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JIABOPATOPHAS PABOTA Ne 1

PEHTTEHOBCKAS TEXHUKA
[enb pabOTHI:
l. moNy4HuTh 3HAHWSI O CIEKTPaX PEHTICHOBCKOTO H3ITydeHHUsl (CIUIONIHOTO M
JMHEHYATOT0) U YCIOBHSIX UX MOSBIICHHSI;
2. U3YYHTh YCTPOWCTBO M PabOTy OCHOBHBIX THIIOB PEHTTEHOBCKUX TPYOOK, Kamep,
CUYETUYMKOB M3TYUYCHUS JJISI CTPYKTYPHOTO aHAJIMN3a;

3. MO3HAKOMHMTBCS C METOJaMH PEHTIEHOBCKON ChEMKH, MPUTOTOBICHUEM 00pa3IioB
JUTSL ICCIIEA0OBaHMUS, 00pabOTKOM (POTOIICHKH;

4. 03HAaKOMHUTHCSI C OCHOBHBIMHU Y3JIaMH, OJIOKaMH, YCTPOMCTBOM M pPabOTOM
PEHTI€HOBCKHUX TU(PPaKTOMETPa U MUKPOAHAIHN3ATOPA;
5. IpOBECTH ChEMKY PEHTI€HOIPAMMBI U €€ XMMHUYECKYI0 00paboTKYy;

6. Ha pEHTT€HOBCKOM JIU(PpaKTOMETPE 3apEerucTpUpoBaTh Npoduian JudpakIIMOHHBIX
JUHUK C TpeUIOKEHHBIX 00pa3noB (IPOBECTH 3alMUCh MHTEHCHUBHOCTEH Ha
IarpaMMHOM JICHTE MOTEHIIMOMETPA HETIPEPHIBHBIM U IIarOBBIM CKAHUPOBAHUEM ).

2. TCOpGTI/I‘{GCKI/IG CBCACHUA

PeHTreHoBckHe Tydu BO3HUKAIOT MPU B3aMMOCHCTBUH OBICTPOJICTSIINX JICKTPOHOB
c BemiecTBOM. [lodydaroT PEHTrEHOBCKHE JIy4d B CHEIUATBHBIX PEHTTCHOBCKHUX
TpyOKax, UMEIOMINUX CXeMy OOBIYHOTO BAaKyyMHOTO JTHOJA.

Kunernueckasi 2Heprusi TMOTOKA OBICTPHIX JJIEKTPOHOB BO30YKIAaeT aTOMBI
MOBEPXHOCTU aHoxAa. llepexon BO3OYXKIEHHBIX aTOMOB B YCTOWYMBOE COCTOSHUE
COMNPOBOXKJIAETCSI MEPEXOJOM DJIEKTPOHOB HA BHYTPEHHUE OOOJOYKM U BBIACICHUEM
SHEPI'UU B BUJIEC SJICKTPOMATHUTHOTO U3ITyYCHUSI.

JIro00e AIeKTpOMarHuTHOE BOJTHOBOE M3JyYEHHUE, B TOM YMCJIE PEHTI€HOBCKOE,
XapaKkTepu3yeTcsl JIMHOW BOJIHBI A, KOTOpas, SBJISISICH MEPOW SHEPrUU H3ITy4YEHUS,
OTIPENICNIACT €ro CBOMCTBA. PEHTreHOBCKOE H3Iyuye€HHE —KOPOTKOBOJHOBOE. JIJIMHBI
BOJIH PEHTT€HOBCKHUX JTy4€il, UCIIOIb3YEMBIX JIJISl aHAJIM3a METAJUIMYECKUX MAaTEPHAIIOB,
nexar B uHTepBane ~0,05.. .0,25 mm. ([ns cpaBHeHus ykakem, 4TO JJIMHBI BOJIH
BUIUMOro cBeta HaxoasTcs B uutepsaie 400... 700 wm).

B Tabn. 2.1 mnpuBeneHnl 3HAYEHUS JUIMH BOJIH JUISL Pa3HBIX BHJIOB
ANEKTPOMArHUTHBIX U3ITyYEHUH.

N CTOYHUKOM 3JIEKTPUYECKOM SHEPruu JUisi PEHTTCHOBCKOW TPYOKU CITYKUT
PEHTreHOBCKUI anmapaT. BmecTe ¢ peHTreHOBCKOW TpPyOKOW M CUETYUKOM PEHT-
T€HOBCKUX KBaHTOB OH COCTaBJIIET PEHTTCHOBCKYIO ycTaHOBKY. Ha puc. 2.1 moka3ana
CXeMa YCTpOMCTBa PEHTIEHOBCKON TpyOku. B BakyymHOM OanoHe TpyOKd 3a cyeT
TEPMOAMHUCCHUM KaTOJa MO/ IEUCTBUEM BBICOKOT'O MOCTOSIHHOT'O aHOJHOTO HAIPSIKEHUSI
- Ua (Heckonbko necsaTkoB kKB) dopMupyercs mydok OBICTPONETSAIIMX SJIECKTPOHOB
OOMOapIUpyIOMUX ~ aTOMbl  BEIIECTBA  3€pKajla  aHoJa.  DJIEKTPOMArHUTHOE
PEHTIEHOBCKOE U3TyYeHUE BOSHUKAET B 00JIaCTU aHO/IA.



Ta6u. 1
3HavYeHUs AJMH BOJIH Pa3HbIX U3JIyYeHUN

Bua uznydenus A, cM
PaauoBOTHBI 3*10° - 5*103
CBETOBBIEC BOJIHBI:
Undpaxpacusie (UK) 5*102— 8*10°
BUIUMBII CBET 8*10° — 4*10°
ynbTpaguosnerossie (YP) 4*10°° — 107 (4000.4—10 4)

PenTreHoBCcKrE BOIHBI:

TOPMO3HBIC JTy4H (CIUIOLIHOM CIeKTP) | 8*106 — 1010 (800 e 0,01 21)

XapaKTePUCTHICCKUC nyau | oo 0 0
(JIMHEeNYaThI CIEKT), 4*10° - 5*10"" (400 4-0,05 4)
JIy4u pamgHoaKkTUBHOTO paciasia 2%10° — 0,6*10°11 (2 41— 0.0006 4 )

C poctom aHonmHOTO HampspkeHus - Ua Ha TpyOKe W MOpSAKOBOTO HOMeEpa - Z
BEILECTBA 3€pKajla aHOJa JJIMHA BOJIHBI - A PEHTT€HOBCKUX Jy4Y€d YMEHbBIIAETCA U
pacTeT UX MNpoOHUKawIas crnocoOHocTs. KoapduuueHt mnone3Horo AecTBus
PEHTI€HOBCKOM TpyOKM Man U cocraBisger He Oonee 2% (kak y OOBIYHOM
ANeKTprUeckoi amrouku). OcHoBHas yacTh 3Hepruu (10 98 — 99%) pacxomyercst Ha
HarpeB 3epKaja aHo/a, BO30yXJIeHHEe aTOMOB €r0 PeIIeTKH, KOTOphIe HE AAar0T BKJIaaa B
MOIIIHOCTb PEHTT€HOBCKUX CIIEKTPOB.
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A=
p.n.

Puc.1. Cxema ycTpoiicTBa peHTT€HOBCKON TPYOKHU:
p.n. — PEHTITEHOBCKUM Iy40K, A — aHoz, K - katon

K ocHOBHBIM CBOMCTBaM PCHTICHOBCKOT'O U3JTYUCHUS OTHOCATCA:

1. criocOOHOCTh PEHTTEHOBCKUX JIyded MPOXOJAUTh CKBO3b HEMPO3padyHbIC IS
CBETOBBIX Jy4ued TBepHAble Tela (4eM MEHbIe JJIMHA BOJHBI, T€M OOJbIIE SHEPTHUS
PEHTIC€HOBCKOTO U3IyYeHUs, TeM Oojiee «OKeCTKHM» OHO SBISETCS U TEM JIydIle
MPOXOJUT CKBO3b BEIIECTBO). OJTO CBOMCTBO MCIOJIB3YIOT B PEHTTEHOBCKOMW
neheKTOCKOIHUH, TTO3BOJISIFOIIEH MPOBOANTH SKCIPECCHBIN HE pa3pylalomuid KOHTPOIIb
TpyOOTIIPOBOIOB, OOIITUBOK KOPaOeH, HECYIUX KOHCTPYKIIUA MOCTOB | T.II. TOJIIMHON
nmo 0,5 m cranmu. Ha »sToM ke mnpuHUMIE padoTaeT amnmaparypa MEIUIUHCKOM
PEHTTE€HOBCKOM JUAarHOCTHKH;

2. crOoCOOHOCTh BBHIOMBATH W3 ATOMOB JJIEKTPOHBI, T. €. MOHU3UPOBATh HMX, UTO
BBI3BIBAET OMOJOTUUECKOE JEUCTBUE (MOHU3ALIUIO MOJIEKYJI, BXOJSIIHNX B COCTaB KPOBU



U TKaHed >XMBOTO OpraHusma), ¢ororpaduyeckoe IEHCTBUE (Pa3IOKEHHUE MOJICKYI
OpomucToro cepebpa, BXOASAMIMX B COCTaB (POTOIMYJbCHUH), JTIOMUHECLECHIIUIO
(cBeueHHE) HEKOTOPBIX MaTepHaloB, BTOPUYHOE ((IIHOOPECIEHTHOE) PEHTTC€HOBCKOE
U3ITyYeHHE. DTU CBOMCTBA HMCIIOJIB3YIOT JJISI PETHCTPALMA PEHTICHOBCKOTO HM3JIYUYCHUS
($hOTOMETOIOM a TaKXkKe C MOMOIIBIO CIUHTHUISIIHOHHBIX ¥ Ta30BbIX CYCTUYNKOB;

3. cmocoOHOCTh audparupoBaTh (T.€. 3aKOHOMEPHO OTKJIOHSTBHCS OT
NEPBOHAYAJIBLHOTO HAMpABICHUSA) TNPU MPOXOXKICHUU UYepe3 KPUCTAJUIMUECKHUE
BEILIECTBA. DTO CBOMCTBO JISKUT B OCHOBE PEHTT€HOCTPYKTYPHOTO aHAJIN3a.

B peHTreHoBCcKuX amnmaparax MIMPOKO HCIOJIb3YIOTCSI PEHTT€HOBCKHE 3alasiHHbIC
aneKTpoHHbIe TpyOKku Tuna bCB-2 (puc.2.2).

TpyOka mnpexacraBisieT co0OMl CTEKISHHBIM OauioH, B KOTOpPHIA BIAsHBI JBa
ANEKTPOJA: KaTOJ, BBINOJHEHHBI B BHJE CHOUPAIM M3 TOHKOM BOIB(PaMOBOI
IIPOBOJIOKM M aHOJ - B BHJIE MAacCUBHOTIO MeaHoro Tema. dopma HUTH Hakajla H
(OKyCUPYIOIIETO KOJIMAayKa 3aBUCAT OT TPEOOBAHUM K reoMeTpuH (POKYCHOIO IMATHA
Ha aHoJie¢ TPYOKH - KPYIJoro wiu juHenhuyatoro. B TpyOkax c kpyribiM (poxycom
HUTh Hakaja BBINOJIHAETCS B BUJE IUIOCKOW cnupanu. B TpyOkax ¢ nuHeHdaTsiM
(boKycoM - B BUJI€ UMITUHAPUYECKON CITUPAIIH.

Ilpumeyanue: 1N TONYYEHUS] PEHTITEHOIPAaMM C BBICOKMM  pa3pelieHueM
UCIOJIB3YIOT OCTpo (okycHbie TpyOku. Hammenbinyro tmiomans ¢okyca mpu
HauOOJBIIEH MOUTHOCTH JAIOT CHEIUaIbHbIe TPYOKH C Bpamaromumcs anogom. Jlis
MIPOBEJICHUS CIIEKTPAJIBHOTO aHan3a MEPBUYHOrO U3IIYYEHUsI (SIMUCCUOHHBIN METO)
UCIIOJIB3YIOT pa30OpHBIE TPYOKH, TMO3BOJSIONIME HAHOCUTh HAa WX aHOJBI
HCCIIEyEMOE BEIIECTBO.

-~
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Puc. 2. Cxema 3amassHHOM »3yekTpoHHOM TpyOku Tuma BCB-2 (Ge3omacHas, mis
CTPYKTYpPHOT'O aHaJIN3a, C BOJASHBIM OXJIAKICHUEM):

| - xarox, 2 - pokycupyronmii KoJamavok, 3 - OKHa JJIs BBIITYCKAa PEHTTEHOBCKUX JTy4Uei,
4 — aHOM, 5 - 3AIMTHBIN MUIMHAP, 6 - 3aNTUTHBIN KOPITYyC, 7 — CTeKJISTHHAS K0Ji0a

B OGamtone TpyOkm cosmaercs BbICOKMM Bakyym (10° — 10° [IIa).
Karton, 4epe3 KOTOpbI MpOIyCKAaeTCss SJIEKTPUUYECKUM TOK (HECKOJbKO A) oOT
MOHIKaromero Tpanchopmaropa Hakaia (= 6-8 B), HarpeBaercs 10 TemrepaTypbl
2000-2200°C u 5MUTHpYET HMEKTPOHBI. Mexk/y KaToAOM M aHOJOM MPUKIAIbIBAETCS
BbICOKOE (HEcKoibko KB) mocrosiHHoe Hampspbkenune Ua, KOTOpoe co37aeT MOTOK
OBICTPBIX AJIEKTPOHOB. Bo wu30exaHuwe TUIaBlIeHUs aHoJa MPEAYCMOTPEHO €ro
oxJaxJeHue Bojod. OKHa PEHTT€HOBCKOW TPYOKH BBITIONHSIIOTCS U3 JIETKUX CIUIABOB,



conepxamux Be ,Li ,B. AHoumHbIA TOK - Jr uepe3 TpyOky coctaBisier (10 - 50 mA).
[IpeBblllieHHE MACHOPTHOTO 3HAYeHUs1 MOITHOCTH TpyOku (700 BT) HegonmycTumo, T.K.
ATO BBI3OBET IMEpPErpeB aHoja. B TOPIOBYHO CTEHKY aHOJla 3alpecCOBBIBACTCS
TJIACTHHKA (3epKaJio aHO/a), KOTOpasi TOPMO3HUT AJIEKTPOHBI, SMUTUPOBAHHBIC KATOIOM.
B 3aBucumocTH OT 3a7a4 CTPYKTYpPHOTO aHaiu3a (TpedyeMoi A) UCTIOJIb3YIOT TPYOKH ¢
IUTACTUHKAMHU M3 CHEKTPalbHO 4KCThIX 3jementoB Cr, Fe, Co , Ni, Cu, Mo, W u mp.
Bonee Tspkenbie 3IeMEHTHI JAlOT U 00Jiee AKECTKOE PEHTTE€HOBCKOE u3nyueHue. Tumnonas
BOJIbT-aMIIEpHAs XapaKTePUCTUKA TPYOKH MpUBEICHA Ha puC. 2.3.

Ilpumeuarnue: KOCMUYECKOE M3IyUEHUE OKpYXKaromen cpenbl coctaBiser ~0,1
P/ron. Jlomyctrumas 103a mpu pa3oBOM 00JIydeHUU MOXKET JocTurath 10-20 peHTTeH.

WMHTEHCHBHOCTD PAacCETHHOTO MU3YyYCHUS OT PEHTTEHOCTPYKTYPHBIX aIlllapaToB
00bIYHO cocTaBisieT 1-2% OT MHTCHCHUBHOCTH TPSIMOTO W3ydeHHs. s 3amuTel OT
NEUCTBUS M3JIy4YEHUs HCIOJB3YIOT CIEIUaIbHBIE 3alIUTHBIC PKpaHbl U MaTepHalbl,
OTIIEJIbHBIE ~ TIOMEHICHHWS  JUIi  OOCIYXXHBAIOIIETO  IEpCOHalla,  MPOBOMAST
OpraHu3alMOHHO-TEXHUYECKUE MEPOIPUSATHUS o TEXHUKE 0e30macHOCTH
(mepuoaMvecKuil  TO3UMETPUYECKUA  KOHTPOJIb  BO3MOXXHBIX  OMACHBIX  30H
MOBBIIICHHOTO M3JIYYCHHS, COCTaBIIEHHE paboymX MHCTPYKIUUA U TMPOPUIAKTHICCKUN
OCMOTp TIEpPCOHaja, COOIOIEHNE TTPAaBUII Pa3MEIIEHUs alapaToB U JOMOTHUTEIBHBIX
YCTPOMCTB U TIp.).

B Tabn. 2.2 mpuBeneHbl 3HAYCHHWS HEOOXOIUMOW TOJIIMHBI N CBHUHIIOBOTO

3aIIUTHOTO CJIOS TpU paboTe ¢ MPSIMBIM PEHTTCHOBCKUM H3JIYUCHHUEM pPa3HOM
WHTCHCHUBHOCTH Ha PacCTOSHUU | OT peHTIeHOBCKOM TPYOKH.

B kadecTBe 3alIUTHBIX MAaTEpPUAIOB MCIOJB3YIOT CBHUHIIOBOE  CTEKIIO,
OCBHUHIIOBaHHYIO PE3UHY, KEJe30, ’Keje30 - 0eToH, Kupnud U Ap. PacyeT HeoOXoauMbli
KpaTHOCTHU ocilabJieHusT M3JMy4eHUs [0 JOMYCTHUMOW J03bl  OMNpeaesseTcs
COOTHOIIEHUEM:

K = i-t ’

31°D
rae |- cujia ToKa B PEHTTEHOBCKOM TpyOKe, mA; t - Bpemst oOiydeHus 3a Heaento, u; | -
paccrosiHe OT TpyOKHM 110 3amuinaeMoro oowekra, m; D - mpenenbHo momyctumas
HeJenbHas 103a, MP.
Taou.2
ToumuHAa CBUHIOBOI0 3alIUTHOIO CJIOS, CHUKAKIEr0 HHTEHCUBHOCTDh M3J1y4YeHUS
A0 IOIYCTHUMOM 103bI

Hampsxenue 3navenue h (MM) npu pa3HbIX pacCTOAHUIX 1 (M)
Ha TpyOKe, kB | =1 m I=3m | =12m
50 1 0,5 0,3

100 2,5 1,5 0,5

200 4 3 1,5

300 10 8 4




CaHurtapHble MpaBWiia PEKOMEHIYIOT 2-X KpaTHbId 3amac 3()QPeKTUBHOCTH
3amuThl. PeHTreHoBckHe 1abopaTopuu JTOJKHBI 000PYI0BATHCS MPUTOYHO-BBITSHKHOM
BeHTWsiLMEe. DOHOBOE W3JIyYEHHUE BHE TEPPUTOPUU JTAOOPATOPUU HE JIOJKHO
MpEeBBIIIATh €cTeCTBEHHOro GoHa 6osiee yem Ha 0,01 mP/y.

J103bl PEHTTEHOBCKOIO M3JIYyYEHHS HU3MEPSIOT C IOMOLIBIO PEHTTEHOBCKUX
JO3UMETPOB, MPEJCTABISAIOIMIMX COO0OM  HMOHM3AIMOHHBIE KaMephl (Hampumep,
MUKPOPEHTIEHOMETP MEeAUIMHCKUN Tuna MPM — 2, no3umeTrp kapmaHHbIi Tuna DK -
0,2 - u ap.). Jlo3umeTp KapMaHHBIN MTO3BOJSET KOHTPOIUPOBATH u3mydeHue 10 200 uP.

Bo wu3bexxanue mnopaxxeHUsT BBICOKMM HANpPSDKEHUEM M PEHTTC€HOBCKUM
U3IIyYECHHUEM Cjledyen ROMHUMb:

1. HenocpenctBeHHass paboTa Ha PEHTIEHOBCKHUX ammnaparax pa3peniaeTcsi TOJbKO
oOcnyKuUBaroUIleMy  JIaDOpaTOpPUI0  PEHTreHOrpaguu  NEepCOHaNy, MpOIIeAIEMY
CHEUalIbHYI0 MOJArOTOBKY M HMMEIOLIEMY COOTBETCTBYIOUIMH JOMYCK A1 paboT C
MCTOYHUKAMU u3nyudeHus. Camocmosamenvhas paboma cmyoeHmo8 Ha PeHmMeeHOBCKUX
YCMAHOBKAX CMPO20 3anpeujend.

2. PeHTreHOBCKME YCTAHOBKHM JJIEKTPUYECKH O€30MacHbl TOJBKO TMPU HAIEKHOM
3a3eMJICHUU.

3. Bocnpewaemcsa omxpvieams 06epyy paboue20 Cmoaa npu GKIHOYEHHOM BblCOKOM
HaNnpsACeHUU.
4. Bce pa®oThl TIpH BKIIIOYEHHOM ammapare (peryirpoBka TpyOOK, yCTaHOBKa Kamep,
KacCeThl, yCTaHOBKa oOpa3la B PEHTT€HOBCKOM IIYUKE) paspeuiaromcs mojbKo npu
Hanu4uu 8 1a60pamopuu He MeHee 2-X 4ello6ex.
5. Kamezopuuecku 3anpewaemcsi HaxoO0umuvcs noo NPsAMbIM PeHM2eHOGCKUM NYUKOM.
6. Ha mnyTtm peHTreHOBCKOro mMydKa MEXKAY KamMepod U OIEepaTtopoM CIEAYET
pacnoJiaraTh 3alUTHBIA SKpaH U3 CBUHI[OBOI'O CTEKJIA.
7. IIpocTpaHCTBO MEX1y OKHOM PEHTI€HOBCKON TPYyOKH M KOJUIMMATOPOM KaMephl B
OTCYTCTBUU CHEMKH Cledyem mujamenbHO 3aKpbleams NIACMUHOU CBUHYA.
8. Bce HanmagouHble paboThl ¢ KaMepamMu HEOOXO0IUMO MPOU3BOAUTH MPU BHIKIIFOUEHHON
YCTaHOBKE, a B CiIy4ae HEOOXOIUMOCTHU PabOTHI C MyYKOM, CBOJUTh K MUHUMYMY BpeMsi
€ro JIeUCTBUS.
9. [lepen BKItOUEHHEM PEHTI€HOBCKOTO arapara HaJo yOeIUThCs, YTO OKOJIO HETO HET
JIIOJICH.
B ciyuae mnopaxkeHus SJIEKTPUYECKHM TOKOM IOCTpaJaBLIEMy CJIEAYET OKa3aTh
BO3MOKHYIO MEPBYIO MOMOIIb (MCKYCCTBEHHOE JbIXaHWE) M HEMEJUICHHO BBI3BATh
Bpaua. [Ipu oxxorax peHTT€HOBCKUMHU JIy4aMH U IJIOXOM CaMOYYBCTBUU HEMEJIJIEHHO
oOpaTtuThcs K Bpady. 000 Bcex HEmoyiagkax B paboTe YCTaHOBOK CPOYHO JOJOKUTH
MpEnoAaBaTelio v 3aBeAyronieMy 1abopaTopuil peHTreHorpaduu.

PeHTreHOBCKMe CNeKTpbl

[Ipu H©Hebonmpmux u ymepeHHbIX Ua Ha aHOJIE BO3HHMKAeT CIUIOIIHOW
(HempephIBHBIN) PEHTICHOBCKUN CHEKTP M3JIYyYCHHS, BBI3BAHHBIM TOPMOXKEHUEM
anexkTpoHoB. Ha puc. 2.4 nmokazaHo pacnpeaeieHue HHTEHCUBHOCTH B 3aBUCUMOCTH OT
JUIMHBI BOJIHBI M3JIy4Y€HHUs JJiA CIUIOIIHOTO PEHTreHOBCKoro crekrpa ("Oemoe"



n3inydenue). Co CTOpOHBI KOPOTKUX BOJH UMEETCS OIPaHUYEHHUE -Amin, O0YCIOBICHHOE
MaKCHMaJbHOW JHEPrueil pPEeHTreHOBCKUX KBAHTOB (A—>0 COOTBETCTBYET 4YacTOTe
KBaHTa vV — 00, MyHKTUP Ha puc.2.4).
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Puc.3. BoibT — amnepHasi XxapakTepUCTUKA PEHTI€HOBCKOM TPYOKHU:
Ju - TOk Hakana, J-— Tok uepe3 TpyOky, Ua— aHO/IHOE HanpsKeHUe
0
Msirkoe ATMHHOBOJIHOBOE M3JIy4€HUE A = —8 4 HE JOXOJHUT 10 PEHTTEHOBCKOM
IUIEHKH, MPAKTUYECKH IOJHOCTBIO MOIJIOMIAsCh MOJIEKYJIaMH BO3AyXa. YBEJIWYEHUE

IJIOTHOCTH 3JIEKTPOHOB HE M3MEHSIET XOJ KPUBOW "'MHTEHCUBHOCTH — JJIMHA BOJIHBI', 4
JUIIb YBEJIMYUBAET BETUUMHY a0COJIFOTHOW HHTEHCUBHOCTH.

Imax

7\fmin A

Puc. 4. CrutoniHoil peHTT€HOBCKHM CEKTP

C NOBBIIIEHUEM AHOJHOTO HAMNPSKEHUS PACTET MHTEHCUBHOCTH CILIOIIHOTO
CIIEKTpa, a €ro JIeBas rpaHuIlla CMEIIAETCS B KOPOTKOBOJIHOBYIO 00JAcTh, T.K. PacTET
sHeprus kBaHToB. [Ipu BronHe onpeneneHHbIX 3HaueHUsAX Ua 171 JTaHHOrO MaTtepuana
3epkajia aHojia Ha ()OHE CIUIONIHOTO CIEKTPa BO3HHUKAIOT XapaKTEPHBIE MaKCHUMYMBbI
XapaKTepUCTUUECKOTO (JIMHEHYaToro) CHeKTpa, MHTEHCUBHOCTh KOTOPOTO B JIECSTKU
pa3 MPEeBBINIAET HHTEHCUBHOCTH CIUIOIIHOTO cnekTpa (puc. 2.5). BeicoTa MakCMMyMOB
3/1eCh OTMEYE€HA COOTBETCTBYIOIMUMU ITU(DpaMu OTHOCUTEIBHOW UHTEHCUBHOCTH - lomn.
JIMMHBI  BOJIH  XapaKTEPUCTUYECKOTO CIEKTpa OMNPEICISIOTCS  HUCKIOUYUTEIBHO
MaTepruajioM 3€pKaja aHoAa, a caM CIEKTp '3aXUraerca' MpU CTPOTO IMOCTOSHHOM
3HaueHuu Ua juis manHoro BemiectBa. [lanpHeiiniee nosbiiieHne Ua BBI3BIBAET JIMIID
CMENICHUE JEeBOTO Kpas (Amin) CIUIOIIHOTO CIEKTpPa M YBEIMYEHHE WHTECHCUBHOCTH
000ouX CIEeKTpOB. J[TMHBI BOJTH MaKCUMYyMOB XapaKTEPUCTUIECKOTO CIIEKTPa U COOTHO-
HIEHUE UX UHTEHCUBHOCTEN OCTAIOTCS IPU ITOM HEU3MEHHBIMU.
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Puc. 5. Xapakrepuctuueckuii cektp usnydeHuid Ko (lomn = 37,2 ) u Kp - nyuerd (lomn
=15,2) BemiecTBa aHO1a U3 MOJIMO ICHA

YcnoBreM 3aKWTaHMs CIIEKTPAIBHOW CEPUM SABISIETCS YIAJIEHUE JJIEKTPOHA C
obonouku. [lociaemyromuii mepexod 3JIEKTPOHOB MEXIYy OOOJOUYKAMU MPUBOAMUT K
HMCITyCKaHHIO KBAaHTOB ¢ sHeprueil hv = £n. ~ £, Hampuwmep, npu mepexoze 1eKTpoHa
Ha BakaHTHOE MecTO K - 000JI0YKM BO3HUKAIOT JIy4Yd OAHOM M3 JuHUM K — cepuu; npu

nepexoae Ha L - obonouky - L -cepun u 1.4. (puc. 2.6). PEeHTreHOCKONHs UCHOIb3YEeT
CIIEAYIOLIYIO CHCTeMY 0003HaUYEHU epexo/10B:

L s KM KN s KiM—Le 5L N—25L; 025 L ...

OuyeBHUJIHO, YTO caMO€ JKECTKOe H3JydeHue OyJeT BO3HHMKATh IpU NEpPexXojie
AJIEKTPOHA C HAPYKHOM Ha BHYTpeHHIOI0 K— o0osiouky. Hampumep, sHeprus kBaHTa U
yacToTa M3iaydeHus npu nepexoge M—~ K Oyzxer Boime, yem L—% 5 K. Ecmu
BO30Oyx)maercs K—cioil, To Bo3HukHyT usnydenus K, L, M, N wu 1.1. cepuii. Korna
BO30OyxmaerCs L-cioit, To Bo3mmkator L, M, N wu T4 cepunm wu3IydeHUs.
CrnemoBarenbHO, CIIEKTpadbHas KapTUHA U3TYUYCHHS JaKe IS OTJICILHOTO aToMa OyIeT
OYEHb CJIO)KHOM, U COCTOSTh M3 MHOTHX CEpUH. YUuTbhiBasg, 4YTO 3a | Cc aHOx
oombapaupyror okono 10'?  snekTpoHOB, aTOMBI 3epKana aHogAa JaxyT OOraTyro
CHEKTPAJIbHYI0 KapTuUHy. OJIHaKO WX HHTEHCUBHOCTH, OMPEACIISIEMbIE BEPOATHOCTHIO
MEePEX0I0B AIEKTPOHOB, OyAyT CWIBHO pa3inndarbcs. Hambomnee BEpOSTHBI MEepexo.ibl
MEXKJy COCEAHUMHU 000JIOUKaMu Turma - o. PacdeT maer, 4To BepoATHOCTh mepexoja L
— K B 5-6 pa3 Oonbme, yem mepexoma M — K. OnbIT MOATBEPXKIAET, YTO

1

1

Ky

JNEUCTBUTEIILHO NHTEHCUBHOCTHU M3JydeHUur K — cepuu ~ 1 : 6. DTO OTHOILIIEHUE

K

a

OyneTr emre MeHbIIEe Uil MepexogoB Tuma Yy, 0 u T.0. C yderoM 3TOro, U3 BCEX
CIIEKTPAJIbHBIX CEpUi HAOII0IAI0OT U UCIIOIB3YIOT TOJIBKO Hanbosiee MHTEHCUBHBIC: Ky 1
nHoraa Kg - myun.
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Puc. 6. Cxema BO3HUKHOBEHHS XapaKTEPUCTUUECKOTO U3ITYUYEHUS

Crnenyer uMeTh B BUIYy, YTO IS BO3OyxkaeHUS K - ciosi SHEprus OBICTPOTO
AJNIEKTPOHA C Karoda JOJDKHA ObITh HAWOONbIIEH I BO3MOXHOCTH IPEOIOTECHUS
AKPAHUPYIOIIETO BJIMSIHUS BCEX AJIEKTPOHHBIX 000J0ueK. UToOB BO30yauTh L - cioi,
OUYCBHJIHO DHEPIHM OJJICKTPOHY TMOTpPeOyeTcs MEHbINEe, a 3HA4YUT W MCHBIIES
yCKopsironiee HanpspkeHue Ha Tpyoke - Ua. M3nyudeHue NIMHHOBOJTHOBOM 00J1acTH HE
NpEeJCTaBIsAeT HMHTEpeca Mg PEHTIeHOCTPYKTypHOro anamusa. Kpome Toro, Takoe
U3ITy4YEeHHUE CUIILHO MOTJIOMIAETCS MOJIEKYJIaMU BO3/1yXa.

Ta0J. 3

3navenus Ug, A, M A IS HEKOTOPBIX 3J1eMEHTOB
* B

BemectBo [TopsnkoBeiii | Us, 1 2 1 121
aHoza HOMEp - Z kB o Ky
Cr 24 6,0 2,291 2,085
Fe 26 7,1 1,938 1,756
Co 27 7,7 1,790 1,620
Mo 42 20,0 0,710 0,632

YtoOsl mpom30mUI0 BO30YXKICHWE ITAaHHOW CEpUHM W3IYYEHUS HEOOXOAMMO
BBIIOJIHEHUE YCIIOBHSL:

eUp> thax,
rje e — 3apsj daeKkTpoHa, Ug - moTeHman Bo30yXIeHUs JaHHON CIEKTPaIbHON CepuH,
thax - OHCPIUA KBAHTA HaI/I6OJ'I€€ KECTKOI'O U3JIYUCHUA thax = hVK .
B

[ToTenmuan Bo3OyxaeHus OyJeT paBeH

U= he AN
eA

min

[N

~

Ug= 124 124
ﬂ”min ﬂ’kﬂ



IloTenumansl BO30YKIEHUS W 3HAYEHHMS JUIMH BONH A, U A, Ul HEKOTOPBIX
“ B

AJIEMEHTOB MPUBEIEHBI B Ta0JI. 2.3.
Peructpauus peHTreHOBCKOro nusny4eHus

B peHTreHOCTpyKTypHOM aHajlM3€ MHCIONb3YIOT JBa METOJa pPErucTpaluu
u3aydeHus:: Gororpaguueckuii ¥ MpU MOMOUIM CYETYUKOB PEHTIC€HOBCKHUX KBAHTOB.
BusyanbpHO 3aperucTpupoBath peHTT€HOBCKHUE JIyYH Ha JIFOMUHECHUPYIOLIEM YKpaHe He
yAaeTcsl, BBUAY OYEHb MaJIbIX HHTEHCUBHOCTEW PACCESHHOIO U3y YEHUS.

doToperucTpanys peHTIeHOBCKHX Jy4yeil OCHOBaHa Ha OOpa30BaHWU B 3€pHAxX
SMYJIbCHM aTOMOB MeTauIMyeckoro cepebOpa. Jlins 3TUX 1enel  MCHosb3yroT
CIIEHUAJIBHBIE PEHTIC€HOBCKHUE IUIEHKU C JIBYXCJIOMHOM dMyJbcuen, TommuHou 10 400
MKM C TIOBBILIEHHBIM COJIepKaHUEM KpucTaumkoB AgBr. @otoaeiicTBre NMPOU3BOIUT
JUIIb Ta JOJI1 HEPTUHU U3JIyYEHHs], KOTOpas MOMIOTUIach (POTOAIMYJIbCUENH. DTa N0

0
YMEHBIIAETCS ¢ TOHIKCHHEM JUTMHBI BOJHBI - A. Tak, ecnmu mpu A = 1,1 4 B

dotomnenke nornoriaercs 10 30% sueprun, To npu A = 0,4 4 - Beero 1%.

OMyJIbCHSI COCTOUT M3 MENbYaUIINX KPUCTAUIUKOB (OKOJO 1 MmrmM) OPOMHUCTOTO
cepeOpa, B3BEIICHHBIX B JKEJIATUHE - OPraHMYECKOM BEUIECTBE, COJEpXKAIIEM Ccepy.
Kpuctamnuku AgBr cTaHOBSITCS YyBCTBUTEIBHBIMH K CBETY M PEHTICHOBCKHM Jydam
JUIIb TPU HCKAKCHUH WX PEMIETKH TOYCUYHBIMH AePekTaMu. B TeXHOIOrmuecKom
nporecce aroMbl S TUGPYHIUPYIOT B pEHIETKY, cCO37aBas B HUX TOUYCYHBIC LIEHTPHI
YyBCTBUTEIHHOCTH.

[Ipy moOrjomEHNH PEHTIC€HOBCKOTO KBaHTa BO3HUKAIOT IEHTPBHI CKPBITOTO
M300paKEHUS 110 PEAKITUU:

Br+hv —>Br+e-,

e +Ag " —> Ag wm

AgBr + hv — Ag + Br.

BriOuThIE pPEHTreHOBCKMMH KBAaHTaMH DJIEKTPOHBI 3aXBATBIBAIOTCA ONIDKANUIIIIMHU
TOYCYHBIMU Je(deKTaMH, co3laBas B OTHUX MeCTaxX OTpHIATeIbHBIA 3apsna. Ilox
JCUCTBUEM KYJIOHOBCKHX CHJI CIOJIa YCTPEMJISIOTCS KaTHOHBI AJQ" M MpeBpaliaiTcs B
HelTpanbHble aToMbl cepedpa. 20-100 atomoB cepebpa 00pa3yrOT yCTOWUYMBBINA LIEHTP
CKpBITOTO n300paxeHus. LIeHTpbl CKPBITOr0 M300paXkeHUsl CIIOCOOHBI MPOSIBISATHCS IO
peaxiuu:

AgBr + nmposiBn. B-Ba —A(g + npoaykTsl okucienus + HBr.

[IposiBnenue - 3T0 cBOCOOPA3HBIN yCUIUBAIOUINI POIECC, TPU KOTOPOM TpyIIna
U3 HECKOJBKHUX aToMOB AJ pa3pacTaercs J0 LEJIOro 3€pHa METauIMuecKoro cepeopa.
Koapduuuent ycunenus gocturaer npu stom 100 - 102, B 3akpemnstomem pactsope
pactBopsitoTcst kKpuctamunku AgQBr, He mpopearupoBasiue ¢ nposisutenem. (s atux
neneil ucnonb3ytor runocyibPur NaxS:03, kotopsiii coenunssics ¢ AgBr obpasyet
Jerko pactBopumoe B Boje coemumHenne AgeS:03 - 2NaxS;0s, a Br - BeimbIBaeTC).
Henpospaunsie kpuctamisl AQ ocTaloTCsS B SMYJIbCUHU, 00YCIOBINBas €€ IOYEpPHEHNE.



JUIsi KOJIMYECTBEHHOI'O ONpENEJICHUsl CTENEHU IMOYEPHEHUS] PEHTI€HOBCKON
IUIEHKH MCHOJB3YIOT CHElUalbHble MPUOOphl - MUKpodoTomMeTpbl. Cxema ycTpoiicTBa
MUKpO(OTOMETpA MPEACTABICHA HA pUC. 2.7.
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Puc. 7. Cxema yctpoiicTBa MUKpohOTOMETpA:

1 - dboTosneMeHT, 2 - yCHIUTENb, 3 - perucTpupyoImuii mpudop — camonucet, lo u Iy —
MHTEHCHUBHOCTU CBETOBOIO Iy4YKa, MaJarollero U NPOLIEAIIEr0 Yepe3 PEHTTEHOBCKYIO
IJIEHKY TOJIIMHOM t

Peructparuss  nmudpakimoHHOW — KapTUHBI € TIOMOIIBIO  CYETYHUKOB
PEHTIEHOBCKOTO M3JyYE€HUS! UMEET HEOCIOPUMBbIE MPEUMYIIECTBA MO CPAaBHEHUIO C
¢doTopeructpauueil. B pEHTreHOBCKMX IU(PPAKTOMETpaX MCHOJB3YIOT CYETUYUKHU
I'elirepa-Mromepa, TpoONOPIMOHAIIBHBIE U CUUHTUIUISIIUOHHBIE CYETYUKHU.

Cuerunku ['eitrepa-Mromiepa 51 IIPONIOPLIMOHAIBHBIN SABJIAIOTCSA
MOHU3aUUOHHBIMU. OHM OCHOBaHbl HAa HOHU3ALMM MOJEKYJ ra3a PEeHTT€HOBCKUMU
kBaHTamu. [Ipoxojst yepe3 ra3 peHTT€HOBCKHUE JIyYd BbI3BIBAIOT €ro noHuzanuo. [Ipu
MPUJIOKEHUU TIOCTOSSHHOTO HANpsKEHUS 4Yepe3 HWOHU3UPOBAHHBIM Ta3 MOTEUYeT
ANEKTPUUECKUI TOK. DTO TMOBTOPSIETCS KaXIblid pa3, KOTJa B Ta30BYI Kamepy
NoNaJgaeT PEHTI€HOBCKUI KBaHT.

Kopnyc cuerunka mpeacTaBiasieT coOOH CTEKISHHYIO TpyOKy ¢ JByMs
ANEKTPOJAMH,  HAMOJIHEHHYH0  ra3oM  (aproHom,  KpuntoHoMm)  (puc.2.8).
OOpazoBaBiuecss MOHBI TOJ JCHCTBMEM pPA3HOCTH TOTEHIIMATIOB, TMPHUJIOKEHHBIX K
snekTpomaM cuetdrka (600-1000 B), cosmaroT uMmyinbc Toka okomo 107 A
(HEecaMOCTOSITENbHBIN Ta30BbIN pa3psn). Beanunna ummnylibca TOKa MPOMOPHHUOHATbHA
SHEPIUU PEHTTEHOBCKUX KBAHTOB. VMOHM3allMOHHBIE CUYETUYHKU, PaOOTAIOIIME B ITOM
pexXUMeE, Ha3bIBAIOT MPOMOPIMOHATBLHBIMU.

HecaMocTosiTeNnbHbIN Ta30BbIM pa3ps] OrpaHUYEH HEOOJbIIUM YYacTKOM HUTHU
cUYeTYrKa M M03TOMY ObICTpO racHeT. Manoe "mepTBoe Bpems" (BpeMs, 10 UCTEUEHUE
KOTOPOTO CYETYMK TMOJHOCTbIO BOCCTAHABIMBAET CBOIO PpabOTOCIOCOOHOCTB),
cocrapisomiee Menee | yxc mo3sonsier perucTpuposath 10 5*10° umn/c.

Ilpy panpHEWIIEM YBEJIWYECHUM HAIPSHKEHUS BO3HUKAET CaMOCTOSITEIbHBIN
ra3oBbIi pa3psii U BEIUYMHA HMITYyJIbCa TOKAa YK€ He Oy/eT 3aBUCETh OT JHEpPrUu
kBaHTOB. Ero ammmmryna gocturaer 107 A4, 4T0 3HAYMTENHLHO YHOPOILAET PETMCTPALIHMIO
Jaxe MpU OYEHb HU3KHUX J103aX M3TydeHHs. [ raleHus caMoCTOSTEIbHOTO pa3psiaa
(mmst yckopeHus: peKOMOWHAIIMA MOHOB) B Ta3 BBOJAT HEKOTOPOE KOJUYECTBO TSAKEIBIX
OpraHUYecKUX MOJIeKys. ['ameHue caMOCTOATENBHOTO pa3psija JOCTUTaeTCsl TaKkKe



CHIDKEHHEM HaIpsSOHKEHHs HAa CUYETYHMKE 3a CUeT POCTa NaJACHUS HANpsHKEHUS Ha
CONPOTHUBJIEHUH, BKIIFOYEHHOM ITOCIEAOBATEIBHO CO CUETUUKOM.

BO3HUKHOBEHHE CaMOCTOSATENBHOTO pa3psaa yBEIMYUMBAET ''MEPTBOE BpeMs'
CYETYHMKA M MaKCHMMajbHas CKOpOCTh cdera magaer 1o 5-10° umn/c. KIIJI cuerumka,
00b14HO cocTasiisieT 60-70%.
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Puc. 8. Cxema HOHM3aLIMOHHOTO CUETYUKA UMITYJIbCOB:
1- MeTamIM3upOBaHHBIN KaTO, 2-aHO]1 (BOJIb(paMoOBasi HUTh),
3-0KOIIKO /JIsi PEHTT€HOBCKUX KBAHTOB, 4- N30JISTOPHI

CUMHTUIUSIMUOHHBIN cUeTUHK (puc.2.9) COCTOUT U3 KPUCTALIA-CIUHTUILISATOpA
1 (HOTOAIEKTPOHHOTO YMHOXUTENS (DIY).

\
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Puc. 9. Cxema CUMHTHIUIAILMOHHOTO CUETUHKA:
1 - cuuHTUIIATOD, 2 - Aokl DDV, 3 - aHon, 4 - poTokaTon

-4

PeHTreHOBCKME KBaHTHI, TOMajas Ha CIHUHTWUITOP (KpUCTALT HATPHS,
AKTUBUPOBAHHBIA Ta/UIMEM), BBI3BIBAIOT B HEM BCHBIIIKU-CIUHTHWUIAINN BUIUMOTO
ceera. KonnuecTBo BCMBIIIEK MPOMOPUUOHATIBHO YUCIY PEHTT€HOBCKHUX KBAaHTOB. Uem
OompIlie PHEpPrusi KBAaHTOB, TeM Oojee WHTEHCHMBHA Bcmbimika. CBeT mMomajaeT Ha
dorokaronq POV u BeIOMBaET C ero moBepXHOCTH (oTo3IeKTpoHbl. [locnemnue
yeunusarotes @Y, cocrosmero u3 10-15 xackanos, 10 BennuuHsl Toka ~10° A, Ha
KaKIbIA Kackan mnojaerca Hanpspbkenue 150-200 B. Ilpumensas ammuTyaHbli
JTUCKpUMHUHATOP (YCTPOMCTBO, MPOITYCKAIOIIEe HMITYJIbChl TOJBKO OMPEACIICHHOM
aMIUTATYbI), MOXHO PETUCTPUPOBATH H3JIYUYCHHE TOJBKO OIPEJACICHHON JJIMHBI
BOJIHBI. MakcuMalibHasi CKOpOCTh cueta - 10 5*10 umn/c.

PeHtreHoBckasi kamepa [debas (PKL)
PentrenoBckast kamepa mo3BOJISIET PETUCTPUPOBATH HA (POTOTUICHKE AU PAKIIMOHHBIC

MakcumyMsbl. Kamepa PKJ]l npumensieTca qis pemennss MHOTUX 337a4 CTPYKTYPHOTO
aHAJIN3a I[IOJMKPUCTAJUIOB:  OINPEICIICHUE MEKIUIOCKOCTHBIX  PAacCTOSHUM U



napaMeTpoB PEIIETKH, MpoBeAeHHEe (a30BOro aHaiaM3a, HU3Y4YEHHE COCTOSIHUA WU
TOHKOM CTPYKTYpPBbI MOBEPXHOCTHBIX cioeB (10- 20 mxm) oOpa3ua u ap.

Kamepa no3BosisieT perucTpupoBaTh peHTTEHOBCKUE JTUHUU € YIJIOM OTpakeHHs oT 4
no 84°. CranpapTHblil auameTp kamepsl 57,3 mm. OOpas3upl MOTyT UMETh (HOpMy
TOHKMX LMJIMHAPOB WM IIacTMHOK. Kamepa cBeroHempoHuuiaema. Y CTpONHCTBO
Kamephl Toka3zaHo Ha puc.2.10.

Puc. 10. Cxema peHTreHoBckoit kamepsl Jlebast

OcHoBaHMEM KaMephl CIYKUT TpeyroiibHas miauta (3). C moMoIlbi0 yCTAaHOBOYHBIX U
3QKUMHBIX BHUHTOB Ha IJIUTE€ KaMepy YCTAaHABIMBAIOT HA CTOJE PEHTIEHOBCKOTO
anmapara TakuM o0pa3oM, 4TOObI 4epe3 KoummaTtop (2) peHTreHOBCKHM Iy4YOK
nmomnajan Ha oOpaser, 3aKkpervieHHbI Ha aepxatene (1). [unuaapuyeckuii Kopiryc
KECTKO CBSA3aH C OCHOBAHHEM M UMEET ChEMHYIO KPBILIKY (4). UTOOBI peHTreHOBCKas
IJIEHKa MpHXUMalach K KOPIYyCy Kamepbl, B KPBIIIKE IMOMEIICHO MPYKUHHOE
koJblo. [IIupuna paboueit noBepxHoctu miaeHku 24 mm. KomnmumaTop npeacraBisier
co0O0l HECKOJBKO CONMPSDKEHHBIX AuadparM, BHIPE3AIONIMX U3 MydKa NapajljiesibHbIe
Jy4H.

HanpoTtuB koimumaTopa pacrojiokeH TyOyc (JOBYIIKA) JJIsi BbIXOJa MEPBUYHBIX
pPEHTTeHOBCKUX Jiydeld. OH CIIy)KHT ISl YMEHBIICHUS PACCEsHUS MydKa CTCHKaMH
kaMmephl. TyOyC BBIOJIHEH B BUJE BTYJIKH JHAMETpoM 1 cm ¢ QIIFOOpEeCHpYOIIHM
DKpPaHOM Ui KOHTPOJSI COOCHOCTH Kamepbl W IMIMHAPUYECKOr0 00Opasia
(meHTpUpoBaHUE 00pasIa).

Obpazenr B BuAE MWJIMHAPUYECKOTO CTOJIOMKAa C TOMOINBIO BOCKA KpEMUTCS
MEPICHANKYJIIPHO K JKEJIE3HOU Mmai0e - MepiKaTento, MPUTATUBAEMOU K TJIOCKOMY
MarHuTy. LleHTpupoBanue oOpa3na OCYLIECTBISIOT BHHTOM BEPTUKAJIBHOIO
IIEPEMEILICHNS], KOTOPbIM HAXOAUTCS CBEPXY Ha Koplyce kKamepsl. Ero mpoBomsar B
MIPOXOJAIIEM CBETE€ € IOMOIIBIO JIYNbl, HAJEBAaEMOM Ha  KOJUIUMATOP.
LlenTpupoBaHue BeAyT OO TE€X IMOpP, IOKA HE MCUE3HYT "OMeHus" MpH BpaLEHUU
oOpasra.

JUIsi CHUWKEHUS BpPEMEHU OJKCIO3UIMM ChEMKH O00pa3el] MOXKET Bpallatbes ¢
NOMOIIBIO IIKUBA MAJIOMOIIHBIM 3JIEKTPUYECKUM MOTOPOM C PEAYKTOPOM.

ITepen 3apsiakod kamepbl (OTOIUICHKOW KOJUIMMATOp W TyOyC BBIHMMAIOT W3
Kamepbl. B 3aBUCHMOCTH OT CXEMbl ChEMKH B IUICHKE (MPH ITOJTHOM 3aTEMHCHHH )
CIeNMAJIbHBIM TPOOOWHUKOM JIENalOT OJHO WM JBa OTBepcTHsS Tmoa TyOyc u



koyumuMarop. [lneHky BCTaBislOT B KaMmepy TakuM oOpa3oM, 4yTOObl OHA PaBHOMEPHO
npuiieraia K UWIMHAPUYECKONW MOBEPXHOCTH Kopmyca. [locie 3Toro BCTaBisSIIOT Ha
MECTO KOJUIMMATOp U TyOyc, a KaMepy, 3aKpbIBalOT ChEMHOM KpBIMIKOHN. 3apsaka
KaMephbl 3aBeplIeHa U TEIEpPb €€ MOKHO BBIHOCUTh HAa JTHEBHOM CBET U YCTAHABIIMBAaTh
Ha PEHTI€HOBCKUI anmnapar.

IIpumeuanue: pu cheMKe IUIOCKMX O0Opa3loB - MAHO OTBEpCTHE MOJ TyOyC He
NENAEeTCH.

3. OOBEKTHI HCcClIeIOBaHUs, 000PYI0BAaHUE

Hudpaxkromerp JIPOH, cuetunku, kamepa {ebas

4. 3aganue Ha paboty
N3yuuTh yCTPONCTBO M MPUHIIUIT PAOOTHI PEHTI€HOBCKOTO 000PY10BaHUS

4. ITopsinoK BBIIOJIHEHUSI PA0OTHI

1. YcBouth TpeOOBaHUS IO TEXHUKE OE30MACHOCTH MpU PaboTe Ha PEHTTCHOBCKUX

YCTaHOBKAaX.

2. W3yunTh Ha3HauY€HHE, YCTPOMCTBO M pabOTy OCHOBHBIX 3JEMEHTOB U YacTeu
PEHTI€HOBCKUX TPYOOK, Kamep, CYETUUKOB U3IyYEHUs U JU(PPAKTOMETPOB.

3. O3HaKOMUTBCS C pabOTOM, MOPAIKOM BKJIIOUEHHS M BBIKIIIOUEHUS TU(paKTOMETpa

tuna JIPOH-2 u peHTreHOBCKOro Mukpoanaiuzaropa tumna MAP-2

4. OCBOUTH MPUTOTOBJIICHUE 00PA3IOB JJIsI PEHTT€HOAHAIN3A.

5. VYcraHoBuTh wuccienyembiii oOpazeny B kamepy tuma PKJI,  mpoBectu ero
LHEHTPUPOBAHUE. 3apAIUTh KaMepy IUIEHKOM, YCTaHOBUTb Ha PEHTTCHOBCKHI
anmapar U MPOBECTH ACUMMETPHUUYHYIO CheMKY Jebaerpammbl. OOpaboTaTh MJICHKY.

6. Ha peHTreHOBCcKOM mudpakromerpe tuma JIPOH-2 3apeructpupoBaTh mnpoduau

TUQGPAKIIMOHHBIX JIMHUN Ha JUAarpaMMHOM JIGHTE MOTEHIIMOMETpa HENPEPHIBHBIM U

IIarOBbIM CKaHUPOBAHUEM.

CxeMbl CbEMKU NONIMKPUCTANNOB

Pentrenorpammel no metoay Jlebasi CHUMAIOT C HEMOJBUXKHBIX WJIM BPAIAIOLIUXCS
00pa3IoB B MOHOXPOMATHYECKOM H3JIyUY€HUH. PEHTT€HOBCKHE Jy4H, OTPAKCHHBIC
(mudparupoBaHHbie) cemeiicTBoM aToMHbIX  mmockocterdr  (hKl)  pasauunbIX
KPUCTAJTUTOB TMOJUKPUCTAIIINYECKOTr0 00pasiia, OpUCHTUPOBAHHBIX K MaJa0IIeMy
Ny4YKy B COOTBETCTBUU ¢ YycjoBueM Bynbda-bparra, o00pa3yroT KOHHUYECKYIO
MOBEPXHOCTh C YIJIOM packpbiTusi 46. Jlns TuiocKocTed € JPYyrUMH HHIEKCAMHU
Mumiepa dbopmupyeTcss HOBBIM KOHYC NU(PparupoOBaHHBIX JYYEH C WHBIM YTJIOM
packpbiTus 46.

Ecnu nepneHauKyIsipHO NEPBUYHOMY MYYKY PaCHOIOKUTH (POTOMIIEHKY, TO KasKIbIi
U3 TIEpPEeceKaroMX €€ KOHYCOB HHTEep(EpPEeHIMH OCTABUT CJEJA, Ha3bIBAEMBbIii
nebaeBCkUM KoiblOM. CbheMKa Ha IUIOCKYH IUIEHKY HPHUMEHSETCS JUIb B
cnenuanbHbIX cinydasx. [Ipu 3Tom yacTe nHTEp(HEPEHIMOHHBIX KOHYCOB C OOJIBIIUMHU



yriaamu 46 (6nmskumu k 180°) He OymyT mepecekaThbes ¢ IUIEHKOM, YTO IPMBOAUT K
YaCTUYHOM NOTEepe CTPYKTYPHOU MHPOPMALIUH.

JlebaeBckre KoybIla IMONYYAlOTCS CIUIOIIHBIMA W YETKUMH TP  pa3Mepe
kpuctammutoB  ~  0,1-10  mxm. Ilpu  OGonpiieM  pasmepe  KPUCTALIIUTOB
(KpyMHOKpHUCTAJUTMUECKasi CTPYKTYpa) MX CTAHOBHUTCS HEJAOCTATOYHO B OTPaKaroIIeM
oO0beMe oOpasma. DTO TPUBOAWT K TMOSBICHHUIO OTIACIHBHBIX AU HEPEHITUPYEMBIX
pedaekcoB Ha KoJyblle (ITyHKTHPHOE KOJBIIO), YTO HE TMO3BOJIIET TOYHO MPOMEPHUTH
nebaerpamMmmy. Bpamienne obpasia BOKPYT OCH B PEHTTEHOBCKOW KaMepe YBETUYHBACT
YHUCJIO KPUCTAUTUTOB IIOTMAJAIONINX B YCIOBHS OTPAKCHUS W KOJBIO CTAHOBHUTCS
CILUTOIITHBIM.

Jlis mosydeHusi OOJIBIIETO Yhciaa WHTEPGEPCHIIMOHHBIX JUHUN PEHTICHOTPaAMMY
CHUMAIT Ha (POTOIUICHKY, HW30THYTYIO TIO ITMJIMHAPUYECKOH ITOBEPXHOCTH, OCh
KOTOpOM COBMaJaeT C OChl0 oO0Opaslia W TEepPIeHIUKYJspHA MaalolIeMy
peHTreHoBckomy myuky (meron [ebGas-llleppepa). B sToM ciyyae Ha mieHKe
MOJIy4aroTCsl TMOMapHO CHUMMETPUYHBIE JOYyrM - CIEIbl OT IepeceyeHusi ¢ Hew
uHTEepPEPEHITMOHHBIX KOHYCOB WHTeHcuBHOCTU (puc.2.11,a). B 3aBucumoctu ot
crioco0a pacmoioKeHHs TJICHKU B Kamepe Jlebast, pa3nmuvaroT CXeMbl peHTTEHOBCKON
ChEMKU: MpsiMasi, 00paTHas U acuMMeTpudHas (cM. J1ab. pad. Ne3).

PeHTreHoBCcKasa audpakromeTpus

Peructpanus wHTEpPEPEHIIMOHHON KapTUHBI B JU(PPAKTOMETPax IPOU3BOIUTCS
CYCTUYMKAMH PEHTTCHOBCKMX KBaHTOB. IIpeoOpa3oBaHHBIE B 3JIEKTPUUYCCKUC
UMITYJIbCBl W yCWJICHHBIE CHUTHAJIBI CO CYETYHMKA IIOCTYIAIOT Ha JJICKTPOHHBIN
CAMOTIMIIIYIIIMH ~ TOTCHIIMOMETP,  KOTOPBI  3amuchbiBaeT  TU(PaKTOrpaMMY:
"MHTCHCHUBHOCTh PACCETHHOTO 00pa3IioM M3ITyUeHUs 10 pa3HbIM yriiaM audpakoun”
(Puc.2.11,6). OCHOBHBIM NPEUMYIIECTBOM TU(DPAKTOMETPUUECKON PEruCTpaliu
SBJISIETCSI BO3MOXXHOCTh OIPEJEICHHS paclpe/ie]IeHUsT WHTEHCUBHOCTU B JIHOOOM
TOYKE TUPPAKITUOHHON KAPTHUHBI.

B 10 e Bpems, AudpakroMeTpus HE MO3BOJSET PETUCTPUPOBATH MPOCTPAHCTBEHHOE
pacnpesieIeHUe WHTEHCUBHOCTH PACCESIHHBIX PEIIETKOW Jiyded (BAOJb pPa3HbIX
HalmpaBjieHU o0pa3yloluX KOHyCa HWHTEHCMBHOCTM TP IOCTOSIHHOM  YIJe
packpbiTuss 460, mo UIMHE [e0aeBCKOro KOJIbLIA, IO pa3iIUu4HbIM pediekcam
JaysrpaMmbel U 1p.). EciM Ha peHTreHorpamme BCE€ JIMHUM PETUCTPUPYIOTCS
OJIHOBPEMEHHO, TO Ha Au(pakTorpaMMme — MpH MOCIEI0BATEILHOM MPOXO0XKIECHUU
CUETUYMKOM HEKOTOPOro 3aJaHHOTO HMHTepBajia yrioB Audpakuuud. HenpepbiBHas
3aMuch AUPPAKTOrPaMMBbl JA€T OTHOCUTEIbHYIO MOTPEIIHOCTh 110 MHTEHCUBHOCTH ~
(1-5)-10° u o06BIMHO HCHONB3yeTCs I TPyOOH OIEHKH IapaMeTpa pEINETKH,
MEXIIJIOCKOCTHOT'O PACCTOSHUS.

auion
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Puc.11. O6mumii BuA peHTreHo — U TUPPaKTOrpaMMBbl:

a — pacnojoKeHrue JUHUI (runep0oi) Ha PeHTTEHOTpaMMe B PE3yJIbTAaTe MEePECECUCHUS
KOHYCOB MHTEHCHUBHOCTH PACCESHHOTO W3IyYEHHUs C IWIMHIPHUECKON MOBEPXHOCTHIO
TUICHKH;

6 -y4acToK au(paKTOrpaMMBbl IOJMKPHCTAIIA MEIU B HHTEpBae yrioB 60%> 20 > 44°,
casaToil B m3nydeHuH Coko (IITPUX — OTMETKM TOHHOMETpPA YKa3bIBAIOT YTIJIOBOE
MOJIO’KEHNE CYETYMKA MPH €ro MEepPEeMEIIeHUH MO yriaM AUQPpPaKkiIud C 3aJaHHBIM
marom A4 26 = 2°)

3HauuTENBHO 0O0Jiee HAJEKHBIE PE3YbTAThl JAET JIUCKPETHAsS ChEMKa B OTACIIbHBIX
3aJIaHHBIX TOYKAaX WHTEpBajia yrioB nudpakmuu. Bpems HaxoxkaeHHs CYETYHKA B
Touke peructpauuu (00br4HO oT 1 10 200 ¢) 3aBUCUT OT UHTEHCUBHOCTH BCEU JIMHUU
U BbIOMpaeTcss TakuM o0pa3oM, 4YTOObI OO0Iee YHCIO HUMITYJIhCOB Ha JIMHUU
cocTaBsuio He MeHee 5-10% uun.

Ha pwuc.2.12 npencraBnena Onok-cxema gudpakromerpa Tuna JIPOH
(nudpakToMeTp PEHTTCHOBCKUM OOIEro Ha3HayeHWs). Ammapar IO3BOJISET
MIPOBOJTUTH:

1. oOmmii pPEeHTTeHOCTPYKTYpPHBIM aHanmu3 ((a3oBbI aHaNMM3, aHaIU3 TBEPIBIX
pPacTBOPOB, KOHTPOJIb BHYTPEHHUX HAMPSKEHUM, INIOTHOCTU JUCIOKAUA U JIp.);

2. aHaIu3 MOHOKPHUCTAJJIOB, BKJIOYAas ONPEIEIECHUE UX OPUEHTUPOBKHU;
3. aHAJIN3 TEKCTYPHI;

4. u3ydyeHHe TOHKOH CTPYKTYpbl MOJH- M MOHOKPUCTAIJIOB TPHU BBICOKHX (10
+2000°C) u nu3kux (mo0 -180°C) Ttemmeparypax B Bakyyme, aTMoc(hepe MHEPTHBIX
ra3oB, BO3/IyX€;



5. wuccinenoBaHus ¢ Qororpa@uueckuM CHocoOOM perucTpauuud MNpU HOMOIIU
PEHTI€HOBCKUX Kamep.

Anmapatr oOecrnieunBaer paboOTy C OJHOM WJIM JIByMS OJHOBPEMEHHO
BKIIFOUEHHBIMU PEHTTC€HOBCKHUMH TPYOKaMu. YTIbl AUPPAKIMA OTCYUTHIBAIOTCA: @ - TIO
IIKaJle TOHHOMETPUYECKOTO YCTPOMCTBA, 6 - IO OTMETKaM Ha AMArpaMMHOM JIEHTE
CaMOIUUIYLIEr0 NOTEHIMOMETPA, 6 - MO MOPSAJIKOBBIM HOMEpaM I1aroB CKaHUPOBAHHUS
Ha JIeHTe Lu@porneyaTaromero ycrpoiicrsa. HekoTopele TeXHUUYECKHE XapaKTEPUCTUKU
anmapara npuBe/ieHbI B Ta0m. 2.4.
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Puc. 12. CtpykrypHas cxema audpakrometpa tuna JJPOH-2:

1 - crabunuszaTop HANpsDKEHUs; 2 - BBICOKOBOJBTHBIM HCTOYHHK NHUTAHUS; 3
pEeHTreHOBcKas TpyoOka; 4 — oOpaszelr; 5 — rOHUOMETp; 6 — CUETUUK U3TydYeHUsT; 7 — OJI0K
MUTAaHUS CYETYMKA; 8 — YCWIHTEIb HUMITYJIbCOB CUETYMKA; 9 — aMIUTUTYAHBIN
auckpuMmuHaTop; 10 — HopManuszaTop UMITyJbCoB; 11 — nmepecueTHoe ycrponcTBo; 12 —
MukpoIBM; 13 — nudponeydararomiee ycrpoiictso; 14 — nepdopatop; 15 — usmepurens
CKOpoCTH cuera; 16 — 3JIeKTPOHHBIN CaMONMUIIYIIUMKA MOoTeHnuoMerp; 17 — 060k
aBTOMATHYECKOTO yIIpaBieHus (B OTCYTCTBHE MUKPOOBM)

Judpakromerpudeckas cToiika oObeAuHSAET TOHHMOMETP (5) C KpOHIITEHHOM
peHTreHoBCcKoM TpyOkm (3) Ha oOmiel >kecTkol TummTe. Beicokoe HampsikeHue (1o 50
kB) ¢ Onoka nurtanus (2) mogaeTcss Ha aHOJ PEHTIE€HOBCKON TpyOku. OTpaskeHHBIN
My4OoK Tomajaaer B cyeTuuk [elirepa-Mromepa (6), 3aKperieHHbI Ha MOJBHKHOM
rieye roHuomMeTpuyeckoro ycrpoiictsa I'YP-4. 'onnomeTp Ciiy uT Jj1si TOUHOTO (A6=
+l' ) u3Mepenus yrioB MOBOpOTa 0Opasla M CYETYUKA OTHOCHMTEIBHO MaJaOIIETO
PEHTIeHOBCKOro myuyka. OTCU€T yrjioB MOBOPOTA MPOBOAMTCS MO ABYM TI'PagyCHBIM
1IKajgaM, NPOEKTUPYEMBIM HA SKpPaH.

['onnomeTrp oOecrieynBaeT CUHXPOHHBIA MOBOPOT OOpa3lla U CUETYHMKA BOKPYT
oOlIel OCH C 3a/laHHBIMU YTJIOBBIMU CKOPOCTAMHM @ M MX Pa3ebHOE BpalleHHE OT
ANEKTPOABUTATENS WIH BpYy4YHYHO. [I0CKOIBKY OCh cUu€TUMKa pacrojaraercs Mmoj yrjioM
BJBOE OOJIBIINM, YEM IUIOCKOCTh 00pa3iia K PEHTI€HOBCKOMY MYYKY, TO MPU YCIOBHH



YIJIOBBIX CKOPOCTEN ey = 2oy OTPAXKEHHBIE JTyUH OYyIyT BCErAa MONajgaTh B OKHO
cueTynka. B roHumomerpe mmeeTcs AATUYMK OTMETYMKA YTJIOB MOBOPOTA CYETYMKA,
cpabaTbIBaHKE KOTOPOI'O JAET IITPUX-OTMETKY Ha AUArpaMMHOM JIEHTE CaMOIUCLA.

[Tocne ycunenus (8), aMIIUTyIHON AUCKpUMUHALUU (9) UMITYJIbChHI MOCTYHAIOT
Ha nepecuerHoe ycrpoiictBo (11). Ckopocth cuera 3aperucTpUPOBAHHBIX
PEHTIEHOBCKUX KBAaHTOB (umMn/c) MOXET CUMTBHIBATBbCS 10 IKajge mpudopa
uHTeHCcUMeTpa (15) win mo 070Ky BU3yalIbHOM MHAMKAIIMK NIEPECUETHOTO YCTPOMCTBA.
N3 6noka MHTEHCHMMETpa CHUTHAJBI TMOCTYMAalOT Ha BXOA MoTeHImomeTpa (16) mis
3aMuCcH Ha JuarpaMMHON JieHTe. OJHOBPEMEHHO Ha JIGHTY 3alliChIBACTCA INTPHUX -
OTMETKA YTJIOBOTO TIOJIOKCHHS CUETUYHKA MPU €T0 MEePEeMEIIEHUHN TI0 yriaM JTu(PpaKIuu
¢ 3amanubM 1mrarom A6 = 0,1 wim 1°.

Tab6n.4
Texnnueckue xapakrepuctuku annapara [POH-2

[Tapametp Enununa |3HaueHue
M3MEPCHHUS |mapamMerpa

Tlompebnsiemas moonocms |kBm 59,5
Hanpsioicenue na mpyorxe  |kB 50
Anoouwll mok MA 60
Paouyc
2OHUOMEMPUUECKO20 MM 180
Macca annapama Ke 1300
Vemanosounas — naowads|m? 12
annapama
Owubka 6 cueme xearnmos|% 15-2
PEeHmeeH08CKO20
U3TYy4eHuUs
Owubrka 6  u3MepeHUuu|MuH 70,3
V2108 ougpaxyuu

biok aBroMatruueckoro ympasieHus (17) obecneuumBaer pabOTy ABUTATENS
TOHHOMETpPA, PETUCTPAIMIO0 IU(PParupOBAHHOIO My4yKa M 3amuch AU(PPAKTOrPAMMBbI.
Bo3moskHa peructpauusi 100 4ucia peHTreHOBCKUX KBAaHTOB N 3a (PMKCHUpOBAHHOE
BpeMs 7 (MeTon " 7= const") uiau BpeMeHu Habopa 3aJaHHOTO yncia KBaHTOB (MeTos "N
= const").
CKopocTh nepeMeleHs CUeTYMKa BEIONPAOT B 3aBUCUMOCTH OT 1iesielt paboTsl. J{is
TOYHBIX OMNpeAENeHU NpoPMIs W YIJIOBOTO TOJOXKEHUS JIMHUN BbIOUpaeTCs
HaUMEHbINasg CKOPOCTh BpAIICHUS CUETUYHMKA. YPOBEHb (POHA TOJIKEH 3aMUCHIBATHCS
Ha JOCTAaTO4YHO OOJIBIIOM YIJIOBOM PAacCTOSIHUM MO 00€ CTOPOHBI OT IOJIOKEHUS
MaKCUMyMa, 4YTOOBl MPAaBWIBHO M3MEPUTh IUIOMIAAb MOJ HWHTEepHEPEeHINOHHOM
KpUBOH (MHTErpaibHyI0 HHTEHCUBHOCTH JIMHUH).



MpuroTtoBneHune NONIMKPUCTaNINYecKux o6pasuyoB
ANS PEHTreHOCTPYKTYPHOro aHanumsa

OOpa31el A1 CheMKH B Kamepe Jlebast M3roTaBIuBalOT MPOTHKKONW B MPOBOJIOKY
muamerpom 0,2..1 mm. Jnsg ycrpaHeHHs BHYTPCHHHX HaNpsOKEHUH, TEKCTYpHI, HE
SBIISIOIIUXCST TIENBI0 HCCIICNOBAHUS, TPUMEHsETCS OTKUT. [lOBEepXHOCTHBIN ClOH
cuibHO JnedopmupoBanHoro obOpasma (100-300 mxm) CHUMAKOT XUMHYECKUM WA
AIEKTPOTUTUICCKUM TPABICHUEM.

O6pasupl B ¢GopMe IUIACTUHOK M3TrOTaBIMBAIOT OOBIYHBIM MEXaHUYECKUM
Croco0OM ¢ TPUMEHEHHEM DJIEKTPOJUTUYECKON TOJUPOBKU [IJISi CHSTHS HaKJIema
MMOBEPXHOCTHOTO cjosi. Pasmep oOpasma =~10x10x14 rum.

OOpa3upl B BUAE CTOJOMKOB W3 TMOPOIIKA MPUTOTOBIAIOT HW3MEIbYECHUEM
MaTepyansa B TOPOIIOK C TOCIEIYIOIIMM IPECCOBAHWEM B CTEKJISIHHBIN KamwuIsp
auamerpom 0,5 mm WM HakJICWBaHWEM Ha TOHKYIO CTEKISIHHYIO HUTh. [lopormok
MPUKIIEHBAIOT I[AITOHIIAKOM.

Ilpumeyanue: cnegyer UMeTh B BUAY, YTO ()OH PEHTIC€HOTPAMMBI TEM CHIIbHEE,
yeMm OoJblie cBszyrouero kies. [Ipu n3ydeHMn XMMHUYECKUX COCAMHEHUN B CILIaBax
(xapOH10B, HUTPUAOB, HHTEPMETAJUIMAOB U Ap.) IPU UX HE3HAYUTEIBHBIX KOJIUYECTBAX
Y HU3KOHM OTPa)KaTeJbHON CIIOCOOHOCTH AaTOMHBIX IIOCKOCTEH, CTPYKTYPHBIA aHAIHU3
3TUX (pa3 BO3ZMOXKEH JIMILb ITPU YCIOBUU UX BBIACICHHS U3 CIUIaBa MyTEM 3JIEKTPOJIM3A.

JUis cbeMKH Ha AUPPAKTOMETPE HCMOIb3YIOT IOPOIIKOBBIE WM MOHOJIUTHBIE
oOpasnel. [lopomok cMemuBalOT €O c¢jaa00 TMOTJIOMIAoNEd W pacceuBarolleH
cBa3Koi. CMech MOMEIIAOT B CIEHHUATIbHBIE KIOBETHI WJIM IMPECCYIOT U3 MOPOILIKA
TabneTku. MOHOMUTHBIE 00pa3Ibl MOJIUPYIOT XUMUUECKH WIIH 3JEKTPOJIUTUYECKH.

B MeTone peHTreHOCHEKTPaJbHOTO MHMKpPOAHAIM3a  HCIOJB3YIOT  OOBIYHBIC
MUKPONILTHA(DBI C IPOTPABICHHON MOBEPXHOCTHIO.

JlokanbHbIW peHTreHoCneKTpanbHbIM aHann3

KoHTposb XUMHUYECKOTO cOCTaBa Marepuania B MUKPOOOBEMax SIBISCTCS BaKHOU
JOTIOJIHUTEJIbHOW KOMIIOHEHTOW MCCIEOBAHUSI €r0 KPUCTALNTUYECKON CTPYKTYpPhI U
¢azoBoro cocraBa. IlpoBeaeHue Takoro aHaiau3a HEOOXOAUMO MpPU H3YUYEHUU
mudPy3uOHHBIX  TPOILIECCOB MO O00BEMY TpaHUIlaM 3€peH, ONpeACICHUU
kod(pdunrenToB nuddy3un, KOHTPOJIE paCHpPENCICHUs] XUMUYECKUX 3JIEMEHTOB 10
00bEeMY KPUCTAJUTUTOB U MOBEPXHOCTH MUKpOILLIU(dA B 3a]JaHHOM HAIPaBJICHUH, TIPU
MOCTPOCHUM JHArpaMM COCTOSIHMS, OINpPEEICHUH XUMUYECKOTO COCTaBa CILJIaBOB,
Py, IIJIaKOB, MUHEPAJIOB, HEOPTraHUYECKUX COCIMHEHUH U JIp.

MeTonbl pEHTT€HOCHEKTPAIBHOIO aHajlu3a IPUMEHUMBI, €CJIM IOPSAJIKOBBIC
HOMEpPA KOHTPOJIUPYEMBIX dJIEMEHTOB Z > 12.

B memoode pemwmeenocnexmpanvnozo  amanuza  BO30OYXKJEHHE  aTOMOB
MUKpPOOOBEKTAa MPOBOAAT AJIEKTPOHHBIM 30HJIOM — Y3KMM IydkoM (nuamerp = 0,5-2
MKM) DIIEKTPOHOB. @Diroopecyenmuulii. Memoo PEHTICHOCHEKTPAIBHOIO aHalu3a
OCHOBaH Ha BO30Y)KJIEHHM aTOMOB OTPaXXaroIlero oObeMa HCCIEAYEMOro BEIIEeCTBa



(moBepXHOCTHBIN cyiod TommuHOM ~ 1- 10 mxm) pEeHTreHOBCKUM ITYYKOM >KECTKOTO
M3JTy4YCHHS] PEHTT€HOBCKOHN TPyOKH.

AHanu3  CHEKTPOB  BO3HUKAIOIIETO  MPU  3TOM  XapaKTEPUCTUUYECKOTrO
PEHTTEHOBCKOTO M3JIy4€HHs TI03BOJISIET YCTAaHOBUTH YCPEIHEHHbIE JAaHHBIE €ro
XMMHYECKOTO COCTaBa B MUKPOOOBEKTE.

MuxkpoananuzaTop 0ObeAMHSET J1Ba YCTPOICTBA: IEPBOE CIYKUT AJIS MTOTYUCHHS
Y3KOTO Iy4Ka 3JEKTPOHOB M (DOKYCHMPOBaHHUSI €r0 Ha HCCIEIyeMyI0 YacTh OOBEKTa,;
BTOpoe oOecrneunBaeT HaOmoaeHue ucciaeayemMor  "touku"  (oOjacTtu) Ha
MUKPOOOBEKTE,  PA3J0KEHUE  BO30YKJIEHHOTO B  OOBEKTE  PEHTIC€HOBCKOTO
XapaKTePUCTHUECKOTO W3JIY4YeHHUS B CHEKTp MO JUIMHAM BOJH H aHaIU3 €ro
WHTCHCHUBHOCTH.

Taou.5
OcHOBHBIE TEXHHYECKHE XaPAKTEPUCTHKH
MHUKpoaHaau3zaTopa tuna MAP-2
ITapameTp Ennnnna 3HaueHue
M3MEPCHUS napameTpa
Jlokanbrnocmo ananusa (Ouamemp | MKMm He Hudice 2
vrrneA1nt nanuind)
CpeoHssn uyecmeumenbHOCMy AHAIU3A % 0,1
Cnedugaa owuubra auanuza ) 5
Yekoparowee nanpsisicenue na anooe KB 10-50
Ilompebnsemasn mowHocmo xkBA 2,5
Owubka 3anucu Ha camonucye % +6
Macca ycmanosxu Ke 1800
Jluanazon  onpeodenenuss  cooepoicarnus | Ilopsokoswiii 12 (maenui) -92
971eMeHmMo8 Homep dniemenma | (ypaw)
o BNy -~
Ha puc.13 mnpencraBieHa omnrTuueckas cxemMa, a B Ta0i. 5 — OCHOBHBIC

TEXHUUYECKUE XapaKTePUCTUKH MUKpoaHain3aropa tuna MAP — 2.

M cTOYHUKOM 3JEKTPOHOB CIYXKUT KaToJ - BOJb(paMoBas criupaib (3JIEKTpOHHas
nymka - 1), HarpeBaemasi JJEKTPUYECKUM TOKOM. OJEKTPOHBI YCKOPSIIOTCS B
anekTpuyeckoM mose "katom-anon". Uccnemyembiit metamtorpaduueckuit g (5)
CIUIaBa YCTaHABIIMBAIOT B KaMmepy npudopa — "pa300pHYyI0 peHTIEHOBCKYIO TPyOKy'", B
KOTOpOH oOpasell CIyKUT aHOAOM. DIJIEKTPOHBI M JIJTMHHOBOJHOBOE PEHTTEHOBCKOE
U3JIyYEHHUE XOPOIIO MOTJIOUIAIOTCS MOJIEKYJIaMH BO3/yXa, I[O3TOMY B KOJIOHKE
npubopa mnopmepKuBaeTcs BakyyMm mopsaaka 102 [la. TIIockoCTh aHAIM3HPYEMOTO
oOpa3ia 00bIYHO HAKJIIOHEHA K 3JIEKTPOHHOMY ITYUKY.

Ha Bp1OpanHyI0 MO ONTHYECKUM MUKPOCKOTIOM (8) "Touky" mimuda HarmpaBiaseTcs
c(OKYCUPOBAHHBIA JJICKTPOHHON KOHJICHCOPHOW JHMH30W (2) y3KHH 3IEKTPOHHBIN
nydok (3). Okynsip ONTUYECKOIO0 MHKPOCKONAa CHA0XKEeH OO0BEKT-MUKPOMETPOM s
oTcueTa nepemenieHus pukcupoBaHHol "Touku" oObekTa. Habmonenue 3a Gpopmoii u
pasMepaMH Iydka BEIyT 1O ero QuiroopecieHnnu Ha kpuctawie dmoopura (CaF),
MOMEIIIAeMOr0 Ha MeCTO o0paslia.



B pe3ynbTaTe 3JEKTPOHHON G0MOapaupoBKU B MHKpooOBeme (okoio 10 mxnd)
BO30YXKIA€TCA XapaKTePUCTHUECKOE PEHTTEHOBCKOE MW3IIyYCHHE, KOTOpOoe uepe3
CHelHalbHbIE OKHA TOMAaJaeT B CHEKTpoMeTphl (6). B cmekrpomerpax MpOUCXOAMT
pasjienieHue JIydel Mo JJIMHaM BOJIH MPH MOMOIIM KpUCTallla — aHanu3aTopa (KBapil,
C/I0JIa) C M30THYTOM TIpaHbl0, YCTAHABIMBAEMOro MOJ yrioM Judpakuuu - 6
(cormacHo ycnoBuio Bynbga-bparra), cOOTBEeTCTBYIONIMM  JIJIMHE BOJIHBI OMpE/erisie-
MOTrO 3JeMeHTa. Jlanee peHTreHOBCKOE M3NMydeHHe MomaaaeT Ha cueTduk [ eirepa-
Mronnepa W PETUCTPUPYIOLIEE YCTPOMCTBO crHekTpoMerpa. llo Hammumioo wu
WHTEHCUBHOCTU PEHTIEHOBCKMX JIMHUM pa3HOM A YCTaHaBIMBAIOT KayeCTBEHHBIH U
KOJIMYECTBEHHBI XUMUYECKUNA COCTaB AJIEMEHTOB, MPUCYTCTBYIOMIMX B MUKPOOOBEME
HaOmoaeMoi "Touku" nummda.

pr :

Puc.13. OnTrueckas cxeMa peHTI€eHOBCKOT0 MUKpoaHanu3aropa tuna MAP:

1 — onexkTpoHHas MymiKa; 2 — DSJIEKTPOHHAs KOHJEHCOpHAs JIMH3a; 3 — IMyYOK
AJIEKTPOHOB; 4 — 0OBEKTUBHAS JTUH3A; 5 — o0paselr; 6 — CEeKTPOMETPHI; 7 — UCTOYHUK
CBETA ONTUYECKOTO MUKPOCKOIA; 8 — 00BEKTUB MHUKPOCKOIA

Kpome anammza coctaBa "B TOuke" MOXKHO ONPEACIUTh pacOpeaeICHUE
AJIEMEHTOB MO BBHIOPAaHHOMY Ha IUM(e HampaBieHuto. B 3Toll ciyuyae cnekrpomerp
YCTaHABJIMBAETCA B IMOJIOKEHUE, COOTBETCTBYIOIIEE PETMCTPALMU JIMHUM JAHHOTO
aJlieMeHTa, a o0paszel] MepeMeniaeTcsi MoJ| SJIEKTPOHHBIM NydykoM.  M3meHeHus
KOHIEHTpAIMU aHATU3UPYEMOI0 3JIEMEHTA BBI3BIBAIOT MPOMOPIIMOHAIbHBIE U3MEHEHUS
UHTEHCUBHOCTH JIMHUH.

[IpoBoasi HENmpepbIBHYK 3alKlCh HMHTEHCUBHOCTH JIMHUM, IOJYYalOT KpPHUBYIO
pacnpeneneHus JaHHOTO 3JIEMEHTA T10 OTPE/ICIICHHBIM HaIlpaBJICHUSIM Ha Hunude.
CrenaB aHaJIM3 pacHpeiesiCHHs APYruX 3JEMEHTOB CIUIaBa B TEX K€ HANPABJICHUSX,
MOXHO TIONIYYHTh TMOJHYI KapTUHY "XuMuyeckod Ttomorpadpuu" uumda.
[TapannenbHOe MHUKPOCKONMYECKOE HCCIENOBAHHE PAacCMATPUBAEMOIO ydacTKa
nutr(a mo3BOJIAET CBA3ATh XapaKTep paclpeaeTIeHHs 2IEMEHTOB ¢ MUKPOCTPYKTYpOit
CcIuiaBa.



6. CoxepxaHue oTdyeTa

1. Teopusa eéonpoca. Onvicatb OCHOBHBIE TIOJIOKECHHUSL:

- TEOPETHYECKUX OCHOB MOJYyUYEHHUs PEHTI€HOBCKUX JIyYEil;

- YCIJIOBUW BO3HUKHOBEHHUS PEHTI€HOBCKUX CIEKTPOB;

- TU(PaKTOMETPUH U PEHTI€HOCTIEKTPAILHOTO aHAIN3a.

2. Texnuxa 3kcnepumenma. 3apucoBaTh CXEMbI U IPUBECTH XapPAKTEPUCTUKU:

- YCTPOWCTB pPEHTreHOBCKOM TpyOku, kamepnl Tuna PK]l, cueTyumkoB u3iayuyeHUs U
nudpakToMeTpa;

- BUO0B CbCMKHU ITOJIMKPUCTAIIIOB.

3. lonyuennvie pesynomamepl. Onrcath yCIOBUS MIPOBEACHUS ChEMKH U MPHIOKUTH K
OTYETy TIOJIyYeHHBbIE PEHTreHOTpaMMy U JaudpakTorpamMmy. YCTaHOBUTH YTJIbI
OTpaX€HUSI U MHTEHCUBHOCTh MAaKCUMYMOB Ha TU(PAKTOrpaMMe.

4. OcnoeHble 6b16000bl.

7. KOHTpOJBHBIE BOIIPOCHI

1. Kakue OCHOBHBIE 33Jja4d PELIAET PEHTT€HOCTPYKTYPHBIM M PEHTT€HOCHEKTPAIbHBIN
aHaJIM3bl KPUCTAIUINYECKOTO BelecTBa?

. Uto npesacraiisieT cOO0H PEHTI€HOBCKOE U3TyUeHHE?

. Kak mony4arot peHTTr€HOBCKHUE JIy4un?

. YKa)XUTe OCHOBHBIE Y3JIbl PEHTI€HOBCKOM TPYOKHU.

. Kak ycrpoena pentreHoBckas kamepa tuna PKJI?

. KakoBO Ha3HaueHUEe U yCTPOICTBO CYETUYMKOB U3TyUCHUS?

. Kax mpuroroButs 00pa3zel yisi peHTT€HOBCKON CheMKU?

. KakoBbI BU/Ibl pEHTI€HOBCKOUN ChEMKH MOJUKPUCTAIIIOB?

. Onmmure Ha3HAYCHWE M YCTPONCTBO PEHTTEHOBCKHMX ammapatoB Tuma JPOH-2,
MAP-2

10. Kak onpeaenuts yroja OTpaxeHus 0 pEHTIeHOrpaMMe U udpakrorpamme?

11. KakoB pabouwnii nrana3oH JJIUH BOJIH PEHTTE€HOBCKOTO U3Ty4YEeHUS ?

12. KakoBa mpupoja CIUIOIMIHOTO M XapaKTEPUCTUYECKOTO CIEKTpa PEHTTEHOBCKOTO
U3ITy4eHus?

13. Ilpu kakux ycioBusix Bo3HukaroT K, L, M u 1p. cepuu peHTT€HOBCKOT0 U3JTy4YeHus1?
14. Yto Takoe nmoTeHMaa BO30YKAECHUS JAaHHON Cepyr U3ITyUeHUs ?

15. KakoBbl METOIbI pETUCTPALIMA PEHTTEHOBCKOTO U3JTyUEHHUS ?

16. OnummuTe paboTy MOHU3AIMOHHBIX CYETUNKOB H3TYyUCHUSI.

17. KakoBbl JAOMyCTUMBIE J[03bl PEHTTEHOBCKOrOo wu3NydeHusa? Kakue wmartepuanbl
MIPUMEHSIIOTCS B KQUECTBE 3AIIUTHI OT BO3/ICUCTBUS U3TyUCHHUS?

18. B uem cymHOCTh OMOJIOTUYECKOTO AEHCTBUS PEHTT€HOBCKUX JTy4deit?

O 00 1 O\ D W



8. bubnuorpaduyueckuit Ciucok

I. Topenmuk C.C., PactopryeB JIL.H., CkakoB IO.A. Penrrenorpaduueckuii u
ANEKTpOHHO-onTHYeckuit ananm3. -M.: MUCHC, 1994. 328 c.

2. VYmanckuii .C. Penrrenorpadus MeTaUIOB W MOJYyIPOBOJHHKOB. —M.:
Mertamnyprusg, 1969. 496 c.

3. Tpouukuit M.B. Pentrenorpadus u snexrporHas mukpockonus. —lyma: Tynl'V,
2003. 200 c.

4. Tpouukuii U.B., I'onuapoB C.C. ®uznueckue metronbl kKoHtpons. —lyna: Tynl'V,
1996. 84 c.

JIABOPATOPHAS PABOTA Ne 2

KOHTPO.JIb MEXIIJIOCKOCTHBIX PACCTOSIHUI
1HO INPPAKTOI'PAMME

[enb pabOTHI:

1. mpoBecT BBIOOpP YCIOBHA ChEMKH H  3apeTUCTPUPOBATH  MpOQuiIn
IUQPaKIMOHHBIX  JIMHUH Ha  JWarpaMMHOM  JICHT€  TIOTCHIIMOMETpa  Ha
nuhpaKkToOMETpeE;

2. OCBOUTH MPOLEYpPYy pacuera TudpaKkTorpaMMbl: OMpeeTeHHe YIioB AUPPaKIHH,
WHTErPAJIbHBIX WHTEHCUBHOCTEH MAKCUMYMOB, MEKIUIOCKOCTHBIX PAaCCTOSIHUIA,
uAeHTUUKAIMK (a3 NOTUKPUCTALINYECKOT0 00pa3iia CIijiaBa.

2. TeopeTnueckre CBEICHUS

[lepen BBIMOJHEHHEM CHEMKU TIPOBOJST IOCTHUPOBKY JudpakTomMeTrpa B
COOTBETCTBHUM C MpHJIAraéMol K HeMy WHCTpyKuueu. JIunusa dokyca, EHTphl BCeX
iejJed U OCh TOHMOMETPA JOJDKHBI JIEKATh B OJHOM BEPTHUKAJIBHOW IUIOCKOCTH —
IIJIOCKOCTH 00pa3sIia.

[Ipn m3MepeHnn TOJILKO MHTETPAIbHOW MHTEHCUBHOCTH, Ha KOTOPYIO HE BIIUSET
T€OMETPHUSI ChEMKH, IIUPUHY MPUEMHOMN MIENHM cUeTyuka nmpuHumaroT 1-2 wm. Ilpum
U3MEpPEHUH MpOodUIs MaKCUMyMa Ilar CKaHUPOBAHHS BBHIOMPAIOT TAKOW, YTOOBI €ro
IIMPHUHA Ha MOJIOBUHE BBICOTHI (MOJYIIMpPUHA) cocTaBiisyia HE MeHee 5-10 maros A6
(0,1 mnm 1°) mo yriam mudpakuuu. Bpemst 7 peructparuu B Touke (HaOMpaeMoe Yuciio
UMIYJbCOB) YCTaHABIMBAIOT MCXOAS M3  3aJaHHOW OMMOKH  OMpEeIeTICHUS
uHTeHcUBHOCTU. OmmOKa B cueTe KBAHTOB PEHTIC€HOBCKOTO H3IYYEHHUS COCTaBISET
okoJ10 2%.

[Ipu HempepbIBHOW 3amucu audpakTorpaMmbl Ha JUATPAaMMHYIO  JICHTY
MOTEHIIMOMETPA CIEAYET BBITIOIHATH YCIOBHE MUHHUMAIBFHOTO MCKAKEHUSI MAKCUMYyMa:
tweq < 0,03% 316Ch @Wev — YIIIOBAas CKOPOCTH BpalleHMsi cueTunka. COIJIAaCHO TOMY



YCJIOBHIO NMPUXOJUTCA MPUHUMATh KOMIIPOMHCCHOE pEIIEHHE, BbI3BAHHOE OOpPATHBIM
U3MEHEHUEM BEJINYUH 7 U Weu.

B xauecTBe BemiecTBa 3€pKaja aHOAA MCIOJB3YIOT XUMHYECKHM YHUCTHIE
snemenTsl: Cr?4, Fe?®, Co?’, Ni?8, Cu?®® u ap. Uem xopode JUIMHA BOJHBI A, TEM OOJIbIIE
KOHYCOB HMHTEHCHUBHOCTH MOYKHO pPErucTpupoBarb U HaobopoT. Kpucraminmueckue
BEIIECTBA HU3KUX CHUHTOHUH C OOJBIIMM YHUCIOM DPEQIEKCOB ClEeAyeT CHUMATh B
Msarkom wusnydeHuun (Cr wmm  Fe), 4toObl J00UTBCS pa3feneHus JUHUM Ha
muppakrorpamMmme.  Henb3s ynoTpeOnsiTh B KadecTBE 3€pKajia aHOJa BEIIECTBO,
MOPSIIKOBBIA HOMEpP KOTOpOro Ha 2 - 3 eAuHMIBl (WM OoJee) BbIIIE MOPSAKOBOTO
HOMEpAa XUMHUYECKOTO »JJIEMEHTa BXOJSIIEro B cocTaB oOpasna. B sToM ciyuae
u3llydeHre OyAeT CIMIIKOM J>KeCTKUM M HauyHyT BO30yxnatbcsi K - YypOBHU
KOMIIOHEHTOB ciutaBa. K Tomy e, Ha audpaktorpamme (peHTI€HOBCKOM IUIEHKE)
BO3HUKAET 3HAUUTEIbHBIM YpOBEHb (pOHA (CHIIbHAs Byallb Ha IJICHKE) OT CILIOLIHOIO
CHEKTpa HU3Iy4YeHHs U pacmudpoBaTh Audpakrorpammy (pEeHTI€HOIpaMMy) CTAHET
3aTPYIHUTEIIBHO.

[Ipu BBIOOpE AMUHBI BOJHBI U3TYUYEHHUS] PEHTIC€HOBCKOM TPYOKH HEOOXOAMMO,
YTOOBI BBIMOJIHIIOCH CIEAYIONIEEe YCIOBHE:

Z,<Z, +1(2) ,
rne Z4 u Zosp — TOPSIAKOBBIE HOMEpa OJJIEMEHTOB 3€pKaja aHoJa u obpasia
COOTBETCTBEHHO.

B OonbmmHcTBE ciiydaeB JMHMM @ Kp HE [AalOT HOBOM uHQoOpManuud 00
HCCIIeyEeMbIX TTapaMeTpax CTPyKTypbl. Bce HEOOX0MuMbIE TaHHBIE MOXKHO TOJIYYHUTH C
nomoiplo Oosnee deTkux K,-nmuHuil. (B HEKOTOpBIX ciaydasx 0ojiee KOPOTKOBOJTHOBBIC
Kp-1yun ucnonb3yroT CHEUUaNbHO: ISl PETUCTPALIMU OTPAKEHHUIN MpU OOJIBLINX Yriaax
mudpakiuu — 6, KOTopble HE PETUCTPUPYIOTCS B K, — JTyuax; Korja UHTEHCUBHOCTD K, -
JUHUN OYEHb BBICOKA W HE MojgaeTcs (POTOMETPUPOBAHUIO U Ap.).YCIOBUS ChEMKHU
HauOosiee OJNArONMpUATHBI, €CclM o0pa3ell - MNPEANISCTBEHHUK aHOAy MO Tabuile
Menpeieena.

Jlns monydeHus: KaueCTBEHHOW PEHTTeHOrpaMMbl HEOOXOIUMO HMMETh CTPOTO
MOHOXpOMaThyeckoe wusiydyenue. OJHAKO, XapaKTePUCTUYECKUM CIEKTp, €CIU He
MIPUMEHSIIOTCSl  CIICIIUAIbHBIE YCJIOBUA CBEMKHU: KPUCTAIJIBI - MOHOXPOMAaTOpbl H
¢bunbTpsl, comepxkut K, u Ks - nydn. 3T0 NpUBOAUT K TOSBICHHUIO JIBYX CHUCTEM
KOHYCOB MHTEHCUBHOCTEHN OT « U ff - JMyueH, OTINYAIONTUXCS IO MHTEHCUBHOCTH B 5 - 6
pas.

st muppakTOMETPUYECKUX MCCIAEAOBAHUI UCTIONB3YIOT 00pasibl B BUAC IIaii0
muametpoM ~ 20 mm wiam TutacTUHOK pasmepoMm =~ 20 x 20 mm. Ecnu He Tpebyercs
CHEeIUalIbHOE MCCIEIOBAHUE TIOBEPXHOCTH, TO TEepel HM3MepeHUueM 00paslbl
ANEKTPOJIMTUYECKH TOJIMPYIOTCS WM TPABITCSA CO CHATUEM IOBEPXHOCTHOTO CJIOSI ~
0,2. mm.

PacuyeT MeXnnocKoCTHbIX PacCTOSIHUMN

MeronamMu peHTreHOaHaIn3a MOKHO YCTAaHOBUTH (Pa30BbII COCTaB reTEPOreHHbBIX
cmeceil. Kaxxnoe kpucramimyeckoe BeLIECTBO, (pa3a 00sagaroT XapakTepHbIM HAaOOpPOM



3HAYCHUH MEKIUIOCKOCTHBIX PAcCTOSHUM Ohk, ompemenseMblx mapameTpamu @, b, ¢ u
yriamu «, f, y 3neMeHTapHo# siueiiku. [1o3ToMy ONBbITHBIE TAHHBIE O MEXIIOCKOCTHBIX
PacCTOSIHUAX NO3BOJISIIOT YCTAHOBUTh THII PEIIETKM MW HCCIEAYEMOE BEIIECTBO.
Omnpenenenre pa3zoBoro cocraBa MOJIMKPUCTANIMYECKOTO BELIECTBA SBJSETCS OJHOM U3
pacnpoCcTpaHEHHBIX 3a71a4 (PU3UUECKOT0 MaTEPUATIOBEICHHUS.

U3 ypaBuenus Bynbda - Bparros

2 dhwi - SIN@ =nA,
(3mech @ - yron audpakuuu, A - JIMHA BOJIHBI PEHTT€HOBCKOTO U3YyUYEHHS) UMEEM:
dha = nA/(2 - sind) .
Wunekcor Jlays HKL miockocteii nntepdepennnu cBszanbl ¢ uaaekcamu hkl Mumiepa
ATOMHBIX TUIOCKOCTEH MOPSIIKOM OTPasKeHHsI N, T.€.
H=n-h; K=nk; L=nl
i Ohia/N = dHke.

Tax wunpexcel uHTephepeHuun 220 03HAYAIOT, YTO OTPAKEHUE PEHTITEHOBCKUX
ayder maer cemelcTBO TwiockocTed (110) Bo BTOpoM ToOpsiAKe OTpa)keHHUs. 3ajgaya
HAXOXKJEHUSI MEXIUIOCKOCTHBIX PACCTOSHUNW M YCTAHOBJIEHHE IO HHUM HCCIEIyEeMOI0
BelecTBa ((ha3bl) CBOAUTCS K ONMPECICHHUIO YIII0B IU(PPaKIIMU peHTT€HOBCKUX JIMHUM.

WneHTuduKauo pas3indHbiX (a3 mo 3HaYCHUIM UHkL MTPOBOJAT IO CHEIHATbHBIM
tabmuiam (Hampumep, kaproreku ASTM - American Society for Testing Materials),
HacuuteiBarommM Oosee 15000 BemectB. 3HaueHust dnkL M MHAEKCOB IUIOCKOCTEM
uHTEepPEPEHITNN JIT HEKOTOPHIX 3JIEMEHTOB mpuBenaeHbl B Ta0n.3.1. Jlns yckopeHus
uaeHTUGUKau BeriecTB (¢da3), peHTTeHO — Wid TU(PaKTOrpaMMbl MPEACTABISIIOT Ha
KaJlbke B BHUJE TpauKoB (MITpUX — auarpamMm) "UHTEHCUBHOCTH | nuHUI (B yCIOBHOU
ATUOAIBHOM 1IKaje) - yrod qudpakuuy - 6" npu 3aJaHHOM U3JIyYE€HUU U CPAaBHHUBAIOT
WX C TaOJUYHBIMU IyTEeM HAJIOKEHUS Ha TrpadUKd ITAJOHHBIX BEIIECTB B TOM XKeE
macitabe (puc. 3.1). CooTHOIIEHME UHTEHCUBHOCTEW JTUHUN MJiA JaHHOW (asbl (axe
€CJIM OHA HAXOJUTCSI B CMECH) JIOJHDKHO COXPAHSATHCS.

(&4
Puc.1. OOmuii Bug "mrpux — quarpammser” | - 6
O npucyrcTBUM TOM WM HMHOW (a3bl MOXKHO cyauTh mo 2 - 3 Hauboiee

MHTEHCUBHBIM JINHUSAM. MUHUMAaJIbHOE KOJIMYECTBO BEIIECTBA B CMECH. IOCTATOYHOE
JUISL HaJIeKHOM WMIEHTU(UKAIUU JAHHOU (asbl, CIYKUT MEPON YYBCTBUTEIBHOCTU
METO/1A.

Taoa. 1
MeXMI0CKOCTHBIE PACCTOSIHUSI HEKOTOPBIX 3J1eMEHTOB
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Pentrenorpamma aByx u Oosiee a3 sBISETCS MPOCTON CYMEPIIO3UIUCH WX OT-
AeNbHBIX nudpakTorpaMMm. VMIHTEHCHUBHOCTh JMHHM 3aBUCHUT OT KoiuuecTBa (a3 B
crutaBe. IIpu BBICOKOW OTpa)aTeslbHOW CIIOCOOHOCTH aTOMHBIX MIIOCKOCTEH (ha3bl,
PEHTrE€HOAHAJIN3 MO3BOJISIET €€ 3apPETUCTPUPOBATH J1aK€ B COTHIX JOJSAX IPaMma.

OnpepeneHue yrna audpakumm

B 3aBucumoctu ot reoMeTpun CbCMKH (paCXO)II/IMOCTB 151

HEMOHOXpOMa-

TUYHOCTbH My4Ka, pa3Mepsl U (hopma oOpasiia, BeIMYMHA €ro JIMHEHHOTOo K03 duiinenTa
ocla0JIeHust — (4 ¥ Tp.) U (PU3NYECKUX OCOOCHHOCTEH CTPYKTyphbl oOpasua (aedeKTb



PEIETKH, XMMUYECKasi HEOJAHOPOIHOCTD U TIp.), OAHU U T€ K€ TU(paKIIMOHHbIE KPUBBIE
MOT'YT UMETh Pa3HYIO YIJIOBYIO IIMPUHY U MAKCUMAJIbHYI0 HHTEHCUBHOCT.
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Puc. 2. CummeTpuuHbIit AUGPAKIIMOHHBIN MAKCUMYM

KomuuectBO KBaHTOB H, CJICA0BATCIIBHO, 06ma51 OQHCpIrusa pacCCAHHOI'O
O6p33HOM PCHTI'CHOBCKOI'O U3JIYYCHUA, JOJI’KHA OBITH IIpOoNopHrMOHaJIbHA INIOIAaIN 101

nHTep(epeHITMOHHOM KpuBoOH (puc.3.2), T.c.
‘92

J= [U®H-1,(9u8.

4
3nech Jp — UHTEHCHUBHOCTH (oHa nudpakrorpammbl, J(F) — HMHTCHCHBHOCTD
paccessHHOTO HM3IIyYeHHsl ToJ yrioM audpakuuu 4. YuwrtbeBas, uro dddr = o -
yIJI0Basi CKOPOCTh NBMXKECHUs cuéTumnka (d7 - Bpems MpoX0oKACHUS HHTepBaia yrios d6&
CYETUMKOM), UMEEM

= coj[l(r)—ld,(r)]dr = w-S,
rne 71 W T2 - BpeMs Hadala M KOHIIA PETUCTPAlMd MaKCHUMyMa, S — IJIOMAdb
IudpakIMOHHON KpUBOil (32 BEIUETOM (OHA).

B cinywae cumMerpudHOro AMQpPaKIMOHHOTO MAaKCHMyMa YToJl OTPaKeHHs
YCTaHaBJIMBAIOT MO YIJIOBOMY MOJOXKEHUIO Imax (puc.3.2). [lepBoHavaibHO, MO IITPUX-
ormerkaM (cM. pa0.N1) monokeHHusl cUeTYMKa B HWHTEPBAJC YIJIOB HAXOXKICHHS
MaKCHUMyMa, OIIPEICIISIOT MacIiTad AuPPAKTOTPaMMBI:

M= M,epab/zww,

rne 2% u 2% — 3HaYCHUS YIJIOB IO IITPUX - OTMETKAM JUarpaMMHOM JICHTBI
MOJIOXKCHHS CYETYMKA B MHTEpBaJie YIrJIOB NU(PPaKIMOHHON KpuBOH, Al - nmuHeiHOe
pPacCTOSIHME B MM MEXKIy TEMH JX€ INTPUX - OTMETKAMHU JU(PPAKTOTPaAMMBI MO OCH
YIJIOB.

VYTri0BOE MOJOKEHWE ACUMMETPUYHOW M Pa3MbITON JU(PPaKIMOHHONW KpPUBOM
OTIPECIISAIOT IO MOJIOXKEHHIO e¢ ieHTpa TsukecTu (L[T). [JT MOXHO HAaWTH CIICTYOIIMMHU
JIBYMsI CIIOCOOaMH.

1. Ilpoduns nuHUM 3a BeIYETOM (poHA pa3OMBAIOT Ha 21 PaBHBIX YYaCTKOB
(puc.3.3). Ecnu 0603HaunTh yepe3 =+ Xi KOOPJWHATHI BJIOJIL OCH JIMHUH (hOHA, TO



Puc.3. K pacuery nonoxxenus nenrpa tsoxectd ([{7T) nudpakiimoHHONW KpUBOU
(mepBbIii crtoco0 pacuera)

3. O0OBeKTHI HcclieqoBaHus1, 000pyI0BaHUE
Hudpaxkromerp JJPOH, OGpa3iibl yriiepoaucThiX cTajien

4. 3ananue Ha paboTy

[IpoBecTn cbeMKy audpakTorpaMm, pacCuuTaTh 3HAYCHUS MEKIJIOCKOCTHBIX
pPacCTOSIHUM U UACHTU(UIIMIPOBATH BEILIECTBO

5. Ilopsimok BbIMOTHEHUS pabOTHI

1. BeiOpaTh AnuHy BOJHBI U3IY4YEHUs, MPOU3BECTH PEHTTEHOBCKYIO ChEMKY M 3alUCh
npoduis IupaKIUOHHBIX JUHUKA (HE MeHee 3-X) Ha JMarpaMMHOM JIEHTE
noTeHuroMerpa audpakroMerpa (HEMPEPbIBHBIM M IIArOBBIM CKAHUPOBAHUEM) C
3aJlaHHOTO 00pasia.

2. YcranoButh MaciTabd - M nudpakrorpamMmsi.

3. Ompenenuth 3HAYCHWE Xyr W BEIWUHMHY yria audpakuud 20yr A Kaxaon
TUGPaKIUOHHON KPUBOA.

4. PaccunTaTh MEKIUIOCKOCTHBIC paccTosiHU d/N Ui HAWJICHHBIX YIIIOB TU(PPAKIUH.

5. [lo crangapTHBIM Ta0NMIIaM MPOBECTU WACHTU(PHUKAIMIO WHIACKCOB MHTEP(HEpPEHIINU
1 BemecTBa (haspl) ucciemyeMoro odpasiia.

Ta0J1. 2



HpeI[CTaBJIeHHe OIIBITHBIX JAaHHBIX
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Onyckas MepHeHANKYJISp U3 TOYKH Xy 7 HA OCh YIJIOB AUGPAKIUUA, HAXOSAT
3HaueHue 20ir
20, =20_+x,; u,

n—1
rae (62 — 61) - mupuHa H3MEPSEMOT0 UHTEPBAJIA YIJIOB Y TIOJIOIIBBI JIMHUU.

Jlig pacuera nonoxxenus {71 pe3yapTaThl yA0OHO CBECTH B TalJI. 2.

Pacuer yrma nudpakuumu 67 MOXKHO TPOBECTH C TOMOINBIO TPOTPAMMBI
paspaborannoii kapeapoit ®MM?! mna IBM PC "Amamus npoduns peHTTeHOBCKOM
JUHUA MeToaoM MoMeHTOB". Jludpakrorpamma mpu STOM CHHMAETCI B PEXKHME
IIarOBOT0 CKaHUPOBaHUs. VICXOHBIMU TaHHBIMU TSI pacyeTa sIBJISIOTCSA:

- 3HaYEHUs MHACKCOB MHTEpEepeHIIU aHamu3upyemoi uanu HKL;

- mumHa BoaHBI Ky 1 Kgz;

- IOCTOSIHHASI BPEMEHH CKaHUPOBAHMS,

- BeM4MHA yria (Tpaj), COOTBETCTBYIOIIAs HUKHEH rpaHnlle HHTEpBajia ChbEMKH;

- [Iar CKaHUPOBAHWSI,

- HOMEP NOCIIEAHEN TOUKH.

Ipumeyanue: 1 TOTO, YTOOBI TPABUIILHO BBECTH UCXOIHBIC JAHHBIE B IPOTPAMMY,
HEOOXOJMMO TIPEABAPUTENLHO 3alucaTth MpOPWIb PEHTITCHOBCKOM JIMHUM Ha
JIMarpaMMHOM JICHTE MOTEHIIMOMETPA.

2. BHyTpu nudpakiimoHHONW KPUBOM MPOBOSAT CEMEUCTBO JIMHUMN, MapauIebHbBIX
muaun (pona (puc. 3.4). Ha kaxmom OTpe3ke OTMEUAIOT MOJOKEHHE €T0 CEpPEIANHBI.
Uepe3 MonaydyeHHbIE TOYKM MPOBOJAT mpsimyto JwmHuio AB. [JT nuHum Oyaet
HaxomuThes Ha 1/3 BeicoThl muHNN AB. Omyckas neprieHauKymsip u3 Touku /[T Ha OCh
yIJIOB TU(paKiuu, HaXoaat 20yr.

! ABTOp mporpaMMs! 1.(u3.-Mart. Hayk, npod. Jesun .M.
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Puc. 4. Cxema K ONpENCIICHUIO VYIJIOBOIO IIOJIOKCHHUS IeHTpa Tsokectd ([]7)
nudpakIMOHHOM TMHUU (BTOPOH CrIOcO0 pacuera)

6. CoxepxkaHue oTdyeTa

1. Teopusa eonpoca. Onricatb OCHOBHBIE TIOJIOKEHUS:
- BBIOOpA YCIIOBUM ChEMKHU;

- pacuera MeXIJIOCKOCTHBIX PaCCTOSTHUM;

- uaeHTU(UKanuu BeulecTB ((pa3) Mo peHTreHo — U AUPpaKTOrpaMmMam;

- onpeneneHus MacmTada TudpakTorpaMMsl U yIiaoB THPPaKIUK.

2. Texnuxa 3xkcnepumenma. Onucath TUI PEHTTEHOBCKOI'O amrmapaTa, JUIMHY BOJHBI
U3IIy4YEeHUs, YCJIOBHUS TMPOBEACHHUS CHEMKH, MPUTOTOBIEHHUE OOpas3loB s
UCCIIEJOBAHMSL.

Taou. 3

PesyabTaTel AMPPaKTOMETPHUYECKOI0 AHAIN3A
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3. Ilonyuennvie pe3yromamel. YCTaHOBUTH YIJIBI OTPAXKEHUS W HWHTCHCUBHOCTH
MaKCUMYMOB Ha qudpakTorpamMme. BBIMOTHUTS HEOOXOIUMBIE PACUEThl U OTIPEIEIIUTh
sHaueHus M, Oyr, duke. TlodydyeHHbIe pe3yabTaThl CBECTH B Ta0Onwmiy (Tadm.6). K otuery
MIPWIOKHUTH TUPPAKTOTPaAMMY.

4. Ocnosnbvle 6b16000b1. JlaTh 3aKkintoueHue o BellecTse (¢ase) ucciemayemoro odpasiia.

1. KOHTpOHBHBIG BOIIPOCHI



1. Kak BbIOMpAIOT 1I1ar CKaHUPOBAHUS?
2. KakoBo ycioBME€ MUHUMAJIBbHOTO MCKAKEHUS IU(PPAKIIMOHHOW KpPUBOW MpHU e€e
3anucu?

3. Kak BbIOpaTh IIMHY BOJIHBI W3JIyY€HUS NPU HPOBEACHUM PEHTTEHOCTPYKTYPHOIO
aHanuza?

4. Kak pa3nuuuth o ¥ 3 — TUHUM Ha AudpakTorpamMmme?

5. Kakoga cBs3p unmekcoB Jlays miockocteit uaTepdepeHnnn ¢ nHaexkcaMu Mmuiuiepa
CEMENCTB aTOMHBIX TUIOCKOCTEN?

6. Uto Takoe "mTpux — quarpaMmma’, Juisi 4ero oHa UCIOJIb3yeTCs?

7. Kakue cymecTByrOT ciocoObl OnpeeieH s YIioB Iu(paKkiuun?

8. Kak HailTh yroa Au(ppakuuu CUMMETPUYHOTO TU(PPAKIIMOHHOIO MakCcCuMyma?

9. Kak onpenenuts Maciitad qudpakTorpaMmbl, JjIsl 4ETO OH UCIIOIB3YETCs?

10. Kak npaBuibHO HAUTH yrod AUPPaKIUU aCUMMETPUYHON JUGPaKIUOHHON JTMHUN?
11. Kak paccuuTath MEXIUIOCKOCTHOE paccTostHue dnk/n?

12. Kakum 00pa3oM 1Mo CTaHJApTHBIM TaOJIHIIAM MPOBOAAT UACHTU(DUKAIIMIO UHICKCOB
uHTeppepeHIu 1 BemecTna (pa3bl) uccneayemoro oopasmna’?

8. bubnuorpaduyeckuii Ciucok

I. Topemuk C.C., Pactopryes JIL.H., CkakoB IO.A. PeHrrenorpadpuueckuii u
ANEKTpOHHO-onTHYeckuil ananus. -M.: MUCHC, 1994. 328 c.

2. VYwmanckuéi S.C. Penrtrenorpadus MeTa/UIOB W TOJYNPOBOJHUKOB. —M.:
Meramnyprus, 1969. 496 c.

3. Tpouukuii M.B. Pentrenorpadgus u snexkrpoHHas mMukpockonus. —lyma: Tynl'V,
2003. 200 c.

4, Tpounkuit 1.B., I'onuapo C.C. duznueckue metonbl koHTposs. —lymna: Tynl'V,
1996. 84 c.

JIABOPATOPHAS PABOTA Ne 3
KOHTPOJIb MEXIIJIOCKOCTHBIX PACCTOSIHUI
IIO PEHTTEHOI'PAMME
1. Henpb paboThI
1. BbIOpaTh HM3JIy4Y€HUE M IMPOBECTH CHEMKY jeOaerpaMMbl Ha PEHTI€HOBCKOM

amnmapaTe ¢ HUCIOJIb30BAaHUEM PEHTTeHOBCKOW kamepbl PKJI, mpoBecTnm Xmmudeckyro
00paboTKYy IJICHKH;



2. OCBOWUThb HpOLEAYypy pacuera JebaerpamMmbl: OINPEACICHUE YIJIOB
Iubpakuud W  UHTErPAJIbHBIX  HMHTEHCHUBHOCTEM  JIMHUN, MEXIUIOCKOCTHBIX
pacCTOSIHUN;

3. unentudunrpoBath BemecTBO ((pa3zy) Mo AaHHBIM O MEXKIJIOCKOCTHBIX
PACCTOSIHUSIX MOJTUKPUCTALTNYECKUX 00pa3L0B UCCIEAYEMBIX CILIABOB.

2. TCOpeTI/I‘{eCKI/IG CBCACHUA

Kak yxe ormeuanmoch (pabora Ne7) kaxkmoe BemiecTBo (¢aza) MMeEET CBOIO
KPUCTAJUIMUECKYIO PpEIIeTKy W 00JagaeT XapaKTepHbIM HAO0OpOM  3HAYCHUU
MEXKIUIOCKOCTHBIX paccTOSHUN Onki. [109TOMY OIBITHBIC MaHHBIE O MEXKIUTOCKOCTHBIX
pPacCTOSHUSAX TO3BOJIAIOT 10 CTaHJAPTHBIM TaOMWIaM yCTAaHOBUTH THUIl PEHICTKH U
HCCIIeTyeMOe BEIIeCTBO. 3a/1a4a ONMpeIeIeHUS] MEKIIOCKOCTHBIX PACCTOSIHUM CBOJIUTCS
K HaXOXKICHHIO YTJIOB TUGPAKIUH 6 [JIsl BCEX TUHUN PEHTI€HOTPaMMBbI B COOTBETCTBHUH
¢ ypaBHeHueM Bynbda — bparros:

2 dnw - SINE =nNnA nnu

M =dy = /1 ,

n 2sin 6
r1¢ A - JJIMHA BOJHBI XapaKTEPUCTHYECKOTO W3IIYYCHHS, B KOTOPOM IIOJTydYeHa
nebaerpamma. 6 - OpAITOBCKMN Yroj, TOJA KOTOPBIM HAONIOJAeTCsl JaHHas

PEHTICHOBCKAsA JIMHUSA, N — MOPSA0K OTPaAKCHHUA.

Puc. 1. ®opmupoBanue qudpakiIMOHHBIX KOHYCOB B Kamepe Jlebast:
a — cxema OTpaXeHHs] peHTT€HOBCKOI0 JIyya OJIHOM U3 MJIOCKOCTeN HHTep(epeHInu,
6 — KOHYCbl UHTEHCUBHOCTEHN

B xamepe tuna PKJ[ (cm. paG. Nel) pentrenorpammy (nedbaerpaMMmy) CHUMAIOT
Ha (POTOIUICHKY, U30THYTYIO MO BHYTPEHHEW IUJIMHIPUYECKON MOBEPXHOCTH KaMephl,
OChb KOTOpOM COBMajaeT C OChbl0 oOpaslia W MepHeHIUKYISIpHA TaJaroneMy
PEHTIEHOBCKOMY TIydKy. B 93TOM ciyyae Ha IUIEHKE TOJIy4aroTcsl MONapHO
CUMMETpHUUYHble JAyru (rumepOosibl) -  ciaedApl OT  TMEpeceueHHuss ¢ Hew
UHTEPPEPCHITMOHHBIX KOHYCOB HMHTEHCHUBHOCTH JIy4ed, OTPaKCHHBIX pPa3HBIMU
iockocTaMu uHTephepennnn (puc.4.1). PaccesnHoe u3nydeHue uaet ot ToHkoro (1-
30 mrM) TOBEPXHOCTHOTO CJIOS (TIOJIOBHHHOTO OCJIA0JICHHS) MOJIMKPUCTAILTUICCKOTO



oOpa3zua. Yros € OTCUMTHIBAETCS MO OKPYKHOCTH OT BBIXOJHOI'O OTBEPCTHUSI KaMeEphI -
TyOyca K BXOAHOMY OTBEPCTHUIO JJIsi PEHTT€HOBCKUX JIy4el - KOJJIUMATOPY.
B 3aBucumoctu oT criocoba pacrnofiokeHus IJIeHKH B kamepe JleOas, pasnuyaroT
CXEMbl PEHTT€HOBCKOW CBEMKH: MpsMas, OoOpaTHas W acUMMETpUYHasi. YTJbl
nudpakiuyd U3MEPSIOT OT TyOyca K KOJJTUMATOPY .

IIpamas cvemka - KOHUBI IUIEHKH cxonarcs y kojutumaTopa (K) - BxomHOTro oTBepCTHs
(puc.4.2,a). Jluaum pacnonararoTcsi B TOPSAJKE BO3pACTaHUSl YIJIOB OT CEPEIUHBI
IUICHKH K ee KpasM. Paccrostare 2Lk MexIy JTUHUAMU K-TOTO KOHyca MHTCHCHBHOCTH
OyJeT MpOMOPIMOHATIFHO COOTBETCTBYIONTUM OPITTOBCKUM yTilaM OTPaXKEHUs, T.€.

2L, 46,
D 360 -
2L, 57.3
Otkyna 0, = 5 ' D - 3necb D - nmamerp xamepsl (D - 57,3 mm). Takum
2L,
obOpazom: O = 5 (B pannanax, 0e3 yuera nedopMainviu ieHKH Mpu ee 00padboTke).

Obpamnas cvemka - KOHLBI IUIEHKU cxonarca y TyOyca (T) -BbIXOJHOTO OTBEpCTHS
(puc.4.2,6). Jluauu pacrnosnararorcsi B MOpsJIKE BO3pacTaHUs yIJIOB 6 OT KpaeB IUICHKU
K ee cepeaune. C MOMOIIBI0 0OPATHOM CHEMKU TOYHEE U3MEPSIOTCS paccrosams 2L,
COOTBETCTBYIOImMUE OonbimuM yriaam audpakmuu. [lockonpky ommbka Meroma
YMEHBILIAETCS ¢ POCTOM yIiia @, 3Ty Chb€MKY 4YacTO HCIOJIb3YIOT ISl BBICOKOTOYHOTO
OIpeaeNeHus NepuoaoB pemeTku. [Tpu atom

2Li=rD -2L,,

rne 2Lk - paccrosHMe MeXay Tapodl JIMHUKM K-TOro KOHyca WHTEHCHBHOCTH,
CUMMETPUYHO PACIIOJIOKEHHBIX OTHOCUTENIBHO BXOJAHOI'O OTBEPCTHS Ha ebaerpaMMme.
Acummempuunas cvémka - KOHIBl IUIGHKM CXOASATCS Yy JHaMeTpa Kamephl,
NEPHEHANKYJIIPHOTO PEHTIEHOBCKOMY MyuKy (puc.4.2,8). JluHuM pacrnojaratorcs B
MOPSIIKE BO3pAcTaHUs YIJIOB & B CPeIHEN YAaCTU PEHTT€HOTPAMMBI OT BBIXOJJHOTO

(T) k Bxognomy otBepctuto (K). Takas cxema cheMKU MO3BOJISET YUECTh A€POPMALIHIO
IJICHKK B pe3yibTare ee (oTooOpadOTKM W HAWTH YCIOBHBINA, TaK Ha3bIBa€MbIU
3¢ exTUBHBIN AMaMeTp Kamepbl - Dyg.

Jns Haxoxaenus D,y BeIOMparoT roOble J1Be Mapbl JUHWUM, OJHA W3 KOTOPBIX
pacrosioXeHa CHUMMETPUYHO OTHOCUTENbHO TyOyca, Jpyras — OTHOCHUTEIbHO
kosumaTopa. CyMMa pacCTOSSHUN MEXIy 3TUMHM JIMHUAMHU, U3MEPEHHAsl KaK ITOKa3aHo
Ha puc.4.2,6 0ynet paBHa: H+B=x D,y. Otkyna D,y =(H+B)/x.
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Puc. 2. Cxembl Chb€MKHU B pEHTT€HOBCKOM Kamepe
(urdpamu ykazaHbl HOMEpa JIMHUI):

a - npsMasi, 6 - oopatHasi, 8 — aCUMMETpUYIHAs

g

3. OOBEKTHI UCCIIeIOBaHUs, 000PYI0BAaHUE
Hudpaxromerp [IPOH, OGpa3iibl yriepoaucTsix cTaien

4. 3ananue Ha paboTy

HpOBGCTI/I CbCMKY PCHTICHOI'PAaMM, pPacCUUTATh 3HAUYCHHUA  MCKINNIOCKOCTHBIX
paCCTOSIHI/Iﬁ )51 I/I,lleHTI/I(bI/IIII/IPOBaTB BCIICCTBO

4. TTopsiIOK BBITIOJIHEHUST PaOOTHI

1. BwiOpates miuHY BOJHBI u3NydeHus. [lo acUMMETpUYHON CcXeMe 3amlpaBUThH
PEHTTEHOBCKYIO IUICHKY B Kamepy Tumna PKJ[ u npou3sBecTtrn cheMKy Ha peHTIT€HOBCKOM
amnrmapare 3aJIJaHHOTO IIpenoaaBaTeleM HEU3BECTHOTO BEIlECTBRa.

2. Ouennutsb 3PPEKTUBHYIO TITUHY OKPYKHOCTH KaMEPHI.

3. Paccuutath nebaerpaMMmy H 3amoidHUTH Ta0n.4.1 ONBITHBIX JaHHBIX. OmpenenuTh
MEXKIIOCKOCTHBIE PAcCTOSIHUSL OnkL JUIST BCEX JIMHUH PEHTTCHOTpaMMEl. PaznenuTsb
JUHUU & U f.

4. Tlo craHgapTHBIM TaOIUIIAM TIPOBECTH MACHTU(PHUKAIIUIO UHACKCOB MHTEPEPEHIIUN
u BemiecTBa (haspl) ucciemxyemMoro odpasia.



PacuyeT peHTreHorpammol

Pacuer peHTreHOorpamMmbl W 3allOJIHCHHE JaHHBIX BEIYT IOCIICIOBATEIBHO IIO
croJsoam taoi. 1.

Taoua. 1

JlaHHbIE pacueTa peHTreHOTPaMMBbI

Tabauunvie 3nauenus

2L

+3’

3 ’ = g -

Jyen 2L | € 41 |42 2Lt T Q < | 2\ 1, %
S feou MMy | < Sum ovpan | S | & T &% (ven.
1 12 3 |4 (5 6 |7 |8 |9 10 |11 |12 |13 14

B cronbiue 1 yka3pIBarOT MOPSIKOBBIA HOMEp K—Toli THHUM 1O Mepe BO3pacTaHus
yrioB audpakuuu 6. Ilpu npsmoit chéMke yron 6 Bo3pacTaeT OT LieHTpa (TyOyca)
PEHTIEHOTPaMMBI K €€ KpasiM; TMpu OOpaTHOM ChEMKE - OT KpaeB IUICHKH K LEHTPY
(KommMmaTopy); Ipu aCUMMETPUYHON ChEMKE - OT BBIXOJHOTO OTBepcTus (TyOyca) K
BXOJIHOMY (KOJUIMMATOpPY) MO CpelHeW 4acTu peHTreHorpamMmbl. Kaknas nmapa JuHui
Ha IUIGHKE, NpPUHAAJIEXKAIIAas OJHOMY KOHYCY MHTEHCHUBHOCTEH, pacmoJiaraercs
CUMMETPUYHO OTHOCUTEIBHO BXOJIHOTO WJIM BBIXOJHOTO OTBEPCTHUH KaMmepbl U UMEET
OJIMHAKOBYI0 HyMEpPAIUIO.

IIpumeyanue: BXOIHOE OTBEPCTUE (KOJUTUMATOP) PEHTTE€HOIrPAMMBI OTJINYAIOT OT
BBIXOJHOTO (TyOyca) 1O CIEAYIOMIMM Tpu3HakaM: (GOHY PEHTTEHOTPAMMBbI
(ocmabnsercs k TyOycy), IMUpWHE JHHUN (OHM IMHpe y KOJUIMMATopa), TEHU
MEePBUYHOTO Tydyka (Haxomutcs y TyOyca), pacctossHuio 2L MEXITy CUMMETPUYHBIMU
JUHUSIMU |-TO M MOCIEIHETO0 KOHYCOB MHTEHCHUBHOCTU (OOBIYHO OHO HaWMEHBIIEE Y
KOJIJTUMATOpa).

B cronben 2 3anuchIBalOT HHTEHCUBHOCTh JUHUN. OIIEHKY MPOBOAST BU3yalbHO
Mo TMATHOAILHOM IIIKajie WHTEHCUBHOCTEH: OYeHb CuibHas (0.c.), cuibHas (C.),
cpenssis (cp.), cnabas (ci.), odeHb ciaadas (o4. CiI.).

B cronber 3 3aHOCAT pe3ynbTaThl U3MEPEHUM paccTOssHUM 2Lk Mexay Kakaon
napoy JMHUNA, CUMMETPUYHO PACIMONOXKEHHBIX OTHOcUTeNbHO TyOyca (T). Buauane
CTPOTO TMOCEPE/IMHE PEHTTeHOIpaMMbl KapaHAAllloM MPOBOJAT JIMHUIO OTCYETA.
N3mepenus BeAyT BJIOJIb JIMHUU OTCYETA MO [EHTPaM UHTEPPEPEHIIMOHHBIX JIMHUMN (T.K.
OHM HMMEIOT PA3HYI0 TOJIIKHY) C MOMOIIBIO MPO3PAaYHON MUJITUMETPOBOM JIMHEHKH.
To4HOCTh BU3YyaJIbHBIX U3MEPEHUN JOJIKHA COCTaBIIATh HE MeHee 10,2 am.




Ilpumeuanue: TOYHOCTh U3MEPEHUN MOXKET ObITh MOBHIMIeHA 10 +0,01 Mmm, eciau
MCI0JIB30BaTh CHEUAIbHBIA PUOOP - KOMIApaTop.

W3mepeHHble  pacCTOAHMS ~ MEXAy  HapaMd  CUMMETPUYHBIX  JIMHUU
COOTBETCTBYIOT, OpAITOBCKOMY yTiy 46. B KOHel cTon011a BHOCST TaHHBIE PACCTOSIHUM:
2Lk=nD - 2L« =180 - 2L« mm (3Hauenus 2Lk Gepyt u3 cronbua 4).

B cronber 4 3aHOCAT TONBKO PE3yJIbTaThl M3MEPEHHH paccTosuui 2Lk Mexay
KaXJ0M Iapod JIMHWUH, CUMMETPUYHO PACIIOJIOKEHHBIX OTHOCUTEIBHO KOJUIMMATOpa

(K).

IIpumeuanue: paccrosuus 2Lk B 3TOM cTONOLE 3aHOCATCSA TOJHKO IS JAIbHUX
nuHui (yron qudpaxuun > 45°%), a Hayano cTondua ocTaeTcs myCThIM.
B cronberr 5 3anuchIBalOT MpUOIMKEHHBIE 3HAUCHHS YTIIOB 6, onpejensemMbie U3
COOTHOIIICHUS
573 2L

2¢h 2
3HayeHue yria 6O ompenensioT 3/1eCh C TOYHOCTBIO He Bbimie +0,5°(pu ganpHenIeM
pacuete oHO OyJeT YTOUHEHO).

B cronben 6 3aHOocAT morpaBKy A1 Ha TOTJOIIEHUE (BBI3BIBAIOIIEE CMEICHUE
JUHUM), KOTOpasi 3aBUCHUT OT pajinyca oOpasiia u yria nudpakiuu 6. Cxema xona ayuden
Ha puc.4.3 WUTIOCTPUPYET GU3HUECKUI CMBICT 3TOU MOTIPABKH.

N3mepennsie yrabl 6 mpaBUIbHBI TOJIBKO B Cydae, €Ciii o0pasell MOJHOCTHIO
Ipo3padcH Il PEHTTCHOBCKUX JIydel MM MMeeT OECKOHEYHO Malblid nuameTp. Ha
npakTuke oOpasen nuamerpoM ~ 0,5 mu TOpakTUYECKH TMONHOCTHIO TOTJIOMIAET
MaJaloIil PEHTICHOBCKUN MyYOK, a PACCESHHOE M3JIyUYCeHHE MPOUCXOIUT aTOMaMH
TOJIBKO C €r0 TOHKOT'O MMOBEPXHOCTHOTO CJIOA, MTOMABIIET0 B 30HY 00TyUYEHUS.

Ecnu Obl oTcyTcTBOBajyo morionieHue B oOpasiie, TO IIEHTP PEHTIC€HOBCKOM
JIMHUM JIOJKEH COOTBETCTBOBATH YIJIOBOMY IIOJIOKEHHMIO Jyya S (LEHTpalbHBIH Jyu
mudparupoBanHoro myyka 1-3 Ha puc.4.3). B peasbHOM citydae, KOT/la peHTT€HOBCKOE
U3ITy4eHHE HE MPOXOJUT dYepe3 Bech 00beM oOpasna, AUGpParupoBaHHBIM IMy4OK
oOpasyercss nByms jydamu 1-2. Jlyd 1- mpoxXoauT mo KacaTelbHOW K KpPYrOBOMY
cedeHHI0 oOpaslia M mapajaiened gydy S. Jlyd 2 HpoOXOAMT M3 TOUKM KacaHHs
KPyTOBOTO ce4deHHusi o0pasia MEepBHYHBIM MyYKOM. SICHO, YTO B Cllydae MOTJIOMICHUS
LIEHTP PACCEIHHOTO myuka (Iyd S') OyAeT CMEMEH, YTO MPHBOAUT K HM3MEPEHHIO
3aBBINICHHBIX 3HaUeHU 2Lk . VI3 reoMeTprdeckux cooOpa)KeHUi JIETKO MoKa3aTh, 4YTO

0=2L

2AL=2L, —-2L, =r(l+cos26),
rae - paguyc oopasia.



DeHM2EHOBCRLIEL FIPHOK

Puc. 3. K onpenenenuto nonpaBky Ha MOTJIOMICHHUE
B LWJIMHAPUUYECKOM 00pa3ie

B cootBerctBUM C 3TOM opmyniol B Tabi.4.2 gaHbl pacyeTHbIE 3HAYCHUS
nonpaBku A1 Juist pa3Hbix 6 u I. [lonpaBKy 1OCTaTOYHO YUUTHIBATH C TOUHOCTHIO £0,05
MMm. YUeT 3TON MONpPaBKU MO3BOJIIET HAUTH UCTUHHBIC BEIMYUHBI YTII0B TUPPAKIUHU 110
paccYMTaHHBIM 3HAYCHUSAM 2L ycm.

B cronberr 7 BHOCAT momnpaBky A, Ha HECTAaHAAPTHOCTh KaMEphl, BHI3LIBAEMYIO
nedopmanuet IIeHKH npu €€ o0paboTKe, UYTO TaKXe HPHBOJAUT K CMEIICHHUIO
PEHTI€HOBCKUX JIMHUU.

A2=(2L/Dsyp) - (Dsp-Do),
rae D, — crangapTHbIA quaMeTp KaMepbl, paBHbIN 57,3 am.
3HadeHust 3TOM NONMpPaBKu i pa3Hbix 3HaueHuit 2L u D,y npuBenens! B Ta611.4.3.

B cronGent 8 3amuchiBalOT pe3yibTaThl TOYHBIX 3HaueHWM 2L7 mocie BBona
nonpaBok A1 u Az. 2L paccuuThIBatoT 1o ¢hopmyie:
2Ly =2L - A1 £ 45
Ecmu D,y> D, mompaBky 42 BerYuTaroT, eciiu D,y< D, - mpubaBisior.

B cronGent 9 3aHOCAT TOYHBIE 3HAUEHHUS OPATTOBCKUX YIJIOB fr B rpaaycax u
MHUHYTax (C TOYHOCTBIO He HuKe £3°).
6r=2L+/2, epao.

[Ipu mepeBoje MeCATHIX MUJUIMMETPA B MUHYTHI CIIEyeT MOMHUTH, uTO 0, [Mm 31eCh
COOTBETCTBYET 6 MUH.

B croaberr 10 3anmuceiBaroT 3HaueHUs Sinfr ¢ TOYHOCTHIO 10 4-ro 3HAKa MOCIE
3aIATOMN.

B cronbue 11 orMeyaroT IuHUM, NOJy4YeHHbIE B pesyibrate K, mmm Kp -
U3TyYeHUN (COOTBETCTBEHHO ¢ WU [ - JHHHUH), €CIM ChEMKa MpoBOAMIACH 0e3
ceNieKTUBHOTO (puisibrpa. Jlunuu B K, - U3nydeHnr (BO3HMKAIOIIEM 3a CUET MEPEX0JI0B
AJIEKTPOHOB BO30YXKJIEHHOIO aToMa C BEPXHETO CJOS Ha COCEAHUM HUKHUI)
3HAQUYUTENILHO CWJIbHEE MO HMHTEHCUBHOCTH (B 5-6 pa3), yueM Kg- nuHum (mepexon
AJIIEKTPOHOB C BEPXHEro CJIOSI Yepe3 OJUH Ha HWKHHI), T.K. BEPOSITHOCTb MEPEX0JI0B
AIIEKTPOHOB MEXIY COCEAHUMHU closiMu Bbie. [lockonbky As<Aq. , TO f - NUHUUK
JOJKHBI pacnoJiaraThCsi MOJ MEHBIIMMU yTiaMud €, 4YeM COOTBETCTBYIOIIUE O,
00pa3oBaBIlIMecs PU OTPAKEHUH OT OJHUX M TeX ke cemeicTB miockocred (hkl). U3
ycnoBust Bynbda-bparra nerko nokasartb, 4To




ko

sind,, 4

sind,, 4

Ta6a. 2
IMonpaska A4:=r(1+ c0S26) Ha ToJamMHY 00pa3na paguycom I

kﬂ.

6° r vu

0,20 10,25 0,30 10,35 (0,40
10 0.39 0.49 058 |0.68 0.78
12 0 38 0 48 0R7 |0AR7 076
14 0.38 047 056 |066 0758
16 N 37 0 4A N KRR 0 AR Nn74
18 0.36 0.45 054 |0.63 0.72
20 0.35 044 083 |0.62 0.71
29 N4 0 43 0 R? 0 AN 0 A9
24 033 |042 050 |058 |0.67
26 032 0 41 049 |0K7 0 AR
28 0.31 0.39 047 |0KK 0.62
30N 020 0 2K 0 4K 0 R? 0 AN
39 N 29 N 3A N4 0 &N N KR
4 0.28 0.35 0.41 0.48 0.5
36 0.26 0.33 0.39 |0.46 0.52
38 0 258 03I N37 |043 0 R0
0.35 |0.41 0.47

B
]
o
N
o8]
o
N
o]

4?7 022 (027 N33 (039 |044
44 021 026 031 (036 1042
4R N19 024 N?20 (034 N3R8
48 n18 (022 Nn27 |03? N 26
50 n17 (021 N?25 (029 |033
K52 Nn15 (019 Nn23 (027 0 320
54 n14 (017 021 (024 |02?78
56 013 (016 019 (022 0 25
5R 011 Nn14 niz (020 |022
60 n10 (013 N15 (018 |020
65 0.07 |0.09 011 013 |(0.14
70 0.05 [0.06 0.07 [0.08 |0.09
75 NNl (003 no4a (005 |00K
g0 10,00 (0,02 ]0,02 (0,02 0,02

Ecnu myis mapsl JIMHUMA, PacloONOKEHHBIX MOJA OJM3KMMHU yriamMu Judpakiu,
COOJIIOJIaeTCA 3TO COOTHOIIEHHE WX CHUHYCOB M JUIMH BOJH, a HWHTEHCUBHOCTH
oTnuyaroTcsa B 4-6 pas, TO 3TH JB€ JIMHUM 00pa3oBaHbl oTpaxeHueM K, u Kjp nayuei
OIHUIM U TEM K€ CEMEHCTBOM IUIOCKOCTEH. DTH JHMHMHM O0O3HAYalOT Kak a U f
COOTBETCTBEHHO. Y f-IMHMUM (1TOJ MEHbIIUMHU yriamMu ) peKOMEHIYEeTCS B KauecTBE
MHJIEKCA YKa3bIBaTb HOMEDP COOTBETCTBYIOLIEH o -TUHUU. Cieayer UMeTh B BHJY, YTO
HE BCE [f- TUHHUM BBISBISIOTCS HA PEHTTEHOTPAMME M3-3a UX HU3KOW MHTEHCUBHOCTHU U
MO3TOMY HE KaKJas a- JUHUS OyJeT MMETh COOTBETCTBYIOUIyI0 eil mapy f. Ilepsas
JIMHMS pEHTT€HOTPaMMBbl, KaK MPaBUIIo, SIBISIETCS .

Taoa. 3

IonpaBka 4; Ha HECTAHAAPTHOCTb Kamepbl ipu Do = 57,3 mm



2L, A, 2L -(Dad) - D,) iput (Dsg-Do), mm
MM D,
naoin1 (0?2 N2I04 INK 0A N7 N]1NA 11N 11 1192 12
1 12 |13 |4 5 |6 |7 8 9 |10 (11 |12 |13 |14 |15
12 0,0 |0,01 (0,0 |0,0 |0,05 |0,06 0,0 |0,0 |0,0 |0,21 (0,1 |0,13 |0,14
14 1 (0,03 |3 |4 1006 (0,07 |7 |8 |9 |[0,12 |2 0,15 (0,16
16 0,0 |0,03 (0,0 |0,0 |0,07 |0,08 |0,0|0,1 0,1 |0,24 (0,1 /0,17 |0,18
18 1 (0,034 |5 |008 009 |9 |0 (1 |0,15 |4 0,29 (0,20
20 0,0 |0,03 (0,0 |0,0 |0,09 |0,20 (0,1 /0,1 0,1 |0O,27 (0,1 |0,21 |0,23
1 4 |6 0 |1 |3 5
0,0 0,0 |0,0 0,1 10,1 [0,1 0,1
2 5 |6 1 12 |4 7
0,0 0,0 |0,0 0,1 10,1 [0,1 0,1
2 5 |7 2 |4 |6 9
22 10,0 (0,0 |0,04 |0,0 |0,0 |0,20 |0,12 O, (0,2 |0,1|0,19 |0,2 |0,23 |0,25
24 |1 |2 |0,04 6 (8 |011 |0,13 (3 |5 |7 0,21 |1 (0,25 |0,27
26 (0,0 (0,0 |0,04 |0,0 |0,0 |0,21 |0,24 O, (0,2 |0,1 |0,23 |0,2 [0,27 |0,29
28 |1 |2 |0056 (8 |0,12 |0,15 |5 (7 |9 0,25 |3 |0,29 |0,32
30 /0,0 (0,0 (0,05 |0,0 |0,0 |0,23 (0,16 |0,1 |0,1 (0,2 |0,26 |0,2 [0,31 (0,34
1 |2 7 19 6 (8 |0 5
0,0 (0,0 0,0 |0,1 0,1 10,2 {0,2 0,2
1 |2 7 |0 7 10 |2 7
0.0 (0,0 0,0 |0,1 0,1 10,2 {0,2 0,2
1 |3 8 |0 8 |1 |3 9
32 10,0 (0,0 (0,06 |0,0 |0,1 |0,24 (0,27 0,2 |0,2 |0,2 |0,28 |0,3 |0,34 (0,36
34 |1 (3 |0,06 |8 |1 (015 (0,28 |0 |2 (5 0,30 |1 0,36 (0,38
36 10,0 {0,0 (0,06 |0,0 |0,1 |0,26 (0,19 0,2 |0,2 (0,2 |0,31 |0,3 |0,38 (0,41
38 |1 (3 (0079 |2 (017 (0,20 |1 |4 (7 0,33 |3 0,40 (0,43
40 0,0 |0,0 (0,07 |0,0 |O,1 |0,27 (0,21 0,2 |0,2 |0,2 (0,38 |0,3 |0,42 |0,45
2 |3 9 |2 2 5 |8 5
0,0 (0,0 0,1 10,1 0,2 10,2 0,3 0,3
2 |4 0 |3 3 |6 |0 6
0,0 (0,0 0,1 10,1 0,2 10,2 0,3 0,3
2 |4 1 |4 4 18 |1 8
42 10,0 |0,0 0,07 |0,1 |0,1 |0,28 |0,22 0,2 |0,2 |0,3 |0,37 |0,4 |0,44 (0,48
44 2 |4 (008 |11 |5 (0,19 [0,23 |6 |9 |3 (0,38 |0 0,46 [0,50
46 0,0 |0,0 (0,08 |0,1 |0,1 |0,20 |0,24 |0,2 |0,3 |0,3 (0,40 |0,4 |0,48 [0,52
48 |2 |4 (008 12 |5 (0,21 (025 |7 |1 |5 (042 |2 |0,50 (0,54
50 /0,0 (0,0 (0,09 |0,1 |0,1 |0,22 (0,26 |0,2 |0,3 (0,3 |0,44 |0,4 |0,52 |0,57
2 |4 2 |6 9 |2 |6 4
0,0 (0,0 0,1 10,1 0,2 10,3 |0,3 0,4
2 |4 3 |7 9 |4 |8 6
0,0 (0,0 0,1 10,1 0,3 10,3 (0,3 0,4
2 |4 3 |8 0 5 |9 8
52 /0,0 |0,0 |0,09 |0,1 |O,1 |0,23 |0,27 |0,3 |0,3 |0,4 |0,45 |0,5 |0,54 |0,59
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2L, A, = 2L -(Dad) - D,) iput (Dsg-Do), mm

MM D,
naoin1 (0?2 N2I04 INK 0A N7 N]1NA 11N 11 1192 12

1 12 |13 |4 5 |6 (7 |8 9 |10 (11 |12 |13 |14 |15

94 10,0 (0,0 |0,16 |0,2 |0,3 |0,41 |0,49 |05 0,6 |0,7 |0,62 |0,9 [0,98 |1,06
4 |8 4 |3 7 7 |4 0

9 (0,0 (0,0 |0,17 |0,2 |0,3 |0,42 |0,50 |0,5 (0,6 |0,7 |0,84 |0,9 (1,00 |1,09
4 |8 5 |4 9 9 |6 2

98 (0,0 (0,0 |0,17 |0,2 |0,3 |0,43 |0,51 |0,6 |O,7 |0,7 |0,86 |0,9 (1,02 |1,11
4 |9 6 |4 0 |0 |7 4

100/0,0 |0,0 |0.17 |0,2 (0,3 |0,44 |0,52 |0,6 (0,7 |0,7 |0,87 |0,9 (1,05 |1,13
4 |6 6 |5 1 11 |9 6

102 0,0 |0,0 |0,18 |0,2 (0,3 |0,45 |0,53 |0,6 (0,7 |0,8 |0,89 [0,9 (1,07 |1,16
4 |9 7 |6 2 3 |0 6

104 0,0 |0,0 |0,18 |0,2 (0,3 |0,45 |0,54 |06 (0,7 |0,8 |0,91 |1,0 (1,09 |1,18
4 |9 7 |6 4 14 |2 0

106 (0,0 |0,0 |0,18 |0,2 (0,3 |0,46 |0,56 (0,7 (0,8 |0,9 |0,65 (1,0 1,11 |1,20
5 19 8 |7 6 3 |3 2

108 0,0 |0,0 |0,19 |0,2 (0,3 |0,47 |0,57 |06 (0,7 |0,8 |0,94 [1,0 (1,23 |1,22
5 19 8 |8 6 |7 |5 4

110/0,0 |0,1 |0,19 |0,2 (0,3 |0,48 |0,58 |0,6 (0,7 |0,8 |0,96 [1,0 (1,15 |1.25
5 10 9 |9 7 18 |6 6

1120,0 |0,1 |0,19 |0,2 (0,3 |0,49 |0,59 |06 (0,8 |0,8 |0,98 [1,0 (1,17 |1,27
5 10 9 9 8 8 7

114/0,0 |0,1 |0,20 |0,3 (0,4 |0,50 |0,60 |0O,7 (0,8 |0,9 |1,00 {1,0 (1,19 |1,29
5 10 0 |0 0 |1 |0 9

116 (0,0 |0,1 |0,20 |0,3 (0,4 |0,51 |0,61 |0,7 0,8 |0,9 |1,01 |1,1 (1,21 |1,32
5 10 0 1 1 13 |1 1

118/0,0 |0,1 |0,21 |0,3 |0,4 |0,52 |0,02 (0,7 (0,8 |0,9 |1,03 [1,I3|1,24 |1,34
5 10 1 1 2 14 |3

120(0,0 |0,1 |0,21 |0,3 |0,4 |0,52 |0,63 0,7 0,8 |0,9 |1,05 |1,1 (1,26 |1,36
5 10 1 |2 3 5 |4 5

1220,0 |0,1 |0,21 |0,3 |0,4 |0,53 |0,64 |0,7 0,8 |0,9 |1,06 |1,1 (1,28 |1,38
5 1 2 3 5 |7 |6 7

1240,0 |0,1 |0,22 |0,3 |0,4 |0,54 |0,65 0,7 (0,8 |0,9 |1,00 |1,1 (1,30 |1,41
5 1 3 |2 6 |7 |7 9

126 (0,0 |0,1 |0.22 |0,3 |0,4 |0,55 |0,66 |0,7 (0,8 |0,9 |1,10 |1,21(1,32 |1,43
5 1 3 |4 7 18 |9

1280,0 |0,1 |0,22 |0,3 |0,4 |0,56 |0,67 |0,7 (0,9 |1,0 |1,12 |1.2 (1,34 |1,45
6 |1 4 |5 g8 [0 |0 4

130(0,0 |0,1 |0,23 |0;3 |0,4 |0,57 |0,68 |0,7 (0,9 |1,0 1,13 |1,2 (1,36 |1,48
6 |1 4 |5 9 |1 |2 6

132/0,0 |0,1 |0,23 |0,3 (0,4 |0,58 |0,69 0,8 (0,9 |1,0 |1,15 |1,2 (1,38 |1,51
6 |2 5 1|6 1 12 |4 8

134/0,0 |0,1 |0,23 |0,3 |0,4 |0,58 |0,70 |06 |6,9 |1,0 |1,17 |1,2 1,40 |1,53
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B cronGerr 12 3anuchiBaroT 3Ha4eHUs OxkL B aHTCTpeMax ( A), pacCUMTHIBAEMbIC

o ¢popmyiie

oy
2sin 6, ,

dHKL



JIist Kax 0¥ mapel o U f TUHUNA JOJDKHBI ObITh OJIMHAKOBBIE (C TOYHOCTBIO JIO OIIUOKH
0
u3MepeHuil) 3HaueHust dykL. 3HadeHue dykL orpenensfoT ¢ TouHocThio 0,01 A mst 6 <

0
60° u £0,001 A - ma 6 > 60°. CBeneHus 0 JIMHAX BOJIH IPUBEICHBI B Ta0. 4.4.
Tabu. 4
JIIMHBI BOJIH PAa3HBIX H3JIyYeHHH

Nznydenue Tun uznydeHus ; Z\
o1 2,285
Xpomosoe 02 2,289
R 2 N1
o1 1,932
Kenesznoe o 1,936
R 1 7692
o1 1,7853
Kobanemosoe |o2 1,7892
R 1 28174
o 1,5374
Meonoe 02 1,5412
R 1.3893
o1 0,7078
Monuboenosoe |az 0,7128
B 0.631

B ctonbus! 13 u 14 3aHocAT TabIUYHbIE 3HAYEHUS (HkL 1 HHTEHCUBHOCTHU JIMHHM,
HanOoJsiee OJIM3KO COOTBETCTBYIOIIME TOJTYYCHHBIM PACYCTHBIM 3HAa4eHUAM OukL |
U3MEPCHHBIM MHTEHCHUBHOCTAM |. Crieqyer MMETh B BHIY, UYTO TaOJWYHBIC 3HAYCHMS
dhkL JTaHBI JJI 3JIEMEHTOB BBICOKOM YMCTOTHI U (Da3 ONpeaeieHHOW KOHIICHTPAIUH.
Hamuuue mnpumeceld B HccliemyeMbIX 00pas3liax MOXKET NPUBECTH K Pa3IUIHIO

0
MEXIUTOCKOCTHBIX paccrosauit B +0,005 - 0,01 A. IlockoibKy HMHTEHCHUBHOCTH
PEHTTC€HOBCKUX JIMHUM 3aBUCHUT OT T€OMETPHUH CHEMKH U JUTMHBI BOJHBI HCIIOIB3YEMOTO
U3ITyYCHHS, BO3MOXHO HEKOTOPOE PACXOXKIECHHWE B COOTHOIICHUAX TaOJIMYHON U
OTBITHON WHTEHCUBHOCTEW nuHUNA. Creayer Takke WMETh BBHUAY, YTO OTHEIHHBIC
JUHUY C HU3KOW MHTEHCUBHOCTHIO HA PEHTI€HOTPAaMME MOTYT OTCYTCTBOBATb.

6. CoxepxaHue oTdyeTa

1. Teopus éonpoca. Onucats:
- (hopmupoBanme nudpaKIMOHHBIX KOHYCOB B Kamepe Jlebas;
- CXEMBI Chb€MKH J1e0aerpamm;

- OCHOBHBIE 3TaIlbl pacyeTa pEHTTE€HOTPAMMBI, C YUETOM CXEMBI ChbEMKHU: YCTaHOBJICHUE
BXOJIHOTO U BBIXOJIHOTO OTBEPCTHM KaMephbl, HAIlpaBiI€HUE OTCYETa YIJOB JAU(PpPAKIUH,
KOHTPOJIb MHTEHCUBHOCTHU U3JIyYEHHS U U3MEPEHNE PACCTOAHUIN MEXKIY CUMMETPUYHBIMU



JUHUSMHU, BHECCHHE TTOMIPABOK Ha TOJIIIMHY 00pasIia U MOTJIONIEHNE B HEM, YCTAaHOBIICHUE
TOYHOTO 3Ha4YeHWsI yrina audpakuuu, pasaeleHue JHHUA o u [, pacuer
MEXIUTOCKOCTHBIX PACCTOSTHUM;
- uaeHTuduKaIuio Bemects ((ha3) mo peHTreHorpaMMme.
2. Texnuka 3xcnepumenma. YKazatb: TUI PEHTTEHOBCKOTO aliapara, JJUHY BOJHBI
W3ITyYCHHSI, YCIOBHUSI MPOBEACHUSI CHEMKH, CTAaHAAPTHBIA W A(()EKTUBHBIN AUMAMETPHI
KaMepbl, 00pasIbl I UCCIIECTOBAHHUS.

3. Ilonyuennvie pe3ynromampl. BEIOIHUTD pacyeT peHTI€HOTpaMMBbl. Y Ka3aTh:

No (mmdp) peHTreHorpaMMbl, UCCIEAYEeMbI 00pa3ell (mociie uaeHTU(GUKAIIN)
0 0
, U3JTy4YeHUE AKal= A, Ako2 = A, Ap
0 _ ﬂ,K +ﬂK 0
= A, ia:%: A, craHmapTHBIA auameTp kKamepel Do - 57,3 mm,
paauyc obpasma I = MM, BHJ CBEMKHU (OpsiMas, oOpaTHas, acHUMMETpPUYHAas)
, 3Q(deKTUBHAsA MJIMHA OKPYXHOCTH 7D,p= MM, 2(PPEKTUBHBINI
auameTp kKamepel D,y = mm. IlomyyeHHbIE pacueTHbIE JAHHBIE CBECTH B

tabnuiy (Tadmn.4.1). K oruery npunoxutb peHTT€HOrpaMMy.
4. Ocnosnvle 6b16000bl. JlaTh 3aKinoueHue o BemecTre (dase) uccieayemoro odpasiia.

7. KOHTpOJBHBIE BONIPOCHI

1. Uro Ttakoe miockocTh uHTepdepeHiuu? Yem oHa oOTIWYaeTcs OT aTOMHOMU
IUIOCKOCTHU?
2. KakoBa cBs13b uHaeKcOB Jlays ¢ nunaexkcamu Muiepa?

3. Kak dhopmupyroTcst KOHyChbl HHTECHCUBHOCTH PACCESTHHOTO M3JIyUYEHHUs B Kamepe TUIa
PK?

4. Kakue mapameTpsl BXOAT B ypaBHeHue Bynwsda-bparra?

4. Yto takoe K, u Kp uznyuenus? Kak paznenuts napsl o u f - TUHUANA?

5. KakoBo cooTHOIIIEHE UHTEHCUBHOCTEH 0 U [ TUHUI U TToueMy?

6. Kax onpenennts 3QpHeKTUBHYIO AJIUHY OKPY>KHOCTH?

7. KakoBbl cXeMbl ChEMKH peHTreHorpamm? Kak oTiau4aeTcs NTpu 3TOM BHU]
pEHTreHorpamm?

8. Kak ycTaHOBUTbH BXO/JHOE U BBIXOJHOE OTBEPCTHUS KaMephl 0 PEHTTeHOrpaMme?

9. Uem otmnuMyaercss pacyeT PACCTOSHUM MEXIAy IapaMd CUMMETPUYHBIX JIMHUN
OTHOCHUTEJIBHO TyOyca U KoJuiuMaropa?

10. Kakue mompaBKy BHOCST MPHU pacyeTe PEHTTCHOTPaMMBbl, KaKOB UX (DU3NYECKHit
CMBICH?

11. Tlouemy mnpu wunentuduxamuu BemecTBa ((a3pl) MO TaONMYHBIM JaHHBIM,
HEKOTOpBIE JIMHUU MOTYT OTCYTCTBOBATh HA pEHTT€HOTrpaMMe?

8. bubnuorpaduueckuit Ciucok
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JIABOPATOPHAS PABOTA Ne 4

YCTAHOBJIEHUE TUIIA KPUCTAJJIMYECKOM PEILIETKHA
U PASMEPOB DJIEMEHTAPHOM SIYEUKU

1. [lenb paGoThI

1. BBIOpaTh M3IyYEHUE W MPOBECTU CHEMKY AUGPPAKTOTPAMMBbI Ha YCTAaHOBKE THIIA
JIPOH-2;

2. BBIOpATh M3JTyUY€HUE U MPOBECTU ChbEMKY PEHTT€HOTPaMMBbl C HCIOIb30BAHUEM
penTrenoBckoil kamepsl PKJI, mpoBecTn XUMHUECKy10 00pabOTKY MJIEHKH;
3.ompenenuTy  WHAEKCHl  MHTepdEepeHUMH  JUHUN  JUdpakTorpaMMbl U
PEHTI€HOTPAMMBI;

4. yCTaHOBUTB THUII pELIETKH bpaBs u pa3zMepsl 21EMEHTAPHOMN SYEHKHU;

S. HAWTH YUCIIO ATOMOB B DJIEMEHTAPHOU STYCHKE.

2. Teoperuyeckue CBeCHUS

ONPEJEJIEHUE TUINA KPUCTAJUIMYECKOW PEHIETKH
OmnpeneneHne TUMa  KPUCTAUIMUECKOM  pemieTku  (as3sl  mpeamnojaraer
npelBapuUTebHOE  TMPOBEICHUE WHIUIUPOBAHUS  JMHUK  Oudpakto — WU
peHTreHorpamMmmsel. [log wWHAMOKMpPOBaHMEM ITOHMMAKOT YCTAHOBJICHHE WHICKCOB
unatepdepermun HKL nms kaxxnoit naTep)EepeHITMOHHON TNHUH.
OcHOBOI 1711 UHAUIIMPOBAHMS SIBIsieTCS ycioBue Audpakunn Bynsda-bparra

2 Oh - sinf=nA. (1)
YtoObl OTBIIEYBLCS OT MOPAJKA N OTPAKEHHUS HCIOJB3YIOT MOHSATHUE IIIOCKOCTH
untepdepeniuu (HKL). Mexny unaekcamMu miocKOCTH UHTEPGEPEHIIMU U UHIEKCAaMU
Mmuiuiepa aTOMHOM TIIOCKOCTH CYLIECTBYET MPOCTAst CBSI3b:

H=n-h;K=n-k;L=n-I.



Tornaa dna/n = drke. Hampumep, miockocts uaTepdepennnu (300) o3HavaeT oTpakeHHe
B TpeTbeM mnopsjke oT miockoctei (100). MexXIaocKoCcTHOE pacCTOsTHUE ISl ITHX
wiockoctedt Oyaer dioo /3 (puc. 5.1). OueBHIHO, YTO TUIOCKOCTh MHTEPHEPEHIUH
MOXET COJiepKaTh aTOMbl, a MOXET ObITh U "(PUKTUBHOW", T.. HE 3aMOJTHEHHOU
atoMamu. [Ipu 3TOM pa3HOCTH XOJa JIydeld OTPaKCHHBIX OT COCEAHHMX IUIOCKOCTEH
uHTepdepeHIINH (KOTOphIe MOTYT JIaTh OTpa)KE€HHE) BCETIa paBHA A.

Haubomnee mpocTo mpoBOAWTCS MHAWIMPOBAHUE B CIydae KPHUCTALIOB KyOWYEeCKOM

CHHT'OHUH, JJI1 KOTOPBIX MEXKIUIOCKOCTHOE PacCTOSTHUE UHKL M MHIEKCHI IIOCKOCTEH

uHTEepPEPECHITNH CBSI3aHbl ypaBHECHUEM

dIiKL a2
O4eBHIHO, UTO KaXJIOMY 3HAUCHHIO sinf U UHkL PEHTTEHOBCKOM JIMHUU COOTBETCTBYIOT
onpeneneHHble  3HaueHus uHAeKkcoB uHTepdepeHuun HKL (ungexcer  Jlay»).
OTpaxeHrue PEeHTreHOBCKUX JIydeld OT HEKOTOPBIX IUIOCKOCTEH, BCIEACTBUE (Pa30BBIX
CABUTOB BOJH, NPUBOJUT K HX TalICHHWIO. 3aKOHOMEPHOCTH 'MOracaHus JIMHUK"
3aBUCAT OT CHHICOHHMM PEIIETKH, XapakTepa pacloJIOKEHUsT WU COpTa aToMOB B
AJIEMEHTAPHOM sSUeHKe U ONMPENICIAIOTCA CTPYKTYPHBIM (haKTOPOM UHTEHCHUBHOCTH.

1 H?2 +K?+L?
: (2)

b — — — i — — — . — — — — — —

< O O
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Puc. 1. ITnockoctu narepdepeniuu (300) B pemerke OLIK

JUIs HaXOXKJIEHUS CTPYKTYpHOro (hakTopa ONPENCNIIOT pa3HOCTh (a3 JIydeH,
pPacCCEesTHHBIX aTOMaMHM OTACIBHBIX TOJPEIICTOK 00Pa3yIONIUX CIOKHYIO — PEIICTKY C
0asucoM. Da3oBbI CABUT MEXKIy JydaMH PACCESTHHBIMH aTOMaMHM PEHMETKH ¢
koopauHaramu [[000]] u [[uvw]] B HampaBieHum xapakTepu3yeMOM HHICKCAMH
Jlay» HKL paBen

Ap = 272'(Hu + Kv + Lw).

@a30BbI CABUI MEXAY JIydaMH YUYWUTBIBAET I€OMETPUYECKAss CyMMa CTPYKTYPHBIX
aMILTUTY] S aToOMOB 6a3uca WM apupMeTHUECKas CyMMa MOAYJeH | S XBIHPYTKYpTC |
aMIUTUTY/l, HO 3alMCaHHBIX B KOMILJIEKCHOU (hopme:

t t
S = ZZ .e_iA(p _ ZZ 'eme‘(Huj+va+ij)
J J .

J=1 J=1



3nech Zj — NOPAIKOBBIM HOMEp aToMma j — TOro dJIeMeHTa, t - YKCII0O aTOMOB B sSYCHKE.
Ecnu xpucTami cocTOMT U3 aTOMOB OJTHOTO COPTa, TO MHOXHUTENb Zj JUIsl BCEX aTOMOB
OyJleT OJJMHAKOB M €r0 MOYXHO BBIHECTH U3 MO/ 3HAKa CyMMBI.

AHaJIU3 CTPYKTYpHOro (pakTopa MHTEHCHUBHOCTH IMO3BOJISIET CHOPMYJIUPOBATH
ycnosus "3axuranusa” (S >0) u "noracanus” (S =0) peHTI€HOBCKUX JIMHHI JUISl Pa3HBIX
KPUCTALTMYECKUX CTPYKTYP.

JIisi TPUMUTHUBHBIX PEIIETOK HUKAKWX OTPAaHMYECHUN Ha WHJEKCH JIMHUN
CTPYKTYpPHBIN (PaKTOp HE HAKJIA/IBIBACT.

IIpu paccessHUM PEHTIEHOBCKHMX Jydel aromamu kKpuctamia ¢ OIL[K peméTkoi
COXpaHSIOTCS pedIeKChl U JTUHUMU, COOTBETCTBYIOIIUE OTPAKCHHUSAM OT IUIOCKOCTEH
HHTep(EepeHIINU, CyMMa HUHJIEKCOB KOTOPBIX €CTh YMCJIO 4YETHOE. ['acHYT JMHUM U
pediekcel s KoTophix (H+K+L) ecTh HeueTHOe YHUCIIO (HyJb CYUTACTCS YUCIOM
4&THBIM). OTHAKO, €CJIM PEIIeTKA COCTOUT U3 aTOMOB PA3HOT0 COPTa, TO ATO MPABUIIO
MOKET U HE BBIOJHATHCS, B OCOOCHHOCTU JJII CHUJIBHO Pa3IUYalONIUXCsl aTOMHBIX
GyHKIHNA paccesHusl.

Y I'[]K pemietok racsrTcs JUHUM, JJIs1 KOTOphIX MHACKCH H, K, L - yucna
pPa3HOM YETHOCTH.
Jl1st rekcaroHanbHbIX MIoTHeWNX (1 77) pelieTok oTpa)XxeHuil HeT, eciu cymma (H +
2K) = 3n (kpatHa 3) u L # 2n (weuérHoe yucio). Takum odpaszom, B [11 - pemreTke
He OyaeT AuppakumoHHbIX MakcumMyMoB tuna 111, 315, 117, 333 u t.1.

B pemerkax anMaza BHYyTpH oObeMa SYEHKM B TETPadAPUUECKUX MOpax
HaxoauTcs 4 aroMa: 1o 2 Ha BBICOTAX 74 U V4 , PACTIOJIOKEHHBIE B IIAXMATHOM IOPSIAKE.
MoTuB 3amojHeHUs aToMaMH OObEeMa peleTKH OOYCIOBJICH HaJIUYMEM IIJIOCKOCTEH
CKOJIB3SIIIIero oTpakeHuss Ttuna 0 ¥ BUHTOBBIX oced L4. 31mech TacHYT JIMHHHA H
pedraekcel ¢ 4€THBIMU MHAECKcaMu Jlays, ecnu ux cymma He kpatHa 4. T.e. He Oyner
pedaexcon tuma 200, 600, 222. Ocrarorcs nuaun 400, 800, 444 u T1.1.

Bo3MoxHBIE HMHIIEKCHI MHTEPPEPEHIIMU IS TIEPBBIX JIECSITH JMHUM PEIICTOK
KyOM4eCcKOil CHHTOHUY TIPUBEACHBI B Ta01.5.1.

Taou. 1.
Nupexcsl uHTepdepeHIun KyOMYeCKHUX pelieToK

[IpumutuBHas |00bEMHO- ['paneuenTpu-
Homep KyOuueckas [IEHTPUPOBAHHA |pOBaHHAS
JMHUU B|pemietka (K6) |1 kyOuueckas |KyOudeckas
MOPSJIKE pemrerka (K8) |pemerka (K12)
Bo3pactanus |H?+K? |[HKL |H?>+K|HKL H?+K?|HKL
yria 0 +1.2 242 +1.2
1 1 100 2 110 3 111
2 2 110 |4 200 4 200
3 3 111 6 211 8 220
4 4 200 8 220 11 311
3) 3) 210 10 (310 12 222
6 6 211 12 |222 16 400




7 8 220 14 |321 19 331
8 9 300,22 (16 |400 20 420
1
9 10 310 18  |411,330 |24 422
10 11 311 |20 |420 27 333,511

[Tocne noncranoBku BeipaxkeHus (5.2) B ypaBHeHue Bynbda-bparra cnenyer, uto
JUIs KyOM4YecKol CUHrOHUU Tipu A =CONSt y1st pasHbIxX | 1 K - muHMiA uccneayemon (hasbl
JIOJIKHO BBIMOJIHATHCS CIEAYIOIIEE COOTHOLIEHUE:
sin?0. HZ+K>+1L?
Qu==",""77 TR 3)
sin“6, H, +K;+L,
C yderom aaHHbIX Ta0i.1, cooTHOomeHne Qik=1 Ui BCEX JUHUI PEHTI€HOIPaMMBI
B MOPSJIKE BO3pAaCTaHUS yrioB 6, OyJIeT MpelCTaBiIsATh MOCIEI0BATEIbHBIN PsIl YUCEe
OTIMYAIOUIUICS U1l pEIETOK pa3HOro BUAA.
[Ipy MHOMIMPOBAHMM HAXOMAT OINBITHBIE 3HAaueHUs SN0 mis Beex i-muHmit
PEHTIEHOTPpaMMBbI TpU JaHHOU A (OOBIYHO Aky) U OMNPENEIAIOT IKCIEPUMEHTATbHBIN
guciaoBou psa Qi1

sin? 6,
Q.= S0,
Tao.1. 2
Psaja uncen Qi1 AJ1s1 KyOMYeCKHX pelieToK
Tun pelweTkn 0, - Hi + Ki + Li
T H+K+ L
Ipumumuenas xyouueckas|l; 2; 3; 4, 5; 6; 8; 9; 10; 11
(K6)
Obvémnoyenmpuposannas |1; 2; 3; 4; 5; 6; 7; 8; 9; 10.
(K8)
I paneyenmpuposanuas 1; 1,33; 2,66; 3,67;
(K12) 4;5,33;6,33; 6,67; 8; 9

ComnocTaBisii  TIOJNIYYCHHBIM PSAJ € TEOPETHYECKH pacCUyuTaHHBIM  (Tabi.5.2),
YCTaHABJIMBAIOT THIT KPUCTAJUTMYCCKOW peIeTku. 3HadyeHus wuHaekcoB HiKiLi mms
71000 I-TOM JIMHUK AUQPPAKTO- I PEHTICHOIPAMMBbI HAXO/IAT U3 COOTHOIICHHMS
HY + K+ L =Q (H + K +L5). (4)
3nauenue (Hi?+K1>+L1%) B coorBeTcTBUM ¢ Tabn.5.1 1/ pasHBIX TUIIOB PEIIETOK
paBHO: 1 - miis pemetku K6; 2 - nis pemetku K8 u 3 — ms pemerku K12.

[Tockonbky umcnoBbie psasl Qi1 ansa pemerok K6 m K8 comamarot (Tabm.5.2)
MOSIBJISIETCST HEOTIPEICIIEHHOCTh B ONPEACIICHUN THUITA PEUISTKH MPU WHIUIIMPOBAHUH, T.
K. HECHO, YTO IPMHKMMATH 3a CyMMy KBaapatoB uHaekcoB (Hi2+Ki2+L1%)=1 umm 2. D1y
HEOTIPEICTICHHOCTh YCTPAHSIOT OJTHAM M3 CJICTYIONIUX CIIOCOOOB.

|. OTHOCUTETPHAS HMHTCHCUBHOCTH JTUHUN PEHTTEHOTPAMMBI ¢ OJIM3KUMH yTIIAMA
0 onpenensercs npexJie Bcero ux ¢akropoM noBropsieMoctd p. dns muauit 100 u 200



(daktop p paBeH 6, a g 110 - 12. Takum oOpazom, 11 pemieTku K6 u3 nepBbIX IBYX
JUHUM Ha pEHTreHorpaMmMe 00Jie€ MHTCHCUBHOM (MPUMEPHO BJIBOE) JOJKHA OBIThH
BTOpas, a [ pemerkn K8 — neppas. CpaBHUBass MHTEHCUBHOCTH MEPBBIX ABYX JIMHHAN
K, - nznyuyenus Ha udpakTo — WK PEHTTEHOTpaMMe, OJTHO3HAYHO yCTaHABIMBAIOT TUII
PEIIEeTKH.

2. Ecnm s cenpMoit K, - nuanu 3nauenue Q71 = 7, to (Hi24+Ki?+L12) momxHo
ObITh paBHO 2 u Toraa (H1KiL1) Oymet miockocteio (110), a pemerka - OL[K. Ecnu Q71
= &8, To pemerka mpocTtas Kyowdeckas u (H1Kili) sBisieTcss TIOCKOCTBHIO
untepdepenmun (100).

Ilpumeyanue: cpeny YUCTHIX METAJJIOB pemieTka K6 He BCTpedaeTcs.

Onpenesienue napamMeTpoB 7| yKcIIa aToOMOB
3JIEMEHTAPHOM SYelKH

[Tocne uHANIIMPOBAaHUS AUPPAKTO — WIM PEHTTEHOTpaMMBI IS (a3 KyOu4ecKoit
CUHTOHUU MapaMeTp PEUIeTKA MOKET 6BITB OIIpEJICIICH TI0 JIF000M U3 | —JTMHMIA KaK

LN RIS (5.5)

ai
2sin 6,

[Ipu chemke MUPPaKIIMOHHBIX JIMHUM C TOMOIIBI0 TU(PPAKTOMETPA MPHU IIarOBOM
CKaHMPOBAHUHU TMApaMETP PELICTKH IO JH00H I- TOH JMHUM MOXET OBITh ONpEeiicH
npu Kcnoyib3oBaHuu mnporpammel i IBM PC "Ananu3 mpoduias peHTTEeHOBCKOU
JUHUHA METOJIOM MOMEHTOB" (cM. paboTy Ne2).

PexkoMenayeTcst pacCUMThIBaTh MapaMeTp @ MO HECKOJIbKUM JHUHHUSIM C BO3ZMOKHO
OonpmMu  yriamu - audpakmum - 6. [lolydeHHbIE 1O  pasHBIM | -JIHHHASM
PEHTTEHOTPAMMBbl 3HAUEHUS @i YCPEAHSATh OOBIUHBIM OOpa3oM HENb3s, T.K. TaKHE
M3MEPEHHUS 3aBUCST OT yriia TupaKkiui U He OyAyT paBHOTOUHBIMH.

OmunbKa ornpeneneHus napaMerpa dj o i — TOW JIMHUKM C yriioM Judpakiuuu 6O;
MOXKET ObITh OLIEHEHa Mo (opmyse, nojydaeMol AuQQPepeHIUPOBAHUEM ypaBHEHUS
(5.1):

Aa =ctgh-AO . (5.6)
a

W3 BeIpaxkenus (5.6) BuaHO, uto npu — 90° ommbdka 4 a — 0.

B kauecTBe OKOHYATENbHOM BEIMUYMHBI MapaMeTpa a MPUHUMAIOT: 1. 3HaueHwue,
u3MepeHHoe 1o JuHUH(aM) ¢ yraoM(amu) 0>70%; 2. 3HaueHWe MOJNIyYEHHOE IIPU
SKCTpanojsiuu rpaduka ONBITHBIX AaHHBIX a=f(@) Ha yrom 6= 90°. CymmaphHas
ommnOKa Aa CKJIaJAbIBACTCI M3 HECKOJBKUX CHCTEMAaTHYECKUX IOrPEIIHOCTEMH,
CB3aHHBIX C YIIIoM € pPasHBIMH 3aBHCHMOCTSMH M IIOSTOMY HE JIMHEHHO 3aBUCHUT OT
yriaa 6. DKCTpanoJsLMI0 MPOBOJAT MOAOOpPaB HEKOTOPYIO (YHKIHIO, TEPEBOASILYIO
MOJIyYEHHYIO 3aBUCUMOCTD B JIMHEHHYIO.

[Ipn ompexneneHnd neEpUoJa KPUCTALIMYECKOHM PpEHMIETKH C  MOMOUIBIO
audpakToMeTpa B KauyecTBE TaKOW JMHEapu3yloled (YHKIMH YacTO HUCHOJIBb3YIOT
GyHKIMIO COS?6, XOPOIIO OMKMCHIBAIOMIEH OCHOBHBIE HHCTPYMEHTAIBHBIE TOIPEITHOCTH.



JUis TMpenu3nOHHOTO OMNpeNeeHHs] MapaMeTpa pPemeTKd METOAOM OSKCTPANOJSIUuU
TIOJIC3HO BOCIIOJIB30BaThCs MPUKIIAAHOM nporpammoii Microsoft Excel.

ITockonbKy 3aUKCHPOBATh JMHUM B NPELU3HMOHHON obOmactu yrios 6>70° me
BCET/1a BO3MOXHO, HCIOJIB3YIOT OMPE/ICICHUE CPEIHET0 3HAUCHUSL & 110 BCEM I-JIMHUSIM
TuGpakTo — WM PEHTTEHOTPAMMBbI, HMCIOJB3YS METOJ] BECOBBIX KOI()PUIIMEHTOB
(k03¢ HUIIHEHTOB JOCTOBEPHOCTH H3MEPEHHOTO TTapaMeTpa):
ab +a,b, +...+ab,

Z bi , (57)

=

rIIe aj - mapaMeTp SUYCSHKHU ONPEIeICHHBIN 110 | - TOM JIMHUK pEHTTeHOTpaMMBl, Di = 7g6;
o Aa
(k03 ULIUEHT TOCTOBEPHOCTH COOBITHS, OOPaTHO MPONOPIUOHAIBHBIN OIIUOKE — €ro
a
U3MEpPEHUs).
B 3aBHcHMOCTH OT CXE€MbI Ch€MKH PEHTTeHOrpaMM BeianunHa A0 ompexaensercs
paznnuHo. Tak nipu cbeMke B kamepe tuna PKJ]

AL
AO ==

D
rnie aAl=+ 0,1 mm - omubka nmpomepa myr Ha peHTreHorpamme; D - mmamerp
KaMephl.

IIpn cbeMKe pEeHTTeHOrpaMM Ha yCTaHOBKAaxX C MOHU3ALUMOHHOM pEerucTpanueu
M3JIy4eHUsS TOYHOCTh ONpPEACNICHUS yria OTpakeHuss 6 oOrpaHHyYeHa TMOJOBUHOM
MUHHUMAaJIbHOM IIEHBI ICJICHUS] TOHHOMETPA.

Pacder uncna N atomoB B stueiike bpasas BeayT o hopmyie
N=2£
m, - A
rane V - 00bEM DIIEMEHTApHOM SYelKU, O - IIIOTHOCThL BemecTsa, M,=1,65102* 2 -
Macca 1/16 aroma kuciaopoja (aToMHas €IUHHIIA MAcChl), 4 - CpPEIHEB3BEIICHHBIN
ATOMHBIN BEC ATOMOB STUYCUKH.
[To yuciay aroMOB OPUXOJAIIMXCA HA SYEHMKY MOXHO YCTAaHOBUTH THUIl TBEPIOTO
pactBopa. [lonyueHHOe ONBITHBIM IMyTeM 3HaueHue N CpaBHUBAIOT ¢ TEOPETUUYECKUM:
Noux=2, Nrux=4, Npx=1. Hampumep, eciu N > 4, a pemetka [[[K - 3T0 Oyner
03HayaTh, YTO UCCIEAOBAJICS TBepAbli pacTBop BHeapeHus. [Ipu N < 4 - TBepmwiii
pactBop BbruutTanus. B ciyuae N = 4 - TBepAbIif pacTBOp 3aMelIEHUS.

Ecmn Aa = 0.0014°(0,1 um), Ap= 0,01 2/cm®, ommbka onpeeaeHns Yucia 4acTHI B
sueiike AN = 0,005 - 0,01. IlmoTHOCTh BemieCTBa OOBIYHO OIPEICIISIOT
MUKHOMETPUYECKHM aHATH30M.

3. OOBEKTHI UCCIIeI0OBaHUsA, 000PYI0BaHUE
Hudpakromerp [JPOH, OOpa3ibl yriepoaucTsix cTajlen

4. 3ananue Ha paboTy



[IpoBect cbemKy audpakTorpaMM, pacCuuTaTh 3HAYEHUS MEXKIUIOCKOCTHBIX
pacCTOSIHUM, MPBECTH UHAULIMPOBAHUE , PACCUMTATh 3HAUYCHUS IMapaMeTpa PEIICTKHU.

5. Tlops0oK BBINIOJIHEHUS pabOThI

1. IlpoBecTu ChbeMKY PEHTI€HO — U JAU(PpaKTOrpamMM MPeAJIOKEHHOTO MPEIoiaBaTeIeM
BemiecTBa B kamepe PK/] Ha peHTreHOBCKOM amnmapate Wik Ha JUPpakTOMETpeE.

2. Paccuuratp nebaerpamMmmy win 1udpakTorpamMmmy.

3. YCTaHOBUTH TUT KPUCTAIUIMYECKON PEIIETKH MCCIIeyeMOTro BerecTBa ((asbl).

4. BpINOAHUTH WHAULUPOBAHHME JIMHUWA pEHTreHorpammbl. OmpenenuTrs napaMmerp
pPEIIeTKH M YHUCIO aTOMOB B 3JE€MEHTapHOW sueiike. [ns pacuera yrina nudpaxkuuu
JUHUHA 1 TIapaMeTpa pEelIeTKH BOCHONb30BaThes nporpammamu st IBM PC "Ananu3
npoduIs PeHTIeHOBCKOW JIMHUU MeTo oM MoMmeHToB" 1 Microsoft Excel.

5. [lonydeHHsble TaHHBIC BHECTH B Ta0OIUILy 5.3.

TaoJ. 3
JlaHHbIe pacyeTa peHTreHOTPaAMMbI
Hi2+Ki2+Li2
_sin® 6, [Okcnepum |Mcmunno
Howmep |00 [SiN%0 """ sin? g, |enmanvHo |e HiKiLi|a; |a |aai [N
JINHUH | 43 e 3HAYeHUe
I 2 3 4 5 6 7 8 19 (10 |11

Ilpumeuanue: 6 cTomber 4 3aMUCHIBAIOT OTHOIICHUS KBAJpaTOB CHHYCOB YTJIOB
JUTSL K&KIOW | - TOM JIMHUU K KBaJpaTy CHHYCA YIJIa OTPAXKCHHS TEPBOH JTUHUH.

Cronber; 5 coepKUT CyMMy KBaJpaTOB MHIACKCOB MHTephEPEHIMH IS | — TOU
JUHUY, Tony4daeMylo wu3 BbIpaxkeHus (5.4). IlomydeHHbIe 3HAYCHHS, BCIICJCTBUC
AKCIIEPUMEHTAJILHON OMIMOKM ompeneieHus: yriaa audpakinuu 6, OyayT HECKOJIbKO
OTJIMYATECS OT HENbIX umcel. [lostomy B cronben 6 BHocar 3HaueHus (Hi2+Ki2+Li?),
MoJIy4aeMble OKPYTJEHUEM A0 OJMKalIlero Lejaoro 4yucia 3Ha4eHWil B cTojoue O.
Orknonenne (Hi?+Ki2+Li?) s or (Hi*+ Ki2+Li?)uem He qomkHO npeBbimats + 0,1,

Cron6ern; 7 conepxut 3HaueHus: HiKiLi, onpenenennsie ¢ moMmomipto Tab6s.5.1 mo
HaiineHHeM (Hi?+Ki2+Li%)yuem,



B cronbernr 8 3aHOCAT pe3ynbTaThl pacueTa MEPHOJA PEIISTKH ai 1o (GopMyIie
(5.5).

B cronber 9 BHOCAT cpejHee 3HaYeHUE MapaMeTpa PEIleTKH a, ONpele/IeHHOE
o ¢popmyiie (5.7). OmudKy onpenesaeHus nmapaMmeTpa peleTku Aaj, paCCUUTHIBAIOT KaK
(ai-a) u 3aHOCAT B cTonber 10.

6. CoxepxaHue oTdyeTa

1. Teopusa eonpoca. Onucats:
- IOHSTHE TUIOCKOCTU UHTEP(hEPEHITNN;

- CTPYKTYpPHBIA (DaKTOp MHTCHCUBHOCTH M €ro poib B "moracaHuu" W '"3aKuraHuu"
JIMHUH JUIs pa3HOTO THUIIA PEIIETOK;

- YCTAHOBJICHHE TUIIA KPUCTAJUIMYECKON PEIIETKH;
- IOPSII0K MHIULIMPOBAHUS JTUHUN TUPPAKTO — U PEHTT€HOTPAMMBI;
- OIIpEEICHUE TapaMeTpa PELIETKH U YNCIIa AaTOMOB B DJIEMEHTAPHOU STYECHKE.

2. Texnuka rkcnepumenma. YKa3aTb: TUIN PEHTICHOBCKOTO ammapara, JJIMHY BOJHBI
U3JIy4YEHHMs], YCIOBHUS MPOBEACHUSI ChEMKHU, CTAaHAAPTHBIA M 3(()EKTUBHBINA AUAMETPbI
KaMepbl, 00pas1bl 11 UCCIIEI0BaHUSL.

3. Ilonyuennsvie pezyrbmamot. BHIOIHUTH pacyeT PeHTTEHOTPAMMBI. Y Ka3aTh:

No (mmp) nudpakTo — UM PEHTreHOTrpaMMBbl, UCCeayeMblil oOpaser (rmocie
0
UJEHTU(DUKAIIN) , W3Iy4eHue AKal= A, AKa2
0 0 _ iK + ﬂK 0 .
= A, A = A, A,="" 2= A, CTaHJAPTHBIA JUAMETP
2
kamepbl Do - 57,3 mm, pamuyc obOpasna r = wm, BUA CheMKH (TpsMas, oOpaTHas,
aCUMMETPHUYHAS) , dQdexTuBHAs JUIMHA OKPYXHOCTU D= MM,
s dexTuBHBIN TuamMeTp Kamepsl Doy = mm. [lomydeHHbIe pacueTHbIC TaHHBIC

cBecTd B Tabnuiy (1a6s.5.3). K oTduery npuiokuth 1UQpakTo — WIM PpEHTTEHOTpaMMYy .

Aa
[Toctpouts 3aBUcHMOCTE — = f(9). MeTtomom skcTpanossuuu Trpadpuka a = f(9)K
a

snaueHuto 6= 90° HaiiTh 3HAUEHHUE TApAMETPa PEIIETKH.

4. OcnosHble 6b1600bl. JlaTh 3aKIIOUYCHHE O THUIE KPUCTAUTMUECKOW PEIMIETKH U
TBEPJIOTO PAcCTBOpPA, pa3Mepe IMapaMeTpa PeIieTKH HcciieayemMoro oopasma. Caenartb
BBIBO/I O 3aBUCUMOCTH BEJIMUYUHBI OITMOKHU OT yria audpakiauu 6.

7. KoHTpoOJbHBIE BOMIPOCHI

1. Yro Takoe mIoCKOCTh, HHTepdepeHmuu? Yem oHa OTIWYAETCS OT aTOMHOM
IJIOCKOCTH?

2. KakoB nmpuHUMIT UHAUIMPOBAHUS PEHTIEHOTpaMM KyOMYECKUX KPUCTAIIIIOB?

3. Kak mpu UHAMIMPOBAHUM YCTPAHUTH HEOINPEIECICHHOCTh B BBIOOPE PEIIETOK
OpUMHUTUBHOMN KyOnueckon u OLIK?



4. Kak 3aBucuT omnOKka onpeneneHus napameTpa peeTky oT yriia Judpakiuum?
5. Kakoga cBs3b unjaekcoB Jlays ¢ unaexkcamu Musiepa?

6. Kak BnusieT CTpyKTYpHBIM (PakTOp Ha MHTEHCUBHOCTb JTUHUI?

7. Kak omnpenenuTb CTPYKTYpHbIA ()akKTOp HHTEHCUBHOCTH MpPU  HM3BECTHBIX
KOOpPJMHATaxX aTOMOB B sAUeiKe?

8. Kak ornpeaenuTs YuCI0 aTOMOB B 3JIEMEHTAPHOM siuerke?

9. KakuMm 00pa3oM ycTaHaBIMBAIOT TUIl TBEPJOTO pacTBopa?

8. bubnmorpadudeckuii CIMcoK

I. Topenuk C.C., PactopryeB JIL.H., CkakoB IO.A. Penrrenorpaduueckuii u
ANEKTPOHHO-onTHYecKuit ananus. -M.: MUCHC, 1994. 328 c.

2. VYwmanckuéi S.C. PenrtreHorpagus MeTaJUIOB M NOJYyHPOBOJHUKOB. —M.:
Meramnyprus, 1969. 496 c.

3. Tpouukuit M.B. Pentrenorpadgus u snexkrponHas mukpockonus. —lyma: Tynl'V,
2003. 200 c.

4. Tpouukuii 1.B., I'onuapo C.C. ®usnueckue meToanl KoHTposisa. —lyna: Tynl'V,
1996. 84 c.

5. bokuit I'. b. , Ilopaii-Komun M.A. IlpakTuueckuidi Kypc peHTTE€HOCTPYKTYPHOIO
a"Hanuza. - M.: MI'Y, 1964. 412 c.

6. Pentrenorpadus B busrgecKoM metatoBenenuu/Ilox pen.
A.C. Ymanckoro. -M.: Metamnyprus, 1961, 338 c.

JIABOPATOPHASI PABOTA Ne 5
PEHTITEHOCTPYKTYPHBIN ®A30BbIN AHAJIN3

1. Llens paboTh

1. ycBOUTH (pn3HUECKHE OCHOBBI METO/I0B (Pa30BOTO aHAIN3A;

2. BbIOpaTh YCIOBUS CHEMKHU M MPOBECTU 3aMUCh AU(paKTOrpamMM ¢ 00pa3iioB
3aKaJICHHOW CTaJIH, COJIEPKAINX Pa3HOE KOIMUECTBO (PepPUTHON U ayCTCHUTHOH (a3;
3. OLICHUTH COJIEP’)KaHNE OCTATOYHOTO ayCTCHHUTA B UCCIIEyeMOM oOpasiie.

2. Teoperuyeckue CBeCHUS
KayecTBeHHbIN (pa30BbIN aHANU3

MeTtonamu  peHTTeHOAHAJIM3a  MOXKHO  OmpeaenuTh  (Ga3oBBIH  COCTaB



reTeporeHHbix cMeceid. Kaxkmoe KpHUCTAIIMYECKOE BELIECTBO —XapaKTEPHU3YeTCs
HAO0OPOM MEXKIUIOCKOCTHBIX pacctostuid di, d2, ds...dn, 3aBHCSAIMX OT mapameTpos a, b,
C u yrmoB «, f, y diIeMeHTapHoW suediku. Takum oOpasom, '"macropTom"
KpUCTAJUIMUECKON (ha3bl SBISIOTCS YIJIOBBIE TMOJOXKEHUS PEHTTEHOBCKHUX JHHHMA. Wx
WHTEHCUBHOCTU ONPENETSIOTCS PaCCMOTPEHHBIMH paHee (pakTopamu, B TOM YHUCIE U
cTpykrypHbiM. Takue "macmopra" cocraBiensl Oonee yem qns 15000 Bemiects
(Tabnuupl amepukaHckoil kaproreku ASTM?). 1o HUM MOXHO HAEHTH()HIUPOBATH
pasnuyHbie (asbl.

PeHTreHorpaMMbl CTaHJApTHBIX BEIIECTB INPEJCTABICHbI B BUIE T'papUKOB
(wTpux — auarpaMm) "MHTEHCUBHOCTH JUHUM (B YCIOBHOW MATHOAUIBHOW IIKAle) -
yroa audpakiuu - 6" (puc.l).

e

Puc. 1. OGuwmit Bug "mrpux — nuarpammsr” | - 6

Pentrenorpammy wucciiemyeMoro obpasia H300pakaroT B BHJIC AHAJIOTHYHOIO
rpadguka (B TOM jk€ MaclTade) Ha KajlbKe, KOTOpPbIA HAaKIaAbIBAIOT Ha TpaduKu
ATaJOHHBIX BeliecTB. COOTHOIIEHUE UHTEHCUBHOCTEN JTMHUN JIJIsl JaHHOU a3kl (J1axe
€CJIM OHA HaXOJIUTCSI B CMECH) JTOJKHO COXPAHSITHCA.

PentrenoBckuii (pa30BbI aHaIM3 MPOBOIAT, Korga O (a3oBOM COCTaBE HEJb3s
CYIHTh 110 JAHHBIM XUMHUYECKOTr0 aHanu3a. @a30BbIid aHAIN3 BAaXKEH IPU MOATOTOBKE
PYA IIpU BBIILUIABKE CIUIABOB, AHAJIM3€ TBEPABIX PAaCTBOPOB, AHATPAMM COCTOSIHUS U
T.4. O TpUCYTCTBUM TOW WM MHOW (a3bl MOXKHO CyIuTh mo 2 - 3 Hauboiee
VHTEHCUBHBIM JINHUAM. MUHUMAaIbHOE KOJIMYECTBO BEILECTBA B CMECHU. IOCTATOYHOE
JUISL HaJIe)KHOW HMACHTU(UKAIIUA JaHHOW (a3bl, CIyXKUT MEpPON 4YyBCTBUTEIHLHOCTH
METO/a.

Pentreno- wmm audpakrorpamma 1Byx U Oosee ¢a3 SABISETCA TMPOCTOM
Cymnepro3unuei WHTep()EepeHINOHHBIX JTUHUN ATuX (a3. VHTEeHCHMBHOCTHh JMHUN
3aBUCHUT OT KoyimuecTBa (pa3 B cruiaBe. [Ipu BBICOKOW OTpa’kaTeIbHON CIIOCOOHOCTH
ATOMHBIX TUIOCKOCTEN (Da3bl pEHTI€HOAHAIU3 MO3BOJISIET €€ 3apEerucTPUpPOBaTh AaXe
B COTBIX JIOJISIX TpamMMa.

Ha uyBCTBUTEIBHOCTH PEHTIEHOCTPYKTYPHOTO METOa aHAIU3a BIUSIOT: OTpaka-
TeJbHAsl CIIOCOOHOCTh AaTOMHBIX IIJIOCKOCTEH ompeaensemMbix (a3, COOTHOIIEHUE
KO3 GUIUEHTOB OcIadiieHnuss Bcell cMmecu U ompeaensieMort ha3wl (Lpas U Lhuamp),
BEITMYMHA KPUCTALIUTOB (OJOKOB), YpOBEHb MHKponedopmaruii m Texcrypa (a3,
YCJIOBHSI CEMKH U JIP.

2 American Society for Testing Materials.



Hekoropble mpuMepbl 4yBCTBUTENBLHOCTH (pa30BOr0 aHAIM3a MPUBEACHBI B TAOJI.
6.1.

Tao6J. 1.
YyBCTBUTEIbHOCTH PEHTT€HOBCKOT0 AHAJIN3A

MeXaHM4YeCKoil cMecHu pasHbIx (a3

Onpenensiemast daza | Matpura YUyBCTBUTEIBHOCTD
(cTpykTypa) MeTozaa, oobeMH. %
Co (I'TI) W 2-3

Ni (T'lIK) W 1

W (OLK) Ni 0,1

W2C (1) W 0,3-0,5

W (OLK) W2C 0,1- 0,2

C noBeimeHueM  (akTopa TOBTOPSEMOCTH  BO3PACcTaeT  OTpakaTeiabHas
CIIOCOOHOCTh AaTOMHBIX IUIOCKOCTEM W YBEJIMYMBAETCS YYBCTBUTEIHLHOCTH METOJA.
BemectBa, CHIBHO MOMJIOLIAIOIIME HW3JyYEHHE, JIETKO OOHApy»KMBAaKOTCS B ciabo
MOTJIOIAIOIIMNX cMecsX. Jlerkue 31eMEeHThl B CMECH C TSDKEIbIMU COEIMHEHHSIMU
OOHapy’KMBAIOTCS JHIIb MPU UX OOJIBIIMX cOAepKaHUsIX. HamomMHuUM, 4TO aTOMHas
(GyHKLHMS paccesHUs MPONOPLUUOHATIbHA MOPSIKOBOMY HOMEPY JIEMEHTA.

I[J'ISI IMOBBIICHHA YYBCTBUTCIBbHOCTH METOAA UCITOJIL3YIOT CICAYIOIMUE ITPUCMEL.

1. ITomy4aroT HAMMEHBIITYIO WHTEHCUBHOCTh (DOHA PEHTICHOBCKOTO HM3JIyYCHHUS Tak,
qTOoOBl Ccamble cjla0ble JUHUM BBIACISIUCH Haa (GOHOM. OITO JOCTHTaeTCs
noHuwkxeHreM aHogaHoro Hanpsokenus Ua Ha TpyOke (lwgy ~ Ua, @ lew ~ U42). Tlepen
PCHTTEHOBCKOW IIJICHKOM YCTaHABIMBAIOT TOHKYIO (onbry m3 Al mjis moriomnieHwus
(hOHOBOTO U3ITYUYEHUS.

2. IlpuMeHSIOT U3JTy4eHUE MOBBIIIIEHHOW MOHOXPOMATHYHOCTH.

3. Ucnonb3ytor GuneTpel f-mydei. IOTo ympomiaer pacmu@poBKy peHTre-
HOTpaMM B CiTy4yae TPUCYTCTBUS B CIUIaBE Tpex W Oosee (a3, Korga MMeeTcss MHOTO
JIMHUU.

4. YBeIU4YMBaIOT PailyC PEHTT€HOBCKON KaMepBhl.

5. [IpumensitoT 0osee MATKOE€ PEHTTEHOBCKOE U3ITyUEHUE.

6. B ciyyae kpymHOKpHCTaUTHUeCKOro obOpasna (auamerp 3epHa 30-50 mxm),
Korja Je0aeBCKUE KOJbla MOJYyYarOTCS MyHKTUPHBIMHU, PEKOMEHJIYETCsS BpalllaTh MO-
mukpucTtaml. Bpamenue obpasia yBelIUYMBAET KOJUYECTBO OTPAXKAIOLIUX IIOCKOCTEN
KPUCTAJTUYECKON (ha3bl M TIOBBIIIACT HHTEHCUBHOCTD paccesiHus. [IpoMephl CILTOIIHBIX
JIMHUM MOBBIIIAIOT TOYHOCTh U YyBCTBUTEILHOCTh METO/IA.



7. Co3nanue B o0pasiie TEKCTYphl. B 3TOM cilydyae MHTEHCUBHOCTb PAacCEsHUS B
HalpaBJI€HUU TEKCTypHOIO MakcumMyma OyJeT mnoBbllieHa. (OTy wuIew Ui
oOHapyKeHMs KapOuaa *keje3a B HU3KO OTIYLIEHHOM CTaju, BIIEpBbIE MpeMIoKuin M.
I1. ApOy30B u I'. B. Kypatomos).

8. IloBbimieHue KOHIOCHTPpAaIUN (1)8.351 IMyTeM BBIACJICHUA €€ B O0CAIOK. Tak
Kap6I/I,Z[HBI€ U HHTCPMCTAJINIMAHBIC (1)2131;1 C HHU3KOH OTpa)KaTeJIBHOﬁ CITOCOOHOCTBIO
HHOCKOCTeﬁ, IMOJY4YarOoT 3JICKTPOJIIMTHYCCKUM PACTBOPCHUCM OCHOBEI CILJIaBaA.

KonuyectBeHHbIN pa30BbLIN aHanNu3

Kpome wunentudukanmm ¢a3 1no peHTreHOrpaMMe MOKHO TMPOBECTH U UX
KOJIMYECTBEHHBIE OILICHKU - KOJWYECTBEHHBIN (a3oBbiii aHanu3. KoauuecTBeHHBIN
($a3oBbIl  aHANM3 TOpeArnoJiaraeT M3MEPEHUE UHTErpaIbHOM HMHTEHCHUBHOCTH
T (PaKIIMOHHBIX MAKCUMYMOB U COMIOCTaBJIEHUE UX C KAKUM-TO 3TaJOHOM.

C nomompto audpakroMerpa (win GOTOMETPUPOBAHUEM) ONPESAIOT IIomanb Ic
o uHTEppEepeHIIMOHHON KpuBOM uccienyeMoi ¢as3el. Torma ee koHuneHntpanus C
paBHa

Cw%=-cc,, (1)

C(]
31€Ch [, - WHTErpajbHas WHTCHCUBHOCTbH JIMHHUH oOpasiia — 3TajloHa C M3BECTHOU

KoHIeHTparuei - Co hassbl.
WNutencuBHOCT, K -TOM nuHMHM | -ToM (ba3bl MPOMOPLHMOHAIBHA OTpaXKaroIICH
cocoOHOCTH Qki, COOTBETCTBYIOIICH IUIOCKOCTH HHTepdepeHirnu I-Toil (a3bl u
cojiepkaHuio KoHIeHTparuu Cj mocneHel B CIUIaBe, T.¢.

I, =B,0,C;,
Bi— xoa¢dpunrieHT nponopuruoHanbHOCTH.

B o61em ciydae, ¢ yueTom pa3nuyuHbIX Ko3(ppuuuenToB ocnadienus Qas:

C.u.
g = Pt )

WX

3[IECh Oi U Ai— IUIOTHOCTh W JIMHEHHBIN K03 duiimeHT ocnadbnenus i — Toit (hasbl.

A.b.HeuBon0/10B Tpenyiokuil  ONpEAeNATh KOHLEHTpauuioo (a3 MeToiaoM
"romosornyeckux nap". PaBeHCTBO MHTEHCHUBHOCTEH OIPEIECICHHBIX JIMHUNA Pa3HbIX
(a3 COOTBETCTBYET BIIOJIHE ONpPENEICHHOMY 3HAUCHHIO UX KOHIIEHTpaluil. 3HaueHUs
"roMosornyeckux nap" npu (a3oBOM aHaIU3€ 3aKaJCHHBIX CTaJe MUBEACHBI B TaOI.
6.2. Ommbka B  oOmNpenelcHUU  KOHIEHTparuu  (a3bl  COCTaBISET:  IPHU
doromerpupoBanuun — (20-30)%, mo audpakrorpammam - (1-5)%. Ilpu ananuze
Tpexdasznbix craBoB Metoa A. b. HeuBosnonoBa HenmpumeHuMm.

JIsl OMBITHOTO TTOCTPOCHUS TaOIHI[ "TOMOJOTHYECKUX Iap" BMECTO TOTO, YTOOBI
CMEIMBaTh YHUCTBhIC (a3bl B CIICUCHHOM IIOPOIIKE, YacTO IPHUMEHSIOT Ooiee



nemeBbid crnoco6. OOpaszeln; i ChbeMKU M3TOTABIMBAIOT B BHUJE TaOJETKU C
CEKTOpaMH M3 CIIPECCOBAHHBIX MOPOIIKOB (a3 A u B (puc. 6.2).

Taoa. 2.

"T'omoJiornyeckue' napbl JMHUH B YIVIEPOAUCTOH CTAIH

[Tapsl munuit paBHoit untencuBHoctH | Comepkanue — ompenensieMoit  ¢asbl,
Mac.%

(HKL) (HKL)
r-¢ghaza (aycmenum)

r-hasza a-gasza

(311) K (220) kg 8

(111) ke (110) kg 26

(220) ke (220) ke 35

(311) Ka (220) ke 46

(222) ke (220) ke 63

CootHomeHue uHTEHCUBHOCTEN JUHMM (a3 |a u | HAa peHTreHorpamMmme Oyner

IIPONIOPLIMOHAIIBHO 00BEMHBIM TOJISIM (KOHILIEHTpALIUN) ITUX ¢as:
[A]=%-100%; [B]=ﬁ-100%. N3mensass yriael @ v [ MOXHO TMOJYy4YUTh HAOOp

ATAJOHHBIX PEHTI€HOTPAMM, OTBEYAIOUIUX PA3IUYHBIM KOHIEHTpauusM ¢a3z 4 u B u
moAo0paTh Mo HUM '"TOMOJIOTMYECKUE Maphl'.

Puc. 2. O6pa3zel 7151 TOTyUEHHS dTAJIOHHONW PEHTIEHOTPAMMBI

Yacto uCnonb3yroT Uisl MPOBEACHUS KOJWYECTBEHHOTO aHain3a MHOTO(]a3HbIX
cMeceil MeToJ BHYTPEHHEro sTajmoHa (fa#tb...# ). B 3ToM ciyyae B MHOpPOLIOK
oOpasiia MmoAMEIINBAOT B U3BECTHON KOHIIEHTPAIIMH 3TAJIOHHOE BEIIECTBO (HAIpPUMED,
NaCl, CaF, wu jmp.), ¢ JTUHUSAMH KOTOPOTO M COIOCTABIISAIOT PEHTI'CHOBCKHE JIMHUU
ornpeaensieMoint (asbl.



Korma wuccnemyemslii oOpasen; Henb3sh MPEeBpPATUTh B IMOPOIIOK, YacTo
HCIIOJB3YIOT MeToJ, "BHemHero craHjgapra’. Ha OOKOBYHO MOBEpXHOCTh 00paslia
WIMHIPUYECKON (HOPMBI TUAMETPOM =5 MM HAKJICUBAIOT MOJOCKY TOHKOW (OJBTH
sTalioHHOTO  BemiectBa. OOpaszerr pacronaraetcsi B KaMepe €  HEKOTOPhIM
HKCIICHTPUCUTETOM M BpaIlaeTCsl BOKPYT OCH, HE COBIAJAIONIEH C OCBIO KaMmephl.
PeHTreHoBckwmii my4ok OyIeT momnepeMeHHO 00 TydaTh ATaIoH ((PoJbry) u odpasertl.
Bpemsi oOnydeHust (CheMKH) dTajioHa - 7, U 00pa3la - 7o ONpeAessieTCs IJIMHOU
coorBeTcTBYOmUX Ayr |, u lo, 3aHMMaeMbIX MO OKPYXHOCTH 00Opa3iia 3TaJOHOM W
uccaeayemMoit ¢dasoi, T.e.

Menss |9 MOKHO HM3MEHUTh OTHOILICHME WHTCHCUBHOCTEH JIMHUM 3TaJOHA U 06pa3ua.

Jlns  ompeneneHHblx map wuHTepdepeHimMonHbXx sumHMid HKL uw HKL  crposr
HKL

y A 1, y
IpagyupOBOYHBIA Tpaduk: =1 (l— . s mocTpoeHus 3TOM  3aBUCHUMOCTH
0

H
0

MEePBOHAYAIEHO UCCIEAYIOT 00pa3el] ¢ U3BECTHBIM COACPKAHUEM OIpeaesieMoi (a3bl.
HeusBectHoe conepkanue (aspl OMpenessioT Ha TpaayHpOBOYHOM Tpaduke IO
COOTHOIIIEHUIO MHTEHCUBHOCTEN PEHTIEHOBCKUX JIMHUI 00pasna u 3TanoHa (puc.6.3).

Puc. 3. I'pamynpoBouHBIif rpaduk, MOCTPOSHHBIN C UCIIOIH30BAHUEM ""BHEITHETO
cranaapra"

JIns  SKCIpEecCHOro aHaluu3a CJIO0XKHBIX CMECEM HCHOJIb3YIOT MHOTOKAHAJIbHBIE
peHTreHoBckue audpaktomMerpbl. CUETUYMKH H3JIyYEHHUS HACTpaWBalOT Ha oOIpeje-
JIEHHBIE YTJIbI TUPPAKIIUN aHATU3UPYEMbIX (a3.
IIpu ¢a3oBoM aHanmu3e 3aKajl€eHHBIX CTajJeil KOJMYECTBO YIJepoja B MapTEHCHUTE
OTIPEAEIAIOT N0 NyOJeTy JIMHUH.

OcTaTo4yHbIl AYCTEHUT SIBISETCA MSTKOM, TEPMOJWHAMHYECKH HEYCTONYMBOU
ha3zoli 1 MOKET OKa3aTh OTPUIATEILHOE BIMSHHE HA MEXAaHUYECKHE XAPAKTEPHUCTHKHU
crajed. 3ajgaya ONpPEACNICHUS KOJIMYeCTBA Aoen — OAHA K3 BAXHBIX M YacTo
BCTPEYAIOIIMNXCS B METAJIOBEIUECKOW MPAKTUKE 3a]1a4.

MaccoBast 103151 Aoem OTIPENENSETCS IO POPMYIIe

c,= 1 , 3)

14 % Py T
aM pA IA




3
Pu _ 4y

31€Ch p,, U p, - INIOTHOCTH MAPTEHCUTA U ayCTEHUTA COOTBETCTBEHHO, —-= —*4—.
Py 2a,Cy,

ITapameTp penieTka ayCTEHUTa a4 SBJAETCS JMHEHHOM (QyHKIMEH CONEpKaHMsA

yriepoja u u3MeHsiercs ot 3,579 10 3,612 A npu yBenuyeHUH KOHIEHTPALUH YTIIepoa

m ot 0,7 no 1,4 % no macce. [TapameTpsl TETparOHAILHOW PEMIETKA MapTEHCUTA dy U

Cn OIPEACIIAIOTCS 3aBUCUMOCTBIO a,, =2,866 —0,013m, 4;c,, =2,866 +0,116m, 4.

OTHOIIEHWE  a4/ay  ONPENENAIOT  pPacueTHBIM  IyTEM, a  OTHOIIEHHUE
UHTeHCUBHOCTEH Im/la — SKCIIEepUMEHTANBbHO, 1O OTHOIICHHUIO IUTomane Sa/Sw mox
TuGpakMOHHBIMU KPUBBIMH MapTeHCUTa U ayCTEHHUTA (3a BBIUETOM YpPOBHS (OHA).
HaunbGonee MHTEHCMBHON Ha peHTTreHOTpaMMe aycTeHuTa siBisiercs Junus 111, a Ha
pEHTreHorpaMme MapTeHcuTa - JuHUS 110. DTH JIMHUM MOXHO HMCIOJIb30BaTh MPH
ChEMKE BBICOKOYTIEpOoAUCThIX cTaneil. C ymeHblleHHeM yriepojga jauHus 111
ayCTEHUTa CMeEIIAeTcsl B CTOPOHY JUHUM 110 MapTeHCHUTa M MX HaJIOKEHUE JPYr Ha
IpyTra MOXKET CIIeJIATh HEBO3MOXKHOM OLEHKY MHTETPAIBHBIX MHTEHCUBHOCTEU KaXKIOU
U3 3TUX JIUHUN B OTJIETILHOCTH.

DTOW mapoy JWUHUM HENb35 MOJb30BATHCA M TOT/A, KOTJAA B CTPYKTypE CTallei
coaepxkurcst 6onee 5% kapOunnoi ¢asel (6onee 1,1% yraepona). B atom ciaydae Ha
PEHTIEHOTpaMME BBISBIISIOTCS TU(PAKIMOHHBIE JTUHUM KapOuja, MpUYeM YeThIipe W3
HUX JiexaT B 00s1acTu yrioB 6, coorBeTcTBYtomuX JuHusAM (111)4 nmm (110)y. [Toatomy
U aHAJIHM3a MCIONB3YI0T, Hampumep, JuHUU (220)4, (200)y wm (311)4 m (211),
CBOOOHBIE OT TAKOTO HAJOKEHUSI.

Omnpenenenue Aoem 11€A€CO000pPA3HO MPOBOAUTH HA HU3KO OTITYIIEHHBIX 00pa3iax
(marpes 10 150 °C). B 3ToM cilydae yMeHBIIAETCS YIIMPEHUE U PACTET MHTEHCUBHOCTE
JUHUM ayCTEHWUTa U MapTEHCUTA, CHIKAETCs (OH (YMEHBIIAIOTCS UCKAXEHUS PEIIECTKU
0e3 U3MEHEHHMSI KOJTUYeCTBA Aocm).

Pacuer mo ¢opmyne (6.3) mokassiBaeT, 4To Npu cheMke B K, - JIydaX MaKCUMYMBbI
1104 u 1114 MerOT paBHBIE UHTEHCUBHOCTH TIPU COACPKAHUU Aocm pPaBHOTO 59%. C
Y4ETOM 3TOr0 PABEHCTBA HWHTEHCHUBHOCTEM TOMOJIOTMYECKUX Map, OMNPEAEISIOT
conepkaHue Aocm

Y 59 ~S(111)A
o=—T"T—"7"""

ocm
(110),,

(6.4)

3. OOBEKTHI UCCIIeA0BaHUs, 000PYI0BAaHNE
Hudpakromerp JPOH, OOpasupl 3akaleHHBIX BBICOKOYTJIEPOJUCTBIX — CTajei
YIJIEPOJIUCTBIX CTAIEN

4. 3ananue Ha paboOTy



[IpoBecTu cheMKy IU(PpaKTOrpaMm, pacCuuTaTh UHTETPAIbHbIE HHTEHCUBHOCTH JIMHUM
MAapTEHCUTA M OCTAaTOYHOrO AayCTEHWTAa, PAaCCUUTaTh KOJMYECTBO OCTATOYHOTO
ayCTEHHUTA B UCCIEAYEMBIX CTaJISAX

5. TlopsaoK BBITIOTHEHUS paOOTHI

1. TlpoBectu cbeMky u 3anuch audpakuuoHHbIX JuHUA 110y m 1114 oOpasmos
3aKaJICHHBIX CTallell C pa3HbIM cojepkaHueM Aocn (pa3HbIe MapKH CTaid, pasHas
TeMIEepaTypa OTIyCKa) B 3aJaHHOM K U3ITy4YeHUHU.

2. OueHuTh UHTETPaJIbHbIE UHTEHCUBHOCTH MaKCUMYMOB.

3. PaccumTaTh KOJUYECTBO ayCTEHUTHOM (a3bl 1o dhopmyiie (6.4).

6. CoxaepxaHue oT4yeTa

1. Teopusa eonpoca. Onucats:
-OCHOBHBIE MOJIOKEHUS Ka4€CTBEHHOTO (ha30BOTO aHAIHN3a;

- OCHOBHBIC TIPUHIHUIBI KOJWYSCTBEHHOTO (ha30BOTO aHajau3a, IPUTOTOBJICHUE
ATaJOHHBIX 00PA3IIOB;

- 9YBCTBUTCJIBHOCTDb U OHII/I6Ky MCTOOOB.

2. Texnuxa xkcnepumenma. Onucath TUN PEHTTEHOBCKOTO ammapaTa, AJIWHY BOJHBI
U3ITy4YEHHUs], YCIOBUS MPOBEIEHUSI ChbEMKH, 00pasibl ISl UCCAeA0OBaHUs (MapKu cTajeH,
PEXKUMBI 3aKaJIKH, OTITYCKa U IIp.)

3. Ilonyuennwie pesynomamut. OnipeieIuTh UHTETPAJIbHbIE UHTEHCUBHOCTH (ILJIOILA]IH)
mudpakuuoHHbIX MakcuMyMoB 110y u 1114 ITlomydyeHHble pe3ynbTaTbl CBECTH B
Tabuity (1a61.6.3). K otuery npuiiokuth 1udpakrorpammy.

Tao6u.3

®a30BbIi aHAJIU3 00PaA3LOB

N Mapka CTaJlu,
o0p. | TemMmeparypa  3aKajKd
p patyp ’ S111A S110M AOCT 1%
TeMIiepaTypa "
JUTHTEITLHOCTh OTITYCKa

4. Ocnoenvie 6bv1600bl. JlaTh 3aKIIOUYCHHUE O KOJIMYSCTBE Aoem B HCCICIOBAHHBIX
oOpasnax 3akajeHHbIX cTajield. OLeHUTh OMKMOKY METOo/1a.

7. KoHTpOJbHBIE BOIIPOCHI



1. Ha uem ocHOBaH MeTOJ KaueCTBEHHOTO (Da30BOr0 peHTreHoaHanm3a?

2. Kak ctpourcs "wrpux-auarpamma’?

3. Kakue (hakTopsl BIUSIIOT HA YyBCTBUTEIBHOCTD ()a30BOr0 peHTreHOoaHaIu3a?

Kakue mnpaxkTtuyeckue NpPUEMbl HCHOJB3YIOT JJiIsi TOBBIIIEHUS YYyBCTBUTEIBHOCTU
aHajgmuza?

4. Ha yem OCHOBaH METOJ] KOJIMYECTBEHHOTO (ha30BOT0 PeHTreHOoaHann3a?

5. KakoBbI IPUHITUIIBI METO/1a, UCIIOJIB3YIOLIETO "TOMOJIOTHYECKHE Maphl" JTUHMI?

6. Ha yem ocHOBaHBI METOJbl PEHTIE€HOAHANIW3a, WCIOJb3YIOIUE "BHYTpeHHUUN" U
BHEITHUM "cTangapThl"?

8. bubnuorpaduyueckuit Ciucok

I. Topenuk C.C., PactopryeB JIL.H., CkakoB IO.A. Penrrenorpaduueckuii u
ANEKTpOHHO-onTHYecKuit ananm3. -M.: MUCHC, 1994. 328 c.

2. VYwmanckuéi .C. Penrtrenorpadus MeTaJUIOB U MOJYIPOBOJHUKOB. —M.:
Meramnyprus, 1969. 496 c.

3. Tpouukuii M.B. Pentrenorpadus u snexkrponHas mukpockonus. —lyma: Tynl'V,
2003. 200 c.

4. Tpouukuii N.B., I'onuapoB C.C. ®uznueckue Meronsl koHtposs. —lyna: Tynl'V,
1996. 84 c.

JIABOPATOPHAS PABOTA Ne 6

OIIPEJEJIEHUE MAKPOHATIIPSI)KEHUI B U3JEJIUSIX

1. Henb paboTs
I. OcBOUThP HMEXHUKY H3MEPEHUS MAKPOHANPSIKEHUW B H3AECNHUAX C IMOMOULIBIO
penTrernosckoro audpaxkromerpa JIPOH

2. HUccnenoBarb M3MEHEHHE MakpoHanpsbkeHuil B crtanu 40 mocne 3akaliku |
Pa3JIMYHBIX PEKUMOB OTITYCKa.

2. Teoperuyeckue cBeJCHUS

OcTaTtoyHble HaNpsDKEHUS XapaKTEePU3YIOTCS OJHOPOIHBIM CXKAaTHEM WM
pactspkeHueM (nedopmanmeii B ynpyroid 00JIacTv) peleTky, OHU MPUBOAAT K OJHOPOI-
HOMY M3MEHEHHMIO MEXIUIOCKOCTHBIX pPAacCTOSHMM Ha BenuumHy Ad,, , a
CJIEIOBATEIbHO, K CMEUICHUIO PEHTI€HOBCKON MHTEppepeHnn Ha yroa AOnkL. YToObl
MOJTyYUTh BEJIMYMHY ATOTO CMENICHUs, TpoAuQPEpeHIINPYEM JIEBYIO 4acTh YpPaBHEHUS
Bynbsda-bparra (2 AdukL xsinf=nA, Tne N- NOPAAOK OTPaXKCHHS, A - JJIUHA
BOJIHBI).

Torna 2 AdukL Xsin,+2 AdonkLcos0,401kL=0, u



AOnk=  Ad  tql,] do=-( d- do) tq6/ do = -¢ tq0, ,
(1)

rae d u do - MexmIockocTHOe paccrostaue miockoctedt (HKL) B HanpsokeHHOM
Y HEHAIPSHKEHHOM COCTOSTHUSIX; € - OTHOCUTENBbHAS JAe(opMaIius.
Takum 00pa3om, SKCTIEPUMEHTAFHO 3ajada aHaJIn3a MaKPOHAPSIKCHUA CBOJIUTCS K
TOYHOMY OIPEICICHUI0 MEXKIUIOCKOCTHBIX PACCTOSHHM, pPEIICHHE KOTOPOM MOXKHO
MPOWUIIOCTPUPOBATh HA MPUMEPE PACTDKEHUS ITWIMHAPUYECKOTO 00pas3na T1oj
neicTBreM oceBoi Harpy3ku P (pucynok 2.1). Eciu 1o pactsokenus ero JuivHa Obia lo,
a momank S, To HanpsbkeHue o = P/ S Bei3oBeT ynpyryto aeopmanuto e=A1/1o=(1-1o)/lo
ornpenensieMyro 3akoHoM ['yka :

¢ = o/E, (2)

rae E - moxayns FOnra.

Jnametp oOpasma mpu 3TOM yMeHbmiaercs Ha BenuunHy AD= ueDo Takum
obpasom, okpyxkHas nepopmanust go=4D/Do=-ueDo, tae u- xoddpdunuent [lyaccona,
Do - nuametp o0Opa3sua B UCXOJAHOM COCTOSIHHH.

O4eBuaHO, UTO B Clly4ae OJHOPOJHOMN AedopMalii OTHOCUTEIbHOE U3MEHEHHE
MEXIUIOCKOCTHOTO pacctosiHust Ad/do paBHO TUHEWHOW OTHOCUTENBHOHU aedopmaruu
obopasna ¢. [loaTomMy eciu peHTreHorpauYecKH OINpeacauTh BeauuuHy Ad B
OpPTOTOHAJIBHOM HAINpABJIEHUU MO OTHOIICHHWIO K HAarpyske, TO U3 CBs3u ¢ = o/E,
CJIEZIyET, UYTO

Ad/do= -ou/E . (3)

[Ipuaumasi BO BHUMaHue 3aBUCUMOCTH (.1), momydaem dopmyiy s pacdeTa
OCTAaTOYHBIX HANPSDKEHUM B ClIy4ae OJHOOCHOTO HAIMPSHKEHHOTO COCTOSTHUSL:

o= Eth Go16/uu. (2.4)
)
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Pucynok 1 - Cxema ynpyro pactsiHyToro oopasua

HanpsoxkenHoe cocTosiHMEe MaTepualia MoJl IeWCTBHEM BHEIIHUX CUJI SBIISIETCS,
BOOOIIIE TOBOPs, 0OOBEMHBIM U MOXKET ONPEIEIATHCA TPEMs TJIABHBIMA HOPMaJIbHBIMU
HaIpsDKEHUSIMU 01, 02, 03 (IEUCTBYIOIIMMHM B TpEX IJIaBHBIX HampaBieHUsx). CBA3b



nedopManuii B 3TUX HAIMpPaBICHUSIX C HAMPSHKEHUSAMU ISl YIIPYro JepopMHUpyeMoro
T€JIa ONMMUCHIBACTCS CIACIYIOIIMMH U3BECTHBIMU COOTHOLIECHUSIMHU [31]:
e1= [or—u(o2+03))/E,
&2 = [02 — u(o3+o1))/E, (5)
&3 = [o3—u(o1+02)]/E.

[Ipu opHOpOAHOM nepopmanu  c(hepuuecKUid 3JIEMEHT o0bema Tena
nedopMupyeTcsi B 3JUTUIICOU, a AedopMaiius B 1r000M HaIMpaBJICHUH, COCTABIISIONIEM
YIJIBL W/ U @ C €3 U €1, PaBHA

€ y, o= €15IN%Y X COS%p+ £28IN%y X SiN%p+ £3C0S2y, (6)

TZIe - YToJl, COCTAaBISIEMBbIN STUM HampaBlIeHUEM C HOPMAIIbIO K TOBEPXHOCTH,
¢ - a3UMYyTQJIbHBI YTOJl, U3MEPSEMBI B IJIOCKOCTH MOBEPXHOCTH OT HEKOTOPOTO
MIPOU3BOJIBHOTO HANpPaBIEHUsS (PUCYHOK 2).

&; (63)

»

PucyHOK 2 - JJjjauncomn nedopMalmum

COOTBCTCTBYIOIII&H KOMIIOHCHTA:
0y p=01%SiN%y COS2p+ 2Sin%y x sin®p+ +03C0S%y.

Ha noBepxnocTu Tena (mpu miocKoHanpsiKeHHOM coctosiuu) i = 90° u
— 2 + in2
0 o= 01C0S“p+ 02SIN“.

[Toacrapsist 3HaUEHUS BEIUYUH €1, €2, €3 U3 COOTHOIIEHMH (6) B hopmyny (5) u
yauThIBasi, 4T0 03 = 0 (ympyrue HampspKeHHs ONPEACISIOTCS B MOBEPXHOCTHOM CIIOE,
rIIyOMHa TPOHUKHOBEHUS OOBIYHO MPHUMEHSIEMOTO XapaKTEPUCTHUYECKOTO H3ITyUYCHUS,
BKJIIOUass MOJHMOJCHOBOE, B METAJJIbI HE JIerde TUTaHa He TNpeBbimaetT 50 MKM.
YuuteiBasg 3T0 0OCTOSITEILCTBO, MPUHUMAIOT, YTO PEHTICHOTPAPUUECKU HU3MEPSIOTCS
HaIpPSDKEHUST TOJBKO B CAMOM MOBEPXHOCTHOM CJIO€, TJE€ 03 MOXXHO CUUTATh PaBHBIM
HYJII0), TIOJIy4aeM:

epo=(1+u) o ,SIN*W/E-u(o1+ 02)lE . (7)



ITpu =0
Ey=0,9 = &L= - u(o1+ 02)[E= 3. (8)

[Ipu pentreHorpaguueckoM HU3MEPEHHH HampsikeHU | poga BO3MOXKHBI TpH
penieHus .

1. Bocnonp3oBaBmiuck  ypaBHeHueM (9), usMmeputh aedhopmariuio B
HalpaBJICHUHW,  MEPHEHANKYJISIPHOM  TOBEPXHOCTH  oOpasua (wid OJU3KOM K
HEePIEeHUKYIIPHOMY) U HaliTu cyMMy (01 + 02). MHOrue nu3MepeHusi IpoBOJST UMEHHO
1o 3Toi cxeme. OTHAKO OHA UMEET ONPEIEIICHHbIE OTPAaHUYEHHS, CBI3aHHBIE C TEM, YTO
cymma (o1 + 02) HE BCET/Ia MPABUIILHO OTPaXKAeT HAIPSHKEHHOE COCTOSIHHE MaTepraa.
B camowm nene, ecnu 01 M 02 pa3IMYHBI IO 3HAKY, & TAKME CXEMBbl HATPYKEHUS BIOJIHE
peanbHbl, TO omnpezaeieHue (o1 + 02) NaCT pe3yJIbTaThl, 3aHWKCHHBIC 10 CPABHEHHIO C
JEHCTBUTEIBHBIM HAMPSXKEHHBIM COCTOSIHUEM. [IpeenbHbIM cliydaeM SBIISIETCS] YACThIN
C/BUT, KOT/Ia 01 = - 02. [Ipu 3TOM peHTreHorpapuyecku onpeaeanuTcs: HeHANPS)KEHHOEe
COCTOSIHME MaTepuaia, XOTsl HAMPSXKEHUS MOTYT OBITh CKOJIb YTOJHO BBICOKH.

2. Pa3genbHO onpenenuTs o1 U 2. MeToabl CheMKH U PacdeThl B 3TOM CiIydae
O6onee rpomo3aku. OAHAKO B OTIENBHBIX CIIy4yasX MPUMEHEHHE OSTUX  METOOB
HeoOxonumo. Ecnm HeusBecTHa cxeMa HAMPSXKEHHOT'O COCTOSIHUS, TO TOT/A CIETyeT
HAaYMHaTh C PA3JEJIBHOrO ONPENEICHUS 01 U 02. Y IOCTOBEPUBIUHCH, YTO TIJIABHBIE
HaIpsHDKEHUST UMEIOT OJWH 3HAK, JajJbHEUIINEe WU3MEPEHUs] aHAJIIOTMYHBIX AeTalel Wiu
IIPOCTO TEXHOJIOTMYECKUI KOHTPOJIb MOXXHO BECTH YXKE€ II0 MEpBOH CXEeMe C
OTIpE/ICIICHUEM CYMMBI (01 + 072) .

3. W3mMepeHne HanpsiKEHWs B MPOW3BOJBHOM HAMNPABICHUHU 0, ECIM CTOUT
3a/1aya ONpPEIEIUTh HANPSKEHUS B MPOU3BOJILHOM HAMpPAaBICHUH, TO MOCIE CbEMKHU Ha
IudpakTOMETpe COTJIaCHO CXEME MPECTAaBICHHOM Ha pUCYHKE 3 3TH  HaNpsOKEHUs
PacCUUTHIBAIOT IO opMyJie:

a,=(Ectg Q AQ)/(1+u)sin 2 y). (9)



=

Pucynok 3 - CxeMa cbeMKHU IU(PAKTOrpaMM IPU ONpPeAETCHUN 30HAIbHBIX
HAIPSKEHUI MeTonoM Sin? y: a — ompenenene ¢ (y=0); 6 - oIpeaeneHre & gy

Meton sin? y

Hanbonee pacnpocTpaHE€HHBIM SIBISETCS METOJ[ OIpENeiICHUs OCTAaTOYHBIX
HaIpPsDKEHUE ¢ TTOMOIIBI0 HECKOJIBKUX CHUMKOB, CIIEJIAaHHBIX I0J] pa3HBIMU YIjlaMu K
MOBEPXHOCTH, MeTOoJ ObuT pa3padoran  JI. M. BacunbeBbiM, B JanbpHEHIIEM
YCOBEPLIEHCTBOBaH MaxepayXxoM M MONYYWI Ha3BaHHe  «Meroma Sindy» [40].
OKCIIEpUMEHTAIBHOE HM3MEPEHHE OCTATOYHBIX HANPSHKEHUM OCYIIECTBISIIOT — Ha
mudpakrometpe. [Ipu chemke Ha qudpakroMerpe (pPUCYHOK4) B OTPAXKEHUH YYACTBYIOT
MJIOCKOCTH, TapajuiebHbIe MOBEPXHOCTH 00pa3iia. OOBIYHO MPOBOIST YETHIPE CHEMKHU
IOpH JMCKPETHBIX 3HadeHHAx Sin%y=0; 0,2; 0,4; 0,6 W B KaXIOW ONpeNeSIoT
MECTOTIONIOKCHHE JIMHUKM @,. 3ateM g KaxJAOoro 3HA4YeHUs YyIJia ¥ HaXOJIsT
KOMIIOHEHTY € y,, U3 BbIpaxkeHus (2.1), B koropom Benuuuna A60=60,-0, n3BecTHA, U
cTposAT (METOJOM HAUMEHBINMX KBAJPaTOB) €€ 3aBUCHMOCTH OT BEJIUYMHBI yIia Sin%y

(pucynok 2.4). Toraa oTcekaemblii 10 OCH & y, o OTPE30K paBEH g = —ﬂ(o-lTngz), a
TAHT€HC YTroJI HAKJIOHA MO3BOJISIET HAUTH 0, (PUCYHOK 4), Toraa
(o1+02)=E(60-(3.11))ctqbo/u , 0)
o,=(1+uw)/Ectg 6 . (11)

Bennuuny nedopmaiiu B 11000M HanpaBiIeHUUM MOXHO 3alucaTh Kak
€ o =(1+1\E)o,SIN%y + L,
e &, — Jneopmanss B HaNpaBiICHWM TAJAIOIIET0 PEHTTEHOBCKOTO
ny4a;
0, — KOMIIOHEHTa HOPMAJIbHBIX HANIPS)KEHUH B HAITPABIICHUU ;
&L — oTHOcuTeNbHas nedopmalius B HapaBI€HUU HOPMAIH K TUIOCKOCTH
[JIaBHBIX HANPSIKECHUM.
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Pucynok.4 - I'paduueckoe ompeneneHHe KOMIIOHEHTHI AeOPMALUH & o
(MeTozoM «Sin? y») .

3. OOBEKTHI HCClIeIOBaHUs, 000PYI0BaHUE

Hudpatomerp JAPOH, OO6pasubl cramm 40 , sjekTpomeud I 3aKaikd U
OTITyCKa 00pa3IoB

4. 3ananue Ha paboOTy

1. BeImONHUTE 3akanky or Temmeparypsl 850 °C B BoAe€, BBIIOHHWTH OTIIYCK HPH
temreparypax 100 °C, 200 °C, 300 °C, 400 °C, 500°C.

1. Ha mudpakromerpe IpoH npousBecTu U3MEpPEHUsI MaKpOHANPSKEHU B 00pa3nax.

5. Tlopsiaok BBIOTHEHUS paOOTHI
CornacHo cxeme cbeMKHU (puc3) BBIOJIHUTh ChbEMKY UCCIEAYEMbIX 00pa3IoB

N3mepenue HamnpsKeHUsi B IIPOM3BOJIBHOM HAINpaBICHUM 0, llocne cbheMku
OTIPENICIIUTh HAMPSXKEHUS B IPOU3BOJILHOM HANPABJICHUH, 1O (OpMYIIE:

a,=(Ectg Q AQ)/(1+u)sin ).

6. CoxaepxaHue oT4yeTa

1. [IpeacTaBuTh MOTy4CHHBIC PE3YIHTATHI B BUJIE TAOJIUIIBI.

2. IlocTtpouth 3aBUCUMOCTH M3MEHEHHS MAaKpPOHAMPSHKEHUH OT  PEKUMOB
TePMUYECKON 00pabOTKH.

8. bubnmorpadudeckuii CrucoK



I. Topenuk C.C., PactopryeB JIL.H., CkakoB IO.A. Penrrenorpaduueckuii u
ANEKTpOHHO-onTHYeckuit ananms. -M.: MUCHC, 1994. 328 c.

2. VYwmanckuéi S.C. PenrrenHorpagus MeTaJUIOB M HOJYOPOBOJHUKOB. —M.:
Meramnyprus, 1969. 496 c.

3. Tpounkuit 1.B. Penrrenorpadus u smektpoHHas mMukpockonus. —Tyma: Tynl'V,
2003. 200 c.

4. Tpouukuii U.B., I'onuapoB C.C. ®uznueckue meronapl KoHtpons. —lyna: Tynl'V,
1996. 84 c.
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KOHTPOJIb COAEP)KXAHUSA YIVIEPOJA
B MAPTEHCUTHOM ®A3E

1. Henb paboTsl

1. U3y4nTh XapaKkTep MCKAXKEHUN KPUCTAIUIMYECKOW PElIeTKH Mpu 00pa3oBaHUU
MapTEHCUTHOMU (Da3si;
2. IPOBECTH BBIOOp YCJIOBUM CBEMKHM U 3apErHCTPUPOBATH MPOPUIH
mudpakiuoHHbIX JUHUHN 110 ¢ 00pa3IoB 3aKalleHHON CTaJIU Pa3HbIX MAPOK;

3. OIICHUTH BJMSHUE COJEPKaHUS YIJepoda W CTEIEeHH TeTParoHajJbHOCTH
pEmIeTKy Ha TpOodUITh PEHTTEHOBCKOU JTMHUY;

4. paccuuTaTh IO BEIMYMHE PACIICIUICHWS PEHTTEHOBCKOro Makcumyma 110
COJepKaHue yriiepoja B MapTEHCUTHOH (a3e.

2. TeopeTnueckue CBEICHUS

Xapakrep HMCKaKeHHH  KPHUCTAJUIMYECKOM PpelleTKH 1pu  00pa3oBaHUH

MAPTEHCUTHOHU (pa3bl
[Ipy OBICTPOM OXJIAKACHUM YTIIEPOJUCTON CTalld CO CKOPOCTBIO, MPEBBIMIAIONICH
KPUTHYECKYIO, MEPEOXJAXACHHbI  ayCTEHUT HE  YCIEBAET MPEBPATUTHCS
1 y3MOHHBIM IyTeM B (PEPPUTO-IIEMEHTUTHYIO CcMech (a3 W MO CABUTOBOMY
MEXaHU3My WIM JBOMHUKOBAHHEM MEPEXOJUT B CHEUU(PHUECKYIO CTPYKTypy -
MapTeHCUT. TOHKYIO CTPYKTYpy MapTeHCUTa HCCIEAOBAIA PEHTTEHOCTPYKTYPHBIM
merongom Kypatomos I'.B., CensikoB H.A., I'ynuoB H.T. (1927 r.) u noxazanu
() (1 4% {011 (ST

1. B MapTeHCUTE COJEPKUTCS CTOJIBKO K€ YIJIepoJia, CKOJIBKO €ro ObLJIO PaCTBOPEHO
B UCXOJHOM aycreHute. CleaoBaTesibHO, ayCTEHUTO-MAapTEHCUTHOE MPEBPAIICHUE
sBisieTcss 0e3AubPy3uOHHBIM U COCTOUT TOJBKO B W3MEHEHHUM THIMA PEIICTKU: Y
aycrenuta [I[K pemerka p-Fe, a y wmapreHcuta — OOBEMHOIEHTPUPOBAHHAS
TeTparoHayibHas, 0nuskas Kk OI]K;



2. mpu OOJBIIMX TEPEOXJIAKIACHUSIX, B YCIOBUSIX HU3KOW TOJBMIKHOCTH aTOMOB, IO
CIIBUTOBOMY MEXaHHM3MY MPOUCXOIUT MOJIUMOP(PHOE MPEBpaAILICHUE y—>, TP KOTOPOM
YIJIEpPOJl HE YCIEBAET BBIJCIUTHCS W3 MEPECHIICHHOTO pacTBOpa B BHUJE KapOWIHOMN
bazbr;

3. MapTEHCHT SIBIICTCA TEPECHIICHHBIM TBEPIBIM PACTBOPOM BHEAPEHHUS yTIEpoj]ia B
oL- Kenese;

4. aroMbl yriepojga B pEIIETKE MapTCHCHUTA pPa3MEIIAlOTCAd B MEXKY3JIHIX

1 11
OKTajJIpuyeckoro tuma: [[00 E]] u [[EEO]]’ YIOPSAAOYEHHO pacmojarasich B

HanpasineHun <001>. Takoe pacnonoxeHne aToMOB yrjepoja MPUBOIUT K
BO3HUKHOBEHHUIO TETPArOHAIbHBIX UCKAKEHHUM B UCXOJHON KyOMUECKOM perieTke o -
Keresa;
5. cTeneHb TeTParoHaaIbHOCTU U MapaMeTPhl PEIIETKH MAPTEHCUTA JJUHEWHO 3aBUCAT OT
KOHLIEHTpAaLUK YIiepoa B TBEPAOM PacTBOpE:
c=2,866+1, 18m, (1)
a=2,866 —0,0l15m . (2)
B Beipaxkenusix (7.1) u (7.2) ynucnenHsle 3HaueHus1 KO3P(UIMEHTOB O100paHbl TAKUM
o0pa3om, 4TO MpHU MOJICTAHOBKE COJIepkKaHus yriaepoaa M B % (1o Macce), BETUUYUHBI
MapaMeTpPOB PEMIETKH a U ¢ TMOIYJarOTCSI B 4°;
6. OTHOIIEHHUE MapaMETPOB PEIICTKU C/a (CTENEeHb TETParoHAJIbLHOCTH) H3MEHSETCS
JMHENHO OT coJiepKaHusl yriiepoja u Kojebinercs B npeaenax ot 1 go 1,08:
c/a=1+0,0467m.
7. OpUEHTHPOBKA KPUCTAILUIUTOB -(a3bl (MapTEeHCHUTA) YIOBIIETBOPSET CIETYIOIINM
Kpucramuiorpadguaeckum cootHomenusm (yciosue [.B. Kyparomosa —I'. 3akca):
(110)e |1 (112), u[111]e] I [220], ;

OT0  03HayaeT, YTO B3aWMMHO  MapajUIeIbHBIMU  CTAHOBITCS  HauOolee

IUIOTHOYNAKOBaHHbIE IMJIOCKOCTH W HAIPaBJICHUS KPUCTALUIUTOB o U y - (a3, 4To

YAOBJIETBOPSIET MPUHLUIY CTPYKTYPHOTO W Pa3MEpPHOIO COOTBETCTBUA. ['paduk

3aBUCUMOCTH NAapaMETPOB PEUIETKH MAPTEHCUTAa U OTHOLIEHUS C/a OT COJAEpKaHMS

yriiepoja NpuBeJIeH Ha puc.”/.1.

0
ac 4 ¢

7z
'\

a

— % C

Puc. 1. 3aBucuMoCTh NEPUOIOB PELIETKH MAPTEHCUTA OT COJICPKaHUS Yriaepoia



C nomolpl0 MPOCBEUYMBAIOLIEH 3JIEKTPOHHON MHUKPOCKONHUM Oblia BbISBIICHA
TOHKasi CTPYKTypa MapTEHCUTHBIX KpHUCTAJUIOB. PacTyias IuUlacTUHKAa MapTEHCUTa
UCIIBITHIBAET OOJIBILIOE JABJIEHUWE CO CTOPOHBI OKpY’Kawolue Marpuusl (ya. o0Obem
ayctenuta 0,122 -0,125cm®r, maprencura - 0,127 - 0,130 cm®/r). DT0 NPUBOAMT K
3HAUYUTENBHBIM CTATUYECKUM CMEIIEHUSM aTOMOB B PEIIETKE MApPTEHCHUTA 3aKaJIKH.
YpOBEHb OCTATOYHLIX MUKPOHAIPSKEHHUI OYEHb BHICOKHUI - okono 1,5 - 10° ITa (mus
cranu Y10). [I10THOCT JUCIIOKALUIA B pEIIETKE MapTEHCUTA COCTaBisgeT He MeHee 10
cM ¥ pacTeT ¢ yBEIMYEHHEM COJEPKaHUs yriaepoaa. JIepexTsl CTpyKTyphl pa3OuBaroT
KpUCTaulbl MapTeHcuTa Ha (parmeHTsl pazmepom 0,1 - 1 mxm ¢ pa3opueHTUPOBKON
pemerok 5 - 10°, a ¢parmentsl - Ha Omoku paszmepom mopsaka 100 4°, ¢
Pa30pUEHTUPOBKOM - 10 1-2°.

Pacmensienue (xy0J1eT) JMHUIA MApPTEHCUTA

OTiauume TeTparoHaJdbHOM  KPUCTA/UIMYECKOM pEIIEeTKM MAapTeHCUTa OT
KyOHnueckol 0ObEMHO — IIEHTPUPOBAHHOM pEIIETKH  O-)Kesie3a O00YCIOBIUBACT U
pasnuyue BUJOB PEHTIC€HOrpaMM AaHHBIX (pa3. OJuHOYHbIEC TUHUU HA PEHTIEHOTpaMMe
O- JKeJe3a pacUICIUISIOTCS Ha HECKOJIBKO JIMHUM TIpU MOSBIEHUU B CTPYKTYype
MapTeHcHuTa. Eclii NpouCXOAUT paclIelICHWE Ha JB€ JWUHUHM, TO WX Ha3bIBAIOT
TeTparoHajdbHbIM AyOneTtoMm. Takoe pacuiemyieHne HNpPOUCXOJIUT, HalpuMep, ¢
PEHTIEHOBCKUM MHTEP(PEPEHIITMOHHBIM MaKCUMYMOM, MOJYYEHHBIM MPU OTPAKEHUU OT
coBokynHocter 1uockocrerd {110} u {011}.

Onna NUMHUSA COOTBETCTBYET OTPAKEHUAM OT IUIOCKOCTEH HHTEp(EepeHlnu c
MEKIUTOCKOCTHBIM PAcCTOSTHUEM, OTpeieNiieMbIM ITapaMeTpoM "a", a BTopas - "c". Uem
0O0JIbIlIe YTJIOBOE PACCTOSIHUE MEXKIY JUHUSAMHU '"MapTEHCUTHOrO IyoOJsiera', TeM BbIIIE
TETparoHajJbHOCTh MAPTEHCUTA U OOJIBIIIE COJECPKAHKUE B HEM yTIIEpO/Ia.

[Inockoctu omnoro cemeiictBa (HKL) mmeroT oIMHAKOBOE MEKIUIOCKOCTHOE
paccrossHue OnkL | B COOTBETCTBHU C ypaBHeHHEeM Bynbda-bparros

2d,, SiNO =1 (3)
JaayT OTpaX€HUE TMOJ OAHUM M TEeM K€ yrioM audpakuuud 6, bopMupys OAHY
UHTePPEPEHIIMOHHYIO JIMHUIO.  BenuunHa MEXIUIOCKOCTHOTO paccTosiHus Oukl B
KyOHMYEeCKOM KpPHUCTaILJIE OMPEIEISIETCS] COOTHOIIICHUEM
1 H+K*+L 4)
i a’ ,
a B TETparoHaJIbHOM KPUCTAJIJIE MAPTEHCUTA -
2
L _lwixrd. (5.a)
dmxe  a c
JUis TeTparoHaNbHOW CUHTOHUU ypaBHeHUE Bynbga-bparros B kBagpatuuHoil popme
OyJleT UMETh BUJT

2 2

sin29=4’1—(H2+K2+|_22—2). (5,6)

a2



Korna yriepona B 3akanenHoi cranu menee 0,6 %, Ha peHTreHorpaMme HET 4eT-
KUX IyOJICTHBIX JUHUH, a HAOMI0Iat0TCs JIMIIb pa3MbIThie TUHUN a-Fe. JlyOner nunuit
MapTEHCHUTA TaK)K€ HE pa3peuiaercs BCJIEACTBUE HEOJHOPOAHOCTH MIPOIIECca €ro
pacriajia B MiHTepBaje Temiepartyp ormycka: M, - 100°C.

I, noowsd. ed.

AN

_I_I_J._.I_.L_‘I_.L_..L_.I_._.I....q,_ll
I -

54 58 62 2876 80 B8 28 3 g7 o 28

Puc. 2. ludpakrorpammel 3akanenHoi ctamm (M = 1,7% C, u3nydenne Fe-K,):

a — nyonet maprercurta 110 — 011 u iuaus aycrenura 111, 6 — gydner maprencura 200
- 002,

B — ny0ner maptercura 211 — 112

Boipaxkenust (3-5) NO3BOJSIOT NPOAHAIU3UPOBATh XapaKTep pacIleryeHus
Pa3TUYHBIX JIMHUN MPU NEPECTPONKE PEIIETKH ayCTeHUTa B MapTeHCHUT. JIerko BUIETD,
yro nuHuM tuna (HHH), nanpumep (111) npu nepexone oT KyOMYECKOro ayCTEHUTa K
TETParoHaJIbHOMY MAapTEHCUTY, COBCEM HE€ pacleruisitorcs. [IpoucxoauT TOJIBKO
YIJIOBOE U3MEHEHHE MOJIOKEHUS JINHUH.

Jlunun tima  HHL, mampumep 110 wmm 001, pacmienisitoTcs Ha ABE JIMHHH,
obOpasyst ny0ieT nuHUN MapTeHcuTa. JleficTBUTENbHO, 12 TUIOCKOCTEH, BXOJMBIIUX B
OJIHYy COBOKYITHOCTh KYOMYECKON CHHTOHUH, IIPU MEPEX0/ie K TeTparoHalbHON pelieTke
MapTeHCUTa paCLICIUIAIOTCS Ha JB€ COBOKyNHOCTH. K OAZHOW COBOKYNHOCTH,
o0o3HaunuM ee yciaoBHO - {011}, otHocsiTca 8 miockoctreit (L=%/) ¢ oanHaKOBBIM

MCXKIIJIOCKOCTHBIM PAaCCTOAHHUEM
1 1 1

_+_
2 2 2!
d oy a c

KOTODBIE TAIOT OTPAKEHUE MOJL yriioM Go113. Bee mimockocTu JaHHOTO THIA EepeceKaroT
KpUCTAIOrpaUUECKyo 0Ch Z.
K npyroii coBokynHocTH, 0003HaunM ee kak {110}, orHocsaTcsa 4 minockoctH ( L

= 0) MEXIIJIOCKOCTHOE PACCTOSIHUE JIJIsl KOTOPBIX PAaBHO
1 2

d 2{110} a’’
DTH TIOCKOCTH MPOXOAT MapaUICTLHO OCH Z ¥ JAIOT OTPaKCHHE MOA yriaoM G110}
> 6011}

NHTEHCUBHOCTh PEHTTCHOBCKUX JIMHUNA C ONWM3KMMU yriaMu Audpakiuu
MPOTIOPITMOHANIEHA (PAKTOPY MOBTOPSIEMOCTH p - YUCITY IIOCKOCTEH KPUCTATUTMYECKON
PEIIeTKH, OTPaKAIOIINX IMyYOK IMOJ] OJHUM M TeM K€ yriaoMm 6. JIJis TUHUU C YoM
mudpakuud Go11} YUCIO TaKUX TUIOCKOCTEH paBHO 8 (p = §), /UIsl BTOpOW JMHUU
nybinera ¢ yrioM Guioy p = 4. CinenoBaTenbHO, MepBasi IUHUA TyOseta G113 JOJDKHA




ObITh MPUMEPHO BJBOE MHTEHCHUBHeEe BTOpou. B cnyuae, H = K = L nmpoucxomut
pacmierienue ucxonnou muauu HKL, wanpumep 310 wim 421, Ha Tpu JIMHUM.

Ha puc. 2 npencraBieHsl JaudpakrorpaMMmbl  AyOJ€TOB pa3HbIX JIMHUN
MapTeHCUTa 3aKaJeHHOW MHCTpyMEHTalbHOU cTtanu. Kak BUAHO, ¢ yBEIMYEHHEM yria
mudpakuuu mmpuHa ayonera A6 Bo3pactaeT (Ipu HEU3MEHHOM COJIEP)KaHHUH yTIepoa
B MapTeHCUTHOH (a3ze). JIuaus 111 ocTaTOUHOTO ayCTEHUTA HAXOUTCA PAJIOM IO YTy
mudpakuuu ¢ gyonerom maprencuta 110 — 011 u moxket yxyamuTe ero pasaenenue. C
YBEJIMYECHUEM TMOpSAJKA OTPaKEHHs] MHTEHCUBHOCTh JUHUM AyOseTa majaeT U MOXKET
MEHSATHCSI UX COOTHOIICHHE.

Mexay0sieTHOe pacCTOSIHUE JIMHUIM 3aBUCHT OT CTENCHH TETParoHaJIbHOCTH C/a
MapTeHCUTa, KOTOpas OINpeJeNsieTcsl coAepaHueM yriepoaa. Ha oreHke BeTU4HHbBI
pacuierieHuss JUHUM AyOreTa OCHOBaH METOJI KOHTPOJI COJAEpX aHus yriepoja B
MapTeHcUuTHOU (aze. [Ipu sToM ware Bcero aHaau3upyroT JuHuu ayonaera 011 u 110,
OTIIMYAIOUIUECS  JTOCTATOYHO  BBICOKOM  MHTEHCUBHOCTBIO M OOBIYHO  JIETKO
pazzendroumecs Ha peHTreHorpammMe. MeTtoauka pacuera 3aKiII04aeTcs B CIEAYIOIIEM.
1. Tlo dopmynam (1-5) mpu 3agaHHOMN JUTMHE BOJTHBI U3ITYYCHHS] PACCUUTHIBAIOT YTJIbI
G0y M Gp1y s auHUK TeTparoHanbHoro ayosera 011 m 110 mpu paznuuHoM
COJIep KaHUM YIJIepoaa U CTPOSIT rpajyupOBOYHBIN rpaduk 3aBUCUMOCTH

AO =0y, = O,y = f(m).

2. Tlo mudpaxrorpamme ompeaensioT yroa A6  mexny nuHusmu ayonera. [lo
HalJIcHHOMY 3HaueHuio A6 Cc NOMOUIBI0 TPaAyUpPOBOYHOrO Tpaduka A= f(m)
OTIPENIEIISIIOT COZIep’KaHue YIJIepoaa B MapTeHCUTe, a 3ateM mo (gopmynam (1) u (2)
PacCUMTHIBAIOT MMApAMETPhI PEIIETKH MapTEeHCUTa a | C.

3. O0OBEKTHI HcclleI0BaHusA, 000PYI0BaHUE, MAaTEPHAIIbI

Hudpakromerp [IPOH, 06pa3iisr BBICOKOYTIAEPOIUCTON cTanmu Y 12, ayekTpudeckue
TICYH.

4. 3aganue Ha paboty
ITpoBecTu TepMuYeCcKyro 00pabOTKy UCCIENyEMBIX 00PA3LOB , IPOBECTU CHEMKY JIMHUI
110 maprencura Ha gudpakromerpe [JPOH

5. Tlopsiok BBITIOTHEHUS paOOTHI

1. ITpoBectu cheMKy nudpakrorpamm ayonera nuauid mapreHcuta 110 u 011 o6pason
3aKaJICHHOW CTalli Pa3HbIX MAapOK B 3aJJaHHOM H3JIyYEHHH.

2. TTo dopmynam (3) u (5) paccuurtars yrael nudpakmuu € gt muanid 110 u 011 B
U3JIyYEHUH CBEMKHM JUIS YKa3aHHbIX [PENoJaBaTesieM 3HAYE€HUH KOHUEHTpaluu
yriepoga m. Bxopasmue B dopmyny (7.5) mapameTpbl pemieTkH au C ONPEACTUTh C
nomoleto cootTHomeHui (1-2). [omyyeHnnslie pacyeTHble JaHHBIE BHECTH B TabJI. 1.

3. Ha ocHoBaHuM JaHHBIX Taba. | TOCTPOUTH TPagTyUpOBOUYHBIA Trpaduk
AO =0y, — 0y, = f(m) LI U3TyYCHUS CBEMKHU.



Ta0a. 1
Pacuyer ny0siera qununii 110 u 011 maprencura

[TapameTpbl Coneprxanue yraepoja, macc.%

0,2 104 106 108 |10 ]12/14 |16 |18 |20

c, A°
a,A’
M2 a
(M2a)?
alc
(a/c)?

{110}
{011}
{110}
Sind {011}
0 (110}
{011}

A6, MUH

Sin%@

4. B unTepBalie yriioB ayoseTa JIMHUN ONpeIeuTh MaciTad 1uppakTorpaMmsl:

A= 2928

,epao/ mm,

rae 2% u 2% — 3HayYeHUs VYIJIOB IO IITPUX - OTMETKAM JHUarpaMMHOM JIEHTHI
MIOJIOXKCHHS CUCTYMKA B MHTEPBAJiC YIJIOB NU(PPAKIMOHHONW KpuBOH, Al - nmuHeiHOE
paccTossHUE B MM MEXKIY TEMHU K€ MITPUX - OTMETKaMHU TU(PPAKTOTPAMMBI 1O OCH
yriioB. OIEHUTDh OMIMOKY HaXO0XKJICHUS MaciTada - AM.

5. 1o nudpakTorpamme U3MEpPUTH YIIOBYIO MHpUHY ayonera AG nmunaumii 011 u 110.
Ilpumeuanue: B cilydae BU3YaJbHOTO pa3JeieHHs] MAaKCUMYMOB jayOsera JIMHUNA Ha
obmem mnpoduiie TUPPaKIMOHHONW KPUBOM, UX YTIOBOE TMOJIOKEHUE OMPEACIISIOT
OOBIYHBIM CTIOCOOOM IO OCH YTJIOB TU(PAKIIMK, C YYETOM MaciTaba AuppakTorpaMMsbl
(cm. pab. N2). Korma pacuieruieHue JHUHUM JTy0jieTa HE3HAUYUTETHHO (Masioe
collepkaHWe yriepojga B MapTEeHCUTHOW ¢a3e) W OHHM CIMBAIOTCA B  OJUH
ACHUMMETPUYHBII MaKCHUMyM, TO NPHUMEHSIOT CIEAYIOMUNA crnocod rpaduveckoro
MOCTPOCHUS MaKCUMYMOB, XapakKTEpHbINM UIs pa3ieieHHs] JUHHWM, HWHTEHCHBHOCTH
KOTOPBIX PA3INYAIOTCS B HECKOJIBKO pa3 (puc.3,a).
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OTHOCHTENEHA A MHTEHCUMEHOCTE
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Puc. 3. Cxemsl rpaduaeckoro (a) ¥ KOMIBIOTEPHOTO (6) pa3AesieHUs

ILY6J'I€THI)IX MAaKCHUMYMOB

[To mudpakrorpaMMe OMNPEACHSIOT YTIOBOE TMOJIOKEHHE OCHOBHOTO MaKCHMyMa
HanOosee nareHcuBHou muHuK 011 (Touka B), omyckas Beptukans B/ Ha och yrios
audpakun - 26hi1. MeTonm pasieneHuss MaKCHMyMOB JyOieTra OCHOBaH Ha
NPEANOJIONKEHNNU, YTO PEHTreHoBckas JHUS 110 MeHbIeH HWHTEHCUBHOCTH HE
OKa3bIBaeT BIMSHUS HA (OpMy peHTreHOBCKOM uHuu 011 Gomnbleil HNHTEeHCUBHOCTH
(npoduns Makcumyma cneBa oT Touku B He mensiercst). Cuuras Hopmans B/ ockio
CUMMETPHUM BTOPOTO MOPSIKA, MPOBOIAT uepe3 Hee He MeHee 10 ropu3oHTambHBIX
orpeskoB Tuna AF mpu ycrmoBunm: AC=CF. MHOXECTBO MOCTPOCHHBIX TaKUM
oOpazoM Todek THMHa F TO3BOJSET TOJHOCTHIO BOCCTAHOBUTH MPABYIO IOJOBUHY
npodwis muaun 011, Kak MOKa3aHO MyHKTHPOM.

Hanee vepe3 mpaBbiii mpoduins mMakcumyma 011 mpoBOAST cepuio BEpTUKAIBHBIX
muanit, Tuna EH. Otpe3ox EF qnmuno#t S npeacraBnsier coboil BkIaa BTOPOil TUHUH
ny6nera 110 B oOuryro MHTEHCUBHOCTb JU(PpaKTOMETpUUECKO KpuBoil. I3mepus
aMHy oTpe3koB Tuna EF = S Ha Bcex BepTHUKaNbHBIX JIMHUAX, HAXOIAT MHOXECTBO



touek Tuna G (GH=S), no3BoisOmUX MOJHOCTHIO BOCCTAHOBHTH MPOQHUIIb
uckomoro makcumyma 110 u onpeaenuts ero yroi audpakiuu 2 Giio.

6. OTI0KUB M3MEPEHHOE 3HAYCHUE IIMPUHBI 1yOnera A6 =60, — 0, Ha OpAUHATE

rpapuka A6 = f(M) yCTaHOBUTH KOHIICHTPAIMIO YIJEpoJa B MapTECHCHTE H
paccuntarh 1o ¢dopmynam (7.1) u (7.2) BeAMUMHBI MAPAMETPOB PEIICTKH aH C
MapTEHCHTA.

7. Tlo HaiilecHHBIM BEIWYMHAM MEXIyOJETHOro paccTosHus - A6 TPOBECTH pacyeT
KOHLIEHTpalMu yriepoaa B mMapreHcure Ha IBM PC ¢ ucnonb3oBaHMeM MIPOrpaMMBbL
"Vrnepon" (puc.7.2,6). ComnoctaBuTh pe3yibTaThl KOMIBIOTEPHOTO M rpaduyecKoro
CIIOCOOOB KOHTPOJIS COJEpKaHMs yriepona B MapTeHcuTe. OmnpeneiauTh OUIUOKY
METO0/1a, UCIIONb3Ys 3HaueHue AM.

6. CoxepxkaHue oTdyeTa

1. Teopus eonpoca. Onucars:

- CTPOCHHE PEIICTKH MAapPTCHCHUTA,

- I3MEHEHHUE TTapaMeTPOB PEIICTKH MAapPTCHCHUTA OT COJIEP KaHMS YTIIIepOaa;

- (pu3uvyecKre OCHOBBI PACIICIUICHNS PEHTICHOBCKUX JIMHUA MapTEHCHUTA,;

- pa3zelieHne MaKCUMYMOB Jy0JieTa U HaXOXKJIeHUE MEKIyOIeTHOTO paccTossHuS A6 .

2. Texnuka IKCnepumenma. Omnucatph THI PCHTI'CHOBCKOTI'O aIlliapara, JJIMHY BOJIHBI
H3JIY4YCHHUA, YCI10BuA IIPOBCACHUA CBbCMKU, IIPUTOTOBJICHUC o6pa3u03 JJIIs
HCcCiacaoBaHusA.

3. Honyuennsvie pezynomamol. PacueTHbie JaHHBIE TPEACTaBUTH B BUie Tadd. .1 u
IpagyupOBOYHOTO Tpaduka A6 = 0101 — Oy = S (m) I U3ITYYCHUS CHEMKHU. BrimonHuth

pacuer wmacmTaba audpakTorpamMMbl M W HaWTH BEIMYMHY JyOlieTa JIMHUN
AO =0y, —0y,,. YKazaTh, KaK ONpeaensnach BenuduHa A6, Ha rpamxynpoBodHOM

rpaduke mokazaTh HalICHHOE 3HAYEHUE COJICPKAHUS YyTIepo/ia B MAPTCHCUTE.
Breimonuute pacuer coxaepxanus yriepoga Ha IBM PC, ¢ ucnons3oBanuem

nporpammel  "VYraepon". K oTdery mnpunoxuth audpakrorpaMMy M pacredaTKy

MOJTYYEHHBIX PE3YIbTATOB.

4. OcHnoeHvle 6b1600bl. [laTh 3aKIIOYEHUE O COAEPKAHWU YIJIEPOJA B MApPTEHCUTE

3aKaJleHHOW cTanu ucclienyeMoro ooOpasma. ComocTaBUTh pPe3yibTaThl pacueTra U

KOMITBIOTEPHOTO aHanu3a. OLUEeHUTh OIIMOKY METO/A.

7. KOHTpOJBHBIE BONPOCHI

1. KakoBa IMpUYrHA pACIICIIIICHUA JIMHUH B TCTPAroHaJIbHbIX KpI/ICTaJ'IJIaX?

% Tlporpamma pacdeTa cOfEp/KaHHs YIIIEPOJa B MApTEHCUTE 3aKaJeHHOW CTamM pa3paboTaHa W BHEAPEHA B yqeOHBIH
nporecc kKadheapsr MM acrimpanToMm MouceeBsiM B.B.



2. Ha ckonbKko JMHUN paclIEIUISIOTCS B TeTparoHaibHOW (aze audpakimoHHbIE
Makcumymbl 100, 111, 231 kyOudeckoro kpuctajijia u Kak OyJyT COOTHOCUTBCA MEXKIY
co00l ”HTEHCUBHOCTH HOBBIX JINHUWA?

3. HaszBarp @a3pl U CTPYKTYpHbIE COCTaBJSAIOIIME KOHCTPYKIMOHHBIX U
MHCTPYMEHTAJIBHBIX CTaJE€H MOCIE 3aKaJIKU, HU3KOI'O OTIIYCKa, BBICOKOI'O OTITyCKa WM
OTXKUra.

4. B 4eM COCTOMT METOJ| OIpPENCICHHUS MEXIYyOJIETHOTO PACCTOSHUS MJisi OJIM3KO
PaCIoIOKEHHBIX U TIOJTHOCTHIO HE pa3pemaeMbiX TU(PpaKIMOHHBIX MAaKCUMYMOB?

5. 3a cYeT 4Yero MPOUCXOJUT YBEIUYEHUE TETPArOHAIbHOCTH MApTEHCHUTA C POCTOM
coaepkanus yriepoga? CKOJIBKO aTOMOB yTriiepoJa MOXKET pacloiaraTbCi B siUCiKe
MapTeHCHUTa?

6. Kak u3meHnsercs MexayoOsieTHOe paccTosiHue A6, ecnu cojepkaHue yriepoja B
MapTEHCUTE YMEHBIIAETCS U TOYEMY ?

8. bubnuorpaduyeckuii Ciucok

I. Topemuk C.C., Pactopryes JIL.H., CkakoB IO.A. PeHrrenorpaduueckuii wu
ANEeKTpOHHO-onTHYeckuil ananus. -M.: MUCHC, 1994. 328 c.

2. VYwmanckuéi S.C. PenrtrenHorpagus MeTaJUIOB M NOJYOPOBOJHUKOB. —M.:
Meramnyprus, 1969. 496 c.

3. Tpouukuii M.B. Pentrenorpadgus u snexkrpoHHas mMukpockonus. —lyma: Tynl'V,
2003. 200 c.

4. Tpouukuii 1.B., I'onuapo C.C. ®usznueckue mMeToAsl KOHTposd. —lyna: Tynl'V,
1996. 84 c.

5. bokuit I'. b. , Ilopaii-Komun M.A. IlpakTuyeckuid Kypc pEeHTTE€HOCTPYKTYPHOIO
aHanuza. - M.: MI'Y, 1964. 412 c.

6. Pentrenorpadus B buznuecKkom metaoBenenuu/Ilox pen.
A.C. Ymanckoro. -M.: Meramyprus, 1961, 338 c.

JIABOPATOPHAS PABOTA Ne 8

8. AHAJIU3 MAPAMETPOB TOHKOM CTPYKTYPbI BEHIECTBA
O YIIUMPEHUIO PEHTTEHOBCKUX JIMHUI

1. Henb paboTs
1. M3yYUTH IPUYHUHBI YITUPEHUS PCHTTEHOBCKHUX JTMHUMH;
2. OCBOUTH KOMIIBIOTEPHBIA pacdeT (PU3UYECKOr0 YIIUPEHHS] PEHTTEHOBCKHUX
JUHUN METOJIOM MOMEHTOB;
3. mpoBecTH BBIOOp YyclOBUN CcheMKH Ha mgudpakromerpe tuna JIPOH-2 wu
3aperucTpupoBaTh npoduin AUGPaKIUOHHBIX MAaKCHMYMOB C 0OpaslioB CTajd,
MPOIIEININX Pa3HYIO YIPOUHSIONTYI0 00paboTKy (3aKaikol, nedopmarmei);

4. na IBM PC paccuurath ¢usznueckoe ymupeHue U mapaMeTpbl TOHKOW CTPYKTYPHI
MCCJIEIOBAHHBIX 00Pa3IIOB;



5. yCTaHOBWUTH BIMSHHE CTENEHU IUIACTHYECKOH nedopManud ©  pexuma
TEpMOOOPaOOTKH cCTajled Ha BEJIMYUMHY MUKpoaepopMauuil KpHUCTAIIMYECKOM
pelieTKH, CpeaHuil pa3mep OJIOKOB, TIJIOTHOCTh W XapaKTep pachpeesieHus
TUACIIOKAIIUH.

2. TCOpGTI/I‘{eCKHG CBCACHUA

OUBNYECKOE U UTHCTPYMEHTAJIBHOE YHIMPEHUE

PentrenoBckue nuHuM (Iu(ppakMOHHbIE MAKCUMYMBbl) BCET1a UMEIOT HEKOTOPOE
ymmpenue (puc. 1). DTo 0OyCIOBIEHO PSAAOM TMPUYHH SKCIIEPUMEHTAIBHOTO
(MHCTPYMEHTAIBHOTO) Xapaxkrepa: PacxoIMMOCTBIO y4Ka, HECTPOTOU
MOHOXPOMATHYHOCTBIO M3JIY4YCHHs, KOHEUYHBIM pa3MepoM o0pa3la U NPOYHMH
OTBITHBIMU (DaKTOpaMH CHEMKH. YIIUPEHHE JTUHUM, BBI3BAHHOE YCIOBUAMU CHEMKH,
Ha3bIBAIOT UHCMPYMeHmMAanbHbiM. VHCTpYMEHTAIbHOE YINMPEHHe, Kak MpaBuIIo,
OTPaHUYEHO MUHHMAIBHBIM 3HAYECHUEM Luemp>10"pad. OHO MoXkeT ObITH CTPOro
OIPEJEIEHO KaK

j 7(20)d(20)
p=" "

r 1)

frex

S,

-

Puc. 1. K onpeaenenuro ymupeHus: AMPpaKIuOHHOT0 MaKCUMyMa

Kak  BuaHo, miomane 1OJX  JUPPAKIUOHHOW  KPUBOM  3ameHsieTcs
HPSMOYTOJIBHUKOM pa3MepoM fmax-f. B cilydae CMHMMETpHUYHBIX MAKCHMYMOB BEJITHUUHY
J ¢ J0CTaTOYHOM CTEMEHBI0 HAZCKHOCTH MOXHO OMNPECINUTh, U3MEPSs MHUPUHY Tub-
PAaKIMOHHOW KpWUBOW Ha BBICOTE ‘2fmax (€crmM 3amTpuxoBaHHBIE IUTOLIATN PABHEI).
Bennunna A260 xapakTepuszyeT MOJIHYI0 IIUPUHY Makcumyma (10 MOJOIIBE, 3a
BBIYETOM MHTEHCUBHOCTHU (poHA).

[ToMHMMO MHCTPYMEHTAIBHOTO YIIMPEHUS IPOUCXOTUT Pa3MbITUE MTPO(UIIS TUHUH 32
CUeT HAJWYMsI JUCIOKALUUN U OJIOYHOCTH CTPYKTYpPBbI. DT (HAKTOPHI MPUBOAAT K TaK
Ha3bIBAEMOMY @u3uueckomy yHUIMPEHUIO JUHUN. Hampumep, HauMeHbIINN pa3mep
0JIOKOB, KOTOPBIE €I11€ HE BBI3BIBAIOT YUIUPEHMSI, MOXKHO OLIEHUTH 110 (GOopMyJIe:

0
D = A ~ 1,54
cos@-f,,.,, 05-107°
i ~ (2-3)-107 . (2)

=(2-3)-10°,4°




brmokn wMenbmero pasmepa OyayT JaBaTh yIIMPEHHWE MAaKCHMYMOB, BBHIY
HEJI0OCTaTOYHOTO 4YHCJIa aTOMOB, HAxXONAIIUXCS B O0bEMaxX OTACIBHBIX OJIOKOB U
paccenBalOIUX PEHTIeHOBCKOE u3nydeHue (Menee 500° aTomoB).

Bausinue MJIOTHOCTH U Xapakrepa pacnpenejieHust AUCTIOKALUI
Ha (pU3MYECKOe YIIHMpeHue

Kaxmas nucinokanusi B KpUCTAUIMYECKOM PEIIETKE SIBJISECTCS MCTOYHUKOM TOJIEH
HaNPSOKEHUH, aMILUIATY1a KOTOPBIX YOBIBAaeT 1Mo 3akoHy 1/I 1o Mepe ynajieHHs OT sjpa
JTACJIOKAIMA Ha paccTosiHue I. JIeHCTBHE TMOJEH HANPSKCHUW THUCIOKAIWN BBI3BIBAET
CMEIIICHUE aTOMOB PEMIETKHM W3 PABHOBECHBIX Y3JOBBIX MONOXeHU. CyMmapHOe
CMEIIIEHUE aTOMOB a, 3HAYUT M3MEHEHHE (POPMBI U pa3MEpPOB IEMEHTAPHOU SUYCHKH,
ABJSETCS  PE3yJbTaTOM  COBMECTHOIO  BJIWSHUSA  YOPYTrHX  MOJE€HW  BCEX
B3aUMOJICHUCTBYIOIMNX JHUCIOKAIMHA. DTO BBI3BIBAET HM3MEHEHHE MEKIUIOCKOCTHBIX
paccTosiHui ceMeicTBa mIockocTel nurepdepennun (HKL) Ha Benuunny #AdHkL), 9TO
JaeT pPa3MBITHE COOTBETCTBYIOIIETO WHTEPPEPEHIIMOHHOTO MaKCHUMyMa Ha Yroll
;/‘AQ(HKL).

B uenoMm oTaenbHbIE OTpPaXXEHHsI OT pa3HBIX KPUCTAIUIUTOB  (OJIOKOB)
CYMMUPYIOTCSI, aBasi MHTErpaIbHYIO GopMy TUPPAKIIMOHHOTO MAaKCUMyMa C LIEHTPOM
TSOKECTU ONMU3BKUM K @GHkL), HO C OoJbllield IIHUPUHOM, YeM B ciydae Oe3aepeKkTHON
peweTku (puc. 2).

26, 20 20,
Puc. 2. ®opma nudpakimoHHoro MakcumyMa B 6e3nedextnoit pemetke (1) u pereTke
C aucnokanusamu (2)

Benmnuuna ¢Qusudyeckoro ymupeHus 3aBUCUT OT TUIOTHOCTH JHCIOKAMA - P W
XapakTepa MX pacupenesieHus B KpUCTAUIMYECKoM pemierke. B nedopmupoBaHHBIX
MaTepuaiax AUCIOKAIMK MOTYT OOpa30BBIBaTh CKOIUIEHMSI M TPYNIHPOBKH TPEX
OCHOBHBIX BHAOB: | — XaoTnueckoe, HEYNOPSAJOYEHHOE pACHOJOKEHUE, 2 - TO-
JUTOHAJbHBIE CTEHKW WM MaJOYIJIOBble TpaHUIbl OJOKOB (YHOPSI0UYEHHOE
pacrnojio)keHue AUCIOoKaluii), 3 - sueucrtas cTpykTypa. [lepBbli W BTOpPOMl THUIIBI
JHMCIOKAIMOHHBIX CTPYKTYpP XapaKTEPHbI i o0sacTu Manbix aedopmanuii (1-2%).
Sldencras cTpyKTypa BOZHUKAET IIPH CTENEHsIX Aedopmaruu > 5%.

YuuteiBas, 4To

Ad
— =—ctgb - A0,
4 i34



MU3MEHEHUE MEXKIIOCKOCTHOTO PacCTOSTHUS A0 3a cueT NpUCYTCTBHS TUCIIOKAIMIA 1acT
yIIUPEHUE MAaKCUMYyMa PaBHOE

2A0 =

Ad
—- 210 3
2 ©

PacueTpl MOKa3pIBalOT, UYTO NPU PABHOMEPHOM (XAaOTUYECKOM) paclpe/ieICHUn
JAUCIOKAUI PU3NYECKOE YIIMPEHUE ONPEEIISIETCS BbIpAXKEHUEM

Bk = HKL\/; 180k, » (4)
e AHKL - YUCIOBOM MHOKUTENb, 3aBUCSIIAN OT TUIIA TUCIOKALNM, YIPYTUX CBOKCTB U
WHJIEKCOB TIJIOCKOCTU UHTEP(DEPEHITNY.
JInst KkyOM4YecKkux KpPHUCTAJIOB, B KOTOPBIX COJEPXKUTCS MPUMEPHO OJMHAKOBOE
KOJMYECTBO BUHTOBBIX M KpaeBBIX auciokamuu A=b./f . 3meck b - Momyns BekTopa

Broprepca mucnokaruu, f — KO3 GHUIMEHT, 3aBUCAIINNA OT THIA PEUICTKH W HHICKCOB
miockocTu unrepdepennuu. Tak mis [ 1[K perieTok

f:l 1_(HK2+K2L +2HZL)—|. (5.0)
3 (H"+K"+L")
s OLK cTpyKTyp

(5.0)

P 4 _1 2HK? + K22+ HI?)
(H*> + K>+ ') '

Korpa nucnokanuu o0pa3yroT MajoyrJIOBbIE TPAaHUIIBI OJIOKOB I MOJIUTOHAIBHBIC
CTEHKHU, (PU3MYecKoe YIIMpPEHUE OMpeNessieTcss CpeAHUuM pa3MepoMm Os0koB. Ha
OCHOBAHHUHU 3aBUCUMOCTH (8.2) umeeM:

_ §HKL A
ﬁHKL = 5 . cos O ) (6)

HKL HKL

rae Dukl - cpemHmii pasMep OJIOKOB WIH Cy63epeH B HANPABICHHH HOPMAlH K
orpaxatomuM TtockocTsiM (HKL), SqkL - MHOXHTENb, yYUTHIBAOMIANA (HOpMY OJIOKOB,
TUIOTHOCTH JAMCTIOKAINIA U WHACKCHI TUIOCKOCTH HHTEPEPEHIINN.

Kak mnokazan M.A. KpuBornas, eciau Hapsiay € AUCIOKAIMSMH B TpaHHUIAX
OJIOKOB B TeJle KPUCTAJUINTOB BCTPEUAIOTCS XaOTUYECKU PACIIOJIOKEHHBIE AUCIOKAIUH,
¢duznyeckoe ymmpenue Oyaer mpornopurnoHanbHo 196 . OOpa3zoBaHHe IUCIOKALMSIMU
SYEUCTON CTPYKTYpPHl W IUIOCKUX TPYIIMUPOBOK y OapbepoB TaKKe JaeT YIIUPEHHE
MaKCHMMyMOB, NponopuuoHanbHoe tg6 u pY2. Eciom pucnokauuu (OpMHPYIOT
MaJIOyTJIOBBIE TPAaHUIBI OJIOKOB, TO YIIMPEHUE OYyIeT MPOMOPLUOHATBEHO SECH U ATUHE
BOJIHBI A.

Pa3nesienne BKJIajga JMCIIEPCHOCTH 0JIOKOB
U MUKpoaedopManui B pusnyecKoe yuimpeHue

Jlnst ompenenieHusl XxapakTepa paclpelesieHus] TUCIOKAIi B PeIIeTKe CIeayeT
NPOBECTH AHAIIM3 OTHOIICHUS (U3MYECKUX YIIMPCHUW ABYX PEHTTCHOBCKUX JMHHMA
(H:KiL1) m (H2KzL2). Ecniu mony4yaemoe 13 SKCriepuMEHTa OTHOIIICHUE YIIUPEHUH



ﬂHlle1 N tgeHlKlLl (7)
—_ )
B mK,L, & HHZKZ L,
TO B HeaehOpMUPOBAaHHOM  Marepuasie OyaeT mpeobiiaiaTh  XaoTUYECKOe
pacripeneneHue auciokanui. Jns aedhopMupoBaHHOrO MeTajia 3TO O3HAYaeT, YTO
co3/laHa SYCUCTas JUCIOKAIMOHHAS CTPYKTYpa, I KOTOPOU XapaKTEPHO XaOTHUYECKOE
neperieTeHne JUCIOKAIlMd B CTCHKax sueeK W oOpaszoBaHue 'neca" auciokamwii. B

ClIydac, CCJIM BBIIIOJHACTCA COOTHOIICHUC

ﬁHzKZLZ _ cos GHIK]L] _ SeceHszLz (8)
- - 1
ﬂHlKlLl cos 9H2K2L2 sec 0H1K1L1
TO YIIMPCHUC BBI3BAHO JUCIIOKAIHUAMMU, O6pa3yIOH_II/IMI/I MaJIOyIJIOBBIC I'PaHUIIBI, T.C.

0JIOYHOCTBIO CTPYKTYPHI.

B mnepBom cnyuae, wucnonn3dys dopmyiy (8.4), ompenensioT TUIOTHOCTb
nucinokanuii. Bo Bropom citydae o dopmysie (8.8) HaxoaaT cpeaHuil pa3mep cyo3epHa
win 6110ka Mo3auku. Eciu yuects, uto A%k =107 ev?, to

(Biike) min 10°° 9 2
Prin =742 g0, 10" '
HKL HKL
3neck  (Buk)min102 - ¢usmueckoe ymmMpeHHe, KOTOpOE €lle MOYKHO OLEHUTh
HKCIIEPUMEHTATILHO (MPUHUMAETCS PAaBHBIM MHCTPYMEHTAIbHOMY), 196Gk ~1l. [ToaTomy
PEHTTEHOBCKUI aHaIU3 MO3BOJISET MCCIEA0BATh MNIOTHOCTh IUCIOKALUN TOJIBKO Ooliee
10° cm?.

Kak yxe ormeuanoce, eciau KpucTaul Mall M B OTpakeHUH ydacTByeTt Bcero 300-
500 aTOMHBIX IUIOCKOCTEM, TO JIydd IPHU HE3HAYUTEIBHOM OTKJIOHEHUM OT Yria
mubpakuuu € yxe He MOJHOCTBhIO racar Apyr apyra. Korga oGpaszerr 6eckoHEUHO

TOHKHW W HET PACXOAUMOCTH ITy4Ka

2
A00,4 =% 0 5—1 Pos =R l— ) (9)
L, -cosf, L, -cosf,

rae R - paccrosiaue oT oOpasina a0 mwieHkd, A4 - ymupenue TuHud Ha BicoTe 0,4 Imax,
b - OPITTOBCKHI Yrojl B OTCYTCTBHH YITHUPEHUs (KPYMHbIC KpUCTAILIbI), Lh=p dnki, p —
YHCJIO TUIOCKOCTEN B OJIOKeE.

Opnako uccneayeMbld oOpasell He OECKOHEYHO TOHKUW M TEPBUYHBIA MYyYOK B
KaKOM-TO CTeMeHHu Bcernaa pacxoautcs. KpoMe sToro, kaxmas TMHUS UMEET KOHEUHYIO
mupuny, a TuHus K, - nyoner. Takum oOpa3oM, Ha pEHTTC€HOTpaMMe JakKe JTOCTATOYHO
KpynHOKpucTajumaeckoro obpasua (D = 0,5 mxm) AMHUM MONy4aroTCs IIMPUHOU B
HECKOJIBKO JecaThiX mm. Kak yke oTMeuanoch, 3TO COCTaBJISET MHCTPYMEHTAIbHYIO
IIUPUHY  JIMHUM,  3aTPYJIHAIONIYIO  ONpelnejeHue  (PU3UYECKOro  yIIMPEHUs,
00yCJIOBIEGHHOTO OCOOCHHOCTSIMH CTPYKTYpBI 0Opa3ia. 3ajada COCTOUT B TOM, YTOOBI
BBIJICNIUTH (PU3UYECKOE YIIMPEHUE -fF U3 U3MEPEHHOrO Ha OIbITE OOLIEro YIIUPEHUS -
Pr.

s ompeneneHuss (U3MUECKOTO YIIMPEHHUS HEOOXOAMMO MPOU3BECTU CHEMKY
npoduis AUPPaKIHOHHOTO MaKCUMyMa, COOTBETCTBYIOLIETO OTPAKEHHUIO OT CHCTEMBI
kpucramiorpadguaeckux miockoctet (HKL) B stanmone m o6pasie. Oynkmnus o6miero



YIIMPEHHUsS JIMHUH, H3MepsemMas Ha onbite - 2(20) BkmoyaeT  (QYHKIHH
uHcTpyMmeHtanbHoro G(20) u ¢usuueckoro F(20) ymmupenwnii (puc. 8.3).

Kak moka3biBaeT TCOpUs, 0611166 YOIMPCHHUC JIMHUU OIIMChIBACTCSA 3aBUCUMOCTBIO

,Bz _ o IBF 'ﬂc
j F(20)-G(20)-d(20)
. (10)

Oynkuuu F(20) u G(20) o0b14HO ¢ XOpOIIei CTeneHbl0 NPUOIUKEHNS OMUCHIBAIOTCS
OJIHOM M3 alMpOKCUMUPYIOMIKX (KOJI0KO0JI000pa3HbixX) GyHkiuii ["aycca:

F(20) = exp[~a(20)°] G(26) =exp[~7(26)°] (11,a)
FQ20)=——> GRO)=—7-
1+k (20°) 1+k,(207) (11,6)
F(20)=;22 G(Mz%
1+k,(20°)" I+k,(207)° (11,8)
F(20)
G(20) 2(20)
291 202

Puc. 3. Cxema ¢popMupoBanus GyHKIUU 0OIIEr0 yupeHus npopuis 1udpaKIMOHHON
JUHUU

_ [p2 p2
BaTOMcnyqaeﬂﬁzzﬂ;’LﬂéH Pr =P =Pa

[Tockonbky PG ompenenstoT Mo cheMKe 3TajoHa, a BX - oOpasua, To (Quanyeckoe
ylMpeHue 0yJ1eT paBHO

ﬁp = ﬂoﬁp _ﬂam . (12)

B kauectBe 3Tanona 6CpCTCSI MaTcpuall 06pa311a C INIOTHOCTBIO JII/ICJ'IOKaIII/Iﬁ B HEM pP

- — 0
<10° cM? wm cpemumMm pasmepom Omokos D>2000 4°, B koTopoM (U3MYECKOE
yHpenue OyIeT MEHbIIE HHCTPYMEHTAILHOTO.



[Ipumeuanue: OOBIYHO B  KAyeCTBE OTallOHA UCIOJB3YIOT  MEJIKO3EPHUCTHIC
peKpucTanu3oBaHHble oOpa3ubl. YTOOBl MOJYyYUTH Takoill oOpazel, 3aroTOBKY
M3yyaeMoro cruiaBa aAehopMUPYIOT IpU KOMHATHOW Temmeparype Ha 20 — 40 % u
OTXKUTalOT MpH TeMIepaType, HECKOJbKO MPEBBIIAIIICH TeMIepaTypy KOHIA
PEKPUCTAIIA3AIMH C MOCTEAYIOIIUM MEIJIECHHBIM OXJIAKICHUEM.

OmubKa B ONpeeieHuH YIIUPEHHUs TIPU 3alUCH IU(PPAKTOIPAMM OOBIYHO COCTABIISAET
A% ~(5-10)%

Ecin »¢ddext ymupeHuss HEBEIUWK, TO BBOJAT CHELHUAIbHbIE IOMNPAaBKH,
YUYUTBHIBAIOIINE ACUMMETPUYHOCTD HWHCTPYMEHTAJIBbHOM KpPUBOW, BBI3BAHHOW €€
nyOJETHBIM CTPOCHHUEM.

[Ipu cbeMke MOHOKpHCTa/IA, OJOKM MO3aMKH JAarOT OJIM3KO PACHOJIOKEHHBIE
IpyT K Apyry pedieKkchl, UTO TakXke MPUBOAUT K ymupeHuto (pazmep 6moxos 0,1- 0,2
mrm). OnucaHHass METOAMKA B 3TOM CiIydae II03BOJIAET ONpEIeNUTh pa3Mep He
KpUCTAJUIUTOB, a OJIOKOB.
[Tosy4€eHHBIH BBILIE PE3YIBTAT O3HAYAET, YTO IUIOTHOCT AUCIOKanui Menee 10%cm™
mact ymumpenue MeHbme 102 pax. W ero OOHApYXWTh, W3-3a HAJIHYMS
MHCTPYMEHTAILHOTO YIIMPEHUs, OyneT Henb3s®. OTKIOHEHHE OT PaBHOMEPHOIO
(XaoTHYECKOT0) paclpeAeseHus] TUCIOKAUUNd TNPUBOAUT K HM3MEHEHHMIO YTJIOBOU
3aBUCUMOCTH ymupeHus auHuil. [lo qaHHBIM 0 pa3mepax GJIOKOB MOXKHO OIICHHUTH

MJIOTHOCTH JUCIOKAIUH JUTsl TPOCTEHIIIeH MOIeNH, KOTa OJIOKH KyOU4ecKoi (hOpMBI

3n o
pr= rje N - cpeaHee YUCio JUCIOKalMi B TpaHuIle OJI0Ka.

Ecnu oTKIIOHEHHE yIIMPEHUA HAXOAMUTCS MEXIY OTHOLIEHUSMH tQ6GhkL U SEeCOhkL ,
T.€.

tgd cos
80u,x,1, < ﬂHszLz < H\K,L ’ (13)

g HHIK]L] IBHlKlLl cos 9H2K2L2

TO 00IIIee YIIUPEHHUE CIEAYET Pa3IeIuTh Ha COCTABIISIONINE, IPONOPIIMOHATbHbIE 16 1
sectd. Ilo BenmYWHE ATUX COCTABIISIONIUX OMPEIEISIOT COOTBETCTBEHHO IJIOTHOCTH
JUCIOKALMHA - p U CpelHUi pasmep OI0KOB - D . SIcHO, ueM Guke OTHOIIEHHE K tg6
win Secd ,tem Oojee SPKO BHIPAKEH PABHOMEPHBIM XapakTep pachpeneicHus
TUCIOKAaUUK win OJOYHBIM XapakTep CTPYKTypbl. Takoe pazaeneHue MO3BONISIOT
cAenaTh pazpaboTaHHbIE TEOPUU TAPMOHUYECKOTO aHAIN3a U METOJI MOMEHTOB.

JIisi TIOBBIIEHUSI TOYHOCTH OIICHKHM XapakTepa paclpenesieHus] JAUCIOKAIUi,
cuumarorT JuHuM (H1Kilki) wu  (H2K2L2), COOTBETCTBYIOIIMX OJHOM CHUCTEME
OTPAKAIOIIUX TUIOCKOCTEH, HO OTIMYAIONTUXCS TOPSAKOM oTpakeHus. (B aTom ciyuae

i, = A, ). DOTO WCKIIOYMUT BIUSHUE aHU30TPONHMM YOPYTUX MOJYyJIeHd Ha

MHOXUTEINb AxkL B hopmyiie (4).

4 IOTHOCTH JAMCIIOKAIIHA omin~108-10%2 mabmomaercs npu HeGoNbIIKMX AedopManusax Meramna (5-

10%).



B OI]K wmetannax nepBoii 1 HauOosee nHTeHCUBHOM JuHuM (110) cooTBETCTBYET
OYeHb cJiabasi JUHUS BTOporo mnopsiaka orpaxenuu (220). Tlostomy npu ananusze
JTUCIOKAMOHHBIX CTPYKTYp B OI[K wmetamnax, BMecTo JuHUHM (220) HCHONB3YIOT
cheMKy JuHuu (211). Takas 3ameHa BO3MOXHA, T.K. MOJYJIM YINPYTOCTH B Hallpasiie-
Husx [110] u [211] npakTU4ecKu OAMHAKOBBI.

st T'IK cTpykTyp Tako# uaeanbHouM napoit tuaui ssisercs (111) u (311).

VuuteiBas, uto p ~ [#, 10 A% = 2A% ~ (10 —20)%.

CpaBHuUBasi pa3Hble METO/bl KOHTPOJS IUIOTHOCTH JUCIOKAIMN MEXITy coOoi
MO’KHO CUUTATh, YTO PEHTIT€HOBCKUM METOJ Ja€T COBMAJEHUE PE3YyJIbTATOB B IpeEeiIax

A//zm%.
e,

Kak mokaseIBaeT pacuer, ynpyrue CMEUIEHHsT aTOMOB, M3-3a HAJIMYUS TOYEYHBIX
nedeKTOB, HE BbI3BIBAIOT YUIMPEHHS] JIMHUWA, HO TPHUBOJAT K CHUXKEHUIO UX
MHTEHCUBHOCTU. [[e(heKThl yakoBKU MNPUBOJAT K HEKOTOPOMY CMEIICHHUIO JTUHUM, UX
aCUMMETPHUH Y U3MEHEHUIO HHTEHCUBHOCTEM.

3. OOBEKTHI UCClIeIOBaHUsI, 000PYI0BaHUE
Hudpakromerp [IPOH, OGpa3iibl yriepoaucTsiX CTallel, JICKTPUUECKHUE MeUn

4. 3anaHue Ha paboOTy

[TpoBectn TepMHuecKyr0 0OpabOTKy (3akajika, OTIIYCK) HCCIEAyEeMbIX OOpa3LoB.
[IpoBectn cvemMky mumHM 110 m 220 pudpakrorpamm, paccyuTaTh 3HAUCHHS
MUKpoAehopMalHii pa3MepoB OJI0KOB, MJIOTHOCTU JUCIOKALIHIA.

5. Tlopsaok BbINOSHEHUS paOOTHI
Bbi10op ycaoBuii chemku Ha gudpaxromerpe tuna [[POH-2

B ycranoBke JJPOH-2 mpegycMoTpeHbl HeENpepbiBHAS ChEMKA PEHTTEHOBCKOMU
JUHUM U aBTOMATU3UPOBAHHAs ChEMKA B OTIEIbHBIX TOUYKAX C BBIBOJAOM 3HAYCHUM
WHTEHCHUBHOCTHU Ha IU(poreyars.

[Ipu HempepbIBHOM 3alUCH HA JIGHTY CaMOIIKMCIIA BBIBOJUTCS CKOJIB3SIIEE CPEIHEE
3HAYEHHUE YKCIIa OTPAXKEHHBIX 00pasziioM umnyibcoB N 3a (puUKCUpOBaAaHHOE BpeMS 7.
['maBHOE MpenMyIecTBO HEMPEPHIBHOM 3alUCH — JOCTATOYHO Maliasi JJIUTEIbHOCTh
ChEMKH W HArJIIHOCTh paclpe/iesieHUs] WHTCHCHUBHOCTU MO YIiy Audpakiiuu.
HenpepbiBHast 3amuch JUHUM Ha JIGHTY TMOJI€3HA MJIA MPEIBAPUTEIIHHOTO OOIIEero
0030pa KapTHUHBI pacCesHUsI PEHTICHOBCKUX JIy4el B IMIMPOKOM MHTEPBAJIC YIJIOB IS
MOCJIETYIONIETO BEIOOPA ONTUMAIIBHON CXEMbI ChEMKH.

HenpeppiBHYIO 3anmuch cieayeT HCHOJIb30BaTh I IIOJYYEHUS B OCHOBHOM
KaueCTBeHHOW wuHGoOpMaIMu o wMaTtepuasnie. Tak, 3HAYCHUS BEIMYMHBI IIEHTPA



TSOKECTH W TIOJIYIIMPUHBI JIMHUH, TTOJTYYEHHBIC MPU aHAJIU3€ HEMPEPHIBHON 3aIUCH,
MMEIOT OTHOCHTEIBHYIO Torpemnocts (1-5) <1073,

JI1st CHY>KEHUSI TOTPEIIHOCTH ITPOBOJSIT aBTOMATU3UPOBAHHYIO JUCKPETHYIO ChbEMKY
B TOJIO)KEHUSIX HEMOABM)KHOTO CUETYHMKA B TEUEHUE OIPEACIICHHOIO BPEMEHU 7o B
KOKJOM TOUKe Juamna3oHa YIJIOB CheMKHU (TP BBIOPAHHOM IIAre CKaHUPOBAHMUS
yrioB - A26). B atom ciiydae B BbIOPaHHBIX I-TOYKaX HHTEpBAJia YIJIOB CHEMKH
PEHTTEHOBCKOT0 MakcuMyMma (JIMHUU) OT 20min 10 20max PUKCUpPYETCS 3HAYUTEIBHO
Oosee TMOJHOE KOJIMYECTBO HUMITYyJIbcoB. OOmiee 4YHCIO 3aperucTpUpPOBAaHHBIX
UMITYJIbCOB OyAeT

N= ili ,
i=1

rjae |i - MHTEHCUBHOCTh PAcCESIHHOTO U3IyYCHHS B I-TOM TOYKE CHEMKH IPH OOIIEM
YKCIIe TOYeK CKaHupoBaHus - K. CkaHupoBaHUe B MPeeiiax HHTEPBaa YIJIOB CheMKH
MOXET IPOBOJUTHCS BPYYHYIO WJIM B aBTOMaTHYECKOM pekume. BriOupas crmoco6
CKaHMpPOBAHUA, HAN0 HMETb B BHUAY, 4TO0 y audpakromerpa JIPOH-2 mar
aBTOMAaTHYECKOr0 CKaHupoBanus h =420 3agaeTcs OJHUM W3  CJICIYIOIIMX
IUCKpeTHbIX 3HaueHuid yrioB: 0,01°; 0,1°; 1°, a BpemMsa aBTOMaTHYECKOIro CYETa
HMITYJIbCOB B KaXK10# Touke: 0 = 1; 4; 10; 40; 100; 400; 1000; 4000 c.

[Ipu BeIOOpE 3HAYCHUS 70 CIEAYyeT MMETh B BHUJY BIMSHUE IOTPEITHOCTH
U3MEpEHUs, CBSI3AHHOW C CYIIECTBOBAHHEM MEPTBOTO BPEMEHM CUETYMKA Tm. CUETUMK
UMITYJBCOB MOJXKET pa3/IelbHO 3aperuCTPUPOBATh [[BA HMITYJIbCA, €CJIH BpeMs
CJIEIOBAHUS MEXy HUMU OyIeT > 7m . [ cuérumka ['eiirepa MEpTBOE Bpems 7m = 2-10°
%c - BpeMs TalleHHs CaAMOCTOSATENLHOTO Ta30BOr0 paspana. Jis CLHUHTHIAMOHHBIX
C4ETUMKOB, Tm = 2-10° ¢ - BpeMs mepexoHBIX IPOLECCOB B JIEKTPOHHBIX CXEMax.
Hannune tm CHMXKAET K.7m.0. CUETUMKA U JIaeT OMUOKY U3MEPEHUSI HHTEHCUBHOCTH

AJi=di- tn [(1+J - ). (14)

OIIII/I6Ky ONPCACICHUA HMHTCHCUBHOCTHU MOKXHO CYUHTATH HCCYHIGCTBCHHOfI Impu
BBIIIOJIHCHUHN YCJIOBUA:

Ji- T INI(A+J; - ) <<1, (15)

xotopoe nocturaercs mpu N >(5-10) -10° umn u  Ji > 10° umn/C.
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Puc. 4. BeiOop nHTEpBana CbEMKU PEHTT€HOBCKOM JIMHUU

Bennuuny wuHTepBana CbhEMKM JAUPPAKIMOHHOTO MAaKCMMyMa  BHayale
ONPENENSIOT MPUOJMKEHHO HA OCHOBE aHalM3a HENpPEephIBHOM 3aluCU  €ro
uHTeHCMBHOCTU. Ha nudpakrorpamMmme BU3yalbHO HAXOJAT IMOJIOXKEHUE MaKCUMyMa
(eHTpa TsHKECTH) KpUBOM - 260m 1 Touku 1' u 2', COOTBETCTBYIOIIME UHTEPBATY €ro
yrioB audpakiuu (puc.4).

JlJiss BO3MOXHOCTH OIpEJENICHHUs] JTUHUM (OHA HHTEpPBaJ YIJIOB IOJOKEHUS
MaKcUMyMa OepeTcsi HECKOJIbKO OoJbIie: Toukd 1 u 2. YIJIoBOe pacCTOSHHE MEXIY
toukamu 1 u I' u 2 u 2' caenyer Oparh He MeHee 3h. Ilpu Bu3yaabHOM OmpecIIeHUN
KOHIIOB MaKCUMyMa CJIeJTyeT YUUTHIBATh TAKKe 0COOCHHOCTU (DOPMBI TUHUH (HOHA.

[IpumepHBIE THI aNMPOKCUMUPYIOIMICH (YHKIIUUA OMPEACNSIOT IO BEIMYMHE
OTHOLIEHHs yIIUPEHnH Makcumyma S % /27 = , usmepennsix Ha BeicoTax 0,25 u
0,75 | max. Ecniu q 22,2 , To Bua pyukiuu onuceiBaerca Gopmynoit (11,a). Korna q =
2,5 10 wucnons3yrotr ¢dopmyny (8.11,6), a mpu ( = 3 annmpoOKCUMHUPYIOIIAS
A paKIMOHHBIN MaKCUMYM (GYHKIHs 0Ju3Ka K 3aBucumoctu (11,6).

[Tpodunu MakCUMyMOB ATHUX OCHOBHBIX TPE€X BUJIOB Ja)Ke MPU OJWHAKOBOM MX
HMIMPUHE OTIMYAIOTCS pa3HOM KpyTu3HOM. "XBocThl" KpyToro npoduis (8.11,a) OvicTpo
CrmajaroT 70 HyJid, a monororo (8.11,6) - mpocTuparoTcs A0CTaTouHo jaajieko. [loatomy
MOJIOKEHUE KOHIOB JIMHUM (TOYKK 1 u 2 Ha puc. 4) AOMHKHO OBITH OOJiee yJaJeHO OT
LIEHTpa TSIKECTU PEHTTEHOBCKOIO MAaKCHMyMa, YeM JJis Ciiydasl ObICTPOCMAAarouIero
npodwis. boree ymanéHHBIMU OT IEHTpaA TSHKECTH MaKCUMyma OyIyT HAXOJWTHCS U
y4acTKu (hOHA PEHTTEHOBCKOTO Mpopuitst Jp(26) mexay Toukamu 1 m 1' u 2w 2'.

@OH pEHTTEHOBCKOIO MAKCHMyMa MOKET OBbITh NPEACTaBICH JHHEHHON
3aBUCUMOCTBIO OT yriia qudpakuuu 260 B BUjE:

Jp(20)=d4+Cy(26) (16)
3nadenus napameTpoB Jp u Cyp B ypaBHEHUW JTUHUU (POHA OMPEICISIFOTCS T10
y4JacTkam peHtreHorpammbl 1 - 1' m 2 - 2' MeToAOM HauMMEHBIIMX KBaJpaToB.
[IpaBunbHOCTh — OmpeneieHus] MUPHHBI UHTepBana (260min - 20max) CHEMKH

KOHTPOJIUPYETCS MPOBEPKOM TUHEHHOCTH y4acTKOB (oHa. Eciau runore3a o JTMHEHHOM



XapakTepe ydacTka ()oHa PEHTT€HOBCKOTO MAaKCMMyMa HE BBINOJHIETCS, TO MHTEpBaI
CBEMKH CJIENYET YBEINYUTb.
[Ipu BBIOOpE MMPUHBI MHTEPBAJA ChEMKHU CIENYET TAKXKE UMETh B BUIY Pl
METOANYECKUX PEKOMEHIALINN:
l. uHTEpBa’d CBEMKHM PEHTICHOBCKMX JIMHUH oOpa3la M JTaJOHA CJEAyeT, IO
BO3MOKHOCTH, BbIOHMpaTh OAMHAKOBBIM IO 00JI€€ MIMPOKOM JINHUY;

2. B ciy4ae JBYX OJIM3KO pacroiOKEHHbIX  MAaKCHMYMOB KOHIIBI MHTEpBalia
ChEMKU BBIOMPAIOT TaK, 4TOOBI HE MPOUCXOIUIIO HAJTOKEHHH uX "XBOCTOB" NIpyr Ha
apyra.

HeobxoaumpiM yCclioBUEM TPOBENCHUS KAueCTBEHHOM CHEMKH SIBIISETCA JO-
CTaTOYHO BBICOKAs MHTEHCUBHOCTh JIMHHM MO CpPaBHEHUIO C YpoBHEM (¢oHa Jy.
VY I0BIIETBOPUTENbHBIE PE3YJbTAaThl ONPEIEICHUS (PU3NYECKOTO YIIMPEHUS MOKHO
MOJIYYUTh TOJIBKO NMPU MOTPEIIHOCTAX MPOBEACHUS JIMHUM (DOHA HA ypOBHE He Oojee
0,05 Imax-

IIpn aBTOMATU3UPOBAHHON CBEMKE I1I0 TOYKAM HMCXOJHBIMU IIapaMeTpaMU IIpU
IPOBEJICHUU U3MEPEHUH SBIAIOTCS: IMOCTOSTHHAS BPEMEHH ChEMKU 70 ,C; h =420 -
YTOJI, COOTBETCTBYIOIIHMI IIary CKaHUPOBAHUS, 2pad; 260min, 20max - YTJIOBBIE TPAHUIIBI
WHTEpBaia ChEMKH PEHTTEHOBCKOW IMHUMU, epad; H , K, L - unaekcol nuaTephepeHIuu
U3y4aeMOT'0 PEHTT€HOBCKOIO MAaKCUMYMa; Aqi, Aoz - JUIMHBI BOJIH K - ny0nera. CreMka
JWHAW TIPOU3BOAMTCS TPH 3HAYCHUSX YIIIOB OTpakeHUus 260 = 20min+i(426), tne
i=0,1,2...n +1- Touku ckaHUpPOBaHUs. B 3TUX TOUKaxX MPOU3BOJUTCS U3MEPECHHUE YHCIIA
umirysibcoB N(I) , 3aperucTpupoBaHHBIX CUYCTYHMKOM 3a BpeMsl U3MEpeHUs 1w, ¢ . s
MOCIICYIONIET0 aHaln3a MPOQWIs JTUHUU 0 MOJYYEHHBIM 3HAYCHHSIM OOIIEro 4yucia
ummysscoB N(i) B I-Toil TOYke HEOOXOJMMO PACCUHMTATh 3HAYCHUS HHTCHCHBHOCTCH
wsnyuenus J(i)=N(i)/ o u Benuuuny mucnepcun S2[J(i)]=J(i)/ 2.

3anaya omnpeneneHuss PU3NYECKOro YIIUPEHHUS] PEHTT€HOBCKOW JIMHUM PElIaeTcs
no3tanHo. Ha mnepBoM »3Tame omnpeneisioT BEIMYMHY M CpellHEee KBaJpaTHUeCcKoe
orkionenue (CKO) mupuHbl JIMHUKM UCceayeMoro oopasia fo u S(fo) u sTaiona f, u
S(#,) . Ha Bropom »3Tame Mo MOJyYEeHHBIM 3HA4YeHUsAM Lo, f> , S(Po) u S(b>)
paccUMTHIBAIOT (hu3mdeckoe ymmpeHnue fr nuaun (mo ¢Gopmyne 8.12) u gucnepcuro

S(fF) B Buze
S(B)=AIBS* (B + B2S* (B B

[Ipod. noxrt. ¢us. mar. Hayk J.M. JleBuH, HCHOIB3YysT METOJ MOMEHTOB,
pa3paboTan aHaau3 npoduieit peHTTeHOBCKMX MaKCUMYMOB U Jiajl pacdeT (GU3n4eCcKOoro
ymmpenus [5]. Ha ocHoBe »Toro ananmsa um pa3paboTaHa M BHEIpPEHAa B Y4COHBIN
npouecc kapeapst DMM mnporpamma st IBM PC "Ananusz npoduiis peHTreHOBCKOM
JIMHUU METOJOM MOMEHTOB'.

1. BeiOpats ycnoBusi chemMku peHtreHoBckoi ymamu (110) wmm (211) (mo BeIOOpY
MpenojaBaresisi), COOTBETCTBYIOIIME AaHAJU3UPYEMOMY MaTepually U 3ajladyam
MCCIIEIOBAaHUS M BHECTH UX B TaOII. . 1.

Tab6a. 1

YciaoBus M pexxuM CbeMKH Ha JudpakToMerpe



ITapameTpsl

3HayeHHE napaMmeTpa

Tun ougppaxmomempa

Jlama cvemku

Hccneoyemoiti obpaszey N u eco
npeosapumenvHas 0opabomra

Hnuna eonnet uznyuenus A A°

Tun penmeenosckoti mpyoxu

AHoOHOe nHanpsicenue Ha mpyoke, KB

Tox uepe3 mpyoky, mA

llocmosnnaa unmezpamopa t, ¢ (npu
Henpepuvl8HOl CbeMKe)

Ckopocmb épawenus cuemuuka 00./MuH

Jluanazon usmenenuss UHMEHCUBHOCTU
umn/c

Illaz ckanuposanuss h, epao (npu
OUCKPEMHOU CbeMKe 8 MOUKAX)

Bpems asmomamuueckozo cuéma umn. 8
mouke T, ¢ (npu OUCKPEMHOU CbeMKe 8
MouKax)

2. IIpoBecTn CheMKYy M 3aperucTpupoBaTh npoduan peHTreHoBckux juHui (110) u

(211) Ha uccnenyeMmom o0paslie 1 ITaJlOHE.

3. MeTtoioM MOMEHTOB BBIUUCIUTH BEIMYUHBI HHCTPYMEHTAIBHOTO YIIUPEHUS JTUHUN
JUIST 3TaJOHAa W (PUBMYECKOTrO yIIUpeHus s oOpaszna. OLEHUTh MOTPEIIHOCTH
PACCUMTAHHBIX BEIMYMH. AHaMM3 Npoduiis pEeHTTeHOBCKHUX| JIMHUM M pacueT BCeX
napameTpoB npousBectd Ha IBM PC ¢ wucnonp3oBanueM mnporpammbl "AHanu3
npoduiisi peHTTeHOBCKOW JMHUM METOJ0M MOMEHTOB". VMICXOAHBIMH M BBIXOJHBIMH

JaHHBIMHU IIPOTPAMMBI ABJIAIOTCA:

- JUIMHBI BONH n3nydeHus K, - nybnera Aqs, Aqz , A
- IIUPHUHA UHTEPBAJIA YIIIOB ChEMKH (260min - 260max);

- mar cKkaHupoBaHus N, epao;

- BpEMs aBTOMATHYCCKOI'0 C4€Ta UMITYJIBCOB B TOYKE 70 ,C,

- MHJIEKCHI MHTEPEPEHIINN M3y4aeMOro PeHTTeHOBCKOro Makcumyma H,K,L; -;

Aai, Aoz - AnmuHbl BOIH K, — my0nera;
- BeIM4MHA yria gudpakiuu Om,epao;

- mapamerp pemreTku A%
- CKO napamerpa pelieTKy;




- pusnyeckoe ympenue [r TMHUY;

- CKO ¢u3nyeckoro yudpeHus.
4. Cpenarb 3aKiIOUYCHHWE O BIUSHUW TMPEABAPHUTEILHON YHpPOYHSIOMEH 00paboTKu
(3akarnka, nedopmarius) Ha PU3NUECKOE YIIUPEHUE JTHHHIH.

5. OmnpenenuTh BEIWYWHY OTHOIICHUS (U3MYSCKUX YIIMPEHUH f110/f211 M clenartb
3aKITIOYCHUE O XapaKTepe pacipeaeIICHHs TUCIOKAIIHH.

6. Ucnons3ys ¢gopmyny (8.4) ompenenuth IMJIOTHOCTh AUCIOKAIMA B HCCIEIyEeMOM
obpasiie. OueHuTh Benuuny aucnepeun S(Sr).

6. CoxaepxaHue oTdyeTa

1. Teopus éonpoca. Onucars:
- (puznyeckoe U HHCTPYMEHTANBHOE YIIUPEHUE PEHTIT€HOBCKUX JIMHUM;

- BIMSHHUE IUIOTHOCTH M XapakTepa pachpeacsieHus AUCIOKAluid Ha (QU3HYECKOe
YIIUPECHUE;

- paslerneHue BKJIaJa JUCIEPCHOCTH OJOKOB M MHKpojedopmaiuit B (usmdeckoe
yIIUpEHUE.

2. Texnuka 3xcnepumenma. Onucath TUI PEHTTEHOBCKOTO arllapara, JJIUHY BOJHBI
U3ITy4YCHHs, YCJOBHUS TPOBEACHHS CHEMKH, MPUTOTOBICHHUE OOpasloB IS
uccienoBanus. [lapameTpsl pexnma CheMKU Ha AUGpaKkTOMETpe 1aTh B Buae Ta01.8.1.

3. Ilonyuennwie pezynrvmamel. IlpuBectr 3HaUSHUS YyITUpEeHUH Lo, f> , fr, 1 oOpasia
W JTalaHa. YKa3aTh IOJYYEHHbIE 3HAYEHUS (DU3MUYECKUX YIIUPEHUH piio U fo11 U
auctiepcun S(fGF). K oTdery npuiaiokuTh AudpakTorpaMMbl B PaclieqyaTKy MOJTyYeHHBIX
pE3yIbTaTOB.

4. Ocnosnvle 6b1600bl. OOOCHOBATH 3aKIIOYEHUE O XapakTepe pachpeaeiIeHus
aucnokanuili. PaccunTarh BEMUUMHY MJIOTHOCTH JUCIOKALUNA U CHIENaTh 3aKII0UYEHHUE O
BIMSIHUM CTENeHU aedopManuyd U TeMmIepaTypbl 3aKalKd Ha IUJIOTHOCTh M XapakTep
pacnpezeneHus AUcIoKaluii B crsase. OLEHUTh OIIMOKY METO/a.

7. KOHTpOJBHBIE BONPOCHI
1. Kak BIMSIOT OCTaTOYHBIE HAIIPSKEHUS HA YIIUPEHUE PEHTTEHOBCKUX JIMHUN?
2. Yto Takoe "MHCTpYMEHTaIbHOE" YIIUPEHNE U KaK €r0 IPaKTUYECKU ONPEAEIISIIOT?
3. Kak BausieT xapakTep pacrpeiesieHusl AUCIOKAIMM Ha yIIMPEHUE PEHTIE€HOBCKHUX
MaKCUMYyMOB?
4. YkaxuTe, KaKUM 00pa3oM IPOBOJAST pa3/esieHHue BKIIAJOB JUCIEPCHOCTH OJIOKOB M
MUKpozaedopMaIuii B pu3NIECKoe yIIUPEHNUEe TUHUN?
5. KakoBa omm0ka B onpeieJICHHH TUIOTHOCTH JIUCITIOKAIMI PEHTT€HOBCKUM METOI0M?
6. Kakne maremarmueckue (yHKUMH HCIOJIB3YIOT JJIsi ONMUCAHUS JUPPAKLIMOHHBIX
MaKCUMYMOB?
7. Kakue BUIIBI CheMKH MOKHO TTPOBOJIUTH Ha audpakTomeTpe tumna JIPOH-2?
8. Ha ocHOBe Kakux mMapamMeTpoB MPOBOJAT BbIOOP YCIOBUH CBEMKH Ha
nugpakromerpe?



8. bubnuorpaduyueckuit Ciucok

I. Topenmuk C.C., PactopryeB JIL.H., CkakoB IO.A. Penrrenorpaduueckuii u
ANEKTpOHHO-onTHYecKui ananms. -M.: MUCHC, 1994. 328 c.

2. VYmanckuii .C. Penrrenorpadus MeTaUIOB W MOJYyIPOBOJHHKOB. —M.:
Mertamnyprusg, 1969. 496 c.

3. Tpouukuit M.B. Pentrenorpadus u snexrporHas mukpockonus. —lyma: Tynl'V,
2003. 200 c.

4. Tpouukuii U.B., I'onuapoB C.C. ®uznueckue meroasl koHtposus. —lyna: Tynl'V,
1996. 84 c.

5. Jlesun .M., Tpouukuit 1.B. Pentrenorpadus u 35eKTpoHHass MUKpockonus. YacTb
2. AHamu3 neeKTOB pEelIeTKH U 3J1eKTpoHHass MuKpockonus. — Tyna: Tyal'V, 198S.
39c.

6. bokuii I'. b. , Ilopait-Kommmn M.A. Ilpaktnuecknid Kypc pEHTT€HOCTPYKTYPHOIO
a"anmmza. - M.: MI'VY, 1964. 412 c.

7. Pentrenorpagus B busnuecKkom metamoBenenuu/Ilox pen.
A.C. Ymanckoro. -M.: Metamnyprus, 1961, 338 c.

JIABOPATOPHAS PABOTA Ne 9
IAJIEKTPOHHASA MUKPOCKOIIUSA METAJIJIOB

1. Henps paboTsI
I. ycBoeHue mnpuHUHMIA padOTBl W YCTPOMCTBA 3JIEKTPOHHOTO M PACTPOBOTO
MHUKPOCKOTIOB;
2. 3HAKOMCTBO C METOJIaMU MPENapUpOBaHUS SIEKTPOHHO-MHUKPOCKOIIMYECKUX
00BEKTOB;
3. HabmroieHue rpanui] ¢as, TUCIOKAIUui, TBONHUKOB,;
4. monyyeHue U aHaIM3 MUKpOAu(pakiimoHHbIX kKapTuH (MJK).

2. Teoperuyeckue CBeACHUS

YcrpoiicTBo ¥ padoTa 3JIeKTPOHHOT0 MUKPOCKOIA

DNEKTPOHHBIN MUKPOCKOIl ~ WCIIOJIB3YIOT JUISS  WCCICIOBAHUS  JeTaleH
MUKPOCTPYKTYP OOBEKTOB, HAXOSAIIMXCS 3a MpEAeIaMH pa3perieHuss ONMTHYECKOTO
mukpockomna (menee 0,1 mxrm).

B anextponHom mMukpockone (OM) yBenudeHHOe nM300paxkeHue GopMupyercs ¢
MTOMOIIBIO My4YKa OBICTPHIX AICKTPOHOB. [Ipy OOBIYHO HMCTOIB3YEMBIX YCKOPSIOIINX
HanpspkeHusX 40-100 xB nimHBI BOH 351eKTpoHOB u3MeHstores ot 0,006 mo 0,0045 4°,
YTO MPUMEPHO HA MATH MOPSJIKOB MEHBIIE JUJIMH BOJH BHJIUMOTO CBETAa. Y MCHBIIICHHEC
JUTMHBI BOJIHBI TTO3BOJIICT 3HAYMTEILHO MOBBICHTH Pa3peIIaoNIyI0 CIIOCOOHOCTh DM.
Jlyumme oOpasiibl SJIEKTPOHHBIX MUKPOCKOIIOB MMEIOT pa3periarolyro CriocOOHOCTh 110



0,54° wm mno3BomsaOT HAOMIOAATH TNPAMOE H300paKeHHE aTOMOB U J1e(heKTOB

KPUCTAJUIMYECKOU PEIIETKH METaJIOB.
[Iy4oK OBICTPBIX ANEKTPOHOB PACCEUBAETCS HE TOJIBKO 3JIEKTPOHHBIMU 000JOUKAMH,
HO M dAJpaMd aTOMOB aHajJu3upyemMoro BemiecTBa. [losToMy mNpoOHMKaOIIAs
CIIOCOOHOCTb 3JIEKTPOHOB CYIECTBEHHO HM)KE, YEM PEHTICHOBCKMX KBaHTOB, a
MHTEHCUBHOCTD IOJIy4a€MbIX 3JIEKTPOHOTPAMM - BBICOKAas M MX MOXHO HaOIOAATh
BU3YyaJlbHO Ha (UIIOOPECHUPYIOUINX 3KpaHax IPOCBEYMBAEMOr0 AJIEKTPOHHOTO
mukpockona  (IT9M). PaccesHue  3IEKTPOHHBIX BOJIH  HAMNpaBIEHHO U
OTpaHUYUBaETCs yriioM nudpakuuu 6~ 3°.

D¢ dhekTuBHBIC CCUCHHS PACCESTHUS aTOMOM Pa3HbIX U3IYYCHUN COCTABISCT: JUIS
penrrenosckux BonH: 1020 - 1022 cy?; s snexktponos: 10718 cu?; nis meiitponos: 1072
- 10% cm?. CoOTBETCTBEHHO COOTHOIICHHE 3HAYEHUI MX aTOMHBIX (DYHKIMH PacCesHus
oynert: f, 1 f, 1 .~ 1:10%: 102, a uHTEHCHBHOCTEN PACCETHHOTO U3IIYUYEHHUS B PacyeTe
Ha oquH atoMm: lp: 1, :1,~1:10%: 10,

ITo nme-bpointo CBsA3b BOJHOBBIX U KOPIYCKYJSPHBIX CBOMCTB MHUKPOYACTHIIL
XapaKTepu3yeTcs 3aBUCUMOCTBIO A=h/mv, tae h - mocrosiuaas [lnanka, m - macca, V —
CKOPOCTh MHUKPOYACTHII.

JlIMHA BOJHBI DJIEKTPOHOB A B HM°, 3aBHCHT OT CKOPOCTH HUX JBMIKEHHS,
omnpeesieMoi pa3HOCThIO moTeHnuaioB U, B

P 1,2236 .

Ju

CxemMa yCTpPOHCTBa JJIGKTPOHHOTO MHUKPOCKONA U 3JCKTPOHHON IyIIKH
MpeJICTaBIEHbI HA puc. 9.1.

CuItoBO#i OJIOK 3JIEKTPOHHOTO MHUKPOCKOIA COCTOUT M3 BBICOKOBOJILTHOTO OJIOKA
(1), 6yIOKOB CTAOMJIM3AIMM TOKOB JJICKTPOMArHUTHBIX JIMH3 (2), BBIIPAMUTEIS W
crabmiusatopa  HampsokeHus  (3). B KoJOHHE — MHMKpPOCKONA  HaXOMISTCS:
dnyopectupytomuii - 3kpan  (5), ¢dorokaccera (6), cucrema GOPMUPYIOMUX
AJICKTPOHHBINA IMy4oK auadparm (7), SJIEKTpOMarHUTHBIC JWH3BI (8), CTONHMK st
00bekToB (9), anekrponHast mymka (10).

YToOBI 2IEKTPOHBI IPH CBOEM JIBIXKCHHH HE PACCEHBAUCH MOJICKYJIAMU BO3IyXa
Y HE MPOUCXOIHIT TPOOOI BHICOKOTO HAIPSKEHUS B MEXKAJICKTPOIHBIX TIPOMEKYTKAX, B
KOJIOHHE C TOMOIIBI0 HEMPEPHIBHO PAOOTAOIINX MEXAaHHMYECKOTO W IMapoMaciTHOTO
HACOCOB BaKyyMHOM cucTeMsbl (4), moauepxuBaercs Aasinenue 1-2 Mlla.

OnextpoHHass nymika (puc. 9.1,0) ciayXuT Juisi TOJyYeHHs] My4yka OBICTPBIX
anekTpoHoB. OHa coctout u3 karona (1), anoxaa (2) u ynpasnsromiero 3aekTpoa (3).

JudpakimonHas KapTHHAa MOXET OBITh MOJy4YeHa OT OOBEKTa C IOINEPEUHBIM
pazmepom MeHee 1 mxm. Micnonb3oBanue 0ueHb y3KOTo 3aeKTpoHHOTOo my4ka (I - 16 wm)
MO3BOJISIET M3Yy4YaTh CTPYKTYpYy U COCTaB OOBEKTa OT TOYKH K TOYKE B PEKUME
pacTpoBOil (CKaHUPYIOIIE) MUKPOCKOIIUH.

® Ge3 ydera peNsSTHBUCTCKON MOMPABKH
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1- BBICOKOBOJBTHBIM OJOK IHMTAaHUS, 2 -
010K cTaOMIM3aIuu TOKOB
1 - xaron, 2 — amom, 3 -—
ANEKTPOMArHuTHBIX ~ JIMH3, 3 -

IIPABJISIOIIUI JIEKTPO
BBIIPSIMUTEIIb u cTabuInu3aTop yrip H po

HanpsDKCHUS, 4 - BaKyyMHas CHUCTEMa,
5 - (Quoopecuupyrouid 3KpaH, 6 —
doTtokaccera, 7 - nauadparmei, 8 -
AIIEKTPOMArHUTHBIE JUH3BI, 9 - CTONHK
IS 00BEKTOB wuccaemoBanus, 10 -
AIIEKTPOHHAS MTYIIIKa

Puc. 1 Cxema ycTpoicTBa 3JIEKTPOHHOTO MHKpOCKoTa ()
¥ €r0 3JICKTPOHHOM MyIIKH (6)

TepMoKaTOOM B 3JIEKTPOHHOM MYILIKE CIYKUT BOJIb(ppamMoBasi HUTh V-00pa3Hoi
dbopmbl, HarpeBaeMas TokoMm A0 Temneparypsl = 2200° C. Iloa neiicTBHEM BBICOKOTO
IIOCTOSIHHOT'O HAIIPSDKEHUS B MEXKDJIEKTPOAHOM IPOCTPAHCTBE, TEPMOAJIEKTPOHBI
NpUOOPETAIOT BBICOKUE CKOPOCTH. MexX1y KaTOJOM M aHOJOM YCTaHOBJIEH YIIPaBIISO-
IMA  3JEKTPOJ, HWMEIOMIMN OTPUIATEIbHBIM TOTEHUHUAI OTHOCHTEIBHO KaToJa.
[IposeTass CKBO3b Y3KOE€ OTBEPCTHE YIPABISIOLIEIO 3JIEKTPOAA, MOTOK 3JIEKTPOHOB
CKMMaeTcsi B Yy3KUU Iy4yok. Takum o00pa3om, D3JIEKTpUYECcKoe moje "karon -
YOPABISIIOUIMI  3eKTpoa" JEHCTBYeT Kak CcoOMparoliasl JHH3a. Y3KHA IYy4YOK
ANIEKTPOHOB TMPOXOJAMUT 4YEpe3 OTBEPCTHE aHOJa, (OPMHUPYETCs JAajiee CUCTEMOM
avadparm v IByMsl KOHICHCOPHbIMH JinH3aMH (7) 1 magaet Ha 00bekT (9).

VYrpaBieHue 31eKTPOHHBIM MMYYKOM OCYIIECTBIISIETCS C TOMOIIBIO 0ObEKTUBHOM,
NPOMEXKYTOYHOM UM TPOEKIMOHHOW BJIEKTPOMArHUTHBIX JIMH3. Kaxngas u3 JIMH3
npejacTaBiser coboil  coseHoua (B JKENE3HOM O00O0JOYKE WM C  TMOJKOCHBIM
HAaKOHEYHUKOM - JUIsI KOPOTKO(OKYCHBIX M MPOEKIUMOHHON 1uH3). OOBEKTUBHAA U
NPOEKIMOHHAsT JIMH3bl JAI0T, KaXK[as B OTAEJIbHOCTH, YBEJIMYECHHE H300pa)KeHMs,
npumepHo B 10? pa3. V3sMeHeHre ONTHYECKON CHIILI (yBEIMYEHHS) SIEKTPOMArHUTHOM
JUH3Bl  JIOCTMraeTcsi U3MeHeHueM ee (OKycHoro paccrosHus. s 3Toro



MIPETYCMOTPEHO TUIABHOE WJIM CTYIIEHYaTOEC M3MEHECHHS TOKa B OOMOTKax COJICHOWIA
(0OBIYHO TOJBKO B OOMOTKE MPOMEXKYTOUHOM JIMH3bI).

[TockonbKy TpaeKTOPHS ABMXKCHHS 3apsDKCHHBIX 3JIEKTPOHOB B MarHUTHOM IT10JIE
CYIIECTBEHHO 3aBUCUT OT HWX DJHEPrud, TO pasperiaromnias CrIocoOHOCTh BCeH
ONTHUYECKONW CHCTEMBbI MUKPOCKOMAa OyJeT BO MHOT'OM ONPEACNAThCS CTaOMIBHOCTHIO
TOKOB JIMH3 M YCKOPSIOIIEro HampspkeHus. s 3Toro mpeaycMOTPEHBI JJIEKTPOHHBIC
onoku crabummsanuu (2). Crabumusanys 10 TOKaM 04eHb BeIcoKas u gqocturaer 107 %.

”

Puc. 2 BHemHwuii BUI 3IeKTPOHHOTO MUKpockorna Tuma OMB - 100J1
KoHCTpyKIHs IpeAMETHOTO CTOJHMKA U CHCTEMBI €r0 KPETUICHUSI BHYTPU OOBEKTUBHOM
JWH3Bl JIOCTATOYHO CJIOKHA W TPEIyCMaTpUBaeT HAIWMYME HUTIO30BOM KaMepbl s
BO3MOYKHOCTH TIepeMelaTh, TOBOPAYNBATh WM HarpeBaTh 00pa3ell HEMOCPEICTBCHHO B
nporiecce HaOroaeHus. J[isi moBopoTa 00bEKTa BOKPYT ONTHYECKON OCH MHKPOCKOIIA
TOPU30HTAILHOW OCH B IUIOCKOCTH 00Opasiia, B IENAX YNpaBJICHUS AU(PPAKIIUOHHBIM
KOHTPAaCTOM  HM300paKCHHUs, MPEAYCMOTPEHO  CHEIHATbHOE TOHHOMETPUYECKOE
YCTPOMCTBO.

[Mpoxoass depe3 OOBEKT, OIIEKTPOHBI paccewBaroTcs. Juadparma (7),
YCTaHOBJIEHHAsI 32 OOBEKTOM, OTCEKAET PAaCCEsSHHBIE JEKTPOHBI U MPOIYCKAET MYyUOK,
Hecymuii u3oOpaxenue. M3o00paxkeHne oO0BEKTa, YBEIWYCHHOE MPOMEKYTOUHOH U
NPOCKIIMOHHOW JIMH3aMH, TMPOCKTHUPYETCsl Ha (uroopecuupyrommii dkpaH (4) wim
¢doromnacturaky (6). I[lpum moOmHATOM »dKpaHE OAIIEKTPOHHBIA MYYOK 3aCBEUMBACT
(OTOMIACTUHKY, YTO TMO3BOJIAET (oTorpadupoBarth >SJIEKTPOHHOE H300paKEHUE.
OOBEKT uccleI0OBaHUs B BUJE€ TOHKOM IUIEHKU ((OJIbIM WIM PEIUIMKK) MOMELIAI0T B
oOpa3siie-epkaresie Ha cToiauke 00bekToB (9) B (poKaIbHOM TUIOCKOCTH OOBEKTUBHOM
JIVH3BIL.

OnextpoHHbd Mukpockon tuna IMB - 100J1 (puc. 9.2) umeer cnenyroime Tex-
HUYECKHE XapaKTePUCTUKU:

Paspemraromias cnocoOHOCTh. . . . ... .. ... 0,8 nm (8 4°).

Yckopsitoniee HanpsiKEHHUE. . . . ... o .v .. . 50, 75 u 100 xB.

VBEIHUCHUE. . . o o o v oveeeeeeeeeannnn. 10 2105,



Konpencop. . ...........................2-X JINH3OBBI.

Cucrema yBEIUYEHHUS. . . . . . .. . ... .+ «... 3-X TUH30BAS.
dorokacceta 9x 12 cv?. ... ..............24 OTOIIACTHHEI
[ToTpebisiemast MOITHOCTD. . . . .. ... ... .. 4,5 kBm.

YuuThiBas pa3auure B JIMHAX BOJH cBeToBOro u OM (~ 5000 4° u ~ 0,05 4°),
TEOPETUYECKH MOKHO OXKHJATh yBEJIHMYEHHE paspemaromeii cnocobrnocty OM B 10°

pa3. OqHAaKO HA NPAKTUKE pa3pElICHUE 3HAYNUTEIIbHO HIUKE U B JIydmiux DM cocraBiser
1-5 4°.

Pa3pema10maﬁ CIIOCOOHOCTH IJNIEKTPOHHOI'0 MUKPOCKOIIa

Paspemaronryto  cnoco6HocTh  MOHMWXKAOT  3h(dexTsl  chepudeckol u
XpoMaTH4yecKoil abbepariuy, NpuUcyue TaKXKe IMEKTPOHHOMY IMyUKY.
N3 Teopun A60e a1 ONTUKHU U3BECTHO, YTO

0.5
= )

n-sin

rIe O - HauMCHBIIIEE pPa3pelraeMoe PacCTOSTHUE MEXKITY JABYMs TOYKaMH OOBEKTa, N -
MOKa3aTelNb MPEJIOMJICHUS, 2 - YToJl, IO/l KOTOPBHIM BUJIHBI Kpasi JIMH3BI U3 €€ (oKyca.

SBnenue cdepuyeckoit abOepamuu COCTOMT B TOM, 4YTO 'mepudepuitHbie”
ANEKTPOHBI OTKIIOHAIOTCA CUJIbHEE, YEM "LIEHTpaJibHbIE". DTO NPUBOAUT K Pa3MBITHIO
¢dokyca AF.

AFcg = Cepp- 2, (2)
rae Ceg - K03QGUIHUEHT MPOIOPIIMOHATEHOCTH.

B ¢opmupoBaHnn H300paK€HUsT y4YacTBYIOT 3JEKTPOHBI, Pa3iudarolIUecs IO
sHeprusiM. [IJis SIEeKTPOHHBIX BOJH pa3HBIX IJIUH BOMH A OyOyT W pa3IUdYHbIC
doxycHble pacctosanus F, . PasmbiTie Qokyca cocraBiseT

A, =Cra. (3)

YBenuueHue anepTypHOTO yria ¢ YMEHBIIAET O, HO MPUBOAMT K MOBBIIICHUIO
pa3MbITusl OKyca, M3-3a YKa3aHHBIX BbIIIEe 3P(HEKTOB. DKCIEPUMEHTAIBHO JT0Ka3aHo,
yto onTHManbHO o~ 107 pao.

dopmupoBaHue U300paKeHUsA B 3JIEKTPOHHOM MHKPOCKoOIe

OcnabneHue H3JIEKTPOHHOTO Tydyka aMOp(QHBIM OOBEKTOM 3aBHCHT OT €ro
Pa3HOTOJIIIUHHOCTH, HEPaBHOIUIOCKOCTHOCTH M BbI3BaHO Iu(M(Py3HBIM paccesHueM
ANMEeKTpoHOB. Takum 00pa3om, 3JMEKTPOHHAS TUIOTHOCTH (SIPKOCTh M300paxeHus) OyaeT
HeCTH MHGOPMAIMIO O TOJIIMHE WM PaclpeleNieHuy MIIOTHOCTH 00bekTa. ToycThie u
IUIOTHBIE €r0 YY4acTKH OyayT 00J1€€ TEMHBIMH.

Kpucrammuaeckue Tena SBastoTcst AUGPAKIIMOHHON PEMIETKON ISt SJICKTPOHHBIX
BOJIH U NPETEpIEBAIOT KorepeHTHoe (ympyroe) paccesHue. [loaTomy Ha KOHTpacT
n300pakeHus, MOMUMO AU Y3HOTO pacCesHuUs, OyneT HakIagbBaThC U
I paKkurOHHOE.



VYcnoBuss audpakuuu JIEKTPOHHBIX BOJH C JUIMHOM BOJIHBI A BBIIOJHSIOTCS
BCSIKMI pa3, Korja yJoBieTBopseTcs ypaBHeHue Byinbda - bparra:

20nk -SiN@=nA .

Hudpakuus yopyro paccesiHHbIX JIEKTPOHOB C SHEPIrHeH MOopsiiKa JECITKOB U
COTeH K2B wucnonb3yercss Ui aHaiM3a 3-X MEpPHOM aTOMHO-KPUCTALTMYECKON
CTPYKTYpbl. B 3TOM OTHOLIEHUH MeTOoJ AUPPaKIuu OBICTPHIX 3IEKTPOHOB MOI00EH
MEeTOAy AU(PPAKIUU PEHTTeHOBCKUX Jiydyeil. OnektpoHorpammbl (MJIK) wmoxHO
HOJYYUTh C KaXJOT0 OTIENBHOIO 3epHa MeTaumyeckoro oowekta. M/IK mozBosser
HAaWTH MEXIIOCKOCTHOE paccTosiHue Ohk M3y4aeMoro o0beKTa, MpOBECTH (ha3OBBIi
aHaJIu3, ONPEAENIUTh UHAEKCHI pe(pJIEeKCOB U YCTAHOBUTH TUI CTPYKTYPBHI.

JuppakMOHHBI KOHTPACT B H300paKE€HUHM KPUCTAIIMYECKHX OOBEKTOB MOMKET
ObITh  AMIUTUTYJIHBIM WM HUHTEPPEPEHUUMOHHBIM. AMIUTUTYAHBI  KOHTpacT
OoOyCJIOBJIEH TEM, YTO pa3Hble KPUCTAUIUTHI (OJIOKM) WM pa3Hble 00JIACTH OJHOTO
KpUCTa/lla, HampuMep, B TMPUCYTCTBUM JUCIOKAIMHM, HAXOAATCI B Pa3HBIX
OTpaXaIoIUX MOJOKEHHUSIX OTHOCUTENIHO NMAJal0IEero My4Ka 3JIeKTpOHOB. B cBs3u ¢
ATUM AMIUIATYAbI AU(PPArMPOBAHHBIX IYYKOB CJIE€BA U CIpaBa OT JAUCIOKALUUU OyIyT
pazHbiMU. Cxembl (HOPMHUPOBAHMS H300pAKEHUN CTPYKTYpPbl KPUCTALTUYECKOTO U
aMop(HOro BelIeCTB NPeCTaBIEHBI HA puUc. 9.3.

Jlis momyyeHus: u300pakeHUsl CTPYKTYpPbl BEIIECTBA MCHOJb3YIOT MPSAMON WM
OIMH W3 JU(PpParupoBaHHBIX MY4YKOB. VHTEHCUBHOCTH MpsAMOro mydka g,
(1)0pMI/Ipy}OH16FO CBCTJIOITIOJIBHOEC I/I306pa>K€HI/IG, CBsI3aHA C BEIMYMHON MHTCHCHUBHOCTHU
nuparupoBaHHOTO MyyKa |y cooTHOIIEHHEM

Inp: lo - |(), (4)
rac |0 - MHTCHCHUBHOCTD IIaJaKOIICTO Ha O6’beI(T QJICKTPOHHOI'O ITy4Ka.

Takum o00pazoM, pacmpeneneHue SPKOCTU B AIEKTPOHHO-MUKPOCKOTUYECKOM
H306pam£HHH 00BEKTA B CBETJIOM IIoJIC, 3aAaCTCA pacCIpCaACICHUCM HHTCHCHUBHOCTH
BHGKTPOHOB,HOKHH&KHHHX,HHXGHOK)HOBCpXHOUH;O6B€KTaISHaHpaBHCHHH mpsAMOToO
IMy4YKa.

SIS KT o HHEI I
OyUOR

JepHoI Obpaser,
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Puc.3 Cxema dhopmupoBanus nzo0paxenus B OM:
a - KpUCTAJNINYECKOe TeJNOo, O - aMOpPHOE TEJI0

Pacnipenenenne sSprkocTH W300pakeHUS OOBEKTa B TEMHOM IOJi€ (TEMHOMOJILHOE
M300paKEHUE) 3a/aeTCsl paACMpE/CICHUEM 4YHUCIa DJIEKTPOHOB, IMOKUAAIOIIUX



HUKHIOIO TOBEPXHOCTb OOBEKTa UM  PACHPOCTPAHSIOLIMXCS B  HANpPaBJICHUU
BBIOpaHHOTO JU(parupoOBaHHOIO MyyKa, T.€.

lo = lo - . (5)

[Ipu momomm aneptypHOil Auadparmbl, pacrosiaraeMoil 3a (OoKycoM OObeK-
TUBHOM JIMH3BI, TPOU3BOIST MEPEXO/1 OT CBETIONOIBHOTO (BCce MudparupoBaHHbIE TyYu
3a/Iep)KUBAIOTCS TUadparMoii) K TeMHONOJbHOMY (auadparMoil BBIOMpAIOT OJIUH M3
mudparupoBaHHbIX Jiydeil) wuzoOpaxkeHuto. CwmelieHue aneprypHoil auadparmbl
JIOCTUTAETCS 32 CYET HAKJIOHA ONTHYECKOW OCH JJIEKTPOHHOTO IydYKa MPU TOMOIIU
OTKJIOHSIOIIEH ONTHUYECKOW CHUCTeMbl. TOT WM MHOW PEXUM pabOThl MMEET CBOU
MIPEUMYIIECTBA MPHU PEIICHNN KOHKPETHBIX 3a/1a4.

V/

Puc. 4 Cxema oOpa3oBaHusi KOHTpacTa BO3JIE KpaeBOM AuWCIOKanuu (a) U CeTKa
JTUCIIOKAIMi, HabIrogacMas moa DM B ruHke ()

I
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I
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Ha puc. 4 npuBeaeHa cxema BO3HUKHOBEHHSI KOHTPACTa BO3JI€ KPA€BOM JMCIOKALMU
U ero HaOmoaeHue nojg OM.

Yepes aneprypHyro auadparMy MpPOXOJUT  TOJBKO  NPSIMOM  MY4YOK
MHTEHCUBHOCTBIO |,y (B 0OMacTu nunuu muciokauun) U, (BIam OT IUCIOKALMN).
Ob6nactu pemieTku 00ObEKTa, MOMABLUIME B OTpaXKarollee MOJIOKEHHUE, Ha IKpaHe OyyT
0ojiee TEMHBIMH, T.K. SHEPrusi MPOLIEAIIEro My4Ka 37ech NOHMKeHa. Kak BuAHO, 1O
00€ CTOPOHBI OT JUCJIOKAlMU CYIIECTBYET HEKOTOPOE pa3jinyue B OPUEHTHUPOBKE
ceMeNCcTBa aTOMHBIX IIockocTel. [loaToMy 006s1acTh KpucTamia ¢ OJIHOH CTOPOHBI OT
JUHUU JHUCIOKALUA MOXKET OKa3aThCsl B JIYUIIEM OTPAXKAIOIIEM IOJOKEHUU, YEM C
napyroii. B 3ToM ciyuyae Ha 3KpaHe B HEMOCPEICTBEHHOW OJM30CTH K JUCIOKAIUU
BO3HUKAET TEMHas MOJIOCKAa IIMPUHOM HECKOJbKO HAHOMETPOB, KOmupyromas Gopmy
JIVCIIOKAllMOHHOM JINHUH.

Hapsiny ¢ TeMHbIMH JMHHUSIMM BO3JI€ JUCIOKAlMH MOKHO HaOJII0JaTh IOJIOCHI,
00yCIIOBJIEHHBIE uHTephepeHmen AJIEKTPOHOB, IPOXOIAIINX yepes
KPUCTAJUITMYECKYIO (DONBry MEPEeMEHHON TOJIIUHBI (MHTEPPEPEHIIMOHHBIE TMOIOCHI
paBHOM ToNIIMHBI). TakWe NOJIOCHI BO3HHMKAIOT NPH HAJIWMYUKM TPAHULl 3€PEH,
JBOMHUKOB WK 1e(DEeKTOB YMakoBKH. HakIOHsAS 0OBEKT, MOKHO MEHSTH MOJIOKECHHE



UHTEepPEpeHIIMOHHbIX ToJoc. [lo 3ToMy mnpH3HaKy HX OTIMYAIOT OT IOJIOC,
CBS3aHHBIX C AMCIOKALIMOHHBIMU JIMHUSIMHU.

[Tepexon oT HAOMIOACHHUSI MUKPOCKOITUYCCKON KapTHUHBI UCCIEIYEMOTO O0BEKTa
K MUKPOAU(PPAKIIMOHHOW KapTUHE OCYIICCTBISICTCS H3MEHEHHUEM peXuMa padOThI
MPOEKIIMOHHON CHCTEMBI MUKPOCKOIIA M MTOJIHBIM OTKPBITHEM allepTypHOU TruadparMsbl.

[Tpu mpsSMBIX UCCIIETOBAHMIX BaKHO HE JIOMYCKAaTh HEKOHTPOJIUPYEMOTO HarpeBa
oOpasiia 3JIeKTPOHHBIM My4KoM. C 3TOH 1ebIo 2-X JIMH30BBIA KOHACHCOP MEPEBOIST B
peXUM PabOThI, MO3BOJIAIONINN YMEHBIIUTh pa3Mep OCBEIIAeMOro y4yacTka 1o 2 - 4
mMkm. B aTOM ciayuae MakcuMallbHas —TeMIlepaTypa OCBEIICHHOTO y4YacTKa
MeTtaummueckor (onbsru He npesbimraet 40-50 °C.

O0beKThI AJHA JJICKTPOHHO-MHUKPOCKOIIMYECCKHUX HCCJIe0BAHMI

OOBEKTHI IS DJEKTPOHHO-MHUKPOCKOITMYECKUX HCCIICIOBAHUNA JOJDKHBI OBIThH
JOCTaTOYHO TOHKHUMH, YTOOBI CBOOOJHO MPOITYCKAaTh JJICKTPOHHBIM MydoK. B To ke
BpeMs OHHM JIOJDKHBI OTpakaThb CTPOCHHE MAaCCHBHBIX 00pa3ioB. I[loaromy mpu
HCCIICIOBAHUSIX METAUTMYECKUX MaTepUagoB HCIOJIB3YIOT OOBEKTHI TOJIIUHON HE
Bbitie =150 wm (1500 A4°), nis opraHUYECKUX OOBEKTOB MaKCHMasbHAs TOJIIMHA
cocrasisier ~2000 wm.

M3BecTHBI 1Ba TPHUHIMIHAIBHO PA3JIMYHBIX METO/AA MpEernapupoBaHus 00pa3IioB
JUIS1 3JIEKTPOHHO-MUKPOCKOIMMYECKUX UCCIIEIOBAaHUI Ha "ipocBeT".

1. KocBeHHBIN METON - Memood peniuk WU CIenKkoB. 2. [Ipsmoit meTon - memoo
Memannuieckux ¢onve.

Pernmukoii Ha3bIBAlOT TpO3padHble I JJIEKTPOHOB amMop(dHBIE TUICHKH,
KOIUPYIOIINE CTPYKTYPY OOBEKTa ITyTEM BOCIIPOU3BEICHUS pelibeda ero MoBEpXHOCTH.
OTUM METOJIOM HCCIEIYIOT CTPYKTYpY (penbed) MOBEPXHOCTH MHUKPOILIM(OB TOCIE
TpaBJIeHHs, U3JIOMOB M T.A. Bo Bcex ciydasx peruiMka He J0JKHAa OOHapy>KUBaTh
COOCTBEHHOU CTPYKTYpPHI. Perminku MOTyT OBITh JIAKOBBIC U YTIEPOIHEIC.

JlakoBbIC PETUTUKY TIO3BOJISIFOT BBISIBUTH JIeTainu penbeda pasmepoM He meHee 30-
50 wmm. Ha mOBEpXHOCTh TIIATEIBLHO MPUTOTOBICHHOTO U MPOTPABICHHOIO
Metayuiorpadpudeckoro nuida HaHOCAT Karmo 1%-Horo pactBopa KOJUIOAUS B
amunanerare. [nud craBsaT B BepTUKAIBHOE MOJOKEHUE TaK, YTOOBI JIAK MOKPHLIT BCIO
MOBEPXHOCTh, & €r0 M3AWIIKKA CcTekiau. [Tocie Bbichixanusi jaka (depe3 15-20 murn)
HAHOCST BTOpOi, Oosee TomncThii cioii 20%-HOTO BOJHOTO pacTBOpa >KETATHUHBI B
TEIUVIOW BOAE. BBICYIIEHHYIO JABYXCIOMHYIO IUIEHKY aKKypaTHO CHUMAarwT C
MOBEPXHOCTH UK (A MUHIIETOM.

JInst ycuneHus: KOHTpacTa PeruivuKy (CO CTOPOHBI JIaKOBOW TUIEHKH) "OTTEHSOT"
Ha BakyymMHOM nocty Tuna BYII-2K nambiienuem Ha Hee moj yriaom 20-45° atomos
TSDKEJIBIX METAJJIOB (XpOM, IIaTHHA, 30JI0TO, cepedpo u Jp.), oOiagarommx O0abIIoi
pacceuBaroIieil  CrocOOHOCTBIO  3JEKTPOHOB. HaBecka pacnblisieMoro Merania
MOMEIIAeTCs] B IUIATHHOBBIM  TUTENb-HCHApUTENh, KOTOPBIM  pa3orpeBaeTcs
MPOIyCKaHUEeM uepe3 Hero Toka. IIpenMerHas ceTka ¢ perjiMKoOd pacroyiaraercs Ha
pacctostaum 5-10 cm ot ucnapurens. B Bakyyme 1-2 Mla nipu Temneparype BO3TOHKA
HaBeCKa MeTaJlJla UCTIAPSETCs U 3aTeM KOHJICHCUPYETCS Ha PEIUIHKE.



[Ipy KOCOM pacHosioXEHUM PEIUIMKM Ha Hell oOpa3ytorcs "teHu" oOT
BBICTYMAIONMX JeTaneid penabeda (puc. 5), KOTOpbIE YCHIMBAKOT KOHTPACT
n300paxenus. TonmMHAa KOHACHCHPOBAHHON METAJUIMYECKON IIJICHKH 3aBUCUT OT
OpPUEHTAIIMH KaXKIOW IJIEMEHTApHOM IUIOMAAKK pelbeda PeruIiuKd K MOTOKY aTOMOB.
[Tocne oTTeHeHus PEIINKHY, KEeTaTHH PACTBOPSIOT B TOpsSYE AUCTUILTMPOBAHHON BOJIE,
a JIaKOBbIE IUICHKH (Hecylue H300pakeHHe CTPYKTYpPhl MOBEPXHOCTH uHuIH}a)
IPOMBIBAIOT HECKOJBKO Pa3 M BBUIABIMBAIOT W3 BOJbI Ha MpeaMeTHyro ceTky. [locme
MPOCYIIKH PETUIMKHA FOTOBBI K UCCIIEOBAHUIO HA 3JIEKTPOHHOM MHUKPOCKOIIE.

VYranepoaHsle periMKkyd 00JalaloT 3HAYUTENBHO OO0NbIIMM paspemeHueM. Wx
MOJTy4aloT PacHbUICHUEM YTOJbHBIX 3JIEKTPOJOB B BOJIBTOBOM Jyre B Bakyyme. OHU
ABJISIFOTCS TNIEHKAMU OJJHOPOJHOW TOJIUIIMHBI U MO3BOJIAIOT pa3peniaTh JeTalu penbeda
10 5 HM.

[Tocne monupoBku (puc. 6) U TpaBlCHUS HAa MOBEPXHOCTH 0Opas3la CO3JaeTcs
penbed, oTpakaroluIuil pacrpeieieHe B CTPYKType Marepuasia rerepo@asHblX 4acTull
¢a3. 3arem Ha TOBEPXHOCThH 00pasiia paCbUICHUEM HAHOCUTCS

Puc. 5 O6pazoBanue "TeHei" mpu KOCOM PacIOI0KEHUN PETUTUKU

TOHKHAW CJIOM aroMapHOro yriepona. JUIs IOBBILIEHUS MEXaHUYECKOU MPOYHOCTH
YIJIEPOJAHYIO IUICHKY TOKPBIBAIOT TOHKHUM CJIOEM >KelaThuHbl. Ha KoHeuHOM »3Tare
VIJIEPOAHYIO  PEIUIMKY  OTACNSIIOT OT TMOBEPXHOCTH 00pa3lla MEXaHUYECKUM,
XUMHAYECKUM WM DJICKTPOJUTHUECKUM Croco0amMu (TpaBJIE€HUEM METAIMYECKON
OCHOBBI).
VYcnoBus ¢da3oBoro aHaimza B ClIydae HUCIIOIb30BaHUS PEIUIMK Jydllle, 4YeM TpHU
paboTe ¢ MeTaUIMUYeCKUMH (HOJIbraMu, T.K. MaTepUall peIUIUKKA HE UMEET KPHUCTaJIU-
YECKOU CTPYKTYPhI M HE3HAUUTEIIBHO PACCEUBAET AJICKTPOHBI.

W v = Los—=n
7
i
a 8
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Puc. 6 ITocnenoBareIbHOCTD ONEpaIyii MPUTOTOBIICHUS YIJICPOIHOW PETUIAKH (2):

a — TOcCJe TOJIMPOBKU M 6 — TpaBieHUs MUKpouuida, 6 — MOciae HANbUICHUS CIIOS
aTOMAapHOTO yTiepoa




IIpsamoni MeTton WHCCIENOBaHUSA B DIIEKTPOHHOW MUKPOCKOIIMM, HECMOTps Ha
3HAUUTEIbHBIE TPYJIHOCTH TMPUTOTOBIECHUS TOHKUX METAIUIMYECKUX  (OJIBT,
MO3BOJIAET MOJIy4aTb HMHPOpPMALMI0 O KPUCTAIMYECKOM CTPYKType MeTalia:
HaOmoAaTh W ompenensaTh  (a3oBbId  COCTaB MU KpUCTALIOTpadUyEcKyro
OpUEHTUPOBKY (a3, TUCIOKALUU U UX PaCHpelle]I€HHE, BBICOKO- U Majl0 YIJIOBBIE
rpaHulpl, 1e(PEeKTbl YIIaKOBKH, JBOMHMKH, KJIACTEPhI, JaKyHbI, JPyrUe HapylIeHUs,
OLICHUBATh UX CTPYKTYPHBIE ITapaMETPBI.

Best mporienypa mpuroToBieHUs MeTAIUTMYEeCKUX (ol TpeOyeT OT MCCIaeaoBaTens
OTPOMHOTO TEpIEHUS, M300pPETAaTeIbHOCTH M AKKypaTHOCTH M YacTO TPAHUYHUT C
ucKyccTBoM. CneayeT MOMHUTh, YTO BO3JIEUCTBUE, CBA3AHHOE C MpEnaprUpOBAHUEM
o0Opasiia, MOXET MPUBECTH K CYIIECTBEHHBIM HU3MEHEHUSIM CTPYKTYphl (POJBrU, U
TOr/1a OHA HE OyJeT 0TOOpaxaTh MUKPOCTPYKTYPY MAacCCUBHOTO 00pa3lia.

O4eBUAHO, YEM HWKE MOJABWKHOCTh JIUCIOKAaUMH B  peUIeTKE MpH
MIPUTOTOBJICHUH (POJIBTU, TEM JIOCTOBEpHee OyneT mosiydyaeMas HWHQpopMaIius o
nedeKTHOW CTPYyKType MaccuBHOro oOpasua. IlosTomy wmaTepualibl € CHIIBHO
pPacCTSHYTBIMU JIHMCIOKAUUAMH, HU3KOW SHEpruedl u OONbIIONH MUPUHOW JePEeKTOB
YIAKOBKH, 1al0T 0oJiee TOCTOBEPHYIO HH(POPMAIKIO O TapaMeTpax TOHKOU CTPYKTYPHI.

O6pa3zupl  tommuuod 0,1 mm yTOHSIOT C TMOMONIBIO XUMHUYECKOTO WM
AJIEKTPUYECKOT0 MOJUPOBaHUS 10 ToNmUHB ~150 nu. B nponecce yronenus ¢osbru
HEJOMyCTUMBI Jehopmanus, pa3orpeB, IepepacnpeeIeHue MHKPOUCKAKEHUN 110
o0bemy oOpasna u 1.4. [lonnpoBka omkHa 1aBaTh a0COMIOTHO TJIAJIKYIO OBEPXHOCTb.
He3nauurtenbHble cienbl TpPaBJICHHUS M OKHUCICHUS MOTYT IMOJHOCTBIO HMCKAa3UTh
peaNbHyI0 CTPYKTYpY MeTajuia. B cBA3U ¢ MperMyIIeCTBEHHBIM PACTBOPEHUEM MeTalia
1o KpasMm (oabru nepumeTp odpasiia MOKPHIBAIOT 3aUUTHBIM CIOEM JIaKa, IPUMEHSIOT
crenuaibHble 3aXXUMbl U ONpPAaBKU TakuM o00pa3oM, 4YTOObI B MEpPBYIO OYEpeib
pacTBOpslach IIEHTpalibHas dYacTh oOpas3na. Ha okoHuaHue mpoliecca MOJUPOBKU
YKa3bIBa€T MOSABICHUE HEOOJIBIINX OTBEPCTUIN B LIEHTPAIHHOM YacTu o0pasIia.

Ioayuyenune u anaan3 MukpoaudpakunonHoii kaprunsl (MIK)

AHanu3 31eKTPOHOIPaMM MPOBOJST C LETBIO:

® YCTaHOBJICHHS KPUCTAINTNYECKOU CTPYKTYpBbI o0BbeKTa W
uneHTudukanuu Ghassi;

e ompeaeneHus KpucTamuiorpadhuyeckoil OpUeHTUPOBKH PEIIeTKH 00beKTa U
MHJIEKCOB OCH 30HbI, NapaJIeIbHON HAMPABICHUIO MTyYKa;

® HaxXOXJEHUS OPHUEHTAIMOHHOIO COOTHOILIEHHS PELIETOK BKJIOYEHUH U
MaTpHIIbI;

® BBISIBJICHWE KPUCTAUIOTPAPUUECKUX XapaKTEPUCTHK AJIEMEHTOB MHKPO-
CTPYKTYpbI (MHIAEKCOB IUIOCKOCTEN U HAIIPABIICHHUIN ).

Hudpakino 3IEKTPOHOB I1€JIeCO00pPa3HO HCMOIb30BaTh IS ONpPEICICHHUS
CTPYKTYpBhl ~BBICOKOJUCIIEPCHBIX (a3, Ha pEHTTeHOrpaMMax KOTOPBIX JIMHUU
Pa3MBIBAIOTCS] HACTOJIBKO, YTO UX HEBO3MOKHO U3MEPUTb.

DnexTpoHOrpamMmy WM MUKpoaudpaknronnyio kaptuny (MJIK) monxydator mpu
MIPOXOXKJIEHUH JJIEKTPOHHOIO ITydyKa uepe3 OOBEKT (TOHKYI (oibry, CheMKa Ha



"mpocBeT") WM MpHU €ro MaJeHUU Ha TUIOCKOCTh 00paslia Mmoj MajibiM yrioMm (CheMKa
"Ha oTpaxeHue" B ayekTpoHorpade). B mocieaHem ciydae UCHONIb3yeTCs] MAaCCUBHBIN
oOpazen. Ha pucynke 7 mokaszana cxema oOpazoBaHus AUGpakiMOHHOTO Makcumyma D
Ha YKpaHe MUKPOCKONA WX 3JeKTpoHOrpada.

[Ipu "oTpaxkeHuu" aTOMHON IJIOCKOCTHIO OOpaslia 3JIEKTPOHHBIE BOJHBI AAIOT
AU(PaKIMOHHBIA MakcUMyM Ha (uroopecuupyromeM 3kpane (touka D). U3
Tr€OMETPUYECKOTO PACCMOTPEHUS CIIEAYeT:

R
tg20 = —, )
g . (9.6)

rae R - paccrosHue OT LIEHTPAJbHOTO HATHA A0 JU(PAKIMOHHOIO Makcumyma, L -
paccTosiHue oT 00BEKTa 10 KPAHA.
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Puc. 7 Cxema oGpa3zoBanus qudpakioHHoro Mmakcumyma D Ha skpane OM
WIH 3JIEKTpoHOrpada:
3.JI. — BJIEKTPOHHBIN My4oK, L — paccTosiHue oT 00beKTa 10 IKpaHa

C yueroMm ypaBHeHus: Bynbha-bparros umeem:
E.Zd.singzng.zgzg, a4 _LA 1820 (7
L n R 2sin @
YuuTeiBas MaJIOCTh yrina 6, tg26= sinf noxyvaem:
d LA _ LA (8)

noR M Ay

HKL

T.k. 19268 c pocrom yria € pacrteT ObicTpee Sing, To moayyeHHbIe 3Ha4eHus d/n
o gopmyie (9.8) OyayT HECKOJIBKO 3aHIKeHbI. BemnunHy (LA) Ha3bIBarOT MOCTOSTHHOM
npubopa. Ee omnpenenstor SKCHEPUMEHTANBHO MO AUPPAKUMOHHOM KapTUHE
(M3MepeHreM pacCTOSHUSL OT IeHTpa dKpaHa J0 audpakiumoHHoro peduexca HKL -
RHkL) aTasmonHoro Bemiectsa (Harnpumep, MgO) u u3BecTHbIM dHkL mpu 3amaHHbIX Ua 1
L.

ToueuHast 37EKTPOHOTPaAMMa B PSJIE CIIy4acB MOKET 3aMEHUTh PEHTTEHOIPaMMY.
OmHaKO TOTPENTHOCTh B OIPEACICHUH MEXKIIOCKOCTHBIX PAcCTOSHUN 3/1ech Oyjaer
noctaTouyHo Benuka. O0bpraHO oHa cocrtaBisieT 0,3-0,5%. DTo 00yCI0BICHO MaOCTHIO
yrioB qudpakiuu (0 < 3°) 1 coOTBETCTBEHHO O0JbIION omuokoi Ad/d.

Ha puc. 9.8 npuBenena cxema oOpa3zoBaHus IU(PAKIMOHHOIO MaKCUMyma B
npezacrasnenun oopatroi pemerku (O.P). Ientpansnoe naruo - [[000]]" u yzen HKL'
C paauyc-BEKTOPOM [IHkL* OOpaTHOM peIIEeTKH, Ha OJKPaHe IPEACTABIAIT COOOM
yBenuuenHoe DM umszobpaxenne y3nos O.P.: [[000]] u HKL® - ¢ pagmyc-BekTopom
k™. Chepa Dpanmpma mpoxomur udepes ysmel O.P. [[000]] u HKL™ u ma sToM
OIPaHUYCHHOM YYacCTKE MOXKET pacCMaTpUBaThCs KaK IJIOCKOCTh, BBHUIY MAJOCTH



JUIMHBI BOJIHBI A K OOJIBIIOrO 3HAYCHHs ee 0OpaTHO# BeiauuuHbl - 1/4 . 13 mogoOus
TPEyroJIbHUKOB Ha puc. 9.8 cinenyer

Yukr Rkt d e
20 = 1 7 =1 > 9
a a
nJIn
LA = Ruke - dHke, (10)

rae LA - mocrossaaass OM.
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Puc. 8 Cxema oOpazoBaHus AUPPAKIUOHHOTO MaKCUMyMa B MPEACTaBICHUN 00paTHON
pElIeTKH

Jlis HaXOXKACHHUS KpUCTAIOrpauuecKuX XapaKTepUCTUK OO0BEKTa HEOOXOIUMO
uaauipoate MJIK. TodeuHyio 3J€KTpOHOrpaMMy MOXHO pPacCMaTpUBaTh Kak
NPAKTUYECKHA HEMCKAKEHHYIO MPOEKIINIO MIIOCKOCTH CeYeHHUs 00OpaTHOM pelieTKy Ha
IUIOCKOCTD SKpaHa Wi (POTOIIIACTUHKU.

Otpaxaromme  1iockoctr  (HiKiLi) oOpatHoii  pemieTkun  TpUHAATIEKAT
KpucTaJIorpaduueckoil 30He, MHACKCHI UVW OCH KOTOPOH OIpPEAESIOTCS M3BECTHBIM
YpaBHEHHUEM 30HAJIBHOCTH

Hiu + Kiv+ Liw =0. (11)

JUis uHAMIMpOBaHusA BceX pediekcoB Ha 3kpaHe OM 10CTaTOYHO 3a7aTh JABa
NPOM3BOJILHBIX HANpaBJICHUST Ha 3JeKTpoHOrpamme (puc. 9.9). Uumekco pediekcos
BIOJb OTHX HampaBiieHud Oyayt m3mensthes kak: HKL, 2(HKL), 3(HKL) u T.1.
[Tonb3ysick WMHAEKCAMH OTHX Y3JOBBIX TPSAMBIX, KaK KOOPIWHATHBIMH OCSIMH,
yCTaHABIUBAIOT HWHIEKCH JoOoro y3ma OP. CrnemyeT MOMHHUTH, YTO B IUIOCKOCTH
oOpaTHOM pEIIeTKH PACMOJAraroTCsl y3Jbl, MHACKCHI KOTOPBIX COJIEPKAT TOJBKO JIBE
HE3aBUCUMBIE IIEPEMEHHBIEC.
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Puc. 9 Cxema uHauuupoBaHUsi MUKPOAU(PAKIIMOHHON KapTUHBI, HAOIIOJaeMON Ha
3kpane OM

I[J'ISI HU3BCCTHOT'O BCE€IICCTBA BO3MOXXHBIC HHICKCBI BCECX pe(l)J'ICKCOB MOKHO
OIIPCACINTD U3 COOTHOIICHMA!

i i

R2 H2+ K2+ 1

1 1

2 2 2 2
R H; +K +L (12)

3nauenus wuHiaekcoB HKL mnonbuparor Tak, YTOOBl OHHU  YAOBIIETBOPSIU
U3BECTHBIM IpaBWJIaM noracaHusi pediexcoB. [[s1 HEM3BECTHOIO BEIIECTBA MHACKCHI
HiKiLi y310oB OP Ha HanpaBieHUsiX, BBIOPaHHBIX B Ka4€CTBE KOOPIAMHATHBIX, HAXOJAT

o ¢opmyiJe:
(HH,+KK, +LL)

(13)

cosy =

VH? + K2+ L\ JH? + K2+
rac y - yroj MCexay KOOpAWMHAaTHBIMH HAITPABJIICHUAMMH. MeHsis 3HaKu Y HHICKCOB U UX
HOCIIEI0BATENBHOCTD, JOOMBAIOTCS, YTOOBI M3MEPEHHBIN [0 DJIEKTPOHOIPAMME YOI Y

COOTBETCTBOBAJI paCUYE€THOMY 3HA4YC€HUIO (pucC. 9).
Ocpb kpucTammorpaduIecKor 30HbI OMPEICIISIOT U3 COOTHOIICHUS

u:viw = (Kilz — KaLa) : (L1H2 — LoH1) @ (H1K2 — KiH),

rae HiKil: u H2KoL, - maaexcer pediiekcoB, He Jexamux Ha OJTHON MPSIMOH.

[Ipy wW3MEHEHUM YyBEIWYEHHUS SJIEKTPOHHOIO MHUKPOCKONa HalIogaeMoe
M300paK€HUe MOBOPAUMBAETCA Ha HEKOTOphI yron otHocutenbHo MJIK. IToBoport
OOyCIIOBJIEH M3MEHEHUEM TPACKTOPUHU JABIMKEHHUS AJIEKTPOHOB NPHU M3MEHEHHUU Ham-
PSKEHHOCTH MOJISl AJIEKTPOMATHUTHBIX JIMH3. UTOOBI coBMeCTUTh n300paxkenue ¢ MK,
HEOOXOAMMO TP CbEeMKE (POTOIIACTUHKY pa3BepHYTh oTHocuteabHo MJK B
0o0OpaTHOM HalpaBJIEHUHU HA TOT k€ yroji. YToJd NOBOPOTa HAXOJAT MO rpagyupOBOYHOMN
KPWBOM, MPEIBAPUTEIIBHO MOCTPOEHHOM JJISI pa3IMYHbIX YBEIUYEHUN.

[lo snexkTpoHOrpamMme JIETKO ONPENEeNIUTh CUMMETpUI0 (a3bl. Tak s KyOudeckoit
peLIeTKH

a
JHZ+K? 112

dHKL =



Ecnu, nanpumep, ¢aza umeer I'lIK pemerky, To oTHOmIEHUE 3HAYeHUH Rpke, €
Y4ETOM CTPYKTYPHOTO (haKTOpa, TOJKHO ObITH CIIEIYIOLIUM:
Ri11: R2oo 2 R220: Rs11: R222: Raoo = Ras1 i Razo ... =

J3:4/4:4/8: V111412 1116 : 419 : V20 ...

3. OOBeKThI HcclieoBaHusl, 000PYyI0BaHUE, HHCTPYMEHTHI

OnextpouHslid Mukpockon OMB - 100JI, pactpoBsiii mMukpockon POM200,
00opy10BaHUE /711 U3TOTOBJIEHUS 00pa3OB

4. 3aganue Ha paboty

1.O3HaKOMHUTBCS € YCTPOMCTBOM pPAacCTPOBOIO M IMPOCBEYHMBAIOIIEIO MUKPOCKOIOB.
[locne mnpurortoBiieHuss OOpPa3OB MO PYKOBOACTBOM TMPENOJABaTEeNsl  BBINOJHUTH
MCCJIEI0BAHMS TOHKOU CTPYKTYPhI HCCIIEyEMbIX MAaTEPHATIOB

5. TlopsoK BBIIOJIHEHUS paOOThI

1. O3HAaKOMHUTBCSI C YCTPOMCTBOM M PabOTOM 3JIEKTPOHHOTO MHUKPOCKOIA THIIA
OMB-100JI u Bakyymuoro nocta BYII-2K.

2. IToArOTOBUTH M MIPOTPABUTH MUKPOILIU(} 3aJaHHON MapKH CTaju, U3yUYUTh €ro
CTPYKTYpY IOJ ONITHYECKUM MHUKPOCKOIIOM.

3. CnenaTp pemivky co nunuda u OTTEHUTh €€ METAJIJIOM.

4. TlonyunTh U300pakKeHHUE C PEITUKHA B DJIEKTPOHHOM MHUKPOCKOIIE U CPaBHUTH
€ro C KapTUHOM, HaOII0JaeMOM B ONITUYECKOM MUKPOCKOTIE.

5. YcBOUTH METOAMKY MPUTOTOBIICHUS METATTMYECKHUX (POJIBT.

6. HccrnemoBate MeTayummueckue Goybru moa OM.

7.  CpaBHUTH  JAUCJIOKAIMOHHBIE  CTPYKTYphl  J€POPMHPOBAHHOTO U
Hee(pOPMUPOBAHHOTO METAILIA.

8. [Momyunts MJIK ¢ BEIOpaHHBIX y4acTKOB 00pasma. CpaBHUTH CBETIOMOILHOE
TEMHOIIOJIbHOE N300paKSHHUS.

9. Pacumdposars 3amannyro M/IK, OnpenenuTts OCh 30HBI, TIOCKOCTH (DOJIBTH,
HHJIEKCHI pediiekcoB. HallT MEXIJIOCKOCTHBIE PACCTOSHUS NMPU U3BECTHOM 3HAYCHUU
MOCTOSTHHOM DOM.

6. CoxepxaHue oTdyeTa

1. Teopusa eéonpoca. Onucats:
- yCTpoucTBO OM;
- (pakTOPBI, BIUSIONINE HA Pa3pPEIIAIOITYI0 CTIOCOOHOCTh DM

- popmupoBanue nzodpaxenus u MJIK.



2. Texnuka r3xkcnepumenma. YKa3aTb TEXHUUYECKHE XapakTepucTUK OM Tumna OMB -
100JI. Ouenutb NOCTOSAHHYIO mpuOOpa. VYKazaTh pexuM pabdoTbl MHKPOCKOMA,
YBEJIMYEHHUE U ONUCATh NOPAJIOK PUTOTOBIEHUS] OOBEKTOB ISl HCCIIEOBAHUS.

3. Ilonyuennsvie pezynvmamopt. ConocTaBUTh HAOII0Ja€Mble U300paKEHUSI CTPYKTYPHI C
MUKpONLTM(}A U PEITUKU MO/ ONTHYECKUM M 3JIEKTPOHHBIM MUKpockonamu. [Ipusectu
pacuer M/JIK.

4. Ocnosnvlie 6b1600bl. (Crenatb BBIBOABI O HAOJIIOJAEMBIX  H300paXKEHUSAX
MUKPOCTPYKTYPbI TOJ ONTHYECKHMM U SJIEKTPOHHBIM MHUKpPOCKONaMu (IpU pa3HbIX
yBenuueHusx). Jlate 3axmouenne 06 ananmm3e MJIK: yka3zaTh och 30HBI, MJIOCKOCTH
dbonbru, WHACKCH pediekcoB. VYKa3aTh MEXKIUIOCKOCTHBIE pACcCTOSHUS, THI
KPUCTANTMYECKON PEIIETKU U BUJ AUCIOKAIMOHHON CTPYKTYphI 1€(OPMUPOBAHHOTO U
JIUTOTO OOBEKTOB.

7. KOHTpOJBHBIE BONIPOCHI

1. OObsicHuTe TPUPOAY B3AUMOJEUCTBHUSI pa3HbIX BUJOB H3JIyYEHHUS C
KPUCTANINYECKUM BEILIECTBOM.

2. Kak cooTHOCsTCS 3HaYeHUsT (DYHKIMHA aTOMHOTO PacCesHHS pPa3HbIX BHUIOB
U3JTy4YCHUN?
3. 3anuimTe 3aBUCUMOCTbH JJIMHBI BOJIHBI 3JIEKTPOHHBIX Jy4e€ll OT Pa3HOCTH
noreHuuaaoB B [IDM.
4. 3apucyiite cxemy (popMHUpOBaHUSA JUDPAKIIMOHHOIO MaKCHMyMa Ha dKpaHe
I[IOM.

5. Kak ycranoButs mnoctosiHHyro OM? Kak ompenenurs MeXIUIOCKOCTHOE
PAcCTOSIHUE MO 3JIEKTPOHOrpamMme?

6. YKaxxuTe MakCUMaJIbHO BO3MOXHBIM yroi nudpakiuu 3nekTpoHoB? Kakosa
OIMOKAa KOHTPOJS MEXKIIJIOCKOCTHOIO PACCTOSIHUS U [apamMeTpa peleTKH o
ANEKTPOHOTPAMME?

7. IlpuBenute cxemy QopMupoBaHusi AUGPAKIUOHHOTO MaKCUMyMa B
IpeJICTaBICHUN 0OPaTHON PELIETKY.

8. Ykaxxure nopsa0K UHIULUPOBAHUS MUKPOIU(PPAKIIUOHHBIX KAPTHH.

9. Kak usMmeHst0TCS HMHJIEKCHl peQUIeKCOB BJOJb HAIPaBICHUH B IJIOCKOCTH
MJK?

10. Kak ycTaHOBUTH THI PEIIETKHU BelllecTBa 1Mo AaHHBIM MJIK?

8. bubnmorpadudeckuii CrucoK

I. Topenuk C.C., PactopryeB JIL.H., CkakoB IO.A. Penrrenorpaduueckuii u
ANEKTPOHHO-oNTHYecKui ananus. -M.: MUCHC, 1994. 328 c.

2. VYwmanckuéi .C. Penrtrenorpadus MeTaJUIOB M NOJYOPOBOJHUKOB. —M.:
Meramnyprus, 1969. 496 c.
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JIABOPATOPHAS PABOTA Ne 10

MuKpoOpeHTreHOCTIeKTPAIbHBIH aHAJIN3
[enb pabOTHI:

1. U3yuuTh YCTpPOMCTBO M pabOTy MPUOOPOB JJII MHUKPOPEHTIC€HOCIEKTPAIHLHOTO
aHaIM3a;

2. TIO3HAKOMUTHCA C METOJaMU CBEMKH, TMPUTOTOBICHUEM OO0pa3IoB s
UCCIIeI0BaHMsI, 00pabOTKOM pe3yIbTaToB,;

3. OmnpenelieHre KOJMMYSCTBEHHOTO 3JIEMEHTHOTO COCTaBa HCCIIEIyeMOro ooOpasia

MCTOJAOM PCHTICHOBCKOTO MHUKpOaHAIM3a

2. Teoperuyeckue CBeCHUS

KoHTposb XUMHUYECKOTO CcOCTaBa Marepuania B MUKPOOOBEMax SIBISCTCS BaKHOU
JOTIOJIHUTEIIbHOW KOMIIOHEHTOM MCCIEOBAHUS €r0 KPUCTALIUYECKON CTPYKTYpPhI U
¢azoBoro cocraBa. [lpoBegeHue Takoro aHaiau3a HEOOXOAUMO MpPU H3YyUYECHUU
mu(dPy3uOHHBIX  TPOLECCOB MO O0BEMY TpaHUIAM 3€pEeH, OMNpPEICICHUU
kod(pdunrenToB nuddy3un, KOHTPOJIE paCHpPENCICHUs] XUMUYECKUX IJIEMEHTOB IO
00bEeMy KPUCTAJUTUTOB U TTOBEPXHOCTH MUKpOLLIU(DA B 3aJJaHHOM HAaPaBJICHUH, TIPU
MOCTPOCHUM JHArpaMM COCTOSIHMS, OINpPEEICHUH XUMUYECKOTO COCTaBa CILJIaBOB,
Py, IIJIaKOB, MUHEPAJIOB, HEOPTAaHUYECKUX COSTMHEHUH U JIp.

MeTonbl pPEeHTreHOCHEeKTPAIbHOIO aHajlu3a MPUMEHUMBI, €CJIM TOPSAJIKOBbIC
HOMEpPA KOHTPOJIUPYEMBIX dJIEMEHTOB Z > 12.

B memoode pemmeenocnexmpanvnoco  amaiuza — BO3OYXKAEHHE  aTOMOB
MUKpPOOOBEKTAa MPOBOAAT AJIEKTPOHHBIM 30HJIOM — Y3KMM NydkoM (nuamerp = 0,5-2
MKM) DIIEKTPOHOB. @DiroopecyeHmuulii. Memoo PEHTICHOCHEKTPAJIbHOIO aHalu3a
OCHOBaH Ha BO30Y)KJIEHMM aTOMOB OTPaXXaroIlero oObeMa HCCIEAYyEMOro BEIIEeCTBa



(moBepxHOCTHBIN ciod TonmmHOW ~ 1- 10 mrM) PEHTTE€HOBCKHM ITyYKOM JKECTKOTO
M3JIy4EHUs] PEHTT€HOBCKOU TPYOKH.

AHanu3  CHEKTPOB  BO3HUKAIOIIETO  MPU  3TOM  XapaKTEPUCTUUYECKOTrO
PEHTTEHOBCKOTO M3JIy4€HHs TI03BOJISIET YCTAaHOBUTH YCPEIHEHHbIE JAaHHBIE €ro
XUMHYECKOTO COCTaBa B MUKPOOOBEKTE.

MuxkpoananuzaTop 0ObeAMHSET J1Ba YCTPOICTBA: IEPBOE CIYKUT AJIS MTOTYUCHHS
Y3KOTO Iy4Ka 3JEKTPOHOB U (DOKYCHpOBaHHUSI €ro Ha HCCIEIyeMYyI0 YacTh OOBEKTa,
BTOpoe oOecrneunBaeT HaOmoaeHue ucciaeayemMor  "touku"  (oOjacTtu) Ha
MUKPOOOBEKTE,  PA3J0KEHUE  BO30YKIEHHOTO B  OOBEKTE  PEHTI€HOBCKOTO
XapaKTePUCTHUECKOTO W3JIY4YeHHUS B CHEKTp MO JUIMHAM BOJH H aHaIU3 €ro
WHTCHCHUBHOCTH.

Taou
OcHOBHBIE TEXHHYECKHE XaPAKTEPUCTHKH
MHUKpoaHaau3zaTopa tuna MAP-2
ITapameTp Ennnnna 3HaueHue
M3MEPCHUS napamMerpa
Jlokanvnocmo ananuza (Ouamemp | MKM He Hudce 2
ricrneMeIIMT nanad)
CpeoHssn uyecmeumenbHOCMy AHAIU3A % 0,1
Cneduga owubra auanuza ) 5
Yekoparowee nanpsisicenue na anooe KB 10-50
Ilompebnsemasn mowHocmo xkBA 2,5
Owubka 3anucu Ha camonucye % +6
Macca ycmanoexu Ke 1800
Jluanazon  onpeodenenus  cooepowcanus | [lopsokoswiii 12 (maenuti) -92
971eMeHmMo8 Homep dniemenma | (ypaw)
o BNy -~

Ha puc.1 npencraBinena ontuueckas cxema, a B Ta0JI. — OCHOBHbIE TEXHUYECKUE
XapaKTepUCTHKN MUKpoaHanu3aropa tuna MAP — 2.

W cTOYHUKOM 3JEKTPOHOB CIY>KUT KaTojA - BOJb(paMoBas criupaib (3JIEKTpOHHAs
nymka - 1), HarpeBaemasi SJIEKTPUYECKUM TOKOM. OJEKTPOHBI YCKOPSIOTCS B
anekTpuyeckoM mose "katom-anon". Uccnemyembiit metamtorpaduueckuit g (5)
CIUIaBa YCTaHABIIMBAIOT B KaMmepy npudopa — "pa300pHYyI0 peHTIEHOBCKYIO TPyOKy'", B
KOTOpOH oOpasell CIyKUT aHOAOM. DIJIEKTPOHBI M JIJTMHHOBOJHOBOE PEHTTEHOBCKOE
U3JIyYEHHUE XOPOIIO MOTJIOUIAIOTCS MOJIEKYJIaMH BO3/yXa, I[O3TOMY B KOJIOHKE
npubopa mnopmepKuBaeTcs BakyyMm mopsaaka 102 [la. TIIockoCTh aHAIM3HPYEMOTO
oOpa3a 00bIYHO HAKJIIOHEHA K 3JIEKTPOHHOMY ITYUKY.

Ha Bp1OpanHyI0 MO ONTHYECKUM MUKPOCKOTIOM (8) "Touky" mimuda HarmpaBiaseTcs
c(OKYCUPOBAHHBIA JJICKTPOHHON KOHJICHCOPHOW JHMH30W (2) y3KHH 3IEKTPOHHBIN
nydok (3). Okynsip ONTUYECKOIO0 MHKPOCKONAa CHA0XKEeH OO0BEKT-MUKPOMETPOM s
oTcueta nepemenieHus pukcupoBaHHoM "Touku" oObekTa. Habmonenue 3a Gpopmoii u
pasMepaMH Iydka BEIyT 1O ero quiroopecieHnmnn Ha kpuctamwie dmoopura (CaF),
MOMEIIIAeMOr0 Ha MeCTO o0paslia.



B pe3ynbTaTe 3JEKTPOHHON G0MOapaupoBKU B MHKpooOBeme (okoio 10 mxnd)
BO30YXKIA€TCA XapaKTePUCTHUECKOE PEHTTEHOBCKOE M3IIyYCHHE, KOTOpOe uepe3
CHelHalbHbIE OKHA TOMAaJaeT B CHEKTpoMeTphl (6). B cmekrpoMerpax MpOUCXOAMT
pasjienieHue JIydel Mo JJIMHaM BOJIH MPH MOMOIIM KpUCTallla — aHanu3aTopa (KBapil,
C/I0JIa) C M30THYTOM TIpaHbl0, YCTAaHABIMBAEMOro MOJ yrioM Judpakuuu - 6
(cormacHo ycnoBuio Bynbga-bparra), cOOTBEeTCTBYIONIMM  JIJIMHE BOJIHBI OMpE/erisie-
MOTro 3yeMeHTa. /lanee peHTreHOBCKOE M3MydeHHE MomajaaeT Ha cueTduk [ eifrepa-
Mronnepa W PETUCTPUPYIOLIEE YCTPOMCTBO crHekTpoMerpa. llo Hammumioo wu
WHTEHCUBHOCTU PEHTIEHOBCKHUX JIMHUM Pa3HOM A YCTaHABIMBAIOT KayeCTBEHHBIH U
KOJIMYECTBEHHBI XUMUYECKUNA COCTaB AJIEMEHTOB, MPUCYTCTBYIOMINX B MUKPOOOBEME
HaOmoaeMoi "Touku" nummda.

pr :

Puc.1. OnTtrueckas cxema peHTI€HOBCKOTO MUKpoaHainu3aTopa tuna MAP:

1 — onexkTpoHHas mymiKa; 2 — DSJIEKTPOHHAs KOHJEHCOpHAas JIMH3a; 3 — IMyYOK
AJIEKTPOHOB; 4 — 0OBEKTUBHAS JTUH3A; 5 — 00paselr; 6 — CEeKTPOMETPHI; 7 — UCTOYHUK
CBETA ONTUYECKOTO MUKPOCKOIA; 8 — 00BEKTUB MHUKPOCKOIA

Kpome anammza coctaBa "B TOuke" MOXKHO ONPEACIUTh pacOpeaeICHUE
AJIEMEHTOB MO BBHIOPAaHHOMY Ha IUIM(e HampapieHu0. B 3Toil ciayyae cnekTpomerp
YCTaHABJIMBAETCA B IMOJIOKEHUE, COOTBETCTBYIOIIEE PETMCTPALMU JIMHUUA JIAHHOTO
aJlieMeHTa, a o0paszel] MepeMeniaeTcsi MoJ| SJIEKTPOHHBIM NydykoM.  M3meHeHus
KOHIEHTpAIMU aHATU3UPYEMOI0 3JIEMEHTA BBI3BIBAIOT MPOMOPIIMOHAIbHBIE U3MEHEHUS
UHTEHCUBHOCTH JIMHUH.

[IpoBoasi HENmpepbIBHYK 3alKlCh HMHTEHCUBHOCTH JIMHUM, IOJYYalOT KpPHUBYIO
pacnpeneneHus JaHHOTO 3JIEMEHTA T10 ONPEICIICHHBIM HaIlpaBJICHUSIM Ha Hunde.
CrenaB aHaJIM3 pacHpeiesiCHHs APYruX 3JEMEHTOB CIUIaBa B TEX K€ HANPABJICHUSX,
MOXXHO TIONIYYHTh TMOJHYI KapTUHY "XuMuuyeckod Tomorpaduu" uumda.
[TapannenbHoe MHUKPOCKONMYECKOE HCCIEIOBAHHE pPacCMAaTPUBAEMOIO Y4YacTKa
nutr(a mo3BOJIAET CBA3ATh XapaKTep paclpeaeTIeHHs 2IEMEHTOB ¢ MUKPOCTPYKTYpOit
CcIuiaBa.

3ajaya onpeneneHus 3JIEMEHTHOIO COCTaBa B MUKPOOObEMAX MOXKET OBITh PEIIEHA C
MPUMEHEHUEM CKAHUPYIOLIETro AIEKTPOHHOI'O MUKPOCKOIIA



OnpenesieHne  KOJIMYECTBEHHOI0  3JIEMEHTHOI0 COCTaBa  HMCCJIeyeMOro
o0pa3sua MeTOOM  PEHTIeHOBCKOI0 MHMKPOAHAJIN3a B  CKAHHMPYIOLIEM
3J1eKTPOHHOM MHKPOCKOIIe.

IIpakmuueckue pexkomenoayuu HnO ONPEOeNeHUI0 KOIUYECMBEHHO20 COCMABA

Mamepuaios Memooom peHmaeHo8cKko2o mukpoaraiuza ¢ COM.

JleTeKTUpOBaHUE XAPAKTEPUCTUUECKOTO PEHTTEHOBCKOTO W3JIYUYEHHUS MO3BOJISIET
MPOBOJUTh  KAaK  KAUECTBEHHBIM  aHAIW3,  U3MEpsisi  DHEPrud  JIMHUHN
XapaKTepUCTUYECKOTO W3JIYyYeHHsS, TaK U KOJMYECTBEHHBIA aHalIu3, HU3Mepss
OTHOCUTEJIbHYI0 MHTEHCHUBHOCTH JUHUW. [Ipum 3TOM mepexojq OT KaueCTBEHHOTrO
aHaju3a K KOJIMYECTBEHHOMY HE BCerja MmpocT mo psay npuunH. K uucnmy Takux
OPUYAH OTHOCSITCS B YACTHOCTH HAJIMYME TOPMO3HOTO W3Iy4YeHHs, 3(PeKT
(diyopecleHIny, OMMOKKM HW3MEpPEHWUS WHTCHCUBHOCTH, CBSI3aHHBIE C BIUSHUEM
MOp(OJIOTHHU MMOBEPXHOCTH 00pasiia Ha BO30OYXICHUE U MOMIOINICHUE PEHTIEHOBCKOTO
u3nydeHus. B mepBoM mpuOIMKEHUM WHTEHCUBHOCTU XapaKTEPUCTUUECKUX JTMHUN
CUMTAIOTCSl MPONOPLUOHAIBHBIMU KOHIIEHTPAIIUM XUMHUYECKHX JIIEMEHTOB, WU JJIS
OTIPENICNICHNUs] KOHIICHTPAIIMU KCIOJIb3yeTCsl OTHOIIEHWE WHTEHCUBHOCTEH JIMHUM
MU3MEPEHHBIX Ha HCCIeAyeMOM o0pa3ile K MHTEHCUBHOCTSM JIMHUM W3MEPEHHBIX Ha
CTaHJapTe C HW3BECTHOM KOHICHTparueld osimemeHToB. /[l ydera 3ddexToB
noryomeHusi, GIyopecleHIIMN W BIUSHUSA COCTaBa Ha T'e€HEPAIMI0 PEHTIC€HOBCKOTO
U3ITydeHUs] TpoBOAUTCS Koppekius metonoM ZAF. 3aeck Z — o3Havaet 3(pQeKTsl,
CBA3aHHBICE C M3MEHEHHUEM CpPEIHEro aroMHOro HoMepa, A — TOIVIOIICHHE
(adsorbtion), a F — duyopecuenmuio. CrocoObl pacdyera 3THX IOMPABOK MOTYT
BapbUPOBATHCS, OJHAKO HEOOXOAMMO OTMETUTh, YTO, KaK MpPaBUJIO, MPU pacyeTe
UCIIONB3YETCA MOJENb IIJIOCKOTO OJHOPOAHOTO o6Opasua. Takum oOpazom, s
MOJIyYEHUSI ~ MAKCUMaJIbHOM  TOYHOCTH  KOJMYECTBEHHOTO  PEHTTEHOBCKOTO
MHUKpOaHaJIun3a, HE00X0IUMO UCII0JIb30BaTh MOJIMPOBAHHBIM oOpa3eri,
HEOJHOPOJHOCTH  PACHPENICNICHUs] JJIEMEHTOB B KOTOPOM, MMEIOT MacuTad

CYLIECTBEHHO 00JbIlIe 00bEMa FeHEPALMU PEHTIE€HOBCKOTO U3ITYUYEHMUS.

3amanue
1. Tomyunte y mpernomaBaresnsi oOpas3ell ¢ OJTUPOBAHHON MOBEPXHOCTHIO



2. YcraHoBUTE B KaMmepy OJIEKTPOHHOTO MHKpOCKoma oOpasery ¢
MOJMPOBAHHOW TOBEPXHOCTHIO. BKIIOUMTE yCKOpSIOIIee HampsoKEHHUE.
OThIOCTHpPYHTE  AJNEKTPOHHO-ONTHYECKYID  CHUCTEMY  MHKPOCKOTIA.
HoGelitech Haunbonee pe3koro W CHOKYCUPOBAHHOIO H300paKeHUS
MOBEPXHOCTH.

3. Boibepute onTUManbHBIE 3HAYCHHS TOKA JJIEKTPOHHOTO TIMydYKa U
YCKOPSIFOIIIETO ~ HANPSDKCHHWsT W 3alUIIUTe CHEKTP PEHTTCHOBCKOTO
U3ITyYEHHUsI, UCITYCKaeMOTro 00pa3IioM.

4. Hcmonb3ysi COOTBETCTBYIOIIEE MPOTPAMMHOE OOECTICUEHUS, OMPEACIUTEe

KOJIMYECTBEHHBIN cOCTaB 0OpasIia.

OT4eT OJKEH COAEPKATh:
1) CxeMy perucrpaiuu peHTTeHOBCKOTO n3irydeHus B COM
2) CrieKTpbl pEHTI€HOBCKOTO U3JTy4YCHUS
3) MHTepnperalinio Bcex HaOIOMACMBIX B CIICKTPE JTUHUN U AJIEMEHTHBIN
cocTaB 00pa3IoB
4) Komn4ecTBEeHHBIN COCTaB 00pa3IoB

5) BeiBosbI

bubnuorpaduyeckuii Criucok

1. Pentrenorpaduueckuii v 3J€KTPOHHO-ONTHYECKUH aHanu3: Y4eb. mocodue
mutst By3oB / C.C.I'openuk, CkakoB 10.A., Pactopryes JI.H. — 4-e uzn., nepepab. u
non. — M.: MUCHC, 2002 .— 358c. — ISBN 5-87623-096-0: 179.10 (6 3k3.)

2.. Ymanckuit S.C. u ap. Kpucrannorpadusi, pearrenorpadus u s1eKTpoHHas
mukpockonus. — M.: MUCHC, 2002
3. Tpounkuit 1.B. Pentrenorpadus u anextponHas Mukpockornws. —Tyma: Tynl'Y,
2003. 200 c.
4. Tpounkuii WU.B., T'omuapoB C.C. ®usnueckne MeTOAbl KOHTpoJysd. —Iyia:
Tynl'VY, 1996. 84 c.
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