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The equations of quantum theory in the space of random joint events

ψ(rf , t) =
√

ρ(rf , r1) exp[
ı

~
Et] exp[ıSf1]. (1)

ãäå r1 - ðàäèóñ-âåêòîð, îïðåäåëÿþùèé ïîëîæåíèå öåíòðà îòâåðñòèÿ
äèôðàêöèîííîé ðåøåòêè,

√
ρ(rf ; r1) - àìïëèòóäà âîëíîâîé ôóíêöèè, ÿâíûé

âèä êîòîðîé îïðåäåëÿåòñÿ ãåîìåòðèåé ýêðàíà íàáëþäåíèÿ ÷àñòèö; E - ýíåðãèÿ
÷àñòèöû; ~ - ïîñòîÿííàÿ Ïëàíêà;

Sf1 =
1
~
prf1 (3)

- áåçðàçìåðíîå äåéñòâèå ÷àñòèöû âäîëü âåêòîðà rf1 = rf − r1, p - âåêòîð
èìïóëüñà ÷àñòèöû ñîâïàäàþùèé ïî íàïðàâëåíèþ ñ âåêòîðîì rf1, ñ àáñîëþòíîé
âåëè÷èíîé | p |= √

2mE.
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ψ(rf , t) =
N∑

i=1

√
ρ(rf , ri) exp[

ı

~
E] exp[ıSfi], (4)

ãäå ri - îïðåäåëÿåò ïîëîæåíèå öåíòðà i-ãî îòâåðñòèÿ äèôðàêöèîííîé ðåøåòêè;√
ρ(rf ; ri) - àìïëèòóäà i-òîé âîëíîâîé ôóíêöèè;

Sfi =
1
~
prfi (5)

-áåçðàçìåðíûå äåéñòâèÿ ÷àñòèöû âäîëü âåêòîðà rfi = rf − r1.
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Ïëîòíîñòü âåðîÿòíîñòè ρ(rf ) îáíàðóæèòü ÷àñòèöó â òî÷êå ýêðàíà rf ,
îïðåäåëÿåòñÿ êâàäðàòîì àáñîëþòíîé âåëè÷èíû àìïëèòóäû âîëíîâîé ôóíêöèè
(4), òî åñòü

ρ(rf ) =
N∑

i=1

ρ(rf , ri) + 2
N∑

j<i=1

√
ρ(rf , ri)

√
ρ(rf , rj) cos[Sfi − Sfj ]. (6)
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Çíàÿ ïëîòíîñòü âåðîÿòíîñòè ρ(rf ), ìîæíî îïðåäåëèòü âåðîÿòíîñòü îáíàðóæèòü
÷àñòèöó íà ìàëîé ïëîùàäêå ýêðàíà σf öåíòð êîòîðîé èìååò êîîðäèíàòó rf :
P (σf ) = ρ(rf )σf . Óðàâíåíèå äëÿ äàííîé âåðîÿòíîñòè:

P (σf ) =
N∑

i=1

P (σf ; ri) + 2
N∑

j<i=1

g(σf , ri, rj)P (σf ; ri, rj), (7)

ãäå P (σf ; ri) = ρ(rf , ri)σf - âåðîÿòíîñòü ïîïàäàíèÿ ÷àñòèöû íà ïëîùàäêó
ýêðàíà σf êîãäà îíà ïðîøëà ÷åðåç i-òîå îòâåðñòèå;

P (σf ; ri, rj) =
√

P (σf ; ri)
√

P (σf ; rj) | cos[Sfi − Sfj ] | (8)

-âåðîÿòíîñòü ïîïàäàíèÿ ÷àñòèöû íà ïëîùàäêó ýêðàíà σf êîãäà îíà
îäíîâðåìåííî ïðîøëà ÷åðåç i-òîå è j-òîå îòâåðñòèÿ (âåðîÿòíîñòü ñîâìåñòíûõ
ñîáûòèé, îäíîâðåìåííîãî ïðîõîæäåíèÿ ÷àñòèöû ÷åðåç i - òîå è ÷åðåç j - òîå
îòâåðñòèÿ);

g(σf , ri, rj) = cos[Sfi − Sfj ]| cos[Sfi − Sfj ] |−1 (7)

- ôóíêöèÿ, ïðèíèìàþùàÿ çíà÷åíèå +1 èëè -1 â çàâèñèìîñòè îò çíà÷åíèé
äåéñòâèé Sfi, Sfj .
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Îáîçíà÷èì ñîáûòèÿ: Ai, i = 1, 2, ..., N � ñîáûòèÿ ïðîõîæäåíèÿ ÷àñòèöû ÷åðåç
i-òîå îòâåðñòèå ðåøåòêè; Bf � ñîáûòèÿ ïîÿâëåíèÿ ÷àñòèöû íà ïëîùàäêå ýêðàíà
σf ; Sfi = Bf ∩Ai � ñîáûòèå ïðîõîæäåíèÿ ÷àñòèöû ÷åðåç i-òîå îòâåðñòèå
ðåøåòêè è ïîÿâëåíèÿ íà ïëîùàäêå σf ýêðàíà íàáëþäåíèÿ. Óðàâíåíèå (7) â
òåðìèíàõ ââåäåííûõ ñîáûòèé èìååò âèä

P (Bf ) =
N∑

i=1

P (Sfi) + 2
N∑

j<i=1

gfijP (Sfi ∩ Sfj), (10)

ãäå P (Bf ), P (Sfi) - âåðîÿòíîñòè ðåàëèçàöèè ñîîòâåòñòâåííî ñîáûòèé Bf , Sfi;
gfij = g(Sfi, Sfj) �ôóíêöèÿ ïðèíèìàåò çíà÷åíèÿ +1 èëè -1 â çàâèñèìîñòè îò
ñîîòíîøåíèé ìåæäó ñîáûòèÿìè Sfi è Sfj ; P (Sfi ∩ Sfj) � âåðîÿòíîñòü
ïåðåñå÷åíèÿ ñîâìåñòíûõ ñîáûòèé Sfi è Sfj (1 ≥ P (Sfi ∩ Sfj) > 0 äëÿ
ñîâìåñòíûõ ñîáûòèé è P (Sfi ∩ Sfj) = 0 äëÿ íåñîâìåñòíûõ ñîáûòèé).
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N∑
n=1

|n〉〈n| = 1, 〈n′|n〉 = δn′n, (P3)

V̂intf = ex̂E0 cos(Ωτ) (P4)

� ãàìèëüòîíèàí âçàèìîäåéñòâèÿ ñèñòåìû è ýëåêòðîìàãíèòíîãî ïîëÿ [?]; x̂ �
îïåðàòîð êîîðäèíàòû ÷àñòèöû ñ çàðÿäîì e; Ωk � ÷àñòîòà ïîëÿ ìîäû k.
Íàøåé çàäà÷åé ÿâëÿåòñÿ îïðåäåëåíèå âåðîÿòíîñòåé ïåðåõîäîâ P (m, t;n, 0)
ìåæäó êâàíòîâûìè ñîñòîÿíèÿìè |n〉 è |m〉 èññëåäóåìîé ñèñòåìû è èõ
çàâèñèìîñòè îò èíòåðâàëà âðåìåíè t âçàèìîäåéñòâèÿ ñ ýëåêòðîìàãíèòíûì
ïîëåì.
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Óðàâíåíèå ýâîëþöèè ñòàòèñòè÷åñêîãî îïåðàòîðà èìååò âèä:

ρ̂(t) = ÛD(t)ρ̂(0)Û+
D (t), (P5)

ãäå ρ̂(t), ρ̂(0) � ñòàòèñòè÷åñêèå îïåðàòîðû ñèñòåìû ñîîòâåòñòâåííî â ìîìåíòû
âðåìåíè t è t = 0,

ÛD(t, t0) = T exp[− ı

~

t∫

t0

V̂D(τ)dτ ], (P6)

V̂D(τ) = exp[
ı

~
Ĥsystτ ]V̂inf (τ) exp[− ı

~
Ĥsystτ ]. (P7)



The equations of quantum theory in the space of random joint events

Çàïèøåì óðàâíåíèå (P5) ýâîëþöèè ñòàòèñòè÷åñêîé ìàòðèöû ïëîòíîñòè â
ýíåðãåòè÷åñêîì ïðåäñòàâëåíèè

ρnf mf
(t) =

∑
n0,m0

〈nf |ÛD(t)|n0〉ρn0,m0〈m0|Û+
D (t)|mf 〉, (P8)

ãäå
ρnf mf

(t) = 〈nf |ρ̂(t)|mf 〉, ρn0,m0 = 〈n0|ρ̂(0)|m0〉.
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ßäðî îïåðàòîðà ýâîëþöèè 〈nf |ÛD(t, 0)|n0〉 ïðåäñòàâèì â âèäå ïðîèçâåäåíèÿ
ýëåìåíòàðíûõ ÿäåð, èñïîëüçóÿ ãðóïïîâûå ñâîéñòâà îïåðàòîðà ÛD è ïîëíîòó
âåêòîðîâ-ñîñòîÿíèé |nk〉:

〈nf |ÛD(t, 0)|n0〉 =

= 〈nf |
K+1∏

k=1

ÛD(tk, tk−1)|n0〉 =
N∑

n1,..,nK=1

K+1∏

k=1

〈nk|ÛD(tk, tk−1)|nk−1〉 (P9)

ãäå tK+1 = t, nK+1 = nf , t0 = 0 è

ÛD(tk, tk−1) = exp[− ı

~

tk∫

tk−1

V̂D(τ)dτ ] (P10)

ãäå tk > tk−1.



The equations of quantum theory in the space of random joint events

Äîêàæåì, ÷òî äëÿ ìàëûõ èíòåðâàëîâ âðåìåíè ((tk − tk−1) → 0) ÿäðî îïåðàòîðà
ýâîëþöèè 〈nk|ÛD(tk, tk−1)|nk−1〉 èìååò âèä

〈nk|ÛD(tk, tk−1)|nk−1〉 =

1∫

0

exp[−ıS[nk, tk; nk−1, tk−1; ξk−1]]dξk−1, (P11)

ãäå S[nk, tk;nk−1, tk−1; ξk−1] � äåéñòâèå â ýíåðãåòè÷åñêîì ïðåäñòàâëåíèè

S[nk, tk; nk−1, tk−1; ξk−1] = 2π(nk − nk−1)ξk−1 + ΩR
nknk−1

×

×(cos(2π(nk − nk−1)ξk−1 + (Ω + ωnk,nk−1)
tk + tk−1

2
)+

+cos(2π(nk − nk−1)ξk−1 − (Ω− ωnk,nk−1)
tk + tk−1

2
))(tk − tk−1). (P12)

ωl′l � ÷àñòîòà êâàíòîâîãî ïåðåõîäà ñèñòåìû ìåæäó ñòàöèîíàðíûìè
ñîñòîÿíèÿìè ñ ýíåðãèÿìè El′ è El:

ωl′l =
El′ − El

~
, ΩR

nknk−1
=

Xnknk−1E0

~
(P23)
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Ïîäñòàâëÿÿ (P11) â óðàâíåíèå (P9), ïîëó÷èì ÿäðî îïåðàòîðà ýâîëþöèè çà
èíòåðâàë âðåìåíè t â âèäå óðàâíåíèÿ

〈nf |ÛD(t, 0)|n0〉 =

=
N∑

n1,..,nK=1

1∫

0

..

1∫

0

exp[−ıS[nf , nK , ξK ; ..; nk, ξk; ..; n1, ξ1, n0, ξ0]]dξ0..dξK ,

(P35)
ãäå äåéñòâèå S ÿâëÿåòñÿ ôóíêöèîíàëîì íà ïðîñòðàíñòâå òðàåêòîðèé,
îïðåäåëÿåìûõ â äèñêðåòíîì ïðîñòðàíñòâå ïåðåìåííûõ nk, ðàçìåðû êîòîðîãî
îïðåäåëÿþòñÿ ÷èñëîì êâàíòîâûõ óðîâíåé èññëåäóåìîé ñèñòåìû, è íà
íåïðåðûâíîì îãðàíè÷åííîì íà [0, 1] ïðîñòðàíñòâå ξk:

S[nf , nK , ξK ; ..; nk, ξk; ..; n1, ξ1, n0, ξ0] =
K+1∑

k=1

S[nk, nk−1, ξk−1] (P36)

ñ óñëîâèÿìè: tK+1 = t, nK+1 = nf , t0 = 0.
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Ïîäñòàâëÿÿ óðàâíåíèå (P35) â óðàâíåíèå (P8), ïîëó÷èì óðàâíåíèå ýâîëþöèè
ìàòðèöû ïëîòíîñòè â âèäå

ρmf ,nf
(t) =

N∑
n0,..,nK=1

N∑
m0,..,mK=1

1∫

0

..

1∫

0

dξ0..dξKdζ0..dζKρn0,m0(0)×

× exp[−ı(S[nf , nK , ξK ; ..; nk, ξk; ..; n1, ξ1, n0, ξ0]−
−S[nf ,mK , ζK ; ..;mk, ζk; ..; m1, ζ1,m0, ζ0])], (P37)

ãäå Ff -ââåäåííûé íîðìèðîâî÷íûé ìíîæèòåëü.
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Âåðîÿòíîñòü êâàíòîâîãî ïåðåõîäà èç ÷èñòîãî êâàíòîâîãî ñîñòîÿíèÿ
ρ̂(0) = |nin〉〈nin|(ρn0,m0(0) = δ(nin − n0)δ(nin −m0) â íà÷àëüíûé ìîìåíò
âðåìåíè t = 0 â êîíå÷íîå ÷èñòîå êâàíòîâîå ñîñòîÿíèå ρ̂(t) = |nf 〉〈nf | â
êîíå÷íûé ìîìåíò âðåìåíè t îïðåäåëÿåòñÿ íà îñíîâàíèè óðàâíåíèÿ (P37):

P (nf , t|nin, 0) =
N∑

n1,..,nK=1

N∑
m1,..,mK=1

1∫

0

..

1∫

0

dξ0..dξKdζ0..dζK×

×Pf exp[−ı(S[nf , .., nk, .., nin; ξK , .., ξk, .., ξ0]−
−S[mf , .., mk, .., min; ζK , .., ζk, .., ζ0])]. (P38)
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Ðàññìîòðèì ìíîãîóðîâíåâóþ êâàíòîâóþ ñèñòåìó, êîòîðàÿ âçàèìîäåéñòâóåò ñ
ïåðåìåííûì ýëåêòðîìàãíèòíûì ïîëåì (ïîäðîáíî îïèñàííóþ â ïðèëîæåíèè ê
äàííîé ñòàòüå). Âåðîÿòíîñòü ïåðåõîäà ñèñòåìû èç êâàíòîâîãî ñîñòîÿíèÿ |nin〉 â
ìîìåíò âðåìåíè tin â êâàíòîâîå ñîñòîÿíèå |nf 〉, â êîòîðîì îíà íàõîäèëàñü â
ìîìåíò âðåìåíè tf , îïðåäåëÿåòñÿ ôîðìóëîé (P39). Ðàäè íàãëÿäíîñòè,
ðàññìîòðèì ôîðìóëó (P39) äëÿ ñòîëü ìàëîãî èíòåðâàëà âðåìåíè (tf − tin), ÷òî
â íåé ìîæíî îñòàâèòü ëèøü îäèí ïðîìåæóòî÷íûé ìîìåíò âðåìåíè t1, òàê ÷òî
îíà ïðèíèìàåò âèä

P (nf , tf |nin, tin) =
N∑

n1=1

N∑
m1=1

1∫

0

...

1∫

0

dξ0dξ1dζ0dζ1Pf exp[S[nf ; n1, ξ1; nin, ξ0]−S[nf ; m1, ζ1;nin, ζ0]],

(P39)
ãäå äåéñòâèå â ýíåðãåòè÷åñêîì ïðåäñòàâëåíèè èìååò âèä (P36) c ó÷åòîì (P12)
è óñëîâèÿ n0 = nin, m0 = min. ãäå äåéñòâèå â ýíåðãåòè÷åñêîì ïðåäñòàâëåíèè,
ñîãëàñíî (P36), èìååò âèä

S[nf ; n1, ξ1; nin, ξ0] =
2∑

k=1

S[nk, nk−1, ξk−1], (53)
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S[nk, tk; nk−1, tk−1; ξk−1] = 2π(nk − nk−1)ξk−1+

+ΩR
nknk−1

[cos(2π(nk − nk−1)ξk−1 + (Ω + ωnk,nk−1
)
tk + tk−1

2
)+

+ cos(2π(nk−nk−1)ξk−1− (Ω−ωnk,nk−1
)
tk + tk−1

2
))](tk− tk−1), (54)

ïðè óñëîâèè, n0 = nin, n2 = nf , t0 = tin, t2 = tf ; òî÷íî òàêóþ æå
ñòðóêòóðó èìååò äåéñòâèå S[nf ; m1, ζ1; nin, ζ0] ñ óñëîâèÿìè, ÷òî
èíäåêñ n çàìåíÿåòñÿ íà èíäåêñ m, ïðè÷åì m0 = nin,m2 = nf ; Pf �
íîðìèðîâî÷íàÿ ïîñòîÿííàÿ.
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Ïîêàæåì, ÷òî âåðîÿòíîñòü êâàíòîâîãî ïåðåõîäà ñèñòåìû (P38) ìîæåò áûòü
ïðåäñòàâëåíà êàê ñóììà ïî òðàåêòîðèÿì îò äåéñòâèòåëüíîãî ôóíêöèîíàëà:

P (nf , tf |nin, tin) =
N∑

n1=m1=1

Pf (n1 = m1) +
N∑

n1>m1=1

1∫

0

1∫

0

1∫

0

1∫

0

×

×Pf cos[S[nf ;n1, ξ1; nin, ξ0]− S[nf ;m1, ζ1; nin, ζ0]]dξ0dξ1dζ0dζ1, (52)



The equations of quantum theory in the space of random joint events

Äëÿ ñîïîñòàâëåíèÿ óðàâíåíèÿ (52) ñ óðàâíåíèåì (49) çàïèøåì åãî â âèäå

P (nf , tf |nin, tin) =
N∑

n1=m1=1

Pf (n1 = m1) +
N∑

n1>m1=1

gm,n×

×
∣∣

1∫

0

1∫

0

1∫

0

1∫

0

Pf cos[S[nf ;n1, ξ1; nin, ξ0]− S[nf ;m1, ζ1; nin, ζ0]]dξ0dξ1dζ0dζ1

∣∣,

(55)
ãäå

gm,n =
[ 1∫

0

1∫

0

1∫

0

1∫

0

cos[S[nf ; n1, ξ1;nin, ξ0]S[nf ; m1, ζ1; nin, ζ0]]dξ0dξ1dζ0dζ1

]×

×[∣∣
1∫

0

1∫

0

1∫

0

1∫

0

cos[S[nf ;n1, ξ1; nin, ξ0]S[nf ; m1, ζ1;nin, ζ0]]dξ0dξ1dζ0dζ1

∣∣]−1
,

(56)
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P (f, i) =
N∑

n=1

P (Sn) + 2
N∑

n>m=1

g(Sn, Sm)P (Sn ∩ Sm)

ãäå

P (Sn1∩Sm1) =
∣∣

1∫

0

1∫

0

1∫

0

1∫

0

Pf cos[S[nf ;n1, ξ1; nin, ξ0]−S[nf ; m1, ζ1; nin, ζ0]]dξ0dξ1dζ0dζ1

∣∣,

(57)
ïðè óñëîâèè n = n1, m = m1.

P (S1 ∪ S2) = P (S1) + P (S2), P (S1 ∩ S2) = P (S1) + P (S2)− P (S1 ∩ S2),

1 ≥ P (Sf1 ∩ Sf2) > 0, S1 ∩ S2 6= 0
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Â ïðîñòðàíñòâå ñîáûòèé Sf1, Sf2 îïðåäåëèì ñîáûòèÿ S−f1, S
−
f2 ñëåäóþùèìè

óðàâíåíèÿìè

S−f1 = Sf1\(Sf1 ∩ Sf2), S−f2 = Sf2\(Sf1 ∩ Sf2), (12)

èëè
Sf1 = S−f1 ∪ (Sf1 ∩ Sf2), Sf2 = S−f2 ∪ (Sf1 ∩ Sf2). (13)

Ñîáûòèÿ S−1 , S−2 çíà÷àò ðåàëèçàöèþ ñîîòâåòñòâåííî òîëüêî ïåðâîãî, òîëüêî
âòîðîãî ñîáûòèé.
Â ñîîòâåòñòâèè ñ îïðåäåëåíèÿìè (12), (13), ñîáûòèÿ S−f1, S

−
f2 ÿâëÿþòñÿ

íåñîâìåñòíûìè,òî åñòü S−f1 ∩ S−f2 = 0, à èõ âåðîÿòíîñòè è âåðîÿòíîñòè
îáúåäèíåíèÿ îïðåäåëÿþòñÿ óðàâíåíèÿìè [16 ]:

P (S−1 ) = P (S1)− P (S1 ∩ S2), P (S−2 ) = P (S2)− P (S1 ∩ S2), (14)

P (S−f1 ∪ S−f2) = P (Sf1) + P (Sf2)− 2P (Sf1 ∩ Sf2). (15)

Â ñîîòâåòñòâèè ñ óðàâíåíèÿìè (15), (16) âåðîÿòíîñòü P (Bf ) ïîÿâëåíèÿ
ñîáûòèÿ Bf îïðåäåëÿåòñÿ óðàâíåíèåì

P (Bf ) = P (Sf1) + P (Sf2)− 2P (Sf ∩ Sf2). (17)
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Äëÿ îïðåäåëåíèÿ âåðîÿòíîñòè P (Bf ), ìû áóäåì ïîëàãàòü, ÷òî ñîáûòèå Bf ,
ïîÿâëåíèÿ ÷àñòèöû íà ýêðàíå, îïðåäåëÿåòñÿ óðàâíåíèåì

Bf = S−f1 ∪ S−f2. (16)

Âåðîÿòíîñòè ýòèõ ñîáûòèé P (S+
f1), P (S+

f2), îïðåäåëÿþòñÿ ÷åðåç âåðîÿòíîñòè
ñîáûòèé Sf1, Sf2 óðàâíåíèÿìè

P (S+
f1) = P (Sf1) + P (Sf1 ∩ Sf2) P (S+

f2) = P (Sf2) + P (Sf1 ∩ Sf2), (18)

à èõ îáúåäèíåíèå óðàâíåíèåì
P (S+

f1 ∪ S+
f2) = P (Sf1) + P (Sf2) + 2P

(
Sf1 ∩ Sf2

)
. (19)

Îáîñíîâàíèå ñóùåñòâîâàíèÿ ñîáûòèé S+
f1, S

+
f2 è óðàâíåíèé (18), (19) â ðàìêàõ

àêñèîìàòèêè Êîëìîãîðîâà âñòðå÷àåòñÿ ñ áîëüøèìè òðóäíîñòÿìè è
ïðîòèâîðå÷èÿìè. Íàïðèìåð, ìîæíî ïðåäëîæèòü, ÷òî äëÿ äâóõ ñîâìåñòíûõ
ñëó÷àéíûõ ñîáûòèé Sf1, Sf2, ñîáûòèÿ S+

f1, S
+
f2 îïðåäåëÿþòñÿ ðàâåíñòâàìè:

S+
f1 = Sf1 ∪ (Sf1 ∩ Sf2) S+

f2 = Sf2 ∪ (Sf1 ∩ Sf2), (20)
èëè

Sf1 = S+
f1\(Sf1 ∩ Sf2) Sf2 = S+

f2\(Sf1 ∩ Sf2). (21)
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Îäíàêî, ðàâåíñòâà (20), (21) íåñîâìåñòèìû ñ Êîëìîãîðîâñêîé òðàêòîâêîé
ñîáûòèé. Èíòåðïðåòàöèÿ ñîáûòèé â óðàâíåíèÿõ (20),(21) ìíîæåñòâàìè, êàê ýòî
ïðåäóñìîòðåíî àêñèîìàòèêîé Êîëìîãîðîâà, íåäîïóñòèìî,òàê êàê ýòî ïðèâîäèò
ê ïðîòèâîðå÷èþ (íàïðèìåð, â óðàâíåíèè (20) ïîëó÷èòñÿ
S+

f1 = Sf1, S+
f2 = Sf2). Ñîáûòèÿ S+

f1, S
+
f2 è óðàâíåíèÿ (18), (19)

äîïîëíèòåëüíûìè ïîëîæåíèÿìè ê àêñèîìàòèêå Êîëìîãîðîâà.
Ïîÿâëåíèÿ ñîáûòèÿ Bf â ïðîñòðàíñòâå ñîáûòèé S+

f1, S
+
f2 îïðåäåëÿåì

óðàâíåíèåì
Bf = S+

f1 ∪ S+
f2. (22)

Â ñîîòâåòñòâèè ñ óðàâíåíèÿìè (19), (22) âåðîÿòíîñòü P (Bf ) ïîÿâëåíèÿ
ñîáûòèÿ Bf îïðåäåëÿåòñÿ óðàâíåíèåì

P (Bf ) = P (Sf1) + P (Sf2) + 2P (Sf1 ∩ Sf2), (23)

êîòîðîå ñîîòâåòñòâóåò óðàâíåíèþ (10) ïðè g = +1. Óðàâíåíèÿ (16),(22)
ýêâèâàëåíòíû óðàâíåíèþ

Bf = (S̃f1 ∪ S̃f2). (25)
Èç óðàâíåíèé (24), (25) ñëåäóåò óðàâíåíèå

P (Bf ) = P (Sf1) + P (Sf2) + 2gf,1,2P
(
Sf1 ∩ Sf2

)
, (26)

êîòîðîå ñîâïàäàåò ñ óðàâíåíèåì (10) äëÿ ñëó÷àÿ N = 2.
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Óðàâíåíèÿ (17), (23) ìîæíî çàïèñàòü â âèäå îäíîãî óðàâíåíèÿ. Ñ ýòîé öåëüþ
îáîçíà÷èì ñèìâîëîì S̃fi ñîáûòèÿ, êàæäîå èç êîòîðûõ ìîæåò áûòü èëè
ñîáûòèåì S−fi, èëè ñîáûòèåì S+

fi (i=1,2), â çàâèñèìîñòè îò íîìåðà f . Ó÷èòûâàÿ
ââåäåííûå îáîçíà÷åíèÿ, óðàâíåíèÿ (15),(19) çàïèñûâàþòñÿ â âèäå óðàâíåíèÿ

P (S̃f1 ∪ S̃f2) = P (Sf1) + P (Sf2) + 2gf,1,2P
(
Sf1 ∩ Sf2

)
, (24)

ãäå g(f, 1, 2) � ôóíêöèÿ, ïðèíèìàþùàÿ îäíî èç çíà÷åíèé +1, -1, â çàâèñèìîñòè
îò ñâîéñòâ ñîáûòèé S̃f1, S̃f2.
P (Sfi∩Sfj) 6= 0, P (Sfi∩Sfj ∩Sfk) 6= 0, . . . P (Sf1∩Sf2∩ ...∩SfN ) 6= 0, (27)

à äëÿ äðóãèõ íåñîâìåñòíûå ìåæäó ñîáîé:
P (Sfi∩Sfj) = 0, P (Sfi∩Sfj ∩Sfk) = 0, . . . P (Sf1∩Sf2∩ ...∩SfN ) = 0, (28)

âñå èíäåêñû i, j, k, ... â âûðàæåíèÿõ (27), (28) ïðèíèìàþò çíà÷åíèÿ îò 0 äî N .
P (S−fi) = P (Sfi)−

−2
N∑

i=1

P
(
Sfi∩Sfj

)
+4

N∑

j<k=1

P
(
Sfi∩Sfj∩Sfk

)
+. . .+(−2)N−1

P (S1∩S2∩...∩SN ),

(29)
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P
( N⋃

i=1

S−fi

)
=

N∑

i=1

P (Sfi)−

−2
N∑

i<j=1

P
(
Sfi∩Sfj

)
+4

N∑

i<j<k=1

P
(
Sfi∩Sfj∩Sfk

)
+. . .+(−2)N−1

P (S1∩S2∩...∩SN ).

(30)
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Âåðîÿòíîñòü êàæäîãî ñîáûòèÿ S+
fi îïðåäåëÿåòñÿ ÷åðåç âåðîÿòíîñòè ñîáûòèé

Sfi è âåðîÿòíîñòè èõ ïåðåñå÷åíèé (28) óðàâíåíèåì

P (S+
fi) = P (Sfi) + 2

N∑

j=1

P
(
Sfi ∩ Sfj

)−

−4
N∑

i<k=1

P
(
Sfi ∩ Sfj ∩ Sfk

)
+ . . . + (2)N−1(−1)NP (Sf1 ∩ Sf2 ∩ ... ∩ SfN ), (31)

à âåðîÿòíîñòü îáúåäèíåíèÿ ýòèõ ñîáûòèé ïðåäñòàâëÿåòñÿ óðàâíåíèåì

P
( N⋃

i=1

S+
fi

)
=

N∑

i=1

P (Sfi) + 2
N∑

i<j=1

P
(
Sfi ∩ Sfi

)−

−4
N∑

i<j<k=1

P
(
Sfi ∩ Sfi ∩ Sfk

)
+ . . . + 2N−1(−1)NP (Sf1 ∩ Sf2 ∩ ...∩ SfN ). (32)
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Êàæäóþ ïàðó óðàâíåíèé (29), (31) è (30), (32), ìîæíî çàïèñàòü â âèäå îäíîãî
óðàâíåíèÿ. Ñ ýòîé öåëüþ äëÿ 2NNf ñëó÷àéíûõ ñîâìåñòíûõ ñîáûòèé S−fi, S

+
fi

ââåäåì NNf ñëó÷àéíûõ ñîáûòèé S̃fi, êàæäîå èç êîòîðûõ ïðèíèìàåò çíà÷åíèå
èëè S−fi èëè S+

fi. Âåðîÿòíîñòü ñîáûòèÿ S̃fi ïðåäñòàâëÿåòñÿ ôîðìóëîé, êîòîðàÿ
îáúåäèíÿåò óðàâíåíèÿ (29), (30):

P (S̃fi) = P (Sfi) + 2
N∑

j=1

g(fij)P (Sfi ∩ Sfj)+

+4
N∑

j<k=1

g(fijk)P (Sfi∩Sfj∩Sfk)+ . . .+2N−1g(f12...N)P (Sf1∩Sf2∩ ...∩SfN ),

(33)
âåðîÿòíîñòü îáúåäèíåíèÿ N ñîáûòèé S̃fi äëÿ êàæäîãî f ïðåäñòàâëÿåòñÿ
ôîðìóëîé, êîòîðàÿ ÿâëÿåòñÿ îáúåäèíåíèåì (ñîâìåñòíîé çàïèñüþ) óðàâíåíèé
(30), (32):

P
( N⋃

i=1

S̃fi

)
=

N∑

i=1

P (Sfi) + 2
N∑

i<j=1

gfijP (Sfi ∩ Sfj)+

+4
N∑

i<j<k=1

gfijkP (Sfi∩Sfj∩Sfk)+. . .+2N−1gf12...NP (Sf1∩Sf2∩...∩SfN ), (34)

ãäå ìíîæèòåëè gfij , gfijk è äð. ïðèíèìàþò îäíî èç çíà÷åíèé +1, −1 â
çàâèñèìîñòè îò âûáðàííûõ ñîáûòèé Sfi, Sfj , Sfk, . . ..
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Äëÿ ïîñòðîåíèÿ óðàâíåíèÿ äëÿ P (Bf ) - âåðîÿòíîñòè ñîáûòèÿ Bf , ìû áóäèì
ïîëàãàòü â íàøåé ìîäåëè, ÷òî ñîáûòèå Bf ÿâëÿåòñÿ îáúåäèíåíèåì ñîáûòèé
S̃fi, òî åñòü

Bf =
N⋃

i=1

S̃fi. (35)

Óðàâíåíèå (35) ÿâëÿåòñÿ îáîáùåíèåì óðàâíåíèÿ (22). Óðàâíåíèå äëÿ P (Bf )
ïîëó÷àåì íà îñíîâàíèè óðàâíåíèÿ (35), ó÷èòûâàÿ (34),

P (Bf ) =
N∑

i=1

P (Sfi) + 2
N∑

i<j=1

gfijP (Sfi ∩ Sfj)+

+4
N∑

i<j<k=1

gfijkP (Sfi∩Sfj∩Sfk)+. . .+2N−1gf12...NP (Sf1∩Sf2∩...∩SfN ), (36)



The equations of quantum theory in the space of random joint events

Óðàâíåíèå (36) â ïðèáëèæåíèè, êîãäà ñóùåñòâóþò ëèøü ïîïàðíî ñîâìåñòíûå
ñîáûòèÿ Sfi, òî åñòü äëÿ êàæäîé ïàðû ñîáûòèé

(Sfi ∩ Sfj) 6= 0, P (Sfi ∩ Sfj) 6= 0, (37)

è â òîæå âðåìÿ äëÿ âñåõ ñîáûòèé âûïîëíÿþòñÿ óñëîâèÿ:

(Sfi ∩ Sfj ∩ Sfk) = 0, . . . (Sf1 ∩ Sf2 ∩ ... ∩ SfN ) = 0, (38)

P (Sfi ∩ Sfj ∩ Sfk) = 0, . . . P (Sf1 ∩ Sf2 ∩ ... ∩ SfN ) = 0, (39)

òîæäåñòâåííî ýêñïåðèìåíòàëüíî ïîäòâåðæäåííîìó óðàâíåíèþ (10).

P
( N⋃

i=1

S̃fi

)
=

N∑

i=1

P (Sfi) + 2
N∑

i<j=1

gfijP (Sfi ∩ Sfj)
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