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HECaMOXO/HOH TeJIe:KKHU 1JIsl TPAHCIOPTUPOBKYU ONACHBIX I'PY30B
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Hayuonanvuwiii ynueepcumem epasicoanckou 3auumol Ykpaurul, 2. Xapbkog

AHHOTanusi: B cTaTthe paccMaTpUBAIOTCS BO3MOXKHOCTH MPUMEHEHHUSI CUCTEM PECCOPHOTO MOABEIHIMBAHMS TTOBBIIICH-
HOT'O KayecTBa Ha CPEJICTBaX TPAHCIOPTHPOBKU OMACHBIX IPY30B.
KaioueBble ci10Ba: B3pbIBOONACHBII IPy3, BTOPAasi CTYIIEHb PECCOPHOTO MOBEUINBAHUS, KOPPEKTOP IKECTKOCTH, Pe-

SUHOKOpAHAA 000J104Ka.

st TpaHCTIOPTHUPOBAHUSI OMACHBIX, B YacCTHOCTH,
B3pBIBOOIIACHBIX I'PY30B OT MecCTa OOHApYXEHHUS K
NYHKTY YTHIW3alMd pa3padoTaHa KOHCTPYKUHS
CHENMATBHON TENEXKH [2], pecCOpHOE MOBEUINBA-
HUE KOTOPOM HMMEET XapaKTEPUCTHKH, YIOBJIETBO-
psitoiue yciaoBUsIM 0€30IacHON TPaHCIOPTUPOBKH,
a OTCYTCTBHE ABHTaTeisi U TPaHCMHCCHUH 00yciaB-
JUBAET MPOCTYI0, HAAEKHYIO M, IVIABHOE, HEIOPO-
TYI0O KOHCTPYKIWIO.I TaBHOW 0OCOOEHHOCTHIO KOH-
CTPYKLIUU TEJICKKHU SBIISCTCS MPUMEHEHUE, B OTIIH-
4yre OT TPaAWLHOHHOTO AJS aBTOMOOHIIECTPOCHHUS
OJHOCTYIIEHYaTOr0 PECCOPHOTO  IOJIBEIIMBAHMA,
JIOTIOJIHUTENIBHOM BTOPOM CTYHNEHHM C KOPPEKTOPOM
xecTkoctH [1, 3, 8], AMHaMUYecKue XapaKkTepuCTu-
KH KOTOpPOH OO0eCIeuMBarOT YCIIOBUS Oe30macHOit
TpaHcropTupoBku. Hekotoprle ocobeHHOCTH pabdo-
Thl 3TOM KOHCTPYKIUHM B YCIOBHUSX pEalbHOM 3KC-
IUTyaTaly CYLIECTBEHHO 3aTPYAHSAIOT HOATOTOBKY
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K TPaHCIIOPTHPOBKE OMACHBIX TPY30B U 3Ta Mpobiie-
Ma JIOJDKHA OBITH pelleHa NpH yCOBEPIICHCTBOBA-
HUH PEIJIOKECHHON KOHCTPYKIIHH.

KoHcTpyKiys, anropuTMel pacyera, pe3yabTaThl
TEOPETHYECKUX M IKCIIEPUMEHTAIBHBIX HCCIEI0Ba-
HHUH CHCTEM PECCOPHOTO TTOJBEIIMBAHMS CIICIHAb-
HOU TENEeKKH ISl TPAHCTIOPTHPOBKH OMACHBIX TPY-
30B U3JI0XKEHBI B padoTax [2, 6, 7].

[Ipr moaroToBKEe K MEPEBO3KE B3PHIBOOMACHBIX
IPY30B IIPU TIOMOIIM TIPEIJIOKEHHOH TENEeKKH, BO
BTOPOH CTYIEHH PECCOPHOTO MOABEIINBAHUS KOTO-
poii TpUMEHSeTCsl KOPPEKTOp skecTkocTH (puc.l),
BO3ZHUKAET IMpoOJieMa XapaKTepHas IS TMOJOOHBIX
KOHCTPYKIIMH, MMEIOIINX ONTHMAJIFHBIE XapaKTepH-
CTHKH TOJIbKO TIPH YETKO ONpEAETICHHOW Harpyske,
KOTJa IpYy>KUHBI KoppekTtopa C, pacmoiioXeHbl To-
pHu3oHTaNBHO. B ombiTHOM 00Opasme mpu HemocTa-
TOYHOM Macce rpy3a 3TOT BOIPOC pelIajcs J0CTa-
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TOYHO TPOCTO — ITyTEM NMPUMEHEHHS JOTIOTHUTEIh-
HOTO Oayacra, 9To JOCTaTOYHO HEYJAOO0HO B yCIIO-
BUSIX PEANbHON IKCILTyaTallHH.

Puc 1. Cxema KOHCTPYKIIUH BTOPOH CTYIIEHH PECCOPHOTO
MIOJIBELIIMBAHMSA C IPUMEHEHHEM KOPPEKTOPA KECTKOCTH:
1 — rpy3oBas mmatdopma, 2 — IpyKUHBI BTOPOH CTYIIEHH
MOJBEIINBAHS, 3 — ONOPHAS IaThopma, 4 — MPY>KUHBI
KOPPEKTOPa )KECTKOCTH.

Jia pemieHus 3TOM MPOOIIEMBI TIpeyIaraeTcst TPH
BapHaHTa KOHCTPYKLIHH BTOPOU CTYIIEHH PECCOPHO-
T'0 IOABCHINMBAHUA:

— C pa3MELICHUEM PETYIUPYIOLINX YCTPOICTB B
OMOPHBIX TOYKAaX MPYXUH KOPPEKTOpa KECTKOCTU
(puc. 2);
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Puc 2. Cxema KOHCTpYKIMHU BTOPOH CTYIIEHU PECCOPHOTO
TO/IBEIINBAHUS C IPUMEHEHHUEM PETYIATOPa KOPPEKTOpa
JKecTKocTH: 1 — rpy3oBas atdopma, 2 — IPYKUHEI BTO-
PO CTYIEHH MOJBEIINBAHUS, 3 — ONOPHAs IIaThopMa,

4 — mpyXUHBI KOPPEKTOPa KECTKOCTH, 5 — raiika perynu-
pOBOYHAsI, 6 — BUHT PEryIUPOBOYHBIA.

— ¢ MPUMEHEHHWEM BO BTOPOU CTEMEHH ITHEBMa-
THYECKOTO PECCOPHOIO MOJBEIIUBaHUS [5] U3 IBYX-
ro()pOBBIX PE3UHOKOPAHBIX O0OJIIOUEK B OMOPHBIX
TOYKaX TIPy30BOH IUIAT(OPMBI U BBICOTOPETYIIHPY-
Io1Iero KianaHa (puc. 3);
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Puc. 3. — Cxema KOHCTpYKLIUU BTOPO CTYNEHH ITHEBMa-
THYECKOT'O PECCOPHOTO TO/BEIINBAHUS C IPUMEHEHUEM
KOPPEKTOPa )KECTKOCTH U BHICOTOPETYJIHPYIOIIETO Kila-
nana: 1 — rpy3oBas atdopma, 2 — pe3SHHOKOpAHAs
IByXxrogposast 000Ji04Ka, 3 — oropHas miargpopma, 4 —
NPY>KHHBI KOPPEKTOPa KECTKOCTH, S — APOCCETbHAs
maiiba, 6 — JOMONHUTENBHBIH pe3epByap, 7 — KJalaH Bbl-
COTOPETYJIUPYIOILHI.

— C TIPUMEHEHUEM OJJHOTO(PPOBBIX TEPMETHYHBIX
MHEBMATHYECKUX YIPYTUX dJeMeHTOB [4] B omop-
HBIX TOYKaX Ipy30Boii mwiathopmsl (puc. 4).

Puc. 4. — Cxema KOHCTPYKIIMH BTOPO# CTYIIEHH TepMe-
THYHOT'O THEBMATHYECKOTO PECCOPHOTO IIOIBEINBAHUS C
NPUMEHEHNEeM KOPPEKTOpa jkecTKocTu: 1 — rpy3oBast
wiatdopma, 2 — pe3nHoKopIHask ogHorodposast 0007104-
Ka, 3 — onopHas wiardopma, 4 — IpyKUHBI KOPPEKTOpa
JKECTKOCTH, 5 — JipoccenbHas 1maiida, 6 — TOMOIHUTEIb-
HBIN pe3epByap.

Kaxnasa u3 npemioKeHHBIX KOHCTPYKLMH BTO-
POl CTyHNEHH pPECCOPHOr0 MOJBEIINBAHMUS CIEIH-
TbHOM TENEeXKH JUIS TPAHCIOPTHUPOBKU B3pBIBO-
OTACHBIX TPYy30B UMEET CBOM MPEMMYILECTBA U He-
noctatkd. [IpoaHanusupyem Kaxkayro U3 HUX:

— B IIEpBOM BapHaHTe, C pa3MEUICHUEM peryiu-
PYIOIIUX YCTPOWCTB B ONOPHBIX TOYKAaX MpPYKHUH
KOPpPEKTOpa JKECTKOCTH, CIOXKHOCTh IpoIecca pe-
T'YJIMPOBAHMS MPH 3KCILTyaTallil B HEKOTOPOM cre-
MEeHH KOMIIEHCUPYETCS TPOCTOTONH KOHCTPYKIUHU
PEryJIupYIOLIEro YCTPONCTBA,;

— BO BTOPOM CiIy4ae IpPHUMEHEHHs KOppeKTopa
XKECTKOCTH M THEBMATUYECKOTO PECCOPHOT0 MO/I-
BEIIMBAaHMs, KOTOPOE COCTOMT M3 JBYXTO(pOBBIX
PE3MHOKOPAHBIX 000JI0UEK U BBICOTOPETYIUPYIOLIE-
ro KJanaHa — 00ecleYnBaroTCs JyqIlie JHHAMHYE-
CKHE XapaKTepUCTHKH TPAaHCIOPTHOIO CPENCTBA,
yCTpaHsieTcsl HEOOXOAMMOCTh PErYJIHPOBKU IPH
skcIutyaranuu. Ho cllokHOE ¥ TpyJ0eMKOE yCTpOii-
CTBO BBICOTOPETYJHPYIOLIETO KiaraHa BMECTE C
HEOOXOIMMOCTBIO UMETh HCTOUYHUK CKATOTO BO3Y-
Xa Juis ero paboThl CHWXKAIOT MEPCIEeKTUBY MpUMe-
HEHUs ’TOW KOHCTPYKLUH;

— B TPEThEM BapHaHTE NMPUMEHEHHS KOPPEKTOpa
JKECTKOCTH W ITHEBMATHUYECKOTO PECCOPHOIO IOJ-
BEIIMBaHUsI, COCTOSIICE U3 OJTHOTO(POBBIX PE3NHO-
KOPIHBIX 000JI0YEK, KOTOpble BMECTE C JOIIOJIHH-
TEJIbHBIM PE3EPBYapOM MMEIOT CYIIECTBEHHO HENH-
HEHHYIO YHPYTYIO XapaKTE€PHCTHKY, aeT BO3MOXK-
HOCTb YCTPaHUTh W3 CHCTEMBI BBICOTOPETYIHPYIO-
I KJamaH M CO3/1aTh T€PMETUYHOE PECCOPHOE
MOJBEIIMBAHNE, KOTOpOE OOECleUYnBaeT JIydllne
TUHAMHYECKHE XapaKTePUCTUKH TPAaHCIOPTHOTO
CpEJICTBA M MMEET MPOCTYIO PETYIUPOBKY IPHU IKC-
IUTyaTalyu.

OKoOHYATEeNbHBIN BHIOOP KOHCTPYKLIUH BTOPOM
CTYTIEHH DPECCOPHOTO TOJBEIINBAHUS, PAIMOHAIb-
HOTO pa3MEIEHUs M XapaKTepUCTUK YNPYIUX diie-
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MEHTOB TpeOYIOT COOTBETCTBYIONIEIO TEOpETHYe-  IIMBAaHUS C MPUMEHEHHEM KOPPEKTOpa KECTKOCTH —

CKOTO M 9KCIIEPUMEHTAIILHOTO HCCIIETOBAHHA. SIBIISIETCS] TIEPCIIEKTUBHBIM HAIpPaBJICHUEM MOBBIIIIE-
Hcnonp3oBanue Ha MNPEAIOKEHHOW KOHCTPYK- — HHS 0€30MacHOCTH TPAHCIOPTHPOBKHU CIICITUABHBIX

WU CHCIHATBHON TEJIC)KKH KPOMe TIEPBOM, OTHOTO  TPY30B.

W3 BapUaHTOB BTOPOW CTYIIEHW PECCOPHOTO MOJIBE-

Jlureparypa

1. AnaGyxeB II.M. u ap. Bubposammurasie cuctembl ¢ 5. Kymeako C.M. IIHeBMaTHYeckoe peccopHOE IOABE-
KBa3uHYJEBON *ecTKocThio. —JI.: MammHocTpoeHue, IIMBAaHUE TEIUIOBO30B. — XapbkoB: Buma mkoina,
1986. 96 c. 1978.-97 c.

2. Jlo mutanHsa BHOOPY KOHCTPYKIIi Ipyroi cTymeHi pe- 6. MexaHi4YHa MoOJeNnb Bi3Ka AJs TPAHCIIOPTYBAaHHS He-
COpPHOTO JBIITYBaHHA HECAMOXIZHOTO Bi3Ka I Oesmeunnx BanTaxiB / Coxonos J[.M., CokoJI0OBCh-
TpaHCIIOPTYBaHHS HeOe3neyHux BaHTaxiB / Jla- kuit C.A., YepnoOaii I.O. // Bicti ABTOMOOLIEHO—
pia O.M., Kanunoscekuit A.f., CokonoBecbkuii C.A., JOPO’XKHBOTO 1HCTUTYTY: HayKOBO—BHUPOOHWYHMIT 30ip-
YepuoOait I'.0. // HaykoBwuii BiCHHK YKpaiHCHKOTO wuk / AJIl JouHTY. — TopniBka, 2012. — Ne 1(14). —
HayKOBO-JIOCJII/IHOTO 1HCTUTYTY ITOKEKHOI Oe3rnexH. / C.91-94.

Haykosuii sxypuan Nel (25), 2012 — Kuis, 2012. — 7. [lobynoBa MaTeMaTHYHOT MOJEIi MPOCTOPOBUX KOJHU-
C. 165-167. BaHb Bi3Ka JUIS TPAHCHOPTYBaHHs HeOE3NEYHUX BaH-

3. 3aiteB A.A., Pagur C.IO., CiouBunckuit E.B. Ilep- taxiB / YeproOaii I".O., Jlapia O.M., bapkamos B.T". //
cnekTuBHEIN amoptusatop it ATC // ABToMOoOWIB- Bicauk CeBHTYVY: 36. Hayk. mp. Bum. 135/2012. Cepis
Hasg TPOMBINIIEHHOCTh. Mammunaoctpoenue. — 2007, MammHonpunagoOynyBaHas Ta TpaHcnopr. — Cesa-
Ne9 — C. 26-28. cromoias, 2012 —¢. 105-109.

4. Wmromiknn C.H., Houraps 1.10., Anamesckuii B.M., 8. PrikoB A.A., IOpreB I'.C. Cunte3 ymnpyro geMnpupy-
UYepnooOaii [.A. TermoBo3bl y3KOi KOJIEH C THEBMATH- FOIINX XapaKTePUCTUK HETMHEWHOW BHOPO3AIIUTHON
YEeCKUM peccopHBIM mnojBemuBanueM. — BHUITNOU- cucrembl // Marepuansl CHOUMpPCKONH Hay4yHO-TEXHH-
aecnpom, 1983, Beim. 13, c. 9-10. yeckoil KoH(pepeHunu «Hayka. IIpoMbIIUIEHHOCTD.

Oo6opona».— HoBocubupck, 2002. C.37-41.

Lagutin V. L.

The distinctive features of the second-stage suspension of propelled trolley for transportation of the dangerous
goods

Abstract: The paper deals with the possibility of nonlinear spring suspension usage to provide a high level of move-
ment smoothing at the transportation of dangerous goods. A specialized vehicle with a nonlinear spring suspension is
developed. The vehicle has the features that satisfy the conditions of safe transportation of dangerous and especially
dangerously explosive goods from the place of detection to the point of utilization. In addition developed specialized
vehicle is propelled trolley, so it has not an engine and transmission that makes it design simple, reliable and inexpen-
sive. The main feature of the design scheme of specialized vehicle is a presence of additional level of cushioning, with
the nonlinear characteristic, which has quasi-zero stiffness in the equilibrium position. This peculiarity makes it differ-
ent from the classical trolley with traditional single-stage automotive spring suspension. The additional second stage has
a corrector of stiffness, so dynamic characteristics of proposed trolley are provide good enough conditions for safe
transportation of dangerous goods. A preparation for transportation of dangerous goods sometimes is very difficult in
the conditions of real practice due to some features of this design. The proposed design of specialized trolley has opti-
mum vibro-isolated characteristics when corrector’s springs are in horizontal position, which could be realized only on
the fixed level of load. The situation is typical for non-linear suspensions, but makes some problems in the stage of
preparation for the transport of hazardous goods. Such problem could be solved by the improvement of the design. We
propose three variant of the design of the second stage spring suspension to solve this problem:

—to put a control devices at the reference points of the corrector spring stiffness;

— the usage in the second-stage suspension single-crimping air-legs at the reference points of the loading platform;

— the usage in the second-stage suspension air-legs, which consists of double-crimping rubber shells and the valve
that adjusts the height of loading platform.

Each of the proposed design of the second stage suspension of the specialized trolley for the transportation of hazard
goods has its own advantages and disadvantages. The choice of the design of the second stage suspension and it rational
characteristics requires a corresponding theoretical and experimental investigations. The usage of the proposed design
of trolley with the improved second stage suspension as specialized vehicle for the transportation of the dangerous
goods is promising for upgrading of the safety of transportation.

Keywords: highly explosive goods, the second stage suspension, correctors of stiffness, rubber-shell.
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