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Pe3zrome. Ctathbsi mocBsieHa IpoOiieMe 0e30MacHOro JIBMKEHMS CY[OB B YCJIOBHSAX HACBIIIEHHOTO
Tpaduka. PaccmaTpuBaeTcs 3amaua 0€30IaCHOTO PACXOXIEHMS TIpynm cyaoB. OTMedaercsi, 4ToO
pacxoxJaeHne aBTOHOMHBIX (OE€39KMIMaXXKHBIX) CYIOB HMEET CBOIO 0coOyro creruduky. [lpm nx
rpynmnoBOM IBUKECHUH aBTOHOMHOMY CYJIHY HCO6XO[II/IMO «3HaTb» HAMCPCHHUA APYTUX YHAaCTHUKOB JIJId
MIPaBUJIBHOW HMHTEpIpPETalM MPaBUJ PACXOKJIEHUS CYyA0B. DTO TpeOyeT pacIIUpeHuss H3BECTHBIX
QITOPUTMOB PACXOXICHUS Ha CIIydail TPYHIIOBOTO IBWKEHHS. B crarhe ommcana MareMaTHueckas
MOZAENb 3aJadd  PAacXOXICHWS CyJOB, OCHOBaHHAas Ha TPAJULIUOHHBIX T'€OMETPHYECKUX
MMPpEACTABJICHUAX OTHOCUTCIBHOI'O AIBWXCHUA CYHOB. I[aH AJIrOpUT™M HCﬁCTBHﬁ CyaHa B YCIOBHUAX
TPYIIOBOTo ABWKeHH. ONMcaH MporpaMMHBIA MHCTPYMEHTApHiA, UCTIOIb30BAaHHBIN ISl TIOCTAHOBKH
BBIYHCIIUTEIBHBIX HKCIIEPUMEHTOB 10 PACXOXKICHHUIO T'PYII aBTOHOMHBIX cynoB. OTMmedaercs, 4To
HpeI[HO)KeHHBIﬁ AJITOPUTM MOXKET OLITH YCOCIIHO MNPUMEHCH WU JJId CYJO0B C 3KHIIA)KEM, BHECAPCH B
aBTOMAaTH3MPOBaHHEIE OOPTOBBIE CPENICTBA yIpaBieHus cyaHoM. [lokazan nmpuMep pacdeTa MaHEBPOB
JUIA PAacXOXKICHUS TPYNIbl M3 CEMHM CYIOB. YKa3bIBaeTCs, YTO JUIS HPOBEPKH MPEIIOKEHHOIO
AJIropuT™Ma M OLICHKHU NEPCICKTUB €TI0 NUCITIOJIb30BaHW Ha ITPAKTHUKE HCOGXOI[I/IMa IMOCTaHOBKA HATYPHBIX
JKCIEPUMEHTOB Ul TIPYIIl MaJOpa3MEpHBIX MOJEIEH AaBTOHOMHBIX HAIBOJHBIX CcyAoB. Jlatorcs
PEKOMEH/AIMK 110 BO3MOXKHOM KOHCTPYKIMHM TaKHX CYJOB JUIS TOCTaHOBKM SKCIEPHMEHTOB H
Pa3BUTHIO COOTBETCTBYIOIIEH OeperoBoii HHPPaCTPYKTY P, TO3BOJISIONIEH B IEPCIEKTUBE 00ECTICYHTD
MOAEPIKKY aBTOHOMHOI'O CYIOBOXKIEHHUS.

Kniwouesvie cnoea: ynpasieHune JBIXCHUEM CYJOB, O€33KHIaXXHOE CyN0X0AcTBO, E-Hapuranms, A-
HaBuranwsi, omacHoe cOnmkeHre, MaHEBp YKIOHEHHS, TPYTITA CYJIOB.
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Abstract. The paper deals with the issue of safe ship movement under the conditions of heavy traffic.
The problem of avoiding the collision of groups of vessels is considered. It is noted that avoiding the
collision of autonomous (unmanned) ships has its own specific nature. When moving in groups, an
autonomous ship needs to “know” the intentions of other participants in order to correctly interpret the
regulations for passing ships. This requires an extension of known collision avoidance algorithms for
the cases of group locomotion. The paper describes a mathematical model of the ship collision avoidance
problem based on traditional geometric representations of the relative motion of ships. The plan of
actions for a vessel under the conditions of group locomotion is given. The software tools used to set up
computational experiments in collision avoidance of groups of autonomous ships are described. It is
noted that the proposed algorithm can be successfully applied to ships with a crew and implemented in
automated onboard ship controls. An example of calculating maneuvers for collision avoidance of a
group of seven vessels is shown. It is pointed out that setting up full-scale experiments for groups of
small-sized models of autonomous surface vessels is necessary in order to test the proposed algorithm
and assess the prospects for its use in practice. Recommendations on the possible design of such vessels
are given with a view to setting up experiments along with the guidelines for the development of
appropriate coastal infrastructure which will provide support for autonomous navigation in the future.

Keywords: ship traffic management, maritime safety, unmanned navigation, e-Navigation, a-
Navigation, near collision, evasive action, group of vessels.
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BBenenune

Co3naHue U BHeIpeHHE OECHUIOTHBIX TPAHCHOPTHBIX CPEICTB SIBISAETCS O00BEKTOM
IPUCTAJILHOTO BHUMAaHMs CO CTOPOHBI HccienoBarenel u mHxenepoB [1]. K Hacrosmemy
BPEMEHM CO3JaHbl M aKTHMBHO BHEAPAIOTCA B IOBCEIHEBHYI NPAKTHKY BCE TEXHHUYECKHE
MPEINOChUIKM Ui CO3JJaHUsl MOPCKUX aBTOHOMHBIX HaJBOJHBIX cyJoB. K HUM oTHOCSTCS
CHCTEMBl CITyTHUKOBOW HABUTALMU M AJIEKTPOHHOM KapTorpadguu, 3¢¢PeKTUBHBIE CHCTEMBI
CBS3M, aBTOMaTHueckass wuAeHTu(dukanuonHas cucrema (AMC), aBTOMaTU3MpPOBaHHbBIE
CUCTEMBI YINPABJICHHUSI CYIAHOM, COBPEMEHHBIE CHJIOBBIE JIBJKUTENBHBIE YCTAHOBKU U
VCTOYHUKHU 3JIEKTPOIHEPruu. JBrkeHue cyaHa Mo 3a/laHHOM TPaeKTOPHUH SIBISETCS PsAOBOI
3amaueid [2, 3]. AKTHUBHO BHeApsAwoTcs TexHoiorun E-HaBuranmm kak WHTErpanuu
HABUTAIIMOHHBIX U CEPBUCHBIX MOPCKUX HHCTpyMeHTOB [4, 5]. Co3naHa koHuenmus A-
HaBuranum kak myTH pa3BUTUS  O€39KMUIAKHOTO  (AaBTOHOMHOTO)  CYJOBOXKJIEHHS,
noJipa3yMeBarollasl MCKIIOYEHUE 4YeloBeYeckoro (axktopa 3a cyeT MNPUMEHEHHS
ABTOMATUYECKOTO YIPABJIECHUS M OpraHU3alii MOCTOSHHOIO JUCTAHLIIMOHHOIO MOHUTOpPHHIA
1 KOHTpPOJIA [6].

B coorBerctBuUM ¢ mpexacraBiaeHusAMH A-HaBuranyum HMCHOIB3YETCsS CIELYIOIIEe
orpeziesieHue MOPCKOro aBTOHOMHOTO HajBoaHoro cyaHa (MAHC): sto cynHo, koTopoe B
Pa3IMYHOIN CTENEHU MOXET JEHCTBOBATh HE3aBUCHMO OT B3aMMOJEICTBHS C 4yesnoBekoM. [1o
CTENeHH aBTOHOMHOCTH CYy/1a KJIAaCCU(PUIUPYIOTCS CIETYIOMUM 00pa3oMm:

1. Cyano c¢ okumaxeMm Ha OOpTy, OCHAIlEHHOE CHUCTEMaMU aBTOMATU3aLUU U
NONJEPKKU TPUHATUS pelIeHUuH. OKHUMaX HaxoJATcs Ha OOpTy CyAHa, OCYIIECTBIISS
yhpaBiieHue, 00CIyKHUBaHUE CYJJOBOTO O0OPYIOBaHUS M KOHTPOJIb €ro padotsl. Hexoropsie
(YHKLMU 3KHIaXKa aBTOMaTU3UPOBaHBbI.

2. JINCTaHIIMOHHO YIPaBIsIEMOE CYJHO C SKMIaKeM Ha OOpTy. DKUIaK HaXOAUTCS Ha
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0OpTYy CylHa, OJHAKO CYJAHO B OCHOBHOM YIPAaBISETCS YIJAJIEHHO, CYAOBOE 00OpY/IOBaHUE
00CITyKUBAETCsl U KOHTPOJIUPYETCS TAKIKE B OCHOBHOM YAAJIEHHO.

3. JuctaHuMoHHO ympaBisemMoe cyAaHo 0e3 skumnaxa Ha Oopty. CynHO ympaBisieTcs
MOJTHOCTBIO yJAJIEHHO, Cy/IOBO€ 000pyJOBaHHME OOCIYKHBACTCS U KOHTPOJIMPYETCS TaKXKe
MOJIHOCTBIO YJaJIeHHO. DKUIIaXX HAa OOPTY OTCYTCTBYET.

4. ABTOHOMHO QyHKIIMOHHpPYIOIIee cyaHO. CyIHO OCHAIIEHO MOJTHOCTHIO aBTOHOMHOMU
CUCTEeMOHN yNpaBiEHHs, CIOCOOHOM aBTOMAaTHYECKH KOHTPOJIUPOBATH pPabOTy CyIOBOTO
000py10BaHUs1, IPUHUMATh PEIICHUS, PEaTu30BaTh HEOOXOAUMBIE ICHCTBHSL.

JlaHHBII NepedyeHb HE SBISIETCS MEPAapXMUYECKUM, a B TEYEHUE OJHOTO peilca CyIHO
MOYXET paboTaTh U B OJTHOU, M B HECKOJIBKUX CTETEHIX aBTOHOMHOCTH.

B xommiekce BOIpocoB, CBA3aHHBIX ¢ 00ecreyeHueM 0e301MacHOM paboThl aBTOHOMHBIX
CYIOB, 0COOYI0 3HAYMMOCTh MMEET 3a/1ada OpraHu3alMd WX OE30MacHOr0 PAcXOXKACHUS B
COOTBETCTBUU C MEXAYHAPOIHBIMU U MECTHbIMH mpaBuiamu. CyTh mpoOjemMbl B TOM, YTO
JIeCTBUSL aBTOHOMHOTO CyJHA JOJDKHBI OBITH MpEACKa3yeMbl M TPO3PAUHbI IS JKUIAXKA
OOBIYHBIX cyn0B. Ilo3TOMy Ha mepBBI IUTAH BBIXOJAWT HEOOXOAMMOCTh 3HAHHUS MpU
PacXOXKIECHUM HAMEPEHUI BCTPEYHOTO CyJIHA, IPUYEM 3TO KACAETCS KaK aBTOHOMHBIX, TaK U
CylnoB ¢ OJkunaxem. VMEHHO 3HaHHME O TOM, Kak BCTPEYHOE CYJHO HaMepeBaeTCs
MaHEBpPUPOBATh, MO3BOJISIET KOPPEKTHO UHTEPIIPETUPOBATH MPABUIIA PACXOXKICHUS CYI0B [7-
10].

OtpacneBbie IPeACTABICHUS O MyTH PELICHUs MPOOIeMbl 0€30MaCHOTO PACXOXKICHUS
CYJIOB CBSI3aHBI B HACTOSIIEE BPEMS C CO3/ITaHMEM MHCTPYMEHTApHs Uit oOMeHa nH(opMaren
0 IJIAHUPYEMBIX MapIIpyTax MEeXKIY CyJaMH U BbIOOpa MOIXOAIIero ManeBpa. Takoil oOMeH
MapHIpyTaMH MO3BOJISIET OLIGHUTh HAMEPEHUs CyJ10B 3a0maroBpemenHo. Eciu Bce cyna OyayT
TPAHCIUPOBAaTh JaHHBIE O CBOEM IIOJIOKEHHMM, IapaMeTpax [BHKEHUS U IUIAHUPYEMOM
MapmipyTe (Hampumep, mnocpeactBom AMC) B olmee Mopckoe HWHOOpMAIMOHHOE
IPOCTPAHCTBO, TO HAa KaXXJOM CyJHE B HYXXHBIH MOMEHT BPEMEHU MOXXHO OyneT NpHUHSATH
pelIeHre O MaHEBPUPOBAHUH (MM O COXPAHEHUHU Kypca U CKOPOCTH), IpueMiieMoe JUisl Bcei
IpyIIBl CyJOB, YYaCTBYIOIIUX B PACXOKIACHUM. DTOT MOAXO K YIPABICHHUIO KOJUIEKTUBHBIM
JBUKEHUEM CYy/0B SIBISETCS NMPUHIUIHNAIBHO HOBBIM PEIIEHHUEM, MO3BOJISIOIIUM CO3/aTh
cucreMy O€30MaCHOCTH PACXOXKJIEHHUM, YHUBEPCAIbHYI0 M HpPUEMIIEMYIO Ul BCEX CYOB,
HE3aBUCUMO OT CTEIIEHHU X aBTOHOMHOCTH Y aBTOMAaTU3al1H.

ABTOpBI CTaTbu BMECTE C KOJUIETAMHU HMEIOT OMBIT pa3pabOTKM HOPMATHUBOB IS
0€30MacHOro pacxoXk/IeHUs1 aBTOHOMHBIX cyA0B. B actHocTH, B 2020 rogy OHM NPUHUMAIH
yuacTue B pa3paboTke «PekoMeHmauuii MO0 NPUMEHEHUI0 MeXIyHapOAHbIX IpaBUil
NpeloTBpalieHus] cToNKHOBeHUs cyaoB 1972 roga (MIIIICC-72) aBTOHOMHBIMU CyJlaMu B
pamMKax IpPOBENEHUS SKCIIEPUMEHTA IO OIBITHOM 3KCIUIyaTallud aBTOHOMHBIX CYJOB IOJ
I'ocynapctBennsiM (putarom Poccuiickoit denepanuny», a B 2022 B coBeNaHUU «IKCTIEPTHAS
rpynna no akryanusauuu Pexkomennanmii npuMenenuss MIIIICC-72 aBTOHOMHBIMH CyJlaMuy.
B pamkax 3TuX MepomnpusTHH OBLT MPEAJIOKEH MAaTeMAaTHUYECKUI ammapar, OCHOBAaHHBIH Ha
TPaIUIMOHHBIX JUUIsl CYyJJOBOJUTENEH MPEICTaBICHHX, TO3BOJISIOMIUI pemarb 00CyK/1aeMyI0
3/1€Ch 3a/1a4y COTJIaCOBAaHHOT'O MaHEBPUPOBAHUS TPYIIIbI CYOB.

JUis. OLlEHKM NPUMEHMMOCTH CO3JaHHOM MaTeMaTH4ecKod MOAeTN HeOoOXOIMMO
MPOBECTU OOJBIIOE YHUCIO BBIYMCIUTENBHBIX M HATYPHBIX SKCIIEPUMEHTOB, CBA3AaHHBIX C
MaHEBPUPOBAaHUEM CYJOB pAa3JIMUHBIX THUIIOB B XapaKTEPHBIX CHUTyalUsX. OTO JacT
IIPEICTABJICHUE O BO3MOXHOCTSIX Y OTPAaHUYECHMSIX METOAA C TOUKH 3PEHMS €r0 BHEAPEHHUS B
IIPAKTUYECKYIO AESITEIBbHOCTh, B TOM YHCIIE IPU PEAIU3aLMH B COCTABE COOTBETCTBYIOLIUX
MH(OPMALIMOHHBIX CepBUCOB. OMNMUCAaHUIO MHCTPYMEHTOB M HEKOTOPBIX (parMeHTOB
pE3yJIbTaTOB YUCIEHHOIO MOJIEIMPOBAHUS 33/1a4M COITIACOBAHHOIO MAaHEBPUPOBAHUS IPYTIIIbI
CyJIOB U MOCBAIIIEHA HACTOSIIAs CTaThsl.
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MarepuaJbl 1 METObI

B MopckoMm rocynapctBeHHOM yHuBepcurere um. aaM. I'.M1. Hesenbckoro mmeercs
JNEHCTBYIOIIMNA TpPEeHAaXKep MJIsl MOJATOTOBKU CYAOBOAMUTENEH, C MOMOIIBI0O KOTOPOrO MOXKHO
MOJICIIUPOBAaTh M TPOBEPATH paboTy aJropuTMoB pacxoxkiaeHus cynoB [11]. Tpenaxep
BKJIIOYAET B ceOsi:

1. IlynbT ynpaBieHUs MHCTPYKTOPA U IYJIbThl YIPABICHUS KaXA0ro U3 00ydyaeMbIX,
MPEJICTaBIISIOIINE COOOM TUIIOBBIE TEPCOHATBHBIE KOMITBIOTEPHI, 00bEeIMHEHHBIE CTAHIAPTHOMN
JIOKaJIbHON KOMIBIOTEPHOH ceThio. [1ybThl ynpaBieHus 00ydaeMbIX MOTYT ObITh O0bEJMHEHBI
B IPYMIIbI AJI1 COBMECTHOTO PEUICHHS] KOHKPETHOM 3a/1a4ll pacX0KICHUS.

2. [loxkimoyeHHbIE K MyJbTaM yIpaBieHUs cTaHaapTHeiMu uHTepdeiicamu (USB)
YOPaBISIOUUE YCTPOMCTBA (JXKOMCTUKM, UMUTHPYIOUIME aBTOpYJIEBbIE YCTPOMCTBA U
MAaIIMHHBIN Tenerpad).

3. [IporpammHOE oOecrieueHre TpeHaKepa, pa3paboTanHoe B cpene Microsoft Visual
Studio. Y xomaHIbI TpeHAXKEpa eCTh JocTyN K KojiaM [10, 94T0 Mo3BOIsSeT U3MEHSITh aITOPUTMBI
MaHEBPUPOBAHUS CYJIOB.

[IporpamMmMHOe oOecrieueHrne TpeHaXKepa I[I03BOJISIET 3a/eCTBOBAaTh B KAauecTBE
paboyero Mecra CyJOBOJIUTENS JIOObIe KOMIBIOTEPHI B JIOKAJbHOM ceTH. OTO Jaer
BO3MOXXHOCTh CTaBUTh HMMHTAIIMOHHBIE OJKCHEPUMEHTHl C OYE€Hb OOJBIIMM YHCIOM
MOJIEJIMPYEMBIX CYIOB. [IBHXKEHHE CyIOB NPOUCXOIUT B COOTBETCTBUU C 33JaHHBIMU B
nporpamme napamerpamu. Ha Pucynke 1 mokasan ¢parMeHT moibp30BaTeNnbCKOro nHrepdeiica
TpeHaxepa — popma, Hcrosib3yemast Ui pacdeTa MaHeBpa CyIHa.

Pucynok 1 — Pacuer mMaHeBpa ynpasisieMoro cy/Ha Juisi 0€30MacHOr0 pacXOKJICHUS IPU YCIOBUH
COXpaHEeHHUs JPYTHUMH CyJJaMHU Kypca U CKOPOCTH
Figure 1 — Calculation of the collision avoidance maneuver for a controlled vessel provided that other
vessels maintain their course and speed

Pacuer MmaneBpa g 0€30MacHOrO PACXOXKJEHHUS OCYLIECTBISIETCS Ha OCHOBE
TPAAULMOHHBIX I CYJOBOJUTENIEH TIE€OMETPUYECKUX MPEACTABICHUN OTHOCUTEIBHOTO
IBWKeHUs. PaccMoTpuM ocHOBHBIE (popMyiibl. B HHMX HCTONB3yeTcs MOHSTHE KOCOTO WU
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TMICEBJIOCKAIISIPHOTO IPOM3BE/ICHUS IBYX BEKTOPOB, JUISI KOTOPOTO HMEETCS TPH DKBUBAIICHTHBIX
croco0a MmpeICTaBIICHUS:

1) a®b = |a| - |b| - sin ¢, rne ¢ — yron mexxay Bekropamu @ u b;

2) a*b = ay ' by, — ay, * by, r1€ ay, by, a,, b, — KOMIOHEHTBI BEKTOPOB @ U b;

3) a™b = [a X b],, tae [a X b], — z-koMIIOHEHTa BEKTOPHOI'O IPOM3BEICHHS @ U b B
TPEXMEPHOM JEKapTOBOU CUCTEME KOOPAUHAT.

[Ipu reoMeTpuyecKHX MPEACTABICHUSIX OTHOCHTEIBHOTO MIBIDKEHHS Tapbl CYI0B
TPAIUIIMOHHO TPUHUMACTCSI, YTO HMEETCS YIpaBisgeMoe («CBOE») CYJHO U CYAHO-IICIb
(«HabmromaeMoe cyHO»). BBenem crenyroniue BeauduHbI (CM. Takke Pucynok 2):

Pucynox 2 — Pacuer KypcoB u cKOpoCTel JUIs pacXOKICHUS Ha 3aaHHOM AUCTAHIIMU TPAAUIHOHHBIM
«TEOMETPHUECKUMY» CITOCOOOM
Figure 2 — Calculation of courses and speeds for collision avoidance at a given distance in the
traditional "geometric" way

1) Ry — BEKTOp OTHOCHUTEIILHOTO TTOJIOKEHUS HaOII0JaeMOTO Cy/IHA B 1-i TOUKe;
2) R, — BEKTOp OTHOCHTEIHHOTO MOJIOKEHHSI Ha0JII01aeMOT0 CyAHA BO 2-i TOUKE;
3) t; — Bpems HabmrOeHUS HAOIIOAaeMoro cyHa B 1-if Touke;

4) t, — Bpems HaOMr0IeHHS HAOJI01aeMOT0 CyHA BO 2-i TOUKE;

5) V¢ — BEKTOp CKOPOCTH YIPABISEMOTO CYIHA;

6) ¥ — BEKTOp CKOPOCTH HAOJII0/1aeMOT0 CYHA;

7) W — BEKTOp OTHOCUTEIHHOM CKOPOCTH HAOIIOAAEMOTO Cy/THA.

HNmerotr MecTo COOTHOLIEHHS:

R, — R,y
w= ;
th—t
vV=w+ v
RZAW
CPA = ,
lw|
RZ W
TCPA = ——25—.
w

5(14
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CPA (closest point of approach) — 3T0 auCTaHIIUA MaKCUMAaIbLHOTO CONFMIKCHHS JBYX
cynoB, TCPA (time of closest point of approach) — 3To BpeMst MaKCUMAIIEHOTO COJIMKEHUS IBYX
CY/JIOB.

Cunraercs, 4To ynpaBiIsieMOe CyTHO HAXOIUTCS B IEHTPE Kpyra paanyca 1, 3aJar0Iero
JIOTTYCTUMYIO TUcTaHmuio commkenus (Pucynok 2). Ha Pucynke 2 moka3aHsr:

1) W — BEKTOp OTHOCUTEIBHOTO JIBHXKEHHS 11€JIM 0€3 MPEosiaracMoro MaHeBpa;

2) R, — BEKTOp OTHOCUTEIILHOTO MOJIOKEHUS 1IEJI B MOMEHT Hayvajia [peArnoiaracMoro
MaHEeBpa,

3) r — gomycTuMasi TUCTAHIIMS CONMKEHUS.

4) 6 = arcsin (IRr_I) — yTOJ TPEyTOJIbHUKA,

5) a — yrox HakioHa BekTopa R ;

6) a =/ |Rq|? — r? — nuna BextopoB E; u E,, KacaTelbHbBIX K OKPYKHOCTH;

7) E; = —(a-sin( —0),a - cos( —0)) — nepBbIii BEKTOP, KacaTeIbHbIN K OKPYKHOCTH;

8) E; = —(a-sin(+8),a - cos(+8)) — BTopoii BeKTOp, KacaTeIbHbIH K OKPYKHOCTH.

Cxema, noka3zaHHas Ha PucyHke 2, mosiyuusa B OTpaciieBOM HayKe M IPAKTHKE
Ha3BaHME «001acTh MaHeBpa» (room-of-maneuver) [12, 13]. OHa MOXET UMETh Pa3ITUUHYIO
MOJICJIbHYIO MHTEPIPETAIIMIO, B TOM YHCIIE HA OCHOBE HEYETKOM JoTukH [ 14]. B 3aBucuMocTu
OT KOHTEKCTa paccMaTpUBAEMOro CIeHapus Al 0€30MacHOr0 PacXOXKACHHsS HYKHO BBHIOpATh
MOBOPOT YMPABJISIEMOr0 CyJIHA BIPABO HIIU BJIEBO (OOBIYHO BBIOMPAETCS MOBOPOT BIIPABO).
HoBplii Kypc ynpaBisieMoro Cy/iHa pacCUUThIBaETCs caeayoumm oopazoM. [lycts E — BekTOD,
KacaTenbHbIH K OKpyXHOCTH (Eq, unu E,), BRIOpaHHBIN B 3aBUCUMOCTU OT HampaBlICHUS
MOBOPOTA, ¥ — yroJl HakJioHa BekTopa E. Toraa Oyaem uMeTh 1Ba BO3MOKHBIX 3HAUYECHUS Kypca
0e30MacHOTo pacXoXaAeHus: y + f uy — [, rae:

p = arccos (o)
= arccos|—),
|l
EMv
d=—.
|E|

Bropoe Bo3MoOxHOE 3HaueHue BekTopa E nmact emie nBa 3HadeHus Kypca. Takum
o0Opa3oM, [UId pelleHHs 3a7aydl PacXOoXKAEHUS IMapbl CyJAOB MMEETCSl YEThIpe BO3MOXKHBIX
3HAYECHHS Kypca ymnpasisieMoro cynHa. CienyeT uMeTh B BUJLY, YTO HEKOTOPHIE U3 HUX MOTYT
HE HMMETh NPAKTUYECKOIO CMBICIA (HAIpHUMEp, KOIZa CKaJSIPHOE IPOU3BEJIEHUE BEKTOPOB
OTHOCHUTEJIBHOM CKOPOCTH JI0 U IIOCJIE MPEAIOIaraeMoro MaHeBpa MEHbILIE HYJIA).

Ecnn mpeanonaraercss MaHeBp YNpaBIsSEMOrO CyJHA TOJBKO CKOPOCTBIO, TO HOBas
CKOpPOCTb HaXOJUTCs 10 (hopMyJe:

v E
vOAE |

U = |v0|

B nanHOM ciyyae Toxe MOTydaTcs JiBa PeLIeHts B 3aBUCUMOCTH OT BbIOOpa BekTopa E,
KacaTenbHOTO K OKpykHOCTH (Eq, mmu E;). 31echk ciemyer BEIOMpATh PENICHHS, UMEIOIINe
NPaKTUYECKUHA CMBICI: €CIU V. > |Vg|, TO 3TO 03HAYaeT, 4YTO CKOPOCTh HAJ0 YBEIMYHBATH, A
3TO HE Bcer/a Bo3MokHO. Ecin sxe Tpedyemas CKOpOCTh OKaXETCsl OTPULIATENIbHOM, TO 3aJHUI
XOJI CyJIHO TOKE€ CKOpee BCEro JaBaTh He OyieT.

Hcnonb3oBaHue cpencTB aBTOMATH3alMU JaeT BO3MOXKHOCTb pEalu30BaTh Kak Ha
TPaJUIIMOHHOM, TaK U Ha aBTOHOMHOM cy/iHe OoJiee 6e30nacHbIi oaxo — 3a01aroBpeMeHHoe
MaHeBpupoBaHHue. [Ipy TakoM MaHEBpe 3apaHee ONPENENICHO, YTO YNPABIAEMOE CYIHO B
HEKOTOpPBI  MOMEHT BpeMeHU (ompenensieMblii  moporoBbiM — 3HaueHueM TCPA)
MpEeANPUHUMAET TIOBOPOT BIpaBo Ha 60 TpamycoB (WM TMOBOPOT HA 3aJaHHBIA YIroJl CO
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CHIDKEHHEM CKOpOCTU 10 3aaaHHOW). CyqHO ABMXKETCS C M3MEHEHHBIM KypcoM Win (M)
CKOPOCTBIO 10 TOT'O MOMEHTA, IIPU KOTOPOM BO3BpAaT K IIPEKHEMY KyPCY U CKOPOCTHU IIO3BOJIUT
pa3oiTHCh Ha AMCTAaHLIMU HE MEHee 3aaHHoM. [locime pacxoxkIeHus cyAHO BO3BpalacTcs Ha
IIPEKHUH ITYTh.

Heo6xonumocTs paHHeH oTAauu KOMaH1 MOXeET ObITh 00YCIIOBJICHA U OTpaHUYEHUSAMU
MaHEBPEHHBIX XApaKTEPUCTUK cyAHa. JUisi MaHeBpa KypcoM BpeMs YIPEKICHHs Hadala
MaHeBpa:

tadv = tlin + 08 " tg ,

rue:

1) tqqy — BpEMsl yIPEKICHHUS Hayala MaHEBpa;

2) t;i, — BpeMs 3aJepXKKU Hadaja [OBOPOTA, IOKA CYJHO JIBHMXETCA MO (YCIOBHO)-
JIMHENHOMY Y4YacCTKy B HadaJle LIUPKYJSLNH;

3) ty — BpeMsi IOBOPOTAa Ha 3aJaHHBIA yroia € B COOTBETCTBUU C MaHEBPEHHBIMHU
XapaKTepUCTUKAMU.

Jliist MaHEeBpa CKOPOCTBIO BpeMsl YIPEeX/IeHHs Hayajla MaHeBpa:

taav = 0.2 treq,

IA€ treq — BPEMsI CHUKEHHUS CKOPOCTH OT MCXOJHOM 1O pacueTHOM B COOTBETCTBUU C
MaHEBPEHHBIMU XapaKTEPUCTUKAMH.

DopmyJsl JUIs BpPEMEHU YIPEKACHUS SIBJIIOTCS AMIUPUYECKUMU,
NpUOJIM3UTENIBHBIMU, HO MPHU YCIOBUU 3a01aroBPEMEHHOCTH MaHEBpa U C YUETOM BIIMSHUSA
BCAKAX MpOYMX (AKTOPOB HEONPENEICHHOCTH MX TOYHOCTh MOXKET CUUTAThCA
YAOBJIETBOPUTEIILHOM.

Pacmmpenue onucaHHON METOAMKY HA CiIydail COBMECTHOI'O MaHEBPUPOBAHMSI TPYIIIIbI
(TpaIUIIMOHHBIX WM ABTOHOMHBIX) CyJI0OB COCTOMT B PEeaIM3alMU CIEAYIOLIEr0 aIrOpUTMa!

1. T'pynna cynoB paccMaTpuBaeTCsl KakK MHOXECTBO Map  «CYIHO-CYJHOM.
Onpenensiercs Hanbosee onacHas napa cyaoB (Ta, rae 3HaueHue CPA munumansHo u TCPA
MEHE€ YCTaHOBJIEHHOT'O 3HAUYEHU).

2. OnpenensoTces napaMeTpbl MAHEBPUPOBAHUS AJIs CaMON OIACHOM Maphl Cy10B.

3. Ompenensiercss camasi oOmacHas Mapa CyJOB C Y4Y€TOM H3MEHEHHBIX 3HAuY€HUM
CKOPOCTH U Kypca IepBOM omacHoi napsl. Eciyu B HOBOH mape NpHUCYTCTBYET OJHO U3 CYIOB
y>K€ pacCMOTPEHHOM Maphl, TO MAaHEBPUPYET BTOPOE (BHOBb OOHAPYKEHHOE OMACHBIM) CYJAHO
napsl.

4. llar 3 wuTepauroHHO noOBTOpsieTcs. Eciu mocnenoBaTenbHOCTh BBIYUCIECHUN
NPUBOJUT K HEBO3MOKHOCTH BBITMOJIHEHUS] MaHEBpa Ul O€30MacHOr0 PAaCX0XKJIEHHs, TO BCe
MaHEBPbI AHHYJIUPYIOTCA U pACCMOTPEHUE CHOBA HAUMHAETCS C CaMOM TIEPBOM OMACHOM Maphbl,
HO YK€ C QJIbTEpHATUBHBIM MaHEBPOM.

PesyabTarsl

ITpu pabGore HaJ METOAMKON COTJIACOBAHHOI'O MAaHEBPHPOBAHUS TPYIIIBI CYJOB OBLIO
MMPOBEACHO 00JbIII0E qucJiio BBIYUCIIUTCIBHBIX OKCIICPUMCHTOB, CBA3aHHBIX C
MOJEJIMPOBAHUEM TUIIMYHBIX CUTYaLlMH ¢ Pa3JIMYHBIM YHCIIOM CYJOB B rpynmne. Huke nokasan
OIWH M3 pPE3YIBTATOB TAaKOro MOJACIHUPOBAHUSA HA OIHWCAHHOM BBIINIC TPCHAXEPE A
HOJATOTOBKM cyjaoBoauTeneil. PaccmarpuBaercss ciaydaliHBIM 00pa3oM CreHepHUpOBaHHas
CUTyalus cONKkeHus: ceMu cyAoB. [IporpaMma HaxoauT, 4TO /Uit 0€30aCHOTO PACXOKICHUS
BCEX JIOCTaTOYHO CMaHEBpUpOBaTh Bcero nByM cygam. Ha Pucynke 3 mnokasassl
MOJIEIMPYEMBIE TPACKTOPUH CYJ0B, 1BA U3 KOTOPBIX COBEPLIAIOT MAHEBP U BO3BPALIAOTCS Ha
IIPEKHUHI KyPC.
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PucyHnok 3 — Pe3ynbraT pacyera cOriacoOBaHHBIX MAHEBPOB PACXOXKICHHS TPYIITIBI CYI0OB B HCTHHHOM
JIBIOKCHUH
Figure 3 — Result of calculating coordinated collision avoidance maneuvers of a group of ships in a
true motion

PucyHok 4 — Pe3ynbTaT pacyera COrjacoOBaHHBIX MAHEBPOB PACXOXKICHHS TPYIIIHI CY/I0B B
OTHOCHUTEIHLHOM JIBIKEHUH (OPUEHTAITHS TI0 KYPCY)
Figure 4 — Result of calculating coordinated collision avoidance maneuvers of a group of ships in a
relative motion (heading orientation)

Ha Pucynke 4 mokasana Ta ke camas MOJEIMpyeMas CHTyalus C TOYKH 3pEHUs
OTHOCHUTEJIBHOTO JBM)KEHUS BOKPYT YIPABISEMOTo («IEHTPAJbHOrO») CyaHa (UMeeT
cuUpeHeBbIl 11BeT Ha PucyHke 3). OTa Ta KapTHHA IPYIIIOBOTO JBUKEHHS, KOTOPYIO «BUIUT»
CYJOBOJIUTEIb, HAXOAALIMICA HAa OOPTY YIPaBIsSEMOro CyIHa. 3aMEeTHO, YTO OCTaJbHbIE Cy/a
IpyIIbl IpU ABMXKEHUU HE JOIMYCKAIOT OMACHOTO COJMMKEHHS C YIPaBIsIEeMbIM CYAHOM: CyJa
XOTb U 3aXOJAT B KPYTI' B LICHTPE CXEMBI, HO IIPOXOIAT HA JOCTATOYHOM PACCTOSHUU.

Ha Pucynke 5 moka3aH pe3yJibTaT «HAJIOXKEHHS» MPECTABICHUN B OTHOCUTEIHHOM
JBYDKEHUH JJIs1 BCEX CEMH JBIKYIIMXCS CyqoB. Ha HeM oT4eTMBO BUAHA CBOOOAHAs OT
JIpYyTUX CYAOB «30Ha O0€30MacHOCTH», 4YTO O3HayaeT, 4YTO Bce CyJa B pe3yibTare
COIJIACOBAHHOT'O MaHeBpa 0J1arornoyyHo pa3ouuInCh.
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PucyHok 5 — Pe3ynbpTaT pacyeTa COrNIacOBaHHBIX MaHEBPOB PACXOKICHUS TPYIIIBI CYA0B,
MPEJICTABICHHBIH B OTHOCUTEIHLHOM JIBIDKEHUH (OPUSHTALIUS 110 KYPCY): HATOKECHUE N300paKeHUH CO
BCEX CYJIOB
Figure 5 — Result of calculating coordinated collision avoidance maneuvers of a group of ships
presented in a relative motion (heading orientation): overlay of images from all ships

Ha Pucynke 6 moka3zaHo HajOXEHHE HM300paX€HUM MOAEIUpPYyeMOW HaBUTALMOHHOU
CUTyalluM B OpHUEHTAallUU 10 Kypcy Uil BceX cyaoB 0Oe3 MaHeBpoB. Buano, uro ecnu
COBEpILAETCS MAHEBP YKIOHEHHMs, TO HECKOJIBKO CYJOB IIEPECEKAIOT LIEHTP, YTO O3HAYAET MX
CTOJIKHOBEHHE, U €Il HECKOJIBKO MPOXO/AT B OMACHON OJIM30CTH.

Pucynok 6 — MonennpoBanue IBUKEHUS TPYIIIBI CYJI0B, MPEJICTABIICHHOE B OTHOCHTEIIBEHOM
JIBIDKEHUN 03 MaHEBPUPOBAaHUS (OPUEHTAIIHS 110 KypPCY): HATOXKECHIE H300PaKEHHUIA CO BCEX CY0B
Figure 6 — Simulation of the traffic of a group of ships presented in a relative motion without
maneuvering (heading orientation): overlay of images from all ships

B CJIOM, IO pe3yJabTaTaM MPOBCACHHA BBIYUCIIHNTCIBHBIX JKCIICPUMCHTOB, MOXHO

CACIaTb BBIBOJ O XOpOH.ICfI pa60Te npeajaracMoro ajJroppurMa COBMECTHOTO MaHCBPUPOBAHUA
TpyHIibl CyA0B U BO3MOXXHOCTH IPUMECHCHUA €0 Ha IMPAKTUKE.
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Oo6cy:xnenne

ABTOMaTH3aLUs TPYNIIOBOIO MAaHEBPUPOBAHUSI CYJOB B IPOILIECCE PACXOXKJCHUS B
OTKPBITOM MOPE U B OTPAaHUYEHHBIX BOJIAX SBJISICTCS OJHOW M3 CaMbIX aKTyaJbHBIX 3a7a4 Kak
B KJIACCMYECKOM, TaK WU B aBTOHOMHOM cyJoBoxJeHuu [15, 16]. Ee pemenue cocrout u3
CJICTYIOIINX ATATOB:

1) pazpaboTka MaTeMaTHYEeCKOW MOJENM TpoIecca PACXOXKACHUS CYIOB U
COOTBETCTBYIOIIUX aJITOPUTMOB;

2) MOJIETUPOBAHUE PACXOXKICHUS CYJIOB HA KOMIIBIOTEPHOM CUMYJISITOPE;

3) HAaTYpHBIE HCHOBITAHUS PAOOTHl AITOPUTMOB PACXOXKIEHUS C HCIOJIB30BAHUEM
MOJIeJIe MOPCKMX aBTOHOMHBIX Ha/IBOJHBIX CYIOB.

PaccmarpuBaemass B pabore MareMarhyeckas MoOJIeTb 3aJladd  OCHOBAaHA Ha
TCOMETPHYECKOM TIPEJCTABICHUH OTHOCHTEILHOTO JBHKCHHS JIBYX CYJIOB — «00IacTh
MaHEBpa». DTO KJIACCHYECKOE PEIICHHE HCIOJb3YEeTCsl BO MHOTHX 3a7auaxX, CBS3aHHBIX C
pacxokJIeHWEM CYIOB W MPUTOJHO KakK JUIA Map «CYAHO-CYJTHO», TaK W JJIsi TPYIIIOBOTO
IBUKEeHHS cynoB. Tak, B padore [12] 3TOT crmocod MpeacTaBIeHUs ONMAcHBIX M 0€30MacHBIX
CKOPOCTEl U KypCOB YIIPABISIEMOIO CyJHa HCIOJIb3yeTCA M WHAWKAIMM U TPUHSATHU
pEIICHUs CYJOBOIUTENIEM: CYyJHO MOXKET M3MEHHTh KypC U / WM CKOPOCTh TaKUM 00pa3om,
4TOOBI €ro cOJMKEHUEe C IPYruM cyaHOM Obuto Oe3omacHbiM (BennunHa CPA Obiia Gosnbliie
KpUTHYECKOTro 3HadeHus). B pabore [13] 3TOT cmoco® MCTHONB3yeTcs i aBTOMaTH3aIlluu
yOpaBIEHUSI CYIHOM: BBIUHCIUTEIBHOE YCTPOMCTBO BBIOMPAET HEOOXOJUMOE H3MEHEHUE
Kypca M CKOPOCTH YHPABISIEMOTO0 CyAHA [JIsi COBEpIICHUST MaHeBpa O€30macHoro
pacxoxaeHus. B crarbe [14] aBTOpamu mnpesjaraercs HeEYETKas WHTEPHpETanus 3aaadu
Oe3omacHoro pacxoxjaeHuss cyaos. Bemuuunst CPA, TCPA wu HampaBieHue BeKTOpa
OTHOCHUTEIIbHOM CKOPOCTH YIPABIISIEMOT0 Cy/IHA MPEACTABISAIOTCA HEUETKUMH IEPEMEHHBIMHU C
HECKOJIbKUMH TepMmamu. CUCTeMa TpaBHUJI MallMHBl HEYETKOTO BBIBOJIA HHTEPIPETUPYET TO
WM WHOE COYETaHHE TEPMOB KaK CHUTYAIUIO PA3IMYHON CTENEHH OMACHOCTH, YTO TMO3BOJISET
YHOPSAOYUTh JIUCIIETYCPU3ANNIO CYAOB IPH BBICOKOM WHTCHCUBHOCTH JIBFDKCHUS Ha
akBatopuu. JlJis OIEHKH CTENEHU OMACHOCTH CUTYallMd BO3MOXXHO HCMOJIb30BaTh MAIIUHY
HeyeTKoro BbiBoAa Mammanu unu CyreHo. Mnest pa3aenenusi CTeeHH OMacHOCTH CUTYalluu
npu CONMKEHUH CYI0B M pacIIUpeHHe MOAX0/1a «00IacTH MaHeBpay» Ha Cllydail TPYNIOBOTO
JBUKEHUS CYZOB paccMaTpuBaeTcs B padore [17].

DTan HATYpHBIX UCHBITAHUN HEOOXOMUM I MOATBEPKACHHS pPaboTOCIMOCOOHOCTH
QITOPUTMOB MAaHEBPUPOBAHUS B CIEIMU(DUUCCKUX YCIOBUSAX IKCILTyaTallud MOPCKHX CYJIOB
(BeTep, BOTHEHHE, OTPEITHOCTH IBHKEHUS, COOU B paboTe O0PTOBOT0 000pYAOBAHUS H T. TI.).
JL1st mpoBeIeHUS HATYPHBIX MOPCKUX UCITBITAHUN TIPEIIIONIAraeTCsl HCIOIh30BaTh CIICITUAIBHO
pa3paboTaHHYIO0 MOJIeNb cynHa. MiMeloTces clieqyrolre OCHOBHbIE MOTHBHI IIPU BBIOOpE TUTIA
TaKOW MOJIEIH:

1. B paiioHe mpeamnonaraeMoro mpoBeIeHUs] HATYPHBIX JKCIepuMeHTOB (3anuB [letpa
Benukoro) B mepuoJi ¢ Mas 1Mo CEHTSIOph BO3MOXKHO BOJIHEHHE 10 1 MeTpa ¢ BEPOATHOCTHIO
90 %. [Ipu nmnaHUpPOBAaHUN MOPCKHUX HCTBITAHUHN OYJET YUYTEeH MpeIBapUTEIbHBIA TPOTHO3, U
BBIOpaHBl TIEPHOJBI C BOJHeHHWEM MeHee 0,5 MeTpa, HO MOJENTb HE JIOJDKHA TEpATh
OCTOMYHMBOCTH U YIIPABISIEMOCTh U PU BOTHEHUU | MeTp.

2. Monens 10ipDKHA UMETh TPYy30mo1beMHOCTh 150—200 KT (akKyMyJIsiTOpHBIE OaTapen
Wi OCH3WHOBBIA DIIEKTPOTEHEPAaTOp, HABHTAIMOHHOE OOOpYIOBaHHE W CPEACTBA CBS3H,
OOpPTOBOI KOMITBIOTEP CO CBOEH mepudepueii u ap.).

3. Moaens cyaHa I0JKHA OBITH pa300pHOI I KOMIIAKTHOTO XPAaHEHHS U TIEPEBO3KU
JICTKOBBIM TPAHCIIOPTOM, PEMOHTOIIPUTOHON B MOPCKHX YCIOBHSIX.

Ha ocHoBanuu »THX TpeOOBaHWI MOXHO CUUTATh, YTO MOAXOJSAIINM THIIOM CYJHA
MOXXET OBITh KaTaMapaH Ha OCHOBE HATyBHBIX TTOHTOHOB (ITOTUIABKOB). K 4nCTy MO3UTHUBHBIX
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($haKTOpOB TAKOr'0 KaTaMapaHa MO>KHO OTHECTH MaJIble YIJIbl KpeHa Ha [UPKYJISAIHUH, BBICOKYIO
HAaYaJbHYK) OCTOMYHMBOCTh M HENOTOILUISIEMOCTh IPU MOBPEXKAECHUM Kopryca. HamyBHbie
MOHTOHBI THUMOBBIX PAa3MEpPOB CEPUHUHO MPOU3BOIATCS B Poccuu, U €CTh BO3ZMOKHOCTH HX
M3TOTOBJICHUS Ha 3aKa3 M0 YepTexaM 3akazuuka. Ha PucyHnke 7 moka3zan BapuaHT BO3MOXKHOU
KOMIIOHOBKH TaKOro Karamapasa.

PucyHok 7 — Bo3MOXkHasi KOMIIOHOBKA KaTaMapaHa JUIsl IIPOBEICHUSI HATyPHBIX MOPCKUX UCIIBITAHUI
ANTOPUTMOB PACXOXKACHUS
Figure 7 — Layout of a catamaran for full-scale sea testing of collision avoidance algorithms

3a OCHOBY [UIsl TIEPCIEKTUBHOTO BHEJIPEHMS aJrOPUTMOB M CIOCOOOB PAaCcXOKJIEHUS
CYJIOB C UCIIOJIb30BAHUEM OOIIET0 MOPCKOTO HH()OPMAIIMOHHOTO TIPOCTPAHCTBA MOKHO B3SITh
yke neiictByromiue cucteMsl: Tak, AVC yxe padotaer 6onee 20 jeT, ¥ HAKOIIEH JOCTAaTOYHO
0OJIBIIIOHN OMBIT €€ UCIHOIL30BAHMUS.

J7is mpuMeHeHHsI ONTMCAaHHOTO METO/1a PACXOKICHUS CY/IOB Ha MPAKTUKE MOTpedyeTcs
peHleHI/IC psma HpaBOBI)IX BOHpOCOB, CBSA3aHHBIX C OTBCTCTBCHHOCTHIO KaXI0T'O yLIaCTHI/IKa
mpolecca pacxoxaeHus B cootBeTcTBuu ¢ npasuiamu MITIICC.

3akjaueHue

Pabora mocpsiiieHa 3ajaue pacXxoXJIeHHUs IPYNIbl MOPCKUX aBTOHOMHBIX Ha/JBOJHBIX
cynoB. [IpennoxeHHbIi METOT pelIeHts 3a/1a4l OCHOBAH Ha FEOMETPUUECKOM MPECTaBIECHUU
OTHOCHUTEJIBHOTO JIBM)KEHUS CyJIOB TPYMIBI C YYETOM HMX TEKYIIMX M IUIAHUPYEMBIX IOCIE
3aBepLICHUs] MAHEBPA CKOPOCTEHN U KypCOB.

CyTb npennaraeMoro nojaxoja COCTOMT B pealn3allii COBMECTHOTO MaHEBPUPOBAHUS
IPYIIBl YYaCTHUKOB IBUKEHUS, YTO MMO3BOJISIET KOPPEKTHO MHTEPIPETUPOBATH TPAAULIMOHHbBIE
IpaBUiia PacXOXAEHUs A Oe3d9KMIIAaXHBIX HAJBOJAHBIX CyZOB. Jlis 3TOro mpeiaraercs
OpraHu3oBaTb OOMeH HH(OpMaluell O IUIAHUPYEMbIX MapLIpyTax MEXIy CyAaMH, 4TO
MO3BOJIUT OLIEHUTh HaMepeHus cyJ0B 3a0iaroBpemMeHHo. CyJia TpaHCIUPYIOT JaHHBIE O CBOEM
MOJIOKEHUH, TapaMeTpax JABM)KEHUS U IJITAHUPYEMOM MapLIpyTe B 0Omuil HHPOPMAalMOHHBIN
CEpBHC, U HA KAXKIOM CyJHE INPUHHUMAETCS pelleHHe O MaHEBPUPOBAHUH, IpUEMIIEMOE IS
BCeil Tpymmsl cyoB. Takoi moaxo Mo3BossgeT 00ecneynuTh 6e30MacHOe PACX0XKICHHE CY10B
HE3aBHCHUMO OT CTETIEHU X aBTOHOMHOCTH U aBTOMaTHU3aI[1H.

B paboTte npuBeneHbl MoiebHbIE TPUMEPBI 0€30MaCHOTO PACXO0KACHHUS IPYTIIHI CY/I0B.
Pe3ynbTaThl MOJAENMpPOBaHUS MOATBEPKIAIOT MIPUMEHUMOCTD MPEAJIOKEHHBIX uaen. Jlatorcs
PEKOMEHJAlMM 10 TOCTAHOBKE HATYPHBIX JKCIEPUMEHTOB, I103BOJISIIOIIMX OLEHUTh
NEPCHEKTUBBI JalbHENIIEr0 NPAaKTHYECKOTO BHEAPEHUS MPEAIaracMoro MeToa.
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