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ABSTRACT

When transporting bulk cargo by sea vessels, the latter are prone to significant
and prolonged thrust and vibration, saturation of moisture from the air and
temperature influences. As a result, the bulk cargo changes its rheological
characteristics (the angle of internal friction and the initial resistance to the shift), and
for materials with a moisture content of more than 4% at negative temperatures, the
probability of freezing is high. In the case of dynamic influences and shaking in the
mass of the cargo, periodic deformation waves will necessarily be formed, which will
result in the migration of the liquid in the intergranular space and to some
quasistationary state, which is determined by the periodic field of mass forces. This
suggests that, in arbitrary places of the hold, where the "focus™ waves from dynamic
actions, in the consolidated material can form zones with cracks in which there will
be a sparged cargo in the form of a suspension. These processes inevitably lead to an
avalanche-shaped shift of cargo.

In the static mode (the load is loaded to the level of the corresponding layer of
the device). When working on a winch on a "straight-forward" chain, due to its
contact with the star-shaped drums, the chain moves in the direction of "nose-feed"
and moves perforated panels rigidly fixed to it. Perforation of panels is carried out to
reduce the overall weight of the device. Panels are taken out of a folded state and
come into contact with the load. After full deployment of panels, they form a
geodesic network of cells over the surface of the cargo, which counteract the shift of
cargo.

In the first dynamic mode (loading of bulk cargo), when the cone of a bulk
cargo, the height of which is 15% higher than the height of the location of the
corresponding layer of the device, the latter is put into effect. Interaction on the
forward and reverse movement of the device allows you to perform an even
distribution of cargo in the area of the cargo hold. This operation is carried out until
the full distribution of the cargo at the appropriate level. After that, the device enters
the static mode. On two other levels there are identical operations.

In the second dynamic mode (unloading of bulk cargo), the winch operates in
the direction of the "feed-nose" as soon as the surface is cleared over the panels.
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Due to the fact that the levels at which the layers of the device are located much
lower than the hold of the hold, there is no particular effect on the stability of the
vessel and metacentric height.

The proposed circuit design differs in that the device is located along the sides
horizontally in three tiers at the height of the hold, the drive of the perforated panels
Is carried out using a closed circuit, all the components of the panels are connected on
the hinges, and for the movement of the panels used guides and shoes, fastened on the
chain.

The technical effect is achieved due to the fact that the combination of
mechanical elements provides:

— more complete blocking of landslide processes in bulk cargo due to overlap
of three layers of perforated panels - geodetic network;

— improvement of trouble-free operation and motor power due to abrasion and
mechanical wear of the chain drive;

— improvement of the device;

— simplification of the design of the drive and its unification on the element
base with drives closing the hold covers;

— reducing the cost of the device.

The use of the proposed device will allow the maintenance of loose cargo in the
specifications and enhance the safety of the transportation of such goods by sea.
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IlocTtanoBka mnpodjaeMu B 3arajlbHOMY BHIJAAI Ta ii 3B'SI30k 3
BAa)KJIMBUMHU HAYKOBHMM TA NPAKTHYHUMHU 321a4aMHU

[Ipu TpaHCHOpTyBaHHI MOPCHKMMH CYJHAaMU CHUIYYHMX BaHTAXIB, OCTaHHI
CXWJIbHI JI0 3HAYHUX 1 TPUBAJIMX MOIITOBXIB 1 BiOpaliil, HACUYEHHIO BOJIOTOI0 3
MOBITPS 1 TEMIIEPAaTypHHUX BIUIMBIB. B pe3ynbTaTi HACUMHHMI BaHTaX 3MIHIOE CBOIi
PEOJIOTIUHI  XapaKTePUCTUKU (KYT BHYTPIIIHBOTO TEPTS 1 MOYATKOBUHU oOmip
3pyIIEHHIO), a JJIsi MaTepiajiB Mpu BMICTI Bojioru Ounble 4% TpU HETaTUBHUX
TEeMIIepaTypax BUCOKa HMOBIpHICTh 3amep3aHHs. [1, 2, 3, 4].

[Ipy nuHAMIYHUX BIUIMBAX 1 XUTaBUIIl B MAacUBI BaHTaXy OYyIyThb O0OOB'SI3KOBO
dbopmyBatHcs nepioAnyHi AehopMaIliitHi XBHII, 110 MPU3BOAITH IO MIrparlii piluHHA
B MDK3EPHOBOI TPOCTOpPI 1 [0 JEIKOTO KBAa3iCTAI[IOHAPHOTO CTaHy, SKHM
BHU3HAUYAETHCS MEPIOAUYHUM TMojeM MacoBux cui. lle roBoputh mpo Te, mo B
JOBUTAHUX MICHSAX TpPIOMY, J€ «(hOKYCYIOThCS» XBWII BiJl JNWUHAMIYHHMX i, B
KOHCOJIIZIOBAHOMY MaTepiajil MOXKYTh (POpMyBaTHCS 30HU 3 TpILIUHAMHU, B AKUX Oyne
nepedyBaTi PO3pIHKEHUN BaHTaX y BUTJAl cycrnensii. Lli mpomecu HeoOpaTumo
MPU3BOJASATH JI0 JABUHOOOPA3HOTO 3CYBY BAaHTaXKY.

Oco0muBY poOJb NpH TEPEBE3CHHI CHUIYYMX BaHTaXIB BIJICPalOTh CHUCTEMHU
OpOTUAIl C3yBY BaHTaxy. Lle 0OyMOBICHO KPUTUYHUM BIJIMBOM PO3TallyBaHHSA
BaHTa)XXy y TPIOMiI Ha 3HWXEHHS OCTIMHOCTI CyAHa Ta piBeHb 0e3leKHu
MOpenJiaBCTBa B 3araJii.
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AHaJIi3 OCTaHHIX [JOCATHeHb Ta myOJaikamiii, B fAKHX PO3M0YATO
PO3B sI3yBaHHA JaHOI NPoO0JieMHM TAa BHCBITJIOBAHHSI HEPO3B siI3aHUX PpaHimie
YaCTHH 3arajibHoi npoodJjaemMu

Bigomuii mpuctpiii sBiIs€ co00H pO3MIIIEHUNH B TPIOMI CyJHAa HACTHI 3
IIapHIPHO MPUKPIILICHUX 0 MaTyOn Ta OOPTIB CEKIId M'SIKUX 1 JKOPCTKUX ITaHEeJeH,
10 YepryIOThCA MO BCIM JOBXKUHI TPIOMY CYyJIHA, a TAKOXK BY3JI1B MPUTUCKY CEKIIIH 10
BUTRHOI MOBEPXHI BAaHTAXIB Y BUIJISAI CHJIOBUX TiAPOIMIIHIAPIB. M'ki 000IOHKH 3
MOBITPOHENPOHUKHOTO MaTepiaidy 4epe3 3alipHy apMaTypy MIAKIIOUEHI 10 CyTHOBOI
CHUCTEMH CTUCHEHOTO ToBiTps (puc. 1) [5].
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Puc. 1. Ilnesmomexaniunuil npucmpiti 01 3anobieanHs 3¢y8y anmaicy y mpromi: 1 — eanmaosic; 2 —
8IbHA NOPOJICHUHA, 3 — M'SIKI 0OONOHKU 3 NOBIMPOHENPOHUKHO20 MAMEPIANy

Henoniku mpuctporo, siki 0OyMOBJIEHI BHKOPUCTAHHSAM M'AKUX OOOJOHOK 3
MOBITPOHETIPOHUKHOTO MaTepialy Ta CHJIOBUX T1APOIMITIH/IPIB:

— HEOOXIHICTh TOCTIHHOIO HAJAyBYy OOOJIOHOK Yy TMPOJOBXK BCHOIO TMEPIOTY
MIePEBE3CHHS BAaHTAXKY;

— HEOOX1IHICTh MOCTIMHOTO KOPETYBaHHS TUCKY O O0OJIOHKax 3 OTrJISiIOM Ha BIUIUB
KJIIMaTOJIOTTYHHUX (DAKTOPIB;

— HaJAMIpHE BUYEPIAHHS MOTOPECYpPCY MOBITPSIHUX KOMIIPECOPIB CYIHA;

— CKJIQJIHICTh MHEBMATUYHOI CXEMH Ta KOHCTPYKIII;

— HaJAMIpHE 3HOIIYBaHHA pPOOOYMX TMMOBEPXOHb MITOKIB TIAPONUTIHAPIB TIPH
TPAHCTIOPTYBaHH1 y TPIOMaX BaHTAXIB 3 a0Opa3sMBHUMHU BJIACTUBOCTSAMU;

— CKJIQJIHICTh €KCILTyaTaIlii.
Haii6inpm 61M3bKHUM 32 TEXHIUYHOIO CYTHICTIO Ta Pe3yJbTaTOM, L0 JAOCATAETHCS,
70 BUHaXOAy, 10 MPOMOHYETHCS, € MPUCTPiH, 110 MICTUTH NepopoBaHi maHeml 3
BY3JIOM IME€pPEMIIICHHSI Y3/I0BXX TPIOMY CYJHA, 1[0 BKJIOYae B ceOe MpPHBIIHI
701K 3 TPOCOOJIOUHOKO ITPOBOIKOI0, 3SMOHTOBAH1 Ha MOJIBOJIOI (CTEN1) TpIOMYy, a
TaKO>X BY30JI PUTUCKY MaHENEH 10 BIIbHOI MOBEPXHI BAHTAXY Y BUTJISI/II CUITOBUX
TEJIECKOMIYHUX TPOCOBUX UWIIHIAPIB, AKI HIAPHIPHO 3aKPIIUIEHI Ha MOABOJIOLI
TpIOMY 1 3'€ZJHaH1 TATOBUMHU TpocaMu 3 OapabaHamu BIANOBIIHUX J1€0110K (puc. 2)

[6].
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Puc. 2. Mexaniunuu npucmpiii 015 3anobieanus 3cigy 6aHMAaxiCy

Henomniku npuctporo, siki 00yMOBJIEHI BUKOPUCTAHHSM €JIEKTPOiB-KOHIEHCATOPIB
3 CErHETOEJIEKTPUYHOI TUTIBKU Ta €IEKTPUYHOTO JKUBJICHHS:

—  CKJIQJHICTh MEXaHIYHOI CXEMH Ta KOHCTPYKIIII;

—  HaAMIpHE 3HOUIYBAHHS POOOYMX MOBEPXOHBb IITOKIB TiAPOIMIIHIPIB Ta TPOCIB
IIPU TPAHCIIOPTYBAHHI Y TPIOMAax BaHTaXiB 3 a0pa3uBHUMU BIACTUBOCTSIMU;

—  3HIDKEHHS METAllEHTPUYHOI BUCOTH Ta OCTIMHOCTI CyJHa MpHU pPO3TallyBaHHI
CHUCTEMH 3 BEJIMKOIO €KCILTyaTaI[iiHOI Baror Ha ITiJIBOJIOI (CTel) TPIOMY.

DopMyJTHOBAHHS METH CTATi (IIOCTAHOBKA 3a/1a4i)

B ymoBax, 110 ckianucs, TOIIFHOI0 CTajla PO3po0Ka HOBOTO CXEMOTEXHIYHOTO
pIIIEHHS! IPUCTPOIO I 3an00IraHHs 3CYyBY BaHTaxiB y Tpromi. [lepenbavanocs, 1o
KOHCTPYKTHBHE BUKOHAHHS TOBUHHE 3a0€3MEeUNTH:

—  BIJICYTHICTh HEOOXIZHOCTI KOPEKI[IMHUX MJId 3 MIATPUMKA TeoMeTpii Ta

BJIACTUBOCTEN KOHCTPYKIIIT;

—  BUKOPHUCTaHHS MPOCTUX MEXAHIYHUX BY3JIB, sIKI HE BIUIMBAIOTh Ha MOPEXiJIHI

SIKOCT1 Cy/IHa;

—  OJIHOYaCHY 30€peXeHHICTh MOKJIMBOCTEH MPUCTPOIB BIJOMUX THIIIB.

J11g po3B’ s13yBaHHs MMOCTABJICHOI 3a/1a4il 3apONOHOBaHA CXeMa CUCTEMU

3aro0iraHHs 3CyBY BaHTaXy y TPIOMI.

Buxiaa marepiaay goc/iiizKeHHs1 3 00IPYHTYBAHHAM OTPUMAHMX HAYKOBHX
pe3yJbTaTiB

CyTp 3anpONOHOBAHOTO CXEMOTEXHIYHOTO PIIECHHS MOSICHIOETHCS KPECICHHSM
(puc. 3), me 300paxena mpuBimHa sebiaka 1. [TpuBimHa JyieOinka cKIagaeThes 3
€JIEKTPOJBUTYHA, PEIyKTOpa MPHUBIAHUX BadiB Ta OapabaHiB-31pOYOK, IO
poO3TaIloBaHi Ha KiHIX BajiiB. 3 0apabaHaMH-31pOYKAMH 3HAXOJIUTHCS Yy MOCTIMHOMY
3a4eTUIeHH1 3aMKHeHuM JiaHior 2. Jlo maHirora 3akpirmieHi nepdoposani naxesni 6,
AK1 CKJIaJIal0ThCA 3 MPSIMUX JUISTHOK Ta AUISHOK, 1110 YTBOPIOIOTH IECTUKYTHUKH.
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1

Puc. 3. Ilpucmpiti ons 3anobicanns 3cy8y eanmaoicie y mpromi: 1 — npusiona nebioxka; 2 —
3amKHeHull 1anyioe; 3 — bawmaru; 4 — nanpsmua, 5 — waptip, 6 — nepgoposani nameni

[Ipsmi minsgHKM TaHedeH Ha KIHISAX MaroTh OaliMakd 3, IO PyXarTbCs IO
HarpssMHUM 4. 3aBISIKM HaXWIy MOYATKOBOI JUISTHKA HAMPSAMHHX, OalliMakd MaroTh
PO3’€EMHUI THN 3YEIUICHHS 3 JIAHIIOTOM. YCl JUISHKK TepdOpOBaHUX TMaHeen
3B’s13aHI MK COOOIO IIapHipaMu S, AKi JO3BOJISIIOTH Y JOCTaTHHOMY Jlama3oHl 3CYB
JIUJISTHOK OJTHA IO BIJTHOIIEHHI JI0 APYTOi.

[Ipu poGoTi nebiaKM Ha «HPSIMUN pyX» JAHUIOT 3aBISKH 3a4CIUICHHIO Y
OapabaHax-31poUKax MPOCYBAETHCS B HAMPSAMKY «HIC-KOPMa» Ta MEPECyBAE KOPCTKO
3aKkpimiieHi 3 HUM nepdopoBani naneni. llepdopaiis maHeneil 3a1HCHIOETbCS IS
3HIDKCHHSI 3arallbHOT Barw MpUCTporo. [laHeni BUBOASATHCS 13 CKIAJCHOTO CTaHY Ta
BXOJISITh Y B32EMO/IIIO 3 BAHTAKEM.

[Ipu poboti 7nebiAKM Ha «3BOPOTHUW pPyX» JAHIIOT BIJBOJUTH TaHEN B
HaIpsIMKY «KopMa-Hicy. Ha ninsHin 3 HaxuioM BiiOyBa€eThCs pO3MUKAHHS OalliMaKiB
Ta JIAHITIOTY Ta CKJIAJaHHs TaHeJeH y IIUTHbHUIN MaKerT.

JIist 3a1ficHeHHS BMHAXOJy 3aCTOCOBAHO KOMOIHAINII0 MEXaHIYHUX EJIEMEHTIB.
OcHOBa BUKOPHUCTOBYIOTHCS JJII MOHTaXy Ta B3aeMHOi (ikcamii eneMeHTIB
MIPUCTPOIO.

VY cratuduHOMy pexuMi (BaHTaX 3aBAaHTAXKEHO 1O PIBHSA BIJAMOBIIHOTO IApy
npucTporo), [Ipu poboTi nediAKN Ha «IPSIMUN PyX» JIAHLIOT 3aBJASIKU 3a4EIVICHHIO Y
OapabaHax-31poyKax MPOCYBAETHCS B HAMPSAMKY «HIC-KOpPMay Ta MEPECyBa€ KOPCTKO
3aKkpimieHi 3 HUM nepdopoBani naneni. llepdoparliis nanenel 3MIHCHIOETBCS IS
3HIDKCHHSI 3arajlbHOI Barv NMpucTporo. [1aHenmi BUBOIATHCS 13 CKIIAJIEHOTO CTaHy Ta
BXOJIATh Y B3a€MOJi0 3 BaHTaxeM. [licnsi MOBHOro po3ropTaHHs MaHeNeld BOHU
YTBOPIOIOTH HAJl MOBEPXHEIO BAHTAXKY I€0J€3UUHy MEPEKY KOMIPOK, K1 TPOTU/IIIOTh
3CyBY BaHTaxy [7, 8].
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VY nepmioMy AMHAMIYHOMY peXHUMi (3aBaHTa)XXEHHS CHUITy4Oro BaHTaXy), MpHU
YTBOPEHHI KOHYCY CHIIY4OrO BaHTaXy, BUCOTa SKOro Ha 15% mnepeBulnye BHCOTY
pO3TallyBaHHS BiANOBITHOIO IIApy NPUCTPOIO, OCTAaHHIM YBOAMUTHCA y ifO.
B3aemonis Ha mpsMOMYy Ta 3BOPOTHOMY pyCi HPUCTPOIO JI03BOJISIE BHKOHYBATH
PIBHOMIpHUN pO3MOJITY BaHTaXy MO IUIOMI BaHTaXHOro Tpiomy. Llis omeparis
3MIIACHIOETHCS JI0 TIOBHOTO PO3MOJILTY BaHTaXy Ha BiAMOBiAHOMY piBHi. [licis woro
MNPUCTPiIN MEepPexXoaAnuTh y CTaTUYHHUI pexkuM. Ha aBoX IHIIMX piBHSX BiOYyBarOThCA
iIeHTHYHI oneparii [7, 8].

VY apyroMmy auHaMigHOMY PEeXXHMI (PO3BAaHTAXKEHHS CHITYYOTO BaHTaXYy) Je0OiaKa
MPAIIOE B HAMIPSIMKY «KOPMa-HIC», K TUTbKH 3BUIBHUTHCS MMOBEPXHS HAJl MAHEISIMH.

3aBSKH TOMY, 110 PI1BHI, Ha SIKUX PO3TaIlOBaHI IApU MPUCTPOIO 3HAYHO HIHKUE
HiJBOJIOKY TpPIOMY, HE BHMHHKA€ OCOOJMBOTO BIUIMBY Ha OCTIMHICTH CyJIHA Ta
METAlCHTPUYHY BUCOTY.

BucHOBKH Ta nepcneKTHBA NOAAJIBIIOI POOOTH 32 JTAHMM HANIPSIMKOM
3anponoHOBaHE CXEMOTEXHIYHE PIIMICHHS BIJIPI3ZHIETHCS THUM, IO MPHUCTPIi
pPO3TaIIOBaHUM y3/I0BkK OOpPTIB TOPU3OHTAILHO B TPU SPYCH 32 BUCOTOIO TPIOMY,
npuBia IephOpOBaHUX TMAHETEH 3/IIMCHIOETHCS 32 IOMTOMOT00 3aMKHEHOTO JIAHIIIOTY,
BCl CKJIAJ0BI YaCTUHU TaHeNed 3’€JlHaHl Ha IIapHipax, a I pyxy MaHeneu
3aCTOCOBYIOTHCA HAIPSIMHI Ta OallIMaKky, 3aKpiluIeH] Ha JJAHLIOTY .
TexHiyHuN e(EeKT MOCATAEThCS 3aBISIKA TOMY, IIO0 KOMOIHAIlI MEXaHIYHHUX
€JIEMEHTIB 3a0€e3Meuye:
— OUTBII MOBHOTO OJIOKYBaHHS 3CYBHHUX IPOIIECIB Y CHUIIyYOMY BaHTaXKl 3aBIISIKU
HaKJIaJaHHS TPHhOX IIapiB epdOpPOBaHMUX MaHEJEH - Te0Ie3NIHOT MEPEKU;
— MiABUIICHHS 0€3B1IMOBHOCTI (DYHKIIIFOBAHHS Ta MOTOPECYPCY 3aBISKH CTIHKOTO
710 a0pa3uBHOIO Ta MEXaHIYHOTO 3HOIITYBAHHS JIAHIIFOTOBOT'O MTPUBO/LY;
— MABUIICHHS PEMOHTO3aTHOCTI MMPUCTPOIO;
— CIOPOIICHHS KOHCTPYKII MpUBOAY Ta ii yHidikaiis Mo eJeMeHTHId 0a3i 3
IPUBOJIAMU 3aKPUTTS TPIOMHUX KPUIIIOK;
— 3MEHIIICHHS BapTOCTI MPUCTPOIO.
Bukopucranus npuCTpOro, WIO MPOMOHYETHCS, JO3BOJIUTH 3IIHCHIOBATH
YTPUMaHHS CUIIyYOTO BAHTAXY Yy ClieUU(IKALIMHUX yMOBaX Ta MiJBUILIUTUA O€3MeKy
TPAHCTIOPTYBaHHS TAaKMX BAaHTAKIB MOPEM.
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