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A.B. KPBIDKAHOBCKHH, acti., OHMA, Onecca

CIIEIIM®UKA MEPEBO3KU HUKEJIEBOMH PYJIbl HABAJIOM

B nmaHHO# cTaThe pacCMaTpUBAIOTCS MPOOJIEMBI MEPEBO3KH HUKEICBOM Py/Abl HABAIOM W CBSI3QHHBIC C
3THUM OMACHOCTH BCJIEJCTBHE Pa3KWKEHHs JTAHHOTO Ipy3a MPH MEePeBO3KE MOPCKUM TpaHcmopToM. ITo-
Ka3aHo, YTO MOBEICHNE HUKEICBOM Py/Ibl MO BO3ACHCTBUEM TapMOHHUYCCKUAX KOJIEOaHUH B OmpenenéH-
HOM JHana3oHe YacTOT M aMIUIUTYJ OKa3bIBAeT OTPHUIIATENBHOE BO3JCHCTBHE HA OCTOMYHBOCTH CYIHA,
MO/IBEPrarolee 3HAUNTEIBHON OMTACHOCTH KaK SKHIAX CY/IHA, TAK M OKPYIKAIOILYIO CPEey.

KaioueBble c10Ba: MareMaTHYECKash MOJIEIb, Pa3)KMKaeMOCTh, CMEIIAEMOCTb, TNIOTHOCTD, YIEIb-
HBI TOTPY304HBINA 00BEM, y/eabHAsS Macca, BUOPOPEOIIOTHsI, Cerperaiys, CaMOCOPTHPOBAHKE, TAPMOHH-
yecKue KoaeOanus.

MupoBoii TOProBelii (pJI0T COCTOUT U3 OATKEPOB, KOTOPBIE UCIIONIB3YIOTCS IS
MEPEBO3KM HEYMAKOBAHHBIX CBHIMYYHX TPy30B, TAHKEPOB, MpEIHA3HAYCHHBIX IS
TPaHCIIOPTUPOBKU HAJIMBHBIX IPY30B, U KOHTEHHEPHBIX CYJIOB.

Jlist oOecrieuenust 0€30MacHOM MEPEBO3KH HAZ0 3HATH (PU3UKO-XUMUYECKUE U
TPaHCIIOPTHHIE CBOWCTBA HABAJIOYHBIX TPY30B U UX BIMSHHUE HA CY/IHO, M SKUIIAX B
npoiiecce MOpCKoil nepeBo3ku. OU3NYECKUil COCTaB JTHOOOr0 HABAJIOUHOIO Tpy3a
MO>KHO paccMaTpUBaTh KaK cOCTaB (pakIMil TBEpABIX YACTHII, BOABI U BO31yXa.

B 3aBHCHMOCTH OT MX COOTHOIICHHSI MOKHO OTPEACIUTh OCHOBHBIE (PU3HKO-
MEXaHMYECKHE CBOMCTBA HABaJOYHOTO Ipy3a: IUNIOTHOCTh U YAEIbHBIM MOrpy304-
HBIII 00beM. B 3aBUCHMOCTH OT TJIOTHOCTH TPY3bI AETATCS Ha TSHKEIbIE — MEHEe
0,56 M°/T; cpeaaue — ot 0,56 10 1,0 M>/T 1 nerkue — Gonee 1,0 M>/T.

Ha puc. 1 u300paskeHbl TUIIBI TpaHyJ Pa3InYHBIX TPY30B B 3aBUCHMOCTH OT
HaJIMYMs BJIaTd U COOTBETCTBEHHO CIIOCOOHOCTH K aOCOpOITHH.

a 0 B
Puc. 1 — Tumsl rpanys pa3au4yHbIX MaTEPUATIOB

Ha pucynke 1 n3o0pakeHo: a — T TpaHyJ, KOTOpPblEe HAUMEHEE CTIOCOOHBI
abcopOupoBaTh Biary; 6 — TUI IpaHy, 001aaromux 00Jiee BBICOKOM ClIOCOOHOC-
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CTBIO K a0COpOLIMM BJIaru; B — TUII TPaHyJ, KOTOpbIe 00J1a1at0T MOBBIIIIEHHOHN CIIO-
COOHOCTBIO K a0COpOIMH BIIarH.

OrnpenenuM OCHOBHBIE CBOMCTBA CBHIMMYYHX T'PY30B:

e Pasmepsl rpanyi;

e Pacmpesenenue rpaHys o pa3Mepam;

e DopMsI rpany;

e [liomiaas MOBEPXHOCTH TPAHYI;

e ['magKoCTh IJIOIIAAN TOBEPXHOCTH TPaHYII,

e CreneHb GUKCAMK WA COCTABICHUS MO3AaUKH MEKITy TPaHyJIaMU;

e Bec iy mI0THOCTE MaTepuaja 3a €IUHUILY.

K Tumy rpanyn Ha pucyHke 1 OTHOCHTCS TaKOW BHUJI TPy3a KaK HUKEJIEBas Py-
Jia, pa3Iu4YHbIe KOHICHTPATHl U T. . OUeBUIHO, YTO THUI B — 00JagaeT HauOOIb-
IIeH MIIEPOXOBATOCTHIO TTOBEPXHOCTH, OOJBITMMH pa3MepaMu, a, CJAEA0BATEIbHO, U
00J1a/1aeT MOBBIIIEHHON CIIOCOOHOCTHIO K abcopOmuu Biaru [2] .

MaremaTn4yeckass MojAeJib. /J[aHHBIN MPOLECC MOKHO OMUCATH C MTOMOIIBIO
BHOPOPEOJIOrHIECKOr0 (BUOPOMEXaHMUECKOTO) TTOAX0/1a aHaJIoTu4HO [1].

[TpumepoM UCTIOIB30BaHUS BUOPOMEXaHUIECKOTO MOIX0/a K PACCMOTPECHHIO
CJIIO’)KHOW MEXaHWYECKOW CHCTEMBbI MOXKET CIYXKHTh CJICAYIOIIas MOJCIb MOBEJIe-
HUS ChIITy4Yel cpenbl B BUOPUPYIOLIUX JIOTKAX U cocyaax (puc. 2).

Puc. 2 — JIBuxeHue cios chlllydyeil cpe/ipl 10 BUOPUPYIOLIEMY JIOTKY: a — pealbHasi KapTh-
Ha; 6 — MOJIeNIb MEJUIEHHBIX JBUKEHUN

MenneHHble JBMKEHUS ChIMyYeld Cpeibl paccMaTpUBAIOTCA KakK JIBYXKCHUS
KUAKOCTH (HE 00513aTeIbHO HBIOTOHOBCKOM ), PEOJIOTUUECKHIE XapaKTEPUCTUKH KO-
TOPOM 3aBHUCAT OT MapaMeTpoB BUOpaluu. YTo ke KacaeTcs rPaHUYHbIX YCIOBUM,
TO BMECTO OOBIYHOTO yCJIOBUs Npuiumnanus v(s) = 0 Ha ydacTkax CONPUKOCHOBE-
HUSI Cpebl CO CTEHKaMM TpIOMa 3aJaeTCsl BBIPAXKEHUE JIJIsI KacaTeJIbHOrO Hampsi-
xerust t©(S) = 1(v,). 3aech t(v,) n3BecTHass QyHKIUS KacaTeIbHON MPOCKIIUU CKO-
pocTH cpeAbl Vv, MpeacTaBisionias co0oil yAeNbHYIO BHOpPALMOHHYIO CHILY
(manpspkenne). [locnennsisi MokeT ObITh HalaeHa JUOO AHATUTUYECKUA — ITyTEM
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pelieHus 3a/1a4u 0 BUOpornepeMeIieHur JT100 IKCIIepUMeHTanbHO [1].

Ha ocHoBe npennokeHHON MaTeMaTUYeCKOW MOJEIN MOXET OBbITh OINKCaH
npouecc BUOpOOYHKEpH3alMK, a TaKKe MPOLECC BUOPOTPAHCHIOPTHUPOBAHUS ChI-
My4ero MaTepuasna Mo HEOJHOPOAHO KoseOmomeiicsa nmoBepxuoctu. [Ipu ucnonb-
30BaHUU TAKOTO TUIA MOJEIN HEOOXOIUMO UMETh B BUY OIPENEICHHbBIE YCIOBUS
€€ MPUMEHUMOCTH. B 4aCTHOCTH, P OTHOCUTEIHHO TOJICTHIX CIOSIX HEOOXOIUMO
YUUTBIBaTh TaKXKe U 00bEMHBIEC BUOpAallMOHHBIE CUIIBL. B pe3ynbrare MOXKET OBbITb,
Harpumep, 00bSICHEHO BO3SHUKHOBEHHUE MEIJIEHHBIX MTOTOKOB [2].

PaccMoTpuM B3aMMOCBSA3b MEXy BUOPOPEOIOTMUECKUMHU MIPOLIECCaMU, BO3-
JNEUCTBYIOUIMMHU Ha TEPEBO3UMBII Ipy3 B TEUEHHE peica U ero (pU3N4ecCKUuMU
CBOMCTBaMM HaKalIMBaTh OOJIBIIOE KOJIMYECTBO BJIATH, @ 3aT€M OT/AaBaTh €€ TEM
CaMbIM yBEJIMYMBAsi PUCK TPAHCIIOPTUPOBKU CHIPbSI, B CHIIy BO3SHUKHOBEHHUS TaKON
OMACHOCTH KaK «CMEIIAEMOCTh», TU00 KaK MPUHSTO €lIe Ha3bIBATh «I0JI3yYECTh.
HeoTbemiieMoll 4acThi0 JAHHOTO MpOLECcca SBIIAETCS pa3felieHue 4acTull (cerpe-
raiusi). HekoTopele 3aKOHOMEPHOCTH pa3/I€JICHUs] B CIIO€, Ha3bIBAEMOI'O TaKXKe
cerperanyeil 1 CaMOCOPTUPOBAHUEM, CXEMATHUECKH MPEAICTABICHBI Ha pUC. 3.

Ha puc. 3 u3o0pakeHbl pa3nuyHbIE Cllydyau ce-
IpETranuy ¥ CaMOCOPTUPOBAHUS CMECEM:

e a — B CIly4ya€ CMECH KPYIIHBIX U MEJIKMX 4a-
CTHUIL OAMHAKOBOH MJIOTHOCTU B PE3yJbTaTe BUOPUPO-
BaHHs KPYNHBIE YACTHIBI PACIOJIATAIOTCS HaJ MeEJl-
KHMH;

e 0 — B CJIy4ae CMECH TSDKEJbIX U JIETKUX YacCTHI]
OJIMHAKOBOW KPYNHOCTH JIETKHME YacCTHUIbl pacroja-
raroTcs HaJl TSHKEJbIMU;

® B — B CJly4ya€ CMECH KPYMHBIX U MEJKUX Ya-
Puc. 3 — Cerperanms, cTull JBYX Pa3/IMUHBIX IUIOTHOCTEH HUDKHEE MOJIOXKE-
CaMOCOPTHPOBAHMC — CMCCH,  pgype 3aiiMyT MEJNKHE TSKEINbIe, 3aTeM PACIIOJIOKATCS

noA  JACUCTBUEM  TOPHU30H-
MCIJIKHUEC JICTKUC, prrIHBIC TAXKECIIBIC (I/IJ'II/I CMECh MCJI-

TAJIBHOM CUMMETPUYHOU WIIH
KHUX JICTKUX U I(pyr[HBIX T?DKGJ'H)IX); B BerHeM I10J10-

BEPTUKAJILHON BHOpanuu.
KEHUU OKAXKYTCSA KPYITHBIC JIETKUE YaCTUIbI.

[Ipu oTCcyTCTBUHM BUOPAIMOHHOTO TOJISI, HAXOISINASICS B COCY/I€ CMECh Pa3-
HOPOJHBIX, YACTHUI] CHIITYYEH CPEIbI B MOJIE CUIIbI TAXKECTH UIU JPYTOM CTALMO-
HApPHOM CHJIOBOM IIOJIE MOXKET MMETH BCJIEACTBUE JCUCTBUS CHJI THIIA CYXOro
TpeHUs1 OECKOHEYHOE YMCIIO HEMPEPHIBHO paclpe/leICHHBIX MOJIOKEHUN paBHOBE-

CHA: OHA PAcCIIoIaracrcCs TaK WM IIOYTH TaK, KaK €€ 3aChIllaJii B COCYI. HpI/I HaJI10-
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KEHUM BUOPALIMOHHOTO IOJII HA CMECh KPYIHBIX M MEJIKHUX YacTHL] OAHOM IIOT-
HOCTH KPYIHBIE YaCTHLIBI PACIIOJIOKATCS HaJ MEJIKMMH dacturnamu (puc. 3 a). B
cllydae CMECH 4YacTULl OJUHAKOBOTO pPa3Mepa, HO C Pa3JIMYHBIMU IJIOTHOCTSIMU
JIETKHE YaCTHUIbl PACHOIOKaTCs HaJ TsDKeIbiMU (puc. 3 6). [Ipu cmecu KpynHbIX U
MEJIKUX YacCTHI] Pa3JIMYHbIX IUIOTHOCTEN HMYKHEE IOJIOKEHUE 3aliMyT MEJIKHUE Tsi-
KeIlble, 3aTeM PACIOI0KATCS MEJIKUE JIETKUE KPYIHbIE TsHKENble (MK CMEeCh MeJl-
KHUX JIETKUX M KPYIHBIX TSKEJbIX); B BEPXHEM IOJIO)KEHHUU OKAXKyTCsl KPYITHBIE
JIeTKHe YacTuilbl (puc. 3 B).

Taxum oOpazom, o AeiicTBUEM BUOPALIMOHHOIO IOJISI ChIITy4yasi CMECh CTpe-
MUTCS K OIIPEICTICHHOMY KBAa3UPABHOBECHOMY COCTOSIHHIO TIOJT JICHCTBHEM CHII CY-
XO0ro TpeHus. BMecre ¢ TeM Ha paBHOBECHOE COCTOSTHUE MOTYT CYIIECTBEHHO I1O-
BIHUATH BO3HUKAIOIIME TIPH BUOPAINH IBIDKYIIME BUOpAIIMOHHBIEC CUJIBL. B pesynb-
TaTe PaBHOBECHOE MOJOKEHUE CMECU B MOTEHIMAILHOM CHUJIOBOM I10JIE€ MOKET HE
COOTBETCTBOBATh MHUHHUMYMY MOTEHIMAJIbHONW IHEPTHH, KaK 3TO ObUIO OBl MpH
HaJIMYUU TOJIBKO CHJI BSI3KOT'O TPEHUS, OTYACTU JAHHOE BaXKHOE OOCTOSATEIHCTBO
MOJKHO pacCMOTPETh Ha puc. 3 B [2].

bbun mpoBeneHbl 3KCIEpUMEHTaIbHbIE HCCIIEJOBaHMs HAINpaBICHHbIE Ha
W3yYeHHE TOBEACHUS TPAaHYJIMPOBAHHBIX MaTEPHAIOB B 3aBUCHMOCTH OT COJEp-
’KaHWsI BJIaTU U BIUSHUS FapMOHUYECKUX KOJI€OaHUI B ONpeneaéHHOM HUana3oHe
4acTOT M aMIUIUTY/.

JIBa marepuasia, pa3iu4Hble 1O CBOUM (PHU3UKO-MEXAaHMYECKHM CBONCTBaM
(eCcOoK M &KMBIX) UCCIEIOBAIMCh HA HA PACPOCTPAHEHUE BIAKHOCTH B TEJE MaTe-
puasia 4 B UX yJenbHON Macce. i poBeieHusl UCCIe10BaHus ObLT NCIOJIb30BaH
BUOPAIMOHHBIN CTOJI UIMMHUTHPYIOUIUN KpeH cysiHa (puc. 4).

Puc. 4 — BuOpanoHHBII CTOJ IIKOJIBI BOCHHO-MOPCKON apXHUTEKTYphl © MOPCKHUX pa3pa-
60TOK

70 ISSN2079-0821. Bicauk HTY «XIII». 2014. Ne 53 (1095)



Jliist uccnenoBanusi BeIOpaHbl J1Ba 00pasiia MaTepUalioB, TaKUE KaK MECOK —
yAenbHas Macca npuMepHo 1,386 T/™°, CO CPEOHUM AUAMETPOM I'PaHyJI, UCXOMS U3
aHaJIM3a MPOU3BEICHHOTO ONTHYECKUM MHUKpPOCKOIOM, 0,5 MM U 5KMbIXa Macjo co-
JEepKaluX MPOAYKTOB, T.€ MOOOYHBIM MPOJYKTOM OOpaOOTKHA CEMSH MacCIMHUY-
HBIX PACTEHHIH, yHenbHAs Macca KOToporo cocrasmia 0,52 T/M° U cpemHuil aua-
MeTp yacTull 4,5 Mm.

Bo Bcex TecTax eMKOCTH ObUIH 3alOJHEHBI MATEPUAJIOM 110 OTMETKY 11,5 cM.

JUIst KaXA0ro TUIA MAaTEpUasIoB ObLIN BBIMOJHEHBI 1O JIBA CIEAYIOMIMX TECTA:
NEPBBINA JIJIs1 KaYKU U BTOPOU ISl TApMOHHYECKUX KOJIeOaHU.

XoTenock Obl OTMETUTh, UTO LIEHTP BpallleHus (Kauku) ObLI B LIEHTpe BUOpa-
LIMOHHOT'O CTOJIa, T. €. B OCHOBAHUU €MKOCTH (KOHTEIHEpa).

[IpoaomKUTENBHOCTD KaXA0r0 IKcIepuMenTa coctaBuia 30 c.

JIBa TecTa Ha CMEIICHHE MPHU KAYKE BBINOJHEHHBI NI KMbIXa, C YPOBHEM
BJIarv npuban3uTensHo 60 %.

[lepBbIit TecT ObLIT BHIMOJIHEH HA HaYaJIBLHOM JTarne (emie 0e3 MosBICHUs Pu-
3HAKOB Pa3>KWKEHHUsI), B TO BPEMsl Kak BTOPOI ObLT BHITIOJIHEH MOCJIE UHTEHCUBHO-
0 rapMOHUYECKOT0 BO3JICUCTBUA U MOSBICHUS PA3KIKECHUSL.

e Jlisa mecka:

HauanpHoe Brmarocozepskanue necka coctaBuio 0 %, 94To ObLIO JOCTUTHYTO,
IIpY MOMOIIM HAarpeBa B MEeYH. Y POBEHb BJIAKHOCTH MO3KE ObLT MO3TAIHO YBEJIH-
yeH, 10 40 % ot oO1el Macchl MaTepHania.

Bbu1 mpuMeHeH MUpOKUil AUana3oH 4acTOT BO3OYKIECHUS U aMIUTUTYIbI.

beimu onpeneneHsl ciaeayromue mapaMeTpsl s HakioHeHu# (kauku): 0,1 —
3,0 (I'm) /2,09 — 22,2 (rpaxyca) u ans konedanuit: 0,6 — 3,0 (I'op) / 0,25 — 17 (em).

— bbul ompeneneH KpUTHYECKUH YPOBEHb BIIAXKHOCTH (MPUOIU3UTEITHHO
27 %), HIKE KOTOPOro Marepuai BeleT ceOsl MOUTH Kak TeJIo; B TOM CMBICIIE, UYTO
MIPOUCXO/NT JBMKCHHE KOHTEHHepa 0e3 CMENIeHHs MaTepuaia, He3aBUCHUMO OT
BHEIIIHEN YaCTOThI U aMIUIUTY/IbI KAUKH.

— Ilocne Toro, Kak KpUTUYECKOE BJArocojepx aHue ObIJIO JOCTUTHYTO, MO-
’KEM SIBHO OIPENEIUTh U 0XapaKTEepPU30BaTh JOCTUTHYTHIE PE3YIbTaThI: ISl YACTO-
1 Mexay 0,1 — 0,2 (mpu HaKJIOHEHWM Tak)Ke KaK M KoJIeOaHWH), MaTepHal
dhopMUpYET MAJICHBKYIO Kydy C €ro MHUKOM, MOSBISIOMIMMCS B IIEHTPE IPy30BOM
MaccChl, B TO BpeMsI Kak HEOOJIbIIIOE KOJUYESCTBO BOJIBI TIOSIBIISIETCS] HA KPOMKAX €M-
KocTu (puc. 5 a).

Jns gactotel B nipeaenax ot 0,4I'n u 0,8 'y ayist HaknmoHeHus u Boiie 1,2 I'i
JUTSL BO3ICMCTBUS KOJIEOAHUI MECOK cMellaeTcst K 00pTaM eMKOCTH, B TO BpeMsl Kak
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B IICHTpe (OpMHUPYETCs TOHKHI BOSHOM ciioi (puc. 5 0).

3

=
|
=
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Puc. 5 —Ilecok ¢ conepxxanueM Biaru 27,5 % 1noJ Bo3A€MCTBUEM KauKU U TApMOHUYECKUX
konebanuii: a — f= 0,15 I'll, Qyaxe = 4,2 Tpan.; 6 — £=0,5I'1, Qyaxe = 13,2rpan.

o /{1151 5KMBIXa:

CoIpbe, UCTOJIB3yeMOE ISl SKCIIEPUMEHTOB, MOCTABJISIOCH U3 JABYX pa3inu-
HBIX OJIMBKOBBIX 3aB0j10B B ['peruu (oauH B Kopdy u ogun B Kanamara).

PaboTa Benach ¢ “cyxuMu” U “BIaKHBIMU~ 00Opa3llaMH KMbIXa, COJIEpKAHUE
BJIar¥, HAXOJWJIOCh Ha OTMETKE, HE MPEBBIIIAIONICH TPAHCTIOPTUPYEMBI TIpeaed,
JUTS1 IEPEBO3KH MOPCKUM TPAHCIIOPTOM.

[IpoBonumast pabota Obl1a chokycupoBaHa ye He HAa UACHTUDUKAIIMN KPH-
TUYECKOTO YPOBHS BJIAXXHOCTH, a K TOBEJICHUIO MaTepHayia B CIIEHapUU TPaHCIIOP-
TUPOBKHU MOPCKUM ITyTEM.

[ToBenenne necka ¢ coaepxanueM Biaru 0 %, UICHTUYHO MOBEICHUIO KMbI-
Xa, C TEM ke COJIEp >KaHNEeM BJIard U BeJET ceOsl Kak eUHOE IIeJI0E.

JI71s )KMBIXa ¢ ONPEACIICHHBIM COJIEp>KaHUEM BJIaru , XOTEIOCh Obl OTMETUTh
CIEAYIOIINE ABA MOMEHTA:

— PacnipocTtpaneHue BIaXHOCTU U3 OMPEACIICHHBIX 00JacTel KOHIIEHTpaIuu
BIIQXKHOCTH (YepHBIe 00JIacTH B MaTepuaie, puc. 6 a u 6 0) Mo BceMy mMaTepHary
CJIOEB BJIAXXHOCTH, YTO TPUBOJUT K 0OpPA30BAHMIO KEJIECOOPA3HOIO0 COCTOSHUS U
COOTBETCTBEHHO K CMEILIEHHIO MaTepurala.

OO6nacTy KOHIICHTpAIIUU U PacCIpPOCTPAHECHUS Bilaru (TEMHBIE MecTa puc. 6 a
CTAaHOBSITCS YK€ OMHOOOpPa3HBIMH CIIOSIMH TIOCNIE TIPUMEHEHUs KOJeOaHwmit
puc. 6 6). Takxe BUAHO, UTO MPOU3OILIO OMPEICTICHHOE CMEIIEHNE MaTepuaia K
OJIHOMY M3 OOPTOB €MKOCTH.

— Bo30yxnaenue nmpu yactorax Beimie 1,0 I'l mpUBOIUT K 3HAYUTEITHLHOMY
CMENIECHUIO YaCTH MaTepuaia K 6opTaM eMKOCTH.

B nepBoMm TecTe n3-3a OrpaHUYEeHU (PU3UYECKOr0 XapaKkTepa MaKCUMaTbHBIM
yroJ HakyoHa goctur 30 rpaaycHoil oTMETKU. Bo BTOpoM TecTe rje Marepuan yxe
npex/ie ObUT OJIBEPKEH KOJIEOAHUSIM U CKUKEHUE ObLIO YCTAaHOBJIEHO, MaTepUal
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HayajJ CMeIlEeHUE ropasno paHee (mpubmmsurenpbHo Ha 10 rpaaycHON OTMETKeE).
IIpy 5TOM HE KaKOW-TO ONPENEICHHBIN CIOW CTPEMMIICS K CMELICHUIO, & BECh Ma-
TepHall, Kak €MHOE 1I€JI0€ MOCTENEHHO CTPEMUIICS K 00OpTaM €eMKOCTH.

Puc.6 — Brnaxuelii XMBIX 10 NpuUMeHeHHs Konebanui (a) m mocine (0) (f = 2,2Im,
A =43cm).

Bepxnee BoasiHOe 00pa3oBaHME — €IUHCTBEHHAsl CMELIAIOIIASCS YacTb IMPH
JaHHBIX yCIOBUAX (puc. 7 a).

Ha 6onee BbICOKOI YacTOTE, BEpXHUI CIOU MECKa MO BOJASIHBIM 00pa30BaHU-
€M TaK)Xe€ CMEIIAETCs, XOTS U HE CTOJIb MHTEHCUBHO (puc. 7 0).

-
Puc. 7 —Ilecok ¢ conep:kanueM Biaru 40% mox Bo3neiicTBueM HakiaoHeHus:: a — = 0,11,

Quaxe = 22,2rpan; 6 — £= 0,8 ', Qyaxec = 9,05rpan.

JlanpHeliee yBeIMYEHUE BIQKHOCTH O3HAYAET, YTO KOJUYECTBO BOJBI Ha
BepIIMHE OyJeT YBEIMUMBATHCS M /U1 HU3KOW BHEUTHEH YacTOThI BEPXHUU BOJIS-
HOM CJIOM IBUKETCS OTACIBHO OT OCHOBHOM MaccChl, Matepual (puc. 7 a).

YacTOoTHBIN AuaIia3zoH, B Ipejesiax KOTOpPoro MpOUCXOoIUT CMEIICHUE BepXHe-
ro CJIosl TecKa IMoJj] BOJHOW Maccoi, 00pa3oBajCsi P OTHOCUTEIbHO HU3KUX 3Ha-
yeHusx, Harpumep, 0,7 I't BMecTo 0,8 't 111 HakimoHeHwus, (puc. 7 0).

[Tpu Gosnee BRICOKUX YaCTOTHBIX 3HAUYCHUSX, BOAHBIN CJIOM BXOJIUT B 00J1aCTh
pEe30HaHCa U OTBEYACT €CTECTBEHHOMY BUAY ABMXKeHHs (puc. 8 a u 8 0). B Tom xe
caMoe BpeMs, CJION MecKa Ioj] 00pa30BaHHBIM BOJHBIM MOKPOBOM HM3MEHSIET CBOE
CTPYKTYPHOE MOJI0KEHUE.

bru10 3aMedeHo, 4TO MPOJOHKUTENBHOCTh SKCIIEPUMEHTA, HEOCPEACTBEHHO
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CBS3aHA C PA3KIKEHUEM HUCCIIENYEMOr0 Marepuaia. Y BEIMUYEHUE NPOJOJDKATEIIb-
HOCTH BEJIET K MOHW)XEHHUIO YacTOT, T. €. K YCIOBUSAM CHOCOOCTBYIOLIUM pa3KH-
YKEHUIO.

Puc. 8. — Ilecok ¢ conepxanuem Biaru 40 % moa Bo3A€iCTBUEM BBICOKMX YaCTOT M MaJIOH
ammumtynel: a — f=2,5Tm,a=2,37 cm; 6 — f=1,4I'm, a =4,3cm.

BbiBoabI.

B pe3ynbrare npoBeAEHHBIX HCCIEAOBAHUN MOTY4YEHb! (pU3nUeckas U MaTe-
MaTHUYeCKasi MOJIENIb U HAa UX OCHOBE OOIIee MPEACTaBICHUE O TOBEACHUN HUKEIIE-
BOM PYZbL, IIPH NIEPEBO3KE MOPCKUM TPAHCIIOPTOM.

HccnenoBaHo BO3AEHCTBUE KaUYKH M TAPMOHMUYECKUX KOJIEOaHUW MPU Pa3HBIX
yacTtorax. /lanee miaHupyercst NpoBEAEHUE SKCIIEPUMEHTAIBHON SKCIIEPTU3bI IS
OoJiee TSKENbIX MaTEpUAJIOB (HUKEIb U JKene3Has pyaa). Kpome toro, cieayer uc-
clIeIoBaTh U3MEHEHHE JaBJIeHUS Ha OOpTOBBIE MEpPeOOPKH TPIOMOB, BCIEJICTBUE
JBUKEHUS Tpy3a.
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Crnenuduka nepeBo3KHM HHMKeJeBOW pyAbl HaBajoMm / A.B. KPBIKAHOBCKHH [/ Bicuux HTY
«XTII». — 2014. — Ne 53 (1095). — (Cepis: Ximis, xiMidaa TexHousorist Ta exosnorist). — C. 67 — 75. — Bibmiorp.: 2
Ha3B. — ISSN 2079-0821.

VY i cTaTTi PO3MIAAAIOTECS MPOOIEMHU TIEPEBE3CHHS HIKEIEeBOI Py HABAJIOM 1 TOB'SI3aHi 3 UM He-
0e3MeKH B HACIIIKY PO3PLIKEHHS IbOTO BAaHTAXY IMPH MEPEBE3CHHI MOPCHKUM TpaHcmopToM. [lokaszaHo 1o
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MOBEIIHKA HIKEJICBOI PY/IM ITi/I BILTABOM FapMOHIMHUX KOJMBAaHb B Jlialla30HI YaCTOT 1 aMILUTITY/] YAHUTh Hera-

TUBHY JIiI0 Ha OCTil{HICTb CyJHA, 1[0 Hapa)kae Ha 3HA4YHy HeOe3MeKy sIK eKilax CyAHa, TaK 1 JOBKIJUIA.
Kiaro4oBi ciioBa: MaTeMaTH4Ha MOJIEIb, PO3PIDKYBAHICTh, 3MINIYEMICTh, IMIJILHICTD, TATOMHA HaBaH-

TaxyBaJbHHN 00'eM, TUTOMA Maca, BIOpOPEOJIoTis, cerperailisi, CAMOCOPTHPYBaHHS, TAPMOHIHHI KOJMBAaHHS.

UDC 543.1/532.135

The specificity of the carriage of Nickel ore in bulk /A. C. KRYZHANOVSKY / Visnyk NTU
«KhPI». — 2014, — Ne 53 (1095). — (Series: Khimiya, khimichna tekhnolohiya ta ecolohiya). — P. 67 — 75.
Bibliogr.: 2 names. — ISSN 2079-0821.

In this article problems of transportation of nickel ore in bulk and the dangers connected with it in a
consequence of fluidifying of this freight in transit are considered by sea transport. It is shown that the
behavior of nickel ore as a result of harmonic oscillations in the range of frequencies and amplitudes makes
negative impact on stability of the vessel, subjecting to considerable danger as vessel crew, and environment.

Keywords: mathematical model, liquescence, miscibility, density, specific loading volume, specific
weight, vibrorheology, segregation, self-sorting, harmonic oscillations.
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B.II. HA/IYT BIU, JI-p TEXH. HayK, 3aB. oTa., UI'TM HAHY, JlnenponeTpoBck,
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JIHenmponeTpoBCK,

B.B. CYXAPEB, xanj. TexH. HayK, Hay4. coTpyaH., U 'TM HAHY,
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TEOPETHUYECKAS OHEHKA MEXAHU3MA KIJACCUOUKAIINN
TOHKUX MAT'HUTOBOCITPUMMYHNUBLBIX MATEPHUAJIOB

UznoxxeHbl pe3yabTaThl HCCIIEI0BAHUI Mpoliecca THPOKIACCH(PUKAIINHN C UCTIONh30BAHHEM TTIOCTOSTHHBIX
MarHUTHBIX TOJIEH JUIsI TOHKUX MaTepHajioB ¢ MarHUTOBOCIIPUMMYKBOW KOMIIOHEHTOH (KeJie30MarHeTu-
TOBbIE M THUTAaHOMAarHETUTOBBIE PYIbl, WIbMEHHUTOBBIE MECKM W Jp. C KPYMHOCTBIO YacTUI] MEHee
150 mkMm). Pemensl cienyronime 3amadu: ONpeseNieHa TUIOTHOCTh MAarHETHTOBBIX (DIOKKYJN, CKOPOCTh
OCaAXICHUA Cq)epI/IT-IeCKI/IX U QUIMHAPUYICCKUX Q)HOKKy.]'I B MarHMuTHOM I10JI€, YCTAHOBJICHA 3aBUCUMOCTb
CKOPOCTH OCaXJIE€HHS OT HAaNpsHKEHHOCTH MArHUTHOTO ITOJISL, TOJMYyYEeHbl YPaBHEHHS! PaBHOIAAAEMOCTU
MarHuTHBIX ((JIOKKYI), HEMATHUTHBIX YacTHULl U CPOCTKOB. [lomydeHHbIe pe3yabTaTsl MO3BOJISIIOT OMpe-
ACTIATE KPYIHOCTh 4aCTHIl IIPpH KHaCCI/I(i)I/IKaHI/II/I JJId pa3HbIX CKOpOCTefI BOCXOAIIETO ITOTOKA W HAIps-
KEHHOCTH MAar"HuTHOI'O IOJA JI CYIICCTBYIOHIUX FI/IJIpOKHaCCI/I(i)I/IKaTOpOB U MIPOCKTHPOBATH HOBBLIC
MarHUTHO-TPaBUTALIMOHHBIC aIlapaThl.
KiroueBsble cjioBa: THAPOKIacCU(PHUKALIUS, MATHUTHOE IT0JI€, (PIIOKKYIIBI, CKOPOCTD OCAKIACHHUSL.

© B. I1. Hanyrsiii, B. B. Yensiukuna, B. B. Cyxapes, 2014

ISSN2079-0821. Bicauk HTY «XIII». 2014. Ne 53 (1095) 75



