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JOCJIIOKEHHA KIHEMATHKHN POBOY0I'O OPT'AHA TPAJIA ITLJA
YAC PYXY IO MIHHOMY ITOJIIO 3 HEPIBHOCTAMMU

st 3HewKo0dceHHs MiH 3anponoHO8aHO MOOUQpIKoeany KOHCMPYKYilo poboyoeo opezana mpana. Boua
BIOHOCHO npocma y KoMNJleKmayii, nioguwye He miibKu to20 dHcusyyicmo, dne i 3a HeoOXiOHOCmi 0038074€
nposooumu 3aminy Haubitbwl 6paA3IUE020 1020 eremenma — pobouoeo oucka. Koncmpykyia pobouoeo opzana
mpana y euenadi U-nodibnoeo kopomucina i3 080Ma pobOUUMU OUCKAMU OAE MONCIUBICMb  epeKmusHo

eKCHIIyamysamu mpai Hagims y 8UNAOKAX, KOIU OOUH i3 poOOYUX OUCKI8 BUTILOE i3 1a0Y.

Onucano KiHeMamuky OCHOGHUX YACMUH pobOY020 Opeand, Oasi GUNAOKY PYXY MPANbHUKA 830062iC MIHHO20

noas i3 HepisHocmAMU 3i cmanoio weuoxkicmioo. Ompumano aHarimuyHi 3a1edcHocmi, AKi UHAYAIOMb OCHOBHI
napamempu pyxy sik camozo U-nodibnoeo kopomucia, max i pob6o4oeo oucka.

Knrwouoei cnosa: minnuii mpan, podouuti Ouck, Kinemamuyti napamempu pyxy eiemenmis mpand.

IMocTanoBKka npodeMmu

Jnsl 9acTKOBOTO TOKpAILCHHS EKCIUTyaTalliiHuX
XapaKTepUCTUK Tpaja MPONOHYEThCS POOOYMI opraH
Tpaia BUTOTOBIIATH y BUTILAi U-ioxibHOi hopmu Kopo-
muciaa 1 i3 HDKKamMH, pO3MIIIEHHMMH Y BEPTHUKAJIbHIN
rronuHi. Kopomucio Moxke BiJIbHO ITOBEPTAaTHCh HaB-
KOJIO TOPU30HTANBHOT oci 2 Tpana (puc. 1). Ha ropu3sos-
TaNbHIA oci 3, sika po3MillleHa y HMKHIX 4acTHUHaX
U-moiOHOTO KOpOMHCIIA, HAaca/pKeHl mucku 4, ski
MOXYTh BUIBHO 00epTATHCS HABKOJIO BKA3aHUX OCei. Y
TPAHCIOPTHOMY ITOJIOXKEHHI cHCTeMa 3aiiMae CHMeTpUYHe
TIOJIOKEHHS BiZTHOCHO BEPTUKAIBHOI IUIOLIMHH, KA MPO-
xomuTh 4epes Bick 2. lllo cTocyeThes pobodoro moo-
JKEHHS BKa3aHOI YaCTUHHU Tpaja, TO IiJ €0 CHIM Baru
€JIEMEHTIB Tpajia (KOpIyCy Ta IHIIMX YacTHH, SIKI He
BKasaHi Ha puc. 1), poboui aucku 4 3arauOIOITEC Y
I'pyHT. BenmurHa NpoHMKaHHS X HWKHIX YaCTUH Y IPYHT
3aJIeXKHTh BiJl HOTO IIIILHOCTI Ta Bard CeKlIii Tpana.

Puc. 1. 3aranbHuii BUrIsa po6o4oro oprana Tpajia:

1 — U-noxibHe kopomHucIIo;
2 Ta 3 — TOPHU30HTAJbHI OCi Tpaa;
4 — poboui 1UCcKH
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Jlnst perynoBaHHS MiHIMaJbHOI BEJIMYMHHU TIPO-
HUKHEHHS JMCKIB y I'PYHT 3 METOIO CIpAIFOBaHHS IIiJ-
PUBHHKA MiHH TI0 OOKax Tpajia pO3MillIeHi peryTroBaIbHI
omopHi katku. Came poOOdi AUCKH MiX Yac pyxy Tpaia
CTBOPIOIOTH HEOOXIHUI THCK Ha BEPXHIO YaCTHHY MiHH,
CHPUYHHSIOYH ii TiAPHUB, TOOTO 11 3HEITKOHKESHHS.

AHaJi3 0CTaHHIX JOCHiKeHb i myOJikanii

AKTyanpHICTE 00paHOT TEeMU 00YMOBIICHA THM, IIIO
aHami3 myOmikamii [ 1-8] roBopuTh mpo Te, MO B CBITI, a
ocobmBo B Pocii, akTHBHO BemyThcs poOOTH IOIO
PO3pOOKH Ta BIPOBAIKEHHS B CBOi 30pOIiHI CHII HOBUX
3pas3KiB 3aco0iB MMOJONaHHS MIHHO-BUOYXOBUX 3aropo-
JoKeHb. 1le moB’s3aHo 3 THM, IO 3acTapiyii 3pa3ku MiH-
HHX TpaJliB MalOTh Psil HEAOJIKIB, OCHOBHUMH 3 SKHX €
HHM3bKa BUOYXOCTIHMKICTh Ta iX MacuBHicTh. Ha 030poeHHi
30poitnux Cui YKpailHM CTOSTH MOpAJIbHO 3acTapiii
3pa3Kl MiHHUX TpaliB, ki 3 1983 poky He BIOCKOHa-
JIOBAJMCH. 3a TEXHIYHUMH XapaKTePUCTHUKAMU MIHHUH
tpan KMT-7 Butpumye 2 BUOyXu NMpOTUTAHKOBOI MiHH
TM-62. HogiTHi, npuitHaTi Ha 030poeHHs Pociero, MiHHI
tpamu TMT-K T1a TMT-C 3a cBOiMH 3asBIEHUMH
XapaKTepUCTHKaMU 3[aTHI BHUTpPUMYBaTH 6 BHOYXiB
MPOTUTaHKOBOT MiHM cepii TM-62.

OTxe, TOCTPO TOCTa€e MUTAHHS MOJEpHi3amii icHy-
rouoro 3paska Tpasnia KMT-7 abo po3poOka mpHuHITUTIOBO
HOBOTro MiHHOTO Tpana. OCKUIBKH po3poOKa Ta BUI'OTO-
BJIEHHSI HOBOTO BUPOOY — Tpoliec TOBruid Ta (hiHaHCOBO
3aTpaTHUH, HabaraTo JeuleBlle Ta LIBHJIIE MOJAEpPHI-
3yBaTH iCHYIOUHMH 3pa3oK. Y cTaTTi HAETbCsA Hpo pyx
MOJIEpHI30BaHOTO0 pOOOYOro opraHa Tpaja IpH Hai3ai

Ha HEPiBHICTh MiHHOTO TIOJISI.
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@ opMy.IIOBAHHSI METH CTATTI

Merta cTaTTi TOJsATae y BU3HAYCHHI KIHEMATHIHIX
XapaKTEePUCTHK PyXy poOOUOro opraHa Tpaja 3a YMOB:

- pyXy TpalibHHKa 31 CTalO TOPHU30HTAIHLHOK
MBUIKICTIO V;

- Hai3al TepeaHBOoro podOYOoro AWCKa Tpaja Ha
HepiBHOCTI MiHOTO OIS (pHC. 2).

Puc. 2. PozpaxyHkoBa cxema 1151 BH3HAYEHHS
KiHeMaTHYHHX XapaKTepPHCTHK MiJ Yac HAi3ay podouoro
OpraHa Ha HepiBHICTb MiHHOI0 MOJIs

BkazaHi pe3ynbTaTy CTaHyTh MATPYHTIM IS PO3-
B’sA3aHHd OUIBIN CKIIAOHMX 3a1ad. BU3HAUEHHSA UHA-
MIYHHX YMOB B3a€MOii MEPEAHHOTO POOOUOro IMCKa
tpana (U-moai6HOro Kopomucia) HeOOXiIHUX IS CIIpa-
LIOBAaHHA ITiAPHBHAUKA MiHH.

BuxkJsag ocHoBHOro Marepiany

bazoro s po3B’si3aHHS TOCTABJICHOI 3ajadi
CIIY)KHTUMYTh OCHOBHI IOJOXXEHHsI Teopii IUI0CKO-
napanenbHoro pyxy U-noaiGHoi ¢opmMu Kopomwmcia Ta
JIOAATKOBE MPUITYLIEHHS, 10 CTOCYEThCA PyXy pobounx
JWCcKiB. BOHO monsArae B HACTYITHOMY: Y TPOIEC PYXy
Tpaja CWIH B3a€MOJil MK IPYHTOM Ta pPOOOYUMHU
JIMCKaMU HE JO3BOJISIIOTH POOOYMM JMCKaM KOB3aTH
B3/IOBXK IPYHTY. HaCTKOBOMY BUKOHAHHIO BKa3aHOI YMOBH
crpusie Takox (opma pododoro aucka. Hasenene nosso-
JIsI€ CTBEP/DKYBATH, 110 POOOHi ICKH TaKOXK 1epe0yBaroTh
Y IIOCKOIapaelIbHOMY PYCi.

OCHOBHI MPUITYLICHHS, IO CTOCYIOTBCS PYyXy ee-
MEHTIB Tpaja:

a) WIoIIHHOI0 pyXy U-momiGHOi (hopMu KOpoMuCciIa
€ HepyxoMa IUIOIINHA, siKa 30iraeTbes 3 wionmHo ZOX.
ITouaTok BKa3aHOI CHCTEMH BiTiKy po3mireHnit (puc. 2)
TaK, IO TOYKA ITOYATKOBOT'O JOTHKY poOodYoro Koieca
Ta MoYaTKy abCOMOTHO TBepzol HepiBHOCTI (Touka B)
BIJINOBiIa€ MOYaTKy nmoBopory U-momibHOro KopomMuciia
HaBkou1o oci 2. Bick OX ropu3zoHTalIbHO HaIpsMiIeHa B
CTOpPOHY pyXy Tpauna, Bick OZ — Bick cumeTpii podouoro
opraHa Tpajia y MOMEHT [0YaTKy BUXO/y Ha HEpiBHICTh
(IpoXoauTh Yepes Bich 2);

6) pobo4i AMCKK OMHAKOBUX pajiyciB — R;

B) Bimmami Bia oceil obepTaHHS POOOUYHX KOJIC JI0
oci o0epTaHHS KOPOMHUCIIa OJTHAKOBI 1 piBHI L;
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r) ropu3oHTaNbHA Bich 2 U-moibHoi hopmu kopo-
MHCIIA Tpajia PyXaeThCsl B3JIOBXK IMPSIMOI, sSKa MapajelibHa
oci OX 31 cTajor0 MBUAKICTIO V;

1) KyT MDK TPSIMEMH, $IKi TIPOXOJSTH Yepe3 ICHTP
oci 2 Ta oci poOOYHX KOIIC, JOPIBHIOE 2(g;

€) KyT Haxwiy TpsAMoi, ska 36iraetbest i3 Hepis-
micto 110 oci OX, nopiBHIOE a, tg o = k.

e mo3Bomsie onmcaTHt KOOPIUHATH TOYKH A CIIiB-
BIJIHOILIEHHIMH

Xy =Vt+Lsing,

1
z,=H—-Lcoso, @

ne H — Bigmane BiJ TOpU3OHTAJBHOI IUIOHMIMHH PYXY
Tpajia J0 MPsIMOI, B3IOBXK KOTPOI PYXA€EThCS IEHTP OCI
KOPOMHMCIIA, @ — KyT HAXWIy HPAMOi, sSKa MPOXOIWTH
gepe3 IIEHTP OCi KOPOMHCIIA Ta IIEHTP OCi OoOepTaHHsS
nepeHLOro poboyoro koneca. CaMe BU3HAYCHHIO CITiB-
BiJTHOIIEHHS JI1 BU3HAYEHHS KyTa () TA OCHOBHHX KiHe-
MaTHYHUX xapaktepuctuk U-momiOHoro xopomucia ta
po0OYOro TUCKAa € OCHOBHOKO METOI poOoTd. Marouu
CHIBBITHOIIICHHS /IS BKA3aHOTO KyTa, MOXKHA OIHCATH
KiHEMaTHKY 3aTHbOTO pOO0OYOTro KoJeca, a BiTak, 3MiHy
BEJIMYMHHU HOT0 JMHAMIYHOT B3a€MOJIIT 3 TPYHTOM, JHHA-
MIYHY B3a€MOIIF0 OTIOPHUX KaTKiB 1 IPYHTY.

KoopanHatu TOYKH TOTHKY MEPETHHOr0 poOOUOro
KoJIeca JI0 HepiBHOCTI (ToukH P) M0opiBHIOIOTE

k(H —Lcosg+k(R + L)sing, )+Vt + Lsing
1+k? '
k(k(H - Lcos(p+k(Rl+ II()Zsm @) +Vt+ Lsing R+ L)sin‘(z)
+

p

Zp =

bazoro s 3HaxomKeHHs1 Kyra nosopory U-momi6-
HOTO KOPOMHCJIa HaBKOJIO OC1 2 MOXKE CIY)KUTH YMOBA!
Bi/U1anb IIEHTpa BKa3aHOI OCi KOPOMHCIA O TOPU30H-
TaJIbHOI IUIOLIMHY € CTAJIOK0, TOOTO
H=L cosg+h.
I3 Hei Mmaemo

H =[(Vt+kH-+Lsing—kLcosp— Htgp)sine+ R]cosa+ Lcosp (3)

OcraHHSI 3aeXKHICTh 3B 513y T€OMETPHYHI Ta KiHe-
MaTH4HI TapaMeTpy poOOYOoro opraHa Tpaja y BUIIISA
1 . 1.
cosw(l—zksta +Esmgosm 200 =

(4)
- i[H(lJrsinoztg(po)—;(VH kH sin2a)— Rcow}

SIkimo BBaXKaTH, MO ¢ = ¢ -y (t), TO U BU3HA-
YEHHsI KyTa TI0BOPOTY v (t), 3yMOBIIEHOTO HAi310M Mepesi-

HBOTO POOOYOr0O KoOJeca Ha HEPIBHICTB, 13 3aJIeKHOCTI
(4) orpumyemo

(cos y(t)cos gg +sin y(t)sin (po)(l—sin 2 (x)+

+%(cosw(t)sin ©g —siny(t)cos ¢g)sin 20 = ©)

:i{H(H;sin Zatg(poj—;(VHkH sin 2a)- R
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Jlyist BUnanKy HepiBHOCTEH HE3HAYHOTO KyTa IiJi-
HOMY o MaeMo

[H(1+ ktg(p0)+%(Vt+2kH )-R |- L(ﬁ—kz)cos% —ksin q>0)

©)
L(kcosnpo—(l—kz)sin(po) '

wlt)=
CnissigHomrenns (6) i BM3Hauae KyTOBY IIBHJI-
KicTs IoBOpoTy U-1omiOHOr0 KOpoMHcCa y BUTIISIAL
\Y
ZL((;L— kz)sin ¢ —K c05(p0)

ylt)=o= )

2

Banexuicte (7) mokasye, M0 TpH > ctg 0,

U-nioniOHe KOpPOMMCIIO 3a paxyHOK Hai3ay Ha HepiB-
HICT Oy/e TOBEPTATHCh y HANpPSMKy NPOTH TOJMH-
HUKOBOi CTpIJIKM, @ Yy NPOTMBHOMY BHIAIKy — 3a
TOJIMHHUKOBOIO CTPLIIKOIO.

[IpencraBneni TpadivHi 3aJEKHOCTI MMOKA3YIOTh,
IO TPU 3pPOCTaHHI KPYTU3HM MiJHOMY HEpiBHOCTI Ta
MIBHAKOCTI PyXY TpaJbHHKA KyTOBa IMIBHAKICTH BiJJHOC-
Horo obepranHs U-mozmiGHOro pobodoro Kopomwmcia
3pOCTa€, MPUIOMY MIBHJKICTH 11 3pOCTaHHS € OiIbIIOI0
JuTs O17BINMX MEPEeHOCHHUX MIBUAKOCTEN Tpaja.

OTpuMaHi pe3yabTaTH CIYKaTh OJHOYACHO 0a3010
JUISl BU3HAYCHHS KIHEMATHYHUX XapaKTEPUCTHK Iepen-
HBOTO poOoYoro xomeca tpana. JiiCHO, BEKTOp IIBHA-
KOCTi TOYKH A, sika 30ira€rbcs 3 IEHTPOM OCi Iiepen-
HBOTO POOOYOro KoJieca, BU3HAYAETHCS BIJMOBIIHO 0

3anmexHocTi Va =Ve +Vac, A€ Vo — BEKTOp IIBHIKOCTI

toukn C, Vpc — BEKTOp IIBUAKOCTI TOYKAa A TIpH

oOepTaHHI TEpeAHbOI JIAHKM KOPOMHCIA IIija dYac
o0epTaHHsI i HABKOJIO OCl, sIKa POXOAUTH uepe3 Touka C.
Bkazanuii BEKTOp, BIANOBIAHO 10 HOr0 BH3HAYCHH,
PIBHUI 3a BEMMYMHOIO Vac =wl 1 HampaBieHHWH mep-

neHaukyasapao AC. 3 iHmoro 00Ky, Touka A HaJCKUTh
oci oOepTaHHsS TMEPETHHOrO POOOYOTO JUCKA, SKHIA
BIJIMOBITHO 710 MPUUHSTUX MPHUIYIIEHL PyXa€Thesi 6e3
KOB3aHHS, a TOMY Iepe0yBae TakoX y IUIOCKOMY pyci.
Touka iforo JOTHKY 10 HepiBHOCTI (Touka P) € mut-
TEBUM I[EHTPOM MIBUAKOCTEH, a TOMY HIBUAKICTH
TOYKH A SIK TOYKH JOTHKY 3a BEJIHYHHOI JOPIBHIOE
VAo=0R, me Q
pobouoro mucka. I1lo cTOCyeThcsi HAPSAMKY BKa3aHOTO
BEKTOpa, TO BiH € MEPICHANKYISPHUM 0 Bimpizka PA.
3B'130K MiX MBHAKOCTSIMHA JBOX TOYOK TiJla Yy TUIOC-
KOMY pyci /I03BOJIsIE€ Ha 6a3i BKa3aHOTO BHUIIE OTPUMATH
CHIBBITHOIIEHHS ISl KYTOBOI HIBUAKOCTI MEPEIHBOIO
aucka Vsin g = QRcos(p + ). TakuMm YMHOM, KyToBa

— BeNMYMHA KYTOBOi IIBUIKOCTI

HIBUJIKICTh TEPEIHbOr0 JMCKA BHU3HAYAETHCS CIIiB-
BiIHOIIIEHHIM

Vsing Vsin((oo +y/(t))

Q= =
Rcos(p +a) Rcos(pg +y(t)+a)

(8)
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Hmwxue Ha puc. 3 npeacTaBiieHO 3aJIeXKHICTh KyTO-
Bol mBuaKocTi U-monmiGHOTO KOpoMHCIa Ta poOodoro
KoJieca Tpajia BiJl HIBHIKOCTI pyXy TpaJbHHKa Ta Iapa-
Mmerpa K, a Ha puc. 4 — 3MiHy B 9aci KyTOBOI IIBHUIKOCTI

Po6OUOro IMcKa NpH HACTYIHHMX 3HAUEHHAX MapaMeTpiB
t=0.02..0.2, k=0..0.1; > L=0.8m; R=0.3m; LL=Pi/4;
4 a);

V=8wm/c, L=0.8wm; ff=Pi/6 (puc.
R=0.3 m; LL=Pi/4 ff=Pi/6 (puc. 4 6).

H=0.85 wm;

Puc. 3. 3anexuicTs KyroBoi mBuakocTi U-moxidnoro
KOPOMHMCJIA Bi/l IIBUAKOCTI PyXy TPaJbHHKA Ta
napamerpa K npu pyci po6odoro oprauna:

a — 1oBepXy; O — TOHN3Y
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Puc. 4. 3mina B yaci KyToBOI LIBUAKOCTi po6040ro KoJieca
TpaJja 3a pi3HUX BeJIMYHH NifiioMy HepiBHOcTel MiHHOIO
1oJjisi NpU pyci po6oyoro oprana:

a — IoHU3Y; 6 — T0BEpPXY
BucHoBKH

3anpomnoHoBaHO MOAX(IKOBAaHY KOHCTPYKIIiFO po0o-
4oro oprana Tpana. BoHa mpocrima 3a icHyodi, a BiATaK,
JI03BOJISIE TPAJIBHHUKY XapaKTepH3yBaTUCh 3HAYHOIO MaHe-
BpEHICTIO. BiHOCHA MpOCTOTa KOMIUIEKTAIli pobodoro
opraHa TpaJa IiJIBUIYE HE TIIBKU HOT0 KHUBYYICTh, aje
H 3a HEOOXIMHOCTI TPOBOIAWTH 3aMiHy HaHOUTBII
Bpa3NMBOro HOro enemMeHra — pobodoro aucka. /o Toro
K, KOHCTPYKIis pobodoro oprana tpama y suroigi U-
noJii0HOro KOpoMmHcia i3 JBOMa pOOOYMMH JHCKAMH
Jla€  MOXJMBICTh €(EeKTHBHO €KCIUTyaTyBaTH Tpall
HaBITh y BHINAJKaX, KOJM OJUH i3 pPOOOYUX JUCKIB
BHUTIIOB i3 Jay.

OnucaHo KiHEMaTHKy OCHOBHHMX YaCTHH pOOOYOTO
oprasa, JUIsl BUIIAJKy PyXy TPJIbHHKA B3IOBX MIHHOTO
MoJIst i3 HEPIBHOCTAMH 31 CTaNolo MBUIKICTIO. OTpu-
MaHO aHAJITHYHI 3aJIe)KHOCTI, SKi BU3HAYaIOTh OCHOBHI
napameTpu pyxy sk camoro U-moniOHoro kopomuciia,
TaKk 1 pobodoro amcka. llmsxom iX aHamizy BcTaHO-
BJICHO: y 3aJEXHOCTI Bi BENWYMHM KYTIiB MigiioMy
HEpiBHOCTEH MIHHOTO TOJNS TiJ 4Yac Hai3My Ha HHUX
pobodoro mucka came U-mogiOHE KOPOMHCIO MOXKE
MTOBEPTATUCH HABKOJIO CBOET OCi B 000X HampsMKax (3a i
MIPOTH TOAMHHUKOBOI CTPIJIKHM), a OTXKE, CHJIa THCKY Ha
MIOBEPXHIO IPYHTY 31 CTOPOHM JIPYroro AWcCKa Tpaja
MOXe sIK 3pocTtatd, Tak 1 cmagaru. Il[o crocyeThcs
pobodoro amcka, TO IOKa3aHO, IO BEJMYMHA KyTOBOI
MIBUKOCTI HOTo 00epTaHHsI JUId MigioMiB HEpiBHOCTEH

OLIBIIOT BEJIMYMHHU € MEHIIIO0.

© P.A. Haniscwkuii, O.B. €MenpsHOB

OtpuMaHi pe3yiabTaTH € 0a30BUMH JIs JIOCIi-
JDKCHHSl TMHaMIKK Tpaya (poOo4oro oprana) Inij 4ac
3HEMIKOPKEHHS MiHH, 1X JOCTOBIPHICTH IiATBEPIKY€Th-
Csl OTPUMAHHSM PE3YJbTaTIB, SKi CTOCYIOThCS KiHEMa-
THKH JEIKUX TIOCKUX MEXaHi3MiB.
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HccaenoBanue KHHEeMATHKH pa0o4yero 0prana Tpajia Bo BpeMs ABH:KCHHs 10 MUHHOMY I10JII0 ¢ HePOBHOCTAMU

P.A. Hanusckuii, A.B. EMenbsHoB

B cmamve npeonoscena mooupuyuposannas xowcmpykyus pabouezo opeana mpaid. OHA OMHOCUMENIbHO NPOCMA 6
KOMNLEKMAayuil, NOGLIULACT He MONbKO €20 HCUBYUECHIb, HO U NPU HeoOX00UMOCHU NO360Isem Npogoduns 3ameHy Hauboiee
VA36UMO20 €20 dnemenma — pabouezo oucka. Koncmpykyus paboueco opeana mpana 6 éude U-00pazHoco Kopomwicia ¢ 08yMs
pabouumu ouckamu oaem 603MONCHOCHb IPOEKMUBHO IKCIIYAmuposams mpan 0axce 8 CIyydsx, Ko20a OOUH U3 pabouux
OUCKOB BbIULE]L U3 CPOSL.

Onucana KUHeMamuka OCHOBHBIX 4aACmel paboyue20 op2aHa ONs CAYHAsl O8UNCCHUS MPATLUWUKA 80016 MUHHO20 HOJSL C
HEPOBHOCMAMU ¢ NOCMOSIHHOU ckopocmbio. Tlonyuensl aHanumuyeckue 3a6UcuMoCmu, Onpeoensiowue OCHOGHble Napamempol
odsudicenus kaxk camoeo U-o06pasznoeo pvluaza, max u pabouezo oucka.

Knroueswle cnosa: munnviii mpan, pabouuil OUCK, KUHEMAMUYECKUE NAPAMEmpbl OGUNCEHUS ILeMEHNMO8 MPAd.

Research of kinematics of the working body of the trawl while driving on a minefield with irregularities
R. Nanivskyi, A. Yemelianov

During combat operations, troops increasingly use mine barriers (minefields) to get protection against sudden offensive or
penetration of enemy sabotage groups. The safest and at the same time the fastest way of their clearance or breaching for
military equipment and personnel is demining of areas or individual sections by means of mine trawls. The experience of their
application shows a number of existing problems, which reduce the efficiency of their use during breaching a minefield. First and
foremost, it's the low maneuverability of the minesweeper because of the large dimensions of the trawl and the lack of
"survivability" of the individual trawl elements. This paper is devoted to the partial solution of this problem, namely increasing
the maneuverability of mine trawl by modernizing trawl working point. The article proposes a modified design of the trawl
working body, which is much simpler than the existing, that in turn allows the minesweeper to demonstrate higher
maneuverability. The proposed design of the trawl working body in the form of a U-shaped rocker with two working disks makes
it possible to efficiently operate the trawl, even in cases where one of the working disks has been out of order.

The paper describes the kinematics of the main parts of the working body for the case of the minesweeper's movement
through the minefield, taking into account the unevenness of the varied terrain with a constant speed. The analytical dependences
are obtained, which determine the basic movement parameters as of the U-shaped rocker of the working disk. By their analysis it
is established: depending on the magnitude of the unevenness' lifting angles of the mine trawl during running of the working disk
over it, the U-shaped rocker can rotate around its axis in both directions (clockwise and anticlockwise), which means that the
pressure force on the surface of the soil from the side of the second trawl disk can either grow or fall. As far as the working disk
is concerned, it is shown that the values of the angular velocity of its rotation for the greater magnitude of unevenness' lifting are
smaller.

The obtained results are basic for studying the dynamics of the trawl (working body) during mine clearance, their
reliability is confirmed by obtaining in the extreme case the results related to the kinematics of some flat mechanisms.

Keywords: mine trawls, working disk, kinematic parameters of movement of trawl elements.
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IMAGE FUSION FOR A TARGET SIGHTSEEING SYSTEM
OF ARMORED VEHICLES

Image fusion methods available in the literature, are designed for the office work, and are unsuitable for the
use by a crew of an armored vehicle (AV). In addition, we show that the image fusion for target sightseeing system
(TSS) of AVs has its own peculiarities in comparison with traditional approaches for civilian needs. We argue that
for the needs of the TSS the concept of local contrast is more appropriate in comparison with the concept of integral
contrast, on which the image quality indices designed for civilian needs, are based. We show that the most suitable
for the needs of TSS is the fusion of multi-mode mono-temporal mono-view images synthesized from partial images
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