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Beryn. OgauM 13 iHCTPYMEHTIB TOKpALIEHHS IOKa3HHUKIB [IisSUIBHOCTI MiANIPUEMCTBA €
BIIPOBADKCHHS criemiaiizoBanux iHpopmaniiiaux cucreM (CIC) mist otpumanHs Ta 0OpoOKH JaHUX
IiJ] YaC BUKOHAHHs Oi3Hec-tiporecis [1].

[Tig CIC posymieTnes iHpopMaliiiHa cuctema 300py Ta 00poOKM JaHUX Ha poOOUnX MicISX
NEepCoHay, CTYyHiHb aBTOMAaTH3alii sIKOi BIUIMBAa€ Ha IMOKA3HUKW IisUIBHOCTI miampueMcrtBa. Bin
CTYIIEHSl aBTOMAaTH3allii OTpUMaHHS Ta OOpOOKM NaHWX IIiJl Yac BUKOHAHHs Oi3HEC-TpOIECiB Ha
POOOUYNX MiCLSX 3AJIEKHUTH IMOBIPHICTH BHHUKHEHHS IOMUJIOK, IOCTOBIPHICTh OTPUMAHMX JaHUX, 4,
BIJIMIOBI/IHO, SIKICTh KIHIIEBOTO pe3yJlbTaTy WOTr0 BUKOHAHHA, SIKA BHPAKAETHCS B 3HAUYCHHSIX
MOKA3HUKIB [IsUIBHOCTI mianpueMcTBa [2]. Takum dYHHOM, Ui KEPiBHUIITBA MiAIPHEMCTBA
JOLIJIPHUM € BKJIQJaHHSA BUTpPAT Ta BUKOPUCTAHHs PECYpCiB B MaKCHUMallbHE IOKPAILEHHS TaKUX
nokasHuKiB. OHUM 3 MEXaHi3MiB MOKpPAIEHHS MOKA3HUKIB JisUTHOCTI MiJIMPHEMCTBA, 3HIKCHHS
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IMOBIPHOCTI BHHHMKHEHHS TOMHJIOK BBEJEHHS Ta OOpOOKM HaHMX MOXE CTaTH pPEiHXHHIPUHT
icaytouoi CIC, a came:

- ™oaudikamis Pyskmionamry CIC 3 MeTo BHINPAaBICHHS KPUTHYHUX TOMHIIOK
nporpaMHoro koxay 6e3 kpurnunoi 3minu CIC;

- TmoBHe a00 YacCTKOBE MEPETBOPEHHS BHYTPINIHBOI CTPYKTYypH MPOTPAHOTO 3a0e3MedeHHs
(pedakropunr);

- mepepoOka inTepdericy kopuctyBada 6e3 3minu ctpykrypu CIC (peauzaiin);

- 3MiHa CTPYKTYpH TEXHIYHOTO 3a0e3NeUYeHHsI, CTPYKTYpH 0a3u gaHux [3-4].

He icaye 3aranpHONpHiAHATOI MeTomounorii peimkuHipuary IC [5]. bimpmicte minxomiB mo
peimkuHipuaTy [C KOHIIEHTPYIOTHCS Ha eTami BuOOpy 0azoBoro BapiaHTy peimxuHipunry IC, Tob6to
BapiaHTy peimkuHipunry IC B nizomy [6].

Ha TemepimHiii vac BU3HAYAIOTHCS 3aranbHONPUHAHATI (a3u peimkuHipuary IC: omiHIOBaHHS
XapaKTepUCTUK ICHYIOUOi CHCTeMH, aHaii3 pimenp 3 peimkuHipuary IC, peimxunipuar IC,
BrpoBakeHHss [C [7]. BusHaueHHs Takux (a3 He ONKMCYe KOHKPETHHX KPOKIB OIIHIOBaHHS
XapaKTePUCTUK ICHYIOUOi CHCTEMH Ta peilKUHIpHHTY [C 3 IpakTHYHOT TOYKH 30Dy .

llle ommH 3arampHOBimOMUI Tiaxin no peimkuHipuHTY IC 0a3zyeTbcs Ha MOJENI «ITiTKOBAY,
KA 3a3BUYail 3aCTOCOBYIOTH [UIS PEIHKUHIPUHTY mporpamMHuX nponaykrtiB [8]. Lleit minxin
nepeadavac BU3HAYEHHs apxiTekTypu icHyrouoi IC, aHamiz apxiTeKTypH iCHYIOYOi CHCTEMH Ha
BiJIIOBITHICTH BIMOTaM, peai3aris HOBoi apxiTekTypu IC y BiamoBigHOCTI BIMOram, po3podka IC y
BiJIMTOBITHOCTI IO HOBOI apXiTEKTypH.

[Miaxix no peimxunipunry IC Ha 6a3i MoJeni «ITiKOBa» HE PO3paxoBaHO Ha peirmxuHipuHr [C
0e3 BTpydJaHHS B mporpamMauid kox [9]. 3aznaueni migxomam no peimkuHipuHTy IC HE BpaxoBYIOTH
3anexHicTb edekry peimkuHipuHry CIC 6e3mocepeqHp0 Ha MOKa3HUKHU AisTBHOCTI MiAIPUEMCTBA, a
came e(eKTUBHICTh PEIHKHHIPHHTY aBTOMAaTH30BaHHX pobouux Micus (APM) Ha moBHOTY Ta
JIOCTOBIPHICTbh TICPBUHHUX JaHUX O13HEC-TIPOIIECIB MiAMPHUEMCTBA.

Marepiajau Ta MeTOIHU.

OuintoBanHs edpexTuBHOCTI peimkuHipuHry APM CIC 3 TOYKM 30py BIUIMBY IMOBHOTH Ta
JIOCTOBIPHOCTI TEPBUHHUX JAaHUX OI3HEC-TPOIIECIB HAa TOKA3HUKHU AiSUIbHOCTI MiJIPHEMCTBA MOXKE
3MIMCHIOBATACh HAa OCHOBI HHM3KM MOjeNied, METOJ[iB Ta KpUTEpiiB, iHTerpamis SKUX JI03BOJIUTh
chopmyBaTu TexHoori0 peitxkunipunry CIC. {ns qanoi po3poOku Oye po3riisiHyTa iHTerparis:

- Merony oliHoBaHHS edexkTuBHOCTI MozaepHizalii CIC;

- wmogzem CIC;

- Meroay (opMyBaHHs oprasizauiiiHo-TexHiunoi crpykrypu CIC;

- Mojeni iHpOopMaIIifHOTO CYIPOBOY Oi3HEC-TIPOIIECIB;

- KPWTEPIlo OLIHIOBaHHS MOBHOTH iH(OPMAIIIITHOTO CYynpoBo Iy Oi3HEC MPOIIECiB;

- KpuTepito BUOOPY opraHizamiiHO-TeXHiuHOI cTpykTypH Ta [10-14].

Arperanis 4acTKOBUX IoKa3HUKIB e¢ektuBHOocTi CIC 3 Toukm 30py 3abe3neyeHHS
MOKpAIIeHHs TMOKa3HUKIB AiSUIBHOCTI MiJANpUEMCTBA OyJe BHKOHAHA 3 BUKOPUCTAHHS METOIIB
3TOPTKU KPUTEPIiB.

Pe3syabTaTu gocaigxeHHs.

Ha ocHoBi po3pobnennx Mojeni iHpopmartiitHoro cynpoBoay 6izHec-miporiecis, moxaeni CIC,
MeToay (opMyBaHHS OprasizamiiHo-TexHiuHOI ctpykTypu CIC, MeTomy omiHIOBaHHS €(peKTHBHOCTI
mopepHizanii CIC nmpononyeTbes po3pobutu texHosorio peimkunipunry CIC, sika neranisye ¢asu
omiHoBaHHs xapakrepuctuk icHytouoi CIC Ta peimkunipuar CIC 3aranbHONpUIHATUX MiAXOJIB 10
peirmxuHIprHTY (pHc.1).
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Kpox 1 METOT €0OPMYBAH
ARams IbopMamiiEoro sadesnedenEs Ta . GPI'.—‘-_I-]B.U:'EI ]:_H_O_'_TE-\I{"-HIB&
dvEEmioATEECT cTpVETYpE icavioasi CIC P g c T[I-:CLEP::IEST(;E‘LIHDI
i T ¥ = )| TH$OPMAILIHOI CHCTENMI
pox 2 o :
"OuisoEaHAEA !
—| XapaKTepHCTHE ARanis ENAHEY HATSHOCTI T2 NOCTOSIPHOCT] JaHHEX IPH NOTOTHIMY g '
icEvrogol CIC" indopamiaoy safesmeseHH H MINLOE] TOKASHARE TIATERCCTI EET .
’ INPHEEMETEL Y ¥ MOJETL
L : IH®OPMAITIHOI'O
N CYTIPOBOTY BI3HEC-
Kpox 3 AT TPOLTECIE
Amamis noTomEoTe eferTy dvEEmicEyEanEs kommore APMy CIC 1 L
——- * ‘I. I|.|-
' [
— Kpos 1 A MOTIETh
PopuysanEs e CIIELIATIISOBAHITY
MHOFHHE ATHTIEPHATHERHE BApiaHTIE OpoesTHER pimens CIC I‘.I: [H&OPMAINMHIX CHCTEM
¥ '
Kpox 2 :’ B
[ & o
ExcnepTae ONIHIEANHA TOSHOTH I8¢ 0pMamifiHero cyIposony GisHeC- ". |'I Y METOZ C_}HIHIOB-*_H}LQ Y
OpoIeciE 1A EHSHaueHEN EaplaEmis CIC L‘. ‘:' ' E‘q[BCEJIJ\E}DI}EI;IgI?JSI_II
¢ Ll CHEMAI30BAHITX
Kpox3. o 4] THEOPMAIMHHITY CHCTEM
i
Pospaxynok sHauess edexty dyarmoryeansa CIC v mimony 108 KOEHOTO :r‘, ;
BaplanTy MogepHisami cyxvmHecTi APM 3 vpaxvEanEmd KoedimienTis ,',:‘
saromocTi APM. LR
Paza "OnimoEIHET Epoz 4 s -
EapiaHTiB e  Kpurepiit
S ) w |CriEELIHOMEHES sHa%eEE edekTy QVHRIIOHYEAHES 3 BHTPATAMH Ha TeXHITH| . | OOHKEIHHA IOEHOTH
peismxumipmmry CIC 32000 Ta TPOrpaEe 3a0eMewesHE 14 KOAHOTO 3 EApIZHTIE : /| EPOpMAIEHOIC CYIPOBOAY
'L DIZHEC-IPOTECIE
Kpox 3

ErcnepTse CmMEMEIHHA OPraHisaMERC-TEXHITHOL CTPYETYPH EHIHITSHEE
sapiasTie CIC

¥

= { . N el

Kpox 6 4 *| Kpurepis suSopy opramisanifso-
TexHiTEol c1pyETYpH CIC

Excrneprae oniHrmE3RAT edeRTHEROCT] PRIEHHIPHATY EOEHOTO BapiaHTy
CIC

i

'L |

i

;

i

Kpox 7

BusHauweHHT PAMIOHATREHOND BAPIAHTY PEINEHHIPHETY poSouHE
micms CIC npH sanafkX EHTPETHHE 00MEREHHAX

Puc. 1. Texnonoeisa peinocunipuney CIC

daza «OuintoBaHHA XapakTepucTHK icHyrouoi CICy BKIIIO4a€e HACTYIHI KPOKH:

Kpok 1 — «Anauni3 inpopmaniiHoro 3ade3rnedeHHs: Ta QyHKIIOHAIbHOI CTPYKTYPH iCHYIOUO]
CIC», 3acrocoByrounm MeTon (OpMYyBaHHS OprasizauifHo-TexHiuHHX cTpyktypu CIC, moznens
iH(popMalliifHOTO CynpoBOIy Oi3HEC-TIPOIIeCiB nepedavae:

- JIEKOMIIO3HIIif0 Oi3HEC MPOLECiB MiANMPUEMCTBA Diji = {d ijjKij ji };

- BuU3HaueHHA QyHKIioOHaIBbHOT cTpyKkTypH CIC Fi g™ {fm} ;

c o . . !
- BU3HAYCHHs BY3bKHX Jiii 6isHec npouecis: D; i © D; ji
| |

- BusHaueHHs HaGopis mammx DS= dSijikij_hi ik iHpopManiifHOrO 3a0e3mneueHHs
i ik

0i3HEC-TIPOIIECIB MiAMPHUEMCTBA 3 BiIIOBITHUMH Koe(DilieHTaMH1 BayKIHBOCTI B= Bdsiji ki i h; ik [
i Uit
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ne Dj jj — MuoxuHa T I8 KOYKHOTO Ii j enementy p; 6isnec-npouecy; dj jikij' — K -ta gis Ii i
| I |

CIIEMEHTY [; MPOLECY, ENCMEHT MHOXUHH Diji ; K — mopsiakosuit Homep nii Ii ji CIIEMEHTY [p; MPOLECY,

k=1, K; ji Fig — MHOXuHa dynkuiii CIC; fm — dynkuis CIC, mo 3a6e3nedye neBHy Jir0 abo TpyIry il
|

. . cee !

eIeMEHTIB TIpoliecy; m — iHaekc nopsakoBoro Homepy dynkuii, M=1LM ; Di i
|
€JIEMEHTIB TPOIECIB SKi 3a y3araJlLHCHUMH BHUCHOBKAMH CKCIICPTH3H € BY3bKHMH, KPUTHYHHMHU 1
TIOB’SI3aHi 3 BUCOKMM CTyIIEHEM pH3MKY; DS - MHOHMHA ycCiX JaHMX, OTPMMaHMX IIpH iHpOpMaLiiHOMY
CyTpoBO/Ii Oi13HEC-TIPOLIECIB ITiATIPUEMCTBA; dsI jiki: hi: k

i i
|

— MHOXWHA I

— N - i nani, mo orpuMani Npu BUKOHAHHI

It

i di jikij' EIIEMEHTY Ii J , Tpowecy p; h=1,H; B — MHOXMHAa Koe]illieHTiB BaXUIMBOCTI NaHHX;
|

Ki: hs — KoeillieHT BayKIMBOCTI st Janux ds;

ds:;
i i |j|kJ 'Jlklj h|J|k

J7

Jlanmii KpOK J[Ja€ MOXIIHMBICTh MPOBOAWTH aHAJi3 MOTOYHOI TMOBHOTH iH(MOpPMAIiHHOTO
3a0e3nedyeHHs Oi3HEeC-TIPOLECiB Ta aHali3 BIAMOBITHOCTI iH(oOpMaliifHOTO 3a0e3mneucHHs Oi3Hec-
MpOIIeciB HOPMAaTHBHUM BHMOTaM Ta PEriiaMeHTaM.

Kpoxk 2 — «Amnam3 BIDIMBY HAasBHOCTI Ta JOCTOBIPHOCTI MJaHUX TMPH IOTOYHOMY
iHhopMarifHOMy 3a0e3levYeHHI Ha I[IbOBI MOKA3HWKH MisUTHHOCTI IMiIMPHEMCTBA», 3aCTOCOBYIOUH
monenb CIC, nepenbadae BU3HAYCHHS JOCTOBIPHOCTI OTPUMAHHS JAaHUX B 3aJICKHOCTI BiJ CTyIEHS
aBTOMaTH3alii Oi3HeC-TPOIIECiB, a BIAMOBIAHO (YHKIIOHAIEHY MTOBHOTY iH(OPMAIITHOTO CYIPOBOILY
MIPOIIECIB MiIPUEMCTBA C TOYKH 30PY BIUIMBY HASBHOCTI Ta IOCTOBIPHOCTI JaHWX TPH BiJIOBITHOMY
CTYIICHIO aBTOMaTH3allii iHpopMaIiiiHuX Oi3HEC-IPOIEeCiB HAa TOKPAIICHHS IIJThOBUX IOKA3HUKIB
ISIIBHOCTI:

E 1 % Kij Hiiki;
. irglij,z_lk Jz_lh,hkz”I ik i ki |
pglj,kIJ hIJ k”
ne S — QyHKuioHANBHA TOBHOTA iH(OPMAIHIHOTO CYNPOBOAY TPOIECIB MiMPHEMCTBA;
Bgijikij'hijikij — HOPMOBaHHMI KoedillieHT BaXIIMBOCTI TaHUX dS'JIkIJ hlij eSijikijihijikiji _

koediuieHT gocToBipHOCTI OTpUManHs qaHux dS; MPg;j i k'J| h: ik — OiHapHa OIliHKa

iji i

BIUIMBY JaHUX dSIJ ki: h: Ha € -TMH TIOKa3HUK OiSUTBHOCTI MiANPUEMCTBA; € — MOPSAKOBHUIA
|

ijj |j|kJ

'Jlklj hulk

HOMeEp TOKa3HMKA JIisUIbHOCTI mignpuemcTtBa € =1 E .

Kpok 3 — «AnHani3 notoynoro edexty GpyHKIioHyBaHHS KoxkHOro APMy CICy», 3acTocoByroun
MeTox omiHioBaHHS edekrtuBHOCTI MozepHizauii CIC, mepenbayae BHU3HAUEHHS I1HTEIPOBAHOTO
NOKAa3HWKAa PiBHA JOCTOBIPHOCTI OTpPMMaHMX JaHUX Ha KOXHOMY pobOouoMmy  Micli:

Q

= 2 OoySwpy, -
o=1
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e ewpm — IHTETPOBaHMI MOKAa3HHWK PIBHS JOCTOBIPHOCTI OTPHMaHHUX JaHWX HAa KOXXHOMY POOOYOMY

micii 0 : — 1HT BaHWH KOe(IIEHT BArOMOCTI yoro micst WP, .
c me’éer@ €rpoBa oedilieHt Baromocti po6o4oro micus WP

®a3za «OmintoBanHs BapiaHTiB peimkuHipuHry CIC)» BKITFOUa€e HACTYTIHI KPOKH:

Kpox 1 — «®@opmyBaHHS MHOXKHHH aTbTEPHATUBHUX BapiaHTiB MpoeKTHUX pimeHs CICy.

Kpok 2 — «EkcnepTHe oLiHIOBaHHS MOBHOTH iH(OpMamiiHOTO CynmpoBoAy OizHec-MpoleciB
Jutsi Bu3HaueHuX BapianTiB CIC» 3a kputepieMm OIIHIOBaHHS MMOBHOTH iH(OPMAIIIHOTO CYIPOBOIY
oisnec-npouecis KR =f(S) — max .

Kpok 3 — «Po3paxyHok 3HaueHb edekty QyHkuionyBanHs CIC y miiomy i KOXXKHOTO
BapiaHTy MozepHizaiii cykymHocTi APM 3 ypaxyBaHHAIM KoedilieHTiB BaromocTi APM».

Kpok 4 — «CniBBigHomIeHHs 3HaueHb eeKTy (YHKIIOHYBaHHS 3 BHTpaTaMH Ha TEXHIUHI
3aco0M Ta mporpaMHe 3a0e3MedeHHs Uil KOXKHOTO 3 BapiaHTiB, EpeBipKa Ha BiANOBIAHICTh 3aJaHUM
BUTPATHUM OOMEKCHHSAM.

Kpox 5 — «ExcneprHe OIiHIOBaHHS OpraHi3allifHO-TeXHIYHOT CTPYKTypHd BH3HAUYEHUX
BapiaHTIB CIC» 3a KpPHUTEPiEM BUOODY OpraHi3aliifHO-TeXHIYHOT CTPYKTypH
Q Eyp, K
WP WP
K=max Y @ 70

ne K — xpurepiii BuGopy opranizamiiino-rexniunoi crpykrypu CIC; ﬁwpw — iHTerpoBaHUit
KOC(IIIEHT BaromMocti poOOYOro MicCIist WP, ; Hwp, — HOPMOBAHHMN TMOKAXYHMK BiIIOBITHOCTI
Q)

moxmuBoctel CIC Bumoram 300py/Bunaui inpopmanii Ha poGodomy Mmicui WPy , SAKAH MOKE

3MiHIOBaTHCS y nmiama3oni Big 0 mo 1; CWp(D — CYKyIHI BUTpaTH Ha peaji3alilo opraHizamiiHo-

TexHi4HOi cTpykTypH CIC Ha poboyomy micii WP, .

Kpok 6 — «ExcnepTHe ouiHIOBaHHs €()eKTUBHOCTI pEiHKUHIPUHTY KoxkHOro Bapianty CIC» 3a

. Q
KputepieM Fl = Y ecoyEJpr — max.

o=1

Kpok 7 — «BusHaueHHs pallioHaNBHOTO BapiaHTy peiHkuHipuHTY pobounx wmicue CIC mnpu
3aJaHUX BUTPATHUX OOMEKEHHSIX).

OO0roBopeHHs1 pe3yJbTaTiB. AnpoOarisi 3a3HaYeHUX METOZIB Ta MOAEJEH, IHTETPOBaHUX B
TEXHOJIOTII0 PEImKHHIPUHTY, 3aCTOCOBAaHO Ui TMOMIYKY paliOHaIBHOTO BapiaHTa MPOEKTHOIO
pimeHnHst peiwxuHipuHry pobounx micue CIC 6i3Hec mponeciB KomyHanbHOro HexoMepLiiHOTro
mianpueMcTBa XapkiBcbkoi oOnmacHoi paan «OOmacHMH UeHTp ciayk0u kpoBi». Texnomoris
peimxunipuary CIC Bu3Hawae crymiHb apromaruszaimii koxkHoro APMy CIC, mpu skomy Oyne
3a0e3neueH0 MakCUMalTbHE TIOKPAIEHHS MIOKA3HUKIB JIISUTBHOCTI MiJIPUEMCTBA B MEXaX BHJLIICHOTO
¢inancysanns Ha peimxuHipuHr CIC.

BucnoBku. 3acTocyBaHHS 3amportoHOBaHOi TexHoJorii peimkuHipuary CIC  mo3Bosse
omiHoBaTH BapianTH peimkuHipuary APM CIC 3 Touku 30py 3a0e3nedeHHsi MaKCHMAIBHOI TTIOBHOTH
Ta 10CTOBipHOCTI iH(opMaliiiHoro 3a6e3neueHHs 013HeC-POLECiB; BU3HAYATH PalliOHANBHUI BapiaHT
opranizaniiino-rexniunoi crpyktypu APMis CIC, skuil [03BOJISIE MAaKCUMaJIbHO MiABHIIMTH
MOKA3HUKHU ASUTbHOCTI MIANPHEMCTBA.
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1. Introduction. The problem of multi-criteria decision making — (MCDM) is one of the actual
problem in the theory of decision making [1-2]. From a mathematical point of view, it belongs to the
class of vector optimization problems. The criteria can be divided into two groups: the criteria for which
the maximum value is optimal and the criteria for which the minimum value is optimal. MCDM
problems can be solved with an accuracy of many non-dominated alternatives or many trade-offs.
Obtaining a single solution can only be implemented on the basis of some compromise scheme that
reflects the preferences of the decision maker (DM). Methods for solving this problem can be divided
into two large groups: methods using the aggregation of all alternatives according to all criteria and the
solution of the resulting single criterion problem, the second group is associated with the procedure of
pairwise comparisons and stepwise aggregation. The first group includes methods: weighted average
sum, weighted average product and their various modifications [3-4], the second group includes -
Analytic Hierarchy Process (AHP), Elimination and Choice Translating Reality (ELECTRE), The
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), Preference Ranking
Organization Method (PROMETHEE) [5-15]. This paper discusses the fuzzy AHP method.

The method of AHP (Analytic hierarchy process) was proposed in the early 80's one of the greatest
authorities in the field of operations research professor at Pittsburgh University (USA) Thomas Saaty.

An important part of all decision making algorithms is the process of determining the weighting
coefficients of the criteria. In many methods, these coefficients are assigned by an expert, which does not
always lead to adequate values. A main feature of AHP method is original procedure for calculating
weighting coefficients criteria and alternatives on the basis of a single procedure paired comparisons.
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Another feature of the AHP method is the consistent use of structural approach to the problem
of decision making.

The decision making problem is presented as a hierarchical structure - goal-criteria-
alternatives. At present, AHP is the most popular method for solving multi-criteria decision making
problems [3]. AHP's popularity is largely due to the use of intuitive technology paired comparisons
and procedures weighted average. Let's consider the description of AHP.

2. Description of the method

Suppose MCDM is given in the form of a matrix of outcomes (alternatives - criteria) m -
number of criteria n - number of alternatives.

C: C Cs Cnm

Ay
A
Az

An

Fig. 1. MCDM problem representation

AHP is implemented in the form of a sequential multi-stage procedure. At first stage DM
builds a matrix of paired comparisons of criteria, for identifying the rank criterion and accordingly the
weight criteria for calculating global assessment. The ranks of each criterion are calculated on base of
the preference scale and the corresponding indices. Each pair can be defined on a linguistic scale,
mapped to an interval (1-9).

T.Saaty proposed an original scale for evaluating paired comparisons

e 1 -the criteria are of equal importance,

e 3 -o0ne criterion is somewhat more important than the other,

e 5 - one criterion is significantly more important than another,

e 7 -one criterion is undeniably more important than another

e 9 -one criterion is absolutely more important than another.

The matrix of pairwise comparisons of criteria (m x m) is presented in Fig. 2.

Cy C, . Cm
Ci 1 C./C> C1/Cm
C. C./Cy 1 viiei | oo | C2/Chy
Cs Cs/Cy 1
Cm Cm/Cl Cm/CZ oo an cee an 1

Fig. 2. Pairwise comparison of criterion matrix

Here C;/C; , preference index of C; criterion over C;

In fuzzy AHP (FAHP) are used fuzzy numbers. In this article trapezoidal fuzzy numbers
(TEN) are used.
Definition: Trapezoidal fuzzy number

Trapeziodal fuzzy number, A= (a,b,c,d), has following membership function:

0 x<a
(e )
b—a a=x=
uilx) = 1 b<x<c
xX—c cx<d
T ¢ c<
0 x>d
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Alx) e

Fig. 3. Trapezoidal fuzzy number

Let’s consider basic mathtematical operations with two TFT numbers: A, and A,:
Ay = (ay,b1,¢4,d1) Ay = (az, by, ¢5,d3)
Addition
AL © Ay = (a1 +ag, by + by, 01 +¢5,dy +dy)
Subtraction
Ay © Ay =(ay —az, by —bycq — 02'41 —d3)
. =~ ((da,Ab, Ac,Ad) 2> 0
Scalar multiplication 14 = {(Ad, Jc, Ab, Aa) A< 0
Division
A104; = (a1/d12, bi/b,,c1/cs,d1/az)
Inverse A71 = 5~ (1/d'1/C’1/b’1/a)
Ranking function
For ranking alternatives is used the function proposed by R.Yager:
Q=1 _4 2
R(4) —~2(a+d~ —+3)
Let’s A; and A; two TFN numbers,
()  R(4)>R(4;) then 4; > 4;

Paiwise prefernces are defined as follows:

1=(1,1,1,1) — two criteria are of absolutely equal importante

1=(0,1,1.5,2) —one criterion is little more important than the other,

3 =(2,2.5,3.5,4) - one criterion is somewhat more important than the other,
5= (4,4.5,5.5,6) - one criterion is significantly more important than another,
7 =(6,6.5,7.5,8) - one criterion is undeniably more important than another,
9= (8,8.5,9,9) - one criterion is absolutely more important than another.

It is important to note that if the preference C; over C; is 5, then the preference C; over C; is
1/5, this relationship is called inverse symmetry. Logical transitivity must also be performed. If both
conditions are met then the matrix is called consistency, otherwise the inconsistency.

Fuzzy inverse symmetric prefernce will be

171=(1/2,1/1,1,1)

371=(1/4,1/35, 1/2.5, 1/2)

5-1=(1/6, 1/5.5, 1/4.5, 1/4)

7-1=(1/8,1/75, 1/6.5, 1/6)

9-1=(1/9, 1/9, 1/ 8.5, 1/8)
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If is needed intermedia values can be used:
=(1,15,25,3)

=(3,3.54.5,5)

=(5,5.5,6.5,7)

=(7,7.5,85,9)

The corresponding inversy symmetric numbers
271=(1/3,1/2.5, 1/1.5, 1/1)

471=(1/5,1/4.5, 1/3.5, 1/3)

6-1=(1/7,1/6.5, 1/5.5, 1/5)

871=(1/9,1/8.5, 1/7.5, 1/7)

T. Saaty proposed to use as an aggregator average geometric mean

Q01 OV W1 DN

Gi = H?;]_Xi ) (1)

where: X; = C,/C, fuzzy preference index of C; over (;
Next for any row of pairwise preferences matrix we calculate aggregated index and weights of
criterias by formulas:

- - G
§$=2Y%1Gi, , W=7, )
As result we have vector of fuzzy criterias weights :
w = (Wl' Wz, W3 s Wm)

At second stage for any criterion C; are determined pairwise comparison matrix (Fig 4.)

AL Az cee s e An
Al 1| A4, A /A,
A | Ayd | 1 | | ... A,/A,
As Ay /A, 1
U U (I
A | A | A4 T | oo 1

Fig. 4. Matrix of pairwise comparison of alternatives

For any matrix are calculated normalised preference indexes (2)
On base of these indexes the consolidated preference indexes matrix is builded, (Fig. 5.)

Cy C, Cs Cm
Al X11 X12 X13 Xim
Az X21 X2, X33 Xom
Az
An an an Xn3 Xnm

Fig. 5. The consolidated matrix of preferences indexes of all alternatives

At third stage on base of criterion weight for any alternative are calculated global preference

indexes (3):
m
Z wiX1; = By
i=1

LiwiXy; = B, (3)

m
z wiX3; = By
i=1
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At last stage on base of ranking function is detrmined the alternative with maximum of global

preference index.

3. Practice problem solving

As practice problem is considered software selection problem [13-14]. Main criteria are:
C;- functionality,

C;- price,

Cs- usability.

C,— relialability

and four alternatives are proposed.
All calculation were implemented in Ms Excel (Fig. 6).

A B C D E F G H 1 K L M N (¢} P aQ
1 1 1 1 1 1
: e 1 15 a2 | l=ousy
4 2 25 35 [ g_zfzfj- 55-35-56-;)
5 4 45 5.5 3 LR
B T =1(6,6:57.5.8)
7 a b c d g :: T{95 ; 9=(B8339
8 0.3333333 0.4 0.6666667 1
9 1 15 25 3 a b € d
10 0.3333333 04 0.6666667 1 05 1 1 1 i-i= (1/2.11.1.1)
1 1 1 1 1 025 028571 04 05 §'1=(1 4.1/315,125.12)
12 |prod 0.11 0.24 111 3.00 0.16666667 0.18182 0.22222 0.25 Bt = (16, 1/55, 14.5, 1/4)
13 [root 05773503 0.6999271 10266901 1.316074 0.125 013333 0.15385 0.16667 7= (18,1775, 1/6.5,1/6)
14 011111111 ©.11111 0.11765 0.125 §1=(19,1/9,1/85,18)
s —1
:E ? 1%15 ;5 :
13 3 35 45 5
19 14142136 17498178 2.3524425 2.632148 5 5.5 65 7
20 0.4082483 04623948 06493358 0.8408964 7 75 85 9
21 0.7071068 0.8954238 12574334 14564753
22 05773503 0.6999271 1.0266901 1.316074 a b c d
23 sum 3.106918% 3.8075635 5.2859019 6.2455938 033333333 04  D.65667 1 3-1= (1/3,12.5, 11.5,111)
24 0.2 0.22227  0.28571 | 0.33333 q-1= (1/5,1/4.5,13.5,13)
25 0.14285714 015385 0.18182 02 G i= (1/7,1/6.5,1/3.5, 1/5)
26 norm 0.2264338 0.3310340 0.6178341 0.8471292 0.11111111  0.11765 0.13333  0.14286 B-1= (19185 175, 1T)
27 0.0653658  0.087477 0.1705384 0.2706528
28 0.1132169 0.1693985 0.3302462 0.4687845
29 0.0924412 0.1324139 0.2696449 0.4235946
Fig. 6. FAHP computation model in Ms Excel
According to FAHP method for 4 criteria were determined pairwise comparison matrix
C: C Cs C,
Ci 1 3 3 2
1/ 1/ 1/
C / 3 1 / 5 / 5
1 ~ P
Cs /5 2 1 2
1 5 1
Cs / 5 2 / 5 1
At next step on base of formulas (1) and (2) are calculated weight coefficients of all criteria:
w; =(0.23,0.33,0.62,0.85) W, =(0.07,0.0.9,0.17,0.27)
W; = (0.11,0.17,0.33,0.47) W, = (0.09,0.13,0.27,0.42)
For any criterion we determine fuzzy pairwise comparison matrix and preference indexes
C; criterion
A A, Az Ay Preference index
As 1 1/2 1/§ 2 (0.09, 0.13,0.26, 0.40)
A y 1 y 1/5 | (0.13, 0.20,0.42,0.62)
As 3 15 1 5 | (0.15, 0.23,0.45,0.67)
1 5 1
As /5 2 /5 1 (0.10, 0.14, 0.30, 0.47)
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C, criterion
Aq A As Ay Preference index
Ar 1 15 3 1/5 | (0.10,0.14,0.24,0.33)
A, g 1 1/§ 5 |(0.18, 0.25,0.43,0.58)
A | s 3 1 3 | (0.15,0.21,0.39, 0.52)
A 7 15 15 1 | (0.10,0.15, 0.29, 0.44)
Cs criterion
As A As Ay Preference index
A 1 1/§ 2 5 (0.11, 0.15, 0.27, 0.38)
A; 3 1 2 2 (0.17, 0.26, 0.50, 0.70)
As 1/2 1/2 1/2 (0.11, 0.15, 0.29, 0.48)
Ay 1/5 1/2 2 1 (0.12, 0.17,0.31, 0.45)
C4 criterion
As A As Ay Preference index
A 1 g 3 s (0.20, 0.26, 0.42, 0.53)
A, 1/3 1 5 2 (0.16, 0.21,0.33, 0.42)
As s e 1 s (0.05, 0.07,0.11, 0.14)
A, 3 1/2 3 1 (0.18, 0.25,0.42, 0.57)

We consolidate all alternative preference indexes in one matrix.
Cs

Cs

Cl C2

(0.09,0.13, 0.26, 0.40)

(0.10, 0.14, 0.24, 0.33)

(0.11, 0.15, 0.27, 0.38)

(0.20, 0.26, 0.42, 0.53)

(0.13,0.20, 0.42, 0.62)

(0.18, 0.25, 0.43, 0.58)

(0.17, 0.26, 0.50, 0.70)

(0.16, 0.21,0.33, 0.42)

(0.15,0.23, 0.45, 0.67)

(0.15, 0.21, 0.39, 0.52)

(0.11, 0.15, 0.29, 0.48)

(0.05, 0.07, 0.11, 0.14)

(0.10, 0.14, 0.30, 0.47)

(0.10, 0.15, 0.29, 0.44)

(0.12,0.17, 0.31, 0.45)

(0.18, 0.25,0.42, 0.57)

alternati

optimal.

For any criterion on base of formula (3) is calculated global preference indexes of

VES!:

B.=(0.06, 0.12, 0.41, 0.83)
B»=(0.07, 0.16, 0.59,1.19)
Bs=(0.06, 0.13, 0.47, 0.99)
B4=(0.06, 0.12, 0.45, 0.97)
For any alternative is calculated ranking function:

R(A1)= 0.533554102,
R(A)= 0.76396875,

R(As)= 0.634708217,
R(As)= 0.618137562

all

Alternative A, have maximum value of global preference index 0.763968, so A; alternative is

14
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Conclusions. The article is devoted to the problem of multi-criteria decision making for

software selection. The analysis of existing methods for solving this problem is given. The fuzzy AHP
method is used for solving this problem. The issues of practical implementation of this method are
discussed in details.

As test, the problem of software selection problem with 4 criteria and 4 alternatives is

considered. The results of the solution at all stages are presented.
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Beenenme. Kak wu3BecTHO, cpeau Bcex (PAKTOpOB, KOHTPOJHUPYIOLIMX — pa3BUTHE
¢dopMupoBaHUsT HEPTEra30HOCHBIX TEPPUTOPHH, OCHOBHAS POJIb NPUHAJICKHUT CTPYKTYPHOMY H
naneocTpykTypHeM ¢aktopam. FOKB sBisercs kpynmHO# CTPYKTYypoO#l CyOIIMpPOTHOTO HAIpaBlIEHUS,
MOJIHOCTBIO  C(OPMHUPOBABIIASICS B HWKHEM IumMoneHe. TekroHuueckuMu rpanunamu FOKB
ABIIAIOTCA: HAa CEBEPO-3allafie MOrpy>KEHUE I0ro-BOCTOUHOM YacTu MerantukinHopus b. KaBkasa, Ha
ceBepo-BocToKe Ammiepono-lIIpubanxanckas 30Ha TOMHATHAN, Ha 3amaie Tambim-Bammamckuit
TPaBUTAIMOHHBIN MaKCHMyM, Ha BocTOoke Amanar-MeccepraHckasl CTyNIeHb M Ha IOT€ - CKIIaJdaThie
coopyxeHus Dpoypca.
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Bo Bmagune BbIAEnseTcs BHeUIHee NPUOOPTOBOE oOpamiieHHE W BHYTpeHHsAA oOnacTtb. K
MpHOOPTOBOMY o0paMIICHHTO OTHOCSTCS ArmmepoHcKas, KoGsicTano-IlemaxuHCcKasd,
HmxHexypuHCcKash HedTera3oHOCHBIE 00JacTH, PaclojioKeHHBIE B A3zepOaiimkane, ANIIEPOHCKAN
wn Anmepono-ITpubanxaHckuii mOpor, COeANHSIOMUE ANIEpOHCKYI0 00nacTsb ¢ [lpubanxanckoii, u
3amagHo-TypkmeHckas HedrerazonocHas nposuHius. [1,2,4,5,6,7,12, 13]

K BHyTpenHeld o00IacTH OTHOCSTCA TPWIETAIONIMEe K Cylle Menb()OBBIM yYacTKaM M|
riyOokoBonHas 4acth Kacnus, wuchmbIThiBaomas HauOonbliee nporubanue. B mpexenax
npubOPTOBOrO OOpaMJICHUS! pacIPOCTPAaHEHBI KPYITHBIE T€OCTPYKTYPHBIE JIEMEHTHI, O0JaronpusTHBIE
U1 (DOPMHUPOBAHUS PAa3BUTHIX B BocTouHO#H WacTm 3akaBKa3CcKoW He(TerazoHOCHOW MPOBHUHITAN
HedTerazoHOocHBIX oOmacteil. K HuM oTHOcsaTcs KypuHCKass MeXropHas BIagiHa, a TaKxKe
CTPYKTYPHBIEC 3JIEMEHTHI CKIIaT4aTOCTH FOTO-BOCTOYHOTO MOTPYKEHHSI METaHTUKIMHOPUS boinbiioro
KaBkaza. Buyrtpennss ob6macte FHOxHo-Kacnmiickold BmagwWHBI TPEACTaBISET COOOW IEMpPECCHIo
MaKCHMAJIBHOTO TIPUTHOAHS U TIO CBOEH TEKTOHHKE PE3KO OTIMYAETCS OT MPHUOOPTOBBIX 0OIACTEH.

Cremyer OTMETHTH, YTO HA HCCIEAYEMOW TEPPUTOPHH, T.€. Ha IOKHOM 4yacTh AOIIEpOHCKOTO
apxuriejiara TakkK€ pa3BUTbl MHOIOYMCIICHHBIC aHTUKIMHAJIBHBIC I10sCA. C'I'pyKTypI)I, Pa3BUTBIC HA 3THUX
MOsICaX CBS3aHBI C 30HAMH He(TETa30HAKOIUICHHUS, a C JIOKATGHBIMH TOTHSTUSIMUA AHTHUKINHATBHBIX
MOSICOB - MeCTOCKOIUleHns1 Heptt W raza. CTPYKTypbl, C KOTOPBIMH CBSI3aHBI MECTOCKOILICHHS,
pa3BUBAIMCh KOHCEIMMEHTALMOHHO, U UX 3aJI0KEHHE MPOMCXOAWIO JI0 MUTPALH YIJIEBOAOPOIOB M3
reHepupytolei ooaacTi. Bo3HUKIINE TOKaIbHBIE CTPYKTYPHI HE TEPSUIH B TIOCIEAYIONIEM Pa3BUTHH CBOIO
3aMKHYTOCTh. Hamm mcciieoBaHusi OCHOBaHBI Ha TPOBENICHHBIX B IIMPOKOM OOBEME TE€ONOTMYECKUX
CbeMKaX, TCOPHM3UYECKUX HCCIIENOBAHUAX, KAPTUPOBOYHOM, CTPYKTYPHOIIOMCKOBOM M TIIyOOKOM
Oypenun. CnemyeT OTMETWTh, M3ydaeMble Hamu Toiomann ['ym-nern3 u baxap cdopmmpoBapmecs B
FOXKHOM 9acTH AOIIEpOHCKOTO apXwWIlenara, OTHOCSTCS K aHTHUKIMHATEHOMY mosicy ®Parman-3six-baxap,
BXOJIAIIMI OTHOMMEHHYO Hed)Tera3oHoCHy0 oonacts (puc. 1) [1,4, 5, 11, 13].

Hns 5h¢dexTHBHOrO BeJCHUS TOMCKOBO-Pa3BEeJOYHBIX pabor, Oomblmoe 3HAYCHHE
MPHOOpETAET BBISICHEHHE HWCTOPHH T€OJIOTHYECKOTO PA3BUTHS OTAENBHBIX JIOKAIBHBIX CTPYKTYpP BO
BPEMEHU U MPOCTpaHCTBE. IMEHHO B 3TOM IJIaHE IIUPOKO MCIIOIb3YEMbI Nale0CTPYKTYPHBIN aHalu3
MOJKET OKa3aTh CYIIECTBEHHYIO TOMOIIb B OOHApPYKEHHUH W JAPEBHUX MOTHATHHA, KOTOPHIE MOTYT
MIPEJICTABIATh TEPCIIEKTUBHBIE YYaCTKUA JUIS BEJSHHS pa3BeJOYHBIX padoT, W IuTOo(halualbHbIe
HABBIKK TI0 Pa3pe3y HCCIeNyeMOH TEppUTOPHH, W3YYHTh Ooyiee IPEBHHE OTIOKEHHS, YTOUYHHUTH
pa3BUTHE TEKTOHUUYECKUX HapyLIEHUH.
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Puc. 1. Ob30pnas xapma Abuepornckoeo apxunenaza.
Mecmononooicenue cmpyxmyp I ym-oenus u baxap [3].

AHanM3 MOIIHOCTEH TMpU TOJYYCHHUH MOCTPOCHHEM COOTBETCTBYIOIIMX KapT JaeT
BO3MOJKHOCTh YTOYHATH (DOPMHUPOBAHHE U pa3pyllicHUE 3aiekedl HepTH M rasza, T. K. HMEHHO THM
METOIOM MOXKHO BBISIBUTH U OOBSICHUTH 3aKOHOMEPHOCTh PACIIPE/IC/ICHUs CKOILUICHUH yTIIEBOIOPOIOB
B Pa3JIMYHBIX TOPU3OHTAX OTJACIBHBIX MECTOPOXKICHUIH. HaMu ajeoTeKTOHNYECKH aHaIu3 TIPOBEICH
no crpykrypam ['ym-nenns u baxap [3].
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Jid mpocnexuBaHUs WCTOPUM pa3BUTHA CTpYKTyp ['yMm-menu3 u baxap, HamMH B KayecTBe
ONOPHBIX IOBEPXHOCTEW ObUIM BBHIOPaHBI W MO IIOJYYEHHBIM TIpaduyeckuM pe3ylpTatamMm
aHanmm3upoBaHel cienytomme: - moakupmakuHckas (IIK) wn  xwupmakwmackas (KC) cButh; -
HankupmakuHckas riauauckas (HKD) w mamkupmakuHckas necyanuctas (HKII) csuter; - cBura
nepepbiBa, X, 1 X ropu3onTts! 6anaxanckoi cBUTHL, - VII+VII+VI+V ropu3oHTE OataxaHCKOH CBHUTHI
n rauHACTHIA pasgen mexay VI ropmsontom um IVB ropmzoHTOM CaOyHUYMHCKOW CBUTHI
ca0yHYHMHCKasl CBUTA; - CypaxaHCKas cBUTa [6, 7].

UccnenoBanua mnokasanu, 4YTo Ha Iulomanu baxap W mHpuieramomux TEPpUTOPHUAX B
HOIPY>KEHHOM HAaIpPaBJICHUM KAJMHCKAs CBUTA OTCYTCTBYET M OTJIOXEHUS MOAKHMPMAKHMHCKOM CBUTHI
HETIOCPEACTBEHHO 3aJIETal0T Ha MHOLICHOBBIE. Kak BUAHO M3 MaJeOTEeKTOHMYECKUX KapT, CTPYKTypa
I'ym-nenn3 u baxap mmetor Oonee apeBHee 3anokeHue. K xonmy Bexka KC na mmomanu baxap
(bopMUPYIOTCSI TPH MOIHSTHS: CEBEPHOE, LIEHTPAIBHOE M IOT0-BOCTOUHOE. CeBepHOE MOAHATHE IO
m3omuausAM 400 M wmmes Beicoty 10-15m, xapaxrtepusyercs mnuHOH 1,7, m mumpuuoit 0,7 kM.
[TogusTHe pacmonoxeHo B paiioHe ckBaxwH 74, 46 um 19, u mpoctupaeTcss B MEPUAHOHATHLHOM
HanpasieHud (puc. 2) [8, 10, 11].

LlenTpanbHOe MOAHATHE TAKXKE MPOCTUPAETCSI B MEPUAMOHAIBHOM HANPABICHHH. Y 3TOrO
MOJTHATHUS CTPOCHHE aCUMMETPUYHOE, T.K. 3allaJHoe KPBUIO Kpyde, ueM BOCTO4YHOe. BricoTa ero mo
mzonuHun 400 M cocTtaBsiet 45 M, a pazmepsl - 1,5x0,8 k.

IOro-BocToyHoe nogHsATHE HAXOAUTCS B paiioHe ckBaxuH 12 u 50. Ee ceBepHas nepuKiIMHAIbL
HarpasjeHa K ceBepo-3anaay. Pazmepamu 1,8x0,6 kv o uzonunuu 400 M, ckiaka umeeT Beicoty 60-70 M.

[To Toif ke MOBEPXHOCTH HAXOAMT CBOE BBIpAXKCHUE U MOrpeOcHHOE MojaHsAThe ['yM-aeHus.
OTO MOJHATHE PACHOJIOKEHO B pailoHe ckBaxuH 30, 22, 26, 54 u uMeeT MEPUAUOHAIBHYIO
opueHTupoBKy. Ctpykrypa ['yM-genu3 ouepuuBaetcs uzoruncamu 380 m, 400 m u 420 m. Pazmepsl
3aMKHYTOW CBOJOBOI 4acTH CTPYKTYpbI cocTaBisaoT 4x1,8 kM, a BeicoTa 30 M. CtpykTypa ['ym-nenus
OCJIO’)KHEHA T'PA3€BBIM BYJIKaHOM, B pe3yJbTaTe Yero 3/eCh Pa3BeNUCh MPOJOJbHBIE U IMOIEpPEUHbIe
TEKTOHUYECKHUE HAPYIICHUS Pa3n4HbIX HanpaBieHusx. nuHa ckinagku 17 kM, mupuna 6,5 kM. Ha
tore oT ['yM-7IeHn3 reoU3NUECKUMH HCCIICABAHUSAME Obllla OOHApyKeHa MorpedeHHasl CTPYKTypa
[xanyou I'ym-nenus. Ilpeamomoraercs, YTO TOJHSATHE SBISETCS OTPaKEHHEM JPEBHETO
CTPYKTYPHOTO IIJIaHa HU30B npoaykTuBHOU Tommu (I1T) u moxctunatonux ee otmoxennit [11, 13].

2
=N
K xonny K xomny K xommy K xonny K xommy CrpykTypHas
i = cB.dacmin VIIL-IV rop.6ax.cs. & ol coif :
HKT+HKIT - = - Ca0yHYHHCKOMH CB. CYPAaXaHCKOH CB. |KapTamo mojomse
+IX-Xrop.6anx.ce. | +IVB rop.cad.cs. OK cBats
C TPVY KTYVYPH B E K AP T B

Puc. 2. [laneocmpyxkmypnoie u cmpykmyp niowjaou I ym-oenus u Baxap
no noooutee I1K ceumot [8]

[onmusarus 'ym-nenus (puc. 2, a, 6) u baxap (puc. 3, a, 6) OCIOXHEHBI MPOIOJBbHBIMH H
MIONEPEYHbIMU HapyleHusMu. Kak BUIHO M3 CTPYKTypHOH moBepxHOCTH, K KoHIy IIK u k Hagainy
HKT BekoB, ocHoBa tuomanu baxap Obuta HaumHanachk (opmupoBathcs. Ha 3To ykasweiBaioT u
OTJIO’KEHUS CBUTHL. llofgHATHE BBIPHUCOBHIBANACH B BHJE HAJMYMHU CKIAAOK: LEHTPAIBHOE MOJHATHE
pa3BHBajach B BUJC CTPYKTYPHOI'O HOCA, & CEBEPHOE COXPAHSET CBOIO KoHpurypamuto [3, 8, 10].
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Ha »T1oii kapTe OTYETNHMBO BBIPHCOBBIBAaCTCS M MOYTH He M3MeHuBHIascs HOro-Bocrounoe
noxusaTue. [lomusatne ['ymM-71eHM3 COXpaHWIO CBOIO NMpPEKHIOK KoH(urypamuto. CryrieHue H30maxuT
MEXIy OTHENbHBIMHA CKBKHHAMH CBHICTEIBCTBYET O 3HAUUTEIHHOM AKTUBHM3ALMK JABIKCHHH IO
TEeKTOHMYECKHM HapyIICHUsIM. AHTUKIMHAIBHAS CKiagka rmo mopomBe [TK cBHTBI K KOHIy BpeMeHH
(hopMHupoBaHUii CBUTHI MiepepbiBa, X, X ropu3oHTOB GaaxaHCKOW CBHUTHI TOJBEPrajiach 3HAUNTEITLHOMY
mMeHenmo. Ha mmomamm baxap 10ro-BocTounoe MmomHATHE OOBEAMHSACH C HEHTPAIBHBIM PACIIHPSCT
cBOM IpaHuipl. Pasmeps! ckinaaxu no nzonuHuu 1100 M coctaBistoT 5x2,5 kM, a BeicoTa gocturaeT 100 m.
I
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a - Cmpyxkmypnas kapma 2-20 copuzonma KaC; 6 - eeonocuueckas npogunv no aunuu 1-1
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Puc. 3. Mecmopooicoenus baxap [3].
a - Cmpyxmypras kapma 2-2o eopuzouma KaC; 6 - eeonocuneckasn npoguiv no aunuu 1-1
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CnenyeT OTMETUTh, YTO CEBEPHOE MOAHATHE TAKXKE IOABEPIVIOCH H3MeHeHHto. CBoj
CTPYKTYpHI TIOCTENIEHHO IEpeMelaeTcs K [oro-3amamy, K paioHy ckBaxkuH 13, 62 u 74. Bricota
ckiragku 20 M, a pazmepsl o m3oauHur 1100 M cocrapmsroT 1,7x0,6 kM.

[lorpebennoe mogusTue I'ym-meHu3 mnpuoOperaeT (opMy CTPYKTYPHOTO HOca K KOHILY
BpeMenn HakoruieHus VIl ropm3onra OamaxaHckoil CBUTHL. Kak BHIHO, TI0 W30JIMHHUSAM, CEBEPO-
BOCTOYHOE KPBIJIO 3TOH CTPYKTYphl Oojee IHoioroe, yem roro-zamagHoe. CiaenyeT OTMETHTb, YTO K
KOHIly oTioxeHuH |V, Topu3oHTa caOyHUMHCKOTO BeKa CTPYKTypwl ['ym-nenn3 u baxap moutu He
MOJIBEPTIINCH CYLIECTBEHHBIM M3MeHeHusM. Ho neTanmpHOE MccienoBaHue MMOKa3ano, YTO UMEHHO B
3TO BpeMs CTpyKrypa I'ym-menus, npuunenserca k KapauyxXxypckomy IOIHSTHIO, OCTaBasiCh €ro
F0’KHOM MEPUKIINHAIIBIO.

K xoHIy caOyHUYMHCKOTO Beka 1O ckjiagke baxap BBIpHCOBBIBAETCS TOJIBKO IOT0-BOCTOYHOE
NOJHATHE, a HAa MECTE CEBEPHOTO IPOCIEKHUBACTCS CTPYKTYpHbBIH Hoc. Kak BuaHO Ha Kapre,
CTpyKTypa baxap HauuHas ¢ 3TOro Beka MOCTEIIEHHO IPHOOPETaeT CBOE COBPEMEHHOE OYEepPTAHUE.

K xoHmy ¢opmupoBaHHS CypaxaHCKOW CBHTBHl MOAHSATHE [yM-I€HH3 He MpeTepreBao
HUKakoro uiaMeHeHus. CTpyKTypHBIH HOC B paiioHe ckBaxuH 22, 54, 26, 78 u 51 ocraercs
Hen3MeHHbIM. K Havanmy HakomieHus: ocankoB kpoBiu IIT cBox moanstus baxap mepemermaercst K
103, u oHo mpuobperaer ¢popMy Oim3koi k coBpemeHHOH. K 3Ttomy Bpemenu nomomBa [IK cBUTHI
3aneraia Ha niyomne 3650-4050 m. ctpykrtypa baxap umeer acummerpuuHyro (opMmy, T.e. FOTO-
3amaZHoe KPbUIO CKIIAIKH 3ajeraeT 0ojee Kpyde, yeM ceBepo-BocrouHoe. [lonustue I'ym-geHus3 B 3T0
BpEMs OCTAeTCA MPAKTUUECKU 0€3 M3MEHEHHUH ¢ TOH Pa3sHULEH, YTO IPOUCXOAUT CTYLICHUE U30JIMHUU
Mexnay ckBaxuHamu 91 m 18, 7 m 12. D10 cBUIETENbCTBYET 00 WHTEHCHBHOM DPa3BUTHH
TEKTOHHYECKOro HapylieHus. B coBpeMeHHOM mmuaHe nopHstue baxap mo mogowmse ITK cBuTh
IpeAcTaBisieT cOOON aHTUKIMHAND, BBRITSIHYTYIO C CEBEpO-3amaja Ha Ioro-BocTok. CienyeTr OTMETHTb,
YTO TIPA3€BOM BYJIKAH, HAXOMSIIMWCS Ha IOKHOM IEPUKIMHAIM  OCJIOXHSET CTPYKTYpPY
MHOT'OYMUCJICHHBIMHA PA3PbIBHBIMU HAPYHICHUAMUA PA3HBIX MaCHITa6OB, AMIIIUTY O U HaHpaBHeHI/Iﬁ. Ocb
HampaBJieHa Ha F0T0-BOCTOK B cTOpoHY CTpyKTypsI Lllax-nenu3 [10]. [Tomomsa 11K cBUTHI 3ameraet Ha
rryonHax 5300-6100 m. J{nwHa momasaTtus 9,5 kM, mmpuna 4,5 kM. CTpyKTypa OCJIOXKHEHa cepueit
Pa3pbIBHBIX HapymeHI/Iﬁ, M3 KOTOPBIX ABOC IPOTATHUBAIOTCA IIOYTH ITapallyICJIbHO OCHU CKIIAJIKU U
OCJIOXKHAIOT €€ CBOAOBYIO 4acThb. [lnomaznp ['ym-neHH3 B CTPYKTYPHOM OTHOIIEHHH NPEACTaBIIAET
co0oi [Oro-BOCTOUHYIO mHepukinHaIb Kapauyxyp-3bixckoil aHTHKIMHaIM. Takum o0Opasom,
MPOBEJICHHBINA NAJIEOCTPYKTYPHBIN aHaIU3 MOKa3bIBaeT, 4To noAHATUsA ['yM-nenu3 u baxap sBistorcs
3JIEMEHTAaMH PAaHHEro 3ajJoKeHus, pa3Butue ux B Bek IIT mpoucxommno B yclnoBUSX yCTOWYHBOTO
nporu6anus 1Ha OacceiiHa 1 MHTEHCUBHOTO HAKOIJICHUS OCAIKOB.

Crnenyer OTMETHThH, YTO IMOCTPOCHHE KapT MOITHOCTEH 3THUX CTPYKTYp, AJIS OINpeJEIeHHBIX
0Tpe3Kax BPEMEHH, JJaeT BOBMOXKHOCTh TOJYYHTh U OoJiee IeTanbHy0 HHQOpMaIiio 00 UX pa3BUTHH, U
pacnpocTpaneHus (auuii, MOLTHOCTEH 0CAJAKOB, KOTOPBIE HEMOCPEACTBEHHO HMEIOT OOJIBLIOE 3HAYCHHE
JUISL U3yYEHHs] TEKTOHMYECKOro pexknma. Kak M3BECTHO, TEKTOHHYECKOE JBHKECHHUSI HETOCPEACTBEHHO
BIIMSIET ¥ Ha ()OPMHUPOBAHHNE MECTOPOKJICHUI YIIIEBOJAOPOAOB W HA UX COXPAaHHOCTH, T.K. 3aBUCHMO OT
riyOuHBl OacceiiHa HaKaIUIMBAIOTCSA OCAIKU, MMEIOIIME W KOJUIGKTOPCKHE CBOMCTBA M CBOWCTBa
MOKPOBA, KOTOPBIE CO3/1AI0T JIOBYILIKH AJIS1 COXPAHHOCTH YTJIEBOIOPO/IOB.

UccnenoBanust teppuropun chopmupoBaBmuxcsi crpykryp ['ym-nenn3 u baxap mokazamu o
Oosee MHTEHCHMBHOM Ipurubanuu nHa 6acceitHa B Beke 11T, T.e. 1oxHas yacTs 3amagHoro 6opra FOKB
norpykajach 0ojee MHTEHCUBHO IO CPaBHEHHIO C €€ CEeBepHOM uacThio. VcciemoBaHus HAlOT
BO3MOXXHOCTH YTBEpXKXAaTb, YTO B HAIPaBJIICHUU OT 6epeFOBI)IX JIMHAN 0acCEeHOB CBUT HH)KHETO
otnena IIT B cropony morpykeHus JHa HAOIIOMACTCS YBEITUUICHUE MOITHOCTEH, pa3IMIHBIM TEMITOM
JUIS OTHAENBHBIX CBUT. B momHATHSAX HaOmomaeTcsl yBEeIWYEHHE MOILIHOCTEH OT CBOAOBBIX YacTel K
KPBUIbSIM, @ 3TO CBHIETENbCTBYET 00 MX KOHCEAMMEHTALMOHHOM pa3BUTHU. B mpenenax mogHATHs
baxap, 3 pazpesa Beimmagaer KaC, uTo cBUAETEIHCTBYET 00 HHTEHCUBHOM POCTE ITOJHATHS M Pa3MbIBE
BO BpEMs 3THX OTJIOKEHHH.

W3yyas mnaneocTpyKTypHOE pa3BHTHE 30HBI MOXKHO ONUCAaTh W majeoreorpaduueckue
ocobeHHocTH TeppuTopui. C TOUYKH 3peHHs Maneoreorpaduueckux yCIOBHI 30HBI, CIEyeT OTMETHUTD,
YTO TIOJNIOKEHHE TPaHUIl pacrpocTpaHeHusi cBUT HibkHero otaena IIT Ha u3zydaemMol TeppUTOpUHA
HaXxoJIUTCd B TECHOM CBSI3M C TEOJIOTMYECKUM CTPOEHHEM MOJMHATHUH, BO3HUKIIMX B pE3YyJbTaTe
CKJIaZIKOOOpa30BaTENbHbIX JBWXKECHUM KOHLIA MHOLIEHOBOIO U IIOHTHYECKOIO BpeMeHH. Peskas
M3BWINCTOCTh JIMHUHM BBIKIMHUBAHUS CBUT HibkHero otaena IIT, orcyrereue KaC na miomanu baxap
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JlaeT BOBMOXXHOCTb MIPUUTH K BBIBOZAM O TOM, YTO Tajeopenbed 30HbI OblT BechbMa CIOKHBIM. Crenyer
OTMETUTh, 4TO B OacceilHaX KaJMHCKOIO M IOAKHPMAKHMHCKOI'O BPEMEHH CYIIECTBOBAIM IPEBHUE
ocTpoBa U OoTMend. HekoTopble M3 HHMX BO3HMKIM B JOIMOHTHYECKOE, OPYIHE B IIOCIECHNOHTHYECKOE
Bpemsa. Bo Bpems otnoxenus IIT mnpoucxommno HakomIeHHWE OCAIKOB pa3lMYHBIX THUIOB, B
3aBHUCHMOCTH OT U3MEHEHHS POJIM BO BpEMEHH HCTOYHUKOB CHOCA TEPPUTEHHOTO MaTepuana [ 1, 9].

Hmest BBUIy BBIIIECKA3aHHOE CIENyEeT OTMETHUTh, YTO A ()OPMHPOBAHUS M COXPAHHOCTH
c(OpMHUPOBABIINXCA CKOIUICHHH HEe(TH W raza BaXHEHIIYIO POJIb WUTPAIOT HaJW4YHE TMOKPHIMICK.
HecmoTpss Ha 3TO, M3y4YeHHIO CIa0ONMPOHHMLAEMBIX IMOPOJ B TEUYEHHE MIUTENBHOTO BPEMEHU HE
YAESUIOCH AOJDKHOTO BHMMaHMA. B mocienHue roapl omyOJIMKOBAaHO HEKOTOPOE KOJIWYECTBO padoT,
MOCBSIIEHHBIX POJIM IOKPBHILIEK B PaclpenesieHuH 3ajekeill HeTH U rasa 1o paspesy M IUIOLIanu
JIOKAJIBHBIX M PETMOHAJIBHBIX CKOIUIEHUH 3THX IMOJE3HBIX McKomaeMsblx [5]. B HmkHeM otaene IIT, c
KOTOPBIM CBSI3aHO OOJIBIIOE KOJMYECTBO 3ayIeKed He(TH M ras3a, BBLACISIOTCS INIMHHUCTBHIE NMAYKH,
MMEIOIIHE PA3IUYHYIO MOLITHOCTD U BBIIIOJIHSIOLINE POJIb MTOKPBIIICK.

Hamu na ocHoBaHUM MPOBCACHHLIX B TMOCICAHUC TOJbl IMOMCKOBO-pPAa3sBEAO0YHBIX pa60T,
paccMaTpuBaeTcsl poiib MOKPHIEK B (DOPMUPOBAHUH U COXPAHHOCTH 3aliekeld He()TH M ra3a B HWKHEM
otaene IIT mecrockorurenns baxap [8]. B atom mectockorurennn Hapsay ¢ V, VI, VI, VI, IX, X
TOPH30HTAMH  OallaXaHCKOM CBUTHI M CBUTOW (acwisi BEPXHETO OTAENa, TPOMBIIIICHHAS
HedrerazoHocHocth cpszaHa Tarke ¢ HKIT m TIK cBurtamu Hwxknero otmena I1T. Henmponumaemoit
TIOKPBIIIKON Ayt 3aexku HedTr 1 raza HKII cButs siBisteTcst oopazoBanne HKI cutsl, a g [IK cBuTh
— KC. D1u mokpsIky B mpenienax oqHUX He(hTera30HOCHBIX 00JIacTell SBISIOTCS CyOpernOHAFHBIMH, B
JPYTUX 30HANBHBIMH. 110 COOTHOIIECHMIO C 3Ta)KaMH He(Tera30HOCHOCTH MOKPBIIIKH, 3aJIeraroiiie HaJl
CBUTaMH HIDKHETO OTZENAa, OTHOCSATCS K MEKAITaKHbIM. [l XapaKTepUCTUKHM MOKPBIIKA COCTAaBJICHBI
kapThI paBHBIX MotHOcTel (n3omaxut) HKI u KC cBur [8] (puc. 4, a, 0).

(@H

)

—————

Puc. 4. Kapma uzonaxum HaOKUpMaxuHckou (a), noOKUpmMaxunckol (6)
2NIUHUCTNOU COUMbL MENCIMANCHOU HOKPHIUUKU

AHanmm3 KapTel MOIITHOCTEW MEX3TaKHOHM MOKpBIIKY, 3aseratomeil Hax HKII cBuToii nmoka3ssiBaer,
YTO MOIIHOCTh MOKPBIITKK m3MeHsercs: oT 140 mo 180 M. B mpenenax CTpyKTyphl HAOMIOAAIOTCS /1B
y4acTKa MUHUMAITBHBIX MOIITHOCTEH, OJIMH N3 KOTOPBIX OXBATHIBAET CEBEPHYIO YacTh CEBEPO-BOCTOYHOTO
Kpblia (paiioH ckBaxuH 65, 71 u 74 — 150 M), BTOpO#i - Oo0Jee KpyMHBIM MPUYPOUYECH K FOKHOW 4YacTh
CTPYKTYpbI (palioH ckBaxuH 66, 78, 56, 14, 16 nu 12 — 140 m). XapakTepHOoll OCOOEHHOCTBIO 3TOM
TIOKPBIIIKY SIBJSIETCS| YBETTMYCHHE €€ MOITHOCTH Ha KpbUIbsiX (160-180 M) 1 yMeHbIIIeHHE B TIPHCBOIOBBIX
yactsax ckiagka (140-150 m). B pernoHanbHOM IMylaHe MOIIHOCTB TOKPBIIIKH YBEIUYMBACTCS B FOKHOM
HalpaBJeHUH B CTOpoHy bakmHCcKoro apxumenara, rae AoXomut a0 320 M. MOXKHO cUMTaTh, YTO TaKoe
U3MEHEHHE MOIIMHOCTM  OOYyCIOBJIEHO TEKTOHMYECKMMH  YCIOBMAMM  OcajikoHakomuieHusa. Ilo
JIMTOJIOTMYECKOMY COCTaBY IVIMHBI-IIOKPBIIIKHU SIBIISFOTCSI HEOAHOPOJHBIMH, PACCIOEHHBIMH, HO HECMOTPS
Ha 3TO OHM COXPAHSIOT CBOIO YIEPKHMBAIOLIYI0 CHOCOOHOCTb. PaccMOTpeHHbBIE MOKPBIMIKK COXPaHSIOT
CBOIO 9KPaHUPYIOIIast CIIOCOOHOCTH 10 NTyOHHBI 0J1k3K0i K 6000 M.
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1. PaccMOTpeHHBIE CTPYKTYpHl XapakKTEpPHU3YIOTCS pPa3HBIM BpEMEHEM 3aJIOKEHUS U
M3MEHEHNEM MHTCHCUBHOCTH UX PA3BUTHUS B PA3IMYHBIC OTPE3KHU I'€OJOTHIECKOTO BPEMEHH.

2. B mpenenax cTpykTypbl ['yM-neHH3 HaOMIONAIOTCA YYAaCTKHM MHHUMAJbHBIX MOITHOCTEH
HIDKHAX OIIOPHBIX ITOBEPXHOCTEH, CBUAETEIHCTBYIOIINE O HAJIMYUHM HOTpeOCHHOTO MOJHATHI B
HOACTHJIAIONINX NPOIYKTHBHYIO TOJIIY OTIOKCHHUSX.

3. CTpyKTYpbl OCJOXHEHBl PErHOHaJbHBIMU, NPOJOJIBHBIMA W OOJBIIMM KOJUYECTBOM
MOTIEPEYHBIX HapYIICHHH.

4. BONPIIMHCTBO TPOAONBHBIX ¥  HEKOTOpHIE TIIONEPEYHBbIC HAPYIICHHS  SBISIOTCS
KOHCETMMEHTAI[MOHHBIMH, H UX BOZHHKHOBEHHE IIPOUCXOAMIO B Pa3HOE BpEeMsl.

5. IlponmonbHble KOHCEAMMEHTAIMOHHBIE Pa3PBhIBBI PAHHETO 3aJI0KEHHS SIBHIIMCH SKpaHOM Ha
IyTH JABKEHHS YTIIEBOIOPOIOB U3 00IacTel MX reHepalyy B CBUTHI HIDKHEro otxena [1T.

6. IlocTcenuMeHTaMOHHBIE Pa3PBIBBI CIIOCOOCTBOBAIN Pa3pyLICHUIO paHee 00pa30BaBIINXCS
3ajieKeil HeTH ¥ ra3a B OOJIBIIMHCTBE CIIy4acB Ha OJJHOM U3 KPBUIBEB CTPYKTYP.

7. FJII/IHI)I'HOKp])I]_HKI/I 110 JIMTOJIOTUICCKOMY COCTaBy SABJISAKOTCS HCOAHOPOJAHBIMU,
PaCCIIOEHHBIMH, U COXPAHSIOT CBOIO SKPAHHUPYIOIIYIO CITIOCOOHOCTH 110 TiryouHbI 6omee 6000 M.
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Introduction. It is widely known that most of the practical systems operate with some degree of
parametric uncertainty that can be a result of poorly known parameters of controlled plants or unpredictable
changes of their values in the process of operation [1]. Therefore, robust stability can be viewed as one of
the outstanding issues in control theory, which is also of a great practical interest. In general, the concept
can be used to define the range of parameter variations that keep the system within stability boundaries.
These boundaries are defined with respect to uncertain parameters of the controlled plant and can be
affected by the settings of a control system. Known methods of control system design for objects with
parametric uncertainty are usually based on determination of robust stability of systems with a given
structure and with linear control laws or inertia-free (relay) characteristics [2].

They are usually not suitable for designing control systems with wide range of robust stability
when the range of parametric uncertainty or parametric drift is significant. Therefore, developing novel
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approaches to designing such systems is highly desirable. The results reported in [1, p.43] are obtained for
dynamic systems that describe self-organizing processes in physical chemical and biological systems. The
models of these systems are presented in the form of structurally-stable mappings based on catastrophe
theory and they can be used as universal models of development and self-organization in nature [3].
Therefore, it is of great interest to consider great uncertainty of such systems and develop an automatic
control system in the class of structurally stable mappings that uses the mathematical models reflecting
complex behavior of the system with many possible stable solutions [2, 4].

In this paper, we address the issues of modeling the robust control systems for dynamic linear
objects with uncertain parameters. Special attention is paid to the selection of a control law in the class
of structurally-stable mappings with one control factor [5] that allows maximizing the range of robust
stability and improves characteristics of the system.

Materials and Methods

To have an object-orientated and effective technological process implemented, it should be
controlled. This means, that in the process of engineering object functioning it is essential to have
continuous influence on operating members, so as to provide achievement of the required single result,
in spite of external disturbances.

In other words, when saying system controllability, we understand such system attribute as
having control actions, which make it possible to transfer the system from a pre-set initial state to the
required condition during finite quantum of time [6, 7].

Therefore, the developed mathematical model of the process or control object should be
controllable. With this objection in mind let us consider our control object mathematical model and
examine its controllability [8, 9].

Determination and Analysis Modelling Methods for Process

When simulating metallurgic processes and objects the most adequate approach is to choose
structural approach for mathematical model development. In this respect, for simulating sulphurisation
process we will consider molecular approach (as one of structural approaches). Metallurgic processes
and objects are described on this level as an aggregate of physical and chemical phenomena,
particularly as an aggregate of chemical reactions [10].

The process of roasting in fluidized bed furnaces of polymetallic sulphide ores represents a
complicated chemical-and-technological process, including different stages of raw material
(sulfurization) chemical changes. The yielded product quality depends upon the valuable component
recovery percent in the end product. That is why it is assumed justified to develop mathematical model
based on reactions chemical kinetics.

Chemical kinetics is a science about chemical reactions proceeding in time behaviour and
mechanism of these reactions. The main parameter here is some component formation rate. In
metallurgy when modelling intricate chemical processes, normally, they are broken into separate
stages of technological processes. Seeing on that, we suggest considering modelling the main stages of
sulfurization from metal concentrate, control over these stages is one of the critical targets.

The processing method of concentrate of polymetallic sulphide ores of with sulfurization
usage enables to extract metal from a multiplex poly metallic raw material into commercial metal.
This method of sulphide extraction includes the following operations:

- sulfurization (oxidation) of metal concentrate;

- metal pulp leaching and dressing;

- extraction and re-extraction of sulphide;

- primary metal settlement;

- sulphide melting.

Based on the experience and this technology research it is determined, that main stages
influencing the technological process and end product grade are sulfurization, and leaching. It means,
further technology of sulphide oxidation depends upon the control over these main stages and upon
how they proceed.

Design and Analysis of Control System for the Process of Roasting in Fluidized Bed Furnaces
of Polymetallic Sulphide Ores

As we discussed above, the mathematical model of chemical reactions in this type of processes is
described by mass balance equation of reagents 4 (metal) u B (oxidation reagent), considering the
complicated nature of the process, with the presence of diffusion and mass transfer. Therefore, in this case
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the task of control is: to maintain components concentrations C4 u Cp as closer to specified ones Cyg,
and Cgg,, (required), changing concentrations of reagents 4 and B, i.e., C4; and  Cg;.

For design the control system for considering process, we simplify the equations, introducing
relative coordinates and to can write the follow expressions:

di = (ky *V)/F and ds3 = (k3 *V)/F (3)

where: d; —a concentrate of the first component in reactions
d - a concentrate of the second component in reactions.

t=(t'*F)/V 4)
where: t— period (time) needed for oxidation process of the metals.

Ca Cp

X, = and x, = 5
1 Caran 2 Caran ( )
C C
u1 = —AL and uz = B (6)
Caran Caran

where:  C4rqn - SOmMe chosen at random concentration value C,
d,, d5 - coefficients for corresponding steps.
Then, after changing variables and parameters, the designing control system of our equations
in these coordinates will give by:

dx1 _

i (I+dy)*x;+up; x1(0) =xq9 @)
d
% = dy*x; — (1 4+d3) * x5 + Uy; x12(0) = x29 )

Study of Controllability and Stability of the Control System of Process: First Task

In this case the control target of regulating is defined this way: it is essential to maintain out
coming concentrations x; u x, on specified levels, changing incoming concentrations u; u u,.

Let us put the control system equation in vector-matrix form:

all=[0 " oSl O ©)
[;‘;Egg] - [23] and  x10=0, xz0=0 (10)
y@©) =[1 1]*[2] and  u(t) = W U] (1)

Once the model under consideration is rectilinear, it can be represented as an equation system
in space of states (in the time domain). In standard form the system is given by:

[~ +dy) 0
4= [ d —(1+d3)] (12)
B = (1) ‘i] C=[1 1] and D=0 (13)

Analysis of Controllability for Control System of Process

It is very important, when we are design a control system, to know, that this system have
controllability [13]. The system is controllability, if it has such control as a u(t), which can transfer a
control system from her initial state xo to any state xq¢ within final time.

Therefore, for current systems with matrixes A and B the controllability conditions are what control
system will be full controllability, when rang of matrix of controllability Lc equal n (Lc =n), where:

Lc=[BiAxB:iA%:-- i A" 1xB] (14)
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In our case, to examine system controllability we make a controllability matrix for our case of
the process.
Respectively controllability matrix L is given by:

[ . —-(+dy)
L—[O 1

0
L4 —(1+d3)] (19)

In this case, controllability matrix rank L is also equal to two (n=2), and this ensures the
process controllability with one control action, though the quality of control will worsen. Thus, we can
say, that our designed control system for the tellurium oxidation process in common case can be
controllable, when we take a right regulation unit for keeping given regimes of technological process.

Results and Discussion

In the real technological processes and situations, we don’t have a possibility to control the both of
parameters and variables. Therefore, it is need to analysis and to study the other condition for control
system. It is the stability conditions for control plant, that is stronger than construability of the system.

The stability condition is in that, all of instability modes and eigenvectors of control system
can be made stability by regulation impact in the closed-loop system.

Let us consider a case of control system of oxidation process of polymetallic sulphide ores for
the linear regulator with constant coefficients, which are given in state space by expression:

u(t) = —K * x(t) (16)
where: K —is (m*n) matrix of closed loop system.
System (16) with this regulator can be show in follow form:

C=(A-B*K)*x (17)
It is following from above form, that stability of the system can be in that case, when we can
to choose a matrix of closed loop system K. In this way, all of eigenvectors of the matrix (A-B*K)
have negative real numbers.
If it is a case with control regulation by out coming:

u(t) = —K *y(t) (18)
then a system will be given in the next form:

%=(A—B*K*C)*x (19)

In this case stability is proved by choosing of such matrix K, when a real eigenvector of matrix
(A-K*B*C) will be negative.

Numerical Experiment Simulation of the Control System of Technological process

The designed control system for technological process of roasting in fluidized bed furnaces of
polymetallic sulphide ores and its controllable can be demonstrated by numerical simulations using
computer software and modern technology of programming.

Let us consider this model, using actual example of technological process, having modelled it
in MATLAB and Simulink. Assuming, that system parameters have the follow values (Table 1) (as

example):

Table 1. System parameters and its values

Number of Values of Parameters
Experiments
Parameters k X u d
1 kl=1 x1=A ul=-k1*x1 D1=3
2 k2=2 xX2=B u2=-k2*x2 D2=1

Here the A is a concentrate of polymetallic sulphide ores and B is the concentration of
oxidation reagent.
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Let us to wtite our mathematical model is in the form of equation for state space:

dx =C
—=Axx+Bx*xu Y X (27)
dt
Then, we can write the system function as a expression below:
F =[- (1+D1)*x1+ul; D1*x1-(1+D2)*x2+u2 ] (28)
In this case, matrices of 4 and B will be written in the form of:
_[-4 0 _ o C=1[1 1]
A_[3 —2] B_[01 D=0 (29)

The model of the the process of roasting in fluidized bed furnaces of polymetallic sulphide
ores and the controller are set in such a way that, in the linearized form, the following parameters of
the system are used in five different numerical simulations using Matlab (Table 2). Having made
numerical experiments in Matlab, we get the following results and diagrams (Fig.1.-Fig.2):
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Fig.1. Numerical simulation results: Experiment 1-2

The waveforms presented in Fig.1 show stable performance for a different set of parameters
and converge to equilibrium points.
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Fig.2. Numerical simulation results: Experiment 3-4
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The this set of parameters results in an asymptotically stable system whose convergence
process is shown in Fig.2.

The waveforms in Fig.1 and Fig.2 are of particular interest, since they demonstrate stability.
The results presented above illustrate that it is possible for the system to converge to an equilibrium
point even if dynamics of the controlled process suddenly changes.

Numerical Experiment Simulation of the Control System of the Technological Process

The designed control system for real technological process of tellurium oxidation and its
controllable can be demostrated by numerical simulations using computer software and modern
technology of programming.

Let us consider this model for second case, using actual example of technological process,
having modelled it in Matlab and Simulink.

The pursued numerical experiments are given below (Table 2).

Table 2. Values of parameters for numerical experiments

Number of Value of Parameters nad Equations
Experiments
N k1l k2 u=ul
a) 3 0 u=-3*x1
b) 1 0 u=1*x1

Thus, for the second model the waveforms in these are of particular interest, since they
demonstrate stability. The results presented above illustrate that it is possible for the system to
converge to an equilibrium point even if dynamics of the controlled process suddenly changes.
Though in practise, it is not always posible to control simultaneously all the parameters, and variables.

In the real technological processes and situations we don’t have a possibility to control the
both of parameters and variables. Therefore, it is need to analysis and to study the other condition for
control system with modelying of tecnological processes. It is the stability conditions for contol plant,
that is more stronger then controbility of the system.

In the case for the model 1, in practice it means, that, though both out coming concentrations
of substances cannot be controlled only by changing B substance consumption. Concentration A4 is
varying persistently and approaches to steady state irrespective of control. It means, the regulator for
the system can be arranged, in spite of the fact, that the system is not fully controlled. Thus, control
object is fully controlled towards controls A, but is not fully controlled towards control B.

Conclusions. Modern control methodologies are capable of increasing productivity of
industrial cycles by means of automatic control, monitoring, and management systems. The
components used for such control and monitoring tasks, including modern different sensors and
devices, are usually tightly integrated with automatic systems that control the entire technological
process. This approach facilitates the reduction of expenses used to service the main assets, allows
increasing output productivity, reducing downtime, and finally to increase a controllability and
stability of complex technological processes of industry.

In the same time for the purpose of study and qualitative control over chemical-engineering it
is essential to apply the method of mathematic simulation, based on system analysis strategy,
qualitative analysis of its structure, mathematical formulation development and evaluation of unknown
parameters. Therefore, study of control systems and modeling of technological processes with the
robust stability is one of the most important directions for enhancement, optimization and an
intensification of the production facilities. The work in this part of research briefly describes an
approach to assure robustness of a dynamic system. Its primary focus is on robust stability, not robust
performance, in the presence of parameter variations and model uncertainties. Based on our analysis,
the paper presents the conditions for converging to an equilibrium point and explains how to
implement a controller to achieve robust stability for the technological process of roasting in fluidized
bed furnaces of polymetallic sulphide ores.

In a number of applications where a system is characterized by nonlinear and time-varying
behavior, the issue of stability and performance becomes very prominent. It is further complicated by
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the fact that when a mathematical model is used as part of the control strategy, it is typically assumed
to closely match the real process. However, the process-model mismatch often results in sub-standard
performance or even stability issues. The latter can stem from improper controller gains that were
chosen based on the assumed model of the controlled process.

The stability condition is in that, all of unstability modes and eigenvectors of control system
can be made stability by regulation impact in the closed-loop system. Considered a simulation of the
technological process (process of roasting in fluidized bed furnaces of polymetallic sulphide ores), we
found conditions for the stability of the system, the radius and transients.Thus, our robust stability
study is specifying constraints on the change control system parameters that preserve stability. These
limits are determined by the region of stability in an uncertain and are selected. Using this methods of
modelying and designing of control system and results of these studies we can design more effective
control systems for the technological process and to obtain a product with high quality.
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BBenenue. HmwkHekypuHCKasl BIaJMHA TpPEACTaBIseT co00il 4acTb MEXTOpHOrO Mporuoda,
pacrnonoXKeHHOTo Mexay bompmmM m MansiM KaBka3oM M BBIOJHEHHOTO MOIIHBIMH ITOPOJAMHU
TUIMOLICH-aHTPOTIOTEHOBOTO ~ Bo3pacTta. Bmaguna — siBisieTcss  HeTEra3oHOCHBIM  OaccelHOM
AzepOaiimkana, KoTopas B IUIMOLEH-aHTPOIIOTOHOBOE BpeMSl IMOABEprajach JUIMTEILHOMY,
ycToWunBoMy mporubanuio [1, 2].
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[Iporu6 mmeer accumerpuyHoe cTpoeHre. CeBepo-BOCTOUHBIA OOPT KOPOTKHHA M KPYTOM,
OTHOCHUTENIBFHO Or0-3alagHoMy, KOTOPBIH ABJSIETCS MHUPOKUM U nosnoruM. CeBepo-BOCTOUYHBIN O0OpT
IUTaBHO CJIMBACTCA C FOro-3alaJHbIMU KpbUIbsIMU aHTUKIMHANEH Kroposnar-Hedruanunckoro mosica,
a Ipyroit 60pT COOTBETCTBYET I0ro-3anagHomMy 0opTy HmkHeKypHrHCKON BIaUHEI.
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Puc. 1. O63opnas kapma Huoicnexypunckoti énaounvt [1]

Yenosuvie o6o3navenus: 1-uzoeuncel no n08epXHOCMU NANEO2EHOBbIX OMAOHCEH UL, 2-U302UNCHL NO
NOBEPXHOCTU MEXO30UCKUX OMIOICEHUU, 3-PecUOHANbHbIE PAZTOMbI, 4-MEeKMOHUYECKUe HAPYWEHUSL,
S5-negpmsanvie sanesxcu; 6-nepmezasosvie Mecmopodcoenus, 7-nepcneKmusHvle CmpyKmypsl Ho
NAUOYEHOBIM OMIONCEHUAM, 8-NePCHEeKMUGHbIE 8bICHYNbL 3POZUOHHOU NOGEPXHOCIU ME30303L;
9-enybunnvie ckeasicunsl; 10-npogunvnvie nunuu; 11-p. Kypa; 12-bepezasas nunus

IOro-3amagueiii  GOpT mporuba XapakTePU3YIOTCS CEBEPO-BOCTOUHBIM MOHOKIJIMHAIBHBIM
MOTPYKEHUEM, OTJIOXKCHHMsI IJIMOIEHA CJIAa00 JMCIONMPOBAHBI M BBIPAXKAIOTCS CJIA00BBIPAKCHHBIMU
TeMUAHTUKIMHAIGHBIMA ~ CTPYKTypaMH. B pesymbraTte  KOHCEAMMEHTAI[MOHHOTO  Pa3BUTHUS
paccMaTpuBaeMoro 00pTa 3T CTPYKTYPhl MEHEE BBIPA3UTEIILHO YHACICIYIOT CTPOCHHE TTOBEPXHOCTH
MHOJICTHJIAIOIINX OTIOKECHHUI.

Ha psgy Bcero storo B mpoiecce TEKTOHHYECKOTO pa3BUTHS OacceiiH moaBepraics
JUTMTEIBHBIM OTPUIATENILHBIM TEKTOHHYECKHM MPOIlecCaM, KOTOpble OBbUIM KOMIICHCHPOBAHBI
CKOIUICHHEM MOIIHOW TOJIIM OCaa04YHBIX oOpa3oBaHuii. Ciemyer OTMETHTb, YTO ILIHOLICH-
AHTPOTIOTCHOBBIE ~ TIOPOJBI  MPEACTABICHBl  TIIMHUCTO-TIECUAHUCTOH  JuTOodanueil.  YcioBus
CEJIMMEHTAI[MOHHOTO OCaIKOHAKOIUICHHS CIOCOOCTBOBAIIM OOpa30BaHUIO B OacceifHe OOJIBIIOro
KOJTMYIECTBA JOCTATOYHO MOIIHBIX MECYAHBIX KOJUIEKTOPOB, MEPEKPHITHIX MOIIHBIMA M PETHOHATHEHO
BBIZICPYKaHHBIMH TOJIIAMH TJIHH [3].

Heas u Meroanbl ucciaenoBaHmii. B mo3gHEmIMONEHOBBIA MEpUOJ OPOr€HHOE pPa3BUTHE
OacceifHa TpuBENO K (QOPMUPOBAHHIO psijia aHTUKIUHAIBHBIX CTPYKTYp, Tlie CHOPMHPOBAINCH
He)Tera3oBble MECTOPOXJACHUSA. B mpenenax 5Toil BHAguHBI B HACTOSIIEE BpPEMS HAXOIUTCS B
paszpabotke HedTsHBIE MecTopoxaeHus Kropomar, KapaOarmer, Xeuniel, HedTuama, Mwumionar,
Kropcanrn, [Mupcarar u razosoe - Kanmac. Kpome 3Tx mMecrockomnenuid Obuta oTkpeita Jxanyou
Kypcanru u yCTaHOBJICHAa MPOMBIIIJICHHAS HE(PTEHOCHOCTh NPOAYKTUBHOM TOJIIK ILIOIIAIA
Kanamanern. Ha mmomansx babGaszanan, bombemodt m Manbrit Xapamu Takke OBUIM BBISIBJICHBI
HE3HAYHUTEIIbHBIC CKOTICHUS He()TH U ra3a [4].

HedrerazoHoCHOCTh Ha 3THX IUIOLIAASX CBSI3aHA C BEPXHUM OTACIOM MPOAYKTHBHOM TOJIIU U
a0IlIepOHO-aKYarbIbCKUMHU OTJICKECHUSIMH.
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CrnenyeT OTMETHTh, YTO BCECTOPOHHEE HCCIICOBAaHHE I'eO(DHU3MUECKUX JAHHBIX TO3BOJSIOT
BBIJICINTh B a0IIEpPOHO-aKYarMIbCKUX OTIOKEHHSAX, T.€. B Bepxax pa3pesa HedTe-Ta30HOCHYIO
JUTOJIOTHYECKU OTPaHUYCHHYIO JIOBYIIKY C(OPMHUPOBABINYIOCS B HIKHEM aOmepone. OcCHOBaHHEM
JUTSL BBIJICJICHUS JaHHOM JIOBYIIKU CIYXKHT HaJIMYUE B YKa3aHHOM CTpaTUrpauyecKoM HHTEpPBAJie
HECOTJIACHO 3aJIeTaIOIero CeHCMIUECKOTO TOPU30HTA, BHIKJIMHUBAIOIIETOCS K ceBepo-3amany ot Opra
Myranckoii mommanu [2, 5] (puc. 2).

Opta MyraHb CapxaHbeiinu
1Ap 2Ay p 5EBaGa:iaHaH
H ol _ Qiab 5 [H. aow
2|3 : \ J2
4 4
6 6
8 8

>~ E o3 Vv V4 15 [£ls

Puc. 2. Ceiicmozeonozuneckuii npogune no aunuu Opma Myeans-babazanan
Yenognvie obosnauenusn: 1-paznomul; 2-necku u necuanuxu, 3, 4-8yaKanoeenuvie u Kapoouamuuie
HOPOObL; 5-CKEAdNCUHBL 271YO0K020 OYypeHust, 6-peKoMeHOyeMble HOUCKOBO-PA36€00UHbIE CKEAICUHDL
(0obosnauenus omnocames u k puc. 3, 4)

JlaHHasi BBIKJIMHUBAIOIIAACS MTayKa BCKpbITA B CKB. 1 u 2 muomaau Opta Myrass U B CKB. 4
wiomanu Capxanbeiinu (puc. 3). Cinemyer OTMETUTh, YTO B CKB. 4 B MpejenaxX BHIKIHMHHUBAOMIETOCS
uHTepBaia Ha TiayomHax 2270-2290 u 2435-2450 M mo AaHHBIM Teo(U3NYECKUX HCCIIEAOBAHHI
BBIJICJICHBI J[Ba TIECYaHBIX KOJUIEKTOPA, TE MIOPUCTOCTD COCTaBIsIeT MpUOIu3nTensHo 17%, a B CKB. 2
YCTaHOBJICHO OTCYTCTBHE KOJUIEKTOpOB. B pesynpTare TOro, 4ro B HHTEpBaJIax C HAWIyYLIMMU
KapOTa)XHBIMU IOKA3aTCJIIMAU HE ObLIH O6Hapy)KeHI)I IMopoAbl KOJUICKTOPBLI NPUBOJAAT K MBIC/ISAM, YTO
TUTOIA/THOE W3yUYeHHE KOJUIEKTOPCKUX CBOWCTB BBHIKJIMHWBAIOIICHCS MaYyKH yKa3blBaeT Ha HATUYHE
JIUTOJIOTHYECKH OTPAaHMYCHHBIX JIOBYIIEK, a TaKKe Ha JIMTOJIOTHYECKUH 3KpaH K BOCTOKY OT CKB. 2.
Crenyer OTMETHUTh, YTO UMEHHO 00pa30BaHHE 3TOTO 3KpaHa UrpaeT OONbLIYIO POJib B (POPMUPOBAHUI
JIMTOJIOTUYCCKUX JIOBYIIECK.

OTnoXeHusT HIKHEro OTheNla NPOXYKTUBHOW TOJIIM BCKPBHITHI HEOOJBIIMM KOJIUYECTBOM
CKBa)XMH Ha MOJHYIO MOIIIHOCTH Ha IJIOMIAJsX aHTUKIMHAIBHON 30HbI KtopoBaar-HedTuana.
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Puc. 3. Ceiicmoceonocuueckuii npogunv Capxanbetiiu-Kapabaenv

brnaronpuatHele CceHCMOreOJI0rMYECKUEe YCIOBHS TO3BOJIMIM OCBETUTh TEKTOHHKY FOTO-
3amagHoro Oopra Ha rutomaau ot Capxaun6eitnu fo lapru llopcyny ¢ npuMeHeHHEM MeTOAa 00MICH
riryounnoit Touku (MOI'T). OcranpHast wacte mnporu6a, Brimoyas Kupospar-Hedreuanunckuii
AHTUKJIMHAIHBI TOsIC, M3Y4YeHAa OTHOCHTENBHO MeHee JeTanbHo. CieayeT OTMETHThb, YTO
WCCIICIOBAHUSl TMPOBOJWINCH C NPUMEHEHHEM METoJ0B, oTpakeHHbIX Bomu (MOB) u MOIT.
[Mnomaap n3yyanach v TIyOOKUM OypeHHEM.

Ha roro-3amagHom Gopty mporuba Ha momaaun Oprta Myrane npoOypensl ckB. | U 2 u Ha
wiomaau lopeyny ckB. 1. BypeHueM BCKpBIT ecYaHO-TIIMHUCTBIN pa3pe3 aHTPONOTeH-ITHOLIEHOBOTO
Bo3pacTa. B pesynpTrare 3T0ro OblIIO YCTAaHOBJICHO COKpAIlEHHE MOIIHOCTH HIDKHETO IuMoneHa. Hapsany
C 3TUM OBbUIM BCKpPBITHI KapOOHATHBIE M BYJIKAHOI'€HHbIE 0Opa30BaHMsI BEPXHEMEJIOBOTO BO3pacTra, U
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BYJIKAHOTEHHBIC OTJIOXKCHUS - NOpPUpUTHI, 0a3aibThl, TYGOHUTHI, KOTOPHIE MPEANOI0KUTEILHO MOTYT
OBITH OTHECEHBI K CApMAaTCKOMY SIPYCy, KOTOPBIE HMEIOT HEOONbITyI0 MOIIHOCTE. [IpoOypennas cks. 4
Ha miomany CapxaHOelnu, T.e. OTHOCUTENIBHO MOIPY>KEHHON YacTH CHHKJIMHAIK BCKpBLIA IpHU 3a00e
5500 M nuIIb BEPXHIOI YacTh HUKHETO TUTHOIeHa [2, 3, 5].

Pa3pes mimoneHa n3y4en OypeHneM Ha CeBepO-BOCTOYHOM OopTy Ha turomassx Kapabarmebr,
babazanan u mp. WccnemoBanns ykaspIBaioT, 4To Ha Iuiomansx Kroposmar, babasanan, XsUuibl u
Hedtuana KropoBaar-HedTuanuHckoli aHTUKIMHAIBHOW 30HBI B pa3pe3e BEpPXHEro OTHeNs
NPOAYKTHBHOM Tommu BbiAensercs 20 MecYaHHBIX TOPH30HTOB, MCTHHHAS MOIIHOCTH KOTOPBIX
mocturaer 2700-2900 M, ma mmomamsx Kapabarmer m [lypoBmar - coorBercTBeHHO 15 m 17
TOPHM30HTOB, MOIITHOCTH KOTOPHIX cocTaisger 2000-2200 m [3, 5].

Kak m3BecTHO TO mapamienu3anuy paspe3a NpoayKTUBHOW Tommy aHaigoramu VIl rop. mo
Kapanmarckoit pazouBke (T.e. cBUTa dacwist) sIBISTIOTC Ha mromansx Kroposnar, badazanan, Hedryana -
XX mecyaHbIi TOPU30HT, Ha TuTotaau Kapabarner - XV, a Ha mommaam Jlyposaar - XVII rop.

Huzel mpogykTtuBHON Tommu (aHasorw CBUT HaakupMmakuHckas riauHuctas (HKD),
HaakupmakuHckasa necuanuctas (HKII) u kxupmakunckas csuta (KC)) B npenenax paccMaTprBaeMoi
AHTUKJIMHAJIBHOU 30HBI BCKpPBITHI CKB. 425, 427, 426, 401 u 418 Kroposnar, ckB. 80, 74 u 75
Kapa6arunel, ckB. 65 Xumisl, ckB. 11 u 12 {roposaar, cks. 45 babazanan u cks. 701, 704 Hedruana.

Ha momanu KropoBmar B paspese HwkHero otaena Beimensitorcs cButel HKIT u VI
ropuzoHT (HKII cBuTa), KOTOPEII HEMMOCPEACTBEHHO MoAcTHIaeTcs moHTndeckuM sipycom. HKI cBura
Mpe/icTaBieHa B riauHHUCTOW nuTodammu m mMeeT momHOocTh 70-120 M. HKII cBura BeIpaxkeHa
NPEUMYIIECTBEHHO B TIec4yaHol JuTodanud (NMeCYaHWKH, MENKO-, TOHKO3EPHUCTHIC, CHIBHO
KapOoHaTHBIE) MOIITHOCTHIO 30-50 M.

Crnenyer OTMETHTH, YTO OTJIOKEHHS NPOAYKTUBHOM TOJMIIM OBUIM BCKPBITHI IO Pa3HbIM
TUIOIIA/ISIM TO-Pa3HOMY, T.€. TOJIHOCTBIO MIIM YacTHYHO. Kpome 3Toro, ObUIO MPOBEACHO IeTalbHOE
U3yYeHHE OJTHUX OTJIOKEHHH, ObUIM aHaJIM3WPOBaHBl JaHHBIE JJIEKTPOKAPOTaXXa W KEPHOBOTO
MaTepHaia, B pe3yJibTaTe 4ero ObUIM BBIAENICHBI OTAENbHBIE CBUTHI HIDKHETO OTAEa MPOAYKTUBHOM
TOJIIIA M TIPOBEJCHBI WX COTMOCTABIIEHHE MO MUIomasM. [1o reou3nvecKkuM HCCIEeNOBaHUSIM U TI0
JaHHBIM OypeHHusi, CTPOEHHS FOT0-3allaJIHOTO OOpTa XapakTepU3yeTCsl PEe3KUM COKpallleHHeM
MOIIHOCTH HMKHETO IUTMOLICHA B Pe3yJIbTaTe BHIKJIMHUBAHNS HIKHUX TOPU30HTOB [2, 3].

[orpysxeHre NOBEpXHOCTH NOJACTUIAIOLINX OTJIOKEHUH CONPOBOXKIAETCS TOSBICHUEM HOBBIX
BBIKJIMHUBAIOLINXCSI TOPH30HTOB, B pe3yJbTaTe dYero ObUIO BBIACICHO Ha paccMaTpUBaeMOMN
TEPPUTOPUM  cTpaturpaduyeckue JOBYIIKHM, Ha cTpykTypax Capxanbeiinu u BoctouHoii-
opcynuHCcKOW. DTH JOBYIIKKA 00pa3oBajuch 3a cuyeT BhIKIMHUBaHUA 600-700 METpOBOI INIMHUCTO-
NeCYaHOM MavyKy HWKHETO IUIHOLIeHa, T.. npoaykTusHo# Touwm (I1T) [8, 9, 10].

Ilo pesynbraraMm, MOINYYEHHBIM OT JETAIBHOIO HU3YyYEHMsI CEHCMOPA3BEAKON, JIOBYIIKH
CapxanOeitnun u Illopcyny uMEIOT 3aMKHYTBIH XapakTep, 0OyCJIOBIEHHBIH 3aMbIKAHHEM Oa3MCHBIX
M30JMHUNA. OTH JIOBYLIKM PpAacHOJIOKEHbl Ha TiyOuHe He Oomee 4,5 KM MEXIy BbICTyIaMH
naneopenbeda, KOTOpbIe CHITPald BaXXHYIO POJIb MPH MUTPAIMK W aKKyMYJISIUH YTIJIEBOJOPOIOB.
CroXeHHBIE B MPOLIECCe OCAAKOHAKOIUICHUS! NMEPBUYHBIMH KOJUIEKTOpaMH cpopMHUpOBaBIIMECS Hal
MOBEPXHOCTSIMH HECOTJIACHH, STH JIOBYLUIKH OTHOCATCS K CEJMMEHTALMOHO-CTPAaTHIPadUUecKUM M
NPUIETal0T K TOBEPXHOCTH Hecorjacus. 3JIeCh BBIABICHBI aHAJOTHMYHBIE JIOBYIIKHM U MO Oolee
r71y0OKO03aJIeralolnM BhIKITMHUBAIOIIMMCS TOpU30HTaM (puc. 1, 2, 3).

Jjisi OLIEHKH KOJUIEKTOPCKHX CBOWCTB II€CHAHBIX IOPOJI, CIaraloliuX paccMaTphBaeMble
JIOBYIIKA TIO0 TPUYPOYEHHBIM K TOBEPXHOCTH IMOCTWJIAIONIMX TUTHOIEH OTJIOKEHHH, MOXHO
UCIIOJIb30BaTh JlaHHbIe CKB. 4 moniagu CapxaHOelny, 4acTHYHO BCKPBIBIICH BBIKIMHHUBAIOIIUNACS
KoMmIuiekc Ha riryoune nopsaka 5000 m. [To cTpyKTypHO-TEKTOHHYECKMM 0COOEHHOCTSAM ILTOIIAIHN 3Ta
CKBa)XMHA DPAacIoJIOXKEeHa B O0JIaCTH NMEpPBHUYHON MUrpauuu. B reomornueckoM paspes3e CKBa)KMHBI
reo)U3NYECKUMH  HWCCIICJOBAaHUSAMH OBUIM  BBIJICJICHBI IE€CYaHBIE KOJUIEKTOPHI C TJIMHUCTBIMHU
nporiactkaMu B rinyoune 5040-5107 u 5140-5260 m. Ilopucrocth 00pa3uoB, OTOOpPaHHBIX C
uHTepBasioB Tayoun 5060-5065 u 5090-5100 M, cocraBnsier coorBeTcTBeHHO 19 u 22%, a
IPOHMIEAEMOCTD - 32 - 54 MKMZ DTOT (aKT CBHAETENLCTBYET O HAIMYMH KOJUIEKTOPOB ¢ XOPOLIUMH
(GHUIBTPAITHIOHHO-EMKOCTHBIMHU CBOWCTBAMH B IIPEEIaX BBIKIMHUBAIOLIETOCS KOMIUICKCA.

PaccmarpuBas HepTerazoHOCHOCTH IUIOIIAAU, IO TEKTOHUYECKOMY KPHTEPUIO OTMETUM, YTO
I0ro-3alajHplii 0OpT MMEeT KOHCEAMMEHTALMOHHBIN XapakTep pa3BUTIUS M B OTJIHYHE OT
IPOTHUBOIIOJIOKHOTO CEBEPO-BOCTOYHOIO 0OOpTa HE MOABEPrajcsi BO3IEHCTBUSIM HHTEHCHBHBIX
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MOCTCETUMEHTAIIMOHHBIX CKIIaJIKOOOpa30BaTENbHBIX NBIKEHUH. 1 Mo 3Tol mpuunHe Ha 3TOM OOpTY
HE Pa3BHUBAJINCH PE3KO AMCIONMPOBAHHBIE AHTUKIWHAIBHBIE TIOJHATHS, Tae (DOPMHUPYIOTCS JIOBYIIIKH.
@akT HaMWYUS W COXPAaHHOCTH B AaHTHUKIMHAIBHBIX JIOByIIKaX, kak KriopoBmar, Kapabarimsr,
babazanan, JlypoBnar u Ip. CTpyKTypax CKOIJICHWH He(TH U ra3a CBUAETEILCTBYET 00 00pa3oBaHUU
JIOBYIIIEK JT0 Ha4Yasla MUTPALINH.

CnemyeT OTMETHTH, YTO IJIUTOJIOTO-CTpAaTUTpadUUIECKHe JIOBYIIKH OOpPa3OBBIBAIUCH B
nporecce (HOPMHUPOBAHUS AHTUKIMHANBHBIX CTPYKTYp M HOCST KOHCETUMEHTAIIMOHHBIA XapakTep.
Takum 00pa3oM, MOKHO MPHUHUTH K BBIBOAY O TOM, YTO K MOMEHTY Hadajia MUTpalud oba Tuma
JIOBYIIEK TIOMHOCTHIO C(OPMHUPOBAINCH W TIO3KE CTalld TPUPOAHBIMH pe3epByapamu. ITO
00CTOSITETLCTBO W HAMYME KOJUIEKTOpa, HHU3KWHA TOTEHIHAl TOPOBBIX JIABJICHUWA MOPOJBI
KOJUIGKTOpa, HaJM4Yhe SKpaHa, CHOCOOHOTO BBIACP)KATh JOCTaTOYHO BBICOKOE JaBJIICHUE
JIEHCTBYIONTNX HA HETO (IIIOHIOB, Ja€T BO3MOKHOCTh YBEPEHHO YTBEPIUTH, YTO B pacCMaTPHUBAEMbIE
crpaturpaduuecKue JOBYIIKA IEPCISKTUBHBI U TOJDKHBI COAEPKaTh yIiaeBoaoposr [2, 8, 11].

[IpoBeneHHbIC WCCIENOBAHUS M TOJy4YCHHBIC JaHHble 1O ckB. 4 momamu CapxanOeinn
YTBEPKJIAIOT O HAJIMYMK KOJUICKTOPOB. B unTepBane riryoun 5020-5400 M B 3TOM CKBaXKHMHE, IO JTAHHBIM
MPOMBICIIOBBIX TeO(U3NYECKAX HCCIEOBAHUM, BBIENIEHa 30HA AHOMAJhHO-BBICOKHMX ILTACTOBBIX
nasiennii (ABII/I), oOycnopieHHas, TO-BUIMMOMY, aHOMAJIBHO BBICOKUMH TTOPOBBIMU JTABJICHUSIMH TJIMH,
Pa3IEISIONINX TUIACTHI-KOUIEKTOPBl. CIOKHUBIIASCS TaKasi TEOJIOTMYECKasi CHTyalusl CBUIICTENILCTBYET O
TOM, YTO TIOTEHIIHAN KOJJIEKTOPOB B 00JIACTH MEPBUYHON MUTPAITIH ObLT HU3KOH.

DKpaHUPYIOMIMM KOMILIEKCOM ISl PACCMATPHUBAEMBbIX JIOBYIIEK MPEAOI0KUTEIHHO TOJKHBI
CIIy’)KUTh TOJCTUJIAIONINE IUIMOICH BYJIKAHOTEHHbIE M KapOOHATHBIC OTJIOXKEHHS CapMaTrcKoro M
MEJIOBOTO BO3pacTa. JTOT OKPAHUPYIOIIUN KOMIUIEKC TIIOJTHOCTHIO HEMPOHUIIAEM WJIH  Ke
C1a0OTIPOHHUIIAEM, B CIIAaCOOEH BBIAEPXKaTh MaBieHune (GaonmoB. OHM BCKPHITH U Ha muromanan OpTa
Myrans ckB. 1 u 2, u B ckB. 1 momanu Hlopcyny. M3ydasd ux KoiiekTopckue cBoiCTBa B CKB. 1 10 2
oOpasnam mioriaau Lopeyny u mo 11 o6pasiy cke. 1 mwiomaan Opra Myranb ObLIO BBISBICHO, YTO
OTIIOKEHUS capMaTta JUTOJIIOTHYECKH BBIpaXeHBI Ty(O-TIeCYaHHNKaMu, oppuputamu, Tyhduramu u
0azanmpramu. Tydo-necyanuku, orodpanuble Ha miomaan Lopcyny, u BeIBeTpenbie MOpHUPUTH, U3
ckB. |1 omanun Opra MyraHb, OKka3alinch NPaKTHYECKH HEMPOHUIaeMbIMU. Ho, ciieyeT oTMETHUTb,
YTO WCCIIEIOBAHUS MOATBEPAUIN BBICOKYIO TIPOHHIIAEMOCTh TpeX 00pa3IoB. DTO MOXXHO OOBSICHUTH
OOJIbIIICH CTENEHBIO UX BRIBETpEIOCTH [6, 7].

KouekTopckue cBOWCTBa 0CaJ09HO-BYJIKAHOTEHHBIX ITOPOJ MEJIOBOIO BO3pacTa M3y4YeHHI B
OCHOBHOM B CKB. 2 momagn Opra Mpyrans. Tak Kak 3Ta CKBaXHHA pacllojioXeHa B
HETNOCPeICTBEHHON Onm3ocTi OT Twiomaau CapxaHOeWnu, TMONYy4YeHHbIE pPe3yNbTaThl MOTYT OBITh
WACHTHYHBI JUIsi 00eux tuiomaneit. C 1enbio OnpeseseHns] MPOHUIIAEMOCTH MOPOJ] ObIIIM W3y4YeHBI
YyeTblpe 00pasiia NeTUTOMOP(HBIX M3BECTHSKOB, OTOOPAHHBIX W3 Pa3IMYHBIX MHTEPBAJOB TIIyOHWH.
OO0pa3ipl MOpoX OKa3ajduCh HENPOHHLIAeMbIMHU. BriBeTpesble MmOpGHUpPUTHI MEIOBOIO BO3pAacTa,
otoOpanHble 13 wHTepBana TiryouH 3510 - 5010 M Obim mu3ydeHsl mo 19 obpasmam. MccnemnoBanus
MOKa3alik, 9TO Bce 00pa3Ilbl TAKXKe HEMPOHUIAEMBI UITH CIIa0O0MPOHHUIIAEMBI.

Takum 00pa3oM, COIJIACHO HMEIOIIMMCS JAaHHBIM B LEJIOM, SKPAHUPYIOIIMX KOMIUIEKC
YIOBIIETBOPSIET TpPENbsIBIsieMbIM TpeOoBaHusAM. OJHAKO, JOMYCKAaeTCs HAIWYME Ha JIOKAJIBHBIX
y4acTKax HeOONBINOW MOIHOCTH KOPHI BBIBETPUBAHHS IOJICTHIAIONINX IUIMOLEH OTIOXKEHHIHA,
3aIl0JTHEHHOW (UTIOUIAMU B ClIydae UX KOHTAKTHPOBAHHS C KOJUIEKTOPAMH CPEJTHETO TUINOIICHA.

[IpoBeneHHbIe HCCIENOBAaHUA U aHATU3 AAaeT BO3MOXKHOCTh NPUHTH K BBIBOLY O TOM, YTO
BBISIBIICHHBIE Ha IOT0-3amajHoM O0opTy HimKHeKypWHCKON BHaauHbl cTpaTHraduyeckue JOBYIIKA
CPEJIHETO ITHOIIEHA MOTYT CITY)KUTh MPUPOJHBIMU pe3epByapaMu Ui CKOIUIEHUH HeTH U ra3a. 1o
MO3BOJIIET PEKOMEHIOBATh 3aJIOKEHHWE HOBBIX TIIIyOOKMX IOMCKOBO-Pa3BENIOYHBIX CKBAXHH Ha
cTpaTurpaduueckue JoByImKY Ha iomansix CapxanOeitnu u lapru Lopcyny ¢ cOOTBETCTBYIOIIMMU
MPOCKTHBIMH TITyOWHAMHU, KOTOPbIE MOTYT OTKPBITH TOJHOCTBIO IIMOIICHOBBIE OTJIOXKEHUS U BEPXU
HIOPOJI MEJIOBOTO Bo3pacta (puc. 2-4).
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Puc. 4. Ceticmozeonocuneckuii npogpune no aunuu Llapeu llopcyny-babazanan

B paccmarpruBaeMOM KOMILIEKCE TOPOJ MO CEHMCMUYECKUM NpU3HaKaMm Oblia oOHapyXeHa
30Ha ocnalIeHus SHEPTUH CEHCMUUYECKUX BOJIH. DTO MOXKET OBITh CEPbE3HBIM (haKTOM, YKa3bIBAIOIIUM
Ha He(TerazoHaChIIICHHOCTh OTIOXKEHHH, KOTOpas MOXET OBbITh J0Ka3aHO OypeHHEM IIOMCKOBO-
pasBeIOYHON CKBAKMHBI HA JIMTOJIOTUYECKYIO JIOBYIIKY Ha miornaau Capxaunbeitmu [7, 11] (puc. 3).

Utak, wccnepoBaHWs  MOKa3ald, YTO  TEPCIEKTUBHOCTh  CTPaTUrpaduUUecKux U
TUTOrpadUIECKUX JIOBYIIEK OBLIM HETOOLEHEHBI, H 3TO 00CTOSTEIHCTBO TpeOyeT Oosee AeTanbHOe
uccienoBaHusl Bced 30HbI. DOpMUpOaBaHHBIC AaHTHKIMHAIBHBIE JIOBYIIKH Ha FOr0-3allaJIHOM KpbLIE
baba3anaH-/lypoBarckoro MOJMHATHS TaK)KE BBICOKO IEPCICKTHBHBIL. 10, 4YTO JI0 HACTOSIIETO
BpPEMEHH 3/1€Ch HE OOHAPY>KEHBI 3aJIe:KU HEYTHU U raza, OObSCHICTCS CIIOKHONH TEKTOHUKON CBOAOBBIX
Y IPUCBOJOBBIX YaCTEH 3THX CTPYKTYP, O YE€M CBHIETEIbCTBYIOT M HOBBIC JaHHBIC I'€OPU3MUECKUX
MCCJIEIOBAHNH, YKa3bIBAIOIIHE HA CEBEPO-BOCTOUHOE IMaJIeHHE MJIOCKOCTH MPOJOIBHOIO HapylIeHHE,
MepeceKaroIero MPUCBOJOBYIO YacTh IOT0-3aIaIHOTO Kpbuta babazaHaHCKOI aHTHKITMHAIIH.

OcHoBaHHEM [UIS 3aJ0KEHHUsSI OUEPEIHBIX Pa3BEIOYHBIX CKBAKMH Ha FOT0-3alaJHOM KpbuUIE
CKJIaJKW WM BCKPBITHA MOAHAIBUTOBOTO KpbLIa HEOOXOIUMO NPOOYPHTH MOMCKOBO-Pa3BEIOYHYIO
ckBaxkuHy rinyounoi 5000 m (puc. 4). Bo u30exxaHue oCIOKHEHHH B mpoliecce OypeHust KenaTelbHO
npoOypUTh HAKJIIOHHO HAPaBJICHHYIO CKBKUHY.

BbIBOaBI.

1. PyKoBOJCTBYSCh HAIMYHEM KOJUIEKTOPOB, MOKPHIIIEK U JIOBYIIEK, C(HOPMHUPOBABIIUXCS B
COOTBETCTBYIOIIMX IMaJ€OTEKTOHNYECKUX YCIOBHUAX, CEHCMOreOIMYeCcKHX IOKa3aTeaei, HeoOX0quMo
JIOTIOJTHUTENBHO OLIEHUTDH NEPCIIEKTUBEI HeTe-ra30HOCHOCTH F0r0-3araiHoro 60pTa BlaHHBL.

2. ComocraBneHne  pa3pe3oB  MpoOYpeHHBIX  CKBAKMH Ha  Iwomanax  Kroposnar-
HedruananuHckold 30HBI TIOKa3bIBAET, YTO B CTOPOHY €€ TOTPYKEHUS B pa3pe3e HIDKHETO OTaelna
NPOAYKTUBHON TONIIM HAOMIOAETCs IOCTETIEHHOE yBeJInueHHe MoiHocTH 1 necyanuctoctd HKII cBuTsl,
B KOTOpOii Ha ydacTke Xwnibl-HedTyana MOryT cofiepsKaThcst MPOMBIIIICHHbIE CKOTUICHHUS He(hTH U ra3a.

3. HecornacHo 3aneraroniuii ceiCMUUECKN TOPU30HT, BHIKIIMHUBAIOIIMICS K CEBEPO-3aray
or Opra MyraHckod IuIOmaaM, KoTopass ObUIa BbISBIEHA TeO(U3NYECKUMH HCCIICAOBAaHUAMU
NO3BOJIIIOT  BBIACTUTh B  aOLIEpOHO-aKYarumjibCKUX OTJIOKEHMSAX, T.€. B BepXax paspesa
HeTEera30HOCHYIO JIMTOJIOTHYECKH OTrPaHHYCHHYIO JIOBYIIKY CQOPMHUPOBABINYIOCS B HUKHEM
abiepoHe.

4. OOpa3oBaBLIMECS JIMTOJOrO-cTparrauiyeckue JIOBYLIKM HOCST KOHCEIWMEHTAIlMOHHBIN
XapakTep, M 3TO JaeT BO3MOXXHOCTh YTBEp)KIaTh, YTO K MOMEHTY Hadaja MHTrpanud oba Tuma
JIOBYIIEK ITOJIHOCTHIO ObIITN COPMHUPOBAHHEIE.

5. OOHapyxeHHass 30Ha ocjalOJeHWl DHHEPTMM CEMCMHUYECKMX BOJH Ha IUIOLIaIU
CepxanOeitnu MoxeT ObITh (HaKTOM, YKa3bIBAIOIIMM Ha He(TerasoHachlIEHHOCTh OTJIOXECHUH M
MOJKET OBITh TOKa3aHO OypeHrneM NONCKOBO-Pa3BeA0YHON CKBAKMHBI Ha JIUTOJIOTUYECKYIO JIOBYIIIKY.

6. CioXHOE TEKTOHMYECKOE OOCTOATENILCTBO M OCJIOKHEHHBIE CBOJOBBIE U NPHCBOAOBBIC
yacTd (POPMHUPOBABILUXCS CTPYKTYP, O 4YEM CBHUAETECILCTBYIOT IOaHHBIE CEHCMOpPAa3BEIKH, CTallU
o0BsICHEHHEM He 00OHAPYKEHUS 3/IeCh JI0 HACTOSILETO BPEMEHH 3aJiexKeil HeTH U rasa.
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