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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;

— 1mprovement 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.

Keywords: system, cargo, guide.

IloctanoBka mpodsaeMH B 3arajJbHOMY BHIJIAAI Ta ii 3B'AI30K 3
BAXKJIMBMMHU HAYKOBHMH TAa NPAKTHYHUMHU 3aa49aMH

[Ipy TpaHCHOpPTYBaHHI MOPCHKMMHU CYAHAaMHU CHUITyYUX BaHTaXiB, OCTaHHI
CXWUJIbHI 10 3HAYHUX 1 TPUBAJIUX MOLITOBXIB 1 BiOpalliii, HACHYEHHIO BOJOrOI0 3
MOBITPS. 1 TEMIIEpaTypHUX BIUIMBIB. B pe3ynbTaTi HaCUIMHMI BaHTa)X 3MIHIOE CBOi
PEOJIOTIUHI  XapaKTePUCTUKU (KYT BHYTPIIIHBOTO TEPTS 1 TMOYATKOBUH OMIp
3pyIICHHIO), a IS MaTepiajiB Mpu BMICTI Bojoru Ouibine 4% MNpu HETaTUBHUX
TeMIiepaTypax BUCOKa HMOBIPHICTh 3aMmep3aHnHs. [1, 2, 3, 4].

[Ipyn nuHAMIYHUX BIUTMBAX 1 XUTABWIl B MAacWBl1 BaHTaXy OYyIyTh O0OOB'S3KOBO
dbopmyBatucs nepioanyHi AepopMaliifHi XBUJIl, M0 NPU3BOJATH A0 MIrpallii piuHu
B MDK3EpHOBOI MpPOCTOPI 1 [0 [JESIKOr0 KBa3ICTAllIOHAPHOIO CTaHy, SKUN
BU3HAYAETHCA MEPIOANYHUM TMOJeM MacoBux cui. Lle roBopuTh mpo Te, 1O B
JOBUIBHUX MICHSAX TpIOMY, € «(HOKYCYIOThCS» XBWUJI BIJ JIWHAMIYHUX [, B
KOHCOJIIJIOBAHOMY MaTepiajlli MOXKYTh (pOpMyBaTUCA 30HU 3 TPIIIMHAMMU, B SIKUX OyIie
nepedyBaTH PO3PLIKEHUN BaHTaX y BUTJsAAlI cycnensii. Ili mporecu HEeoOpatumo
MPU3BOAATH A0 JABUHOOOPA3HOTO 3CYBY BaHTAXKY.

Oco0nMBYy poJb TMpU TEPEeBE3CHHI CUIYYHMX BaHTAXIB BIAIIPAIOTh CUCTEMU
npoTUIli c3yBy BaHTaxy. Lle 0OymMOBIIEHO KPUTHUYHHUM BIIJIMBOM pPO3TallyBaHHS
BaHTAXXy y TpPIOMi Ha 3HMXXEHHA OCTIMHOCTI CyJHAa Ta piBeHb O0e3NeKH
MOpenJiaBCTBa B 3araJii.
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AHaJi3 OCTaHHIX JOCATHEHb Ta mnyOJaikamiii, B SIKHX pO3M0YaTO
PO3B SI3yBaHHA [aHOI NMPo0JieMH TAa BHCBITIIOBAHHS HEPO3B SI3AHUX paHilie
YACTHH 3araJibHOI MpodJeMu

Binomuii npuctpiii siBisie co0OK0 PO3MIMICHUM B TPIOMI CyJHAa HACTUI 3
HIAPHIPHO MPUKPIIICHUX A0 NayOu Ta OOPTIB CEKIIA M'SKHX 1 )KOPCTKUX MaHeseH,
10 YEPTYIOTHCA MO BCIM IOBXKUHI TPIOMY CYyJIHA, & TAKOX BY3J11B MPUTUCKY CEKI[IH 10
BUIbHOT MOBEPXHI BaHTAXIB y BUIJISAI CHJIOBUX TiAPOIMIIHAPIB. M'ski 000JIOHKH 3
MOBITPOHEIIPOHUKHOTO MaTepiay 4epe3 3amipHy apMaTypy MIIKII0UeHl 10 CYAHOBOI
CHUCTEMH CTHCHEHOTO ToBiTps (puc. 1) [5].
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Puc. 1. Ilneemomexaniunuii npucmpitl 0ns 3anobieants 3¢y8y eanmasxicy y mpiomi: 1 — eanmagxc, 2 —
BIbHA NOPONCHUHA, 3 — M'AKI 0O0JIOHKU 3 NOGIMPOHENPOHUKHO20 MAMEPIaLy

Henoniku mnpuctporo, siki OOyMOBIEHI BHMKOPHUCTAHHAM M'SKUX OOOJIOHOK 3
MOBITPOHENIPOHUKHOIO MaTepiany Ta CUIOBUX T'APOIMITIHAPIB:

— HEOOXITHICTh TOCTIHHOTO HAJAyBY OOOJIOHOK Yy TMPOJOBX BCHOI'O IMEPIOaY
MEPEBE3CHHS BAHTAKY;

— HEOOXIIHICTh MOCTIHHOTO KOPETYBaHHSA TUCKY O 00OJIOHKAax 3 OIJISiIOM Ha BILJIUB
KJIIMaTOJIOT1YHUX (DAKTOPIB;

— HaJMipHE BUYEPHaHHSI MOTOPECYPCY MOBITPSIHUX KOMIIPECOPIB CY/IHA;

— CKJIQJIHICTh THEBMATUYHOI CXEMU Ta KOHCTPYKIII;

— HaJMIpHE 3HOLIYBaHHSA pPOOOYMX TMOBEPXOHb IITOKIB TIAPOUMIIHAPIB MpH
TPaHCHOPTYBaHHI y TPIOMAaX BaHTaXIB 3 a0pa3sMBHUMU BJIACTUBOCTSIMU;

— CKJIQJHICTh EKCILTyaTaIllii.
HaiiGinpm 6JM3bKUM 32 TEXHIYHOIO CYTHICTIO Ta Pe3yJIbTaTOM, IO JOCATAETHCS,
710 BUHAXOAY, IO MPOIMOHYETHCS, € MPUCTPIH, 110 MICTUTH NepdopoBaHi maHe i 3
BY3JIOM MEpPEMIIIEHHS Y3/I0BX TPIOMY CyJHa, 110 BKJIIOYae B cebe MpHUBIAHI
7e61KH 3 TPOCOOJIOUYHOIO MPOBOJIKOI0, 3MOHTOBAH1 Ha MOBOJIOLI (CTEI1) TPIOMY, a
TaKOX BY30JI MPUTUCKY MaHeNel 10 BUIbHOI MOBEPXHI BAHTAXKYy Y BUIJIS A1 CUIIOBHX
TEJIECKOMIYHUX TPOCOBUX LMJIHAPIB, Kl MIAPHIPHO 3aKpIMJIEHI Ha MOABOJIOLI
TpIOMY 1 3'€IHaH1 TSATOBUMH TpocaMu 3 OapabaHaMu BIAMOBITHUX JIe01T0K (puc. 2)

[6].
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Puc. 2. Mexaniunuii npucmpiii 015 3anobicants 3¢i8y 8AHMA’Cy

Henoniku npuctpoto, siki 00yMOBII€H1 BUKOPUCTAHHSAM €JIEKTPO/11B-KOHAEHCATOPIB
3 CETHETOEJIEKTPUYHOT IUTIBKU Ta €JIEKTPUYHOTO KUBJICHHS:

—  CKJIQJIHICTh ME€XaHIYHOI CXEMH Ta KOHCTPYKIIii;

—  HaAMIpHE 3HOIIYBAaHHS POOOYMX MOBEPXOHb LITOKIB T1IPOLMIIHIPIB Ta TPOCIB
IIPU TPAHCIIOPTYBAHHI Y TPIOMax BaHTaXiB 3 a0pa3uBHUMHU BIACTUBOCTIMU;

—  3HIDKEHHS METAlEHTPUYHOI BHUCOTH Ta OCTIMHOCTI CyAHa MPU pPO3TallyBaHHI
CUCTEMHU 3 BEJIMKOIO €KCIUTYaTallIiHO0 Barolo Ha MiABOJIOL (CTell) TPIOMY.

DopMyJIIOBAHHSI METH CTATI (IIOCTAHOBKA 3a/1a4i)

B ymoBax, 110 cknanucs, JOIUIBHOIO cTaja pPo3poOKa HOBOTO CXEMOTEXHIYHOTO
pIIIEHHS IPUCTPOIO AJIg 3an00IraHHs 3CyBY BaHTaxiB y Tptomi. [lepenbavanocs, mo
KOHCTPYKTHBHE BUKOHAHHS MIOBUHHE 3a0€3MEYNTH:

—  BIACYTHICTb HEOOXIJTHOCTI KOpEKIIMHUX 1 3 MIATPUMKA TeoMeTpii Ta

BJIACTUBOCTEHN KOHCTPYKIIIT;

—  BUKOPHUCTaHHS IPOCTUX MEXaHIYHUX BY3IIB, SIKI HE BIUIMBAIOTh HA MOPEXIJTHI

AKOCTI1 Cy/IHa;

—  OJIHOYACHY 30epeKEeHHICTh MOKIMBOCTEH MPUCTPOIB BIIOMUX THITIB.

J7ist po3B si3yBaHHS MOCTABIICHOI 3a/1a4l 3alPOTIOHOBAaHA CXeMa CUCTEMU

3armo0iraHHs 3CyBy BaHTaXy y TPIOMI.

Buxnax martepiany gocaiIzKeHHS 3 O0IPYHTYBAHHAM OTPMMAHHMX HAYKOBHX
pe3yJbTaTiB

CyTh 3alpolOHOBAHOTO CXEMOTEXHIYHOTO PIIICHHS MOSCHIOETHCS KPECICHHSIM
(puc. 3), ne 300paxena mnpuBigHa nebigka /. IlpuBinHa nebigka CKIagaeTbes 3
CJIEKTPOABUTYHA, PEIyKTOpa MPUBIAHUX BadiB Ta 0OapabaHiB-31pOYOK, IO
pO3TalllOBaHl Ha KIHISX BadiB. 3 OapabaHaMH-31pOYKaMU 3HAXOJUTHCA Y MOCTIHHOMY
3a4eIIeHH1 3aMKHeHu# naHmor 2. Jlo naHiora 3akpimieHi nepdopoBaHi naHeni 0,
K1 CKJIAZIAIOTHCS 3 MIPSIMUX AUISHOK Ta JUISTHOK, 1[0 YTBOPIOIOTH MIECTUKYTHUKH.
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1

Puc. 3. Illpucmpii ons 3anobicanns 3cy8y eanmasxcie y mpiomi: 1 — npusiona nedioka; 2 —
3aMKHeHUll 1anyroe; 3 — bawimaxu, 4 — nanpsamua; 5 — wapHip; 6 — nepghoposani naneni

[IpsMi puUIsTHKM TaHeNed Ha KIHIMX MaroTh OamMakd 3, 0 PyXaroTbCs IO
HanpsIMHUM 4. 3aBISKH HaxXwWily MOYAaTKOBOI AUISHKMA HANPSIMHHUX, OalllMaku MaloTh
pPO3’€MHMI THUN 3YEIUICHHS 3 JAHIIOrOM. YCl JIUISHKM TepPOopoBaHUX MaHeseH
3B’s13aH1 MK COOOIO MIapHiIpaMH J, sIKi JO3BOJISIOTH Y JIOCTaTHROMY JIialia3oHi 3CYB
JUISTHOK OJTHA IO BIIHOUIEHHI JI0 IPYTOi.

[Ipu poGoTi 7nediAKKM HA «HIPSIMHUI PyX» JAHIIOT 3aBISKH 3aUCIUICHHIO Y
OapabaHax-31poyKax MPOCYBAETHCS B HANPSAMKY «HIC-KOpPMa» Ta MEPECYBAE KOPCTKO
3aKkpirieHi 3 HUM nepdopoBandi maneni. llepdoparis nmanened 3MIMCHIOETHCS IS
3HIKEHHS 3arajbHoi Baru mpucTporo. [laHenl BUBOASTHCS 13 CKIAJAEHOrO CTaHy Ta
BXOJIATH Y B3a€MOJI1I0 3 BAHTAXKEM.

[Ipu poboTi neOinKM Ha «3BOPOTHUN pPyX» JAHIIOT BIABOAUTH TNaHENl B
HaIpsIMKY «KopMa-Hic». Ha nisgHIl 3 HaXuioM BiIOYBa€ThCS pPO3MUKAHHS OaliMaKiB
Ta JIAHIIOTY Ta CKJIaJaHHs NaHenel y NUIbHUN naKer.

Jlnst 3miiicCHEHHST BUHAXOAy 3aCTOCOBAHO KOMOIHAIIII0 MEXaHIYHUX EJIEMEHTIB.
OcHoBa BUKOPUCTOBYIOTHCS JJII MOHTaXy Ta B3aeMHOi (hikcalii eleMeHTIB
MPUCTPOIO.

VY cratuuHOMy pexXuMi (BaHTaK 3aBaHTaXEHO A0 PIBHS BIAMOBIIHOTO ILIAPY
npucTporo), [Ipu poboTi 1ed1AKN Ha «IPSIMUN PyX» JIAHLIOT 3aBASIKU 3a4EIUICHHIO Y
OapabaHax-31poyKax MPOCYBAETHCS B HAMPSAMKY «HIC-KOpPMa» Ta MEPECYBAE HKOPCTKO
3aKpirieHi 3 HUM nepdopoBandi maneni. llepdoparis nanenel 3M1MCHIOETHCS IS
3HIDKEHHS 3arajbHoi Baru mpucTporo. Ilaneni BUBOASTHCS 13 CKJIaJEHOrO CTaHy Ta
BXOJIATh Y B3aeMOJII0 3 BaHTaxxeM. [liciis MOBHOro po3ropTaHHsl MaHeNed BOHHU
YTBOPIOIOTH HAJl MOBEPXHEIO BAHTAXKY I€0Ie3UUHY MEPEKY KOMIPOK, SIK1 IPOTUIIIOTh
3CyBYy BaHTaxy [7, 8].
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VY mnepmioMy IMHAMIYHOMY PEXHM1 (3aBaHTaXEHHS CHUIYYOTO BaHTaXy), IpH
YTBOPEHHI KOHYCY CHITy4OTO BaHTa)xy, BUCOTa sikoro Ha 15% mnepeBuilye BUCOTY
pO3TalllyBaHHs BIAMOBIIHOTO Iapy MPUCTPOIO, OCTaHHIA YBOJUTHCS Yy IIO.
B3aemonis Ha mnpsMoOMy Ta 3BOPOTHOMY PYCl MPUCTPOIO J103BOJISIE BHUKOHYBATU
PIBHOMIpHUI pO3MOAUTY BaHTaXy MO IUIOLII BaHTaxHoro Tptomy. Llis omeparis
3IACHIOETHCS 0 MOBHOTI'O PO3MOAUTY BaHTaXy Ha BIANMOBIAHOMY piBHI. Ilicist doro
MPUCTPIA NEPEXOAUTh Y CTaTUYHUN pexkuM. Ha nBOX IHIIMX PIBHAX BIIOYBarOThCA
i1eHTHYH1 onepartii [7, 8].

VY apyromy n1MHaMi4HOMY pEKKMI (PO3BAHTAKEHHS CUITYYOTO BaHTaxXYy) JeOiKa
MpaIto€e B HAPSIMKY «KOPMa-HIC», SIK TUIbKH 3BUIbHUTHCS MOBEPXHS HAJl MaHEISIMU.

3aBAsSKA TOMY, IO PiBHI, HAa SIKUX PO3TAIIOBAHI IIAPU MPUCTPOIO 3HAYHO HUKYE
MiABOJIOKY TPIOMY, HE€ BHUHHUKAa€ OCOOJMBOrO BIUIMBY Ha OCTIMHICTh CyAHA Ta
METalEHTPUYHY BUCOTY.

BucHOBKH Ta nepcneKTHBA NOJAJBIIOL POOOTH 32 JaAHMM HANIPSIMKOM
3anponoHOBaHE CXEMOTEXHIYHE PINIEHHS BIIPIZHIETHCS THM, IO HPHUCTPIi
pO3TaIllOBaHUM Y370BXX OOpPTIB FOPU3OHTAIBLHO B TPHU SPYCH 32 BUCOTOIO TPIOMY,
MpuBiJ nepPopoBaHUX MaHeIeH 3AIUCHIOETHCS 3a IOMTOMOTOI0 3aMKHEHOTO JIAHITIOTY,
BCl CKJIQJIOBI YacTHMHU TaHeNed 3’€lHaHl Ha IIapHipax, a ISl pyxy I[aHeleH
3aCTOCOBYIOTHCS HAIIPSIMHI Ta OallIMaKky, 3aKpiljieH1 Ha JaHIIOTY.
Texaiuaud e€deKT M0CATAEThCS 3aBASKH TOMY, IIO0 KOMOIHAIl MEXaHIYHHUX
€JIEMEHTIB 3a0e3Meuye:
— OUIBII MOBHOTO OJIOKYBaHHSI 3CYBHHUX IPOIECIB y CUIIyYOMY BaHTaX1 3aBISIKU
HaKJIaJJaHHS TPHOX I1apiB Mep(OPOBAHUX MAaHENEH - T€0Ae3UYHOT MEPEXKHU;
— TiABUIIEHHS 0€3B1IIMOBHOCTI (DYHKIIIFOBaHHS Ta MOTOPECYPCY 3aBISKH CTIMKOTO
710 a0pa3WBHOIO T4 MEXAHIYHOT'O 3HOLIYBaHHS JAHIIOTOBOTO MPUBOY;
— MIJBUILEHHS PEMOHTO3/aTHOCTI PUCTPOIO;
— CIPOILEHHS KOHCTPYKLIi MpuBOAY Ta ii yHidikamis 1o eJeMeHTHIA 0a3i 3
MPUBOJIAMH 3aKPUTTS TPIOMHUX KPUILIOK;
— 3MEHUIEHHS BapTOCTI1 MPUCTPOIO.
BukopucrtaHHs NOpUCTPOIO, IO MPOMOHYETHCS, JAO3BOJUTH 3A1MCHIOBATH
YTPUMaHHS CHUITYYOTO BaHTaXy y cnenu@ikalifHuX yMOBaX Ta MIJBUIIUTH O€3MEKy
TPaHCHOPTYBaHHS TAKMX BaHTaXK1B MOPEM.
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