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WMOBIPHICHA IHTEPMPETALIAA MEXAHIYHOIO PYXY

AHOTALJISI. ImosipHicHul nidxid 0o onucaHHs nocmynanbHo20 pyxy Makpomin eka3ye Ha nosigy doda-
mkKosux yrnopsidKosyoHux eghekmis, opieHmo8aHuUX 8 HarpsIMi pyxy mina.

AHHOTALMA. BeposimHOCcmHBbILU MOOX00 K OrucaHuro rnocmyrnamersibHo20 O8UXEHUSI Makpomer yKasbl-
8aem Ha rosierieHue OoMoIHUMEsbHbIX yropsdodusarouwux 3¢hghekmos, OpueHMUPOBaHHbLIX 8 Harpas/ieHuu

OsUXXeHUsI mena.

ABSTRACT. The probabilistic approach to description of forward motion of macrobodies specifies on
appearance of the additional putting in order effects oriented in direction of motion of body

Bcmyn. Ha cborogHi 6e3cymHiBHOWO cTana
3aCTOCOBHICTb MMOBIPHICHOIO OMMCaHHA pyxy 4ac-
TMHOK B MikpocucTemax (94po, atom, Morekyna), siKi
€ NpeporaTmMBol0 KBAHTOBOI MexaHikn. Hisikoro iHwo-
ro onucy, KpiM iMOBIpHICHOrO, AN HUX He icHye. [Jo-
CUTb 4acCTO Ta 3i 3HAYHO eEKTUBHICTIO CTaTUCTU-
YHUM NigXia BUKOPUCTOBYIOTb MPW OMUCAHHI pyxy
aHcambniB TOTOXHUX YaCTUHOK, 30Kpema MOMeKy-
NAPHUX CUCTEM, OTPUMYHOUM HOBI, TaK 3BaHi CcTaTuUC-
TWUYHi 3aKOHOMIPHOCTI.

Hemae Hisikoro cymHiBy, Lo i 40 6yab-gKkoro
MaKpOCKOMIYHOro Tina, ke npeacraense cobok aH-
cambnb OaraTbOx CKNagoBUX YaCTUHOK, NMpw 3AiNc-
HEHHi HUM 3BMYaNHOro NPSIMOSIHIMHOIO pyXy, MOXHa
3acTocyBaT IMOBIPHICHWUI Nigxig. MNuTaHHA Tinbku B
TOMY, Y/ JacTb HaMm Taka MMOBIPHICHa iHTepnpeTa-
Lis MexaHiYHOro pyxy sKiCb HOBi 3aKOHOMIPHOCTI,
HOBI ysiIBMeHHA? Bignosigi Ha ue NMTaHHSa 1 NpUCBS-
YeHa aaHa pobora.

Mu xouyemo BUpasUTU LUBUAKICTb pyxy Tina
SIK LiNnoro 4yepes BHYTPILUHIN XaOTUYHUIA pyX KOro
CKNaZioBUX, ane npu UbOMYy 3any4ymtu sikomora me-
Hwe getanen. Tomy Haw nigxig 6yae 3HayHoO Bigpi-
3HATUCb Big 3aranbHONPUMAHATOrO B CTATUCTUYHIN
MeXxaHili KOOpOWHATHO-IMMAYSIbCHOrO OMUCaHHA Mo-
BEAiHKN MNOro CKMagoBUX €NeMEeHTIB 3 BBEAEHHAM
dyHkuin posnoginy i T.n. [1]. LLlo6 3abeaneunTtn no-
CTaHOBKY 3aJaui 3 NPOCTUM 3aCTOCYBaHHAM MOHATTS
MMOBIPHOCTI, cnpobyemMo npeacTaBUTM HanpsamIe-
HUA pyX Tina 3 AOMNOMOro ABOX MHOXWH PiBHO3Ha-
YHWX BMNAOKOBMX OPIEHTOBAHWX €NeMeHTapHuX Mo-
ain [2].

EnemeHnmapHo0 nodieto B HAWIOMY po3rnsgi
Oyae pyx CknagoBOro ernemeHTa Tina 3 NeBHOK Ma-
CO0 Mgg B BU3HAYEHOMY HaNpsAMi 3i LWBUAKICTIO V.
dakTnyHO, MOBa Mae Npo eneMeHmapHul iMmynsc
OKPEMOro enemMeHTa i BiH CTae CBOEPIAHOK OAUHU-
Lelo BUMIpIOBaHHSA MHOXWH BunagkoBux nogin. o6
BIJTBOPEHHA Ui€i oauHMLUI 3p00OMTU OAHO3HAYHUM,
OOMOBMMOCH BM3Ha4yaTW Macy Meyp | WBUAKICTE Vo
CTPYKTYPHUX €MNeMeHTIB B MOMEHT, KOnu Tina Hepy-
XOMi BifIHOCHO CUCTEMMU BiAMiKy.

Bubip opHakoBOI LUBMAKOCTI CTPYKTYPHUX
eneMeHTIB Tina Ve HeobXigHui gnsa toro, wob 3po-

OuTU BCi enemeHTapHi noAii pisHosHa4yHumMu. Lle ne-
peabavae neBHy CTAaTUCTUYHY MNpoLenypy BM3Ha-
YeHHs1 BenunuuHu V. Hanpuknaa, Ha monekynsip-
HOMY piBHi OyOOBM Tifa Taky CTaTUCTUYHY Npoueay-
py NOTPiIOHO 3acTocyBaTW ABIidi: MPU YCEpPeaHEHHI 3a
BENMMYNHOK LUBMAOKOCTI, WO NpUBOAMTL OO cepea-
HbOKBaAZAPATUYHOI LWBUOKOCTI Vo, T NpU ycepea-
HEHHi 3a BENMYMHOK NpoekUii WwBnakocTi (0 — Ve),
o nae
el .
2 V2

Xou Take ycepeaHEHHs i € ocutb rpybum, anga snb-
paHoro nigxoay ue He Tak Bxe i Baxnueo. [poTe 3
(1) BuMaHO, WO Npu HeobXigHOCTI AN LUBWMAKOCTI
enemMeHTIB MOXXHa BMbupaTtun Hanbnmxyy 3a 3HayeH-
HAM XapaKTepHy LWBUAKICTb MONEKyn — HamnbinbL
IMOBIpHY LUBUAKICTb V,, ;..

lMpouedypa posanady. Ha puc. 1 npeacra-
BNEHO NPAMORIHIMHUA PIBHOMIPHUI pyx OBOX Tin A
Ta B B300BX MO3UTMBHONO HanpsMKy oci X 3i Wweua-
KocTssMmn V Ta U 3 AOMNOMOroK ABOX MHOXMWH Opi€H-
TOBaHMX B MNPOTUNEXHUX HanpsmMax BMNaAKOBUX
enemMeHTapHuX nogin.
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Puc.1l. CxemamuyHe ripedcmasrieHHs no-
cmynarnbHo20 pyxy deox min A ma B. lNoka3aHi 08i
MHOXXUHU r1oditi, opieHmosaHi 83008 OCi X 8 rpo-
MUIEXHUX Harnpsimax.

Hanpuknag, MHOXMHa OpieHTOBaHUX NOAiN B
HanNpsIMKy 3pOCTaHHA oci x (+) Ansa Tina A nosHave-
Ha Ha PUCYHKY $K J06yTok Ca Ha i'(pa), Ae
Ca=mu/Mgy — Macosuli MHOXHWK MHOXUHU MOAiN,

! KnanueHko B. 1., goueHT, Tecns FO0.M., npodeccop. KUIBCbKWI HaLioHaNbHUI yHIBepeUTET BydiBHULITBA | apXiTEKTYpH.
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i"(Pa) — BIAHOCHA MOTYXHICTb MHOXWHMU LMX NOAiN.
Macosi MHOXHWKM C, Ta Cg NPONOPLiNHI peanbHUM
Macam Tif, a BEeNMYMHa LUX MHOXHUKIB 3anexuTb
nuwe Big piBHS po3bMBaHHSA Tl Ha CKNagoBi ene-
MeHTU. Toai BeNUYMHY LUBUAKOCTI pyXy Tina MOXHa
BM3HA4YaTM 4epes3 iIMOBIPHOCTI BiANOBIQHMX MOAIN
Takum 4YmHOM. BBegemo BenuunHy dmosgipHocmi ne-
pemMiweHHs Tina B HanpsiMi 3pocTaHHa oci x. Hanpu-
knag, ansa Tina A
" (pa)

CLi"(P,)

LWIBWAKOCTI CBITNa B BakyyMmi). 3anuviaetbCca OHe:
aHarnoriyHo NPUHLUMMY iHBapPiaHTHOCTI, NOCTYMNOBaTK
3HAYEeHHS WBUOKOCTI pyXy eneMeHTiB CTPYKTYpU Tif:

V,,=C. 4)
Toai wemakicTe TiN B pensaTMBICTCbLKOMY BU-

nagky BM3HadaTtMmeTbesi, 3aMmicTb (3a) i (36), yepes
LWBMAKICTb CBITNa B BaKyyMi:

V=(2 Pa -1, (5)
u=(2p; -1c. (6)

Pa=
()

VIMOBIpHICTb NepeMmillleHHsi B 3BOPOTHOMY Hanpsimi
BignosigHo 6yge piBHa (1-pa). 3ayBaxkumo, WO Mo-
BHa KiNbKiCTb MOAiN, sika 3anucaHa 9K cyma B 3Ha-
MEHHWKY, He 3060B’si3aHa ByTn cTtanow. Toai wena-
KICTb MepeMillleHHs Tina BM3HayaTUMETbCA He pi3-
HULE MOoAin, a nuwle BIQHOCHOK pi3HMUE noAin,
TOGTO Yepes iIMOBIPHOCTI NepemiweHHs. Hanpuknag,
ana Tina A

V= PaVoo = (0= P Voo = (2 Pa— D) V-
(3a)
AHanoriyHa coopmyna cnpaseanuea i ang Tina B:
u=(2p; 1V,

(36)

Mpn 3Ha4YEHHAX NMOBIPHOCTEN Y2 LUBMAKOCTI
Tin OOPIBHIOKOTb HYNEBI, WO PO3yMHO i noriyHo. lMpo-
Te, MOKN HIYOro NpUHUUNOBO HoBoro dopmynu (3a)
Ta (36) He BHOCATb B Hallle PO3YMiHHS MeXaHiYHOro
pyxy, iX MOXHa oTpuUMaTth NPSMUM 3aCTOCYBaHHAM
3aKOHy 30epeXeHHs1 iMnynbey. A Ha ManbyTHe cnig
3ayBaxuTn fOBi obctaBuHU. [epwa. Npu ysaBHOMY
NoApiGHEHHI TiN 4O MONEKYNAPHOro piBHsSI 3acTOCO-
ByBaTW 3anpOnoOHOBaHWM Nigxig MOXHa nvwe B BU-
nagkax, Konu LBWOKOCTI Tin MEHLWi 3a WBUAOKOCTI
mMornekyn, To6to dopmynu (3a), (36) maoTb obme-
XeHHs1 U, V<V, Opyra. ®opmynu (3a) Ta (36) Bupa-
XawTb nuule UMOBIPHICHY iHmeprnpemauio MexaHi-
YHOro pyxy, i He BKa3ylTb Ha B6esnocepefHii npu-
UYMHHO-HacniaKoBMN 3B’30K. CnpaBXHin 3B'A30K Ta-
KWI: 30BHILLHI NPUYUHWK, SKi 0BYMOBIOIOTL CTaH Tina
(wBMAKiCTb enemeHTiB Vo) Ta CTaH pyxy (LUBWUAKOCTI
V 4u u), BU3HaAYaOTb NOTYXHOCTI MHOXWH OpIEHTO-
BaHWX NOAIN Ta, B peLlTi pewT, UMOBIPHICTb nepe-
MiLLLeHHSA p. A He HaBnaku.

Pensmueicmcbki pyxu. Akwo Tina A ta B
pyxalTbCs 3i LIBUAKOCTSAMU, L0 HabnmxkawTbca A0
WBMAKOCTI CBiTNAa, TakWA CTaTUCTUYHWIA pPo3rnsag
MOXHa 3acTOCOBYBATWM nuile npu Hambinbw rnu-
OMHHOMY piBHI «noapibHEeHHA» TiN Ha cknagosi Yac-
TUHKW. Lle Ton piBeHb Bya0BM, AKOro, MOXIIMBO, MU
LLle He OOCArNN He TiNMbKM eKCnepuMeHTanbHo, ane m
TeopeTnyHo. Ane Ha LbOMY pPiBHI CKNadoBi enemeH-
T TiN HE MOXYTb MaTWU LUBWOKOCTEW, MEHLUMX HiX
LWBMAKICTb CBiTNA € (iHaKwe 3 SKMXOCb HE3PO3YMINnX
MPUYUH BUHUKAE 3abOpoHa Ha 3aCTOCOBHICTb MMOBI-
pHicHoro nigxogy). OgHak BOHM HE MOXYTb Matu i
wBuaKocTen, BinbLUMX HiX LUBMAKICTb CBiTNa ¢ (3rig-
HO 3 noctynatom EMHWTENHa npo iHBapiaHTHICTb

- C.i"(py)+C,i(p,) - i"(p,)+ 1 (p,)To6TO y BCiX MaTepianbHuX TiN 3 HEHYNbOBOK Ma-

COH0 CMOKOK LIBMUAKICTE acMMNTOTMYHO Habnmxa-
€TbCSA A0 C, i nMwe POTOH (ENEKTPOMAarHiTHa XBWns)
B BakyyMi MaTume L0 BENUYMHY WBMAKOCTI (Y ¢o-
ToHa p gopisHtoe 0 abo 1, To6TO BCi CknagoBi ene-
MEHTW pyxalTbCs B OOHOMY HanpsiMi i 3 0AHAKOBOIO
LWBUAKICTIO).

[MocTaBuMO Tenep NUTaHHS NPO BU3HAYEHHSA
LWBMAKOCTI pyxy Tina A BigHocHo Tina B. [nsa uyboro
HeobXigHO BMKOpUCTATU LWe OAMH NpunyLeHHs (abo
nocTynaT) - MpOo PIiBHOMPABHICTb iHepUianbHMUX CUC-
Tem Bigniky. B Hawomy nigxodi ue eksiBaneHTHO
TOMy, WO BiJHOCHY LWBMAKICTb Tifl NOTPIGHO BU3Ha-
yatn 3a (5) um (6), @ MMOBIPHICTb BIAHOCHOIO PyXy
Pag NOBUHHA OYTM 3agaHa oOpMYrIO, aHasoriYHoO
(2). Mpwn ubomy nogii, Wo BM3Ha4YaloTb BiAHOCHE Me-
peMmilleHHa OBOX Tin, CKnagarTbCa 3 ABOX He3arne-
XXHUX MOAIN, NMOBIPHICTb AKMX BU3HA4Ya€eTbCA A0OYT-
KOM MMOBIpPHOCTEN 060X He3anexHuX nogin [2].

3rigHo puc. 1, MoBHA KinbKiCTb CKageHux
nogin gopieHioe 4. [1Bi 3 HUX € «NOPOXHIMM», TOBTO
TakMMu, WO He NPUBOAATL OO BiQHOCHOrO pyxy Tin:
paps i (1-pa)(1-p). B BU3HAYEHHI NMOBIPHOCTI BigHO-
CHOr0O pyxXy BOHM He npurmMaloTb yvacTb. [Bi iHLWi
(POPMYIOThb L0 MMOBIPHICTb: MMOBIPHICTb BIQHOCHOIO
3MileHHA Tina A BnpaBo NO BigHOLWEHHO Ao Tina B
BM3Hadae obyTtok pa(l-pg), a BniBo — gobyrtok (1-
P4)Ps. TAKMM YMHOM

Py = pA(l_ pB)
A8 pA(l_ pB)+ pB(l_ pA)

€ BiQHOCHOIO MMOBIPHICTIO BiHOCHOIO NepeMilLleHHs
ABox Tin. MNosHaumBLLM BiAHOCHY LWIBMAKICTb Tina A
BiQHOCHO Tina B sk v, oTpumaemo

()

v=(2ps 1), (8)
Bupasuswu 3 (5) Ta (6) NMOBIPHOCTI psTa ps
0 :V +cC. 0, = u+c
A2c TP 2¢ ]
i3 (7) Ta (8) oTpumaemo:
_ 2c+V)(c-u 1le= V- u ©
(c+V)(c-y+(ct9(c v L
CZ

Ham 6inbw 3Bu4yHa iHwa dopma (9). Axkwo Tino B
po3rnsgatv sk pyxoMy CUCTEMY Bigmniky (Tomy W
WBKWAKICTb MOro no3HavyeHa 3ararbHOMPUINHATO
niTepoto u), To WBKAKICTb V Tina A BigHocHo Tina B e
MOro LIBUAKICTIO B pyXOMiil cuctemi Bianiky. Bupasu-
BwWK 3 (9) weuakicte V Tina A BiQHOCHO HEpyxomoi
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cucTeMn Bigniky, MatuMeMo penaTuBICTCbKY dop-
Myny 0OAaBaHHS LUBUAKOCTEN:
_Vv+u
1+
c

Llen pesynbrat ouikyBaHuh [3], i € nuvwe
NiATBEPAXKEHHAM TOro, WO iMOBIPHICHMIA nigxia 0o
OMUCaHHA MEXaHIYHOro pyxy 3aCTOCOBaHUMN HaMu
npaBuUIbHO.

BidHOCHa nomy)Hicmb MHOXUHU OpPi€H-
moeaHux nodit. Y Hawomy po3rnsgi BigHOLEHHS
NOTYXXHOCTEWN OpPIEHTOBAHMX B BiAMNOBIAHOMY HaNpsMi
nodin Ansa KoXHoro Tina opMye BiANoBiagHI MMOBIp-
HOCTI NepeMilLeHHs, SiKi, B CBOIO Yepry, BU3Ha4yaloTb
BENMUYUHKN LLIBMAOKOCTEN HanpammieHoro pyxy. Ha-
crpaegi Bce BiaOYBaeTbLCA sikpa3 HaBMaky — 3Ha4YEH-
HS HaJaHuX Tiam LWBWUOKOCTEN BU3HAYaKTb Bigmno-
BiOHI CTaTMCTMYHI BenuumHu. [lpo ue noTpibHO
nam’statm, Xod MpW 3acTOCyBaHHiI MMOBIPHICHOIO
nigxoay BaXnMBUM € nuule X MateMaTuyHUn 3B'S-
30K:

(10)

Cai"(P) _1"(PA) _ Pa

CA?_(pA) ?_(pA) 1- pA’. (11)
Cei"(Pe) _1"(Pe) _ _Ps
CBi_(pB) i_(pB) 1- Ps

Tob6T0, BenuuvHM i* Ta i- € yHKUiaMK nu-
e MMOBIpHOCTI nepemilleHHs. Toai MOXHa nocta-
BUTM 3annTaHHA Npo Te, sk Bege cebe ix cyma

i(p)=i"(p)+i"(p). (12)

Ons Hepyxomux Tin pa=ps=0,5 i, 3rigHo 3 (11),

i"li-=1. Toai MOXHa NPUAHSATN 3HAYEHHS BiOHOCHMX

NOTY>XHOCTEN OPIEHTOBAHUX MNOAIN Y HEPYXOMMX Tif

piBHMMYK 0,5, Tak WO

i(0,5)=i" (0,51 (0,5F . (13)

Akwo obuapa Tina pyxalTbCs 3 OOHAKOBU-

MU Ta HEHYNbOBUMW LUBMAKOCTSIMM i B OQHOMY Ha-

npsmi (pa=ps=p#0,5), TOOTO, KONU iX BigHOCHA LLBU-

OKICTb JOpPIBHIOE HyneBi, TO PiBHUMU CTalOTb MOTYX-
HOCTIi CKNnaZleHMX MOAIN NPOTUMEXHMX Hanpsmis

pA(l_ pB): pB(l_ pA)' (14)
3Biakn
Pa — P (P _T(P)
1- Pa 1- Ps ’ i (pA) i (pB) '
Abo
1 (PA)I"(Pe) =17 (Pe)i (P (16)

Bupas (16) moxHa nosToputu 6e3niy pasiB ans
Oyab-AKkMX nap Tif, WO MakwTb HyNbOBY BiOHOCHY
WBnaKicTe. BsaaBwm fo yesarn, WO npu LbOMY
PA=Ps=p, NPUXOAMMO OO BUCHOBKY, WO A0BYTKM NO
(16) noBuHHI B6yTK yHiBepcanbHOW (PyHKLiE NMOBI-

pHOCTI:
i"(p)i"(p) = f(p).

Mpo uto yHiBepcanbHy dyHKLUiO HaM BigoMoO
nuwe Take. BoHa He noBumHHa OyTWM NPOMOPLINHO

34

0obyTky p(1—p), 60 iHaKwWwe WBMAKICTb CBITNA CTaHe
pocsbkHoto. IMpu p=0,5 ii 3Ha4eHHs 0,5-0,5=1/4>0. Hi
B OAHIN ToyLi LA gYHKUIA HEe NMOBMHHA NepexoauTu
yepes Hyrb, HaBiTb NPU 3HAYEHHSAX P, WO NPSAMYI0Tb
00 Hyns 4n oguHuMUi. | HanronosHilwe: Ha Kpasx Adia-
Nnas3oHy BM3HA4YE€HHSA NMOBIPHOCTI P 0BMABI BENUYUHN
i" Ta i- NOBWMHHI HabnwxaTUCb A0 HyNs acMMnTOTU-
YHo. Bci Ui yMOBM NOYMHAIOTL BUKOHYBATUCh SivLle 3
3anexHocTi 4 puc. 2, sika Bignosigae yMoBi:

i"(p)i~(p) =const=1/4, (17)
TO6TO, KONMKM Uen OobyTok € iHBapiaHToM. Bci iHLWi
3anexHocTi (1-3 puc. 2), npu SKnX i Ta i - npoxoaaTb

yepes 0, € He3a40BINbHUMUN.
Topai, po3s’a3aBLUN NPOCTY CUCTEMY

r_p
i~ 1-p (18)
. 1
iiT==
4
OTpMMaeEMo
o1 p
2\1-p’
P (19)
|_:£ __p
2\ p

a Ans CymapHOl BiAHOCHOI MOTYXXHOCTI MHOXWHM
OpiEHTOBAHMX Noain

: 1
i =

2/pa-p)’

Bupasumo 3 (5) AMOBIpHICTb Yepes LWBUA-
KicTb pyxy Tina A. Togi matnumemo:

(20)

i (21)

Lo cniBnagae 3 MHOXHUKOM B popmyrnax nepeTso-
peHb kKoopauHat JlopeHua [3]. BuscHumo, akuin oi-
3V4YHWI 3MICT Mae€ MOBHA MHOXMWHA OPIEHTOBAHMUX
nogi ansa Tina A. na uboro BiGHOCHY MOTYXHICTb
MHOXWHU (21) HEOBXiAHO MOMHOXUTU Ha MacOBWUNA
MHOXHUK C, Ta Ha BENUYMHY eNeMeHTapHOro iMny-
nbCy meIOVeIO:

. C
1C My Ve = n‘bvz = mg (22)
1-2
C
0e m JopiBHoE
m= L , (23)
V2
s

O € OOHWM 3 Hacnigkis cneuianbHOT Teopii BigHOC-
HocTi. [Jo peui, sikpa3 y JlopeHTLa BUHWUKNO YsIBNEH-
HS MPO aHi30TPOMit0 MacK PyXoMoro enekTpoHa [4].
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A MHOXHWK (21), TOYHilWe Moro KBagpaT, BM3Ha4aB
BiJHOLIEHHSA MO300BXHbOI Macu eneKkTpoHa Jo no-
nepe4vHol macwu.

i" (p—1)
2,1
=
1.5 Tv \.
A\ -
N
llc 2 ‘\'\"
1 \
E
..N:‘:;? " — -
e,
0 0,5 1,C 1,5 2.C i~ (p—0)

Puc.2. [lo subopy yHisepcanbHoi epyHkuii i’ (77 =f(p). MpusedeHe none donycmumux 3HayeHb
rnomy»xHocmel opieHmosaHux noditi (nepwuti keadpaHm i'0i): 1 — sanexHicms i [V = f(p)= p(1-p),
npu Kt i+ 7=1; 2, 3 — MPOMIiXHI 3anexHocmi, Mpu AKkuX i Yu i~ doxodsms A0 Hyns Yu Nepexodsms
yepes Hyrb; 4 — 3anexHicms i 7= =f(p)=const=1/4, sika mae 2inep6oniyHi acumnmomu dns i’ (Mpu
p-1)mai (npup -0).

Ta B 6yaob-akomy pasi Mu oTpumanu geulo
HOBe 019 HaWWX ysBMEeHb MPO OCHOBM Ta Hacnigku
cneuianbHoI Teopii BigHOCHOCTI. Lle HoBe 3BOAUTbLCS
OCb [0 YOro: fpu 3pocmanHi weudkocmi pyxy mina
3pocmae Kinbkicmb roditi 8 mifi, opieHmMosaHuUX 8
HanpsMky toz2o pyxy. Toai MOXHa nopaxyBaTu Bif-
HOCHY [0S0 11epesakHo OPiEHTOBAHUX nogin (cBoe-
PiOHWIA MOKa3HUK aHi3omporii MexaHidHo20 pyxy):
[3:_+__:__:Zp—1:\L : (24)
(| | Cc
Ta BUACHUTU (PIUYHUI 3MICT MHOXMHU MEepeBaxXHO
OpiEHTOBaHMX NOAiN:

\Y C
0C, Mo Vo = E E"L\/z =mV. (25
s

TobTO, MHOXMHa NEepeBaXXHO OpPIEHTOBAHMX Mo4in
HacnpaeAdi € penaTUBICTCbKUM iMnynbcoM. Toai Bu-
pasu (23) Ta (25) gatoTb 3mory nobygyesaTu pensitu-
BIiCTCbKMI iHBapiaHT

(mg® —(mV)* =(mp ¥,

KNI eKBiBaneHTHWI PIBHOCTI
i2-82=("+i")2=( " ")%=1, abo:
47 =1. (26)

Lle pano Ham npaso (17) Takox HassaTu iHBapiaH-
TOM.

HarikopoTwunmu 6yayTe BMpasu ans noTyx-
HOCTElN MepeBaHO OpPIEHTOBaHUX MOAIN Ta cymap-
HOT MOTY>KHOCTi OPiEHTOBAHUX MOAIN, AKLLO BUKOPUC-
TaTu NOKa3HUK [3:

51" =i = py1-p7;

: (27)
i ="+~ =1/\1-p*
lNepemeopeHHs1 eninca ma enincoida no-
diti. CnpobyemMo TOMY HOBOMY, WO MW Ai3HaNuCb
npo pyxomi Tina, Hagat¥ Hambinbll HAO4YHOro BU-
rmagy. padiyHi npeacTaBneHHs OyaoyTb MOBHUMM,
AKWO KPiM OpPIiEHTOBaHOI B3AOBX HanpsMmy pyxy no-
TYXXHOCTi MHOXWHW nogivi i 6yayTe NokasaHi i NoTyxX-
HOCTi MHOXWH MOZiN B NMOMEpeYHnX Hanpsamax iy, iy,
SAKUMU MU [0 LIbOro He UikaBunuck. [ns BpaxyBaHHS
aHi3oTponii NoAin CKOPUCTAaEMOCh B3ATUM Y JIOpeHT-
ua [4] 3B'A3KOM MiX MOTY>XKHICTIO MOAIN B HanpsMi
pyxy Ta nonepek HbOro, aHasnori4yHMm CniBBigHO-
LUEHHIO Mac, Npo fke MU roBopunu 3 npmsogy cop-
Mynm (23):

I R T | (28)

Ty - T a_n2

I, 1+, 1-p
Togai, BMKOPUCTOBYIOHYM MNpuBeOeHi Bulle
3HaueHHs i, I*, i-, 3B'A30K y Burnsaai coopmynu (28)
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Ta CMMeTpIl0 NonepeyvyHnx 40 OCi X HanpsamiB, OTpu-
MaeMo:
i 2
R LT
y y 2 2 vy

eyl (29)
2(1-p) 2(1+p)

Ha puc. 3 npegcraesneHo nepepi3 nnowuHow X0y

enincoiga obepTtaHHsA, nobyaoBaHOro 3 AOMNOMOro

BIOHOCHUX MNOTY>XHOCTEN MHOXMHW MNOAiN $IK B Ha-

npsimi pyxy (Bicb x) Tak i nonepek. Toai ysiBHa no-

A

LUMHA MHOXMHMW NOAiN nepeTBoploeTbCa 3 kona (ne-
petvH cdepu) pagiycom 0,5 npu B=0 (puc.3a), no
CMOTBOPEHOro eninca (nepetuH enincoiga obeprtaH-
HSA HaBKOMO OCi X) NPU NPOMIKHOMY 3Ha4YeHHi 3 (puc.
30), a X 0O AyXe BUTAMHYTOro CMoTBOPEHOro efinca
npv npsimyBaHHi 3 go 1 (puc.3B).

MpocTiwe Kaxyyun, nepeTBOPeHHS MHOXWHW MOAiN
npoxoadatb BiA cTafii cgepu (Hepyxome Tino) Ao
BUTATHYTOrO B HUTKY enincoifa - 2osika nodit — npu
B—1. XapakTepHuM € Te, WO nnoLia npeacraBneH-
HA MHOXMHM nodin (nnowa nepeTuHy enincoiga
obepTaHHS) 3anuLIaeTbCs HE3MIHHOLO:

A

y y
=
i'fy- L, [ _\i
- N—
a 6
A
y
{ =

6)

Puc.3. Cxemamuy4He 306pakeHHs1 rnepemeopeHs esirnca nodid.

s=mrii, =n =const (30)
Ha BigmiHy Big nnowi nepeTuHy, o6’em enin-
coiga nogin y pyxomoro Tifla ameHwyeTbed. MNo3Ha-
4nmo Len 06’eM Benukoto nitepoto Q, Toai Ana cno-
cTepirada Hepyxomoi CUCTEMM BigniKy:
=£|| == J1-p>. (31)
6 6

B TOM Xe 4ac gn4a cnoctepirada, Wo pyxa-
€TbCA pas3oM 3 Tiflom, nnowa Ta ob’em enincoiga
NoAi B MOro cucTemi BiAniky BUPOAXYETbCA B KOMO

4n cpepy 3 AiaMeTpoM Jy, Tak LLIO:

' =ni2 = (1-B%);Q 6;” %(1 p2)" 32)

Ha mManbyTHe nigkpecnmmo, Wo BaXIIMBUM pPe3yrib-
TaToM € Te, Lo BigHoweHHA ob6’emiB enincoiaiB no-
Ain oo nnowi eninca nogin anst 06ox cnocTepirayis €
OAHaKOBMMMN:

Q_miy 1 ,\L
—=—>==(1- : 33
s 6mii, 6( P ) 33)
Q _m, 1 2
—=—===1 3
s  6ni’ 6( b ) 34

Tob6TO, TYT MM MaAeEMO crpaBy 3i LWe OOHUM pensaTu-
BICTCbKMM iHBapiaHTOM, Qi3U4HUIA 3MICT SKOrO BU-
3Ha4YMMO MisHile.

BucHoBKkM

MepLumnn BUCHOBOK: MPO 3aCTOCOBHICTb MMOBIPHICHOIO NigxoAy A0 po3rnsaay NocTynanbHOro pyxy Tin.
MpaBuUnbHICTb Ta PO3YMHICTb OTPMMaHUX pe3ynbTaTiB B LibOMY Nigxodi niaTBepaXyeTbCs NoBHUM 36irom 3
pe3ynbTatamMmu iHLLMX PO3rnsaiB, BKAOYa4YM 1 pensaTUBICTCbKY obnacTb.
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Opyrun BUCHOBOK: 3aCTOCYBaHHS MMOBIPHICHOrO nigxony npuMBoAMTbL A0 HOBUX YSIBNEHb B OMUCAHHI
pyxy, siki He Mornu 6yTK OTpUMaHi B iHWKX nigxoaax. 3okpema, Lie BUCHOBOK NpPo Te, Lo 36inbLueHHs WBna-
KOCTi Tifla NpnBOAUTbL 00 3POCTaHHSA B TiNi KiNIbKOCTI NO4iN, OpiEHTOBaHMX B Hanpsmi pyxy. AHi3oTponia mexa-
HIYHOro pyxy CTae HanbinNbLl O4YEBUOHOI NPY HABMMXKEHHI LUBUAKOCTI Tina Ao WBWMAKOCTI CBITNa,
nepeTBOPIOYNCH Ha CBOEPIAHY FOSIKY MOAIN.
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