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PemaeTCH aecTauaotm.prwe yp8.BH9I-ille .roni.xiW3H...ti c nort.Bmmrn.: 

rpam!tU!biM yCJIOBII!8M, Ha OCHOBe KOTOPO~ HCCJ18,Izye'rCH BOB,Uefl:cTBHC 

"C'zyii8i-NaTHX" H3M8Hemlli COJ'JI8'{U10:a B.KTKBJIOCTM, IIpiiBO.lJ.ffiOIT .K 

"CTYIT8HttaTI:li~1
11 l13M8H8ID1ffi\·1 CKOpOCTll COJIH8tJHOPO Be':lB H :epaHCiiO~'I'-

HOro rrpodera .nJIH pacceJD:IH.ff B !>teJKTIJia.HeTno~;J rrvoc-rpruiCTBe. P'1 

miTSHCKBHOCTb :ra.ilaltTlN8CKHX ItoCMlN8CEGIX. JIY'l!8~1. HO..'lY'-!81-lSI a.qa:rm­

T:VJ:l!8CIOI8 pemeHUfl B B~U,8 Pfi.UOB, C llO!J!Oll\hiO KO'.i'Op!:lX HORHO m~emr·_n 

paaMepH MO,IJ,.YJ!IIWIOHI-lOro odtber·.ia II-.rreTffiiX Bapnru.v~:L llu ocnone 

pa3BHToro B pado·.re :~·;e'l·o,n;a pememm npe;wrOJiarae'l'GH n ,r;:c:uu)Hei-i­

rueM ,I¥1Tb RHTeprrpe•rawno JieCTD.UtfOHapnoi~ ,Il;OJli'OBpm.~emJOE :-.:O.~':.'!'JL'l­

l..Uill KOCMHlleCIUIX. JJY'ief.l: B M8AUl.JJUHeTrror.I llp0CTpaHCTBe, B 'I:1C':·l!:::C­

TH, ,Ita.T::O MHTeprrpeTau,mo TaK 1tn3Imaer.Ioli: "crryneHT.ia'l'OH 11 :ropu<r(:m 

KOCMH"tteCIWX jzyl!ei1 B Ll-JleTHeM 11;11:K.r18, O'l'itiJtll'rOti A. H. 'lrtpx-:r~:ssmo:: 

1! T. I!. 'laJ?8.X'!hi!H (1) 

EpeBilliCKIDi lDH3WJSCIG1~i ¥lliC'l'Hl'Y1' 

EpeBan I902 
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l.I,B,BAGDASARYAN, L.I.DORMAN* 

Ol! THE THEORY OF NOl!STATIOl!ARY LONG-'fERIJ 

MOD~LATION OF COSMIC RAYS 

The nonstationary equation of diffusion with u moving 

boundary condition is solved, on the basis of which the effect 

of "stepwise" variations of solar activity,. leadinr; to "step­

wise" variations of solar wind velocity and of transport 

length for scattering in the interplanetary space, on the in­

tensity of galactic cosmic rays is investigated. Analytical 

solutions are obtained in the form of series by means of which 

• one can estimate the dimensions of the ~nodulation volwne oi' 

11-yPar variations. The method of solution developed in this 

paper is intended for the interpretation of nonstutionary 

long-~erm ~adulation of cosmic rays in interplanetary space 

and, i:':l particular, the interpretation of the so-called 

11-ycar 11 stepwise" variation of cosmJc rnys U.iocovered by 

A.H .Char:~ldlchyan n.nd '11 .n .charakhchyan [ 1]. 
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llpii pewemm ;ll;il@lySIIOHHllX Sa.zta'l c )11311Jey"!l1el'cM rpa!IIII:(ell,o6H'I­
HO B ypaJ311tlHII!lX ,IteJiaiOT TaeyJD SaMeey nepeMellllllX, KOTOpwi CBO,ItiiT 

npo6J!eMY K 88,lta'le c He~v,ItBWXHoll !'pal!mlell [2,3,4] . .l{a.J!ee, l1/l!'! 
pememm Sa.zta'III IICnOJ!l'>ayeTCJI Mero.zt IIHTel'paJ!:bllliX npeodpaaoBaHIIll 

ltJIIt MeTo.zt IBS.zteJiemm nepeMel!llllX. B nepBOM CJ!y'!ae [ 4 J , Bllll,cy 

CJlOlKHOCTII @yHKI.II!ll IISOOpalltellllli He npe.ztCTallJIJi6TC;r BOSMOJl!HilM nepe­

XO.It K Opl!I'I!IIaJIY B 061116!.! BII,Ite. Bo-BTOpoM CJiy'lae liS IIOJ()nreHH!lX 

pemeHIIll aaTpy,ItHIITeJ!bHO BJl.Ite.>IIIT:b pememm, y.ztoMeT!lopsl<lllRe rpamrq­
I!IIM YCJ!OBII"M Sa,Ita'III [ 2,3] . 

B HacTOHIII6ll IB60Te paaBIIBaeTCII MeToJ:\, ,Itai<IJ1IIl! BOSMOJ<l!OCT:b 

lroJ!:Y'!IIT:b To'!Hlle pememm ypaJ311eHIIll = (!)oKJteiB-I!JraHKa c .ItBIIli<Y­
mel!M rpa!IIII:(ell B o6meM CJzy'lae. 

B pa6omx (5, 7] OOJ!l! IIOJIY'!eHH aBTOMO.zteJ!brl!le pememm ypaJ311e­

HIDI ;ll;ii@JyaKH, KOTO:pHe OimCHBalOT IIOBe.n;mme rutOTHOCTH ra..JiaKTRtiSC­

KIIX KOCMII'!eCK!IX Jzy'!ell """W y,Itapll!lMII BOJIHaMll II Bv BCe!A MeJ!Ul.IJa­

HeTHOM ITpoCTpaHCTBe. 0,ItHaKO 3TII peruellllli 8aBl!CIIT JOOJlb OT OTHOWe-
'(. 

mm 'l : T , 'ITO fiPIIBO.ItiiT K IIOCTOHHCTey pemeHID! Ha qipoHTax 

BOJIH. 

l!m!te HaXO.It>!TCR: perueH:Ke aToro JKe ypasHemm .It>!ijjfgamr, ""\BIICR:-. ~ 

Ulee OT .ItByx nepeMeHI!liX, I = T n t_ B HBHOM BII,Ite. &ro perueH!le 
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y;n;OBJI8TB0ps!8T T8M l<8 rpaHH>m!iM YCJIOBIIliM, 'ITO K B (5, 7] , HO 

B OT.IIll'tK8 OT H1!X CO,li8JllKI!T Taltlite 3aTYJ<aHII8 K3MeH8!1M ItJIOTHOCTP 

ra.tta:KTK't8CKIIX ROCMII't8CKIIX JJY'Ieii (I'KJ!) liB. ,PpoHT8 BOJn!b!, 

<fro 06CTOilTeJibCTBO ,lleJUl8T B03MOJJ<IIIiM onpe;n;eJleHIIe pl.3MepOB 

MO,lleJ!KpyKJ!lero o6'b8m 'raKI'IX nponeccoB, KOTOpie MOliti!O OHIIC!IB!IT:b 

Y].>l.BH8HII8M .l\l!lMJYSHII Tl!lla iliOKitepa-ilJJaHKa. 

llb!UKill8M 3TO Y].>l.BHeHKe B TaKOM BK,lle , RaR B pl.OOTe ( 7) 

0 ' ._ ... • r ( ) aJ 2 _ll 1f r __ 0 
_:J_ - pz_-0 _:r + u- 3j?> - + - J 
'dt a't• az 3 <. 

r.ne Y1ITeno , liTO 

r=n(t..t) 
J l'LolR) 

-1 
rc.(R)= KR , 

3;n;ecb rc('t, t) - 11JIOTHOCTh I'KJ!, tlo (R) - IIJ!OTHOCTh BH8 MOJJYJlfl­

u;H:OIIHOro o6'beMS., R - JKeCTKOCTh tJBCTKU,, ll - cxopoCT:& COJIHeti­

noro B8Tpl., 'at • f.>z.- R03<!Jl.i!mlieHT • .l\l!lMJYSKK, !IpoiTOP!1KOHMhHHli G 

llpe;n;ITOJIOJKI!M, 'ITO B MOM8HT BpeMeHII t = 0 , KOaqx:f1m1HeHT .ItH\J.iWSIII< 

• 
B0 BC8M MeJI([[J.[8.HeTHOM rtpOCTJ?B.HCTBe 'X e. :. fla. t, , a HB.qmrag C 

STOI'O MOiiiBHTH !13 CCJI!rna B!lXO,LIIIT BOJIHH C R0~8HTOM ,LIIIQxjiySKK 

df. : " 7. l! pl.CIIpOC'l'j)aliR8TCH c.pepK'lOCIW CKMMeTpK'!l!O CO CROpOc-
' ,-, 

Th>J U , Qrrpe,l\eJIHM HSMeHeHl!e. ItJIOTHOCTll rKJl BO BCeM IIpOCTPHH-

C'rBe, T, e. Hail;n;eM pemeiiHH ypl.BH8Hl!H (l) B ;n;BYX 06JiaCTIIX (OM. 

pucyHOI<) . 
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\ 

[f,(-z,tH. ('Z,t)J/ ' [~ ~~ - 13. ~ 1/ :0, f,(!,t)l I "''i't') 
M(i) 'l·~(t) t • 0 

3aJmmeM STI! ypaBHe!llm B 6espaSMepHOM Bll,lle, IIOJ!Oli!I!Jl 

a!, -~"a•5, .~c-.3~ )a.f, .. L q f o (o~f'"'f'\'"')), a., '' ay• \ ' o.P 3 T '= ' 

f l= 
'1: 

IT OJI,jl'l>!M 

t a1, t ~ -a•s, ( , ._) a.f, z ..£.!._ r = 0 (3) a;;- '"a~· • c-3b,· a< •-s- il. :r, 

i 
c;'IS :£:0 

~ 
(4) 

~,l•,'t:J=:f.(~ ,'tJ]/ } 
. ii!•l, 
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llal!.IleM pemeHJm STII ypaBIIe>m!i MOTOAOM JlB3AeJI811l'!H nepeMelllli<X, 

nplll!IIMali KOHCTaH'l')' pe3AeJI8llliJI 3a HaorypeJIJ>HOe 'IIICJIO, CMHCJ! KO­

TOporo CTaHOT HCOH IDDte 

f,(<,'t")=z~·e·f. f. A~'t'"F(d,.,S,; :,), (O"ln.,) (G) 
t\.=0 

(7) 

rAe , 

u ', [ u )a a u.~·]'/a u 
a.-=- -1• (- -1 ••-.:- , d· =.3+a.,·o:•n !;-=3•eo.- (B) 

l 2_j!)\. 2j)~ .;.J l_,i. U't. .. J 4 i. 1 I. ~ 

u. . u u c 
0.= ~.-a..-~. d.=1·Q,+n., 5=~.-~a..-1; .1\ = r,,' 
F(d,5;l)- Bl!po~eHHBR rnnepreo~TP~ecKaH w~. 
:J:!imElJIIIB eyJIOBHO 'tl!Ol!H B (6) H (7) Onp8AeJ!HM H3 rpa!IH'Il!HX yCJIO• 

1001 ( 5) Koa<I$1UHeHTH A.,_ , B" H !Zl" • .IJ.>m HHX noJIY'IIIM aJII'e-

6pa!l'lecKHe ypaB!!eHI!ll 

h.=<i.C~., ... 
ilOCJ18A88& ype3H611H8 UOJIY'IOHO HCXO;III{ H3 CBOJIC'!'Ba ~eHHOJI 

rnnepreoMeTPH'!eCKOl! WfHitl.IIDI npH'' 6oJII.IIQ!X aHa'!elli!JIX apryMeHTa 
. ! M 

z- ..... TaK I<BX npH 6o.Jn,mx z, F(d,5;~)~e•(t)-ffi1~1· !fa 
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(8) Bl!,1l;l!O, 'lTO d. -S.= tt-a.. C'li!T!lSi STO, lJ,M. I (i!,'t:) llpli 7:-0 . -.n. ' ~ J~ 

rrOJIOl!O!lll i! = .f' j ~ , I!MeeM 

S (•.~>!- fO')= e..&;'r(s,) • :D.&;r(s) .f[B,&:"rrs.J • • i-.. r(d,,) r(d,) M1 r(J,.) (IO) 
• .v~ g~ r{sJ J ( 1._ f= 1 

r(d,) ~. 
r.e.eCJIII rrpm!i!TI>, 'lT,P /1., , Bn , Z>.,. xos~enm paMOJKe­
HBB: @7HKI1HII - { r T. B Plm Tel!Jlopa, !IOJzy"ll!M YJ(aSaHHoe ypaBI!e­
l!lle. llMeCTO ~1-.f'e-! MO:KHO BSRTb liJlYcy'IJ i))yHKIJ;I!Jl.p(f) , no­
Be)!eHiie KOTOpoll 'leM 6Jnoite dy)!eT K HCTHHe B6J!HSH rpaH!<lUH MO)!YJl'l­
I(MOHHOro od'Detvta, TeM T01!Hee 6y.z:teT perueHHe aa,n;au, TaR xru<. xo~-
qimlReHTH flo. , B0 , 1Jn dy)!YT co)!eplKB.n .P l"l(o) • 

l!s cncrew (9) l1.M KO~eHTOB /l,, B., , Z>.,_ rro.ny'!i!M Bll-
pallleHRR 

A.= 11,.( A. , 'D.= Aao/ A. , lJ.: 1!.,.; {!, 0 

A .... Hr· A,,.; t. ... { 1'1·' > ! , 'D.=- {·1)""'4,j6.,.(n.-1)! (II) 
Zl,.=-(-1)"'' A,,.j.!l,_(n-1)! 11•1,2, ... 

3)!eCb 

Ll.PL= M~,M:- M:" M,, A2n.=M,"'M:-Mr"'M""' 

Ll.}n:::. Min Me~- M1n M:n J 

L\ = r(s.)r(dn)(M: M,.• M,• .. M,)-r(S} r(d 2,J(M;~M,. •M,';;M,~) 
• r(d,.) r(cl.) ' 

? 

• • 



a.. l. i! 

r!l:e. r lS) - mr"'oa \IJYHKUWi, M<n • oz; e"'~-. F ( d;.,.., 5<; &{). 
.. . 

M. • l~ e- '• F ( d" , S ; ~: ) 

&. 

M:=t.~e--r•[(~:1)F(d;.,S; ~~)• d; F(d.+1 ,5•1; ~:)J 

c= 1, 2 . 

iio.nyqemme rQOI>MYJJH (6) H (7) C lt0~8HT8MH (II) ,lla!JT ll08-

MOlli!IOCTh HHTepJIIlaTHIJOBaTL HeCT=OHaiJJcyiO MOJJYJllllllm !l:Olii'OBPeMeH­

llllX Bap!!aU,H1i I'KJI, HOCJ18 COOTBeTCTBYJO!l1IIX 'iHCJ16HIIHX IJaC'i6TOB !Ia 

3BM, B 'iaCTHOCT>! "CTYU6H'laTWC" BaJ?II!ll!)!li I'KJl B Il-.JieTHeM JlH!tJ16, 

o•rKIJI<TOM A.H.'lapax'll>JDIOM H T.H.'lapax'iLJlll. 
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