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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-



Pesynsmamei pabom u uccnedosanuil yyetbix u KOHCMpyKmMopoe 51

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
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9Heprua, MaB

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.



Pesynbmamsi pabom u uccriedoeaHull yyeHbIX U KOHCMPYKMOopoe 57

T

tﬂ \..,\,\ cl
N
N

= /]

™
\V

Amnnutyna

>
S
SO

T

3
-

\«/\H s “L

4 5 6 7 8 9
JHeprua, MaB

o
)
w

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-






