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O PUBNYECKHUX OCHOBAX
IHEPBOI'O U BTOPOI'O 3AKOHOB MEXAHHUKHX HBIOTOHA

1 o . . o
Hayuonanwvuwiti mexnuyeckuii ynugepcumem Yxpaunot « Kuesckuii nornumexnuueckuii UHCmumym»,
2 .
MedicoynapoOHbili uHCmumym cOyUOHUKU

PaccMoTpeHO MpoMCX0XKIeHNE BOHOBBIX (DYHKIMHA HAaOIIOTaeMBIX YacTHI] C MAcCOi
m. OHo ompeznenseTcs B3aNMOACHCTBIEM 3THX YaCTHI ¢ 003e-3HHINTEHHOBCKIM KOHACHCATOM
YaCTHIL-AHTHYIACTHL (PU3NIecKoro Bakyyma. Omucansl pU3HIecKue IpOLECcChl, NPUBOISIIINE K
BBIITOJTHEHHIO TIEPBOTO M BTOPOTO 3aKOHOB MeXaHUKHM HpioToHa. [l aBmKyIeiics 9acTHIBI C
Maccoit m 3to addext MeticcHepa u mepexoy Jxo3edcoHa Ha Hell, IpyU pa3Mepe YaCTHIIBI
MEHBIIE JUIMHBI KOrepeHTHOCcTH. IIpm 3TOM Ha dYacTHIE BO3HHKAET CBEPXTEKYYHMH TOK
CUMMETPH30BaHHBIX YaCTUI-AHTUYACTHI] (PU3MUECKOTO BaKyyMa C XUMHIECKUM ITOTCHIHAIOM
V. JKo3e(COHOBCKMI IEpexoj Ha 4YacTHIE B KOHJCHCATE OIpEJeNsieT KBAaHTOBAHHE
SHEPTHH YacTHUI] ¥ IIPUHIUI HeoNpeaeeHHOCTH | eii3enbepra.

Kniouegvie cnoea: BonHOBas (yHKUMs, (U3MUECKHH BakyyM, KoHueHcaT bose-
OiHIITeHA.

1. BBegeHue

CornacHo 3KCIEepUMEHTAIbHBIM JIaHHBIM, YEAUHEHHOE TeJI0, HA KOTOPOE HE JIEHCTBYIOT CHUJIBI
CO CTOPOHBI JPYTUX TeJ, MOXKET JBUTaThCS TOJIBKO MPSIMOIMHEHHO M paBHOMEPHO ,0e3 yckopeHuid. U
HeroToH chopmynupoBa 3T0 B BUe MEPBOTO 3aKOHA IBMXKEHUs, 3aKoHa nHepuuu [2]: «Beskoe Teno
MPOAOJIKAET YACPKUBATHCA B CBOEM COCTOSHHM MOKOS WJIM MPSIMOJIMHEWHOTO W PaBHOMEPHOTO JBU-
JKEHHUS, 10K U TIOCKOJIbKY OHO HE MPHUHYKIAETCS IPUIIOKEHHBIMU CHJIIAMU U3MEHHUTD 3TO COCTOSIHUEY.

Bropoii 3akoH ABWXEHUS Tena moj BosneiicTBueM cuibl HeroToH copmynuposan criemyto-
muM oOpa3om: «/3MeHeHHe KOJMYecTBa JBIKEHHS MPOMOPIMOHAIBHO MPHUIIOKEHHOW IBIDKYIIEH

. . . . do _ -
CUJIE M IIPOUCXOJUT 110 HAIIPABJIEHUIO TOW IPSIMOM, 110 KOTOPOH 3Ta CHJIA IEUCTBYET», T. €. d—s ~F,

rae p — uMmIynbec, a F — geiicTByromas Ha Teo cuia.

2. BonHoBbIe hyHKLMU 3arneMeHTapHbIX YacTull.

BomHoBOE ypaBHEHUE 15 DJIEKTPOHOB coryiacHo ypaBHeHuro [Ipenunrepa [1]

0 2
=L vy,
% 2m,
1 KOMIIJICKCHO-CONIPAXKECHHOC YPABHCHUC
* 2
h o _ S vl +yoer,
i Ot 2m,

rae U — norennmanshas sueprus; 7 =1,054°10 spr'¢ — kBaHT jeiictus Ilnanka; m, — Macca

YaCTHIIBI.
Korna nmorennmanbuas sueprust orcyrctByeT (U=0), BomHOBast QyHKIINS 3aIICHIBACTCS B BHJIC

1
_ .. — Et-pr = o
Y= Aeh ,Tne Ewn P — 3Heprus U UMITyJIbC YaCTULIBI MAcCoOM M, .
HBI/I)KGHI/IC IJIOCKOM BOJIHBI YaCTUIIBI OIpeaCTIACTCA COOTHOUICHUEM

. X
Y = Ae—i((ot—KX) = Aeizhl(Vtix)

i)
rne E = hw, p T 7k .
J1J1 OJTHOMEPHOTO IBH)KCHHSI UMEEM BBIPKEHHE JIJIs ICOPOIIEBCKON ATTHHBI BOJTHBIL:
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o h
P myv

CornacHo BopHy, npou3sseenue ¥ (f)\P(F) SIBIISICTCS TUIOTHOCTBIO BEPOSITHOCTH HAaXOXJIe-

, IJI€ V — CKOPOCTH YaCTHUIIbI mo .

- 2
HUS YaCTHUIBI B TOUKE IPOCTPAHCTBA C PalyC-BEKTOpPOM I . A |LP| d>X — BepOATHOCTH OBHAPYKUTH
YacTHILy B 06IaCTH NPOCTpaHCTBA 00BbeMoM d°X BOKpYT TOUKH T .
U no ypasnenuto Illpeaunrepa co6cTBEHHbIE 3HaY€HHs dHepruu E U cOOCTBEHHBIE BOJIHO-

Bble hyukiuu P cBsA3aHbl ypaBHEHHEM:

VZ(pn +%(En _U)(pn :0’ A (En _H)(pn :0’

__ I .
rie H=——V2+y (r) — ¢ynkmus 'amMmibToHa; N — KBAaHTOBBIE YHCIIA.
0

3. SHepreTuyeckue ypoBHM Yactu B NOTeHUNANLHOMN iMe

s AMCKpEeTHOro CIeKTpa SHEpPIruu peuieHue ypaBHeHus [llpenrnrepa B HOTEHIHATBHOH siMe

(E<U)[1]:
_ . _~2mE _ ;
Y= Azsm(kx+8) ,rne k= T = ;p, A u 0 __ [HOCTOSIHHBIE.
Korna notennunanbHas ssMa OrpaHM4YeHa BEICOKMME MOTEHIMaNbHbIME cTeHKamu (0 Sxs e):
—p="Tn
hnoe’
rae N=1,2,3,... — 1enble NOJIOKUTENbHbBIE uncna, P~ mv,u E, < U,.

CobcTBeHHBIe 3HaUeHUs 3HepruK E, 1 coOCTBEHHbIE BOIHOBbIE (PYHKIIMU k3

Th2n? _ |2 . X
E,=——: ¥, —\/:sm“n—.
2mye e e

[Tpu cBOOOJHOM JABMIKEHUM YACTHIL JUISI CTAIIMOHAPHON BOJHOBOH (DYHKIIMU Y= Aeikx. Ilpu
+
[wwgsy - o

BOJIHOBOM (BYHKIMH 110 METOYy BopHa BBOJAT JJIMHY TepuoandHOoCcTH L mim nenbra-gpyukiuio upa-
ka [1].

o UMEIOT BU]I

U=0 B ciIydac CBO6OI{HOFO ABWIKCHUS YaCTHULl UHTCrPpaJl paCXOqUTCA: i HOSTOMy JJIA

3.1. MNpubnuxeHHsil Memod Benmuens-Kpamepca-bpurnmosHa (Memod BKE)

Haiinem sHepreTuueckue ypoBHM YacTUIBI M, HaXOASAUIEHCA B TOTEHIMANIbHOU sime. Paccmar-
pHBaeTcs MOTEHIMANbHAs IMa [IPOM3BOJILHOM, HO riiankoit popmsl (E <U, x Sx s X, ). Obmiee pe-
menne BKb:

1 XI + T +1\TT =
=JpdxT==(nTD", n=012,..
h " 2
J4! KBAHTOBAHHUEC SHCPTIUU IIPUHUMACT BUJ
C[pdx = 2“h(n+%j.

CobcTBenHas BoiHOBast (pyHKIus B npuoimxkenun BKB umeer By [1]:

Y= ’2sin EXI dx+
Ty hxlp 4)
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p

rae V= — — CKOpPOCTh YacTUIlsl;  — vacToTa KoJieOaHui.
mO
3.2. Teopembi OpeHebecma [1]

W3MeHeHune uMITylibca Co BpeMEHEM OTpeieisieTcs mo hopmyiie

$0)=(Hupx we) =+~ p0) = (2.

rae U — noTeHnuanbHas SHEPTHsl.
CorracHo TeopeMe DpeHdecTa:

d° o =—(2U\ = F
mod?<x> <_8;> (F(x)),rae F(x) — cuna.

Ponp knaccudeckoil KOOpIMHATEI B KBAHTOBOM TEOPUU UI'PAET CPEAHEE 3HAUCHUE <x> :
2

d _
m,—(X) = F (X
0
& )=F
CornacHo TeopeMe DpeHdecTa B ypaBHEHHE JIBHKEHAS B KBAHTOBOM CJIydae BXOJUT CpPEJHES
sHauenne cunst (F(X)).

U xBanTOBOC YpaBHECHUC ABUKCHHUA UMECT BUJ

A 2
 =r () +L o e
— (X}~ X) TA—~» Xy,
0 dtZ < > 2
()
rae TF” <X> SIBJISIETCS] KBAHTOBOM MOIMPaBKOM K KJIIaCCUYECKOMY ypaBHEHUIO HproTOHA.

B kBaHTOBONM MEXaHHKE CpCAHCC 3HAUCHUC KUHETHYECKO OHEPIruu <T> OIMpEeaACIACTCA BbIpa-

KCHUEM

;e Ap, = p, (P,

o -1 ()

2m,  2m, 2m,

4. YacTuubl M aHTUYaACTULbI (DU3NYECKOTro BaKyyma,
MX poXXaeHue aNeKTPOMarHUTHbLIMA UMMNYNbCaMU U CTONKHOBEHUSIMU YacTuL

CornacHo [3], maxe MpH OTCYTCTBHU PEATbHBIX HOTOHOB B (PM3MUYECKOM BaKyyMe MPOUCXOIST
(GIIyKTyaluu 3JIEKTPOMAarHUTHOTO ToJisl. M SHeprust SIeKTpOMAarHUTHBIX KoJMeOaHWH paBHA CyMMe
0ECKOHEUHOT0 Yrciia OCHWIIISTOPOB, 00pa3yIOIINX M0JI€ BUPTYalbHBIX (JOTOHOB:

2E ZZZChx%,

rae X — WMITYIbCHI BUPTYQIBHBIX YaCTHUI-aHTHYACTHII. KakIoi rapMOHUKE COOTBETCTBYET ITOJIS-
pmsamust »=1,2. BepoaTHOCTh pokaeHnss € e map W3 BaKyyMa CTAHOBHTCS 3aMETHO OTJIMYHOM OT
HYJISl TIpY OONBIIION HANIPSHKEHHOCTH 3JEKTPUIECKOTo TOs [5]:
®2A2
C
0
ES

=1,32°10% B/cwm,
el

rae @, — uacrora; ¢=2,998 "10° m/c — ckopocTh cBeta; €~ 1,6 107"° Ki1, mpu KOTOpOM aneKTpiye-
. - h _ - - -
CKO€ I10JI€ Ha KOMIITOHOBCKO# JutnHe BonHbl |, = —— = 3,86°10 YoM, rae m, = 9,1'10 gr COBepILIa-
m,C
€T Ha/l 27eKTPOH-TIO3MTPOHHOM Mapoit paboTy 2m,c.

Poxxaenne 31eKTpOH-TIO3UTPOHHOM Mapbl U3 (U3UUECKOro Bakyyma (POTOHOM DHEPTUH IpH
cronkHoBeHuu E, nmeer Bun
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=3 = 2 224+ m2-4 + 2 A2 4+ n2-4
E,~h \/pe,c mgc \/pe+c mgc” ,
rac pe, " pe+ — UMIIYJIBCHI 3JICKTPOHA U MO3UTPOHA, I’T'IO — OJHMHAaKoOBaiA Macca.

Kak u3BecTHO [3], 37CKTPOH-TIO3UTPOHHBIE TIAPhI 00PA3yIOTCSI M MPH CTOJIKHOBEHUM YACTHII.
[lomuas sHEpTHS APl paBHA H3MEHEHUIO YHEPTHH STep:

2
e +8 ~ MV
- 1
N 2
_ MM,
rae V— OTHOCHTENbHAsE CKOPOCTh; M M. PPMBEICHHAS Macca aep.
1 My

U, kak U3BECTHO, B HACTOSAIIECE BPEMs TIEpEMEHHBIE DIICKTPOMATHUTHBIE MOJSI BBICOKOW WH-
TEHCUBHOCTH MOTYT OBITh ITOJIyYEHBI C TIOMOIIBIO JIa3ePOB.

Cuaurtaercs [5], 94To poXkaeHHe Map MO ACWCTBHEM OIMHOYHOTO JIA3€PHOTO MMITYJIbCA WIIH
JIBYX BCTPEYHBIX HMITYJHCOB MOXKET OBITh pEaTbHBIM NMPH WHTEHCHUBHOCTSX U3TYYCHUS

| ~1, = E?=4,65'10% Br/ert.
47'[

Kak BUIHO, 3JIEKTPOH-TIO3UTPOHHBIC MIAPHI B PU3HMUYECKOM BaKyyMe MPEICTABISIOT CBSI3aHHBIC
COCTOSHHA C IIPOTHUBOIOJIOKHBIMU HUMIIYyJIbCAMM Y CIMHAMH, W IOTCHLMAIOM CIAapUBaHUA

U = —2m,c?.

5. BonHoBasi (hyHKLMA KOHOEHCaTa 3NeKTPOH-MO3UTPOHHbLIX nap .

I[HI/IHa KOTCpCHTHOCTHU JIA YaCTUI-aHTUYACTUI] KOHJCHCAaTa (I)I/I?;I/I‘-ICCKOFO BaKyyMa, Ha KOTO-

POl IPOUCXOIUT U3MEHEHHE TMapaMeTpa MOopsaKa (W ), ompeensieTcs: Mo KOMITOHOBCKOM JIMHE
BOJTHEI

- h _ _
|, =——=3,86°10 " cm,
m,C
rae m, 9,110 kr — macca smekTpoHa u mosutpona; = 1,05°107% spr. cek. — mocTosHHAS

[nanxka; ¢ = 2,997 '10°m/c — CKOPOCTb CBETA.

CornacHo 3KCIIepUMEHTAIIbHBIM JaHHBIM [ 1], pasmeps! aiektposa d, = 10*®cm . Takum oGpa-
som, d, <<(
MEPEKPHITHI, B PE3yJbTaTe CKOPOCTH JBWXEHHS U HMX ()a3bl B KOKIOH TOYKE CTAHOBSTCS PaBHBIMHU

ApYT IpyTy.
KonjieHcaTHbIE 3JIEKTPOH-TIO3UTPOHHBIC Mapbl B (U3UYECKOM BaKyyme corjiacHo [3] mpen-
CTaBJISIIOT CBA3aHHBIC COCTOSHUS C TPOTUBOIOJIONKHBIMHA CIIMHAMH W MMITYJIbCaMHU. A HYJIEBBIC KOJIE-

¢ » 1 BOJIHOBBIC (bYHKLII/II/I KOHACHCATa JJICKTPOH-TIO3UTPOHHBIX ITap CKOPCIUIMPOBAHBI U

Oanus [1] B pusnueckoM BakyyMe — 3TO MEPEXO/Ibl KOHICHCHPOBAHHBIX € €' Map U3 3aHSTBIX UM-

MyJIbCHBIX KIeToK K, ”K, B cBoOomubie K,,”K, wu oOparHo. Takue mapsl MOAIMHSAIOTCS CTaTUCTH-
ke bose-DiiHmTeliHa 1 KOHACHCHPYIOTCS Ha OHOM, HUKHEM YHEPTeTHYECKOM YPOBHE.
WTak, KOHIEHCAT AJICKTPOH-MO3UTPOHHBIX Map OMHCHIBACTCS KOTEPEHTHOM, T. € €IMHON KOM-

IIEKCHOM BOMHOBOI ByHkmmeii © 1 =P,

Takasi MaKpOCKOITHYECKasi KOTEPEHTHOCTh BUPTYalbHBIX € € Map MPUBOAUT K CBEPXTEKY-

yemy TOKy 1 3 dekry Jkosedcona Ha yacTuue M, pasmepsl Kotopoii d <(_, T.e. MeHbLIE JUIMHbI

KOTCPCHTHOCTHU.
1

CorjacHo COBPEMEHHBIM [aHHBIM, PaJHyC siapa XUMHYECKHX dnmeMeHToB: R =R “A% ) rue
R, = 1,371,7 10™®cM, 4 — uncio HYKIOHOB B sIpe. Y HyKHO ydecTs, 4To B | cM®, HaTpuMep KpH-
22
CTAJIJIOB, COACePKUTCS 0ojiee 10°° saep XMMUYECKUX DIIEMEHTOB.
U Tok uepe3 1x03e()COHOBCKUN MEpexol Ha ABMKYIICHCS YacTHLIE M CONEPKHUT Oe3AMCCHIIa-
THBHBII CBEPXTOK | , KOTOpBIH ABisAeTCs (QYHKIMEH OT pa3HOCTH (a3: Vo= ®1 - ®2 , TIe ®1,®2 —
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¢a3el BOMTHOBBIX (pyHKIMI O03e-KOHIEHCATa epe]] U 33 YaCcTULEH M.
CBepxTeKy4nil TOK Ha CTALIMOHAPHO ABIKYLIEHCS yacTuie M:
.- \V4
7N o=V,
2m,
rae Y9 — rpamment BOIHOBOM (hyHKIIMH KOHZEHCAaTa, CO3JaBaeMbIil IBIKYIIECS YacThIlei M.
[Ipu 3TOM 3HEprUs cBEpXTOKa
- h . _
e cos®, ~cos®,
2m,
3aBHCUMOCTh TOKa mepexoma j, — f Vo om -TIIepUOANYHA, TaK KaK M3MEHEHHUE JIF000H 13

¢as3 ®11®2 Ha 2™ DpUBOAUT K TaKoii jKe BOJHOBOW (DYHKIMHU IEpexoa LP:|1P rt |exp iV rt ,

T. €. K TOMY X¢ (PU3HYECKOMY COCTOSIHUIO CHCTEMBIL: j ¥ = Js FY+om y (ha3bl JOIDKHBI COBIIA-

JIaTh MIpU VO =T Takum 00pa3oM, YpOBHHU HEPTUH ABIKYIIEHCS JaCTUIIHI UMEIOT BH/T

E = (n+%jhm, rne n=0,1,2,...

n

PaccmarpuBaeM KOHAEHCAT YaCTHI-AaHTUYACTHI! (PU3UUECKOTO BaKyyMa C MOTEHIIMAIOM CIia-
puBanua U = ~2mc?, u > eKTUBHOI KOMIUTEKCHOH BOTHOBOMH (yHKIIHEH: V= \/q @9, rme P, —
TUIOTHOCTH YaCTHII.

i 603e-3MHIITEHOBCKOIO0 KOHJEHCAaTa CHEKTP SHEPruu IMpPU MajbIX HUMITYJIbCax K nmeer
nuHelnbIi xapakrep €= ck [2], u uMeer aBa moss cKOpOCTEl M BO3OYKIEHHOM M CBEPXTEKyYeit
KOMIIOHEHT V,,V, 1,X,Y,Z

MakcumanpHasi 9acToTa YacTUI-AaHTHYACTHIl B JDKO3e(COHOBCKOM IEPEXOJie C Y4ETOM HX
0 =Mc’

max h
Ecnu h‘op«mocz, TO HID)KHHE YPOBHH JK03e()COHOBCKOTO Iepexo/ia Jexar Ha JHE HOTEHIIH-

YCTOHYMBOCTH:

allbHOM SAMBI, T. €. KOrga Ha 4aCcTuie CBerTeKy‘IPIfI TOK, M1 HET BO36y>KI[CHHBIX KBasn4yaCTull, TO CHU-
CTeMa CBOAUTCA K OCHUJIIATOPY C qacTOTOM o " YPOBHAMMU SHEPruun

p
)
2

6. dPusnyeckue npouecchbl Npu NEpPBOM U BTOPOM 3aKOHaX MexaHUKu HbroToHa
Ha nBmkyimieiicss yacTuile Maccoil M B KOHJIEHCATE YaCTUI[-AHTUYACTHUI] (PU3UUECKOTO BaKyy-

Ma C eIMHOW BOIHOBOW (PyHKIMEH Y :pS’ Ha mmHe d <é0 =L, rae d — pa3mep yacTHIIbI,

(., — JUIMHA KOT€PEHTHOCTH, ITPOUCXOAUT JKO3€(COHOBCKUHI NEPEXOJ, T. €. BOZHUKAET CBEPXTEKY-
YUK TOK YaCTHI-aHTUIACTHI]
- h
js =P, Vo ,
2m,

e Vo = @1 — @2
Ipu ckopocTn V<<C 00pa3yeTcsi CBEpXTEKy4Hii TOK C IOTCHIHATIOM CIIapUBAHUS
E.= Z.|—2mocz|'ei2qr ,

— pa3HOCTh (ha3 BOJIHOBBIX (PYHKIMH KOHAEHCATA IIEPE/] M 33 YacTULICH M.

s
Ns

rae 20 — WMITyJIbC EHTPa Macc YaCTHII-AaHTUYACTHIL.
[Ipy CKOPOCTH YacTHIBI V =C B CBEPXTEKyYeM TOKE MOSBISAIOTCSA BO30YXKICHHbIC KBa3Uda-
v T -
CTHIIBI C BOTHOBOH (ymKkumeii Uz j, =0 p_ ™ ~p, u.

CoOCTBeHHBIE 3HAYCHUS OHEPrun Ijisd BO36y>KIIeHHLIX KBaspu4yacTul, T.€. OJCKTPOH-
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MO3UTPOHHBIX € €° map:
EL v = 2.2 + 288 + 1 L
k,r ,/p coTmyc” ThAvk
-
rne —K@, u  — BEKTOp B HANPaBICHUHU TOKA.
m
0
[Ipu ManbIx TpagueHTax Vo= ®1 _®2 SHEPTHUsl TOKa JK03e(COHOBCKOTO MEpeXoja pacTeT

KBagpaTU4HO, T. €.
2

— m,v
E. =N, —2=.
2
Heob6XxoauMo OTMETHTB, YTO HMITYJBC YACTHIBI [ KAHOHHYECKH COMPSDKEH C BOJHOBOM
6 L]
. _9%z _ .
(yHKIHEH CBEpXTOKa, T. €. KOHAeHcaTa: P~ — — P rae Toukoit 0603HaUYeHA IPOU3BOIHAS 110 Bpe-
¢
MeHu 1.
N xanoHnueckue ypasHenus ['amuinbToHa H:
SH_g H__. (_dpj
8p ' 3¢ ’ U dt /]
CornpsbkeHHbIE BETMYNHBI KAHOHUIECKU UMEIOT BUII: dp — d% °H = °H
“dt dt’ Sp 9

Kak BuauM, k03eCOHOBCKHI Tepexoj U BOJHOBaS (YHKIMS B MMITYyJbCHOM INpEACTaBIIe-

HUU: PX~ Xp ~ e X = {, — JUIMHA KOrepeHTHOCTH. Pasmep wactuupl d </, .

VYpasaenne lllpenuHrepa mprOIMKEHHO OMUCHIBAET BOJHOBYHO (DYHKITHIO NBIDKYIIEHCS Ya-
CTHLIBI M C PKO3e()COHOBCKUM Iepexo/ioM. BomHoBoe ypaBHEeHHE W I'paAueHT (a3bl, CO3/1aBaeMblil
JIBIDKYILEUCS YacTUIENR M

hz
EQF =———V2¥ ¢ +y¥y

2m
4TO M ONpEENIeT BPEMEHENONO00HBINA BEKTOP CBEPXTEKYUETO UMITYJIbCA
. _h R
p, F ==V¥r

|
JBrkymiasics yactuiia M HapyIiaeT CAMMETPHUIO YaCTHI-aHTHYACTHI] (PH3MUECKOTO BaKyyMa H
BO3HMKAeT UX XMMHYECKHUI oTeHman ¥ M, kotopsiii u onpexemnsier a¢pdexr MeiiccHepa Ha dacTHIe.

TIpe/cTaBUM BOTHOBYKO (DYHKIIMIO YACTHIIBI C FPAHMYHBIM MOTeHImanoM E SU

o ACTHII-
AHTUYACTHUI (PU3MIECKOTO BaKyyMa, T. €.
F=csin kxt9
— - h _ _ . — —
rxe ¢,9~const, x= l,, 0,=——738610 " cm — mmHa KorepenTHOCTH, a Sink £, =0, k —g .
m,C

Taxum o6pazom, k' ¢, =T n*1  raen=0,1,2,...

ypOBHI/I OHEPIruu 4aCTULIbI

TEZhZ
- 2 —
T —=nt1%, n=012,..
2m/ic
7[2h2
OHeprus 0OCHOBHOTO COCTOAHMA: Ey = ——.
2mic
BomHoBBIE PYHKITNH CTAIIMOHAPHBIX COCTOSHUHN YaCTHITHI
¥ = 2 . Tntlx <
N T sin ,The X =/(, — JUIMHA KOTEPEHTHOCTH.

C c

I'my6uHa noTeHIMaNbHON SIMBI B (PU3UYECKOM BaKyyMe, HampuMep, AJS BOJIHOBBIX (DYHKIIUHA
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OJICKTPOHA
o o_
U|<——="myc?.
m. ¢
0% c
TaK KaK BOJIHOBBIC (I)YHKHI/II/I 6036-3171HIHT6171HOBCKOF0 KOHJCHCAaTa 4YaCTHUIl-aHTNUYaCTHUL] (1)I/I3I/I-
YCCKOro BaKyyMa ABJIAKOTCS €AUHBIMU U CKOpeHHHpOBaHHLIMI/I, TO Ha HBH)KyIHeﬁCH qacTuie M BO3HU-

kaeT s¢pdexT Meiiccuepa E, = E |, MURMMU3HpyIOmuii BO30yKI€HHE YaCTUII-AHTUYACTHIL.

IIepBriii 3akoH MexaHukH HbIOTOHA, C y4ETOM BEPOSITHOCTEN, ITO CTALMOHAPHOE YPaBHEHUE
HlIpenunrepa ais ABwKymencs yactuusl mu E, T, FU

_ 2 100
EY = T—h
" 8™m

(m3nIecKoro Bakyyma

nom

Ox

U cobcTBennast BoTHOBas (DYHKIMS YaCTHIIBI M:

2
dxt TU‘P*(de .

1
j— _*Ent
¥ =en"0 ¢ ,rme® g — koopauHaTHAs GYHKIHSL.

A CKOpOCTb BOJHOBOIO MaKeTa 4YacCTULI M C JKO3e(COHOBCKMM mepexomoMm [ :

_dE _ d“)O

Vo — —.

dp dp
Bnarogapsi enquHONM KOTEPEHTHOW BOJHOBON (PYHKIMU 003€-KOHJCHCATa YaCTHI-AHTHYACTHII
(hM3MIECKOr0 BaKyyMa HMEET MECTO MUHIUMHU3AIIHS SHEPTUH BO30YKISHUS ABIDKYIIEHCS JacThIieit M,

5 o
d°L_°L_ _L__y .
YTO U ONPEJENeT JIarpaHKHaH m -S_q B_q 0, rme B_q U ¢usnyeckuii BakyyM.

CoxpaHeHue SHEpruu M 4yucia yacTul 003e-KoHAeHcaTa (GU3MYECKOro BaKyyma MPHUBOAUT K
O =;id O; =pd
MHBAapUaHTHOCTH JIarpamxkuana, T. e. °E, = joU,, ©j =POU_.
IIpy BO3HUKHOBEHMH YCKOPEHMS YaCTULBI M HA Hee AEHCTBYET cuila
- _ v _# 2 n* d%®
F=m—=—V V¥ U——
dt  2m 2m dt
YTO CBSI3aHO C IPAJUEHTOM BOJHOBOHW (DYHKIIMH YaCTHILbI U HPKO3€()COHOBCKUM IEPEXOJIOM YaCTHII-

AHTUYACTHI] HA HEH.
CuMMeTpHs 4acTHI-aHTUYACTHIl (DU3MUYECKOTO BaKyyMma JIEHCTBYET MOTEHIMAIOM CIIapHBa-

HHS HA = v, - Vi Vi i
ABIDKYIYOCS YaCTHILY, T. €. N, o nvH, rme XUMHYECKUH MOTEHIIUAI.

. . _ dv_d_ _ d*w
Takxum o6pa3oM, BTopoii 3akoH Mexanuku Hetotona: F = m— = —E, —— — NepexXOobl
dt dt dt
YaCTOThI U SHEPTUU YACTHIIBI M.
dE _ dv _ d?w .
W tak kak — TV, U YCKOpEHue E d—z , CIIeIOBaTeIbHO, BTOPOH 3aKOH MexaHWKU Hbro-
p
TOHA:
. _ d*w dv
F= m—s-, me m—.
dp dt
TakuMm 00pa3oM, ABHXKYIIASCS YacTHIIa M IPEACTABIACT OCIIHILISTOD:
2 ®2y2
X" _
P+ X =y,
2m 2
rae X Yy e > — JUIMHA KOTCPEHTHOCTH.

0
BHCPFI/IH OCHUJIJIATOpPA YaCTHULBI M
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PO’KICHUE AIICKTPOH-MO3UTPOHHBIX (€7 e") map.

Takum o6pa30M, YpaBHEHHUA OBWXKCHHA TCJI W NPUHIUII HAUMCHBIIECTO JIEUCTBUS

t
S ]‘dtL(q, qj , IPH BApbUPOBAaHUH KOTOPOTO BHITEKAIOT YpaBHEeHUs Diinepa-Jlarpanxka

o]

0 0
L
aQi aQi

SIBIITIOTCS  CJIEICTBUEM WHBAPUAHTHOCTH B3aUMOJICHCTBHSI BIDKYIIEIHCS YacTHUIBI M C TPaAHEHTOM
XUMHUYECKOr0 MOTEHI[AAIA V“s CUMMETPU30BAaHHBIX YaCTHUIl-AaHTHYACTHIL] (PU3UYSCKOTO BaKyyMa.

7. O ¢hnyKTyaumsax cBepxXTeKy4yero Toka YacTuy-aHTu4yacTuvy (pusmyeckoro Bakyyma Ha yactuue m
M COOTHOLLUEHUAX HeonpeaeneHHocTen en3eHbepra

7.1. Ha mBmkymieicst 4acTuile M KpoMe CBEPXTEKYUYero TOKa HK03e(COHOBCKOTO Iepexo/a
- h -® — o
(Js =P, Z—V(P, rge YO= ®1 ®2) BO3MOJKEH U (IIyKTyallHOHHBIH TOK | . DTo KonebaHus pasHo-
m
0
ctu a3 VP or BosaeiicTBus TeMmepaTypsl T, B3aMMOICHCTBHS C APYTHMH YACTHIIAMHE H Jp.

CrekrpaibHas WIOTHOCTh (uykryanmii: S, © 5 o-o X Xo » THE X, — Dypbe-00pa3

CITy4aifHOTO cTannoHapHoro mpormecca X(t):

_ o -1 "I e
Xt = Txme'“td@, X, = — Jx te'dt.
27'5
[1I0THOCTH pacrpeeNenus BEPOITHOCTH ! x,0  Bennummnbl |- Onu3KO K rayccoBoMy:

X2

_ 1 -3
Y X,6 = g 28
[omo
[IpousBenenue "¢ ¥ ¥ ecrs mrorHOCTD BEPOSTHOCTH HAXOXKJCHHS YaCTHIIBI B TOYKE

MPOCTPAHCTBA C PAANYC-BEKTOPOM T .

7.2. Jlist BOJHOBOTO MakKeTa JABMXKYIIEHUCS YaCTHIIBI M C JHKO3E(PCOHOBCKUM IMEPEXO0JI0M, CO-

[JIACHO KOTOPOMY Pa3HOCTh (ha3 BOJHOBBIX (DYHKIIUI YaCTHUI-AHTUYACTHUI] KOHJIEHCATa (PU3NIECKOTO

BaKyyMa Iepe]l ¥ 3a 4acTHUIleH Ha JJIMHE KOTePEeHTHOCTH [ Vo= ®1 - ®2 Y Pa3HOCTh UMITYJIbCOB Ha

4acTULE Vp pV(P - V(pp , MOT'YT OBITh OIpE/ICICHBI JTHIIIb C HeompeaeneHHocTsvMu: SpAP = 7,

Takum 06pa30M, JJIL yacTULbl M CHCTEMa CBEIACh K OCHMIUIATOPY W YPOBHSM 3HCPIUM:

_ 1
E,~ hm(n + Ej , B COOTHOIICHHsIM Heomnpenernennoct [eisenbepra: Splx = 7, AEAtZ g,

BbiBoabl
Tak Kak NepBbId 3aKOH, 3aKoH mHepiuu F ~0, mv = const , u BTOpOii 3aKOH MEXaHHKH
— _av .
Herotona | F = ma , SBJISIFOTCS B OCHOBHOM JKCIIEPHMEHTAJIBHBIMHU, TO B MPEJCTABICHHON CTAThe

BIIEPBBIC B TEOPETHUECKOW (PU3MKE MIIOKEHBI (PU3MUECKUE MPOIECCHI,IPUBOAIINE K BBITOIHEHUIO
MIEPBOTO 1 BTOPOTO 3aKOHOB MexaHUKHA HproToHa. OHH ONIPEACIIIOTCS B3aNMOICHCTBAEM JIBIKYIIICH-

Csl 4aCTHILIBI MacCOd M ¢ €IMHOW M CKOPEIUIMPOBAHHOM BOJHOBOW (yHKLMEH T\PLP dv koumeHcara

JaCcTUII-aHTUYaCTHUIL @HBHHCCKOFO BaKyyMa.
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Du3uKa CO3HAHUA U HCUSHU, KOCMOSIO2UA U acmpoﬁusmm

lNpumeyaHue

. - dv .
Bropoii 3akon mexanuku HproToHa (F - ma HE B [IOJIHOM MEPE OTpa)KaeT CUJIbI HHEPLIUHU.

WcxonHbIM aiist CUIbl B JUHAMUKE SIBIIICTCA YpaBHEHUE UMITYIBCOB
p=Ft=mv. (1)
Huddepentumpys sto ypaBaenue (1), momydaem
dp___ dv, dm_
Pep=n@r M=p 4+ @)
dt dt dt
[TepBoe cmaraecmoe — cuia nHepiuu HpioTOHA n71st TBEPAOTO Teia, a BTOPOe — CUjia Iepe-
MEHHOM mMacchl Meriepckoro.
Bropoe cnaraemoe 1uisl TBEpABIX TEJ, ABMKYIIUXCS C MAJION HOPEIATUBUCTCKOM CKOPOCTBIO,
MaJyio, XOTs U umeer mecto. [loaromy HpOTOH UM mpeHeOper B KJIACCHYSCKOH JMHAMUKE TBEPIOTO
Tena.
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Beltzov R. I., Bukalov A. V., Fedotkin I. M.
On the physical basis of the first and second laws of Newton's mechanics

The origin of wave functions of observable particles with weight m is considered. It is defined by interaction of
these particles with the Bose-Einstein condensate of particles-antiparticles of the physical vacuum. The physical
processes leading to the first and second laws of Newton’s mechanics are described. For a moving particle with
weight m there are the Meissner effect and Josephson junction on it, if the particle size is less than length the
coherence length. Thus on the particle it is arises the superfluid current of the particles-antiparticles of physical
vacuum with chemical potential V. Josephson junction by a particle in the condensate determines the quantiza-
tion energy of the particles, and the Heisenberg uncertainty principle.

Key words: wave function, physical vacuum, Bose-Einstein condensate.
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