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18—74

3ennn JI. C., 3aspamosa JL. JI. KonugecTBeHABIH pPeHTTEHO-
rpadmaeckmii pasosuii anamma. M., «Hempar, 1974, 184 c.

B KHmre H3I0;KeHH METONE KOJHMYeCTBEHHOIO PEeHTIeHOB-
cxoro (asoBOr0 aHAJM3A H ONHCAHA COBpPeMEHHAs almapa-
rTypa. Boabmoe BEHEMaHHE YAEIEHO BOIPOCAM BKCIEPHMEHTA,
BEJII0YAs CIOCOGH IOCTHPOBKE W KOHTPOJA 3a paboroii Amdpa-
KTOMETpOB, METO/laM OPelapipoBaHisa I H3MepeHNs HATeHCIB-
HOCTH AnPAKNMOHHEX OTpaskeHni. PaccMarpuBanTcs IpH-
MepH aHaJM3a pPasHOOOPA3HEIX MHHEepANLHEX 00BeKTOB.
Kunra paccumraHa Ha paGOTHHKOB PEHTIEHOBCKHX nabGopa-
Topmii HAYIHO-HCCJEOBATENBCKAX MHCTHTYTOB M IPOMBIII-
JTeHHHX DpefIPHATHI.

Tabx. 26, mia. 53, cOMCOK juT. — 235 HA3B.

© Wanareancrso «Heapar, 197



IIPEJINCJIOBNE

3a mociaemEWe Ba JleCATHICTHS PeHTreHOTpaguA HPEeBPATHIACH
B OfMH A8 BakHeHNNX u QyHmaMeHTaSBHEIX MeTOZOB HCCIe0BAHHA
BemectBa. O6 oToM MokHO cymmTh IO pocTy wmeia PEHTTeHOBCKHEX
TabopaTopuif, KOTOpHe OPraHERYIOTCH HE TONDKO B HayIHO-HCCIe0BA-
TeJIBCKUX HHCTHTYTAX, HO W HAa IPeJUPHATHAX.

Ham6onee mupoxo PeHTTeHO-THPAKIMOHHEIMH METOJAME HCCAeLYIOT
HOIAKPHCTAIIHYECKITE BemlectBa. Mnesa mcmomssosamma pemtremorpa-
¢EIecKOro Meroma IS KOIMYECTBEHHOTO dazoBoro amanmsa me HoBa,
HO JIeHCTBHTENBHO MAaCCOBEIM DTOT METOT CTA Gaarogapsa audparro-
MeTpam.

Hocae ocmoBomomararomux pabor I. Kayra u JI. Anexcanpepa
00 Au(pakTOMETPHILCKOMY dasoBomy anammay B nepuoaudecKoil megatn
OUyGIMKOBAHEL COTHH craTeil, ITOCBAMIEHHEX MeTOoAHYecKaM paspaboT-
KaM H OpUIOREHHI0 MeTofia K HCCJAeT0BAHNI0 CAMEX pasHooGpasHBIX
BemecTB. MeTobt peHTreROrpadEYECKOr0 KOMMYECTBONIOTO dazosoro
AHAJH3a ONHCAHBI B Kypcax mo peHTreHorpadmm, B Tom umele «Pemr-
resorpadmnm kpueramiosy A. mube u «Pentrenorpaduu  meranmon
H nolxynposogaukosy fI. C. ¥uanckoro.

Onmako B KEArax Takoro ImHMpoKoTo miaHa TPYAHO paccMOTPeTh
Bee nieramm onmoro Meroma. -Bosmmkiaa meoGxoammocts cosmamms cme-
OHATBHON KHHIH (IPaKTHIECKOTO PyKOBOJCTBa) 1O peHTremorpadu-
dCCROMY KommvuecTBeHHOMY (azoBomy amammsy. IloMmmo UalokeHms
COBPEMEHHBIX METOJIOB KOJNMYECTBEHHOTO peHTTeHorpadmueckoro dazo-
BOTO aHallM8a, aBTOPHI y/(eININ BHAMAHME PANY IPAKTHIeCKIX BOIPOCOB,
CBA3AHHBIX C ICTHPOBKOM ammaparypsl, cmocoGaMm moATOTOBKE npodEr,
[IpemapupoBanmeM U T. I., IOCKOIBKY HpeHeOpe:xeHHe TeTalsaMH 9acTo
HPHBOANT K OTPHNATENBHEIM Pe3yiabrataM. Martepmamom aas mammeamms
RHHTH  TOCTY/KIIN MHOTOYHCIEHHbE NyGIHKAINH B IePHOTHIECKOI
meYaTH, a Takme paboTH, BHIIOJHEHHELIE aBropamu B HUMAc6ecrmement
B Wprapenmer.
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Kumra paccumTama Ha THTaTeNs, HMEIOMEro IPeJCTABICHHE O npu-
pojie, CBOMCTEAX, cI0C00aX reHepaliil PeHTreHOBCKUX Jydedl M B3aHMO-
nefficTBuu WX ¢ BeleCTBOM, B YacCTHOCTH O xXapakrepe madpakEOHHOH
KapTHHB, CO3/(aBaeMoil IMOJMKPACTATIHTeCKAM o0pasmoM.

Aprops UpHHOCAT GiarogapHOCTh COTPYAHMKAM Ppusnueckux mabo-
patopmit HIMAc6ecrnemenTa u Wprupeamera, yIacTBOBABIINM B pabo-
Tax 1o KojmuecTBeHHOMY (azoBOMY aHAIHMBY, & TaKHAe E. K. BacnabeBy
g W. B. Muxeesoif, KOHCYIbTaIWAMH KOTOPHIX ABTOPHl HOMB3OBATHCE

Ipyu HaOUCaHHHA HKHHTH.



BBEJEHIE

Onpepiesienne BellleCTBEHHOTO COCTABa TOPHBIX IIOPOJ M PYJ — OJHA
U3 OCHOBHEIX 3a/1a¥ MUHepalormdecKoro ucciaemopanusa. llourn cromzerne
A DTOH IeJH HCHOJB3YIOTCS JBa XO0polmo paspaloTaHHBIX MeToja:
KOJHYeCTBEHHHH XHMHUUeCKHil AHATU3 HJIEMEHTHOTO cocTaBa IpOOEI
M MAKPOCKOIMYECKHH KadeCTBeHHBIH MuHepaJdormueckuii amamams. Oue-
BHJ[HO, YTO MCYEPUHIBAIONEN XapaKTePUCTHKOH BEMIECTBEHHOTO COCTABA
a1060i MEHepadbHOH NpPOOLL ABISETCA ee KOMHIeCTBEHHBIH MHHEpPasb-
HET (pasoBmii) cocra. XmMmdeckunil BalXoBmil cocTaB mpobH Haleko
He BCeIJIa JI0CTATOYeH. XOpOINO, HALpPUMEp, M3BECTHA pa3IMUHAA TeX-
HOJIOTHYECKas IeHHOCTh MIHEPAJIO0B, COAeP/RAMIX OIUH U TOT jKe IoJe3-
HEIl 97leMeHT ¥ COBMECTHO BCTPEYAIONMXCs B NOMAMHHEDPAIbHEIX pyaax
(GoxcATH, Py YePHHIX U IBETHHIX METAJJIOB U T. 1I.).

B psape cpaBEHTeNBHO HMPOCTHX CIY4YaeB MO Pe3yIbTATAM, IOJIYIeH-
HEIM JIByMA Ha3BAHHBIMH METO/aMU, MOKHO PAaCYeTHHIM IIyTeM oIpe-
JeIUTh KOJMIeCTBeHHHIH (asoBsiil cocraB. Taxoit pacder upesshivaiino
YYBCTBHTENeH K ommMOKaM DIEMEHTHOTO XHMWYecKoro amaiamaa. [lomon-
HUTEAbHBIE TPYAHOCTH ONPeJeIANTCA TeM, YTO HPUPOAHBIE COeIHHeHHA
00BIHO ABAANITCA (PasaMy IepeMEHHOTO COCTaBa, a ATO TPYAHO y9ecTh
B pacueTHHX MeTofaX. [losroMy ocHOBHEIE yecmamsa HampaBieHsl Ha pas-
paloTRy TmpPAMBIX METOIOB KoXMYecTBeHHOro (a30BOTO aHAJH3a MITHE-
PAIBHEX 00BeKTOB. JTH METOJB OCHOBHIBAIOTCA HA Pa3iMIMAX KpHCTAI-
JAYeCKOM CTPYKTYPH, (U3HYECKHX HJIH XHMHYECKHX CBOMCTB OTIETb-
mux (as.

Ilerporpaham Xopomo wu3BecTeH MHKPOCKONMYECKHIT MeTO[X MHHEe-
PaJOTHYECKOT0 AHAJH3a, CYTh KOTOPOTO B3aKII0YaerTcsd B OIpeeseHHH
Ionu 1romand mumdga, sanpmMmaemoil pasamaaeiMu gaszamm [18]. Opmako
ator Mmerosi TpymoeMmkmit. HoBbie nepcuexTuBH OTKpPHBAalOTCA B CBA3H
¢ paspaboTKoil aBTOMaTHMYeCKHX CHCTeM aHalM3a H3o0paskenuii, HO
MHKPOCKOIHTICCKAM MEeTO0M AHAJMBHPYIOTCA JHIMb KPYIHO3ePHHCTHE
TOPOJIEL.

B macrosimee Bpemsa [uA ompefielleHusi BeINecTBEHHOTO COCTaBa I'op-
'HBIX HOPOJA H DY/ I0Jb3YHTCH XHMHYECKAM (PasoBBIM aHAIM30M, OCHO-
/BAHHEIM Ha DasJHYHOH PACTBOPHMOCTH MUHEpaJoB B Bojle, KHCIOTAX
H IeaodaX. Anmaparypa, ¢ HOMOIBI0O KOTOPOH OCYMECTBIAIT aHAJIHS,
npocra. PaspaGoransl MeTOMMKH I aHAJAM3a YA LBETHHIX M YePHHIX
[METaJIJIOB M IPOAYKTOB HMX mepepaborku. IToMy MeTOLY IOCBHMIEHE
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mBorounciaennsie mybankanmm (74, 80, 81]. Cymecrsenmnvm HeI0CTAT-
KaMil XHMUYeCKOT0 MTOJd ABIAIOTCA CPABHHTEIbHO GOIBINAS JJIHTEI]H-
HOCTH M TPYJOEMKOCTH aHANN3A, HEOOXOMUMOCT Pa3paboTRH cmemma -
HEIX METOMME JUIA Kamoro amaimsupyemoro obmekra. Kpome oro,
TPYAHO J0OMTHCA IOTHON CeNeKTHBHOCTH jleficTBHS pacTBopHTe eIl
Hapsgy ¢ pacrsopenmem aHanMu3upyeMoit dasnt o6BYHO OPOMCX O IuT
9acTHIHOE PACTBOPeHMe COMYTCTBYIOMUX (a3, uTo 0coGeHHO Hekera-
TeJIbHO IPH aHAJM3e MaJLIX comep:kanmii [80].

Meronn anammsa, ocHoBanHEe Ha ompesesenmm (fusnveckux cBoiic
npoOsi, 06BYHO OTIHYAKOTCA BHICOKOI 9KCIPECCHOCTHIO M CPaBHUTEJ
Jerko mopjaloTcA aBToMaTH3anud. Hanmpumep, Bricokas marmmrs
BOCHPHUMIHBOCTD MATHETHTa IOCIY/KHIAA OCHOBOM A ompejieseHns
COAePIRaHUA B Py/aX HEKOTOPHIX Mecroposuenmit [74]. Has xpusormir
acbecra obHapyKeHa BBHICOKAs AUIEKTPHIECKAS HPOHHUIAEMOCTh TPH |
OpPHEHTAIHH BOJOKHA HapallJieJIbHO 9JIeKTPHYECKOMY IIOJII0. DTO ABIeHUe |
Obls10 yuaTemo npu paspaborke HoJyaBToOMaTHYeCKOro npubopa s onpe- |
Aellenus ColepikanusA BolokHa B pyme [68]. PaspaGoramusie mpmGops
001a/1a10T  I0CTATOYHO BHICOKOI YYBCTBHTENBHOCTBIO M TOYHOCTRIO.
Onnaxo coBepmenno AceH M OCHOBHON HeJOCTATOK 9THX METONOB — OHE
OPHMEHUMBL JINUIE [IA AHAJN3A OTJeIBHKX MUHEPaJIoB.

Cpett  CTPYRTYPHO-9YBCTBHTENBHBIX XOPOIIO W3BECTHb PeHTreHO-
rpadugeckuii MeTos 1 MeTo MEGPaKPACHON CIIEKTPOCKOINH. Hocaemmnmi
0GBIYHO HCHOAB3YTCA A YTOUHCHHA [leTajeil CTPYKTYPH, {HATHOCTHKA
M PeAKo IS KOJIMYECTBEHHOro (asoBoro amaimsa. Pemrtremorpamma
UOpOIKa Kazjoli KpHCTaLInYeckoil gassl sBiserca ee cBoeoGpasHHIM |
JAHATHOCTHYICCKHUM OpH3HAKOM. BEJIH‘]HHH MERIITOCKOCTHRIX paccrsj—
AHMI d; W OTHOCHTeIBHBIX WHTEHCHBHOCTell NUPPARIMOHHHX NHKOB Ji
He 3aBHCAT OT NPHCYTCTBHA B 00pasie JONOTHHTENBHNX (paa. 4

Kavecrsennmit amaana ofuiano mposopmres IyTeM COUmOCTAaBJIeHHA |
uamepennoro nabopa {d;; J;} ¢ nabopamu {d;; J;} mos amersix MHHEpPa-
/I0B, NpHCYTCTBHE KOTOPHIX BO3MOMKHO B aHaJmsmpyeMoii mpoGe. Il
Cle/ie TPHBOJATCA B PAjle PEHTIEHOMETPHYECKHX ompefexnterneir [63; |
99]. Kommuecrsennmii penrrenorpadmaeckmii $asopsiii amanns OCHOBaH
Ha 3aBHCHMOCTH WHTEHCHBHOCTH JAHQPaKIMOHHEIX IHKOB OIpejesiseMoi
$aswr or ee conepxanua B obpasue J, = f (C,). Dra cnasp HHOT/IA MOJKeT |
OLITH 0BOMBHO CIO/KHOM M CJAY/KHT IPEJIMETOM CHeIUalbHOTO paccmo-
TPeHH. '

Cpenm pmocrommCTB penTreHorpadmyeckoro metona caelyeT mpessie
BCET0 OTMETHTL ero YHHBEDPCAJBHOCTB: BO3MOKHOCTH AHAJM3MPOBATH
coflep:kanue B ofpasle mpakTHueckn a1060it KpHCTaLTHUECKOI daasr,
UCHONB3YA JIIA 9TOT0 KaKyI0-1H00 H3 CPaBHUTeNBHO HeGoJNBIIOr0 THCHA
BO3MOJKHBIX MeTOAUK. YyBCTBUTENBHOCTH MeTO/la Ompe/iesseTcs WHIHBH-
AVaIBHEIME ocobeHHOCTAMI Kazkaol dassi. O6niamo ona VIOBJIETBOPH=
TedapHa, nuorga pocruraer 0,01% m peaxo mpesnimaer 1%. O6mas
IPeIHOCTE PeHTIeHOTPaPUIecKoro aHAIM3a B BaBHCAMOCTH OT (KavecTBa
onpefensiemoil dasst Mosker cocraBaATh 1—10% oTHOCHTETBHEIX.
9TOMY HapaMeTpy peHTreHorpaduuecKmit MeTox moBoJBHO OJH30K K
MAYeCKOMY, HpHYeM MHOT0 (OpPMaJbHOIO CXOJCTBA €CTh BO BJIHAH
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[eIAIONIeil cpejikl, reneTHYeCKUX ocobennocteit mpobut u T. . Hanpu-
P, MOsKeT GLITh Pa3IHuHOll PACTBOPUMOCTh OJHOTO I TOTO Ke MHHEpaJa
) PABHBIX MECTOPOKACHMI, Tak /Ke KaK MoskeT ObTh pasiIHTHON s
X 7Ke MHHePaJ0B HHTEHCHBHOCTH JMPPAKIHOHHLIX THKOB.
Penrremorpaguueckmii merox obnaaer npenmymectsom B aKCIpece-
CTH 11 OOJBIIMMH BO3MORHOCTAMH aBTOMaTHsaImit. Broxme peaibHo
IBECTH BpeMs, saTpauuBaeMoe HA aHaJH3 oIHol a3k, 10 HeCKOIBKHX
11 Buxoguas mudopmanua obsiumo mmeer opmy, ymobuyo mis
DCAEIYIOMEro HMCHOIb30BAHNA B DJIeKTPOHHOH MAllMHe WM KaKoii-
00 cucreme ympasienus. B to e Bpema qas cospemennoro penrremo-
)aguaeckoro dasoBoro amaimsa myKHA CPABHHTENBHO CJHOKHAS AIIa-
ITypa.
“dpdexrnrrocTh peHTrenorpadmuIeckoro Merona ocoBeHHO 3aMeTHa,
1 PesyJbTaT aHaXM3a HONydYeH OHCTpo (HampmMmep, A KOHTPOIA
0JIOTHYeCKOT0 LpoIecca), aHANH3E HOCAT MacCOBBII XapaKTep
HaMUBHpyIoTeAs MHOrodasuue obpasmsl. [locTymmHoeTh KoimuecTBeH-
AHAJH30B B JI0CTaTOYHO Goabmom obbeme OTKpHBAeT mepej reoso-
CoBepUIeHHO HOBhle mepcnextussl. [laske mpm pabote co cpaBmm-
10 HeaddexTHBHOM ammapatypoll ymaloch IpoBecTH eTaNbHOE
CleloBaHHe PYJHOTO TeJa, 06DPABOBAHHOTO CIIOMKHBIMI KapGoHaTHRIM
pomamu [94].
UyliecTBeHHBLIM HEJ0CTATKOM PEHTreHOrpa@uIecKOro MeToqa MBIA-
CA 3aMeTHOe BJHAHME XHMHYECKOI0 COCTAaBa M JHCIEPCHOCTH MpoGH,
pajte caydaeB nedeKToB CTPYKTYPH HA MHTeHCHBHOCTS JH Bpak-
OHHEIX IHKOB. Paj coemmaxbHeX mpmeMos (Hampmmep, BBejeHHe
PEeHHEro CTaHJapTa) MOBBOJACT 3a CYET YCHOKHOHHS METOLUK K
PTHYHO YYeCTh YKa3aHHbIe MCTOYHHKH NOTPEIIHOCTEH, HO MPaBHIb-
CTh PANOBEIX AHAJH30B HMEeT mopamok 5—10% orHoCHTENBHEIX.
{afl DOrpemHoCTh 00KIHO YAOBICTBOPATEIBHA.




Forana 1

METO/IbI PEHTTEHOI'PA®UYECKOI0 KOJINMYECTBEHHOI'O
®A30BOI'0 AHAJIN3A

§ 1. TEOPETHYECKHE OCHOBBI

Pentremopckmit kommuecTBenHbl aHANH3 OCHOBHBAETCH Ha CIELY-
IOWUX MOJOKEHUAX, BEITeKAKIIAX H3 TeopHU AHQPAKIHA PeHTIeHOBCKAX
ayueii: 1) nudpaknmonHas KapTuHa, T. €. PacIogoKeHHe W HHTEHCHB-
HOCTh MAKCHMYMOB Ha JH(paKkTorpamMme, XapaKTepusyer AaHHOe KpH-
CTaJJau9ecKoe BellecTBO M o0pasyeTcs HE3aBHCHMO OT HPHCYTCTBHA
B CMeCH JPYTHX COCTABIAKIMHAX; 2) HHTEHCHUBHOCTH AH(PaKITOHHBIX
MaKCHMyMOB B [ePBOM IPHOIMKeHHH HPOIOPIMOHAIbHA KOHIEHTPAILN
(dasnl B cMecH.

Hexons m3 yRasamHBIX OCHOBHBIX IOJOKEHHH, BCe METO/Bl PEHTIOHOB-
CKOTO KOIMYeCTBEHHOI0 aHANIH3a NPUHIMIHATBHO CBOJATCA K OIpe-
fleTeHuI0  KOHIEHTPANUH (askl B CMeCH 10 YCTaHOBJEHHOH Teope-
THYECKH MIH OKCIEPHMEHTAJBHO 3aBHCHMOCTH MEKIY HHTeHCHBHOCTHIO
fuppaxnmonnoro Makcmmyma J; u comepskanmeM ¢asu. Ilockonbky
MHTEHCHBHOCTD [HPPAaKIHOHHBIX MAaKCHMYMOB 3aBHCAT OT IIeJOTO pPAJa
daxropos, To ycraHOBIEHHEe TOUHOI aHAMATHYECKOH 3aBHCAMOCTH HHTEH-
CHBHOCTH 0T KOHIeHTpauun (assl B GONBIIMHECTBE CIydYaeB MpeJcTaBisger
CIOHYI0 3a/la¥y M ABJIACTCA OCHOBHHIM 00BEKTOM MCCIe0BaHHM IIpw
paspaboTke 11000r0 MeTOa KOJMIECTBEHHOTO PEHTTeHOBCKOTO (a30BOLO
aHaJIm3a.

I/IHTeI‘paJIBHyIO HHTEHCHBHOCTH ,I[Ii(i]paHIIHOHHOI‘O MaKCHMyMa oIpe- |

ZlelisiemMoil i-Toil (asbl ¢ HEKOTOPOIt 06BEMHON KOHNEHTpAIUeH v; MOMKHO |

npeAcTaBUTh CooTHoUeHmeM [17]
Ji =ikl A 8; ) v; AV, (L1)

ed -
rie k; = b g Koaduunuent, onpefeldseMuii  PyHIAMEHTATBHEMI

OU3MYeCKIMI IIOCTOAHHBIMUI, € n M — 3apAx H Macca dieKktpoHa; C —
Joh3
32nR
BUHAMM JKCOepuMeHTa; J, — HHT@HCHBHOCTH HepBHYHOr0 Oydka; K —
pajuyc roHmOMeTpa; A — MIMHA BOJHEL PEeHTreHOBCKOr0 H3Iy4YeHHSHA,
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CKOpOCTh cBeTa; ky— — Koapunment, ompemensembit  yciio-




iy — Koo(dunmenT, onpegengeMulii KpucTalaHdecKoil cCTPYRTYpol (asu
1 paBHH i

: 1 -~ cos2 20; .

kai =~ oS 0z8In20; 01 ,ingel.tht | Fp |2 nz,

; — Gperrobekmit yroa; M, — MHOKHTEAb OBTOPAEMOCTH; | Fyt; |2 —
rpykrypuuiit garrop (¢ yderom Temmeparypmoro MuoKHTEIA); N, —
HCJIO DJIeMeHTAPHHIX sdeeK B eqmnmne obwema; A (0; p) — muomureab
ODJIOMEHAA; |0 — JuHeilnsl KodopPummenT moraomenns peHTreHOBCKAX
yaeit; v; — obbemuas Konmenrpamus; dV — sxement obbema oOpasia.

ie. 1. Xoji PpeHTreHoBeKHX Jayueil Pue. 2. Cevenne obayuaemoro obBema obpasna
B ofpasue (30IOTPHXOBAHO CETROIT)

Bripaskenne (I,1) mpunuunEaibHo onpejienseT 3aBHCHMOCTH WHTEH-
BHOCTH JMPPaKIMOHHOI0 MAKCHMYMa OT BCeX OCHOBHHIX XapaKTepH-
K BeIlecTBa U MOJOKeHHA MaKCHMyMa M I03BOJSET YCTaHOBHTH CBA3
SRy BeamumHaMu J, n v;.

Onpegeanym muokuTeab nordomenua A (6;; p) maa cayuas cremrn
dpaxromerpe ¢ doxrycmposkoit mo Bparry-Bpenrano. Ipeamoao-
i, 9ro obpaser sBiseTca OeCKOHEYHO TOJICTBIM M OXHOPOAHLIM *.
TEHCHBHOCTH OTpajKeHusA cloeM obpasia TOJMMUHOH dr, HaXoIAIHMCH
 raybune z (puc. 1), 6ymer paBna

__2ux

AT, = keylegheaiv; —20_ @ B0 g, (1,2)

sin0

.gl" — obayuaemada moBepXHOCTH oOpasma (mosaraem, 4ro obay-

afi TIOBEPXHOCTH MeHbINE MOJMHOH moBepXHOCcTH obpasma); U, —
2

iMe TePBHYHONO NYYKA Y OCH TOHHOMETpa; ;i—nfﬂ—— nyTh Hafaiomero

AKeHHOTo Jydeil B obpasme.

* TlonsaTie ogHopoanocT ynorpeGiseTcs sgech B caefyiomeM cmmcie. IIpoii-
B ofipaaile HEKOTOPHII 1yTh Z, peHTrenoBckue aydn ocaabasotes B e~MZ pas.
ijlesiaM B o6pasie o0beMbl ¢ JuHEHHHIME pasmepaMmit Z HACTOABKO MAJBLIMH, YTO
Ma~{. B opmopomuoM obpasme XuMHYeCKHil COCTAB 1 IJIOTHOCTH BEIZEJICHHBIX
IKIM ofpasoM 00BEMOB TOCTOAHHLL.




Wnrerpupyn (1,2) B mpenenax or 0 o ©°, moayqanm

J; = kieokigtiU, sz : (1,3)

1
Taxum ofpaszoM, MHOKATeAb nordomenna A = o Tak Kak KOH-

HeRTPaEE o0LMH0 ONPeedAITCA B BeCOBEIX 104X (¢;), TO OCYMECTBHM
nepexoj oT o0beMHoll KOHIEHTPAINN K BeCOBOI

Ci=U; £ B (1,4)
P
rae p; M p — IJIOTHOCTH COOTBETCTBeHHO i-Toil (a3l M obpaama. Ilox-
crasus v, u3 ypasuenns (1,4) B ypasuenne (I,3), moayanm

W=k =t = k2, (1,5)

pip* &

P 2 eind

i=1
rae k; =~2ﬂklk2kmU°—n0{‘T0HHl{Hﬁ aaa gapnoil ¢asp M TaHHBIX

BKCIEPHMEHTANBHBIX YeaoBnil Koapduument; p* —p/p — Maccom:ri Koad-
dunmenT moriomenuAs pPeHTIeHOBCKMX Jydeil ofpasmom; Wy — Mac-
coBmiil Koaddunuent noraomenna i-roi gasoii; n — IUCIO d)jaa B ofpasie.
Vpasuenne (I,5) Apasercs ocHOBHKIM Jis mocaeaylomeii paspaborkm
MEeTO[I0B KoanmdecTBerHoTo azoBoro amajimsa.
cHpaBeINBOCTh MONYNeHNUil, cllelaHHKX OPH BHIBO/E ypaB-
~ memma (1,5). Ilpesge Beero obayvaemsiit ofbem ne spiserca Geckoned-
 HEM, A BCIEJICTBHE KOHEYHHIX DA3MepoB CeYcHHs NEPBHYHOrO NydKa
atesisi ofpasuma npejcrapiaser coboii TpexrpaHHyl IpH3MY
B pesyabrare muomurens moriomenns sammmercs [170]

e Ain D (0

T
e sin 20
(D (e) =1 —--—-i-‘r-ﬂin 29,

rjle ¢ — NMpPHHA UYYKa B ropMsoHTanbHoii maockoctn (g = Uy/H,,
rae H, — Bricotra ob6aygaemoii mosepxmocT ofpasia).

O6sau0 g = 1—4 MM 1 npu p 100 em™! (@ (0) — 1) << 0,01, ® mo-
npasga @ (0) cymecrsenna Toabko A caabomorIomMAIONEX MaTepiH-
anos. Ecam Toura mepecedenusi cpejHHX Jyueil NepBAYHOTO H OTpajkeH-
HOTO DYYKOB He COBHajiaeT ¢ IeHTpoM obpasma, 9ro Mosker OHTB Ipu
He0OoJXBIMX OTKIOHEHHAX OT TOYHON IOCTHPOBKH, (JopMa pacceHBammiero
obBema okasmBaerca Gosee CHOMKHOW M ABIACTCA HENPABHIBHOM 9eThi-
pexrpannoit mpmamoit [10]. Opmako cherammbli BHE BLIBOJ OKashi-
BAeTCA CIPABe/IMBLIM H B BTOM ClIydae.

B nopapasomem GoabmmHCTBe cAydYaeB IpH aHajJH3e MHHEPAIBHOTO
CHIPbA HCHOAB3YIOTCA NOPOIIKOBEE 00pasibl, KOTOPHe HEAb3fA CYHTATH
O/IHOPOJIHLIMH B YKa3aHHOM BLIIe CMEBICJE, Jajke eCIH 3TH Nopoimkn |
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oanopasuste. I'panyromerpmio n abeopbumonnyio crnocobHOCTH TOPOIMIKOB
VIo0HO XapakTepH3oBaTh BeJMUHHON JHHEIHOTO koaddumenrta mo-
PVIOMEHNA | M CPelHUM JMHOHHEIM pasmepom sepua d. B pane pabor
IPABOAUTCA TMONYIMIOHMPHIECKAs 3aBUCHMOCTH WHTEHCHMBHOCTH nadpak-

UHOHHOTO MAKCHMyMa OT IJIOTHOCTH M TpaHyIoMeTpui oxHo(aszHoro
- obpaama [119; 235]

(4=2)8 3
E J=Jo [1—‘T"Hd » (I-b)
rie J: Jo — WHTEHCHBHOCTH OTparKeHHA COOTBETCTBEHHO CHJIOmHI:IM Hn 1Io-

PHCTEIM 00pasmoM; ) — oTHOmEHHe MIOTHOCTH (o6memHOIl Macch) mo-
'POIMIKOBOro 00pasia K MIOTHOCTH CIIOMHOTO BeMEecTBA .

Pue. 3. Xop peRTrenoncknx ayueii B nopomke epeaneil KpynHoeTH

Bounee neranbunie wecaemopauns [145] HOKRABAJIM, YTO OTHOUICHHE
J/J, sasucur or yraa 0. Oxuako s nd< 0,5 1 yraos 20 B muTepnae
or 15 o 50° ata 3aBUCHEMOCTE CpaBuuTeabHO caaban. O6uano auas nopou-
‘KoBHX ofpasnos seamamna ) = 0,5—0,6. Opr ¢ = 0,6 u pd = 0,5
I0TIpaBKa K J o, cornacuo ypasrenuio (I,6), cocraBut oxoio 4%. Opnako
VI KOIMUECTBEHHOT0 (Bas0Boro aHalm3a BaskHa He abCONIOTHAS BeJIU-
1MHa HOIPABKH, a BO3MOMKHBIE H3MEHCHMS HHTeHCHBHOCTH, CBA3AHHHIE
€ KoaeGammsvu mroTHOCTH 06pasma. Corgaco ypasaenuio (I,6) mmeem

=L % ~100(1 — y)p d Av. (L7)

pu = 0,6, pd =05 nu Ay = 0,10 norpemnocts AJ/J, ~2%.

ORYHO Npn mepenabuBRax ofpasua mIOTHOCTH BOCIIDOM3BOJAUTCH TaK,
o Beamunna Ay < 0,05.
- Heommopopumivm sisasorest MHOro(asubie obpasus (npmaeMm me
OABKO TOPHCTEIe, HO M CILIOMIHBIC), eCJH KodPGUIMenTE TOITomens
CHTTeHOBCKUX  Jydeil  pasHmMH  (asaMH  3HAYHTENLHO pasJim-
latorest [111]. Ha pacemorpenmn sroro afdexra caexyer ocranoBurhCH
HonpobHee, Tak Kak HEOXHOPOLHOCTH TAKOTO Polia CYmECTBEHHO BIIMAGT
8 MHTEHCHBHOCTE INPParupoBaHHOTO MyYKa.
~ Paccmorpum orpaskenme pemrremoscrmx Jdydeit or mopomka, ABJS-
Imerocs cMechio BYX miu Oojee KPHCTATINYECKHX BelecTB, IoJarasd,
9T0 KPMCTAIIMKE PasHEX (a3 mMeror O/IHAKOBYIO KpynuocTs (puc. 3).
Hycrs 8V — saement ofsema KpHCTaITuKa i-Toii (asni, HaxojAmerocs
, OTPa/KAlomeM  IOJIOKeHHH, ¢; — MacCoBas KOHIEHTDPAIMA i-Tok
zaam B cMecu; W, — nuHelani Koopduunent mormomenus i-roii dasrr;
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u, p' — cpenumii JuHeHHBIH KodOPUIMEHT MOrTOMEHHS H CpeRHAA
IIOTHOCTH MOPOMEKOBOTO 06pasma; U; p — To ke, JJIA CILIOMHOTO Bele-
cTBa ¢ TeM ske ()a30BRIM COCTABOM, YTO M MOPOMIOK; [ — IYTH PeHTTeHOB-
CKOro Jyda B KPHCTAJLIHKe {-T0# aan; L — oOmmil IyTh PeHTTeHOBCKOTO
ayua B obpasie.

eHTTeHOBCKHI JYY OPOXOANT B IOpOIKoBoM obpasie OyTh, 3amo-

r ’
HeHHHH YacTHIAMHM BeIecTBa, PaBHEIN LpT . Ha myrm (L% — l)
Jieil CTBYeT cpeHNM JIHHeHHb KoaUIIenT NorIOmMeHns [V, a B KPHCTAI-

Iuke BAOJAb UyTH | — Kodddunment mormomenua ;. JuTemcmBHOCTH
paccesHNA dIeMenToM o0beMa Kpucraaanka 8V, onpegeanrces

o’
“H(L -- 1)*" i
6.]1' =m;e o ! Y (118)
Te m; — MOCTOAHHBIA Koapdumuenr.
Cunras, 910 M3TyYeHNe TPOXOMUT Yepe3 H0CTATOYHO GOTBIIOS THCIO
KPHCTa/UIAKOB, MO/KHO INPHHATE W'/p" = p/p, mostomy
=L~ (n~p)l
87, =me e (i)' sy, (L9)

3HavueHHe mePBOil HKCIOHeHTH e ™' 3aBHCHT TOJBKO OT IYTH DPEHTTeHOB-

= 5 —(;-m) ¢
CKUX 7yuell B obpasme, 3Eauenme BTopoll skcmomeHTH e MW _
TOJBKO OT IYTH PeHTreHOBCKHUX JTy4eil B Kpucramnuke. Ecan |p; — uld<<
< 0,01, 1. e. pasMepH KPUCTAJIMKOB H PAa3HANA B HOIIOMEHHH CMECHIO
W oTpaskalomeil YacTHIel JOCTATOTHO MAJH, TO 3HAYEHHe BTOPOI 3KCIO-

mertsi ¢ ™! Gumsro k eqmEmEme. OGHYHO TOPOIIKHE TAKOH KPYIHOCTH

HA3HIBAXTCA TOHKAMH. [l 9THX IOPOINKOB MHTeTPHpOBaHUE BRIpaKe-
nua (1,9) B mpemesnrax or 0 g0 ©° mpuBogUT K yiKe H3BECTHOMY ypaB-
mermio (I,5). Tua mopomxor ¢ |y — p|d > 0,01 meobxomumo HailTh
cpe/iHee BHaYeHMe BTOPOI HKCHOHEHTH. YCpefHeHHOe MO0 o0BeMy KpH-
cTallAKa 0HO PaBHO

n=gp (€ (i)t gy (1,10)
AV

H uassBaeTcA (aKTopoM moriomenma Kpucramamka (AV — o0em
KpHCTAJLINKA).
WHuTeHCHBHOCTh OTPaj/KeHHA OT BCeT0 KDHCTAJJHKA ONPe/edHTCH

caenyomuM o0pasoM: :
e (dJ) =myt; AVe-bL, (L1

Jlanxsreiimee paccMoTpeHHe AHAJOTHIHO HPOBEJeHHOMY BBHINE IPH BR-
Bosie ypasHenus (I,3). B peayabraTe moryamm 4

L=k (I._
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L’ @, mepeiiia K MaccoBoil KOHIEHTPaIHH,

€

5. J,=k,?!-il—;'r,. (1,13)

e

.~ B oramume oT QopMyanl s ToHKHX» Hopomkor (I,5) B Bepazkenma
(1,13) mpucyreTByer (akTop mOTIOMEHHs TaCTHIL T;. Yem kpynnee 6yayr
KPUCTAJIMKN B deM 0oubile pasHuna Me:mAy Koop@uoueHTOM IIOrio-
meRns onpejeaseMoil gassl m cMecH B mexoM, TeM Oonbme Oyner mo-
nmpaBKa T;, KOTOPYH Heo0XoJmMo BBeCTH B 3HAYeHHE HHTEHCHBHOCTH
A TOHKAX nopomkoB. OueBnaHo, 9T0 GaKTOp MOTIOMEHHA T; OTIHYEH
0T OIMHHUIE TOXBKO /UIA CMecH HecKoabkmx (as. MurerpmpoBamme
pripaskennd (1,10) moskuo BEIONNATE, 3HaA GopMy JacTHI H HX OpPHEH-
Tanuo. B taba. 1 mpuBenens sHavenus aKTOpPOB MOIJIOMEHHUA TACTHI]
gybmueckoit u cdepuueckoii Gopmer [151].

Ta6amma 1

Yncaennble 3uavyennsa (pakTopa HMOTIOIeHHA AAf chepuuecknx
n KyOnuecknx wactun (0= 45°)

Sk Chepmaeckne —n) Hy6ma
0 | R [ Uy | | el
0 1,000 1,000 0 1,000 1,000
0,01 0,986 0,995 —0,01 1,014 1,005
0,02 0,973 0,990 —0,02 1,027 1,010
0,03 0,960 0,985 —0,03 1,042 1,015
0,04 0,946 0,980 —0,04 1,058 1,020
0,05 0,933 0,975 —0,05 1,073 1,025
0,06 0,919 0,970 —0,06 1,091 1,030
0,07 0,906 0,965 —0,07 1,108 1,035
0,08 0,893 0,960 —0,08 1,425 1,040
0,09 0,879 0,955 —0,09 1,143 1,045
0,10 0,866 0,950 —0,10 1,162 1,050
0,2 0,753 0,900 —0,2 1,353 1,010
0,3 0,653 0,850 —0,3 1,573 1,015
0,4 0,569 0,800 —0,4 1,807 1,020
0,5 0,496 0,750 —0,5 2,036 1,025

- U3 1abn. 1 caexyer, uro ¢akrop mordomennsa mpm |p, — p|d; ~0,1
_ He ToabKo sHagmMTeNpHO (Ha 5—15%) oTamuaerTcs oT efMAMIE, HO M CY-
. mecrBeEHO 3sasucnt or Gopmsr gactEn. Ecam ywecrs, uro amaausmpy-
eMbIi MaTepHaJ — OOBIYHO CMech 9acTHI pasdHooOpasHuX mo Qopme
H pasmepy, TO TPYAHO OKHJATH yCIeXa B IONHTKAaX BHECTH HONPaBKY
B M3MepPeHHYI HHTEHCHBHOCTH pacdeTHniM nyrem. Ho B HexoTopmx
clyYafX 5Ty NONPAaBKY MOYKHO ONpEfelNHTh SKCIePHMEHTAJBHO, O YeM

~ Oyjer ckasaHO HEJKE.
" Ias mopomxos 0,1<|p; — pu|d; <i1 («rpyOre» mopomxus) Heob-
~ xonmMo mepecmorperb BrBoA Qopmyarr (I,43): yuecrs mopumerocTsh
~ ofpasma ¥ BepOATHOCTh IONAJAaHHA OTPasKaloMero KPHCTANIHKA Ha
. NyTH pPeHTTeHOBCKOTo NydYKa. B ofpasme W8 TAaKHX dacTHI Tiybmma
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TIPOHMKHOBEHHS PEHTTeHOBCKAX JIydeil TakoBa, UTO HMPOIECC OTPAIKEHNA
He ABJIAETCA UHCTO OOBEMHBIM MJH YHCTO ITOBePXHOCTHEIM, I0O3TOMY
uuTerpupoBanne mo raybdmme Oojee MPaBHIBHO 3aMEHHTH CYyMMHPOBa-
HHEM 110 YUCTY CJ0eB.

B mocaegnnx paborax, mocBAmennmx atomy Bompocy [101; 218;
2191, nokasano, YT0 MOIpPaBKa ONpe/lelseTcsa He TOJABKO CpelHAM (haKTo-
POM TIOTJIONIeHHs KPHCTAIIHKOB T, HO M MOpHCTOCTBIO ofpasma m pac-
TpejeJenneM YaCTHL[ B0JAb NyTH pentrenosckoro ayda. OGosmaunm
oTy KoMmmiekcHyio mompaBry & = f(u; w; di; §). Torpga ypaBrenue
(1,5) sannmerca caeayomum obpasom:

T Rl
J=k T

Er‘. (1114)

He umesn cpemenmii o paamepax, ¢opme, opHeHTAIMH YacTHI[, IJIOT-
nocTn obpasma, cocraBe o00pasia HEBO3MOKHO PacCYATATH BeIHTHHY
nonpaskn E. Ecrs asa nytn yuera atoro sddexra, naznisaemoro afpex-
tom Mukpomoraomenns. llepsuii u mamGosee ofmuil — KocraTodHO
TOHEOe M3aMejabuenue obpasia U BHIOOP ONTAMAABHOTO M3IYIeHHS C TeM,
uTo6hl BQQEeKTH MUKPOLOTIOMERHA WM He CKA3LBAINCh, WM Oniin Gul
nocTaTOMHO Majdbl (HYZKHO, ecTecTBeHHO, MCXOAHTH M3 Tpebyemoil Tou-
HOCTH amnajamsza). BepxHion rpamuiy AoNYCTHMEX pasMepoB KpHcral-
JMKOB MO/KHO OTpe/le aTh na nepasenctsa [u;, — u|d =< 0,1. B raase 111
Gyer moKazaHO, KAK OIEHMBATE JOCTATOYHOCTH M3Menbuenusn. Bropoil
nyTh — 9KCHepHMenTanbHasg olenka Beawamnn §. Ha sramomHEX
cMecsX H3BeCTHOro cocraBa HMcciaeayercs aasucumoctb J; = f (). Ha-
6afomaeMele otkiaonenusa or ypasHenus ([,0) orHocsAT 3a c4eT MHKpO-
noriomenus u onpejensr Beamunny &;. C jocrarounoil yBepeHHoCTHIO
aT0 MOKHO CjledaTh [UIA ABYX(PasHHX 00BEKTOB.

B ofmem caydyae MHTEHCHBHOCTH aHaJUTHICCKOTO ITHKA O pe/ielIAeMoil
dasnl ABIAETCA JOBOJBHO CIOKHON GyHKIUeH ee KOHIEHTPaIMI H, KpoMe
TOro, 3aBHCHT H 0T KOHIeHTpamuii octaabubix a3 B npobe. [laike B ToM
caygae, Korja addexT Murponoriomenns secymecrsen, ypasaenne (1,5)
J0IyCKaeT ONHO3HATHOE pelleHne JHNIb NP HEKOTOPHIX VCAOBHAX,

TaK KAK MaccoBHil Koadduiment mormomenns p¥ = > p/c; onpe/iensercs
7

moaEsM $asoseimM cocraBoM mpobsl. Hmke Oyger paceMorpeH p#il MeTo-
J0B, NO03BOJAAKIMAX pPENHTL IOJYy4YeHHOe YypaBHeHHe, CBA3LIBalollee
HMHTEHCHUBHOCTD IAKA W KOHIEHTpanuio (assl.

§ 2. HOJHBIX AHAJIN3 n-®A3HON CHCTEMBI

[lonaraem, 910 McchenyeMas mpoba COJeP:KUT 72 KPHCTAJJIHICCKHX
da3, mpECYTCTBHE KOTOPHIX HAJE/KHO YCTaHOBIEHO NPH KauecTBeHHOM
amaianse npobsi. Onpemensiorcs KOHIEHTpanuu BeeX HPHCYTCTBYIOMUX
B npobe das, Tak Kak memoabayercsi yeaosme Xi¢; — 1. Ha mndparro-
rpaMMe mCcieiyemoii npoGr BHGHpatoTes j — n yraos 20; mam maTep-
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3 namepenns A20;, cOOTBETCTBYIOMHAX MONOKEHAAM CHIBHHIX MITKOB
measieMux aa. [laasueiimee paccMoTpenme mpHBeeM A CAyIad
ATAIOIIAXCA W CBOOOJHBIX OT HAJO/KeHHSA IMAKOB.

CuereMa ¢ HAIOKEHIAMH aHaTuTHIecKHX nuros [160]

B ofmem caydae paccesHme Kaskmoil dasoif n-pasmolt cMecH BHOCHT
BRiIaj B MHTEHCHBHOCTh KaskA0ro M3 n BHOpamEHX AupaKIHOHHBIX
. HKOB. SroT BRJIAIL MOKHO BHPAa3HTh Ciaefymomei GopMylo:

: Ju =a,Ju, (1,45)

e J;; — BRIaJ, BHOCHMBIA i-Toif (asoif B j-Thif mmk Ha nadpaKTo-
rpamMMe; a;; — KoapdHummenT NpomopPIEOHAJBHOCTH; J; — MHTEHCHB-
HOCTH OCHOBHOTO THKa i-10i (assl.

Besqmumma wmmTencusHocTH J;; ompefeasiercs ypasHenmem (I,5).
(ITomaraem, 910 HMCCHeyeMbe NPOOE MOKHO OTHECTH K (TOHKHM) IOpOII-
KaM.) d)lgonnym HHTeHCHBHOCTD j-TOT0 IMKA IOXyYaeM, CYMMHEDYA BRIAE
BCex (as

n

Jl=2.fua”=%2a” kpi:‘i w (1.16)

i=1 i=1

Pacho'rpnM OTHOIIeHHEe MHTeHCHABHOCTOH ABYX aHaJIATHYIeCKHX IIH-
KoB S;, = J;/J, Ina ompefie/leHHOCTH MOJOKAM, 9TO OfMH H3 JTHX
OUKOB MMeeT HOMEp 1, TOrfa cordacHo ypasmenmio (I,16)

Sin E ainPic; = 2 a;;Pici, (1,17)

=1 =1
rae B = kilp,.
Hanpumep, mna pudpaxumonnoro muka ¢ j = 1 nMeem

Sin (@1aP161 + AanBoca 1. . . +@pafncn) = a11B1c1 + agiPocs 1. . .
] s .

I
€1B1 (S1a81n — 1) + €oPa (S1n@0n — @) + . . . 4 €aPn (S1n—@m) = 0.
Mamenss j or 1 go (n — 1), monyumm mo gopmyae (I,17) n — 1 ypapme-

HEe [Js oupefllefieHHA 7 HEH3BeCTHHIX KOHIEHTpamui ¢ (upm j = n
npaBas u JeBad acTH ypasmenus (I,17) rompuectBenno pasusi). Jlomoi-
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