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ABTOPbDI:

T cTeneHn «komdopTabenb-
HOCTW» KPYM3HOrO Ternoxona
3aBUCAT CMPOC Ha MyTeBKU ©
MX CTOMMOCTb, MOCKOSMIbKY MOf AaH-
HbIM TEPMWHOM MOHMMAIOT Ka4ecTBo

ycnyrn, onpefensiolwiee  CTeneHb
COOTBETCTBMA [OeNCTBYIOWMM CTaH-
flapTaM ObITOBbIX yCnoBM npebbiBa-
HWS NaccaxkvpoB Ha OopTy, Npogon-
KNTENBHOCTU MX OTAbIXa U CBOOOAHO-
ro BPeMANPOBOXAEHVA B perce.

TakvM 00pa3om, BaXHbIM Mpej-
CTaBASAITCS  M3y4YeHMe cnocobos
OOCTVXEHWA U OLEHKM YPOBHA yKa-
3aHHOro napameTpa. DTO 0CODeH-
HO aKTyallbHO Ha HbIHELIHeM 3Tane,
Korfa oTabixatolme MoryT BblbmpaTtb
M3 MHOXeCTBa Pa3fMYHbIX BapuaH-
TOB NpoBefeHs OTnycka 0e3 Bble3aa
3a rpaHuLy, No NporpamMme BHYTPeH-
Hero Typu3ma. Ho B nobom cnyyae
noT [omkeH oTBevaTh TpeboBaHW-
am TOCT [1, 2].

McTopmyeckn y pedHbix CyaoB
KM3HEHHBIN LMK COCTaBnsieT He
MeHee 50 neT, 4TO B LENOM noj-
TBEPXAAETCA MMPOBOW NPakT1Koun. B
pe3ynbrate CErofHs Ha BHYTPEHHEM
pbIHKe NpeACcTaBeH LUMPOKMIA CNekTp
ednHNL,  naccaxupckoro  dnoTa,
Hepeako KapAMHanbHO OTAM4aloLe-
roca Mo MpW3HakaM, xapakTepusylo-
WMM  «KoMopTabenbHOCTb», KOTO-
pas C Te4eHWeM BpeMeHK npeTepnena
CyLLecTBeHHble M3MeHeHud. [pexae
BCEro 370 — AM3aWH, NIOWaAb KaloT U
MNX COOTBETCTBME HOPMATMBAM.

Mexzy Tem, B nocniefH1e rofpl Ha
Tennoxogax MosBUANCE WHAMBUAY-
anbHble GankoHbI, bobLIME OTKPbITbIE
nanybbl, kKnumMaTideckoe obopynoBa-
HVe, aBTOMAaTWYeCKM MOAAepPXMBatO-
lee KOMOPTHYIO Temnepatypy BO3-
Llyxa B KatoTe. VIX Hanudmne unm orcyT-
CTBME CEpPbe3HO BWAET Ha NMPUHATUE
NOTEHUMANbHBIM KIMEHTOM peLUeHNs
B NOMNb3y KOHKPETHOro narHepa [3].

Ob6s3aTenlbHO Ha ©OOpTy [OMXeH
ObITb pectopaH, oTBevaloWwmin Tpebo-
BaHWsAM MO AM3alHy MHTepbepa, yoo0-
CTBY NpebblBaHUA NS NoceTuTenen u
YCIIoBUAM TpyAa Ans nepcoHana.

PaumoHanbHo, ecnn uUMelTCH
Oapbl U KOH(EepeHLU-3anbl, CNocob-
Hble BbIMONHSATb HECKONTbKO (hYHKLIMIA,
TO eCTb Hapsady C NpPsMbIM Ha3Have-
HVeM NO3BONAIOLLME NMPOBOANTL KySb-
TYPHO-MacCCOBbIE MEPOMNPUSATUS.

K opyrum npuBnekaTenbHbIM 0CO-
OeHHOCTAM CepBMCa CleflyeT OTHECTU
Hann4ve baccerHa, CanoHoB Afs TUXO-
ro OTAbIXa W NPOCYLLUMBAHWS MY3bIKY,
onbnunotekn, duTHeC-3ana, npayey-
HOW, rnagunbHOW, OETCKOWM KOMHATbI
M Th., a TakKKe ONTUMasbHO pa3rpa-
HWYEHHOTO MPOCTPaHCTBa (oTAeNbHble
BXOZbl 1 BbIXOAbI, NECTHULbI U KOpW-
JI0pbl), MUHUMM3MPYIOLErO KOHTaKT
OTAbIXAIOLLMX C YneHaMn KOMaHb!.

Kpome TOro, HeobXoaMMO yaenstb
BHMMaHWe TakK Ha3blBaeMOW «CepBUC-
HOW KOMCOPTADENbHOCTUY — KOMMEeK-
Cy XapaKTepUCTUK, HemocpencTBEHHO
CBS3aHHbIX C Ka4eCTBOM 0DCNYXKMBaHNS

YAK 629.12

MaccaXk1poB, OpraHm3aLmen 1x oTabixa
Ha BopTy, MUTaHNEM, 3KCKYPCUOHHOWM 1
pa3BrieKkaTenbHoM NporpaMmMamm.

B KatoTax [OMXKHbI MPUCYTCTBO-
BaTb Mesikve ObIToBble MpeaMeTbl U
TyaneTHble npuHagnexHoctn. Obule-
CTBEHHble MeCTa CTOWUT [eKopaTUBHO
03e1eHNTb U yKpacuUTb NpefMeTamu
MCKYCCTBa. B nyT o pafmo OOMXKHbI
TPAHCNMPOBATLCA  MO3HABaTeSIbHAA
MHOPMaLLMA 1 My3bIKa.

MofobHble hakTopbl 04eHb BaxKHbI,
HO WX CJIOXHO OnucaTb CTPOTrMMU
PuU3nYeCcKUMIN BeIMYMHAMK, 3apuK-
CMPOBaTb B BUAE 4YMCIIOBbIX KO-
DULMEHTOB, MOCKOMbKY WX HOMEH-
KnaTypa W KayectBO MOryT CWUJIbHO
M3MEHATLCS Ha MPOTSXKEHUM BCEro
nepvofa KCryaTaumm Tennoxoaa.

Mpw onpepeneHnn ypoBHS «KOM-
opTabenbHOCTM»  MaccaXknMpCcKoro
cynHa HeoOXOAMMO TakxKe y4UTbIBaTh
cTeneHb AMckoMdopTa, Hanpumep,
M3-3a WyMa 1 BMOpaUMK OT MMaBHbIX
nBuratenem n T.n.

B KkadvecTBe KpuTepus OLEH-
Kn «koMdopTabenbHocT» dnoTa
MO>HO MpeafioXuTb MCNONb30BaTh
«MATN3BE3LOYHYIO» CUCTeMY, Npu-
HATYIO ON8 Knaccudukaumm bepe-
FOBbIX rOCTMHML,. KOCBEHHO ee yxe
ceryac npuMmeHseT nofasnsiollee
OONMbWMHCTBO CYOOXOAHbIX KOMMa-
HNW.

HekoTopble opraHm3aumm «3Besf-
HoCTb» (MK KaTeropuio) obo3Haya-
0T HaWMeHOBaHWEM — Hanpumep,

KCTAT I | I

B ka4ecTBe KpuTepms oLEHKM «KOMMOopTabenbHOCTU» (hrioTa MOXHO
NPenSIoXKMTL MCMOSb30BaTh «MATU3BE3L0HHYIO» CUCTEMY, MPUHATYIO
AN KNaccnbukaLmm beperoBbIx rocTUHKL, KOCBEHHO ee yxe cenyac
NpYMeHsieT nogasnstoLlee OONbLUMHCTBO CYA0XOAHbIX KOMMAHWI.
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CIIOKCY,  «MPEeMUYMY,
«CTaHAAPT» N «3KOHOMY.

Kak npaswuno, ypoBeHb «1-2
3Be3dbl (KaTteropum)» COOTBETCTBYET
cynam, paboTalolmmM Ha naccaxup-
CKMX TPAHCMOPTHBLIX IMHWAX, TOe Ha
GopTy KpoMe «[1efloBOro» KiMeHTa,
NPUCYTCTBYET ONpefeneHHoe Komu-
YeCTBO OTABIXAIOLLMX «OOPATHMKOBY
(ocyuecTBRsOWMX NOE3AKY MO KPYy-
rOBOMY pevicy).

Tennoxodpl «3-4 3Be30bl» BbINO-
HSIOT ~«MO3HaBaTesbHble KPyM3bl»,
OCHOBY KOTOPbIX COCTaBAAIOT YacTble
3axofpl B MOPTbl W HAChILLEHHAs 3KC-
KypCMOHHasi mporpamMma Ha bepery.

«[19TM3BE3A04HbIE» CyAa OObIYHO
npefHa3HayeHbl 45 OTAbIXa TYpPUCTOB
Ha OOpTY, @ HaMYKe IKCKYPCUiA 30echb
He ABNAETCH NPUHUMNUABHBIM.

KonunyectBo «3Be3m» Mo  CyTw
JOIKHO YUCNeHHO OTpaxaTb (akTo-
pbl KoMcopTabenbHocTU  (Hannyue
nepcoHanbHbIX OankoHoB, 6apos,
canoHos, bHaccenHoB, GUTHeC-3aoB
M 4p.), @ TakXKe MX 3HAYMMOCTb 1 BO3-
MOXHOCTb peanunsaummn ans Typucta.
OpHako HeoDXOAMMO YHUTbIBaTL OCO-
GEeHHOCTV OAHOVMMEHHbIX MapPaMeTPOB
- Hanpumep, GaccenH, GankoH, kalota
«IOKC» W T.N. Ha pasHbIx cydax oyayT
Ka4ecTBeHHO OT/INYATbLCS, B HaCTHOCTU
pa3Mepamu. Toraa HeobxoAMMo pac-
CMaTpUBaTh yXe «KOHCTPYKTUBHYIO
KomMcopTabenbHOCTb»  — COBOKYM-
HOCTb MokasaTenen kombopTa, KOTo-
pble 3aKnablBaloTCa NPy NPOEKTUPO-

«KOMMOPT?,

CocTtaB nomeLlleHnin

BaHUW U CTPOUTENLCTBE TEMIoXoaa U
ABNAIOTCS €ro HEOTbeMIIeMON HacTblo
nnbo nocTaBnsoTcs B Buae obopy-
JIOBaHWS.

K KOHCTPYKTMBHBIM MOKa3aTensm
KoMcopTabenbHOCT Hapsay C ComyT-
CTBYIOLIMM MEpeyHeM MoMeLLeHU
«KPYWM3HOTO» Ha3Ha4yeHWs OTHOCATCA
rabapuTbl 1 3HAYEHUS OTHOCUTENbHBIX
NNowaaen BHYTPEHHUX MOMELLEHNN
1 OTKPbITbIX Nanyd, Hanu4me cuctem u
YCTPOMCTB, CO3AatoLLMX GnaronpusT-
Hble YCIoBUS NpebblBaHUs Ha DOPTY U
nx paboune XapaKTepucTnKM, ypoBHM
wymMa n BUOpaLUN, KOHCTPYKUUS ©
OCHaLLIEHME KatoT.

KonuyectBeHHO oOUeHMBaTb ypo-
BeHb KoMdopTabenbHOCTK ceayeT ¢
MOMOLLIO METOAA «MHOTOKpUTepU-
anbHOM ONTMMU3aLUMM», TO eCTb KOTAa
MHOXEeCTBO KpUTEpUEB «CBOpa4MBa-
I0TC» B OfMH:

K =ak +ak, +ak, +...+ak = Za[k,.
(1)

rae k; — -1 nokasaTenb Npvi3Haka
KomcopTabensHoCTH;

a; — BeCOBOW KO3(®ULMEHT i-ro
nokasaTens npusHaka kKomdopTa-
OenbHOCTU.

[na nosblleHns 00bEKTUBHOCTU
pe3ynkLTaToB peanu3aLmm 3Toro NpmH-
uMna, C y4eToM MHOTFOJIETHErO OMbITa
aHanmM3a 3KCNIyaTUpYIOLLMXCS nacca-
KNPCKMX CYL0B B Ka4ecTBe KPyM3HbIX,
nx uenecoobpasHo pasgenutb Ha 4
rpynnbl MO KavyecTBy npefocTaBnse-

Tabnuua 1

B Ppa3JIM4HbIX rpynnax cynos

lpynna cynos Homep nomelueHuii n3 nepeyHs (2)
BTopas 1-12; 15
Tpetbsa 1;2;11;12; 15
YeTBepTasn 1;2;11; 15

MbIX TypuCTaM YCnyr, a UMEHHO Mo
cTeneHy komgopTabenbHOCTH.

MakcrManbHbIn  ypoBeHb byadet
COOTBETCTBOBATL MEPBOW rpynne C
Y4ETOM YTBEPXMEHMWS, Y4TO Ha 3TUX
TENnoxofdax B WAeanbHOM BapuaH-
Te [OOCTaTOYHO MMETb ClledyoLWwnii
YCNOBHO HOPMATUBHbIA MUHUMasb-
HbIl MepeyeHb MOMeLLeHNW, paun-
OHasNbHOE WCMOMb30BaHME KOTOPbIX
nospongaer obecneymtb He TOJbKO
KOHCTPYKTUBHYIO, HO W CEPBUCHYIO
KoMopTabenbHOCTb (2):

1. PectopaH (66). 2. bap (56). 3.
Kurozan (55). 4. CyBeHUpHbIV KMOCK
(50). 5. ®utHec-3an (54). 6. CayHa
(30Ha CI1A) (65). 7. [letckasi KoMHa-
7a (55). 8. MNapukmaxepckas (50). 9.
MaccaxHbivi kaburer (50). 10. CanoH
Tmxoro orgeixa (58). 11. My3bikasb-
HbIVi canoH (60). 12. bacceviH (70).
13. Jlugpt (60). 14. [porynodHbie
30HbI (65). 15. MpadeyHas v CyLmka
(56). 16. WIHamBmayaneHble 6aIKoHbI
(65). 17. BenmymHa nonesHow rniaotya-
A nany6 Ha ofHoro naccaxupa (65).

OTtpaxkaTb B hopmyne (2) Hann4ne
NN OTCyTCTBME ki MoKasatens npu-
3Haka KoMdopTabenbHOCTU MOXHO
C nomolblo OyneBon  yHKLMN.
CornacHo en, ecnm nokasarefb npu-
CYTCTBYET y aHanM3npyemMoro cymaHa,
eMy NpucBaMBaeTcs UHOeKC 1, To ectb
ki=1. Ecnn k; otcytctByer — k=0. B
cKobKax Kaxgoro npmsHaka komgop-
TabenbHOCTU [aeTcd 3HayeHue ero
BECOBOro KO3 duumeHTa ai.

B paHHOM cnydae dopmyny (1)
yoobHee npefcTaBuTh Tak:

K= ES: ak,
i=1

HopMaTMBHO MUHMMASbHbIN Nepe-
YeHb OCTallbHbIX FPYMMN MOMELLEHWI
Ha KPYyW3HbIX Temnnoxomdax npuBeneH
B Tabnuue 1.

(3)
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OCHOBHbIE€ XapaKTepPUCTUKU COBPEMEHHbIX NacCaXUPCKUX Cya0B Tabnmua 2
Kon-Bo Mnowapb Y2 ENLATL]
Kon-eo Kon-eo naowanb
nacca- ana LxB,
MpoekT MSArKnx XeCTKNX MSArKMX mMecT L,m B,m >
>XXVpPOB, naccaxwpos, M
MecT, ef,. MecT, ea. > Ha 1 nacca-
yenoeek M >
Xupa, Mm

860 304 79 135 892,7/1525,5 11,3 74,6 10,5 783,3
785 259 155 104 2952/3505,5 12,3 76 9,6 729,6
646 197 38 159 2733,6/4420 13,6 62 9,1 564,2
588 400 291 209 3357,9/2074,8 9,1 90 11,6 1044
26-37 400 312 88 2989/2156 9,8 90 11,65 1048
20 439 439 - 4633,2 9,9 116 12,4 1438
301 360 360 - 4608 12,8 118 16 1888
92-016 400 400 - 4978 13,1 126 15,46 1947,96
Q-040 216 216 - 3611 15,7 102,88 12,8 1316,86
PV-300 340 340 - 3802,2 11,18 140,63 16,6 2334,458
MpoekT 200 200 - 2477 12,39 100 13,6 1360

MockonbKy rpynnbl («3BE3AHOCTLY)
TYPUCTMYHECKMX CYAOB OTIMYaIOTCS
HOMeHK/aTypoW (nepeyHem) npmsHa-
KOB k;, 3Ha4M1T, CPAaBHMBATb MO YPOBHIO
KOMOpTabenbHOCTV efiHMLbI (hroTa
pasHbIX rPynmn HemnoruyHo, Tak Kak
04eBMAHO: YeM Bbillle rpynna («3se3-
na»), TeMm Oonblue npepgocTaBnse-
MbIX YCIYT U, COOTBETCTBEHHO, MydLle
KoMdopTabenbHoCTb. Toraa ypoBeHb
KoMdopTabensHOCT paumoHanbHee
COMOCTaBNATL B MepBYylO o4epefb Y
Cy[OB OAMHAKOBOW rpynnbl («3Be3-
Obl»), CPean KOTOPbIX MOXeT ObITb
pasHoe NpeBbllEHNE MUHMMASbHOMO
L5 KOHKPETHOW KaTeropum nepeu-
HS «KPYW3HbIX» MoMelleHnn. Ho u
TOra MOXET BO3HUKHYTb CUTyaLus,
Npy KOTOpPOW MnepedeHb obLlecTBeH-
HbIX «KPYM3HbIX» MOMEeLLEeHNn OKa-
XKETCH OAMHAKOBbLIM, HO OHW ByayT
pa3nNMyaTbCs 3CTETUYHOCTLIO OTAEN-
KW, SPrOHOMUYHOCTBIO Y apXUTEKTYp-
HO-MNAHVPOBOYHBIMU  PELUEHNAMU.

[MocnenHwWe 3aBUCAT Npexpae BCEro
OT nfowann nomeLleHnn, onpene-
naemMor Mo nosie3Hon nnoLagn Bcex
nanyd, npuxodawencs Ha OAHOro
naccaxupa [4] (tabnnua 2 [5]).
MpviBefeHHble B Tabnuue ceene-
HWS OTHOCATCS K Cydam MOCTPOWKM
HadrHaa ¢ 1950-x rogoB MO HacTo-
fllee BPeMs, UMEIOLWMM PasfYHbIN
ypoBeHb KoMdopTa. BmectumocTb
TeNnoXo40B PacCMaTpMBAEMBbIX MPO-
€KTOB MO KaloTHbIM MacCcakMpCKuM
MecTtamMm coctaBngetr ot 197 go 400
yenoBeKk, WX [AfIMHAa BapbuMpyeTcs
or 62 o 140 M, wupmHa — ot 9,1
0o 16,6 M. YoenbHble nnowagn Ha
OfHOro TypUCTa MSAMKMX MecT Komne-
6niotcsa o1 9,1 no 15,7 M2 /uenoseka.
Mo apXUTeKTYPHO-KOHCTPYKTUBHOMY
Tmny (AKT) chrnot ommndaercs Konmde-
CTBOM SIPYCOB HAACTPOVIKW. Tak, CyAa np.
860(305), 785, 646 — 2-nanybHble;
np. 588, 26-37, 20 — 3-nanybHble; np.
301, 92-016, Q-40 — 4-nanybHble, a
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240 290

y=92,759x.%%1
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& I"lm c» Yenosek
340 390 440

3aBUCMMOCTb yaesnbHOM nowaaun Ha 1 naccaxupa ot o6Leilt BMeCTUMOCTH

cynHa
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np. PV-300 ycnoBHO MOXHO cyuTaTb
5-nanyoHbIM.

Tennoxofbl pasnMyaloTca elle no
ofiHOMy npu3Haky AKT: y OonblUMHCTBA
cynoB (M3 nepeyncieHHbIX B Tabnu-
Le) rMeeTcs BOKOBOV KarnneobpasHbin
cnnyaT, paspabotaHHbii J1.H. dobun-
HbIM, @ Y CO3[aHHbIX B NOCIEAHVE FOAbI
3K3eMMNnSpoB Takas 0COBEHHOCTb OTCYT-
CTBYeT — TpagMLUMOHHAA KoHLenums
MEHSIETC 1N KaxabI SpyC HaOCTPONKMA
LlenaeTcs MakCMarbHOW ANvHbI, Onmnz-
KOV K A/I1He Kopryca CyAHa.

Ha KOMMOPTHOCTb TakXe BNNAET
pa3Hoe pacrnofioxeHne MallHHOIO
orgenenns (MO) no gnuHe Tenno-
X043, 4TO B OMpefeneHHOW CTeneHu
OTpaXkaeTcs Ha YCIOoBUAX pasMelle-
HUSA TYPUCTOB M MAOLLAAAX NACCAXMP-
ckmx nanyo.

[okasaHHas Ha pUC. 3aBUCUMOCTb
yaenbHOM niowaam Ha 1 venoseka S
OT BMECTUMOCTW Cy[iHa N, NO3BONA-
€T caenatb paf BbIBOLOB:

— B YC/IOBMAX BECbMa OrPaHU4eH-
HbIX pa3MepeHUr pPeyHbiX CyLOB He
NpefcTaBAseTca BO3MOXHbIM - Mpu
33alaHHOM  MacCaXMpPOBMECTUMO-
M HOPMMPOBATL KaloTbl 1 obLLe-
CTBEHHblE MOMELLEHNsT OeCKOHeYHO
Oonblor BenMymHbl, MO3TOMY MNpu
NPOEeKTVPOBaHNM TakMX TEnIoxo40B
Hemn3bexxHoO npuxoamTcs npuberatb K
KOMNPOMMCCaM;

— C yBENMYEHVIEM NaCCaXXMpOBMe-
CTUMOCTW B CpefHeM MpOCexXmBaeT-
€A TeHOEHUMS YMEHbLUEHNS yaenbHON
nnoLwaau.

Kpome Toro, B HeKOTOpbIX Cly4a-
AX NpPY OAMHAKOBOW MaccaxkmpoBMme-
CTMOCTW Takue OTNN4YMA OOCTUraloT
3-4% no BenuYuMHe yaenbHoOW nno-
WaaM, Kak Hanpumep, y Tennoxonos
np. 26-37 n 92-016. 370 MOXHO



Tennoxop np. 26-37

0OBACHNTL TEM, YTO Y Np. 26-37 UMe-
IOTCS KaloTbl MeHbLUeW MIOoLWaamn, Ho C
OOMbLUNM YUCIOM MECT M C XyALIWM
KOMOPTOM, MO CPaBHEHMIO C KatoTa-
MW 1 OOLLECTBEHHbIMW MOMeLLeHNs -
MUy np. 92-016.

Elle OonbLuve konebaHmsa no Benm-
YMHe yOenbHOW MNoLaan BbIABMSIOT-
CA MpWY aHanm3e ee 3aBUCKMMOCTEN OT
mMoayns LxB. B cuny KOHCTPYKTUBHBIX
0cobeHHOCTeN thrioTa OHa MMeeT Kpyr-
HbI Pa3bpoc, 1 B CPEAHEM ee MOXKHO
CYUTaTb He 3aBucALLEen OT Moayns LxB.

BbinonHeHHoe aBTOpaMu CTaTby
NCCNefoBaHMe NO3BONAET 3aKIO4NTD,
4TO B MepeyvHe Mpur3HakoB Komdop-
TabenbHOCTM (2) B Ka4yecTBe Mokasa-
Tens BeNMYMHbI NOMEe3HOM nolwaam
nanyos! (no3uums 17) pekomeHayer-
C NPUHUMAaTb OTHOLLEHME yAenbHOM
nnowaan Ha 1 naccaxuvpa B Kalotax ¢
MAFKUMW MecTaMu S K CpefHecTaTu-
CTU4ECKOMY 3HaYeHMIO 3TOWM MoLa-
OV NPU aHanorv4Hom BMeCTMMOCTHY,
NokasaHHOMY Ha puC., MO0 BbIYMC-
JIFTb MO popmMyne:

5, =92,720""". (4)

nac

TecToBbIN pacyeT C MOMOLLbIO ONi-
CaHHOM METOAVKM CPaBHUTENBHbIX

ypoBHel koMdopTabenbHocTu K ABYX
Tennoxonos np.301 1 Q-40 nokasan,
4YTO MpW MNPakKTU4YeCKN OONHAKOBOM
nepeyHe nokasatenen k; bonee kom-
opTabenbHbIM (B NPUHATON MocTa-
HOBKe BoOmMpoca) sasnsercs np. Q-40,
y kotoporo K=5,513, torga Kak vy
conocraBnsemMoro cygHa — K=4,408.
370 — CneacTsme BosbLUer BenNYMHbI
nonesHon nnouwagum nanyd, npeno-
CTaBMEHHbIX AN OTAbIXAOLLMX.

SAKJTIOMEHME

MpennaraemMbli aBTOpaMu CTaTbu
NPUHLMN MNo3BoNsSeT 00bekTUBHee
PaHXMpPOBaTh Cy[la MO YPOBHIO KOM-
dopTabenbHOCTN, YTO MOXET ObiTb
BoCTpebOBaHO Kak Ha 3Tame npo-
eKTUPOBAHNS U MOCTPOVIKU HOBOTO
diota, Tak M B npouecce 3KCNy-
ataumm, B YacTHOCTM MpW npoBe-
LeHUN pekSlaMHbIX aKUMiA, MnaHu-
POBaHUM W onpepeneHnn dUHaH-
COBO-3KOHOMMWYECKMX MoKasaTenem
LesaTenbHOCTU.

Ha ocHoBe KOHe4yHoro obulero
nokasatens komdopTabenbHoCTH
CyOHY MOXeT ObITb MPUCBOEH KJlacc
«3BE3AHOCTMY», KOTOpbIM Oynet
XxapakTepu3oBaTb  COOTBeTCTBME

TEeNNoxo4a 3Ha4YeHWMsAM KOHCTPYK-
TUBHOW W CePBUCHOW KOMOpTa-
©enbHOCTM 1 No3BONNT Honee Kaye-
CTBEHHO OLEHUTb ycnosus npebbl-
BaHWS TypucTa Ha OOPTy BO Bpems
penca.
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M.: CraHgaptitnHpopm, 2020. - 28 ¢. 3.
SKOHOMMYecKas CTpaTervsi PasBUTUS PeYHbIX
NaccaXkmnpCKLX NepeBo3oK B CEBEPHbIX Palio-
Hax P® / 3edupos B.K.// PeqHon TpaHcnopt
(XXl Bek). 2013. = Ne 5(64). — c. 70-75.

4. MatemaTunyeckas Mogenb OnNTMMM3aLmMm
NacCcaXmnpCKMx Cya0B NPUIrOPOLHOro U MecT-
Horo coobuueHus / E.B. Kynanbuesa, E.M.
PoHHoOB // BectHuk BIABT. 2017. = N2 52. -
¢. 100-106. 5. Pe4Has cnpaBoYHas KHMXKa
KopabenbHoro nHxerepa E.J1. CMnpHoBa
[2neKTPOHHbIV AOKYMeHT] — Pexxum gocryna:
WWW.russrivership.ru.

doto 13 apXuBa penakunmn

KCTAT | I

B ka4ecTBe noka3aTens BefMyMHbI Nones3How nnoLaamn nanyosbi
PEKOMEHYETCA NPUHVMATL OTHOLLIEHME YOenbHOW noLaan

Ha 1 maccaxkmpa B KatoTax C MArKUMK MeCTaMu K CpedHecTaTcTm-
4ECKOMY 3HaYeHWI0 3TOM NNOLLAM NPW aHANOMAYHON BMECTUMOCTU.
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ABTOPbDI:

YAK 627.152.122; 65.62

PaccpefioTOYEHME CTOKA IO pyKaBaM CpPeZiu OCTPOBOB
CJI0)XHOPA3BETBJICHHOrO Pyclia CpeAHelH U HMKHel JIeHbI, ero
M3MEHYMBOCTD M YYeT NPH BhINOITHEHUHU NYTEBbIX MEPONPUATHIH’

P. C. YAJIOB, pa.r.H., npodeccop, kacheapa ruaponorumn cyum (Krc), rmaBHbin

Hay4HbIN coTpyaHuk HayuHo-uccnepoBaTenLCcKon naGoparopum 3po3mum
MO4B U pycnoBbiX npouyeccoB um. H.U. Makkaseesa (HUJI3MuPI) My vm.
IM.B. Jlomonocoga; A. U. CAXAPOB, pyxosoautennb ®BY «cAgMUHUCTpaLusa
Jlensognytoby»; I 5. FOJIVBLIOB, K.I.H., MNafuiuii HAYy4YHbIA COTPYAHUK (M.H.C)
HWTMuPI; A.A. KYPAKOBA , K.I.H., M.H.c. HWTMNuPI; B.A. CENIAKOB,
Beayuwun umxesep HAJIBMuPN

WccnenosaHms BbinoHeHs! no rociagaquvio KIC (Ne 121051400078-1) u HUJISMuPI (Ne121057100166-A) —
VICXOAHbIE MaTepmansi, Mpw ¢rHaHCcoBOU roaaepxke PH® (npoekt 23-17-00065 — HaTypHbIe NCCIEO0BaHMS, PyCIO-
BOWVI aHanm3, pa3paboTka pekoMeHAaLmM Mo ryTeBsiM pabotam) v Mpu TEXHUYeCKoMm obecrniedeHnn ObY «JleHBoamnyTb»

nccnenoBaHUm

ABNSAIOTCA  y4acCTKM  O4YeHb

CNOXHO pa3BeTBIEHHO-
ro pycna cpefHen 1 HUXHen J1eHbl,
XapakTepusywuecs paccpefoTo-
YeHMeM CTOKa MO MHOMOYUCIEHHbIM
pyKaBaM W1 MpOTOKaM, perynsapHbIM
nepepacnpefeneHnemM B HUX Pacxo-
[OOB BOAbl, 3HAYUTENIbHOW LUMPUHON
MOWMbI 1 CamMoro pycna.

Ha HuxxHeln JleHe, 0CODeHHO Huxke
ycTbsi Buniosd, cymmapHas wupuviHa
peku (BMecTe C 0OCTpoBamMu) OCTUraeT
28 KM, pycno pasgensercs ocTpoBamMum
pa3HbiX pasmeposB Ha 10-15 nportok
N PYKaBOB B OOHOM MOMEPEYHUKE;
BOOHOCTb JaXe CaMblX MHOTOBOAHbIX
3a4acTylo He NpeBbIlLaeT TPeTM obLLe-
ro pacxofa Bofbl B peke. DTOT y4acTok
HWXHeW JleHbl NpefcraBneH 4 cne-
OyloWrMK Apyr 3@ APYroM 3BeHb-
MU pa3BeTBneHMn: MOHaCTbIPCKUM
(1240-1195 kM cymosoro xoaa (CX)
oT ycTbst), Yepnanbckum (1195-1135
kM), Caxam (1135-1065 kM) 1 Mep-
BeXblM-BrHorpagHsim (1095-1085
KM); Kaxpoe M3 Hux oOpa3oBaHoO
JecaTkamu 6onbLIMX U ManblX OCTpO-

ObekTamu

BoB (puc. 1). Obwas AnnHa ydactka
no ocn CX coctasnser 175 km.
Bonbluas YacTb CToka pekn cocpe-
[lOTa4yMBaeTCcss B [ABYX OCHOBHbIX
neBo- M NpaBobepexXHbIX pyKaBax
napannenbHo-pykaBHbIX pa3BeTBe-
HUW. TpaBbln pykaB Ha BCeM Mpo-
TAXKEHUW y4acTKa — CYLOXOLHbIN ©
Heckonbko 6onee MHOroBOAHbIN,
PaCNoNOXeHHbIN BOOMb UV BOAM3N
npaBoro kopeHHoro bepera (xpebet
OMynaraH), B CBOIO o4epefb Xapak-
TepU3yeTcs pa3BeTBIEHUSIMU BTOPOTO
nopsaka. OHW elle Gonee CBONCTBEH-
Hbl IEBOMY pykKaBy, rae obpa3oBaHbl
60MbLUNM KOTIMYECTBOM OCTPOBOB.
OctpoBa W UX rpynnbl  Mexay
neBbIM M MPaBbIM PykaBaMu B LiEHT-
panbHOM YacTu pycia pasgeneHbl cyo-
napannenbHbIMU UM, MeHbLWMMK MO
BOLHOCTM pyKaBaMu, PasnmyHbIMK MO
WMpUHE 1 ONMHE, MeXAay KOTOPbIMMU
1 OCHOBHbIMU PyKaBaMWm OCYLLLECTBNSA-
eTcs ruapaBnnyeckas ceasb. OTaens-
Hble pyKaBa nocepeamHe peku no ana-
rOHaNM pacyneHsioT rpynnbl OCTPOBOB
B LieHTpanbHOW 4acTu pycna, co3pa-
Bas yCJIOBUS IS YaCTUHHOMO Mepe-

Yepnaiibckuii

MeLLEeHUA pacxoda BoAbl M3 NpaBoOro
Cy[OXOAHOro pykaBa B NneBbln. Huxe
BbICTYMOB M MbICOB MPaBOro KOPEeH-
HOrO HaxoOATCs rPynnbl MPUOPEXHBIX
OCTPOBOB, pPa3fefleHHbIX ManoBo-
IOHbIMU MPOTOKamM, 0OYCIIoBMMBAIO-
WMMU U3BUNUCTOCTb BEPXHEWN HacTu
OCHOBHbIX PYKaBOB B KaX[OM 3BeHe,
YCUNMBAIOLLMMI OTKITOHEHME MOTOKa
OT KOpeHHoro bepera.

BTopbIM AN U3y4eHUs y4acTKOM
Ha HWXHewn JleHe gasnsietcs beno-
FOPCKNM, Mexay ycTbsaMun AnfaHa v
JleHbl, 3aBeplwaoWMn NONMEHHO-
pyCc/IOBOe pa3BeTBIEHME N Haxo4d-
wmmncs Ha nepesane CX 13 neBoro
pyKaBa K NnpaBomy KopeHHoMy (rop-
HoMy) ©Oepery. OCHOBHOW pacxof
BOAbl Mepef mnepeBasioM MpPoOXoauT
no NeBOMY CyAOXOOHOMY pyKaBy
(bonee 75%) Bo3ne spa neeobe-
PeXHOW MonMbl. Huxe no TedyeHuto
OCHOBHOW pacxof, BoAbl COCpeno-
TayMBaeTCsd B MPaBoOM CYAOXOLHOM
pykaBe OAHOCTOPOHHMUX pa3BeT-
BNEHWM BAOMb MPABOro KOPEHHO-
ro Oepera (benas ropa) — okomno
45%. Ha nepeane CX CToK BOAbI

2=

2 73
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Puc. 1. O6wasn cxema (KOCMOCHMMOK) Pa3BETBJIEHHOIO pyciia HUXHe JleHbl Huxe ycTbsl Buniosi: 1 — rpaHuLbl 3BEHBEB
pa3BeTB/IEHUIA; 2 — MONIOXXEHUE CTPEXHEBOI 30HbI NOTOKA B JIEBOM U MPaBOM OCHOBHbIX PyKaBax U BO BTOPUYHbIX
pa3BeTB/IEHUSIX OCHOBHbIX PYKaBOB; 3 — TO Xe B cyOnapasnnenbHbIX pyKaBax; 4 — TO XXe B AuaroHasibHbIX pyKaBax
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paccpefoToYMBaETCs B MpakTuye-
CK PaBHOW CTEMEHW MexXay pyka-
BaMM CyOOXOAHbIM M 3a 0.Yasunin
(45,2, 42,2 n 55% COOTBETCTBEH-
HO); MEXOCTPOBHbIE 1 330CTPOBHbIE
(npmbpexHble) npoTokk 3abupatoT
or 0,6 0o 13%.

Ha cpenHen JleHe oleHka paccpe-
[IOTOYeHMs1 CTOKa W COCTOSIHMS Tpac-
cbl CX Oblfa BbiNonHeHa B HaMckoMm
(1595-1535 kM) 1 BygeHHOBCKOM
(B ero BepxHen 4acti — [enocCioH-
HAX) napanfienbHo-pykaBHOM pas-
BetBneHnn (1595-1580 km). Mep-
Boe (HMXHee Mo TeYEeHUIO) U3 HKUX
npencTaBnseTr cobon y4acToK pekw,
B KOTOpOM elle 50 neT Hasag pycio
ObINO OTHOCKTENBbHO MPAMOSAHEN -
HbIM, MPOXOASALMM Cpeau NeBo- u
npaBobepexHbIX OCTPOBOB U Xapak-
TEPU30BABLUMMCS N3BUAUCTOCTbIO CX,
ornbaBLIEro MaccKBHblE MPUPYCIO-
Bble oTMmenu (noboyHKM, ocepearu),
pacnonaraBlinecs B LWAXMaTHOM
nopsiaKe. 3apacTaHve oTMenen 1 npe-
BpaLleHMe 1X B OCTPOBa MPUBENO K
ero TpaHcopMaumm B napannenbHo-
pyKaBHble Pa3BETBIIEHNS C MpaKTLYe-
CKWM PaBHOLIEHHbIM pacrpeaeneHnemM
pacxod0B BOAb! B CyOXOAHOM JIEBOM
1 NpaBoM pykaBax (Mpw COXpaHeHnn
HebGOombLLIOW YacTW CTOKa B Npubpex-
HbIX MPOTOKaXx).

Btopoe (BepxHee) bymeHHoBCKOE
(dentocioHHsX) pasBeTerieHMe elle
B Hadane XX| Beka npencraBnsno
cobon ofiHO U3 3BEHbEB 4Yepepyio-
WNXCA OOHOCTOPOHHMX pa3BeTsJie-
HWUI, Toe CcyooxofHbi (OCHOBHOW
no BOAHOCTW) pykaB oruban rpyn-
ny nesobepexHbix OCTPOBOB, Cpeam
KOTOPbIX BblOensanacs no BOAHOCTA
ByneHHOBCKas NpoToka, Npoxoasilas
B Hayafle BOOMb JIEBOTO MOMMEHHO-
ro Oepera. B HacTosilee Bpemsi OHa
cTana CyAoXOAHbIM pykaBoM, 3abu-

. —
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Puc. 2. MoHacTtbipckoe pa3sseTBneHue (1240-1195 km no CX) n pacnono-
)XXEeHue CTBEOPOB U3MepeHus pacxoaos Boabl B utone 2021 r. (tabnuua 1)

palownm 55,2% pacxoga BoAbl U
0bpa3ytoLlMM C NpaBbIiM Napannenb-
HO-pyKaBHOE pa3BeTBIEHNME.

NccnepoBaHma paccpefoTodeHus
CToKa MO pykaBaM pPa3BeTBEHWN
ObIIN BbINONHEHbI B HaBuraumm 2021
n 2023 rogoB. Mx pe3synsraTbl Obinu
COMOCTaBfeHbl C AaHHbIMW HEOoOHO-
KPaTHO MPOBEOEHHbIX W3MEpPEeHUN
B TeyeHne 1970-2000-x romos [1,
2, 3, 4]. 270 NO3BOAIUIIO YCTaHOBUTH
3aKOHOMEPHOCT  PYCIIOBbIX Mepe-
GOpMUPOBaHUI, paccpenoToHeHs
cToKka, 060CHOBaTb OCHOBHbIE MPWH-
LUMMbl U KOHKPETHble pekoMeHAaumnm
ona obecneyeHus HagexXHOCTU W
YCTOVYMBOCTM BOLHOIO MYTW B U3BECT-
HbIX Mpefenax.

Ha ydactke HWXHel JleHbl HUxe
yCTba p.Bunion Hanbonee BOAHbLIM Ha
NPOTAXEHWW BCEro Nepmoa BOAHO-
TPaHCMNOPTHOIO 0OCBOEHMS pekn (c
KoHuUa XIX Beka) sBNAeTCs npaBbln
OCHOBHOW pykaB. Boabl nesoro npu-
Toka p.Bunion cocpepnotadmBatoTcs
B IeBOM pykaBe JleHbl, Kyaa nocty-
natoT B MOSIHOM 06beme BbIHOCUMbIE
M HaHOCbl, 0OyCNOBNMBas ero Men-
KOBOOHOCTb W, HECMOTPSA Ha Copas-
MEPHOCTb CO CTOKOM BOAbl MPaBOro

pykaBa, (opMMpOBaHME BTOPUYHbBIX
pa3BeTBNEHUI 1 DONbLLIOrO Konmye-
ctBa otMenen [2]. bonbllen BogHoO-
CTM N MeHbllen pa3BeTBeHHOCTU
npaBoro pykaea CnocoOCTByeT Hanm-
4yne BeAyllero KopeHHoro Oepera.
BogHoCTb 060MX OCHOBHbIX PYyKaBOB
no 1x AfIVHe CyLWeCTBEHHO MeHAEeTCA
13-3a OTBMIEYEHMS HacTK CToKa (Mnu
HaobopOT BNageHus) B HUX pyKaBoOB
MeXAy OCTPOBaMM B LLEHTPanbHOM
4acTu pycna, Yemy crnocobcTByioT
TakXe MpubpexHble pa3BeTBlEHUS,
oTBNeKalLliMe 4acTb CTOKa B MNPOTO-
KU, U pa3fenieHne OCHOBHbIX pyKa-
BOB Ha Pa3BeTBEHMA 2-T0 NOPSAAKA,
4YTO BNMAET Ha (QOPMMPOBaHME B
HVX NepeKaToB U perynapHoe n3ime-
HeHWe nonoxeHus dapsaTtepa, TeM
CaMbIM OC/TOXKHAS YCIIOBUA CYA0X0M -
cTBa.

Bcs cuctema passetBnenHut MoHa-
cTbipckux—Yepnanbckux—Caxam
COCTaBnseT efuHoe napasenbHo-
pyKaBHOe pa3BeTBieHME  HUXHEeN
JleHbl. Ee npaMbIM  NpoaonxXeHnem
ABMAIOTCA PA3BETBNEHNS HUXE MO
TeYeHuto BMIOTb A0 C. XuraHck. Ha
rpaHVLaX 3BEHbEeB pPa3BeTBMIEHVN B
o0bLLEen aKBaTOPUM MEXAY YXBOCTbEM

U3mepeHHbIe pacxoabl BoAbl B HaBurauum 1974, 2021 n 2023 ropos Tabnuua 1
B MoHacTbipckom pa3BeTBneHum (1240-1195 km)
24.06-1.08.1974r. 05.07.2021 r., 17.07.2023
N2 cTBOpa cpeska324cm | cpeska310cm
(no puc. 2) Pykag, npoTtoka p =
- , peaka, 8/c (9 3/c (9
e om Q, m3/c (%) Q, m3/c (%)
1 EnnHoe HepasseTBneHHoev PYCJI0 HUXE YCTbsA 23 589 297 29478 30130
p.Bunion
5 JleBasi npoToka y E).MOHaCTtllpCKI/II/I 2601 044 5468 _
Ha 3axofie B JIEBbI OCHOBHOW pyKaB
3 JleBblii OCHOBHOI pykaB 10412 188 10703 9310
4 CyGnapansienisHblit pyKas 675 261 3812 5023
(mexay octpoBamu OriMskoH 1 COpAOHHOX)
Mexay octpoBamu baxcbl 1 CopaoHHOX 556 188 1751 -
MpaB.bIii ocHoBHOM CX pykas (y 0.xypa) 14272 188 17195 15597
MpaBbiii ocHoBHOM CX pykaB (y 0.0MMSKOH) 188
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Puc. 3. Yepnanbckoe passerBneHue (1195-1135 km)
1 pacnosioXXeHne CTBOPOB U3MEpPEHUS PacXoA0B BOAbI
(tabnuua 2)

BEPXHEro 3BeHa W MPUBEPXOM HUX-
Hero 4eTko npocnexuBaloTcs (Kak
Ha KOCMUYECKMX CHUMKaX, Tak v npwu
aHanmM3e CKoOpOCTen TedeHWs MoToka)
[1Be IVHAMUYeCKmne OCU: fieBast, BbIXO-
JAulas 13 NeBoro pykaea, Hampaens-

follanca 3ateM B
NEeBbIA Xe pyKaB
HUXenexatle-
ro, ¥ npa.as,
HanpasnfoLLa-
fCH B MNpPaBbIn
pykaB. Bwu3yanb-
HO 3TO nop4ep-
KMBaEeTCA LiBETOM
BOOHOW MNOBEpX-
HOCTW 13-3a pas3-
HULbI B MYTHO-
CTV BOAbl J1€BOW
BMNIOMCKOMN
BETBM MOTOKa MW
NpPaBOW NEHCKOW.

MepBoe,
BepxHee un3 3Be-
HbEB, MoHa-
CTbIpCKOe  pas-
BeTBNeHUE
nveetr  npoTa-
XEHHOCTb 36 KM
(40,1 kM no CX)
npn  Haubonb-
wen  WNpUHe
pycna (c octposammu) 12,6 kM. B
HeM HacyuTbiBaeTcs 29 oCTpoOBOB
Pa3NNYHbBIX Pa3MepoB, M3 KOTOPbIX
15 pacnonoxeHo B UeHTpanbHOWU
4acTu pycna Mexay feBbIM 1 NpaBbIM
OCHOBHbIMK pykaBamu. OcTanbHble

OoCTpoBa 00pa3ytoT BTOpPUYHbIE pa3-
BETB/IEHNSA OCHOBHbIX PyKaBOB M Ha
3axofe B Hux. Mexpay MoHacTbip-
CKUM U HmXenexawmm Yepnanb-
CKVMM pa3BeTBleHVEM, rde pycio
cyxaetcs Ao 5,1 KM, HaxoguTtca
efvHasa akBaTopusa okorno 4 km Oe3
OCTPOBOB. YepnanbCckunm y3en npu
ONnHe 55 KM nmeeT HambonbLlyo
LWMPUHY 0O 28 KM.

B ueHTpanbHOW 4actu, Mexnay
J1eBbIM 1 MPaBbIM OCHOBHbIMW pyKa-
BaMU, HacyuTbiBaeTtca Oonee 40
OCTPOBOB, OHW 0bpa3yioT cBbiwe 15
pa3BeTBNEHMI 3TUX PyKaBOB (13 HUX
6 B nepudepuiiHon Yactn pycna). B
pa3seTBfieHMn Caxam Hambonbuias
CyMMapHas WnprHa pekn — 16,6 KM,
npu ero anuvHe — 43,3 kM, no CX —
46 KM. KonmyecTBo OCTPOBOB Mexay
NeBo- U NpaBobepexXHbIMKU pyKaBa-
MW — 36, B TOM 4uMce obpasyloLmx
pa3BeTBNeHNs 2-ro nopsaaka B pyka-
Bax — 5, npnbpexHbix — 8. Mexay
pa3BeTBAeHUAMU YHepnanbCkuMm W
CaxaM WWpWHa pycna cokpallaercs
00 11 KM, HO B OT/IYME OT Cy>XeHuA
nepen YepnanbCkMM pa3BETBMEHM-
eM, 3[eCb COXPaHSIoTCA Npruopex-
Hble pa3BEeTB/IEHNS KaK C NIeBOW, Tak
N C NpaBoOW CTOPOHbLI pycna, obpa-
30BaHHbIe HECKOMbKVIMW OCTPOBaMMU.

U3mepeHHble pacxoabl BOObl B pa3BETB/IEHUU Tabnmua 2
Yepnanbckom-PbicbeM (1195-1135 km)
o o o
c:;o- 5.08-6.09.1974r. | 19-20.07.1993r- | 55 06.2020 | 04.07.2021 | 15.07.2023
Pykag, npoToka Cpeska Cpeska r., cpeska r., cpeska r., cpeska
pa (no 3 ’ 3 ’
ey Q,mc | Q,mc | 379 cm 333 cm 330 cm
MpaBbiii y 0.601.Co60nmHbIN 13742 8100
1 (CymOXORHBI) (51.6) 294 (36.1) 180 16401 (39,7) | 13402 (42) | 14180 (41,7)
2 Mexay 0.Pbicuii 1 0. Bon.CobonvHbI - - - - 7038 (17,1) 5841 (18,3) 5317 (15,6)
o . 6837 2450
3 [uaroHanbHbiii y 0.6051.Co60nnHbIN (25.7) 294 (11,0) 190 3095 (7,5) 1996 (6,3) -
4 JlaBpoBasi npoToka 3503 294 2485 190 5345 4062 -
JleBbiii 8009 294 9000 180 12255 (21,7) | 9934 (31,2) 8906 (26,2)
6 LleHTpanbHbIi Mexay OCTPOBamMu 2408 294 _ _ 4292 2936 _
Yac-CraHaax n Yepnanbckumm
7 LleHTpanbHbI Mexay 0CTpoBamMu ) _ _ - 1617 (3,9) 1106 (3,5) -
Yapnanap v YepnanbCcknmm
8 JleBas Ha 3axofe B AMaroHasbHbIN 1444 243 _ _ 3648 (8,8) 2621 (8,2) )
pykas (5,4)
[MpaBblii Mexay ocTpoBamun 7473 5800
9 MwuTtbka-Bensira n Yepnanbckumu (28,1) 231 (26,0) 190 8479(20,5) 6996 (22) )
Mexny octpoBamu 6203 7701
1Y Mutbka-Bengra n TucaHras (23,3) el (23,4) 1Y ST (151 Bl ()
11 MpaBobepexHasn 3a 0.TUCIHIA3 - - - - - - 1970 (5,7)
12 LleHTpanbHbIV pykas (3axon) - - - - - - 2495 (7,3)
13 JNeBbiit (3axon,) - - - - - 13226 (40,7) | 11401(33,5)
14 EnviHoe pycno 22622 231 22400 190 41035 31894 34040
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B MoHacTbipckoM  pasBeTBiieHNN
(1240-1195 KM), HaYMHAIOLLMMCH
HenocpenCTBEHHO HMXe yCTbs p.Bunion
(pnc. 2), nonoxeHve 1 BOAHOCTb J1E€BO-
ro 1 NpaBoro (CyAOXOAHOro) PyKaBoB
B PETPOCNeKTMBHOM raHe MeHsAnach
He3HaunTenbHo (Tabnuua 1). Ocrpo-
Ba Pa3gensioT peky Ha [ABa OCHOBHbIX
pyKaBa, rMopaBnmyeckas CBA3b MeXay
HMW OCYLLLECTBASIETCS MO MaNoBOAHbBIM
MEXOCTPOBHbIM MPOTOKaM, BOLHOCTb
Havboree KpynHow 13 HKX (AuaroHanb-
HoM Mexay octpoBaMin COPAOHHOX U
OnMsaKoH) coctasumna B 2021 1. 12,9%
npwv cpeske 324 cm 1 16,7% B 2023 .
npw cpeske 310 M, yBENUHMBLLNCE MO
cpaBHeHWMo ¢ 1974 1. noytn B 5 pas.

310 00yCnoBNeHO POCTOM OTMe-
nen B yXBOCTbe MNpaBobepexHbIX
OCTpOBOB JTIOHIOAP, HaZABUraKOLLMXCA
Ha OCHOBHOW Yy3eN Pa3BETBMEHWUA U
BbI3bIBAlOLLMIA MCKPUBEHWe dapBa-
Tepa, cenyac obpasyioliero m3rnb
nepen, orofloBKOM 0.OMMAKOH NOYTU
Ha 90°. OnHako CTOK B HeM paccpeno-
TOYMBAeTCa MO NPOTOKaM y 0.baxchl,
BCNeACTBME Hero 3TOT AMaroHanbHbIv
pykaB MnocepefvHe pekn He MOXeT
NONy4YUTb Pa3BUTKA.

BOOHOCTb  OCHOBHbIX  PYKaBOB
(neBoro M MpaBoro CyJoXOLHOro) B
y3ne pa3BeTB/IeHMA Nepes OrofIoBKOM
LeHTpanbHbIX OCTPOBOB  COCTaBIA-
er okolo 40 n 60% cooTtBeTcTBEH-
HO. B neBsbin pykaB M3 AMaroHanb-
HOM MPOTOKMK MOCTynaeT Bcero 6%,
OCTanbHas 4acTb BOAbl MO MPOTOKaM
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Puc. 4. PazeeTBneHune Caxam (1135-1095 km) u pacnonoxeHne CTBOPOB
n3MepeHus pacxonoe Boabl (Tabnuua 3)

Mexay octpoBamm OnMsAKOH, Bbaxcel
n >Kkypa 4acTM4HO BO3BpALLAETCA B
npaBbll pykas. B npubpexHblie npo-
TOKM 3a ocTpoBamMu JIIOKKAp nepeq,
pasgeneHnemM pycila Ha OCHOBHble
pykaBa noctynaet He bonee 8-10%,
a B OTAeNbHble rogpbl 2-3 % OCHOB-
HOMO PacxoAa, Aaxe Npu OTHOCUTENb-
HO BbICOKMX YPOBHSIX BOAbl. B cBOWO
o4epefb NeBbl PyKaB MOYTU MO BCEN
LNVHe pas3fenseTcs, HauMHas OT 3axo-
na B Hero (0.MoHacTbIpckun), Lenoy-
KOV OCTPOBOB W ocepefakoB. NpaBbin
CYyAOXOOHbIN pyKaB B 3TOM OTHOLLe-
HUW NpeAcTaBfieH Hepa3BeTBfeHHbIM
PYC/IOM, OTAQIOWMM UL HE3HaYM-
TeMbHYIO YaCTb CTOKA B MEXOCTPOBHblE
(nocepeanHe pekun) NPOTOKU.

OcobeHHOCTbIO  pa3BeTBNEHNS
ABNAETCA W3MEHEHME COOTHOLle-
HMS BOLHOCTU B OCHOBHbIX pyKaBax
B 3aBWCKMMOCTM OT a3bl BOAHOMO
pexuma. Mo JaHHbIM U3MepeHun B
2006 r. Ha NrKe NoNoOBOAbA OTHOCU-
TenbHas BOAHOCTb J1EBOrO pyKkaBa B
ero HM30BbsAX gocturana /0%, toroa
Kak MpaBbIl cocpefoTadMBall OKOJMO
30%. o Mepe CHWXeHUS YPOBHeWN
BOLHOCTb PYKaBOB BbIPaBHMBAETCA C
HebonblUKMM NpeobnafaHnemM nonm
npaBoro pykaesa — 55-57%. Ove-
BMAHO, 3T0 OOYCNOBNEHO aKTUBHbLIM
PYHKLUMOHNPOBAHVEM B MOSIOBOAbLE
MEXOCTPOBHbIX MPOTOK MNOoCepeaviHe
peku 1 AMaroHanbHOro pykaBa Mexay
octpoBamn CopAoHHOX 1 OMMSKOH,

NU3mepeHHble pacxoabl BoAabl B pa3BeTBrieHun Caxam (1135-1095 km) Tabnuua 3
0 - -
c:;o 26.06-11.07.1971r. 28-29.07.1994r. 24.06.2020 | 03.07.2021 | 14.07.2023
PykagB, npoToka Cpeska, | I-; cpeska r., cpeska r., cpeska

pa (no Q, m3/c | Cpeska,cm | Q, m3/c & 379 cm 353 cm 331 cm
puc. 6)

1 MpaBobepexxHasn 3a 6e3bIMAHHbLIM 440 (0,7) 512 _ _ 1200 (2,9) 863 (2,5) _

OCTPOBOM
MpaBbili CyAOXOOHbIN Y 19010 19215
2 o ——— (28,1) 498 (62.7) 290 17997 (43,2) | 15757 (45,1)
Mexay 6e3bIMAHHBIM OCTPOBOM 8060
g n o. bon. NlancaHaan (11,9) = eelflne) ety
4 CyBnapannienereiii Mexay ocTpoBamm | 504 471 1100 290 1480 1014 -
Bon. n Man.J1ancaHem
5 J1eads1 udrOnasIEHas MEXAY 17250 544 10700 290 9035 7130 6675
ocTtpoBamu Caxam n J1ancaHaan
6 MpaBas npoTtoka Boonb 0.Caxam - - - - 3758 4155 3633
7 Cybniapannenshbivi Mexay 3170 547 4300 290 3390 2735 1806
0CTpOBamMu XaHrkysi 1 J1ancaHaam
8 JleBbli OCHOBHOM 26410 565 6070 290 7721 7373 7962
9 MpaBbit mexay OCTpE)B&MVI 2081 1775 1292
Caxam 1 Manblii
- - 21560 547 9920 270
10 CynoxoaHblii mexay o0.Manblin 13502 12291 12404
1 npaBbIM 6eperom

33




Puc. 5. PaseBeTBneHue Meagexbe-BuHorpagHoe
(1095-1065 kM) u pacnono)xxeHne CTBOPOB U3MEPEHUSA
pacxopoB BOAbI

MO KOTOPbIM OCYLLIECTBASETCS NepeTok
13 NPaBOro pykasa B NeBbin. A N1eBO-
DepexHble 1 LEeHTpanbHble pyKasa
30eCbh BbIMNOSHAIOT HAHOCOOTCAChIBAIO-
LLYIO POJb, aKKyMYSIMPYs B TOM YiChe
1 HAHOCbI, MOCTynatoLLMe 13 p.Bunion.

STOMY CMOCOOCTBYIOT:

1) pacrnonoxeHue npaBoro pykasa
BOOSMb BeyLLEro NpaBoro KOPeHHOro
Oepera, BCNeACTBME Yero B MOMOBO-
[Ibe BO3HMKAET MOMepeyHbl YKJIOH
B CTOPOHY LeHTpasbHbIX PyKaBoB,
NeBOro pykaBa U 3aTOMEeHHOM NeBo-
BepexxHOM NovMbl;

2) Hanpasnsollee BO3OENCTBME
NpUbpeXHbIX OCTpoBOB  JTOKKSP,
OTK/IOHSIOLMX TeYeHne K Y3y pas-
BeTBNeHUs (octpoBamm ApObIH ©
CopaoHooX);

3) nonoeogbe Ha p.Bunioi, BeCh CTok
KOTOPOIO HarpaBfieH B IEBbIN pyKaB.

B paHHOM cuTyaumm Hambonee

Kumm  (kpome
3axofa B HMX)
OKa3blBaloTCA
NEeBbI OCHOBHOM
N ANATOHaNbHbIN
pykasa. [paBbin
CYLOXOAHBIN
pykaB cnegyet
BOOMb KOPEHHO-
ro bepera, nmeet

B Hero, roe gop-
Mupytotcd MoHa-
CTblpCKMe nepe-
KaTbl B HUXXHEM
Kpblne  13nyyn-
Hbl, ormbatoLlen
npaBobepex-
Hble OCTpOBamMMU
JHIOKKSAp, 1M NPONCXOOUT OTTOK BOAbI
B NIEBbIA M AMAaroHanbHbIA pyKaBsa).
Tak onpenensoTcs OnaronpuUsTHble
ycnoBma OAa NpenMyLLecTBEHHOro
pa3BUTUSA NPaBOro pykaBa, KoTopble
OCTalOTCS HEM3MEHHbBIMKW B TeYeHue,
no KpaviHer Mepe, € KoHua 1950-x
rofoB.

[lns cokpalLeHns oTToKa BOZb! B AMa-
FOHaNbHbIM PYKaB MeXIy OCTpOBaMu
CoppoHoox 1 baxcbl 1 ynydwerus CX
Ha MoHacTbIpcKMX nepekatax Heobxo-
oma pa3paboTka cnpsmnsiolLlert Npo-
pe3u Yepes NpaBobepeHbIN Nobo4eHb,
CUNBHO UCKPUBASIOWMIA hapBaTep U
HaNPaBNSIOLLLMM MNOTOK B AVArOHaNbHbI
pyKaB, MCMOMb3Ys Y>Ke pa3BMBaloLLyoCs
NOOOYHEBYIO MPOTOKY.

Yepnanbckoe pa3BETBIEHWE HaXo-
ONTCA HVxe MoHacTblpckoro, nocne
TOro Kak CTPeXHW MoToka conmkatoT-
CA B eOMHOWN aKBaTopWMK M BHOBb pac-

(puc. 3, Tabnmua 2). LieHTpanbHas 4actb
pycna 3anofiHeHa KpymHbIMM 1 MHOTO-
YUCTIEHHBIMW MarbIMV OCTPOBaMM, Pas-
JeNleHHbIMW  MaloBOAHBIMU MONMEH-
HbIMU TIpOTOKaMK 1 Bonee KpyrHbIMA
NPOLONBHLIMK, CybnapannensHbIMA 1
[aroHanbHbIMW pyKaBaMu; MOCeAHN
pa3fenseT BeCb OCTPOBHOM MaccuB Ha
BepxHioto (ocTposa Yapnanap, Yac-Cra-
Haax) 1 HxHioto (octpoa bor. Cobo-

Ha 3HauuTenb- NuUHbIKM, bynyH-CraHaax, Xapa-Apbl 1
HOW YacTn CBOeW  [1p.) 4acTv. B npubpexHomn Yactv pycna,
LAWHBI  MNeco- 33 MbICOM MPaBoro KOpeHHoro Oepera U
BbIl  XapaKTep  KOHYCOM BblHOCA p.JIsMNyLLKa, MMetoTCs
(kpome 3axopa  KpyrHble ocTpoBa TornonuHbIn (Tupax) 1

TMCIHMO> Ha 3axofe B MpaBbl PyKas;
NeBbIA pyKaB, Kak 1 B MOHaCTbIPCKOM
Pa3BEeTBNEHMN, — OTHOCUTENBHO MeNKO-
BOAHbIA U pa3densiercs Ha pa3BeTsle-
HIsi BTOPOIO NopsiaKa.

OcobeHHOCTbIO Yepnanbckoro pas-
BETB/IEHVA ABMSETCA €ro 3HauuTesbHas
wvpnHa (0o 28 kM), npeobrnamaHve
BOLHOCTM MPaBOro OCHOBHOIO pykasa
(42,2%) v ero pacnonoxeHne BAOMb
BbICOKOIO KOpeHHoro bepera. Mpofons-
Hble pykaBa nocepefnHe peku (Mexay
ocTpoBamMK Yepnanbcknmu, Yapnanap
1 Yac-CTaHaax) — CPaBHUTENbHO Maslo-
BoOHb! (4,5 1 9,2% COOTBETCTBEHHO).
JleBbIl pykaB Ha 3axode 3abupaer
33,5% pacxoma Bofpl, HO M3-3a 6onb-
LLIOrO OTTOKA B MEXOCTPOBHbIE MPOTOKM
€r0 BOAHOCTb B HUXKHEW YacT NafaeT 40
6%. JnaroHanbHbIM pyKaB, OTXOOSALLIMINA
BeBO Yy oronoBka 0.5on.CobonmHbIn
3abvipaet 14,5% croka, Ho 12% yxoput
B NMPOAOMbHbIN pykas (Mex[y ocTpoBa-
M Bon. CobonmHbIv 1 Xapa-Apbl).

OcTpoBaMu  BTOpPOro  nopspka
(Mutbka-Bensdra n Pbicin) npasbin
OCHOBHOW pyKaB Ha nepesare noToka,
ornbaloLLero NpubpexHbie 0CcTpoBa K
npaBoOMy KOpeHHOMY Oepery, pa3sge-
NAETCS Ha TPW NPOTOKM, MeX[y KOTO-

BOAHbIMW, HO OTHOCWUTENIbHO MeN-  XOAATCa MO OBYM OCHOBHbIM pykaBaM  pPbIMW B MHOrOMEeTHeM mjlaHe npo-
N3mepeHHble pacxoabl BOAbI HA NEPeKaTHOM y4yacTke Tabnvua 4
MepgBexuii-BuHorpagHbiii (1095-1065 km)
Ne 14.07.2023r., 29.07.1994r. 22.07.1971r.
CTBO- cpeska 331 cm
PykaB, npoToka
pa (no Q, Donss Q, DOonae | Cpeska, Q, Dbonae | Cpeska,
puc. 7) m3/c | cteope, % | m3/c | cTROpe, % cm m3/c | ctBope, % cm
1 Mexay MB n 0.Onekma 2100 6,4 1130 7 140 370 2,2 90
Mexay octpoBamun Onekma v BuHorpagHbiii 670 2,0 390 25 290 70 0,3 90
PykaB cneBa oT 0.BuHorpagHbi 8362 15,6 — — — 5390 32,3 90
4 PykaB mexay oronoBkom o0.0nekma 5148 253 5180 31 140 . _ .
1 6€3bIMSIHHBIM OCTPOBOM
5 CnpaBa oT 0.Mengexuii 9862 — — — — — 29.8 —
6 Mexnay octpoBamun Meagexuin n Yac-Yabblvax 13134 39,7 6850 41 145 9910 471 185
7 PykaB mexay 0.Yac-Yabbluax 1 nesbiM 6eperom — — 2150 12 146 2485 11,9 185
9 MpoToka Mmexay neBbiM 6eperom 1 0.CUTTUK (BbIXOA) 3366 11,0 — — — — — —
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NCXoaMT nepuoamyeckoe nepepac-
npeneneHve croka (kak cneacteue,
n3meHsietcs Tpacca CX).
MNeprogn4HOCTb B U3MEHeHUN
BOLHOCTW PYyKaBOB BO3fe 3TWX OCTPO-
BOB COBMafaeT no BpemeHn ¢ 60nb-
WM WA MEHbLUMM  OTBfIEYEHMEM
4acTK CTOKa B AMArOHaNbHbIA pykas
nepen o. bon.CobonunHbIN 1 13 Hero B
cybnapannensHyto J1aBpoBYyIO MPOTOKY.
B Te ropgbl, korga BO3pacTaer
BOAHOCTb NPOTOKM CMpaBa OT 0.Pbicui
(BOonb NpaBoro kopeHHoro bepera),
3aX0f, B AMAroHaNbHbIN pykaB Mene-
€T, [ONIF CTOKa B HEM COKpalLaeTcs B
2-2,5 pa3a. Takme konebaHus BOLHO-
CTV PYKaBOB U NMePNOAMHECKOe 1NX Pa3-
BUTME CBA3aHbl CO CMELLeHMEM KOC U
OTMeNel B YXBOCTbE MpaBobepexHbIX
OCTPOBOB TWC3HIOS M Tnpax, nepe-
KPbIBaIOLLMX 3aX0[, B MPaBbIvl PyKaB Yy
0.Pbicui1, npeBpalLias ero B AIMHHYIO
3aTOHMHY BAOSb MPABOro KOPEHHOro
Oepera, C NocneayLLMM NX OTTOPXKe-
Huem, bnarogaps 4emy MoTOK BHOBb
nepemelLaeTca B MpaBylo MPOTOKY Yy
0.Pbicun. OgHOBPEMEHHO C 3TUM Ha
3axofbl B AMaroHasnbHbIM pykaB 1 Ha
npoTky cnesa oT o.MwTbka-bendra
Ha[BWraeTcs MaCCMBHbIA MOOOYEHB,
CMELLAIOLLMICS BAOSb BEPXHEN YacTH
LeHTpanbHOW rpynnbl  OCTPOBOB,
nepekpbIBas 1 CNocobcTBys X obme-
neHuio. Nopo0bHble nepecdopMmpoBa-
HWS BO BTOpPOM nonoBuHe XX Beka
Habnopannch kaxasle 10-12 net, HO
¢ 1990-x ropoB NPOOOMKUTENHOCTb
uMKna B cpegHem coctasngana 7-9

NU3mepeHHble pacxoabl Boabl B HaBuraumm 2020 n 2023 ropos

net. B pa3sutumn
AVaroHanbHoOro
pykaBa 3Ta nepu-
OAV4HOCTb OTpa-
Xaetca B koneba-
HWAX  BOLHOCTU
npaBoro OCHOB-
HOro pykaBa B
npegenax oT
36,1% (1993r)
0051,6% (1974
r),82021-2023
rogpax — 42%.
Takoe  paccpe-
OOTOYeHne CToka
BOIbl B HUXHeM
4aCcTM  MpaBoro
OCHOBHOIO pyKa-
Ba Ha ero nopg-
XO4e K MpaBo-
MYy  KOpPeHHOMY
Oepery npuBo-
ot K dopmu-
POBaHUIO 34ecChb
nepekaToB, ABNA-

IOLWLNXCA  OOHM-
MW W3  CaMblX
3aTpyaHuUTEeNb-

HbIX AJ151 BOAHOTO
TpaHcnopTa, Tpe-
Oylowmx npose-
LeHus perynsp-
HbIX OHOYrnybuTensHbIx paboT ans
obecrneyeHns HOpPMasbHbLIX YCIIOBMI
CYAOXOACTBA.

B MHoroneTHem rnnaHe v B pasHble
a3bl BOAHOTO pexrMma BOAHOCTb
MMEHHO CcybrnapasenbHbix PyKkaBoB

Puc. 6. Pa3seTBneHue pycna Ha Benoropckom nepe-
KaTHOM y4yacTKe, pacrnoJjioXXeHue CTBOPOB U3MepPEHUs
pacxonoB Boabl U nonoxeHne CX: 1-5 — B pa3Hble rogbl
c 1958-ro no 2020-1; 6 — B HaBuraumio 2023 r.

Konebnetcs ouveHb HE3HAYUTENBHO.
BenunymHa oTToKa BOAbI B AMaroHarb-
HoM pykase (ctBop Ne 3) 13 npaso-
ro pykaea nepej; OrofoBkoM 0.5on.
CobBONMHBIN N3MEHSIETCS BECbMa 3Ha-
YMTENBHO: MaKcMMarnbHas [onsa pac-

Tabnuua 5

Ha nepekaTHoM y4acTtke Benoropckuii (1370-1340 km)

18.07.2023r., 04-08.07.2020r.,
N2 cTeOpa cpeska 290 cm cpeska 283 cm
(no puc. 6) Pyxas, nporoka Q, Donsie Q, Donsie
m3/c cTeope, % m3/c cTeope, %
1 MpaBobepexHas (HepHoe pebpo), 1350 km 128 0,6 178 0,7
CX, 1350 km, B TOM yncne 10860 45,2
2 crnpasa OT ocepenka 6100 25,5 (56,2) 10733 40,6
cneBa OT ocepefaka 4760 20 (43,8)
3 PykaB cnpasa ot 0.Yaaunin, 1350 km 3122 13 4843 18,3
JeBblin pykaB y 0.Yasuuii, 1350 kM, B TOM 4ncne 9866 41,2
4 0.Yasunii — 0. Hambicka 1512 6,3 (15) 10691 40,4
0. Hambicka — neBbii 6eper 8354 34,9 (85)
5 CX, 1354 km 10665 44,6 -
6 3axop B 1IeByl0 MPOTOKY crpasa oT 0.Yasuunii, 1351 km 3365 14 -
7 CynoxoaHblin pykas, 1356 km 4798 20,1 -
8 MpaB.ebiii, 1360 kM 4233 17,6 5405 20,5
CX, 1360 k™, B TOM uncne 18029 75,4
9 cnpasa OT ocepeaka 1639 6,9 (31,5) 17170 65
crieBa OT ocepeaka 16390 68,5 (68,5)
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Puc. 7. Hamckoe passeTBneHue (1595-1535 km) u pacnonoxeHue
CTBOPOB namepeHus pacxonos Boabl 20 niona 2023 r.: 1 — nonoxeHue
CX B HaBurauuio 2023 r., 2 — pa3BuBaiowieecs nosioxxeHne CX no paHHbIM
nccnenosaHuii 2023 r.

xoda B Hem Obina 3aduKCMpoBaHa
B 1971 . — 31%. 310 — cnencrsme
OMVCaHHbIX Bbille nepedopMnpoBa-
HUIA pycna NpaBOro pykasa.

3HaYuT, NPU OTHOCUTENIBHO Manom
N3MEHYMBOCTM BO BCe (pasbl BOAHO-
ro pexvMa pacnpefeneHus Croka
p.JleHa B HYepnaiibCKOM pa3BeTBIeHNM
MeX [y 1eBbIM 1 MPaBbIM OCHOBHbIMU
pykasamu (60-70% 1 40-30% coort-
BETCTBEHHO), MOCTOSHCTBO BOAHOCTU
cybnapannensbHbix  (LeHTpanbHbIX)
CPaBHUTENBbHO ManNOBOAHbIX PYKaBOB,
CyLLLeCTBEHHbIe KonebaHWs BOAHOCTY,
CBf3aHHble C MeCTHbIMK nepedop-
MUPOBaHUAMU pycnia HabniopatoTcs
TOMbKO B [AMAaroHanbHOM pykaBe, B
OTXOAfALLEeM OT Hero LeHTPasbHOM
pyKaBe HWXHeW 4acT 3BeHa — JlaB-
POBOW MPOTOKE M OCODEHHO B CyLO-
XOLHOM PyKaBe B Pa3BETBEHUAX 2-T0
nopsiaka, 0bpa3oBaHHbIX OCTPOBaMM
MuwuTbka-benara u Pbicuin, co3pasas
Cepbe3Hble 3aTPYAHEHVA Ha BOLHOM

nyTu.

UamepeHHble pacxoabl Boabl B HaBuraumm 2021 n 2023 ropoe

PasgeTBrieHne Caxam No CBOeMy
MOPONOrMYeCcKOMy CTPOEHMIO HBS-
€TCA  aHaNormyHbiM  Yepnanbckomy,
npofomkas napannenbHo-pyKaBHble
pa3BETBNEHMS W COCTaBNAs UX Credy-
folLlee 3BeHO. locnie He3HaYUTeNbHOo
Cy>KEHWSA 3[0eCb Pyc/10 BHOBb pPa3fens-
€TCs Ha [1Ba OCHOBHbIX U Ha cybnapar-
nenbHble UM pykasa. Cpeay HWX Bblae-
NAOTCA AMATOHANbHBIA PyKaB MexXay
octpoBaMu bon.J1ancaHen n Caxam, a
TakxXe MHOroYUC/IEHHbIE MEeXOCTPOB-
Hble ManioBOAHble MPOTOKK NMoCcepenm-
He pekn. Cneea ot o.Caxam rpynnbl
OCTPOBOB MOCEPEAMHE PEKM BHOBb pa3-
LleneHbl cybrnapannenbHbIMK pykaBa-
mu. CymmapHas (C oCTpoBamm) WWpU-
Ha pycna paBHa 13-17 KM, KONM4eCTBO
OCTPOBOB M PykaBOB B OHOM CTBOpE
npe.biaet 10.

CoOoTHOLLEeHMEe PacxodoB BOAbI
[IBYX OCHOBHbIX pykaBoB (cM. Tabnu-
by 3) — C HebonbLIMM NpeobnagaHn-
€M CTOKa B MPaBOM OCHOBHOM CyAo-
XofAHOM pykaBe (55-60%). A neBbin

pykaB B cyMMe C cyOnapannenbHbIMum
pyKaBaMu U MeXOCTPOBHbIMK MPOTO-
Kamu 3abupaeT 0o 40-45%.

OCHOBHbIM U Haubosee BaXHbIM
dakTopom, onpedensouM Mop-
doanHaMuKKy pycna, Kak 1 Bbille Mo
TeyeHWio, ABNAETCA pa3feneHre pey-
HOro NOTOKA Ha [1Ba OCHOBHbIX PYKaBa,
B KaXJ0M K13 KOTOPbIX POpMUIPYIOTCS
OCTpOBa W OCEPENKM, B CBOIO 04epelb
pasfensiowpe 1Mx Ha MPOTOKM 2-ro
nopagka. Ho B omnndme ot MoHa-
CTbIPCKOTO M Yepnanbckoro pasBeT-
BMEHWN, 30eCb BOOHOCTb OCHOBHbIX
PYKaBOB pa3fMyaeTcs NoyT B 3 pasa,
4yeMy CrnocobCTByeT HampaBnsiollee
BO3AENCTBME BOTHYTOCTW NEBOrO
Oepera B Yepnanbckom 3BeHe 1 obpa-
30BaHVe nocepefyrHe pycna Lemnoykm
OCTPOBOB, MEPEKPbIBAOLMX 3ax0[, B
NeBbIN pyKas B pa3BeTBneHnn Caxam.
B pesynerate Mo BCe TpeM 3BEHBAM
NPOVCXOOUT MocsiefoBaTe/lbHOe yBe-
NYeHme BOAHOCTM MPaBbIX CyA0XOM-
HbIX W CHWXXEHVE NeBbIX pykaBoB. B
NpaBoOM CYy[OXOAHOM pykaBe nepe-
pacnpefeneHne pacxof4oB BOAbl MO
pykaBaM pa3BeTBMIEHWU 2-r0 nopsg-
Ka, CMeleHre W HaaBWXeHVe Ha
3axofbl B pykaBa noboyHemn, Ha hoHe
C@30HHbIX U MHOTOMETHUX KoslebaHuin
CTOKa peku, kak U B Yepnanbckom
pa3BeTBMNEHUM, MPUBOOAT K Mepuo-
ONYeCKOMY M3MEHEHMIO MOMOoXeHNs
LVHAMUYECKON OCK NnoToka (B pesyrib-
TaTe Tpaccbl CX) U Takow e nepumo-
OVYHOCTV B aKTUBM3aLMK AMAroHab-
Horo pykaga y o.CaxaMm.

MpaBbin pykae (B HWXHEM 4acTu
3BeHa) y o.CaxaM pasfensiercs Ha Be
BeTBM 0.Manbin. B 1989-1995 rogax
CneBa OT Hero cocpefoTaynBanach
060rbluas YacTb pacxofa BOAbl, HO
kK 2020 r. 3Ta npotoka obmenena, ee
BOAHOCTb coctaBmna 4-5%. Mpu 3tom

Tabnuua 6

B Hamckom passetBnenum (1565-1535 km)

20.07.2023r., 02-03.06.2020 .,
N2 cTBOpa cpeska 310 cm cpeska 467 cm
Pykas, npoToka
(no puc. 7) Q, Aons B Q, Oona B
m3/c cTBope, % m3/c cTeope, %
1 Hamckas 2362 15,7 3642 19
2 CynoxopHas y o.Hamcknia 7827 50,3 -
) MonepeyHas HMXKe BbIxoaa N3 Hamckom npoToku 3667 23,6 -
4 MexocTpoBHast 2665 17,1 2567 13
5 MexocTpoBHas 1130 7,3 -
6 MpaBobepexHas 3a 0. TaHrapa-Hensix 200 1,3 405 2
7 MpaBbiii pykas, 1548,5 km 6475 41,6 6495 34
8 CynoxopaHsbiii pykas, 1550 km 4128 26,5 -
9 JeBob6epexHas, 1550 km 4344 28 4724 25
10 MexocTpoBHas 214 1,4 298 2
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npoToka cnpasa oT 0.Manbiv, Kyaa B
Hayane 2010-x romoB Obin nepese-
neH CX, 3abupaet okono 32%.

B HacToslee Bpems nepedopmm-
POBaHVA pycsla M paccpefoTo4eHmne
CTOKa MO pyKaBaM B pa3BeTBIEHMAX
Yepnansckom 1 Caxam obecrneymnsa-
0T ONM3KMeE K OMTUMalbHbIM COCTO-
AHWe apsaTepa. 3Ha4YUT, nepeq
Cnyx6or Nyt  agMWHUCTPaLUN
baccerHa CTOUT 3afada: Ha OCHO-
BE CMCTEMATMYECKOr0 MOHWTOPWHra
BbIMOMHATL MyTeBble MepPOnpUATUS
MO ero COXPaHeHWo, OCyLLecTBAAS
onepaTMBHOE OTTOpPXeHMEe noboY-
Hew, HaABWUrAIOWMXCA Ha Y37bl pas3-
BETBIEHWNS 1 Bbi3blBalOLLMeE Hexena-
TenbHble 1 HebnaronpusTHble nepe-
pacnpefeneHns pacxofoB BOAbI.

B pa3serBneHun MepgBexbe-
BuHorpagHoe (puc. 5) — npsamom
NpoAomkKeHNn  MoHaCTbIpCKOro—
Yepnanbckoro—CaxaM napannienb-
HO-pYyKaBHOIO pycna — OCHOBHOM
TeHOeHUMen ero pexyvma fABnsercs
CHWXeHWe BOIHOCTM MpaBobepex-
HOW CUCTEMbI PYKaBOB 3a CHET OTTOKA
BOZAbl B NIEBbIV PyKaB MO MonepeyHbIM
NPOTOKaM 1 pykaBaM. B ntore oH cTa-
HOBWTCA CAMbIM MHOTOBOZHbIM: CyM-
MapHO B leBODEpeXHOM YacTu pycna
(cnesa ot o.Memsexuin) cocpeno-
TaymBaeTca okono 60% pacxopda
BoAbl B peke. OOHaKO MenKOBOA-
HOCTb [laHHOW 4acTn pycna obycnoB-
nmBaet pacnonoxeHme CX B NpaBoMm
pyKaBe, HeCMOTpS Ha ero orxog ot
KopeHHoro ©Oepera, MOBbILIEHHYIO
BTOPWYHYIO PA3BETBMIEHHOCTb, (Op-
MUpOBaHMe 3aTPyLAHUTENbHbIX AN8
CyL0OXOACTBA NepeKkaTos, perynapHoe
nepemelleHVe CToka Mo MNpPOoTOKam
Mexzy octpoBamMu (cm. Tabnuuy 4),
B TOM 4MC/le B Te4YeHVe HaBuraumm
NpY Ce30HHbIX KonebaHMsx CToka,
N, KaK CneacrBre, HeycToMYMBOCTU
nonoxenuvs gapsatepa.

obuero pac-
xoga Bogbl. B
IeBOM  pykaBe
3a 0.MegaBexun
KOHLEeHTpUpo-
BaloCb B cCpefn-
Hem pgo 40%

pacxoga; npwu
cpeske 226 <M
BOLHOCTb paB-

Hanacb 32,7%,
npu cpeske 186

c™M—42,2%.
Mo wu3mepe-
HuaMm 1994 .

BOAHOCTb Mepu-
dhepuyecknx
(NprbpexHbIX)
pykaBOB  Mpak-
TM4eckn He
M3MeHUNach,
HO  3Ha4uTenb-

HO YMeHbLUIN- 7] =

HCIOHHEX

i,
o~

nacb gonsa CToka
B OCHOBHOM
pykaBe cCnpaBa
oT 0.MepgBexun
(Mexagy HuM 1
o.BuHorpag-
HbI): OO TPETU pacxofda BOAbl Mpo-
XOAWNO cfeBa OT 0.BuHorpagHbin
MeXy ero OrofioBKOM 1 6e3bIMAHHbIM
OCTPOBOM  (HbIHELIHWIA CYO0XOAHbIN
pykaB). OpHako m3mepeHus B 1994
. BbINOSHAMMCL MPY OTHOCUTENIBHO
HU3KMX YPOBHSX BOAbl: Cpe3ka Obifa
MeHee 140 cM, CcyMMapHbIM pacxo Ha
yyactke — okono 16900 M3 /c.

B HacToflllee Bpems B pykaBse
cneBa oT 0.MefBexun MNpPOXOAUT
okono 40% pacxopa, 41O comnocra-
BMMO CO 3HavyeHuamu 1994 r., Ho
MeHblie 4yem B 1971 r. BogHocTb
CYAOXOOHOrO pyKaBa Yy OronoBka
0.BuHorpagHein pocturaet 25,3%,
HO HMXE MO Te4eHWIo B pavioHe ero
YXBOCTbSl OHa CHuxaetcs o 15,6%

Puc. 8. BepxHsas 4actb ByneHHoBCKOro ([ientoCloHHSAX)
pa3BeTBAIEHUS U PacroJioXXeHUue CTBOPOB U3MEpPEHUs
pacxogoB (Tabnuua 7). NonoxeHusa cygoeoro xoga: 1 —
c 2015 r. (neBbii pykaB); 2 — oo 2023 r. (NpaBbiii pykas)

benoropckme pasBetBneHua Ha
nepesane CX 13 neBOro pykaea now-
MeHHO-pPyCI10Boro benoropckoro pas-
BETBNEHWUA B MpPaBbli PyKaB BOOIMb
KOpeHHoro ©Oepera OAHOCTOPOHHEro
pa3BeTBMEHMSA OTAMYAIOTCA  MOCTO-
SIHHbIM  ero  GnyxaaHuem  Mexay
HebOoJbLUMMU 3fIeMeHTapHbIMUK OCTPO-
Bamn (Yasumin, Hambicka v gp.) u
MHOIOYUCIEHHBIMW  OCcepeakamn [3,
5]. B akeatopun gnuvHown okono 10
KM BOOMb pekun (Mexay yXBOCTbSIMU
OCTPOBOB BEPXHENO MONMEHHO-PYCIO-
BOrO O OrofloBKa OCTPOBOB HVDKHEro
O[IHOCTOPOHHEro) MOTOK PaccpenoTo-
YMBAETCA MO MPOTOKaM, WM BOAHOCTb
CX Ha BCeM MpoTAXeHUW Mnepesana
m3meHsaetcs ot 15-20 no 40%.

B 1971 r. BOOHOCTb MpPaBOro WM3-3a OTBMIEYEHUS HacTu CTOKa B Ha puc. 6 (coBpeMeHHbI KOCMO-
CyAOXO[HOro pykaBa Obina fo 30%  neBobepeskHYyo CUCTeMY. CHMMOK) MOKa3aHbl OCHOBHble pPa3-
U3amepeHHbIe pacxoabl BoAbl B HaBuraum 2020 n 2023 ropos Tabnuua 7
B BypeHHoBckom ([entocioHHax) pa3BeTBineHun (1595-1580 km)
20.07.2023r., 03.06.2020r.,
N2 cTBOpa cpeska 310 cm cpeska 467 cm
PykaB, npoTtoka
(no puc. 7) Q, Donsas Q, HAonsa e
m3/c cTBope, % m3/c cTeope, %
1 JleBoGepexHbIA, 1585 km 1539 10 2965 15
2 JNeBobepexHbin CX — ByaeHHoBCckas npoToka, 1589 km 8407 55,2 9600 50
Crapsbin CX, 1590 kM, B TOM Yncne 5013 32,9
3 crnesa oT ocepezka (dbapsatep) 3980 26,1 (79,1) 5489 38
cnpasa OT ocepeaka 1033 6,8 (20,6)
4 MpaBob6epexHsblin — npoToka CoTTuHckas, 1590 km 1808 11,9 2549 13
CX pykaB, 1585 km 6868 451 6451 34
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NMYHble MonoxeHUs apeaTtepa, KOTo-
pble VMenu MecTo C KoHua 1950-x
rogoB 0o 2023 1., a TakxKe NnosioXkeHne
CTBOPOB V3MepeHust pacxoLoB BOAbI
B HaBuraumio-2023 [lonoxenne CX
B 2023 1. B OCHOBHOM COOTBETCTBYET
NNHAN HaMDOSbLLIEro PacroNoXeHKs
BOLHOCTW MOTOKa.

MocToaHHOE KM3MeHeHue dap-
BaTepa CBA3AHO C Pa3BUTMEM KOC W
OTMefeln B yXBOCTbSIX OCTPOBOB BEPX-
Hero pa3BeTBNeHUs, UX CMELLEHNEM,
BbI3bIBAIOLLMM €ro VCKPUBMEHWE
YCNOXHEeHVE  pacCpefoTO4EHHOCTM
CTOKa, OTTOPXEHMEM W YaCTUYHbIM
cnpsmneHviem. ONTMManbHbIM SBAS-
eTca nonoxerme CX BOOMb YXBOCTbER
BEPXHMX OCTPOBOB, COOTBETCTBYOLLIEE
Hanbonee KOPOTKOMY W HanMeHee
M3BUAMCTOMY MepeBany OT JeBOro
MOWMMEHHOIO K MPaBOMY KOPEHHOMY
Oepery; npyv 3TOM OHO COOTBETCTBY-
eT 1 Gonbluet BOQHOCTN CYAOXOAHbIX
npoToK. MonHbI UMK nepedopmu-
poBaHW AnuTcs okono 25-30 ner,
oxBaTtbiBas 0o 12-14 net cMmeLLeHnsa B
H>XKHee NofoXeHye nepekata, 4o 5-6
f1eT — BepxHee nonoxexue, n 0o 9-10
neT — CNpPSMIEHHOro NonoxeHns CX
[5]. B HacTosLee Bpems (2021-2023
rofbl) OHO MaKCUMMasbHO NpUbnXKa-
ercs K BepxHemy (OnTMMansbHoOMmy),
KOTOpOe crefyeT OXXmnaath B Onmxan-
Wen nepcrnektme Onaropaps yxe
HaMe4aloLLMMYCs OTTOPXKEHMIO KOC B
Havarne nepe.ana 1 nNpaBoOepexxHon
OoTMenu B ero KoHue (tabnuua 5).

Hamckoe pa3BeTBfeHMe Ha
cpenHen Jlene (1595-1535 kM) 3a
BTOpYylo nonosuHy XX B. 1 2000-
e rofbl NpeTepneno CyLecTBeHHYIO
TpaHchopMaLmio, NpeBpaTMBLINCE
13 NPAMONMHENHOro pycna C wax-
MaTHbIM PacrnofnoXeHneM KPYMHbIX
noboyHen M neso- U npasobe-
pPeXHbIMY ManoBOAHLIMW pa3BeT-
BNEHMAMWU B MapannenbHO-pyKaB-
HOe pa3BeTBMleHVEe C COXPaHMBLUN-
MUCH NPUOpPeXHbIMKM  MPOTOKaAMM
(pnc. 7). U3 Hmx npaBobepexHoe,
oTAensiolee OCHOBHOe pycno oT
NpaBoro KoOpeHHoro (TeppacoBoro)
bepera, — ManosoaHo (MeHee 2%),
nesobepexHoe Hamckoe 3abupaet
15,2% cToka.

Camble 3HayMTeNbHble W3MeHe-
HMA B yXe CHOPMMPOBaBLLEMCSH
napannenbHo-pykaBHOM pa3BeTBIe-
HUM npowsownmn B 2020-e rogbl B
BEpPXHeW 4acT N1IeBOr0 CyAOXOAHOMO

pykaBa (Ha 3axofe B Hero). 3mecb
npw cocpefotoydeHm 605bLUen YacTn
pacxofa BOAbI B LIeNIOM B IeBOM pyKa-
Be (54,5%), Ha 3axode B Hero, OH
pacnpenenseTcs NpakTM4yecki NopoB-
HYy MO NpoTokam Bo3ne 0e3bIMAHHOrO
OCTpoBa. B nocnegHue rodbl akTMBHO
pa3BuBanacb nesobepexHas MnpoTo-
Ka, B 2023 r. foNa CTOKa B Hel Obina
28 %, 41O BbllWe Ha 3% nokasaTtens
2020 r. Nnpu 3Ha4MTeNbHO 6OMbLIEM
pacxofe BOoAbl B peke; B NpaBow Npo-
TOKe Ha 3axofe B NeBbll CyAoXon4-
HbIl pykaB — 26,5% (tabnuua 6),
XOTS B MEPWOL, M3MEPeHU B uione
2023 1. B Helt pa3pabaTbiBanach AHO-
yrnyoutensHas npopesb. O4eBUAHO,
yto nepesof CX B pa3BMBalOLLYyOCA
NPOTOKY MPWBEAET K BbIBOAY Haxo-
Jsllerocst 34ecb nepekarta M3 4ucna
JVIMUTUPYIOWMX, @ TakxXe CHU3NT
OTBJleYeHMe CToka B Hamckylo neso-
OepexxHyto MPOTOKY, 3aX0A, B KOTOPYIO
OKaXeTcs 3a nnevyom nesoro Oepera.
ST0 B CBOW o4epefb A0KHO bnaro-
NPUATHO OTPa3UTbCs Ha COCTOAHUM
nepekaTtoB B HWXHeW 4acTu NeBoro
CyLLOXOOHOrO pyKaBa.

ByneHHoBckoe ([entocioHHsX) pas-
BeTB/IEH/E KaK MapanfenbHo-pyKaBs-
Hoe cdopmumposanocs B 2000-e
roobl B pe3yneraTe pasBUTUS IEBOTO
CNPAMAAOLLErO pykaBa B OOHOM U3
3BEHbEB YepeayloLmXCcs OfHOCTOPOH-
HWUX pa3BeTBNeHU — byOeHHOBCKON
npoToku. PaHee 3Ta 1 Apyrue nesobe-
peXHble NPOTOKM 3abupanu He bonee
20-23% pacxofa BoAbl, 1 OCHOBHOW
CTOK MPOXOAWI MO NPaBOMY CyAOXOf-
HOMY pyKaBy, orubatouiemy rpynmny
neBobGepexHbIX OCTPOBOB. 3axod B
Hero Co BpeMeHeM CTaHOBWICA BCe
Oonee KpyTbiM 13-3a pa3BUTUS OTMe-
Nlen 1 KOC B YXBOCTbE BbILLENeXaLLMX
npaBobepexHbIX OCTPOBOB. BofHOCTL
BHOBb C(hOPMMPOBABLLErOCa CYAOXOA-
Horo neeoro pykasa (BymeHHOBCKOW
NpOTOKWM) [ocCTWraeT Tenepb Oonee
nonoBuHbl cToka pekn (55,2%), u3
KOTOPOrO HVXe MO Te4eHWIo B NeBO-
OepexxHyto npoToky yxoamt 10%, 1 B
CyLOXOOHOM pykaBe ocTtaetcs 45,1%.
Mo cpaBHeHuto ¢ 2000 r, crok B
ByneHHOBCKOW MNPOTOKeE BbIPOC Ha 5%,
Torga Kak B NeBODEpexXHoM MpoToke
Ha 1585 KM OH HaobOPOT CHU3WII-
csl. OTHOCUTENbHBIV Pacxof, OblBLIErO
NpaBOro CyoOXOAHOro pykaBa yman ¢
38 po noytn 33%. lModtn Ha 11%
BbIpOCNa [LONA CTOKa B CYAOXOLHOM

pyKkaBe HuXe OTBETBNeHWs neBobe-
pexHom npoToku (puc. 8, Tabnuua 7).
Taknm obpa3om, pasHoobpasme pas-
BETB/IEHWIN Ha CPeAHen U HXHel JleHe
00yC/IOBNMBAET  PasnuyHble  YCIIOBUS
paccpefoTo4eHNs CTOKa — OT Pa3BUTUSA
HOBbIX PykaBOB MpW TpaHchopmMaLmn
MopdoanHaMMyeckx TUMOB  pycna
N KOPEHHOrO M3MeHEeHWS MOMOXEHUS
Tpaccbl CX, MPOMOXEHHOW MO BHOBb
CTaBLUMM OCHOBHbIMI pykaBam (ByaeH-
HOBCKOe M Hamckoe pa3BeTBneHWUs Ha
CpepHen JleHe), OO CUCTEMATUHECKMX
konebaHMi BOAHOCTN OCHOBHbIX pPyKa-
BOB 1 M3MeHeHWs apBaTepa B MNpo-
Lecce Oedopmaumii pycna CyLOXOA-
HbIX PYKaBOB U BpPeMEHHbIX V3MeHe-
HWN BOAHOCTV MEX-OCTPOBHbIX MPOTOK
nocepeayHe pycna (B NprbpexHbIx pas-
BETBIEHVIAX 11 B MApasenbHO-PyKaBHbIX
Pa3BETBMIEHMAX HUXKHEN J1eHb).
OCHOBbIBasACb Ha  BbIABIEHHbIX
3aKOHOMEPHOCTAX paccpefoToHeHNs
CTOKa W CBA3aHHbIX C HUMW nepe-
POPMMPOBaHNI pycen B LeNoOM Uimn
CyLOXOOHbIX PYKaBOB B YacCTHOCTW,
aBTOpPaMW HacTosiLLen CTaTbu Obinu
MOArOTOBNEHbI  PeKOMeHAAUMN Mo
NpoBefeHuIo NyTeBbIX MePONPUATUN,
NPW3BaHHbIX 0beCneynTb ynyylleHne
MeCTHbIX YCTOBUIA CY[OXOACTBA.
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Pa3zHOOOpa3vie pa3BeTBEHUN Ha CPpeaHer 1 HUXHen JleHe
00YCIOBNMBAET Pa3NYHbIE YCIIOBUS PaCcCpedoTOHeHNs CTOKa.

38

pedyHol TpaHcnopT (XXI Bek) e Ne 2 2024



40 FrYMP® nm. agm.
C.0. Makapoea

B.1N. Omutpumes, B.B. Kapet-
HukoB, [.P. Munsakos.
Oco6eHHOCTU HOpMa-
TUBHOIO peryJimpoBaHuun
0e3onacHOCTU NyiaBaHns
aBTOHOMHbIX cynos BBT

4 1 BryesT

M.B. OcokuH, M. B Xykos, B.W.

TuxoHoB. AHANN3 pa3BUTUS
COBPEMEHHbIX KpUTepues
OCTOMYMBOCTU CyAHA

B HENOBpPEeXAEHHOM
COCTOSIHUN

46 CryBT

C.M. AnpgptoueHko, A.C.
Omutpues, [.C. Tenbuos, O.b.
JNebepes, C.H. MiBaHuuK.
0630p NpobGsemMmaTuKun
9HepreTunuyeckomn apodek-
TUBHOCTU MOPCKUNX CyA0B
M cnoco0oB COoKpaLueHus
nmMu BbIOPOCOB
MapHNKOBbIX ra30B

48 CryBT

0.10. bopoauHa, C.I1. MyLwkos.

Tpu6omexaHnyeckas
cucTemMa gUHaMU4Yeckoro
racutenst KpyTUibHbIX
KoJsie0aHui BA3SKOro
TPEeHuUs CyAoBOro au3enda

SCIENC

-
-

- & W

5 2 CryBT
B.0O. Jlebepes, O.b. Jlebenes,
E.B. Xepgesa.

06 ucnonb3oBaHUU
ouoTon/uBa B KayecTBe
ropioyero B AU3eJ/ibHOM
ABuUrarese pe4yHoro

cyaHa

5 4 CryeT

B.B. LWamoBa, B.B. bengera,
C.B. Ctynko, B.B. Canukos,
A.B. BOTBMHKOB.
NMpumeHeHue
TMC-texHonorum

B HaTypasbHbIX
nccnepoBaHusX y3J10B
cnusaHua pek (Ha
npumepe Cnbupckoro
pernoHa)

HAYHYHDBIE
PABOTDI
E,WORKS

56 FrYMP® nm. agm.
C.0. MakapoBa

.A. Mopo3sosa.

Mopgenb KOHTEeMHEPHOW
JINHUN Ha OCHOBE Teopun
rpacdoB B KOHTEKCTE
cTpaTern4eckoro
naaHNpoBaHUS

60 AHHOTALIUA
61 ANNOTATIONS

6 3 BHMMAHMUIO
ABTOPOB!




VYPEXXAEHME: F'YMIP® um. agm. C.0. MaxkapoBa

TENA: OcoGeHHOCTM HOPMaTUBHOIO PerynMpoBanMm GesonacHoCcTm
njaBaHuf ABTOHOMHbIX CYOB BHYTPEHHEro BOAHOro Tpancnopra (BBT)

ABTOPDI: B.1. ANMIMTPMEB, K.T.H., AoueHT, npodeccop katheapsbi «CHaBBIM»;
B.B. KAPETHMKOB, pa.1.H., npodeccop, 3aB. katheapon «CuaBBIM»; [1.P. VMIN-
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YK 656.62

nnaBaHWS CyA0B NO BHYTPEHHUM

BogHbiM nytam (BBI) noapa3sy-
MeBaeT peau3aumio C Lienblo 0XpaHbl
YenoBeYecKom XWU3HN WU WUMYLIECTBa,
a TaKKe 3aWmTbl OKPYXaloweln cpeabl
onpepeneHHoi COBOKYMHOCTU TEXHM-
YeCKNX, OpraHU3aLMOHHbIX, 3KCnAy-
aTauMOHHbIX U MPaBOBbIX CPEACTB M
METOA0B, COOTBETCTBYIOLMX [JOCTHUr-
HYTbIM Hay4YHO-TEXHUYECKOMY YPOBHIO
OCHaweHHocTU Gnota U npuHUMNam
ero ucnonb3oaxus [1].

Mpu 3TOM 3HaYEHMe OpPraHN3aLMOoH-
HbIX MeponpuaTuii GyaeT Bo3pacTaTb ¢
MOBbILIEHUEM POJIN YeNoBeKa B [aH-
HOM npouecce. Takum oOGpasom, cne-
LUManUCTbli, 3aHMMAIOLLMECH CO3[aHU-
€M U NoCneaylowuM NPUMEHEHUEM
COBPEMEHHOM TEXHUKU, B TOM 4ucne
B 0011acT aBTOHOMHOIO CyAOBOXAE-
HUS, OONMKHbI 006nagatb 0COOLIMU
KOMMNETeHUM MU, MO3BONFIOLUMHU
MM NPUHMMATb ONepaTUBHbIE U apek-
BaTHble peLleHus ans obecneyeHus
6esonacHocTu (OB) niopeit, pnorta un
OKpYXaloLLeii cpepbl.

N3BecTHO [2], 4TO OCHOBHbIM (aK-
TOPOM, BAMSIIOLLMM Ha Ge30MmacHOCTb
CYAOXOACTBA, SBNAETCA «4esioBeve-
ckuii». MpenMyLLeCTBEHHO OH SIBNSIET-
Csl MNaBHOW NMPUYMHON TPAHCMOPTHBIX
npouciluiecteuii Ha BBl — BcnepctBue
MOJIHOTO WM YaCTUYHOrO HapylieHus
KaK aKunaxem, Tak 1 6eperoBbiM nep-
coHanom ¢opManu30BaHHLIX B HOP-
MaTHMBHbIX aKTax TpeGoBaHuiA.

C 30 masa no 9 moHa 2023 r. B
wrab6-keapTupe  MexayHapogHoii
Mopckoi opranusauumn (UMO) npowu-
na 107-a ceccus Komurera no Ges-
onacHoctu Ha mope. Cpeau npoumx
TeM 3KCnepTbl PaCCMOTPEIN BONPOC O
pa3paboTke LEeneopMeHTMPOBAHHOIO
MHCTPYMEHTa A1 MOPCKUX aBTOHOM-
HbIX HapgBogHbix cyaoB (MAHC). Ero
npegnaranocb cpenatb 00s3aTesib-
HbiM 32 CYET BHECEHMS MOMNpaBoOK B
koHBeHuuu COJIAC, MAPNOJI u ppy-
rme pokymentol UMO.

OpHako, NOCKONbKY AeicTBue HOp-
MaTUBHOW 0asbl, cHOPMUPOBAHHOW
3TOVW CTPYKTYpOW, HEe pacnpoCTpaHsi-
erca Ha BB Poccum [3], To BO3-

Besonacnocﬂ: (6e3aBapuitHOCTb)
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HUKaeT npobnema ¢ TePMUHONOrUeiA:
Ha3biBaTb 0e33KuMnaxHble MOpCKue
cyAa «aBTOHOMHbIMM», KaK PEKOMEH-
ayer UMO, nonyyaetcs He COBCEM
KOPPEKTHO.

Beab nop «aBTOHOMHOCTbIO» Tpa-
OVLMOHHO NoApasyMeBaeTcs BpeMms,
B TeYeHue KOTOPOro CYAHO CMOCOOHO
HaxoauTbCA B MOpe, BbIMOMHSAS 3anna-
HUpOBaHHbLI pelic, Ge3 nononHeHus
3anacoB NUTbEBOIA U TEXHNYECKOI BOb,
NPOBMAHTa U PaCXOAHbIX MaTepuanos,
HEe OTHOCSILMXCS K ABWXEHMIO, a Taioke
6e3 cmeHbl 3kunaxa. CnepoBatenbHo,
N0 MHEHMIO aBTOPOB HaCTOsILLEA CTa-
TbW, NPaBUNBHO MPUMEHSITb MOHSATME
«Mopckue 0e3aKMnaxHbie HafBOAHbIE
cyna» (MBHC). YnomsHyTbiii TepMUH
«aBTOHOMHble cyga» (AC) yxe ucnonb-
3yeTcs, U ero Heo6XoAMMO NPUHATL KaK
oduuManbHO 3aKpenseHHbli He TONbKO
B MEXAYHaPOAHOA, HO U B HAaUMOHaJb-
Hoi npakTuke. MocneaHee Hawno oTpa-
XEeHNe B 0TeYEeCTBEHHbIX defepabHbIX
3aKOHax — KOAEKcax TOproBoro mope-
nnaBauusa [4] U BHYTPEHHEro BOAHOIO
TpaHcnopra [5].

3Ha4YuT, HYXHO NpUAEPXKUBATLCS
HOPMAaTMBHO 3aKpenneHHON TePMUHO-
norvu.

CornacHo MMonoxeHuio no knac-
cudUKaLMM MOPCKMUX ABTOHOMHBLIX M
AUCTaHLMOHHO YNpaBnseMbiX Haj-
BogHbIXx cyaoB (MAHC) Poccuiickoro
MOPCKOr0 permcTpa CyAaoXOACTBa Nop
«aBTOHOMHbIM» (aBTOHOMHO ynpasns-
€MbIM) NMOHMMAEeTCH CYAHO, KOTOpoe
ynpaensercs 6e3 yyactus uesioBeka,
cnepys pelicoBomy 3apganuio [6].

Ona obOecneyeHus GesonacHo-
CTU NNaBaHUA AaBTOHOMHOro (Mnm
noJIyaBTOHOMHOT0) cygHa TpelyeT-
cs oGopynoBaHue mocTa KOHTpons/
ynpaeneHus, ¢ MOMOLLbI0O KOTOPOro
OymyT ocywwecTBNSTbCS ONepaTUBHBbII
MOHMTOPUHI W YNpaBNeHWe TakKUM
¢notom, — LleHTpa AUCTAHLUMUOHHO-
ro ynpaeneHus cyaHom (cyaamwm)
(LLAY). OH moxeT ObiTb MOCTPOEH MO
NPUHUMNY LEHTPaNM30BaHHOIO WAU
[ELEeHTPaIu30BaHHOrO YnpaBNeHus U
pa3melwieH Ha Gepery nu6o apyrom
CyAHe, B 3aBUCMMOCTM OT CTPYKTy-
pbl YyNpaBNneHns W pellaeMbiX 3afauy.
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MoHuTopuHr coctosiius AC moxet
npoeoauTbL NioGoe KONMUYECTBO LEH-
TPOB, HO YNpaBieHWe AONMKHO ObiTb
peann3oBaHO afpecHo.

Mepconan LAY, ynonHOMOYEHHbIN
obecneuyuBatb 6e3onacHylo akcnnyara-
uumio AC, moxeT ObiTb Knaccuuumpo-
BaH KaK BHELUHUIA 3KUMAX, COCTOALMM
M3 BHELUHEro KanwutaHa U cneuuanm-
CTOB MO ynpaBneHnio. OHU [OMKHbI
MMeTb onpeaenieHHble KBanudukaum-
OHHble CBMAETEeNnbLCTBa, NOATBEPXAA-
IOlWMe NPOXoXAEeHNe CneLnoAroToBKu,
B TOM 4YMCNe Ha nepepoBbiX TPeHa-
JXEPHbIX KOMIIEKCaxX, 1 npuodpeTeHue
Hapfiexawmx KomneTeHumii B olnac-
TAX [AMCTAHUMOHHOW 3KcnnyaTauum
CYAOBOW 3HEPreTU4ecKol YCTaHOBKM,
3NeKTpoobopyaoBaHUS, CPEACTB aBTO-
MaTUKNU U PagUO3JIEKTPOHHOTO 000pYy-
npoBaHus AC.

MpoBepka cooTBeTcTBMA TpeOOBa-
HUSIM K KBanuuKaLmm, onbiTy paéoTbl
M YPOBHIO NPOodEeCcCUOHanbHOW Nog-
roTOBKM BHELIHEro 3Kunaxa aBTo-
HOMHOro (NoNyaBTOHOMHOIO0) CyAHa U
nopsiAoK BbiAa4M KBaNMPUKALMOHHBIX
CBUAETENbLCTB [AOMKHbI  OCYLIECTB-
NaTbCA aAMUHUCTPaLMaMKU GacceliHOB
BBIM. ®opMbi cCBMAETENLCTB BHELUHETO
KanuTaHa M CneuuanncToB Nno ynpas-
nexmio AC ROMKHbI YCTaHaBNMBATLCS
denepanbHbiM  OPraHoM MCNONHM-
TeNbHOW BnactTu B cepe TpaHcnop-
Ta B NOJIOKEHUA O AUNSIOMUPOBAHUMN
4NeHOB BHeWHuX 3kunaxei AC BHy-
TPEHHero nnasanus [7].

BHeLuHuii KanuTaH NpyW ynpaBneHun
AC moxeT ObITb KaccudpuuMpoBaH Kak
NnLO, OTBETCTBEHHOE 3a ynpaBneHue
CYAHOM, M TOTAQ OH AOJKEH BbINOA-
HATb BCEe (YHKUMM M 0OA3aHHOCTH,
BO3JIOXEHHbIE 3aKOHOAATENIbCTBOM
P® u mexayHapoaHbIMU [OrOBOpaMM
Ha KanuTaHa cyaHa no OB nnaBaHus u
NpeaoTBPALLEHNIO 3arpsSHEHUS OKpY-
XaroLiei cpepbl.

YneH BHelwuHero akunaxa AC oymet
HaxoAUTbCA B NOJYMHEHUM Y BHELLHe-
ro KanMTaHa u HECTU OTBETCTBEHHOCTb
3a BbinonHeHue (GyHKuUMiA No ynpasne-
Huio AC c uenbio OB ero nnaeanusg [7].

JloumaHCKyl0 NpoBOAKY ABTOHOM-
HbIX (MOJIYyaBTOHOMHbIX) CYAOB pauu-



OHanbHO ocywecTBnaTb u3 LLAY. dtor
npouecc MoXeT ObiTb peann3oBaH
COBMECTHO JIOUMAHOM M BHELUHUM
kanutaHom AC nmbGo camocTtosiTenb-
HO BHELHWUM KanuTaHOM, Mpu ycno-
BUM NPOXOXAEHUS UM CTaXWUPOBKN B
noumaHckoii cnyxbe ansa Bcex 30H,
B KOTOpbIX NpepnosaraeTcsl aKchy-
aTaums aBTOHOMHOrO (MOJlyaBTOHOM-
Horo) cypHa. Kpome TOro, BHeLWHwWiA
kanutaH AC pomkxeH UMeTb [eiCcTBy-
loLMe CBUAETENLCTBO O NPOXOXAEHUN
CTaXMPOBKU M JIOLMAHCKOE YA0CTOBe-
peHue, BbijaHHOE aAMMHUCTpauMen
bacceitHa. [laHHoe ycnoBue sBNseT-
cs noaTBepxaeHuem Keanudukauum
nouMaHa M paeT NpaBO BHELUHEMY
KanuTaHy CaMOCTOSITeNIbHO BbiNoJ-
HSITb JIOLMAHCKYI0O NpoBoAKy ¢nota,
HO TOJIbKO OnpefeneHHbIX pasmepoB
W Ha3HaYeHUi, B KOHKPETHOM paiioHe.

ABTOMaATU3UpPOBAHHAs  CUCTEMa
ynpaeneius aswxennem AC xapakre-
pu3yeTcs UCTOYHMKaMK onacHocTy [8]:

— ypeamepHas TeHAeHUMS K conmmke-
HUIO aBTOHOMHOIO (MOJIyaBTOHOMHOIO
CyAHa) ¢ NioObIM APYrvUM CYAHOM U/WIK
HaBUIraLMOHHOI OMACHOCTbIO Ha PaccTo-
SIHUS, He rapaHTUpYIoLLMe CBOEBPEMEH-
HOro 6e3onacHoOro pacxXoXaeHus;

— HeOnaronpusiTHoe BAUSHME
BHELWHEA cpefbl, co3paiolee yrpo-
3y CHWKEHMS MOPEXOAHbIX KayecTB
CyAHa, notepu HeoOXOAMMOW TOYHO-
CTU M HAfEXHOCTU AUCTAHUUOHHOIO
ynpaBneHus, cMelLeHus rpysa, nubo
noepexaeHns AC unu ero aNnemMeHToB.

Kaxpblii yneH BHelIHero akunaxa
AC B coctaBe CnyxObl ABMXEHUS —
noacuctembl, Bxopswen B LAY, aon-
XEH BbINOJIHATL KOHKPETHbIE NpaBua
nNpoBeAeHUs TEXHONOrUYECKnX one-
paumii, rapaHTUpYIOLWMX coOnioaeHue
YCTaHOBNEHHbIX OrpaHM4eHuii no 6es-
OMacHOCTU nnaBaHud. dTU OrpaHu-
YeHUs ¥ npaBuia MOFYT pacnpocTpa-
HATbCA KaK Ha TPafVLMOHHbIA GnoT,
TaK u Ha AC, 1 ponxHbl ObiTb popma-
NN30BaHbl cneuManbHbIMU [OKYMEH-
Tamu, 3HaHWe KOTOpbIX 00si3aTenbHO

Ans no6oro cotTpyaHuka Cnyx0bl aBu-
XeHus.

[na cypnoB BHYTPEHHEro niaBaHWs
TaKuMK JOKYyMEHTaMU SBNKIOTCS, B TOM
yucne Kopekc BBT, TexHonorus pa6o-
Tbl U AOJDKHOCTHblE MHCTPYKLMM che-
uuanucta GeperoBoro LEHTpa ynpae-
JIeHUsi CaMOXOAHBIMU Ge33KMNaKHbIMK
cypamm, a Take npasuna gns BBI,
yTBEpXAEHHble deaepanbHbIM Opra-
HOM MCMOJIHUTENbHOI BlacTU B oOna-
CTU TpaHCnopTa: NnaBaHWUS CYAOB;
JBVWXEHUS U CTOSIHKM CyfioB B Gacceit-
Hax; Mponycka CyAOB Yepe3 Linio3bl;
AUCNETYEpCKOro perynupoBaHus OBU-
XEHUS CYi0B U YNpaBJIEHUS ABWKEHU-
€M CYAOB; paguo-CBA3W MOABUKHOM
cnyxObl M NOABWXHOIA CMYTHUKOBOM
CnyXObl.

HauGonee noaxopsiuMm npaeo-
BbIM MHCTPYMEHTOM AJiSl yCTaHOBne-
HUS KBaNMUKALMOHHBIX TPeGoBaHWi
K YKa3aHHbIM CheuuanucTaMm MOXeT
aenatbca lMonoxenne o AUMIOMMUPO-
BaHWUM YNEHOB BHELHMX akunaxewi AC.

WUCTOYHMK nesTenbHOCTM BHELUHe-
ro akunaxa AC — noTok Tpebyiowwmx
ynpaeneHns coObITUii, BO3HMKAIOLLMX
B Mpouecce U3MeHeHWs 00CTaHOBKU
B 30He oTBeTcTBeHHOocTM LY. Takue
COObITUSl CBSI3aHbl C NMEPEYUC/IEHHbI-
MW MCTOYHWKAMM OMACHOCTWU, KOrpa
NOSIBNSIOTCS HapyWeHUs B BbiNoJiHe-
HUM [EeCTBYIOLLEro MopsaKa ABUXe-
Hus ¢nora, onacHoro cOnuxeHus c
APYrMM CYAHOM, MomnajaHue B 30HY
HeONaronpusTHbLIX METEOSBJIEHUA W
1.4. MosiBneHne Ha maplpyre nepe-
Xopa coObiTuid, Tpebylowmx ynpaene-
HUS, BHELWHKUIA akunax LY pacno3Ha-
€T C MOMOLLbI0 UMEIOLLUXCS CPEeAcTB
nony4yeHns UHGopMaLmu 0 COCTOSHUM
CY[OXOAHOI 00CTaHOBKM.

PesynbTathl AeATENbHOCTU BHELU-
Hero akunaxa no OB nnaBanmua AC
oueHuBailoTcs no Ge30wnOOYHOCTH
N CBOEBPEMEHHOCTM MPUHUMAEMbIX
pelleHnid, BbINONHEHUS YCTAHOBJIEH-
HbIX OrpaHU4eHU’i U NpaBuil B KOH-
KPETHOW CUTyaLum.

B o0nactv aBTOHOMHBIX TEXHOJO-
rvii Ha BBT rnaBHbIMM cnepyeT cuuTath
npo0neMbl paspelleHus HeonpepeseH-
HOCTU BOCTPUATMS MHGOPMALUM NpU
pacxoxpaeHuu cyaoB, Npu NnaBaHUM B
CINOXHBIX YCJIOBUSIX, NEPECMOTP NpaBui
npeaynpeXxaeHns CTONIKHOBEHUS U 3aKo-
HopatenbHol 6asbl Ha cnyyaii aBapuu.

Mo mepe pacnpoctpaHeHust AC MOXHO
NPOrHO3UpOBaTL NOCTENEHHOE CHWKEHne
ponu «yenoseyeckoro ¢akropa» B ynpas-
neHuu pnoTom, KoTopoe GyaeT ocyLLEecTB-
NSITb YK€ MCKYCCTBEHHbIN WHTENIEKT U
COOTBETCTBYIOLIME aBTOMAaTU3MPOBaHHbie
CUCTEMbI. SHAYUT, MEXAYHAPOAHbIE MOp-
CKMe HOPMAaTUBHbIE aKTbl NOTPEOyIOT Kap-
AVHaNbLHOro NepecMoTpa.
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€rogHs OCTOMYMBOCTb CyAHa HAa MeXAYHapOAHOM
YPOBHE pernameHTUpyeTcs 0053aTenbHbIMU MUHU-
MaJibHbIMK TPeOOBAHUSAMU, NEPEeYUCNIEHHbIMU B 4.A
Kopekca [1] 2008 r. Hapsiny ¢ nonpaBkaMu, NPUHATLIMUA B

pasHbie nepuoabl Nocsie BBOAA B AECTBUE €ro NOJIOKEHWA.
Mpu 3atom B 4.B pokymeHTa copepxarcs JONOJIHUTENbHbIE
PEKOMEeHAALMM N0 KPUTEPUSM OCTONYMBOCTH CYA0B Pa3HbIX
TUMNOB, NEPEBO3SLLMUX HEKOTOPbIE BUAbI IPY30B.
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HAVKA

naBHbiMM sBRgioTCA o0si3aTenbHble TpebGoBaHMs
K MMHMMaJIbHOMY 3HAY€HWUI0 METaLEHTPUYECKON BbICO-
Tbl, 3amacy CTaTM4eCcKOW U AWHAMWYECKOA OCTONYMBOCTU
Ha CMOKOHOW Boje (B BUAE MWHUMAJIbHLIX 3HAYEHUIA
nney CTaTM4ecKMX U AWHAMUYECKUX BOCCTAHABJMBAIOLWMX
MOMEHTOB NMpPU ONpefesieHHbIX yriax KpeHa), yrny cratu-
4eCKOro OnMpoKUAbIBAHMS CygHA B 3aAaHHOM COCTOSIHUM
3arpysku, a TaKke npeAesibHbIM YrjlaM CTaTM4eckoro KpeHa
M amnauTyabl GOPTOBOI Kayku NPU COBMECTHOM BO3AEi-
CTBMM Ha CYAHO BETPa (B TOM YUCHE LUKBaNa) U BOJIHEHUS.

Mockonbky K MOMEHTY pa3palboTkm W yTBepXAaeHus
MexayHapogHoii mopckow opraHusaumein (MMO) ykasaH-
Horo Kogekca He Gbui BbINOMIHEH AOCTATOYHbI 00bEM Hayu-
HbIX MCCNIEA0BAaHUA NOBEAEHMS CyAHA HA B3BOJIHOBAHHOM
NoOBepXHOCTU MOpS, YNOMSIHYTbie Kputepuu OGasupyiotcs
NpeMMyLLEeCTBEHHO Ha CTAaTUCTUKE aBapUHOCTK.

B Gonee no3pHMX PYKOBOASLLMX AOKYMEHTaX OTMeYaeT-
CSl, YTO AOJIKHbIW YPOBEHb 6@30NaCHOCTU NIABaHUS C TOYKM
3peHUsl OCTOMYMBOCTU HE MOXET ObiTb OCHOBAH TOMBKO Ha
npaBubHOM NPOEKTUPOBAHWK U 3arpy3ke eAuHuLbl GoTa.
OuyeHb BaXHO Takke obGecneyeHne ONTUMabHOrO ynpaene-
HUSl CYyAHOM B CYPOBbIX NOrOHbIX YCJIOBUSX.

K HacTosiLiemMy BpemeHU Gb10 NpoBeAeHo (M NPOBOAUT-
Cl) MHO)XXECTBO MCCJIe[0BaHMNiA, MOCBSILLEHHbIX PA3JINYHbIM
acneKkTtam AUHAMUYECKOW OCTOMYMBOCTU CyHA HA BOJIHE-
HuK. WX pesynbTatbi NyONMKOBANMCh B HAY4YHbIX U3[JAHUSX
1 Bbixoguim B ¢popmarte peKoMeHAaLMiA CyRoBOAUTENSIM U
PYKOBOASLUMX JOKYMEHTOB. B kauecTBe HarnsaHOro npume-
pa cnepyet npueectu pabortbl [2, 3, 4, 5, 6].

Kpome TOro, ¢ pasButuem pacyeTHbiX METOAOB Mpo-
rHO3UpPOBaHUS y CYA0BOAUTEJNIEI NOSIBUNACh BO3MOXHOCTb
nony4yarb AOCTAaTOYHO TOYHbIE NMPOrHO3bl NOroAbl U BOJNHE-
HUS B BUAe nosieli BeTpa, a Takke nosei BbiCOT U nepu-

= - e — &

BapuaHT npeacTaBneHuns rnoaemn BoiCoOT 1 NEPMOaoB
BETPOBOIo BOJIHEHNA U 3bI6U B COBPEMEHHOM MPOrHose
Ha MHTepHeT-cante «Windy»
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O[l0B BETPOBLIX BOJIH M 3bi0M. Ha puc. nokasaH BapuaHT
TAKOro NPorHo3a C NONyAsipHOro MHTepHeT-calta [7] ana
BETPOBbIX BOJIH 1 3bi0M B BbIOPAHHOM MOPCKOM paiioHe Ha
KOHKPETHbIA MOMEHT.

Moxoxue NporHo3bi C Bbii€NIEHMEM LIBETOM NOJIEl BbICOT
M NepuofoB BETPOBOrO BONHEHUS W 3blOM pna Mopei,
OMbIBaIOLMX TeppuTopuio Poccumn, MOXHO Talkke HalTK Ha
UHTepHeT-calTe EauHol cucteMbl MHGOpMauum 0 MUpo-
BOM okeaHe [8].

Pe3ynbTaTbl yNOMSIHYTbIX M3bICKaHWA OblAN yYTeHbl B
npuHsaTom KomuteTom no 6Ge30macHOCTM MopennaBaHWs
(KBM) UMO 4-11 HosGps 2020 r. BpemeHHOM pyKOBOACTBE
no BTOPOMY NOKONEHUIO KpUTEPMEB OCTOMYMBOCTM CYAHA B
HenoBpeXaeHHoM coctosiiuu [9], Gasupylowemes rnae-
HbIM 00pa30M Ha HOBEMLLINX TEXHONOMMSX PacyeToB.

B pokymeHTe BnepBbie MCMOJIb30BAH MHOrOYPOBHEBbIN
NoAXOp, K OLIEHKe YA3BUMOCTM CYAHA Ha BOJIHE C TOYKM 3pe-
HUS NOTEePU OCTOIYMBOCTU Ge3 XoAa, Pa3BEPHYTOro Narom K
BOJIHE, NPV OBHOBPEMEHHOM BO3AEMCTBUM HA HEF0 Ka4yKu U
IKBaNa; TaKk Ha3biBaeMOii «YUCTOI» NOTEPU OCTOWYMBOCTH
(korpa oHa CHMXaeTcs BBUAY YMEHbLUEHUSI MOMEHTa UHep-
LM AEeMCTBYIOLLEA BaTEP/IMHMK HA BOJIHE); BO3HUKHOBEHUS!
napaMeTpu4eckoro pe3oHaHca Kauyku; HelonyCTUMbIX 3Ha-
YeHWiA YCKOPeHWiA Npu Kavke; a Takke NonagaHua cyaHa B
pexumbl cepduHra u GpoumHra.

ToyHOCTb MONy4aembiX pe3ynbTaToB OLEHKM BO3pacTa-
€T OT YPOBHSI K YPOBHIO C COMYTCTBYIOLMM YCJIOXKHEHUEM
METOZ,A BbIYMCIIEHMIA:

1 ypoBeHb. MpumeHsieTca OLEHKA YSI3BUMOCTU CyAHA C
3anacoM B HaubGonee HeOGNAronpusTHbIX YCNOBUSIX pery-
NSIPHOrO BOJIHEHWUSA, MPAKTMYECKU He BCTpevaiollerocs B
npupoge.

2 ypoBeHb. OLeHKa NPOM3BOANTCS B peanbHbIX YCJI0BU-
SIX, HO MO YNPOLIEHHbIM MAaTEMaTMYECKMM 3aBUCUMOCTSIM,
C Y4ETOM COYETaHUSA BEPOSITHOCTM BCTPEYM CyAHA C BONHOM
3af,aHHON 00eCNeYeHHOCTN C BepPOSITHOCTbIO BO3HUKHOBE-
HUS| YNOMSIHYTbIX SIBIEHUI Ha 3TOW BOJIHE.

3 ypoBeHb. MUcnonb3yercs ewe Oonee TOYHbINA, Tak
Ha3blBaeMblii «NPSAMOii» pacyeT Bo30yxaalowmx u aemnou-
PYIOLMX KQ4yKy CMJI U1 MOMEHTOB, AENCTBYIOLMX HA CYAHO
Ha BONIHEHWM, C MCNONb30BaHMEM YypaBHeHuii KpbinoBa-
®pypa.

MoBepeHne cygHa Ha BONHE Ha 3 ypoBHe MPOrHO3upy-
eTcsi NocpeACcTBOM MaTeMaTUyeckoro MOAENIMPOBaHUSA C
NOMOLLbI0 KOMMbIOTEPHBIX MPOrpamMmM, CMOCOOHbLIX peliaTb
HeJIMHeHbIe 3a,a4M Ha ABUKEHME, U MOAEJbHbIX UCTbI-
TaHWit nM60 KoMOMHaLUM cnoco0oB.

B cnyyae HEBO3MOXHOCTU COOTBETCTBUSI KPUTEPUSM
XoTa Obl OAHOrO M3 MepBbiX TPeX ypoBHel uupkynap [9]
pekomeHayeT pa3paboTKy U NMpUMeHeHue K CyAHy B TeKy-
leM cTatyce 3arpy3kv onepaTMBHOrO PYKOBOACTBA M/Unu
onepaTuBHLIX OrpaHn4eHuii. OHM AOJDKHbI NPEAOCTaBUTb
cynoBoauTenio MHGopmaumio 06 onacHbIX YCNOBUSX Mna-
BaHMA (T.e. COYETaHUsIX COCTOSIHUA MOpS, KypCOBOrO yrna
Nno OTHOLUEHUIO K BOJIHE M CKOPOCTH), KOTOPbIX cnegyet
u3berartb, a TaKke (NMPU HeoGXOAMMOCTM) YCTaHABNMBAIOT
OrpaHN4YeHUsi BO3MOXHOCTU OCYLUECTBIEHUS MJIaBaHUS C
TOYKM 3peHus reorpaduyeckoro paioHa, naaHUPyemoro
MapLupyTa u/unun yCNoBUIA OKpPYXKaIOLLIei cpeabl.

B umpkynspe [9] oTmeuvaetcs, YyTO BTOpOE noOKoOJeE-
HUE KpUTEPUEB OCTOMYMBOCTU HAZNEXMT MCMONbL30BATh B
nononHeHue kK Tpe6osaHuam Kogekca [1]. 31o o6ycnoene-
HO MHOrooGpasuem pa3mepoB U 00BOAOB KOPMYCOB CYAOB
1 YCIOBMIA UX 3KCTTyaTaumm (pa3nM4YHOro COYeTaHus BbICOT
M NepuoaoB BOJIH B Pa3HbiX paiioHax MupoBoro okeaHa), u
Tpebyetcs anpobauus Ha NPaKTUKe METOAO0B BblYMCIIEHWIA,
BbINOJIHAEMbIX AN TaKUX KpUTEPUEB.



Focyaapcteam — uneHam UMO Gbino npepsnoxeHo goee-
CTW YKa3aHHyl0 MH(OpMauuio [0 CBEAEHUS BCEX 3aWH-
TepecoBaHHbIX CTOPOH (KiaccUdPUKaLUOHHBIX 00LLeCTB,
cyaoCcTpouTeneil, kKanutaHoB, gppaxToBartesneil U COGCTBEH-
HuKoB ¢norta), a Takke aenutbes ¢ UMO onbiTom Npo6GHOro
WCNONb30BaHUS KPUTEPUEB C LEJIbI0 WX MJIAaHUPYEeMOoro
yyeta B 00513aTesibHbIX TPeOOBaHUSIX.

B umpkynape KBM UMO [10] ot anpensi 2023 r. Ha ocHO-
Be NOCNIeSHUX HayyHbiX pa3paboToK AaloTCA pa3bsiCHEeHus
W npuMepbl NPaKTUYECKOr0 NMPUMEHEHUs METOAOB, M3J0-
XEHHbIX B [9], NnpuroaHbIx Ans oLeHKM yI3BUMOCTU CyHA C
TOYKM 3PEHUS ero AUHAMUYECKON OCTOINYUBOCTH.

B HacTosliel cTaTbe KpaTko paccMaTpuBalOTCA nepe-
YMCNEHHblIE METOAbI AN NEPBOr0 M BTOPOro YPOBHEN ysi3-
BUMOCTM CyAHa, a TaKke aHanu3upyloTcs npobsnemMbl M
nepcneKkTUBbI NX UCNONb30BaHMS HA NPaKTUKe.

METOAbl PACHETA KPUTEPUEB
VA3SBUMOCTUN ANHANMMYECKOMN
OCTOMHYMNBOCTU CYAHA

HA NEPBOM YPOBHE

PacueTbl Ang cyaHa 6e3 xoaa B AaHHOM ciy4ae aHano-
FMYHbI BbIYMUCNEHNSIM KPUTEPUS NOroAbl (OH XXe «OCHOBHOM
kputepuinn) u3 Kopekca [1]. EpuHCTBEHHOE M3MeHeHue
3aTparuMBaet Tabnuuy, npepHa3Ha4YeHHyl0 Ana BbiGopa
k03 PuuMeHTa KpYyTU3HbI BOJIHbI NPY ONpeaeneHu amnam-
TyAbl Ka4yKu Yepe3 nepuog coOGCTBeHHbIX KonebaHuii cyaHa.
WUcxopHaa Tabnmua 3aMeHSeTcs Ha NPUBELEHHYIO B LIMPKY-
nape KBM UMO [11]. Mpu atom cobGnioaaioTcsa ycnoeus He
NpeBbilLEeHUs YIIOM CTaTMYEeCKOro KpeHa OT BO3[EeNCTBMUS
Ha CYAHO BETpa pacyeTHOW CUJIbl MMHUMAJIbHOTO 3HaYeHUs
npu BblOope u3 aByx BapuaHToB: 80% OT yrna BxoAa B BOAY
KPOMKM OTKpPbITOW nanyobl (unu 16 rpag.), He NpeBbILIEHUs!
yrJIoM KpeHa noj, BeTep nop, BO3AeiCTBUEM Kauku M LWKBana

Kputepum yszeumoctn  12omua
AVHaAMNYeCKON OCTOMYMBOCTU CyAHA

Ha NepBOM YpPOBHE MO MeToAaM pacyeToB

BTOPOro MNOKOJIEHUS KPpUTEPUEB OCTONYMBOCTHU

YckopeHus «Yucrtasa» noteps
npu Kauke OCTOMYUBOCTHU
GM,,, >0,05 - (2)
4’ h
¢'Ky[g+7zd’jﬁ4ﬁ4“)(MAM=KB+2;—KG(M
®

MapameTpuyecknin

pe30oHaHC Ka4ku SRR 6pow||-|r

JnunHa cygHa coctasnset
6onee 200 M nnn Yncno
®dpyna no pmHe paBHO

He 6onee 0,3

OSGM
G SR @

Mpumeuanne. O603Ha4YeHMsa B dopmyne (1):

(¢ — XapakTepHas aMmnanTyaa Kayku, y4mtbiBaloLLas

KO3 PrUMeEHT 3DDEKTUBHOrO BOSIHOBOIO CKJIOHA,
KPYTU3HY BOJIHBI, KaK (YHKLMIO Neprnoaa COOCTBEHHbIX
KonebaHuii cyaHa 1 6e3pasmepHblil noraprudmmnyeckimii
JEeKPEMEHT 3aTyxaHusa Kaqku; K; — KoapduumeHT
CBSI3U1, Y4UTbIBAIOLLMIA OOHOBPEMEHHOE BO3OENCTBME
Ha BENIMYNHY YCKOPEHMs BOPTOBOI U KUEBOM KadKu,

a TakKe pbICKaHWs CyaHa; g — YCKOpeHmne cBOOOAHOro
nageHvs; h, — BbICOTa BO3MOXHOIO MECTOHAXOXAEeHNA
aKkmMnaxa nmn NaccaxmpoB Haf, OCblO BpalLeHus cyaHa
npu 6opToBOW Kayke; T, — Nepmnon, COOCTBEHHbIX
KonebaHuin cyaHa npy OOPTOBOM Kayke

MUHUMaNbHOW BeNMYMHBI NPY BbiOOpE M3 TPEX 3HAYEHMIA:
50 rpap., AMHAMUYECKOrO Yrnia ONpPOKUALIBAHWS UNU yrna
3a/IMBaHuS.

OcHoBHble ¢popMyIbl )1 PAaCYETOB MO OCTaNbHbIM BUAAM
yI3BUMOCTH OCTOWYUBOCTM NPeAcCTaBeHbl B Tabnuue 1.

CTpyKTypbl KPUTEPMEB «YUCTON» MOTEPU OCTONYUBOCTU
M napaMeTpu4eckoro pe3oHaHca kauku 0asupyioTcs Ha
YPaBHEHUSIX TUAPOCTaTUKK. BbluMCNEeHNS OCYLLECTBASIOTCS
INg 0CajoK CyAHa, COOTBETCTBYIOLMX FPeOHIO N nojoluee
BOJIHbI. [IMHAa BOMHBbI 1, NPUHMMAETCH PaBHOW [JIMHE
cyaHa, a kpytusHa S,=0,0334 pna «uucroit» notepm
ocronumsoctn, u S,,=0,0167 — pna napameTpuyeckoro
pe3oHaHca.

PaccmartpuBaembie nopxoabl NMPUMEHUMbI TONbLKO K
cyfaM, MMEIOLLMM B OKOHEYHOCTSIX Kopnyca pa3san 60pToB
WU BepTMKanbHble GopTa, U He MpurogHel gns ¢nota ¢
3aBasioM GOpTOB BHYTPb. ITO 00ycnoeneHo Tem 06CTOSN-
TeJIbCTBOM, YTO TONLKO Y CYAOB C pa3BasioM GOpPTOB opam-
HaTbl AEACTBYIOWEIA BaTePNIMHUN, @ 3HAYUT, U €€ MOMEHT
MHEPLUMU U METaLeHTPUYECKNI PaAuyC YMEHBLLAIOTCS Npu
NOHMXEHWUMN YPOBHS BOAbl Yy O0pTa Ha BNagWHAX BOJH.

Hannume passana GOPTOB B OKOHEYHOCTAX KOpmyca
onpepensieTcs BblpaXeHneM:

V,-V
A (D-d) )

Ecnu oHO BbINONHSIETCS, TO METOAbI NEPBOr0 YPOBHS
npumenumbl. B npotuBHom cnyyae umupkynap [9] peko-
MeHAyeT UCMOoJb30BaTb METOAbI BbIYUCIJIEHUI BTOPOrO MK
TPeTbero ypoBHeMm.

0603Ha4eHns B ypaBHeHusx (2, 3, 4 u 5):

D — pacyetHas BbicoTa 60pTa;

d — ocapka cypHa npv AaHHOI 3arpyske;

V ,— 00beMHOe BOAOM3MELLEHME CYAHA, ONpefeneHHoe
Ans ocaAku paBHoW D Ha POBHOM Kune;

V— 00beMHOe BofoM3MeLLeHne CyaHa npu ocaake d;

A,,— nnowaab AeiCcTBYIOLLEH BaTEPIMHUM NPy ocaake d.

GM i, — MeTaueHTpuYecKas BbICOTa, BbIYUCNIEHHas MO
dopmyne (4) ¢ y4eTom ruapocTaTU4ECKUX 3JIEMEHTOB NpU
ocapke d,; , npoxoasLuei Yepes BnaauHy BOJHbI;

KB — annnukara LieHTpa Be/IMYMHbI;

I7) — MOMEHT MHepuuMu AeACTBYIOLEA BaTepIMHUMN
OTHOCUTENLHO ee MPOAOLHONM 0CK Npu ocapke d, =d-6d ;
3pechb B KayecTse 5d; BbIGMpaeTcs MUHUMAanNbHOE M3 ABYX
3HaveHuin: 56d,=d-0,25d,; (0OHO He yuuTbIBAaETCH, €C/un
<1)wnm &d, =LS,;

L — pnvHa cyaHa no AeiCTBYIOLLE BaTep/IMHUK;

df,) — OCapKa cyaHa npu NOJIHOW 3arpysKe Ha CrOKOiA-
HOli BOAE;

Rpr — numuTHpylOllee 3HauyeHue, BbluMCnseMoe Kak
(yHKUMS OT A/IMHBI U WMPUHDBI CyAHA, KO3dduLumeHTa non-
HOTbl MUAEJIb-LUNAHIOyTa U MJIOLLAAN CKYNIOBbIX KUNei;

GM — meTaueHTpuyeckas BbiCOTa Ha CMOKOIHOW BoAe;

O0GM — amnnuTyga M3MEHEHUS MeTaLeHTPUYecKomn
BbICOTbl, PacCYMTbiBa€Masi KaK NnoJjioBUHa PasHOCTU MeTa-
LIEHTPUYECKMX PaaMyCoOB NPU 0CafKax, COOTBETCTBYIOLMX
3afaHHON BbICOTE GOpTa CyAHA M YETBEPTU OT 0CaAKU NpU
NonHoW 3arpyske, MO0 YYUTLIBAIOWMX KPYTU3HY BOJIHBI,
KaK 0TMe4anocb paHee.

YpaeHeHus (2, 3 u 4) Tabnuusl 1 ang ynpoluexus onpepene-
HUS U3MEHEHUS! METALIEHTPUYECKOIA BbICOTbI PACCMaTPUBaIOTCS
Yyepes U3MEHEHUS! MOMEHTA MHEePLMK AEVCTBYIOLLEA BaTepnu-
HUM NPU ONpeaeneHHbIX YCNOBHbIX 0CaAKax Ha CMOKOHON Boae
06e3 yueTa peasibHoii GOpMbI BAaTEPIMHMM HA BOJTHE.

[ns yTOYHEHWUs MOMEHTa MHEPLK BaTEP/IMHAN Ha BOJIHE
MOXHO NpeA/IoXuTb cnepyowmin npuiumn. UsBectHo, YyTo
MOMEHT UHEePLMK AEeCTBYIOLLE BaTePNHUM PABEH:
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2 L2
. :g»[—uzyzdx ’ (6)
rae y — opavHathl AeACTBYIOLEA BaTepUHUN.
MockonbKy Kopnyc nofaensitowero 60/bLWKUHCTBA COB-
PEeMEHHbIX CYAOB MMeeT LWIMHAPUYECKYI0 BCTAaBKY C
BEPTUKAJIbHBIMU B Npegeniax U3MEHeHUs NpPaKkTU4eCKux
ocapok GopTamu, Ha BOJIHEHUM OpPAMHATLI BaTEepPJIMHUM
MEHSIIOTCS TOJNIbKO B OKOHEYHOCTSIX Kopmyca, rae ume-
eTca pa3ean GoptoB. MoaTomy Ang pacyeta U3MeHeHUs
IX Ha BOJIHE MOXHO YCNOBHO pasfefiuTb peasbHblii KOp-
nyc CyAHa Ha UWIMHOPHUYECKYIO BCTAaBKy, Fae OpAuHa-
Tbl AEACTBYIOWEN BaTep/IMHUA He 3aBUCSAT OT YPOBHS
BOAbl Y GOpTa, HOCOBYIO U KOPMOBYIO OKOHEYHOCTH, rae
M3MEHEeHMe OpPAMHAT KaX[o0W KOHKPETHOW TeopeTU4ecKoi
BaTEePJIMHUU MOXET ObITb aNMPOKCUMMPOBAHO KyOM4YECKO
perpeccueli Buaa:

y=4-x*+B-x*+C-x+D , (7)

durypa, KOTOpPoi ONUCLIBAETCS BaTEP/IMHUSA Ha LWINH-
ApUYECKOW BCTaBKe KaK Ha CMOKOWHOW BOAE, TaK M Ha
BOJIHEHUM, NpeAcTaBnsieT co0oi NPAMOYroibHUK C LIMPU-
HOW, PaBHOW LUMPUHE CyAHAa, U AJIMHOA, PaBHOW AJMHE
LUMIUHAPUYECKOV BCTAaBKU HA YPOBHE AAHHOW BaTEPJIMHUM.
Onpepenntb MOMEHT MHEpPUUN TakoW ¢GUrypbl HECNOXHO:
Ha BOJIHE OH HE OT/IMYAeTCH OT TAKOBOrO Ha CMOKOWHOM
BOfe.

Koagpduumnentol perpeccuit Bupa (7) ana teopetu-
4YeCKUX BaTepP/IMHUA B OKOHEYHOCTAX KOpryca MOXHO
nogo6partb, BOCMOJIb30BABILUMCh OHJIANH-KaJIbKYNSATOPOM,
nofoGHbIM [12], No3BONSAIOWMM AaBTOMATUYECKU BbiNOJI-
HATb Noa6op GyHKUUM No ee rpaduKy C OAHOBPEMEHHOIA
oueHko koadduumneHTa Koppensummn. 3HaueHus abeumce
M OpAMHAT TOYeK, U3 KOTOPbIX COCTOMT TeopeTuuyeckas
BaTep/IMHMS B OKOHEYHOCTSX Kopnyca Oepyrca c npo-
eKLMN «MOoNylIMpoTa» TEOPEeTUYECKOro uYepTexa CyaHa.
[ns onpepeneHns OpAvHaT TOYEK, U3 KOTOPbIX COCTOST
HOCOBbI€ M KOPMOBblé BETBM AEWCTBYIOLEN BaTepIMHUK
CyZAHa Ha BOJIHEe, He0OX0AMMO 3HaTb HA KAKOM PaCCTOSIHUU
OT rpeOHs BOJIHbI BEPTUKaNbHOE PacCTOSHUE OT OCHOBHOW
NJIOCKOCTM CyAHa [0 NOBEPXHOCTM BOAbI Ha npodwune
BOJIHbI COOTBETCTBYET anrjMkaTte TeopeTMYeckoil sarep-
NUHWA.

Bo BTOpOM npuGnnxeHun npopunb BONHbI MOXET ObiTb
npepcTaB/ieH Kak KOCMHYCOMAA, BbIYMCIIEHHAA C NOMOLLbIO
M3BECTHOW 3aBUCMMOCTH:

z= gcos(z,#) , (8)

rAe Z — BepTMKanbHOE PacCTOsHUE MEXAY YPOBHEM CMO-
KOMHOW BOAbI Npu ocapke d B JAaHHOM COCTOSIHUM 3arpys-
KM CyAHa U YpOBHEM BOpabl Ha npoduie BOJIHbI B TOYKE
€ro nepece4YeHns ¢ AaHHON TEOPETUYECKON BaTepP/MHUEN,
MMeloLLeli annaukary z;

a — paccTosiHue Mo ropu3oHTanu ot rpebHs BOJNHbI 0
NMHAK, COOTBETCTBYIOLLEN PaCCTOSHUIO Z Ha npodune
BOJIHbI;

A — BJIMHA BOJIHbI (MPUHMMAETCS PaBHOIN AJIMHE CYAHA);

h — BbICOTa BOJIHbI, COOTBETCTBYIOLLASA MPUHATON AJIMHE
BOJIHbI.

Ins oGecneyeHnss BO3MOXHOCTM NepeceyeHns noBepx-
HOCTM BOAbl Ha npodune BOJHLI C NOGOI TEOPETUYECKON
BaTepJIMHUEIA JOKHO co6nioaaTbes yenoBue:

z=d+z |, (9)
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Otciopa paccTosiHue a ot rpe6GHs BONHbI A0 TOYKU nepe-
Ce4yeHns B3BOJIHOBAHHOW NOBEPXHOCTU BOAbl C TEOPETHYE-
CKOWA BaTepJIMHMeli MOXHO OLLeHUTb No ¢popmyne:

A
a = -—arccos
2n

Mpu cnepoBaHumM cyaHa ¢ KypcOBbIM YIJIOM (J MO OTHO-
LIEHUIO K BOJIHE, B TOT MOMEHT, Koraa rpe6eHb npoxoaut
Yyepes MuaeneBoe ce4eHne CyaHa, HoOCOBasi MMM KOPMOBasi
BeTBb JI000I1 TEOpPeTM4ecKoil BaTepaMHUK, ONUCbiBaeMasi
MaTtemMaTU4ecKoi 3aBUCUMOCTbIO BUAa (7), nepecekaercs ¢
NOBEPXHOCTbIO BOAbI HA NpoduIie BOJIHbI B TOYKE, HAXOAS-
Leiica Ha pacCTOSHUM & OT rPeGHS BOJHbI.

JIuHMI0, COOTBETCTBYIOLLYIO YPOBHIO BOAbI HA npodune
ABYXMEPHOW CUHYCOMAANIbHOA BOJIHBI Ha YPOBHE YNOMS-
HYTON KOHKPETHOW TEeOopeTU4yeCcKo BaTepIMHUM, MOXHO
BbIpa3nTb MaTeMaTUYECKOW 3aBUCMMOCTbIO:

y:x-tg(90+q)—£-cosq+‘i . (11)
2 sing

[Ons onpenenexus abcumuce To4eK nepecevyeHns noBepx-
HOCTK BOAbI Ha Npodune BOJIHLI C TEOPETUUYECKON BaTep-
JIMHUE cyAHa MOXHO NPUPaBHSATbL MpaBbleé YacTu ypas-
HeHuit (7) u (11) n nocne npeoGpas3oBaHUii NONYYUTb
ypaBHeHue:

a

sing

A~x3+B~x2+(C—tg(90+q))~x+£-cosq— +D=0
’ (12)
Ons peweHus ypaBHeHus (12) MOXHO MCNONb30BaTh
ApYroil oHnaiH-kanbkynatop [13] aHanoru4Hou cepum.
Onpepenvs 3HaYeHne X, HAXOAWUM BEJIMYMHY Y, UCMONb3ys
Bbipaxenue (11). MMoBTopsiem BblMUCEHUS AN KaXAoi
BaTepP/IMHUM Ha TEOPETUYECKOM YepTexe, monyyas Koop-
AVHATbl TOYEK, B KOTOPbIX 3TU BaTEepPJIMHMUA NEPeceKaloTcs
C B3BOJIHOBAHHOW MOBEPXHOCTbIO BOAbl. 3aTE€M C MOMOLLbIO
KanbkynsTopa [12] nopGupaeM ¢yHKUMIO, ONUCHIBAIOLLYIO
JAaHHYl0 BaTepNMHUIO M, NMOACTABMB €e B 3aBUCUMOCTDL (6)
BMECTO Y/, paccyuTbIBaeM /, Ha BOJIHE OTAENLHO IS IEBOTO
1 npaBoro GopTa B HOCOBOW M KOPMOBOW 4YacTaX Kopmnyca.
MpnbaBue 3HaYeHMe MOMEHTa MHEPUMU ISl LWIMHApUYe-
CKOii BCTaBKM, Nosyyaem 3Ha4yeHue /, BaTepiMHUM Ha BOJHE.

METOAbl PACYHETA KPUTEPUEB
VA3BMMOCTU ANHANIMYECKOM
OCTOMYMBOCTUN CYAHA

HA BTOPON YPOBHE

Kputepum ysI3BMMOCTM MO BCEM YMNOMSIHYTbIM Bbllue
BMJaM HapyLlweHUs 0CTONYMBOCTU HA BTOPOM YPOBHE OCHO-
BaHbl Ha AONrocpo4yHoM (B TeyeHue 1 4) aHanuse Bepo-
ATHOCTU BO3HMKHOBEHUS HECOOTBETCTBUS OCTOMYUBOCTM
YCTaHOB/NEHHbIM TpeGoBaHMsaM. Bce OHM MMEIOT CTPYKTYPY,
NOKa3aHHYIO B YypaBHEHUW:

YU WCL <R, (13)

roe W; — kpaTkocpoyHas BepoSITHOCTb NONajaHus CyaHa

Ha BOJIHY C OnpeAeNieHHbIM COYeTaHneM BbiCOTbl U NEPUO-

[a; OHa Haxo@uTCs C MOMOLLbI0 TaGnUUbI CNEeKTPanbHOro

pacnpepeneHus BbICOT MU NEpUOAOB BONIH NOCPEACTBOM

JAeNeHns KOIMYEeCcTBa BOJIH C onpefeneHHbIMU BbICOTaMKU U

nepvoaamu B a4eiike TabnuLbl Ha 00Liee KONUYECTBO BOJH
BO BCex f4eiikax, pasHoe 100000.

Takue Tabnuubl coctaBneHnl MexayHapoaHo# acco-
umaumeii KnaccupuKaLMOHHbIX 0OWECTB And PasnuyHbIX
paitoHoB MuUpOBOro okeaHa U MPUBOJATCA B Pa3nMYHbIX
MCTOYHMKAX, B yacTHocT B [14]. OHu Ga3upyloTcs Ha cBe-



CnekTp BbICOT U NEepuoaoB

BOJZIHeHUs pna CeBepHoOM ATNaHTUKN

Tabnvua 2 OCTOMYMBOCTM CyAHA, KOTOpOE CYuTa-
eTcsl CTaTM4ecku pacnosioKeHHbIM Ha

BOJIHAX 3aflaHHOM BbICOTbI U [AJINHbI.

Number of occurrences: 100 000 / I:(s) = average zero-crossing wave period [ H, (m) = significant wave height

KpaTtkocpouHblii kputepuii gns cep-

¢uHra/6poumMHra UTEpaTUBHO BbIYNCHS-
€eTcs NOCPeACTEOM Y4eTa yropa BUHTa,

COMpoTUBIEHUS BOAbI ABWXEHUIO KOp-

nyca cyaHa, B TOM 4ucne AonoJsiHuTeNb-

HOro ConpoTuBJ/IEHUS OT BOJIHEHUS.

B xope pa3BuTusa npakTu4eckoro

npMMeHeHUs: MNOMNOXEHWIi LMpKynapa

[9] B paGoTe [4] npepnoxeH koMnnexc-

Hblii UHAEKC, YYUTbIBaIOWMIA OAHOBpeE-

MEHHO BCE BuAbl BOJIHOBOrO BO3AEi-
CTBUS Ha CYAHO, KakK [ONOJIHUTENBHBIN

WHCTPYMEHT ANl OLeHKU nokasarenemn

OCTOWMYMBOCTM HA BOJSIHEHWUM AN KOH-

CTPYKTOPOB M CYAO0CTPOUTENEN.

SAKJTIOMEHME

Tzis)e | 35 | 45 55 | es 75 as 95 0.5 15 128 | 135 | 145 | 155 | 165 | 175 | 185
Hs (m) ¥

05 13 | 1337 | sese | 11860 | 6342 | 1863 | 369 56 o7 0.1 00 |oo [oo |oo |oo | oo
15 00 | 293 | 9880 | 49760 | 77380 | 55697 | 23757 | 7035 | w07 | 305 | 51 08 |o1 |00 |oo |00
25 00 | 22 197.5 | 21588 | 62300 | 74495 | 48504 | 20660 | 6445 | 1602 | 337 |63 |11 |02 |00 |00
3s 00 | 02 349 | 6955 | 32265 | 56750 | 50981 | 28380 | 19141 | 3377 | @43 |82 |35 |06 |01 |00
45 00 | 00 | 60 1961 | 13543 | 32885 | 38575 | 26855 | 12752 | 4551 [ 1309 | 319 |68 |13 |0z |00
55 00 | o0 1.0 51.0 | 4984 | 16029 | 23727 | 20083 | 11260 | 4636 | 1509 | 410 |97 |21 |04 [ o1
65 00 |00 |02 128 1670 | 620.3 | 12570 | 12686 | 8259 | 3868 | 1408 | 422 | 109 | 25 |05 | 01
75 00 | oo |00 a0 521 2701 | 5944 | 7032 | 5249 | z767 | 1117 | 367 | 102 |25 |06 |01
85 oo |oo [oo |orF 154 | o789 2559 | 3506 | 2069 | was | 778 | 277 [ B4 |22 |05 | o1
9.5 00| oo [oo0 |oz 43 12 1019 | 1589 | 1522 | 992 |483 |87 |61 |17 |0 |09
105 00|00 |00 |oo 12 10.7 79 5 |7 515 | 273 | ma4 (40 |12 |03 | o1
15 0o |oo |00 |oo 03 a3 123 %6 | 314 247 | 142 |64 |24 |07 |02 |01
125 oo |oo [oo |oo 0.1 10 a4 99 128 1m0 |68 |33 |13 |04 |01 | o0
135 0o | oo |00 |oo 0.0 03 14 as 50 a6 |3 16 o7 |0z |01 |00
145 00|00 [oo |oo 0.0 0.1 0.4 12 18 18 13 o7 |03 [o1 oo |00
155 00|00 |00 |oo 0.0 00 0.1 04 06 o7 |os |03 (o1 |01 |00 | o0
165 00|00 [oo0 |oo 0.0 00 0.0 0.1 02 0z | o2 01 |o1 (oo |oo |00

AeHusx, cobpanHbix ¢ 1960-x no 1980-e roapbl, YacTM4HO
nepecmotpeHHbix B 2001 rogy. Mpu 3tom ucnonb3yetcs
coBMeCTHas GYHKUMS NIOTHOCTU BEPOSATHOCTM KPYTU3HbI 1
ANUHbI KOHKPETHOM BOJIHbI NPY YCTAaHOBUBLLEMCS BOJIHEHUU
COrIacHO BOJIHOBOMY cnekTpy bpeTwHaiipepa.

B unpkynsipe [9] ucnonb3yiotcs npuBeAeHHbIE B Tabnuue
2 paHHbie ana CeBepHoit ATnanTuku. 3aech paHbl 0003Ha-
YeHusi: nepeMeHHas Hg — Tak Ha3biBaeMas «3HauMTeNbHas»
BbICOTa BOJIHbI ¢ 06ecneyeHHocTbio 13,5%, npuBoaumas B
NporHo3ax BOJNIHEHMUS; NepeMeHHas 1, — Nepuop BOJIHbI;
Cs,j — KpaTKOCpOUHas BEPOSITHOCTb Bosnuxuoseuuu AaHHO-
ro BMAA HapyLIeHUs OCTONYMBOCTM Ha BOJIHE BbICOTON H
¢ nepuoaom T,, 3aBucsLLas OT Pa3jIMYHbIX NapaMeTpoB,
CBSI3aHHbIX C JaHHbIM BUAOM HapyweHus (BuAbl HapyLue-
HuS TpeGoBaHUI K OCTONYMBOCTU OTNMYAIOTCS NPOLeAYPOW
pacueta ans nony4exus snaexuii Cg ;; npouenypa oueHku
kaxpaoro eupa Cg ; B 06LieM Buze NPUBOAUTCS B LMPKYNSIpe
[9]; noapoGHOe onucaHue CTPYKTYpbl NOAOOHLIX pacyeToB
C NpUMepamMm UX UCNOJIb30BaHMS MOXHO HAUTU B LPKyNS-
pe [10]); R — noporoBoe 3HaueHWe BEPOSTHOCTM HapyLie-
Hus TpeGoBaHUi K OCTOWYUBOCTM, KOTOPOMY HEoOXoauMo
cooTBeTcTBOBaTh (coctaBnser 0,06 ana cyaHa Ges xopa,
«YUCTOW» NOTEpPU OCTONYMBOCTM M NEPBOr0 KpUTEPUS napa-
MEeTPUYECKOro pesoHaHca Kauku, a Takke 0,00039 — ana
yckopehuit npu kadke n 0,025 — pna BTOpOrO KpuTepus
napameTpuyeckoro pesoHaHca; ana pexuma cepduHra/
6GpouunHra noporoeoe 3HayeHue paeHo 0,005).

KpaTtkocpouHble Kputepum Cs ; Ans cynHa Ges xopa, a
TaKke ans chopeHuu npu Ka4yke OLEHUBAIOTCS C MOMOLLbIO
YNPOLLEHHON AUHAMMUYECKOW MOAENu, BKOYalowWenl yyer
9HepreTM4ecKux CNeKTPoB BETpa U BOJIH, peakuumn CygHa Ha
KPEH 1 YCKOpeHusl npy 60pTOBOI Kauke.

Kak napameTpuyeckuii pe3oHaHC, Tak U «4ucras» norte-
psi OCTOYMBOCTYM ONpenensioTcs AByMSA PasHbIMU KPaTKo-
CPOYHbIMU KpuUTepusaMu. B nepeom cnyyae ofuH KpuTepui
OLEHUBAET BEJINYMHY USMEHEHUS OCTOWYMBOCTHU B YCI/IOBU-
fX Habopa M3 16 BOMH, a BTOPOI Yy4YMTbIBAEeT U3MEHEHUe
aMnANTYAbl Ka4ku BO BPEMEHU NMyTeM NMPUMEHEeHUs ynpo-
LLeHHOW AMHaAMUYEeCcKo MaTtemaTuyeckon mogenu. Bo Bro-
pom cnyyae 06a KpUTepuUs OLIEHUBAIOT CHUXKEHUE NoKa3saTe-
nevi OCTOMYMBOCTH B pe3ynbTaTe CCNEeA0BaHUA UBMEHEHUS
nneya BOCCTAHAB/IMBAIOWEr0 MOMEHTA Ha BonHax. Toraa
Kaxpblii U3 ABYX KputepueB Oyaer npepctaBnsitb coOOM
CpefHeB3BELIEHHOE 3HaYeHMe OnpeAesieHHbIX NapaMmeTpoB

B uupkynspe [9] ynomsaHyTbl orpa-
HUYEHUS, NpUCYLLMe NPUBOAUMBIM B
HEM MEeTOAaM OLEHKU OCTOMYMBOCTU, a3 UMEHHO: METOAbI
OLIEHKU OCTOMYMBOCTU MO KPUTEPMIO YCKOPEHUS NPU Kayke
TpeOyloT panbHeiiwel A0pabOTKU, KPUTEPUM YS3BUMOCTH
nepeoro U BTOPOr0 YPOBHEW AN peXuMMa HapylieHus
OCTOMYMBOCTM cyAHa 0e3 xopa MHOrAa JAloT Henocnepo-
BaTeNibHble pe3ynbTaTbl. Takum 00pa3oM, A HEKOTOPbIX
CYAOB Ha BOJMIHE C ONpeAeNeHHbIMU XapaKTepUcTMKaMm Ha
YPOBHE 2, KOrAa OCTOMYMBOCTb PACCYMTLIBAETCS C Y4ETOM
00ecne4yeHHOCTU HeperynspHoro BOJIHEHUSl, TpeOoBaHUs
K OCTOWYMBOCTM MOFYT He BbIMOJIHATLCS, B TO BPeMsi Kak
Ha ypoBHe 1 npu pacyeTe OCTOMYMBOCTM HA PErynsipHOM
BOJIHEHWUM OHU YAOBNETBOPSIOTCS.

Kputepuii ysi3BMMOCTM BTOPOrO YPOBHS ANs pexu-
Ma «YUCTO» MOTEPU OCTOMYMBOCTM [JAET HEJOCTOBEPHbIe
pesynbTathl AN CYAOB C HU3KUM HapBOAHbLIM OOpTOM, TO
€CTb He YYMTbIBAET BIUSIHUE 3a/IMBaHUs NanyObl HA MOMEHT
WHepuuun aeicTeyiowein Batepamiuu. lMpu 3ToM B LmMpkKy-
nape [10] KOHKPETM3MPOBaHO, YTO MOA, TaKUMK CyAaMKu B
nepayio oYepesb UMEIOTCS B BUAY CyAa-CHaGXeHLbl GypoBbIX
nnat$opm ¢ HaACTPOIKOIA B HOCOBOI 4acTu KOpnyca U npo-
TSOKEHHOIA rpy30Bo¥ nany6oii. OgHaKo, N0 MHEHUIO aBTOPOB
HacTosLLeN CTaTbu, K TAKUM CyAaM MOIYT OTHOCUTBLCS Takoke
nioGble HeboNblIME CyAQ, B YACTHOCTH, PbIOOJIOBHBIE, KOA-
CTepbl U CyAia CMELLAHHOIO «peKa-mope» nnaBaHus.

Metoauku yyeta BAMSIHUS 3anMBaHUS nasyObl HA yMEHb-
LIEeHNe OCTONYMBOCTM ANS Takoro ¢ioTa HYKAAITCS B YTOY-
HeHuu. HecmoTps Ha Bce YNpoLLEHUs U AMNUPUYECKYIO NOA-
rOHKY METOAOB BbIYMCNEHUI, MaTeMaTUYeckue 3aBUCMMOCTH
Ang onpepeneHuns 3TUX BeNUYUH, KaKk Hanpumep, xapakrepHas
aMnIMTYAA Ka4ku ¢ UM KPaTKOCPOUHAs BEPOSITHOCT BOSHMK-
HOBEHUS HapyleHus ocToiumBocTh Cg ; 0CTaloTCS AOCTaTON-
HO C/IOXHBbIMMU, TPEOYIOT NPUMEHEHUS HEKOTOPbIX AAHHbIX, HE
BCerAa AOCTYNHbIX Ha GOPTY CyAHa, a BbIMMC/IEHUS MO HUM
3aHMMAIOT AOCTAaTOYHO NPOAOMKUTENIbHOE BPEMS.

MpakTuyeckoe nNpumeHeHWe BTOPOrO MOKOJIEHUA KpW-
TEepUeB OCTOMYMBOCTU Aaxe Ha ypoBHe 1, He TO 4TO Ha
YPOBHSIX 2 unn 3, MOXET CONPOBOXAATLCA OONbLLIMM KONU-
4ecTBOM BbluMcneHuit. Moatomy ana obGecneveHus Ges-
OMacHOCTM CyAiHA NPW ero ABWKEHUU Ha BONHEHUU HeoO0Xo-
AVWMO CO3AaHMe NPOCTbiX U ObICTPLIX (AN NPaKTUYECKOro
MCNONb30BaHNA) MHCTPYMEHTOB, CMOCOOHbIX OnepaTMBHO
YYMTbIBaTb KaK NOrofAHbie YCNOBUS, TaK U 3arpy3Ky CyaHa.

MpumeHsieMble B HacTosiLEe BPEMS A1 PELLIEHUS TaKoM
3afla41 KOMMNbIOTEPHbIE NPUIOKEHNS AOCTAaTOYHO YCMELWHO
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CnpaBnsoTCa ¢ AaHHON 3apayeir. Hanpumep, nonynsipHas
Ha kpynHom ¢note, paGoTalowiemM Ha TPaHCOKEAHCKMUX
nuHusx, nporpamma «Bon voyage», HanucaHHas amepu-
kaHckou komnaHuel «Applied Weather Technology», Bbiga-
€T Ha Aucnnei aNIeKTPOHHO-KapTorpaduyeckoil HaBuraum-
OHHO-MH(OPMALMOHHOI CUCTEMbI HAapSAY C NPOJIOKEHHbIM
MapLIPyTOM ABWXEHMS CyAHa NPOrHO3 nonei BeTpa U
BOJIHEHUS, A TAKKe HE PEKOMEHAYeMble B MPOrHO3UpPyeMbiX
NOroAHbIX YCNOBUSIX KYpCbl U CKOPOCTU (B 3aBUCMMOCTU
OT XapaKTepPUCTUK OCTOMYMBOCTM MPU JAHHOW 3arpyske),
no3BoJISIeT YYUTbIBATb NOTEPU CKOPOCTH CyAHA U3-3a BO3-
[eWCTBUS NOroAbl U BONIHEHUS, ONPeAeNsiTb pacxop, Tonam-
Ba Ha Nepexos, C y4eToM 3TUX NOTEPb U T.A4.

Ho, Bo-nepBbixX, Hannyue KOMMbIOTEPHBIX NPOrpaMm He
OTMeHsieT TpeGoBaHuii K Hanuuuio Ha 6opTy cyaHa Gymax-
HOI JOKyMEHTauuu, NO3BOJIAIOWENH OLEHUBATb €ro OCTOM-
4MBOCTb. Bo-BTOpBIX, KaK NOKa3bIBAET OMbIT, MHOTAA JaXe
npy HanU4um NogoGHOTo NPUNOXEHUS Ha GOPTY HeGONbLLIMX
CYAOB WX COOCTBEHHUMKM OMIAYMBAIOT U 3aAeCTBYIOT He
BeCb UMeloLmiics GYHKLMOHAN, YTOObI COKPATUTb dKCNya-
TaUMOHHbIE pacxoabl.

Mo MHeHMIO aBTOPOB CTaTbW, peleHue npobiembl
BUAUTCS B pa3paboTke A1 KaXAoro KOHKPETHOro NpoekTa
CyZiHa HOMOrpaMm, BXOJ, B KOTOpble OyAeT ocyLecTBAATLCS
C [laHHbIMW O KYpPCOBOM Yyrne, BbiCOTE M MepuoAe BOJIH C
HanGonee onacHbIMU Al KOHKPETHOTO CyAHA XapaKTepu-
CTUKaMM, a TaKke CKOPOCTU W annnuKaTe LIeHTPa TKECTM
CyAHa npu AaHHON 3arpy3ke, a Ha Bbixoae Oyaer onpepe-
NATbC COOTBETCTBME OCTOMYMBOCTU KPUTEPUSM BTOPOro
noKosieHusl B AaHHbIX ycnoBusx. MogoGHbie HOMOrpaMMbl,
MCnoJsib3yeMble A1 OLEHKU NOBEAEHUS CyAHA B YCJIOBUSAX
BOJIHEHUSI OT KOPMOBBIX KYPCOBbIX YIJIOB, NPUBEAEHbI, B
yacTHocTu B [2]. PaumoHanbHo AONOJHUTL CYA0BOW OykneTt
«MHdopmaumm 06 0CTOHYMBOCTM» TAKUMU HOMOTPaMMaMM
Ans MoObIX KYyPCOBbIX YIJIOB NPOrHO3UPYEMOro BOMIHEHUS.
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VYPEXXAEHME: CMGMpCKMMA rocylapCcTBeHHbIN YHUBEpPCUTET BOAHOIo

Tpaxcnopra (CrYBT)

TENA: OG30p npoGnemMmaTukm SHepreTnyeckon 3¢h¢heKTHBHOCTH MOPCKMX
CYyAOB U CNOCOGORB COKPALLEHUA UMM BbIGPOCOB NapHUKOBDLIX rasos (M)

ABTOPDI: C.IN. AHOAPIOUWEHKO, x.1.H. pouenT; A.C. AMMUTPMEB, K.T.H.,
aouenT; [1.C. TEJIbLIOB, acnupanT; O.5. JIEBE[JEB, K.T.H., JOLEHT;
C.H. UMBAHY MK, ctapumi npenogaBarenb; kKadeapa CyaoBbIX

JHepreTuYecKmx yCtaHoBOK

YK 621.43

OrJIacHO nocnegHuM paHHbiM (puc. 1), okono 70%

BCEX TOBAapOB B MMpe NepeBO3UTCA MOPCKUM TpaHC-

nopToM, SIBASIOMMCS HanbGonee SKOHOMWYHLIM M
OAHOBPEMEHHO C 3TUM KPYNMHbIM UCTOYHMKOM 3arpsa3HeHus
aTmocgepHoro Bo3ayxa.

B BbIXNIONHbIX rasax CyA0BbIX CUNIOBbIX YCTAHOBOK COAEp-
Xutcs okono 220 BpefHbiX BELECTB; CaMble OMacHbIe Ais
BCEX XMBbIX OPraHN3MOB: OKUCb Yr/iepoaa, YriieBoAopoabl,
OoKCUAbl a30Ta, Cepbl U ap.

Mo oueHkam yyeHbiX, BbiOpockl Ml ¢ ¢pnota pocturaior
3% rnobanbHoro nokasarens. Oxupaercs, YTo B Gnmnxaii-
ee JecATUNETMe Takue BbIGPOCHI BbIpacTyT Ha 60% [1].
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Okcunpbl asota coctaBnsiioT 20% BeNU4YMHbI MUPOBbLIX
BbIOPOCOB, TOrAAa KaK OKCHAbI Cepbl — COCTaBNSAIOT NPUMep-
HO 10% 4MCTbIX BbIOPOCOB.

B cooTBeTCTBMM C OT4ETOM, ONYO/MKOBAHHBIM amepu-
KaHCKMM Hay4HO-UCC/Ief0BaTeNIbCKUM MHCTUTYTOM, KpyM-
Hble rPy30Bble CyAa eXerogHo BbiOpacbiBaioT B atmocdepy
6onee 5000 1 M, B TO XXe Bpems GEH3MHOBbII UK AU3enb-
Hbiii aBTOMOOMNb — NKULb 0koio 100 r.

Ana cokpaweHus BpeaHbiX BbiOPOCOB B aTtmocdepy
¢ cypoB MexpayHapogHas mopckas opranusauusa (MMO)
Obl1a BbIHYXAEHA BBECTU HOBbIE MOHATUA W MPUHLMMbI UX
BbINOJIHEHUS.



CrtpaTterus
UMO [3] no cHu-
XEeHul0 BbIOpPO-
coB NI nogpo6Ho
u3noxeHa B rn.Vl
MAPNOJN1 73/78
[4]. Ona nopgpa-
3ymeBaeT  Tpu
HeoOXoAUMbBIX
NyHKTa, BbINOJ-
HEHUe KOTOPbIX
HeobGxoauMoO
cobniopate ¢C
uenblo ynyywe-
HUS 9KOJIOrMYECKUX HOPM MpPK NepeBo3ke rpy30B MOPCKUM
TPaHCNOPTOM:

— CHUXeHue BbIOPOCOB OKCUAOB Cepbl U a30Ta NOCpes-
CTBOM MOCJ/Ie[0BATE/IbHOTO YCUNEHMSI KaK 3KCnayartaum-
OHHbIX, TaK U KOHCTPYKTMBHbIX TpeGOBaHWiA, npeabaBns-
eMbiX K 39HeproaddekTmeHocTM (nota onpepeneHHoro
Knacca M TMNa; Hanpumep, OCHALLEHWe cyaHa ckpyboe-
poM M cucTeMaMu cenekTMBHOro karanusa (Selective
catalytic reduction — SCR), peuupKynsuum BbIXJIOMHbIX
ra3oB (Exhaust gas recirculation — EGR), ucnonb3oBaHus
TOM/IMBA C HU3KUM copepxaHuem cepbl (Very low sulphur
fuel oil — VLSFO), anbTepHaTMBHbIX BUA,0B roploYero 1 1.n.;

— ymeHbLieHue BbiOpocoB NI nyTem NOBbIWEHUS Tex-
HU4ECKOin 3 PEKTUBHOCTU CYAOBLIX CUIOBLIX YCTAHOBOK
(Energy efficiency design index — EEDI) u BHeapeHus
BKCMJTyaTauMOHHbIX Mep 3HepreTn4eckon 3¢p¢PeKTMBHOCTH
cyaHa (Ship energy efficiency management plan — SEEMP);

— nonHoe cokpauieHue Bbiopocoe M ¢ cynoe k 2050
rogy, cornacHo Mapnxckoi KoHdpepeHumu no kammary [2].

B oTHOLIEHNM NepBOro NyHKTa GyaeT yMecTHbIM ONUCaTh
1 AaTb NOSICHEHNE OCHOBHbIX COCTABASAIOWMX TpeOoBaHUiA,
a TaKke yKa3aTb MX NPOLIEHTHbIW NPUPOCT B 3KOHOMUU UNU
reHepauum 3Heprum:

— KOHCTPYKTUBHbIE:

1. Peanusauus TexHonoruii npeoOpa3oBaHUs CONHEY-
HOIA 3Heprum B anekTpuyeckyio (1-3%);

2. BHeppeHue COOTBETCTBYIOLMX KOHCTPYKTUBHBIX MaTe-
punanoB (2-5%);

3. MpoekTnpoBaHne HEOOXOAMMBIX ABUXUTENEH N OBU-
XutenbHo-pynesbix komnnekcos (APK) B uenom (1-8%);

4. YnyyweHue cuctembl yrunusauuu tenna (2-4%);

5. Hapnexawme ycoBepLieHCTBOBAHMSI [N1aBHOW CUJIO-
BOW YyCTaHOBKM (2-4%);

6. MoaepHu3auus BComMoraTenbHON CUNOBON YCTaHOB-
ku (1-4%);

7. Ucnonb3oBaHue rubpuaHoii aeprum (3-5%);

8. Peanusauusa cucteMbl CMa3ku TMna «BO3QyX—Maco»
(2-3%);

9. MpoekTupoBaHne cucTembl 6annacTHbix Bog (5-7%);

10. MokpbiTe onpeaeneHHbIMU NaKOKPaCOYHbIMM MaTe-
puanamm Kopnyca cyaHa u ero Hagctpoek (1-10%);

11. MpumeHeHue HocoBoro Gynbba (3-7%).

— 9KCrUlyaTauuoHHbIe:

1. Ontumusauus auddepenta u ocapku (2-5%);

2. Ucnonb3oBaHue rpy30Bbix noMeLieHuin (7-24%);

3. OnTumuzaums mappyrta cypHa (3-7%);

4. BeperoBoe anekrponutaHue (3-5%);

5. CHmxeHnue ckopoctu (13-34%).

B 2013 ropy UMO npepctaBuno EEDI pna npoektupy-
€MbIX MOPCKMX CYAOB (TaHKepbl, ra30BO3bl, CYXOrpys3bl,
KOHTEe/HepoBO3bl, pedprxepaTopbl U T.M.).

B 2014 ropy Gbuin BHeceHbl nonpaeku B npaeuna EEDI.
C Tex nop OHM CTanu pacnpocTpaHaTbca Ha TaHkepbl CIT,

Puc. 1. ['py3onepeBo3ku No BUAam
TpaHcrnopTa

cyna tuna «PO-PO» u KpyusHble naccaxupckue cyaa, ume-
lowme ruépuaHbie CUNOBbIE YCTAHOBKHU.

B 2022 ropy UMO aHoHcupoBano Energy efficiency
existing ship index (EEXI) — uHaekc aHepreTM4eckom
3pPEKTMBHOCTU ANg CYLIECTBYIOLMX CYAOB, TO €CTb ANS
Tex, 4To ObIM NocTpoeHbl ewwe Ao eeepenus EEDI (oo 2013
roza). ATOT MHAEKC OXBaTbIBAET BECb TOProBblit GpnoT BOAO-
uamelueHnem 6onee 400 perucTpoBbIX T.

Tepmun EEDI o3HayaeT Mepbl TEXHUYECKOrO Xapakrepa,
NPUMEHSIIOLMECs Ha CTaAuM NPOEKTUPOBaHWS CYAO0B, €ro
OCHOBHag 3agaya— CHUXeHue BbiOpocos Ml Ha 1 T/munio.

Onpepenatb EED/ nnaHMpoBanocb ¢ nomouibio ¢hop-
Mynbl [5]:

EED[:FOC'C

dwt VS ’ (1 )

rae FOC — yacoBoi pacxop TorJiMBa BCceMU NoTpeou-
TEensiMm, r/u;

C — xoadduument, yuutbiBaowmii cogepxaine CO,
B NPUMEHSEeMOM (3KcnayaTupyemoMm) Bupe TOMNMBa, r
(CO,)/r (Tonnuea);

Cawt — BenBeiiT cyaHa, T;

V5 — CKOpOCTb NPOEKTUPYEMOrO CYAiHa, MUJIb/4.

3ateM ypaBHeHUe ObiNo NepecMOTPeHO U OGHOBNEHO.
Tenepb Hapsgy C paHee NepPeYMCNEHHbIMU YCNOBUSIMM
YYMTbIBAETCA LieNblii KOMNJEKC TeXHUYeckux (akTopos:
TUN CyAHa U ero CWIOBasl YCTaHOBKa, rpy30n0AbEMHOCTb,
CKOpPOCTb ABWXEHUS, popma Kopnyca, pos NPUMEHSEMOro
roplo4ero u T.4.

Takum o6pa3om, 3aBucumocTb (1) npuHUMaeT BUA:

[Hf][zpmm FME(i) 'SFC,WE(f>j
fi fc : dez fw : Vs

[z PAE 'CFAE 'SFCAE*j
+ +

EEDI = +

i=1

JirJe Cosr S Vs @
((Hf ZPPTI(r) Zfeff AEE//(')J FAE'SFCAE] ,

+ —

f f 'Cdm : fw 'Vs
(z ff](l eff (i) FME SFCME]
f, fL dez fw'Vs

3pechb B yucnuTene:

ZP ey Crvs SFCuray cnaraemoe, oTpaxaioiee
YAENbHBIA PAaCcX0A, TONAMBA M MOLYHOCTb FNABHON CYAOBOA
3HepreTUYECKON YCTaHOBKM Npyu paGoTe Ha 75% MOLHOCTH
or Hgmuuanbuoﬁ;

;PAE Crae SFCe yaenbHbIi pacxos, TONAMBa u
MOLLHOCTb UMEIOWUXCS Ha CyAHe AU3esb-reHepaTopos,
npegHa3HayeHHbIX AN 00ecneyeHus 3NeKTPOIHepruen
BCex n0'rpe6wrenev'|;

Z PTI(i) chfm) AEL//(:)jCFAE SFC,, — MOLLHOCTH,

I10Tpe6.l1§|9MbIe BasioreHepaTopom M BbipabaTbiBaeMble
npv peanu3auun MHHOBALWOHHbIX METOAO0B AN NOJy4eHUs
3N1eKTPO3HEPrum Ha Gopry;

zf//(t) eff (i) CFME SFCME — MOLLHOCTb, Nony4yaemas
npu BblpﬂGOTKe C NOMOLLbI0O UHHOBALIMOHHbIX METOAO0B.
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Puc. 3. Ctpaterus cokpatleHus konudectsa MM

B 3HameHatene:

Cgwt — DenBseiT ans rpy3oBbIX CYA0B, UK BaNnoBas BMe-
CTUMOCTb )1 NACCaXUPCKUX;

V5 — CKOpPOCTb NPOEKTUPYEMOro CyaHa;

fis fj, foy Ty — KO3 UUMEHTBI, YyUUTBIBAIOLIME YCNOBUS
3KcnnyatauMM U Ha3HayeHue NPOEKTUPYEeMOW eANHULbI
dnora.

Hanee nonyyeHHoe EEDI conocrtasnserca ¢ rpajpuyec-
KUMMU [JaHHbIMU ANS OEefCTBYIOWMX CYAOB: pacCyMTaHHas
BE/IMYMHA A0JDKHA ObiTb MeHbLLEe NMO0 paBHAa 3HAYEHMIO Ha
KPUBOM.

B cBoio ouepeab rpapuyeckue 3aBUCUMMOCTM
EEDI=f(Cgy,;) OGbinn nonyyeHbl B pesynbtate cbopa u
00paboTku cTaTMCTUKM MO 3kcnayatupyemomy ¢pnoty Ha
ocHoBe 0a3 gaHHbIx «Lloyd’s Register» (puc. 2) [6].

Crtparterus MAPINOJ1 nogpa3ymeBaeT panbHeiilee yxe-
cto4yeHue koadpduumenta EEDI, yto HaknapgbiBaeT Ha co0-
CTBEHHUKOB nota u cypocTpouTenein obs3aTencTBa no
NPUHATHIO COOTBETCTBYIOLMX pELUeHU ANS COKpaLieHus
BbIOpocoe NI BO BCEX CYAOXOAHbIX PailOHaX MUPOBOrO
okeaHa (puc. 3).

Takum 06pa3omM, HeoOXoaMMa ONTUMMU3ALMS NPOLIECCOB
Ha Bcex aTanax — oT Ha4yasa NPoeKTUPOBaHUS CyAHa [0 ero
rPaMOTHO TEXHNYECKOI 3KCINyaTaummu aKunaxem.
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VYVYPEXAEHME: CUOGMpPCKMM rocylapCcTBEHHbIA YHUBEPCUTET BOJHOIO

Tpancnopra (CFYBT)

TENMA: Tpuoomexanmueckana cucrema (TVIC) oMHaMMuYecKOro racurens
KpyTUNbHbIX KoneGanun (KK) Baskoro rpenus (BT) cynoBoro ausens

ABTOPDI: 0.10. BOPOAMHA, acnupanrT; C.I. MNYILUKOB, a.1.H., npocgeccop;
xadeapa cyaAOBbIX JHEPreTUYECKMUX YCTAaHOBOK

YOK 621.431.74:53.091:534.013

racutb C MOMOLLbIO FAPMOHMYECKUX OasaHCMpPOB —
aemndepos, obGecneumsaiowmx BT B cnosix cunu-
KOHOBOW >XMAKOCTW, 3aHMMaIOLE NMPOCTPAHCTBO (3a30p
0,75-2,0 Mmm) mexay cTynuueii U MaXOBUKOM.
3pecb B Ka4yecTBe HanoJIHUTENs NPUMEHsieTca nonume-
TUNICWIIOKCAH, SBNSIOLMUIACA PEOoNornYecKom XuaKoCTbio ¢
KMHEMaTnyeckoii Ba3kocTbio ot 0,0065 no 2 m2/c (ot 6500
A0 2000 000 cCr).
B npouecce BOSHUKHOBEHUS B METAIONONMMEPHOI nape
TPeHus GONbLUYI0 POMb UFPAIOT TPMOOXUMUYECKME PeaKLyK,

chnosblx asuratensx KK tpapuumoHHo npuHsaTO
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MHALMATOPaMK KOTOPbLIX CAYXaT TepMUYecKasi U MexaHuye-
CKasi AeCTPyKuMM BeLLeCTBa U, KaK CNeAcTBue, NposiBieHue
JenaraHcum u3-3a TpubocuHTe3a ero MoHomepos [1].

TMC pemndepa BT coctout M3 noacuCTEM: KOHTaKTH-
PYIOLMX 3/1IEMEHTOB (KOpNyC, CTynuLa, NOALMNIHUK, Maxo-
BMK — WHEpLMOHHas Macca), MONIMMEpPHOro Matepuana u
BHELUHe cpeabl [2].

TMC xapaktepu3yertcsi:

— BXOAHbIMM (aKTOpaMu: KOMMNNAEKCOM HarpysKu,
BO3AENCTBYyIOWE Ha CUCTEMY B BUAe HarpeBa, KoJie-
0aHuii, U3MEHEHUs Harpy304HO-CKOPOCTHbLIX ¢aKTOpOB,



MOMEHTOB CUN BO3A,ENCTBUSA Ha cUCTEMY konebaHuii;

— BbIXOAHbIMU ¢pakTOopamu: npeobpa3oBaHMEM 3Hep-
rmu, 3addexTuBHOCTLIO paboTbl gemndepa, BubGpaumei,
LIYyMOM, Bbli€NIeHUEM TENNOTbl;

— CTPYKTYpOiA: anemeHTaMu (Teno, KOHTPTENo, npome-
XYTOYHas cpepa), CBOMCTBaMM (MaTepuanoB, MPOMExy-
TOYHOI cpeabl B Tene aeMndepa u oKpyXxaiowei cpeabl) n
B3auMopeicTeuem (yCnoBusi TPEeHUsl, MEXaHM3Mbl U3HOCA
nT.4.) [3].

WU3BecTHO, YTO Npu paboTe cunoBbIX ycTaHOBOK ¢ [IBC
BO30YXAAOTCA PEe30HaHCHble BbIHYXAEHHblE KonedaHus.
OHKN cnyxaT UCTOYHMKOM AOMNOJIHUTENbHbIX AMHAMUYECKUX
Harpy3oK BO BCEX 3BEHbSIX W y3/1ax nepefayun, BAMSIOT Ha
nosiBNieHue Wyma, BUGpaLymm, HarpeB y4acTKOB BaslonpoBo-
Aa, NoBbilEHWEe PacxXofoB TOMIMBa U Macna.

Mpw ynpyrux kone6aHusIX CUCTEMbI YYUTLIBAIOTCS AEHCT-
BYIOLME HA HEe Harpy3ku, a UMEHHO — MOMEHT CUN MHep-
umm macc M,,, MOMEHT cun ynpyrocTu Bana My, BHeLLHue
nepemMeHHble MOMEHTbI CWJ1, Bbi3blBalOLWMeE BbiHYKAEHHbIE
KoneGanmsa M, MOMEHTbI CUN CONPOTUBEHUS KonebaHuam
Mf; [4, 6]:

2
Mu:J‘;‘f, M, =Co, M,:Asin(ku)t+s) , M, :EJ%P,
t

P +C(p:Asin(k(ot+s),
rae J — MaccoBblii MOMEHT MHEPLHK;

C — k03hPULMEHT XXECTKOCTU Baia Npu KPy4eHUH;

— ¢a30Bbiii yron;

t — Bpems;

A — amnnuTtyga k-il rapMOHUKM;

Kk — nopsipoK rapMOHUKK;

® — YrnoBasi CKOPOCTb BPaLUEHUS Bana;

€ — Ha4YanbHasi ¢pasa rapMOHUKU MO OTHOLUEHMIO K NONO-
XEHUIO NOPLUHSA B BEPXHEW «MEPTBOI» TOYKe.

C uenblo raweHns pe3oHaHCHbIX KoneGaHuit npu akenny-
aTauvm asuratens UCNoJb3yl0TCS Kak TEXHMYeCKne CpeacT-
Ba usameHenus napametpoB KK, Tak u cneunanbHble guHa-
MuYeckue BUOpaLMOHHbIE BbINPAMUTENMN.

[leiicTBMe nocnegHUX OCHOBBLIBAETCA HA ypaBHOBELUU-
BaHUM BO3MYLUAIOLLEr0 MOMEHTa WIN M3MEHEHUM YacTOThl
KonebaHuii cucteMbl Ge3 NOrNoOwWEeHUs 3Heprum (aHTu-
BMOpaTopbl) M C TaKOBbIM; BO BTOPOM Ciy4ae 3Heprus,
noABOAVMAs BO3MYLLAIOWMUM MOMEHTOM, pacceuBaeTcs B
atmocdepy B BUAe TemoTbl (aemndgepbl CyXxoro n BI3KOro
TpeHus, ynpyro-ppuKLMOHHbIe, C PE3MHOBLIM Aemndupy-
IOLUMM 3/IEMEHTOM, KOMOUHUPOBaHHble aemndepsi) [5, 7].

Ins oueHkn KK B cucteme HeoGXoaumo onepupoBaTth
CYyMMapHoii paGoToii CuI CONPOTUBNIEHNS U YYMTbIBATb
CWJbl TPDEHUS BHELLWHUE U BHYTpeHHue [8].

MomeHT TpeHus pemndepa B KPYTWIIBHOA cucTeme
KONeHBana ABurartens paBeH:

M,,=&0.(4 - A4,)

roe Q — Ko3pduumeHT aemndupoBaHua (ans ausenemn
usmeunercn B npegenax ot 35 g0 595 H-m - ¢);

®. — COGCTBEHHas yrnosas yactota koneGaHuit Kpy-
TUBHOW CUCTEMbI;

Aq, A — amnauTyabl KonebaHwiA.

K BbIXOAHbIM dakropam TMC otHocaTCsl 3 HEKTUBHOCTD
(YHKUMOHUPOBAHUS U BbiAeNeHne TennoTbl AeMnpepom B
OKpYXaloLLyio cpeay.

KonuuectBo Bbigensiemoro pemndepom Tenna B Teye-
Hue 1 4 moxet gocturatb ot 500 go 1000 kkan/4. Ecnu
COOTHOLUEHME NPUGAVKEHHOr0 00bema BbIAENSIEMOro AeM-
ndepoMm Tenna K nAOWAAM MOBEPXHOCTM €ro MaxoBMKa

ynoenetsopsiet ycnosmio: (Q,, .;/S)<0,55 kkas/4, T0
naemndep He TpeGyeT MCKYCCTBEHHOro oTBOAA Terna [9].

BHyTpeHHee TpeHue B nonumepe Npv LUAUHAPUYECKUX
HarpyXeHusX KpyTunbHO-KonebaTenbHOW CMCTEMbI MOXHO
onucatb NPSMOI 3aBUCUMOCTbIO BSI3KOCTU MOJIMMEPHOM
XMOKOCTU OT CKOPOCTU CABMUIa B HEl.

Cornacho [10], momenT Tpexus B pemndepe M,
CKNafbIBaeTCs U3 MOMEHTOB, BOSHUKAIOLMX HA LIMIUHAPM-

i

yeckoit M, 1 TopueBbix M, NOBEpPXHOCTSX AemMndepa:
Mmp Mm Y + 2Mm m 3 Mm,u = 2TED1R3TI[
Jl-yD-@D* + HD®
©, (Al — AO)R/1
rpe D = —————2~—" — CKOpPOCTb CABUra B NOJIMMEE;

y=0, 1864 10 41 -0,187my),

(D 0,4871-10" (1+0,0145nt),

H=0,3393-10-8,

R,, — HapyXHbIN pap.uyc MaxoBuka aemndepa;

h — BE/IMYMHA 3a30pa MeXay MaxoBUKOM WM KOPMyCOM
nemndepa;

| — wunpuHa maxosuka aemndepa;

M — AMHAMNYECKasl BASKOCTb CUIMKOHOBOM XWAKOCTU Nnpu
Temneparype t (°C).

MomeHT TpeHus Ha KaXAoi TOPLEBOW MOBEpPXHOCTU
paBeH RdR

I ' J1-yD,R-@D}R* + HD}R®
o, (4 —A()) ;

=2rDyy,

rae D, =
0

Rg — BHYTpeHHuii paguyc maxosuka aemndepa.

Kak nokasan aHanus nutepartypsl [11], pa6oTrocnoco6-
HocTb aemndepos KK BT Hanpsimyio 3aBuCUT OT gunartaH-
cumn, casurosoii aedopmauum nonumepa B gemndepe.
J[lunataHcus NPOMCXOAUT MPU BbICOKMX 3HAYEHUSIX rpaam-
€HTa CKOPOCTM CABUra B MONMMETM/ICM/IOKCAHOBOW XXWUA-
koctn (MX) nop, peiictenem KK npu aHomanum BS3KOCTH.
Kputuyeckoe 3HaueHue CKOpocTu caBura, 0603HaYeHHoe B
[12], cocTaBnsier D>200 c-' npu 3a3opax B emndepe B
npegenax 0,35-0,45 mm.

Ha puc. 1 npepcrasneHa 3aBUCUMOCTb CKOPOCTH CABUIa
MK D (c-1) ot 3HaueHmit BenuunHbl 3a3opa aemndepa h
(MM) No Hapy)XHOMY AuamMeTpy MaxoBuKa gu3ens.

B na6opartopuu ®rbYH UXTTM CO PAH B HoBocuGupcke
MccnepoBanoch BAUSHME W3MEHEHUSi CKOPOCTU CABUra
nonumMepa u temneparypbi Ha Ba3kocTb K, a Takke nsyya-
NIoCb ee MoJsieKynsipHo-maccoBoe pacnpepenexdune (MMP)
C BbiBNeHMeM ko3adpduumeHta nonmpucnepcHoctu. Mpu
3TOM NPUMEHSINIUCb COOTBETCTBEHHO POTALMOHHBIN pPeo-
meTp «RheolabQC» u XupakocTHbIi Xxpomartorpad; B Ka4ecT-
BE€ HOCUTENS UCNOJIb30BaNCca TeTporuapodypax.

OKCNEepPUMEHTbI NOKa3aIM USMEHEHUS! AMHAMUYECKOI BSI3KO-
cTn nonumepa 1 (Ma - c) ot Temneparypsbl ¢ NPy CKOPOCTU CABUra
D=1000 ¢~ v npu t=20°C ot ckopoctv cagura D (c1).

140

1,20

1,00

0,80

0,60

0,40

0,20

0,00 D, c?

0,00 100,00 200,00 300,00 400,00 500,00 600,00 700,00 800,00

Puc.1. 3aBMCMMOCTb CKOPOCTM COBUIA MOAUMETUN-
CUOKCaHa OT BeNMYUHbI 3a3opa aemndepa amsens
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3aBMCUMOCTU ANHAMUNYECKOM BASKOCTU N
oT Temnepartypsi t (°C) u ckopoctu casura D (c-1) nonumepa

Tabnuua 1 eTca CKOpPOCTb CABUFa B MoJMMepe.

Cpsurosas pedopmauus nonumepa

MapameTpbl UCCNeA0BaHNS XUAKOCTH:

— mapku — MTMC-10000 n MMC-200;

— AvanasoH Temnepartypbl — ot 20 go 100°C;

— ckopocTb casura — ot 10 go 1000 c-1,

Mony4eHHble pe3ynbTaThl CBEAEHbI B Tabnuuy 1.

Ha ocHoBe 3TuUX AaHHbIX OblAM NOCTPOEHbI AUarpaMMbl
(puc. 2 n 3) usmeHeHUss BUHAMUYECKOI BA3KOCTN NonuMe-
TUNCUNOKCaHa B 3aBUCUMOCTH OT TeMnepaTypbl.

Ha puc. 4 n 5 npuBepeHbl gnarpaMmbl UBMEHEHUS| UHA-
MUYECKOIA BA3KOCTU NOIMMETUIICUIIOKCaHa OT CKOPOCTU CABM-
ra B nonumepe.

C noBbILIEHMEM 4aCTOTbl BPALLEHUSI KONEHBaNa MeHsi-
eTcq aMnMTYAA BbIHYKAEHHbIX KonebaHuii U yBenuuuBa-

Mapka Temneparypa Avnamutieckan Kunematuueckas Cropocte Rt iel il Sty
i g BA3KOCTE 1, e T M, KaK cneacteue, K GpopMMpoBaHUIO
Maec ; D, ¢ B HeM 60{199 HU3KOMOJIEKYNSAPHbIX
coeAvHeHuii, YT0 B CBOI0 O4Yepenb

20 8583,6 8812,7 06ycnoenuBaet cHwkeHue paborocno-

25 7973,1 8185,9 cobHocTM pAemndepa, YMeHbLUEHUIO
nMc- =0 5900.1 6057.6 1000 ko3 puumnenta pemnduposanms.
10000 C uenbio nony4eHus AONONHM-

75 3790,8 3892,0 TeNbHOW MHGPOPMaUMM O MexaHu3Me

100 2609,2 2678,9 00pa3oBaH1a U NpeBpaLLEeHUs MaKpo-

MOJIEKYl B NonvMMepe B pesynbrare

AU Al A DeiCTBUA Harpysku B TpuGonoruye-

29,0 205,0 211,8 CKOW cucteme (metamn—noaumep)

375 184.2 1903 aBTOpPaMM HacTosILel CTaTbu M3yya-

nocs MMP B nonumepe.

455 162,0 1674 B tabnuuax 3 u 4, rae npeacTas-
iLes 53,5 142,0 146,7 1000 neHbl 3aBUCMMOCTM MOJNEKYNSIPHbIX
A e P — BEJIMYUH  COMNACHO  MOJIY4EHHbIM

: : : rpaduyeckuMm (PYHKUMSAM, NPUHATHI

67,0 11,9 115,6 o6o3Hauenus: otHowenne M, /M,

735 100,6 104,0 umeHyemoe KkoapduUMEHT nonmam-

cnepcHoct; M, — cpeaHeuMcnoBas

80.0 91,2 942 Monekynsiphas Macca; M,, — cpea-

HeBecoBas MonekynsipHas macca; M,
n M., — MmonekynsipHble Macchl, onpefeseHHbie no Kaca-
TenbHOW NPSIMOIA B Hayane Bbixoaa nonumepa [13].
OucnepcHocTb nonuMepa XxapakTepusyeT Kpuas
MMP (puc. 6 u 7) unterpanbHbix u auddepeHumnanbHbIX
dyHKuMi. 3TM NUHMKM BbICTPaMBalOTCA B Xpomartorpade
ABTOMaTU4eCKN B BUAE 3aBUCUMOCTM MONEKYNSIPHOM
Macchl (ocb abcumcc) OoT npoueHTa NonMmepHbix ¢pak-
UM C KOHKPETHLIMM MONEKYNSPHbIMM Maccamu (ocb
opauvHar).
Koadpdpuuunent nonnancnepcHoctu gns NMC-10000,
COrnacHo nony4yeHHoi rpadpuyeckon GpyHkuum, paBeH

AnHamuueckan saskocte n,MNac
10000
y=-75937x +9872
8000 R*=0,9872
6000
4000
2000
” Temneparypa t °C
0 20 40 60 20 100

sen AvHammyeckan BASKOCTL 1), Ma-c
¥ =-2,2365x + 264,78
2 .

200 R*=0,9936
150
100

50

o Temnepatypa t,%

a 10 20 30 40 50 60 70 80 90

Puc. 2. 3aBucumocTb BagkocTn NMMC-10000
OT Temnepatypbl Npu ckopocTu cagura 1000 -7

Puc. 3. 3aBucumocTtb Ba3kocTn NMMC-200
OT TeMnepaTypbl Npu ckopoctu cagura 1000 ¢!

[rHamuyeckan BAZKOCTL n, Ma-c
10200

10000 s
9800
9600
9400
9200
9000
8800
BE00
8400

y=-1,3788x +9926,2
R? = 10,9894

CKOpOCTL cagwmra D, c‘%- npw t=20°C
0 200 400 600 300 1000 1200

220 AWHamuyeckan BA3KOCTL n, Na-c
y=-0,0183x + 216,49

R?=0,9739

215"
210
205

200

Cropocte cagura D,c’l, npu t=20°C

1950 200 400 600 800 1000 1200

Puc. 4. U3ameHeHne anHamunyeckowm Baskoctu NMMC-
10000 oT ckopoCTU casura B NnoaMmepe
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Puc. 5. U3ameHeHne anHamunyeckow Baskoctu NMMC-200
OT CKOPOCTU caBura B nommepe



3aBMCUMOCTb AVHAMUYECKOW BA3KOCTU N

Tabnuua 2

npwu t=20°C ot ckopocTu casura D (c-1) nonumepa

Mapka MMC-X CkopocTb cagura D, ¢-1 AnHamMmuyeckas BA3KOCTb 1, Maec
10 10000,00
100 9755,90
MC-1000 250 9556,40
300 9484,79
500 9198,60
1000 8583,60
10 217,7
100 215,18
e 250 210,98
300 209,58
500 206,98
1000 198,90
3aBucumocTb BenuiuH MMP MMC-10000 Ta6nuua 3
M, M,, M, M, My/M,, M,/M,, %
14327 31518 41615 49036 2,19987 | 1,32034 | 100,0000
3aBucumocTb Benuind MMP NMMC-200 Tabnvua 4
M, M,, M, M, My/M,, M,/M,, %
5506 10255 14839 19322 1,86239 | 1,44706 | 100,0000
etekTop A

1004

3,50

2,75

3,00 3.25

3.75 4,00

425

4,50 478° s

Puc. 6. Kpusasa MMP ana NMMC-10000

eTexTop A
wn p

275 3,00 3,25

2,50

3,50

3,75

i)

Puc. 7. Kpusasa MMP ans NMMC-200

M, /M,=2,19987, pna NMC-200 — M ,/M,,=1,86239
npyM CKOPOCTY CABMra B nonuMepe B npepenax D=200 ¢ 1.
[laHHble COOTHOLIEHUSI CPEeAHEBECOBON K CpeaHeuu-

CJIOBOI MOJNIEKYNIIPHOW Macce HaxoAsTCa B npepesnax Hop-
MaTtuMBHOro 3Hauewms M, /M,=2,0. 310 xapakrepusyet

ctabunbHoe  GU3UKO-XUMUYECKUE
COCTOSIHME  paccMaTpuBaBLIErocs
nonumepa.
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C.M., NaHoBa A.H. //Pe4Hoii TpaHcnopT
(XXI Bek). 2023. — Ne 4(108). — ¢.47-50.
12. A.H. Tou. KpyTunbHblie konebaHus
KOJleHYaTbIX BaJlOB @aBTOMOOUIbHbIX U

TPaKTOPHbLIX ABUratenen (y4. nocobue). — Bnagumup: BIY,
2008. - 199 c. 13. H.K. bapamboiim. MexaHOX1MMUS BbICOKO-
MOJIEKYNISAPHbIX coeanHeHnii. — M.: Xumusa, 1978. — 384 c.
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Tpancnopra (CFYBT)

TENMA: 06 ncnonb30BaHUM GMOTONNMBA B Ka4YeCcTBe roployero B AU3enbHOM

ABUrarTene pevyHoro cygHa

ABTOPDI: B.0. JIEBE[EB, A.1.H., npotreccop; O.5. JIEBE[JEB, K.T.H.;

E.B. JKEPAEBA, acnupaHT

YK 620.9;629.5

CHOBHbIM WUCTOYHUKOM 3HEPrum
Ang peyHoro ¢nota noka sBns-
eTcsl Au3esNibHoe TOMIUBO, KOTO-

poe umeeT 6obLIOE BAMSHUE HA Kaye-

CTBO paGoTbl TEMJIOBOro0 ABUratens u

BCEl TON/IMBHOV CMCTEMbI B LIENIOM.

MepcnexkTBbl COBEPLIEHCTBOBA-
HUS [laHHOTO TFOpIOYero, NpefBOCXU-
Wwalmowme paaukanbHbie U3MEHeHUs
ero coctaBa Wnu yaeleBneHne npo-
M3BOACTBa, B 0030pax aHaNUTUKOB
npakTU4ecku He NPOCMaTPUBAIOT-
csl, NMOCKOJIbKY MCMONb30BaHME 3TUX
yrneBoAOpPOZIOB HE COOTBETCTBYET
nocnegHUM 3K0JI0rM4eckum MUpPOBbLIM
cTaHAapTaMm, U Mano KTo 3aHUMaeTcs
ynyyleHneM 3KONIOrMYecKMX KayecTs
MMHEpPanbHOro TOMIMBa.

B crTpatermyeckux AOKyMeHTax
Poccumn 3apaueii pa3Butus 3HepreTu-
4ecKoro cektopa B cdepe 3KONoruu u
NPOTUBOAENCTBUS U3MEHEHUAM KNuMa-
Ta 0003HaYeHO cAepXuBaHMe pocTa U
yMeHblLUEHUe HeraTMuBHOro BO3AENCT-
BUS [00blYM, NMPOU3BOACTBA, TPaHC-
NOpPTUPOBKM U NOTpebGneHus 3Hep-
ropecypcoB Ha OKpYXalowiyio cpepy,
KJIMMAT 1 300POBbE JIIOAEH.

Mo Becbma nNpUGAN3UTENBHBIM
noacyeTaMm eXerogHo CypoxopHas
oTpacnb pacxoayet okono 400 MnH T
He¢TenpoaykToB, a 310 — 10% 3artpar
BCEro TPaAHCMOPTHOrO CEeKTopa Ha
nnavete; u po 2020 r. cuuTanocs,
YTO BOAHAS KOMMYHMKauusi siBnsieTCS
OAHUM U3 CaMbIX CUJIbHbIX UICTOYHUKOB
3arpsi3HeHus atmocdepsl.

OpHO M3 BaXHbIX YCNOBUI CHUXE-
HUS BpPeAHOro BO3AENCTBMA Ha OKpY-
XaloLwylo cpepy OT BbIXJIOMHbIX ra3oB
An3eJibHbIX ABUraTenei — yBenmyeHme
Npou3BOACTBA BbICOKOKAYECTBEHHbIX
MOTOPHbIX OMOTOMAMB C YNYYLUEHHbI-
MM 3KONOrMYECKUMMN XapaKTepucTu-
Kamu, COOTBETCTBYIOLUMMMN MeEXAYHa-
pOAHBIM HOPMaM U CTaHAApPTaM.

FocypapcTeeHHasi cTpaTerus aHep-
reTMYeckoro pasBuTUsl onpepensercs
ABYMSI OCHOBHbIMMW JOKYMEHTaMM:

— [JLOKTPUHON 3HepreTu4yecKkomn
6esonacHocTu PP, nepeuucnsiowei
NpUOpUTETbI Pa3BUTUS HALMOHANbHO-
ro 3HepreTMYeckoro KOMMnJeKca ¢ yye-
TOM BHELIHENONUTUYECKNX BbI3OBOB
aHepreTnyeckoii 6esonacHoctu [1];
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— OHepreTnyeckoii ctparerueli PP
Ha nepuop #o 2035 r., HaueneHHo Ha
3¢ deKTUBHOE MCNONb30BaHME Npu-
POAHBIX TOMJIMBHO-3HEPreTU4ecKnx
pecypcoB U noTeHuuana aHepreTuye-
CKOro CeKktopa aJisi pocta 3KOHOMMKU
M MOBbILIEHUS KaYecTBa XWU3HN Hace-
JIeHUs cTpaHbl [2].

B ynomsnytoii Ctpaterum wuenbio
MHHOBALUMOHHON W Hay4YHO-TEXHUYe-
CKOW MOJIMTUKN B SHEpreTuke cpeam
npoyero OTMeYeHa HeoBXoaMMOCTb
peLueHus psapa 3apay:

— BOCCO3/1aH1E U Pa3BMTUE HAY4HO-
TEXHMYECKOro MoTeHUuuana, BKloyas
dyHpameHTanbHyl0 Hayky, npuknag-
Hble uccnefoBaHus M pa3paboTkwm,
MOAEPHN3ALMI0 3KCNEepUMEHTaNIbHOM
6a3bl U CUCTEMbI HAY4HO-TEXHUYECKOW
nHdopmaumu;

— co3pgaHue 6naronpusaTHbIX ycno-
BUW ONg pasBUTMS WHHOBALMOHHOM
[esTeNbHOCTU, HanpaB/IeHHOW Ha
KOpeHHOe O0OHOBNEeHMEe NpPOoU3BOA-
CTBEHHO-TEXHOJIOrMYecKkoi  0asbl
TONJINBHO-3HEPreTUYeCcKoro KOMIieK-
ca (T3K), pecypcocbepexeHue, NoBbI-
lleHne 3KOHOMMYHOCTW, HaAeXHOo-
cTn, 6e30nacHOCTU M 3KOJIOTMYHOCTU
3HEepreTMYEeCKMX YCTaHOBOK U CUCTEM,
YCKOPEHHOe pa3BUTHE UCNONIb30BaAHUS
BO300HOBNSIEMbIX MCTOYHMKOB 3HEp-
run (BUJ) u ynyyieHne notpedurtens-
ckux csoiicTB npoaykuun TIK.

MpumeHeHue Xupakoro unu raso-
00pa3sHoro 6MOTONNMBA B NOPLUHEBbIX
ABUraTensx BHYTPEHHEro cropaHus
(ABC) cerogHs saBnsieTcs akTyasibHbiM,
NOCKOJIbKY 9T CUCTEMbI B 3HAYUTEb-
HOIl CTeneHW pacnpocTpaHeHbl Kak
ONns YCTOMYMBO BbIPAGOTKM 3nek-
TPO3HEpPrun, Tak U Ana TpaHcnopTa
OGnarogaps ux ruGKocTM M MpocCTOTE
MCNONb30BaHUS.

YnyyweHue npouecca ropeHus
HEeTPaAMLMOHHOIO TOMJIMBA U ycwiie-
HMWe KOHTpONs 3a HMUM HeoOXOAUMBI
ONs  [OCTMXEHUS BbICOKO 3Hep-
roappekTMBHOCTU 6Ge3 BHeceHus
CYLIECTBEHHbIX M3MEHEHWIA B KOH-
CTPYKUMM [ABUraTeNns WM cUctemy
nogaum Tonnuea [3]. OpHako oue-
HOYHbIE MOAENU ropeHusi, NpUMeHs-
eMble ANs UCKOMaeMbiX BUAOB TOMJIN-
Ba (mu3enb, OEH3WH, Ma3yT, MeTaH),

pedyHol TpaHcnopT (XXI Bek) ¢ Ne 2 2024

NOCTPOEHHblIE Ha OCHOBE OrpoOMHOro
KOJINYECTBA KCNEPUMEHTANbHbBIX JaH-
HbIX, HepeaKo NMNoXo NpeAcKasbiBaloT
daktnyeckoe noeepgeHue BO300OHOB-
nsieMbiX BUAOB TOPIOYEro, COCTaB W
CBOWCTBA KOTOPbIX MOTYT U3MEHSTLCS,
B TOM YUCNE B 3aBUCUMOCTM OT TEXHO-
JIOrMKU NPoM3BOACTBA.

Buogusen — Xupkoe MOTOpPHOE
OGuoTonnueo, npepacTaensiowee cobov
CMeCb MOHOAJIKWIIbHBIX 3(UPOB XUPHBIX
KWUCNOT, MONy4aeMbIX W3 TPUrAMLEpU-
[OB (pexe CBOOOAHbIX KUPHBIX KUCHIOT)
peakuueil nepearepudukaumum (3tepu-
¢uKaummn) opgHOATOMHBIMM CRIMPTAMMU.
McTOYHMKOM TPUIMIULIEPUAOB MOTYT CITy-
XWUTb pa3finyHble pacTuTesbHblie Macna
WU XMBOTHbIE XXMPbI [4].

WUccnepoBaHusiM  MCNoONb30BaHUS
3KONIOTMYECKU 4YUCTOr0 TOMIMBA, B
YyacTHoCcTU OGuMoAM3eNbHOro, B AU3ENb-
HbIX ABUratensix, NMocBSILLLEHO HeMano
TPYAOB POCCUIACKNX U 3apYOEXHbIX y4e-
HbiX. Tlpn 3TOM HEAOCTaTO4YHO XOpo-
IO M3y4YeHbl BOMPOChI TEOPETUYECKOI
M npaKTM4ecKoW OLIeHKM mnoKasarte-
neil aKcrlyatauMM MoTopa, KOTopble
Xapaktepu3oBanu Gbl 0COGEHHOCTH ero
pabotbl Ha Guopusene. Kpome Toro,
M3BECTHble B HacTosilLee Bpems Tex-
HUYECKMEe peLLeHus He B NOJIHOW Mepe
no3BONSAIOT aAanTMPOBaTb AU3ENbHbINA
ABUraTeNb K paccMaTpuBaeMoMy anb-
TepHaTUBHOMY ropioyemy.

3HauuT, 0003HaYeHHble BOMPOCHI
TpeOyeT AanbHEWLLUMX TEOPETUYECKUX
1 3KCNepUMEeHTaNbHbIX UCCNEeA0BaHMIA
Ha aKTyaJibHble TeMb:

— pauuoHanbHoe COOTHOLEHue
KOMMOHEHTOB B Ouogusene, pekoMeH-
AyeMOM K NMPUMEHEHUI0 B KayecTBe
MOTOPHOrO TOM/IMBa Ha ¢oTe;

— 000CHOBaHME WMCMONb30BaHMS
6uogusens B cyposbix IBC no uHam-
KaTOpHbIM, 3¢ ¢PEKTUBHbIM, 3KOJNIOTU-
4eCKUM, TOMJIUBHO-3KOHOMMUYECKUM
nokasarensim ero paboTbi;

— TeXHUYeckue pelleHus no obopy-
JOBaHMIO YCTaHOBOK [y1Sl NPUrOTOBJIEHUS
Guopunsens Ha pe4yHoM ¢oTe, KOHCTPYK-
TUBHas [opaboTKa Cy0BOro au3ens mist
nepeBoAa Ha Takoe ropioyee;

— OueHKa BnusiHUS Ouopusens
Ha 9KcnnyaTauMOHHble MOKa3aTenu
cyaHa.



Pewas rnaeHyi0o 3apauyy no aHa-
NU3y 0TEeYEeCTBEHHOro M 3apybexHoro
OnbiTa NPUMEHEHUS asibTePHATUBHbIX
BUOB TOMJIMBA, aBTOpbl HacTosilel
CTaTbM OPMEHTUPOBANUCbL Npexpe
Bcero Ha Crparernyeckyio nporpam-
My no OuoaHepretuke [5], kak Ha
06a30Bblii [OKYMEHT, onpepensiowuii
CLEHapuii MHHOBALMOHHOTO Hay4yHO-
TEXHOJIOrMYEecKoro paspuTus Ouo-
3HEepreTM4ecKoli oTpacnu.

[laHHas nporpamma HaueneHa Ha
000CHOBaHMe aKTyalbHOCTM M pas-
BUTUE NPUOPUTETHbIX HanpaBneHWi
HayyHbIX UCCNEepoBaHWA U pa3pabo-
TOK KJIIOYEBbIX TEXHONOruii B o0na-
CTU OMO3HEpPreTMKM Ha nNpUHUMNAX
MMMNOPTO3aMeELLEHUS C YYETOM MUPO-
BblX TPEHAOB B HayKe, TEXHONOrWM,
pbIHKOB ang ¢popmupoBanus B Poccumn
YCTOM4YMBON MHHOBALMOHHON TEXHONO-
rMYecKOM OCHOBbI Pa3BUTUSI CEKTopa
6MO3HEPreTUKU, MOBbILUEHUS €r0 KOH-
KYPEHTOCNOCOOHOCTN U peLueHns KOH-
KPETHbIX COLMaNbHO-3KOHOMUYECKUX
npo6nem ¢ OfHOBPEMEHHOW AuBep-
cupukaumein U NOCTPOEHUEM «3ene-
HOW» SKOHOMMKU (OMO3KOHOMMKM Ha
NPUHLMNAX LMPKYNSPHOIA 3KOHOMMKHM)
1 NepexofoM OT 3KCNopTa NPUPOAHbIX
pecypcoB K 3KCMOPTY TEXHONOTUA W
BbICOKOTEXHOJIOTMYHbIX NPO/AYKTOB.

PactutenbHbie macna (pancogoe,
NOACOJIHEYHOE, COEeBOE U NajlbMOBOE)
OKasanucb BeCcbMa YAA4YHbIM MCTOY-
HUKOM OuoTOnNUMBa ANS AU3ENbHbIX
Asurarteneii [6]. B HacToswee Bpems
CTOMMOCTb PacTUTENIbHOT0 Macna u
W3roTOBNEHHOT0 W3 HEero ropioye-
ro COnoCTaBMMAa C LIeHO HepTAHOro
austorsimBa. Takum obOpasom, B psae
CnyyaeB NpUMEHeHue asibTepHaTUBbI
CTaHOBMTCA 3KOHOMMWYECKM BbIFOA-
HbIM, OCOOEHHO B CTpaHax OoraTbix
pacTUTenbHbIM MacyioMm.

[ing npoMBbILLNIEHHOr0 NPOU3BOACT-
Ba Guoau3ens cerogHs MCNoNb3yloTCs
pas3nuyHble pacTUTeNbHble Macna u
Xupbl (M3 cou, panca, aTpodbl, nasnb-
Mbl, PbDKUKa, BOAOPOCNEA M Ap., a
TaKke OTpaGoTaHHble KyNMHapHble
Macna U XXUBOTHbIE Xupbl). Buoausenn
MOXET NMPUMEHSATbCA Kak B CMecU C
TPagULMOHHBIM AU3TOMNJIMBOM, TaK U B
yucToM BUAe (Torga HeoGXoaMMO BHe-
CEHUe KOHCTPYKTUBHbIX U3MEHEHWIA B
asuratenb). PasnuuHble rocypapcrTea
ucnonb3ylot 5-7-10-20%-e cmecn —
cooTBeTcTBeHHO B5-B7-B10-B20.

HanbGonee nepcneKkTMBHOW KyJib-
Typoii ana npousBoacTBa Guopusens
B Poccum cuutaercsa panc. C 2001
r. B HaweW CTpaHe KPaTHO BbIPOC/U
€ro noceebl U 00bLEMbl W3rOTOBNEHUS
macna. Mo paHHbiM Poccrara, B 2022
r. niaowaab coctaBuna 2,3 MJH ra
(+39,2% k ypoBHio 2021 r.); BanoBoii

c6op kynbTypbl — 4,6 MAH T (+63,2%), B
TOM yucne o3umoro panca — 1,6 MaH 1.

Buogusenn u3 pancoBoro macna
NpUMeHsieTca B Ka4yecTBe CaMoro pac-
NPOCTPaHEHHOr0 CMECeBOoro TOMIMBA
(c TpaaMUMOHHbIM pau3enem), npo-
WeAWwero UCNbITaHWUs Mo ero UCNoJib-
30BaHMI0 B Pas/iM4HbIX YCNOBUSAX B
psAae Hay4HbIX OpraHuM3auuii, B TOM
yucne MFAY wm. B. M. lopsiukuna,
BHUW mexaHu3auum cenbCKoOro xo3aim-
ctBa PACXH, YnbaHoBckoi MCA.

B yactHocTn B Pa3anckom FAY um.
M.A. KocTblueBa Obina paspabGortaHa
KOHCTPYKTOPCKasi AOKYMEHTauus Ha
nepeobopynoBaHue Tpaktopa «MT3-
80» pns pabotbl Ha OuoTOM/IMBE Ha
OCHOBE parncoBOro Macnia, CO3AaHbl
onbiTHbie 00pasubl YHUBEPCANbHOIO
noporpesarens u 6aka gns anbTepHa-
TUBHOIO ropioyero.

Poccus oGnapaetr npakTUYECKU
HEeOrpaHu4YeHHOMN 6uopecypcHoii
6asoii, NpUrogHoil Ana M3roToBne-
HUS TOMNMBA AN HYXA TpaHCMopra.
Tem He MeHee, NPOM3BOACTBO XWUA-
KOro MOTOPHOro GMoTONNIMBA B Hawewl
CTpaHe MOKa He MONyYnno pa3BUTUS
No OOBLEKTUBHBIM U CYObEKTUBHLIM
npuYMHaMm.

Huskuin ypoBeHb nCNONbL30BaHUA
BU B Poccum Bneyer 3a co06oii Hepo-
CTaTOYHOCTb peanu3aummn uccneposa-
TenbCKOro noTteHuuana B Haubonee
aKTyanbHbIX GPyHAAMEHTaNbHbIX U NPU-
KNaAHbIX HanpaeneHusx GUoTexHono-
rMm ¥ GMO3HEpPreTUKK.

Passutne npouseopcTea OGuopm-
3ens B Haweil cTpaHe TOPMO3UTCS
TaKke MO NpPUYMHE HEAOCTaTOYHOCTU
HOPMAaTUBHOIA 6a3bl, HaNIOroBOro pery-
JINPOBAHUSA U FOCYAAPCTBEHHOr0 CTU-
mynupoBaHusi. Beepenne B 2016 r.
CcTaHpapTa ans cmeceii GuoausensHo-
ro Tonauea «B6-B20» ana amMsenbHbIX
ABUratenei pasHbix TMNOB, COAepXa-
wero or 6 oo 20% Ouoau3enbHOro
TONAMBAa B CMECU C TPaAULMOHHBIM
AV3TONJINBOM, COBCEM He MOBAMSNO
Ha pPOCT NPOM3BOACTBA U PbIHOK anb-
TEePHATUBHOrO FrOPIOYEro.

EavHUYHbIE NPOEKTbI ¢ MUHUMAaNb-
HbIMWU WHBECTULMSMU B 00BEKTbI MO
n3rotoenexluio 6uoronnuea B Poccum
CBUAETENbCTBYIOT 00 OTCYTCTBUM
NO3UTUBHbIX M3MEHEHWIA B paccMma-
TpuBaemoy cdepe Ha NPOTAKEHUU
ANUTENbLHOTO Nnepuopa.

PeanbHble nepcnekTvMBbl pa3BUTUS
pblHKA MOTOPHbIX OMOTOMJIMB MOFyT
ObiTb CBS3aHbl C BHEOPEHWEM HOBbIX
TEXHOJIOrMiA NPOU3BOACTBa, obecne-
YMBAIOWMX KOHKYPEHTOCNOCOOHbIE
LEeHbl Ha KOHEeYHble MPOAYKTbl, NpW
YC/IOBUM MNOAAEPXKU TaKUX MNpoek-
TOB CO CTOpPOHbI rocypsapcrea. [oka
Poccus 3HauuMTenbHO 0TCTaeT oT MUpO-

BbIX INAEPOB B Pa3BUTUU BHYTPEHHETO
pblHKa Xupgkux O6uoton-nue. Henb3as
ynyckaTtb BO3MOXHOCTb ONepaTMBHOrO
C03AaHUS UHAYCTPUM SKCMOPTHO-0pU-
E©HTUPOBAHHOrO NPOM3BOACTBA OUOTO-
NAUB ANs TpaHcrnopTa.

BbicOKka BepOSTHOCTb TOro, 4TO
no NpuUyYMHE HepocTaTka rOTOBbIX K
BHEAPEHNI0 OTEYECTBEHHbIX TEXHOJIO-
rvii, matepuanbHasa 6asa Takux npo-
M3BOACTB OyAeT KOMMIEKToBaThCA 3a
CyYeT NocTaBoOK MMMOPTHOro 06opyno-
BaHUS, B TOM 4uC/e 3aBOAOB «MOp,
K/Il0Y», TO €CTb B KOMIJIEKTe C 3apy-
6eXHbIMV TEXHONOTUAMM, YTO 3aBeA0-
MO He OyaeT cnocoGCTBOBaThL NOSIBNIE-
HUIO COOCTBEHHbIX pa3padoTok.

Cpepn 0TEYECTBEHHbIX W3roTo-
BUTENEl YKOMMJIEKTOBAHHbIX MPOMU3-
BOJCTBEHHbIX JIMHUIA CTOUT BbiAENUTb
koMmnaHuuio «Texdkcnpecc», NOCTaB-
NAIOWLYI0 annapaTtypy Ans noJsiy4yeHus
6uogusens. OpraHnsaums npepnaraer
MMHWU3aBOAbI MO NPOM3BOACTBY OMO-
ausens u3 panca B o6beme ot 100 T
panca B roa, ¢ BbIXOAOM Macna — OT
340 n u3 1 1 panca. B nepeuenb
NOCTaBKU BXOAAT Npecc M Kamep-
Hblii GUNLTP, Ha BbIXOAE U3 KOTOPOro
nosiyyaeTcs rotoBoe pancoBoe Macno,
npurogHoe As 3a/IMBaHUs B TOMJIMB-
HbliA OaKk.

PeanbHble nepcnekTUBbl Pa3BU-
TUS OTPacnu No NPUMEHEHNI0 MOTOp-
HbIX OGUOTONNMB MOryT ObiTb CBSI3a-
Hbl C BHEAPEHUEM HOBbIX TEXHONOTMiA
npou3BoAcTBa, obGecnevyuBalomx
KOHKPETHbI/i CEeKTOp 3KOHOMMKM.
CebGecToumocTb Ouoausens coo6CTBeH-
HOr0 W3roTOBJIEHMS, NpeAHa3HaYeH-
HOro AN MCNONb30BaHUA HA PEYHOM
dnorte, OGyaer HaMHOro HWXe LEHbI
MCMOJIb3yeMOro CerogHs AM3TOMIMBA.

MepcnekTuBa ucnonb3oBaHus 6uo-
ausens cooTtsetcTByet Crpaterum
pa3BUTUS BHYTPEHHEr0 BOGHOTO TPaH-
cnopra P® Ha nepuop, no 2030 r., rae
OfHOV U3 Leneit 0003HaYeHOo NoBbiLLe-
HUe YPOBHS €ro 3KOJIOrM4YHOCTH.

[anbHeiumne uccnepoBaHUs paum-
OHaJIbHO HanNpaBUTb Ha peLleHue cne-
AyloLMX 3apay:

— TeopeTuyeckoe uU3yyeHue napa-
MeTpoB paboyero uukna v 3Kcnay-
aTauMoHHbIX nokasateneit CIY Ha
MUHepasibHOM AU3TONIMBE U Ha Guo-
ausene;

—  9KCMepuUMEHTanbHas OLEH-
Ka (U3nMKo-MexaHU4yecKux CBOWCTB
OV3TOMIMBA NPU Pa3SIMYHBIX COOTHO-
WeHunax Guoansens U 00ObIYHOIO yrie-
BOJOPOAHOr0 ropioyero u xapakrepu-
CTUKW JeTasieil Au3enbHOWU TOMJIMBHOM
annaparypbl npu pabote Ha AU3TO-
nnuee; o00CHOBaHMe BbiGOpa pauu-
OHaNbLHOro cocTaBa Owogusens no
nokasatensaM TEOpPeTUYecKUX pacue-
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TOB U PU3NKO-MEXaHUYECKNX CBOMCTB
anbTepHaTMBHOIO TOMJINBA;

— 3KcnepuMeHTanbHas OLEHKa
MHAMKATOPHbIX, 3(EKTUBHBIX U 3KO-
nornyeckux nokasarene CIY npwm
pabote Ha Guopu3ene No CPaBHEHMIO
CO LUTATHbIM LUKIIOM;

— 3KCnepuMeHTaNbHble Uccie-
posanua C3Y npu akcnnyataummu Ha
TPaAULMOHHOM pu3Tonnuee U Ouo-
au3sene;

— OLieHKa 9KOHOMMYECKMX MOKa3a-
Teneit pabotel COY npu 3ameLueHUm
Au3TonsMBa Guopusenem;

— paspaboTka YyCTaHOBKM MO Mpo-
M3BOACTBY PaLMOHANbHOrO COCTaBa
Ouogusens.
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nen. — M.: Nag. MIAY nm. B.T1. TopsykumHa,
2008. — 340 c. 7. AnsTepHaTVBHbIE TONIVBA
pacTUTeNbHOro NPoncxoxaeHus / CemeHoB
B.I., 3uHyeHko A.A. // XvMyst 1 TEXHONOTUS
Tonnve 1 Mmacen. 2005. — Ne 1. — c. 29-34.
8. MMobanbHas ctatnucTnka GMosHePreTUkn
3220191 9. PecypcHblii noTEHLMAN yrre-
BOJOPO/IOB: COBPEMEHHOE COCTOsIHME, MPO-
6nembl, NyTy peLueHns / Jlomxesckas M.U.
// Teonorusa Hedt nrasa. 2010. - Ne 5. — c.
35-43. 10. PassuTtne pbiHka 6roTonnvea

B Mupe / XopyxeHko E.C., oporos B.K. //
VHHOBaumoHHas akoHoMuika (mart. IV Mexa,.
Hay4H. KoH). — KasaHb: byk, 2017. — ¢. 27-31.
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nytax — 3710 0a30Bblii NpUHUMN, Ge3 KOTOpO-

ro HeBO3MOXHA peanu3auus COBPEMEHHbIX Mac-
WTaOHbIX NMPOEKTOB, HaNpaBNEHHbIX Ha YyBeaWvyeHue
00beMOB [0CTABKM TPy30B M NacCaXupoB pPeyvHbiM
TpaHcnoptoMm. Mexay Tem, B HacToslee BpeMs cyLie-
CTBYIOT HEKOTOpble NpPoGnemMbl C BbiMOJHEHUEM KOM-
njiekca nyTeBbIX MepPONnpUATUIA MO KOPEHHOMY yiy4lue-
HUI0O HaBUTaLUMOHHOW CUTYaLUU HENOCPEeACTBEHHO Ha
3aTpyAHUTENbHBIX y4yacTKax cnusaHus pek (CP). [aHHbli
BOMPOC NpeAcTaBnsieT UHTEPEC KaK B TEOPETUYECKOM,
TakK ¥ B NPAKTU4YECKOM MJjiaHe.

B cBSI3n C 3KOHOMMYECKOA cuUTyauuel U KOpPPEeKTM-
POBKOI TEXHWKO-3KOHOMMYECKUX NOKasaTeneil B OoTpaciu
B LIEJIOM B MOC/NEeAHME JECATWIETUS NpPOU3BOAUTCH He
CMJIOLIHANA PYCNOBasi CbeMKa, a Mlb ruaporpaduyeckas B
npepenax CyaoBOro Xo4a U Ha MIMMUTUPYIOLUMX NepeKarax,
cornacHo rocsapanuio. lpn 3ToM nopaepxaHue rapaH-
TUPOBaHHbIX rabapuToB LenecoobpasHo TONILKO TaM, rae
akcnnyatupyetcs ¢nort.

Ha cynoxopHbix otpe3kax CP onpepensiowmm ¢pakropom
npu NPOEeKTUPOBaHWM NYTEBbIX PaGoT AOMKHA BbICTYNaTbh
peHTabenbHOCTL NnepeBo3ok. Ho B 30He cnusaHusa pexku pane-
KO He Bcerga ObIBalOT OAHOrO MOpsiAKa, ¢ OAWHAKOBbLIMM
ruapomopdonoruyeckumm Xapaktepuctukamm M TUnamm
nutanua. M3-3a HenpepbiBHOrO B3aMMOJENCTBUSI CXOAS-
LYMXCS BOAHLIX MOTOKOB 3[,E€Cb YCTAHABJIMBAETCH CIOXHbIN
rMAPONOrMYeckuii pexum (B omiMyme OT GecnpuTOYHbIX
yyacTkoB). CnepoBatenbHO, MeCTHble FapaHTUPOBaHHbIE
rabapuTtbl MOTyT OT/IMYATbCH, M NOTPeGyeTcs MCMOJL30BA-
Hue ¢nota ¢ pasHoO 0CafKoM, YTO NPUBEAET K CHWKEHUID
3KOHOMMWYECKMX NoKa3aTeneil TPaHCMNOPTHO onepaLyu.

Kak noka3an npoBepeHHbIi aBTOpaMM HaCTOsILLEA cTa-

5 €30MacHOCTb CyA0X0ACTBA HAa BHYTPEHHUX BOAHbIX
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TbU aHanu3 MopoNIOrM4eCcKUX U rmapoNornyecKnx oco-
6eHHocTeit y3nos CP B Cubupckom dpepepansHom okpyre,
CyAOXofHbie YC/IOBUSl Ha Oonee Yyem 2/3 paccmaTpuBaB-
LUMXCA aKBaTOPWIA 3aTpyaHEHbl Ang ABWXeHus ¢norta no
nNpuMYyMHaM HaNMyMg nepekaToB, KpPWUBU3HbI ¢apBaTepa
unu MHoropykaeHoctu [2, 3]. C yueToM nogoOHbLIX cBeae-
HWiA 00bIYHO 000CHOBbLIBAETCS HEOOXOAUMOCTb B MYTEBbIX
pa6orax.

TpaguLUMOHHO B MEXHABUraLUOHHLIN, OCEHHEe-3UM-
HWi, Nepuos co3AalTCa U 0OHOBNAIOTCS HABUraLMOH-
Hbie kapTbl (HK), nnanupylotcs nytesbie meponpusatus
Ha npeAacToAWwMiA ce30H. OAHAKO NPUHATLIA NMOPSAAOK
nNpuMBOAMT K TOMY, YTO M3-3a W3MEHYUBOCTU peJibe-
¢a pycen B 30Hax CP, ¢ NOCTOSAHHbIM WMHTEHCUBHbIM
rmaponormyeckum nepedopmMupoBaHueMm, Ha OTAENb-
HbIX Y4acTKax [AaHHble paHee MNPOBeAEHHbIX CbEMOK
Hepesko OKa3blBAlOTCA HeaKTyaJibHbIMU Ha MOMEHT
M3paHug KapT.

Pewutb Takyio npoGnemy cnocoGHbl HOBble METOAb
Knaccupukaumm M yny4ylleHus CYAOXOAHLIX YCJIOBUA B

ARTARCEMRA
KPAR

Puc. 1. CnusiHne pek bus n KatyHb
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Puc. 4. OnekTpoHHas kapTa

yanax CP, no3sonsiowue CHU3UTbL 3KOHOMUYECKUE 3aTparThl
NpU CO3JaHNKU SKCNNYaTaLMOHHBIX NPOPe3eii.

B nasuraumio 2023 r. B 30He cansiHne pek bus n Katynb
Obina BbINONHEHa pycnoBas cbemka (puc. 1).

91n peku, a Takke O6b Ha yyacTKax OT UCTOKA [0
r.bapHayn 3aTpyaHuTenbHbl ANS NpoxoxaeHus ¢nora.
Jlesbiii 6eper p.bus u npaebiit 6eper p.KatyHb sBnsi-
toTc Geperamu 0.CeHHOIl, TO €CTb OHM NOWMEHHbIE.
YacTb neBoro Gepera KatyHu u yacTb npaBoro Gepera
0O6u — KopeHHblie, Bbicokue. Pycno O6M — cnoxHo-
pa3BeTBNEeHHOE, B €ro JIeBOW 4YacTW pPacnoyioXeHo
yctbe KatyHu, a Bbiwe bBuiicko-KaTyHckoit cTpenku
HaxoguTtcs aenbta bun. CkopocTb Te4eHusa B yCTbeBOM
yactn bum n Katyum 3asucut ot BeIM4MHbLI B3aUMHOIO
noanopa pek ¥ Bo3pacTaeT, Korga ypoBeHb BOAbl B
HUX (cooTBeTCTByIOWMUI OGecnognopHOMY pexumy) u
CKOPOCTM TEYEeHUI BbIpaBHWUBAIOTCS, U fanee B OHOM
pycne kak Obl CywWecTBYIOT Be peku C pa3HbIMU BOA-
HbiMU Maccamu. FpyHT B pyciax pek COCTOMT U3 necka
C ranbkoil u rpasuem; Boonb GeperoB BCTpevaloTCs
Kamuum [1].

OcHoBHOW nepeTtok KaTyHCkux BOp M uUX cChaus-
Hue ¢ Bbuiickumu peanusyetcs no cpegHeMy pykaBy
aenbtbl KaTyHu, pacnonoXeHHOMY Mexay OCTPOBaMu
OpuHuoBckuit u HuxHnit OANHLOBCKMIA; B yCTbe BTOPOro
HaxoAMTCSA TOYKA BOAHOrO MyTWM, MPUHATAs 3a Hayano
oTCYeTa pacCTOSIHMIA MO OCU CYAOBLIX XOAOB pek bus,
KaTtyHb 1 O6b.

Martepuanbl pycnoBoii cbemku oOGpabaTbiBanuchb C
nomouybio reouHpopmauuoHHbix cuctem (FTUC). JaHHbli
MHCTPYMEHTapuii N03BOJISET aHaNIM3UPOBaTh U B Hagne-
Xalwem Buge NpepcTaBndaTb pa3HooOpasHyio uHoOp-
Maumio 0 paccMaTpuBaeMOM 00bekTe, 0ToOpakeHHOM
Ha 3JIEKTPOHHOI KapTe, C ero CBOWCTBaMM, BKIOYas
rMaponoruyeckue XapakTepucTuku, cobpaHHble pas-
JINYHBIMW MeToAaMKu (Ha3eMHbIMU, BO3AYLWHbIMU, KOC-
MUYeckummn U apyrumu Tunammu ¢pukcaumm). Ha ocHose
ceBepeHuii 00 00beKTax, NPUBSA3aHHBIX K 3JIEKTPOHHO
KapTe uccieayemoii MeCcTHOCTH, CNeLuanucT nnaHupy-
et meponpustus [4].

MocnepoBatenbHOCTL AEWCTBUI OnepaTopa TaKoOBa:
BbIOMpaeTcs pacTpoBoe U300paxeHue u3ydaemoii obna-
ctu (puc. 2), onpeaensiloTcs KOOPANHATLI OMOPHbIX TOYEK,
B 0ase paHHbix TUC perucTpuMpyercsi CHUMOK, COFJIacHO
npaBunaM CO3[aHMA HOBbIX CJOeB, ¢popmupyloTca HeoO-
XoAuMble cnou 06bEeKToB (puc. 3), KOTOpble ONUCHIBAIOTCS
KOHKpPETHbIMY NapaMeTpamu.

Ha puc. 4 nokasaH pe3ynbTar pycroBoii CbeMK!, HaHe-
CEHHbIIA Ha 3NEKTPOHHYIO KapTy pacCMaTPMBaeMOM 30HbI.

TexHonorun TUC, Hawepwune WMPOKOe NPUMEHEHUEe B
MccnenoBaHUsX MUPOBOTrO OKeaHa, 0Ka3biBAalOTCS BOCTpe-
060BaHHbLIMM B TakuX NpUKNapHbIX cdepax, kKak Mopckas u
peuyHas HaBuraumsi, Gnarogaps Yemy KapavHanbHO U3Me-
HSIeTCS NOAXOpA, K ynpaBneHuto ¢pnoTom. [IoCTOMHCTBA 3nek-
TPOHHBIX KapT — [OCTOBEPHOCTb U MONHOTA CBEAEHWUN, a
TaKke yao6CTBO MCNONb30BaHUS — TPYAHO NEPEeOLEHNTb B
acnekte obecneyeHns 6e30MacHOCTU CyA0XOACTBA.

NCMOJIb3OBAHHAA JIUTEPATYPA:

1. B.A. bayna, P.C. Yanos, E.M. Nneckesu4y.Pycnosbie npo-
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BaMM M npuoputeTamu NIBNSI0TCS obecnevyeHue

YCTOWYMBOrO poOCTa TPAHCMOPTHOrO KOMMJEKca,
CO3[1aHNe TEXHONOrM4Yeckoro CyBepeHuTeTa u oTpacneBoi
MMMOPTOHE3aBUCUMOCTH, TpaHc(OpMaUus TPaHCMOPTHO-
NIOTUCTUYECKMX LIeNoYeK.

Mpu 3TOM BaXHblii 3NE€MEHT TPAHCMOPTHOW CTpaTerum —
NoBbILLIEHME YPOBHS KOHTeWHepu3auuu, npegnonaraiouiee
COBEpLUEHCTBOBaHME NMOPTOBOW MHPPACTPYKTYpbl, MoAep-
Hu3aumio ¢pnota, ynyyweHue JIOrMCTUYECKUX NMPOLLECCOB U
pa3BuTHe MyNbTUMOAAJIbHbIX MaPLUPYTOB.

Mo aHanuTuke komnaxum «BIMCO», 06beM rno6anbHOro
pbIHKa MOPCKMX KOHTEiHepHbix nepeBo30k B 2023 r. yBenu-
yunca: Ha 0,2% — no cpaexenmio ¢ 2022 r., Ha 1,5% — no
cpaBHeHuto ¢ 2019 r., To ecTb A0 Hayana naHgemum [1].
HauGonbluee nosbilieHne 3aUMKCUPOBAHO HA TpPaHCNOp-
THOM Kopupope «Cesep—HOr».

CornacHo [2], npouecc MOpPCKOV nepeBo3KU KOHTel-
HEepoB MOXHO NpPeACTaBUTb B BUE MHOXeCTBa B3aMMO-
CBSI3aHHbIX ONepaumii, peannayiowmx KOHKpeTHble QYHK-
UMM M nNpepcTaBAdOWMX €000 MocnefoBaTeNbHOCTb
[eWCTBUIA, BbINOJIHAEMbIX OMepaTopaMu CYAOXOAHOW
KOMMaHUM.

B pamMkax HacTosILL el CTaTbu NpeanaraeTcs MeTop, cete-
BOrO MJIaHUPOBaHUS A NOCTPOEHMS MOAENM nocnenoBa-
TEJIbHOCTU 3TUX OMepaLyii, OCHOBaHHbIN Ha rpaduke uenm
peLueHnii He ToNIbKO 0pUCHOro nepcoHana coOCTBEHHMKA
¢norta, HO 1 Bcex NPUYACTHbIX K NMpoLeccamM ynpaeneHus
CTPYKTYyp.

3apgaya ceTeBOro NJaHMPOBAHUA COCTOUT B TOM,
4yToObI rpadMyecKku, HarngpgHO U CMCTEMHO O0TOOpasUTb
nocnepoBaTeNbHOCTb M B3aMM0O3aBUCMMOCTb paboT,
ONTUMM3UPOBaTb AEWCTBUS MM MeponpusTus, obecne-

Bycnosvmx CaHKuMiA ans Poccum akTyasibHbIMU Bbi30-
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Puc. 1. CeteBoit rpaduk ana 1-ro 6noka onepawmia
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Puc. 2. CeteBoit rpaduka ansa 1-ro 6510ka onepauuii ¢
NPOAOJIXUTENBbHOCTbLIO MO BPEMEHUN COOTBETCTBYIOLLIMX
paboT
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4yuBaloLWMe CBOEBPEMEHHOE U NNIAHOMEPHOE A0CTIKEHUE
NOCTaBNEHHOW Lenn, COKPaTUTb A0 AONYCTUMOIrO MUHM-
MyMa NPOAOMKUTENIbHOCTb TEXHONOIMYECKOro npoulecca.

Ona oToGpaxeHMs M anropuTMM3auuuM [EeiCTBUIA Unu
CUTyaumii NPUMEHsIoTCa ceTeBbie moaenu [3] npoueccos
pabGoTbl onepaTtopa, AenaeTcs aHanu3 pacnpepeneHus
BPEMEHM WCMONIHEHUS BCEX npoueayp B 3aBUCUMOCTU OT
M3MEHEeHNs1 OKa3biBAIOWMX BJIMSSHUE HA CUCTEMY BHELUHUX
¢dakTopoB, KOTOpbIE TaKkKe U3YHAIOTCS.

Ing co3panusa cetesoro rpaduka (Cl) BHayane cTpouT-
cs MaTpuua, OTpaxalowas nocnefoBaTenbHOCTb COObITHIA
paboTbl onepaTopoB, rae onpeaeneHo BpeMs BbiNOJIHEHUS
oTAenbHbIX npouenyp [4].

Cl — 310 OpueHTMpOBaHHbI rpad Ge3 KOHTYpOB, €ro
OYrM UMeIOT OfHY WM HECKOJNbKO YUCNOBbIX XapaKTepu-
cTuk. flyramu n3o6paxator paboTbl, a BepluMHamMm — coObi-
TMa. PaGora — noGoii TpyaoBoOi npouecc wan peicTeue,
CONpOBOXAAIOLEeecs 3aTpaTaMuM BPEMEHM U PEecypcoB.
CoObiTe — UTOr HEKOTOPOro NPoLecca, pe3yNbTaT BbiNo-
HeHUs NpeawecTBYIOWMX eMy padorT.

B pamkax uccnepnoBaHus Ha OCHOBE AaHHbIX Tabnuubi 1
ctpowncsa CI' nocnepoBaTenbHOCTH U NPOAOMKUTENBHOCTD
pa6ot (ans 1-ro n 2-ro 6nokoB, puc. 1 n 2; uudpbl Hag
cTpenkamu 0003Ha4aloT Kofbl paboT) COTPYAHWKOB KOH-
TEAHEPHON JINHUK; BbISBNSUICS KPUTHYECKMIA NYTb B ceTe-
BOW Mopenu, NpoBoAwiach ONTMMM3auus U CO3[aBanachb
avarpamma lanTa.

JlioGas nocnepoBaTeNbHOCTb pPaboOT HasblBaeTcs
«nyTem». MyTb OT HaYanbHOro A0 3aBepLUAlOLLEro COObITUS
Ha3blBaeTCs «NOJIHbIM» . MoNHBIA NyTb, MMeloLWMiA HanboNb-
LLYI0 NPOTSXKEHHOCTb BO BPEMEHMW, HAa3blBAETCA «KPUTHUYE-
ckum». Ero anuHa Ha3biBaeTCs «KPUTUHECKUM BpEeMEHeM»
(th). MyTb OT MCXOAHOrO A0 NMPOMEXYTOYHOrO COObITUS
Ha3bIBAeTCA «NPeAWecTBYOWUM?, a OT NPOMEXYTOYHOro
[0 3aBepLUAIOLLEr0 — «NOCAEAYIOLUMY .

K ocHoBHbiM BpeMeHHbIM napametpam CI oTHocsTcA
pe3epebl BpeMeHU coObITUii U paboT, OHU PacCUYUTLIBAIOTCS
4yepes X paHHME U NO3[HNE CPOKMU.

PaHHMM CPOKOM CBepLueHns cOObITUS tp(j) Ha3biBaeTcq
«CaMblii paHHWI MOMEHT», K KOTOPOMY 3aBeplLualoTcs Bce
pa6oTbl, NpeawecTByiowme 3TOMY COObITUIO, U PAaCCUYUTbI-
Baercs no ¢popmyne:

t,(j)= I(n)ax(fp(i)ﬂ(i,j)) ,
i,/)eU;

rae (i./)€U; — mHOXecTBO paboT, NpeAWecTBYIOWMX
COObITUIO /.

t(i,j) — npogomkxuTenbHoCTb paboThi (i,j).

Mo3pHum cpokom ceepiuieHns colbitus t,(i) HasbiBa-
€TCcsl «CaMblii MO3AHNIA MOMEHT BpeMeHu», HeoOXoaUMbIiA
LN 3aBeplieHus Bcex paloT, cnepylowmx nocne aToro
co0biTUSl, U onpeaenseTcs Tak:

4 O)=min@()-1G/),

(.7)ev;

roe (i,j)€U; — mHOXecTBO paboT mpeawecTByIOWUX
COObLITHIO .



MocnepoBaTenbHOCTb U NPOAOJIKUTENIbHOCTb BUAOB PaboT COTPYAHUKOB,
006Cny)X1UBaKOLLUX KOHTEAHEPHYIO JINHUIO

Tabnuua 1

Bug paGoTbl

| Bpewms, 4 | Mpep. pa6oTtbl | UcnonHutens

1-i4 6nok

MopaTeepxaeHne GykuMHra oT onepaTtMBHOro otaena

1 OnepaTrBHOE pearmpoBaHve Ha 3anpockl. O6paboTka NocTynuBLLEro BGykuHra. 5 1-n
MHdopmupoBaHue knneHTa o puaepHOM pacnmcaHmmn orneparop
2 CornacoBaHue NPUHATUS MHKEN rpy3a (HerabapuUTHOroO, ONacHoOro) 2 1 1-non.
3 CornacoBaHve BO3MOXHOCTU BKITIOHYNUTb naE)TW? KOHTENHEPOB 4 5 1-i on.
B Kapro-nnaH Ha nnaHupyeMblii penc
4 [MpoBepka Nno HaNMM4YMO NOPOXHErO 060PYAOBaHMSA 2 1-non.
MopTBEpXaeHne GyknHra 3,4 1-non.
6 OnepaTnBHOE pearnpoBaHne Ha 3anpochl 4 5 1-non.
Bbipaua o6opynoBaHus
7 CTbIKOBKA MMMOPTHBIX 1 9KCMOPTHbIX MOTOKOB 2 4 2-iion
Bblaaya nopoXHero KoHTeHepa 13 cToka MHUM NOA 3aTapky rpyaa 1 2-on.
OdopmMneHue Norpysku Ha CyaHO
9 Mepenaya MHdOpMaLMKM 0 BYKUHIe Ha TEPMUHA 5 2-non.
10 MonyyeHne ceptudmrkata VGM, MHCTPYKUMIA HA KOHOCAMEHT ((UKTUBHAsS paboTa) 0 2-iion.
11 BHeceHune pgaHHbIx 0 VGM 10 2-ion.
12 3arpyska MHCTPYKLMIA Ha KOHOCaMEHT, 5 10 2-ii on
dopmupoaHmne gpadTa (NPoekTa) KOHOCAMEHTA
13 MonyyeHve NnoaTBEPXAEHNSA KOHOCAMEHTa OT K/IMeHTa 2 12 2-ion.
14 MpoBepka AOKYMEHTOB OT 9KCNEeAUTOPOB A OTNPaBku rpy3a 8 9,13 2-iion.
15 OdopmneHne JOKYMEHTOB Ha OTX0[, CyaHa 8 14 2-ion.
16 OdopmneHne cHETOB Mo 06paboTKe rpy3a B MOPTY MOrpy3Ku (AeMepenx, AETEHLLH) 8 15 1-non.
KoHTponb 3a goctaBKkow rpy3a Ao NopTa Ha3HaYeHns
17 Bblaaya duaepHoro koHocaMeHTa 8 15 1-on.
18 KoHTponb 3a nonyyeHvem onnatbl ppaxra 8 17 1-non.
19 Pacchblnika HOTMCOB KNMEHTY 0 NPUBLITUK dUaePHOro cyaHa 2 17 1-non.
duHaHCcOoBbI oTAEN
20 PacyeTHble onepauuy ¢ TepMUHANIOM NOrpy3Kx 16 Cneu,. duH. o1a,.
21 O6paboTka 3anpocoB ONepaTMBHOIro oTaeNa 4 18 Cneu, puH. oTa,.
2-i1 6nok
OdopmneHue Bbiga4m rpysa B NnopTy Ha3Ha4YeHus
29 MpenBapuTtensHoe MHHOPMMPOBaHUE (YBEAOMIEHME TAMOXEHHOIO OpraHa o 5 19 3.7 on
nepemMeLLeHNM TOBapOB 1 TPAHCMOPTHBIX CPEACTB YePe3 TAMOXEHHYIO FPaHULLY)
23 YBeAOMNIEHVE TEPMUHASIA O NPUOLITUM KOHTEHEPA 2 19 3-1ron.
24 lMoarotoBka JOKYMEHTOB 4151 MPUXOASLLErO CyaHa 4 22,23 3-inon.
25 HomuHaums akcnegutopa Ha MMMNOPTHBIN Fpy3 2 19 3-1on.
26 MonyyeHre opurnHana KOHOCaMEHTOB/ TENEKC-penn3a 2 23 3-11 on.
Bbigaya konun duaepHOro KOHoCaMeHTa CO LWTaMMNoM «[Py3 TaMOXEHHbIN»,
27 YOO0CTOBEPSIIOLLMIA, 4TO FPy3 NPUOLIT B MOPT U HAXOAUTCS MO, TAMOXEHHbLIM 8 26 3-on
KOHTpOJiIEM
o8 OdopmneHne cHeTOB N0 pacxoaaMm, CBs3aHHbIM ¢ 06paboTKon rpy3a 2 o7 3.t on
B MOPTY Ha3HAYeHs
29 Bblgaya pennsa onsa BelBo3a rpysa 13 nopra 2 28 3-11 on.
30 MpUHSATHE NOPOXHNX KOHTENHEPOB 2 29 3-ion.
AreHTCKUI oTAEn
31 Mony4eHne naketa CyaoBbIX U TPAHCMOPTHBIX JOKYMEHTOB (KOHOCAMEHTHI, 5 26 ArenT
rpy30BOW MNaH, KAPaHTUHHBIE U CaHUTapHbIE CBUAETENLCTBA)
32 JokymeHTanbHoe obopmneHve npw6b|Ba|ou:lero cyZHa 1 NOAroToBKa 4 31 ArenT
nprYemMocaaToYHbIX ornepauuii ¢ rpy3om
33 OdopmneHre oTrpy304HO MHCTPYKLIMM OnepaTopy TepMuHana (pasHapsiaku) 4 32 AreHt
34 MoarotoBka TaMOXEHHbIX JOKYMEHTOB Ha prfibl, BbINOJIHEHNE TAMOXEHHbIX 4 33 Arent
dopmanbHocTen
duHaHcoBbIV oTAEN
35 PacueTbl ¢ TEpMUHANOM BbIrpy3ku 4 28 Cneu,.duH.ota,.
36 BbiCTaBneHme CYETOB Ha KNMeHTa 35 Cneu.duH.oTa,.
37 OdopmneHne ByxranTepckmnx 4OKYMEHTOB 36 Cneu,.duH.ota,




Cpoku BbiNoJIHEHUd paboT Tabnuua 2
1 pesepBbl BpemeHu gns 1-ro 6noka
Peseps
Pato. Mpogon- Cpokw BbINoJsIHeHUs paGoT B::ﬁn:,i:r
a XUTEeNb-
HOCTb, 4 PaHHue MospgHne S
Hawano | Okonuanue | Hauano | OkoH4aHue
1-2 2 0 2 0 2 0
2-3 2 2 4 2 4 0
3-4 2 4 6 6 8 2
3-5 4 4 8 4 8 0
4-5 0 6 6 8 8 2
4-6 2 6 8 49 51 43
5-7 2 8 10 8 10 0
6-17 1 8 9 51 52 43
7-8 2 10 12 10 12
8-9 0 12 12 12 12
8-11 0 12 12 16 16
9-10 2 12 14 12 14 0
9-17 2 12 14 50 52 38
10-11 2 14 16 14 16 0
11-12 8 16 24 16 24 0
12-13 8 24 32 24 32 0
13-14 8 32 40 32 40 0
13-15 8 32 40 36 44 4
14-16 8 40 48 44 52 4
14-17 2 40 42 50 52 10
15-17 8 40 48 44 52 4
16-17 4 48 52 48 52 0

Ecnn paHHue v no3pHMe CPOKW cBeplueHusl CoObITUiA
KPUTNYECKOro nyTu (KPpUTMHECKUX cobbITUIA) COBNAAaloT, TO

tp(Kpum.)ztn(K um.)-

OtpenbHas paooTa xapakrepu3yetcs pas3/iuiHbiMU BO3-
MOXHbIMU CPOKaMHU BbiMOJIHEHUS:

— paHHuUIA CPOK Hayana:

— paHHUIi CPOK OKOHYAHUS: &

(i, )=t +1(i, )) 3 (2)
— NO3[HMWIA CPOK OKOHYAHUS:
tli() (i9 j) = ] ; (3)

— MO3AHUIA CPOK Hayana:

L)) =t~ 1)) (4)
— NOJHLINA pe3eps:

R, (G =1, —t,~1(i,)) * )

B Tabnuue 2 paHbl onpepeneHHble CPOKU BbIMOJIHEHUS
paGoT u pesepBbl BpeMEHM BLINOJIHEHNS KaXAoi npoueay-

pbl.

Kputuueckwii nytb gnis 1-i yactu npoekta Oyaer cogep-  |[*
Xatb pa6otbi: 1-52—53—-55-57-58-510->12-513->14->1
5—17—19. Ero gnutensHocTb cocTaBnsieT 52 u.

[anee ctpoutcs nuHelHbi rpaduk npoekra. Ha Hem
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t, )=t 3 (1)

Kaxpasa pabora (i,j) w3obpaxaerca B
npues3ke K ocu Bpemenn Of ropnuson-
TanbHbIM OTPE3KOM, €ro AJIMHa B COOT-
BETCTBYIOLEM MacwTabe paBHa npo-
JOMKUTENIbHOCTM PaboThl tj» Havano
KaXaoi npouenypbl COBNafaeT C paH-
HUM CPOKOM CBEpPLUEHUS ee HayaJibHo-
ro cobbiTus. PaGoTbl NpeacTaBnaIOTCS
B TOI Xe MOoCJIef0BaTe/IbHOCTU, YTO U
Ha Cr.

CT png 2-ro 6noka paboT nokasaHbl
Ha puc. 4 n 5.

Hymepauus coGbiTuii npoBogunach
B COOTBETCTBMM C MX PacCnoNOXeHUeMm
Ha rpajuke. Bbin nonyyeH ynopsigo-
yeHHblit CI', Ha HEM Hap, cTpenkamu B
ckoOKkax ykazaHa NpOAOJKUTENbHOCTb
COOTBETCTBYIOLUMX paboT.

B TaGnuue 3 AaHbl onpepesieHHbie
CPOKM BbINONIHEHMS PaboT U pe3epebl
BPEMEHMU.

Takum 006pa3om, KPUTMYECKUII NYTb
Ans 2-ii YacTu NPOeKTa coaepXuT pado-
Toi: 23—526—27—28—>35—>36—37.
Ero pnutenbHocTb — 36 y.

Ha puc. 6 npusepeHa puarpamma
FanTa gng 2-i 4yacT1 npoekTa.

[Ong onucaHus NOrUKW B3aMMOREWN-
CTBUSI PECYPCOB Pa3HOro Kjlacca B xope
BbINOJMIHEHUS MpoLeAyp OCYLLeCTBAS-
nace ¢opmanusauus onepauui npm
opraHusauum OyKMpPOBaHMS U YnpaB-
JIEHUsi NepeBO3KON KOHTelHepa, onpe-
Aensnics KpUTUYECKUiA NyTb npouecca,
UMeIoWMiAi HanGoNbLIYI0 NPOTAXEH-
HOCTb BO BPEMEHH.

OnucaHHbIli MeTof, MO3BOJNSIOLLMIA
NoBbICUTb 3PPEKTUBHOCTb U TOYHOCTb
paGoTbl onepaTopoB KOHTEWHEPHbIX
JINHWI, COKPATUTb BPeMS U 3aTpaThbl Ha

OpraH13aumIo JOCTaBKU KaXA0ro KOHTelHepa, MoXeT ObITb
UCNOJIb30BaH KaK B aBTOMaTU4e€CKUX CUCTEeMaX ynpaByieHUs

JIOrTUCTUYECKUMU npoueccaMu, Tak U B PY4YHOM pexume

ANS NPUHATMS MEHeDKepaMM peLLeHnii Ha OCHOBE aHanu3a
AAHHbIX.

0 E) 0 45 S
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Puc. 3. Onarpamma Manta ana 1-ro 6noka pabot
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Puc. 4. CeteBoli rpacduk gns 2-ro 6noka onepaunii
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Puc. 5. CeTteBoin rpacduk gnsa 2-ro 6yoka onepauuii ¢
NPOAOIXUTENBHOCTLIO MO BPEMEHW COOTBETCTBYIOLLIMX
paboT

CpoKM BbINOMIHEHUA PaboT

" pe3epBbl BpeMeHu gns 2-ro 61oka

A
12?—T13
113 | |
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Puc. 6. Ouarpamma laHta gnsa 2-ro 61oka pabot

«MopkHura», 2021. — 247 ¢. 3. C.H.
YepHsieBa, J1.A. Kopobosa, B.B.
JeHnceHko. UMutaunmoHHoe moaenm-

Tabnuua 3

P poBaHue cucteM. — BopoHex: «BIM'YUT»,
e3epB
n Cpoky BLINOAHEHNS paBoT BpeMeHN 2016. — 94 c. 4. CeTeBOe MOAeNMpPOBaHNE
PaGo- popon- P npouecca ppaxToBAHWUSA TAHKEPOB Kak
o xuresib- 3NeMeHT LMdpPOoBM3aLN KOMMEpHe-
HOCTb, 4 PaHHune MosnHue MonHbiii cKOI paboTbl Ha BOAHOM TpaHcnopTe /
Hauano | Okonuanme | Hauano | OkoHuaHue Opsikorosa M./, // BecTHuk F'YMP® unm.
agm. C. O. Makaposa. 2020. — 1. 12, Ne
12 2 g 2 Y 2 0 3. - c. 504-514. 5. AHanM3 0COBEHHOCTE
1-3 2 0 2 30 32 30 paboTbl ONEPaTOPOB CYA0XOAHbIX KOMMA-
1-13 2 0 2 34 36 34 HUIA N nepcnekTrBbl NPUMEHEHUA Ll,l/ld)po-
BbIX TEXHOJIOMMIA NPV NPUHATUN PELLEHNN
2-3 0 2 2 32 32 30 / Mopogsosa [.A. // MaT-nbl KOHpepeHunn
2-4 2 2 4 2 4 0 «CoBpeMEHHbIE TEHASHUMN 1 NEePCNEKTUBbI
pasBUTMA BOAHOMO TpaHcnopTta Poccum»
3-13 4 2 6 32 36 30
(20 masn 2021 r.). — CMN6: «FYMP® um. agm.
4-5 8 4 12 4 12 0 C. O. Makaposa», 2021. - 4. 2. - 192 c.
4-6 2 4 6 22 24 18 6. PelueHvie 3aga4v NpOrHo3npoBaHns
1 ONepaTVBHOIO yrpaBneHns paboTom
5-7 4 12 16 12 16 0 o o o o
MOPCKOI KOHTENHEPHOW NIMHNEN HA OCHO-
6-8 4 6 10 24 28 18 BE MMUTALMOHHOIO MOAENNPOBaHUS/
7-9 4 16 20 16 20 0 deTucos B.A., Maiopos H.H.//BecTHuk
F'YMP® nm. agm.C. O. Makaposa. 2015. -
7-10 2 16 18 32 34 16 Ne 3(31). - c. 193-201. 7. AJ1. KyaHeLos,
8-11 4 10 14 28 32 18 A.B. Kupuuenko, O.B. Conskos, A.LL.
9-12 8 20 o8 20 o8 0 CemeHoB Mopckure KOHTeMHEpPHbIE Nnepe-
BO3KM (MOHOrpadwms). — M.: «MopkHura»,
10-13 2 18 20 34 36 16 2019. - 41 c. 8. A. B. Kupuuerko, A. J1.
11-13 4 14 18 32 36 18 KysHeuos, A. A. laBbiaeHko, C. B. JlaTyxos,
B. A. HukutnH Mopckas koHTenHepHas
1213 8 28 36 28 36 0 TPaHCMNOPTHO-TEXHOMOrMYyeckas cucrema

MCMOJIb3BOBAHHASA JIMTEPATYPA:

1. Containership report December 2023 [9neKTPOHHbI AOKY-
MeHT]. — Pexunm goctyna: www.bimco.org/news/market_reports/
container-reports/2023/202312-containership-report. 2. A.J1.
KysHeuoB, A.B. KupunyeHko, O.B. Conskos, A. 1. CeMeHOB.
[MopTo-0OpreHTUpoBaHHas norncTmka (MoHorpadpus) — M.:

(MoHorpadwus). — CM6: «<MAH3E», 2017. —
310 c. 9. Hanpasnexus undpoBmnsaLmm TpaHCNOPTHOM oTpacnu /
KyaHeuos A.J1., LLlep6akosa-CniocapeHrko B.H.// BecTHuk F'YMP®
M. agM. C. O. Makaposa. 2018. — Ne 6(52). —c. 1179-1190. 10.
MepcnekTvBbl Pa3BUTUS KOHTENHEPHBIX CUCTEM Ha KPYMHbIX MOAU-
roHax TpaHcnopTHoii cetn / N3oToB O.A. // PeuHoin TpaHcnopT
(XXI Bek). 2021. — Ne 3(99). — c. 52-54.
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MeToauka oueHka KoMpopTabesibHOCTU TYPUCTUHECKUX PeUHbIX cyaoB / PoHHOB E.I., Muxees
A.A., KoyHes l0.A. // PeuyHnoi TpaHcnopT (XXI Bek). 2024. — N2 2 (110). — c. 26-29.

MpoBoamnTCs aHanM3 nokasaresien KoMPopPTabebHOCTM TYPUCTUYECKUX PEYHbIX cyaoB. MNpepnaraetcs
MeTOAMKa OLLEHKN VX YPOBHSI C LLeJIbl0 MPUCBOEHUS Klacca «3BE3AHOCTU» NO aHaIorm ¢ CUCTEMOW Knac-
cndbunkaumm 6eperoBbliX FTOCTUHNLL.

KnioueBble cnoBa: TypyCcTUYECKOE PEeYHOE CYAHO, KOMMOpPTabenbHOCTb, MeToauKa, knaccudukaums.

KonTakTbl: kaf_ptps@vsuwt.ru, mikheev_2001@mail.ru, tmnnkoch@mail.ru

PaccpepoTtouyeHue cToka no pykasam cpeam OCTPOBOB CJ/IOXXHOPa3BETBJIEHHOrO pycra cpea-
Heln N HUWXHel JIeHbl, ero U3aMeH4YMBOCTb U Y4YeT NP BbINOJIHEHUMU NYTEBbIX MeponpuaTuia / Yanos
P.C., Caxapog A.U., Tonyouoe I'.B., Kypakoea A.A., CemaxkoB B.A. // PeuHoii TpaHcnopT (XXI Bek).
2024. - N22 (110). — c. 30-38.

BbISBNAIOTCS OCHOBHbIE 3aKOHOMEPHOCTUN paccpenoTo4YeHUs CToka Cpeam OCTPOBOB, 06pasyoLLmX
OY€Hb CNIOXHbIE N0 MOPDONOrMK NapanienbHO-PyKaBHbIE PA3BETBIEHNA, €0 USMEHYMBOCTb BO BPEMEHN
1 y4eT npun 060CHOBaHUN MeponpuUaTUii No obecneyveHnio 6e30MacHOCTN CyA0X0ACTBA, BbIMOSHEHUIO
OHOYrnybuTenbHbIX paborT.

KnioueBble cnoBa: H/XHASA JIeHa, CNOXHOPAa3BETBIEHHOE PYCO, CTOK BOAbI, AHOYrNybneHne, 6e3ona-
CHOCTb CYO0XOACTBA.

KoHTakTbl: rschalov@mail.ru, saharovAl@abvvp.ru, georgy1995golubcov@yandex.ru, a.a.kurakova@
mail.ru, vsemakov@yandex.ru

Oco06eHHOCTU HOPMaTUBHOIO PEryaMpoBaHun 6e30nacHOCTU NJlaBaHUA aBTOHOMHbIX CYA0B
BHYTPEHHero BoOgHoro TpavcnopTa / Amutpues B.U., KapeTHukoB B.B., Munsikos 1.®. // PeuHoi
TpaHcnopT (XXI Bek). 2024. — N2 2 (110). — c. 40-41.

PaccmaTtpuBaloTcst BONPOChl HOPMATUBHOIO PEFYINPOBaHMS npoLiecca obecnedyeHns 6e30MacHOCTU
nnasaHNa aBTOHOMHbIX CYA0B BHYTPEHHEro BOAHOIO TpaHcnopTa.

KniouyeBble cnoBa: 6€30MacHOCTb, CYA0X0ACTBO, «HefloBe4YeCKnin hakTop», aBTOHOMHOE CYAHO, LLEHTP
OVCTaHUMOHHOIO yNpaB/ieHUS.

KoHTakTbl: vlidmi@mail.ru, spguwc-karetnikov@yandex.ru, denism@navis.spb.su

AHanun3 pa3snTusa CoBpeMeHHbIX KpUuTepMeB OCTONYNBOCTU CyAHA B HENMOBPEXAEHHOM COCTO-
siHum / OcokuH M.B., )XKykos M.B., TuxoHos B.U. // PeuHoin TpaHcnopT (XXI Bek). 2024. — N2 2
(110). — c. 41-46.

PaccmaTtpuBatoTcst npobiemMbl M NePCNEKTMBLI MPaKTUYECKOr0 NMPUMEHEHMSI BTOPOrO NOKONIEHUS KpUTe-
prEeB ANHAMMYECKOM OCTOMYMBOCTU CyHA B HEMOBPEXAEHHOM COCTOSHUN. [Tpeanaraetcs MeTo yTo4He-
HMUS MOMEHTa MHEPLUUM OENCTBYIOLLEN BATEPIMHUN HA BOJTHE.

KnioueBble cnoBa: MOMEHT MHEPLMKN, AEACTBYIOLLLAS BATEPNHUS, NapaMeTPUIECKNin Pe30HaHC,
Kayka, BOJIHEHME, OCTONYMBOCTb CyaAHA.

KoHnTtakTbi: kaf _sbs@vsuwt.ru

0630p NpoGnemaTukn aHepreTnyeckom apPeKkTMBHOCTU MOPCKUX CYA0B U CNOCOOOB COKpa-
LLLleHUs BbIOPOCOB MU NapHUKOBbLIX ra3oB / AHgpioweHko C.M., AmuTtpues A.C., Tensbuor A.C.,
Jle6eper 0.B6., UBaHuuk C.H. // PeuHoii TpaHcnopT (XXI Bek). 2024. — N2 2 (110). — c. 46-48.

PaccmaTtpuBaloTcs BBEAEHHbIE MEXAYHAPOOHON MOpCcKo opraHmsaumeit (IMO) Heobxoambie Mepel,
NO3BONSIOLLME COKPATUTb BbIOPOCHI BPEeAHbIX BELLECTB C OTPabOoTaBLLUMMM ra3aMun CyA0BbIX AN3ENEN.

KnioueBble cnoBa: aHepreTmnyeckas apPeKTMBHOCTb, MOPCKUE CYAa, MapHNKOBbLIE rasbl, 3KOJIOTUS.

KoHTakThl: s.p.andryushenko@nsawt.ru, omen669@mail.ru, telcov.dmitrii@mail.ru, razor1987@list.ru,
ivan_ilija@ngs.ru

TpubomexaHnyeckas cucteMa AMHaAMUYECKOro racutens KpyTuiibHbIX Kosie6aHuii BA3KOro
TpeHusa cygoBoro ausens / bopoguna O.10., Mywkos C.MN.// PeuyHow TpaHcnopT (XXI Bek). 2024.
—N22(110). — c. 48-51.

AHaNM3NpyTCs GU3NKO-XMMMNYECKNE NOKa3aTeNM NoMMepa B AMHAMUYECKOM racutene KpyTUabHbIX
KonebaHnin BA3KOro TPEHUS KPUBOLLUUMHO-LLIATYHHOrO MexaHn3mMa Cy40BOro AM3ens ¢ uenbto onpeaene-
HMS PaboTOCNOCOOHOCTM N NPOAJSIEHNS CpOKa CiyXObl aemMmndepa.

KnioueBble cnoBa: KpyTuibHble konebaHus, aemndep BA3KOro TpeHus, Tpubonornyeckas cmctema,
nosMMep, MOJIEKYNISPHO-MAaCCOBOE pacrnpeneneHme.

KoHTakTbl: Borodinaoyu@mail.ru, rcpl.glushkov@yandex.ru

06 ucnonb3oBaHUM OMOTOMJIMBA B Ka4eCTBE roployero B An3esibHOM ABuUrartesie pe4yHoro cyaHa
/ Nle6eper B.0., Jle6ener O.6., XXepaesa E.B. // PeuHoii TpaHcnopT (XXI Bek). 2024. — N2 2
(110). — c. 52-54 .

MpoBoaMTCSA aHanNM3 COCTOSHMS U NEePCrneKkTUB NpUMeHeHns 61oan3enbLHOro TonMBa kak 6onee aKo-
JIOTUYHOW 1 SKOHOMUYHOW anbTepHaTUBbI TPAAULMOHHOMO YINIeBOA0POOHOIrO rOPoYero Ha pedyHom doTe.

KnioueBble cnoBa: 61oansesnb, peqyHon GoT, An3esNbHbl ABUraTeb, 3KOOrMYHOCTb, 9KOHOMUY -
HOCTb.

KoHTtakTbl: lebedevbo®list.ru, razor1987@list.ru, jelevi@mail.ru
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MpumeHeHne N’NMC-TexHONOru B HaTypasibHbIX UCCTIEA0BaHNAX Y3JI0B C/IUAHUSA PeK (Ha npume-
pe Cubupckoro pernoxa) / LLlamosa B.B., Bengesa B.B., Ctynko C.B., CanukoB B.B., BoTBUHKOB
A.B. // PeuHoii TpaHcnopT (XXI Bek). 2024. — N2 2 (110). — c. 54-55.

MpuBoguTCsa Npumep ncnonb3oBanus MMC-TenxHONorMmM Npu HaTypasbHOM UCCNEfOBAHUM y3N1a Cns-
HUs pek bua n KatyHb. @opmMupyeTcs anekTpoHHas kapTa paccMaTpMBaeMoro ydactka ¢ Lenbto NiaHupo-
BaHUS MEPONPUATUIA MO YNYYLLIEHMIO MECTHbIX YC/IOBUIA Cy0,0X0OCTBA.

KnioueBble cnoBa: y3en cinmsaHus pek, 6esonacHocTb cyaoxoactea, M'MC, kapTa.

KonTakThbl: vera-shamova@rambler.ru, pobeda854@mail.ru, stanislav.st54@ssvl.ru, badvitos@gmail.
com, a.v.botvinkov@nsawt.ru

Mopenb KOHTEMHEPHOI JIMHNUN HAa OCHOBE Teopuu rpacdoB B KOHTEKCTE CTPaTerun4eckoro nia-
HupoBaHus / Mopo3osa [.A. // PeuHon TpaHcnopT (XXI Bek). 2024. — N2 2 (110). — c. 56-59 .

Mpepnaraerca meTon CETEBOrO MIaHMPOBaHNA 4J15 NOCTPOEHMS MOLENM MHOXECTBA B3aMMOCBA3aH-
HbIX Onepauuni, peannayrLmx KOHKPeTHbIE GYHKUMM U NPeacTaBnsioLmx coboi nocnenoBaTesibHOCTb
LENCTBUI, BbINOJIHAEMbIX ONnepaTopamu CyA0X04HOM KOMAaHUN.

KnioueBble cnoBa: KOHTENHEPHASA TNHUS, TMHENHOE CYO0XOACTBO, ONTMMMN3auus, CETEBON rpaduk.

KoHTakTbl: morozovada@gumrf.ru

ANNOTATIONS

The method of estimation comfort of tourist river vessels / E. Ronnov, D. Mikheev, Y. Kochnev
// River transport (XXISt century). 2024. — N2 2 (110). — p. 26-29.

Makes analisys of comfort indicators of tourist river vessels. Suggests the method to estimate their level
in order to assign a «stardom» class by analogy with coastal hotels classification system.

Key words: tourist river vessel, comfort, method, classification.

Contacts: kaf ptps@vsuwt.ru, mikheev_2001@mail.ru, tmnnkoch@mail.ru

The dispersion of water flow along arms among islands of complexly branched riverbed of
middle and lower Lena, its variability and consideration in realisation dredging / R. Chalov, A.
Sakharov, G. Golubtsov, A. Kurakova, V. Semakov // River transport (XXISt century). 2024. — N2 2
(110). — p. 30-38.

Reveales main patterns of water flow dispersion among islands forming very complex parallel-sleeve
branches in morphology, its variability in time and consideration in substantiation measures to provide
safety of navigation, realisation dredging.

Key words: middle and lower Lena,complicated riverbed, water flow, dredging, safety of navigation.

Contacts: rschalov@mail.ru, saharovAl@abvvp.ru, georgy1995golubcov@yandex.ru, a.a.kurakova@
mail.ru, vsemakov@yandex.ru

The features of normative regulation for safety navigation of autonomous vessels of inland
water transport / V. Dmitriev, V. Karetnikov, D. Milyakov // River transport (XXISt century). 2024.
—N22(110). — p. 40-41 .

Describes questions about normative regulation for process to provide safety navigation of autonomous
vessels of inland water transport.

Key words: safety, shipping, <human factor», autonomous vessel, Center for remote control.

Contacts: vlidmi@mail.ru, spguwc-karetnikov@yandex.ru, denism@navis.spb.su

The analysis of development of modern criteria of stability of vessel in undamaged state / M.
Osokin, M. Zhukov, V. Tikhonov // River transport (XXISt century). 2024. — N2 2 (110). — p. 41-46.

Describes the problems and prospects of practical application of second generation of criteria of
stability of vessel in undamaged state. Sugessts the method to correct moment of inertia of acting
waterline on wave.

Key words: moment of inertia, actual waterline, parametric resonance, pitching, excitement, vessel’s
stability.

Contacts: kaf _sbs@vsuwt.ru

The review of issues of energy efficiency of marine vessels and ways to reduce their
greenhouse gas emissions / S. Andryuschenko, A. Dmitriev, D. Tel’tsov, O. Lebedev, S . lvanchik
// River transport (XXISt century). 2024. — N2 2 (110). — p. 46-48.

Describes introduced by International maritime organization (IMO) necessary measures to reduce
emissions of harmful substances from exhaust gases of marine diesel engines.

Key words: energy efficiency, marine vessels, greenhouse gases, ecology.

Contacts: s.p.andryushenko@nsawt.ru, omen669@mail.ru, telcov.dmitrii@mail.ru, razor1987@list.ru,
ivan_ilija@ngs.ru
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Tribomechanical system of dynamic suppressor of torsional vibrations with viscous friction of
ship’s diesel / O. Borodina, S. Glushkov // River transport (XXISt century). 2024. — N2 2 (110). -
p. 48-51.

Analyses physicochemical parameters of polymer in dynamic suppressor of torsional vibrations with
viscous friction of crank mechanism of ship’s diesel in order to determine operability and prolong service
life of damper.

Key words: torsional vibrations, viscous friction damper, tribological system, polymer, molecular weight
distribution.
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About using biofuel as a combustible in diesel engine of river vessel / B. Lebedev, O. Lebedev,
E. Zherdeva // River transport (XXISt century). 2024. — N2 2 (110). — p. 52-54.

Analyses state and prospects of using biodiesel fuel as a more environmentally friendly and economical
alternative to traditional hydrocarbon fuel in river fleet.

Key words: biodiesel, river fleet, diesel engine, ecology, economy .
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Application of GIS-technologies in natural studies of river confluence nodes (on the example of
Siberian region) / V. Shamova, V. Belyaeva, S. Stupko, V. Salikov, A. Botvinkov // River transport
(XXIst century). 2024. — N2 2 (110). — p. 54-55.

Shows the example of using GIS-technologies in natural studies of confluence nodes of rivers Biya and
Katun’. Formation of electronic map of this section for the purpose of planning measures to improve local
navigable conditions.

Key words: river confluence nodes, safety of navigation, GIS, map.
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The container line model based on graph theory in context of strategic planning / D. Morozova
// River transport (XXISt century). 2024. — N2 2 (110). — p. 56-59.

Suggests network planning method to build model of set of interrelated operations that implement
specific functions and represent sequence of actions performed by operators of shipping company.

Key words: container line, linear shipping, optimization, network schedule.
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YBAXKAEMbIE YATATEJIN!
PEOAKLUA XXYPHAJIA OBbABJNISIET KOHKYPC OTPACJIEBOV ®OTOIrPA®UMN.

OKpy>XaloLwwmii MUpP U Npoucxoasilue B HeM coObITUSA, onpeaesieHHO, HUKOro He MOTryT OCTaBUTb paB-
HOAYLWHbIM U 6e3y4yacTHbIM. HEBOJIbHO B KaKOW-TO MOMEHT XO4YeTCH 3arneyaTneTb YBUOEHHOE U noge-
JINTbCS UM C APY3bSAMU U Konneramu. bnaro kakasa-Hnoéyab potokamepa («MblsibHULLA», BCTPOEHHAs B
MOOUNbHbBIA TenedoH UM NNaHLWeTHbIA KOMNbIOTEP) Bcerpa nog pykoii. Pazymeertca, ropasgo nyudiwe,
Korga uMmeeTtcsd annapatypa nocepbe3Hee. A 4ToObl caenaTtb HeOObIYHbI CHUMOK, MOPO A0CTAaTO4YHO
OKa3aTbCH B HY)KHOE BPEeMS B HY)KHOM MecCTe MNJII0C HEMHOI0 XXeJilaHUS U TBOPYEeCKOoro nomcka. Begb y
KaXAa,0ro yesioBeka ecTb TaslaHT, HaA0 TOJIbKO YMETb €ro PacKpbiTb.

B nepBylo oyepenb BogHUKN (B cuny cneundukmn npodeccumn), a Takke nodutenu pedyHoro ¢pnora Bo
BpeMs paboTbl (UM Ha OTAbIXE) Yalle APYrMX CTAHOBSATCS O4YEBUALLAMU KPAaCUBOIro NPUPOAHOIo SBJIEHUS,
YHUKaJNIbHOM Onepauuuv Ha CyaHe Wiun B NopTy, 3KCIJlyatauum peakoro ak3emMrJjispa TPaHCMOpPTHOro

cpeacTtBam T.4A. =
Tenepb y KaXa0ro, BHe 3aBUCMMOCTM OT cTaTtyca U [A,0JDKHOCTU, €CTb % -
BO3MOXHOCTb NOAENINTbCA CBOUMU HAONIOAEHUAMN. e -
Mpucbinaiite Bawn ¢oTo (B N06GOM pasmepe M KayecTBe) Ha M ol L)
w2 )

9NEeKTPOHHYI0 nouTty: rekarus@bk.ru ¢ nomeTkon «Ha POTOKOH-
Kypc«, He 3a0blBas yka3biBaTb Ha3BaHue ¢0OTO, AaTty M MecTo
CbeMKM, KoopAauHaTbl ANSA CBA3U, uma un dbamunuio asTopa.
CamMble MHTepecHblie U3 HUX OyAyT oNnyG/IMKOBaHbI B HALLEeM XYyp-
Hane.

YAA4YU BAM U 9PKUX CHUMKOB!
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