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K ONMUCAHUIO OBMXEHWUA TEN
B KOHTEMHEPE BuO-CTAHKA

PaccmompeH  npouyecc  subpayuoHHoli  abpasugHoli
obpabomku.  [lonyyeHbl  aHanUMUYeCcKue  COOMHOWEHUS,
Komopbie €853bi8atom UUPKYISUUOHHYIO CKOpOCMb 2paHyn u
obpabambisaembix demareli ¢ dpyaumu rnapamempamu 3mozo
osuxeHusi. [lpueedeHbl aHanumu4eckue 3asucumocmu Ons
onpedesieHuUss OMHOCUMENIbHOU U UUPKYASUUOHHOU cKopocmu
ayIeMeHmo8 3azgpy3ku KoHmeliHepa BuO-cmaHka.

In paper the process of vibration abrasive treatment It is
shown. Analytical formulae which link circulation speed of granules
and treated details with other parameters of this motion are got.
Analytical dependences for determination of relative and
circulation speed of load elements of VIO machine container are
resulted.

«Onpegensaowmm ¢akTtopoMm BUBPaLIMOHHON
006paboTkn ABNAKTCA CKOPOCTU  OCLUNIIMPYHOLLETO
OBWXKeHnst abpasuBHbIX YacTul, W [eTanen...
Hanunume ropmsoHTanbHOM COCTaBNSOLWEN CKOPOCTU
N Bbi3blBaeMbI 3TUM 3hpekT TpaHCNOpPTMPOBaAHMUS
obecneunsatoT MeaneHHoe BpaLaTenbHoe
OBWXeHne Bcen cpefbl...»

LauHckuti M. E.

ABnAOLENncs —CTpOororo aHalmTnu4eckoro onuncaHua cun

obobLieHnemM pesynbTatoB, MonydeHHblx B [1],
paccMmaTpvBaeTCcsi  matematudeckas — Mogenb,
nossonsollas onucaTb CryyaHble [OBWKEHUS
3M1EMEHTOB 3arpy3ku 1 obpabaTtbiBaeMbix geTarnemn
B BMOpupytowem U-obpasHom koHTenHepe BuO-
ctaHka. [lpn  paspaboTtke 3TOM  Moaenu
NCMONb30BaHbI mMeTozabl CTaTUCTUYECKON
MexaHWKM, KOTOpble MO3BONSAT  ONUCLIBaTb
noBefeHNe CUCTEMbl M3  MHOTMUX  YacTuu,
OBWXKYLLUXCA cnyyanHbiM obpa3oM. OcHoBY 3TUX
MEeTOOOB COCTaBMnsieT Takas 3anucb YpaBHEHUN
OBWKEHUs1 4acTul, CUCTEMbI, KoTopasl, B uTOre,
MO3BONSAET NOMYYNTb N3 YPABHEHUI KNacCU4eCcKon
MEexXaHuKM [ONng  CUCTeMbl YacTuy pellaemble
KMHETUYeCkue ypaBHeHUS CTaTUCTUYECKON
MexaHWKM (COOTBETCTBYHOLLAA CXemMa CBA3N UX
mMexay cobon npueegeHa Ha puc. 1).

YpaBHeHus1 HblOTOHa [Ans  SNeMeHTOB
3arpysku B BUOpPUpYIOLLLEM U-o6pasHom
KOHTelHepe BuO-cTaHka (rpaHynbl "

obpabaTtbiBaemble feTanu) BKMYalwT B cebs
noTeHUunanbHble CUMbl (B MOMe TSXEeCTN) U cunbl,
KOTOpble 3aBUCAT OT CKOPOCTEN 4acTuL, CUCTEMbI
(cMnbl  KOHTAKTHOrO  B3aMMOAEWCTBUSA  MexXay
HuMmK). TpeboBaHve agekBaTHOCTU peanbHOCTH
nornyyYaemblx B 9TOM Cllydae peLleHuid CBA3aHO C
HeobX0gMMOCTbIO:

B3anMMOENCTBUS Mexay YacTuLaMm CUCTEMbI, YTO
B HalleM cny4yae, Hanpumep, He NpeacTaBnaeTcs
OCYLLLECTBMMbIM ~ BBMOY CIIOXHOMO  Xapakrepa
ONHaMUYeCcKoro  B3aMMOOEWCTBUS  3NEMEHTOB
3arpyskn npu ux [ABWXKEHUM B BUOpUpyoLLEM
KoHTenHepe BnO-cTaHka;

—TOYHOro 3ajaHuWs HayvamnbHbIX YCNOBUN
(Ana koopAuHaAT M CKOPOCTEN YacTul, CUCTEMBI),
4YTO B HalleMm crnyyae Takke He npeacraBnsieTcs
ocyllecTBMMbIM  BBMAY pasbpoca napameTpoB
3NEMEHTOB 3arpysku.

C y4eToMm 3TOro ypaBHeHus HbloToHa ans
3NEeMEHTOB 3arpysku B BMOpMpYOLLEM
U-o6pa3Hom KoHTenHepe BuO-cTtaHka [OMXKHbI
ObITb MpeobpasoBaHbl K BuAy, MNO3BOMSAOLWEMY
nony4uTtb Tpebyemoe pelleHune. MNepBbiM 3Tanom
TaKoro npeobpasoBaHWs HABNSAETCA Mnepexon K
ypaBHeHusaM JlarpaHxa (puc. 1), koTopble MoryT

ObITb  BblBedeHbl U3 ypaBHeHUN HbloToHa
BBE4EHMEM B  paccMoTpeHue (dopmanusm
JlarpaHxa)  aHepreTM4eckonm  XapakTepUCTUKU

MHOrOYaCTUYHOW CUCTEMbl — narpaHxuaHa. [lpu
3TOM MHOroyacTu4yHasi cuctema [JormkHa ObiTb
JornonHeHa noTeHuManom B3aUMOOENCTBUS €€
YyacTuL, C BHELUHEN cpedon Ans Toro, 4Tobbl
COBOKYMHasi cucteMa Morfia paccmaTpmBaTbCa Kak
KOHCepBaTUBHas.
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onpepgeneHne koopanHat U CKOPOCTU NO 3adaHHbIM
cunam m3 ypaBHeHMVI, cogepxawmnx nponsBoaHble no
BpeMeHun

ypaBHEHWI ABVDKEHUS c

no o600LLeHHbIM  KOOpAMHaTaM,

ypaBHEHUN Jlarpanxa K

KoopauHaTam n 0600LLIeHHbIM

CUCTEMDbI onuncbiBaeTcA OoAHNUM

Puc. 1. 3manbiI npeobpa3oeaHusi ypasHeHULl K/naccu4ecKoll MexaHUKU K KUHemu4eckum
ypaeHeHUsIM cmamucmu4ecKol MexaHuKu

OnucaHve Takown KOHCEpPBaTUBHON CUCTEMBI
ypaBHeHusMn Jlarparxa (UX, Kak U ypaBHEHUN
HbloTOHa, CTONBKO, CKONBLKO COOEPXKUTCSA YacTuy, B
cucTeme) AaeT BO3MOXHOCTb OMUCaHNUS OBWKEHUS
nobon 4YacTuubl CUCTEMblI eauHoobpasHo Ans
BCcel cucteMbl Yactuy. Begb narpaHxuaH
YYUTbIBAET COCTOSIHME CUCTEMbl B LIEMNOM, XOTS
CUMnbl, OEWCTBYIOLWME Ha pasnuyHble YacTuubl
CUCTEMbI, MOrYT W OTNMyaTbCa Mexay cobon
(MHOroyacTMyHass cuctemMa YyKasaHHbIM Bbille
cnocobom pformkHa ObITb npvBedeHa K Buay
KOHcepBaTMBHOW  cucTeMbl). CROXHOCTb  Xe
peanu3aumM pelleHns ypaBHeHUn JlarpaHxa,
obycnoBrieHHas CMOXHOCTbIO nonyyeHns
KOHKPETHOro BbIPaXeHUs AN narpakwxuaHa B
paccmaTpMBaeMOM  crniydae, He  Mo3BOnseT
NPUMEHUTb HENOCPEACTBEHHO 3TW ypaBHEHUA OIS
CMUCTEMbI U3 3MIEMEHTOB 3arpy3ku BUOpMpyoLLEro
KOHTelHepa BMO-cTaHka.

3ameTum, 4YTO B MpakTuke pacyéTta
MHOFO3BEHHbIX MeXaHN3MOB ypaBHEHUSAM
JlarpaHxa npugaoT opmy, MpUrogHyo Aans
peweHnsi. C aToM LUenblo B crydae 6onbLLon
XKEeCTKOCTU 3BEeHbeB W Manoro wWx Beca Mo
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CPaBHEHWIO C BHELWHMMM Ccunamy Jenatot
OONyLIeHNe O HYNeBOM 3Ha4YeHWM NPOU3BOAHOWN
noTeHuManbHOW  SHeprum No  0B6OOLEHHON
KoopamHaTe. 3TO NO3BONSAET 3anucaTb ypaBHEHUS
JlarpaHxa Kak paBEHCTBO komMBuHauum
NMPOWN3BOAHbIX ONA  KAHETUYECKOW 3Heprum (no
0606LWEHHOWN KoopAMHaTe, CKOPOCTU U BpeMEeHW)
HeKoTopoW 0606LLEHHON cune, XapakTepusyoLLen
peanbHble CWrbl Ha MHOFO3BEHHbLIN MEXaHWU3M.
MockonbKy KMHeTUYecKas aHePrus MHOrO3BEHHOIO

MexaHusama, paBHas CyMMe  KUHEeTUYECKMX
aHeprui 3BEHbLEB, nerko chopmarsbHo
3anncbiBaeTCs Yepe3 CKOPOCTb 3BEHLEB, TO Mpw
3a4aHHbIX cunax, BO3EMCTBYHOLLINX Ha

MHOrFO3BEHHbIN MeXaHu3m, 3Tu YpaBHEHUA MOryTt
ObITb pelweHbl OTHOCUTENbHO CKOpOCTeﬁ 3BEHbEB.

OpHako HeobxoaMMOCTb nony4yeHusi
O[HO3Ha4yHOro pesynbTata CBA3aHa B 3TOM
crlydae C  UCMOnb3oBaHWEM  OnpenenéHHbIX

HayanbHbIX ycnoBun. To ecTb, ANd 04HO3HaYHOro
pelleHns HeobxoaMMO 3afdasaTb onpeaenéHHoe
COCTOSIHME CMCTEMbl, B Hawewm cryyae -—
COCTOsIHME  BCEX  OfEeMEHTOB  3arpy3km B
BMOpUpYIOLLLEM KOHTelHepe cTaHka. Caenatb 3To
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OHO3HAYHO, C YYETOM peasbHbIX YCroBWiA

aKcnnyaTaumu, He NPeACTaBNSeTCs BO3MOXHbIM.
Kpome 3TOrO, TPYOHYHO 3apavy

npeacTaBnseT  Takke B 9TOM  crfiydae

onpefeneHve sIBHOrO BuAa BHELUHEro CUOBOro
BO3OENCTBMSI HA  KaXOdbll U3 3NIEMEHTOB
MHOrO3BEHHOIO MexaHuama. B Hawem crniyyae atm
TPYOHOCTU CBA3aHbl C TeM, 4YTO CUNOBOE
BO3JAENCTBME CTEHOK KOHTEMHEepa Ha 3NEeMEHTbI
3arpy3km 1 0QHOro afeMeHTa 3arpysku Ha gpyromu,
obycnoeneHHoe yoapom n TpeHVeMm
NOBEPXHOCTEN, UMEET CIIOXHbIN HEOL4HO3HAYHbIN
Xapakrep.

Cnegyowmm  atanom
YPaBHEHUA  KNACCUYECKON
MHOTOYaCTUYHbIX  CUCTEM K  KMHETUYECKUM
ypaBHEHNAM  aBnsdetca  npeobpasoBaHuMe K
ypaBHEHUAM MamunbTOHa (puc. 1). OHu
XapaKTepHbl TEeM, 4YTO [ABWXEHME OTAEeNbHOMN
YacTuUbl CUCTEMbI OMUCLIBAETCA HE OOHUM
andpdpepeHumanbHbIM ypaBHEHNEM BTOPOro
nopsigka, a gBymsi  guddepeHumanbHbIMU
YypaBHEHUSIMW NEePBOro nopsigka. 3T ypaBHEHUS
BKMOYaOT B ceba NpoM3BOAHbIE raMUNbTOHMAHa
(3HepreTuyeckas xapakTepucTuMka CucTembl) Mo
00O0OLWEHHOM  KoopaMHaTe U 0BOBLLEHHOMY
UMMYIbCy YacTuLbl.

B coBokynHocTu
MHOro4acTU4HoOM CUCTEMBI)
lamMunbTOHa npeacTaBnaldT cobon  cuctemy
AnddepeHumnanbHbIX ypaBHeHU# nepBeoro
nopsigka. MNMoaToMy 3HayeHUst BCEX MEPEMEHHBbIX,
BXOAALWMX B 3TM YypaBHeHus (obobieHHble
KOOpAMHATbI U UMMNYMbC BCEX YacTuL,), NOSTHOCTbIO
onpegensaTca B nobo  MOMEHT BpEMEHU
3HAYEHNSIMU  STUX MEPEMEHHbIX B HEKOTOPbIN
HayanbHbI MOMEHT BpPEMEHW. Takoe CBOWCTBO
ypaBHeHNs [aMunbToHa  MO3BOMSIET  BBECTU
reomeTpuyecku HarnagHoe n3obpaxeHue
MHOrOYaCTM4HOW CUCTEMbI B  MPOCTPaHCTBE,
KoopAuHaThbI KOTOpOro €CTb yKa3aHHble
nepemeHHble, ¢a3oBoe  NPOCTPAHCTBO.
M3MeHeHMEe Xe COCTOSHUS CUCTEMbl (OBUKEHUE
YacTuL, MHOro4acTUYHON CUCTEMbI) NpeacTaBnaeT
coboi nepemelleHne To4kKM B (Pa3oBOM
NPOCTPAHCTBE NO HEKOTOPOW TPAEKTOPUMN.

B cuny Toro, yto ana  nobon
MHOIOYaCTUYHON CUCTEMbI HadanbHble YCroBUS
OBWKEHNST  HEOAHO3Ha4yHbl, HEeOoAHO3HAYHbIMU
OyayT v dasoBble TpaekTopun. YTBepXOoeHue o
HEOOHO3HAYHOCTU  HavanbHbIX  YCrOBMW AN
nobor  MHoroyactuyHom w  nwbon  gpyrown
CUCTEMbI OCHOBAaHO, Kak 3TO MOXHO BbISBUTb U3
0ObIYHO HESABHbIX 3aMeYaHUn B COOTBETCTBYHOLLMX
nyoénukaumsax, Ha crieqytoLem:

—nNpu paccMoTpeHun nbon cucteMbl eé
0ObEKTDI noeanuanpyroTcs onpeaeneHHbIM
obpasom, a, cnegoBaTenbHO, Te€ HayarnbHble

npeobpasoBaHus
MEeXaHukn  ans

(no  Bcem vacTtuuam

ypaBHeHus!
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ycrnosus, KoTOopble NMPUMEHSIoTCA ans
naeanuamMpoBaHHbIX OOBEKTOB, HE MOryT CTPOro
TOYHO COOTBETCTBOBATb TEM, KOTOpPblE Ha CamMoOM
Aene peanusylTcs B CUCTEME;

—ntobble HavanbHble YCrOBUMSA MOTYT ObITb
3ajaHbl XOTb U CO CKOMb YrogHO GOMbLUOW, HO BCe
K€ KOHEYHOWN TOYHOCTbHO.

HeoaHO3HAYHOCTb  HayamnbHbIX  YCMOBUNA
obycrnoBnvBaeT HeobXOAUMOCTb PaACCMOTPEHUS
OOQHOM W TOW Xe CUCTEMbl ANs1 HavanbHbIX
YCNOBMN U3  HEKOTOpOro AmanasoHa  Bcex
BO3MOXHbIX MX 3Ha4YeHun. ITO nNpuUBOAUT K
HeOBXOAMMOCTM  PaCCMOTPEHUS  COBOKYMHOCTU
ha3oBbIX TpaeKkTopui, COOTBETCTBYHOLLMX
ONHaMuke CUCTEMbI npv onpeneneHHbIX
HayanbHbIX ycnoBusix. [py 3TOM 4MCNO TaKuXx
ha3oBbIX TpaekTopui ABMSETCA OECKOHEYHbIM,
MOCKOMbKY HavarbHble TOYKM KaXaomn M3 ha3oBbIX
TpaekTopumn anddepeHumanbHble  0O6bEKTHI,
NNoTHO 3anonHsoLwme BECb AnanasoH
OONYCTUMbIX 3HAYEHUN HavanbHbIX ycrnosun. B
pesynbTate  3agjada  OnNUcaHus  OMHAMWKU
MHOFO4YacTUYHON CUCTEMbI MPU HEOOHO3HAYHbIX
HayarnbHbIX YCMOBMSX NPUBOAMTCA K 3agjade
onucaHma  guHamMukn  B6eckoHeyHo  GonbLIOro
yucna NOEHTUYHbIX mMexgy — cobon, HO
OTNIMYAIOLLMXCS HavamnbHbIMK YCIOBUSIMUA CUCTEM.

Mockonbky (pasoBble TpaekTopuuM AN
Kaxgoh M3  cuctem  (pasoBoro  aHcambns
3aMonHsIT  HekoTopyld  obnacte  ¢ha3oBOro
MPOCTPaHCTBa, TO [ANA XapaKTEPUCTUKU 3TOWN
obrnactm yaobHo BBeCTM B  pacCMOTpeHue
YHKUMIO NNOTHOCTM B (ha30BOM MPOCTPaHCTBE,
onpedensiowyd  YMCMO  TOMEeK  PasfUyHbIX
ha3oBbIX TpaekTopun B AuddepeHumansHon
OKPECTHOCTN HEKOTOPOW [aHHOW TOYKM ha3oBOro
npocTpaHcTBa. [Npu 3aToM faHHasa Tovka ha3oBOro
NpoOCTpaHCTBa  XapakTepusyeT onpegeneHHoe
COCTOSIHME MHOFOYaCTUYHOM CUCTEMBbI, (OYHKLMSA
e MMOTHOCTU XapakTepusyeT TO, Kak 4acTo 3To
COCTOSIHWE [OCTUraeTcs cuctemamu u3 pasoBoro
aHcambrns. Hago 3ameTuTb, 4TO Kaxaas Todka
ha3oBOro npocTpaHCTBa COOTBETCTBYET JULb
oAHoMn cTporo onpeneneHHon dasoBon
TpaekTopuK, 3agaBaeMol  COOTBETCTBYIOLLUM
HayanbHbIM yCnoBuem. OpHako Yyepes
andppepeHLmManbHyl0  OKPECTHOCTb  PasfiMYHbIX
Touek hasoBOro MNPOCTPaHCTBA MOXET MPOUTH
pasnuyHoe  4ncno  pasoBbIX  TPaeKTopuw,
KONMNMYECTBO KOTOPbIX COOTBETCTBYET (KOHEYHO, C
TOYHOCTbIO, onpegensiemom pasMepom
anddepeHumnansHon obnact BOKPYr TOYKM, —
COCTOsIHME) 4ucny  cuctem K3 (pasoBoro
aHcambnsi, koTopble AocTurnu (NpPUGnM3NTENBHO)
COOTBETCTBYIOLLEro COCTOSAHUS.

dopmanuam [amunbTOHa MO3BONSAET NpuU
3TOM BbIBECTU YypaBHeHue Jlnysunns (puc. 1),
KOTOpPOMY MoguunHseTcs YHKUMS MIOTHOCTM B
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a3oBOM  MpPOCTpaHCTBE,
onpeneneHHbIM1 YCroBUSIMMU:

—B3aMMOENCTBNST B CUCTEME HE [LOKHbI
3aBUCETb OT CKOPOCTEN B3aMMOLENCTBYHOLLMX
3NIEMEHTOB  CUCTEMbI, 3TU  B3aMMOAEWNCTBUS
OOMKHbl  ObITb  MOTEeHUManbHbiMKM, a  He
aucennaTtmBHbIMU (paccemBatoLLMMUN SHEPTUIO);

— paccmaTpuBaemast cuctema MHOMUX
YyacTuy, AomkHa ObITb 3aMKHYTOMN.

MocnepHee ycnosue nerko yaoBnNeTBOPUTD,
pacwmpsisi MOHATME CUCTEMbl TaK, Kak 3TO Yxke
yKasblBanocb  Bble (K paccmaTpuBaemMoun
cucteme cnegyet nobasnTb BHELLHIOHO,
obbeguHmB obe cuctembl B ogHy). Ho ycnosue
OTCYTCTBUSI B3aMMOAENCTBUST B CUCTEME He
3aBUCALLINX OT CKOPOCTM YacTuL CUCTEMbl Ans
paccmaTpMBaemMol 30eCb CUCTEMbl HE MOXET
ObITb NPUHATO n3-3a CYLLIECTBEHHOTO
HEeCoOOTBETCTBUA peanbHOCTU. Kak cneacrteune, ons
MHOTMMX peanbHbIX MeXaHW4YEeCKMX CUCTEM, B
KOTOPbIX OENCTBYIOT AMCCUNATUBHBIE CUIbI U €CTb
3aBUCSILLINE OT CKOPOCTU BHELUHWE BO3OENCTBUS,
ypaBHEHUsI MamMunbToHa HenocpeacTBEHHO
HENpUMEHMMbI  (HA  BHELWHME  BO3OEeNCTBUs
yKasaHo B CBA3NM C TeM, 4To nobas [gaHHas
CUCTEMA W HEKOTOopas BHELIHAA K HelW Moryt
paccMmaTpuBaTbCs Kak ogHa cuctema).

4yTO CBA3aHO Cc

OpgHako cdopmanmsm MamunbToHa
(paccmoTpeHue noeegeHus CUCTEMDI B
KoopAuMHaTax dasoBoro NpoCTpaHCcTBa)
no3BossieT yaoOHO OnucbiBaTb MHOMOYACTUYHYHO
cucTeMy UM B criydae cun (BHELWHWUX WU
B3aUMOJEWNCTBUS), 3aBUCSLLMX OT CKOPOCTEN

yacTuy cuctembl. B yactHocTu, 1 B 3TOM crnyyae
UMeeT MECTO MOHATME MMOTHOCTU B (Ha30BOM
npocTpaHcTBe. TONbKO B 3TOM Cryyae BMECTO
ypaBHeHus JlnyBunna vMMeeT MeCTO ypaBHeHue
HepaspblBHOCTM B (a3oBOM MpocTpaHcTBe. B
oboux crnyyasx TOYKM (PasoBOro MPOCTPaHCTBA,
Ona  KOTopbIX YHKUMA pa3oBOM MMOTHOCTU
MakcuMarnbHa, COOTBETCTBYIOT Hanbonee
BEPOSATHOMY COCTOSAHUIO CUCTEMBI.

To ectb B o0b6oux cny4asx BO3MOXEH
nepexog K CTaTUCTUYECKOMY OMUCAHUID CUCTEMBI
M3 MHOXeCTBa B3aMMOAEMNCTBYIOLWMX YacTuu,
NoABEpPXXEHHOW (UnU He NoOBEPKEHHON B cryyae
3aMKHYTOCTM CUCTEMBbI) BHELIHEMY BO3AENCTBUIO
(B 0OLWEM crydae — NPoON3BOSIbHOMY).

lMocnegHee o3HavyaeT cBedeHWe 3adayu no
OEeTEPMUHUCTCKOMY peLueHuto ypaBHeHUi
Knaccuyeckon MexaHukn Ans  MHOro4acTUYHON
CUCTEMbl K 3afjadye onpegeneHns Haunbonee
BEPOSTHOW TPaeKToOpUn 3TON CUCTEMbI B (Da30BOM
npocTpaHcTBe. [lpu 3TOM BepoATHOCTbL Ntobon
BblAENEHHOM TOYKM (ha3oBoOn TpaekTopumn (To ecTb
BEPOSATHOCTb MMETb CUCTEMOWN COOTBETCTBYIOLLEE
3TON TOYKE COCTOSIHME) €eCTb OTHOCUTENbHOE
ymcno cuctem u3  GasoBoro aHcambna c
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KkoopauHaTamu dasosoro npocTpaHcTea
(NpocTpaHCTBEHHbIE KOOPAMHATLI 4acTuy, U KX
UMMYynbChbl), KOTOpble 6rn3km (no

AnddepeHumnaneHbIM Macwtabam) koopauvHaTam
3TON BblAENEHHON TOYKM ha30BOM TPAEKTOPUN.

YKasaHHas BEpOATHOCTb COOTBETCTBYET
Knaccuyeckomy ornpegeneHuio BepoaTHOCTN Kak
OTHOLLIEHMST BnaronpuaTHbIX UCXOO0B COObITUS (B
Hawem crnydae — 370 BCe hasoBble TpaeKkTopuw,
nonaswune B AunddepeHUmanbHy0 OKPeCTHOCTb
OaHHOM TOYKM) KO BCEM BO3MOXHbLIM MCXodam
3TOro cobbiTns (B HawweM cny4vae — 310 a3oBble
TpaekTopumM Bcero pazoBoro aHcamons).

da3oByl0  NNOTHOCTb  MOXHO  TaKke
WMHTEPNpeTUpPOBaTb Kak 4acTOTHYH BEpPOSTHOCTb.
A UMeHHO, Kak npeaern, K KOTOPOMY B MbICMIEHHbIX
onblTax Npu BapbUPOBaHWM HayarnbHbIX YCIOBUIA
cTpemMuTcs OTHOLlEHWE yucna ha3oBbIX
TpaeKTopun, npoLleaLmx Yyepes
AnddepeHunanbHyl0 OKPEeCTHOCTb AaHHOW TOYKM
da3oBOro NpocTpaHcTBa K OOLIEMY 4MCNy BCEX
TPaEeKTOpPUIN B yKa3aHHbIX MbICIIEHHbIX OMbITaXx.

Takum obpasom, Mcnonb3oBaHue GYHKLUMN
NMOTHOCTU BEPOSTHOCTU MO3BOMSET MEPenTn OT
AeTEPMUHUPOBAHHOIO ONUCAHUA CUCTEMbl MHOTUX
yacTtuy, (MHOrO3N1EMEHTHON CUCTEMbI) K OMUCAHUIO
nosedeHuss  3TOM  CUCTEMbl B CpedHeMm
(ctatuctmyeckn). lNpuyem, COOTBETCTBYHOLLASA
Takomy onucaHuio DyHKUMSA NNoTHOCTH
BEPOATHOCTU  (4AaCTOTHOMW, CTaATUCTUYECKOM) W
YHKUMA NAOTHOCTU B (ha30oBOM MPOCTPaHCTBE
CBsA3aHbl Mexay coboll HEKOTOPOWM KOHCTaHTOW.
Mostomy o06e 3TN yHKUMM yOOBNETBOPSAIOT
ogHoMy ypaBHeHuo. [lpu aTom, B cnyyae
3aMKHYTON CcUCTEMBI ¢ noTeHumarnsHon
COCTaBnSoLWeEN B raMUNbTOHMAHE CUCTEMbI TakUM
ypaBHEHNEM SBnsieTCcs ypaBHeHue JlnyBunns, ot
KOTOPOro MOXHO MEepenTn yxe K onpeaenéHHbIM
KMHETUYECKUM ypaBHEHUSAM OTHOCUTESBbHO
OYHKUMM NNOTHOCTU BEPOSATHOCTWU, €Ccnu 3agdaH
Xapaktep  MOoTeHUuManbHOro  B3avMOAENCTBUS
YyacTuy cuctemsl (puc. 1).

YKkasaHHOe  ypaBHeHue JlnyBunns  —
PaBEHCTBO HyM MOMHOM MNPOU3BOOHOM MO
BpeMeHn Ans yHKUMM MIIOTHOCTU BEPOATHOCTU —
XOTS W 3anucbiBaeTcs MaTeMaTuU4ecku MnpoLule,
YeM YpaBHEHUS MEeXaHWKM ANnsi MHOroYacTUYHbIX
cucTeM  nNpuv Ucnonb3oBaHMM  popmanuama
Jlarparxa unu dopmanuama MamunbToHa, HO MO
CMOXHOCTU  pelleHMs  OKBUBAmNEHTHO  3TUM
ypaBHeHusM. OpHako CMbICT  BBeOeHWs B
paccMOTPEHNE 3TOro ypaBHEHUS 3aKroyaeTcs He
B MNPsIMOM €ro pelleHun, KOoTopoe B 0bLiem
cnydvae TpyaHaa 3agadva (ans  oTAenbHbIX
CUCTEM, BMpoYeM, peLleHne ypaBHeHus JlnyBunns
M3BECTHO). JTOT  CMbICN  3aknw4yaetcd B
BO3MOXHOCTU yKa3aHHOro nepexoga oT
ypaBHeHus JlyBUNNA K OTHOCUTENbHO Ferko
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pellaemMbiM KWHETUYECKUM ypaBHEHUAM,
cofepXallimMM MeHbLIEee YMCIO NEPEMEHHbIX.

B u4acTtHOCTM, 0OLlEN OCHOBOW HABNAETCSH
CTaTUCTUYECKOe oOnucaHue AOBWXEHWW, Korga
paccmatpuBaloTCcsl He abConioTHble 3HaYeHMUs
OVWHAMUYECKMX UMN KMHEMATUYECKUX MapaMeTpoB
3N1IEMEHTOB CUCTEMbI, @ UX BEPOATHOCTU, CpeaHmne
3Ha4YeHUs U CcpeaHeKBagpaTU4HbIe OTKIOHEHUS.
OTO0 cTatucTuyeckoe  onucaHme  No3BoONsieT
nonyyYnTb  COOTBETCTBYIOLLUME  CTATUCTUYECKMNE
3aKOHOMEPHOCTU AN CpefHMX NapamMeTpoB.

Ecnu y4dectb, 4YTO [OBWXEHWE 3MEMEHTOB
3arpys3ku BUBpMpYOLLEro KoHTenHepa Npoucxoaunt
B none cunbl TsXKecTu, To nbasd rpaHyna
paboueli cpeabl (paboyvee Teno) n nbas getanb
(manee 6ygem HasbiBaTb pabouyve Tena v getanu
«Teno-npeacTaBuUTENb») B CBOEM ABMKEHUN MOTYT
ObITb onMcaHbl OBLMM ypaBHEHMEM MO BTOPOMY
3aKOHY AMHaMukn HbtoToHa

m'd—V2F33+P, (1)
dt

\Y%

rae m Macca «Tena-npeacraBuTensy; -
CKOPOCTb «Tena-npeacraBuTensa» B
nabopatopHon cucteme koopauHat; Fgs — cuna
BO3AENCTBMS Ha  paccMaTpuBaemMoe  «Teno-
npeactaBuTenb» CO CTOPOHbI cpefbl, KoTopasi
HaxoguTcss B pabovem KoHTerHepe BunO-ctaHka

(oetann n paboune Tena); P — cuna TaXKecTwu,
paBHas m-g (30ecb g — YCKOpeHue cBobGOLHOro

nageHus).

3anuck ypaBHeHus (1) COOTBETCTBYET TOMY,
yTO ObpabaTtbiBaemMble getanu u pabouve Tena,
HaxodsiCb B MOfe CUIbl TSHXKECTWU, MWCNbITbIBAIOT
OOMOSMHUTENbHOE CUIMOBOE BO3AENCTBME, KOTOPOE
ABNAETCA pe3ynbTatoM WX B3avMOAENCTBUSA
mMexay cobor npu OBWXKEHMU 3arpy3ku pabouero
KOHTEeHepa noa BO3A4eNcTBMEM ee Bubpauuu.
OTtMeTuMm, 4YTO M ANg getanu n ans paboyero Tena
aTo B3aumogencTane 0b6ycnoBneHo
BO30ENCTBMEM Ha HWUX BCEX INEMEHTOB 3arpysku
(«Tena-npeacTaBuTENMY), C KOTOPLIMU OHU BXOOAT
B KOHTaKT npu cBoem ABwkeHun. Ecnu getans u
pabouee Teno HaxoAsiTCA BO3re CTEHKM paboyero
KOHTelHepa, TO Ha HUX BO3OENCTBYIOT HE TOMNbKO
oKpyXalwLime anemMeHTbl 3arpyskM, HO W cama
cTeHka. OgHako cuna 3aToro BO3AEWCTBUS MOXET

ObITb BKIOYeHa B cuny Fg; Kak BHELWWHAS cuna,
noaTomy ypaBHeHue (1) B camom fgerne siBnsieTcs

o6WNM  ypaBHEHMEM, [LENUCTBUTENbHLIM  Ans
noboro «Tena — npegcraBUTENs».
CornacHo ypaBHeHMtO (1), ocobeHHoCTU

OBWKeHUst pabouyero Terna wm obpabaTbiBaeMon
aetanu MOMHOCTbIO onpeaensioTcs

OCOBEHHOCTAMU  CUMbl  B3aUMOOENCTBUA  Fgs
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«Tena-npeacraBuTensa» C aNeMeHTamu 3arpysku
BMOPUPYIOLLIErO KOHTENHepa (Oanee Ha3blBaeMbiX
«cpepfa-3arpyska») 1 ero CTeHKaMu.

lMockonbky  B3aMMOAEWCTBUS,  KOTOpble
COOTBETCTBYIOT 3TOW CWMe, HOCAT OYeBUAHbIN
CnyyanHbIn xapakTrep, TO 0COBGEeHHOCTH
paccmaTtpuBaeMbIX OBWXEHUN «Ten-
npegcraBuTenen» MOXHO BbISSBUTb W onmcaTb
caMy 3TN ABWXKEHMS NULb NPWU y4eTe CrydYanHoro

XapakTepa cunbl Fgs.

[anee, nockonbKy He TOMbLKO MpsiMOe
pelweHve ypaBHeHusa (1), HO WU aHanu3 ero He
NpeacTaBnsalTCA BO3MOXHbLIMW U3-3a Cry4anHOro

Xapakrepa cuUnbl FB3, TO OoCyLLEecTBUM
npeobpasoBaHMe I3TOrO0 YypaBHEHMS K Buay,
nossonsamrLemy:

—OCyLllecTBUTbL aHanu3 ero B crny4ae

OBWKEHNs 3arpy3kn BUOPMpPYHOLLErO KOHTENHEpPa;

—CTaTb OCHOBOWM Af151 NOMyYeHUs peLleHuns,
UMERLLEro NPakTUYecKyto LLEHHOCTb.

[na ypaBHEHUN ANHAMWKM CO CRydarHbIMU
COCTaBnNSALWUMU cunbl B Hem Takoe
npeobpasoBaHMe MOXHO OCYLLECTBUTb, BblOAENUB
B cune Fy; HEKOTOPYIO CPEAHIO COCTaBNSAOLLYIO,
SABMAIOLWYIOCA OETEPMUHMPOBAHHON BENUYMHOMN.
Torgpa o4eBMOHO, YTO CNYYaWHOCTb CWUIbl Fus
OyneT onpegenaTbca gobaBneHueM K cpeaHen

coctaBngwowen cunol  Fg;  (0003HA4UMM 3Ty
CPEeOHIO COCTaBMALLYIO Kak <Fﬂ>) HeKoTopow

cnyyanHou coctasngwowen cunbl (0603Haunm ee
{fcn }). To ectb npumem ansa Fg; pasnoxeHue

Fas = (Fa )+ {Fen).

(2)

Torpga, noactaensaAs (2) B (1), nonyyum
criegyiollee ypaBHeHue
v =\ =
m.E_<F;[>+P+{I?‘CH}. (3)

YpaBHeHve (3), BBMOY HanNuuua B HeM
BblAEMNEHHON CNyYanHOW KOMMOHEHThI Fcn}, eCcTb

ypaBHeHue JlaHxeBeHa.

MoxHO yTBepxaaTb, YTO, COOTBETCTBEHHO
CMbICINY MOHATUSI CPEAHEro Cry4yaHoW BenvYMHbI
(cnyyariHble OTKIMOHEHUS OT CpedHero paBHbl B
CpeAHeM Hyni), CnyyYalHble OTKMNOHEHUS OT

cpegHewn cunbl <FH> B CpefHeM paBHbl Hym. To
ecTb, B CpeAHeM paBHa Hynio ByaeT v cnydvanHas
cocTtaBnsowas cunbl (Fey (.

MocnegHee, Bnpo4yemMm, He O3HayaeT, 4To

3TOM  COCTaBnsALWEN MOXHO npeHebperaTb.
VIMEHHO HamuuMe ©n y4eT ee B YypaBHEHUM
OVHaMWKM  OTNMYaeT  3TO  ypaBHEHWE Mo
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COOEPXAHMIO U PELUEHNIO OT ypaBHeHMS HbloToHa
C AeTEPMUHMPOBAHHBIMU CUMaMMU.

OuyeBngHO, 4TO XxapakTep  [OBWXKEHUS,
onucbiBaemoro ypaBHeHuem JlaHxeBeHa (3),
MONHOCTLIO OnpefenseTcs XapakTepom npaBow
4YacTu 3TOro ypaBHeHus. Bxogswas B aTy npaByto

YacTb cuna P aBndeTcs M3BECTHOW NOCTOSIHHOM
CUron. WM3BecTHOW MO CBOWCTBY paBeHCTBa B

cpedHeM Hyno SBnsieTcs M cuna {fcn}. Uto xe
KacaeTcsl CBOWCTB U Xapakrepa CWUmbl <FH>, TO

ONs1 BO3MOXHOCTM MUCMNOMNb30BaHMs ypaBHeHUs (3)
npv aHanuae ABWKEHUS «Tena-npeacraBnTensy B
«cpepe-3arpyske» Mx HeobxoanMo yCTaHOBUTb.
C aton uenbl OTMETUM, YTO MMEHHO 3Tu
B3aMMOoAencTBms 00yCrnoBnMBatoT:
—MepeHoc «Tena-npeacTaBuUTensa» BMeECTe
CO BCEN MacCoW 3NEMEHTOB «Cpefdbl-3arpy3ku» c
HEKOTOPOWN CpedHen CKOPOCTbI, SABMSAOLLENCs
LIMPKYSLMOHHOM CKOPOCTbIO 3arpy3Kku;
—o0bpaboTky MOBEPXHOCTU aetanu
abpa3nBHON NOBEPXHOCTbLIO paboyumx rpaHys.
OcobeHHoCTbI0 paccmaTpuBaeMblX
B3aMMOOEWCTBAN  ABMSIETCA  TO, 4YTO  OHMU
006yCroBneHbl NepUOAMYECKAM NOABOAOM SHEPTUU
K «cpege-3arpy3ke» OT CTEHOK BMOPUpYIOLLErO
KOHTEeHepa W nepepacnpegerneHvemM ee Mexay
anemMeHTamu «cpepabl-3arpy3km». CoOTBETCTBEHHO
3TOMy  paccMaTpuBaeMble  B3aUMOLENCTBUS
MOXXHO pa3buTb Ha criegytoLlme aBe rpynnbl:
—ycKkopsowme, B pesynbTaTe KOTOPbIX
«Teno-npeacTaBuTeNb» MNOMy4yaeT KUHETUYECKYHO
3HEPIUIO OT 3NIEMEHTOB «CPEAbI-3arpy3kny;
—TOpMO3silLMe, CBsi3aHHble C nepedaden
KMHETUYECKON 3HEPTUN OT «Tena-npeacraBuTens»
COCEeLHUM 3rIeEMEHTaM «Cpeqbl-3arpy3Kuny».
[Ona B3aumogencTeun nepeon
XapaKkTepHbIM SIBMSIETCA TO, YTO B HEM «Tero-
npeacraBnuTenb» B3aMMOAencTByeT ¢
arneMeHTamu 3arpysku, HaxoasilmMmmucs c3agu (no
xody QOBWKeHWs) OT Hero. YTo Xe kacaetcs

rpynnbl

B3aMMOOEWNCTBUA  BTOPOW  TPynnbl, TO  OHWU
06yCcroBeHsbl B3anMoOencTBUaMun «Tena-
npeacrasutens» C  3NeMeHTaMu  3arpysku,

HaxogAwmMmMmuca cnepean (Mo xopy OBWKEHUS OT
Hero). B oboux cnydasix COOTBETCTBYHLLNE
cunoBble B3aMMOAENCTBUSA obycnosneHbl
OTNMYMEM CKOPOCTM «Tena-npeacraButensa» oT
CKOPOCTU 3M1IEMEHTOB «Cpefbl-3arpy3Kuy.

OTO OTNMuYME MOXHO OXapaKTepu3oBaTb
Hanuynem y «Tena-npeacrtaBUTENs» HEKOTOPOW

OTHOCUTENBHON CKOPOCTM — CKOPOCTW «Tena-
npeacTaBuUTENsi»  OTHOCUTENbHO  3MEMEHTOB
«cpepbl-3arpy3ku» B CUCTEMe  KOOpAMHarT,

CBA3AHHOM C OfieMEHTaMM  «Cpedbl-3arpy3Kku».
OHa paBHa Mo MOAYM0, HO NMPOTMBOMOMNOXHA MO
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3HaKy CKOpOCTHU 3MNeMEeHTOB 3arpysku
OTHOCUTENbLHO «Tena-npeacraBuTens» B cucteme
KOOPAMHAT, CBA3aHHON C 3TUM TEMOM.

CoO0TBETCTBEHHO TaKkol 06YCrNOBMEHHOCTU U
YCKOPSIIOLMX U  TOPMO3SILLMX B3aMMOOENCTBUNA
OTHOCUTENbHOW CKOPOCTbIO (0603HaYMM ee Vory )
MOXHO [ONyCTUTb, YTO 3TM B3aMMOLEWCTBUSA
CBsi3aHbl (DYHKUMOHANBHO C 3TOM CKOPOCTbIO
HekoTopoW 3asBucumocTblo. [lpy  aTom, ecnu
YCKOPSIIOLLMM  B3aUMOAENCTBUSIM MOCTaBUTb B
COOTBETCTBUE HEKOTOPYIO CUMY Fyck , TO B NEPBOM
NPUGNMKEHNUN MOXHO MPUHATbL, YTO 3Ta cuna
nponopuMoHanbHa CKopocTn V. B camom
aene, yckopsowune B3aumogencTsua Oyayt Tem
Gonble, 4em Oonblue CKOPOCTb 3SMEMEHTOB
«cpenbl-3arpy3km» OTHOCUTENBHO «Tena-
npeacraBuTeNsa», paBHasl, Kak YykasaHO Bbllue,
OTHOCUTENbHOW  ckopocTn. B cnyvae  xe
paBeHCTBa CKOPOCTEN «Tena-npeacTtaBuTens» u
3MNEMEHTOB  «Cpefbl-3arpy3km» (OTHOCUTENbHAsA
CKOPOCTb Vory PaBHa HymMw), YyckopsioLliee
B3aumogencTemne (Kak, BMpoveM, N TopmossLlee)
OygeT oTcyTCTBOBATh.

To ecTb, B NepBOM MNPUBMMKEHUN MOXHO
NPUHATBL, YTO

(4)

KoapmumneHT

1_:yCK = Kyc]( 'VOTH ’
K

YCK
NpPONOPLMOHaNbHOCTY.

AHanormn4Ho ans TOPMO3SLLEro
B3aUMOEWNCTBUS MOXKHO MPUHATbL, YTO CuUna,
COOTBETCTBYIOLLAsA aTomy B3aMMOAENCTBUIO
(obosHaunmm  ee fTopM ), Tawkke  npsMo
nponopuMoHanbHa  OTHOCUTENbHOW  CKOPOCTU
Vom . A nmeHHo

roe

HEeKoTOpbIN

()

KoacppmumneHT

1_:‘yCK = _KTopM 'vOTH ’
K'ropM
nponopunoHanbHOCTKU, a 3HaK «-» O3Ha4daeT, 4YTo
cuna I_T‘TopM HanpaelieHa NPOTMBONOJITOXHO
OBWXEHUID «Tena-npencraBntena».
CooTBETCTBEHHO 9TOMYy cuny 1_:1;3 MO>XXHO
3anncaTtb Kak CyMmmy

roe HEeKoTOpbIN

Fgsz = Fyck + Fropwm ,
47O, C y4yeTom (4) un (5), no3sonseT 3anucatb 4ns
Hee

Fus = (K g ~Kogopy ) Vorn - )

[anee, nockonbky cuna <F;[> eCTb

(6

JeTepMunHUpoBaHHaa 4Yactb cunbl Fgs; (cpe/J.Hee

3HadeHue), To, cornacHo (6), cuna <FH> — 3TO0
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cpedHee 3HaveHuMe Crneaylollero  BblpaXeHus
KyCK _KTopM )'VOTH .

Torpa, o6o3HauMB cpegHee 3HaveHue
pasHocTu (KyCK -Kiopw ) Kak Ky, @ cpegHee
3Ha4YeHne OTHOCUTENbHOW CKOPOCTN — <V0TH>,
Ans cunbl <FH> norny41m BblpaxeHue

<FI[>=KCP'<V0TH>, (7)
onpegensatoliee dusmnyeckoe cogepxaHve
CUMNoBOro B3aMMOAenCcTBUSA «Tena-
npeacraButensa» € drNeMeHTaMn  «cpefbl-

3arpy3km» B paccMartpmnBaemMom cry4yae.

MopcraHoBka COOTHOLLUEHMS (7) B
ypaBHeHune JlaHxeBeHa (3) no3sonsieT 3anucatb
3TO ypaBHEHVE B BUAE

o (Vo )+ P+ fFen |. (8)

Ecnn Tenepb BBecTM yaenbHble (Ha
eOVHMLY Maccbl) 3HadeHus anga koaddumumeHTa

kep ¥ cunbl {fcn , @ UMeHHO: k¢, =K, /m 1

fen ={fcn}/m, M y4yecTb, 4YTO0 g=P/m, TO
ypaBHeHne (8) MOXHO MPUBECTU K CrieayroLiemy
BUAY:

(Vo )+ fen, 9)

npeacrasnsoliee cobon ypasHeHue JlaHxeBeHa
ONs «Tena-npeacTaBUTENNY.

B obwem cnyyae npMHUMaeMm, 4To npoLecc
cny4vanHoro 6nyxgaHuns 3a 6onbLUne NPOMEXYTKU
BpeMeHN NpUBOOUT K NEPeEMELLEHNIO MOLAENbHOIO
Tena B MOSIOXKWUTENbHOM HanpaBleHWM OCU X-OB.
Mpuuem aTO nepemelLeHne obycrnosnmBaeTcs
BO3OENCTBMEM Ha MoAeribHOe Teno HEKOTOPOW
cunbl  f, HanpaBneHHOW B  MOMNOXWUTENbHYHO
CTOPOHY no ocu x-oB. CaMo e [ABWXKEeHue
MOOENbHOrO Tena B MNPOLECcce  Cry4YyamHoro
OnyxnaHua npeacTtaBnseTr cobon  cnyvanHoe
nonagaHne MoAENbHOro Terna B HEKOTOpbIN
MOMEHT BPEMEHM B HEKOTOPYIO TOYKY OCM X-OB.

MycTb MogenbHoe Terno B HEKOTOpbIN
MOMEHT BpemMeHn t Haxogutcs B WHTepBarne
anvHon dx, co cpedHum Xo. Torga GnyxgaHue
YacTuubl OygeT 3akno4vaTbCsl B TOM, YTO 4yepes
HekoTopoe BpemMs At=t1 rocne nonagaHus
MOOENbHOTO Tena B YKasaHHbIA  MHTepBarn
MoLenbHOe Tero MOXET NepemMecTUTbCsl U3 3Toro
WHTepBana BMpaBO WX BIIEBO MO OCU X-OB UMK
ocTaTbCsl HA MEeCTe B 3TOM MHTepBarne.

Ota obwasa cxema criyqamHoro 6rnyxagaHus
MOXeT OblTb nNpeAacTaBneHa Kak [UCKPeTHas
cxema bGnyxgaHmss  MogenbHOro Tena Mo
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perynspHbIM TOYKaM OCU X-OB, PaCMnONOXEHHbIX
Ha pacctoaHun h gpyr ot gpyra. [Nepexog w3
HEKOTOPOW TOYKM C KOOpAMHATON X, (3a Hee
€CTECTBEHHO MPUHATL  WMMEHHO  KoopAuHaTy
cepeauHbl  MHTepBana dx, Kak cepeauHy
COOTBETCTBYIOLLEN TOYKM) BO3MOXEH IUWb B
cocefHve TOYKM C KoopauHatamn x, —h n xy +h

(cam nepexon ocyllecTBnAeTca nNpu 3TOM 3a
Bpems At=r1).

CornacHo N3NOXEHHOMY, npouecc
criydamHoro  GnyxgaHus  MOAEenbHOro  Tena
3aKnyaeTca B credylolwem: ecnv MogenbHoe
TEno B HEKOTOPbI MOMEHT BpemeHu t nonano B
TOYKY C KOOPAMHATOW Xo, TO B MOMEHT BPEMEHMU
t+1 MOAENbHOe Teno MOXET OKa3aTbCs B TOUKE C

KoopavHaTon unu xq —h, Unu Xe, UK x, +h (aTo

KoopAuHaTbl cepeauH COOTBETCTBYHOLLMX
WHTEepBanos pasmepom dx).

Mpouecc cnyyanHoro OnyxgaHua  nNo
perynsipHbIM ONCKPETHBLIM TOYKaM ocu

6nyxnaHusl, 4ToBbl BMOMHE COOTBETCTBOBATL B
LLeNoM  HerpepbiBHOMY  [BWKEHUIO  «Tena-
npeacTaBUTENs», [OMKEH, B KOHEYHOM WuTOre,
paccMaTpuBaTbCA ONA  npedenbHbIX  3HaYeHWN
napameTpoB npolecca 6nyxgaHua h m t, — To

€eCTb, KOrga 3HayeHuss 9TUX MapamMeTpoB
CTPEMATCS K HYNHO.

YKasaHHbIn  NpedenbHbll  nepexog  OT
OUCKPETHOTO K HEMNpepbiBHOMY  OMUCaHWUIo
npoLecca crnyyamHoro 6nyxgaHuss  OOSKEH
YYUTbIBATb  KOHKPETHbIE  YCIMOBUSA  ABWXEHMWS
«Tena-npegcraBuTensy. o710 nossonseT

YCTaHOBWUTb COOTBETCTBYIOLUNA ABWXEHUIO «Tena-
npeacraBuTens» U3NYECKUA CMbICIT KOHCTAaHT,
BXOAALWMX B Monyyawweecsa npu  3ToM
AnddepeHunansHoe ypasBHeHVMe Ons npouecca
crny4anHoro 6nyxgaHus.

Bnpouem, NMOBTOPMMCS:
BO3MOXXHOCTU yCTaHOBMNEHUSA COOTBETCTBUSA
Mexay napametpamu fpouecca  CryvavHoro
6nyxgaHua 1 napameTpamMy OBWKEHUSA «Tena-
npeacTaBuTens»  HECKOMbKUMW  pasfuYHbIMU
cnocobamn, BO3MOXHO oOfucaHue npouecca
cny4anHoro 6nyxgaHus pasHbIMW YpaBHEHUSMU.
OTO MpPUBOAMUT K HEOBXOAMMOCTM peluaTb 3agady
BblbOpa OOQHOr0 ypaBHEHUS U OAHOW Kakon-nubo
mMoZdenu npouecca cnyyvawHoro  6nyxaaHus,
MaKcMmarbHO afeKBaTHON UCXOOHOMY ABWXEHUIO
«Tena-npeacrasntensy.

BBUAY

Ecnv nepexogy M3 TOYKM B TOYKy B
npoLecce crnyyanHoro 6nyxgaHusi COMNoCTaBUTb

HEKOTOPYI0 BEpoATHOCTb JTOr0 Mepexoaa, To,
COOTBETCTBEHHO NPUHATOMY Xapaktepy
criyyaHoro  GnyxgaHusi, MOXHO  BblOenuTb

cnenywuine Takme BepoOATHOCTU!
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a(x) - BEPOATHOCTb nepexoga
MOOENbHOrO  Terna U3 TOYKW,  UMeloLLen
KOOpAMHATY Xo, B TOUKY C KOOPAMHATON X +h;

B(xy) - BEPOATHOCTb nepexoga
MOOENbHOrO  Tera U3 TOYKW,  UMeloLLen

KOOPAMHATY Xo, B TOYKY C KOOPAMHATON X — h;

BEPOATHOCTb OCTaTbCA

o(xq)
MoOOEeNnbHOMY Teny B TOYKE C KOOpPAMHATOM Xg
rnocne nonagaHusi B 3Ty TOYKY.

B obwem cnyyae ykasaHHble BEPOSATHOCTMU
nepexoga MOryT 3aBUCETb OT MOMEHTa BPEMEHU

COOTBETCTBYyOLLEro  nepexoaa. OpHako  ans
JanbHenwero npuHUMaemMm, 4YTO Takon
3aBUCMMOCTU OT BpeMeHun AOna nepexoaHblX

BeposiTHOCTen HeT. lNocnegHee o3HavyaeT To, YTO,
B Kakon Obl MOMEHT BPEMEHN MOAENBHOE TEMO HU
npuUWNO B TOYKY C KOOPOAMHATOM Xo, €ro
noseaeHue, onpegensemoe BEPOATHOCTAMMU

axy), B(xy) U o(x,), ByaeT ogHUM n Tem xe

ans  nwoboro MoMeHTa BpeMeHW. To  ecTb,
paccMaTpuBaeMbIn npouecc 6nyxgaHus
npegcraenseT cobol npouecc, KOTopblA Kak Obl
He MMeeT «namsaTU», SBMSACb, TakuMm obpasom,
MapKOBCKMM BEPOSTHOCTHLIM MPOLLECCOM.

CornacHo  npuHsATOM  obwen  cxeme
npouecca cnydanWHoro OnyxgaHus MogenbHoe
Teno, nomnae B HEKOTOPbIA MOMEHT BpPEMEHU B
HEKOTOPYID TOYKY Ha ocu 6GnyxgaHusi, B
crneayowmnin MOMEHT BpeMEHU 06s3aTenbHO Mnu
ynaeT M3 9TOM TOYKW, WM OCTaHeTCa B HeWn.
MocnepHee (yxon M3 TOYKU UMM OCTaHOBKa B HEN)
npegcraBnseT coboll gocToBepHoe cobbiTue,
BEPOSITHOCTb KOTOPOro paBHa 1. 3Ta BEpOATHOCTb
paBHa, O4YEBUOHO, CyMMe BEpPOSTHOCTEN BCEX
YacTHbIX cobbITuN, COCTaBSAOLLNX B
COBOKYMHOCTM yKa3aHHOE [OCTOBepHoe cobbiTue.
Mockonbky BEPOATHOCTM YacTHbIX COObITUA B
OaHHOM cryvae ecTb MepexofHble BEepOsiTHOCTY,
TO, Y4YUTbiBasi CKa3aHHOE, MOXHO 3anucaTb
crneaytoLlee TOXOECTBO:

oc(xo)+[3(x0)+cs(x0)=1, (10)
nepBoe W©3 KOTOPbIX OTHOCUTCS K MpoLueccy
cnyyamHoro  GnyxagaHus C  nepexogHbiMMK
BEPOSATHOCTSAMW, 3aBUCALLMMM OT BPEMEHW, a
BTOPOE — K Mpoueccy CcnyyaiHoro oGnyxgaHus,
ABNSOLLEMYCS MAPKOBCKUM MPOLECCOM.

COOTBETCTBEHHO MOEe BEPOSATHOCTHOrO
nogxoga npu onucaHMM npouecca Cry4YamHoro
onyxnaHua Gygem paccmatpuBaTbh BEPOSITHOCTb
0BGHapyXunTb MoAenbHoe Teno B HEKOTOpbIN
MOMEHT BpPEMEHM B HEKOTOPOM TO4YKE OCW, MO
KOTOPOW NPOUCXOANT NpoLiecc bnyxaaHust.
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A umMeHHO, obosHaunm:  P(x,t+1)

BEPOATHOCTb O6Hapy)KMTb Yyactmlgy B MOMEHT
BpemMeHun t+t B WUHTepBane dx co cpeaHnM Xo,

P(x, —h,t) — BEpOSATHOCTb 0BHapyXuTb YacTuuy B
MOMEHT BpeMeHu t B MHTepBane dx co cpegHum
xg —h; P(x,+h,t) — BEposiTHOCTb 0BHapyXunTb

YacTuuy B MOMEHT BpemeHu t B nHTepBane dx co
cpedHUM xo +h.

OTW BEPOSATHOCTU, MCMONb3ysi BBEAEHHble
BhbllLE MepexofHble BEepOosiTHOCTM, FIErko CBA3aTb
mMexgy cobom B ogHO  anrebpaudeckoe
BblpaXXeHNe, UCXOAS U3 CrieyHoLLEero:

—Aana Toro, 4Ttobbl MogenbHoe Teno B
MOMEHT BpPEMEHM t+1 MONano B TOYKY C
koopauHaTton Xy (bygem onepuposaTb CpegHUMU
3Ha4YeHNsIMU MHTEPBArioB), OHO AOMKHO NONacTb B
npegbliaywuin  MOMEHT BpeMeHn (TO ecTb B
MOMEHT BpeMeHW t) B TOYKM C KoopauHaTamu
Xo £h (NPUHATO, YTO NepemMeLLeHne B HEKOTOPYIO

OAHHYH0 TOYKY MPOUCXOOMT M3 COCEOHUX C Heto
TOYEeK), a 3aTeM [MepeMecTUTbC B TOYKY C
KOOPAMHATON Xo;

—Ons Toro, 4rtobbl MopenbHOe Teno B
MOMEHT BPEMEHU t+T HAXOOMNOCb B TOYKE C
KOOpPAMHATON X, B Npeabiaylnin MOMEHT OHO
OOSHKHO MonacTb B TOYKY C KOOPOMHATOM Xg, a
3aTeM OHO [OMKHO OcCTaTbCA Ha MecTe C
BEPOSATHOCTbIO G(XO), He COBWHYBLUMCb HMKYAa 3a

Bpems t.
To ecTb, COrMacHO M3MOXEHHOMY, MOXHO
3anucaTtb paBeHCTBO

P(x,t+1) =P(x,t)-o(xp)+
+Py(xy+h,t)-B(xg +h)+

+P(x, —h,0)-a(xg —h) . (11)

KoTopoe, cBA3bIBas mMexay cobon

COOTBETCTBYIOLLME BEPOATHOCTU, U NpeacTaBnser
ypaBHeHne YenmeHa-Konmoroposa.

Takum obpasom, Kaxaomy OTpPesKy ocu

O6nyxgaHus MOXHO MNOCTaBUTb B COOTBETCTBUE

HEeKoTOpoe 4KCNo, HasblBaeMoe BEepPOSATHOCTbLIO

nonagaHus  Cry4amHOW BenuuYuHbl  Ha  3ToT
oTpesok. [lpuyeM, 3Ta BEPOATHOCTb MOXET
paccmaTtpuBaTbCs Kak HekoTopas mepa
COOTBETCTBYIOLLErO OTpeska ocKu BnyxaaHus

(mepa Bcen ocu GnyxgaHua pasBHa 1). To ecTb
Mepa noboro nHTepBana Ha ocu bnyxagaHus ectb
BEPOSAITHOCTb TOr0, 4TO CllyvarHasl Benu4yMHa
nonagaeT B 3TOT MHTepBar.

Kak cnepcreue, BEPOATHOCTU P(x,t+1),

P(x,—h,t) n P(x,+h,t) npeacraensioT cobou
anddepeHumanbHoO-Manble  BENWYMHBI, NMOPSAOK
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ManocTn KOTOpbIX onpegenseTcs
ManocTu pasMmepa ToukM bnyxgaHua dx.
MocnegHee  3aTpygHsieT  MpakTU4eckoe
ucnonb3oBaHne paseHcTBa (11) kak ypaBHeHUs,
pelleHne KOTOpOro OOSMKHO AaTb BO3MOXHOCTb
onucbiBaTb NPOLLECC CnyYanHoro bnyxaaHus.
Mostomy ¢ uenbilo  npeobpas3oBaHus
paBeHCTBa (11), JaroLlero BO3MOXHOCTb
nepeBecTM ero K yaobHOMy AN NpakTU4ecKoro
nucnonb3oBaHWs  Buady, nepevgeMm B 9TOM
paBeHCcTBE OT (DYHKLUM BEPOATHOCTM K (PyHKLUK
NNOTHOCTU BEPOSATHOCTU HA OCHOBE COOTHOLLEHWS

P(x,t)=p(x,t)-dx (12)
MCMoNb30BaHWE KOTOPOro O3BONSET 3anvcaTb
BmecTo (11) crneaytoLiee paBeHCTBO

p(x(,t+1) =p(x, 1) -o(xg)+

nopAaagkom

+p(xy +h,t)-B(xg +h)+
+p(xy —h)-a(xg —h), (13)
p(x, —h,t)

NIOTHOCTN BEPOATHOCTEN P(xy,t+1), P(x,—h,t)

n

rae  p(x,,t+1), p(x, +h,t)

n P(x,+h,t) 3ajjaBaemMble COOTBETCTBEHHO
OYHKUMM NAOTHOCTUN BEPOATHOCTU p(X,t) .

Llenbto ganbHenwero sBNseTca nonyvyeHne

Ha ocHoBe paBeHcTBa (13) paspewmmoro
anddepeHumnansHoro  ypasHeHusd. [Ona  aToro,
oyeBMaHO, B paBeHcTBe (13) pocTaTouvHO

BOCMONb30BaTbCA pa3noXeHuamu B pag Tennopa
ansa  Bcex (PyHKUMA MMAOTHOCTU BEPOATHOCTMH,
BXOOSLLMX B 3TO paBEHCTBO. Takoe pasnoxeHue
[aeT BblpaxeHne

op(x,1) _ °plx,1)
ot ot?

. %lxt) T
ot"

= (x)-p(x, t)+B(x)-plx, t) +

oBp) , h* aBp) ,

.—+_.
ox 20 ox

2 2
poep) b7 07(ap)
Ox 21 ox2

X
npw 3anmcu KOTOPOro YYTEHO, YTO:

—KoopAnHaTa NpPoM3BOSIbHOM TOYKM Ha OCU
6nyxgaHusi, o6o3Ha4YaemMas Bhlle KaK Xg, MOXET
O6bITb 0BO3HayeHa kak KoopauHaTa X, KoTopasi,
KOHEYHO, npuHUMaeT TOMNbBKO 3HaveHus,
COOTBETCTBYIOLLNE  KOOpAMHATAM  perynspHbIX
TOYEK Ha ocu 6nyxgaHud, OTCTOAWMX Apyr OT
apyra Ha paccTtosiHue h;

2
T

2!

p(x,t)+

n!

+h

et a(x)-p(x,t)- oy (14)
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—npounsseaeHns p(x0+h,t)-[3(x0+h) 7

p(x —h)-oc(xo —h) MOryT paccMmaTpuBaTbCH Kak
HekoTopble DYHKLUMK KoopauHaThbl X,
OTHOCUTESNBHO KOTOPbIX Y NPOBEOEHO pasnoXeHue
B pag Tewnnopa (3T (pyHKUMM 0BO3HAYEHbI ap U

Bp).

P HecnoxHasa rpynnupoBka crnaraembix B
BblpaxeHun (14) n geneHve npason M neBoW
YacTW ero Ha WHTepBan t NO3BONAT MNOMY4YUTb
criegytoLee paBeHCTBO
op(x,t) ' o(x)+B(x)+o(x)—1

ot T

+...=p(X,t)

_h opa=p) h* pa+p)
0x 21 ox 2 '

koTopoe, ¢ y4yeToM (10), MoxeT OblTb 3anncaHo B
BUE YpaBHEHNS

p(e,t) T 0%p(x,1)
ot 2 a2

__h dpa=p) h? 3%pa+p)
aX 21: ax 2

KOTOpOEe MOXET paccMmaTpmBaTbCsl Kak camoe
obuwlee ypaBHeHMe  npouecca  ChnyYaniHoro
OfHOMEepHOro 6nyxgaHust Ha NPSIMOWN.

YKkaszaHHass  oOWHOCTb  O3Ha4yaeT, uTOo
ypaBHeHne (15) wnmeeT MecTO Kak B cny4yae
3aBMCMMOCTM  MEPEXOAHbIX BEPOATHOCTEW  OT
BpEeMEHW, TaK 1 B Criyvyae Mx 3aBUCUMOCTU TOSbKO
OT KooOpAWUHaTbI X.

T

.., (15)

T

YpaBHeHve (15), nonyyeHHoe BblLLE,
npeacrasngaet cobon anddepeHumansHoe
ypaBHeHue anst QYHKLUM NIOTHOCTU BEPOSITHOCTHU
p(x,t), nNopsgoK  KOTOporo  onpegenseTcs

NopsiAKOM CTapLuen NPou3BOL4HOM NO BPEMEHU U
koopaunHate. B camom obwem cnyyae aToT
nopsigoK paBeH 0ECKOHEYHOCTU, YTO, KOHEYHO e,
He Mno3BOMsIeT pelwaTb yKazaHHOEe YpaBHEHWE B
camom o6Llem crny4ae.

OueBngHo, 4YTo ons npeobpasoBaHus (15) K
BMAY, NPUrogHOMY [nsi pelueHusl, Heobxogumo
OrpaHNYMTb YMNCNO CnaraemblX B NpaBon U NeBOKn

ero vactax. [na 9Toro yd4Tem  ycrnioswus,
KOHKpEeTU3MpyloLme mMoaernb cny4aiHoro
oOHOMepHOro b6nyxaoaHusa. OTW YyCcroBus, Kak
YCNOBUS OBWKEHUS AnNA  MoAenbHoro Tena,

pasymeeTcs, CcBA3aHbl
«Tena-npeacraBuTens».

OgHuM M3 TakMx ycnosuni  sBnsieTcs
ycrnosue marnoctu uHTepBana t. [lpumeHeHune
3TOr0 YCnoBus K NeBOW 4YacTu ypaBHeHus (15)
no3eonsieT npeHebpedb BCEMM criaraeMbiMu MO
CpaBHEHMIO C nepBbiM criaraembiM.  IMEHHO
ManocTb BTOPOro M Creaylwux criaraembix B

C ycnoBumamMn OBUXEHUA
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neeson 4Yactn ypaBHeHus (15) B cpaBHeHUM C
nepBsbiM crniaraembiM onpegensoT
COOTBETCTBYIOLMA  KpUTEepun  manoctm  Ans
WHTepBarna BpeMeHH .

Takum obpasom, ypaBHeHWe (15) MOXHO
nepenucatb K Buay

op(x,t)
ot

__h dpa=p) h? 3%p(a+p)
aX 21: axz

KOTOPbIN yXe He COAepXWUT BEeCcKoHeYHOoro 4ucra
crnaraemblx B JIeBOM 4acTu.
YUT0 e kacaeTcs nNpaBoW YacTu ypaBHEHUS
cogepxawiero  HGeckoHeyHoe  4ucrno
TO OrpaHU4yeHne STOro  yucrna
CBSA3aHo, 04YeBUNaHO, C yCTaHOBMEHMEM
B3aMMOCBA3N Mexay napametpamm h un =
paccmaTpuBaeMoro npouecca cny4anHoro
6nyxgaHua MoAenbHOro Tena, kotopas, KOHEYHO
Xe, [OOMPKHa  COOTBETCTBOBATb  Xapakrepy
OBWKeHns «Tena-npegctasutens». OCHOBHbIM
npu 3TOM SBMASETCA y4eT TOoro, YTO ABWXKEHUue
«Tena-npegcraButens» MMEET KOHEYHble Mo
BEMUYMHE KMHEMaTUyecke W AuHaMudeckue
XapaKkTepucTuku. YkasaHHas KOHEYHOCTb
obycnoBnMBaeT M KOHEYHOCTb TeX YpaBHEHWH,
KOTOpbIMW  OMWCbIBAETCA  ABWXKEHUe  «Terna-
npeacrasutensay». Kak cnegcrteme, U ypaBHeHUe
(16) pna onucaHus npouecca  Cry4yamHoro
OOHOMEPHOro OnyxaaHus MOAENbHOro Tena He
OOIMKHO cogepxaTb BeCcKOHeYHbIX MO BenuvuHe
cnaraemblXx.

U3 Buga ypasHeHus (16) cnegyeT, 4TO,
obecneynB onpegeneHHoe COOTHOLLEHWE Mexay
napametpamm h 41 1, MOXHO obecneyntb
OTCYTCTBME B 3TOM YpaBHEHUN BECKOHEYHbIX MO
BenuunHe cnaraemblx. [puyem, ecnm  ans
napameTpa t NPUHATbL ONPedeneHHy CTeneHb
ManocTn, TO COOTBETCTBYHOLLEE COOTHOLUEHUE
OOIMKHO onpegensTb cTeneHb ManocTu
napameTpa h B cpaBHeEHUU CO CTEMNEHbLIO MarocTu
napameTpa t.

B cBA3M c aTUM yyTeMm cnegytollee.
CteneHb Manoctm uHTepBana BPEeMEeHUM T He
MOXeT ObITb paBHON CTEMNEHN MarocTu BESTUYUHbI
h", roe n = 3. B camom gene:

.., (18)

T

(16),
crnaraemblx,

—€eCnn  TMPUHATbL  YKasaHHyl  CTeneHb
MarnoctTu Ana napameTtpa t, TO B MNpaBoi 4acTu
ypaBHeHuss  (16) KOHe4yHbIM  OygeT  nuWb
criaraemoe c NOpPsIAKOM Npon3BOOHON,

COOTBETCTBYHOLLMM MPUHATOMY 3HAYEHUIO N = 3;

—BCe OCTalibHble chnaraemble, KOTOpble
umerT Gonbluee, 4Yem npuHATOE, 3Ha4deHune n,
6y/:|,yT MHOro MeHblle cnaraemMoro C npuHATbIM
3Ha4YeHneM n;
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—cnaraemMble e C MEHbLUMM 3Ha4YeHNeM n,
YyeM TMpPUHATOE 3HayeHune, 6yayT OGeckoHe4YyHo
OonblUMMK  ANA  YEeTHbIX 3HAYeHWH nopsigka
NPON3BOAHBIX.

lMpuBeAeHHbIN aHanu3 gaH ¢ y4eToM TOro,
4YTO npouecc cryyYawHoro  BnyxgaHusa  no
perynsipHbIM OVNCKPETHBIM TOYKam ocu
6nyxgaHus, 4ToObl BMOSMIHE COOTBETCTBOBATb B
LEernoM  HenpepbiBHOMY  OBMXEHUIO  «Tena-
npeacraBuTensy», AOMKEH paccMmaTtpmsaTbea Ans
npedenbHbIX 3HA4YeHWN napaMeTpoB npolecca
onyxgaHma h u 1, Korga 3HadeHuss ITUX
napameTpoB CTPEMSITCA K  Hymo. VIMeHHO
COOTBETCTBYIOLWMNIA NpegenbHbii nepexoq (h — 0
n 1 — 0) nossonseT n3baBnTbLCA 0T 6ECKOHEYHOrO
yucna cnaraemMbix B ypaBHeHun (16).

CornacHoO U3noXeHHOMY, NOPSAOK ManocTu
ONs napameTpa T MOXeT ObiTb paBHbIM NULLb
nopaaKy ManocTv BenuumHbl h" anan=1un= 2.
KoHkpeTun3aums npowecca crnyyanHoro onyxaaHus
BO3MOXHa Ans [OBYX CINy4aeB COOTHOLLUEHUS
Mexay napameTpamu npouecca 6nyxgaHus h u ,
a UMEHHO

: 2 . h

llmT_)OTzconst n llmT_,O;=const. (17)

OTM [aBa cnyyad, pJawwue pasnuyHble
AnddepeHumnancHble ypaBHEHUS AN npouecca
cnyyamHoro GnygaHusi, paccMaTpUBalOTCS HUXE.

MaTtemaTnyeckass  Mogenb  CRyyanHoro
6nyxgaHua B MPOCTpaHCTBE KoopAauHat Ang
OBWKEHUS C NNOKaNbHOM CMEHOWN HanpaBreHus

lMepBOHayanbHO  paccMoTpuMM  mpouecc
cnyyamHoro  OnyxgaHus  Ans NepBoro U3
cooTHoweHun B (17), a WMeHHO — Ans
COOTHOLUEHMS

2
lim_,q - const ,

(18)

MPUHATUE KOTOPOro OCTaBNSAET B NpaBOM 4acTu
ypaBHeHus (16) Tonbko ABa MnepBblX criaraembix
(ocTanbHble  OBHynAwTCA), 4YTO  MoO3BONAET
3anucatb BmecTo (16) cnepyioliee ypaBHEHUE C
KOHEYHbIM YMCIIOM CraraemMbix B NpaBoOW U NeBOWA
yacTax:

op(,) __h dp(a=P) h* 2p@+P) o

ot T Ox 2t ox 2
YpaBHeHne (19) He  MoOxeT  ObITb
MCMONb30BaHO e€lle ANnd  HernocpeacTBEHHOro
peLeHuns, MOCKOIbKY OHO conepxuT

HeonpeaeneHHble nepexogHble BEPOSTHOCTU o U
B, KOTOpble MOryT ObiTb NOOLIMUM  YHKUMSAMU
koopauHaTbl (HO He BpeMeHu — Bedb npouece
OnyxgaHusa NpuUHAT MapkosckuMm). [loatomy Ans
npuaaHusa ypasHeHuio (19) Buaa, KoTopbi Obl
Nno3BOMsAn ero pelleHve, criegyeT YCTaHOBUTL
xapaktep (YHKLMOHaNbHOr0O W3MEHEHUs CYMMbI
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ot+p M pasHOCTM o—f, BXOAALLMX B NPaBylo 4acTb
ypaBHeHus (19).

Yutem, 4YTO ANS MOOENbHOro Tena MOXeT
OblTb MPUHATO ycrnoBue ero 06e30CTaHOBOYHOro
onyxgaHua. To ecTb MNpPUMEM YCroBue, 4TO
MoZenbHOe Teno MOXeT TOMbKO CoBepLUaTb
npbbkkM (NMMbo BnpaBo, nnbo Breso) 6e3
OCTaQHOBKA €ro B HEKOTOPOW TOYke Ha ocu
OnyxxgaHua B crieqyoLwmi nocne nonagaHna B aTy
TOYUKY MOMEHT BpemeHwW. B atom cnyyae nmeet
MECTO crieytoLlee paBeHCTBO:

(a+P)=1. (20)

Yyetr (20) nosBonsieT 3anucatb BMECTO
ypaBHeHus (19) ypaBHeHue

() __h opa-p) h> 2%p
at aX 21: axz .

YTto e kacaeTcs pasHOCTM a—f, TO npwu
onpeneneHnn 3Ton PasHOCTU CreayeT yuuThbiBaThb

(21)

T

KOHKPETHble OCOBEHHOCTU [BWXKEHUs  «Tena-
npeacTaBuUTeNs».
MaTtematuyeckas  Mofenb  CryvaiiHOro

6nyxgaHua B NpOCTpaHCTBe
OfHOHanNpaBEeHHOro ABUXEHUS

PaccMmoTpym  Tenepb cnyyan [OBWKEHUS
MOOENbHOIrO Tera B Npouecce  CryvyanHoro
onyxgaHus, COOTBETCTBYIOLLUIA BTOpPOMY
cooTHoweHno B (17). A UMEHHO, paccMOTpuUM
Cnyyain, COOTBETCTBYHLLNA YCNOBUIO

koopauvHat ans

(22)

. h
lim_,q < const .

MpuHATME STOrO  ycnoBus  MO3BONSET
3anucatb BMECTO WCXOOHOro YypaBHeHus (16)
cnegywoulee ypaBHeHMe:

ot __h,
ot T ox

Beab npuHaTue ycnoeus (22) o3HavaeT, YTo
h? 82p(a+p)
ox?
yacTn ypaBHeHus (16) mmeeT nepsbii NOPAOOK
MariocTi, COBMafamolMin C MOPSAKOM MarocTtu
napameTtpa cnydamHoro 6nyxgaHus 1 (Bce
nocnegywwme crnaraeMmble UMeKT ewe 6onbLmnn
nopsaok manoctu). NepexoaHble BEPOATHOCTU o
U B 1 NNOTHOCTb BEPOATHOCTU p(X,t) SIBNAKOTCA
KOHEYHbIMMU BENMMYMHaMM, Kak KOHEYHOW
BEMUYMHON $BRsieTCA W OTHOoleHue h/t, a,
crnegoBsaTternbHO, 3TO criaraemMoe UMeeT MopsAoK
MariocTi, paBHbI NOpPSAKY Manoctu napameTtpa
cnyyanHoro 6nyxgaHua h, paBHOro, B CBOK
oyepedb, cornacHo (22), nopsiaky Manoctu
napameTpa cnyyanHoro ényxgaHua .

MocnegHee npu npedenbHOM nepexoge U
nos3eonsieT 3anucaTtb BMecTo (16) ypaBHeHue (23),

BTOpOE Cchnaraemoe B npaBoﬁ

T
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npegcraensiolee cobon, Hapsioy C ypaBHEHVEM
(21), Mopenb cnydarWHoro  6nyxgaHus B
NPOCTPaHCTBE KOOpAMHAT.

Obwee pguddepeHumanbHoe YypaBHEHUE
npouecca crny4yaHoro ogHOMepHOro 6ryxaaHvs B
NPOCTPaHCTBE CKOPOCTEN

VIaMeHeHMe  CKOpOCTM B HEKOTOPOM
cnyyamHoMm npouecce  dopmanbHO, Kak U
N3MEHEHNE  MPOCTPAHCTBEHHOW  KOOPAWHATHI,

MOXeT OblTb OMMWCaHO Ha OCHOBE MNPUMEHEHMUS
TEOpUM BEPOSITHOCTHBIX npoueccoB. [lpyu 3TOM
CKOPOCTb WM  €ee  COCTaBnslLne  MOXET
paccMaTpvMBaTbCA KaK CryyanHas BenuuyuHa,
npeacrasnsowas cobon HEKOTOPYK KOOpAMHaTy
(koopgunHaTbl) npocTpaHCcTBa cKkopocTen.
dopmanbHO 3TO O3Ha4YaeT BO3MOXHOCTb 3aMeHb!
NVHEMHOW  KoopAuHaTbl X B YpaBHEHWSX,
ONUCLIBaIOLLMX BEPOSITHOCTHOE W3MEHEeHUe 3TON
KOOpAMHaTbl, Ha CKOPOCTb Kak KoopawuHaTty
npocTpaHcTBa ckopocTer. OgHako 0cobeHHOCTU
CKOPOCTM Kak (PU3NYECKON BENUYMHBI NPUBOAAT K
onpegeneHHbIM TPYAHOCTAM npu Takown
hopmarnbHor 3ameHe. NoaToMy HUXKe NPUBOAUTCA
BblBOA O6uero avddepeHumansHOro ypaBsHeHUs
npouecca cny4anHoro O HOMEPHOrO
(oTHOCUTENBHO HeKoTopomn CKOpOCTH V)
BnyxgaHusa B NpOCTPaHCTBE CKOPOCTEN.

C oToM Uenblo BBEAEM B pacCMOTpeHue
P(V,1) BEPOATHOCTb TOrO, YTO B MOMEHT
BpemeHun t ckopocTb Tena 6yaet paeHa V. Kpome
TOro, BBEAEM TaKue NepexofHble BEPOATHOCTU:

aV BEPOSATHOCTb TOrO, 4TO Tero,
numetloLee ckopocTb V, MU3MEHUT ee B CTOPOHY
yBenuyeHusi Ha AV;

BV BEPOSATHOCTb  TOrO, YTO Terno,
numeroLee ckopocTb V, MU3MEHUT ee B CTOPOHY
YMeHbLUEHUS Ha AV.

Torpa gna BepoATHocTM P(V,t+At) — TO
€CTb BEPOSATHOCTM TOro, YTO B MOMEHT BPEMEHMU
(t+At) Teno GygeT uMeTb ckopoCTb V, — MOXHO
3anucatb  criegyloliee  ypaBHeHUE  MOMHON
BeposTHocTK (YenmeHa-Konmoroposa)

P(V,t+At) =P(V,t)[1-ay By |+

+P(V=AV, thy_pay +P(V+AV, tPBy_ay » (24)
B KOTOPOM:

—nepBoe cnaraemMoe ecTb BepOATHOCTb
TOro, YTO Teno, NpMobpeTsi B MOMEHT BpemeHu t
CKOpPOCTb V, HE U3MEHUT ee B CrieayoL i MOMEHT
BpemeHu (t +At);

—BTOPOE cnaraemMoe ecTb BepOATHOCTb
TOro, YTO Teno, NpMobpeTsi B MOMEHT BpemeHu t
CKOpPOCTb (V—AV), yBenuuut ee Ha AV B

creaytoLLmii MOMEHT BpemeHu (t+At);

—TpeTbe cnaraemMoe ecTb BEpPOATHOCTb
TOro, YTO Teno, NpuobpeTas B MOMEHT BpemeHu t
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CKOPOCTb (V+AV), yMeHbWNT ee Ha AV B
creaytoLLmii MOMEHT BpemeHu (t+At).

Ecnn Tenepb B (24) 3ameHWUTb yHKUMIO
BepoATHocTM P(V,t) Ha ee nInoTHOCTbL p,

Mcnosnb3ysa COOTHOLLEHNe
op _(av) &%p-(ay Bv) (AV4)'
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p(va t) = P(Vat) AV )

TO aHanorMyHo TOMY, KakK 3TO cpaernaHo
Bbllle MpUM  PacCMOTPeHUM  OnyxgaHuin B
NPOCTPaHCTBE KOOpPAWHAT, BMECTO (24) MOXHO
3anucaTb paBeHCTBO

% (ay +Bv)+

ot 2At ot2 24At ot
25)
303 (
B AV_ap'(av—Bv)+(AV) 0 P'(GV—BV)+
At ot 6At a3 '
B KOTOPOM [ANns1 NPOCTOTbI 3anucu He ykKasaHa [ABWXKEHWe  «Tena-npeactaBuTens»,  KOoTopoe
YHKUMOHaNbHas 3aBUCMMOCTb OT V gna p u  NPOUCXOAUT C perynsapHbiM N3MEHEHNEM
nepexogHbIX BEPOSATHOCTEN. 3HaYeHWss CKOPOCTM MNpU  COOTBETCTBYIOLLEM
YpaBHeHue (25) aenseTca cambiM o6LmM (B BUOPALIMOHHOM BO3AENCTBUW. OTO O3HAYaeT, YTo
pamkax NPUHATON Moaenu criyyamHoro 3a Bpemsa At npoucxogut  obssaTenbHoe
6nyxgaHus) ypaBHeHneM, ONUCbIBaKOLWMM  U3MEHEHME CKOPOCTM MoAeNnbHoro Tena, a,
BEPOATHOCTHOE OnyxaaHWe MOAEeNnbHOro Tera B CrefoBaTenibHO, MMEET MECTO COOTHOLUEeHUue
NPOCTpaHCTBE CKopocTeid. [ins ero koHkpeTUsauun  (ay +By)=1, y4eT  KOTOporo  no3sonsieT
yyTem, 4TO OnyxgaHuMe B MpocTpaHcTBe nepenucatb (25) k BuaY
CKOpOCTEN  MoAenupyetr  Takoe  pearbHoe
o _(Av)? 62p+(AV4) %,
ot 2At g2 24At it
3 A3
B AV@P'(GV—BV)JF(AV) 0 p'(aV_BV)+
At ot A 3 r
6At ot (26)
5 koacppuumeHT  (AV)" /(nlAt) nepen  HeTHbIM
Hanee, kak U pgna cnyyvas cryyanHoro
COOTBETCTBYIOLWIMM crnaraembiM Oyaetr umeTb

6nyxgaHusi B MPOCTPaHCTBE KOOPAMHAT, Y4TEM,
YTO COOTHOLIEeHME Mexay AV n At He MOXeT BbITb
NPOU3BOSIbHLIM, @ AOMMKHO ObITb TakuMm, 4TOObI
npaeas 4actb (26) cogepxana B npegeribHOM
cnyvyae AV—>0 M At— 0 KOHe4yHoe 4ucro
KOHEYHbIX MO BeNMYUHE cnaraembix. [Ons 3Toro
3aMeTuM, YTO ecnu B (26) Kakoe-TO HeyeTHoe (n +
1)-0e cnaraemoe 4BMSETCA KOHEYHbIM, TO At

UMeeT nopaaok ManocTtu (AV)”-(aV—BV), n

BGeckoHe4yHoe 3HayeHuwe (Bedb paccMaTpusBaem
npefenbHbln cnyvyan AV —0 n At—0). YTobsbl
3TOro He ObiNo, YypaBHeHWe (26) [OMMKHO
cogepxaTb B NpegenbHOM criyyae nepBble
HeYyeTHOe N YeTHoe cnaraemble. TakuMm obpasom,
YUuTbIBass MU3MNOXeHHOe, BMecTo (26) MOXHO
3anucaTtb criegylollee ypaBHeHVe, sBnsoLleecs
NCXOAHbIM ANsi PaCCMOTPEHUsSI OBWKEHWUN «Tena-
npegcraBuTens»

2
6_p=_ﬂ_8p'(0tv —Bv)+ (Av) a%p-(ay -Bv)
CBsasb napameTpos CJ'Iy‘-Ial;IHbIX MoAerbHbIX 3p.er OTMEeTUM, 4YTO Npu pacCMOTpPEHUn
GnyxgaHun B MPOCTPAHCTBE  KoopaMHAT C  npouecca OnyxaaHWs MoAenbHoro Tena c

napameTpamMu OBWKEHUI «Tena-npeactaBUTens»
Hwxe npoBoauTCcs aHanu3 cBsi3nM Mopenen
crnyyaHoro  OnyxgaHus B MPOCTPaHCTBE
koopauHat (6nyxgaHue C nokanbHOW CMEHON
HanpaBneHnss 1 oAHOHanpaBrieHHoe GnyxaaHue)
C UEemnbl MakCUManbHOro MWCMNofb30BaHWA npu
onucaHum peanbHoro LMPKYSILMOHHOIO
OBWKEHUs1  «Tena-npeacTtaBuUTEnNsa»  MONyYeHHbIX
COOTHOLWIEHUN And  cryvanHoro  BnyxgaHus
MOZENbHOro Tena. ATUM MOAENSAM COOTBETCTBYIOT
ase CUCTEMBI napameTpoB n aBa
anddepeHumanbHbIX ypaBHeHUS, KoTOopble
pasnuyaroTca Mexay coborn no Buay U peLleHunto.

20

NOKanbLHON CMEHOW HarnpaBfeHUs MCNofb30BaHO
aecatb napameTpoB (Tabn. 1), kOTOpble CBSA3aHbI
mexagy cobon (Tabn. 2):

—[OBYMsI COOTHOLLUEHUAMU ANA NePexonHbIX
BEPOSATHOCTEN;

—0603Ha4YeHNeEM OTHOLLEHUSI MapameTpoB
O[HOrO Nnopsaka MarnocTu;

—aHanNUTUYECKUMN  BbIpaXXEHUAMMU
cpegHero nepemMeLLeHums n
cpeAHekBaapaTUYHOrO OTKIOHEHNS;

—pPaBEeHCTBOM MexXAy cpedHen CKOPOCTbio
crnyvyanHoro 6nyxgaHmss C NokanbHOM CMeEHON
HanpaBneHus N LUPKYNALNOHHOIO OBUKEHNUS

ans
ero
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Tabnuuya 1
lMapamempbi 8eposIMHOCMHbIX npouyeccoes 6yx0aHus e npocmpaHcmee KoopouHam
O603Ha4eHne
HaumeHoBaHue bnyxgaHue ¢ nokansHowm
o OpaHoHanpaeneHHoe 6rnyxaaHue
CMEHOW HanpaeneHns
MepexonHble BEPOATHOCTH a1, B1 a1, B2
LWar 6nyxagaHus Pupic. 1 Punpk., 2
Bpemsa nepexoga-ckayka T T2
MapameTp Anst OTHOLWIEHMS
BENMWYMH OOHOro nopsigka Dy upr. u
MarnocTu
KoadppumumeHThb! k Ko
BblHy)xgaroLas cuna f f
CpepnHee nepemeLleHne 1 ero
cpeaHekBagpaTuyHoe {x}4, Ox1 {X}2, ox2
OTKINOHEHue
CpenHsasa ckopocTb
LIMPKYNSILLMOHHOIO ABUXKEHUS Vuspr Ve

Tabnuya 2

Ceo0dka coomHouweHull Mexdy napamempamu MOOeJsIbHbIX cilyYaliHbix 6n1yx0aHull e
npocmpaHcmee KoopOuHam

AHanuTtnyeckas opmMa 3anvcu
HanmeHoBaHWe COOTHOLLEHWI bnyxgaHune ¢ nokanbHon
N OpHoHanpasneHHoe GnyxaaHve
CMEHOW HanpaBneHnsi
+B-,=1 =
CooTHoLLeHus ans ar+Bo=1, p2=0,
nepexodHbIX BEPOATHOCTEN
P P O(,1-Bg=k'h1'f, 0(,2=k0'f,
2
OTHOLLEHWE BENUYUH OLHOrO 1 D N 2
XIOUpK. — 5 9 =
nopsiaka ManocTu P T g 5
BblpaxkeHus onsa cpegHero {x};=2-k-Dyft, {x}=ko-p1-f,
nepemMeLLeHms 1 ero
cpegHekBagpaTU4HOro _ _
OTKITOHEHUS Ox1=y2- Dy -1, Sx1 =y2:Dyx-t,
PaBeHCTBO cpeHel CkopocTU
MOLENBHOIo ABMXEHUS 2:K-Dxf=V yuprs Ko -f=Vumpr-,
peanbHOW LIMPKYNSLMOHHON
«Tena-npegcraBuTensy, MPUHATBLIM N MOMEHT BpEMEHM U3BECTHbl WUNU  cpefdHee
COOTBETCTBMSI  3TOMY  AOBWXKEHUIO  OBWXKEHUS  MNEpeEMELLeHMe, WM ero cpeaHekBagpaTuyHoe
MOZErNbHOro Tena. OTKIOHEHNE, npuHUMaemble paBHbIMMU,
Takum obpasom, Ans npouecca Cry4yanHoro  COOTBETCTBEHHO, CpPeAHEMY MepeMELLEHN0 UIn
OGnyxgaHusa C NoKanbHOW CMEHOW HanpaBMneHWst ero  CpedHeKBaapaTUYHOMY  OTKIMOHEHUK Y
nMeeM OecATb napameTpoB, CBA3aHHbIX MeXAy  MOALENbHOro Tena.
cobolii  LecTbld  COOTHOWEHMAMKU (Tabn. 2). MoatoMy, He y4uTbiBadg MNoka  3TU

AHanornyHo u onga npolecca ogHoHanpaBeHHOoro
6nyxgaHust UMeem LecsaTb NapamMeTpoB, OAVH U3
KoTopbix onpegeneH (B,=0), a ocTanbHblEe
cBA3aHbl Mexay cobon NSATbI COOTHOLLUEHMAMM
(Tabn. 2).

AHanuMTU4eckne BblpaXkeHUs1 Ons cpegHero
nepemMelleHMss U1 €ero cpegHeksagpaTudHOro
OTKNOHEHUs1 MO3BOMST CBA3aTb Mexay cobon
paccmaTpvBaeMble napameTpbl, ecnv Ans «Tena-
npeacrtaBuUTeEnsa» B  KaKOW-TO  onpenerieHHbIN

aHanuTM4ecKne BbIPaXeHUst N COOTBETCTBYHOLLME
UM napameTpbl (CpeaHee nepemMeLleHne u ero
cpeAHekBaapaTMYHOE OTKMOHEHUE), ONS KaKaoro
M3 paccmaTtpuMBaeMblX MOAENbHbIX MPOLIEeCcCOoB
6nyxgaHust B NPOCTPaHCTBE KOOPOWHAT MOXHO
BblAENUTb BOCEMb MNapaMeTpoB, MNOSTHOCTbIO
onpeaenstowmnx 3Tm NpoLeccehbl:

—napameTpbl a1, B1, N1, T1, Dyxumpr, K, o Vi
Ons  npouecca cnyvaMHoro  6nyxgaHua  C
NoKanbHOW CMEHOWN HanpaBreHus;

21
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—napameTpbl oy, B2, hy, T2, 1, Ko, f, Viypc ANA

npoLecca ogHoHanpaBneHHoro 6ryxgaHus.
Mpnyem, ansi Kaxkgoro n3
o + B] = 1,
nsa

A o =Py =k-hy -f,

npotecca ¢

nokanbHo 1 h} (28)

CMeHoMn X,LHpK. ~ 5'?’

HanpaeBneHus
2-k- DX,LII/IpK. 1= VLII/IpK.;

To ecTb ana npouecca C NoOKanbHON
CMEHOW HamnpaBreHnsl IMEEM YeTbIpe YpaBHEHMS
CBA3M O BOCbMW napameTpoB o, PB4, hy, T4,
Duuwmx, K f, V. AN npouecca xe
OOHOHaMpaBfeHHOro  CriydanHoro  GnyxgaHus
UMeeM TpU ypaBHEHMA CBA3M (paBeHCTBO [,=0
ABNSAETCA 3ajaloLlMM COOTHOLLEHMEeM) Ans cemMu
napameTpoB oy, hy, T2, W, Ko, f, Viupk.-

Takum obpasom, ecnv gns npouecca C
nokanbHOM  CMEHOW  HarnpaBneHus  3agatb
3HaYeHNss Kakmx-nmbo 4eTbipex napameTpoB, TO
3Ha4YeHMs OCTanbHbIX YEThIpeX NapameTpoB MOryT
ObITb HavaeHbl 3 cucteM (28). AHanormyHo 1 Ans
npouecca ogHOHanpaBneHHOro GnyxaaHusi, ecnu
3apaTb 3HAYEHUSA Kakux-rnmbo yeTbipex (M3 oo, hy,
T, W, Ko, f, Vi) NapameTpoB, TO 3HaYeHUs
OCTanbHbIX TpeX MapaMeTpoB MoOryT ObiTb
HarAeHbl U3 NOCNeaHUX TPex ypaBHeHun B (29).

3apaBaemMble napameTpbl AOMXKHbl  ObITb
He3aBUCKMMbI, Hanpumep:

— [Ons npouecca C nokanbHOW CMEHON
HanpaBreHnss Henb3d OAHOBPEMEHHO 3ajdaBaTb
napameTpbl o4 W [y, MOCKOMbKY, COrfacHo
nepBoMy ypaBHeHWIO B (28), 3agaHue oy
O[HO3Ha4HO onpeaensieT 3HavyeHue PBq;
ana  npouecca  ogHOHanNpaBneHHOro
6nyxgaHua Hemnb3s OOHOBPEMEHHO 3afdaBaTtb
napameTpbl oy, ko, 1 f, nockonbky, No BTOPOMY
ypaBHeHU0 cuctembl (29), 3agaHne aByx nodbix
M3 3TUX NapaMeTpoB OAHO3HAYHO onpegenser
TpeTuin napameTp.

B KayecTBe Takux He3aBUCKMMbIX
3agjaBaeMbiXx napameTpoB Ansa  oboux  u3
paccMmaTpuvBaeMbIX MPOLIECCOB MOXHO MNPUHATb
Bpems nepexoa-ckayka (tq U 1, COOTBETCTBEHHO)
n war o6nyxgaHna (hy n hy COOTBETCTBEHHO).
Toraga, ecnu 3agatb ewe u napameTpbl f U Vi
npouecca LMPKYNSLUMOHHOIO [AOBWKEHUs «Tena-
npeacraBuTensy, T0 U3 cuctemsbl (28) n cuctemsl

(29) MOXHO nNOMyYMTb  COOTHOLIEHUA  Ans
onpefeneHMs nNapaMeTpoB ABWXKEHUA  Tena,
npvBeaeHHble B Tabn. 3 n 4. CooTHoWeHMsA ans
onpefeneHMs napaMeTpoB paccMmaTpyBaeMblX

22

Ta TeXHonorisax

2010

paccmaTpmBaeMblX MoAenbHbIX OBWKEHWNI
COOTBETCTBYIOLLMNE napameTpbl CBSA3aHbl
cneayLwmMm COOTHOLLEHUAMMU:

[32 =0,

Ay = ko f,
Ans npouecca
OAHOHAaNPaBMeHHoro ), — h_2 (29)

b

onyxgaHus Ty

ko -p-f= VquK.'

MpPOLEeCCOoB NpKU OpYyrnx KOMOMHaLMAX 3agaBaeMblxX
napameTpoB Takke npmeeaeHbl B Tabn. 3 n 4.
JanbHenwen Lenbto ABNAETCH
YMeHbLLEHNE KonunyecTBa NpPOU3BOIIbHO
3agaBaeMbix napameTpoB. Camu 3TU npoLecchl
OOIMKHbI MPY 3TOM paccMaTprBaTbCA COBMECTHO.
B 4acTHoCcTM Takumu [ONOMHUTENbHBIMU
COOTHOLLEHNAMU ABMAKOTCS COOTHOLLIEHMS,
KoTopble MOXXHO nofy4YMTb  Ha  OCHOBe
TOXOECTBEHHOCTU CPEAHEr0 NEpPEMELLEHUST U ero
cpenHekBaapaTU4HoOro OTKITOHEHUS ans
Ony>xgaHusa ¢ NokarbHON CMEHOW HanpaBreHus U
OfHOHanpaBreHHOro GryxaaHus.

OTa TOXOECTBEHHOCTb ANA  cpefHero
nepemMeLleHuns crnegyet n3 nocrnegHux
cooTHoWweHun cucteM (28) u (29). TlMoatomy
COOTBETCTBYIOLLLEE aTon TOXOECTBEHHOCTU

pPaBeHCTBO MOXHO He 406aBnATb K COOTHOLLEHUAM
paccmaTpuMBaeMblX cucteM. YTo xe kacaetcs
TOXOECTBEHHOCTU cpenHeKkBaapaTUYHbIX
OTKMOHEHWA o©yy WU GOy, TO OHa paer
OOMOSMHUTENBbHO K COOTHOLWIEHMAM cuctem (28) u
(29) cooTHOLWEHME
2-Dyyupr =Ko+ pr-h-f. (30)
Takum obpasom, npvBedeHHOe onuMcaHue
cucteM ypaBHeHun (28) n (29) gaet TpuHaguaTtb
napameTpoB (a UMEHHO: o, B1, Ny, T1, Dxuupk.s K, 0lz,
hy, T2, 1, Ko, T, Viupc ), YAOBNETBOPAIOLLMX, C YyHETOM
(30), BOCbMW COOTHOLLEHUAM:

o +B =1
o) —By=k-hy-f,
_Lhf
X,HpK. = T >
2'k'Dx,unpK.'f=VunpK. , (31)
o, =kg-f,
_hy
2
kO'H'fvampK.a

2'Dx,unpk. =kgo-p-hy-f.
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Tabnuya 3

BapuaHmbi onpedeneHusi napaMmempoe cry4aiiHo2o 61yx0aHusi 8 npocmpaHcmee koopAuHam ¢
JI0KanbHolU cMeHoU HanpaesieHus no 3adaeaeMbIM napamempam

SaﬂaBaeMHe napameTpbl CooTHOLUEeHNA ana onpegendaeMbixX napameTpoB
x,quK.—2 T ’ —W
hq, 14, f, VLLI/IpK. ) . ) .
o= 1+ mupk. -1 , B]z—' _‘mupk. ~ 71
2 h, 2 h,
2'0,1 -1
=l-a, k= ,
By i b f
aq, hy, 7, f
1, N1, T4 | h2 " 1 b
DX,LII/IpK. 5_1, VquK _( tag - ) ?
1 1
a1=5-(1+k-h1 f), BI_E-(l—k-hl-f),
hi, T4, k, f 1 hlz hlz
DX,LII/IpK. _E'_ly VI_[I/IpK = ? f.

Tabnuua 4

BapuaHmbi onpedeneHusi napamempoe 071s1 rpoyecca 0OHOHanpaes/ieHHo20 Cily4aliHo20
6nyxdaHusi no 3adagaeMbIM napamempam

3agaBaeMble napameTpbl CoOTHoLEeHMs ons onpegensieMblX NapameTpoB
h2 VmeK. T2 VLII/lpK. )
ha, 12, f, VLLI/IpK. =7, k0= ) = :
T f- h2 h2
<P h, h,
Ol2, h21 1:21f ko = f ’ M =" VHHPK. - a2 - -
2 2
h, h,
hg, To, ko,f 0('2=k0'f! H=—, VquK =k0 —-f.
2 2
CpaBHeHne cuctembl (31) ¢ AgaHHbIMK o +B; =1,
Tabn. 3 u Tabn.4 nossonser 3amMeTuTb, 4TO o =By =k-h,
COBMECTHOE paccMOTpeHue npouecca 6nyxgaHus 1=k 15
C IOKanbHOW CMEHOW HanpaBfeHust KU npolecca hlz
OfHOHanpaBrfieHHoro  OnyxgaHus  no3sonsieT k'?' f'= Vipk.»
YMEHbLUIWUTL ANsi KaX4oro uM3 npoLEeCcCoB YMCIO 39
3ajaBaeMblx NapamMeTpoB Ha OAUH. ay =ko - f, (32)
Hanee gns atoro ynpoctum cuctemy (31), K h, Fov
noacTaBuB BO BCe COOTHOLLIEHUS, roe 0 ; ~ Y ompk.>
npucyTcTBylOT napameTpbl Dy W W, WX ) )
aHanuTU4eckne BblpaXkeHus hi _ ko hy £
- )
1 hi T g T2
X, LHPK. —_'? _E’ KOTOpble CBA3bIBAOT Mexay cobon ogvMHHaauaTb
yTo noseonsieT 3anucatb BMecTo (31) Takyto napamgTT;;AoaT.Mo;, B;’Th“ ;hnk, O‘bz’ th, :?4 Ko, fI’AV#”F"\;-I'DI
CUCTEMY M3 LLIECTN COOTHOLLEHNI ETUM, 0 Wncnornbsosaxne cucre
(32) Bmecto cuctembl (31) BbIBOOUT MapamMeTpbl
Dyumwk,. W W1 U3 cocTaBa 3agaBaemblX. 3Tu
napameTpbl MOryT ObITb  onpefdeneHbl Mo
1 h? h,
COOTHOWEHUAM Dy e =——— U u=—=, nocne
' T T2

23
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TOro, Kak BxogsivMe B HUX napameTpbl OyayT
3agaHbl Unu onpegenexsl U3 cuctemsl (32).

WTak, MMeeM oOfWHHagUaTb MapamMeTpoB
(ou1, B1y ha, T4, K, 0z, Do, T2, Ko, T, Viupk), CBA3AHHbIX
Mexay CoBOM LUEeCTb0 COOTHOLLUEHUSAMU CUCTEMBI
(32). lMNpwn 3aTtoM, 04YeBMOHO, ANSA YMEHbLUEHMWS
yucna 3apaBaeMblx napameTpoB cuctemy (32)
HeobXxoOMMO elle [OMOMHUTb COOTHOLUEHUSAMU
MeXay ykazaHHbIMW napaMeTpamMu.

[nsa napaMeTpoB T4 U To MOXHO MPUHATL KX
paBeHCTBO Mexay cobon. B camom pene, atu
napameTpbl XapakTepusyloT BpeMs nepexona-
ckayka B mpouecce ABWXEHUs MOAENbHOro Tena,
COOTBETCTBEHHO, Mpu BnyxaaHnWM € nokanbHou
CMEHON HanpaBreHns W OJHOHanpaBlEHHOM
GnyxgaHuu. OyeBngHo, 47O OBWKEHNe
MOZENbHOTO Tena [JOMKHO COOTBETCTBOBATb
OBWKEHUIO «Tena-npeacraBuTens»,
ABMSAIOWEMYCA  HEKOTOPbIM  CKaykooOpasHbIM
apwxkeHneM. [lpudem, Bpemsi nepexoda-ckadka
ONs1 KaXO0ro U3 MoaerbHbIX NPOLECCOB ABMsSeTCA
aHanoroMm BpeMeHMW CpedHero ckayka B ABUXKEHUU
«Tena-npegcraBuTensl», YTo W npegonpenensiet
paBEeHCTBO NapameTpoB T4 U T2 Mexay cobon. MNpu
3TOM, ecnvm 0003HauuTb cpedHee BPeEMS Ckauka
«Tena-npegcraBuTenss» Kak 1Tp, TO, KpoMme
paBeHCTBa MnapameTpoB 11 U T2 Mexay cobon,
MOXHO  [OOMONMHWUTENbHO 3anucatb  ewe  Uux
paBEHCTBO BPEMEHU To, YTO, BNpoYeM, AobaBnseT
elle oauH NapaMmeTp To K YXKe UMEIOLLIMMCS.

C y4yeTOM M3MNOXEHHOro, BMECTO CUCTEMBbI
(32) MOXHO 3anucaTb CreayloLllylo cUcTeMy U3
BOCbMU COOTHOLLUEHUIA ans ABeHaauaTtu
napameTpoB (o, B1, h1, T1, K, az, ha, T2, Ko, f, Vi,
N 1), YTO TNO3BOMNSIET YMEHbLLUTL YUCIO
3ajaBaeMbIX MapaMeTpoB A0 YeTbIpex.

hi
T

oy +Py =1, k-—-f=V,

LUPK. >

h
o =By =k-hy-f, ko '—2'f=VunpK,,
T2

(33)

o, =kg -, ﬁ

T

h3

T2

=kg-—=-f,

T =‘IIO’ 12 :TO’

HanbHenwee YMeHbLLEHNe
3aaBaeMblX napameTpoB BBEAEHUEM
[JOMOMNHUTENbHBIX COOTHOLLIEHUI Henb3s
OCyLLEeCTBNATbL 6€3 Toro, YTobbl 3TM COOTHOLLEHUS
He yuyuTbiBanM Obl  KakumM-nubo  obpasom
dusnyeckme OCOBEHHOCTM B [OBWXKEHUWN «Tena-

npeacraBuTenar». Beeoem kak OONOMHUTENbHOE

vypycna

COOTHOLIEHNe, 6e3 npuBA3KM K (U3NYECKUM
0COBEHHOCTSM ABVDKEHNS «Tena-
npeacTaBuTens», paBEHCTBO nepexoaHbIX

BEPOSATHOCTEN QL1 U 02
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a1 = oy, (34)
MCMONb30BaHWE KOTOPOro O3BONSET 3anvcaTb
BMECTO cuctembl (33) crnefylowyo cuctemy us

LecTn COOTHOLLEHUN mMexay [EeBATbIO
napameTtpamu (o, B1, he, K, ha, Ko, f, Vi Y T0)
2
hj
(X,]+B]=1, k'—'fzqupK.,
To

h
o _Bl =k'hl -f, kO 'T_z'fzvunpk.a(35)
0

2 2
ay =ko - f, hi =kg -h3 -f.

MocnepoBaTtenbHO M30aBNSAsICb B CUCTEME

(35) ot napameTpoB B1, a4, Ko, k 1 hy, ee MoxHO
CBECTU K COOTHOLLIEHUIO
2

VLII/lpK. “To VLII/lpK.

h h

pelleHre KOTOPOro Kak KBaJpaTHOro ypaeBHEHWUs

.TO

2. 1=0,

OTHOCUTESBHO KoMBUHauUmm napameTpoB

Vunpk.'TO

— No3BOMNSEeT MNONyYUTb COOTHOLLUEHUE
1

(NpUHMMaeM TOMNbKO MNONOXUTENbHOE 3HadYeHue

KOPHS  yKasaHHOro KBagpaTHOro  ypaBHEHMS)

VLII/lpK.'TO

h—:l, yyet KOoTOporo nossonser
1

3anucatb BMeCTO cuctembl (35) Takyo ee

3KBMBAsIEHTHYIO hopmy

0,120,2:1, [31:0,
hy =h,, hy =Vunp1<. e (36)
_ 1 1
=, k —
f VLII/IpK. "T0 0 £’
[Ba MNepBblX PaBeHCTBA B KOTOPOW O3HA4aloT, YTO
B paccmatpuBaemMom cnyydae (aq=ap) oba
MOOENbHbIX  OBWXKeHUs (U OnyxgaHune C
NoKanbHon CMeHOoN HanpaBreHus, n

ofHoHanpaBneHHoe OnyxaaHue) BbipOXaatoTCs B
OEeTEPMUHNPOBAHHOE [ABWXeHue 6e3 crnyvamnHbix
ckaykoB-nepexonos (o=ay=1).

MpuHATME [Onst MOAEnbHbIX  ABUXKEHWN
ycrnosua  (34), «koTopoe He CBfA3aHO C
dum3nyeckMmMn 0CoBEHHOCTAMU LIMPKYTALMOHHOIO
OBWKEHUs1 «Tena-npeacTtaBuTens», He Nno3BonseT
MonMyyYnTb  CMy4aWHOCTM B 3TUX  MOAENbHbIX
OBWKEHUsIX. OTO He MO3BONSAET OnucbiBaTb UMK B
OaHHOM  cny4vyae UMPKYNSILUMOHHOE  [OBWDKEHMWE
«Tena-npeacraBuTensa», Cry4yanHOCTb KOTOPOro
ABMNSIETCA XapakTEpPHOMW OCOOEHHOCTBIO  3TOro
OBWKEHUs1 Kak on3myeckoro npotecca.

AHanNorM4yHo Henb3s BBOAWUTH B KayecTBe
OOMOSNHUTENBHOTO  COOTHOLUEHWSI  PaBEHCTBO
CKayKOB-MEpexoqoB  Ans  paccMaTpyBaeMbixX
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MOAENbHbIX ABMKEHUA (TO eCTb paBeHCTBO h;
h,), Tak Kak B 3TOM cny4yae Takke Hemnb3s y4ecTb

CNyYamHOCTb Kak U3NYeckylo OCOBEHHOCTb
LMPKYNSILMOHHOIO OBWKEHNS «Tena-
npeacraButensa». OTO HECNOXHO YBUAETb U3

cuctembl (36), K KOTOPOW MPUHATUE YKa3aHHOro
YCNoBUS Takke CBOAWUT CUCTEMY COOTHOLUEHWUN
(33). To ectb npu h;y h, paccmatpuBaemble
MoZenbHble [OBWKEHUS TakkKe BbIpOXOAATCA B
AeTepMUHUCTCKUI npouecc (ay=op=1).

Onsi  yMeHblUeHMs 4ucna 3agaBaemblX
napameTpoB HeobxoaMMo y4yecTb dousmdeckmne
OCOBEHHOCTU LIMPKYNALMOHHOIO ABMXKEHUS «Tena-
npegcraBuTens», nposiensoLmecs Kak
0COBEHHOCTN €ro «CkaykooOpa3HOro» OBWPKEHUS.
Takon yJer no3sonun BBECTU ans
paccmaTpmBaeMblX MOAENbHbIX OBWKEHWNIA
(6nyxgaHue ¢ nokanbHOW CMEHOW HanpaBneHns n
ofHoHarnpaBneHHoe OnyxaaHue) paBeHCTBa T1=Tg
N 1T=Tp, YTO MO3BOMAWMO MOMYyYUTb CUCTEMY
COOTHOLeHUN (33).

B pasButMe Takoro nogxoga no yyety
pur3n4ecknx 0ocobeHHOCTEN  LMPKYNALNOHHOIO
OBWKEHNs «Tena-npegcraButensd» npuMmem, 4To
cpefHeKkBaapaTUYHbIE  OTKIOHEHUS MOAENbHbIX
OBWKEHWNA HEe TOMbKO paBHbl Mexay cobon, HO U
3a BpemMsa Ty T2 To PaBHbl amMnnutyge
ckaykoobpasHoro OBWXKEHNS «Tena-
npeacrasutensa» (obosHauyum ee Ay). B camom
aene, oba ModenbHbIX ABUXEHUS (M BnyxaaHue ¢
noKansHon CMeHOoN HanpaeneHus, n
ofHoHarnpaBneHHoe GnyxaaHve) npeacTaBnsioT
coboli «cka4ykoobpasHoe» OBWKEHWE MOAENbHOIO
Tena, KoTopoe, YTOObI COOTBETCTBOBATb
ckaykoobpasHoMy OBWKEHUIO «Tena-
npeacraBuTens», 3a Bpemsl ckadka-nepexoga (a
OHO MPUHATO PaBHbIM Ty = Ty = Tg) AOMKHO MO
BENUUYUHE ckayka ObiTb paBHbIM BEMWYMHE CKadvka
«Tena-npeacraBuTens», MMELWero amnnuTygy
Ao.

OTa amnnuTyga [ofbkHa, OYeBUAHO,
NOHMMATBCS Kak cpedHas aMmnnuTyga criy4anHoro
Nno CBOEMY XapaKkTepy ckadkoobpasHOro OBUXEHUS
«Tena-npegcrasutens».  puyem,  NOCKObKY
ckaykoobpasHoe OBWKEHUe «Tena-
npeacrasuTensay» onpegenseTrca BUOpaLMOHHLIMU
konebaHnsmMu koHTelHepa BuO-cTaHka, B nepsom
NpUGNMXKEHNN aMnNUTya4a 3TOro ckadkoobpasHoro
OBWKEHNs  MOXeT ObiTb  MpUHATaA  paBHOM
amnnuTyge BMOPALMOHHbIX konebaHui
KoHTenHepa BuO-ctaHka. To ectb amnnutyga Ag
npeacraenseT cobor napameTp, onpegensdemMbin
Bnbpaunen KOHTEeNHepa BunO-cTaHka n
ABNALWNACA NPU  PacCMOTPEHUN  OBWKEHUS
«Tena-npegcraBuTensa» 33aaHHbIM Kak
XapakTtepucTuka cooTBeTcTBytoLero BuO-craHka.

Utak, yuunTbiBas nmetoLmecs
aHanuTuyeckue BbIpaXXeHns ans
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cpegHekBagpaTn4Horo OTKITOHEeHUA anda
paccmaTpmBaeMbliX MoAenbHbIX npoteccos

OBWKEHUs1 B NPOCTpaHCTBE koopauHaT (tabn. 2) n

yqyntbiBaa MNpuUHATOE YCrioBue O paBeHCTBe
cpegHekBagpaTn4HoOro OTKITOHEeHUA ATNX
MOAernbHbIX ABWXKEHUA 3a BpeMAa 11 = T2 = T

amnnutyge A,, MOXHO 3anucatb credyloLLyio
LIenoYKy paBeHCTB

AO =1,2'DX "IZO =

AaloLwyto OMNOMHUTENbHOE COOTHOLLEHUE
hi=A,,

MoACTaHOBKA KOTOPOro B CUCTEMY COOTHOLLIEHUN
(33) nosBonsieT NONYYUTb MOCMAE HECMNOXHbIX
npeobpasoBaHuii (3aMeHa napameTpoB T/ U T, Ha
napamerp (0 w rpynnupoBka nNapamMeTpoB)
CMUCTEMY U3 LLUECTU COOTHOLLUEHWUA MEXAY OEBATbIO
napametTpamun o4, B4, oo, K, h2, kO, f, Vi 1 1o
(amnnutyga A; He BXOOWT B 3TOT  CNMUCOK
napameTpos, MOCKOIbKY OHa cunTaetcs
N3BECTHOMN KaK 3agaBaemMas xapakrtepuctuka BnO-
cTaHka)

a]+BI=1a a_zzf
kg
o —p %o
——=Ag-f, korhy= unp: -(37)
T A2
= —_— 2 0
k VI_II/IpK. A%f’ ko'hz =T.

Taknmm obpasom, cuctema (37) nossonser
Nno 3afaHHbIM U3 psiga o, B1, oo, K, ha, Ko, f, Vi,
To TPEM HE3aBUCUMbIM ApYr OT Apyra napameTpam
onpenenuTb ocTarnbHbIE.

Ecnu cuntaTb 3agaHHbIMW  NapaMeTpbl,
XapakrepusytoLme OBWKEHNe «Tena-
npegcraBuTens», a UMeHHoO - napameTpbl f, Vi
M 1 TO MapameTpbl, XapakTepuayloLiue
MoAenbHble npouecchl onyxaaHua (o, B1, oo, K,
h,, Ko), MOryT 6bITb Nerko onpepeneHbl Ha OCHOBE
cooTHoweHun cuctemsl (37). CobcTBEHHO, Ucxoas

M3 3TOro, BCe COOTHOWeHua cuctembl (37)
3anucaHbl Tak, 4YTO B JIEBOW CBOEW 4acTu
cogepxar napameTpbl paccmaTpuBaeMbIX
MO ENbHbIX OBWKEHNIN (nesas KOJTOHKa

COOTHOLLUEHUA COAEPXUT napameTpbl bGnyxaaHus
C INnoKanbHOMW CMEHOW HarnpaBsreHus, a npasas
KONMOHKa COOTHOLUEHWA COOEPXMT napameTpbl
OofHOHanpaBneHHoro 6nyxagaHus), a B MNpaBoW

cBoei YyacTu copepxat napameTpsl,
XapakTepusytoLlue ABDKEHVE «Tena-
npeacTaBuUTENs».

Paspewas cucrtemy (37) OTHOCUTENbBHO
napameTpoB a, B1, o2, K, hy, kg u pobasnas «k
NnoflyyeHHoMy  pes3ynbTaTy MNpUHATbIE  Bbllle
COOTHOLLEHMS Ansi napameTpoB Bo, hy, 11 1 12 (a



Ne 2 (58) Bi6pauii B TexHiui

UMEHHO: Bo=0, h=Ag n 11 =
3anucaTb COOTHOLLIEHUS,

T=Tp),

o = 1 1+ VL[I/IpK. “To
| - P
2 Ao

B _1 1 VquK.'TO
e A
2 Ao
h] :AO,
T1 =Tp>
A% T
k= quK.z 0
f-A2

3ameTuM, YTO U3 COOTHOLUEHUI AN o U
oz B (38) HeCnoXHO BbIBECTU CreayoLyo WX
CBA3b Mexay cobow (Npu 11 = 17)

0= eyi),

KOTOpasi nokasblBaeT, YTO napameTpbl o4 U oy
He MOryT MpUMHMMAaTbCA PaBHbIMWU ApPYyr ApYry
(Mpwn 11 = 12), KPOME Cnyyas a4 = ap= 1, KaK 3TO
1 NOMNYYEHO BbILLE.

PaccmatpuBaemble MoaenbHble
OBUXeHUA crnyYanHbIxX onyxgaHui B
NPOCTPaHCTBE KOOPAMHAT MHTEPECYIOT HE cCamu
no cebe, a nNOCTOMNbKY, TMOCKOMbKY OHM
nMoMoralT B ONUCaAHUW [OBWXKEHUS  «Tena-
npeacraBuTens». 3apava onncaHus
COOTBETCTBYIOLUMX MOAENbHbIX ABWXEHUA MO
napameTpam  LMPKYNSUMOHHOTO  ABWXEHUS
«Tena-npeacraBuTensa» B KOHTEMHepPE, KOTOPYHO
nossonseTr pewutb cuctema (38), aBnsetcd
obpatHon 3apjadve, pewlaemMon B [aHHON
pabote, — onucaHWe  LUMPKYMSILUOHHOIO
OBWKEHUs1 «Tena-npeicTaBuTensa» Ha OCHOBE
Moaenu crnyvamHbIX onyxgaHun B
NPOCTpaHCTBE  koopauHaTt:  OnyxgaHma C
NoKanbHON CMEHOW HanpaBreHUs 1 criy4anHoro
ofHoHanpasneHHoro 6nyxagaHusi. IMeHHo 3Ty
nocriegHio0 3agady cuctema (38) He nossonseT
PELUMTb HENOCPEOCTBEHHO.

Cuctema (38) cogepxut oauHHaguaTb
HeonpeaeneHHbIX napameTpoB (o4, PB1, o2, hy,
T1, T2, K, Ko, f, Viupc, To), CBSI3aHHbIX Mexay
cobon COOTBETCTBYHOLLUMU BOCEMbIO
COOTHOLLUEHUSIMM (OCTaOTCHA MOCIE UCKIOYEHUS
M3 [OecATM COOTHOLUEHUW, MMEKLUXCcs B
ykasaHHoW cucteme, AByX: B2=0, h=Ay).
Moatomy Ana npespalieHus cuctemsbl (38) B
CMCTEMY paspeLUnMbIX YpaBHEHWUIA HEOOXOAUMO
3a4aTb TPW HesaBUCUMbIX nNapameTpa. B atom

MO>XXHO
BblpaXkarowine
napameTpbl MoOAesibHbIX NpoLeccoB 6J'Iy>KLI.aHI/1$|
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Yyepes napameTpbl ABVDKEHNS «Tena-
npeacTaBuTens» B BUOPUPYIOLLEM KOHTElHepe

BunO-ctaHka. A MMeHHO:

oy = Ym0’
0
By =0,
hy = AG ,
Vipk. " To (38)

T2 = 70>
kg = (VquK. 'To)

f-A2

criyyae xoTs Obl 0OMH U3 3a4aBaeMbiX NapameTpoB
OOIMKeH OTHOCUTbLCSH K paccmaTtprBaembIiM
MOZENbHbIM OBWKEHUSIM, YTOOb, 3aaaB
OOMONMHUTENBHO K HEMY ellle ntobble ABa napameTpa
LIMPKYSILLMOHHOIO OBUXKEHNS «Tena-
npeactasutensa» u3 tpex napameTpos f, Vi, To,
onpegoenntb OOWH U3  HWX, OCTaBLUWIACS He
3adaHHbIM. Ho Kak pa3 napameTpbl MOAENbHbIX
OBWKEHUA HaM M HEM3BECTHbI, W, CregoBaTenbHO,
cuctema (38) He nosBonsdeTr pewartb 3agady
onpepeneHus napameTpoB LIMPKYSILLMOHHOIO
OBWKEHUs1 «Tena-npeacraBuTensi» No napameTpam
paccMaTpvMBaeMblX  MOAENbHbIX  BEPOATHOCTHbIX
onyxgaHun.

UtobGbl  cuctemy  (38) MOXHO  Obino
nucnonb3oBatb AN ONpedeneHns  napameTpoB
LIMPKYSILLMOHHOIO OBUXKEHNS «Tena-
npeacrasuTensy» B BUOpUpYyoLLEM KOHTeHepe BuO-
CTaHKa, He 3ajaBas MpU 3TOM HemnocpeacTBEHHO
napameTpoB MOAENbHbIX OBWKEHWA, 3Ty CUCTEMY
Hago OOMNOMHUTb COOTBETCTBYHOLLMMMU
cooTHoweHusmMn. Mpu aTom AN onpegeneHns no
M3BECTHbIM ABYM XOTSl Obl OOHOIO U3 BBEAEHHbIX B
pacCcMOTpeHNe  napameTpoB  LIMPKYMALUMOHHOIO
aswkeHns «tena-npeactasutens» (f, Vi Ynn o)
AOCTaTOYHO COOTHOLLEHUS cucTeMbl (38) AONONHUTL
OOHWM  COOTHOLLEHMEM. OTO  AOMNOMHUTENbHOE
COOTHOLUEHNE MOXET ObITb NULLb COOTHOLLEHWEM
Mexay napameTpamy MOAENbHbIX ABWXEHUA W
napameTpamMu COOTBETCTBYIOLLErO LIMPKYMALNOHHOIO
OBWKEHUst «Tena-npeacraBuTens».

OTo  CcoOoTHOWeHMe He  MOXeT  ObiTb
COOTHOLUEHMEM  TOMbKO  MeXay napameTpamu
paccMaTprBaeMblX MOAENbHbIX OBWKEHWNA, Tak Kak
BCE BO3MOXHble TaKkMe  COOTHOLUEHMS  yxXe
ucrnonb3oBaHbl. OHO He MoOxeT OblTb Takke
COOTHOLUEHMEM  TOMbKO  MeXay napameTpamu
COOCTBEHHO LIMPKYMSLUMOHHOIO ABWXKEHUS «Tena-

26
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npeacraBuTens» B BUOPUPYIOLLEM KOHTENHEpPE
BnO-ctaHka. Begb 3agaHue OOHOro Takoro
COOTHOLLIEHMSI MO3BOSISIET TOMbKO BbIPa3UTb B
npaBoN 4acTM COOTHOLIEHUM cuctembl (38)
oavH 13 napameTpoB f, Vi U1 1o Yepes aBea
apyrux. 9710, KOHEYHO, YNpoLLaeT onpeneneHme
napameTpoB COOTBETCTBYHOLUMX  MOAESbHbIX
OBWXKEHWMA MO napaMeTpaM LUPKYNALNUOHHOIo
OBWXEHNs «Tena-npeactaBuTensa», HO He JaeT

BO3MOXHOCTU onpenendaTtb napameTpbl
LMPKYINALNOHHOIO ABWXeHnA «Tena-
npeacrasutena» be3 HenocpeancTBeHHOro

3aJaHuns napaMeTpoB MOAENbHbIX ABMKEHUN.
AHarnormyHo ana onpegeneHusa  OBYX
nobbix napameTpoB f, Vi UNn 1o N0 ogHOMY
N3BECTHOMY, UK onpedeneHns BCex Tpex 3Tux
napameTpoB  HeobXxooumo  AOMOMHUTENbHO
3agaTb, COOTBETCTBEHHO, [ABa W  Tpu
COOTHOLIEHMUS Mexay napameTpamu
MOOENbHbLIX  ABWKEHWA W napameTpamu
LUMPKYSALMOHHOIO OBWKEHNS «Tena-
npegcraBuTensa» B BUOPUPYOLLEM KOHTENHepe
BuO-ctaHka. [MpuyeM 3TM COOTHOLUEHWUS He
MOryT OblTb COOTHOLIEHUSIMWU NULWL  MexXay
napameTpamu COOTBETCTBYIOLLENO
UMPKYMALMOHHOIO ABWXKeHud. Tak, B criyyae
Hanuuns OBYX TaKMX COOTHOLUEHW, npaBas
YacTb cuctembl (38) cBoaguTca K BuUay,
cogepxalwieMy nuwb oaMH M3 NapameTpoB
LUMPKYSALMOHHOIO OBWKEHNS «Tena-
npeactasutens» (f, Vi WK 19). 3TO, 0gHaKo,
He [JaeT BO3MOXHOCTW onpegendtb 9ToT
napameTp 6e3 HenocpedCTBEHHOro 3adaHus
napamMeTpoB MOAENbHbIX ABWKEHUA - Takas
BO3MOXHOCTb peanusyetcs npu 3TOM, €eCcnu
3a0aHO COOTHOLLUEHWe Mexgy napameTpamu
MOOENbHbLIX  ABWKEHWA W napameTpamu
LUMPKYSALMOHHOIO OBWKEHNS «Tena-
npegcrasutensay». B cnydae xe Hanuumsa Tpex
Takux COOTHoLeHun Tpu napameTpa f, Vi U o
MOryT BbITb onpegeneHbl HenocpeacTBEHHO Ha
OCHOBE 3TUX COOTHOLLEHUI 6e3 ncnonb3oBaHUS
cuctembl (38), kOoTOpas B 9TOM Crydae CryXut

nnuib ana onpeneneHna napameTpos
MoAenbHbIX OBWKEHNIN no napameTpam
LMPKYINALNOHHOIO ABWXeHnA «Tena-

npeacraBuTens» B BUOPUPYIOLLEM KOHTENHEpPE
BuO-cTaHka. Ho B aTOM cny4ae mccnegoBaHuio
Heobxoanmo noaBeprHyTb yxe He
npegnaraemoe BEPOSATHOCTHOE
MOAENUPOBAHNE LIMPKYNSALMOHHOIO OBWXKEHUS
«Tena-npeacraBuTensa» B BMOpUpytoLLEeM
KoHTenHepe BuO-ctaHka, a TOT cnocob, c
NOMOLLIbIO KOTOPOro Obinn nony4yeHsbl
OOMNONHUTENbHbIE TPU COOTHOLLUEHUS  CBSI3W
Mexay napameTtpamu onncbIBaeMoro
LMPKYINALMOHHOMO ABWMXEHMS.
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Bnpouyem, kak nokasaHoO B OO30pHON 4acTtu
AaHHoM paboTbl, Takol cnocob, KOTopbI MO3BONAN
Obl onncblBaTh aflekBaTHO peanbHOCTH
LUMPKYNSALMOHHOE OBWKEHME «Tena-npeacraBuTensy
C MONyYeHWeM  COOTHOLUEHWN,  CBsI3bIBAKOLLNX
COOTBETCTBYHIOLLYIO LMPKYMSILNOHHYIO CKOPOCTb V k.
C JpyrMMu napameTpamuM 3TOTO0 [ABWKEHWS, B

HacTosiee BpeMs He paspabotaH. [loaTomy
npeanaraemoe BEPOSITHOCTHOE onucaHve
LIMPKYMALMOHHOIO ABDKEHUS! «Tena-

npeacrasuTensy» B BUOpUpyoLeM KoHTenHepe BuO-
CTaHKa, CBeAEHHOe B CUCTEeMY COOTHowleHuin (38),
npegcraensieTcs 00CTaTovyHO npvemnemMmon
anbTepHaTUBOM CYLLECTBYOLLUM cnocobam
ONUCaHUsa LUUPKYMSILMOHHOTO ABMXKEHUS!, MOCKOIbKY
OHO TMO3BOMSIET OMNpPefenuTb, Kak MNoKa3blBaeTcs
HWKE, LUUPKYNAUMOHHYH CKOPOCTb Vi W ee
3aBUCUMOCTb OT MapamMeTpoB COOTBETCTBYIOLLENO
BMOpaLMOHHOro npoLecca.

WTak, cornacHo U3noXXeHHOMY BbILLE, CUCTEMY
COOTHoLLEeHMI (38) Hago JONOMHUTL COOTHOLLEHNEM,
CBS13bIBaOLLNM mMexay cobon napameTpbl
paccMaTpvMBaeMbIX  BEPOSATHOCTHLIX  MOOENbHbIX
OBWKEHUA M napameTpbl  LUMPKYTSLUMOHHOMO
OBWKeHUst «Tena-npeacrtasutensy». B  kayectBe
TaKoro A4OMOMHUTENBHOIO COOTHOLUEHMS MOXET ObITb
MPUHATO COOTHOLUEHME, KOTOPOE MOXHO MONy4YnUTb
M3 aHanUTUYEeCKUX BLIPAXKEHUA [Ns  CPeAHEero

nepemeLleHMs ©n  ero  CcpeaHekBagpaTU4HOro
OTKMOHEHNA B NOOOM M3 MOAENbHbLIX ABMKEHUR,
ecnu N3BECTHO Bpems4, 3a KoTopoe

cpegHekBagpaTtn4yHoe OTKINMoHeHne OT cpenHero

nepeMelLleHnss B  BEPOATHOCTHOM  MoZeflbHOM
OBWKEHVMA  paBHO camMOMy 3TOMY  CpefgHemy
nepemeLLeHuio.

O603Haunm ykasaHHoe Bpems vepes ty. Toraa,
MPUHAB 3a OCHOBY MNpouecc brnyxaaHusi ¢ noKanbHown
CMEHOW HanpaBneHus, Ans CpeaHero nepemeLleHms
3a BpeMms ty U cpegHeKkBagpaTUYHOIO OTKIMOHEHUST OT
3TOr0 CcpefHero nepemeLleHns 3a 3TO XKe Bpems

MOXHO 3anucaTb, COOTBETCTBEHHO, creaylowme
BblpaXXeHUs (cm. cBOAOKY aHanUTUYecKnx
COOTHOLLEHMWI B Tabn. 2)
2 2
h h
i =k-—f-tg, oy =,/=tg,
Y 3

npvpaBHUBaHWE KOTOpbIX (C 3ameHomn hy=Ag 1 11=1p),

nocne HECITOXXHbIX npeobpasoBaHui, aaet
AOO0NOoNHUTENnbHOEe COOTHOLWEeHNe
1 T
k= e (39)
Ag-f \to

3anuncaHHoe B hopme COOTHOLLEHU 13 cuctem (37)
n (38) Tak, 4ToOLI NAapaMeTp MOLEMNbHOMO ABMKEHUSA
k ©Obin BblpaeH 4epe3 mnapameTpbl ABUKEHMUS
«Tena-npegcraBuTensy.

BkntovyeHne (39) B cocTaB COOTHOLUEHUI
cuctembl  (38) no3BonsieT  YMEHbLUWTb  YUCIIO

27



Ne 2 (58) Bibpauii B TexHiui

NPOM3BOSIbHO 3aJaBaeMbIX NapameTpoB C Tpex
00 [OByX. JTO [JaeT BO3MOXHOCTb, cuuTas
nobble aBa napamMeTpa  UMPKYNSILMOHHOIO
OBWKEHUs «Tena-npegcraBuTtens» w3  psga
napameTpoB f, Vi U To U3BECTHBIMU, HANTU
aHanuMTMYecKoe  BblpaXXeHue  Yepe3  HUX
TpeTbero napameTpa n napameTpoB
BEPOSATHOCTHbBIX MOLENbHbIX OBWKEHUNA.

B yactHocTM, cuuMTaa  U3BECTHbIMM
napameTpbl f 1 15, MOXHO BbIpasnTb Yepes HUX

Ta TeXHonorisax
2010

COOTBETCTBYIOLLIEE  COOTHOLIEHWE AN 3Toro
napametpa u3 cuctembl (38), 4TO no3Bonser
3anucaTtb crneayloLlee COOTHOLIEHNe

v, Ao

LIUPK. T,

T0
ty
KOTOpPOEe XOTS U CBSA3bIBAET Mexay cobOoi TOmNbKo
napameTpbl LMPKYNSLUMOHHOIO [OBMXKEHUS «Tena-
npeacTaBuTens», HO  MOMYYEeHO Ha  OCHOBe
MCMONb30BaHNSA pPaccMaTpUBaeMblX BEPOSTHOCTHbIX
MOAENbHbIX OBUKEHUIA.

(40)

CKOPOCTb Viupk. 008 3TOoro [ 0CTaToO4HO
noacraeutb BMecTo napametpa k B (39)
Mpn atom yuet (40) nossonser 1 .
nepenucate cuctemy (38) Kk |oy=—-[1+ |-2 |
cneaytoLemy BUAY, 2 to
nos3eonsioLemy onpeaenatb  lp — A,
napameTpbl  COOTBETCTBYHLLNX 1 T
MOAENbHLIX  ABWKEHWA  no _ 1 l31=5 1- .
N3BECTHLIM napameTpam _Ao.f ty 0 (41)
LMPKYNSILMOHHOIO OBWDKEHNS T = Tp,
«Tena-npeacrasutensa» (Ao, f, to,
to): @) onsa npouecca crnyYyanHoro
Ony>xgaHusa ¢ nokanbHOW CMEHON
HanpaBneHus;

(X,z =T—0,

to

6) pna npouecca Cry4YanHoro ho = A to B, =0, 42
O[IHOHaMNpPaBNEHHOro 6ryXaaHus 2700, 1, =10, (42)

kg =—2,

f-t,

OuyeBugHO, 4TO gns Toro,  4YTOObLI - 9Ta OTHOCUTENbHas CKOPOCTb MpUHSITa
nony4veHHble aHanuTudeckne BblpaxeHusa (40)- paBHOM ONyKTyauuu UUPKYMSLMOHHON CKOPOCTH,
(42) MOXXHO Obino ncnonb3oBaTb ans  oueHMBaemomn no cpegHekBagpaTU4HOMY
NpaKTU4YeCcKmX pac4yeTos, Hagdo  YTOYHWUTb  OTKIOHEHMIO CKOPOCTM “Tena-npeactaButens” B

dm3nyecknin cMbiCr NnapameTpoB, KOTOPblE BXOOAT
B MNpaBble 4YacTU 3TUX BbIPAKEHUA. A WMEHHO:
Hago YTOYHWUTL (PU3MYECKUIA CMbICIT NapameTpoB
Ao, f, 10, to, YTODBI MMETHL BO3MOXHOCTbL 3aaBaTb B
npakTUke UCCNefoBaHUN N MHXXEHEPHON MpakTuke
WX YNCMEHHbIE 3HAYEHUS B KaXOOM KOHKPETHOM
crnyyae, Korga  Hago  wuccnegoBaTb v
onpegenntb pexumsl 06paboTkM Ha OcHoBe
pa3paboTaHHOro BEPOSATHOCTHOrO
MOOENMPOBaHUS [OBWXKEHUS B  BUOpUpYHOLLEM
KOHTelHepe BMO-cTaHKka anemMeHTOB ero 3arpysku.
B cBA3M € 3TM OTMETUM:

npouecc obbemHon BUOPOabpa3nBHON
06paboTkn B BUOpUpYOLLEM KOHTenHepe BuO-
CTaHKa onpefensieTcsl, Npexae BCEro, CKOPOCTbIO
OTHOCUTENBHOTO NepemMeLLeHns paboden rpaHynbl
n obpabaTtbiBaeMon getanu;

€ero BEPOSATHOCTHOM MOLENbHOM ABUXKEHWU
cnyyamHom onyxgaHum B npocTpaHCcTBe
CKOpPOCTEMN.

MoaTomy Ans NoONHOro onmMcaHust npoLecca
OBWXKEHUS «Tena-npeacTaBuUTENs» Kak dremeHTa
3arpy3ku  BMOpuMpylowero  koHTenHepa  BuO-
CcTaHka, cooTHoweHune (40) ona UMPKyNsSLMOHHON
CKOpPOCTU HeobXxoanmo OOMONHUTL
COOTHOLLEHMEM,  NO3BOMAKWMM  onpeaensaTb
COOTBETCTBYIOLLYIO OTHOCUTESTbHYIO CKOPOCTb. JTO
MOXHO cAenaTb, PacCMOTPEB CBA3b MapaMeTpoB
MoAeneHoro  6nyxgaHusa B MPOCTpPaHCTBE
CKOpOCTEM C napaMeTpaMy [ABWXKEHUS1 «Tena-
NpeacTaBnUTENsa» aHarorMyHo TOMy, Kak 3To Oblno
CAenaHo Bbille Ans MOAErNbHbIX OBWXKEHUA B
NPOCTPAHCTBE KOOPAUHAT.
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CBs3b NapameTpoB cllyYalHbIX MoAesbHbIX
onyXxaaHMn B NPOCTPaHCTBE KOoOpAUHAT U
cKopocTel C KUHeMaTU4eCcKUMU napameTpamm
OBWXEHUA «Tena-npeacraBuTens»

Mpn paccMOTPEHUN Cry4amHOro OBWPKEHUS
3M1EMEHTOB 3arpy3ki B BUOPUPYIOLLLEM KOHTENHEPE
BuO-cTaHka Kak OBWXKEHUS] HEKOTOPOro «Terna-

npegcraBuTens» Obino NCNonNb30BaHO
MO EeNnMpoBaHMe 3TOro ABWKEHWUS] BEPOSITHOCTHBLIM
onyxgaHuem:

- B NnpocTpaHCTBe koopauHaT
(npocTpaHcTBEHHOE NonoXxeHune «Tena-
npegcraBuTens» paccmaTpuBaeTcs Kak

cnyyanHasi BENUYMHA);
B MPOCTPaHCTBE CKOPOCTEN (CKOPOCTb
«Tena-npegcraBuMTeENs»  paccMaTpyMBaeTcsl  Kak
crny4vanHas Benu4yuHa).

OTo pasgeneHne nossonsieT  Gonee
npocTo Npoun3BecTn COOTBETCTBYHOLLEE
MOZEeNnMpoBaHWe W MOMyYUTb peLleHust Ans
cpefHero nepemMeLleHuss U cpedHen CKopocTu C
COOTBETCTBYHOLLMMMU cpegHekBaapaTUYHbIMU
OTKITOHEHNAMU, HO OHO TpebyeT cornacoBaHUs
3TUX PELLUEHUN C Yy4ETOM TOrO, YTO OHW OTHOCSITCH

K  ogHOMy BEPOATHOCTHOMY  [BWDKEHMIO-
GnyxoaHMio B NPOCTPaHCTBE  «KoopAWUHaTbI-
ckopocTb».  Takoe  cormacoBaHue  [[OIMKHO

YyUYuTbIBaTb TakKe, YTO BEPOSATHOCTHOE ABUXEHMWE-
6nyxgaHue AOMKHO COOTBETCTBOBATL HEKOTOPbLIM
uU3MdeckMM  yCrnoBusSIM  OBWXKEHUA  «Tena-
npeacrtaBuTensy,  SABMSOWMMCS  OTPaXeHuem
pearnbHbIX  YCMOBWW, UMEKLWMX MecTo Mpu
OBWKEHUM 3MEeMEHTOB 3arpysku B BUOpUpyoLLem
KoHTeliHepe BuO-ctaHka. [lpu atom noAd
cornacoBaHMeM NoHUMaeTCs YCTaHOBIEHUE Takux
COOTHOLLEHWUI, KOTOPbIE CBA3bIBAOT Mexay cobon

napameTpbl BEPOATHOCTHbIX MoAernbHbIX
OBVXKEHNA-6nyxaaHun c napameTtpamu,
XapaKkTepusyrLmumm peanbHoe cny4varniHoe
OBWXEHNe 3M1EMEHTOB 3arpy3ku B BUOPUPYHOLLLEM
KOHTelHepe BuO-cTaHka. Mpuyem atn
COOTHOLLIEHUS OOIMXHbI CNY>XWTb ans
onpefeneHMs OAHWX MapamMeTpoB peanibHOro

OBWKEHUSI MO M3BECTHbIM APYrUM napameTtpam,
no3Bonss onpenensTs BAUAHWE 3TUX NapameTpoB
Ha npouecc BuGpoabpasnsHo 06paboTku.

Bbllue Ha OCHOBE COOTBETCTBYHLLENO
cornacoBaHus napameTpoB MoAernbHbIX
OnyxgaHun B MPOCTPaHCTBE  KoopAuHaT ¢
napameTpamm  «ckaykoobpasHoro»  ABKKEHUSA
«Tena-npeacraBuTensa» YCTaHOBIEHO
COOTHOLLEHNE (40) pgna LMPKYNALNOHHOMN

CKOPOCTU 3MIEMEHTOB 3arpy3kum B BMOpUpYOLLLEM
KOHTeNHepe. Tenepb Ha OCHOBE COrnacoBaHus

napameTpoB MOAENbHbIX onyxgaHui B
NpocTpaHCTBE  CKOpOCTeM € MapameTpamu
«CkaykoobpasHoro» OBUXKEHNS «Tena-

npeacTaBUTENSA» HaeM COOTBETCTBYIOLLYIO 3TOW
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LUMPKYMSLMOHHON  CKOPOCTH
CKOPOCTb, onpenensioLLyio
BMGpoabpasneHom 06paboTku.

C aTon uenb yytem, YTO OTHOCUTENbHas
CKOpPOCTb MOXeT paccmaTpuBaTbCsl Kak
dnyKkTyaums  LMPKYNSLMOHHOM  ckopocTh. 3JTa
dnyKTyaums, siBMssCb pe3ynbTaToM Cry4yanHOoCTU
B OBUXKEHUU «Tena-npegcraBuTeNnsy,
MoOenupyeTcs B COOTBETCTBYHOLLEM MOAENbHOM
npouecce crny4vanHoro 6nyxgaHus B
NPOCTPaHCTBE CKOPOCTEN OTKIIOHEHMEM CKOPOCTU
3TOr0 MOJENBLHOIO [ABWXEHUsI OT ee CpegHero
3HaYeHusl.

AHanuMTUYeckn  ykasaHHOe  OTKIIOHEeHUWe
onucbiBaeTcs ero cpenHekBaapaTUYHbIM
3Ha4YeHNeM - CpefHeKBagpaTU4HOE OTKMOHEHMe,
ans KOTOpOro npuv COOTBETCTBYIOLLEM
paccMOTpeHun GnyxgaHuss B MNPOCTPaHCTBE
CKOpOCTEN nonydeHa 3aBMCMMOCTb, BKIHOYaroLLas
B cebsa napameTpbl MoOAenbHOro mnpolecca
OnyxnaHusa B NpoOCTpaHCTBe ckopocTen (Tabn. 5)
n Bpemsl t — nepeMeHHbI NapaMeTp, a UMEHHO —
3aBMCMMOCTb

1
CV = k_ .
2
Tabnuuya 5

Mapamempbi 6epOSIMHOCMHO20 MOOesIbHO20
6n1yx0aHusi 8 npocmpaHcmee ckopocmel

OTHOCUTENbLHYIO
npoLecc

(1 _ o 4ka Dyt ) ,

HanmeHoBaHune O603Ha4eHne
MepexonHble BEPOATHOCTH a, By
LWar 6nyxgaHus AV
Bpemsa nepexoga-ckayka Ty
MapameTp Anst OTHOLWIEHMS
BENMWYMH OOHOro nopsigka Dy
ManocTu
KoadhpumumeHTbl k1, ko
BbIHy>Xgatowasa cuna F
CpefHaa ckopocTb
o6nyxgaHus B V(t)
NPOCTPaHCTBE CKOPOCTEN
CpenHekBagpaTuyHoe
OTKIOHEHME OT cpeaHen
CKOPOCTYW Bny/aaHus B ov
NPOCTPaHCTBE CKOPOCTEN
N3 KOTOPOW criegyeT, YTO CpefHeKkBaapaTu4Hoe
OTKNOHEHNE C TedeHneM BpemeHu (t>>0)
npuHUMaeT NOCTOSIHHOE 3HayeHne

(cV)yCT =,/1/k, , KOTOpOE ¥ MOXeT BbITb NPUHATO

B KayecTBe CpedHEel OTHOCUTENbHOM CKOPOCTM
abpasvBHoOI rpaHynbl 1 o6pabaTsiBaeMoit AeTanmu

(obosHaunm ee V. ). A UMEHHO:

(43)
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Ona Toro, 4tobGbLI OnNpedennUTb CPEAHIo
CKOpPOCTb OTHOCUTENBHOINO ABWXEHUsi paboden
rpaHynbl " obpabaTtbiBaeMon aetanu,
HeobxoaQMMO onpeaenuTb napameTp MOAENbHOro
BEPOATHOCTHOTO GnyxgaHus B NPOCTPaHCTBe
ckopocTen k,, npegcraensaowmin cobor oanH 13
napameTpoB YKa3aHHOIMO MOAENbHOMO ABWXEHUS
(ux cnucok npusedeH B Tabn. 5). OueBnaHo, 4TO
onpenenutb 3TOT NapamMmeTp (TO ecTb napameTp
K2) MOXHO NKLLb B COBOKYMHOCTU C onpeaeneHnem
W ApyrMx  napamMeTpoB  COOTBETCTBYHOLLENO
MOZENbHOIO [OBWKEHUS, YUCIIO KOTOPbIX PaBHO
aecatu (tabn. 5): avy, PBv, AV, 1y, Dy, ki, ko, F, V(1),
Oy.
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AHanorn4yHo pacCcMOTpPEHHbIM BblLLE
MoAeslbHbIM AOBWXEHNAM B NpoCTpaHCTBE

KoopauHaT noa onpenerneHnemM CooTBeTCTBYHOLWUNX
napameTpoB NOHUMaeTCA HaxoxXaeHne nx cedA3n C

napameTpaMu, XapakTepusyrLnuMn peanbHoe
OBWKEHNE 3NEeMEHTOB 3arpy3ku BuOpUpYyloLLEero
KOHTENHepa BnO-cTaHkKa, nmeroLen
onpeaeneHHyo yacToTy " aMmnnutygy
BMOPaLMOHHBIX KorebaHui.

Mpu paccMoTpeHun MOLOENbLHOro
BEPOATHOCTHOTO OnyxgaHus B NPOCTPaHCTBe

CKOpPOCTEN MPUHATO M MOMy4YeHO B pesynbraTe
PELUEHNs COOTBETCTBYIOLLErO YpaBHEHUS MsiTb
COOTHOLUEHUN (Tabn. 6).

Tabnuuya 6

Ceo0dka coomHouweHull Mexdy napamMempamu MoOesIbHO20 8epPOsIMHOCIMHO20 611yX0aHus e
npocmpaHcmee ckopocmeli

HanmeHoBaHWe cooTHOLLEHWUI AHanuTtnyeckasa oopma 3anucu
CooTHoLWeHNs1 Ansa NnepexoaHbIX BEPOATHOCTEN ay +By =1,
ay —By =[k; -F-k, - V(t)]- AV,
OTHOLEHME BENWNYNH OQHOro NopsiAka ManocTu 1 (AV)2
DV = E )
v
3aBUCUMOCTb AN CpeAHEN CKOPOCTU MOAENbHOro
p« p p| p p« . V(t)zk_]'F'(l_e_z‘kz‘DV‘t)
OnyxgaHua B NPOCTPaAHCTBE CKOPOCTEN K,
3aBUCMMOCTb ANS cpeaHeKkBagpaTUYHOro 1 ko Dt
OTKIOHEHUSI CKOPOCTU MOAENBHOMO BRyXAaHUs B oy = k_'(l —e 2EV )
NPOCTPAHCTBE CKOPOCTEN 2
Ecnu npn stom cuutatb, 4TO nNapameTp F, Kak ay +By =1,
onpeaensowmnn OBUXeHne «Tena-
ay —By =[k; -F—k, - V(t)]- AV,

npegcraBuTensy, AOMKeH ObiTb 3agaH (TO ecTb
3TOT napameTp [AOMKeH BXOOMTb B WTOroBble
COOTHOLLEHMS, onpegenswowne apyrue
napameTphbl), TO YyKa3aHHble MNATb COOTHOLUEHMWN
CBSI3bIBAOT Mexay coboin OeBsTb NapameTpoB U3
paga: oy, Bv, AV, 1y, Dy, K1, Ko, V(t), oy. To ecTb,
3a4aB 3Ha4YeHUs NobbIX YeTbIpeEX NapameTpoB w3
3TOr0  psida, 3HaA4YeHUss  ocCTanbHbIX  NATH
napamMeTpoB MOXHO HaWTW, peluMB YyKasaHHble
NSTb COOTHOLUEHUI KaK ypaBHEHUSI OTHOCUTENBHO
He 3aJaHHbIX NapamMeTpoB.

HanbHenwen Lenbto sABnsieTcH
YMEHbLUEHNE 4uCNa 3afaBaeMblX MapamMeTpoB.
[na atoro cnegyet BBECTM B pacCMOTPEHUe

OOonoNHUTEeNbHbIE COOTHOLWIEeHUA,
cooTBeTCTBYIOLLNE ycnosuto afaeKkBaTHOCTU
onncaHuA MoaernbHbIM 6J'Iy>KLI,aHMeM B

NPOCTPaHCTBE CKOPOCTEW peanbHOro M3MeHeHUs
CKOPOCTU MpU OBMKEHUN SMEMEHTOB 3arpysku B
BMOpupytoLem KoHTenHepe BnO-cTaHka.

3ameTyMm, ecnu [f[Ba COOTHOLWIEHUs AN
nepexodHbIX BEPOATHOCTEN oy M Py paspeLumnTb
OTHOCUTESTbHO 3TUX BEPOATHOCTEW, @ UMEHHO —
€Cnn pelnTb OTHOCUTENBHO oy U Py CUCTEMY
ypaBHEHWI

30

nony4yme B Ka4ecTtBe pelleHnAa COOTHOLLEeHUA

ay =%-[k1 F—k, - V(t)]-AV, (44)

BV=%-[1—k1-F+k2-V(t)]-AV, (45)

TO  MOXHO  yBWUAETb, 4yTO  onpeaeneHve
napametpoB psaga AV, ki, ko, V() nossonser
aBTOMaTUYECKN ONpeaenuTb 1 napameTpbl oy, PBy.

MoaTomy ganee nepexofHble BEPOATHOCTU
He paccmaTtpuBaeMm. He paccmatpuBaem Takke

panee n napameTp Dy, 3agaBaembliit
COOTHOLUEHMEM (Tabn. 6)
1 (AV)?
Dy =— :
2 TV

KOTOpOE MOSTHOCTbIO OonpedenseT 3ToT napameTp,
ecnu 3agaHbl napameTpbl AV 1 1y,

bynem paccmaTpuBaTh TONbKO creayloLine
napameTpbl MOAENBHOro onyxgaHus B
npocTpaHcTBe ckopocTen: AV, 1y, ki, k2, V(t), ov.
Mpnyem M3 BCeX COOTHOLLUEHUN, MPUBEOEHHbIX B
Tabn. 6, B HaLeM pacnopsikeHnM OCTarTCs NULb
3aBucumoctn ans V(t) n oy (Beab COOTHOLUEHUS
Ons  nepexogHbIX BEepOSATHOCTENM WM OTHOLUEHME
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BEMWUYMH OOQHOro Nopsifika ManocTn UCMosb30BaHbI
Ansa onpegeneHns napameTpoB oy, Py U Dy). OTn
3aBUCMMOCTM C  Y4YEeTOM  COOTBETCTBYIOLLErO
CooTHOWeHnA Ans napametpa Dy moryT 6bITb

3anncaHbl B Buae Cneaylwmx aHanuTuyeckmx
BbIPaXXeHWI:
2
AV
k] —kz( ) -t
V(t)=—L-F-|1-¢ V|, (46)
ky
—Z‘kZ‘M‘t
oy=|—-|1-¢ v , (47)
ky
Wtak, panee paccmaTpuBaeM  LUECTb

napameTpoB AV, 1y, K1, ko, V(t) n oy, koTOpble
cBsA3aHbl Mexay cobon ABYMS COOTHOLLUEHMSMMU
(46) 1 (47). BTN COOTHOLLEHUS, B CUIMY HanNuunsa B
NX NPaBoW YacTn BpeMeHw t, MO3BOMSAIOT NONYYNTb
noboe 4MCcro AOMOMHUTENbHBIX COOTHOLLEHWUIA
ans CBA3U napameTpoB MOLOENbLHOro
BEPOSITHOCTHOIO GnyxgaHust mexgy cobon, ecnu
ONA  Kakoro-To MOMEHTa BpPEMEHW U3BECTHbI
3HadeHua V(t) u oy (YNCNO COOTHOLUEHUI MpU
3TOM PaBHO YMCHY Taknx MOMEHTOB BPEMEHM).

OpHako M3BECTHbl 3Ha4YeHWs napameTpoB
V(t) 1 oy NUWb AnNa ABYX MOMEHTOB BpPeMeHu, a
NMEHHO:

- ana t 0 (korga pBwXKeHVe elle He
Hadanocbk) V(t = 0) = oy = 0;

- Ang t=e (Korga ABWXEHVWE B cpefHem
ycTaHoBunock) V(t=w) = Vpx 1 (6v)yer=Voru..

B camom pene, BO-nepBbiX, B MOMEHT
BpemeHn t = 0, B camom Hauvane aswxkeHus (To
€CTb B CaMOM Hayare BuMbpauMoHHOro npotecca),
BCEe  9neMeHTbl  3arpy3kM  HaxogsaTcsa B
HenoaBWMXHOM MOMOXEHUKN, KOrda WX CKOPOCTb U
ee drnyktyaums pasHbl Hyno. Bo-BTOpblX, C
TEYEeHMeM BpPEMEHM MPOUCXOAUT YCTaHOBIEHWE
«PErynspHoOCTM» B CNyYanlHOM  ABWXKEHUU
3MNEeMEHTOB 3arpy3ku BUOPUPYIOLLEro KOHTENHepa
BuO-cTtaHka, nposgenswoweecs B MNPUHATUU
LUMPKYFSLMOHHON CKOPOCTbIO M ee nyKkTyaunen
HEKOTOPbIX  CPedHUX  3HaYeHUN. Mpuuem,
MOCKONbKY pearibHbl 3NeMeHT 3arpysku («Terno-
npeacraBuTenby) CcoBepllaeT ABWXKEHWE U B
NpOCTpaHCTBE KOOpPAMHAT, WU B MPOCTPAHCTBE
CKOpOCTEN OAHOBPEMEHHO, TO:
yCTaHOBMBLUAsACH LUMPKYNSLUOHHas
ckopocTb Ans noboro anemeHTta 3arpyskun BuO-
CTaHka («Teno-npegctaBuTeNnb») MOXET ObiTb
WHTepnpeTnpoBaHa Kak LUMPKYNSLMOHHasA
ckopocTb Vi Mpouecca  GnyxgaHus B
NpoCTpaHCTBE KoOpAMHAT W Kak npedenbHoe
3HayeHne cpedHen  CKOPOCTU  MOAENbHOro
6nyxgaHusa B NpOCTPaHCTBE CKOPOCTEN;
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- yCcTaHoBMBLUAACA pnyKkTyaums CKOpOCTU
ana  noboro anemeHTa 3arpys3km BuO-cTaHka
(«Teno-npeacTaBUTEnNby) MOXeT ObITb
WHTEeprpeTUpoBaHa Kak mnpegensHoe 3HadeHue
cpegHeKkBaapaTUYHOrO OTKIMOHEHUS OT cpedHero
3HaYeHNst CKOPOCTU ANS ModenbHOro 6nyxaaHus
B MPOCTPaHCTBE CKOPOCTEMN.

YTto KacaeTcsa MomeHTa BpeMeHu t=0, To n
(46), w (47) pawoT npun nogcrtaHoske t=0
TOXOECTBEHHbIN  HOMb, 4YTO  COOTBETCTBYET
OTMEYEHHOW HEMOABWKHOCTU 3NIEMEHTOB 3arpy3Kku
B CaMOM Hauvarne BMBpauMOHHOro npouecca. JTa
TOXOECTBEHHOCTb He MO3BONsieT MCNoNb3oBaTb
3HayeHne BpemeHun t=0 gna  nony4veHus
OOMOMHUTENbHOrO COOTHOLLIEHNS.

UTo Xe KacaeTca MOMeHTa BpeMeHu t=co,
TO, COMNAacHO W3MNOXEHHOMY, BblpaxeHue (46)
OOIMKHO  AaBaTb  3HaYeHue  LUPKYINSLUMOHHOWN
CKOpOCTU Vup. MPU MOOCTAHOBKE B €ro npasylo
yacTb t=co. JOTO NO3BOMSET 3anucaTb B UTOre
COOTHOLLEeHue

ky

\ —L.F, 48
K (48)

LIHPK.

KOTOpOE C Y4EeTOM MOMYYEHHOrO Bbille BbIpaXKeHs
(40) nossonseT 3anucaTtb nckomoe
AonornHuTenbHoe COOTHOLLEeHue mMexay
napamMmeTpamm ki n ko MOAerbHOro
BEPOATHOCTHOTO OnyxgaHus B NPOCTPaHCTBe
CKOpOCTEN B BUAe CneayoLero paBeHcTea

ki _ Ao

kz F- TO to
npasas YyacTb KOTOpOro npeacraensaet
KOMBVHaUMIo 3agaBaeMbIxX NapameTpoB.

MopctaHoBKa Xe 3HavYeHUs BpemeHu t=w B

npaBylo YacTb BblpaxeHus (47) aHanornyHa Tomy,
4yTo ObINO cgenaHo Bbiwe NpU  NOMAyYeHUU
paseHcTBa (43). lNpuvyemM nNOCKOMbKY MNpu 3TOM
BBOAUTCH AOMNOMHUTENbHLIN NnapameTp V, TO

OTH.?

COOTBETCTBYIOLlEE  YyKa3aHHOW NnoAcTaHoBKe
Vom. =+1/k> MOXeT
paccmaTpuBaTtbCA  Kak gononHutenbHoe. Ero
cnegyeT paccmatpuBaTb, Kak 3TO W cAenaHo
Bbllle npu nonydyeHun (43), B KadecTBe
onpegeneHnss OTHOCUTENbHOW CKOPOCTU 4epes
napameTpbl MOOENbLHOro BEPOSATHOCTHOIO
BnyxgaHusa B NpOCTPaHCTBE CKOPOCTEN.

Takum obpasom, ucnorb3oBaHve
COOTHOLLEHMA (46) npu NOACTAHOBKE B HEro
3Ha4YeHust BpeMeHU t=co N03BONSAET NOMy4UTb OHO
OOMOMHUTENbHOE  COOTHoWeHne (49) mexay
napameTpamMmM  MOAEMbHOrO  BEPOSTHOCTHOrO
OnyxgaHua B npocTpaHcTBe ckopocten. [lpu
3TOM, €CfM U3 Crnucka B LWeCTb napameTpos AV,
Ty, Ki Ko, V(t) 1 oy uckntounts gea nocnegHux V(t) n
Gy, Y4TS, YTO BblpaxkeHus (46) u (47) onpegensioT

-, (49)

COOTHOLLEeHne He



