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Ananus cywjecmgyouux npoepamMmmHbIxX cpeocms u UHGHOPMAyUOHHBIX PECYPCO8 6 Chepe OpeaHu3ayuy MOPCKUX 2py30nepedo3ok 6 Apkmuyeckoi
3one Poccuu u cybapxmuyeckoii 3one Jansheeo Bocmoka Poccuu nokasan neodXooumocms paspabomxu uHmeieKmyanbHoil uHGopMayuoHHoi
MPAHCHOPMHO-TOLUCIIUYECKOT CUCIMEMbL YNPAGNEHUS, CROCOOHOT ONMUMUZUPOSAMb N02UCMUYecKue onepayuu. s peanuzayuu uHmenieKmyansHoil
UHPOPMAYUOHHOT MPAHCNOPMHO-TOSUCIMUYECKOU CUCEMbL YRPABIeHUs Ha Daze cucmembl HeuémKo2o 6b1600a muna Mamoaru neobxooumo cgpopmu-
posambp 6a3y npasun neuémrux npodykyui. opmuposanue 6azvl u peanuzayus nposooumcs nocpedcmeom Fuzzy Logic Toolbox mamemamuyeckoeo
nakema Matlab. BviOenenvl u chopmuposansl mepmol IUHZEUCHIUYECKUX NEPEMEHHBIX OIS NOCTE0YIOue20 (HopMuposanus 6XOOHbIX NApamMempos.
Cehopmuposana mabnuya ckopocmu niasanus Ost OnpedeneHHbIX K1accos cyoos 8 1e008bix ycnosusix. Cocmaesnena mabauya cKopocmu niasanus
no mapwpymy cieoosanusi. Onpedenena nedogas 06cmanoska no mapupymy ciedoganus. Cpopmuposana 6aza npasuin Heuemxux npooyKyuil Os
cucmemvl Heyemroeo gvisoda muna Mamoanu u peanuzogana nocpeocmseam Fuzzy Logic Toolbox mamemamuueckozo naxema Matlab. Onpedenen
cnedylowuii sman — Hacmpotika mooenu muna Mamoanu na obyuaroweii 6b160pKu U3 HaAMypHHIX OAHHBIX.
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DEVELOPMENT OF INTELLIGENT SYSTEM OF SEA CARGO TRANSPORTATION
IN ARCTIC CONDITIONS - FORMING OF THE RULE BASE OF FUZZY PRODUCTS
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Analysis of existing software and information resources in the field of organization of sea cargo transportation in the Arctic zone of Russia and
the subarctic zone of the Russian Far East showed the need to develop an intelligent information transport and logistics management system that
can optimize logistics operations. To implement an intelligent information transport and logistics management system based on the Mamdani fuzzy
logic system, it is necessary to create a rule base of fuzzy products. The formation of the base and the implementation is carried out by means of the
Matlab Fuzzy Logic Toolbox math package. The terms of linguistic variables for the subsequent formation of input parameters have been selected
and formed. A table has been formed for the speed of navigation for certain classes of vessels in ice conditions. A table of navigation speed on the
route has been formed. Ice conditions on the route have been defined. A base of fuzzy products rules for the Mamdani fuzzy logic system has been
formed and implemented using the Matlab Fuzzy Logic Toolbox math package. The next step has been defined - setting up a Mamdani type model
on a training set of field data.
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Knumarndeckue n3MeHeHus B ApKTH‘{eCKOﬁ 30He Poccuu n Cy68.p- TepMLI JIMHIBUCTUYECKUX NNEPEMEHHBIX!

kruueckoit 30He JlanbHero Bocroka Poccun nmpuBen K BO3MOXKHOCTH - «ITepuony
YBEJIMYECHHS] MOPCKHX IPY30IIepPEeBO30K B JAHHOM perrone. Pazpaboran - «CygHO»
psx nmporpamm rnpasutenscTBa Poccuiickoit denepanuu no pa3BuTHIO - «MapupyT»

JAHHOI'O pEruoHa 1 CeBepHoro MOPCKOTI'O ITYyTH. MHOI‘OKpaTHOe yBeJIn4e-
HHUE MOPCKUX I'py30II€PEBO30K BEIHYKAACT K ITOBBIILICHUIO B(b(beKTI/IBHO-
CTH OpraHu3alui MOPCKUX I'PY30IIEPEBO30K B APKTUYECKUX YCIIOBUAX.

- ((TO]Z)OCI/ICTOCTL))
- «CIUTOYEHHOCTh JIb1a»
- «BOSpaCT JIb1a»

AHaJm3 CyIIEeCTBYIONIMX IPOrPAMMHBIX CPEICTB H HH(POPMAIHOH-
HBIX PECYpCOB B cepe OpraHu3alii MOPCKUX IPy30IIePeBO30K B JIaH-
HOM PETHOHE II0Ka3aJl HEOOXOAUMOCTb Pa3pabOoTKH HHTEIUICKTYalbHOM
HH(OPMAIIMOHHON TPAHCHIOPTHO-TIOTHCTUYECKOH CHCTEMBI YIIPaBICHUS
CI0COOHON ONTHMU3UPOBATE JIOTHCTHIECKHe oneparmi [1,2].

Jns peanu3zanuy MHTEIUIEKTyalbHOW MH(POPMaIMOHHON
TPAHCIIOPTHO-JIOTUCTHYECKON CHCTEMBI YIIPaBICHHs Ha 6a3e CHCTEMbI
HEe4ETKOTo BBIBOZa THIIAa MamzaHu Heobxomumo chopMmupoBath 6asy
npaBm1 Hed&TKHX npoxykuuid (BITHIT).

®opmuposanue BITHII st cucteMbl HEYETKOTO BbIBOJA THUIIA
Mawmzann 1 peansanust nposoautcs nocpencrsoM Fuzzy Logic Toolbox
MareMaTndeckoro rnakera Matlab.

st popmupoanust BITHIT Obun BeIeneHbl U ChOPMUPOBAHEL
TEpPMBI JIMHIBHCTUYECKUX NEPEMEHHBIX, KOTOPbIEe OyIyT CIIYXXUThb IS
(hopMHUPOBaHHS BXOIHBIX I1APAMETPOB.
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- «Dopma Ibaa»

- «Cxarue»

- «3aCHE)KEHHOCTHY

TIpakTuKa 1e10BOI0 IUIaBaHusl CY/IOB II0KA3bIBAET, YTO CYJHO JIEI0BOTO
KJ1acca, MOJKET CJIEZI0BATh B 3aBUCHMOCTH OT CILIOYEHHOCTH JIbJ1a C OTIPEIe-
JIEHHOH CKOPOCTBIO, OTIIMYHOM OT CKOPOCTH Ha yucToi Boje [3].

Ji1st cocTaBIIeHyIs IpaBIIT HEOOXOIMMO YUUTHIBATE HE JIEIOBYIO ITACTIOPT-
HYIO CKOPOCTb CYJIHA, a JIEJIOBYIO JKCILTyaTallMOHHYIO YHCTYIO CKOPOCTb,
TOJTyYCHHYFO Ha OCHOBE HATYPHBIX HAOJIOJICHHUIA U PEHICOBBIX OTYETOB.

Ha ocHoBe ananm3a pa3IMYHBIX HCTOYHUKOB OblIa chopMHpOBaHa
TaOJIMIa CKOPOCTEH IUIaBaHMS B JIEJOBBIX YCIOBHSX IUIaBaHHs (TaOl.
1) [4,5].

JlanHbIe TaOIULEI | SBISIOTCSI OCHOBOM TSl ()OPMUPOBAHNUSI TEPMOB
JIMHTBUCTHYECKO# nepemeHHoi «CkopocTb» (Tabi. 2), 4TO MO3BOJIUT
chopmuposars BITHIT, npulOinnkeHHY0 K peaibHbIM JJaHHBIM.
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Ta6nuua 1. CKOpOCTb IIIaBaHUS B JICIOBBIX YCIOBUSX IIABAHHS

. . Jonycrumas .
Jlenoswiii knacc | Tommuna Tlox npoBoakoit CKOpOCTB Ha YUCTOI
CIUIOYEHHOCTD ¥ THII JIbJIA CKOPOCTb JICZIOBOTO
cynHa nbIa, M JIeIOKOJIA, Y3 BOJIC, Y3
IUTaBaHUs, Y3

Ice 1 0,40 - 0,35 | B MEIKOOUTOM pa3peKEHHOM JIbIY HE MeHee 5 3-5 11

Ice2 0,55-0,50 |B METKOOHTOM Pa3pPEKEHHOM JIBIY He MeHee 5 3-5 12

Ice 3 0,70 - 0,65 | B MEIIKOOUTOM Pa3peKCHHOM JIbIY HE MeHee 5 3-5 13

Arc 4 - 0,6 - 0,8 Ppa3peKeHHBII OAHONETHUIT HE MeHee 5 6-8 14

Arc 5 0,8-1,0 Ppa3peKeHHbIH OAHONETHUIT He MeHee 5 6-8 14

Arc 6 1,1-1,3 Ppa3peKeHHbII OHONETHUI HE MeHee 5 6-8 15

Arc 7 1,4-1,7 CIUTOYCHHBIN OHOICTHUN HE MeHee 5 6-8 16

Arc 8 2,1-3,0 CIUIOYEHHBIN IBYXJICTHUH HE MeHee 5 10 17

Arc9 3,5-40 OYEHb CIUIOYCHHBIN M CIUIONIHONM MHOTOJICTHHN | HE MEHee 5 12 18

Icebreaker6 1-1.5 B CIUIOIIHOM JIbIY - 2 15

Icebreaker 7 1,5-5 B OUTOM JIbJly TOJIIUHOMN - 2-4 17

Icebreaker 8 2m B CIUIOILIHOM IIOJIE CO CHEXKHBIM MOKPOBOM 20 cM | - 2 18

Icebreaker 9 2,529 CIUIOLIHOTO POBHOTO NPHIIAWHOTO JIbJa - 1,5-2 20

Icebreaker (+) 1,2Mm CIUIOIIHOTO POBHOTO IPHITAWHOTO JIbJA - 6 22

Ta6nuua 2. TepMbl JIMHIBHCTHYESCKOH MepeMeHHON « CKOpOCTh»

Jlnanason 3Ha4eHUI XapakTepucTuka TepMa O6o3HaueHne TepMa

[1..5] HU3KHN SV L

[5..8] cpenHuii SV_.M

[8..12] BBICOKHH SV _H

[12..17] OYEHb BHICOKAs SV_VH

Ta6nuua 3. CKopoCTh IIIaBaHKA IO MapIIPYTy CIESIOBAHUS

Ckopoctb, y3 | Mapupyt

5 722 mopckux Muib (6 nHeit) ——1077 mopekux muib (8 nHeit 23,4 yaca) - 253 Mopckux Muiib (2 nus 2,6 yaca) - 744 MOpCKUX
Muib (6 nHel 4,8 yaca) - 2796 mopckux Muitb (23 aHs 7,2 yaca)

6 722 mopckux Muiib (5 aueit 1,34yaca) —1077 mopckux Muib (7 aneit 13 gacoB) - 253 mopckux muib (1 nens 18,5 gaca) - 744
MOpCKHX MIIb (5 mHel 5 gacoB) - 2796 Mopckux Muis (19 nueit 13,7 yaca)

7 722 mopckux Muihb (4 nHst 8yacoB) —1077 Mopckux Muiib (6 aHeid 11 yacos) - 253 mopckux Muib (1 nens 12,4 yaca) - 744
Mopckux Muib (4 1Hs 11 yacoB) - 2796 mopckux muib (16 nueit 18,6 yaca)

8 722 mopckux Muib (3 aus 17,5 waca) -—1077 mopckux muib (5 nHeit 13,5 gaca) - 253 mopckux muib (1 aeHs 7,4 gaca) - 744
Mopckux Muib (3 mas 20 yacoB) - 2796 mopckux Muis (14 nueit 10,7 gaca)

10 722 mopckux Muib (3 nHs) —1077 mopckux Muitb (4 aus 11,7 yaca) - 253 mopekux muib (1 nens 1,3 yaca) - 744 mopekux
Muib (3 Hs 2,4 yaca) - 2796 mopckux muib (11 aueit 15,6 yaca)

12 722 mopckux Muib (2 aus 12,6 yaca) -—1077 mopckux muib (3 aus 18,5 vaca) - 253 mopckux muib (21 gac 25 munyT) - 744
MOpCKHX MIJIb (2 s 14,5 yaca) - 2796 mopckux Muib (9 queit 18,8 yaca)

Mo maHHBIM TaONUIL U1 OTIPe/IeIeHNs] BpEeMEHH 110 3aJaHHOMY pac-
CTOSHHUIO Y CKOPOCTH, TIPUMEPHO ONPEIENIEHO BPEMS B ITyTH M COCTaBIIEHA
TaOJIMIa ¢ IPIMEPHBIM KOJINYECTBOM JHEH CIEXOBaHUS [0 MAPLIPYTy
(Maranan — 722 mopckux Muiib — [lerponaBinoBck-Kamuarckuii —1077
MOPCKHMX MUIIb - AHaJbIpb -253 Mopckux Muib - IIpoBunenus —744
MOpCKHX MIJIB - [TeBek — 2796 Mopckux Muiis — Marajias), paccMaTpHu-
BaeMBIX B JaHHOHU pabote [6]. DTH TaHHEIE, YaCTh KOTOPHIX IPUBE/ICHA B
TalI1. 3, HEOOXOMMMBI JUTS JAIBHEHINIETO COCTABIICHNUS Oa3bl IPaBUIL, TIe
BBIXOJHOM IapaMeTp — 3TO KOJIIMYECTBO JHEH B ITyTH C y4ETOM BEKTOPOB
HaBUTalLUM, CKOPOCTH, MapLIPyTa U JEA0BOTO Kjlacca CyIHa.
KapTsI-cxeMbl 1e10B0if 00CTaHOBKH SBHIINCEH 6301 JUIst pOPMHUPOBAHUS
MpaBUJI B CHCTEMe HEYETKOro BhIBoa Mamianu (tabi. 4) [7].

OCHOBBIBasICh Ha BBIIIE CKa3aHHOM, C(OPMUPYEM CHCTEMY IIPABHIT
JUls HEYEeTKOro BbIBoAa THNa Mampaanu. CucreMa HEYETKOTro BbIBOJA
Tuna MamaaHu paboTaeT COIacHO CHCTEMe IPaBMI, (PparMeHT KOTOPBIX
IpeJcTaBiIeH B Ta0l. 5.

Ha Bxox cucrema HedeTKOro BbIBOJA THUIIa MamaaHH MOJAIOTCS
BXOJIHbIE 3HAYEHHMS, a Ha BBIXOAE (OPMHPYETCsl YUCIOBOE 3HAUCHHE -
BEILECTBEHHOE YUCJII0, KOJIMYECTBO JHEH B myTu. [TapameTps! HaBUranuy,
OTCYTCTBYIOIL[E HA PACCMOTPEHHBIX JICIOBBIX KapTax, MPUHUMAIOTCS
Kak «noney» U He BKIIFOYCHBI B TA0NUITy 5.

Ta6nuua 4. JlenoBas o6cTaHOBKa 110 MapIIpyTaM CJICJOBAHUS

ClreIyronmm TaroM siBIsIeTcs pa3paboTka Moziend B cpene Matlab
Fuzzy Logic Toolbox ¢ BEIGOPOM alropuTMa HEYETKOTO BHIBOZA THIIA
Mamparn. OCHOBEIBasICh Ha BEIIEICHHBIX TePMax, 3a1al0TCsl BXOJHBIC
U BBIXORHOI mapamerpsl. Hampumep, s BxogHoro mapamerpa «To-
POCHCTOCTEY, IPEICTABICHHOIO Ha puc. 1, ncnomb3oBanack ['ayccosa
(YHKIHS TPUHAUISKHOCTH.

ITapamerpryeckas ['ayccoBa dyHknus npunamiesxxsHocts (1):

(u—b)?

p(u) =exp| — e

, )

I7Ie U — BEKTOp, JUIsl KOOPJHWHAT KOTOPOTO HEOOXOAMMO PacCUUTaTh
CTETEHU TPUHANIEKHOCTH;

b — kKoopaHaTa MakcUMyMa (pyHKIIAH TIPUHAIEKHOCTH;

¢ — K03 PUIUEHT KOHIIEHTPAINH (YHKIIAH TIPUHAIEKHOCTH.

Jlist popMHUpOBaHUSI CTPYKTYPhI HEIETKOTO BBIBOIA THITA MaMmanu
B cpene Matlab Fuzzy Logic Toolbox 3amaroTcs Bce BXOAHBIE BO3/CH-
CTBHUS C OINpeNeeHHeM UX (DYHKIUH MPUHAIEKHOCTH M BBIXOIXHON
napameTp (puc. 2).

MapupyT Tlopt Ilepuon/[ara Bospacr npza CrutoueHHoCTh Jibia | Dopma nbla
) Maranan 13-15/01/2019 Cepurii sieq (10-15 cm) 8-10 MenkoOutsiii e 2 - 20 M
AHazpIpb 8-10/01/2019 Tonxuit ey (30-70 cm) 0 100 - 500 m
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Tabmuna 5. Cucrema IpaByiI CHCTEMBI HEYETKOTO BBIBOJA THIIa MaMIaHu

MapupyT Ilepuon CynHo CKopocTh Bospact mpna | Crutouennocts ipa | @opma npaa Jlnu (BBIXON)
1 R S2 1IC_V SV L L 1A H_IC VL_IS N S
S2 SV_ L L 1A none VL_IS N_S
S2 SV_ L VL _IA H_IC none N_S
S2 2CV SV.M L IA H IC VL_IS F S
S2 SV_.M L 1A none VL_IS F S
S2 SV_M VL _IA H_IC none F S
2 R S2 1C_V SV L M IA M_IC M_IS N_S
S2 SV L M_IA none BA_IS NS
S2 2C V SV_.M M IA M_IC M_IS A S
S2 SV_.M M_IA none BA_IS A_S
3 R S2 1C_V SV_ L L 1A H IC BA_IS N S
S2 SV L L 1A H_IC M_IS N_S
S2 2C_V SV_M L 1A H_IC BA_IS A_S
S2 SV.M L IA H IC M_IS A S
4 R S2 1C_V SV L H IA H IC none NS
S2 2C V SV L H_IA H_IC none S S
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Puc. 1. BxonHoii napamerp «Topocucrocts»

—

dopmupoBanue 6a3bl IpaBUII HEYETKOTO BBIBOJA THIIA MamiaHu B
cpene Matlab Fuzzy Logic ocymiecTBiseTcst HOCPEACTBOM peaakropa
MpaBuJl, KOTOPBII MPEJICTABIICH Ha puUC. 3.

B cpene Matlab Fuzzy Logic cdopmupoBanHble mpaBuia BU-
3yanu3upyrorcsi B okae “Rule”, rae yka3bIBaroTCs 3HAYCHHS BXOTHBIX
HePEMEHHBIX, 1711 KOTOPBIX BBIIOIHAETCS HeUSTKUIT TOrNYeCKUil BBIBOZ
(puc. 4).

JlaHHBIA MHCTPYMEHT HO3BOJISIET YBUAETh TPEXMEPHYIO IOBEPXHOCTh

3aBUCHMOCTH BBIXO/IHBIX IIEPEMEHHBIX (pHUC. 5).

st Gonee ynoOHOro mpocMoTpa paboThl HEYETKOTO BBIBOJIA THIIA
Mamzaanu peann3oBaHa IporpaMma Ha BbICOKOYPOBHEBOM SI3bIKE IPO-
rpammupoBanus MATLAB ¢ noMol1ipi0 HHTEpaKTUBHOTO HHCTPYMEHTA
GUIDE, koTopslii peicTaBieH Ha puc. 6.

JlaHHasi porpamMMa — 4acTh MHTEJICKTYaJIbHOW CHCTEMbI IS
pacuera 3(HEeKTUBHOCTH OPraHU3ALUKM MOPCKHUX IPy30IEPEBO30OK B
APKTHYECKUX YCIOBHSX.

><=-~><\

Puc. 2. Crpykrypy He4eTKoro BbiBoja THIIa MaMaaHu
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3. If (season is S_2) and (ice_age is L_|A) and (ice_shape is VL__IS) and (Vessel is 2C_V) and (Route is 1_R) and (Speed is SV_H) then (y is Fast) (1)

4. If (season is S_2) and (ice_age is L_IA) and (ice_shape is VL__IS) and (Vesselis 1C_V) and (Route is 1_R) and (Speed is SV_L) then (y is none) (1)

'S. If (season is S_2) and (ice_age is VL_IA) and (ice_cohesion is H_IC) and (Vesselis 1C_V) and (Route is 1_R) and (Speed is SV_L) then (y is none) (1)

6. If (season is 5_2) and (ice_age is VL_IA) and (ice_cohesion is H_IC) and (Vessel is 2C_V) and (Route is 1_R) and (Speed is SV_H) then (y is Fast) (1)

7. If (season is S_2) and (ice_age is M_LA) and (ice_cohesion is M_IC) and (ice_shape is M_IS) and (Vessel is 1C_V) and (Route is 2_R) and (Speed is SV_L) then (y is none) (1)

8. If (season is 5_2) and (ice_age is M_LA) and (ice_cohesion is M_IC) and (ice_shape is M_IS) and (Vessel is 2C_V) and (Route is 2_R) and (Speed is SV_H) then (y is Average) (1)
9. If (season is S_2) and (ice_age is M_LA) and (ice_shape is BA_IS) and (Vessel is 2C_V) and (Route is 2_R) and (Speed is SV_H) then (y is Average) (1)

10. If (season is S_2) and (ice_age is M_IA) and (ice_shape is BA_IS) and (Vessel is 1C_V) and (Route is 2_R) and (Speed is SV_L) then (y is none) (1)

11. If (season is 5_2) and (ice_age is L_lA) and (ice_cohesion is H_IC) and (ice_shape is BA_IS) and (Vessel is 1C_V) and (Route is 3_R) and (Speed is SV_L) then (y is none) (1)

12. If (season is S_2) and (ice_age is L_lA) and (ice_cohesion is H_IC) and (ice_shape is BA_IS) and (Vessel is 2C_V) and (Route is 3_R) and (Speed is SV_H) then (y is Average) (1
13. If (season is S_2) and (ice_age is L_IA) and (ice_cohesion is H_IC) and (ice_shape is M_IS) and (Vessel is 2C_V) and (Route is 3_R) and (Speed is SV_H) then (y is Average) (1)
14. If (season is S_2) and (i is H_IC) and (ice_shape is M_IS) and (Vesselis 1C_V) and (I
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Puc. 5. TpéxMepHy10 MOBEPXHOCTH 3aBUCUMOCTH BBIXOJHBIX IEPEMEHHBIX
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_ﬂ X
[ Bxogble gaHHbie
TopocucTocTe II]
CnnoYeHHOCTL Nbga
o
3acHeXeHHOCTE |I|
-KonwyecTBO gHEf B IYyTH ——————————————————

Puc. 6. Buzyanuzanus BITHIIT neuéTroro BeiBoga THIIa MaMaaHu
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Takum o6paszom, copmuposana BITHIT, conepxaras 294 npasmia
HEYETKUX MPOXYKIUH, HA OCHOBE PACUETHBIX JaHHBIX. Clienyromuii
9Tal — 3TO MPOBEPKa pabOTOCIOCOOHOCTH, 8 UMEHHO, JOpMUpPOBaHHUE 00-
y4arolei BBIOOPKHU U3 HaTypHBIX JaHHBIX. B cpene Matlab Fuzzy Logic
Toolbox He mpexycMoTpeHa HacTpoiika Moaenei Tiuia Mamuany, s
penIeHus 3ToM 3aa4n OyaeM HCIoib30oBaTh HHCTpyMeHT Optimization
Toolbox B Matlab. B pesynbrare HacTpoiiku Oyaer moiydeHa HOBas
HedeTKast MOJIeNb THIIa MaMlaH! ¢ ONTHMAaIbHBIMU (QYHKIUSAMH TIpHU-
HAaJUIeXHOCTH U BecaMH. JlaHHas HedeTkast MOJIeITb Tura MamaHu sBJis-
€TCst KOMIIOHEHTOM MOZIEIHN JUIst pacdeTa 3(p()eKTUBHOCTH OpraHU3alluy
MOPCKHX TPY30II€pEBO30K B apKTHYECKHX YCIIOBHSAX.
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