50 Pesynbmamsl pabom u uccredoeaHull y4eHbIX U KOHCMPYKMOpPos

YOK 550.832.55

H. I. Jlo6oga, B. A. Benuxauur, A. A. bybees
OOO “Hegprerasreopusmka”

MATEMATUYECKOE MOJE/IUPOBAHUE
CMNEKTPOMETPUYECKOIO HEUTPOHHOIO
FAMMA-KAPOTAXA

MpencTasneHbl pe3ynsTaTbl UCCMEeA0BaHNA METOANKN 06paBoTky nokasaHuii anna-
paTypbl CMEKTPOMETPUHECKOrO HERTPOHHOTO raMma-kapoTtaxa C MUCMoNb3oBaHNeM
annapara MaTeMaTM4eckoro MOL4enMpoBaHus MeToaa MonTe-Kapro.

KnroueBubie c08a: cnekmpomempuyecKuli HelimpoHHbIl 2amMma-Kapomaic, Mamema-
muyeckoe modenupoBarue, memoduka o6pabomku.

IlepBBle MyOIUKALMHY, TOCBANIEHHbIE IPUMEHCHUIO CIIEKTPOMETPHIC-
ckoro HeiTporHOro ramma-kaporaxa (CHI'K) ¢ aMityabHBIM HCTOYHUKOM,
otHOCsTCS K KoHIy 1960-x Tomos [1, 2]. BpeMeHem peanusanuy METOxa
B HeTerazoBoit reopusnke MOKXHO cuuTars 90-e rofsl, KOraa MosBhIack
ammapatypa ECS xomnanum Schlumberger ¢ mporpaMMHBIMH CpPEICTBA-
MH 06paGoTKH, obeceunBaomas ONpeaeIeHHe MACCOBBIX CONEPKAHUM
Si, Ca, Fe, S, Cl, H 1 HEKOTOPBIX IPYIHX JIEMEHTOB [3, 4].

CyTh METOJa COCTOUT B OOJYYEHHHU MOPOBI MOTOKOM OBICTPBIX HEH-
TPOHOB M PETHCTPAIMHK (Ha HEKOTOPOM PACCTOSHMU OT MCTOYHHKA HEH-
TPOHOB) SHEPTETHYECKOTO CIIEKTPa raMma-u3inydeHus. [l aMIyabHbIX
HCTOYHHKOB HEUTPOHOB (Am—Be Pu—Be u 1p.) perHCTPUPYEMBIH CTIEKTD
B OCHOBHOM SIBJISIETCS CIIEKTPOM PaJHAIlMOHHOTO 3aXBaTa HEWTPOHOB.
B cuiy mpomnopHrOHaNIbHOCTH MHTEHCUBHOCTH CIIEKTPOB PAMAIlMOHHO-
rO 3aXBaTa MacCOBBLIM COAEPKAHUSAM JIEMEHTOB B IIOPOJE, a TAKKE YHH-
KaJbHOCTH XapaKTEPUCTHUK CIEKTPOB PaJHAl[MOHHOI0 3aXBaTa JIEMEHTOB
peructpupyeMslil criekTp S(E) MOXET CIy>KUTb OCHOBOM JJIsi OTIpenee-
HHsI MACCOBBIX COIEPKAHUN DIEMEHTOB:

S(E) = Sco(E) * You + Ssi(E) * Y5 + Spe(E) - Ype + - (1)

rne Y, — oTHOCHTeNbHBIH BKIaA i-ro anementa (Ca, Si, Fe u np.) npu pas-
JIOYKEHHH PETHCTPUPYEMOTO CIIEKTPa Ha MOJCNbHBIE CIIEKTPHI S; (E) a11e-
MEHTOB ITOPOZBL.

B 1980-x rogax B psje nyOnukanuii, HanpuMep [5], 6su1a paccMoTpe-
HAa YHUBEPCAJIbHAs CXeMa BBIYMCICHHS MACCOBBIX COACPXKAHMH dIE€MEH-
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TOB, MCIIOJB3YIOIIAas MOAENb ““3aMBIKAHUA OKCHUIOB H HO3BOJISIONIAas B
MalbHENIIEM ONIpPeNeNaTh JIUTONOTHYECKHH COCTaB nopoxsl. Maccosoe
COLEP)KaHUC DJIEMEHTOB B 3TOHM MOJEIHM BLIYHCIISETCS MO ¢bopmyre

W,=F-Y,/S, )

TIe S; — CHEKTpaTbHAas 4yBCTBHTEAHOCTD AETEKTOPA VIS i-T0 JJIEMEHTa;
F — HOPMHUPOBOYHBINH MHOXUTEb.

3Ha4enne F BBIYMCISETCS U3 YCIOBHS, YTO CyMMa BECOBBIX JOJICH OK-
CHIIOB, BXOASAIIUX B COCTaB MOJEJIH TOPOJIBI, TOJKHA PABHATHCS SHHHULIE:

F 30X, Y,/S} =1, 3)

e X; — OKCHIHBIH MHOXHTEIb, YIUTHIBAIOIIHII BECOBEIE OTH KHCIIOPO-
7la ¥ yIuepona, BXOIAUIMX B COCTaB MOAEIH. YNCIIEHHO OKCHIHBIM MHO-
KUTEJIb PAaBCH OTHOIICHUIO MOJIEKYJISPHOH MAacCChl COOTBETCTBYIOLIETO
OKCHJa MK KapOOHaTa i-ro 3JIeMEeHTa K aTOMHOM MAacce i-To 3JeMEHTA.

Peructpupyemeiit anmaparypoit CHI'K cmexrp S(E) KpoMe (opmy-
mel (1) MOXeT GBITH IpencTaBleH M CyMMOit CIIEKTPOB, chOpMUPOBaH-
HBIX HECKOJIbBKMMH F€OMETPUYECKUMHU 30HAMH:

S(E) = Spy(E) + Sep(E) + S, (E), “

CKB

rae §,,(E), Sl ), SHP(E) — COCTABJISIOIINE U3JIyUEHHUS IIJIACTa, CKBAXKH-
HBI U IPHOOpa COOTBETCTBEHHO, B 3aBHCHMOCTH OT KOHCTPYKLIMH 30HIa
CHI'K (marepuana 0XpaHHOTO KOXyXa M JPYIHX KOHCTPYKTUBHBIX 3JIe-
MEHTOB 30H[1a, HaIN4IKs GUIBTPOB U Op.) U YCIOBHMM U3MEPEHHH B OT-
KPBITOM JIHGO 3aKPBITOM CTBOJE (IMAMETPA CKBAXMHBI U KOIOHHBI, MH-
HEpal13alyy MIaCTOBOM M NPOMBIBOYHON XKHUAKOCTH, TIOPUCTOCTH ILIA-
CTa W Jip.) CyMMapHas J0Nisl M3JIyYeHHs MPUbopa ¥ CKBaKHHEI B 00IeM
3apEeruCTPUPOBAHHOM CIIEKTPE BAPHPYETCS B OUSHB LIMPOKUX TPEAeIax.
B npenenbHpIx ciydasx sTa qosis MoxeT gocturats 80% oT obmrero pe-
TUCTPUPYEMOTO U3IYYEHHUS. .

HocTosepHocTs mosy4aemsix o cxeme (1—4) MaccoBbIx COIEepKaHUuU
SJIEMEHTOB BO MHOTOM OyzieT 00yCIIOBIIEHA Ka9€CTBOM MOJIEIbHBIX CIEK-
TPOB 371eMeHTOB S,(E), ciekTpoB mpubopa Snp(E) U CKBaXHHBI S, (E)
(11eMeHTHOTO KaMHs, 06CaIHOMN KOJIOHHBI, MPOMBIBOYHOH XKHUAKOCTH), a
TAKKE Ka4eCTBOM y4Ye€Ta BKJIaJa CKBXHHBI U MPUOOPa B PETHCTPHpYe-
MBIH CITEKTP.

Hiist ananusa ykasaHHBIX (paKTOPOB GBIIO MPOBEAEHO MATEMATHYECKOE
MOZACIMPOBAHUE METOA, LENIBK KOTOPOTO SBUIHCH CO3aHHe OUOIHOTE-
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KH CIIEKTPOB NOPOA00OPAa3yIOLINX JIEMEHTOB M OTpabOoTKa psifia acrek-

ToB MeTonuku 06pabotkm manueix CHI'K, a nMeHHo:

— HCCIIeOBaHME BIUSHUSI XapaKTEPUCTHUK allllapaTyphl, U B MEPBYIO Oue-
pellb SHEPreTHIECKOro pPa3pelIeHus, Ha TOYHOCTh OIPECICHUS Mac-
COBBIX COJEPKAHHUM DIIEMEHTOB, Pa3paboTKa CIOCOOOB HX y4eTa;

—  HCCHENOBAHHUE BIUSIHUS TEXHUUECKHAX YCIOBHUM KapOoTaka M CXeMBbI UX
yuera npu o6paborke nanueix CHI'K;

— HCCJeIOBaHUE B3aWUMHOIO BIHSHUS 3JICMEHTOB HAa TOYHOCTE OTIpeiesie-
HHS MX MacCOBBIX COAepKaHHMii, pa3paboTKa cxeMbl 06paboTku, 0be-
CIIEUMBAOIIEH MUHUMM3AIMIO MOTPEIIHOCTH UX OIPEACICHHUS.

MaremaTtHueckoe MoaenupoBaHHe NMOKa3aHWM
annaparypbl CHIK

Maremarn4eckoe MOAEIMPOBAHHE IPOBOJUIOCH C TIOMOIIBIO IAKe-
ta mporpaMM MCNPS5, afanTupoBaHHOTO JUTS PEIICHUS JAHHOM 3aIa4uu.
Ha puc. 1 npuBeneHa reoMeTpus CKBaXMHHOTO NMpuboOpa, UCIoIb30-
BaHHAs IIPU MOJEIMpOBanuy nokaszanuii annaparypsl CHI'K. Ilpu6Gop mo-

Puc. 1. Mogenb reometpum
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MEIIEH B CTaJbHON KOXyX. Ha 30HIOByI0 wacTh xoxyxa HaHeceHa 60-
poBas 3amura. ToYeyHblii HCTOYHUK HEWTpoHOB Pu—Be pacnosaraercst
Ha OCH NpubOpa M H30TPOIHO H3IyYaeT HEWTPOHBI B COOTBETCTBHH CO
CIIEKTPaTbHON BeCOBOM (yHKuueid. ['aMma-n3nyueHne HEYIPYroro pac-
CCSIHUSL HEUTPOHOB M PaJHAIlMOHHOTO 3aXBaTa TEILIOBBIX HEHWTPOHOB pe-
THCTPUPYETCA NETEKTOPOM, PACTIONOXCHHBIM Ha (PHKCHPOBAHHOM pac-
CTOSHUM OT MCTOYHHKA H Pa3MEILICHHBIM B cocyne Jproapa. DHepreTHye-
CKkasl mkana uMeer auanason 0-10 Mb>B u npeicTtaBiena 512 kaHamamu.

Mopens nepeHoca HEMTPOHOB YUHTHIBAET YIPYTO€ U HEYIIPYroe pac-
CCAHHUEC, a TAKKEC paAMallMOHHBIA 3aXBaT HEUTPOHOB. Monens IepeHoca
FaMMa-Hu3JIy4€HHs BKIIFOYAET (POTOIIEKTPUIECKOE ITODIONEHHE C [TOCTIe-
AYIOLIMM Y4eTOM (GIIyOopeCHEeHTHBIX FaMMa-KBaHTOB, KOMIITOHOBCKOE pac-
CEAHUE raMMa-KBaHTOB, a TaKxke 00pa3oBaHHE Map IEKTPOH—TIO3UTPOH.
IlepeHOC 511€KTPOHOB HEe MOAIETUPYETCSI, HO raMMa-u3jay4eHHe, HHIYIH-
POBAHHOE SNEKTPOHAMM, YYHUTHIBACTCS 110 MOJEIH TOPMO3HOTO H3IIyde-
HUS B TOJICTON MHUIIIEHH.

PyKkoBOACTBYsCh 3aa4aMu, KOTOPBIE HPEACTOAIO pemars B JaiabHEH-
[HEM, MBI HE CTAJTH [IONb30BAThCs CTAHAAPTHBIME QYHKIMAME Kona MCNP,
a a/laliTHpOBAJIM IAKET MPOrpaMM JUlsl PEMIEHUs JAHHON KOHKPETHOI 3a-
nadu. B cootBeTcTBHE ¢ hopMmyInoii (4) TeoMeTprIo 3a1aun YCIIOBHO TOI€e-
JTMIA Ha TPU 30HEI (puc. 1): npubop, ckBaxknna, miacrt. [Ipu perucTpanuu
TaMMa-U3JTy4CHHUS NE€TEKTOPOM (POPMUPYIOTCS TPHU (110 MECTY POXKICHHUS
raMMa-KBaHTa) COCTABIIAIOIIMX CIIEKTPA: H3IyUCHHE mpubopa, CKBaKUHBI U
n1acra. Takum 06pa3om, BeIIEIICHHE TTACTOBOI COCTABNAIOMEH TO3BOIS-
€T (OPMHUPOBATH CIEKTPHI OTAEIBHBIX JIEMEHTOB. IMomyyennsle criekTps
He TPeOyIOT KOPPEKTUPOBKH 33 BIUSHUE nprbopa U CKBaXKUHBI, UX pa3-
PCIICHUE JIETKO MU3MEHSATL B COOTBETCTBUM C Pa3spelIeHHEM aNmaparypel.

CIHeKTpBI, MOTyYeHHBIE MATEMATHYIECKUM MOJIEIMPOBAHUEM, HE YUUTHI-
BAIOT SHEPIreTUIECKOE PA3PEIICHUE AMNTAPATYPEL, TO €CTh SIBIISIOTCS CIICK-
TpaMH MOTIOIIEHHOM SHEPTHH C Pa3peIlCHUEM, ONPENEIIeMbIM KaHAIb-
HOCTBIO PaCHETHBIX CHEKTPOB. JI7Isl IPUBEEHHS PACUETHBIX CIEKTPOB K
annapaTypHoMy BHAY BBIIOJHAIOCE IPe0Opa3oBaHue

[ 5 (E)exp(-E By g

San (E0)=£ m pacy ZGZ(E)

riae E, — SHeprus anmaparypHOro CIeKTpa; £ — MOnIomeHHas SHEpTHs;
Spaca(£) — PACUETHBIN CIIEKTP MOIVIOIIEHHO sHepruy; S, (E) — anmapa-
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TypHBIH crekTp; o(E) — QyHKIHUs, XapaKTepH3yrollas SHEPreTHIeckoe
paspenierne npubopa (Ompeaesnsiach o MOJACIBHEIM 3aMEpaM C peallb-
Hoi1 anmaparypoi). [Ipumep npeo6pa3oBaHus paCI€THOro CIIEKTPa Mormo-
ILEHHO} YHEPTHH B aNIapaTypHBIH CIIEKTp IPUBEJIEH Ha PUC. 2.

Amnnutyga

9ueprua, MaB

Puc. 2. Mpumvep npeobpasosaHns pacyeTHOro criekTpa MOrnoLEeHHON 3Heprun B
annapaTypHbI CNEeKTp:

CYHUI LIBET — CNEKTP MOMIOLLEHHON SHEPrnm; KpacHbIi LBeT — annapatypHbIfi CNEKTp ¢ pas-
pelueHrem 7% no NIMHUM BOAOPOAA

COOTBETCTBUE PACUETHBIX CIIEKTPOB, IPUBEICHHBIX K aNlapaTypHOMY
BHLY, CIIEKTPaM, 3apErUCTPUPOBAHHBIM aIlIapaTypoi CHTI'K, npoBepsiioch
[0 BBITIOMHEHHBIM Ha HATYPHBIX Mozelsix 3amepam. Ha puc. 3 npuseze-
HBI H3MEPEHHbIE ¥ PaCUeTHBIE CIIEKTPHI B OJHUX M TEX XK€ yCIOBHUSIX U3~
MepeHuil. Puc. 2, 3 HaNIAAHO MOKA3bIBAIOT, YTO PACYCTHBIC TaHHBIC HO-
CTATOYHO TOYHO BOCIIPOU3BOJIAT peabHbIe IoKa3anus annaparypst CHI'K
M MOTYT GBITH HCTIONB30BAHbI 1JIs AalbHEHIIEH METOINYECKOH paboTHI.

¢OPMMPOBaHHe MoJesibHbIX CMEKTPOB 3/ieMEHTOB

Ilpu ompeneneHUH MacCOBBIX COIepyKaHMi 3JIEMEHTOB B MOPOAE IO
moxazagusm CHI'K Mbl M3HAYaJIbHO OCTAHOBWIMCH Ha MOAXO0MEC, OCHO-
BAaHHOM Ha PA3JIOKEHUH HUCCIIENyeMOTO CIIEKTpa Ha 3JIEMEHTAPHbIC CIICK-
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Puc. 3. CornocTaenenmne nsmMepeHHbIX 1 PacHeTHLIX CMEKTPOB:

a — 6ak ¢ BoAoW; 6 — BOAOHACHILLEHHbI KanbLUT nopucroctbio 0,8%, d, = 216 MM; 8 — Bo-
AOHACBILLEHHbIN KarbLMT NOPUCTOCTBIO 16,5%, d. =216 mMm. CUHUI LBET — ChekTp MaTema-
TU4ECKOro MOAENMPOBaHNS; KDACHBINA LIBET — U3MEPEHHbIN cnekTp

TPBI OIPEAENAEMBIX 31eMeHTOB. O4€BHIHO, YTO MOrPEIIHOCT ONpe/iee-
HHS MaCCOBBIX COAEP)KaHHUM SJIEMEHTOB B 3TOM Cliydae OyneT o6ycIoBie-
Ha B ME€PBYIO OYePeab KaYeCTBOM MOJIENBHBIX CIIEKTPOB 21eMeHTOB. Pac-
9eT MOACIBHBIX CTIEKTPOB 3JIEMEHTOB BHIIOIHAICS B T€OMETPUH, TIPUBE-
AeHHOW Ha puc. 1. CkBaxkuHa muamerpoM 200 mm 3amoiHeHA IIpEeCHOU
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BOJIOM, MPUOOP MPHKAT K CTCHKE CKBa)KUHEL. IIpuMep pacyeTHOro Crex-
Tpa ¢ pa3aelieHHeM U3Iy4eHHUs, HAYLIIEro OT Npubopa, CKBKUHBI U IJ1a-
cTa, mpuBeaeH Ha puc. 4. B kauecTBe MOJEILHOTO CIEKTPa paccMarpu-
BaJICA CHEKTP raMMa-H3JIy4eHHs, BOSHUKIIETO MPH 3aXBaTe€ HEHTPOHOB
B miacte. IloydeHHble CIEKTPBl HOPMUPOBATIKCH Ha OJMH HEWTPOHHBIA
3aXBar, a UX DHEPreTUYECKoe pa3pelleHue U3MEHsJIOCh B COOTBETCTBHH
C paspelieHreM annapaTypsl.

VCKB_amua

Amnnutyna

Mnacr
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Puc. 4. Mpumep 30HHOTO (NpuBop, CKBaXWHA, NnacT) MOPMUPOBAHUS CMEKTPa
pafvalMoHHOro 3axsara

Ha puc. 5 mpeacTaBieHbl CIIEKTPHI 3JIEMEHTOB, KOTOPBIE OBLIH MOJTyYe-
HBI MAaTEMaTHYECKUM MOJETUPOBaHUEM. [/ HAITIIAHOCTH CIIEKTPBI BEP-
THUKAJILHO Pa3HECEHBI U MPEACTaBICHbl B pab04eM JHana3OHe IHEPIUH.

KauecTBO MOIEIBHBIX CIIEKTPOB 3JIEMEHTOB TECTHPOBAIIOCH IIyTEM pa3-
JIOXKEHHUST PACYCTHBIX U U3MEPEHHBIX CIIEKTPOB C U3BECTHBIM CONCPIKAHH-
€M KOMITOHEHT Ha dJIeMEHTapHble CIEKTPbl. OTHOCHUTENBHEIN BKIIA] i-TO
37eMeHTa Y; B PETUCTPHPYEMBIH CIIEKTD, MOYYCHHBIN [IPU Pa3/IOKEeHNH,
CPaBHUBAJICS C TEOPETUYECKHM 3HAYEHUEM, BHIYMCIIEHHBIM U3 yCIOBHUS

Yi:CDT.Gi.Ni’

rae @ — IOTOK TEIIOBBIX HEHTPOHOB; G; — CEYCHHC 3aXBaTa TEIJIOBHIX
HEWTPOHOB IJIA i-TO JNIEMEHTa; N, — aepHas KOHUCHTPALHUS i-I0 JICMEHTA.
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Puc. 5. PacyeTHble cnekTpbl aremMeHToB

AHau3 NoJTy4eHHBIX JaHHBIX [OKa3all, YTO HAaMOOJNbIIee pa3IndHe
MEX1y TEOPETHYECKIUMH U SKCIIEPUMEHTAIBHBIMU CITEKTPAMU CBOMCTBEH-
HO KeJjie3y U Bogopony. ONHOH U3 IPUYHH 3TOr0 HECOOTBETCTBUS SBIIS-
€TCs CYLIECTBEHHAS Pa3HUIA IIOTHOCTEH, IPU KOTOPHIX OBLIH chopmMu-
POBaHBI 3JIEMEHTAPHLIE CIIEKTPHI XKeJIe3a U BONOPOAa U TUIOTHOCTH HC-
cnenyeMoi moponsl. s IpoBEPKU 3TOTO MPENIOI0KEeHHs ObLIN pac-
CYHUTAHBI JJIEMEHTAPHBIE CIIEKTPHI IIPU PA3INYHBIX 3HAYCHUSIX HCCIELY-
€MOT0 MmapaMeTpa. belno BEISICHEHO, YTO KOHQUTYPAIUsS CIIEKTPa Majio
3aBUCHUT OT IUNIOTHOCTH MOJENH (puc. 6), clea0BaTeabHO, TOT (HaKT, 4TO
MOJIEJIH, UCIIONb3YEMBIE IS MONIYIEHHUS MOACIBHBIX CIEKTPOB, UMEIOT
Pa3HyI0 IIOTHOCTh, MOKHO YYUTHIBATh ITyTEM U3MEHEHHMS Yy BCTBUTEb-
HOCTH HETEKTOpa K JaHHBIM dJIE€MEHTaM. B Xoie comocTaBieHus Teo-
PETUYECKHUX U IKCIICPUMEHTAIBHBIX JaHHBIX OBLIH IIONy4YEeHBI KO3 hu-
LHEHTHl M3MEHEHUS YyBCTBHUTEIBHOCTEH 3eMeHTOB. Tak, His Kejes3a
U BOJIOPOJIa MX 3HAYEHHs COOTBETCTBEHHO paBHHI 1,18 m 0,65. M3me-
HEHHE YyBCTBUTEIbHOCTU NMPUOOpA K JJIEMEHTaM MO3BOJISIET MOIYyYaTh
KOPPEKTHEIE JaHHEIE 110 COAEP>KAHUIO IEMEHTOB B mopoge. B tabim. 1
HNPHUBEACHBI PE3YNLTATHl CONOCTABICHUS TEOPETHUYECKUX W PACUETHEIX
NaHHBIX JUISl HECKOJNBKHUX MOJENEH, pa3IM4HBIX [0 COCTaBy U IJIOTHO-
ctu. ComepkaHus 3J€MEHTOB M UX IOJH B PA3IOKEHUHM HOPMHPOBAHBI
Ha 100%.
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Amnnutyna
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Puc. 6. BnusiHue nnotHocTu nopoabl Ha aMmnnnuTyay CrekTpoB:

CUHWI LIBET — CMEKTP Kemneaa, Mory4eHHbIA Npu NoTHOCTM nopoabl 2,50 2/cm®; KpacHbIit
LIBET — CMEKTP Xeresa, NonyveHHbI Npy NNOTHOCTU nopoabl 5,25 e/cm®. O6a crekTpa npu-
Be/leHbl K OHOMY aKTy 3axBaTta HeWTpoHa B nnacre

Ta6bnuua 1

CpaBHUTErNbHbIM aHanus pe3ynbraTtoB pPasfioXXeHUA CrneKkTpoB

Homep | OnemeHTbl Oxngaemble 3HaYeHUst OnpegensemMble 3Ha4YeHuUs!
HICARTIL Y, % M, % Y, % M, %
Ca 4,71 7,91 4,66 7,82
Si 24,28 76,67 24,31 76,64
! Fe 33,95 13,40 34,37 13,54
H 37,05 2,03 36,66 2,00
Ca 2,91 7,65 2,98 7,93
Si 15,01 74,16 14,71 73,65
4 Fe 20,99 12,96 20,93 13,10
H 61,09 523 61,38 5,32
Ca 3,65 7,26 3,44 7AT
5 Si 17,24 66,26 16,68 65,44
Fe 51,24 24,61 52,01 25,51
H 27,96 1,86 27,74 1,88
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Yuer BAMSAAHUA CTBONA CKBaXXMHbI U Npubopa

B cootserctBum ¢ popmynoii (4) 3aperucTpupoBaHHBIN TPUGOPOM
CIEKTP raMMa-H3JIy4eHus: POPMHUPYETCS U3 TPEX COCTABIISIIOIINX — H3JTY-
YeHHs Npubopa, CKBaXHUHBI U Iiacta. Kak 0TMeYanock BhILIE, BKIA TOH
K1 MTHOM COCTAaBIAIOIEN B PETUCTPUPYEMBIH CITEKTP HEMOCTOSIHEH U 3a-
BHCHUT OT CE€YEHHS 3aXBaTa TEIUIOBHIX HEUTPOHOB B IJIACTE U JJIEMEHTAX
KOHCTPYKIMH CKBaXXUHBI (IIPOMBIBOYHAS KUIKOCTh, 00CaIHast KOJOHHA,
LIEMEHTHBIN KaMeHb). VI3MEeHEeHNe CBOMCTB MOPOIBI HIIH 3JIEMEHTOB KOH-
CTPYKUUHU CKBAKHHBI BJIEUET 3a COOOH M3MEHEHUE aMIUIUTYIbl CyMMap-
HOTO CHEKTpPA U MIepepaclpeieleHne BKIaI0B BCEX TPEX COCTABIISIOIINX.

Jlia HesKpaHMPOBAHHOM OOPOM anmaparypsl JOJS U3IYYeHUs TPUOO-
pa B PETHCTPUPYEMOM CHEKTpE cyliecTBeHHa u gocturaet 40-55% ot
Bcero curuana. Joias U3nydeHus, MOCTYNaIero OT CTBOJA CKBAXKUHEL,
CHUJIBHO 3aBHUCUT OT TEXHHYECKHX YCIOBHH IPOBEIEHUs KapoTaxka (Iua-
MeTpa CKBa)KMHBI, MUHEPAIIU3aIH U INIOTHOCTH PacTBOpa U T. 1.). B He-
00CaKeHHBIX CKBaXXHHAX MAJIOr0 TUAMETpPa, 3aMOJHEHHBIX HEQTHIO WM
BOJOH, U3IIy4€HHE CTBOJA CKBaXKMHBI MHHUMAaJbHO (mopsiaka 11-17%).
B cxkBaxxumHax OOJBLIOTO AMAMETpPa, 3aNOJHEHHBIX MHUHEPATU30BaAHHEIM
pacTBOPOM, JOJISI CKBAXKMHHOM COCTAaBISIIOIIEH MOXKET JOCTHUIaTh 0ojiee
30%. B Tabmn. 2 npuBeneHb IpUMepHI TepepacipeaeaeHus BKIaI0B B 3a-
BHCHUMOCTH OT CBOMCTB IIOPOJBI U YCIOBHU B CKBaXXHHE JUIS amiapary-
prl Oe3 GOPHOM SKPaHUPOBKU U C Hel (IO pe3ynbTaraM MareMaTudecKo-
rO MOJEJIMPOBAHHS).

Jia anmapatypsl ¢ 00pHOH SKPaHUPOBKOH OJISL H3ITYUIEHUS OT MPUGO-
pa B OOLIEM PErHCTPHPYEMOM CIIEKTPE CYILIECTBEHHO mnanaeT. [Ipumepsr
[epepacupeesieHns BKJIaJOB B 3aBUCHMOCTH OT CBOMCTB MTOPOJBI U YCJIO-
BHH B CKBa)KMHE JJIs1 allllapaTypsl ¢ OOPHOH 3KpaHUPOBKOH (110 pe3yiibTa-
TaM MareMaTH4eCKOT0 MOJAEINPOBAaHNSA) IPUBEEHEI B Ta0I. 2 1 Ha pHC. 7.

o pesynsraTam MaTeMaTH4E€CKOTO MOJASIUPOBAHUS CIIEKTP U3y YEHHS
npubopa (pnp(E) JUJI DKPaHUPOBAHHOM OOpOoM ammaparypsl O4eHb Ci1abo
3aBHCHUT OT YCIOBUM M3MEPEHUU M MOXKET OBITh 3alKcaH B BUIE

Sup(E) = 4 - ¢, (E), (3)

rae A — MOIIHOCTh NCTOYHHKA HEHTPOHOB; (pnp(E) — CHEKTP HU3JIy4eHus
npubopa 711 eAMHUYIHOIN MOIHOCTH HCeTOYHMKa. Kak u B ciIyyae co criek-
TPaMu 3IIEMEHTOB MOPOABL, CIIEKTP U3IyUSHUS IpUdopa (pnp(E) SIBISIETCS
CTaHJapTHBIM I JaHHOIO THUIIA alnaparyphl.
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Tabnuua 2
Hons nanyyeHus, noctynatowero ot npubopa, CKBaXWHbLI 1 nracra
B 3aBMCUMOCTU OT YCITOBUI U3MepPEHUi

Annapatypa Annapatypa
6e3 bopHoi ¢ 6opHown
3KpaHUPOBKM 3KPaHNPOBKOM
[eonoro-TexHu4eckue ycrnosus
n3mepeHuin Wanyuenue, % WNanyyenne, %

npu- | ckea- | Nna- | npw- | ckea- | nna-
6opa |xuHbl| cTa | Bopa |*uHbl| cTa

M3BecTHsIK, nopuctoctb 20%,
nnacToBasi Boga — npecHas,

pacTBOp B CKBaXkMHe — NpecHas Bofa,
d, = 244 mm

W3BecTHsIK, nopucTocTb 20%,
nnacrosas Bofa — NpecHas,

pacTBOp B CKBaXuHe — npecHasi Boaa,
d, =200 mm

W3BecTHsK, nopuctocTb 20%,
nrnactosast Bofa — npecHas,
MUHepanusauus pacteopa 50 a/n,
d. = 200 mm

M3BecTHsIK, nopuctocts 20%,
nnacrosas Boga — npecHas,
MUHepanusauus pacteopa 250 a/n,
d, =200 mm

M3BecTHsIK, nopuctocTb 20%,
MWHepanusauusa nnactoBou Boabl 250 2/,
pacTBOp B CKBaXkMHe — MpecHas Boaa,

d, =200 mm

55 17 28 20 24 56

54 13 33 19 19 62

47 26 27 16 32 52

34 39 27 14 47 39

46 12 42 17 13 70

WsBecTHsIK, nopuctocts 20%,
nnactoeasl Boga — npecHas,

pacTBOp B CKBaXvHe — nNpecHas Bofa,
d. =200 mm, d, = 146 MM

40 34 26 16 41 43

Criextp u3ny4eHus ckBaxuHsl S, .(E) B Cllydae OTKPHITOTO CTBONA
IPH HAJMYWU ONU3KOTO IO JUIMHE 30HJA TEIUIOBEIX HEHTPOHOB MOXHO
IIPEICTaBUTH B BUJE

SCKB(E) = A : FCKB(NT’ dC’ cs'I'I)K’ CH}K) b NT ’ (pCKB(E)’ (6)

BAC (N g, O, C,,) — MaJeToYHask 3aBHCHUMOCTD; d, — nuamerp
CKB&XUHBI; O — mwiotHocTk IDK; C, — Munepanusanus TDK; N, — mo-
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Puc. 7. Pacnpeaenerune ckBaXXMHHOM, MPUGOPHON 1 NMacTOBOM COCTABMSIOLLMX B
pasnn4HbIX reonoro-TeXHUYeCcknx yCrioBUAX N3MepeHuii:

a — U3BeCTHsIK, nopucTocTe 20%, Nnactosas BoAa U pacTBOP B CKBaXUHE — NpecHas Boaa,
d; = 216 mMMm; 6 — n3BecTHsK, nopuctocts 20%, NracTosas BOAa — NpecHast, MUHepanuaa-
uusi pacteopa 250 &/, d, = 216 MM; 8 = U3BECTHSIK, NOPUCTOCTb 20%, MUHEpanuaaLus nna-
cTOBOW BoAbl 250 2/71, pacTBOP B CKBaXWHe — NpecHast Boaa, d; = 216 MM; 2 - U3BecCTHSIK,
nopuctoctb 20%, nnacTosas BOAa U PacTBOP B CKBaXWHE — NpecHasi Boaa, d, =216 mm,
d, = 146 mm

TOK TEIUIOBLIX HEHTPOHOB (TI0Ka3aHust GIM3KOro 1o JJIMHE 30HIA MO Te-
IUIOBEIM HEUTPOHAM B YCIOBHBIX €IMHHUIAX); @, ,(E) — CIEKTp U3Tyde-
HHUS CKBOKUHBI 1711 €ITMHHYHON MOLIHOCTH MCTOYHHMKA. CrekTp ¢, ,(E)
(opMupyeTCs U3 CIIEKTPOB 3IEMEHTOB B COOTBETCTBHH C COCTABOM IIPO-
MEBIBOYHOH xuakocTu. [o pesynsraram pacuetos MmetonoMm MonTe-Kapiio
najeTo4Has 3aBUCUMOCTh F (N, d_, o ., C ) mpencrasiser coGoi Mo-

CKB ™ ¢
HOTOHHYI0, c11a60 MeHsoutytocs ¢pyrkuuio. Ha puc. 8 npusenen npumep
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3aBUCUMOCTH N, - F o (N, d, o, C,.) IS psina yCIoBUil H3MepeHui.
ITpu mocTpoeHHn 3aBUCHMOCTEH UCTIOIB30BAIUCH JAHHBIE, OJTyUYeHHBIE
JUIsL Pa3HBIX JINTOTUIIOB OO (U3BECTHSK, [IECYAHUK). AHAIOTHMYHBIE 3a-
BUCHMOCTH OBIITH MMOCTPOCHBI ISl CKBaXKMH, 3aII0IHEHHBIX TIIMHUCTHIM U
MUHEPAJIU30BaHHBIM PACTBOPOM.

90

244 Mm ‘

80 A
= 216 Mm
Z 70 X/_/. 2196 mm
=] /
£ 60 /
«©
= 5 V'"/
s 2 146 mm

40j ",.
30 ?‘l‘
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He¥TpOHHbIE NoKasaHws, y. .

BKnan CkBaXMHHO!

Puc. 8. 3aBMCMMOCTb U3MYyYeHUS CKBaXKUHbLI OT HEATPOHHLIX MOKa3aHUM

B ciiyuae o6cakeHHOTO CTBONIA M3TyYEHHE CKBAXHUHBI, & TAKKE M3ITY-
4eHUs. 00CaTHOM KONOHHBI M IIEMEHTHOTO KaMHS MOTYT OBbITh NPECTaB-
JIEHBI B BUJIE€, aHAJIOTHYHOM (opmyrie (6).

Taxum 06pasom, nokazaHUs HEHTPOHHOIO 30H/a MO3BOJISIOT CHOPMH-
POBAaTh CIICKTPBI M3JIyYEHHUs MPUOOPA U CKBAXKUHBI B KOHKPETHBIX YCIIO-
BHUSX u3Mepenul. CrencTBueM AaHHOTO (hakTa SABIAIOTCS JBa CIIOoco0a
y4eTa TeXHUYCCKUX YCIIOBHM M3MEPEHHMH IIPU PELICHUH 3a/laud OIpeme-
JICHUS COAEPKAHUHI TOPOXO0OPa3yOIINX IEMEHTOB B IIACTE.

ITepBr1ii cocob 3akirogaercs: B ciaenyromem. CHadana BBIACIACTCS
IIJJaCTOBAasA COCTABJISIONIAS 3aPETMCTPUPOBAHHOTO CIEKTPa IyTEM BbI-
YUTAHHUS U3Jy4CHHs MPUOOpa M CKBaXHHBI, IPEIBAPHTEIBHO HCIIPAB-
JICHHBIX 32 MOILHOCTH HCTOYHUKA HEHTPOHOB, U JIHILb 3aT€M OTIPEEIs-
I0TCS COepXKaHUs OTAENBHBIX DJEMEHTOB ITyTEeM DPa3JIOKEHHs ILIACTO-
BOTO CIIEKTpa.

Bropoii cioco6 He npegycMarpuBaeT BeIAENEHH MIIaCTOBOH COCTAB-
asrotei. PackianpiBaeTcst 3aperuCTpUPOBAHHBIN CIIEKTP, & CyMMapHOe
U3Iy4YeHnue npubopa U CKBaXXMHBI (B JajbHENIIEM CKBa)KMHHAS COCTaB-
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JISIOIIAs ) SBISIETCS OMHUM U3 KOMIIOHEHTOB pas3ioxeHnus. [IpeuMymiecTBo
MOCTEIHEN CXEMBI — aBTOMAaTHYECKUH yUeT MOIMHOCTH MCTOYHUKA HEM-
TPOHOB. J[0Js1 CKB2)XWHHOM COCTaBISOMIEH [TPH KOPPEKTHOM pa3ioxkKe-
HHUH JJOJDKHA PaBHSATHCS OTHOUIEHUIO MOIIHOCTH HCTOYHHKA IIPH KapoTa-
K€ K MOIITHOCTH MCTOYHHUKA, UCIIOIB3YEMOT0 NpH (popMUpOBaHHH HAGO-
pa CTaHJAPTHBIX CIIEKTPOB.

bsutn porectupoBansl 06e cxeMbl pasnoxeHus. [lorpenHocTs onpe-
ACICHUA MacCOBBIX CONEPXKAHMU DJIEMEHTOB OKa3aJlach BBHIIIE B ClIydae,
KOTZia MCITO/Ib30BAaJIC aJrOpUTM Oe3 BBIACICHUs IIJIACTOBOM COCTABIISIO-
med. Hanbonbune 3Ha4eHNs MOrPEIIHOCTH HAGIIONANUCH IPH OIPEee-
JICHUH 3JIEMCHTOB, KOTOPHIE NIPUCYTCTBOBAJIM KaK B IIJIACTE, TAK U CKBa-
KuHe. K TakuM 3]1€MEHTaM OTHOCSTCS BOLOPO, XJIOP, KENE30, KAIbLHii.
B nomoGHBIX cuTyalusx MacCOBBIE COAEPKAHUS STUX JIEMEHTOB B ILIa-
CT€, KaK MpaBuJIO, SBIAIOTCI 3aHMKEHHBIMH 3a CYET YBEJIMYEHHS CKBa-
XKUHHOU cocTaisomen. CUCTEMAaTHIeCKOe yBEIUYEHHE TIOTPENTHOCTH
MOXeT fgocturath 2—-3%. IlpoBeneHHEBIH aHATH3 PE3ylbTaTOB pa3jokKe-
HUS CIIEKTPOB, MONYYECHHBIX MaTE€MaTHYECKUM MOJCIUPOBAHUEM, TTOKa-
3aJ1 OYCBHIHOCTH BBIOOPA CXEMBI y4eTa BIHAHHS CKBRXHHHOM U pr6Op-
HOW COCTaBJIAIOMMX MyTEM BBIYUTAHHA HX M3 CYMMapPHOTO 3apPerMCTpPH-
poBaHHOrO crekrpa. JlanHas cxema oOeclieunBaeT OIpeIeeHHEe MAacCo-
BBIX COZEPIKaHHI DJIIEMEHTOB C TOYHOCTBIO 10 2%, IUIsi BOXOPOAA M XJIO-
pa MOrpeIHoCcTs cocTasider nopsaka 0,1-0,3%.

BnusiHue 3HepreTMueckoro paspelleHUs annaparypbi
Ha pesynbTaTbhl MHTepNpeTauuu BaHHbIX

IIpn 06paboTKe CIEKTPOB €1I1e OHIUM HCTOYHHKOM TTOTPEITHOCTH OTIpe-
JCICHUS MACCOBBIX COIEPKAaHHUH 3JEMEHTOB SIBISIOTCS HM3MEHSIOUIUECS
XapaKTePUCTHKH allaparypsl, &8 MIMEHHO TEMIIEPATyPHEIN Opeii¢ sHepre-
THYCCKOM IIKaIbl U U3MEHEHUE HEPIeTHUECKOTO Pa3pelieHusl.

HeobXonuMocTh cornacoBaHus SHEPreTUYECKUX LIKAT H3MEPEHHBIX
U MOZICJIPHBIX CIICKTPOB OYEBM/IHA, U 3Ta IIPOOIEMa JOCTATOYHO XOPOLIO
OcBellleHa B paboTax o CIEKTPOMETPHH. 31eCh aKIEHTUPYETCS BHUMA-
HHE Ha KCCIIEAOBAaHMHU BJIMAHUS YHEPIeTHYECKOrO Pa3peIleHus Ha TOY-
HOCTB OIIPEENEeHHs] CONEPIKaHMM DIIEMEHTOB.

Ha pacyeTHBIX naHHBIX HMHTHPOBAIICS IIPOLECC U3MEHEHHUS dHEpre-
TUYECKOTO paspelleHns PerUCTPUPYEMBIX CIIEKTPOB OTHOCHUTEIHLHO MO-
JETbHBIX CIEKTPOB. IIpoBeneHHbIe HCCleqOBaHMs TIOKA3aIH, YTO HECO-
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IIaCOBAaHHOCTh YHEPIeTHUYECKOTO Pa3pelIeHUs B MEPBYIO OYEPENb YBe-
JTMYMBACT HOIPEIIHOCTD ONPEAEIEHUs] BOAOPOA 38 CUET HEKOPPEKTHOIO
y4yeTa BIMAHUS CKBaXHHBI U, KaK CJIEJCTBUE, MOTPEIIHOCTh ONpeaele-
HUS W JIpyrux 3neMeHToB. Ha puc. 9 npencrasnena 3aBucumMocts abco-
JTIOTHOW MOTPELIHOCTH MACCOBBIX COIEPKAHHH OT BENMYHMHBI PAacCOra-
COBaHHsI SHEPIreTUYECKOTO Pa3PEIleHUs] PETUCTPUPYEMOTO U MOJENBHBIX
CIIEKTPOB B Cily4Yae [ByXKOMIIOHEHTHOH opoxsl. Paccornacosanue sHep-
FeTHYECKOTO paspelleHus Ha 1,5% yBeauMuHBaeT MOrPEeNIHOCTh ONpese-
JeHus Bogopoxa Ha 0,3%, mpu 3ToM comep)aHHe BOIOPOAA B MOPOJE B
obmieM ciaydae He mpeBeimaeT 1-2%.

15

/

05

0,0

AGCOMIOTHAA NOTPEWIHOCTb, %

05

-2 =] 0 1 2
AR, %

Puc. 9. BnusiHne paccornacoBaHHOCTU pa3pelueHns annapatypbl 1 MOAENbHbIX
CNEKTPOB Ha TOYHOCTb OMNPEAENeHNst MacCoBbIX COAepPKaHWM:

ronyGon uBeT — KanbLwii; KpacHbI LBET — BOAOPOA

Kpowme Toro, yxyniuienue 3HepreTHI€CKOro pa3pemenus HecIeayeMo-
IO CIEKTpa MPUBOJUT K TOMY, UTO IIPH Pa3IOKEHUU ONPENEIAIOTCS lie-
MEHTEI, KOTOPhIE Ha CaMOM [IeJie OTCYTCTBYIOT B nopoje. Tak, npu pas-
JIOXKEHHUM CIIEKTPOB BOJOHACHIIIECHHBIX MECYAHHWKOB, HE COITIACOBAHHBIX
110 SHEPTeTUYECKOMY Pa3pEIIEHHIO C MOIENbHBIMHU CIIEKTPAMHU, OMIMO0Y-
HO ompezenseTcs cepa. [Ipy HECOIIacOBaHHOCTU SHEPreTHYECKOTO pas-
pewenust 1-1,5% BO3MOKHO ONpezeNIeHHEe Cephl C MaCCOBBIM COIEpKa-
HHUeM 10 1,5%. ITockonbKy comepikaHue Cepbl B TOPHBIX MOPOAaX HE3Ha-
YUTEIBHO (KPOME aHTHIPHTOB), TO MOTPELIHOCTh M3MEPEHUH GymeT co-
IIOCTaBUMA C €€ COIEep KaHUEM.
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ITpoBeneHHBIll aHANNU3 PE3YABTATOB MAaTEMATHIECKOTO MOZAEIHpPOBa-
HHUS TI0Ka3aJl HEOOXOMMMOCTh COITTACOBAHMUS 3HEPIETHIECKOTO pasperire-
HHUSl 3aperUCTPUPOBAHHBIX M MOAENBHBIX CHIEKTPOB B IpoLEecce 06paboT-
ku gauasix CHI'K. Jlng o6Gecniedenys TounoCTH OIIpENEICHUSI MacCOBO-
ro conepxanusa Bogopona 0,2% u yMeHbIICHHs MOTPEIIHOCTH orpene-
JICHAA IPYTUX DJIE€MEHTOB HECOINACOBAHHOCTh YHEPIETHIECKOTO paspe-
LICHHUs HE JOJDKHA TpeBsimars 0,5%.

BnuaHue Habopa anemeHTOB Ha norpewHoCcTb onpepeneHus
MUX MacCOBbIX COfiepXKaHHM

OcHOBHO# HA6OP IEMEHTOB, ONPENEIIEMBIX 110 JAHHBIM CHI'K, Bkinto-
4aJ B ce0s KPEMHUH, KaJbLu, Kele30, cepy, xnop u Bogopox. [Torpem-
HOCTB OIPEAENIEHUS OTHOCHTEIbHBIX MaCCOBBIX CONEPKAHUM YKa3aHHBIX
SJIEMEHTOB B MOpOAax 0e3 BKIIIOYEHHsI APYTHX IEMEHTOB 110 pe3yibTa-
TaM pasJIokKeHHs CIEKTPOB MaTEMaTHYECKOTO MOJCIMPOBAHUS HPHBEIC-
Ha B Tabi. 3.

Tabnuya 3
MorpelHocTb onpeaeneHus
MacCOBbIX COAEpPXKaHWI ANeMEHTOB B nopofe

OnemeHT | AGCOrIOTHas NOrpeLlHocTb, %
Si 2
Ca 2
Fe 1,5
S 1,5
0,3

cl 0,3 (MuHepanusauus < 200 2/7)

1 (MuHepanuaaums > 200 a/n)

B JaJIbHEHIIIEM CIIMCOK ONPEIEIIEMBIX DJIEMEHTOB ObLIT paciupeH 3a
CYET HaTpus, TUTAHA, TaJOJIUHUS. HpI/I 3TOM HCCJIEOOBAJIOCH UBMEHECHHUE
MOIrpEITHOCTH OIPEACIEHUS MACCOBBIX CO,Hep)KaHI/Iﬁ 3a CYET U3MEHEHUSA
Pa3MEPHOCTH 3amavyu U HEy4YeTa IMPUCYTCTBUA B OpoJA€ BhIMIEIEPEYHC-
JICHHBIX DJIEMEHTOB. DJIEMEHTHI ,Z[O6aBJIHJ'H/ICb B paCCMOTPEHHUEC MOITAITHO.
Cuavana 6nu1a OLCHCHA OTPEIIHOCTD ONPEAETICHUS MAaCCOBEIX coaepxa-
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HUH 3IEMEHTOB IIPH PA3JIOKEHUHU CIICKTPOB, COACPIKAIIMNX U3TyICHHE Ha-
Tpus. BBIIO yCTaHOBIIEHO, YTO A0S M3JIYYECHHs HATPHUsS Mepepacipene-
IseTCs MEXIy KaJbllieM, KpEMHHEM U BOAOPOJIOM. boJsblias 4acTh u3-
Iy4eHHs ONpeNeNsieTca Kak KaJbluil, U ero comepKaHnue YBEIUINBACTCS
Ha 3-5% npu conepxxanuu Harpus 3—6%. Takum oOpa3om, B Mopojaax, B
COCTaB KOTOPBIX BXOOUT HaTpHi, comepikaHue Kaiublus OyneT 3aBHIIICH-
HBIM U IIOJlyYeHHBIe JaHHBIe OyAyT HYXAaThCs B KOppekTuposke. [Tocie
JIOIIOJIHUTENBHBIX UCCIIEIOBAHUH IO 3TOH mpobiieMe OBIIIO YCTaHOBIIEHO,
YTO BKJIIOYEHHE HATPHUS B HAOOp OIpenenseMbIX 3JEeMEHTOB MO3BOJSET
HE TOJNBKO KOPPEKTHO OLIEHWBATH COJIEP)KAHMSI KAJbLIMs, HO U yMeHbIIIa-
€T CHCTEMATUYECKYIO IIOTPEIIHOCTE B ONPEIEICHHH APYTUX JIEMEHTOB.
CrieKTpsl, BOCCTAHOBJICHHBIE C YYaCTHEM HATPHsI B Pa3IOKCHUH, HAMHO-
IO JIydIlle BOCIIPOM3BOMSIT 3aperuCTpUpoBanHbiii criektp. Ha puc. 10 mpu-
BEJICH NPUMEpP BOCCTAHOBJICHHUS 3apPETUCTPHUPOBAHHOTO CIIEKTpa 10 pas-
JIOXKEHHIO C y9acTHUEM HaTpus u 0e3 Hero.
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Puc. 10. MNprmep BocCcTaHOBMEHUsI cnekTpa 6e3 yyacTust HaTpus B pasnoXeHun
(a) n c yyactuem Hatpusi B pasnoxeHuu (6):

KPacHbIi LIBET — PACHETHbIN CMEKTP; CUHWIA LiBET — BOCCTAHOBEHHbIN CNeKTp

B nanpHeiniem B pasiioxkeHue ObLIN 100aBIEHEI TUTAH U TaIOIUHUM.
CogepxaHue 3THX 3JIEMEHTOB B MOPOAAX Majo, HO 3a C4eT GOJIBIIOTO Ce-
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YCHUS 3aXBaTa TEIJIOBBIX HEUTPOHOB OHKU MOT'YT BHOCHUTB 3HAYUTEILHBIIH
BKJIa/l B PETUCTPHPYEMBIil CIIEKTD.

CriekTp paaualMOHHOTO 3aXBaTa THTAHA UMEET XapakTepHyn ¢op-
My. DTO IO3BOJISET ONpPEIENIATH MACCOBOE COMAEPKAHME THTAHA C TOU-
HOCTBIO 710 0,2%, He yBeNM4HBas IPH 5TOM IOTPENIHOCTS ONPEeeICHUS
JPYTHX 3JIEMEHTOB.

CriexTp 3axBaTa TafoJHHHS HE UMEET SBHO BBIPAKEHHBIX SHEepreTu-
YECKUX JMHUH (puc. 11). BKiIIoueHHe TagoIMHus B Pa3IOKeHHe BHECIO
HCONPEACICHHOCTE B ONPEICIEHUH MAaCCOBBIX CONEPKAHMN KajblHs W
Harpus. IIpu aToM onpenenseMoe coxepkaHue HATPUS ObIIO CHIBHO 3a-
HIDKCHHBIM, & COAEPKAaHNE KaJlbLMsl MMEJIO 3aBBILICHHOE 3HadeHue. J{is
YCTpaHEHHUs CIIOKUBILEHCS CUTyauK ObLI pa3paboTad adropuT™ 03 Tall-
HOTO BKIIFOYEHMS S]IEMEHTOB B pasnoxeHnue. Ha mepeom srane onpeneis-
€TCS CONCPIKAHNE HATPUS M 3aPETUCTPUPOBAHHEIH CIEKTP KOPPEKTHPY-
©TCsI 32 €ro u3lydeHue. Ilocie 9Toro ucnpaBIeHHBINH CIEKTP BHOBB IIOJ-
BEPracTCs Pas3IOKCHUIO IS ONPEEIIEHNUS] COMEPKAHUS OCTANBHBIX djle-
MEHTOB. J[aHHas CXeMa MO3BOJIHIIA PA3/AEIATh U3TyYeH s HATPHS U Kallb-
1Sl ¥ Ha KaYE€CTBEHHOM YPOBHE ONPENEIATh CONEPIKAHUE TaXOINHKU.
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Puc. 11. CnekTp pagnauuoHHoro 3axeara rafornmHus

HCCJ’IC}IOBaHI/IC CIHCKTPOB, COAECPKAIUX U3TYyUCHUES AJIFOMHHMUS, ITIOKa3a-
JI0, 4YTO OTCYTCTBHE aJIIOMUHUS B Pa3I0KCHHUH BIUSIET TOJIBKO Ha onpene-
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JIEHHE MacCOBOIO COIEPIKAHMUS xKejle3a. DTO OOBACHAETCS TEM, YTO CIIeK-
TPHI PaJMAIIMOHHOTO 3aXBara aJIOMUHHS H XeJe3a B 001acTu oT 6,5 1o
8 M5B 6nusku 1o koHpurypamuu. BriroueHue agiOMUHUS B PasjiokKe-
HHE TaKXe He NO3BOJSET OZHO3HAYHO OMpPENENATh €ro B COCTaBe Mopo-
ae1. Kpome Toro, manpHeiiliee yBeIHYEHUE YHCIA JJIEMEHTOB, yJacTBY-
IOLUX B Pa3lIOKEHUH, IPUBOAUT K POCTY IOTPEIIHOCTH Pa3NIOKEHUI.
ITo-BHIMMOMY, MTOXOKUE MPOOIEMBI SBUIUCH IPHYMHON OLIEHKH Macco-
BOT0 COJIEpKaHusl AIFIOMHUHUS 110 JaHHBIM CHTI 'K xocBeHHO. MeTon O1leH-
KU COIepIKaHHs aTIOMUHHS PACCMOTPEH B 3apybexHoii nureparype [6, 7].

BoiBoabi

IIpoBeieHHBIE HCCIENOBaHUs IIOKA3alu, YTO MO JaHHBIM CHI'K BO3-
MOYKHO OTIPe/IeIEHHE MACCOBBIX CONEPKAaHUMI TAaKHX JIEMEHTOB, KaK KpEM-
HUH, KaJIbIUH, XKeIe30, cepa, HATPHil, XI0p, BOAOPO, TUTAH U IaJOjH-
Huii. BeiOpanHas cxeMa 0OpaOOTKU NaHHBIX CHI'K oGecmeunBaer clie-
JYIONIYI0 TOYHOCTH OINPEIENICHHA MACCOBBIX CONEPKAHUI OCHOBHBIX T10-
POIOOGPA3YIONIUX MEMEHTOB: KajlbIHs, KpEMHHUs, Kenesa — 2-3%, Ha-
Tpus, cepsl — 1,5%, Bomopona, TMTaHa u xjaopa — 0,2-0,3%. Coznepxa-
HH€ TaJoJIMHUs ONPEAeIeTCs] Ha KaUeCTBEHHOM YPOBHE.
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ANTOPUTMUYECKOE U NMPOrPAMMHOE OBECMNEYEHUE
OBPABOTKHW U UHTEPMPETALUU MATEPUANOB
CKAHUPYIOLLEFTO BOKOBOIO KAPOTAXA

PaccmoTpeH anropuT WHTeprnpeTauum matepuarnos CKaHupytoLero 60KoBoro kapo-
Taxa B cucteme “Tlpanm”. MpuseneHs! NpUMepsI MHTEprpeTaLmm matepuanos BKC
B PA3NNYHbIX re03MeKTPUYEeCcKNX paspesax.

KnroueBole cnoBa: 6okoBoii ckanupyrowuii kapomad, yasnbl naderus u azumymel naa-
CMOB, a3umymaneHas GHU30MPONUSs, mpeuwuHoBamocme.

B nocnennne ronrr npu uccinenoBanuu He(TEra30BbIX CKBAXKUH BCE
B 601bIINX 00bEMaX HCIIONB3YETC METON CKAaHHPYIOIIEr0 GOKOBOTO Ka-
potaxa (BKC).

Dupmoit Illmombepixe paspaboTaHa annaparypa a3suMyTaIbHOTO CKa-
HUpYOIEero 60KoBOro kapotaxa — Azimuthal Resistivity Imaging (ARI)
[7]. Anmaparypa ARI m03BOMISIET BECTH PETHCTPALIHIO YAEIBHOIO 3JIeK-
TPUIECKOT0 conpoTuBIeHHA (YIC) NBYMS CEKIIMOHHBIMH 30HIaMH OOKO-
BOTO KapoTraxka GOJBLION M CpefHel IIyGHHHOCTH, IEHTPaIbHBIA JIIeK-
TPOZ KOTOPBIX COAEPXKHUT ABEHAALATh CETMEHTapHBIX 3IeKTponoB. ARI
obecneunsaer oueHKy YOC IUIACTOB, BHISBIEHHE a3UMYTaTbHBIX 3IEK-
TPUYCCKHUX HEONHOPOAHOCTEH, HAKIIOHA IIJIACTOB, 30H TPENIMHOBATOCTH,
OIHAKO GOJBLIOH BEPTUKATBHBIN pasmep cekuuu (20 cy) yXyauaer BEp-
TUKaJIBHYIO Pa3peliaroulyro CHOCOOHOCTh anmaparypel.

000 “CBJIKA” paspaboransl mpubops! 60koBoro kaporaxa D49C u
942XC. Cxanupylolas anmnaparypa 06ecIiequBaeT BOCEMb a3UMYyTaIbHO-
HalPaBICHHBIX 3HaY€HUH Y OC TOPHBIX MOPOJ ¢ GOJBILOMH pagranbHOH NTy-



