUCAHO OYyAOBY Ta MPHHIHUI POOOTH TYHEIBHOTO Ta
aTOMHO-CHJIOBOTO CKaHYBaJbHUX MIKPOCKOMIB. Po3risHyTO O€3KOHTAK-
THHH, KOHTAaKTHUH Ta HAIBKOHTAaKTHUH PEKUMHU POOOTH aTOMHO-CHIIO-
BOT'0 MIKPOCKOIIa, & TAKOX POJIb 30H/IIB Y MIKPOCKOIIaX OO BUJIY.

Y BoCbMOMY pO3iJii 3aIPOIIOHOBAHO Bi3yasi3alliliHi, aHATITHYHI Ta
TUGPAKINHHI METOIUKH JOCIKEHHS, SKI JIONOBHIOIOThH IOINEPE/HI
po3ainu mocibHrka. Takox HaBeJeHO KOPOTKE MOPIBHSHHS PO3AUICHHS
PI3HHX aHAITUYHUAX 1 MIKPOCKOIIIHHIX METOIIB, & TAK0OX OIMHUCAaHO HOBI
JOCSITHEHHSI, aJPKe JIeKTPOHHA MIKPOCKOIIisS TIOCTIITHO PO3BHBAETHCSI.

Bunanns po3paxoBaHe Ha CTYACHTIB Ta acIHipaHTiB, SKi XOUYYyTh
JI3HATHCS TPO MPHHIUINH POOOTH EJNEKTPOHHOI'O Ta 30HIOBOTO
MIKpPOCKOIIIB, & TaKOXX Ha JOCHIIHUKIB-IouYaTKiBIiB. KHUra HammcaHa
MPOCTO 1 HE MOBMHHA BUKJIMKATH TPYAHOILIB MiJl Yac YATaHHSA. ABTOpH
MparHysid JaTH SKiCHE Ta BOJHOYAC IIUPOKE YSBJIEHHS MPO NPEAMET.
CrioniBaeMocs, IO el OCIOHUK 3aI[iKaBUTh IMUPOKE KOJIO YUTAYIB Ta
CTaHe JJIsl HUX TEePIIUM KPOKOM y CBIT MIKPOCKOMIWHIX METO/IIB JIOCIi-
JOKEHHSL.
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Beryn

Po3BHTOK MIKPOCKOTIITHIX METOIB TOCIIPKEHHS PO3MOYaBCs IIE Y
XV cr., ko BuHaWnum 30imbiryBanbHe CKio. Ilicins cTBOpeHHS y
XVII cT. onTHYHOTO MIKpPOCKOTMA BHAJIOCS MOOAYNTH OKpeMi KIIITHHH,
MikpoOu Ta Oaktepii. OnHAK € NMPUYUHM, SIKi 3MYIIYIOTH JOCIiIHHKIB
IIyKaTd Ta BUKOPUCTOBYBAaTH BIJAMIHHI BiJi ONTHYHHX METOIUKHU
nocmipkeHHs. Ilepmoro MpUYMHOIO € TparHeHHs OOCATTH JIIIIOTO
MIPOCTOPOBOTO PO3MITICHHSA, aPKe SIKUMH O ITOCKOHATMMH HE Oy
ONTHYHI MIKPOCKOMH, 32 IXHBOK JONOMOTOI HIKONM HE BIACTHCA
mo0aYynuTH aToOMHI CTPYKTYPH, OCKUTBKH [IOBKMHA XBHJII BHUIHNMOTO
ceiTna (~ 600 um) maibke y 2 000 paziB Oinmblma, HDK po3Mmip aroma
(~ 0.3 um). [JIpyroro MpPUYMHOIO € HaMaraHHs JOCIIAWTH BHYTPILIHIO
CTPYKTYpPY MaTepiajiB, HEMpO30pUX JUIS BHIUMOrO CBiTia. Tpers
MIpUYHHA — HEOOXiMHICTh JOCTIHKYBATH (Pi3WYHI XapaKTePUCTUKH, SIKi
HEYYTJIMBI JIO €JIEKTPOMAarHITHOTO BUIIPOMIHIOBaHHSI.

BiakpuTTs XBUIIBOBUX BIacTUBOCTEN enekTpoHa y 20-X pp. XX CT.
CTaJl0 OCHOBOIO UISI CTBOPEHHS EJEKTPOHHUX MiKpockoriB. ChoroaHi
CJIEKTPOHHY MIKPOCKOIII0 BBaKAIOTh YK€ KIACHYHOIO METOHUKOIO.
EnexTpoHHa MIKPOCKOIIiSi BHCOKOTO PO3JAICHHS Ja€ 3MOTY OauuTh
ATOMHI TUIOIIWHY 1 P, BUMIPIOBATH MDKIUIOIIMHHI BiJICTaHi, OJHAK
mo0aYnTH OKPEMHUi aTOM 3a i1 IOTIOMOTOF0 HEe MOYKHA.

OCTaHHBOIO 3a YacOM IIOSBU Cepel MIKPOCKOHIMHUX METOIUK
JOCTTIJDKEHHS € 30H/I0Ba MIKPOCKOIIIS, sIKa Ma€ HAWIIMIIe PO3IUICHHS 1
JIa€ 3MOTY IMOOAYUTH OKpeMi aTOMHM, a ii 3aCTOCYBaHHS JOIIOMOIJIO
OTPHMATH YHIKalbHI pe3yabTaTH B PI3HUX ramy3sx (Qi3uku, Ximii Ta
Oiomorii. SIkmio mepiri Taki MiKpOCKOIK OyJU JIUIIE iHIUKATOpaMH IS
SKICHUX IOCIHi/PKEHb, TO CY4YacHHH 30HIOBHUN NPHIIAA yKE IHTErpye
0araTto METOJMK JOCIIKEHHS. 3a JOMOMOrOI MIKpPOCKONa MOXHA
3MIMCHIOBATH TOYHI MEPEMIIIEHHS Ta JOCHIDKYBaTH BEJIUKI JIJISTHKH
3paska, 3a0e3nedyyroud CyOMOJIeKy/sipHe po3aiieHHs. HuHi 30HI0BI
MIKPOCKOIIM YacTO 3aCTOCOBYIOTH JUIsi JOCIHI/PKEHHS TOIOJOTil Ta
BJIACTUBOCTEH MOBEPXHI 3pa3KiB.
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EnexTpoHHa MIKpOCKOMisl Mae HH3KY IepeBar IOpiBHSHHO 3
3HAYHO JIMINA PO3AUTbHA 3MATHICTh Ta TIMOWMHA TOJSA. 300paXKeHHS,
OTPUMaHiI CKaHYBaJbHUM EJIEKTPOHHUM MiKPOCKOIIOM, € TpPHBHMIp-
HUMH, 1 X Jerko intepnperyBatu. [IopiBHAHO i3 30HIOBOIO €IEKTPOHHA
MIKpPOCKOMIA Aa€ 3MOTY IOCTIIKYBaTH CYTTE€BO OiNbLIl TUISHKA TO-
BEpXHi, MpaloBaTH 3 CHJIBHO Pelbe)HUMH MOBEPXHSIMH, BUKOPHUCTO-
BYyBaTH IIMUPOKWHN iama3oH 30iIbIIeHb, OTPUMYyBaTH iH(MOpMaIiio He
JUIIe TIPO TOBEPXHIO, a i mpo mpwierm go Hei mapu. Came ToMmy
€JIEKTPOHHA Ta 30H0BAa MIKPOCKOIi € METOAMKAMH, SKi He KOHKY-
PYIOTh MiX CO0OI0, a pajilie TOTIOBHIOIOTH OJIHA OJTHY.
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Pozmin 1

OCHOBHI TIOHATTS OIITUYHOI
TA EJJEKTPOHHOI MIKPOCKOIIII

Mikpockon — e ONTHYHAa CHUCTEMa, SKa MEPEeTBOPIOE “00’€eKT” y
“300paxkeHHs”. Mu 3a3Bu4ail 3alikaBieHi, 100 300pakeHHA OyJ0
OinpIM Big 06’ €kTa, TOOTO 301NBIIEHIM. Y IIHOMY MOCIOHHUKY HAEThCA
Mpo HU3KY MeToniB (opMyBaHHS 30imblIeHNX Yy Oarato pasiB
300paxeHp Tyke MaluxX 00’€kTiB. UnMalo 3 muX ified € TOTOKHUMHU
THM, SKI BUKOPHCTOBYIOTH yKe moHa] 400 pokiB B ONTHYHOMY MIiKpO-
ckomi. [loHATTS Tpo po3mineHHs, 30UIbLICHHS, TIMUOWHY TOJIS Ta
abepalito JIiH3 BaXJIMBI B €JIEKTPOHHINA Mikpockomii. Mu BBeaemo ix y
OLIBII 3BUYHOMY KOHTEKCTI — JUIA ONTHYHOTO Mikpockoma. Ilix wac
PO3IIILy SNEKTPOHHOTO MIKPOCKOIIA y HACTYHMHHX PO3JLTaX MOKa3aHo,
o 0araro 3 MHUX MOHATH CTAIOTh MPOCTIIIMMH IPHU TIEPEXOIi BiJl CBITIA
1o enekTpoHiB. ToOTO, Xxo4a, Ha MEPIIMH OIS, EIEKTPOHHI MIKpO-
CKOMY CKJIaAHINI (i 3BiCHO JIOPO3K4i), MPUHIIUI iXHBOT pOOOTH TPOCTHIA,
SIK y 3011BIITYBaTbHOT JTIH3H.

VY nociOHUKY AeTanbHO WTHMETHCS MPO TaKi METOAMKHU: 30H/I0BA
MIKpPOCKOIIisl, CKaHyBalbHa eneKkTpoHHa Mikpockonis (CEM), mpocsi-
yyBajbHa enekTpoHHa Mikpockomis (IIEM) #i anamitu4ni MeTonu Ha
ixHilt ocHoBi. Ha Haiinpocrimomy piBHi CEM MoxHa ysBUTH c00i sIK
CHoci0 OTpUMaHHS 300paXeHHS IOBEPXHI, MOJIOHE 10 TOro, SKe
dopmyetbest okoMm. [IEM pocnijkye BHYTPILIHIO CTPYKTYPY TBEPAHX
T 1 TOKa3ye MIKpO- UM YIbTPACTPYKTYpHI JeTalli, He3BUYHI IS
JIIOACHKOTO OKa, TOMY HEAOCTaTHBO PO3YMITH, SIK BiH IPAIIO€, TOTPIOHO
TaKOX YMITH iHTepHpeTyBaTh c(hOPMOBaHI HUM 300paKeHHS.
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1.1. MeToau popmyBaHHSI 300paKeHHS

st hopMyBaHHSI 300paXeHHS € TPW OCHOBHI NUIsixu. Haiinermia
JUISL CIIPUAHSATTSL HpoeKyis, MPUKIAIOM SKOI € YTBOPEHHS TiHi, KOJHU
00’€KT PO3TAIIOBAHWUN MK TOYKOBHM JDKEPEIIOM CBITIIa Ta €KpaHOM
(puc. 1.1).

[xepeno O6’ekT 306paxeHHs

Puc. 1.1. YrBopenns npoekuii (abo Tini). KoxkHa Touka 00’ €KTa NPOEKTYEThCS
y BiIIOBIJHY TOYKY 300paXKCHHSL.

[Hmui Meton — onmuunul, Koy 300pakeHHsT (POPMYETHCS CHCTE-
MO0 3BHYaMHMX JiH3 (puc. 1.2). lleil TepMiH HE € TOYHUM, OCKIJIBKH
“onTHYHMIA” O3HAYa€ ‘3 BUKOPHCTAHHSAM CBITIa”, a OJHA 3 KIFOYOBUX
ie¥ 1i€l KHUTH TOJSTaE B TOMY, IIIO aHAJOTI4HI 300pakeHHS MOXHA
CTBOPIOBAaTH 3a JIOTIOMOTOI0 €JIEKTPOHIB 4M HoOHiB. Tomy Mu Oymemo
BUKOPHCTOBYBATH TEPMIHH ‘‘€IIEKTPOHHO-ONTHYHUN YH ‘“HOHHO-OITH-
YHUIA” TaM, Jie 11e MOTpiOHO. B 000X 1mMX MeTomax yci 4acTHHH 300pa-
XKEHHs1 POPMYIOTBCSI BOJJHOYAC.

Ckanysanns — TpeTii MeToll (GOpMyBaHHS 300paKeHHS. Y LbOMY
METOA1 KOXKHA 3 TOYOK 300paKeHHs 3’ SIBISETHCS OAHA 3a oxHow. 1lpu-
KJIaJ] TAaKOTO TUIYy 300pa’keHHs — TeleBi3iifHa KapTUHKA, KOIW THCSYI
TOYOK 300paskeHHS 3 SBJIAIOTHCS MOCTYIIOBO, ajie MPOLec BiOyBaeThCs
3 TAKOI BHCOKOIO YacTOTOO, IO 300payKeHHS CHPUHMAETHCS OKOM SIK
Take, 110 BUHUKJIO BogHO4Yac. CKaHyBaHHS TaKOX JIS)KUTh y OCHOBI IIi-
JIOTO KJIaCy METO/INK, 00’ €IHAHUX HA3BOIO 30HO06A MIKPOCKONIAL.

VY HacTyImHHUX PO3/iJiaX HAaroJOIEHO HA OJHIH 3 €JIEKTPOHHO-ONTH-
YHHUX METOAMK OTpUMaHHS 300paxkeHHs — [IEM, onHiii 31 ckaHyBanbHUX
— CEM, a Takox Ajsl MOPIBHSHHS ONHCAHO NMPOEKUiHHY METOIUKY —
noJiboBUH 10HHMHN Mikpockon (I[TIM).

14



1.2. IMikceJai

OnHe 3 HaMBaXJIMBIMIMX TIOHATH, MOB’A3aHUX 13 300paKEHHSIMHU,
BUHHKAE IMiJ] 4ac PO3TJLYy CKaHOBAHOTO 300pakKeHHsI, TUIIOBOTO IS
TeneOavyeHH. CBPONEHCHKUA CTaHIAPT 300paKEHHS CTAHOBUTH IIPH-
omm3HO 700%625 okpeMuX (AWCKPETHHX) TOYOK, a MiHIMAIBHHN 0OCsT
inopMamii mpo 306paXkeHHs — I1e OfHA 3 ITMX TOYOK. IX IIe HA3MBAOTh
mikcensiMu (pixel) — Big CKOPOYCHOTO aHTIIIHCHKOTO CIIOBOCIIONTYUYCHHS
picture element.

u ) v

Puc. 1.2. Xix npoMeHiB, 10 LTIOCTPYE YTBOPEHHS 300paKeHHS
OJTHI€I0 JH3010 3 (POKYCHOIO BimcTaHHIO f.

Opna TeneBi3iiiHa KapTUHKA cKianaeTbes 3-moHaa 200 000 mikce-
JB, KOXKEH 3 SIKHX MOXKE MaTH pi3HY SICKpaBicTh 4M Koiip. Halimenmia
JeTanb, IKy MOXHA 300pa3uTH Ha KapTHHLI, Ma€ PO3MIp OKPEMOTO K-
cens, T00T0 At TB-kaptunku ne 1/625 Bin Bucotu expana. IloHsTTs
miKcess 3’ ABUIIOCS pa30M 3 MOHATTSIM CKAaHOBAHOTO 300pa)KeHHS, OAHAK
BUSIBUIOCS YHIBEPCAIBHUM 1 32CTOCOBHHMM TaKOX JIO 300paKeHb, OTPH-
MaHHX 1HITMHU CIIOCOOaMHU.
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1.3. OnTuyHMii MiKpocKon

OntryHi 1 CKaHyBaJIbHI MIKPOCKOITH, 3a3BHYail, BUKOPHCTOBYIOTb
neBHi JiH3u. HaifmpocTimmii onTHYHUA MIKPOCKOI, SIKMH BUKOPHCTO-
ByIoTh 3 modatky XVII cT., ckimagaeTbes 3 OfHIET BHITYKIION JIIH3W, YU
“301mpITyBanibHOTO CKJa”. Xia TPOMEHIB ISl HBOTO IIOKa3aHWN Ha
puc. 1.2, BimoOpaxae moHATTs (GokycHOi Bigctani f i 30inbieHns M.
300paxkeHHs], MO0 OTPUMYIOTh, € 301IBIICHUM, TIHCHUM Ta OOCPHEHUM,
SIKIIO BIICTaHb U MDX JiH3010 i 00’extoM Oinbiia Bin f 1 Menma Big 2f
(nuB. puc. 1.2, a). 300paxkeHHs € TPSAMHUM, aje ySIBHUM, SIKIIO 00’ €KT
nepeOyBa€e BiJ JIIH3M Ha BiACTaHI MeHIIiH, aHDX i1 QoKycHa BinCTaHb
(muB. puc. 1.2, 6). SIKmo MU X04eMO 3apeecTpyBaTH 300paKeHHS Ha
(doToruTacTUHIN YM TTOOAYXUTH HA €KpaHi, BOHO TIOBHHHO OyTH HiiicHE,
TOMY MU HE 3BaXaTHMEMO HAa BHIAJIKH BHHUKHEHHS YSBHHUX 300pa-
KCHb.

Skmio 06’exT mepebysae mpaii, Hixk 2f Bin minsu (qus. puc. 1.2, 6),
BHHHWKA€ 3MEHIIIEHe 300pakeHHs, ToOTO 30iibiIeHHs MeHme Big 1. 3a-
3HAYUMO, 0 puc. 1.2, a Ta ¢ € Maiike 1IeHTHYHI (I3epKAIBHO BigoOpa-
JKEHI BITHOCHO IUTOIIMHM JIIH3H), SKIIO MH ITOMIiHSIEMO MICIISIMH CIIOBa
“00’ext” 1 “300paxkenHs”. Lle pempeseHTamis OJHI€l 3 BaXKIUBUX PUC
ONTUYHOI CHCTEMH — ii BIUIMB Ha CBITJIOBI MPOMEHI HE 3aJIC)KHUTH BiJl
HaTpsMY, y SIKOMY BOHH MPOXOSTh. Y bOMY TOJISTa€ CYyTh TPUHIIUITY
“3BOPOTHOCTI X0y, Kt copmymtoBaB y 1886 p. ['epman don ['enn-
MTOJIBLI.

3pobuieHi BuIlle BUCHOBKH MPO 300pakeHHsI, OTpUMAaHE 3a J0IOMO-
TOI0 BHITYKJIOT JIIH3M 3 (POKYCHOIO BijcTaHHIO f, OMUCYIOTH piBHAHHIM
TOHKOT JIH3U:

111 (1.1)
u v

Je U — BiJICTaHb BiJl JIIH3U 10 00’€KTa; V — Bijl JIH3U 0 300pakeHHs. 3
noAiOHOCTI TPUKYTHHKIB Ha puc. 1.2, 6 BumnuBae, mo 30iabmenHs M
JH3M JTOPiBHIOE U/V. 3 TiICTAHOBKY y PIBHSHHS TOHKOI JIIH3M BUILTHBAE,
110
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M=—_=Y""1 (1.2)

Omxe, s BEMUKOro 30UbIneHHs BenuuuHa U—f moBuHHA OyTH
MaJIoko 1 JOAAaTHOIO, TOOTO 00’ €KT MOTPiIOHO po3TamoByBaTH mepen (o-
KyCOM JIiH3H.

[Tix yac BUKOpUCTAaHHS OAHOI JIiH3U HEMOJIUBO NOCSATHYTH BEIU-
KOTo 30UIbIIeHHS] 00’€KTa, HE CIIOTBOPIOIOYU HOTO: HACIpaBdi 300pa-
XeHHs Ha puc. 1.2, @ Mae OyTH BUTHYTE TaK, 00 yci HOro TOYKH Oyiu
Ha OHAKOBIH BiJICTaHI Bil MEHTpa JiH3H. SIKI0 301IBIIIEHHS BEITUKE, TO
el edhekt Oyne 3HAYHUM 1 300paKeHHSI Y IIONTINHI BUSBUTHCS CIIOTBO-
peruM. Tomy Ui 301NBIIEHHS Y 3HaYHY KUIBKICTH pa3iB BUKOPUCTO-
BYIOTh KOMOiHamito JiH3 (00 €KTHBH), i TIOBHOTO 301UbIIEHHS AOCSTa-
I0Th y Kinbka eramiB. Ha puc. 1.3 moka3aHo XiJ MPOMEHIB y MPOCTOMY
IBOINIH30BOMY Mikpockomi. O0’ekT mepedyBae B Touri O, mpoMiKHE
300pakeHHS OTPUMYIOTH y Toulli B, a kiHmeBe 300paxenns — y Touti C.

v
» q U,
< 2

Puc. 1.3. Xix npoMeHiB y MPOCTOMY JABOJIIH30BOMY MiKPOCKOITI.

[epma miH3a — 00’ €KTUB — CTBOPIOE OOEpHEHE 300pakeHHS B TOUII

B 3i 30iib1IeHHSM (V1 - fl) / f,, a mpyra ninza — okynap — nae KiHueBe

npsiMe 300paKeHHs 31 301IbIICHHAM (V2 - f, )/ f, . 306paxenns mpo-

CTeXKYETHCA Ha ekpaHi B Touili C, i TOBHE 301/IbIIICHHS CTAHOBHUTH

_ (Vl ~ fl)(Vz ~ fz)
M = i, . (1.3)

HKI]_IO HAOCATHYTOI'O 301IbIICHHS HEAOCTAaTHBO, TO HaﬁHpOCTiH.IG
A0JaTH TPETHO J'IiH3y — NOCTABUTHU B CUCTEMY IIC OAUH OKYIJIAP.
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Joci My 3a 3aMOBUYYBaHHSIM MPUITYCKAJIH, IO HAlll 00’ €KT € JKepe-
JIOM CBiTJa, TOOTO CBITHUTHCS, 1 300pakaiy IMPOMEHi, SIKi HIyTh Bif
00’exTa 1m0 ekpaHa. HacmpaBmi Taki 3pa3kul TPAIUIAIOTHCS 3pifKa, 1 ix,
3a3BHYai, Tpeba OCBITIIOBAaTH BiAMOBIIHUM 30BHIIIHIM JDHKEPEIIOM.
SKII0 3pa3oK TOCTaTHRO MPO30PHH, TOMI HOTO CIiJi OCBITIIIOBATH 333y,
SIKIIIO HENPO30pui — crepeay. 3 OriisAy Ha Iie ONTHYHI MIiKpOCKOIH
MOAUISIOTH HA J[BA KJIACH: Ha MpocBiTieHHs (puc. 1.4, a, ioro Bukopuc-
TOBYIOTH 010JIOTH, KOJIM PO3TJISal0Th TOHKI 3pi3M )KUBOI TKAaHWHHM), 1 HA
BimOmBanHs (puc. 1.4, 6, #ioro BUKOPHUCTOBYIOTH MaTepiajo3HaBIl i
TeO0JIOTH i Yac JOCIiPKEHHS MMOBEPXHEBOI CTPYKTYpH TBEPAMX Til).
EnexTpoHHO-ONTHYHI MiKPOCKOIH TEX MOALIAIOTH Ha aBa T — CEM
i [IEM, iX 3aCTOCOBYIOTb, IO CYTi, Y BCiX Taly3sX HAYKH.

AnepTypa JliH3a
o6’exuBa ob’exTuBa
l =] v

Dxeperno B
ceitna c
] I . N
/ KOHQeHcopHa [xepeno /
AnepTypa  nin3a citna Ninza 306
KOHﬂeHCQpa\\ OKYHHVP@KGHHQ
A C
6 O6’ekT

Jlinza o6’ektmBa Hanisnposope
Ta aneprypa na3epkano

Puc. 1.4, OnrrrHi cCHCTEMH BOX CTAHAAPTHHUX THIIB MPOCKIIHHIX
MIKPOCKOIIIB: ¢ — Ha TIPOCBITJICHHS, O — Ha BiIOWBaHHSL.

OO00B’A3KOBHMHU CKJIaIOBUMH OYZb-IKOi OCBITJIIOBAJIbHOI CHCTEMHU
€ JDKEPEeJIo CBITIA i KOHACHCOpHA cuctemMa. Kondercop HEOOXITHUMA IS
TOro, U100 30MpaTu CBITIIO, AK€ PO3XOIUTHCS BiJl IKepena, i CIpIMOBY-
BaTH WOTO HA MAJIEHBKY IUISHKY 3pa3ka, sIKy JOCITIDKYIOTb. Y Takui
CHoci0 J0cATaroTh JABI METH: MO-TepIie, 00 €KT JOKAJIbHO CTa€E sACKpa-
BILLIKM, TOMY HOTO JIETTiIe TO0A4YUTH, TOIMIIYETHCS HOro KOHTPACT, M0-
JpyTe, MIKPOCKOIIICT KOHTPOJIFOE KYT, TMiJI SIKUM CBITJIO N1a/1a€ Ha 3pa30K:

18



MPOMIHb MOXE CXOAWUTHCA Ha HbOMY, a00 OCBITIIIOBATH 3pa30K Mapa-
JIETPHAMU TIPOMEHSIMH. B eeKTpOoHHIN MIKPOCKOITii TOHATTS! KOHTPACTy
Ta KyTa CXOJPKCHHS € BAXKTUBUMH.

VY mepmmux ONTHYHUX MIKPOCKOIAaX JDKEPEIOM CBiTIa OyJio COHS-
yHe a0 3BHYAiHE PO3CisHE IEHHE CBITIO, a JUIs TOro 100 CIIpsIMyBaTu
HOro Ha 3pa3oK, BUKOPUCTOBYBaIU cepuuHe n3epkano. Jias 6aratbox
3aCTOCYBaHb I[bOT'0 JOCTAaTHBO, OJHAK JUIS OUTBIN BiAMOBIAAILHUX J0C-
JpKeHb MOTpiOHe BOyIOBaHE KEpero CBITMIA i KOHJICHCOPHA JIiH3a, K
rmokazaHo Ha puc. 1.4. Slkmo momatu nBi 3MiHHI miapparmMu Oins KOH-
JIEHCOPHOI Ta 00’ €KTUBHOI JIiH3, TO MOYKHA KOHTPOJIOBATH ILIOITY, KO-
Tpa OCBITJIIOETHCS, Ta KyTOBE PO3XO/KEHHS CBITIa, BiIOUTOTO Bif 3pa-
3Ka.

1.4. 30i1b1IeHHSA

3 TEOpPEeTUYHOrO MOTJAAY 30UIBIICHHS ONTHYHOTO MIKPOCKOMa
Moke Oytu BenmukuM. OJHaK, OCKUIBKH 3pYyYHHH Tpuiaj Mae OyTH
KOMITAaKTHUM 1 He TIOTpeOyBaTn 0ararboX HaNAIITYBaHb, IPUHHATO 3Mi-
uroBatu f; un f, y piBusnni (1.3), a He vy uu V,. Ie o3Havae, mo 3amis
3MiHH 30UTBIIEHHS OJIHY JIIH3Y 3aMiHIOIOTH 1HIIOIO, 3 iHIIOK (OKAIb-
HOIO BIJICTAHHIO, 110 CTBOPIOE (HIKCOBAaHUI OOMEKECHUH HAOIp MOXKIIU-
BUX 301JIbIIEHb. AJIBTEPHATUBHO MOYKHA 3MIHIOBATH BIJICTaHb MIiXK KOM-
MOHEHTAMH MIKpPOCKOTIa, OJHAK Ile MEHII 3py4yHo. Taka mpobiema He
BUHUKA€E B €JIEKTPOHHUX MIKPOCKOIIaxX, Jie BCI MapamMeTpH JIermie Hala-
IITOBYBATH.

Sk yxe Oyno 3a3HaueHO, TIOBHE 301TBIICHHS MIKPOCKOIA MOXKHA
JIETKO 301IBIIUTH JI0JIaBaHHSIM JIOJATKOBUX JIIH3, MPOTE JJIs IHPOKOTO
KOJIa 3aCTOCYBaHb JIBOJIIH30Ba CHCTEMa, ITOKa3aHa Ha puc. 1.3, € gocra-
THHOIO. [10SICHIOIOTE 116 THUM, IO HAWMEHII JeTai, SKi MOXXHA PO3pi3-
HUTH ONTHYHMM MIKPOCKOIIOM, MaroTh po3mip mpubimzHo 200 HM
(2x107 M, 1000 uM = 1 MM, 1000 MxM = 1 Mm). [Ipo 06°€ekTHBHY TpH-
YHHY HasgBHOCTI Li€1 MEXI HTUMETHCS y HACTYITHOMY PO3JiTi (KpUTEpiit
Penest), Hapasi posrisHemo 1i Haciiaku. Heo30poeHMM OKOM MOKHA
nobaunTy aetani 3 po3mipom monay 0.2 MMm. OTxe, HEMae ceHcy 301Tb-
IIyBaTH JeTali, ki MoxHa po3pizHuTu (200 HM), 10 po3Mipy, O1TBIIOTO
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Big 0.2 MM (200 mxm). Tomy Oyap-sike 30inbmenHs y nonaa 1 000 pasis
(1 000x) He mae 3MOTH CITOCTEPIraTH HOBI AETali, a pOOUTH OLIBIIHNMU
Bke BuAuMi. ChOTOHI TOPIBHSHO JIETKO 3a0e3rmedynTH 301TIbIIeHHS y
1000x 3a gOMOMOIO JIMIIE IBOJIH30BOI CHCTEMH, 300pa)k€HOi Ha
puc. 1.3 (ans uporo gocuth y3satu 80x-00’€KTUBHY JiH3Y Ta 15X-0Ky-
nsipHy). BiamosinHo, HeMae HEOOXiMHOCTI CTBOPIOBATH ONTUYHUN MiK-
POCKOII 3 TpbOMa 4YM OijbIlle CTaJisIMH 30UTBIICHHS, OCKUIBKH I HE
TIOJIMIIATEG PO3AUICHHS, a HaBIAKW, MOTIPIINTh MOTO 3aBISKH TOSBI
JIOMATKOBUX abeparrii.

1.5. Po3ainenus

Jnst Toro mo0 MOPIBHATH €NEKTPOHHUN MIKPOCKOM 3 ONTHYHUM,
HaM IMOTPiOHO 3HATH, BiJl YOTO 3aJEKUTh IXHE po30iteHHs (PO3ALTbHA
3IaTHICTh) — HAMMEHINIA BIJICTAaHh MIX BOMAa TOYKAaMHU 3pa3ka, sKi 3a
JIOTIOMOT'OK0 MIKPOCKOIIA BUTJISAZAIOTh SK JIBa OKpeMi 00’exTH. Haromo-
CHMO, 1110 II¢ He 000B’SI3KOBO TE 3K caMme, 10 HaliMEeHIIa TOYKa, SIKYy MO-
JKHa MOOAYUTH B MIKPOCKOII, aJKe BOHA MOXe OyTH MEHIIOI0, HiX
TpaHUYHE PO3JIIJICHHS.

Hagitp sxmro 6 yci J1iH31 B MIKpOCKOITi OYJIH 1/1€albHi i He BHOCHITH
y 300pa)KEeHHS HISIKUX CIIOTBOPEHb, PO3IIICHHS BCE XK 0yi10 O oOMexeHe
mudpaxniiianm edekrom. CBiTIIO y OyIb-sIKOMY MIKPOCKOII MOBHHHE
mpoiTu Yepe3 psif By3bKUX OTBOpIB. Lle MoxyTh OyTH cami JiH3M abo
anepTypu, mokasaHi Ha puc. 1.4. Aneprypa — Le Kpyrimid OTBip y
MeTajeBoMy AMCKy. Lle# auck, uu iHIIe OTOYEHHs OTBOpY (ameprypm),
Ha3WBAaKOTh JiadparMoro.

Komu cBiTiO mpoxoauTs 4epe3 ameprypy, BiIOyBaeTbes nudpa-
KIIis: TapaJielbHUi My4OK CBiTJIa MaJloro AiaMeTpa (IKUH BHUIIISAE 5K
Kparka) MepeTBOPIOETHCS Y Cepilo CBITIOBUX KOHYCIB, sIKi crioctepira-
I0Th Ha €KpaHi y BUDIIAIl Kilenp, Bimomux sk kimbis Eipi (George
Biddell Airy). Ha puc. 1.5 noka3ano neif epekr Ha IBOX MaJCHBKHX
OTBOpax, SKIIO CBITJIOM € Jla3epHUH mnpoMiHb. s cBitia meBHOI
JIOBXHHHU XBHJII JliaMeTp IEHTPaIbHOI TUISIMH € 00epHEHO MpOTOPIIiii-
HUI 10 JiaMeTpa anepTypH, Bij sikoi BUHUKaE nudpakiis. TooTo yum
MEHIIIa anepTypa, THM OUIBLIMM € IeHTpayibHe Kijble Efpi. Takuit
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camuii e(eKT BUHHKAE 1 B
pazi TOpPIBHSHO BEIHKHX
amnepTyp, SKi TPAIUITIOThCS
B ONTUYHUX MIKPOCKOIaX.
Hudpakiis odMexye pos-
JMBHY 3/aTHICTh MIiKpO-

CKOITa, OCKIIBKH CBITJIO Bij a 6

KOXHOI MAJIECHBKO1 TOYKH Puc. 1.5. Kinbus Efipi, siki 3’ IBISIOTBCS Ha
00’exta 3a3Hae audpakiii, eKpaHi mix yac Audpakiiii 1a3epHOro MpOMEHsI
0COGIMBO HA 00’ €KTHBHIi Ha MaJIEHFKUX OTBOpax IiaMETPOM

aneptypi. ToMy HaBiTh He-

75 (a) i 100 mxMm (6).

CKIHYCHHO MaJla TOYKa 00’€KTa Ha 300pakeHHI NEPETBOPIOETHCS Y Ma-
nenpkuil nuck Efipi. 1{o0 3poOuTtH mei AMCK MEHIHUM, TOOTO 100
300pakeHHS KOXKHOI TOUKH 00’ €KTa 0YyI10 OMIOHNM Ha TOUYKY, arepTypa

MTOBHMHHA OYTH SIKOMOTA OLITBIIO0.

PosrnsaeMo po3aiibHY 3/IaTHICTh MIKPOCKOIIA JAeTalbHIIIe, 30Kpe-
Ma auck Efipi. Ha puc. 1.6 moka3zaHo 3MiHy iHTEHCHBHOCTI CBITHa JUIs
MOCIIZIOBHOCTI Kinelb. LleHTpanbHa misMa € SCKpaBilliow, HDK OyIb-
sIKe 1HIIE KUbLIE, 1, TIO CyTi, MICTHTh 84 % yCi€l IHTEHCUBHOCTI CBITJIA.

BinmoBigHo, OIYHUMM KUIBLSAMH MOKHA
3HEXTYBaTH, BBA)XAIOYH, IIO BCE CBITIIO
najgae B TOYKY 3 aiameTpoM j, siKuii €
00EepHEHO MPOTNIOPLIHHUM JliaMeTpy arie-
pTYpH.

Busnaunmo, HACKUJIBKM BimjajieHu-
MU MaloTh OyTH JBi Taki TOYKH 300pa-
KEHHSI, 00 iX MOXHA OYII0 PO3PI3HUTH.
Ls Bincramp Oyne posgireHHsM. Jlopa
Peneli 3ampomoHyBaB KpuTepiid, SKUH
CHPABKYEThCS Y OLIBIIOCTI BHIAIKIB,
TOMY HOTO HIMPOKO 3aCTOCOBYIOTH i (o-
PMYJIOIOTH Tak: SKIIO MakCHUMyM iHTe-
HCUBHOCTI onHoro mucka Eiipi (Bix
ofHi€l TOUKH) 30iraeTsCs 3 MEPIIUM Mi-
HIMYMOM JIpyroro (BiJ| iHIIOT TOYKH), TIi
JIBl TOYKM MOKHa po3pizHuTH. Lle TBe-
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pIKEHHsT 300pakeHO Ha puc. 1.7, ne moka3aHo, 10 TPaHWUYHE PO3.Ii-
JICHHSI CTAHOBHTH 01/2,

3 mudpakmiitHoi Teopii (omUcaHOI y MIAPYYHHKAX 3 ONTHUKH) BHU-
IUIABAE CHIBBIIHOIICHHS

6, 06D, L4

_ 1

rl - A . I

2 psina

Je A — JIOBXXKMHA XBUJII CBIiTJA; L — MMOKa3HHUK 3aJOMIICHHS CEepeIOBHIIA
MDXK 00’€KTOM Ta 00’ €KTHBHOIO JIIH3010; 0L — MTOJIOBUHHUH KYT anepTypH
(XapakTepuCTHKa amepTypd MIKpOCKOMa, 3MICT SKOi 3pO3yMiio 3
puc. 1.8). Io06yTok HSino 9acTo HA3MBAKOTh YHUCIOBOO ATNIEPTYPOIO.

o d, /. ;
2 Ninsa I
T ob’ekTnBa
s y
o
3 I
= I
25 | — i —_
| | 3
I OB’exT
/ |
d BincTaHb Aneprypa
g = A o6’ekTvBa
Puc. 1.7. InTeHcuBHicTs Kineus Eiipi Puc. 1.8. O3HaueHHs IOJOBUHHOTO KyTa
BiJI IBOX OTBOPIB: BiJl KOXXHOTO 0., III0 CTBOPIOETHCS alIePTyPOIO
OKpEMO — CYIIBHI JIiHIT; Bl IBOX (y upoMy BUTIIAJIKY — 00’ €KTUBHOIO)
OTBOPIB OJTHOYACHO — IITPUXOBA JIHIL. Ha 00’ €eKTIi.

3ay1s1 OTPUMaHHS HAHIIIIIIOro PO3/iieHHs (TOOTO HAMEHIIIOTO Iy)
MO>kHa a00 3MEHIIUTH A, 00 301UIBIIMTH | 4H o.. B ontuuHOMY Mikpo-
CKOTI JOBXKMHY XBHJII MOXKHA 3MEeHIINTH 10 400 HM, SKII0 BUKOPUCTATH
(ionerose cBiTio (abo HaBiTh M0 200 HM, SKIIO BUKOPHUCTATH YJIbTpa-
(ioneToBe CBITIIO); SiNOL MOKHA HAOIW3UTH 70 1, B3SBIIM sSIKOMOra 0i-
JBIIY aneprypy, a MOKa3HUK 3aJOMJICHHS |L MOXKHA 30UIBIINTH, SIKIIO
CKOPHUCTATHCS MACIISTHO-IMEPCiHOI0 00’ €KTUBHOO JTiH3010. ONIHAK 3po-
OWUTH YHCIIOBY anepTypy Habarato OubIION0 Bix 1.6 HEMOXKIMBO, OCKi-
JIBKY Sino. IOBUHEH OyTH MEHIIMM BiJ 1, a HaBiTh AyKe €K30THYHI Ma-
Tepiajlu MaroTh TOKAa3HUK 3ajloMiieHHs mpuOsmsHo 1.7. Orxe, mexa
PO3ITBHOT 3IaTHOCTI ITiJl Yac 3aCTOCYBaHHS (i0JIEeTOBOTO CBITa CTAHO-
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BUTH npuban3Ho 150 HM. HaBiTh BUKOpHCTABIIN CKIIAJAHI METOAN 00pO-
OKxu 300pakeHHs, HE MOYKHA ITEPETHYTH IO (HI3MIHY MEXKY.

1.6. 'ninOuna noas i ramduHa gokyca

Y Oyap-1KOMy MIKpPOCKOI 300pakeHHSI € YITKUM, SKI0 00’ €KT
JIKHUTh y BIATIOBIAHIA TDIOMIMHI (CTpOro Ha MoBepxHi cdepn). Skmio
pO3MIISINA0Th 00’ €KT, YaCTHHA SKOTO JIGKHTH TI03a ITI€I0 IUIOMIMHOIO,
TOJI BiJNOBiIHA i1 YacTHHA 300pakeHHS Oyje po3MUTOIO (HecHOKyCco-
BaHO0). [HTEpBan MiX MOJOXKEHHSMHU 00’€KTa, 3a SKUX Halle OKO He
noMivae 3MiH y Pi3KOCTi 300pakeHHs], HA3UBAKOTh 21ubUHOW noast (abo
K 2aubunoro piskocmi). Y OUTBIIOCTI MIKPOCKOIIIB IS BiICTaHb € JOCUTH
MaJjow, TOOTO MOXHAa OTPHUMATH YiTKE 300paKCHHS JIUIIE IDIOCKOTO
00’exTa. SIKm0 X crocrepiratoTh Herwockwii 00’ekT (abo mpo3opwii
3HAYHOI TOBIIWHHM), i 30UIBIIEHHS ONTHYHOTO MIKPOCKONA 3HAYHE, TO
criocTepiraTuMyTh HecokycoBaHi AinsHKU. Ll puca € KopucHOIo,
SIKIIIO MU XOYEMO BHIIIJIUTU TICBHI NUJITHKUA 300paKCHHS 3aBISKU 1H-
UM, OJHAK OyZe CepiHo3HHM HEIOJIKOM, SKIIO0 MU XO4YeMO YiTKo Oa-
YUTH BCl YACTHHU TPUBUMIPHOTO 00’ €KTa.

VY 90-x pp. XX CT. pO3BUTOK ONTUYHUX MPHUIATIB 1 BUKOPUCTAHHS
CKaHyBaHHS TPUBEIU JIO CTBOPEHHS KOH(MOKAIBHHUX ONTUYHUX MIKpO-
CKOIiB, SIKi BHKOPHCTOBYIOTH BHYTPIIIHIO Maiy TIUOWHY TOJNS s
OTpPHMAaHHS “TPUBHUMIPHOT0” 300pakeHHs, ke rmepedyBac y hoxyci s
3HaYyHOTO iHTepBany rHOWH. IIpo mi MiKpocKomH NeTaibHille WTH-
MeThbesl naii. ['TMOuHy mojist MOKHa OUiHUTH 3 puc. 1.9, Ha sKOMYy 30-
Opa’keHO MPOMEHi, 10 CXOIAThCs Ha 3pa3Ky. OCKiIbKU IubpakiiiHum
BILUTUB OOMEXY€E PO3IIICHHS 10 I (10 OOYHUCIIOTh 3a (OPMYJIOH
(1.4)), To BiH He 3MiHIOBATHME PI3KOCTI 300paKEHHS, SKIIO 00 €KT 3Mi-
CTHTH Ha BijcTanb N, mokaszany Ha puc. 1.9. 3 pUCYHKY BHIHO, 1110

1.22)

h=—"-7—. (1.5)
usin atgo
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Orxe, e€muHUM e(QEKTUBHUM
croco0oM 30UTBIIIEHHST TIMOWHU TI0-
7S € 3MEHIIEHHS KyTa CXOKEHHS,
KA y OLIBIIOCT]I BHUMAJKIB BH3HA-
YalTh amnepTypor0 00’€KTHBA, 5K
nokasaHo Ha puc. 1.8. 3BepHiTh yBa-
ry, 0 YMOBH, 3a SIKHX TJIMOWHA
MOl CTa€ MAaKCHMAalIbHOIO, OJIHO-
YacHO MOTIPIIYIOTh po3aineHHs (¢o-
pmyia (1.4)). st ONTHYHOTO MiKpO-
CKOIIa, KOJIH O MOke OyTH ONH3BKO

Puc. 1.9. I'mnbunHa 1o ONTHIHOL 45°, rimbuHa TOJNs HE Jy)Ke Bij-
cuctemu, N — Binctanb, y Mexax akol  pisygerpes Bin posminenns. Hapitb
ITy4OK PO3XOAUTHCS He Oinblie, Hixk AKIO K CXOIKEHHS 06’ €KTHBA
aiaMeTp misiMu 0y, IKMit BU3HAYAIOTh T .

nudpaxitis Ta aGepari. CTaHOBHUTH JHIIE 5°, FJ'II/I6I/IHa. TOTISt
Oyne mume 40 MKM, a PO3IiUTEHHS

CTaHOBUTUME TIPHOJIM3HO 3 MKM.

3rojIoM CTaHe OYCBHIIHO, 1[0 BUKOPHCTAHHS C€JICKTPOHIB JIJISI MiKpO-
CKOIIii Mae mepeBaru, cepell AKUX TMOJIIMIICHHS PO3AUICHHS Ta TJIUOUHU
oJIst OAHOYACHO. [[pHYMHOIO IIHOTO € Te, IO MBUAKI BHCOKOSHEPTeTUIH]
€JIEKTPOHH MalOTh JIOBXHMHY XBHWIIi, HA0arato MEHIIY Bif JOBXHUHU XBIJIi
cBiTna (mWB. Po3Ain 2), 1 MIKPOCKOITM TPAIfOIOTh, 3a3BUYAi, 3 IyXKe
MaJTUMU 3HAYCHHSIMH OL.

3 TIMOMHOIO TOJISE YacTO IUIYTAIOTh 2aubuHy (oxycy — 00JacTh Mo-
JIOXKEHb 300pa)KeHHs, Y SKUX BOHO Oy/e YiTKUM Yy pasi (ikcoBaHOTO
mostoxkeHHs1 00’ ekta. Ha puc. 1.10 cxeMaTH4HO 1MOKa3aHO, SIK CITiBBiJI-
HOCSIThCA MiX COOOI0 TTTMOWHA OIS Ta TIMONHA (oKyca.

I'mnbuna ¢okyca 3a3BMYail HE Taka BaXKIIMBA JJIST MiKPOCKOITICTa,
SK TIUOWHA OIS, ane y Oyab-SKOMY BHIIQJKy BOHA € OUIBIIONO, SIK
MOKa3aHo y HACTYITHUX po3paxyHkax. PiusuHs (1.1) MoxxHa nmpoaunde-
PEHIIIOBATH 3a CTaloi (POKYCHOT BiJICTaHI, 1 OTPUMAEMO

2
do_—v__m2 (1.6)
du u?
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NiHza

Puc. 1.10. I'mubuna nostst h ta rimbuna goxycy H;
h — o6sacTh nonoxens 00’ exkra; H — 061acTh m0I0KEHD
300pakeHHs (pO3TallyBaHHS €KpaHa).

OTxe, dV (eeKTUBHUIA 3CYB MMOJOKCHHS 300paKEHHS) BiTHOCUTHCS
JI0 3MIiHH MOJOXeHHS 00’ekTa dU SIK KBaapaT BEJHYHMHM 301NBIICHHS.
3HaK MiHYyC 3’SBISETHCA, OCKUIBKH 3CYB U Ta V BiIOyBa€ThCS y MPOTH-
AeKHUX Hampsmax. Tob6To skmio it BeauduHH dU BHKOPHCTATH
TIHOMHY TOJIS, PO3paxoBaHy, HAMpuKiIa, 3 piBasaHsA (1.5), To Bimmo-
BimHa rmbuna (poxyca 6yme y M pasiB Gimpmoro. OTke y pasi mpu-
HHATHOTO 301NbIIEHHs TMONHA QoKyca OyJe BEIMKOK, a 3a 3HAYHUX
301IBIICHD, SIKI XapakTepHI Ul eNEeKTPOHHOI MIKpPOCKOIIii, BOHA OyJe
Benm4de3Hoto (iHozi moHax 10 m). ToMy MIKPOCKOMICTH HE BiI4yBarOTh
CKJI3JTHOIIIIB 3 PO3TAIIYBAaHHIM €KpaHa 4u (HOTOILTIBKH.

1.7. Abepauii ONTHYHUX CHCTEM

ITix wac oOroBOpeHHS PO3MiIICHHS Ta TIIMOWHU TIOJISA MPUITYCKAIH,
0 BCi KOMITOHEHTH MIKpPOCKOIIA € iIeaJhHIUMH i MOXYTh (DOKyCYBaTH
CBITJIO BiJi OyAb-KOi TOUKH 00’€KTa y MOAiOHy €IuUHY TOYKY 300pa-
skeHHs. HacmpaBzi JOCATHYTH I[bOTO BaXKKO, OCKUIBKU 3aBXIM HasBHI
aOeparrii JiiH3.

OnrtryHi J1iH3K MaloTh cepruuHi oBepxHi. byab-sika okpema cde-
pHUYHA JIiH3a Ma€ IBa TUNM albepaliii — XpoMaTW4Hy, SIKa 3’ SBJISETHCS
BHACJIIZIOK HEMOHOXPOMATHYHOCTI CBiTJIa i aXpOMaTu4Hy (MOHOXpOMa-
TUYHY), 1[0 BHHUKA€ HAaBiTh y BHUIAJKy MOHOXPOMATHYHOIO CBITJIA.
KoxxHa 3 mmx abepariii MO-CBOEMY CIIOTBOPIOE 300paskeHHS KOXKHOI
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TOYKH 00’€KTa, 0 MPHU3BOIUTH JI0 BTPATH SKOCTI 1 po3/aiIeHHS 300pa-
JKeHHs 3arajgoM. Jlyiss Toro mo0 BHUNpaBUTH Ii abeparlii, moTpiOHO
3aMIHUTH OJHY JIH3y Ha CKJIAJHI JIH3M, OO0 MICTAThH KiTbKa €JIEMEHTIB
31 CKJIa 3 PI3HUMH TTOKa3HUKaMH 3ajoMJIeHHS. Taka MeToauKa KOPEeKIlii
HE3aCTOCOBHA JJISl CJIEKTPOHHUX MiKPOCKOIMIB, OJHAK BOHU BOJIOJIIOThH
TaKUMH X BUIaMH a0epaliil, sIKi CyTTE€BO BIUIMBAIOTh HA PO3IiNICHHS
npwiany. Tomy mi HaliBaxnuBiii abeparii po3riIsiHEMO AeTalbHIIIE.

Xpomatnunaa abepartisi 3’ IBISIETHCS, SIKIIO Y MyYKY CBITJIA € XBHIII
pizHOi mMOBkWHHU (Oije CBITJIO), i TOB’sS3aHa 3 THM, IO 3AJOMJICHHS
CBITJIa JIH30K0 3aJICKUTh BiJ HOro MOBXWHHU XBHII. Lle o3Hadae, 1o
JIiH3a Ma€ pi3Hi (OKYCHI BiJCTaHI JJIs CBITJIA Pi3HOI JTOBXKHHU XBHJII.
ToOTo mpoMeHi 3 BEJIMKOI JIOBKHHOIO XBHJI, SIKa BIJAMOBIJA€ 4epPBO-
HOMY CBIiTIy, OynyTh (hOKycyBaTHCsS y TEBHIH TOUli — “depBOHOMY”
¢doxyci, a cuHi poMeHi — y “cuHboMy”’. Ha puc. 1.11 mokazano, mro
HE3aJIe)KHO BiJl TOTO, JIe CIOCTEPIraeThCsl 300pakKeHHs, KOXKHY JeTalb
0TOYYBaTHUME KOJbOpOBe Tano. Hampukmnan, SKIIo ekpaH po3MilleHuil y
Touli A, 300pa)KeHHS! TOYKH BUTJISIIATHME SIK CHHS KparkKa 3 Y4epBOHUM
rajo, a sIKIIO €KpaH PO3MICTHTH y Toulli B — "epBoHa 3 romyoum raio.
300paskeHHst 61701 KpanKy OTPUMATH HE BAACThCS. SIKIIo ekpaH Oyne y
npoMixHi# Toumi C, yTBOPHUThCS HaiiMeHIe 300pakeHHs, aje 1me Oyne
HE TOUKA, & OUCK HALLMEHUIO020 PO3CISHHS.

¥Yeci cnocobu 6opoTedu 3 abepauisMu COPSMOBaHI Ha 3MEHILICHHS
PO3Mipy LILOTO J¥cKa. B onTHYHOMY MiKpOCKOIIi € JBa criocoOu BUTIpa-
BJICHHSI XpOMAaTHYHOI abeparltii: abo KoMOiHYBaTH JIiH3U Pi3HOI hopMu 3
pi3HUMH KoedillieHTaMu 3a0MIIeHHS, a00 3a JIOTIOMOTOI0 (QiIbTPIB YK
CHeLiabHUX JIAMIT YCYHYTH PO3KHUJ JOBXUH XBHJIb, 3IMIINBIIN JIAIIE
onHy. O0HIBa METOM YacTO BUKOPUCTOBYIOTH, SIKIO MOTPiOHE M00pe
po3aiieHHs.

MoHoxpomaTiuHi abepaliii BAHUKAIOTh 4epe3 Te, 0 MPOMEHI BiJ
TOYKM 00’€KTa JO BIAMOBITHOI TOYKH 300pa)KEHHS MPOXOJATH Pi3HUMA
nuiax. Hafinpocrtimum ixHiM mposiBoM € chepuuHa abepallis, 300pa-
xeHa Ha puc. 1.12: kpaiini npomeHi GokycyroTbes Onmmxde 10 JH3H,
aHIDX IIPOMEHI, 10 MPOXOAATEH OJIM3BKO 10 OCi.

[IpomeHi, 110 MPOHILIM Yepe3 BiAfaleHy BiJl ONTHYHOI OCi YaCTUHY
TiH3M, POKYCYIOThCS OJMKUe 70 Hel, HK MPOMEHI, SKi MPOWIILTH Yepes3
HEHTpabHY YaCTHHY JiH3W. TOOTO ONTUYHUH IUISX TIPOMEHSI BiJl TOUKH
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00’ekTa 10 cHOKycOoBaHOI TOUYKH 300pakeHHsS MOBHHEH 3aBXIU OyTH
OIHAKOBUM. TOoMy KpaifHi poMeHi COKYCYIOThCS OJIMXK4Ye A0 JIiH3H,
HDK THapakciayibHi (Ti, M0 Maibke mapaienbHi 10 onTHYHOI oci). Jluck
HaWMEHIIIOTO PO3CISTHHS MMPOCTEXKYEThCS y MPOMDKHIH Mo3uTtlii oKyca.

u,ElHCK Auck
HauMeHLWoro HaWMEHLLOro

PO3CisHHS PO3CIAHHA

Bine
cBiTNno

CWHIA  YepBOHMIA KpalioBUIA  OCLOBMWIA

thokyc  chokyc thokyc cokyc
Puc. 1.11. Xin npomeHiB, siKi Puc. 1.12. [Tiarpama X0y IpOMEHIB,
BiJIOOpaKaOTh MOSBY XPOMaTHYHOT o BinoOpaxae chepuuHy abepariiro.

abepaiiii JIiH3M.

Jlo MOHOXpOMaTHYHHX a0epaiiii HaJIeKHUTh TAKOK aCTUTMATH3M.
Jus Todok 00’€kTa, MOMIMIEHWX HE HAa ONTHYHIN OCi, KpUTEpiil HOB-
KUHU [UISIXY MOKAa3ye, IO sl TPOMEHIB Y TOPU30HTANBHIN TUIOMIUHI
¢dokyc He Oyne 30iratucs 3 (HOKycoM Jis MPOMEHIB y BEPTHKAIbHIM
IUIONIMHI, 300pakeHid Ha puc. 1.2, a. [ToniOHuii epekT BUHUKAE, SKIIO
(oKycHI BiACTaHi JIH3M € HEOJHAKOBHUMH Yy PI3HHUX IUIOMIMHAX
(puc. 1.13): ug niH3a BONOXi€ PI3HUMH ONTHYHUMH BIIACTUBOCTSMHU Yy
BEPTHKAJIBHOMY Ta TOPH30HTAILHOMY HaIpsiMax.

Ouck
HaMeHLworo y
PO3GisIHHA H i -{

BEPTUKANBHUIA

choiye ropwsg)n;"r(aygbwﬁ a 6
Puc. 1.13. [Tiarpama X0y MPOMEHiB, 110 Puc. 1.14. Burnsa KBapaTHOT CiTKA
BiZoOpaxkae yTBOPEHHS 3a HasBHOCTI 004YKonomiOHoT (a) Ta
aCTUIMaTH3MYy. HOAYIIKONOAIOHOT (6) AUCTOPCIH.

27



¥Yci MoHoxpoMaTHuHi abepalii yCyBalOThCS, SKIIO BUKOPUCTOBY-
IOTh JIUIIE [EHTPaJbHYy YacTHUHY JIH3W (SKIO armepTypa JH3M MiHIMa-
neHA). [IpoTe 1e moripinye po3aiieHHs MiKpOCKOTA.

VY migpyvYHHAKax 3 ONTHUKU WAETHCS PO HU3KY IHIINX adepariif, o1-
HaK 3 MOTJISILy eJIEKTPOHHOI MIKPOCKOMii Li TPHU € HalCyTTEBIIINMH.
IHoni criocTepiratoTh 1ie oMH BUJ abeparliii — aucropcito. BoHa BuHU-
Ka€ y 3B’S3KY 3 TUM, 110 301JbIICHHS JiH3H € PI3HUM I IPOMEHIB, SIKi
BiJlasieH1 Ha pi3Hy BIACTaHb BiJ ONTHYHOI oci. MOXIHBI ABa BUTIAIKH:
30UTBIIIEHHST 3POCTA€ 3 BIACTAHHIO BiA ONTHYHOI OCi, CIPUIHHSIIOUH
MOAYIIKOMOMIOHY TUCTOPCifo, a00 30LTBIICHHS 3MEHIIYEThCS 3 Bif-
CTaHHIO BiJ] OCi, TOIi 3’sIBIsiEThCS O0UKONOAiIOHa quctopcis (puc. 1.14).
i edexTn € BaKIMBUMH, SKIIO [UIAHYIOTH BUMIPIOBAHHS 3 OTPHUMaHUX
MikpogoTorpadiid, TOMy BUPOOHUKH ONTUYHUX Ta EIEKTPOHHHUX MIKpO-
CKOIIIB HAMAraroThCs alapaTHo iX MiHIMi3yBaTH.

1.8. CBiTi10 T2 €1eKTPOHHU

YV 0GaratboX BHUIMAKax €IEKTPOHHA ONTHKA € aHAIOTIYHOIO JI0 CBiT-
moBoi. ToMy BCIO TEpMIiHOJOTIIO ¥ ONTHYHI CXeMH, SKi PO3TISHYTI y
bOMY PO3[iJli, MOKHA BUKOPHCTATH Ul OIHCY POOOTH €IEKTPOHHOTO
MIiKpOCKOTIA.

Jlnst GarathoX IIijiel 3py4YHO YSBIATH COOI CBITJIO K €JICKTpOMarHi-
THY XBWJIIO 3 JIOBXKHHOIO XBHWJII A, a €JIEKTPOHU — SIK YacTHHKH. O0uBa
crocobu omucy (XBWJIS 1 YacTHHKA) 3aCTOCOBHI 10 000X 00’ €KTIB:
CBITJIO MOXKHa ONHCATH MOBOK ()OTOHIB, a00 SIK BHUIIPOMIHIOBAaHHS 3
nopxnHO0 XBui 400—700 HM, a eNeKTpOHM — SIK BHUIPOMIHIOBAHHS 3
nosxuHOro xBrimi Mix 0.001 Ta 0.01 uM. [Tepmia oyeBnHA PI3HULI MiXK
CJIEKTPOHAMH 1 CBITIOM — IXHI JIOBXKMHH XBHIIb PI3HATBCS y Oarato
THCAY pa3iB. [loTeHItia 3acTOCYBaHHS ILOT'O Y MIKPOCKOIIIT € CyTTEBUM.

[Hma BaxkMBa BiAMIHHICTH MOJISTA€E B TOMY, IO €JIEKTPOHH 3HAYHO
CHJIBHIILIE PO3CIIOIOTHCS razaMu, HiX cBiTiIO. Tomy amns Toro, mo6 BUKo-
PHUCTOBYBaTH €JIEKTPOHHM B MIKPOCKOII, BC1 ONTHYHI NIUISIXH NOBHUHHI
OyTH Biakauami g0 THCKy, MeHmoro Bix 107 Ia (mpu6mmsao 10 Bix
arMocdepnoro). [Ipu armocdhepHOMY THCKY TIOBITPS €IEKTPOHH HaBPSII
M 3MOXKYTh TIOJIOJIATH KUTbKa MIJTIMETPIB.

28



SIK NiH3W B €IEKTPOHHOMY MIiKPOCKOITi BUKOPHCTOBYIOTH 3a3BHYal
MarHiTHI nojs. [lim 9ac TmpOXOo/KEHHS EJEKTPOHIB Yepe3 Taki JIH3U
MOKA3HHUK 3aJIOMJICHHSI |1 3MIHIOETHCST HeCYTTE€BO. OTKE, MPUITYCKAIOTh,
mo W JgopiBHIOE omuHHII. KpiM TOrOo, KyTH, Ha SKi 3aJIOMIIOIOTHCS
“mpoMeHi”, 34e01TBIIOr0 MaloTh KiJIbKa TPamyciB, i 3 BEIIMKUM CTYyIIe-
HEM TOYHOCTI MOXKHA BBaXkaTH sin o = tg o = o (y pamianax) (puc. 1.8).
VYHacHiIoK UUX CIPOLICHb TEOPETUUHE 3HAUCHHS ISl PO3IiNEHHS eJeK-
TpoHHOTO Mikpockona (piBHsHHS (1.4)) MOXXHa 3ammcaTé y TaKOMY
BUTJIAIL:

0.61A

= . (1.7)
[0

OtpumyeMo posaineHHs npubmu3Ho 0.02 HM IS TakuX HapaMeTpiB:
A =0.0037 um (BiAmoBimae JOBXKUHI XBHJI €IEKTPOHA 3 EHEPri€r0
100 keB), o =0.1 paxg (mpubmauszno 5°). lle Habarato MeHIe, HIK
po3mip okpemoro aroma. 3azHaunmo, mo B [IEM Ttake posmineHHs
HEJOCSHKHE dYepe3 HasBHICTh abepariii. B onTumuHOMYy MiKpOCKoTi
MO)XKHa BUIPAaBUTH XPOMATHYHY 1 axXpOMaTH4Hy aleparlii IIsIxoM
nigbopy KoMOiHawii JiH3, IpoTe 3 EICKTPOHHUMH JIIH3aMH 3pOOUTH IIe
BaXKO. XpOMaTW4Hi a0epaiii MOXXHA 3MEHIIWTH, SKIO OpaTu ele-
KTPOHH 3 BY3bKHM JIialia30HOM eHepriid. BumpaButn MOHOXpOMaTHYHI
abepauii, oco0uuBoO chepruuHy, HEMOXKIMBO. CAUHUMA crOCi0 MiHIMI3Y-
BaTH ii — OOMEXHUTH MPOXOHKEHHS EJIEKTPOHIB OJM3BKO JIO ONTHYHOI
oci, ToOTO Oinsd IEeHTpa JIiH3, BUKOPHCTABIIM Maly 00 €KTUBHY
aneprypy. 3yMoBjicHe chepruuHOr0 abepalliero MOripIICHHs PO3IICHHS
nponopiiiiHe 10 Ky0a MOJIOBHHHOTO KyTa amnepTypd, a KoedimieHTom
MPOTIOPLIHHOCTI € Tak 3BaHUi KoedimieHT adeparii Cs:

r,=C.a’. (1.8)

OTXe, BUKOPHCTAaHHS MaJloi amepTypu 3MeHInye chepuuHy abepa-
Lil0, OJHAK moripumye audpakuiiiHooOMexene posaiieHHs. CymapHe
PO3MHUTTSI 3aITUILEMO TaK:

r=C.a’+0.6)\/a. (1.9)

Ockinbku AopaHku y piBHAHHI (1.9) MaiOTh NPOTHIEKHY 3ajexk-
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HICTH Big o, TpadiyHO #oro 300pakalOTh KPUBOI 3 MiHIMyMOM
(puc. 1.15). Y nmepmomy HaOMMXKeHHI MOKHA BBaXKAaTH, IO ONTHMAJb-
HUM (SIK€ BiJIMIOBiTa€ MiHIMAIBHOMY PO3MHUTTIO ') Oy/ie 3HaUYeHHS MOJI0-
BUHHOTO KyTa alepTypH o , IpH sIKoMy o6uBa noxanku (1.9) pisHi Mix
c06010. OTPUMAEMO JICIIO 3aBUILICHY OIIHKY o 1 = 0.88(L/Cg)™.

OntumanbHui po3Mip amepTypu (TOOTO 3HAUYCHHS KyTa o), JUIS
SIKOTO CyMapHE PO3IiJICHHS € HAWIIMIINM, MOXXHAa BU3HAYUTH TOYHIIIE,
MiHiMizyBaBI I (1.9) mo a. Otpumaemo

o = 0.677»1/4(3;1’4;

r=1.213cY (140

3a crpusTIUBUX OOCTaBMH pO3AUIEHHS MOXKHA TMOJNIMIIATH, a
MHOXHUK 1.21 — 3menmmmtu ax no 0.7. (Haromocumo, mo moaiOHui
PO3paxyHOK pPOOJATH MiJl Yac OLIHKKM TpaHuyHOTro po3aiieHHs CEM y
po3nini 5). BUKOpPHCTOBYIOUM ONTUMANBHY amneprypy, 3a JOMOMOTO0
xoporioro [TEM MoxHa po3IinuTH JBI TOYKH, pO3TAIIOBaHI Ha BijcTaHi
npubam3Ho 0.2 HM omHa Bix omHOi. lle mpubim3HO 30iraeThcs 3 Mik-
ATOMHUMH BIJICTAHSAMH y TBepAOMY Timi. OCKINBKH 32115l 3MEHIIECHHS
cdepuuHoi abepallii BAKOPUCTOBYIOTh Malli O, TO €IEKTPOHHHM MIKpO-
CKOIlaM 3aBX/JY NpUTaMaHHA BeJiMka rinOuHa 1nojs. Pieasauas (1.5)
MOYKHa TIepenucaTH, BHKOPHCTA-
BIIM HAOIMKEHHs, KOTpi crpa-
BIDKYIOTBCS 7151 €IEKTPOHIB:

1.22\

(1,2

h=

(1.11)

3BiJCcH BHUILUIMBAE, IO 31 3MEHIIE-
HHSM O, TJIMOMHA MOl 3POCTa€e

bt . myxe mBuako. lle ogHa 3 TONOB-

e ’| e, ___0.6 o .. )

ETTLLAA . ----.....= HUX {I'epeBaF CJICKTPOHHO1 MIKPO
o o CcKomil.

Puc. 1.15. HOFipHJCHHﬂ pO3HiHeHHH IHH.[OIO CYTT€BOIO BII[MIHHI'

1epes chepurany abepaito (00'€KTHB- oy \rive €JIEKTPOHAMM 1 CBITIIOM €
HOT JIiH3M) Ta qUdpaKIiio (Ha

00’exTUBHIH aneptypi). CyminsHa T€, IO CICKTPOHM HECYTh .3ap Ax.
KpUBA TOKA3ye CyMapHHUii e(eKT. Ie He nuiIe 03HAYae, IO JIH3AMHU
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JUIsl €NIEKTPOHIB MOXKYTh OyJIM €JIeKTPOMArHiTHI MOJIs, ajie TaKoXK Jae
3MOTY JIETKO K€PyBAaTH ITy4KOM €JIEKTPOHIB — CKAHYBaTH HUM ITOBEPXHIO
3pa3ka BHepen 1 Hazad, SK e BiNOYBA€TbCS y PEHTTEHIBCHKIA 9H
TeJeBi3iiHIN TpyOKkax. 3acTOCyBaHHS TaKOTO MiAXOTy IMPUBEJIO JO PO3-
pobsennst CEM, sikuii, SK MOKa3aHO y pO3AiTi 5, 3HAYHO BIUIMHYB Ha
JIOCITIJDKEHHS TIOBEPXHi.

B 000x THMax eneKTpOHHMUX MIKPOCKOIIB, MPOCBITIIOBAIEHOMY Ta
CKaHyBaJIbHOMY, BUKOPHUCTOBYIOTh €JIEKTPOMATrHITHI JIIH3H Ta KOTYIIKH,
SIKI MOXKYTh BIAXWIIATH €IEKTPOHHUHN MTPpOoMiHb. Taki JIiH3H MAl0Th 3MOTY
OTPUMYBATH 300paKeHHsI 3pa3ka 3 BETUKAM 30UTBIICHHAM (HATIPHUKIIA],
1o 1 000 000x). Jlns 3MiHM BeTMYMHM 301IBIICHHS TakKi JIIH3M HEe Tpeba
3aMIHSTHU IHIIMMH 94 niepeMimati. OTke, eJIeKTPOHHA MIKPOCKOIIiS Ma€e
Jinie po3aiieHHs, 30iIbMeHHs, Oy TIHOUHY MOJA 1 NIy THYY-
KiCTh, HIX ONITUYHA, X04Ya BapTICTh EIEKTPOHHUX MIKPOCKOMIB € JTOCHUTH
BHCOKOIO.

KonTposbHi 3anuTaHHs i 3aBIaHHS

1. Skmo ManeHbKHH O0’€KT pPO3TAIlOBAHMN Ha BIACTaHI 2 MM Bif
OTYKJIOT JIiH3K 3 (DOKATBHOO BificTaHHIO | MM, TO Ha SIKili BifcTaHi Bix
JIiH3U Oy1e po3MilleHe 300paskeHHs?

2. Jle momimeHe 300pakeHHS, CTBOPEHE TOHKOK OMYKIOK JIH30¥0,
SIKIIIO 00’ €KT PO3MICTHUTH Y ii (POKyCi?

3.  CKUIBKH ONMYKITUX JIiH3 3 ()OKATBHOIO BIICTAaHHIO | MM i BIZICTAHHIO JI0
00’ekta 1.1 MM mOTpiOHO, MO0 OTpUMATH 300pakeHHs, 30UIbIICHE Y
1 000 000 pazis?

4. B onTtu4HOMY MIKPOCKOIMI 00’€KT PO3MIllleHHI Ha BifCTaHI 2 MM BiJ
niH3u giametpom 2 MMm. O0’ekT mepeOyBae Ha MOBITPI (MMOKA3HHK 3a-
JoMJIeHHs 1) 1 MOBKHMHA XBWII CBiTJa cTaHOBUTH 520 HM. Ske Haii-
JIIIIE PO3/TIEHHS MOXHA JIOCATTH 32 JIOTIOMOTOI0 1IbOTO MiKpOCKoTa?

5. Pozpaxyiite rmOMHY TONS NMPH PO3MUTBHIA 3MaTHOCTI MIKpPOCKOIIa
1 mxmMm, ameptypi miametpoMm 1 MM i pobGouii Biacrani 20 M. Ska
rimbuHa Gokyca B pasi 30iapmerns 100x?

6. Slkmo € miH3M 3 MaKCHUMaJIbHUM KOPHCHUM 30inmbimeHHsIM 40X, TO
CKUTBKH iX MOTpiOHO, m00 oTpumarn 30impmenHs: 100x, 10 000x,
1 000 000x?
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Pozain 2

B3AEMOIA EJIEKTPOHHOI'O ITYUYKA
3 PEHOBUHOIO

Komu ™Mu posrmsgany ONTHYHY MIKPOCKOMIIO, TO HEXTYBaJH
OUTBIIICTIO B3a€MOJiH MK CBITIIOM 1 3pa3koMm. [[ns Hac mocTaTHBO
OyI10, IO CBITIIO MMPOXOAUTH KPi3b 3pa30K UM BiIOWBAETHCA BiJ HBOTO, i
300paXeHHs € YITKUM. MU IPUIYCKalH, IO 3pa30K He 3MIHIOETHCS i
gac WOTO CIIOCTePEKEHHs, 1 71 0aratboxX 3pa3KiB Take MPUITYIICHHS €
obrpynToBanuM. OfHaK y BUTAJIKy €JICKTPOHIB B3aEMOJis 3 MaTepia-
JIOM, 4Yepe3 SIKU BOHU MPOXOAATh, Y JSSIKUX BHUMAAKAX MPU3BOIAUTH /IO
HETaTUBHUX HACTINKIB — EJNEKTPOHHWUH MPOMIHb MOXKE CIPHYHHUTH
HarpiBaHHS 3pa3Ka, XiMi4HI 3MiHM 9M PYHHYBaHHA. TOMy BaXIIMBUM 3
MIOTJISIAY  PO3YMIHHS TPUHIMITY POOOTH ENEKTPOHHOTO MiKpockoma i
TpakTyBaHHS iH(oOpMarii, oTpuMaHoOi 3a HOro OIOMOTOI, € 3HAHHS
MPUPOAN MOMIIMBUX B3a€EMOJIN MK €IEKTPOHHUM ITYYKOM Ta 1HITUMH
YacTUHAMH MIKpOCKoIa (HAIPUKIIAJ, JTiH3aMH YH KaMEpOI0) i MiXK eJeK-
TPOHAMH Ta 3pa3KoM. 3 OMISAY Ha 16 HaM TOTPiOHO JeTalbHIle po3-
TJISHYTH TIPUPOJTy €JIEKTPOHA 1 BCi YHCIIEHHI MOXIIMBI B3aeMOJIi Mixk
EJIEKTPOHOM Ta aTOMOM.

2.1. BiacTuBOCTI €JIEKTPOHIB

JBa cxemaTuuHi criocoOu 300pakeHHS OyIOBH THIIOBOTO i30J1b0-
BAaHOTO aTroMma IOKa3aHo Ha puc. 2.1. Snpo Mae mo3uTuBHUI 3apsan i
OTOUYCHE HEraTUBHO 3apsHKCHUMH €JEKTPOHAMH, sIKi 3pPIBHOBAKYIOTbH
ned no3utuBHUEK 3apsa. Koin atoMu posraiioBaHi OJH3bKO OJUH JI0
OJIHOTO Y TBEPAOMY TiJli, OLIBLIICTh CICKTPOHIB 3AIMIIAIOTHCS “JTOKaIi-
30BaHUMH~’, TOOTO MOYKHa BBaXKaTHW, LI0 BOHW HAJIEXKAaTh IIEBHOMY
atomy. Ilpore € 1 Taki enekTpoHH (30BHILIHI), SIKi OyAyTh yCYCHiJIbHEHI,
1 TXHS KUTBbKICTh 3aJI&KUTh BiJI TOTO, SKUM 3B’S3KOM 3B’s3aHi CYyCiJHI
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aTtoMu. JlJis ONMUCY CTaHIB Ta €HEPrill JOKali30BaHUX EJICKTPOHIB Po3-
poO0JIeHO HU3KY MTO3HAYEHBb, MU OHIIIIEMO JBA HAWITOIIMPEHIIIT.

_,:A F, 0 keB
O
©
5
M o M, -0,4 keB
©
=
[+3]
o
I
L E L,-2.5keB
&
(5]
X
Q
©
= =
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=
2 K, -20 keB

Puc. 2.1. JIBa anpTepHAaTHBHI CITIOCOOM peMNpe3eHTaIliT MePIINX
TPBHOX EIEKTPOHHUX OOOJIOHOK Spa MOJIOICHY.

[MoTeHwiadbHy €HEPril0 BIIBHOTO E€IEKTPOHA, AYKE BiIAaJICHOTO
Bix aroma (F), BBaxkatoTs Hynem. Tofi eHeprii JToKali30BaHUX €IEKTPO-
HiB OyIyTh HETaTHBHI, SIK TOKa3aHO Ha puc. 2.1. Hairmubmri enexTpoHn
(Ti, mo po3ramoBani Ha K-000J0HIl), € HalCHIBHINIE 3B’s3aHi, TOMY,
100 BOHHM 3MOIJIM TOKHHYTH aToOM, IM HEOOXiJTHO HaJgaTH CHEPIio
npubmmzHo 20 keB. HatoMicTb, y cieKTpocKkorii BHKOPUCTOBYIOTh T10-
HSTTS MMO3UTUBHOI “€HepTii 3B 53Ky elleKTpoHa” (EHeprii aroMa, y SIKOro
HEMa€ IbOTO 33/IaHOTO EJIEKTPOHA), KA € MPOTHIICKHOIO 32 3HAKOM 10
eHeprii, 300paxeHoi Ha puc. 2.1. Mu OyaeMo BHKOPHCTOBYBATH I103a-
CUCTEMHI OJIMHUII eHeprii — enekTpoH-BonbTu (eB). OmuH enexTpon-
BOJIBT — II€ €HEprisl, SK0i Ha0yBa€ eNeKTPOH Y pa3i MPOXOHKEHHS Pi3HU-
ui norenuiame y 1 B. Iepexin mo ogunmupb cuctemu SI (Jx) Buko-
HYIOTh MHOXEHHSM Ha 1.6:10™.

VY Ttab6m 2.1 HaBenmeno nBi mommwmpeHi cxemu (“KLM” i “spdf”)
ornucy 16 HaWHWKYMX €HEPreTUYHUX PiBHIB, @ TAKOXX MaKCHMaJbHO
MOJKIIMBY KiNBKICTH €JIEKTPOHIB Ha KOXHOMY 3 HuX. Lli ctanm He-
000B’SI3KOBO 3allOBHEHI €JeKTpoHaMHM. JIeTKi €JIeMEeHTH, Takl K Teii,
KWW Ma€ JIMIIe J[Ba eJIEKTPOHU, MaTUMe 3aroBHeny nuiie K-0000HKY,
a Bumli obonmonku — L, M i Bume — OyayTh MOpPOXKHI. YpaH, aTOMHe
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YHCII0 SKOTO 92, TOOTO ¥ €JIeKTPOHIB Y HBOTO 92, MaTUME €TIeKTPOHU Ha
obononkax K, L, M, N, PiQ.

Tabnuys 2.1
EnextponHi cranu
Ilino6ononka MaxkcuManbHO MOKITMBA
O6omnoHka o .
KLM spdf KiJIbKICTh €JIEKTPOHIB
K K 1s 2
L1 2s 2
L L2 2p 2
L3 2p 4
M1 3s 2
M2 3p 2
M M3 3p 4
M4 3d 4
M5 3d 6
N1 4s 2
N2 4p 2
N N3 4p 4
N4 4d 4
N5 4d 6

st 3B’s13aHUX aTOMIB (SIK Yy TBEPAOMY Tijli) Jiarpamy €HepreTHd-
HUX piBHIB Tpeba MoaudikyBaru — uepe3 npuHiun llaym ycycminsHeH1
CJIEKTPOHH HE MOXYTh 3aliMaTh ojHaKoBi cTaHu. lle mpuBOIUTH 10
YTBOPEHHSI eHepeemuyHUx 30H, Cepell SIKNX HAMBaXITMBIIIUMHU € 30HA
MPOBITHOCTI Ta BaJICHTHA 30HA. Y MeETajax 30Ha MPOBITHOCTI MiCTUTh
“Mope” eNeKTPOHIB, SKi 3yMOBIIOIOTH MPOBiAHICTE. i ToTro 106 3po-
3YMITH TIPUHIMIT Jii €IeKTPOHHOTO MIKpOCKOIa, HeMa MmoTpedu aera-
JIBHO PO3IJISIIATH 3B’A30K B aTOMax, aje MOTPiOHO pO3yMiTH 3HAUYEHHS
TaKUX TEPMiHiB:

1) OCTOBHI €JIeKTPOHH — €JIEKTPOHH 3 HAWMEHIIIOK eHEPTIE0, Hali-
Onmxdi 10 sAzapa, 3a3Budait, 3 K un L-o001oHku. 11i enekTpoHH MaroTh
YiTKO BU3HAYEHI €HEPrii 1 € JIOKai30BaHi;

2) 30BHIIIHI €JIEKTPOHM — EJIEKTPOHM 3 HAWOLIBLIOI EHEpriero
(Tobro Ti, sIKi MalOTh HaiiMeHIIi eHeprii 3B’s3Ky). B i301p0BaHOMY
aTOMI BOHU PO3TAIIOBYIOTHCS Y HAMBIIIANICHINIINX 3aIIOBHEHUX OOOJIOH-
Kax;
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3) 30Ha MPOBIAHOCTI: [Tiana3oH, y SIKOMY JIe)KaTh €HEepril yCyCIijb-
HEHHX 30BHINTHIX eJIeKTPOHiB. Ll eleKTpoHN nemoKati3oBaHi.

30BHIMTHI €IIEKTPOHU TyXKe JIETKO BiAipBaTH Bif] IXHIX aTOMIB, OCKi-
JBKHA 7S IBOTO MOTPiOHA JnIe HeBennka eHepris. Came ms JOCTYII-
HICTH 1 Masia Maca “BiIbHUX €JICKTPOHIB Ja€ 3MOT'Y BUKOPHCTOBYBATH
iX B enekTpoHHiIH Mikpockomii. ToMy po3risiHEMO XapaKTePUCTHKH
BIJIbHHUX €JIEKTPOHIB JeTaJbHIIIE.

EnexTpoH, KO po3risgaTH HOro SK YaCTHHKY, HeCe OAMHUYHUM
HeratuBHUH 3apsg e = 1.6-10"° Ki i Mae macy crokoro M, IpHOIH3HO
9.1-10"* kr. SIKIIO OKpeMHUil CIEKTPOH IPOXOIUTS PI3HHLIO MOTCHIAIB
V BonbTIB, BiH NPUCKOPIOEThCS 1 HaOyBae eHeprii eV. Skmo npuckopio-
6anvHa Hanpyza \ BelrKa, TO MIBUAKICTh €EKTPOHA MOXKE HAOIU3UTHCS
JI0 TIBHIIKOCTI CBITJIA, 1 TOMI CTalOTh TIOMITHI PENATUBICTCHKI €PEeKTH.
OnMH 3 HUX — 3pOCTaHHS MAacH 3TiJHO 3 3aJICKHICTIO

m=— e 2.1)

v 2
1-(%)
C
SIKII0 PO3rIsAaTH EINEKTPOH K XBHIIIO, TOMI 1i JJOBKUHY OIHMCYIOTh
CHiBBiTHOIIEHHSIM Jie bpoiins:

h_h 02
p

ne h — crana Ilnanka. Kpim Toro, eHeprisi eV, oTpiMaHa eJIeKTPOHOM,
MOJKe OyTH NMPHUPIBHSHA 10 3MIHU PEJISITUBICTCHKOT CHEPTil

eV =(m-m,)c. (2.3)

Komb6inyBauus piBHsiHb (2.1) - (2.3) 3acBimuye, 1110 JOBXHHA XBHITI
CJIEKTPOHA 3aJICKUTh BiJ PI3HULI MOTEHLIANIB, YM HPUCKOPIOBAIBHOI
HaNpyrH, y TAKUH cocio:

h2
2 =
2eVm, +eVv?/c?’

1 TiCTIs MiZICTAHOBKK KOHCTAHT h, e, M, Ta ¢ HaOyBae BUIIISLY:
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’ 1.5

[Ipu 3HAUCHHAX MPUCKOPIOBATLHUX HAMPYT, HAMIINIINX 3 TOTIISIY
eneKTpoHHO1 Mikpockomii (20 kB i BuiIe), eIeKTpOHN MPHUCKOPIOIOTHCS
J0 IIBUIKOCTI, KOTPa CTaHOBUTh 3HAYHY YACTHHY LIBHIKOCTI CBITJA,
TOMY PENSTHBICTCHKI €(eKTH CTaloTh MOMITHI. BiAmoBiAHO, AOBXHUHY
XBWII TTOTPIOHO po3paxoByBaTH 3a Gopmyroro (2.4), a He 3a HabIKe-

HEM A(uM) = \/1.5/V .
VY Tabn. 2.2 6aunMo, MO BIUIMB PENATHUBICTCHKUX €(exTiB y pasi

BUCOKHX TPHCKOPIOBAJIBHUX HAIIPYT TIOCHITIOETHCS, 1 IpU 1 THC. KiJIOBO-
JBTIB PENATHBICTCHKA MTOTPaBKa MOXKE CTAaHOBUTH 25 %.

Tabnuys 2.2
JIOBXXMHU XBUJIb €JICKTPOHIB
V. B JloBxxuHa XBUIi A, HM
' HEpeISITUBICTChKA PENATHBICTCHKA
20 0.0086 0.0086
40 0.0061 0.0060
60 0.0051 0.0049
80 0.0043 0.0042
100 0.0039 0.0037
200 0.0027 0.0025
300 0.0022 0.0020
400 0.0019 0.0016
500 0.0017 0.0014
1000 0.0012 0.0009

2.2. 'eHepyBaHHS eJIEKTPOHHUX MY4KiB

Icnye Garato cnoco0iB 3MyCHUTH €JIEKTPOHU MOKWHYTH TBEpAE TLIO 1
MPUCKOPIOBATHCS TiJl Yac pyXy JO 3pa3ka, OJHAK JUIs BUKOPHCTAHHS Y
KOHCTPYKIIIT €IEeKTPOHHOI rapMaTH OCOOJIMBO KOPUCHUMH BHSBHIINCS
Tpu. Haiimommpenima cucrema jkepena elNeKTPOHIB BUKOPHUCTOBYE
mepmoenekmponny emiciio posirpiroi Hutku. Hampuknan, npu teme-
parypax nonaz 2 700 K BonbdpamoBa HUTKA BUIIPOMIiHIOE Oarato cBiTiia
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Ta eNeKTPOHiB. B enexTpuuHiii xapiBili BUKOPUCTOBYIOTH JIMIIE CBITIO, a
B MEPMOEMICIUHII eleKMPOHHIL 2apmami €JIEKTPOHU MPUCKOPIOIOTHCSA
pI3HUIIEI0 TIOTEHINIATIB B JECATKA YM COTHI KiJIOBONBTIB W yTBOPIOIOTH
TIOTIK EJIEKTPOHIB KOHTPOJHOBAHOI €Heprii (TOOTO BiAOMOI TOBKHHU
xBui). ByoBy TepMoeMiciitHOi rapMaTH MokazaHo Ha pHc. 2.2.

P
—1
H
B H Ro
B 100 KB
A =
i ! A =
a : 6

Puc. 2.2. TeoMerpuuHa Ta €JEKTPUYHA CXeMa TEPMOEMICiHHOI
rapMaTi: g — eJEeKTPOHH eMITYIOThCs 3 MaJIEHBbKOI 0o0JiacTi Ha BicTpi
posirpitoi BosbdpamoBoi HutkH (H) 1 mprUCKOprOrOThEs 10 aHoma (A).
Tlonst, cTBOprOBaHI MIDK HHUTKOIO 1 aHOAOM, MOTU(IKYIOTHCS M-
ninapom Berenbara (B), 1o fie sk citka. BoHH pU3BOASATH 10 TOTO,
O eNeKTPOHH (POKYCYIOThCs y Touli V, SIKy Ha3HUBAIOTh BIpTY-
AIBHUM JKEPEJIOM; O — HUTKA HarpiBa€ThCsl BHACIIIOK IIPOXOPKEHHS
CTpyMY BiJ [ukepena P, i Hanpyra Ha ciTii BU3Ha4YeHa ornopom Ry,

VY Bonbdpami eNeKTpOHM 3 HANBHILOI E€HEprieo nepedyBaroTh Ha
BEpIINHI 30HM MPOBiAHOCTI. Lli eJeKTpOHM NPOBITHOCTI HE MOXKYTh
BUUTH 3a MEXI TBEPJIOTO TiJia, OCKUIBKH JIJIS I[bOTO M MOTPiOHO HAJIATH
EHEprito, KA JIOPIBHIOE pobomi 6ux0dy — 1ie SHEPTis HEPYXOMOTO BiJib-
HOTO €JIEKTPOHA Ha Malliil BiZICTaHi BiJ] IOBEPXHi.

3 MiIBUIIIEHHSAM TEMIIEPATYPH Apa aTOMIB IOYUHAIOTH KOJIMBATUCS
31 mopa3 Oinpmo0 amIunTynor. OCKUIBKH €JIEKTPOHM IPOBIAHOCTI
nepeOyBarOTh y TEPMOAMHAMIYHIM pPIBHOBa3l 3 aroMaMmH, ixXHS
KIHETHYHA EHEpris TaKoXX 3pOCTae, a YacTHHA OTPHUMYE HACTIIBKH
BEJIMKY €HEpPIito, 10 11 JOCTAaTHBO IS BUXOMY 3a MEXI TBEPJOro Tijia —
BiOYBa€THCS TEPMOETICKTPOHHA EMICisl.

I'yctuny cTpyMy TepMOEIEKTPOHHOI eMicii omucye 3akoH Pivapa-
co”a—/lemmana:
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_X
j=AT?% W, (2.5)

ne A — crana Piuapacona, KoTpa 3ajeKuTh BiJ marepiany karoaa; I —
abcomorHa temneparypa (K); k — crama Bonsimana (1.38-107% x/K);
¥ — po0oTa BUXOy AJIs MaTepiary KaToja.

[IImaTtox Bomb(pamy (3irHyTa ApOTHHA) Bifmirpae pois karonxa. Lls
nutka (H) narpiBaetsest 1o 2 800 K 3aBasiku MPOXOMKEHHIO CTPYMY 1
BOJIOZII€ HETaTUBHUM IMOTEHIIaJIOM BiJIHOCHO aHOJA W PEIITH MIiKpO-
cKoma. 3a3HauuMO, 10 KOJIM PUKIAJACHUHN 10 HUTKH MOTEHIiall € He/l0-
CTaTHIM JJ1s1 BAHUKHEHHS TEPMOEMICii, TO POpPMY€ETHCS CabKuii My4IKO-
Bt ctpym (puc. 2.3). Moro Ha3uBaOTH memHosUM cmpyMOM L yermosuis
OCKUIBKH BiH TPOTIKA€E IO TOTO, SIK HUTKA PO3ITPIETHCS TOCTATHBO IS
BHIIPOMIHIOBaHHA CBITNA. 3i 3pOCTaHHSIM CTPYMY HHTKH CTPYM ITydKa
PI3KO 3poCTaE, OJHAK KOJIU CTPYM
4yepe3 HUTKY J0CSITae KPUTHYHOTO
3Ha4YeHHA [,, Iy4YKOBHM CTpyM
BUXOJIUTh HA HACHYCHHS.

TepMoemiToBaHi eIeKTPOHH 3
HHUTKHU TTPUCKOPIOIOTHCS 10 aHOJA,
}K . 1 TMyY4OoK BHCOKOEHEPTETHYHHX

cTpym EIEKTPOHIB  MPOXOIUTH  Kpi3b
Puc. 2.3...KpHBa CTpymy €NEKTPOHHOT KPYIJIHii OTBip y HOro LEeHTpi B

EMIC11 U TP1OAHO1 rapMaTu. KOHOHy MiKpOCKOHa. BCTaHO'
BIICHHS IWITiHIpa BeHenpara, skuii Mae MOTEHINial, TPOXH OiTbII Hera-
THBHUM, HIX HUTKA, Ia€ 3MOTY KOHTPOJIIOBATH IUIOILy HA KiHIII HHUTKH,
3BIJIKKM BUXOAATH eniekTponu. Lluninap Benenbara jie sik ciTka y BEH-
TUIBHOMY TpioAi (uu 0aza y OIMOJIIPHOMY TPaH3UCTOPi), TOMY IO
rapmary Iie Ha3uBarTh TPIOJHOIO.

BaximBoro pucoro 1i€i rapMaté € Te, M0 TPAEeKTOpil eMITOBaHMX
CNIEKTPOHIB, 3a3BHYal, MEPETUHAIOTHCA B OJHIM NMPOCTOPOBIM TOULI —
Kpocogepi, TOOTO rapmara Jii€ TaKoX sK JiH3a. JliameTp mydka y KpocoBe-
pl 3aJIeKUTh BT IJIONII HUTKH, 3 SKOI €MITYIOThCS €JIEKTPOHHU, i MOXKe
KOHTPOITIOBATUCS PI3HUIICIO MMOTEHIIAIIB MiXX HUTKOKO 1 CITKOIO (TOOTO
3Ha4YeHHSIM omnopy Ry, Ha puc. 2.2). Jliamerp KpocoBepa, 3a aHaJorie 3
JMCKOM HAlMEHILOro PO3CisSHHSA, SIKHI MU BBEJU paHilue, € e(peKTHBHIM

CTpym A
ny4ka

"meMHosufJ
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PO3MIpOM eNeKTPOHHOTO JKepena, HOro BelMYMHa JyKe CyTTeBa B pasi
PO3paxyHKY pO3IUTBHOI 3ATHOCTI €JIEKTPOHHOTO MIKPOCKOIIA.

Koo 3 Tpiomom, nokazane Ha puc. 2.2, 6, OOMEXYE CTPyM €MiTo-
BaHOTO EJEKTPOHHOTO MydYKa. 31 3pOCTaHHAM CTPyMYy eMicii 301TbIry-
€THCSl TAKOXK HAMpyTa CiTKH 1 e 3MEHIIye MoJanblry emicito. Lle sBuie
BiJOME IIiJ] HA3BOIO CaMOKOHTPOJILOBAHOTO MexaHizmy. Hum mosicHro-
10Th crnenugiuny Gopmy KpuBoi emicii, mokaszany Ha puc. 2.3. Komu
CTPYM HYepe3 HHUTKY 3pOCTa€, BiNOYBAETHCS MOYATKOBE 3POCTAHHS eMi-
cifiHoro ctpymy mydka. OmHaK 3rofoM BiH MEpPECcTae 3pOCTaTH, TOMY
HEMae 3MICTy IPOIyCKaTH 4yepe3 HUTKY CTPyM MOHax [, — Ie IpocTo
MiABHILYE TEMIIEPaTypy HUTKH (TOOTO 3MEHIIYE yac i JKHUTTS), & CTPyM
eMicii 3aIHIIaeThcst Ha TOMY K PiBHI.

TepmoeMiciiiHy rapMaTy MOKHA 3aCTOCOBYBATH IS Iy>KE€ IIMPOKOTO
KOJIa 3aBJlaHb, KOJIH ACKPABiCMbs TEHEPOBAHOTO MyYKa € BU3HAYAJIBHOIO.
B enexTpoHHI MiKpOCKOMIi SICKPaBiCTh — II¢ TYCTHHA CTPYMY ITydKa B
OXMHAYHOMY TiNECHOMY KyTi, ii BUMiprorots y [A/(M*crepaniam)]. To6To
SICKPaBICTb € MIpPOI0 TOTO, CKITBKH EJIEKTPOHIB 32 CEKYHIY MOXKE OyTH
CIIPSIMOBAHO HA 33/1aHy JULHKY 3pa3ka. [lJist mydka 3 TyCTHHOIO CTPYMY J¢
3 KyTOM CXO/IKCHHSI [3 SICKpaBicTh B BU3HAYAIOTh TaK:

Je

B el

OCKUIBKH TSI TEPMOEIIEKTPOHHOI TapMaTH T'yCTHHA CTPYMY BH3HA-
YeHa CIiBBiJHOMIEHHsM (2.5), TO SCKpaBicTh 3alie)XaTHME BiJl TeMIiepa-
TypH HUTKH Ta POOOTH BUXOJY ii MaTepiany. OCKIJIbKH SICKPaBiCTh 3pO-
CTa€ MIBUJKO 3 MiIBUIICHHSIM 7 i 3MEHIIEHHSAM Y, TO JJIsi HUTKU Tpebda
BUOMpATH MaTepiai, 0 Mae SKOMOTa BUILY TEMIIEpaTypy IUIaBICHHS i
SKOMOTa MEHIIy po0OTy BUXOXIy. Bonbppam Mae BHCOKY TemIiepaTypy
wiaBnenHs: (3 653 K) 1 poGory BuXoay, XapakTepHy Ui OuIbIIOCTI
MeTaniB (4.5 eB), BiH € HaWMOMIMPEHINIMM MaTepiaJoM JUIs HUTKH.
Bonb(hpamoBi HATKH 1af0Th sickpasicts mopsuaky 10° A/(M*crepanian).
SckpaBicTh MOXHA 3017BIIMTH HA MOPSAAOK 1 OiNbIle, SIKIIO BHKOpPHUC-
TaTH CTpWXKeHb rexcabopuny jiantany (LaBsg), podoTta Buxomy sikoro —
2.7 eB. TepmoenektponHi rapmaru 3 LaBg moTpebyroTh BUIIOTO Baky-
yMy 1 MpaioTh B €IEKTPOHHUX MIKPOCKOIIAX, SIKi BUKOPHCTOBYIOTh
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JUI QaHATITHUYHUAX JOCHTIHKEHb 3 BHCOKOIO PO3JIILHOIO 3[aTHICTIO, €
HEOOX1THUH SICKpaBUH €JIEKTPOHHUN MYUOK.

[HIIMM Pi3HOBHIOM €JIEKTPOHHOI TapMaTH € eapmama Lllomxi.
TepMOeneKTpOHHY eMicil0 MOXKHA TOCHINTH, NPUKJIABIIHN €JIeKTPoCTa-
THUYHE TI0JIe A0 TOBepXHi KaToaa. [loe 3HMKy€e BUCOTY MOTEHIIaIbHOTO
0ap’epa, IKUI YTPUMYE €INEKTPOHH B MeKaX KaroJia — y LbOMY i MOJs-
rae edext loTki. Y migcyMKy r'yCTHHA CTPYMY eMicii 3pocTae mpuoiu-
3HO Ha TOPSAOK MOPIBHSAHO 31 CTpyMOM Tepmoemicii. Ha mipomy edexTi
IpyHTY€eThCS poOoTta emekTpoHHOi TapmaTtu IlloTki. Cxema rapmaTtu
300paxkeHa Ha puc. 2.4. Emitepom € roctpe (pamiyc kpuBuau — 0.4—
1.0 mxMm) BicTps, mo BuUcTymae Ha 0.3 MM 3 OTBOpy y IMIiHApI
Benenpara (B), koTpuil mpuayirye TepMOeMiCiiHHN CTpYM 3 IUIeYe
BicTpsa. Ha moBepxHi muiiHApa € TPUCKOPIOBAJIBHE IOJIE, CTBOPEHE
TATHYYHM €JIEKTPOJIOM 3 IIO3UTUBHUM 3HAKOM BiTHOCHO BicTps (A).

I'apmata IlloTki ckiamaeThCcsi i3 3aroCTPEeHOr0 KPHUCTalla BOIb-
¢dpamy, npumnasHoro no V-moxiOoHoi Bomk(hpaMoBoi HUTKH. BicTps mo-
KPUBaIOTh OKCHJIOM LIUPKOHIIO, SKHI Ma€e Mally poOOTY BUXO/Y, a TAKOXK
nae nocratHio TepmoeMicito Bxe mpu 1 800 K. Ockinbku BicTpst qyxe
TOCTpe, TO CNEKTPOHU EMITYIOTBCS 3 JIy)Ke Majioi JUISHKH, IO MPHBO-
JITH 10 BiHOCHO BHCOKOI TYCTHHH CTpyMy Ha moBepxHi (10° A/M?) Ta,
BIJIMOBIIHO, BHWIIOi SCKpaBOCTI [pkepena. Ockinmbku ZrO MBHIKO
3a0pyOHIOETBCA Ta3amu 3 atMocdepu, To rapmara [lloTki morpedye Ba-
KyyMy HaBiTh JINIIOTO, HDK TepMoeMiciiiHa rapmara 3 LaBs. Lle

JOKEPEJIO  CJICKTPOHIB, 10 BHUKOPH-
CTOBYe 1 HarpiBaHHs, 1 TsTHy4Ye
SNIEKTPUYHE TI0JIE, € CBOEPIAHUM Tepe-
XiTHUM eTarioM MiX TEpPMOEMICIiHOI0
B (mns poboTH sKOT MOTpiOHA ITKIIIE BU-
COKa TeMIlepaTypa) Ta aBTOEMIiCIHHOIO
]f‘uc‘ 2.4, Bynosa rapmath (m1st poboth sIKOT TOTPIOHO JwMIIIe
oTki. CHJIbHE eJIEKTPUYHE TI0Je) eNEKTpPo-
HHUMH TapMaTaMH.

Aemoenmiciiiny enekmpouny capmamy (abo rapMaTy 3 XOJIOIHOIO
MOJILOBOIO €MICi€I0) BUKOPHUCTOBYIOTh, KOJM MOTPiOHA IyKe€ BHCOKa
SICKpaBICTh JiKepena. SIKIo MeTajaeBa MOBEPXHS 3a3HAE il CIEKTPHY-
HOTO TS BHCOKOI Hampyxkerocti (> 10° B/M), To € BHCcOka itMOBip-
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HICTh TOTO, IO €JIEKTPOH TOKWHE TOBEPXHIO, HABiTh HE OTPUMABIIH
eHeprii, o JopiBHIOE poboTi Buxoay. Lle MoximBe ToMy, 10 BHHHAKA-
TAMe TiepeadadeHnii KBAaHTOBOIO MEXaHiKOI0 e(eKT, BIIOMUH SIK myHe-
moeanHsa (TIPO HBOTO JIETANBHIIIE HTUMEThCS y po3aini 7). Bin, mo pedi,
BUHHKaE i B rapMati LoTki.

VY X0/ aBTOEIEKTPOHHOI eMicii 31 IIMaTKa BOJIb(ppaMmy MOKHA OTPH-
Matu Habarato OiNlblie eJIeKTPOHIB, HXK Y pa3i TepMoeMicii — sICKpaBicTbh
MOYHA 30UIBIIATH Ha TOPSIAKA 10 3HaueHHs moHax 10" A/(m*crepa-
nian). ['ycTuHa cTpyMy aBTOENEKTPOHHOI eMicii, 3rimHo 3 3akoHoM Doy-
nepa—Hoparetima, 3a1eXuTh Bi HAMPYXKEHOCTI MPUKIAJCHOTO EIeKTPH-
4yHOTO 1oJis F:

2 -6.810%y¥2
FJE: /1 RLEAS

j(AM*)=62-10"°

E, +x% ’
ne Eq— piBenb eneprii @epwmi, sxuii € 6mu3bko 5 eB mis Bonbdpamy 3a
KIMHATHOI Temriepatypu; ¥, — poOoTa BHXOXy Marepiamy Bictps. s
OIS, HANPYXKCHICTh SIKOro cramoBuTh 5:10° B/M, crpym  aBTo-
EJIEKTPOHHOI eMicii 3a KiMHAaTHOI TeMIepaTypH MEpeBHIy€e TOH, IO
MO>KHA OTPUMATH 33 JOMOMOTOI0 TEPMOEMICii.

Ewmirtep, 3a3Buuaii, 3 Bonb(ppamy, BATOTOBIISIIOTE Y OPMi TOCTPOTO
BicTps. Jliamerp Horo moBHHEH CTaHOBHTH mpuOau3HOo 0.1 MKM, 110 Y
JECATKU pa3iB MEHIIe, HiX JiaMeTp 3BUYaiHOI TOJKH, TOOTO BicTps
aBTOEMiciliHOI TapMaTH — Ayxe ToHKa pid. LI[o6 s cTpykTypa mepely-
Baja B poOOYOMY CTaHi, MOTPiOEH HAJBHCOKWH BakyyM. Bakyym y
rapmari nosuser 6ytu mimmumm 10 [Ta, To6T0 BumMM, HiX y TepMo-
emiciiiHiii rapmati un rapmari Lllotki. BynoBa aBToemiciiiHOi rapmaTh
Harajgye OymoBy rapmatu IlIoTki, OJHaK CYTTEBO BiAPI3HAETHCS Bij
OyznoBu TepMoeMiciitHoro mkepena (puc. 2.5). TyT enekTpoHu BUTSTYE 3
TOHKOT'O BICTpS MEPILUI aHOM, a M Yac pyxy iM HaJa€ MPUCKOPEHHS
JPYTHHA aHOJ 31 3HAYHO BUIIIMM ITOTECHLIIAIOM.
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Tpumay

BicTpsl
BicTps
NN BuTaryBanbHWin aHoq, (Kinbka KinoBoneTiB)
- MpuckoproBaneHuit aHog (nopsgky 100 kB)

Puc. 2.5. Bynosa aBToeMiciitHOi rapMaTH.

BaxnBoro prcoro aBTOEMICIHHUX JKepen € YiTKO BU3HAYEH] eHeprii
€MITOBaHHX €JIeKTPOHiB. TepMoeMiciiiHi rapmaTty, Ha BiIMiHY BiJ rapMar
3 XOJIOJTHOIO TIOJIEOBOIO €MICI€F0, MAIOTh OLTBIIHIA €HEPreTHIHNN PO3KH]
eMITOBaHHX eNeKTpoHiB. Lle 0co0nmMBO BakiwBO, SIK OyAe MOKa3aHO y
po3nimi 6, Ans iHTEpIIpeTalii CIeKTPiB eHePTeTHIHNX BTPAT €NEKTPOHIB.
Otmxe, aBTOEMICIHHI TrapMaTH € BaJIMBUMH B aHAIITHYHUX 3aCTOCY-
BaHHSX Ta B CJICKTPOHHIN MIKPOCKOIII BUCOKOTO PO3[IJICHHS HE JIHIIE
3aBASKH BHCOKIH SICKPABOCTI IIUX JKEPEJ, & TAKOXK TOMY, 1[0 BOHH AaI0Th
MPAKTUYHO “YHUCTHIA” MOHOXPOMATHYHHIA ITy9IOK EIEKTPOHIB.

VY T1abn. 2.3 HaBeleHO 3BEIeHI XapaKTEPUCTUKHA Ta YMOBH POOOTH
SNEeKTPOHHUX TapMaT TPHOX 3raJaHuX THITIB.

2.3. BigxujieHHSl €JIEKTPOHIB €JIeKTPOMATHITHUMH
JIiH3aMu

VY 20-x pokax XX CT. CTaJ0 3p0O3yMiJI0, IO MY4OK SJICKTPOHIB MO-
’KHa (POKYCYBaTH 3a JOTIOMOIO0 SIK €JIEKTPOCTATHYHOTO, TaK 1 MarHiT-
Horo mojiB. OOuIBa THUNM MOJIB BHUKOPHCTOBYBAJIH B €JIEKTPOHHUX
JH3aX, OJHAK CHOTOJHI 3arajJbHONPUHHATHM y KOMEPIIHHHUX elleK-
TPOHHHUX MIKPOCKONAX CTajJ0 BUKOPHCTAHHS €JIEKTPOMArHITHHUX JIiH3,
TOMY €JIEKTPOCTATHYHI JIIH3K MU HE PO3TJISAaTHMEMO.

KiroueM 710 po3yMiHHSI IPUHIUAIY POOOTH Mi€l, IO CYTi, JyKe Npo-
CTOT JIH3M, € HaNpsSM CHJIU, SIKa Jli€ HA PYyXOMHUH €IEeKTPOH y MarHir-
HOMY TOJIi. SIKIO €NEeKTPOH, L0 PYXa€ThCs 31 MIBUAKICTIO V, BIITAE y
MarsitTHe nose iHaykuii B, o Ha Hboro gie cuna Jlopenna: F =evB y
HanpsMi, MEePIEeHANKYISIPHOMY JI0 HANpsSMy BEKTOpa IIBUJKOCTI 1 BEK-
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Topa iHAYKLiI MarHiTHOro mojsi. Y BEKTOPHOMY 3alucCi e BUITISIIAE
TaK:

F= e[v X B].
Tabnuys 2.3
Po6oui napameTpu pi3HUX THITIB €IIEKTPOHHUX TapMar

< < ) -~

= flaa) = 5 g

plo~ g bl < =

2| 52| 5¢| 51

< E S = | 9 E

= 5 = = s N E Q

O = L o =

csi| g2 28| 2

£2 | 52| 25| 22

= s | £E| <
PoGora Buxony, eB 4.5 2.4 3.0 4.5
PoGoua Temneparypa, K 2700 | 1700 | 1700 300
Iél/a;[pyncemcn eJIEKTPUYHOTO OIS, vana | vana | ~10° >10°
Tycruna ctpymy (mpu 100 kB), A/m® 5 10° 10° 10°
Scxpasicts (mpu 100 kB), A/(M*-cp) 10 | 5.10* | 5.10% | 10"
EdexTrBHUI niaMeTp mydka, HM >10° 10° 15 3
Bakyywm, I1a 10° | 10® [ 10®° [ 107

>500

Yac pobotu, rox 100 1000 0 > 5000
Po3ku eMiTOBaHUX €NIEKTPOHIB
3a eHeprieto (mpu 100 kB), eB 3 15 0.7 0.3

TumoBa eneKTpOMarHiTHa JiiH3a CTBOPIOE MarHiTHE TOJe, Maike
napaienbHe 10 HampsMy pyXy eNeKTpoHiB. EilekTpoH, 1o Biitae y
TH3Y, 3a3Ha€ Aii MarHiTHOTO NoJs B (puc. 2.6). Bexrop iHaykiii MoxkHa
PO3KJIACTH Ha MPOEKIii B, Y310BXK OCI MIKpockoma i By, y pa-
niansHOMY HampsiMi. CroYaTky CKJIajoBa By, MapaieibHa JI0 HAIpsMY
pyXy €IeKTPOHa, He Jli€ Ha HbOTO, OJHAK € BIUIMB CHIM B,V 3 OOKY
cnabkoi paaianbHOi ckianoBoi. g cuna cnpuuuHse Te, MO eISKTPOH
pyXaeThbcs B3IOBXK Oci 1o cripaii. Binkonu BiH moumHae pyxaTHCs 110
cripalii, B €JIeKTpOHa 3’SIBISETHCS CKIAJ0Ba LIBUIKOCTI Vionopa, HEPIIE-
HAMKYJISPHA 10 IUIOLIMHNA MAJIIOHKA, 1 BIH NOYMHAE BiIUYBaTH Jil0 CHIIH
Bac®Vionosa Y padiaibHoMy Hampsmi. OTxe, paaiyc cripajbHOI Tpae-
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KTOpii eNeKTPOHa CTa€ MIOpa3 MEHIINM, a IIe MPU3BOAUTH JI0 TOTO, IO
mapajenbHAd Iy49OK TPOMEHIB, SKHHA BIITa€ y IH3Y, 30iraeTrscsi B
TOYKY, TaK CaMO SIK CBITJIO (POKYCY€THCS CKIISTHOIO JIiH3010. SKIo Ma-
THITHE TI0JIe TIPOCTSATAETHCS JINIIE HA KOPOTKY BiICTaHb Y3AOBXK OCi, TO
JiH3a TOBOJIUTHCS AK “TOHKA” 1 € 3aCTOCOBHI Bci (popMyim reomerpu-
YHOI ONTHKH, 3rajiaHi y po3aimi 1.

EnekTpoH
I

Puc. 2.6. Jlis TUIIOBO1 €JIE€KTPOMArHiTHOI JIiH3HU.

Jns toro mo0 CTBOPHTH MarHiTHE Tojie HeoOXimHOI 1HIyKIi i
dbopmu, HEOOXiTHHN MPHUCTPiH, CXOXKHUI Ha 300pakeHHWi Ha puc. 2.6.
SIKII0 eNeKTPOH BJITaE y JIiH3Y Ha MEBHiH BiicTaHi BiJ il 0Ci, TO BEKTOP
HOTO MIBHJIKOCTI YTBOPIOE TIEBHUH KYT 3 BEKTOPOM iHAYKI[iT MarHiTHOTO
MOJISA, @ CaM eJIEKTPOH 3a3Ha€ il MarHiTHOTO OIS, SK IIe TIOKa3aHo Ha
BcraBili. Korymka ckimamaerbess 3 BENUKOI KUTBKOCTI BUTKIB JAPOTY,
OTOYEHHX CTAJICBUM KOXKYXOM, y SKOMY € JIHIIE JTy’Ke MaJICHbKUI OTBIp,
Y3/IOBX SIKOTO CTBOPIOETHCS MMOJie. 3MIHIOIOYH CTPYM, IO Teue uepes
KOTYIIKY (3a3BHuaii, 3 nianazony 0—1 A), MokHa 3MIHIOBAaTH 1HIYKIIiIO
MAarHiTHOTO T0JIsl, TOOTO ()OKYCHY BiJICTaHb TaKO1 JIiH3H.

Xoua IiH37 Y OyIb-SIKOMY €JIeKTPOHHOMY MIKPOCKOT MOXYTh BiJI-
pi3HATHCS (HOPMOIO 1 PO3MIpOM, iXHS 3araibHa CTPYKTypa 30iraeThes 3
300pakeHOI0 Ha puc. 2.6. BaxximMBoIO XapakTepHOIO PHCOI0, aHaJora
SKiii HEeMa€e B ONTUYHOMY MIKPOCKOII, € CIIpabHAN PyX €JIEKTPOHIB Y
CJIEKTPOMArHiTHIH JiiH31. OCKUIBKM i Yac MPOXOJPKEHHS JIH3U eJIeK-
TPOH 3piJiKa MPOXOIUTH LTy KUTBKICTh BUTKIB TBUHTOBOI CHipali, TO
HasBHICTh JIIH3U HPUBOJUTH A0 OOEPTaHHS OTPUMAHOTO 300pa’KEeHHS.
Lle ne abepartis, 00 300pa)KEHHS HE CIIOTBOPIOETHCS, OJHAK MOXKE
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CIPUYMHHATH HU3KY OCOOJMBHX NpOsBiB, nepeaycim y [IEM, Tomy mpo
IF0 pHUCY Tpeba maM’sITaTd, HOCHipKyoYn Mikpodororpadii Ta audpa-
KIHI KapTHHA. Y CYYaCHHX MIKPOCKOIAX i1HOAI BHKOPHCTOBYIOTH
KOMOIHAIIifO JIiH3, fIKa KOMIEHCYEe 00epTaHHs 300pakeHHs, TOOTO eeKT
€ HETIOMITHHM.

EnexkTpomarHiTHi mojsi TaK0)X BUKOPHCTOBYIOTH JUISL BiAXHWIICHHS
LIJIOTO EJICKTPOHHOTO IMPOMEHS, HAaNpUKIad, y pa3i 3MiHU HamnpsMy
CKaHyBaHHA B EJEKTPOHHOMY MIKPOCKOMi (TOOTO BiAXWIIEHHS WpO-
MeHsT). JIns 1bOoTo ToJie OBUHHE OYTH MEPIEeHANKYJISAPHEM 0 MyYKa,
OJTHAK IHIYKIIS IHOTO TOJNS MOKE OyTH 3HAYHO MEHIIOI0, TOMY JUIS
BIIXWJICHHS JOCTATHHO MAJICHBKUX COJICHOIMIB. BijbIicTh MIKPOCKOIIIB
Mae€ 1nmoHaa ACCATbh KOTYIIOK, CTBOPCHHUX I ONITHUMAJIbHOI'O KEPpYBaHHSA
MyYKOM Yy KOJIOHI MiKpPOCKOIIA.

2.4. Po3CisiHHA €JIEKTPOHIB aTOMaMH

B enexTpoHHUX MIiKpOCKOTax MEPBUHHI €NEKTPOHU BXOIATH Y 3pa-
30K, 1 Ti cami 4M iHIII €NeKTPOHU MOKUAAIOTh HOTO, YTBOPIOIOYH CHT-
HaJH, SKI BUKOPUCTOBYIOTH M1 (popMmyBaHHS 300pakeHHs. lloTpiOHO
TIMOOKO PO3YMITH B3a€EMOIi1, SIKi MOMIIMBI Mi)K BUCOKOCHEPTETHIHUMHU
€JIEKTPOHAMH TyYKa H aTromMaMu 3pa3ka. be3 1boro po3yMiHHS HEMOX-
JUBO IHTEPHPETYBaTH 300paskeHHS, AMMPAKTOTPAMU YW aHATITHYHI
CIEKTPH, OTPUMaHI 3a JOMOMOT'00 KOYKHOTO 3 Pi3HOBHU/IIB MiKPOCKOIIIB.

€ HM3Ka TEpMiHIB, CHUIBHHUX IJISl BCIX MPOLECIB PO3CISIHHS, TOMY
OXapaKkTepU3yeMO iX. IMOBIpHICTh TOTO, 110 MIEBHA YACTHHKA Y MEBHUI
croci0 po3cieThes Ha iHININ YaCTHHINI, ONMUCYIOTH 32 JIOTIOMOTOI0 nepe-
i3y 83aemo0ii G a0 cepednboi 008dCUHU 8LILHO20 NPODLI2y .

[Mepepi3 Mae 3MiCT IJIONI YaCTHHKHU-MIIIIEH] JUTS YaCTHHKH-CHAPSIIA
B pasi TEBHOTO MEXaHi3My pO3CISHHS 1 BU3HAYCHHUH IMOBIPHICTIO
PO3CisHHS 3a UM MexaHi3MoM. [losicHUMO 1ie 3a J0IMOMOrol0 Takoro
ySIBHOTO ekcriepuMenTy. Kynbka 4 HanmiTae Ha KyJIbKy B (3 miomiero me-
pepi3y S) mecsats pasiB. Cutyartis, konu 4 BijgOwiacs Bix B 1 moserina y
3BOPOTHOMY HampsiMi (BifOyJocsi Mpy)KHE PO3CISIHHS), pealizyBajacs
JBiYi, B IHIIMX BOCBMH BHIIAJKaX HANpsM pyxy A 3MiHIOBaBCS HE TaK
paaukaibHO (BigOysocs HerpyxHe po3cisHHs). lle o3naudae, mo ede-
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KTUBHUI Tiepepi3 KyJlbku B i KyIbKd A B pa3i MPYKHOTO PO3CisSTHHS
cranoButh (.25, a eekTUBHUIA TIepepi3 KyIbKU B Ui KyJIbKH A B pasi
HenpyxHoro poscisaas — 0.8S. Came Tomy, IO miJ 4ac MPOBEICHHS
eKCIIePUMEHTY IUIOIIA ITepepizy YacTHHKHU B (pi3ndHOo He 3MiHIOBaacs, i
KaXyTh, 0 e)eKTUBHUHN Tiepepi3 mac smicm miomi. Kpim Toro, MoxxHa
3po0OUTH 1€ TakWi OYEBHIHMN BHCHOBOK: Tepepi3 B3aemofii Ta ii
HMOBIPHICTB € BEJINUMHAMH TPSMO MPOTOPLiHHUMH.

Slxkmo B omuHUI 00’eMy 3pa3ka € N dacTHHOK 1 Tiepepi3 meBHOI
B3aeMomii (HaNpUKIIAd, PO3CISHHSA) €JICKTPOHA 3 ITUMH YaCTHHKaAMHU
PIBHHH G, TO IMOBIPHICTH TOTO, ITI0 OKPEMHUH EIEKTPOH PO3CIETHCS TIia
qac mpoxomKeHHs 1usaxy dX, gopiHioe NodX. SKio npumycTuTH, 1o,
MPOMIIOBIIM LUIAX A, €IEKTPOH 3a3HA€ PO3CisHHs (TOOTO HMOBIPHICTD
PO3CisiHHS TOPiBHIOE 1), TO OTpEMaEMO

X—l

= (2.6)

JIe A Ma€ pO3MIpHICTh TOBXKHUHHM 1 € CEPEeIHBOI0 BiJICTAHHIO, SIKY MPOXO0-
TUTH €TIEKTPOH JI0 TOTO, K 3a3HA€ PO3CISTHHA, a00 K BiICTAHHIO, SIKY BiH
MPOXOJUTh MK JBOMa IMOCIIOBHUMHU aKTaMu PO3CisHHA. OYEeBUIIHO,
0 HMOBIPHICTh PO3CISIHHSI €JIEeKTpOHA 3a MEBHUM MeXaHi3MoM o0ep-
HEHO MPOIOPIIiiHA O CEPEeIHbOI JOBXKUHH BUIBHOTO NPOOIry €JeKT-
POHa B pa3i IbOr0 MEXaHI3My PO3CisTHHSL.

CepenHi JOBXKHHHU BUIBHOTO NPOOITy U1 6araTboX MEXaHi3MiB pPo3-
CISIHHS € TIOPS/IKY TOBIIMHM 3pa3Ka ISl MMPOCBIYYBaJbHOI €IEKTPOHHOT
Mikpockormii. Ile o3Ha4ae, Mo mij 4ac MPOXOJKEHHSI TAKOr0 TOHKOTO
3pa3ka eleKTpoHH abo0 3a3HAIOTH JIUIIE OJHOTO aKTy PO3CisSHHS, abo
B3araji He PO3CIIOThCs. 3 IHIIOrO OOKY, SIKIIIO MU MAaEMO TOBCTHM 3pa-
30K (K y BHUNAQAKY CKaHYBaJIbHOI €JIEKTPOHHOI MiKpOCKOIi), TO
eNIEKTPOH 3a3Ha€ 0araTopasoBOrO PO3CISHHS, JOKH 3arajbMy€ OCTa-
TOUHO (mepmanizyemuvcs). TepMmani30BaHUMH HA3UBAIOTh EJEKTPOHHU,
eHeprist akux € nmopsiaky KT, ToOTO TemIoBoi eHeprii pyXy HaBKOJIUIIHIX
CJIEKTPOHIB.

TepmiHK OHOpA30BE PO3CISIHHS, YUCIICHHI PO3CIsIHHS Ta Oararopa-
30Bi PO3CISIHHS 4acTO BHUKOPHCTOBYIOTHb Ul ONHUCY CHUTYyalid, y SIKUX
€JIEKTPOHM PO3CIIOIOTHCS HE OiJibIlie OHOTO pa3y, KijdbKa pa3iB uu Oa-
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raTo pasiB, BiJIIIOBIHO. Y BHUIJKy OJHOPA30BOTO UM YHCICHHHUX 3iTK-
HEHb IMOBIPHICTh TOTO, IO TICBHUH E€JICKTPOH I Yac MPOXOKEHHS
IUIAXY X 3a3HA€ N aKTiB pO3CisSHHSA, 3a1af0Th posnonaiaoM llyacona:

p(n) :ﬂ@ e . 2.7)

ToOTO IMOBIpHICTH TOTO, IO EJIEKTPOH 3a3HAE TOYHO JIBOX aKTiB
po3cisHHS Ha nULIXy t 3a cepeHbOl JOBKHHA BUTHPHOTO MPOOITY A, 10-
piBHIOBaTHME p(2), 1 11 po3paxoByBaTUMYTH 33 TaKOIO (HOPMYIIOF0:

_1(tY ok
p(2)_2[xje .

3aznaunmo, 1110 p(0) — 11e IMOBIPHICTh HE 3a3HATH YKOIHOTO PO3Ci-
SIHHSI 32 MEXaHi3MoM, skuii posrisimaemo, a 1-p(0) — iMoBipHicTh 3a-
3HATH OJUH UM OLTIbIIIE aKTiB PO3CISTHHSI.

Posnozin Ilyacona He KOpeKTHHI A7 OmHCy 0araTopa3oBUX PO3Ci-
SIHb, OCKUJIBKH Y IIbOMY BHIIQJIKy TIEPBHHHI €ICKTPOHN MOXKYTh 3a3HABATH
0araThbOX 3iTKHEHb 32 KUJIbKOMa Pi3HUMH MEXaHi3MaMH. Y TaKHWX BHIIA-
JIKaX JOLUTBHIIIE KOPUCTYBATHUCS THIIUMM ITiIX0IaMH, HAIIPUKIIA]], METO-
noM MonTe-Kapiio, pe3ynbraTu poOOTH SIKOTO TIOKa3aHo Ha puc. 2.7.

2.5. lIpy:xHe po3cisiHHSA

[IpyxHE po3CisHHS — IIe POIIEC, YHACTIIOK SIKOTO MOXKEe 3MIHUTHCS
HampsiM pyXy eJeKTPOHA, a Ioro eHepris 3aMIIUTHECA He3MIHHOIO (200
3MIHUTBCS HACTIJIBKM HE3HAYHO, 10 MM HE MOXKEMO 3apeecTpyBaTH IO
3MiHy). Llell THI pO3CIsIHHS € pe3ylbTaTOM KYJIOHIBCHKHX B3a€MOJIH
(TobTo y HUX OepyTh y4yacTh 3apsIKEHi YaCTWHKH) MiX TEpBUHHUM
CJICKTPOHOM 1 SJPOM Ta €JISKTPOHAMM HaBKOJIO siipa. BoHO Bigome sk
pe3epdopaiBCbKE PO3CISIHHA 1 JTa€ PO3MOAUT PO3CISHHX EIEKTPOHIB 3
pi3kuM TiKOM. SIKIIO eHeprisi MepBUHHHUX €JeKTpoHiB Ej, To iiMoOBip-
HICTb PO3CISTHHS Ha KyT 0
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1
Elsin‘0

p(o) (2.8)

ToOTOo WMOBIPHICTH PO3CISIHHS Ha MaJleHBKWH KyT Habarato Oi-
JBIIA, HIK HAa BEJMKHUI. 3BEPHEMO yBary TakoXX Ha Te, IO 31 3pOCTaH-

HSIM €Heprii elneKTpoHa 3MEHIIYEThCS WMOBIPHICTH MPY>KHOTO PO3Ci-
SIHHS Ha Oy/Ab-SIKUH KYT.

Element Voltage Tilt Thickness Xray Display Graph
L

21,7 um

Aluminium 13 23 Incident Electrons
90 keV 3 BackScattered

0 Degrees 13-04%

Puc. 2.7. TpaekTopii el1eKTPOHIB y alloOMiHii, po3paxoBaHi METOAOM
Monte-Kapio. 300paxeHo 23 eneKTpoHH, 3 AKUX 3 BUNIILIN Ha3a/1
3 TBEPJIOTO TiJIa i € 3BOPOTHO PO3CISTHUMHU.

CepenHst IOBXMHA BUIBHOIO MPOOIry B pasi HPY>KHOT'O PO3CISTHHS
3HAYHO 3aJICKUTh BiJi aTOMHOTO HOMEpa TOrO0 aToMa, SIKHU PO3CIIOE.
Hanpuxiazn, s enexktpoHis 3 enepriero 100 xeB BoHa craHoBUThH Oyn-
3bKO 5 HM yis 30j0Ta (aTOMHHUE HOMep Z=79) i 150 HM IS BYTJICIIO
(Z=6).

[IpyxHE po3CiSTHHS € BaXKITUBUM 3 MOTJISAY EIEKTPOHHOT MIiKPOCKO-
i, OCKUIbKH II¢ OCHOBHHI MeXaHi3M, 3a SKUM 3 SBIISIIOTBCS BIJOHUTI
(3BOPOTHO PO3CisiHI) €IEKTPOHHU, & TAKOK OCKIJIBKH caMme MPYKHO PO3Ci-
SIH1 eNIEKTPOHU POPMYIOTH TU(DPAKTOTPaMHU.
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2.6. Henpy:xHe po3CisiHHSA

Henpyxne po3scisiHHS — 1€ IyXe 3aralbHUi TepMiH, SKUM MO3Ha-
YaloTh MPOLECH, IO BiIOYBAIOTHCS 3 TAKOK BTPATOIO €HEprii MepBHH-
HOTO €JICKTPOHA, Ky MOXKJIMBO 3apeecTpyBaTu. Mexa peecTpartii BTpart
eneprii: 0.1 eB i Oinpmie. € 6araTo mporecis, sIKi CIPUYUHSIOTH BTPATY
€Hepril IEPBUHHOTO €JICKTPOHA 1 IepeIaBaHHs ii eJIEKTpoHaM YH aToMaM
3pa3ka. MU po3risiHeMO JIMIIe YOTHPH HAWiMOBIPHIIII MEeXaHi3MH po3ci-
sSHHSI. BaknuBO poO3ymiTH, IO caMe HENpy>KHE PO3CisHHS (TOYHIIIe,
KOMOIHaIlisl PI3HUX MEXaHi3MIB HENPYXXHOTO PO3CISHHS) € HMPHYHUHOIO
TOTO, IO €JIEKTPOH y TBEPAOMY T 3PEIITO0 TEPMANI3yEThCS (3yIHHS-
€TbCs). Maibke BCsl KIHETHYHA €HEpris, SKy MaB IEPBHHHUI EIEKTPOH,
nepeine y teruo. ManeHpka 4acTka 11 BHife y BUTIIAAI X-TIPOMEHIB,
CBITJIa UM BTOPUHHUX €JIEKTPOHIB. Lle MoXke BUSBUTHUCS Jy’Ke KOPHUCHUM
JUISL aHaJTi3y 3pas3Ka, sIK MOKa3aHo y po3finax S i 6.

2.6.1. Po3cianna na ¢pononax. ®OHOHU — 1€ KBAaHTU NMPYNKHUX KO-
JMBaHb aTOMa y TBepAOMY Tiii. [lepBHHHMIT €1eKTPOH MOXKE BTpavyaTH
eHeprito, 30yKytoun (POHOH, i B TAKUH CIIOCIO TPOXHW HArpiBaTH TBEpE
Tizo. EHepris, mo BTpadaeTbesi B IbOMY Pasi, € TOCUTh Majla — 3a3BU-
yaii, meHuie 1 eB, BioBiIHO, TOBKKMHA BUILHOTO MPOOITry JIjisl BUCOKO-
CHEePreTUYHHX ENIEKTPOHIB JIOCUTHh BEJHMKA, MOpsAKY MikpomerpiB. Lli
(axkTH HE O03HAYAIOTh, IO PO3CISIHHSA Ha (OHOHAX € HecyTTeBUM. [lo-
mepie, BCi eIeKTPOHH, M0 3aJUIIMINCS Y TBEPAOMY TiJli, iIMOBIpHO,
30y/KyBaTUMYTh (DOHOHH TICISI TOTO, SIK BTPATSATH OCHOBHY YaCTHHY
eHeprii BHACIIZIOK IHIIMX MEXaHi3MiB PO3CISHHS, 1 came Y TaKuii crocio
CJIEKTPOHHUH My4oK HarpiBae TBepje Tino. [lo-mpyre, mix wac posci-
SIHHSI Ha (DOHOHAX €JIEKTPOHH PO3CIIOIOTHCS HA JIOCHTH BEIUKI KyTH JIO
10°. e my>xe CyTTEBO IJIsl KOHTPACTY 300payKeHHS (IUB. PO3IiT 4).

2.6.2. Po3cianna na naasmonax. I1na3mMoH — 11€ KOJIEKTUBHE KOJIH-
BaHHI (XBHIISL y “MOpi”) €JIeKTPOHIB y 30HI MPOBIIHOCTI MeTaly. Y pasi
30y PKeHHS TUIa3MOHIB TIePBHHHUK Ty4ok BTpadae 3—50 eB i cepemus
JIOBXHMHA BIUIBHOTO MPOOITy Uil TAKOi B3a€MOJIIT € MaJol — COTHI Ha-
HOMETPIB A OUTBIIOCTI MarepianiB. BignmoBimHO, PO3CisIHHA Ha TLIa-
3MOHAX 4acTo BiOyBa€eThCs MiJ Yac B3a€EMOJIi €JIEKTPOHIB IIyYKa 3 TBe-
pauM TigoMm. Y po3aini 6 1oBeAeHO, IO i BTPAaTH €Heprii BU3HAYAIOTh
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CIEKTPH €HEPreTUYHHX BTPAT, ajie He € KOPUCHUMH JAJISl aHali3y, OCKi-
JHKM BOHM HE JAIOTh 3MOTH 3’SCYBaTH MPUPOIY €JIIEMEHTa, Ha aToMax
sikoro BimOymocs poscisiHas. PiBHsanHS [lyacona (2.7) MokHa BUKOpHC-
TaTu Ui PO3PaxXyHKY KIJTBKOCTI TJIA3MOHIB, SIKy MOKE 30YAHTH eJeK-
TPOH MiJ] Yac MPOXOKEHHS TOHKOTO 3pa3Ka.

2.6.3. 30yoricenna 00H020 8aneHmMHO20 eneKmpona. MoOXINBO,
OJJHaK MEHII IMOBIpPHO, IO NMEPBUHHUH €NeKTPOH NepenacTh YaCTHHY
eHeprii OJHOMY BaJIEHTHOMY €JIeKTPOHY, a HE BCHOMY ‘“MOpIO” eleK-
TpoHiB mpoBinHOCTi. CepenHs JOBXKWHA BUTBHOTO MPOOITy IS IBOTO
mpolecy JOCHTh BelrKa (MKM), BTpaTH eHeprii Mami (6mu3bko 1 eB), i
TUTIOBUH KYT PO3CISTHHS TEX MalWi, TOMY Iiei mpoliec He € iHpopMaTu-
BHUM 3 MOTJISITY €NIEKTPOHHOI MiKPOCKOITIi.

2.6.4. 30yosncenna ocmoenux opoimanei. PimkicHuMm, TOOTO
MaJIOMMOBIPHUM, OJTHAK Jy>Ke iH(HOPMATUBHIM Pi3ZHOBHIOM HETIPYKHOTO
PO3CisIHHS € BUOMBAHHS €JIEKTPOHHHUM ITYYKOM €JIEKTPOHA 3 BHYTPIIIHBOT
obomonku aroma. OCKITbKH eHeprist 3B 513Ky Takoro K- um L-enekrpona
IyXe BEJMKa, TO BTpaTra CHEPrii MEepBUHHOIO CJICKTPOHA Oyle IyikKe
3HayHOr0. Hampuknan, motpioHo 283 eB, mo6 BuOutm K-emektpoH 3
Byrieo, 69 508 eB — 3 Bombdpamy i 1100 eB — L-emextpon 3 mii.
CepenHsi 1OBXHMHA BIJIBHOTO HPOOIry AJsl LBOIO MEXaHI3My pO3CiSHHS
JIOCUTh BeJHMKa (MKM), TaKk IO IPOIEC BiIOyBaeThCs Habarato pimiie,
HDK, CKa)XiMO, pO3CisiHHSI Ha TuiazMoHax. OJHaK BTOpWHHI eekTH, sKi
BUHHKAIOTh YHACIIIOK penakcaiii 30y/PKeHOro B Takuil croci® aroma,
MPAaKTUYHO iJeanbHi JUIA aHamidy, SK IOKa3aHO y po3maimax 6 ta 7.
[Tepepiz B3aemMoii HMEPBUHHOTO EJIEKTPOHA 3 ENEKTPOHAMH OCTOBHHUX
opOitaieli, sk i OUTBIIOCTI TPOIECIB PO3CISHHS, 3MEHIIYETHCS 31 3pO-
CTaHHSIM €Heprii nmepBUHHUX eneKTpoHiB (Eo). BiH Takok € MeHIMM Juist
CJIEMEHTIB 3 OUTBIIMM aTOMHUM HOMepoM (Z), ockinbku E. (kputnuna
eHepris 30y/KeHHs X -BUIIPOMIHIOBAHHS) 3pOCTAE 31 30UIBIICHHSIM Z, 1

1

: 2.9
EE (2.9)

GN

JetanbHo po reHepyBaHHA X-BUIIPOMIHIOBAHHS HTUMETHCS AT
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2.6.5. Henpysicne posciauna i noziunanns. 3po3ymino, o y BCixX
3pa3Kax, OKpiM HaWTOHIIOTO, BiAOyBaTUMETHCS OibIlle HK OIWH aKT
HEMpPY>KHOTO PO3CISTHHA. Y TBEPIOMY 3pa3Ky BiOyIeThCs 6araTo Takux
MO, TOKH €JIEKTPOH 3yIMUHUTHCSA YW MOKUHE MOBEPXHIO, Y SKYy HpO-
HUK. TpaexTopii pyXy KiJIbKOX BUOpaHHMX €IEKTPOHIB, PO3paxoBaHi Me-
tonom Monre-Kapno, ne BpaxoBaHi KyTH PO3CiSSHHA Ta WMOBIPHOCTI
TaKOTO PO3CISIHHSA, MMOKa3aHi Ha puc. 2.7. MoxHa 0aunTH, MO OLIBIIICTh
€JIEKTPOHIB TAbMYE€ 1 3aJIUIIAETHCSA Y TBEPAOMY TiJli, MPOTE MEBHA KiJlb-
KICTB € 3BOPOTHO PO3CISTHIMH — BOHH ITOKHIAIOTH 3Pa30K.

O0’em, y IKOMY TepMaIi3yeThes OIn3bKO 95 % NepBUHHUX €IEKTPO-
HIB, Ha3UBAIOTh 00 '€MOM 63aEMO0ii, NETAIbHIIIE BiH ONMCAHUN Yy PO3Ji-
nmax 5 i 6. CxeMaTHyHO 3aJIeKHICTh pO3Mipy mi€l 00JacTi BiJ aTOMHOTO
HOMepa Ta eHeprii MepBUHHUX EIEKTPOHIB 300pakeHa Ha puc. 2.8.

VY BHIagKy TOBCTOTO 3pa3ka 3pO3yMiJo, IO HA3UBAIOTh NOSTUHAH-
HAM. SIKIIIO K MU TOBOPHMO TIPO TOHKHH 3pa30K, depe3 sSKuil 6arato 4u
OLITBIIICTh €IEKTPOHIB MPOXOIATH, TO IIe¥ TepMiH Tpebda yTouHuTH. TH-
MOBa TEOMETPisi CHUCTEMHU JJIi PEECTpallii eJICKTPOHIB 300pakeHa Ha
puc. 2.9.

3pocTaHHs E,

/|

mubuHa
OB’em NPOHUKHEHHS

B3aemonil 1 [etektop

< I

3pocTaHHa Z i

Puc. 2.8. CxemaTHyHa 3aJ€XKHICTh 00’ €My Puc. 2.9. Teomerpis
B3a€MOJI1 Ta IIMOMHYU IPOHUKHEHHS IEPBUHHUX CHCTEMU JUIS ICTEKTYBaHHS
€JICKTPOHIB sIK (YHKILIs IXHBOI eHeprii K €JICKTPOHIB.

Ta aTOMHOI'0O HOMEpa 3pasKa Z.
ITig cmoBoM “abcopOoBaHi” MM MAaEMO Ha yBa3i “He 3apeecTpoBaHi
y Hamiomy ekcriepuMeHTi”. J{ist 1iel reomerpii 1e o3Hadae, IO BOHH
po3scisnucsa Ha KyT noHan 0. SIkmio mepepi3 po3cCisiHHS €JeKTpOHa aTo-
MOM Ha KyT O i Oijiblie € G,, TO MOrJMHAHHI MOYKHA ONUCATH 3aKOHOM
JlamGepra—byrepa
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Lo, (2.10)

Ileit 3akOH OMHUCYy€ BIHOCHY YacTKy iHTeHCHBHOCTI my4uka I/lg,
SIKMH 3aJIMIIA€THCS MICHs MOTVIMHAHHSA IOTOKY B IIapi TOBIIMHOO X; N —
e KiTbKICTh aTOMIB MillIeHI B OAMHUII 00’€My, SIKY 3pYYHO BHPa3UTH
yepe3 yucino Asoranpo N, y Burisiai N = Nyp/A4, ne p — ryctuna, 4 —
aToMHa maca MimieHi. EdektuBamii nepepi3 y piBHsHHI (2.10) 3Ha4HO
3aJIeKUTD BiJ] KyTa 300Dy, SKui 3a0e31medye JeTeKTop.

2.7. BropuHHi edexTH

BropuHHI edexTH MOKHA 03HAYWTH K e(eKTH, COPUINHEHI Tep-
BUHHUM IIYYKOM BHCOKOCHEPTEeTHYHHUX EJIEKTPOHIB, sIKI MOXHA 3apeec-
TPYBaTH 330BHI 3pa3zka. BropuHHi epexTH, 3 SKHUMH MaTUMEMO CIIPaBy,
— Ie eNeKTPoHH ab0 eNeKTPOMArHiTHe BUIPOMIHIOBAHHS. IX cxeMaTu-
4yHO 300paxkeno Ha puc. 2.10 (BE — Bropunni enekrponu, 3PE — 3B0po-
THO po3cigHi enektpoHu, OE — oxe-enextponu, /[ — enexTpoHH, IO
npoaudparysanu). s Hammx mied iX 3py4HO PO3MUTUTH HAa I SITh
THUIIB 3aJI€KHO BiJl IPUPOIN KOKHOTO e(eKTy.

2.7.1. Bmopunni enexkmponu. llefi TepMiH BUKOPUCTOBYIOTH, III00
OIMCATH eNEKTPOHH, SKi BUXOJATH 31 3pa3ka 3 eHeprismu Hikde 50 eB.
Lle MOXyTh OYTH 1 TIEPBHHHI €JIEKTPOHH, SIKi HA KiHIII TPAEKTOpii J0Cs-
I TIOBEPXHI 3 €HEPri€lo y KiJibKa eJIeKTPOH-BOJIbTIB. OlHaK iMOBipHi-
1Ie, 10 Lie eJIEKTPOHH, SIKMM Iiepeanacsi He3HauHa €Hepris (yepe3 oJuH
3 MPOIIECiB, OMMCAHUX paHile) B 00IacTi, po3MillleHii y 6e3mocepeHiit
OIU3BKOCTI JI0 TOBEPXHi.

BuxiJi BTOpUHHHX €IIEKTPOHIB, TOOTO BIIHOMIEHHS KIIBKOCTI €Mi-
TOBaHUX EJIEKTPOHIB JI0 KUJILKOCTI MEPBHHHUX, MOXe OyTu 1 i Oinbime.
OT>xe, BTOPHHHI €JIEKTPOHU € JIy’K€ YUCICHHUMH, TOMY iX Haldacrimie
BUKOPUCTOBYIOTh il (hOpMYBaHHS 300pa)X€HHS Yy CKaHyBaJIbHIH
€JIEKTPOHHINA Mikpockorii. JleTanbHilne mpo iXHE TeHEepyBaHHS Ta pe-
€CTpallito HTUMEThCS Y PO3/aimi 5.
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Puc. 2.10. KopoTkuii nepestik IposiBiB MpoLeciB
PO3CisiHHSI.

2.7.2. 36opommno po3sciaui (npyxcno 6iooumi) enekmponu. SIx no-
Ka3aHO Ha puc. 2.7, AesKi MEePBUHHI €JIEKTPOHU MOXYThb HOKUHYTH I10-
BEPXHIO J0 TOTO, SIK BIATaayTh YCIO CBOIO €HEprilo. BusBiserscs, mo
IIe HaiiMOBIpHiIIe, KOJM BOHH BCE IIe MAIOTh OLJBITy YaCTHHY CBOEI
MOYaTKoBOi eHeprii. 3BOPOTHO PO3CisiHI ENEKTPOHH, 3a3BUYald, € He
TaKMMH YHCJICHHUMHU, SIK BTOPUHHI, OJTHAK OLJBIIICTh 3 HUX MAa€ BUCOKI
eHeprii. X BUKOpUCTOBYIOTH 1711 QOpMyBaHHs 300pakeHHs, TUPPaKIIii
it ananizy y CEM (po3snain 5).

2.7.3. Penaxcayisa 30y0xcenux amomie. SIKIIO JIOKATi30BaHUH ee-
KTpOH OyB BHOWTHI 3 aroma, TO Il aTOM MEPEXOAHUTh y 30YKEeHHH
BHUCOKOCHEpreTHuHuid craH. Yepe3 meBHUI 4Yac el MOPOXKHINA eJeK-
TPOHHHH CTaH (BaKaHCis) 3aIlIOBHIOETHCS 1 aTOM PeJaKcye, BUIIISIOUH
HQ/IJIMILIOK eHeprii. € Tpu TOoJIOBHI LUISXK peiakcamii. Ko BakaHTHUMA
€JIEKTPOHHUH CTaH € Ha 30BHINIHINA OOOIJIOHIN, TO €Hepris, sika BUJi-
JUTHCS HAa30BHI, Oyze Mana i BUAUTUTBCS Y BUTIISAL CBITiHHSA ((OTOHA),
sIKe MOKe OyTH BHIuUMOro fianasony. Lleit edekr Bimomuii mig Ha3BOIO
KamoOooaoMiHeCyeHyii.

3 iHIIOr0 OOKY, SIKIIO €JIEKTPOHHA BaKaHCIsS 3’SIBJISETHCS B OCTOB-
Hill oOonoHui (raMboOKa BakaHCis), TO MiA 4Yac penakcauii BHUIUISATH-
MeTbcs Oinbllla eHeprid, 1 € Bl MOKJIMBOCTI: a0 BOHA BHUIUINTHCA Y

53



BUTJISI/II KBAHTA XapaKTEePUCTUUHOTO X-BUIPOMiHIOBaHHS ((POTOH peHT-
TeHIBCHKOTO J[iana30Hy, MA BXXUBATHMEMO IIi TEPMiHH MapajesbHo), a00
OyayTh eMiTOBaHI XapaKTEepHUCTHUYHI O)Ke-eneKTpoHd. Lli mBa mpomecu
CXeMaTU4HO 300pakeHi Ha puc. 2.11.

[NepBUHHKIA eneKTpoH [MepBUHHWIA eNeKTpoH OXEe-eNeKTPOoH

X-KBaHT Bubutuia HenpyxHo po3ciaHwi Bubwntuia HenpyXHo po3cisHui
OCTOBHWIA ENEeKTPOH  MEPBWHHWIA eneKkTpoH OCTOBHWIA ENEKTPOH  NEePBUHHUIA eNeKTPoH

Puc. 2.11. ]Tga uuiaxu, SKUMH MOXE PeJIaKCyBaTH aToOM 3i 30y DKEHOI0
BHYTPIIIHBOIO 0OO0IOHKOIO.

B 000x Bumagxax BHOMTO €JeKTpoH 3 K-000710HKH, OJJHAK y BHIIA-
JIKYy a eMiTyeTbesi X-KBaHT (y IbOMY KOHKpeTHOMY Bumnaaky K, Burpo-
MIHIOBaHHSA), 8 Y BUIIAJIKy 6 €MITYEThCS OXKe-eJIeKTPOH (Y [bOMY BHUIIA-
nky — KLM oxe-enexTpoH). Skimo BuainmuBes X-KBaHT, TO Il O3HAYAE,
10 OJIMH 30BHIIIHIH €IEKTPOH MEePEHIIOB Ha IF0 BHYTPIIITHIO BaKaHCIFO
(puc. 2.11, a). EHeprito KBaHTa BHIIPOMIHIOBaHHS BH3HAYAIOTH SIK
PI3HUIIIO eHeprii JBoX 30y/KEHUX CTaHIB, BOHA € BEIWYHHOI, XapaK-
TEPHOIO JIUIsl TIEBHOTO BHJY aToMma (3BIJICH 1 Ha3Ba — XapaKTEPHCTHYHE
BUIIpOMiHIOBaHHA). Hanpuknan, sixmio Oyso BuOuTo enektpoH 3 K-000-
JIOHKHM atoma MouioaeHy (puc. 2.1), i Ha #oro Micle mepeiInoB eneKT-
poH 3 L-o0omonku, To pizHuns eneprii AE craHoButume 17 400 eB i
MOXKE €MITyBaTHUCh y BUIJISIIII X-KBaHTA, SIKUA HA DPEHTTEHIBCHKOMY
cnektpi popmyBarume niHi0 K, Moai0aeHy.

JloBXHHY XBHITI IIbOT'O X-BUIIPOMIHIOBAHHS MOXKHA PO3paxyBaTH 3a
hopmyIoro

_he

-~ 2.11
E (2.11)
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BoHa nopiBHIOE 0.071 HM. fxmio O BakaHCilO 3arlOBHUB €NEKTPoH 3 M-
00OJIOHKH, TO Pi3HUI eHeprid Oyma 0 Oinpmoro — 19 600 eB, 1 Tomi
eMiToBaHe X-BUIPOMIHIOBaHHs Oyno 0 Kg-nmiHiero MomiOneHy 3 JOBKH-
voro xBwiai 0.063 am. Ili eHeprii i MOBKHHH XBHWJIb € PI3HAMH IS
KOJKHOTO BHIY aroMa (pi3HUX XIMIiYHHUX €JIEMEHTIB), TOMY, PEECTPYIOUH
X, MM MOYKEMO BU3HAUUTH, SIKi XIMIUHI €JIEMEHTH OyJIH B JTOCIIIXKYBaHO-
My 3pa3Ky. 3aBISK{ Il OJHO3HAYHIM BIIMOBIIHOCTI MOMIJIMBA aHAJi-
THYHA €JICKTPOHHA MIKPOCKOITIS Ta €JCKTPOHHIA MIKpOaHaJIi3 (po3aii 6).

Takox 3 Tabm. 2.1 6auumo, 1o A7 KOXKHOTO aTOMa TIOBUHHO OyTH
0araTo pi3HUX XapaKTEPUCTUYHUX X-TPOMEHIB, OCKIIBKH B KOXHOMY
aTOMI € YMMaJIO MOTCHLIWHUX MepPeXoIiB MK opOiTamsamu. OmHaK psia
TaK 3BaHUX MPaBUJ BiIOOPY 3a00pOHSIE ACSKi MepexoIu: HAPUKIA, 2S
CJIEKTPOH HE MOXKE 3allOBHUTH 1S BakaHcito. HalikopucHimni 3 mormsny
aHaIizy 3pa3ka X-poMeHi HaBeneHi y po3 i 6.

[Ipormecu emicii xapakTepucTHIHOTO X-KBaHTA Ta 0Ke-EIEKTPOHA €
KOHKYPEHTHHMH, II0 CHUTYaIlil0 CXeMaTUYHO BifmoOpaxae puc. 2.12. Sk
0ayrMo, 17151 XIMIYHUX €JIEeMEHTIB 3 MEHIIUM aTOMHHM HOMEPOM iMOBi-
PHILIUM € 0XKe-TIPOLIEC, a U BXKYNX — TeHepyBaHHS X-KBaHTA.

[MepBuHHMI €NEKTPOH MOKE 30y/HKyBaTH X-BHIIPOMIHIOBaHHS Ha-
BiTh 0€3 BHOWBaHHS OCTOBHOTO €JIEKTPOHA I/l Yac TalbMyBaHHS B
KYJIOHIBCBKOMY TIOJNi siApa Ta
HABKOIUIIIHIX EJEKTPOHIB, ajKe A
MPU pyci 3apsHKEHOT YaCTHHKH 3
MPUCKOPEHHAM BUIIPOMIHIOETHCS
elekTpomMarHiTHa xBwis.  Llei
NPOIEC CIPUYHMHSE TOSBY TaK
3BAHOTO TaJbMIBHOTO X-BHUIIPO-
MIHIOBaHHS, SIKE€ 3 SBISETBCA Y
BUTJISII HemepepBHOTO (PoHY Ha
OyIb-IKOMY X-CIEKTpi, IO eMi-
TYETBCS. 3 ONPOMIHEHOTO eJieK-
TpoHamu 3pas3ka. Ilin wac ra-

-

IMOBIpHICTb BUXOAY

OXKe-enekTpoH

o

10 20 30 40 50 60 70 80 Z

Puc. 2.12. ImoBipHiCcTB
BUIIPOMIHIOBAJIBHOT (3 HAPOHKECHHIM
X-KBaHTa) Ta O€3BUIPOMIHIOBAIBEHOT

JIbMYBAHHA CJICKTPOH MOXC BTpa- (3 eMici€ro oxxe-eNeKTPOHa) peraKcarlii
TUTH OyAb-SIKy 4YacTHHY CBO€] BakaHcii Ha K-000110HII 3a]1€XKHO Bij
eHeprii (&K 10 MOBHOI KIHETH- aTOMHOTO HOMEpA.

YHOT), TOMY Take X-BHUIPOMIHIO-
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BaHHS B¢ He Oyle XapakTepHuUM Juis neBHoro aroma. Ha puc. 2.13
300paX€HO THITOBUH CIIEKTP PEHTTCHIBCHKOT'O BUIIPOMIHIOBAHHSI.

TA L

g

3

(o2}

fs)

0

5

s}

3 K

2 B

[

T

= 1 1 >
0 10 20

EHeprif, keB

Puc. 2.13. Ciektpu X-BHIIPOMIHIOBaHHS, 30y/PKEHOTO Y TBEpAOMY 3pa3ky Mo
MyYKOM eJIeKTpoHiB 3 eHepriero 30 keB; K i L-miku 1o0pe moMiTHi i HaknaaeHi
Ha (DOH raJbMiBHOTO PEHTTCHY.

[HTEeHCHUBHICTD (KUTBKICTh 3apEECTPOBAHMX KBAHTIB 33 OJWHUIIIO
yacy) HaBeleHa y JiorapudmiuHOMy Maciitadi, TOMY IHTEHCUBHICTh
raJbMiBHOTO ((pOHOBOTO) BHUIPOMIHIOBAHHS BUTJISAAE JOCUTH 3HAYHOIO
MOPIBHAHO 3 XapaKTePUCTHYHUMH TiKaMH, XO4a HACTIpaB/i 1€ He TakK.

AJTBTEpHATHBOIO TOSBI XapaKTEPUCTUYHOTO X-KBAHTA € TPUYACTHU-
HKOBUH oe-mipouiec (puc. 2.11, 6): emicis €JIeKTpOHA 3 30BHIIIHBOT
000JIOHKH aTOMa 3aBJSIKW €HEPTii, sika BULIMIIACS ITiJ] Yac 3allOBHCHHS
OJIHUM 3 EJICKTPOHIB 3 BHINOI OpOiTaii OCTOBHOI BakKaHCIi, yTBOpEHOI
EJIEKTPOHOM Ty4ka. IMOBipHiCTH oOe-emicii (abo X cepeAHiil BHXiH
O’Ke-eJIEKTPOHIB) 3aJIe)KUTh TAaKOX BiJ] TOTO, Ha sKiii came OOOIIOHII
TIEPBUHHHUN €IIEKTPOH CTBOPHMB BakaHCiio (puc. 2.14). BumiproBaHHS
€Heprii XapaKTepUCTUYHUX OXKE-CJIEKTPOHIB € (i3NYHOI OCHOBOIO JUIS
OKe-eJIEKTPOHHOI CMEKTPOCKOMii, sKa JAeTalbHilIe o0O0roBopeHa Yy
po3aiii 8.

OTxe, KOPIYCKYJISpHA CKJIaJ0Ba BTOPUHHUX €(EKTiB MICTUTh TPH
IPYIU €JIEeKTPOHIB Pi3HOTO MOXO/PKEHHs Ta XapaKTEepHUX eHepri. 3a-
JISKHICTD KUIBKOCTI €MITOBAaHHMX 3pa3KOM EJIEKTPOHIB BiJ IXHBOI eHeprii
300pakeHa Ha puc. 2.15. 3a3HaunMo, M0 €HEPreTHYHUH CIIEKTP HE €
HETIepepBHUM, OCKUIBKM EHEpris TEepPBHHHUX EJIEKTPOHIB 3HAYHO
oinpina Big 50 eB. Slk Oaunmo, 3i 3pa3ka BUXOIUTH MOPIBHSIHO Oararo
BTOPMHHHUX Ta 3BOPOTHO PO3CISHUX EJIEKTPOHIB, a 0KE-EIEeKTPOHIB, fKi
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CIIYTYIOTh JJIS aHalidy, € MOpiBHAHO HeOaraTo. CaMe TOMYy Yy CKaHy-
BaJIbHIM eNeKTPOHHINA MiKpockomii s GopMyBaHHS 300paskeHHST BHKO-
PHUCTOBYIOTh CHTHAJHM YHUCICHHUX BTOPUHHUX 1 3BOPOTHO PO3CISTHHX
€JICKTPOHIB.

2.8. CiM’41 eJIEKTPOHHMX MIKPOCKOIIB

[adopmarii, BUKIaneHOI y IBOMY PO3.iJi, TOCTaTHRO IS (popmy-
BaHHs MOHATTS MPO BCi PI3HOBHIU EJIEKTPOHHUX MIKPOCKOIIIB, TOOTO
po ixHio ciM’10. KoxkeH 3 HUX Mae eJIEKTPOHHY rapMary, CUCTEMY KOH-
JICHCOPHUX JIIH3 Ta MEeBHUI TUN AeTekTopa curHany. Ha puc. 2.16 cxe-
MaTHYHO ITOKa3aHO Pi3HI THUIH €JIEKTPOHHHUX MiKPOCKOIIB, SKi MOXKHA
OTpUMATH 3 KOMOIHAIII IIMX Ta JeSKUX 1HIIAX CKIATOBUX. 300paKeHUH
y meHtpi miarpamu CEM motpeOye ckaHyBaJIbHHX KOTYIIOK 1 €JeK-
TPOHHOTO JeTeKTopa, Toli sik [IEM mnotpebye 00’ekTHOT Ta OKyJIspHOL
JIiH3 1 eKpaHa JJIs CIIOCTePEXKEHHs. 3 IIUX JBOX OCHOBHHX THUIIIB PO3BHU-
HYJIHCS 1HIII PI3HOBUAN €IEKTPOHHUX MIKPOCKOIIIB, JEsIKi 3 SIKUX OIH-
caHi y po3zimi 8.

A
1.0

0.5

CepegHin Buxig Oxe-eneKkTpoHis a

1 1 1 1 1 .

0 15 30 45 60 75 90
ATOMHWIA HOMep Z

Puc. 2.14. CepenHiii BUXiJ 0’ke-eJICKTPOHIB y pasi penakcarii
BakaHcii, yreopenoi Ha obononi K (ak), L (@) uu M (ay)
3aJIEXKHO BiJl ATOMHOTO HOMeEpPa 30YKEHOTO aTOMa.
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Puc. 2.15. IneanizoBaHuil CIEKTp €IEKTPOHIB, L0 EMITYIOTHCS
3i 3paska. [Tokazano BinHocHMIA Buxin BropuHHHX (BE), oxe- (OE)
1 3BOpPOTHO po3cifHuX eneKTpoHiB (3PE).

CEM crae MikpoaHali3aToOpoM, KOIIU JIOAATH ETEKTOp X-BUIIPO-
MiHIOBaHHS, Y4 CKaHYBaJIbHUM MPOCBIUyBaJbHUM E€JIEKTPOHHUM MIKpPO-
ckoroM (CIIEM), SIKIIO NETEKTOp €NEKTPOHIB MOMICTUTH Mij 3pa3KOM.
VY Takuii ke cnoci0 aeTekTop X-BUIPOMIHIOBaHHS 1/a00 crieKTpoMeTp
eHepretnuHux BTpaTr enektpoHiB (CEBE) moxna momatu mo IIEM i
OTPUMATH aHANITUYHUN eNeKTpoHHUH Mikpockon (AEM). JlomaBmm
CKaHyBaJIbH1 KOTYIIKHM 110 1i€i koHpirypauii, orpumyemo IIEM/CIIEM,
a JofaBmM JiH3M micist 3pa3ka y CIIEM Ha iHIIOMy KiHIi jJiarpamd,
MOXKHa BIpTyaJIbHO OTPUMATH Takuil xe mnpwiaa. Omxke, JBa KiHII
puc. 2.16 mnepekpuBalOThCA. Y TMOAAIBIIMX PO3JALIaX JeTalbHillIe
onummemo I[TEM, CEM, ITTEM/CIIEM ta CITIEM.
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KoHTpoJbHi 3anuTaHHs i 3aBIaHHS

Hackinbku (HOpiBHSAHO 3 Macoio CIIOKOI0) 3POCTa€ Maca eleKTpOHa,
npuckopeHoro a0 eneprii 300 xkeB?

Sk BU BBaXKaeTe, SHEPTiA OKe-TiKa € BHIIOI0, HIHKYOI0 UU TAaKOIO XK,
SIK B1AMOBiMHOTO TiKa X-crekTpy? [ToscHITS.

Slka uyacTMHa €JEKTPOHIB HE 3a3Ha€ po3CistHHA Ha 1uiaxy 100 HM,
SIKIIIO CEPEHS TOBXKMHA BUTLHOTO MPOOIry JUIs BCIX PO3CISIHb CTaHO-
BuTh 80 HM? SIka yacTHHA 3a3HAE TPHOX PO3CISTHB?

Pospaxyiite nosxuny xBuii ge bpoins kyneku macoro 0.1 kr, mo
PYXa€eThbes 31 LIBHAKICTIO 2 M/c.

Po3paxyiiTe moBxxuHy XBUIIi X-KBaHTa 3 eHeprieto 2 166 eB. 3 scyiite
3 Tabmmmi 6.1, SKOMy eJIeMEeHTY BiH MOYKE HAJICKATH.

Sxux mepeBar i HemomiKiB Tpeba OUIKYBaTH, SKIIO EICKTPOHHY
rapmary y [IEM po3micTuTH He Ha BepIIMHI KOJIOHHU, a BHU3Y?
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Pozain 3

JANDPPAKIIA EJIEKTPOHIB

Y momnepeaHbOMY pO3ALI 3’SICOBAHO, IO EIEKTPOHHHUN TPOMIiHb,
SIKMW TIPOMILIOB Yepe3 TOHKHUN 3pa30K, MiCTUTh JIBi KOMIIOHEHTH: TIPYKHO
1 HEMPY>KHO PO3CisSHI €JIeKTPOHU. AHAI3YIOYH MPOCTOPOBHN PO3MOMLT
PO3CISIHUX €JEKTPOHIB (MOro Ie Ha3WBAalOTh EIEKTPOHHOIO AU(PPAKTO-
rpamMoi0), MOXHa OTpuMard Oarato iH(opMarmii Tpo po3TalTyBaHHI
aTOMIB y 3pasKy.

3 piBHsHHA (2.8) BHUILTHBAE, MO0 IHTEHCUBHICTh MPYKHOTO PO3Ci-
SIHHSI HA aTOMi MEBHOT'O By Ma€ MaKCUMYM, KOJH KyT PO3CIsIHHS CTa-
HOBUTH (), 1 MOHOTOHHO cHajgae 3i 3pOCTaHHSAM IbOro kKyta. OTKe, MH
MOKEMO OYiKyBaTH, 110 AU(PAKTOTpaMu BijJ TBEPAOTO 3pa3Kka IMOBOIM-
TUMyThCS TofiOHO. Ha puc. 3.1, a 300paxkeHo mudpakTorpaMmy TOHKOL
TUTiBKA aMOP(HOTO BYTJIEIIO, a puc. 3.1, 6 — 3aNeXHICTh IHTEHCUBHOCTI
BiJl KyTa po3cisHHA. SIK OaunMo, X04a IHTEHCHBHICTD PO3CIsSHOTO ITydKa
3arajioM 3MEHIIYETHCS 31 30UTBIIEHHSIM KyTa PO3CisHHS, TTOBEIHKA i€
IHTCHCHBHOCT] CKJIQJHiIlIa, HIK MOXXHA OYiKyBaTH 3 piBHSHHA (2.8),
OCKUIBKH 3’SBIISIOTHCS TIEBHI MAKCUMYMH Ha rpadiky.

Sk MoxHa moGauuTH 3 puc. 3.1, 6 1 2, AUPpaKTOrpamMu KpUCTAIid-
HUX MaTepialliB HaBiTh cKiIaaHimm. Koxken ixHill okpemuii aToM po3citoe
TaK, sIK rnependadae piBHIHAA (2.8), a KOJIM TaKi aTOMUA HAOIWU3UTH OJTNH
JI0 OJTHOTO (SIK Yy TBEPJOMY TiJi), TO MK €JICKTPOHAMHU, IO PO3CISITUCS
Ha Pi3HUX aTOMax, BUHUKA€E CHIIbHA B3a€MOJIIS.

OTtxe, mo6 po3mudpyBati TudpakTorpaMu TBEPIOro Tina, Tpeda
JeTalbHIlIe PO3MIISTHYTH, SIK B3a€EMHE PO3TalllyBaHHS aTOMIB BIJIMBA€E HA
po3cisgHHS enekTpoHiB. [leBHy iH(oOpMaLiio Mpo cepeaHI0 MiXATOMHY
BiICTaHb B aMOpP(HOMY MaTepiajli MOXEMO OTpPUMAaTH BXKE€ 3 KapTHH
tuny puc. 3.1, a. 3 audpakrorpaM BiJ KPUCTATIYHUX 3pa3KiB MOKEMO
oTpHMaTH Habarato Oublne iHpOpMAaIlil, TOMY Jalli PO3TIITHEMO BUHST-
KOBO KPHCTaJIIYHi 3pa3Ku.
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3.1. 'eomeTpis audpaxuii eJieKTPOHIB

VY po3riani eneKTpoHHOI Tudpakiii BaXXIMBUMHU € JBa MapaMeTpu:
KYTOBHI PO3MONIN PO3CIIHUX E€NIEKTPOHIB Ta IHTEHCUBHICTH PO3CISTHHSL.
I'eomerpis enekTpoHHUX MUdpaKTOrpaM JTOCHUTH IPOCTa, 1, 3HAIOUH ii,
MOXKEMO OTPUMATH JaHi PO CTPYKTypy KpHUCTaja Ta HOTO Opi€HTAIIIfO.
SIKII0 3HaTUMEMO YMHHHKH, IO BU3HAYAIOTh IHTEHCHUBHICTH PO3CISTHHSA
CJICKTPOHIB, TO 3MOXKEMO OTPHMATH JIeTANbHINTY iH(pOopMaIiro 3 audpa-
KTOTrpaM. A TakoX, IO BaXJIMBIIIE, 3MOKEMO PO3YMITH Ta iHTEpIpPETY-
BaTH KapTUHH, OTPUMaHi BiJ KPUCTAIIYHUX MaTepialiB y MpOCBidyBa-
JFHOMY €JIEKTPOHHOMY MIKpPOCKOIIi, PO II0 WTHUMEThCA y po3fdim 4.
OnHak y MoCiOHNKY MU HE CIIUHATUMEMOCS Ha IETAIBHOMY PO3PAXyHKY
IHTEHCHBHOCTI UG PAaKIIii.

IHTEHCUBHICTb

e 3 :
0

KyT po3cisiHHs

8 2
Puc. 3.1. EnexkrpoHHa audpakTorpaMa, OTpUuMaHa BiJl TOHKOT

TUTIBKM aMOP(HOTO BYIJIEIO (@); 3a1eXKHICTh IHTEHCHUBHOCTI BijI
KyTa PO3CisIHHS, OTPUMaHa 3 puc. a (6); audpaxrorpama Bix
30JI0TOTO IPiOHO3EPHUCTOTrO MOMIKPUCTATIYHOTO 3pa3ka (8);

JrdpaKkTorpaMa MOHOKPHCTAJIA allFOMIHITo (2).
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3.1.1. Bpezciecvka ougppaxyin. PosrisHeMo B3a€MOJIIIO €NEKTPOH-
HOTO TyYKa 3 1/IeaTbHAM KpPHCTAJIOM, BCi aTOMH SKOTO PO3TAaIlOBaHi y
By3iax KyOiuHoi rpartku. llepepi3 myke TOHKOro 3pazka 3 TaKoOTO
MaTepiany Moka3zaHuid Ha puc. 3.2. [HTCHCHBHI MOTOKH EIEKTPOHIB
MOKYTh BUXOIHTH 3 IHIIOTO OOKY 3pa3ka, He 3a3HaBlIH po3cisHus (T),
gy mnpoaudparyBaBumm (D) Ha aTOMHHX IUIOIIMHAX, BIJICTAHb MiX
SKUMH cTaHOBUTH 0. Y BCix iHmmx Hanpsimax (N) iHTEHCHUBHHX MOTOKIB
€JICKTPOHIB HE CITOCTEPIraTUMETHCSI.

TAR

Puc. 3.2. Po3cisiHHS aJIalouoro IyyKa eJIeKTPOHIB
KPHUCTAIIIYHIM 3Pa3KOM.

Sxmo enexTpoHHUM My4ok | mamae Ha 1ei 3pa3ok, TO BiH 3a3HaE
MPYKHOTO PO3CISIHHSA Ha JESKUX aTOMax, II0 YTBOPIOIOTH 3pa3oK, Ha-
MpUKIaJ, Ha mo3HaueHuxX A 1 B. Mu MoxeMo TpakTyBaTH eJIeKTPOHHUIMA
My4YOK SIK CYKYNHICTh XBHJIb (KOPIYCKYJSPHO-XBUJIBOBHH ayaltizm) i
po3yMmitu fioro nudpakiito sk AU pakiito CBiTIa 4u X-TPOMEHiB.

[NTanarounii My4oK €NeKTPOHIB MAa€ JIOKAIbHY KOT'€PEHTHICTb, 1HILIH-
MU cJOBaMH, (a3l OKPEMHX eJIEeKTPOHIB-XBWIIb 30iraroTbcs. bymp-sxi 3
PO3CIsIHUX XBWIIB, (ha3a AKUX 30iraTuMeThCs, MiJACUIATHCS — eNIeKTPOHHUI
MyYOK CTaHe IHTCHCHBHIIINM, a THX, y SKHX (a3a He 30iraTUMeThCsl — Hi.
Po3cistai xBuiti y Harpsimi D MaroTh 30ikHY (asy, SIKIIO MPOHJIeHI HUMH
IUIAXH BIZAPI3HAIOTHCS HA I[1JIe YMCIIO JOBXKHUH XBHIIb. To0T0O CB+BE=nA,
ne N — wine, a A — T0BXHHA XBUJII eJekTpoHa. BoaHowac 3 puc. 3.2 6auu-
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Mo, o BE =CB =dsind, To6To yMOBYy MiJCHIICHHS MOXXHA 3alUCaTH
TaK:

2d sin@=n. (3.1)

s piBHICTH BimoMa sk 3akoH bperra, ii IIMPOKO 3aCTOCOBYIOTH y
pasi posrsany audpakuii He JHIIE eNeKTPOHIB, a TAaKOXK X-TPOMEHIB.
Bona o3Hauae, 1m0 He BapTO OYiKYBaTH BUXOAY 31 3pa3ka iHTEHCHBHUX
MYYKiB MPY>KHO PO3CISTHUX EJNEKTPOHIB, SIKIIO iXHIH KyT PO3CIsSHHSA HE
nopieHIoE O (TOOTO He € po3B’s3koM piBHsSHHA (3.1)).

Posrisaemo peranpHime 3mict d, n i 0. 3 puc. 3.2 6aunmo, mo d —
I BiJICTAaHh MIXK aTOMaMH, SIKi PO3CIIOIOTh eNeKTpoHH. T0o0TO y Kpuc-
Tadi 1e BiJCTaHb MiX JIAHIIO)KKAMH aTOMIB, a Y TPUBUMIPHOMY KpHC-
Tami — BiJICTAaHb MK IUIOIIMHAMHM, y SIKUX PO3MIilllEHI aTOMH, TOOTO
MIDICNIOWUHHA 8I0CMAHDb. 3arajioM y KPHCTall MOXHA BHOpaTH KiJibKa
Ha0OPIB TUIOMIMH, 1 UTSI KOXKHOTO 3 HUX MDKIUIONIMHHA BiJICTaHb Oyze
1HILIOO.

Jns inTepriperartii cipaBXHIX CKIaTHUX AudpakTorpaM Tpeda mo-
MOBHTHCS TIPO (HOpMalbHy cUCTeMY ieHTH(]iKallii MIOMIKH 1 HANPsIMiB
y KpHcTami. BUKOpHCTOBYBaTUMEMO CTaHAAPTHY CHCTEMY iHJEKcaii
Mimnepa. KopoTko kaxyuu, y 1ili CUCTEMi 3aIKcy HaIlpsM MMO3HAYar0Th
TPbOMa YHCIAMHM Y KBaJgpaTHUX MAY)KKaxX, 3a3BUYad, LIUTUMH, SKi
3aJal0Th HalpsiM, BAKOPHCTOBYIOUH OCi X, V' 1 Z €JIeMEHTapHOT KOMipKH
kpuctana, Hanpukian [110]. [Inomuny y KprcTani no3Ha4aloTh TphoMa
YucIaMU y KPYDJIMX JyXKKaX, sIKi 3aJai0Th BEJTHMYHHH, OOCPHEHi [0
JIOBXXKMH BIJIPI3KIB, IO IX IS TUIONIMHA BIJTHHAE HAa OCAX KpPHUCTAJa,
Hanpukiaz (110).

KosxeH myuok, mo npoaudparysas, MOXKHa acoLiIOBaTH 3 TUM Ha-
0OpoM IUIOIIMH, HAa SKOMY BimOymacs mudpakiis. ToMmy mydku, 1o
poudparyBaiy, TaKOXX MOXKHA TIPOiHAEKCYBaTH iHAeKcaMu Miutepa,
SIKi B IbOMY BHIIQJIKY 3aITHCYIOTh 0€3 Iy»oK, Hanpukinad, 110. Bix’emni
YHICIIa 3aMUCYIOTh 33 JIOTIOMOTOK0 PUCOUKH 3BepXy, Hanpukiay (110). V

pa3i BUKOPHCTAHHA i€l CHCTEMH 3aIlucy s, HANPHUKIAJ, KyOidHOTo
KpHCTaia, MDKIUTONIMHHY BificTanb it Habopy 3 ingekcamu (hkl) 3a-
MHUIIIEMO TaK:
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a
N[O
Iie a — JOBXHMHA CTOPOHH HalMEHIIOro KyOHKa, y BEpLIMHAX SKOIr'0 po3-
MimieHi aromu. 3 Ha0opy TakUX KyOWKiB MOXKHA MTOOYIyBaTH BeCh KpHC-
Tal — 1€ e1eMeHmMAapHi KOMIPKU.

Line yucno n y piBasHHI (3.1) — we nopsadox oughpaxyii, 1 ans
BUOpaHOI monivan audpakiis BUHUKAE, koo N=1, 2, 3, ... i T.1.
OpHak B eNeKTPOHHINH Mudpakiii 0OMEeXYIOThCS PpO3TISAIOM ITUIIIE
MIEPIIOTO TOPSIKY, TOOTO N = 1. [HII MOPSAKA OTPUMYIOTH 3a JIOTO-
MOTOI0 3amiCcy MHOXHHKIB 10 iHAekciB Mimiepa. ToOTo komm mMu
MaeMo Audpakiiro Apyroro nopsaky Bif miomunu (131), To ysaBisemo
co0i IUIOIIMHY 3 MOJIOBUHOK MIDKIUIOIIMHHOI BiJICTaHI 1 Ha3MBAEMO I1C
TuQpaxicro mepuoro NopaaKy Bin riomuHu (262). ToMmy piBHSHHS
(3.1) zammucyemo

Ay = (3-2)

A =2dsin6. (3.3

Tenep neranpHile po3rIIHEMO 3HAYCHHS KyTa O s audpakuii
CIIEKTPOHIB. 3 OTJISy Ha Jy’Ke Mally JOBKHUHY XBUIII €JIEKTPOHIB B elie-
KTPOHHIN Mikpockormii piBHsHH (3.3) MOKHA IIIe CIPOCTUTH. SIKIIO TTij-
CTaBHUTH THUIIOBI BEJMYMHU A 1 d y 1ie piBHsHHS, cKaximo, A = 0.0037 um
(3HAYCHHS IS €JIEKTPOHIB, MPUCKOpeHnX Hanpyroto 100 kB, 3 Tabm. 2.2)
i d=0.4 am (omHa 3 XapaKTEPHUX MDKIIIOIIWHHUX BiJICTaHEH IS aITroMi-
Hit0), To oTprumMaeMo sin® = 0.0046, Tobto 6 =0.26 = 0.0046 paniana.
Jnist Takux KyTiB, TUTIOBUX Y €JI€KTPOHHIH qudpakilii, MOXKHa HAOIKEHO
3aricary sind = 0, toxi piBHsHH: (3.3) HaOyBae BUTIISLY

) =2d0. (3.4)

Ockinbku KyT 0 € gyxe Manum (KyTd Ha puc. 3.2 ayxe nepedinb-
LIeH1), TO 3HayHa AMQPAKLisg CIOCTEpPIraTUMEThCS JIMIIE Bil aTOMHHUX
IUIOIIMH, TPAKTHYHO HapaelibHUX A0 eJIEKTPOHHOro myuka. Lle poouts
FEOMETPII0 €JIEKTPOHHUX TU(paKTOrpaM Hadarato MpPOCTILIOK Bij JIU-
¢dpakrorpaMm X-BUNPOMIHIOBAHHS, JUIS SKHX O MOke OyTH JyXKe BeJH-
KHM.
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3.1.2. Poscitosansna 30amuicms amoma. [HTEHCUBHICTb BiTOUTHX
X-TIpOMEHIB 4H eIeKTPOHHUX ITyYKiB € MPOIOPIIHHOIO O PO3CIIOBAIB-
HOI 3IIaTHOCTI aToMa B KpHCTamigHii rpatmi. OcKiabku X-TIpOMeHi Ju-
(hparyroTh Ha eIeKTPOHHUX 00OJIOHKAX aTOMa, TO aMIUTITy/Ia PO3CIsTHHS
npUOIM3HO TPONOpLiitHA N0 BeIu4YuHH fr, SKa mMponopiiiHa 10 amrui-
TyIU KOJMBaHb 30Y)KEHUX eNeKTPOHiB. HaToMicTh eNeKTpOHHI My4KH
B3a€MOJIIOTh TOJOBHO HE 3 €NEKTPOHHMMH OOOJIOHKaMHU aTOMiB, a 3
TTOTSHITIAFHIM ITOJIEM siApa. B3aeMomis Mi>k TBOMa 3apsyKCeHUMH Jac-
THHKaMHU (€JIEKTPOHOM Ta SAPOM aToMa) 3HAYHO CHIIBbHINIA, HIK MiX
€JICKTPOMAarHiTHUM BHIIPOMIHIOBAHHIM 1 €JICKTPOHHOIO OOOJOHKOIO
aToMa, TOMY 1HTEHCHBHICTb €JIEKTPOHHOI TU(PPAKTOrpaMH MPHOINU3HO Y
10® pasiB BumIa, HiX peHTreHiBChbKOI. Lle 03HAYAE, 110 SKCTO3HIIS (Hac
BUTPUMKH) B XOJi PEHTTEHOCTPYKTYpHOTO aHami3y (A7l OTpUMaHHS
PEHTTEHIBChKOI TU(PaKTOrpaMi) MOXKE JOCITAaTH KUTPKOX TOIWH, TOII
SIK B €NIEKTPOHHIN MiKPOCKOITT TS IOTO TIOCTaTHBO KUTHKOX CEKYH]I.

YuM cuibHILIE eNeKTPOHN 000JIOHKH €KPaHYIOTh AP0 aToMa, THM
MeHIIUH edekTuBHUN 3apsy sapa. ToMmy MOXHa BBaXKaTH, IO PO3Cito-
BaJIbHA 3/[aTHICTh aTOMA JIJIsI SISKTPOHHUX MY4KiB mporopuiiiHa 10 Z-fg,
ne Z — 3apsn siapa atoma. OCKUTBKH BY3JIM KPUCTANIYHOT I'PaTKH MarOTh
CKiHUEHHI pO3MIipH, TO IXHS PO3CIIOBAJIbHA 3MIATHICTh 3aJIEKHUTHh 1 Bif
KyTa pO3CisiHHA. Y pa3i BEJIMKHX KyTiB BiIXWJICHHS HA 1IHTCHCHUBHICTb
T paroBaHUX MPOMEHIB BILTUBAE BiAMIHHICTE Y (a3ax XBUIIb, IO BiJl-
OwInCs BiJl pI3HMX JUISHOK aroma: i3 3pOCTaHHSIM KyTa BiJOMBaHHS
THTEHCUBHICTB TUPPAKIIiT 3MEHITYETHCSI.

To4HO po3paxyBaTH aMILIITYly aTOMHOTO PO3CisSTHHS MOXKHA 3a Ta-
KO0 (hOpMYIIOF0:

f(0) = m,e’ [sz(z —f)
~ 2h? sino R7

1e Mo, e, L — Maca, 3apsij Ta qe bpolniBebka JOBXKUHA XBHIII €JIEKTPOHA.

3.1.3. Cmpykmypruii gpakmop. Y KpucTajai MOXKHa BHOpaTu pi3Hi
Ha0OpH TUIOIIMH, KO)KHOMY 3 SKHX BiJllTOBIIaTUMYTh TEBHA MIXKILIO-
IIMHHA BiZICTaHb Ta TYCTHHA aTOMIB Ha OJWHHIIIO IUIOIIi, TOMY Tpeda
OUiKyBaTH, MO IHTCHCUBHICTh AH(paKIii eJeKTpoHiB Oyxe pizHa JUIst
pi3HHUX HAOOPIB IUIONIMH. TOYHE TEOpEeTUYHE 3HAYCHHS IHTEHCHUBHOCTI
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nudpaxnii MOKHA OTPUMATH 3 TeOpii JMHAMIYHOI eNeKTPOHHOI nudpa-
KIIii, MpoTe 11e BUXOANTH 32 MeXi Hamoro posriany. [Ipocrima Mmoxens,
TaK 3BaHa KiHEMaTHYHA Teopisd audpakiii, MoXe TOCHTh KOPEKTHO IIe-
pendadnTH Ti TUIONIMHU KPHCTaja, IHTEHCUBHICTh AWQPAKITT Bif SKUX
Oyzne HynboBa. AMIUTITYAa €IEKTPOHHOTO IydKa, 110 mpoaudparyBaB
Ha rutonuHi (hkl) enemenTapHoOi KOMipkH KpucTana

Aw ~ Fua Ao, (3.5)

ne Apg — aMmIiTyaa npoaudparoBaHoro myuka; Ag — aMIDITy1a anaro-
4oro nmy4ka; Fng — ctpykryphuii ¢paxrop miomunu (hkl). Liei crpykryp-
HUH (HaKTOP OTPHUMYIOTH IPOCTHM JI0OIaBAaHHSAM BHECKY KOXKHOTO aTOMa
TUIOIIMHM B PO3CISIHHS €NIEKTPOHIB 3 ypaxyBaHHIM (ha3u KOXKHOI po3ci-
stHO1 XBHJT. OCKIIBKY CTPYKTypa KpHUCTaja € MepiogndHO0, TO e Tpeda
3pOOUTH JHIIE A1l eIeMEHTapHOI KOMIpKH, a He 1iJjioro 3paska. CTpyk-
TypHHI (HaKTOP BUPAKAIOTH CYMOIO

Fua = f1(0)exp[-27i(hu, + kv, +Iw))]
+ f,(0)exp[27i(hu, + kv, +Iw,)]
+..
+ f,(0)exp[—27i(hu, +kv, +Iw,)],

Jie MH HYMEPYEMO aTOMH eJeMeHTapHoi KoMipkH 1, 2, 3, ... n, i j-it atom
Ma€ KOOPJMHATU (BUPAXEHI B 4aCTKaX OCel eJeMEHTapHOI KOMipKH) Uj,
Vj, Wj. MHOoxHuK fj(0)—11e npocto dakrop po3cisHHA j-ro aTtoma, KUl
Jla€ aMIDTITYAy PO3CISIHHS B TOTPIOHOMY HAIpsIMi BijI aTOMa, a eKCIIOHe-
HIIITHUH MHOKHUK BH3Ha4ae a3y KOXKHOTO PO3CisHOTrO makera. SIKmo
B €JIEMEHTApHIN KOMIpIIi € N aTOMIB, TO OTPUMAEMO

Fyo =3 f,0)exp[ —2mi(hu; + kv, +1w,) ], (3.6)
=

VY neskux BUNAAKax JOJAHKH MOXYTh JaTH HYJb y CyMi, TOOTO BifJ
i€l IIOMIMHY HE CIIOCTEPiraTUMEThCs poaudparoaHoro mydka. Lle Tak
3BaHI 3a00poneni ¢iobumms. SIk npukiaza, posrisinemo 100 BigOUTTS ay1st
Marepiaiy 3 rpaHeleHTpoBaHOw KyOiuHoro komipkoro (I'IK), Hampu-
KJ1a/1, JJIs1 30J10Ta.
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VY uifi KpUcTamiyHid CTPYKTYpi, A€ aTOMH PO3TalIOBaHi B KOXKHIil
BEpIIHHI KyOI4HOT KOMIPKH Ta 10 IEHTPi KOXKHOI TpaHi, TPyIa aTOMiB y
no3umisx [0,0,0], [ 1,1}, {1,0,1] i [1 1 O} € TUM MiHIMyMOM,

'2'2 2 2 22
SIKMH IIJIKOM OTIMCY€ KPUCTAJL.

[TizcTaBUBIIM KOOPJMHATH LHUX YOTUPHOX aTOMIB y piBHSIHHA (3.6),

OTPUMAEMO HYJIb:

exp[ ~27i(1:0+0-0+0-0)]

+exp| —2mi| 1-0+0- —+O lj

L 2
F..=1() i =
" +exp| —2mi| 1- %+O 0+0- %)

+exp| —2mi| 1- E+O —+O 0

i 1 j (3.7)

exp[0]
+exp[0]
+exp[—mni]

= f(0)
+exp[—mi]

3akoH bperra 3 ypaxyBaHHSM CTPYKTYpPHOTO (akTopa Ja€e 3MOry
pO3paxyBaTH HANPSMH BCiX TUPPArOBaHUX MyUKiB eJEKTPOHIB.

PiBHSIHHS 17151 CTPYKTYpHOTO (DakTopa 4acTo MiJICYMOBYIOTh Y 3a-
KoHax audpakmii: Hanpukian, y Bunagky ['LIK kpucrana audpakmis
BiI0OYBa€ThCS JIMINIE HA TUIONIMHAX 3 yCiMa MapHUMH YW BCiMa Hemap-
HUMHU iH7ekcamu Misepa (tabi. 3.1).

3.1.4. Jlugppakuin y npoceiuyeanvHomy mikpockoni. Yci Mikpo-
CKOIIM Ha TMPOCBIT (SK ONTHYHI, TaK 1 ENEKTPOHHI) € CXOXKHUMHU B TOMY,
IO JOCIHIKYBaHUH 00 €KT OCBITIIOETHCS JKEPENIOM, SIKE Ma€ Mpo-
CTOPOBY KOT'€PEHTHICTh. YHACIIJIOK Ii€i KOTEPEHTHOCTI Ha 00’ €KTi MiX
OKpPEMHMH ITy4YKaMH, Ha SKi MOXHa YSIBHO PO3IUIMTH TMOTIK OMNpO-
MiHEHHS, BUHUKAIOTh TeBHI (a3o0Bi cmiBBigHOmeHHs. Lli cmiBBigHO-
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meHHs (a3 BU3HAYCHI [COMETPI€I0 OCBITIIFOBAILHOI CUCTEMH W ONTHY-
HHAM TIUIIXOM MK JKEPEIOM BHIIPOMIHIOBAaHHS Ta OCBITIIOBAHOIO TOY-
KOt0 00’€KkTa. B 00’€KTi, 10 IPOCBITy€ETHCA, TPOMEH] OiTBIIIEe YH MEHIIIE
MIOTIIMHAIOTHECA Ta TU(PAryIOTh 3aJ€KHO BiJl 3MiHU HOTO BIACTHBOCTEH
Bil ofHiel 10 iHIIOI TOYkW. Ti TMPOMEHI, 110 MPOWIUIN 00’ €KT, cepen
SKHX € HeBIIXHJICHI Ta BiOXWIIEH] (Yepe3 po3CisHHS 4H TU(PAKLII0) Bij
MOYaTKOBOTO HAmpsIMy, BUXOIATH 13 PI3HUX TOYOK 00’€KTa Ta iHTepde-
pyIOTh 3aBasknd KorepeHTHocTi. [lo3amy 00’exta BHHMKae MOan(iKo-
BaHE XBWJIBOBE II0JIE, SIKE MICTUTH yCiO iH(popMario mpo 06’ exrt. Po3-
TIO/IIJT €Heprii BUIIPOMiHIOBaHHSA, 3yMOBIIEHUH MU(paKIiero Ta inTepde-
PEHIlI€I0, PEECTPYE BIAMOBITHUI J1aBad, PO3MIIIECHUHN Yy IUIOIIMHI, 110
NepreHIuKYyIsIpHa A0 ONTHYHOI OCi, a OTpUMaHe 300pakeHHS Ha3WBa-
I0Th TU(PPAKLUIAHOI KApTHHOIO 00’ €KTa.

Tabnuys 3.1
[epmri 12 mo3Bomenux peduekcip (AudpaxiifHuX MaKCUMYMIB)

y I'lIK cTpykTypi Ta BiAMOBiAHI MIKIUIOIIMHHI BificTaHi

Tanexcu h2+k?+? d/a Ianexcu h2+k%+12 d/a
111 3 1/\3 222 12 1/3\2
200 4 1/2 331 19 1/\19
220 8 1242 422 24 1/2{6
311 11 /11 333 27 1/33
440 32 1/442 442 36 1/6
531 35 1435 533 43 143

Hexait y npunasi icHye cremiaibHa OCBITIIOBaJbHA CHCTEMA, SKa
CKJIaJIa€ThCs 3 JKepelia BUIIPOMIHIOBAHHS (B ONITUYHOMY MIiKPOCKOTI 11e
JlamIa, y eJIeKTPOHHOMY — KaTOJHa CUCTeMa) 1 JIiH3M (KOHICHCOpa), 1110
MIEPETBOPIOE PO3OIKHUI My4OK BiJI JpKepesa BUIPOMIHIOBaHHS Yy Tapa-
nenbHui. OTKe, Ha 00’ €KT Magae MmIoCKa XBHUIIS.

Jani mpuirycTUMO, IO ONTHYHI BIACTUBOCTI 00’€KTa MEPiOANYHO
3MIHIOIOTBCS B MIPOCTOPI — BiH CKJIQNAETHCS 3 MPO30PHX 1 HEMPO30PUX
CMYT OJIHAKOBOI HIMPWHHU, 110 YepryloThcs. Takuit 06’ €KT Ha3BeMo Ipa-
TKOI. [paTka, Ha Ky maja€ napajiejbHUil MydoK CBIiTJIA, SIK BiJOMO,
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crpuuuHsie Oudpakiiiio CBiTIa B MEBHUX HamNpsAMax. 3agaya MoJisrae B
TaKOMYy: 3HANTH METO]l BU3HAYCHHS IMapaMeTpiB AUPPaKIiitHOT KapTHHU
Ta IHTepIpeTyBaTH ii Tak, mo0O oTpuMaru sskomora Oinbire iHpopmariii
po 00’€eKT. [ mbOTOo B MIKPOCKOIIL 32 TOCIIIKYBAaHUM 00’ €KTOM PO-
3MILIYIOTh 301TbITYBaNbHI JIiH3H.

Ha puc. 3.3 300paxkeHo XiZi MPOMEHIB y pa3i TaKoro po3MilCHHS
JmiH3U Ta 00’€KkTa. YCi mapaienbHi MPOMEHi, IO BUXOIATH 13 Pi3HHUX
TOYOK 00’€KTa, JiH3a 30Mpae B TOUKY Ha (HOKAITbHIH IUTOMINHI, SKa PO3-
MillleHa MK JIH3010 Ta eKpaHoM. Tak y il TOYIl IUTOIINHU BUHUKAE
0COOMBHUH PO3MOMIN eHeprii, sKui, 3rigHo 3 A6Oe, HA3WBAIOTH IIEp-
BUHHHM 300pa)XCHHSM 00’ €KTa.

O6'ekT
- _,El,m(bpaku,iﬁna
KapTuHa
O6’ekTnB
dokanbHa MepBuHHe
nnowmHa 306paxeHHs
MnowwmHa BTopuHHe
306paxeHHs 300paxeHHs

Puc. 3.3. CxeMa BUHUKHEHHS 300pa)KeHHS y
pOCBivyBagbHOMY Mikpockomi. O0’ekT Mae
HepioANYHY CTPYKTYPY.

VY posrisHyTOMY BUMNAIKy Y (DOKaJIbHIM TUIONIMHI, pO3MIllleHil Iie-
PHEHANKYIISIPHO JI0 TUIOMIMHNA MAITIOHKA, BUHUKAE CIM’S MapaJIeNIbHHAX JIi-
HiH, Ky TpeOa po3raAaTy Ak qudpakiiiiiny kapTuay (Ha puc. 3.3 300pa-
KeHi TudpakuiiHi MaKCUMYMH JIMILE HYJIbOBOTO i MEPLIOro MOPSIKIB).

3a (¢oKaJIbHOIO TUIOLIMHOIO MPOMEHI 3HOBY po3xoaaThscs. OmHak
MPOMEHI, 10 PO3IHIIIKCS B Pi3HUX HAMpPAMaX 3 OJTHOI U Ti€l K AiISHKH
00’€KTa, CXOJAThCS B IHIIN TUIOIIUHI, KA TaKOX MOKa3aHa Ha PUCYHKY
(mnommHa 300paxenHs). Lli mpoMeHi BUXOJSTh 3 pi3HUX “audpaxiiiii-
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HUX” TOYOK TNEPBHHHOTO 300pa)KeHHs, TOMY BOHH TMPOXOAATH Pi3Hi
IIUIAXH, 8 OCKLUTBKHM BOHH, IO TOTO K, KOTEPEHTHI, TO iIHTep(hepyIoTh Mixk
co6oro. TobTo y mmomuHi 300paxeHHs] BUHUKAE BTOPHHHE JIIHCHE 30-
OpakeHHA 00’€KTa, SIKEe € pe3yiabTaroM iHTepdepeHiii MpOMeHiB, 0
BUHIILIH i3 IEPBUHHOTO 300paskeHHA. YnM Oiibla KiUIbKICTh MPOMEHIB
POOUTH BHECOK Y 300paXCHHS TOYKH (TOOTO YUM OiNbIa KUTbKICTh JIU-
(¢paroBaHuX MPOMEHIB MOTPAIUILIE B 00 €KTHBHY JIiH3Y), TUM Oinblie
300paxeHHs “BiMOBiae” 00’ €KTy.

3rigHo 3 mpaBwmioM Jlymepa, SIKIO onTHYHA cUcTeMa QopMmye 30-
OpakeHHsT 0e3 CITOTBOPEHB 1 BIIOBIIIOE BCE AM(paroBaHe 00’ €KTOM CBi-
TJI0, TO 300paXkKeHHS MPABWILHO MEepeaae PO3MOALT aMIuTiTya 1 a3 pos-
CISTHOTO 00’ €KTOM BHITPOMIHIOBAHHSI.

BroButu 06’ekTHBOM yci audparoBaHi MPOMEHi € MPAaKTUYHO He-
JIOCSHKHOIO MeToro. BojHodac, mpuHaMHI Y BHIAAKY CKJIaJHOTO
00’€KTa, BaXKO Tepea0aunTH, HACKIIBKH CHJIBHO BIUIMHE HA SKICTh
300pakeHHs] BUKOPUCTAHHSA JIUIIIE YaCTHHU JU(PParoBaHOTO BUIPOMiHIO-
BaHHs. Benuka mepeBara eJeKTPOHHOI MIKPOCKOIII MOPIBHAHO 3 ONTHU-
YHOIO MOJIATaE B TOMY, IO 300pakeHHs1 00 €KTa B pasi BEIUKOTO 30i11b-
IICHHS JIOCTaTHRO J0Ope “BiAmOBigae” 00’€KTy HaBiTh 0€3 ypaxyBaHb
BHECKIB MU PaKIiHHIX MaKCUMYMiB BUCOKHX TIOPSIIKIB.

Sk B ONTHYHOMY, TaK i B €IEKTPOHHOMY MiKpOCKOMi y (pOKaIbHIl
IUTOMKHI 00’ €KTHBA BUHHUKAE MudpakiiiHa KapTUHA 00 €KTa, SK MOKa3a-
HO Ha puc. 3.3. [IpoTe B CBITJIOBIH Mikpockorii qudpakiiiiHy KapTHHY
pijiie BUKOPUCTOBYIOTH JUIsl AOCTiDKeHb. EnexTpoHHI qudpakrorpamuy,
SIKI MU PO3IJISIAEMO, 3a3BHYA, OTPUMYIOTh Y TIPOCBIUyBaIbHOMY EJIeK-
TPOHHOMY MIKPOCKOIIi, IHCTPYMEHTI, IKHI MU JIeTaJbHIIIe PO3TIISTHEMO Y
posnim 4. Tobro [IEM moxe 3a0e3neunTy 1Ba MPUHIAIIOBO Pi3HI BHIIU
iHpOopMallii Tpo 3pa3ok — 30ibIIeHe 300pakeHHsI 1 TUpaKTOrpaMu.

o6 3po3yMiTH T€OMETPil0 eNEeKTPOHHOI Mudpaxiii, MH MOXEMO
ITHOPYBATH CUCTEMY JIiH3, siKa cJ1a0Ko 301Iblnye qudpakTorpamy, i pos-
TIISTHYTH HAabararo MmpocTilly ONTUYHY cXeMy, 300pakeHy Ha puc. 3.4.

[ly4ok eneKkTpoHIB majae Ha KpHUCTATiYHUH 3pa3ok. Jeski 3 HuX
MPOXOJATH 3pa3oK Oe3 B3aeMOJii i MOTpaIuIsAloTh y TOUKy O eKpaHa,
SKHHA po3MillleHnH Ha BiacTadi L Big 3paska. [Hmi enektponu audpary-
FOTh Ha KyT 20 Ha IUIOIMMHAX KPHCTala 3 MDKILIONIMHHOO BigcTanHio d
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1 IOTPAIUIAIOTh HA €KpaH y To4Ill A, o Ha BifacTaHi I' Bix O. O4eBUIHO,
0 TS MAJIAX KYTiB TUQpPaKIii

Mapatounii ny4vok — =20. (3.8)

3pasok

Komb6inyroun 1ie 3 piBHSIHHIM
(3.4), otpumaemo

(==

. r A
Mudbparosanuii L —=—, uu rd =LA (3.9)
ny4oK Hegudparosanuin L d
ny4oK
OckinbKu TOBXHHA Kamepu L
A@O 1 JIOBXKMHA XBWJI ENEKTPOHIB HE

3aleXarb BiJl 3pa3ka i € BEeIU4H-
HaMH CTaJlMMH JJIsl TIpUiagy, TO
no0ytoxk LA HaszuBaTUMeMO cma-
o0 kamepu. MoxHa TOOAYNTH,
0 BiACTaHb I' Bif Mudpakmiifaol
IUSIME IO HeTpoaudparoBaHoi € 0o0EpHEHO MPOMOpIiiiHa 0 MiX-
IUIONIMHHOI BifcTaHi. SIKIO cTanma xamepu BiJjoMa, TO, BEMIpSBIIH I,
MOKeMO po3paxyBatd 0. Y peanbHOMY MIKpPOCKOI, OCKITBKH MiX
3pa3KoM 1 €KpaHOM pO3MIIICHI JIiH3M, BeiauurnHa L He € (i3uuHOor0
BiJICTAHHIO MiX 3pa3KOM 1 €KpaHOM, ii JOCHIITHUK MOXE 3MiHIOBATH.

Puc. 3.4. CxemaTnuHa Jiarpama
reomeTpii popMyBaHHS
TUPPAKTOrPaMH.

3.2. Indpakrorpamu Ta ixHiid aHaJi3

Buiie 3’sicoBaHo, 10 €JICKTPOHH TU(paryBaTUMyTh Ha IUIOIIMHAX
KpHCTaJa, SKIIO I TUIOMMHNA MPUOIM3HO MapaieibHi 10 eNeKTPOHHOTO
ny4ka. ToOTo, sIK MOKa3aHO CXEMaTW4YHO Ha pHC. 3.5, @, MOHOKpHCTATi-
YHUH 3pa30K, OPIEHTOBAHHUN TaK, IO Psii HAOOPIB IUIOLIMH € Mapajeib-
HUM JIO IyYKa, JacTh AU(PPaKTOrpaMy, Mo CKIAIAEThCS 3 YHOPSIKOBA-
HOTO HabOpy TOYOK. SIKIIO 3pa30K MICTHTH KiJIbKa KPUCTAJIB 3 Pi3HOIO
opieHTali€ro0, SIK Ha puc. 3.5, 6, To TUdpaKTOorpamMa € CyMOI OKPEMHUX
mudpakrorpam i ckmagHima. Panimie noBeneHo, mo audpaxitis MOX-

72



JIMBA JIVIIE HA MMEBHUX KPUCTANIYHUX rutomuHax. Lle o3Hadae, 110 Kiib-
KiCTh MOXKIIMBMX MIKIUIOIIMHHUX BincTaHel d, a omke, 1 Bigcranei r, —
BEITMYMHA OOMEXeHa, 1 TOUYKHA HE € BUIAIKOBO PO3IOIiICHI, a ITOTpaIl-
JSIFOTh Ha KUTBIS (KOYKHE 3 IKAX Ma€ KOHCTAHTY ).

Buou ougppaxmozpam. Ha puc. 3.5, ¢ noka3aHo BHIIJOK, KOJIU
3pa30K MICTHTB JyKe 0arato KpUCTaJiB 3 BUIAJIKOBOIO Opi€HTAIlE€. Y
il CUTYyallii TOYKM Ha KUTBISX PO3TAIlOBaHI TaKk OJM3BKO, IO KiJbIIL
3MaI0THCS HETIepepBHUMHU, 1 JU(paKTorpama, Ky B IbOMY pasi OTpH-
MYIOTh, Haraaye 300paxeny Ha puc 3.1, 6.
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Puc. 3.5. Bunu nudpakrorpam, o BiANOBIJAIOTh 3pa3kaM 3 Pi3HOIO
MIKPOCTPYKTYPOIO: @ — iJicajbHI MOHOKPHCTAIT;  — HEBEJIMKA KiJIbKICTh
3epeH — 3BEPHITh yBary, 10 HaBiTh 32 HASBHOCTI IT SITH 3€PEH TOYKHU MOYHHAIOTH
(hopMyBaTH KijbLisl; 6 — 6araTo BUIAJKOBO OPIEHTOBAHUX
3epEeH — TOYKH 3JIMBAIOTHCS B KiJIBLIS.

Bume My npurnyckanu, mo auppakTorpaMmy OTpUMYIOTb Bif LIIIOTO
3pa3ka, Ta HaCIpaB/i [ie He Tak. AOO BUKOPUCTOBYIOUH Bi/IIOBi/IHI arte-
PTypH, ab0 OCBITIIIOIOUM JIMIIE MaJIeHbKY YacTHHY 3pa3Ka, MH MOXEMO
orpuMatu IupakiiiHy KapTHHY BiJl Jy’Ke Majoi 00JjacTi — Takoi, sK
3€pHO MOJIKPUCTATIYHOTO 3pa3Ka, UM MPEeUrIiTaT OJHOr0 Marepiaiy B
MaTpuii 3 inmoro. Croci0, y sxuii ue pooutscs y IIEM, obrosopeHo B
po3znini 4.
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Ananiz oughpakmozpam. Ananiz gudpaxkrorpam € 1ikaBuMm 3 Oara-
ThOX TpuunH. Cepell HUX: TOYHE BUMIPIOBAHHS CTaJIOI KaMepH MIKpo-
ckoma, crpoba imeHTudikamnii HeBiIOMOTO MaTepialy 3a HOoro MiXIuIo-
IIUHHUMHA BiACTaHAMH 9H reoMmeTpiero mudpakmii. Judpakmis mae
3MOTy OTpUMaTH IU(PAKLUIHHO KOHTPACTHE 300pakeHHs (IUB. pPO3-
nin 4). TouHIiCTh 1 TUN BUMIpPIOBaHb, SIKi BUKOHYIOTb, 3aJe€XaTh SK Bij
3pa3Ka, TaK i Bi oTpiOHOI iHdopmaii.

To4HICTh BHUMIPIOBaHb MDKIUIOIIWHHUX BiACTaHEHW 3a JTOMOMOTOIO
[IEM He € Takoio mpenu3iitHoo, SIK y CyJacHUX METOMuKax X-auppak-
11ii, OCKUTBKH Ba)K4€ BUMIPSTH KyT TUGPAKIlii 3 TI€IO K TOYHICTIO 1 JyXKe
B2)KKO CTBOPHUTH IJICHTUYHI YMOBH IIiJ] YaC CIIOCTEPEKECHHS PI3HHX 3pa-
3kiB. HaiiTouHimi BUMiprOBaHHS MOJIMBI B pa3i BUKOPHCTAaHHS CTaH-
JapTy 3 BiIOMOIO cTasyoto rpatkd. | 3pa3ok, i craHmapT MOBUHHI OyTH
TOYHO HA BiAIIEHTPOBaHi BUCOTI (AMB. po3aii 4), KON PEECTPYIOTH AB1
mudpakrorpamu. Mixk TuMu JBOMa eKCIiepuMeHTaMu He Tpeba poOuTu
JKOJTHUX BUIpaBIeHb y (OKYCYyBaHHI UM NOBXKHHI Kamepu. ChOromHi
JIOCTYITHI KOMIT IOTEpPHI MAKETH, 3a JOIOMOTOK SKUX MOXHA BHMIipSTH
BiZICTAaHb MK TOYKAMH YK KUIBISIMH TOYHIIIE, HIX 3a JOIIOMOIOKO Jii-
Hiliku (mpubnuzHo 3 TouHicTio 0.1 %). HaBith 0e3 1bOTO MOMKINBO
OTPUMATH 3HAUYEHHS MIKIUIOIUHHOI BiICTaHI 3 TOYHICTIO 0 OJHOTO YH
JIBOX BIJICOTKIB, IO I[LIKOM JOCTaTHBO IS OLIBIIOCTI IiJIeH, Hampw-
KJIaJ, JJIs TOPIBHSAHHS BUMIPSHUX BEJIWYWH 31 3HAYCHHSIMH I1HIEKCIB
MoponKoBoi Au(paKiii BiIOMAX KPUCTAIYHUX MaTepialis, 1o 30epi-
ratotecst B JCPDS (Joint Committee on Powder Diffraction Standards).
Jani My HaBeJeMO MPHKJIAAA HAWTHIIOBIIINX BUMIPIOBaHb 1 OMUC MPO-
Leayp, Ki BAKOPUCTOBYIOTH JUIsl OTpUMaHHS pi3HOT iH(popMarIii.

KaniOpyBanns cranoi kamepu HaidacTiimie BiIOYBa€ThCs 3a JIOTIO-
MOTOI0 TTOJIIKPUCTAIIIYHOT 30J10TOi obru. Taki 3pa3ku IErKo rOTyBaTH
IUISIXOM BUIIAPOBYBAHHS 30JI0Ta Ha JIy’Ke TOHKY KapOOHOBY abo (opm-
BapoBy IUTIBKY W OTPHMATH 3€PHO JIOCHUTH Majioro po3Mipy, sKe JacTh
CyIJIbHE Kinblle Ha audpakrorpami (sk 300paxkeno Ha puc. 3.1, 6).
30/10TO Ma€ rpaHEeleHTPOBaHy KyOiduHY CTPYKTYpPY 31 CTaJlO0 I'PaTKH
a =0.4078 um. Kinbus moxHa npoinaexcyBaTtu 3a Tabi. 3.1. Ockinbku
paniyc Kbl ' 00EpHEHO HMPONOPLIHHUN 10 MIKIUIOIIMHHOI BifcTaHi
d, To nenrpansHe Kinbite, 111, Mae HalOLIBITY MIKIUTOIIIMHHY BiJICTaHb
(0.2354 um). Is BigcTaHb BigoMa Uit KOKHOTO KijIbIls, TOMY BHMipIO-
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BaHHS I' Ja€ 3MOTY OTpUMATH cTainy Kamepu LA oxpa3y 3 piBHsHHS (3.9).
[TepeBipka TOTO, IO BCi KUTHIIA MAfOTh OJHAKOBE 3HAYCHHS CTAJOI Ipa-
TKH, € XOPOIIUM CIIOCOO0M TEPEKOHATHCS, IO AUPpaKIliiiHa KapTHHA
TOYHO c(POKyCOBaHa.

JdudpakTorpama BiJ MOMIKPUCTATIYHOTO 3pa3Ka HEBIJOMOI MpH-
pOIM OyXe CXOKa Ha PEHTTEHIBCbKY IU(PaKTOrpaMy MOHOKpHCTANa, i
PO3paxoBYIOTH ii MOAIOHUM criocoOoM. Sk omucaHo paHilie, eNeKTPOHU
MOXYTh Iu(paryBaTy JUIlE HA NIEBHUX IJIOIIMHAX KpUCTajia. 3acTocy-
BaBIM 3aKOHU Auppakmii (auB. Tabi. 3.1), MOPIBHAHO MPOCTO y BHIIA-
Ky KPUCTAJIIB 3 KyOIYHOIO CHUMETPIEIO 3’ SICYBaTH, Y1 iXHS KpUCTATIIHA
IpaTka MPUMITHBHA, YW 00’ €MOIICHTPOBAaHA, YM TpaHEUECHTpPOBaHA. Y
OUIBIIIOCTI BHIMAIKIB iH(pOpPMAIls, IO CTOCYEThCS CKIAay Marepiaiy,
MOXKe OyTH BHUKOpHCTaHa JUIS 3BY)KCHHs 3amaui — Bif ineHTHdikarii
a0COIFOTHO HEBIJJOMOTO MaTepiany MeperTH 10 BHOOpY MK KiTbKOMa
Bimomumu. Ckirag mMaTepiany 4acto BuzHavaroTh y [IEM 3a momomororo
PEHTTEHIBCHKOI CIEKTPOCKOITIi 3 TUCTIEPCIEI0 32 €HEPTi€r0, K OMUCAHO
y po3aini 6. Te, mo y [IEM moxiuBe noegHanus iHpopmarii, orpuma-
Hoi 3 mudpakuii, Ta iHGopMamii npo ckiaa, poOUTh HOTro MOTYKHUM
3aco0oM imeHTHrdikamii HeBiIOMUX MaTepialiB.

JudpakrorpaMy MOHOKpHCTaja 4aCTO BUKOPUCTOBYIOTh VISl BU3HA-
YeHHs1 KpuctajorpadiuHoi opieHTamii 3pazka y Mikpockormi. Lle moxe
OyTH BaXJMBHM Y pa3i aHami3yBaHHSA KpucTajorpadidHux aedexTis,
OCKLTBKH MaibKe 3aBiIu € oTpeda B JOTPUMaHHI MEBHOT AUPPaKIIHHOT
YMOBH, 1100 Je(ESKTH CTaIX BUAMMI 1 1100 MOXKHA OYJIO 3p03yMITH TXHIO
MPUPOTY.

€ KiJbKa YMHHUKIB, SIKI MOXYTh YCKJIaJHHTH CyMiCHE iHJIEKCY-
BaHHs OiJbIe, HIX OJHIET TUPPAKTOrpaMHU UM Y3TOJDKEHHS TUPPAKTO-
rpamu i 300paxenHs. [lepmM € o6epTaHHs qudpaKTOrpaMH BiIHOCHO
300paXkeHHs, 1110 i BigmoBigae. SIk BiIOMO 3 MONEPEIHBOIO PO3ILIY,
300pakeHHs, OTpHMaHe MarHiTHUMH JIIH3aMH, € TIOBEPHYTE BiJIHOCHO
3pa3ka. OCKUIBKH CTPYM Y JIiH3aX MIKpOCKOIa TIOBUHEH OyTH PI3HUM Y
pa3i oTpuMaHHS 300pakeHHS Ta B pa3i OTpUMaHHS JudpaxTorpamu, TO
MPOCTEXYBAaTUMEThCS BiAMOBiAHMI moBopoT. KpiM Toro, moBopoT 30-
OpaskeHHs 3aJie)KaTUME BiJ] 301JbIIEHHS, 8 MOBOPOT IU(PPAKTOrpaMH —
BiJl BUKOPUCTaHOI TIOBXXWHH KamepH. KoxeH MIKpOCKoI, 3a3BU4ai, Mae
MpoTadyIbOBaHI 3HAYCHHS BIJIHOCHUX TOBOPOTIB MK 300pa)KEHHSM i
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nudpaxTtorpamoro. [Ipote minme 3adikcyBaTu NeBHY TOBKUHY KaMepH i
301BIIEHHS 300paKeHHS Ta TOTPUMYBATHUCS iX y pa3i OTpUMaHHS B3a€-
MOTIOB’ I3aHUX HAOOPiB 300paxkeHb Ta TU(PaKTOTpaM.

HdpyruM mxepenoM CKIAIHOINIIB € PI3HUI MK 3allMCaHuM 300pa-
JKEHHSM 1 HOro BUIJIAIOM Ha €KpaHi Mikpockona. [[miBKy po3MilyroTh
y Kamepi MiKpockoma (OTOeMYyNbCi€l0 A0BEpXY, Y OiK eNeKTPOHHOTO
nmy4ka. Jlami 300pakeHHsI IPYKY€TbCSA YU CKAHYETHCS E€MYNbCIEI0 J0-
HU3Y, y O0iK (hoTomanepy 9u MaTpHUIl IPUCTPOIO i3 3apSIOBUM 3B’ SI3KOM.
Ile mpuBOIUTE IO TTOSBU BiIOWTKA, IO € A3ePKATBHUM BiTOOpakKeHHIM
KapTUHM, SIKy AOCHTITHUK Oa4uTh Ha €KpaHi, 1 COPUYIHHSE TPYTHOII B
pasi 3iCTaBJICHHS 3alKCIB MO0 300payKEHHS B MIKPOCKOI Ta TOTO Xk
300pakeHHS TIepe]l BaMH.

3.3. BukopuctanHs 00epHeHOI IPATKH
y audpakuiitHoMy aHai3i

Jnst po3yMiHHS TPHUHIUIIB OTpUMaHHS AUPPaKTOTpaM JAOCTaTHBO
mpoctoi reoMmeTpii. Skmo MU OakaeMo 3arjavOUTHCS y TPEIMET, TO
Tpeba ommcyBaTH IU(PAKIil0 B TepMiHaX obepHeroi tpamku. Ines i
JOCUTBH MPOCTAa,il MUPOKO BUKOPUCTOBYIOTH Y KpucTanorpadii, nudpa-
KiIii Ta (i3uIli TBEPOTO TiNa.

3.3.1. Ilonsasmmsa obepuenoi cpamxu. O0epHEHA IpaTKa — 1€ MaTe-
MaTUYHUNA 00pa3, SIKMH 3aCTOCOBYIOTBH JUISl 3°SICyBaHHS CITiBBiJTHOIICHb
MDK PI3HUMHU TMapaMeTpaMyd KPHUCTATIYHOI I'PaTKH 1 BEIMYWHAMH, IO
BU3HAYAIOTh Ty YW iHINY (i3UUHY BIACTHBICTh KpHcTana. OOepHeHy
rpatky (GopMye CYKyMHICTh TOYOK (BY3JiB), KOJKHA 3 SIKMX BijoOpaxkae
Ha0Ip mapajebHUX aTOMHHUX IUIOUIMH 1 MA€ Ti X 1HAEKCH (3 TOYHICTIO
JI0 CTaJIOr0 MHOYKHUKA).

Ha puc. 3.6, ¢ noka3aHo 4acTMHY KpHUCTaJi4HOi IpaTKu — HaOip
IUIOIMH, OPIEHTOBAaHUX MEPHEHIUKYJSPHO 10 CTOpiHKU. B obOepHeHii
IpaTIi KOXKHA IUIOMIMHA pealibHOl IPAaTKH MaTUME BUTIISI TOYKH, IO
nexuth Ha Bincrani 1/d Big nentpa (O), Ha NEPIEHAUKYISPI IO TLIO-
mmHU. BekTop, 1m0 onvcye po3MilieHHs] TOYKA 00EpHEHOT IpaTKy BiJl-
HocHOo O, yacto no3HavaroTs (. Bin Bimomuil me sik BekTop audpaxiii.
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Tomy ans peanbHOi TpaTku Ha puc. 3.6, ¢ BiAMOBITHOIO 00EPHEHOIO
rpatkoro Oyje Ta, Mo 300paxkeHa Ha puc. 3.6, 6. Jnsg TpuBuMipHOT
IpaTKu MH, OYEBHIHO, MOXXeMO MOOyIyBaTH BIATOBIIHY TPUBUMIpHY
o0epHeHy TpaTKy. SIKIO 3aCTOCYEMO Te K MEPETBOPECHHS IIIE Pa3, OTPH-
Ma€eMO TpsIMY IPaTKy 3HOBY. EXBIBaJICHTHICTH TBOX 300pakeHb I'PATKH
Ha puc. 3.6 MoJsraE B TOMY, IIO 32 BiJJOMOIO MPSIMOIO IPATKOI0 MH MO-
XKeMo moOyTyBaTH 0OepHEHY, 1 HaBIaKH.

1/d,

°
o d; 1/d,

a 6
Puc. 3.6. [IBoBuMipHe 300paskeHHS IPSIMOi TpaTKu ()
1 BimoBimHOT 0OepHEHOT TpaTku (6).

1106 3po3ymiTH, YoMy OOEpHEHa IpaTka MoOXe OyTH KOPHCHOIO B
pasi qudpakiiii, mpuragaemMo, 1o Mi3HaIUCS MPo AU(paKIito.

Hudpakiis 3’ ABISETbCA Bi TUIOIMIKH, IO € MPUOIU3HO TapaieabHi
JI0 eleKTpoHHOTro myuka (puc. 3.7, a). Judpaxrorpama ckiagaerscs 3
TOYOK, PO3TAIIOBAHMX HA BiJICTaHi, IponopuiiHii 10 1/d, y3moBx nps-
MOi, EPHIeHAMKYIISIPHOT 110 TwiotuH (puc. 3.7, 6).

My4ok

‘ ‘ ‘ ‘ | | KpucTan
a

0
® ot—po [ ] 9(—).
Lald 1/d

6 8
Puc. 3.7. 3B’5130K MiX €JIeKTPOHHOIO TudpakIicro i odep-
HEHOIO TPAaTKOI0: @ —KpHUCTall; 6 — Audpaxkrorpama;
6 — obepHEeHa IpaTKa.
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SKmo MM pO3MIISIHEMO ITUIOLIMHU TPaTKU Ha puc. 3.7, @, TO 3MO-
XKeMo MmoOyyBaTH oOepHEeHy IpaTKy (IuB. puc. 3.7, ) i TOOAYNMO, IO
LI MIOC/iIOBHICTh TOYOK, BijjaneHuX Ha Bixcranp 1/d omHa Bix omHOI,
PO3TAalIOBAaHKUX HA MEPIEHANKYIISAPI O TUTOIIHH.

Sk GaurmMo, iCHY€ MEeBHA CXOXKICTh MiXk TU(PPAKTOrpaMOI0 Ta 00ep-
HeHOIo rpatkoro. HacrmpaBni audpakrorpama — me y mepuiomMy HaOmm-
KCHHI MPOMacIITabOBaHUH mepepi3 00epHEHOI IPaTKK NEPICHANKYIAPHO
10 Ty4ka. 3 piBHAHHSA (3.6) BUIUTHBAE, MO MACIITAOHUM MHOXXHHKOM €
cTana kamepu LA.

OTxe, MI MaeMO TIOTYKHUI MeTof MOOyI0BH eNeKTPOHHOI nudpa-
KTOrpaMu Juis Oynab-sKOro Biomoro kpucrana. Ham mpocto Tpeba mo-
OymyBaTH OOEpHEHY IPAaTKy KpUCTala, 1 3 Hei MO)KeMO OTpUMaTH Tudpa-
KTorpamy ajist OyIb-iKoi opi€HTalii KprcTaja, 30piEHTYBaBIIHN BiAMOBI-
JTHO TPaTKy i 3pOOMBINH ii Tiepepi3 (1am’ATarouu, o, 3TiIHO 13 3aKOHAMH
mudpaxiiii, BOHa He BiIOyBaTUMETHCS HA IESKUX TUIOIIHAX ).

3.3.2. Ilodyoosa cgpepu Esanvoa. 3B’130K MK OOEpHEHOIO Tpat-
KOIO 1 1M paKkTOrpaMor0 MOYKHa MoKa3aTu GOpMajbHillIe 332 JOMOMOTOI0
mobynosu chepu Epanpaa (puc. 3.8). Chepa (EBanbia, un a3epKaibHa)
paaiycom 1/A moOymoBana HaBKOJIO TOUYKHU A. udparyBanpHuii KpucTan
300pakeHH HOro 0OEpPHEHOI0 I'PATKOI0, €IEKTPOHHUI ITy4OK — BEKTO-
pOM JIOBXKHMHHU /A, MapajenbHUM 10 HampsMy Iy4Ka, SKUH 3aKiHdy-
€ThCS B TIOYATKy KoOpauHAT obepHeHoi rpaTku. Ha puc. 3.8 cdepa Era-
JbJIa TIPOXOIUTH Yepe3 TOUKy 0OepHEeHOI IpaTku Ha Bifcrtani 1/d Bix mo-
YaTKy KOOPJUHAT O0EpHEHOI IpaTku. 3 TEOMETPHYHHUX MIpKyBaHb 3Ha-

XOJIUMO, IO
(%)

sing=— /2 -~

() =

abo

A=2dsino,
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TOOTO Taka MoOy0Ba 3aJOBOJILHSE 3a-
KoH bperra. OTxe, MU MOXXKEMO TIepe-
(dhopmymroBaTH yMOBY AM(paxiii: am-
(pakmis BinOyBaTUMETHCS, KO ce-
pa EBanmbna TopkaeTscst TOUKH 00Oep-
HEHOI I'PATKHU.

Xouya 1e He LIJIKOM Take X O3Ha-
yeHHsI Audpakiiii, sk Te, 10 MU OTPH-
MajM BWIIE, Il /[BA TBEP/UKCHHS Ha
TIPAKTHIN €KBIBAJICHTHI IS AWQPpaKIIii
CJICKTPOHIB Ha Kpuctaii. Lle 3ymoBie-
HO BeNWKUM paniycoMm chepu EBanmbia o
(270 aM™ 15 eNEKTPOHIB 3 eHeprieio Puc. 3.8. Tlobynosa chepu
100 keB) mopiBHSAHO 3 BEeKTOpaMu 00e- Eparsa.

PHEHOI rpaTky (3a3BHyaii, 61H3bK0 5 HM™). ToOTO B TEpIIOMY HaGIIIKe-
HHI 17151 Manux KyTiB audpakmii chepy EBanbaa MoskHA BBaXKATH IDIOMIH-
HOIO.

3.3.3. lugppaxuin na cxinuennomy kpucmani. Jljas toro mo0 3po-
3yMITH JesiKi pucH TudpakTorpam, a TaKoX MPHUPOTY 300pakeHb KpUCTa-
JYHUX MaTepialiB, sKi OTpUMYIOTH 3a moromororo [IEM, posrimsaemo
BUIIA/IOK KPHCTANA, 10 HE € OPIEHTOBAaHUM TOYHO i1 KyroM bperra. Ha
MIJCTaBl MONEPEIHHOTO PO3MIISY MOXKHA IEPEeI0aunuTH, 10 33 TaKUX
yMOB au(pakiii He crocTepiraTuMyTb. Mu 3’scyBaiu: Ui TOTo, 1100
BOHa Biji0yBajacs, J3epKaiibHa cepa MOBUHHA TOPKATHUCS OOEpHEHOI
rpatku. OHAK Ui peabHAX KPHCTAJIB 10 YMOBY MOKHA ITOCITA0UTH i
BCE€ OJTHO OTpUMATH TUGPAKIIO 31 3HAYHOIO iIHTEHCHUBHICTIO.

Slkmo Mu mpumycTUMO, 1O MU PaKIis € cradKor, TOOTO Mo HMOo-
BIpHICTh PO3CISIHHS OY/Ab-SKOTO €JIEKTPOHA Majia, TO IHTCHCUBHICTD JIU-
(pakiii Bijf KpUcTajia CKIHYCHHOT TOBIIMHHA MOXXHA OOYHMCIIUTH 32 JIOTI0-
MOTO0I0 KIHEMaTHYHOT TeOpii eJIEKTPOHHOT TU(paKIIii.

Po3srnsiHeMo eneKTpoHHME MyYOoK, 110 Majae Ha 3pa30K TOBIIMHM {,
SIK MOKa3aHo Ha puc. 3.9.

VYSBHO pO3IIIMMO KpHCTall HA YaCTUHH, MEPIEHANKYIISPHI 0 ene-
KTPOHHOTO Ty4Ka, 1 aMIDITyly Ta (a3y eleKTPOHHOTO PO3CisIHHS pO3-
paxoByBaTHMEMO JJIsi KOKHOTO MIapy. [HTEHCHBHICTh PO3CISIHHS Bij
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Kkpucrana (I;) OTpUMYIOTh IiJICyMOBYBaHHSM DPO3CISHHS BiJl KOKHOTO
mapy, Oepyds 10 yBaru pi3HUIO (a3 XBHIIb, PO3CITHUX HA Pi3HUX TIIH-
OmHax. MoHa TOBECTH, IO IHTEHCHBHICTh TU(paKIlii Mae TakWid BHU-
LIS

| 2sin2(7rts)
l, = 3 —(ns)2 , (3.10)

1€ S — BIAXWIEHHS Bif KyTa bperra; t — ToBmuHa 3paska; &y — cTana

Marepiamy sl HeBHOTO 3HAYEHHS {, BiJOMa SK JOBKMHA eKCTHHKILI. Ii
PO3paxoBYIOTh TaK:

_ mV cosOy
’ AF,

g

: (3.11)

ne V. — 00’eM onHi€el KOMIpKH; A — TOBKWHA XBUIII €JIEKTPOHA; O — KyT
bperra; Fy— cTpykTypHuii daxrop. JloBK1HA €KCTUHKIII € Ty’Ke BakK-
JUBHM TIapaMeTpoM, SIKHH BH3Ha4yae OaraTto XapaKTEpHCTHK 300pa-
xeHHs. Hanmpukiaz, KOHTpacT 3a MMeBHOT TOBIIMHHM 3pa3ka, po3Mip nede-
KTy 1 osiBa cMyT Jie()eKTiB yaKOBKU — YCiX iX BU3Hauae &;.

Ha puc.3.10 mis 3pa3ka 31 CTajolw TOBIIMHOK IIOKAa3aHO 3a-
JISKHICTh IHTEHCHBHOCTI MpoAr(paroBaHoro MpoMeHs BiJl mapaMeTpa S
(Tobro Bim BimxunenHs Bin kyta bperra Og). 3 kiHemaTtn4Hoi Teopii
BUIUIMBAE, MO IHTEHCHBHICTh AMMPAKIii Mae MaKCUMyM TIpU KyTi
Bperra (xomu S = (), a TakoX MPOCTEKYEThCA MUPAKIlisi EBHOI iHTE-
HCUBHOCTI TIpH S, BiiMiHHOMY Bix Hyns. [llupuHa rojoBHOTO Tika, SK
BuHO 3 puc. 3.10, Ha miBBHCOTI cTaHOBUTH 1/t. OTxe, MH OaunMoO, 110
YUM TOHIIUI KPHCTANl, THM CHIIBHIIIIE HOTO Opi€HTAIlis MOXe Bipi3Hs-
THCS Bl yMoBH bperra, ogHak audpakiisi Bce OJHO CIIOCTEpiraTu-
METhCH.

VY Tepminax noOyznoBu chepu Epanmbaa Mu MOKeMO 300pa3uTH 1€
nocialieHHs] YMOBU AU(PaKii Uil TOHKOTO KPHCTala, sIK 300pakeHo
Ha puc. 3.11. Touku oOepHEHOI IPaTKH PO3TATYIOTHCS 1 CTAaIOTh Biapi3-
KaMH y HanpsMi, HOpMaJbHOMY JIO TUIOIIUHHM 3pa3Ka, a iXHs JIOBXKHHA €
00EpHEHO MPOTOPIIHHOO 0 TOBIIWHH 3pa3Ka.
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E 3pasok

HepudparosaHui HOundparoBanHun d
ny4yok ny4yok
ly /

-S 0 +s
g
Puc. 3.9. CxemaTnyHa aiarpama, 1o Puc. 3.10. 3MiHM IHTEHCUBHOCTI
[I0KAa3ye€ PI3HUIIO HIUIIXY MiX Judpakiii 3 BIIXUICHHSIM Bl KyTa
€JICKTPOHAMH, PO3CITHUMU Ha Pi3HUX Bperra 1i1s kpycTaia TOBIIUHOIO L.

TITMOMHAX KpUCTaa.

3 mopiBagHHA puc. 3.8 1 3.11 Gaunmo, MO WMOBIPHICTE JOTHKY
ctepu EBanbna mo Binmpi3kiB 0O0epHEHOI IpaTKy (a2 OTXe, i1 HMOBIPHICTh
nudpaxuii) 30inpmmnacs. Takoxx 6a4iMMo, IO YUM TOHIIHHA 3pa30K, THM
JIOBIII BiJIPi3KH, @ OT)KE, TUM OLbIlie TUGPAKIIIHHUX TUIAM 3’ IBUTHCS Ha
nudpaxTorpami.

Ha puc. 3.12 moka3zano cepito audpakrorpaM Bif OJHOTO ¥ TOTO XK
KIIMHOTIOAIOHOTO KpHCTaia 3a Pi3HUX TOBIIWH, JI€ YiTKO BUIHO, IIO 3i
3pOCTaHHSM TOBIMHU 3pa3ka 3Me-
HIIYETBCS KUTBKICTh AH(paKiiii-

S L

HUX TIISM.
Y TOHKOMY KpHUCTalli eNeKTPO- | | ol | |

HHa JU(paKis MOXE 3’SBHTUCHA,  Puc. 3.11. TToGynoea cdepu Esanbaa

HaBiTh SKIIO 3Pa30K BiIXHICHUH IS TOHKOTO KPUCTAIA.

Ha 11’ STh TPaAycCiB Bix Kyta bperra.
Lle o3Hauae, 1m0 OpieHTAIlis KpUCTaNa MOXKE OyTH BH3HAueHa 3 audpa-
KIIHHMAX KapTUH JIMIIE 3 TOYHICTIO J0 KUTbKOX rpajayciB. Ha macts, icHy-
10Th iHIN AudpakiiiHi eQekTy, sKi JTarTh 3MOTY OTpHUMAaTH Habarato
BUILly TOYHICTb, HAPHUKJIAJ, JU(PaKTOrpaMy BiJ 301KHOTO IMydKa i JIiHi{
Kikyui.

Ineto 300pakaTu 3MiHH B YMOBaX €JIEKTPOHHOI Audpakiii 3a 10mo-
MOTO0 BiJIpi3Ka B KOXHIiH TOUIll 00EpHEHOT IPaTKU MOYKHA y3arajlbHUTH
JUISL KPUCTAJIA, IO € TOHKHUM y OyJb-SIKOMY BUMIpi. Y IIbOMY BHUITJIKy
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yMoOBa JuQpakuii B TOYLI 00EpHEHOI I'PATKUA PO3IMIUPIOETHCS MO KOXK-
HOMY BHMIpPYy Ha BEJIWYHHY, OOEPHEHO NPOMOPIIHHY A0 TOBIIWHU
KpUCTAIIYHOI TUIACTHHH B IbOMYy BuMipi. Hanpukmax, ans mimactuH-
94aCcTOr0 KpUCTasia, OPIEHTOBAHOTO MapayesibHO 10 mmyuka (puc. 3.13, a),
TOYKU OO0EPHEHOI I'PATKN PO3TATYIOTHCS MEPHEHIUKYISPHO A0 My4Ka, i
Ha audpakTorpami — sika € nepeTuHoM chepu EBanbna i obepHEHOI
IPaTKU — CIIOCTEPITaTUMYThCSI CMYTH Ha TUIIMAaXx.

8 2
Puc. 3.12. EnexkrponHi qudpakTorpamu Kprcraia

kpeMHito. [Tagatounii mydok napanensHuit 1o oci [110].
Kaptunu qudpaxuii Bin a 10 ¢ oTpuMani st obaacrei

KpucCTaja, TOBIIMHA AKHUX ITOCTYIIOBO 3POCTAE.

[Tpuxman qudpakTorpaMu BiJl KpECTana allOMIHIFO 3 BMICTOM TOH-
KHX IJIACTHMHKOIOIIOHMX YaCTHHOK 1HINOI (Da3u, OpiEHTOBAHMX Iapalie-
JILHO JI0 My4Ka, TI0Ka3aHo Ha puc. 3.13, 6.

3.4. Inwi Tunu aAupaxrorpam

Xoua audpakrorpaMu, ONHCaHI BHINE, BUKOPUCTOBYIOTH Haifuac-
Tille, iICHYIOTh TaKOX iHIN Ju(paKIfiiHi eQeKTH, 3 IKUX MOXHA OTpH-
MaTH KOPUCHY 1H(OopMaLlito.
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Puc. 3.13. udpaxuig Ha 3pa3Ky (BiAIaIeHUH altoMiHi€BO-
MIZIHUH CIUIaB), SKWH MiCTHUTh TOHKI KPUCTAJI4HI MJIACTHHH,
napaesbHi 10 eJICKTPOHHOTO My4YKa: ¢ — CXeMaTH4IHE
300paxKeHHs 3pa3ka; 6 — AudpaKkTorpama npu HassBHOCTI
3B’s3aHUX TUIACTUHKOINONIOHUX YaCTUHOK, 110 OPiEHTOBaHI,
SIK TIOKa3aHO Ha PUC. d.

3.4.1. Jugppakuiiina kapmuna Kikyui. Y pazi 3pocTaHHS TOBITUHU
KpHUCTaia 3pocTae TaKoXK po3cisHuil GoH AudpakTorpaMu, CrpUvHHE-
HUI HENpYXHO PO3CISIHUMH €JIeKTPOHAMH. [HTEHCUBHICTH HEIPY>KHO
PO3CISIHUX €JNEKTPOHIB 3aJICKUTh BiJl KyTa PO3CISHHA 1 MAa€ MaKCUMYM,
SIK TIOKa3aHo Ha puc. 3.14. Y kpucTaniuHoMy 3pa3Ky JesKi 3 X Hempy-
KHO PO3CISSHUX €JIEKTPOHIB MOXYTb 3rOZOM 3a3HaTH INPYXXHOTO pPO3-
CisSTHHS, 1 caMe TaKa B3aeMOIisl CIIPHUYUHSE MOABY Audpakrorpam Kikywui.

Ha puc. 3.15, a posrisiHyTO
CNIEKTPOHH, SKi OyIH HENpPYKHO
po3scisHi y Toutli P 3paska. Jaii
JesiKi 3 IUX eJEeKTPOHIB TMOoTpa-
IATh Ha TuromuHu Q Ta R mix
kyToM bperra (0) i ToMy MOXyTh
3a3HaTH OperriBchbKol AupaKiiii.
ToO0TO HEmpyXHO  PO3CISTHUI
MPOMiHb 1HTEHCUBHOCTI [s, SIKMIA
IIIOB OU JI0 TOYKH S, Tenep Bij-
XWISEThCH Y TOUKy 7, a Hempy-
KHO PO3CITHMH NpPOMiHb iHTe-
HCUBHOCTI [, KM MaB O iTH

IHTEHCUBHICTL
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70 TOukH 7, Terep BIIXWISEThCS Y TOuKy S. ToOTO iHTEHCHBHICTD HEMpY-
JKHOT'O PO3CISIHHS BiAPI3HAEThCA Bi nepeabaueHoi Ha puc. 3.14.

IHTEHCKBHICTL

O KyT poacisiHHa
a o
Puc. 3.15. Xin nmpoMeHiB, 10 imocTpye reomerpito nossu gudpakuii Kikyui (a);
IHTEHCHBHICTH HEMPYKHOTO PO3CIsIHHS B pasi mosiBu diHii Kikyudi (6).

VY Toutli S iIHTEHCHUBHICTh 3MIHIOETHCS HA [r — Is, y Touni T — Ha Is —
It. Ockinpku OS menmmit Big OT, To 3 puc. 3.14 BumumBae, mo /s €
Oinpinoro Bix /7. ToMy B Touli S MaeMo cymapHe 3MEHIICHHS iHTEHCHB-
HOCTi HETPYXKHOTo po3cissHHs (TemHa niHis Kikyudi), a B Toumi 7 — cy-
MapHe 3poctanHs (cBitna niHis Kikydi), sik mokazano Ha puc. 3.15, 6.
KyroBe po3minenHs miHii, sk BumHO 3 puc. 3.15, ctanoBuTh 20 i € Ta-
KHM JKe, SIK PO3JIiJIeHHS MU(pakiifHuX TIAM Bix mux TuiomuH. Judpa-
KIivHI mrsami i aiHii Kikydi yacto 3’ SBIsiFOThCs Ha OfHIN audpaxiiiiHiit
KapTHHI, X04a iHTeHCHBHICTh JiHIH Kikydi 3pocrae 31 3pocTaHHSIM TO-
BIIMHU 3pa3Ka, a IHTEHCHBHICTh TU(PPaKIifHUX IUISIM Y IbOMY pasi 3Me-
HIIYETHCS.

3 puc. 3.15 moxkHa nobauury, 1o didii Kikydi € cumerpryHi 3 000x
00KiB nu(pakIifiHIX TUIOIIKH, 1, AKIIO 3pa30K HaXWICHUH, JiHil mepe-
MICTSITBCSl TaK, HIOM BOHHU KOPCTKO NMPHB’sA3aHi 10 3pa3ka. TobTo B pasi
Haxwity 3paska JiHii Kikydi Ha KapTHHI 3MIIIYIOTECS, & pO3TalTyBaHHS
TpaKIiftHAX TUISIM He 3MIHIOEThCs. J[J1sl Mamoro Haxuiy o JiHii 3mic-
TATHCSI HA BIJICTaHb O MO AUQpaKIiifHii KapTHHI, 1 TeOMEeTpUYHA TIO0Y-
noBa nacth O = La. s tunoBoi qoexuuu kamepu (100 cm) e o3Hadae
3mimenHs 30 MM Ha rpagyc Haxwity. Tomy posramryBanHs diHid Kikyui
MO>KHa BUKOPHCTATH Ui BU3HAUYEHHsI Opi€HTALii 3 TOUHICTIO 10 YaCTKH

84



rpajgyca, a TakoX IUIsi BUMIPIOBaHHS MalluX 3MiH Opi€HTalii y 3pasKy,
TaKHX SK MaJIOKyTOBa MeXa 3epHa.

3.4.2. Ilu¢pakrorpamu Bia 30i:KHOro mMy4ka ejdeKTpoHiB. J(u-
¢dpakuiliHi KapTUHY, TPO SKi WITOCS BHIIE, OTPUMYIOTh BiJl Mapaieib-
HOTO Iy4yKa eJEKTPOHIB, IO Majae Ha 3pa3ok. OJHaK SIKIIO Ha 3pa3Ky
chokycyBaTH 301KHHUA EICKTPOHHHMU MYy4YOK, TOJI, SK IOKa3aHO Ha
puc. 3.16, mudpakimiiiHi WIIMA CTaHYTh TUCKaMH, 1 3 aHaji3y IXHBOI
TOHKOI CTPYKTYPH MO>XKHa OTPUMATH iH(QOPMAIIifO PO TOBIIUHY 3pa3Ka,
HOTO KPHUCTAIYHY CTPYKTYPY Ta CTali IPaTKH.

SlkicTh kapTHHU OyJe HAWIIIIIO, SKIIO AUISHKA, Ha sKii BinOy-
BaeTbcs Audpakuis, € Oe3aedeKTHOI i Mae OJHAKOBY TOBLIMHY Ta
opieHTaniro. Tomy, 3a3B1Uaii, OCBITIIIOETHCS JIMIIE Majla YacTHHA 3pa3Ka 3
JiaMeTpoM JI0 KUTBKOX JecATUX HaHoMmeTpa. BukopucrtanHs oOmacTi Ta-
KOTO MaJIor0 pPO3Mipy pOOHUTH IF0 METOUKY YK€ BIAJIO0 JIJIS TOCITiIKe-
HHS MaJIAX 9aCTHHOK. Takox, Sk KpuctamorpadiqHuil IHCTPYMEHT, BOHA
€ JOTIOBHEHHSIM JI0 METOJIiB, L0 IPYHTYIOThCS Ha BUKOPHUCTaHHI X-TIPO-
MEHIB, IKi aI0Th CX0XY 1H(OPMAIIif0, OHAK JUIsl BEJIMKUX 3Pa3KiB.

Buie mMu inTeprnperyBanu TudpakiiiHy KapTuHy sK Iepepi3 odep-
HEHOI TPaTKHh 1 JOBENW, M0 MH MOXKEMO ITHOPYBaTH KPHBHHY CQepu
EBampna — Benmukuit ii pagiyc o3Ha-
Yae Mally KPHUBUHY, a OTXE, CXO-

) N . 36ixHUA Ny4yok
KICTh Ha TUTOMIMHY (y SKOi pajiyc

. o 3pasok
KPUBUHU HECKiHUCeHHUI). OHAK I
BIZTHOCHO BENMKHX KYTiB Au(pakiii
1Ie He TPaBUIILHO, OCKUTBKH B IIbOMY
O6’ekTBHaA

BUIQJIKy BAXKIMBAM CTAa€ 3HAYHO i
OUThIIMI TiNecHWI ceKTop cdepw,
MOBEPXHIO SIKOTO (YaCTUHY MOBEPXHI
chepu EBanpia) Bxke He MOXKHA BBa-
JKaTh TUIOCKOr0. BimogiaHo, chepa
nepepizaTume iHIII mapu o0epHEeHOT
IPaTKH, i By3nu oOepHeHoi rpatku 3a  Puc. 3.16. Jliarpama xony npomenis
TAKOTO mepepisy (OpMyBATHMYTE A iudpakiii Bijg 301KHOT0 mydka.

[AucbpakuiviHi guckn
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kinbipt. Ha puc. 3.17 6aunmMo Take: sSKIIO KyT 300py JOCHUTH BEJIUKHH, TO
MH OTPUMA€EMO BiANOBIAHI KUTbI JU(PAKLIHHNX IUISIM, BIIOMI SIK KUIBIISA
30H Jlaye BUIIOTO MOPSAKY.

Puc. 3.17. Tlepepi3 3on Jlaye Buroro nopsaky cheporo EBanbaa (a);
cxeMaTu4He 300paxeHHs TUPPaKIifHOT KapTHHH,
110 B IIbOMY pa3i OTPUMYIOTE (6).

BaxnuBicTh WX 30H Y TOMY, III0 BOHH JArOTh iH(GOPMAIIi0 PO KpHU-
CTaJl y HampsMi, napajae’abHOMY J0 €JIeKTPOHHOTO MydYKa, Ha JOJATOK JI0
IBOBUMIpHOT iH(opMarlii, 0 OTpUMYIOTH 31 30HH Jlaye HyIIbOBOTO MOpS-
IKY, Ky BHKOPHUCTOBYIOTH JJIsl 3BUYAHHMX TOYKOBHX IU(PPAKTOTpaMm.
Komnn 30ymxytoTbest 300K Jlaye BHIIOTo MOPS/IKY, TO TOHKI JiHiT audpa-
Kiii Bij 30H Jlaye BHIIOrO MOPSIKY, 3a3BUYaid, CIIOCTEPIral0Th y MEXKax
mudpakiiitanx auckiB. Lli miHIT yTBOPIOIOTECS y CIOCIO, MO TyXe CXO-
KU1 Ha c1rioci0 yrBoperHs JiHii Kikydi (puc. 3.15), 1 ixHe po3ramryBaHHsS
€ Jye YyTJIUBMM JI0 CTaloi IPaTK¥ KPUCTajia. IX MOKHA BUKOPHMCTATH
JUISl BUMIPIOBaHHS BiTHOCHUX YX aOCOJFOTHHUX CTAJIUX IPATKH 3 IyXKe BHU-
COKOIO TOYHICTIO, IO Ja€ 3MOTY HEMpsSMO BU3HAYMTH JIOKAIIbHI HAIpYKe-
HHS IpaTKM 4YM 3MiHH B XiMidHOMY ckiaai. OpHak TpeOa Oytu obepe-
JKHUM, OCKUIBKU CTali I'PaTKA TOHKOTO Ta 00’€MHOTO 3pa3KiB MOXYTh
TPOXH BIJPI3HATHUCS, OCOOJIMBO, SIKIIO Y 3pa3Ky ICHYE BHYTPIIIHE
Harpy>KeHHSI.

3 moBHOT cuMeTpil KapTHH Audpakiii Bij 301KHOTO IydYKa elleK-
TPOHIB, OTPHUMAHKUX BHPIBHIOBAHHSM MaJIAal0Y0T0 EJIEKTPOHHOTO IyYKa
B3JIOBXK KUIBKOX BIIOMHX KpUCTaIorpadiuHUX HaNpsMiB, MOKHA OTpH-
MaTH TOYKOBY 1 IPOCTOpPOBY rpymny cuMmeTpii kpucrana. s Takoi po-
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0OTH YacTO € KOPHCHUM TOPIBHSHHS OTPHUMAHUX KapTUH 3 KapTUHAMHU
JUTSL BIIOMEIX CTPYKTYD.

KouTpoabHi 3anuTanns i 3aB1aHHs

1. Skwmit kyr bperra BignoBimae mnepmioMy Ta JIpyroMy HOPSAKY
mudpaxmii Bix mwromuH 3 d = 0.08934 HM 32 TOBKIHM XBHIII €IEKTPO-
Ha 0.00164 aM (mpuckoproBanbHa Hanpyra 400 kB).

2. Illo 3minuTbcs Ha AnpakmiiHIA KapTuHI B pasi 30iIbIICHHS
MIPUCKOPIOBATIHLHOT HAIIPYTH?

3. Haspite m’ATh IUIOIIMH 3 HaiMCHIUUMH iHIEKCAMH, Ha SKUX MOXE
BimOyBaTHcs audpakmis y (a) IpUMITHBHOMY KyOi4HOMY KpHCTAai
(po3tamysanus aromie [0 O 0] ) Ta (0) 00’eMOIIEHTPOBAHOMY
KyOiuHOMY KpucTani? (mo3uuii aromis [0 0 0 ], [0.5 0.5 0.5]).

4. Slk Ou BM OTpHUMAIH €JIEKTPOHHY NU(PAKTOrpamMy BiJl OJTHOTO 3EpHATH
y MOJIIKPUCTATIYHOMY 3pa3Ky, SKIIO iXHil Cepe/iHii po3Mip CTAHOBHUTH
(a) 5 mxm™ (6) 20 HM?

5. Bam Mikpockon Mae cepio3Hy Mpobiemy 3 3a0pyIHEHHSM, IO
NPUBOIUTH 10 MOSBH aMOP(HOI OpraHiyHOi IUIIBKM Ha 3pasKy B
obyacTsx, sKi TOCHiKYIOTh SEKTPOHHHM IMYYKOM. SIK Iie BHSBHUTBCS
Ha TU(paKTOTpaMi MiCIIsl TPUBAIOTO Yacy?

6. fAxmo Bu cnoctepiraere 3cyB minii Kikywi Ha 0.1 MM Ha ekpani
BAaIlOr0 MIKpPOCKOINA, TO HACKUIBKM TOYHO BH MOXXETE BHPIBHSITH
3pa3oK JI0 3a/IaHOT0 KpHCTaorpadiyHOro Hanps My, BUKOPHCTOBYIOUYH
KaMmepy JOBXHHOIO 46 cMm?

7. Yum kinbus 30H Jlaye BUIIOrO TMOPSAKY Ha MiKpoaudpaxminiHii
€JIEKTPOHOTpaMi  BIIPI3HSIOTBCSL BiJ KijJellb, OTPUMaHUX Yy pasi
nudpaxiii Big 301)KHOTO mydyKka?
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Posznin 4

IMPOCBIYYBAJIbHUI EJIEKTPOHHUI MIKPOCKOII

Ille Ha mouatky XX CT. BIOKPUTO XBWJIHOBY INPHPOIY EIEKTPOHA
(mochiznm Mesiccona ta J[xepmepa, 1927). JIoBKuHY XBHJII KOKHOTO
eJIEKTPOHAa MOKHA po3paxyBaT 3a ¢opmynoro ae bpoins (2.2), mpu-
YoMy Il €IeKTpoHa 3 eHepriero 50 eB noBkuHA XBUJII CTaHOBUTH
0.17 um, a B pasi eneprii 50 keB — yxe 5 mixometpiB. Taki BHCOKOEHED-
TeTHYHI eNIEKTPOHN MOXKYTh MTPOHUKATH Y TBEPJE TLIO HA TITUOHWHY IIO-
PAAKY MIKpOMETpiB. SIKIIO 1e TBepe TiI0 KPUCTATIYHE, TO €NEeKTPOHU
nudparyBaTUMyTh Ha aTOMHHUX IUIOIIMHAX ycepeauHi Hboro. ToOTo
CJIEKTPOHH, IO MPOWILTH KPi3hb TOHKHH 3pa30K, POPMyBaTUMYTh €JIEK-
TPOHHY TU(PaKTOrpamy.

Mikpockorl, y STKOMY TOHKi 3pa3KH OCBITIIOIOTHCS ITyYKOM BHCOKO-
CHEPreTUYHHX €JIEKTPOHIB, HA3WBAIOTh NPOCBITYBATGHUM €IEKTPOHHIM
MiKpocKorioM. BiH Harajgye OnNTWYHWIA MIKPOCKON Ha IPOCBIT, OJHAK
roro OyzoBa oOepHeHa 10 OYJOBH ONTHYHOTO: JDKEPENIO EICKTPOHIB
pO3MillIeHE 3BEPXY KOJIOHA MIKPOCKOIIa, a CHCTEMa PEECTpallii — BHU3Y,
a B OIITUYHOMY — HaBIIaKH.

[IEM nae 3Mory oTpEMyBaTH 300pakK€HHSI TOHKOTO 3pa3Ka, 301J1b-
mene y 1 000-1 000 000 pazis. Kpim Toro, 1ieit npuiag MokHa BUKOPHU-
CTOBYBATH JUISi OTPHMaHHS €JIEKTPOHHUX IudpakTorpam, siki KOPUCHI
JUTSL TOCJT1JDKEHHS BIACTUBOCTEH KPUCTAIIYHUX 3Pa3KiB.

4.1. Bynosa npuiany

VY posaim 2 onucaHo OuIbmIicTs OcHOBHMX uyacTHH [TEM. OcBit-
JICHHS BiZIOYBA€ThCS 3a JIONIOMOIOIO EJIEKTPOHHOI rapmatH, (OKycy-
BaHHS Iy4YKa — 3a JIOMIOMOTrOI0 €JIEKTPOMArHiTHUX JiiH3. Jlo peuitu He-
OOXIIHUX CKJIaJIOBMX HAJCKWUTh €KpaH (3a3BUYaii, 1Iap Marepiajy, 1o
CBITUTBCS TIJ JI€I0 €NEKTPOHIB), BUIUMUHN Yepe3 BIKHO 3i CBUHIIEBOTO
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CKJa, 1 Kamepa, 1110 MPAIIoE Y BaKyyMi BcepeanHi Mikpockomna. [[i kom-
MOHCHTH 3MOHTOBaHI y BEPTHKaIbHIA KOJIOHI Mikpockoma (puc. 4.1).
EnexTtponn pyxaroTscs mo TpyOIlli, JiaMeTp SKOi He MEePEeBHILy€E MiJliMe-
Tpa, a PelITy TOBIIMHU KOJIOHM MIiKpOCKONa 3aiiMaloTh KOTYIIKH, I10-
JIIOCHI HAKOHEYHUKH Ta TPYOKH CHCTEMH BOASIHOTO OXOJIOIKEHHS.
[Mepmri MiKpOCKOIIM BHKOPHCTO-
BYBaJIM OJHY KOHJIEHCOPHY JIiH3Y SIK
KOJIIMaTop ISl KOHTPONIO EJICKTPOH-
HOTO My4YKa JI0 TOTO, SIK BiH JIOCSITHE
3pa3Kka, Ta OJIHy YU ABI 00 €KTHBHI W
MPOCKTOPHI JIH3U I 30UIhIICHHS
OTPUMAaHOTO  300pakeHHA. Takum
YMHOM, BOHM OyJIM TOYHOIO EJIEKT-
POHHO-ONITHYHOIO AHAJIOTIEI0  OMNTH-
yHUX MikpockomiB (puc. 1.4, a). Huni
3BUYHOIO € HASIBHICTD JIBOX KOHICHCO-

PHHUX JIiH3 Ta YOTUPHOX—II T TPOEK- e iy O

TOpHUX. EnexTpoHika Juisi KOHTpPOIIO ~>
POOOTH €IEKTPOHHOI TapMaTH, IIECTH Puc. 4.1. TIpoceivyBanbHuii
Y4 CeMH JIH3 Ta LEHTPYBaIbHUX CIEKTPOHHIH MiKpoCKoI

: JEM-3100F (JEOL Ltd.).
KOTyHIOK € JOCUTBb CKJIAJHOMO. Mixk-

pockor, 300pakeHnid Ha puc. 4.1, mae Oararo 3aco0iB KepyBaHHS Ta Bi-
noo6paxenHs indopmanii. OtHaK, 3p03yMIBIIH ONITHYHI TPUHIIUTIH, JIETKO
KepyBaTH HaBiTh HaicydacHimum [TEM.

CyuacHi MIKpPOCKOITM MaroTh BOYIOBaHWN KOMII'IOTEp. YHACHiIOK
IOTO 3MEHIIYEThCS KiITBKICTh HEOOXITHUX JTOCIHITHUKY 30BHIMIHIX 3a-
co0iB kepyBaHHA. OmHaK L€ HE BIUIMBAE HAa ONTHKY MIKpOCKONa 4u
KIJIBKICTh TapaMeTpiB, siki Tpeba, SBHO YW HESBHO, KOHTPOOBaTH. Po3-
TIITHEMO JIeTallbHilE OyIOBY MIKpOCKOINA Ha MPHKIAAl MpHiaxy, 30-
Opaxenoro Ha puc. 4.1.

4.1.1. Enexmponna zapmama. Y BEpXHid 4acTUHI NMpUIIaLy Mic-
TUTbCA eNeKTpoHHa rapmara. Haituactime [IEM maroTh Tepmoesek-
TPOHHY TrapMary, siKka J1a€ 3MOTY NPHCKOPIOBATH €JEKTPOHU BHOPAHOIO
pizHuieto moteHmianie 3 iHtepany 40-200 kB. HeoOxinna eneprist
€JIEKTPOHIB 3aJISKUTH BiJl pONly 3pa3ka Ta iHpopMmallii, IKy MU X04eMO
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orpuMaTh. s AESKHUX 3aCTOCYBaHb, OCOONMBO SIKIIO 3Pa30K € BiIHO-
CHO TOBCTHH YH MOTPiOHO MOCATHYTH AY’KE€ BHCOKOTO PO3IiNEHHS, JI0-
LIJTFHO BHUKOPUCTOBYBATH Ha0arato BUII eHeprii enekTpoHiB. s Ta-
KHX IJIed po3po0biieHo HU3Ky MikpockomiB cepennboi (300—-400 kB) Ta
Bucokoi (600-3 000 kB) nampyru. Jlyke BHCOKOEGHEPreTH4HI MiKpocC-
KONM TPAIUIIOTHCSI 1IOpa3 piflle, OCKUTBKM BIOCKOHAJICHHS JIiH3 Ta
PO3BHTOK METOJWK MPHUTOTYBaHHS 3pa3KiB JNAlOTh 3MOTY MOJIMIINUTH
po3ainieHHsT HU3bKoeHepreTmyHUX. KpiM Toro, cydacHi aBTOEMIicCiiiHI
rapMaTH JIOTIOMAararTh OTPUMATH TYXKe BY3bKi €IEKTPOHHI My4yKH (T10-
paaxy 1 HM Ha 3pa3Ky), TOMy HHWHI BOHH HaOyBarOTh IIOpa3 OiTBIIOTO
IOLIUPEHHS.

4.1.2. Konoeuncopna cucmema. Ilin eICKTPOHHOIO rapMaTOl pO3-
MillleHi ABi 4u Oijibllle KOHACHCOPHI JIiH3U. Pa3zom BoHU (OKYCYIOTH mMy-
YOK, 10 BUXOJAUTH 3 TapMaTH, i KOHTPOIIOIOTh HOTO JiaMeTp, KOJIU BiH

magae Ha 3pa3zok (puc. 4.2). Lle mae
3MOTY OIIEepaTopy KOHTPOJIOBATH ILIO-
myy ob0Jsacti, Ha SIKy TaJa€e MydoK 1,
OTKe, IHTEHCHUBHICTH OCBITJIICHHSI.

<;> Mix KOHJICHCOPHMMH JIIH3aMH Mi-
CTUTBCA anepTypa (KOHIIEHCOpHA amnep-

20 Typa), IO Ja€ 3MOTY KOHTPOIOBATH

KyT CXOJ/DKeHHs. Hadmpocrime ysB-

JIATH COOl KOHJICHCOPH 5K PEryJIsTOPH

SICKPaBOCTI, OJIHAK HACIpaBdi BOHH

Puc. 4.2. TIy4oxk, mo JAI0Th 3MOTY KEpyBaTH SK O00JIACTIO
(hoKyCyeThCs Ticis 3pa3ka 3paska, SIKy JOCTiKYIOTh ITy4KOM, TaK

(HeﬂF’Q)OKYCO.BaH”ﬁ): OCBITJIIOE i TumoMm nmudpaxifHOl KapTUHU, IO
pinanky iaverpa d. Kyr YTBOPIOEThCA. Po3risiHeMo neranbHine
301KHOCTI ITy4Ka .

IIUPOKO BUKOPUCTOBYBAHY JBOKOHICH-

COPHY OCBITJIIOBAJIbHY cucteMy. [lep-

ma KouzeHcopHa Jiinza (C1) 3meHiye kpocoep rapmaru. [Ipyra miHza
(C2) kepye kyTOoM 301KHOCTI MydYKa, IO BHUXOIUTh 3 OJIOKAa KOH-
JIeHCOpiB, K TMokazaHo Ha puc. 4.3. Touka po3mipoM S; y KpocoBepi
rapmatu (G) 3MeHIIeHa 10 Sp; MEPIIO KOHAEHCOpHOK IiH3o Cl.
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Hpyry xonaencopHy JiH3y C2 BHUKOPHUCTOBYIOTh i (OKYCYBaHHS
mydka. BoHa Mo)ke Tako) 3MEHIIUTH PO3MIp IUISIMH 10 S3.

[lapanensauii MydoK Majae Ha BENHUKY TUITHKY 3pa3ka (IIpOMeHi §), 31
3pOCTaHHSAM KyTa 301KHOCTI JiaMeTp Iydka 3MEHIIYETHCS, TOKH HE J0-
csirHe MiHIMyMy (TIpoMeHi ii), KoM My4oK c(oKycoBaHWil Ha 3pasKy.
Sxuio Kyt 301KHOCTI H Aami 301TbIIyBaTH, TO (QOKYC IMydKa HMEepeMiCTH-
ThCsl B 00JIACTh Tepent 3pa3koM(IIPOMEHi #ii), 1 OCBITIIIOBaHA IUIOIIA 3HOBY
3pocte. HemodoxycoBanuii, chokycosa-
HUl Ta epeOKyCOBaHMNA My9KH TO3HA-
yeni Ha puc. 4.3 (i), (i) ta (iii) Bigmo-
BIHO.

HaiimMeHmia 3 MOXIMBHX OCBITIIIO-
BaHUX JIJISHOK BH3HAUCHa €(PEKTHUBHUM
po3MipoM pKepenia B TapMaTi, CHIIOI0
Cl i koHgeHCcOpHOIO areptyporo. Llei
po3Mip oOMexeHUH 3HH3Y IU(PaKITE0
Ha KOHJICHCOpHIN amepTypi Ta abepa-
LISIMU B CUCTEMI KOHJICHCOPIB.

Komn mydox cdokycoBanuii Ha
3pa3Ky, HOro KyT 30DKHOCTI 3aJaHHii
KOHJICHCOPHOIO  amepTyporo.  Po3mip
KOHJICHCOPHOi amnepTypH TaKOX BIUIU-
Ba€ Ha SKICTb 300pa)KCHHS, OCKLIBKH
eJIEKTPOHH, LIO HMIyTh HA BEIMKii Bil- (if) (i) (7)
CTaHl BIJl ONTUYHOL oci,"3a3Ha10T.1: CI/IJI-I)- chj L}‘I;'eif(; If{‘;";:;z;;
Horo BIUTHBY cepuunoi adeparii. Kpim
TOTO, amepTypa CWIBHO BIUIMBAE HA IHTCHCHUBHICTH EJIEKTPOHHOTO
ydKa.

Jocnigauky Tpeda 3MIHIOBATH OCBITJIEHHSI KOHJIEHCOPHOIO JTiH3010
3aJIeKHO Bif Tuny iHdopMarllii, ska oMy notpiOHa. J{ias mocsSrHeHHsS
HaWIMIoro pe3yiabTary Tpeda 3HAHTH KOMIPOMICHE 3HAYSHHS KOH-
JIEHCOPHOI allepTypH.

3o00pakeHHs 3 ITUQPAKUIHHUM KOHTPACTOM OTPUMYIOTH 33 TaKHX
YMOB: KOHACHCOPHA alepTypa € CEpeAHbOr0 PO3Mipy; IUis 301IbIIEHHS
OCBITJICHOCTI PO3MIp IUISIMUA € BEJIMKUM (OHAK HE HACTLIBKH BEIHKHUM,
o0 TOTIPIIUTH SKICTh 300paKeHHS); MYYOK € IMPaKTUYHO Tapae-
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JBHUM 32Tl PIBHOMIPHOT OCBITJIEHOCTi (OJHAK JOCTaTHBOI 1HTCHCHU-
BHOCTI, 1100 YHUKHYTH BEIIMKHUX YaciB €KCIIO3UIIii, TPOTATOM SKHX 3pa-
30K MOYKE 3MICTHTHCS).

Hns otpumanHs audpakTorpaM Bix 301KHOTO ITydKa MOTPIOHI:
IUIIMa MaJIeHBKOTO po3Mipy (1100 3MEHIIMTH BIUIMB Aedopmarliii Ta je-
(ekTiB y 3pa3Kky); BeJHMKa KOHACHCOpHA amepTypa (o0 oTpuMaTH Be-
JIUKWAW TUCK y mupaKTorpami Bij 301KHOTO MydKa); My4oK, cHOoKycoBa-
HUH TOYHO Ha 3pa3Ky 3a gonomororo C2.

4.1.3. Kamepa 3pa3kie. Ilin KoHACHCOPOM pO3MIIlIcHa Kamepa 3pa-
3KiB, sSIKa € OJIHIEI0 3 HAMBKJIMBIIINX YaCTUH Mikpockoma. Jlyxe maie-
HBKWH 3pa30K MOBUHEH OYyTH Yy MeBHiH (ikcoBaHil MO3MIIT BcepeauHi
00’ €KTHBHHUX NiH3. MOro Tako MOXKHA IepeMillaTH Ha MiTiMeTpH Ta
HaXWISATH Ha BeluKi KyTu. Kpim Toro, X-mpoMeHi MOBHHHI MaTH 3MOTY
3aJUIIATH IF0 00J1aCTh, SKIIO0 MiKPOCKOII MPAIIOE€ B aHATITHYHOMY pe-
xuMi. MexaHi3MH, 0 peani3yloTh MePEeMIlIeHHs i TOBOPOTH, TOBUHHI
3a0e3MeYnTH BIHOCHY He3MiHHICTH (He Oumbmie 0.1 HM) BuOpaHOTO
ONTUMAJIBHOTO TOJIOKEHHS 3pa3Ka IiJl yac OTPUMaHHs MikpogoTorpa-
¢bii (yac excro3uIlil 3aeKUTh Bij 30UIBIICHHS Ta TUIY 300pa)KECHHS).
[Tepemimennro 0.1 HM 3a cekyHAy BiamoBigae 1 MM 3a 4oTHPH MicsIl —
3pa3o0K MYCUTh OYTH CIIpaBJi Ay»Xe CTa0lIbHUM.

4.1.4. O6’eckmuena ma npomixcna ainzu. OO0’ €eKTUBHA JIIH3A IyKe
CHJIbHA, 1 3pa30K PO3MIIIYETHCS MiX ii MONIOCHUMH HaKOHEYHHKAMH.
Ponp 00’ ekTHBHOI JIiH3H TIONISTAE Y (POPMYBaHHI MEPIIOTO MPOMIKHOTO
300paxenHs 1 audpakrorpamu. Lle 300pakeHHs MOTIM 30UIBIIYETHCS
HACTYITHOIO TMPOEKTOPHOIO JIIH3010, 1 HOTO CIIOCTEPIraloTh Ha eKpaHi.

Jist 00’ €eKTHBHOT JIiH3U TIOKa3aHa Ha puc. 4.4. Sk HaroJIOIIEHO BHUIIIE,
mudpakiiiiina kapTuHa 00OB’SI3KOBO (OPMYEThCS Yy 3aaHiN (poKanbHiH
romuHi JiH3M. [lepia nmpoekropHa JiH3a (SKy 4acTo Ha3WBAIOTh MPOMi-
XKHOI0, UM JU(PaKLiIHOIO, TIH3010) MOXKE IIepe0yBaTu B ABOX Pi3HHUX pe-
XKHMax poOoTH, MokazaHuX Ha puc. 4.4, a Ta 6. Y pexumi 300paKeHHSI
BOHa c(OKyCOBaHa Ha IUTOLIMHI 300paxkeHHst 00’exTmBa (puc. 4.4, a).
301/IbIIICHHST KIHIIEBOIO 300pPayKEHHS Ha €KpaHi MIKpOCKOIa BHU3HAYEHE
CHJIOIO PEIITH MPOSKTOPHUX JIiH3 (He 300pakeHi Ha puc. 4.4). Y pexumi
nudpakuii npoMikHa JliH3a c(hOKycoBaHa Ha 3aJHil (HOKaIbHIN MIIOMIKHI
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o0’extuBa (puc. 4.4, 6), i kapTHa IUQpaKmii TPOEKTYEThCS Ha EKpaH.
30UTbIICHHS  TUGPAKTOTPAaMH  3JICKUTh BiA TPOCSKTOPHHUX JIH3 Ta
e(heKTUBHOT TOBKMHN KaMEPH TaKOi CHCTEMH.

3pasok

O6'ekTUBHI
niH3K

3aaHA dokanksHa
nnowmHa

MpomixHi
nNiH3Kn

Puc. 4.4. O6’exTHBHa i neplIa NPOMIKHA JIIH3H B PEKUMI
300pakeHHs (a) Ta B pexuMi audpakuii (6).

HeoOxiguuM enemMeHTOM 00’€KTHBHOI CHCTEMH € TpHMad arep-
TYpH, SIKHH JIa€ 3MOTY BCTABUTH y KOJIOHY B 3aHiH (DOKaIbHIN IITOIUHI
Oy/b-SIKy 3 TPhOX—YOTHPHOX HASIBHUX MAJIIEHBKUX arepTyp.

O0’exTHBHA amnepTypa BH3HAYa€ KYTOBUH Jliama3oH pO3CIsIHUX ee-
KTPOHIB, 110 MOXKYTh iTH JaJli BHA3 KOJIOHOK 1 Opatu y4acTts y hopmy-
BaHHI 300pakeHHs. OTxe, AiameTp 00’€KTHBHOI amepTypu BH3Ha4ae
TpaHUYHE PO3JiNeHHs, 3a1aHe piBHAHHAM (1.7). 3a/y1st TMmoro posmi-
JICHHS anepTypa nosuHHa O0ytu Oinbmiow. Cydacuuii 200 kB Mikpockort
3 KoedilieHToM cdepuuHoi abeparii 1.2 MM Ja€ 3MOTy OTpUMaTH po3-
minennst 0.2 HM y pasi MONTOBHHHOTO KyTa ameprypu 4.5:10° panmianis
(mpubnm3HO uBepTh rpagyca). OQHAK y NesSKUX BUMAAKaX TyXKe BUCOKE
pO3IiNeHHs. He € HeOOXiTHUM, TOJi 00’€KTUBHY amepTypy BHKOPHCTO-
BYIOTbH JIJIs1 KOHTPOJIIO KOHTPACTY 300paskeHHs. [lai po3risHeMo ocHO-
BHI MEXaHi3MH yTBOpPEeHHs KOHTpacTy y [IEM.

4.1.5. IIpoexmopna cucmema. 3o06pasrcenns. llepiie 300pakeHHs,
CTBOpeHe 00’ €KTHBHOIO JIiH3010, 3a3BUYai, Mae 30inpmenHs y 50—100
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pasiB. Jlami BOHO 301IBIIYETHCSI HU3KOIO MPOMDKHUX 1 OKYJISIPHUX JIiH3 1
3pEUITO0 TIPOSKTYEThCS Ha (DIyOpecleHTHHH ekpaH. BukopucToByoun
TpH a00 YOTHPH JIiH3H, KOXKHA 3 SKHX Ha€ 30UTBIICHHS IO IBAAISTH
pas3iB, JIETKO MOCSITHYTH TMOBHOTO 301NBINIEHHS &K Y MUTBHOH pasiB. Jist
JOCSITHEHHSI MaJIoro 301MbIIeHHs BCi JJiH3M HE MOTPiOHi, y IbOMY BUIMA-
IKy oHa abo Oiiblie MPOSKTOPHUX JiH3 OyAyTh BUMKHEHI.

Jesiki crienianizoBaHi MiKpOCKONH OCHAIIECHI €HEPreTUYHUM (ijb-
TPOM ITiJ] 3pa3KOM, Y pa3i BBIMKHEHHS SIKOTO 3MOXYTbh MTPOXOINTH JIHIIIE
MIPYKHO PO3CisHI eIeKTpoHH abo eIeKTPOHH, IO 3a3HAIM KOHKPETHOI
BTparu eHeprii. Lle mae Bemmky mepeBary B €NEKTPOHHIN MiKpOCKOIi
BHCOKOTO PO3JIJICHHS, OCKUILKY HETPYKHO PO3CisfHI €NEeKTPOHU TOTip-
HIYIOTH SIKICTh 300paskeHHs. DINbTP TaKOXK € KOPUCHUM JIsl KiTbKiCHOT
iHTepHpeTalii iHNTeHCUBHOCTEH TU(paKTOrpaM, OCKIITbKH Ha HEPIIBTPO-
BaHIN nu(pakiiiiHiil KapTHHI 3aBXAN € PO3CiTHUN (POH Bix IHTEHCHUB-
HOCTiI HENpPY>KHO PO3CISTHUX eNeKTpoHiB. EHepreTnuHi (iabTpu TaKOXK
MOXKYTh OyTH PO3MIIIIEHi Ti] KAaMEepPOIO SK YaCTHHA CIIEKTPOMETpa eHep-
TEeTUYHUX BTPAT €JIEKTPOHIB. BOHN MOXYTh 3HAYHO TONIMIIUTH SKICTh
300pakeHb 1 JUQPPAKIIMHAX KapTHH, OCOOJIMBO BiJi TOBCTUX 3pa3KiB,
OCKIUTBKHM JUIsSl HUX HETpYXXHE po3CisiHHA nae nudy3Huid ¢oH 1 BTpaTy
KOHTpAcCTy, a €HePreTHYHHH (UIBTP, IO MPOITYyCKA€E JIMIIE eIeKTPOHH,
SKi 3a3HAM TPYXXHOTO PO3CISIHHA (€JIeKTpOHH 0e3 eHepreTUYHUX
BTpar), ycyBae el e(ekT i Nae 3MOry OTpUMAaTH 3HA4YHO YiTKiIle
300paxKeHHSI.

Muppaxyinni xapmunu. Yacto mnOTPIOHO IOCHIIPKYBATH 4YH
3anucyBaTH audpakrorpaMmy Bij BHOpaHOi o0OyacTi 3pa3ka. Lle mMoxHa
3poOWTH IBOMA CYTTEBO BIIMIHHUMH CIOCOOaMH. Y MeTomai Mudpakiii
Bl BuOpaHOi 00nacTi BUOWpPAIOTH TEBHY IIJSHKY 3pa3ka (3a3Buuaii,
KpYTiy), X04a OCBITJIIOIOTH OUIbITy 00nacTh. B anbTepHaTHBHOMY Me-
toni — audpakmii Bix 301KHOrO mydka (Iie BiIOMHH SK MiKpoaudpa-
KIIisl) — Iy9OK 30UPAEThCsl y MANICHBKY IUISIMY TakK, IO JudpakTorpama
YTBOPIOETHCS BiJI MIJOT (MAJIEHBKOT) OCBITIICHOT 00JIACTi.

Hudpaxuiro Bix BuOpaHoi 001acTi MOXKHA OTPUMATH LUIIXOM BCTa-
BKH alepTypH y IUIOIIMHY abo caMoro 3paska, abo mepuioro 3o00pa-
JKEHHSI, CTBOPEHOT0 00’ €KTUBHOIO JTiH3010. [lepiie MexaHiqHO 3/iiiCHU-
TH Maiike HEMOXITUBO, TOJIl SIK Jpyre MOoTpedye JIyxKe Malloi arnepTypH,
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SIKY BaXKKO BUTOTOBHTH, PO3TALIyBaTH i yTPUMYBaTH B YUCTOTi. 3a3BH-
4aif, 00JacTh BHOMPAIOTH 3a JOMOMOTOI0 alepTypy HIDKYE B KOJIOHI, y
IIOMIMHI OCTaHHIX MMPOMDKHHX 300pa’keHb. Y TaKWH CIIOCi0 MOKHA BH-
KOpUCTOBYBAaTH HaBiThb IyXe BeNuKy amneprypy. Hampuxiaz, y pasi
BUKOPUCTAHHS B IUIOIIMHI MPOMDKHOTO 300pakeHHsI 31 301bILICHHIM
200x, aneptypa aiamerpoM 200 MKM BUILIUTH 00JIACTH PO3MIPOM JIMIIIE
1 mxm. 3 puc. 4.5 6aunmo, 110 BuOip Benrkoi obnacti L Ha mpoMiKHOMY
300pakeHHI ONTHYHO €KBiBAJIEHTHUI BUOOPY Habararo MeHImoi oomacti
S Ha 3pa3Kky. AmepTypy, BHKOPHCTaHy 3 TaKOIO METOIO, Ha3HWBAaIOTh
anepTyporo obpaHoi obmacti, abo audpaxiiitHoto aneptyporo. iamerp
oOpanoi o0nacti gouiabHO oOMexutn 0.5—1.0 MKM, OCKUIbKH OJMH 3
edexTiB chepuunoi abepamii moisirac B TOMY, IO €JIEKTPOHH, SIKi MPO-
XOJISITh Uepe3 3pa3ok B okoJii 1—4 MKM Bij 00paHoi 001aCcTi, MOKYTh PO-
OuTH BHECOK y MU(PaKIiifHy KapTUHY (3aJIexHO Bif chepuaHoi abepa-
mii Mikpockoma). g moxmuOka mana, Koimu miaMeTp BHOpaHOi oOsacTi
CTaHOBUTh, CKaXiMO, 50 MKM, OJIHaK CTa€ qyXe CYyTTEBOIO, KO BUOpa-
Ha 00JacTh Mae aiameTp Juiie 1 MKM.

€I1HIM CTIOCOO0M OTpUMATH XOpomny AudpakTorpamy Bix odmacti
MeHIe | MKM y AiaMeTpi € BUKOpUCTaHHS MeToay audpaxiii Big 30ix-
HOTO Iy4yKa. Y IbOMY BUMAAKy BHOpaHUI AiaMeTp Takui caMHi, 5K 1
miaMeTp Ty4dka Ha 3pas3Ky, po3Mip
SKOTO BU3HAUCHMH KOHICHCOPHOIO
cucTeMOI0. Y CydacHHX MiKpOCKOTax
MOXXKHa C(OKYyCyBaTH EJICKTPOHHUIA
ny4ok (To0To i BUOpaHi obnacti) 10
nmiamerpa 1 4m 2 HM, X04a y cTapimmx
npuiagax Mexa, sIKOi BHAETbCS 10CS-
I'Ti, cTaHOBHUTH umre 100 HM.

4.1.6. Kamepa. Kamepa, 3a3Budaif,
€ TMPOCTO arapaToM i3 3aCJIiHKOIO (Haii-
yacTile B KOJOHI MIKpOCKOMNa), KUK
Ja€ 3MOTY KepyBaTH EKCIO3HIIIEI0 Puc. 4.5. Aneptypa obpanof

. .. . . obumacTi A.
npiOHO3epHUCTOI (POTOILTIBKH, pO3Mi-
IICHOT MiJ eKpaHOM Y I[iii Kamepi. 3 OrJIsiAy Ha BEJIMKE 301IbIICHHS
I[IEM wmae ayxe Benuky rimOuHy (hoKyca, TOMy € 0arato Micis Juis
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PO3MILIIEHHSI PI3HUX CHCTEM peecTpalii 300pakeHHA. 3i 3pOCTaHHSIM
JOCTYITHOCT] Ta BJIOCKOHAJICHHAM TEXHOJOTi MI(POBOTO 300pakeHHs
opa3 TOMIUPCHIIMIUMHA CTalOTh MATPHUIll TPUCTPOIB 31 3apSI0BUM
38’s3koM  (1133). V¥V HalfmpocTimmx mudpoBuX Kamepax BUKOPHUCTOBY-
FOTh TUQPOBI BiJICOCUCTEMH, CIIPIMOBaHI Ha (POCHOPECIICHTHUHN €KpaH.
VY umx kamep € eBHI OOMEKEHHS Yepe3 cIa0Kuil piBeHb OCBITIICHHS Bij
(docdopeciieHTHOrO ekpaHa. € TaKoXK 3HAYHO CKJIAIHINI KamMepH, IO
MOXYTh (ikcyBaTH 300paxkeHHS Bifl (pochopecieHTHOTO eKpaHa depe3
OIITOBOJIOKOHHI JIiHii.

I133 marpums 9acTo Mae CHCTEMY OXOJIOJPKCHHS IUISl 3MCHIICHHS
IyMy, TOMY JOCTYIIHUMH CTalOTh BEJIHMKI YacH eKcmo3uiii. Takox mo-
€THYIOUYH BUXIJl TAaKOI KaMepH 3 KOMIT FOTEpPOM, II0 MaE MporpaMHe 3a-
Oe3medeHHs Ui OIpaloBaHHs 300paKeHHS 1 Kepye JiH3aMH MiKpoc-
KOIIa, IPOLIEypH IOCTYBaHHS MOXKHA IPOBOANTH IIBUJIKO.

baraTo aHamiTHYHUX MiKpOCKOITIB OCHAIIIEHO EIEKTPOHHUMHU JIeTe-
KTOpaMH mijJ Kamepoto. e MoxyTh OyTH CHMHTWIALIAHI JTYAIBHUKH,
BUXIJl IKUX MPOTIOPLiHHMIA O CTPYMY ITy4Ka, Ta SKi MOYKHa BUKOPUCTO-
ByBaTu i popmyBanHs 300paxkeHHst CIIEM. Takox 11e MOXyTb OyTH
CIEKTPOMETPH EHEPreTUYHHUX BTPAT EJNEKTPOHIB, IO JAIOTh iHpopMa-
IO TIPO BIUIMBH, SKHUX 3a3HAJH EJIEKTPOHH ITijl 4YaC IMPOXODKEHHS Yepes3
3pa3oK, i B AEIKAX BHIAJIKaX JOIMOMAararoTh OTPUMATH €HEpreTHIHOdi-
JETPOBaHI 300payKeHHS.

4.1.7. Ocmygannsa. OnqHUM 3 HAMBaXIMBIIMX €TAIlB OTPUMAHHS
XOpOIHX 300paKEHb B EJIEKTPOHHIM MIKPOCKOMIi € OpieHTaIlis elieK-
TPOHHOTI'O ITy4Ka B3JI0BX ONTUYHOI OCi KOXKHOI 3 JiH3. Jlume y Bumaaky
TOYHOTO FOCTYBaHHS MOXXHA MiHIMi3yBaTH aOeparlii i JOCSATHYTH ONTH-
MaJIbHOTO PO3MJIEHHS] MIKPOCKOMa. 3pO3yMilo, IO eJeKTPOMAarHiTHi
JIIH3M, BIAMOBIIHO, TE€X MOBUHHI OyTH MEXaHIUuHO J0Ope Bij IOCTOBaHI, 1
1Ie BUKOHY€E BUPOOHMK. OIHAK 3aBXJIM € NoTpeda B HE3HAYHOMY KOPEK-
TyBaHHI, SIKE BUKOHY€E OIEpaTop 3a JOMOMOTOK MAaJCHbKHX eJIeKTpoMa-
THITHHUX BiIXMJIBHUX KOTYILOK, PO3TAIIOBAHUX Y IEBHUX TOUKAX KOJIOHH.

[Iponenypa rocTyBaHHS MOXE BIAPI3HATHCA AJISl PI3HUX MIKPOCKO-
iB, OJJHAK METOIO i1 € BUPIBHIOBAHHSI ITy4YKa B3JIOBK ONTHYHOI OCi, OCO-
ONMMBO B YyTJIMBIM MUISHIN 01yt 00’ eKTHBHOI NiH3U. HacTymHi KOTyIKu
JIAF0Th 3MOTY NIPUKJIaJIATH Malli TIOJIsl JUIsl BUTIPABJICHHS ACTHI'MAaTU3MY B
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KOHJICHCOPi, 00’€KTUBHIHN Ta MPOEKTOpHi cucTemax. Yci 1i Hamamry-
BaHHS BUKOHYE OMEPaTOp Mepeid TUM, IK OTpuMaTH Mikpodororpadii 3
BEJIMKUM 301TBIIIEHHSM.

4.2. MexaHi3MH KOHTpPACTy

Joci My po3risaany ONTHYHY Ta MPOCBIYYBAJIbHY €IEKTPOHHY Mi-
KpPOCKOMIi 3 MOMISAAY TeOMETPHUYHOI ONTHKH. Jliarpamu XOomy MpOMeHiB
BUKOPUCTOBYBAJIH, 1100 TOBECTH TaKe: SIKIIO 00’ €KT (3pa30K) MICTUTBCS y
MICBHIH IUIONIMHI, B IHIIIN TUTOIIKHI Oy/e BiNOBIIHE 300pakeHHs. Expan
YK Kamepa po3MillieHi y IUIOIIHHI 300pakeHHs 1 He MOTpeOyIOTh TOYHOTO
MIO3WIIIFOBaHHS, OCKUTPKM THOMHA (OKYCy, 3a3BHUAM, JyKe BelUKa.
['eOMETPUYHOIO ONTUKOK 3PYYHO KOPHCTYBATUCS VIS PO3TISIAY TAKUX
TIOHSATH, SIK 301IBIICHHS, TINOWHA TIOJIA 1 (OKaIbHA BiZCTaHh MIKPOCKOIIA,
OJTHAaK T HEJOCTATHHO JUIA IHTEpPHpETallii KiHIEBOro 300pakeHHs. Jls
LBOTO PO3IIITHEMO MOXIIMBI MEXaHi3MH KOHTpAcTy, 10 BHU3HAYAIOTh,
SIKOIO OyJIe TIeBHA JICTallb Ha 300paKCHHI — SICKPABOIO UM TEMHOIO.

€ Tpu TOIIOBHI MEXaHI3MHU KOHTPACTy, IO OepyThb y4acthb y ¢op-
MyBaHHI 300paxkeHHs [IEM. ¥V Oynp-KOMy BHIAAKY BaXKIUBO T€, IO
KiHIIeBe 300pa)KCHHS MOXKE OyTH YTBOPEHE JIMIIIE TUMH CJICKTPOHAMH,
K1 POV 00’ €KTUBHY anepTypy. O4eBHIHO, IO PO3Mip Ta po3Ta-
IIyBaHHS 00’ €KTHBHOI allepTypy € BU3HAYAIBLHUMU JJIsl IPUPOAH KOHT-
pacty 300pakeHHs. Po3risiHeMo KoXKeH 3 MeXaHI3MiB T10 4ep3i.

4.2.1. Konmpacm maca—mosujuna. IMOBIpHICTb TIPYKHOTO PO3Ci-
SIHHS €JICKTPOHIB 3aJIeKUTh Bifl KoedilieHTa po3CisHHS, M0 3pOCTae 3i
301IBIIIEHHSAM aTOMHOI'O HOMEpA, 1 BiJl 3arajbHOI KIJIBKOCTI aTOMIB, sKa
MpoNopLiiHa A0 TOBIIMHU 3pa3ka. ToMy KOHTpacT 300pakeHHs! BU3HA-
YEHUH TOBIIUHOIO 1 TYCTHHOIO 3pa3Ka.

SK1Io 3pa3oK € JOCTaTHBRO TOHKWUM, TO MOKHA IMPHITYCTHTH, IO,
OKpIM KUJIBKOX 3BOPOTHO PO3CISIHUX, TIEPBUHHI €JIEKTPOHH, 110 BXOAATH
3BEpXY 3paska, 3’ sBIAThCS 3HU3Y. OfHaK IXHIM KyTOBHUI Jiama3oH i po3-
KHJ| eHeprii BU3HAYEHHI MPYKHUMH Ta HENPYKHAMHU PO3CISTHHSIMHU BCe-
peauHi 3paska. [is anepTypu y 3aaHii (OKaNbHIH IUIOMIKMHI 00’ €KTH-
BHOT JIIH3M TOJIATA€E Yy BIAKUIAHHI BCIX CJIEKTPOHIB, 1110 OyJIM PO3CIisIHI 3a
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OyIb-KHM MEXaHi3MOM Ha KyT moHaj o (puc.4.6): eJeKTpOHH, IO
po3cisuics Ha KyT MOHAJ 0, 3aTPUMYIOTBCS arlepTyporo i He poOIsATh
BHECKY y 300pakeHHs. SIKIIo anepTypa eHTpoBaHa Ol ONTHYHOI OCl,
SIK TIOKa3aHO Ha puc. 4.6, 6e3 3pa3ka Oyxae BumHO sickpaBwii QoH. Lleit
crnoci® Ha3MBaIOTh OTPUMAHHSM 300paxeHHs y cgimuomy noni. Obmacti
3pa3ka, IO € JEII0 TOBCTILIMMH YH MAalOTh OUIbIIY TYCTHHY, pO3-
CiloBaTHMYTh CHJIBbHIIIE (TOOTO Oinblie Oyne eIeKTPOHIB, BiIIXWUIEHHX
Ha KyT TIOH3J () i Ha 300paXeHHI BUTILAATUMYTh TeMHImmmu. leit
e(eKT moka3zaHuii cxemMaTHdHO Ha puc. 4.7. B ToHKIH obmacti (37iBa)
JIATIE KiJbKa €IEKTPOHIB po3cisumucs 1 47 3 modyaTkoBuX S50 €IeKTPOHIB
MPOJIOBXKATh pyX. Y TOBCTIIIM IUISHIN TakOro camoro marepiany (y
LEHTpi) po3cisyocss Oifbllie eNEeKTPOHiB, 1 Jumie 43 3aauIimcs y
nmyuky. Jls qinsiHKY Takoi >k TOBIIMHU, aje OLIbIIol TYCTHHHM, BinOyae-
TbCs OLNBIIE aKTIB PO3CISIHHA 1 pyX 4epe3 00’ €KTHBHY amepTypy Mpo-
JIOBKAaTh NUIIe 37 eIeKTPOHIB.

3pasok | |

i T Q.
OG'exTnBHA

niHaa '-‘
|
|

|
AnepTy
of'exTuBa

/ 47 43 37
Puc. 4.6. O0’exTHBHa anepTypa Puc. 4.7. Po3CisiHHS €JIEKTPOHIB Bij
po3MilleHa B 3aaHil (okanbHil Pi3HMX AITSHOK TOHKOTO 3pa3Ka.

IUTOIIMHI 00’ €KTHOT JIIH3H.

MexaHi3M KOHTPacTy Maca—TOBIIMHA IIMPOKO BUKOPHCTOBYIOTH Y
OioJiorii. Y TOHKHIA 3pa30K YBOJAATh BAXKKI METaIW, HANPHKIIA] OCMIM,
10 KOHTpAcTye MeBHi Jetaii. SIkio 3a0pati 00’ €KTUBHY anepTypy, TO
KOHTpacT Maike MOBHICTIO 3HMKHE, OCKIJIbKM Maibke BCi €JEeKTPOHH
3MOXYTb POOUTH BHECOK y 300paxkeHHs. CnaOKuil KOHTpacT 3alu-
LIMTHCS 3aBISKM TOMY, LIO OTBIp MiKpockoma (AiaMeTp CTaHOBHUTD
ycboro mpubim3Ho 1 MM) BifirpaBaTUMe poJib BEJIHKOI anepTypH.
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s mpocBivyBanbHOI MIKPOCKOTIIi KOHTPACT Maca—TOBIIMHA € BH-
3HAYAJIBLHAM, OCKIJIBKH BCi 3pa3ku (aMOpdHI Y1 KPUCTATIYHI, O107I0TI9H1
YM HEOpraHiuHi) MalTh Horo. [HII MexaHi3MH KOHTPAcTy MOXYTh BH-
SIBIISITHCS Y KOHKPETHUX BUTIAJIKAX.

I mpyxHe, 1 HeNpyKHE PO3CITHHS BUCOKOCHEPTETUYHUX EICKTPOHIB
3MIHIOIOTh iXHIH HalpsiM pyXy HECYTTEBO, TOMY KYT (., CTBOPIOBaHHI
00’ €KTUBHOIO aNlepTypOI0, MOBUHEH CTAHOBUTH MEHIILIE OAHOTO Ipaayca.
QDaxTHYHUHN AiaMeTp anepTypu BU3HA4YeHHH (POKaIbHOIO BiICTaHHIO (1,
BIJIMTOBITHO, 301BIIEHHSAM) 00’ €KTHBHOI JIH3HU. s cydacHUX Mikpoc-
KOIIiB BUKOPHUCTOBYIOTh anepTypH 3 niamerpom 20, 50 1 100 mMxm.

Y CckaHyBaJBbHHX INPOCBIUYBAJIBHHUX EJIEKTPOHHUX MIKpOCKOIax
TaKOTO X eQeKTy MOKHA JOOMTHUCS, BAKOPHCTOBYIOUM KiJIbIIEBUH JeTe-
KTOp, 10 PEECTPYE CIIEKTPOHHU, KOTPI PO3CISUIMCS Ha BiJHOCHO BEJIMKI
KyTH. OCKUTPKHM pO3CiIOBalbHUM (HaKTOp aToMa TNPOMOPLIHHUK [0
KBaJ[paTa WOro aTOMHOro Homepa Z, aTOMHU 3 BUIIUM Z BUTJISIAIOTH
sickpaBimuMu. Takwii Z-KOHTPaCT 1a€ MOXKJIMBICTh OTpUMaTH iH(opMa-
LiI0 TIPO CKJIaJ] CKIAJIHUX CIIONYK.

4.2.2. /lughpaxuiiinuii konmpacm. Po3riisHeMO MeXaHi3M BUHHK-
HEHHS TUQPaKIifHOTO KOHTPACTy B 3aralibHUX pucax. Hexail y Hac €
KpUCTAIIIYHUIA 00’ €KT, HAIIPHUKIIA], MAIeHbKHI MOHOKpucTall. [lomikpu-
cTaniyHi 00’€KTH (HANWJIEHI TOBEPXHi, MOPOIIKOBI IMpernapaTH, TOHKI
MeTaneBi (oJIbIi) MOXKHA YSIBUTH OOl TaKUMU, IO CKJIaJar0Thes 3 Oa-
raThb0X MOHOKPHCTAIIIB pi3HOI opieHTalii. Tomy mani oOMeXHMOCH MO-
HOKPHUCTAJIOM.

Judpakiis enekTpoHIB HA MaJeHHPKOMY MOHOKPHUCTAJi 3aJeKUTh
TOJIOBHO BiJI ABOX YAHHHKIB:

a) reoMeTpuydHOi hopmu (TeomeTpii) KpucTana;

0) CTPYKTYpH KpHCTala, SKHI CKIaJacThCs 3 IePioJUIHO PO3Millie-
HUX Y TIPOCTOP1 eTIEMEHTAPHUX KOMIPOK KPUCTATIYHOI IPATKH.

Judpaxniiiai egexTH, MOB’si3aHi 3 TeOMETpiel0 00’ €KTa, 3a3BUYal,
He crocTepiraioTh. Lle 3yMOBIEHO HOCHTh MalMMHU KyTamH, IiJl SIKUMH
nudparyroTs enektponu. Lli nudpakuiiiHi siBuIa BUABISIOTECS Oe3M0-
cepeIHbO MOOJIN3y NEPBUHHOTO MyYKa.

Judpakiito, 3yMOBIEHY CTPYKTYpPOI KPHCTaja, Ha3WBalOTh €JeK-
TPOHHOIO, 1 IIOJI0 TIOTIEPEAHBOTO BUIAJKY 11 XapaKTepU3ye BEIUKHHA JIU-
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¢bpakuiiinmii KyT. dudparoani mydku eIeKTPOHIB MOXYTb OpaTh 0e3-
MOCEePEeTHIO y9acTh y (popMyBaHHI 300payKE€HHS JIHMINE y BHHATKOBHX
BUTIAIKaX (HAPHUKIIAM, KOJIU IMapaMeTp IPaTKH Ty>Ke BETHKHIT), OCKLIbKH,
o0 YCYHYTH BIUIMB MOXMOOK JTiH3 Ha c(hOpMOBaHE HUMH 300paKEeHHS,
aneprypy JdiH3 pobiiaTs Maiol. JudparoBaHi eneKTpoHH 3a0UPalOTh Bij
MEPBUHHOTO TyYKa YacTHHY €HEprii, 3MEHIIYyIOYH TYCTHHY eHeprii Ha
300pakeHHi (Ha BTOpPUHHOMY 300pakeHHi (auB. puc. 3.3)). Skmo mo
BChOMY 00’€My KpHCTajla HE BUKOHYIOTHCS OJHOYACHO yMoBH bperra (3
OTJIAY Ha 3TWH 00°€KTa 9M 1e(eKTH KPUCTATIYHOI CTPYKTYPH), TO 3MIHH
TYCTHHU €Heprii BHACHINOK Mu(pakiii eIeKTPOHIB Ha KpUCTaIidHIi
Ipatili JIOKaJIbHO HeoaHOPinHI. [{10 JIoKabHY HEOMHOPIAHICTh TYCTHHHU
eHeprii Ha 300payKeHHI Ha3MBaIOTh TU(PPAKIIHHIM KOHTPACTOM.

Ha amopduux 00’ekTax enekTpoHHa AU(paKiis y TOMy BUTIISII, Y
sskoMy ii ommcye mudpakiiiiHa Teopis, He BuHUKae. OMHAK 1 B I[bOMY
BHIIAJIKy ITY9OK EJIEKTPOHIB PO3CIFOETHCS HA aTOMHHUX sIIpax Ta BigXh-
JIIETHCS BiJl CBOTO BUXIITHOTO ITOYATKOBOTO HampsMy. OCKUTBKA B aMO-
poHEX TiNax, HAa MPOTHUBAry KpHCTallaM, aTOMU YM MOJIEKYJIM HE PO3Mi-
HIeHI y MPOCTOPi CTPOTO MEPIOAMYHO, TO 1 AUGPaKii B JUCKPETHUX
HampsMax, 0 XapakTepHa JJIsl IPOCTOPOBOI IpaTKH, TakokK Hema. Take
HEBITOPSIKOBaHE BIAXWICHHS EIEKTPOHIB BiJl MOYATKOBOTO HANPSIMY
HA3UBAIOTh PO3CIHHAM. Y BHUIAAKY PO3CISHHS, 5K 1 y BUNAAKY Audpak-
1ii Ha KPUCTATIYHOMY 00’ €KTi, YACTHHY PO3CISTHOTO BUIIPOMIHIOBAHHSI
3aTpumye aneptypHa aiadparma. KoHTpacT, 110 B IbOMYy pa3i BUHUKAE
Ha 300pakeHH1, Ha3UBAIOTh aOCcopOyitinuM KoHmpacmom. [IpuHIUTIOBOT
pizHUII MiX AUQpakmiiHUM i a0COpOLIMHUM KOHTpacTaMHu HeE ICHYE,
OCKUIBKH MpUYMHA B 000X BHITAJIKaX — PO3CISHHS €JIEKTPOHIB Ha aToM-
HUX anapax. Sk BumumBae 3 qudpakiliitHoi Teopii KOHTpacTy, sSKa Bigo-
Opaxxae B3a€EMO3B’S30K MiXK THIIOM KPHCTAIIIYHOI IPATKH 1 HaIpsIMaMH
mudpaxuii, udpaxiiftHuil KOHTpACcT BUSBIISETHCS B pisHUX edekTax. Li
eeKTH € BOXIIMBUM JpKepeioM iHdopMarlii B pasi JOCHIPKEHHS KpHUC-
TamyHux 00’ekTiB. Hibkve onmucaHo MexaHi3MH BUHUKHEHHS Ta 3aCTO-
CyBaHHS JU(PpaKIifHOr0 KOHTPACTY.

4.2.2.1. Kinemamuuna meopisn ougppaxyitinoco konmpacmy. OcHO-
BHE MPUITYLIEHHS KiIHEMaTHYHOI Teopii Audpakuii noisrae B TomMy, LI0
IHTEHCUBHICTh TMEPBUHHOTO MyYKa HE 3MEHIINYETHCS, HE3BAXKAIOUH Ha
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roro nudpaxiitine poscisaHsa. ToOTO 11 Teopis 3aCTOCOBHA JIMIIE JIJIS
TOHKHX MOHOKPHCTAJIIYHHX 3pa3KiB.

3 Teopii mudpakiii eIeKTPOHHOTO IydYKa BIJOMO, IO IHTEHCHB-
HICTh PO3CISHHS 3HAYHO 3pOCTAa€ B pa3i IEBHUX OPIEHTAIH 3pa3ka.
OO6’eKTHBHY amnepTypy TOIi BHKOPHCTOBYIOTH AJsl TOTO, MO0 JaTu
3MOTY HEBIIXUJICHOMY ITy4KYy a00 My4Ky, 10 npoaudparysas, chopmy-
BaTH 300pa’keHHs, CTBOPIOIOYH CHJIBHUU KOHTpAacT BiA IUISHOK, SKi
CWJIBHO POo3citoroTh. 1106 3po3ymiT KOHTpAcT Takux 300pakeHs, Heoo-
XiJTHO OIIHUTH OCHOBHI XapaKTEPHCTHKHU €ICKTPOHHOI mudpaxitii. Om-
HUM 13 BaXIMBHX MApaMeTPiB OMHCY AUQPAKIIii eIeKTPOHIB € JOBXKUHA
exctuHkLii (piBHAHHS (3.10)). 3a3BUuai, 4iTKi 300pakeHHs] OTPUMYIOTh
JIUIIE B pa3i MOPiBHSAHO MAJIOTO 3HAYCHHS 1i€i BEJIMYMHU — KUIbKa Jecs-
TuX HaHoMmeTpa. Jlocmimkenns piasaHb (3.10) 1 (3.11) 3acBiguye, 1o 11e
BHUKOHY€ETHCS JIUIIE IS BiAOWUTTIB MOPIBHIHO HU3HKOTO MOPSIKY, TOMY
OinmpImicTh 300pakeHp 3 AUBpakIifHUM KOHTPAcTOM (POPMYIOTECS 3a
Takol Opi€HTAIll KpuCTala, KOMH Ha JUQPPAKIMiiHHIA KapTUHI € JIAIIe
HEBIAXWICHUH MYYOK Ta OJWH MpoaudparoBaHuii myuyoK HU3BKOTO I10-
PSAKY.

Ha puc. 4.8 BigoOpaxkeHo yMOBH (popMyBaHHS 300pakeHHsI, SIKi BU-
KOPHCTOBYIOTh Haldacrtimie. 3pa3oK HaXWIEHWH Tak, mo niHia Kikydi
MPOXOJUTh Yepe3 HeBiAXuieHui nmydok (muB. puc. 4.8, a), mapanensHa
minis Kikyui Tozi #ine kpisb CHIBHO BIAXWICHHH My4OK. Y pasi OTpH-
MaHHS CBITJIONIBHOTO 300pakeHHsI 00’ €EKTHBHY alepTypy BHKOPHUCTO-
BYIOTB JUIS TOTO, OO CIIMHUTHU BCi BiIXWJICHI MTPOMEHI 1 mo0 y Gopmy-
BaHHI 300paKeHHs Opajv y4yacTh JIMIIE HEBIIXUJICHI CJICKTPOHU (IHB.
puc. 4.8, ). Slkmo aneptypy 3MICTHTH, TO ii MOKHA BUKOPHUCTATH IS
TOrO, 100 00paTH KOHKPETHUH MudparoBaHuil My4oK, SK IMOKa3aHO Ha
puc. 4.8, 6. ChopmoBane B Takuil crocid 300pa’keHHs Ha3UBaIOTh TEM-
HOMIJBHUM — SKIIO HEMa 3pa3ka, TO (QoH Burisgac TeMHUM. OjHaK
SIKIIO TEMHOIIIbHE 300pa)KeHHs! CTBOPIOBAHE 3MILIICHHSM alepTypH, TO
€ UMOBIpHICTh MOSBU abeparliif, OCKUIbKH BCi €NIEKTPOHH, M0 (HopMy-
I0Th 300pakeHHsI, HAYTh AaJeKO BiJ ONTHYHOI OCi, y IIbOMY pa3i CHJIb-
HOIO € cepuyHa abeparrist. Jlinmuii MeTox OTPUMaHHS TEMHOILIBHOTO
300pakeHHS, SIKMH Ja€ 3MOTY YHUKHYTH L€l MpoOieMH, MoJisirae B Ha-
XWJI TIaJafouoro mydka eJeKTPOHIB Tak, M0 oOpaHuil Ju(paroBaHHid
MyYOK iJie B3JI0OBX ONTHYHOI OCi 1 MPOXOAUTH KPi3b IEHTPOBaHY arep-
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Typy (amB. puc. 4.8, 2). JlocArHyTH HBOTO TEXHIYHO JIETKO, OHAK Tpeba
HaJIEKHO OPIEHTYBAaTH MyYOK 1 3pa3ok. Matepian miapparmu mOBUHEH
OyTH LITKOM HETIPO30PHM.

8 2
Puc. 4.8. ITommpeHi yMoBU GOpMyBaHHS 300pa>KeHHS:

a — mudpakiiiiHa KapTHHA, ICHTPOBAHA 10 ONTUYHIN OCl
MiKkpocKkona (I03HaYeHa XPECTUKOM); O — CBITJIOMIIbHE
300pakeHHsT; @ — TEMHOITUIbHE 300pakeHHS 3 HU3bKHM

PO3MICHHSM; 2 — CTaHAapPTHE TEMHOMUIbHE 300pa)KEHHS.

Bukopucranus qudpakiiiiHoro KOHTpacTy Ja€ 3MOTy JOCSATTH HHU-
3KH PE3yJIbTaTiB. Byb-110, 110 3MIHIOE TUIOIIMHU, HA SKHX BiI0yBa-
€ThCs OperriBchbka audpaxilis, cTa€ BUIUMHUM, BKIOYHO 3 JMCIOKAIli-
ssMH, JedeKTaMi YIaKOBKH Ta IHIMUMH KpHcTajorpadiyHuMH Jedek-
TamMH. 3MiHH CKJIaqy 0araTOKOMIIOHEHTHHX CIIOJIyK MOKYTh 3MIHIOBATH
CTPYKTYpHHH (pakTOp, IO BHU3HA4Ya€ IHTEHCHBHICTh. Hemomikm Takoi
YYTJIMBOCTI BHSBISIOTHCS MMiJI Yac JOCHIDKEHHS 3ITHYTHUX 3pa3KiB. Y
ILOMY BHIIQJIKy YMOBH JH(paKIii 3MIHIOBATUMYThCS BiJl KParo JI0 Kparo
T0JIs 30PY, IO YCKIIAHIOE IHTEPIPETALIItO.

PosrnsHeMo sBUINA, 110 BUHUKAIOTH Y XOIi JOCHIDKEHHS ifeaib-
HUX KpUCTaJiB. lmeanbHO MIOCKWH MOHOKPHUCTANIYHUH 3pa3oK MOXKe
natu 300paKeHHS 3 IHTEHCHBHICTIO PIi3HOTO PiBHS, IIO 3aJICXKHUThH Bij
Horo To4HOI opieHTanii. [IpumycTiumo, mo oAWH HaOip KPUCTATIYHUX
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IUIONIMH MaiKe TapajelibHUi 10 €ICKTPOHHOIO Iy4Ka, TOMY 3aKOH
Bbperra mns Hporo BukoHyeThcsi (piBHsAHHS (3.1)). Mm HazBeMo Taki
TUTOIMHY pOOOYNMH i OTIMCYBaTUMEMO 1X BEKTOPOM OOEPHEHOI IpaTKu
g. Crporera mozens (puc. 4.9) BimoOpaxae Take: SKIIO IS [IUX ILIO-
IIMH TOYHO BUKOHYETHCS yMOBa bperra, To ImpoCTeKYBaTUMEThCS CH-
nTbHa Tudpakis (BeIUKY YaCTHHY €NEKTPOHIB BIAXHIISTUME 3pa3okK), i
BHACJIIJIOK IIbOTO CBITJIONMUIbHE 300paXCHHS BUTIISAAATUME TEMHUM (He-
BIIXFJIEHUH ITy9OK Oye Mano iHTEeHCHBHHM ).

T LT A T H TN L EH
Lup e e R ]
I T I Y
HHHHEHHNTIHN ;I.;,’I"irf.'f!f HHHHHIN,

I
201

Puc. 4.9. Kpucraniunuii 3pa3ok, Ha OIMH HA0ip MI>KQTOMHHUX TUIOIIUH
SIKOTO eJICKTPOHHUIA ITYYOK Magae TOYHO mijJ KyToM bperra (a).
Toii ke 3pa3ok (0), HAXUJICHUH Ha HeBEIUKHUN KyT AB.

Ko 3pa3ok TPOXHM HAXWIUTH (BCHOTO HA YAcTKy rpajyca; Ha
puc. 4.9, 6 kyT 3HauHO 30ibIICHNH), TO 3aKOH bperra Ginble He BUKO-
HYBaTHUMETBCS, 2 MDKATOMHI IUIOIIMHU MOXYTh BUSIBUTHCSI HACTIIBKH
BiJIaJleHUMH BiZl yMoBH bperra, mo mpakTHYHO BECh IyYOK NpoOiae
yepes anepTypy; audpaxiis Oyae ci1adkoro, a OTpuMaHe 300paKeHHS —
CBITJIUM.

PeainbHi 3pa3ku He € i1eaNbHO MIIOCKUMHU 1 MPYKHO BUTHYTI 0 Tie-
BHOi Mipu. Tomy 300pakeHHS NMOBHHHE MICTUTH TE€MHI AUISHKH, IO
BiJINOBIZIAl0Th JNISIHKaM 3pasKa, sIKi po3MilieHi npu KyTi bperra — ix
HA3UBAIOTh KOMMYPAMU eKCMUHKYiL. 1XHE yTBOPEHHS CXEMATHYHO 30-
Opaxene Ha puc. 4.10. CBiTii JUISHKY BiANOBIAIOTh YaCTHHAM 3pa3Ka,
IO PO3CiIoI0Th He3HauHo. Yepe3 aumdpakmio Big HaOOpY IUIOLIMH
3’SIBJISIETHCS 0araTo KOHTYPIiB €KCTHHKIIT. BOHM € HeBij €MHOIO YacTu-
HOIO KOHTPACTy Je(hOpMOBaHUX KPUCTATIYHUAX 3Pa3KiB, a IXHIO IIUPUHY
BUKOPHUCTOBYIOTH JUIsl BA3HAYEHHS MTPOTSDKHOCTI Jieopmartii.

103



VY nonepenusomy posnini (piBusHHA (3.10)) Mu BBenu BHpa3z s
iHTeHCHBHOCTI audpakmii Sk (QyHKIIT TOBIUHU. Y AEII0 CIPOIICHOMY
BUDJIAMI [ 3aJIE)KHICTHh BUTIIIAAE TAK:

_sin’(xts) (4.1)
(g

Je s — mapaMeTp BiAXWIECHHS, IO ONHCYE BIJICTAHb B 0OEPHEHOMY MpO-
cropi, Bifi ymoBu bperra; &, — nosxkuHa ekcTuHkuii. Ileii Bupas € xope-
KTHUM JIUILIE OJs1 Ty’Ke TOHKHX 3pa3KiB, KOJHM IHTEHCHUBHICTb MpPOAU-
(hparoBaHmX ITydYKiB HE3HAYHA, 32 TaK 3BaHUX KiHEMaTHYHUX yMOB. Of-
HaK BHMKOPHCTaHHS LHOTO BH-
pasy Jae HaM 3MOTY SKiCHO
iHTeprIpeTyBaTH ApiOHI meTami
KOHTYPY €KCTHHKIIII.
3anexHicTh Iy Bil S Hazu-
BAaIOTh KPUBOK KONUBAHHS, OC-
KUTBKH 3MiHY S MOJXKHa OTpH-
MaTH, KOJIMBAIOYX TUIOCKHN KpH-
CTaiYHMU 3pa3ok Oing KyTta

i At bperra. KpuBa  KonmuBaHHS,
nedopMoBaHOT KPUCTATIYHOT POITBIH .
o otpumaHa 3 piBHsHHA (4.1) 3a
Mae TeMHI JiHi1 (KOHTYpH eKCTHHKIIIT)

B JIIHKAX, /i€ A 3paska crajol TOBIIMHM  moKa3aHa cxe-
BUKOHYEThCS yMOBa bperra. MaTH4HO Ha puc. 4.11. Sk Oaun-
MO, KiHEMaTHYHE HaOJKEHHS
Jla€ HECKIHUCHHUI pe3yNIbTaT IpH S, O NPSMYE JI0 HYJIsI, OCKIJIBKH iHTe-
HCHBHICTh, PO3paxoBaHa 3 piBHAHHS (4.1), 3pocTa€e ayke IBUIKO.
HedopmoBanuii 3pa3ok nae 3Mory 0e3 KOJNMBaHb OTPHUMATH HH3KY
3HAYeHb S, TOMY Ha KOHTYPi €KCTHHKIII1 TpeOa O4iKyBaTH MOSBH JI0JIATKO-
BUX KOHTYPiB 3ruHy. Lli KOHTYpH 4acTo momiTHI 3 000X OOKiB OCHOBHOTO
KOHTYpY eKCTHHKUil. KOHTypHM eKCTHMHKUii € OJHMM 3 OCHOBHHX
apredakTiB 300pakeHHs, sKi Tpeba BMITH PO3Mi3HABATH y KPUCTANIY-
HOMY 3pa3Ky. IX Jerko Bifpi3HMTH Bil CHpaBXHiX Ie(eKTiB KpucTaia
NUISIXOM JIETKOTO HaxXwuily 3pa3ka. KOHTypW eKCTHHKII, 10 € TPOCTOo
JiHIAMH, SKi BimoOpakaloTh PO3TallyBaHHS IUIOMIMH CXOXKOI Opi€HTaii,
3’SIBISITBCS 1 TIEPEMIIIATUMYTBCS 110 300pakKeHHIO B pa3i HaXmiIy 3paska,

‘"t DedopmosaHa
. KpucTaniyHa

v
3o0b6paeHH

Puc. 4.10. CeitiomiiibHe 300pakeHHs
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KoJi yMOBa bperra BUKOHYBaTUMEThCS ISl pi3HUX wionmH. Jledektu y
KpHUCTam B pa3i HaXWiIy 3pa3ka, 3BICHO, HE TMEPEeMIIIaTUMYThCS, XOda
300pakeHHs iX MOYKE JHEII0 3MiHU-

THCSL. 1’,2

3 BHUKODHUCTaHHSIM PiBHSIHHS

(4.1) MOXHa TOSICHUTH TaKOX iH-
LMK 4acTO CIIOCTEPEKYBAHUM apTe-
(hakt 300paskeHHSA. 3a CTAJIOTO 3HA-
yeHHs S (TOOTO y pa3i (ikcoBaHOl
opi€HTaIii) IHTEHCHBHICTH 3MIHIO-
€TBCSI TIEPIOIMYHO pa3oM 3 t, 3aHy-
JIFOIOYKCh KOKHOTO pa3y, KOJIH J0-
Oyrtok tS e minmm. ToMy craHmap-
THUM KIMHOMOMIOHWIA 3pa3oK mJae
KOHTYPH TOBIIWHH, III0 Ha CBITIIOII- :
JTEHOMY 300pakeHHi1 OyIyTh TEMHH- £ 3
MH 32 TOBHI.HH t=nss. 3BepHiT.b ypa- Puc. 4.11. KpuBa KoMBaHHs, po3pa-
ry, mo KiHEMaTu4Ha TCOp1i HC XOBaHa y KiIHeMaTHYHOMY (CYIIiJIbHA
MOXKE€ IIOSICHUTH, 4YOMY KOHTYpHU JiHis) Ta AMHAMITHOMY (ITyHKTHPHA
iCHYIOTh HaBiTh y pa3i TOUHOIO JO- TiHisT) HAOMIDKEHHI JUIS BOX IYYKiB.
TpuMaHHA KyTa bperra. Komu s = 0, To kiHemaTtudHa Teopist mependadae,
0 IHTEHCUBHICTB 3pOCTaE MPOIMOPIIIHHO 31 30ibIIeHHsIM TOBIIMHU. [1o-
SICHEHHSI KOHTPACTY 3a MaJIMX 3HAYCHb S JIa€ JMHAMIYHA TEOpisl.

2 101 2 3 4Egs

4.2.2.2. quuamiuna meopis ougpakyivnozo kouwmpacmy. Kinema-
THUYHA TEOPis JOCTATHHO JOOPE MOSCHIOE EKCIIEPUMEHTANBHI JlaHi JIUIIe
y BHIAJKy Jy’K€ TOHKHX 3pa3KiB. SIKIIO TOBIIMHA KPUCTAJIIYHOTO 3pa-
3Ka TIEPEBUIIYE TPETHHY JOBXXWHU €KCTHHKINI (sKa JUTs OibIIOCTI Ma-
TepialliB € ONMM3BKO KUTBKOX NECATHX HAHOMETPA), TO BiIOyBaTUMETHCS
3Ha4YHa B3a€EMOJisl MK EJNIEKTPOHHUMH ITydKaMHd IiJl 4ac iX MpOoXo-
JDKEHHsI 4depe3 TBepje Tino. Hampukiam, po3cisHi eNeKTPOHH MOXYTh
pO3ciATUCS 3HOBY B IOYaTKOBOMY Hampsimi myuka. Hacripasni Taka mo-
Iisi gy>xe WMOBIpHA, OCKUIBKM €IEKTPOHH, sSKi Hpogudparysaiu, IMo-
BUHHI pyxartucs mij KyToM bperra no nudpakmiifHuX IUIOIIMH, TOMY
BOHM HaBpsJl UM NMPOUAYTH BEJIMKY BiJCTaHb Mepe] HACTYyIHUM pPO3Ci-
sHHsM. [le poOuTh KiHeMaTHUHe HAOJNMKEHHSI HEKOPEKTHUM, 1 HoMy Ha
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3aMiHy TPUXOIUTHh AWHAMiuHe HaOmmkeHHs. Y HalmpocTimiii Bepcii
1i€l Teopii PO3TIAAAI0TH B3AEMOZIIIO JIHMIIE JBOX ITydKiB — HEPO3CISTHOTO
MMydKka W OJHOTO DPO3CIAHOTO, SIKUM BU3HAYEHWH BEKTOPOM OOEpHEHOI
rpatku g. Lls mBommpomeHeBa Teopis MpUIycKae, M0 BCI 1HII PO3CistHi
My4KH € nyxke ciaalki. Teopii 3 ypaxyBaHHSM B3aeMolii OaraTbox Mmyd-
KiB TaKOX PO3POOJISIIH, 1 BUSBUIIOCS, 1[0 TOJIOBHI BUCHOBKH JBOIIPOME-
HeBOi Teopii AiiicHi i 32 HaBHOCTI iHIIMX cIa0KUX ITy4YKiB, TOMY MU iX
TYT HE po3risaaTuMeMo. € HU3Ka Pi3HUX CIOCO0IB MaTeMaTUIHO C]o-
PMYITIOBATH TBOMPOMEHEBY TEOPII0, HATIPUKIIA:

d 0 :I—TE@O +|_nq)962msz;
dz &, o )
d@ - ) - .
g :EQJO e—2n|sz+|_nq)

dz ég &0 v

i mudepentianphi piBHsHHES XoBi-Yemnana (Howie-Whelan) omm-
CYIOTh 3MiHYy aMIuTiTyx @ HEpO3CisIHOT Ta PO3CiSTHOI XBUIb K (DYHKITIO
BijicTaHi B igeanmpHOMY KpHcTami (z). [lepmuii mogaHOK KOXHOTO pi-
BHSIHHS 3’SIBJIIETHCS Yepe3 PO3CIsSHHS HEBiIXMIeHOro mydka (imekc 0),
a HIIWIA JOAaHOK — BiJl pogudparoBaHoro my4ka (inaekc g). Bonu no-
BOJSITH, IO IiJl Yac MPOXOKEHHS 4epe3 KPUCTal aMILTITyAa KOXKHOT
XBUJII 3MIHIOETHCS 3aBJIIKA BHECKY 1HIIION.

Takuii migxinx MOXHA 3pOOUTH HaBiTh TOYHIIIMM, BPaXyBaBIIH MO-
JKJIMBICTD, IO EJIEKTPOHH € “MOTIHHYTI”, YH, TOYHIIIE, HEMPYXKHO PO3-
CisHI Ha BEJIMKUU KyT 1 cimHEHi ameptyporo. Lle MokHa BpaxyBarw,
3aMIHUBINM JIACHUN mapaMeTp eKcTWHKUIl (1/E) Ha xoMIutekcHuit 1/&
+1/€'. Xoua MU U HEe BUKOPHUCTOBYBATHMEMO TaKe HAONIKEHHS TYT,
3a3HaYMMO, 10 PiBHSHHA (4.2) Ta XHE YTOYHEHHS 3aCTOCOBYIOTH JIJISI
onucy BCiX AM(PaKLiHHUX KOHTPACTIB 1 BOHH JyXe A00pE Y3romxy-
FOTHCS 3 €KCIIEPUMEHTOM.

PiBHsiHHA (4.2) MOXHa pO3B’A3aTH AHATITHYHO JUIA 11€aJILHOTO
kpuctana. [1[o6 orpuMaTi iHTEHCUBHICTH y Oyab-sKid TodIl 300pa-
JKEHHs1, pIBHSIHHS Tpeba MPOIHTETrpyBaTH 1O BCil TOBIIMHI i OTpHUMATH
@y Ta Oy Ha MTOBEPXHI BHXOJLY 31 3pa3ka. [HTeHCHBHICTb CFiTJ’IOHiJ’ILHOFO
300paxeHHs ToAl Oyne ©o®dy , a TeMHOniIbHOTO — Pydy , 1€ 3ipouKorO
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MMO3HAYCHO KOMIUIEKCHO CHpshKeHI BennunHH. CymapHa TEeMHOIIIbHA
IHTEHCHBICTh TMPOAU(PAroBaHOTO ITydKa JUIS iM€aNbHOTO KpHCTaia
TOBIIIMHA 1.

_sin*(mts’) (4.3)
T(Es)

IO IJEeHTUYHO PO3B’SA3KYy B KiHEMAaTHUYHOMY HAONMKEHHI (piBHSHHS
(4.1)), okpim mmapameTpa S', IKUH Ha3WBAIOTh €PEKTUBHUM ITapaMeTPOM
BimxwieHHs. CHiBBITHOIIEHHS MK S' Ta S BH3HAa4Y€HE Takow (Gopmy-
JIOK0:

s'= |5+ = . (4.4)

PiBHsiHHS (4.3) KOPEKTHO OMHUCYE IHTCHCUBHICTH IU(PPAroBaHOTO
My4Ka, KOJIH S MpSMYy€e A0 HyJs i BUHUKAe cuiibHa qudpaxiis. MoxHa
BUBECTH TOYHY KpUBY KOJIMBaHHS, SIK TIOKa3aHo Ha puc. 4.11. HasBHicTb
KOHTYPIB TOBIIMHH TaKOX MOKHA 3PO3YMITH YITKillIe — HA CBITJIOMLIIb-
HOMY 300paK€HHI CBITIIi KOHTYPH BHHUKAIOTH, KOJIW OBIIICTH TPOIHU-
(paroBaHuX €JIEKTPOHIB BIIXWIWIHCA HA3aJ Y HEPO3CISHUHA MYyYOK.
PiusiHHst (4.3) Ta (4.4) MOXXHA BUKOPUCTATH JJIsl BU3HAUCHHS IOBKUHH
EKCTHHKIIII Ta TOBIIMHM KpUCTaja 3 JIBOMPOMEHEBOI JAu(dpakTopamu y
301’KHOMY ITyUKY.

Mono mporo MexaHi3My KOHTPACTY, HATOJIOCHMMO Ha JBOX BaXKJIU-
Bux peuax. Ilo-mepme, nudpakuiiHuii KOHTpacT Ta KOHTpacT Ma-
Ca—TOBIIMHA MOXYTh BUSIBISITHCS OJHOYACHO, HANPHUKIAJ, TOHIIA Mi-
JIiHKa OyJie CBITIIIION, HIXK peiTa 300paxeHHs. [lo-apyre, HU3Ka mMpo-
sBiB e()eKTy MOKE€ BUHUKHYTHU B OyJIb-SIKOMY 3pa3Ky.

4.2.2.3. Ipuxnaou ougppaxyitinoco xowmpacmy. JudpakimiiHui
KOHTpAcT IIMPOKO BUKOPUCTOBYIOThH IJIsl OTPUMAaHHSI 300pakeHHs Jie-
¢exTiB Ta iHIMX (a3 y KpUCTATiYHMX MaTepianax. SKIIO0 OCHOBHMI
3B 30K MK 300pa)XCHHSIM 1 JUPPAKTOrpamMor0 3p03yMisIuii, TO MOXKIIU-
BOCTI HaJI3BUYAHO MIMPOKi. MU ONUIIIEMO KiJIbKa TPUKIIAIIB.
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Manenvki kKpucmaniyni wacmunxku. BoHU MOXYTb Bigpi3HATHUCS
BiJl MATPHIIi aTOMHUM HOMEPOM, CTAJIOI0 I'PATKH, KPUCTATIYHOIO CTPYK-
TYpOIO UM OpI€HTAIlI€l0, a TAaKOX BHOCHTH B MATPHIII0 HAIPYy>KCHHS,
Taki K AUCIOKAIlisl, BAKPUBIIOIOYN MIKaTOMHI IJIONMHA. Byab-skuit 3
uuXx e(eKTiB MOXXHA BUKOPUCTATH AJIsl YTBOPEHHS 300pa’KeHHS 4acTu-
HOK 1 iXHBOTO po3nofiny. Hampuknaza, mpenumitar MokHa MOOa4YHTH,
SIKIIIO B HBOT'O BiZ]MiHHA BiJl MaTpHILIi CTPYKTYpa 1 BiH CHIIBHO PO3Citoe. 3
iHmIoro 60Ky, Ty camy nehopMOBaHy YaCTUHKY MOXKHA ITOOAYUTH, SKIIO
MaTpulsg € TpYyXHO 37edopMoBaHa 1 audparyBaigbHI MDKATOMHI
IUTOILMHN HAaXWJICHI.

Manenvka 3anaduna. lle xpaliHiii BUNAIOK JIOKAJIBHOT 3MIHHU TyC-
THHH 3pa3ka. ToMy 300pakeHHs 3alaJuHH MOXE 3 SIBUTHUCS 3aBISIKH
KOHTpacTy Maca—TOBIIMHA, SKIIO0 BUKOHYETHCS KiHEMaTHYHE HaOJIH-
JKeHHsI (TOOTO MaJila TOBIIMHA UM BEJIMKE 3Ha4YeHHS s). Tomi 3amamnHa
BUTIIAIATIME SICKpaBile, HiX ii ()OH Ha CBITJIOMUIBPHOMY 300pa’keHH,
xo4a e(heKT Moke OyTH He3HAYHHIM.

Komnosuyiiinuii konmpacm. Yoro Moxua OTpHMaTé B Marepia-
nax, y SKHX KpHCTaliyHa CTPYKTYpa € HE3MIHHOIO, a CKIIaJ 3MiHIOEThCS
(TobTo TBepaux pozunHax). OCKUTBKK CTPYKTYpHHH (DakTOp 3aexuTh
BiJl CKJIaqy 3pa3Ka, TO 3MiHH HOTO CKJIaay MO)KHA JIETKO 100aduTh 3a
JOTIOMOTOI0 PO3CisTHOrO Mmy4ka. Hampukimazn, y moTpiiHUX Y 4eTBIpHUX
HariBpoBigHukax [11-V mudparosannii mydox 002 Mae iHTEHCHUBHICTH,
0, Tpy00 KaXKyuu, MPOTOPIiiHA O Pi3HUIIl aTOMHHX HOMEpPIB Z Mixk
enementami ll1- ta V-i rpyn (sxmio HexTyBaTH abcopOIIi€eo).

4.2.3. @azoeuit koumpacm. | nudpakuiifHuii KOHTpPACT, i KOHTPACT
Maca—TOBILIUHA € aMIUTITYAHUMH MeXaHi3MaMH KOHTpacTy, 00 BUKOpH-
CTOBYIOTh JIMIIE aMIUITYyAy PO3CIIHUX XBWJb. Temep MU PO3IIIIHEMO
(ha30BUI KOHTPACT, KOJIM JIETall 300pa)KeHHS 3’ SBJAIOTHCSA BHACIIIOK
iHTepdepenmii xBuiab 3 pisHuMH (azamu. Lleii MexaHi3M KOHTpacTy
BUKOPHUCTOBYE 3CYBH (a3, siKi 3’ IBIISTIOTHCSI ITiJl Yac PO3CIsTHHS.

®a30BUil KOHTPACT BUHHUKA€E, KOJHM EJNEKTPOHU 3 Pi3HUMHU (hazaMu
MPOXOJATH 10 00’ €KTHBHOI anepTypu. OCKUIBKH OLIBIIICTh MEXaHI3MiB
PO3CISIHHS €JIEKTPOHIB ypaxoBye 3MiHy (a3u, TO 1€ O3Hayvae, mo (azo-
BUH KOHTPACT TICBHUM YHMHOM HasBHHH Ha KOXXHOMY 300pakeHHi. He-
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MO>KJIMBO BUKOPHCTATH allepTypy HACTUILKU MaJIeHbKY, 10 He JaBaia 0
3MOorH OpaTé ydacTeh y (opMmyBaHHI 300pa)K€HHS IKOJHOMY BiJ-
XWICHOMY eNeKTpoHy. ToMmy KomroHeHTa (a30BOrO KOHTPAcTy € Ha
BCiX 300paKCHHSX, 1 B pa3i BEMKUX 301JIbIIEHb Ma€ BUTIISA KPAITKOBOTO
¢ony. DazoBHil KOHTPACT CTa€ KOPHCHUM, KOJIU JBa YM Oijblue
PO3CISIHUX MYYKIB iIyTh 4epe3 00’ €KTUBHY amlepTypy W iHTepepyroThb.
Hns uporo moTpiOHa Oinblua ameprypa, HiX Ta, SIKY BUKOPHCTOBYIOTH
st TupakitHOro KOHTPACTy YU KOHTPACTy Maca—TOBIIMHA.

Koxna mapa mydkiB, mo iHTepepyroTh, CIPUINHUTH TOSIBY HA3KH
cMyT Ha 300pakeHHi. HalimpocTimmuii croci® — gaTtv 3MOry JIHIIe JBOM
My4yKaM iTH Kpi3b anepTypy. Jlinmorw ambTepHaTHUBOIO, MO J0TOMarae
YHUKHYTH cdeprudnoi abeparii, Oyne posramryBaHHS HEBIIXHIICHOTO
My4Ka mocepenHi Mixk JiHissMu Kikydi Ta BUKOpUCTaHHS TPHOX ITyUKiB:
+g, 0 i —g. B 000x BHmagkax yTBOPIOETHCS 300paKeHHS IPATKH, 1€ KO-
JKEH TEMHHUI KOHTYp BimoOpakae MixaToMHy TuomuHy. Lle cnpaBmxky-
€TBCSL ISl 1AC€TPHUX YMOB, OJHAK 3 TIPUYHMH, SKAX MU TYyT HE
3’SCOBYBaTUMEMO, MK KOHTYpPaMH 1 TUIOIIMHAMU HEMAa€e TOYHOI BifIO-
BIIHOCTI 0JuH oxHOMY. [IpoTe Oararo KOpHCHUX 300pakKeHb OTPHUMAHO
B Takuii crnoci0, i Aeski 3 nepmux Mikpodororpadiii Takoro TUIY Mif-
TBEPAWJIH iJII0 TIPO 3aiBy MiBIUIOMIMHY HA KPAro AUCIOKAIIIi.

3BUYHIIIMH 1 KOpUCHIIMH TUI (HA30BOTO KOHTPACTY BHHHUKAE, KOJIU
300pakeHHsT (DOPMYEThCS 32 JOMOMOTOI OUIBINOT KUTBKOCTI PO3CIsTHHX
my4kiB. Haxumsiroum KpucTall Tak, M0 Majaloduil IMydoK TOYHO Iapase-
JIHUW JIO OJHIET 3 Ocel KpucTajla, MOXKHa OTPHMAaTH 0OaraTo 3HA4YHO
BIZIXMJICHUX TYYKiB (HApHUKIaA, TUB. puc. 3.12). Skmo BuOparu Kibka 3
HHUX, TO YTBOPUTBCS CTPYKTYpHE 300pa)KeHHs, sIKe HA3MBAIOTh 300pa-
KEHHSIM, 110 OTPHMaHE EJICKTPOHHHM MIKPOCKOIIOM 3 BHCOKOIO PO3.Ii-
JBHOIO 37aTHICTIO. baraTo 1paTkoBUX KOHTYDIB IEPETUHAIOTHCS 1 JAlOTh
KapTUHY TEMHUX (4H CBITJIMX) TOYOK, IO BiINOBIIAI0TH CTOBIIIIO aTOMIB.
[HTepnperallis KOHTpAcTy Ha TaKMX 300paKEHHSX HE € OUYEBHJIHOIO,
OCKLIBKH KOHTpAcT 300paKe€HHsI CYTTEBO 3MIHIOETHCS 3 TOBIIUHOKO 3pa-
3ka 1 B pasi po3dokycyBaHHA. BiH TakoX 3HAYHO 3alEXHUTH BiJ PO3Ii-
JIEHHSI MIKPOCKOIIa, SIKE€, BIANOBITHO, 3aJI€XKHUTH BiJl KoedilieHTa cdepu-
4yHO1 abepaltii 00’€KTHOI JIIH3M Ta BiJ| JOBXHHU XBHJI €JIEKTPOHiB. Mo-
XKITMBA CHUTYaIlisl, KO TOM caMuil 3pa30K il 4ac CIIOCTEPEIKEHHS MOXKE
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JaTy 300paXKeHHs, Ha IKOMY OJIHA TeMHa IUIsIMa BiAMOBiAa€ 200 CTOBIIIIIO
aToMiB, 200 BiJICTaHSAM Mi’K HUMH, a00 HaBITH Mapi CTOBIIIIB aTOMIB.

Xopole BHCOKOPO3AUTbHE 300pakeHHS MOYKHA OTPHMATH JIHIIE
BiJl TOHKOTO 3pa3Ka, OCKUIBKH HEMPY)KHE PO3CISTHHS CYyTTEBO IOTIpIIyE
SKicTh 300paxeHHs1. Mikpockorl Tpeba TaKoxX SKOMOTa JIIIIIEe Bia I0CTy-
BaTH, MiHIMi3yBaBIIM acTUrMaTu3M. Lli YMHHUKHM y MO€AHAHHI 3 THM,
10 3pa30K MOTPIOHO aKypaTHO HAXWIIMTH, MO0 HAIPSM ITy4Ka 30iraBcs
3 KpucTaNoTrpapivHUMU OCSIMH, TOTPEOYIOTh HAsIBHOCTI HE JIUIIIE TyXKE
XOpOIIOr0 MIKPOCKOMNa, a TaKo)K 3HAYHMX HaBHYOK oOrepaTopa Ta
TOHKOTO pPO3yMiHHS (hOpMyBaHHS 300pakeHHsS. BimbmricTs 300pakeHb
HEMOXKITUBO IIKOM 3PO3yMITH, HE BHUKOHABIIM MOPIBHAHHS 3 CEpiero
3MOJICTbOBAaHUX Ha KOMIT'IOTEpi 300paXKeHb, OTPHUMAaHHUX IJIsi CXOXKUX
cTpykTyp. Lle MOpIiBHSHHS MOXXHAa 3pOOHMTH SKICHO TiJl 4Yac aHawi3y-
BaHHS ONM(PPOBAHKUX 300pakeHb, TOOTO TAKUX, JIe 300pasKeHHS PO30UTe
Ha OKpeMi MiKcelli, M0 Ja€ 3MOTY YHCENBHO aHali3yBaTH iX 3a JIOTO-
MOTOK0 KOMIT I0TEpa.

4.3. En1ekTpOHHA MiKPOCKOIIisi BUCOKOI HANIPYT'H

HaifoueBHIHIIMM PE3yJNbTaTOM IiJABUIICHHS TPHCKOPIOBAIBHOT
HaIlpyru Y MIKPOCKOI € 3MEHIIEHHS JOBXXHUHH XBHJII €JICKTPOHIB Ta
nepepiziB poscisHHs. Lle nae 3mory 301IbHIMTH TTMOWHY TPOHUKHEHHS
(ToOTO MOXHA JOCIHKYBATH TOBCTIII 3pa3KH) 1 MOJIMIIUTH PO3Ji-
nenHs (nuB. piBHsAHHA (1.9)). CripoOu yCcyHyTH OJHE 3 HAHCYTTEBIINX
s [TEM oOMmexxeHb, a came — HEOOXIJHICTh Ty’Ke€ TOHKOTO 3pa3ka, y
70-x pokax XX cT. npuBenu 10 mosiBu 1 MeB-mikpockomis.

Jy’xe BHCOKOCHEpPreTUYHi eJIEKTPOHH MalOTh Malli Mepepi3u B3ae-
MOJIii 3 €JIEKTPOHAMH aTOMIB 3pa3Ka i Ille MEHIII — JUIs B3a€MOIIT 3 sJI-
pamu. [HIIMME ClIOBaMH, BHCOKOCHEPTCTHYHHI €JIEKTPOH 3 JyXe Ma-
JIOI0 MMOBIPHICTIO MOX€E MOPYIIMTH MIKATOMHI 3B’SI3KHM 1 31 ILle MEH-
LIOI0 — BIYYMUTH B s1po. OnHAK SKUIO 3iTKHEHHS BCE-TaKU CTaHETHCS,
TO TOIIKO/UKEHHS OyIyTh Ay)Ke CHIIBHI: Y pa3i NepeBUILEHHS TOPOrOBO1
eHeprii MoXe BiIOYTHCS 3MIIIICHHS OKPEMOT0 aToMa 3 HOro MOJI0XKEeHHS,
10 € OCHOBHHUM HEJIOJIIKOM €JIEKTPOHHOT MIKPOCKOIIT BUCOKOI HATIPYTH.
YacTka €JIeKTPOHIB, SKI CIPUYUHATH 3MIIICHHS, € MaJiol (CKaxiMmo,
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omua Ha 10 000), ogHak 3a CTPyMiB IydKa, sIKi BHKOPUCTOBYIOTH Y
[NHEM (mpubnmsHo 10 HA), 3a CexyHOy 31 CBOiX IMO3HWIi BHOWBATH-
myTbest 10% aTomis. IToporoBa eHeprist 3pocTae 3i 30iTbIICHHSIM aTOM-
HOTO HOMEpa: JUIsl alfOMiHit0 BoHa cTaHOBUTH 170 keB, mns Hikemo —
ommbpko 400 keB. lle sBuime, 3a3Buuail, HeOakaHe, OJHAK HOTo
BUKOPUCTOBYBaJIM B €KCIIEPUMEHTAX 3 pajiamiiHOrO pyWHYBaHHS IS
MOJICJIIOBAHHSI BIUIMBY HEHTPOHHOTO OMPOMiHEHHs. Buina mpoHHKHA
3MaTHICTh € IIIHHOIO B pa3i BHBYCHHS CKIATHUX Oaratoga3oBHX
CIUIaBiB, MiHEpaJiB Ta Kepamik. Taki MIKPOCKOIIH TaKOX ITHPOKO
BUKOPHCTOBYIOTh ISl €KCIIEPHMEHTIB, Yy SKHX 3pa30K HarpiBa€ThCH,
OXOJIOJIKYETHCS Ud e(OPMYEThCS Tijl Yac CIOCTepekeHHs. Tol ¢akr,
mo IiHa BuUpoOHUNTBa Ta ekciuryaranii [IEM 3pocrae mpubmmzHO
JHIHHO 31 3pPOCTAaHHSIM NPHCKOPIOBAJIBHOI HANPYTH, a TaKOX CHIIBHI
pamiamiifHi TIONMIKO/KEHHsI, SIKi BOHW YHHATH, TMPUBENHA IO TOTO, IO
OLIBIIICTh METaeNeKTPOHBOJIBTHAX MIKPOCKOIIB TPUNHHHUIA POOOTY.
Opnak € 6arato MikpockoriB npomixkaoi Hanpyru (300-400 keB), ski
MAalOTh IIEPEBary MPUIAAiB 3 BUCOKOIO MPUCKOPIOBATILHOIO HAIIPYTOIO.

4.4. llpuroryBanns 3paskiB piasa [IEM

€ uyumaJio I1ikaBUX OO0 €KTIB, SIKI HAMArarOThCSA JOCIIKYBAaTH 3a
noromoroto TTEM. [lnst Toro, mo0 NpPOBOJUTH EKCIIEPUMEHT, Tpeba
MPUTOTYBATH 3pa3ok. [IpUroTyBaTH TOCUTh TOHKHH 3pa3oK (BiJ KiTBKOX
JeCATUX HAHOMETPa JI0 MIKPOHA y TOBIIMHY) € HEMPOCTHM 3aBJaHHSIM,
SKE CTa€ IIe BAKYHMM, SKIIO BPaXyBaTH, IO MPOIEAypa MPUTOTYBAHHS
3pa3ka HE MOBMHHA HOr0 3MiHIOBATH. 3pa30K TMOBUHEH OYTH JOCHTH
MIIHUM, 100 HOTro MO)KHA OyJIO NMEPEHOCHUTH, a TAaKOX 30epiraT 10-
CUTh JIOBT'O JIJIsl JIOCII/DKEHHST MikpockoroM. L{i BuMoru mocuth xopc-
TKi, 1 JQy)Ke 3piaKa BIAEThCS JAOTPUMATHCS iX BoaHouac. I[lorpiOHO
MparHyTH A0 OTPHUMaHHS 3pa3Kka, IO JacTh MakcuMyM iHQopmarii 3a
MiHIMYMY CKJaIHOCTI ii iHTepIpeTalii, i e 03Havae, M0 HA HPUTOTY-
BaHHsI 3pa3ka Tpeba 3BepTaTu OCOOJIMBY yBary.

MeToaukH, siKi BAKOPUCTOBYIOTh Y pasi MPUTOTYBaHHS 3pa3KiB st
I[IEM nyxe pi3HOMaHITHI, BH3HAuYeHI BOHHM MaTepialioM 3paszka i
BUKJIAJIeH] B HU3MI MociOHMKiB. CTYyMiHb CKIQJHOCTI MPUTOTYBaHHS
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3pa3ka MOXE BIAPI3HATHCS BiJ TPAKTHYHO TPUBIATBHOTO JI0 TaKUX
HaBHYOK, SKI BHPOOJIAIOTHCS 3a TIKHI HaBYaHHSA. MU JUIe Tepepa-
XY€EMO Il METOAWKH: CKONIOBAHHSA, YIBTPAMIKPOTOMIisl, MEXaHI9HE ITOJTi-
pPYBaHHS, €IEKTPO- Ta XiMidHE TOJipyBaHHI, I0HHE 1 MEXaHIYHE ITOJTiPY-
BaHHsI, aTOMHE TPaBJICHHS, PeILTiKallis Ta iH.

KoHTposbHi 3anuTanHs i 3aBIaHHS

1. PosramyiitTe y mNOpsAAKY 3pOCTaHHS KyTa CXOMKEHHS IIydKa:
cokycoBaHuii, HeOPOKyCOBaHUH, TepehOKyCOBaHMUIA.

2. OO0’exTHY anepTypy BUKOPHCTOBYIOTH JUJIsSl TOTO, 1100 IPOIYCTUTH He-
PO3CisiHI €NeKTPOHM Ta CHHHUTH po3cisHi miomuHoo (002) mii.
Slkuii MakcuMaibHUI Moxe OyTH po3mip anepTypH (ac,= 0.360 HMm,
A =0.0037 M, dpoxanmpHa BincTaHb 00’ €KTHOI JTiH3H —1 MM)?

3. Skuit po3Mmip AUISHKK 3pa3ka, sIKy MOKHAa Oa4MTH Ha KBaJpaTHOMY
expani (100x100 mm) ITEM 3a 36iblieHHS] Y MiTb#OH pa3i?

4. [le, Ha Bamry IyMKY, € MicIle BCTaBKH Ta 3aCO0M MO3UIIIOHYBaHHS
a) o0’ekTHOI amepTypu; 0) amepTypu OOMEKeHOi 00NacTi; B) KOH-
JCHCOPHOI anepTypu?

5. Omumite pi3HHIIO MK CBITIOMUIEHAM Ta TEMHOIUIBHIM PEKAMAMH
OTpPHUMaHHS 300pa’KCHHSI.

6. Illo, Ha Bamry mAymKy, cTaHETbCsA 3 KOHTypoM ekcTuHKIii Ha [TEM
300pa)KeHHI, SKIIO 3pa30K HAXWINTH?

7. SIki € ronoBHI MexaHi3Mu KoHTpacty y [IEM?
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Po3aia 5

CKAHYBAJIbHUM EJIEKTPOHHUI MIKPOCKOII

Omne 3 oOMexens IIEM Take: KO 3pa3oK € HEAOCTATHBO TOH-
KHM, TO €JEeKTPOHU OYyAyTb CHIIBHO PO3CIIOBATHCS Ta TOTJIMHATHUCS B
HBOMY, a HE IPOXOJIUTHMYTh HACKpi3b. TOMy BHHUKJIA OTpeba B eJeK-
TPOHHHUX MIKPOCKOTAX, 32 JOTOMOIOI0 SIKHX MOXHa Oylo O IOCTiIKy-
BaTH TOPIBHSHO TOBCTi (00’eMHi) 3pa3ku. ToOTo moTpibeH OyB eiex-
TPOHHO-TIPOMEHEBHI MPUIIAJl, CXOXKHUI HA ONTHYHUA MIKPOCKOII Ha Bij-
OWBaHHA, TIPOTE 3 JIIIIIAM TPOCTOPOBUM PO3ILICHHSIM.

Heszabapom micns Bunaxony [TEM 3’sBuBCS ckaHyBalbHHH €IEK-
TpoHHHHI Mikpockorn — CEM. Bin menmoro posmipy, Hixk [1EM (i nemre-
Bmwmii). HuHi iXHs KinbKicTh niepeBuinye Kinbkicts [1EM, 1 Bukopucro-
BYIOTh 1X Y MEIHIIMHI, MaTePiaIO3HABCTBI, HAMiBIPOBIAHUKOBIN TPOMH-
CJIOBOCTI Ta 1HIITUX TaTy3sX.

VY 1mpoMy mpunadi JOCHIHKYBaHUN 3pa30K OMPOMIHIOIOTH TOHKAM
c(OKYCOBAaHMM ITyYKOM E€JIEKTPOHIB, SIKMH PO3TOPTAETHCS Y pacTp Ha
MOBEPXHi. YHACTIZIOK HOro B3aeMOJii 3 MOBEPXHEK BUHUKAIOTH BTO-
PHHHI €IEeKTPOHH, BiZIOUTI €JIEKTPOHH, OXKe-CIEKTPOHU Ta (POTOHH pi3-
HUX eHeprii. 3apoKyI0ThCSl BOHU B NIEBHUX AUIHKAX 3pa3ka (00’emax
reHEepyBaHHs), a BUKOPUCTOBYIOTH X JUIsi BUMIpIOBaHHs 0araTthboX Xa-
pakTepuCTUK 3pa3ka (Ckiaay, Tornorpadii moBepxHi, Kpucranorpadiqaoi
Opi€eHTallii 1 TOIIO).

[Mpocropose pozainenas CEM y pexumi Tororpadii nocsarae 10 am
1 MeHIe, a mija yac pociipkenHs ¢azosoro ckiany — 100 um. Baxiu-
BOIO MPUUYMHOIO ycrimHoro 3actocyBaHHs CEM e Te, 1o 300pakeHHs
TPUBHUMIpPHUX O0’€KTIB y HbOMY (Ha BiMiHYy BiZ 300pa)keHb, OTpHMa-
Hux [IEM) nociigHuK iHTepIpeTye iHTYITHBHO.

3aBasKku po3poOIli TEXHOJIOTIT OTPUMAaHHS PETYJIbOBAHOTO THUCKY B
po0oUiii KaMepi 32 OCTaHHI POKU CYTTEBO PO3IIMPHIIACS Taly3b 3aCTO-
CYBaHHsI CJIEKTPOHHUX MIKPOCKOIIIB: CTAJIO MOXIUBHUM BHKOPHCTOBY-
BaTH X AJIS1 JOCIIIKEHHS BOJIOTHX, 3a0pyAHEHUX Ta HENPOBIIHUX 3pa3-
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KiB, sIKi paHille y MPUPOJHBOMY BHUIIIAAI Oylu HEMpHIaTHI A JOCHi-
JDKeHHA, a iXHS cIielliaibHa MiATOTOBKAa BHOCHJIA B OTPUMAHI pe3yiib-
TaTH HEXapaKTepHi I 3pa3Ka PUCH.

5.1. llpuHuun podotu

OCHOBHOIO (DYHKIII€I0 CKAHYBAJIBHOTO €JIEKTPOHHOTO MIKPOCKOTIA €
OTPUMaHHS 300pakeHHS TpUBHMIpHUX 00’€kTiB. [lopiBHSIHO 3 omTHY-
HUM MikpockoroMm, CEM wmae Oinpiry rnuOuHy mois i Jimie JaTepa-
npHe (y twiommHi) posaiieHHs. CEM cxoxwuii Ha [IEM TuM, 1110 BOHH
00H/IBa BUKOPUCTOBYIOTh ITy4OK €JIEKTPOHIB, CHPSMOBaHUIA Ha 3pa3oK.
Lle o3Hauae, MmO Taki eneMEHTH, K €IEKTPOHHA TapMara, KOHIESHCOPHIi
JiH3U Ta BaKyyMHa CHCTeMa HasiBHI B 000X Mpuianax i cXoxi Mix co-
6010. OngHak cnocid oTpuMaHHS 300paXKEHHS Ta HOro 301NbLICHHS CyT-
TeBO Binpi3HsroThes. Toxi sik [IEM nmae iHdopmarito mpo BHYTPILIHIO
CTPYKTYpYy TOHKHX 3paskiB, CEM rojioBHO BHKOPHUCTOBYIOThH JJISI BH-
BUYCHHS [TOBEPXHEBOi ab0 MPHUIIOBEPXHEBOI CTPYKTYpPH 00’ €MHHX 3pa3-
kiB. Ha puc. 5.1 mokazaHo cydacHUIA TIpriIaz.

Mikpodortorpadis Ha puc. 5.2, oTprMaHa Ha CKaHYBaJbHOMY €IlleK-
TPOHHOMY MIKPOCKOIIi, IEMOHCTPY€ MOBEPXHIO METAIEBOTO cIulaBy. Jliis
oka HabaraTo TPOCTIillle IHTEPNPETYBaTH TaKWW THI 300pa)KCHHs, HIX
300pakeHHs, OTPHMaHi POCBIYyBaTbHUM €JIEKTPOHHUM MiKPOCKOTIOM.

Puc. 5.1. CxanyBasbHMi Puc. 5.2. MikpodoTtorpadist moBepxHi
€JIEKTPOHHHUI MIKPOCKOI- CIUIaBY HIKEIIO, 110 MICTUTh JACHAPHUTHI

Mikpoaranizatop PEMMA 102-02 (mepeBonoiOHI) YACTHHKH KPEMHIIO,
(BAT SELMI, m. Cymn). orpumaHa CEM.
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Ha puc. 5.3 300pakeHa cxeMaTu4Ha JiarpaMa OCHOBHUX KOMITOHE-
utiB CEM. EnextponHa rapmara €, 3a3BH4Yail, TEPMOEMICIITHOTO THITY 3
BOJIL(PAMOBOIO HUTKOIO, X0Ya IIOPa3 YACTIIIe 331 JIIIIOTO PO3Ii-
JIeHHS BHUKOPHCTOBYIOTh aBTOEMICiiHI mxeperna. EmekTpoHnm mpucko-
protoThes a0 eHeprii Big 1 g0 30 keB, mo 3HauHO MeHIe, aHiX Xapak-
tepHi ans [IEM 3nauenns (100-300 xeB). [IBi abo Tpu KOHAEHCOpPHI
7iH3U (OKYCYIOTh OTPHMaHHH IyYOK TakK, 10 B pa3l MOTPaIUIIHHS Ha
3pa3okK JiamMeTp HOro MO)ke CTaHOBUTH ycboro Juiie 2—10 HM.

VY crapimmx npuiagax TOHKHH EIeKTPOHHUH ITy9OK Iepemima-
€TBCS TIO 3pa3Ky 3a JOTIOMOTOIO COJICHOIIIB 31 CTPyMOM, i JETEKTOp
peeECTpy€e KiJbKICTh HU3bKOCHEPTeTUYHUX BTOPHHHUX EJIEKTPOHIB UM
IHIIIC BUIIPOMIHIOBAHHS, [0 BUXOJMUThH 3 KOXKHOI TOYKU MoBepxHi. Boj-
Houac, MmisiMa ejxekTpoHHo-npoMeHeBoi TpyOku (EIIT) mepemimiaerscest
TI0 €KpaHi, a ACKPaBICTh i€l IUISIMA MOAYJIbOBAHA ITiICHIIEHUM CTPYMOM
3 nerekropa (puc. 5.4).

EnekTpoHHa
rapmata
EkpaHn
KonpeHcopHa
niHaa
O6’exTuBHa
niHaa KoHTponbHui
ocuunorpad

CkaHyBanbHi
KOTYLLKMN g E leHepaTtop

CKaHyBaHHA

AnepTypa e | | —

¥ | Derextop Nigcvntoea
/’l |—| iacun BHl_

3pasok
Puc. 5.3. CxemaTH4Ha JiarpaMa OCHOBHUX KOMITOHECHTIB
CKaHYBaJIBHOTO EJIEKTPOHHOTO MiKPOCKOTIA.
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EnekTpoHHui nydok CEM EnekTpoHHui nydok ENT

My4kw, wo
CMHXPOHHO CKaHYTb

CkaHyBanbHi KOTYLUKK

vy 0 KON

= 8= = . =4
Xy & A/ /‘I K ) A/
3pasok : Ekpan ENT

1
CwurHan, Wo yTBOPHETLCA Y TOHU (X,Y) :
—-|3pa3ka, MoOAYNE IHTEHCKBHICTb

curHany EMT y Touui (x',y")

Puc. 5.4. CxemaruyHa Jiarpama, 1o iIocTpye
(dopmyBanus 300paxenns y CEM.

ToOTO ToYKa Ha €KpaHi MOHITOpA OAHO3HAYHO BiJIIOBIJIa€ TOYII Ha
CKaHOBaHIM TOBEpxHi 3pa3ka. SICKpaBicTh CBITIHHA TOYKH Ha €KpaHi
MOJYJIIOE (3aj]a€) BeIMYMHA CUTHAITY, 11O ii peecTpye NETEKTOp y KOH-
KpeTHH MoMeHT. Tak Ha eKpaHi MOHITOpa BHWHHUKA€E 300paKCHHS
CKaHOBAHOI TIOBEPXHi 3 MOIYJILOBAHOO SICKPABICTIO (1HB. pHc. 5.4).

Enmexrponnnit npomias Ta msma EIIT posropratoThes y TpsSMOKYy-
THHUI Ha01p MPsIMUX JIiHIH, a00 %k pacmp (Habip TOYOK). Y cydacHHX IpH-
Jajiax Takoro K e(eKTy J0CATaloTh IU(POBHM KOHTPOJIEM TOJIOKEHHS
My4yKa Ha 3pas3Ky, 1 OTprMaHe 300pakKeHHs 3 SBIISETHCS HA MOHITOPI
koMM 'torepa. st mpoctotn Mu Oy/ieMo 0OTOBOPIOBATH POOOTY MIKpO-
CKOIla B T€pMiHaxX 3BHYAIHOI aHAJIOrOBOI CKaHyBaJIbHOI CHCTEMH i Haro-
JIOIIyBaTUMEMO Ha BiAMIHHOCTSX, 110 € y uudposomy CEM. Toxi me-
XaHI3M OTpUMaHHS 30UIBIIEHOTO 300payKeHHS € JTy)Ke MPOCTHM 1 He
notpedye JiH3 y3aram. Pactp, CKaHOBaHMH EJICKTPOHHUM ITyYKOM Ha
3pa3Ky, € MEHIIIUM, HiX pactp, nokazanuii Ha EIIT. Y npomy Bumajaky -
HiliHe 30UTBIIIEHHS] BU3HAYAIOTH SIK BiJHOIIEHHS OiYHOI JIOBKUHM €KpaHa
EIIT (L) mo 6iunoi noexwunu () pactpa Ha 3pa3ky (puc. 5.5, a). Touku A i
B na expani EIIT — 1ie 300pakeHHs1 TOUOK « 1 b Ha moBepxHi 3paska.
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PacTp Ha 3pa3sky

P S— JR— »

Pactp Ha EMT

a 9]

Puc. 5.5. EnexTpoHHHI ITy4OK CKaHye pacTp 3i cTopoHoo | Ha
3pasKy, TOMI K pactp 3i croporoto L 6yayersest Ha EIIT (a).
PacTpyn MOkHA TaKOXX YSIBIATH SIK MACHBH €JICMCHTIB
KapTHUHKH abo mikceni (6).

Hanpuknaza, skmo enekTpoHHUi mydok ckanye pactp 10%10 Mxm
Ha 3pa3Ky, a Ha ekpani EIIT BimoOpaxaeTscsi 300pakeHHS 3 PO3MiIpOM
100%100 mwm, To miniitHe 30inbiieHHs cranoBuTrMe 10 000%. AnpTepHa-
THUBHO YM OJJHOYACHO Ha OKPEMOMY KOHTPOJIBHOMY ocuiorpadi Mikpo-
CKOII MO’Ke BiZIOOpakaTH 3MIHM CUTHAITY B Pa3i MepeMillleHHs My4Ka 110
pacTpy, K IMoKa3aHo Ha puc. 5.3.

5.2. Orpumanns curaaiay B CEM

VY po3znini 2 00roBopeHO B3aEMOJIII0 €TIEKTPOHIB 31 3pa3koM, Jie MU
0auuy, Mo B TOBCTOMY 3pa3Ky CHEpris MaJIalounX eJIEKTPOHIB PO3Cito-
€TbCs. Y LBOMY pa3i BUSBISIIOTHCS pi3HI BTOpUHHI epekTH, a aesika yac-
THHA HETPY)KHO PO3CISTHUX EJEKTPOHIB PO3CIIOETHCS HA30BHI 3pasKa.
Opnniero 3 ronosaux puc CEM e Te, mo, y npuHuumi, Oyab-sKe BUIPO-
MIHIOBaHHS 3pa3ka Y WOro 3MiHa, SIKy MOXKHA 3apeecTpyBaTd, MOXHA
BUKOPUCTATU JIsi (OPMYBaHHSI 300pakeHHsI 1 3a0€3MeUnuTH KOHTPACT
300pakeHHs. KOKeH CUTHAJ € pe3yibTaToOM B3a€MOJII1 MIXK MMagal0uuMu
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CJICKTPOHAMU 1 3pa3KoM, a TOMY MOXE JaTH HaM iH(opMallito mpo 3pa-
30kK. Ha puc. 5.6 cxematndHo 300pakeHO CUTHAIIH, SIKi MO’KHA BHKOPHC-
tatn y CEM.

INagar4nia ny4ok
X-NpoMeHi 3BOPOTHO PO3CisHi
€reKTPoHK

KatogontomiHecueHuis BTOpUHHI enekTpoHK

V--..__\

Haeepexa
Ny4KOM
NpoBIAHICTb

= l CTpym 3paska
EnexTpoHu, Wo nporwnu

Puc. 5.6. Jlesiki 3 curHaiB, sKi MOXKHa BUkopuctoByBatn y CEM.

VYci ckaHyBajbHI €EKTPOHHI MIKPOCKOIM MaroTh 3aco0m sl pe-
€cTparlii BTOpUHHHX Ta 3BOPOTHO PO3CISHUX EJIEKTPOHIB. 300pakeHHS Y
BTOPUHHHUX Ta 3BOPOTHO PO3CISHUX EIEKTPOHAX BiZOOpak)arTh TOMO-
rpadigauil KoHTpacT (penbed nmoBepxHi). OmHAK 300pakeHHS Y 3BOPO-
THO PO3CISIHUX EJIEKTPOHAX YacTillle BUKOPUCTOBYIOTH JUISL BUSIBIICHHS
¢dazoBoro ckiany 3pazka. Lo cTocyeThbcs IHIIMX BUIIPOMIHIOBAHb, TO
X-TIPOMEHI 3aCTOCOBYIOTh, TOJIOBHO, I XIMIYHOI'O aHai3y, a He JUIs
oTpuMaHHs 300pakeHHA. OKe-elNeKTPOHN MAalOTh TaKy Mally €Hepriio i
TakK JIETKO 3a3HAIOTh MOTJIMHAHHA, 110 AJS IXHHOTO e()EeKTUBHOTO BHKO-
pUCTaHHA TOTpPiOHA HAJIBUCOKOBAaKYyMHA CHCTEMa 1 CIEIlialbHI TpH-
cTpoi. OKe-CHEeKTPOCKOMis 1 CKaHyBaJIbHHN OXe-MiKPOCKOII € BaXKIIH-
BUMHU aHATITHYHUMHM METOAMKAMHM JIOCII/PKCHHS MOBEpXHi. [Him cwur-
HAJIM MalOTh BAXJIMBE, OJHAK CIeEIiali30BaHEe 3aCTOCYBaHHs, JCSAKi 3
HUX MU OOTOBOPHMO JIai Ta Y po3imi §.

[Ipo TpaekTopito pyxy €JleKTpoHa y TBEpAOMY Tilli HILIOCS B PO3-
nini 2. MoaentoBanHs MetogoM MoHTte-Kapiio, pe3yabTaTi SKOoro moka-
3aHi Ha pHC. 2.7, a TAKOX MPsAMI €KCIIEPUMEHTH 3aCBITYUIM, L0 €JICK-
TPOHH PO3CIIOIOTHCS Y TPYHIONOAIOH I MUISHII 3pa3ka, 300pakeHii Ha
puc. 5.7. 30Hy IPOHUKHEHHS €JICKTPOHIB Y 3pa30K MU O3HAYHIH Y PO3-
aini 2 K 00’eM B3a€EMOZIl, y SIKOMY BHAcHiZIOK HETPY>KHOTO PO3CisTHHS
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TCHEPYIOTbCA Pi3HI BHUIIPOMIiHIOBaHHS (pHC. 5.7). 3anexHo Bij BTpar
EHepTii MepBUHHUX EJIEKTPOHIB 3MIHIOBATUMETHCS KUIBKICTh 1 BHI BTO-
PHHHOTO BUIIPOMiHIOBAHHS.

EnekTpoHHWI
NpOMiHb (30HA)

HM
' 1..10 HM

/|

4—|

A

(

w N
\ N
N
A 72
NN
< 0.1..1 MKM
0.2..2 MKm

|

PosginexHs y
BTOPUHHWX EMEeKTPOHax

5]

h 4

PospineHHs y 3Bo0poTHO
» | pO3CisiHMX enekTpoHax
<

Po3pineHHs y xapaktepuc-
_JTUYHOMY X-BMMNPOMIiHIOBaHHI
<

»
P>

Puc. 5.7. CxeMa IUISHKA T€HEPYBaHHS 1 IPOCTOPOBOTO
posnineHHs. [To3Ha4eHHS MUISHOK FreHepYBaHHS:
1 — oxe-eIeKTPOHIB; 2 — BTOPHHHUX CIIEKTPOHIB;
3 — 3BOPOTHO PO3CIAHUX (IPYKHO BiIOUTHX) €TIEKTPOHIB;
4 — XapaKTepUCTUYHOTO X-BUIIPOMIHIOBaHHS; 5 — raJbMiBHOTO
X-BUIPOMIHIOBAHHS; 6 — KATOIOJIOMIHECICHILII.

Xoua KOKEH BUJI BUTIPOMIHIOBAHHS T€HEPYEThCS B TEBHIN JUISHIII,
Horo He MOXKHA 3apeecTpyBaTH, JOKM BOHO HE BHHIILIO 3i 3pas3Ka, a Mpo-
Liec TPaHCIIOPTYBAHHSI 10 TIOBEPXHI 3aJI€KUTH Bij TOTO, 1110 L€ 33 BUIIPO-
MIHIOBaHHS 1 SIKUI caMe 3pa3oK JOCHiKyroTh. Hanpuknan, ockinbkn X-
MPOMEHI MPAaKTHYHO HE MOTJIMHAIOTHCS, OUTBIICTD 3 HUX BHIJIE 31 3pa3ka.
OT1xe, 00’eM Marepiay, 3 IKOTO BUXOSTh X-TIPOMEHI, YU aHaI130BaHH
00’eM 7151 X-BUIPOMIHIOBaHHS, € TOTO K MOPSJKY, O i 00°eM B3aEMO-
i, SIKKIA MO>KE CTAHOBUTH KiJIbKa MIKPOMETPIB y JiaMeTpi.
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EnexTpoHn He pO3CiIOTbCA HA30BHI 3pa3ka, SKIIO BOHU MPOHUKIIH
Ha TNIMOMHY TTOHA] MIKPOMETp, TOMY CHUTHAJl 3BOPOTHO PO3CISTHUX €IeK-
TPOHIB HAaIXOIWUTH Big Habararo MEHIIOI AUISHKH, SK ITOKa3aHO Ha
puc. 5.7. | mepBUHHI €NEKTPOHU IiJ] Yac pyxXy depe3 3pa3okK, i 3BOPOTHO
PO3CisiHI TeHepYIOTh BTOPUHHI enekTponu (puc. 5.8, ). Ilepmux € 6i-
JbIlIE, TOMY 3apEECTPOBAaHHMI CHTHaJl BTOPMHHUX EJIEKTPOHIB CTBOPIO-
€ThCS TOJIOBHO B JIUISHII, 11O € TPOXW OULIBIIOK Bij JiaMeTpa majaro-
4Oro my4ka, sk CXeMaTU9YHO IMOKa3aHo Ha puc. 5.8, 6,6. BropunHi enek-
TPOHH, YTBOPEHI MEPBUHHHUM ITyYKOM, BUXOJAThH OiIsl TOUKH TaJiHHA i
00MEXYIOTBCSl HEBEJIMKOIO NUITHKOIO MOOJH3Y Ii€i TOYKH, a BTOPHHHI
CJICKTPOHHU, YTBOPEHI 3BOPOTHO PO3CISTHUMH, BUXOJIAThH 31 3HAYHO OiIb-
1101 TUISHKH.

3 puc. 2.11 6aunmo, 10 3BOPOTHO PO3CisIHI EIEKTPOHU MAIOTh TIEB-
HUN po3kup mo eHeprii. Ti, M0 MarOTh HAWBUINY EHEPTiIO, 3a3HAIU
JUIIE KUTBKOX PO3CisiHb. BUXOMATh BOHM HETOJAIIK MMAJaf0vyoro myJKa
(Touka A Ha puc. 5.8, 8) i MOXYTh JaBaTH iH(GOPMAIIIO 3 BUCOKHM IIPO-
CTOPOBHM pO3JiIeHHsAM. EJIeKTpoHHM, IO 3a3HaiM 0araThbOX PO3CISHB
(Touka B Ha puc. 5.8, g), BTpauatoTh Oinblie eHeprii, BUXOAITh 3 Oifb-
101 TIoHIl ¥ TOMY JaloTh iH(QOpMAIlilo 3 TIpIIUM MPOCTOPOBUM PO3Ii-
neHHsM. Omxke, posminenHs CEM TicHO TOB’s3aHe 3 aHalli30BaHUM
00’€MOM /151 KO’KHOTO THITy CHTHAIY.

KinbkicTh BTOpHHHHUX Ta 3BOPOTHO PO3CISTHUX E€JIEKTPOHIB, IO BU-
XOZSITh 31 3pa3Ka Ha KOXEH MaJalouuil epBUHHUI eNeKTPOH, Ha3WBa-
10Th KOe(Dil[iEHTOM BTOPHHHHUX EJIEKTPOHIB O Ta KOe(illiEeHTOM 3BOPOT-
HO PO3CISIHUX €JEeKTPOHIB 1|, BiANOBiAHO. Sk mokazaHo Ha puc. 5.9, a, n
3HAYHO 3aJISXKUTH BiJl aTOMHOTO HOMEpa 3pa3ka, a O — Hi. [loBHMIT BuXif
SNIEKTPOHIB CKJIaJHO 3aJISKHUTh BiJl MPUCKOPIOBAILHOI HANPYTH i Mae
MaKCHMYyM, SIKIIO 3HAYEHHSI [i€i HApyTu Yy IpoMiXKy Bin E; 1o E, (quB.
puc. 5.9, 6). Y upomy niana3oHi 3apsj Ha MOBEPXHI 3pa3Ka HE HAKOIIH-
YyBaTHMEThCS, TOOTO MOXKHA JIOCIIJDKYBaTH HAaBITh HETPOBIJIHI 3pa3Ku
0e3 cnerianbHOl MiAroTOBKUA. OCKIIBKKA 1) Maike HE 3aJIeKHUTh Bij
Hanpyru, To puc. 5.9, 6 €, mo cyTi, 3anexHICTIO O BiAg Hanpyru. SKmo
BUXI1Jl €JIEKTPOHIB HE JNOPIBHIOE 1, i 3pa3ok HE € MPOBIAHWUM, TO BiH
3apsApKaTUMEThCS i 4ac jociipkeHHs. 3 puc. 5.9, 6 6aummo, mio,
KOHTPOJIFOIOYM TPUCKOPIOBAIIbHY HAIIPYTy, MOXKHA OTPHUMATH BHXIiJI
CJICKTPOHIB, 1110 JIOPIiBHIOE 1.
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CiTka petekTopa .
O6'eKTHE | BTOPWHHUX €NEKTPOHIB Kinskicts
BTOPWHHWX
eneKTPOoHiB
BE3 ! i — BE1
BE1 i
/—>BE2 :
BE2+BE3
obnactb
suxogy 3PE T

o6’'em 0
B3aemopii BiAcTaHb Bif LeHTpa ny4ka

a 6

My4ok
BE2 BE1 3PE
3PE
\B v \ g/
A Yo
A N MornuHyTi
-« :
.yr -€— BTOPUHHI
EneKTpoHU

Puc. 5.8. Tpu MexaHi3mMu TeHepyBaHHs BTOpUHHUX enekTpoHiB (BE) (a):
nepBUHHUM IyukoM — BE1, 3BopoTHO po3cisiHuMH enekTpoHamu y 3pasky — BE2
Ta 3reHEPOBaHi 3BOPOTHO PO3CITHUMHU €IEKTPOHAMH, 1110 IOTPAIIIN Ha BHYTPilIHI
ckianoBi CEM — BE3. 3anexHicTh KUTbKOCTI BTOPUHHUX €IEKTPOHIB BiJl BiJICTaHi
JI0 IIEHTPa eNEKTPOHHOTO ITy4Ka 3 BiJIOOpaKEHHSAM BHECKIB BTOPHHHHX €JIEKTPOHIB,
3reHepOBaHMX 32 TPhOMa Pi3HUMHU MexaHizMami (0). ['eHepyBaHHSI BTOPUHHUX Ta

BHXiJI 3BOPOTHO po3cistHux enekrpoHiB (3PE) ().

5.2.1. Peecmpauin emopunnux enekmponis. bez cymHiBy, HaiOi-
npie y CEM BUKOPHCTOBYIOTH CHTHANl BTOPUHHHX €JIEKTpOHiB. Bro-
PUHHI €NEKTPOHU EMITYIOThCSI 3 TOBEPXHEBUX IIApiB 3pa3ka, a ixXHA
€HEepTisi CTAaHOBUTH OJIM3BKO KiIBKOX €JIEKTPOH-BOJIBTIB. PeecTpytoTs wi
€JIEKTPOHM 32 JONOMOTOI0 CLHUHTHIISALINHO-(OTONOMHOXYBAJIBHOI CHC-
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TemH, Bigomoi sk getektop EBepxapra—Tophii. JleTeKTop cxeMaTu4Ho
300paxkenwuii Ha puc. 5.10.

@
5
@ | 3BOpOTHO po3cisHi E
504|  enektpoHn 5 /—\
o 5 1
% 0,3 g i
5% 2 a
S = E
3 BTOpUHHI @NeKTPOoHU 3 H
@ - [= % !
0,1k e —cammmn——- 8 i
5 E
A T R T T 3 H
20 40 60 30 : E 3
? ATOMHViA Homep, Z MpuckopioBanbHa Hanpyra

Puc. 5.9. Brmis aToMHOT0 HOMepa Ha BUXijl 3BOPOTHO PO3CISTHUX
Ta BTOPUHHHX €JICKTPOHIB (a). BIUIMB MPUCKOPIOBAILHOT HATIPYTH
Ha MOBHHI BUXiJ eJIeKTpoHiB (1+3) (6).

My4ok

EneKTpoHiB
CumuHTUNATOP

CiTka

CaiTnosig,
®oTo-
MOMHO3YBaY

3paszok

+200 B +10 kB

Puc. 5.10. CxematuuHe 300pak€HHS JETEKTOPa BTOPUHHUX €JICKTPOHIB
Eepxapra—TopHi 3 300paKeHHSIM TPAEKTOPiit BTOPUHHUX (300pakeHi
TOYKAaMH) Ta 3BOPOTHO PO3CISHUX CJIEKTPOHIB (MIOKa3aHi CTPiIKaMH).

BropuHHUIT €1eKTpOH BIAPSAETHCS Y CHUHTHIISITOP, TOOTO JIFOMiHO-
¢op, KUl y 1poMy pasi emitye cBiTino. CBiTJIO epeJaeTsesi Mo CBITIIO-
BOoIy y (OTOIIOMHOXYBad, SIKHl NEpETBOPIOE (POTOHH B €ICKTPUUHHUM
IMIyJbC, SIKMH MOMKHA MIJCWJINTH 1 BUKOPUCTATH AJISl MOIYJTFOBaHHS
inTencuBHocTi EIIT.

Enepris Bropunnux enektposis (10-50 eB) 3amana, mo6 30yauTu
CIMHTHIISITOP, TOMY iX CIHOYaTKy HPUCKOPIOIOTH, MPHKIIAJAI0YN Ha-
npyry 3mimeHHs 01m3pko +10 kB 10 TOHKOI anroMiHI€EBOI IJTIBKH, IO

122



MOKpUBae CHUHTHIATOP. CHUHTWIATOP OTOYEHHH METaJeBOIO CIiTKOIO,
YH KOJIEKTOPOM, 3a MOTEHI[ialy B KiJbKa COTEHBb BOJIBTIB, IO CIYTYE
s aBox minei. Ilo-mepie, komekTop 3amo0irae BIUIMBY BHCOKOI Ha-
MIPYTH Ha COMHTWIATOPI Ha Magarouuidi eNeKTpOHHUH mydok. [lo-apyre,
e mnominuye eQeKTUBHICTh 300py, MPUTATYIOUM BTOPHHHI €IEKTPOHH,
TaK BAAETHCA PEECTPYBATH HABITH Ti 3 HUX, IO CHOYATKY HE PyXalUCs
710 IETEKTOPa, sIK moKa3ano Ha puc. 5.10.

Y mpoMmy pa3i TakoXX pPEeCTPYIOTh 3BOPOTHO DPO3CISHI €TIEKTPOHHU
(omHak 3HAYHO MEHIN e€()eKTHBHO, OCKUTLKM BOHH MAlOTh 3HAYHO BHIIT
eHeprii 1 ciabKko BiAXWIAIOTHCA MOTeHIianoM ciTku (puc. 5.10)). Tomy
BUXITHMHA cUTHan JeTekropa EBepxapra—TopHII MiCTUTh BHECOK
3BOPOTHO PO3CISHUX EJEKTPOHIB, X0ua HOr0 4YacTKa HEBEJIHKa uepes
MaJIMi TIJIECHUH KYT, 1110 HOTO OXOILIIOE CIIUHTHIISATOP.

Herextop EBepxapra—Toprm gyxe eQeKTUBHHHA, 1 Ui TUIOCKHX
3pa3KiB HAM BJIA€THCS 3aPEECTPYBATH MPAKTHYHO BCi BTOPHHHI €JIEKTPO-
Hu. BiH peectpye HaBiTh Ti BTOpH- l

. My4ok

HH1 SJICKTPOHHU, 11O BUXOOATH 3 IIPO- ENeKTPOHIB

TUIICKHHUX ITOBCPXOHb 3pa3Ka Ta 3a- ﬂeTEKTOP\_
BTOPUHHUX /o = €

naguH (puc. 5.11), ToMy Ha 300pa-  enertpoia/S ~ gl ~ ==~ _ '\
JKEHHi, OTPUMAHOMY B PEKHUMi BTO- \Ié: § ig':“
PUHHHX  €NICKTPOHIB, ~ MPAKTHYHO \;-s bl
HEMa TIHEH. Bropunki >
eneKTpoHn

5.2.2. Peccmpauia 360pommno |
PO3CIAHUX eneKmpoHie. 3BOPOTHO Puc. 5.11. 36ip BTOpuHHHX
PO3CisiHI eNeKTpoHH OyIyTh 3apeec- €JIEKTPOHIB Bijl 06’ €MHOTO 3pa3Ka
TPOBaHi, SKIIO BOHH PYXarOTHCA Y 3a JJOIIOMOTOI0 ISTEKTOPa, L0 Mae
HaprIMi CIMHTHIATOPA JIETEKTOpa CITKY 3 IO3UTHBHUM 3MIILIEHHSM.

EBepxapra—Tophii (auB. puc. 5.10).

ToMy MM MOBHMHHI HarojOCHTH, IO CHUTHAI, NMPO SIKHA WIILIOCS BHIIE,
3YMOBJICHUH HE JIMIIEC BTOPUHHMMH €JIEKTPOHAMH, a W MICTHTh TaKOX
Ca0Ky CKJIaJIOBY, 3yYMOBJICHY 3BOPOTHO PO3CISHUMH €JICKTPOHAMHU.
SIKII0 BUMKHYTH HANpyTy 3MIIIEHHS CIUHTWISATOpa a00 MOJIaTH Ha KoJe-
KTOp cla0Ky HETaTMBHY HANpYTy, TO BTOPUHHI €IEKTPOHH HE TIOTPAaIlIsi-
TUMYTb Ha JIETEKTOD, 1 BIH PeECTpyBaTHME CHI'HAI JIUIIEe 3BOPOTHO PO3Ci-
SIHUX €JIEKTPOHIB, OJJHAK 3 YCIX €MITOBaHUX 3pPa3KOM OYAyTh 3apeecTpo-
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BaHi JIMIIIE Ti, IO PYXalOThCSA B HAMPSMI JICTCKTOPa, TOOTO FeOMETPHYHA
edeKTHBHICTH 300py Oyze myxe Hu3bKa. Lleit MeTox peecrpatiii HUHI BH-
KOPHCTOBYIOTh 3pi/iKa, 1 OUTBIIICTh MIKPOCKOIIB OOJIaJIHAHA CIIEIiai30-
BaHUMH JIETEKTOPAMH 3BOPOTHO PO3CISIHUX €JIEKTPOHIB, SIKi MOXYTh OyTH
TPbOX THIIIB.

Cyunmunayiiini demexmopu. lle neTexTopu THUIY CIUHTHIIS-
TOP—CBITJIOBiA—(OTOMMOMHOXYBa4, II0 MAalOTh BEIUKHH KyT 300py.
[Ipuknangom € nerekrop PoOiHcoHa, cxema sKOro IIOKa3aHa Ha
puc. 5.12, a. [lepeBaroro ux AETEKTOPIB € BUCOKA MBUAKOMISL. Tomy iX,
sk 1 gerekTop EBepxapra—TopHii, MOXHa BHUKOPHUCTOBYBaTH B pasi
BUCOKHX IIBUIKOCTEH ckaHyBaHHS. OJHAK BOHHM Ta0apUTHI i MOXYTb
0o0MeXHUTH poOOUYy BiJICTaHh MIKPOCKOIIA, a TaKOX iX TpeOa 3a0upaTu
nepes JeTeKTyBaHHIM X-TIPOMEHIB.

CeiTnosig

|[CumHmunsTop| | [CunnTunstop 10 N

3BOPOTHO po3cisHi
EneKTPoHU

a

Si3p-n

/ nepexoaom
. | l B |

3BOPOTHO PO3CisHI
enekTpoHU

nigcvnioBaqa 6

Puc. 5.12. CupaTnisiniiiauii nerekrop PoGIHCOHA 3 BENMKOIO ILIOIICHO ().
TBepHOTLIBHUIA KPEMHIEBHI JIETEKTOP 3 [BOMA eneMeHTamu — 4 ta B (6).
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Hackpizui oemexmopu. Y CEM 3 BUCOKUM PO3JIJICHHSM 1HO1 BU-
KOPHCTOBYIOTh 1HIITy CHCTEMY JAETEKTYBaHHS €IEeKTPOHIB. Taki mpuiaau
MaloTh CHemiajdbHi 00’€KTHBHI JH3M 3 MyK€ CHIFHAMH MarHiTHUMHU
MOJISIMHU 1 cNTabKOr0 ChepruIHOI0 abepalliero, a 3pa3oK MoXke OyTH po3-
TalIOBaHUK yCepeANHI CHIBHOTO MAarHiTHOTO mouis JiiH3W. CIHMHTHIS-
UiAHAN AETEeKTOP PO3MIIIEHUH ycepeauHi JiH3H, a 3BOPOTHO PO3CisiHI Ta
BTOPHHHI €JIEKTPOHH HAYTH A0 HHOTO Bropy Mo JiH3i. Taka cucrema mMae
Iy’Ke BHCOKY e(eKTUBHICTh 30MPaHHS 1 Ja€ 3MOTY MIKPOCKOIY TIpAaIfio-
BaTH 3a AyXe Maiux poOoumx BifcTaHed. OgHAK y JESKUX MPHIaaax
TaKi MPUCTPOI CIPUIMHSIIOTH JKOPCTKI OOMEKEHHSI Ha Po3Mip Ta Tepe-
MIIICHHS 3pa3Ka.

Teepoominwvni 0emexmopu. Koa BUCOKOEHEPreTUUHUMN €IeKTPOH
najac Ha HaIiBIPOBIJIHUK, BiH TeHEpye 0arato eleKTPOHHO-IAIPKOBUX
map. 3a3BHYaif, BOHM MIBHIKO peKOMOiHyI0Th. OMHAK SKIIO A0 HAITiB-
TPOBITHAKA TPUKJIACTH HANPYTy, HAPHUKIIAJ, 3MIIIEHHS p—N-TIepexoy,
TOJIi EIIEKTPOHHO-IIPKOBI Tapu MOXHA po3aimuTH. Lle mpuBeae o mosBu
CTpyMy, SIKHH MOKHA Jauti migcwiuTh. Jlerekrop (muB. puc. 5.12, 6) mMae
(dopMy TOHKOI IUIACTHUHH, IO KPIMHUTHCS HAa MOJIOCHOMY HAKOHEYHUKY
00’€KTHBHOI JIIH3U 1 TOMY HeE 3aBaka€ HOpMalbHiil poOoTi mpunaay. Bin
MOJKE€ CKIIQIaTHCA &K 3 YOTUPbOX TaKWxX eneMeHTiB (puc. 5.13), mani 3
SKUX MOYKHA PEECTPYBATH HE3AICHKHO.

OCHOBHMM HENIOJIIKOM TakKUX AETEKTOPIB € IXHS MOPIBHSHO MaJia
HIBUJIKOJIisl, TOMY BOHHM HENPWAATHI JJIsl BUCOKUX HIBHJIKOCTEH CKaHy-
BaHHS.

5.3. Ontuka CEM

Mera nin3 y CEM — CTBOpUTH TOHKWH My4YOK €IEKTPOHIB, IIO TMa-
nae Ha 3pa3ok. Ha puc. 5.14 nokazaHo crpolieHy ONTHYHY CXEMY MiK-
pocKoma 3 1BOMa JIiH3aMH — KOHJEHCOPHOIO Ta 00’ €KTHBHOI0. OCHOBHI
pUCH MIKpPOCKONa MOYKHa 3pO3YMITH, CHPUIMalO4YM eJIeKTPOMArHiTHi
JIH3M SK TOHKI BUIYKJII ONTHYHI JIiH3M 1 BAKOPUCTOBYIOUH TEOPIIO Teo-
MeTpuuHOi onrtuku. Ha neskuii yac 3a0yaemMo nipo abepartii j1iHs3.
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enrg(‘:ggma EnexrpoHHa rapmara CTBOPIOE MOHO-
[ XpPOMATHYHUA TYYOK EJIEeKTPOHIB, CTPYM
SIKOTO CTaHOBHTH lo. KoHmencopHa miHza 3
7 dbokycHoto BincTanHo fy 30upae 6iIbITICTH
OetexTop 3 IUX EJIGKTPOHIB 1 CTBOPIOE 3MECHIIICHE
300paKCHHS HWTKM Ha BIJICTaHi V; BiJ
KOHJCHCOpHOT JiH3W. Skmo miamerp
HUTKH Oy, TO aiameTp mpoMiKHOTO 300pa-

JKEHHS HUTKH:

3PE

3pa3ok dl = do -, (5.1)

Puc. 5.13. CexkropHuii

; © 1€ V; OTPUMYIOTh 3 (POPMYIIM TOHKOT JIH3H
TBEPAOTUIBHUU AECTEKTOP

3BOPOTHO POSCIAHIX (1.1). O6’exTuBHY NiH3Y 3 POKYCHOIO Bif-

enexrponis (3PE), mo nae cranHio fy BUKOPHUCTOBYIOTH AJISI TTOAAIB-

3MOTY BiJJOOpakaTH i penbed, IOTO0 3MCHIICHHS 306an<6HHSI HHUTKH,

i hasoBmit ckan 3paska. CTBOPIOIOYH 30H/ HiameTpa d Ha MOBEPXHi

3paska, KWW PO3MIIICHUI Ha BIJICTaHI V;

i 00’ eKTUBHOIO JIiH3010. Llst BificTaHb BimoMa Ie sk poboua 6iocmatb
(working distance (WD)) mikpockomna.

OcraTto4yHnil AiamMeTp 30H7a TO/i

d=d, Y2 g W2 (5.2)
UZ uZ

Sk G6aurmMo, SKIIO cuiia KOHIEHCOPHOI JIH3H 3pOCTae, TO Vi 3MEH-
HIYETHCS, & TAKOXK 3MEHIIYETHCS JiaMeTp MPOMIDKHOTO mydka. OmHak U,
Mae 301TbIIYBaTUCS, OCKITIBKH cyMa U,+Vy cTana (e BiicTaHb MK (ik-
COBaHMMHU NoJjoxeHHsMH JiH3 CEM), ToMy 3MeHIIeHHS 00’ €KTHBa Ta-
KOXX 3pocTae€, a AiaMeTp 30HAa 3MeHuryerbcsi. Tooto y CEM po3smip
30H/1a PETYIIOITH 3MIHOIO CHJIM KOHJEHCOPHOI JiH3H. 3a CTaJIol CHIIH
KOHJICHCOpHOT JIiH3M piBHsIHHSA (5.2) BimoOpaxkae, MO JiaMeTp 30Ha
TaK0 3MEHIIYEThCS 31 3MEHIIIEHHAM p0o00Y0l BiJICTaHI.

Juist 3mMeHIeHHs chepuyHoi abepallii BXOJKSHHS IPOMEHIB y 00’ €e-
KTUBHY JiH3Y OOMEXYIOTH amepTyporo 3 JiameTpoM A, i Tomy, K
MO’KHa T00ayuTu 3 puc. 5.14, He BCl €NEKTPOHM IyUKa, SIKi MPOUIILIH
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KOHJICHCOPHY JIiH3Y, MOKYTh BBIMTU B 00’ €KTUBHY. SIKIIO MOJOBUHHUIA
KyT TPOMEHIB Ha BUXOJ1 KOHAEHCOPHOI JIH3U € 0o, @ Ha BXOJi 00’€e-
KTHBHOI JIIH3H — 01, TO CTPYM Ha BUXO/JIi OCTAaTOYHO

2

o, [apmata

(5.3)

=1, o
KoHgeHcopHa niH3a
Ile o3Ha4ae, MO CTPYM 3MEHIIY-
€TBCSI 31 3POCTAHHSIM CHIIM KO-
HACGHCOPHOI JIiH3M  (OCKIIBKH
TOMI 30HJ CTa€ MEHIIHMM) i TaK
caMo 3MEHIIYEThCS B pasi 3Mme-
HIIEHHS JlaMeTpa amepTypH.
Konu nifizeMo 10 0OroBOpeHHs
rpannyHoro posaiienHs CEM,
TO OOAYNMO, HACKITIBKH BaXKIIH-
By pOJIb BINITparoTh po3Mip i
CTpyM 30HAa Y BH3HAYCHHI
XapaKTePUCTUK MIKPOCKOTIA.

BigxuieHHsl mydka CYMpOBODKYETHCS BBIMKHEHHSIM IapH KOTY-
IIOK, SIK CXeMaTHYHO MOKa3aHo Ha puc. 5.15. [{ns toro, mob npockaHy-
BaTH pacTp, HeOOXiHI JBI He3alekHI nmapu KoTyuok. 3a3suuaii, CEM
Ma€ J1Ba HAOOPH KOTYIIOK, SIKi JalOTh 3MOTY BIAXWJISTH Iy4OK Y B3ae-
MHO TEepHeHANKYIIPHUX HarpsMax. ToOTo, Sk BUAHO 3 puc. 5.15, my-
YOK IEePEMILAeThCS M0 3pa3Ky, ajie 3aBXId MIPOXOIUTh Yepe3 ONTHUHY
BiCh 00’ €KTHUBHOI JIiH3H.

CkaHyBanbHi
KOTYLLKM

O6’eKTUBHA NiH3a
Ta aneptypa (A)

3pasok

Puc. 5.14. OnrrnuHa cxema
nsouiazosoro CEM.

5.4. Pooora CEM

ITpouec QopmyBaHHS 300pa’keHHS Y CKaHYBAJIBHOMY EJIEKTPOH-
HOMY MIKpPOCKOTII 30BCiM HE CXOXKHIl Ha YTBOPECHHS 300paKeHHS B OI-
THYHOMY YH TIPOCBIYYBAIBHOMY EJIEKTPOHHOMY MIKPOCKOII, OCKIJTbKH
TYT 300pakeHHs YTBOPIOETHCS MMOCTYIIOBO METOZOM CKaHyBaHHs. [[yxe
KOPHCHHMM TOHSTTSM Uil po3yMiHHs GopmyBaHHS 300paxkeHHs y CEM
€ BXKE B1IOMUH HaM 3 po3iny | eJeMeHT KapTHHKH, a00 MiKCeb.
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B ananorosomy CEM mifcuneHuii CUTHAN BiJi IETEKTOpPa BHBO-
muThest Ha BUCOKOsIKicHY EIIT, i MiHIMabHUN pO3MIp TOUKH, IKHHA MO-
kHa orpuMaru Ha Takit EIIT, € 6mmspko 0.1 mm (100 mxm). KBagparaa
EIIT 100x100 MM, Ky BHKOPHUCTOBYIOTH IS peecTparii ¢ororpadid-
HOTO 300paxenHs, Moxe Mictutu 1 000x1 000 okpemMHX €JIEMEHTIB Ka-

PTHHKH, 4H TiKcemiB. Y nudgpoBomy
lapmara CEM 300pakeHHsS 3alUCYEThCS Y
Kazup, IO MOXE MICTUTH TOIiOHY
KonaeHcopHa nikda  KimpKicTh TiKcediB. Sk Oaunmo 3
puc. 5.5, xoxxHa Touka Ha EIIT (um
miKceNb Kaapy) MOBTOPIOE PyX elie-
CkaHysanbHi KTPOHHOT'O ITy4Ka I10 3pa3Ky, i TOMY
KOTYLLKN g koxkHoro mikcens Ha EIIT €
BINMOBIAHUN TIKCENh Ha 3pa3Ky
(puc. 5.5, 6). Po3mip mikcens p 3pa-

O6’ekTMBHA NiH3a 3Ka B LIbOMYV BUIIAIKY:
Ta aneptypa (A) I y oy
100

\

3pasok Porv) ==,  (5.4)
Puc. 5.15. TepemimmeHns M
€JIEKTPOHHOTO ITy4YKa 3a JI0IOMOTOI0 )
JIBOX HAOOPiB KOTYIIIOK, 32 SIKOTO e M — 361H.I’I.HeHHﬂ' )
IIy4YOK 3aBXU MPOXOAUTH Uepes3 V posuii 1 po3aineHHs o3Haye-
ONTUYHY BiCh 00’ €KTUBHOI JIH3H. HE SK HalMEHINA BIJICTaHb MIK

JIBOMa TOYKAMH, SKI MIKPOCKOII
MOXE 3apeecTpyBaTH SIK OKpeMi 00’€KTH. 3po3yMiJIo: Ui TOro, mIo0
MO>KHa OyJI0 PO3IIITUTH JBi TOUKH, HarTpukianm, A i B Ha puc. 5.5, 6, BoHn
TIOBHMHHI 3aiiMaTH OKpeMi Tikcelni. ToMy po3fiieHHsS TpuiIagy He MOXKe
OyTH JMIKM, HiXK po3Mip TKceNs 3pa3ka y piBHsAHHI (5.4).
Jyxe BaXJIMBUM € CIiBBIJIHOIICHHS PO3MIpiB €IEKTPOHHOTO 30HIA
Ta TiKcens 3pa3ka. SIKII0 eNeKTPOHHWI MydoK OUTBIIWE, HIK IiKCeIb
3paska (puc. 5.16, a), To curHan Bif CyCiHiX MIKCENiB MEPEKPUBAETHCA 1
po3niieHHs moripiryeThes. Ko mydok MeHmmmi (auB. puc. 5.16, 6), To
curHai OyJie ciaadmmm, i Moxke OyTH 3 ITepelKoJaMy. 3p0o3yMLIo, IO JUIs
ONITHMAITLHOT PoOOTH Mpminady Tpeba Hamaratucs, Mmoo JiaMeTp 30H7a
(um, TouHilIe, PO3MIp aHAII30BaHOTO 00 €My, TMPO KUK IIUIOCS BUIIE)
JIOPIBHIOBAB JiaMeTpy IMikcens 3pa3ka (auB. puc. 5.16, 6). lle o3nauyae,
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o 711 HaWminmmoi poOOTH po3Mip 30HIA MOTPIOHO MiJIAIITOBYBAaTH B
pasi 3MiHN 301TBIIICHHS.

Maparoynii enekTPOHHUIA Ny4OK

HpEEEEEERE [ 1]

Mikceni 3pa3ka
a 6 8
Puc. 5.16. CriBBiJHOIICHHS MiXk JiaMETPOM ITy4Ka €JICKTPOHIB Ta pO3MipoM

TKCeJs 3pa3Ka.

OxkpiM XOpOIIOTO MPOCTOPOBOTO PO3AUICHHS, OTHIEI0 3 HAWBAKIIN-
BIIINX PUC CKaHYBAJIHHOTO EJIEKTPOHHOTO MIKPOCKOINA € BEIMKA TJIH-
OmHa mois. SIKIo My MOPIBHAEMO 300pakKeHHS TOTO X 00’€KTa, OTPH-
MaHi onTHYHUM MikpockornioM Ta CEM 3a aHanoriyHoro 30ibIIEHHS, TO
PIi3HULIS BpaXKaTUMe.

BaxnuBicTh HacnmiakiB Benukoi riubunu mnoyis y CEM HeMOoXIJIUBO
nepeoninuTr. Hanpuknan, 3a ocranni 30 pokie CEM gamm 3Mory 3po-
OWTH BeIMUE3HUI BHECOK Y PO3YMIHHS MTPOIIECIB PYIHYBaHHS, HaIaBIIN
3aco0M Ui JOCTIJDKEHHS NMOBEPXOHb PYHHYBAaHHS 3 BHUCOKHM PO3Ii-
JICHHS.

Po3srnsitHeMo my4oK eJeKTpOHiB, 10 BUXOJIUTH 3 00’ €KTUBHOI arep-
Typu giamerpoM A (auB. puc. 1.9) i mamae Ha 3paszok. Ilydok cdo-
KyCOBaHHI Ha 3pa3Ky, i KyT CXO/DKEHHS o € MaynuM. [IpurmycTumo, mo
boKyc € TOYKOBHMM, TOJi Ha BijcTaHi h 1Mo BepTHKami JiaMeTp Mmydka
PO3(OKYCOBYETHCS HA BEJIMYMHY MEHIITY HIX S:

s=ho. (5.5)

SK110 po3(oKyCyBaHHS HE MEPEBUIIYE PO3MIPY IIKCENs 3pa3ka, TO
300paXkeHHs 3aIMIIUThC chokycoBaHuM. Tozi 3 piBHsHb (5.4) Ta (5.5)
BigcTans h, Ha SKi#l 3pa3oK 3aIMIIHTHECSA ¥ POKYCi:

h(mwm) = l(\)/l_.i‘ (5.6)
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3 puc. 5.14 6aunMo, 110 KyT CXOPKCHHS IMyYKa:

=D (5.7)
2-WD
Otxe, 3 (5.6) Ta (5.7) Mmaemo, 110 TIHOWHA TTOJIS:
WD
h =0.2—. 5.8
() =02~ 68

s TMIoBUX 3Ha4YeHb anepTypu niamerpoM 100 MkM i poOoYOi Bi-
actani 20 MM piBHsHHS (5.8) nae, mo 31 30inpmenHsaM 1 000x rmubuna
nonist ctaHoBUTh 40 MkM. Il MOpiBHSHHS, ONTHYHUN MiKPOCKOI, IO
MpaIoe 3 TaKUM CaMUM 30UTBIIEHHSIM Ta YHCIOBOO ameptyporo 0.7,
Mae TIHOWHY TIOJIS JIAIe MPUOIN3HO 1 MKM.

5.5. I'pannune po3aiienuss CEM

V mornepetHPOMY ITyHKTI MU Oa4IlTH, 10 HAWTIMIIIAM POOOYNM PO3-
nimenasim CEM OyB po3mip mikcenst 3pa3ka p, SKWii BH3HAYEHUH PpiB-
HsHHAM (5.4), 1 1le pO3AiJICHHs 3aJCKUTh BiA 30UIBIICHHS MPUIATY.
OjiHaK TaKOro PO3MIICHHS JIOCATAIOTh JIMIIE TOJI, KOJIM JIilaMeTp aHai30-
BaHOTO MYYKOM 00’€My He TIepeBHINye p. Sk paHilie 3a3HaueHo, 1 oKa-
3aHO Ha pHC. 5.7, aHa30BaHUN 00’ €M 3aJISKUTh BiJ] CHTHAIY, SIKHH BHKO-
puctoBytoTh. Hanpukiay, anamizoBanuii 06’em it X-IPOMEHIB € TOPi-
BHSIHHUIA 3 IOBHUM 00’€MOM B3aemoii. JliaMeTp aHami3oBaHOTO 00’ eMy B
BOMY BHIIAJKy CTAHOBHTH KiJbKa MiKpoMmeTpiB. HecyTTeBO, HaCKUTbKH
XOPOIIKM € Halll MiKpOCKOII YH SIK 100pe MU Horo Bij 10cTyBaiH, i3 (izu-
YHUX MIpKyBaHb 3p03yMiJI0, IO JIIIIIOTO MPOCTOPOBOTO PO3IUICHHS, HiK
I KiJIbKa MiKpOMETPIiB, MH HE JOCSTHEMO. BTOpUHHI eleKTpOHN MaloTh
HaliMEHINI aHaJIi30BaHUi 00’€M, JiaMeTp SIKOTO TPOXH MEPEBHILYE Jia-
METp 30HAA, TOMY 300paXCHHs y BTOPHHHUX €JIEKTPOHAX Ma€ HaMIIimie
posainenHs. OfHaK 31 3MEHIICHHSM JliaMeTpa 30H/1a TAKOX 3MEHIIYETHCS
CTPYM ITy4Ka, 1 3peIITOr0 BiH MOKE CTATH HEAOCTATHIM IS TeHEPYBaHHS
KOpUcHOTO curHaiy. OTke, MU MOXEMO O3HAYHTH TPaHHIHE PO3IITCHHS
CEM sk po3nineHHS 3a HaWMEHINOrO JliaMeTpa 30H[a, SKH 3AaTHUMA
3a0€3IeUUTH MOSIBY JOCTATHHOIO CUTHAITY BiJ 3paska.
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5.5.1. Minimanvnuii po3mip 30nda. Panime 3ragano, mo po3mip
30HAa MOXHa 3MEHIIHNTH, 301TBIIYIOUN CHITy KOHAEHCOPHOI JIIH3HM Ta
3MEHIIyIoun pobody BincTanb. OpHAK OOMEXeHHS Ha (OKYCyBaHHS
€JIEKTPOHHOTO ITyYKa 3a JOIIOMOTOI0 JIIH3H € TaKi X, 5K 1 Ti, M0 oOMe-
KYIOTh po3ninenHs 300paxens y [IEM (piBusaus (1.7)—(1.9)). 3i 3me-
HIIEHHAM poOoyoi BigcTani WD 3pocrtae kyT cxopkeHHs o (puc. 5.14).
[IpomeHi, mo #WayTh HA TMEBHIM BiACTaHI BiJ ONTHYHOI OCi, 3a3HAIOTh
BINBY chepuaHoi abeparii, i 3aMicTb TOYKOBOTO (OKyca Ha 3pa3Ky
MaEMO JTHUCK 3 giameTpom Js:

ds = 2C50t3, (5'9)

ne Cs — xoedimierT chepuunoi abeparii miazu. KpiMm Toro, BUHHKaE
abeparrisi, 3yMoBJIcHa TUPAKIIIEI0 Ha anepTypi, sKa i CJICKTPOHIB 3
JOBXHHOIO XBHJIi A 00OMEXKy€e MiHIMaTbHUN PO3MIp TUISIMH:

A

d, =1.22%. (5.10)
o

[MpunycTuMo, MO0 MIKPOCKOM BiJ'IOCTOBAaHHMH TaK, 100 30HI MaB
TEOPETHYHO IOCSHKHUIM miamerp dy, 3rigHo 3 piBHsHHAM (5.2). [IpoTe 1e
3HAYCHHs 3pocTe 3aBiasku abepaism Os Ta dg. Toxi cripaBxHil po3Mip
30H71a 0 MOKHA OL[HUTH SIK

d=,/d? +d?+d?. (5.11)

MinimanbsHe 3Hadends d, mio Bigmosimae Bumaaky d; = 0, 3Haxo-
JSITh IUISIXOM MiHiMi3allii abeparriii:

d. =KA¥C, (5.12)

ne koHctanTa K npuOIM3HO JOPIBHIOE OMHHIII.

Jns tunoBoro CEM, mio mpartoe 3a Hanpyru 20 keB, xoeditieHT
chepuuHoi abepallii 00’ €KTUBHOI JiH3U CTAaHOBUTH 20 MM, MiHIMaJIbHUH
miamerp 30u1a — 2.3 HM, a o = 5.1-10° pa.

Sk yxe 3ragaHo, 3MEHILIEHHS niameTpa 30HAa d TPHBOIUTH JI0
3MEHIIEHHs CTpyMYy Iyuka |. 3B’530K MK LMMH MapaMeTpaMH 3a1a0Th
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cuiBBigHomenHasM [liza Ta HikcoHa, sike IUisi TEPMOCIEKTPOHHOI Tap-
MaTH Ma€ TaKWi BUTIISII:

38
d=d_ [792.100 41 | (5.13)
j

ne T — TeMnepaTypa HUTKH; j — TYCTHHA CTPyMY Ha IIOBEpXHi HUTKH. [ pa-
(iuHa 3a1eXHICTh CTPYMY ITy4Ka BiJ HOTO AiaMeTpa U Pi3HUX rapMar
nokaszana Ha puc. 5.17 (W — TepmoemiciiiHa rapmara 3 BOJI()PaMOBOIO
HuTKOI0, LaBs — TepmoewmiciiiHa rapmata 3 rekcabopuaom Jdantany, AED
— aBTOEMICiiiHa rapMara 3 BOJIb(PaMOBUM BiCTPSIM).

5.5.2. Minimansvnuii kopucnuii cmpym nyuka. Jlns toro, mo6 pos-
JUIMTH Bl TOYKH Ha 3pa3Ky, MOBHHHA iICHYBAaTH TIOMITHA PI3HUILS MIX
CUTHAJIaMHM 3 IUX JBOX JAUISHOK. 3 puc. 5.18, a 6aunMo, sk CUTHAI Bij

3pa3ka MOXeE 3MIHIOBATHCS ITiJ

T MKA - Yac CKaHyBaHHsS — BiI Makcu-
100 wa b M.aJ'II:HOFO CUTHANY Smax 0 Mi-
HIMAaJIBHOTO S.
‘510 HAL Toni xoHTpacT Bix 3pa3ka
s A C, 1m0 Moxxe HaOyBaTH 3HAYCHb
HA . o .
g Bix 0 mo 1 (sikwmif iHOMI HA3MBa-
©100 nat I0Th MPUPOTHUM KOHTPACTOM):
10 nA S —-S AS
" C="mx = _ "2 (5.14)
1 I_IA M N . Smax max
1 10 100 1000

Curnai, o #oro peecTpye
CEM, He € nemnepepBHuM. Ko-

Ijuc. 5.;[7. 3anexHIiCTh CTPYMY 30H/A Bif JKeH THKCENb 300paKeHHs OTpH-
Horo giameTpa Jyisi TUIIOBOTO MPHJIaLy B

pa3i BUKOPUCTAHHS Pi3HUX JKEPel
€JIEKTPOHIB.

HiameTp nydka, HM

MYIOTb 3 N €JIeKTPOHIB, 110 HAJ-
XOHATh J0 JIeTeKTopa 3a (ikco-
BaHMH mepioa. OCKIIbKH TO-
TPAIUISIHHS €JEKTPOHIB Ha JIETEKTOP PO3MOJIJICHI B Yaci BUMAIKOBO, TO,
3TiHO 13 3aKOHAMHU CTATUCTHKH, CEPEIHS KIIbKICTh €JICKTPOHIB, 3a-
pEECTPOBAHUX BiJI TIEBHOT TOUKH 3pa3Ka, IOPIBHIOE <N>, i N BiIXHISATH-
Metbes Ha (<n>)"? Bix cepemmporo. Illym N ToAi BH3HAYATHMYTH SK

(<n>)l/2.
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Y peanbHill cuTyallil BHACTIIOK IIyMY 3MiHA CUTHAITY MiJl 4ac CKaHy-
BaHHs OyJie Takoro, sK MoKa3aHo Ha puc. 5.18, 6, je nym Mackye npupo-
THUN KOHTpacT 3pa3ka. Yu MoxxHa Oyzie po3pi3HUTH JIBI TOUKHU, TOOTO YU
Oy/ie TOMITHIM KOHTPACT, 3aJIS)KUTH Bix criocTepirada. A. Poys 3’scyBas,
IO JIFOJICBKE OKO MOXe po3pi3HuTH ABi Touku Ha EINT Tinbku ToAi, Kou

AS>5N aGo AS>5,[(n). (5.15)
S
AS
s ¥
a 6

Puc. 5.18. InearnizoBana popma curnany 3 kourpactom C (a).
CXO0sKHii cUrHAI 3 IryMoM (6).

Mu MOKeMO BHUKOPHCTATH I KPUTEPil AJsl BU3HAYCHHSI MiHiMa-
JBHOTO PiBHS KOHTpACTY, SIKH IIe MOXHa crioctepiratu. KomOinytoun
piBasHHSA (5.14) Ta (5.15), 6auumo, 110 MiHIMATBHAN CIIOCTEPEKyBaHUH
piBEHb KOHTPACTy

C>——, (5.16)

a OTXKe, MiHIMallbHe 3HAaYeHHS CUTHAITY, HEOOXiHE IS CTIOCTEPEKESHHS
koHTpacty C 3pa3ka,

(n)> (gjz (5.17)

MoxHa 1OB’s3aTH <n> , CEpEHI0 KIIBKICTh €JIEKTPOHIB, 3apee-

CTPOBaHUX ISl KOXKHOTO IMIKCENs 3pa3Ka, 3 YMOBaMHU poOOTH MIKPOCKO-
ma — CTpyMOM I1y4Ka / Ta 4acoM KaJpoBOi po3ropTku F (yacom ckaHy-
BaHHs BUOpAHOT TUISIHKY 3pa3ka).

[Mpunyctumo, mo y Hac € EIT uu kanpoBuil HakomudyBad 3 po3Ii-
nernsiv 1 000x1 000 mikcenis (yesoro 10°), Tozi gac t, mpoTarom sKoro
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ny4ok nepeGyBae B MeBHOMY mikcei, qopisaiosatume F/10°. KinbkicTs
EJIEKTPOHIB (3 3apsIIOM e KOKEH), IO MOTPAIUIIOTh 3 MTydka Ha 3pa3oK
HPOTSATOM IHOTO Yacy,
it IF _ __
n,=—=—-10"° (5.18)
e e
KinpKicTh 3apeecTpoBaHMX €NEKTPOHIB N 3ajJeKaTUMeE BijJ B3aeMO-
nii myuka 3i 3pa3koM Ta eeKTHBHOCTI JeTekTopa. MoXHa 3amucaTH,
1o

n=an,, (5.19)

ne J — 100yTOK e()eKTUBHOCTI JIETCKTOpa Ta BUXOAY €JICKTPOHIB. J{is
BTOPUHHUX €JIEKTPOHIB €(PEKTUBHICTH NETEKTOPA CTAHOBUTH MPUOIN3HO
1, a xoedimient Buxoxy 0.1-0.2, Tomy It  OTPUMYEMO 3HAYSHHS MiX
0.1 ta 0.2. Jani, kombiayroun piBHsHHES (5.17), (5.18) Ta (5.19) Ta
npuitmaroun e = 1.6-10" Ko, Mu moxemo Bupasuti kpuTepiii Poysa
4yepe3 KPUTHUHUHN CTpyM /,, HEOOXITHHIA JUIS CIIOCTEPEIKEHHS KOHTPACTY
C Bin 3pa3ka:

4.107%

I (A)>——.
(>

(5.20)

3i crniBBigHOmEeHHS (5.20) 6GaunMo, 10 A i€l CUCTEMHU peecTpa-
il icHye MiHIMaNbHHUN CTPYM ITy4Ka, HEOOXIMHUH I CHOCTEPEKEHHS
MEBHOTO PIiBHS KOHTPACTy, 1 LEH CTPYyM 3pOCTa€ 31 3MEHIIEHHSM 4Yacy
KaJIpOBOi PO3TOPTKH.

Sxmo migcrasuty ctpyM 3 piBHsSHHA (5.20) y piBastHEA (5.13), TO
MOJKHa Tepe0aynTd MiHIMAIBHUK pO3Mip 30HJA, 1, OT)Ke, Halimiie
PO3IiIEHHS TOCSHKHE 3a 3aJIaHOTO PiBHS KOHTpacTy. ['padiuHo e moka-
3aHO Ha puc. 5.19 mns TumoBoro CEM y pasi peectparii BTOPHHHHUX
eslekTpoHiB. [y moOynoBu 1poro rpadika BUKOPUCTAHO Taki mapame-
tpu: =0.2, j=4 Alem®, T=2800K, C, =20 mm, E =20 keB. Bruus
Yyacy KaJIpoBoi pO3rOPTKM TakKOX MoKa3aHo Uit F 3 iHTepBamy Bix
100 (110 € peanbHUM 3HAYCHHSIM IS peecTpallii 300paxenns) 10 0.02 ¢
(110 € YacoM TeNeBi3iHHOT YACTOTH CKaHYBaHHS).
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1000
[+
g';‘ F=0,02¢
g 100 1
s
é F=1c
E | F=10c
I 10 -
= F=100c
2
I
E 1 1 L L 1 L L L 1 L
0 0,5 1

KoHTpacT
Puc. 5.19. MinimanbHU# po3mip 30H1a, KU MOXKHA
BUKOPUCTATH AJIsI CIIOCTEPEKEHHS HEOOX1THOTO PiBHS
KOHTpAacTy B CUTHAJIi, 32 pi3HUX 4aciB KaJpOBOi PO3TOPTKU.

Xo4a BUPOOHUKH €NEKTPOHHUX MIKPOCKOIIIB 3a3HAYAIOTh TPAaHHIHE
PO3AUICHHS MPWIAAY, BAXKJIUBO PO3YMITH, IO I BEJIMYMHA CTOCYEThHCS
3HA4YEHHS KOHTPACTY |, MOCATHYTU SKOTO MOXKIIMBO JIMIIE IS i/1eallb-
HOTro 3pas3ka. SIk Gauumo 3 puc. 5.19, 1ig 3pa3kiB 3 HU3BKUM MPUPOJI-
HUM KOHTPAcTOM I'PaHUYHE PO3AUICHHS MOXKE OYTH CYTTE€BO HIDKUHM.

5.5.3. Bucoxoegpexmueni mikpockonu. Jloci, 0OTOBOPIOIOYU PO-
6oty CEM, mij 4ac po3paxyHKiB TapameTpiB Ta YMOB eKCILTyarTallii MU
BUXOAWIH 3 XapakTepucTuk TunoBoro CEM 3 Bonb(paMoBOI0 HUTKOIO,
koedimieHToM cdepuunoi abeparii s 00’ekTuBHOI JiH3KM 20 MM Ta
IrpPaHUYHMM PO3AIJICHHAM NpuOim3Ho 5 HM. HaBeneHe Buiue 3acBinuye,
mo po3ainerHs CEM obmexyerbcsi cepuuHoro abepauiero 00’€KTu-
BHO{ JIIH3M Ta CTPYMOM ITy4Ka, i 3HaYHO JIIMIIe PO3AUICHHS, HiX 3a3Ha-
YeHe, MOXKHA JIOCATTH HUISIXOM TOJIIIIEHHs] OJJHOTO 4K 000X IUX Ma-
pamerpiB.

Koedimient cdepuunoi abdepamii xopomroi 00’€KTHBHOT JIH3H Y
[IEM craHoBuTh 2 MM. JlomaBim ckanyBanbHi KoTymku y ITEM, mo-
KHa OTPUMATH Iy>K€ XOpOIlIe MPOCTOPOBE PO3IAUICHHSA, X04Ya PO3MIp
3pa3ka il JOCHIDKEHHS cTaHe MEHIIMM. Po3[ineHHs B TakoMmy
MMEM/CEM npunani € 6;in3bKk0 2 HM. ATTbTEPHATUBHO MOXXHA BHKOpPHC-
TaTH CJIEKTPOHHI rapMaTH BHIIOI SICKPABOCTI 3 TeKCa0OPHUIOM JIAHTAHY
(Bonm y 10 pa3ziB sickpaBilni) 4u aBToeMiciiti Jpkepena (ki y 100 pasiB
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sickpaBimi). CkaHyBaJIbHI €JIEKTPOHHI MIKPOCKONH 3 aBTOEMiCIHHOIO
rapMarToro, MPOCTOPOBE PO3MIJICHHS SKHX csAra€ 1 HM, HHUHI JIETKO-
JMOCTYTHI ¥ MalOTh TAaKOX IHII TepeBard, HaNpWKIAA, BOHA 3HAYHO
JITIIIE MPAIIOITh 32 HU3bKUX MPUCKOPIOBATLHUX HAIPYT.

5.6. Tonorpadgiuni 300paxxeHHst

OmHUM 3 OCHOBHHX 3aCTOCYBaHb CKAaHYBAJIBHOTO EJIEKTPOHHOTO
MIKpPOCKOIIa € JOCHIKCHHS PUC TIOBEPXHI, a00 X monoepagii 3pasxa.
OOroBopeHHs BHUIIEC 3aCBiI4ye, IO JJs TOro, abu oTpuMaru 300pa-
KEHHSI MIKPOCKOITOM, CHTHaJIHM BiJl Pi3HUX TOYOK 3pa3Ka IMMOBUHHI OyTH
Pi3HOT BENIWYHHH.

Xoua TomorpadidHi 300pakeHHsT MOXKHA OTPUMYBATH 3a JOMOMO-
TO0 OUTBIIOCTI CUTHANIB, MH PO3TIITHEMO BUKOPUCTAHHS 3 I[IEI0 METOO
JUIIE BTOPUHHKUX Ta 3BOPOTHO PO3CISTHHUX eNeKTpoHiB. [Ipukiany Takux
300pakeHs € Ha puc. 5.20.

Puc. 5.20. MikpodoTorpadii yacTHHOK MiJli Ha aJIFOMIHIEBIH TTiAKIAALI,
orpumani CEM y pexxumi peectpallii BTOpUHHUX (@) Ta
3BOPOTHO PO3CISIHUX (6) €NEKTPOHIB.
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KoediuieHTH 3BOPOTHOrO PO3CISIHHS 1) T BTOPUHHOI €IEKTPOHHOI
emicii 6 3pOCTaroTh 31 30UTBIIEHHAM KyTa HAXWIy MK ITy9KOM Ta TOBe-
pxuero 3paszka. Lle craerbcs depes opmy 00’eMy B3aemoii Ta HOTo
3B’S30K 3 TTOBepxHEI0 3pa3zka. KoedimieHT BTOPUHHOI €TeKTPOHHOI eMi-
cii 3aJeKUTh Bi HaxWiy 3paska gk O = dpsecH. ToMy BuXiJ BTOPUHHUX
CJIEKTPOHIB 30UIBIIYETHCS 31 3pOCTaHHAM KyTa MiX MYyYKOM Ta MOBEPX-
Hero 3paska (puc. 5.21). ¥V miacymKy Bii HaXWJIEHUX IUISHOK 3pa3Ka
BUXOAWTH OUIBIIC BTOPUHHUX €ICKTPOHIB. OCKUTbKH e(heKTHUBHICTH
netekropa Eepxapra—Topmimi He
3QJIEKUTh BiJl TPAEKTOPIA BTOPHH-
HUX ENIEKTPOHIB, TO Tpeda OUiKy-
BaTH 3POCTAaHHS KUIBKOCTI 3apeec-
TPOBaHMX €JICKTPOHIB Y pa3i HAXWUITy
moBepxHi. YaCTKOBO 3 IIi€l MPUYHHH
i 49ac IOCIHipKeHHs Tomorpadid-
HOTO KOHTpAcCTy 3pa3Kd, 3a3BHYAf,

Buxig BTOPUHHWUX €NeKTPOHiB

HaxuieHi Ha 20—40° y Oik jgerex- 4 Kf}? Haxuny 3g23,(a =0
topa (auB. puc. 5.10). Puc. 5.21. 3vmina BUX01y BTOPUHHUX
OTpumaHi 3a IOMOMOIOK0 BTO- CTICKTPOHIB 3aNIeKHO BI/l KyTa

HaXWITy TIOBEPXHI 3pa3Ka BiTHOCHO

WHHUX €JEKTPOHIB Tomnorpadiuxi )
p p Fp (b TOpHU30HTAJII.

300paxkeHHs JIy’Ke CXO0Xi Ha 300pa-
KEHHSI TBEPAUX TiN, sIKI MOXHA OTPUMATH 3a I0MOMOroo cBitia. Ocki-
JBKU 10 300pakeHb TBEPAWX TiJI MU 3BUKIH y MOBCSKJACHHOMY KHTTI,
TO Taki TonorpadiuHi 300pakeHHsI HaM JIETKO MosicHioBaTu. OTprMaHa

y pPeXXHUMi BTOPHHHUX €JIEKTPOHIB KapTHHA Harajaye Ty, Ky OTPUMYIOTh
y pa3i OCBITJIEHHSI TBEPAOTIIBHOIO 00’€KTa YAaCTKOBO HPSMHM i 4acT-
KOBO PO3CISHMM CBITJIOM, TOMY BOHA 3BMYHA JUIsl HAILIOTO OKa Ta ii iH-
TYITHBHO JIETKO CIIPUIMATH.

Taka CXO0XICTb BHHHKA€ BHACIIAOK CHIBHOI aHAJIOrii MK IBOMa
pexxuMaMH OTpUMaHHs 3o00paxkeHHs. Ha pwuc. 5.22, a mnokazaHo
CXEMaTH4HY Jiarpamy MOBEpXHi 32 YMOB TU(Y3HOTO OCBITJIECHHS (PO3-
cissHuM cBiTIOM). CBITJIO HaIXOANUThH NPAKTHUYHO 3 YCiX HAIPSAMiB, TOMY
SIKOF0 O He OyIa opieHTallisi KOxHOi 3 rpaneit 4, B i C, neBHa KiJIbKICTh
CBiTJIa BifOMBAETbCS y HApsMi oka. 3 pHc. 5.22, ¢ 6a4MMO aHAJOTIUHY
CUTyalito Jjis BTOpUHHUX enekTpoHiB y CEM. €1uHOI0 CyTTEBOIO
pI3HUIICI0 € Te, IO HANpsSM PYXy €JIEeKTPOHIB (IUB. puc. 5.22, g, 2) €
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MPOTHJICKHUM JIO0 HAmNpsIMy PyXy CBITJIOBHX IPOMEHIB (IUB. puc. 5.22,
a, 6). Tomy 3pazok y CEM Burmsmae tak, HiOM MA TUBAMOCS HA HBOTO
3BepXY, KOJIM MaEMO OCBITJICHHS PO3CITHUM/TIPSIMUM CBITJIOM, a JIE€TEK-
TOP € JDKEPETIOM IBOT'O PO3CISTHOTO/TIPSMOTO CBITIIA.

MoxHa OTpUMaTH HaBiTh Ounblie iH(opMamii mpo 3pa3oK, SIKIIO
BUKOPHCTATH CTEPEOMiKpocKomito. [Jisi mporo oTpuMmyroTh nBa 300pa-
KCHHS 3a 1JCHTHYHHX YMOB,
TUTBKH Y TIPOMDKKY MK HUMH
3pa30K HaXWDIIOTh Ha KUIbKa
rpaayciB. OTpuMaHuil pe3ynbTaT
— 300paXkeHHs, SIKe Mo0aYnau O
Hamr TpaBe Ta JiBe OoKo. SKmio
Terep PO3MICTUTH iX Tak, M00
miBe Oko Oaumio JiBe 300pa-
KEHHsI, a TpaBe — IpaBe, TO MO-
30K IHTEpHpeTyBaTHME Take IO-
€THAHHS SIK OAHY TPUBHMIpHY
KapTuHKy. Haiinpocrime mnocsr-
HYTH Takoro e(exTy, pO3MiCTu-
BIIIM 3HIMKH TIOPsiIT, I00 Ta cama
JIeranh Ha 000X 3HIMKax Oyra
po3TarioBaHa Ha BiJCTaHI IpH-

Puc. 5.22. Anasoris Mi>k okom ta CEM:

a — udy3He OCBITIEHHS; 6 — IpsMe 0JIM3HO 6 CM, 1 BUKOPHUCTATHU CIIe-
OCBITJIEHHS; 6 — €KBiBaleHT qU(Y3HOTO UiaIbHUK TIPHMIIAN Ui CTEPEO-
ocitenns (a) y CEM (Bropusmi crocrepexenb. OnHaK Michs Ie-
€NIEKTPOHH); 2 — EKBiBAJIEHT MPsIMOTO BHUX TPEHYBaHb OLIBLIICTH IIHO-

ociTienns (6) y CEM (3BopoTHO

s Je MOYK€ OTpHUMAaTH TaKUH xKe
PO3CisiHI €NEKTPOHH).

edexT, chOoKyCyBaBIIIH OUi HA He-
CKIHYEHHOCTI — JIBa 300pa)KEHHsI 3pEIITOI0 00’ €THAIOTHCAL.

Y pa3i 00roBOpeHHsI MUTaHHS PO3ALTICHHS 300paKeHHs Y BTOPHHHUX
eNIeKTpOHAaxX Tpeba mam’siTaTd, IO BOHH TCHEPYIOThCS HE JIHIIE
Oe3nocepeHbO MYYKOM, @ W 3BOPOTHO PO3CISIHUMH €JIEKTPOHAMH ([IHB.
puc. 5.8, a). Skmo aroMHHI HOMEp 3pa3Ka BEIMKHWI, TO 3BOPOTHO PO3-
CisIHI €JIEKTPOHHM TeHEepyIOTh Oiiblile BTOPUHHMX EJIEKTPOHIB, HiX 0e3-
MocepeiHbO NMEPBUHHUI My4OK. BTOpHHHI eNeKTpoHH, iHAyKOBaHi (Ha-
POJDKEH1) 3BOPOTHO PO3CISHUMH, MOXYTh BHUXOIMTH 3 MOBEPXHI 3pa3ka
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Ha 3HAYHO OUIBIIIH BifcTaHi BiJ TOYKH BXOJAY MEPBUHHOTO IydYKa (IHB.
puc. 5.8, 6). Y mincymky apiOHi geranmi 3pas3ka, IO 1X BiITBOPIOIOTH
BTOPHHHI €JIEKTPOHH, 3TeHEepPOBaHi 0e3MocepeHh0 MaJal0unM ITY9IKOM,
HaKJIAJalOThCS HA BITHOCHO HEUITKE 300pa’keHHs, CPOpPMOBaHE BTO-
PUHHHMH €JICKTPOHAMH, 1110 3T€HEPOBaHi 3BOPOTHO PO3CISIHUMHU EIIEKTPO-
Hamu. Edext po3MHTTS MOXKHa 3MEHIIWTH, BHKOPHUCTOBYIOUM HHU3BKY
MPUCKOPIOBANEHY HANpPYTy — BOHA 3MEHIIUTH 30HY BHUXOIY 3BOPOTHO
PO3CISTHIX €JIEKTPOHIB, a OT)KE, 1 3TeHEPOBAaHNX HUMH BTOPHHHHX EJICK-
TpoHiB. OTHAK y pa3i BEJIMKUX 301IbIIICHh BHECOK B IHTEHCUBHICTE (HOHY
BTOPHHHHX €JIEKTPOHIB, YTBOPEHHUX 3BOPOTHO PO3CITHUMH, € TOTO X TO-
PAIKY, IO 1 BHECOK BTOPUHHUX €JIEKTPOHIB, yTBOPEHUX MEPBUHHUM Iy-
ykoM. Llporo edexty MoxHa 1mo30yTHCs, 30UIBIIMBINN KITBKICTh TMaja-
I0YHX EJICKTPOHIB, HAIIPUKIAA, BUKOPHCTABIIM BHCOKI MPUCKOPIOBAIIBHI
HAaIpyTH.

Tomorpadivni 300pakeHHS TAaKOK MOYKHA OTPUMATH 32 IOTIOMOTOFO
3BOPOTHO PO3CisHUX enekTpoHiB. [Ipukiman 300pakeHHs 3 Tomorpadid-
HUM KOHTPAcTOM IOKa3zaHO Ha puc. 5.23. Buxia 3BOPOTHO pO3CisIHUX
CJIEKTPOHIB TaKOX 3pocTae 3i 30iNblIeHHAM KyTa Haxuiy. OCKilbKd
PEECTPYIOTH JIMIIE 3BOPOTHO PO3CISIHI €JIEKTPOHU HA JIiHIT MpsMoi BU-
QUMOCTI, TO II¢ O3HA4dae, IO KiTBKICTh 3apEECTPOBAHHX EJIEKTPOHIB
3aNIe)KHUTh SK Bij reoMmerpii 3pas3ka, Tak i Bijg reomerpii gerekropa. I
3HOBY MaeMO OJIM3bKY aHAJIOTIIO 31 CIIOCTEPEKEHHSIM 3pazka okom. Ha
puc. 5.22, 6 mokazaHO TOBEPXHIO, OMPOMIHEHY HapalieIbHUM ITyYKOM
MIPOMEHIB, SIK y pa3i OCBITIEHHS NpokeKTopoM. ['paHi A Tenep opieHTO-
BaHi Tak, [0 BiIOMBAIOTH CBITIIO Yy HampsiMi oka crioctepirada. ['pans C
BiJIOMBAE CBITJO, SIKE MMaJa€ BiJl OKa, a TPaHb B y3aralli HE € OCBITIIEHA
MYYKOM. AHAaJOTiYHA CHUTYyalis JJIs MAJEHBKOTO JETEKTOpa 3BOPOTHO
po3scisnux enekrpoHiB y CEM nokasana Ha puc. 5.22, e. 3paszok y CEM
TOJI BUIJISIIA€ TaK, HIOM MH JIMBUMOCS Ha HbOTO 3BEPXY, KOJHM HOTO
OCBITIIIOE JKEPEJIO CBITIIA, 1[0 YTBOPIOE TAKUW CAMHUH TiJIECHUH KyT 3i
3pa3kom, sk 1 ierekrop. Tomy y CEM Hernajka moBepXHS Iijl 4ac CIio-
CTEpEKECHHS y 3BOPOTHO PO3CISIHUX EJIEKTPOHAX MaTHMe OLUIbIIe TiHEH,
aHIDXX TOH e 3pa30K Mij Yac CIIOCTEPEKEHHS Y BTOPUHHUX €JIEKTPOHAX.

CrioctepeskeHHs 3pa3Ka 3a JIOIOMOTol0 0araToeIeMEHTHOTO JeTe-
KTOpa 3BOPOTHO PO3CISTHUX €JIEKTPOHIB (JiuB. puc. 5.12, 6) Haraxye cro-
CTEpEe)KEHHS 3pa3Ka 3a JOMOMOIOI Ha0OpYy TOYKOBHX JDKEpEN CBITIA.
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SIKII0 MM BHKOPHCTA€EMO BCi CETMEHTH (YOTHPH), TO OTPUMAEMO 300pa-
JKEHHS, III0 Ma€ TPOXH OiNIBINE TiHEHW Ta CBITIOBUX e(eKTiB, HixK 300pa-
KEHHsI y BTOPUHHUX eJleKTpoHax. OHaK SIKI0 MH BUKOPHUCTAEMO JIHIIIE
OJIMH CETMEHT JAETEKTOpPa, TO MaTUMEMO HabaraTo pi3Kimie 300paKeHHSI.
3a meskux OOCTaBUH HOTO JIETIIE iHTEPNpEeTyBaTH Ta BiAPIZHUTH MiKH
BiJ] 3alaJiH Ha 3pa3Ky, aHiK Ha 300paKeHHi Y BTOPUHHHX €JIEKTPOHAX.

a 6
Puc. 5.23. 300pakeHHs] MAJIEHHKOTO KPUCTAITMKA, OTPUMAHE 32
JoroMororo ferekropa EBepxapra—TopHii:
a — y pexuMi peecTpailii BTOpHHHHUX €JICKTPOHIB;
6 — y pexXuMi peecTpallii 3B0POTHO PO3CISTHUX EIEKTPOHIB.

bararoeneMeHTHUI NETEKTOpP 3BOPOTHO PO3CISIHUX E€IIEKTPOHIB MO-
JKHA TAKOXX BUKOPHUCTATH IS HOJIMNIIESHHS TomorpagdivyHoro 3o0paxe-
HHS Maiike TUIOCKOTO 3pa3ka. Enementu A4 ta B Ha puc. 5.12, 6, mo po3-
MIllleH] Ha MPOTHIICKHUX OOKaX ONTHYHOI OCi, 3apeecTpyrOTh pi3HI
TonorpadiuHi cUTHaIM Bij 3pa3ka. SIKIIO Il CUTHAIHN BiHATH, TO KOH-
TpacTy Bij TUIOCKOT IUISIHKU 3pa3ka He Oyzae (puc. 5.24, a), a KOHTpacT
BiJ Oynb-sikoi Tomorpadivnoi aerani migcuiutees (puc. 5.24, 6). Takuii
pexxuMm pobotu HazuBaroTh TOPO-pexxuMom, BiH € 0COOJIMBO KOpH-
CHHMM, KOJIM ICHYIOTh iHIII JyKepena KOHTpacTy, HApUKIaJ, KOMIO3H-
UidHUK 9K KpucTanorpadiuHuii, OCKIIBKA BOHH B IIbOMY Pa3i 3a3HAIOThH
npunymeHHs. ToOTo pi3HHL CUTHAIIB JacTh Tomorpadidne 300paxe-
HHs 3pazka (TOPO- Tonorpagivynuii pexxum), KoM BIUIMB CKJIay MiHi-
Mi3oBaHHU(UB. puc. 5.24, 6), a cyMa CUTHAJIB JaCTh PO3MOLT 1O (a3o-
Bomy ckiany (COMPO — komMmnosumiitHuii peskum) 1 MiHIMI3ye BIUIMB
penbedy (puc. 5.24, 2).
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[IpocTopoBe po3xiieHHS 300paKeHb y 3BOPOTHO PO3CISTHUX
EIeKTPOHAX 3HAYHO TIOCTYIMAEThCS PO3AUIEHHIO 300pakeHp Yy
BTOPUHHUX, OCKUTBKH OLIBIIICTH 3BOPOTHO PO3CISTHUX EIEKTPOHIB Ma€
3HAYHO JIOBIII TPAEKTOPIi Mepe BUXOA0M 3i 3paska. Ti 3BOpOTHO po3-
CisiHI €JICKTPOHH, 10 BUWIIUIA HA JOCUTHh BEJIMKIN BiJICTaHi BiJ] TOUKH
MaJiHHS y4YKa, BTPavyaloTh OIbIY YaCTUHY €Heprii y 3pasky 1 uepes mi
BTpPaTH MalOTh JIOCUTh 3HAYHE BiJXWJIEHHS KyTa BUXOAY BiTHOCHO
NEePBUHHOTO MydYKa. TOMy, PEECTpyIOUH JIMIIE EJIEKTPOHH 3 MalUMU
SHePreTUYHNM BTPATaMHU, MOKHA OTPHMATH 3HAYHO JIIIIE PO3ITICHHS.

My4ok

/eneKTpoHiE\

AN 7

HetexTop
BigbuTnX
ENeKTPOHIB

6 2
Puc. 5.24. Curnanu 3B0pOTHO PO3CISIHUX €JIEKTPOHIB, IO 1X PeECTPYIOTh
MIPOTHJICIKHI CEKTOPH JETEKTOpa: OJIHAKOBI Bij IUIOCKOTO 3pa3ka (a), pi3Hi Bix
CXOMHKH (). 300pakeHHS MEXaHIYHO MOJIIPOBAHOTO CPIOHOTO KOHTAKTY Y
3BOPOTHO pO3CisHUX enekTpoHax: 8 — y TOIIO-pexumi; 2 — y COMPO-pexumi.

Xoua 3BOPOTHO PO3CisiHI €IEKTPOHH € JyXe Pi3HOCTOPOHHIM 3aco-
0oM 111 oTpuMaHHs TomorpadidHoro 300paxkeHHs, Tpebda mam’ ATaTH,
IO aHANi30BaHUN 00’€M I HUX BEIHMKHUH, 1 PO3MIJICHHS MOXE CTaHO-
BUTH 01136K0 0.1 MKM.
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5.7. Komno3uuiiiHi 300paxeHHs

Curnai, 1o HagXOAWTh BiJ 3pa3ka, MOXe JaTh iH(opMaii He
JUIIe Tpo Tomnorpadir MOBEpXHi, a Takox mpo ii ckman. KoedimieHT
BTOPUHHOI €JIEKTPOHHOI eMicil BiJl CKIIafy 3pa3Ka 3HaYHO HE 3aJICKUTh,
X04a MOXe OyTH YyTJIIMBUAM JI0 CTaHy TIOBEPXHI Ta €JIEKTPOHHOI CTPYK-
Typu Mmarepiamy. HaTtoMicTs Koe(illi€eHT 3BOPOTHOTO PO3CISHHS 1) MO-
HOTOHHO 3pPOCTAa€ B pa3i 3poCTaHHs aTOMHOT'O HOMepa Z, sIK TIOKa3aHO Ha
puc. 5.9, a. Ha puc. 5.25 € npuknan KOMIO3UIIIHOTO 300pakKCHHS,
OTPUMAHOTO Y 3BOPOTHO PO3CISIHUX €JIEKTPOHAX, Ta 300paskeHHs Ti€i
JUISTHKY 3pa3ka y BTOPHHHUX EJICKTPOHAX.

Puc. 5.25. Mikpodororpadist moBepXHi HIKEJIECBOTO CILIABY 3 KOMITO3HIIIHHIM
koHTpactoM (COMPO-pexum) (a), 3 TonorpaditHUM KOHTPACTOM
(y pexumi peecTpaliii BTOpHHHHX €JIeKTPOHIB) (6).

KoedimmieHT 1 npakTHYHO HE 3aJeKUTh BiJ MPUCKOPIOBAIILHOI Ha-
NpyrH, i 3°sCOBaHO, IO HOTO aHANITHYHA 3aJEeKHICTh BiJl aTOMHOTO
HOMEpa Ma€ TaAKUW BUTIIAL:

n=-0.254+0.016Z —1.86-10*2° +8.3-107 Z°. (5.21)

st crionyku uu a3y, 110 MICTUTh KUJIbKa €JIEMEHTIB, KOe(illieHT
3BOPOTHOTO PO3CISIHHS MO)XKHA OTpUMaTtu 3 piBHsAHHS (5.21), Bukopuc-
TOBYIOUH IPABUJIO CyMilllel (3aCTOCYBABIIN MAcOBI YAaCTKH).
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Komno3uiiiftHuii KOHTPACT Y KOHTPACT BiJl aTOMHOTO HOMeEpa IS
nBox (a3 3 xoedimieHTaMu 3BOPOTHOTO PO3CISHHS 11 Ta M, A€ M1>T2,
PO3paxoOBYIOTH 32 aHAJIOTIEO 3 pIBHAHHAM (5.14):

c=0T (5.22)
N,

VY Ttabin. 5.1 HaBeneHO KijbKa MPUKIIAAIB KOHTPACTY BiJl aTOMHOTO
HOMEpa, PO3paxoBaHUX 3a JOMOMOTOI HABEJIEHOTO BUINE PiBHAHHS. SIK
O6aunmo 3 Tabim. 5.1, KOHTpPACT BiJ CyCiNHIX AUISHOK € JOCHUTH MAaJHid,
mpubim3Ho 1-5 %, a koHTpacT Bix pi3HHX (a3 y cIiuiaBi Moxe OyTH
HaBiTh MEHIIMM. Y 0araThOX I[IKaBHX CHUCTEMax IIe CIIAOKWil Pi3HOBHI
KOHTPACTy TMOPIBHAHO 3 TOMOrpadiuyHUM, SKHA MOXE CSraTH Maike
100 %. Tomy 11 OTpUMaHHS KOMITO3HUIIITHOTO 300paXeHHS HEOOXiTHO
no0pe BiamoJiipyBaTH 3pa3ok. HempoTpapieHi momipoBaHi 3pa3ku iiea-
JIBHI T TAKUX OOCHIKEHbD.

Tabauys 5.1
3anexHicTh KOHTPACTY BiJl aTOMHOTO HOMeEpa
Komr- HoripmeHH;{
®daza 1 Z, ®daza 2 Z, m M2 pacr, % PO3AiJcHHS,
HM
Al 13 Mg 12 | 0.153 | 0.141 7.6 19
Al 13 Cu 29 | 0.153 | 0.304 49.4 5
Al 13 Pt 78 | 0.153 | 0.485 68.4 4
Cu 29 Zn 30 | 0.304 | 0.310 2.3 47
a-matysb | 29.4 |B-natyss | 29.5 | 0.305 | 0.306 0.2 264

Jlyiss OTpUMaHHS KOMIO3HUIIIHOTO 300pa)KeHHS TIECHUHA KYyT JieTe-
KTOpa MMOBHUHEH OyTH SKOMOTa OUTBIIMM, TOMY Oa)KaHUMH € MaJli po0odi
BiJICTaHI Ta CUWHTHIIALIAHI YU TBEPAOTUIbHI JETEKTOPH 3 BEITUKUMHU
po6OYMMU TUTOTIIAMH.

Xoua MU MOXKEMO PO3PI3HUTH 1Bi (ha3u 3pa3ka, BUCOKE MPOCTOPOBE
PO3AUICHHS B I[bOMY pa3i HEIOCSHKHE, OCKIJIbKHU, SIK PaHille 3a3HAYCHO
Ta BUAHO 3 puC. 5.19, TpaHWuyHE PO3AUICHHS MPHIAAY 3aJICKHUTh BiJ
KOHTpacTy. Po3paxyBaBiiy KOHTPACT BijJi aTOMHOTO HOMEpa 3a CITiBBiJl-
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HOIIEeHHM (5.22), MOKEMO MiJICTaBUTH 11 3HAUYCHHS y piBHAHHS (5.13)
Ta (5.20) i oObuucIUTH TPOCTOPOBE po3naiyieHHs ABOX ¢a3. Lo uudpy,
HaBeJIeHy B OCTAaHHBOMY CTOBMII Ta0u. 5.1, Tpeba BBaKaTH MOJATBITIM
MIOTIPIIEHHSM PO3IJICHHSA, 3YMOBIEHOTO pO3MIpOM aHAI30BaHOTO
00’emy (0.1 mxm). JloOpe momiTHO, 110 11 a3 31 CXOKUMU aTOMHUMH
HOMEpaMH PO3AIJICHHS MOXe OyTH Iyxe moraHuMm. BupoOHuku merek-
TOpiB 3BOPOTHO PO3CISIHUX E€JIEKTPOHIB, 3a3BUYaii, HABOJATH Pi3HUIIIO
ATOMHHUX HOMEpIB, SIKy 1XHI IpUIIaau 30aTHI 3apeeCcTPyBaTH, HATTPHUKIIA],
0.1, omuak 6e3 po3miieHHs 114 Iudpa He € TOKa30BO0.

3 MOSBOIO TOJIMIICHUX JETEKTOPIB 3BOPOTHO PO3CISHUX EICKTPO-
HiB BUKOPHCTaHHS ILOTO pexxuMy GopmysanHs 300pakeHns y CEM 3a
OCTaHHI KiJIbka POKIB 3HAYHO PO3MIMPHIIOCS, OCOOIMBO Yy MOEAHAHHI 3
SHEepPTOIUCIIEPCHUM PEHTIEHIBCBKUM MiKpoaHaiizoM (posmin 6). Jimns-
HKH, IiKaBi 3 KOMITO3UI[IHHOTO TMOTISAY, crepiry (ikCyroTh Ha 300pa-
JKEHHI Yy 3BOPOTHO PO3CISTHUX €JIEKTPOHAX, a 3r0/IoM CKiaan (a3 BU3HA-
Yar0Th TOYKOBUM PEHTI€HIBCHKUM aHAIIi30M.

KinpkicHy iH(pOpMaLlilo MPO CKJIaJ MOXXHA OTPUMATH, BUMIiPSBIIHA
IHTEHCUBHICTh CHTHAJTy 3BOPOTHO PO3CISIHUX E€JIEKTPOHIB BiJ (a3u, mo
Hac LIKaBUTh, Ta MOPIBHABIIM 1i 3 CTaHAAPTHUMH esneMeHTamu. [loTim,
BUKOPHCTABIIN pHC. 5.9, @, MOXXHA OTpPHIMAaTH aTOMHHUW HOMep Qa3u.
Taka MeToauKa € NOTEHUIHHO IHHOIO 3 OIJIALY Ha XOPOLIE IIPOCTOPOBE
po3aisnieHHs Ta i 3AaTHICTH aHami3yBaTH (pa3W 3 HU3bKHM aTOMHUM HO-
MEpOM, SIKi BAXKKO 3apEECTPyBAaTH 3a JOMOMOTO X-TIpOMEHiB. SIKiio
MU X0YEMO OTPUMATH HaJiiHI pe3ylbTaTH, MOTPiOHO MiHIMI3yBaTH iHII
(hopMH KOHTpACTY, TakKi K TonorpadivHuil uu KpucTanorpadiyHui.

5.8. Kpucrauaorpadgiuna ingopmanis 8 CEM

VY posainax 3 ta 4 WOLIOCs NPO Te, MO PO3CISHHS MEPBUHHUX €JIEK-
TPOHIB 3pa3KOM MOYKHA BUKOPUCTATH JAJIsl YTBOPEHHS AU(PAKTOTpaM Yu
3abe3neueHHs1 KoHTpacTy 300paxenHs y [IEM. Cxoxi B3aemonii mydka
MO>KHA 3aCTOCYBATH JJIsl OTPUMaHHS KpucTajorpadiunoi inpopmanii y
CEM.
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5.8.1. Konmpacm 6i0 xananweanns. KoedilieHT 3BOPOTHOTO PO3-
CISTHHS 3aJIS)KHUTD BiJI Opi€HTAIlli KpHCTana BIAHOCHO Maal0vdoro ImydJKa.
et edekT, BimoMUN K KaHATIOBAHHS, 3’ ABIIIETHCSA depe3 Tu(paKIiio
Ha TVIMOWHI MPOHWKHEHHS MEPBHHHOTO IydYKa Yy 3pa3oK. 3a KyTa Ima-
JIiHHS, MOKa3aHOro Ha puc. 5.26, a, BiIOyBaeThCs CUIbHA B3aEMOJISL
CJIEKTPOHIB OiNisl TMOBepxHi. Y pa3i KyTa NaIiHHs, MOKAa3aHOTro Ha
puc. 5.26,6, enexTpoHM MPOHHUKAIOTH Yy KPHUCTall 3HAYHO TIHOIIe, Mpo-
XOJSTYH MIXK PSAIaMH aTOMIB Y3[0BXK KaHAIiB.

Upm ru01re TpoOHUKAE MyYOK, THM MEHII iIMOBIpHHM € TIPOIIEC BH-
XOy 3BOPOTHO PO3CISHUX EJIEKTPOHIB, i TOMY KOE(IIi€HT 3BOPOTHOTO
PO3CisIHHS 3MEHINYEThCs. KOHTpACT Bijl KaHAIIOBAaHHS, 3a3BHUaii, Habara-
TO cnabIumii, aHK KOHTPACT BiJ aTOMHOTO HOMepa. Moro 3aoBiTbHO
PEECTPYIOTH JIMIIIE 32 YMOBH HasIBHO-
CTi XOPOLIOTO JIETEKTOpa, aKypaTHO
MiIrOTOBAaHOTO 3pa3Ka, M0 He Mae
ne(hOpMOBaHOTO TOBEPXHEBOTO IIIa-
py (skuii MoXXe BHHHMKHYTH B pasi
MEXaHIYHOTO TIOJipyBaHHsI), Ta 3a
BIJIIOBIZHOTO MiAOOpYy poOouux ma-
pametpiB Mikpockomna. Hampukman,
eNEKTPOHHUIT Iy4OK ITOBUHEH OyTH
nmapajellbHAM Ta MaTd  BEIMKHI
CTpyM.

300paxeHHsI 3 KOHTPACTOM BiJ
KaHAJIIOBaHHS 32 TIPOCTOPOBUM PO3-
IUICHHAM € TPOMIKHHAMH MiX 30-
OpaXeHHSAMH, [0 OTPUMaHi ONTHY-
HUM MiKPOCKOTIOM, Ta 300pa)eH-
HSIMH, IO OTpuMadi 3a gonomorot [IEM. Bonu € ocobnuBo kopwc-
HUMH JUIsi BUBYCHHS MIKPOCTPYKTYpU TpaHyl Ta cyOrpanyls, Imo
3’SIBJISIFOTHCS TI11 Yac 0OpOOKK MEeTalliB Ta 1HIINX KPUCTAIIYHUX MaTepi-
aniB. lleil KOHTpacT BUHMKAE BHACTIAOK OperriBchbkoi qudpaxmii enek-
TPOHIB, IO HE BTPATHJIM €HEprii 4M BTPaTWIM HE3HAYHY ii YacTHUHY 1
BHACJIIOK I[bOT'O BUUIILTM HEMOJANIK BiJl MICIIS MAJiHHS EIEKTPOHHOTO
ny4ka (touka 4 Ha puc. 5.8, ). [loripiieHHs MPOCTOPOBOTO PO3IICHHS
4yepes PO3CisIHHS BCEpEInHI 3pa3ka (IuB. puc. 5.7) € JOCUTh MaJIuM.

*® ® ® o e @

Puc. 5.26. TIpocta Mozenb epexty
KaHAaTOBAHHS
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[IpocTopoBe po3niNeHHS ONTHMAalIbHE JUISl HU3BKUX MPHCKOPIOBA-
JMHHUX HAMpYT Ta BEJIUKUX aTOMHHUX HOMepiB. Hanpukian, mis amomi-
Hito mpu 8—10 keB mpocropoBe po3aieHHS 300pakeHHS 3 KOHTPACTOM
Bix kaHamoBaHHA € Oym3pko 100 M mis CEM 3 TepMoeMiciiftHOO Tap-
MaToro Ta 6mu3bko 10 M s CEM 3 aBTOEMICIHHOIO rapMaToro.

5.8.2. Jlugppaxuiiini kapmunu ¢ CEM. 3a nonomororo CEM He
MOKHa OTPUMATH TOYKOBHX aupakrorpam, sk y [IEM. [Ipore moxHa
BUKOPHCTATH KaHAJTIOBAHHS EJEKTPOHIB IS OJCep)KaHHSA Iu(paxTo-
rpaM. Panns MeToanka BKiIIo4anga B ceOe KOJMBAHHS EIEKTPOHHOTO ITy-
YKa HaJl TOYKOKO 3pa3Ka JJisl OTpUMaHHS TU(PPaKTOrpaMH KaHaJTIOBaHHS
BiJl BUOpaHoi niasHKW. HuHI 10 METOIMKY BUTICHWIA Audpakxilis 3BO-
poTHO po3cisHux enekTpoHiB (JI3PE), mo mBHUIKO NEpEeTBOPIOETHCS Y
BOIMBHIA aHANITUYHAN iHCTpyMeHT. bymoBa wmikpockomna mis J3PE
CXEeMaTHUYHO TOKa3aHa Ha puc. 5.27, a.

3pa3zok 3 Heme(OPMOBAHOIO MOBEPXHEI0 HAXWIIAIOTH Ha KyT IpPH-
omusHo 70°. JludpakrorpaMa, 10 YTBOPIOETHCS HA JIFOMIHECIICHTHOMY
€KpaHi, MICTUTh JIiHII i, K MOKa3aHO Ha puc. 5.27, 6, € CX0XKOI0 Ha JIU-
¢pakrorpamu Kikyui, mo otpumyrotrs y [IEM, omHak 11 kapTHHA Mae
mupmmi KytoBuit miama3zon (50°), HiX mudpakTorpaMa KaHAITFOBAaHHSI
BUOpaHOI MIJISTHKY, 1 Ha Hill BUaHO Oinbine neraneid. ludpaxuiiiny kapTu-
HY peecTpye 4yTJIMBa Bijieokamepa, c(hOKycoBaHa Ha iHIIIOMY OOIIi JIFOMi-
HECLIEHTHOTO eKpaHa, 1 Hajcuiae jo [1K.

HeonpanpoBaHa kapTrHa MICTHTh IIYMH, Ma€ CITa0KHI KOHTPACT 1 €
THTEHCHBHIIIOK y 1IeHTpi. ToMy 10 TOTO, SIK ITOYaTH aHali3, BiJHIMAIOTh
IHTeHCHBHICTh ()OHY 1 KapTHHY Ha KUTBKOX Kajapax 300pakeHHs (3a3BU-
qaii, OepyTb 2—16 kaapiB) ycepemHIOTh, MO0 3MeHImUTH mymu. Jlami
mudpakiiiiny kapTuHy aHamizyoTh Ha 1K, 3 yoro otpumyroTs iHpOpMa-
{10 TIPO KPUCTAIIYHY CTPYKTYPY Ta YMOBH poOoTH Mikpockomna. [Tporpa-
Ma JUIsl aHalli3y BU3HAYa€ PO3TAIlyBaHHS JIHIA Ta KyTH MK HUMH 1 TIO-
PIBHIOE OTPUMaH1 3HAYEHHS 3 TUMH, 1110 BIAMOBIIAIOTH IMOBIPHIN KpUCTa-
miuHii crpyktypi. Tomi po3paxoByroTh KpucTajnorpadiuyHy Opi€HTaLio
3paska i 30epiratoTe qudpakrorpamy. Hac oTpuMaHHs Ta aHawi3y audpa-
KUiiHOT KapTuHH — 0nu3bKo (.2 ¢, TOUHICTh BUMIpIOBaHHS KYyTiB CTAaHO-
Buth 0.5-1.5°,
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MoniocHwin
HaKOHEYHUK
niH3n

[OudbpakuiiHa kKapTuHa
Ha (hochOpHOMY ekpaHi

EnekTpoHHWi
ny4oK

nas
O

3pasok kamepa

Y

AHania aaHux Ta Karanor BigHiMaHHs » YcepenHeHHs
IXHE BigobpaxeHHs oHy Kagpis

Puc. 5.27. Cxemaruune 300paxerns meroauku J3PE (nudpaxiii
3BOPOTHO PO3CISIHUX eeKTpOoHiB) (a). udpakrorpama 3BOpOTHO
PO3CISHUX €JIEKTPOHIB BiJ repMmatito (6).

[IpoctopoBe pozainenns wist audpakmii Ha amominii y CEM 3 Bo-
TH(PPaMOBOIO HUTKOIO CTAaHOBHUTH ~ 60 HM y Hampsimi, napaieinbHOMY JI0
oci HaxWiIy 3paska. s opToroHasbHOrO HAaNpsIMy BOHO CYTTEBO TipIe
3 OIJISAY Ha acuMeTpiro 00’eMy B3aemoAil. OnHaK y pa3i BUKOPUCTAHHS
CEM 3 aBTOEMICii{HOIO rapMaTol0 PO3JIiIEHHS UL TOTO K 3pa3ka Io-
JnmyeTbes A0 ~ 15 HM.

Orxe, JI3PE mae 3Mory aBTOMaTW9YHO Ta HIBUIKO OTPUMATH JU-
¢dpakuiiiny iHhopmarito BiJ Maux 00’€MiB MaTepially y BEIMKUX 3pa3-
kax. Tooto /I3PE BukoHye MeBHy 4acTHHY 3aBJaHb, AKi TPaJuLiHHO
BukoHye IIEM. OpieHTaniro KOHKpeTHOT AeTali MiKpOCTPYKTYpPH, TaKoi
SK pEeKpHCTali30BaHa IpaHyiia, MOXKHA 3ICTaBUTH 3 MIKPOCTPYKTYpOIO, a
BHUMIPIOIOYH OPIEHTAIIO CYCIHIX TpaHyll, BU3HAYUTH KpHcTanorpadito
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iXHBOT MeXi. [HIIMM 3acTOCYBaHHSM €: BUMIPIOBaHHS TUIOLIMHN PYHHY-
BaHHSI; KOPEJIAIlisS Opi€HTAIlii Ta MOBEIIHKH B pa3i OKUCICHHS YA KOPO-
3ii; 3icTaBieHHs1 Kpuctanorpadii MDKrpaHYJIbHOI MeXi 3 11 eneKTpud-
HHAMH, XIMIYHAMH 91 MEXaHI9YHUMH BIACTHBOCTIMH. OCKUTBKH Pi3KICTh
Ta SAKICTh AU(PaAKIIHHNX KApPTUH € YyTIMBOIO 10 JOCKOHAIOCTI MIiKpO-
ctpyktypH, To [A3PE MoxxHa BuKOpHCTaTH A AOCHiIKEeHHs Aedopma-
il Ta HAIIPY>KEHb Y MIKPOCTPYKTYPI.

Jyxe 6araTo aHMX MOXXHA OTPUMATH MiJ] 4aC CKaHYBAHHS IIyYKOM
MIOBEPXHi 3pa3Kka, peecTPYIOUH IIiJT 4ac Iporo audpakimiitai kaptuau. Li
JIaHl MOKHA BHKOPHCTATH U (POpPMyBaHHA ‘“‘KapT’ 3MiH OpieHTamii y
3pa3ky. BoHM cxoxi Ha “KOMIO3HUIIIHI KapTh”, SIKi OTPUMYIOTh 32 JI0-
MOMOTOI0 €HEPTO/INCIIEPCIHOIO Ta XBIILOBOTO PEHTI€HIBCHKOTO MiKpO-
aHaii3y (po3aun 6). BUKOpHUCTOBYIOYM CKaHYBaHHS MyYKOM, HPOTITOM
roguHu MoxHa 3apeectpyBath g0 20 000 mudpaxrtorpam, TOOTO
tabmuio 200100 Touok. Taki maHi MICTATH AyXe BEITUKY KiIbKICTh
neTanpHOi iH(GOpMAIlil Mpo 3pa3oK i MOXKYTh OyTH BHUKOPHICTaHI IS
BU3HAYEHHS PO3Mipy, POPMH, OpieHTAIlil Ta TEKCTypH TpaHyJl, iXHBOTO
poO30pieHTyBaHHSI, po3noAlTy (a3 Ta iH.

Xoua JI3PE 3acTOCOBYIOTH, F'OJIOBHO, JUIsl BU3HAYCHHS OpI€HTAIlil
KpHUCTAIliB, K OIMWCAaHO BHWINE, 1I MOXHa TAaKOX BUKOPUCTATH IS
3’CyBaHHs KPUCTAJIIYHOI CTPYKTYpPH IUISHOK 3 JiaMeTpOM KijbKa Ha-
HOMeTpiB. OCKUIBKH I1I€ JOCATal0Th Ha 00 €MHHUX 3pa3Kax, TO € HU3Ka
MOTEHLIHHUX TepeBar Haja merogamu [IEM, mpo ski WIUIOCS paHilie.
Leti MeTon CXOXKMU Ha ONHMCAHI BUINE, OJHAK MU(pPAKIliiiHa KapTUHA
PEECTPYETHCS MOBLIBHIIIE, 32 JIIMIIOr0 PO3aUIeHHs. Bigcrani Mixk JiiHi-
SIMH Ha TU(PaKTOrpamMi Ta CHMETPiI0 MOPIBHIOKOTH i3 TaHUMU 30BHIIII-
HIiX KpucTanorpadivanx 0as.

5.9. Bukopucranns inmux curnajiais y CEM

5.9.1. Pesicum noenunymozo cmpymy. KoxkeH nafgarouuii e1eKTpoH
YTBOPIOE COTHI YHM HAaBiThb THUCSYi EJIEKTPOHHO-IAIPKOBUX Hap (IUB.
puc. 5.28, a), ko1 BUOMBAE €IEKTPOHH 3 30BHIIIHIX 000JIOHOK aTOMIB
3pa3Kka, YTBOPIOIOYH BiJIbHI €JIEKTPOHH 1 JIPKH Y 30BHIIIHIX 000JIOHKAX.
3a3BHyYaii, €JCKTPOHHU MOBEPTAIOTHCS HA3aJ] HA CBOI MICLS JIy)KE IBH-
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JIKO — 3HAYHA YacTHHA iX pexombimye mporsrom 1077 ¢. OfHak SKIo
3pa3oK € HaMiBIOPOBIAHUKOM 1 O HROTO MPUKIIAIeHA HAIIPyTa, TO ENeK-
TPOHU Ta AIPKH PO3MUIITUMYTHCA J0 TOTO, SIK MPOPEKOMOIHYIOTh (3HHU-
KHYTh y pa3i 00’erHaHH:), 1 MDK elekTpogamMu Oyze MpOTiKaTH CTPyM
(muB. puc. 5.28, 6).

| 44— Mapatoumia nysok —p ||

N
),
a (4]

Puc. 5.28. Pexxum nornunyroro crpymy y CEM: a — yTBOpeHHS
€JIEKTPOHHO-IIPKOBUX Tap Y 3pa3Ky; 6 — pO3JIiJICHHS €JICKTPOHIB
1 AIpOK y pa3i MpUKJIaJaHHs Pi3HUII TTOTEHIIANIB, CTPLUIKOI0 BKa3aHO HAIPSIM
MPOTIKaHHS CTPYMY.

Le#t ctpym € curHaiiom st hopMyBaHHsI 300pakeHHs. PexomOiHa-
11ii HOCI1B MO’KHA 3aI00irTH TaKOXK 32 JIOTIOMOTOK) BHYTPIITHBOTO TIOJIS,
sKe BUHHMKae y p—N-mepexoni (uedl edexT TakoK BHKOPUCTOBYIOTH Yy
TBEPIOTUIEHOMY JIETEKTOPI 3BOPOTHO PO3CISIHUX €JIEKTPOHIB, PO SKUH
IIJTIOCS BUILE, Ta Y IETEKTOPI X-BUIIPOMIHIOBAHHS, PO SKUH ITUMETHCS
y po3aiii 6).

SKu1o BUMIpSIEMO CTPYM, IO BUHHK Y 3pa3Ky, TO OTPHMAEMO CHUT-
HaJl, CIPUYMHEHUH MaJal0uuM IIyYKOM. 3a JOMOMOTIOI0 LBOTO CHTHAITY
MOJKHa OJIEpXKaTH 300paXKeHHs, SKe LIF0CTpyBaTUME 3MiHY HAIiBIPOBi-
JHUKOBUX BJIACTHBOCTEH IO 3pa3Ky, a/pKe BEJIMYUHA CTPYMY 3aJIEKHUTh
BiJl MPOBIJAHOCTI 3pa3ka B I[id TOUYIII, Yacy >KUTTS €JICKTPOHIB 1 IipOK,
ixHpOT pyxiuBocTi. i mapameTpu ayxe BaXKIIHBI JJIsl HAIIBIPOBIIHU-
KOBOI TIPOMHUCIIOBOCTI. SIKIO 3MiHM TTapaMeTpiB y 3pa3Ky MOKHA BUMi-
psatu un 3podutn Buaumumu B CEM, To Taki aedektu, sk AOMILIKH,
MOTaHi KOHTAKTH Ta iHII, y OKPEeMil iIHTerpaibHild cXxeMi MOKHA JTOCTIi-
JUTH, HE MOLIKO/DKYIOUM ii. MOXIMBO HaBiTh AOCIHIIKYBAaTH KPUCTAI
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IHTErpabHOI CXEMH TiJl Yyac Horo poOOTH, KOJIH Yepe3 pi3Hi HOTO KOM-
MTOHEHTHU MPOTIKAE CTPYM.

5.9.2. Kamooontominecyenuin. barato marepiaiiB BHUIIPOMIHIOE
CBITJIO BHJIUMOTO Jialla30Hy IiJ JIi€0 eICKTPOHHOrO OoMOapayBaHHS.
SIK1Io 1e CBITIIO 3apeecTpyBaTH, TO MU OTPUMAEMO 300pakeHHs B KaTo-
JOJTIOMIHECIICHTHOMY pPeKUMi. MU BiKe po3risagany ner edekT y Jomi-
HOOpi, AKUI BUKOPHCTOBYIOTh y ekpaHax [IEM Ta EIIT y CEM, Ta y
CHMHTHISIITHIX I€TEKTOpaxX eJIeKTPOHIB, IKi BAKOPUCTOBYIOTH Y CEM.
Karomomominecuentis (KJI) OyBae pi3HHX KOMBOpIB Ta IHTEHCHBHOC-
Tel 3a5exHO Bif ckiany 3paska. KJI Takoxk crocTepiraroTh y moiiMepax
Yy OIOJIOTIYHMX 3pa3kax, 1 B IUX MaTepianax KaToJOJIOMIHECIICHTHI
130TOTHM MOYKHA BUKOPUCTATH, 1100 MIO3HAYUTH MaTepia.

Ockinpku KJI Moxe 3’ ABISTHCS B ychbOMY 00’ €Mi B3a€MOJIiH 3pa3Ka,
TO MPOCTOPOBE PO3IITICHHS ii Habararo ripiie, HiXK B €IEKTPOHIB, 1 1MO-
piBHSHHE 3 PO3IUICHHSIM PEHTTCHIBCHKOrO CHTHANy (amB. puc. 5.7).
OpHak #HOro MOKHa CYTTEBO IOJNIIMIIMTH, BUKOPUCTOBYIOUHM HH3bKi
MPUCKOPIOBANBHI HAIIPYTH Ta aBTOEMICIHHI Kepera.

JetekTopH CBiT/Ia € UyTIMBUMH 1 JO €JIEKTPOHIB, TOMY IETEKTOPU
KJI moBunHI OyTH moOymoBaHi Tak, o0 MiHIMI3yBaTH BIUIMB 3 IXHBOTO
6oky. Haitnpocrime peectpyBatu KJI 3a 101OMOroro yCyHEHHs CIIMH-
TWISIIHHOTO Matepially 3 JeTeKTOpa eIEeKTPOHIB, TOJli CBITIO 30Mpae
0e3rmocepeIHLO CBITIIOBO/I.

Cucrema crerianizoanoro KJI-gerekropa cxemaTnuHo 300paXkeHa
Ha puc.5.29. Bona MicTUTh HaIiBEIINTHYHE [3EPKaJo, L0 30HUpae
CBITJIO BiJ 3pa3ka i Gokycye
Ha CBITIOBOJI, SKHil BHBO-
IMTh #oro 1o ¢oromoMHo-
JKyBaya, a 3roJIoM — JI0 CIe-
KTpOMETpa Ui  CIIEKTpa-
JILHOT'O aHai3y.

Crextp KJI (miamazon
BUINPOMIHIOBAHUX  JIOBXHH
XBHJIb) Mae€ TIiK, IO BiJMOBI-

Puc. 5.29. Cxemaruyna niarpama H?e eneprii Gorona, ska 1o-
netextopa KJI. B’S3aHa 3 MIMPUHOIO 3a-

Haepkano

My4ok

3pasok

Csitnosia
@I | CnekTpomeTp
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OOpOHEHOI 30HM MiX 3allOBHEHOIO BaJICHTHOIO 30HOIO Ta MOPOKHBOIO
30HOIO TIPOBIAHOCTI HAIIBIPOBITHUKOBUX 1 MICICKTPUIHUX MaTepialliB.
Bynp-xa 3MiHa mUpUHU 30HU (Yepe3 JOKadbHI 3MIiHHM TEeMIIEpaTypH,
KPUCTAIIIYHOI CTPYKTYpPH UM JOMIITKOBUI PiBEHb) MPU3BENE A0 3MiH B
eMicii.

3a TemmepaTypu pimkoro remiro Ta B ii okoii cmyru emicii KJI
CTalOTh IHTEHCHBHILINMU Ta Pi3KIIIMMHU, 1 IO CMYTY MOKHA PO3IICITUTH
B JIHIMHHUNA CHeKTp. AHAJ3 TAKOTO CIIEKTPa A€ 3MOTY BHUSBIISTH IyXKe
Magi kimbkocti momimku (< 0.01 yacTMHOK Ha MigbHOH (ppm)).
3BEpHITH yBary, 1o Iie¢ Ha KUTbKa MOPSIKIB YyTIUBIIINA aHAJi3, aHIK
penTreHiBebkuii (po3ain 6). KJI HaOyma mIMpoKOro 3acTOCYBaHHS s
BUBYCHHSI MPUPOAM Ta PO3NONiTY Ac]eKTiB y marepianax s eJek-
TPOHHHX MIPHIIAIiB.

5.9.3. Bukopucmannsa inmux cuzHanie ma pexdcumie KOHMpacmy.
MarsiTHI MaTepiaiau MalOTh BIacHI €(peKTH KOHTPACTY, OCKITBKH MarHi-
THE TIOJIe 3pa3Ka B3aEMOJISITHME 3 BTOPHHHUMH Ta 3BOPOTHO PO3Cisi-
HuMH enekTpoHamu. Tomy CEM MoXHa BUKOPHUCTATH ISl BU3HAYCHHS
MAarHiTHOI IOMEHHOI CTPYKTYpU MaTepiany.

CtpyM 3pa3ka — cTpyM, IO Tede J0 3eMIIi 31 3pa3ka — iHOZ1 BHKO-
PHUCTOBYIOTH SIK cuTHaN. Llel cTpyM TOB’s3aHUM 3 KUIBKICTIO €NeKTPO-
HIB, 0 MAIAF0Th Ha 3pa30K. SIKIO BiJl i€l KiTBKOCTI BITHATH KiIBKICTh
€MITOBaHHX BTOPHHHHUX Ta 3BOPOTHO PO3CISTHHX E€JIEKTPOHIB, TO OTPH-
Ma€eMO CHTHaJ, OOCpHEHHUI 10 MOBHOI eMmicil enekTpoHiB. Lle#t curnan
MepecTaay BUKOPUCTOBYBATH JJIsl (OPMYBaHHSI 300payKEHHS 3 MOSIBOIO
e(eKTUBHIIINX JETEKTOPIB EIEKTPOHIB, X04Ya HOT0, 3a3BUYaid, BUMIpIO-
I0Th, OCKUJIBKY BiH JJa€ 3MOT'Y KOHTPOJIFOBATH CTPYM ITyUKa.

Ha nyuky enexkTpoHiB, 10 NpOWIUIM Yepe3 TOHKHH 3pa3okK, Moly-
JIOBaHa MPOCBIYyBalIbHA MIKPOCKOIIisl. BUKOpHCTaBIIN CHMHTHIISIIHHUHA
nerekrop mij 3pazkom y CEM um ckanyBanbny cuctemy y [IEM, orpu-
MaEMO BIK€ 3rajlyBaHHil CKaHyBaJbHHUI MPOCBIYYBaIbHUN €JIEKTPOHHUI
Mmikpockon. Cymapauii curnan CIIEM cxoxwuit Ha curnan IIEM Bix
Toro x 3paszka. [lepesaroro CIIEM mnopiBusiHO 3 [IEM € Te, mo nani
OTPUMYIOTH TIOCIIIZIOBHO, TOMY iX MOKHa 0e3 3aTpUMKU ONpAaLfOBaTH.
Taky METOAMKY 3aCTOCOBYIOTh JJIsSi HU3bKOKOHTPACTHHX MarepiaiiB Ta
MaTepialiB, IO MBUAKO PYHHYIOTBCS M JI€I0 €NEeKTPOHHOTO Iy4Ka,
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ogHak y moenHaHHi 3i crangaptHuMu [IEM yu CEM ii BUKOpUCTOBY-
1016 3pigka. CremianizoBani CIIEM 3 HafBHCOKOBaKyyMHOIO CHCTEMOIO
Ta aBTOEMICIITHOIO ENEeKTPOHHOI0 TapMaTol0 € MOTY)XHUMH aHaJIiTHd-
HUMU TPUITAJaMH, 1 TIPO HAX ITHMETHCS Y PO3imi 8.

5.10. OTpumMaHHs, ONPANIOBAHHA TA 30epPesKeHHs
300paKeHHA

Sk panime 3a3HadeHo, HUHI Oarato CEM BUKOpPUCTOBYIOTH M-
pOBe, a He aHaJIOrOBE YIPaBJiHHSA, 1 MiXK HUMH iCHYIOTh BEJIMKI BiIMiH-
HOCTI B pa3i OIpaIfOBaHHs Ta 3aITUCYBaHHS JTaHUX.

Panime mu po3rismany, SK BCTAHOBHUTH MIKPOCKOI, IETEKTOp i
3pa3ok, mob oTpuMaty OaxxaHwii cCUTHaN. Temep po3ristHEMO, K Ompa-
LIOBaTU OTpUMaHwmii curaan. OHa 3 OCHOBHUX BigMminHocTel Mik [TEM
i CEM nonsirae B ToMy, 0 y APYroMy JaHi OTPUMYIOTh ITOCTYTIOBO, TTi-
KceJb 3a MiKCeJIeM 1 JIiHIIO 32 JIHI€I0, TOAl SIK y MepIIoMY BCi eJIeMEHTH
KapTUHKHA OTPHMYIOTh Pa3oM. BHKOPHCTOBYIOUM KOMIT IOTEpHY TepMi-
nomnorito, CEM 36upae nani nmocnigosso, a [IEM — mapanensHo.

Hani gnsa hopmyBanss 300pakenHs y CEM HagxomsTb y BUTISAIL
3MIHHOTO E€JICKTPUYHOI'O CUTHAIY BiJl JIETEKTOpa, i TOMY Lied CHUTHAJ
JIETKO 3MIHIOBATH IT1ACUIIOBAYEM.

5.10.1. Inmepaxkmuene onpaurosanns danux. Halinpocrime ore-
paTHUBHE ONpAIIOBAaHHS JIAHWX BKJIIOYA€E B ceO€ PEryiOBaHHS SICKPAaBO-
CTI Ta KOHTpacTy 300pakeHHs 3a JIOTIOMOTOIO JIIHIHHOTO MiJICHITIOBaYa.
VY Oyap-IKOMY MIKPOCKOITi € TaKi peryJsTopu.

PosriissHeMo Hanpyry Ha BUXO/II JCTEKTOPA JUIsl CTPIYKOBOI PO3rop-
TKH, sKa 3MIHIOETBCS Bil Vpin 10 Vmax Ha 3pa3Ky, SK IOKa3aHO Ha
puc. 5.30, a, i 3BepHEMO yBary Ha Hanpyru V, Ta V;, 10 HeoOXiaHi ams
oTpuMaHHs yopHoro Ta Oimoro Ha ekpani EIIT. [dns Toro, mo0 orpu-
MaTu 300pakenHs Ha EIIT 3 piBHAMH siICKpaBOCTI Bi 4opHOro Ao 0i-
JI0ro, Tpeba 3MiHIOBaTH Vpmin, TOKH BOHA HE JopiBHIOBaTUME V., @ Viax —
Vs. Llporo MoxHa IOCSITHYTH 3MIHOIO Ve (depe3 koedilieHT miacu-
JICHHSI TJICHIIIOBaYa YM KOHTPOJb KOHTPACTY), JOKH HE BHKOHAETHCS
piBHICTE Vmin—Vmax = Vs—V4 , a Toai BigHiMaroun Hanpyry Vyin (KOHT-
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POJb SCKPaBOCTi), HOKU Vpmin HE AopiBHIOBaTHME V., SIK MOKa3aHO Ha
puc. 5.30, 6. Y OinbIIOCTI BUNAAKIB IBOTO AOCTATHBO IJIS OTPUMAHHSI
XOpOIIOro 300pakeHHs, alle IeAKi MiKPOCKOIH JAf0Th 3MOTY OIparbo-
BYBATH iHIII CHTHAIIH, 110 MOKEe OYTH KOPHUCHHM 3a ITIEBHUX 00CTaBHH.
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BiactaHe ckaHyBaHHS BincTaHb ckaHyBaHHS

8 2

Puc. 5.30. HaiipocTini THIIY ONPALIOBAHHS CUTHANY: @ — OPUTiHAJIbHUM
CHTHAI BiJl I€TEKTOPa; 6 — CHTHAJ, BIIPETyIbOBAHUIA TSI ONTUMAIIBHOTO
nokasy Ha EIIT; ¢ — HeniHiliHe mifcuneHHs; ¢ — AuGEpeHIiI0BaHHS.

Slkmo Tpeba BUALIMTH MEBHI TEMHI JeTali Ha 300paKeHHI, TO MO-
’KHA BUKOPUCTATH HENiHIHHE MiJCUIICHHS. 3aMiCTh IPONOPLIHHOCTI MiX
BXIZJHIM 1 BHUXiJHMM CHUTHaJlaMH IIiJICHJIIOBada, SIK Ll € Yy JiHIHOMY
MiICHITIOBaYi, He0OXiTHO 3pOOUTH BHUXiAHY HAIPYTY MPOTOPIIHHOIO 10
KOPEHsI KBaJpaTHOTO BiJl BXIJHOrO CHUTHay. Y I[bOMY BHUIIQJKy TEMHI
JeTalli MiJCUIIATLCS CUIIBHIIIE, HIK CBITII, K MoKa3aHo Ha puc. 5.30, 6.
Lle Ha3MBalOTh TaMa-KOHTPOJIEM, TEPMIHOM, SIKHH BUKOPUCTOBYIOTH IS
3aJaBaHHs PiBHS CipOro BiATYKY (DOTOILTIBKH.

[Hmmid Tan oOpoOku iHOAI nepeadadae BUKOPUCTaHHS JUQepeHi-
IOBaHHS CUTHAJY, KOJIM BUXiJHA HANpyra MiJICHIIoBaya MpoIopLiiHa 10
HaXWJIy 4acOBOI 3aJIe)KHOCTI Hanpyrd. LluM BUIISIOTHCS JUISIHKH, €
CUTHAJl TIBHJKO 3MIHIOETBCS, OJHAK 3TJIaJKYEThCS KOHTPACT BiJ ITO-
CTYIOBO 3MiHHOTO (OHY, SIK TTOKa3zaHo Ha puc. 5.30, 2.
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BXigHUMH cHUTHalmaMu MOXKHA JIETKO KEpyBaTH Pi3HUMH CIOCO-
Oamm, 1m0 Ja€ 3MOTy OTPUMATH AyKe IikaBi pe3ynbratu. OgHaK TOMi
IHTepIIpeTallis OTpUMaHuX 300pakeHb MOXKE CTaTH HEMPOCTOIO, 1 Oyab-
SKAH METOJ] OIPAIIOBAaHHS CHTHATY, OKPIM MPOCTHX, Tpeba BUKOPHCTO-
BYBaTH 00EPEIKHO.

5.10.2. Onpauyrosannsa oanux ananoz06020 mikpockona. Onepa-
TOPY MIiKPOCKOIIa TIOTPiIOHO HE JIHIIE CIOCTepiraTH CKaHOBaHE 300pa-
KEHHS IS imeHTudikarii ikaBux aeraneld, GoKyCcyBaTH Ta ONTHMI3Y-
BaTH 300pakeHHS, a ¥ OTpUMaTH CTaOIILHUN 3amuc BUOpAHOTO 300pa-
skeHHs1. LI 1Bl BUMOTH 4acToO € CYNEepPeUYHUMH.

Panime My Gauwnnm, 110 IS OTPUMaHHS 300paKeHHs 3pa3Ka 3 XO-
pOLIOIO sIKIiCTIO 1 0e3 mIymiB Tpeba BHKOPUCTOBYBATH MiHIMAIbHUIM
CTPYM ITydYKa i Iam’ATaTH, 0 BiH € 00EPHEHO MPOTIOPLIHHUM JI0 Yacy
ckaHyBaHHA Kanpy F (dacy ckanyBaHHsS BHOpaHOI TUISHKH 3paska). Ha
puc. 5.19 nokazano, K MiHIMaTbHIH KOPUCHHUIA pO3Mip 30H[A, IO TpHU-
OM3HO BIATOBIAE MPOCTOPOBOMY PO3AUICHHIO Y BTOPHHHUX EIIEKTPO-
HaX, 3MIHIOETHCS 3 KOHTPACTOM 3pa3Ka Ta 4aCcOM CKaHyBaHHS KaJpy.

s dororpadiunoi peectpamii moTpiOHI 300paXKeHHsST HAWTIMIIOL
sIKOCTi, 1 (hoTorpadyBaHHS BHKOHYIOTH 3a JIOTIOMOTOI0 KaMepH, SKY
¢doxycytots Ha EIIT 3 BHcOKkO po3minpHOMO 3marHicTio. llIBHIKicTh
CKaHyYBaHHS CIIOBUIBHIOETHCS] HACTIIBKH, L0 OJUH Kaap GOpMYyeTHCS 3a
50-100 c. fkmo ckaHyBaHHS BUKOHYIOTH 3a IIBHAKOCTI 50 KalpiB 3a
CeKyH/y, TO KapTHHKa BUIJISIJIAE SIK TeJeBiziiiHe 300paxenHs. Lle myxe
3pYYHO, SIKIIO OINEpaTop XO0d4e MEePEeMICTUTH 3pa3okK, COKyCyBaTH 30-
Opa’keHHsI YM MPOCTO MOMIIHYTH, K BHUIJIAA€ 3pa3ok. OOHaK, K MO-
XKHa mobauuTH 3 puc. 5.19, miHa, Ky IOBEOETbCS 3AIUIaTUTH 3a TaKy
BHCOKY IIBHJKICTb CKaHYBaHHs, — 3Ha4Ha BTpaTa po3niineHHs. Hanpu-
KJIaJ, y pa3i po3nisaay 3pa3ka 3 piBHeM koHTpacty B 50 % mMu 0auyumo,
[0 MOXEMO JIOCSITHYTH PO3JUICHHS ~ 5 HM 3a 4aciB ckanyBanHs 100 c,
a 3a MMBUAKOCTI ckaHyBaHHs (0.2 C pO3AUICHHS 3MEHIIYETHCS 0
~ 100 HM. SIKIIO MPHUITyCTUMO, IIO CHUCTEMa BiZOOpaskeHHS Ma€e Po3fi-
nerHa 500x500 mikcenmiB, i BUKOpPHCTAaEMO iaei BUBEINEHHS (QOpMyIH
(5.4), TO oTpuMaEeMo, IO MaKCHMaJbHE KOPUCHE 301IbIICHHS 3a IUX
ymoB craHoBuTrMe 3 000x.
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V pasi motpedu BHCOKOTO 301IBILICHHS ONepaTop MOBUHEH iTH Ha KO-
MIIPOMIC 1 MPAIFOBATH 32 MEHIINX IIBHIKOCTEH CKaHYBaHHS, MOKIIUBO,
OJTMH Y9M J1Ba KaJpH 3a ceKyHAy. Llg mpobiema cTae 1ie rocTpimioro, KOIu
BUKOPHCTOBYIOTh JICTEKTOP 3 MAJIOO MIBUIKOMII€I0, HATIPHKJIIA, TBEPIOTI-
JLHUH JETEKTOP 3BOPOTHO PO3CISIHUX EIEKTPOHIB. Y TaKOMY BHUIAJIKY BHU-
COKI IIBUJIKOCTI CKaHyBaHHsI HE IPUIMHSATHI Hi 3a SIKOTO 3011bIICHHS.

5.10.3. Onpaurosanna oanux yughpoeozo mikpockona. Y cydac-
Hux nudposux CEM mydok moske mepeOyBaTH B KOXKHiM TOUINI 3pa3zka
(mikceni) mPOTATOM HArmepesa 3aaHoro MPOMIKKY 4acy, a 300pakKeHHS
OTPUMYIOThH LIISIXOM 3aMHCYyBaHHS KOKHOTO MIKCENsI B €IEMEHTI Kajpy.
[HTEHCHBHICTH KOKHOTO MiKCeNs 30epiraroTh y BUTIISL YUCIIa, 1 pO3Mip
300pakeHHS BU3HAYCHHH KUIBKICTIO €JIEMEHTIB Kaapy, sSKa MOXKe 3Mi-
HIOBATHUCH.

IlepeBaroro Takoi cUCTEMH € Te, O KaJap 300pakeHHs CTaOUTFHUH,
Ha BimMminy Big kanapy EIIT. Tomy omepatop moke crmoctepiratu
300pakeHHS, HE BUKOPUCTOBYIOUH BEJIUKUX IIBUIKOCTEH CKaHYBaHHS,
sIKi, K 3a3HAYCHO BUINE, MAlOTh 300pakKCHHS 31 3HAYHUM IIYMOM Ta
HIDKYAM PO3AUICHHSIM.

MosJHMBe TaKoX KaJpoBe YCEpeIHEHHS, KOJNW JaHi MOCIiJOBHUX
CKaHyBaHb YCEPEIHIOIOTh Ul KOHOro mikcens. Ilo cyti, me Te came,
II0 BHUKOPHCTaHHS OUIBIIMX YaciB CKaHyBaHHS, TOMY MH MOXEMO
3aMiHUTH Yac cKkaHyBaHHs kanpy F y piBusHHI (5.20) moOytkom NxF,
ne N — KibKiCTh ycepeTHEHHX KaJIpiB.

Crabinpauii 3amuc 300paxeHHs y uuppoomy CEM oTpumyeMo
30epiraHHsAM BMICTY KaJIpy Ha KOMIT FOTEpi SK pacTPOBOTO 300paKeHHS.
HudpoBe 300paxeHHs Ja€ HAM 3MOTY OTPHUMATH JOJATKOBY KUTBbKiCHY
iH(opMaIito, CKOPUCTABIINCH HU3KOI0 MOXJIHMBOCTeH. Hanpuxian, mo-
JKHA BUMIpIOBaTH 00’€MHI 4acTku (a3 Ta po3Mipu i GpopMy 4acTUHOK,
3epeH, MOPOXKHUH Ta iH.

5.11. IlpuroryBanHs 3pa3kKiB s gociaigxenass CEM

3nebinbmoro CEM BUKOPHCTOBYIOTH JUTSL JIOCIHIKEHHST pelbedy
noBepxHi. BuBdaioTh, 3a3Buuai, 00’€MHI 3pa3Ku, i MPHUTOTYBAaTH iX
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3HayHO TpocTime, aHix st [IEM. [lix 3paskoM Hemae JtiH3 i € 6araro
BUTRHOTO MICIIS TSI PO3TAIIyBaHHS 3pa3Ka Ta Pi3HUX MEXaHIYHUX MpH-
CTpOIB AU MaHiTyIoBaHHS HUM. Lle 0co0MMBO KOPHCHO ISl HAMiBIPO-
BIIHUKOBOI TPOMHCIIOBOCTI, [I¢ TMOTPIOHO MOCTIIKYBaTH KpPEMHi€Bi
migkianku giamerpom 200 MM i OUTBIII.

s epextuBHOTO criocTepeskeHHs 3pazka y CEM moBepxHs 3pa3ka
MOBHHHA OYTH MPOBiAHOIO. {10 HEOOXiAHICTh MOSICHIOIOTH CTATUCTUKOIO
€JIEKTPOHHOTO BHUXOJY: KOJHU 3pa3ok 00MOapayrOTh BUCOKOCHEPTeTHIHI
eNIeKTPOHH, TO KOXKEH 3 HUX CIPHYMHAE BUXiJ] 3BOPOTHO PO3CISTHUX 1) TA
BTOPHUHHHUX O enekTpoHiB. Ha puc. 5.9, 6 nokazaHo, K 3MIiHIOETbCS I10-
BHUIl BUXiJ] €JEKTPOHIB 1+0 y pa3i 3MiHM NMPHCKOPIOBAIBHOI HANPYTH
Mikpockora. BUCHOBOK 3 1Ii€i KpWBOi Takuii: € JWIe ABI Hampyru, 3a
SIKUX BHIXiJ] JOPIBHIOE OJMHHII, TOOTO EJCKTPOHU MOTPAILIAIOTH Ha
MTOBEPXHIO 1 HOKUIAIOTH 11 3 Ti€r0 3K MBHUAKICTIO. [ GinbmiocTti MaTepi-
amiB I BI Hampyru € B miama3zoHi 1-5keB, mo cyrreBo MeHie, Hixk
3BUYAHI poO0Yi MPUCKOPIOBAIIFHI HAIPYTH MIKpOcKoma. BifamosigHo, y
pa3i HOpMaJibHOI POOOTH MIKPOCKOIIAa Ha IOBEPXHI 3pa3ka HaKOIHU-
YyeThCSl HAJUTUIIIOK €JICKTPOHIB. SIKIIO BOHHM HE CTIKATUMYTH JI0 3€MIIi,
TO MOBEPXHS IIBUIKO CTaBaTUMeE LIOpa3 OibIlle HEraTUBHO 3apsipKe-
HOIO, 1 TIEPBUHHI €JIEKTPOHH MTyYKa BiIITOBXYBATUMYTHCS Ta BiJIXHIIS-
THUMYTBCS BiJl 3BHYalfHOT TPA€EKTOpii, TOOTO OTPHUMAEMO BUKPHUBIICHE
300paxeHH.

OTxe, MeTaJIeBl 3pa3Ku JIOCIKYBaTH Jierko. Bakye 3 Hemposij-
HUMH — KepaMikaMH, ToJiMepamMu, OiosiorivHuME Marepiagamu. [1posi-
JHICTh IXHBOI MOBEpXHi 3a0e3Meuyr0Th HAMMUJICHHSM TOHKOTO TPOBIJI-
HOTO IIapy 30JI0Ta YW BYIJICIIO. Take MOKPUTTS MOXKE MEepeIIKoKATH
CHT'HAJIaM Ta KOHTPACTY, HAPUKJIAJ, JUIs X-BHIIPOMIHIOBaHHSI.

JocmimKkeHHs HETIPOBiTHUX 3pa3KiB, 0COOIHMBO MOJiMeEPiB Ta 610110~
riunux 3paskiB, y CEM Moke BUKIHMKATH iHII MPpoOJIeMu, IMOB’s3aHi 3
pYHHYBaHHSIM 3pa3Ka ITiJ{ 9aC HarpiBaHHs IYYKOM, pajialliiiHe MOIIKOo-
JOKEHHSI 1 BUIIAPOBYBAHHS 3pa3ka y BUCOKOMY BaKyyMi.
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5.12. Mikpockonisi HU3bKHX HANIPYT

AJNBTEpHATUBHUM MiAXO0J0M JI0 BUPIILIECHHS MPOOJIeMHU 3apsIKeHHS
3paska € po0oTa MIKpOCKOIIA 3a HANpyT, Ui SKUX, 3TiIHO 3 puc. 5.9, 6,
BHXiJ eNeKTpOoHIB Onmm3pkuid 1m0 1, 1 3apsypKaHHS HE BiIOYBa€ThCS.
SIKIIO MIKPOCKOT TPAITioe 3a HampyTu Mix E; Ta E,, TO BUXiJ €eKTPO-
HiB OUThITIHH Bix 1 1 3pa30K 3apsKaeThes MO3UTUBHO. IToTeHmiam Mix
HUTKOIO Ta 3pa3KOM 3pOCTa€, 1 eHepTis My4yKa 3MilyeTses 10 E,. TooTo
BUHUKA€E €PEKT CaMOKOMIICHCYBaHHS, IO CTa0iTi3ye CHEPrir0 IydKa
Oinst 3HaueHHA E,. OcKinbKu Koe(illieHTH PO3CISIHHS 3HAYHO 3ajexarb
BiJl KyTa HaxXWiy 3pa3ka, TO MOXe OyTH BaKKO YCYHYTH e(eKT 3aps-
JDKaHHSA yCiX MITITHOK 3pa3Ka OJHOYACHO.

PobGoTta TpamumiitHOro MiKpOCKOIa 3 TEPMOEMICIITHOI TapMaToro
3HAYHO TMOTIPIIYEThCS 32 HU3bKUX HAMPYT, MPOTE CyYacHi MiKPOCKOIH 3
aBTOEMICIHOIO TapMaTOIO 33/I0BUIEHO TPAIIOIOTh Yy Hiana3oHi 1-5 keB
1 MOXYTh OyTH BUKOPUCTaHi JJisl AOCIHiKEHHS KepaMik 1 010J0riuHUX
3pasKiB.

5.13. CkanyBajibHA €JIEKTPOHHA MiKPOCKOIIisI
B cepeaoBHINi

3puuaitanit CEM mpamoe npu Bakyymi merme 107 Ia, i 3pasku,
1[0 BUMIAPOBYIOTHCSI YU MAKOTh JICTKI KOMITOHEHTH, HE MOXKHA JOCIIIKY-
Batu 0e3 aKypaTHOI MONepeIHbOI MiArOTOBKH. 32 OCTaHHI KiJIbKa POKIB
JUISL TIOZIOJIAHHS TaKUX MPOOJEM CTBOPEHO EJIEKTPOHHI MIKPOCKOIHU Yy
cepenosuili (CEMC)— CEM, 1o mpartorTh 3a TUCKIB 10%-10° Ia.

et MikpoCKOT MOXKE CITYTYBATH JJIs BUBYEHHS HABKOJIHITHBOTO Ce-
pEeNoBHINIA 1 TIpAIIOBaTH 3 TOPIBHSHO HU3BKAM BaKyyMOM Yy Kamepi
3pa3kiB. BiH mae 3Mory mociipKyBaTH 3pa3Kd, MO MICTATh JIETKi
KOMIIOHEHTH, TaKi SK BOJ[a Yd Macjo, a TAKOXK KPUXKI 3pa3Ku, UM 3pa3KH,
0 Nepe0yBaroTh Y CEPEAOBHIII, HECYMICHOMY 3 BaKyyMOM, 3 SIKOTO iX
HEMOXJIMBO BUALTUTU. KpiM TOro, y TaKOMy CEepeIOBHUII MOXKHA BUKOPH-
CTOBYBaTH 3pa3ku 0Oe3 HamwieHHs. lle 3py4HO, SIKIIO 3pa3kd MOXYTb
3MiHUTH (DOpMy YHM 3a3HABATH TOIIKO/DKEHHS Y TPOIECi HaIMJICHHS,
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BEJIUKI, SIKi BOYKKO HATIMJIIOBATH, 1 y BHIAJIKY, SKIIO TTOKPUTTS HEMOKIIHU-
BO HAHECTH Ha 3pa30K Yy BUIVIAI HEEPEPBHOIO 1LIapYy.

Taxi npunaau NpauroTh, HiATPUMYIOUYH JOCUTh BUCOKHH BakyyM
Y KOJIOHI MIKpPOCKOIIA 1 TipmInii BakyyMm y IUISHII 3pa3ka. L{poro mocs-
rarTh, PO3AUTUBINYU IIi AUISTHKM MaJeHbKUMH amnepTypamu, SKi 4acTo
BiJNOBIZAI0Th anepTypaM eIeKTPOHHOTO My4YKa, 1 KOKHA AUISHKA Mae
BJIaCHY CHCTEMY BiiKauyBaHHs. Y TpWiaji, 3a3BHYaii, € TPH Taki Ka-
MepH — rapmara, KoJoHa i kKamepa 3pa3KiB.

Y CEMC wmoxHa BHKOPHCTOBYBAaTHM 1 BTOPHHHI, 1 3BOPOTHO
po3cisHi enekTponn. CHOMHTHIAIINHI JSTSKTOPH BEIMKOI TUIOINII, Taki,
SIK TIOKa3aHi Ha puc. 5.12, ¢, MO)XKHa BUKOPHCTATH JJIsl PEECTpallii 3BO-
pOTHO po3cisiHux enektpoHiB. [lerekrop EBepxapra—TopHii He MOXHA
BUKOPHUCTATH IS PeecTpalii BTOPHHHUX €JIEKTPOHIB, OCKIJIBKH BUCOKA
Hampyra 3MiLIeHHS B pa3i BUCOKOI'O THCKY MPHU3BEIE 0 €NEKTPUIHOTO
nmpoboro. OmHaK Ui peecTpallii BTOPUHHHUX ENEKTPOHIB CTBOPEHO ra-
30(ha3Hi JETEKTOPH, Misl IKUX € aHAIOTIYHOIO 10 JETEKTOPIB, SIKi BUKO-
PHUCTOBYIOTh Y XBHJILOBOMY PEHTTEHIBCHKOMY aHami3i (po3aia 6).

Bucokuii THCK, 3a3BHYaii, MPUBOIUTH TAKOXK 10 BTPATH PO3IiICHHS
Yepe3 MpYKHi 3ITKHEHHS eJIEKTPOHIB 3 MoseKynamu razy. OgHak po6o-
Ty Ha TPUHHATHOMY PiBHI MOXHa Bce-TakH 3abe3meuntn. OKpiM oTpu-
MaHHS 300paXKeHHSI BOJIOTHX 3pa3KiB Ta MPOBEJCHHS E€KCIEPUMEHTIB 3
ra3oBoro 4M piakoro ¢dazamu, CEMC nae 3mory oTpumyBatu 300pa-
KCHHS HETOKPUTHX HEIMPOBIIHUX 3pa3KiB, OCKUIBKH HAKONWYCHUH
CIICKTPUYHUN 3apsiJl PO3CIIOEThCS BHACIIIOK 3ITKHEHb EJIEKTPOHIB 1
MOJIEKYII.

KouTpoabHi 3anuTaHHs i 3aBIaHHS

1. ToscHiTh, YoMy 3MeHIICHHS AiaMmeTpa 30Hma y CEM mpu3Bomuth 10
3MEHILEHHS CTPyMYy ITydka. Y1 MOKHA [IbOMY 3a1o0irTH, 301IbIIyI0YH
PO3Mip 00’€KTHBHOI arepTypu?

2. HeoOximno mocmigutu 3pyitHoBaHy netams y CEM 3a 30iibIIcHHS
1000% i mocsrtu rimOuHU 1Ot 1 MM. SIKIO MakcHUMaiabHa pPoOoYa
BI[ICTaHb, Ky MOJXXHAa BHKOPHCTAaTH, CTAaHOBUTH S50 MM, TO SIKHi
MaKCHMAaJIbHUH PO3Mip 00’ €KTHBHOI aniepTypy MOJKHA BUKOPHCTaTH?
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[osicHITE, YOMY pO3Mip €IEKTPOHHOTO 30HAAa Tpeda perymoBaTH B
pasi 3MiHU 301TbIICHHS.

Po3paxyiiTe npupogHIiA KOHTPACT 300paKeHHS y 3BOPOTHO PO3CIsTHUX
eJIEKTPOHAX MiX (a3aMu 3 CepeqHIMA aTOMHIMH HoMepamu 24 Ta 23.
Sxmo mnpupomHW KOHTpacT 300paKeHHA 3pa3ka y BTOPHHHHUX
eJIeKTpoHax cTaHOBUTH (.1, TO sKe HAWITIIIIE MPOCTOPOBE PO3IITCHHS
JOCSOKHE Y MIKPOCKOII 3 TEPMOEMICIIHOIO TrapMaTol 3a dYacy
ckanyBaHHsl kanpy 100 c? Ilapamerpu Mikpockona: e(eKTHBHICTh
aerekTopa — 0.2, rycTMHa CTpyMy Ha HOBEpXHI HHUTKH TapMaTH —
4 Alem?, temmeparypa Hutkm — 2 800 K, koedimient cdeprmanoi
abepanii — 20 MM, mpuckoproBansHa Hanpyra — 20 keB.
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Po3aia 6

AHAJII3 3A TOIMIOMOI'OIO EJIEKTPOHHOI'O
MIKPOCKOIIA

Y po3aini 2 HarojomeHo Ha TOMY, LIO MaliHHS EJNEKTPOHIB 3
CHEPTi€l0 y KilbKa KiJTOENeKTPOH-BOJBTIB Ha TBEPAMH 3pa3oK MpH-
BOJAMTH JIO TOSIBU X-BHIIPOMIHIOBaHHSA (200 K PEHTT€HIBCHKOTO BHITPO-
MIHIOBaHHA), XapaKTePHOTO IJIs aTOMIB, IO HasiBHI y 3pa3Ky. Y Xomi
oOroBopeHHs1 oTpuMaHHs 300paxkeHs y IIEM ta CEM Mu HexTyBanu
UM BHIPOMiHIOBaHHAM. OJHAaK pOOUTH TaKk — O3HA4a€e irHOPYBaTH
Oarato iHdopMarllii mpo ckiam 3paska. 3po3yMmiu Iie me y 50-x pokax
XX cT., 1 3 TOr0 4acy 3HA4EHHsI YCiX THIIB €NEKTPOHHUX MIKPOCKOIIIB
JUTSL MIKpOAHaIi3y 3pOCTae.

Tepmin mikpoananiz o3Hayae, IO NPOAHATIZYBAaTH MOXKHA IIyXKe
MaJy KUTBKICTh MaTepiaiy, 9, 4acTimie, Ay>Ke Mally YacTHHY OiIbIIoro
3pa3ka. OCKIJIbKM CTaHOApTHI XiIMiYHI YM CHEKTPOCKOMIYHI METOIH
BOTO 3pOOHTH HE JAl0Th 3MOTH, TO MIKpOaHaji3 3a JIOMOMOTOI0 eJeK-
TPOHHOTO MIKPOCKOIIA CTaB BYKJIMBUM 3aCO00M JIJIsl XapaKTepH3yBaHHS
BCIX THIIIB TBEPUX TiJ.

3 X-cnexkrpa Oynb-sIKOTO 3pa3ka MU B MIPUHLMIIT MOKEMO BU3HAYM-
TH B pevi. BuMiproBaHHS TOBXWHH XBWII (UM €HEprii) KOXKHOTO eMi-
TOBAaHOTO XapaKTEePUCTUYHOTO X-KBaHTA, A€ 3MOTY 3’ACYyBaTH, sKi ele-
MEHTHU HasiBHI Yy 3pa3Ky, TOOTO MPOBECTH AKICHUL ananiz. BuMipioBaHHS
KUJIBKOCTI XapaKTePUCTHUHUX X-KBAHTIB, [0 EMITYHOThCS 3a OJIUHHIIIO
Yyacy, MOXe JIOTIOMOTTH 3’SCyBaTH, CKIIbKH € eJeMeHTa, TOOTO nae
3MOTY TIPOBECTH KinbKicHutl ananiz. OHAK, SIK TOBEAEMO Jlaili, BUMOTH
70 TPUJIAAIB 1 3pa3KiB AJIsl MPOBEACHHS KUIBKICHOTO aHaJli3y € TaKUMH,
IO TepexiZ Bif AKICHOro J0 KiUJIBKICHOTO aHami3y 3pOOHTH HE Tak
JIETKO.

3a3HaunMo, 10 JJIsl MIKpOoaHa i3y BHKOPHCTOBYIOTH TOJIOBHO TpHU
TUTIH eNeKTpoHHUX MikpockoriB. Lle CEM 3 netekropamu X-nipoMeHiB,
CJIEKTPOHHUH MIKPO30HA, IO €, MO CYyTi CHEUiaJIbHUM aHaJiTHYHUM
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Mikpockorniom Tuity CEM, Ta mpocBidyBasbHi €1EKTPOHHI MiKPOCKOIH
(ITEM Ta CIIEM), obnamgHani aeTeKTopaMud X-TIpOMEHiB. Poib mmx
pI3HUX TpWIamiB OOTOBOPHUMO 3rojoM. 3a momomoroiro IIEM Ttakox
MOXHa OTpUMAaTH 1HGOPMAITIFO PO CKJIA, BUMIPIOIOYH BTpaTH CHEPTii
€JIEKTPOHIB, IO MPOKIILIH, 1 I[I0 METOJUKY MH T€X 00TOBOPHMO.

6.1. 'enepyBanHsi X-BUIIPOMIHIOBAHHA y 3pPa3Ky

Sk 3’sicoBaHO y po3aini 2, 6omOapayBaHHS MyYKOM BUCOKOCHEpre-
TUYHUX €JIEKTPOHIB MPU3BOAUTH J0 €MiCii XapaKTepUCTUYHUX X-TIPo-
MEHIB, JIOBKMHH XBWJIb SIKUX 3QJIE)KaTh Bijl IPUPOIU aTOMIB 3pa3Ka, a
TaKOXX TaJbMIBHOTO X-BUIPOMiHIOBaHHS (OLTOTO mIyMy) 3 pPi3HUMH
JOBXUHAMH XBHJIb 2 JI0 HAWMEHIIIO, SIka BU3HAYEHa EHEPTi€l0 MaJiaro-
4oro enekTpona (nuB. puc. 2.13). [lepm HiXXK BUKOpPHCTOBYBaTH X-TIPO-
MeHi 3 aHaJITUYHOIO METOI0, Tpeba 3HATH, AKa 3 YUCICHHUX JIiHil xapa-
KTEPUCTHUYHOTO X-BUIIPOMiIHIOBaHHSI KOYKHOTO 3 €JIEMEHTIB € HaliHTeH-
cuBHimow. lle macTh 3Mory BHOpaTH HAIUIIMINY JIHIFO IS BUKOPHUC-
TaHHS 5K MMOKAa3HUKA TOTO, CKUIBKH KOXKHOTO €IeMEHTa € y 3pa3ky. Cu-
Tyalis Ha TEpIIMiA TOTJSAA AYyXe CKJIagHa, OCKUTBKH, K 0auyumo 3
puc. 6.1, icHye BenmMKa KUTBKICTh MOXXIUBUX TEPEXOJiB Y BEIHKOMY
aTOMI, KOXEH 3 SKHUX NPUBOJIUTH 1O IMOSBH X-KBaHTA 3 YHIKQJIbHOIO
JIOBYKHHOK XBHJII.

Ha macrs, Busiisierses, mo y K-cepii ninii K,y ta Koo (ki MOXYTh
OyTh Taki OnmM3bKi, M0 iX HEMOXJIHMBO PO3PI3HUTH) € y 7—8 pasiB
inTencuBHimi, anik Kg, Ta Kpg (iHma OaM3pKk0 pos3TamioBaHa mapa).
Bigmosigno, K-ny6mer, sk #ioro Ha3WBarOTh, HaWYaCTIillle BUKOPUCTO-
BYIOTBb st aHanizy. OmgHak 30yautu K-cepito niHiii 3a qomoMororo
€JIEKTPOHHO-30H/IOBOTO TIPHIIAy HE 3aBXKIAH MOXKIIMBO, OCKUTBKU B pasi
3pOCTaHHSI aTOMHOTO HOMeEpa eJeMEeHTa TaKOX 301IbIIYEThCS €Hepris,
HeoOXiHa 1151 BUOMBaHHSA eniekTpoHiB 3 K-oOonmonku. Hampukman,
€JIEMEHTH, BaXK4i BiJ] 0JI0Ba, MOTPEOYIOTH EIEKTPOHIB 3 EHEPTi€I0 TTOHAT
25 keB mns 30ymxeHHS Xou skuxoch JiHid K-cepii, y mpomy pasi
epekTHBHUME emiTepaMu X-mpomeHiB 3 K-cepii BOHH cTaioTh JnIie
TOJI, KOJIM EHepris maJarodoro enektpona jpocsrae 75 keB. ¥ CEM
eHeprii eJeKTPOHIB y My4Ky JocsraioTh 3HaueHHs 30 xeB. Jlis pee-
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CTpyBaHHs BaKKHUX €JIEMEHTIB Tpeba mIykaTH iHm cepii Xapa-
KTepUCTHYHNX X-TIPOMEHIB, siKi jerme 30yautH. Jlinii L-cepii, 300pa-
xKeHl Ha puc. 6.1, un HaBiTh M-cepii s IyXe BaXKKHX EIIEMEHTIB
MaroTh MOTPiOHI BIACTHBOCTI. | 3HOBY BUSBISETHCSA, IO CEPEl] YCIiX Y-
CIACHHHUX MOKIIMBHUX JiHIH miHil L, Ta Ly, 3HaYHO 1HTEHCHBHIII, HIX
pelTa, sIKUMHA MOXKHa 3HeXTyBaTH. CXOXuH epeKT TakoxX 3ByKye M-
CEPII0 JI0 KUTbKOX KOPUCHUX JIiHIH.

VY Tabn. 6.1 HaBemeHO eHEprilo Ta BiAMOBINHY i AOBXUHY XBHII
ganinrencuBHimmx K-, L- ta M-miuiii enmementiB. HaliinTeHcHBHIIIE
TeHepyBaHHA X-TIPOMEHIB BiNOYyBa€ThCS, KOJH E€HEPTis IEepPBHHHUX
CJIEKTPOHIB MPHUOIM3HO yTpUdi Oijibllla, HIX €HEprisi TeHEepOBaHOro X-
KBaHTa. BuBuenHs Tabn. 6.1 3acBimuye, 1m0 BCi €JIEMEHTH MarOTh IIO-
HaliMeHIIe OJHY CHJBHY PEHTTCHIBCHKY JIHIIO 3 CHEpTi€l0 MEHIIe
10 xeB. ToMy He MOBWHHO BHHWUKATH TPYAHOIIB 3 BUSBICHHIM OyIb-
SIKOTO eneMenTa 3a nonomoror CEM, mio nparroe mpu 25-30 keB.

Enepris A

(me B macmTabdi) | N

Yy
M A=
Py
M-niHiT
YYl|lY¥Y
L \ A Y
0 03 BBy %,
L-ninii

YYYVYYY
o, ofl; Bof3s By

K-ninii

Puc. 6.1. Tesiki 3 MOXIIMBHX TIepexoiB Mixx K-, L-, M- Ta
N- o6ooHKamMu aToma, SIKi IPHUBOISTE 0 MOSIBH MO3HAYCHUX
PEHTTeHIBCHKUX JIiHIH.

KpiM mpsiMmoro 30yJ/pKeHHSI €JIEKTpPOHAMH, iCHYE JIOJIATKOBUH Me-
XaHI3M TeHepyBaHHs X-TIPOMEHIB, KW Tpeba OpaTH JI0 yBard Iiij| 4ac
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MiKpoaHalizy: 30KpemMa, X-TIPpOMEeHi, IO MPOXOIATh Kpi3b 3pa3oK (sKi
MOTJIA Oyny 3reHepoBaHi ITyYKOM) MOXYTh, BIIIOBITHO, 30yMKyBaTH
aTOMH, SKi BHIPOMIHIOBATHMYTH XapaKTEPUCTUYHI X-TIPOMEHI 3 JEIIo
HIDKYOI0 eHepriero. Hampukimaz, y maTyHHOMY 3pa3Ky X-TIpoMeHi cepii
K, muHKy (eHepris 8.64 keB) MoxyTh 30yaUTH 10aTKOBI X-TIPOMEHi ce-
pii K, mini, enepris skux € meHmow (8.05 keB, aus. Tabm. 6.1). Ilei
edekT Bimomui SK @rayopecyenyis. EQEKTUBHICTE 1IhOTO TpOLECY HE
Iy’Ke BUCOKA, OCKITBKHU JIMIIE KUTbKa BiJICOTKIB IIPOMEHIB 3 BHIIOIO0 €HE-
priefo 30yAaTh BUIPOMIHIOBAaHHS HIDKYOI eHeprii. OmHak BiH MoOXe
3HAYHO 3MIHUTH BIIHOCHI YacTKH XapaKTEePUCTUYHOTO PEHTTEHY, IO
HOTO BHUIPOMIHIOIOTH CIUTABH YH CIIONYKH, OCOOJMBO SIKIIO Y 3pasKy
HasIBHI €IEMEHTH 3 OJMM3bKHMH aTOMHHUMH HoMepaMu. PosrisiHemo y 3ra-
JTAHOMY BHIIIE €KCIIEPUMEHTI 3pa3oK 3 JIaTyHi, 10 Ha 70 % ckiafaeTses 3
Mizgi ta Ha 30 % — 3 nmHKY. Mu oTpuMaemo, 1o depe3 (iryopecueH o
cepen X-TIPOMEHIB, 3apEECTPOBAHUX HAa BHUXOJI 3i 3pa3Ka, KiJIbKICTh KBa-
utiB Cu K, Oyze Buiia, a KinbkicTs KBaHTIB Zn K,— Hmk4a Bif ouikyBa-
HOI JIIs1 TAKOT'O CIIBBIJHOIIEHHS €JIEMEHTIB. 3rooM MM I100auuMoO, IO
(hryopeclieHIlis € JInIIe OJHUM 3 e(DEKTIB, SKi YCKIaIHIOIOTh TOYHUHN Ki-
JIBKICHUH aHai3.

Tabauys 6.1
Enepris Ta nosxuna xswii K-, L- Ta M-JiHiii eleMeHTiB
<
<
N Q — — —
g | £ < 3 s
= = <
5 g S
= = g
Q = <
a S g m m m
e | 8 0 2 c | E| g | E
< % 22} < [4a) < [2a) <
m
1 2 3 4 5 6 7 8 9
I'igporen 1 1.0
Teniii 2 4.0
JliTii 3 6.9 0.05
Bepuiit 4 9.0 0.11 114
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Ilpooosocennss mabn. 6.1

1 2 3 4 5 6 7 8 9
bop 5 10.8 | 0.18 | 6.76
Kap6on 6 12.0 | 0.28 | 4.47
Hirporen 7 140 | 0.39 | 3.16
OxcureH 8 16.0 0.52 2.36
dayop 9 19.0 | 0.68 | 1.83
Heon 10 20.2 | 0.85 | 1.46
Harpiit 11 23.0 1.04 | 1.19
MarHii 12 24.3 1.25 0.99
AToMiHIH 13 27.0 1.49 0.83
Cuuiniit 14 28.1 1.74 | 0.71
dochop 15 31.0 | 201 | 0.61
Cynsdyp 16 321 | 231 | 054
Xiop 17 355 | 2.62 | 0.47
Apron 18 399 | 296 | 0.42
Kaniii 19 39.1 | 3.31 | 0.37
Kanbiit 20 40.1 | 3.69 | 0.34 | 0.34 | 3.63
Cxanpiit 21 450 | 409 | 030 | 0.39 | 3.13
Turan 22 479 | 451 | 0.27 | 045 | 2.74
Bananiii 23 509 | 495 | 0.25 | 051 | 242
Xpom 24 | 52.0 | 541 | 0.23 | 0.57 | 2.16
Manran 25 549 | 590 | 0.21 | 0.64 |1.94
depym 26 55.8 | 6.40 | 0.19 | 0.70 | 1.76
Kob6anbT 27 589 | 6.93 | 0.18 | 0.77 | 1.60
Hikens 28 58.7 | 7.48 | 0.17 | 0.85 | 1.46
Kynpym 29 635 | 805 | 015 | 0.93 | 1.33
Iuuk 30 654 | 8.64 | 0.14 1.01 | 1.23
Taniii 31 69.7 | 9.25 | 0.13 1.10 | 1.13
I'epmaniii 32 72.6 | 9.88 | 0.12 1.19 | 1.04
ApceH 33 74.9 | 1054 | 0.12 1.28 | 0.97
Cenen 34 79.0 | 11.22 | 0.11 1.38 | 0.90
Bpom 35 79.9 | 11.92 | 0.10 1.48 | 0.84
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Ilpooosocennss mabn. 6.1

1 2 3 4 5 6 7 8 9
Kpunton 36 | 83.8 | 12.65 | 0.10 159 |0.78
Py6Giziit 37 | 855 | 1339 | 0.09 | 169 |0.73
Crponuiit 38 | 876 | 14.16 | 0.09 | 181 | 0.69
ITpiii 39 | 889 | 1496 | 0.08 | 1.92 | 0.64
IupkoHiit 40 | 91.2 | 1577 | 0.08 | 2.04 | 0.61
Hiobiit 41 | 929 | 16.61 | 0.07 | 2.17 | 0.57
MounibneH 42 | 959 | 1748 | 0.07 | 229 | 054
TexHeniit 43 | 98.0 | 18.36 | 0.07 | 242 | 051
Pyrteniii 44 | 101.1 | 19.28 | 0.06 | 2.56 | 0.48
Popii 45 | 1029 | 20.21 | 0.06 | 2.70 | 0.46
Mananiii 46 | 1064 | 21.18 | 0.06 | 2.84 | 0.44
ApreHtym 47 | 1079 | 22.16 | 0.06 | 2.98 | 0.41
Kanamiii 48 | 1124 | 23.17 | 0.05 | 3.13 | 0.39
Inpiit 49 | 1148 | 2421 | 0.05 | 3.29 | 0.38
Cranym 50 | 118.7 | 25.27 | 0.05 | 3.44 | 0.36
Crubiit 51 | 121.7 | 26.36 | 0.05 | 3.60 | 0.34
Temnyp 52 | 127.6 | 27.47 | 0.04 | 3.77 | 0.33
Mon 53 | 126.9 | 2861 | 0.04 | 394 | 031
Kcenon 54 | 131.3 | 29.78 | 0.04 | 4.11 | 0.30
Iesii 55 | 1329 | 30.97 | 0.04 | 429 |0.29
Bapiit 56 | 137.3 | 32.19 | 0.04 | 4.46 | 0.28
Jlantan 57 | 138.9 | 3344 | 0.04 | 465 | 0.27 | 0.83 | 149
TCaduiit 72 | 1785 | 55.79 | 0.02 | 790 | 0.16 | 1.64 | 0.75
TanTan 73 | 1810 | 5753 | 0.02 | 814 |0415]|171| 0.73
Bonsdpam 74 | 1838 | 59.32 | 0.02 | 840 |0.15]| 177 | 0.70
Penii 75 | 186.2 | 61.14 | 0.02 | 865 | 014|184 | 0.67
Ocwmiii 76 | 190.2 | 63.00 | 0.02 | 891 | 014|191 | 0.65
Ipumiii 77 | 1922 | 6489 | 0.02 | 9.17 | 0.14 198 | 0.63
ITnarnaa 78 | 1951 | 66.83 | 0.02 | 944 |0.13]2.05| 0.60
Aypym 79 | 197.0 | 68.80 | 0.02 | 9.71 | 013|212 | 0.58
Mepkypiii 80 | 200.6 | 70.82 | 0.02 | 9.99 |0.12] 219 | 0.56
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Raxinuenns maon. 6.1

1 2 3 4 5 6 7 8 9
Taniii 81 | 2044 | 72.87 | 0.02 | 10.27 | 0.12 | 2.27 | 0.55
[TromOym 82 | 207.2 | 7497 | 0.02 | 10.55 | 0.12 | 2.34 | 0.53
bicmyT 83 | 2090 | 77.10 | 0.02 | 10.84 | 0.11 | 242 | 0.51
INonoHxiit 84 | 2100 | 79.29 | 0.02 | 11.13 | 0.11
Actat 85 | 210.0 | 81.52 | 0.02 | 11.43 | 0.11
Panon 86 | 2220 | 83.78 | 0.01 | 11.73 | 0.11
Dpanmii 87 | 223.0 | 86.10 | 0.01 | 12.03 | 0.10
Paniit 88 | 226.0 | 88.47 | 0.01 | 12.34 | 0.10
AxTHHI 89 | 227.0 | 90.88 | 0.01 | 12.65 | 0.10
Topi# 90 | 232.0 | 9335 | 0.01 | 1297 | 0.10 | 3.00 | 0.41
IMpoakrunir | 91 | 231.0 | 95.87 | 0.01 | 13.29 | 0.09 | 3.08 | 0.40
VYpan 92 | 2380|9844 | 001 | 13.61 | 0.09 ] 3.17 | 0.30

OnHMM 3 KJIFOYOBMX YMHHUKIB, 10 BU3HAYAE PO3MIP ITIISHKH, JUIS
sIKO1 MO>KHA TIPOBECTH MiKpoaHalli3, € 00’eM 3pa3Ka, y SKHH MOXYTh
MIPOHUKHYTH €IIEKTPOHU (00’em 63aemodii), 1 00’eM 3paska, 3 SKOTO
BHUXOJISITh PEECTpOBaHi X-TIpoMeHi (ananizoeanuii 00’cm, SKUH IS
PI3HUX BHJIB BTOPHMHHOTO BHUIIPOMIHIOBaHHS € pi3HUM). SIK imutocs y
po3Iimi 5 1 moKa3aHO Ha pHC. 5.7, OCKiNBKH X-TIPOMEHi, HApOPKEHI B
rIMOWHI 3pa3Ka, MOXKYTh BUHTH 1 OyTH 3apeecTpOBaHi, TO aHaTi30BaHUIA
00’eMm it X-TIPOMEHIB € MPaKTUYHO TAKHWA e BEIUKUH, K 1 00°eM
B3aemopii. Ileii o00’em B3aeMoaii € HaWMEHIIUM JUIS HHU3BKO-
EHEPreTHYHNX eIEKTPOHIB Ta BAXKHX eleMeHTiB (qmB. puc. 2.8). Moro
BXKKO 3pOOUTH MEHIIIUM 1 MrM®, sIKImIO He 3MEHIIYBaTH CHEpPrii eje-
KTpoHIiB myuka (Ep) aX J0 3HAYEHHS, KOJMM MOTpiOHI X-poMeHi He
reHepyBaTUMYThCS B3aralli. BHacIi0K 1[bOT0 HaMEHIIME 00’ €M, SIKUH
NPAaKTUYHO MOXKHA MPOAaHANI3yBaTH CKaHYBaJIbHUM MiKPOCKOIIOM,
cranoBuTh ~ 1 MkM®. Ll HuQpa 37a€Thes MANOK0, OJHAK y HbOMY Mi-
cTuthest npubmusHo 10™ atomis! AnamizoBaHmii 00’eM 3pa3sKa TAKOXK
3ajiekaTuMe BiJl eHeprii X-TIPOMEHIB, 0 eMiTYIOThCS, OCKUTbKH X-BU-
MPOMIHIOBaHHSI eHeprii £, BUIPOMIHIOBATUMETHCS JIMIIE TOJI, KOJH
EHepTisl MEPBUHHOTO elleKTpoHa Ey € Oinbioto, Hik E.. OTxe, MakcH-
MajbHa TTUOWHA, 3 SIKOI BUXOAATh X-MPOMEHI — Ie TJIMOWHA, Ha SKii
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CHEPTis CNIEKTPOHA CTa€ MEHINO0 Bif £.. OJTHUM i3 3arajibHOPUHHITUAX
HaOJIMKEHb JUIA PO3paxyHKy TTMOWHM TeHepyBaHHs X-mipomeHiB (R), €
Take:

R=P(E,* -E'®), (6.1)

ne P cranosuts 6mu3bko 0.01 ans martepianiB 3 MPOMIKHUM cepenHIM
atoMHUM HOMepoM. Tyt Ey Tta E; — y kinmoenexTpoH-BombTax, a R — y
MikpoMeTpax. s imrocTpamii 1€l 3ajeXHOCTI Ha puc. 6.2 MOKa3aHo
TUONHY, Ha AKiM eeKTpOHU MOXYTh TeHepyBaTu X-tipomeri Cu K, Ta
Al K, y Al-Cu crnnaBax, ie NepeBaKHUM €JIEMEHTOM € ab0 aroMiHiM,
a00 Migp. SIKIIO X BUHHMKAE (DIYyOpPECIEHINS, TO aHANiI30BaHUN 00’ €M
MOJKe HacTpasi OyTH OUTBIINM, HIXK 00’ €M B3a€MOIii.

~N

AntomiHieBa

N W s

MigHa matpuus

N

mubuHa reHepyBaHHs X-NPOMEHIB, MKM

o

10 15 20 25 30
MpuckoptoBanbHa Hanpyra, kB

Puc. 6.2. 3anexHicTh TIIMOMHY TeHEPYBaHHS X-TIPOMEHIB Y
3pasKy BiJ Heprii eJIeKTPOHa, IPUPOJH PEECTPOBAHUX X-
NPOMEHIB Ta CKJIaAy MaTpPHII.

YacTka 3reHepoBaHUX X-TIPOMEHIB, IO JIOCATAIOTH MIOBEPXHI 3pa3ka
1 BUXOJATh, 3aJIe)KaTUME 1 Bij eHeprii X-pOMeHiB, 1 BiJl CepeHbOI aTo-
MHOI Macu 3pa3ka. Hampukmaa, M’sike (HM3bKOEHEpPreTH4YHE, OBrO-
XBWJIbOBE) X-BUIPOMIiHIOBAaHHS (Take sk cepist K, Byriemro), jgerko mo-
[JIMHAIOTH TBEPAI TiNa, 1 TOMY MOPIBHSIHO MaJa iXHS 4YaCTHHA BUXOIUTBH 3
noBepxHi. 3 iHIOro OOKy, OpPCTKE (BHCOKOEHEPreTHYHE, KOPOTKO-
XBHJIbOBE) BHIPOMiHIOBaHHS cepii K, MonibeHy Moxke POHUKHYTH Ha
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0arato MiKpOMETpIB y OUIBIIICTD TBEPIUX Tid i MAJIO OCIA0IIOETHCS TI0-
TIIMHAHHSAM y 3pa3ky. Tomy 3po3ymifio, o i aHaii3oBaHHI 00’€M 3pa-
3Ka, 1 yacTka X-TIpOMEHiB, IO BUUIYTH 31 3pa3Kka, 3HAYHO 3aJIeKaTh Bif:
Mo-TiepIiie, eHeprii eJIeKTPOHIB IMydKa, IMO-Apyre, eHeprii (OBKUHA XBH-
mi) JochimKyBaHOro X-KBaHTa i, MO-TPETE, JOKAIBHOI aTOMHOI Mach
3paska.

6.2. PeecTpyBaHHsI Ta miapaxyHOK X-KBaHTIB

B ineani cucrema, siky BUKOPUCTOBYIOTH JJIsl aHAI3y 3pa3Ka y CKa-
HYBaJIbHOMY YH MPOCBIYYBAILHOMY EJIEKTPOHHOMY MIKPOCKOIIi, TIOBH-
HHa OyTH 3/1aTHA BIATBOPHUTH AJISl HAC YBECH CIIEKTP X-TIPOMEHIB, EMITO-
BaHMX 3 nmoBepxHi. OHAK I1e Ba)KKO JOCATTH HA MPAKTHULI. Y [[bOMY BH-
MajKy HaMm Tpeba BHOMpPATH MiX ABOMA Ty)K€ PI3HUMH METOJAAMH OTpPHU-
MaHHA AJaHuX. Ha puc. 6.3 300pakeHo ofepkaHi IUMHU TBOMa METOa-
MU YacTHHH PEHTTEHIBCHKHUX CIEeKTpiB. CIeKTp, OTpUMaHHN CIIEKTpPO-
MeTpoM 3 aucnepciero no jgosxuni xBuwm (CHJX), 300paxenuii Ha
puc. 6.3, a. Llelt npunax Moxe JyKe TOYHO BH3HAYATH PO3TAIIyBaHHSI
oKpeMoro X-mika (To0To HOro JOBXKUHY XBHWIII YX €HEPTil0), MOXKE PO3-
IUIATA ONU3BKO PO3MIIIIEHI JiHiT 1 € TyKe 3pyYHUM JJIsi BUMipIOBaHHS
BUCOTH (IHTCHCHBHOCTI) TTiKa HaJ piBHEM (DOHY.

AglL

o

AgL, CdL /AgLg,

EHepris X-kBaHTiB EHepria X-kBaHTiB
a 6
Puc. 6.3.YacTrHa criekTpa, OTPEMAHOTO BiJ{ CpiOHOTO MPUTIOIO (CIUIaBy Mifi, cpidia
Ta KaJIMil0): @ — CIIEKTP OTPUMaHHI XBHJILOBHM JIHCIIEPCHAM aHAII3aTOPOM; 6 — Ta 5K
JJISTHKA CIIEKTpPa, OTPHMaHa eHeproJMCcIiepCciiHnM aHaiizatopom. Lls Metouka He
posninsie B3arani niku Ag Ly ta Cd L, a miku Ag L, a Cd L, 31uBaroTses.
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CrieKTpoMeTp 3 JHCHEPCi€r0 MO JOBXHMHI XBHJI € TOJOBHOIO CKJa-
JIOBOIO CIIEIIalTFHOTO TIPHJIaNy — €IeKTPOHHOTO MIKpO30HMAA. 3 1HIIOTO
6oky, 6arato CEM Ta [IEM ob6nagHaHi CrIeKTpOMETpaMu 3 AHUCIEPCIEr0
mo eneprii (CHE), cucremoro, mo MOXe peecTpyBaTh Ta BimoOpakaTu
OUTBIIy YacTUHY X-CIIEKTPa, OJHAK 3 NICBHUMHU BTpaTaMu TOYHOCTI Ta
po3ninenHs (auB. puc. 6.3,0). ChOrofHi PI3HHI MK aHATITHYHUMHU
CKaHYBAILHUMH MIKPOCKOIIAMU Ta SJIICKTPOHHUMH MIKPO30HIaMH € PO3-
MHUTOX0, OCKUTBKH nesiki CEM oOnamHaHi CrieKTpoMeTpaMu 3 THUCIIEPCi€ro
10 TOBXKMHI XBHJI1, a JeSKi MiKpOaHaIli3aTOPH BUKOPUCTOBYIOTh 1 €HEPTo-
TUCTICPCIHUIA CIEKTPOMETP, 1 CIIEKTPOMETP 3 IUCIEPCIEI0 10 TOBKHHI
XBWII. PO3rIsTHEMO 111 1Ba THITH CHCTEM JUTS aHAITi3y X-BUIIPOMIHIOBAHHS
JeTaJILHIILIE.

6.2.1. Cnexmpomemp 3 Oucnepciclo no emuepeii. Mu mouHeMo 3
€HEeProJUCTIePCITHOI CHCTEMH peecTpallii, OCKLUIBKN HHHI ii 3aCTOCOBY-
IOTH IIHMPIIE i BOHA YHiBEpCalbHillla, X04a iCTOPUIHO 3’ SIBUIIACS TTi3HI-
me. Po3BUTOK eHeproauciepciiHoro aHaiizy cTaB IPUYMHOI0 HAHO1Ib-
moi 3a octaHHi 30 pOKIB pEeBOJNIONIi Yy BUKOPUCTAHHI E€JIEKTPOHHO-
30HIOBHX MPHUJIAIB AJISl MIKpOXapaKTepH3allii MaTepiaiiB.

Penmezeniecokuit 0emexkmop enepzo0ucnepciiilHozo cnekmpome-
mpa. J1o TONOBHUX (i3WYHUX XapaKTEPUCTHK JETEKTOPIiB X-BUIIPOMi-
HIOBaHHS HaJeXaTh €(EeKTUBHICTh Ta €HEPreTUYHE pOo3/AlIeHHS. Egex-
MUu6HIicmI0 Ha3WBAIOTh BITHOIIECHHS KUTBKOCTI OTOHIB, 3apeeCTPOBAHUX
JETEKTOPOM, JI0 KUTBKOCTI (POTOHIB, IO MOTPANMIN y AeTeKTOp. Enep-
2emuyHUM po30ieHHaM, 3a AHAJIOTI€I0 3 ONITUYHUM, Ha3UBAIOTh MiHIMa-
JEHY PI3HHII0 €Hepriii 9acTHHOK, sIKi e PEeECTPYIOTh SK pi3Hi (y Ha-
IOMY BHITJKy — X-KBaHTIB).

HaniBnpoBinHMKOBI IE€TEKTOpHU — L€ IUIACTHHAa MOHOKpUCTAala Kpe-
MHII0 4M repMaHio. Y HamiBIPOBITHUKY BaJeHTHA 30HA 3allOBHEHA, a
30Ha MPOBITHOCTI Maike BiJbHA 1 BiJyIiJieHa BiJ] BaJIeHTHOI 3a00poHe-
HOIO 30HOI0. 32 KIMHATHOI TeMIIEpaTypH B HAIIBIPOBIAHUKY JIUIIE Jie-
SK1 €JIeKTPOHU MaIOTh JIOCTaTHIO TEIUIOBY €HEpriro, mob moaoiatu 3a-
OOpOHEHY 30HY 1 IEPEUTH Y 30HY MPOBIAHOCTI, TOMY MPOBIAHICTH AYyKe
Hu3bKa. [1ig 1i€ro peHTreHiBChbKUX KBAHTIB €JIEKTPOHH 3 BaJICHTHOI 30HH
MEPEXO/IATh Y 30HY MPOBIIHOCTI, KOXKEH TaKWH Tepexij] CYMpoBOKY-
€THCS TIOSIBOKO JIIPKH Y BaJICHTHIH 30Hi, sIKa B €JICKTPHYHOMY TOJIi IOBO-
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JOUTHCSL K BUIBHMH TMO3MTUBHHK 3apsii. SIKIIO 1O HAamiBIPOBiJHHKA
MIPUKJIACTH PI3HUITIO MOTEHIAJIB, TO EIEKTPOHH 1 IIPKU PyXaTUMYThCA
JI0 PI3HUX EJIEKTPO/IiB - BHHUKHE CTPYM.

JleTexTop, 3a3BUYaii, CKIaJae€ThCs 3 MAJIICHHKOTO IIMATOYKa HaIliB-
MPOBIAHOTO CUIILIIO YH TePMaHio, 3aKpilUIEHOTO B TAKOMY TOJIOXKEHHI,
00 Ha HBOTO MOTPAIUISIIO AKOMOTa Oinblie 3 X-MPOMEHIB, eMiTOBaHUX
31 3pa3ka. OCKUTbKH X-TIPOMEHI HE BiAXHISIOTHCA, JETEKTOP MOBUHEH
po3TamoByBaTHCs Ha OfHIM miHii 31 3pa3koM. Lle o3Hauae, mo y CEM
BiH 3aliMa€ TaKy X IIO3HIIIO, SK 1 JIETEKTOp BTOPHHHUX EJIEKTPOHIB
(muB. puc. 5.10). g Toro, mo0 3i0patu sskoMora Oinbie X-MpoMeHiB,
KpEMHill TOBUHEH OyTH sikoMora Onmkde 10 3paska. Y CEM perekTop
MOKHa PO3MICTUTH Ha Bifactani 20 MM 4YM MeHINE Bij 3pa3ka, a OT y
I[NEM e 3poOuTH Bakye, OCKUIBKHM 3pa3oK pPO3MIICHHN ycepeauHi
00’ EKTUBHOI JIiH3H.

Pobota nerexkTopa BUTIISAAE TaK: KOXKEH Mafalodnid X-KBaHT 30y-
JDKY€E TIEBHY KUTBKICTh €JIEKTPOHIB Y 30HI MPOBIAHOCTI KPEMHIIO, 3aJH-
[Ial0YH TaKy K KUIBKICTh TMO3UTHUBHO 3apsKEHUX AIPOK y 30BHIIIHIX
eNeKTpOHHUX obOonoHKax. CepeqHs eHeprisi TeHepyBaHHS OJHI€l eJeK-
TPOHHO-IIPKOBOI MapH IS CUIIILiI0 cTaHOBHTH 3.8 €B, a 1ist repmanito —
2.9 eB. KinbkicTh YTBOpEHUX €IEKTPOHHO-IIPKOBHUX Tap MPOIOPIIiiHA 10
eHeprii peecTpoBaHoro X-KBaHTAa. BUXiTHUWHA IMITyJTbC 3aJICKHTH BiJ
KUTBKOCTI Tap, o JO0piBHIOE eHeprii X-()oToHa, TOIUIEHIH Ha CepeTHI0
CHEPril0 YTBOPEHHS CJIEKTPOHHO-IIPKOBOI mapH. Lle o3Hauae, mo GoroH
Al K, (enepris —1.487 keB) renepye B cepenabomy 391 mapy B cuitii-
eBomy nerekropi, hoton Ni K, (7.477 keB) — 1970 nap (crnpaBxHsi Ki-
JIBKICTB MOJKE JICTIIO BIIXUJISTHCS BiJl ITMX 3HAYCHB ).

SIKII0 MPHKIIACTH HAIPYTY J0 HAIIBIPOBIIHUKA, TO B pa3i KOXXHOTO
NOTINHAHHSA JIETEKTOPOM X-KBaHTA TEKTHME CTpyM. Moro Benmumua
Oyze TO4HO IponopiiiiHa 10 eHeprii X-kBaHTa. Ha mpakrtuiii, SKio Bu-
KOPUCTOBYBAaTH YHCTHH KPEMHIH, TO BEJIMYMHA 3rCHEPOBAHOTO TaKUM
criocoboM cTpymy Oyne Jyke HEe3HAYHOI TOPIBHSIHO 31 CTPYMOM, IO
3’SIBUThCA Yepe3 NPHUKIaJIeHy Hampyry. [HImMu cioBamMu, TUTOMHUH OIIip
nyxe manuil. Lfo npobnemy a051atoTh, 3aCTOCOBYIOUYHM TPH BHpILICHHS,
MOETHAHHS SIKMX POOUTH KiHLEBUH BUIIISA JIE€TEKTOpa HAbaraTo CKIaaHi-
MM, HDK BiH € Hacmpap/i (Ha puc. 6.4 moka3zaHo OYyJ0BY €HEProucIep-
CIIHOTO JIeTeKTOpa).
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Puc. 6.4. CuninieBuit eHeproaucnepciiHuii peHTreHiBChKUi
netekTop. TOBIIMHN OepHIIiEBOTO BiKHA Ta MIAPIiB 30JI0THX
KOHTaKTiB 3HayHO nepebinpiieHi. CripaBXHi 3HaU€HHS CTAHOBIISTH
npubnuzHo 7-8 MxM a1 6epuitito 1 10-20 HM a1 30710Ta.

[Muromuii omip cuiiLito 301LMBLIYIOTH TaK: MO-TIepIIe, pOOIATh BeCh
JETEKTOp HaIiBIPOBITHUKOBUM P—N-TIEPEXOIOM 3 TPHKIIAJICHOIO Y 3BO-
POTHOMY HamnpsMi HAMPYTOK 3MIIIEHHS; MO-ApyTe, JIETYITh KpPEeMHIH
MaJMMH KOHIIEHTPAIISIMHU JITIIO 1, TO-TPETE, OXOIOKYIOTh BECh JIETEK-
TOop 0 TemmeparypH pinkoro azory (77 K). CtpymM, sikuit mpoTikatume
MiX 30JIOTUMH €JIEKTPOJaMH, TeTep € CHpaBii JyKe MaiuM, JOKH X-
KBaHT HE TIOTPanuTh y Aerektop. [licis mporo cymapHuii cTpyM Moxe
OyTH MiACUIICHUH 1 BUMIPSHUM Iy’Ke IpocTo. 300pakeHU CXeMaTHYHO
Ha puc. 6.4 gerextop ckianaerbes 3 Si(Li) HamiBIpoBiAHUKOBOrO nepe-
X0y, y SAKOMY 00JIacTh i (BJIACHWI HAIIBIPOBIIHUK) 3aliMae OUTBIIY
YaCTHHY 3-MITIMETPOBOI TOBIIMHM. TOHKI IIapu 30J10Ta HEOOXiJHI Ha
000X TMOBEPXHSX AETEKTOpa, MO0 MOXXHA OYyJI0 MPHUKIAAATH HAIPYTY.
[TmiBka 30710Ta Ha 30BHINIHINA MOBEPXHI JIETEKTOpa MOBHHHA OYTH SKO-
MOTa TOHILOIO, 100 MOTJIMHATH JyXe Majo X-npomeHiB. Jlist nocrat-
HBOT MPOBITHOCTI BUCTAYUTh APy TOBIIMHOKO 20 HM.

[lo3omoyeHa 30BHIIIHA MOBEPXHS 3aXMIIEHA TOHKUM BIKHOM 3 Oe-
puiiro yu nonimepy. Lle BikHO HeoOXiHe, 1100 3armo0irT 0caJKEHHIO Ha
XOJIOJTHIA TIOBEpXHI JIETeKTOpa 3a0pyIHIOBAILHUX PEYOBHH 3 KaMepH
3pasKiB, 110 MPHU3BENIO0 O A0 YTBOPEHHS Il OAHIET MEPEIIKOIN Ha IIIAXY
X-npomeHiB. Ha >xanb, HaBiTh came BiKHO (HE3BaXKAlOYM HA TeE, IO BH-
rotoieHe 3 Oepuiiro (Z = 4) uu Byriento (Z = 6) i Ma€e TOBIIMHY BCHOTO
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KiJIbka MIKpOMETpIB) IMOTJIMHAE 3HAYHY YAaCTHHY HHU3bKOCHEPTeTHYHUX
(ToOTO MOBrOXBHIHOBMX) X-TIPOMEHIB, SKi MAJal0Th HAa JAETEKTOP (TOMY
peecTpartis JISTKUX eJIeMEHTIB QyXKe yCKIamgHeHa). SIkmo eneprisi X-Bu-
MPOMIHIOBaHHS MeHIna 2 keB, To eheKTHBHICTh peecTparlii 3HUKYEThCS
BHACJIJIOK TOTIMHAHHS (OTOHIB y OEpUIIi€BOMY BiKHI, 3MEHIIYIOUUCH
¢axtiyno 10 Hys npu 0.7 keB (puc. 6.5).

[lum THUIIOM NETEKTOpa HEMOXKJIIMBO 3apeecTpyBaTH X-MPOMEHI 3
eHepriero MeHmre 1 keB. Tomy HEMOXXITHBO BUSBUTH €IEMEHTH, JIETIII
Bix Hatpito. JleTexkTopu Oe3 BikHA YM 3 yIBTPATOHKUM BIKHOM 3 (hOpM-
Bapy ab0 MOJTIMEPHO] IJTIBKH JAI0Th 3MOTY 3HH3UTH MEXY PeecTpartii 10
60py (puc. 6.5).

BeB C N O F Ne Na Mg Al
1 1 1 1 1 1 1 ; — _L o
— —
" R - -
2 €3 BikHa
: Ve
E Ve / -~ Bepymieee
. Vs BIKHO
m
| 7
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|
v/
27 : :
Q0 0.5 1.0 1.5 EHepris, keB

Puc. 6.5. E¢extuBnicts C/IE B iHTEepBani HU3bKUX CHEPTrii 3
pi3HUMHU BikHaMU (300pa’keHHS cXeMaTU4YHe, TOuHi (GopMu
KPHBHX 3aJIeXKaTh BiJl TOBIIMHH BiKHA Ta HOTO CKIIALy).

OpHak Taki JETEKTOPH MOKHA BUKOPMCTOBYBATH JIMILIE B MiKpOC-
KOHax 3 Ay>K€ XOPOILOI0 BaKyyMHOIO CUCTEMOIO 13 3aXHCTOM BiJl BUIA[-
KOBUX BUTOKIB MOBITpS, SIKI MOXKYTh BUHHKATHU TIiJl 4ac 3aMiHU 3pa3Ka.
s HamiBIPOBITHUKOBUX JETEKTOPIB CHUTHAN BiJ| HANPYTH 3aJIEKUThH
CJ1abKO0, TOMY BUMOTH JI0 CTA01JIbHOCTI )KHMBJICHHS HE JAYKE BHCOKI.

[HIIMM TUTIOM NEeTeKTOpa € CWIMieBUU Npei(oBUil JeTEKTOp, M0
BiJPI3HAETHCA OYyAOBOIO Ta HE MICTUTH JiTit0. OCHOBHOIO MEPEBArolo €
MOXIIHBICTH POGOTH 3a MIBHAKOCTI Bimtiky monan 10° imm/c. Y upomy
pasi JIeTEeKTOpY OCTATHBO MOMIPHOTO TEPMOEIIEKTPUIHOTO OXOJIOJKe-
HHSI, 110 JIa€ 3MOT'y 00XOUTHCS 0€3 PIAKOro a3oTy.
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Peecmpauin cnekmpa. CtpyMm, IO MPOTIKAE MIXK EICKTPOJAMH B
pasi moTpamsHeA X-TIPOMEHs y JeTEKTOp, HACTIPAB/Ii TPHBAE TYKE KOPO-
Tkui 4ac (7o 1 MKc), TOMy HOro MOXKHa Ha3BaTH iMITylscoM. KoskeH
IMITyJBC TACHITIOETHCS 1 TIEPEIaEThCsl Ha KOMIT I0Tep, IO MPAIoe K Oa-
raToKaHaJbHUHN aHaNi3aTop. BiH BIIHOCUTH 1IEH IMITYJIBC /IO OJTHOTO 3 Opi-
enroBHO 1 000 KaHaNIB, KOXKEH 3 SKUX BIAIMOBIJIAE MEBHiH eHeprii X-1po-
MeHs. Tak OararokaHanbHUI aHaNi3aTop HaOMpae ricrorpamy X-mpome-
HIB, IO TOTPAIMIMN B JETEKTOP, SK ITOKa3aHo Ha puc. 6.6. Ilg ricrorpama
3roJIOM BiOOpaKaeTbCsl Ha €KpaHi, e Yepe3 BENMKY KUIbKICTh Ta Malry
NIMPHUHY KaHATIB BHTIISIAE K TIAJIKa KpUBa, 300pakeHa Ha puc. 6.3, 6.

24-kaHaneHWin aHanisaTop

KinbkicTb
Bianikie

N

X-npomeHi Migcunioeay

LetekTop

Enepria  ——»

Puc. 6.6. Cnpomurena cxema C/IE. Imnynben 3 A€TEKTOpa MiICHITIOIOTHCS 1
30epiraroThes y BiAMOBIIHOMY KaHaJli 0araToKaHalbHOTO aHajli3aTopa (Hachpasii
TakuxX KaHaiB € mpuosmsno 1 000, a He 24, SIK TYT 300paXKeHO).

CIE mae nocuTh BETUKHN TIIECHUH KyT 30MpaHHSI PEHTTEHIBCHKOTO
BUIPOMIHIOBaHHS, TOMY HE TaK BOXJIMBO, y SKil TOYL €JIEKTPOHHHUHU IIy-
YOK T1aJ]a€ Ha 3pa30K 1 3BIIKM HAJIXOIUTh pEeHTreH. BinmosinHo, oTpuma-
HU HUM CHEKTP MOKE MICTHTH HeOa)aHi MK 3 iHIIHX TOYOK 3pa3Ka,
TprMaya 3pa3kiB 1 T.1. J{ig MiHiMIzallii bOro SBUINA NEpe]] JSTEKTOPOM
BCTaHOBIIIOIOTh KOJMAmMOp, SIKUA OOMEXY€e PEeecTpOBaHWH IianasoH Ky-
TiB (puc. 6.7). OgHaK NOBHICTIO YHUKHYTH HOSIBH CYNYTHIX HIKIB 1€ HE
JI0TIOMArae.

TBepIOTUILHUN JETEKTOp IyXe e(QEeKTUBHHH, TOMY MpPAKTHYHO
100 % 3 X-npoMeHiB, 10 TOTPANMIN B ACTEKTOP, 3rCHEPYIOTh IMITYJIbC.
[porec omparroBaHHs iMIynbCy (peectpariss X-KBaHTa, MiJICHICHHS Cy-
MapHOTO IMITyJIbCY Ta HOro po3mofisn OaraToKaHAJIBLHUM aHAi3aTOPOM) €
TpUBaJIUM, 1 Horo tpeba 3aBEpLIMTH 10 IMOSBU HACTYIHOTO IMITYJBCY.
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Komu BinOyBaeThcs OTpalfOBaHHS IMIYJIBCY, CUCTEMa € HEIOCTYITHOI
TS OyIb-SKOTO 1HIIIOTO IMITYJIBCY, IO HAAIMIIOB BiJ AeTeKkTopa. Yac Bif
MOTPAIUISIHHS IMITYJILCY B JETEKTOpP JIO MOMEHTY, KOJM CHUCTEMa 3HOBY
TOTOBA OINpAIOBATH IMIYJIBC, HA3WUBAIOTh MEPMIGUM YACOM CHUCTEMHU.
Lieto omepariieto kepye KOJIO BiAKHIAHHS HAKIAACHUX IMITYJIbCIB, IKE €
KPUTHYHOIO JIAHKOKO CHEProucIiepciiinoi cucremu. LIIBuaKicTh ompairto-
BaHHS IMITYJILCIB 0OMEKY€ HIBHIIKICTh, 3 IKOK MOXKE BiIOyBaTHCS Tipa-
XyHOK X-TIpoMeHiB, i craHoBuTh Omm3pko 10 000 BimmikiB 3a CEKyHIY
(counts per second (cps)). SIKII0 MBHUAKICTE JIIYOW MEHIIA, HI’K KiJTbKA TH-
Cs9 BILTIKIB 32 CEKYyHIy, TO OUIBIICTh BXIMHUX IMITyJIbCIB OIPAIbOBY-
€TBCS, OJTHAK 31 3POCTAHHIM IIBUIKOCTI JIUOM BiIKHIA€ThCs Iopa3s Oi-
JbIIA YaCTHHA IMITYJIBCIB.

a
: Konimatop e
ﬂeTeKTOp ‘"""""""""é ,."—
h) LT

Puc. 6.7. KomimaTop, KUl BCTaHOBIIIOIOTb TI€pen
CIIEKTPOMETPOM JIJIsi OOMEKEHHS PEECTPOBAHOTO Jliara3oHy
PEHTIeHIBCHKOTO BUIIPOMIHIOBAHHS TOUKaMHU a Ta a'.

Bucoka ehexkTHBHICT €HEProAUCIEPCiHHOIO NEeTeKTopa B IO€X-
HaHHI 3 TIOPIBHSHO BEIMKUM KyTOM 30WMpaHHs (3a3Buuaii, monaxa 0.5 cp
y CEM) 03Ha4aroTh, 1110 JaHi MOXKHA 310paTH MIBUAKO 3a JTOCHTh HU3b-
KHX CTPYMIB Iy4Ka — 3 THIIOBOT'O 3pa3ka KOPEKTHHH CHEKTP MOXHa
OTPHUMATH 32 KiJIbKa XBHJIMH.

EnepromucnepciiiHy cucteMy KOHTPOJIIOE KOMIT FOTEp, SIKAN TaKOXK
30epirae 3Ha4YeHHS €Heprii pi3HUX cepili X-TPOMEHIB yCiX €JIEeMEHTIB.
Bin Moxe yerko igeHTUuGhIKyBaTH €JIEMEHTH, SIKAUM BIiANOBIIAIOTh JiHIT
Ha CIIEKTPI, YU aJbTEPHATHBHO MO3HAYMTH Ha €KpaHi O4iKyBaHE PO3Ta-
IIYBaHHS JIHIH U OYb-1KOTO BUOPaHOTO eleMeHTa Ha criekTpi. Tomy
SKICHUH aHaJli3 3 BUKOPUCTAHHSIM TaKOi CHCTEMH AY>K€ IIBUAKHH.

3 HaBEIEHOrO BHILE OMHCY MOXE 3AaTUCS, 110 PEHTICHIBCHKUN
CHEKTPOMETP 3 AMCIIEPCIEI0 TI0 SHEPTii € iJlealTbHUM JJIs BiJT0OpakeHHs
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yCiX NOCTYIMHHUX PEHTI'CHIBCBKUX JaHUX Bij 3pa3ka y 3py4Hiil ¢opmi, 3
sIKO1 MOXKHA TIPOBECTH 1 AKICHHH, 1 KibKicHUH aHaii3. OgHAK y IBOTO
METOJTy € IesKi Cepiio3Hi 00MEKEHHS, SIKi PO3TIITHEMO JAJi.

Heoonixu ma apmeghaxmu cnexmpomempa 3 OUCnEPCielo no exne-
peii. Tlepuie: sk 3a3HaueHO BUINE, 32 JOMOMOTOI0 CTAHIAPTHOTO JIETe-
KTOpa HEMOXXJIMBO BUSIBUTH €JIEMEHTH, JIeTIIi BiJl Hatpito. Jpyre: mis
TOTr0, U100 3aXUCTHTH KPHUCTA JETEKTOpa Ta 3MEHIIUTH IIIyMHU y CHCTeE-
Mi, IeTeKTOp TOBHHEH TpalfioBaTi npu 77 K yBech gac, mo cTaHOBUTH
eKCIIepUMEHTANbHY CKJIamHICTh. | TpeTe: po3milieHHS ™0 eHeprii
JIETeKTOpa MoTaHe, IHITUMH CIIOBaMH, KOJKHA 3 X-IIIHIA PEECTPYEThCS HE
SIK YiTKa JiHisA, @ Y BUTJSAI po3MuToro mika 3 mmpuHoro 100-200 eB.
Ile yHEMOXJIMBIIOE PO3AUICHHS OJIM3bKO PO3TAIIOBAHMX JIHIN, SK
BUIHO 3 MopiBHAHHSA JiHiA Ag Ta Cd Ha puc. 6.3, a Ta 6. Kpim Toro,
OCKUITBKH Temep Oy/p-sika PeHTTeHIBChbKa JIiHISA 3aliMae Kilbka KaHaiB
aHali3aTropa, TO BHCOTA IiKa 3MEHIIyeThcs (O0arato X-KBaHTIB MEBHOI
eHeprii “po3TAryroThCs’” Ha Kilbka KaHamiB). lleil YMHHUK y TTO€THAHHI
3 JOCHTH BEIMKOK YacTKOK EJNEeKTPOHHHMX MIYMIiB y CHUCTEMi NpH-
3BOJUTH JI0 JOCUTHh HU3bKOTO nopiBHAHO 3 CJIJIX BigHOICHHS CHTHAITY
1o (ony. SIKIIO 1€ BiIHOIIEHHS € MaJUM, TO BOHO OOMEXKY€E HE JIMIIIC
3MATHICTh aHali3aTopa O BUSBJICHHS €JIEMEHTIB, a TaKOX HOro 3a-
CTOCYBaHHS JUIS KiJIbKICHOTO aHaJi3y.

Henonikom eneproaucnepciiiHoi cucTeMH TakoX € Te, II0 3a IEB-
HUX 0OCTaBHH Ha CIIEKTPi MOXYTb 3’ BUTHCA (paibimBi miku — apreda-
KTH, TIPO SIKi KOPHCTYBA4 MOBUHEH 33BN NaM ITaTh. 3’ ICyeMO, 3BLIKH
BUHHUKAIOTh TaKi HECTIPaBXHi MiKH.

OnHUM 3 HUX € niK 6mpam — HEBEINYKUH CaTEeNiT, U0 3 SBISETHCS
Ha cniektpi (y Bumaaky Bukopuctanss Si(Li)) 1 mae eneprito, Ha 1.74 xeB
MEHIITy, HiX “O0aThKiBChKWi® TiK. BiH 1MOB’s3aHmMil 3 TUM, 0 X-KBaHT,
SIKMH TIOTpAIMB JI0 IETEKTOpa, MOXKe 10Hi3yBaTH aTOM KpPeMHito (BHOHTH
enekTpoH 3 K-00050HKH), TOOTO BiIOYBa€eThCs BKE 3rajiaHe sBuiie ¢uryo-
pecuieHIii. Y mpoMy pa3si NepBUHHUN KBaHT eHeprii £ Brpadae 1.74 keB
(enepris K -cepii cuminito), i 3’seisierbess X-kBant Si K,. Hapomxenuii
TaKUM CIIOCOOOM KBaHT MOXKE HE 3a3HATH MOIJMHAHHS JETEKTOPOM i
BuiiTH, BUHicIM eHeprito 1.74 keB, a oTxe, He Oyzae 3reHepoBaHa Besl Ki-
JBKICTh €JIEKTPOHHO-IIPKOBHUX TMap, IO BiIMOBIAIOTh €HEprii IepBu-
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HHOTO KBaHTa. Tomy (hopManbHO NETEKTOp 3apeecTpye X-KBaHT MEHILO]
eHeprii. BinmoBimHo, Ha CIIEKTpi 01151 OCHOBHOTO (“0aThKiBCHKOTO™) TTiKa
(sIKWMif 3yMOBJIEHHH TIEPBIHHAMHE KBaHTaMH, 1110 HE 3a3HAN BTPaT) 3’ SIBU-
THCS MK, 3MIIIEeHNA y Oik MeHImMX enepriii Ha 1.74 keB — me mik BTpart.
IMOBipHiCTh TOSIBH TiKa BTpAT 3aJ€KUTH Bifl eHEprii magarodoro GoroHa
(o BU3HAYAE TIMOMHY HOTO MPOHUKHEHHS Y JETEKTOp), IPOTe, 3a3BHYai
BOHA HIk4a Bix 1 %, ToMy Liei mik Oy/e HOMITHUM JIMIIE y BUNaKy BHU-
COKOI IHTEHCHBHOCTI OCHOBHOTO TiKa (y (Ge AeTeKTOopi MKH BTPAT, 3a3BU-
Yaii, He CITOCTePIraoTh).

[ammit eexr, mo Tpamnserbes y Si(Li) merexTopax, — mosiBa Xuob-
Horo mika Si K. Uepe3 siBuiie BHYTPIMIHBOI (hryopecleHIii HapomKe-
HUHM y JETeKTOpi peHTTeHiBCchbkui KBaHT Si K, moTparuise B akTHBHY
30HY JIETEKTOpa 1 peecTpyeThCs K X-KBAHT, 10 HAAIWIIOB BiJ 3pa3Ka.
BinmoBigHo, Ha CHEKTpi 3pa3Ka CIOCTEPIraTUMYTh MK KPEMHI0, KU
Jla€ TiACTaBU POOUTH BUCHOBOK TPO HASBHICTH Y TOCTIIKYBAaHOMY Ma-
Tepiani AoMilKy KpeMHito (6nm3bko 1 %), xoua i Tam Moke HE OyTH.
[HTEHCHBHICTB 1HOTO TTiKa 3AJICKUTh BiJl CKJIay CIIEKTpa.

HeBenuki miku MOXKYTh 3’SBJISTHCS B IHTEpBai, 110 BiANOBiIaE cymi
eHepriff HaliHTEeHCHBHIIINX IMKIB PEHTTEHIBCHKOTro crekrpa (puc. 6.8).
Lle Tak 3BaHi cymapni niku. SIk 3a3HaYSHO BHUIIE, CHEPTil0 X-KBaHTA, 110
MOTpAIuIsie y 3pa30K, BU3HAYAIOTH 33 KUIBKICTIO CTBOPEHHMX HHM elie-
KTPOHHO-IIPKOBHX map. ToOTO y BHUIIAJKy OJHOYACHOTO HAIXOUKEHHS
napu iMIyJbCiB Ha BXiJl PeECTPYBAIBbHOI CHCTEMH BOHH OYIyTh CIIPH-
HWHATI MK OJIMH: SIKIIO B JIETEKTOP OJTHOYACHO MOTPAIUIATH JIBa KBAHTH,
TO JIIPOK Oyje CTBOPEHO Oljibllie, CUCTEMa CHpUAME iX K Taki, o 3’5-
BUJIMCSI BHACIIZOK Jii KBaHTa 3 €HEPri€r0, MO € CYMOIO €Hepriil mmx
peanbHUX KBaHTIB. Lleil iMITyIbe, BIIOBIIHO, MTOTPAHUTh y KaHAI, IO
BIJIMOBiTae cyMapHiil eHeprii, Tak MOYHEThCSI (OPMYBAaHHS CyMapHOTO
mika. IMOBIPHICTh TAKOTO HAKJIAJAHHS 3aJICKUTh Bijl MIBUAKOCTI JIiUOH:
y pa3l BHCOKOI IIBHAKOCTI WMOBIPHICTh iXHBOT MOSIBH BUINA, & B pasi
3HWKEHHS IHTEHCHBHOCTI — 3MEHIITY€ThCS.

I mik BTpar, i cymapHuii MK € 3HAYHUMU JIMIIE TOJi, KOJIX MAaeMO
IHTEHCUBHMH OCHOBHHMW MK Ta BUCOKY IIBHAKICTH JIUOM AETEKTOpA.
OckinbKy BUHUKAIOTh BOHHU Y Tlepea0adyBaHuX MO3MLISAX HA CIIEKTPi, TO
JOCBITUCHHUI OTIEPATOP YK KOMIT FOTEp JIETKO iX PO3IMi3HAE.
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Puc. 6.8. Cymapni niku B ciektpi CJIE, 110 BianosigawTs
CyMaM EHepriii OCHOBHUX (HaliHTCHCUBHIIINX) MIKiB.

HesBakatoun Ha omucaHi HEMONIKH, EHEProJucIepciiiHa cucreMa
Ma€ TaKoXK HU3KYy IepeBar, a came: BUKOPHCTOBYIOUH I[F0 CHCTEMY, MH
MOXKEMO PO3MICTHTH JAETEKTOp ayxe 0mu3bko a0 3paska y [IEM i CEM,
TOMY BiH 30upatuMe X-ipoMeHi e(eKTHBHIIIE; OCKUILKH PEECTPYBaHHS
KBaHTIB yCiX eHepriii BilOyBa€Thbcs OJHOYACHO, TO BECh CIIEKTP OTpH-
MYIOTh 32 KiJIbKa XBUJIMH, TOOTO CTUJIBKH K TPHUBATUME SIKICHUH aHai3.

Cucremu peectparii y CJIE mocrifino BrockoHamooThcs. HoBi ne-
TEKTOPH, 110 BUKOPUCTOBYIOTh SIBHIIE HAIPOBIIHOCTI, MOXKYTh 3a0€3-
MEYUTH IUPUHY PEHTTEHIBCHKUX XapaKTePUCTHYHUX ITiKiB Ha PiBHI JIi-
MIIAX CIEKTPOMETPIB 3 JHUCHEPCIEr0 MO JOBXKUHI XBIII, OJTHAK TaKi Jie-
TEKTOPH MOKH 3aHAJITO JOPOTi Ta OTPEOYIOTh JIIMIIOT0 OXOJIOKESHHSI.

6.2.2. Cnekmpomemp 3 oucnepcicio no 00e6xycuni xeuni. Enepro-
JICTIEPCIAHMIA aHaJIi3 Ma€e TpH CIIA0Ki MICIS: IETEKTyBaHHS JIETKHAX ee-
MEHTIB 3yMOBITIOE TIPOOJIEMH, PO3IINIEHHS IMiKiB TMOTPeOye MOMIIIIeHHS,
BiJIHOIIICHHS BUCOTH TIiKa 70 QOHY JyXe Maye. YCi IIi XapakTepHi pHcH €
CWIBHUMHU CTOPOHAMH IHIIOI MOIIMPEHOT CUCTEMH PEECTpallii X-BHITPO-
MIHIOBaHHSI B €JIEKTPOHHHX MIKpPOCKOIAX — PEHTTEHIBCHKOTO CIIEKTPO-
METpa 3 JUCIEPCIEI0 MO AOBKHHI XBUII, a00 5K KpuCTall-IU(PpaKIiiHOro
CIIEKTPOMETpaA.

Penmeeniecokuit “ghinemp”. OcuoBHowo pucoro CHAX € Te, mio
BiH peecTpye X-BUIPOMIHIOBAHHS BiJl 3pa3ka HE Bce BOJIHOYAC, a Move-
ProBo pi3Hi JTOBXKHHHU XBUJb. TOOTO PEHTIeHIBCHKHI CIEKTP “PUIBTPY-

177



€TbCS”, 1 10 JIETEKTOpa MOTPAIUISIOTH KBAHTH JIUIIEC 3 BUOPAHOIO JIOB-
JKUHOIO XBWJII (3a3BHYAl, 3 JOBKWHOIO XBHJII XapaKTEPUCTHUIHOTO X-
BHIIPOMIHIOBaHHS €JIEMEHTa, IO IIKaBUTh MOCHiTHUKA). “DimpTpartis”
MIPOXOJUTH 32 JTOTIOMOTOI0 KpHICTaja, Ha SKOMY BiOyBaeThCs mupax-
i mpoMeHiB. €auHUMU X-TIPOMEHSMH, IO IIWAYTh JO JETEKTOpa,
OyAyTh Ti, JUI JJOBKWHU XBUIII SKMX BUKOHYEThCSI 3aKOH bperra:

_ 2dsin6
n b

A (6.2)
e 0 — KyT MK MagalduMu X-TIPOMEHSMH W aTOMHUMH TUIOIIMHAMH
KpucTana; d — MDKIUTONMHHA BiJICTaHb (IUB. po3aia 3).

BuxopucToByIOTh JHIIE MPOMEHi, AKi BigmoBimaroTh N =1, ocki-
JBKU JUIS HUX CIIOCTEPIraloTh HaWBUINY iIHTEHCHUBHICTh. Buii mopsaku
BiIOUTTS monaroth y criektp CJIJIX 3aiiBi iHil, OHAK IXHI IHTECHCHBHO-
CTi MOPIBHSIHO HEBUCOKI.

Jlemexmop penmeeniecvkux xeanmie. Slxmo CIJIX Bukopucro-
BYIOTh 71 peectpanii, ckaximo, Fe K,, To xapakTepucTuuny H0OBXUHY
xBui (0.19 HM 3 Tabm. 6.1) Tpeda migcTaBuTH B piBHAHHA (6.2) i 004H-
CIIUTH BiTOBiIHE 3HAYCHHS O I KOHKPETHOTO KpUCTama, SIKHi BUKO-
PHUCTOBYIOTh. HanamtyBaHHs CHEKTpOMETpa Ha Iield KyT MpHU3BEAE JI0
toro, mo Juie X-npomeHi Fe K, nocsarayts nerekropa i OyayTs modi-
yeni. [leTekTopy Temep He MOTPiOHO pO3pPiI3HATH X-TIPOMEHI Pi3HHUX
€Hepriil — oMy JOCTaTHBO MPOCTO MOJIYUTH KBAHTH, L0 MOTPAIISIOTH
Ha HBOro. TOMy AETEKTOp 3HAYHO MPOCTININH, HIX HAIBIPOBIIHU-
KOBHIi, IO MpPAIIO€ B €HEProJUCTIepCIHHOMY CHEKTpoMeTpi. Sk gerex-
TOp BUKOPUCTOBYIOTH T'a30BHI MPOIMOPIIHHNN JTIYMIBHAK — JIBOXEIEK-
TPOJHUI TpHiIaj, 300paxenuil Ha puc. 6.9. BiH Moxe peani3oByBaTH
HabaraTo OUTBII MIBUAKOCTI JIIUOW, HIXK €HEPrOAVCIIEPCIMHMNA CIIEKT-
pomerp.

Kartozom ciyrye HamoBHEHHMI Ta30M MeTaJleBUH LWITHAPUYHUH KO-
pIIyc, a aHOJIOM — TOHKA BOJIb()paMoBa HUTKA, JIO SKOI MiIBOJISITh TIO3UTH-
BHUH ToTeHIian 1-2 kB. PeHTreHiBchke BHIIPOMIHIOBAHHS IOTpPAILISE
BCEpENIUHY JIYMIIbHUKA Yepe3 TOHKE MPO30pe BIKHO, PO3TAIIOBaHE Moce-
penuHI NUIIHAPUYHOT CTIHKM NpUIIaLy, sIKe IOBUHHO OYTH )K€ TOHKHM,
00 MiHIMI3yBaTH TIOTJIMHAHHS KBAHTIB 3 JIOBTOXBUIILOBOI JUISIHKH CIIe-
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kTpa. loHizawis aToMiB ra3y peHTTeHIBCHKHM BHUIIPOMIHIOBAHHSIM HPUBO-
IUTH O YTBOPEHHS BUTHHHUX E€IEKTPOHIB 1 MO3UTHBHUX 10HIB, IO pyXa-
IOTBCS IO HUTKK aHOMa Ta KOPITyCy JAeTeKTopa (Karoja), BiAIOBiIHO.
[IpuckopeHi enexkTpoHH MPOAOBXKYIOTH 10HIZyBaTH aTOMH Ta3zy i CTBO-
PIOIOTB JIaBHHY, YHACJIIZOK SIKOT HA aHOZ1 YTBOPIOETHCS IMITYJIbC €JIeKTPH-
YHOTO 3apsiAy. 3HAUCHHS IIbOTO IMITYJIbCY 3aJICKHUTh BiJl TIOYATKOBOI KiJlb-
KOCTi HOHIB, yTBOpEHUX X-KBaHTOM. KiJbKicTh IMX 10HIB € TPOMOPLIi-
WHOIO 10 eHeprii MmormuHyToro ()OToHa, TOMY BHCOTA IMITYyIIbCY Ha CIIe-
KTpi TIpomopItiiiHa 1o ITi€i eHeprii, 3BiACH 1 Ha3Ba JIYMIBLHHKA — IIPO-
MOPIiHMH. 3HaYHA 3aJIeKHICTh CUTHAIY MPOIOPIIHHNX IETEKTOPIB Bif
HaIpYT¥ CTABUTh BUCOKI BUMOTH JIO CTaOLIBHOCTI KUBJICHHSI.

X-KBaHT

ToHKe BiKHO

IzonaTop

> Ho nonepeHLOro
nigcuniosaya

¢ IT Bucoka
Hanpyra

Buxig rasy Bxig rasy

Puc. 6.9. ITponopitiiiHuii TYUIBHUK, SIKHIl BUKOPUCTOBYIOTh
sk nerexkrop y CAIX.

Sk ra3-HamoBHIOBaY BUKOPUCTOBYIOTH aproH YM KCEHOH (3
nonasanHsaM 10 % metany). i >KOPCTKOrO BUIIPOMIHIOBAHHS TN
KCEHOH, OCKUIBKH B HHOTO OiNbININN KOe(DIilieHT MOTTMHAHHSA X-TIpOMe-
HIB, 1 BIATIOBITHO, BUINA €(peKTUBHICTh PEECTpPAIIii.

I"azopo3psaHi NpOTNOPIIHI JIYMJIBHUKKA OYBalOTh JBOX THIIB —
3aKpUTi Ta MPOTOYHI. Y 3aKPUTHX JIYMIBHUKAX XapaKTEPUCTHKH 3 Ya-
COM ToripiIytoThes. binbina cTabiIbHICTh BIACTHBA JIIYMJILHUKAM 3 He-
MepepBHUM OOMIHOM Ta30BOI CyMilli — MPOTOYHUM. BOHM MarOTh mpo-
cTy OyZIOBY, 3pY4Hi Y BUKOPUCTaHHI, HAAIHHI 1 € HAMIINIINMH JETEKTO-
paMu JOBrOXBUIBOBOTO X-BUIIPOMIHIOBaHHS.

byooea cnekmpomempa 3 oucnepcicio no 006xcuni xeui. Maxcu-
MajibHa KIJIBKICTh IMPOMEHIB, 110 BUHIILIM 3 KpUCTaa, Ailae 10 aere-
KTOpa, SIKIIo OyJgoBa CHEKTPOMETpa MaThMme IEeBHY reomMerpiro. Taka
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reomeTpist 300pakeHa Ha puc. 6.10 — yci MoxiuBI Tpaekropii X-
MIPOMEHIB (DOKYCYIOTBCS (CXOISATHCS) Ha IETEKTOPI.

OnarM 3 HEOONIKIB € Te, MO X-TIPOMEHI MOBHHHI OyTH JOCUTH
KOJIIMOBaHIi JI0 TOTO, SIK TMOTPAIUIATh HA KpucTal. ToMy moTpiOHO BHKO-
puctoByBaTH ABi miinnHE (S; Ta Sy). YV pasi BcTaHOBJIEHHS BY3bKOT IIIi-
JIHHU TIepe]] TIYWIBHUKOM MiK CTa€ TOCTpilyM (OJHAaK CYTTEBO BTpada-
€Tbcsl iHTEHCUBHICTB). Lle mae 3Mory posminmuTu nyxe OMM3bKI JiHIi,
MPOTe B IHIINX BUMAIKaX MIUIMHY JIIIIEe HE 3aCTOCOBYBAaTH — IHTEHCH-
BHICTb MIKIB CTa€ Ay>Ke YyTIUBOIO JI0 MOXHUOOK Yy pa3i BU3HAYEHHS KyTa
Bperra. bperriBcbke BinOMBaHHA BUHUKAE JIUIIE Y BY3bKOMY JTiana3oHi
kyTiB (7o 0.01°), 1 siK1o mxepeno X-BUIPOMiHIOBaHHs Oy/ie TOYKOBUM,
a KpucTtal — IUIOCKUM, TO BiIL6I/IBaTI/IMC JIMIIC HCBCJIIMKA YaCTUHA KpH-
crana. OfHaK SIKIIO KpUCTAN-aHali3aTop BUTHYTHH, HOro BiOMBHA TUI10-
I11a 3pocTe.

HetekTop

Myyok
€nNeKTpoHiB
WUTHYTWIA
KpucTan
N

e
Kono PoynaHpa ~=

Puc. 6.10. Bynosa CAJIX.

3azsuuaii, y CAJAX 3amiss MakcMMajabHOI €(eKTUBHOCTI 3pa3oK,
KpHUCTaN Ta JICTEKTOp IMOBHHHI JIe)KaTH Ha Tak 3BaHOMY Kolli Poyrnanya.
Best moBepxHsl KpucTana TMOBHHHA JIE)KATH Ha IIBOMY KOJI, KpHCTAI
BUTHHAIOTH A0 paxiyca 2R. Lli BUMOrM HaknazaloTh HU3KY OOMEKEHb
JUIsSL CUCTEMH aHaJli3y: CHEKTPOMETP CTa€ JOCUTH BEJIMKUI, HOro mexa-
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HI3M JIOCUThH CKJaJHWU. BiH MOBUHEH NaBaTH 3MOTYy 3MiHIOBAaTH KyT 0,
TOJI K KPUCTAI Ta JETEKTOP MOBUHHI 3aIuIaTics Ha koii Poynanna.

Takox moTpiOHa BHCOKa TOYHICTH — MO0 PO3ALTUTH AyKe OIU3bKi
JTiHil, TOYHICTF BCTAHOBJIECHHS KyTa O moBWHHA OyTH HE TipIna O;HIEl
KyToBOoi MiHyTH. Han3BuuailHO BaXKIIMBHM € TakKOX pO3TallyBaHHS
3pa3ka: SKIIO BiH Oynme mo3a KoioM (OKyCyBaHHS XOY Ha KilbKa
MIiKpOMETPIiB, TO KilbKICTh X-POMEHIB, L0 AOCSATaTUMYTh JETEKTOpa,
3HaYHO 3MEeHIUTHCS. Bei i oOmexkeHHs pobuars mpoektyBaras CJIX
BaXKOIO Ta BHUTPATHOIO crpaBoro. Ha pwuc. 6.11 300paxkeHo crocodu
postamryBaras C/IJIX Ha KOTOHI MiKpOCKOTIA.

MexaHika CIEKTpOMETpa Ja€ 3MOTY 3MIHIOBATH 3HA4YeHHS KyTa 0
JIMIIIe B TEBHOMY Jiama3oHi. 3 3akoHy bperra (6.2) BurumBae, 110
iHTEepBa JOBXMH XBWIb (Ip N =1) 0oOMEKEHHH MiXKILIOMIWHHOIO
Bigictanuio 2d. ToMy 1t 3a0€3MeUYeHHsT PEECTPALLil IIMPOKOTO iara3oHy
JIOBXXHH XBHIIb TMOTPiOHI KiIbKa KPUCTATIB 3 PI3HUMH MIKIUTOIIMHHAIMHI
BijicTausmu (puc. 6.12).

KonoHa
LiF
—_—
PET
—
TAP
e
) T L) T T T LELELEL 1
0.1 0.3 0.5 1 3
HoexvHa xBwni, HM
Puc. 6.11. Opienrauii CAAX: Puc. 6.12. JIoB)XHHU XBUIIb PEECTPOBAHOTO
a — BepTUKaJbHA, 6 — Tij PEHTTeHY, 10 TIePEKPHUBAIOTHCS KPHCTATIAMH, SIKi
KyTOM JI0 TOPU30HTY. BUKOpuUCTOBYOTh Y CIIIX.

Skmo y OynoBi crekTpomeTpa IependadyeHo TpuMad JIMIIe IS
OJHOTO KpHCTajla, TO Ui PeecTpalii CleKTpa B IIMPOKOMY Jiaria3oHi
MOTPiOHO BUKOPHUCTATH KiJIbKA TakuX mpuiaaiB. bararo cyyacaux CHAAX
JIAl0Th 3MOTY aBTOMAaTHUYHO TMOCIIJIOBHO 3MIHIOBAaTH KpUCTaIW. Xapa-
KTEPUCTUKH JISIKUX KPHCTaliB-aHaIi3aTOPiB, SKi BHKOPUCTOBYIOTH Y
CIJ1X, HaBeneHi y Tabi. 6.2.
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Ha puc. 6.12 BimoOpakeHO CHIiBBiJHOIICHHS M)XK POOOYHMMU Jliaria-
30HaMU JOBXKHH XBWJIb JJIsl IIUX KpUCTaiiB. OCKIBKH JOBXHHU XBUJIb
1HOMI TIepEeKPUBAIOTHCS, TO HEOOXi1THO BUOMPATH KPUCTANT TSI BUMIPIO-
BaHHS IHTEHCHBHOCTI OJHi€l ¥ Ti€l X aHAMITHYHOI JiHIl. SIKImO mMeBHYy
JIOBXKMHY XBUJII MOKHA BHUJIUIMTH JIBOMA KPHUCTajlaMH, TO B pa3i BHOOpY
KpHUCTaJia 3 OUIBIIOK MiXKaTOMHOK) BiJICTAHHIO OTPUMA€EMO BHIIY iHTE-
HCHUBHICTb, OJIHAK TipIIIe PO3IITICHHS.

Tabauys 6.2
Jlesiki 3 KpucTaTiB-aHAII3aTOPIB, SKi
BUKOPHCTOBYIOTH y CIIEKTPOMETPAX 3 JHCHEPCI€I0
10 JOBKMHI XBUJI, Ta TXHI XapaKTEPUCTHKH

Po6Gouwnii mia- .
Kpucran Hianazon
(na3Ba, XiMigHa (hopMyIa) e eHeprii, keB
’ PMY XBWJIb, HM prit,

LiF (¢ropueruii aitiit, LiF) | 4008 | 0.08-0.37 10.84-3.33
PET (nmenraeputpur,
C(CH,0H),) 0.8742 0.19-0.81 4.99-1.54
TAP (xucnuii dranar Tasiio,

2.57 57-2.4 1.70-0.52
COOH-C¢H,COOTI) 576 05 0-05

Ilepesazu cnekmpomempa 3 oucnepciero no 0oexcuni xeuni. He-
3BaYKAIOUM Ha CKJIAHOCTI Ta BHCOKY BapTicTh, CIJIX € He3aMiHHUM /71t
aHaJi3y B eNEKTPOHHOMY MiKPOCKOTIi, OCKUJIbKH Ma€ TEBHI ITepeBary.

[Mo-nepiie, po3ainbHa 3aatHicts CIAJIX ayxe Bucoka. Sk 6aunmo 3
puc. 6.3, a, niHii TOCTpi, 1 MpobIEMa MEPEeKPHUTTS CYCiIHIX JiHIA BU-
HUKae BKpa# 3pinka. [lo-npyre, BigHOMIEHHS MiK—(QOH IS KOXKHOI JiHii
€ Habararo OUTBIINM (4acTo B JECATKHU Pa3iB), HiXK MOXKHA JIOCSTTH TBE-
paotineauM AetexktopoM CJIE. Ilo-TpeTe, OCKiIbKY pEHTI€HIBCHKUH Jie-
TEKTOp, sIKuii BUKOpUCTOBYIOTH y CJHAX, Moxe paxyBaTu 3 IyxkKe
BHCOKOO IBHKICcTIO (10 50 000 BimIiKiB 32 CEKyHAY), 3a IyKE KOPO-
TKHI 9ac MOKHA 310paTH JlaHi BiJ OKpeMOro ejieMeHra. | Haperri, mo-
YeTBEpTe: TAKUU CIIEKTPOMETP MOXKE PEECTPYBATH X-BUIPOMIHIOBAHHS
BiJl JIETKUX eJIEMEHTiB. BUKOpUCTOBYIOUM BiAMOBiAHI KPUCTAIH 3 BEJIU-
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KOI0 MDKIUIOIIMHHOIO BiZICTAHHIO, MOKHA 3apeECTPyBaTH X-KBaHTH, 110
BimmoBimaroTh cepii K, 6opy um HaBiTh Oepmiito. Xoda, SK 3a3HAYEHO
BHWIIIC, CHEPTOMUCIIEPCIHHUI CIIEKTpoOMeTp 0e3 BiKHA TEXK MOXKE pee-
CTpYBaTH €JIeMEHTH aX 10 O0py, BUIIA YyTIUBICTH Ta JIMIIA PO3IiIbHA
spatHicth CIX mae oMy 3HaYHY MepeBary cbOTOJHi.

Heooniku cnexkmpomempa 3 Oucnepcicio no 006X CuHi Xeuiui.
Pentrenieebkuit C/IJIX € myxe yaco3arpaTHHM y BUKOpUCTaHHI. Tomy
HOT0 3aCTOCOBYIOTH AJISI OTPUMAHHS Ti€l iHpopMaIliii, Ky MOKe JaTH Ti-
JTBKA BIiH: JJIS PEECTpallii MaduxX KOHICHTPAIli, JETEeKTYBaHHS JIETKAX
€JIEMEHTIB Ta BUMIiPIOBaHHS BUCOTH ITIKiB.

3 ormsagy Ha OynoBy CHJIX Mae HH3bKY reoMeTpHuUHY e(eKTu-
BHICTb, a TiIECHWH KyT 30upaHHs, 3a3Bu4ail, craHoBuTh 0.01 cp. Ede-
KTUBHICTh JIETEKTOpa TEX JOCHTh HU3bKA, OCKIJIBKH € BTPaTH B pasi Iu-
(bpaxmii Ha KpUCTalli Ta B JIYNIHHHKY.

€ neski oueBHAHI Henomiky B pasi BukopuctaHas CHAX mus sxi-
cHoro a”aiizy. Hanpukmiazn, OCKibKM OJHOYACHO MOKHA PEECTpPyBaTH
JUILE OJHY AOBXKHUHY XBHJIi, TO TIOUIYK yCiX HEOOXiTHHUX JOBXKUH XBUJIb
MOJKE TPUBATU JOCUTH JTOBTro. Jlaji, OCKUIbKH CIIEKTPOMETP BUKOPUCTO-
By€e nudpakiito, To A KpHcTalla icHyBaTUMe He OAMH KyT 0, 3a sKOoro
PEECTPYIOTh TIEBHY JIiHIIO, a KiTbKa, MO BIAMOBINAIOTh PI3HUM 3Haue-
HHAM N y piBHAHHI (6.2). Tobro MoOXe OyTH aX 10 CEMH—BOCHBMHU
BIIOMTTIB BiJ] O/IHi€T OCHOBHOI JIiHiI, TOMY CIIEKTp MICTHTHME Ha0araro
Olblie JIiHIH, HiX criekTp, oTpuMmanuit CJIE.

6.2.3. Ilopienanns cnekmpomempie 3 OUCHEPCIEI0 NO 008MHCUHI
xeuni ma 3 oucnepcielo no enepeii. 3aNeXHICTh IWBUAKOCTI 140U Ha
OJIMHUIIIO CTPYMY ITyYKa €JEKTPOHIB JUIS YHCTHX €JIEeMEHTIB, OTpUMaHa
tunnoBumu CHAX (kpucran-audpakiifiHUMH CIIEKTpOMETpaMu), IOKa-
3aHa Ha puc. 6.13. EdexkruBnicts CAJIX 3 MEBHUM KPHCTAJIOM 3HUXKY-
€ThCS 31 30UIBIICHHSAM JOBXHHH XBHIII, OCKUIBKH 31 301IbIIEHHSAM Ope-
TiBCHKOTO KyTa 3MEHIIYEThCS TijecHU# KyT. LIBuakicTs niwou mig yac
poboru CJIJIX 3nauno Hiwk4a, HiK s C/IE, a po3minbHa 31aTHICTH
minma. XapakTepuCTUKNA 000X CIEKTPOMETPIB 3Be/eH] y Tabi. 6.3.
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Tabnuys 6.3

[TopiBHSIBHI XapaKTEPHUCTUKHA PEHTTCHIBCHKUX CIIEKTPOMETPIB

Cnextpomerp
canax CIE
XapakTepHUCTUKA
JiamazoH peecTpoBaHUX
. 4Be—gU 5B—gU
CJICMCHTIB
KinbkicTh 0THOYaCHO
. . 1 Jo 50
aHAJII30BaHUX EJIICMEHTIB
EnepretuuHe po3aijeHHs
P PosA <10¢B 150 eB
(ipu 5.9 xeB)
~0.001c
. . p 0.01 cp (crame
TinecHuii KyT 30UpaHHs (perynboBaHe
3HA4YEHH:)
3HAYCHH)
100 % (s ~
EdexTuBHICTE HeTEKTOpa <30 %
¢ s P 3-15 keB)
MexaHiuHa KOHCTPYKIIist | CkiangHa (mepeOyBaHHsA | 0e€3 pyXOMHX JeTaneit
(BiMoOTH 110 (HOKYCYBaHHSI) Ha koJii Poynanna) (MiHIMaJIbHI)
. BiJ KUJIBKOX XBHJIMH JI0
Yac aHamizy . XBHJIMHH
KiJIbKOX TOJIUH

OTxe, MaeMo J1Bi 6a30Bi cucTeMH peecTpallii X-BUIPOMiHIOBaHHS —
CIE ta CJIX, y K0HOI 3 IKMX CBOi CHJIbHI Ta ciaOki ctoponu. CJIE €
3pYYHINIMM I IBUIKOTO sikicHOro ananmizy, a CHAJIX mae TouHirii
naHi s KinbKicHoro aHamilzy. OOMIBI CUCTEMH ITUPOKO 3aCTOCOBYIOTH
B €JIEKTPOHHIM MIKPOCKOITi].

6.3. SIkicHMii peHTreHiBCbKUH aHAJIi3 00’ €MHOr0 3pa3ka

[epui enexrpoHHi Mikpo3oHau Oynu nonepenaukamMu CEM. Boxu
TEHEPYBAIM ENIEKTPOHHUH IIy4OK, CHpPSMOBYBalIM HOro Ha 3pasok i
BUKOpHCTOBYBaM oauH uM jiBa CJIJIX mis aHami3zy eMiToBaHOTO X-BH-
npoMiHtoBaHHS. ENeKTpoHHMI yd0K MOKHA OYII0 CIIpSMOBYBATH Ha TIO-
PIBHSHO Maly JAUISHKY TBEpPAOTLIBHOTO 3pa3ka 1 BUKOHYBaTH aHali3, He
pyiiHyroun #oro. JiisHKY Ui aHaii3y BHOMpaiH 3a JONOMOIOI0 ONTHU-
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YHOTO MIKPOCKOIA 3 JOCHTh OOMEKEHOI0 TOYHICTI0. Hezabapom crano
3pO3yMiJIO, M0, TEePEeMIlatouy EeNeKTPOHHWH My4OK Ta JOAAI0Yd Je-
TEKTOp EJEeKTPOHIB, yce IIe MOXKHa 00 €IHATH B CHCTEMY, IO (opMye
300pakeHHs. OCKIIBKH pO3Mip aHAIII30BAaHOTO 00’ €My, TIPO SIKUH iIIIocs
B PO3IiTi 5, 03HaYae, IO aHaJi3 He MOXKHA MTPOBECTH IJIS TUISTHKH MEHIIIE
1 mxm®, He GY/10 3MiCTY POOMTH Iy4OK MEHIIMM Bif wiei mimsnku. Yepes
HU3bKY TeoMmerTpudHy edekxtrBHicTh CAJIX 11t 30HIa TOTPIOEH CTPyM
omu3pko 1 MKA. ApryMeHTH, HaBeIeHI B po3fini 5, Ta piBHsSHHSA (5.13)
TIOBOJATH, IO 30HI pO3MIpOM ~1 MKM TOCTATHIH I OTPHMAHHS TaKOTO
CTpyMy.

30BHILIHINA BUTJIA] Cy4acHO-
ro €JEeKTPOHHOTO MIKpO30HIAa
nmokasano Ha puc. 6.14. TunoBuit
npwiaa  oONaHAHWE  YOTHpMa
CAJX, mo wmictaTh Habip Kpu-
CTajiB, SKi JAfOTh 3MOTY Tiepe-
KpUTH Becbh crnekrp. [ms norme-
PEIHBOTO SKICHOTO aHaJIi3y J10/1a-
uuit C/IE. MoxHa oTpumartu 30-
6pa)KCHH$I N .BTOpI/IHHI/IX Ta 3BO- 1075 1'4 ‘EIB 2'2 ZIG 3-0 3'4
POTHO PO3CISSHUX ~ENEKTPOHAX. 7

10'3

-ﬁp

CIE

10°

|IHTEHCMBHICTb, iMN/(C-HA)

IIpocTopoBe po3misieHHS y pe-
XKHMMi BTOPUHHHUX €JIEKTPOHIB €
momuMm  Big 10 aM.  OnTryHuii

Puc. 6.13. TnrencuBnocti K, -niHiit qu-
CTHUX EJIEMEHTIB 3aJICKHO Bl aTOMHOTO
HOMepa. 3aJIeKHOCTI OTPUMaHO 3a JIOTIO-

mororo C/IE (Bepxnst xpuBa) Ta CIAX 3
PI3HUMHU KpUCTaIaMu (HWKHI KPHBI).
IMpuckoproBanbHa Hanpyra — 20 kB.

MiKpockon 3 (ikcoBaHUM (OKY-
CYBaHHSIM € He JIUIIE I JOCIia-
KEHHs 3pa3Ka, a TaKoX, 110 Ba-
XKITUBILIE, I PEryJIOBaHHS BUCOTH 3pa3Ka, IOKW BiH HE ONMHMUTHCA Ha
ko Poynanma. Y TakoMy mpuiaji BEJIMKY yBary HMpUIUISIOTH €JICKTPO-
HHil rapMaTi. BoHa moBHHHA 3a0e3medyBaTH BEJIHMKI Ta Jyxe cTaOlIbHI
CTPYMH TIy4Ka, sIKi IIOTPiOHi, SIKIIO aHAIII3 TPUBATHME KiJIbKa TOJIMH.
OxpiM aBTOMaTH3aMii CIEKTPOMETPiB, CTOJIMK 3pa3KiB MOTOPU30Ba-
HUH 1 KOHTPOJIBOBaHUK KoM toTepoM. OTKe, onepaTop Moke BUOpaTH
LiKaBi MIJISTHKY, a i MPiiaJ MOYKHA 3aJIUIINTH 111 HATJISA0M aBTOMa-
THKW JIISl TIPOBEICHHS aHaNi3y, SIKHMH MOYE TPHBAaTH KiJlbKa TOJWH.
Takuii npuian ieaabHO MIAXOAUTH IS THX JIOCIIDKEHb, JIe IOTPIOHO
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MIPOBOMTH TOYHUH KiBKICHUHM aHai3 Ij1s 0araThoX 3pa3KiB 3a CTaHJa-
PTHOIO MPOTPaMoIo.

AnbrepHaTHBHUM TigxomoM € BcraHoBieHHs CJE Ha HasBHUN
CEM. Bin igeanpHuUil i sKicHOTO aHaiizy, i Outpmicte CEM HuHI
obonagnana CJE, mpuknamoMm € 300pakeHuil Ha puc. 5.1 MIKpOCKOII.
Uepes npuuuHy, Mpo siKi HTUMEThCS Jai, I KOMOiHaIlis MOXKe OyTH He
HAMTINIIO U KiTBKICHOTO aHami3y, ogHak, nesiki CEM MoxyTh Bu-
KOHYBATH KUTBbKICHHIA aHami3, i aeski oomagrani CAAX. [lns maboparo-
pii, Mo He Mae MoTpedu B CITCIIi-
aTi30BaHOMY EJEKTPOHHOMY Mi-
KPO30H/Ii, XOPOUIHI aHATITHIHUH
CEM € mpuiiHATHOIO 1 JemieB-
IIOIO aJTbTEPHATHBOIO.

Ilooanna ananimuunoi iu-
dopmauii. Pobota ycix npuiauis,
OMHCAaHHUX Y IOMY PO3Iili, IPy-
HTY€EThCS Ha BUKOPUCTAHHI CKaHy-
BaJIbHOTO E€JIEKTPOHHOIO ITyYKa.

: JIi1s HUX € pi3HI CIIOCOOM TIOJaHHS
= SAKICHOI aHaNTH4YHOI iH(OopMaIlii,
Puc. 6.14. EnekTpoHHUN MiKpO30H]T OTPUMaHOI BIJl 3paska (B imeam —

JXA-8230 SuperProbe (JEOL Ltd). 11ockoro). Bubip Takoro crioco-
Oy 3ayie)kaTUME BiJ TOTO, SKUH 3

TpboX THMIB iH(OpMaIllil noTpideH. Lle Moxe OyTH aHami3 BUOpaHOI Mijisi-
HKH XIMIYHO OJTHOpPiHOTO ckiany (dasu), abo moBHMIT aHai3 LiIOTO 3pa-
3Ka 4M HOro 4acTWHHM, a00 aHai3 JUIs BU3HAYCHHS 3MiH CKJIaJy B MeXax
TUIISTHKY 3pa3Ka.

[Nepmmit THIT aHATI3Y € TOYKOBHM, KOJIM €JIEKTPOHHMI ITy9YOK CIIMHSI-
I0Th 1 TO3MIIIOHYIOTh HA TOYI, SIKy MOTPiIOHO mpoaHaizyBaTy. J{ist BU-
3HAUEHHSl CKIaMy y BUOpaHiii Toumi (YU, TOYHIIIE, B aHATI30BAHOMY
00’eMi 1 MKM®) PEHTTeHIBCHKI JaHi MOXKYTh 30MPATHCS SIK 3aBIOIHO 10~
Bro. AbTepHaTHBHO, MM MOXEMO IIiJ] 4ac aHaJli3y CKaHyBaTH HEBEJIUKY
JUISHKY Ha 3pas3Ky, NMepeKOHABLIMCH, IO il BUOpaHO B MeXax XiMiYHO
OJTHOPITHOT TIJISTHKH.

—

UL
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Jpyruii Tan aHami3y mojsira€ B OTPUMaHHI JaHWX BiJ OUIBIIOI AiJs-
HKU 3pa3Ka, peajibHa IUIOIIA K01 3aJIe)KUTh BiJ MacmTaby XiMidHOI rete-
porenHocTi (HeomHOpinHOCTI) 3pas3ka. Jma C/IE me o3navae nuie ckaHy-
BaHHS AaHAJI30BaHOI MUIAHKKA (po3Mipy SKOI MOXYTh CTAHOBHUTH
100 x 100 MkM), mif] 9ac SKOTO PEECTPYIOTh X-BUIPOMIHIOBaHHA. Takuid
aHaJi3 € yCepeJHCHHSM Bij JaHUX Iiel obyacti 3paska. OmHak it
CIAJIX 1ie HEMOXXJIMBO, OCKUIBKH, K 0auumo 3 puc. 6.10, muime oxHa
TOouKa (TOUHIIIe, JNiHisA) 3pa3ka JeKuTh Ha Koui Poymannma. 3okpema, X-
TIPOMEHi BiJ IUISHOK, IO JIeKaTh HA BIACTaHI KUTbKa MIKPOMETpIB Bill
TOYKH TTiHHS My4Ka Ha 3pa3ok, yKe He OyayTh (DOKyCyBaTHCS Ha JeTe-
KTOpi, TOMy MH HE 3MOKEMO OTPHUMATH TOYHI pe3ylbTaTH. SKIo mo-
TPiOHO MpoaHaNli3yBaTH AULIHKY MMOHAA 5 X 5 MkM 3a momomororo CJIIX,
TO Tpeba MmepeMillyBaTH 3pa3oK (TOOTO MPOBOANTH CKAaHYBaHHS 3Pa3KoM,
a HE TTyYKOM).

Js mocmimpkeHHs 3MiH CKIIAy T0 3pa3Ky (TpeTiid T aHallizy) 1mo-
TpiOHO BUKOHATH 0OaraTo aHaNi3iB JUISHKY, SKa HAC MiKaBUTh. [lo bOTO
€ TPH MiIXO0U: HAUMPOCTIIIMIA 1, MOYKJIMBO, HAMIINIINN, — BAKOPUCTATH
PEXKHUM KOMITO3UIIITHOTO 300pa)XCHHsI Y 3BOPOTHO PO3CISIHUX €JIEKTPO-
Hax (po3Aut 5) JuIsi BUSBJICHHS XIMIYHO TOMOTCHHUX (OJHOPIIHUX) Jii-
JISTHOK, a TOJ[i TIPOBECTH TOYKOBHMA aHANI3 IUX JIISHOK.

Hpyruii crioci6 — BUOpaTH peHTTeHIBCHKHUN CUTHAI BiJl XIMIYHOTO
eJIEMEHTA, 110 HAC LIKaBUTh, 1 JOCIIAUTHA HOro 1IHTEHCHBHICTBH IIiJ Yac
ckanyBanHs nydkoMm (st CAX — 3pazkom). st CAJAX 11e nmotpedye
BUKOPUCTAHHS IHTEHCUMETpPA, 1[0 BUMIPIOBATHME MUTTEBY UIBHUIKICTbH
J1i40u, a He MOBHY KUIBKICTh BIIJIIKIB Jutst oOpaHoro mika. st CIE uei
iHTeHCHMeTp Tpeba 3pOoOWTH YYyTJIMBUM JIO BJUIIKIB JIAIE BUOpPaHUX
KaHaJiB. BuMipsHa TakuM criocoOOM IMIBHIKICTH JTi40M X-TIPOMEHIB J1a€
3MOTY OTPHMATH 3AJIEKHICTh CKIIaAy Bif Biacrani. Lls meToauka mormo-
Marae JIOCUTh JICTKO 3HaXOJIUTH JIIJISTHKY, JIe BiZI0YBA€ThCs 3HAYHA 3MiHA
KOHIIeHTpalii erneMeHTa. OCKUIbKU €IeKTPOHHHUN TYyYOK JIUIIE KOPOT-
KHii yac nepeOyBae B KOXKHIM TOYIII, TO CTATUCTHKA BIJUTIKIB € HEJOCTa-
THBOIO JIJIS KOPEKTHOTO BiOOpaXKeHHS KiJIbKICHOTO CKIIAAy, TOMY TOY-
HMI aHAII3 CKJIaIHMIA.

e oauu cmoci6 BimoOpaxeHnHs iH(opMalii mMpo po3monina okpe-
MOTO €JIEMEHTa — TaK 3BaHE PEHTI€HIBChKE 300paxkeHHs (a00 ik penmee-
Hiscoki kapmu). Y pasi 3aCTOCYBaHHS I1€1 METOAMKH JIIUUIBHUK X-ITPO-
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MEHIB BHKOPUCTOBYIOTH aJsl (hopmyBaHHs 300pakeHHsa. [lo cyti, me
PO3LIMPEHHST OMKMCAHOTO BUILE METOMY JIHIHHOIO CKaHyBaHHS A0 ABO-
BHMIpPHOTO. Y HaWTIPOCTIMIOMY BHUIAJIKYy €KpPaH CTa€ CBITINM KOXEH pas,
KOJIH peecTpyeThesi X-KBaHT. ToOTO 300paKeHHs CKIAJAEThCs 31 CBIT-
JIUX TOYOK, & TYCTHHA IMX TOYOK € SKICHOIO MIpOI0 KOHIEHTpaLii elne-
MEHTA, SIKUH HAC HiKaBHUTh. SIKiCTh TAaKMX TOYKOBUX KapT HE JIy’KE BHCO-
Ka, TIepIl 3a Bce TOMY, IO CTAaTUCTHKA BiAJIKIB IyXe MOraHa HaBiTh 3a
yaciB eurpumku monaa 1 000 c.

ITomiTHe mominIIeHHS MaEMO B pasi 3acTOCYyBaHHS MHU(PPOBOTO PEH-
TreHIBCHKOTo KapTtorpadyBaHHA. Imess 1mmdpoBoi ckaHyBambHOI elek-
TPOHHOI MIKpOCKOIIii chopMyJIbOBaHA B PO3MiIi 5. V bOMY METOII Iy-
YOK, KOHTPOJIbOBaHHUI KOMIT FOTEPOM, TIPOXOJIUTh Ha 3pa3Ky CITKY TOUOK,
sgKka € IUpPoBUM eKBiBaleHTOM pacTpy. Ilydok mepeOyBae B KOXKHIH 3
OUX TOYOK MPOTATOM MEBHOTO 4acy, YIPOIOBX SKOTO BHKOHYETHCS
aHami3. Jlami 30epiraroTecsi B Mam’sTi KOMI'IOTEpa 1 MOXYTh Bi-
noOpakaTuCs y PiBHAX Ciporo 4u B Konbopax. KoxxHa aHanmizoBaHa TOYKa
CTae MiKceseM Ha 300paxenHi. OHI€lO 3 IepeBar bOro METOAY € Te, M0
B pasi Bukopuctanns CJIE nmani Bif KiNbKOX €JIEMEHTIB MOYKHA 30MpaTH
OJJTHOYACHO IIUISIXOM CIHpPSIMYBaHHS BUITIKIB BiJi KOHKPETHUX KaHAIIB
CHEeKTpa B PIi3HI €JeMEHTH IaM’siTi KoM 'torepa. BomHowac MoKHa
OJICP’KyBaTH €JIEKTPOHHE 300paKEHHSL.

Y pasi oTpuMaHHA PEHTTE€HIBCHKHUX KapT BiJ TBEPAOro 3pas3ka Tpeda
mam’TaTH, 10 POCTOPOBE PO3JiJIEHHsI oOMexeHe | MKM, i Hemae Mmort-
pebu mpalroBaTH 3a BUCOKHMX 301bIIeHb. Hanpukia, SKIo peHTreHis-
ChKi KapTH oTpuMyBanu 3a 30ineiieHHs 200 (Ha expani 10 x 10 cm) 3
BUKOPHUCTAaHHSAM ITUPPOBOTO cKaHyBaHHS 128%128 TOYOK, sIKe TpHBAIIO
60 xB, TO KOXKHa TOYKa 3pa3Ka CTAHOBUTH MPUOIU3HO 4 X 4 MKM, IO €
OinpInie, HiXK aHaNMi30BaHWH 00’€M, a TOBUHHA OYyTH TPUOIIM3HO OJTHAKO-
BOIO, 100 YHHKHYTH PO3MHUTTS 300pa)KCHHSI Yepe3 MEPEeKPHUTTS JaHUX
BiJI CYCIJHIX ITIKCEIB.

HagiTh y pa3i goTpumaHHs 11i€l yMOBU PEHTTEHIBChKA KapTa HE I10-
PIBHSIHHA 32 SIKICTIO 3 €JIEKTPOHHUM 300paKEHHSM, 1 IPUYHHA LBOTO, 5K
MU paHillle 3rajlyBajd, MOJSra€e B HEJOCTaTHIA cTaTUCcTULi JiyOn X-
MPOMEHIB TMOPIBHSHO 3 eNeKTpoHaMHU. ToOTO K 300pakeHHs PeHTreHi-
BCbKa KapTa JIy’)ke [oraHa, xo4a 3a i JJOOMOT'0F0 MOYKHA MOAaTH SAKICHY
aHamiTHuHy iH(opMariro. Taki KapTH € HEeNMpPaKTUYHUMH Yy OUTBIIOCTI
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Bunajakie. Jlinmui 1 mBHAMKN METOJ OTpUMaHHS Ti€l X iHpopMmarii —
(hopMyBaHHS 300paKeHHSI Y 3BOPOTHO PO3CISTHUX EJIEKTPOHAX Yy MO€THA-
HHI 3 TOYKOBUM PEHTTEHIBCHKUM aHaTi30M BUOPAHHUX HiJISTHOK.

IIpakmuuni npobénemu aKicHozo ananizy. Y XoJli BUKOPHUCTaHHSI
Oy/Ab-SIKOTO 3 OMHMCAHMX BUILE METOIB OTPUMAHHS aHATITUYHOI iH(Op-
Marllii HeoOXiJJHO maM’sATaTH NPO JesAKi MPaKTUYHI MPOOJIeMH, 0 MO-
KYTh BUHUKHYTH IIiJ] Yac JOCIiIPKEHHS IEBHUX 3Pa3KiB.

3pa3kn y CEM moBUHHI MaTH TpOBiIHY MOBEpXHIO (iHAaKmIe Tpeda
BHUKOPHUCTOBYBAaTH HU3BKOBOJBTHY MIKpOCKOMif0). TOOTO Ha HEmpoBigHi
3pa3ku mepen gochimkeHHsM y CEM HamwmorTh TPOBIIHUHA IIap.
OpnHak s TUTiBKA MOTJIMHATHME X-TIPOMEHI, 10 eMITYBaTUMYThCS 3i 3pa-
3Ka, a TAaKOK BUIPOMIHIOBATHME CBOI BIIACHI XapaKTePUCTHYHI X-TIpoMe-
Hi. ToMy HanwIFOBaTH MOTPIOHO MaTepial 3 IKOMOTa MEHIIOK aTOMHOIO
MAacol0, a HaHECEHHI IIap MOBHHEH OyTH SKOMOTa TOHIIUM 1 HE MICTHTH
eNIEMEHTIB, 110 MOXKYTh IIIKABUTH HAC y 3pasky. OTxe, SKIIO MU IUIaHY-
€MO aHaNI3yBaTH HEMPOBITHHUN 3pa30K, TO WOTO JIIIIe HANIUTH HE 30-
JIOTOM, @ BYTJICIIEM.

[HII010 BaXKIIMBOIO PHCOIO € Te, 110 X-TIPOMEHI, Ha BiIMiHY BiJ BTO-
PUHHHX €JICKTPOHIB, PYyXaloTbCsl MO TpsIMiK BiJ 3pa3ka A0 JETEKTOpaA.
Tomy Mu He 3MOKeMO 3apeecTpyBaTh X-TIPOMEHI BiJl TUITHOK 3pa3Ka, 110
HE JIeKaTh Ha JIiHIi IpsIMOi BHAMMOCTI JieTeKTopa. ToMy Ul IOPCTKHX
3pa3KiB pe3ynbTaTh Tpeba IHTEPHpEeTyBaTH 3 OOEPEKHICTIO, aPKe BOHU
MOXYTb OYTH 3yMOBJIEHI Tororpagi€to MOBEPXHi, a He 3MiHAMH XiMI4HO-
ro ckiamy 3paska. KpaiiHiii npukiag 1nporo edexTy MoKa3aHud Ha
puc. 6.15, 6, ne 300paXkeHa pEHTICHIBChKA KapTa OKMCHEHUX MIJHUX KY-
JBOK, oTpuMaHa y K, mpOMeHsX KHCHIO.

[TopiBHSHHST 300pak€HHS y BTOPHMHHHX EJEKTPOHAX Ta PEHTTe-
HIBCBKOI KapTH 3acCBif4ye, M0 OYEBHIHE BIJIXWICHHS PIBHSI KUCHIO €
KoM TonorpadiuauM epektoM. Tomy, SIKIIO MOKINBO, JJIsl aHaJi3y
JITIIIIE BUKOPUCTOBYBATH IIOCKI 3PAa3KH.

Ille omHa OCOONMBICTH ITOB’sI3aHAa 3 THM, IO X-TIPOMEHI 3’SIBJIs-
I0TECS B 00’ €Mi 3pa3ka, TOMY MOXKYTb PEeCTpyBaTHCS X-TIPOMEH1 TaKOX
BiJl HEBUMMHX Ha €JIEKTPOHHOMY 300pakKeHHI JIIISTHOK MPHUIIOBEPXHE-
Boro mapy. Hanpuknaz, Ha puc. 6.16, a Ta 6 Mu 6Gaunmo, 110 peecTpy-
I0ThCSl X-TIPOMEHI BiJl HeBHAMMOT (ha3u MiJl TOBEPXHELO.
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a 6

Puc. 6.15. 300pakeHHs y BTOpHHHHUX €JIEKTPOHAX (@) Ta pEeHTTeHIBChbKa KapTa
y npomensx O K, okucaeHnx migaux chep (6). OueBuIHI 3MIHH BMIiCTy KUCHIO IO
cdepax € TornorpadiyHuM eekTom, Ko X-TIpOMEHi 3 0HOTo OOKY cdep He
norpamsirors 10 CAAX.

3 puc. 6.16, ¢ BUIHO iHIIE JKEPENO TTOMUIIOK, SIKE € 0COOJIMBO Ba-
XKIIMBUM JIJIsI IIOPCTKHUX 3pa3kiB. BHCOKOeHepreTHuHi eNeKTpOHH, eMi-
TOBaHi 3pa3koM, yu X-MPOMEHI MOXYTh JaJli JIiATH HA IHIIN JIIISTHKA
3pa3Ka YM HaBiTh 1HILI YaCTMHU MIKpPOCKOINa Ta 30yIKyBaTH X-TIPOMEHI
yepe3 (IIyopecIeHIlito B IUX AUITHKax. Lle Moxe mpu3BecTd 10 XUOHO-
ro pesyabraty aHamizy. CIAJIX MeHme cXWiIbHUN A0 TaKUX MOMHJIIOK,
Hik CJIE, OCKUTbKM Iy4OK PEHTTEHIBCHKOTO BHUIIPOMIHIOBAHHS J00pe
3KOJIIMOBAHMM IIIJIMHAMY CIICKTPOMETDA.

B

6

Puc. 6.16. Tpu mommpeHi cuTyarii, KOJX MOXHa OTPUMATH XHOHHIA TOKaIbHUI
PO3MOALT €JIEMEHTIB: @ — y AIISHII, 10 CKIAJAE€ThCS LIJIKOM 3 elIeMeHTa A4, TIsIHKa
3 eneMeHTOM B mix moBepxHero emitye X-kBaHTH B; 6 — Oinst Mexi Mixk hasamu A
Ta B emiTyroThest 06maBa THIIH X-IIPOMEHIB, X04a €ICKTPOHHHMIA ITydOK IepebyBae
y ¢asi B; ¢ — y mopctkomy 3pazky X-pomMeHi B MOXyTb 3’ SIBISITHCS 3aBASKH
(dayopecueHwii Bij IinsHKA A.
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6.4. SIKicHUI peHTreHiBCHLKHI aHAJII3 TOHKUX
3paskiB y IIEM

Sk 6aunmo, penTreHiBchkuit aHamiz y CEM un enekTpoHHOMY MiK-
PO30HII € MOTYXXHOI0 aHATITHYHOI METOJUKOI0 3 Ha0arato JMIIuM
MIPOCTOPOBHUM PO3MAUICHHSIM, HDK TpaaumidHi mMetomn. OfHaK, SK yxKe
3ralaHo, MPOCTOPOBE PO3IiICHHS
oOMeKeHe PO3MIpOM  aHali30Ba-
HOro 00’eMy, SKUHl TPpUOIU3HO
cranoButs | mxm®. Lle 3HauHo Ti-
pIIe, HIX PO3IUIEHHS ENeKTPOH-
HOTO MIKpocKoma B pasi Qopmy-
BaHHS 300pakeHHS. € YuMano

BAKIIMBUX J€Tajell 3paska, 110 a 6
Habarato MeHmI BiJ | MKM, ToMy Puc. 6.17. TlopiBHsHHS po3Mipy
Oyno ©Oaratro cmpo0 po3poduTn AULHKH, Y SKiH 36y /uKyeThes

X-BUIPOMIHIOBAHHS:
a —B 00’€eMHOMY 3pasKy;
6 —y TOHKOMY 3pa3sKy.

METOJI! PEHTTeHIBCHKOTO aHANi3y 3
BUIIUM MPOCTOPOBHM  PO3[IiJICH-
HsM. [Ipobremy MokHa momonarw,
SIKIIIO BUKOPHCTOBYBATH TOHKI 3pa3KH, SIK MMOKa3aHo Ha puc. 6.17. Xoua
dopMa 00’eMy B3aeMOJIl JEINO 3aJIC)KHUTh BiJ| CHEPTii €IeKTpOHA Ta
aTOMHOTO HOMepa 3pas3Ka, 3a3BHyail i ¢popma cxoxa Ha 300pakeHy Ha
puc. 6.17, a rpyuieuky, TOOTO MONEPEYHUN PO3KU €NEKTPOHHOTO IIy-
yKa 30LIBIIYETHCS 31 3pOCTaHHIM TIMOWHU MPOHWKHEHHS. ToMy B 10-
CUTh TOHKOMY 3pa3Ky, SIK IMOKa3aHo Ha puc. 6.17, 6, po3kua mydka 3Ha-
YHO MEHILUMN.

®opmMy 3pi3aHOT0 KOHYCa MOXKHA PO3paxyBaTH YW BH3HAYHTH MO-
nenroBaHHsIM MoHnTe-Kapio, 1 Ul TOHKHX 3pa3KiB pO3LIMPEHHS ITyYKa

(y HaHOMETpAaX)
3/2
B-0.1982 F , (6.3)
E VA

ne Z — atomHuil HoMmep; E— enepris enektpoHa, keB; p — rycruHa,
r/em®, A — atomua maca; t — ToBmmHa, HM. IIPHKIAAN PO3MIAPEHHS
My4Ka JUIss HU3KW MaTepiaiiB oKa3aHi Ha puc. 6.18.
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Bararo IIEM tenep obnamnytots CHAE, ToMy Big TOHKHX 3pa3KiB
MO>KHa OTPHMYBATH HE JIMIIE MIKPOCTPYKTYPHY, a ¥ XiMiuHy iH(OopMa-
miro. OTHUM 3 BOKITUBUX HACTIIKIB BHKOPHCTAHHS TOHKHUX 3pa3KiB € Te,
0 KiMBKICTh eMITOBaHMX X-KBaHTIB Ha0arato MeHIa, aHK Y BHITAIKY
00’€MHHX 3pa3KiB, 1 el YMHHUK YacTO 0OMEXye MPOCTOPOBE pO3ijie-
HHS B pa3i aHaJIi3yBaHHS TOHKHX IUTiBOK.

600
C, A Cu Au

[41]
o
o

S
o
o

300

ToBLUMHA 3pa3ka, HM

200

100

100 200 300 400 500
HiameTp nydka, HM

Puc. 6.18. Brutis ckiaay 3pa3ka Ta 0ro TOBIIUHH Ha
MoTepeYHe po3IUpPeHHs my4ka 3 eneprieto 100 keB y
TOHKOMY 3pasKy.

Junst Toro, mo06 MakcUMallbHO 30UTBIINTH €PEKTHBHICTh 30MpaHHS,
Tpeba PO3MICTHTH SKOMOTa OULTBIINEI AETeKTOp ONHM3BKO A0 3pasKa.
Opnak y IIEM 3poOutu ue He tak mpocto, sk y CEM, OCKiJIbKH TYT
3pa30K PO3TaIIOBaHUI ycepeauHi 00 €KTUBHOI JiH3H. 3Ae01IbIIoro BuU-
kopuctanus CJIE notpeOye, 11100 MOMIOCHUH HAKOHEYHHUK 00’ €KTUBHOI
nin3u [TEM maB fierio Ouibliuii OTBIp, HIXK NPUHAHSATO, 10 MPU3BOIUTH
JI0 IeSIKOT BTPATH PO3JIIICHHS 300paskeHHsI.

Jerexropu KpimisiTh a00 TOPU30OHTANIBHO, a00 Maibke TOpHU30HTa-
JBHO BCEpEIWHI OTBOPY MOJIOCHOTO HAKOHEYHMKA, Y IbOMY BHUIIAIKY
3pa30K MOBUHEH OyTH AEUI0 HaXWJIeHUM, 11100 X-[IpoMeHi MOTJIM HOTpa-
IUIATH B JIETEKTOP, 200, SIKIIO I[bOMY CIIPHSE T€OMETPIsl JIIH3U, BUKOPH-
CTOBYIOTh HaxwieHu# aerektop. OnHa 3 mepeBar CHILHO HAaXWUIEHOTO
JIETEKTOpa TOJISIrae B TOMY, IO 3pa3o0kK, SIKUi 1ochikyoTh y [IEM, He
MOBHHEH CIeNiajbHO OyTH HaXUJICHUM JJIS aHali3y, TOMYy OyIb-sKi crie-
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uianbHi yMoBH At Audpakiii, aki moTpiOHi Ans popmyBaHHs 300paxe-
HHS, OynyTh noTpuMani. OgHAK IETEKTOPH OIIBIIOTO JiaMeTpa, 3a3BU-
gai, MOJKHA PO3MICTUTH TOPH3OHTAJIHLHO YW Maiyke TOPHU30HTAIBHO, i
TaKe PO3TaIllyBaHHS TEX Mae CBOi mepeBard. Yacto Mikpockomu obia-
JTHaHI JETCKTOPaMu B 000X TTO3UIIIsIX.

Sk 3a3HaueHo y poszini 4, enekrponHuid mydok y [IEM, 3a3Buuaii,
He € c(OKYyCOBaHMM, a OCBITIIOE 3HAUHY NUISIHKY 3paska. L1{o6 Buko-
HaTH PEHTICHIBCHKUI aHaji3 3 BHCOKHM IPOCTOPOBHUM PO3IITICHHSM,
Tpeba AOMOTTHCS, MO0 MydYOK TaiaB JIMINE Ha AUITHKY, SKYy aHalli-
3yI0Th, TOMY MOTPiOCH TOHKHN c(hokycoBaHUH 30HA. € qBa crIocooH 11e
3po0uTH.

[Mpuctpoi CIIEM anst mpocBidyBaqbHOI MIKPOCKOIIIT 3’ IBUJIHCS HE
Tak faBHoO. [1]00 BUKOHYBaTH CBOIO (DYHKIIiIO, BOHM NIOBUHHI BMITH (po-
PMYBAaTH TOHKI €NEKTPOHHI 30H/U, TUTIOBHUH JIiaMeTp SIKUX cArae ~ 1 HM.
Tomy, BUKOPHUCTOBYIOUH TaKWA AOJATOK, PEHTI€HIBCHKHA aHAI3 TOUKH,
JHIT 91 AUITHKA 3pa3ka MOYKHA TPOBOJIUTH Tak camo, ik y CEM, nwme
JUITHKY TyT BHOHMpPArOTh 3a JOIMOMOTOI0 300pakKeHHs, OTPUMAHOTO
CIIEM.

Opniero 3 mpobieM y pa3i BUKOPHUCTAHHS TaKOro OOJagHaHHS 3a
HaWBUIINX MPOCTOPOBHUX po3niieHp € nepexin Bix CIIEM pexumy mo
PEeXUMY CTAIliOHAPHOI TOYKH JJIsl aHANi3y, OCKUIBKM 3HATH MOJIOKEHHS
TOYKM Ha 3pa3Ky MOJXKHA JIMIIE 3 MEBHOIO TOYHICTIO, NPUOJIM3HO [0
10 am. ToOTO MM MOXKEMO aHaJi3yBaTH MaJleHbKHI 00’€M 3paska, aine
HE MO’KEMO TOYHO CKa3aTH, Jie caMe BiH MiCTHTHCSI.

V naitHoBimux nokojiHHsAX [IEM MoxHa oTpuMaTH IyKe Majie-
HBKHIA 30H] (0 2 HM 1 HaBiTh MEHIIIE), KOJIU MPUIIAJ] TPAIIOE Y TIPOCBi-
yyBaJbHOMY pekuMi. TOOTO AUISAHKY /IS aHAIi3y MOXHA JIOKaIli3yBaTH,
BUKOpUCTOBYI0uH 300pakeHHs [IEM, 1 po3mip my4ka MO>KHa 3MEHIIIY-
BaTH, &) MOKU BiH HE CTaHE MEHIIUM BiJ JOCIIDKyBaHOl finsHku. Ka-
Kydd “miaMeTp mydka’, MM MaeMo Ha yBa3i HIMPHHY Ha MIBBHCOTI ra-
YCIBCBKOTO PO3IMOJIITY €IeKTPOHIB (OJJHAK y TaKOMY Iy4YKy MICTHUTHCS
JIMILE TTOJIOBUHA €JIEKTPOHIB).

3 BUKOpPHUCTaHHSIM OyIb-SIKOI'O METOJY, JETKO OTPUMAaTH TOUKY
MEHIIE 5 HM, TOMY, SIKIIO 3aCTOCOBYIOTH JOCHUTH TOHKI 3pa3K (IHB.
puc. 6.17), y OpHHIMIII MOMJIMBO aHAII3yBaTW AUISHKH TaKoOTO Jiia-
Merpa. OHaK MallMi CTpyM Yy TakuxX Maiux 3oH7ax (piBHsHHA (5.13))
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pa3oM 3 MaJiol0 KUIbKICTIO 3T€HEPOBAaHHUX Y TOHKOMY 3pa3Ky X-TIpome-
HIB O3HAaYae, IO 3a JormoMororo 3sudaiinoro [IEM MosxHa 3apeectpyBa-
TA 3aHaATO Mano X-KBaHTIB AJIS MPOBEACHHS 3MICTOBHOTO aHAII3Yy.
Tomy y IIEM um [TEM/CIIEM Haiininme mpocTopoBe pO3AIIEHHS IS
aHami3y (sKe 3ayie)kaTUMe BiJ] MPUPOIM 3pa3ka Ta KOHIEHTpAIil aHai-
30BaHOTO €JIeMEHTa) OTPUMYIOTh MiJOMPaHHSM pO3Mipy 30HIA Ta TO-
BUIMHU 3pa3ka, 100 oAep)KaTH AOCTaTHbO CHUJIBHWEU curHam. Jlns
ITEM/CIIEM Baxko OTpHMaTH IMPOCTOPOBE po3aineHHs Jimme 10 HM
Ha TUMOBHX 3pa3kaxX. BUKOpHUCTaHHS SCKPABIIINX EIEKTPOHHUX IapMart,
0cOo0IMBO aBTOEMICiitHUX, y crierianmizoBanomy CIIEM uu [TEM 3 aBToO-
eMiCiiiHOI0 TapMaTolO (PO3Aia 8) Aae 3MOTy OTPUMYBATH CIPaB/i JIIIIII
PO3AUICHHS HA BiJIOBIIHUX 3pa3Kax.

Ha nmomarok oo 3ragaHuX BUILNE HU3BKUAX IIBUAKOCTEN Ji4uOU € ¢
oI TpoOieMu, SKi BUHUKAIOTH IIiJ] Yac aHaji3yBaHHA 32 JAOMOMOTOIO
[IEM, Ha sixi Tpeba 3BaxkaTH, HaBiTh MaM ATAIOYH NP0 BEJIHKi ITEpeBaru
MaJIeHbKOI JUISHKHA, BUOPAHOT IS aHami3y. Y TOHKHX 3pa3Kax IUITHKA
“moBepxHi” MOXE CTAaHOBUTH 3HAYHY YacTKy MOBHOTO aHaTi30BaHOTO
00’eMy, TOMY 0COOJHMBO Ba)KJIIMBO TOTYBaTH 3pa3oK Tak, 00 XiMist
noBepxHi Oyna He3miHHOMO. [1[06 yHHKHYTH mi€i mMpoOJieMH, BEIUKY
yBary Tpeba NPUIUIATA TMiATOTOBINI 3pa3KiB EJIEeKTPOIONiPOBAHUX
METaNiB, MarepialliB, PO3MWICHHX I1OHHAM ITy9KOM Ta OlOJOTiYHHX
3pasKiB.

IHmui HeraTuBHUM eekt — e (ayopecieHIis un 30yPKSHHS 3BO-
POTHO PO3CISTHUMH €JIEKTPOHAMHU PEHTTEHIBCHKHX MPOMEHIB y TpUMadi
3pa3ka Ta KoOJIOHI Mikpockomna. 3pa3ok y I[IEM 3HauHO TicHillle oToue-
HUI MeTaneBUMHU 00’ exTamu, Hix y Bunaaky CEM, tomy edextu, cxoxi
0 300paxkeHoro Ha pwuc. 6.16, 6, BUHHKarOTh 4Yacto. Taki edexTu
MOXKHA TIOM’SIKIIUTH, OJHAK HE YCYHYTH IIJIKOM, SIKIIO BHKOPHCTATH
JUISL TpUMava 3pa3ka ByrJieleBi un Oepuitiesi citku. Lli nerani emityBa-
TUMYTh JIMIIE JTy’Ke M’siKi X-TIpOMeHi, sIKi, 3a3BU4ail, He PeeCTPYyIOThC,
TOMY HE BILUTUBATUMYTh Ha PE3yJbTaTH aHANi3Yy.
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6.5. KinbkicHu# aHATI3 B €JIEKTPOHHOMY MIiKPOCKOII

Joci Hac 1iKaBWJIO JHIIEC BUSBICHHS €JIEMEHTIB y 3pa3Ky, TOOTO
skicuuii aHamiz. OgHaKk € BHUIAAKH, KOJIH OaxaHo MaTh Ouiblie
KUTBKICHOT iH(pOpMAIIii mpo 3pa3okK.

Hampukman, € Tpu Taki BaxJmBi 3amuTaHHs: “SIkuit po3Mmip Ta
dbopma ananmizoBaHOi AUISHKHU?”, “Slka HaliMEHINA KUTBKICTh eJIeMEHTa
notpiOHa, mob #oro 3apeectpyBatu?” Ta “CKUIBKH LBOTO €IEMEHTA € Y
i gactuni 3paska?”’. 11lo6 3HaiiTn xoua O HaOMMKEHY BIANOBiIL Ha
Oy/Ib-SKe 3 IUX 3alUTaHb, TpeOa 3HAYHO TIUOIIE, HiX JTOC1, PO3TIISIHYTH,
0 BifOYBa€ThCs y 3pa3Ky I 9ac TeHepyBaHHSA X-TIPOMEHIB Ta MiCIs
TXHBOTO YaCTKOBOTO MOTJHMHAHHSA. J{asi MU IparHyTHMEMO 3pO3yMiTH,
YOMYy Ha Ii MHUTAaHHS BAXKKO BIANOBICTH TOYHO 1 MPO SKUH TMOPSIOK
BEJINYUH 11€THCS.

PosrnsHemo cmepiry aHali3oBaHUE 00’€M — JUISHKY, 3BIAKH
eMITYI0TbC X-TIPOMEHI, SKi JAOXOASATh IO JETeKTopa. SIk Mu Gauniu
BHINlE, BiH 3aJIEKHUTh Bl TOTO, A€ TEHEPYIOThCS X-TIpoMeHi (To0To
HACKIJIBKA TIHOOKO IMy4YOK TMPOHHKAE Y 3pa30K) 1 SIK CHIBHO 3pa30K
moranHae X-TPOMeHi i1 94ac IXHhOTO BUXOMY.

Ko 0OMEKHUTHUCS JHIIE T’ SIThMa HaWBaKITUBIIIUMH YHHHUKAMH,
TO aHaJI30BaHMK 00’€M 3ajeKaTHME BiJi €Heprii eNeKTPOHIB Iy4Ka,
CepeHbOi aTOMHOI MacH JOCJIPKYBaHOI MIJITHKK 3pa3ka, JOBXHHH
XBWJII XapaKTEPUCTHYHOTO PEHTTEHY, SKUI JOCHIHKYIOTh, KOe(iIli€HTiB
TIOTJIMHAHHS 3pa3KoM IUX X-TIPOMEHIB Ta KyTa MaJliHHs €JIeKTPOHIB Ha
TIOBEPXHIO.

Cepen emiTOBaHMX X-TIPOMEHIB OUIBIICTh, IMOBIPHO, BUHILIA 3
MPUIIOBEPXHEBOTO IIapy, a He MIMOWH 3pa3ka. ToMy OTpuUMaHi pe-
3yJIBTATH aHaNi3y HE BiJI0OpakaroTh CEPEAHBOIO CKJIAy aHAJIi30BaHOTO
00’emy. OCKiIBKH JUIS TEOPETUYHOTO PO3PaxyHKy aHaJIi30BaHOTO
00’eMy Tpeba 3poOHUTH YUMaJIO HE YK€ TOYHUX MPUITYLIEHb, TO LBOTO i
He TparHyTh. JOCHIIHUKY JOCTaTHBO 3HATH, LIO PE3yJIbTaTH aHATI3y
00’ €MHOT0 3pa3Ka OB’ sI3aHi 3 JIITHKO MPUOIH3HO | MKM® un Habara-
TO MEHIIIOO JIJIsl TOHKOT'O 3pa3Ka, sk 6aunumo 3 puc. 6.17. Bin gocmigau-
Ka 3aJIe)KHUTh BHOIp MOTPIOHOT METOMMKH Ta YMOB poOOTH, siKi 3abe3rie-
YaTh aHAINI30BaHUK 00’ €M, MEHIINN Bif DIISHKH, 1[0 HOTO I[IKABUTE.
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6.5.1. Mesca uymaueocmi. Komu Mu Migo3proeMo y 3pa3Ky Maini
KOHIICHTpAIlii TIEBHUX €JIIEMEHTIB, TOAI OCOOJIMBO BaXKIMBHUM CTa€ II0-
HATTS MEXi 9yTimBocTi. Hemae kopucTi 3 BIAMOBIAl “3alTi30 y BamioMmy
3pa3Ky He MO)ke OyTH BHUSBJIECHE”, AKIIO 1€ He Ja€ HaM 3MOTH TIOCTaBH-
TH BEPXHIO MEXY HOro HasBHOCTI y 3pa3Ky. TOMy AOCIiJHHUK KaXe Io-
iHIIOMY: “‘y BallIoOMy 3pa3Ky 3aJli3a MEHIIE, Hi>K CTIIBKH-TO BiACOTKIB”.

Ax 1 igwi curHann y CEM, X-npoMeHi HaAXoAATh BUIAIKOBO, 1 MU
MOXXEMO BUSBHTH IIiK Ha CIIEKTPI JIUIIE TOMI, KOJH BiH IIOMITHHH Cepe
mikiB ¢oHy. SIkmo cepenuiit pieHs ¢ory (D) € <N>, Tomi mym, abo
BIIXWJICHHS Bif mporo cepentboro, € (<N>)Y2 Vpaxators, mo mik (IT)
MO>KHA PO3MIi3HATH, SKIIO BiH BUIIUH BiJ piBHA (ony (D) monalimeHIe
Ha 2(<N>)"2. Skmo mBuakicTs miuGH douy € b Biwmikis 3a cexkymHay, a
Yac miipaxyHKy JAopiBHIOE t, To piBeHb (oHy — bt, i HaliMeHIHil To-
MiTHHIT ik moBuren Gytn 2(bt)Y? Hax piBHeM domy. SIka KOHIEHTpAILis
eJIeMeHTa y 3pa3ky Moxe natu Takui mik? [1{o6 BignoBicTy Ha 1€ mUTa-
HHS, MH TIOBHHHI TOPIBHATH BUCOTY HAIIOTO TIiKa 3 BHUCOTOIO IIiKa,
OTPUMAHOTO BiJl €TAJIOHA, IO MAa€ BiJIOMHUI BMICT eleMeHTa. Y TepIo-
My HaOJImKeHHI MiHiManbHa KoHeHTpais (MK)

[1-®), ...
MK (%) =100 D) ys 599 ot :
(H- )CTaH}IapTy pt - bt

ne [I-® — BucOoTM BIANOBIIHUX IIKIB 3 BiAHIMaHHAM (GOHY; p —
MIBUJAKICTh JIUOM I TiKa B 4ucTOro eneMeHTa. Cropolnyroud Iie,
OTPUMAEMO

b
(p-b)vt

OueBuIHO, KO MU X04ueMO 3HU3UTH MK, TO MOXHa, BiJIIIOBITHO
1o piBHsHHA (6.4), 3MeHIMTH b, 30iMpIIMTH p 4 30LTBIIATH I
HatinpocrTiie 30iMbIIMTH Yac aHaji3y, ajpke OUIBIINKA Yac aHai3y Jae
3Mory ineHTudikyBaru Menuri miku. OnHak paxysaru jgosire 3a 1 000 ¢
HEMPAKTHYHO HE JIMIIIE TOMY, IO 1€ pOOUTH CEPit0 aHAJI3IB JIyKe Yaco-
3aTpaTHOIO, a TaKOX TOMY, IO IHTEHCHBHICTh Iy4Ka HE € CTaJO0
0E3KOHEYHO JOBrO HaBiTh y HAWMIMIIUX Npuianax. Ko BoHa 3MiHIO-

MK (%) = 200 (6.4)
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€TbCSI CYTTEBO, TO HEKOPEKTHO IOPIBHIOBATH BiJUTIKM JUIA 3pa3ka Ta
€Tall0OHAa, OCKUIBKH OTPUMYIOTH iX 32 PI3HHX YMOB.

[ammif mosix momimmenass MK 3anexxuTs Bif OymoBH 1 poOOTH
cnektpometpa. CJIE mae ripme criBBigHOmEHH MMiK/doH, HixX CAIX, 1
o0u/IBa MarOTh TOTaHi CIIBBIIHOMICHHS MiK/(DOH IS JISTKMX CJICMCHTIB.
Hns Beix (kpiM Haitnermmx) enementiB MK y pasi Bukopucranus CE
ctanoButh TipuoIu3HO 0.1 %, a g CI/IX — Ha mopsaok meHma. OqHak
TOYHA ITHdpa 3aJeKaTUME BiJ aTOMHOI MacH MIKpOEJIEMEHTA TIOPiBHSIHO
31 3pa3KOM, OCKUTBKH, SIK ITHMETHCS Jajli, M KW PEHTTEH Bif JIETKUX
€JIEMEHTIB 3HAYHO TIOTJIMHATHME MATPHIIS 3 BEIUKOIO aTOMHOIO MacOIO.

6.5.2. Kinvkichuii ananiz 06’emnux 3paskie. IIpuHIMN KiTbKiCHO-
ro aHali3y MPOCTUH, 1 MU HESBHO CKOPUCTAIMCS HUM y XOJHi 0OToBO-
peHHsI MiHIManbHOT KoHIeHTpaii. [[{o0 BU3HAYNTH KiIbKICTh HAsIBHOTO
eJeMeHTa, Tpeba MOPIBHATH KiNBKICTh XapaKTEPUCTHYHUX X-KBAHTIB,
emitoBaHuX 3pa3skoM (N,) 3a QikcoBaHMii iHTEpBal Yacy, 3 KUIbKICTIO
X-kBaHTiB, emiToBaHNX eTAIOHOM (N.;) 3 BiIOMHM CKIaZoM 3a TaKHH
xe yac. KoHIeHTpallist IbOoro eneMeHTa y 3pa3Ky

N3
Csp = . CeT = kCeT’
NET

(6.5)

ne C,, — TOYHO BiZlOMa KOHIIGHTpAILlis I[bOIO €JIEMEHTa B €TaJIOHI, 1
Ko)kKHe 3HaueHHs N € KUTBKICTh BIJIIKIB Y MKy MiHYC KiJIbKICTh BiJUTIKiB
¢dony. ®on y C/IE 3MiHIOE€ThCS HETIEPEPBHO MO 3pa3Ky, 1 TOUYHE BU3HA-
4yeHHs piBHA (OHY Ui OyIb-SIKOTO TIiKa € HEMpPOCTUM 3aBJaHHSM,
OJIHAK U1 HOr0 BUKOHAHHS BXX€ PO3PO0JICHO HU3KY MPOTPaM.

Ockinbku N,y T2 Nep OTPHUMYIOTE Y pi3HI MOMEHTH, TO MH MyCHMO
JOTPUMYBATHCS THX K€ YMOB aHANi3y Y XOJi JIOCIIJKEHHS eTaJloHa Ta
3pa3ka. lle morpebye akypaTHOCTI SIK y OY/JOBiI €JIEKTPOHHOI'O MIiKpO-
30H]1a, TaK 1 y BUKOPUCTaHHI {or0, n100 3a0e3neunuTH NOCTIiHICTh CTPY-
My Iy4Ka OpOTArOM TpHBajoro yacy. HaBite sikimio mio npobiemy Bra-
JIoCsl TIOZIONIATH, TO MU 0ayuMo, IO PiBHAHHSA (6.5) HE MpHUIATHE VI
PO3paxyHKy KOHLEHTpALii.

BinbIricTh yCKIIaIHIOBAIbHUX YHHHUKIB BUHUKAE TOMY, 110 3pa30K
HEMUHYYE HE TaKWH, SK €TaJOHHUH. Y Hal3BUYHILINX BUIAJKaX 3pa3okK,
IO MIiCTHTh KiJIbKa €JIEMEHTIB, IOPIBHIOIOTH 3 CEPI€I0 €TAIOHIB, KOXKEH
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3 SIKUX € YHACTHM €JEMEHTOM, TOMY Ay)Xe HMOBIpHO, IO 3pa3oK
BIJIPI3HATUMETHCA BiJl KOXXKHOTO €TajoHa TYyCTHHOIO Ta CEpPeIHBOIO
ATOMHOIO MacoOl0 aTOMiB, III0 HOTO YTBOPIOIOTH. Hacmikowm 11i€l pi3HHUII
€ Te, Mo piBHAHHSA (6.5) moTpeOyBaTHMe MOMPABOK ACIKUX YW HaBIiTH
yCiX YMHHHKIB, BIJIOMHUX SIK BILUIMB aTOMHOTO HOMepa (Z), abcopOuist (4)
ta (ayopecuenmis (F). Bukopucranus 1ux nonpaBok Ha3uBawTh ZAF
METOJIMKOI. AHAIITUYHE 00JIaIHAHHS IS KUIBKICHOTO aHaIIi3y 3aBKIU
MOB’si3aHe 3 KOMIT IOTEPOM, SIKUM IIBHUAKO BHKOHYE ZAF Kopekiiro.
[IpoTte gocmimHUK MOBUHEH PO3YMITH ii MPUHIHAII, OO TMEPEeKOHATHUCS,
110 3po0eHi y ZAF npunyiieHHs BiAMOBial0Th aHAITI3Y.

[Mepmr HiX po3rasaaTH OPUPOAY LUX TMOMPaBOK, OOrOBOPHUMO
cnoci0, y sikuit npairoe ZAF. [{si BUKOPUCTaHHS IbOTO METOAY Tpeda
po3paxyBaTH BigHOIIEHHS K KiMbKOCTI X-KBaHTIB, EMITOBAaHHX 3Pa3koM
Ta €TaJOHOM (KW yBa)KaTUMEMO YHCTUM eleMeHToM). KoHreHTparist
CIIEMEHTA Y 3pa3Ky

C,=k-Z-A-F. (6.6)

3nauenns Z, A ta F 3anexats BiJl cepeHr01 aTOMHOI MacH 3paska,
i ixHilt po3paxyHOK MOTpedye MOMEepeTHBOTO 3HAHHS CKIAay 3pasKa.
€1uHui cnoci6 NpoJoBKUTH aHalli3 — 3poouTn rpy0y ouiHky Cs,, mpu-
HasBImy i 3a K (To6To mokmaBmm Z=A=F=1), i BUKOpUCTATH II¢ 3HA-
YeHHs JJIs1 IPUOIM3HOTO POo3paxyHKy 3HadeHb Z, A ta F. i nmpubnmzHo
pO3paxoBaHi 3HaueHHS TOAI MixcTaBisieMo Yy (6.6) 1 BUKOPUCTOBYEMO
A7 To4Himoro pospaxyHky C,,. Taki iTepauii HOBTOPIOIOTb JOTH, JOKH
C,, He IepecTaHe 3MiHIOBAaTUCA. 3a3BUYai, OO JOCATAIOTH 32 TPH—HO-
TUpH iTeparii. JKoTHOTO 3 TPhOX KOPUTYBAJIBHUX YMHHHKIB HE MOXKHA
po3paxyBaTd TOYHO 3 MEPIIMX MPHUHIUIIB, OJJHAK 332 OCTAaHHI JICCSITH-
JITTS OTPUMAHO HAOJIMKEH] PO3B’3KH, SIKi TIOCTIHHO yTOYHIOIOTb.

Kopexyis amomnoeo nomepa Z nos’si3ana 3 eeKTHUBHICTIO TeHEPy-
BaHHs X-TIPOMEHIB €I€MEHTaMH, 1 3aJI)KUTh BOHA BiJ ABOX YMHHUKIB!
1) HacKibKH TTIMOOKO EJIEKTPOHM NMPOHHUKAIOTH y 3pa30K A0 TOTro, SIK
iXHI eHepreTHYHi BTPaTH CTAIOTh HACTUIBKHA BEJWKHMH, IO BOHH
OlnpIlle HE 3MOXYTh TeHepyBaTH X-TIPOMEHi; 2) CKUIbKH EJEKTPOHIB
OyJI0 3BOPOTHO PO3CISIHO O€3 reHepyBaHHS X-BUIIPOMIHIOBAHHSI.
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Skmo cepenHili aTOMHUIT HOMEp 3pa3ka Ta eTajJioHa 3HAYHO Bij-
PI3HSIOTBCS MK c000I0, TO MIBUAKICTD 190N X-KBaHTIB I €JIeMEHTA
3ayekaTiMe HeJHIINHO Big HOro KibKOCTi, TOMy Z He JOpiBHIOBATHME
1. dna aHamizy BaXKWX €JEMEHTIB y MaTpuii 3 jerkux Z> 1, a mis
JISTKUX Y MaTpulli 3 BaXKUX eiaeMeHTiB Z < 1. Sk npuknajg edekry, 3a-
3HAYMMO, 110 IS Cipku (aToMHHH HOMep 16) B ipskocTilikiii craii (ce-
penniii aromauid Homep 27) Z nmopiBHtoe 0.87. Lle kpaliHili BUMAIOK,
3a3BHUail epekT € Habararo MEHITUM. Y pa3i BU3HAYEHHS KOHIICHTpAIIii
BaHaito (aToMHUI HOMeED 23) y Til e CTalll KOPUTYBaTbHUI MHOKHHK
nopisaIoe 0.99.

Kopexuyis abcopoyii A Takox nyxe BaxiuBa. Sk 6auumo 3 puc. 6.2,
Oarato 3 X-TIpOMEHIB, 0 HAPOMKYIOTBCS Y 3pa3Ky, MOBHHHI MPOHTH B
HBOMY 3HA4Hy BIJICTaHb, 1 IXHS IHTEHCHBHICTH MOCIAOUTBCS 4Yepes
abcop6mito. [lormruanHas X-IPOMEHIB 3HAYHO 3aJIEKUTH BiJl €IEMEHTIB y
3pa3Ky uepe3 iXHiil MacoBwil KOe(illieHT MOTIUHAaHHSA . IMOBipHO, IO
3pa30K i €TaJIlOH MaTUMYTh Pi3Hi cepeHi KoedillieHTH MorIMHaHHA. ToMy
HaBiTh SIKIO X-TIPOMEHi OyJIM 3reHepOBaHi y TaKOMYy kK 00’ eMi B3aeMo[ii,
TIOTJIMHAHHS B €TAJIOHI Ta Y 3pa3Ky BiAPI3HATHMYTHCSL.

3HaueHHs 1€l MOMPaBKKU MOXe OYTH JOCHThH BEIMKUM, OCOOJIUBO 1€
CTOCYETBCS M SIKOTO peHTreHy (To0to K-JiHii JerKuX eNeMeHTIB, IWB.
Tab. 6.1), 0 eMiTyeThCs 31 3pa3KiB, sIKi MICTATh Baxdi eneMeHTd. [Ipu-
KJIQJIOM € BUMIipIOBAaHHS KOHIIGHTpAIlil aJfOMIHII0 y CTalli, MO0 MICTHTh
Al,O3, SiO; ta CaO. Toai MHOKHHK A y piBHsAHHI (6.6) mopiBHIOE 1.86.
[NonpaBka Ha abcopOIit0 YacTo € HalWcyTTeBiMM edexkrom. Hanpukiarn,
aHa;i3 3aii3a B ipXKOCTiHKIM cTami Moxe motpebyBati 8 % Kopekiii
(4 = 1.08). TouHicTs Oyab-IKOT MPOLIETYPH KOPEKIIii 3aJICKHUTh BiJ L, SKi
BUKOPUCTOBYIOTh. He Ui BCiX eJeMeHTIB Ta JiHIH MOXXHa OTPHMATH
XOpOIlli eKCIIEPHUMEHTAIIBHI PE3YJIBTaTH, OCOOINBO 1€ CTOCYETHCS JETKUX
EIIEMEHTIB, 1 1le MOXke OyTH OOMEXYBaJlbHUM YMHHHKOM JJIsi 0araTthox
TMOTIPABOK.

OcTaHHIi YMHHUK, KU Tpeba po3riIsHyTH, 1ie QIyopecleHiis. 3a
O3Ha4YeHHM, (IIyopecleHIis He MOXe BUHUKHYTH B YHICTOMY €TaJIOHI.
OpnHaxk y 3pa3Ky, II0 MICTUTh KiJIbKa €JIEMEHTIB, ii Tpeba OpaTu 10 yBa-
ru. Ha macts, ¢puyopecuenuis € ay:xe MaIOMMOBIpHUM SIBUIIEM 1 JIMIIE
MaJia 4yacTKa BHCOKOEHEPreTHYHUX X-TIPOMEHIB 30yJKye BHIIPOMIHIO-
BaHHS 3 HIKYO0I0 eHepriero. OHaK KOJIM MAaeEMO €JIEeMEHTH 3 OIM3bKUMU
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aTOMHUMHU HOMepamH, sk y crani (Cr(Z = 24), Mn(Z = 25), Fe(Z = 26),
Ni(Z =28)), duayopeciienitisi, ska NPUBOIUTH JO TMOSBU OLIBIIOL
KITBKOCTI HHU3BKOCHEPTETUYHHX X-TPOMEHIB, HIK OUIKyBalHl, CTa€
BOXIMBUM YUHHUKOM. OAWH 3 HaWCYTTEBININX BHUIAAKIB — XpPOM Yy
craui, ko notpidHa kopekuis 15 % (F = 0.85).

BukopucTanHs KOMIT'IOTEpIB y NpoLeaypi KOpeKUil pe3yiabTariB
aHaJi3y TBEpAMX 3pa3KiB Aano 0 3MOTYy po3paxoByBaTH KOHLIEHTpawii 3
TouHicTIo £2 % y pa3i Bukopuctanus CIJIX Tta +6 %, sxmo
BukopuctoByBatn CJIE. Ommak Taki pe3ynbTaTH MOXHA OTPHUMAaTH
JWIIe 3a JTy)Ke aKypaTHOTO EKCHEePHMEHTY 1 SKIIO y 3pa3Ky € BEJHKi
KUTBKOCTI aHami3oBaHuX ejeMeHTiB (0am3bko 10 %). OTxe, xoya BUMI-
PSTH KOHILIEHTpAIIif0 Mifi B 1aTyHi MoxHa sik 70.0 + 1.4 %, BmicT ByrIIe-
IO y CTaJIi HaBps YK BAACThCS B3HATH TouHimre, Hix 0.3 + 0.2 % udepes
HOTr0 HU3BKY KOHIICHTpAIlI0 Ta BIJCYTHICTh AAHUX TPO KoeillieHT
norauHaHHA M sKuX mpomeHiB C K.

OpnarM 3 HaWBaXIMBIMINX MapaMeTpiB JUII KOPEKIIii € KyT BUXOIY
X-TIpOMEHiB, SKHH BU3HAUYAE MUIAX, O HOTO MPOXOIUTH X-TPOMIHB Y
3pa3ky. Jly>xe BaXJIHMBO, 1100 BiH OyB OJTHAKOBUM Y 3pa3Ky Ta €TaJIOHI i,
3BHYAIHO, Y BCIX TOYKax 3pa3ka, siKi aHalli3yroTb. BiamosimHo, Oyb-
SIKUM 3pa30K UIsl KUTBKICHOTO aHAalli3y IOBHHEH OYTH IUIOCKAM 3
HOTJISIY liaMeTpa eJIeKTPOHHOTO IyYKa.

[IpuiiHsiTO MONTipYBaTH 3pa3KH MEpel CaMUM aHalli30M abpa3uBOM 3
gactkamu 1.0 Mkm um 0.25 MKM, Tak 10 OTPUMYIOTH Iy>KE€ Maily
HIOPCTKICTh MOBepxHi. [IMOCKHUH 3pa3oK TaKoXK TyXKe BKIUBHU JUIS
aHaiizy 3a gonomororo CIJIX, ockinbku, sik 6auumo 3 puc. 6.10, 3pa3ok
MIOBUHEH JIe)KaTH TOYHO Ha Kouii Poymanna mis edexTuBHOI peecTparii
X-npomeHiB. HepiBHuii 3pa3ok He MOKHA 3MiCTUTH BOIK, HE BUPIBHIO-
104X HOTO 3HOBY Ha IIbOMY KOJIi, III0 € 3HAYHOI0 He3pyuHicTio. Lle ogna
3 nepeBar C/IE, axuii maiike HeUyTIMBHIA 10 PO3TAIlyBaHHS 3pa3Kka, a
TOMY J]a€ 3MOT'Y aHaNi3yBaTH IuepiiaBi 3pa3kd. OmHaK SIKIIO HAEThCS
Mpo KiUIBKICHUH aHaji3, TO KYyT BUXOJY TOBHHEH OYTH BIJIOMHM, TOMY
notpibeH momipoBaHuil 3pa3ok. I[loTpiOHO mam’sTaTH, IO HAaBITH
TOYKOBHMH KIJIBKICHMH aHaii3 3pas3ka 3a goromoror CIE moxe OyTtu
MIOMUJIKOBUM uepe3 edeKT, 300paxenuil Ha puc. 6.16, 6.

Xoua IpUTOTYBaHHS 3pa3ka € KIIOYOBUM YNHHUKOM Y KiJIbKICHOMY
aHayi3i, ICHyIOTh TaKoX TMpoOJieMH, MOB’si3aHi 3 eranoHamu. s Oa-
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raTbOX €JIEeMEHTIB, 30KpeMa METalliB, Ay>Ke JIETKO MPUTOTYBATH IMOJipo-
BaHWK 3pa30K YHUCTOTO eneMeHTa. OMHaK YMMajio iHIIUX EJICMEHTIB
iCHye y BUTIISIII Tasy, PIAMHMA 9H JyXe aKTHBHHUX TBEPAHMX TiNI, TOMY
eTAIOHH JJIS IMX eJIEMEHTIB MOBHHHI OyTH y BHIJIsLALI croiyk. Tpeba
BUOMpATH CIIOJIyKH €TaJIOHIB TOMOTEHHI, CTEXiOMeTpHuHi Ta 6e3 mop.

o6 momonmaTu 1i OOMEXEHHs, MPOBEICHO HHU3KY pOOIT ais
OTpUMaHHS “BipTyalibHUX eTajoHiB”. lle crexkTpu Ha KoMm toTepi, SKi
3a MEBHUX YMOB MO>KHA BUKOPHUCTOBYBATH 3aMICTh CIIEKTPIB €TaJOHA.
OCKIiNbKY BipTyallbHI CIIEKTPH €TaJOHA HEMa€e OTPeOH OTPUMYBATH ITiJT
Yac aHalli3y, BOHH CYTTEBO MPUIIBUINIYIOTH MPOIEC aHANI3Y, a TAKOXK
JAIOTh 3MOTY OOXOIUTHCSA O3 CKIAIHMX YM HECTAOUIbHUX pPeabHHUX
€TaJIOHiB.

I'onoBHUE aKIEHT 10Ci MU POOMIIM Ha KiJIbKICHOMY aHaJIi3i MeTaJie-
BHX Ta MiHEpaJIbHHUX 3pa3KiB, sIKi MOXXHA TOJIPYBaTH, HE TOIIKOKY-
toun ix. Temep 3BepHEMO yBary Ha JesKi mpoOieMu, 10 BUHHKAIOTh Y
pasi 3acTocyBaHHS X METOIWK 0 OI0JOTIYHUX MaTepiaiB.

BinbmricTh 0i010r1YHUX 3pa3KiB HE MiAXOAUTH JUIsl TOYHOTO KiJIbKi-
CHOT'O aHaJi3y fAK 00’€MHI 3pa3KH, OCKUIbKM BOHU HE IMiANANA0Th ITij
TPH OCHOBHI KPHTEPIi, 5IKi paHillie BBEJCHi:

1) 3pinka OyBarOTh CTaOUIBHI IMiJT JI€O €IEKTPOHHOTO ITyYKa, 9acTO
3MIHIOIOTh 00’ €M Ta XiMI4HY MIPUPOLY;

2) 4acTO € HErOMOTEHHIMH 32 CKIIQJIOM B 00’ €Mi B3a€EMOIii, IKUN y
MaTepiajgax 3 HU3bKOI aTOMHOI Macor Moxe csaratu 10 MKMS;

3) 3a3Buuai, IXHs TOBEPXHS HE € TUIOCKOIO.

3 BUKOPUCTAHHSM €TAJIOHIB, YU XIMIYHHUI CKJIa] CXOXKUH Ha CKIIaj
3pa3ka, MOXKHA JIOCSTTH TIEBHOTO YCHIXy 3a CHPHUATIMBUX OOCTaBHH.
OpHak HaWMIMIIUE croci0 BUKOHATH YCIIITHUHN KibKiCHUN aHami3 0io-
JIOTIYHOTO Matepiary — Iie JOCHKYBaTH HOTo y BUTIISAII TOHKOTO 3pi-
3y, BUKOPUCTOBYIOYHM METO/IU, OITUCAHI JaJll.

6.5.3. Kinvkicnuii ananiz moukux 3paskie. Buie 3a3HadeHo, 1o
MPOCTOPOBE PO3JJICHHS aHalli3y 3HAYHO TONIIIIYETHCS, SKIIO Mpa-
LIOBATH 3 TOHKUM 3pa3KoM. 3a MEBHUX OOCTaBMH KiJIbKICHMN aHaui3
TaKUX TOHKHX 3pi3iB BUKOHYBATH JIETIIE, HiXK 00’ eMHMX 3pa3kiB. Lle mo-
B’S3aHO 3 THUM, L0 UUISIXH, SKi MPOXOAUTH X-BUIPOMIHIOBAaHHA Y
3pa3Ky, HacTLIbKK Mami (muB. puc. 6.17), mo mompaBkamu Ha TMOTJIH-
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HaHHA Ta QIIyopecleHIiio, HeOOXiTHUMH A7l 00’ €MHHUX 3pa3KiB, MOXKHA
3HEXTyBaTH. st my>Ke TOHKUX 3pa3KiB 3’sICOBAaHO, IO
Ca NA

— =K —, 6.7
=k 67)

ne Na ta Ng— BUMIpSHI IHTEHCHBHOCTI XapaKTEPUCTUIHOTO X-BHIIPO-
MiHtoBaHHS; C, Ta Cg— MacoBi 4acTKH Oyib-SIKHX JABOX €IIEMEHTIB 4 Ta
B y 3pa3ky. MacitabHuii MHOKHHK Kag 3a7I€KHTh BiJi 000X €JIEMEHTIB,
YMOB pOOOTH Ta YYTJIMBOCTI JeTeKTOpa. Xouya Kag MOKHA pO3paxyBaTH,
YacTilie Horo BU3HAYAIOTh eKcrepuMeHTansHO. [00 yHUKHYTH BU3HA-
4yeHHs K 11 KoMOiHaIii yciX eJeMeHTIB, HOro BUMIPIOIOTh LIS TOTPi-
OHHMX €JEeMEHTIB y KOMOiHallii 3 OJHWM eJeMEHTOM. 3a3BH4ail BHKO-
PHCTOBYIOTh CHJIiIIH, TOOTO Kasi, 3aCTOCOBYIOYH CIUIABH YU MiHEpaIu
Biomoro ckiaay. Konu teit Habip cranux orpuMano, Tofi Kag y piBHS-
HHi (6.6) MoxHa 3aMiHUTH Ha Kasi/Kgs;.

SIk omucaHO BHIIE, OJHIEID 3 OCHOBHUX MPOOJIEM y TOHKOILTIBKO-
BOMY PEHTTEHIBCHKOMY aHaji3i € peecTpallist XuOHNX X-MIPOMEHIB, 1 IS
KITBKICHOTO aHaJli3y BaXKJIMBO, 100 TXHil piBeHb OYB SKOMOTA HIKYNM.
OTpuMaBIIM CIIEKTPH, U1l BU3HAUEHHS IHTCHCHBHOCTEH XapaKTepHCTH-
yHUX X-NPOMEHIB BUKOPHUCTOBYIOTH METOH, CX0XKI1 Ha Ti, SKi 3aCTOCO-
BYIOTB JIJIsl 00’ €MHHX 3pa3KiB.

Mexxy BH3HA4YCHHSI eleMeHTa A y MaTpuli 3 eieMeHTa B 004m-
CIIIOIOTH TaK:

*kaCe. (6.8)

ne |lg— inTeHcuBHICTh enemenTa B; l;— HenepepBHuUil (OH s eleMeHTa
A. PiBusiaas (6.8) 3acBiguye, 1110 MeXa peecTpaliii 3MEeHIIYeTbCsl (TOOTO
aHai3 CTa€ JIMIINM), SKIIO 301IbIIyEThCS IBUIKICTD M Yac JIiuou. Sk
3a3HAYEHO BUIIIE, 301IBIICHHS IIBUAKOCTI U0 y 1IbOMY MPUIAJ JTOCS-
rar0Th 3a JOMOMOIOI0 TOBCTIIIOTO 3pa3Ka Yd 30HAa OUTBIIOTO Jliamerpa.
30UIblIeHHsT IMX 3HA4YeHb Beje JIO TOTIPHICHHS MPOCTOPOBOTO PO3JIi-
JICHHS, 1 SIKIIO TOBUIMHY 30UIBIINTH 3aHAATO CHIBHO, TO BUHUKHE MOTpPE-
0a y BpaxyBaHHI TIONPaBOK Ha TMOTJMHAHHS Ta (IyOpEeCIeHIlio, i mpo-
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CTHI MeTOJX BifHOIICHHS (piBHAHHS (6.7)) U aHAII3Y BXKE HE IMPALIIOE.
Ha npaktuiii Mexi peecrparmii ctaHoBiasaTh Onmm3pko 0.1-0.5 BaroBoro
BilcoTKa. Merka TOBIIMHM, IS SKOi piBHSHHA (6.7) Ime mparfroe, 3aje-
JKUTH BiJl aHATI30BaHOTO €JIEMEHTa Ta aTOMHOI MacH 3paska. Tumose 3Ha-
yeHHs 11 cranoButh 50-100 HM.

Jnst ToBeTimMX 3pa3kiB Tpeba poOMTH MOMPaBKy Ha MOTJIMHAHH,
sKa CYTTEBO 3aJISKUTh BiJl LUISAXY X-TPOMEHIB y TOHKIH IUTiBLI, TOHAN
SIKUI BUHHUKAE MOTIHHAHHSA. Lle 3yMoBITtoe HEOOXiTHICTh 3HATH HE JIHIIE
JIOKAJIbHY TOBINMHY 3pa3ka, a Takox (popMmy 1 Haxwi 3paska, i Ii mapa-
METpPH YacTO BaXXKO BH3HAYMTHU TOYHO. SIK 1 y BUNIaJKy 00’ €MHUX 3pa3-
KiB, BUKOPUCTaHHS MOIMIPABOK MOTpeOye iTepamiiHoro MeToIy.

He3Baxkaroun Ha mpoOeMH, 1110 BUHHKAIOTH ITiJl Yac aHali3yBaHHS
TOHKHX IUTIBOK, II¢ JIy’K€ MOTYXXHAa MIKpOaHaTITUYHA METOJHKA, SKY
IIMPOKO BUKOPUCTOBYIOTH JUIA ineHTH(]iKatii ¢as.

Xoua 00’ €MHHI MiKpoaHalli3 9acTO 3aCTOCOBYIOTH JUIS BH3HAUCHHS
ckiany a3 y Kepamilli M METaJIeBOMY CIUIaBi, y 0araThO0X BHIAIKaX
po3noain (a3 € B TakoMy JIpiOHOMY MaciiTali, 110 PO3AUICHHS 1 MKM
He3aJI0BlJIbHE. 3a 1UX OOCTaBHH Ay KOPHCHUN TOHKOILUIIBKOBUI aHa-
JIi3, IKAW Ja€ I[iHHI pe3yJbTaTH 010 IEPETBOPEHHS Ta piBHOBAru das.

6.6. CrieKTpOCKOIlisi eHePreTHYHUX BTPAT €J1eKTPOHIB

VY poszmini 2 00roBOpeHO YOTHPH THITM HETPYKHOTO PO3CISHHS.
SIKIO i 9ac MpOXO/PKEHHS TOHKOTO 3pa3ka €JIEKTPOH 3a3Hae OyIib-
SKOT 3 IIMX B3a€EMOJIiH, BiH BTPAaTHTh €HEPTi0. SIKIIO BTpaTH IepeBH-
myroTh 1 eB, Toai MopiBHAHO MPOCTO BUMIPATH iX 3a JOMOMOTOI0 Mar-
HITHOTO criekTpoMeTpa. Lle cTaHOBHTh OCHOBY MOTYKHOT'O METO.Y J0C-
mimkenHns 3pazka y [IEM.

6.6.1. Peccmpauia cnekmpa eHepzemuyHUX empam eneKmpoHis.
3po3ymino, 1m0 eNeKTPOHHUH CIEKTPOMETP MOBHHEH OYTH pO3TaIloBa-
HUH Miciis 3pa3Ka, TOMY 4acTO BiH € OCTaHHBOIO CKJIaJOBOIO aHAJITHY-
HOTO Mikpockora. [I[puHInT poOOTH IBOTO MPHIIAIY MOJISTAE Y BUKOPH-
CTaHHI MarHiTHOTO IOJISl JUTS BIIXMJICHHS BCIX €JIEKTPOHIB HA KT MPH-
6mu3HO 90°: Ticis MPOXOKEHHS 3pa3Ka (Ta MPOEKTOPHOI JIIH3H MiKpoC-
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KOIIa) SJICKTPOHU MOTPAIUIAIOTh Y CIIEKTPOMETP 1 3a3HAIOTh BiIXHJICHHS
Mar"HiTHAM mosieM. IBuAMI eneKTpoHH BIAXWIATUMYTHCS JIEIO Clia-
orre, i My40K pO3KIaIaTUMEThCS Y CIICKTp 3a eHepriero (puc. 6.19).

€ 1Ba crIocoOM peecTpyBaHHS CHEKTpa. SIKIO CIIEKTPOMETP OJIUH,
TO CIIEKTP MOXKHA OTPUMYBATH CKaHYBaHHSAM Yepe3 IIIMHY, 3MIHIOIOUH
IHAYKIIIFO MAarHiTHOTO IOJIS, TaK IO KOXKHE 3HAYCHHS CHEpPTii peecTpy-
€Tbcs 10 uep3i. lle Ha3uBaIOTh MOCHTIIOBHUM CIIEKTPOMETPOM, 1 HOTO
300pakeHHs € Ha puc. 6.19, a. SKII0 BUKOPUCTOBYIOTh MO3UIIHHO-IYT-
JUBUH JETEKTOP, TO BECh CIIEKTP OTPUMYIOTH Bigpasy. Takuii mpuctpiit
HA3UBAIOTh MapaiebHUM CIIEKTPOMETPOM, & METOJIUKY — MapalieIbHOO
CHEKTPOCKOMi€l0 eHepreTnuHux BTpaT enekTpoHiB (MCEBE) (ams.
puc. 6.19, 6).

Big MEM Big MEM

= BxioHa
aneprypa

BxigHa
aneprypa

MarnitHa
npuama

MarnitHa
npusma

=] HerekTop Po3amilLeHHs
a 7 - 6 YyTNMBOTO
) aetekTopa
LWinuHa

Puc. 6.19. CriekTpoMeTpu €HepreTUYHUX BTPAT €JIEKTPOHIB:
a — IOCIIIOBHUH CIIEKTPOMETP; 6 — MapajebHHil CIEKTPOMETD.

Ilepmi criexktpomerpu Oynu mociizoBHoro tumy. OmHak mapaie-
JIBHI CHOTOJTHI O1ITBIIIE MOMIUPEH], OCKITIFKY BOHH CIIPaB/li e(heKTHBHIIIII.
[MpumycTiMo, 0 MM X0YeMO TOpaxyBaTH KiUTBbKICTh €IEKTPOHIB 3 TH-
CSAYCH0 PIZHUX EHEpriil JuIs TOro, 100 MoOyayBaTH CIIEKTp, SKHM CKJa-
Ja€ThCs 3 OfIHIET THUCSAYI TOYOK. [lOCHiZOBHUI CHEKTPOMETP BUTpaya-
TUME THUCSYHY YaCTHHY Yacy MiJJpaxyHKy Ha KOXKHY OJTHY €HEepTito, TOI
SK MapajeabHUN CIIEKTPOMETp paxyBaTHMeE BCi eHeprii yBeck uac. Uepes
HE/IONIIKA CaMoro MapajefbHOTO JIETEKTOpa IepeBara HaclpaBii HE €
TUCSYA JI0 OJTHOTO Ha HOro KOPHUCTh, MPOTE MapaliesibHa CUCTeMa peec-
Tpalii nepeBaxae.
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6.6.2. Axicnuit awnaniz cnekmpa. YBaXaeTbCs, IO CIEKTP
eHepreTnyHuX BTpar enekTpoHiB (MCEBE) yMOBHO cKkiamaeTses 3 TPHOX
IUISTHOK, 300paxeHnx Ha pwuc. 6.20. Ti emektpoHn (3a3BHYaii, BOHU
CTaHOBIISITH OUTBIIICTE), SIKi 3a3HATN HENMPYKHUX 3ITKHEHb, SIKUMH MOYKHA
3HEXTYBaTH, (POPMYIOTh MK HYJIHOBHX BTpaT. [[UISHKY HM3BKHX BTpaT
($opMyIOTh €leKTpoHH, 1o BTpaTwin Ao S50 eB, 1 moB’s3aHa BoHa, TO-
JIOBHO, 3 PO3CISIHHSM Ha TUTa3MOHaX. J[iSIHKYM HYJIBOBUX Ta IJIA3MOHHUX
(Mayx) BTpaT BHIIHO B JIBiM YacTHHI CIIEKTpa BTpAT, a MO0 CTaIH TO-
MITHI XapaKTepUCTUYHI Kpai, IHTCHCHUBHICTh IIi€l YaCTHHU CIEKTpa

ik HyNboBUX 30utpmeno y 100 pasis.
XapaKTepuCTHIHMiA [lmasmMOHHMX TMIKIB  BTpaT
kpai Moke Oyt Kinmbka. [leprumid,
HaMEHIIHX BTPaT, GOPMYETHCSI 3
EJIIEKTPOHIB, M0 30YyAWIN OIWH
IUIA3MOH TiJ] Yac MPOXOJKCHHS
yepe3 3pa3ok. [pyruit Ta BumI

Bignikun

[nasmoHHuA

EnepreTiuni sTpaTU IUTa3MOHHI MK (OPMYIOTh elie-
Puc. 6.20. Tunosuii ciektp KTpOHH, siKi 30yauwm asa i Oi-
€HEePreTHYHUX BTPAT EJIEKTPOHIB. nplie ia3MoHu. PiBHsHHS (2.7)

MO)KHa BHKOPHCTATH ISl TiApa-
XYHKY BIJTHOCHHX 1HTEHCHBHOCTEH IUIA3MOHHHMX MiKiB. Y OUIbIIOCTI crie-
KTPIB BiJl IOCUTh TOHKHX 3pPa3KiB IEPIIHA MK € HAlIHTEHCUBHIIINH, a Ha-
CTYIHI CyTTEBO cialim. OCKUIbKY JIOBKHUHA BUILHOT'O MPOOIry eIeKTpoHa
JUISL PO3CISIHHS Ha TUIa3MOHAX JIOCUTH BEJMKA, TO HASBHICTH Ha CHEKTpi
BTpaT aX YETBEPTOro IUIa3MOHHOTO TiKa O3Hayae€, M0 3pa3oK JIOCUTH
TOBCTHH 1 HE MOxe OyTH BUKOPWUCTaHUM Hi JUIs (OPMYBaHHS 300paxe-
HHSI, Hi [T aHaIi3y.

[Ina3MoHHI KK HE € Ay»e KOPUCHI JJIs aHalli3y, OCKUTBKA €Heprii,
3a SKMX BOHW BHHHKAIOTh, CXOXi B 0aratbox Mmarepiajax. 3 aHaJliTH4-
HOI0O METOK KOPHCHINIE JOCTI/KYBAaTH XapaKTEpUCTHYHI Kpai B pasi
BUIINX €HEPreTUYHUX BTpar. KibKiCTh €IeKTPOHIB, IO 3a3HAIH CHIIb-
HUX GHEPreTHYHHX BTpaT, Mana. OmHak eHeprii KpaiB, IO BiAmoBinxa-
10Th 30Y/PKEHHIO BHYTPILIHIX OOOJIOHOK, € TAaKUMH XK XapakTepUCTH-
KaMU eJIeMeHTiB, K X-npomeHi. Lli kpai npuiHATO BUKOPUCTOBYBATH Yy
CEBE.
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SIxicHMIA aHaNi3 BUKOHYIOTh IUISIXOM BU3HAUCHHS €HEPriil ycix BH-
IUMHX KpaiB, 3a3Bu4aii, Mk 100 i 2 000 eB, i mopiBHSHHAM iX 3 TaOIH-
YHUMH 3HAYEHHSAMHU TSI eleMeHTiB. OCKUIBKH Kpal XapaKTepUCTHIHHX
BTpaT Ha crekTpi CEBE Ta xapakrepuctiani X-mmpoMeHi 3’ sIBISTIOTHCS
BHACIIIZIOK THX JX€ EJEeKTPOHHMX MEepexoiB, TO ixHi eHeprii OymyTh
Onmu3bKi, ane He TOoToXHi. 3aranom, kpaii eHeprii CEBE (mornunanus)
MOBHHEH OYyTH TPOXM BHMIIMM, HiX BiATOBIIHUI pPEHTTEHIBCHKHN MK
(emicis).

Opnna 3 cunpaEx cropin CEBE monsrae B Tomy, mo i MoxHa
BHKOPHCTOBYBATH JJISl PEeECTpallii KpaiB Bi/l €eMEHTIB, YUE PEHTTEHIB-
ChbKE BUIIPOMIHIOBAHHS € 3aHAJTO M’SIKUM Ul peectpamii. Hanpuknan,
MokHa peectpyBatu kpai CEBE Bin remito, miTito Ta Oepuiiro, siKi iH-
[IMMH CTIOCOOaMU BUSBUTH JYK€ BAXKKO.

6.6.3. Kinvkicnuii ananiz cnekmpa. Y TIPUHIINII, TOPIBHSHO JIETKO
orpuMmaru ckian 3paska 3i cnektpie CEBE. “Po3mip” koxHOTO Kparo
MPOMOPIIHHUEI 0 KUIBKOCTI aTOMIB IIbOTO €JICMEHTA B aHaJi30BaHIN
JUTSTHIN 3pa3ka. SIKIo My 3MOXKeMO 1IeHTU(IKYBaTH Kpai BiJ KOKHOTO
CJIEMEHTa Y 3pa3Ky 1 BUMIPATH “pO3Mip” KOXKHOTO KPar, TO MOIKEMO
po3paxyBatu ckiaa. lle ocHOBa KiNbKICHOTO aHami3y, OAHAK € HH3Ka
NPUYUH, YOMY BiH HE TaKM{ NPOCTUH, SK MOXE 3[JaTHCS Ha NEpIIHid
TIOTJISI.

[Mo-nepire, My MOBUHHI PO3TIISHYTH WMOBIPHICTH TOTO, IIO €Ie-
KTPOHH 3 €HEPTi€l0, IKy BUKOPUCTOBYIOTh, 30yIsTh aroM. Lle Bu3Haue-
HE MepepizoM 30Y/DKCHHS BHYTPIIIHIX 000JIOHOK, O3HAYCHE Y PO3.Iiii 2.
[lepepisz 30ymxeHHs] KOHKPETHOI OOOJIOHKH (SK MPHKIIAMI, PO3TITHEMO
K-000I110HKY) 3aNI€XUTh BiJ| €lleMEHTa, KyTOBOTO Jiaa3oHy eleKTPOHIB,
0 HAAXOJATH y criekTpomeTp (B), Ta Bij eHepreTHyHOTro BikHA A, siKe
PO3TIISAIAI0Th.

[Mepepi3 3MEHITYETbCS ISl €IEMEHTIB 3 BEJIMKAM aTOMHHM HOMe-
pom (piBHsHHS (2.9)), OMHAK AYy»KE TOMITHO 30UIBIIYETHCS 31 301IbIICH-
HsM B un A. CiektpomeTp 3 GikcoBaHUM [} MOKaKe Kpai JIeTKUX eiemMe-
HTiB Ha0araTo iHTEHCHUBHIIIE, HIXX €JIEMEHTIB 3 CEPEeIHHOK) ATOMHOIO
Mmacoto. Tomy Ha criexktpi CEBE nitpuny 6opy kpaii 6opy Oyne HaOa-
rato OUIbIIMM, HIXK Kpait azotry. lle He o3Hauae, 1m0 3pa30K MiCTUTh
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Oinpie OOpy, HiX a30Ty, aJKe HAcHpaBAi y HITpHII OOpY KilbKiCTh
aTOMIB IIUX €JIEMEHTIB TOBHHHA OYTH OTHAKOBOIO.

Ilepepizu 30yKeHHS BHYTPIMIHIX OOOIIOHOK MOXXHa PO3paxyBaTH
TEOPEeTUYHO, 1 TaKUil MiAXiJ TOIOBHO BHKOPHUCTOBYIOTH Yy pasi
3’sICyBaHHsI ‘‘BaroBOi YacTKW~ Ui KOXHOTO Kparo. [Jlami Tpeba Bu3Ha-
YUTH, 10 Ha3MBaTH “‘po3MipoM” Kparo. Tak Ha3MBaTUMEMO IiNISTHKY
CHeKTpa, BUILY BiXl GoHy, y Mexax eHepreTuuHoro BikHa A. DoH myxke
LIBUJKO CNAJA€ 3 €HEPri€lo, sIK BUAHO HA YCIX CIEKTpax, TOMY Ba)KO
eKCTparoroBaTi (HOH TiJ KOXKHAM KpaeM. 3a3BHuai, 11e poOJIsATh Tak:
MiAraHsI0Th KPUBY i KpaeM (TOOTO 3a JEIMI0 HIKYUX CHEePreTUIHHUX
BTpar) piBHAHHAM BUriasay A€, i TOAI BMKOPHCTOBYIOTH BUMIipsHi
3HaueHHS 4 Ta I Ui eKcTpanosiiii ¢poHy mij kpaem (puc. 6.21).

/

EHepreTvnyHi BTpaTtn
Puc. 6.21. Cxemaruune 300paxenns cnekrpa CEBE, ne mo3naueno
CHEepPreTHYHE BIKHO A, y IKOMY BUMIPIOIOTh 3arajibHy iHTCHCUBHICTb
kpato. PoH mifirHaHo 10 AUITHKY B # eKCTparnoyiboBaHo,
SIK TIOKa3aHO IITPUXOBOIO JIIHI€IO.

OckisbKy Kpai BiJl €JIEMEHTIB 3 CEPEHBOI0 aTOMHOIO MAacCoOI0 JTyXKe
Maii, To CEBE Haliinie mpaitoe miji yac aHaji3yBaHHS JICTKUX elie-
MeHTiB. SIkio He Bci enemeHTH y 3pa3ky MoxkHa BusiButH CEBE, TO
HEMOXKJIUBO IMTOBHICTIO PO3paxyBaTH CKJIAJ 32 HABEJACHOIO BHUILE METO-
KO0, [HIINH croci® — MopiBHATH PO3MIp KOKHOTO 3 KpaiB 3 po3Mipom
MiKa HyJIbOBHX BTpaT 3 TUM kK€ eHepreTuyHuM BikHOM A. Lle nacts 3mo-
Iy po3paxyBaTd aOCOJIIOTHY KUIBKICTh aTOMIB, SKi C(OpPMYBaU Kpaii.
BuKOpPUCTOBYIOUM TaKHiA MiJIX1/, JETKO BUSHAYUTH BIAHOCHHH aTOMHUIA
BMICT JIETKHX €JIEMEHTIB y 3pa3Ky.
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Onun 3 ocHoBHuX HenonikiB CEBE monsirae B ToMmy, 10 KOKeH
Kpail Oyzie po3MUpPEHHit TaK CaMo, K iIHTepBaJ HU3bKUX €HEPreTHIHUX
BTpaT. [HIIMMU c10BaMu, KOXKEH €JIEeKTPOH, IO MPU3BIB 10 30yKEHHS
BHYTPIITHBOI 00O0JIOHKH, MOXKE TaKOX 30yIUTH OIWH YH JBa IIa3MOHHU.
Ha cymapHOoMYy criekTpi 1ie BUSBUTBCSA Ha MiKOBI BUIIMX €HEPTeTUYHUX
BTpaT, CIPUYMHIIOUM PO3MIMPEeHHs (opMu imeanbHOoro kparo. Llei
edekT 30UIBIIYEThCS 31 3pOCTAHHSAM TOBIIMHU 3pa3ka. Haiuwmcrimi,
HaWJITKINI Kpai yTBOPSATHCS BiX AyK€ TOHKHX MITISHOK 3paska. Tomy
HEMPaKTHIHO TOCTKYBATH TUISTHKY HACTUIBKH TOBCTY, IO 30yIKYy-
€ThCS KiIbKa TIa3MOHIB, OCOOJIMBO TOMY, IO MOBHHWKA CUTHAN (TOOTO
KUTBKICTDh BIJUTIKIB CrieKTpa) OyJe TOAl AyKe MalluM, a CTaTUCTHUYHI
MOXUOKK — BEeMUKUMH. TOMY y OUIBIIOCTI BUMAJKIB aHANi3y 3HAXOSATh
KOMIIPOMIC MK CHJIOI0 CHTHAly Ta PO3MHTTSAM Kpato. OnHaK 3 piBHS-
HHA (2.7) BUIUTMBAE Take: SKIIO TOBIIMHA 3pa3Ka JOPIBHIOE CepemHiit
JOBXHHI MPo0iry st 30yAKeHHs M1a3MoHiB, To 18 % enexTponis 30y-
ISTh 110 J1Ba IUTA3MOHH, TOMY JIpPYTHH IUIa3MOHHHUH MK Oyne IOCUTH
3HayHUi. HaBiTh 3a TOBIIMHH, IO JTOPIBHIOE MOJIOBUHI CEPEIHBOI J0-
BXXMHH BUIBHOTO MPOOIry, Ipyruil miuasMoHHHN TiK MicTutiMe 7 % erne-
KTpoHiB. OCKIUTBKU cepeiHs JJOBXKHMHA BIJILHOTO MPOOITy s TIIa3MOHIB
cTaHoBuTh O0mm3bko 100 HM, TO aHaNi30BaHA MUTSTHKA IOBUHHA OYTH CY-
TTEBO TOHUIOKO.

6.6.4. lonaTkoBa indopMauisi 3i cleKTPa eHepreTHYHUX BTPAT
eiaexktponiB. CEBE kopucHa He juine i aHasi3y JErKuX eJIEMEHTIB, il
MOYXKHa TaKOXX BHKOPUCTATH I OTpUMAaHHS iHIIOI iH(opMarlii mnpo
3pa3zok. HaBeneMo Kinbka MpuKIiais.

Toewuna 3paska. 11nasMoHHE PO3CiIHHS 100pe OMMCYIOTH PIBHA-
HHsM [lyacona (2.7), TOMy SIKIO 3pa3oK JTOCHTH TOBCTHMA ISl YTBO-
PEHHSI 3HAYHOTO NEPILIOro MIa3MOHHOTO MiKa, TO MU MOXXEMO 3alHCaTH
TaKe CIIIBBIIHOIIEHHS:

pl) te' 't

p(0) Are™ A

ToOTO 3 EKCIEepUMEHTAIBHOIO BIIHOIICHHS IHTEHCHBHOCTEH I1e-
PIIOrO IIa3MOHHOTO ITiKa Ta IMiKa HYJIbOBMX BTPAT MOXKHA PO3paxyBaTH
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TOBLIMHY 3pa3ka B OJAWHMISX IJIa3MOHHOI JOBXXHWHH BiIBHOTO TPOOIry.
OCKiNbKH JOBXHHY BITBHOTO MTPOOITy MOXHA 3HANTH YM TIPOKAIiOpyBaTH
3a 3pa3KoOM BiJIOMOI TOBIIMHU, TO Il METOANKA J[A€ 3MOT'Y IIBUJIKO BH3HA-
9aTH JIOKAJIbHY TOBIIVHY.

Omouenna amoma. Tnmii Tun iHGopManii MpUXoBaHUN Y TOHKIH
CTPYKTYpi Tiepes Ta micist KOXKHOro kpato. CTpyktypa Oinsl Kpaio eHe-
PreTHYHUX BTPAT MOKE 3HAYHO BIiAPI3HATHUCS Ui TOTO K €IeMEHTa B
pisHEX cronykax. Hampukmax, Ha puc. 6.22 mokasaHo Kpai Ui aio-
MIHIIO0 Y METaJIeBOMY QJIIOMIiHI{ Ta OKCHi alfOMiHif0. 3BEPHITh yBary Ha
OCHOBHI BiIMIHHOCTI B JUISHINI Tiepel OCHOBHUM Kpaem. [l o06ox
KpaiB OyJ10 BiIHATO (GOH.

L2,3
L2,3 L1
L1
75 100 125 150 175 75 100 125 150 175
EHepreTnyHi BTpaTtu, eB EHepreTnyHi BTpaTn, eB
a 6

Puc. 6.22. Kpai L2,3 amominito va ciektpi CEBE Bin:
a —METaJeBOro aTOMIHII; O —okcuay amoMiHito Al,Os.

®dopma KkpaiB € YiTKO BIJIMIHHOIO 1 Ja€ 3MOTYy HaM BU3HAYUTU HE
JIUIIE HAsBHICTh AIFOMIHIIO, a i Te, IO BiH € y BUTIISAI OKCHILYy aIIOMi-
Hito. HeBenmki 3MiHM IHTEHCHBHOCTI TICIIS Kparo (MPOTSHKHA TOHKA CTPY-
KTypa €HepreTUYHHX BTpaT CXEMaTH4YHO 300pakeHa Ha puc. 6.23) narTb
iH(OpMaIIifo Mpo JIOKAIbHE OTOYSHHS aTOMIB, 1110 3pOOHIIN BHECOK Y (o-
PMyBaHHS Kparo, a came — Ipo 1XHi 3B’SI3KM Ta B3a€MHE PO3TAITyBaHHSI.
3MIHM CHTHaIy Maji, i caM CHTHaj MOBMHEH OyTH CHJIBHHUM JUIS TOTO,
100 32 HUM MO>KHa OyJIo pOOUTH MEBHI CTATUCTUYHO HaJliiiHI BUCHOBKH.

Enemenmnue kapmocpagysanns. EiementHe KapTorpadyBaHHS
MO’KHA BUKOHATH JIJISl TOHKUX 3Pa3KiB y MPAKTUYHO TAKHUH K€ CIOCi0, K
JUI TBEPAOTUIbHUX. PeHTreHiBchkuil anami3 3a mornomoror CJ/IE, mpo
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SIKMI 11JTOCSI BUINE, MOXXHA BHUKOPHCTATU U (POPMYBAHHS PEHTTCHI-
BCBKHX €JIEMEHTHHX KapT Bill TOHKHX 3pa3kiB. OmHaK HIKOJH HE Tpeba
3a0yBaTH, IO MOBHUKA X-CHTHAJ BiJl TOHKOTO 3pa3Ka 3HAYHO CIaOIIni,
HiXX 3 BEJIMKOTO 00’ €My TOBCTOTO 3pa3ka. ToMy cTaTHCTHKa BIUTIKIB Oy/ie
3HAYHO TipIIOI0, a BI/MOBiIHA KapTa JJis TOHKOTO 3pa3Ka BUIIISIATAME
JIyKe “‘3alIyMICHOI0” .

NPOTSXKHA TOHKA
CTPYKTYpa eHEPreTUuHUX
BTpaT eneKTpoHie

EHepreTuuni BTpaTtn

Puc. 6.23. Okpemuii Kpaii CrieKTpa CHEPreTUYHNUX BTPAT
EIICKTPOHIB 3 MPOTSHKHOI TOHKOK CTPYKTYPOIO.

EnemenTHe kaprorpadyBaHHS MOKHAa POOUTH TaKOX 3a JIOTIOMOT'OIO
CEBE. Onnak cunbHuil poH mix OUIBLIICTIO KpaiB €HEPreTHYHUX BTpat
O3HaYae, 10 KOHTPACT HA TaKMX KapTax JOCHTh HU3BKUI, TOMYy MexXa
peecTpariii A0cUTh BUCOKA. BupimieHHsM 1€l mpoOiieMu € 30upaHHsS
MOBHOTO CIIEKTpa B KOXKHIH TOYIII KapTH Ta MOJAJIbIIE OMPAIFOBAHHS KO-
KHOTO CIEKTpa NULIXOM BifHIMaHHS (oHY mepea  BigoOpaKeHHSIM
KapTHHKH. Ll MeTommka moTpedye MOTYKHOTO KOMIT FOTepa, OCKUIBKH
urst 306paxkenst 1 000x1 000 mikcenis Tpeba 36epertn 10° criekTpis
(mpuGsmzro 1 000 BUMIpSHHMX JaHHUX y KOKHOMY) Ta ONpPAIFOBATH IIi
CHEKTPH, BiJHSBIIN IHTCHCUBHICTh CJIEMCHTIB YM KOHIICHTPAIil0 B
KOXHi# ToYIll.

Dinompysanns enekmponie 3a enepeicro. IHa 11ikaBa MOXKITUBICT
— OTpUMATH y MIKPOCKOII eHepreTnyHo (inbTpoBaHi 300paxenHs. Lle
MOYHa 3p00UTH 1BOMa criocobamu. TeopeTHuHo HalnpocTimumi (xoya e
o3Ha4yae 1moOymoBy IfiyikoMm iHiioro [IEM) — BCTaBUTH eHEpreTUYHHIA
(GUILTp Y KOJOHY MIKpOCKOMA Bifjpa3y micis 3pa3ka. ToJi pemra JiH3
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OynyTh (GopMyBaTH 300payKeHHS 4d AUPaKLiiiHy KapTUHY 32 JIOIIOMO-
TOF0 CJICKTPOHIB JIMIIIE TIEBHOI BUOPaHO1 €Heprii.

e mae 3mory BHOMpaTH MiXK €JIEeMEHTHHUM 300pa’keHHSM, IIIa-
3MOHHHM 300pa)KCHHSM UM, HaIIPUKIaa, THPPAKIIIHHOI KapTHHOIO 0e3
HENpYXHOPO3CisiHOro (hoHy. ANBTEPHATUBHHUI METOJ, IO Nepeadayae
MEHIIIi 3MiHH Y MiKpPOCKOIIi, MOJISITa€ y BUKOPHCTaHHI cepii JIiH3 Ta [ia-
¢dparm micis 3BUYaiHOTO CIIEKTPOMETPa EHEPreTUYHUX BTPAT €NeKTPO-
HIB IS BiTHOBJICHHS 300paK€HHS 3a JOTIOMOTOIO JIMIIE THX €JICKTPO-
HiB, IO 1X BUIIINB CIIEKTPOMETP.

6.7. KopoTke nopiBHsIHHSA METOAUK

Y mpoMy po3fisii MA OOTOBOPHIIM HANMIOMIMPEHINN aHATITHYHI Me-
tomuku aHanizy y CEM rta [IEM. Mu He 3ragyBany 0Ke-CIIeKTPOCKOITii,
00 mpo Hel HTUMEThCSI y Po3/ii 8. 3’SICOBaHO, 1[0 PEHTTCHIBCHKUN aHai3
TBEPAMX 3pa3KiB € CTAHAAPTHOIO KUTBKICHOIO METOAMKOIO, SIKa 1€ 3MOTY
PEECTPYBATH €JIEMEHTH MEPIOAMYHOI CUCTEMHU aX 10 Oopy. Jns aHamizy
ToHKHX 3pa3kiB € nBa metoan, C/IE Ta CEBE, 3 sxux CIE nemio yHiBe-
PCaNBHIMINIA, TOMY IIIO JOITOMArae JIeTIe PeECTPyBaTH €IeMEHTH Tepio-
maHOi Tabmuti (mo 6opy). Omnak CEBE MokHa BHKOPHCTOBYBATH IS
aHaNi3y JIyXKe JIETKUX eJIEMEHTIB (@K JI0 Teil0), a TAKOXK BOHA MA€ HU3KY
IHIIIMX 3aCTOCYBaHb Ha JOAATOK JIO XiMidHOro aHamzy. lllo crocyerbes
€JIEMEHTHOT'0 KapTorpadyBaHHs, TO BOHO MOKITHBE 32 JIOIIOMOT'OI0 HU3KU
METO/UK.

KoHuTposbHi 3anuTaHHs i 3aBIaHHS

1. V Bac € anamitmyauid Mikpockon 3 CHAE Ta MakCHMalbHOIO
puUCKOproBanbHOIO Hampyrow 20 keB. BuxopucroByrounm maHi 3
Tabn. 6.1, 3anpomnonyiite, siky minito P, Mo, Cr ta OS Tpeba
BUKOPHCTATH ISl aHAITI3Y.

2. Emnepris, HeoOximHa it 30y/KEHHS €JIEKTPOHHO-IIPKOBOI HapH y
kpemHii C/IE cranoButs 3.8 eB. Po3paxyiite KijbKicTh Hap, SKi MOXe
yrBOopuTH X-BHmpoMiHioBaHHI Be K, ta Zr K, i1 HaBemite naBi
MIPUYHHHA, YOMY aHaNi3 Oepuiiro Oye MEHII TOYHUM, HiJK ITUPKOHIIO.
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[potsarom pobotn CHE 3 K-miHisMH, sIKi €IeMEHTH MOXYTh OyTH
xuOHO 3apeectpoBaHi: a) y Cr uepe3 mik Brpar; 6) y Al uepes
cymapaui mik? Ym MoxeTe BH 3a JONOMOTOI0 TAaONWIIl BH3HAYHUTH
IHII TIIKA BTPAT 9 CyMapHI MiKH, AKi JETKO CIUTyTaTh?

PosmmpenHss mydka y TOHKOMY 3pa3Ky BH3Ha4deHE PiBHAHHAM (6.3).
[Ty4oxk 3 enepriero 100 xeB Ta giameTrpom 5 HM BHKOPHCTOBYIOTH IS
aHaJIi3y MaJeHbKHX YaCTHHOK Y MIJHOMY 3pa3Ky TOBIIMHOIO 200 HM.
Skuii eeKTUBHUN TiaMeTp MmydKa, KOJIM BiH BUXOIUTH 3i 3paska? Sk,
Ha Bally AYMKY, PO3TallyBaHHS YacCTUHKH Yy 3pa3Ky (TOOTO 3Bepxy,
Mocepe/inHi Y1 3HU3Y) BIUIMHE Ha: a) TOYKOBHH aHalli3 CTallioOHApHUM
my4ykoM; 0) Ha PEHTIEHIBCBKY KapTy €JIEMEHTIB, yTBOPEHY CKaHYy-
BanbHUM myukom? I'yermma mini — 8.96 r/em®, a ii atomma maca —
63.5.

212



Posnin 7

30H0OBA MIKPOCKOIIIA

CxkanyBaibHi 30H10B1 Mikpockorn (C3M) — me cimM’s BUMipIOBalb-
HUX TPUIIAAIB, SIKi 3aCTOCOBYIOTH JJIsl JOCHIPKEHHS MTOBEPXHI MaTepia-
JIiB y Maciitadax BijJl OJWHUI HAHO- 0 COTCHb MIKpOMETPIB.

[Ipotsarom maibke ABaaLATH POKiB, 3 1965 mo cepenuuu 1980-x,
OTpUMATH 300pa)KEHHS MOBEPXHI 3 PO3AUICHHSIM, JIMIIMM Bif PO3[Ii-
JICHHA OINTHYHOI'O MIKPOCKOINA, MOXHa OyJo JuIle 3a JOIIOMOTO0
CEM. AnpTepHaTHBHI METOAM, Y TIM YHCII A3epKallbHA EJIeKTPOHHA
MIKpPOCKOIIisl, OYyJIM TOMAI JOCTYIHI T€X, OJHAK IIe HE JOCAIIA BUCOKOL
PO3IiNBHOI 37aTHOCTI, a 3 Yacy BHHAHAEHHS CKaHYBaJbHOTO TyHEIb-
HOTO MIKpPOCKOIa CTaBCsl CHpaBXHid BHOyX Yy Taiy3i CKaHyBalbHUX
METOMK.

Metoauka, 1m0 3amodaTKyBaja HHU3KY HOBHUX CKaHYBaJbHHX— L€
CKaHyBaJIbHa TyHenbHa Mikpockomist (CTM). Lo MeToauky mocTiiHO
PO3BUBAIOTH 1 3aCTOCOBYIOTH Y II0pa3 OLIBIINN KUIBKOCTI JIabopaTopiit y
BcboMmy cBIiTi. Bunaxiguuku CTM Tepn Binniar Ta [enpix Popep
(pa3oM i3 OJJHMM 3 BHHAXiJHHKIB €JIEKTPOHHOTO Mikpockomna EpHcrom
Pyckoro) orpumanm HobGeniBebky mpemito 3 ¢isuku y 1986 p. Hacty-
maukoM CTM ctaB atomHO-cmioBuii Mikpockon (ACM), skwii HUHI
HACTIIBKY K nowmupenuit, sk i CEM, mis Hporo cTBopeHo OaraTto Bapi-
AHTIB OCHOBHOI METOJMKH. Y I[bOMY PO3AUII MH OIHUIIEMO OCHOBHI
MPUHIUIHN TXHBOT pOOOTH Ta HaBEJEMO KOPOTKHI OTJISII THX, SIKi BUKO-
PHUCTOBYIOTH CHOTOJTHI.

7.1. 3araJbHI NIPUHIUIHU | TOHATTH CKAHYBAJIbHOL
30H10BOI MiKPOCKOTIii

OTXe, CKaHYBAJIGHUH 30HJOBUN MIKPOCKON — II€ TPWIaa s
OTPUMAaHHS 300pa)KEHb 3 BEJIMKUM J[ialla30HOM PO3JIUICHb, KU Tepe-
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BEpILYE MOKIMBOCTI ONTUYHUX 1 €IEKTPOHHHUX MikpockomiB. [IpuHiu-
moBa cxema C3M 3o00paxkeHa Ha puc. 7.1. IlpucTpiii mo3uiionyBaHHS,
SIKUH TII€ Ha3UBAIOTh ckaHepom (abo n’e3ockamepom), TepeMilrye 3pa-
30K BiTHOCHO 30HAa (200 HaBIIAKW — 30H]] BITHOCHO 3pa3Ka), a peecTpy-
BajbHA cucTeMa (hiKcye AaHi Mpo KOHTpacT 300payKeHHs Yy KOXKHIH TO-
YIIi TOBEPXHi, 5IKi 30Mpae 30H]1.

[aBa4 BEPTUKanbHOro
NONOXeHHA 30HAa

@ I KaHtunesep I;]

Cuctema rpy6oro
niaseaeHHs
30HAa [0 3paska

CwncTtema 3BOPOTHOMO
3B'A3KY AN KOHTPOMO
BEPTWKaNLHOMo 3pa3ok
NonoXeHHA 30H4a

TN

Komn'toTepHa cuctema KepysaHHs
n'e30ckaHepoMm, 36MpaHHA AaHux
Ta IXHbOI Bidyanisauii

—~ N

» > |
L el

Puc. 7.1. CxemaTnyHe 300paxeHHs y3araibHeHoro Bapianta C3M.

3aJe’KHO Bij TOTO, SIKMH caMe 30HJ BUKOPUCTOBYIOTH i SIK (hOopMy-
€TbCsl iHpOpMALTist TIPO MOBEPXHIO, Y 30HIOBIH MIKPOCKOIiT BUIIISIOTH
JBI MIACIM’T METOJIB: MYHeAbHY MIKPOCKONII0, Y SIKIA 30H] — 1€ 3aro-
CTpeHa MPOBIJHA IPOTUHA, 1 CUIO08Y MIKPOCKONIIO, 1€ BAKOPUCTOBYIOThH
KaHTHJIEBEPU — MIKPOCKOIMIYHI OajKH 3 BICTPSAM Ha KiHLi. Y JESKHX BHU-
naJKkax CKaHyBaJbHI 30HIOBI MIKPOCKOITH JJAFOTh 3MOT'Y OTPUMYBATH HE
nie 300pakeHHs1 Tonorpadii MmoBepxHi, a i BUMIpIOBaTH Ta KapTo-
rpadyBaTH Taki Qi3UYHI BIaCTHBOCTI, SIK TPOBIHICTH IOBEPXHi, pO3IIO-
JIJI CTATUYHOTO 3apsily, HAMArHiYeHICTh OKPEMUX MAUISHOK, JIOKalbHE
TepTs Ta Moaysi mpyxkHocTi. Tobro cdepu 3acrocyBanns C3M myxe
PI3HOMaHITHI.

300pakeHHs, SIKE€ OTPUMYIOTh Y 3M, 4acTo Ha3UBAaKOTh CKaHAMH,
OCKIUTbKH 1 TyHEIIbHa, 1 cHiloBa (SIKYy Ille Ha3MBalOTh ATOMHO-CHJIOBOKO)
Mikpockorii (GopMyroTh 300pakeHHsI MeToJIoM cKaHyBaHHs. CkaHH
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3aBXAM € rpadiuHoI0 Bizyamizamiero MaTpuni aaHux. Homep crpiuku i
CTOBIISL y MaTpHLll BHU3HA4Ya€ IOJOKEHHS TOYKM HA IIOBEPXHI, a 3Ha-
YeHHSI €JIEMEHTIB MaTpHIll — KOHTPACT 300pakeHHs y Iii TouIli. 3a3BU-
Yaif, mporpamMHe 3a0e3NedeHHs Biapa3y BUAA€ ABOBHMipHe rpadidHe
300pakeHHS JaHUX — MOHOXPOMHE, 1[0 CKJIaJa€ThCsl 3 OKPEMHX IiKce-
7B, a IHTEHCHBHICTh KOJBOPY y KOXKHIH TOUL 3aJ€KUTh BiJ BIIMOBIi/-
HOTO 3HA4YeHHs eneMeHTa MaTpuli. “MOHOXpOMHUM’ 300pa)KeHHsS Ha-
3WBAIOTh HE TOMY, III0 BOHO YOPHO-OiJie, a TOMY, IO KOJIip BimoOpaXkae
numie onuH mapametp. Lle moxe Oytm BHcOTa penbedy, TPOBIAHICTD,
HamarHideHicTp Tomro. CydacHe mporpaMHe 3a0e3nedeHHs] MOXKe Oymy-
BaTH 1 TPUBHMIPHI 300pa)KeHHsI MOBEPXHi (TOOTO TPHBHUMIipHI MOAETI,
SKi MOXHa o0epTaTh Ha MOHITOpi). BaxkiamBo po3yMmiTH, IO MiA yac
pobotu 3 C3M Tpeba 30epiratu He JMIle KpacHBi 300payKEHHS B MOIIN-
peHux rpadivHux Gopmarax, a i BUXiTHI HeompalboBaHi IU(POBI JaHi.

7.2. CxaHepH 30HA0BHX MIKPOCKOIIB

OpanM 3 TonmoBHUX 3aBAaHb ¥ C3M € TouHe mepeMilieHHs 3pa3Ka
BiTHOCHO 30Ha (a00 HaBMakwW) It 30UpaHHs iHPOPMAIll B PI3HUX TO-
9Kax MoBepxHi. [IpakTHYHO y BCiX CKaHYBaJIbHUX 30HOBHX MIKPOCKOIIAX
BHUKOPHUCTOBYIOTH I’ €30€JIEKTPUYHUI ckaHep (200 11’ €30€NEMEHT), KU €
JIy’Xe TOuHOW IiardopMoro mosuiiionyBanHs. Yacto orpumani C3M
300pakeHHsI MatOTh OCOOJIMBOCTI, 3yMOBJICHI cIienr(ikoro poOOTH CKaHe-
pa. Came ToMy HEOoOXiZHO 3HATH, SK MPAIOE CKaHEp, 1 MPAaBUIBHO Tpa-
KTYBaTH OTPHMaHi pe3yJbTaTy.

7.2.1. Byooea i poooma cxkanepa. Enexrponni cucremu C3M xke-
PYIOTh PyXOM CKaHepa, sK IIe IToKa3aHo Ha puc. 7.2. 3BEpHITh yBary, 1o
MOYEProBi CTPIYKK JAaHWX HE 3HIMAIOTHCA Y MPOTUIICKHUX HArMpsIMaXx.
Hani C3M 30uparoThes JIMIIEe B OXHOMY HaIlpsiMi, SIKMid Ha3WBalOTh Ha-
OpsMOM IIBUAKOTO cKaHyBaHHs. Lle nae 3Mory MiHIMi3yBaTH MOMMIIKH,
CIpUYMHEHI 3ali3HEHHSM cKaHepa. llepneHauKyIspHUH HampsM, Y
SKOMY CKaHep poOUTh KPOKOBHIA pyX BiJl JIiHIi J0 JIiHii, HA3UBAIOThH Ha-
MPSIMOM TIOBIJILHOTO CKaHyBaHHSI.
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KiHeUb

Hanpsim NOBINEHOMO

—9 — —$ — — — —8 —9 —4

novarTok $

> | KpOK

CKaHyBaHHA
Hanpam WBKUAKoro
CKaHyBaHHA

Puc. 7.2. Tpaekropisi pyxy ckaHepa y
MpoIieCi OTPUMAaHHS JaHUX.

Joku ckaHep mepemimry-
€THCS Yepe3 CTPIUKy CKaHy, JaHi
it GOpMyBaHHSA 300payKEHHS
30MparOThCsl MU(PPOBUM  CIIOCO-
0OM uepe3 OIHAKOBi IHTEpBAJIH.
i nani MoxyTe OyTH pi3Hi, iX-
HIA THIT 3QJICKUTh BiJl METOIY
C3M, mo peani3yeTscsi B KOHK-
pPETHOMY BHIAJIKY.

Bigcrans M TOYKam# ma-
HUX HA3UBAIOTh PO3MIPOM KPOKY.
Bin Bu3HaueHHWH pPO3MIPOM IIO-

BHOTO CKaHy 1 KiJIBKICTIO TOYOK
MaHuxX y cTpiumi. Y tumoBomy C3M po3mipH CKaHy € B Mexax Bix 1 HM
10 100 MKM, a KiTbKICTh TOYOK JAHWX Y CTPIUIli CTAHOBUTH Bix 64 10 512
(y mesikux cucteMax s KUTbKicTh mocsarae 1024). KinpKicTb cTpidok mif
Yyac HaOMpaHHs TaHKX, 3a3BHYAl, JOPIBHIOE KUTBKOCTI TOYOK Y CTPIUIIi.

HasBa ckanepa (11’€30eNeKTpUYHMIT) MOB’sI3aHa 3 TUM, IO BiH Tpa-
LIOE Ha MiZicTaBi 00EpHEHOro I’ €30e(eKTy — MPUKIaZeHa Pi3HUL TOTe-
HITiaJliB 3yMOBITIOE 3MiHY JHIHHAX po3MipiB I €30enekTpuka. [1’e3oeme-
KTpuuHi ckaHepu a1t C3M BUTOTOBIISIIOTH 3 KEpaMiKu TUTAHATY-LIUPKO-
HATy CBHHIIIO 3 JI0/IaBaHHSIM Pi3HUX JIeTyBalbHUX Momimok. [1ig gac cmi-
KaHHS KepaMiKH aKTHBHHI €JIeMEHT CKaHepa MOMIIIAIOTh Y CHIIbHE elle-
KTPUYHE T0JI€ — MOJISIPU3YIOTh.

Ilonsspu3oBaHuii CKaHEp, A0 SKOrO IPUKIALAIOTh HAMPYTy, MOXKE
PO3IIUPIOBATHCS YU CTHCKATHCS 3aJIe)KHO BiJ CITiBBiTHOIIEHHS MiXK Ha-
npsiMaMu MPUKIIAEHOTO MOJI Ta HOro BJIACHOTO BEKTOpA IOJISIpHU3aLil.
Perynsipae BUKOpUCTaHHS CKaHEpa JoroMarae 30eperta Horo nosispusa-
1it0, aJDKE HAMpyTa, 110 TOJIAEThCA Ha CKaHEpP, 3HOBY BUKIIMKAE Opi€HTa-
IIIO JTUIIONIIB, SIKi MOXKYTh PO30PIEHTOBYBATHCS 3 4acOM. SIKIIIO CKaHep He
BUKOPHCTOBYIOTh PETYJSIPHO, TO 3HAYHA YaCTHHA JIUIOJIB PO3YHOPSIKO-
By€eTbCsl (AeNonsApu3yeThes). Jlenonspuzamiss CTae MOMITHA BXKE Yepes
KiJIbKa TIKHIB IIPOCTOIO CKaHEpa 1 3HAYHO MOCHITIOETHCS, AKLIO Harpina-
TH T’ €30€JIEMEHT JI0 Temneparyp noHan 150 °C.

Ha oGaratrox C3M sK ckaHep BHKOPHUCTOBYIOTH I €30TPYOKH,
KOHCTPYKIIis SIKMX TOKa3aHa Ha puc. 7.3. Ha 30BHILTHIO YacTHHY TPYOKH
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HaIMWIIOKTh YOTHUPH EJICKTPOJHU, IO PO3AUIAIOTH Ii Ha BEPTHKAIBHO
po3tamoBani uBepTi. Ha BHYTpimHIO MOBEpPXHIO TPYOKH HAMWIIOIOTH
e OMWH eNIeKTpoA. Y pasi MPUKIaNaHHS HANpyrd IO PI3HHAX ele-
KTPOJIiB MEXaHiuHe HaNpy>KEHHS, [0 BUHHUKAE Yy TPyOIli, CIpHUIHHSIE i1
3TUH MO TICBHUX OCSX a00 BUOBXKEHHS YHM CTHCK y BEPTUKAIHLHOMY
HanpsMi.

3BEpHITH yBary, 10 MaKCHUMAJIILHUA PO3MIp CKaHy, SKHA MOXHA
OTPUMATH 3a JIOTIOMOTOIO IT’€30€JICKTPUYHOTO CKaHepa, 3aJeKUTh Bif
JOBXHHH, JiaMeTpa Ta TOBIIWHHU TPYOKM CKaHepa, a TaKOXK BITHOCHOTO
BUIOBXKEHHS Ke€paMiKku, 3 SKOi BOHA BUTOTOBIeHA. 3a3Bndail y C3M Bu-

KOPUCTOBYIOTh CKaHYBaJbHI €JICMEHTH, «

10 MOXKYTh BUKOHYBaTH T'OPU30HTAJb-
HE CKaHyBaHHs y MeXax Bil 1 HM 10 é’?
ouremr Hixk 100 MKM. Y BepTUKaIBHOMY ¥ 5y
HampsiMi CKaHEpH MOXXYThb 3MIHIOBATH /

TMiHIHI pO3MIpH Ha 3HAYEHHS MEHIIE
0.1um 1 go 10 MKM, a iHOmI HAaBIThH

OlbIIIe.

MoskHa cKa3aTH, 10 BiIHOCHE BHU-
JOBKEHHS 1" €30€JICKTPUIHOTO CKaHepa +x|+y
JHIAHO 3aJIeKUTh BiJl IPUKIAICHO] Ha- Puc. 7.3. CkaHep y BULIS
npyru. Ha mpaxTuiii moBesiHka 11’ €30- 11’ €30TPyOKH.

CNIEKTPUYHMX CKaHepiB CKIajHima —
3B’S130K BIJIHOCHOTO BHJIOBXKEHHS Ta CJICKTPUYHOTO TOJS BIAPI3HAETHCS
BiJI i7Iea)TbHOT JITHIHHOT XapaKTEePUCTUKH.

7.2.2. Heioeanvnicmo ckanepa. Bnacua mneniniiinicms. Ilpumy-
CTHMO, 1110 IPUKIaJeHa HAIpPyra MOYMHAETHCS 3 HYJbOBOTO 3HAUYEHHS 1
MOCTYIIOBO IiJIBUIIYETHCS 10 IEBHOTO CKIHUEHHOTO 3HAYECHHS. Y LbOMY
BUMIAJIKY 3aJISKHICTh BUAOBKEHHS BiJl Hampyru Oyne HeniniiiHa. Pea-
JbHA KpYBa 300pakeHa Ha puc. 7.4.

MaTtemMaTHYHO BJIacHA HETIHIHHICTD 11’€30€JIEKTPUUHOr0 MaTepiany
BU3HAYEHA CIIBBIIHOLICHHSM MDK MaKCUMaJbHUM BiJXWJICHHSM Bij
JHIMHOI XapaKTEPUCTHKH W 1/1eallbHUM JIIHIMHUM BHIOBKEHHSIM 3a €]
X Harpyru. Lle 3Ha4eHHs A7l MaTepianiB, SKi BAKOPUCTOBYIOTh Y C3M,
CTaHOBHUTH Bij 2 110 25 %.
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[Tin yac BUMipIOBaHb BIIaCHA HENiHIHHICTH CKaHEpa CHPUYHMHSE BH-
KPHUBIICHHS BUMIPIOBAJIbHOI CiTKH, 300pakeHoi Ha puc. 7.2. 3 orsigy Ha
Te, 10 CKaHep He MepeMilIaeThCs HETaitHO B Pasi 1Mo1aqi HapyTH, TOYKH
BAMIPIOBaHHS HE PO3MIIIYIOTHCS Ha OIHAKOBiM BiACTaHI. YHAcCHiIOK
uporo orpumane C3M 300paskeHHS! TIEPIOANYHOI CTPYKTYPU MICTUTHME
HEOJHOPIIHI BiJICTaHI Ta BUTWHH MPAMUX JiHil. Ha HeperymspHux mose-
PXHSIX Il BUKPHBJICHHSI MOKYTh OyTH MEHII MOMITHi, OZHaK He Tpeba 3a-
OyBard mpo Te, MO0 OTPUMAaHA KapTHHA MOXKE€ HE IUIKOM BiATIOBiAaTH
JIMCHOCTI.

IlepnieHIUKYIApHO A0 TUTONIMHY MTOBEPXHI 3pa3Ka BIaCHA HENiHIN-
HICTh CKaHepa CIIPUYHHSE IOMUIKU B pa3i BUMiproBaHHS BUcoTH. Kaii-
OpyBaHHs 110 BHCOTI /i1 C3M BUKOHYIOTH HIISIXOM CKaHYBaHHS 3pa3Ka,
IO Ma€ BiIOMY BHCOTY CXOAMHOK Ha MOBEpXHi. To/i MOXHa po3paxyBa-
TH KOe(Illi€HT TepeBeJCHHS HAIPYTH Y BHOBKEHHS B JIIHIHHOMY Ha-
OV KeHHI Ha MiJICTaBl 3HAYEHHS HAIPYTH, IO MOJAE€THCA HA Z-CEKIIif0
CKaHepa y X0/l TOI0JIaHHS CXOIWHKU. Uepes Te, 1Mo KaniopyBaHHS Mpo-
BOJSATH y JIHIHHOMY HaONMKEHHi, BlacHa HEINiHIMHICTh ckaHepa Oyze
CIPUYMHSITA BUHUKHEHHSI TOMHUJIOK.

Ticmepe3uc cxanepa. Kaptuna ctae mie ckiaaHila depes3 Te, 10
I’ €30€JIeKTPUYHA KepaMika Mae ricrepesuc. [Ipumyctumo, mo Mu pos-
MMOYMHAEMO 3 HYJIBOBOI HAMPYTH, TOCTYIOBO MiABUIYIOYHX i1 IO TIEBHO-
ro 3Ha4YeHHs, a MOTIM 3HOBY 3HM)KYEMO Hampyry no Hyins. Kpusa 3a-
JISKHOCTI BUIOBXKEHHS BijI HANpyru 300pakeHa Ha puc. 7.5. Haromocu-
MO: TYT MU BB@)XKA€MO, III0 3HAYEHHS HANPYTH 3MIHIOETHCS TOBIIBHO.
HeninifiHOCTi, 3yMOBJIEHI 3aJIe)KHUMH Bijl 4acy BIACTHBOCTSMH I’ €30-
CJIEKTPUIHOI KEPaMiKH, PO3TIISIHYTO HUXKYE.

IicTepe3nc 1’€30€NEeKTPUYHOIO CKaHepa — L€ BiJHOIICHHS MaKCH-
MaJIbHOTO PO3XO/KEHHSI MIX JBOMAa KPUBUMHU J0 MaKCHMAajbHOIO BHU-
JIOBXKCHHS CKaHepa. Y JesKUX MaTepiayiax rictepe3uc moxe csratu 20 %.

Sk yxe 3a3HaueHo, 30upanHs ganux C3M BinOyBa€eThCsl B OJTHOMY
HampsiMi I MiHIMI3aIii KUIbKOCTI TOMHUJIOK 3MILIEHHS, [0 CIIPUYH-
HeHi ricrepe3ncoM. OCKUTbKM OUTBLIICT Cy4acHHX MiKPOCKOIIB J1a€
3MOTy OTPUMAaTH CKaHU B Oy[b-SIKOMY HampsiMi IIBUAKOTO CKaHyBaHHS,
TO TICTEpEe3UC MOXKHA CIIOCTEpiraTv, MOPIBHSABIIN 300paXKeHHs, OAep-
KaHi y IPOTWICKHHUX HANPSIMKAX HIBHJIKOTO CKAaHYBaHHSI.
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BuaoBXeHHsi, MKM

v,

lcrepesuc y HampsMi, M0 NepHEHIUKYISIPHANA 10 TUIOMIMHU 3pa-
3Ka, BeZie JI0 TIOSBU MIOMIJIKOBHX MPOMITiB CXOJMHKH Ta IHIIHX OCOOIH-
BOCTEH Ha MOBEPXHi, K MMOKa3aHO Ha puc. 7.6. Llei pucyHOK 3po0ieHo
y MPUITYIICHHI, M0 KoediIlieHT BUAOBKEHHS 10 0Ci Z BigkamiOpoBaHUi
ISl CKaHepa, 10 CKOPOUYEThCSL.

A

*MakcumansHe
Ry, BiAXWMNEHHNA

BWOoOBXKEHHSA, MKM

[

Hanpyra, B

Puc. 7.4. Bnacua HenmiHiiiHicTh
I’ €30€JIEKTPUYHOTO CKaHepa.

15%
rictrepesuncy

[

Hanpyra, B

Puc. 7.5. T'icrepe3uc ckaHepa.

Iloe3yuicmy ckanepa. Y pasi cTpuOKonomiOHOi 3MiHM Hampyru
I’ €30€JIEKTPUYHMI MaTepian He 3MiHIEe po3MipiB murTeBo. Hacnpasai
3MiHM PO3MIpiB BiZIOYyBalOTHCS y ABa €TANM: NEPIINH TPUBAE MEHII HIX

inb
VX

Puc. 7.6. Bruus ricTepe3ucy Ha OTpUMaHHUN
podiib CXOTUHKH.

ricTepeaucom

MUTICEKYHJIa, a JAPYTHd —
CYTTEBO TOBUIbHIIIMIA. Ha
puc. 7.7 1OKa3aHO YacoBy
3aJIeXKHICTh JIIHIHHOTO pO3-
Mipy CKaHepa Bii MOAaHOi
Hanpyru. BuHUKHEHHS 3a-
OKpYyTJIGHUX JiNSHOK Ha
KpUBII 3yMOBJICHE SBUIIEM
moB3yd4ocTi (abo kpimy, Bix
aHTJI. Creep — TMOB3YYICTh).

KinbkicHO Kpin ckaHepa IPUHHATO XapakTepU3yBaTH CITiBBIJHOLICHHIM
AX/Ax. Kpin BEpaXaroTh y BiJICOTKaxX, TAKOXK 3a3HAYAIOTh XapaKTEePHHUI
yacoBuil iHTepBan T (puc. 7.7). 3a3Buuaii, 3HaUYEHHS Kpila CKaHEPIB €
y mexax 1-20 %, a xapakrepuuit wac — Big 10 mo 100 c¢. YHaciimok
MIPOSIBY MOB3YYOCTI JIBa 300paKEHHS, 3HATI 33 PI3HUX IIBUAKOCTEH CKa-

219



HyBaHH:, MalOTh N0 BiAMiHHUHM MaciuTad. MokHa OyTH BIIEBHEHUM Y
MIPaBUIILHOCTI JIMIIIE TUX BUMIipIOBaHb, IO 3p00JIeH] 3a MIBHIKOCTI CKa-
HyBaHHSI, SIKY BUKOPHUCTOBYBAJIH
iy yac xkamopyBaaas C3M.

BukpuieHHss y IUIOLIMHI '|‘
CKaHyBaHHsI, CPUYUHEH] MOB3Y- Ax
YiCTIO, MAlOTh LIE OAWH HENpH-
eMHMH Hachigok. Ilpumyctumo, AXg
Tpeba XapaKTepu3yBaTH SKHIHCH _>i7
nedekT Ha ITOBEpXHI 3paska.
CrioyaTky BUKOHYIOTH CKaHyBa-
HHS BEJIMKOI IIJISHKH, 1100 3Ha-
ttu gedexr. [Ipunmyctumo, moba-
g AepeKT IyKe Maioro po- —
3Mipy B KyTi BEJHMKOTO CKaHy. ‘
3BHYAITHO, BUHUKHE OayKaHHS BH- Puc. 7.7. T'padiku, 1110 LIFOCTPYIOTH Kpill
KOHAaTH CKaHyBaHHs 3HA4YHO Me- cranepa.
HIIOI IUIOINI 3 BHUCOKHM pO3-
JieHHSIM 1 IeHTpoM Y AisHLi aedexty. C3M moaae Hanpyry 3MillleHHS
IUISl TIEpEBEICHHS CKaHepa 10 HOBOTO IIEHTpa Ul OTPUMAHHS HOBOTO
ckay. OHaK Kpil npuBese 10 TOro, 0 CKaHep NOTPanuTh MUMO L. |
JIMIIE yepe3 KiIbKa XBWINH Ie(eKT CIpaBi ONMUHUTHCSA B LIEHTPI HOBOT'O
CKaHy.

st po3yMiHHS TIOB3YHOCTi Y HampsiMi Z Tpeba po3risiHyTH Npodiib
CXOJIMHKH, TOKa3aHoi Ha pwuc. 7.8. Ilig yac NPOXOJPKEHHSI CXOIUHKHU
3HU3Y BBEPX CKaHEP CKOPOUYEThCS HETAMHO MiJl HANpyroro, IO BiAmOBi-
na€ MOBHIM BUcOTI cxoauHU. OJHAK MPOTIrOM KiJIbKOX HACTYIHUX Ce-
KyH]] CKaHep HPOJOBXKY€E IOBIJIBHO CKOPOUYBAaTHCS 4epe3 IMOB3YyYiCTb.
AHaJIOTIYHUI Mpo1Iec BiIOYBA€ETHCS B pa3i MPOXOHKEHHsI BICTPSIM CXO/IHU-
HU 3BepXy BHU3. CKaHep BHIOBXKYEThCS JUISI BUKOHAHHS KPOKY, a TOTIM
MPOJIOBXKYE “NOB3TH”. BilOKpEeMHUTH BUKpPUBIICHHS, 3yMOBJICHI ITOB3Y-
YiCTIO, BiJl peJIbHUX CKJIAJIOK 1 BMIAJWH MOXKHA 32 JIOIIOMOTOI0 3MiHH Ha-
NpsIMY CKaHYBaHHS i OTPUMAaHHsI 300paKeHHS Ti€l X JUISTHKY TOBEPXH.

-
>

N

BuaooBkeHHs, MKM
=
<

[
>

Hanpyra, B

Cmapinnsa cxanepa. KoedillieHT BUAOBKEHHS IT"€30€IEKTPUYHUX
MaTepialliB eKCIIOHEHIIIHHO 3MIHIOEThCSI 3aJIE)KHO Bij yacy 30epiraHHs i
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4acTOTH BUKOpHUcTaHHsA. Ha puc. 7.9 moka3aHo rpadik cTapiHHS s
CKaHepa, IKH BUKOPHUCTOBYIOTh 9aCTO, 1 JUIA CKaHepa, IKUM MTPAKTHIHO
HE KOPHUCTYIOTHCS. Y THUX BHMAJKaX, KOJH CKaHep HE BUKOPUCTOBYIOTH,
BIJIXVJIEHHSI, [0 JOCATAETHCA 3a TEBHOI HAMPYTH, MOCTYIOBO 3MEHIIIY-
erbest. Crapinas ckanepiB y C3M 3 yacoM MOXe NPU3BECTH JI0 3MCH-
IICHHS BIHOCHOTO BHJIOBXKCHHS. Y pa3i PeryJspHOr0 BUKOPUCTAHHSI
CKaHepa BIIXHWICHHS, SKOTO JOCATAIOTh 3a TMEBHOI HANPYTH, 3MCHIIY-
€THCS MTOBLITBHO.

=" .
N g BWKOpUCTOBYBaHMWIA
- :
I ICSM npodink, cnoTeopeHui 3
I IBHJ‘IMBOM Kpin-edpekTy A
I I ol \
v > =N
@ N
h;VX \
> ...,_ He EMKOpMCTDEyBaHMM
Yac, micaui
Puc. 7.8. BruB noB3y4ocTi Ha Puc. 7.9. CtapinHs cKaHepa 3 4acoM
BUMIpsiHUI Ipodink CXOIUHKH. (naBeieHe MakCHMaIIbHE
BHJIOBXKEHHS).

ToOTo B pa3i BuMiptoBanb 3a gomomoroio C3M Tpeba mam’graTy,
10 3HAYCHHS TOPH30HTANBHUX 1 BEPTHKAIBHUX PO3MIpPiB MOXKYTh OYTH
MTOMMJIKOBUMH, SIKIIIO KaJIiOpyBaHHS MPOBOIMIIN JIaBHO.

Ilepexpecni nepewkoou. TepminoM “niepexpecHi nepemkoan’ Ha-
3MBaIOTh TEHACHIIIO 10 BAHUKHEHHS TApa3UTHOI CKIIAJIOBOT pyXy MO Oci
Z y pa3i 0JIHOYaCHOTO pyXy CKaHepa B3A0BXkK oci X un Y (puc. 7.10). Ile-
peXpecHi Mepelkod BUHUKAIOTh 3 PI3HUX NPHUYUH 1 € TOCUThH CKIaj-
Humu. Hanpukiiaz, enekrprdne nosje, o IepeTuHae CKaHep, € HEOqHO-
pimanm. Tlonst medopmariiii € He MPOCTUMU CKANSIPaMH, & TEH30PHUMH
BennurHaMU. Jlesiki iepexpecHi B3aeMo/Iii BUHUKAIOTh YHACHIJIOK BUTO-
KiB MIX eJeKTpogamu X, Y Ta Z. OqHak HalicyTTeBimmi edekr reomer-
puuHmii. ['eomeTpryHa mapasuTHa CKIIaJI0Ba BU3HAYCHA KOHCTPYKIIEIO
1’ €30CKaHEePiB, SKi MAIOTh BUTIISI TPYOOK UM TPUHOTH.

Pyx ckanepa mo oci x uu y BiOyBaeThCsl B TOMY BHIAAKY, KOJIH
OMUH OIK TPYOKH CTHCKA€THhCA, a IHIIMH PO3TATYETHCS. YHACIIIOK
LBOTO I1’€30TpyOKa CKaHye, HaOyBaw4u ayronomaioHoi ¢opmu (quB.
puc. 7.3). IlepemiieHHst TpyOKH 10 OCI X YH ) pOOUTH HEOOXITHUM CKO-
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POYCHHS YW BUAOBKEHHs CKaHepa MO oci Z il 30epekeHHs] KOHTAKTY
BICTpS 31 3pa3KoM.

Ckanep, mo Mae GpopMy TPHHOTH, CKOHCTPYHOBaHHUH 3 TPbOX B3a€E-
MHO TIEPICHIUKYJIIPHUX CTPWKHIB YM TPYOOK, CKICEHHX Ha OJHOMY
kinui (puc. 7.11). Taka KOHCTPYKILIs TaKOX 3a3HAE MEPEXPECHUX Tepe-
LIKOJ], OCKUIBKM Yy 3’€IHAHUX CTPIDKHIB BUIOBKEHHS UM CKOPOUCHHS
CTPHIKHS X 3yMOBIIOE Ie()OpMallito CTPIKHIB Y i Z.

[
>

V,a60 BUOOBKEHHS,

V,abo BUOOBXKEHHS,

Puc. 7.10. IlepexpecHi nepemkonu migyac  Puc. 7.11. CkaHyBaJIbHUN eIeMEHT
PYXy cKaHepa. Y BUIJISI TPUHOTH, 310paHuii 3
TpyOYaCTUX I’ €30€JIEMEHTIB.

[lepexpecHi HepenKoI MOKyTh IPU3BECTH O TOTO, 1[0 HA OTPH-
MaHoMy C3M 300paskeHHI IUIOCKMH 3pa30K BUIVISAATHME BHTHYTHM.
[Ipodine Takoro 300paskeHHs TOKa3aHW Ha pHUC. 7.12 MTPUXOBOIO
JiHI€O.

Bukpuenennus 300paxncenns ckanepom. J1ns inroctpaitii ricrepesu-
Cy, MOB3YYOCTi ¥ MEpeXpecHUuX MEPelIko]l Y BepTUKaIbHOMY HampsMi
BUKOPHCTOBYBAJIM MTPUKJIAJ] OJTHOT CXOAMHKH. Y J1a00paTopii MPakTUIHO
HEMOJKJIBO OTPUMATH OJHE 300pakeHHsI, Ha SKOMY Bci i epekTr Oy
0 BimoOpaxeHi okpemo. Ha puc. 7.13 mokazaHo cymMapHHiA BIUIUB TiCTe-
pe3ucy, OB3YUOCTi Ta MEPEXPECHUXK TEPENIKO]] Ha 300paKeHHS OMHA-
PHOI CXOAUHHU.

3a3Buuaii, HeNiHIHY MOBENIHKY IT’€30€JEeKTPHYHUX CKaHEpiB Ha-
MAararoThCsl HE 3aBKAM BAAIO YCYHYTH 3aBISKM KOPEKILii Ha piBHI Mpo-
rpaMHOTO 3a0e3nedyeHHs. Y IesSKuX HasBHUX Ha PUHKY CHCTEMax BHKO-
PHUCTOBYIOThH amapaTHi 3acO0M, 10 HE KOPEKTYIOThb, @ YCYBarOTh Oilib-
IICTh HEJIHIHHOCTEH.
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/7 "cam npodink, cnoTBOpeHui
7 B3aEMHUM 3B’A3KOM KoopAWHaT

C3M npodink, CNOTBOPEHWIA BHACTIAOK
7 B33EMHOTO BMIMBY ricTEpe3ucy,
Kpin-edbekTy Ta B3AEMHOIO 3B'A3KY KOOpAMHAT

Puc. 7.13. Brumus rictepesucy, oB3y4oCTi i IePEeXPECHUX MEePEIIKO
Ha BUMIpSIHUM NIpO(dinb CXOAUHH.

AmnapaTHi 3aco01 MOIUIAIOTH HA ONTHYHI, EMHICHI H TEH30METPH-
YHi. Y JIINKAX cMCTeMax amapaTHi Ta MpOorpamHi 3aco0u KOpeKmil mo-
€JIHaHI 3 BUKOPUCTAHHIM CHIIbHIX CTOPiH KOYKHOTO 3 HUX.

7.3. CkaHyBa/JIbHA TYHeJIbHA MiKpOCKOMist

CkanyBanbHHl TyHenbHUE Mikpockon (CTM) e momepeqHHKOM
ycix C3M. Ilepmwmiit CTM cTBOpeHuii mopiBHSIHO HeaaBHO —y 1981 p.
BiH cTaB mepmyM npuiagom, 3a JIOMOMOTO) SIKOTO MOXKIIMBO OTPHMATH
300pa’keHHS IOBEPXOHB 3 aTOMAPHUM PO3IIIECHHSIM.

3a ZONOMOrOI0 TYHEJBHOT MIKPOCKOMIi BIAaJOCh PEKOHCTPYIOBATH
aToMHY OyZnoBY noBepxHi O6ararbox mMarepianis. Kpim toro, nmopsa 3 Bu-
BUYCHHSIM CTPYKTYPH Martepialy TYHEJIbHHH MiKpOCKOI MOKHA BUKOPH-
CTOBYBATH JUI BH3HAUCHHS XIMIYHOTO CKJIQJy JIOKAIBHHMX 30H IIOBE-
PXHEBOTO ImIapy 00’€KTa 3a JOTIOMOTOI0 CKAHYB8ANIbHOI MYHENbHOI che-
Kmpockonii, TOOTO BiH MOK€ KOHKYpPYBaTH 31 CKaHyBaJbHOIO €JIEKTPO-
HHOIO MIKPOCKOMIEI0 Ta PEHTTEHIBCBKMM MIKpOaHAIi30M, MPHYOMY 3
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PO3IiNEHHIM, 3HAYHO JIMIIMM, HDX XapakTepHE Ui PEHTTeHiIBCHKOTO
Mikpoanamizy. KpiMm Toro, Ha BigMiHY BiJl €IeKTPOHHHX MIKPOCKOIIB,
CTM pnnst poboTH He TOTpedye BICOKOTO BaKyyMy.

Huni CTM nowmimarote y kamepy 3Budaitnoro CEM, ycepeaunny
POCTOBOT YCTaHOBKH Ta B iHIII MpWIIaAH, A€ BiH € CEpLEM eKCclepuMe-
HTY. 3aCTOCYBaHHS HOTO Ja€ 3MOTY BUSBUTH OCOOJMBOCTI KPUCTATIYHOT
Oy/ZOBHM MOBEPXHI Pi3HUX MarepiaiiB, ii MOPCTKICTH 3 HAHOMETPOBUM
PO3ALUIEHHSIM Ta CIIOCTEPIraTH 3aKOHOMIPHOCTI 3apOJKOYTBOPEHHS ITif
Yyac BHPOIIyBaHHA ILTiBOK, BUBYaTH Bipycw, Monekymu JJHK ta in. CTM
J0TIOMAara€e OTPUMYBATH CIEKTP €JIEKTPOHHUX CTaHIB 3 aTOMHHUM PO37i-
JICHHS 1 BU3HA4YaTH XIMIYHHMH CKJIaJ] TOBEPXHEBOTO INAPY, PO3IOJILI
MOTEHIaMIB MMiA Yac mpoTikaHHa cTpyMmy Ta iH. CTM Tta mpunaau Ha
HOTO OCHOBI JJOCTaTHBO JOCTYIIHI.

7.3.1. llonammas npo aeuuie myneat08anna. Sl BimoMo, eneKTpoH
Mae K KOPITyCKYJISIpHI, TaK 1 XBHJIOBI BIACTUBOCTI. XBHIIS Je bpoiins,
SIKOI0 XapaKTepU3YIOTh PYXOMHUH €JIEKTPOH, Ma€ IMOBIpHICHY IPUPOY.
3 mornsy KBaHTOBOI MEXaHIKW KOPEKTHO OMHCYBAaTH CTaH EJEKTPOHA-
XBWJII TaK 3BaHOI XBHJILOBOIO (DYHKIli€r0. BiIMIHHICTh BiJ HYJIS KBaj-
pata wi€el GyHKIl y MEBHIA TOYIl MPOCTOPY O3HAUYAE, IO EJIEKTPOH
MOXKe TepeOyBaTH B IIiif TOYIl 3 TIEBHOIO T'YCTHHOI WMOBipHOCTI. Bi-
JMOBIAHO, SIKIIO € TOYKA IPOCTOPY, /1€ €IEKTPOH HE MOXKe IepedyBaTH,
KBaJ[paT HOro XBHILOBOI (QYHKIII y 1ili TOUIi TOPIBHIOBATUME HYJIIO.

BusiisieTbes, XBHIbOBI (DYHKIIIi €JIEKTPOHIB y aTOMi BiJIMiHHI Bif
HyJs 1 3a Mekamu cdepu, 1m0 BiANOBiIae epeKTHBHOMY TNiepepisy
(To0TO pO3Mipy) aroma, iHaKIIe KaKydd, MEXi aroMa € PO3MHUTHUMH.
Tomy y pasi 30MMKEeHHS ABOX aTOMIB XBHIJIBOBI (DYHKIIT iX €IEKTPOHIB
MIEPEKPHUBAIOTHCA paHillle, Hi MiXXK HUMH BUHUKHYTh MIKaTOMHI CHIIU
BiIITOBXYBaHHs. [lepeKpuTTsI €NeKTPOHHHX XBWJILOBHX (DYHKIIIH
03HAuae, 110 eJIEKTPOH OJHOTO aTOMa MOKE CTaTU €IeKTPOHOM iHIIOTO 1
HaBrnakk. ToOTO MK LIMMH aTOMaMH, 110 30JM3WIMCA O€3 JOTHKY,
Moke BifOyBaTucsi OOMiH enekTpoHamu. Lle MOXXHA y3araJlbHUTH Tak:
JiBa TBEpAl Tina, 30JmKeHi 0e3 JOTHKY, MOXXYTh OOMIHIOBAaTHCS €JIeK-
TpOHaMH, TOOTO MK HUMH MOXe mpoTikaTh cTpyM. IlapamokcansHo,
MPOTE BUXOIUTh, IO EJIEKTPOHH, JONAIOUYH JICTCKTPHIHUA TPOMINKOK
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MiX TilaMH, CTBOPIOIOTH CTPYM, LIO Te€4e Kpi3b AiCJICKTPHK, 1 OMHHS-
IOTBCS TaM, 1€ X OyTH He TOBUHHO.

HacmpaBni 3 mormsamy KBaHTOBOT (Di3MKM HIYOTO HEKOPEKTHOTO HE
BimOyBaeThcs. CXOXe SBHINE MU BXXKE MPOCTEXKYBaM — 3rafaiMo Tpo
TCHEPYBaHHs EIEKTPOHHOTO Mmyyka rapmaroro LLoTki Ta aBTOEMiciiHOIO
rapmaroro. Tozi eleKTpoHH 3 KaToJa, He MalO4H JOCTaTHbOT CHEpril s
BUXO/Y 32 HOTO MEXi, BCE-TaKd eMITyBaJlCS B pa3i MpUKIaJaHHA CHU-
JBHOTO eNeKTpudHoro mois. Lfo curyarito o0pa3Ho MOXKHA ySIBUTH TaK:
mepes eJIeKTPOHOM, SIKMH XO4de BHUITH 3 TBEpIOro Tijia, CTOITH Hepe-
IIKO/a, Mo He Aa€ oMy mporo 3pooutu. Llfo mepemkony Ha3WBarOThH
eHepreTHyHUM Oap’€poM, OCKIIbKM caMe Bijl €Heprii eJIeKTpoHa 3aje-
’KHTh, YU MOJI0NAE BiH i (puc. 7.14, a).

UM UA UA

AN
: ~

-
>

o, X 0 5

Y
Y

.
X

"

d
oe

Puc. 7.14. Pi3HOBHIU MOTEHIIAILHUX Oap’€piB IS CJICKTPOHA 3 eHepriero E.
ITo oci abciuc BifKIaCHO BiJICTaHb, IO OCI OPAWHAT — CHEPTito: a — 6ap’ep
HECKiHUeHOI IIMPUHHU (BUIIAJOK €JIEKTPOHA Y TBEPAOMY Tili); 6 — 3MiHa Gopmu
Oap’epa y BUIAAKY NPUKIAJaHHS eJIEKTPUIHOTO MOJIST; 6 — 3MiHa popMu O6ap’epa
B pasi 30JIMKEHHS IBOX T HA BixcTaub d.

[puKkiIaBIIM 0 TijNa CUIIBHE €IEKTPHYHE M0JIe, MU 3MIHIOEMO (OpMY
MepenKkoan — 0ap’ep crae TPUKYTHUM 1 ByxxumM (puc. 7.14, 6). Tenep
IMOBIpHICTh TepeOyBaHHs €JIEKTpOHA IO TOH OIK IMepemKoau (3aBIsaKH
BiZIMIHHIN BiJi HyJIsl XBWILOBIH (DYHKIIT) € BIIMIHHOIO BiJl HYJIS, OTXKe,
CJICKTPOH MOJKE TIO0JIATH Takui Oap’ep, TOOTO BUHTH 3 TBEPAOIO Tija.
BusiBnsieTsest, mo Takuil nepexin BinOyBaeThcs 03 eHepPreTHUHUX BTpat
— CHEpris eJEeKTPOHA 3aJIMIIAETHCS HE3MIHHOI0. CKIIala€Thesl BPayKEHHS,
IO €JEKTPOH MOAOJIaB L0 MEPEIIKOLy Yepe3 SIKHMHCh HACKPI3HHUA OTBIp,
abo x “rynens”. Tomy Takuii mponec y KBaHTOBIH (hi3UIl HA3UBAIOTH TY-
HEJIFOBAHHSM €JIEKTPOHA KPi3b MOTEHIIA/IbHII eHepreTHYHui 0ap’ep.
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Y Bumaiky pO3ISIHYTHX BHUILE MABOX Til (OpMY NEpEeUIKOAM
(6ap’epa s eneKTpoHa) 3MIHIOIOTh IUISIXOM 3BY)KE€HHS (TOOTO 30IMXKY-
10Th J1Ba Tina) (puc. 7.14, ). | 3HOBY 3aBIsIKH BiIMIHHIN BiJ HYJISI XBIIIBO-
Bifl ()yHKIIIT eeKTpoHa HMOBIpHICTH iioro nmepeOyBaHHs 0 TOH OiK mmepe-
LIKOAX € BiAMIHHOIO Bifl HYJNS, OTXKE, €JICKTPOH MOXKE TMOKHHYTH OJIHE
TBEpJie TUIO 1 TMEpeTH a0 iHmoro. SIBuine OoOMiHY €ICKTPOHAMH MiX
UUMH TLTaMH TEK HA3UBAIOTh TYHENIOBaHHSAM. EJEKTpU4HMiA CTpyM, IO
BUHHKAE 32 33J]aHUX YMOB, TOSICHIOIOTh TYHEIBHHUM €(EKTOM 1 Ha3u-
BalOTh TYHEIBHUM CTPYMOM.

[[o6 3abe3meuynTy HAMPSMIIGHWH PyX ENEKTPOHIB (ENEKTPHIHUI
CTPYM) MiXK TAKUMHU TiJIaMH, HEOOXIHO, 1100 BUKOHYBAJIUCS JBl YMOBH.
[o-nepiie, B 0THOTO 3 Tijl MOBUHHI OyTH BiIBbHI €1EKTPOHH (EIEKTPOHH
MPOBIAHOCTI), a B 1HIIOTO — HE3alHITI €JIEKTPOHHI PiBHI, Ky MOTIH O
nepeity 1i enextpoHu. [lo-gpyre, mixk Timamu Tpeba MPHUKIACTH Pi3-
HUITIO TIOTEHIliaNiB, TpUYOMY ii 3HaYeHHS Ty’Ke Malle TIOPIBHSIHO 3 Pi3-
HUIEI0 TIOTEHINAJB, sIKa MOXKe BUKIHKATH MPOOiH IieNeKTPUIHOTO
MOBITPSIHOTO MTPOMIKKY MIX TiJTaMH.

7.3.2. Poboma ckamysanbHozo myHenbH020 Mmikpockona. Ha
mpakTuri ssuile TyHemoBanHs y CTM BUHUKae, KOJTM OAWMH 3 MPOBIJI-
HUKIB — I BICTps (30HMI), a IHIIMA — MOBEPXHS IOCIIKYBaHOTO
00’exta. Ha BiqMmiHy BiJ METOJIB CKaHYBaJIBHOI CHJIOBOI MiKPOCKOITii,
o po3risanyTi gami, CTM He MOXHA BUKOPUCTOBYBATH JIJIsi CTBOPEHHS
300paskeHHS HETPOBITHUX MaTepialib.

Mix BicTpsM Ta 3pa3skoM TPHKIAAAIOTh mMoTeHIian (nanpyay
smiwgennst). Konu BiCTpst HAOJIMXKAETBCS 10 3pa3Ka Ha BiJCTaHb MPH-
O0m3HO 1 HM, €NEeKTPOHH MOYMHAIOTH TYHEIIOBATH Yepe3 MPOMIXKOK MiXK
3pa3koM 1 Bictpsim (puc. 7.15). CyMmapHUH TyHENbHHH CTPyM 3MiHIO-
€ThCS 3aJICKHO BiJ] BIJICTaHI MK BICTPSIM 1 3pa3KoM, i came Ieil CUTHaI
BUKOPUCTOBYIOTh JJisi (DOPMYBaHHsI KOHTpacTy 300paxkeHHs. OTxke, y
pasi 30JmKeHHs 30H/a 1 TOBEpXHi 3pa3ka Ha Bijictanb L ~ 0.5 oM (konu
XBWIBOBI (YHKLIi €NEeKTpOHIB B aroMax 30HAAa ¥ 00’ekTa mepe-
KpUIOThCS) Ta TpuKiIagaHHg pizauni noreHmianie U= 0.1-1 B wmix
UMW TBEPAVMH TiIaMA BUHHKAE CTPYM, 3YMOBIICHUH TYHEIHLHUM
edekrom (puc. 7.16).
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Bupa3z g TYCTHMHU TYHEIBHOTO CTPyMY JOCHUTH CKJIIQHUM, TOMY
IUTS SIKICHOT OIIIHKH Ta OOTOBOPEHHST BUKOPHCTAEMO CITPOIIEHY (hOPMYITY:

|, ~enVDF, (7.1)

JIe € — 3apsy eIEKTPOHA; N — KOHIICHTpPAITisl eIeKTPOHIB MPOBiAHOCTI; V —
iXHA MWBHAKICTH; F — Iuioma momepevyHoro mnepepiszy mydka eleKTPOHIB
(TUI01LIa TYHENFHOTO KOHTAKTY); D — IMOBiIpHICTh MPOXOKEHHS €JIEKTPO-
HiB uepe3 NpoMixkoK L y pesxumi TyHenbHOTO edekty. Tounuii Bupa3 mist
WMOBIPHOCTI OTPUMYIOTh Y KBAaHTOBI MEXaHIIll, MH X OLIHUMO ii 3a
(hopmyoro:

D~e %", (7.2)

2mo
k, = ’ et (7.3)

Ie M — Maca enektpoHa; @ — eeKTHBHUIT eHepreTHIHUI 0ap’ep cCUCTEMHU
30H1—00’€KT; /i — 3BeneHa crana [lmanka (1.05-10% [Ix-c). STk Gaummo,
TYHEJBHUN CTPYM €KCIIOHCHIIIHO 3aJIe)KHUTh BiJI BIZICTaHI MK 30HIOM 1
3pa3koM: BijcTaHb L BXOJIUTH Yy TOKa3HUK CTEIEHS CKCIIOHCHIIHHOT
3anexnocti D Bix L (quB. piBHsHHS (7.2)) 1, BIINOBIIHO, BIUIMBAE HA 3HA-
yeHHs |y (nuB. piBHAHHA (7.1)).
Ile nyxe cuiapHa 3aje-
JKHICTb, OCKIIBKHM 31 301IbIIEH-
HsM BifcTaHi nume Ha 0.1 HM Ty-
HENPHUH CTPYM  3MEHIIYETHCS
Mmaibke y 10 paziB. Came 11e 3a-
0e3revye BHCOKY PO3IIIBHY 37a-
THICTh MIKpPOCKOIIA II0 BHCOTI
o0’ekTa, a/Ke Iy)Xe HEe3Ha4Hi
3MIHH 110 BHCOTI penbedy Io-
BEPXHI 3yMOBJIIOIOTh CYTTEBE 30i-
TbIIeHHsT 200 3MEHIIeHHS TyHe-
apHOrOo ctpymy. Te, mo 3ane- Puc. 7.15. Cxema po6otr
)KHiCTL TyHeJ'ILHOFO CprMy Bl,[[ CKaHYBaJIbHOTO TYHEJIBHOI'O M1KPOCKOIIA.

Tyt

CkaHyBaHHs
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BiZIcTaHi Mae eKCIIOHEHIIHHUI XapakTep, poouts CTM myxe 4yTIMBUM
METOJIOM.

i OLIHKK TYHEIBHOTO CTPYMY CKOPHCTA€EMOCS IOBEICHHUM 3a
JONIOMOrOl0 KBaHTOBOi MexaHiku (akTtoM, mo 90 % TyHEIbHOTO
CTpyMy TNpoOTiKae 4epe3 Kpaiiniii atom Bictps (puc. 7.17). Toni 3Ha-
YEHHS IO MOTIEPEYHOTro Mepepisy Myyka eleKTPOHIB MOYKHA OLIIHUTH
sk F~ 10" M’ Pemrra po3paxyHKoBHX mapamerpis Taka: N~ 107 M,
V~10°mec, m=9.110%"kr; 7%=1.0510%kc, @ ~1010" ik
(4.5 eB). MiacraBuBmu i 3HaveHns y (7.1)—(7.3), orpumaemo, 1o 3Ha-
YEHHS TYHEJIbHOTO CTPYMY CTAaHOBUTH KUJIbKA HAHOAMIIEPIiB.

[Tix gac podotu CTM Bincranb

MiXK O0’€KTOM 1 30HIOM CTaHO-

BuTh ~0.3-1.0 HM, TOMYy ¥MOBI-

pHICTH IepeOyBaHHS MiXK HUIMHU MO-

U JeKyJd TOBITPA 3a HOPMAJIBHUX
atMoc(epHHX YMOB MOyXe Maia,

L TOOTO TMPOTIKaHHS  TYHEJIBHOTO

] CTpyMy BinOyBaeThcs HIOM y Ba-
! KyyMi. 3BiJiCH BHUIUIMBa€E JyKe
[ BayIMBa xapaktepuctuka CTM:

Puc. 7.16. Cxema IIpOTiKaHHS ISt #ioro poboTn He NOTpiOeH BH-
TYHEJIBHOTO CTPYMY MiX 30H/IOM i COKHUIl BaKyyM, SIKOTO TOTPeOYIOTh
06’exrom: 1 — 30H71; 2 — myuoK eNeKTPOHHI  Mikpockomu. OHak
eNIeKTPOHIB; 3 — 06°€KT (3pa3ok), HaBKOJIMIIIHE CEPENOBUIIE BIUJINBAE

U — pi3HUIIA TOTEHIiaJIiB MiXK 30HIOM
i 06’exroM; |-— TyHEIBHUH CTPYM;
L — BigcTaHps MiXK 30HIOM 1 00’ €KTOM;
F — myonia TyHeIpHOTO KOHTAKTY.

Ha YUCTOTY JIIOCTi/PKYBaHOI MOBe-
PXHi, BU3HAYAIOUH XIMIYHUN CKJIa]
afcopOIIHHUX IMIapiB 1 OKUCIECHHS
il akTHBHUMU Ta3aM# aTMOC(EPH.

Otxe, CTM cxoxuil Ha eIeKTPOHHHUI MIKPOCKOII, ajie 0e3 MepBHH-
HOTO Ty4Ka, 0e3 BTOpHHHHX edekTiB Ta 0e3 yiH3. Beprukanbhe 3wmi-
IICHHS BICTPS Ml Yac CKaHyBaHHsS 3pa3Ka, sKe BiIOOPa)KaeThCs Ha €K-
paHi, 1yxe Haraaye mikpodoTtorpadito, orpumany CEM, i nemoHcTpye
neTanbHe 300pakeHHs Tonorpadii moBepxHi.
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7.3.3. Pesicumu podomu CKanysaaibHo20 myHeabHO20 MIKPOCKORA.
Y CTM ckaHyBaHHS 3pa3Ka MOXIIMBE B PI3HUX PEXKHMaxX: PEXHUMI 10-
criiinoi Bucotu (puc. 7.18, a)
a00 TOCTIHHOI CHIIM CTPyMY
(puc. 7.18, 6). Y pexumi cta-
JIOi BUCOTHM CHCTEMa 3BOPO-
THOTO 3B’fA3KY BiJIMKHEHa, 1110
IIPU3BOJUTE A0 CTAJIOr'0 I'OpHu- 90% TyHenbHoro
30HTAIIHOTO TIOJIOXKEHHS Bi- cTPyMy
CTpsl, @ 3HAUYCHHS TYHEIHHOTO
CTpyMy BimoOpaxkae Tomorpa-
¢iro moBepxHi. Y pexuMi Mmo-
CTIHHOTO CTpyMy VyBIMKHEHa
CITICTeMa 3BOPOTHOTO 3B’SI3KY Puc. 7.17. Cxema B3aeMofii MiXk BicTpsM i
HiATpUMYy€E cTaje 3HAYeHHS 3paskoM y CTM.
CTpyMy 3aBISIKM TOCTIHHIH
3MiHI TOPU3OHTAIBLHOTO MOJIOXKEHHs BicTpsl, TO0To CTM BUKOpHCTOBYE
3BOPOTHUH 3B’SI30K U MIATPUMKH CTajJOro 3HAYEHHS TYHEJIBHOTO
CTPpyMy 3a JOIOMOIOI TMiJJAIITyBaHHS BIJICTaHI MK IOBEPXHEHO i
30HIOM Y KOXKHIH TO4Ill BUMiproBaHHs. Hampukmasn, konu cucrema pee-
CTpye 30UIBIIEHHS TYHEIBHOTO CTPYMY, BOHA I/UTAIITOBYE HAIPYTY,
IO TOJAETHCS Ha T’ €30CKaHep s 30UTBIISHHS BiJCTaHI MiIX BiCTpSIM
ta 3pazkom. Came I 3MiHa BificTaHi BijoOpaxkae Ttomorpadito mo-
BEpXHi, TOOTO y pEeKUMi MOCTIHHOTO CTpyMy Habip IaHUX QOPMYETHCS
Ha MIiJICTaBl MEPEeMIlllCHHs CKaHepa. SIKIo cucTreMa MiATPUMY€E 3Hade-
HHS TYHEJIBHOTO CTPYMY CTalIUM 3 TOYHICTIO JO KiJIbKOX BiJICOTKIB, TO
BiJICTAaHh MIXK BICTPSIM 1 3pa3koM OyJle CTaJIO0 3 TOYHICTIO JI0 KLTBKOX
COTHX aHICTpema.

Bictpa CTM

TYHENbHUA CTPYM BepTukanbHe amilleHHs 3oHaa
N W
_ o | tpoenopmooms R § toacmopn e
I./\_JW r/\"‘/s;%»?"’\"’“"ﬁ
a 6

Puc. 7.18. Pexxumu podotu CTM:
a — PeKUM MOCTIHOT BUCOTH; 6 — PEKUM MOCTIHHOI CHIIK CTPYMY.
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KoskeH 31 3rajanux pe:KMMIB Ma€e CBOI IepeBard Ta HeJoJiku. Pe-
KUM CTaoi BHCOTH IIBHIIINHA, OCKUIBKM CHCTEMa HE NepeMillae CKa-
Hepa BBEPX—BHH3, MPOTE BiH Ma€ iHPOPMAIIIO JHIIC IJIs ITOPiBHIHO
piBHOI mOBepxHi. B pexkmMi cTamoro crpymy MOXKIIHBO BHUMipIOBaTH
HEOJHOPIHI TIOBEPXHI, aje IjIsi IPOBEJCHHS TAKUX BUMIPIOBaHb IMOTPi-
OHO OlnbIIIE Yacy.

SKmo ay»ke CpolIyBaTH, TO KOHTPACT 300pa)KeHHsI, OTPUMAHOTO 32
JOTIOMOTOI0 TYHEJIBHOTO CTPyMY, MOYKHA BBayKaTH CyTO TOIOTpadidHuM,
TOOTO TaKwM, ITI0 BimoOpaxae e Tororpadiro 3pa3ka. Hacmpapmi, 3Ha-
YeHHS! TYHETHHOTO CTPYMY BiAIOBIJa€ TYCTHHI €JIEKTPOHHUX CTaHIB (Ki-
JIKOCTI €HEPreTHYHHUX CTaHIB HAa OJUHMIIIO CHEprii) Ha MOBEpXHi (apke
MEPEXOAU CJCKTPOHIB MiJ] YaC TYHEIOBAaHHS BiOYBAIOThCS CaMe MiXk
enexTpoHHUMH piBHsAMH). CTM ¢dakTU4HO BU3HAYAE KUTBKICTH 3arOBHE-
HUX 1 HE3aIMOBHEHUX EJIEKTPOHHUX PIBHIB Y MEXaX €HepPreTHIHOTO JTiara-
30HY, IO 33/IaHUI HAMPYTOIO 3MilIeHHs (PI3HUIICIO TOTEHIIATIB MiX Bi-
CTpsiM Ta 3pa3kom). He Bumiproroun ¢izuany Tomorpadito, BiH HATOMICTh
Bi3yati3ye HOBEPXHIO CTaJIOl TYHEJIFHOT KMOBIPHOCTI.

3 omHoOro 00Ky, Taka uyTiuBicTh CTM 10 JIOKaNbHOI €IEKTPOHHOT
CTPYKTYPH MOXK€ NPU3BECTH JIO IMOMHIIOK, SIKIIO BU 3aIliKaBJicHI B
oTpuManHi Tomorpadii. Hampuxiran, xmo sxachk OiNSHKA 3pa3Ka OKHC-
Juacs, TO TYHEJIbHUH CTPYyM PI3KO 3MEHIIUTHCS B pasi MOTPAIUITHHS
BICTpPS Ha LIO AUISHKY. Y HiICYMKY CHCTE€Ma 3BOPOTHOTO 3B’SI3KY Pi3KO
OITyCTUTH BICTPS, 1 BOHO MOXKE 3pOOMTH 3ariuOWHY Ha MOBEpXHi abo
3pyHHYBaTHCh. 3 1HIIOrO OOKY, Taka 4yTiuBicTh CTM 10 enexTpoHHOT
CTPYKTYpH MOKe OYyTH BEJIHMKOIO IepeBaror. IHII METOJUKH ojep-
aHHs iH(popMarii mpo eNeKTPOHHI BIACTUBOCTI 3pa3ka mependadaroTh
OTPUMaHHsS W yCepeqHEHHs MaHWX BiJ TMOPIBHSAHO BENWKOI MUISHKH 3
JNiHIMHUMHE po3MipaMy BiZ MiKpoHiB A0 MinmimerpiB. Hatomicte CTM
MO’KHa BUKOPHCTOBYBATHU SIK TPUIIAJIH, IO 30HIYIOTh €IeKTPOHHI BJIac-
THUBOCTI TIOBEPXHI 3 aTOMapHUM PO3ILICHHSIM.

7.3.4. Cxanysanvna mynenvna cnekmpockonin. Y CTM MmoxHa
MPOBOIUTH €HEPreTUUHHUI aHajli3 TYHENIOI0YHX eJIEKTPOHIB, TOOTO OTpH-
MYBaTH CIIEKTPAJIbHY 3aJI€KHICTh TYHEJIBHOIO CTpyMy. METOAMKY, SIKY
3aCTOCOBYIOTh JUIsl BUBUEHHS JIOKAJIBHOI €JIEKTPOHHOI CTPYKTYpH IOBe-
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pPXHI 3pa3ka, Ha3MBAIOTh CKAHYBAIBHOIO TYHEJHHOIO CIIEKTPOCKOIIERO
(CTO).

TyHeTroBaHHS €IEKTPOHIB BiMOYBAE€THCS 13 3aMHATHX €HEPreTHd-
HHX PiBHIB aTOMIB, PO3MIIIICHUX HA KiHIII BICTpsI, HA BUTbHI CHEPreTHYHI
piBHI aTOMiB Ha MoOBepxHi 00’€kTa (y pas3i 3BOPOTHOI NOJSIPHOCTI MOTE-
HIialy TYHENIOBaHHS BiIOYBA€ThCS y 3BOPOTHOMY Hampsimi). 3a 3Ha-
YEHHSIM PI3HUII MOTEHHIamiB MK BICTPSAM 1 3pa3koM BHU3HAUYAIOTh,
EJIEKTPOHH $IKOTO E€HEePreTHYHOro pIiBHSA aToMiB BicTps OymyTh Ty-
HEJIIOBATH 1 Ha KU eHePTeTHYHUH PiBEHb aTOMIB 00’ €KTa.

OTxe, 3a 3a[jaHOi Pi3HMIII TOTEHINANIB TYHENFHUI CTPYM BHU3HaUe-
HUI TYCTHHOIO €JIEKTPOHHHUX CTaHiB BICTps i 00’ekTa. 3MiHIOWOYH Pi3-
HUITIO MTOTCHIIIATIB Ta BUMIPIOIOYHM BOJHOYAC TYHEJIIBHUN CTPYM, MOYKHA
BU3HAYUTH I'YCTHHY €JIEKTPOHIB Ha PI3HMX CHEPTeTHYHUX PiBHSIX, TOOTO
moOyIyBaTH €HEPTETUIHUHN CIIEKTP BICTPAL.

CTC oxorutroe Kilbka METOJWK: OTPUMAaHHS 300paXeHb Y PEXuMi
CTaJIOTO CTPYMY 3a Pi3HMX NMPUKIAJICHUX HANpyT Ta iXHE HNOPiBHSIHHS;
OTPUMaHHS 300paXeHb y PEKUMI CTAIOTO0 CTPyMy Ha pi3HIA BHCOTI;
pPO3TOpTKa HANpYTH 3MIlIEHHS 3 PEECTPYBaHHSIM 3HAYCHb TYHEIHHOTO
CTpyMy. YHAaCIiZJOK BHUKOPHCTaHHS OCTaHHBOI'O METOJY OTPUMYIOTh
BOJIbT-aMIiepHi xapakTepuctuku (BAX), mo XapakTepusyrTh eJeK-
TPOHHY CTPYKTYPY B KOHKPETHIH TOYI[i TTOBEPXHI.

Pobmsate 1ie Tak. [licns dikcyBaHHS 30HIa HAl MEBHOKO TOYKOKO TI0-
BEpXHi 3 33J]aHUM 3HAYEHHSIM TYHEIBHOTO CTPYMY LIBHJIKO 3MiHIOIOThH
Hanpyry (poOJiaTs PO3ropTKY), IPUKIATACHY MiXK 00 €KTOM Ta BiCTPSM Y
3aJIaHOMY J[ialia30Hi, Y TOMY YHCJII 3 TIEPEX0JI0M Bij OJHIET MOISPHOCTI
B iHIIYy. Y LIbOMY pa3i BUMIPIOIOTh TyHEIBbHUH cTpyM 1 OyaytoTs BAX
tyHenabHoro nepexony: |,=f(U). Xapaxrep 3minu 3anexuocreii |,=f(U)
ta 1i qudepenniroBanns dl,./dU maroTh 3Mory 3HalTH pO3IOIiI eHepre-
TUYHUX PIBHIB €JEKTPOHIB 3 aTOMapHUM po3auieHHAM. Lle momomarae
BU3HAYUTH THIT MPOBIAHOCTI, HANPHUKJIAA, IS HAIIBIPOBIIHUKIB —
BCTAaHOBUTHU BaJICHTHY 30HY, 30HY MPOBITHOCTI, JTOMIIIKOBY 30HY. Kpim
TOr0, OCKIJIBKH E€JIEKTPOHHA CTPYKTYpa aToMma 3ajJeHUThb HE JIMIIE Bij
HOro aTOMHOTO HOMepa, a i BiJl JIOKAIBHOTO XiMIYHOTO OTOYEHHS (KiJib-
KOCTI CyCiTHIX aTOMiB, IXHBOI'O BUJY Ta MPOCTOPOBOTO PO3TALIYBAHH),
MU MO’KEMO BHU3HAYUTH XIMIUYHHH THIT 3B 53Ky MK aTOMaMH TOBEPXHi
00’ekTa 1, 10 HAWBAXJIMBINIE 3 MPAKTHYHOIO MOMIIAY — XIMIYHHMHA
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CKJaj moBepxHeBoro mapy 06’exkra. CTM MokHa TakoK HaJlallITyBaTH
Ha orpuMaHHA BAX y cepii TOYOK i CTBOPIOBATH Ha iXHIM OCHOBI TpH-
BHUMipHe rpadidHe 300paKeHHs eIeKTPOHHOI CTPYKTYPH.

YHacmigok [ii Ha TOJIOBKY MIKpPOCKOTA 30BHIMIHIX BiOpariil BicTps
BiOpy€ 3 MEBHOIO aMIUITYA0I0 Ta YacTOTOIO BIJHOCHO 00 €KTa, TOMY
JUIs1 3MEHILIEHHS MOXUOOK miJ| yac peectpyBanHs BAX noTpiOHa Bucoka
HIBUIKICTH po3ropTku. Takox y pasi peamizauii CTC Tpeba 3BecTr 10
MIHIMyMY piBE€Hb MEPENIKO — IPOBOIUTH JAOCHTIKEHHS Y CIEI[ialbHIX
BiOpO3axXHINECHUX MPUMIIICHHSX.

7.3.5. 3on0u ona ckaunyeanvrhozo mymneavno2o mikpockona. Cre-
nudika 30HI0BOT MIKPOCKOII1 NOJISIrae B TOMY, 10 OJHY 3 HaWBaXKJIUBi-
IIMX PoJIeH y pa3i BUBUEHH 3pa3Ka Biirpae 30HI — JeTalb, SKa HaBITh
HE HaJEXHUTh A0 CAMOTO BHUMIpIOBaIbHOrO mpuiany. Piu y Tomy, mo B
mporieci poOOTH 30HAN JTOBOAUTHCS TOCHTh YaCTO 3MIiHIOBATH, OCKiTBKU
BOHH 3aTYIUTIOIOTHCS, 3a0py THIOIOTHCS TOILIO.

30HaM JJ1s1 TYHENTBHOT MIKPOCKOTII BUTOTOBJISIE, 3a3BUYal, caM J0c-
TMaHUK. Y CKaHyBaJIbHUX TYHEJBHUX MIKPOCKONAX BHUKOPHCTOBYIOThH
30HOM KUTBKOX THUMIB. llepmiiMy movanu 3acTOCOBYBAaTH 30H/W, BHIO-
TOBIIEHI 3 BOJIb(PPaMOBOi APOTHHU METOJIOM EIEKTPOXIMITHOTO TPaBJICH-
B Hs. s TexHOMOTIS pO3pobIeHa paHile
w JUIS BUTOTOBJICHHSI €MITEpiB aBTOiOH-
1 HUX MikpockomiB. [Ipomec mnpurory-
BaHHS 30HAa Takui (puc. 7.19): 3aro-
1 TOBKY 3 BOJb(PaMOBOro JApOTY 3aKpi-
TUTIOFOTH TakK, IO OWH 3 ii KiHI[iB MPo-
XOJIUTH KPi3b MPOBIAHY Tiadparmy i 3a-
HypeHHH y BogHH# po3unH ayry KOH.
\ Konrakr mix miagparmoro i apo-

J_ I THHOIO 3a0e3neuye kpamwisi KOH y
L KOH otBopi miadparmu. [ix yac mpomycka-
e HHSA €JIKTPUYHOI'O CTpyMy MK Jia-
el - S (parmMoro i eneKTpoIOM, PO3MIIIECHHM

Puc. 7.19. Cxema BUTOTOBJICHHS . .
s0mi5 CTM 3 BB PaMOB0i y po3unni KOH, BinOyBaetbcs Tpasiie-

JIPOTHHY 32 IOTIOMOTOI0 efiektpo- ~ HHS 3arOTOBKH, TOBIIMHA NPOTPABIIIO-
XiMI9HOTO TpaBJIEHHS. BaHOI JIJITHKY CTa€ HACTUIbKU MaJolo,
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10 BiIOYyBa€eThCsl PO3PUB 3ar0TOBKU BHACTIJOK Baru HHKHBOI YaCTHHHU.
Konn HWKHA YacTMHA Magae, €IEKTPUYHE KOJIO PO3PHBAETHCS, CTPYM
IepecTae TeKTH 1 IPOLIEC TPABICHHS IPUITUHSAETHCSL.

Inma meroauka, SIKy HIMPOKO 3aCTOCOBYIOTH IJIsI BUI'OTOBJICHHS
CTM-30HaiB — mepepi3aHHs TOHKOI APOTHHU 3 IUIATHHO-IPUAIEBOTO
CIUIaBy 3BHUAiHUMHU HOXHULAMU. [lepepizanns BinOyBaeThCs Mil KyTOM
npubnu3Ho 45° 3 OJHOYACHMM HATATOM JAPOTHHU Ha pospuB. Ilix yac
mepepizaHHsl BiAOyBaeTbca IUTaCTHYHA Aedopmaris APOTHHA B MICII
mepepisy, 1 M Ai€l0 PO3TATYBAIFHOTO 3YCHIIIS APOTHHA OOPHUBAETHCS.
VY miacyMKky B Micti po3pi3zy popMy€eThCS BUTATHYTE BICTPs 3 HEPIBHUM
(pBaHMM) KpaeM i3 YHCICHHHUMHU BHCTYIIAMH, OAMH 3 SKUX 1 Oyae pobo-
YUM €JICMEHTOM 30H[1a. Taka TEeXHOJIOTIs JIy>Ke MOIIMPEHa, 1 1i 3acToCy-
BaHHs MaiKe 3aBXKAU TapaHTYeE JOCSITHEHHS aTOMapHOTO PO3[IICHHS Yy
pasi gociiKkeHp moBepxHi 3a qomomoror CTM.

Y CTM wuactuHa BicTps, IO BIATIOBiZa€ 3a OTpPUMaHHS 300pa-
JKEHHSI, CKIIQJA€ThCS 3 aTOMa YM TPYNH aTOMIB Ha KiHIN JOBTOi ZIpO-
TUHHA. OCKINBKH 3aJISKHICTh TYHEIBHOTO CTPYMY BiJ BiJICTaHi MiX BicT-
PSIM 1 3pa3KoM EKCIIOHEHIIilHA, TO HAOMMKYUI aToM Ha BicTpi JaBa-
TUME 300paKeHHS HaWOJMKUOro aToMa Ha 3pasKy. SIKIO Ha BICTpi €
JIBA aTOMH, III0 TIepe0yBarOTh Ha OJHAKOBIM BiJICTaHI BiJl MOBEPXHi 3pa-
3Ka, TO YCi €eMEHTH 300pakeHHS 34aBaTUMYTbCS PO3ABOE€HMMH. lle
TaKk 3BaHE IMO/ABOEHE 300paxkeHHs. HaiimimmmuMm cnocoOom yCyHEHHS
BOro e(eKTy € 1mojava iMIyJIbCy Hanpyru — KOHQIrypaiis BicTps 3mi-
HUTBCS BHACIZOK eMicii. [HIIMM METOZ0M CTBOPEHHS HOBOTO KOHTYPY
KiHUMKa BICTpsI € clla0Ke HOro MpUTUCKAHHS 10 3pa3Ka.

7.4. CkanyBaJIbHA CHJI0BA MIKPOCKOIIisl

AtomHo-cuioBuii Mikpockor (ACM) ckaHye MOBEPXHIO 3pa3ka 3a
JIOTIOMOT'OFO TOCTPOT TOJIKM-30H/1a JOBKHHOK B KUTbKa MIKPOHIB 1 Jliame-
TpoMm, yacto meHIre 10 HM. BicTpst po3ramoBaHe Ha KiHIlI KaHTHJIEBEpa —
MiKpOCKOMiYHOI Oaniku, NoBkuHa AKkoi craHoBUTh 100—-200 MkM, mmpuHa
— KUIbKa JIECATKIB MIKPOHIB, a TOBIIMHA — MOPSIAKY OJUHHIIL MIKPOHIB.
ACM pae 3Mory pearizyBaTd BUMIPIOBaHHs He Juie Tonorpadii, a i
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HU3KW MEXaHIYHUX, eNeKTPO(I3NUHUX i MAarHiTHUX BIACTUBOCTEH MOBe-
PXHi, PO SIKI HTUMETHCS JaTi.

Cunm, 0 BUHHUKAIOTH MK BICTPAM 1 TIOBEPXHEIO 3pa3Ka, 3yMOB-
JOIOTH 3TWH KaHTWiIeBepa. J[eTeKTop BHUMIpIOE CTYIIHB BiIXWICHHS
KaHTHJIEBepa MiJ 4ac MPOXOKEHHS BICTps Hall 3pa3KoM 4Yd B pasi me-
pEMIILeHHS 3pa3Ka Iif] BiCTpsM.

JeTexkTyBaHHS MOJIOXKEHHS Oallky, 3a3BHYaii, BiIOyBa€ThCs 3a JI0-
IIOMOTOI0 ONTHYHOI CHCTeMH, 300paxkeHoi Ha puc. 7.20. [Ipomins ma-
3epa BITOMBAETHCS BiJ 30BHIIIHBOI M3epKAIbHOI TIOBEPXHI KaHTHIIEBEpa
1 motparuisie Ha hoTomion. SIKIO HeMa B3aEMOJIIT MiX 30HIOM Ta 3pa3-
KOM, TO MPOMiHb ToTparuisie y neHtp doromiona. Ilix yac ckaHyBaHHS
B3a€MOJIisl 30H/1a 3 TOBEPXHEIO 3pa3Kka 3MYIIye KaHTHIIEBEp BUTUHATHUCS,
HaOJIMKAYM YU BiJIAJISIOYM 30H]T BiJl IIOBEPXHI, BIJMOBITHO, BIIXHIISA-
TUMETHCS 1 paHille IEHTPOBAHMIA IPOMIHB Jla3epa, 0 BiAOUBa€EThCS Bif
KaHTWiIeBepa. YoTupuceKiitHui (HOTOMIO0 ] MOKA3ye BIIXUICHHS JIa3ep-
HOTO MPOMEHS, BiIOUTOTO BiJl KiHYMKA OaKH, Ha TiICTaBl YOTO POOISATH
BHUCHOBKH TIPO 3THH KaHTHJIEBEPa, TOOTO 3MIIICHHS MPOMEHS PEECTPY-
I0Th 3a 3MIHOIO CTPyMYy B cerMeHTax Qotomioaa. SAkmo doromion mae
YOTHPHU CETMEHTH, TO HUM MO>KHA PEECTPYBATH HE JIMIIE Tonorpadito, a
1 matepaibHi CHH (CHIIM SIKi TiFOTH IO TOTHYHIHM 10 IOBEPXHI), PO IO
wrumerbess pani. [losumiitHo-uyTnuBuii GoTtomion cam mo cobi Moxe
BHUMIPIOBATH 3MIIlIEHHS CBITJIOBOTO IMPOMEHS MOPSAIKY HAHOMETPIB, a
crcTeMa 3arajioM — BHSBJISITH BepTHKAIbHE 3MIIICHHS BICTPsI KaHTHJIE-
Bepa MEHIIE aHrcTpeMa. B iHIMX MeToJax BWU3HAYEHHS BiAXUIICHHS
KaHTUJICBEpa BUKOPUCTOBYIOTh ONTHYHY 1HTep(EpEeHIIit0, a00 KaHTHIIe-
BEpH BUTOTOBJICHI 13 TEH30PE3UCTUBHOTO MaTepiaiy.

Ha nmincraBi oTpumMaHuMX 3HaueHb BIIXWIEHHS KaHTHJIEBEpa
KOMIT'FOTEp MOKE CKJIacTH KapTy Ttonorpadii mosepxHi. ACM MoxHa
BUKOPHCTOBYBATH JIJIsl BUBYCHHS JIiCIEKTPUKIB 1 HAIiBIPOBIJHUKIB, a
TakoX MpoBiaHuX MatepianiB. Kantunerep ACM BIIXUIAETHCS M €O
KiJIbKOX CHJI. Y TIECBHOMY HaOJIMDKEHHI JI0Ope BijloMa KpWBa MIXKaTOMHOT
B3aemogii (moreHmian Jlennapma—JloHca) MOJEIOE 3aJICKHICTh CHITH
BiJI BiJICTaHI MK KIHYMKOM 30H/Ia 1 IOBEpXHEro 3paska (puc. 7.21).
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nateparnesHa cuna
(TepTa)

YOTMPUCErMEHTHWI
cotogion \ anorpacbm
Nazep

KaHTtuneeep

MepemiweHHn

3paska
P 3pasok

[Me3ockaHep

Puc. 7.20. Cxema JIeTeKTyBaHHS BiIXUICHHS
kanTuieBepa ACM.

3aJe:KHO Bij BiJICTaHI MiX 30HIOM Ta MOBEPXHEIO 3pa3ka, TOOTO Bif
CHWJI, 1[0 MK HUMHU BHHUKAIOTh, PO3PI3HAIOTH pi3HI MeToguku ACM. ¥V
KOHmaKkmHil BiCTpsA TiepeOyBae Ha BiJICTaHI KiTBKOX aHTCTPEMIB Bif
MIOBEPXHi, 1 M KaHTHJIEBEPOM Ta 3pa3KOM i€ CHIa BiIIITOBXYBaHHS.
VY be3xkonmaxmuili METONUIl KaHTWJIEBEP MIATPUMYIOTH Ha BiAcTaHi
MOPSIIKY JECATKIB UM COTEHb aHTCTPEMIB Bijl MMOBEPXHi, 1 MiX BiCTpIM
Ta 3pa3KoM Ji€ CHIIa PUTATaHHS (TOJIOBHO II€ 3yMOBJICHE JTAIIEKOCSIK-
HUMH BaHJIepBaaJbCOBUMH B3aeMoAisMu). [lommpeHoro € Takox Hanis-
Konmaxmua (nepepuBHa) MeToanka pobotn ACM, KoM BUHUKAIOTh 5K
CHJIM MIPUTSTAHHS, TaK 1 CWIN BIIIITOBXYBAaHHS MK 3pa3KOM 1 30HIIOM,
SIKUM KOJIUBAETHCS O1JIs1 TOBEPXHI.

TouHICTh 11i€] METOAMKH HACTLJILKA BHCOKA, IO JA€ 3MOrY 3apee-
CTpYBaTH BepTHKaJIbHE BiIXWICHHS MeHmle Hix 0.1 HM, TOMY CXOJUHKH
Ha MOBEPXHI 3aBBUIIKH B OJIMH aTOM IY’Ke JIETKO To0aunTh. Po3nineHHs
10 TUIOIMHI TaKOTo X 3HAUYEHHs TeX JOCSUKHE, ToMy Hacmpaai ACM
Ma€ aTOMHE PO3JIIJICHHS B YCiX TPbOX BUMIipax.

Opnna 3 yynoBux puc ACM monsirae B TOMy, IO 3pa30K JUIsl JIOCIi-
JDKEHHSI HE TOBHHEH repeOyBatu y Bakyymi. HacripaBai Oinbiiicts 3a-
BIaHb ACM BHKOHYIOTH Ha TOBITpI, @ XOPOIIi 300paXKeHHsI MOYKHA OTpPH-
MaTy HaBiTh MiA BOAOIO uM iHIMMHU piguHamu. Tomy ACM KoHKypye 3
CEM 11010 1WiHU Ta JIETKOCTI BUKOPUCTAHHS, a 32 PO3AUICHHAM HaBiTh
nepesuitye Horo. OnHak yci 300paskerHss ACM notpeOyroTh KoMl IoTe-
PHOTO OIpAaIfOBaHHs, a iXHS IHTEpIpeTallis He Taka OYEBUIHA, SIK Y
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CEM. Takoxx mBUIKOIIS B pasi ciabkoro 301IbIIEHHS HE TaKa XOpOolla,
sk y CEM, ToMy 00u/iBi METOAWKH OyIyTh OTPIOHUMHU IITe OaraTo poKiB.

7.4.1. Konmaxmna amomno-cunosa mikpockonis. ACM BHKOpH-
CTOBY€E MIKPOCKOIIYHI JaBadi CHJIM — KaHTHJICBEPH 3 BICTPSM, JUIS I1O-
OyZ0BU 300paKCHHS MOBEPXHI 3pa3ka. e MOKIMBO 3aBIKH CHIaM, SIKi
BUHHUKAIOTh MIX BICTPSIM Ta moBepxHeto. CHITH 1l IOCUTh Pi3HOMAaHITHI,
1 IepeBaykHA POJIh TOI UM 1HIIOI 3aJIeKUTh BiJ BiICTaHI MK BICTPSM Ta
TTOBEPXHEI0. 3aJICKHO BiJ IIHOTO MapaMeTpa po3pi3HAoTh Buaun ACM
(muB. puc. 7.21). Posrnsaemo mepmmii 3 HAX — TaK 3BaHy KOHTaKTHY
aTOMHO-CHJIOBY MiKkpockortrito (KACM).

7.4.1.1. Cunu, wo sunuxaromos mixc 30noom ma s3paszkom. Y kACM
BH3HAYaIbHY POJIb BiJIrpac cuiia MPYKHOTO BiIITOBXYBaHHS, SIKA BU-
HUKa€ Ha MaJMX BIJICTAaHAX MiJ Jac nedopMariii 3pa3ka KaHTHIEBEPOM.
MaremaTH4Hy MOJENb TaKOi B3a€EMOJIl OTPHMYIOTh B pa3i po3B’s3yBa-
HH# 3a7a4i ['epra.

Cwuna
h

~ Cuna HaniBkoHTaKTHUI
BiALITOBXYBaHHS e

NPUTSraHHs

N
21 -
KoHTakTHMI EeaKOHTaKTHHM

PEXMM PEXMM

Puc. 7.21. KpuBa 3a1e:KHOCTI CHIIM MDDKATOMHOT B3a€MO/Ii1
BiJI BiICTaHI 3 MO3HAYECHHSAM JUISHOK, IO BIAIOBIAAIOTH
pizaum Metonukam ACM.

VY nye CIpOIeHOMY BUMAAKY B3aeMoaii ABoX cdep (mepma — Bic-
Tps 3 pajiiycoM KpWBUHHU R, npyra — mmocka JIUIsTHKA 3pa3ka 3 Oe3KoHe-
YHUM pajiiycOM KPHBHHH) PO3B’S30K 3aaadi [epua nae dbopmynu, ski
MOYXHa BUKOPUCTATH JUISl OL[IHKA THCKY, IO HOTO YMHHUTH 30HJ. Takox
OTPUMYIOTb SKICHO MPABUJIbHY 3aJISKHICTh CHIIM B3a€MOJIi BiJf CyMapHOi
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nedopmarii 3paska Ta 30HAa (TOOTO “TIMOMHM TPOHWKHEHHS 30HIA Y
3pa3oK).
dopmyrna T OLIHKY THCKY 30H/a Ha 3pa30K Ma€ TaKUH BUTIIS:

(7.4)

ne F — cuma nputuckanns; K — edekTrBHA KOPCTKICTH IMapy 30HI—3pa-
30K, SIKY pO3PaxOBYIOTh 32 (OPMYIIOF0
i_§ 1_H,2 +1_“2
K 4 E’ E

, (7.5)

ne £ ta E' — monymi FOHra; p ta p'— xoedimientu Ilyacona mns mare-
piainiB 30HA2a Ta 3pazka. CHily MIPUTUCKAHHS Ba)KKO BUMIPATH HampsMy,
OJTHAK MOXKHA OI[iHMTH, 3HAIOYM KYT BiJXWJICHHS KaHTHIEBEpa Ta HOro
KOPCTKICTh. SIKIIO TUCK P MepeBuIlye MeXy MIIHOCTI MaTepiany 30HAa
abo 3paska, To BinOymeThCsl pyHHYBaHHS BicTpsi a00 moBepxHi. OmHaK
SKIIO IIBHIKICT CKaHYBaHHS Iy)K€ BHCOKa, TO 3pa30K YM 30HJA HE
BCTUTHYTH 3pYHHYBATHCS, OCKUIBKH Yac, MMPOTATOM SKOTO 30H] YHHUTH
THUCK Ha TOYKY MOBEPXHi, € MEHIIINM BiJ] XapaKTepPUCTUIHOTO Hacy pe-
Jaxcarii npy>KHUX aedopmarii.

[HmmM pesynbraToM po3B’si3Ky 3agadi ['epiia € BUCHOBOK TIpo Te,
1110 TIMOWHA IPOHUKHEHHS h mpomopitiiiHa 10 F28, Ile o3Hauae, mo mix
Yac JTOCIIPKeHHS MalUX 00’ €KTiB, HANIPHUKIIAJ] MOJEKYJ, BUMipsSHA BU-
cota mpoiyto BiAPi3HATHMETHCS BiJl peabHOi, OCKLIBKH 30H]I Ta MOJIe-
KyJia 1e()OpMYIOThCA.

Otxe, y KACM 30H] BXOAUTH Y M’SIKHI “Qi3MIHUI KOHTAKT 31 3pa-
3KOM. Y I[bOMY pa3i BUKOPHCTOBYIOTh KAHTHJIEBEPH, IO MAIOTh MaJy KO-
PCTKICTh — MEHIIY BiJl KOHCTAHTH CHIJIH, KA YTPUMY€E Pa3oM aTOMH 3pa-
3ka. [1ig yac miaBHOTO mepeMileHHs! BICTPs HaJ 3pa3KoM CHila B3aeMO/Iil
3yMOBITIOE 3TMH KaHTHJIEBEPa BiANOBIIHO 10 Tonorpadii.

OkpiM yxKe 3rajiaHoi CHIIM BiAIITOBXYBaHHs, y pa3i KACM HasBHI
TAKOXX Bl 1HII CHJIM: KaliJsipHa, 3yMOBJICHA TOHKHM IIIAPOM BOIH, 110
MPaKTAYHO 3aBXKIU a7copOyeThCsi 3 HABKOJMIIHBLOIO CEPEJOBHINA, Ta
cuJjia, CTBOPIOBaHA caMUM KaHTuieBepoM. KaminsipHa cuna BUHMKAE TOA1,
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KOJIM BOZIa OTOUYE BICTPS, CTBOPIOIOYM 3HAUHY CHIIy MpUTsranHs (Oyu-
3pko0 10°-10® H), sixa BTPUMYE€ BICTpsI B KOHTAaKTi 3 MIOBEpXHEIO. JHade-
HHS KaIUJIIPHOI CHIIH 3aJISKUTh BiJT BiJICTaHI MiX BICTpsM 1 3pa3kom. Cu-
JIa, CTBOPIOBaHA KaHTUIICBEPOM, HAraly€ 3yCHUILISI CTUCHYTOT TIPYXKHHHU.

Joxku BicTpsi mepeOyBae B KOHTaKTi 3i 3pa3koM, KamisipHa CHIa I10-
BUHHA OyTH CTalOl0, OCKUIBKU BiJICTAHb MIiX BICTPSM Ta 3pa3KoM Ipa-
KTUYHO He3MiHHa. KpiM Toro, mpumyckaemo, o map BOAW AOCUTH OJTHO-
pigamnii. CymapHa cuia, 3 SIKOIO BiCTpS /i€ Ha 3pa30K, CTAHOBUTH CyMy Ka-
MUIPHUX Ta MPUTHUCKATBHOI cuil. CaMe IF0 CyMapHy CHITY BPiBHOBaXKYeE
BiIITOBXYBaJbHA M>KaTOMHA CHJIa. 3HAUEHHS CyMapHOI CHIIH, IIIO JIi€ Ha
3pa30K, KOJUBAETHCS Bij 10® 1o Tumosinmx 107-10° H.

7.4.1.2. Peoicumu KOHMAKMHOI amMOMHO-CUN080i Mikpockonii. Po-
0ota KACM BiiOyBa€eThCsA y IBOX OCHOBHHMX PEKUMAaX: CTaj0i BUCOTH
YW CTajoi CHIHM. Y PEXHMi CTajloi BHCOTH MPOCTOPOBY 3MIiHY BiIXH-
JIEHHS KaHTHIIEBEpa MO)KHA O€3M0CEepPeHb0 BUKOPHUCTOBYBATH IS
CTBOpeHHS HaOOpy TonorpadiuHuX JaHUX, OCKUIBKH ITOJOKEHHS 3pa3Ka
[0 BHCOTI y TIpolieci ckaHyBaHHs (ikcoBane. ToOTO B pekuMi CTamoi
CWIM BIJIXWICHHS KaHTWJICBEpAa BUKOPHCTOBYIOTH SIK BXIJHI JaHi JUIS
CHCTEMH 3BOPOTHOTO 3B’S5I3KY, sIKa IEPEMilllae 3pa30K yBepX UM BHU3 T10
oci Z, MATPUMYIOUHM CTAJIUM BiJXWICHHS KaHTHIeBepa. Y IbOMY BHUIIa-
Ky 300pakeHHsT (DOPMYETBCS Ha MIJACTaBl JMAaHUX TPO TEepPeMillleHHSI
CKaHepa. 3a CTaJoro BiIXWICHHS KaHTWJIEBEpa CyMapHa CHJIa, 110 JIi€ Ha
3pa3oK, 3JIUINAETHCS CTAJIOK. Y PEKHUMI CTal0l CHJIM MIBUIKICTh CKa-
HYBaHHS OOMEXEHa, OCKIIBKM CKIHYEHHUM € 4Yac pearyBaHHS CHCTEMH
3BOPOTHOTO 3B’53KY, OJIHAK CyMapHa CHJjia B IIbOMY PEXHUMIi 100pe KOH-
TpodboBaHa. {7l OUTBIIOCTI BUAIB MPAaKTHUYHOTO 3aCTOCYBaHHS Tepe-
Bary BiJIaIOTh CaMe PEXHUMY CTaj0i CHIIH.

Pexxum cTanoi BUCOTH 4acTO BUKOPUCTOBYIOTH ISl OTPUMAHHSI 30-
OpakeHb TyXe INIaJKHX B aTOMAapHOMY MacIiTabi IOBEPXOHb. Y TaKOMY
BUTIAJIKY BIJIXWJICHHS KaHTHUJIEBEPa, a OTKE, 1 3MiHA MPHUKIIAJACHOI CHIIH,
€ HE3HAYHMMH. PeXuM CTanoi BHCOTH TaKOX € ONTUMAILHUM BapiaH-
TOM JUIsl 3allCy B peaibHOMY 4aci 300pa’KeHb MOBEPXOHb, SIKi 3MiHIO-
IOTBCS TiJ Yac JOCIIDKEHHS, aJ/Ke TOAl MOTPiOHA BHCOKA IIBUAKICTH
CKaHyBaHHS.
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7.4.1.3. Kpusi 3anexcnocmi cunu 6i0 siocmani. Kpusi 3aJ1e:HOCTI
CHJIM BiJ BincTaHi (a00 KpHBI IMABEICHHS Ta BiABEIACHHS BICTPS) BUKO-
PHUCTOBYIOTH UISI BUMIPIOBAaHHS BEPTHKAIBHOI CHIH, 3 sIKOI0 Y KACM
BICTpS i€ Ha MOBEpPXHIO. TakoX 1X MOXHA BUKOPHCTATH JJISI aHATI3y
B’SI3KOCTi MOBEPXHEBUX 3a0pyJHEHb, TOBIIMHY IIapy aacopOaty i Joka-
JBHUX 3MiH OPY>KHUX BIACTUBOCTEH MOBEPXHi.

Sxmo OyTH TOYHHM, TO KpPHBa 3aJISKHOCTI CHIIHM BiJl BiACTaHI — 1€
3aJICKHICTD BIIXWJICHHS KaHTHJIEBEpPA BiA ITOJIOKCHHS IT €30€JICKTPH-
YHOTO CKaHepa. MDKaToOMHa B3a€EMOJis aTOMIB 3pa3Ka Ta 30HIA, SIKY
MO>KHA 3MOJICITIOBATH TTOoTeHIIianoM Jlerapmaa—/[»oHca — 11e JIhIIe OuH 3
YHHHUKIB, 1110 BIUIMBAIOTh HA BIIXWICHHS KaHTHICBepa. JIOKaJIbHI 3MiHU
(hopMH KpHBOI 3aJICKHOCTI CHJIM Bijl BiZICTaHI CBiIYaTh MPO JIOKAJIBHI
3MIHHU TIPY>KHUX BiacTuBocTeil. HasBHICTE 3a0pymHEeHb 1 11apiB ajcopba-
Ty Ha MMOBEPXHI TAaKOXK BIUTMBAE Ha Pe3yJIbTaTH BUMiptoBaHb. Ha puc. 7.22
MOKa3aHO TOBEIIHKY KaHTWJIEBEpa y pi3HUX cutyamisx. [ HaouHocTi
KapTHHY B3a€MOJii 3HAYHO CIIPOIIEHO, TOMY (OPMH, PO3MIpH 1 BiJICTaHi €
HE B MacITaoi.

Posrasinemo Halinpoctimuii Bunmagok: KACM y Bakyywmi (IuB.
puc. 7.22, a). Y niBiii yacTMHI KpWUBOi CKaHep IMOBHICTIO CTHUCHYTHUH,
KaHTWJIEBEP HE BIAXHUIISIETHCS, BICTPS HE TOPKAETHCS 3pa3ka. Y pasi BH-
JOBKEHHSI CKaHepa BIiCTpsl HaOJIKA€EThCS JI0 3pa3Ka, a KaHTHIEBEp 3a-
JMIIAETHCS HE BUTHYTUM JIO TOTO MOMEHTY, JOKM HE HAOJIM3UTHCS Ha
JIOCTATHIO BiJICTaHb JI0 MOBEPXHI 3pa3ka. Y Toulli 4 Ha puc. 7.22, a Bic-
Tpsl KOHTaKTy€ 3 TOBepxHew. Koim ckaHep NpoNIOBKY€E BUAOBKYBa-
TUCS, KaHTUJIEBEP BIAXWIAEThCS aajii Bia moBepxHi. lle BimxuieHHS
KBasimiHiiHe (HinsHKa b KpuBoi Ha puc. 7.22, a). JlocATHYBIIN KpaiHbOi
TOYKH, CKaHEep MOYMHAE CTHCKATHCS. BiAXHUIEHHS KaHTUIIEBEpa OIUCY€E
Ty X KPHBY B pasi BiIBeJIEHHsI BiCTPS BiJI TOBEPXHi.

Ha moBiTpi kpuBa IiJIBEICHHI—BIABEACHHS YacTO BIJPI3HIETHCS,
OCKIJTbKM Ha 0araThbOX IMOBEPXHSIX HASBHI OJIMH YM KiJIbka MOHOMOIIEKY-
JSIPHUX TIapiB Boau (IuB. puc. 7.22, 6). el map Boau 3yMOBITIOE TI0-
SIBY 3HAYHOI NPUTATYBaIbHOI KaIIpHOT CHIK. Y pa3i BiBEJCHHS CKa-
Hepa BiJ MOBEPXHi BOjA IIe ACSIKUNA 4ac yTPUMYE BICTpsl B KOHTAaKTI 3
MOBEPXHEI0, MPOTrMHAIOYM KAaHTWIEBEP y HAlpsAMi BiJX MOBEpXHi (Iifs-
HKa C Ha puc. 7.22, 6). Y mneBHil Toulli (sSKa BU3HAUYEHA TOBIIUHOIO BO/I-
HOTO IIapy) CKaHEep BiJXOAWUTh Ha JOCTATHIO BEJIMKY BIACTaHb, 1 BICTpS
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“BimpuBaeThcs’” Bif moBepxHi (Touka D nHa puc. 7.22, 6). Lo Touky
Ha3WBAIOTh TOYKOIO TIOBEPHEHHS. 3a IOJAIBIIOIO BiITaJIeHHS CKaHepa
KaHTHJIEBEP 3aJMIIAETHCS HEPYXOMHM.

Slkmo, okpiM mIapy BOAM, HasSBHUM mIap 3a0pyAHEHHS, TO Ha KpH-
Bilf MOJKJIMBA MOSABa KiNbKOX TO4YOK NoBepHeHHH (D;, D), sk mokazano
Ha puc. 7.22, ¢. IlonoxxeHHs Ta aMILTITYIM TOYOK OBEPHEHHS 3aJIeKaTh
BiJ B’S3KOCTi 1 TOBIIMHM IIApiB, IO HAsBHI Ha MOBEpXHi. KOHTaKTHY
ACM MokHa BUKOPHCTOBYBaTH y OyIb-sKid 3 TOYOK Ha JIiHIWHIN dac-
THHI KPUBHUX 3aJIEXKHOCTI CHJIH BiJl BifcTaHi (Ha miasHkax b um C).

+Cuna A Cwvna

. /m\
.
i ) Binctang » Bona

EERT

BincTtaH

3pasok 3pasok

C1
Mniska

- >
Bigcrany
il Cy

Mniska

3pa3ok

Puc. 7.22. KpuBi 3a1exHOCTI CUJI BiJl BiICTaHi:
a — y BaKyyMi; 6 — Ha IOBITpi;
6 — Ha MOBITPi 3 3a0pyIHIOBAJILHUM [IAPOM Ha 3pa3Ky.

I[Tix gac poboTH 3 M’SIKUMH 3pa3kaMu Tpeda MpaIfOBATH B JIJISHII ¢
JUI MiHIMI3aIli MOIIKO/PKEHHS 3pa3ka. Po0oTa 3 KaHTUIIEBEPOM, IMPO-
THYTUM y OIK IMOBEPXHi, MEHII CTA0iIbHA, TOMY IIBUJIKICTh CKAaHyBaHHS
MOBUHHA OyTHW HEBHCOKOK. Ha JiHIMHINA IUISHII KPUBUX 3aJI€KHOCTI
CHJIM BiJl BiJICTaHI HaXWj 3aJE€KUTHh BiJ MOIYJS TPYKHOCTI CHCTEMHU.
Skmio kaHTUIIEBEp HabaraTto M’SKIINKA Bijl MMOBEPXHI, TO HAXWJI KPHBOI
BifjoOpaxaTUMe, TOJIOBHO, caMe HOro KOPCTKICTh. SIKIIO KOPCTKICTh Ka-
HTHJIEBEpa BHIIA, HIXK OPCTKICTh IMOBEPXHI 3pa3Kka, TO HAXWJI KPUBOI
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3aJI)KHOCTI CWJIM Bifl BIACTaHi Ja€ 3MOTY BHUBYATH IPY>KHI BIACTUBOCTI
TTOBEPXHI.

7.4.2. be3konmaKkmna ma HANiBKOHMAKMHA AMOMHO-CUI084 Mi-
kpockonia. KontaktHy ACM, npo Ky HIuIocs BUILE, IIHUPOKO 3aCTOCO-
BYIOTb, OJTHAK BOHa Ma€ TaKOXX HHU3KY CYTTEBHX HENONIKiB, IO oOMe-
XKYIOTb 11 MoxuBOCTI. Hanpukian, BoHa 4yTiuBa 10 3a0pyJHEeHb MoBe-
pPXHi, poOOTa Ha BUCOKHX IIBHIKOCTSX CKaHYBaHHS HECTaOlIbHA, JOCIIi-
JODKCHHS M’ SKHX 00’ €KTIB (HAIPHKIIAM, O1070TIYHHX 3pa3KiB UM IOTIME-
piB) mpobnemaTiyHe. 3 OINISAY HA IIi HEMOJIKW TOYald PO3BUBATHCS
Oe3koHTakTHA Ta HamiBKoHTakTHa ACM. Ha KpuBii 3ajeXHOCTI CHIH
MiDKaTOMHOI B3a€MOIIi BiJ BiZICTaHI MK 30HIOM Ta 3pa3koM (puc. 7.21)
MO3HAUCHO MUISHKH, Ha SIKHX peanizyroTh 0e3koHTakTHy ACM (6ACM)
Ta HaIIBKOHTAaKTHY (TiepepruBYacTo-KoHTakTHY) ACM (HACM).

7.4.2.1. Konueanns 6inbH020 Kanmuiesepa i KOIUBAHHS 6 NOJ 308-
Hiwnix cun. OCKIIBKH 1 OE3KOHTAKTHA, 1 HAIMIBKOHTAKTHA METOIUKHU €
OCHWIISIIHHUMU (KaHTHJIEBED KOJIHMBAETHCS OiIsl TOBEPXHi), TO HAA3BH-
YaifHO Ba)KJIUBO 3PO3YMITH, SIK BILTMBA€E TOMOTpadisi HA XapaKTEPUCTHKH
KOJIMBHOI CHCTEMH 1 II0 € B OCHOBI (hOpMyBaHHS TOMOTpadivHOro 30-
OpaXeHHSI.

ITounemo 3 TOrO, IO KAHTWJIEBED SIK MEXaHIYHA CHCTEMa Ma€ Bia-
CHY 4acTOTy KOJIMBaHb (0, 1[0 BU3HAUYEHA '€OMETPI€I0 1 MaTepiasoM, 3
SIKOTO BiH BHTOTOBJICHWH. J1Jisi 30y/PKEeHHSI BUMYIIEHUX KOJMBAaHb KaH-
THJIEBEPa MIKPOCKOITM OCHAIIYIOTh HEBEIMYKHMU 11’ €30€JIeMEHTaMH, SKi
KpIIUIATh TiJ TpuMadeM KaHTwieBepa. Lleii m’e3oeneMenT, sskuii Ha3u-
BAaIOTh 11’ €30JIpaiiBEPOM, MEPETBOPIOE MEPIOAUYHY HANPYry B Hepionu-
YHY MEXaHI4HYy CHITy 3aJJaH01 yacToTH L

F(t)=F,cosQt. (7.6)
PiBHAHHS JTIHIMHUX KOJWMBAaHb KAHTWIEBEpa IIJ JIEI0 3MYIIy-

BaJIbHOT MEPiOIMYHOT CHITM MOKHA 3aIMCcaTh TaK:

d’z __dz
e + ZSE +wiz= A cost, (7.7)
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ne z(t) — BiAXWICHHS KaHTHIeBepa; Ag — Jesika cTajia; & — KoeQilieHT
3aracaHHsl, 3yMOBJICHHHA HeiJeanbHICTIO CUCTeMH. PO3B’SI30K piBHSHHS
(7.7) 3a gaciB t >> 1/8 onmcye BUMyIIeH]I KOIMBaHHS KaHTWIeBepa. AM-
IUTITYAa WX KOJNHUBaHb Zg 1 (pa3oBuii 3cyB (¢ (MK KOJIMBaHHSMH 3MYIITY-
BaJIbHOI CHJIM 1 KAaHTHUIIEBEPa) BUPAXKAIOTH (POPMyTIaMH

A

Zo = ; (78)
2
\/(a)g —Q*) +45°Q°
200
=arctan ————. 7.9
% o (7.9)

Amnani3z BuUpasy Uil aMIUTITYAX KoNWBaHb KaHTHiesepa (7.8), BH-
MYLICHUX I’ €30/paiiBepoM, 3acBiuye, L0 3a 3MYIIyBaJbHOI 4aCTOTH

Q, = a)g -26° aMIUIiTyJa KONMBaHb 10CATae MakcuMyMmy. 1{ro gactory

HA3UBAIOTh PE30HAHCHOIO YaCTOTOI0 KaHTHIIeBepa. 3aMiCTh mapamerpa o
y ACM 4acTo BHKOPHCTOBYIOTH MOHATTS NoOpoTHocTi Q=1/(25), sika
BH3HAYa€ MIMPUHY PE30HAHCHOTO MiKa amruityau. JloOpoTHIicTh 3aie-
XKUTh, TIEPEYCIM, BiI CEpeaoBHUIIa, Yy SKOMY BUKOHYIOTH BUMIPIOBaHHSI
(BakyyM, MOBITpsI), @ TAKOXK BiJl IKOCTI KaHTUJIEBEPA.

Tenep po3risiHEMO, 10 K BigOyIeThCS, KOJIH BICTPS KaHTHJIEBEpa
HaOJIM3UTHCSA JI0 JOCIIKYBaHOT IOBEPXHI Ha BiJICTaHb, HA SKil BUSBIIA-
€TBCSI B3aEMOJIis BICTps Ta 3pa3ka. BUHHKHEHHsI B3a€MOJIii 03HA4aE, 1m0
Ha 3pa3oK 3 OOKy 30H/a, 1 HABMakK — 3 OOKY 3pa3Ka Ha 30HJ, OYHHAE
misth cuna F,,, sika 3ajexuTh BiJ BiACTaHi BicTps—rioBepxHs. Jlis
OIMCy KOJMBaHb Terep Tpeda BPaxOBYBATH IO IBOX CHJI — MEpPiOJHY-
HOI 30y/KYBaJIBHOT CHIIH, SIKY T€HEpY€ I’ €30]paiiBep, 1 CHIM B3aeMOJIT
30HJIa 3 MIOBEPXHEIO, SIKY B IIEPLUIOMY HAOJIMKEHHI MOJKHA OIUCATH KPH-
BOIO, 300paxkeHO0 Ha puc. 7.21. PO3B’ 430K piBHIHHS KOJIMBAaHb 3a Hasi-
BHOCTI JIBOX CHJI CKJIQIHIIINM, HI’K PO3MIAHYTUH BHUIIE, 1 TOTPpeOye meB-
HUX TIPUIYIIEHb, HANPHKIAA, TPO Te, MO0 KONWUBaHHSA Mami. J{is
po3B’si3Ky cuiy F., posknanaioTts y pan Teitnopa B Touwi piBHOBarw,
YJieHaM{ BHLIOTO TMOPSAKY, HDK HEpIINi, y IbOMY pa3i HEXTYIOTb. Y
MiCYMKY MO>KHA IIOKa3aTH, 10 MOsABa 30BHIIIHBOI CHIM IPUBOJHUTH JI0
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3MILICHHSI PE30HAHCHOI YacTOTH Ta 3MiHM aMIutiTyam (puc. 7.23). 3mi-
HIOETHCS TAKOXK 1 (Da3a KOJIMBAHb.

3cyB pe3oHaHcHOI yactoTh AL B IIbOMY pa3i IMPOMOPIHHHNA 10
rpajieHTa 30BHIIIHBOI crnu, TobTo dF,./dz:

wp
kQ3

dF
AQ — QR 1 _ 301;1—3pa301<
z

7=,

ne K — >KopcTKicTh KaHTUIIEBEpa; Zg — MOJOKEHHs piBHOBaru. OTke,
3MIiHH B PE30HAHCHIN YacTOTI MOYXHa BHKOPHUCTOBYBATH JUISI BHUMipIO-
BaHHS I'PaJieHTa CHJIH, KU BioOpakae 3MiHH Y BiJICTaHI MiXK BiCTpsIM
Ta 3pPa3KOM.

SIkmio MiATPUMYBATH ZA
KOJIMBaHHsS KaHTHJICBEpa Ha
IesIKii cTajglid 4YacToTi IIo-
Onmu3y pe3oHaHCy, TO 3Mi-
IIEHHSI PE30HAHCHOI YaCTOTH,
3yMOBJICHE 3MIHOK BiJICTaHi
BiJl cTaHy DIBHOBAarM KaHTU-
JieBepa JIo MOBEPXHi, MIPUBEJIe
J0 3MIHM aMIUTITYAd KOJIH- 0
BaHb  KaHTWIEBEpa,  SKYy
MOXHa JICrKO BaCI)chy]iaTH 38 pyc. 7.23. 3mimenns aMIUTITyJHO-4aCTOTHO]
JOIIOMOTOI0  ONTUYHOI ~ CHC- XapaKTEPHCTHKH T Tieto
TEMU JETEKTYBaHHS. Y LIbOMY 30BHIIHBOT cuin F.,.
pa3i MakcuMalibHa Yy TJIMBICTh
aMILUTITY/IA JI0 BIJICTaHI MK 30HJIOM 1 IOBEPXHEIO JIOCSTA€ThCS 3JIiBa i
cmpaBa BiJi MaKCUMyMy PE30HAHCHOTO Iika (Ha JHIMHUX UTTHKAX
aMILTITYIHO-4aCTOTHOI XapaKTEPUCTHKH).

CrannaptHa cxema pobotn KACM Ta HACM BHKOPHCTOBYE aMILTi-
TyJly KOJHMBaHb SIK BXiJHUH TapameTp JUisi pOOOTH CHCTEMH 3BOPOTHOTO
3B’s13Ky. lle o3Hauae, 10 B Mpoleci CKaHyBaHHS CKaHEp IMEPEeMIIae
3pa30K yBepX 1 BHU3 Tak, 1100 aMIuIiTyaa 30epiraiacs ctaioro. 1le exsi-
BaJEHTHO MiATPUMAHHIO CTaJIoi CepeiHbOi BiACTaHI MK MOJOXKEHHIM
PiBHOBaru 30Ha Ta 3pa3KoM.

dF, Jdz>0

dF, /dz=0

dF, Jdz<0

L b >
QR\ Qg QRE Q
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7.4.2.2. Besxonmaxmna amommno-cunosa Mmixpockonis. Meroauka
6ACM mae HU3KY miepeBar MopiBHAHO 3 KACM, OCKITBKH YMOXKITUBITIOE
BHMIpIOBaHHSI Tomorpadii 3pa3ka B pa3i HE3HAYHOTO KOHTAaKTYy MiX
BiCTpsIM Ta 3pa3koM abo sKmo Horo Hema. CymapHa CHiia B3aeMOmii
BicTps Ta 3pa3ka y 6ACM gayxke Maia, UI0 BaJIUBO B pa3i BUBYCHHS
M’SIKUX Y4 €IaCTUYHMX 3Pa3KiB, SIKUM 3a Ii€] 0OCTaBUHU HE 3arpOXKye
pyiHyBaHHS 3 00Ky 30HAa. KpiM Toro, min yac mochiKeHHS BiCTps He
3a0pyIHIOE 3pa3KiB (IIe BaKIIMBO, KOJHU JOCIHIKYIOTh KPEMHIEBI TIIa-
CTHHH JJIS HaITIBIPOBITHUKOBOT IIPOMHUCIIOBOCTI).

OCKiNBbKH cHJIa, 10 BUHUKAE MIXK BICTpsM 1 3pazkoMm y 0ACM wmara,
TO BHMIpPIOBaTH ii 3HAYHO BaXKue, HIX y KOHTAKTHOMY pexumi. Kpim
TOTO, KaHTHJIEBEPH, sIKIi BUKOPUCTOBYIOTH sl OACM, moBuwHHI OyTH
KOPCTKiIIi, 60 M’SIKi KAHTHJIEBEPH MOXKYTh KOHTAKTYBaTU 3 TIOBEPXHEIO
3pa3ka IIijJ] BIUIMBOM KaIlIAPHOI Ta BaHAEPBAalbCcOBOi CHi. Take
MOEHAHHS (Maa CHiia i BUCOKA YKOPCTKICTh KaHTHJIEBEpA) MPU3BOAUTH
JI0 TOTO, IO 3TWH KaHTwiesepa y 0ACM myxe mamnwid, BiIIOBIAHO, HOTO
Ba)XKO BHUMipioBaTd, ToMy y OACM BHUKOPHCTOBYIOTh YK€ UyTIUBY
cxeMmy peectpamii. Ll cxema He peecTpye 3ruHY Oe€3MOCEpeaHBO, a
CTIIPUYMHIOE BiOpallilo )KOPCTKOTO KaHTHJIEBEpa Ha YacTOTi, MO OJIHM3bKa
no #oro pesonancHoi (100—-400 kI') 3 aMmIDITYIOFO KOJNWBaHb Bif
OJTMHHIIB JIO IECATKIB HAHOMETPIB. 3MiHa BiJICTaHI MiXK 30HIOM 1 3pa3KOM
CHPUYMHSE 3CYB PE30HAHCHOT YaCTOTH 1 3MiHY aMILTITyId KOJMBAHb, SIKi 1
€ curHasiamu Yy 0ACM. Taka cxema HaCTUIbKU 4yTiiuBa, mo y 6ACM no
BEPTHKAJI JOCSTa€ThCs PO3/IIICHHS, SIKE HE MOCTYNaeThesi KACM.

Y 6ACM BiaCTaHb MK 30HJIOM 1 3pa3KoOM MiITPUMYEThCS Y Jlia-
Ma30Hi BiJl IECATKIB 10 COTEHb aHICTpeMiB. Pe30HaHCHaA yacTOTa KaHTHU-
JieBepa 3MIHIOETHCS SIK KOPiHb KBAJIPATHUMA BiJl HOTO )KOPCTKOCTI. Sk 1 B
pexxumi cranoi cunm KACM, Habip TonorpadiyHuX JaHUX CTBOPIOETHCS
Ha MiCTaBi 3HaueHb nepeMitieHns ckanepa. [yis 6ACM He xapakTepHe
pyHHYBaHHS MTOBEPXHi, sKe iHOJI BiOyBaeThes B pa3i KACM. Skmio go-
CIIIJUKYIOTh TBEPIII 3pa3ku, TO 300paxkeHHs, oTpuMani KACM ta 6ACM,
MO>KYTh BUTJISIIATH OAHAKOBO. OlHAK SKIIO HA TIOBEPXHI TBEPIOTO 3pa-
3Ka €, HaNpHKIaJA, KiJlbka MOHOMOJEKYJISIPHHX IIapiB KOHAEHCOBAHOI
BOJIU, TO 300pakKeHHSI MOXYTb CYTTE€BO BiApi3HATHCA, ake npu KACM
BIiCTpS TPOXOJUTHME Kpi3h map piguHu 1 GopMyBaTUMeThcs 300pa-
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JKCHHS TIOBEPXHI, sIKa PO3MillleHa MmiJ HuM, a B pa3i 0ACM oTpumaemo
300paskeHHs piguan (puc. 7.24).

306pakeHHs B
Ge3KkoHTaKTHOMY

3o6pakeHHs B
KOHTaKTHOMY
pexmmi

pexumi

Kpanns
BOAW

Kpanns
BOAM

a 6

Puc. 7.24. 300pakeHHs TOBEPXHI 3 KPAIUTHHOIO BOM y pa3i BUKopuctanus ACM:
a — 0E3KOHTAKTHOI; 6 — KOHTAKTHOT.

7.4.2.3. Haniexonmaxmua amomHo-cunoga mikpockonis. Jlyxe
cxoxa Ha 0ACM inma Metonauka — HACM, 3a K01 KaHTUJICBED ITiJ1BO-
TUTHCS JIEIIo OrpbKYe o 3pas3ka Tak, M0 Y KiHIEBiid TOYIll Horo mepe-
MIIEHHs] KIHYUK BICTPSA JIEBE TOPKAETHCSA YX “TIOCTYKYE” TO 3pa3Ky, 3
omany Ha mo HACM wacTo HasuBaOTh ‘“‘tapping”’-MeTOOUKOI0. Y
HACM iMOBIpHICTh TOIIKOKEHHS 3pa3Kka € MEHINOI, HiX y KACM,
OCKIUJTbKM HeMa TIOTIEpEYHUX CHJI (TepTsI) MK BICTpSM Ta 3pa3koM. 3ara-
JIOM 3’5ICOBaHO, IO ITiJl 9aC CTBOPEHHS 300pakKeHb BEJTUKUX JAIJISTHOK 110~
BEPXHi, sIKI MOXKYTbh MICTUTH 3Ha4Hi 3MiHM B Tonorpadii 3pazka, HACM
€ edextuBHima, Hbx 6ACM. Kpim toro, HACM pnae 3Mory mojojiatu
Jesiki 0OMeKeHHs, 110 HasBHI K Y KACM, tak i B 6ACM.

VY Bunagky HACM kaHTWiIEeBep y KpaifHii TOUIIl 3JIerKa TOPKAETHCS
MOBEPXHi, TOOTO B I[bOMY KpaifHbOMY MOJIO)KECHHI Ha KaHTHUJIEBEP YXKe
nie cuna BimmToBxyBaHHs. Uepes 1ie TeopeTuuHuiA po3risin HACM cy-
TTEBO CKJIAJHININNA: HEXTYBAaHHS WICHAMH BUIIHUX MOPSAKIB (y pasi po3-
KJIaly CHJIM B3a€MOJIii 30HAA 3 MOBepxHew y psin Teitnopa) crae HEKoO-
pexTHUM. 3araibHi TeHAEHIi Taki Xk, Ak i y 0ACM, OCKUTbKH 30H]
“BijiuyBa€” KOHTAKTHI BiJIITOBXYBAIbHI CHJIM JIMIIE MPOTSITOM KOPO-
TKOi YaCTHHHU MNEPiOAY KOJIMBaHb. AMIUTITY/Aa KOJUBaHb 30HJA Iijl Yac
ckanyBaHHg y HACM CTaHOBUTh BiJ OJMHUIL 10 JCCATKIB BiZICOTKIB
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BiJl aMILTITYZX KOJIMBaHb BUILHOTO (TOOTO Takoro, 1o nepedyBae gae-
KO BiJ TIOBEpXHi) KaHTHIEBepa. SIKIIO PI3HUIS aMIUTITy[ CTaHOBUTH
KiJIbKa BIZICOTKIB, TO CKaHyBaHHs Ha3WBaioTh ykopcTkuM (hard tapping),
SIKIIO K PI3HUI aMIUTITY CTAaHOBHTH KiJIbKa MECSATKIB BiJICOTKIB, TO
cCKaHyBaHHA M’sike (soft tapping).

Metoauka HACM fae 3MOry MpalioBaTH TakoX 3 MarepialaMu
M’SIKIIIAMH 1 TAKHUMH, IO JIETKO PYHHYIOTBCS, ¥ IIbOMY pa3i BAA€ThCS
JOCSATATH XOPOIIOTo po3aiIeHHs. JIJIsT BUBUCHHS M SIKHX 3pa3KiB JIIITIIIE
BHKOPHCTOBYBAaTH M’sike ckanyBaHHS. Ha migcraBi HACM peanizoBaHo
HU3KY METOAMK KapTorpadyBaHHS BIACTUBOCTEH IMOBEPXHI.

SKuio KaHTWJIEBED KOJNHMBAETHCS Yy TOJNI CHJI B3aEMOJIi 3 TOBe-
PXHEI0, TO 3CYyBa€ThCs HE JIMIIEC PE30HAHCHA YacToTa, a i ¢asa. [1ix uac
ckanyBaHHs HACM cucTtema 3BOPOTHOTO 3B’S3KY IUISIXOM II€peMi-
IIeHHS CKaHepa y HaIpsMi Z MITPUMY€E CTATy aMIUIITYAy KOJHWBAaHb, i,
BIJIMTOBITHO, BiZICTaHb M 3pa3KOM 1 TIOJIOXEHHSIM pPIBHOBarW 30H[A.
I'pagienTt cunm B3aeMozii 3 TOBEPXHEIO Y TOYIl PiBHOBAr B IIbOMY pasi
TaKOX MATPUMYEThCS cranmM. OpHak (as3a KONWBaHb 4YyTIHBAa HE
JIUIE 10 TPaJi€eHTa 30BHINIHBOI CHIIM, BRXKJIMBY POJIb BiAIrPalOTh TAKOX
JVICUTIATHBHI B3a€MOJIi 30H/Aa 3 MOBEPXHEI0, AKi JAIOTh 3MOTY OTpH-
MaTH YyTIUBHUH IO MaTepiady MOBEPXHI KOHTPACT.

®a30Bi 300pakeHHS OTPUMYIOTh MapajelbHO 3 TomorpadivHUM
300paskeHHAM HACM. KoHTyp crcTeMu 3BOPOTHOTO 3B’SI3KY MPALIOE SIK
3BHYAIHO, BUKOPUCTOBYIOUH 3MIHH y BIIXHMJICHHI aMIUTiTYau (abo pe3o-
HAHCHOI YacTOTH) KaHTWJIEBEpa Ul BUMipoBaHHs Tomorpadii 3paska.
OHOYACHO BIJICTEKYETHCS 3aIli3HEHHS 110 (ha3i.

7.4.3. 30nou o0na amommo-cunoeoi mikpockonii. Y CUIOBIii
MIKpPOCKOIIi BaXXJIMBE HE JIMIIE caMe BiCTPsl 30HAA, a H KaHTHUIEBEP.
Tomy 30HA Tpeba miaOWUpaTH MiJ, KOHKPETHE 3aBJaHHs OCITIIHUKA,
Marouyu Ha yBasi, 1110 BijJ PaBUILHOCTI BUOOPY 3aJICKUTH SIKICTh Pe3y-
apTaTy. 3a3Buyai, y C3M-maboparopisx € J0CTaTHS KiIbKICTh PI3HHX
30H/IIB AJIS TOCJIJDKEHHS 3pa3KiB Pi3HOT MPUPOIH.

TexHOIoTis BUTOTOBJIEHHS 30H/1B JUIs CHJIOBOI MiKPOCKOMI{ 3HAYHO
cknanHina, Hik a1 CTM. Ha puHKY € HU3Ka KOMNaHii, M0 Mporio-
HYIOTh KOMEPIIHHO JOCTYIHI 30HIW. BicTpsi 30H/IB BUTOTOBISIOTH Y
TPHhOX BapiaHTax IeoMeTpil: MmipaMifalibHi, TeTpaeApudHi Ta KOHYCOIO-
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nioni. KonycomnonioHi BicTpsi MOKHA POOMTH TOCTPUMH 3 BUCOKHM BH-
TOBKCHHSAM (BIIHOIIIEHHS TOBXWHHU IO CEpeaHbOro miamerpa). [lipami-
JANbHI BiCTPsl MAalOTh MEHIIIE BHOBKEHHS 1 HOMIHANBHUAN pajiyc KpH-
BHHHU TIOPSIKY KITBKOX COT€Hb aHTCTPEMIB, OJHAK BOHU BUPI3HIIOTHCS
JIOBIOBIYHICTIO.

Bictpst anst ACM BHUTOTOBJISIFOTH 3 KPEMHIIO UM HITPUIY KPEMHIIO.
[lapameTpn 30HAIB, BUTOTOBJIEHMX 3 TOrO Ta IHIIOTO MaTepiaiy,
3aleXaTh 1 BiJ BJIACTHBOCTEW camMoro matepiamy, 1 BiJf TEXHOIOTii
BUPOOHUITBA. TeXHOIOTIi BUPOOHUIITBA 30HIIB 3 KPEMHIIO Ta HITPHILY
KpeMHiIo Bipi3HsoThCa. KoHycomoaiOHi KpeMHi€B] BICTpS BUTOTOBIIS-
I0Th TpPABJICHHSIM KpPEMHIIO HAaBKOJIO MACKH 3 JMJIOKCHUIY KPEMHIIO.
Bucoke 3HaueHHs CHIBBIIHONICHHS JOBXHHHU BICTPS 10 BUCOTH Y KOHY-
COMoAIOHUX 30HJIaX POOHMTH MOMJIMBUM IXHE 3aCTOCYBaHHS JUIS OTPH-
MaHHS 300pakKeHb TTHOOKNX 1 BY3bKHX 00 €KTIB, TAKUX SK PIBYAUKH 1
3arnuONIeHHs, TPOTe WMOBIPHICTh OONaMyBaHHs BUINA, HIX y 30HIIB 3
MipaMiadbHOI0 Ta TETPACIPUYHOI0 TEOMETPi€l0, SK 3a3HAUEHO BHIIIE.
KpewmHuiii Mae i Ty mepesary, 110 B HbOI'O MOXKHA BBOJMTH JICT'YBaJIbHI
JOMIIKH, TOOTO BICTPsT MOXKHA 3pOOUTH €NEKTPONPOBITHIUMHU, HE BH-
KOPHCTOBYIOUH IIPOBIAHOTO MOKPUTTS, SIKE 301IBIIYE paiyc KPUBUHH.

Bictpss 3 HITpHAY KpPEeMHII0 BUTOTOBISIOTH OCAKCHHSM IIapy
HITPHUIy KPEMHII0 Y BUTPABJICHY Ha TTOBEPXHI KPHCTAIA KPEMHIIO SIMKY.
3a JOMOMOro LBOTO0 METOAY OTPUMYIOTH BICTps IMipaMigaibHOI Ta
TeTpaeapuyHOi reoMeTpii. ToOTO criBBiIHOIIEHHS TOBKUHH SiN-BicTps
JI0 BUCOTH OOMEXEHE KPHUCTAJIOrpadiuHOK CTPYKTYpOIO Martepiaiy, y
SIKOMY BHUTpaBJICHA sSIMKa, TOOTO KpeMHito. Lli BicTps mmpii, HiX KOHY-
coroaiOHI KpeMHI€B1, TOMY BOHHU MIITHIIII, OJTHAK MEHIIIE ITiXOASTh JUIs
OTPUMaHHS 300pakeHb 00’ €KTIB 3 3arauOWHaMU 1 IpiIOHUMU JeTaIsIMH
Ha moBepxHi. HiTpum KpeMHi0 TBEpIIIIHA BiJ] KPEMHIIO, TOMY TakKe
BICTpS IOBrOBIUHIIIE, HDK KpeMmHieBe. OJIHAK TUTIBKYM HITPUIY KPEMHIIO
MAalOTh 3aJIMIIKOBI HANPYKEHHS, SIKi CIPUYMHSIOTH AedopMariiro B pasi
30UTBIICHHST TOBIIMHKM, TOMY TOBIIMHA KaHTWIEBepa 3 HITPUIY Kpe-
MHIil0, 3a3BHYaii, MEHIIIE MIKpPOHA, & KPEMHIEBUH MOXE CSTaTH KLTBKOX
MIiKpOHIB Y TOBILMHY.

7.4.3.1. Kaumunegepu 015 amomHo-cunoeoi mikpockonii. SIkumo y
CTM yce oOMexeHe caMHUM BICTPSIM, TO Y CHIIOBIH MIKPOCKOIIIT BaXKITH-
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BOIO YaCTHHOIO 30HJA € IIe KaHTHIEBEP, OCKINbKH BiH BH3HAYa€ CHUIY,
Ky TIPUKIaNAoTh 10 3pa3ka. KanTuiaeBepu 3 BICTPSM MOXKHA BUTOTO-
BIISITH 3 KPEMHIIO UM HITPUAY KPEMHIIO 32 J0rmoMoroto (GoTomitorpadi-
YHUX METOIIB. 3 OIHIET IIACTHHHN KPEMHII0 MOYKHA BUTOTOBHUTH O1JTbIIIE
500 xantuneBepiB 3 BicTpsiMu. ChOTOIHI OJHAKOBO MOMYJISIpHi V-ToAi-
OHi Ta MpsIMOKYTHI KaHTHIeBepH (puc. 7.25). Ilepmi 3abe3nedytoTs Ma-
WA MEXaHIYHUH CHpPOTHUB BEPTUKAIBHOMY BiAXWICHHIO 1 BHCOKHH —
TOPCIHHOMY KPYYECHHIO, & MEXaHIYHI BIACTHBOCTI APYTUX 3MIHIOIOTHCS
B IIMPOKHX Mexax. Po3mipu kantwieBepiB y moskuny (l) craHOBIsATH
100-200 mxwm, y mupuny (W) 10-40 MM, y ToBruHy (t) 0.1-5.0 MkMm.

Puc. 7.25. [IBa tTunu xantuiesepis s ACM.

Hns orpumanHs xopommx pesynbTariB y ACM motpiOHi KaHTH-
JIeBepH 3 ONTHUMAIBHUM 3HAYEHHSIM >KOPCTKOCTI — MEHIIMM Bij TpY-
JKHOT KOHCTAHTH B3a€MO/IiT Mixk aToMaMu. JKOPCTKICTh KaHTHIIEBEpa 3a-
JISKUTH BiJl Horo ¢opMu, po3MipiB Ta Marepiany, 3 SIKOTO BiH BUTOTO-
BreHui. [1oTOBIIEHI Ta KOPOTKI MarOTh OLITBITY KOPCTKICTH i BHIII pe-
30HaHCHI 4acToTH. Jliama3oH KoedillieHTiB MKOPCTKOCTI KaHTHJIEBEPIB
cranoButTh 0.005-50 H/m, pe3onancHux wactor — 5-500 k[, mo 3a-
Oe3revye BUCOKY HIBHJIKICTh BIATYKY 1 1a€ 3MOTY MIPAIIOBATH B PEXKUMI
HekoHTakTHOI ACM.

Bu6ip kaHTHIIEBEpa 3 IEBHUMH BIACTHBOCTSIMH 3aJI€KUTh BiJI TOTO,
y SKOMY pEeXHMi IUIaHYIOTb OTPUMYBATH 3a HOTO JOIIOMOTOI0 300pa-
JKEHHS, Ta BiJl BIaCTHUBOCTEH 3pa3ka. J{JIsl KOHTaKTHOT'O PeXHUMY JIIIIIe
3aCTOCOBYBAaTH M’sIKi KAHTUJIEBEPH, SIKi B pa3i BiIXUJICHHS He nedopMy-
I0Th TIOBEPXHI 3pa3ka. Y 0€3KOHTAKTHOMY PEXXHUMi ONTHMAJbHI }OPCTKI
KaHTHJICBEPHU 3 BUCOKMM 3HAYEHHSIM PE30HAHCHOI YaCTOTH.
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7.4.3.2. Ponv ¢hopmu xinuuka eicmps ma 1020 Kpusuru. SIKiCTh
OTPUMAHHUX CKaHIB TOJIOBHO BM3HAYAETHCA PO3YMIHHSM POJi 30HAA B
Mpolleci BUMIPIOBaHb | BMIHHAM TPaBWIIBHO Horo mimiopatu. Tomy mami
MH PO3TIITHEMO, SIK 30H/I BIUIMBAE HA OTPUMAaHE 300paKeHHSL.

JlarepanbHe (10 MOBEPXHi) PO3IiNECHHS 300paXKeHHS, OTPUMaHOIO
ACM, Bu3HaueHe ABOMa YMHHUKAMH: PO3MIpOM KPOKy ckaHepa (To0To
BIJICTAHHIO MK TOYKaMH 300pa’keHHA) i pajiycoM KpUBHHU KiHYHMKa
BicTps. Posrmsaemo 300pakeHHs 512x512 Todok po3Mmipom 1x1 MKM.
Po3Mip kpoky B IbOMY pa3i CTAaHOBUTHME TIPUOIHM3HO 2 HM.

HaiirocTpimri BicTps MOXyTh MaTtd paaiyc KpuBHHH 10 1 HM.
OckinbKkH 30Ha B3a€EMOJIiT MIXK BICTPSIM Ta 3pa3KOM CTaHOBUTH YaCTUHY
pamiyca KpHBHHHM BiCTps, TO Taki BICTps, 3a3BHYail, 3a0e3MEUyIOTH
TOPU30HTaJIbHE PO3aiIeHHs 10 1 HM. OTxe, pO3AUICHHS OTPUMAHUX Ha
ACM 3o0paxeHp 3 po3MipoM TmoOHam Ix1 MKM 3alneXuTh HE Bif
TOCTPOTH BICTPSI, a BiJ pO3Mipy KPOKY CKaHyBaHHSI.

BaxnuBo po3ymiTH, 10 HEMae 3MiCTy BHOMpPATH OCOOIUBO TOCTpi
(# mopori) BiCTpsl IJisi OTPUMAHHS CKaHiB, PO3MIpP OIHIE] TOYKH SIKMX
MEepeBUIllye pajiyc KpUBHHHU BicTps. HalirocTpimi BicTpss TOTpiOHI
JUIIe B TOMY BHUMAIKy, KOJM HEOOXiJHO OTpPHMAaTH MaKCHMallbHE
po3aineHHs. J{ns Mikpockorii OOKOBHX CHIJI B3araii JIIIIIE 3aCTOCOBY-
BaTH TYIIi BICTPS caMe TOMY, III0 BOHU MalOTh OLIBIIY IJIONTYy KOHTAKTy
MIDX BicTpsiM i 3pa3koM. binbIa [iisHKa B3aeMOIii 3yMOBUTH CHIIBHIIIE
BiIXWJICHHS KaHTHIeBepa. [ipie naTtepanbHe po3/isieHHs, mo 3abesre-
YeHEe TYMHM BiCTPSM, TOBUHHO YPIBHOBKYBATHUCS CUJIBHILIAM BiJXUIIe-
HHSM KaHTHJIEBepa.

Jdns orpumaHHS 300paXkeHb Yy KOHTAKTHOMY YH HEKOHTAKTHOMY
peXuMi HEOOXiAHO MiAOWpaTH BICTPSA 3 KIHYMKOM, PO3MIPH SKOTO
MEHIII BiJl HAWMEHIIINX €JIEMEHTIB Balloro 3pa3ka. SIKIo BiCTps TOJNKH
Oinplle BiJi €NEMEHTIB IOBEPXHi, TO BHUHUKAE BHUKPHUBICHHS, SKE
HA3UBAIOTh OTPUMAHHAM 300pakeHHs BicTps. be3 Takoro BUKpHUBICHHS
OTPUMYIOTH PeaIbHE 300pasKCHHS.

KoxHa Touka JaHMX Ha 300pakeHHI MOENHYE B cO0i iHpopMaIliro
mpo Qopmy BicTps Ta (GopMy MOCHIIKYBaHOTO €IEMEHTa ITOBEPXHI,
TOOTO € MPOCTOPOBOIO 3ropTKor0 (hopmu BicTps Ta GopmHu 00’€KTa,
SKHH CKaHYIOTh. SIKIIO BICTps TONKKM MeHIIe Bix 00’ekra, Ha 300pa-
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*eHHI Oyne mpodink kparo 00’ekra. OHAK SKIIO 00 €KT MEHIITUH, HiX
BICTpSI, TO Ha 300paXkeHHi AoMiHyBaTHMe hopma roaku (puc. 7.26).

KoHycHe CnpaexHe MipamigansHe 30b6paxeHHs
BicTpA 3o6paxeHHs BicTpA BicTpA
—_—
N o

o

- TpaekTopis BICTPA — — —

3pasok 3pa3sok

Puc. 7.26. ITopiBHSHHS peanbHOro 300paxeHHs i3 300paXeHHIM
3a HasBHOCTI 30H/I0BOI 3TOPTKHU.

Ockinbku 6araTo 3pa3KiB MarOTh €JIEMEHTH 3 KPYTUMH TPaHsAMH, TO
BIUIMB BICTpsS Ha 300paKeHHS TPAIUISETBCS JOCHTH dacTo. Jlns
BUSIBJIGHHSI HAassBHOCTI 30HIIOBOI 3TOPTKH Tpeba IIyKaTH XapaKTepHUM
KOHTYp, II0 TIOBTOPIOETHCS TI0 BCHOMY 300pakeHHIO. BiH Moxke Oyt
PI3HOTO PO3MIpY, OCKUIBKH BICTpS B3a€EMOIE€ 3 E€IEMEHTaMH Pi3HHX
pO3MipiB, IPOTE BiH 3aBXKIU MaTUME OJHY U Ty JK OpIE€HTAIIIO.

Sxmio € migcTaBM BBaKaTH, IO 30HIOBA 3ropTKa HasBHA, TO
XOPOIIIOK TIEpeBipKOr0 Oyie MOBOPOT 3pa3Ka i OTpuMaHHs Horo 300pa-
JKEHHsI 3HOBY. SIKIIO 300pakKeHHsI BICTpSl JOMIHYE Haj 300pakeHHIM
3pa3zka, TO Opi€HTaIlisl KOHTYpPY BICTpsl Oyle aHAIOTIYHOI A 000X
TIOJIO’KEHD 3pa3ka. SIKIIo >k 300paXKeHHS € pealbHUM BiIOOpaXKeHHIM
MOBEPXHI, TO KOHTYPU Ha 300paKe€HHI PO3BEPHYTHCS Pa3oM 31 3pa3KoM.
MoXIUBI pe3yabTaTH TAKOTO TECTYy CXeMaTHYHO TOKa3aHi Ha puc. 7.27.

306pakeHHs BicTpA CnpaexHe 300paxkeHHs
e~ o T o]
y ',' ,_.ﬁ; ! \ ’.' I—.: _____ '
‘\‘ i iy |'-‘ ! .‘“I
a 6

Puc. 7.27. CxeMma, 110 1IIOCTPYE MPOCTUH TECT HA 30HIOBY 3TOPTKY (IIOBOPOT
3paska Ha 90°): a — 30HJ0Ba 3rOpTKA HAsBHA; O — 30HIOBOI 3rOPTKH HEMA.
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EdexT monBoenHs 300paxkeHns, sikuii Oysae y CTM, wacTto Tpams-
€THCS 1 B CHIIOBIil MIKPOCKOTIi1, KOJTM Ha KPEMHI€BY TOJIKY OIU3BKO 0
BICTpsI TIPWIIMITAE€ YacTWHKA (MHMJIMHKA, YaCTHHKA 3pa3ka 4d iH.) abo
SIKILIO T'OJIKA MOIIKOJUKYETHCS. Y IIbOMY BUIIAJKY BiCTps TpeOa IpOMUTH
1 BUCYIIUTH 200 MPOCTO 3aMiHUTH HOBUM.

7.4.4. Jlocniosycennn enacmueocmeil NHOGEPXHI Memooamu
amomHo-cuno068oi mikpockonii. Jlocmimkeras Tomorpadii B IHUPOKOMY
Jiama3oHi PO3IUICHD — Iie JIMIIe HeBEeJNKa YacTHHA MOTEHIIaTy CKaHy-
BaJIbHOI CHJIOBOI MiKpocKomii. Jlay KOpOTKO HaBeIeMO METOIMKH, SIKi
JIAI0Th 3MOTY Bi3yalli3yBaTH BJIACTHBOCTI MOBEPXHI pa30M 3 BHU3HAUCH-
HsM 11 Tomorpadii, siki BXke MOKHA BBa)KaTH KIACHYHUMH. 3a3HAUYKNMO,
IO IIe JIMIIE Majla YaCTHHA PEKUMIB, SIKI MOXKHA peai3yBaTH 3a JI0To-
Moroto ACM. Taki mMAPOKI MOXIUBOCTI POOJIATH IF0 METONWKY HaI-
3BHYAHO MPUBAOINBOIO IS JAOCHITHUKIB, IPOTE€ BHKOPUCTAHHSA KOXK-
HOTO METOAY CHJIOBOI MIKPOCKOMIil moTpedye po3yMiHHS TPOIIECiB, IO
BiJOYBArOTHCSI MiJK 3pa3KOM 1 30H/IOM.

Mikpockonia namepanvnuux cui. MiKpOCKOIIis JaTepaibHUX CHIT
(MJIC) — ue MikpockomiliHa METOIMKa, sIKa, OKpiM TomorpadivHoi, qae
e ¥ iHdopmalio po JOKaIBHI TPHUOOJIOTIYHI XapaKTEPUCTUKH, TOOTO
PO TEPTs B KOXKHIHM TouIli HociimKyBaHoi moBepxHi. Tonorpadiro goc-
JJUKYFOTB TTiJT 9aC CIOCTEPEKEHHST BEPTHKAIBHOTO 3ruHy (puc. 7.28, a),
a TpuOOJIOTit0 — TOPCIHHOTO KpydeHHs KaHTuieepa (puc. 7.28, 6).

Topciiinuii 3ruH (Kpy4YeHHs) KaHTHIIEBEPa, 110 MOr0 BHKJIUKAKOThH
natepajbHi CHIIM (SIKi JilOTh Y IUIONIMHI 3pa3Ka), BUMIPIOIOTh KOHTAKT-
HUM METOJIOM JUIS TOOYIOBH KOHTPACTy 300pasKeHHSI.

TopciitHuii 3ruH KaHTHIeBepa (MUB. puc. /.28, 6) BUHUKAE, 3a3BU-
Yaii, 3 BOX NPHUYMH: 3MiHA IOBEPXHEBOTO TEPTA i 3MiHAa Haxwuiuy. Y
nepmoMy BuUIaaky (puc. 7.29, a) BiCTps MOXKe 3a3HATH CHJIBHIIIOTO
TEPTs MiJT Yac MPOXOHKEHHS uepe3 NMEeBHI MUISTHKY, CIIPHYHHSIOUH J10]1a-
TKOBE KPy4YCHHS KaHTHJIeBepa. Y JApyromy Bumanky (muB. puc. 7.29, )
KaHTHJIEBEp MOXKE 3a3HaTH CKPYYyBaJbHOTO BIUIMBY B pa3i MoTpamn-
JITHHS Ha JAUISTHKY CHJIBHOTO HAaXWITy OBepXHi. s Toro, mo0 Biinm-
T onuH edekt Bix iHmoro, 3006paxxeHHs MJIC ta kKACM oTpuMyIOTH
OJTHOYACHO.
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Y ACM (y pa3i BepTUKaJIbHOTO 3THHY KaHTHJIEBEPA) JOCHUTh ABOCE-
KIifiHoro ¢oromiona, po3aigeHoro Ha aBi monosuuu A i B (puc. 7.30, a).
Hus MJIC morpiben dotmpucekmilinmii enxement (mus. puc. 7.30, 6),
OCKUTBKH CaMe€ YOTHPHEIEMEHTHUH AETEKTOp MO)KE BH3HA4YaTH OidHY
CKJIaJIOBY TOPCIHHOTO 3rMHY KaHTWJIEBEpa 3aBISKU IOAAaBaHHIO CHTHA-
niB 3 yBepTeil A i B Ta mopiBHAHHIO Pe3ynbTaTy 3 CyMOIO, OTPUMAaHOIO
Big uBepteit C i D. IIpaktuuno Bci cyuacni ACM po3paxoBaHi Ha OAHO-
YacHE BUMIPIOBaHHS SK HOPMAIBHOTO, TaK i TOPCIHHOTO 3TWHY KaH-
THJIEBEPA.

Puc. 7.28. BapianTu 3ruHy KaHTUIIEBEpa:
a — BepTUKaIbHUIL; 6 — TOpCIHHUIA.

B pa3oK R o R R R N AR A AP P R R R MKW
. OinAHka noBepxHi

: 3 iHWKUM :

: koedilieHTom TepTa

Pexxum BUMiptoBaHHA
BivHMx cun

PexuM BUMIiptoBaHHA

GiuHMX cun | | Lo

s L

Puc. 7.29. Topciiinuii 3ruH (Kpy4eHHS) KaHTHIEBepa:
a — BUKIIIKaHHI 3MiHAMH IOBEPXHEBOTO TEPTS;
6 — BUKJIMKAHUI 3MiHAMH HAXWITY.
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OTxe, MIKPOCKOMIS JIaTepaIbHUX CHJI BUKOPUCTOBY€E BUMIpIOBaHHS
TOPCIHHOTO 3TUHY (KPYYEHHS) KaHTHIIEBEPA, 3yMOBJIEHOTO CHJIAMH, 110
IIOTH Y TUIOMIMHI 3pa3Ka, Uit moOyIoBH KOHTPACTy 300pakeHHs 1 BU-
BUCHHS TPUOOJIOTIYHIX BIACTUBOCTEH ITOBEPXHI.

Cunoea mooynauiiuna mikpockonis. CUioBa MOIYJISIIHA MIKpO-
ckorist (CMM) — nie posmupenuii BapianT ACM, 110 0XOIUTIOE XapaKTe-
PUCTHUKY MEXaHIYHHMX BIacTHBOCTEH 3paska. Y pexxumi CMM Bictps
CKaHy€ 3pa30K y KOHTAKTHOMY PEXHMi, a KOHTYP 3BOPOTHOIO 3B’SI3KY
MiATPUMY€E cTaje BiIXWJICHHA KaHTHIeBepa (peXuM cTajoi cuimm). Y
LBOMY pa3i Ha CKaHep MOAAETHbCS NMEPIOAWIHUN CUTHAJ, SIKHUH 3MyIIye
pyxartu 3pa3ok (UM KaHTHJIEBEp) MEPiOUYHO BBEPX 1 BHU3. AMILTITYAA
MOJIYJISLii 3TMHY KaHTHJIEBEpa, 3yMOBJICHA MM TEpiOJUYHHM CHUTHA-
JIOM, 3MIHIOETBCS 3AJIE)KHO BiJ] MPYKHUX BJIACTHBOCTEH 3paska, sK Ie
rmokasaHo Ha puc. 7.31.

Kantunesep A

BeptukanbHui

1
B l 3ruH

BiuHa
a cknagoea
Kautunesep A C
N
f BepTukaneHa
B y CKnagoBa
v
[asau
6

Puc. 7.30. ®oTtoaion 11 BUMIpIOBAHHS BiAXHIICHb
kantwieBepa y ACM: a — ABOCEKIIHHNI; 6 — JOTUPUCEKLIHHUT.

CucreMa rerepye 300pakeHHs, IO € rpadiyHUM BiIOOpaKEHHSIM
MPYKHUX MOJYJIIB 3pa3ka, Ha MiJICTaBl 3MiHM aMILTITYIH MOJYJISIIT Ka-
HTHIeBepa. YacToTa 3MIHHOTO CHTHAJIy CTAHOBHTH COTHI KIJIOTEpIlB, a
L€ TIePEeBUILY€e HIBUJIKICTh, IKY MOKE BiJICTEKYyBaTH HAJIAIITYBaHHS KO-
HTYPY 3BOPOTHOTO 3B’s3Ky. Bimmosigno, Tomorpadiuna ingopmais
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MOke OyTH BiJJIiJICHA Bij| JIOKQJbHUX 3MIH MEXaHIYHHX BIACTHBOCTCH
3pa3Ka, i IBa THIH 300pakeHb MOKHA OTPUMATH OHOYACHO.

Macznimna cunoea Mikpockonia. MarHiTHa CHJIOBA MiKPOCKOTIis
(MCM) nmae 3Mory CTBOPIOBAaTH 300pa’keHHSI MPOCTOPOBOTO PO3MOILTY
MAar”iTHUX TOJIB Ha MOBepXHi 3pazka. Y MCM BHKOPUCTOBYIOTbH BiCTpA,
MOKPHUTI TOHKWMM (epoMarHiTHUM mIapoMm. CHcTeMa TMpaiioe B Ha-
MiBKOHTAKTHOMY Yd OC3KOHTAaKTHOMY PEKHMi, BH3HAYAIOUM 3MIHU pe-
30HAHCHOI 4acTOTH 4M (pa3u KONMBaHb KaHTHJICBEPa, 3yMOBJICHI 3aJieikK-
HICTFO MarHITHOTO TIOJIS BiJ{ BiICTaHI MiK BiCTpsM i 3paskoM (puc. 7.32).

M'ska
ainaxka 3pasok

leHepaTop MeXaHiYHUX KONMBaHb 3paska

Puc. 7.31. AMIIiTY1a KOJTMBaHb KaHTHJIEBEpA y IUITHKAX
MOBEPXHI 3pa3ka 3 Pi3HUMHU MEXaHIYHUMH BJIACTHBOCTSIMH.

IHOMI peamnizyroTs Tak 3BaHy ctatnaHy MCM, y sKiit Oe3nocepeaHpo
BUMIPIOIOTh 3TMH KaHTHJIEBEpa 3 MarHiTHUM 30HJIOM. 3a JIOTIOMOTOIO 30-
HAIB 3 ()epOMArHITHUM TOKPHUTTSIM MarHiTHa CHJIOBa MiKPOCKOIIS J1a€e
3MOTY OTPUMYBATH 300payKEHHS MPOCTOPOBOI 3MIHM MarHiTHUX TOJIB Ha
MOBEPXHi 3pa3Ka.

MarHiTHe
NOKPUTTSA
BiCTp#
............ TpaekTopis pyxy
i P sonna
T T T T PieHa nosepxHs
| A4 > VY i< :a 4' MarHiTHOro 3paska
MarHiTHi
AOMeHK

Puc. 7.32. TpaexTopisi pyXy MartiTHOTO BiCTps
HaJ] piBHOIO OBEPXHEIO MarHiTHOTO 3pa3Ka.
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300paxeHHsI, OTPUMAaHE 32 JOMOMOTOI0 MarHiTHOTO BiCTPS, MiCTUTh
iHopmariito sk mpo Tormorpadiro, TaK i IPoO MarHiTHI BIIACTHBOCTI ITOBE-
pxHi. Te, sxmif edeKT mepeBakaTUMe, 3JICKUTH BiI BiACTaHI MiX Bi-
CTpSIM 1 TTOBEpXHEI0. 31 30UTBIICHHSAM BIJICTaHI MiXK BICTPSIM 1 3pa3KoM
MAarHiTHI €)EKTH CTalOTh BU3HAYILHUMU. OCHOBHHMM CIIOCOOOM PO3Ii-
JICHHS MarHiTHUX 1 TonorpadivyHux eeKkTiB Ha 300pakeHHI € OTpUMa-
HHS pAay 300pakeHb 3a pi3HUX BiJICTaHEH MK 30HAOM i MOBEPXHEIO.
[Ticas mpoxo/HKeHHS KOXKHOI CTPIYKK CKaHy B HAIliBKOHTaKTHOMY (200
1HOJIl KOHTAaKTHOMY) PEXXHMi BiCTpsI MigHIMAETbCs (a00 3pa3oK OITycKa-
€THCS) Ha KiNbKa JECATKIB HAHOMETPIB 1 MPOXOIUTH Ty XK CTPIUKy IIe
pa3. Y 11boMy pasi OTpUMYIOTh JBa 300paykeHHS — Tomorpadiro, oaep-
XKaHy MiJ 4ac mepioro npoxony, i MCM-300pakeHHs, OTpUMaHe Ha
npyromy npoxofi. Yepes ne MCM HalleXuTh O TaK 3BaHUX 0BONPOXi-
OHUX METOIUK.

Hpyruii mpoxix peamizyroTh MO-pi3HOMY: 1HOAI 1€ TPOXiJ KaHTHIIe-
Bepa, 0 KOJIMBAETHCH, 3 PEECTpPAIicio (ha30BOTO 3CYBY UM 3CYBY Pe30-
HAHCHOI YacTOTH, SIKi W BIAMOBIAAIOTH Y IIbOMY BHIIAIKY 3a (hopMyBa-
HHI MCM-KOHTpacTy, a iHOJi — MpOXiJ CTaTUYHOTO KaHTHJEeBEpa, Y
IOMY pa3i KOHTPAcT (POPMY€EThCS Ha MIiJCTaBl peecTparlii BiIXHICHHS
Oanku (cratnaaa MCM). V neskux nabopaTopisx Hel pisHOBUA MiKpo-
CKOMIl € KUTbKICHUM, TOOTO MarHiTHI TOJsI HA TIOBEPXHI BUMIPIOIOTh, a
HE TIPOCTO Bi3yalli3ylOTh PO3IMOIIII.

Enekmpocmamuuna cunosa mikpockonis. B enextpocTaTuyHii
cwioBiii mikpockorii (ECM) 3a 701oMoror 30H71a 3 IPOBITHUM TOKPH-
TTSIM CTBOPIOETHCS rpadidHe 300pakeHHs JOKATbHO 3apsKCHUX JiJIs-
HOK Ha IOBEPXHI 3pa3Ka.

CucteMa mojia€ HaIpyry MK BICTpsIM 1 3pa3KoM, TOJI SIK KaHTHIIe-
BEp IMEPEMIIAETbCs HaJll TOBEPXHEI0, HEe TopKarouuch ii. Sk i MCM,
ECM - 1e aBompoxijiHa METO/AMKA, 1110 JIA€ 3MOTY PO3IUIATH TOIOrpa-
¢iro 1 KOHTpacT, 3yMOBJICHUH 3apsioM MoBepxHi. 3a jgonomororo ECM
CTBOPIOIOTH TpadiuHe 300paKEHHS JOKAJIBHO 3apsKECHUX IISTHOK
noBepxHi (puc. 7.33). Binxumnenns, nponopuidHe 10 T'YCTUHH 3apsny,
MOKHA BHUMIpSTH CTaHIAPTHOIO CHUCTEMOIO BiIOMTOrO NPOMEHS.
[Nommpenimoro € 6e3konTakTHa ECM, vy sIKili Tij 9ac APpyroro mpoxomy
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KaHTHJICBEP OCLMIIIOE 1 KOHTPAacT IPYHTYEThCS Ha 3CYBi Pe30HaHCHOI
YaCTOTH YU aMILTITYIH.

Bictps
KaHTUnesepa

TpaexTopis
........... X P pyxy
30HOa
[Fai o R
3pasok

Puc. 7.33. OrpumanHs rpadiqHOTo 300pakeHHs JOKAILHO
3apsHKEHUX JUITHOK Ha MOBEPXHI IIOCKOTO 3pa3Ka.

ECM BHKOPHUCTOBYIOTH /ISl BUBYEHHSI TIPOCTOPOBOI 3MiHU T'yCTHHHU
HOCIis MOBepxHeBoro 3apsanay. Hampuknan, 3a gomomororo ECM moxHa
rpadigHO BimOOPa3WTH €NEKTPOCTATHYHI MO €JIEKTPUYHOTO KOoJlia B
pa3i BBIMKHEHHsI Ta BUMKHEHHs NpuCTporo. Lle HazuBaroTh 30HAyBa-
HHSM HanpyrH, TAKMA METOJ| MiHHUHA MiJl 9ac TECTYBaHHS MIKpOIMpOoIe-
COPHHX MIKpPOCXEM IIiJ] HAlPyror B MaciTadi, MEHIIOMY BiJl MiKpOHa.

Ckanysanvna emnicna mikpockonia. CkaHyBaJbHa €MHICHA
MIKPOCKOITiS CTBOPIOE rpadiune 300paskeHHs MPOCTOPOBUX 3MiH €MHO-
cti. Sk i B ECM, TyT mig 4ac Apyroro npoxomay MixX BiCTpsSM 1 3pa3KoM
yBIMKHEHa Hanpyra. KanTuneBep npaitoe B 0€3KOHTAKTHOMY YU HalliB-
KOHTaKTHOMY pekuMi ctayiol BUCOTH. CremiaabHy CXeMy BHKOPHCTO-
BYIOTB JIJIsl CIIOCTEPEKECHHSI EMHOCTI MiX BiCTpsiM 1 3pa3koM. OCKiTBKH
€MHICTD 3QJICKHUTh BiJl NICIEKTPUYHOI MPOHUKHOCTI CEPEIOBUINA, SKE
nepeOyBae B TPOMDKKY MDK BICTpSM 1 3pa3koM, TO JOCIiIKEHHS
CKaHyBaJILHUM €MHICHUM MIiKpPOCKOIIOM Jaf0Th 3MOTY Bi3yali3yBaTd
3MIHM TOBIIMHMA JIICJICKTPMKA Ha HAaIIBIPOBIIHUKOBINA MiAKIAII.
Takoxx 11e¥l pi3HOBH] 30HAOBOI MIKPOCKOMII MOKHa BHKOPHUCTOBYBATH
JUIs. OTPUMaHHS TPOQIIiB PO3MOALTY JIETYBAIGHUX JIOMIIIOK y HaIiB-
MPOBiAHUKAX.
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7.5. Po3ninieHHs1 y 30H10Bii MiKpocKomii

Pozginenns y C3M uacto BU3HA4YaKOTh 3 MepedopMyIbOBaHOTO
Kputepito Peres: 1Ba miku BBaKarOTh PO3ALIEHIMH HA 300paKCHHI, SKIIIO
BHMIipsiHA TJIMOWHA BIAAWHU MK IIMMH TTKaMH CTAaHOBUTH IITOHAWMEHIIIE
19 % Bixg moBHOi BucoTH MIKiB (puc. 7.34). lns eKcepuMEHTaIbHOTO
BH3HAUYCHHS JaTepaibHOro po3aineHHs C3M po3risgaroTh 3pa3ku 3 0CO-
OJIMBOCTSIMU TTOBEPXHi, SIKI PO3TAIlIOBaHi MIOpa3 OJIMKYe OJHA JIO OJHOL
JIOTH, JIOKH TJIMOWHA BIAJUHU
MiX BHCTYIIAMH HE CTaHE Me-
Hire 19 % Bim TOBHOI BHCOTH
mikiB. MiHiMaJIbHA  BiJCTaHb
MDK pI3HIMH BHCTyIIaMH 1
Oyle MaKCUMaJIbHUM PO3JIijie-
HHSIM CHUCTEMHU. 32 TaKHM O3Ha-

YEHHSM TOPU3OHTAIBHE PO3Ii- MinimarnbHa BincTanb
Mix 0B'ekTamu, Aki
nenHss ACM 3 MakcHMalabHO MOHa PO3pPI3HUTM
rOCTPUM BicTpsM csirae 1 Hw. Puc. 7.34. BusHaueHHs J1aTepanbHOTO

Ha nepiumii morysi, posai- po3nineHHs 3a KputepieMm Penest.

JIeHHS B | HM MOTaHO Y3TOKY€EThCS 3 300paKeHHSIM aTOMHHUX TIPATOK,
0 TPAIUIAIOThCA y JiTepaTypi, npucsdeniii ACM. Hasegemo nerHi
PO3’SICHEHHS IIIOJI0 PIi3HMII MIX OTPUMaHHSAM 300paKeHb CIIEMEHTIB
aTOMapHOTO MacHTady 3 TOYHUMH iHTepBajJaMH Ta CHMETPIEI0 TPATKH i
peabHUM aTOMapHUM PO3JIUICHHSM.

CTM pae cnpasai atomapHe pozfiiieHHS. OCKUIBKH 3aJISKHICTh
TYHEJIBHOTO CTPYMY BiJl BiICTaHi MiX BICTPSIM 1 3pa3KOM Ma€ €KCIOHEH-
uiitHuit xapakrep, 1 90 % cTpymy mnporikae depe3 KpaiHiii aToMm BicTps,
o BUCTyIae, Ha xopomromy Bictpi CTM numme neit aTom B3aeMojie 3
HaNOIMKINM aTOMOM 3pa3Ka, sSK MOoKa3aHo Ha puc. 7.35, a.

Y ACM 3anexHIiCTh BiIXWICHHS KaHTHIIEBEPA BiJl BiJICTaHI MiX Bi-
CTPSIM 1 3pa3KOM MEHII CHUJIbHA, KiIbKa aTOMIB Ha BICTPi B3a€MOJIIOTH
OJTHOYACHO 3 KUJTbKOMa aTOMaMH Ha 3pa3Ky, SK MoKa3zaHo Ha puc. 7.35,0.
Y ACM KkoKeH aToM BicTpsi, IO Oepe y4acTh B OTPUMAaHHI 300paKeHHs
(koKeH 3aTiHeHWi aToM Ha puc. 7.35, 6 “0aunTh” 3pa3oK y BUIIIIL Iie-
pioanunoi rpatku. OCKiJIBKH 3K aTOMH BICTPsI pO3MILIEH] B Pi3HUX TOpU-
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30HTAJIBHUX TOJIOXKEHHSX, TO IpaTKa, Ky 0a4uTh KOXKEH 3 HHX, 3MilleHa
IIOJI0 TPaTKH, Ky 0a4aTh HOTO CyCifH, K TIOKa3aHo Ha puc. 7.35, g.
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Puc. 7.35. B3aeMotist 30H7a 31 3pa3KOM: @ — TYHEJIbHA MiKPOCKOITIS;
6 — cuoBa Mikpockomis. PiBeHb ciporo BinoOpaxae iHTEHCUBHICTb B3a€EMOJIII;
6 — CUTHAJIM, 3yMOBJICHI B3aEMO/Ii€I0 pi3HUX aToMiB BicTpst ACM
3 TIePIONYHOI0 aTOMAPHOIO IPATKOI0, 1 CyMapHU CUTHAIL.

Kosken aTom Ha BicTpi TaKOX PO3TAIIOBAHHMIA HA Pi3HIA BUCOTI MO0
3paska. Cuiia CHTHaITY, IO HOTO CIpHiMaE KOXKEH aToM Ha BICTpi, 1mociia-
OJIIOETBCS 31 3pOCTaHHSAM BiJICTaHI J0 3pa3ka. JlaHi, 110 HAAXOIATh Bij
yciX aToMiB BicTps, siki OEpyTh y4acTh y B3aEMO/Ii1, BKIIOYAIOTHCA Y KO-
JKEH 3HIMOK, IKMif OTPHMYIOTh Y TOM UM iHIIMI MOMEHT uacy. IxHiii pe3y-
JBTAT MJCYMOBYETRCS TIiJI 9ac TEPEMIIeHHs] BiCTpsS HaJl MIOBEPXHEIO 3
MIePiOIMYHOI0 CTPYKTyporo. KiHimeBe 300pakeHHs BimoOpakae mepioam-
YHY CTPYKTYPY 1 Ma€ NIpaBUJIbHY CUMETPIIO Ta iHTepBaId. SIKIIO OHOTO 3
aTOMIB HEeMa, TO BAaKaHCII0 Ha WOro MICI[i BHSBUTH HE BIACTHCS (IHB.
puc. 7.35, 8) — BiICYTHICTh CHTHAITy B pa3i HaK/IaJaHHS O0ararbox 300pa-
JKCHb 3HIBEMOEThCS. JIJIsl peaibHOro aTOMapHOIo po3IiIeHHs Tpeba MaTH
3MOTY BHSIBIISITH BiJICYTHICTh HaBiTh OJTHOTO aToMma. BimmosigHo, oTprmMa-
HE B aTOMapHOMY MacuITadi 300pakeHHs epioJUYHOI IpaTKu (IO camo
1o co0i MOK/IMBE B pa3i BUKOpUCTaHHS KOHTakTHOI ACM) He o3Hadae,
0 PeabHO JIOCATHYTO aTOMAapHE PO3JIiICHHS.
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7.6. IlpuroryBaHHs 3pa3KiB JJ151 30HI0BOI MiKPOCKOii

o 3pas3kiB y pa3i mocmimkenHs Ha C3M CTaBisATh JBi TOJIOBHI
BHMOT'H: Majla IIOPCTKICTh TIOBEPXHIi Ta XOpoIlla MPOBITHICTh MaTepiany
(y Bunmagky CTM).

IIfo crocyerbcss mepumioi BHMOIM, TO TIpaHWYHA MPUIHATHA
IIOPCTKICTh TIOBEpXHI BH3HAUEHA TEXHIYHHMH XapaKTEePHCTHKAMHU
KOHKPETHOTO MIKpOCKomna (TOYHilIe, IT’€30CKaHepa) — Jliala30HOM
MO>KJIMBUX MEpeMillleHb 30H/a TI0 HOpMaJli 10 TOBepxHi 00’ ekTa. SIKio
nepenag BUCOT MK 3amaJWHaMH 1 BHUCTyHNaMH Ha TIOBEPXHI 3pa3ka
(IIOpCTKiCTh) TMEepeBUIIy€E MeW Jiama3oH, TO 30HJ MOXKE 3ITKHYTHCS 3
MOBEpXHEI0 1 3a3HATH pyWHyBaHHS. ToMmy OaxxaHO, MO0 TMMOBEPXHS
3pazka Oyla TOJIPOBAaHOK, 3 IIOPCTKICTIO ONM3BKO 25 HM, X04a IIe
3HAYEHHS MOXKE BIAPI3HATHCS AJSl PI3HUX MIKPOCKOMIB 1 HE MOBHUHHE
MEPEeBUIYBATH MAaKCUMAaJIbHO MOJIIMBOTO TEpPEeMilIeHHsIM Horo m’e3o0-
CKaHepa 0 BEPTUKAIIL.

CTOCOBHO Opyroi BHMOTH, TO BOHa IOB’si3aHa 3 HEOOXITHICTIO
iCHyBaHHSI TYHEJIBHOTO CTPYMY MiX 30HJIOM Ta TIOBEPXHEI0 y METOi
CTM. ExcriepuMeHTaIbHO JOBENEHO, IO EIeKTPUYHUN OIip MMOBEPXHIi
3pa3ka, BUMIPSHUI MiX IIyllaMH TecTepa 3a BijicTaHi 6Ju3bKko 1 cM, He
MOBHHEH mepesuiyBaTH 2 KOM. SIKIIo omip MepeBuINye Iie 3HAUYEHHS,
TO Ha MOBEPXHIO HAMMJIIOIOTH TOHKY MPOBLIHY TUTiBKY (YacTo e rpadir)
TOBLIMHOIO 1—4 HM. 3p03yMiso, 10 B IIbOMY pa3i pO3IiIEHHS CTPYKTY-
PH [TOBEPXHi MOTIPIIYETHCA HA 3HAYEHHS TOBIIUHHM IUTiBKH.

Takoxx Tpeba MaTu Ha yBa3i, [0 Ha OUTBIIOCTI METAJIB 1 CIUIABIB 3
4acoOM YTBOPIOIOTHCS OKMCHI IUTIBKM. JIOKM TOBIIMHA Majia, BOHH HE
3aBaXXAIOTh CIIOCTEPIraTH MOBEPXHIO MeTaly. Pid y Tomy, mo paniyc
JUTSTHKY TIepeOyBaHHS MTOBEPXHEBOIO €JICKTPOHA (1e0aiBChbKUiA paiyc)
MPOBITHO TOBEpPXHI B pa3i KOHTAKTY 3 [I€IEKTPUKOM (OKHCHOIO
TUTiBKOIO) 30imbiryerhes 10 10—20 uM. Skmio ToBIIMHA TUTIBKH Oijblia,
TO BiIOYBa€THCS 3pUB TYHEIBHOTO cTpyMy. s OinbmocTti MeTaiiB 1e
craerbes dyepe3 10—30 XB miciast OYMINEHHS MOBEPXHI, TOMY OMIIBHO
nocmipkysat 3pasku Ha CTM Bizipasy K micisl IPUTOTYBaHHS.

s 30epexeHHst penbedy Ta 3aXUCTy Bijl 30BHILIHIX BILIMBIB
MOKHA TIOKPHTH MOBEPXHIO 00’€KTa TOHKHM MIapOM MdieJIeKTPHUYHOI
piavHu, SKUH HE BIUTMBA€E Ha pe3ysbTaT BUMipIOBaHHs Tonorpadii.

259



@

KoHTpoJbHi 3anuTaHHs i 3aBIaHHS

[osiCHITh PI3HMIIO MK KOHTAKTHHM 1 OE3KOHTAKTHHM pPEKHUMaMHU
pobotu ACM.

SIKi BUMOTH CTaBIATHCS IO 3Pa3KiB, SKi JOCIHIIKYIOTH 32 JOTIOMOTOIO
CTM? O6rpyHTyiite.

OmnuiTh eNeKTpoxXiMiyHUI MeTo oTpuManHs 30Haa it CTM.

Skmo ¢oToaion ABOCEKIIHMNA, TO YA MOXHA 3a HOTO JOIOMOTOO
JOCIIIKYBaTH JlaTepaibHi cuiu?

Skuii edekT € B OCHOBI poOOTH CKaHEPiB 30HIOBUX MIKPOCKOIIIB?

Yu 000B’A3KOBUH Ui pOOOTH 30HIOBOTO MIKpOCKONa Bakyym?
[ostcHITB.

[epeniuiTh, sSKi HeigeamTbHOCTI MalOTh CKaHepU. UWM MOSICHIOIOTH
Kkpin?
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Poszaia 8

EJIEKTPOHHA MIKPOCKOIIIA TA IHIIIT
METOJUKH

VY monepeaHix po3aijgax OMMCaHO OCHOBHI METOAMKH CKaHYBaJbHOT
Ta MPOCBiYYyBaJbHOI Mikpockomii i audpakmii. Huni € HU3Ka iHIINX
METOIVK JUIS JOCII/DKEHHs, KOJKHA 3 SKHX Mae cBoi mepesaru. Jlami B
3araJbHUX pUCaX OMMCAHO HAMBAKIIMBINI 3 HUX, SKi MOXYTh OyTH JI0-
MIOBHEHHSM [I0 OMHUCAHWX METOMIB MIKpOCKOMii. Y CydacHUX JOCIi-
JOKCHHSX, OCOOJIMBO B MAaTepiajlO3HABCTBI, BUKOPHCTOBYIOTH YHUMAJIO
METOAMK, TOMY IJisi JOCTiJIHUKA BKIMBO IIOHANMEHINE 3HATH, SKY
iH(pOpMAaIIiI0 MOXKE 1aTH KOXKHA 3 HUX.

8.1. /locsirHeHHs1 B €JIeKTPOHHIN MiKPOCKOIIIl

bararo 3 ocTaHHIX yCHiXiB y PO3BHUTKY €JIEKTPOHHOI MiKpOCKOMii
3YMOBJICHO JIBOMa TOJIisIMH, JKOJ/IHA 3 SIKUX He Oynia 1moB’s3aHa 3 Mikpoc-
KOTMoM 4 (i3WKOI0, IO € B OCHOBI Horo po6otu. HaitoueBmmHimmm
MPOTPECOM CTaB PO3BUTOK OOUMCIIIOBAIBHOI TEXHIKH, SKHHA JaB 3MOTY
3a JIOTIOMOTOI0 MIKpPOCKOIa BHKOHYBaTH HU3KY pOOIT, sIKi Oyin MOXK-
JIUBI W paHille, OJHaK MOTpeOyBaIM 3aHaATO Oarato 4acy JJis OTpH-
MaHHs pe3yibTary. [IpukiagoM € JOCTylHa HUHI MOXJIMBICTH BiJIHI-
MaTH (QOH 3 PEHTICHIBCLKUX KapT YM CIIEKTPIB CHEPreTUYHUX BTpAT
€JIeKTPOHIB (po3/ii 6) mepen iXHIM BioOpakeHHSIM: i/iess He HOBa, OfI-
Hak 0e3 KOMII'IoTepa Take ONpauoBaHHs 300paxeHHs 0yi10 O HelMOBi-
pHO TpyaoMicTKuM. [HIIIA OIS MmoJIsATaia B yCBiIOMIIEHH] TOTO, IO ITiJ
Yac TPOBEJCHHS 3BHYAMHOTO ENEKTPOHHO-MIKPOCKOIIYHOTO JJOCITi-
JDKEHHSI TEHEPY€eThCsl 0araro MOTEHIIHHO KOpUCHUX curHamiB. Cyudac-
HUI TOCHITHUK HAMATa€eThCs JIOCIIIUTH 1X, BAKOPUCTOBYIOUH Oaratocu-
THAJBHUN MiAX1J 3311 OTpUMaHHS MakCUMallbHOTO 00csry iHdopmaii
3 OIHOT'O €KCIIEPUMEHTY. SIK Jy’ke MPOCTHI MPHUKIIAA, 3ralaeMo, IO LIe
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COPOK POKIB TOMY T€HEpYBaHHS X-BUIIPOMiHIOBAaHHSA YW 3BOPOTHO PO3-
cissaux enektpoHiB y [IEM moBHIicTIO iTHOpYBaiH, Xo4a 00UaBa SBUIIA
Oymu noGpe 3po3yMini. Y Hamii AHI Il aHANITHYHI METOAWKH € 3BUY-
HUMU. J[BamusaTh pokiB Tomy posmudpyBaHHS gudpakrorpam Kikydi
YM BiJ 3BOPOTHO PO3CISIHUX €NEKTPOHIB TpUBajlo TonuHy. Humi mei
nponiec TpuBae 0.1 ¢, 1m0 (HakTHYHO 3POOUIIO TOCTYITHOIO HOBY aHali-
TUYHY METOAMKY.

Enexmponna zonozpaghin. Y 1984 p. JI. 'abop BuHaHIIOB roio-
rpadiro, HaMaralo4ruch MOJIIITUTH PO3AUICHHS €ICKTPOHHOTO MiKpOC-
koma. OCTaHHIM 4acoM pPOOJIATEH MONANBIII CIIPOOH ISl MAaKCUMAITEHOTO
il BUKOpHCTaHHs. Y CMOCIO, aHAJIOTIYHUI 3BUYAlHIN JTa3epHid rojorpa-
¢ii, 1Ba KOTEpEHTHI eNEKTPOHHI MMyYKH — OJIUH BiJ] 3pa3Ka Ta iHIIHH, 10
CIlyTy€e OMOPHUM ITyYKOM, — MO)KHA MOEIHATH JUIsL YTBOPEHHS TOJIO-
rpamMu. MeTonKa MO)Ke MPaIfOBaTH JIMIIE TOJi, KO MIKPOCKOII JTyXke
CTaOipbHUM, a eNeKTPOHHMWH IMy4YOK Bijl aBTOEMICIHHOI rapMaTé ayxke
KorepeHTHHHA. lle cTaBUTh BHCOKI BUMOTH JI0 MIKpOCKOIA, KpiM TOTO,
JUIs. OTPUMAaHHS TOJIOTpaMH TIOTPiOHUN 3HAYHHI JTOCBIJ] Ta BEJHKE Tep-
ninHs. Jlume kinbka nabopaTopiil y CBiTI yCHIIIHO POOIATH Taki eKcIie-
PUMEHTH, SIKi Jatf0Th 3MOTY BUBYATH PO3MOJiIT MarHiTHUX Ta €JIeKTPHY-
HUX TIOJIIB y MaTepiaax.

CkanysansHuii  nPOCEiUy8anbHUll  e1eKMPOHHUIL  MIKPOCKOR.
HaiiBimoMimmm HeaBHIM JOCATHEHHSM B €JIEKTPOHHIN MiKpOCKOIIi €
CcKamysanvrull npocgiuysanvrull enekmpounuii mikpocxon (CIIEM). s
MeTO/IMKa, sika noeanye Husky nepesar [IEM i CEM B oaHiil Ta nae
3MOTY PEECTPYBaTH IPOCBITHE 300pa)KCHHST METOJIOM CKaHYBaHHS, €
imeanpHOIO 11 OaratocurHaibHOTO Tinxoxy. [lydok, cokycoBanuit y
SIKOMOTa MEHIIY TUIIMKY, CKaHY€ 3pa30K, 1 B I[bOMY pa3i BiI0OYBa€eThCs
peecTpyBaHHS CHTHANY (HaNpUKIIaa, X-MPOMEHI, eeKTPOHH, IO MpOH-
IIUTM, BTOPHHHI Y 3BOPOTHO PO3CisiHI enekTponn). [IpuHnumnoBa cxema
CIIEM noka3zana Ha puc. 8.1. ABToemiciiiHa rapMaTa BHH3Y T'€HEpY€
MyYOK eIEeKTPOHIB, Mo Horo Gokycye miH3a L Ta po3ropraroTh KOTYIIKH
C nepen B3aeMozi€ro 31 3pa3koM S. Y kamepi 3paskiB Ol 3pa3ka MoxKe
OyTH PEHTI€HIBChKUIl IETEKTOp X, CIEKTPOMETP €HEPreTHYHHUX BTpaT £
Ta KUTbIETOAIOHNH TEMHOIUIEHUHN JIETEKTOP €NEKTPOHIB A Ha JI0OJaTOK
JI0 CTaHJAapTHOTO JETEKTOPAa EJIEKTPOHIB, 1110 MPOMIILIH.
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OcHoBHi npuunHu i1 BukopuctanHs CIIEM momsraiots y Horo
BEJIMKOMY TIOTEHIlialll K aHAJITHIHOTO iHCTpyMeHTa. barato cydacHHX
MIPOCBIYyBaJILHUX MIKPOCKOITIB 00JIalHaHI CKaHyBaJbHAMH KOTYIIKAMH,
o nae 3Mory BukopucTtoByBatH ix sik CIIEM, Taki MiKpoCKOmH Ha3H-
BatoTe [IEM/CIIEM, Ha Binminy Bix cneniamizoBanux CIIEM, mpo ski
TyT igetbes. [loninmenHs po3mipy enekrporHoro nmydka y [IIEM/CIIEM,
0COOIMBO THX, IO OOIagHAHI aBTOEMi-

CIHHOIO TapMaTol0, HUHI 3HIBEIIOBAIH Pi- E
3HMII0 B PO3MUICHHI HAWIIIIINAX TIPHIIA-
I1iB 000X THIIIB.

OCKINIBKH PO3ZUICHHS CKaHYBaJIbHOT
METOJIUKH OOMEXEHEe I1aMeTpoM CKaHy-
BIBLHOTO Ty4Ka, TO JJIsI OTPUMAaHHS XO-
pomoro po3aineras y CIIEM motpiben
Jly’K€ TOHKUHN €JIEKTPOHHUH my4okK. Jlocs-
I'TH LIHOTO MOKJIMBO B pa3i BUKOPUCTAHHS
ABTOEMICIHOI TapMartu, ska Jla€ CTPyM
10™ A 3a miamerpa myuxa Bcoro 0.2 HM.
Lporo mocraTHpO JUIsl Bi3yamizallii Ba-
KKAX OKPEMHX aTOMIB Y il€allbHUX He-
KPHCTAJIYHMX 3pa3Kax, 10 CTaJlo MpUH-
HOIO ITOIMYJISIPHOCTI IIUX IPHUIA/IB. - = AsToemiciita

3 BHKOPUCTaHHSM TPHUHIUITY 3BO- A rapmara
POTHOCTI XOJly MOXHA JOBECTH TaKe: — , oy (oo niarpama
SIKIIO YMOBH CXOJUKEHHS TIyKa Ta KYT CKAHYBATHHOTO
arepTypu  CKBIBAJICHTHL, TO KOHTPACT  pnpocBiuyBagbHOrO MiKpOCKOTIA.
300paxxenns y CIIEM noBuneH OyTH
IIEHTUYHIM KOHTpacTy 3BuuaiiHoro I[IEM-3o0paxkenHs. Ha mowarkax
crBopenHsi CI1IEM yBaskany, o BiH JJacTh 3MOTY OTPHMATH 300payKEeHHS
BiJ ToBCTiMX 3paskiB, Hibk [IEM. OpHak 119 mepeBara HacmpaBii €
VSIBHOKO, OCKUIBKM 300paKEHHS TOBCTIIIOTO 3pa3ka MaioTh TipIie
posaineHHs. SIKImIo 3agaHo HEeoOXiTHE PO3AUICHHA, TO 300paKeHHS
CIIEM Bia KpHCTali4HOTO 3pa3ka He Oyje JImmmM BiJ 300paKeHHS Y
3puuaiinomy IIEM. Tomy IIEM pna orpumaHHS 300paKeHHS €
BaXJIMBUM, OCKUIBKHM BIH Ma€ KOPHUCHE IIO€AHAHHS Bi3yamizamii Ta
mudpaxiiii. ChoroaHi Tak 3Banuil cnemianizoBanuit CIIEM (iHoxi #ioro
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nazuBaloTh CIIEM 3 aBTOEMiciiiHOIO rapMaTol0) TOJIOBHO BUKOPHCTOBY-
FOTh SIK 0araTOCHTrHATGHUH aHATITHIHUN MiKPOCKOIT.

ABToeMiciiiHa Tapmarta moTpedye TyKe BHCOKOTO Bakyymy (IIpH-
ommsao 107 ITa), Tomy cremianizosarni CITEM o6majHani BHCOKOBAKY-
YMHOIO KaMeporo 3paskiB. Y IIbOMY MIKPOCKOIi HEMa€e 00 €KTHBHOI 4H
MPOEKTOPHOI JIiH3 micns 3pa3ka (auB. puc. 8.1), TOMy MOXXHa pO3Mi-
LIyBaTH Pi3HOMaHITHI feTekTopu. Lle MoKyTh OyTH CrieKTpoMeTp eHepre-
THYHUX BTPAT €ICKTPOHIB, KUTBIIEBUI TEMHOMUILHUHN Ta PEHTTCHIBCHKHIA
JIETEKTOPH, po3MilieHi 01 3paszka. KinblieBuit TeMHOIUTEHAN TETEKTOP
Jla€ 3MOTYy PEECTPYBaTH ENEKTPOHH, IO PO3CISUINCA B JAOBLIBHOMY Ha-
npsiMi Ha KyT OimbInmid Bif 3agaHoro. OTpUMaHUK y bOMY pasi CHTHANT
3HAYHO CHJIbHIMINH, HK 3BHYaHUN TEMHOIUTBHUH, 1 € KOPUCHUM y XOZi
JOCIIDKeHHS. aMophHUX 3pa3kiB. KijblieBe TEMHOIIBHE 300paKeHHS
BiJl KPHUCTAIIYHOTO 3pa3Ka OTPUMYIOTh BiJl OLITBIN Hi’K OJHOTO ITy4Ka, 10
npoauparyBaB, TOMY HOTO iIHTEPIPETALLisl € HEITPOCTOIO.

3pa3ok mepeOyBae B HAJBHCOKOMY BaKyyMi W He 3a3Hae 3a0py-
JHEHHS MiJ] 9ac JOCJIDKCHHS, TOMY Yacu JIYOM MOXYTh OyTH IyKe
TpuBaii. 3naTHicTh crnenianizoBaHoro CIIEM peecTpyBaTH CHrHAI Mpo-
TATOM JOBrOrO dHacy Uil JIyXKe MaliX JUISTHOK, BHUKOPHCTOBYIOUH
SICKpaBHH ITy4OK, POOUTH IeW MprIiTa] HAWTIMIHAM y CiM’1 eTeKTPOHHUX
MIiKPOCKOMIB 3 OISy IPOCTOPOBOTO PO3ieHHs st aHaii3y. Kopuchy
aHaMTHYHY 1HPOPMAIIF0O MOXKHA OTPUMYBATH BiJl JUISHOK 3 J[iaMEeTPOM
0.5 M. Ha Takomy piBHi cTaOUIBHICTh 3pa3ka € Ha3BHYAHHO BAKIIUBOIO.
st 30upanHs 1ocToBipHOi iH(OpMarii Bix AiIsHKY giametpoM 0.5 HM Hi
My4O0K, Hi 3pa30K HE MOKHa 3MmimlyBatd Oiunbme 0.1 HM mpoTsrom
peectpanii. OCKIJIbBKM CHTHAJI BiJI TaKOTO MaJIOro 00’eMy MOXKe OyTH
Iy’K€ He3HAUHHM, PEECTpallis MOXe TpUBaTu COTHI cekyH.. Lle Hakanae
HaBiTh CYBOpII 00MEXEHHS, HIX Y pa3i GopMyBaHHSA 300payKEHHSI.

CIIEM o0co0iuBO BAAJIO peaizye€ METOAMKY KOHTPAcTy Bij aTo-
MHOTO HOMEpa, OIKCaHy B PO3AiIi 4, 110 J1a€ KOMIIO3UIIHHY iH(hOopMa-
IO TIPY BUCOKOMY PO3JIiJICHH] Bi3yalli3aliifHOT METO/IMKH.

CrneunianizoBani CIIEM tenep BUTOTOBISIIOTH 3piAKa, OCKIIBKA BOHU
JIOpori, a 1mopa3 Ourkimi MoxumBocTi craHaaptHux [IEM 3 aBroemi-
CiifHOI0 TapMaTO0 O03HAYalOTh, 110 BOHU PEaNi3ylOTh OLIBLIICTH BUMOT
JUTSL aHaJli3y 3 BUCOKMM po3aiaeHHsAM. OHaK HUHI MOXKE 3’SIBUTHCS HOBE
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nokomiaHs cynep-CIIEM, 1o BKIFOUaTHMYTh KOPEKIIi0 abeparliii i 3Mo-
JKYTh peaji3yBaTH HaBiTh JIMIIE aHATITHIHE PO3IIICHHS.

3a octanni 20 pokiB He 3’SIBHIIOCS aOCOJIOTHO HOBHX METOIIB aHa-
mizy Ha 0asi eleKTpOHHHX MikpockomiB. OqHak Tpeba OdiKyBaTd, IO
SHEePrOIUCIICPCIMHUI PEHTTCHIBCHKUN aHAaJI3 Ta CIIEKTPOCKOIIisl eHepre-
TUYHUX BTpAT CJICKTPOHIB 1 JIaJli PO3BUBATUMYTHCS, & METOJIUKY KOHTpPA-
cTy Bix aromHOro HoMepa y CITEM BHKOPHCTOBYBATHMYTS IUPIIIE,

8.2. /lonoBHIOBa/IbHI METOAMKH OTPUMAHHA 300paKeHHS

Yci MEeTOMKM OTpUMaHHS 300pa)KeHHSI BUKOPHCTOBYIOTh SKUICH 13
IBOX 0a30BHIX TPWHIMIIIB: a00 yce TMoje 30pYy OCBITIIOIOTH 1 BHKOPH-
CTOBYIOTH JIiH3U ISl OTPUMAHHS IIiJIoro 300paykeHHs (ToOTO BCi mikcemi
JOCHI/DKYIOTh TapaieibHo), abo 300pakeHHs (OPMYIOTh MOCTYIIOBO,
3a3BHYai, CKaHyBaHHAM (TOOTO MIKCENi JOCIIKYIOTh IMOCIiA0BHO). Mu
30CcepeIMiIN yBary Ha MpUKiIagax KOKHOTO TUITY: MapalielibHe OTPUMAaHH:I
300paxxenns y [IEM Tta nocnimopae y CEM ta C3M. Pemry posmimy
MIPUCBAYEHO KOPOTKOMY OIMCY IHIIMX MIKPOCKOIIIB, OJHAK TOTpPiOHO
maM’ATaTH, MO Oyab-SKHH 3 HUX HAJEKHUTHh O OIHOTO 3 JBOX 0a30BUX
tamiB. [IpakTHYHO B yCiX HOBINIMX METOJMKAaX BUKOPUCTOBYIOTH IIO-
ciioBHe (hopMyBaHHS 300paXkeHHs. Pi3HMIIS MK HUMH TOJISATAE B JBOX
OCHOBHHX pHCax: TPUPOJI OCBITJCHHS (CBITJIO, €JIEKTPOHH, 10HH, X-
MPOMEHI YH IOCH iHIIE) Ta MPUPOl CHTHANY, 10 BUKOPUCTOBYIOTD JIJIS
(opMyBaHHS 300pakKeHHS YM OTPHMAaHHS aHANITHYHOI iH(OpMaIii
(cBiTiO, €MeKTpoHH, 10HM, X-TIPOMEHI 4M mock iHme). Jlerarni Toro, sk
came (opMy€eThCs 300paKEHHS, TOOTO SIK BUKOHYEThCSI CKAHYBAaHHS UH SIK
MPAIIOIOTh JIH3M, € Ha Mil CTajil MEHI BAXKJIMBUMH, HIXK YiTKE PO3yMi-
HHsI 3a3HaY€HHUX BUIIE JIBOX YNHHUKIB, OCKUILKM CaMe BOHHM BH3HAYAIOTh
rajgy3b 3aCTOCYBAHHS METOUKH.

8.2.1. Csimnosa Koughoxkanvna mikpockonis. Sk Bimomo,
OCHOBHUM OOMEKEHHSIM CTaHJAPTHOI ONTHYHOI MIKpOCKOMii € Te, mo ii
rMOMHA TI0JIA, 3a3BHYal, IOCUTHh Mana. bynb-XTO, XTO KOPHCTYBaBCS
ONTHYHUM MIKPOCKOIIOM, 3HA€ MPO BY3bKHHU Jiala30H MOJO0XKEHb, JIe
3pa3ok Oyne y (okyci. s OiojioriB Ta IHIIMX JOCIAHMKIB, IO
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MPaLIOIOTh 3 MPO30PUMH 3pa3KaMu, 15l IPodiIeMa BUSIBISETHCS B TOMY,
0 OfHA AUISHKA 3pa3ka € y (OKyci, TOHl SK IHII, IO MOXYTh OyTH
TAaKUMHU X SICKPaBUMH, € 11032 OKYCOM, 1 TOMY BUIJISIIAIOTh HEUITKUMH.

Hyxe mpoctuit cmoci®d TOAOIaHHA Ii€l MPOOIIEMH TONATAE y
BUKOPHUCTAHHI KOH@OKANbHOI (CHIBPOKYCHOT) ONTHYHOI CUCTEMH, ifes
akoi 3’sBunmacst y 1950-Ti, omHak mpakTHuHa peamizamis  Oymna
HeMOkuBa ax 10 1990-x pokiB, JOKM TEXHONOTiA Ja3epis,
KOMIT FOTEPIB Ta T€Opis aBTOMAaTHYHOTO YIPABIIHHS HE JOCATIIA TaKOTO
pIBHA pPO3BUTKY, IO CTajJ0 MOXIHMBHM CTBOPCHHS 3pyYHHX JUISA
KOpHCTyBada KOH(OKANbHUX MiKkpockomiB. HuHi iX mopa3 mupime
BUKOPUCTOBYIOTh Y Pi3HUX Taly3sX HAyKH.

KongokaibHa MIKpOCKOIisS — I HEpYWHIBHA METOJAMKA, L0 JIA€
3MOTY peajli3yBaTH TPHUBUMIPHY PEKOHCTPYKIIIO MOBEPXOHb ab0 CIIo-
CTepiratu BHYTPIIIHIO CTPYKTYPY HamiBIpo3opux 3paskis. [IpocTopose
po3aineHHs ii csarae 0.2 MKkM [Tt 3pa3KiB TOBIIMHOIO A0 200 MKM, sika
MO’K€ 3MiHIOBATHCS 3aJI€’KHO BiJl IPO30POCTi Ta OAHOPITHOCTI 3pa3Ka.

OcHoBHa ifies KOH(MOKATBHOCTI € JyKe MpocTa i 300pakeHa Ha
puc. 8.2. ManeHbKki amnepTypd BHKOPUCTOBYIOTH JAJsl TOro, Io0 Ha
YaCTUHY OITHYHOI CHUCTEMH, sika (OpMye 300pakeHHS, MOTPAILISLIO
CBITJIO JIMIIIE BiJ MINITHOK 3pa3ka, ski € y dokyci. O1xke, 300pakeHHs
(hopMyIOTh CyHUIBHI TPOMEHI, a TO3HA4YEeHI ITPUXaMU MPOMEHi (Bix
IUISTHOK, IO pO3MilIeHi Mmo3a (OKyCOM) MPaKTHYHO BCI 3YHMUHSE
aneprypa i BOHU He poOJIATh BHECKY B 300paXKCHHSI.

MnowwuHa
noza oKkycom

Lo cuctemu

. i -~
Bip cuctemn_ "~ . |
BigoGpaxeHHs

OCBITNEHHA -

MnowwuHa

y dhokyci KoHdokansHa
anepTypa

Puc. 8.2. CxemaTn4Ha fiarpamMa KOH(GOKaIbLHOTO MIKPOCKOIIA.
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CKIaiHICTb, 0 COPUYMHIIA TPUALSATAPIUHY 3aTPUMKY peaizamii
1i€l MPOCTOi /1€, mosATana B TOMy, IO JIUIIE OJHA TOYKA 3pa3ka MOXKe
OyTH HacrpaBai KoH(GOKaIEHOI. ToMy mOTpiOHA CKaHyBabHA CUCTEMA,
3[aTHA OCBITJIIOBATH OHY TOUKY 3pa3Ka.

OCKITbKM KOPUCTYBaviB Jy)Ke LIKaBJSTH MPo30pi 00’€KTH, TO cho-
KyCcOBaHy TOUYKY TpeOa MPOCKaHyBaTH Y TPbOX BUMipax (TOOTO Kpi3b TO-
BIIMHY 3pa3Ka, a TaKOX BiJl OXHOI OiYHOI MOBEpXHi M0 iHINOI) 1 TPHUBHU-
MipHE 300payKeHHS 30eperTi y KOMIT IOTepl sl TOAANbIIOro CIocTepe-
JkeHHS. HuHI me Jrlerko 3poOWTH 3a JOIOMOTOIO JIa3epiB Ta KOHTPO-
JTFOBaHMX MAIIIMHOIO TO3MIIOHYBAIGHUX MPUCTPOIB, TOMY KOH(OKAIBHI
MIiKPOCKOIIH CTalIX BUTOTOBJIATH B KOMEpUiHHUX MaciTabax. OCKIIbKY B
KOH(OKaTbHUX MIKPOCKOIaX YHIBEpCAIbHUM JKEPEIOM CBITJIA € JIa3epH,
TO iX IIe 1HOAI HAa3UBAIOTh KOH@MOKANHUMU NA3EPHUMU CKAHYBANbHUMU
Mixpockonamu. BUKOpUCTaHHS J1a3epiB Ja€ 3MOTY YHUKHYTH BUKOpHCTa-
HHS anepTyp y CUCTEMi OCBITIEHHS, IO POOUTH ONTHUKY MIKPOCKOIIA IIIe
MIPOCTIIIIOKO.

€ pi3HI NUIAXYM TPOBEJCHHS CKaHyBaHHS (JIa3epoOM YH 3pa3KoM) Ta
HU3Ka peKUMIB (OpMyBaHHS 300pasKeHHS, BKIIOUAIOUN (ITyOpECLCHIIIIO,
X04a TYT TpO HUX He HTuMeThes. KoHdokambHi MiKpOCKOIM HHHI HIU-
POKO BHKOPHCTOBYIOTH SIK 010JIOTH, TaK 1 MaTepiaJlo3HABII, SKi MAIOTh TI0-
TpeOy BUBYATH TOMOTPadiro HEIUIOCKUX 3pa3KiB 3 PO3/IICHHAM, SKOTO HE
MOXe€ JOCATTH ONTUYHHUI MIKPOCKOII, HE TIoMilaroun ix y Bakyym CEM.

[HmmMi muIsX po3BUTKY i/1el CKaHYBAJBHOTO 30HZA TEX JaB 3MOTY
nojonat QyHAaMeHTalbHEe 00MEKEHHS ONTHYHOT MiKpockortii. B onmu-
YR MIKPOCKORIT OIUINCHbO20 NOJASL BUKOPUCTOBYIOThH JIJISL OCBITJICHHS
CKaHOBAHOT'O 3pa3Ka TOHKE ONTOBOJIOKHO. /[kepeno cBiT/ia € HACTIIbKH
OIU3BKO 10 3pa3ka, o BiH nepedyBae y “OMmKHROMY ToJi”, i GaraTo 3i
3BUYAIHMX 3aKOHIB ONTUKH HE MPaLioioTh. Di3uKa HBOTr0 CKIAIHA, OTHAK
CYTh 3BOJUTHCA JIO TAKOTO: SKIIO JiaMeTp 30H[a, IO BHUIIPOMIHIOE
CBITJIO, 1 BiJICTAaHb MIXK BICTPSIM 1 3pa3KOM € MEHIIIMMH, HIX JOB)KHHA XBU-
Jii CBITJIA, TO PO3IUICHHS € HabaraTo MEHIIWM BiJ MOJOBHUHM JOBKUHHU
xpuii. Ll imest mpairoe, omHaK Taki MIKPOCKONM CKJIagHI y BHKOPHU-
CTaHHIi, TOMY 1X MOKHA 3HAWTH JIMILIE B JAESKUX NOCIIAHUIBKUX Jlabopa-
TOPISIX.
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8.2.2. Ilonvosa ionna mikpockonia. [IEM He Moxe BizyamnizyBaTH
TOYKOBI JIe()eKTH B KPUCTATIYHOMY 3pa3Ky (xo4a B pa3i BUKOPHCTaHHS
CIIEM y pexumi Z-KOHTpacTy Iie Maibke BHaeThecs). HasBHICTB
BaKaHCI Ta MIKBY3JIOBHX aTOMIB MiATBEPKEHA TOJOBHO HETPSIMUMH
Metonamu. [loavosuii ionnut mixpockon (IIIM) mae 3mory oTpumaTtu
300pakeHHS OKPEMHUX aTOMIB 1 TOUKOBHX AE(EKTIB, PO3LIIUPIOIOYH Ta-
Jy3b 3aCTOCYBaHHA Mikpockomii. Lleii MeTox, 1o Aae 3Mory npsMo BU-
3HAYaTH PO3TAlIyBaHHS aTOMIB Ha MOBEPXHi, BUHaWAeHNHA y 1951 p.

YV ITIM mix 3pa3koM y GopMi TOCTpOTo BICTPs 3 paiiycOM KPHUBUHU
I Ta ekpaHoM Ha Biacrani R (puc. 8.3) mpuKIIamacTbcss BUCOKHI TOTe-
uiian. Ha noBepxHi BicTpst BunHKae nore nopsaky 10" B/m. Momnekymu
HaBKOJIMIIHBOTO ““‘Bi3yallizallifHOro” rasy (Tejlii0 4d HEOHY 3a THUCKY ~
10 IMa) mizTiTaloTs 10 BICTPS Ta BAAPSIOTHCS 00 HBOro. ITicis GaraThox
3iTKHEHb (puC. 8.4) BOHU CHOBUTBHIOIOTHCS 1 3aBASKHA €(EKTy TYHEIIOBa-
HHS BiIJAOTh €JIEKTPOH BICTPIO (10HI3YIOTHCS OLIsI OJHOTO 3 aTOMIB Bi-
CTpsi, IO BUCTYMAIOTh). [l03UTHBHMIA 10H, 1110 B IEOMY pa3i yTBOPIOETHCH,
i JIIEF0 CHIIBHOTO SJICKTPUYHOTO TOJIS BIIUTITAE OJT BICTPS Ta BAAPSIETHCS
70 ITyOpeCEeHTHOTO eKpaHa, CTBOPIOIOYH CBITITY TUISIMY.

» ExkpaH

He atom

H
i/ T103UTUBHO 3apsKeEHe

; MeTaneee BicTpA \\
o

1 \

Puc. 8.3. Cxema MoiboBOro Puc. 8.4. Po3ranryBaHHs aTOMIB Ha BicTpi
I0OHHOT'O MIKPOCKOTIIA. B TI0JIbOBOMY iI0HHOMY MiKpPOCKOTII.

lonizariss aTomMa iHEpTHOro ra3ly HaHiMOBIpHIIIE BiJOyBaTHMETHCS
Tam, Jie JIOKaJIbHE eIEKTPUYHE IoJie MaKcuMallbHe, TOOTO paJilyc KpHBH-
HH BicTps MiHIManbHUA. BigmoBinHo, aToM BicTpsl, SKMH BUCTYINA€ HAJ
MTOBEPXHEI0, 3yMOBJIIOBATUME 10HI3aIlF0 31 3HAYHO OLTBIIOK HMOBIpHI-
CTIO, HIX TUIOCKA TOBEpXHs aToMiB. ToMy cBiTJII TOUkH Ha (ryopectie-
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HTHOMY €KpaHi BiAIOBIZal0Th MOJOXKEHHIO THX OKPEMHX aTOMIB Ha KiHII
BICTp#, 110 BUCTYTIAIOTb.

3o0paxenns, orpumane [1IM, Ha3MBarOTh 10HHO-TIOILOBHUM, 1 OTTH-
MaJlbHa Hanpyra Juis ioro otpumants craHoBuTh 5—20 kB. IIpocTopose
posninenHs [1IM 3amexuTh BiJl TAHTCHIIAIBHOI (JOTHYHOI JO MOBEPXHIi
BICTpsI) CKJIAZIOBOI IIBUAKOCTI HOHIB. [i BraeThCS 3MEHIINTH OXOJIOIKE-
HHSM BicTps 0 MeHII Hixk 80 K, Toai posminenns moxe csaraytu 0.25 HM.
Bictps moBuHHO OyTH BUTOTOBIIEHE 3 MOHOKPHCTANA, CTIHKOTO 0 BILIH-
BY BHCOKHX EJIEKTPUYHUX TIONIB, HEOOXITHHUX IJIS 10HIi3allii aToMiB, II0
HaKJIaJa€ TIeBHI 0OMEKEHHS Ha Jiama3oH 3pa3KiB AT JOCITIKCHHS.

Tpumau BicTpsi HIOBUHEH y pa3i MOTpeOU 3a0e3MeYnTH HarpiBaHHS
Yl OXOJIOJDKEHHs 3pa3ka. HarpiBaHHS moTpiOHE AJsl OYMIICHHS TI0-
BEPXHI 3pa3Ka, a OXOJOJDKCHHS, OKPIM 3TaJaHoro BHUIIE MOJIMIIECHHS
PO3ALIEHHS, TOTPIOHE TSI KOHTPOITIO 32 TIOBEPXHEBUMH BIIACTHBOCTSIMHU
— mudy3iero 9u aacopOIiero rasis.

36inbienns 300pakenns [1IM po3paxoByroTs mpocto sik R/r, a R
cTaHoBHUTh TpUOIM3HO 10 cM, OTXe, OO0 aToMH CTald BUAMMHUMHU
(300pakenns Oyno OunpmmM Big 0.1 MM), paaiyc BicTps IOBUHEH OyTH
MeHie 1 mxm (HactipaBai 3HaueHHs Iy [1IM menme 100 Hm).

OtpuMaHi 300pakKeHHS MOKHAa BHUKOPHCTOBYBAaTH IS BHUBUYCHHS
OKpEeMHUX BaKaHCiH Ta MiXK3E€PEHHUX MEX UM CTPYKTYpH IUCIOKAIN Y
TEPMiHAX PO3TAIlyBaHHS aTOMiB, OJHAK IOCTI/KYyBaTH MOXHA JIHIIE
MaJICHbKY JUISTHKY 3pa3ka. MeTo]] 3aCTOCOBHHIA JIMIIIE JI0 3pa3KiB 3 Mpo-
BIJIHOIO UM HAIMIBIPOBIIHOK MaTpHIieto (1100 MOKHA OYJI0 MPHUKIIaIaTH
MOTEHIIaN), TAKOXK CKIIAJHO CTBEPPKYBATH, IO CIIOCTEPEkKYBaHI CTpy-
KTYpH BiJIIOBi1al0Th 00’ €EMHOMY Marepiaiy.

Orxe, I1IM mae 3MOTry MONIMIIUTH PO3AIIBHY 3aTHICTh, TOCSKHY
y [IEM, no aromHoro po3mineHHs. HacTymHUM eTanoM pO3BUTKY Me-
TOJMKH € TMOJIbOBA 10HHA MIKPOCKOIISl aTOMHOI'O 30H/Ia, KA HAJICKUTh
JI0 METOIMK aHaTi3y. BoHa mporoHye mociiIoBHUN aHalli3 aToM 3a aTo-
MOM, 1 TPO Hel HTUMEThCS Jalli.
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8.3. JlonaTkoBi aHAJIITHYHI METOAMKH — aJIbTEPHATUBHI
CHCTEMU aHAJII3y

binpmre necat pokiB ToMy MOXKHa OyIIO CTBEp/XKYBaTH, IO IS
aHai3y BUKOPUCTOBYIOTH JIMIIE 30YIKEHHS XapaKTePUCTUIHOTO PEHTTe-
HIBCHKOT'O BHITPOMIHIOBaHHS BUCOKOCHEPTETHUYHUME eleKTpoHamu. Humi
e MEHII KOPEKTHO, OJHAK MOTEHIiall HOBUX aJbTEPHATUBHUX METOMIB
aHamizy Bce e € 3HaYyHuM. Lle MOKHa MpOiMIOCTpyBaTH 3a JOTIOMOTOIO
O3NSy MPUPOAM OUTBIIOCTI (PI3UYHKMX METOJIB aHANI3y — NEPBUHHUMN
30HOYBAJIBHUN ITy4OK (CKJIaA HOro Mo)kHa BHOpaTH cepen AECSTU YU
OlTBIIIe BapiaHTiB) BUKOPUCTOBYIOTH IS 30YPKEHHSI 0 IECSATH BTOPHH-
HuX e(DeKTiB 3 AIJISHKH, [0 HAC I[IKaBUTh, — TOJIi PEECTPYIOTHCS BUOpaHi
BTOpHHHI eeKTH K (QYHKIisS OJHI€l UM KiNBKOX, aX J0 BOCBMH, 3MiH-
HUX. 3a Tpy0OI0 OIIIHKOI0, MU MOXEMO TOEIHATH i (pH, OTpUMAaBIIH
10x10%7 = 700 OmHOCHUTHAILHHUX METOJMK, CEepel SKUX Bi3yaizamis
EIIEKTPOHHAM MIiKPOCKOTIOM, TU(PAKIlis Ta PEHTTeHIBCHKUN aHAalli3 cTa-
HOBJIATh JIMIIE TPH MOXJIMBUX. 3PO3YMIJIO, IO Ui OaraTOCUTrHaJIbHUX
METOAMK € 3HAYHO OLIbIIe MOKJIMBOCTEH: BHIPOOYBaHO OiNbIle COTHI
OJJTHOCUTHAJILHUX METONUK, a 0araTOCHUTHaJIbHUX ITUPOKO BHKOPUCTOBY-
IOTh JIMIIIE KUIbKA. Y Ta0:. 8.1 HaBeAeHO JHUIIe KiTbKa MOXIUBAX KOMOI-
HaIliif. Y OULIBIIOCTI METOJMK MIKPOCKOII HAC IIKaBUTh 3MiHA PEECTPO-
BaHOT 3MIHHOT sIK (DYHKIIisI [TOJIOKEHHS Ha 3pa3Ky. TyT MU 3ragaemo nuiie
KiJIbKA 3 HAHTIOIMYJIPHIIIMX METO/IHK, SIKi € JIOTIOBHIOBAJBHUMH JI0 €JIeK-
TPOHHO-MIKPOCKOITIYHOTO aHAITi3Yy.

Tabnuys 8.1
Jlesiki 3 METOJIMK OTPUMAaHHS 300pa)keHHS Ta aHAI3Y
IlepBunnuii  BropunHuit 3MiHHA Meronuka
30HA edext
Enexrponn i Enextponu =z Eneprisa;go++********** CEBE
Py \ '~ .
. \ '~ Pentreniscbka
X-l‘[pOMeHi/ X-npoMeHi \\ Temmepatypa N (otoenekTpoHHa
\ CHEKTPOCKOITIs
CaiTno CaiTno * IntencuBHicTh = = = CEM
Mac-criekrpomerpist
lonn Ionu Maca .
BTOPHUHHUX 10H1B
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8.3.1. Ilonvosuil ionnuit mikpockon 3 amomuum 30H00om. OauH 3
J0Ci BUHAMIEHWX HAWYyTIMBIMIMX METOJNIB aHaNi3y po3poOieHO Ha
migcTasi [1IM. Xoua merox I1IM mBuaKO BAOCKOHAIOBABCS, BiH OYB
HE3aI0BUTHHUM, OCKIIBKH aHaNI3 300pa)KCHHS BICTPS HE IaBaB 3MOTH
i1eHTU]IKYBaTH XIMiYHY IPUPOIY aTOMIB, 3’ICyBaTH, YA BOHU € CKJa-
JIOBOIO BICTps, YW TOBEPXHEBUM 3a0pynHEHHsSM. Takuil aHami3 cTaB
MOJuBHUM, Konu 11IM noenHanu 3 Mac-ClieKTPOMETPOM.

Slkmo wampyra, mpukiageHa 1o BicTps, mepeBmirye 20 kB, TO
€Hepris aTOMIB MOXKE TIEPEBUIIUTH IXHIO €HEPTiI0 3B 53Ky 3 TIOBEPXHEIO
1 BOHM MOXYTh BHITH BHACIIIOK TaK 3BaHOT'O BUIIAPOBYBAHHS IIOJIEM.
KoHkpeTHe 3HaueHHs MOJS, 3a SKOTO IIe JOCATAETBhCS, 3aJCKUTHh Bij
MaTepiamly BicTpa Ta #oro kpuctainorpadiuHoi opienramii. Ewmicis
aTOMIB € OCHOBOIO TOJIbOBOT 10HHOT aTOMHO-30HJI0BOT Mikpockoii. //o-
Abo8ull [oHHULL MiKpockon 3 amomuum 3onoom (I1IMa3) Bimirpae Ba-
JKJIMBY POJIb y MaTepPiaJO3HABCTBI.

Slkmo BUmapoByBajbHE TOJE MpUKIanaTh KoporkowacHo (10 HC) i
BUMIPIOBATH Yac TPOJITAaHHS BUIIAPYBAHOTO aToMa BiJl BICTps IO JeTe-
KTOpa, TO MOKHA BU3HAYUTH BIJHOILICHHS MacH JI0 3apsily 10HI30BaHOTO
aroMa — TOOTO TpoOBecTH ifeHTHiKalil0 okpemoro aroma. Crocrepi-
Taf04d 10HHO-TIOJHOBE 300pa)kKeHHS, TIOBEPTAaHHAM a00 HAXHUIIOM BiCTps
BUOHPAIOTH AUISHKY BICTpSI, 3 SIKOi €MITYIOTBCS aTOMH, JTIOKH Oa)KaHa JIi-
JISIHKA HE ONMMHUTBCA MEpejl anepTyporo 2 MM B eKkpaHi. binburicts Buma-
PYBaHHUX TOJIEM aTOMIB MOTPAILIATAME HA €KpaH, a Ti, 10 BUXOJATH 3 BU-
OpaHoi IUISHKY, MPOXOJUTUMYTh Kpi3b anepTypy y 4acONpOJITHHNA Mac-
CTIEKTPOMETP, SIKHI MOXKE PEECTPYBATH IMOOANHOKI YACTHHKH.

Jist oTpUMaHHS CTaTUCTHYHO JOCTOBIpHOI iH(OpMaIii mpo Joka-
JMBEHUH CKIIAJ Taki BUMIpIOBaHHS Tpeba MpOBECTH A 0araTboX aToMiB,
OJHAK caM METOJ Ma€ HaJ3BHUUYailHO BUCOKY UyTIMBICTh. | X0ua MeToau-
ka [1IMa3 e gyxe pyiiHiBHa, il MPOCTOpOBE PO3IUICHHS HaBpSA UM
MOJKHA ITEPEBEPIIHUTH.

IIpotsirom 90-x pokiB XX CT. aTOMHHUI 30H]] TIEPETBOPUBCS Ha CIIpa-
BXHIO TPUBHMIpHY aHAIITHYHY METOIMKY 3aBASKM JOJABaHHIO MO3U-
LifHO YYTIMBHX JETEKTOPIB, SIKI JAIOTh 3MOTY PEECTPYBaTH Ta aHali-
3yBaTH OHM 3 OyIb-AKOI YACTUHHM BIiCTPS, a HE JIMIIE OAHOI. 3a JONOMO-
IO TaKOT'O MO3UIIIHHO YYTJIMBOTO aTOMHOTO 30HJa Ta BIAMOBIIHOIO KO-
MIT'IOTEpHOro 3a0e3NeUeHHS] MOXKHA OTPHUMATH TPHBHMIPHI €JIeMEHTHI
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KapTH AUISHOK, JiaMeTp SIKMX CTAaHOBUTh KUTbKAa JIECATKIB HAaHOMETPIB.
e my>xe maneHbka 4acTHHA 3pa3Ka, OJHAK He 3a0yBaiiMo, IO KyOWK i3
CTOPOHOIO BChOTO 20 HM MICTHTh OJTM3BKO MiJTbI{OHA aTOMIB, SIKi OJWH 3a
OJTHAIM aHaJIi3y€ MO3UIIHO Yy TINBUI AaTOMHHI 30H]T.

8.3.2. Mac-cnekmpomempis emoOpuUHHUX [OHI6. AHATITHYHI
METOAMKH JIOCIIKEHHS! IOBEPXHi, SIKi IPYHTYIOTHCS Ha BUKOPHCTaHHI
WOHIB, MMOMYJISIPHI 3aBIISKH YyTIMBOCTI Ta 3IaTHOCTI B JESKUX BHUITaIKaX
BHUSBIISITH 3MiHY CKIaAy IiJ MOBEPXHEI0 3paska (Mpodib po3momiry
KOMITOHEHTIB 10 TIUOWHI). 3 IbOTO TMOTISAY € AyKe KOPHCHOIO Mdac-
cnekmpomempis emopunnux ionie (MCBI). [Ipuniunosa cxema MCBI,
SIK OJTHOTO 3 (PI3WYHHMX METOMIB JOCIHI/DKCHHS IMOBEPXHI TBEPAMX TiJ,
300pakeHa Ha puc. 8.5.

AHauni3 3pa3ka BiJOyBa€TbCS B yMOBaX BHCOKOTO BaKyyMmy. 3pa3oK
CKaHyIOTh IMy4YKoM ioHIB (chokycoBaHuM a0 miamerpa 20 HM) 3 eHe-
priero 0.1-100 keB. Ilix yac ckaHyBaHHS 3pa3Ka nepguHHi HOHU BUOU-
BalOTh 3 HBOTO 6mOopuHHi (BiIOYBA€ETHCS pO3nuienHs), YaCTUHA SKUX
(Menme 5 %) nokuIa€ MOBEPXHIO B i0HI30BaHOMY cTaHi. Li HoHu doky-
CYIOTBbCS 1 MOTPAIUIAIOTh Y Mac-aHalli3aTop, ¢ PO3AUIAIOTHCS BiAIoO-
BIIHO J0 BiTHOIIEHHSA Maca/3apsn. laii BOHM MOTPAIUISIOTh HA JETe-
KTOp, SIKUi (hiKcye THTEHCHBHICTh CTPyMY BTOPHHHHUX 1OHIB 1 TIepenae
indopmartiro Ha [1K.

MepBuHHI Poanogin
NOHK no ruBuHi

[N
Mac- > OetexkTop
3pasok ——r~ | ®inep ioHiB
Bropumi % Mac-cnekTp
HAOHK Itﬂ ﬂ
miz

Puc. 8.5. Tlpunuunosa cxema MCBI.

CxeMa mporiecy po3NIIeHHS Mmoka3aHa Ha puc. 8.6. [lepBunHi HoHN
3 eHepriero ~ 10 keB nponukaroTe Ha ruOuHy ~ 10 HM. VY mporieci ra-
JIEMYBaHHS I'PaTKOO TBEPJIOTO TiJia BHACIIIOK TAPHUX B3a€MOJIiii BUHU-
KarOTh KaCKaJ¥ TOCIJOBHUX 3ITKHEHbh MK aTOMaMu MaTpuili. YacTuHa
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TaKUX KacKaJiB MO>Ke BUHTH Ha MOBEPXHIO. SIKIIO €Heprisi IOBEPXHEBO-
ro aToMa MaTpHIll y KiHIIl KacKaxy AOCTaTHs U HOTO BiApWBaHHS Bix
MIOBEpPXHi, TO BiOyBaeThCS HOTO emicis, abo, 1HAKIIe KaXydH, pPO3IH-
JICHHSL.

[MNepBUHHWIA iOH
(E~10 keB)

}) boo oob O’O o MnbuHa BMXOAY YacTUHOK

@9000/000®000|4 ~THM
020 0g 0 O®OO0 0
00 ©000 09 TMMBMHa NPOHUKHEHHA

nepBUHHOIO MoHa
ocofgo000000 0L ~10HM

Puc. 8.6. ITporiec po3nusIeHHS.

MCBI nmae 3Mory BUKOHYBaTH MOMIAPOBUI aHAI3 MaTepialiB 3 BU-
COKOI0 PO3IIUIBHOIO 3AATHICTIO TI0 TIHOnHI — 6mau3pko 3—10 aMm. YHika-
npHOI0 ocobnuBicTio MCBI € 11 31aTHICTE pO3pi3HATH 130TOIH.

3po3yMisio, IO 11 METOAWKA PYHHIBHA, OCKLIbKH aHaJi30BaHHIA
map aToMiB BUAAJSIOTH 3 MOBEpXHi 3paska. OmHaK 3a Majux CTPYMiB
My4YKa MEPBUHHUX 10HIB I1¢ Bif0yBaeThes ayxe moBiabHO (0.1 HM/TO1.),
1 TaKku# pi3HOBUJ METONWKH Ha3WBaloTh crmamuunoro MCBI. 3a cipusit-
JMBHUX YMOB MOJKHa 3apeecTpyBatu Bchoro 0.1 % MoHomapy IociimKy-
BaHOTO MaTepiany. SKIo * CTpyM Iy4Ka BHCOKHI, TO MaTepiall po3Iu-
JIOETHCS Ay’Ke MIBHKO, 1 MOJKHA TIPOBECTH MPO(diTIOBaHHS 1O TNIMOWHI,
OCKIUTbKM BiJIOYBA€THCS IOCTYIIOBE PO3MUIIOBAHHS Ta aHaNi3yBaHHS
mapiB aromiB. Lle HasuBaroTe Oumamiunoro MCBI. Cyuacue o6ina-
mHanHsS Uit MCBI Mae mpocTopoBe po3iieHHs, Jjimmie Bif 1 MKM,
TOMY [Ja€ 3MOry OTPHUMAaTH KOMIO3WLINHI KapTH, CXOXi Ha peHTre-
HiBCBKi. TaKky METOMKY Ha3UBaIOTh gizyarizayitinoro MCBI.

Vi metoauku MCBI maroth 181 Benuki nepesaru. [lepiina — 1ie mia-
Ma30H PEECTPOBAHMX €JIEMEHTIB. Mac-CIIeKTPOMETP MOXKE PEeECTPYBaTH
BCi enleMeHTH (TOYHimIe, iXHi 130TOMH), HaBITh JIETKI EIEMEHTH BiJ
BOJIHIO JI0 KHCHIO, “HENOMITHI” I IHIIMX METOIUK. J[pyra nepeBara —
e uyymmBicTh. 3a3Bu4ail, MCBI Moxe 3apeecTpyBaT elneMeHT, KOHIIe-
HTpALisl SIKOTO CTAHOBHUTH KiJIbKA YaCTHHOK Ha MIJIbHOH, a 338 COpUSTIIN-
BHUX 00CTaBHMH — HaBIiTh KiJIbKa YaCTHHOK Ha MIJIbSP/I.
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8.3.3. Cnexkmpockonin  pesepghopdiecbkozo  360pOmHO20
Ppo3cianna. BITBIIICTP METOAMK, M0 BUKOPHUCTOBYIOTH CKaHyBaJbHI
MMyYKHA E€JEeKTPOHIB, MPAIOBATUMYTh 1 3 IyYKaMH HOHIB UM MPOTOHIB.
loHn € gyTnHUBIIMMHU 10 CTaHY MOBEPXHIi, OCKUIBKHA TTUOWHA IXHBOTO
MPOHUKHEHHS MEHIIA, Hi’K B €JICKTPOHIB 3 aHAJIOTIYHOIO eHepriero. Bu-
COKOCHEPreTHYHI HOHU 30YMXKYIOTh BTOPUHHI €JIEKTPOHH, XapaKTepH-
cTryHi X-IPOMEHi, a TaKOX BTOPHHHI HOHU, TOMY CTBOPEHO 10HHI aHa-
smoru CEM Ta MiKpO30HIOBOT'O aHAIi3aTopa.

3aranom BigHOIICHHS TK—()OH 1151 BTOPHHHUX €(eKTiB, 3yMOBIIe-
HUX I10HHAM IIy49KOM, OlbIlle, HDK BIAMOBiAHE BIAHOIIEHHA IS
CJIEKTPOHHUX ITYYKiB, TOMY YYTJIHUBICTH (TOOTO MiHIMalbHHH peeCTpo-
BaHWI PiBEHb) METOJVMK Ha OCHOBI 10HHUX MY4YKIB € BHIIOK0. 3 iHIIOTO
00Ky, MPOCTOPOBE PO3IIJICHHS 10HHOTO 30HJA Tipiie, HiK PO3AUICHHS
€JIEKTPOHHOTO IMyYKa.

Po3cissHHS BHCOKOEHEPreTHYHHX 10HIB (3 EHEpPrisMHU TOPSIKY
MeraeleKTPOH-BOJIBTIB) HA3UBAIOTh CIIEKTPOCKOIIIEI0 pe3epdop1iBChKO-
ro 3BopotHoro poscisHHs (CP3P). BukopuctoBytotre i 3 1960-x,
BIJITOJII BOHA MEPETBOPUIACS HA BAXKIUBY MaTepiajio3HaBUy METOJHUKY.
HianazoH il BHKOPHUCTaHHS IyXe HIMPOKHUH, a 3aBISKU KiIbKICHUM
XapaKTepUCTUKaM BOHA YaCTO CIYTY€ €TAJIOHOM JUIsl iHIIMX METOIUK.

VY miit meromuni motik MoHoeHepreTnyHux (0.5—-2.5 MeB) ioniB
(BOMHIO UM TeNif0) CIPSAMOBYIOTh Ha MillIEHh i aHAN3YIOTh EHepre-
TUYHUN PO3MOALT 3BOPOTHO PO3CISIHUX BijJ 3pa3ka HOHIB. OCKIJIBKH
3pa3oK Maike He 3a3Hae pyHHyBaHHS TaKUMH JIETKMMH YaCTHHKaMH,
METOJIMKY BBKAIOTh HEPYHHIBHOIO.

EnepreTnuHmii cieKTp 3BOPOTHO PO3CISTHUX 10HIB MOXe JaTh Oara-
To iHpOpMaLii mpo HpUpoay 3pa3ka. 3BOPOTHO PO3CisHI 10HM BTpa-
YaroTh BiZIOMY €HEPTiro MiJx yac pe3ephopAiBCHKOTO 3iTKHEHHS, a TAKOXK
BTPavyarOTh €HEPril0 IiJi Yac eIeKTPOHHHUX B3aEMOJIN MPOTITOM pPyXy
Kpi3b 3pa3ok. YacTHHa NMEpBUHHHUX 10HIB CHIILHO B3aEMOJIIE 3 sApamMH
aTOMIB 3pa3Ka i BOHH PO3CiOOThCS Ha KyT noHa 90° (puc. 8.7).

SIKIIO TOCTiKYIOTh MOHOKPUCTAIIM, SIKUMH 4acTo OyBaiOTh HaIliB-
MPOBIJHUKU, TO 3PYYHO IyYOK 1OHIB CHPSIMOBYBAaTH B3/OBXK 3aJaHUX
Kpuctajorpadiyaux HampsMiB. 3a Takux ymoB Mmeronuka C3P3 myxe
YyTI¥Ba JI0 HEJAOCKOHAJIOCTEH, SIKi JIOKaJIbHO 3MIHIOIOTh YIIOPSIKYBaHHSI
aTOMIiB y TpaTili Y MIDKBY3IIOBUX aTOMIiB JOMIIKH. 3HaYyHa 4YacTHHA
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HOHIB HE PO3CIIOETHCS CHIIBHO, a
3a3Ha€ HU3KH 3ITKHEHb 3 aTOMaMH,
® MPOHHUKAIOYN TIMOOKO Yy KpHCTA,

=

E. .
> 100TO KaHamoe. llim Hac pyxy y
loH BnaropogHoro rasy .. .
y TBEPJIOMY TiJli BOHH B3a€MOJIIIOTh,
é TOJIOBHO, 31 CJIA0KO3B’SI3aHUMU Ba-
- -

E \ JICHTHUMU €JICKTPOHAMH.

’ v Ha puc. 8.8. 300paxkeHuii

2

ciektp  CP3P  kpemnieBoro
3pazka. OmnpoMiHEHHS BeNW IIy-
YKOM IOHIB TEJII0 3 CHEPri€r
1.5MeB. Po3zramyBaHHsi TiKiB
Jla€ aTOMHUI HOMEp 10HIB, MIPUYOMY Ha BaXKUYUX aTOMaxX BTPATH E€HEpTii
MEHIII, TOMY TiKH, SKi BiAIOBITAIOTh IIMM aTOMaM, MPOSBISIOTHCA y
mpaBiit yactuHi criektpa. Crektp CP3P, anamoriuyamii 10 300pakxeHOTO
Ha puc. 8.8, Moxe matu iH(OpMAIliI0 HE JHIIEe PO MPUPOLY aTOMIB Y
3pa3Ky, a TakoXK MO IXHIA TIMOWHHHWIA PO3MOMII — 33 CIPHUSTIMBUX
00CTaBHH TakW{ pO3MOALIT MOKHA OTPUMATH 3 posfaiuieHHsM 10 HM, a
YYTJIMBICTB JIO JOMIIIOK CATAa€ KUTbKOX YaCTUHOK Ha MiJIbHOH.

TouHe BuU3HAYEHHS KIJIBKOCTI aTOMIB, 3MIIIEHHX 3 IXHIX ITO3HLIIMH,
IiJ] 9ac CIOCTEPEKEHHsI B3JOBXK Pi3HUX KPUCTAJIOTpadidHUX HAIPSIMIB
€ BEIMYUHOK, SIKy BH3HAYAIOTh PO3CISHHSAM BHCOKOCHEPTETHYHUX
ioniB. CP3P He nmae 3Moru oHO3HAYHO BU3HAYUTH CTPYKTYpPY, MPOTE
BiJlirpae BaXJIMBY poJib y ii 3’scyBaHHi. Piu y ToMy, 110 KoM Bijjoma Ki-
JIBKICTh 3MIIIEHUX 31 CBOIX MO3HUIlIH aTOMIB, TO 3MEHIIYEThCS KiJIbKICTh
MOXKJIUBUX BapiaHTIB CTPYKTYpH, SIKi TpeOa MepeBipsATH iHIIUMHU METO-
TTUKaMHU.

Ille omHi€er0 My’ke BaXKIIMBOIO TaTy33l0 3aCTOCYBAHHS Ii€1 METOINKHI
€ CIIOCTEPEKECHHST (OPMYBaHHA MiX(a30BUX CTPYKTYp Ha MOYATKOBUX
CTaJisIX POCTYy TOHKHX TUIIBOK. 3aCTOCOBYIOTH II0 METOJHKY TaKOX Y
HaIiBIPOBIAHUKOBIH TexHoorii: CP3P TpamuiliiiHo BHUKOPHUCTOBYIOTh
JUTSL TOCIIJKeHHS TPOQLTiB iMIUTaHTAIll, 0araTolapoBUX CHUCTEM, BU-
POIIEHUX MOJIEKYIIIPHO-TIPOMEHEBOIO SIITAKCIEI0 UM XIMIYHUM OCajKe-
HHSM 3 ra3oBoi ¢a3u Ta iH. 3araJioM pojib METOAWK, LIO BUKOPH-
CTOBYIOTh PO3CISIHHSI BACOKOCHEPIeTUYHUX 10HIB, IIOCTIHHO 3pOCTAE.

3pa3ok

Puc. 8.7. IIponec po3cisiHHS HOHIB.
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8.3.4.@omoenekmponna ma oiice-e1eKMPOHHA CHEKMPOCKONIL.
Enexmpounni cnexmpockonii — 116 METOJVIKH, SKi BHKOPHCTOBYIOTH Xa-
PaKTEePUCTHIHI €JICKTPOHH, IO BUXOIATE 3 TBEPIOTO TiJIA, VIS XiMITHOTO
aHami3y, a He s (hopMyBaHHS 300paKeHHS, SIK 1I€ POOIISATH B €IEKTPOH-
Hili mikpockomii. Takoro Mertoaukor € Takox CEBE, posrmsmyra y
pozaini 6. TyT MU IpUIIIMMO yBary ABOM iHIIMM METOAaM eJIEKTPOHHOT
CHEKTPOCKOIIIT; MPUPOJIL, PEECTPALii Ta aHAITI3y CIIEKTPIB XapaKTePUCTHY-
HUX (DOTO- Ta O3Ke-eIIEKTPOHIB.

Eneprist xapaxmepucmuunux enexTpoHiB (oke- 4u ¢GOTO-) Bigo-
Opaxxae xapaKkTepHi €HEepreTHdYHl PiBHI, IO 1a€ 3MOTy 1IeHTHU(IKyBaTH
CIIEMEHTH B JOCIiIKyBaHOMY

3pasKy. IndpopmaTtuBHi (TOOTO | nomcinoﬂ
Taki, M0 HE 3a3Hajld BTpaT M
eHeprii) oxe-enekrponu (OE) un C

¢dotoenekrporn (PE) MOXyThH

BUXOJUTH nvmre 3 g
IIPUIIOBEPXHCBUX ATOMHHUX IIa-

piB TBepmoro Tina (TOBIIMHOIO Sn

10 HM uM MeHIIe), OCKUIBKU TXHi Emepris
eHeprii MOpIBHIHO HU3bKI (3a- Puc. 8.8. Cnextp CP3P kpemHieBoro
3Bu4aii, Bix 20 10 2 000 eB), a 3paska 3 HaHECCHNMH 200 am

. MTOJTICTHPOITY Ta 5 HM OJIOBa.
XapPaKTCPpHUCTUYH1 X-KBaHTHU

MOXYTh BHUXOAWTH 31 3HAYHO

Olmpmmx rmOMH (y Kimbka MikpoHiB). OTxke, eJNeKTpoHHA
CHEKTPOCKOMIS Ja€ 3MOTY TMPOBOJUTH XIMIUYHHMI aHaji3 TOBEPXHI.
Po3risitHeMo Ba THUNH €EKTPOHHOI CIIEKTPOCKOIi — 0Xke-eJIeKTPOHHY
(OEC) Ta poroenextponny (PEC).

3anexxHo Bix eHeprii (OTOHIB, SKi BUKOPHCTOBYIOTH AJS 30yIDKe-
HHS (oroenekTpoHiB, PEC (a0 k €NEeKTPOHHY CIIEKTPOCKOIIIIO JUIs
XIMIYHOTO aHaNi3y) MOJIUISIOTH Ha JIBa THITH:

1) peHTreHiBchbka (OTOCIEKTPOHHA CIIEKTPOCKOMIS, SKIIO €HEepris
¢oroniB cranoButh 0.1-10 keB, TOMy 110 METOIMKY BUKOPUCTOBYIOTH
JUTSL TOCJT1PKEHHS TIIHOOKMX OCTOBHHX PiBHIB;

2) yabrpadioneroBa (OTOEIEKTPOHHA CHEKTPOCKOIMIs, SIKIIO €He-
prist poronie cranoButh 10—-50 eB, 1110 METOIMKY BUKOPHUCTOBYIOTh JIJIs
JIOCITIJPKEHHSI BaJICHTHOT 30HU Ta 30HU MPOBITHOCTI.
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3a3HaunMo, IO 3raJlaHdil MOMIA JOCHTh YMOBHHH SIK 3 TOTJISIAY
3pa3ka (apKe MoJIT eHepreTHYHUX PiBHIB HAa OCTOBHI i BaJIeHTHI € YMO-
BHHM), TaK 1 3 IOTJIATY JKEpPEN BUIMPOMIHIOBAHHS, SIKI BAKOPHUCTOBYIOTh
(amwKe, BHKOPHCTOBYIOYH CHHXPOTPOHHE BHIIPOMIHIOBAHHS, MOXKHA
JOCHTIKYyBaTH (OoTOEMicito B Jiama3oHi Big M’SIKOTo ynbTpadioneTry 1o
KOPCTKOro X-BUIPOMiHIOBaHHS). 3 OIJISAAY Ha 1€, a TAKOX Ha Te, IO i
0o0Hu/IBa TUIM CHEKTPOCKOMIi BUKOPHCTOBYIOTH Ti K (Di3W4HI MPOLIECH,
MH HAa3WBaTUMEMO iX MPOCTO (OTOCTIEKTPOHHOIO CIIEKTPOCKOIIIEI0, TTa-
M’ SITar0ud, 0 30yIKyBalTbHIN (OTOH MOXE OYTH 1 3 pEHTTE€HIBCHKOTO,
1 3 ynpTpadioneToBOro eHePreTUYHOTO /Tiara3oHy.

8.3.4.1. Ilpupooa d¢homo- ma ooice-enekmponie. Xoda ¢GizuuHi
npuanau nosieu OE ta OF pi3Hi, 00uIBa THITN €NEKTPOHIB Aal0Th 1H)O-
pMarito mpo XiMiuHI eleMeHTH Ha ToBepxHi MarepianiB. ®E — 1e erne-
KTPOH, SIKHI eMITY€EThCSI 3 OOOJOHKH aroMma Tij 9ac MOTIUHAHHS HUM
¢dotona. Ha puc. 8.9, a cxematnaHO 300pakeHO eMicito GoToeTeKTpoHa
B pa3i 30yKeHHS aToMa (JOTOHOM.

PoToenekTpoH
-0 -0
€ €4 h OXEe-ereKTPOH
°
abo A €
L23 L23
L, 1o’ L,
hv
&
< 4 K O 4 K
a 6

Puc. 8.9. IIponec emicii xapaKTepUCTUIHUX €JIEKTPOHIB!
a — 1s dotoenexrpona; 6 — KL;L, ; oxe-enexkrpona.

Sk 3a3HaueHO B PO3Iijii 6, Magar0yMii KBaHT MOXKE MaTH SHEPIiro
(hv, h — crana ITnaska, v — 4acToTa), TOCTATHIO JUIS TOTO, 100 BUOUTH
CJIEKTPOH 3 BHYTPIIIHBOI 000JI0HKH, Hanpuknaa, K-obononku. ¥ tako-
My BUNAAKy BUOUTHI (HOoTOHOM K-€NeKTpOH eMiTyeThCs 3 TOBEPXHI SIK
®FE 3 kineTnuHOIO eHeprieto Ex. 3Haioum 110 KiHETHYHY €HEPTriio, MH
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MOKEMO PO3paxyBaTH CHEPTit0 3B’SI3Ky IBOTO ejekTpoHa y atomi (Es)
3a TAaKUM CHiBBiJHOIIICHHSM:

E,=hv—E -, (8.1)

ne © — e eHepris, HeoOXiTHa eNeKTPOHY, 00 BUUTH 32 MEXI TBEPIO-
ro Tina. 3HAYEHHS Mi€i eHeprii 3aJeXuTh Bil MaTepiady 3pa3Kka Ta
cnexTpomeTpa. EHeprii 3B’43Ky €JEeKTPOHIB y aTOMi € XapaKTepHUMH
3HAYEHHSIMH, TOMY IiX MOXXHAa BHUKOPUCTOBYBaTH sl imeHTH(ikamii
CJIEMEHTIB, aHAJOTIYHO 10 EHeprii XapakTepHUCTUYHUX X-KBaHTIB, IO
3aCTOCOBYIOTh Y PEHTreHiBcbkoMy aHamizi. EHeprii doToenexkTponis
TaKOX 3aJIeKaThb BiJ TOro, SK came 3B’SI3aHUM 3 OTOYEHHSIM aToM, 3
SIKOTO BOHW BHUIIUTH, TOOTO aTOM 3alli3a B MeTali BiAPI3HATUMETHCS Bif
aToMa Toro x 3amiza B okcuni. Tooto ®EC inentudikye ximiuni emne-
MEHTH 3a criekTpamu eHeprii 38’sa3ky @E. Tunosuii cnextp — me 3ane-
KHICTh IHTCHCUBHOCTI Bij eHeprii 3B’s13ky. ®E BuxomsTh 3 pizHUX 000-
JIOHOK Ta migo00moHOK. KoeH MiK Ha CIeKTpi 3a MeBHOi eHeprii 3B’s-
3Ky MO3HA4Yal0Th CUMBOJIOM €JIEMEHTA Ta CHMBOJIOM OOOJIOHKH, 3 SIKOi
BuitmioB ®F, nanpuknan, Al 2p. ¥V pasi no3naueHHs mig00010HOK p, d
ta f 10IaTKOBO BHHHKAE ApiO, 3HAUCHHS SIKOTO BU3HAYCHE IIOBHUM KY-
TOBHM MOMEHTOM eJieKTpoHa 00010HKH. Criektp @EC Moxke Takox mi-
cruty miku, 3ymoBiieHi OE. 3’scyemo npuuuHy IXHBOT TIOSIBU.

OE nasBani Tak Ha 4dectb [I’epa Oxe, mo y 20-x pokax XX cT.
pasom 3 Jlize MeiiTHep BiIKpUB OXKe-eleKTpoHHY eMicito. [Ipo mi eme-
KTPOHM MM BK€ 3raJyBajM y po3aiiax 2 Ta 5 B XoAi 0OroBOpEHHS
B3a€MOJII1 Maa0yoro My4Ka eJIEKTPOHIB 3 TBEPAUM TiIOM.

Ha puc. 8.9, 6 npoimtoctopoBano npouec Bunyckanus OE. Kosu
BHCOKOCHEPTeTUYHUN TEPBUHHUN €JeKTPOH (UM X-KBAaHT) MOTpaIUIsie
Ha BHYTPIILIHIO €JICKTPOHHY 000JIOHKY aTOMa, MOro €HEepris Moxe OyTH
JOCTaTHBOIO I TOTO, MO0 BHOWTH ENEKTPOH 3 Mi€i 00OJIOHKH (Ha
puc. 8.9, 6 ue K-o6ononka). AToM crae HOHI30BaHUM Ta MEPEXOAUTH Y
30y/pKeHUH cTa. BiH MIBUAKO MOBEPHETHCS 10O OCHOBHOTO CTaHy, 3aIo-
BHUBIIM TIHOOKY BaKaHCIIO €IeKTPOHOM 3 30BHIIIHBOI 000NOHKH. Pi-
3HHUIS CHEPTill 1IbOTO eNeKTPOHA Ha 30BHINIHINA Ta BHYTPIMIHIN 000I10-
HKax MOe crpuyuHUTH a00 emicito OF 3 meBHOT 00010HKH, 200 eMi-
cito xapakrepuctuyHoro X-kanra. Kineruuna enepris OE npubnusno
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JOPIBHIOE Pi3HUII €HEPrii 3B’SI3Ky €JICKTPOHHUX 00O0JIOHOK, 10 OepyTh
y4acTh B oxke-miporieci. Hampuknan, kinetnuny enepriro OE nHa puc. 8.9,
6 MO>KHa allpOKCUMYBATH BUPA30M

Ey s By —E,,, —E

KL1L2,3 3sL1 38123

D, (8.2)

ne Esux, Esspi, Esern; — eHeprii 3B°s3Ky eneKkTpoHiB Ha obomonkax K, Ly
ta L, 3, BinnoBigHo; @ — eHepris, HeoOXiJHA €IEKTPOHY, 00 BUITH 3a
Mexi TBepnoro Tina. Haromocumo, mo Bupas (8.2) nae rpyOy OLIHKY,
OCKIUJIbKM B HbOMY HE BpaxoBaHo Te, mo OE emiTyerscs 3 i0Ha, a HE 3
HEUTPAIIBHOTO aToMa, a WOHI3aIlisl IPUBOIUTE IO 3MIMIECHHS CHEPIeTH-
YHHX PiBHIB IOJI0 BUKOPUCTAaHUX y (8.2) piBHIB HEUTPAIILHOTO aToMa.

Io3navenns xinernuynoi eneprii OF ommcye ii moxomkeHHs, i cucre-
Ma MMo3Ha4YeHb JOCUTh cknanHa. Hanpukmnan, enepris OE y piBHsHHI (8.2)
BIZIMOBiJa€ mporiecy, 300paxxeHoMy Ha puc. 8.9, 6, xonu magaro4uii ene-
KTpOH BHOMBaE eieKTpoH 3 K-000J0HKH, yTBOPIOIOUHM BaKaHCIiIO, ene-
KTPOH 3 000JOHKHM L, 3alOBHIOE I}0 BaKaHCIIO, a €JIEKTPOH 3 OOOJIOHKHU
L,3; emityetbest sik OE. Omxe, OEC inenTudikye XimiuHi eneMeHTH
IIUITXOM BUMiprOBaHHS KiHeTHaHUX enepriit OE.

Tunoruii ciektp OEC — 11¢ 3aJie)HICTh IHTEHCHUBHOCTI BiJ KiHe-
trunoi eHeprii OE (puc. 8.10). Ha npomMy CrieKTpi KOKeH MiK KiHeTUYHOT
eneprii OF mo3na4yaroTh CHMBOJIOM €JIeMEHTa Ta IHACKCaMH — Ha3BaMU
00O0JIOHOK Ta MiI000IOHOK, 0 OEepyTh Y4acTh B OXKe-TPOLIECi, HAIpH-
knana, Alg . HalicunpHima B3aeMofis € MK TUMH €IIeKTpOHaMH, opOi-
Talli SIKAX PO3TAIOBaHI ONM3BKO OJHA JIO ONHOi, TOMY HaliHTEHCHBHI-
mmmMu € oxe-tiepexoqu Tamy KLL wn LMM. Ha npakrturli 3ayiexHicTh
iHTeHcuBHOCTI Bijt KiHetnuHoi eHeprii OE (puc. 8.10, a) 3aMiHsroTh 3aie-
JKHICTIO TIEPIIOi MOXIIHOI IHTEHCUBHOCTI BiJl KIHETHMYHOI eHeprii (iuB.
puc. 8.10, 6). Piu y Tomy, 1o yepe3 ciabkuii curnan OE (Many ixHro Ki-
JIBKICTh TIOPIBHSTHO 3 1HITUMH €MiTOBaHUMH 31 3pa3Ka eleKTPOHaMH (3BO-
POTHO PO3CISHUMH YU BTOPHHHUMH), OXE-TIKU € ManuMu (JIuB.
puc. 2.15). ludepeHmiroBaHHs Ja€ 3MOTY 3pOOUTH X MOMITHIIIIAMHU.

8.3.4.2. Peecmpayis pomo- ma ooice-enexkmponie. CydacHi npuia-
I JUTS eeKTPOHHOI criekTpometpii MoxyTh Mictuth 1 ®EC, i OEC B
OJHINM Kamepi sk OaraTo(yHKIIOHAJIbHY CHCTEMY aHali3y MOBEpxHi. Y
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CHEKTPOCKOMIHHUX AOCIHIIKEHHIX BHUKOPHCTOBYIOTh Takok CEM mis
Bi3yauizarii Ta BHOOpY raiy3ei JOCiHKeHHS.

200 600 1000 1400 1800
KiHeTu4Ha eHepris, eB

Puc. 8.10. Crextp OEC okucieHoi NOBEpXHi allOMiHiI0:
a — 3aJeXHICTh iHTeHcuBHOCTI Bix eHeprii OE;
6 — nponudepeHiiioBaHa 3aIeXKHICTh d.

3p0o3yMiJIo, IO 3aMUC €HEPTeTUIHOTO CIIEKTPa EMiTOBaHHX 3Pa3KOM
€JIEKTPOHIB € KIIFOYOBHMM MOMEHTOM YCiX BH[IB €JIEKTPOHHOI CIIEKTPO-
cxomnii. Eneprii nalikopucHimmx OE ta ®F, 3a3Bu4aii, 10CUTh HU3bKI
(KiIbKa KiJIOEJNIEKTPOH-BOJBTIB), 1 IX PEECTPYIOTH EJIEKTPOHHHUM CIIe-
KTPOMETPOM [EWI0 1HIIOI OYyIOBH, HDK CIIEKTPOMETP EHEPreTHYHHX
BTpPAT €JIEKTPOHiB, onucanui y po3aini 6. Crnextpu ®EC ta OEC otpu-
MYIOTh 32 JJOIIOMOT'OI0 €HEproaHaji3aTopa eJIeKTPOHiB, SKUH MOXHA Ha-
3BaTH CHEKTPOMETPOM TMOCTIJIOBHOTO THITy. 3aJIE)KHO Bij 3aBJaHHS,
CIEKTPH 3alMCYIOTh Y BUIJIA/I 3aJIGKHOCTI KIIBKOCTI €JEKTPOHIB Bij
eneprii N(E), abo »x nepmioi moxinxoi dN(E)/dE.

Ilpunan m1s 3amucy CHEKTPIB HA3WMBAIOTh aHANi3aTOPOM eHepril
€JIEKTPOHIB, a00 MPOCTO eHeproaHaiizaropoM. Mera Horo — BUAUINTH 3
YCbOT'O CIIEKTpa €JEeKTPOHH JIUILE TEeBHOI eHeprii, SIKy Ha3UBaIOTh EHe-
prieto npormyckanHs. [{fo eHeprito peryiomTh 3a JOMOMOTOI HAMpYT,
SIKI TIPUKJIAJal0Th 0 €JICKTPOJIB aHajizaTtopa. J[isi oTpruMaHHS BChOTO
CIIEKTpa 3MIHIOIOTh HAPYTW Ha E€JIEKTPOJIaX 1 PeECTPYIOTh CTPyM ele-
KTPOHIB K (YHKLIIO eHeprii mponyckaHHsa. B eneproananizaropax s
€JIEKTPOHHOI CIIEKTPOCKOIIii BUKOPUCTOBYIOTh MEPEBAKHO €JIEKTPOCTA-
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THUYHI CHJIH, & caMi aHaJi3aTOpy MOKHA PO3IUTUTH Ha JIBi TPYyNHU: aHali-
3aTOPU 3aTPUMYBAIBHOTO MOJIS Ta aHATI3ATOPH BiXMITIOBAILHOTO THILY.
AHami3aToOpu 3aTPUMYBaJIBHOTO TOJIS BiJICIKAIOTH EIIEKTPOHU 3
eHepriero, MeHIow Bif Eq = eV, ne Vo — Hanpyra, SKy IpUKIagaTh 10
3aTPUMYBaJIBHOTO €leKTpojaa aHajmizaropa (puc. 8.11, a). Anamizatopu
BIIXWIIOBAJIbHOTO THUIYy PEECTPYIOTH ENEKTPOHW 3 EHEprieio, Mo
JIOKHUTh Y MEXKaX BY3bKOTO CHEpreTHyHoro “BikHa” (auB. puc. 8.11, 6).

0 E, IS

B

a

Puc. 8.11. CriexTp eMiTOBaHUX 3Pa3KOM €JIEKTPOHIB 3apeeCcTPOBAHUMH:
@ — aHAJI3aTOPOM 3aTPHMYBAIBHOTO IO,
6 — aHAII3aTOPOM BiIXHMIIFOBAILHOTO THITY.

3areMHeHa TUTSTHKA Ha CTIEKTPi BIAMIOBiAa€ eNeKTpOHaM, IO iX BH-
Iitsie aHami3aTop. BumineHHs enekTpoHiB BiI0OYBa€eThCS 3aBISKHA TeOMe-
Tpii aHaNTI3aTOpa, OCKIIBKH JINIIE EIEKTPOHU MTEBHOI €HEPTii MPOXOIsiTh
0 3aJIaHiil TpaeKTOopii, 0 Beae A0 aeTekTopa. BinOyBaeThes 1ie B pasi
MPUKIIAIAaHHS €JIEKTPOCTATUYHOTO TIOJIS BIIOTIEPEK HANpsMy pyXy elie-
KTpoHiB. KpiM Toro, SIKIIO €JIeKTPOHU OJHAKOBOI €HEpril BIITAIOTH Y
aHai3arop il Pi3HUMH KyTaMH, TO Ha BUXIJIHOMY OTBOPi BOHHU BXKE
choKycoBaHi, a Lie MiABUILYE YyTJIUBICTh aHamizatopa. € pi3Hi Buan
aHAaJTi3aToOPIB BIAXMITIOBAIILHOTO TUIY: “IWITIHIPAYHE [3€PKAI0”, CEKTO-
PHUI TUITIHAPAYHAN Ta KOHLIIEHTPUYHUI HamiBchepUIHUI aHaANi3aTop.

JertanbHilne po3riistHeEMO poOOTYy KOHLEHTPHUYHOTO HamiBchepud-
HOTO aHaizaropa (4d HamiBCHEPUYHOTO CEKTOPHOTO aHali3aTropa),
sxkuil BUKOpucToByoTh Y ®EC Tta OEC min yac mpoBeaeHHs BUMIpIO-
BaHb 3 KYyTOBMM pO3AUICHHAM (pHc. 8.12). AHamizatop cKiIagaeTbcs 3
JIBOX KOHLEHTpUYHUX miBcep 3 pagiycamu R; Ta R,, 10 sSIKMX mpukiia-
JIAI0Th HEraTHBHI moTeHuianu Vi ta V,, BianosiaHo. IlpukiazeHi more-
HIlaJIM CTBOPIOIOTH EKBIMOTEHIIAJbHY MOBEPXHIO paaiycoM Ry (auB.
puc. 8.12). ITorenmian y3moBx 1i€i moBepxHi (Vo) BU3HAYAE TPOXiTHY
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eHepriro aHanmizaropa E, (Eo=€Vy). Uepe3 minuHy Ha BXOIi aHa-
Ji3aTopa HaIXOATh ENEKTPOHH BiJ 3pa3ka, a uepe3 MIUTMHY Ha BUXOII —
0 IEeTEeKTOopa, MPUYOMY JIWTH M0 IIi€l MIIHHA 1 BUHTH 3 aHaji3aTopa
MOJXYTh JIUIIIE IEKTPOHU 3 EHEpri€eto eV,

[o petektopa Big 3pa3ka

Puc. 8.12. ITpuHnun poGOTH KOHIEHTPHUYHOTO
HarmiBcepruyHOro eHeproaHaizaTopa.

VYci aHamizaTopu BiIXWITIOBATHHOTO THITY MOXYThH IIPAIIOBATH Y
nBoX pexxumax: 1) cranoro BimHomeHHss AE/E, 2) cramoro AE. Tlepumii
PEKUM pearti3yeThesl, KOJM SHEPriro MporyckaHHs Ey ckaHyroTh 3MiHOIO
HAMpYTH Ha eJIEKTpoAax. Y IbOMY pa3i 3 MiIBUILEHHSIM €Heprii mmpruHa
SHEepreTUYHOT0 BiKHA MOCTIHHO 3pOCTa€, a BiIHONICHHA iX € cTaiuMm. Y
npoMY pexxumi peectpytoth criektpu OE. [lpyruii pexkum BUHUKAE B pasi
MiATPUMKH CTAIOro 3HadeHHs Eq, 110 03Hauae TakoX crajie 3HaueHHs AE.
CHexTp OTpUMYIOTh, BUKOPHCTOBYIOUH ITPUCKOPIOBAIIbHY UM CHOBLIBHIO-
BaJIbHY Halpyry Ha BXOAi aHayizaTopa. Y TaKOMY PEXHMi PEeECTPYIOTb
cnekrpu OF.

8.3.4.3. Ananiz cnexmpis. Ha ciektpi ®EC MoxyTh OyTH TpH BHIU
MiKiB: 3yMOBJIEHI ()OTOEMICi€l0 3 OCTOBHUX piBHIB, oTOEMICi€l0 3 Ba-
JICHTHUX PIBHIB Ta OXe-emicieto. OCHOBHUMH 3 TIOTIISALY €IEMEHTHOTO
aHali3y € MiKM OCTOBHHX piBHIB. Ilikn BaJIeHTHHX piBHIB BUKOPHCTO-
BYIOTH MIiJi YaCc BHMBYEHHS €JEKTPOHHOI CTPYKTYpH 3paska. Orke-miKH
T€X BUKOPUCTOBYIOTH JUUIsl XIMIYHOTO aHAII3Y.

Ha cnekrpax ®F HasBHUl cX0IuHKONOAIOHUN (OH, 1110 3pocTae 3i
30UTBIICHHSM eHepril 3B°s13Ky. [IpudnHa foro mosBu — HENpYykHi po3ci-
saHs1 OE y 3pasky. Cnextp OE, sik yxe 3a3HaueHO, dacTime 300paxa-
I0Th y BUTIISI 3aJIE)KHOCTI MTOXiTHOI iIHTEHCHBHOCTI BiJl eHeprii. Jude-
PEHLIIOBaHHS, SIKE A€ 3MOTY HE JIMIIE 3pOOUTH NOMITHIIIUMH OKe-Ti-
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Kd, a ¥ 3HM3UTH (DOH, BiAOYBAETHCS 3a JOMOMOTO MPOTPAMHOIO 3a-
6e3neuenns. Jlerki enemeHnT ineHTH}IKYIOTh Ha oxe-criekTpi 3a KLL-
JIHISIMH, OJHAK JUTSI €JIEMEHTIB 3 aTOMHAM HOMEPOM BHIIE 15 duCiIeHHI-
muMe cTaroTh yxe LMM un MNN oxke-riku.

Otxe, ®EC ta OEC € morykHHMHU 3aco0amMy XiMIiYHOTO aHaTi3y
MOBEpXHi. 3a iXHBOIO JOMOMOIOI MOXKHA iIeHTH(IKYBaTH XiMidHi ene-
MEHTH Y TPUIIOBEPXHEBOMY IIapi TOBIIMHOIO KilbKa HAHOMETpiB. Baxk-
JUBO TaKoX Te, mo no3uiii mikiB Ha @PEC Tta OEC cnekTpax 4yTiuBi 10
XIMIYHOTO CTaTycy eIeMeHTIB, TOOTO PO3TAaIlyBaHHS IKiB TOTO X ee-
MEHTa B Pi3HUX CIIONyKax Oyzae pizHuM. Lle siBuie Ha3uBarOTh XiMIYHUM
3CYBOM CIIEKTpiB, BOHO Ja€ JIOJATKOBY iH(OPMAIIIIO ITi/T Yac aHami3y.

ImenTHdikamis mKiB Ha CHEKTPl € TOJIOBHUM 3aBIaHHSIM SKICHOTO
aHaymizy. Y mepiioMy HaOJIMKCHHI MOKHA BUKOPHCTATH TaOJIMYHI JaHi
Ut eHeprii 3B°s3ky. OmHak came 3aBaanHA igeHTudikamii PEC cnek-
Tpa € HeTpuBiabHUM. [IprunHa momnsirae y 3ralaHoMy XiMIYHOMY 3CYBi
Ta 1HIIUX OCOOIMBOCTSIX TAKOTO CIIEKTPA.

Inentudikanis mikie OEC € npsimoro: iX Tpeba MOpiBHATH 31 CTaH-
JapTHUMU Tikamu 3 6a3u ganux. Oanak y cnextpi @EC inenTudikamis
MoOke OyTH ycKIaJHEHa came uepe3 HasBHICTh Oke-mikiB. st Toro,
o6 Bigpizauty niku OF Bix OE, BUKOPUCTOBYIOTH J1Ba pi3Hi X-IxKepe-
na: ockinbku eHepria OE 3MiHIOBaTUMETHCS 31 3MiHOIO €Heprii onpomi-
HIOBaNbHUX (DOTOHIB, To oxe-miku y crnekrpi @EC 3cyBaTuMyThCs B
pasi 3MiHHU JpKEpea.

Ha nonoxenns mikiB y cnekrpax ®EC BrimBaoTs yMOBH poOOTH
CIIEKTpOMETpa Ta cama MoBepxHs 3paska. [lepen ineHTUdIKaIliE€IO TKIB
@®EC gacto notpidHO npokaniOpyBaTH CIEKTPOMETP, 11e 0COOJIMBO Ba-
KITMBO JUTA 3pas3KiB 3 HU3BKOIO MPOBiAHICTIO. Lfo mpouenypy BHKOHY-
I0Th, BUKOPHCTOBYIOUH BHYTPIIIHINA CTaHAAPT — €IEMEHT, ITiK SIKOTO Jie-
MOHCTPYE CITa0KHIA 3CYB UM HE 3MIIIYEThCS B3araii. TakuM CTaHIapTOM
Moxke OyTtr KpemHiiH. Yacto Takoxx BUKOPUCTOBYIOTH C 1s (285 eB) mix
BiJl BYIJIEI[IO, aJICOPOOBAHOI0 Ha MOBEPXHI 3pa3ka. Byrienp Bix opraHi-
YHMX 3aJIMILIKIB Y MOBITPi MOXKHA 3HAWTH Ha BCIX 3pasKax, Mo mepedy-
Banu B cepenoBuili. [liku eHepriii 38’s3Ky OCTOBHUX PiBHIB, sIKi MOXKHa
3HAWTH B TAONHIAX, JOCTATHBO YHIKANBHI s ineHTu(ikamii emeMe-
HTiB. XIMIYHHMIA 3CYB MKIB €HEpTii 3B’S3Ky €JIEMEHTIB CHPHYMHEHUH
iXHIM XIMIYHUM CTaHOM. 3aJijIsi KOPEKTHOI ifeHTU]IKaIii miKiB Tpeda
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3HATH 3HAYEHHA 3CYBiB. 3a IOTIOMOTOI0 3CYBiB MOXHA TaKOX ieHTUi-
KyBaTH He JIMIIE eJeMEHTH, a ¥ ixHi XimMiuHi crionmyku. OgHaK MaleHbKi
3MIMIEHHS TiKiB MOXXYTh IPU3BECTH JI0 IXHHOTO B3a€EMHOTO ITEPEKPUTTS,
TOAlI JUIA IXHBOTO PO3AUICHHS BHUKOPHCTOBYIOTH IMporpamHe 3abesre-
YCHHSI.

Bizyanizayia. ®EC ta OEC M0)XHa Tako)k BUKOPUCTOBYBAaTH IS
aHaJi3y po3MoAily XIMiYHHX €JIEMEHTIB Ha MOBEPXHi, OTPUMYIOUH KOM-
MO3UIIIIHI KapTH, 0 HaraayroTh peHTreHiBchki. B OEC Taki nBoBuMI-
pHI KapTh OTPUMYIOTh CKaHYBaHHSM TOBEPXHI 3pa3zka Cc(HOKyCOBaHUM
Iy4KOM EJIEKTPOHIB (JiaMeTp eIeKTPOHHOTO IydKa MOXKE CsraTH
10 uMm), a iXHe pPO3ZiNICHHS BHU3HAYEHE, TOJIOBHO, JiaMETPOM IIydKa.
Amnani3 3a gonomororo OEC € ckaHyBaabHOrO THITY, 1 HOTO 1I¢ Ha3uBa-
I0Th CKAHY8aNbHOI odice-Mikpockonicto. Pactpose 300paxenHs B OE,
0 BigoOpaXkae PoO3IMOALT eeMeHTa, OTPUMYIOTh Y pa3i HaJlallTyBaHHS
EJIEKTPOHHOTO eHeproaHamizaropa Ha meBHy JiHito. lllo crocyerbes
¢dhoToHiB, axi 30ymKyrTh emicito E, To ix chokycyBatn Baxkue, 0co0-
JUBO KOJM WOEThCSA TPo (HOTOHM PEHTTEHIBCHKOTO Jiama3oHy, ajKe
BOHHM HEHTpasbHI 1 HA HUX HE BIUIMBAE CJIICKTPOMArHiTHe mone. Y Ccy-
YacHUX TPUIIAIax 3a JIOTIOMOTOIO CIelialbHOI PEeHTIeHIBChKOI TapMaTH
Ta KpHCTaJa-MOHOXPOMAaTOpa MOKJIMBO OTPUMATH MOHOXPOMATHYHHA
my4oK X-TTPOMeEHiB 3 AiameTpoM npuOim3Ho 10 MKM.

3apmaxu maniii TmuouHi Buxony (~ 1 am) OE maroTh myke BHCOKE
po3aiieHHs mo rmbuHi. 1o % cTocyeThbes J1aTepaabHOro, TO BOHO 00-
MexxeHe BHeckoM OE, 3reHepoBaHHMX 3BOPOTHO PO3CISTHUMHU E€JIEKTPO-
HaMH B pa3i BUXOAy 3i 3pa3ka. BoHo € He ripmmM 1 MKM, IO 3HA4YHO
JITIIe, HXK y PEeHTTeHIBChKOI KapTH PO3MOIiTy eleMeHTiB. B3arami ka-
KYy4H, [ aHATI THIHA METOJIMKA aHaITi3y TTOBEPXHI Ma€e HAMIIIIIIIe PO3/Ii-
JICHHSI 110 TUIOMINHI.

8.3.5. Pamaniscoka cnexkmpockonis. Jlekonu TOBXKHMHA XBHII CBi-
TJ1a, PO3CISIHOTO 3Pa3KOM, 3CYBA€ThCS a00 y OIK OLIBIINX JOBXKUH XBHIIb
(cToKCiB 3CyB, IIO BiIMOBIAa€ 3MEHINECHHIO eHEpPrii), a00 y OiK MEHIIUX
JIOBXXHH XBWJIb (aHTHCTOKCIB 3CYB, IO BiAIOBiAE 301IBIICHHIO €HEPTi).
CriekTp BiIOMTOTO CBiTJIA, IO MICTUTH Pi3HI CTOKCOBI Ta aHTUCTOKCOBI
JIHIT, € “BiIOMTKOM” HasBHOCTI XIMIYHHX €JIEMEHTIB Ha MIOBEPXHI 3pa3ka.
ToMy pamaHIBCbKa CIIEKTPOCKOIIiSi € YyTIMBOIO AHATITUYHOK METO-
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JIMKOR0, IO Ja€ iH(OpMAaIlito HE JIUIIE PO SICMEHTH, & TAaKOXK MO IXHIiH
ctan. Ii 9acTo IPOBOJATH 32 JOMOMOTOIO CTIEKTPOMETPA, MPUETHAHOTO 70
ONITHYHOTO Mikpockoma. [Ipore miopa3 wacrime paMaHiBCBKY CIIEKTPO-
CKOIIIIO TIPOBOIATH 3a JOIIOMOTOI0 KOH()OKaIHHOTO MIKPOCKOIa, 3rajia-
HOTO BHIIIE, SIKUH J]a€ 3MOTY JICTKO 3HAWTU UISIHKY, 110 [IKaBUTh JOCIi-
JTHHKA, 1 TPOBECTU CKaHyBaHHS JIJIsl OTPUMAaHHS XIMIYHUX KapT.

8.4. lonoBHIOBAJIbHI TU(PPAKIiiHI METOAUKHI

€ OaraTo BIJIOMHX Ta INHPOKO 3aCTOCOBHHMX METOJIB PEHTIe-
HIBCBKOI TU(paKIIii, 110 JOMOBHIOIOTH METOJIU CJICKTPOHHOI T paKiiii.
Hetani ix BUXOIATh 3a MeXi Hamoro Bukiany. [udpakimis HEHTpOHIB
TaKOXX BaYKJIMBA I MaTePialO3HABYMX JOCIIIKECHb.

Jugppakuia eucoxoenepzemuunux eneKmpoHie Ha 6i0OUBAHHA
ma ougppaxuin nosinvrnux eaexkmponie. OOTOBOPCHHS EIEKTPOHHOI JH-
¢pakuii Oyno 6 HeMOBHUM 0e€3 3rajku PO AUPPAKII0 BHCOKOSHEPTeTH-
YHUX €JIEKTPOHIB Ha BinOuBanHs (JJBEB) Ta mudpaxuito moBib-HUX ee-
krpoHiB (I1E). [letansHy mOBEpXHEBY CTPYKTYpHY iH(POPMAIIII0 MOXKHA
oTpuMaTH 3 AU(PAKTOrpaM MOBUTBHUX €IIEKTPOHIB, X04a IXHs iHTepmpe-
Tallisl € HENPOCTOIO.

OOuRBI 11i METOIMKHA BUKOPUCTOBYIOThH JJIi 3MEHIIICHHS TOBIIUHHU
MPUTIOBEPXHEBOTO APy, 3 SKOTO OTPUMYIOTH AU(paKkiiHy iH(GopMAITito.
Y JIIE nepBuHHMH My4OK Taja€ Ha TOBEPXHIO 3pa3ka IiJ| MPSMUM
KyToM (muB. puc. 8.13, @), ogHaK 3aBASKH MallAM €HEPTisiM eNeKTPOHIB
rIMOMHA IPOHUKHEHHS TeX Tyxe Majia. EdexTrBHa ToBIIMHA MaTepiaty,
3 SIKOi 30MparoTh MudpakiliiiHy iHpopMaIlito, 3HaYHO 3MEHIITY€ThCS B pasi
BUKOpHCTaHHs MeTony BinOusanHs. Y JIBEB nepBuHHMI TTy9OK CripsiMO-
BYIOTh Ha 3pa3oK IMijJl KOB3HUM KYTOM TajiHHS. 3aBISKH IIbOMY HOTO
MIPOHUKHEHHS 111 TIOBEPXHIO € MAIIUM, sIK 0aunMo 3 puc. 8.13, 6.

Jugppaxyia 3 pinompyeannam 3a enepeiero. Jlingaka, y sxiii tpeda
OYiKyBaTH MOJAIBIIOTO PO3BUTKY, — (DiIBTpyBaHHA eHeprii ans audpa-
KUIHHUX KapTUH B €JIEKTPOHHOMY MIKpOCKOMi. Y po3aiii 6 3ragaHo mpo
3pOCTaHHS POJIi MIKPOCKOIIB 3 (QUILTPYBaHHSM 32 €HEPricro JJsi OTpH-
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MaHHS 300pa)KeHb, 3yMOBJICHMX KOHKPETHUMH CHEPIeTUYHHMH BTpaTa-
MH 1, OT’Ke, KOHKPETHUMH CIICMEHTAMH.

Q

@
-
<«

o))

Puc. 8.13. Tudpaxiiist eNeKTPOHIB BiJl KPUCTATIYHOTO 3pa3Ka
Ha MPOCBIT (@) Ta Ha BinOuBaHHA (0).

Jdudpaxtorpamu 3 GiIbTpyBaHHSIM 3a €HEPTI€I0 € TAKOXK TyXKe KO-
PUCHHMH, OCKIIBKH HA0Th 3MOTY YCYHYTH HEIMpPYXHO PO3CisHI ele-
KTPOHH, IO 32 O3HAYEHHSIM BTPATHIIM MeBHY eHepriro. CymapHi audpa-
KTOTpaMHU MICTSTh JIMIIE TPYXXHO PO3CISHI ENeKTPOHU, TOMY 3 HHUX
MOJKHa OTpUMATH AyKe ApiOHI JeTami, sSKi B IHIIOMY BHUIAIKy Ty-
ONATHCS B HETIPY)KHO PO3CisTHOMY (OHi.

8.5. [TopiBHAHHS METOAUK

Hopiensanunsa eizyanizauiiinux memooux. KoprucHo nopiBHATH Pi3Hi
METOJIU OTPUMAHHS 300paKEHHS 3 TIOIISY X JIaTepaIbHOTO PO3JIUICHHS,
a TaKOXX PO3JIUIEHHS Y TPETbOMY BUMIpi (TOOTO y rmbuny). Mu 3poduinm
e Ha puc. 8.14, 300pa3uBIIM 3aNEKHICTH TJIIMOWHHU BiJl JIATEPAILHOTO
po3nineHHs. JUISHKM U1l PI3HUX METOJMK 3HAYHO NEPEeKpUBAIOTHCS,
yoro i Tpeba Oyno cnoziBatucs. Harojgocumo, 1o riuOrMHa HE 3aBKId
TOTOXHA TIOHATTIO TJIMOWHU T10JIs, BU3HAYeHOMY B po3nimi 1. Hanpukian,
Mexa mmOuHM 1o ais iHdopmarii Big IIEM He € HOMiHAJIBHO
IMUOMHOI0 TOJIS, a BWU3HAYCHA TOBIIMHOIO 3pasKka, Kpi3b SKUH MOXKe
npoiit my4ok. {00 300pa3uT MOKIMBOCTI TaKOro MIMPOKOro Habopy
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METOJIUK Ha OAHIM niarpami, Macmrad Ha 000X OcsX JorapupMidyHHH,
TOOTO HACITPaB/Ii KOKHA METOJIMKA IPOCTATAETHCS Ha KUTbKA ITOPSIKIB.
3a3HaunMO, IO MOKJIMBOCTI 0araTboX METOAWK ITePEKPHUBAIOTHCS,
0COOJTUBO 11 CTOCY€EThCs Jiana3ony posaiieHs 10—-100 M. OfHak KoXxKHA
METOZMKa He OOOB’S3KOBO Ja€ 300pakeHHS Ti€l X MUITHKU 3pa3ka.
Hanpuknan, CEM ta IIEM 3HauHO NepeKpHUBaIOThCS, OJIHAK MEpIa A€
300pakeHHs IOBEPXHi, a pyra — BHYTPILIHBOI CTPYKTYPH 3pa3Ka.

Ilopienanna memoouk aunanizy. I'padidHe TOPIBHIHHA KIJTBKOX
AHATITHIHUX METOAMK 300paxkeHo Ha puc. 8.15. e 300pakeHHS CXOXkKe
Ha puc. 8.14, omHaK 3aMicTh TTIHOMHH 300paKEHHS MU BiKIIaJa€EMO TIIH-
OuHY (BiZ MOBEpPXHi), 3 sIKOT HAJAXOAUTH aHaNiTHYHA iHQopMaris. Haromno-
CHUMO, 1[0 METOJIMKH TaKOK MOXKYTh 3HAYHO BIJPI3HATHUCS 3 MOTJISAIY Jlia-
Ma30HY PEECTPOBAHUX CIIEMEHTIB Ta Uy TJIUBOCTI.

mp
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THM TMKM TMm M 1 HM 1 MKM 1 Mm
PosaaineHHsa PoagineHHs
Puc. 8.14. KapTuHa IinssHOK Puc. 8.15. Cxema pocTOpoBOroO
JOCSDKHMX PO3JiNeHb i rubuHa, 3 IKoi PO3TalllyBaHHs AUITHOK 3pa3kKa, 3B1IKU
MOXHA OTPUMATHU 300paxeHHs OTPUMYIOTh aHAIITHYHY iHpOpMaLio
PI3HUMH METOJMKAMHU. Pi3HUMH METOJUKAMH.

BucHOBOK, sIKMii MOKHA 3pOOUTH, CXOXKUI HA TOH, KU 3pOOJICHO
BHIIIE: JKOHA 3 METOJUK HE € YHIBEPCAIbHOIO 1 HE MOYKE BUPIIIMTH BCIX
3aB/iaHb, TOMY HEOOXIJHO BUKOPHCTOBYBATH TXHIO CYKYHHICTb. Llst ixes
€ TIPOBIIHOIO B YCHOMY HAIIOMY BHKJIA]I].

OTxe, icHye 0arato pi3sHHX BHUAO3MiH €JIEKTPOHHHUX MIKPOCKOIIIB,
30HJ0OBUX MIKPOCKOIIB Ta METOJUK JOCTI/DKEHHs Ha iXHild ocHOBi. He
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MOJKHA CTBEpP/KYBATH, IO SKACh i3 HUX € KIHLIEBOIO METOAMKOIO: iX
Hajalll yIOCKOHATIOBATUMYTh, a iXHS €(QEeKTHUBHICTH ITiJBHUIyBaTHMe-
TBCA, BOJTHOYAC PO3POOIATUMYTH HOBI METOUKH, 1, MOXKITUBO, 3PEIITOI0
BIIaCThCS TIOJIIITATH OTPHUMAHHS Ta IHTEPIIPETAIlifo JBOX 1 OLIbIIe
CUTHAJIIB Bij 3pa3kiB. Yce 11 pOOUTUMYTb JIFOH, SIKi pO3yMiloTh (Pi3uKy
OTpUMaHHS 300paskeHHA Ta aHani3y. O3HalHOMIICHHS 3 UTUMH (Pi3HUYHIMU
OpUHOHUIAMU MU 1 cTaBwid cobi 3a mery. CmoaiBaemocs, IO, HpH-
HalMHI 9aCTKOBO, HaM L€ BJaJIOCS.

o

KouTpoabHi 3anuTaHHs i 3aBIaHHS

[lepeniviTh TpU METOAMKH, y SKUX BHKOPUCTOBYIOTH TOCIiTOBHE (o-
PMyBaHHS 300pakeHHS, Ta TPH, y SKHX BUKOPHCTOBYIOTh IapajiebHE.
Jo stxoi kaTeropii B O 3a9HUCITHIIN MOJIHOBY 10HHY MIiKPOCKOIIIF0?
[No3utiitHo YyTIMBUI aTOMHHN 30HI A€ 3MOTY IIPOBECTH IyXKE Uy TIHU-
BUH aHalIi3, MiJ Yac KOO MOXKHA MTOJIYUTH OKPEMi aTOMH MIEBHOTO elle-
MeHTa. Peectpartist omHOTO atoma 3 10° nae gytiuBicTh 0.0001 % (1 ua-
CTMHKA Ha MUIbHOH — ppm). YoMy X 11eii aHaji3 He BUKOPUCTOBYIOTh
JUIS. BU3HAUCHHS BMICTY BYIJICHIO Y CTalli UM 3alli3a B AFOMIHI€EBOMY
cruasi 3 Tounictio 1o 0.0001 %?

CraTH4Hy Mac-CIIEKTPOMETPII0 BTOPHHHUX 10HIB MOYKHA BUKOPHCTOBY-
BaTH JUI peecTparliii ta aHamizy ax mo 1/10 MoHoIapy TBepaoi mose-
pxHi. SIKIO aHai30BaHa JUITHKA CTAHOBUTH | MMZ, TO OLUHITH Kilb-
KiCTh aTOMIB, 1110 OEPYTh y4acTh y TAKOMY aHAJIi3l.

YuM cTaTMuHa Mac-CIIEKTPOMETPisi BTOPHHHHX 10HIB BIIPI3HSETHCS Bil
JIMHAMIYHOT?

s 9oro nudepeHIloTh 0Ke-CIIeKTPU?

YoMy 03Ke-CIIeKTPOCKOIIiSl € METOAOM IOCIIDKCHHS TOBEpXHi Ta TO-
HKHX MPUITOBEPXHEBHX IapiB?
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