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A H H 0 T a U H R 

Ynpyroe pacceRHHe f' -r.BaHTOB oxono nopora po:at,l4eHHR O,ilHHOtzHbiX Me:JOHOB 

p8CCMOTp~HO C ltOMO~bD .l{HCnepCHOHHHX COOTHOmeHH~. 

lioita3aHO, tlTO y~eT poz~eHHR Me30HOB B S - COCTO.FIH~H npHBO~MT K 3clMeTHbl~4 

IteMOHOTOHHOCTS!M B aaBMCHUOCTM OT 3HeprHH 8Mlt11HTY~ pacceRHH.FI,CetzeHH.FI H ,llpyrHX 

na611JO.l{aeMbiX BenRtzHH oitano nopora peaxUHM. 

JJ.iiSI ~ N -paccemtH.FI Bnepe.l{ nonytzeHo 6 ~HcnepcHOHHbiX coOTHomeHMll, He co.l{ep-

lltaJIIHX HH<!JpaxpaCHOtl paCXO.l{HMOCTH H HeH3BeCTllhiX llOCTORHHbiX. 

B onpe.l{eneHHhiX npe.l{nonoxeHHRX o6 auanHae ~oTopox.l{eHHSI B o6nacTM aHeprHll -~

KBaHTOB BnnoTL .l{O 220 MaB BhltzHcneHbl aMMHTY,Dii pacceSIHH.FI, .l{H¢¢epeHUMaJIDHble 11 nonHhle 

CetzeHMSI ynpyroro pacceSIHHSl Helt011.FipH30BWIHbiX H ll011.Fipl130BaHHbiX t -KBaHTOB npOTOHa

MH1 a TaKllte lt011SipH3aUHSI npOTOHO.B OT~atlH Bblme nopora pOl!C.l{eHH.FI. 
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I. 

r -KBaHTOB HYKJIOllaMH npe,ll;CTaBJIR6TCR ocoCleHHO 111!TepecHhiM B6JII1311 

nopora p0llt,ll;6HHR O,ll;II1HOIJHblX M630HOB. 

1\aK 113B6CTHO, B 00JiacTH COBCeM M8JihiX 3HeprHH pacceRHHe f' -KBaHTOB '18CTHUen CO Cni1HOM 

112 C MarHRT~M MOM6HTOM j~ OllHCUBaeTCR aMnJIHTJ,ll;OH pacceRHHn, BH,ll; KOTOpOM 0UJI nonyqen 

noy III 111 reJibMaHOM H roJib,JJ;CleprepoM 121. 
oanac Tb a6JIH3H no po ra ¢oTopo:!,ll;eHHR M:>llteT 6u Tb II!HTepecnon ne TOJILKo M.R cpannen11.11 c npe,JJ;

CKasanMMI1 ,ll;HCnepCI10Hllbl X COOTHOW6HHn, HO H B OCO CleHHOCUI B CBSI3H C H3y'leHI1eM HeMOIIOTOHIIOCTe\.1 

B sani1CHMOCT H ceq eint.R ( H nona pH3aUI111) oT snepr111111 a0JIH3H nopora pewtU11H IJI. C non nocJie,JJ;

nen TO'IKH 3peHHS! pacceRHHe 0 -KBaHTOB HYKJIOHaMH H R,JJ;paMH B6JIII13111 nopora p0llt,ll;61H1S! M630HOD 

npe,JJ;cTannneT ocoaun HHTepec KaK npHMep npol.\ecca, H,JJ;yll(ero c cpanHHTeJILHO He6oJILmi1MH celleHHSIMII1 

111 CMbHO B03Uyll(aeMoro aume nopora npoueccou HHTencHnHoro pox,JJ;eHHSI uesonoa. TaxHM o6pa3oM, 

MOJB:HO OJB:H,JJ;aTb 3aM6THbiX 3¢4JeKTOB B OKOJIOllOpOrOBOM 06JiacTH. flCHO, 'ITO 3KCnepHM6HTaJibHOe HCCJie

,ll;ODal!He OKOJIOnoporOBblX aHOMaJIHH C ,ll,OCTaTO'~IHOH TO'Il!OCTbll MOJB:eT OKa3aTbCS1 ll0Jl63llb!M ,ll;Jl.ll H3Y'I6HHSl 

npouecca pox,JJ;eHH.fl nHonon B6JIH3H nopora. 

KaK noKa3unaeT 6onee ,JJ;eTanLuoe paccuoTpe!IHe oco6enno 'tlYBCTBHTeJILHhiM K napaueTpau, xapax

TepRsytoll(HM qJO TOpOX,ll;6HHe llHOIIOB, OKa3hiBaJOTCS1 llOJl.ll pH3ai.\HOHl!ble 3qJqJeKTbl. 

llawett OC liOBHOn U6J!Lil S!BJI.fi6TCS1 ,JJ;eTaJ!bHOe pac CMOTpeHHe BJI111.11HHR p0l!t,ll;611HR Me 30HOB na Ce'leHHe, 

llOJIS!pH3aU,HD HYKJIOHOB OT,JJ;a'tlH H llOJI.RpH3aUHll t' -ItBaHTOB B6JIH3H nopora pOliC,ll;6liHR. 

IlpH llOJiyqe liHH llOJI63llb1X )J;JI.fl ailaJIH3a 3KCnepHMeHTaJILHblX ,ll;aHHbl X ¢opuyJI 11CllOJ!b3yeTC.II !lJeHOM6HO

J!OrHli6CKHn rutaJIH3 H ,ll;HCnepCHOHHhle COOTHOWeiiHR. Pe3yJ!bTaThl 'IHCJI6liHhiX paclleTOD, Oll11pallll(HXC.II Ha 

onpe,JJ;e.neHHhle npe,JJ;nonoxeuHSI o6 aHaJIH3e ¢oTopolli,ll;eHHR, na,JJ;o paccuaTpHaan KaK npe.r~napHTeJib!lhle. 

IlpH npOBe,JJ;eHHH 'tlHCJl6HHblX OU6HOK llOJIHOCTbJO npene6per8JIOCb TOHK11MH 3¢¢eKTaMH 7 CD.R3aHHw.IH C pa3-

HOCTbll MaCC M630HOB ( H HyKJIOHOB). 

li3B6CTHO MHOrO pa60T, B KOTOpb!X paCC6.11HHe 

JIH'tlllbl.MH Me TO,ll;aMH. 

;v -KBaHTOB nyitJionaMH paccuaTpHBaJIOCb pa3-

B HaCTO.Rll(eH pa60Te Mbl CTapaJIHCb o6oMTHCb MI1HHM8JILHblM 'tlHCJIOM ,ll;OllY11(6HHM, He npHOera.R It 

np116JIHJB:eH~M MeTO,JJ;aM 7 npHMe!leHHe KOTOpb!X Tpy )J;JlO · 060CllOBaTL. 

2. 

06mee BhlpaJCeHHe )J;JIS! aMnJIHTY )J;H paccestllHR t' -KBaHTOB 'tl8CTHU8UH CO CllHHOM 112 MOlltHO 

npe,ll;CTaBHTb B BH,JJ;e 14, 5, 61 

T = R/(; (e·e~ -r ~.zc c~ .. ·~·> -t" ~ R.x. (~[ee:J) .. ~ ll14, (i'[!>:~qJ ~ 
(I) 
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r ,lte D MlitJHJ!bl [~\ ~.3 R Rs- onHCbl aanr sJieKTpHtJ ecx He, a R~ Rll R R, 
MarHHTHble nepeXO,ltbl; l R €_ 

1 
-BeKTOpbl nOJIRpl13a.J..lRR )tO H noCJie CTOJIKHOBeHHR; ·S .. [i:_CJ, 

..... ~ .. , ;, 
lc. =- H IC. ,._ 

llle.l 1~.'/ 
s· = c ; .. ;.:1 -e,JtHHRtJHble BeKTOpbl no HanpaBJI8HHRM HMnyJILCOB 

KBaHTOB )tO 11 noCJie pacceRI!H.Il; 3HaKOM " C " noMetJeHH BeJIHtJRHbl B C •Il•M• 

Bllpal!Cel!He M.ll T 

MOXHO npe,ltCTaBHTL B BH,Jte 

1 CO,ltepX8.1!tee tJJieHH He BbiWe JIHHe£1HbiX no :meprHH O -KBaHTOB /I 12/ 

.. 
T =-~ lt.·"i') -~- ~ (~14--~) vc. (G'[e~iJ) + 'fc-2 { C~fs;.S,;J) + ~ ~ftJ,[(~·;;_)(<l"":S:.J -(e .. '.~J (rF.s:[J 

(2) 

C nOMO~LD COOTHOWeHHR 

·~!i~··)(c·~') -r..¢·tJ(e:;!J,.- 2 (i![i~CJ) -...c..~.:.;J(e.,·s? - (;..;J(e[t) 

BL1pal!CC!Il10 (2) MOlitHO npHBeCTlf K BHAY (I) • IlpR 3TOM 

-~ 
R~ ·-~ • n" _ 0 • 1(,"" _ 1 (·g_)t Vc::. 

• "'.a, - I " ... l-11 
~~ ~ 

· i ,.,.~ ::-J._rz v, , Rs = 0 i ~· :: 'if J4 1/c.. 

3. 

Ilpe,JtCTaBRM MaTpRilY nepeXo,Jta B BRAe 

T:::. 2. e;._.,;"'"·e. •e'.1/.e 
~~ . 

ilb16epeM ,JtBe TaKHe .KoOp,ltHHaTHble CRCTeMbl .X,~ ,·i R )(~ 'I'• t 1 

(3) 

(4) 

1 Y KOTOpbiX OCR 

: H 2- I napaJIJieJILIIbl HatlaJILHOyY H KOHetJHOMY HMllYJILCY cfJOTOHa, COOTB8TCTB8HH0 1 a OCR jf 

11 ~ f HMeDT O,ltHHaKOBOe HanpaBJieHRe. B 3THX KOOp,ltllHaTHbiX CRCTeMaX cfJYHKilHR C06CTBeHHbiX COCTO-

.llHH~ CnHHa ¢0TOHa C C06CTBeHHbiMH 3HatleHH.IlMH St = z I HMeDT CJI8AJDmRn BRA 

.t,:Ae h., 

.... _.., -- _, ..., *'! >.=-?i(h.-=fJ j ?~.=~c~~i,J 
..,. ... , .. 
Y 1 = -~ (h -iA) ,, V'i. J 

..., ( "'' ... 
' "'Y I ::: - ( 4 -f'i.i) 

J-1 Vi 4 I 
(5) 

~ 

' 1 R 
-1 
k: - e,JtRHHt!Hble 6a3HCHble BeKTOpa, HanpaBJieHHble B,ltOJIL 3THX ICOOp,JtRHaTHHX 

ocen. B oel~eM CJiyqae COCTO.IlHRe nOJI.IlpR3allHH ¢OTOHa 6y,JteT CMemaHHbiM COCTORHReM, T.e. 

~ ~ _, 
e ~ c, '>. + c_,)_, , c6) 

r,Jte (C,\1 R (C-,\:z. - BepO.IlTHOCTR COCTO.IlliR£1 ¢OTOHa C S1 = +I R S
1 

= -I COOTBeT-

CTB8HHO. 

HcnoJIL3Y.Il coOcrBeHHble cocTO.IlHH.Il cnRHa B xaqecrBe 6a3Hca npe,JtcraaJieHH.Il, uatpH~ nepexo,Jta 

MOlitHO npe,ltCTaBRTL B BH,Jte MaTplillbl 

l 
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0 >'".tJ. :s: f _, 

T= 0 0 0 (7) 

.. ,, tJ.., 0 
.... t• tJ. _, 

~-· . . ~ .. )_, .. )_, 
/ 

BneAeM MaTpHey nnoTHOCTH ¢oTOHa n BHAe 

{

c. c.· 

~ = .0 

c., c..· 
(8) 

MaTpHUa nJIOTHOCTH KOHeqHoro COCTORHHR 

COCTORHHR j: .. COOTHOW8HH8M 

(9) 

XOTR B (7) H (8) MaTpHUa nepeXOAa H· MaTpHUa nJIOTHOCTH npeACTaBJIReTCR TpeXMepnu~H MaTpHUaMH 1 

OHH HM8DT TOJibKO qeTblpe OTJIHqHbiX OT IIYJIR He3aBHCHMbiX 3JieMeHTOB. CJieAOBaTeJibHO Ml:l MO:iteM npe)l.

CTaB~Tb HX C nouombD ABYXMepHI:lX MaTpHU H npHMeHHTb H3BeCTHhln annapaT MaTpHU. llayJIH if 

T ~ ( .. 
~,'-:fl. ;, J:·.rt· ~·) .... ~ 

~ ~A+ S,_·B 
:z •• N· ... :;•• .#· y (IO) 
7_, • ), 7·• 7-1. 

( 
c, e,• c,c.~) = 

f -= c., c,• c., C.7 

.. , .,. 
1
• (1 t' :;" 'f.') .t ~ -· ' 

-napaMeTphl CTOKCa. 0TJIHqHbJe OT IIYJIR 

DT JIHHenHoM nOJIRpH3aUHH !lJOTOHOB BAOJib ocen 

cTnyeT Kpyronon nonnp~tsauHH ¢oTona. 

Hs (10) HeTpy AHO nonyqaTb : 

... ., ... u • .., ('T 
:2. A;; ) ~ .... r< · >. + ~-• ·II· ~-r " ::Jf 

~ B" .-: ~~·· ,ai. ?, j ~· · tf. ;., :: ~P (s /T) 

2. S )C :: f,t*.t/. f_, -r ff.:"' ·II· J~. S p ( 6',/ T) 

2.; B = Y '• · rl· :; ... '• ~ '.1 )C }•I - )., •It/• 'f., I 

r,IJ;e CJie,IJ; ClepeTCSl no nepeMeHHbiM 'f' -KBaHTOB. 

(II) 

p 
t COOTDeTCTB~! 

·:"1 
. • -;:. p. 0 COOTD8T· 

(12) 



BeJI Htt H!!bl /; 11 ~ 
MOl:!!O CBR3aT h C fl, .... , f(f , onpe~eJISIIOlJIHMH B (I) 

ln = .~. ·~.~.) ,hc..s&) <(C?,. ..-Q.,) .s:.,9 -~-·~) 

" ... " .. . . / _. ........ 23~ • -~·:2.._1 ">·,<•<') -t- ,1 .. ~~),~.:-'~.) u·,<~<', 
,., -,., (\ ·~. ·j·• ....... 
"'' 0' :- '( ... 0(~ • ·' ·:..s.~, • '<_· ··<. )_ s-. ~<·..;) 

:Z·?.. • ,'I,·Q1 ;(t-~!:') .. :,ll_. .. Cl,JSi,.a .(!.;:), 

(IJ) 

r~e " a ..._ .. ,. .,, I -. -> 
n~: .. .,. :_r.·~-- . u. .. ~ ·;.~-!<.') 

JierKO BHttHCJII1Th MaTpHizy llJIOTIIOCTH KOHetmoro COCTORHHSI 

..... _ .... _c~ ....... ·( ... + .~ ..... ·c·r ....... 12 ~~ • ii.A•G"II'·B)(1+~d?) A +S"v·~·) = i, lAAt+e.·B + \..~~"'ti3>A)i' -• i:!.·f!.:.JP)J.,. 

...... ~ -..... , .. .. - ...... +7 . t . .... .... .... ... ·+ ,. -. ~ -.. 
t- ± ".-- . 1 A B .. B A " - L 8. s _) -r (A A - B. B .. J . p + B . f1 P.. r .. a p . 8 ;- + (14) 

t :A _ P · & ~I - i. P · B. A r ... -+ [ .... ... , .. } 

IT pH llOMOlJIH \,l4) MOX!IO BblttHCJIHTb B ce HaelJIJO~aeMbl e BeJII1ttHIIbl. 

~R B3aHUO~efiCTBHR HenOJIRpH30BaHHHX ~ 
-KBa!ITOB H HYKJIOHOB ~uqxpepeHI:~HaJihHoe cetteHHe 

ely ~eT HMeTb Bl1~ 

J.r;- - / ) I /' ( t -II 4 "') tto ~ ..L""-e = r ~P AA +&·a , (15) 
r~e CJie~ ClepeTCR no HYKJIOH!IbiM n~peMeHHbiM. ITO~CTaBJIRR (IJ) B (15) noJiyttHM 

-4£(~) ~ /tl, ... R2J'(1+~e)~ -..jQ,-~~JJ. (1-CQ6 &)J. + 1 ~ ... Q~j-~, (3 -~.!f. .,..~t:-.s~) + 

-+Ills -R..,I~ (3-~&e -..tcc.:s&) + .2./~+~J~ (f+~sJJ + ..tJ llr -R.,J.a. (1-ee.3 &),j-+ (16) 

+ 4 Qe (Q3 -+ Q~c)"' C~s- •Q6 ) (1-t ~ a)z.- 4 12e. (Cl~ -Q..Y (~ -r:?,) (1-~£+) .z 

11JIH 

li.(~) .., (1 +to.~ . .z.t~) [lcz,1z. -.IQ.:l.\~ ... 4 Re (Q.~·Q~. + Q.,• ~)] + (3-~.za) (IR,.fJ..+I12.
1
z_j + 

( ~ 2. L- • .. /'• • . (16') + ~(!+ 3eoe."e) lf?s; ~ ;Q.;; ) + 4/l.e ll, ~ -ri?J ~ 1-.,li..~J ~ -rllv ~) +{3+~le) f4•RJ~ 6 
Bupaxel!He ~R nOJIRpH3a[IHH HYKROHa IIOCJie B3aHMO~eRCTBHR 
H HYKROHOB MOXHO npe~CTaBHl'b B BH~e ~) - _,. _.,_, ~ 

l1 
l.Lo(&J<G')f:: .Sp (AAt-+8·&+-) 6' 

~-4opuyJibl (19),(23) 11 (24) B / 5/ co~ep:rcar onHCKH. 

HattaiihHO HeiiOJIRplt30BaHHHX i" -KBaHTOB 

i 

-!J 
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I.(~)<~~ • ~ S\149IM[(tz~+Q,)(Q,+~~f'(1+w"!.&) -(RJ.-R•) (,Q,-Il~)-~J(-f-e;o.t,.&j] = 

(17) 

lti3BeCTHoe o6CTOHTeJI!.CTBo, 1.1TO ce1.1 eHMe · Io (~) He ueHHeTCH npM 3BUeHe 3JieKTpM1.1eCKRX nepe

xo~oB Ha uarHRTHHe npOHBJIHeTCH B TOM, 1.1TO (16) MHBapHaHTHO npM O~HOBpeueHHOR 3aMeHe 

(18) 

143 (17) BH~HO, 1.1TO BHpazeHRe ~H llOJIHpH3aUHH HYKJIOHa OT~a1.1H TaKXe OCTaBTCH HeR3UeHHHM npH 

3TOU npeo6pa30BaHHH. 

4. 

YCTaHOBKU Tenep!. COOTHOWeHMH UeX~ napaueTpaUH CTOKCa H CTaTHCTHtleCKHUH TeH30pHHUR 

UOU6HTaMR. CTaTHCTHtleCKHe TeH30pHHe UOLieHTH O.npe~eJIHDTCH, KaK H3BeCTHO, COOTHOWeUHHUH 

-r;,, = f6 To= rrsi! -r:;o =rf (ts; -1) 
(19) 

~2. == f [ s,.z. -s; .. ;. ( s. s~ +s, s,.)_] 

~-2 = i [s: -s: -i ( s • .s';J + s~ s~ 

s -, y+ 
p J~ ;r•~· (20) 

C TIOUO~LD 3THX TeH30pHHX UOUeHTOB UaTpHUY TIJIOTHOCTH UOXHO npe~CTaBMTL B B~e 

(21) 

npH 

IlapaueTpu S> l"M CBH3aH!i C napaueTp8UH CTOKCa 

S>,o =- 6 ~ , 9-z.2 = P,. -i P., , s>~-2 == P,. ... ; P'l (22) 

BHpazeHHD MH cetleHHH I (9, 'f) pacceHHRH noJIHpH30B aHHoro nyqKa · o -KBaHTOB HenoJIHPH30-

BaHHHMR npOTOHaMM, B CHJIY HHBapHaHTHOCTH npH o6p~eHHR BpeUeHH / 8,S/ UOXHO llpM~aTL BH~ 

(2J) 
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2I .. (e) ~~,)f- "'si"~a ( IR.1z. ~ 1~ .. 1' -It<~ J~- IR.dz.) 
(24) 

<~:tA- HaliaJibllaJI ll01ISlpH3~Wl nyi!Ka ';t -KBaHTOB. 0TMeTHM, liTO (24) MeHSieT 3llrut npH 
• 

npeodpa3oBaHHH (18). 

5. 

llpH 3HeprHSIX '!; -ItBaHTOB HHllte nopora pOllt)leHH.II llHOHOB V., , MHHM!le qacTH BeJIHilHH 

~ •.•• Q" Manu. Bume nopora MHHM!l e liaCTH C2s. ••• R6 onpe,lleJISIIlTCSI H3 ycnoBHR ynHTapnocnt 

$ -UaTpHIU», KOTOpoe B npene<5peiieHIU! qJleHaJAR, KBa,llpaTHqllhiMH no 31IeltTpOMarHHTHOLIY B3al1140-

)lencTBHil, llpHBO,llHT K COOTHOmeUHil 
,... 

L
~T ~ ••.• , -~ ... --+ T _.,_.., ~--+ .... ,l 

·l 1 \..- M:. > -e , - ..:. , .. e , - s) - .... i<:. ; e , It!. , e , 6'" ~ == 

J f ~ [T,_ (~ -fl...,, ...,J T ~ ... -:t ..... ,7 ·-· .2-;._joi.Q(q-r) y-..r.+ lf-r,k.>e,G" t-o.r.r l....'l+,~<:..,e.,(;)~ -r 

.J. ~ ..... [-t + (""' ~, .... , GL T /~ ~ _.. ..,.!) +-!. o(.Q(q.) r-tJO" 'J.,Ic.,<Z., ) If ... ~ 1....1o~IC..,.e,~) 
2E I 

r)le 

T~-4Ji" (f, fZ,t I~) -= t t:~ (~·~) - M~, [C1Dte]) -i (<? rc~ ... e.Jcl])j

- ~3 r~ (Ct?Q?]q"") + i (~[~e]fJ)j + ~ E~{(~-it.>(~'") +-(cf.~J (~ ·flj 
- aMllJIHTY.Ila ¢OTOpOllt,lleHH.II llHOHOB Ha npOTOHe. 

(25) 

(26) 

fipH ylieTe HHXanmHX COCTOSIHHM t;£ , KaK H3BeCTHO, COOTBeTCTByeT nepeXO)ly 113 COCTOSlliH.II C 

uouentou I l/2 H OTPHUaTeJlbHOn- qeTHOCTbiO C pOllt,lleHHeM M EDOHa B Sy~ - COCTORHHH, 

M" -nepexoA H3 

nepeXO)ly H3 r 
r = l/2+ p pOlt,lleHHeM Me30Ha B 

= 3/2+ c pox)leHHeu ue3ona B Po/~ 

P'J.... c OCTO.IIHHH' 111~ H 1:..3 

- COCTOSIHHH. H3 (25) CJle)lyeT, liTO 

Bhlme nopora 

•~ R,c: ~ 'le.. £ IE,Jl + ;j I Ea.l 2 eo.se ] .... ~,A~, 

J..'" Q2 c. .: .Jc. ~ (f\i,( 2 ~21~12.-~ IE:a./ 21 = lleA.a 

I"" R1c. =I""' R,c. 

I"' Rite. = ~'- 1/f-.1,12.:-fNlfZ +1{ 1Ez{2. ~l (e:MJ. + fi'.~ M:) f::: Vc 44 

..ln.. QS'c. :::-llc.t t (E':tl1 +~ (c{M3 -rE2./vtA~) ~.:: vc..t!s 

I""" R,~ ... o 

(27) 

I 

.4 

( 
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C llOliOlllLil (27) JierKO yele,I4HTLCSl 1 liTO llOJIHOe CelleHHe B3aV.MO,I4eRCTBUSI lf -KB811TOB 

(28) G: =- t~ ~fR,,(c)tl?u.{~)j:: 't:r.{fE,f'+f.t-t,J.:. ... 2/M.JI'-~ fc~l'i, 
KaK 3TO H ,140Jlllt!IO ClUTL 1 COBn~aeT C llOJ!llbiM CelleHHeM <!JOTOpOJJ:,14eHMSI TIHOIIOB /'J/, 

Tiopor pollt,l4eHMSI :n.. -uesouon vr (.r .. ) coCTaBJISieT 144,7 Msn, To JKe )J)!R pol!C,ne!IMSI .Ji t 

uesouon \l., (:so~) 150,5 Msn. Tipll oueprl1RX '("' -KB8HTOB Bhlme v.:o (Ji ~) B npaayD llaCTL 

(27) ( ~ . A c:- A... ) BXO.I4SIT BeJIJfllllHU, xapaKTepu3YillllHe KaK pol!C,I4euue ,:rc:- -Mesouon £j ,~s,... , , ;z • • • , 

TaK u poE,I4euue Jit- -Mesoua ( t::: , A-t,• .:.... A7 , A_.... · ..... ). OClJiacTu·oueprun 

l.le(,it) > 1/ :> V~ (~) H 3qxpeJt,TN 1 CBSI38HH!le C pa3HOCTLI> M8CC 1 B HaCTOSllllen paeloTe I!e pac-

CM8TpHBaiOTCSI, 

HeMOHOTOHHOCTH B celleHHH pacceRnuSI t- -r.nauToB B nenocpeAcrnenuon ClJIHOH K napery 

pOllt,l4eHllSI Me30l!OB CBSI38HN C pOllt,neJHteM Me 30liOB. B S - COCTOSlHUU, CorJiaCHO HMel>lllHMCSI OKCne-

puMeHTaJILHNM ,148HHNM Celle!lHe pOll:,l4eHHSI .:Ji + -Me30HOB B S - COCTORHHH 3H8liUTeJILHO npeDOC-

X0,14HT CelleHHe pOliC,I4eHHSI ole -Me30HOB B 3TOM COCTOSIHHM. Ctwo YCT8HOBJieHHe qJ8KT8 pOllt,14e!lHSI 

~ -Me30HOB B · S cocTOSIHllH noTpeelonano npoBe,14eiU1R TPY miNX ::JKcnepHMeHTOB. OlleBHAHO, liTO 

3KCnepHMeHTaJILHOe H3ylleHHe pacceSIHHSI t" -KB8HTOB B OClJ!aCTH 3HeprHt! ""'-jj'J 7-V > -'• ... r•) 

,148CT ,14QllOJIHHTeJILHNe CBe,l4eHHSl 0 pollt,nemm J~ -Me30HOB B S - COCTOSlllHH, 

BHliHCJIHB MHHMNe li8C TH BeJIHliHH Q, .•• Q~ C llOMOI!lL!O COOTllOWeHMSl YHHT8pllOCTM 1 )\JISI BhlliMCJie-

HHSl ,14e.tlCTBHTeJI LllhiX li8C Ten npHBJielleM ,14HCnepCHOitHH e COOTitOWeltHSl 1 QqcyJIC,n8BWHeCSI B l(eJIOM pn,ne 

paeloT. 

6. 

llpHCTYTiasi K paCCMOTpeHHIO ,nHcnepCHOHHHX COOTHOWeHHI-1 )\JISI pacce.!li!HS! f' -KB8I!TOB HYKJIOII8MH 

oelcy,nHM necKOJILKO no.npoelnee KHHeMaTHlleCKHe cooelpaxeuHSI. 

TiyCTb 4 - BeltTOpru.m_ HMTIYJILCOB na,na!Olllero H pacceSIHHOrO ¢OTOH8 Oy,nyT I< H IC:' , a 

mmyJILCN HYKJIQ!la f' H p' 1 COOTBeTCTBeHHO. 0HH CB.!l38Hhl 38KOHOM COXpaaeHHSl 

Bne,neM 

-'- <..P •P'J .1 

CJie.nySI llpaury /IO/ BUClepeM 38 Cla3HCI!He CJie,14yiOlllHe 4 OpTOrOHaJILHhle BeKTOpH 

k I / •) '=i.._.c.r. ' ~.:-~ (ec'-~e.) =i (p-p? _, £'::.P- (~~}K. 

Nf' :: .. G.f'O~ Pv' k~ ~S' 

(29) 

(30) 
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fiMITJIHTy)l.y paCCeSlHl1Sl MOXIIO :JUITHCaTb B BH)I.e 

a 

r)l.e 

• 
if"'. 

1r; 
' 

~ - I .. /0 . ::: u.. (p') ~tv"'. e v u.. (p>, 

MOXHO npe)I.CTaBHTb C ITOMO!llbiO HHBapHaHTHhiX cpyHKlll1lt B BH)J.e 

C' c:;;- 6" .,. 
t{f'" .:: ;;. p,.. c ~tr' 7 .J • 

O:JHa'l!aeT 'l!eThlpe Cla3HCHhle BeKTOpH,BBe)J.eHHHe D (30). 

rpa)I.HeHTHaH HHBapHaHTHOCTh TpeClyer, 'lJTOClbl e'·~e' "'o, e·K:o, 

(31) 

(32) 

' C' 
IC."_... I\( I""' "c l1 

~ A/ 0 ¥.,.·, rc, ~ ~ • BCJie)I.CTBHe 3TOrO "fl" CBO)J.HTC.R K CJMMe CJI8)J.JIO!lll1X BOCI>Ml1 l1HBa-

pl1aHTHHX cpJHKI.lHn T;· . . . t; OT )J.BJX HJIBapHaHTOB .t1 II ::- pIC H <¥ ~ 

I • / ~ ~2. 1 Qt p' [ '1 c,... rv ~· e ~ = M~ 112 2.( (~ .I: :J (e ) T, T i 1c 7;_] t-
- rt; al. • .,z) 

"t -·-:--_:1.____ [ ~~ [~vtl.oJZ.-~Z(C!¥Z+i1Z)] (e'f'l)(e~) ~ -+i~ t;]-
(33) 

£ {Ce'P')(w) -(~'N){e.P'f/ ~ {7$ t-4 ~ ~)-

L [(tZ.'P:J(e~)+(e'l()(eP:J]tr:[~~;_2 I"J 
l'·fl.'la.. - f!¥,_(C¥2+M2.) 

Q4 
HopuHpyllll(He MHO:Z:HTeJIH Ma."a _ £:Yl.(ql.•J4~) nne.neHH )J.JI.R y.noClcTna. 

MO:Z:HO ITOKa3aTI>, 'liTO B JIIOClOlt CHCTeMe ·c l1 B 'l!aCTHOCTH, B Cl1CTeMe EpanTa H B CHCTeMe l.l8HTpa 

uacc) cnpane)J.JIHBhl paseHCTBa 

r.Ite 

Q2 
Mz. ·.P·- a2 (~z.+Ml.) (e.'P') (eP') 

_ ce ':.t.) ceiG'J - .... ... ::::: 
1~1 (k 1/ S>i"'29 

.. ..., ~ _, 
(c! IC.) (.€. lc:.!) 

si..,~e 

(g.' f<l) (e ") = ce·f~ t.'JJ c~ ce.~'JJ _ (e
1iJ C~?J ""z...;2._ a~('fz.+M1) 

(e'P:J (eN) -i= (e1!1)(eP') 

Ml.r/2.- ~2.(~ZT"~') 

Sik2e .. Sir.,Z 6 

= (e .. '~J (eSJ) + (e'iJc-Z~'J 
s.· .. 2e 

(34) 

e .. ...,, ~ ..... , 
- yroJI ue:z:.ny 1c: 11 t:. , Jc: 11 1c - Kax H pruti>we e)J.l1Hl1'l!Hhle nex:ropH .... 

B)J.OJib X 
l1 ~ 1 

, § "' [ ~ ·~. MH llOKallte:U CITpa.Be)J.JIHBOCTI:. (34) B CHCTeMe Epal!Ta, r.ne 
.....,, Pfe-4 

,P ::-__:_ k. ~-~£. 
I<~ Q2. 

"'> 
p =o 

(35) 

J 

I 

I 

I 
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nerKO yde,nHTbCR B cnpa.Be,nJIHBOCTH CJie,nyD~HX ¢opuyJI 

(36) 

(37) 

(38) 

ITepeuaoxas (37) H (38) noJiyllHM 

(39) 

C fiOMO~bD (36) npeodpa3yeM (39) K BH,ny 

(40) 

~ c~·~xc""it.') =· (~'12)(~k') 
r.,2. .s; "'<l e s i i.J..e 

(41) 

_,. 
N =- v~:Lf.~l. f est-~ (42) 

MOXHO a.HanorHilHO .noKa3aTb cnpaBe,nJIHBOCTb .npyrHx paBeHCTB B (34). KaK H3BeCTHo, xpedoBa.HHR 

HIIBapHaHTHOCTH npH o6p~eHHH B peueim ( HJI!If, KaK 3TO 6y ,neT ,noKa3aHO HHXe, Tpe60BaHHR "KpOCC-

CJIIMMeTpHH") yueHbWa.DT llHCJio He3a.BHCHMHX HHl!apHa.HTHI:lX ¢yHKUH~ .no wecTH ( T~ "It ,. o 

ECJIH 38nHCaTb aMfiJIHTy,ny pacceRHHR B CHCTeMe Epa«Ta B BH,ne (1), TO fiOJIYilHM COOTHOWeHHR 

fl. s;~?e = ! cr£.~6 +T~) -~eo (lZ (4)$6 +4) 

~z. Sit\Z& ::- ~ (J; + ""f3 Co.$~) + Ia. (/2 -t4~&) 

(43) 

). 
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JlerKO y6e~I1TbC{I, 4TO npH £'- ~ C noJiyqaeM (. t: .. 111 , r. ... \') 

~ .• ~. \ , ~C-r. -"G -~(-G.-~)7 .... ·~ -.;,. ... !J 

Q.,t'-?~1 ~ '-. ,··-~,~-;:::~) +t\vi:j·· '"' ',• , ... , - .. _ (44) 

,., \ 
'· - lC!. .":' '"' 

:: 
,,_ 
l 1\ • 

., I • 

~'4 . :: .JL .•.• 
... :c ..::.•\ 1-4 

OnHpaS!Cb HO. 06l!lHC npHIIUI'lllhl KBO.I!TOBOtl TeOpHH nO.'ISI MOllti!O /Il-!5/ noKa:3aTb, .llTO f; 
pO.CCMD.TpHDaeMh!e KD.K !iJYHKHHH V 

Tll.K 11 npw 

SIBJISIIOTCSI a ~l:lJHITHilCCKHMH cpyHKUHSIMH, Ka.K . npH fl ·· ( , '," · ·..: o) 
1 

/" l (..'U•H 1\ 1;) ( ~ A.t_'~ §_~!lt~,r- ~ 4 ... !:i! lf.tj; 4 ~ 3 kf;f I 

4z ... 1:% 1\4~ :: "fAt (A-t+ ""-r)' 

r.ne ~,., -!dacca -:;, -Mesoua. 

06LIIli!O, paCCMO.TpHBD.SI aldnJIHTY lJY paCCCSIHHSI Bnepe,n, orpaHHilHBaDTCSI .ll:BYMSI ,ll;HC nepCHOHHhiMH 

COOTI!OWCHHJIMH ,ll;JISI cpyHKUHfi f.!, + QZ H '!, + Q., +< ~ •< ~.. • li13 ( 1~4) BH,ll;HO 
1 

llTO B ,ll;Cl!CTBH-

TCJI bHOC TH H llpH fl "'c-• HMCCTCSI llC Thlpe ,ll;HCilepCHOHHhl X COOTHOmCHHSI ,ll;JISI ~. + R~ 
1 

1?.3 

~'1 11 ~ .. ~( nopo3Hb. 

7. 

3D.Il0.3,I\hiBO.IOII!YIO npHilHHllYIO a.MnJIHTY lJY ,I\JISI paCCCSIHHSI cpOTOHOB MO;ItHO 30.11HCO.Tb B BH,I\C 

~ (p•) N,...;d k(f):: -~JJ:li (P~:') ~"Jd~i (/~~ <pif ec~~-fjf-4 {'t),t: (-1_[j /P;.'.> (45) 

I 

.1\JISI onepellt8llii!Cn npHil HIIH0!1 &fllJIHTY ,1\H anaJI OrHilHO MOlltHO 3anHcaTb 

li" ~·) ,.,;:·' u CPJ , ··JJi~; "~:£' y~z. J cC "t eit 1! <P'/ e (-::.) L1 ~ ( V, f~(-tJ] .' r~ (46) 

Onpe,I\eJIHll BCJIHilHHhl ~ ~ H A-,." CJI 8,1\yDII!HM 0 6pa :30M 

("II ., ( IV 2d ./ aA ·~") 
(.Jj ~ :; ~ p..' + IV I' .J • 

1/ I f./ lei fl{ "} 
fT f44 = .2A. · l ",.w - !V,.... ./ 

(47) 

\ 
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. 
ilpOHSBO~H KOMn~eKCHOe COllpflXeHHe H~ odeHMH qaCTflMH B (45) H BCllOMHHafl 1 qTO J~ HBRHeTCfl 

spMHTOB~M onepaTopou, nonyqHM, qTo 

(48) 

. 
.liSMeHflH nopfl~OK tj f" H 1.; B KOMMyTaTope B (45) H SaMeHflR nepeMSHHYD HHTerpHpOBaHHfl i 

aa - : 

(49) 

ilOACTaBRflH (33) B (48) H (49) nonyqaeM 

* ~.~.st; (-IJ, ~z.) .... -+ ~.l,s-,' (v; Q' 
(50) 

--r;,~ (-"· ~2.) = -Tz,Lf (J,Ql) 

Tr:Ts=o 

C nOMOmbD (50) ~HCnepCHOHH~e COOTHOWSHHH MOXHO nerKO SanHCaTb B BH~e 

"" 
c::;;o.,,,,s-,6 (v,Qz.): :Pj ~·A,,!.,~,(r~<;:>z) k' 

0 
v•z.-vz. . (51) 

PaCCMOTpHM ~HCnepCHOHH~e· COOTHOWeHHH npH Q2..:; 0 

c nadopaTopHon, a - CTaHOBHTCH 3HeprHen 

1 KOr~a CHCTeMa l:lpaltTa COBnMaST 

-KBaHTa B naOopaTopHon cHcTeue. 

n (5I) z. Ba ~HCnepCHOHH~X COOTHOWeHHH nonyqaiOTCH, SCRH B ., npOC TO nOROXHTb C¥. ::: 0,. 

lleT~pe ~pyrHx- ecnH B Haqane npo~HqxpepeHI\t1poBan no Q 2 , a saTeM nonoxHn Q ~ .. o 
TaK KaK AHcnepcHOHH~e cooTHoweHHst ~a T ·· 

2,4 

npH ~z.==o OCTaeTCfl BOSMOXHOCTb ¢8XTHqecKoro HCnORb30BaHHfl AHCnepCHOHH~X COOTHOWSHHn 

RHWb ~S! KOMdHHal\Hn 
R,-+Rz.., Lt. 
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H 

a TaKXe ~H B9HHqHH 
~s +QD" L~ 

~3 ~ L~ 
~": Llf' 

KOTopue ne co~epzar cnaraeuux, pacXO,IUilllHXca npH ,) _. o 

IlpH ~ ~ " 0 L • L (II) "' uo:a:ao noKa3an, cpanuHBaa ( 44) H (50), . liTO 

L, (!!) :: L, (- ·.-} 

L2, ?J,, ( v> .. - L,, 1,, (-v) 

TaKHU odpa30U, ~HH 3THX B9HHqHH Mil MOllteM 3anHCaTb ~HcnepCHOHHlle COOTHOW9HHH 

-Re L (11) - ~ L. col :: 2.~ s Jf".f 
V:o 

.I'""' L.~. ('1') c:{v' 
.,. (., .... -If&.) 

-
Qc. 2,;_., (")- I} ~ 2,~,., (o).,. - £ · ---""' ~.'!.,.,(.r') cLv

1 

L , L' !2. y!. J I L 

s v·~ C "''- v~) "• 
.... 

Ellie ~Ba ~HcnepCHOHHllX COOTHOW9HHH riOHyqaDTCa B CH9~Dlll9U pa3~9He. 
H3 (4) 

R<l L4(o) ~ - ~ 
M 

v ~e L~ (a)~ e Jl411 : ·e4 :\II., 11 
I M k 2M."" 

v ~ L3 (o) ... - ~ (~ )~v ..,. _:!.. e4 ~., 11 
:u-. . ~ "M M""v;; 

.J ~l~(o) '="--~~z.tJ ::-i !.4.~t.. "".L 
M M Vo 

ott:£~ 
J z.~ 

(52) 

(53) 

(54) 

IlepBOe H3 COOTIIODICHHlt (53) C riOUOlllbilOriTH'ieCKOR TeopeL!bl npHBO~HTCa K OC!bJq!IOMy BH~ 

.... 
R.e [R, (11)-+ Rz.("l] .. - ~z. ... ~ p 5 G"(.,•Jc:W'· 

M .zr.a 111 , _ vz. 
'io 

~531) 

T,e. COBri~aeT C ~OOTHOW9HHeU, riOHYii9HHbiM reHbMaHOM, ronb~deprepou H THppHHrOU, 

8. 

B CHCTeMe ueaTpa uacc BeRH'iHHbl R,~ ... ~'' uoxHo Bblpa3HTb qepe3 aunHHTY~ pacceHHHa 

B COCTOSIHHHX C Onpe~eReHHbiMH 3Hali9HHHMH NOM9HTa H qeTHOCTH, 

', 
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0603Halml4 ttepe3 E't H £3 a.MIIJIHTY ,liji 3JieKTpHq eCKHX ,14HI10JibHhlX nepeXO,D;OB C nOJIHI:IM 

yrJIOBIU4 MOMeHTOM I/2 H 3/2, COOTBeTCTBeHHO; ttepe3 £~ -aMIIJIHTY.ItY 3JieKTpl1tteCitOrO KBa,D;py-

nOJibHOrO nepeXO,D;a C nOJIHhll4 MOMeJITOM 3/2 ; l'l? 4 , n?a. H imJ - a.MIIJIHTY .lthi MarHHTHhlX 

,ItHnOJibHOrO H KBa,D;pynOJibHOrO nepeXO,!tOB. Kpoue TOrO HeodXO,!tHl40 BBeCTH aMIIJIHTY.lthl C' (.rn~ £!1.) 

C 1 
(fa M3) , (!' (£'3 'M2.) H (!' ( ,.,~ ~3 ) 1 ItOTOphle COOTBeTCTBYJJT nepeXO,D;a.M 113 COCTOJIHHJI 

"ml B £ tc. • MHBapHaHTHOCTb npH o6pa!l\e1lHH BpeMeHH npHBO,ltHT K TOMJ' 1 tiTO 

(55) 

0KOUttaTeJibHO, HCnOJib3YJI TeXHHKY npoe~HpYDJilHX onepaTOpOB 1 npH orprunttteHHH COCTOJIHHJIMH C 

~ s 3/2 noJiyttHM 

· Q,c. .. £, .. 2£3 ... u~ eo:se - m2 

Rzc:. = m, -+2 mJ -+2m., Cos& -£~ 

R3c. :: £,- eJ ... ,z f,z.£C,s9 -+l ~ ... 'fie I (£.3 >n.z) 

Qk ~ ~.-1?1l-+277?z W.SS +j£2 +'f7~' ('M.J~a} 

Rsc ::-[~:-'1&-~'('".J-t}j: ""-4----=f(~_f2 )_ 
P.,c. :: - ~.z.- (j C 1 (~3 ?l12):: - m.., - C (t:'s ')1.12) 

C noMO!qbD (2) H ( 4) MOlltHO Bhl,IteJIHTb 3aBHCHMOCTb BeJIHtl HH OT 3Hepnm npH !1.._ "* 0 

o L- , ~, '2.Mz..l 
?l?r : - j I' 2. '!c. ) I "3 = j J - Vc. 

R l :: ~ec'1.. -r.; 
214 ~ 

no ~z. H noJiara.st aateM, ~l..::() 

n lt:ol.. ~ 
K =- IL. 

" Z.l1 , 

• MHOlltHTeJib ~ 

; ~"'=o 

(56) 

(57) 

npH q2. -+ 0 CTpeMHTCJl K y:Z. , KOMneHCHpyR TeM CaMhlM, B03MOlltHYD HH~paitpaCHYD paCXO,ItH-

MOCTb B 7;_ H -,;; 

·PaCCMOTpHM· 

R3. = f4,z. -r;_ "" "" ''Z. Ta. ( "· Ql.) 
2M 2, 

'{ «'2 1'1'1~ 

"""-·-··~------··-
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ECJIH ~ ~1/. Q~) SlBJISleTCSl 8.1Hl.1IHTH'lleCKOll ¢YHKU!1ell V npH Q" < Cil 2~<o<l.IC , :ror)J.a 

R_\ H ~ ~4qz. :raxxe Oy Jl.YT a.na.JIH:rH'l!ecKHMH ¢YHKUHSIMH. 

Tax Ka.K BK.Ila)J. 0)1.110-HYKJIOHHOrO COCTOS!HHSl )J.JISl (23 IDlee:r Bl1Jl. 

~" ~: 
~: -~'2.. 

r)J.e ~ -HeKOTOpaSI KOHCTaHTa, a Ve. = Qj,.,._ , Cpasy BH)J.HO, 'liTO 

..... - J il;; -= 0 "·-
~- /-

~ ~c;z. lla'·ll' <i.z=o 

T.e. BKJia)J. O)J.HO-HYKJIOHHOrO COCTOS!HHSl B )J.HCIIepCHOHHOe COOTHOWeHHe ~Sl 

oOpamae:rcSI B HYJib. ITpH orpa.nH'l!eHHH coc:roSIHHSIMH, yq:renH~MH B (56) 

o R3 [~ U> 
~ '= -2. --
1\~z.. ~?.. 

~R%9~ IIPH 

(58) 

- f' - i_ 

Tell CaM~M ttpH orpaHHlleHHH 3THMH CO CTOSIHHUH -a.~) 0y)J,eT aHa.JIRTRlleCKOll ¢YHKUHell V 

C¥~ ... 0 

. '~oz. e 
11 KpOCC-CID.!MeTpHSl 11 K OTOpOll COBIIa)J,aeT C CHMMe:rpHell. :s TOr,IJ;a )J.HCIIepCHOHHOe COOTHOWeHHe )J.JISl €t (or*~ 

' " 
MOlltHO npe)J.CTaBHTb B BH,IJ;e 

lllo 

Rc f2.(.t1) ... 2"5 J: .... £:a,(11')c:W'1 

-JZ. Ji '112 (v•a.-vz.) 

"'0 

= ~ s ~k'i [~(1') .::h' 
Ji" "'~ (v'~- V ") · 0 

HJIH OKOHlla:reJibHO 

R.~ f~ (.t)::: 

tlo 

~ 

~ "3 s IWI £~ (f') 
'Jf v'z.( ,,a-"~) 

1/o· 

M' 
(59) 

KouOHHMpySI (57) c ,IJ;HcnepcMOH~M coo:rnomeHHeM NISI Rs-· .- Q6 w BH,IJ;MM, liTO E~ (11) 

M C ( Za. ~A) 110p03Hb Y,IJ;OBJieTBOpSIIDT )J.MCIIepCHOHHUM COOTHOWeHHSlM (59). 
AnanorHliHO, paccua:rpMBaSI npoHSBO,IJ;HYil o:r · R 'I uoxno noKasan, liTO l'n~ (v) 

TaKl!te YJl.OBJieTBopSie:r Jl.HCnepCMOHHOMY coo:rnomeHM~ (59). OKOHlla:reJibHO MR B BeJIHliHH, xapax:repH-

3YDIIIHX pacceRHHe · 7) -ItBaHTOB 11pM OrpaHHlleHMH t:OCTOSIHHSIMI1, YliTeHHIUlH B (56) Oita3a.JIOCb 

BOSMOlEH~M noJiy'liHTb 6 ,IJ;HcnepcHOHHliiX coo:raomenHll. OOoll:rM :rpy)J.uoc:rell, CBSI3aHHI:lX c HaJIH'l!HeM 

HHcppaxpac!lOll paCXO)J.HMOCTH B )J.pyrHX COOTHOmeHH.fiX He YJl.aJIOCb. MnoroKpaTHOe ,IJ;MqxpepeHUHpBBaHHe 

110 ~ 2. BBO,IJ;MT HeM3BeCTHI:le KOHCTaHT~, )J.JISI BIJ'liHCJieHHSl KOTOpl:l X B HeKOTOpi:IX paOotaX 

\ 
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i 
npMMeitlleTCll TeOpHSl BOSMYil\eit11i.l 11 KOTOpUe, np11 IIMHtlHI1 ,I.(OCTaTOI.lHHX 3KCnepHMeltTa.JibHHX ).(a.HHHX, 

uoryT CluTL onpe,neJieHH sKcnepm.r,euTaJILHO aHMOrl1l.lHO TOMY, Ka.K 3TO ,neJiaeTCll MSI pacceSI.HI1SI ueso-

1 

HOB H HYKJIOHOB. B HaCTOSIIl\ei.l paeloTe MH He HCllOJib30BaJII1 TaKOrO llO).(XO,na. 
I 

ITp11 npoBe,neu1111 BHI.l11CJieHHil c noMOil\LD ,n11crrepc11oHHHX cooTuomea11n Mst pacceSIHHSI ~ -KB8HTOB 

HYKJIOH8MH TpeelyllTCSI ).(OBOJI}>!{O_\ no,npOClHHe' ).(aHHHe oel aMITJIHTy,ne <!>OTOp0ll:,l.(eH11ll. li3 HMeDil\11XCll ,naHitUX 

Mhl uoxeu 3aKJIKltmTL, tlTO IW\ 'm.: ,. o • EcJII1 ellle yqecTL, q TO ')"'lr,t .. o 
' 

, npHXO).(HM K TOMy, 

l.lTO 

(60) 

MH rrpoBo,nMI1 Bhl ti11cJieHI1SI B npe,nnoJioxeHHI1 

(61) 

101, (") ~ ))1, "·(.,) .:: - j ft2 v 
ITp11 3TOM ).(Jill OCTaJibHhiX BeJIHI.li1H ITOJiyqaeM CJie).(YIDil\11e ,I.(HCnepCHOHHhle COOTHOmeHI1SI 

(62) 

BKJia).(OM pOll:,l.(eHI1SI HeCKOJibKHX Jl -Me30HOB 11 ,npyr11X qac T11U npeHeelperaeTCSI, llOCKOJibltY pac

CMaTpi1BaeTCll OClJiacTb 3HeprHi.l r -KBaHTOB OKOJIO nopora p0JJ:,I.(elli1Sl O,I.(HHOI.lHUX Jf -Me30HOB. 

EcJII1 ).(aJILHeilml1i.l a.HMH3 noK8JiteT, tlTO I ..... 1'\1.t ("JI:O 

COCTaBHT Tpy,nHOCTeil. 

, .TO yqeT 3TOrO OClCTOSITeJI.LCTBa He 
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9. 

3aeprHa t' -KBa.HTOB B Jiacloparopaott CHCTeue 

3aHH H3B9CTHHMH COOTHOWeHHHMH " H B cHcreue nearpa uacc v .. 

"~ ': " 1-+ ~ 
M 

C noMO~b~ BHpazeHHH ~a nOJIHOlt 3HeprHH M930Ha B CHCTeMe IteHTpa HHepitHH 

W !J + "'lf2k 
c. - -;r:=:=::::;::?=-'" v \-t-1"%., 

aerpy~o noJiyqRTL, qro supaxeaHe ~a KB~para KMDYJILca oOpa3oBasmeroca ue30Ha 

cy~:: l4!-J4' = (V-llo) (v+ Vo- hfl./z,..) 
/+~ 

fvl 

C HeltOTOpOtt TOqHOCTbD ( Jiyqmett 7,5~) MOZHO 38MeHHTb Ha 

IlpH 3TOU 

a z "" ~~~- .. ~ /C. .. 1"0 

/+Ef 
-~ 

9c. v:= r vt-vol. - II 

...,;-) 
Vo ~ i+l~ (t-+ -zii 

(63) 

\ . 

l.d 
C,tjfl-

B CMY HeKOTOporo pa3JIHqHa uacc HeltTpOHa H npOTOHa Ji + H $ 0 . M930HOB OKOJIOnoporoBHe 

aBJieHHa npH pacce.RHHH '(' -KBaHTOB HY moaauH. Hue~r· "roHKYD crpyxrypy". ,llJI.R npose,~teHH.R 

H~exaux qHcJieuaux pacqeros aeoOxo,~tHU 3HaqHreJILHO OoJiee ,~teTaJILHNH aaaJIH3 ,~taJtHHX o !Poropox

,lteHHH, qeu ror, xorop&M uu cettqac pacnoJiaraeu. XeJiaa noJiyqHTL npe,~tCTaBJieHHe o uacmraOe seJIH

qHH .RBJI9HHit OltOJIO nopora, UN orprutHqHUC.R yqerou pOllt,lt9HHa, B OCHOBHOU, J+ -Ue30HOB. BeJIH

quua 1:.. ,+ , E.u H ~Ja Oepyrcs! H3 a.HaJIH3a Barcoua H ,~tp. 161. YqHrusaerc.R pox,~teHHe 
.A0 -Ue30HOB JIHmb B pe30HaHCHOM COC'l:OaH_~H ( qepe3 /lfJl ) • CBH3b aunJIHTY.lt liJOTOpOZ,lt9HH.R C 

!lJa38MH ·Ji'-N -pacce.RHH.R Tenepb 00J119H3B9CTHa ( CM.HanpHUep, ( 16 ,17/) ~. B oOJiaCTH 3HeprHll, 

r,~te uoxao npeueOpeqL pa3JII.1qHeu B noporax v. (JI") H llo(n+) , B cyuue BKJia..ll.;~r Ji-t H 

Ji0 -ue30HOB cnaraeuue, co,~tepxaiiiHe !lla3N s/11 pacce.RHH.R coKpaJ~~ar>rca. HanpHMep, 

,,.,lf rz. + tMt 1 ~ :: 6(M~3 1 2 + ~ /M.~'>-2~ M1~J/z. ~ 6/lvfh!J.. 
4 

*) B OoJiee o0111en nocraaosKe ipeOyerca -napru.rerpu~BJ!H.R 3•~ .S -uarpm~, omtcasalllllekl KaK 
!Voropoz,~teHHe H pacceHIIHe Ji' -ue30HOB TaK n paccen:aHe ~ -KBaa;os HYMOHB.MH /5/. 
HapymaDJIIHe)n3oronnqecKyD HHBapHaHTHOCTL ,~toOaBKH K !Pasau pacce.RaHa ~ H Ko3~HitHeHrou 
cuemHBaHH.R uoryT OKa3aTLC.R ~a pacce.RHH.R ~ -KBaHTOB COBC9M He MaJINMH. 

I \ 

I 

I 
r 
I 

I 
l 

I 
I 
I 
} 

I 
__ l 
I 

I 
L_ 
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.llHCnepCHOHHHe HHTerpan~ MH B~llHCJISUIH, HHTepnOJIHpySI 38lHiCHMOCTH /£: 1/2. , /-.,n/ 2 
OT :mep-

rHH llpOCTHUH BHpazeHHS{)oiH H npOBO,llSI 3aTeM He llOCpe,llCTB eHHOe HHTerpHpOBai!He. 

IIoJiaran -.Jo .:= I 50 MaB, H3MepSISI B ,llaJibHeltmeu 3HeprHD B ,llOJISI x Vo , annpoKCIDlt.mpyeM Ha 

yqacrKe I~ llr,11, ":!,2o 3aB.HCHMOCTb 1 a,l4 

(64) 

lWeHHO BKJia,ll I E,l2. B JlHCnepc.HOHHHe HHTerpanhl H npHBO.llHT K HeMOHOTOHHOCTSil4 B 3aBHCID40C

TH ,lleltCTBHTeJibHHX llaCTelt aMDJIHTY.ll OT 3HeprHH. Kax BH,llHO 11!3 (62) BKJia,ll ~~~~~ XapaxrepH-

3YeTCSI .llBYMSI HHTerpanaMH 

(65) 

ilOJlCTaHOBKa (64) B (65) .llaeT 

•• 
loA~ r.N 

~ ( §a. 1 4 \(;i:.l ·~-= ~~J I C:dz. - i ~~~-, (\}>I) 
c:>w' ,. 2A 

Ji v•~- "z. 3f" Vv,"-1 - {";i::j 
(66) 

<lh~ V ll',z-1 - (!::Vi ~~~- (\1<1) 
1-V~ 

( V> I) 

(67) 

H3 (66),(67),(64), (62) K ~56) BH,llHO, llTO Ha nopore pOX.lleHHSI Ne30BOB oOp~aDTCSI B deCKOBeq-

HOCTb npOH3BO,ll~ e Ka.K OT MHII!l4HX ll8C Ten BeJI.HllJ.IH R, H ~ ( np.H llO,llXO,lle H3 OdJiaCTH . w, 
~>I ), Tax HOT ,llencTBHTeJibHUX qacTe~ 3THX B61IHilHH ( npH fiO,llXO,lle H3 OdJiaCT~, B TO BpeUSI 

KaK npOH3BQ.llHaSI no ,llpyryll CTOpOHY nopora KOH61lHa. • 3TO BHBO,ll SIBJISI6TCSI B6CbJia 00JilHM. 
11 . 

TaK~!M 00pa30M B ,llHCnepRC OHHNX COO'lHOJDeHHSIX OKa3HBaeTCSI COJlep:r~HMCSI cnei.tH¢HIIeCKH6 SIBJieHRSI 

"' 
OKOJIO nopora peaxUHH, DO,llpOdHO paCCMOTpeHHHe-H np08.HaJIR3Hp0BaBHHe, de3 odp~6HHSI lt ,llRCnepCH-

1!.\.\rH.fPoM, . ~ 
OHHHM coorHomeHHJIU Ea3eu, OKyHeM, Epenrou, Kanncou, HbllTOHON H ,~tpyrHNH. ·· .· 

" 
~ ABTOpii npe,llllOJiararJT B6pHyTbCSI K' npHUe.HeHRD ,llHCnepCROHHNX COOTHOIDeHHR It 3TOyY BODpOCY 

B Apyron paOote. 
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ilpHMeHeHHe ~HCnepCHOHHHX COOTHOWeHHR. il03BORHeT dORee ~eTaRbHO paCCMOTpeTb BRHHHHe Ha 

ynpyroe pacceHHHe ( .MH peaxnHJO) aeynpyrHx nponeccon, npoTeKaJOl!lHX B HeKoTopon oORaCTH :mep

rHll. EoRee .Taro, HHTepecHHe flBReHHH, npoTeKaJOl!lHe B aenocpe~cTneaaott 0RH30CTH K nopory peaKUHH 

("ROKMbHHe 3qxpeKTh1" 1 ItOTOphle T.ORbKO H MOfRH dHTb paCCMOTpeHH, KOf)la He HCllORb3yeTCH Ta.KOtt 

Me TO~ aHMHTHl!eCKOfO npo~on:eHHSl 1 KOTOpNR ~aJOT ~HCnepCHOHHNe COOTHOWeHHSI) OKa3NBaJOTCSl RHW:b 

l!aCTblO Odl!lero B03~ettCTBHSl HeynpyrHX nponecCOB Ha 3aBHCHMOCT:b OT 3HeprHH BeRHl!HH 1 Xapa.KTepH3Y-

.1DlllHX ynpyroe pacceSIHHe. 

Ha npHMepe pacceSIHHSl '6. -KBaHTOB npOTOHaMH MOlli:HO BH~eTD, KaK HaJ!Hl!He ueynpyroro npo-

uecca !fJOTOpOll:~e!IHSl :Me30HOB B OdRaCTH 3HeprHtt V> :l CKa3HBaiOTCSl Ha Xapa.KTepHCTHKH ynpy-

roro pacceSIHHSI B TOM tlHCRe H npH V < i ( OTKROHeHHe OT !flopuyJI~ ITay3RRa, HRH OT (2) npH 

\}< i. ). 

BH~ HeMOHOTOHHOCTH B (66) H (67) XapaKTepH3yeTCSI pe3KHM Cil~OU OT 3Hal!eHHH !f>YHKUHH np11 

\}-::: 1. B OdRacTb V< i. ( C deCKOHel!HOtt np0113BO~HOtt npH I}:: 1.. ) H MeMeHHNM 

cna~OM B OORBCT:b V">1 ( C KOHetlHOtt npOH3BO~HOii npH V": ~ ). 

IO. 

B OORaCTH 3Hepntt 330-500 M3B ( 2,2 ..:..'1/< 3 1 34) BeRHl!HHa IE.t<. npe~CTaBRSieTCSI 

B BH~e 

<2' \E 1 \2 ~ 1,.2":1- ~ (1-0,I't-SII)'Z (68) 

BKRa~ 3TOll 00R8CTH 3HeprHtt B 3HatleHHe ~ettCTBHTeR:bHhlX l!acTeii aMllRHTY~ OKa3h1BaeTCSl He00RbWI1M 1 

eCJII1 MH pacceSIHHSl ~ -KBaHTOB paCCMaTpHBaT:b OORaCT:b 3HeprHtt OKORO nopora H HHlll:e, 

ITpono~HBWHttcSI paaee aHMH3 ¢QTopox~eHHSI H oco6eaao pe3yR:r:.TaTh1 AltH~ H CaTo yKa3h1BaiDT 

Ha TO, liTO 

(M~I"' ;- I e.z.l' ;" I2R ( E;/'k~J ~ G ( M.B /2 (69) 

lRH HamHX oueaoK Mhl npHHHMaeu (69). K STOM npe~noRoxenHJO oKa3h1BaeTCSI oco6eHHO l!yBCTBHTeR:r:.HoR 

noRSipH3aUHSI HYKJIOHOB oT~atlH. B o6RaCTH 311epr11tt I .:::. '1/ < 2,0 neRHl!HHY IMnf~ MOl!tHO 

annpOKC HMMHpOB aTb Bhl pa%eHHeM 

\ Ml:.l.2 :: 8 .. V' ( \12-r) lfz 

CRe~onaTeR:r:.Ho 

B .. " o,oo~ ~4 

~ 

{f./1~(2..~ b(MJl/ 2 ..:-Bv(vZ-t)% "~ • B "" o, o!o.-'1 14 
' 

(70) 

H B Im~ 3TOf0 Bh1pa%eHHSl, OilHChl BaiOl!lero po:a:~eHHe Me30HOB B. C OCTOSIHHH 1 B ~HCnepCHOHHiile COOTHO

meHHSl ~aeTCSl HHTerpMaMH 

'{, t t.. . .f -1 (vl-1) lf~ ~ / {V;£:j +(Vi;//. ( v) I) 

~z..eS__!§.L Cv-1',. ~ [J(v,{-•J3h.+cv.z-.)~l (vl.,) + ~ -:-v. V",-.' en)] 
§ IJ'Z.-!JZ .Ji ..3 ~ 

1 . · (r-:-vL) ~ Mr_L.... I~ r. 
· · · -7 r ~.. '-~ < 1 > 

---- ..... --···-·---------------
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(72) 

,li.JIH. KOTOpbiX XapaKTepHO o6pa!ll6HH6 B 6eCKOll6l!HOC TL BTOpOtf npOH3BO~HOR no 3Heprl1H ( Ollf!TL CO 

CTOpOHbl \)<.I ). 

(73) 

~aeTCSI HHTerp8JI8.AUI B ~Ua 

(74) 

II. 

3aBHC HMOCTL pe8JILHllX l!acren al&nJIHTY~ R •••• Q, ( B JI. C.) OT 3HeprHH ( B JI. C.), BUtlHCJieHHM 

c noMOlliLil ~HcnepCHOHHHX C~OTHOWeHHtt, npe~CTaBJieua ua pHC. I-3. ITOJIYWHPHHbl R<. ~; H ec 't 
OKa3biBallTCSI paBHbiMH To '>Je H io IJo , COOTBeTCTBe HHO, H Onpe.zteJistllTCR, B OCHOBHOM, 

KB~paTOM OTHOmeHHR 3Hal!6HHH. ~eRCTBHTeHLHOR l!aCTH K K03~HUHeHTY A B (64). 

£,.1-\1 ~ ~ ( ~~R1' 
(76) 

llpH CBOeM 06i116M aHaJIH36 H6MOHTOHHOCTeR B6JIH3H nopora Ea3b ,li.JIR WHpHHbl nMKa ~an orpaHH

li6HHJl BJll~a '{i-"i. 7. <.<I ( r~e Z. -p~HYC B3aHM0~6RCTBHJI). llpH 6oJie~ ~6T8JlbHOM pac

CMOTpeHHH, npOB6~6HHOM B HaCTOSii116R pa6ore, aBTOMaTHli6CKH B03HHK 60Jiee TOl!HllR KpHT6pHti (76). 

. I 
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BJIHSIHHe HeynpyrHx npoueccos Ha . !<lZ. ~.l 
I 

npOSIBJIReTCSl O'lleHb CHJibHO, O~Hakq BKJI~ B 

Ha0JIIl~aeMble BBJIH'IlliHbl OKa::mnaeTCSl MMblM, TaK 'llTO 3I<CnepHM8H~aJibH08 H3'y'll8HH8 SaBHCHMOCTH 

~ ('~ OT :meprHH oKa3usaerca HeJierKon s~aqen. 

3aBHCHMOCTD ~~'I 

CHMOCTDIO (4). 
H ~ R" OT 3HeprHH C 00JibWOlt TO'IlHOCTbll onpe~eJIRSTCil OO~eR 3aBH-

0TJIH'IlH8 RL Ql. 

pOX~BHHe M830HOB B 

H Q.~~ OT HYJIIl UBJIHKOM CBSl3aHO C HeynpyrHMH nporteCCaMH, O~HaKO 

s -COCTORHHH He ~aeT BKJI~a B 3TH BSJIH'IlHHU. 

JhtqxpepeHitHaJibi£08 C8'1l8HH8 paCCeRHliR ( C.It.:U.) (!6) MOJICHO npe~CTaBHTD B BH~e 

Ic(~,ll)==A.(")-+A,(II)~.& +A~(II)~~e +A3 ("Jt:.o!.3 e 
(77) 

PesyJIDTaThl Bhl'llHCJieHHlt ~JISI yrJioB pacce?HHSI 90° H 0° H3oOpaxeHhl Ha pHc. 4 H 5, npH'IleM L (9o~, v) 

npHBe~eHO .B JiaOopaTOpHOlt CHC TeMe, Io ( 0~ II) - KaK B JiaOopaTOpHOlt CHC.TeMe, TaK H B CHCTe

Me ItBHTpa Mace. EpocaeTCSI B rJia3a pe3K08 pa3JIH'IlHe B SaBHCHMOCTH OT 3HeprHlt Ce'lleHHlt npH 

G = 0° H 90°. 

3aBHCHMOCTD · Ie (oc,, 11) Ol.lJia BU'IlHCJieHa paaee liHHH H Cr.pi$>JIHHH. HaMH npoHsBe.~eao yro'llHe-

HHe B oOJiaCTH OKOJIO nopora. BHe 3TOlt OOJiacTH HMeeTCSI xopomee COrJiaCHe Me:m:~y ~BYMSI Bhl'llHCJieHH-

SIMH. 

Hanm pesyJinaru, OTHOCRII\Heca K I" (~o) ~) TaKliCe corJiacymrca c ~pyrHMH onyOJIHKOBaH-

HUMH Bhi~HCJISHHHMH /l3 ,IB/. HOBUM HBJIRSTCSI T~aTeJibHbln y'lleT OKOJIOnOpOrOBOn 00JiaCTH, HBJieHHil B 

KOTopon paHee He paccuarpHBaJIHCb. 

lla pHc. 4 npHBe~eHa saBHCHMocn or 3HeprRH noJIHoro ceqeHHSI ynpyroro .paccesaHa, r~e Mil 

cpaBHS.HHH npHBe~eHa TaKJICe 3aBHCHMOCTD OT 3HeprHH Ce'lleHHil, BU'IlHCJISHHOrO npH llOMOI:tH (2) H ( 4). 

OKoJionoporoBHX ~OKaJibHhiX 3q¢eKTOB np~TH'IleCKH ae sauerHo, HO pasHOCTb ~syx KpHBUX xapaKrepH-

3yer odlllee BJIHRHHe aeynpyrHx nponeccos Ha ceqeHHe ynpyroro pacceHHHH. 

HoKaJILHHe 3~eKTU npo~BJIRIOTCSI SHa'llHTeJibHO doJiee apKo, ecJIH BH'IlHCJIRTb paaHOCTL 

~; ~I(9oc) 
HJIH 3aBHCHMOCTb A~c~> OT 3HeprRH ( pHC.6 H 7). nJia noJiy'lleHHSl 3KcnepHMeHTaJILHHX ~aHHHX 

o · A.t (o~) · ~ocraTO'IlHO H3Y'IlRTb ceqeHHR I .. C e, Ll) npH 6 = 45°, 90° H !35°, c raxott 

TO'IlHOCTLil, 1.lT00U OKa3aJIOCb BOSMOXHHM ~13Y'IlHTb 3aBHC HLIOC Tb OT 3HeprHH pa3HOCTH 

Ic('ise) -+Ie(llSe)-Io(C}o~) 

l1HTepeCHO OTMBTHTb .3aBHrlHMOCTD OT :meprHH llOJIHpH3aUHH HYKJIOHa OT~atm. HHJB:e nopora pox~e-

HHH M830HOB MHHMUS \lCl.CTH BeJI.H'IlHH ~ •••• Q., BC~npH0Jil1E8HHH OTCYTCTBYilT, npanaa l.lacTb (!7) oOpa-

11\aSTCH B HYJib M llOJIRpHSaitHH HYKJIOHa OT~a'llH OTCYTCTBYBT. BBH~ HHBapHaHTHOCTH ITpH Odp~eHHH 

speMenH HH:m:e nopora ceqeuHe pacceaHHH Ha noJiapH3oBaHHhiX nporoHax He OTJIM'Ilaercs or I., (e). 
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B~we nopora po:a:~eHHSI ;r. -Me30HOB noJISipH3aUHSI HYKJIOHOB or~atiH orJIHtiHa or HyJia •. Pe3yJibrar~ 

Bhll.!stCJieHHlt ~Sl 3aBHCHMOCrH TIOJISipH3aUI-nt npn 6 = 90°( yroJI B C,U,M.) or 3Hepnn <iJOrOHOB (B JI.C) 

npHBe~eH~ Ha pHc.9, BH~no, tiro B ~OBOJibHO wHpoKott odJiacrH 3HeprHlt 180-220 M3B noJiapH3aUHR 

~ocrHraer ( 20 + 25)%. 

3HatieHHSl TIOJISlpH3aUHH OKa3HBaerCR ~OBOJibHO tiYBCrBHreJibHHM K npe~TIOJIOXeHHRM, C~eJiaHHhlM npH 

aHaJIH3e ~aHHhlX o <Poropox~eHHH, ocodeHHO K npe~noJioxeHHIO (69). CJie~oBaTeJI bHO, sKcnepHMeHTaJI bnoe 

H3ytieHH8 TIOJISipH3auHH HYKJIOHOB OT~atiH MOrJIO dH ~arb U8HHYD HH<!JOpMaUHD 0 tPOTOpOX~8HHH M830HOB, 

B B~paxeHHH (24) no cpaBHeHHIO c J.,(Q) 3auerno yMeHbWaercR B :ma.n. ~~~ .. ~~ , a 1~,.~ 

BXO~HT CO 3HaKOM MHHYC, TaK liTO B 3aBHCHMOCTH <("liz. (t3o'")> OT 3Heprr,m OKOJIOTIOpOrODhle npOBaJI~ 

CKa3biDaiOTCSI OCOdeHHO 3aM8THO ( pHC .1 ) , 

12. 

JleraJibHOe paCCMOTpeHHe pacCeRHHSI O -KBaHTOB Ha HYKJIOHaX B OdJIB.CTH OKOJIO nopora po:m:~e

HHSI M830HOB npH TIOllOiltH ~HCnepCHOHHbiX COOTHOWeHHlt ll03BOJIHJIO YBH~eTb KaKOe BJIHSIHHe ,OKa3biBaeT 

pOX~eHHe M830HOB B S - COCTOSlHHH Ha OKOJIOTIOpOrOBble aHOMaJIHH, PaCC8SIHHe O -KBaHTOB 

HYKJIOHaMH H R~pauH, <PoropaclltenJieHHe ~enrpoaa H ~pyr:~~x R~ep RBJIRIOTCSI npHMepauH npoueccoB, aa 

3HeprerH1.!8CKYD 3aBHCHMOCTb aMTIJIHry~ KOTOpbiX HeynpyrHe TIPOU8CCbl OKa3biBaiOT OCOdeHHO dOJibWOe 

BJIHSIHHe l1 B WHpOKOlt OdJiaCTH 3HeprHH, JlOK8JibUbl8 s<!J<!JeKTbl ~Sl pSI~a HadJID~aeMbiX B8JIHI.!HH npH ~·N 

-paCC8S!HHH OKa3blDalOTC.fi 3a.MeTHO Bhlpa:ieHHbl MH, O~HaKO Ha TipOBe~eHHe 3KC nepHMeHTaJibHbiX HCCJie~OBa

HHlt HaKJI~BaDrCR ~OBOJibHO XeCTKHe TpedoBaHHSl OCOdeHHO B l!8.CTH 3HepreTH1.!8CKOrO pa3pemeHHR, 

TaK KaK WHpH!Ibl COOTB8TCTBYD!1111X npOBaJIOB COCTaBJIJUJr OKOJIO ( 5+ IO) M3B, 

B CJiytiae -r" -pacceSIHHSI Kpoue BKJI~a II pe30HaHCHbiX" a.MTIJIHTY~ a. H Q!> dOJibWYD pOJib 

• B pacceSIHHe '('" -KBaHTOB R~pa.MH reJIHR ( l1JIH 

. ~pyrHMR deCCTIHIIOBbiUH SI)qla.MH), BJIRSIH!tie 3'r14X 11 CMa3biBaD!1114X11 qJaKTOpOB :UOlll:eT OKa3arbCSI U8HbWe, 

r.K. :uarp:~~ua nepexo~a B sroM· cJiyl!ae dy~er RUeTh B~ 

T::: R.' (e .. ·e') T R/ (t·s') 

PaccuorpeHHe pacceSIHHR ~ -KBaHTOB AeltrpoaauH B6JIH3H nopora <PoropacllteTIJieHHSI ~eltrpoaa, r~e 

JIOKaJibHble~~eKTbl, llO-BH~lo!MOMy, OKa3biBaDrCSI He UaJibiMH 6y~er npOB8AeHO B ~py.ron padore, 

C TOl!KH 3p8HHSI 06!11ero BJIHSIHHSI O~HHX npOUeCCOB Ha ~pyrHe npeACTaBJISI8TCSI MHTepeCHbiU aHaJIH3 

qoTopaC!II8TIJI8HHSl ~eltTpOHa B 06JI8CTM 3HeprMlt OKOJIO nopora pOZA8HHSI :Ue30HOB H HHZe, YtiHrbiBaR 

pesyJibTaTbl pacl!eTOB AJISI o·N -pacceSIHRSI, TIO-Blo!~:I!MOUY, MOlltHO CI.!HraTb, I.! TO H3B8CTHaR "peso

HaHCHaR" saBHCHMOCTb C81.!8HHSI <!JOTOp8C!II8TIJI8HHSI A~ltTpOHa CBSI3aHa C npOU8CCaMH pOXA~HHSI Ue30HOB 

BbiWe nopora H MOllteT dhiTb p8.CCMOTpeHa :UCTOAOM, lo!CHOJib3YIOliil1M AHCTiepCHOHHble COOTHOWeHHSI, 

"JloKaJibHhle" ~eKTbl B <Poropac!lleTIJieHHH Aenrpona uorJIH dbl 6b1Tb CBR3aHbl c peaxuHelt 

i+d _. d +Jil' 

O~HaKO BKJia,n. S - COCTOSIHHSI B 3TOR peaKUHH OTCYTCTByeT, 
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06biQIIO CQHTaeTC!l, tlTO npH COBCeM BbiCOKHX :meprHSIX t"' -KBO.HTOB ceqeJU!Sl ~.,.tl pO.CCeHHVJSl 

6YAYT HOQTVJ HORHOCTbD onpe~eHHTbCSl neynpyrHMH npoueCCaMH, T,e, MHHUbiYH Q8CTIIMH aMnRHTy~. B 
CBII3H C 3THM MOl!teT OKa3aTbCSl OtleHb HHTepeCHIDJ VJ3ytleHHe !)·N -pacceSIHHSl 11 oco6eHHO HOHSlpH3a

UHH l!J'KROHOB OT~O.QH B6RVJ3H nopora Ta.KUX pea.KUU!1 po:t~eHHSl llOBbl X QO.CTHU Ka.K 

"f"-rflf 4 Y-tK 
l'l pSI~ ~pyrHX npouec COB, B 3TOM CRyqae MOryT 6b1Tb, B epoSITHO, CMilrQeH!>I Tpy ~HOCTH, CBSI30.HIIble 

C BeRHQHUOti ceqenHSI l1 MMOil 3UeprHel1 IIYKROHO. OT~O.QH, 

ABTopbl rny6oKo 6naro~apnhl E. llonreKopno H H. CMopo~Hl!CKOMY 3a ueHHhl e o6cyl!t~enHR. *> 

Pa6oTa nocrynzna B HS~arenhCKHa or~en 26 HDHSI I959r. 

*) Cuopo~HHCKHil C006I!ll'IH HaM, QTO r ,YCTHHOBO. paCCMOTpeRa OKOJIOHOpOrOBble SlBJieHHSl B 

j 1'1 -pacceSIHHH, MeTo~oM Easa ( po.6ora nanpaBJiena B netlaTb). 
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PHC.2 38.1HlCIIMOCTb tt~Q~ (BepXH.R.fl KpHBasi) H 'Rtz_ ~ 
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P11c. 4 3aBI1C~IMocn .IJ;WfxpepeHU11aJII>Horo ceqeui1R I~ (90°) OT aHepr1111 

(KpHBM A ) , noJIHoro ceqeHH.fl pacce.flHH.fl IS"s 1 ~r. (KpHBa.R B ) , 
.IJ;i1!lJ¢epeHU11aJII>Horo ceq eHH.fl pacceRHH.fl des yqeTa .IJ;MCn epCIIOHHon imcTI1 
(KpHBa.R C ) • 3HalleHH.fl lflYH!tUHl'i Bhlpru!CeHhl B . .IJ;OJI.flX , ~}~,, :z. 
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PHc.5 3aBHCl1MOCT:b ~HqxpepeH!.lH8.JlbHOro CBIJ8HHR Io (0°) OT :meprHH B JI.c •. 

BepXHRR KPHBaJI .IVIR ceiJeiJHR B n.c. ,. IIHllCHRR - .IVIH c.u.M. 3KcnepHMeH

TaJI b!W e ,Il;a.IIHN e 113 {I8J. 3HaiJBHHR cpyHitUH£t BNpallteHN B ,JtOJIHX {~z.r. 
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