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AHAJIII3 P ACIIPE;LJ:EJIEHIIH HEllTP AJibHOrO r A3A KOMETbl 
rAJIJIEH 110 PE3YJibTATAM JIOKAJibHbiX II3MEPEHIIll 

KA <<BErA-1» 

B ;n;arrnoii: pa6oTe anaJIH3HpyroTCH pe3yJII>TaTbi H3MeperrHii Konn;enTpa
D;"Ji!H He:iiTpaJibHOI'O ra3a npH60pOM «llJia3Mar-f.» Ji! ITOCTpOeHa 'IJi!CJieHHaH MO
}l;BJib, pa3yMHO OllJi!CbiBaiOII:IaH 1IOJIY'IBHHOe pacnpe;n;eJieRHe, B KOTOpOH pa3-
JIH'!Ji!B BBJI"Ji!lfHH KOHD;BHTpan;HH Ha ITO}l;JIBTHOH Ji! OTJIBTHOH '!aCTHX TpaeKTO
pHH o6'hHCHHBTCH ;n;eiiCTBHeM na KOMeTHMe neiiTpaJibi c:l'iJI pa;n;Hau;Honnoro· 
JlaBJieHHH CoJIHn;a. 

Ha KOcMwrecKoM arrrrapaTe <<Bera-1» JioKaJibHJ>Ie xapaKTepMCTHKH Heii
TpaJII.Horo raaa KoMeTbi faJIJie.H MOTJIH ObiTb ou;eHeHbi no .n;aHHbiM HarropHor<) 
D;HJIMH,ll;pa <Dapa.n;eH, opHeHTHpoBaHi=roro no BeKTopy cKopocTH KA OTHOCHTeJib
Ho :KoMeTbi (KQ<D), H y.n;apHoro mmaMeHHoro .n;aT<rHKa (YII)];). Ooa rrprroo
pa BXO)l;HJIH B KOMIIJieKC IIJia3MeHHbiX :mcrrepMMeHTOB <<IlJiaaMar-f» H II03BO
JIHJIM orrpe.n;emrTb pacrrpe.n;eJieHHe KOMeTHoro He:iiTpaJII.Horo raaa Ha<rHHaH c 
pacCTOHHHH r~3·106 KM OT KOMeTHOTO H)l;pa BiiJIOTb )l;O TO'IKH HaHOOJibiiieT<F 
rrpHOJIHmeHMH KA K HAPY 8 890 KM. IIpe.n;BapHTeJibHhie ou;eHKH pacrrpe;n;e
JieHHH KOHD;eHTpau;HH HeHTpaJibHOTO KOMeTHOTO raaa nn ITO .n;aiiHbiM K:U:<P 
obiJIM orryoJIHKOBaHbi B [ 1-3] II no .n;aHHhiM YII,IJ; - B [ 4-6]. 

)];JIH orrpe.n;eJieHMH nn B )l;aT'IHKax KOMIIJieKca <<IlJia3Mar-f» IfCIIOJih30BaJICK 
,ll;OCTaTO'IHO llpOCTOH MeTO)l; H3MepeHMH TOKa BTOpU~IHbiX · ::lJIBKTpOHOB H HOHOB,. 
BbiOMTbiX rrprr y.n;ape Heii:TpaJibHOH <racTHIJ;bi o MeTaJIJIH~recKyiO MHIIIBHb. IIpo
CTOTa 3TOTO MBTO)l;a, C O)l;HOH CTOpOHbi, orrpe.n;eJIHJia YHHKaJibHYIO <ryBCTBHTBJib-· 
HOCT:b :mcrrepHMBHTa, II03BOJIMBIIIero ooHapymHTb rrprrcyTCTBHe HBHTpaJibHOTO· 
raaa yme Ha ~3·106 KM OT H.n;pa (Tor.n;a KaK HaMHoro ooJiee CJIOlliHbiH Macc
crreKTpoMeTp NMS Ha KA (,II; moTTO) mi.<raJI HaMepeHMH nn Ha rropH)l;OK oJirrme· 
K HAPY rrprr r,;;;;1,5 · 105 KM [7]), c .n;pyroll: cTopoHbi, ·rrpuBeJia K HeKoTopoH:· 
HBO)l;H03Ha<J:HOCTH IIOJiy<reHHbiX )l;aHHbiX ( OTCYTCTBI18 MaCCOBOTO paapeiiJeHMH, , 
BJIUHHHB Ha IIOKa3aHMH )l;aT<rHKOB Y<D-:uaJiy<reHHH H IIOTOKOB 3JI8KTpOHOB). 

B Hacromu;ell: paoore peayJihTaThi naMepemrll:, rrpoBe.n;eHHJ>IX c rroMOIIJ;hiO' 
.n;aT<rHKOB K:U:<D H YIIA KOMIIJIBKCa «IlJiaaMar-1>>, oy.n;yr rrpoaHaJIH3HpOBaHbn 
coBMecrHo. TaKoll: aHaJIHa yMeHhrnaer crerreHh Heorrpe.n;eJieHHOCTH HHreprrpe-
TaD;HH rrcxo.n;HhiX .n;aHHhiX. IIocrpoeHHoe Ha ero ocHoBe pacrrpe.n;eJieHHe nn
B,ll;OJih rpaeKToprur KA rroaBOJIHeT ramne ou;eHHTh ycKopemre KoMeTHoro raaa· 
}l;aBJIBHMBM COJIHB'IHOTO H3JIY'IBHMH H peKOHCTpyHpOBaTb TpexMepHoe pacrrpe-·· 
)l;BJieHMe HBHTpaJibHbiX <raCTIID; B OKpBCTHOCTH KOMBTbl faJIJIBH. . 

1. MeTO)l;IIKa H3MepeHrrii n nx peayJihTaTbi. ,IJ;ar<rHK K:U:<D OTJIH<raJICH or· 
Tpa.n;HD;HOHHo rrcrroJibayeMhiX Ha KA D;HJIMH.n;poB <Dapa.n;eH. Bo rraoemaHHe· 
UOBpem.n;eHMH CeTOK <raCTHD;aMH KOMBTHOH IIbiJIH CHCTBMa aHaJIH3MpyiOID;HX 
ceroK ObiJia aaMeHeHa cHcTeMoii: aJieKrpo.n;oB C1+C6 , BhiiiOJIHBHHhiX B BH.n;e· 
IIJIOCKHX )l;HCKOB C 19 OTBADCTHfiMH B Kalli)l;OM C OOID;BH IIJIOIIJ;a)l;biO 0, 93 . CM2 

, . 
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PRe. 1. MaMeaeaRa perRcTpRpyeMhiX ~aT'IRKOM K:U:<I> TOKOB (pelRRM R3MepeHRH 
BTOpRTIHhiX <JJieKTpOHOB). IIO~JieTHaH Tia CTh TpaeKTOpRR 

JJ;IIaMeTp OTBepcTIIii yBeJIII'IIIBaJicJI no Mepe rrpii6JIIIJReHHJI K Ni-KoJIJieKTopy; 

yrJioBoe rroJie speHIIJI RU:<t> cocTaBJIJIJio ~0, 12 cp. ,ll;aT'IIIK YII,ZJ; rrpe)J;CTaB

JIJIJI c o6oii IIJIOCRIIH IIOSOJIO'IeHHbiH KOJIJieRTOp IIJIO~ap;biO 1 CM
2

, OKpyiKeHHbiH 

oxpaHHhiM KOJihll;OM. BoJiee rrop;po6Ho ycTpoiicTBO II rrpiiHll;IIII pa6oTDr p;aT'III

HOB RU:<t> II YII,ZJ; omrcaHni B [1-6]. 
Ilpu IlpOBep;eHHII IISMepeHIIH B OHpeCTHOCTH KOMeTbl o6a p;aT'IHRa 6hiJIII 

OpiieHTIIpOBaHnl rreprreH,IJ;IIKymipHO IIOTOKY KOMeTHOrO He:iiTpaJibHOrO rasa, 

Ha6eraro~ero Ha RA co cKopocTDro v~79,2 KM/c. YroJI Mem,n;y HOpMaJII>IO K 

.rroBepxHOCTH p;aT'IHROB II HarrpaBJieHIIeM Ha CoJIHn;e cocTaBJIJIJI ~70°. · 
B OKOJIOKOMeTHOM llpOCTpaHCTBe Ha pacCTOJIHIIJIX r~106 

KM OT JI,ll;pa TORH 

;p;aT'IIIKa YII,ll; IISMepJIJIIICn 1 pas B ~170 c, a 6mrme K JI,n;py- emeceKyHp;Ho. 

RoJIJieKTOpHhle TOHII RU:<t> usMepJIJIIICh SHa'IIITeJII>HO 'Ia~e- 1 pas B ~20 c 

rrpii r~106 
KM u 8 pas B 1 c rrpii r~106 

RM OT H,n;pa. O,n;HaRo IIOJIHnrii BHYT

peHHHii ll;HKJI HSMeHeHHJI HaiipJiiK8HHH Ha yrrpaBJIJIIO~IIX ::JJieKTpop;aX B 'Ie

Tblpex BOSMOiKHbiX peiKIIMaX pa6oThi 3TOrO p;aT'IIIKa COCTaBJIJIJI ~20 H ~1 MIIH 

.COOTBeTCTBeHHO. 

l\oJIJieKTop II oxpaHHoe KoJrbn;o p;aT'IHKa YII,ll; Bcerp;a Haxo,n;HJIHCI> rrop; 

:noTeHn;HaJIOM -17 B, a 3JieKTpo,n; c2 p;aT'IHKa RU:<t>- IIO)J; IIOTeHn;HaJIOM 

--40 B. 8TH OTpHn;aTeJihHbi8 IIOT8Hll;IIaJihl rrpe,IJ;OTBpa~aJIH IIOIIap;aHHe Ha ROJI

_JieKTOpbi <floTo- II BTOpii'IHhiX aJieKTpOHOB c rroBepXHOCTH RA, TeiiJIOBnrx aJieK

'TPOHOB oKpymaro~eii rrJiaSMhi c aHeprHJIMH E.~17 II 40 aB cooTBeTCTBeHHO. 

1\poMe TOrO, B peiKHMaX, rrpep;HaSHa'IeHHbiX ,IJ;JIJI HSMepeHHJI IIOTOKa HeHT

paJII>HbiX 'IaCTIIll;, ::lJieKTpo,n; c4 Haxo,n;HJICJI rro,n; IIOTeHn;IIaJIOM +3500 B II He 

:JIOSBOJIJIJI ROMeTHbiM IIOHaM II IIOHaM COJIHe'IHOrO BeTpa C 3HeprHeH E;~ 
<3500 aB rrorrap;aTD Ha KOJIJieHTop RL(<t>. 

IlpiiMeHIITeJII>Ho K ycJIOBHJIM aKcrrepiiMeHTa Ha RA TOR ,n;aT'IHROB RU:<t> 

H YII,ZJ; MOiKHo sarriicaTn B cJie,n;yro~eM BII,n;e: 

(1) 
:rp;e f se,si- TOHII BTOpH'IHhiX ::lJieKTpOHOB H HOHOBj Bni6IITbiX HS KOJIJieKTopa, 

~IIpOIIOpll;HOHaJihHbie IIOTOKY HeHTpaJI:bHbiX 'IaCTHll;, fph - TOR <floTO::lJieKTpOHOB 

··H I . - TOK p;ocTHraro~Hx HOJIJieRTopa aHeprH'IRbiX aJieKTpoHoB. 

,li;JIH pas,n;em>Hoii periicTpan;IIH I •• II l,; Ha aJieKTpop; C6 ,n;aT'IIIKa RU:<t> 

·no,n;aBaJIHCh rroTeHn;HaJIDI +40 H -60 B cooTBeTCTBeHHo. B rrepBoM cJiy'Iae -

-pemHM IISMepeHIIJI TOKa BTOpH'IHbiX ::lJieKTpOHOB- IIO,IJ;aBJIJIJICJI TOH [ 8 ; II OC

_HOBHOH BKJia,n; B I ,n;aBaJIII I •• , !ph HI. : 

I~I •• +Ivh-I.. (2) 

:3TO me B:bipa'iKeHH8 IIpiiMeHii£MO H )J;JIH aHaJIHSa IISMeHeHHH KOJIJieRTOpHOrO 

·ToKa YII,ll;. 
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PHc. 2. BeJIH'l:IIHI>I TOROB, H3Mepenni>re )l;aT'l:HKaMH rrpn6opa «liJiaaMar-b RA 
«Bern-i>>, 6.III 1986 r. 

a- )l;aT'IliKOM 1\IJ;<l> (B pemnMe II3MepeHHH TOKOB BTOpii'l:HbiX IIOHOB) II 6- )l;aT'IH
KOM YII,ll;. CTpeJIKaMH rroKaaaHo naMeHenne «floHoBoro Towa Io )l;JIH )l;aT'l:HKOB RU:<P 
n YII,ll; nocJie npoJieTa RA B oKpecTHOCTH TO'IKH nan6oJI»mero npn6JinmeHIIH 

(HII) 

Bo BTOpOM CJiy'Iae - pei:KHM H3MepeHHH TOKa BTOpH'IHbiX HOHOB - ITO)laB

JIHJICH TOR I •• , cym;ecTBeHHO yMeH»maJicH H HBMeHHJI 3HaK lph (aTOT TOR Te

nep» C03)l;aBaJICH He <lJoT03JieKTpOHaMH, Bbi6HTbiMH H3 KOJIJieKTOpa, a llpHXO

)l;HID;HMH Ha Hero <lJoToaJieKTpoHaMH, BJ>I6HTI:.IMH H3 aJieKTPO)J;a Cfr) H HeCKOJib

Ko yMeHbillaJICH TOR f., ITOCKOJibKY B 3TOM CJiy'Iae Ha ROJIJieRTOp MOrJIH ITO

na)J;aTb TOJI»Ro aJieRTpoHr:.r c E.~60 aB: 

1~-I.i-lph-I •. (3) 

Ha pHc. 1 npHBe)J;eHr:.r peayJI»TaTDr H3MepeHHH I )J;aT'IHROM RD;<D B pe

i:KHMe H3MepeHHH TORa BTOpH'IHbiX 3JieRTpOHOB npH llpH6JIHi:KeHHH <<BerH-f» 

K IWMeTe raJIJieH 6.Ill 1986 r. B )J;HarraaoHe KOMeTOU,eHTpH'IeCRHX paCCTOH

HHH r~ ( 1-T 13) ·106 
RM. BepTHRaJI»Hr:.re oTpe3KH rra pHCYHKe cooTBeTCTByroi' 

paa6pocy BHa'IeHH:ii KOJIJieRTopHoro TaRa RD;<D, Ha6mop;aBmeMycH na npoTH

meHHH BOC»MH HBMepeHHii I aa --170 c 1 paa B 20 MHH (peayJI»TaTiii HBMe

peHHH I B aTOM pemHMe pa6oTr:.r RD;<D aa r~106 
RM npHBe)l;eH»r B [3] ). RaR 

MOi:KHO BH)J;eTh H3 IIpHBe)J;eHHbiX Ha pHC. 1 )J;aHHhiX, CHCTeMaTH'IeCRHH pOCT 

noRaaamr:ii RD;<D, CBHBaHH»rii c pocToM ROHU,eHTpau,uu He:iiTpaJI»Horo KOMeT

aoro raaa, aalJaJicH a a r~3 ·1 06 
KM OT H)l;pa. 

PeayJI»TaTI:.r uaMepeauH KOJil!eKTOpHoro TaKa RD;<D B pemHMe HBMepeHUH 

·TaKa BTOpU'IHbiX UOHOB, ycpe)J;HeHHJ>Ie ITO ~100 liBMepeHHJIM Ha llpOTJI'SeHl!li 

--12 C (1 pa3 B 1 MUH), npuBe)l;eHI:.I Ha puc. 2, a. 0)J;HOBpeMeHHJ>Ie U3MepeHUH 

TaKa YII,ll;, ycpe)J;HeHH»re no )l;eCHTliceKyH)l;H»IM UHTepBaJiaM BpeMemr, noKa

aaH»I Ha puc. 2, 6. CucTeMaTn'IecKoe naMeHeHne noKaaaHnii YII,ll; n RD;<D B 

pei:KHMe H3MepeHHH TOKa BTOpH'IHbiX HOHOB Ha'IaJIOCb Ha paCCTOHHHHX r~ 

~ ( 1,5-T-2) ·105 
KM OT KOMeTHOrO H)l;pa (puc. 2, a, 6). 

,ll;JIH OllliCaHHbiX 3)J;eCb H3MepeHHH xapaKTepHO, 'ITO C yBeJil!'IeHHeM KOMe

·ToU,eHTpH'IeCKHX pacCTOHHHH 3Ha'IeHHH KOJIJieRTOpHOrO TOKa BbiXO)l;HT Ha 

rrpaKTH'IeCKH nocTOHHHI:.r:ii «<PoHOB»rib> ypoBenr:. ! 0 • CorJiacHo BDipameHHHM 

(2), (3), BeJIH'IHHa n anaK 10 onpe)J;eJIHIOTCH 3Ha1JeHHHMH lph n I •. TaR, )l;JIH 

.;tJ;aT'IHKa RD;<D, KOJIJieKTop KOToporo aam;Hm;eH OT rrpHMoro rrorra)J;aHHH coJI

Re'IHoro Y<D-HaJiy'IeHHH, Io~7 ·10-11 A (pHc. 1), TOrp;a KaK )J;JIH YII,ll; Be-
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JUPnma !JloHonorq ·'roKa 61ma ooJiee '!eM Ha 2 rropHJIKa ooJII>rne II cocTaBJIHJia~ 
~5 ·10- 9 A (puc. 2, 6). ·::ho oocToHTeJII>CTBO H orrpe.r~eJIHJio, 'ITO poeT ToKo:s; 
BTopH'IHI>rx aJieKT.pOHOB rrpH rrpHoJIHmeHHH KA K HJIPY Ha'!aJI perHcTpHpo
naTI>CH cym;ecTBeHHO paHI>rne ):laT'IHKOM KIJ;<'I>. C ;o;pyroii cTopoHI>r, H3MepeHHH 
I c rroMOJ:llbiO YII,IJ; rrpo;o;oJimaJIHCb BITJIOTb ;o;o TO'IKH HaHOOJibrnero rrpHOJIH
meHHH KA K H;o;py, Tor;o;a KaK TOKH K~<I> TaM rrpenbriiiaJIH MaKCHMaJibHO.· 
perHCTpHpyeMbie <JTHM IIpHOOpOM. 

Ou;eHKa KOHIJ;eHTpau;uu HeiiTpaJII>HI>rx aToMOB rro rroKaaaHHHM K~<D H. 
YII,IJ; rrpoBOJIHJiach no cJie;o;y:rom;eii !JlopMyJie: 

l-lo 
nn = (4) 

evSYe,i' 

r;o;e e- aapHJJ; aJieKTpoHa, Ye,i- Koa!JJ!Jluu;ueHT BTOpH'IHOii aJieKTpOHHoii (;o;mr: 
Ni (K~<I>) H ;D;JIH Au (YII,IJ;)) HJIH IIOHHoii (.r~.lm Ni) aMIICCHH rrpH cTOJIKHo
BeHHH C KOJIJieKTOpOM HeRTpaJibHbiX 'IaCTHIJ;, ;IJ;BHJI\YIIJ;HXCH CO CKOpOCTbiO V ~ 
S - IIJIOJ:lla;IJ;b COOHpa:rom;eii IIOBepXHOCTH ;o;aT'IHKa. 

2. AuaJIHa :mcnepuMeHTaJII>HI>Ix JWHHI>rx. OcHOBHI>IMH !Jlar{TopaMH, onpe
):leJIHIOJ:liHMH TO'IHdCTb or(eHKH nn ITO ):laHHbiM K~(J;> H YII,IJ;. B COOTBeTCTBH.IT 
C BbipameHHeM ( 4)', HBJIHIOTCH 'HeiiOCTOHHCTBO BeJIH'IHHbi fo H HeOrrpe;o;eJieH
HOCTb conpeMeHHoro 3HaHHH 3Ha'!eHHii Ye,i· ITo cpanHeHHIO c <JTHMH !JlaKTopa
Mii! rrorpernHocTI>IO H3MepeHHii I MomHo rrpeHeope'Ih. 

BeJIH'IHHa !JloHonoro TOKa ):laT'IHKOB 10, orrpe):leJIHIOm;aHcH 3Ha'IeHHHMH /ph> 

H I., Mo'meT H3MeHHTbCH B oKOJIOKoMeTHOM rrpocTpaHcTBe BCJie):lcTBHe napna
IJ;HH B;D;OJib TpaeKTOpHH KA pacceHHHoro KoMeroii Y<I>-HaJiy'IeHHH CoJIHIJ;ll' 
(BKJia;o; B Iph OT Herrocpe;o;cTBeHHO rrorra;o;a:rom;ero Ha KOJIJieKTop Y<I>-na.ITyl!e
HHH CoJIHn;a MOJI\HO rroJiaraTb HeHaMeHHbiM aa npeMH rrpoJieTa) H H3MeHeHHH 
aJieKTpoHHbiX IIOTOKOB B oKpymarom;eii KA IIJiaaMe. O.r~HaKo rrpH 3Ha'Ieii:rmx 
T::P lo JIIOOI>IMH napHan;HHMH rrocJie;o;Hero TOKa MOJI\HO rrpeHeope'Ih. II pH TaKnx: 
3Ha'IeHHHX I aoCOJIIOTHaH TO'IHOCTb ou;eHKH nn ITO ,u:aHHbiM K~<I> H YII,IJ; orrpe
):leJIHeTCH OTJIH'IHeM HCIIOJib30BanrnnxcH rrpn aHaJIH3e 3Ha'!eHnii Ye,i ()T· 

HCTHHHbiX. 
B cooTBeTCTBHH c <JTHMH coo6pameHHHMH HHme 6y,u:eT ou;eHeH BKJia;o; B I o, 

pacceHHHoro KOMeToii Y<I>-H3JIY1JeHHH CoJIHn;a, a TaKme BJIHHHHe H3MeH'IH
BOCTH lo Ha TO'IHOCTb OIJ;eHKH pacrrpe;IJ;eJieHHH n, B OKOJIOKOMeTHOM IIpOCTpaH
CTBe H OOCYJI\;IJ;eHbi HMeiOm;HeCH B HaCTOHm;ee BpeMH CBe;D;eHHH 0 KO<llPWHIJ;H
eHTaX BTopH'IHoii aJieKTpOHHoii H HOHHoii aMuccHH c ucrroJih30BaHHbiX KOJI
JieKTopon. 

a. B.!f,ufuute pacce.F/,lU-l08o 1WMerou Y@-ua.!/,yl.lenu.f(, Co.!/,lllfa. IIorra;o;aH Ha 
KOJIJieKTop, pacceHHHOe KOMeToii Y<I>-HaJiy~reHue CoJIHn;a Bbi3biBaeT !Jloro
aJieKTpOHHYIO <JMHCCHIO, · n aJieKTpOHbi !JloTOTOKa perncTpupyiOTCH BMecTe co, 
BTOpH'IHbiMH 9JieKTpoHaMU, HBHBIIIIi!MHCH CJie;D;CTBl'IeM OOM6ap;o;HpOBKii! KOJI
JieKTOpa HeRTpaJibHbiMii! '!aCTii!IJ;aMU. 

,D;JIH on;eHKii! BKJia;o;a pacceHHHOrO KOMeTOR ramreH COJIHe'IHOro Y<I>-H3JIY
'IeHii!H B TOK ;o;aT'Ili!KOB K~<I> n YII,D; n ero naMeHeHUH B;IJ;OJib TpaeKTOpi<nr 
<<Beru-1>> Y;D;OOHO BOCIIOJib30BaTbCH KOMeTHbiM:Ii! CIIei{TpaMH, IIOJiy'IeHHbiMH Ha 
crryTHJilKe )UE [8]. I-~a aTHX crrer,rpax B ;o;HarraaoHe ;D;JIIi!H BOJIH A,:;:;;;2900 A, 
crrocooHbiX Bbi3BaTb !JloT09MUccu:ro c Ni H/rmn Au, rrprrcyTcTRyer pH;o; xapai{
repH:biX 9MHccnii HI (1216 A), C I (1657 A), Cs (2580 A) , OH (2820 A) 
u ;o;p. O.r~HaKo KBaHTOBbrii BI>rxo;o; cporoaJieKTpoHoB Yph c Au u Ni n rrpe;o;eJiax 
paccMaTpHBaeMoro ;o;HarraaoHa ObiCTpo yMeHbiiiaeTCH Ha ~4 rropH;o;Ka neJIH'IH
Hbi c yneJIH'IeHHeM A. [9, 10]. IIoci{OJII>KY JIHHHH La (H /) HBJIHeTcH HaHooJiee 
HHTeHcli!BHoii B ero KOpOTKOBOJIHOBoii 'IacTir, To ;D;JIH ou;eHmi! !JloTOTOKa c. KOJI
JieKTopa ;o;aT'IIIKOB ;D;OCTaTO'IHO Y'Ili!TbiBaTb TOJibKO pacceHHHOe KOMeTHT>TM BO
;D;OpO;D;OM La-H3Jiy'IeHue CoJIHn;a. ,D;JIH paccMaTpnnaeMbiX MeTaJIJIOB Y ph co
cTaBJIHeT ~2 ·10-2 9JieKrpoHa Ha L,.-!JloToH [9, 10]. 

BeJIH'IHHY !JloTOTOKa c I{OJIJieKTopon K~<I> II YII,D;, Bbi3BaHHoro La-H3JIY
qeHueM, pacceHHHbiM I{OMeTHbiM BO;IJ;OpO,U:OM, MO'JI\HO OIJ;eHIITb CJie;IJ;yiOJ:liHM: 
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Pnc. 3 

-3 
nn,GM 

PliC. 4 

PHc. 3. Pac'leTHLie KpliBLie H3MeHeHliH B)J;OJib TpaeKTOplili )J;BliJK6HliJI KA lfloTOTOKa, oo
ycJIOBJieHHOro pacceHHHLIM KOMeToll: L'"-M3Jiy'leHReM CoJIHI~a 11 rrorrap;aro~ero B ,D;aT'lliKli: 

(1- KIJ;<D, 2- YII,ll;), rrp11 rrop;JieTe K ap;py (a) II OTJieTe OT Hero (6) 

Puc. 4. IIpolfJHJili KOHD;eHTpan;Mli nn H6HTpaJibHOTO raaa KOMeTbl raJIJieJI IIpli pa3JIH'IHLIX 
BeJIM'l'll:Hax <IJOHOBOTO TOKa ] 0 ll COOTB6TCTBYIO~He HM 3Ha'leHliH xapaKTepHOTO MaCIIITa6a 

MOHH3aD;lili: L= 1,4·106 (1), 1,9 ·106 (2), 3,0·106 KM (3) 

-o6pa3oM: 

Sss S(H)cos(H) 
3 /ph=egYph nH(p) 

4 
I . l2 d p, 

n p-r 

r.n;e g=1,22·10-3 
( 110,89) 2 c-1

- nepo.HTHOCTh pacce.HHII.H La-KBaHTa na aToMe 
H B 1 c na 0,89 a.e. ['11] , 1' - neKTop rroJiomenii.H KA B KoMeTon;enTpiiqecKoii 
'CIIC'l\eMe Koop,n;IIHaT, p- pa,n;IIyC-BeKTOp, e- yroJI Mem.n;y CKOpOCThiO KA OT
HOCIITeJihHO .Hp;pa V II B8KTOpOM p-1', nH (.p) - KOHD;8HTpan;II.H BOp;Opop;a B OKO
.JIOKOM8THOM IIpOCTpaHCTBe. liHTerpiipOBaHIIe B BbipameHIIH (5) Bep;eTC.ll IIO 
'IaCTH rrpocTpancTBa, orpanHqennoii rroJieM 3peHH.H ,n;aTqHKa KQ<I> HJIH rro rro~ 
.rryrrpocTpancTBY p;JI.H p;aTqiiKa YII,ll;. 

HaH60Jihiiiiiii IIHTepec p;JI.H nac rrpe,n;cTaBJI.HeT on;enKa /ph rrpii r~3·106 KM. 
CorJiacno La-II3o6pamenii.HM na TaKIIX paccTO.HHII.HX no.n;opo.n;na.H KoMa KOMe
Thi raJIJie.H 6JIH3Ka K c<f>epiiqecKII CIIMMeTpiiqnoii [ 11]. O,n;naKO IIOJiaraTh B 

(5), qTo BCIO,II;Y B ,II;IIaiia30He 10~~r~3·106 KM nH(r)-r2
, He IIpe,n;cTaBJI.HBTCH 

B03M01RHhiM, TaK KaK KOMBTHhiH BO,n;opo,n; B OCHOBHOM - rrpo,n;yKT p;ByXcTy
rrenqaTOH ,n;IIccon;IIan;IIH BO,II;bi. B KaqecTBe cJie,n;yroiD;ero rrpii6JIIImenii.H rrpH
MBM II3BBCTHYIO MO,II;BJih <<,n;oqepHIIX II po,n;IITBJihCKIIX MOJieKyJI>> ( CM., HaiipH
Mep, [12]): 

Qo Lzo 
nH (r) =nzo (r) +n8 (r), n20 ~ (e-•IL.ao_e-•IL,) 

4nr2 Vzo Lzo-Lt ' 

Qo 
n ~ -· --(Ae-•ILo+Be-•IL,-Ce-•ILz) 

8 ~~~ ' 

(6) 

r,n;e nzo II ns - KOHD;BHTpan;n:H aTOMOB BO)J;Opo,n;a, ,II;BII1RYID;IIXC.H CO CKOpOCT.HMII 
V20~2() II V8~8 KMic COOTBeTCTBenno; Lzo~2·107 II L8~8·106 KM-xapaKTep
Hbie rrpocTpancTBBHHhie MaciiiTa6bi <f>oToiioHn:3an;HII 3TIIX aToMoB; L 1 ~8·104 

II £2~1,6·105 KM- rrpocTpancTBeHnhie MacrnTa6hi <f>oTOp;IIccon;Han;IIII po,n;II
TeJihCKIIX MOJieKyJI HzO II ,n;oqepHIIX MOJIBI{YJI OH; A=Ls21 (Ls-Lt) I (Ls-Lz), 
B=LsLJ (Ls-Lt) I (Lz-Lt), C=LsLzl (Ls-Lz) I (Lz-Lt) - 6e3pa3MepHbie nop
MIIpOBOqHhie K03<f><f>HD;II8HTbi; Qo~f,3·1030 c-1

- CKOpOCTh IIpOI13BO)l;CTBa po-
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,!I;HTeJII>CKHX MOJieKyJI. Bxo,o;mn;He B ni>rpa.,KeHHe (6) KOHcTaHTDI ni>r6Hpamich 
Ha OCHOBe H3BeCTHDIX CKOpOCTeH <f>oTOXHMIPieCKHX rrpon;ecCOB Ha 0,89 a.e. 
(eM., HanpHMep, [13 ]) II pe3yJihTaTon aHaJiu3a Lcdi3o6pameHIIii KoMeTDr 
faJIJieH [ 11] . 

Pe3yJII>TaTDI pac'IeTa no <f>opMyJie ( 5) npu onucaHHI>Ix Bbiiiie 3Ha'IeHUHX 
nxo,o;Hrn;ux B Hee napaMeTpon npune,o;eHI>I Ha puc. 3. RaK MOJKHO nu,o;eTh I'I3 
npHnep;eHHhiX Ha pHcyHKe pe3yJII>TaTon pac'IeTa I p111 MaKcHMaJihHI>Ie 3Ha'Ie
HUH <floTOTOKa B p;aT'IHKe RIJ;<l> ,n;oJIJKHDI perHcTpuponaThCH He n oKpecTaocnr 
Hau6oJII>IIIero npH6JIH1Kemm RA K Hp;py, a Ha r;:::;105 KM, Korp;a oKoJioHp;epaaH 
o6JiaCTI> uc'Ie3HeT H3 IIOJIH 3peHUH 3Toro ,o;aT'IIma. CpanaunaH npHne,o;eHHI>Ie 
aa puc. 3 pe3yJII>TaTI>I pac'IeTOB co 3Ha'IeHHHMU TOKOB RIJ;<l>, Ha6Jirop;aniiiuxcH 
npu npoJieTe «Beru-1» CKB03h aTMoc<f>epy KOMeTI>I faJIJieH (eM. puc. 2 n [3] 
U pHC. 1), MOJI\HO IIOKa3aTI>, 'ITO BKJia,n; <floTOTOKa, Bbi3BaHHOrO pacceHHHbiM 
KoMeToii Y<l>-HaJiy'IemreM, MaKvHMaJieH aa nop;JieTHOH 'IaCTH TpaeKToprur 
)J;BHJKeHHH <<BerH_.f» Ha paCCTORHUH r;:::;105 KM, ,rp;e COCTaBJIHeT ~10% OT Be
JIH'IUHhi I. Pacc'IHTaHHI>Ie aHa'IeHHH TaKoro <floTOTOKa )J;JIH YIIJJ: p;ocTHraiOT 
1\iaKCiiMaJihHbiX BeJIH'IHH, cpaBHIIBaeMhiX C xapaKTepHbiMH BeJIH'II'I:HaMH <f>o
HOBOTO TOKa p;aT'II1Ka npH r~ 105 KM, Op;HaKO OCTaiOTCH npHMepHO IIOCTOHH
HhiMH Ha 3THX paCCTOHHHHX H II03TOMy H3MeHeHHe BeJIH'IHH TOKOB, perUCT
pnpyeMhiX YIIJJ: Ha 'faKIIX KOMeTon;enTpH'IecKHx paccTOHHHHX, neJih3H CBH
aaTh c periicTpan;II,eii IIM TOKOB, o6ycJIOBJienni>rx pacceHHHDIM KOMeToH Y<l>
H3JIY'IenneM CoJinn;a. 

6. Bbz6op anaT.(,enuu ifjonoeoeo ro1w iJaTT.f,U7WB. RaK OTMe'IaJioci> BI>IIIIe, 
BI>I6op ana'IeHHH I 0 MomeT nonJIIIHTI> na on;eHKY n,. npH I - I o ~I o, T. e. na 
on;eHKY 3Toro napaMeTpa no ,o;aHHhiM RIJ;<l> n pemHMe I'l3MepeHHH ToKa BTO
pH'IHI>IX 3JieKTpOHOB IIpH r~1,5·106 KM (pHC. 1) H Ha OD;eHKY n,. no p;aHHbiM 
YIIJJ: H ,o;aT'IHKa RIJ; <l> B pe·mHMe H3MepeHHH ToKa BTOpH'IHDIX Monon na KO
MeTon;eHTpH'IeCKHX paCCTOHHHHX r~105 KM (pHC. 2). 

PaccMoTpHM cHa'IaJia, KaK BJIHHeT H3MeH'IHBOCTh Io, Ha6Jirop;anmaHCH B 
IIOKaaaHHHX RIJ;<l> npH nop;JieTe <<BerH-1» K KOMeTe, Ha on;enKy nn B nepno,n; 
BpeMeHH, Henocpep;CTBeHHO npHMhiKaiOIIJ;HH K Ha'IaJiy pocTa KOJIJieKTOpHOrO 
TOKa H_IJ;<l> H3-3a B03pacTaHHH KOHD;eHTpan;HH KOMeTHDIX HeHTpaJIOB, II HR 
on;enKy xapaKTepHoii IIIKaJIDI HOHHaan;HH HeHTpaJII>Horo raaa. Ha pHc. 1 
mTpHXOBhiMH JIHHHHl\m OTMe'IeH )J;Hanaaon 3Ha'IeHHH 6,5·10-12 A~I~8,5· 
·10-12 A, B npep;eJiax KOToporo pa3yMHO Bhi6HpaTh KOHKpeTnoe 3Ha'IeHHe I 0 • 

3Ha'IeHHH nn, paCC'IHTaHHbie ITO <f>opMyJie ( 4), B CJiy'Iae HCnOJih30BaHUH nepX
HeH H HHJKHeii rpaHHD; p;HanaaoHa noaMomHhiX aHa'IeHHH Io, Hao6pameni>r 
COOTBeTCTBeHHO KpeCTHKaMH H CBeTJIDIMH KpymKaMH Ha pHC. 4, TO'II{aMH llpH
nep;eHbi 3Ha'IeHUH nn, pacc'IHTaHHhie ,!I;JIH cpep;Hero YPOBHH YIIOMHHYTOro 
BI>IIIIe p;Hana3oHa npH I 0;:::;7,5·10-12 A (IIITp:uxnyHKTHpHaH JIIIHHH Ha pHc. 1). 
IlpH r~ 1 · 106 KM paCC'IHTaHHI>Ie 3Ha'IeHHH npaKTH'IeCKH COBTiap;aiOT npH JII0-
6hiX Io H Ha pHC. 4 OCTaBJieHhl TOJihKO cpep;HHe 3Ha'IeHHH nn. 

CnJIOIIIHOH JIHHii:eii Ha pHc. 4 noKaa.aHa npocTeiiiiiaH TeopeTH'IecKaH 3a
BHCIIMOCTh nH (r) COrJiaCHO MO,D;eJIII [ 14): 

nH(r)~r-2 exp(-r/L), (7) 

HaHJIY'IIIIIIM o6pa30M annpOKCHMHpyrorn;aH 3KCnepHMeHTaJII>HI>Ie p;aHHI>Ie IIpH: 
xapaKTepHoM MacmTa6e :uonHaan;Hu Hei'ITpaJihHoro ra3a £;:::;1,9 · 106 KM. Cxo
maH 3aBHCHMOCTh C £;:::;2·106 KM IICIIOJih30BaJiaCb paHee B [ 1, 3) ,!J;JIH npH-
6JIII}KeHHOrO OIIIICaHHH pacnpep;eJieHHH nn B OKpeCTHOCTH KOMeThi faJIJieH IIO 
,o;aHHhiM ,o;aT'IHKa RIJ;<l>. IIhpHXOBI>IMH JIHHHHMH na pHc. 4 noKaaaHI>I aan:ucn
MOCTH (7) npH 3KCTpeMaJII>HhiX 3Ha'IeHHHX <f>oHonoro ToKa. CoOTneTcTnyrorn;He 
MaciiiTa6I>r HOHHaan;Hn £=1,4·106 II 3·106 KM. TaKHM o6paaoM, neonpep;eJieH
HOCTh BXO,!J;HID;ero B BbipameHHe (7) napaMeTpa £, onpep;eJIHIOIIJ;YIOCH II3MeH
'IHBOCThiO Io, MOil{HO on;eHIITh <f>aKTopoM 1,5. 

BeJIH'IHHa <f>oHonoro TOKa no,o;nepmeHa He TOJihKO HeperyJIHpHI>IM napHa
D;IIHM. TaK, HanpHMep, n [ 4] 6I>IJIO o6parn;eHo BHIIMaHHe Ha yMeHI>meHne lo , 
perHcTpHpyeMoro p;aT'IHKOM YIIJJ: Ha OTJieTHOH ~racTH TpaeKTOPHH <<Beru-1,2» . 
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8TO yMeHhllleHHe HHTepnpeTHpOBaJIOCb KaK pe3yJibTaT MOp;HlflHKau;HH 3MUC

CHOHHbiX CBOMCTB KOJIJieKTOpa n/HJIH yMeHhllleHUH ero alfllfleKTHBHOM ITJIOIIJ;R

)l;Ii S B pe3yJihTaTe B03p;eMCTBHH ITbiJieBhrX llacTiru;. B paMKax aTOM rHrroTe3 bi 

B [ 5] 6hiJia rrocTpoena KOJIH'lecTBeHIIaH Mop;eJih H3MeneFi:HH S p;aT'IHKa YII,[( 

3a BpeMH rrpoJieTa <<BerH-1» , HCIIOJib30BaHHaH )l;JIH OIJ;HHKH nn ITO p;aHHbiM 

<lTOro p;aT'll!Ka. KalleCTBHHHOe OTJll!''ll!e pe3yJibTRTOB paclleTOB nn c ylleTOM 

B03Mo:/I{HOM p;erpap;aiJ;HH S OT pe3yJibTaTOB OIJ;HHKH nn IIpH HCIIOJib30BRHHlf 

pa3HbiX 3HalleHHM Io na rrop;JieTHOM [ 0 in n OTJieTHOM Jgut llaCTHX Tpael\Topnn 

<<Bern-1 >> ( 4) 3aRJIIO'IaeTCH B CJiep;yiOIIJ;eM: B rrepBOM CJIJ'lae BCIOp;y B p;Ha

IIa30He r.;;;;;_ (1,572) ·105 KM n~ut ;;;a.nn111
, BO BTOpOM CJiy'lae IIO'ITH Be3~e B <!TOM 

me p;Hana3oHe n~ut .;;;;;.nn1
" H TOJihKO rrpn r.;;;;;. 1,5·104 KM coxpanJieTCJI rrpem

nee nepaBencTBO. 

B u;eJIJIX yMeHhilleHHJI neorrpep;eJieHHOCTH ou;eHOK nn pacCMOTpHM p;aHHbie 

R'IJ;<l> H YII,D; coBMeCTHO. R'aK Momno BHp;eT:{> H3 rrpHBep;eHHbiX na pHc . 2 
3Ha'leHHM KOJIJieKTopnoro ToKa, rrocJie HIT MeHhiiiHe 3HalleHHH / 0 cTaJIH pe

rncTpnpoBaThCH TaRllie H p;aT'IHROM l\IJ;<l>, O)l;HRKO H3MeHeHHe lfloHOBOrO TORR 

aToro p;aT'IHKa !":..l0 =[0i"-J~ut ~2,7 ·10-11 A 6hiJIO B -102 pa3 Menome, '!eM 

)l;JIH YII,D;, rp;e ~/~3,2·10-9 A (pHc. 2). Cxop;noe cooTnomenHe Memp;y ~/0 
Momno Oli\H)l;RTb B cJiy'lae yBeJIH'IeHHJI rroToRa TeiiJIOBbiX aJieKTponoB c T .~ 
~20730 aB rrpH OTJieTe <<BerH-1» OT ROMeThi. ,D;eMCTBHTeJihHO, OTHOllleHHe 

yrJioBhrx rroJieM 3penHH p;aT'IHRoB YII,D; n KQ<l> cocTaBJIHeT -50, KpoMe Toro, 

KOJIJieRTopa YII,D; MOrJIH p;ocTH'Ib aJieRTponhr c aneprHeM E . ;;;a.17 aB, a KOJI

JieRTopa R'IJ;<l> TOJihRO aJieRTpOHhl c E. ;;;a.60 aB. 

B6JihiiiHe rroToRH aJieRTponoB na OTJieTHOM 'lacrn rpaeRTOpHn <<Beru -1 >> 

B03MOlliHbl, TRK RaR <ITa 'IRCTb TpaeKTOpHH Ha -40° 6JIJi!'llie K llO)l;COJIHe~IHOH 
TO'IRe, lleM rrop;JieTHaH, a corJiacno Mf,D;-Mop;eJIJIM o6TeRaHH.fl KOMeT (eM., na

rrpHMep, ( 15]) 6JIHllie R llO)l;COJIHellHOM TO 'IKe H )l;OJilliHbl na6mop;aTbCH 6 o Jib

IIIHe 3Ha'leHHH ROHIJ;eHTpau;HH IIJia3Mbl. 0TMeTHM TaRllie, 'ITO Ha OTJieTHOlf 

llaCTH TpaeKTOpHH <<BerH-2>>, rp;e ITpOBO)l;HJII1Cb H 3MepeHHH 3HepreTH'leCRHX 

CIIeRTpOB SJieKTpOHOB ( 16, 17] , B p;eMCTBHTeJibHOCTH Ha6JIIOJJ;RJIHCb 60Jib llll'Ie· 

<lJIHRTpOHHbie IIOTOKH. 

IIoaToMy ITPH p;aJihHeMmeM anaJIH3e p;annhiX YII,D; :u KI~<l> B pemHMe H3-

Mepemi.fl TOKOB BTOpH'IHbiX HOHOB B <!TOM CTaTbe 6yp;eM HCITOJib30BaTb p a3-

JIH'IHbie 3HalleHHH WOHOBOrO TORR 3THX )l;RT'IH ROB ITpH ITO,JJ;JieTe <<B erH-1» 

K Hp;py H OTJieTe OT nero. B COOTBeTCTBHH C ITpH Bep;eHHbiMH Ha pHC. 2 ,JJ;RHHbi

MH ,JJ;JIH p;aT'IHRa R'IJ;<l> 6yp;eMHCITOJib30BRTb /0 1 "~-5,5·10-11 A :u /~ut ~-8,2 · 
-10-u A, ,JJ;JI.fl p;aT'IHRa YII,D;- 1;0 1 "~6,5·10-9 A H J~ut ~3,3·10-9 A. Pe3y Jih

TaToi ou;enoK ITO p;aHHbiM p;aT'IHROB YII,D; H KU:<l> B pemHMe H3MepeHHJI TORa 

BTOpH'IHbiX HOHOB npH /-Jo4i:::1,5/0, B 60JihllleM CTeneHH 3RBHCHIIJ;He OT Bbl-

6opa / 0 , B p;aJibHeMrneM anaJI:u3e :ucnOJih30BaTbCH ne 6yp;yT. 

8. BbL6op noarjirfiu1fueuro8 Broputtuoii aMuccuu aapRJ/CeuubLX ItaCTUlf. KaR 

yme OTMellaJIOCh Borrne, ITPH /-/0 -::?> / 0 a6coJIIOTHR.fl TO'IHOCTb ou;enRH nn onp e 

p;eJIHeTCH HeTO'IHOCTbiO 3HaHHH 3Ha'leHHM KO<lWWH IJ;HeHTOB BTOpH'IHOM <lJieR

TpOHHOM H HOHHOM SMH CCHH Y.,; c HCITOJih30BaHHhiX KOJIJieRTopoB . 

IlpH B3RHMO)l;eMCTBHH llOTOKa aTOMHbiX llaCTHIJ; C llOBepXHOCTbiO TBepp;oro 

TeJia O,JJ;HOBpeMeHHO MO'llieT llpOHCXO)l;HTb OROJIO ,JJ;BYX p;eCHTKOB pa3JIH'IHbiX 

lfln3HllecKHX rrpou;eccoB [ 18]. 

K comaJieHHIO, WH3H~recRHe HBJieHnH, coiTponomp;aiOIIJ;He 6oM6app;:upoBRY 

ITOBepXHOCTH IieMTpaJibHbiMH 'IRCTHIJ;RMH, ,JJ;BHiR YIIJ;HMHCH CO CKOpOCTh iO 

-80 RM/c, p;o CHX nop n3ylleHoi nep;ocTaTO'IHO ITOJIHO. IIpenHTCTBHeM p a 3-

BHTHIO HCCJiep;OBaHHM B <!TOM HaiTpaBJieHHH ITOCJIY~KH;rra Tpyp;HOCTb llOJiylleHHH 

yiTpaBJIHeMOrO ITO 3HeprHH II I'IHTeHCHBHOCTH ll'OTORa MOHORHHeTH'leCRHX 

neMTpaJibHbiX llacrrru; H oco6enno Tpyp;nocTh HX perHcTpau;HH [ 18, 19]. 

IlpH 6oM6app;HpOBKe llOBepXHOCTH aTOMHbiMH llaCTHIJ;aMH 3MHCCHJI SJie i \ 

TpOHOB CJiaraeTCH 113 )l;BYX BH)J;OB 3MHCCHH: ITOTeHu;HaJibHOM Ir KirHeTH'leCROM 

(20]. IloTenu;rraJibHaH 3MHCCHH MOllieT IIpOHCXO)l;HTb TOJibRO ITp:U llpH6JIHllie

HliH Bo36y'mp;ennoro aroMa HJIH Hona R ITOBepxnocTH MeTaJIJia. B aTOM cJiyllae 
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npa ome-peJiaKca~aa B030YiKAeaaoro aToMa IIJIII ome-aeihpamma~IIII aoaa 

::mepriiH, 3aTpR'18HHaH paaee Ha B030YiKA8HIIe IIJIII IIOHII3a~IIIO aTOMa, MOiKeT 

6:nrT:n rrepeAaHa ::meKTpoay MeTamm. IlpH cKopocTII ooMoapAHpyro~ax KOJI

JieKTop 'laCTH~ V~80 KM/C, MHOrO M8Hbiii8H 2·103 KM/C- xapaKTepHOH CKO

pOCTII opoaTaJI:&Horo ABIImeHIIH aJieKTpoaoB - BepoHTHOCTII aJieKTpOHHhiX rre

pexoAOB H Koa!fl!fln~HeHT IIOT8H~HaJI:&HOH ::JJieKTpOHHOH ::lMHCCIIII He 3aBHCHT 

·oT v [ 18, 20]. TaKaH aMIICCIIH aJieKTpoaoB MomeT rrpoHCXOAHTL, aarrpnMep, 

npH CTOJIKHOBeHHII c KOJIJieKTOpOM TIIIIII'lHbiX KOMeTHbiX HOHOB o+, OH+, 

H 20+ HJIH cooTBeTCTBYIO~Hx B030YiKAeaa:nrx qacTII~. 
0AHaKO B OKOJIOKOMeTHOM IIpOCTpaHCTBe KOJIII'leCTBO B030y'iKAeHHbiX HeH

·TpaJI:&HbiX 'laCTH~ MaJIO ITO. cpaBHeHIIIO C 'IHCJIOM ::lTIIX me 'laCTII~ B OCHOB

HOM COCTOHHIIH, IIOCKOJI:&Ky xapaKTepaoe BpeMH CHHTIIH B030YiKAeHHH Ha 

MHOro rropHAKOB BeJIII'IIIHhi Mea:nrne xapaKTepaoro BpeMean iKII3HII aeii:TpaJia 

AO Bo36yrKAeHHH [21]. IIcrroJI:&3YH pe3yJiwaTDI H3Mepemrii. IIOHHOro KOM

rro:HeaTa IIJia3Mbl Ha <<Bere-1 >> II ,lJ;mOTTO, MOH\HO TaRme IIOKa3aT:&, 'i{TO IIOTOK 

IIOHOB c aaepriieii >3500 aB B KQ<!> B AHarra3oHe KOMeTo~eHTpn'IecKIIx pac

CTOHHHii 1,5·10''-;-3 ·106 KM Ha 2-3 IIOPHAKa BeJIII'IHHhi MeH:&IIIe IIOTOKa H8H

TpaJI:&HhiX qacTH~. TaKHM o6paaoM, rroTeH~uaJI:&Hoii aMucciieii aJieKTpOHOB 

Momao rrpeaeope'I:&. 

l~nHeTH'leCKaH ::lJieKTpOHHaa ::lMHCCHH MO'iReT IIpOHCXOIJ;IITb TaKme H rrpu 

ooJiyqeauu rroBepxaocTII MeTaJIJia neii:TpaJI:&HhiMH 'laCTH~aMII, aaxop;a~IIMII
ca B oca oBHOM cocToaaa:u. B pap;e paooT [22-24 ] 6hmo rrpoBep;eao cpaBHII

TeJihHoe H3Mepemre KIIHeTH'lecKoii aM:uccuu rrpu 6oM6app;:upoBKe MeTaJIJIOB 

Heii:TpaJI:&HbiMH aTOMaMH: H HOHaMII, IIOKa3aBIIIee, 'ITO 3apap; IIOHa He OKa3bi

BaeT cy~eCTBeHHOrO BJIHHHIIH Ha rrpo~eCC KIIHeTII'leCKOH ::lMIICCIIH ::lJieKTpO

HOB. IIo-nn:p;uMoMy, KHHeTn'lec.Roe BhiOHBaHHe aJieKTpoaoB rrpo:ucxOAHT rrpii 

3Ha'IIITeJI:&Ho ooJI:&rneM c6mrmeHIIII n oaa c rronepxaocT:&IO MeTaJIJia, 'leM Kpii

TH'lecRoe IJ;JIH ome-Heii:TpaJIH3a~HH, T. e. IIOCJie H8HTpaJIH3a~HII HOHa II rrpe

BparqeHliH ero B aToM [25]. TaKIIM o6pa3oM, o~eHKY BeJIH'IHHhi Koa!fl!f!H~H
-eaTa KIIH8TII'leCKOH ::lMIICCIIH ::lJieKTpOHOB, Bhi3BaHHOH CTOJIKHOBeHII8M H8HT

paJI:&HbiX 'laCTH~ C IIOB8pXHOCTbiO M8TaJIJia, MOiRHO, IIO-BMp;HMOMY, IIpOBeCTM, 

0~8HMB Koa!fl!fln~IIeHT KIIHeTH'l8CKOH ::lMHCCHII IIpii OOMOapp;IIpOBKe MeTaJIJia 

COOTBeTCTBYIO~IIMII MOHaMII. 

0CHOBHI>IM KOMIIOH8HTOM, CJiaraiO~IIM KOMY KOM8Thl, HBJIH8TCH MOJieRyJia 

BOp;hr M rrpop;yKT:&~ ee AIICCO~IIa~IIH. B pap;e IICCJiep;onaan:ii KIIHeTII'lecKo:ii 

aMrrcciiM aJieKTpOHOB MOJieKyJiapHbiMM IIOHaMM 6:nmo o6aapymeao, 'ITO rrpM 

6oM6app;1IpOBKe MnrneHII TaKMMM IIOHaM:u AB+ aaoJirop;aeTca KHHeTII'lecKaJi 

IIOHHO-::lJI8KTpOHHaH ::lMIICCHH C Koa!fl!fJH~MeHTOM Y AB•, paBHbiM CYMMe Koa!fl

<f>H~MeHTOB YA· II YB·: YAB·=YA·+YB•, rp;e YA. H YB•-3Ha'leHMH aTMX Koa!fl

!f!M~MeHTOB IIpM CKOpOCTII aTOMHhiX IIOHOB, paBHhiX CKOpOCTII MOJI8KYJIHpHOrO 

IIOHa. HarrpiiMep, B paooTax [26, 27] aBTOphr, paccMaTpiiBaa KMHeTII'lecKyro 

3MMCCIIIO, rrpHIIIJIH K BbiBOp;y, 'ITO Koa!fl!fln~HeHT Y N,• (E) =2Y w (E/2) H 

Yu(E): Yu,(E/2): Yu,(E/3)=1: 2:3. 8Tu 3aKOHOMepHOCTH JierKo OO'l>HCHH

IOTCH, 8CJIII IICXOIJ;IITb II3 rrpep;IIOJIOJKeHiiH 0 TOM, 'ITO MOJieKyJIHpHbiH IIOH rrpii 

YAape o rroBepxaocT:& AIIcco~n:n:pyeT II o6paaoBaBrnHeca qacTII~hr B3an:Mop;eii

·CTBYIOT C IIOBepXHOCTbiO C TOH me CKOpOCTI>IO, 'ITO H MOJieKyJiapHbiH HOB, 00-

Jiap;aa aaeprneii, nporrop~uoaaJI:&Hoii nx Macce [ 19] . 

TaKHM o6pa30M, ecJIH C'IHTaTh, 'ITO MOJieKyJI:&I rpyrrrrhr BOp;hr, YAapaac:n 

o rronepxnocTh Ni-KoJIJieKTopa co cKopocThiO 80 KM/c, p;Hcco~MupyroT, rH 
B3aHMOIJ;8HCTBHe C IIOBepxHOCThiO MOiRHO paccMaTpHBaTh KaK B3aiiMOp;efiCT

BIIe aTOMOB BoAopop;a c aaepriieii ~30 aB u KHcJiopop;a, o6JiaAaro~ero aaep

rneii ~550 aB. IIocKOJihKY KHHeTH'lecKaa aMncc:ua MomeT rrponcxop;HTh rrpii 

::lHepriiHX rrap;aiO~HX 'laCTII~ Bhiiiie IIOpOrOBOH, COCTaBJIHIO~efl: H8CKOJihKO 

COT8H ::lJieKTpOHBOJihT ( CM., HaiipHMep, [28, 29)), TO aTOM BOAOpop;a, IIO-Bll

p;liMOMy, He Mo'meT Bhi3BaTh BTopuqayro aJieKTpoaayro aMIIccnro. B aTOM cJiy

'Iae B3aMMOIJ;8HCTBMe MOJieKyJI rpyiiiibi BOAhi C IIOBepXHOCTbiO B03MOiKHO pac

CMaTpMBaTb KaK OOMOapp;IIpOBKY MHIIIeHM aTOMapHbiM KHCJIOpOp;OM C ::lHep
riieH ~550 aB. 
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CoBpeMenm.re npe~cTaBJiemm o MexaHH3Me RHHeTH'lecRoii HOHHo-aJieR
TpOHHOH aMHccHH MeTaJIJIOB BorcRaaan~>r B paooTax [27, 30_::_32]. CorJiacao 
9THM paOOTaM R09lPlPHIJ;HeHT BI>IXO~a BTOpH'IHI>IX aJieRTpOHOB MOiRHO on;e-
HHTI> RaR: 

Y.=J..Na(v)w(.S), (8) 
r~e N- 'IHCJIO aTOMOB MHmeHH B 1 eM\ A. - ~JIHHa npo6era BTOPH'IHI>IX aJieR
TponoB BHYTPH MeTaJIJia, w {«'>) - BepOHTHOCTI> BI>IpoiBaHHH aJieRTpoaa B pe
ayJII>TaTe ome-peROMOHHaD;HH, «')- rJiyOHHa aanoJIHeHHOH 30HI>I, B ROTOpoii: 
HaXOAJ!ITCH ~bipRa, (J ( V) - a<fl<fleRTHBHOe Ce'leHire HOHH3aD;HH aTOMHOrO OCTaT
Ra MeTaJIJia. 

,l:t;JIH Ni-MHmeaH BeJIH'IHHY w ( «'>) ~0,07 Momno ou;enHTI> no npe~cTaBJiea
noMy B paOOTe ( 18) rpa<fJHRY 3aBHCHMOCTH 9TOH BepOHTHOCTH OT aTOMHOro 
HOMepa MaTepHaJia MHilleHH. 8<fl<fleRTHBHOe Ce'leHHe HOHH3aD;HH BI>I'IHCJIHeT-
CH no <flopMyJie ' 

1,39aoh 
cr(V)= I (z1,Z2 )S(v), (9) 

r;o;e aHa'leHHe f (zv z2) = CV z1 + V z2) ( -JY z1 + -j/'Z;)3
, 1~13 aB- cpe~-

HHH noTeHn;HaJI HOHHaan;HH ~JIH BHemHHX oooJio'leR aTOMOB MHmeHH, a0 -

pa~HYC nepBOH OOpOBCROH OpOHTI>I, paBHbiH 5,3 ·1 0-9 CM, h - nOCTOHHHaH 
IlJiaaRa, S(v)=5,25varctg[0,6·10-7 (v-v0 )], v0~7·106 cM/c, Zt-3apH~ aTo
Ma RHCJIOpo~a (31). 3aBHCHMOCTI> f..N OT aapH;IJ;OBOrO 'IHCJia MHilleHH Zz (33) 
oepeTCH B BH~e 

(10) 

TaRHM o6paaoM, B cooTBeTCTBHH c BI>IpamemreM {8) aHa'leHHe Roa<f!<f!Hn;HeH
Ta RHHeTH'lecRoii aMHCCHH aJieRTpoHOB c Ni-ROJIJieRTopa npH 6oM6app;HpOBRe 
ero HeHTpaJII>HI>IMH MOJieKyJiaMH rpynnbi BO;IJ;bi B YCJIOBHHX 9KCnepHMeHTa Ha 
<<Bere-1, 2» Momno o:u;eaHTI> RaR Y.~0,26. AnaJiorl!I'IHI>Ie on;eHRH ~JIH Au-RoJI
JieKTopa npHBOAHT R Y.~0,12. Op;naRo nap;enmocTI> TaKHX o:u;enoK Y. BeCbMa 
neBhrcoRa, HX TO'IHOCTI> BPHA JIH npeBI>ImaeT <flaRTop 2-7-3; TaR, nanpHMep, 
B paooTe (34) BI>ICKa3aHO npe~nOJIOiReHHe 0 HeOOXO~HMOCTH y'leTa BRJiap;a 
B 9MHCCHIOJ_ BHOCHMOrO aTOMaMH OT;IJ;R'IH, 'ITO npHBO;IJ;HT R yBeJIH'leHHIO cyM
MapHorO Roa<fl<f!Hn;HenTa Y •. IIoaToMy B aacTOHIII;HH MOMeHT y aac aeT ocno
BaHHH AJIH H3MeHeHHH Bemr'IHHbr Y.~0,3 BI>Ixop;a BTopH'IHbrx aJieRTpoaoB c 
KOJIJieKTopa ~aT'IHKa KQ<P, BI>I6pannoro paaee cpaay nocJie npoJieTa KA Ro
Menr raJIJieH 6.III 1986 r. [ 1, 2]. B p;aJII>HeiimeM 6y~eM HCnOJII>30BaTb Be
JIH'IHHY Y.~o, 19 p;JIH Au-RoJIJieKTopa 'YII,l:t;, 'ITOOI>I o6ecne'IHTb naHJiy'lmyro 
CTI>IKOBRY aKcnepHMeHTaJII>HI>IX p;aHHI>IX ~aT'IHKOB 'YII,l:t; H KIJ;<P, a Ta:Kme 
nenpepoiBHOCTI> npo<f!HJIH Ron:u;enTpan;HH neiiTpaJII>Horo raaa nn aa paccTOH
HHHX ~105 RM, ROrp;a TOR C ROJIJieRTOpa I\IJ;<l> B peiRHMe H3MepeHHH BTOpii'l
HbiX aJieKTponoB OI>IJI 6JIH30R R nac~>rr:u;eaHro, a xapaKTepHbie BeJIH'IHHbi TO
ROB, H3MepHeMbiX 'YII,l:t;, OI>IJIH cpaBHHMbi c <floaoBI>IM TOROM aToro ~aT'IHKa . 

HapH~Y c BTOpH'IHOH aJieKTponnoii aMHCcHeii npH 6oM6ap~HpOBKe aToM
HbiMH 'laCTHIJ;aMH ITOBepXHOCTH MeTaJIJia npOHCXO;D;HT II 9MHCCHH nOJIOiRH
TeJibHbiX IIOHOB (BH8). K nacTOHIII;eMy BpeMeHH npoBep;eno p;ocTaTO'IHO 
6oJI~>moe 'IHCJIO aKcnepiiMeHTaJII>HbiX IIccJiep;oBaHHH BH8 na 'IHCTbiX MeTaJI
Jiax, BbiHCHeHI>I ero OCHOBHi.Ie .'lepTI>I, CBII~eTeJII>CTBYIOIII;He 0 BHyTpeHHeif 
oor:u;nocTH npo:u;eccoB BbiOIIBaHIIH IIOHOB n neiiTpaJII>HI>IX aToMoB npii nonnoii 
OOMOap~HpOBRe. I\OJIH'leCTBeHHI>Ie OTJIH'IHH yKa3aHHbiX XapaRTepHCTHK CBH-
3aHbi C npOHBJieHHeM p;onOJIHHTeJII>HOrO MeXaHH3Ma, OTBeTCTBeHHOrO 3a HOHH-
3aii;liiO pacn~>meHHI>IX 'lacTnn;. · Memp;y Koa<fl<fln::u;neaTaMn BH8 Y; H Roa<f!<PH
:u;neHTOM pacnoiJieHHH Sn neiiTpaJII>HI>IX aTOMOB cyr:u;ecTByeT npocTaH aaBHCH
MOCTI>: Y;=ctSn, rp;e a- cTeneHI> noanaa:u;nn npop;yKTOB pacnbiJieHHH. Cn:cTe
MaTH'leCRHe H3MepeHHH Roa<fl<fln:u;neHTOB Yi n: Sn OI>IJIH npoBep;eHbi, nanpH
Mep, B pa6oTax [35-:--37] , op;naKo nenocpep;cTBeHHore n:aMepeHHH BHil npn 
CTOJIKHOBeHHH MOJI·eKyJI rpynni>I BOAI>I c Ni-MnmeHHMH OTCYTCTBYIOT. 

,l:t;JIH onHcaii:HH npo:u;eccoB pacni>IJiellHH B HccJiep;yeMOM p;nanaaoae ·anep-
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Puc. 5. PeayJILTaTLI ma6opaTopru,rx iraMepeanii: Koa<flqnr
I(neaTa BTOpll'IHLIX 3JieKTpOHOB H HOHOB C llOBepXHOCTeii: 
Al n Au B aaBHCHMOCTH OT aHeprnn E nap;aroii(eii: MOJie

KYJILI BO,Il;LI [40] 

10 'I 

PHC. 6. lJHCJieHHO paCC'IHTaHHLIH npo<{JHJIL KOHI(eHTpai(Hli nn ( CllJIOillHLie JIHHHH) H H3-
MepeHHLIH npn6opoM dJJiaaMar-1». Ilop;JieTHaH 'laCTL TpaeKTOplillil «BerH-h 

1- .D;aHHLie p;aT'IHKa KI.J;<l>, 2- p;aT'IHKa "YII)J;; OTJieTHaa 'laCTL: 3- KI.J;<l>, 4- "YII)J; 

I'HH illHpOKO HCIIOJib3YIOTCH KaCKajl;Hble TeOpHH B3aHMOJJ;eHCTBHH rrajl;aiOm;eH 

'laCTH~bl C IIOBepXHOCTbiO. B COOTBeTCTBHH C HHMH 6oM6apJJ;npyrom;aH 'laCTH

IJ;a, MHOI'OKpaTHO pacceHBaHCb B H30TpOIIHOH cpejl;e, C03JJ;aeT rpyrrrry aTOMOB 

OTJJ;a'IH, KOTOpbie B CBOIO O'lepejl;b B3aHMOjl;eHCTBYIOT C gpyrHMH aTOMaMH MH· 
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meun:, nepep;aBaH HM 'laCTI. cBoeii :meprun:. PaBBHTHe KacKap;a npeKpa~aeT
CH nOCJie TOrO, KaK 3HeprHH l!aCTHil; yMeHI.lliHTCH ]\0 HeCKOJII.KHX 3JieKTpOH
BOJII.T, T. e. j\0 MeHI.IIIHX 3Ha'leHHH, '!eM Heo6XOAUMO ,IJ;JIH CMe~eHHH aTOMOB 
H3 n:x noJiomeuHii B ysJiax KpHcTaJIJIHl!ecKoii pemeTKH. EcJIH B peByJILTaTe 
pacnpocTpaueHHH Kac:Kap;a noBepxuocTHI.Ie aTOMI.I noJiyl!aT aueprHIO, npeBI.I
maro~yro HX 3HeprHIO CBH3H II COOTBeTCTBYIO~liH HMIIYJILC, TO OHH nOKHHYT 
noBepxnocTL, T. e. npoHcxop;IiT rrpon;ecc pacrrLIJieHHH. CorJiacuo pa6oTe [38] 
npn: 6oM6app;HpOBKe Ni-Mn:rneun: HOHOM KHcJiopop;a BeJIH'IHHa Sn cocTaBHJia 
~7 aTOM/HOB. CTeiieHI. HOHH3all;HH CG MOmHO paCC'IHTaTI. Ha OCHOBe TeOpHH, 
pasBHToii B pa6oTe [39] AJIH cn:eTeMI>I 0- Ni, BeJIH'IHHa a~5-1o-• npn: auep
nm ~.600 aB. TaKHM o6pa3oM, Koa<fl<fln:n;n:eHT BTopn'Inoii n:onuoii 3MHCCHH 
Y;~3,5 ·10-3

• IIorpernuocTL TaKHX on;enoK TaKme p;oBOJibHO BeJIHKa H onpe
p;eJIHeTCH 3Ha'IHTeJII>HbiM pa36pOCOM 3KcnepHMeHTaJibHO H3MepeHHbiX BeJIH
lJI({H Sn AJIH op;nn:x H Tex me aJieMeHTOB y pa3~I.IX aBTOpoB B BaBHCHMOCTH OT 
YCJIOBHH npoBep;eHHH 3THX 3KCIIepHMBHTOB. 

I1cnOJin3yeMaH B p;aJII>HeiirneM BeJIH'IHHa Koa<fl<flHn;HeHTa BTOpHl!HOH HOB
HOM 3MHCCHH Y;~2,9 ·10-3 Bni6JipaJiacn TaK, 'IT06ni o6ecrrel!JITb nauJiy'lrnyro 
CTbiKOBKy Memp;y C060M npo<fJHJIH nJIOTHOCTli Heii:TpaJinHOrO ra3a, Oll;BHeHHO
r o u a ocnoBe p;annnrx p;aT'!HKOB IUJ;<D B pe·mn:Me H3MepeHHH BTopnl!noii non
n oli: 3MHCCHH n 'YII,Il; c y'leTOM on;enoK 3Hal!ennii aTnx napaMeTpoB. Bni6pan
Hnie B uacTOH~eii pa6oTe BHaTJ:eHnH Y. AJIH Ni n: Au n 3Hal!eHHH Y; p;JIH Ni 
rroKa3aHI.I 3Be3p;Ol!KaMJI ua puc. 5, TaM me npnBep;eHI>I pe3yJII>TaTI>I Jia6opa
TOpHI.IX H3Mepeunii Y.,; ,IJ;JIH Al- H Au-Mn:rneneii p;JIH 60JibiiiliX aneprn:ii na
p;aro~n:x MOJIBKYJI BO,IJ;:bl [ 40) . 

e. Annpolicu.MaLfUR .Mooe.n,bUbLMU paclf,eTa.Mu. Pe3yJinTaTI>I on;enoK KOH
:n;enrpan;nH neiiTpaJII>Horo ra3a no <flopMyJie (4) BAOJib TpaeKTopn:n: <<Bern:-1» 
na ocnoBe p;aHHI.IX p;aT'!HKOB RI.:t;<D n YII,Il; c yl!eTOM 3HR'leHHii: 10 H Y.,; rrpep;
cTaBJieHI>I Ha pnc. 6. BemiTJ:~IHbi nJIOTHOCTH nn ycpep;HeHni B,IJ;OJib liHTepBaJia 
fJr TaKoro, '!To 6r/r~0,5. 

l13 pHC. 6 BH,IJ;HO, liTO OCHOBHOH OC06eHHOCTbiO 3TOrO pacnpep;eJieHHH HB
JIHeTCH pa3JIHlJ:H8 3Hal!eHHH KOHil;eHTpan;nH Heii:TpaJibHbiX l!aCTHil; Ha nop;JieT
HOH H OTJieTHOH 'laCTHX TpaeKTOpHH <<BerH-f», npH'IeM C yp;aJieHHeM OT Hp;pa 
KoMeTni ono yBeJIH'IHBaeTcH. Ta:Koe paBJIH'IHe neJin3H o6'bHCHHTI. BpeMeHHI.IM 
Ii13MeHeHiileM IIJIOTHOCTH Heii:TpaJII.HOrO ra3a, Tal{ Ka:K 6o;,1ee HH3KHe 3Ha'leHHH 
n n 6niJIH 3aperHCTplipOBaHI.I H npn OTJieTe «BerH-2>> [3]. Ha6JIIOJJ;aeMyiO pa
AUaJII.HYIO aCHMMeTpHIO npo<fJHJIH nJIOTHOCTH Heii:TpaJibHOrO ra3a MOmHO CBH-
3aTI. C p;eii:CTBHeM Ha KOMeTHbie Heii:TpaJibi CHJI pap;naqHOHHOrO p;aBJieHHH 
CoJinn;a. ,Il;JIH KOJIIill!ecTBeHHOro onncamm aToro HBJieHHH rrocTponM npocTyro 
'IHCJieHHYIO MOp;eJib. 

CorJiacno Mo,n;eJIH Xa3epa [ 41] netiT
paJII>I, IIOKHp;aH Hp;po KOMeTbl, 3aTeM o6-
JiaC'rb CTOJIKHOBeHHH, ,IJ;BHraHCb no rrapa-
6oJiaM B noJie CliJI p;aBJieHHH COJIHelJ:HOrO 
H3Jiy'leHliH, JJ;OCTHraiOT TO'IKH C KOOp,IJ;H
HaTaMH (x, y, z) ITO ,IJ;BYM pa3JIH'!HbiM 
TpaeKTOPHHM. Roun;enTpan;nH ueii:TpaJII>
HbiX l!acT:nn; B aToii TO'!Ke c y'leToM p;aB
neHiiiH coJIHel!Horo Iii3JIY'!eHnH B Ba,n;aeT- · 
CH <flopMyJIOH 

Qo 
n(x,y,z)= X 

4:rt:VnYZo
2
-Z

2 

X ( exp(-12F+/B/'t;) + 
F+ 

exp(-12F_fBI't;)) 
+. F_ ' (11) 

r ):{e a=x+ (vn 2/B), z0= V a2
- (x2+z2

) , 

r,KM 

PIIc. 7. RoMeTol{eHTPH'!ecKaJI aaBHCli
MocrL KOHI{6HTpal{llll He.ii:rpaJII.HbiX qa
CTllq, paCC'IliTaHHaJI llO MO)J;6Jlli Xaae-

pa [41] 

469 



F ±=a-±yz,02-z\ Q0 ~ cKopocTh nponsBop;cTBa Heii:TpaJioB, 't;-' nx ·BpeMH .mns-H 
HH p;o HOHHSa:i:J;nn, Vn - CKOpOCTh pacnm:peHHH KOMeTHOrO ·rasa, OTpHIJ;aT~Jlb'- • 
Hoe iianpaBJieiirre ocn X coBin:tp;aeT c •HanpaBJieHneM Ha · CoJIHn;e. . .,. . 

BDipameHrre ( 11) 6nmo noJiy'IeHo B- -[ 41] )l;JIH MOHOKimeTH'IecKoro ·pac
npep;eilemm no CKOpOCTHM CKOpOCTH npOMSBO,ll;CTBa HeiiTpaJihHOrO :;rasa ; 
Q(v):___Q06(v-vn)· Ha pHc. 7 npni!ep;eHI>r pesyJII>TaTbi pac'IeTa no (11) unpEi.; 
Vn=1 KM/c, Qo=1,3·1030 c- 1

, T;=2·106 c n B=0,4 cM/c2
• XapaKTepHoii oco6eH~: 

HOCThiO 3TOH npOCTOH MOp;eJIM JIBJIJieTCJI poeT nn p;o O'IeHh 60JibiDHX SHa'IeHn:iii ; 
B O:KpeCTHOCTH OrH6arorn;eii: CeMeHCTBa napa6oJI, 'ITO B 3KCnepHMeHTe He Ha-
6JIIOp;aeTCJI (pnc. 6). 

- lifMeJI B BH,ll;Y cpaBHemre MaTeMaTH1J:eCKOH MOp;eJIM C pesyJII>TaTaMH JIO
KaJihHOrO 31\CnepHMeHTa, B OTJIH'IMe OT [ 41] HaM HeT He06XO,ll;HMOCTH npep;
BapHTeJibHO HHTerpHpoBaTh ( 11) no O,ll;HOH liS npOCTpaHCTBeHHbiX nepeMeH
HbiX, a· cpasy npoHHTerpu:pyeM ero no rayccoBcKoii cpyHKIJ;IIH pacnpep;eJieHIIJI 

Q(v) =2Q0/6Vy;:t:'exp ( -v2/6v2
). IIocJie npoBep;eHMJI pJip;a npeo6pasoBaHIIH . 

BnrpameHrre p;JIJI nn MOJKHO sanrrcaTh B cJiep;yrorn;eM Bu:p;e: 

nn (r, <p) = _1_ J £Q (v) exp (-Y2r/ (B-rls)) d£, 
4nr2 

0 
(£2+25 cos <p+1) 

(12) . 

rp;e v (s) = y Br(s2+2s cos <p+1) /2/s- saBHCHMOCTh B HeJIJJHOM ' :BH)J;e HOBOH 
nepeMeHHOH MHTerpnpoBaHMJI S OT V, <p- yrOJI Memp;y BeKTOpOM r II HanpaB
JieHMeM Ha CoJIHIJ;e. 

RpoMe npocTpaHcTBeHHDIX nepeMeHHI>Ix Bnrpa·meHrre ( 12) HBJIJieTcJI l{lyHK
u;rreii: lJeTbipex napaMeTpOB, XOTJI TOJihKO Tpii MX KOM6HHaiJ;HH HeSaBHCHMbi, 
a IIMeHHO: Qo/6v, B/6v2

, B-rt TaKHM o6pasoM, cpyHKIJ;HJI nn HHBapHaHTHa 
OTHOCIITeJihHO npeo6pasoBaHHH 

(10) 

rp;e k - npOHSBOJihHaJI KOHCTaHTa. 
_ B npou;ecce nop;6opa napaMeTpoB 'IHCJieHHoii: Mop;emr oKasaJioci>, 'ITO no. 

JIY'IHTh CKOJih-HII6yp;h pasyMHYIO on;eHKY napaMeTpa T; B paMKaX paccMaTpH
BaeMOH MOp;eJIM npaKTII'IeCKH HeBOSMOiRHO. 8TO, nO-BH,ll;U::l\WMy, CBJISaHO C 31\C-: 
nOHeHD;J?IaJibHOH cpopMOH npocpHJIJI nn Ha 6oJibiDI!IX KOMeTOIJ;eHTpH'IeCKI!IX pac
CTOJIHI!IJIX (pHC. 6) , KOTOpaJI MOmeT 6niTh O,ll;HHaKOBO XOpOIDO OnHCaHa 3KC-
nOH9HIJ;HaJihHhlM yMeHI>meHHeM 'IIICJia HeHTpaJII>HbiX MOJieKyJI nprr HX HOHII
SaiJ;HH ( 7) HJIH Bb16paHHbiM 3KCnOH9HIJ;IIaJihHbiM pacnpep;eJieHU:eM Q ( V) . . Ilo-, 
3TOMY ,ll;JIJI paccMaTpu:BaeMOH MOp;eJIII cpopMaJibHO noJiaraeM T;-+oo, ,IJ;JIH on;e
HOK XapaKTepHOrO BpeMeHII lliliSHH MOJieKyJinl T; He06XOp;HMO HCnOJibSOBaTh; 
Mop;eJih, KoTopaJI 6oJiee peaJII>Ho onu:cnmaJia 61>1 pacnpep;eJieHne Q ( v). 

HanJiyqmee corJiacne pesyJII>TaToB 'IHCJieHHo pacclJHTaHHoro npocpHJIH c, 
31\CITepiiMeHTaJihHbiM 6hlJIO ,ll;OCTIIrHyTO npii CJiep;yiOIIJ;IIX SHal:feHHJIX KOM6II
HaiJ;HH ncx op;HniX napaMeTpoB: Q,o/6v=4,36·102

' cM-1 H B/6v2=4,17·10-12 cM- 1
: 

(eM. prrc. 6) . RaK BHp;Ho rrs 3Toro pu:cyHKa, TaKaJI npocTaJI Mop;eJih c pasyM
HOH TO'IHOCThiO KOJIH'IeCTBeHHO , onMcnmaeT pacnpep;eJieHne Heii:TpaJII>Horo
rasa B,ll;OJih Bceii: TpaeKTOpHII p;BnmeHHJI <<Bern-h. CooTBeTCTByrorn;ne 3Toii 
MOp;eJIH HSOJIJ!IHHII ~qHp;e_HTpan;nu: HeHTpaJihHOrO rasa B OKpeCTHOCTH KOMeTbi . 
raJimiJI npep;cTaBJieHbl Ha PHC. 8 . . 

3. 06cymp;eHne n BI>IBO,ll;I>I. Op;mrM rrs BOSMomHI>IX BaprraHTOB 3Ha'Iermii: 
napaMeTpOB MOp;eJIH, COrJiacyiOIIJ;liXCH C noJiy'IeHHbiMH Bbiiiie HaiiJIY'IIIIIIMII 
sHa'IeHnJIMH u:x KoM6}man;IIii, HBJIJieTcJI: Q0~1,3 · 1030 c-t, 6v~3 KM/c, B';>:; 
~0,37 cM/c2

• XoTJI TaKoii Ha6op He ep;nHcTBeHHI>IH II MomeT 6niTh n peo6pa
soBaH B p;pyroH B COOTBeTCTBMII C ( 10), Op;HaKO CB06op;a TaKIIX npeo6paSOBa
Hl'IH He O'IeHh BeJIHKa. 

,IJ;eHCTBIITeJihHO, npii HCCJiep;oBaHIIH KOMeTbl raJIJieJI HeSaBHCIIMbie OIJ;eHKII 
BeJIIIlJMHDI CKOpOCTII npoiiSBO,ll;CTBa HeHTpaJihHOrO rasa Q0 6I>IJIII noJiy'IeHbl II~ 
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5 
Y, 10 KM 

PHc. 8. MaoJIHHHH Ronn;enrpan;mir :HeiirpaJihHhlX lfa
CTHD; ,[(JIJI noeylfennoii Mo.r~emr pacnpe):(eJieHHJI neii

rpaJihHhiX lfaCTHD; aTMOc<f>epbi ROM8Thl raJIJI8JI 

n;eJioro pH,n;a :mcrrepiiMeHTaJinHI.IX .n;arrrrnrx, pa36poc Tamrx on;erroK naxo,n;HTCH 

B rrpe,n;eJiaX tiJaKTOpa, paBHOrO IIpiiMepHO 1,5-7-2. Ilo3TOMY B COOTBeTCTBIIH C 

( 10) rreorrpef);eJieHHOCTI. BeJIIPIIIH v II B Momrro on;eHIITI. t!JaKTopoM 2-7-4. 
BeJIIIlJIIHa 6v~3 KM/C COOTBeTCTByeT cpef);HeM CKOpOCTII pacmiipeHHH KOMeT

HOro ra3a v-~1,7 KM/c. ::ho 3HalJeHIIe BIIOJIHe rrpiieMJieMo fl:JIH Brremrre:H 6ec

CTOJIKHOBHTeJII.HOM ooJiacT~I rre:HTpaJII.Hoi aTMoct!Jepnr KOMeTI.I. ,[(eicTBHTeJII.

HO, rrp1I6op NMS, ycTaii:OBJierrrri.I:H rra 6opTy RA ,ll)ROTTo, 3aperHcTpHpoBaJI 

yBeJIIIlJeHHe CKOpOCTII MOJieKyJI BOfl;hi, C 0,8 KM/C Ha paCCTOHHHH 3 ·103 KM fl;O 

1,1 KM/C Ha pacCTOHHHII 3·10' KM Oe3 IIp1I3HaKOB HaCJ:.IID;eHHH ( 42] . 
BoJinmo:H pa36poc no cKopocTHM 6v~vn O'IeHn cyrn;ecTBeH fl:JIH nacTomn;e:H 

MOf);eJIII, TaR KaK Oe3 Hero HeB03MOlliHO fl;OCTII'Ih pa3yMHOrO COrJiaCHH C <lKC

rrepH:MeHTaJII.HhiMH f);aHHniMII . ll>H3HlJecKHM oo'l>HcrreHHeM TaKoro pa36poca 

MoryT CJIYlliHTh rrpon;eCCnl tlJOTOfl;HCCOD;HaiJ;HH, rrpOHCXOfl;HIDHe B OCHOBHOM Ha 

paCCTOHHHHX ~105 KM. IlpH fl;liCCOD;HaD;HH THllieJIJ:.Ie COCTaBJIHIOIIJ;He MOJieKyJJ 

BOti;I.I OH II 0 rrprroopeTaiOT cJiy<Iairryro cKopocTn <1,8 KM/c (eM., rrarrpn

Mep, ( 43] ) , T. e. COIIOCTaBHMYIO CO CKOpOCThiO HX pacmHpeHHH BHe 30Hbl 

CTOJIKHOBeHHM. 

XapaKTeprraH t!JopMa «cJie3HHKH» H30JIHHHM Korrn;errTpan;HH rreiTpaJinHoro 

ra3a pHC. 8 B paMKaX paCCMaTpHBaeMOM MOf);eJIH OOYCJIOBJI9Ha IDHpOKHM pac

rrpef);eJieHHeM MOJieKyJI ITO CKOpOCTHM H orrpef);eJIH9TCH IIpHCYTCTBHeM Mef);JieH

HO fl:BHi:KYID;HXCH MoJieKyJI. IIpocTparrcTBeHHI.I:ii MacmTao ycKoperrnH MOJieKyJI 

-v2/B oi.IcTpo yMerrnmaeTcH c yMeHnmerriieM v II Mef);JieHHnre MoJieKyJini OniCT

po OTKJIOHHIOTCH ITO HarrpaBJieHHIO K KOMeTHOMY XBOCTy, tlJOpMIIpyH, TaKHM 

o6pa3oM, H30JIHHHH Korrn;eHTpan;nn B t!JopMe <<cJie31IHKH>>. YrroMHHeM TaKme 

TOT tiJaKT, 'ITO CXOlliaH tiJOpMa HaOJIIOf);aJiaCn B H300pameHHH KOMeTbl raJIJieH 

B JIIIHHH CN [ 44] . 
,[(OBOJII.HO OOJiniDaH BeJIIIlJIIHa ycKopeHHH s~o,37 CM/c2

, C03f);aBaeMoro 

f);aBJieHHeM coJIHe'Irroro H3Jiy'IeHHH, KoTopyro pa3yMrro 6nmo 6nr ClJHTaTn 

ycKopeHHeM OCHOBHI.IX KOMeTHI.IX MOJieKyJI, T. e. MOJieKyJI rpyiTIIbl BOfl;I.I,. CO

OTBeTCTByeT TaKHM MOJieKyJiaM, KaK C2, Ca n CN, o6Jia7J;aiOID;HX ooJinmo:H Be

JIH'IHHOM H3Jiy-qaTeJII.HOrO cl>aKTOpa g~10-2 C-1 HJIH: JierKOMY aTOMy BOfl;OpOf);a 
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( 43, 45). 0}l;HaKO ::JTY OD;8HKY M071\HO yMeHI:.illHTb B H8CKOJII:.KO pa3 rryTeM: 

rrpeo6paaonaHHH ( 10), a TaK·me rrocJie BBe}l;eHHH n MO}l;eJII:. 6oJiee peaJII:.HoH: 

«f>yHKD;HH pacrrpe}l;eJieHHH Q ( V) . 
CyMMHpyeM aeKoTopnie peayJII:.TaTI:.I, rrpe)l;cTaBJieHHI:.Ie B }l;aaaoii cTaTI:.e: 

}l;aTlJHKH YII,D; II RIJ;<l>, BXO}l;HID;He B cocTaB KOMIIJieKca rrJiaaMeHHI:.IX rrpii-

6opon <<IlJiaaMar-1», o6ecrrelJHJIH }l;OCTaTOlJHO aa}l;emayio ou;eaKy Koau;eaTpa

D;HH HefrTpaJII:.HOH aTMoc«f>epbi KOM8Tbi faJIJieH B illHpOIWM }l;IIarra30He ROMe

TOD;8HTpH1I8CKHX paCCTOHHHH 3·10
6
d:rd:10

4 
KM; 

OCHOBHYIO rrorpemHOCTb B OD;8HKY nn ITO ,a:aHHbiM ::JTHX rrpHOOpOB BHOCHT 

Heorrpe}l;eJieHHOCTb COBpeMeHHOrO 3HaHIIH B8JIH'IIIHbi KOa«fJ«fJHIJ;H8HTOB BTOpii'I

HOH aJieKTpoaaoii H HOHHOH ::JMHCCHH Y.,; c IICIIOJII:.3yeMI:.IX KOJIJieKTopon; 

aaoJIIO)l;aeMI:.Ie napHan;HH «f>oaonoro TOKa rrpHBO)l;HT K aeorrpe}l;eJieaaocTa 

OIJ;8HKH xapaKTepHOrO MaCmTaoa IIOHH:3aD;HII v~ 2 ·1 0 6 RM, KOTopaH HaXO)l;HT

CH B rrpe}l;eJiax «f>aRTopa 1,5; 

pa3JIH'!He rrpo«f>IIJIH pacrrpe}l;eJieHHH nn Ha ITO}l;JieTHOH II OTJieTHOH lJaCTHX 

TpaeRTOpH.H RA <<Bera-1 >> o6ycJIOBJieao }l;aBJieH.HeM COJIHelJHoro .H3Jiy'IeH.HH; 

IIOCTpOeHa COrJiaCyiOID;aHCH C :3KCIIepHM8HTaJII:.HbiMH }l;aHHbiM.H MO}l;eJih 

pacrrpe}l;eJieH.HH IIJIOTHOCTII H8MTpaJII:.HOrO raaa B OKpeCTHOCTH KOMeTI:.I faJIJieR: 

C xapaKTepHOH «f>opMOH .H30JI.HHHH, HaiTOM.HHaiOID;.HX «CJI83HHKY>> ( CM. pH C. 8) . 
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