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BBEJIEHUE

KypopT «bykoBenb» SBJISIETCA MOMYISPHBIM HE TOJIBLKO B YKpauHe, HO U JAJIEKO 3a
ee MpeJieyaMy, €ro €Ile Ha3bIBalOT TOPHOJIBDKHOW CTONMIEN YKpauHbl, TaK KaK A3TOMY
CIOCOOCTBYIOT YHUKAITbHOE MECTOPACIOIOKCHHE, OJIarONPHUSTHBIM TOPHBIM KIMMAaT U
MHOTOYHUCIICHHOE KOJUYECTBO MECT Pa3MEIICHUS TYPUCTOB.

Kaxnpiii ron bykoBenb MOCEMIAIOT THICAYHM TYPUCTOB — JIBDKHUKOB C Pa3HBIM
ypoBHeM moArotoBku. Okosio 20% TyprUCcTOB MOTYyYaloT CEPhEe3HBIE TPABMbBI UIMEHHO H3-3a
HEKOPPEKTHO KJIacCU(DMIIMPOBAHHBIX TOPHOJBDKHBIX Tpacc. llpum kimaccudukanuu
CKIIOHOB OBUIO yJIeIeHO BHHUMaHHE B OCHOBHOM TOJBKO Tepemany BbicoT. Ho 3Toro
(akTopa Mano JUIsl MOTHON O€30MacHOCTH JBDKHUKOB — HOBHYKOB. TakuM o0pazoM,
OIICHKa YPOBHS ONACHOCTH TOPHOJBIKHBIX Tpacc KypopTa «byKoBenb» sBISETCS
aktyanpHOoi ['MC 3amadelt Ha CETOAHSAIIHWMA [I€Hb, pEIICHWE KOTOPOH MOXET B
JATbHEUIIIEM TTOBJIHSITh HA YMEHbIIIEHIE TPaBMaTH3Ma Ha TOPHOJIBDKHBIX KypOpTax.

[Ipu oreHKE ypOBHS CIIOXKHOCTH CKIIOHOB TOPHOJBDKHOTO KypopTa bykoBenb Obitu
BEIOpaHbl clenyromue (akTopel: Iepenaj BHICOT, YPOBEHb OMACHOCTH, KOJIMYECTBO
mofei Ha ckioHe. Tak Kak B (hakTopax KOJUYECTBO JIIOJAEH W YPOBEHb OMACHOCTH
MPUCYTCTBYET HEONPEAENEeHHOCTh, KOTOpas 3aTpyAHAET WIH JaXe WCKII0YaeT
MPUMEHEHUE TOYHBIX KOJUYECTBEHHBIX METOZOB M TIOAXOJOB, OCOOCHHO IIOJIC3HBIM
SBIISIETCS] IPUMEHEHHE HEYETKOT0 MOJICIPOBAHNS.

1. 13JIOKEHUE OCHOBHOI'O MATEPHUAJIA

OTCyTCTBHE YSTKUX ONPECICHUI YPOBHS CIOXHOCTH TOPHOJBDKHBIX TPACC, & TAKXKE
KOJIMYECTBO TpaBMaTH3Ma Ha TOPHOJBDKHBIX KypopTaX NpPUBEIO K HEOOXOIUMOCTH
MOCTPOCHUSI ~ MaTeMAaTHYeCKMX  MOJEJeH  TPWUHATHS  pelIeHHd B YCIOBHAX
HEOTIPEICTICHHOCTH.

Jyis hopMabEHOTO TIPENICTABICHUS SMITUPUYSCKUX 3HAHUN 00 OLICHUBAHUY yPOBHS
CIIOKHOCTH TPacC B 3aBUCUMOCTH OT (akTopoB (mepernaja BbICOT, YPOBEHb OMACHOCTH,
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KOJIMYECTBO JIFOfeH) Oblia co3maHa 0a3a MpaBHJI CHCTEM HEUYSTKOTO BBIBOAA, KOTOpas
UCTIOJIb3YET MPaBUIIa HEUSTKUX TPOTYKIINH.

Beutn BBeieHbI crienyromue 0003HaueHus - K — ypoBeHb CII0KHOCTH TOPHOJBIKHBIX
Tpacc, SBISCTCS BBIXOJAHOM JIMHTBHCTUYECKOW TIEPEMEHHOW C KayeCTBEHHBIMU
3akmoueHusAMA: L “HadampHBIM ypoBeHB', M “cpemnmit ypoens’, H “mpomBuHyTHIN

YPOBEHB” TPACCHI:
K={L, M, H}.

B xauecTBe BXOAHBIX MapaMETPOB PacCMOTPEHBI JIMHTBUCTUYECKHE INEPEMEHHBIE
BUJIA!

1. K — ypoBeHb CIIOKHOCTH TPACcChl B 3aBUCUMOCTH OT IIEpENaja BhICOT,

2. K,— ypoBeHb CIOXKHOCTH TPacChl B 3aBUCHMOCTH OT ONACHBIX YYacTKOB Ha
CKJIOHE (TOBOPOTHI, JIe], IIUPUHA TPACCHI);

3. K — ypoBeHb CII0)KHOCTH TPACCHI B 3aBUCHMOCTH OT KOJIMYECTBA JIIOACH.

J1Jis OTICHKY 3HaUEHUH BCEX JIMHTBUCTUYCCKUX MIEPEMEHHBIX HCITOJB30BAIMCH TAKUE
IITKAJIBI. ITKaJia — CJIA0BIH, CpeTHUH, BRICOKUH YPOBCHD.
[IpucBoeHHBIC 3HaUEHUS MHOXECTB L - merkast, M — cpeansst, H —croxxHas Tpacca

nna  kaxnpoi mepemenHoit K., K,, K. ba3a npaBun HedeTKMX NpoIyKIHii
npeJcTaBieHa 27 MpaBuiiaMi HEYETKUX BBIBOJIOB BHJIA!
R,y:if KcisL& K, isL& K, isLthenKisL

R,,:if KiisH&K, isM& K, isLthenKisH.

B kauectBe METOJa arpeTupoOBaHnd MCIIOJb30BaJIaCh OICpalus min-KOH’LIOHKLII/II/I:

pe (¥)=minjup (), kg (f (OxOX). (1)
2. DA33UPUKALIMA BXOJAHbIX IEPEMEHHBIX

IMox ¢aszsudukanueii MOHUMAETCS HE TOJBKO OTACIBHBIA 3TAl BBIOJTHCHHUS
HEYETKOr0 BBIBOJA, HO M COOCTBEHHO MPOIECC WJIM MPOIEAYpa HAXOXKIACHHS 3HAYCHHI
(GYHKIUA TPUHAIICKHOCTH HEYETKUX MHOXKECTB (TEpMOB) Ha OCHOBE OOBIYHBIX (HE
HEUETKUX) UCXOIHBIX JTaHHBIX.

B kauecTBe BXOIHBIX MAapaMETPOB ObUIM B3SIThI KpyTu3Ha — 32%, ypoBeHb
omacaoctn — 70%,kon-Bo moneii — 33%,Ha npumepe ropHOJIBLKHOrO ckiona NelB. B
pe3ynabTaTte aHanu3a TpaGUKOB BBIABICHBI AKTUBHBIC MNPOAYKIMOHHBIC MPaBUiIa CO

CTENEHbIO NICTUHHOCTH OTIIMYHON OT HYJIS: R4,R5,R8’Rg, R12,R13,R24, R25 (puc. 1).
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Puc. 1. Tlpumep Qazzudukanii BXOIHBIX JTUHBUCTHUECKIX IEPEMEHHBIX.

HpI/I aKTHUBALMH IMOI3aKII0OUCHUN HEUYETKUX IIpaBuJI IPUMEHAICA METOJ MUHUMYM -
aKTHBAallUH.

M (y)=min(G, u(y))- )
PesynbraT akkyMynsMU TNpeACTaBiIeH Ha rpaduke (QyHKIMI NPUHAICKHOCTH
BBIXO/IHOM TepemenHo# K (puc. 2).
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Puc. 2. I'padmk akkymynsiuy 3aKJIIOUEHUS Il BBIXOJIHOW JIMHTBUCTUYECKOH
nepemeHHoi K.

KonunuecTBeHHOE 3HadeHUE CIHOKHOCTH CckioHa Y=60.2%  BEINOJIHEHO 10
nedazzuduKay BRIXOAHBIX IEPEMEHHBIX [0 METOIY LIEHTPA TSHKECTH:

n
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y =
nix;)
1 . 3)

M= |-



METOAMUKA OHEHKH YPOBHS OITACHOCTH I'OPHOJIBI’KHBIX TPACC ... 65

3. KITACCU®UKALUSA 'OPHOJIBI’KHBIX TPACC

[Mocie nedaz3uduKami BEIXOJHBIX IEPEMEHHBIX [0 METO/Y LEHTPA TSUKECTH IS
BCEX CKJIOHOB TOPHOJIBDKHOTO KypopTa BykoBenb ObLT KOMHYECTBEHHO OLECHEH yPOBEHb
CIIO)KHOCTH Tpacc. B COOTBETCTBUH CO 3HAYCHHEM IOIYYCHHOro Kod(duimenTa
CIIO)KHOCTH ObLiTa MPOBEICHA KIaCCU(UKAIINS TOPHOIBLKHBIX TPAcC.

Knaccudukarnus nposomunach no cienyromemy npuanuny: 0 — 27 % -nerkas
tpacca (roiyboii nser), 28 — 52 % -cpennsis Tpacca (kpacubiii 1Bet), 53 -100 % -
CIIOHAs Tpacca (YepHBIii IBET).

[TonmydyeHHBIC pACYETHBIM IIyTEM OIEHKHA YPOBHSI CIOXKHOCTH CKIIOHOB H
pe3ynbTaThl UX KiIAacCH(MHUKAINK IPEeICTaBICHBI B Tabu. 1.

Tabmuna 1
PC3YJ'II>T8,T Knaccmbnxaul/m Tpacc 1O YPOBHIO CJIIOKHOCTHU
Tpacca Ouenka, CJ105kHOCTB Tpacca Onenka, % CroxHocTh
Ne % Ne
Hcx. Pe3
1A 65.28 12D 31.6
1B 60.2 13A 35.9
1C 29.6 13B 33.73
2A 53.7 13C 30.9
2B 25.35 13E 23.76
5A 50.8 14 275
5B 31.6 15A 48.8
5H 44.9 15B 47.3
5G 44.5 15C 38.6
7 20.5 15D 39.6
8A 32.24 16A 23
8B 26.5 16B 57.6
8C 31.6 16C 47.3
11D 54 16D 45.6
12A 37 16E 38.11
12C 28.76 22B 47.6

B kauectBe pesynpraTa OblJIa MOCTpOEHAa KapTa TOPHOJNBDKHBIX Tpacc KypopTa
«bykoBenb» MBano-®pankoBckoii (puc. 3).
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PI/IC. 3 KﬂaCCI/Iq}I/IKaHI/II/I FOpHOHLI)I(HLIX Tpacc Ha OCHOBC He‘leTKOfI JIOTUKU.
BBIBOJ]

Heuetkoe MonenupoBaHHMEe SBISETCS OXHOM W3 Hamboiee AaKTHBHBIX U
NEPCHECKTUBHBIX HAIIPAaBICHUH NPHUKIAJHBIX HCCIEIOBAHWMN B OOJIACTH yNpaBlieHHS U
MIPUHATHS PENIEHUH.

JlaHHOE WcClieoBaHME II0Ka3ano, pe3ylbTaT KiIacCH(UKAIMU Tpacc IO YPOBHIO
CJIO’KHOCTH C TIPUMEHEHHEM HEUETKOW JIOTHKH ITO3BOJIMII 00Jiee TOUYHO ONPEACIUTh Kiace
TOPHOJIBDKHBIX Tpacc ¢ yderoM 3 ¢akTopoB. B pesynaprate 17 m3 32 Tpacc Obumn
nepeKIacCU(GUIIMPOBAHbI IO YPOBHIO CIIOKHOCTH.

PazpaboranHass MeToAWKa OLEHKH YPOBHSI OINACHOCTH TOPHOJNBDKHBIX CKJIOHOB
MOXET OBITh MCIOJb30BaHA JUIA KiIacCU(HUKAIMKA TpPacc TOPHONBDKHBIX KypOpTOB B
Ykpanne u 3a e mpemenamMu, a Takke a1 pemeHus apyrux ['MC 3amau B obiactu
Typu3Ma.
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The Theory of Fuzzy Logic was first raised by the matematician Lotfih A. Zadeh in 1965.
This Theory is a response to the insufficiency of Boolean Algebra to many problems of the
real world. Most of the information in the real world is imprecise, and one of humans' greatest
abilities is to effectively process imprecise and "fuzzy" information.

Fuzzy logic is a form of multi-valued logic derived from fuzzy set theory to deal with
reasoning that is approximate rather than precise. In contrast with binary sets having binary
logic, also known as crisp logic, the fuzzy logic variables may have a membership value of not
only 0 or 1. Just as in fuzzy set theory with fuzzy logic the set membership values can range
(inclusively) between 0 and 1, in fuzzy logic the degree of truth of a statement can range
between 0 and 1 and is not constrained to the two truth values as in classic propositional logic.
And when linguistic variables are used, these degrees may be managed by specific functions,
as discussed below.

Recently, fuzzy modelling has been one of the most active areas of applied research in
the field of management and decision making. Many GIS problems can be solved by using
fuzzy logic in the absence of clear definitions of some parameters.

In the last years, fuzzy logic was implemented successfully in various GIS processes. The
most important implementations were made in the fields of classification, analysis, data
collection and in remote sensing.

Every year thousands of skiers visit resort Bukovel with different skill level. About 20%
of them get serious injuries because of incorrectly classified slopes. In the classification of
slopes, experts paid attention to only height elevation. But this factor is not good enough for
full protection the beginners from injures.

Thus, evaluation of danger level on ski slopes “Bukovel” is an actual GIS problem today,
the solution of which may affect the reduction of accidents at ski resorts in the future.

The absence of clear definition of danger level of ski slopes and the number of injures at
ski resorts has led to the necessity of decision making mathematical models construction under
uncertainty. In assessing the difficulty level of ski slopes the following factors were selected:
height elevation, the danger level, the number of people on the slope.

For formal presentation of the empirical knowledge of estimating the danger level of
slopes, depending on factors, the rules basis of fuzzy inference systems have been formed
using fuzzy production rules.

To compare the results the minimum-operation of conjunction was used as a method of
aggregation, then the fuzzification and the accumulation of values were done. Quantitative
value of the danger level of slope was made by defuzzification of output parameters using the
method of center gravity.

The developed method of evaluation of danger level on ski slopes can be used for slope
classification in Ukraine and abroad, as well as for solving other GIS problems in tourism.

Keywords:fuzzy logic, ski slopes, geoinformation technologies.

References
1. Blumyn S., Shuykova I. Models and methods of decision making in the absence of clear definition,
138 p. (Lipetsk, 2001).
2. Leonenkov A. Fuzzy modeling in Mathlab software, 725 p. (Saint — Petersburg, 2005).

Hocmynuna 6 pedaxyuro 18.04.2013 2



