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JUHAMUKA BUBPAIIMOHHBIX MAIIIMH 1 ONPEAEJTEHUE
IKCIIVIYATAIIMOHHBIX HAT'PY30K

Y po6oTi MICTHTBCS OMUC MaTeMaTHYHUX MOJCINCH PyXy BiOpOyHapHUX MAIlMH Ta BUSHAYCHHS JHIOYMX CKC-
IUTyaTaliifHIX HABAaHTAKEHb.
Kinouosi ciioBa: BibpoynapHa MallliHa, JMHaMiKa, eKCIUTyaTalliifHe HaBaHTa)KCHHS, BAOWBHA MalllHA

B pabore comepuTcs ONMECaHNe MaTeMaTHIECKHX MOZENeH ABIKEHHS BHOPOYIapHBIX MAIIMH ¥ OIpesierie-
HUSL ICHCTBYIONIUX SKCIITYaTAlMOHHBIX HATPY30K.
KuroueBble cj10Ba: BUOpOyapHast MAIlIMHA, TMHAMUKA, SKCIUTYaTallMOHHAS HATPY3Ka, BHIOMBHAS MAILIMHA

B pabore conep)xurcst onMcaHue MaTeMaTHuecKUX MOJIENeH IBUKEHUsT BUOPOYIapHBIX MAILMH U OIpesesie-
HUSL JICHCTBYIOIIUX SKCIUTYaTAllMOHHBIX HATPY30K.
KimioueBbie c/10Ba: BHOpOyIapHast MallIiHa, MHAMUKA, OKCIUTyaTallOHHAs HATPY3Ka, BBIOMBHAS MAllIFHA

Beenenue. [ onpezeneHns 3aKOHOB JBIKCHUSI BUOPOYIAPHON CHCTEMBI «BBI-
OUBHAs MaIIMH — 3eMJITHOM KOM C JIMTOH AeTaibioy» [1-3] TpebyeTcs aHamM3 TUHAMU-
YECKHX IPOLIECCOB IPH IKCIUTyaTalliy TaHHBIX BUOpomaliuH. B naHHO# pabote dop-
MHUPYIOTCS ypaBHEHHsI IBIXKSHUS TAKKMX MAIITHH, clieys paboram [1-3].

OO0mue ypaBHeHUsl ABHM:KEHHsI ABYXMAcCOBOHi BHOpOYIapHOil cHCTeMBbI.
Pabounii mporiecc BEIOWBHOW HHEPIIUOHHON PEMICTKU MPUMEHHUTEIEHO K TPUHATOM
pacuetHoit cxeme (puc. 1) [3] npoucxoaut cienyrommnm obpazom. [lon nerictBrem
BO3MYILAIOMIEN CUJIbI BUOPOBO3OYUTENS MOJBIKHBIE YACTH PEMIETKH (Macca M, )

IPUXOIAT B KonebarenpHOe ABIDKeHHE. [Ipu mpaBHiIbHO MOAOOpaHHBIX pabOIHX
napameTpax CUCTEMbI 32 KakK[Ibli repros konebannii T = 27/® NpoucXOmuT 0JHO
coyiapeHue Macc M, ¥ M, , NPUBOIALIEE K MOAOPACHIBAHMIO MAacChl M, (CM.

puc. 1). Ilocne ouepeqHOro coynapeHus rpys, NOJy4YUBIIUN HAUAIbHYI0 CKOPOCTD,
HaIpaBJICHHYIO BBEPX, IOJHUMAETCS HA HEKOTOPYIO BBICOTY U 3aT€M BHOBb IalaeT
Ha pemietky. B xoopanHatax Y u -l Takoe OBIDKEHHE NPEACTABISETCS B BHIE

napaboisl (kpuBas I'). KonebaHns HHEPIIMOHHON pemeTKH, eciiu Obl oHa paboTaa
BXOJIOCTYIO 0€3 Tpy3a, MPEACTaBISAIOT COOOM rapMOHHYECKOE KoJlebaTeIbHOE JIBU-
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skeHue. [Ipu Hanmuumu rpy3a B MOMEHTHI COYIapEHUM IO NEHCTBHEM KHWHETHYe-
CKOM SHEPruu Majalollero rpysza MpoOUCXOIUT HapyIIEHUE TapMOHUYECKOTO JBH-
JKEHUsI petreTku (Kpusas p ).

Pacuer pa60q14x mapaMeTpoOB PCIICTKU OCHOBAH Ha PacCMOTPCHUU ypaBHeHI/Iﬁ
JBWXXCHUSA MacC mp u mz B IPOMEIKYTKE MCKAY ABYMsS COYAApCHUAMU, IMPUYEM NBU-

XKEHHE CHCTEMBI MPEATIoNIaraeTcsi epronmdeckKuM. Bompoc o rparunax obmactu cy-
IIIECTBOBAHMS yCTONYMBBIX IEPHOANIECKUX PEKIMOB ABMKCHHS PACCMOTPEH HIKE.
3a HayasIo oTCYeTa BpeMeHH t IIPUMEM MOMEHT OJHOIO COyAIAPEHUA Mace M, 1 M,

(puc. 2). Beeziem 0603HaueHUS: Y, , Y, — BEPTUKAJIbHbIC COCTARIAIONIME KOOPIMHAT MACcC
M, U M_, OTCYNTHIBAEMBIE OT NOJIOMKEHHSI CTATHCTUMECKOTO PABHOBECHS (PACCMATPHBAEM

KoJIe0aTeIIbHOE JABWKCHUC PCHICTKH U JABWIKCHUC I'Dy3a B

TIPOEKIIMH Ha BEPTHKATBbHYIO och OY ); V,, V, — CKOpOCTH 1 -
PELLEeTKY JI0 U IocKe yaapa; U, , U, — CKOpPOCTHU Ipy3a JI0 U
TIoCTIe yIapa;
_ m P, =Do? cosv-cos(m-t+y),
R_Vz_uz/v1_u1 - (1) \ '
N ,
K03(h(HUIMEHT BOCCTAHOBIICHHSI CKOPOCTH — OTHOIICHUE 0
OTHOCHTENIFHOM CKOPOCTH COYIapSIFOIIXCS TeNl TOCIe
y#apa K UX OTHOCHTEIFHOM CKOPOCTH JI0 yrapa. =
[Ipu mepuomudeckoM peXKUMe TBHKCHUS CHCTE- o sl
MbI TIOCJICIOBATEIbHBIC COYIAPCHHUS PEIICTKH U rPpy3a £
MIPOUCXOMAT Yepe3 KaxIblii 000pOT HHEPIIMOHHOTO 7 07,
Basa, MepuoJ KoJIeOaH!UsI CHCTEMBI: Pucynoxk 1 — Pacuernas
cXeMa BHIOMBHOM
T= 2”/ @, (2) MHEPUHOHHON penIeTKU

I7e (® — yIJIOBasi CKOPOCTh Je0alaHCHOTO Bajla BHOPOBO3OYUTENS ),

W YCJIOBHSI Ha TPAaHUIAX HMHTEpBaja MEXAy JBYMs

COYAapeHMSIMH CIICAYIOIINE: y ;_f'
B Hayaje MHTepBaa (rmocie yaapa) —

t=0; ¥, =Y.=Y: ¥, =V,s ¥.=U,;(3)
B KOHIIe HHTepBala (10 yaapa) —
T=2m/w;y, =Y. =Y ¥,=Vi V.=U. (4

B mpomexxyTkax MeXAy IBYMs COylapeHHSIMHU
Macca M, ABKOXKETCS IO NapaboIuuecKOMY 3aKOHY:

Pucynok 2 — Tpaekropus
JIBU-KeHUs peleTku [P]

Y. =Y +ut— gtz/z : (5) v rpy3a [I]

Konebarensnoe JABWIXCHUEC PCUICTKU MOXET OBITh OIMCAHO JIMHEHHBIM Z[I/Iq)-
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(hepeHIIMPOBAHHBIM YpaBHEHUEM BTOPOTO TOpsiaKa [5]
. . 2
m,-§, +by, +cy, = D&’ -cosv-cos(wc+y)-m.g, (6)

rae b —koaddunuent conporusnenus; C — KECTKOCTh YIPYTUX OIOP.
Henenviem ypapuenus (6) Ha M mOMy4HM:

y,+2hy +@’y, = p-cos(oc+y)-g. @)

3neck h=b/2m_ — xoaduument nemmduposanus, w, =/C/M, — yacToTa CBOGOTHBIX
KOJeOAHNH CHCTEMBI, 3aBUCSILAS OT MACChl PEIICTKA W CyMMApHOH YKECTKOCTH YIPYTHX
orop, p= (Doo2 / mp)'COSV — BEPTHKAJIBHAS COCTABISIOIIAS MAKCHMATIBHON aMILTUTY/IbI
TapMOHHYECKON BO3MYIIaroieil ciitbl. CKOPOCT TPy3a JI0 | MOCIe COYAAPEHHs C PelieT-
KO HaXOJIMM, TIOZICTaBILss TpaHidHbIe yenoBws (3) u (4) B (5):

U, =-ng/m; u,=—U=ng/m. (8)

CKOpOCTB PELIEeTKH JI0 U MOCJIe COyAapeHH BBIpaXKaeM uepe3 CKOpOCTh Ipy3a
MOCJIE COYAapEHUsl, UCIIONb3Ysl TEOPEMY UMITYJIbCOB U3 TEOPHH yIapa:

v,=(1-R+2nR/1+R)-u,; Vv,=(@1-R-2nR/1+R)-u,, 9)

rme n=m, / M, — KO3(hOUUMEHT MOJIE3HON HATPY3KH PELIETKHU, PAaBHbIH OTHOLIE-
HHUIO MacChlI IPy3a K Macce PEIIeTKH.

INoncraBuB U, u U, u3 (8) B (1), (2), HAX0AUM YIIOBYIO CKOPOCTb Bajia BUO-
pOBO30OYIUTENS, HEOOXOAMMYIO MJisi OOECTeueHUs] TEXHOJOTHUYECKH TpeOyeMoit

YAEIbHON SHEPTHH ynapa € :
o=m,/29/e, . (10)

CrnenoBarensHo, U, =+/9/2 -€,, u nostomy GopMyisl (9) MPUHAMAIOT BUJL:

,_1-R+2R g _1-R-21R [g

! 1+R 27 2 1+R 2e°' (1)

3Hast k03P PUIMEHT TONIE3HON HArPY3KH PEIIETKH 1| U MPUHUMAs OIpeNieSIeHHOe
3HaueHUE KOd((UIMEHTa BOCCTAaHOBICHUSI CKOPOCTH NIpH yaape R, MoxxHO 1o ¢op-
myne (11) onpenenuts HyKHbIE 3HAaYEHUS V, W V, W, HHTErpHUpYs ypaBHeHHe (6), 1mo-
CTPOUTB TPACKTOPHUH KOJICOaHUH PEIICTKH AT BCEX PACCMATPHBAEMBbIX CIIyJaeB.

Kosdduuuent nonesnoit marpysku m=G,/G, 10 NpakTHYECKMM TaHHBIM
npuHuMatot B npenenax 1 =0.3+0.5. IIpu aTom nmonesnyro Harpysky G! ompene-
JSTIOT TI0 (hopMmyIe:
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G/ — Gk + (| _]_k;om +Sch =iG +ch (1+ 8). (12)

omi

3nece G, — Bec koma ¢ ommBKol (ommBKamu); G, =G, +G, ; G, — Meramnoem-

oma an 7 oma

kocTh opmbl; G, — Bec cMecH B koMe; | — 4KciI0 OTHOBPEMEHHO HAXOAIMXCS Ha T0-
JIOTHE OTINBOK; €G,, — BEC OCTATOYHON CMECH, YK€ HaXOIICHCS Ha TOJIOTHE K MOMEH-

Ty TIO/Ia9X Ha HETO OYepeJHOTO KoMa. BenmmdmHaa € HaXOOWTCs IO MPAKTHYSCKAM JaH-
HbeM B ripezenax 0.5—1. Benuunna G! He JOJDKHA IPEBBIIATS [PY30MOABEMHOCTE G, |

Ha KOTOPYIO MpoeKTupyeTcs pemerkamy, G’ <G, .

Ipu BbIOOpe 3HAaueHWH R peKOMEHAyeTCsl PYKOBOIACTBOBATHCS CIICIYIOLIHM.
Cpasy nociie nageHus KOMa Ha IOJIOTHO PEIISTKU yIapbl pacCHIIAIOIIECHCS TIPH 9TOM
CMECH HOCAT INOYTH HEYNpPYrdui XapakTep, W 3Ha4eHus R clieqyer NpHHUMATh
Omu3kuME K Hymo. [1o Mepe 0cBOOOXKICHHUS OTIIMBOK OT CMECH 3Ha4eHHs1 R yBenn-
YHMBAIOTCS, 1 MOXKHO TPHHUMATH TIpH BBIOMBKE 4yryHHOTO JMThd R =0.15+0.25 u
ipu BeIOMBKe cTanmbHOTO IUThst R =0.20+0.30

O0nacTh CylIeCTBOBAHMS YCTOWYMBBIX PeXKMMOB pPadoThl BBLIOMBHBIX
HHEPUHMOHHBIX pelieTok. ccienoBanyue yCTOMUMBBIX PEKUMOB COYyAAPEHUN NpU
HaJIUYUM NOAOPaChIBaHUS TPy3a SABIAETCS
BEChbMa CJIOKHOI 3amadeii. 13-3a OombIIo-
TO MHOro0Opasus BHIOB YCTOWYMBBIX pe- l
)KI/IMOB BOHpOC O6BIIIHO pachanI/IBaeTCﬂ .'.'7577'7557?"75557;7577717‘9-‘55%5‘551”&5‘:
HE B 00IIEM BHJE, @ HA OTACIBHBIX THIIO-
BBIX IpuMepax [4-6].

Tpaektopuss P u [’ OBUXKEHHUSA pe-

IIETKH U Tpy3a NpH HEYCTOWYHBOM U

YCTOWYMBOM peXHuMax KojeOaHWH IoKa- y

3aHbI Ha puC. 3. ‘
YenoBust ueanbHO YCTOMYMBOIO JIBU-

JKEHUS XapaKTepU3ylOTCs TeM, YTO B Hadalle

1 B KOHIIE KaKJIOTO TIepHoIa KoJeOaHui rpa-

HUYHBIE YCIIOBHUS COBEpIICHHO WICHTHYHBI.

Lz‘.'.1’,15’,”2'-5’.‘.%’4542#&‘2’-25‘.’.”1’ 2”‘.12152

]

0
[pyr 3TUX YCIOBHSX BBIMOIHEHBI KOMITBIO- PrcyHOK 3 — TpaeKTOPHS JIBHKEHHs
TepHBIE pacdeTsl [7] mo ypaBHeHIM (5) 1 (6) BHOPOYIAPHOH CHCTEMBI
JUISL OOBIYHO IPUMECHACMOIO B PCIICTKAX 3a- C no;l6pac1,13aﬂnem:
PE30HaHCHOTO pexuma KosieOaHmit a — HEYCTOWYHUBBIN PEXHM;
®/®, =4, NOCTPOEHBI TPACKTOPHH JIBIKE- 6 — yCTOMYHBBII PEIKHM

HUS CUCTEMBI pelIeTKa — IPpy3 M ONpezesieHbl 001acTh CyIeCTBOBAHUS YCTOMUMBEIX pe-
XKUMOB. Pe3ynbrarsl pacdera npecTaBieHsl B Oe3pasMepHoit GpopMme B BHIIE HOMOTpaM-
Mbl B KoopuHarax R, m, no mapamerpy o, [8].

[TapameTp ©, Ha3BIBAETCS OTHOCUTENBHBIM YCUIIMEM BHUOPOBO3OYIMTENS M

MpeaACTaBJIsACT co00l OTHOIICHHE MAaKCHUMAaIbHOI'O 3HAYEHHS BCpTI/IKaHLHOﬁ CO-
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crasisromen P

6.max

1% 2
=P, . -cosv Bosmymaromei cunel P =Dm® Bubposo3Oyau-

TCJIA K BECY Gp IIOABUXKHBIX yacrten PCUICTKU:
Gp = g.max/Gp ' (13)

Kak cnenyer u3 ucrounukos [8], o, =1+8 pasnenstor none rpaduxa Ha 06-
JIaCTh YCTOWYMBBIX PEKUMOB KoJleOaHui (Ha/i COOTBETCTBYIOIIEH KPUBOK G ) U 00-
JIaCTh HEYCTOMUMBBIX PEXUMOB KoJieOaHuiH (MOJ COOTBETCTBYIONIEH KpUBOH G ).
Hanpumep, ecnu mapameTphbl peIETKU XapakTepu3yrOTCs 3HadeHneM o, =4.5 (Bep-

THKallbHas COCTaBLomas P BBIHYXJaloed cuiibl BUOPOBO3OYIUTENS IPEBBI-

ax

1IaeT BEC MOJBMXKHBIX YacCTeW PEILETKU Gp B 4,5 paza, P =c7pGp =4.5Gp), TO

6. max
npu ko3 unnenTe BoccTaHoBleHUsT ckopoctH R=0.2 pexum paboThl pemerku
OyzmeTt ycToHuMBBIM, eciu Kod(h(UIHCHT moje3Hoi Harpy3ku 1 <1. st Toro 9To0sr

UMETh 3amac YCTOWYMBOCTH, JIy4llle pa0oTaTh MPH MEHbIIEH 3arpy3Ke PELICTKH
(nampumep, Touka A, coorBerctByromas 1n=0.8, R=0.2). [Ipu Gonpmmx 3Haue-

HUsIX R 3amac ycroiumBOCTH BBIIIE, IPH MEHbIINX R — Hioke. s MOBBIICHUS
3amaca yCTOMYMBOCTH CIIEAyeT YBEIHYUTHh BO3MYIIAIONIYIO CHIy BHOpPOBO30OynuTe-
TS

Pe:xxum B030y:kmennsi. Pexxum paOoOTHI BBI-
OMBHBIX WHEPHHMOHHBIX DPEIIETOK XapaKTepHU3yeTcs
aMIUTUTYIOH W YacTOTOH KoneOaHuil. BubOparmmon-
HbIE MalIMHBl MOTYT paboTaTh B JOPE30HAHCHOM,
PE30HAHCHOM M 3ape30HAHCHOM PEeXHMax BO30YX-
JeHUA. AMIUTUTYJHO-YaCTOTHAsl XapaKTepPHCTHKa
BBHIOMBHOW PEIIETKH OMUCHIBAETCS YpaBHEHHEM [9,

10] (puc. 4)

Pucynok 4 — AMmiurygHO- A= sz/m \/((Dz _ 0)2)2 +4h2w’ (14)
YaCTOTHAsI XapaAKTEPHC- P ° ’

THKa BHIOMBHBIX o, =,/C / m, . (15)

WHEPIUOHHBIX PEIIETOK

3nece D — nebananc BUOPOBO3OYAUTENS;, ® — YIVIOBas
4acToTa KoNeOaHuii pemeTky; M, — Macca NOIBMKHBIX YacTeid pemetkn; h — kosdpdu-
IIMEHT NeMI(HUPOBaHUS; O, — COOCTBEHHAs YacToTa KoneOanuii pemerkn; C — xect-

KOCTb YIPYTUX OMOP.
ITpubmwxeHre 4acToThl ® K COOCTBEHHOW 4acToTe 0, IPUBOAUT K PE3KOMY

YBEIMYEHNIO aMIUTUTY bl Konebanuii pemerky. [Ipn o=, ammuuryna A gocturaer

MAaKCHUMaJIbHOI'O 3Ha4YCHMA Amax . HpI/I )IaﬂbHeﬁmeM YBEJIMYCHUN © aMIUIMTy[a
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YMEHBIIACTCA, HpI/I6J'II/DKaﬂCB TP (O —> 00 K ACUMIITOTUYECCKOMY 3HAYCHUIO Anpe 0

AHanu3 pexuMoB paboThl BEHIOMBHBIX PELIETOK PA3IMYHBIX THIIOB ITOKa3bIBa-
€T, YTO B OCYILECTBJICHHBIX KOHCTPYKLHUSIX UMEIOT MECTO 3aPE30HaHCHBIC PEKHUMBI
BO30Y)K/ICHUS, IPUYEM 3Ha4eHUs] o/, HaXoAiTcs B quanasoHe (Ha o/, =2+5
puc. 4 obmacTh paboUYMX YaCTOT 3aLMITPUXOBAHA).

Ji1s 3ape30HaHCHBIX PeXXUMOB KonebaHuil ((>> m,) CUiIbl AeMI(UPOBAHUA
Ha aMIDIMTYyRLy KoieOaHWi A TpaKTHYSCKH BIUSHUS HE OKAa3bIBAIOT, TaK Kak

((Dg - )2 >> 4h*w’ . Tlostomy Qopmyna (14) npuHUMaeT BUI:
A= sz/mp(mg—mz). (16)

ITo dpopmyne (16) onpenensroT aMIUIUTYy KoJleOaHUH BEIOMBHBIX MHEPIIHOH-
HBIX PELIeTOK, PabdOTAIONIMX B 3apE30HAHCHBIX peKUMax KojeOaHmil. Tak kak Ko-
neGaHus PELIeTKH POUCXO/IST B HAIPaBJICHUH JIMHUU AGUCTBHUS cuiibl P, cocras-
JSIOIIEH yrod Y ¢ BEePTHKAIbIO, TO BEpPTHKAIbHAS U TOPU30HTAJIbHAS COCTABIIAIO-

IIMe aMIUIUTyasl Konebanuit: A = AcoSy; A = Asiny. TexHOIOrHYeCKH HEOOXO-

JMMO€ 3HaueHue A ompenensior no ¢popmyie:
A =v,/esiny, (17)

e V, — BepTHKAIIbHAS COCTABIIIONIAs CKOPOCTH PEIICTKH 10 ynapa (cM. GpopMyiry
(11)), a v — da3a coymapeHwusl.

Ipu ycroitunBeix pexumax pabotsl pemerok Siny =0.8+0.9 . Yoosyto yactoty
KosiebaHuil ® OMPEEeNsIoT B 3aBUCUMOCTU OT TEXHOJIOTUYECKH HEOOXOIMMOU BEITIH-
HEI yIeITBHON SHEPTHH COyIapeHust €, KOMa C TOJIOTHOM PEIIETKH.

VYI10BYI0 CKOPOCTH Bajia BUOPOBO30YIUTEISI HHEPIIMOHHOW PEIISTKH OIpee-
nsir0T 1o popmyne (10). I[oacTapisis uncnoBbie BenuduHbl B popmyny (10), momy-
giM ®=70+90 1/c, 9TO COOTBETCTBYET YaCTOTE BpalleHHs IcOaTaHCHBIX Macc
Nn=30w/mt=700+900 06./MuH.

VY GONBIIUHCTBA JEHCTBYIONMX BBIOMBHBIX MHEPIHOHHBIX PEIIETOK YacTOTa
BpaleHus J1e0alaHCHBIX BajJOB BHOPOBO30OYIWTENST HAXOOUTCS B Mpezeaax
800+1000 06./muH. YkazaHHas 001acTh pabOYNX YaCTOT 0OCCICUYMUBAET TEXHOJIO-
THYECKH HEOOXOAUMYIO BEIMUKHY YAEIbHON SHEPTrUU COyIapeHus €, .

VYBenmuuuMBaTh  YAacTOTYy  BpAlICHHUS BaJOB  BHOPOBO3OYIUTENS  CBEPX
1000 06./MuH. Helenecoo0pa3Ho, TaK KaK 3TO IMOYTH HE JACT YBEIUUCHHS aMILIH-
TYIIbI, HO BBI3BIBAET U3JIMIIHIO MIEPErpy3Ky NOALIMITHUKOB.

Jebananc BudpoBo3oyauresi. Jlebamancom BUOPOBO3OyIHUTENSI Ha3BIBAETCS
CYMMAapHBIN CTaTUYECKUH MOMEHT HEYPaBHOBEHIEHHBIX MAacC BHOPOBO3OYIHTEIIS.
Crarndeckuil MOMEHT HEYpaBHOBEIICHHOHW MacChl M, OHPENeIsieTCsl OTHOCUTEIb-
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HO OCH €€ BpaIleHusd U paBEH MPOU3BEACHUIO MAacChl M, Ha paCcCTOAHUE OT €€ LEH-

Tpa TAKECTU J0 OCHU BpalllCHUS, HA3BIBACMOEC YKCLICHTPUCUTETOM I : Di =mr.

Jlebanmanc BHOPOBO30OYIUTENST, COCTOSIIIIETO U3 HECKOJIBKO NeOalaHCHBIX MAcC, paBeH

D=>'D=>mr.

Jns nocTmkeHrst HeOOXOAUMOTO 3HAYEHUST aMIUTUTYIBI A KoJIeOaHMIA perieTKH Tpe-
OyemplIii nebasanc BUOPOBO3OYIUTENS ONPEAITOT U3 hopMyits! (16):

D=A-m, i (o, /of . (18)

3neck M, — Macca NOABMKHBIX wacteit pemerkn; M =G /g (G, — Bec mompmx-

HBIX YacTed PelIeTKN).

CropocTh TPAaHCIIOPTHPOBAHUA OTJMBOK. [Ipy ompeneneHNN CKOPOCTH TpaHC-
TIOPTHPOBAHKS OTIMBOK IO MOJIOTHY PELICTKH HCIOIB3YIOT TEOPHIO pabodyero mpouecca
BHOPOTPAHCIIOPTHBIX ManuH [5, 9, 11-14]. OnpeneneHre cpeaHeii CKOPOCTH BHOPAIMOH-

HOTO TPaHCTIOPTUPOBAHMS — OJIHA M3 OCHOBHBIX 3aJ[ad MPH pacdyere TEXHONOTUYECKHX
PEXUMOB PabOThI BUOPAIMOHHBIX TPAHCIIOPTHPYIOMMX MariH. CpemHssi CKOpoCTh BUO-
PAIFIOHHOTO TPAHCTIOPTHPOBAHMSI OTIPEACIIAETCS] CKOPOCTAMHU TPAHCTIOPTHPYEMOTO Tpy3a
Ha OTZEJBHBIX JTarax NepeMEICHNs, a TAKKE XapaKTepoM, MPOJIOJDKUTEILHOCTBIO U TTO-
PSZIKOM YepENOBAHMS STHX JTAIlOB.

B Hacrosmee Bpemsi B BUOPOTPAHCHIOPTHBIX MAIIMHAX PEATM3YIOTCS MPSMOIMHEH-
HbIE, YUIMIITHYECKUE U KPYrOBble KOJeOaHus, KOTOpPbIE MOTYT OBbITh IapMOHHYECKHMH,
OuUrapMOHIYIECKUMH U Jip. BRIOMBHBIC MHEPIMOHHBIE PEIETKH OOBIYHO PaboTaroT B pe-
JKUME TPSIMOJIMHEHHBIX TApMOHMYECKUX KoneOaHuid. Ha BrokeHre 1Mo MosoTHY peIleTKu
ciost ()OPMOBOYHOM CMECH M OTIIMBOK 3aMETHOE BIIMSIHAE OKa3bIBAIOT KOHCTPYKTHBHBIC U
TEXHOJIOTHYEeCKHE (haKTOPBI, a TAKKE (PaKTOPHI, ONpeC/sieMbIe PEXXUMOM Bo30yxacHus. K
KOHCTPYKTHBHBIM (paKTOpaM OTHOCSITCSI YOl HAKJIOHA TTOJIOTHA PEIIETKH oL, YTOJ ycTa-
HOBKU BHOPOBO30OYIHUTENA Y, , CIBUT 110 (hase O nebanaHCHBIX BAJIOB M KOHCTPYKTUBHBIE

0coOeHHOCTH paboueil OBEPXHOCTH TOJOTHA penieTkd ((hopMma KONOCHHKOB, (opMa U
pasMepsl 1IesIe TOJIOTHA, KOMITOHOBKA CEKIII ToNoTHA 1 p.). K TexHonorudyeckim (ak-
TOpaM OTHOCSITCS CBOMCTBA (DOPMOBOYHOI CMECH, TOJIIMHA CJIOS CMECH Ha TIOJIOTHE, KOH-
¢uryparms 1 pasMepsl OTIIMBOK M JIMTHUKOBOH crcTeMbl. K dakropam, onpenesieMbM
PEXUMOM BO30YXICHIS, OTHOCSATCSA aMIUIUTya A U yIIoBas 4acToTa  KOJIeOaHHIA.
PaccMoTrpumM crienyroniyio yIpouieHHYIO pacdyeTHyro cxemy (puc. 5). Bubpu-
pyIomas MIOCKOCTh | HakJIOHEHa IOJ YIJIOM O K TOPH30HTAJIM M COBEpPLIACT 3a-
JAHHOE NPSIMOJIMHEHHOE TaPMOHUUYECKOE KOJIeOaTeNbHOE IBIKCHNE B HAIIPABJICHHUE
ocu On mox ymioM y K BepTHKalIH. B kauecTBe TPaHCHIOPTHPYEMOTO Ipy3a MPUHS-

Ta MaTepuajibHas 4acTulia, B KOTOpOﬁ COCpEAOTOYCHA BCs Macca rpysa mg . Yun-

TBIBAIOTCSI CHJIBI CYXOTO TPEHHUS NIPH NEPEeMENICHWH YacTHIBI 110 BHUOPHpPYIOUICH
noBepxHocTu. Ha puc. 5 oce Omn moxa3sIBaeT HampaBlieHHE MPSIMOJMHEHHBIX KO-

nebanuii monoTHa, a ock Ot — Bpems. CuHycouia npencTasiseT coboil pasBepTKy
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rapMOHMYECKUX KOJieOaHMH MOJIO0THA 10 BpeMeHu | .

CKOpOCTh TPAHCIIOPTUPOBAHHKS OTIIMBOK
IO TOJIOTHY PEIIETKH onpeersieM o Gopmy-
ne [15]:

IRore2=hog] 9
1+R f

m

V=An

3meck A — aMIumMTya KojeOaHWi peleTKy;
R — xoa(duupeHT BOCCTaHOBIIEHHS CKOPO-
crm; f, =0.4+0.5 — MrHOBeHHbIH K03 dH-

IMCHT TPCHHA OTIIMBOK O MOJIOTHO PCHICTKU,
r,G - TriapaMeTpebl, paBHbIE

Pucynoxk 5 — Cxema ais pacuéra
C=gcosa/Aw’; G=gsina/Ao’, o- CKODOCTH TDAHCIIODTUDOBAHHSI

YIoJI HAKJIOHA TIOJIOTHA (TIOJIOKHUTEIBHBIA — TT0 YacOBOH CTPEJIKe); IPUHIMAIOT OOBIYHO B
npezenax 0-5°; A =A-c0sy u A =A-Siny — BepTUKaNbHas 1 TOPH30HTAIBHAS CO-
CTaBJIFOLLME AMITTATYIBI KOJICOAHHH PELISTKY; Y — YTOoJI BHOpalluH PeIleTKH (OTHOCHU-

TENBHO BEPTHUKAJIBHOM OCH).

YucsieHHoe MoieIMpoBaHue padoyero mpouecca B BLIOMBHBIX MamiuHax. Kak
YKa3bIBAIOCH BBIIIC, IS OMHUCAHHS U pacueTa pabodero mpoiecca BHIOMBKH pe-
[IeTKa BMECTE C MOJIC3HOW HArpy3KOH MPEICTaBIsACTCS JIBYXMAcCOBOW BHOpOymap-
HOH KonebarenbHOM cuctemoid. [Ipu mpoBeaeHNM MCCIEI0BaHUN MPUHAMAIOCH YIIPO-
IIIEHHOE JIOMYII[EHNE: pealbHast Harpy3Ka, COCTOAIas U3 KOMBEB CMECH U OTIIMBOK M pac-
TIpeziesieHHas 110 TIOJIOTHY PEIISTKH TpeJCTaBlIeHa TOYEUHBIM IPy30M MacChl M, BETMYHUHA
KOTOPOTO MPHHUMAETCS HEM3MEHHOH, a MPOIIECC COYINApEHHS TPy3a 1 TIOJIOTHA paccMaTpu-
BaeTCs KaK MPsIMOM IIEHTPAITBHBIA yap JBYX TE; OCh BHOPOBO3OYIHTEIS COBMEIICHA C
LEHTPOM TSDKECTH TIOABIDKHBIX YacTel perretkd [8, 11]. B Oonee mo3mue# padore [16]
ObUIa TIpEANIPUHATA TOMBITKA YYeCTh OCOOCHHOCTH TIpOIecca BBIOMBKU M KOH-
CTPYKIIH BHOPOBO3OYIUTENCH U UCCIENOBATh CHCTEMY «HCTOYHUK SHEPTHU — BHO-
poBo30yaMUTENE — PabouMii OpraH — TEXHOJIOTHYECKass Harpys3ka» Ha BCEX dTamax
paboThI: pa3roH, YCTaHABIMBAIOIIEE IBWKEHUS U BHIOET.

JIIs1 YMCIIEHHOTO MCCIeIOBaHMS paboyero peskuMa BHIOMBHBIX MHEPIIMOHHBIX pellie-
ToK pazpadoras [T «CreHmy.

B npyroit pabote [17] paccmMoTpeHa qTUHaMHKa pabOYero Mporecca BHIOWB-
HBIX MHEPIIMOHHBIX PEHICeTOK aBTOMAaTHYECKUX JHHUHN. [{ng npuHATONH Maremarnde-
CKOW MOJIeTTH BHOPOYJapHOW OJHOMAacCOBOH KOJICOAaTeIIEHOW CHCTEMBI BBITIONHEHO
KOMITBIOTEPHOE HCCIICIOBaHKHE padodero mporecca BHIOUBKU. [lomydeHsl obnacTu
CyIICCTBOBAHMS YCTOMYMBBIX PEKUMOB KoJicOaHMA BHOpOynapHOU cucteMbl. Pas-
paboTaHa METOJ¥Ka pacdyeTa MOIIHOCTH IMPHBOJA BHIOMBHOHN PEIIECTKH C yYETOM
MOIITHOCTH paboyero mporecca BRIOMBKY, OTEPh HA TPEHHE B OMOpPaX BHOPOBO3-
OynuTes 1 CUIl IeMII(pUPOBAHMS.

B pabote [18] pa3paboTana MeToAMKa OTpeAETICHUs TapaMeTPOB PaOOThI BbI-
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OMBHBIX PELIETOK B yCTOHYMBOM pekume. lIpuBeneHa (opmyna st BEIYHCICHUS
aMIUIMTY]] KOJIe0aHU NP ITPOXOXK/ICHUN PEILIETKH Yepe3 Pe30HaAHC.

Ha ocHoBe aHanm3a MaTeMaTUYeCKOH MOJIENH ObLIO IPOBEIECHO UCCISIOBAHUE pe-
JKMMOB JIBIDKEHHS! BBIOWBHOH TPAHCIIOPTHUPYIOIIEH PELIETKH C YIPYTOH TIOIBECKOM BUO-
POBO30YAMTENSI B 3aBUCUMOCTH OT YPOBHS BO30Y)K/ICHHSI U PACCTOSHUS OT IIEHTpa Macc
PELIETKY ¢ IPUCOSIUHUTEIILHOM HArpy3KOU IO JIMHUU JCHCTBUS BO3MYILAOILEH CHIIbL.
[NokazaHo, 4To 3heKT raJonupoBaHus MPUBOAUT K OrPaHUYEHUIO TPY30IOABEMHOCTH
PEILIETKH 10 BEJMYUHBI, PABHOW Macce €€ MOIBMKHBIX YacTel, TaXke IPH ONTUMAIIbHOM
BBIOOpE mapametpos [19, 20].

B pa6otax [21-27] npenmaraercs MaTeMaTHdeckasi MOACTH MAaIIMHBI HAIIPaBJICH-
HBIX KOJICOaHUIA ¢ yIpaBIsieMbIMI BHOPOBO30yUTEISIMU. B Monenu mccienytores my-
TH PaccesHUs] SHEPIMU B YCTAHOBHBILEMCS PEXHMME, MOKa3bIBACTCs 3((PEKTUBHOCTD
BHOPOOOPaOOTKY Ha MEPEXOAHBIX PEKMMAX, a TAKOKE MPOU3BOANTCS X ONTHMU3ALIHS.
B pabote pa3paboraHa u HCCleIOBaHA MaTeMaTHYECKas MOJEb MAIIUHBI C yIpaBie-
HHMEM BO30YIHTENICi BAHTOBBIX KOJIEOAHHIA.

B npeacTaBieHHoil paboTe aBTOp IpeyiaraeT CISAYIONIYI0 MaTeMaTH4ECKYIO
MOZENb Al BUOPalMOHHOM MallMHbBl BEPTHKAIBHBIX HAIIPABICHHBIX KOJEOAHHUH C
HEyIpaBIIeMbIMU IHHAMUYIECKUMH BUOPOBO3OYAUTEIIAMU:

E+2ByE+y%e+e’T= fy((pCOScp—(’pzsin (p);

G+ 2By +yi v+ vsgny = —&;

p+p°f,cosop-8%f Ecosp=p, —p, —p.- f,.
3neck &, N 1 @ — 0000IIEHHBIE KOOPAMHATHI pabo4ero oprana, ooOpadarsIBaeMon cpe-
JIB1 ¥ BpAIlICHUsI Ie0alaHCHOTO BaNa; Y , B B vV — KO3 (DHUIWEHTHI PacCTPONKH, BI3KOTO
U CyXOTO TPEeHHUST; €, O, M P — XapaKTEPU3YIOT TEOMETPHIO CHCTEMBL; |, — XapaKTepHc-
THIKA JIBUTATEIsL; |1, — XapaKTepucTHKa conpotusienus; f — dyHkims ynpapnenus.

I[J'ISI TOro, YTOOBI ITOBBICUTH 3(1)(1)€KTI/IBHOCTB MallIuH 3a CUCT YBCJIMYCHUA aM-
TJIUTYAbL YCKOpeHI/Iﬁ OpraHoOB MAllIWHbI, aBTOP MpEAJIaracT yIpaBJiATh )KECTKOCTbHIO

yIpyrux smementoB: C=mam? lJ_r\/(a2 /sin? n’t)—4[32/0)2 . Bmece a=S,/mA,

S, 1 A, — craruyeckuil MOMeHT Je06aJaHCOB M aMILIUTYla KoleOaHUi B yCTaHO-

BHUBIIIEMCS PEKHME; (® — YITIOBask YaCTOTa YCTAHOBHUBIIIETOCS PEXKUMA; TLTIOC MEPeT
paauKaioM COOTBETCTBYET JOPE3aHAHCHOMY PEXUMY, a MUHYC — 3ape3aHaHCHOMY
pexxuMy paboThl MAIIMHEL B KadecTBe APYroro IMyTH MOBHIMICHUS YCKOPCHUS B TIe-
PEXOJHOM pEKHME aBTOp MpeAIaraeT yInpaBisiTh 4aCTOTON , IeOalaHCHOTO Bana

110 CJIeAyIOLIel 3aBUCHMOCTH: ), = 03/ vsinnt =ko.

Taxum O6p330M, B JJaHHBIX pa60Tax OCHOBHOC BHUMAaHHUE COCPEAOTOYCHHO MMCHHO
Ha ynpasJICHUA pa60q1/1M nponeccoMm BI/I6pOMaIlII/IHI:I. B 10 X BpEMs1 BHE II0JIA 3pEHUS
OCTAJIMCh TAKHUC CYLLICCTBECHHBIC (l)aRTOpLI, KaK U3MCHCHHE MaCChbl BI/I6pI/IpyIOIII€FO pa60-
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Yero Tela, ero KECTKOCTHBIX CBOWCTB M MPOCTPAHCTBEHHOIO MOJIOKEHHSI.

B pabotax [28, 29] aBTOp OCBeIIAcT Pe3yibTaThl MOJCIMPOBAHUS XapaKTepa
ABUIKCHHUS OTIIMBOK IO KOJIOCHUKY HHepLII/IOHHOﬁ Bbl6l/lBHOl>i PCUICTKH, TPOAOKHU-
TCJIBbHOCTb OTACJICHUA CMECHU OT OTIIMBKH. XapaKTep JABHXXCHUA OTIIMBKH 110 KOJIOC-
HUKY PacCMaTpHBACTCs NPH 3HAYCHUSX W—>o0 H p—>1, e p=m/m_ — or-

HOIIEHHE MACCHI KOJOCHHUKA PEIIETKH K MAacCe OTIMBKH.

Ipu uccnenoBaHNM IBYKESHUSI OTIIMBKH (p - oo) OBUTO TPUHSATO, YTO TOBEPX-
HOCTh KOJIOCHHKA, COBEpIIAIONIasi rapMOHHYECKUE KojleOaHHs, PEACTaBIsieT co0oi ad-
COJIFOTHO JKECTKYFO KOHCTPYKIIMIO, BCE TOUYKH KOTOPOH MEPEMEIAIOTCS 110 OJTHOMY U TO-
MY JKe 3aKOHY. B coymapeHHsIX OTIMBKY C KOJIOCHUKOM PEIIETKH IPH BBIIIOTHEHUH YCIIO-

Busag F =N, =0 ypaBHeHus1, OICHIBAfOIINE ABIKEHUE OTIMBKH, IIPEICTABIICHBI B BUJIE:

X = gsino+aw’ cospsinomt;
y=—gcosa+a’w’sinfsinot.

3nece F — cuna tpenust; N, — HOpMallbHas peakiys; a, O — COOTBETCTBCHHO aMILIU-

TyIa M 9acToTa KojieOaHHii KOJIOCHHMKA PEIIETKH; O, — YTOJl MEeX/Iy HAIpaBJICHHEM KOJie-
OaHUi ¥ IUIOCKOCTBIO KOJIOCHHKA, 3 — YrOJl HAKJIOHA KOJIOCHUKA PEIIIETKH.

CKopOCTH U TIepeMEIICHHs OTIMBKH TIPH €€ OTHOCUTENBHOM IIOJIeTe Ha[l IOBEpX-
HOCTBIO KOJIOCHHKA OIPEIEIIIFOTCS IPH MHTCTPUPOBAHAM 3aIlCAHHOW BBILIE CHCTEMBI
ypaBHeHuil. OTINBKA UIMEET KOHTAKT O KOJMEOMIOIMECs] KOMOCHUKH JI0 TeX 0P, [OKa CO-
CTaBJIIOLIAsT CHJIBI MHEPLH OTIMBKH, HOPMAJIbHAS K pabodeii IIOBEPXHOCTH, HE JOCTH-
ract BCJIMYUHBI HOpMaJIbHOM COCTAaBJAIOLIIEH CUJIbI TSDKECTHU OTJIMBKHU:
(G/g)-aw’sinBsinot >Geosa., mie G — cuita TKECTH OTIHBKH,

OTpbIB OTIMBKM OT MOBEPXHOCTU KOJEOIFOIIEroCs KONOCHUKA MPOM3OWAECT TpH
ciemyroriem paseHcTse: ty = (1/m)arcsin ((g/ an?)(cos a/ SinB)). JleBast yacTh 3TOTO

BBIPAKCHUA UMECT MAKCUMAJIbHOC 3HAYCHUC TIPU ot = ‘E/ 2 , TOr1a YCJIOBHE OTpbIBA OT-

JIMBKM OT KOJOCHHKA 3ammmercs kak A>1, rie A=(g/an?)(cos a/sinp) — Gespas-

MEPHBII MTapaMeTp, Ha3bIBAEMbIi PEKUMOM PaOOThI KOJIOCHHKA PEIICTKH.

Bo3MOXHEI ciegyromne pesxKuMbl paboTHI:

= nBWXEHHE 0e3 OTPHIBA OTIIMBKH OT KOJOCHUKA — A<1;

® BIKEHHUE C OTPHIBOM OTIMBKHU OT KOJIOCHHKa — A>1.

TakuMm 00pa3oM, 3HAYEHMs AMILIATYIBI YCKOPEHMH am’ KOIOCHHKA PELICTKH
JIOJDKHBI BBIOUPATHCS TAKUMH, YTOOBI OTJIMBKA TIOCTOSTHHO HAXOJIIACH HaJT KOJICOITFOIH-
MHCS KOJIOCHHKaMU ¥ COYAapsUTach ¢ HUIMH Yepe3 PaBHBIC MPOMEKYTKH BPEMEHH, COOT-
BETCTBYIOIIUE TIEPHOY KoteOaHUiA. J{Jis yCTOHYMBOCTH 3THX PEKHUMOB aBTOP PEKOMCH-

JTyeT BLITIONHEHHUE CIIETYIOEro yeoBust: v +1 < A</n’ +4 .

TMonHoTa TEpeauu CKOPOCTH KONOCHHKOM OTIMBKE, 3aBHCAINAs OT yIja
HaKJIOHA KOJIOCHHKA K TOPU30HTY, YIJIa HapaBicHUH KOjIeOaHUH, aMILTUTYIbI ¥ Ya-
CTOTBI KOJIeOaHMmil, JOMKHA COYETAThCs ¢ BEIOOPOM TEXHOJIOTMUECKHX MAPAMETPOB
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OTJIeNICHUST OTPaObOTaHHON (POPMOBOYHOM CMECH OT OTIIMBOK.

OnHako, MOCKOJIBKY B paboTe BHUMaHUE OBUIO COCPEAOTOYEHHO Ha KOHKPET-
HBIX BCIax: MOIACIUPOBAHUC XapaKTepa ABUKCHUA OTJIMBOK IO KOJOCHUKY HUHEP-
LII/IOHHOﬁ B])I6l/lBHOI>i PCHICTKN U MPOAOJDKUTCIIBHOCTL OTACIICHUA CMCCU OT OTJIUB-
KH, aBTOp HE pacCMaTpUBAET JIPyrie BayKHbIE aCTICKTHI.

B paborax [30-32] aBrop pa3paboTal MAaTEMaTHYECKYFO MOJICITb MUTATEIIA-TPOXO0Ta,
KOTOpasi Y4uTHIBaeT IOBEJCHHE KOopoOa Ioj JeHCTBHEM JBYX pa3HOHAIPABICHHBIX CHII
BHOPATOpPOB, KOTOpHIE OOCCIICYMBAIOT KaK HANPABICHHYIO BO30OY)KNAIOIIYIO CHITY, TaK U
MOMEHT, KOTOpBIi NOSABIISIETCS IIPY UI3MEHEHUHN HAIIPABJICHUSI CUIIbI. ABTOP TAKKE UCCIENy-
T TIPOIIeCC TOTYYEeHMS TPOCTPAHCTBEHHBIX KOJICOAHHI TUTATeIs-TPOXOTa OT ABYX pazHO-
HAIPAaBIHHBIX BO30Y)KIAOMINX CHII, KOTOPHIC TPMJIOKEHBI B Pa3HBIX TOUKAX I10 IIMPUHE
pabodero opraHa ¥ BIAMSIOT Ha €ro JJTMHY. TaroKe MoydeHbl aHATUTIHISCKUE 3aBICHMOCTH
JUTS. OTIpEZICITICHUSI TTapaMeTPOB BUOPOTICPEMEIIICHNsI MaTepraiia C y9eTOM OCOOCHHOCTEH
TIOBeICHNST paboyel IOBEPXHOCTH B Pa3HBIX TOUKAX I10 JUTMHE M IIUPHHE FPOXOTa.

IIpu cocrapieHny JUHAMUYECKON PAacUETHOM CXEMbI aBTOp MPUHUMAET CIIEAYIOLIHE
JIOTYLLICHHS: TIPHBE/ICHHAs! Macca KopoOa IpoxoTa M CocpeaoToYeHa B LIGHTPE €ro Macc, a
HEHTP JCKApTOBOM CHCTEMBI KOOPAMHAT COCPEIOTOUCH B IIEHTPE Macc Kopo0a; JBYXBaIb-
Hble BUOPOBO30YIUTENIM UMEIOT KUHETOCTATUYECKUE MOMEHTBI M.l , M,I' , paCIIONOKEH-
HbIe Ha Tieprdepnun Kopoda, BEKTOPBI CHJI MPH MX HAYaJIbHOHM YCTaHOBKE HAIPaBIICHBI ITO]]
yIIoM 3 K OCH X ; KOpoO YCTaHOBJICH Ha 4-X SITACTHYECKUX OTOpax; HEYIPYroe OIMpaHie
TIpH KOJIeOAHISIX TPOXOTa Ha IIEPBOM STAlle UCCIICIOBAHMI HE YIUTHIBACTCSL.

Ha 6aze 3TrX ympolreHuii aBTop IPUBOIUT cUcTeMY AU depeHInaIbHbIX YpaBHe-
HHH, ONMMCBHIBAIOIINX JBIDKCHHUE CHCTEMBI, KOTOPEIC MTOCTPOCHEI Ha 0ase ypaBHeHHs Jla-
rpamwka 2-ro pona, KOTOpble IOCHe MpeoOpasoBaHHMil HMMEIOT CIEAYIOIINH BHL
x= X exp(iot), y =Y exp(iot), z=Zexpliot), o, = D, expliot),
9, =0, expliot), ¢, =®,exp(iot), e X, Y, Z, @,, @ , ®, —ammmTyna ne-
PEMEIICHII HCTIOMHUTEFHOTO OpraHa IO COOTBETCTBYIOIIMM KOOpIWHATAM, U B 00-
IIIEM CITy9ae 3TH BEIMYMHBI KOMITICKCHBIC.

[pu uccrenoBaHUy MapaMeTPOB BHOPOIIEPEMEIIICHHS MaTepralia co CIOKHON
TpaeKTOpUEH IBIKEHUS pabodyeil TOBEPXHOCTH I'POXOTA OIMPEICIICHO, YTO BEINIH-
Ha BHOpornepeMenicHni [T ompenensercs cleIyroIiM BEIPaKCHUEM:

2

0z
I'=4Ycosa+Xsina—d 0z+®_ ——ov“ ¢+ /gcosa,
X Z cosa

[Je O — YIoJl HaKJIOHa pabodei TOBEPXHOCTH K TOPH30HTY.
CkopocTh BHOpOTIEpEMEIICHUN OTPEENIeTCs [0 HANPAaBICHUI0O X U Z Ocei
CIEYIOIIUMHU BBIPAKSHUSIMHU:
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V, :%\X cosa+®,0x-tgox

2
x| siny, —siny, +%tga~tg(vx+a)+(wg —W,)Cosy, |;

V=52 (Z+® -0x)sign(Z )x

2
, : (Wo—vo)l o
| siny—siny, +-— 0 1ga-1(v; +0)+(, ~vo )oosv,
3nec — (azoBble a s
necb\y, U\, BBIC YIIBI OTPHIBA H
BCTpEYM Marepuaia ¢ pabodeii OBEPXHOCThIO, |1y | /3 7
— 3
V., V, — AONOIHUTC/IBHBIC YIVIbl, BBI3BAHHBIE || = rsT o3 B3R
TIOBOPOTHBIMU KOJICOAHISIMU pabodeil TIoBepX- PR = B ’;,_f,‘q:l_ %
me i g immm VoA
HOCTH. 2 13 M Al
T 6 4 _my| \0:5_me ",’nﬁ
aKiM 00pa3oM, aHaHu3 I1apaMeTpOB . o
BHOpOTIEpEMEIIICHIsT MaTepraia TOKa3bIBaeT,
9TO B 3aBHCHMOCTH OT BHIOOpa IMapameTpoB (:t oy -
YCTaHOBKM HAIpPaBJICHUS BEKTOpa BO30YyXKIa- H g 4 §~H 4car
FOIIMX CHJI BHOPOBO3OYIUTEIS MOXKHO pEry- 4 7
JNIMPOBATh CKOPOCTb U KAYECTBEHHBIE XAPAKTe-  Pycynok 6 — JMHAMHUECKAs CXEMa
PUCTUKU IBWXCHUA Marcpuajia 110 pa60qe14 MHOTOCEKIIMOHHOTO arperara

HOBEPXHOCTH IPOXOTA.

B paborax [33-37] aBTopbl BBOASAT OOOOIICHHYI0 MareMaTHYECKyI0 MOJEib
o0wIero Buja, KOTOpasi YYUTHIBACT OCOOCHHOCTH TEXHOJIOTMYECKUX MPOLIECCOB, BbI-
MOJTHACMBIX Ha BHOPALMOHHBIX MalllMHAX; M3MCHEHHE MAacChl TEXHOJIOTHYECKOH
HArpy3Kd; KOHTaKT TEXHOJOTHYECKOM Harpy3ku ¢ pabounM OpraHoM IpeICTaBIICH B
BHUJIC OJHOCTOPOHHEH YIPYTOH CBSI3U NPH HATMYHMU CHJI CYXOrO HO3HIMOHHOTO Tpe-
HHS; IEPEMEHHOE B3aHMMHOE MOJIOKEHHE TOYEK KOHTaKTa TEXHOJIOTHYECKON Harpy3KH
¢ pabo4MM OpPraHOM; TeJla CHCTEMBI COBEpIIAIOT IIOCKOe ABIKeHHe. B MatemaTuye-
CKOIf MOJIeNT BUOPAIIMOHHON MAIIMHBI YYTeHA OCHOBHAsI 0COOEHHOCTh KOHCTPYKIIUH
BUOPOBO30YAMTENS — YpaBHOBEIIMBAHKE €ro JieOalaHCHBIX MacC MPHU MEPEXOAe Yepes
PE30HAHC 1 BOBMOKHBIC BAPpUAHTBI KOHTAaKTa TEXHOJIOTHYECKOM Harpysku ¢ pa60‘II/IM
opranoM. Crioco® MOCTPOEHUS] MAaTeMaTHUECKOW MOJENIM BUOPOMAILUMH He TpeOyeT
ompezeNIeHns] KOMIIOHEHT ypaBHeHuH Jlarpamxka ll-ro pona.

Ha puc. 6 mpexacraBineHa JWHaMHUUYECKas CXeMa, KOTOpas ITO3BOJISIET OCY-
LIECTBIATH PAa3IMYHbIC BAPHAHTHI KOMIIOHOBKM MHOTOCEKIIMOHHOTO arperara.

YpaBHEeHHsI JIBIKEHUSI WHEPIMOHHBIX 3JIEMEHTOB COCTABISIOTCS C IIOMOILBIO
ypaBuenuii Jlarpamxa |l-ro pona:
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rae T — mosjHas KMHETHYeCKas YHEPIUsl CUCTEMBI; (, — S -5l 0000IEHHas KOOpAHU-
Hata; Q, — S -1 0Oo0OLIeHHas cuia.

ABTOPBI MPEYIAraroT Criocod MOCTPOSHHUS MATEMATHIECKON MOJIETH PaboUero pex-
Ma JUTsl CHCTEMBI C TIOCIC/IOBATEIIFHBIM PACTIONIOMKCHUEM MHEPIMOHHBIX 1eMeHTOB. OH 3a-
KITIOYacTCs B TOM, YTO OMPEICIISIOTCS MATPHUIIBI KOI(P(HUIIICHTOB ypaBHECHUSI TBYKCHUS
KaXKJIOTO MIEMEHTA, KOTOPBIC PACIIONATAIOT MOCIICIOBATEIFHO B MATPUILY KOA(DhHIMEHTOB
BCEi CHCTEMBI, COBMEITIAst [PH 3TOM JMATOHAJTb KAXKIOH C TUATOHAJIBIO OOIIICH MATPUIIBL.

Takum oOpa3zoMm, cucreMa ypaBHEHHH JUIi N -X MHEPIHOHHBIX JJIEMEHTOB B

CBEPHYTOM BHJIE OYIET HMETH CIICAYFOIIMI BHI: [A{‘]x [Kf]z [Bf]

B KkauecTBe OOLIETO KPUTEPHS OLEHKH HAJMYHMsl KOHTAKTa TEXHOJOTMYECKOH
HAarpy3Kd ¢ pabOYMM OPraHOM PacCMAaTPHBAETCS BENMYMHA PACCTOSHUS TOYEK A
B, TEXHOJOTMUYECKOW HArpy3Kd JO TOBEPXHOCTH KOHTAaKTa Ha pabouyeM OpraHe,

yCTaHaBJIUBacMasd € MOMOIIbIO Bblpa)KeHHﬁ:
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e X, Y., X, Y, — TeKylee 3Ha4eHne KOOP/MHAT HAYala CHCTEMBI KOOPIUHAT
X,.0,.Y, ., X,0V,; ¢,,, ¢, — yrox noBopora pabouero opraHa 1 TeXHOJIOTHYEC-
CKOW Harpysku; X, W X, — KOOpAMHATHI TodeK A u B B momBmxHOI cucteme Ko-
opaunar X,0Y,.

Takum 06pa3omM, B CBOHX paboTax aBTOPHI HanOojee OIU3KO MOJONIUIH K MPO-
OemMe HCCNeIoBaHMs M3BJICUCHUS OTIMBOK M3 OTPabOTaHHOH CMECH IPH ITOMOIIH
yI[apHO-BI/I6paI_II/IOHHBIX MallnH. OI[HaKO HEKOTOPBIC BOMPOCHI TaK U OCTAJIUCh HE-
YUYTCHHBIMU, 4 UMC€HHO — YYCT BA3KOI'O TPEHUA B CMECU, HE SICHO, U3 KAKHUX c000-
pa)KeHHfI OBLT BBI6paH 3aKOH M3MEHEHHUs MacChl OTJIMBKU. B PaCcCMOTPEHHBIX BBIIIEC
paboTax He PacCMOTPEHO KPHUBOJIMHEHHOE IBMKEHHE OTJIMBKH B OTpabOTaHHOU
CMecH, KOTOpOE B pealibHOI MalllHE UMEET MECTO.

Huccepranus [38] nocesieHa Bonpocy nossliieHus 3¢dekTuBHOCTH BUOpa-
[IMOHHOI'O IPOXOYCHHUSI BIAXKHOI TOPHOW MENKOH Macchl KaKk OJHOMY M3 MaJOH3Y-
YEHHBIX M HEIOCTATOYHO S((PEKTUBHBIX MPOLECCOB INPOU3BOJACTBA. YCTaHOBICHBI
OCHOBHBIC (DAKTOPBI, CYIIECTBEHHO BIMSIONINE HA MOKA3aTeJIM TPOXOUYCHUS, HEU-
HEWHBII XapaKkTep 3aBUCUMOCTH IT0Ka3aresieil paboThl TpoX0oTa OT KaKAOTo n3 (ak-
TOPOB, a TAaKXKe 30HY HANOOJIBIIETO BIMSIHUS KAXKJOTO U3 HUX.

Huccepramus [39] mocesiieHa BompocaM TOBBIICHUS 3(()EKTUBHOCTH H
CHIDKEHHUSI DHEPrOEMKOCTH BHOPAMOHHOTO TEXHOJIOTHMYECKOTO OOOPYHOBAaHHS B
mpoIieccax nepepadoTKH MUHEPaIbHOTO ChIpbs. OCHOBHAS Hesl paboThI 3aKiII0da-
€TCA B UCIIOJB30BaHUM PAIMOHAJIBHBIX JHEPIrCTUYCCKUX M CHUJIOBBIX IapaMETpPOB
BI/I6paHI/IOHHOFO HaArpyX€Hus TEXHOJOTHUYCCKUX CPE€A MOCPEACTBOM ITPUMEHCHUA
HEJIMHEITHOTO BUOPAIMOHHOTO MPUBO/A, 0OECIEUHBAOLIETO UX HE3aBUCHMYIO pe-
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rynmupoBKy. s aHamm3a KojieOaHWHM CyINIECTBEHHO HENMHEHHBIX BHOPAIIMOHHBIX
CHUCTEM HCIIOIb30BaHa MpOoIelypa YHCICHHOTO HHTETPHPOBAHUS, COUYETAIOMIas Me-
Toasl Pynre-Kyrtn m XemMmuHra, 4To NMO3BOJHJIO CYIIECTBEHHO MOBBICUTH TOY-
HOCTb YHCJICHHOTO MHTErpupoBanus quddepeHnnaibHbIX ypaBHEHHH. YcTaHOBIIe-
HBI 3aKOHOMEPHOCTH BIUSHUS BEINYUH KOHCTPYKTUBHBIX MapaMeTPOB HETUHEHHO-
r0 IPUBOJA HA 3HAUEHMsI BBIXOJHBIX JUHAMUYECKHMX MapaMmeTpoB. Brepsrle ycTa-
HOBJICH U HccieoBaH 3P QEKT ajanTtalyy BeIMYHHbI Pealn3yeMbIX JMHAMUYECKUX
IapaMeTpoB K BEIMYMHE TEXHOJIOTHUECKOW HATPY3KH i IBYXMAaCCOBBIX HEIH-
HEHHBIX cUCTeM. BEITIONHEH CHEKTpabHBINA aHAIN3 PeaTn3yeMoro THHAMUYIECKOTO
BO3/ICHCTBHS B PEaIbHOM MacIiTabe BpeMeHH.

Huccepranus [40] mocesimeHa peIIeHHI0 BaXKHON HAaydHOH NpoOIeMbl, 3a-
KITIOUAIOMICHCs] B YCTAHOBICHUH 3aKOHOMEPHOCTEH, KOTOPhIe OOBSCHSIIOT M OIHCHI-
BalOT BIMSHUC HAa KHHETUKY BHOPAIMOHHOTO TPOXOYCHHUS CErperalu, MpoceuBa-
HUsI, BUOPOTPAHCHIOPTUPOBAHUS, (POPMBI YACTHIl U OTBEPCTHH CHUTA, a TAKIKE M3Me-
HSIOMIEHCS B pe3yNbTaTe MPOCEUBaHMs BHICOTHI CIIOS.

B pabore [41] npuBeaeHbI pe3yIbTaThl SKCIICPUMEHTAIBHBIX M TEOPETUUCCKUX HC-
ClIeIOBaHUI KoNeOaHui (DyHIAMEHTOB MHEPIMOHHBIX BBIOMBHBIX PELICTOK JIUTEHHOTO
MIPOM3BOACTBA. B TeopeTndeckoM paszene MoIydeHb! aHATUTHIECKHE 3aBUCUMOCTH JUTS
onpeieieHUsI aMIUIUTYA U YacToT KoseOaHuid (hyHIaMEHTOB MHEPLIMOHHBIX BBIOMBHBIX
PEIIETOK TP PACCMOTPEHUH MX OJJHOMACCOBOM M IByXMACCOBOM PacUeTHBIX CXEM, MPH-
YeM TOCIEAHSS JIyIlle OTPpakaeT KOHCTPYKTUBHBIE OCOOCHHOCTH CHUCTEMBI «BBIOWBHAS
perreTka — pyHIaMEHT — OCHOBAHHEY. Y YHTHIBAIIICH YIIPYTO-Bs3KHE CBOMCTBA TPYHTA U
3aleMIICHHe (pyHIaMeHTa OOKOBOM 3aCBHIIKOH. PaccMOTpeHO CHMMETpUYHOE M acHM-
METPUYHOE PACTIONIOKCHIE OTIOKH M BHIOMBHOW PEIICTKH. AHAIUTHYICCKHI armapar 1
TIOJTy4YCHHBIE 3aBHCHMOCTH JAIOT BOMOXKHOCTH OINpENENATh —IMapamMeTpbl KoaeOaHu
(dyHIamMeHTa BHIOMBHOM PEIICTKH B XOJIOCTOM PSXKMME M MPU YCJIOBHHU 3arPy:KEHHS pe-
LIETKU OITOKOH. XOJIOCTOMY PEXHMY COOTBETCTBYIOT BBIHYXKJICHHBIC KOJIeOaHHs, BO3-
Oy>KI1aeMble HEypaBHOBEILICHHOM CHIIOH Jie0anaHcoB MallmHbl. Pabounii pexum xapak-
Tepu3yeTcsi BUOPOY/IapHbIM Harpy»KeHHEM, KOTOPOE BbI3bIBAET CBOOOIHBIC M BHIHYKIICH-
HbIe KoJieOaHus1 (hyH1aMeHTa BEIOWBHOM PEILIETKH.

B mwuccepramm [42] nccnenoBaHus MOCBSIIEHB! pa3pabOTKe HOBBIX METOIOB MO-
JIeNMPOBAHMS BUOPAIIMOHHBIX CUCTEM C UCTIONB30BaHMeM TpadoB cBs3u. OHM obecreurn-
BAafOT YBEIIMYCHUE BO3MOKHOCTH TPEICTABIICHHS SHEPTETHISCKHX TTOTOKOB, FICCIICIOBA-
HUSL, pacyeTa, MPOSKTUPOBAHMS U YIIPABIICHHST BHOPAIIMOHHBIX CHCTEM TEXHOJIOTHIECKO-
ro HazHaueHus. [IpeiokeHbl METONBI CTPYKTYPHOTO MOZEIMPOBAHMS BUOPAIMOHHBIX
CHCTEM KaK Iepe/iaTinKoB 1 peodpasoBaTesieii 3HEPIUH C UCTIOb30BaHuEM Ipad)oB CBSl-
3W B TPOCTPAHCTBE COCTOSIHUM. TeopeTuueckn 00OCHOBaHa A(P(EKTHBHOCTH METONOB
CTPYKTYPHOTO MOJETMPOBAHKS BHOPAIMOHHBIX CHCTEM. Takie MeTOIBl Peam3yloT
YIOOCTBO alaNTalii MEXaHMYECKHX MPOOIEeM B COBPEMEHHOH KOMITBIOTEPHOH TEXHOJIO-
rid. BHepeH NMpUHITUIT OTACIESHNST MOJIENIEH, PACKPBIBAIOIIMN CTPYKTYPY CBSI3M BHOpa-
LIOHHOTO TIpoIiecca KaK HOCHTENS TEXHOJOTHYECKOH 3(p(eKTHBHOCTH BHOPAIMOHHOMN
CHCTEMBI C APYTHMH €€ IeMeHTaMu. PazpaboTaHbl criocoObl MOZIETMPOBAHMS BHOpaI-
OHHBIX CHCTEM Ha NPOOIEMHO-OpPHEHTUPOBAHHOM si3bIke TpadoB cBs3u. [TokasaHo, uto
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HCIOJIB30BaHNe TPaoB CBSI3U TO3BOIISIET NPEICTABIIAT BHOPALMOHHYIO CHCTEMY Kak
00beIMHEHHE T0JIel UICTOUHMKOB SHEPTUH, KOHLICHTPALIMY U PACCESHUSI SHEPTHH 1 TOTIO-
JIOTHYECKHUX CTPYKTYp CBSI3H.

Juccepranust [43] nocesiiieHa Borpocam pazpaboTKH METOIOB pacyeTa AMHaMIYe-
CKMX TMapaMETPOB HENMHEHHBIX BHOPOCHCTEM C aCHMMMETPHYHOW XapaKTepHUCTHKON
YIOPYTHX CBS3eH M OUIapMOHHMYECKMM BO30Y)KICHHEM C LIEJbIO TOBBIIICHHS d(deKTHB-
HOCTH U CO31aHus HOBBIX Bl/l6paHI/IOHHle MalllH. BHepBble MpeajiararoTCsa HOBBIC pac-
YETHBIE CXEMbI BHOPOCHCTEM, BKITIOYAIOIINE KAK HEJIMHEHHbBIE aCHMMETPUYHBIE YIIPyTHE
CBSI3M, TAK M OMTapMOHMYECKOE BO30YKIICHHE, M MO3BOJISIOIINE CYIIECTBEHHO PACII-
PUTH TMHAMHYECKHIE BO3MOXXHOCTH 3a CUET YCHJICHHS! aCHMMETPHH IIMKJIA KoeOaH!i 1
PalMOHATIEHOTO BBEIOOPA AMHAMHYECKUX TapaMETPOB.

B paborax [44, 45] chopMynrpoBaHbl YpaBHEHUS AWHAMHKH TBEPIOTO Teja Iie-
PEMEHHOH Macchl C ONpENEeNICHHBIM 3aKOHOM M3MEHEHHSI MacChl; PEIICHHE Ha OCHOBE
9TUX ypaBHEHHMIT HOBOM 3a/1a4M O IPOCTPAHCTBEHHBIX HEJIMHEHHBIX KOJICOAHUSIX pe3ep-
Byapa IepeMeHHON Macchl Ha KoJieOaTesIbHbIE PeXKUMBI HcclienyemMoro tena. Kcciemno-
BaHbl HEJIMHCHHbBIE TNPOCTPAaHCTBCHHBIC KOJ'Ie6aTeJ'H)HI)Ie PEXKUMBI TEJIA nepeMeHHoﬁ
Macchl Ha YIIPYTUX aMOpPTU3aTopax Npu rapMOHUYECKUX BO3JEHCTBUSAX.

B pabGorax [46-51] paccMaTpuBaroTCsl MEPEXOMHBIE MPOLECCHl B BUOPAIIMOHHBIX
MaIlIMHAX C Jic0aTaHCHBIMH BUOPOBO3OYIUTEISIMH. 151 YMEHBINICHHS TIEPEXOIHBIX MPO-
IIECCOB, TPH KOTOPBIX aMIUIATYJa Bo3pacTaeT B 3-4 pasa, MpeuiaracTcsl HCIob30BaTh
ympaBisieMsle JiebanaHcHble BUOpoBo3OyauTeny. [IpuHImmn yrpasisiemocTn 1ebanraHcoB
OCHOBAaH Ha YBEIIMUECHHWH SKCICHTPUCHUTETA Ae0aaHCHOM MAacchl NP PasTOHE Baja Ha
ONPEJIETICHHYIO 3apE30HAHCHYIO JacToTy. Takyro 3ajady HpeuiaracTesl peliarb Ipu Mo-
MOIIY SKCIIEPUMEHTAIBHO TTOJTYYCHHBIX XapaKTePHCTHK. VICIIONB3ys 3Ty METOIMKY MOX-
HO TI0JTy4aTb MUHUMAJIbHBIC TICPEXOAHBIC TTPOLCCChI B MOMCHT 3allyCKa U OCTaHOBKH C
JiebanaHCHBIM TIPUBOJIOM.

B crarbe [52] pa3paboTaHa MaTeMaTH4ecKass MOJIENb BUOPAITMOHHBIX TEXHO-
JIOTHYECKUX TPHUCIOCOOICHUI ¢ MHEPIIUMOHHBIM CaMOIICHTPUPYIOIIUMCS BUOpATo-
POM M aCHMHXPOHHBIM JJIEKTPOJIBUTATENEM. ABTOpaMH TpeIaraeTcs MoJiellb, B KO-
TOpPOY MIMEETCSI BO3MOXXHOCTH BBIOMPATh IEKTPOABUTATEIND, OIPEACIIATh XapaKTep
JBIDKCHUsI paboueil kamMepbl, YCHIHMS B NMOANIMITHUKAX, JABJICHHWE Ha MOABECKY U
penraTh pa3IMYHbIe 33/1a4 CHHTE3a.

B crarbsix [53-57] aBTOpOM paccMOTpeHa MaTteMaTHyeckast MO b TMHAMUYECKOTO
pexrMa paboThl BHOPOYIApHBIX arperaToB, COCTOSIIMX U3 TBEPABIX Tell. B Monem yun-
THIBAETCSl M3MEHSIONIAsICS Macca OTIIMBKH B TIporiecce paboThl BUOPAIIMOHHOTO BHIOHB-
HOro arperara. Vcnosb3yroTcsl pa3inyHble MOJIETIN KOHTaKTa pabOdumX IOBEPXHOCTEH.
Maremarmdeckas Moielb 6asupyercst Ha ypaBHenun Jlarpamka |1-ro poma.

B crarbe [58] aBTOp MPUBOAWT 3KCIIEPUMEHTAIBHBIE PE3YIIBTATHl UCCIIEIOBA-
HUSl BUOPAIIMOHHOW MAIIMHBI C YIPaBISEMBbIMH JIeOaTaHCHEIMH BUOPOBO30YIUTE-
JIAMHA TP ITYCKE U pa60Te B YPAaBHOBCIICHHOM COCTOSAHWH, U B YCTAHOBUBUICMCHA
KojebarenbHOM pexumMe. [1okazaHo BIMSHUE Pa3IUIHBIX 00pabaThIBaEMBIX Cpel Ha
aAMIUIUTY/Y, YaCTOTY U NMOTPEOIISIEMYIO MOIIHOCTb.

B crarbe [59] aBrop npumenser nporpammy SolidWorks coemectHo ¢ Momynem
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CosmosMotion st MOIeMpPOBAHKST AMHAMUKN YPABHOBEIINBAHUS POTOPA HA CHMMET-
PUYHBIX BSI3KO-YIPYTHX ONOpax ABYXMAsTHUKOBOTO aBroOanaHcupa. OmpeneneHs! pas-
HBIC PCIKUMbBI pa6OTI)I CUCTEMbI B 3aBUCMMOCTU OT BEJIMYMHBI CUJIbI BA3KOIO OIHMpaHU,
KOTOpBIE JIEHCTBYIOT HA MAsITHUK.

B pa6ote [Imutpoucrko O.H. [60] u3noxkeHbl NOaX0abl K (GOPMHUPOBAHUIO pa3pe-
LIAFOIIMX YPABHEHHH JBMKEHUS, KOTOpbIe 00IaaloT MPEUMYILIECTBOM, MO3BOJIIOIINM
MAaKCHUMaJIbHO aBTOMAaTH3UPOBATh MPOLIECC COCTABIICHHS CHCTEM YPaBHEHHUH, IPHYEM I10-
JIy4EHHBIE CHCTEMBI JOCTATOYHO 3KOHOMHBI TI0 00BEMY U NPHCTIOCOONEHBI UTsl MHOTOBA-
PHAHTHBIX MCCIIENOBaHM. AHAJOTHYHBIC TEXHOJIOTHH PEaTN30BaHbl U B COBPEMEHHBIX
CAE. Kpome Toro, MOTYT IIpIMEHSThCS Oonee addexrrBHbIe anroputmsl [60] Gpopmupo-
BaHWsI ypaBHEHMH IBroKeHus [61-69].

B cratesix [64, 65] aBTOpOM TPUBOIMTCS AHATH3 pabodvero mporecca U MaTeMarH-
YyecKast MOJIENb MHEPLIMOHHOTO IPOX0Ta C THAPABIMYECKAM TOJIKAIOIINM IIPHBOOM, KO-
TOPBIH YIpaBIseTCs] AUCTAHIMOHHO MPH MOMOIIY aBTOMATHYECKOTO THIPOPACIIpeIesn-
Te1s1. cnonb30BaHKe 3TOT0 NPUBOAA 00ECTIeUMBACT ACCUMETPUYUECKHI LIUKIT TP 00par-
HO-TIOCTYTIATE/THHOM JIBFDKEHUH TPAHCTIOPTHPYIOIIETO IPOX0Ta:

dle dx1 - d2y1 dyl
e +HE+CX1:stma; M?+HE+C)/1=DFCOSOL—MQ -
(a3za mpsmMoro xoxa;
d?x,  dx o dfy, dy
m, e +pa+cx1:cxm—stmoc, mlF+pE+cy1:cym+mlg—chosa -

(aza obparHOrO X0/a.

[TpuBeneHHas MareMaTH4ecKasi MOJEIb MPEAOCTABISET BO3MOXKHOCTD U3y4e-
HUS Ka4eCTBEHHBIX 3aBHCHUMOCTENM TEXHUYECKHMX ITOKa3arejei KOHCTPYKIIUH B 3a-
BUCHUMOCTH OT €€ KOHCTPYKTUBHBIX IMapaMETpPOB. Hcnonp3oBaHue 3TOTO ruapaBiin-
YEeCKOTO NMPHUBOIA MO3BOJISIET B HEKOTOPBIX paMKaX MEHAThH YaCTOTY KoyieOaTenbHBIX
UMITYJIbCOB ¥ U3MEHSATH BEIMUNHY aMIUTUTYIBI KOJICOAHHH.

B paborte [70] npemioskeHa MaTeMaTAIeCKast TIOCTAHOBKA W YFICIICHHAS PeaTi3aliis
METOZIOB MHTEIPHPOBAHMS YPAaBHEHWI JAMHAMHMKH BHOPOYHApHBIX CHCTEM, YTO IIPEIO-
CTaBJISIET HHCTPYMEHT ONPE/IeICHUs IePEMEIICHHH, CKOPOCTEl, YCKOPEHHH, a, 3HAYHT, 1
YCHJINH, IeHCTBYIOIINX Ha KOPITYC BUOPOMAIIIMHBI M TEXHOJIOTHYECKUH IPy3.

Taxke 3HaUMTETbHOE BHMMaHUE (OPMUPOBAHHIO MATEMaTHUECKOM Monenu
JBIDKEHHS BUOPOyIapHOH CHCTEMBI yaenseTcs B pabote [2]. B Helt mocraBneHa 3a-
nada 00 ureHTH(HUKAIINH CHITBI YAAPHOTO B3aMMOJICHCTBHS.

TakuMm oOpa3oM, B HACTOsIIEEe BpeMs pa3paboTaHbl Pa3HOOOPA3HBIE ITOIXOIbI
U MaTeMaTH4ecKHue MOJCIH AWHAMHUKH BHOpPOYNApHBIX MAIlMH, YTO IO3BOJISET
OTIPEJIETINTh W 3aKOHBI JIBM)KCHHMS DJIEMEHTOB JAaHHBIX BHOPOYJapHBIX CHCTEM, U
JICUCTBYIOIINE IIPH 3TOM yAApHBIE HATPY3KH.

3akiiouenne. [ onucaHus JTUHAMHUKH BHOPOMAIIMH Ha NpHMEpPEe BHIOHB-
HBIX TPAHCIIOPTHPYIOIIMX PEHIETOK PACCMOTPEHBI HEKOTOPHIE acHeKThl (hopMHpO-
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BaHMS MaTeMaTH4YECKUX MOJEINICH IBIKCHUS UX 3JIEMEHTOB. B pesynprare aHammsa
CYLIECTBYIOLIUX pa3pabOTOK yCTAHOBICHO CIEAYIOLIEE.

1. Jlnst onpenesieHnst BEPTUKAIIBHBIX CKOPOCTEH Ipy3a M BUOPOMAILMHBI JI0 U 1OCIIe
yaapa, a Taloke JUIf pacueTa CKOPOCTH TOPH30HTAIBHOIO TIEpPEeMEILEHUs IPy3a 4acTo Hc-
nojip3yercst 3HaueHne R — koadument BoccraHoBnenus ckopoctd [3]. Ipu BeiGope
9TOro ko3 QuIIeHTa PEKOMEHYETCsI PYKOBOJCTBOBATBCS CJIEIYIOLIMM: Cpasy MOCIIe 1a-
JICHUsI KOMa Ha TIOJIOTHO PEIIETKH YIaphl PACcCHINAIOIEHCsl CMECH HOCSIT TI04TH HEypY-
rrit xapakrep, 1o ectb R = 0. ITo mepe ocBoOOXIeHHS OTJIMBKH OT cMecH R Bo3pacTaer
no 0.2—0.3. OgnHako mpu 3TOM HE YCTAHOBJICHO, B TEUCHHE KAKOTO BPEMEHH OT TIPO-
JIOJDKUTETIEHOCTH BCETO IHKJIA BEIOMBKH coxpanseTcss R =0 u Kak 3TOT mapamerp m3-
MCHACTCSA BO BpPEMCHU.

2. Jlo Hacrosliero BpeMeHU Oosiee MOAPOOHO HCCIEAOBAaHA JBYXMAaccOBas
BHOpAIOHHAS CHCTEMa (pama € JKECTKO 3aKpEIJICHHOH B HEH peleTkoil + koM c
OTJIMBKOM), HO MaJIO CBEICHUH O MCCIIEOBAHHIO MPOLecca BEIOMBKH U €ro 3 ¢ek-
THUBHOCTH NMPUMEHHUTEIBFHO K TPEXMAcCOBOM BHOpPALIMOHHON cucTeMe (IOANpYXH-
HEHHas pamMa + MOJNpPYKHHEHHas (C MEHbIICH >KECTKOCTHIO) PEIeTKa, yCTaHOB-
JICHHas Ha paMe + KOM CMECH C OTJIMBKOM).

3. CoBpeMeHHbIE BapHaHThl MaTeMaTHYECKUX MOZENEi AMHAMUKHA BHOpOyIap-
HBIX MalIWH MPEAToaararoT HE pa3aicIbHOC PAaCCMOTPEHHUE I3TAIlOB ABMKCHNA HEKOH-
TaKTUPYIOMIUX MalllMHbI ¥ TEXHOJIOTMYECKOI'o I'py3a U UX MIHOBCHHOT'O yaapa C Io-
CJIEAYIOUIVM IIPUIIACOBBIBAHUEM PEUICHUN, @ HENPEPBIBHOE COBMECTHOE UHTEIPUPO-
BaHUE YPAaBHEHUII JBUKCHUSA [IPU HAIMYUY YJAPHOIO KOHTAKTHOTO B3aUMOJEHUCTBUSL.
370 aeT BOBMOXKHOCTh B XOJI€ PEILCHUsI 3a]1a4 ONpe/IelisiTh OoJiee aleKBaTHO U TOY-
HO TaKXC U CUITY yAapHOIro BSaHMOﬂeﬁCTBHH, a HC TOJIBKO 3aKOH JIBUXCHUA OTACIIb-
HBIX 3BEHbEB BUOPOYAAPHOI1 CHCTEMBI.

B nampreiiem miaHupyeTcs pa3paboTka 0ojiee COBEpPIICHHOH KOMIUIEKCHOH Ma-
TEMATHYIECKOH MOJIENH JBYDKEHHUS BHOPOMAIIIMH C TEXHOJIOTHYECKUM TPY30M, (hOpMHUpO-
BAHHE AJTOPUTMOB BBIUKCIICHNSI YIAapHBIX HAarPy30K B X CONPSHKEHHH C IIEIBIO TOCIe-
JIYIOIIETO pOCTa HapspKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHHSL M OOOCHOBAHHS ParLvo-
HAJIBHBIX MapaMeTPOB BUOPOMAIIIMH TI0 KPUTEPUSIM TIPOU3BOIUTEIHHOCTH, NIPOYHOCTH,
HaJISXKHOCTH U JIOJTOBEYHOCTH.
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K BOITPOCY KJIACCUP®UKALIMA NEPEIPYXATEJIENA [TIPU
O®OPMHUPOBAHNU UX PACYETHBIX CXEM

V crarti BinoOpakeHi migxomy 1o kiacudikarii nepeBaHTaXyBadiB pH (HOPMyBaHHI iXHIX pO3PaxXyHKOBHX
cxeM. [IpoBezieHO aHai3 KOHCTPYKTUBHHUX CXEM CHJIOBHX €IEMEHTIB IIEPEBAHTAXKYBAIB.
KunrouoBi ciioBa: knacudikatlisi, nepeBaHTaKyBad, PO3PaXyHKOBa CXeMa, METaTOKOHCTPYKILis

B crarbe oTpakeHbl MOAXOMBI K KIacCU(HUKALMU Teperpyxareneidl npu GopMUPOBAHUU MX PACUETHBIX
cxeM. [IpoBe/ieH aHaIN3 KOHCTPYKTUBHBIX CXEGM CHUJIOBBIX SJIEMEHTOB IEperpyxKareiei.
KoioueBble ciioBa: xnaccu(UKanus, eperpyxareiib, pacueTHas CXeMa, MeTaJNIOKOHCTPYKITHS

In this paper approaches are represented for classification of loaders at forming of their calculation
charts. The analysis of structural charts of loader’s power elements is conducted.
Keywords: classification, loader, calculation scheme, metalware

Beenenue. IIpu GopmMupBaHNM PACUETHBIX CXEM CHIIOBBIX 3JIEMEHTOB KPYII-
HOTa0apUTHBIX TSKEIOHArpyKeHbIX MaliuH [1-3] BaXkHBIM 3Tamnam sBseTcs Kiac-
cudukanys UX KOHCTpyKIMi. Hinke paccMOTpeH JaHHBIM BOIIPOC Ha MpHMeEpeE Ie-
perpyxarene.

Yaudukanus ¥ THIM3aLUA KOHCTPYKIMIA nieperpy:karesei. B oreduectBeHHOM
KPaHOCTPOCHUH HIMPOKO NPUMEHSETCS YHU(DUKAIMSA U TUITH3AIMS CXeM U KOHCTPYKIMH
nieperpyxareneii. B ocHOBHOM yHM(UKAIMM M THIM3ALMK TIOJBEPIIIMCH METAILIOKOH-
CTPYKLIH, a TAKKE OaTaHCHPHBIE TEJIEKKHU, TOPMO3a, PEYKTOPBI U PYTHE MEXaHU3MBL

OCHOBHBIMH AKCIUTyaTallMOHHBIMU XapaKTEPHCTUKAMU TePErpyKareys sBISIOTCS
€T0 TPY30II0ILEMHOCTb H IIPOJIET, T. €. PACCTOSIHIE MEKILy ONIOpaMu MocTa (KoJest repe-
rpyxarensi). [1osToMy ynoOHO OTAENbHBIE MOJENH IEperpyXxareieil XapaKkTepru30BaTh
STUMU TOKa3aTelsIMU. Tak, MOCTOBOH meperpyxarens MII, uMerommii rpy3ononbem-
HocTb 25 T 1 nposteT 60 M, o6o3HagarotT MI1-25-60.

[Npy THNM3aIMK METATUIOKOHCTPYKIMH MeperpyKarerield NCXOAT U3 yHU(HKALIH
reHepallbHBIX pa3sMepOB, ONTHMH3ALMK TUIIOB CEYEHHH C LENbI0 MONTYy4YEHUs] HAUMEHb-
el MacChl METAJUIOKOHCTPYKIMH TT0 BCEMY PSITY, YHI(MHKAIMN CeUSHH U OTICIBHBIX
Y3IIOB B IIpEJIENax psija.

Ha ocHoBe orbITa POEKTUPOBAHKS, M3TOTOBJICHNUS, MOHTaXa M SKCILTyaTallH Ie-
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