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JKumomupcoruil 0epocasHull mexHoI02iYHUU YHisepcumem

TEOCTATUCTHYHUI MIJIPAXYHOK 3AITACIB
BEJIMKO-TAJJOMUHEIBKOI'O POJOBUIIA NIEPBUHHUX KAOJIIHIB
3 BPAXYBAHHSIM COPTOBOI JU®EPEHIIIALIILI

Busnaueno kpumepii  eeocmpyxmyprnozo ananizy Bemuxo-I'adomuneyvkozo poodosuwa hnepeuHHux
Kaoninig 3a copmamu, suznavenumu mexuiynumu ymosamu (TY) ons npomucnosocmeil, 6 sikux nepedbaueno
0N 8UCOMOBIEHHA 8UPODI6  BUKOPUCMAHHA KAOAIHY. Buodineno aAKicHi RnOKA3HUKU, 3a sAKumu 0Oyde
BUKOHYBAMUCS 2eOCMAMUCIUYHUL AHAI3 NOKIAOY NEPBUHHUX KAONIHIG. Bukonano eapiozpamuuii ananiz ons
BU3HAYEHHs Koeiyienma aHizomponii ma HanpamKy oci eaincoioa anizomponii. Ilo6ydosano kapmu i301iHitl
emicmy AKICHUX NOKA3HUKI8 HA OCHOBI IHMepnonayii CimKu OGHUX 3 GUKOPUCIAHHAM OJOYHO2O KpiciHey, 8
OCHO8Y AK020 3aKIA0EHO eMNIPUYHI ceMieapiospamu anpokcumosani AiHiamu pespecii. OKOHMypeHo copmosi
OUIAHKU HA OCHOBI HAKNAOAHHA SPAHUYHUX MEJHC GMICIY NOKA3HUKIE aKocmi. Busnaueno obcseu okpemux
OLIHOK 6CIX copmis Memooamu mpaneyiti ma 06oma pizHosudamu memooie Cimncona. Obpaxosano 06’ ’emu
NepeUHHUX KAOJIHI@ NO COpMAax ma 6UHAYEHO IX GIOHOCHI cepeoHbo-36adiceHi noxubku. Buxonano
eeocmamucmuyHuil  nIOpaxyHox 3anacié Bemuxo-I adomuneybkozo pooosuwja NepeUHHUX KAONIHIE i3
BPAXYBAHHAM COPMOBOT Qughepenyiayii.

Knrouogi cnosa: ceocmamucmuunuti niopaxyHox 3anacie, nepeuHHi KaoaiHu, 8apioepamHull aHauis,
cnocib mpaneyit, cnocio Cimncona, cemisapiozpamu.

Beryn. IlocraHoBka mpoGiaeMu. YkpaiHa Mae 3HauHi 3amacam kaouniny (6mm3pko 1110 muH. T), siki
CcTaHOBJIATH, 8 % BiA 3arajpHOCBITOBUX 1 3a o0cAramMu po3BigaHuX 3amnaciB mocrtymaerbcs juire CIIIA,
BenukoOpuranii ta Kuraro [1]. ITpu omiHIi nepcneKTUBHOCTI pPO3pOOKH POAOBHII HEPYTHUX KOPUCHUX KOTIAIUH
HaWOUIbII BIANOBIAAJIBHUM 3aBJaHHSAM € JIOCTOBIPDHE IPOTHO3YBaHHS NPOCTOPOBOI MIHJIMBOCTI TOKa3HHKIB
akocti. Cy4JacHe NPOMHCIOBE BHPOOHMITBO MEPEBAXKHO OPIEHTOBAaHE HA BUKOPHCTaHHS MarepiamiB 3
MaKCUMaJbHAM BMICTOM KAaONIHITOBHX MIHEpaliB 1 MiHIMAaJbHAM BMICTOM KBapIly, KaJi€BOTO IIOJIEOBOTO
IITaTy, CIIOIU, MiHEepalliB OKCHIIB 3aji3a i TUTaHy [2, 3]. YHiKanbHI BIACTHBOCTI KAONiHY 3yMOBWIN BEIHKY
KIJIbKICTh HANpsIMKIB BUKOPHUCTAHHS AAaHOI CHPOBHHU. Jl0 Pi3HHX NPOMHUCIOBOCTEH BHCYBAIOTHCS Pi3HI BUMOTH
MO0 SKOCTI KaoJiHy, HpHW NbOMY IIKAJTUBI IOMIMIKH AN OXOHIE]T MPOMHCIOBOCTI YacTO € OCHOBHHM
MOKA3HUKOM SIKOCT1 JUIS BHTOTOBJICHHS BHPOOIB IHIIOIO, TOMY TE€OMETpH3alis 3a SKICHAMH ITOKa3HUKAMH
BUMAra€e po3B’s3aHHS IIJIOr0 PsiAy CKIaMHHX 3a1ad, 10 OOYMOBIIIOE MOTPeOy B pPO3pOOI HOBHUX METOIUK
6ararodakTopHOi reomerpu3sanii, aki Oy1yTh 3a0e3neuyBaTH MakCUMallbHE BpaXyBaHHs Pi3HOBEKTOPHUX BUMOT
10 sikocTi [4]. BpaxoByrour OCHOBHI TE€HJIEHIIIT PO3BUTKY METOMK IT€OMETPH3aLIil sIKICHUX TIOKa3HHUKIB MOKJIa]y,
3a OCHOBY Ui PO3POOKHM METOAMKU OaraToakTOPHOI TeOMETpH3allii MOUIIbHO MPUHHITH T'€OCTATUCTUYHI
METOJI! OLIIHKH ITPOCTOPOBOT MiHJIMBOCTI IIOKa3HHKIB SKOCTI.

Mera crarTi. BukoHatH reoctatucTudHe pailoHyBaHHS NOKIaay Bennko-I'agoMHHEIIBKOTO poOJIOBHIIA
MEPBUHHUX KAOJIHIB 32 COPTAMHU BU3HAYCHUMH JUUISI IPOMHUCIIOBOCTEH, B SIKMX IMEpeN0adeHO U BUTOTOBICHHS
BUPOOIB BUKOPHCTAaHHS KaodiHy. Ha OCHOBI BHIUIEHHMX COPTOBHX IIJSTHOK BHKOHATH IMiAPaXyHOK 3araciB
BINOBITHO [T KOKHOTO COPTYy Ta Taly3l IPOMHCIOBOCTI. 3a JOMOMOTOI0 BapiorpaMHOTO aHaji3y
MaKCHUMalbHO BpaxyBaTH aHI30TPOIMI0 SKICHUX IOKa3HUKIB 1 MipaxyBaTH 3amacd MOKIAAy MEepBUHHIX
KaOJIiHIB.

AHani3 ocraHHix Jireparypuux mkepena. Y [5] JL.UynyynOar, P.BsamOanorr HaBemeHO OCOOIMBOCTI
PO3pOOKH IIPOrpaMHOT0 3a0€3MeUeHH s ONePAaTHBHOIO IMiPaxyHKy 3aIaciB B 3aJJaHUX KOHTYpax ripHUYHX poOiT,
JIOCBI/I BUKOpHCTaHHSI TpuBUMIipHOI rpadikn Ha ocHoBi OpenGL s inTeprnperanii MeTOMIB MiIpaxyHKY
3amaciB. Hryen Txe Kour y [6] posrmsimaB moOymoBy 1mdpoBHX Mojenelt penbedy 3 NPUKIATHAME
IHCTpyMEHTaMH, IO pealizye po3poOieHi anropuTMu. BuKOHaHI aHaNi3M MOMYISIPHUX QJITOPUTMIB 1
eKCIIepUMEHTANbHI JTOCTIKEHHS TOBETH e(EeKTHBHICTH 3alPONOHOBAHOTO ITOPUTMY MOOYHOBH TpPiaHTYIIALIi
Jenone. 3acTocoBaHi pe3ysibTaTH JOCHIIPKEHHS MOXHA BHKOPHCTaTH Uil PO3poOKM mporpamu 1oOyJoBH
mdposux Mozeneit pensedy. Y [7] J.Deraisme, C.De Fouquet 3a rormoMororo anaiisy mpocTopoBoi Kopessii i
CTaTHCTHYHOTO MOJICJIOBAHHS BiATBOPIOIOTH MPOCTOPOBHI PO3IOJIN BMICTy PYIHHX KOMIIOHEHTIB B MeXKax
PYIHOTO TiNA JUIS OLIHKA €KOHOMIYHOI JOLLUIFHOCTI PO3pOOKH OKpeMuX IUiTHOK pomosuma. Y [8] Illernor B.1L
BUKOHYE NOPIBHSUIbHY OLIHKY €(EKTUBHOCTI CTaTUCTHYHOTO CIoco0y, Crocoly aHajorii, CEeKTOpPHOTO KpaWriHTy,
KOpEJISIIHOT MOJIeNi, KOpeJLiiHOT MOJIeNli 3 TPEHIOM HiJpaxyHKy 3araciB B yMOBaX pealbHOi CHTYyallil poIoBHIIA
MONIMETATIYHNX PYyA. AHANi3 pe3yibTaTiB MOKa3aB, IO CEKTOPHUHA KpPaWTiHT 1 KOpeAIiifHa MOJEeNs KpaWriHra
XapaKTePU3y€eThCS OUTBII BUCOKOIO TOYHICTIO OLHKH, NMPUYOMY KOpEIsIiifHa MOJeNs Kpairinra Mae O6e3cyMHiBHY
nepeary. Y [9] 3enencekuii O.C. migBumye eheKTHBHICT INIaHYBaHHS TipHHYUX POOIT Ta 00JiKy BHAOOYTKY
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PYA Ha OCHOBI yJIOCKOHAQJICHHS METOAIB OIIEPAaTHBHOTO IiAPaxyHKY 3alaciB, OKOHTYPIOBaHHsS PYIHHX TiJl 10O
TOPU30HTAX Kap'epy, MapKIICHIEPChKOTo 00Ky BUIOOYTKY Py, MOAEIIOBaHHS POIOBHIIA i Kap'epy.

BuxjageHHsi ocHOBHOro Mmatepiaidy. Sk 00’e€KT HOCHTIKEHHS OOpaHO MPOIEC OIMIHKA TEONpPOCTOPOBOI
MIHJIMBOCTI TIOKa3HHKIB sKOCTi Bemuko-I'amoMunenskoro pomosuma. [Ipy BHKOPHCTAaHHI T€OCTATHCTUYHOTO
MOJICIIOBAHHS OCHOBHOIO YMOBOIO € NPHITYLICHHS PO HEMEPEepBHICTH MPOCTOPOBOIO PO3MOAULY CTPYKTYPHHX Ta
SAKICHUX TIOKa3HHWKIB. J[ms aHami3y 1 MpOCTOPOBOTO TMPOTHO3YBAHHA SKICHMX ITOKAa3HWKIB KaoniHy Bemiko-
lagomuHeIBKOro pomoBuina OyB BUKOHAHUM PETPECIHMNA aHami3 JaHUX, MEPIIAM €TalloM SKOTO € BapiorpaMHHil
aHaNi3 CTPYKTypH HaHHWX. 3a TEOpEeTWYHY HETepepBHY MOIENh BapiorpaMy OOpaHO EKCIIOHCHINANFHHUN BHIL.
Bapiorpama i ¢yHKuii KoBapiamii KiTbKICHO XapaKTepU3yIOTh BIUIHB BiIAJl MK MICISIMH BiiOOpy Mpo0 Ha CTyMiHb
KOPEJISIIIT.

OCHOBHOIO I'€0CTaTUCTUYHOIO MOJIEIUTIO, SIKa B TOMY YH 1HIIIOMY BHIJISIII BUKOPHCTOBYETHCS Y BCIX METOAAX
TEOCTATUCTHKHU, € KPITiHT — JIHIHHUHA 1HTEPHOIATOp, IO BUKOPHUCTOBYE JUISI OTPUMAHHS OIHKHM 3HA4YCHHS
dyHKIIT B AesKiil TOUIi MPOCTOPY EKCHEPHMEHTAILHO BUMIpAHI 3HaueHHs wiei QyHKIIl B iHmuX Toukax. Moro
OLIiHKa Ma€ MiHIMAaNbHy Bapiallito moOMUIKH [4].

BpaxoByroun pe3ynbTaTh Honepeanix pocmimkenp [10] Ta 0OCHOBHUX MMiAXOMIB 10 TEOCTPYKTYPHOTO aHAII3Y
[6-9], Gyna po3pobiieHa METOIMKa TEOCTATHCTHYHOTO i APaxyHKy 3amaciB Bennko-I'aqoMUHEIBKOTO POIOBHIIA
MepBUHHUX KAONIHIB 3 BpaxyBaHHAM COpPTOBOI mudepeHIianii, CTpyKTypHa cxema SKOI TpeIcTaBicHa Ha
pucyHky 1.

| Busznauenns kpumepiie 2eocmpyknmypHozo ananizy ‘

———| Oyinka eumoez TV npomuciosocmeil |

Crmiamucmuyuna oyiHKa 6UOITEHUX NOKA3HUKIG |
30 pe3ynbmamamii OnPodYeaHHs 2eon02iuHol po3eioku
]

Hopienanna eumoe TY pizHux npomuciosocmeii 3
CIamMuCMUUHUM PO3N0OINOM 0aHO20 NOKA3HUKG

Buoinenna noxasnukie 3a axumu 6yoe sUKOHY8amMucs
2e0CMamuCMuYHUEl aHaniz NOKIaoy

f

Bukonawns sapiospamuozo ananizy ‘

Busnavenia koeghiyienma anizomponii |——

Buznaverns HanpAMKy oci erincoioa awizomponii |——

f

| To6yodosa kapmu i3oninili 6Micmy AKICHOZ0 ROKASHUKA
|

Iumepnonayia cimku OaHUX 3 6UKOPUCIIAHHAM
ONOUHO20 KPIZINZY

| Hiopaxyrok 06'emie KOPUCHOT KOnanuHU HO COpMam

OKOHMYpeHHs COPMOBUX OLNISIHOK HA OCHOBI HAKIAOAHHSA
CPAHUMHUX KOHMYPI6 @MICHY NOKA3HUKIG SAKOCHT

BusHauenHs 06cazie okpemux OLSAHOK Copmy
memodamu mpaneyiii, Cimncona, Cimncona "3/8"

| BusHauenHs 3a2aibHO20 00 €EMY CUPOBUHU 8iON0GIOHOZ0
copmy

Obuucaenns GiOHOCHOI cepeOHbO-36ANCEHOI NOXUOKIU
L= GU3HAUEHHA 302ANbHO20 00 'EMY CUPOGUHU BIONOBGIOHO20
copmy

Puc. 1. CmpykmypHra cxema memoOouKu 2eoCmamucmuyHo2o niopaxyHKy 3anacie
Benuxo-Tadomuneyvrozo podosuya nepeuHHUX KAOIIHI6 3 8pAXy8aHHAM cOpmogoi oughepenyiayii
Jis Bu3HaueHHsA KoedilieHTa aHi3oTpomii Oynu moOyaoBaHi BapiorpaMu Ul BMICTY SIKICHHX ITOKa3HHKIB
Fe,03, TiO, i Ginu3au Mo BCix HAMpsIMKax 3 KyToM momiyky 22,5°. Pesymbratd moOyI0BH BapiorpaM Ui BMICTY
Fe,0s, TiO,, i GinM3HK HaBe/IEH] BiAMOBIAHO Ha pUCYHKaX 2, 3 Ta 4.
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Fe203
AsumyT 90°, KyT momyky 22,5°

Eminicoin anizotpomii (Fe203)
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Puc. 2. Peszynsmam nobyodosu éapioepamu ma enincoioa anizomponii Fe,03

Enincoin arizotpomii (TiO2)

TiO2
AnumyT 22,5°, KyT momyky 22,5° Ratio= 1.4
| A Angle =22.5°
0,184 / ‘\.‘
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Puc. 3. Pesynomam nobyoosu sapiozpamu ma enincoioa anizomponii TiO,

AHani3 osepkaHuX BapiorpaM J03BOJIMB BCTAHOBHTH, 1[0 MaKCHMallbHE 3HAYCHHS CTYIICHS KOPEISIii Iis
nokasHuka Fe,03 1 6inu3Hu crocrepiraerbes 3a asumyrom 90°, a 3a nokasuukom Bmicty TiO, — 22,5°. ¥V xoxi
BapiorpaMHOTO aHANI3y TaKoX OyJM BCTAHOBJICHI 3HAYCHHS IMOKA3HUKIB aHi3oTpomii, ski mis Fe,0O3 ctanoBuTh
1,6, nist TiO, — 1,4 ta 6inuszau — 1,5 3 pianma3oHamMu aBTOKOpesii JaHux BigmoBigHo 430 M, 385 m 1435 M.

Jnst minpaxyHKy 00’€MiIB 32 T€OCTaTUCTUYHHM CHOCOOOM OyJi0 BHKOPHCTaHO NporpaMHe 3a0e3neyeHHs
Surfer 11.2, B sskomy peasi3oBaHi TPy METOAM BH3Ha4YeHHs 00'emiB: meron Tpameriii (Trapezoidal Rule), meron
Cimricona (Simpson's Rule) i meton Cimmicona 3/8 (Simpson's 3/8 Rule).

Jocmimumo eeKTHBHICTh MepepaxoBaHUX METOJIB MiIpaxyHKY 00’€MiB B MeKaX OKOHTYPEHOI AIJITHKH Ha
OCHOBI aHATITUYHOI OIIIHKH OYiKyBaHHX IIOXHOOK MiAPaxyHKY.

126



Cepis: Texuiuni nayxu

Bimmna Emincoin anizoTpomii (OLmi3HA)
AsuMyT 90°, KyT momryky 22,5° Ratio = 1.5
Angle = 90°
Scale =30

Length (A)=435 ™

Ri

T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800

Bigctase

Puc. 4. Pesynemam nobyoosu sapiocpamu ma enincoioa anizomponii 0inu3sHu

CyTHICTP METONy Tpalelliii ToiArae y 3aMiHi Ha KOXKHOMY €JIEMEHTapHOMY BiIpi3Ky MigiHTErpaibHOL
¢yHKUIT Ha OaraTowieH MEpIIOro CTYINeHs, TOOTO Ha JiHiHHY (yHkuito. O4eBUIHO, IO YMM OLTBIIMM Oyze
YHCIIO N BiIPi3KiB PO3OHUTTS, TUM TOYHIIINI OyJe OTpUMaHoO pe3yibTar. Po3riissHeMo iHTerpal, 1o sSBJs€e co00r0

IUIOLLY I KPUBOKW y = f(x)Ha Bigpisky a<X<b (puc. 5). Posaimumo inrepsan inrerpyBanus €,b_ Ha N
PIBHHX YaCTHH JOBXHHOIO h = (b—a)/n koxsa [11, 12]. Po3risHeMo oxuH i3 iHTepBaiiB okpemo (puc. 6).

y=£(x) c

/“_‘ Y=/ T~
B E

/ ‘ Yie1 =f(Xi1)

yi=flx)

x=a x=b X
Puc. 5. Iumepsan inmeepysanns Q b\ Puc. 6. Tacmuna inmepaary
. 3. D DY Y inmezpyeanns h

ITnomwa mig kpuBoto y = f(x) Mix X1 Xx,,, Oyzne nopisuioBaru (1):

i+1

i+l

I~ [f()dx @

XI

[IpumyctrmMo, 1m0 KpPOK IHTETpYBaHHS NOCHUTH ApIiOHWH, TOAi TuIOIly 0e3 CyTTEBMX MOXHOOK MOKHA
npupisnaTy g0 o tpanenii ABCD i, ockinbku iHTerpan Bifi cymu J0piBHIOE CyMi iHTerpaiiB, 0CTaTOUHA
dhopmyma (2) Tpareriii MaTUMe BUTIISI;

h
I zE(yo+2yi ot 2y, Y,) 2

AGCom0oTHA BETMYMHA OI[IHKY MOXHOKH 33J0BOJIbHSE HEPIBHICTS (3):
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_ 3
o TRIT ©

BpaxoBytoun, mo merox CimrcoHa nepenbauae HaOMMKEHHs MigiHTerpaibHoi QyHKHii Ha BiAPI3KY [L,b_
IHTepIOANIHHAM 0araTOWICHOM IpPYroro CTyIeHs [, (/, T00TO HabmmxkeHHs rpadika QyHKIIT HA BiAPI3KY

mapaboIIor0, OYEBUIHIM € HEOOXiTHICTh PO3OUTTS iIHTEpBaTy IHTETPpYBaHHS Ha O€3Iid ApiOHIMKX BiAPI3KiB, It
00YHCIICHHS IUIONII, i KOKHUM 3 SKHUX depe3 TPH MOCHTiIOBHI OPIWHATH MPOBOAUTHCS KBaJpaTHyHa mapaboina

(puc. 7).

Y r 3
y=Ax+Bx+C
y=iiz)
¥1
¥ 72
S
¥o h
7/
=0  wm=d2 x=d %1 B=b X

Puc. 7. Memoo Cimncona

Kinnesa ¢opmyrna Bu3HaueHHs 00’eMy meronoMm CiMICOHA Micisl AESKUX CIPOIIECHb HAOJIIKEHO MOXKeE
OyTH BU3HaUeHa 3 BUpa3zy (4):

b
h
[TO0A= 2 (Yo Yo 4+ (V2 + Vo bt Vo) +2- (Vo + Yo ot Vi2) )

3a ymoBH, mo y ¢yHkmii f (:: Ha BIiApPi3KYy E, b: icHye yerBepra moximHa, noxubka E € :, 3rigHO 3
dopmyioro Jxysenme [leano (5):
(b-a)°
|Rn| < 4 M 4 (5)
180(2n)
ne M, —MakcuMyM MOy 4eTBepTOi MoXigHoI HmifiHTerpanbHoi GyHKLIT Ha BiAPi3Ky E b: [13].
Monudikopannii Bapiant Meronxy CimmcoHa, B OCHOBI skoro nexuTh «[IpaBmno 3/8», mepembauae
BUKOPHCTAHHS KBaJIpaTHIHNAX (PyHKIIN IHTEPIIOISNIHHOTO THILY, IO YTBOPIOIOTHCS IPH 3aMiHi HiliHTErpaabHOI

(GyHKIIT iHTEPIONIALIHAM MOJIHOMOM TPETHOTO CTYIEHs, MOOYJOBAaHUM 110 YOTHPHOX TouKax (puc. 8). Kinmena
po3paxyHKoBa (opMmyIa Ui «rpaBuia 3/8» Oyne MaTH BUIIISL

bjf(x)dm(ba)E f(a)+§ f[za;bj+g f(a“;zbj% f Qj )

y

b
= [ F(xax

f)

a b
Puc. 8. Memoo Cimncona «3/8»
Jnst migpaxyHKy o0'€MiB KaoJliHy 3a COpPTaMH TPOMHCIIOBOCTEH CIOYaTKy BHKOHYBAJOCS OKOHTYpPEHHS

JIUISTHOK B MEXaX SIKOi KaoJiH 3aJ0BOJIbHSE BUMOTH TY II0OI0 BMICTY sIKiICHUX TOKa3HUKIiB. Hampukmanx, mis
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migpaxyHky o00’emy kaoniHy wmapku «KDC-35» ans BHpOOHHMITBA €JIEKTPOTEPMIYHOTO CHIYMIHY 1
yIbTpaMaprHy CHOYaTKy OyJI0 OKOHTYPEHO OUISHKY i3 BpaxyBaHHs KoedilieHTa aHi3oTpomii 3a Bumoramu TY
3a Bmictom TiO; (puc. 9, a), mortim 3a BMictrom Fe,03 (puc. 9, 6). TToGymoBa kapTu i30MiHil BMiCTy GimH3HA
MoKasayja, [0 BMICT OUIM3HM Ha BCIH TepUTOpii pPOMOBHINA 33J0BOJIBHSE BHMOrH 1Y Ui XiMi4HOT
TPOMHUCIOBOCTI, J[711 BUPOOHHUIITBA €IEKTPOTEPMIUYHOTO CHUIYMIHY 1 yIbTpaMapuHy, A KepaMidHHX BHPOOIB,
U TYMOTEXHIYHHX 1 TIACTMAacOBHX BHPOOIB, MITYYHMX MIKip 1 TKaHWH. B pe3ympraTi mepeTHHy IUIOUIHH
sikicHuX 3a BMicToM TiO,, Fe,031 6inmusnu copry kaoniny «kKDC-35» yTBopunacs AUTSHKA, B MEKax SKOI KaoTiH
3a7I0BOJIbHSIE BUMOTH TY OTHOYACHO 1O BCiX SKICHUX MOKa3HUKax (puc. 9, 6). IHTepmonslis CiTKH JaHUX O
CBEp/UIOBMHAX BHKOHYBaJjach 3a JONOMOTOIO OJIOYHOTO KpITiHT'Y, OCHOBOIO SIKOTO OYynMH eMITipHdHi
ceMiBapiorpaMu arnpoKCHMOBaHi JIiHIIMH perpecii.

6960001 F 696000-] has000-f

695500 E 695500 595500

695000 F 695000~ 595000

694500 594500

694000 = 694000 594000

693500 F 693500 593500

593000 F 693000 5930004

692500 F 692500 5925004

692000 E 692000 5920004

oo oo im me ko »iw m e ek oo 0 7 ww wim oW phe ww e
B) pE3yJIbTAT MEPETHHY
IUIOIUH
Puc. 9. [Ipuxknao susHauenHs cniibHOI 30HU 34 NOKAZHUKAMU AKOCMI 071 NIOPAXYHKY 00 €My Kaoriny copmy
«K3C-35» 05 supobHUYymMEa enekmpomepmMiyHO20 CUTYMIHY | YIbMPAMAPUHY
i3 8paxysamnns Koeghiyicnma anizomponii

a) Bumict TiO, 0) Bmict Fe,04

3a 3anpOoNOHOBAHOI0 METOJMKOIO OYJI0 BUKOHAHO AOCIIIKEHHS JUIS BCIX Taly3ei MPOMHUCIOBOCTI, B SKHX
TY nependauae BUKOpUCTAHHS KAOJIiHY JUls BAPOOHUITBA BUP0OiB. [100yoBaHi KapTH i30J1iHIH BMICTY SIKICHUX
MOKa3HUKIB JIaJIM 3MOTY BU3HAYUTH, LIO JUIA KaOelIbHOI i KOCMETHYHOI IPOMHUCIIOBOCTEH, BUPOOHUIITBA Nariepy i
KapTOHY, JJIsl XIMIYHHMX 3aC001B 3aXUCTy POCIUH KaoJiiH Bennko-I"aloMHHEbKOro POIOBHILA HE TIPUJATHUH 3a
BMICTOM SIKICHUX MMOKA3HHUKIB 3TigHO 3 BuMoramu TY. Pe3yibTat BUKOHAHUX MiPaxXyHKIB 00’€MiB HABEACHO Y
Tabmumi 1.

AHani3 ofiep>kaHuX pe3yIbTaTiB CBIJUUTD NP0 HE3HAYHY BiIHOCHY CEpeIHbO3BaKCHY IOXNOKY BU3HAYCHHS
00’eMiB, sika konuBaeThbes Big 0,001 o 1,067 %.

Pi3HMns 3HayeHb, OTPUMAaHMX PI3HUMH METOJAaMH, MOXE CIYI'yBaTH SIKICHOIO OI[IHKOIO TOYHOCTI
BU3HAUCHHS 00’eMiB. BigHOCHY MOXHOKYy BH3HAUu€HOIO O0O0’€My MOXKHAa OIIHUTH IIUIIXOM TOPiBHSHHS
pe3yIbTaTiB TPHOX METO/IB 1 BUPA3UTH B BIJICOTKAX BiJl CEPEIHHOTO 3HAYCHHS. BiTHOCHY MOXHOKY BH3HAYCHHS
00’eMy MOXKHa BUPa3HUTH 3a J01moMorow dpopmyinu (7):

§i — ﬂmax _Vmin :1000/0’ (7)

cep

ne O, — BimHocHa moxuOKa; V., — HalfOUIbIIMil i3 pe3ynpTariB, OTpUMAHWH TpboMa Meromamu; V.. -—
HafMEHIINH i3 pe3yNbTaTiB, OTPUMaHUi TphoMa MeTOAaMH; V,,,, — CEPEHE apuhMETHIHE TPHOX PE3YILTATIB.

OCKUNBKH 3aralbHUM 00’€M TOKIaxy KaolliHy JUIA OJHI€l IPOMHCIIOBOCTI € CyMOIO0 00’€MiB B MeXax
JUISTHOK TIEPETHHY IUIOMIMH, 0 OOMEXYIOTh NMEBHY TEPHTOPIIO 32 BMICTOM MNOKAa3HHKIB sikocTi 3rigHo 3 TV,
BiJIHOCHA ITOXMOKa BU3HAUCHHS 3araJIbHOr0 00’ €My BH3HaJaacs SIK CepeiHe 3BaKEHE, SIKe MOYKHA OOUUCIUTH 32
BizioMoro (opmyioro (8) [14]:

W, 5)

i=1

Je V. —o00’eM B Mexax NepeTuHy IUIOIKH, 10 00MEXYyIO0Th IEBHY TEPUTOPitO 332 BMICTOM IOKa3HUKIB SKOCTI.

)_(:

(®)

Tabauys 1
Busnauenns 00 ’emie nokiaoy Kaoainy
Benuxo-I'adomuneybko2o pooosuwa 3a npoMUcIo80CmMAMU
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Crnoci6 Bu3Ha4YeHHs 00'eMy Bixmocka
CepeIHBO-
Hazsa 3Ba)KEHA
. Copr . .
MIPOMHUCIIOBOCTI .. 3 | CiMIcoHa, Cimmcona 3 MoXHuoKa
Tpamneuii, M e B/8, o CepelHe, M BUBHANCHHSL
00’emy, %
KDAC-37 26599 26300 26471 26456 0,976
[t BupoOHUIITBA
enextporepyiu- | KOC-36 | 2538212 2535277 2538104 2537198 0,215
HOTO cWIyMiHy i | KDC-35 | 28785744 28789535 28786357 28787211 0,633
YAIbTpaMapHiy KYM 34082461 | 34083520 | 34084697 | 34083559 0,064
Jns xiviamof KAX-1 | 31734039 31731295 31731786 31732374 0,021
IPOMHUCIOBOCTI | KAX-2 | 67059370 67063118 67054874 67059121 0,018
Kd-1,
KDHA 22535 22631 22452 22540 0,691
KD-2,
KDH.2 95184 95477 95082 95248 1,067
Ko-3, 28785744 28789535 28786357 28787211 0,022
A E— K®H-3
paMl‘IHI/IX
BHPOGiE K®II 48582073 48591873 48588611 48587517 0,036
KC-1 81756987 81742597 81749425 81749670 0,024
KD-1 3446198 3443723 3445086 3445002 0,136
KD-2 30881737 30873911 30881161 30878937 0,042
KD-3 31734039 31731295 31731786 31732374 0,021
Ans ' KPr 34277366 34294323 34288499 34286730 0,076
TYMOTEXHITHUX 1 1 prp iy | 87582951 87593169 87579409 87585174 0,022
IIJ1aCTMaCOBUX
BHDOGIE, KP 160490956 | 160491660 | 160491704 | 160491439 0,003
my‘;‘;:;‘ﬂ”;‘“p "'| KKxT | 168067179 | 168066786 | 168068007 | 168067324 0,001

3HayeHHS BIJHOCHWX MOXHMOOK BH3HA4YCHHS 00’eMy BimoOpaxkeHo Ha pucyHKy 10. 3a 3HaueHHSAMH
BIZIHOCHMX TMOXHMOOK OyB BHUKOHAHMH KOpensLidHMH 1 perpeciiinuii aHanizu. KoedimieHT kopemsiii Mix
BITHOCHOIO CEPEIHBO3BAKCHOIO MOXHUOKOI 1 BEIMYMHOI 00’€My MOKa3y€ CTATUCTHYHHUU 3B’SI30K CEPEIHBOI
MIITHOCTI 1 cTaHOBUTH F=-0,51. s MonemoBaHHS (YHKIII, sKa HAONIMKEHO BiJOOpakaTUMeE 3aJIekKHICTh
BiTHOCHOI CepeIHbO3BAKECHOI IMMOXHUOKH BiJl BEIMYHMHU 00’€My, HA OCHOBI METOJYy HaWMEHIINX KBaJApaTiB OyJo
BU3HAUYECHO  PIBHAHHSA perpecii y BUIJIANI IIOJIHOMAa TPEThOTO CTYMEHS 3 BEIHYWHOK OCTOBIPHOCTI

anpoKCUMAIIii R? =0,58:

y=-4-10"°x> +0,0012x* —0,1106x + 3,547
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7 FPA®IK 3ANNEXXHOCTI BIQHOCHOI CEP!E,EleO-BBA)KEHOT NOXNBKIA
H BU3HAYEHA OB'EMY Bl NOIMOo BENMNMYNHN
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O6'em, Tnc. M3
Puc. 10

BucHoBok. 3a pe3yabTaTaMd BU3HAYCHHS KPUTEPIiB eOCTPYKTYpHOTo aHamizy Benuko-I'agomuHenpkoro
pOMIOBHUINIA TMEPBHHHUX KAONIHIB 3a COpTaMH BHU3HAUYeHUMH TexHiunumu ymoBamu (TVY)  mis pisHux
MPOMUCIIOBOCTEH, B SIKMX MependavyeHo Ui BUTOTOBJICHHS! BUPOOiB BUKOPUCTAHHS KAaoJiHY BHIIJICHO HACTYIHI
noKa3HUKH skocTi: BMicT TiO,, Fe,Oz i 6inusuu. BukoHanuii BapiorpaMHuil aHami3 AaB 3MOTY BH3HAYHMTH
Koe(ilienT aHizoTpormii, siki craHoBIATH Mt Fe,0; — 1,6, mia TiO, — 1,4 Ta Ginusau — 1,5 3 mianazoHamu
aBTOKOpeysmii manux BiamoBimHO 430, 385 1 435 M. 3a moOymoBaHMMH KapTaMmH i30JiHIH BMICTy SKiCHHUX
MOKAa3HHUKIB OYJI0 OKOHTYPEHO OKpeMi HIITHKH KOKHOTO COPTY, B pe3yNbTaTi yoro OyiHu migpaxoBaHi iX 00’eMu
cnocobamu Tpameniii Ta pisHOBHAaMH crmoco0iB Cimmcona. OpepkaHi pe3yiabTaTH MiApaxyHKY 00’ e€MiB
XapaKTepU3yIOThCSI MIHIMAJIbHUMH 3HAYC€HHAMH BiTHOCHOI CepPEeAHBO3BAKEHOI MOXNOKHM BU3HAUYCHHS 3aralbHOTO
00’eMy coprty, sika koimuBaeThcs B Mexkax Bing 0,001 mo 1,067%. JInst mimBUIIEHHS TOCTOBIPHOCTI BH3HAYCHHS
JiiCHOTO 3Ha4YeHHS 00’€My JONIJIBHO BHKOPHCTOBYBATH CepelHE apH(METHYHE 3HAYCHHS TPHOX PE3YJNIbTATIB.
Hdns mopnemoBanHs (yHKIIT, ska HaOMMKEHO BioOpa)kaTUME 3aJIeKHICTh BiJHOCHOI CepelHbO3BaKEHOT
NMOXMOKH BiJl BeTMYMHHU 00’ €My, Ha OCHOBI METO/ly HaliMEHIIMX KBaJpaTiB OyJI0 BU3HAUEHO PIBHAHHS perpecii y
BUIJISA/I ITOJIIHOMA TPETHOTO CTYIICHS.
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COBOJIEBCLKUI Pycnman BagumMoBWy — KaHIWAAT TEXHIYHWX HAyK, JOICHT, 3aCTYIHHK 3aBigyBada
kadeapu Mapkureiinepii JKHTOMHPCHKOTO IEPyKaBHOTO TEXHOJIOTIYHOTO YHIBEPCHUTETY.

HayxoBi inTepecu:

— TeoMeTpH3allil TIOKIAgiB HepyAHOI OyIiBeNbHOI CHpPOBHHH, IOCTI[KCHHS 3aKOHOMIpHOCTEH
(hopMyBaHHS TPIIIMHYBATOCTI B BHCOKOMIITHUX MOPOJIAX;

—  TEXHOJIOTisl BUAOOYBaHHS JEKOPATHBHOI'O KaMEHIO.

BAIIYK Oumnekciii MukomaitioBuu — acucTeHT Kadeapu wmapkuiehaepii JKuToMupchKoro IepikaBHOTO
TEXHOJIOTIYHOTO YHIBEPCHUTETY.

HayxkoBi iHTepecu:

—  MapkureiiepcrKe 3a0e3nedeH s BiAKpUTOI po3poOKH poJOBUI HepyTHOT Oy JiBeIbHOI CHPOBHHH;

—  aBTOMAaTH3aIllis KaMepaIbHUX POOIT y MapKIIeHIepChKil CIIpaBi.
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Co6oaeBcbknii P.B., Bamyk O.M. T'eocrarnunuii migpaxyHok 3amaciB Benuko-I'agoMHHEIBKOTO pOJBHILA MTEPBHHHUX
KOAJIiHiB 3 BpaxyBaHHAM cOpTOBOi qudepeHIrianii

CoboaeBcknii P.B., Bamyk O.H. Teocratuctuueckuii moxacyeT 3amacoB Benuko-I'azoMuHenkoro
MECTOPOKICHUSI IEPBUYHBIX KAOJIUHOB C YU4ETOM COPTOBO#M auddepeninanuu /

Co6oaesckuii P.B., Bamyk O.H. Geostatistical estimation of Velyko-Hadominetsky primary kaolin deposit
based on the grades differentiation

VIIK 679.861+553.612

IeocrarucTuyeckuili mnoacyer 3amacoB Benauko-I'agoMMHeNKOro MeCTOPOXKIEHMS TNEPBUYHBIX
KA0JUHOB ¢ y4eToM copToBoii 1uddepenunanuu / P.B.Codoneckuii, O.H.Bamyk

OmnpeneneHsl KPUTEPUU TEOCTPYKTYPHOro aHanu3a Benuko-I'azioMUHEIIKOTO MECTOPOXKACHUS MEPBUUHBIX
KAao0JIMHOB 10 COpPTaM OMpEJeNIEHHBIMU TeXHUUYeCKHUMH yciaoBusiMu (TY) i NPOMBIIIEHHOCTH, B KOTOPBIX
MIPELyCMOTPEHO JUJIsl U3TOTOBJIEHUS W3JEIMM MCIOJIb30BAaHUE KAOJIMHA. BbIIENeHbl KaueCTBEHHBIE MOKA3aTEIN
M0 KOTOPBIM OyAET BHINOJHATHCS TEOCTATHCTHYSCKUI aHaNHM3 3ale)KW IMEePBHYHBIX KAOJHMHOB. BBITOTHEHO
BapHOTPAaMMHHUI aHANHM3 UL ONpeAeNieHus Kod(QQHIHMEHTa aHW30TPONUHM W HAPABICHHS OCH DIUIHIICOHUIA
aHu3zoTponuu. IlocTpoeHbl KapThl U30JMHUN COAEpXaHMS KAueCTBEHHBIX IIOKa3aTelell Ha OCHOBE
WHTEPIOISIINN CETKHA JaHHBIX C WCIONB30BAaHHEM OJOYHOTO KPHUTHHIA B OCHOBY KOTOPOTO 3aJI0KEHEI
SMIIUPUYECKUE CEMUBAPUOIPAMMBI AMIIPOKCUMHUPOBAHbI JIUHUAMU perpeccud. OKOHTYpPEHBI COPTOBBIE YUACTKU
Ha OCHOBE HAJOXCHHs MPEICIbHBIX TPaHMIl COJACPKAHHs TMOKa3zaresiedl kadectBa. OnpeneicHbl 00bBEMBI
OTIEJbHBIX YYaCTKOB BCEX COPTOB METOJAMH Tpameuwid W ABYMS Pa3HOBUAHOCTIMHU MeTofa CHUMIICOHA.
Boruncnensl 00beMbl MEPBUYHBIX KAOJHWHOB MO COPTaM U OTNPE/IENICHbI UX OTHOCUTEIIbHBIEC CpEeHE-B3BEIICHHBIS
MOTPELIHOCTH. BBINMONHEHO TeocTaTUCTUYECKUI MOJACYET 3amacoB Bennko-I'aqoMuHENbKOro MeCTOPOXKIECHUS
MEPBUYHBIX KAOJIMHOB C y4ETOM COPTOBOM AU PepeHIIHAIINH.

KutoueBble c10Ba: reocTaTUCTUUECKUM MOJCUET 3aJIeKEHN, NEPBUYHBIE KAOJUHBI, BAPUOTPAMMHBIN aHAN3,
cnoco0 Tparmenui, cnocod CUMIICOHA, CEeMUBAaPHOTPAMMEL.

YK 679.861+553.612

Geostatistical estimation of Velyko-Hadominetsky primary kaolin deposit based on the grades
differentiation / Co6onesckuii P.B., Bamyk O.H.

Geostructural analysis criterias of Velyko-Hadominetsky primary kaolin deposit for the grades defined by
specifications for the industries, where kaolin can be used were determined. Quality indicators of primary kaolin
deposit for geostatistical analysis were determined. Variogram analysis for determining anisotropy coefficient
and axe ellipse direction of and the direction of the axis of anisotropy ellipsoid was done. The isoline maps of
quality indicators content based on the block Kriging interpolation method using variogram modelling were
made. Grade zones based on overlays procedure of the limiting boundaries of quality indicators content were
allocated. The volumes of individual zones of all grades using trapezoidal method and two varieties of Simpson
methods were calculated and relative average weighted errors were determined. Geostatistical estimation of
Velyko-Hadominetsky primary kaolin deposit based on the grades differentiation was made.

Keywords: geostatistical estimation deposits, kaolin, variogram analysis, the method of trapezoids, Simpson
method, semivariogram.
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