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IMPEAVCIIOBUE

bnarogapss nHUIMATUBE U aKTUBHOU ACSATEIBHOCTH MOETO
Jpyra U COpaTHHKA IO MCCIICAOBAHHUAM B 00JACTH XOJOTHBIX
slepHbIX TpaHcmyrtanuii PoGepra I'punbe (Robert William
Greenyer), kaura «Kocmoc, 3emiss, UenoBek. HoBwie rpanm
HaykW», Obula TIepeBelieHa Ha AaHMVIMHCKUM  S3BIK U
ory0iIMKoBaHa B U3/1aTENIbCTBE «AMazoH»
(www.amazon.com/dp/171122121X). Co BpeMeHH BBIXOJa
PYCCKOA3BIYHOIO M3AAaHMA d3TOM KHuru npouwio 10 jer.
[TonaTHO, YTO 0€3 HEKOTOPHIX H3MEHEHMH W JOMOJHEHUU
O00OWTUCh HEBO3MOXKHO. B OCHOBHOM 3aTpOHYTBHI pa3felsbl,
KacarolMecss MCCIENOBAHUM PaJMOaKTUBHOCTH, HW3YYEHUIO
CBOMCTB MENJIEHHBIX HEUTPUHO M DJKCIEPUMEHTOB II0 UX
perucrpanmm, Tak Kak 3/1eCh B IIOCIIEIHEE BPEMsS IMOJIyYEHBI
HOBBIE pE3YyJIbTAaTbl HE TOJBKO aBTOPOM, HO U JPYIHMMHU
uccinenosareaaMu. [IoMMMO aHIIOSA3BIYHOTO, MBI PELININ
U3JaTh U HerepeBeleHHbIN NepepadoTaHHbI BapHAHT KHUIH,
tak kak m3ganme 2009 r. yxe cranmo Oubiamorpaduueckoit
PEAKOCTHIO.

Anekcanap [Tapxomos, ampens 2020 T.

I[MPEAMCIIOBHE K ITEPBOMY U3JIAHUIO

OTa KHUIa paccka3blBaeT O pe3yJibTaTaX HCKaHUM
yeloBeka, OOHapyxuBllero B ce0e  mpu3BaHUE K
JKCIIEPUMEHTAIIBHBIM HCCIEJOBAaHUSAM M IIBITABIIETOCS €ro
peanu3oBaTb  HACTOJIBKO,  HACKOJIBKO  3TO  II03BOJIIU
OOCTOSITENILCTBA B YHUKAJIBHOE BpEeMs pyOeka ThICSUEIETHM.
ABTOp yumics Ha (akyabTeTe OJKCIEPUMEHTAILHON |
TEOPETUYECKOU bu3uKu MockoBckoro HNuxenepHo-
¢usnyeckoro uWHCTHTYTa M 12 7jer paboTaql HaydyHbIM
COTPYJHMKOM B 3TOM 3aMe4aTeIbHOW Ky3HHUIIE HAay4HbIX H
WHXEHEPHBIX KaJIpOB, HCCIEAys, B OCHOBHOM, CBOWCTBa
U3IYYeHUH SJIEpPHBIX peakTopoB. OAHAKO 3TH paboThl ObUIH
JIOBOJIBHO-TaKH CTaHJapTHO-0JJHOOOPA3HBIMH. ITo-
HAaCTOSLIEMY YBJIEKaTEIbHBIMU " IIJIOTOTBOPHBIMH
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HCCIIEIOBaHMs CTalIM TOrJa, KOIZJa IOSIBHJIACh BO3MOYKHOCTb
CaMOCTOSITEJILHO BbIOMpATh 00BEKTHI u METOJIbI
JKCIIEPUMEHTOB.

CymiecTByeT MHEHHE O TOM, YTO B Hallle BPEMsI Ba)KHbIE
Hay4YHbIE PE3yAbTaTbl MOXKHO IOJYYUTh JIMIIb B OOJBIINX
KOJUIEKTHBAaX IIPM HCIOJB30BAHUU BECbMA CIIOKHOW H
JOPOroCTOSIIEH TEXHUKH. JICMCTBUTENBHO,  BBIJAIOLIMEC
OTKPBITUSI TIOCIEIHEr0 BPEMEHH B AacTPOHOMHUH, (HU3UKE
MHUKpPOMHUpA, B OuHojoruu Obuld OBl HEBO3MOXHBI 0e3
JOPOrocTosIIero o0OpylOoBaHUsA M BBICOKMX TexHojorui. K
COJKAJICHUIO, CJIOKHOCTb 3THX YCTAaHOBOK M TEXHOJIOTHH
TAaKOBAa, YTO 3a4acTyO JIOJAM CTAHOBATCS MX NpUIATKaMU U
IJIaBHOM 3aboToi CTaHOBUTCS NoAJEpKaHUE
(GYHKLIMOHUPOBAHUS U yBEIMYEHUE MaciuTaboB 3THX
MoHCTpoB. [loxoxas curyanus ciokuaach U B TEOPETUUECKUX
paboTax: HEKOTOpBIE M3 TEOPUI MPU3HAHBI «CTAHIAAPTHBIMI,
u abCcoNIOTHOE OOJBIIMHCTBO TEOPETUUECKUX IMyOIMKanui
ABJIAIOTCS JIMIIb HAcCJIOCHUSAMU Ha «cTaHiapTHele» uaen. O
CBSI3W 3TUX (OPMAIBHBIX TOCTPOCHUH C pealbHBIM MHPOM
Majio KTO 3aJyMbIBaeTCs. 3aKOHOMEPHBIM CJIEJICTBUEM TaKOI'O
CTHUJISI Hay4yHBIX palboT SBJISETCS TO, YTO POCT JIOPOTOBU3HBI
HayKd He MPHUBOAMT K yriyoneHuto noHumanus [Ipuponsl. B
CBSI3M C 3TUM, HE CTOUT YIAUBIISITHCS MMAaJI€HUIO IPECTHUXKA HAYKH,
a TaKkKe  IIHPOKO PACHPOCTPAHUBUIEMYCS CYKICHUIO O
r7TyOOKOM KpH3HCE COBPEMEHHOTO €CTECTBO3HAHHUS.

Hanexxny Ha BBIXOA W3 CIIOKMBILEHCS CHTyallMM IarOT
HCCIEA0BATENN, HE NPUHAMICKANIME K OTOM 3aMKHYTOU
Hay4yHO-OIOpOKpaTudyeckoil cucreme. Takue wucciaeaoBaTenu
o0J1ajaloT LEHHEWIIMM HPEeUMYIIECTBOM CBOOOJBI HAyYHOI'O
TBOPYECTBA, HE OrPAHMYMBAEMOM  AaJIMUHUCTPATUBHBIMHU
yKkazaHusMH. Ho BBbI3bIBa€T TPEBOTrY TO, YTO JEATEIBHOCTh
TaKuX CBOOO/IHBIX uccienoBarenei HEKOTOPBIMH
BBICOKOIIOCTABJIEHHBIMU byHKIHOHEpaMU 00BsIBIIAETCS
JDKEHAyYHOH M ¢ HUMM Bezercs OopbpOa, HaroMHHAroLIas
MpecIeIOBAaHNE E€pPEeTUKOB HHKBU3MIMENH. KoHeyHo, ecTh
HEMaJI0 OKOJIOHAy4YHBIX rpaoMaHOB U MolIeHHUKOB. Ho
30JIOTOHOCHBIA TECOK HaJ0 He BbIOpachIBaTh, a TINATEIBHO
IIPOMBIBATh.

ABTOp JTOM KHHUTU HE SBISETCS HAyYHBIM EPETHKOM.
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HccnenoBanus, O KOTOPBIX pacCKa3aHO B JTOW KHUTE,
OMUPAIOTCS HCKIIOYHUTEIIBHO Ha «YCTOSBILHMECS» HAYYHBIE
pe3ynbTaThl, a Takke Ha COOCTBEHHBIE SKCIIEPUMEHTHI,
IIPOBEJICHHBIE C MAaKCUMaJIbHO BO3MOYKHOM TINATEIBHOCTBIO U
NPOIIEAIINE MHOTOKPAaTHYIO  MpoBepky. OcoOEHHOCTHIO
OOJBIIMHCTBA W3 HHUX  SBIAETCS  KOMIUIGKCHOCTH U
MHOT'OJIETHSIA MIPOJIOJIKUTENbHOCTD. WNurtepnperanus
IIOJIYYEHHBIX PE3YyJIbTaTOB, IOPOH HEOXKUAAHHBIX, HE BBIXOJUT
32 paMK{ OOIIENPUHATHIX HAYYHBIX 3HAHUM W 3APaBOTrO
cmbicia. Ho HekoTopble W3 HaONonaBIIUXCS SIBICHUI He
BIIUCHIBAIOTCS B O3TU paMKu. Takue pe3yibTaTbl He
oTOpachlBAINCh, 4, HANpPOTHUB, MOJBEPrajiuCch Hauboiee
JETalbHBIM HCCIEIOBaHUSAM, 0€3 M300peTeHHs] CKOPOCIENbIX
«HOBBIX CYLLIHOCTEM. briTh MOXET, Haiaercs
9KCIIEPUMEHTATOpP, KOTOPBIH IOKaKET OLIMOOYHOCTh WM
WJUII030PHOCTh 3THX pe3yiapTaToB. HO HENnb3sl UCKIIOUNTH U
TOr0, 4YTO MMEHHO JAJIbHEWIINE HCCIEAOBAHMS TAKOTO poja
AHOMAQJIMM OTKPOKT MPOCTOP I NPUHLMIHAIBHO HOBBIX
NyTed pa3BUTHS HAyKH, a, OBbITb MOXET, HOKaXyT IyTH
pelIeHns OCTphIX Mpo0JieM, C KOTOPBIMH CTOJKHYJIOCH
YEJI0BEUECTBO.

[TosiBnieHne 5Tol KHHUTHM OBUIO OBl HEBO3MOXHO 03
MOAJEP)KKM MHOTMX MOHMX JIpy3ed M XOpOIIMX 3HAKOMBIX.
BhIpakaro TIyOokyto OmaromapHocth  A.B.Kapapaiikuny,
B/IOXHOBUBIIEMY MEHsS Ha HAalHMCAHME OSTOM KHUTH H
omnatuBiieMy ee myonukanuioo, A.T.bemokons, crenasmien
BBICOKOKAaYECTBEHHYIO BepCTKy, JI.b.bonasipesoit, b.M.Bianu-
MUPCKOMY, H.®.IlepeBo3unkoBy, E.®.Maknsesy,
B.A.XwuranoBy 3a BHUMATEJIbHOE IPOYTEHUE PYKONHUCH H
CIeTIaHHBIE 3aMEYaHMsl, YTO MO3BOJIMIIO YCTPAHUTH HEKOTOPBIE
OIIMOKM W 3HAYUTENbHO IOBBICUTH KAauye€CTBO ATOW KHUIH.
Ocobast  GimaroapHOCTh npodeccopy HarnmonanpHOTO
HccnenoBarenb-ckoro  fnepHoro yauBepcureta MHWOU
E.A.Kpamep-AreeBy, MoeMy Hay4YHOMY pYKOBOJUTEIIO B
CTYJEHUECKHE MU TOCJIECTy/IeHYECKUE TOJbl, KOTOPBI BHEC
OECLIeHHbI BKJaJ B CTAaHOBJIEHHE MEHA KaK Hay4HOIo
HCCIIEI0BATENS.

Anexcanap I[lapxomos, suBaps 2009 r.
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YACTD IIEPBASA
N3MEHYUBOCTDHb MUPA, B KOTOPOM MbI )KUBEM

W3yueHne OKpyKaroLlero Hac MUpa — 3TO, IMPEXKJIE BCETo,
UCCIIEIOBAaHKUE XO0/1a MPOIECCOB, U3MEHEHHM, TPOUCXOISAIINX B
pa3MYHBIX cHCTeMax. VI3MEHeHHs MOTyT MPOUCXOIUTh
3aKOHOMEPHO:  MOHOTOHHO  WJIH C  PUTMHYECCKHUMH
MMOBTOPEHUSIMHU, & MOTYT OBITh U XaOTHYHBIMH. B HEKOTOPBIX
mporieccax, HampuMmMep B JIBIDKEHHH  HEOECHBIX  Tel,
npeo0yiaaloT  3aKOHOMEpPHBIE  W3MEHEHWs. B jmpyrux
mporeccax — mpeoOiagaeT  XaOTUYHOCTb. [Tpumepsr
Xa0THYHOCTH - pacmaj paJuOaKTUBHBIX sAep U I[IyM
ANIEKTPOHHBIX ycTpoicTB (Puc.1.1).

Co u cueT4uk Meirepa (Genbin wym) T 50

6,5 +
4.5

6.0

5.5 + T35

] LWym TpaHsucTopa B nonoce 0,1-1 My T 3.0
5.0 + {tpnukkep wym)

CKopocTb cHeTa, Mmnic
AMNnuTyga wyma, MB

T 25

4.5 ﬂ
r 2,0

] 1-2 mapTa 2003
4.0 + } + t t + t 1.5
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00

Puc. 1.1. Ckopocte cuera Oera-yactun °°Co, HM3MepeHHas
cueTynkoM ['eiirepa (mocrnemgoBaTenbHble S-MHUHYTHBIE W3MEpPEHHS)
u aMIuMTyaa myma tpansucropa [1701A B obmactu nHGpPaHU3KUX
4acToT

OOBIYHO B nponeccax €CTb 1 3aKOHOMCPHBIC UBMCHCHHUA, U
Xa0THUYHOCTB. HaanMep, YUCJIO 4YacCTUull, HUCIYCKAaCMbIX B
CANHUIY BPEMCHU PAAWMOAKTHBHBIM HMCTOYHHKOM, XAaOTUYHO
MCHACTCA, HO CpPEAHCC 3HAYCHHUE MCHACTCA 3aKOHOMCEPHO,
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CHIDKASACH 10 KCIIOHEHTE (puc. 1.2). B Takux ciy4asx roBopst
0 (QIyKTyalusix OKOJO CpEAHEro 3HaueHus. A caMu 3TU
GnykTyanuum  TOXXE  3aKOHOMEpPHBl, HO  3aKOHOMEpHBI
CTaTUCTUYECKU, BEPOSITHOCTHO. YETKOCTBIO  M3MEHEHUHU
00JIaJIal0T JIUIIb CUCTEMBI, COCTOSIINE U3 HEOOIBIIOrO Yucia
3JIEMEHTOB C IIPOCTHIM 3aKOHOM B3aUMOJECHCTBUS.

Hun/'c
64 ®Co, cyetumk Meitrepa
YcpegHenue 16 vacos

6.2 +
6,0 + M
5.8 +
5,6 +
54 +

Aatbl 2002-2004

5,2 t t t
1.11.02 30.01.03 30.04.03 29.07.03 27.10.03 25.01.04

Puc. 1.2. Crmkenne aktuBHOCTH CO ¢ MepuoAOM Mojypacnana
5,27 netr

N3y4yeHne N3MEHYMBOCTU IPOLIECCOB SBISETCS MOLIHBIM
MHCTPYMEHTOM  Mo3HaHus. Hampumep, wuccinenoBaHue
PUTMHKHU JABM)KEHHUS IUIAHET IO3BOJIMJIO HE TOJIBKO MOHSTH
ycTpoiictBO CONHEYHOW CHUCTEMBI, HO M  OTKPBITh 3aKOH
BcemupHOro TAroreHus. A OTKIOHEHHUS OT «IIPaBHIBHOTO»
JBUKEHHSI HEOECHBIX TeJl MO3BOJISIOT OOHAPYKUBATh OOBEKTHI,
HE BUJIMMBIE B TEJIECKOI. BceM M3BECTHO, YTO TaKUM IIyTEM
ObUla OTKpbITa IlaHeTa HenTyH, a B mocienHue roapl —
MHO)KECTBO IUIAaHET OKOJO 3Be3A. B ramaktukax H
CKOIIJICHUSX FaJIaKTUK ObUIa OOHApYKEHA «T€MHasi MaTepUs».

B pa3zHooOpa3nbix reodusnyeckux, GU3NKO-XUMUYECKUX,
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OMOJIOTHUYECKNX, OHWOCHEpPHBIX W COIUAIBHBIX MpoIeccax
MPOSABIIAIOTCS PUTMBI, IIEPUOJABI KOTOPBIX COBIAJAIOT C
nepuojaMi KOCMHYECKHUX SBJICHUM, TaKUMHU KaK COJHEYHAs
aKTUBHOCTH, M3MEHEHUE B3aUMHOT'O MOJIOKEHUS HEOECHBIX Tell,
u naxe aswkeHue CosHeuHou cuctembl B ['amaktuke [1].
PaGotamMu B 53TOM HampaBiICHWU 3aHUMAJIOCh MHOXKECTBO
uccienoBarenell, cpeid KOTOPBIX TaKHe W3BECTHHIC YYEHBIE,
kak BepHanckuii, Unmxesckuii, [Iukapau, [lIHOmE.

B Hamie Bpemsi HET HYXIbl JOKa3bIBaTh Haluuue TECHOUN
CBS3M 3€MHBIX M KOCMUYeCKuX siBieHUd. Ho obwsachenue
KOCMO3EMHBIX CBsi3ed naneko oT coBepuieHcTBa. Hampumep,
HEU3BECTHOCTh MEXAaHU3MOB BJIHMSHHUS Ha 3€MHBIE MPOLECCHI
B3aUMHOro nojoxkeHuss 3emnu, Jlynst u ConHia, Kpome
NPWINBHBIX, JIEIaeT HEMOHATHBIM IENbIi psAn  SBICHUI,
HalpuMep  JIYHHO-MECSYHYI0  PUTMHKY  HHTCHCHUBHOCTH
HU3KOYACTOTHOTO IlIyMa B IMOJIYIPOBOJHUKAX, HEMOCTOSHCTBO
CKOPOCTH XHMHUYECKHX M OMOXMMHUYECKHX pPEaKUUd H Jaxe
CKOPOCTH PaJHOAaKTHBHOTO pacmajia. ITOM yIWBHUTEIHHOU
W3MEHUYMBOCTH KOCHEMCSl TIO3KE. OTyacT TOHSITHBIMU
SBIIAIOTCS TOJNBKO (pU3MUeckne MeXaHU3Mbl BIUSHUSA Ha
reousnyeckre  MpPOLECCHI CONHEYHOU  AKMUBHOCTU.
CoHEUHO-36MHBIE CBS3U PEAIN3YIOTCS YEPE3 CIOKHYIO LIETb
B3alMOCBS3aHHBIX SIBJICHUH B MEXIIJIAHETHOM U OKOJIO3€EMHOM
npocrpadctee [1,9]. IloMuMo conHeuHOro Temna M CBETa
3HAUUTENIbHYI0  POJb  WUTPaAlOT  yIAbTpaHOJIETOBOE U
PEHTTEHOBCKOE W3JIy4E€HHE, COJHEYHBIN BETEP U COJHEYHBIC
Kocmuyeckue Jyyu. CuMrTaercs, UYTO H3MEHEHMs  Xoja
IPOLIECCOB B PAa3HOOOPA3HBIX 3E€MHBIX OOBEKTAX SBISIOTCA
peakiueil Ha HW3MEHEHHEe Treo(PpU3NUYEeCKOM OOCTAaHOBKH, XOTS
BOIIPOC O MEXaHU3MAaX TAKOT'O BIUSIHUS OCTAETCSI OTKPBITHIM.

K mHacrosdmemy BpeMeHM MpPOBEIEHO MHOXECTBO
pa3HOOOpa3HBIX MCCIIEOBAHUI X0/1a MPOIIECCOB B Pa3IMYHBIX
o0bekTax. S mocTaparoch 00OCHOBATH JICJIEHHE U3MEHUYUBOCTH
X0/1a MIPOLIECCOB Ha CIEAYIOLIUE TUIIBI.

[TepBslii TUIT XapaKTEPEH VISl MPOLIECCOB, IPOUCXOAAIINX
B (PU3UKO-XMMUYECKUX, OMOJIOTUYECKUX M HHBIX CHUCTEMaX C
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MHOKECTBOM B3aUMOCBSI3aHHBIX AJIEMEHTOB.

Bropoii Tum XapakTepeH sl TPOIECCOB B CHCTEMaXx,
COCTOSIIIMX W3  MHOMECTBA  HE3AGUCUMBIX  DJIEMEHTOB
(Hampumep, saep B PaliOAKTUBHOM BEIIIECTBE).

Tperuil TUm - UBMEHEHUE pacnpeoeneHull 3HaA4eHul,
MOJTyYaeMBbIX TIPU MHOTOKPATHBIX H3MEPEHHSIX.

MOXHO, KpOME TOTO, BBIICIHTh THII CHCTEM, B KOTOPBIX
W3MEHEHUS TMPOUCXOIAT TOYTH CTPOTO  3aKOHOMEPHO,
HanmpuMmep OpOUTANBbHBIC JABW)KCHUS HEOECHBIX Tel WIH
KoyiebaHus MasiTHUKa. Ho mpo Takue cucTeMbl BPsiL JIM MOYKHO
CKa3aTh YTO-JIMO0 HOBOE.

1. ®JIMKKEP-ITYM KAK ITPOABJIEHUE
KOJUIEKTUBHU3MA B CJIOKHBIX CUCTEMAX

Wtak, W3MEHYMBOCTh IEPBOTO  THUIIA SIBIISICTCS
pe3yabTaTOM  MPOLECCOB, IMPOHMCXOJSAIIMX B  CHUCTEMax,
COCTOSIIMX M3 OOJBIIONO YHUCIA  B3aMMOJICHCTBYIOIIMX
JJIEMEHTOB, CIIOCOOHBIX HAKAIIMBaTh M  BBICBOOOXKIATH
sHepruto. XOJ TMPOIECCOB B TAKUX CHUCTEMax HUMEET
XaOTUYHBIN, BCIUIECKOBBIA Xapaktep. OH camornonobeH
(ppakrasieH) Ha OYEHDb PAa3HBIX Pa3BEpTKaxX BO BpeMeHu [2-5].

2000 2001 2002 2003
80 % 2 §
60 ] § &
125
107 5s

M

o o
1
-

_uILm.mhh Jobudlhil 1. ..Lmjm wred

1 8-10 virons 2003
000 1200 000 12:00 0:00 12:00

Puc.1.3. UndpanuskouacrotHeid  1mym Tpansucropa I1701A.
BBepxy: uncno BciuieckoB 3a 10 cyTOk Ha MpoOTsSHKeHMHA 4 JIeT,
BHU3Y: HM3MCHEHHE aMIUIMTYIbl IIyMa Ha NPOTSDKEHHH 3 CYTOK
Crpenka TOKa3bIBa€T pACIONIOKEHWE HWKHEro (¢parMeHta B
JUTUTENbHOM 3anucu [3]




Ha pwuc.1.3 nmoka3ano noseneHue MHGOPAHU3KOYACTOTHOTO
mymMa TpaH3UCTOpa Ha NpPOTSHKEHMH 3 cyTok U 4 Jer.
Hecmotpss Ha odYeHb pa3HBIA MacmITad BPEMEHH, XapakTep
M3MEHUYMBOCTH OJIMHAKOB: BCIUIECKH DPA3JIMYHOM aMIUIUTY]IbI,
Xa0TUYHO pacIipe/ieJICHHbIE BO BPEMEHHU.

OOBeKTbl, B KOTOPHIX BO3HUKAIOT (IYKTyallid TaKOTo
TUIIA, BECbMa pa3HOOOpa3Hbl. OJTO U Heapa 3eMiId ¢
3eMJIETPACEHUSMH, U TOPHBIE MAacCCUBbl C KaMHeNaJaMu H
CHEXXHBIMH  JIaBUHaMHU, W aTMocepa C MHOXKECTBOM
poucxoqmux B Hel mnponeccoB, u ConHue ¢ ero
aKTUBHOCTBIO. Takue jxe (iaykryauuum XapakTepHbl W IS
MapaMeTpoB, XapaKTepU3YIOUIMX XOJ IMPOLECCOB B  psie
(GU3MKO-XMMHYECKUX CHUCTEM M B JKHBBIX OpraHH3Max.
[TomoGHBIM ke oOpa3zoMm (aykTyupyer dmcio ocobeil B
NOMYJSIIUSAX W COLMajbHAasi AaKTUBHOCTb B YEJIIOBEYECKOM
coobmecte [5,8,10,19]. Takue xe Qaykryauuun — GIuKKep-
IIyM - TIpeoOIafaloT U y 3JEKTPOHHBIX MPUOOPOB B 00JIACTH
HU3KHX YacToT. B mocnennue roapl (GpIuKKep-IIyMOM YacTo
Ha3pIBAlOT  (PIyKTyallMd TaKkoro TWUMA HE TOJBKO B
ANEKTPOHHBIX, HO U B JIOOBIX cucTemax. Jlisi mporieccoB B
TaKUX CHCTEMax XapakTepeH criekTp tuma 1/f, umeromuii By
NpsIMOW JIMHUU B JIBOWHOM JIorapu(MUYECKOM Macitade
(puc.1.4 u 1.5). 3aBucumocts 1/f MOXHO TMOHMMATh TaK:
BEPOSTHOCTh COOBITHHI B  €AMHUIy BpEMEHHM OOpaTHO
IPONOPIMOHATIbHA ux «CHUIIe». Orcrona apyroe
PacrpoCTpaHEHHOE HA3BAHME ITOTO SIBJICHHS : 1/f — mrym.
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Puc. 1.4. I3meHeHHe pa3HOCTH MOTEHLIMATIOB Ha 3JIEKTPOXUMUYECKOU
siueiike ¢ KATHOHOOOMEHHOM MeMOpPaHo#i (cieBa) U CIIEKTP MOITHOCTH
storo npouecca (crnpasa) [8, T.2, €.388]
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Puc. 1.5. Jlatel u SHeprust 3eMIICTPSICEHUH C MarHutyaon M
Oompmie 7,5 (cieBa) W CBA3b UYMCJIA TOTYKOB C BBICBOOOXKIACMOM
sHeprueii (cipasa) [11].

BriepBble s cToiKHysCA C (QUIMKKep-IIyMOM, paboTas c
MEKTPOHHBIMU  ycunutTensiMu.  OH  mposiBistT — cedst
HEYCTPAaHUMBIMM U  HENpeACKa3yeMbIMU IIOMeXaMH MpHU
perucrpanuu cinadblX CUTHANOB. Sl cTalm u3yuyaTh 3TO SBJICHUE,
Jenasi IpOJOJDKUTEIbHbIE 3alMCH CUTHAJIOB CaMOIIUCLEM, a
MOTOM TIpU TIOMOIIM KOMITBIOTEpA. OTH 3alucu ObUH
IIPOAHAIM3UPOBAHbl NP IOMOIIM pa3IMYHbIX MeToauk. Ho
BAXHO HE TOJIBKO TMOHSATH YMOM, HO «IIPOYYBCTBOBATH»
SIBJICHUE, BOCIIPUHSATH €TI0 HETMIOCPEICTBEHHO OpraHaMH YyBCTB.
Ecnu 310 1m1y™m, Tak ycnslmarh e€ro ymamu. TpyIHOCTb B TOM,
910 I (PIUKKEp-IIyMa B IOJYNPOBOAHMKAX XapaKTEpPHBI
4acTOThl HMXKE | repua, a CIBIIIMM MBI 3BYKH C 4acTOTaMHU
3HAYUTENbHO Oojiee BBICOKUMH. YTOOBI TpeoposieTs 3Ty
HECTBIKOBKY, s mojan ¢uukkep-iiym MOII-Tpan3ucropa Ha
BXOJl MAarHuToQoHa, TMepeAeNaHHOrO0 TakK, YTOObl JIEHTa
JIBUranach B JECATh THICAY pa3 MeJUIEHHee, yeM OOBIYHO, U
clienan 3aluch MPOAOJDKUTENBHOCThIO B Henento. [lotom s
«IIPOKPYTHII» JIEHTY C OOBIYHOM CKOpPOCTBIO, B pe3yjbTare
He/lelbHAs 3alUCh <(IIPOCKOYMIIA» 3a HECKOJIbKO MHUHYT.
WHppaHn3KO4acTOTHRIA ~ CUTHAll — MpeoOpa3zoBalics B
CIIBIIIMMBIN, M S YCIbIIAJd 3BYK, OYEHb INOXOXXHUH Ha 3BYK
TOpSIIEr0o KOCTpa C  3aBBIBAHMEM IUIAMEHH, TPECKOM
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JIOMAIOIIUXCS TOJIEHBEB WU JIa)K€ IIUIIEHHEM HCHAPSIOLINXCS
Kanenb Bojbl. [Iporecchl B MONYNpOBOJHUKAX W TOpPEHUE
KOCTpa — O4YeHb pa3Hble siBiieHus. Ho, oka3biBaeTcs, BHEIIHUE
MPOSIBJICHUSI TOXOXH, pa3sHUIlA TOJbKO B ckopoctu. Crano
ObITh, CYHIHOCTh  (JIMKKep-IiymMa HEe B  KOHKPETHBIX
(bU3NIECKUX MEXaHU3MaX, a B UeM-TO OoJiee 00mieMm.

[Tonxonpl K OOBSCHEHUIO SBICHUH, MPOUCXOAAIIUX B
CJIIOXKHBIX CHCTEMaxX C B3aMMOJICUCTBYIOIIUMH 3JIEMEHTAMH,
JAaeT  TEopus  CaMOOPraHM30BAHHOW  KPUTHUYHOCTH U
cunepreruka [12-15]. Ho 4ToOBI mOMy4uTh NpeACTaBICHUE,
YTO K€ MPOUCXOJUT B ITUX CHUCTEMaX, HET HEOOXOIMMOCTH
ne3Th B TeopeTnueckue aeOpu. [locrarouHo 3HATh, YTO 3Ta
CUCTEMa  COJCPXKHUT OTPOMHOE YHCIO  Pa3HOOOpa3HBIX
3JIEMEHTOB, M 3TU 3JEMEHThl AKTUBHBI: OHM HAKAILIMBAIOT
SHEPTUIO0 U BBICBOOOXKIAIOT €€ MPHU JOCTHKCHUU HEKOTOPOTO
[opora WM B pe3yibTaTe BO3JAEHUCTBHUS APYTHX SJIEMEHTOB.
Takue cucreMsbl KUBYT CBOEH 6HympeHHel KU3HbIO, HO MOTYT
o0nanaTh U  BBICOKOM YYBCTBUTEIBHOCTBIO K GHEUHUM
BO3JICUCTBUSIM, TIOCKOJIBKY YacCTh JJIEMEHTOB HAaXOJMUTCS B
MPEINOPOrOBOM COCTOSIHUM, KOTJa JIOCTaTOYHO HEOOIBIIOTO
TOJTYKA, YTOOBI HAKOTUICHHAs! YHEprus BhicBoOOaMIIach. Korma
3TOT CI1a0BIii TOJTYOK MIPOUCXO/NT, MHOXECTBO
MPEATIOPOTOBBIX JJIEMEHTOB BBICBOOOXIAIOT CBOIO SHEPTHIO
OJIHOBPEMEHHO, U 3HEPrOBBIJICIIEHUE B CUCTEME MHOTOKPATHO
MPEBOCXOUT OOBIYHOE. Y CHUJIICHHOE DHEPTOBBIICTICHUE MOXKET
CTUMYJHpPOBaTh cOpOC DHEpPruu y DIIEMEHTOB, Ooiee
YAQJICHHBIX OT IOpOora, YTO JIABUHOOOPA3HO YBEIUYHBAET
BeIMUYUHY 3 dekra.

JlaBUHOOOpa3HOE SHEPTrOBBIJICICHUE TMPOUCXOIUT, €CIH
cucTteMa J0 BO3ACHCTBHUA cCMOIVIa '"HAMoOJHUTH' CBOU
pe3epByaphl, T.. JOCTAaTOYHO JOJTO OblUIa 0€3 OIIYTHMBIX
BHEIIHUX  Bo3xaeWcTBuid. [lpu Hamuumm ke  BHEIIHUX
JIOCTaTOYHO CHUJIBHBIX W YaCTBIX BO3JACUCTBUN COPOC SHEPTHH
3J€MEHTaMU MPOUCXOJUT AAJIEKO OT MOPOra, U KOJJIEKTUBHOTO
BBICBOOOK/ICHUSI SHEPTHH, OXBATHIBAIOIIETO 8CI0 CUCTEMY WJIH
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3HAYUTEIIBHYIO €€ YaCTh, IPOUCXOJUTH HE MOXKET.

UroObl 3TO Jydiie MOHATH, MPEICTaBUM ce0e TOpPHBIN
CKJIOH CO BCEMHU €r0 BBICTYIIAMH, IMaMHU U IIEPOXOBATOCTIMH,
Ha KOTOPBIN NIaZaeT CHEr. B HEKOTOPBIX MeCTax CKJIOH KPYT U
IJIAJIOK, CHET 3J1eCh, IIOYTH HE HAKAIUIMBAsCh, COCKAJIb3bIBACT
BHU3. B JIpyrux mecrax cCHEr yJep)KHBaeTcs Ha CKIOHE Ooee
KPEIKO, U IPEkKIC YEM ITOCHIIAThCS BHU3, TOJDKEH HAKOIUTHCS
CJIOM CHEra HEKOTOPOM KPUTUYECKOU TONIIMHBL. B Tex Mecrax,
IZle CHEr YAEP)KUBAeTCsl OCOOEHHO IPOYHO, IOCTENEHHO
HaKaIulMBaeTcss 0coOeHHO MHOro cHera. OueHb J0JAr0 TaMm
TUXO M CIHOKOMHO, HO B HEKOTOPBIM MOMEHT BCSH
HAKOIMBLIASCS MaxXWHA JIABUHOW CIIOJI3a€T BHM3, CMETas BCE
Ha CBOEM IIyTH.

[IpencraBum cebe 4YenoBEKa, CHUJAIIETO OKOJIO 3TOr0
TOPHOTO CKJIOHA U CIYHIAKOUIEr0 JOHOCSIIUECS JO HETO 3BYKH.
On Oyner [JOBOJBHO YAacTO CIbIIATh ILIOPOX  CHEra,
CIOJI3AIOILEr0 ¢ KPYThIX CKJIOHOB, MHOTJA OH OyJET CIbIIIATh
yAapbl KOMBEB CHEra, yIaBUIETO W3 MECT, IZl€ OH MOXET
yepKUBaThCs OoJiee WM MEHEE NMPOJODKUTEIbHOE BpeMs. A
eciy ciymareiab OyIeT HaXOJUThCSA OKOJO T'OPHOTO CKJIOHA
JOCTaTOYHO JOJIr0, OH HMMEET IIAaHC YCIBIIAaTh TIPOXOT
CHEKHOU naBUHbI. Crabble 3BYKU CJBIIIHBI YacTO, CHJIbHBIE -
pexe, O4YEeHb CUJIBHBIE - COBCEM pEIKO. OJTO U €cTh
3aBHCHUMOCTh SHEPTHH COOBITHI OT yacToThl THa 1/f.

Tenepb MoJBEprHEM HAIl TOPHBIA CKIOH KaKOMY-HHOYIb
BO3JICHCTBUIO, HAIIPUMED BBICTPEIIMM U3 PYXKbs. B HEKOTOPBIX
MecTax, TaM, IJle TOJIIMHA HAKOMHMBLIETrocs CHera OiM3Ka K
KpUTHYECKON, HauyHEeTCs croyi3aHue cHera. OJJHOBPEMEHHOCTh
COOBITHH, KOTOpBhIE 0€3 BHEIIHErO0 BO3JICUCTBHUS ObUIH OBl
"pa3maszaHbl" BO BPEMEHH, IPUBEIAET K TOMY, YTO HEKOTOPOE
BpeMs Iocjie BO3JACHCTBUS Oy/AeT CIBIIIEH 3BYK CIOJ3AI0IIETO
cHera OoJiee CHIIbHBIN, 4eM OOBIYHO. A TIOCJIE 3TOr0, HAPOTHUB,
HEKOTOpoe BpeMs OyneT THIle, YeM OObIYHO, TaK Kak
"OKOJIOKpUTHUECKUN" CHEr CTPSAXHYJICS W TeX COOBITUH,
KOTOpble 0e3 BO3AEMCTBUS MPOM3OILIN Obl CIIOHTAHHO, YXKE B
Omkaiiiiee BpeMsi He OyJeT.
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[ToBTOpHOE BO3AEHCTBUE TAKOW K€ CHIIBI, CIEIaHHOE
Cpasy IocJIe NEPBOro, HE BBI3OBET OTKJIMKA, TaK Kak BCE, YTO
MOrjgo  Obl  CTPAXHYTbCA, YyKe€  COpOLIEHO  MepBHIM
Bo3xelcTBueM. UM TonpkO 1mocie TOro, Kak B PE3ysbTaTe
BBINIQJICHUS CHera M3 O0JIaKOB OKOJIOKPUTUYECKUE YPOBHU
BOCCTAHOBATCS, OTKJIMK Ha BO3JCHCTBUE OISATH CTaHET
BO3MOYXHBIM.

CpaBuuM Tterniepb 3G (}EKTh OT BO3ICHCTBUN Pa3HOM CHITHI,
HampuMep OT BBICTpeNa M3 PYKbS M BBICTpeNa M3 IIYIIKH.
BricTpen u3 pyXkbs BBI30BET CIOJI3aHUE CHETa JIUIIbL C KPYTHIX
U THaJKUX CKJIOHOB, TaM, TJe M 0€3 TOro MHOr0O CHera
ylIep:kuBatbcss He  MoxeT. IloaTomy  BoccTaHOBJIEHHE
OKOJIOKPUTUYECKUX YCIOBUM M BBICOKOM UYBCTBUTEIBHOCTH K
BO3JICHCTBUSIM  TOCJE CJIa0Oro BO3ACHCTBHUS MPOUCXOIUT
ObIcTpo. BpICTpen e W3 IyIIKH OTOJUT BECh CKIIOH, M
BOCCTAHOBJICHHE CHEKHOTO MOKPOBa notpedyer
3HAYUTENIBHOTO BpeMeHH. OueHb J0JIF0 MOCJIE 3TOr0 MBI
MOKEM CTPEJSATh XOTh U3 PYXKbs, XOTh U3 MYIIKU, HE MOJIydas
OTBETHOM pEaKIVH.

DT paccyXJIeHus TOKa3bIBAIOT, KAKUM 00pa3oM O/IHA U Ta
K€ CHCTEMa MOXKET OBITh U BBICOKO M MaJIO UyBCTBUTEIBHOM K
BHEIIHUM BO3JEHCTBUAM, IIPUYEM IPH OTCYTCTBUHM CHIIbHBIX

BO3/ICUCTBUHU OHa aBTOMAaTHYECKU CTaHOBUTCS
YYBCTBUTEIHHON K BO3JIEHCTBUSAM CIIa0BIM.
Takue CHUCTEMBI oOnanarot napaJoKCaIbHbIMU

CBOWMCTBAMH, HU3YMJIIOIIMUMH MHOTHUX 3KCIIEPUMEHTATOPOB:
CHWJIBHBIM OTKJIMKOM Ha cllabble M pPEIKUEe BO3JACUCTBUS U
MaJI03aMETHBIM OTKJIMKOM Ha CUJIbHBIC M YaCThIe BO3ACUCTBHUS,
BO3pAaCTaHUEM OTYETIIMBOCTH OTKIMKA HAa  HeoObluHble
BO3JECHCTBUS IIPU YBEIMYEHUHM KayecTBa M30JSALUUU  OT
Bo3zelicTBri 00bIYHOro THHa. C STUMH CBOWCTBAMHU U CBSI3aHA
CIIOCOOHOCTh ~ DKPAHUPOBAHHBIX  CHCTEM, TE€HEPUPYIOIINX
(bauKKep-1IyMm, OTKIIMKAaTbCd Ha KOCMHYECKHE W HWHBIC
BO3JICHCTBUS, B TOM UYHCIIE BO3JCHUCTBUS HEBBIICHECHHOMU
MIPUPOBI.
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Takoro pojia pacCMOTpEHHE MOXHO PacHpOCTPaHUTh Ha
J00bIE CHUCTEMBI, B KOTOPBIX YTO-JIMO0 MOKET HaKarIMBaThCs
U BBICBOOOXKIAThCSA. ITO MOTYT OBITh HOCHUTETH 3apsja,
3axBaThiBacMble Je(HeKTaMU KPUCTAIUTMYECKON pPEIIeTKH B
MOJYIIPOBOJIHUKAX, M  CHEr Ha  TOPHBIX  CKJIOHAX,
MOPOXKIAIONINN  JIaBUHBI, H U3MEHEHUs B JuTochepe,
MPUBOAIINE K 3EMJICTPSACEHHSIM, U MHOTO€ JIpyroe, B TOM
qHClie, HAMPSHKEHHOCTh B Y€JIOBEUECKOM COOOIIECTRE.

Coznanmne oOmei Teopun GIMKKEp-ITymMa HEBO3MOXKHO,
TaKk Kak B pa3HBIX CHCTEMax KOHKPETHbIE MeEXaHU3MBbl
B3aMMOJICHCTBUS  3JIEMEHTOB MOTYT OBITH  COBEPIICHHO
pasubiMu. Ho Bce xapakTepHble CBOMCTBa (PIMKKEp-IITyMa Ha
KaueCTBEHHOM YpOBHE TIIOKa3bIBa€T M3JIOKEHHAs HIDKE HE
MpeTeHayIomas Ha Oe3ylpeuHoCTh MPOCTas MaTeMaThyecKas
MOJICIIb.

Paccmotpum cuctemy, cocrosuryto u3 N 3JI€MEHTOB,
KaXJIbI M3 KOTOPBIX HAKAIUTMBAET YHEPTUI0 U BHICBOOOKIACT
ee ¢ gacroToil fi mocime MOCTHIKEHHMST HEKOTOPOrO Iopora.
3nauenus f; nexar B npeaenax ot fy go fy . Duepruro paspsina i-
20 snemeHta o6o3HauuMm E; . IlycTb ckopocTh HaKOIJICHHS
SHEPIHH Y BCEX DJIEMEHTOB OJMHAaKoBa, Toraa Ej=alfi, rae a -
KOHCTaHTa. Pa3psabl MNpOMCXOAAT HE3aBUCUMO, HHTEPBAJIbI
MEXIy HHUMHU  CIy4aWHBI, DHEpProBBIIEIECHHE O0OpaTHO
MPOMOPIIMOHAIBHO YacTOTe COOBITHI: CHCTEMa TeHEepPHUpYyeT
(bAMKKep-1IyM.

ONeMEeHTHl ATON CHCTEMBl HAaXOAATCA BO 'B3BEJICHHOM',
HEPAaBHOBECHOM COCTOSTHMHU, TPUYEM HEKOTOpas dYacThb HUX
HaxOJUTCS Ha TMOAXOAE€ K KPUTUYECKOM TOYKe, IMOCIe
JOCTHXKEHHUs] KOTOpod mpoucxomut "paspsa'. s 3Tux
9JIEMEHTOB JIOCTATOYHO OYEHBb CIIA0OT0 TONIYKA, YTOOBI pa3psii
MIPOM30IIEI NpeKAeBpEMEHHO. "CTUMYIMpOBaHHBIE" pa3psIbl
MMEIOT TMOYTH TakKhe >K€ MapaMeTpbl, Kak U pa3pslibl
""caMOTIpOon3BOJIbHBIC", M BBIACIUTh KKIBIH U3 HUX Ha 00IIeM
dboHE TMpaKTUYECKH HEBO3MOXKHO. OJHAKO €eclaM TOITYOK
WCTIBITBIBAET 6CS CHCTEMa, Ha HEro  OJHOBPEMEHHO
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OTKJIIMKHETCA MHO20 2JIEMCHTOB, HAXOAAIMIMXCA HA IMOAXOAC K
KpHTH‘ICCKOﬁ TOYKC, U B KOPOTKOC BpCMsA B CHUCTCMC

POM30iIeT BBIJICTICHUE SHEPTHH, 3HAYUTEIHLHO
IIPEBOCXOJIALIEE OOBIYHOE.
OuennM, mpu  Kakux  YCIHOBHUSX  CYMMAapHBIH

CTUMYJIUPOBAHHBI HMMITYJbC MOXHO BBIICIUTh Ha (OHE
oObryHBIX QuiykTyaruid [13,14]. OO6o3HaumMM Yepe3 o J0JI0
nepuoga T NMKIA HAKOIUIGHHE-pas3psil, Korga i-u DJIEMEHT
JOCTAaTOYHO  YYBCTBUTCNICH, YTOOBI  Pa3psAUTBCS  TOJ
JEHCTBUEM HEKOTOPOTO BHEIIHETO BO3JCHUCTBHS. UeM MeHbIIe
BEIMUYMHA O, TeM Ha Oosiee ciaabble BO3AECHCTBHUS CIIOCOOEH
OTpearupoBarh 3JIEMEHT. Bcero B pe3ynbraTe BO3JCHCTBUS
paszpsautrcs ON  2IEMEHTOB, B KOTOPBIX, B CpEIHEM,
BBIJICIISICTCS] SHEPTHUS
= 1 a a
E=-3N,2=—" (1.1)
N fi Sfn-fi N
CyMMapHas SHeprusi CTUMYJIMPOBAHHOTO UMITYJIbCA:
= dNa
E,=dNE =22 1nfx (1.2)
fn—fi A
[Iyctb k cucTeMe TOJKIIOYEHO  PErHUCTPUpPYIOIICe

YCTPOHCTBO, OTKJIMK KOTOPOTO MPONOPLMOHAJIEH 3SHEPrUU
paspsaa: Ui=KE;. OTKIMKOM perucrparopa Ha
CTUMYJIUPOBaHHbBIN UMITyJIbC OyneT, B cooTBeTcTBUM C (1.1) u
(1.2),

kdN f
Uy = kEg = fN_]‘;‘l 1nf—:’ (1.3)

Hapsiny co CTUMYJIMPOBAaHHBIMH HMMITYJIbCAMH OYIyT
PETHCTPUPOBATHCS M CAMOIIPOM3BOJIBHBIE Pa3psiibl, OTKIMK Ha
koTtopbie Usyy neskut B mpenenax ot ka/fy go ka/f;. Tak kak
BenmunHa f; Moker OBITH MaJloi, aMIUTUTYa HEKOTOPBIX
CaMOIPOU3BOJIBHBIX HMITYJIBCOB MOXET OBITh 3HAYHUTEIHHOHM.
JInst HaZie)KHOTO BBIJETIEHUS] CTUMYJIMPOBAHHBIX MMITYJIHCOB Ha
(boHe caMOIPOU3BOILHBIX HEOOXOAMMO BBITOTHEHHE YCITOBHSI

Ust dNf; N
— =——In—>>1 14
Usam fN_fl f1 ( )
NI
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fn—f
N>> dfiln(fn/f1) (15)

Onenum Bemuumuy N, cumrtas 6=0,01 u fy =1000 Iy
(mpuMepHast ~ 4YacToTa, HI)KE  KOTOPOH  (hIIMKKEp-IIyMm
npeobiamaer Hajg OEIbIM HIYMOM B IOJYIPOBOJHHKOBBIX
npubopax). Benmnumna f; , kak mOKa3bpIBAlOT SKCIECPUMEHTEI,
~107 Iy y [2,10,15]. TloncraBuB 3T 3Hauenus B (1.5), monyuum
N >> 410°. Ecmu MIPOJIOJDKUTEIILHOCTh OTBbITA HE OYCHB
6ompmast (o0bryHO He Oonee 1000 cexkyHa), BepOSATHOCTH
MOSIBJICHUSI UMITYJIBCOB, COOTBETCTBYIOIIMX ~10° I Y U MCHEe,
Hesenmka. [Tonoxus f| = 10° I y, moyunum N >> 5108,

Takum o00pa3oM, paccMOTpeHHE Jake MPOCTEHIICH
CHUCTEMBbI HE3aBUCHUMBIX '"HaKOMUTENEH" SHEPTUM IMOKa3bIBaET,
YTO OHA AGNSCMCSL 2eHePamopom wyma co cnekmpom muna 1/f.
HeoOxomuMbIM yCclIOBHEM IS TOTO, YTOOBI Takas CHUCTeMa
MMeJa BBICOKYIO YYBCTBUTEIBHOCTh K BHEITHUM BO3/ICHCTBUSAM,
SIBIISICTCS OOCMAMOYHO OOJIbULOE YUCTIO AKMUBHBIX DJIEMEHMOS.

Htak, cucTeMbl ¢ MHOKECTBOM HAKAIUIMBAIOIIUX YHEPTHUIO
3JIEMEHTOB 00JIAJIAIOT CJICTYIOIIUMU CBOMCTBAMH:

®  3aBUCHUMOCTBIO BEIWYUHBI 3P¢deKTa OT 4YacTOThl HUX
noBTopenust tTuna 1/f : "cimabbie" COOBITHUS MPOUCXOIST
4acTo, a ""CHIbHBIE" PEIKO;

®  BEBICOKOH YYBCTBUTEIbHOCTBIO K BHEITHUM
BO3JEHCTBUSIM MPU YCIOBUHU, YTO TaKUX BO3JCHCTBUU
nepes ’TUM He ObLII0 JocTaTouHo aouro. ['eodusnueckue
U KOCMHYECKHE BO3JCUCTBUS - PEAKHWE U clladble, U
HEYJMBUTEIBHO, YTO OHHM TMPOSIBISIOTCA B  TaKHUX
CHUCTEMAax, €CIIM OHHM JIOCTATOYHO XOPOIIO 3aIIUIIEHBI OT
WHBIX BO3JCUCTBHIA;

®  TIOCIENEHCTBUEM: TPOJOJDKUTEILHOCTh OMKIUKA Ha
BHEIIIHEE BO3JICHCTBHE MOJKET MIPEBBIIIATH
MPOJIOKUTENIBHOCTh  BO3JICUCTBHUS, Ioclie  4Yero
HacTynaer '"saTumibe" € IOHW)KEHHBIM  YPOBHEM
GaykTyalii ¥ TMOHM)KEHHOW YYBCTBUTENBHOCTBIO K
BO3JEHUCTBUSIM. B 3TO Bpems MPOUCXOAUT 3arOIHEHUE
OMYCTOIIEHHBIX PE3EPBYapOB;
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e "0oOpaTHOW"  3aBUCUMOCTBIO  CUIbl  OMKIUKA  HA
MOBTOPSIIOLIUECS BO3ACHCTBUS OT CUIbl B8030€UCMBUSL.
UeM cuibHEEe BO3JCHCTBHE, TEM MPOJOKUTEIBHEE
"3aTUIIBE”, TOATOMY HO8MOPHbIE CUIIBHBIE BO3IEUCTBUS
MOTYT BBI3BaTh CHJIbHYIO OTBETHYIO PEaKLHIO TOJIbKO
[oCJie JOCTAaTOYHO NPOJOJDKUTENBbHON may3bl. Ecmum
[EpUOJI TOBTOPEHUS CHUJIBHBIX BO3JICUCTBUI MEHbBIIE
HeoOXO0IMMOM Tay3bl, OTKJIMK Ha CHUJIbHBIE BO3JEHCTBUS
MOXeT ObITh cjabee, YeM OTKIUK CHCTEMBI Ha
MOBTOPSIFOLIUECS] C TOM JK€ MEePUOJUYHOCTHIO Ooliee
cina0ble BO3ICHCTBUS;

®  HEOJMHAKOBOCTHIO OTKJIMKA OJIMHAKOBO YCTPOECHHBIX
CUCTEM Ha OJMHAKOBBIE BO3JECUCTBUSA. OTO CBOMCTBO
(hIMKKep-IIyMa CBS3aHO C PA3IMYHBIMH MPEIBICTOPUSIMU
CUCTEM, B KOTOPBIX OH BO3HHMKA€T, U BO3MOXHOCTBIO
peanu3alui Pa3IUYHBIX HAMpPAaBICHUM TMPOILIECCOB B
CJIOKHBIX CUCTEMAX.

OT yMO3pUTENbHBIX PAaCCyKICHUHN NEepeneM, HaKOHell, K
KOHKpPETHBIM HcclefoBaHusM. Hampumep, Kk curhaity ot
MOJTYIIPOBOJIHUKOBOT'O UCTOYHMKA (hiuKKep-iryma. Ha nepBbiii
B3TJIS11, 3/1€Ch MOJIHAsE XaOTUYHOCTH (puc.1.3). Ho Benp, kak Mbl
BUJIENIM, TIPOLECCHl B TaKUX CHCTEMax JOJDKHBI OBITh
YyBCTBUTEIBHBIMU K  BHEIIHUM  Bo3zaeiictBusiM. Ecnu
BO3JICWCTBUE PUTMHYHO, B Xaoce (IMKKep-LIIymMa J0JDKHA
MPUCYTCTBOBATh  HEKOTOpass PUTMHUYHOCTb, COIOCTABJISAS
KOTOPYIO C M3BECTHBIMH IIEPUOJAMU HM3MEHEHHUS BHEIIHUX
(akTOpoB, MOXHO MOHSTH, HA KaKO€ MMEHHO BO3JEHCTBHE
CHUCTEMA OTKJIMKAETCS.

Jlyis BBISBIIEHUST PUTMUYHOCTH 3aMaHYMBO HCIOJIB30BaTh
CMEKTPAIbHBIA aHalIM3, OCHOBAHHBIA Ha MpeoOpa3oBaHUU
®dypbe, CyTb KOTOPOIO COCTOMT B MPEACTABIEHWU CHUTHaNa
CYMMOH CHHYCOWJ pa3IW4HbIX YacToT M aMmiumrya. Ho
MIPUMEHEHHE 3TOr0 aHajau3a K (PIUKKEp-IIyMy HE MPUBOAUT K
ycnexy. OTo He yauBUTeNbHO: Dypbe-aHaiau3 1o caMoi CBOEH
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CyTH  TpeAHa3HA4eH JJid  BBISIBICHHUS W3  CHTHAJIOB
2apMOHUYECKUX COCTABIISIIOIIMX, T.€. UMEIOIIHUX HEU3MEHHYIO
aMIUIUTYNly, 4acToTy U ¢a3y. DnykTyauuu B CHCTEMax C
(GIUKKep-IIyMOM ~ COBCeM HHBIE. WX OTKIMK Jaxke Ha
OJIMHAKOBbIE BHEIIHUE BO3JCWUCTBUA HEOJHO3HAueH (OH
3aBUCHUT KakK OT IIPEABICTOPUH BHEIIHUX BO3AECUCTBUM, TaK U OT
X0Jla TIPOIIECCOB BHYTPU CHCTeMbI). B pesymnbraTe "curnan",
BO3HHUKAIOIIMI B TaKOH CHUCTeMe, HE 00JIaJaeT CBOMCTBAMH,
HEOOXOIUMBIMU  JJIi  KOPPEKTHOro mnpuMeHeHus Dypbe-
aHanuza. CBoeoOpaszue mporueccoB Tuna ¢IUKKep-Iryma
3aKJIIOYaeTcss B TOM, 4YTO WX PUTMUKA COCTOMT HE B
3aKOHOMEPHBIX 0oJiee UM MEHEe OJMHAKOBBIX M3MEHEHUSX, a
B CAYYQUHbIX WU3MEHEHMSIX, MPOUCXOISAIIUX C 3aKOHOMEPHO
MEHSIOIIEICS BO BpEMEHHU BEPOSTHOCTHIO.

[Topxonammm METOI0M aHaIu3a B 3TOM Ciy4ae sBJIIETCS
METOJl HAJIOXKEHUS SMOoX (METOA YCpeOHEHHs] OpJIMHAT Ha
npoOHOM Tieprosie). Pa3HOBHIHOCTS 3TOTO METOAA U3BECTHA B
pPaAMOTEXHUKE ot Ha3BaHHUEM «CUHXPOHHOE
neTekTupoBaHuey. OH MUPOKO NIPUMEHSAETCS JJIsl BbIACIECHUS
MOJIE3HOTO curHana u3 1myma. CyTh HaJIOKEHHUS 310X COCTOUT
B ciuenymoomeM. llpeanonoxkuMm, yTto B IIyMe€ MNPUCYTCTBYET
PUTMHYHOCTb, COOTBETCTBYIOIAs HEKOTOPOMY H3BECTHOMY
pUTMY, HallpuMep, PUTMY COJTHEYHOM aKTUBHOCTH. UTOOBI 3TO
JI0Ka3aTh, BBIACISAEM B IIPEAINOIAra€MOM PUTME XapaKTEPHbIE
MOMEHTHI  (pemepsl), HalmpuMmep, BpeMeHa MHUHUMYMOB
COJIHEYHOM AKTUBHOCTH. «Hapezaem» 3aIuCh
aHAJIM3UPYEMOI'0  CHUTHala Ha OJMHAKOBBIE KYCOUKH,
OIpeJieIeHHbIM ~ 00pa3oM  c(a3upoOBaHHbIE OTHOCUTEIBHO
n30paHHBIX MOMEHTOB BpeMmeHH. Hampumep, Tak, 4YTOOBI
MUHUMYMBl COJHEYHOM AaKTUBHOCTH OBUIM B CEpeauHe
KycoukoB. CoBMelIaeM BCE 3T KYCOUKH CUTHAJIa U YCPEIAHSIEM.
IIpy »TOM BCe U3MEHEHUS, CIYYAUHO PACIIOJIOKECHHbBIE
OTHOCHUTEJIbHO BBIJICJIEHHBIX MOMEHTOB, B3aMMHO OTAIIAl0TCS.
Ecin B curnaie npuCyTCTBYIOT HM3MEHEHMsI, NPOUCXOIAIINE
CXOAHBIM 00pa30M OTHOCUTENBHO BBIJIEJIEHHBIX MOMEHTOB, 1O
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Mepe YBEIMYEHHS YHUCIA YCPEOHSEMBIX LHKIOB OHH
0o0HapyKUBAIOTCS Bce OoJiee T0CTOBEPHO.

bonbuioe uyucio ycpeaHseMbIX HUKIOB HEOOXOAMMO HE
TOJILKO JJISI <«IIOJIaBJICHUS» CIy4alHBIX U3MEHEHUH, HO U IS
TOYHOTO OIpeJelIeHHs] Mepuofa PUTMA: YTOOBI ONPEAETUTH
nepuos; T ¢ OTHOCHTEIHHOU IMOTPENIHOCTHI0 &, HEOOXOIUMO
[IPOAHAIU3UPOBATh Pl JAHHBIX MPOJIOJIKUTEIBHOCTEIO T/ .
Hanpumep,  u3MepeHHe  OKOJOMECSYHOTO  PUTMAa  C
norpemrHocThio 1%  Tpebyer mpoOBeNEeHUS  HU3MEPEHUI
JIMTeNIbHOCTRIO 100 Mecs1eB, T. €. OKOJIO 8 JIET.

OtmeTnM, 9TO OOJBIIMHCTBO MPHPOJHBIX PUTMOB HE
o0nanaT CTPOrod Mepuoau4HOCThIO. Hampumep, cmeHa
JYHHBIX (a3 Ha TEpPBBIA B3I  KaXeTcs  CTPOTO
nepuogudeckoid. Ho  jgoctaToyHO  TOYHBIE — W3MEPCHHS
MOKA3bIBAIOT, YTO MHTEPBAIBI MEX]Y OJMHAKOBBIMU (hazamu,
HanpuMep, HOBOJYHHUSMHU, MCHSIOTCS B JOBOJIBHO IIUPOKUX
npenenax — or 28,96 mo 29,87 cyrok. Eme mmpe pazdpoc
WHTEPBAJIIOB MEXJYy MHUHAMYMaMH WJIA MaKCUMyMaMu
COJTHEYHON aKTHUBHOCTU, IMPUYEM H3MEHEHHS BEIUYUHBI ITHX
WHTEPBAIOB MTPOUCXOAT Xa0TUIHO. OYEBHJIHO, YTO XOJ TAKUX
MPOLIECCOB HEBO3MOXKHO KOPPEKTHO OTOOPa3UTh CYMMOM
CHUHYCOHUJI, HUCTOJIb3ys mpeoOpasoBanue dDypre. B Takux
Cllydasix BBIpyYaeT HaJOXEHHE D5IO0X, KOTOpoe BOOOIE He
TpeOyeT TEPHOANYHOCTH B PACIOJOKEHUU pernepoB. Ux
MOXKHO «pPAacCTaBIsiTh» B JIOObIE MOMEHTBl BPEMEHHU, XOJ
mpoIecca OTHOCHTEIBLHO KOTOPBIX HAC HMHTEpecyeT. Takum
MyTeM MOXHO HKCCIEI0BaTh CBS3H SBICHUH U COOBITHIA,
MIPOUCXOJSIINX BOOOIIE B CIIy9allHBIE MOMEHTHI BpPEMCHH.
Hanmpumep, u3MeHeHHe TIOBEEHUS  JKUBOTHBIX  IEpe
3eMJICTPSICCHUSIMHU.

Herpyano co3mate mporpammy oOpaOOTKH — PsIZIOB,
COJIepIKaIMX 3HAYCHHS UCCIICAYEeMbIX MTapaMeTPOB H BPEeMEHA
W3MEpEeHull, B KOTOPOH METOJ| HAJIOKEHUs MPHUMEHSETCS K
nociedosamenbHocmy TPOOHBIX TIEPUOJOB. DTO TO3BOJSET
CTPOUTH  CHEKTPOrpaMMbl  (TIEPUOAOTPAMMBI), MOAOOHBIE
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MoJIy4aeMbIM NpH aHanuze MetosioM dypbe, HO He Tpelyrolue
PaBHBIX MHTEPBAJIOB MEXAY HU3MEPEHUSAMU W HHTEPHOIALUI
[2,3]. Takas mporpamMmMa MOKET OBITH IOCTPOEHA, HAPUMED,
IO CIEAYIOUIEMY aITOPUTMY:

1. 3amaHue nepBoHavYaIbLHOrO MPOOHOTO MEepHoIa

2. OrpaHMYEeHHE JUIMTENBHOCTU PsSAA, TaK, YTOOBI YHCIO
LUKJIOB ObUIO LIEJTBIM

3. COpPTHpOBKAa JaHHBIX I10 T[IOJIOBUHKaM LHKJIA U
yCpeIHEHHE B KaXKI0M U3 MOJOBUHOK

4. BbIYMCIICHUE PA3HULIBI MEXKAY YCPEAHEHUSIMHU

5. caBur HavaiabHOU (asel Ha 1/16 mepuona u MOBTOpEHUE
.. 3,4 eme 3 paza

6. BBIOOp HaYaNbHOW (ha3bl C MAKCUMAIBHON pPa3HUIICH
MEXIy YCPEIHEHUSIMHU U 3alUCh 3TON pa3HUIIBI.

7. yBEIMYEHUE MEpUO/Jia Ha 3a/JaHHBII 1Iar U MOBTOPEHUE
. 2,3,4,5,6,7 1o Tex mop, MoKa BEJIMYMHA Tepuoia He
JIOCTUTHET 3a/IaHHOTO MPEAEIbHOTO 3HAUEHUSI.

[Tpu coBmameHun mMpoOHOTO MepHoja ¢ MEPUOJIOM PUTMA
pa3sHULA MEX]Y «IOJOBUHKAMU» IMPU HEKOTOPOM 3HAYEHUU
(da3pl CTaHOBUTCS 3HAYMUTEIBHOW, UYTO OTOOpa)kaeTcs Ha
auarpaMMme «pasHHIa MEXKIy IOJOBHUHKAMU — IEPUOJIbI» B
Buge nuka. Hemocrarok Takoil oOpabOTKM B TOM, YTO OH
MOPOXKJIAET JIOKHBIE MUKH, COOTBETCTBYIOIIME HEUETHBIM
CyOrapMOHHKaM. Hanpuwmep, pu o0paboTke
CUHYCOMJIaJIbHOTO CHTHajla TOSBISAIOTCS HE TOJBKO IIHK,
COOTBETCTBYIOLUIMM OCHOBHOMY MEpHOAY |, HO U MHUKU C
nepuogamu 3 T, 5 T um T.a. Ilpu o0paboTke peanbHBIX
CUTHAJIOB JTOT HEAOCTAaTOK KOMIIEHCUPYETCS TEM, 4YTO
aMIUIUTYIbl PUTMOB OOBIYHO CHUXKAIOTCSI TI0 MEPE YKOPOUEHUS
nepuosioB. IloaToMy mposiBIeHHE JIOKHBIX CyOrapMOHHK
3HAYUTENIBHO OcialseTcs.

Xopowo paguou3MKaM — OHH MOTYT 3a CEeKyHIY
HAaKOMUTh W YCPEOHUTHh THICAYM W MUJUIMOHBI IHMKIJIOB, YTO
MO3BOJISIET  BBIAENATH CUTHAIBI, HHUYTOXXHO Majble IO
CpaBHEHHIO ¢ mymamu. Ho Hac HMHTepecyloT KOCMHYECKHE
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PUTMBI, U3MepsAeMble CyTKaMH, MecsllaMH, TOAaMH, MOITOMY
HAaKOIUICHHE  JOCTaTOYHOTO  YWCIa  [HKJIOB  TpeOyer
MHOTOMECSIYHOI U MHOTOJIETHEH HEeNmpephbIBHOW PErvuCTpaIiu.
W 310 OBLIO cAeNaHo, BHAYANIE C TPUMEHEHUEM CaMOIIUCIIEB, a
[IOTOM C HCIIOJIb30BaHHUEM KOMIIBIOTEpA.

Pesynbrar npuMeHeHUsT METOJa HAJOXKEHHBIX HIOX K
GIMKKep-IIyMy TpaH3uCTOpa IokasaH Ha puc. 1.6 [3-5]. B
KaueCcTBe MCTOYHMKA LITyMa UCIOJIb30BaH CTAPbIi KPEMHHEBBIM
Tpansuctop II701A, BbIIyCKaBUIMKCS 1O HECOBEPILICHHOMN
TEXHOJIOTUU U Jaromuid (IMKKep-IIyM ¢ aMIUIMTYAOH 110
HECKOJIbKUX MUJITUBOJIBT.

Puc. 1.6. Maii 2000 r. — mapt 2004 r. CneBa: 4uCIO CIy4acB B
CYTKM BCIUIECKOB AaMIUIMTYJbl HWHQPPAHU3KOYACTOTHOTO IITyMa
Tpar3ucTopoB [1701A OTHOCHTENEHO HOBOJNYHHH (CyMMHPOBAaHHE
mo 49 nukiIaM co cpegHed MNPOJOHKUTENBHOCThIO 29,5 CyTOK);
CnpaBa: OTHOCHTEIBHO MHHMMYMOB B 27-CyTOYHOM IIMKJIE
COJIHEUHOW akTUBHOCTH (56 mukioB). Cmonbuxu — obwee uucuo
CcOObIMULL 8 CYMKU, OMCMOoAWUe OMmM HOGOJIVHUU UNU MUHUMYMOG

AKMUBHOCMU HA YKA3AHHOE GHU3Y 6peMs, JUHUS — CKOIb3suee
mpexcymounoe ycpeonenue H — nosonynue, Il— noanonynue. Ilo
FOPU3OHTAJIBHOM IKale - OTKJIOHEHHWE OT HOBOJIYHUH WIH

MHWHHUMYMOB COJIHEYHOM aKTHBHOCTH B CyTKax.

BuaHo, 4TO BEpOSATHOCTH BCIIJIECKOB OKOJIO TIOJTHOJIYHUH B
II0JITOpa pasa BBILIE, YEM OKOJIO HOBOJYHUH (CpeAHMI NEpHUoa
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29,5 cytok). BepoAaTHOCTh BCIUIECKOB Tak)Ke€ BO3pacTaeT Ha
MmoabeMax M CHaJax COJHEYHOH akTUBHOCTH. I[lomoOHBII
aHalIM3 Uil PUTMOB C TOAUYHBIM IEPUOAOM, a TAKXKE C
MEPUOJIOM CUIEPUUECKOTO (3BE€3/IHOT0) JIYHHOTO Mecsma (27,32
CYTOK) HE 0OHapy>KMBaeT B IIyME TPAH3UCTOPOB JOCTOBEPHBIX
n3MeHeHuM. HMHorma Ha MNpPOTSIKEHUM HECKOJBKUX —JHEU
3aMeTHa HEYCTOMYUBAs CYMOYHAA PATMUYHOCTD.

HNurtepecHo COMOCTAaBUTh PUTMUKY uryma B
MOJIYITPOBOJIHUKAX B TOJbl MaKCUMalIbHOM W MHUHUMAaJIbHOMI
COJIHEYHOM akTUBHOCTH B 11-metHem nukie [17]. Ha puc.1.7
MPEACTABICHBl PE3YyIbTAaThl aHAM3a METOJOM HAJIOXKCHUS
310X BCIJIECKOB IIyMa B PUTME CHUHOAMYECKOTO JYHHOI'O
MecAlla, W Pe3yJbTaThl TaKOTO >KE€ aHaiu3a B putMe 27-
CyTOYHOIO LMKJA COJHEYHOW AaKTUBHOCTU. BuHIHO, 4YTO
JYHHOMECSIYHBIA ~PUTM  OTYETJIMBEE TPOSBISUICA B TOJ
crokoitHoro cosHia (1984-1985), a putM  COJHEYHOM
aKTHBHOCTH — B roj1 akTuBHOr0 Comnnua (2000-2001).
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CyTHH NoCIe HOBOIYHHSA CyTKH OT MHHEMYMa W

Puc. 1.7. Bcenmeckun amMminuTynsl MHQPAHU3KOYACTOTHOTO MIymMa
MTOJTYIIPOBOTHUKOBBIX TMPHUOOPOB: PUTM CHHOJWYECKOTO JIYHHOTO
Mecsma (cjieBa) W 27-CyTOYHBIM PUTM COJIHEUYHOH aKTUBHOCTH
(cmpaBa)

B rox cmokoiinoro Comama (1984-1985) U OKOJIO MaKCHMyMa
coJiHeuHO# akTuBHOCTH B 1 1-netHem nukie (2000-2001)

OTO TMEepeKIIMKaeTcss ¢ pe3yibTaTaMd MHOTOJETHUX
WCCIEAOBAaHUN  M3MEHEHHM  CKOPOCTH  XUMHYECKUX |
OnoxuMHUYecKux peakuuid, npoBeaeHHbx C.O.IllHonem wu
JIpPYTUMH HCCcIeq0BaTeIIMU [26]. MHoro4uciaeHHbIe
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pa3HoOOpa3HbIe OMBITHI MOKA3aJld, YTO MEHSETCS HE CTOJBKO
CKOPOCTh 3THUX PEAKIIHiA, CKOJIBKO pasdpoc ckopoctelt (puc. 1.8
BBEPXY): B T'OJIbI CIIOKOWHOTO COJIHIIA OH 3HAYMTEIBHO BHIIIE,
4YCM B IroJibl COJIHIIAa aKTUBHOI'O, ITPUYCM B 3TOU U3MEHYUBOCTHU
OTYETIIMBO 3aMETEH PUTM JIyHHOTO Mecsia (puc.1.8 BHU3Y).
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1960 1965 1970 1975 1980 [gpp)
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Mepyofbl, CYTKK

Puc. 1.8. BBepxy: comnocraBieHUE H3MEHEHUS aMILIUTY]IbI
GbaykTyanuii CKOpoCTel OHOXUMHUYECKUX UM XUMHUYECKHX
peakuuiit A ¢ X010M coJiHeuHOM akTuBHOCTUH W,

Buu3sy: nepuogorpamMmma aMIUTyAbl QIYKTyaIui

OOpammaer Ha  cebs  BHUMaHHME  Hajluyue  Ha
epuoJorpaMMe, MOMUMO OCHOBHOI'O NEepHoJa, epruoaoB 19 u
45 cytok, coctaBisomux 2/3 u 3/2 CHHOAMYECKOTO JTYHHOT'O
Mecsna.

WNtak,  W3MEHYMBOCTb  XoAa  (UIMKKep-lIymMa B
TPaH3UCTOpaX M B JIPYIMX CHCTEMax OTYETJIMBO COTJIACOBAHA C
JYHHbIMU  pazamu. DTO BecbMa YIMBHUTEIbHO, TaK Kak C
MO3UIMI HBIHEIIHUX HAy4YHBIX 3HAHUM HUKAKOTO BIIUSHUS
W3MEHEHUI B3aMMHOI0 10JI0)keHus 3emid, JIynel u ConHia Ha
MIPOLIECCH B MOJIYIPOBOJHUKAX WM HA XUMHUYECKHE PEaKIHU
ObITh He MOXeT. [Ipu u3mMeHnenun nomnoxenus 3emnd, JIyHsl u
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Connua, KOHEYHO, MEHSeTCs HaMpPsHKEHHOCTD
rpaBUTallMOHHOTO 1oyisi. Ho wm3BecTHblE HaM  CBOWMCTBA
rpaBUTAllMM HE JAlOT OCHOBAaHUM Ui TPEANONIOKEHHUS O
BO3MOXXHOCTH €€ HenocpeocmeeHHo20 BIUSHUA Ha XOJ
MIPOLIECCOB B CHCTEMaX HEOOJIBIIOro pa3Mepa, Tak Kak BOJIM3H
MOBEPXHOCTU 3€MJIM H3MEHEHUE TpaBUTAIMU  MPOUCXOJIUT
OYCHb IUIABHO U HE IMPEBBIIIACT 10”7 CpeHero 3HavYeHus. A
BE/lb JlaXK€ BECbMa CWJIbHBIE M3MEHEHUSI TpaBUTALUU OT
HEBECOMOCTH JI0 JIECATKOB ( , KaK IOKAa3bIBACT OIBIT, Ha
paboTe MOIYNPOBOJAHUKOBOW ammapaTypbl HpPaKTHUECKU HE
cka3bIBaroTCs. BeposTHO, BO BimsiHuM KocMoca Ha npoiieccol B
MOJIYIIPOBOJIHUKAX U B IPYTHX CIOXKHBIX CHCTEMax rpaBUTALIUS
WUrpaeT HEMAIYI0 pPOJb, HO MPOUCXOAMUT 3TO MPHU YYACTUH
MOCPEAHUKOB. JTO MOTYT OBITH TemIepaTypHble M3MEHEHHS,
MHKpPOCEHCMHKA, TMOTOKM npuxojsamux u3 Kocmoca yactuig
WJIM YTO-HUOYIb ellle.

Hekoropoe ykasaHnue Ha HpUpPOLy TOCPEIHUKA JAET
OTMEUYEHHOE B  pe3ynpratax  uccienoBanuit  [lxomns
MPUCYTCTBUE PUTMOB C NIEPUOJAMHU, APOOHBIMH K OCHOBHOMY.
Mo3kHO 3aMeTUTh HaTu4due ApoOHBIX puTMOB (3/2, 3/4, 2/3, 1/3,
1/4 cuHOIMYECKOTrO JTYHHOTO MECSIa) M B HAIIUX U3MEPEHUSIX
(barKKep-1rymMa moxynpoBOAHHUKOBBIX MPUOOPOB.

OOBIYHO BMECTE€ C OCHOBHBIM IIE€PHUOJIOM HAOJIOIAIOTCS
2apMOHUKU, T.€. pPUTMBI ¢ iepuoaamu 1/2, 1/3, 1/4,...0cHOBHOTO
nepuona. A B (QUMKKep-IIyMe HaOIIOMAIOTCS, KpPOME STHUX
MepHo0B, iepuoanl 3/2, 3/4, 2/3, T.e. NEPUOABI cousmepumble
C OCHOBHBIM.

[apMOHMKM  XapakTepHBI AN  MEXaHUYECKUX  WIU
ANEKTPOMAarHuTHeIX  KoneOaHui.  Cou3MepuMOCTH K€
XapaKTepHBI i1 OpOUTABHBIX U BpalllaTeNbHBIX ABMKCHUN B
CHUCTEME TPaBUTAIMOHHO CBsi3aHHBIX Ten [177] (Hampumep,
nepuost obOpamenuss CatypHa Bokpyr ConHua paseH 5/2
nepuoga  obOpamenuss  lOmnutepa). Orcioga  BO3HHMKIA
KazaBIIasics MoHadany (haHTACTHUYECKOH MBICIh O TOM, YTO B
cucreme 3emis-Jlyna-ConHile coBepiialoT — OpOHUTaJIbHBIE
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JIBUKECHUS KaKue-mo Hesuoumbvle c1ado 83aumooeicmsyrouue
c seujecmeom obvekmoul. B amoresx, gajieko oT 3eMIIM 3TH
OOBEKTHl ~ HAaxXOJATCS B  30HE CHIbHBIX  H3MEHEHUU
rPaBUTAIMOHHOTO TOJISI, CBA3AHHBIX C U3MEHEHUEM B3aUMHOTO
nojoxxenus 3emud, Jlynel m ConHna.  BocnpuHsiBiine 3TH
W3MEHEHUS 0OBEKTHI, JIOCTUTAOIIINE B Mepuresix
IMOBEPXHOCTU 3€MJIH, BIUAIOT Ha XOJI IPOIIECCOB B IOCTaTOYHO
YyBCTBUTEIBHBIX cHcTeMaX. BriociencTBuu 3ta ujaes, Kak Mbl
YBUAMM B YacTH 2, HAIIUIA TOATBEPIKICHUS.

CBoeoOpa3Hasi UYyBCTBUTEIBHOCTb CHUCTEM C (IMKKep-
IIYMOM K BO3JCHCTBHUSM pa3HOOOpPa3HON NPUPOABI SIBISETCS
XapaKkmepHviM C80UCMEOM TAKUX CHCTEM, YTO  IO3BOJIAIOT
HCIOJIb30BaTh MX B KAauyeCTBE YHUBEPCAJIBHOIO JAETEKTOpa
pa3IMYHBIX  BO3JCHUCTBUM, B TOM YHCJIE€ BO3JCUCTBUI
HeoObsicHeHHOW Tipupoasl [16]. ClIOXHOCTh TNPUMCHCHHS
TaKuX JETEKTOPOB 3aKJIFOUAETCS B HEOJHO3HAYHOCTU OTKJIMKA
Ha oAuHAKoBbie Bo3nedcTBHs. OTKIMK  3aBUCHUT  OT
MPEABICTOPUM  CUCTEMBI, IO3TOMY Ha  OJIMHAKOBBIE
BO3/ICHCTBUSI CUCTEMAa MOJKET OT3BIBAaThCA CHIIBHO WM ciabo,
Cpa3y WU C 33/IePKKOM, OTKIUK MOXET ObITh KOPOTKUM HIIU
MIPOIOTKUTEIIBHBIM. Cucremsl c MHOECTBOM
B3aMMOJCHCTBYIOIIMX JJIEMEHTOB MOTYT pearupoBarth Ha
BO3JICUCTBUS HE TOJIBKO BCIUIECKAMH aMILTUTY bl (DIYKTyaIui,
HO U CHUJICeHUueM aMIUTUTYNbl, a TAKKe NEPEXOJOM B PEXKHUM
MEepUOANYECKUX KoyeOaHuil, T.e. ynopaodouueanuem Xoja
MIPOIIECCOB, MOSIBIICHUEM «IOpsiIKa U3 xaoca» [21].

Bo3HukHOBeHME TOpsAKa U3 Xaoca B CIOXHOW cHUCTEME
MPU BHEIIHEM NEPUOJUYECKH MEHSIOIIEMCS BO3JIEUCTBUHU
XOpOLIO BHUAHO Ha IPUMEPE COJHEYHOM akTuBHOCTH. Ha
puc.1.9 BBepxy moka3aHO, KaKk H3MEHsUTHCh uncia Bonbda
(4ncino comHEYHbIX MATeH) Ha npotsbkeHuu 305 et [8, T2, c.
49].

[Ipu oOmiem B3rasie Ha STy AMATPAMMY PUTMUYHOCTH
oueBuaHa. bojee BHUMAaTENEHOE PACCMOTPEHHE OOHAPYKUBACT
JIOBOJILHO 3HAYHUTENIbHBIC, HAa TIEPBBIA B3TJISAJ XAOTHYHBIE,
W3MEHEHUs  aMIUTUTYIbl, TPOJIOJDKUTEILHOCTH € (OPMBI
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[UKIIOB. AHANU3 METOJIOM HAaJOKEHHBIX 3MOX I Habopa
nepuonoB (puc. 1.9 BHHU3Y) TMOKa3bIBae€T, YTO B OTUX
W3MEHEHUSAX  OTUYETIMBO  MPOSBISAIOTCS  MEpUOABl [,
COBMajaroMe ¢ nepuogamu obpamenus FOmnurtepa, CarypHa,
Vpana u Henryna, a Taxke koMOuHanuu 3THX nepuonos 1/Tj
= UT; £ UT,;. Hamomuio: xoriga KojebaHHE C OCHOBHOM
4aCTOTOH CyMMHUpPYETCsl ¢ KojebaHrueM 0ojiee HU3KOW 4acTOTHI,
Hapsily C KojeOaHWeM OCHOBHOW YacCTOTHI TOSIBIISIOTCS
KoJieOaHusi C 4YacTOTaMM, pPaBHBIMH CyMME U Pa3HOCTH
OCHOBHOI U 00Jiee HU3KOH YaCTOTEHL.
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Puc. 1.9. BBepxy: u3sMeHeHHE COJIHEYHOW aKTUBHOCTU (YHCEN
Bosbda W) Ha nporsokernu 305 seT.

Buu3y: neprogorpaMma, noyueHHas Ipy aHanuse yrcel Bonbda ¢
1750 mo 2005 1r. MeETOOOM  HAJIIOKEHHS  DJIOX  JUIA
rocienoBaTenpbHOCTH TIepuosioB oT 1 mo 100 mer. [35, c.227]. Ilo
BEPTUKAIBHOM OCH — Pa3HOCTh yCpeIHEHHBIX 3HaueHuid W okoio
MakCUMyMOB U OKOJO MHHHMYMOB COJIHEYHOW aKTUBHOCTH, IO
TOPU30HTAJIBHON — aHAJIM3UPYEMbIe MEePHOABI, Trofbl. OKOJIO MHKOB
0003HAa4YEeHbl TEPHOABI, a TaKKe HOMEpa IUIaHEeT, MEPHOJ
oOpamieHusi WM KOMOWHAIUS TEPHUOJOB KOTOPBIX COBIAAAIOT C
MUKOM Ha nepuogorpamme (5- FOnutep, 6 — Carypn, 7 — Ypan, 8 —
Hentyn).

Takum oOpa3oM, PUTMHYECKHE H3MEHEHHUS COJHEYHOM
AKTUBHOCTH B 3HAUYUTEIBHON MEpE «HABSI3aHbD» IUIAHETaMU-
rurautamMu. Mexanusm CBSI3M COJHEYHOM aKTHUBHOCTH C
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JBUKEHUEM IIAHET [MOKA HEMOHATEH. SICHO TOJIBKO, YTO 3TO HE
NPUJIMBHBIE BO3JICUCTBUS, T.€. He BIUAHUE TPABUTALMU B
«auctom Buge» [1].

W, HakoHeln, 0 TOM, C YEM Mbl CTaJKHBAaEMCSl BE3JE W
ITOBCETHEBHO: C U3BMEHEHUSIMU TeMIIepaTypbl. DTH U3MEHEHUS
— pe3yJbTaT MPOLECCOB, MPOUCXOIAIIUX B CIIOXKHEHUIIEH
cucTeMe, BKJIo4aromiei armochepy, ruapocdepy, TexHochepy,
Heapa 3emuu U Ouoty. I[lpmuem, 3Ta cuctema OTKpBITA IS
Kocmoca, 1 BriojiHE €CTECTBEHHO HAIMYKE B HEH KOCMUYECKUX

PHUTMOB.
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Puc.1.10. Beepxy: usmeHeHnue TemmepaTypsl BO3AyXa B OTKPBITOM
atMoctepe. BHu3y: B momemieHnu (9 3Tax, OKHa Ha BOCTOK).
M3mepennst cnenansl B MockBe Ha poTsbkeHuu 2 et [3].

Ha puc.1.10 nmoka3aHo, kak MeHS€TCS CpeAHECYTOUYHas
TeMIeparypa B OTKpPHITOH aTrMocepe U B TOMEIICHUH.
OueBHIeH TOAWMYHBIN PUTM, MOSIBIEHHUE KOTOPOIO CBSI3aHO C
W3MCHCHHEM IIOJIOKEHHMS 3emiu oTHocuTelnbHOo Comnnima. Ha
(doHE HSTOTO pHUTMA MPOUCXOIAT HM3MEHEHHMS, CBSI3aHHBIE C
MpoleccaMi y 3€MHON MOBEPXHOCTU: BETPOM, IMKJIOHAMH,
AHTHIHUKIIOHAMY, JOXKIASIMHM M T.II. OTH W3MEHEHUS BBITJIAIAT
Xa0THYHBIMHU. Eme O0ojlee  XAaOTUYHBIMU  BBITJISIAT
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TEMIIepaTypHbIE HM3MEHEHHUS B IOMEIICHHSX, TaM, TJI€ MBI
XKUBEeM U paboraeM. OJHAKO aHANU3 TEMIIEPATYPHBIX
W3MEHCHHH TIPU YCPEJIHEHUHM MO0 MHOTHM IMKJIAM YBEPEHHO
MOKA3bIBAET HAIMYNE KOCMHYECKHX DPHTMOB B 3TOM Xaoce
naxe B nomermennd [3] (puc. 1.11).

° °c min W

26,0 260 |
2538

256

254

252

25,0

Puc. 1.11. Anpens 1999 — mapt 2007. CuneBa: ycpeaHEHHbBIH XOJ
TeMIIepaTypsl B IOMEIICHUNM OTHOCHTENBbHO HOBONYHHUH (99 ILUKIOB).
Cnpasa: ycpeTHEHHBIH X0/ TEMIIEpaTyphl B IIOMEIICHUH OTHOCHTEIHHO
MUHMMYMOB B 27-CYyTOUHOM LMKJIE COMHEeyHOH akTuBHOCcTH (107
nuknoB). H — HoBomynue, II- nonxomynue. 1o ropu3oHTanbHOI mMIKane
- OTKJIOHEHHE OT HOBOJIYHUH MJI MUHUMYMOB COJJHEYHOH aKTHBHOCTH B
CYTKax.

MeTtoa HallO)KEHHBIX 30X C OTUYETIMBOCTHIO OOHAPYXKHUBAET
JIYHHOMECSYHBIA PUTM C HEMAJIOW aMIUIUTYIOM: 3a TPU JHA 10
HOBOJIYHUH U TOJTHOJIYHUHM TeMIlepaTypa B cpelHeM OoJiee ueM
Ha | rpagyc Bbllle, 4eM B TpeTbel 4eTrBepTH! YAUBUTENBHO,
YTO B MIOMEILEHHUH JTYHHBIA PUTM TEMIIEPATYyphl 10 aMILUIUTYAE
[IPEBOCXOJUT PUTM COJHEYHBIX CYTOK. PUTM coJIHEUHOH
AKTUBHOCTH IPOSIBIISIETCS TOXKE BIIOJIHE JOCTOBEPHO.

OOparuMcst Temepp K CyTo4HOMy puTMy (puc.1.12).
BuaHo, 9TO MOMUMO pUTMA C TIEPUOJIOM MPAKTHYECKH PAaBHBIM
COJHEYHBIM CyTKaM, IIOYTH C TakoW Ke aMIUIUTYIOoH
npossisiercs put™ 0,99721 cyTok. 3T0 pUTM 3BE3/IHBIX CYTOK,
T.e. PUTM HU3MEHEHHS OpUEHTAUUU 3eMJId OTHOCHUTEIBHO
nampHEro kocmoca. Ho He OyzmeM cIEmUTh C BBIBOJAOM O
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MPOSIBIIGHUU  37€Ch TrajlakThuyeckoro BiusHusA. OOpatum
BHUMAaHHE Ha HAIWYUE THKA, CUMMETPUYHOTO IO YacTOTe
3pe3anocyrounomy (1,00276). Hamuune OByX CHMMETPHYHBIX
[0 OTHOIICHUIO K OCHOBHOMY ITUKOB CBHJIETEIILCTBYET O TOM,
YTO OHM BO3HUKAIOT B pe3yjbTaTe KOMOMHALMU CYTOYHOI'O
pUTMa C PUTMOM 3HAYUTENBHO Oo0Jiee MPOAOKUTEIHHBIM.
Herpynno noHsTh, 4To 3TOT pUTM paBeH | romy. CyTO4yHbIH
PUTM 3HAUUTENBHO CHJIbHEE BECHOW U JIETOM, YEM OCEHbIO U
3UMOH, T.€. OH MOJYyJIupyeTcs KojeOaHueM ¢ TOAMYHBIM
MEePUOJOM, YTO M TMPHUBOJUT K TOSBICHUIO «OOKOBBIX)»
nepuogoB. ITuxku 0,99457 wu 1,00532 cooTBETCTBYIOT
KOMOMHAIIMOHHOM 4YacTOTE€ CYTOYHOTO M  IOJYTOJOBOIO
PUTMOB.

0,45 AMILTHTY A
0.40 purnoB, °C 0.89998
100276

083721

1,00532

0,15 099457

0,00
095 096 0,97 098 0,99 1,00 1,01 1,02 1.03 Mepuoasl, cyTkH

Puc.  1.12. [IepuomorpaMMa TeMIepaTypHBIX Bapualuil c
OKOJIOCYTOYHBIMH TI€PHOAAMH, TOJIYYEHHas METOJOM HaJIOKEHHUS
3MOX AJIs mocienoBarensbHocTH nepuogos oT 0,95 no 1,05 cyrok B
pesyabrate  00pabOTKU TEMIEPATypHBIX H3MEPEHHHA OKOJO
yctanoBKH ¢ anpens 1999 r go mapra 2007 r (2920 1iuxios)

AHaJIOTUYHBIN aHANIN3, BBITIOJHEHHBI METOJIOM OBICTPOTO
npeobpazoBanus Oypre [3] oOHApYKUBAET T Ke MUKHU, XOTS U
HE CTOJIb OTYETJIUBHIC.

BaxxHo OTMETHTBH, UTO OT TEMIIEpaTypHBbIX W3MEHEHUU

3alUTUTHCS MPAKTHYECKH HEBO3MOXKHO, OHHU
BCEIIPOHUKAIOIINE, UX MOXKHO TOJIBKO B TOM WJIM MHOM Mepe
CIJIaJIUTh, YTO  JeNaeT  KOCMUYECKYI0  PUTMHUKY
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BCEMPOHUKAIOIIEH 4epe3 TOCPEACTBO TeMmmepaTypbl. A
W3MEHEHUs TEeMIepaTypbl B TOM WJIM MHOM Mepe BIUSIOT Ha
X0/ /11006bIX TIPOLIECCOB.

O Jpyrux pe3yiapTaTax PUTMOJOTHYECKOTO —aHalu3a
Takoro poja MOXXHO y3HaTb B CTaThe, OMYOJIMKOBAaHHOW B
xKypHane «®Pusmnueckass Mpiciib Poccum» [3]. OdeHb MHOrO
BAXHOTO U HWHTEPECHOT0 MOXXHO HAWTH B TPEXTOMHOM
«ATiiace BPEMEHHBIX BapHalluil TPUPOJAHBIX, AHTPOMOTEHHBIX
U COLUMAIBHBIX TIpoleccoB» [8], a TakkKe B KHHIE
b.M.Bnagumupckoro ¢ coaBropamu «KocMHUeCKHE PUTMBI»
[1].

Ha stom s 3akoHuy paccyxkieHus o (IuKKep-IIyme,
KOTOPBIM MOXHO Ha3BATb NPOsGIEHUEM KOMIeKMUBUIMA YTEeHO8
CHIOJICHbIX cucmeM W Tiepeiiay K OenoMmy ILIymy, KOTOPBIH
MOYHO Ha3BaTb CUCHATIOM OM COOPAHUS UHOUBUOYATLO8.

2. BEJIBIU LITYM — CUTHAJI OT COBPAHUSA
NMHAWUBUAYAJIOB. PAJJMOAKTUBHOCTDH KAK
OTAJIOH BEJIOI'O LIIYMA.

benblii myM mnopokaaeTrcss MHOXKECTBOM He3d8UCUMBIX
0o0unouHblX ~ COOBITUH, B OTJIIMYME OT (IMKKep-IIyMa,
BO3HUKAIOIIETO B CUCTEMAX C MHOJCECHBOM B3AUMOCEBAZAHHBIX
aneMeHToB. benblii mym u  ¢Qaukkep-mym - SIBJICHUS
COBEPLIEHHO pa3Ho mpupojsl. Ilpumepsr Gemoro myma —
JIEKTPUUYECKUI IIYyM, MOPOXKJIEHHBIN TEIUIOBBIM JBH)KEHUEM
HOCUTENIeH 3apsifa, W YHUCIO YacTHUI, HCIYCKAaeMbIX IpH
paIMOAaKTHBHOM pacraje B EAWHUIy BpEMEHH. OTOT BUJ
¢GyKkTyanuil moiyyms cBO€ Ha3BaHHE MO AHAJIOTHUHU C OeIbIM
CBETOM: B €ro CHEKTpe PaBHOBEPOSTHO NPHUCYTCTBYIOT BCe
gacToTsI [10].

Paccmorpum  paduoakmusnocms Kak npoiiecc,
nopoXkaaoumii  Oenplii myMm. B paguoakTHBHOM BeliecTBe
He3asucumvle  JIEMEHTHl  (aTOMHBIE  s/pa), HMEIOIIHe
8HYmMpenHull 3amac HEPruH, BHICBOOOXKTAIOT €€ B aKTax
AJIEPHOTO paclajia, CoBepIuas CBOEOOpa3HOEe CaMOyOHMHCTBO.
OTH  cOOBITHS MPOUCXOMIST PaBHOBEPOSITHO B  JII000I
OJIMHAKOBBIM OTPE30K BpeMEeHH. B aTOMHBIX sapax OYEHb
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BBICOKAsl KOHIIEHTpAILlMs DSHEPTruu, a TakkKe OSKPaHUPOBKA
ANEKTPOHHBIMU 000J0YKaMU, MPUBOJAT K UCUE3alolle c1abotl
YyBCTBUTEJIHLHOCTU BHYTPUSIIEPHBIX MPOLIECCOB (B YAaCTHOCTH,
BEPOSTHOCTH PAcIaioB) K BHEUTHUM BO3ACHCTBUSIM OOBIYHOTO
TUna (3JIEKTPOMArHUTHBIE II0JIA, TEMIIEpaTypa, JAaBIICHUE).
EauHCTBEHHBIM €IIOCOOOM BIHUSHUS HA XOJ BHYTPHUSAIEPHBIX
MPOLIECCOB  SIBNSIETCS  OOJlyueHHWE  HEUTPaAIbHBIMH WM
JIOCTaTOYHO 3HEPIMYHBIMM 3apsDKEHHBIMU dacTULaMu. Ecnu
HET TAakOro poJa  BO3JCUCTBUM, IpU  HU3MEPEHUAX
PaMOAaKTUBHOCTH JOJKHO HAOJIIOAaThcsl W JIEHCTBUTEIBHO
HabII01a7I0Ch JMILB 9KCIIOHEHIMAJIbHOE CHIDKCHHE
pe3yabTaTOB HM3MEPEHUH C XAaOTHYECKUMHU (DIyKTyalusiMHu,
COOTBETCTBYyIOIIMMHU  cTatucTuke Ilyaccona. Bpems ot
BPEMEHH, TpaBla, TMOSBISUINCH COOOIIEHUS 00 aHOMATUSIX
X0J1a PaIMOAKTUBHOCTH, HO OHU OOBIYHO BOCIIPUHUMAJIMCH KaK
IIPOSIBJIEHUE HECTAOWJIBHOCTHU amnmapaTypbl WIH JEUCTBUS
momex [22, 202-204].

Ko Bpemenu myOnukanuu mepBOro M3JaHUS ITONW KHUTH
[158] (2009r.) o0 aHOManmusIX B pPaJHMOAKTHBHOCTH OBLIO
OIyOJIMKOBAHO JIMIIIL HECKOJBKO cTaTel aBTopa [3-5, 23-25],
[8,T.3,c.607-612]. PaboTbl Apyrux HCCIENOBATENEH B ITOM
HaMpaBJICHUU TOJIbKO HaYMHaIUCh [6,7,185,186]. B mocineanee
BpeMsl OMyOJIMKOBAaHO MHOTO CTaTe C pe3yJabTaTaMu
U3MEpEHUll pajoaKTUBHOCTH, YKa3bIBAIOIIMMU Ha HaJlWYHe
OTKJIOHEHMI OT TPOCTOrO HKCIOHEHIHMAJIBHOIO  3aKOHA
pagnoaktuBHOro pacnaga [187-201]. B to ke Bpewms, B pane
cTaTeil TpHUBENEHBI pE3yNbTaThl HM3MEPEHH, B KOTOPBIX
aHOMaJIMM CKOPOCTH paJMOAKTUBHOIO pacraja HE3aMETHbI
[205-212,238]. Pe3ynbTarhl, HONYy4YCHHBIE B MHPOLECCE ITUX
THIATENFHBIX M3MEPEHUN, Ha TEpBbI B3I, OMPOBEPraroT
coo0ImIeHus1 00 AHOMAJTUSAX CKOPOCTH PAJMOAKTUBHOTO pacmajia.
Ho otcyrcTBre HabmomaeMbIXx aHOMaINH, KaK OyIeT Mmoka3aHo
B YaCTH 2 JTOH KHHTH, MOXKHO OOBSCHUTH HEaJeKBATHOU
METOJIMKOHN MPOBEACHUSI SKCIIEPUMEHTOB.

CoobOmiennsi 00 aHOMANUAX B XOAE€ PaJAUOAKTHBHOTO
pacmaza BCTpEeU€Hbl 3HAUUTENbHOM 4YacThi0 (PU3MKOB C
HegoBepueM. M 3TO MOXHO TIOHATH: CUMTAETCs, 4YTO
pPaMOaKTUBHOCTh  WUMEET HAJIe)KHOE  TEOPETHYECKOE
oObsicHenne.  EcTecTBeHHO, 4YTO  MepBOM  peakiuen
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npodeccnoHaloOB Ha COOOIICHUS O pe3ylibTaTaX TaKoro pojaa
SBJIAETCS MBICIb 00 HMX OIIMOOYHOCTH. A TMOBOJOB IS
MPUIUPOK JIOCTaTOYHO. Benp YTOOBI U3MEPUTH
panmoakTuBHOCTh ¢  morpemHocteio  0,1%  Tpebyercs
3aperuCTPUPOBATh MIJUTMOH MMITYJIBCOB. UTOOBI OOHAPYKHUTH
USMeHYUBOCmb  XOJAa  PAJMOAKTUBHOCTH, HAJ0  CHENIATh
MHOXECTBO JOCTaTOYHO TOYHBIX 3aMEpPOB Ha MPOTSKECHUU
BPEMEHHU, 3HAYUTEIBHO MPEBOCXOJAIIEM TPOJOJLKATEILHOCTh
IIPEI0JIaraeMoro puTM™Ma, obecrnieunB npu 3TOM
MUHUMAaIbHOCTh UCKaXKAIOUINX () PEKT BHEIIHUX BO3CHCTBHIA.
[Tonyyenue HaIe)KHBIX PE3YJIBTATOB CTAJIO0 BO3MOXKHBIM JIUIIIb
MOCJIe BHEJIPEHUS B HAYYHBIE HCCJICAOBAHHUS KOMIIBIOTEPOB,
TaKk Kak OHU TMO3BOJUIM OOECHeYUTh MHOTOJIETHIOK
HEMPEPBIBHYIO PErUCTPAIMIO, HAKOIUICHHE, O0paboTKy H
aHaJIM3 OTPOMHBIX MAacCCHMBOB JlaHHBIX. Hamm wucciemoBanus
MPOBOJUJIMCHh HA CHEUUAIBHO CO3aHHOM IKCIEPUMEHTAIBHOU
yCTaHOBKE, OO0ECIeUnBaIoNIeil HEMPEePhIBHYIO PETUCTPALIUIO
curHasioB  1nmo 20  kaHamam. bouin  obecrieueHsl
TepMocTaOWiIM3anus JaTYMKOB M HCTOYHUKOB TUTAHUS,
MOHUTOPHUHI TEMIIEpaTypbl OKOJIO YCTAaHOBKU M KOHTPOJb
4acoB 10 CUTHAJIaM TOYHOTO BpeMeHHu [3,4]. s perucrpauuu
anbda u Oera yacTHI] MPUMEHSUIUCh HauOoliee HAJEKHbIE U
CTaOWJIbHBIC IaTYMKH — CUETYMKH [eilrepa U KpEeMHHEBBIC
oJIynpoBoIHUKOBbIE feTeKkTophl (ITIT/T).

VYcranoBka paboraer HempepbiBHO Oonee 20 ner. Ha
pucyske 1.13 nokazaHo, Kak MEHSIETCSI CKOPOCTh CUeTa o1 6eTa
HCTOYHHUKOB 6OCo, Sr-9 Y u ampda HCTOYHHKA Pu
u3MepsiemMasi pa3iMuHbIMU AeTekTopamu [2-5, 190, 224]. B
ciydae ©Oema WCTOYHUKOB PUTMHUYECKHE HM3MEHEHUS C
nepuosoM 1 roJl OTYETIUMBO BHJIHBI, IPUYEM OHHU MPOUCXOIAT
cuH(}a3HO ISl Pa3HBIX MUCTOYHUKOB M Pa3HBIX JETEKTOPOB. B
pe3yibTaTax HU3MEpPEHUs albda WCTOUYHUKOB PUTMHUYECKUE
W3MEHEHUS HE3aMETHBI.
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ConocTaBieHue YCpeTHEHHBIX XOJIOB CKOPOCTH CYETa M
TEMIIEPaTypbl  OKOJIO YCTAaHOBKH  BIIOJIHE  OIPEIEICHHO
MOKAa3bIBACT pPA3HYI0 JWHAMUKY TOJIWYHBIX LUKIOB. MHaye
BEAyT ce0sl U Ipyrue OCHOBHBIC MapaMeTPhl BHEITHEH CpeIbl —
paauanuoHHbId QoH, arMochepHOe NaBiICHHE M BIAKHOCTh
BO3ayxa, anekrpornuranue (puc 1.14) [3-5, 187, 189]. Oto
MO3BOJISIET YTBEPXkKAaTh, YTO OOHapy>KEHHass PUTMHKA He
A675lemcsi  Pe3yNbTaTOM  BIMSAHUS — OOBIYHBIX  (haKTOPOB
OKpY>KaloIle Cpeibl.

chT-mK| CEM‘-IZ MM PP[C. 1.14.
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OcranoBuMcs mnoApoOHee Ha OJKCIEpUMEHTe ¢ OeTa
ucrounnkoM  °Sr %Y. DToT MCTOYHMK COCTOMT W3 IBYX
HAXOJUIIMXCS B PABHOBECHH DAIMOHYKITHIOB. SI M3IIydact
OTHOCUTENIBHO MSTKHe  OeTa dYacTUIBl C MaKCUMalbHOU
sHepruen 546 k9B, a 0y M3JIy4aeT KECTKHE YacTHIbl C
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SHEpTUeH bi (o) 2,3 M»>B. Cuerunk [Ieiirepa CBM-12
PETUCTPUPOBAT HM3JIy4eHHE O000UX PaJIMOHYKIIUIOB, a BTOPOMH
cueTunk CTC-5, oTaeneHHBIM OT UCTOYHHMKA CJIOEM BEIIeCTBa,
MOTJIOIIAONIETO BCE M3JIYYEHUE CTPOHIMS, PErUCTPUPOBAI
U3IydyeHHEe ToJIbKO WTTpus. Ha puc. 1.15 nokazano, 4to
MOJYyYWIOCh B  pe3ylibrare 12-meTHUX HU3MEpPEeHHil Mpu
yCpeIHEeHNH, oOXBaTbiBaromeM Oojee 10 MIIH. HMITYJIbCOB.
Takoe ycpemnenue TpeOyeTcst i TOTO, YTOOBI KojeOaHUs
CTali  OTYETIIMBO BHAHBI Ha (OHE  CTAaTUCTHUYECKHUX
¢baykryanuii. HecmoTps Ha TO, 4TO H3MEpeHHUs JETalUCh
CYETUMKAMU PA3HBIX TUIIOB M CUYETYMKU HAXOJIUIHCHh B PA3HBIX
YCIOBUSIX, OHU PETUCTPUPYIOT CHUH(Ga3Hble KoJeOaHUs
ckopoctu cuera ¢ ammuatryaou Oosnee 0,1% oT cpenneit
BEJTUYHHBI.

BT e 905190y crerure CBM-12 . Yepeavenne 30 vacos
3

584

583 m i

582
T
581 l

580 +

579

umn/c 908190y | cuetumkx CTC-5 YepeaneHue 40 vacos

o Awm MM" \J

205 0.1% hl T T M 1

N Y

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

1295

Puc. 1.15. Cxopocth cuera aByX OeTa HCTOYHHKOB oS-V,
U3MEpPEHHAsl cdyeTynkamu l'eiirepa ¢ NONpaBKOW HAa CHUXEHUE
aKTHBHOCTH C IEpHOJIOM monypacniaga 27,7 ner [187,189, 224].

BaxxHO OTMETHUTH, YTO PUTMHYECKHE H3MEHEHHS B ITHUX
AKCIIEPUMEHTaX OOHApPYKEHBI TOJIBKO MPU HM3MEPEHUSIX Oema
PaaOAKTUBHOCTH. AHanoruyHele UCCIIEI0BAHUS
PaINOaKTUBHOCTH albgha NCTOUYHUKA 2Py ¢ ucnonb30BaHKeM
KPEMHHEBOTO TIOJYMPOBOJHUKOBOTO JETEKTOPA, MPAKTHUYECKU
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HEYYBCTBUTEIBHOTO K  0OeTa W ramMma WU3Iy4eHHUSM, He
BBISIBJISIIOT JIOCTOBEPHBIX OKOJIOCYTOUYHBIX, OKOJIOMECSYHBIX U
TOJUYHBIX PUTMOB U3MEHEHHsI ckopocTu cdyera. Habmonaembie
Xa0TUYHBIE (DIYKTYallMu BETUYUHON HECKOJIBKO COTBIX IOJICH
MPOIIEHTa OT CpellHel cKkopocTu cueta (cM. puc.l.16), MoxxkHO
OOBSICHUTh  CTAaTUCTUYECKHUM  pa3dpocoM  pe3ysibTaToB
U3MEpEHUl M NIYMOM MOJYIMPOBOAHUKOBOTO JIETEKTOpa U
PETUCTPUPYIOLLIEH SJIEKTPOHUKH.

umMn/c B39py + Si- T
1866F +0‘1%
Vepennernne 7.5 cyTok
1865 | ﬂ\ ) o I
o agh WA TN A Y
G PP L WYL U LY N
i W i1 iy i ki |
18631
-0,1%
1962 . . . : : ‘
2000 2001 2002 2003

Puc.1.16. Pe3ynbraTh EPozIOJDKI/ITeJn)HI)Ix M3MEpPEeHUH aKTHUBHOCTH
anmb(a  MCTOYHUKA HOJYTIPOBOAHUKOBEIM  JIETEKTOPOM
[187,189,224]

Kak  BugHO, puTMHUYecKass  HM3MEHUYMBOCTh  Oera
PallMOAaKTUBHOCTH, B OTJIMYME OT M3MEHUYMBOCTH B (PIMKKEp-
IIyMe, UMEeT JIOBOJBHO MPOCTOM BHJ, OJM3KUI K CHHYCOUE,
9TO TO3BOJSIET TPUMEHATh [UIS aHaliu3a M TOCTPOCHUS
MEpUOJIOTPaMM  HE TOJIBKO METOJ HAJOXEHHs dIO0X, HO U
oObiuHbIl  Dypbe-ananu3. Ha HepI/IOIIO IrpaMMax  CKOpOCTH
CyeTa YCTAaHOBKH C HMCTOYHHKOM Y (cMm. puc.1.15)
HauboJsee 3aMeTeH TOJUYHBIA pUTM U ero rapmMoHuku (182;
122; 91,5; 61,0 cyrok) (puc.1.17). OT4eTIUBO BBIACIACTCS
PUTM CHHOJIMYECKOro JIyHHOro wmecsaua (29,27 cyTok).
[Toxouil puTM XapakTepeH U JUIsl TeMIIEPaTypHBIX BapHalluil.
Ho MOXHO MOCTaTOYHO YBEPEHHO 3aKJIOYUTh, YTO JYHHBIN
PUTM  CKOPOCTH CUY€Ta HE BBI3BAH TeMIEpaTyPHBIMH
W3MEHEHMSMHU: TPUMEHEHHE MEeTOJla HAJIOKEHHBIX 3I0X
(puc.1.18) moka3bIBaeT CYIIECTBEHHO pAa3JIMUHBIA XapakTep
OKOJIOMECSIYHOW PUTMHKH CKOPOCTH CU€Ta M TEeMIIEPaTypHI.
Ecnu memnepamypa nmeetr MakCUMyMBbI Kak

37



8¢

0,025 v - 0,15
0
01.04.2000- 31.03.2006 % 365

0,020 |

732 0,10
0015 |

2027 865
33,26 420 457 610
0,010
2168 _ 39,20 . .
12,62 13,31 19.96 3138 !
182
0,005 122
0,000 0,00 |
10 100 100 1000
0.98898
0,003
%
1,00249
0.002 090703
0.98207
1,00433
088504 5 97101 i 103755 1.04198
0,001 1,01033
0,000 + + : . + ]
0.94 0,96 0.98 1,00 1.02 1.04  nepuods, cymiu 106

Puc. 1.17. [TepuoaorpaMmMbl BapHALMid CKOPOCTH cueTa OeTta uctounuka °Sr2°Y co cuetunkom [eiirepa CBM-12.
AHanu3zupyemslii npoMe:kyTok Bpemenu ¢ anpens 2000 r go maprta 2006 r.  AMIUTMTYAa — B TIPOLIEHTAX OT CPEAHEH
CKOPOCTH CUCTa. YKa3aHBI HCKOTOPHIC MEPUOABI, COOTBCTCTBYIOLINC MAKCHMYMaM Ha Auarpammax (cytku) [197, 225]



OKOJIO HOBOJYHHM, TaK M OKOJIO MOJHONyHHH (puc.l.11), To
CKOpOCMb cuema UMEET MaKCUMYM TOJIBKO OKOJIO HOBOJYHUH,
a OKOJIO TIOJIHOJNIYHHH CKOpPOCTh CuUeTa MHHUMAaJbHA.
OTnnyaeTcst OT TEMIEPATyPHBIX PUTMOB U PUTMHKA COTHEYHOU
akmueHocmu B pe3ybTaTaXx U3MEPEHUH CKOPOCTH CYETa.

umn/c n H n wun/e min W
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582,65 582,65
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Puc. 1.18. YcpeHeHHBIH X0 CKOPOCTH CueTa 6eTa HCTOYHHKA  Sf-
%Y ¢o cuerunxom Teiirepa CBM-12 ¢ ampens 2000 r 10 Mapra 2007
I' OTHOCUTEIILHO HOBOJIYHUH (ClIeBa, yCpeqHeHHE TI0 87 MUKIaM) H
OTHOCHUTENIbHO MHHHMYMOB B 27-CyTOYHOM IHKJE COJHEYHOU
aKTHUBHOCTH (crpaBa, ycpenHenue no 94 muxmnam). H - HoBonyHume,
IT -nmonHonynue [197, 225]

B obmactu oxorocymounwix nepuogos (puc.1.17 BHU3Y)
OTYETIMBO BHUJEH MHK COJIHEYHOCYTOYHOI'O PUTMA C TOHKOM
CTPYKTYPOM, OTpa)karolleld B3aMMOJEHCTBHE ITOTO PUTMA C
TOAMYHBIM DPUTMOM U €ro TapMOHHKaMH. 3aMeTeH UK,
COOTBETCTBYIOIIUHN TyHHBIM cyTkaM (1,03755). Ho, Bo3mMoXxHO,
OH OTpaXkaeT He BJIMSIHHUE C JYHHOCYTOYHOM MEpPUOIUKOH, a
COOTBETCTBYeT  KOMOWHAIlMOHHOM  YacTOTE€  COJIHEYHO-
CYTOYHOTO U JYHHOMECSYHOro puTMOB. Ha 3TO ykaseiBaer
Hagu4Yhue CHMMETPHYHOrO 10 dactote mnmka 0,96504.
AMIUIUTY]a OKOJIOCYTOUHBIX BapualMii HE MpPEBbHIIACT
THICSIYHBIX JIOJIEW MpOLEHTa OT CpelHeld BETUYMHBI U, B
OTJIMYHE OT BapHallUil C TOAWYHBIM M MECSYHBIM IEepHUOJaMH,
HeNb3 C YBEPEHHOCTBIO YTBEp)KIaTb, YTO OHHM HE
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MTOPOKTAIOTCS TEMIIEPATyPHBIMH BIIUSHUSAMU Ha
U3MEPUTEIIbHYIO  amlmapaTypy, TakK KaK  YCPEIHEHHBIH
CYTOYHBIH XOJl CKOPOCTH cueTa (MUHUMYM HOYbIO, MAKCUMYM
OKOJIO MOJIY/IHS) NOJO0EH CyTOUHOMY XOAY TEMIIEPATYPBhI.

Baxuple pe3ynbTaThl Jand  3KCHEPUMEHTHI C OeTa
PaMOAaKTUBHBIMU UCTOYHUKAMH, PACIIONOKCHHBIMU B (POKyce
nmapabonudyeckoro  3epkama  [23-25,  187-190]. Otm
SKCIEPUMEHTBl JeTalbHO omnucanbl B yactu 3. Takue
CBOCOOpa3HbIE TEJIECKONbl Ha MPOTSHKEHUM MHOTHUX JIET
ckaHupoBaau HeOecHyro chepy. OOBIYHBIA X0 H3MEPCHUM
CKOPOCTH CY€Ta, BIIOJIHE COOTBETCTBYIOIIUN CTaTUCTHKE
[Iyaccona, BpemMs OT BpPEMEHHM HapylIajcs BCILIECKaMU
MPOTSHDKEHHOCTBIO OT HECKOJBKHX CEKYHJI JI0 HECKOJIbKHUX
yacoB. AHOMasbHBIE Y4YacTKH 3aHUMalOT mpumepHo 1/1000
JIOJII0  BCETO BPEMEHH HAOJIOJEHUA. 3aperucTpPUpPOBAHBI
BCIUIECKM ¢ Oojiee 4YeM mbicAUeKpamHulM BO3PACTaHUEM
ckopoctu cyeta. OnucaHUe SKCIIEPUMEHTOB C
pPaIMOAKTUBHBIMU  HMCTOYHUKAMH U OOCYXIEHHE  UX
pe3yIbTAaTOB MPOAOHKEHO B YACTAX 2 U 3. DTH SKCIIEPUMEHTHI
yKa3bIBAIOT HA TO, YTO M3MEHUYUBOCTh XOJIa PAJUOAKTUBHOCTH
CBfA3aHA C JICCTBHEM JIOCTUTAIONIETO IMOBEPXHOCTH 3eMIIH
SIIEPHOAKTUBHOIO KocMmHuueckoro areHta [19, 20, 35,188-
190,197-199].

Takum oOpa3om, BTOpas Trpymmna  W3MEHYHMBOCTH —
HEIMOCTOSIHCTBO CKOpOCmu PAAUOAKTUBHOIO Paclana - MOXKET
UMETh OOBSICHEHHE, HamnpuMmep, AeMCTBUEM HEKOTOpPOro
KocMHMUeckoro areHta. Ho QeHomeHbl TpeTbero Tuma -
W3MEHUYUBOCTb pacnpeodenienuti 3HayeHutl, TOIy4aeMbIX IMpU
MHOTOKPaTHBIX H3MEPEHMSIX (JlaXKe €CIM CPeHss CKOpPOCTb
mpolecca HEW3MEHHA) — YIWBUTEIbHBI U C NO3UIUH
COBPEMEHHBIX HAyYHBIX TEOPUN HEIIOHATHBI.
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3. VIIPABJISSIEMBIN XAOC

Ocenbto 2002 r. Anexcanap Bukroposuu Kapapaiikun
IPEUIOKUIT  UCHBITaTh  BO3JAEHCTBHE HM300pPETEHHOIO UM
yCTpOHCTBA  HA  paJAMOAaKTHBHBIM  pacman.  OOnanas
COOTBETCTBYIOUIMM 0Opa3oBaHWeM M 35-JIETHUM OIIBITOM
pa3sHOOOpa3HBIX M3MEPEHUN PaJIUOAKTUBHOCTH, S OTHECCS K
3TOMY MPEUIOKEHUI0 MpoXjiagHo. MHe Obul0  XOpOLIOo
M3BECTHO, YTO MPHU HAAEKHO PabOTAroOIIel perucTpupyromen
anmnaparype CKOpOCTb CU€Ta MOYKHO M3MEHUTH JIMLIb TPeMs
INyTAMHU: M3MEHUB PAcCCTOSHUE MEXIy MCTOYHMKOM H
JETEKTOPOM, IOMECTUB MEXAY JAETEKTOPOM M HCTOYHHKOM
IIOTJIOTUTENb WM  Pa3MECTHUB OKOJO HCTOYHUKA IpEIMeT -
otpaxarenb. U Bce ke, B peBpasie 2003 1. MBI BCTPETHIUCH. S
IIPEIOCTAaBWJI MHOTOKPaTHO IIPOBEPEHHYIO amnmnaparypy —
CYCTYUK l'eiirepa ¢  yCTpPOMCTBOM  CONpPSDKEHMS  C
KOMITBIOTEPOM H PaIHOAKTHBHBI HCTOUHHK °CO, AJeKcaHp
BukTopoBu4 npuHeC CBOM «HEIEKTPOMATHUTHBIN I€HEPaTOp»
- HeOOJbIIYI0 KOPOOOUYKY C NMPOBOAAMHU, HMOJKIFOUYEHHBIMHU K
MaJOMOIIIHOMY MCTOYHHUKY 3iekTponuTaHus. KopoOouky 3Ty
MBI Pa3MECTHJIH OKOJIO CUETUYMKA C PACIOJIOKEHHBIM PSJIOM
nctoyHukoM. KommploTep Hauan aBTOMATUYECKU H3MEPATH
CKOPOCTb CUETA, OTCUET 33 OTCYETOM KaXJIbI€ IBE€ MUHYTHI.

PesynabTarel mepBoro ke oOmbITa BBEPIIM  MEHS B
u3ymiieHre. MoxHO ObUIO 0KUAATh HEOOJBIIOTO BO3PACTAHUS
CKOpPOCTH CuYeTa 3a C4YeT OTpakeHus Oera 4YacTull OT
«KOpOOOYKM» M, OBITh  MOXET, IOCiIe  BKIIOYEHUs
ANEKTPONUTAHUS «T€HEpPATOpay YBEIUYEHUE CKOPOCTH CUeTa,
€CIIM YCTPOMCTBO CIIOCOOHO TIe€HepUpoBaTh HOHU3HpYIOIIEe
U3JIydyeHue, Halpumep, peHTreHoBckue Jyun. Ho mpousomnuio
HEYTO HEBUIAHHOE: B TO BpeMs, KOrjJa YCTPOMCTBO ObLIO
BKJIFOUEHO, CKOPOCTh CueTa MPaKTUYeCKH HE M3MEHWIach, HO
PE3KO CHUBWICA pazbpoc pe3yibTaTOB U3MEPEHUNH. AHOMAINH
B CTOPOHY ygenuueHus pa3opoca MOXHO ObIIIO OBl OOBSICHUTH
BIIMSIHUEM MTOMEX, IIYMOB MJIM HECTAaOMIBHOCTBIO ammaparypsl.
Ho cuuoicenue pazbpoca - 9T0 (aKT OYEeHb Jaxe
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YAUBUTEIbHBIA W HEMOHSATHBIA. DTO O3HAYaeT, 4TO B Xaoce
BO3HHUKAET TIOPSJOK, HE3aBUCHUMBIC COOBITHS CTaHOBSITCS
B3aUMOCBSI3aHHBIMH.

YenoBeK, 3HAKOMBIM C H3MEPEHUSMHU PaTUOAKTUBHOCTH,
KOHEUYHO XK€, 3aBUT: «3TOI0 HE MOXXET OBITh, TOTOMY YTO HE
MOXET OBITb HHUKOTJa», W Oynxer mpaB. A s dYeloBeKa,
HE3HAKOMOTO C TaKMMU H3MEPEHHUSMH, KPaTKO IMOSICHIO CYTh
poOIEMBI.

B OCHOBE TEOPUH PaIMOaKTHBHOCTH JICKUT
MPEACTABICHUE, YTO aKThl pacrajgoB MIPOUCXOIAT B
CIy4yallHbIe MOMEHTBI BPEMEHU M KaXJ0€ SJPO paclaiaeTcs
HE3aBHCUMO OT JApyrux. Eciam 3To Tak, pacmpeneneHue yucia
UCIYIIEHHBIX dYacTuil (a Tpu CcTabwibHOUW 3(PQeKTUBHOCTH
pEerucTpaluy U pacupeesieHue pe3yabTaToB U3MEPEHUH uncia
3apETUCTPUPOBAHHBIX 32 OJIMHAKOBBIM MPOMEXKYTOK BPEMEHH
YacTHI]) HE MOXXET OBITh HHYEM, KpPOME pacIpeicICHHs
[Tyaccona [36, 159]:

N
P(N)=ue N (1.6)
N!
rae N - cpeaHee 4ncio clydaiHeIX COOBITHI B HEKOTOPHIiA
npomexyTok Bpemenu, P(N) — BeposTHOCTb, YTO B 3TOT

MPOMEXYTOK BpeMeHH mpousoiaer N coObituil. Bua storo
pacnpenesieHuss OQHO3HAYHO OIPEAEISAETCS CPEIHUM YHCIOM
peructpupyembix uvactui. Illupuna obOmactu 3HaueHUU
pE3yJIbTaTOB HM3MEPEHUN, BEPOSTHOCTH IOSBIECHUS KOTOPBIX
CYIIECTBEHHO OTJIMYHA OT  HYJH, XapaKTepu3yeTcst
CTaHJApPTHBIM OTKJIOHEHHEM. JlJI1 CTaTUCTUYECKUX BEJINYMH,
MOAYMHSIONMXCS 3aKOoHY IlyaccoHa, cTanmapTHOE OTKIOHEHUE
paBHO KBaJApaTHOMY KOPHIO H3 YCPEJHEHHOIO pe3yibTaTa
n3MepeHuil.  OTiauuMe  OT  CpelHEW  BEIWYMHBI, HE
IIPEBBILIAIOIIEE OJHOTO CTAHJAPTHOIO OTKJIOHEHUs, UMEIT 68%
W3MEPEHUH, a B Mpelenax ABYX CTaHAAPTHBIX OTKIOHEHWI
nexar yxe 95% pesynbratoB. Hanpumep, eciin B cpeiHEM ITpU
MTOBTOPHBIX U3MEpPEHUSIX 3a OJINHAKOBOE BpeMs
peructpupyercst 100 yactuu, 68% pe3ynbTaToB JEKUT MEXKITY
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90 u 110. A mexnay 80 u 120 nexut yxe 95% pesynbratoB
(cm. puc.1.19).
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Puc. 1.19. Yucno npoucxoasimux B Cly4ailHble MOMEHTHI BpEMEHU
COOBITHH, 3aperUCTPUPOBAHHBIX 3a OJIMHAKOBOE Bpemsl. Pacuer s
1000 u3mepenuii co CpeaHUM YHCIOM peructpupyemsix yactul 100.

CroneTHUN  ONBIT  UCCJIENOBAHMM  PaJMOAKTHBHOCTH
MOATBEPIK/Ia]T COOTBETCTBUE PE3YyJIbTATOB M3MEPEHUHN 3aKOHY
[lyaccona, T.e. TOJHYIO CIIy4ailHOCTb MOMEHTOB BbLIETA
gacTull. Ty OnarojgaTe Hapyllald JHUIIb  HEOOBIYHBIC
uccrnenoBanuss C.2.1IHonst ¢ coaBropamu [26, 27, 235],
KOTOpbIE  TOKa3ajd, YTO BHUJ pacHpeiesieHus pe3yJbTaToB
MU3MEPEHUIN pPaJuO0aKTUBHOCTU 3aKOHOMEPHO HW3MEHSETCS BO
BPEMEHH, NPUYEM B OBTUX HU3MEHEHHUSX IPOCIIEKUBACTCS
KocMHueckasi puTMuka. Jlonroe Bpemsi O3TH  pe3yJbTaThbl
BOCIIPUHUMAJIUCh HAYYHOU OOIIECTBEHHOCTBHIO C HEIOBEPUEM
U3-32 WX HEOOBSCHEHHOCTH, a TaK K€ CIOXHOCTH H
HEOOBIYHOCTH METOJUKH OOpabOTKH HKCIEPUMEHTATbHBIX
JAHHBIX, TPUMEHSBINEHCS 1 BeIsiBIieHUs dddexra. M Tonpko
HEJJaBHO  BO3MOXKHOCTh Takoro pojaa 3¢hdexToB Hamia
HE3aBUCHUMOE MOJTBEpXKACHHE B ucciefoBaHusx [28, 29]. B
pAnax  M3MEPEeHHil  CKOpOCTHM  CcueTa  paJuOaKTUBHBIX
HUCTOYHUKOB ObUIM OOHapyXeHbl Y4YacCTKU C JIOCTOBEPHO

43



MOHIKEHHBIM pa3bpocoMm pe3ynbratoB. Ho Bce 3T0 ObUH
3¢ deKTh, KOTOpPhIE MOXXHO OOHApPYXWUTh JIMIIb  TIPH
THIATENbHEHIIEM aHallu3e OrPOMHBIX MAacCCHUBOB JaHHBIX.
Uctounuk »tux aHomanuii HermoHsTeH. Iloxoxke, 49To OH
KakuM-TO oOpa3oMm cBs3aH ¢ Kocmocom.

YcerpoiictBo, m3o0peTreHHOe KapaBallKMHBIM, BBI3BIBACT
3¢ dexThl HecpaBHEHHO Oojiee CHJIBHBIE, K TOMY K€
yIIpaBJsieMble: MOKET CHUXKATh pa30poc pe3yabTaToOB, & MOXKET
U yBEJIMYMBaTh, paboTas B uHOM pexxume [30,31].

Ha puc.1.20 nokazan npumep BIMSAHHS TOTO yCTpOMCTBa
Ha CKOpOCTh CYeTa HCTOYHMKAa  CO, COEIMHEHHOTO CO
cyeruukoM [I'eiirepa. BepTUKaNbHBIMU JIMHUSAMH OTMEYCHBI
MOMEHTHI BKJIFOUEHHUS M BBIKIIOYEHHs ycTpoicTBa. OTianuue
3TOr0 ydYacTKa OT Yy4YacTKOB 0e3 BO3AEWUCTBUS OYEBHJIHO.
Pazbpoc pe3ynbTaToB 31€ch B 5 pa3 MEHBIIE, YeM B JAPYTHX
MecCTax, I'Jie OHO BIIOJIHE COOTBETCTBYET IyacCOHOBCKOMY. I1pu
3TOM 3aMETHOTO U3MEHEHHsI CKOPOCTHU CUeTa HeT.
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Puc. 1.20. Ilpumep BnusiHus reHepatopa KapaBalikuHa Ha
permctpanmio  cuerunmkom  Leiirepa  Gera  wactmm  Co.
['opu30HTaNbHBIMU JIMHUSAMH OTMEYEHBI CPEIHSSI CKOPOCTh CcyeTa
(13,05 uMITynECOB B CEKYHAY) M OTJIMYHE OT CpPEIHEH CKOpOCTH
cyeta Ha OJHO cTaHAapTHOe oTkioHeHne (0,3 wumIyneca B
CeKyHay). BuaHo, 4yTO BO BpeMs BKIIIOYEHHSI reHeparopa (3TOT
YY4aCTOK 3allMCH OTMEYEH BEPTUKAIBHBIMH JIMHHUAMHU) CPEITHSISI
CKOpOCTh CYETa HE HW3MEHWIAach, HO IPOM3OLUIO 3HAYUTEIBHOE
CHIDKeHHE pa3dpoca pe3ynbraToB m3MepeHui. Ha atom yuwactke
craagaptHoe oTkinoHeHue 0,064, T.e. MOYTH B 5 pa3 MEHbIIIE, UEM Ha
JIPYTHUX Y4acTKax, 1€ OHO BIIOJHE COOTBETCTBYET IIyaCCOHOBCKOMY.

44



MHOTOYHCIICHHBIE OMBITHl MOKA3bIBAIOT, 4YTO 3(PQeKT
BOCIPOU3BOJMM, MPUYEM OH OOHApPYKMBAETCS HE TOJBKO Ha
O6era, HO U Ha anb(a HCTOYHHMKAX, a TaKXKe IMPHU JACUCTBUU
YCTPOMCTBAa HAa TEHEPATOPBI JIEKTPUUECKOro Iryma. VM3meHus
peXuM  pabOThl  YCTPOWCTBA, MOXKHO HE CHWXKATh, a
YBEJIMUYUBAThH Pa30pOC pe3yabTaToOB.

OddexT oueBuaeH, U BCE K€ MPOBEPUM, HACKOIBKO 3Ta
OYEBHJHOCTh  HeBeposATHA. [IpeamonoxuM, YTO  YHUCTO
CIIy4alHBIM XapakTep IpOLEecca COXPAHSIETCS U HAa Y4YacTKe
BO3JICHCTBUSI, M  ONpPENEIIMM  BEPOATHOCTb  IOSIBICHUS
3apErUCTPUPOBAHHON COBOKYITHOCTH OTCYETOB: 6 COOBITHUI B
uHTepBase ckopocredt cuera 13,0-13,15 wmn/c.  Jlna storo
BOcnonb3yemcs Gpopmynoit bepuymnu [36, 159]

_np”@d-p)™" an
n m!(n—m)! '
rae Pom - BEpOATHOCTb TOrO, YTO B CEpUU U3 N

HE3aBUCHMBIX OJMHAKOBBIX HCIBITAHUN MHTEpEecyrollee Hac
COOBITHE TOSIBHUTCA M pa3, €CIU BEPOATHOCTH TOSBICHUS
CIIy4yailHOro coOBITHSI B MHTEPECYIOIIEM Hac MHTEpBaJle paBHA
p. B Hamem cnyqae N = m = 6, a p = 0,312 naiinem, oTHecs
obrmiee yncao u3Mepenuit (93) K 9uciy U3MepeHHi, MomaBIIuX
B uHTepBan 13,0-13,15 umn/c (29 usmepenuit). IloacraBus 3tu
3HadeHus B ¢opmyny, moayuyuMm Ppy = 0,0009. dpyrumu
CJIOBaMH, Takasi COBOKYIMHOCTh COOBITHH, €clii Obl OHU ObLIH
YUCTO CIy4ailHble, MOXXET IOSBUTHCA INPUMEPHO B OJHOM
JKcIepuMeHTe U3 Thicsuu. [1ono6HbIX 3KcnepuMeHToB B 2003-
2004 romax OBUIO CIENaHO OKOJO COTHU, M TaKOro poja
aHOMaJIMHM HaOII0JaIUCh B OOJIBIIMHCTBE U3 HUX. [loaTOMY MBI
MOKEM C TIOJHBIM OCHOBAaHHMEM 3aKJIIOUUTh: HEBEPOSTHO, HO
¢axr.

[Toxoxxue pe3ynabTaThl MOJYYEHBI B JKCIEPUMEHTAX I10
UCCIIEIOBAaHUIO  BIUSHUS  epawjarowuxcss OOBEKTOB  Ha
parMoaKTUBHOCTh [32], mpH PacTBOPEHHM KPHUCTAIIOB (pHC.
1.21), a Takke B OMHCAHHBIX B 4YacTH 4 HKCIEPUMEHTax IO
HCCIIEIOBAaHUIO JIUCTAHI[MOHHOTO BIIMSHHSA 4YEJIOBEKa Ha
reHepaTophl AMEeKTpruyeckoro myma [16].
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Puc. 1.21. Xox ckopocTH cuera ainb(a YacTHI[ MCTOYHHKA 2> PU,
PETUCTPUPYEMBIX  MOJYINPOBOAHUKOBBIM  JeTekTopoM.  Okoio
MOMEHTa BpEMEHH, IMOKa3zaHHOro ctpenkod, B 400 mz BonbI
pactBopeHo 100 e caxapa. PaccrossHme OT CTEKISIHHON OaHKH C
pacTtBopoM 10 natdyuka okoiao 10 cm. OTYETIUBO BHICH Y4YacTOK
MPOAOJDKUTEIIBHOCTEIO 15 MHHYT C IOHMXXEHHBIM pa30opocoMm
pe3yIbTaTOB.

K.A.BunorpanoB oOHapy>Xusl OTJIMYKE B PaCIpPEIACICHUN
pE3yNbTaTOB HM3MEPEHHH paAHMOAKTUBHOCTH OT CTaTHUCTUKHU
[lyaccona npu HaTU4YUM JIMUCTA PACTCHUS MEXAY HUCTOYHHUKOM U
nerektopoMm [33]. OtoT >ddexT Hamen MNOATBEPKACHUE B
Hamux skcnepumenTax [34, 35(¢.228-229)] (puc.1.22).

151 rapocn cven Puc. 1.22. Ilpumep
e e pacren BIIMSIHUSL  KOMHATHOTO
" M w ¥ W pacTenus Eucharis
ol NM Wil L M WLN grandiflora Ha peruct-
UW‘ A ﬂ‘f W W ) N meﬂﬂﬂ panuio Gera YaCTHUIL
b b cueTunkoMm [elirepa B
Mw\j\l’w"v%\“\f\/ww«fﬂ“ swams | CDABHEHHH C BJ'IPISIII{)I/ICM
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CITIOJSTHBIM OKHOM ToyuHO 10 mrm u muamerpom 34 mm, hoHOBAS
ckopocth cueta 0,3 umn/c PaccTossHHE MEXIY HCTOYHHKOM H
JETEKTOPOM 7 MM .

Taoiuma 1.1 Pe3ynbpTaThl SKCHEpUMEHTa, XOJ KOTOPOTO
MokKa3aH Ha puc. 1.22

1 1 3 4 ] [ 7 B
Be: nucta | pacmedue | pacmedue | pecmenue |Bes nucta | Gex nucta | Bymara | Bex nucTa
wun | 2| tn |0 [ an 2 |2 (38 [ree
Cpeonee 2,54 1,805 1757 1,754 251 2516 2,243 2575
CrOwen 0,167 0,121 0,064 0,128 10,1688 0145 0,145 0,185
Myaccou 0,159 0,113 0112 0112 0157 0157 0,140 0,161

B rtabmune 1.1: CpeaHee - cpeiHee 3HAYCHHE CKOPOCTH CUETa Ha
paccMarpuBaeMoM yuactke, CTOTKJI - CTaHJApTHOE OTKJIOHEHHUE
pe3yNbTaTOB M3MEpPEHU Ha paccMaTpuBaeMoM ydacTke, Ilyaccon -
TEOpEeTUYECKOe  3Hau€HHWEe  CTaHJapTHOIO  OTKJIOHEHUS B
MIPENIONIOKEHUH, YTO PE3ylbTaThl HM3MEPEHUIl pacrlpereNieHbl B
COOTBETCTBUHU C 3aK0HOM Ilyaccona.

Bugno, yto Ha yuyacTkax ©e€3 IMCTa pacTeHUS MEXIY
HCTOYHUKOM U JnerekropoMm (ywactku 1,5,6,8) pazdpoc
pe3yabTaTOB, XapaKTepU3yeMblil CTaHAAPTHBIM OTKJIOHEHHUEM,
BIOJIHE COOTBETCTBYET TEOPETUUYECKON OLEHKE, CIIETAaHHOW B
MPENOI0KEHUN CHpaBeAIUBOCTH pacnpenenenus Ilyaccona.
Pa3memienne 6ymaru Tonmuuoun 0,2 ymm MEXy UCTOUHUKOM U
JETEKTOPOM (Y4acTOK 7) CHUXKAET CKOpOCTh cuera Ha 13%, HO
xapakTep (IyKTyauuil ocTaercs HEU3MEHHBIM, BIIOJIHE
COOTBETCTBYIOLIHM TyaCCOHOBCKOMY pacrpeeneHuro.
PasMemienne Mexay HCTOYHMKOM U JI€TEKTOPOM JIUCTa
pacTeHusi TMPUBOAUT K CHIDKEHHIO CKopocTH cueta Ha 28%.
Paz6poc pe3ynpTaToB C JIMCTOM B Hayajie, Ha MNPOTHKECHUU
MOYTU Yaca, HECKOJbKO BBIIIE MYyacCOHOBCKOro (y4acTok 2),
MOTOM TMPHUMEPHO Ha Yac pe3ko majaaer (ydacTtok 3), mocie
4ero BOCCTaHaBIMBaeTcs  pa3dpoc,  Onm3kuil K
MyacCOHOBCKOMY (ydacTok 4). BeposTHOCTh mNOSBICHHS
y4acTka 3 B pe3yibTare Clly4ailHOro COBNAJEHUS 410",
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DddekT pe3koro CHWKEHUS pa3dpoca pe3ybTaToOB
U3MEpPEHUIl CKOPOCTU CueTa pPaJiMOaKTUBHOIO MCTOYHHKA IPU
HaJU4YUU MEXJY UCTOYHUKOM M JIETEKTOPOM JIUCTA PACTEHUS
IIOATBEPKJIEH UCCIIEJIOBAaHUSIMH, IIPOBEJIEHHBIMU B
MockoBCKOM (PU3UKO-TEXHUYECKOM HHCTUTYTE A.K0KHHOBBIM
n H.IlepeBo3uukoBbIM. Pe3ynpTaTbl OJHOTO U3 IIPOBENCHHBIX
MMM SKCIIEPUMEHTOB MMOKa3aHbl Ha puc. 1.23.

el |
11l:l_.. ; . 1 . ) . &o ! .\ .'.\ . .,' .
SR O LN
AR UATRY, '
B804 ) \1

704

60 T T T T T T T v T T T T !
1] 10 20 30 40 50 60 70 80 a0 100 110 120 130

Pnc. 1.23. Tlo BepTUKATBFHOW OCH — YHCIO O€Ta YaCTHIl NCTOYHHKA

“K, 3aPErMCTPUPOBAHHBIX CUETYHKOM [eitrepa 3a 30 cexynn, 1o
FOPU30HTAJIBHOM OCH — HOMEP HU3MEpEHUsA. B MOMEHT BpeMeHH,
OTMEUYCHHBI BEPTUKAIBHOM YEpPTOM, MEXAY  HMCTOYHUKOM H
CUCTYMKOM TIOMeIlleH JMcT pacrenus Saintpaulia Butterfly . Ha
y4acTKe, OTMEUEHHOM  TOpPWU30HTAIFHOW  4epToil,  pazbpoc
Pe3yNbTaTOB U3MEPEHHH 3HAYNTEITFHO MEHBIIIE TyaCCOHOBCKOTO.

Htak, B pa3HOOOpa3HBIX OJKCIEPUMEHTaX, B KOTOPBIX
MPOSIBJSIETCS.  W3MEHYMBOCTH ~ TPETHEro THIA, IOKa3aHa
BO3MOKHOCTh YIPaBIICHHSI HE TOJILKO WHTCHCUBHOCTBIO, HO U
cmenenvio cayuainocmu poreccos [34, 35(¢.225-230),157].

* * *

Msbl  paccMoTpenu TpPU TUNA HM3MEHYMBOCTH  XOJa
nporeccoB. Kakaplii u3 HUX nMeeT CBOO crenuduky. Ooriee
B HUX, TOXAJIyH, TOJBKO TO, YTO BE3JI, XOTS U IO-Pa3HOMY,
MPOSBIISIOTCS  KOCMUYECKHEe Bo3aeicTBus. OOHapyxKeHHe
KOCMUYECKHX BIHUSHUA Ha  cKopocmb  Pa3HOOOpPa3HBIX
MpOIECCOB,  KOHEYHO, HMEeT BaXHOE  HaydyHOe W
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MHUPOBO33PEHUYECKOE 3HAUEHUE, HO B OTOM HET HHUYEro
peBosonoHHoro. IlpencraBieHue O TECHOW B3aMMOCBSI3H
36MHOTO M KOCMHYECKOIO 3aJI0’)KEHO B TJIyOMHax
YeJIOBEYECKOI0 CO3HAHUS, M JOCTIDXKEHUS  IMOCIEIHUX JIeT
COCTOSAT JIMIIb B TOJy4YeHHMH Bce Oojee HaJeKHBIX
SKCIIEPUMEHTAIIBbHBIX MOATBEPKACHUN KOCMO3EMHBIX CBS3EH.

Bnusinue Ha ckopocms TPOLECCOB MOJHCHO OOBSCHUTH
BHEUTHUMH BO3JCHCTBUSMH HEKOTOPBIX (PU3UUECKUX areHTOB,
U Takas U3MEHYUBOCTH BIIOJIHE BIMCHIBAETCS B COBPEMEHHBIE
Hay4YHble  TpeAcTaBieHus. Ho  H3MEHUYMBOCTH  6uUdd
pacnpedenenuti (CTETIEHU CIYyYaWHOCTH) TPU H3MEPEHUU
MapaMeTpoB, XapaKTEPU3YIOLIUX X0/ MPOLIECCOB, YIUBUTEIbHA.
OT10T (heHOMEH He ObLT OBl CTOJIb MHTPUTYIOIIUM, €CIH OBl OH
HAOJIIOAANCS TOJNBKO B CHCTeMaX, (IYKTyHPYIOUIMX MO THITY
¢GuKKep-mymMa: B OOLIMX 4YepTax IMOHSATHO, KaK IPOLECCH B
CUCTEeMax C MHOXECTBOM B3aWMOJICHCTBYIOIIUX 3JIEMEHTOB
MOTYT MEHSTh aMIUIMTYAy (IuyKTyauuid, mnpuoOperarb
PUTMUYHOCTh TIOJ] BJHMSHUEM BHEIIHUX BO3JCHCTBHHA W
camMoOpraHu3oBbIBaThcsd. Ho B mocnenHue roapl MOJy4YEHbBI
SKCHEpUMEHTalbHbIE  PE3ylbTaThl,  yKa3blBalollue  Ha
VHUBEPCANbHYI  XapaKTep M3MEHYMBOCTH paclpelesIeHui.
[IposiBnenuss »toro (eHomeHa OOHAapyKE€HbI HE TOJBKO B
(bauKKep-1yme, HO U B O€JIOM 3JIEKTPUYECKOM IIIyMe, B alb(a
u Oera paJuMOAaKTUBHOCTH, TIJe (U3NYECKHE MEXaHU3MBI,
KOTOpbIE  MOTYT  MEHSTb  PACIpENEICHUE  PE3YJIbTaTOB
u3MepeHuil, HeusBecTHbl. [lpuyem oOHapyKeHO, 4TO
BO3MOXXHO  YeleHanpagienHoe  YIpPaBIEHUE  CTENEHbIO
CIIy4allHOCTH C IPUMEHEHUEM TEXHUUECKUX YCTPOMICTB.

MpbI NpUBBIKIM K TOMY, YTO BJIMATH Ha XOJ Ipolecca -
3HAYUT MEHATh €r0 CKOPOCTh, MHTEHCHBHOCTh. B 3TOM, MO
CyTH, U COCTOUT BCS COBpEMEHHas TexHoJorus. Mpsl
OXJIX/1a€M TMPOAYKThI, YTOOBl OHU JIOJTO HE MOPTHUIIHCH,
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C)KHTAeM TOIUTHBO, YTOOBI OBICTPO BBICBOOOIUTH 3aTIACCHHYIO B
HEM JHEpPruio, 00JydaeM sipa HEUTPOHAMHU, YTOOBI YCKOPUTH
ux neneHue. Ho, mo-BUIMMOMY, €CTh uHOU THIT K3MEHUYNBOCTH
xoza IIPOIIECCOB, MPOSIBIISFOIUCS B W3MEHEHUU
YROPAOOYeHHOCmY TIOBEJCHUS DJIEMEHTOB CHCTEMBI, MPUYEM
9TO MOXET MPOUCXOAWTh HE3aBUCUMO OT H3MEHCHHM
JHEPreTHYCCKUX. BO3MOXHO, 311eChb MBI CTOJKHYJIHCh C
HEU3BECTHBIMH CBOWMCTBAMU HH(POpPMAIIMU, BEIb  IOPAIOK
CBsA3aH ¢ uWHpopMmarueil. A wHboOpManus — C CO3HAHUEM.
MoxeT ObITh, TOMCKH UMEHHO B 3TOM HalpPaBICHUU MO3BOJIST
MPEOJONIETh  KPU3HC COBPEMEHHOI'O  €CTECTBO3HAHUS W
OTKPOIOT IPOCTOp JUIS HOBOrO 3Tama Io3HaHUs Mwupa B
KOTOPOM MBI JKHBEM.
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YACTD BTOPAA

HEOBBIYHOE KOCMHMYECKOE U3JIYYEHUE:
OBHAPY)XEHMUE, 'NITOTE3bI, IPOBEPOYHBbIE
IKCIIEPUMEHTbI

ABTOp 3TOH KHUTHM MHOIO JIET MOCBSITHII 3KCIEPUMEHTaM
10 MCCJIEJOBAHMIO XOJa PAa3IMYHBIX IPOLIECCOB, B TOM YHCIIE
palMOaKTUBHOTO  pacmaja, ¢  LeNbl0  OOHApyKEHHS
KOCMHMYECKHX PUTMOB. O HEKOTOPBIX pe3yibTaTax 3TUX padoT
pacckazaHo B uvactu 1. Ilpu jumrensHbIX HM3MepeHuUsx Oera
PallMOaKTUBHOCTU BIIOJIHE JOCTOBEPHO OOHAPYKEH T'OJWYHBIHI
PUTM C aMIUIUTYJIOM B AECATHIE JOJU MPOLEHTA OT CPEIHEro
3HAYEHUS [3-5, 187-190, 197-199] (puc.1.13).
JIyHHOMECSIUHBIM PUTM TOKE MPOSBIISAETCS JOCTOBEPHO, XOTS U
¢ mesbied amruutyaoi (puc. 1.18). CyTouHble pUTMBI HE
IIPEBBILIAIOT THICSYHBIX J10JIed MpoleHTa. B otnuune ot bema
PallMOaKTUBHOCTH, IIPU U3MEPEHUSX anba PaguoaKTUBHOCTU
PUTMHYECKHE U3MEHEHUs He BbIsABIEHbl. Kpome Toro, Obuiu
OOHapy>KeHbl CHUJIbHBIE BCIJIECKM paJMOAKTHBHOCTH Oera
HMCTOYHHKOB, PACIOJOKEHHBIX B (OKyce MmapaboMuecKoro
3epkana [23-25, 187-190, 197-199] .

C MO3ULIAN YCTOSIBILINXCSI MIpEACTaBICHUI 0
PaZMOaKTUBHOCTH KakK IPOLECCE TOJIBKO BHYTPHUSIEPHOM U
CIIOHTAHHOM, TIONBITKK OOHAPYXHUTh W3MEHEHUS B XOJ€
PaaMOaKTUBHOCTH, IIOMHMMO OJKCIOHEHLHAJIBHOIO CHaaa ¢
¢baykryarusmu 1o [lyaccony, BBIMISIIAT OECCMBICIEHHBIMU.
Benp oSHepretuka  BO3ACHCTBUH  OKPYXKAIOIIEW  Cpensl
(MEeXaHUYECKHX, AIIEKTPOMArHUTHBIX, TEPMHUYECKHUX )
HUYTOXXHO  Majla [0  CpPaBHEHUIO C  DHEPreTHKOU
BHYTpUSJEPHbIX TMpoueccoB. OJHAKO HKCHEPUMEHTHI, O
KOTOPBIX MJET pedb, HE ObUIM «IIOMCKAaMH YEPHOM KOILIKU B
TEMHOW KOMHAaTe», a BEJIMCh LEJICHAIPaBICHHO, MCXOIs W3
ujel, OCHOBaHHBIX Ha JOCTHXEHUAX (U3UKU U aCTPOHOMUHU
koHHa XX BEKa, NOKa3aBIIMX paHEE HEU3BECTHBIE IIyTH
BJIMSIHUH HA XOJ1 BHYTPUSAECPHBIX IIPOLIECCOB.
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Havano »toro mnyru mogoXuiu pabOThl, KOTOPHIE,
Ka3aJoch Obl, HE HMEIM HUKAKOrO0 OTHONICHHUS HHU K
panuroaktuBHOCTH, HU K Kocmocy. B 1987 r. Mbl u3yyanu
BIMSIHUE  JJIGKTPHUECKOrOo  MMoJii  Ha  (POTOIMYIIBCHIO.
doTomieHKa IoOMeIlagach MEXIy JBYMs JJIEKTpOAaMH -
CTEKJISIHHBIMU TUIACTUHAMH C METAJUTM3UPOBAHHOM HapyKHOU
noBepxHOCThI0. [IpM  pa3HOCTAX  MOTEHIMAIOB  MEXIY
anektpogamu 10 1,8 kB OTKIMK (OTOOMYJIBCHH  Ha
ANEKTPUYECKOE ToJIe oOHapyxeH He ObUl. [Ipu Goiee BRICOKUX
HAMpPSDKEHUAX TOSABISUINCH KPYTJIble MSATHBIIIKU JHAMETPOM
MOPAJIKA JECATHIX J10JIEH MUJLIIUMETPA.

Bo Bpewmst uccienoBaHusi 3aBUCHUMOCTH YHUCIAa IATEH OT
HaNPSHKEHUs MBI CTOJIKHYJIUCH C TJI0XOU
BOCIPOU3BOJMMOCTBIO:  pPE3yNbTaThl, MOJY4YEHHbIE  MPH,
Ka3aJloCh Obl, OJMHAKOBBIX YCJOBHUSX, CHJIBHO Pa3JInYajiiCh.
[IpoBepka BO3MOXXHBIX HPUYUH  HEBOCIPOU3BOAMMOCTHU
UCKITIOYMIIA Takue (DaKTOpbl, KaK HeCTAOMILHOCTD HAMPSHKCHUS
MEXIY JIEKTpoAaMH M KosiebaHusi paauanuoHHoro ¢ona. He
OBUIO 3aMEUEHO KOPPEISIIHUN ¢ TeMIEepaTypoil M BIaKHOCTHIO
BO3/yXa, aTMOC(EpHBIM JaBlieHHEeM. 3aTO ObLTO OOHApPY>KEHO
BIIUSIHUE PACIOJIOXKEHHBIX OKOJIO KacceThl C (POTOMIEHKOM
ANEeKTPOHHBIX mpubopoB. I[locmeayromme AKCHEPUMEHTHI
BBISICHWIM, YTO M3 BCEX KOMIIOHEHTOB, BXOJAIIUX B COCTaB
npubopoB,  HauOosee  OTYETIMBBIM  3pdeKkT  AaT
TpaHc(hopMaTOpbl U KOHAEHCATOphl. X BIMsHME MPOSBISIIOCH
B TMOSBIEHUH oOO0NacTeil ¢ TOBBIMIEHHOW W TOHUKEHHON
KOHLEHTpalKel MATEeH, a TAK)XKE B MOSBICHUU LENOYEK MSATEH.
JlanpHele uccieoBaHus MOKa3aiad, YTO TpaHC(HOPMaTOpPhI
U KOHJIEHCATOpHl, MPEACTABIAIOIINE COOOW IMepuoanvYecKue
CTPYKTYpBI, HUTpaOT poOib IU(GPAKIIUOHHBIX PEIIeTOK s
HEKOTOpOTo U3ITy4YeHUS, oOasaro1ero BOJIHOBBIMU
CBOMCTBaMHM, a CrYUICHHsS MOSBISAIOTCS B JU(GPAKIIMOHHBIX
MakcuMyMmax. Jlo BBIACHEHUS NPUPOJBI ATOTO M3IYYECHHS
OyneM HaspiBaTh ero H-uznyuenuem, a TOSBISIOUIMECS Ha
(OTOAMYNIBCUU TATHBIUKU - ciaedamu. IlocMoTpuM, Kak
pa3BUTHE STUX, Ha MEPBBIA B3N Cyry00 NpPHUKIATHBIX,
WCCIIeIOBAaHUM MpPUBEJIO M B INIyOMHBI MaT€pHM, U B BBICOTHI
Kocmoca.
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1. ICKPOBASA KAMEPA 1 TIEPUOJUYECKHUE
CTPYKTYPbI:
OBHAPYKEHME H - U3JIYYEHUSA

1.1. Perucrpupymoiiee yCTpOMCTBO

HccnenoBaHuio  BIUSHUS ~ 3JCKTPUYECKOTO TOJSA  HA
(OTOOMYIIBCHIO TIOCBAIIEHO HeMano paboT (Hampumep, [37-
39]). Otu paboThl MOKA3bIBAIOT BO3MOXKHOCTH YIIPABJICHUS
YYBCTBUTEIbHOCTHIO (dboTomaTepuaon BO3/ICIICTBHEM
UMITYJIBCHBIX DJIEKTPUYECKHUX MMOJIeH HANpsYKEHHOCTHIO CBBIIIIE
10° B/m. TIOCTOSIHHBIE SIEKTPHYECKHE OIS OKA3BIBAIOTCS
Manod(hHEeKTUBHBIMU H3-32 MOJSPU3ALUH MHUKPOKPHUCTAIIIIOB
(hoTodIMYIBCUM.

B mammx skcnepuMeHTax ()OTOIMYIbCHS HAXOAWUJIACh B
CTATHYECKOM TI0JIe HANPSDKEHHOCTBIO mopsika 107 B/u,
KOTOpOE, CYy/sl IO JIUTEPATYPHBIM JaHHBIM, HE JIOJDKHO HA Hee
BIHSTH. [109TOMY MBI MIPEINOIOKIIN, YTO MOSBICHHUE CIIEIOB
CBSA3aHO HE C MpoleccamMu B caMoil (oTosMynbcuu, a ¢
AIIEKTPOPA3PSAIAMH, MPOUCXOMANIMMUA B BO3IYIIHOM 3a30p€
MEXIy (OTOIUIEHKOH M 3JIEKTpoAaMu. 3a30p ILIUPUHON
nopsanaka 10 mxm Hen30eXHO BO3HUKAET M3-3a HEUJICATbHOCTH
MOBEPXHOCTEH, a TAK)Ke U3-3a MONAJAIONIIUX MEXY INICHKON U
AJIEKTPOAAMHU TTBUTHHOK.

[TpoBeneHHbIE pa3sHOOOPA3HBIE HKCIEPUMEHTHI, MOJIPOOHO
onucanupie B oruere [40], mokaszanm, 4YTO, AEHCTBHTEIBHO,
NOsIBIEHHME Ha (OTOIMYJIBCUM KPYIJIBIX MSATHBIILIEK-CIIE0B
CBSI3aHO C MCKPOBBIMH IPOOOSMHU BO3IYIIHOTO TPOMEKYTKA
MEXIy (OTOIMYIbCHEH M CTEKJIOM, IpU4YeM Mpodou
MPOUCXOIAT KaK CO CTOPOHBI TMOJIOKUTEIBHOTO, TaK W
OTPHLIATEIFHOTO  BIIEKTPOJIOB. OO6pa3oBaHue  cJeloB
MAJIOBEPOSITHO KaK MPH MaJlbIX TOJIIHHAX 3a30pa (<10 mxm),
Tak ®u npu Oompmmx  (>200  mxm).  3acBeynBaHUE
hoTodMyIBCUU MPOUCXOJIUT CBETOBOI BCIBIIIKOM,
CONIPOBOKIAIOIIEH  DJEKTpopaszpsii B rase, a TaKke
AJIEKTPOHAMH, BO3HUKAIOIIMMH B JIEKTPOHHO-WOHHOW JIaBHUHE.
Ecnmu naBuHa BO3HMKaeT B BO3JIYIIHOM IPOMEXKYTKE,
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OOpallleHHOM K OTpHUILATENbHOMY O3JIEKTPOAY, JIEKTPOHBI U
(boTOHBI, MoMNa asi HEMOCPEICTBEHHO HA AMYJIbCHIO, 00pa3yIoT
pe3ko ouepuyeHHbIM Kkpyr. Eciam ke ynaBuHa oOpasyercs co
CTOPOHBI TOJIOKUTEIBHOTO JJIEKTPOZA, CJIEH MOJydaeTcs
pa3sMBITBIM, TaK Kak B 3TOM Cllydae 3MYJIbCUSl 3aCBEUMBAETCA
b GoToHaMH, 00pa30BaBUIMMUCS HA HEKOTOPOM yJAJIICHUU
OT AMYJIbCUHU.

Boul  cmeman  TeopeTWYecKHMid  aHANU3  IPOILIECCOB,
IPOUCXOJAIIMX B BO3AYIIHOM 3a30p€ MEXAY CTEKISHHBIMU
anektponamu u  ¢oromeHkor [40]. s BO3HUKHOBEHUS
AJIEKTPOHHO-MOHHOU JIaBHHBI npo6os HE00XO0AUMO
BBIIIOJIHEHUE JBYX YCIOBM: oOpa3oBaHUE XOTS Obl OJHOMU
AJIEKTPOHHO-MOHHOW Taphl M HAJIMYHUE HJIEKTPHYECKOTO TOJI,
IIPEBBIIIAIOIIETO OIpeesIeHHbIH nopor. Paccuntan nuana3oH
3a30pOB, MPHU KOTOPHIX BO3MOXKHBI MPOOOU MPH Pa3IUIHBIX
HaNpsOKEHUSAX, HPUIOKEHHBIX K CTEKJISHHBIM 3JIEKTPOAaM
tommmuo 1,4  mm. TommmHa MOMIOKKH —(OTOIIICHKH
npuHUManack paBHod 150 mxm, a dotosmynscuu - 10 mrm.
Pacuer moxkasan, 4yTo HpH HaNpsDKEHUAX MeHblie 1,6 B
IpoOOU HEBO3MOXHBI; IPY M3MEHEHUHU HarpspkeHust ot 2,0 1o
3,0 kB HWKHSSA TpaHHUIIa MEHAETCS B mpenaenax 25...14 mkm, a
BepxHss - 200...400 mxm. Takum oOpazom, pHU HANPSIKEHUAX
2...3 kB ycnoBus Ui BO3HUKHOBEHUS TIPOOOEB CYIIECTBYIOT B
IIMPOKOM JIMara3oHe IUPUHBI 3a30pa U HE CHUIIBHO 3aBUCST OT
BEJIMYMHBI HATIPSKEHUS.

Wcnonb3oBaBuivecs NOpU MPOBEIECHUH HSKCHEPUMEHTOB
OMIIUPUYECKH  TOJO0OpPAHHBIE ONTHUMAIbHBIE  HANPSKCHHS
cocraBisuid 2,0...2,5 kB, 4TO BIOJIHE YOOBIETBOPUTEIBHO
COIJIacyeTCsl ¢ pacyeTamu.

B nmepBhIX HamMX OSKCHEPUMEHTAX HCIOJIb30BAINCH
YCTPOWCTBA, B KOTOPBIX BEJIMYMHA BO3IYIIHOTO 3a30pa
orpeJieNaigach HEPOBHOCTAMHU IOBEPXHOCTEH (DOTOIUIEHKH WU
CTEKJITHHBIX TUIACTHH, a TAaK)Ke MPUJIHMITIIAMHA K TOBEPXHOCTSIM
OBUIMHKAMH, TO €cTh (aKTopaMu, HE MOJIAIOLUIMMUCS
KOHTPOJTI0. DTOT HEJAOCTATOK B HEKOTOPOI Mepe CTIaKUBAJICS
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cnaboil 3aBUCHMOCTBIO YCJIOBHUH BO3HUKHOBEHHsSI TPOOOSI OT
BEJIMYMHBI 3a30pa. B  janpHeilleM Mbl HCHOJIB30BAIN
YCTPOMCTBA, B KOTOPBIX IIMPHUHA 3a30pa YCTaHABIMBAIACH IIPU
IIOMOUIY JUAIEKTPUUECKUX MPOKIAI0K (IIOJIMMEPHBIX IJIEHOK)
tonuuHon ot 50 1o 100 mxm. KOHCTpyKIIUS TaKuX YCTPOMCTB,
KOTOpble B JajbHedIIeM OyAeM Ha3bIBaTh Y3K03a30pHBIMHU
nckpoBbiMu kKamepamu (YUK), mnokazana Ha puc.2.1. B
Ppa3IUYHBIX 3KCH€}2)I/IMGHTaX npuMensuch YUK mmomanso or
100 go 300 cm®. B KaudecTtBe »SJEKTPOJIOB MPUMEHSIIUCH
IJJACTUHBI U3 CTEKJIA C YACIbHBIM COIPOTUBIECHUEM OKOJIO 10*
Om-cm Tommuuon or 14 nmo 5 mm. B YUK wmoxnO
HCII0JIb30BaTh pa3iInyHbIe ¢dororpapuueckue W
PEHTI€HOBCKHE IUICHKH, pu4YeM BBICOKas
CBETOYYBCTBUTEJIHHOCTh HE TpEOyeTCs.

1 Puc. 2.1.
Koncrpykuus
Y3K03a30pHOU
HCKPOBOH

KaMmepsl (BUL

58— NS 2 «c pebpar)

1 - cTeKIITHHBIC AIEKTPOJBI, 2 - AJICKTPOIPOBOJIHOE MIOKPHITHE,
3 - IUIJIEKTpUUYECKUE POKIaaAKH, 4 - (hoTOIUICHKA, 5 -
ANEKTPO- U30JIAIMS, 6 - CBETO3aIUTHAS 000I04Ka (METaILT HIIH
yepHast Oymara)

OTMeTUM BaXHYIO pOJIb BJIEKTPOAOB, BBIOJHEHHBIX W3
MaTepruaja ¢ OTHOCHTEIBHO HHM3KOH 3JIEKTPONPOBOTHOCTHIO
(crexna). Takue SIEKTPOABI HIPAIOT POJIb, AHAIOTUYHYIO
BBICOKOOMHOMY PE3HCTOPY B CXEMaXx TalleHHs Ta30pa3psaHbIX
cueTunkoB [159], nokanmu3ys paspsn W OTrpaHUYHMBAs €ro
SHEPTHIO.

HckpoBble KaMepbl CO CTEKISHHBIMU 3JIEKTPOIaMHU
YCIICITHO TTPUMEHSIOTCS B SIEPHODUZUIECKIX SKCIEPUMEHTAX
[76, 1.2, ¢.218]. OCOOEHHOCTBIO HAIUX YCTPOWCTB SIBISETCS
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HINYME B 3a30p€ MEXAY D3JEKTpoaaMu (OTOIUICHKH, YTO
I103BOJIMJIO IIPOU3BOJUTD JUINTEIbHOE HaKOIUIEHHE
nHpopManuu ¢ QUKcaMed KOOpAWMHAT COOBITHH  0e3
IIPUMEHEHHUS CII0KHOW anmnaparypsl.

HeoOxonuMbpIM  ycliOBMEM  BO3HHUKHOBEHMS  paspsja
ABIISICTCS TOSABICHHE B Ta30BOM 3a30p€ XOTA ObI OJHOTO
JIEKTpOHa WK MoHa. [IpuunHa HayanbHONW MOHM3ALMU MOXKET
ObITh BHEIIHEH (PaJuOAKTUBHOCTH OKPYKAIOMIEH Cpelbl,
KOCMHMYECKOE H3JIy4yeHHE) U BHYTPEHHEH (paJuOaKTHBHOCTb
CTeKJIa, (DOTOIUIEHKH U BO3JlyXa B 3a30pe, TEPMOIJICKTPOHHAs,
(GOTOdNEKTPOHHAS, AaBTOJJIEKTPOHHAS M DK303JEKTPOHHAS
smHccusi). YCIOBUSA ISl IMOSIBICHUS JIEKTPOHHOW SMHCCHU
Bcex deTwlpex BuAOB B YUK mpakTHuecku OTCYTCTBYIOT,
[I0O3TOMY OCHOBHBIM MHHIIMATOPOM 3JIEKTpPOpa3psaa sBISETCA
HMOHU3UPYIOLIas pagualys.

_ Puc.2.2.
e o @parmMeHT
e - (doTorpamMMsl,
T MIOJIyYEHHOMN
e ; : o B OJIHOM M3
- T o . 9KCIIEPUMEHT
- OB.

OCOOEHHOCTBIO HOHU3ALMOHHBIX 3(P(PEKTOB, BHI3HIBAEMBIX
OCHOBHBIMH KOMITOHEHTAMH €CTECTBEHHOTO paJUaIMOHHOTO
¢oHa (BTOPUUHBIMU 3JIEKTPOHAMH, OOpa3yeMbIMH TramMma-
U3Iy4eHHEeM, OeTa-dJacTHIlaMH, KOCMHYECKUMH  Jy9aMH),
ABNISIETCA HEOOJBIIOE  YHCIO HMOHOB, 00Opa3yeMbIX Ha
enuuuiie mytu dactuil (50...100 uonos/cm B BO3ayxe) [41].
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[Ipu Takoil MIOTHOCTH MOHHU3AIMH BEPOSTHOCTH 0Opa30BaHUS
yacTtuiel B 3a3ope mupuHoit 50...100 mxm oqHON mapbl HOHOB
nopsanka 10%; BEpOATHOCTh TMOSABIEHUS HECKOJBKMX Hap
MOHOB  3HAuuTeNbHO MeHble. Ilpu Tex  HeOosbLIMX
IIPEBBILICHUSIX HaJl IOPOTOBOM HaIps>KEHHOCTBIO
JJIEKTPUYECKOTO I0JIs1, KAKUe UMEIOTCS B ra30BoM 3a3ope YUK,
TOJIBKO IpUMEpHO ofHa u3 10 map MOHOB MOXXET MOPOIUTH
ANEKTPOHHO-UOHHYIO JaBuHy [42]. B mtore, 3ppeKTHBHOCTH
perucTpali  OCHOBHBIX ~ KOMIIOHEHTOB  €CTECTBEHHOIO
paguarmonHoro ¢ona nocpeacteom Y MK HeBenuka.

Huskas  uyBctBHTEenpHOCTE  YHK Kk BHemHemy
panuanoHHOMy (GOHY OblIa IpoOBEpeHa IKCHEPUMEHTAIbHO.
Yacte noepxHoctd YUK ¢ 00enx CTOPOH TOKPBUIH CIIOEM
CBUHIIA TOJIIMHON 1 cm; 3aMETHOrO0 M3MEHEHHs IUIOTHOCTU
00pa3yIOMIMXCs CIENOB HA MOKPHITOM Y4acTKE MO CPABHEHUIO
C HEMOKPBITBIM He OOHapykeHO ((OH paJuOaKTUBHOCTU
CHIDKAETCs 3a TakoM 3amuToil Oosiee yeM B 2 pa3a). Bo BTopom
SKCHEpUMEHTE B HenocpeacTBeHHOH Onmsoctn ot YUK
MOMECTWJIM PAJTMOAKTUBHBI HCTOYHUK GOCO, Jaomui B
obacTi pa3MepoM mopsiika | cum MOIIHOCTH 03Bl TaMMa-
U3JIy4yeHUs, Ha JBa MOPsAKa MPEBBILAIONIYI0 €CTECTBEHHBIN
¢oH. B 310l 0bsmacTu 0OHApY)KEHO JHIIL OYEHb HEOOJIbIIOE
M3MEHEHHE TUIOTHOCTH CJIEJIOB.

Paguanus, nparoomas BBICOKYH IUIOTHOCTb HOHM3AMU
(anmpa-yacTuupl, apa OTHA4YM, BO3HUKAIONIME MPU JEUCTBUU
HEUTPOHOB, OJIEKTPOHBI ¢ OJHeprueir Hiwke 10 x3B),
peructpupytorcss YUK ¢ BepostHOCThIO, Onuskoir k 100%.
Takue dacTHLIBI UMEIOT OYEHb HEOOJNBUIYIO JUIMHY Mpolera B
BEILIECTBE, MOTOMY U3BHE B 3a30p YUK OHM NpOHHUKHYTH HE
MoryT. MX  mosBIeHHE MOXeT ObITh  CBA3aHO C
PaZOaKTUBHOCTBIO CTEKJIa M BO3AyXa B 3a30pe, a TakkKe C
BHEIIHUM  HEUTPOHHBIM U MSITKMM  PEHTI€HOBCKUM
oOnydyenreM. OIIEHKM MOKa3bIBAlOT, YTO C 3TUMHU BHJaMHU
panuaiyy MOKeT ObITh CBA3aHa JIMIIL OYEHb HEOOJIbIIIas YacTh
peanbHO HAOII0IaeMbIX CIIEIOB.
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Takum o0Opazom, JIUTITH HeOoJIbIIast 4acTh
peructpupyembix YUK coObiTHii MoOkeT OBITH CBsi3aHa C
paguarmoHHeiM  ¢poHomM. Ho nmaxke ecam Obr GoH OT
MOHM3UPYIOUIETO M3Iy4eHUs ObLT CpPaBHUM C BEIMYMHOU
0OHapyXeHHBIX 3(P(HEKTOB, 3TO HE MOIJIO OBl MOCTABUTH O]
COMHEHHE UX CyllecTBOBaHHE. MoHu3Mpylomee U3IydeHue He
MOXKET TMEPUOUYECKH MEHSATh CBOIO HHTEHCHBHOCTH, TOTa
Kak JeiictBue  ¢akropa, Ha3BaHHOTO  H-usmyueHuewm,
MPOSBIIIETCS. MMEHHO B IMPOCTPAHCTBEHHOH MEPHOJUYHOCTH
IUIOTHOCTHU CJIEJIOB BOJIM3U MEPHUOJUUYECKUX CTPYKTYP.

3aBepmiasi paszen, OTMETUM 3aMedaTelbHbIE KauyecTBa,
koTopeiMu obnagaroT YUK u kotopble chenaan BO3MOMXKHBIM
oOHapyKeHHE HIKEOTTMCAaHHBIX 3()(HEKTOB:

- BOBMOXHOCTh HEOTPAHUYEHHO J0JITOT0 HAKOTIJICHHS
nH(bOpMAIHH;

- TIOJIy4€HHUE B XOJ€ OAHON IKCIMO3UIMH MPOCTPAHCTBEHHOTO
pacripenieneHust BelMuIuHbI P (eKTa;

- HU3KYIO YyBCTBUTEIBHOCTD K pagraliioHHOMY (OHY;

- HEBOCIIPUUMYHUBOCTD K JICKTPOMArHUTHBIM ITOMEXaM, a
Tak)ke K M3MEHEHHUSIM B Pa3yMHBIX Ipe/ieiaxX TeMIepaTyphl,
aTMoc(hepHOTro JaBIEHUS U BIAXKHOCTH.

1.2. Ilepuoauyeckne CTPYKTYPbI B POJH TH(PPAKUMOHHBIX
peumeTox

B »kcnepuMeHTax MO HCCIENOBaHUIO CBOMCTB H-
W3ITy4eHUs Mbl UCTOJb30BAIM "0O0beMHbIE" AUQPPAKIIMOHHBIE
pELIEeTKH, MPEICTaBISAI0NINe COO0N CUCTEMBI OONBILIOTO Yncia
MEPUOINYECKH PACIONI0KEHHBIX IJIACTUH WM KOJIEL, pa3Mepbl
KOTOPBIX 3HAYUTEIHHO MPEBOCXOIAT JJIMHY BOJIHBI.

[Tpumepamu nuPAKIIUOHHBIX PEHIETOK TAKOTO K€ THIIA
SIBISIIOTCSA  KpUCMALIUYECKUe peulemky JUisl PEHTTEHOBCKHUX
Iyded WIH aKycmoonmuyeckue sAuelKu, UCIOJIb3yeMble s
yOpaBJiCHUS TOTOKaMu cBeTa. J[i1 OO0BEMHBIX PpEHIETOK
XapakTepHO TO, UTO JaKe TMPU OYEeHb HEOOIBIIUX
MEPUOINYECKIX U3MEHEHHSIX CBOWCTB CpPEIbl, Yepe3 KOTOPYIO
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MPOXOAWT BOJIHA, BeIWYMHA JAUPPAKIUOHHBIX A HEKTOB
MOXET OBITh BeChbMa 3HAYUTEIBHOH. AKYCTOONTHYECKHE
SYeHKU, HANpuUMep, YBEPEHHO paboTaloT NpU H3MEHEHUU
koo durenTa nperomIeHns mopsaka 10,

Xopomo  M3BECTHBI ~ COOTHOLICHHS,  OMpPEIEISIONIHe
MOJIOXKEHUE MaKCHMYyMOB WHTEHCUBHOCTHU BOJIHBI,
nudparrupoBaBieit Ha cCUCTEME MEePUOUYECKH
PacIoyIOKEHHBIX II0CKOCTeH [43].

Eciu BonmHa mamaer BAONb IJIOCKOCTEH, MPOUCXOIUT
muppaknus Pamana-Hara. Makcumymbl audparrapoBaBiieit
BOJIHBI HAOJIOMAIOTCS B  HANpPAaBICHHAX, ONPEACISIeMbIX
COOTHOIIECHUEM:

6n ==+ arcsin(mA/d) (2.1)

rie G- MHOKECTBO YIJIOB MEXAY HOPMaiblO K IIIOCKOCTH
pelIeTKH W HalpaBlIeHHAMH Ha Makcumymbr; m = 0,1,2,.. -
MOPSIIOK MAKCUMYMOB; A - JJTMHA BOJHBI; d - IEPUOJ] pEIICTKH
(paccTosiHUE MEXy COCEHUMH IJIOCKOCTSMU).

Kpome Toro, HaOm01a0TC MaKCUMYMBbI [P HAKJIOHHOM
MaJeHUH BOJHBI C YIIaMU MEXy HampaBlIe€HHEM IUIOCKOCTEH
pELIETKH U HAaIIPABJIEHUEM PaCIPOCTPAHEHNUS BOIHbI

o= * arcsin(kA/2d) (2.2)

roe k=1,2,3,... .

JudparrupoBasiias BoJHA OTKJIOHSETCS OT IJIOCKOCTEH
pELIETKH Ha TaKOM K€ yroJ, YTO U MaJaroIas:

¢ = =+ arcsin(k4/2d) (2.3)

JudpakuuonHas pemierka MNposBiser cebs 1MoJ00HO
3epKajly: Yroj MaJeHHs PaBeH YIIIy OTpPaXeHHs. DTOT THII
nudpakiuy Ha3pIBaeTcst Audpakmueii bparra.

TakuMm 06pazom, IpH B3aUMOAECUCTBUU BOJIHBI C CUCTEMOM
IUIOCKOCTEH  MosiBlIeHue  TU(PPAKIMOHHBIX  MaKCHMYMOB
BO3MOXXHO JIMIIb MPU BIOJHE OMNpPENETICHHBIX yIiaxX MaJeHUs
BOJIHBI: ONMU3KHUX K Hymo (mudpakius Pamana-Hara) u yriax,
OTIpeNieNIIeMBIX  COOTHOIEeHneM (2.2). [lns ompeneneHus
npeoOiafaronmiero  THUMa  AUQPAKIUM  pacCUUTHIBAETCS
Oe3pa3MepHBIil TapaMeTp
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Q=27z1L/d, (2.4)

rae L - qmmHa obnacTu mepeceueHHs] BOJHOM Cpelbl ¢
NEPUOINIECKUMHU H3MEHEHUSIMH CBOMCTB.

ITpu Q<0,3 npeobmanaer nudpaxus Pamana-Hara, a mpu
Q@>12 npeobnanmaer nudpaxnust bparra. Tun nudppakuuu He
3aBHCUT OT TOTO, HACKOJIBKO CHJIBHO MEHSIFOTCS CBOMCTBa
cpeapl.  OT  3TOro  3aBUCHUT  TOJNBKO  OTUYETIMBOCTH
T(QPaKIIUOHHOW KapTHUHBI.

Becema 3 dexTHBHBIM AH(PPAKIIMOHHBIM YCTPOUCTBOM
SIBIISICTCS 30HHAs TutacTrHKa Openens [76,1.2,¢.88], B koTOpoit
B3aUMOJICVCTBYIOIIMM C BOJHOM IOBEPXHOCTSIM NPUAAETCA
¢dbopma KoJIell ¢ painycamMu

rm= (FAm + A°m?/2)*2 (2.5)

rue f - paccTosiHEE OT IIEHTpa 30HHO IUTACTHHKYU JI0 TOYKH
MaKCUMyMa WHTCHCHUBHOCTH BOJIHBI ((POKYCHOE pPacCTOSHUE);
m=0,24,... nm 1,3,5,... .

30HHas IJIaCTUHKA (OKYCHPYET BOJIHY aHAJIOTUYHO
ONITHYECKOU JIMH3E C TOW pa3HUIIEH, 9TO (POKYCHOE PACCTOSTHUC
30HHOHM IJIACTUHKU CHJIBHO 3aBUCHT OT JIJIMHBI BOJIHBL. JTO
MO3BOJISIET HCIIOJIb30BaTh €€ HE TOJIbKO KakK KOHIICHTPATop
U3TY4YEHHUs1, HO M B KaYeCTBE CIIEKTPAIbHOTO Mprubopa.

[Tpocreiimme nudpakiMOHHbIE PEIIETKH, TPUMEHSBIINECS
B HAaIIMX SKCIEPUMEHTAaX - 3TO CTONKH IUIOCKHMX ILJIACTHH,
MEXIy KOTOPBIMH TPOJIOKEHBI TIPOKIAIKH W3 APYroro
MaTtepuana. BmecTto mpokiganku MoOKeT OBITh BO3AYIIHBIN
3a30p. Bputn m3rotoBneHsl pemietku ¢ nepuogamu d ot 18,5
mrm 10 3,4 mm. VccnenoBaHbl KOMOMHALIMM Pa3IUYHBIX
MarepuayioB: amoMuHus U Oymaru (d=18,5 mxm), naBcana u
okcuaa xene3a (=26 u 32 mxm), menu u ciaroasl (0=48 mxm),
ceuHna u Oymaru (d=110 mxm), crexna u anromunus (d=0,17
mm u 1,7 mm), ctanu u kapToHa (d=2,8 mm), cTekia U Bo3ayxa
(d=2,8 mm). Yucno cnoes ot 11 go 300. Tunuuneli pazmep
mnacTan - 10x40 anl. B pemeTkax ¢ nepuojgamu 1,7 mm un
Oosbllle TMPUMEHSJINCh CTEKISHHBIE IUIACTHHBI pPa3MepoOM
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25X75 my® rommmuoi 1,4 mm. Hanmmydmmme pesyabTaTsl ObUTH
MOJYYEHbl C PEIIETKAMU: CTEKJI0-BO3YyX, JIABCAH-OKCHU/
KeJesa, CTalb-KapTOH.

bonee »(ddekTUBHBIM yCTPOWCTBOM IO CPAaBHEHHIO C
pemeTKOM M3  IUJIOCKOMApaJUICbHBIX  CJIOEB  SIBJSIETCS
TUQGpaKIMOHHAS PEIIETKA, BBINIOJHEHHAS B BHJE KOJBIA.
Takas pemerka o6yagaeT GOKYyCUPYIOITUMH CBOMCTBAMH: OHA
JIa€T MAaKCUMYMBbI B BEpIIIMHAX KOHYCOB, OCHOBAHHEM KOTOPBIX
SIBJSIETCSL  KOJBIO JU(PPAKIIMOHHOW PpEIIECTKH, a IOJIOBUHBI
YIJI0B B BEPIIMHAX OMPEICISFOTCS MO COOTHOIeHUs M (2.1) u
(2.3). Haubosnee mpocThiM CIOCOOOM HM3TOTOBICHHUS PEIIECTOK
TaKoro THUIIA SIBJISETCA HAMOTKa Ha LIMJIMHIPUYECKYIO OIpaBy
JBYXCIIOMHOM JIEHTBl. B M3roTOBIIEHHBIX HaMu YCTPOMCTBax
WCIIONb30BaJaCh JIaBCaHOBasi JIGHTa INMMPUHOH 6 mm U
tonmuHoH 20 MKM C HAHECEHHBIM IOKPBITHEM M3 OKCHJIA
Kesesza TOJMUHON 5 mrxm. KpoMe Toro, mpuMeHsiach JICHTa U3
CBUHIIOBOW (DOJIBTU B COUETaHUM ¢ OyMa)KHOU JeHToi. Yucio
BUTKOB B Pa3HbIX ycTpoicTBax - oT 20 no 300; BHyTpeHHUI
JMaMETP M3TOTOBJICHHBIX KOJIBIIEBBIX pemeTok - oT 20 mgo 85
mMm. Jlng  momydeHHS — OTYETIHMBBIX  TUGPAKIIMOHHBIX
MaKCHUMyMOB HEOOXOJUMO, YTOOBI TOJNIIMHA HAMOTKHU Oblia
MHOT'O MEHBIIIE paJnyca.

KonpueBsle nudpakiimoHHbIe pEIIeTKH, MO CYTH Jena,
SBIIAIOTCS (hparMEeHTaMU 30HHBIX TUTAaCTUHOK. [y peanu3anuu
"MmosHo#" 30HHOW TUIACTUHKUA HEOOXOAMMO, YTOOBI PaJnycChl
BUTKOB M3MEHSJINCh B COOTBETCTBHUHU C COOTHOIIeHHEM (2.5).
30HHYIO TUIACTHHKY, PACCUMTAHHYIO Ha JIJTMHBI BOJH TOPSIIKa
MUJUTUMETDA, HETPYJIHO H3rOTOBHTD, BBITOYHUB B
METaJUIMYE€CKOM JIUCKE KAaHABKU COOTBETCTBYIOLUX PAJUYCOB.
Takne ycTpoHCTBa, W3rOTOBJICHHBIE W3 JIATYHW M CBHUHIA,
TaKKe MPUMEHSUTHCH B HAIIMX YKCIIEPUMEHTAX.
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1.3. kcnepuMeHTHI ¢ AMPPAKIMOHHBIMHA pPelIeTKAMHA U
Y3K03230PHbIMHM HCKPOBbIMH KaMepaMH

OKcrepuMeHTalbHas YCTaHOBKa coCTOsIa u3
mudpakuuonHoi pemerkd, YWK W w#cTOYHMKA mHUTaHUS.
BapuanTel pacnogoKeHus YUK OTHOCHUTEIILHO

TU(QPaKIMOHHONW pEIIeTKH ToKa3aHbl Ha puc.3. PaccrosiHue
Mexay YUK wu  audpakumoHHON  pemieTkod  OOBIYHO
Haxoqwioch B mpenenax 3.5 cm. Hcnonbp3oBaHue
dbokycupyrommx — AUGPAKIUOHHBIX  YCTPOMCTB  Tpedyer
ycraHoBkU 1iockoctd YHK TouHO BIONb OocM KOJbLA WIIH
30HHOM  IUIaCTUMHKH;  JKenareqbHO  npuMmeHeHune YUK
yIIuHeHHOH QopMbl (Mbl ucronb3oBanu YUK anunoit go 24
cMm).

p

=

—
[FS)

Puc.2.3. Bapuantst
PacHoIOKCHHUS
YUK
OTHOCHUTEIILHO
JTUPPAKITHOHHBIX
YCTPOMCTB.
C 3 2 1 - mockocTHas
ﬁ d T paKIoHHas
pelierka,
= 4 —3 2 - KoJIpLiEBasd
JTUPpaKIuoOHHAS
peleTKa uin
30HHAs IJIACTUHKA,

3- VYUK

1 a
pN

|||||||IP/

KauectBo MOJTY4YaroIIerocs Ha ¢dhoTosmMynbcun
M300paXEHUSI CWJIBHO 3aBHCHT OT BEJIIMYWHBI HAINPSIKCHHS,
MPUKJIAIBIBAEMOTO K J3JMeKTpojaaMm. llpu ciaumkoM HHU3KOM
HAIPSDKEHUH CIIC/IBI MTOJTYYaloTCs OYeHb MEJTKUMU, YTO CHIILHO
3aTpyqHseT o0paboTky Qorouszobpaxkenuii. [Ipu cruikom
OOJBIIIOM  HANpPSDKEHWW  JTUAMETP  HEKOTOPBIX  CJIC/IOB
CTAaHOBUTCSI OYCHHb OOJIBIINM (JI0 HECKOJBKUX MIJLTUMETPOB),
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MPOWCXOAUT HACIOCHHWE CIIEJIOB, TMOSBISAIOTCS  y4acTKH
CIUIONIHOTO 3aTeMHeHusl. ONTUMaIbHOE HANPSDKEHUE, OOBIYHO
nexamiee B mnpeaenax 2,0..2,5 kB, HE0oOXoauMo mNoaOUpaTh
WHIUBUYAIbHO i Kaxaon Y UK.

O6paboTka hoTON300pAKEHUN UMEET IETBI0 HAXOXKICHUE
pacrpeiesieHust Ynciia Ce/IoB 1Mo MOBEpXHOCTH mieHKH. [locie
9TOro aHATM3UPYETCS 3aBUCHMOCTD MMOBEPXHOCTHOMN
IUIOTHOCTH CJEIOB OT SiN@ WiM pacCTOSHUS 10 30HHOU
IUIACTUHKH.

[Togcder uywmcma caeOoB NPOUZBOAWINA TIPH  TTOMOIIH
ONTHUYECKOTO MHUKPOCKOMNA. YUHUTHIBAJIM CJEAbl, WMEIOIINE
muametp > 0,05 mm. OTka3 ot mojcyera 60see MEJIKUX CIICIOB,
XOTsI ¥ IPUBOJUT K MOTEPE MPUMEPHO MOJOBUHBI COOBITHH, HO
3HAYMTEJILHO O0JeryaeT mporecc oOpadOTKH M TOBBIIIAET
HaJIeKHOCTh PEe3ylbTaTOB. Bua 10CTaTOYHO KPYIHBIX CJIEIOB
HACTOJBKO XapaKTepeH, YTO HUX HEBO3MOXHO CIyTaTh C
nedpexramu  portocnos. UuMCIO BO3ZHUKAMIIUX CIEAOB TIPU
CYTOYHOH OSKCHO3UIMU - OT HECKOJIbKHX EAMHUIl JO
HECKONbKHX COTeH Ha 1 cn’,

Ha puc. 2.4 — 2.6 moka3aHbl NpUMEpHI pacIpeaeTICHUI
YUCJa CJEA0B, TOJYYEHHBIX B Pa3JIMYHBIX HKCIIEPUMEHTAX
(KOMMEHTapUH B TOJPHCYHOUYHBIX MOJMIMHUCAX). AHaJIN3 BCErO
MaccuBa JAaHHBIX, TTOJYYEHHBIX HA Pa3HBIX YCTaHOBKaX (OKOJIO
200 »kcmo3uiMii), MO3BOJSAET CJeIaTh BHIBOJ O HAJIMYWHU B
COCTaBE PETUCTPUPYEMOTO U3ITYUEHUS CICAYIOMMX JUTHH BOJIH:
5,2...7,3 mxm; 46...68 mrm; 0,3...0,5 mae; 1,4 vm...2,0 vm.

Jost OIICHKH MIPOHUKAOICH CIIOCOOHOCTH
PErUCTPUPYEMOTO HM3IIYYeHHUs MOJOBUHY mnoBepxHocTH YUK
SKPaHUPOBAIH CJIOEM JIATyHH TOJIIMHON 4 cm. CyllleCTBEHHBIX
OTJIMYUN YHCIIa CJIEI0B U TIOJIOKEHUS MAKCUMyMOB Ha
SKPaHUPOBAaHHBIX ¥ HEIKPAHUPOBAHHBIX IIOJOBHUHAX HE
0oOHapyKEHO.

XapakTepHoil 0coOeHHOCThI0 HabonaBIuXcsa IPPEeKToB
SIBJISIETCSl  HETOCTOSIHCTBO ~OTUETIMBOCTU HX IPOSIBICHUS.
Jlumme  1/3  SKCMO3WIMKM  Tady  CTAaTUCTHYECKH JOCTOBEPHO
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pa3IMuuMbIe  MAakCUMyMbl. Pe3ynbTarbl  3KCIIEPUMEHTOB
3aBUCST OT MECTA PACIOJI0KEHUSI YCTAHOBKH U €€ OPUEHTALIMH.
Xopowmue pe3ynbTaTbl  MOJYy4YajauCh, KOTJa YCTAaHOBKA
HaXo/AW1ach B OKOHHOM MIpoeMe WM BOJM3M OKHA, MpUYEeM
nudpakroHHas pemerka "cmorpena" B okHO. Kpome Toro,
IpU OJAWHAKOBOM DACHOJOXKEHUU YCTAaHOBKM HAOIIOAAIOTCS
CWIbHBIE W3MEHEHHsS 4YHUCJIA BO3HUKAIOIIMX CJIEAOB U
OTYETJINBOCTH MAaKCUMYMOB BO BpPEMEHH. Y XYALIEHUS MOTYT
OBITh KaK KPaTKOBPEMEHHBIMHU (M3MEPSIEeMbIMU CYTKaMH ), TaK U
MPOJIOJKUTENbHBIMU. Hanpumep, HaM He yJanoch MOJYYHTb
HU OJHOH YIOBJIETBOPUTEIHLHONW IU(PPAKIMOHHONW KapTHUHBI B
arnpesie u Mmae 1988 r.

120 N

100 +

80 +

60 +

40 +

Puc. 2.4. Pe3ynprarel SKCIIEpUMEHTa C PEIIETKON,  UMeEIomen
nepuon 1,7 mm (23 CTEKINSHHBIX IUTACTHHBI, YEPEIYIOIIUXCS C
almoMuHIeBol  Qonbroit). ['eomerpust dkcriepuMenTta Tuma a (CM.
puc.2.3). VUK pasmepom 15x20 cm®. Dkcmosumus 2 CyTOK.
[Tokazana 3aBucUMOCTh uucia ciefoB N OoT cuHyca yria Mexmy
HaIpaBJI€HUEM BIOJb IUIOCKOCTEH PEIETKHM M HAIpaBICHUEM Ha
aHaNM3UPyEeMBbId  y4acTOK (OTOIUIGHKH (BEpIIMHA yriia - B
HeHTpe AUGPAKIMOHHONW pEeIIeTKH). MaKCUMyMbl COOTBETCTBYIOT
muppakun bparra (k=1) BosH ¢ mmmHamu 1,4 u 2,0 mm.
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Puc. 2.5. Pesymprarhl SKCHEpHMEHTa C KOJBLEBOH IU(paKINOHHOMN
pemeTrkor ¢ mepuomoM 28 mrkm CO cpeaHuM auameTpoMm 34,5 wmm U3
JIABCAHOBOW JIGHTHI IIUPUHONH 6 mm W TonumHOM 20 mKM, TOKPBITOM
okcugom skene3a (100 ButkoB). ['eomerpust skcnepumenta Tuma d  (cM.
puc.2.3). VYkasaHbl [UIMHBI BOJIH, COOTBETCTBYIOIIMX MAaKCHMyMaM, H
MOPSIIOK ANGPAKIMHA. DKCIIO3UIHS - 2 CYTOK.

5 10 15 20 X, cm

Puc. 2.6. a - pe3yiabTaTbl OKCIEPUMEHTOB C 30HHOW TUIACTHHKOM,
umeromeii (hOKycHOe paccTostHue 75 mm Ui BOJHBI  JIHHOH 1 mm
(matynsprii auck amamerpoMm 100 am TONmMIMHOW 5 MM ¢ KaHaBKaMu
TIyOMHOU 4 MM, paguyc KOTOPBIX OMPEAENseTCs] COOTHOmEHueM (2.5) mis
m = 1,3,5,...). [eomerpus sxcnepumenta tuna d (cMm. puc.2.3). N- umcno
cienoB Ha | cu® B mojoce WIMPUHON 2 cM BIOJb OCH 30HHOW TJIACTHHKH, X
- paccTosiHUEe 1O LEHTpa 30HHOM IUIACTUHKUA. DKCIO3ULUS - 2 CYTOK.
VkazaHbl JJIMHBI BOJIH, COOTBETCTBYIOIIME MAaKCUMyMaM, U TOPSA0K
T paKITI.

b- pesynbratel, monydyennsie Ha Toi ke YUK, HO 6€3 30HHOM IUIACTHHKH
(axcno3unws - 4 CyTOK).
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[IpoBeneHHBIE  DKCIEPUMEHTHI  JAIOT  BO3MOXKHOCTH
C/IeTIaTh BBIBOJBI O HEKOTOPBIX CBOMCTBAX Y -H3JIy4YCHUS:

- OHO 00J1a1aeT BOJHOBBIMU CBOMCTBaMU. OOHAPYKEHO
HECKOJIbKO KOMIIOHEHT C JYIMHAMM BOJIH OT HECKOJIBKUX
MKM JI0 2 MM;

- OHO HEIMOCTOSTHHO BO BPEMEHH, TPOCTPAHCTBE U TI0
HaIpaBJICHUSM;

- OHO 00J1a1aeT BEICOKOW IPOHUKAIOIIEH CITOCOOHOCTHIO;

- OHO 00J1aaeT MOHU3UPYIOIIUM JIEHCTBHEM (CITOCOOHO
WHUILIMAPOBATH UCKPOBBIE Pa3psiibl).

1.4. O6cyxnenne pe3yabTaTOB IKCIIEPHMEHTOB

H-uznydenne  coueraeT  BBICOKYH)  IPOHHMKAIOLIYIO
CIIOCOOHOCTh C HOHHM3UPYIONIMMH  CBOWCTBaMH. MOXKHO
IIPEAIIOJIOKHUTD, YTO OHO INPOM3BOAUT HMOHM3ALMI0 KOCBEHHO,
MOPOXKJIAEMBIMU MM  BTOPUYHBIMU  YacTHIAMH, TOJ00HO
HEUTpOHaM wWiaM ramma-usinyyeHuro. Ho ecnu kBantel H-
u3nyueHus Oe3maccoBblie, ux 3ueprust E=hc/A (h-mocrosHuas
IInanka, c-ckopoctsb cBera) MeHslie 0,1 3B, yTo HegOCTaTOUHO
JUIs WOHM3AllMM aTOMOB Tra3a. ATEHTOM, COYETarolIUM
oonburyto umHy BosHBI A=h/mV (V - ckopocts, M - Macca
YacTHUI[bl) C HOHU3HUPYIOUIEH CIIOCOOHOCTbIO MOXET OBITh
JIOCTaTOYHO MeJJIEHHasl HeWTpanbHas YacTula, HMerolas
Maccy mopsaka 10 9B winm  Oonblle, e€ciad  JHEprus,
COOTBETCTBYIOIAsl Macce MOKOsI, MOKET TpaHC(POPMUPOBATHCS
B DHEPrUI0 MOHM3AMM aTOMOB. JTO MOXKET IPOUCXOIUTH,
HampuMep, B pe3yJbTaTe paclajga 4yacTHl] ¢ oOpa3oBaHHEM
($hOTOHOB.

Bricokas mponukaromas cnocoOHocTh H-uznydenus: gaer
OCHOBaHHE JJISi MPEANOJIOKEHUSI O TOM, YTO €ro Ju(pakuus
CBSI3aHA HE C TOIVIOIIEHWEM WJIM PacCesHUEM, a C pa3indueM
capura (a3 TpU pacIpOCTPAaHEHUH B PA3IUYHBIX Cpenax.
JlnuHa BonHBI H-u3nmydeHwss Ha MHOTO TMOPSIKOB OOJBIIE
MEXAaTOMHBIX PAacCTOSHUM, MO3TOMY €ro B3aWMOJEHCTBHE C
BELIECTBOM (HE3aBUCHUMO OT (PU3UYECKON CYIIHOCTH) SIBJISIETCS
MaKpOCKONMYECKHM,  MOJOOHBIM  B3aUMOJEHCTBHIO  C
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MPO3payHbIM BEUIECTBOM CBETa, PaIMOBOJH WM 3BYyKa. Takoro
pola B3aMMOJCHCTBHE XapakTepusyercs Kod(hduuueHTom
IpesioMIIeHus N.

Benuunny n ans H-uznyuenus B marepuanax, u3 KOTOPBIX
OBLIN cleNaHbl TU(PPAKITUOHHBIC PEIICTKH (CTEKJI0, METAJLIbI),
MOXXHO OIICHHTh, HCXOAS M3 caMmoro (akra OOHapyKeHUs
oryeTauBON audpakimonnoi kaptuHel. Cormacuo [43],
spdexkruBHAs qUpaKUsa HAa (A30BBIX pPEHICTKAaX BO3MOXKHA
IIPH BBITIOJIHEHUU YCIIOBUS

An >~ 227, (2.6)

re AN - pa3HoCTh KOA(PPHUIIUEHTOB MPEIOMIIEHHUS B IBYX
YepeayIoUXCsl CIOSIX TEPUOANYECKON CTPYKTYPBI;

A - JUIMHA BOJIHEL;

L - mivHa MyTH U3ITydeHUs B BEIICCTBE AU(PPAKIIHOHHOMI

PEIICTKY.
PemeTka W3 CTEKISHHBIX TUTACTHH MHApPUHON L=25 mm,
paszeneHHbIX BO3YITHBIMU 3a30paMH, raBaia

TUQPPAKITMOHHYIO KapTHHY, COOTBETCTBYIONIYIO JIJTUHE BOJHBI
A = 1,4 yum. Cuuras, yTo KO3()PUIHEHT MPEIOMICHUS BO3AyXa
paBeH 1, mo cooTHolIeHHIO (2.6) HaliileM HIDKHIOK OLEHKY
BeNMUMHBL N B crekie muisi H-mamydenns: [n-1] > 0,01,

[IpocTpaHcTBEeHHO-BpeMeHHbIe H3MeHeHus: H-uzmyueHus
CTAHOBSATCS TIOHSATHBIMH, €CJIH TMPEANOIOKUTh, YTO OHO
npuxoaut u3 Kocmoca B Buae Oojee UM MEHee
HaIpaBJICHHBIX IMOTOKOB. Bpamienue 3eMiau BOKPYyT CBOEH OcCH,
a Takxe JBIDKeHHEe 1o opbOute Bokpyr ConHIA MPUBOAAT K
"Bocxonam" u "3axonam" ncrouHnkoB H-uznydenus, a Takxe K
W3MEHEHUSM WX  YIJIOBOTO  TOJOXEHHS  OTHOCHTEIHHO
SKCIEPUMEHTAIbHON YCTAHOBKH. Y CIOXHEHHE BPEMEHHBIX
BapHallyii, TMOsSBIEHHUE 3aBUCUMOCTH  pe3yJbTaTOB  OT
MEPEMEIICHU YCTAHOBKM MOXKHO OOBSICHHTH HWCKAKCHHSIMH
MEPBUYHOTO MOTOKA B PE3yNIbTaTe MPEIOMICHUNA U OTPaKESHHIA
Ha HEOJHOPOJHOCTSIX 3EMHOH TOBEPXHOCTH, Ha DJIEMEHTaX
KOHCTPYKIIMU 3[aHHM, HA OKPYXKAIOIIUX IpeIMeTaxX, a TaKkke
UHTEP(PEPEHITMOHHBIMHY SIBIICHUSMHU.
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1.5. I'unorte3a o npupoae HeOOLIYHOTO H3JIyYCHUS

OOGHapy>KeHHbIM JUTMHAM BOJIH COOTBETCTBYET
NEKTPOMArHUTHOE  M3JIy4eHHEe B  HMH(pPaKpacHOM H
paauoaunamnasone. Ho neiicTBHEM Takoro 31eKTPOMarHUTHOTO
U3Iy4YEeHUsI OOBSICHUTH MOJYyYCHHbIE PE3YIbTaThl HEBO3MOXKHO.
OnHo HecrocoOHO K MOHHM3AIMK M HEe 00J1aaeT CTOJb BBICOKOU
MIPOHUKAOIIEH COCOOHOCTBIO. [IOHSATHO, YTO M yIBTpa3BYK
3aech He mnoaxonut. lloaxoadiied MIMHOM BOJHBI MOTYT
o0nanaTe yJIbTPAaXOJOJHBIE HEHUTPOHBI, OJHAKO B OOBIYHBIX
36MHBIX YCJIOBUSIX HUX IIOSIBJIEHHME IPAKTUYECKU HCKIHOYEHO.
[lockonbKy M300peTaTh «HOBBIE CYIIHOCTH» CJENYEeT B
MIOCIIEHIOI0 OYepelib, 51 CTal 00AYMBIBATh, UTO )K€ €II1€ MOXKET
o0anaTe 0OHAPYKEHHBIMU CBOWCTBAMHU.

W310KeHHbIE Pe3yIbTaThl OBUIM B OCHOBHOM ITOJTy4€HBI B
1988 1. B 310 BpeMs mIMPOKO 00CYkaamach KOCMOJIOTHUECKAS
Teopus, CorlacHo kotopoir B Kocmoce mmeercs OorpomHoe
KOJMYECTBO HEUTpUHO, OOpa30BaBIIMXCS B HAYaIbHBIX
craqusix  QopmupoBanus BcemeHHol (Tak  Ha3bpIBaeMbIe
«PETUKTOBBIE HEUTPUHOY) [44]. DT HEUTPUHO K HACTOAIIEMY
BPEMEHM «OCTBUIM» [0 Temmeparypel 2K, eciu OHHU
6e3MaccoBbIe, WM JJO HECKOJIbKUX MUJUTUKEIBBUHOB, €CJIM OHU
oOnanator maccoi mopsiaka 10 2B. CornmacHo 3TOH TeopuH,
PEJUKTOBBIX HEUTPUHO NPUMEPHO CTOJBKO K€, CKOJBKO U
PEIUKTOBBIX (POTOHOB, T.€. B 10° pa3 OoJbliie yrciaa NpOTOHOB
U DJIEKTPOHOB.

B 370 Xe BpeMs cTanu U3BECTHBIMHU INEPBBIE PE3YIbTAThI
OTpesieNIeHUs] MacChl MOKOSI 3JEKTPOHHOTO HEUTPUHO IyTEM
uccienoBaHus cnekTpa Oera wactun Tpuths — [45]. Beuio
nonyyeHo 3HadeHue 20 - 30 5B. Ilpu Hanuumm y HEUTpHUHO
TaKOW Macchl, IPABUTALIMOHHBIE MOJISI CKOTIEHUI PETUKTOBBIX
HEHUTPUHO JOJDKHBI BIUATH HA ABM)KCHHUE TallaKTUK, 3BE3M, W
JPYTUX KOCMHUYECKUX OOBEKTOB, OOBICHSS (PEHOMEH "TeMHOM
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matepun" (dark matter), uzBectHsiii k Tomy Bpemenu 6osee 50
ner [46-49]. Dra kocmuueckas CyOCTaHIIUS Ha3bIBACTCS
«TEMHOW» HE€ TOJIBKO MOTOMY, YTO OHa HE M3Jy4aeT CBET, a
MpeXJae BCEro IOTOMY, YTO OHA TalHas, HENOHITHas,
3araJio4yHasl.

EcrecTBeHHO, BO3HMKIA TMIOTE3a O TOM, YTO
oOHapyKeHHO€ HAaMU HU3JIyYEHHE U €CTh MOTOK PETUKTOBBIX
HEHUTPUHO, TeM Oojiee YTO, €clu OICHUTH JIJIUHY BOJHBI Je-
Bpoiins HEWTpUHO NHpU CKOPOCTAX ABUKEHHUS, XapaKTEPHBIX
JUTISL PETTUKTOBBIX HEUTPUHO (COTHU KM/C), TIOTYYArOTCS TE KeE
camble MUJUTUMETPbI-/10JI1 MUJUIUMETPOB, KOTOpBIE
MOJIYYMJIUCh B HAIIUX JKCHEPUMEHTaX C AU(PPAKIHOHHBIMH
pemietkamMu. CMyIIano, KOHEYHO, MPEACTABICHUE O HEUTPUHO
Kak O camMoW HeynoBuMmou dacrtune. Ho yremano 1o, 4to
CIICZICTBHEM pPa3HUIIBI B SHEPrusix Ha 10 mopsaKOB MOXKET OBITh
KOPEHHOE  OTJIMYME  CBOMCTB, B  pe3yJbTare  Yero
B3aUMOJICHICTBUE C BEIIECTBOM CTAHET BIIOJHE OILYTUMBIM.
Bo3Hukina HEOOX0AMMOCTb, HACKOJBKO BO3MOXKHO, IOHSTH
CBOMCTBA HEUTPUHO NMPH OYEHb HU3KHUX JHEPTUSX, IPUYEM HE
IIPOCTO KAaK YacTUl, a KaK COCTAaBHOM YacTH  «TEMHOU
MaTEpUn», IOCMOTPETh, HACKOJIBKO 3TO COIVIacyeTrcs ¢
OoOHapy)KeHHBIMU CBOMcTBamMH H-m3nydeHus, u caenartb
MpesicKa3aHus, TOCTYITHbIE IKCIEPUMEHTAIbHON IPOBEPKE.

OO6cyx1eHnIo MOJIy4E€HHBIX JKCIIEPUMEHTAIbHBIX
pe3yabTaTOB U  BBIMICU3JIOKEHHBIX HJEH OBl MOCBSIIECH
cemuHap B ®usnueckoM HMHctutyre Akanemun Hayk nwm.
Jlebenena (PM1AH). B ocHoBHOM, npeoOianana ToUka 3peHuUs,
YTO 3TOr0 HE MOXeET ObITb. TeM He MeHee, Ha MPOJOJDKEHHE
UCCIeIOBaHUM ObUIM  BBIIEJCHBl CPEICTBA, IO3BOJUBIINE
pa3BepHyTh pabOThl B HECKOJBKMX HAy4yHBIX Tpymmax. Yx
OUEHb  IIPUBJIEKATEIIbHbIE  HAMEYAJIUCh  IE€PCIEKTHUBBI.
Hanpumep, npuHUOMIUAIBHO HOBBIE BHUABI KOMMYHHKAIIUH,
0e30Tx0/1Has siAepHasi YHEPreTrKa.
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Otu paboThl MPOAOIDKAIUCH HA MPOTSHKEHUM TpPeX JIEeT
BIJIOTH 210 pacwieHeHuss CCCP u pasrpoma cOBETCKON HayKH.
3a 3TO BpeMs yIaJloCh TOHSTH OCHOBHBIE 3aKOHOMEPHOCTH B
pacnpeneieHul W JBWKEHHH TEMHOW MaTephH, BO3MOKHBIC

CBOICTBa ee HEUTPUHHOMN KOMIIOHEHTHI, cIcIaHbl
MpeCKa3aHus, KOTOpBbIE MOJKHO MIPOBEPUTH
AKCIEPUMEHTAIBHO. HccnenoBanuss OBLTH  TIPOJOJDKEHBI

YCWINSAMH aBTOpa 3TOM KHMIM. OCHOBHBIE JOCTHIKEHUS Ha
9TOM IIYTH IPEJCTABIICHBI B TOCIEAYIOINX IIaBax. JleranbHas
uHbOpMaLUs COJACPKUTCS B HAYUYHBIX OTUETaX, NMPENPUHTAX U
CTaThsIX, MHOTHE U3 KOTOPBIX MOKHO HalTu B MIHTEpHETE.
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2. PACIIPEJIEJIEHUE U JIBUKEHUE TEMHOM
MATEPUH

Bor kak B Hame Bpems acTpodU3UKH MPEACTABISIIOT
«packiamy Mmarepuu-sHeprud Bo Bcenennoit (puc. 2.7).
OCHOBHOM BKJIaJ JA€T «TE€MHasi SHEPTUS», HO MbI B 3TOM KHUTE
He OyzeM 3aTparuBaTh CTOJIb MOJHYIO B TIOCTIETHEE BPEMS OTY
3araZioyHy0 CyOCTaHIMIO: OHa MOXKET HPOSBIATH ce0s JIMIIb
Ha TUTAHTCKUX PACCTOSHUSX B MIJUTHAPIBI CBETOBBIX JIET.

TéMHas aHeprus

TémHas matepus

ernoyan neiimpuno 0,1-2% | HecseTawmecs KOMNOHEHTbI

MedfceanakmudecKkuii 2as,
yepHsvle Obipbl,
noulis

[ 22 % |

CBeTslLeecs BeLecTBO
36€3001, 2a3

Puc. 2.7. CooTHolieHNEe KOMIIOHEHTOB MaTepWH W DHEPTHH BO
Bcenennotii [214]

[Tockonbky  0OBekTHl M3 "oOblyHOrO"  BelecTBa
(cocrosimiero U3 AJIEKTPOHOB M HYKJIOHOB), KOTOPBIE MOTJIH
Obl cocTaBuTh TeMHy0 Mateputo (TM) Heu3BecTHBI,
acTpo(U3MKH CTAJIM UCKATh MHbIE BO3MOKHBIE HOCUTEIH CTOJIb
OTPOMHOHM CKpbITOM Maccel. Hanmuuume y 3JI€KTPOHHOTO
Heiitpuro Takoit maccel 20-30 9B [45] BmosmHe OOBSACHSIIO
¢deHomen TemMHOW Marepun [44], Tak Kak KOCMOJIOTUYECKHE
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TEOPUHU YBEPEHHO YKa3blBAIM Halu4yve BO BceleHHoit
HEHUTPUHO, YHUCIIO KOTOPHIX IIPEBBIIAET YHUCIO HYKIOHOB
MpUMEpHO B MWuMapA pa3. OgHAKO COBEPIICHCTBOBAHUE
METOJIMKH SKCIIEPUMEHTOB IO ONPEAEIEHUI0 MAacChl HEUTPUHO
MOKa3aJl0 OIIMOOYHOCTh pe3ysbrara [45]. DKCHepuMeHTHl B
Tpowunke, nposenenHsle okoiao 2000 r., ganu OCHOBaHME AJIS
BBIBOJI, UTO Macca HEUTPUHO He mpeBbImaeT 2,2 3B [51]. OToT
pe3yJIbTaT, KaKk Mbl [TOKAXEM J1aJie€, COMHUTENIEH U BbI3BIBAET
MHOI'O BOIpPOCOB. JlalbHEWIINEe UCCIENOBAHUS CHU3WIU
BO3MOXHYIO Maccy Hedtpuno g0 0,28 »B [213, 223].
[IpeacraBnenue O MaJOCTH HEUTPUHHOM MAacChl BBIHYINJIO
acTpo(U3UKOB OTKAa3aThCS OT HEUTPUHO KaK OCHOBHOIO
KOMIIOHEHTa TEMHOI MaTepUH, U B HACTOSILEE BPEMS IIPUHSATO
CUMTaTh, YTO IJIaBHBIM BKJIag B TM J[alOT THIIOTETUYECKUE
cnaboBizanmoeiicTByromue maccuBHble yactuiel (WIMPE),
HEUTpaIMHO U akcUOHBI [49, 50]. DKcepuMEHTHI, HECMOTPS
Ha 3HAYUTENIbHbIE YCWIMS, T[OKAa HE JalMu IMOATBEPKACHUN
CYILIECTBOBAHUS ITUX YACTULL.

2.1. Xapakrep cuJ1, 1eHCTBYIOIIMX HA YaCTHIbI TEMHOH

MaTepuu

TeMmHas Marepuss HE BCTyHaeT B JJIEKTPOMArHUTHBIE U
CUWJIbHBIC SIZICPHBIC B3aUMOJCHCTBUS (WJIM BCTyMaeT B HHUX
KpaiiHe MaJIOMHTEHCHBHO), HWHauYe J(PQEKThl, CBSI3aHHBIE C
B3aHMOJCHCTBHEM nx c BCIIIECTBOM, ObLIN OBI
HEMOCPEACTBEHHO HalmogaeMbiMu. [103TOMy  OCHOBHBIM
BUOM B3auMOAEUCTBUSA TM, NpOSBASIOMMMCA B KOCMUYECKUX
MaciiTabax, sBISETCS TPaBUTAIIHOHHOE.

IIpn nmocTaToyHO BBICOKOW KOHLEHTpauuu TM Moxker
MPOSIBIATHCS KBAaHTOBOMEXaHUUECKOE 0o0MEHHOE
B3aUMOJICVCTBHE, TMPUBOISIICE K CHUKEHHIO KOHIIEHTpalluH
YacTUIl C TONYLETbIM CIHHOM - (JEPMHUOHOB M TIOBBIIICHHIO
KOHIICHTPAIIUX YaCTHI] C IIEJIBIM CIUHOM - 0030HOB. Bo3MokHO,
YTO UMEHHO OOMEHHOE B3aUMOJCHUCTBUE SIBISIETCS (PaKTOPOM,
ONpPEACIISIIOIINM BKJIaJ 4acTull onpeaenaeHnoro tuna B TM. Ho
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HaJeXKHBIM pacueT 3(P¢PeKToB OOMEHHOTO B3aMMOJICHCTBHS
CTaHET BO3MOKHBIM TOJIBKO TIOCJI€ TOTO, KaK OYyAyT MOJIy4YEeHBI
JaHHBIE O CIEKTpe Macc M chuHax vactun 1M, o
PacrpoCTpaHEHHOCTH YaCTHI] TOTO WJIM UHOTO COpPTa.

Temnast MmaTepus, BKJIIOYas HEHUTPUHO, HAXOAUTHCA B
IPaBUTALlMOHHO-CBSA3aHHBIX CHCTEMax B 'pa3Ma3aHHOM" IIO
KOCMUYECKOMY IMPOCTPAHCTBY COCTOSIHMM, @ 3TO MOKET OBbITh
JUIIB TPH YCIOBUHM UX JBWKCHUS C BIOJHE ONPEACTICHHBIMH
ckopocTsimu. [Tockonbky B HacTosiiiee BpeMs HET Cephe3HBIX
OCHOBaHUUM JJIi COMHEHHUS B YHUBEPCAJIBHOCTH 3aKOHOB
IpaBUTALMN, PA3YMHO HPEIIOI0KNUTh, YTO 3aKOHBI JIBUKCHUS
O00BEKTOB TEMHOI MaTepHuH, HE3aBUCUMO OT UX MPHUPOJbI, HE
OTIMYAIOTCS OT 3aKOHOB  JIBWJKCHHUS  JIIOOBIX  JAPYIHX
KOCMHUYECKMX OOBEKTOB: 3BE€3[, IUIAHET, AacTEepPOUIIOB,
KOCMHYECKOW TBUIM W T.OI. U MOTYT OBITh pPacCUMTaHBI
OOBIUHBIMH MeTOJaMH HeOecHOW wmexaHuku. llpu Takom
M0/IX0JIe OOBEKTHl MeMHOU MATEPUU SIBISIFOTCS YIEHAMU TOU
KE HMEepapXUYEeCKOW IOCIIe0BATeIbHOCTH T'PaBUTAIMOHHO-
CBSI3AHHBIX CHCTEM, YTO U Habmooaemvle OOBEKTHI. 3EMHOH,
Conneunoii, ['anmaktuku, ckoruieHus raixakTuk. [lpu odeHb
BBICOKMX KOHIICHTpAllMsAX, BO3MOXHO, TpeOyercss yder
KBAaHTOBBIX 3()(EKTOB.

I'paBUTalIMOHHOE  B3aMMOJEHCTBHE IPOMCXOAUT B
COOTBETCTBHUHM € 3aKOHOM HbroToHa

F12 = GM;My/ R?, (2.7)

rae Fio - cuna npuTspkeHus Mexy 0ObeKTaMH ¢ MaccaMu

M; u M3 ; R- paccrosiHue MexIy YacTHIEH U IIEHTPOM

HeOECHOro Teja; G=6,674‘10'11 M e & - IpaBUTAIMOH-

Hasi TOCTOSIHHASL.

Pemenune 3amaunm O JABMXKEHMHM Tel B LEHTPAJIbHO-
CUMMETPUYHOM TPAaBUTALIMOHHOM II0JI€, 3aBUCSIIEM OT
pacctostHusi 1o 3akoHy (2.7) (3amawa Kemnepa), mnaercs,
Hanpumep, B [53]. OCHOBHBIE COOTHOILLIEHUS, BBITEKAIOIINE U3
pelieHusT ITOH 3amaun, MOXHO HaiTh B [52, 177]. PeambHo
IPABUTALMOHHOE I10JI€, B KOTOPOM MPOUCXOIUT ABMkeHuEe TM,
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(dbopMupyeTcs MHOXECTBOM HEOECHBIX Tell, KOTOphIE, K TOMY
e, HEeTPEephIBHO M3MEHSIOT B3aMMHOE MojioxkeHue. Iloatomy
TOYHOE pEIHICHHE 33a/Ja4d O [BIDKCHHM YacTHUI[ SBISETCS
Ype3BbIYAHO CIIOKHON mpobseMoil. OgHako B psiie Cllydaes
MOXKHO IpeHeOpeub TakuMHU (aKkTOpamMH, Kak TpaBUTAIHA
yIAIEHHBIX HEOECHBIX Tel. YIPOIIEHHBIH ITOAXO0A MOYKHO
NPUMEHATh, HANpUMEp, UISI HPUOIMKEHHOTO OMUCAHUS
OpOUTAIBHOTO JIBMXKEHHS YaCTHIl OKOJIO 3eMJIIH C arloresiMu 710
200-300 TeIcSY KM, nBWKeHUs BOKpyr ConHIla, MPOIECCOB
IPaBUTALIMOHHON (DOKYCHPOBKHM TOTOKAa YacTUI] HEOECHBIMU
TEJIAMH.

2.2. Heiitpunocdepa I'anaktuxku

Hefitpurochepamu MbI  OyeM Ha3bBaTh  00OJIOYKH
HEOECHBIX TEJI U CHCTEM, COCTOSAINME U3 IOTOKOB TM,
JIBUKYIINXCS BOKPYT HUX MO pa3inuyHbiM opOutam. [loHsTHO,
yTO0 TepMuH "HeWTpuHochepa" (yxke NpPUMEHSBIIUICT B
paborax [54-57]) HeOe3ympedeH, XOTss Obl MOTOMY, YTO B €&
COCTaB, IOMHUMO HEUTPUHO, MOTYT BXOJAWTh U JApPYTHE
cJ1a00B3aUMO/ICHCTBYIOIIHNE YACTHUIIbI, UMEIOIINE MACCY MOKOSI.
Ho ero mnpumeHeHnue ompaBAbIBAacTCS JTaKOHUYHOCTHIO H
AQHAJIOTUYHOCTHIO TaKUM  YCTOSIBIIUMCS TEpMHUHAM, Kak
"armocdepa", "Marautocdepa" u T.I., HECYIIIUM B c€0€ CMBICI
COOTHECEHHUS ¢ KaKMM-TTHOO0 KOCMHUYECKUM OOBEKTOM.

Hama Tamaktuka  Mueunsni [lyte [58,c.62-75, 215]
COCTOUT MPUOIU3UTENHHO U3 310" 3Besm; B Heil Takke
COJIEP’KUTCS 3HAUUTEJBHOE KOJIMYECTBO Ta3a M MbUIM. 3BE3/bI
lanakTuku 00pa3yloT B MPOCTPAHCTBE  CIOXKHYIO,  HO
JIOCTaTOYHO TPAaBWIbHYIO (GUTYPY, KOTOpas BBIMJISAUT Kak
MPaBUJIIBHBIN JUCK C MIApOOOpa3HBIM YTOJIICHUEM B IEHTPE,
nojryyuBIeM Ha3BaHue "Oanmk" (cM. puc. 2.8 u 2.9). Paauyc
JINCKa COCTaBJIsAET OKOJIO 15 xnk, Oammka - okoio 4 knk. Jluck
c OammkeM OKpYKEH 3Be3HbIM Tano (chepuueckoit
MoJICUCTeMOM), HuMeroled paguyc okono 20 xnk. B
HEHTpaTbHOM 00sacTh ["aJakTUKU HAXOAUTCS SIAPO C BHICOKOM
IUIOTHOCTBIO 3BE37, UMEIOIIEE pauyc HECKOJbKO mNapcek. B
caMoM LieHTpe ['anakTUKM HaxOAWUTCA YepHas AbIpa C Maccou
4 munmmmona macc Comana [59].
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Puc. 2.8. IlpuOnu3uTelbHO TaK BBIMJISAUT HAllla TaJlaKTHKA
Mueunsiii IlyTe co croponsl (kommbioTepHas rpaduka). Ctpenkoi
oTMeueHo nonoxkenue CoiHia [216].

OT ueHTpanpHOW 00MacTH K Mepudepuu TUCKa OTXOIAT
CrupajdbHBIE pyKaBa, B  KOTOPHIX IMPEUMYIIECCTBEHHO
KOHIIEHTPUPYIOTCI HauOonee spKue 3Be3[bl [ alakTHKH.
ConHevHas cucTeMa HaxOJUTCS Ha PaCCTOSIHUM OKOJIO 8,5 xnk
oT neHrpa ['amaktuku [219] mOYTH B MJIOCKOCTH CHUMMETPUHU
JUCKa W JIBWXKETCS IO OopoOuTe, OJM3KOM K KPYroBOM, CO
CKOPOCTBIO 0koJI0 230 xm/c.

Macca 3Be3n B npefenax chepuueckoro oobema paginycom
~15 knx mpubmmsnTensHo pasHa 10 Mo (macc Commira),
Macca rasa M TbUIM COCTaBISieT HECKOJIBKO MPOIEHTOB OT
Macchl 3Be31. Macca qucka — 910" Mo, Macca rano - 1,2'1010
Mo, macca Oammka - 410° Mo, w™acca sapa - 10% M.
Bonbirass wacth Macchl (~10'2 Mo) Haxomures B KOpOHE -
MPOTSHKEHHON cepouaanbHOi 00JacTu 3a MpeAeaMu raio.
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Kopona cocroutr w3 BemectBa, He HaOII0IaeMOT0
COBPEMEHHBIMH AaCTPOHOMHYECKUMHU TPHOOpPAMHU - CKPBITOM
(temuoit) matepuu (TM).

Banazi

3Be3aHbIi
AWCK ConHue

UWapoebie
CKONNEeHUs

Puc. 2.9. Cxema ctpoenust ["anaktuku

[TpocTpaHcTBEeHHAs] KOHLIEHTpALMs 3BE3/ B FAJIAKTUYECKOM
okpectHocT Conuua mnpumepro 0,1 36e30/nk°. B LEHTpE
[aakTHKH KOHIEHTparus 3831 okoo 10° 36e30/nx’ .

Juana3oH BO3pacToB 3Be3]l OuYeHb Benuk. Camblit
O0JbIION BO3PACT ~1,510" zem. Crapbie 3Be3abl 00pa3yroT
rao. Cpenu MonoAblx 3Be37 OOHApYKEHbI 3BE3Ibl C
Bo3pacToM ~10° zem; 3Be31006pa3zoBaHIe MPOIOIKACTCS U B
HacTosee BpeMsi. MoJiojible 3Be3bl BCTPEYAIOTCS TOJIBKO B
nucke. [Ipeobnanaromiee OOJBIIMHCTBO 3BE3/ IUCKAa MMEIOT
MIPOMEKYTOUHBIA BO3PACT, TOPSIIKA HECKOIBKHX MUJUTHAP/IOB
net. K uncny stux 3Be3n orHocutcst 1 ConHite.

OpOuTHI CTapbIX M MOJOABIX 3BE3]] UMEIOT Pa3IHIHBIN
xapaktep. Ctapble 3Be3/bl ABUXKYTCS B ['alakTHKe MO CHIBLHO
BBITSIHYTHIM OpOuTaM (3KCIeHTpUcHUTET e > 0,5), Monojble ke
BpaIalOTCs BOKPYT IIEHTpa 10 opOuTam, OJIM3KUM K KPYTOBBIM
(e < 0,3). Tak e JBMKYTCSI Ta3 W MbLUIb. B COBOKYIHOCTH
MOJIOJbIE 3BE3/bl, Ta3 W MBI O00Pa3ylOT BpallaoUIMics ¢
OO0JIBIIION CKOPOCTHIO TUCK ["aakTHKH, TOTJa KaK rajio CTapbIxX
3Be3/1 MOYTH He Bpamiaercs. [Ipu 3Tom auck Kak Obl BIOXKEH B
MOJICUCTEMY CTapbIX 3BE3/I.
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[lepBBie pe3ynbTaThl, CBUACTEILCTBYIOIINE O HATHYUU BO
BcenenHoli orpoMHBIX Macc BellecTBa, He HaOII0JaeMOro
ACTPOHOMUYECKMMH HHCTPYMEHTaMH, ObLIM TMOJydeHbl B 1922
r. [46, 218]. BbI10 O0HAPYKEHO, YTO TANIAKTUKYU B CKOTLICHUSIX
IBUKYTCS ~ TaKk, Kak Oyaro  wMacca, (opmupyromas
IpaBUTALMOHHOE T0JIE, 3HAUUTEIHHO MPEBBIIIAET CYMMY Macc
BCEX BXOJAIIMX B CKOIUICHHE OTHENbHBIX TalaKTHK. OJTOT
pe3yNbTaT ObLT HEMOHSTHBIM MAPaIOKCOM JIO TEX TOp, TTOKa He
ObUTH HAKOILJICHBl HAOIIOJATENIbHBIC JIAaHHBIE O CKOPOCTSX
JBUKEHUSI KapJIUKOBBIX TaJIAKTUK-CITyTHUKOB U 00JIaKOB Ta3a,
BpalIalOLIMXCsl JAJIeKO 3a TMpeJesiiaMH 3BE3/HBIX JIUCKOB
ranaktuk [47,48]. Okazanoch, 4TO CKOpOCTh BpanieHus V He
najaeT ¢ PacCTOSHUEM OT IIEHTPOB ralakTHK Ry, a ocraercs
MPUMEPHO TOCTOSHHOM 10  pacCTOSHHUSA HECKOJIBKO
JECSATKOB KNK, B TO BPEMsI KaK MPAaKTHYECKU BCE 3BE3JIbI B
TaJIaKTUKaX PacroJiOKeHbI Ha ynaneHuu 10 10 xnx.

M3 3akoHa BCEMHPHOI'0 TATOTCHUA CICAYCT, YTO CKOPOCTH
Bpall€Hus TCJII B I'PaBUTAlITMOHHOM I10JIC

vo M (rr)G (2.8)

raoe M(r) - macca BemiectBa B cdeponganibHOM 00BEME

paauycar ;
G - rpaBUTAIIMOHHAS MTOCTOSHHAS.
Chepuuecku CHUMMETPUYHBIN cIoM BEILIECTBA,

PACIONIOKEHHBIH 6He chepbl paanyca I, Kak U3BECTHO, TaeT
PE3YIBTUPYIOIIYI0O CYMMY TPaBUTAIMOHHOTO MPUTSKECHHUS,
paBHyt0 HyJH0 [53].

250 - V, km/c
200 {f4
i
z0d %4
1504 %
] R, xnx
100 e
0 5 10 13

Puc 2.10. 3aBUCHMOCTH CKOPOCTH BpameHus Vo OT pacCTOSHUS 0
IeHTpa rajaktuku Mueussrii [Tyte [60]
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Cnabas 3aBucuMocTh V' OT I' CBUAETEIBCTBYET O TOM, YTO
Macca rajJlakTUKH He COCpeIoTOYeHa B 00JIACTH PaCIOIOKEHUS
3B€3,, @ BO3pPACTACT MNPONOPLUUOHAIBHO PACCTOSHUIO OT
LIEHTpa J0 HeCKoJbKUX "3Be3AHbIX" panuycoB. IlomHas macca
TaJIaKTUK HE MEHEe YEeM B HECKOJbKO pa3 TMPEBHIIIACT
CYMMapHYIO Maccy 3Be€3]1 U T'a30IbUIEBbIX 00pa30BaHUI.

[IpucyrcTByroniee B raJlaKTUKAaX U CKOIJICHUSX TaJaKTUK
BELIECTBO, HE HaOII0JaeMoe acTPOHOMUYECKUMHU HWHCTPY-
MEHTaMH — 3TO U €CThb YK€ YIOMHHABIIAsICS «TE€MHast
Marepus». Mccnenoanuss TM HaxonsTcsl Ha HaYalIbHOM JTarle,
¥ B 3HAHUSIX O HEU ecTh Hemayio mpobenoB. Ho psia cBoiicTB
TM ycTaHOBIIEH YK€ JOCTATOYHO YBEPEHHO:

- TM B HecKOJIbKO pa3 (WU JaKe Ha MOPSIIOK)
MIPEBOCXOUT MACCy 3B€3/] B raJJaKTUKaX U Maccy
TJIAKTUK B CKOTUICHUSIX TaJIaKTHK;

- TM ranakTuk pacrpezeiieHa B ceponaibHON 00IacTh
pagnycoM B HECKOJIBKO JIECATKOB KK,

- B IIpe/ieNiaX 3TOM 00JaCTH BEIMYMHA MACChI, 3aKJIFOUEHHOM
B cepe paamyca I IpUMEpHO MPOIOPIIMOHANIBHA I .

DTHUX HAJIeKHO YCTAHOBIIEHHBIX CBOMCTB TM BIosHE
JIOCTAaTOYHO JUIsl TOTO, YTOOBI CAENaTh LENbIN Ps HE TOIBKO
KaueCTBEHHBIX OLEHOK, HO MW YHUCJIEHHBIX pPacyeToB
IIPOCTPAHCTBEHHBIX M YIJIOBBIX pacrpeneneHnii TM, criekTpos
CKOpOCTEN YacTull, cocTaBisommx TM.

Paccmorpum  Temo,  aBMKyIIEeCss  BOKPYTr  IIEHTpa
lanaktukn 1o KpyroBoil opbute pamumyca r. Kak Obu1o
OTMEYEHO, AaCTPOHOMMYECKHE HAONIOJEHUSI TOKa3bIBAIOT
cnabyl0 3aBUCUMOCTh CKOpocTH aBwkeHus V ot . Ilpu
m3MeHeHun I ot 1 xnx 1o 16 xnk V MeHseTcs B mpezenax
210...270 xm/c; npu u3MeHeHuu I oT 6 1o 12 xknx (B oTOM
obmactu pacnonoxxeHo Cosane) V mensiercs ot 240 mo 260
xkm/c [58, ¢.70] unu, o APyruM JaHHBIM, B JUANa30HE OT 5 10
16 knk V wmensercs B npenenax ot 210 mo 230 xm/c [60]. B
JalbHEUIIIeM TP OLEHOYHBIX pacueTax Mbl OyJeM CUUTaTh,
YTO TPU W3MEHEHHH I OT HECKOJBKHUX KNK JI0 HECKOJbKHX
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JIECSITKOB KNK CKOPOCTh ABM)KEHHUS OOBEKTOB IO KPYTrOBBIM
opbutam B l'amaktuke mocrossHHa u paBHa 230 xwm/c. Kak
MmokazaHo B pabore [61], Tako¥ YHpPOIIEHHBIH TOAXOM JaeT
pe3yabTaThl, Majo OTIMYAIONIMECs OT Ooliee CIOXKHBIX
pacuetoB. Bemumuumny Vo = 230 xwm/c Oymem cuuTath
KOHCTaHTOM, XapaKTepU3yroLel MHOTHE CBOMCTBA ['aakTUKH.

N3 cootHomenuss 2.8 cienyer, 4TO HE3aBUCUMOCTh
CKOPOCTH JIBWKCHHS IO KpYroBod opOuTe OT paauyca
o0ecrieunBaeTcs MpU yCIOBUH MPSMOM MPONOPHUOHATBEHOCTH
M(r) - macchl BemecTBa B cheponaaabHOM 00beMe paamyca
BeJIM4nHE dTOro paamyca. OO6o3HaumB My - Maccy Beei
lanaktuku, a Ry, - paccrosHue ot nentpa l'ajmakTuku 10 ee
«3(h(HEeKTUBHOWY» TPaHUIIBI, TOITYIUM

M(r)/ r = Mg /Ry, (2.9)
[ToncraBus 2.9 B 2.8, nomyuum
M, G
V, = [——, (2.10)
Ry
OTKY/1a CJIEAYeT, YTO
My = Vo°Ry /G (2.11)

Takum o0Opa3oM, Mexay wmaccod [lamakTuku u ee
pa3Mepamu, BKJIIOYas KOPOHY TEMHOW MaTepHH, CYIIECTBYET
OJTHO3Ha4YHas 3aBUCHUMOCTb. Eciin ["anakTrka umeet paauyc 20
KNK, OHA UMEET Maccy 2,910 M. Ecin ona MPOCTUPAETCS 10
100 xknx, ee Macca 1,4'1012 M o . TouHBIMH JaHHBEIMH O
pasMepax M Macce Hamied [amakTMku  Hayka TIIOKa He
pacrionaraet. Ho, naxxe He oOiamas STUMU TAHHBIMH, MOXHO
cleNaTh OIEHOYHBIC pAcYeThl pPACHpeNeICHUS W JIBYKCHUS
rajakTHYECKOIO BEIECTBA.

Haynem c¢ pacdera 3aBUCHMOCTH CpeOHEH IUIOTHOCTH
BemecTBa [aJlakKTHKU p OT paccTossHUs 710 IeHTpa. I[lo
onpenenennio, p  =dM/dW, toe W=4ar® /3 — oGbem,
3aHMMaeMblii  Maccoit  M=Mjyr /Rb=V02r/G. [IpousBens
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muddepeHnmrpoBanue, MOJIyIUM
p =V’ 14z Gr? (2.12)

[IpumeuarenbHO, YTO CpeAHSAS IUIOTHOCTH BEIIECTBA
[NanakTUKKM NpU CAETAHHBIX JIOMYILEHHUSIX 3aBUCHT TOJBKO OT
paccTosiHus 10 LIEHTpa, HO HE 3aBHCUT OT IOJIHOW Macchbl
INanakTukK U €€ pa3mMepoB.

IozcraBuB B o1y popmyny Vo=2,310° m/c u r = 8,5 xknk
(2,6'1020 M) TIOJIy4dM, YTO B paiioHe pacrosokenus ConHia
£=9,310% ke/m>. Y IMBUTEIBHO, YTO T4 OLCHKA, CHCIAHHAS
30 nmer nHazax [52,61], mMaso oTiMyYaeTcs OT pPE3yJbTATOB,
IIOJyYEHHBIX HEJAABHO Ha OCHOBE IOCIEAHUX JIOCTHKEHUN
actporomu (6,310% ka/u® [219])

ConoctaBuM 3Ty 1UQpy C IJIOTHOCTBIO GAPHOHHOTO
BeuiectBa. B paiione CoiHIa MIIOTHOCTh 3BE3/IHOTO BELIECTBA
(Ha [0MI0 KOTOPOrO NPUXOAMUTCS IOYTH BCS OapHOHHAs
Matepust) 1o aaHHBIM [58, ¢.70] cocraBmser ~0,1 Mo /nk®
= 6,810%k2/u°. BoNBIIMHCTBO 3Be3  CKATO B JIHCK
tommuuoi h ~ 1 xknk. Eciu Obl 3Be3[pl ObUIM  PaBHOMEPHO
pacmipenenensl 1o cepe paguyca R, = 8,5 knk, MX MIOTHOCTH
camsunace O0b1 B 2R./h pa3 wu cocraBuna Obl 410%ke/n’.
ConocraBnenue OTOM BEIWYUHBI C paHee HalJeHHON
CyMMapHOW IUIOTHOCTBIO 3Be3n U TM (9,310 %ke/n)
IIPUBOJUT K BBIBOJY O TOM, 4TO TM M 3B€3HOE BEIIECTBO Ha
pacctosHUM 8,5 knk OT UeHTpa l'anakTuku, B cpelHeM,
IIpe/ICTaBJIeHbl IPUMEPHO B paBHOW mponopiuu (Ha goao TM
MIPUXOANUTCS IPUMEPHO 5,310 %k2/n®). Ho IIOCKOJIBKY 3BE€37bl
CKaThl B IMCK, a TM pacrnpenenena cpeponsaabHO, MIOTHOCTD
TM B paiioHe ColHEYHOW CHCTEMBI Ha TMOPSAJOK MEHBIIE
IUIOTHOCTH 3BE3JIHOTO BellecTBa. Eciau ke COMOCTaBUTH
mI0THOCTE TM €O CpenHeW IUIOTHOCTBKO BEILIECTBA B
ConneuyHoll cucteme, cuuTas ee rpanuueil opoury Ilmyrona,
MOJIy4nTCs pasHuLa B 11 mopsakos.

CoriacHO HBIHENIHUM TPENICTABICHHUSIM, YaCTHIIBI TEMHOMN
Marepuu SIBIISIIOTCS "pEITMKTOBBIMH" 4acTULAMH,
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00pa3oBaBIMIMMHUCS HA paHHUX dTamax (HOPMHUPOBAHUS
Bcenennoii. Teopuss 3BOMIOLMM 3THUX YaCTHUL] H3JI0KEHA B
pabote [44]. CorylacHO 3TOW TEOPUH, B COBPEMEHHYIO IIIOXY
PEIMKTOBBIE YACTUIIBI TUIIA HEUTPUHO, UMEIoLIe Maccy m/aB],
JOJKHBI (IIPU OTCYTCTBUU TPaBUTALIMOHHOTO TOJIs1) 00Ja1aTh
Xa0THYECKUM JBM)KCHHUEM, XapaKTePU3yeMbIM CpeIHEKBapa-
THUYHON CKOPOCTBIO 2,0'105 Im m/c. Yactuusl ¢ maccoit 1 5B
UMEIOT CPEeTHEKBAAPATHYHYIO CKopocTh 200 xm/c .

[Ipy HanMuuu TpPaBUTALMOHHOTO TOJS JBUKCHHE
MpUOOpPETaeT YMOPAJOUYEHHOCTh: YACTHUIBl JBMXKYTCS IO
opouTam, napaMeTpsl KOTOPBIX OTIPEACTISIOTCS
IPaBUTALMOHHBIM TIOJIEM, HUMITYIbCAMU U KOOpJWHATAMHU
YJaCTHIL.

[TockonpKy  TajakTU4YeCKO€ TpaBUTALMOHHOE  IOJE
MEHseTCsL He 1o 3akoHy 1/ r’,  [BWKGHHE B HEM He
cooTBeTCTBYyeT 3akoHaM Kermnepa. Tpaektopuu IBUKEHHS HE
SBIIAFOTCSL  DJUTUIICAaMH, Oo0Jieeé TOTO - OHU HE 3aMKHYTEHIL.
OpOuTHI YacTUIl C KaXKIbIM BUTKOM M3MEHSIIOT CBOIO OpHEHTA-
U0 B TIPOCTPAHCTBE, XOTS MHUHUMAJIbHbIE Rpin U
MaKcUMaJbHbIe Ryax paccTosiHus 10 IeHTpa coxpaHsitores [53,
c.43-47].

B pabote [61] moka3aHo, 4TO paauaibHas COCTABIISIONIAS
CKOPOCTH YacCTHIl, NPUXOIAIIMX B paloHbl [amakTuku, He
CIIMITIKOM OJIM3KWE K LEHTPY WM TPaHWIIE, TOBOJIHHO CIIA00
3aBUCUT OT Rpmax. XapakTepHas paguanbHas CKOPOCTh -
HECKOJIBKO  COTeH KM/C - 3HAYUTEIBHO  IPEBBINIACT
TaHTCHIIMAJILHBIC CKOPOCTH YacTHII C Maccod Oouibie
Heckonbkux 9B. CrenoBarenbHO, HAmNpaBlIEHUE IBUKCHHS
TUX YaCcTHI[ MaJ0 OTIUYAeTCs OT pamuanpHoro. Ilepwmon
obpamenuss 4dactull ¢ Rpa= 10..50 xnx ot 100 mo 500
MUJUIMOHOB JIeT. 32 BpeMsl CYIIECTBOBaHMs | aJaKkTUKU (~10°
Jlem)  YacTHUIBl COBEPIIMIM BCETO HECKOJBKO JIECATKOB
000pOTOB.

PaccMoTpuM  BEpOSATHOCTh  HWCKaXECHHUS  TPACKTOPUH
YacTUIIBI TIPU TPOXOXKJIEHUU €€ JOCTATOYHO OJHM3KO K
HEKOTOpOW 3Be3/e. MOXKHO MOJICUUTATh, YTO MPU TUITHYHOU
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CKOPOCTH JBM)KCHHSI YaCTHUIl HECKOJIBKO COTE€H KM/C 3aMETHOE
W3MEHEHME HampaBleHus jaswxenus (~>1°) npoucxomut,
KOrJa 4YacTWila MPOXOAUT MHUMO THUIIMYHOH 3BE3/bl HaA
paccTosiHuU R~<310"y [61], To ectb "ceueHue paccestaus"
YaCcTULILI 3BE30H 6=mR*~310%°1°. CpenHsis KOHIIGHTpaIus
3Be31 B [l ajakruke N ~ 10'50M'3, a MPOTSHKEHHOCTh ee L~
310%u. Mcxoms W3 9THX BENHUHMH, HETPYIHO OLCHHTH
BEPOSITHOCTH ~ TOTO, 4YTO  TPAGKTOpHsl  YACTHUIBI  IpHU
MPOXOXKIACHHH [ anmakThKu OyJdeT CyIIECTBEHHO WCKaXeHa
OIHOW W3 3BE3I: w=onL~10". Tak xak YaCTHUIbl YCIICIH
copepuith He Oonee 100 mpoxokaeHuil yepe3 I amakTuky,
MeHee ueM y 1% U3 HHUX TpaeKkTopus 3aMEeTHO HCKaxKeHa
JIeHCTBHEM OTIENbHBIX 3Be3d. Dddekr paccesnus TM 3Be3-
JaMH TIPUBOJIUT K TOSIBJICHUIO KOMIOHEHTHI ToTtoka TM ¢
HampaBJICHUEM JBW)KCHUS, CYIIECTBEHHO OTJIMYHBIM OT
paJnaILHOTO, C CHIIBHO Pa3MBITBIM YTIIOBBIM PaCIPEICTICHUECM.

OTMeTHM, YTO YacTHBIM CIy4aeM BIIHUSHHUS TpaBUTAIUU
OTJENBHBIX HEOCCHBIX Tel Ha TOToOKHn TM  sBisercs
rpaBUTallMOHHAss (OKYyCHpPOBKA, MPHUBOIANIAS K BecbMa
3HAYUTEIbHOMY  BO3pacTaHWio  KoHueHTpauuun TM B
OTIpeIeIEHHBIX 00IacTAX MPOCTPAHCTBA (CM. TIaBy 2.6).

Kak Obu10 OTMEYEHO BBINIE, IBM)KEHHE OCHOBHOM I0JIM
JOCTaTOYHO  MAaCCHUBHBIX dactui B lamaktuke (3a
HCKJIFOYEHHEM 00J1acTell, OJU3KUX K TPAHUIIE U LIEHTPY) Majo
OTIIUYAeTCs OT paauanbHoro. [IoTok Takux yacTHIl, mepeceka-
omuit cepy paauyca I, COCTOUT U3 IBYX KOMITOHEHT:

- YaCTHII, IBWXKYIIUXCS K EHTPY U3 001acTu Mexay I u Ry ;
- YaCcTHIl, JBFWKYIIUXCS OT IIEHTpa M HUMCIOMIMX TOYKY
noBopoTa Mexay I u Ry .

OTH JIBe KOMIIOHEHTBI OTIIMYAIOTCS TOJIBKO HAIPaBICHUEM
JIBMDKCHUS YaCTHII.

PacnipenenieHre TUTOTHOCTH IO PaJHABLHBIM CKOPOCTSIM
gacTtull (KOTOpoe B JalibHEHIeM OyneM Ha3bIBaTh CIIEKTPOM
ckopocteit TM) B paiione Conueunoit cucremsl (I = 8,5 knk)
cormacHo [61], wmeer BuA, MOKa3aHHbIM Ha puc. 2.11.
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[Tockonbky cBemeHust O wmacce W pasMmepax [amakTukw,
MOJIyYCHHbIE W3 AaCTPOHOMHUYECKHX HAONIOJIEHUH, BeCchMa
HeonpezeNeHHble,  pacueT  chedaH s HECKOJIbKUX
apdexruBHBIX paamycoB [amaktuku ot 10 mo 100 xnx. B
NalbHEUIIeM, CONOCTaBUB O3TH  PAcCUETHbIE CIEKTPHI CO
CHEKTpaMU  OMPEJCICHHBIMH  AKCIIEPUMEHTAIBHO, MOXHO
OyIeT, HakKOHel, pelMUTh MpolJeMy pa3MEpPOB U MAaccChl
lanaktuku.

dp/dVv

- 3
24 %/%. R 2p=10 knx 15knk  20knk 30 knk 50 knk 100 kik

w
T T T Y A
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0 T i T _— —+ T — t } T {
0 100 200 300 400 500 V, km/c
Puc 2.11. PacnpepeneHue TeMHOM Marepud ['amakTHKU IO

CKOPOCTSIM 4acTHIl B paiione COTHEUHOH CHCTEMBI.

XapakTepHbI OCTPbIE MUKH B 00JIACTH BBICOKMX CKOPOCTEH.
OTO SABISIETCSl CJEACTBHEM TMPUHATON B MOJETH PE3KOU
rpanunel KopoHsl TM. PeanpHas rpaHuna, BEpOSATHO, UMEET
HeKoTopyto "pa3MbITocTh". [IpoTsskeHHOCTH rpanulbl B 10 knk
MPUBOAMT K "pa3MBITOCTH" TPaHULIBI CLIEKTpa nopsaka 50 xw/c.

[IpakTyecku  BaXXHBIM  SBIIETCA  paclpejaeseHue
ckopocredr TM  TamakTvky,  JOCTUTarOIIMX  3€MHOTO
HaOmoxarens. B aToM cnyyae omMcaHHBIA BBIIIE CHEKTP
ncKkaxaercs: ABvmxeHneM COJIHIIA TIO TaJlaKTHYECKOW OpOuTe,
nBrkeHHeM 3emn Bokpyr CoslHIa, BpaleHueM 3eMiIu BOKPYT
CBOEH OCH, a TakXe YCKOPEHHEM YacTUI[ B I'PaBUTALMOHHBIX
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nmoingx Comana n 3emum. HawOospmmmid BKIIaX B HU3MEHEHHE
CIIEKTpa JaeT NEePBbIA U3 MEPEUNCICHHBIX (PAaKTOPOB. YUET ero
MPUBOJIUT K paCIpENIeICHUIO, IOKa3aHHOMY Ha puc. 2.12
[52,61].

Conoctapisis UX CO CHEKTpaMH, MOKa3aHHBIMH Ha pUC.
2.11, oTMeTMM CMENIICHHE CKOpPOCTe B 00JacTh Oolee
BBICOKHMX 3HAUEHUH U MOSABJIEHUE BTOpPOro mnuka B oOnactu V
~ Vp. CriekTpsl 0OpBIBAalOTCS HE TOJBKO CIpaBa, HO U CJIEBA.
Jlnama3oH BO3MOXKHBIX CKOPOCTEM YacTHI], JOCTHTAIOLIUX
3eMHOro Haomrogaress - ot 230 xo 500...600 xu/c.

Bpamenue 3emnu no opobure Bokpyr CoiHIla NPUBOJIUT K
MEePUOJNYECKUM CMEIICHUSIM CIIEKTpa B CTOPOHY OONBIIUX H
MEHBIIUX CKOPOCTeH ¢ aMmImTynoi okomo 20 xwm/c u
MEePUOJOM, DPaBHBIM TOAY. AHAJIOTWYHO, BpalllEHUE 3eMIH
BOKPYT CBOEH OCH MPUBOJUT K CYTOUHBIM BapHallUsIM CIEKTpa
c ammuryaod okono 0,5 xwm/c. YckopeHue YaCTHII
rpaBUTAlMOHHBIM TosieM CoJHIAa NPUBOJUT K YBEIMYECHUIO
ckopocteit Ha 1..2 xwm/c. BrnusHue rpaBuTanmu 3eMiad Ha
MOPSAJIOK MEHBIIIE.

1027
dp/dV,,
xem®
Km/c
R =10 kK
10-23 El &_/’rsm/zo KK 30 kx50 kK 100 Kk
T k_// /
10-25 K—/ : | | ;
200 300 400 500 800 Vo, Km/c
Puc 2.12. PacnpegeneHue TEMHOM MaTrepuu IO CKOPOCTSIM

JBIDKEHMs dacTuIl B paiione CojHIa ¢ yueToM BpaieHus ColHIa mo
raJlakTH4ecKor opoute
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Paccmotpum Temeps yenosoe pacnpedenenue TOTOKA
TEMHOM MaTepHuH C y4eToM JBHKeHUs] COTHEUHON CUCTEMBI.

ConneuHas  cucrtema  JABWXKETCI B IUIOCKOCTH
raJlakTUYECKOro IKBATOpa 1o opouTte, OJIM3KON K KPYroBOH, CO
ckopoctbio Vo = 230 xm/c, TO eCTh TEPIEHIUKYJISIPHO
HaIlpaBJICHUIO JBWKEHHUA OCHOBHOM uactu TM, wumeromein
ckopocth V. CremoBaTenbHO, yroia Bcrpeun ¢ CoJHEUHOM
cucteMbl U noroka TM ompenensercs no Gpopmyie

o= arctg (Vo/V) (2.13)

Yron ¢ = 0 COOTBETCTBYeT HANpaBICHUIO HAa IEHTP
["anakTuku, TO €CTh @ - 3TO earaKkmuyeckas 00a20ma TOUYKH Ha
HeOecHON cdepe, oTkymaa npuxomuT motok TM. Tak kak
nBukeHre COJHEYHOM CHCTEMbl HPOUCXOJUT B IUIOCKOCTH
TalaKTUYECKOTO  DKBATOpPa,  2alaKmMuyeckas  wupoma
HampaBlieHusT Tpuxojga mnoroka TM Omnu3ka K  HYIHO.
PesynpraTel pacdera yriaoBbBIX pacHpeiesieHHH B panoHE
Conneunoit cucrembl [52,61] mpencraBiensl Ha puc. 2.13.
Habmtonarens, Haxonsmuiicas Ha 3emie, MPH OINpEIeIeHUU
HalpaBJ€HUs NPUXOJAIIEr0 MOTOKA JOJDKEH Y4YWUTHIBATh HE
Tonbko JBWkeHHe ConHua B [anakTuke, HO M JBUYKEHUE
3emiim  Bokpyr CofnHIla, TaKk Kak OHO TMPUBOAUT K
MEPUOJUYECKUM  HM3MEHeHusM (¢ mepuogoM 1 200)
HaMpaBlIeHUs] BCTPEUM YACTHIl M HAOIIOgaTeNs ¢ aMIUTUTYI0U
HECKOJIBKO I'PayCoB.

AHanu3 clelaHHBIX PAacyeTOB  CHEKTPaIbHO-YIJIOBBIX
pacnpenenennii noTokoB TM ["anakTUKM JaeT OCHOBAHUE IJISI
CIIEAYIOIIMX BbIBOJOB. HaOmromarens, Haxomsmuiics B
ConHeuHOM cuCTeME, BOCHPUHMMAET IOTOK, KOTOPBIH
MPUXOJAUT B OCHOBHOM M3 IUIOCKOCTH TaJaKTHYECKOIrO
skBaTopa (ramaktuueckas mmupota ~ 0). [ToTok pacnpenenex
10 TaJIAKTUYECKOH JI0JIr0Te€ ¢ CHUMMETPUYHO OTHOCHUTEIBHO ¢
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= 90° u oXBaTHIBAET AUANA30H BENUYUH ¢ oT 25° 1o 155°.
MakcuManpHBIA TMMOTOK WAET W3 o0macTtell HeOecHOM
cepbl ¢ rajgakTUuecKuMM Joiroramu okojio 30° m 150°
DKBaTOpHAJIbHbIE  KOOPAMHATHI ~ ATHUX HanpaBleHUN -
CKIOHEHUS 0KO0JI0 -3° M +53° U npsiMble BOCXOKIEHHS OKOJIO
18,7 uac n 4,0 uac (co3sezmusi Opna u Ilepces). M3 atux
HanpaBJIeHUA MOpUXOAAT 4acTullkl co ckopocTsimu 400..500
km/c. W3 obmactm  HebGecHoit  cdepsl BOmM3M  @=90°
(cxnonenne +48° | mpamoe Bocxoxkaenue 21 wac - paiion
3Be3abl  JleHe0) MPHUXOAAT YacCTHUIBl, HMEIOIIME CKOPOCTh

okoJo 230 km/c.
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Puc 2.13. VYrioBble pachpeneneHuss IMOTOKOB YAaCTHUI[ CKPBITOU
MaTepHH NPU Pa3IMYHBIX paJnycax KopoHsl TM

TakuMm oOpa3om, OCHOBHas 4acTh moToka TM [amakTukw,
Ha0II0jaeMOTO Ha 3eMJjie, MPUXOJUT M3 TOJIOCHI HEOeCHOM
cdepbl IIMPUHON B HECKOIBKO TPalyCcoB, MPOCTUPAIOIICHCS OT
co3Bezausi  Ilepces mo coseesaust Opna. C  gpyrux
HalpaBJ€HUNW MOTYT TPUXOJUTHh YaCTHUIbl, pacCesIHHbIE B
TPaBUTAIMOHHBIX TIOJIAX 3BE3]l, a TAaK)KE€ BHETAJAKTHUYECKHE
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4acTUIbl (MMEIoIIUe CKOpPOCTh ~> 1031<M/c) U YaCTHUIIBI
COJTHEYHOU M 3eMHOU HelTpunocdep (ckopocts 30-70 u 7,8 -
11,2 km/c).

HamoMmHIO, mpencraBieHHbIE B 3TOW IVIABE PE3YJIbTAThI
[IOJIyYEHbl B IPEANOJIOKEHUH, YTO YacTHIBI MMEIOT Maccy
Ooybllle HECKOJNIBKMX 9B, JBI)KEHHE KOTOPBIX B palioHE
ConHeuHOM cucTeMbl OJIM3KO K paguaibHOMY. Pacnpenenenue
MEHEe MAaCCHBHBIX YaCTHIl IO CKOpPOCTSM M yriam Oosee
PaBHOMEPHOE U «Pa3MBITOE».

2.3. Heiitpunocdepa CosHua

Ha Hamuume TeMHOM Marepum B  OKOJOCOJHEYHOM
IIPOCTPAHCTBE, BO3MOXKHO, YKa3bIBa€T aHOMAJIbHOE YCKOpPEHHE
KOCMHUYECKMX annaparoB, JOCTUTIINX YAaJICHHBIX 00JacTei
Conneunoii cucrembl (ITnonepor 10 u 11, Bosymkepos 1 u 2,
«Kaccunm», «ammneo») [63], KoTOpoe TpPyaHO OOBSICHHUTH
MHaue KaK TpaBUTallMel HEBUIUMON MAaccChl, «pa3Ma3aHHOI»
[0 COJIHEYHOW cucrteme. M3 BCeldl COBOKYITHOCTH 4YaCTHIL
COJHEYHOM HeWTpuHochepsl Ha 3emse MOryT  ObITh
3aperucTpUpOBaHbl JIUIIb T€, OPOUTHI KOTOPBIX NEPECEKAIOT
opouty 3eMiH. ITH YaCTHIIbI IPH NepecedeHrnr OpOuThI 3eMin
MOTYT UMETh CKOPOCTH V, Nexarue B mpenenax ot 2,9 kw/c no
42 xwm/c [52]. MuUHUMaNbHBIMH CKOPOCTSMH OONagaroT
yacTulbl ¢ nepurenusMu BOiau3u ConHua u ¢ adenusmu,
Kacatomumucs opoutel  3emian. CKOpOCTh BCTpEUM TaKHX
yacTull ¢ 3eMiI€ll OiM3Ka K CKOPOCTH OPOUTAIBHOIO IBUKEHUS
3emmu (~ 30 xkm/c). A TONHBIM HWHTEpBAJ  BO3MOXHBIX
ckopocTei BcTpeuu - oT 11,2 kM/c (ecnu 4acTUlbl JBUKYTCS
no  opburaM, ONM3KMM K 3€MHOHM, BJOJb HaINpaBJICHUS
JBIDKEHUS 3eMIIM C YYETOM YCKOPEHHUS! WX TPaBHTAIMOHHBIM
nojgeM 3eMiH) 10 ~72 KM/C (€cnU YacTUIbl B MEPHUTeNUn
JBIDKYTCS HaBCTpeuy 3emjie W TMPHUXOIAT U3 OTHAIEHHBIX
obnacteit COTHEYHOI CUCTEMBI).

Takum o00pa3oM, CKOpPOCTh YacTULl HEHTpHUHOCHEPHI
ConHIla OTHOCHUTENIBHO 3€MIIM JIOJKHA U3MEPATHCS JECSITKaMU
Kkm/c. MOXHO TIPEANoOJOXKUTh, YTO MpeodagaloT JBE
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KOMIOHeHThl. OnHa W3 HHUX o0pa3yercs 4acTUIaMH,
uMmeromuMu adenuu BOMM3U OpOUTHl 3eMiu, a NEepUTeInd -
BOMm3u ConHna. M3-3a HU3KOM CKOPOCTH JBUKEHHS TaKHUX
gacTull BONMM3M adenreB MX KOHIICHTPAIMs HAMHOTO BEHIIIIE
KOHIEHTPAllMU YacTUIl C JpyruMH ckopocTsimu. [lpu cBoem
OpOUTANILHOM JBIDKEHHM 3eMIIsl BCTPEYACTCS C STUMH YacTH-
maMMm €O CckopocTeto okono 30 xkwm/c. YckopeHue
IPAaBUTALIMOHHBIM T0JIEM 3€MJIM TPUBOAUT K BO3PACTAHUIO
ckopoctu y nmoBepxHoctu 3emun 1o 31,8 xm/c. Habmrogaemoe
¢ 3eMJiu HalpaBJIeHUE JIBUKCHHS YaCTUI[ STOM KOMIIOHEHTBHI
JSKUT B TUIOCKOCTH OKIUNTUKH W MEHSETCs, OIepexast
Comnre Ha 90°.

Bropass kommnonentra oOpa3yercs U3 dacTul, adenuu
KOTOPBIX  HAaxOJATCS Ha  PACCTOSHUAX, 3HAYUTEIHHO
MPEBBIIIAIONINX  paauyc opOUThHl 3eMiau. ODTH YaCTUIIBI
IBUKYTCS TIO CHJIBHO BBITAHYTBIM OpOMTaM U TIO Mepe
OpUONMKEHNS K TEPUTEIHI0 IUIOTHOCTh HMX TIOTOKAa PEe3Ko
BO3pacTaeT: uYepe3 OTHOCUTENbHO HeOOoNbIIyl0 001acTh
MPOCTPAHCTBA MPOJICTAIOT YACTHUIBI, OPOUTHI KOTOPBIX MOTYT
MIPOCTUPATHCA 10 PACCTOSHUN, CPABHUMBIX C PACCTOSHUEM IO
Oonmmxaiimunx 3Be31. CKOpPOCTh ATHX 4YacTUI[ BOJM3M OpOUTHI
3emin okoJio 42 xkwm/c, HallpaBICHUE UX JBHKEHMUS OJIU3KO K
paauaIbHOMY, CKOPOCTh BCTPEUYM C IMOBEPXHOCTHIO 3eMIIU C
Y4ETOM €€ OpOMTaIbHOTO JBMKEHUS M YCKOPEHHsS B 3€MHOM
TPaBUTAIMOHHOM Toyie 52,7 xm/c. B pesympraTe TOro0, 4TO
3emis ABMKETCST TO oOpOuTe co CcKopocThio 29,8 xkwm/c
MEPIIEHIUKYIISIPHO HATPABJICHUIO JBWKCHUS YACTHIl, 3€MHOU
Habmrofarenb  BOCIPUHUMAET INOTOK  YacTUL[  3TOH
KOMITIOHEHTHI OTKJIOHEHHBIMH B CTOPOHY JBWD)KEHUS 3eMJIM Ha
yroi 35,3°. Ha HeGecHOM cdepe MOTOK 3THX YacTHll OyIeT
HaO/01aThCs B BHJIE ABYX ISTEH, PACHOJIOKEHHBIX BOIM3U
TUIOCKOCTH JKJIMOTUKH M OTKJIOHEHHBIX OT HAalpaBJIEHUS Ha
Connne Ha 35,3° (wactunpl, aBwkympecs or ConHia) ¥ Ha
144,7° (qactuupl, gewkymmecs k ComHILy).

Ha welitpunochepy CosiHIIa BIMSIIOT — TIJIAHETHI

88



CosiHeUHOW cHUCTEMBbI, B TEepBYyIO ouepenb - lOmnurep u
Carypa. MOXHO TPEANONOKUTh, YTO PUTMUYECKUE
U3MEHEHUS B COJHEYHON HeHTpuHocdepe, CBsI3aHHBIE C
W3MEHEHHEM B3aUMHOIO TIOJOXKEHUS IUIAaHET, SBISAIOTCA
(hakTOpOM, CUHXPOHU3UPYIOIIUM COJHEUHYIO aKTUBHOCTbH C
PUTMOM M3MEHEHMS MOJOXKEeHUs LeHTpa Macc ConHeuHo
cucteMbl oTtHocutenbHO Comana (cMm. puc. 1.9). Mal
MIPOJOIDKUM 0OCYKICHUE 3TOH HeH B pa3zaesne 5 (HeUTpruHO
KaK HOCUTEJIb KOCMO-3€MHBIX CBSI3eH).

3aMeTuM, YTO Cpe/IHAS SHEPTHUs TEIJIOBOrO IBHKEHUS (€ =
1,5 KkT) wyactun mmasmel Ha moBepxHoctn CouHIa, T/
temneparypa 6000 K, okono 1 3B, a B conHeuHbIxX Heapax eile
Oompme. Takoil  SHEprMM  JOCTATOYHO, YTOOBI  TIpH
CTOJIKHOBEHUSIX JJIEKTPOHOB, U HOHU3HPOBAHHBIX aTOMOB (B
OCHOBHOM, TIPOTOHOB) pOXIAJIHCh Tapbl HEUTPUHO —
AHTHUHEUTPHUHO. Kunernueckass sHeprusi o0pa3yromuxcs
HEHUTPUHO MEHBIIE JHEPrHMM CTaJKuBaromuxcss vactum. O
Macce HEHTPUHO TOKa JOCTOBEPHBIX CBeAeHW Her. [lns
OLICHOYHBIX pPacyeToB IIPUMEM KUHeTH4ecKyro 3Hepruto 0,1 3B,
a maccy Bo3HUKaromux HeltpuHo | 3B. Takue HelTpuHO
HUMEIOT CKOpOCTh ABMKEeHUs okoino 125000 xm/c. Iloutu Bce
OHHU TpaKTHYECKH cBOOOIHO mokujaroT CoJsiHIe, TOTOMY YTO
X CKOPOCTh MHOTO OoJibllie CKOpocTH yoOeranus (618 kwm/c).
Tak kak OHM HE YJIEp>KUBAIOTCSI COJTHEYHOU IpaBUTALUEH, HX
HEJB3sl CYUTATh KOMIOHEHTOM HedTpuHocdepsl CoinHia. 310
€lle OJUH KOMIIOHEHT COJIHEYHOIO U3JIIy4yeHHUs Hapsay ¢
AJIEKTPOMArHUTHBIM, KOPITYCKYJIAPHBIM U SIIEPHBIMA HEUTPUHO.
DTO UW3Iy4YeHHEe yXOAUT B MNOpocTOopbl [amakThku u
MEXTaJaKTHYeCKOI0 IPOCTPAHCTBA.

HeGonpimass yacTh BO3HHKAIOUIMX HEHUTPUHO HMeEET
CKOpOCTh MeHblIe 618 kmM/c, HO Oombmie 437 km/c. Takue
gacTulpl nokugaroT ConHIEe, HO HE MOTYT NOOOpOTh ee
rpaBuTaiuio. OHU TOMOJHSIOT COJHEYHYIO HEHUTpuHOChEpy,
IUIOTHOCTH KOTOPOH B CBSA3U C 3TUM IOCTENEHHO BO3pPACTacT.
Hetitpuno, nmeromiue eme 60ee HU3KYIH0 CKOPOCTh, HE MOTYT
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BBIUTH 3a mpeAensl nmoBepxHoctu CosHia. OHM y4acTBYIOT B
SJIEPHBIX PEAKLHUSX, IPU KOTOPBIX HEHTPHUHO HE BBIJACISIOTCS,
a moryiomarTcs. Bo3MOXkHO, 3TUM OOBICHSIETCS M3BECTHBIN
(beHoMeH «1euIuTa COTHEUHBIX HEHTPUHO.

Ba)XHO OTMETUTH CyIIECTBEHHOE OTJIMYHME TEPMHYECKHU
pOKIAaeMbIX HEWTPUHO OT HEUTPUHO, BO3HUKAIOLIUX B
SIICPHBIX peakuusax. Yactuipl Maccor 1 3B npu kuHeTHYeCcKoi
sHepruu 0,1 3B umeroT 1uHy BoaHbl Ae-bpoins 3 Mkm. D10
MHOTO OOJIbIIE MEKAaTOMHBIX PACCTOSHUI, MOSTOMY TaKue
YaCTUIbl B3aUMOJCHCTBYIOT C BEIIECTBOM MaKpPOCKOIMUYECKH,
C OFPOMHBIM YHCJIOM aTOMOB OJJHOBPEMEHHO. OJTO MPUIAET UM
CBOMCTBa, KOPEHHBIM 00pa3oM OTIMYAIOIIMECS OT CBOWCTB
«JIEPHBIX» HEUTPUHO, KOTOPBIE HU3-3a MAJIOCTU JUIMHBI BOJIHBI
ne-bpoiisis  BCTynaroT BO B3aUMOJEHCTBUE JIUIIb €IUHUYHBIM
HYKJIOHOM WJIU 3JIEKTPOHOM. MBI IPOJOKMM PAacCMOTPEHHE
CBOWCTB HEUTPUHO MPU HU3KUX HHEPrusix B pasjaene 3.3
(CBoiicTBa HEUTPUHO KaK KOMIIOHEHTa TEMHOM MaTepuH).

2.4. HeiiTtpunocdepa 3emin

Pacuér 3akOHOMEpHOCTEN H3MEHEHHS IIOTOKA YaCTHI
HeHUTpUHOCHEPH! BOJIM3H MOBEPXHOCTH 3eMiIH TpeOyeT ydéra
paccesHus dYacTHI] B arMochepe © 3E€MHBIX HEIpax,
MPUBOJIAIIETO K PE3KOMY HM3MEHEHHMIO MapaMeTpoB OpOuUT, a
TaKKe BIMSHUS TpaBUTAIMOHHBIX Tosier JIynsl u ComHia ams
opout c amoresimu, npesbimaromumMu 200000 kM. 3To nenaer
pacuér mapamMeTpoB W JWHAMUKU HeWTpuHOchepbsl 3emiu
BecbMa CJIO0XKHOHU 3aJadei.

VY noBepxHOCTH 3eMIM, KaK U3BECTHO, Kpyrosas (''mepBas
kocmuueckas'") ckopoctb Vo1 =7905 wm/c, a mapabonnueckas
("BTopast kocmmyeckas'") ckopoctb Vo = 11180 wm/c.
Yactuupl  HetpuHOchepsl  3eMim,  JIBIDKYIIUMECS 10
pa3IUYHBIM OpOWTAaM, MOTYT HMETh y TOBEPXHOCTH 3eMIIH
CKOpOCTh B mpezenax ot Voi 10 Voo.

Tak »xe, xkak u B HeuWtpuHochepe ComHIA, TOJKHBI
npeobiagaTh MOTOKUA CO CKOPOCTSIMU, OJIM3KUMU K TPAHHYHBIM.
Bonpmmass TIOTHOCTE TOTOKA YAaCTHI], HMEIONIUX CKOPOCTh
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okoo 11 kwm/c, cBs3aHa ¢ TeM, YTO OHHM NPHUXOIAT W3
oGmmproro mpocrparctsa (10°ku~<r~<10°%m). Bospacranue
e YHcia PErUCTPUPYEMBIX YAaCTHIL CO CKOPOCTBIO, ONM3KOH K
KpPYrOBO#, MOXHO OOBSCHUTH TE€M, YTO XOTS UX MOJHOE YHCIIO
MOJKET ObITh OTHOCUTEIBHO HEOOJBIINM, HO OHH, B OTJIMYME
OT YacTHll, HUMEIOIUX BBITAHYTbIE OpPOUTHI, BCE BpeMs
HaXOJAATCS OKOJIO CaMOW IMOBEPXHOCTH 3eMJld, B pe3yibTare
Yero BEPOSTHOCTh UX PETUCTPAIMH CYIIECTBEHHO BO3pACTaeT.
Y wactun ¢ NOpPOMEXYTOYHBIMH  CKOPOCTSIMU  JIMIIb
HE3HAYUTENIbHasl 4YacTb OPOUT NPOXOAUT BOJIM3M MMOBEPXHOCTU
3emsn. Bmecrte ¢ TeMm, 00J1acTh IPOCTPAHCTBA, 3aHUMAaEMas X
opOUTaMH, OTHOCHUTEIBHO HEBEJIMKA, a MOTOMY M HEBEIHUK
BKJIaJl TaKHUX 4aCTHUIl B CyMMapHLIﬁ IIOTOK.

Puc. 2.14.
Bosmymenue opout
OKOJIO3EMHBIX
MIOTOKOB HEUTPUHO
Jlynout

Hcexons u3
o01mux coobpa-
JKCHHI, a TaKXke U3
aQHAJIOTUU C JBU-
KEHUEM KOMET H
actepousioB  [62],
MOKHO cenaTh
3aKJIIOYEHHE O TOM, YTO PUTMHUYHBIE U3MEHEHHS B3aUMHOIO
nosiokeHusa 3emiau, JlyHel, ConHIAa M CBSI3aHHBIE C ITHUM
W3MEHEHHS  TPAaBUTAMOHHOTO TMOJSI B OKOJIO3€EMHOM
MIPOCTPAHCTBE JOJIKHBI BbI3BIBATh TaKHE K€ PUTMHYECKHE
W3MEHEHMs TMapaMeTpoB HeiTpuHocdepsl 3emun. Ilomumo
PUTMOB, COOTBETCTBYIOIIMX TIepHoay oOpamieHus JIyHsl
(cumepuyeckuii JTyHHBIN MecsIl - 27,3 CYTOK, a TaKXKe OJM3KHi
K CHIEPUYECKOMY AaHOMAJIMCTUYECKUN MecAll) U MepHoIy
U3MEHEHHs B3auMHOro mnoisiokeHus Jlynsl, 3emumm u ConHua
(cuHOAMYECKMM JyHHBIM Mecsal 29,5 CyTOK), JOJIKHBI
HAOJIOIAThCSl PUTMBI, OTIIMYAOIIMECS OT 3TUX MEePHOI0B B M/N
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pas, e m u N - Hebobiue nensbie yncna (1,2,3...).

HauOonee  cunpHOMYy — BiaMsAHUIO  JIyHBI  JOJIKHBI
HOJIBEpraThcs OPOUTHI, allOrer KOTOPBIX PaclloyIOKeHbl BOJIN3H
TyHHOH opOuThl. M3 Bcell COBOKYIHOCTHM TaKUX OpPOHMT Hac
MHTEPECYIOT OpOUTHI, TEpUTed KOTOPBIX MPOXOAST OKOJIO
noBepxHoctu 3emuu. bonbliasg  moiayock  TakMX — OpOMT
MPUMEPHO B 2 paza MEHbBIIIEC OOJIBIION IOJIYOCH JIYHHOM
OpOUTBI, TO3TOMY MEpHOA OOpAILICHUS, COTIACHO TPETHEMY
3akoHy Kemepa, MeHbI1€ JIyHHOr0 IpUOIM3UTENBHO B 3 pasa.
Ortcroza cienyer, 4To OAMH U3 HauboJjiee XapaKTEepHBIX pUTMOB
3eMHOW HEHTpUHOC(EPHI TOHKEH UMETh MepUOANYHOCTh 9-10
CYTOK.

Ob6nacte mnpeoOnajgaHus 3€MHOM  TIpaBUTAllUM  HaJ
COJIHEYHOM MpOCTHpaeTcs MpHUOIM3UTENbHO 10 PAacCTOSHUSA
900 mwic. km. 3pmech HaxXOAWTCS TpaHUIA 3EMHOU
HeliTpuHOChephl. YacTHipl, WMEIOIMEe amnoren BOJIU3H
IpaHulbl HeUTpUHOC(Ephl, BBUIY c€lIa0OCTH 3]1eCh 3EeMHOMU
IpaBUTALMU, TIOJBEPraloTCs 3HAYUTEIbHOMY BIMSIHHUIO HE
Tosibko co cropoHbl JlyHel u CosHLla, HO U TIUIAHET.
[lepememiasice U3 ynan€HHBIX y4acTKOB OpOMUT K IEpuUresM,
TaK{e YaCTUILIbI IEPEHOCAT K HOBEPXHOCTHU 3eMiid, B Ouochepy,
uHpopManuoo 00 U3MEHEHUH M0JI0XKeHUs M1aHeT B CoHeuyHOU
CHCTEME.

2.5. Het Jin 0K0J10 3emMJIM M B ee HeApaxX YepPHBIX AbIp?

Becnoit 1993 r. na VIII Poccuiickoii rpaBUTalinoOHHON
KOH(EpeHIIMM MHE [OBEJIOCh BCTPETUTbCA C  MHHCKHM
actpodpusukom  A.Il.TpodumeHKko, KOTOPBIA  MMOJETHIICS
UAESIMHU O TOM, YTO YEpHBIE ABIPbI, KOTOPbIE CUUTAIOTCS OJHUM
M3 BO3MOKHBIX KOMITOHEHTOB TE€MHON MAaTepHH, MOTYT OBITH
He TOJIbKO B JasbHeM KocMmoce, HO M OyKBaJlbHO y Hac IMOJ
Horamu, B Hezapax 3emun. [loHadamy 3TO MHE mMOKa3alioch
3a0aBHBIM a0CYpJIOM, HO, 03HAKOMHBIIUCH ¢ paboTamu [160-
165] u cmenaB cobcTBeHHBIE pacueTsl [166-168], s npurren
BBIBOJly, YTO 3TO HE€ TOJBKO BO3MOXHO, HO Ja)k€ BIIOJIHE
BEPOSITHO.

YepHast JpIpa - CTyCTOK BEIECTBA HACTOJBKO IUIOTHBIM,
9TO €ro TPaBHTAIUS HE IMO3BOJISIET CBETY BBIMTH 3a IPEICITBI
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cdepsl, UMeroIUil paauyc g = 2GM/c?. [[Inpoko W3BECTHBI
YEpHBIE JIbIPbI, BO3HUKAIOLIUE B PE3YJbTATE 3BOJIOLUU 3BE3],
UMEIIIUX Maccy Ooisiee Tpex coiHeuHbIX. Ilockonbky 3Tn
OOBEKTHI caMH M0 ce0e MPAKTUYECKH HHUYEro He H3Iy4aroT,
OOHapyXUTb MX TPYAHO, HO, TEM HE MEHee, 3TO yaaercs
CleNaTh II0 KOCBEHHBIM IIpU3HAaKaM, IO IPOSBIEHUSAM HX
rpaBuTanMu. B mocnegHue ToAbl  aCTPOHOMAM  YAaloCh
OOHApYXUTh  JIECATKH  OOBEKTOB,  KOTOpPBIE  MOYHO
OTOXKIECTBUTh C TaKUMHU yepHbIMH  Jbipamu  [59].
3HauuTeNbHO OOJIEe MACCHBHBIE YEpHBIE IBIPHI C MACCOW 10
MUJUIMAP/Ia COJIHEYHBIX OOHapyXeHbl B SApax TaJlakKTUK U B
LIEHTpax IIaPOBbIX 3BE3/IHBIX CKOILUICHUH.

Macca uepHoii IbIpbl HE 00513aTELHO AOKHA OBITh OYCHB
Oonpmiold. AHamM3 CBOWCTB MaibiX uepHbIX Ablp (MU/)
IPUBOAUT K BeCbMa HHTEPECHBIM pe3ynbTaraMm. Ilpu Mmacce
menpme 10Y ke (mpuMepHO Takyl Maccy HMEEeT BOJa B
YepHOM MOpe) paguyc YepHOM AbIPbI MEHBIIIE Pa3MEPOB aTOMA,
U ee MOXHO  paccMarpuBaTb Kak  CBOEOOpasHYIO
AJIEMEHTaPHYIO YyacTHUILy, B3alMOJIEHCTBYIOLLYIO c
OKpy’Karollel cpefoil MpakTUYeCKU TOJIBKO I'PaBUTALMOHHO.
Jlj1g O1IeHKU MPOU3BOAMMBIX TAKUMHU 00bEKTaMU AP(HEKTOB HET
HEOOXOIMMOCTH  3HaTh €€  «YCTPOMCTBO», Tak  Kak
B3aMMOJICHCTBHE MPOMCXOJUT HA PACCTOSHUSIX MHOTO OOJIbIIIe
rg. MUYJ/I MOXHO paccMaTpUBaThb IIPOCTO KaK TOYEYHBIN
rpaBuTHpyrouii  00bekt. Takoe paccmorpenue [161,166]
IIPUBOJUT K COOTHOLIECHUSIM:

1. [Totepu sHepruu Ha euHULE TTyTH, [owcim
dE/dx=-130G*M?p/V/?
2. InuHa mpobera 10 OCTaHOBKH, M
X=1,910°V,IG*Mp
3. Bpemst 1BH>KeHHS 10 OCTAaHOBKHU, €
t=2,610°V,*IG*Mp
4. Jlons sHEpruu, TeEpsieMon Ha ImyTH AX
AEIE=260G?Mp AXIV*
rae M- macca 4YepHOU AbIPHI, k2, V - CKOPOCTh qespHoﬁ JIBIPHI,
Mm/c, p - TIIOTHOCTH CPEHI, ke/m®, G=6,6710™ ’/ke ¢
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Haubonee BepositHpie Maccel MYJ[, aBuKymuxcs B
OKOJIO3EMHOM IIPOCTPAHCTBE, OKOJIO 10" k2. Pacuer mo
MPUBEACHHBIM (OpMyJaM TMOKa3bIBACT, YTO JABIXKYIIASCS B
cpele ¢ TUIOTHOCTBIO 10% ke/n® (Boma) uepHas IpIpa TaKOM
Macchl PU Ha4aJabHOM ckopocT 10 xm/c OCTaHOBUTCS uepes
2 MWUIMOHA JIET, MPOMAS PAaCCTOSHUE 410"y (13 napcex).
Hcxons X 3TUX OLEHOK, MOXKHO ObUTO OBl ynomoouts MYJ]
c1a00B3aUMOICCTBYIOIICH  DJIEMEHTApHOW  4acTHIE, II0
MIPOHUKAOIIEH CITOCOOHOCTH MPEBOCXOIAIICH TaKe HEUTPHUHO.
Ho MUYl - 00BEeKT Kyma OoJiee HWHTEPECHBIM, YeM
3JIEeMEHTapHas YacTULIA.

[Tpenmonoxkum, uro 3emisi okpykeHa obnakom u3z MU/,
JNBIDKYIIUXCA 10  pa3iMuHbIM  opOutam.  Tpaekropuu
HekoTopeix MYJ[ B mepuresix MpoXoIsiT B HeApax 3eMIIH.
Takne npoXoKAeHUs BCIEICTBHE KpalHEH MaJIOCTH IIOTEPb
SHEPTUU YPEe3BBbIYANHO €1a00 MEHSIOT mapamerpbl opOuThl. U
BCE K€, 3a MWUIMApAbBl 00OpPOTOB 3TU  U3MEHEHMS
HAKaIlJIMBAIOTCA, B  pe3ylbTaTe 4Yero amorei opOUThl
npubmkaercss kK moBepxHocTu  3emun  [177].  Tlocne
MOTPYXKEHHUST amorest B Heapa 3eMid Haubolee CHUIBHOE
TOPMOKEHHE MTPOUCXOIUT YXKE HE B IIEPUTEAX, a B arloresx, Iae
CKOPOCTh MUHUMAJbHA, TaK Kak motepu sHeprun MYJl Ha
€IMHUIlY MYTH NPU CHUKEHUU CKOPOCTH PE3KO BO3PACTAIOT
(~1/V* ). B pesymprare 5TOro Manas HOIyOCh OpPOHTHI
yMeHbl1aeTcs, u Apmxenne MY/ B Heapax 3emin CTAaHOBUTCS
OJIM3KUM K paJHaIbHBIM KOJEOAHUSIM C OYEeHb HHU3KOU
CKOpOCTbIO B amoresx. lIpm nmocraroyHo Majoi CKOpOCTH
OTHOCHUTENILHO BelIecTBa 3eMJIM (JIeCATKU M/c) B amoresix
TOPMOKEHHUE CTAHOBUTCS HACTOJBKO CHJIbHBIM, uyTo MYJ]
“3acTpeBaer”’, MOJOOHO TOMY, KaKk HECMa3aHHBIC Kadelln
OCTAHABJIMBAIOTCS B BEpPXHEM NoJjioxkeHUH. lIpoucxomut 3to
HEJAJIeKO OT 3E€MHOW TOBEPXHOCTH, TaK Kak ‘‘yriyOneHue”
aroreeB - IMPOLECC OYEHb  MENJIEHHBIA. ‘“3acTpeBaHUIO”
CHOCOOCTBYET HAJIMYME HEOJHOPOJHOCTEW TI'PaBUTALMOHHOIO
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0JIsA, MOATOMY HaunboJsiee BEpOSITHBIMU MECTaMH HaXOXKIACHUS
MUY/I sBasAOTCS TOPHBIE MAaCCUBBI U Pa3yIOMbl. JUIMTEIBHOCTD
npouecca norjomieHus 3emiieit MY/l 3aBUCUT OT WX MAacChl.
Jiis  normomenuss MUYJL wmaccoit 10" ke mocrarouno
HECKOJIBKMX cToneTuid, st MUJ] ¢ maccoit 102 k2 srtor
MPOIIECC 3aTATMBACTCS 10 HECKOJIBKMX MHUTHApIOB JieT [166-
168].
OObIUHO, KOT/Ia 3aXOAUT peyb O YEPHBIX AbIpax B 3emJie

1 OKOJIO3€MHOM MPOCTPAHCTBE, BOSHUKAET MBICIb O TOM, YTO
OJIM3KOPACTIONIOKEHHBIE O0BEKThI, UMEIOIINE CTOIb OOJBIIYIO
Maccy, He 3aMETUTh ObLIO OBl HEBO3MOXKHO, a TTO3TOMY MX HET
1 ObITh HE MOXeT. Ho OlleHKH MOKa3bIBAIOT, YTO OOHAPYKUTH
9TH HEOOBIYHBIE OOBEKTHI HE TAK-TO MIPOCTO.

MY/l B Heapax 3emiu v BOIM3U €€ MOBEPXHOCTU MOKHO
pa3duTh Ha TPH TPYIIIIHL:

- KOCMHYECKHUeE, ABMKYIIHECS CO CKOPOCThIO 0Koso 10 xw/c u
Boilie. Oto MUYJI, nBmxyumecs B rpaBUTAIMOHHOM IIOJIE
cucteMbl 3emisi-JlyHa U npoHu3bIBaromue 3eMIIO0 B
nepuresx, a Ttakke MY/, npuxomdmme u3  JalbHETO
KOCMOCa;

- 3aXBAaYCHHBIC BEIIECTBOM 3EMIIH.

- MEJUICHHBIE, UMEIOIIUE CKOPOCTh IO HECKOIBKUX COTEH M/C;

PaccmoTtpum BO3MOKHBIE MPOSIBIICHUS MY/,
MPUHAUISKAIUX K KKI0N U3 3TUX TPYIIIL.

Kocvuueckne MY .

[TponusbiBas 3emito, kocmudeckue MU/ nepenaroT 4acthb
CBOEr0 MOMEHTa HMMIMYJIbCa, MEHAS CKOPOCTh €€ BpPAILCHHUS.
MoXHO 7M1 3aMETUTh TaKoe COOBITHE, WU3MEpPssT H3MEHECHHS
CKOPOCTH 3€MHOTO BparieHus? Onenka [166,167]
MOKa3bIBAET, YTO MPOXOXKIECHHE CKBO3b 3eMito MU/l ¢ maccoi
10" ke co CKOpOCThIO 11 KMm/c BBI3BIBA€T  OTHOCUTEIHHOE
M3MEHEHHE CKOPOCTH BpalleHHus 3eMiIu He OOoJbIe 7107,
YTO  JIGKUT  JAJIEKO 32  OpoJeramMd  BO3MOXKHOCTEH
COBPEMEHHBIX U3MEPEHUM.
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Kpome Ttoro, cnemana omenka wmacmraba 3¢ @deKToB,
KOTOpBIE MOXHO OXHJaTh BOJIM3M TpPacchl MpoJieTa TaKou
MUY/I. B 3one paguyca nopsiaka 0,5 mm B Bo3ayxe u 0,05 mm B
TBEP/IOM BEILECTBE NPOU30MAYT 3HAYUTENIbHbIE W3MEHEHUS
BEIIECTBA: CWIBHBIA HarpeB, pa3pylleHUE KPHUCTAIIMYECKOU
pelIeTKH, XUMUYECKUEe U3MeHeHus U T.11. Ha paccrostHum 1o 8
M nputsbkeHue k MYJ[ npeBwicur Bec 00bekTOB. HOo BBHIY
KPaTKOBPEMEHHOCTH BO3JICUCTBUSA (mopsika 10%¢)
npuobOperaemas CKOpPOCTh HeBenuka: okoio 10 cwm/c Ha
paccrosHun 1 m. Haxonsmmiics HeaJleko OT TPacchl MpojieTa
"tunuyHoi" MY/l 4enoBeK YCIBIIIMT XJIONOK, CBSI3aHHBIM C
nporeccaMu B OJMDKHEH K Tpacce 30HE M, BO3MOXKHO, YBUAUT
HeOoJIbIINE TepEeBIKEHUS HEKOTOpBIX mpeameroB. Ckopee
BCEro, OH He OOpaTUT Ha 3TU SBJICHUS HUKAKOTO BHUMAaHMI,
CBSI3aB MX C KAKUM-JIMOO OTNAJEHHBIM BBICTPEIOM, B3PHIBOM
WIN TIPOJIETOM CBEPX3BYKOBOT'O CaMOJIeTa.

[TpubopHas peructpauus kocmuueckux MUJ[ BnosHe
peambHa. s 3TOro HEOOXOOMMO OPraHU30BaTh  CeTb
IpaBUMETPUUECKUX CTaHIMM. Tak Kak MpOJOJIKUTEIbHOCTD
IPAaBUTALIMOHHOTO MMITYJIbCa, CBSI3aHHOI'O C  JIeHiCTBUEM
npojerapmed co ckopocteto ~10 xm/c MYJ] mopsinka
HECKOJIbKUX CEKYyHJ, HCHOIb3yeMble MpHOOpPHl  JOJKHBI
o0nazgaTh AOCTaTOYHO OOJBIIMM ObICTpoAeiicTBHEM. [TombITKy
perucTpany UMIYJIbCHBIX U3MEHEHUH IPaBUTAIIMOHHOTO OIS
npeanpunsut  A.ILTpodumenko C  HCIOJIb30BaHUEM
Bapuomerpa  E-60 Ha  OOHUHCKOW  reo(u3NUecKOi
oOcepBaToprM M C HCIOJIb30BaHHEM TI'PaBUMETPOB Scintrex
CG-3 B MUHcTuTyTE Treonorud U pa3pabOTKH TOPIOYHMX
uckomnaeMbix (Mocka) [165]. 3aperucTpupoBaHO HECKOJIBKO
IPAaBUTALIMOHHBIX BCIUIECKOB, MOXOXHX Ha 3¢¢exT or
MPOX0KAeHUST Kocmuueckux MY/I.

3axBauennbie MYU/|

MoxHo u oOHapyxkuth MY/I, 3axBadeHHbIE HEJAIEKO OT
noBepxHocth 3emnu? B mpuHnune, OHU MOTYT OBITh
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oOHapyX eHbI 1o IpaBUTALMOHHBIM QHOMAJIUSIM,
TEIUIOBBIIETICHUIO M U3JIy4E€HUIO YAaCTHL] BBICOKOM 3HEPIUu npu
KBaHTOBOM HCIapEHUHU.

['paBUTAllMOHHBIE AHOMAIMU HAa IOBEPXHOCTU 3EMJIHU
JoCTHraoT BenuunHbl 5107 0T HOPMANbHOM CHIIBI TSKECTH
[174]. Takue anomaiiuu Moryt co3gaBate MUJ[ maccoi 10 ke,
HAXOJUIIMXCS Ha paccTosiamu 370 u, 10™° ke, HaxomAmMXCs HA
paccrostanu 3,7 kv u Maccoi 101 ke ma paccrosmun 37 K.
Takum oOpa3om, HaJM4Ke YEPHBIX AbIP 3HAUUTEIHHONU MAcChl B
36MHOM KOpe He NPOTHUBOPEUYHUT HMMEIOIIUMCSA 3HAHHUSAM O
rpaBUTAIMOHHOM Tiojie 3eMiu. ljist ompeneneHus: KOOpauHaT,
ryOUH 3aneranus ¥ macc 3axBadueHHbIX MYJl HeoOxomumo
MPOBEACHUE TOYHBIX M3MEPEHUW BEJIMYMHBI  yYCKOPEHUS
CBOOOMHOTrO TMaJeHUs B HECKOJbKUX TOYKAX U PaCueToB,
YUYHUTHIBAIOIINX HCKAXECHHUS, BHOCHUMBIC HEOJIHOPOIHOCTSIMU
36MHON KOpBL. DTO BIOJHE BBIMIOJHUMAS, XOTS U HE MPOCTas
3ajaya.

Paccmotpum BO3MOXXHbIE ~TEPMUYECKUE  SIBIICHUS,
CBsI3aHHBIE ¢ 3axBaueHHbIMU MY/I. 3BeCTHBI 1Ba MexaHU3Ma
BbIZICNIeHHS SHeprur MY /[: akkpelMoHHbIN (TTOTJIOTHTEIIbHBIN )
U ucnapuTenbHbii [ 160-164].

MomHoCTh, BbIAENAEMAas TpPU aAKKPELHMH BEIIeCTBA
mutochepsl Ha MYJ], M™MoxHO oOueHuTh 1O (Qopmyre
Pak=1,5'10'19M 2 Bm. Hanpumep, MY/l wmaccoit 10 %2
BBIZIEISIET MOIITHOCTD 1,5'107Bm.

DOHEproBulJIEJICHUE, CBA3AHHOE C KBAHTOBBIM HCIIAPEHHUEM,
pacter mo Mepe ymeHmslieHuss Maccel MY/ ecnm npu macce
10" %o BBLIENIEMas MOIIHOCTh COCTABIISAET 3‘103Bm, pU4eM
npeobnagaeT OeccleqHO YXOJsIIee HEUTPUHHOE W3Iy4YeHHE,
TO IIPH Macce 102 ke 610 Bm (moms merko PETUCTPUPYEMBIX
BUJIOB U3JydyeHUS - (OTOHOB, 3apsDKEHHBIX JIENTOHOB,
6apuoHoB - coctasisieT 40%). MU/] maccoit 10"ke momHOCTBIO
ucrapsiercs 3a 1 ¢, BeIIemsis B3pbIBOOOPAa3HO SHEPTHIO 1024ﬂ9fc.

Haxopsumecs BOMU3M MOBEPXHOCTH 3e€MIIM OOBEKTHI CO
CTOJb  BBICOKMM DHEPrOBBIICICHHUEM MPOU3BOIMIA  ObI

97



TepMUYECKHE W  paguanuoHHble  A(QEeKTh, KOTOpHIC
HEBO3MOXXHO OBLIO Obl HE 3amMeTHTh. HO BhIIENpHBEICHHBIC
OIleHKH, caenaHHble 11 MYJl, ucnapsromuxcs B BaKyyme,
CWIBHO TIPEYBEIIMYMBAIOT BENWUMHY 3((PEKTOB, MOTOMY YTO
OHU HE y4YUThIBaOT B3aumojencteue MU/ co cpenoit. MU/ -
00BEKT, K KOTOPOMY MPHUMEHHMBI 3aKOHBI TEPMOJIMHAMUKA. B
YAaCTHOCTHU, MHTEHCUBHOCTb €€ MCIApEHHUs B BELIECTBE MOMKET
OBITh 3HAYUTEIHHO HIDKE, YEM B BaKyyMe M JaKe MOXKET OBbITh
paBHOI HYJIO, €CJIM TeMIIepaTypa Cpelibl paBHA TeMIEpaType
MYJl T, =210%/M . B urore, Tepmuyeckuii 3G ekt or MY/J|
MOXKET OBITh TMPAKTUYCCKU HE3aMETHBIM: COTJIACHO OIICHKE
[167], MY/ maccoit 10% K2, BO3MOJYXHO, IIOBBIIIIAET
TeMmIeparypy Ha paccrostauu 1 xu Beero na 0,001°C.

[lepcrieKTUBHBIM SIBIISICTCSA MPEeI0KEHHbIN
AILTpodumenko  cmocod  obHapyxenus MYJ 1o
HEUTPUHHOMY HW3JIyYEHHUIO, BO3HHMKAIOIIEM IpU KBAaHTOM
ucrnapenuu [165].

Urak, wnammume MYJ] B 3emiie U OKOJI03€eMHOM
MPOCTPAHCTBE BIIOJIHE BO3MOXXHO. bojiee Toro, mposiBieHuem
MYJ] MOXHO OOBSCHUTH MENbIA pPsAJ HM3BECTHBIX, HO HE
00BICHEHHBIX SIBIICHUM. IToxa cleJIaHbl JIMIIb
MpUOTU3UTENbHBIE OIEHKM BO3MOXHBIX  3(dexToB, He
YYHUTHIBAIOIINE MHOTHE BakHble cBoiicTBa MYJ] (Bpamenue,
MarHuTHOe moje u T.Mm.). Ho nmaxe Takoe paccMoTpeHHe
MOKA3bIBAaCT  OOJBIIYI0  HAYYHYIO W MPAKTHUYECKYIO
MEPCIEKTUBHOCTh TOUCKOB U MCCJIEIOBAHUI 3€MHBIX YEPHBIX

JBIP.

Mennennbie MY/]

Mennennsie MYJ], uMeromme CKOpOCTh E€IUHHUIIBI -
JECATKA M/c, MOTYT TOSIBUTbCA BOJM3M MOBEPXHOCTH 3eMIIU
IBYMSI Ty TSIMU:

Bo-niepBbIX, 3TO MOTyT OBITH IBMXKYILHECS IO OpOHTE
OOBEKTHI B CTAJUH, MPEAIIECTBYIOIIEH MOTPYKEHUIO anores B
Hezpa 3eMiIu.

Bo-BTophix, 310 Moryr ObiThb MUJI, BbIIEANmINE H3-TIOJ
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3emun. Kak ykaszaHo Bbime, He3ameTHoe Hammane MYJ[ BOm3u
MOBEPXHOCTH 3E€MJIM BIIOJHE BO3MOXKHO, OCOOEHHO OKOJIO
TOPHBIX MACCUBOB U I'€OJOIMUECKUX pazaoMoB. CUIUT yepHas
Iblpa B CBOEM «THE3/I€» HENPOYHO, U B pe3yibTare
3eMJIETPSICEHUS, IIOCTENIEHHBIX M€0JIOTMUECKUX U3MEHEHUH UIIH
MHOTO BO3JEHCTBUS OHAa MOYKET COpBAThCS CO CBOErO MECTa,
IIOCJIE YEro «IIPOBAJIMBAETCA» K LIEHTPY 3€MIIM U, COBEPILUB
OHO WJIM HECKOJIbKO Koje0aHMii, 3acTpeBaeT B HOBOM
MOJIOKEHUU. A MOXXET U BBIMTH K3 3€MHBIX HEIp Ha
NOBEPXHOCTb. [IpruemM, OHa MOXET HEKOTOpoe BpeMs
«CKOJIb3UTh)» BJIOJIb MIOBEPXHOCTH 3€MJIM, HE MPOBAINUBASICH B
3eMHbIe Heapa. OTO CBA3aHO C TEM, YTO CHJa TOPMOXKEHHUS
MY/l npu npuOnuXeHUH K IMOBEPXHOCTH 3EMIM, COIJIACHO
yKe  TNPUBOJUBIIEMYCS  BBIPAXKEHUIO Fx=dE/dx=-
130G’M°p/V?, Pe3Ko BO3pACTAeT M3-3a TOTO, 4TO B chepy ee
JelcTBUS Bce Oouiblile BKIIOYAIOTCA HEApa 3eMild, UMEIoLIHe
IUIOTHOCTh 0Oojiee 4eM B ThIcAYy pa3 OoJiblI€ IJIOTHOCTH
Bo3ayxa. llpm nocraToyHo Manoil BepTUKaIbHON KOMIIOHEHTE
crkopoctr (st MUJ] ¢ maccoii 10™ k2 Heckonbko cn/c) cuma
TOPMO>KEHHSI HAa BBICOTE MOPsIIKa 1 M CTAHOBUTCS PaBHOU cHile
36MHOTO TPUTSOKEHHs, U JajbHeillnee cOMMKEHHe ¢
MIOBEPXHOCTBIO 3€MJIM INpekpamaerca. B To ke Bpews,
OTPaHWYECHUN Ha JIBM)KCHHE B TOPU30HTAIBHON IUIOCKOCTH HE
BO3HHUKAET.

Paccmotpum  addexTh, KOTOpbIE MOKHA BBI3BIBATH
JBIDKYIIAsICSL ¢ HEOONBIIOW CKOPOCTBIO HaJl MOBEPXHOCTBHIO
3emin MYJT maccoii 10" xe. Ee MPUTSKEHNUE IPEBBIIIACT
TATOTeHHE 3eMJM Ha paccrosHuu a0 8 m. llostomy Ha
paccTosiHUM 10 HECKOJBbKHUX JECSATKOB METpPOB  ci1abo
3aKpeIUIeHHbIE TPEIMETHI MPUAYT B JBWKEHHE U MOTYT Jaxe
MOJTHATHCS BBEPX.

OrmeTM,  4YTO  W3-32  HUYTOXKHOCTH  pa3MepoOB
MUKpPOUEPHYIO JIbIpy YBHJIETh HEBO3MOXXHO. Ho MOxHO
3aMETHTh BO3HHUKAIOLEe OKOJIO Hee o00nako mia3Mbel. B
HEMOCPEACTBEHHONM ONU30CTH OT MHKPOYEPHOM  JIbIpHI,
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HaxOJISIIEHCsT B BO3AyXe, B 00JIacTH pa3MepoM mopsaka 1 cwm
cuia TPAaBUTALMOHHOIO TMPUTSHKEHUS  JIOCTATOYHA  JUISt
BO3OYXKJCHHUSI U HOHM3AIMM aTOMOB OKPYXAlOMIeH Cpellbl.
Bo30OyxxneHne © HOHU3ANMS, KPOME TOTO, BBI3BIBACTCA
YacTUIlaMH, UCIyCKaeMbIMU Tpu «ucnapenun» MUYJl. B
pesynbrate, B Bo3ayxe okoio MUJ[ oOpa3yercs cBersmieecs
o0ako mia3Mbl chepuueckoil (opMbl, MOX0XkKee Ha IIapOBYIO
MOJTHHIO.

Cronp  cunpHble  3((eKTl HE MOTYyT  OCTaThCs
He3aMeueHHbIMU. W moxoxue CcoObITUS, JEHCTBUTEIHHO
HaOMoaa0TCsa. BOoT HECKOIBKO CBUIETEILCTB O4eBUIIEB [217].

P®, ceno Tanvyoska 3meurnozopckozo  pationa

Anmaiickoeo kpas 30 nosops 1984 a.

"CBeTsIIMKCS IIAPOBHIHBIA  OOBEKT  pasMepoM  C
(GyTOONBHBII MY TpOJeTe] Ha BBICOTE JIBYX-TPEX JECATKOB
MeTpoB. IlepBplii momnaBmmiics Ha ee MMyTH capaid ¢
KeJIe300eTOHHBIME cTOJI0OaMu OblT moBaseH. [Iponeras nanee
HaJ TOKPBITHIM MIM(PEPOM KUIBIM JOMOM, OOBEKT OTOpBall
BMECT€ C TBO3/SIMM IIU(EpP C KPHIIIN JOMa U, IPUIIO/IHSB BECh
3TOT wHdep B BO3yX, NOTAIIMI €ro 3a co0oi, pa3zOpackiBas
mo Bced gnepeBHe. [IponereB Han TPakTOPHOW CTaHIUEH,
OOBEKT pa3pylIUi OJWH CBapeHHbIH M3 METATIMYECKUX
YIOJIKOB U TOKPBITHI Ope3eHTOM Kapkac, a JpYrod Kapkac
Hayas ABMUratbes 1o 3emie. Ilorom oH ObLT MOJHAT B BO3AYX,
nepeHeceH Ha 300 MeTpoB M MATKO MOCAXKEH Ha 3EMIIIO.
Bec Bcero xapkaca 611 He Menee 100 xe".

P®, 2. Koanaweso Tomckou oon. 1987 2.

"OmHaXIbl, HAXOJACh 32 TOPOJIOM, OTEI] IIEJ CO CBOEH
JOYEPBIO 110 TPOIIMHKE Yepe3 TYCTYI0 BBICOKYIO TpaBy. Oreln
IIeJT BIIEpPeId, a JO0Yb CJIEIOM 32 HUM B METpax JAECSITH OT HETO.
HeoxxuganHo M0oYb BCKpPHKHYJA, TaK Kak  YTO-TO €€
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TOJIKHYJIO B HOTY, M OHAa 4yTh He ynama. Orterr obepHyICS U
YBUJEN CIEAYIOUIYIO0 KapTUHY. PsiioM ¢ 1odyepbio HajJ TpaBoil
(ma BeICOTE 15-20 CM) JleTen SIPKUW CBETALIUNCSA IIApUK.
Ilepen HMM TpaBa mnpuAaBIMBajach K 3€Mile  KaKOU-TO
HEBUIMMOW CHUJIOM, a 32 HUM 3Ta K€ TpaBa BHITATHBAIAcCh B
HAMpaBJICHUU 32 JIETSAIIMM I[IAPUKOM, KaKk OYyITO yBJIEKaIach
KaKOM-TO HEBHAMMOHN cuiaoi. Jlamee 3TOT OOBEKT JIeTel
BJIOJIb  JIepeBsIHHOrO 3abopa. [Ipu 3TOM OT 3abopa
[IOCJIEIOBATEIBHO OJIHA 3a JIPYrodl OTPBIBAIIUCH U OTIIETAIU
JIOCKH, OJHAKO caM OOBEKT HpPH ATOM MPOJOJIKAI JIETETh
CTPOTO NPSAMOJIMHENWHO".

Ilpubanmuxa. 1 okmsaops 1978 e.

"Han  ngomom  Ha BbIcCOTE  5-6 METpPOB MpoJeTEN
CBETSAUIMNCA  W3HYTpU wmap. M3 CTeHbl cTanu BbBUIETATh
KUPIUYM W MEJICHHO OMycKaThcs Ha 3emito. Kak Tonbko
map okaszajucs HajJ JIepeBOM sOJOHU - OHO BBIPBAJIOCH C
KOpHEM M MSATKO Jerjo Ha 3emumo. Co cieayrouiero aoma
COPBAIMCH JIUCTHI MHUQEpa U MOJCTEIN CIEAOM 3a mapom. B
TPEThEM JIOME TPH MPOXOXKICHUH IIapa CTapyIllka, Bs3aBIlas
9yJI0K, BOCIIapuia K MOTOJIKY ¥ MSTKO OIYCTHJIach 00paTHO".

Bo Bcex 3THX COOBITHSX MPOSIBISIETCS JIEHCTBUE CHIIBI,
MIPEBOCXOJIALICH 3eMHOE TATOTEHHE Ha paccTOSTHUM nopsiaka 10
METPOB OT TMPUTATUBAIOIIETO OOBEKTAa, HWMEIOIIETO BHUJL
CBETALLErocss 1apa paauycoM OT CaHTUMETpa OO0 MeTpa.
[TockonbKy HHKAaKOM pasHULBI MEXAYy JEHCTBHEM HA
MarHuTHbIE M HEMAarHUTHBIE MaTepHalIbl HET, dTa Cujla He
CBsA3aHA C MAarHUTHBIM TojieM. HeT W NMpu3HAKOB HAIHYUS
CWJIBHOTO 3JIEKTpHuYecKoro moist. Ecnu He m300peTaTh HOBBIC
CYUTHOCTH, OCTaeTCs TMPENONOXKUTh, YTO HaOIIOAaBIIAECs
mapooOpa3Hbie OOBEKTHI SIBISIIOTCS HMCTOYHUKOM CHIIBHOTO
TPaBUTAIMOHHOTO TIOJIS.

[losiBneHue cuibl, CPAaBHUMOM MO BEJIMYMHE WIH JaXe
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MPEBbIIIAIONICH TPUTSHDKEHUE 3eMJIH, HAIpaBICHHOW BOOK MM
BBEPX, JODKHO NPHUBOJAUTH K pPa3pylICHUIO 3JaHUM, TpHU
IIOCTPOMKE KOTOPBIX HHUKOIJIA HE YYHMTHIBAETCS BO3MOXHOCTh
Takoro pojia BO3ACHCTBUM. Bo3M0XHO, UMEHHO € 3TUM
CBSA3aHBl MPOMCXOAIINE WHOI/A BHE3AlHbIE pa3pyIICHUs
3nanuii. Hambornee wu3BeCTHOe WX HHUX — paspylieHue 25
nexadbpst 1967 roga noma Ne 77 xopn. 1 B MockBe Ha ynuile
[Tomuaer Ocunenko (tenepb CagoBHUYECKas), B PE3yJbTaTe
yero moru6so 147 denoek [220]. OdunmanbHas Bepcus —
B3pbIB ObITOBOro rasza. OmgHako 3Ta BEpCHS HE MOXKET
OOBSICHUTH MHOECTBO YAUBUTEIBHBIX SIBJICHUH,
HaO0II0IaBIIUXCA OYEBU/ALIAMHU STOM KaTacTpodbl. ITO, Mpexe
BCEro, caMm xoja pazpyweHusa. Ilo MHOroumcieHHbIM
CBUJICTENBCTBAM, CHayajga TpH BEPXHHX OJTaxa JgoMa
OTIETUINCh OT HWXKHEH KOHCTPYKIIMH, TOJHSIIUCH BBEpPX,
3aBUCIM B BO3JlyX€, U Pa3BAIMIUCh TOJIBKO IOTOM, PYXHYB
BHM3. BOT 4TO rOBOpMIIM KUTENIN COCEHEr0, BTOPOTO KOpIlyca
noma Ne 77 o ynuue [Honuasr Ocunesko.

Conosvesa U.H.: “B 310 Bpems s crupana. Bapyr Boga u3
BaHHBI TOJHSIACH U BHITUIECHYNACh BMecTe ¢ OembeM. MeHs
MoAOPOCHIIO M yAapuio o cTeHy. [lon B BaHHOW BCIyuuiics, B
KOMHAT€ yIajdu TeJIEBU30p, XOJOAWIbHHMK, KoMoia. ChiHa
YAapUIIo O IBEPh U BBHIOPOCUIIO B KOPUAOP... YacTh coceTHETO
KOpmyca oOKa3ajach pa3pylIeHHOW, HEKOTOphle  OJIOKH
OTOPOCHIJIO Ha OKPECTHBIE YJIHIIBI BMECTE C >KUJIbIAMH, JIOIH
BHCENM Ha JAepeBbsiX. OAHY JKEHIIWHY BMECTe C OaJIKOHOM
3abpocwmio Ha CaioBOE KOJIBIO”.

bopucenxo A.Il.: ”MeHst cOpocHIIO CO CTyna, Korja o
cMmotpena TeneBu3op. CaM TeneBU30p MOAMNPHITHYI, OYATO €ro
KTO-TO TIog0pocwi. JIoCKM Ha MOy BBITHYJIMCHh BBEPX, KOMOJ]
pasBepHyics... CTekjga B HamieM JOME BBUICTENH JaXe C
MPOTUBOMOJOXKHOW CTOpoHbL.. Ha ynume s Berperuna
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MY’KUMHY, KOTOpBIM 1€ U Jepkaics 3a rojaoBy. Ckaszan, uTo
ero BBIOPOCHJIO BMECT€ C KYIIETKOM C TMATOrO0 3Taxa.
HekoToppix KWJIBLIOB OTOPOCHUIIO OYEHb Jajeko - [0
Kpacnoxonmckoro mocra...”

Onee Ilanuxun: «OauH U3 KWIBLOB IEPBOrO KOpILyca,
ylaB BO3JI€ MOCTa, HE IIOJIy4YWJ HUKAKUX INOBpexaeHuil. Ho
3aTeM  CKOHYaJICd OT CEepACYHOro mpucryna. beuim
3apEeruCTPUPOBAHbl W JIPYTHE CAydau “MSITKOM Mocaaku’
KWIbLIOB, OTOpOILIEHHBIX Ha 3HAYUTENbHBIE PACCTOSIHHUS.
HexkoTtopsIx nronei, NpoKUBaBIINX Ha IIEPBOM dTa)Ke, IOIHIIO
K ITOTOJIKY».

Wtak, pa3pyluTeabHOE BO3JEHCTBHE OBLIO HAIPABIICHO
BBEpX, JEHCTBOBAJIO CUIIBHO, HO «MSTKO», OXBaThIBas OOJBIIIHE
MPOCTPAHCTBA 0€3 TEIIOBBIX PPEKTOB, MPOSBIIIOCH JaKE B
3aKpBITBIX  MOMeEIIeHUsAX. OYeBUAHO, UTO  OMNMCAHHBIE
CBUJCTENSIMU SIBJICHHUS HE MOTYT OBITh BBI3BaHbBI JEWCTBUEM
ylapHOW BOJHBI OT B3pbiBa rasza. HeyOemuTenbHa Takxke H
BBIIBUHYTas reoU3MKaMyd  BEpCHs, YTO  pa3pylIeHHE
MIPOU30LIO B PE3yNbTaTe JOKAIBHOIO CEHCMUYECKOTO TOTYKA.
A BOT TIpaBUTALIMOHHOE  TPUTSIKEHHE  MPOJIETaBIIEH
mo6au3zoct MU/ 00bsICHIET BeCh KOMILIEKC SIBIICHHIA.

Oco0b1it MHTEpEC IPEICTaBIISIET 3araJlogyHoe
npowucmiectsue BOMuM3u r. CacoBo Ps3zanckoit oOmactu 12
anpens 1991 r. Tam mnpowusomen cTpaHHBIA B3pBIB €
o0Opa3zoBaHHEeM KpaTepa MpaBHIbHONW (POpMBI nuameTpom 28 m
rnyouHol 4 M ¢ UEHTpaJbHOW TOpPKOW W pas3ieToM
BBIOpOILIEHHOI0 BelIlecTBa HA MHOTHE COTHH METPOB, NMPUYEM
3aMeTHBIX  TepMuueckux 3¢pdekroB He Obu10. [0 BRIBOAAM
9KCIIEPTOB, 3TO COOBITHE HE ObLIO BBI3BAHO HU C XMMHYECKUM
B3pPBIBOM, HU C MajeHueM Mmereoputa. B knure A.@.YUepHsesa
[169], nu4HO WCCIEAOBABIIETO MECTO MPOUCIIECTBUS IO
CBEXXUM cjelam», IMpeJcTaBleH OOMIMPHBIA MaTepual o
CacoBckoM (QeHoMeHe. XapakTep MHOTHX pa3pyLIeHUN
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CBHUJIETEIILCTBYET O JIOKQIbHOM BO3JEHCTBHU  CHJIBHOIO
rpaBUTalMOHHOTO moiyisi. Hampumep, u3ru0 cronba auHUK
JIEKTpoIepesayl B CTOpPOHY Kparepa. O3HAaKOMMBILUCH C
NpEJCTaBICHHbBIMA  (DaKTaMH, HETPYJHO TMOHATh, YTO
HaWwIy4dlluM o0pa3oM BCIO HUX COBOKYIHOCTb OOBSCHSET
IIPENIIOJIOKEHHE O TOM, YTO 3TO IPOMU3OLUIO B pe3yibTare
Beixoga u3 3emuin MYJ[ kotopyro A.D.YepHsieB Ha3bIBaeT
«TPaBUOOITHIOMY..

Mbl yXe paccMOTpeNd, KaKuM o0pa3oM, MOXKeT
OposIBISAITE  ce0sd  MHKpOYepHas JbIpa, JABMXKYLIascsi B
atmocdepe. Ecmm atmocdepa HaxoguTcs B yCTOWYHMBOM
COCTOSIHUM, OOBEKT MaJlo3aMeTeH U NposiBiseT cels, B
OCHOBHOM,  BO3/JECWCTBHEM  TIpaBUTalUM  HA  OJIU3KO
pacrioyio’keHHble TipeaAMeThl. Eciu sxe ABMKeHHe YepHOU JbIPbI
IIPOMCXOJUT B HEYCTOMYMBOW aTMmoc(epe,  HACBILIEHHOU
BJAroi, TMpH HAIWYUM BO3AYIIHBIX  IOTOKOB,  SIBJICHUS
MOTYT OBITh 3HAYUTEIBHO OoJiee mMacmTaOHBIMH. [loTOKK
BO3/yXa, IO Mepe NpUOJIMKEHNUS K YEPHOW JbIpe, BCIEICTBHE
€€ TIpPaBUTALMOHHOIO  MPUTSDKEHUS PE3KO YBEJIUYUBAIOT
CKOPOCTb M 3aKpY4MBaOTCH, o0pazys BUXPB; B
OBICTPOABMKYIIEMCS BO3JyX€ IPOUCXOIUT  IOHM)KEHUE
TEMIIEPATYpbl, KOHJEHCAlUsl HAKOIUICHHOM B  BO3AYXE
BJIATH, najaer JjaeineHue. Macmtad SBIEHUS CHUJIIBHO
BO3pacTaeT 3a CYET OHHEPrHMHM, HAKOIUIEHHOW B BO3JYyXe:
BO3HUKAET cMepy. DTO IPO3HOE SBJIEHUE J0 CUX IOpP HE UMEJIO
YIOBJIETBOPUTENBHOTO  00bsAcHeHus. IIpenmonoxenue o
HaIMYUM B CMepYaX MHUKpPOUEPHBIX JIbIp B KadyecTBe
NPUTSATUBAIOLIETO IEHTpAa JAENAeT 3TO SBJICHHE BIIOJHE
MTOHSTHBIM.

Ecin onucaHHblE SBJIEHUS JEHCTBUTEIBHO CBA3aHBI C
MUKPOCKOIIMYECKUMHU YE€PHBIMHU JIbIpaMH, UX HaJM4ue B 3emiie
SBIISICTCS BaXKHBIM re0(hU3nYecKiM (HakTOpoM.
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2.6. I'paButanuoHHass (OKYCMPOBKA IOTOKOB TEMHOM
MaTepum

['paBuTanmonHas ¢okycupoBka (IpaBUIMH3UPOBAHUE) -
CBOMCTBO I'PAaBUTUPYIOLIETO O0BEKTa OTKJIOHSTH MPOXOISIINA
MHMO HEro IOTOK YacTHIl WM H3JIy4YeHHe, colupas
(pokycupysi) MOTOK B HEKOTOPOH 0OJACTH MPOCTPAHCTBA
[58,c.222-223]. CymecrtBoBanue 3(pdeKrTa TrpaBUTALMOHHON
(OKYCHUPOBKM TOATBEPXKICHO AacCTPOHOMUYECKMMHU HaOIo0-
NeHusiMU: oOHapyxeHa (OKYCHpOBKAa CBETa M PaJUOBOIH
IPaBUTALMOHHBIMU TOJISIMU 3BE3J] M TallaKTUK, a TaKxKe
(hOKyCHpPOBKa «COJIHEYHOTO BETPa» IpaBUTAIIMEH TJIaHET.

B BULY KpalHeu MaJIOCTH OTKJIOHEHHUS
3JEKTPOMArHUTHOIO M3Jy4Y€HUs B TPABUTALMOHHBIX IOJIAX
HaOmroeHne OOBEKTOB C TMPOSBICHHEM TPaBUTALMOHHON
(hOKyCHpPOBKH CBETa WM PATUOBOIH SIBJISIETCS BECbMa TPYAHON
3amadyeil. CKOpOCTb K€ TEMHOH MaTtepuu Ha 3-4 mopsiika
MEHbILIE CKOPOCTU CBETa, U B pe3yJbTare 3TOr0  BIIUSIHUE
rpaBUTallMM HEOECHBIX Teld Ha NOTOKW TM CTaHOBUTCS OYEHb
CUJIbHBIM.

2.6.1. T'paButanmoHHasi (OKYCHPOBKAa  paccesiHHbIX
NOTOKOB TEMHOM MaTepHH

Opnna U3 0COOEHHOCTEH TIpaBUTALIMOHHOM (OKYCHPOBKH
HEPEIATUBUCTCKUAX IOTOKOB COCTOMT B BO3MOXHOCTH BECbMa
3HAYUTEIIBHOTO  YBEJIWYEHMUs]  IUIOTHOCTH  HE  TOJIBKO
MOHOHAIIPABJIEHHBIX, HO U PAaCcCESHHBIX NOTOKOB. POpMYyIIbI,
ONMCHIBAIOLINE CBOMCTBAa TPaBUTAIMOHHON (POKYCHUPOBKH,
quTaTeNlb, HE JIIOOSIMN MaTeMaTUKHU, MOXKET NMPOIYCTUTh U
Cpa3y HepelTH K pe3yabTaTaM pacueToB, MPEACTAaBICHHBIM B
Tadauune 2.1.

PaccMoTpuM MOTOK 4YacTHUI], UMEIOIMIUX Ha OECKOHEYHOM
yIQJIEHUU OT TPABUTHUPYIOILETro Teia cKopocTh V, (CM. puc.
2.15). LlenTp rpaBUTAIlMOHHOTO TOJISI pacnoyiokeH B Touke O,
HaOmoaTenb HaxoAuTcss Ha pacctosHun f B Touke F.
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HexkoTopbie 4acTuIlbl, UMEIOLINE ONPEICICHHBIN MPULIETbHBIN
rnmapameTp, IMOcCJIe TpoJjieTa MHUMO TPaBUTUPYIOIIETO Teja
W3MEHSAT HampaBjJCHUE JBWKCHHUS TaKUM o00pa3oM, YTO
nonaayr B Touky F. DOTu wacTuubl BOCIIPUHMMAIOTCS HaO-
JII0/1aTeIeM OTKJIIOHEHHBIMHU OT ocu OF Ha HEKOTOpHIN yroma .
JIBMOKEHHE YacTHUI] ONTUCHIBAcTCs ypaBHeHHeM [53]

r(gr)=P/(1+ e cospr) , (2.14)
rae P =p?V..2IGM =/°IRo — mapamerp TpacKTOpHH;
e=(1+p?VIG*M?)Y2 =(1+p%IR?) Y2 — skcuentpucurer;

I - pacCTOSIHUE MEX/y LICHTPOM I'PABUTALIUH M YaCTULICH;

@ - yrol MeXIy HamnpaBJIeHHEM Ha  TOYKY
MaKCHMAQJILHOTO  COJIDKCHHSI ~ YacTHIbI C  ICHTPOM
IPaBUTALOHHOTO MOJIsl U HAIIPABJICHUEM Ha YaCTHUILY,

Vo, - CKOPOCTh YaCTHIIbI HA OECKOHEYHOM YIIAJICHHUH;

G - rpaBHTalMOHHAsS TOCTOSHHAS,

p = fo - npunenbHbIi TapaMeTp;

M - Macca rpaBUTHUPYIOIIETO Tea.

Puc. 2.15. I'paButanmoHHas (HOKYyCHPOBKA pPACCESIHHOIO IOTOKA
YaCTHI]

N3 dpopmynsl (2.14) cnenyet, 4To KOAPHUIHMEHT YCUIECHUS
(OTHOILIEHUE TUJIOTHOCTH IOTOKa B TOYke F K MIOTHOCTH
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HEBO3MYILEHHOTO IMOTOKA) JJsi 4YacTHl], pPaBHOBEPOSITHO
NPUXOASIIMX K TPaBUTUPYIOUIEMY OOBEKTYy CO  BCeX
HallpaBJICHU, paBEH

R/t [, 2RI (2.15)

2 .
K ={1-—arcsin
(Ro/ )" +¢?

4 (Ro/ ) +¢?

BbIBOJ 3TOr0 COOTHOIIEHHUS NpUBEAEH B paboTax [52, 64].
IMapamerp Ro=GM/V..%, xapaxrtepusyiommii >p(peKTHBHOCTD
IPAaBUTALIMOHHOTO BO3JCHCTBUS, paBEH  PACCTOSIHUIO OT
IEHTpa TpaBHUTAIlMM, HA KOTOPOM CKOPOCTh YAaCTHIIBI,
NBUKYyLIEHcss 1Mo  KpyroBoil  opOute, paBHa Vo
I'paBuTanmonHas (pOKyCHPOBKAa MOHOHAIPABICHHBIX OTOKOB
OyzeT paccMOTpeHa B KOHIIE 3TOTO pa3Jiena.

U3 popmymnsl (2.15) cnemyet, uyTo mpu yrie HaOIOaeHUS,
cTpeMslieMcs K HyJo, BeauunHa K O0e3rpaHMuHO BO3pacTaer.
B neiictButensHOCTH,  Bo3pactanue K orpaHuueHo
MOTJIOIIEHNEM WJIM PACCEMBAHMEM YAaCTHI, MOMAJAINNX B
dokycupyromee HeOecHoe Teno. HaummeHbwii yroy, mpu
KOTOPOM BO3MOXHO HaOIo/ieHue c(POKYCHPOBAHHOTO IMOTOKA
[52,64]

@min = R(1+2Ro/R) 2/ (2.16)

rae R - paguyc rpaBUTHPYIOLIETO Tena.

OTOMY yIJIy COOTBETCTBYET MAaKCHMAIIbHO BO3MOXHBIH
ko durrent yeuneHust Kmax = K(¢min)-

[Ipu BBIONHEHUH ycnoBust @ >> Ro/f (y mnaner, a tarxoke
3BE3/I THTAaHTOB M CBEPXTHTAaHTOB, TaKMX Kak berenbreiise,
OHO BBITIOJHSIETCS /IS TAJIAKTUYECKUX TTOTOKOB HE TOJIBKO MpPHU
OOJIBIIINX ¢, HO Y TIPY BCEX BO3MOXKHBIX 3HAYEHUSX (), BIUIOTH
JI0 @min ) BeIpakeHue (2.15) mepexoanuT B COOTHOILIEHUE:

K=|(4Ro% f 2% -1]. (2.17)

U3 dopmyner (2.17) crmemyer, 4To mpu @ >2 4 (Ry/f)12
BeanunHa K cranoBuTcst MeHblIe 1, UYTO 03HAYaeT ociiadieHue
MOTOKA, MPUXOJSAIIETO W3 ITOW 00JacTH, MO CPABHEHHIO C
MMOTOKOM, HEBO3MYIIICHHBIM TPAaBUTHUPYIOIIUM TEJIOM. OTOT
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pe3yiabTaT €CTECTBEHEH, TaK Kak TMpPH TPaBUTAMOHHOW
(OKYCHUpOBKE MOJHOE YHCIO YacTUI[ B IOTOKE HE MOXET
BO3pacTaTh, W YCWJICHHE IIOTOKA B OJHHX HAalpaBJICHUSIX
MOXKET NPOMCXOIUTHh JIMIIb 33 CYET OCHa0JIeHUs B APYTHX
HaTPaBJICHUSX.

VY Hambonee MIOTHBIX HEOECHBIX TeN - OeJbIX KapJHKOB,
HEHUTPOHHBIX 3BE3]l M YEPHBIX [bIP BBIOJIHICTCS YCIOBHE
Omin << Ro/f . V Takux 00BEKTOB uMeeTcs 00JacTh, TIJe
@ << Ry/f wu cnpaBeNIMBO COOTHOIICHUE

K =274 IRyp (2.18)

B nepudepuyecknx o0JACTSIX TUIOTHBIX HEOECHBIX TeJ,
rIe BBIOJHSCTCS yciaoBue ¢ >> Ro /f, copasemiuso
cootHorieHue (2.17).

Kak 0puto ykazaHo BbIIIEe, MAaKCUMAIBHBIA KOA(POUITEHT
YCUJICHHUS JIOCTUTAETCS MPU MHHHUMAIBHO BO3MOXHOM YIJIE
HAOIIOICHUS Pin (cM.(2.16)).

VY minaHeT W 3BE3A-TMTAaHTOB M CBEpXTUrantoB Ry /R<<1,
MOATOMY

@min =R/f (2.19)
[ToncraBuB (2.19) B (2.17), monydum:
Kmax =4Ro? f %/ R* (2.20)

Y OenbIX KapiuKOB, HEHTPOHHBIX 3BE3JI M UYEPHBIX JBIP,
HanpoTuB, Ry /R >> 1. B sT0M ciyuae (2.16) mepexoaut B

@min = (2RRo) Y%/ (2.21)
[ToncraBuB (2.21) B (2.18), momyunm:
Kmax = V27 f 2IRe¥?RY2 (2.22)

Pesynbrartel pacdeToB @min M1 Kpax 11 HEKOTOPBIX
TUTIMYHBIX HEOECHBIX TeN MpeacTaBieHbl B Tabnume 2.1. Tam
ke coxaepxkarcs naHHbie 0 BenuunHe @ (K=1) - yrma, npu
KOTOpOM KO3 (UIMEHT yCUJIeHUs TTOTOKa YacTHll paBeH 1. B
cooTBeTCTBUH C (2.17),

¢ (K=1) ~1,2(Ro /f)*? (2.23)

OTOT yron MEHSIETCA B Opeaenax or ~3" s

HEUTPOHHBIX 3Be€37 M YePHBIX AbIp 10 ~6° s Connna.

108



Tabdauua 2.1. I'paButanmonHas (GOKyCHpOBKa HEKOTOPBIMH
KOCMHUYECKUMH OOBEKTaAMH W30TPOMHOTO MOTOKA YACTHI[ TPH
ckopoctu 300 xkm/c

o)|Eu  [K5(17) |Ks(1) K017

CoaHe HOpMATbHas 38e3ga | 6,7 EEIT BEEETMN BEEET EXGR TS
FOnuTep IIaHeTa 2161 | L610* | 2.110° 30
Carvpr MIaHeTa 22 1210 | 1210? 5 ~1
Hentve ILIaHeTa 2" LTI | Lol ~1 ~1
Besepa IIaHeTa [h 7 ] ~1 ~1
[Berenbreiize |36emma-ceepxruranT | 16" 21| 2410 6.710° 2
Crpuye A HOpMAILHAA 36e3da | 517 4,110°] 5610° | 1510 |4.210°
Cupuye B GeTsIH KapIHK 37 |12.10%] 4,010 | 11107 | 300107
INF D531 HefiTponnas ssesaa [34" 14107 | Le10™ | 45107 |1.210°
Tefens X1 YepHad JbIpa 26" | 6107 | 4000 | L.110° [3.010¢
% =] maposoe 38e3goe | 12' | -1 0= | et | 4510 12107
CEOILIEHHE

B Tta6aune 2.1: ¢ (1) - yroia eAMHAYHOTO YCHIICHUS;

Kinax - MaKCUMaIIbHBIH KO3 (PULIMEHT yCHUIICHNUS;

K, (1", K, (I), K,(1°) - »ddexrupnbie ko>()PUIHEHTEI
YCUJIGHHsI TIPH YIJTIOBBIX paspelneHusx Teneckomos 1", 1) 1°
COOTBETCTBEHHO.

[TpuBenennsie B Tabnuue 2.1 pacyeTHble BeMUUMHBL Kmax
JOCTUTAIOT OYEHb OOJILINX 3HAYEHHH (~1022 Yy HEUTPOHHBIX
3BE€3/1 M YEpHBIX JbIp). PealbHO CTONIb BBICOKHME 3HAYECHUS
Kmax HE MOTYT OBITh JOCTUTHYTHI M3-3a psifa (aKkTOpOB,
"pa3MbIBarOIIMX" MOTOK YaCTHUL.

Haubonee  ¢yHmameHTanpbHOE  OTpaHUYCHHE  JaeT
nudpakius, CBA3aHHas ¢ BOJHOBBIMU CBOiicTBaMu yactull. B
pe3ynbrate Tudpakiuy HU3TydyeHHE C JUIMHONW BOJHBI A, BBI-
Xojdllee U3 HMCTOYHMKA pa3MepoM L, oxasbiBaeTcs
"pa3MBITBIM" B IIpesieax yria

Ap=AlL (2.24)

[TosToMy  BoO3pacTaHue  KOX(QQHUIMEHTa  YCHIICHUS
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BO3MOXKHO TP YMEHBILICHUH ¢ IO BEJIMYUHBI MOpsAKa Ag.
[Monoxus ¢ = L/f = A/L, naiinem pasmep 00JIaCTH, B KOTOPOI
CyIIECTBEHHBI AU(paKoHHbIE () PEeKThI:

L= (f)Y2 ; @, = (UHY? (2.25)

Yactunpsl ¢ maccoit m=19B npu ckopoctu V=500 xwm/c
uMeroT Hy BoHBL A= h/(mV) = 7:10“u (h-mocrosauas
[Inanka). IlomcraBuUB 3Ty BEJIMYMHY U PACCTOSIHUE [0
TUMUYHBIX HeOeCHBIX Ted B (2.25), HaliaeM, 4To Ui IUTaHET U
3Be3]] (KpoM€ HEWUTPOHHBIX) @y<<@min, IO3TOMY IJSI TaKUX
00BEKTOB JU(PAKIIMOHHOE OrpaHMYCHHE HECYIIECTBEHHO. Y
HEHTPOHHBIX 3BE3]1 U YEPHBIX JbIP, a TAKXKe Yy O€JIbIX KapiIUKOB,
ynaneHHbIX Ha pacctosHue >100 nk, @p>@min. B pesynbrare
Kmax CHIIKaeTcs, HO He Oosiee yeM Ha 1-2 mopsijika, OCTaBasich
OYCHb BBICOKUM.

Bomee  cymecTBeHHOE — OTpaHWYECHHE  HAKJIAJbIBACT
KOHEYHOE YIJIOBOE pa3pellieHHe JETeKTOpa IOTOKa YaCTHII.
OTO CBSI3aHO C TE€M, YTO IOYTH BeCh C(HOKYCHPOBAHHBIN MTOTOK
COCPEOTOYEH B O0JACTH YIJIOB, CPaBHUMBIX C  @nin.
VBenuueHue yrioBoro pasmepa ¢ yuacTtka HeOecHOH cdepsl,
OXBAaTBIBAEMOT'O JIETEKTOPOM, CBBIIIE HECKOIBKHUX (in YKE HE
OPUBOAUT K  CYIIECTBEHHOMY  BO3pacTaHUIO  4YHUCIA
PEruCTpUpPyEeMbIX c(hOKYCHUPOBAHHBIX YACTHIL, a TOJIBKO BIEUET
Bo3pacranue (oua (puc. 2.16). Bonee Toro, nMpu yBeTHYCHUN
cebime 1,2(Ro/f)*? merexkrop HaumHaer oxBaThIBaTh OGNACT
C TOHIKEHHOH IUIOTHOCTBIO TOTOKA, W TpH gz)p>>(Ro/f)1/2
3¢ deKT OT rpaBUTAMOHHON (OKYCHPOBKH, PETHCTPUPYEMBIN
JIE€TEKTOPOM, CTAHOBUTCS HyJeBbIM. [loaTOMYy HEoOX0AMMBIM
YCIIOBHEM Ui YCIEIIHOTO  HAONMIOACHWS  TOTOKa,
C(OKYCHPOBAaHHOTO HEKOTOPHIM HEOECHBIM TEJIOM, SIBIISETCS
BBIIIOJIHEHUE YCIIOBUS ), <1,2(Ro/f)*2.

OneHka  BIMSHHUS ~ pas3pemieHWss  JIETEeKTopa  Ha
kodddunmeHT ycwieHus caenaHa B pabortax [52, 64].
Pesynprarsl pacyera BEJINYUHBI 3¢ (HEeKTUBHBIX
kod(ppurmentoB K, 1Jisi HEKOTOPHIX TUITUYHBIX HEOECHBIX TEJ
U JeTeKTopoB ¢ paspemenuem 1", 1' u 1° mpuBeneHsl B
tabmuue 2.1. BumHo, 4YTO KapTUHA, KOTOPYIO MOKHO
HaOJI0AaTh, CYIIECTBEHHO 3aBUCHT OT YIJIOBOTO pPa3pelIeHUs
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nerektopa. IIpu ucnonb3oBaHuM eTekTopa ¢ paspemieHueM 1"
HauOosee "spkuMHu" OOBEKTaAMHU SBJISIOTCS HEUTPOHHAS
3Be3na NPO0531, Oenbrii kapimuk Cupuyc B u vepHas gwipa.
[TpumepHo Ha mopsok ciabee - 3Be3na Cupuyc A (THNUYHAS
3Be3na), emie crnabee 3Be3na berenbreidize (CBEpXTUTAHT).
[InaneTsl BeITIAAAT cinabee 3Be3n, mpuiyem Henrtyn - "spue"
Carypna u KOnurtepa. Ha nocneanem mecre no BenuuuHe K,
crost Counnie u Benepa.

107 Puc. 2.16.
[TpumepHas 3aBu-
CHUMOCTH
koa(duiu-eHTa
YCHIICHUS
raJakTHYECKUX
HOTOKOB TEMHOM
MaTepUn
1 TUIUYHOM 3BE3/101
OT YTJIOBOTO
0 IV/T_M PacCTOSIHHUSA J10
107 30 50 100 Jexredn LIEHTPa 30HbI
IPaBUTAIIMOHHOTO
YCHIICHUS

[Ipu ucmonp30BaHMM JETEKTOpa C pasperieHueM 1' (4To
MPUMEPHO  COOTBETCTBYET  MpPENEIbHOMY  pa3pelIeHUI0
YeNOBEUYEeCKOro Trja3a) HEHUTpoHHas 3Be3da, Oemblii KapiuK |
4yepHas JbIpa oOCTaloTcsi Haubosee "ApkuMH" 0OBEKTaMH,
cmabee - 3Besma Cupuyc A. ComnHile cTaHOBHUTCS Oosee
"apkuM" 0OBEKTOM, uYeM IUIaHEThl W 3Be3la berenbreise,
Hentyn u Benepa cTaHOBSTCS NpPakTUYECKU HE3aMETHBIMU
0o0BEKTaMHU.

[Ipu paspemiennu nerekropa 1° HaOMOAEHHE TUIAHET W
3BE3[-TUTAHTOB CTAHOBHUTCS HEBO3MOXKHBIM. HelTpoHHas
3Be3/7la, 4YepHas MAbIpa, OENblii KapiuK BBHITJISAAT MPUMEPHO
OJIMHAKOBO SIPKUMHU 00BEKTaMH, HECKOJIbKO ciabee - ConHile u
Cupnyc A.
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Pacuetsl, cnemannbie mig JIyHbI, MOKa3bIBAalOT, YTO OHA
MPaKTUYECKH HE (POKYCHUPYET MOTOK TaJAaKTHYECKUX YaCTHII,
JIOCTUTAIOIINX 3€MIJIH.

[Ipu MPOBEJICHUH BBIIICH3JIOKEHHBIX pacyueToB
MOApPa3yMeBaIOCh, YTO TOYKa HAOIIOJEHUS HEMOABUXHA
OTHOCHUTENLHO (hOKYyCHpYIOIIero HebecHoro Tena. PeambHO ke
HabIroAaTeNnb, HAXOJAIIMICT Ha 3emiie, IBIXKETCS BOKPYT
Connna co ckopoctbio okosio 30 xm/c, ComHIE IBHKETCS
OTHOCHUTEJILHO 3Be3]1 (110 OTHOIIECHUIO K COCETHUM 3BE3]1aM - CO
ckopocthio ~10 xwm/c). PammanmpHas coctaBistomas OT-

HOCHUTEJIBHOU CKOPOCTH V| BIIUAET HA CIIEKTP PETUCTPUPYEMBIX

YacTHUIl, a TaHTeHIMaldbHas V,- Ha HamNpaBJICHHE BCTPEYU
gacTull C AeTeKTOpoM. OTKIOHEHHE 3TOT0 HaNpaBlEHUS OT
NpsIMOM, CoenuHAIONICH (OKyCHUpYIOIee Telo ¢ TOYKY
HaOJIFOAeHUS
Ap = arctg(V./V), (2.26)
rae V - CKOpOCTh YacTHIl.

B pesynbrare, HabnogaeMoe MOJI0XKEHUE HAOII0AAEMOT0
TeJla  OKa3bIBAa€TCSd  OTKJIOHEHHBIM  OT  "omTuyeckoro"
MOJIOXKEHUS Ha YTOJI, JOCTUTAIONIUN HECKOJIBKUX TpaayCcoB.
N3-3a pa3bpoca ckopocreit BenuuuHa A¢@ "pa3MmbiBaercs', u
¢dokycupyromee HeOecHOE TelNO  BOCHPUHUMAETCS  HE
KOJIBLIEBU/IHBIM, @ PACTSIHYTHIM B HEKOTOPOM HaIlpaBJICHUU
oowvekToM. Hampumep, morok ot ComnHia, (OKyCHPYIOIIEro
Y4acTHUIBI cO ckopocTsiMu OT 250 mo 500 xm/c, B pe3yibTaTe
IBUKEHHS] 3eMIIM 10 OpOUTE BOCHPHUHHMAETCS B O0O0JIACTH
YIJI0B NPUOJIM3UTENBHO OT 2 710 8 TPpajycoB Ha HKIMITHUKE
no3aau ConHIa; MIMpHUHA COMHEYHOro "msATHa" - 2..3 rpanayca.

2.6.2. DoxycHpPOBKA NOTOKOB TEMHOI MaTepHUH IJIAHETAMH
PaccmoTpum Teneps POKyCHPOBKY MJIAHETAMH TTOTOKOB
TEMHOM MaTepHuH, IBUWXKYILEWCS B TIPaBUTAMOHHOM I0OJE
Conneunoti cucmembsi.
B mHactosimiee Bpemss HET OJHO3HAYHBIX JaHHBIX O
MPOCTPAHCTBEHHOM M YIJIOBOM pPACHpPEAENIeHUsAX MOTOKOB TM
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B Comnneunoit cucreme. Ho pa3yMHO NpearnonoXuTh, 4YTO
3HAYUTENbHAS JIOJISl YaCTHI] UIMEET CHIIBHO BBITSHYTBIE OPOUTHI
¢ adenusMu, BBIXOAAIIUMH 32 Mpefeibl HanboJiee yaaleHHbIX
IUTAHET U € IEPUreNMsIMH, CpaBHUMBIMU ¢ pagunycoM Comnia R
o. Ha paccrostHusiX OT LeHTpa rpaButauuu I >>Rq aBmxeHue
YacTULl MaJl0 OTIMYAETCA OT pajuaibHOro, UX CKOpocTh V
=(2G Molr)*?.

PaccmoTpum Bo3MylleHHE, BHOCUMOE B JBH)KEHUE YACTHI]
IJIaHEeTON Maccolt M ¢ paguycom opoutsl 1 (cM. puc. 2.17). B
paiioHe opOUTHI ATOM IUIAHETHI YACTHUIIBI UMEIOT CKOPOCTh V1 =
(2G Molry)Y? . TIpoxonst MuMO Iu1aHeTs ¢ Maccoii M, acTubl

prOOpeTaroT JIOTIOJTHATEITHHYIO CKOPOCTH,
NEPICHAUKYIIIPHYIO Vi ¥ HampaBJICHHYIO B CTOPOHY
maneTsl [40]:

V, =2GM/ pV; (2.27)

I7Ie P - IPUIEIbHBIN MapameTp.

1

Puc 2.17. [I'paBuranvoHHas (QOKyCHpOBKa IUIAaHETAMH ITOTOKA
YacTUll COJHEYHOM HeHTpuHOCHEPHI.

Yepes Bpems

(2.28)

I,
:zg_ 2 32 312

If.l I’-2 )
'V 3 /M,
JaCTHUIIbI 6YJIYT HaXOJUTBCA Ha PacCTOSAHUU I, oT OEHTpa

r'paBUTalluU. TpaCKTopI/II/I T€X H3 HHUX, KOTOPbLIC HNMCIN
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MpUIETBHBIN TTapameTp o =V t, mepecekyres, o0pasys (okyc.
[Toacrasmnss B 3To BeipaxkeHue (2.27) u (2.28), moaydaum:
= 11{(2M/3 Mo)[1-(ro/r) ¥4} (2.29)
Eciu rp >> rp (4ro BBINONHSETCS, HapuMep, MpHU
¢dokycupoBke Ha 3emuto FOmutepom u 0Oonee ganeKuMu
[JIaHeTaMu),
0 =r1(2M/3 Mo)Y? (2.30)
YcuieHHsbli IOTOK YaCTULL HabmrogareneM
BOCIPUHUMAETCS MPUXOIAUIMM M3 KOJIbLIa C YIJIOBBIM
paanycom

poYe M yu _ [36M (2.31)
V, Mg p 2rnM,

rie V, = (2G Mo /I’z)ll2 - CKOpOCTh YACTHI[ B MECTE
HaOJIIOIEHUS.

3HaueHus @, BBIYUCIIEHHBIE JUIs psaja miaHeT CoJHeYHOH
CUCTEeMBbI, MpHUBeACHb B Tabmune 2.2. VIHTepecHO OTMETHTH,
YTO JUaMeTpbl Kojel, oopazyembix IOnurepom u CarypHowm,
OoJblIIe ONTUYECKH BUIUMBIX AraMeTpoB ComHia u JIyHBI.

BceneacrBue nBukeHus (oKycupyrolmed IIaHeThl U
IJIaHeThl ¢ HaOmronmateneM (3emii) Mo OpOUTaM MOJIOKEHHE
ATOTO KOJbIla HAa HeOecHOU cdepe He COBMAZACT C ONMTHYECKH
BUJIMIMBIM TIOJIO)KEHUEM (POKyCHpYIOUIeH MiaHeThl. [[BrokeHue
3emin 110 op6uTe co ckopocTbio Vo = (G Mo /1y )2 npusomut
K TOMY, YTO paJualIbHbIA MOTOK YacTHUI], UMEIOIINNA CKOPOCTb

Vo, = \QVOZ , BOCIPUHUMAETCS HAaKJIOHEHHBIM B CTOPOHY
JBUKEHHS 3€MIIA Ha YTOJ
a = arctg(Ve2 /V2) #35,26° . (2.32)
Hanee, HaOII0aTEND BOCIIPUHUMAET YaCTHIIEL,

POXO/IHBIIHE MIMO (OKycHpytomteii mianersl Ha  t=2(r;>% —

r,¥%)13(G Mo)*? panbiue MoMeHTa HaGIIOAEHUS. 32 3TO BpeMst
dbokycupyromas miaHeTa IePEeMECTUTCS Ha yroi [ = 2(1‘13/2 —
r,% 2)/3r13’2 OTHOCHUTEIILHO IICHTpa TPaBUTAIMH WK Ha yroa [’
= arctg[(sin p)/(cos f— r/r1)] oTHOCHUTEIBEHO 3EMJTH.
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PesynpTHpyroniee OTKIOHEHHE HalpaBJIEHUS BOCHPUSATHS
MOTOKA YaCTHIl OT HAMpaBJICHUS Ha (POKYCHPYIOUIYIO ITUIAHETY
COCTaBIIsIET

y=p-a. (2.33)
3HaueHus J, BbIUMCICHHBIE JUI psaa IuaHeT CoaHEeYHON
CUCTEMBI, IPUBEICHBI B Ta0yHIIE 2.2.

[lpy mnpoBeneHHM TOYHBIX HAOMIONEHUH HEOOXOIUMO,
KpoMe OTKJIOHEeHUs (2.33), y4HuTBIBaTh TakKe CMEIICHUE
HaNpaBJICHUs] BOCIIPHHUMAEMOI'0 TIOTOKA YacTHUII, CBSI3aHHOE C
BpallleHueM 3eMJIM BOKpPYr ocH. BennumHa 3TOro cmerieHus
MEHSIETCS HA TMPOTSDKEHUH CyTOK, nocruras 0,53°, a Ttaxke
OTKJIOHEHHE IIOTOKA YacTUI] TPaBUTALMOHHBIM IOJEM 3eMIIH,
KOTOpOe MoskeT gocturats 1,3° [64].

Tabauuna 2.2. I'paBurannonHas (oKycHUpOBKa IJIaHETAMU Ha
3emiTto oToKa TeMHOM MaTtepuu COJTHEUYHO CUCTEMBI

M. x= FroM P % Eilxu)
MUHVIHEL | Epadvesl

Mape 64107 | 2.310" 26 108  x0t
Fmwrep | 19107 | 7710 33 71 231F
Carypa 57109 [ 1.410% 23 3, 710
Vpan 8.810% | 2,710" 6.3 44 1310°
Hemrye 10107 | 4510 54 30 o1’
Jlyma ¥ 73102 | 3810° 19 031 10

B Tta6aune 2.2 : M — Macca miaHeTsl; 1 — paanyc OpOUTHI,

@ — YIJIOBOW pajinyC KOJIbLIA MOTOKA YACTHII, Y — OTKJIOHEHHUE
HampaBJIeHUsl Ha ONTHYECKU BUMMOE IMOJIOKEHHE TIAaHEThI OT
HanpaBJIeHUs IpUXoaa CHOKYCUPOBAHHBIX YaCTHIL;

K(1 xm) — xo3pdumeHT ycuneHus: moToka Ha paccTosHUU 1
KM OT TUHUH (OKYCOB.

Ha npyrux paccrostausx d (km): K=K(1 xm) Id ;
*) — B TIOCJICTHEH YETBEPTH.

PaccmoTpuM Tenepb, HACKOJIBKO OOJBIIMM MOXXET OBITh
BO3pAaCTaHHE  IUIOTHOCTM  IOTOKA  YacTUL[  COJHEYHOH
HeliTpuHOocdeps! npu HoxycupoBke miaaHeramu. Kak mokazaHo
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B [40], xoadpureHT ycuaeHnss MOHOHAPABICHHOTO MTOTOKA
K'=p/9, (2.34)
r7ie O - pacCTOSIHUE OT JIMHUH (DOKYCOB.

®dopmyna (2.34) xapakTepusyeT MPEeBBIIICHUE TUIOTHOCTH
IIOTOKA OKOJIO TOUKH HaOmroAeHus F Hax mioTHOCTHIO MOTOKa
B paiioHe ¢okycupyoomero Tena. Hac ke uHTepecyer
MPEBBIIICHHE OKOJIO TOYKH F HaJ MIOTHOCTBIO MOTOKA B 3TOM
e MeCTe, HO B OTCYTCTBUH (POKYCHPOBKH.

Ecnmu nBmxeHuwe dacTun OJNM3KO K paguaIbHOMY,
IUIOTHOCTh MX MOTOKa B HeWTpuHochepe CoiHIIAa BO3pacTaer
00paTHO TMPOMOPIUOHATBHO KBaJIpaTy PacCTOSHUS 1O IEHTpPa
rpaBUTAllMU. YUWUTBHIBas 3TO, a Takke cooTHouieHue (2.34),
MOJIY9UM BBIpaXXeHUE JUIS KO3(PPUICHTA YCHIICHUS:

K= (ra/ry)’K>= (r22/r16)(2MI3 M) (2.35)

B cootBerctBHM ¢ 3TON  Qopmyrnoi, 1O Mepe
npUOMDKEHU K JIMHUK (POKYCOB KOA(D(PUIMEHT YCUICHUS
O0e3rpaHn4yHOo Bo3pactaer. OrpaHuyeHHe Ha BO3PaCTaHHE
BeIMYMHBI K HakIIaJgpIBalOT BOJHOBBIE CBOMCTBa 4YacTuil. B
pabore [40] moka3aHO, YTO  MaKCHMaJIbHO BO3MOXKHBII
KO3 (OULIUEHT YCUIICHHUS

max= 4GMm / hV, (2.36)
rae M - macca gokycupyromero tena,

M - Macca 4aCTHUIIbI,

h - mocrostnnas Ilnanka,

V - CKOpOCTh YacTHUIbI,

G - rpaBUTaIIMOHHAS IOCTOSIHHAS

nocturaercd B "mHype" paauyca

Snin= (hVr1 14Gm)(2/3 MoM)Y? (2.37)

[To dopmynam (2.36) u (2.37) MOXKHO paccUUTaTh, 4YTO
npu (okycupoBke FOmuTepom Ha 3eMiro yacTHil ¢ Maccou |
9B Kpax~ 10", a2 &in ~ 10 e,

BepostHocTs BcTpeun HaOmtomarens co  "mHypom"
tonmuHon ~10 cm Mama, a eciaM 3TO M MPOU3OUIET,
MPOJOJKUTEIIBHOCTh BO3JAEHCTBUS COCTABUT MPUMEPHO 107 c,
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TaKk Kak 3eMJsl ABMXKETCS OTHOCHUTENBbHO JHUHHHM (OKYCOB CO
CKOPOCTBIO 0K0JI0 30 KM/C.

Ho 3HauurtenbHOE ycueHHE IJIOTHOCTH IOTOKA YaCTHII
HaOJII0AAaeTCs U MPH JTOBOJIBHO OOJIBIIOM YHAaJCHUH OT JMHUU
¢dokycoB. Tak, mpu o6=1000 xm ycumenue IOnurepom
cocraBmsier  npuMepHo  10°,  a  IPOIOIDKHTEIBHOCTH
BO3JEHUCTBUS - OKOJIO MUHYTBHI.

Jannsle o ko3(pduIMeHTax yCUICHHS psAga IUIaHET
npuBeACHB B Tadaume 2.2. B 9Ty ke TaOIUIly 3aHECEHBI
pe3yibTaThl pacyeToB s JIynsl [40]. OTu pacuersl mokasanu,
4TO pajuajbHas KOMIIOHEHTa COJIHEYHOH HEUTpHHOC)EPHI
(CKOpOCTh YaCTHIl OTHOCHUTEIbHO 3eMiid - okojio 50 xwm/c)
JlyHOW MOYTH HE YCHUIIMBAETCs. 3aMETHO YCHJIMBAETCS JIMIIb
KOMITOHEHTa COJHEYHON HeHTpuHOChEphl €O CKOPOCTHIO
gactul] okoso 30 ku/c. ChoxycupoBanHblii JIyHO# TOTOK 3THX
yacTull momanaer Ha 3emuto, korjaa Jlyna Haxomutcs B ¢aze
IIOCJIEIHEW YETBEPTH.

[TpuBeneHHbIE BBILIE pacYEThl HE YUYUTHIBAIOT IPaBUTALIMIO
3emnu. Ydyer 3Toro ¢axtopa MPUBOAUT K HE3HAYUTEIBHOMY
BO3pACTaHUI0 KOA(PPUIIUEHTA YCUIICHHUS, MPOJIOIKUTEILHOCTH
BO3JICHCTBUS U OTKJIOHEHUIO HAIIPaBJICHUS MaJal0LIero MOTOKa,
nocruraromero 1,3° mpu HaGIIOICHUSIX BOJIU3H TOPU30HTA.

Habnronenue 3¢dexra GoKycHpOBKHU IIIAHETAMU SIBIISETCS
HENPOCTON 3a/1a4eil U3-3a ero KpaTKOBPEMEHHOCTH U PEIKOCTH.
BHemnue nnaHeTsl MOTYT JaBaTh He Oosee | uMmmysnbca B roj
U TOJIBKO TOTJa, KOT/1a OHU HaXOATCS HELaleKo OT INIOCKOCTH
SKIMNTUKM. HO Hago MOMHMTB, YTO M KpPaTKOBPEMEHHBIE
BCIUIECKM MNMOTOKa TM, NI KOTOpPBIX XapaKTEpHbI CUJIOBbBIE
BO3JIEUCTBUS [55, 65], MOTYT JaTh TOJNYOK K Ha4ally MOIIHBIX
reo@u3MUecKux  SBJICHUH, HampuMep,  3eMJIETPSCEHUH.
B03M0OXXHO, UMEHHO 3TUM OOBACHSAETCS KOPPENALHUsS MEXITY
BEPOATHOCTBIO 3€MJIETPSCEHUI U MOJI0KEHUEM IIJIaHET.

Mo>KHO NPEANOI0XKUTh TaKXkKe, YTO (POKYCHPOBKA MOTOKOB
TM Comnrgeunoil cucremsl uiaHeraMu Ha CoJiHIlE BiIMSET Ha
COJIHEYHYIO aKTMBHOCTb. llogpoOHee 3TO mpennoioxkeHue
00CYZMM B TJIaB€ O KOCMO3EMHBIX CBA3SX.
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2.6.3. ®oKyCcHPOBKAa MOHOHATNIPABJEHHBIX IOTOKOB.
Bensiecku npu TecHoM coeauneHun 3Be31 U CostHna.

PaccMoTpuMm  Temepp rpaBUTAllMOHHYIO (OKYCHPOBKY,
KOrJla UCXOJIHbIA MOHOHANPABJICHHBIA NOTOK HAKJIOHEH K OCH
OF, coeaunstomeld HaOMOAATENI W IEHTP TPaBHTAIMH
doxycHupyIero Tena, IMOA HEKOTOPBIM YIIIOM ¢  (CM.
puc.2.18). Ha atom pucynke O - neHTp rpaButanuu, A - ToUKa
HaOmoneHus, o - mnpoeknuss OA  Ha  IUIOCKOCTD,
MEPICHIUKYIISIPHYIO TIOTOKY YaCTHII.

& - BMA NepneHAMKYNARHO NOTOKY
) - BUA BRONE NOTOKA NARAMWMK YACTHL

Puc. 2.18. [leiictBue 1eHTpa TpaBUTAMH HA HAKJIOHHBIH
MOHOHAITPABJIEHHBIH TTOTOK

B pab6orax [40,52] moka3aHo, 4TO MaJafONUUi Ha HEHTP
I‘paBI/ITaIII/II/I H’c’tKJ'IOHHBIfI IIOTOK BOCHpI/IHI/IMaeTCﬂ B TOYKEC
HaONIO/IeHUs] TPUXOSAIINM W3 JBYX HampaBleHUil (CM. puc.
2.19), OTKJIOHEHHBIX OT OCH, COEAMHSIONIEeH HaOIroAaTens u
IIGHTp FpaBI/ITaHI/II/I, Ha YIJIbI

o= poff =05 [+ (o +4gn")"] (2.38)

2= pdf =05 [g-(" +4g)"* (2.39)
B sTux BhIpaKeHUSX @p = (2GMI)M2)v - YIJI0BOHM paguyc
KOJIbIIa, HAOJFOJaeMOro TPU HEHAKIIOHHOM TIOTOKE, ¢ -

HaKJIOH IMOTOKA K OCH HaONogaTeNb - LEHTP TPaBUTAIMH J10
IpaBUTALMOHHOTO Bo3/eicTBUs ("ucxoaHbIi" HakiIoH). Toukw,
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COOTBETCTBYIOIIHE (1 M (2 PACTIOIOKEHBI TI0 Pa3HBIE CTOPOHBI
OT IIEHTpa I'paBUTAIMH, TIPUYEM OoJiee yalieHHas TOYKa ¢
pacrioyio’keHa ¢ TOU jKe CTOPOHBI, UTO U ¢; .

g
Puc. 2.19. Bocnpusitue
Ha0JIr01aTeIEM HaKJIOHHOTO
MOHOHANPAaBJICHHOTO TIOTOKA,
BO3MYIIIEHHOTO IIECHTPOM I'PaBUTAIHH

Eh)

Bemnunnel motokoB @1 u @s

MPUXOAAIIUX B TOUKY HAOIIOIEHUS,

@ COOTHOCSTCS C MCXOIHBIM TTOTOKOM
2 .
@; cnenyromum odpasom [52]:

Ki= @/ Dy =p,/[3(1+p5 /pi N =/ [ ¢ (1+ 95 /97 )] (2.40)
Ko= Do/ Dil=-00,/ [ ¢ (1+ @5 / 95 )] (2.41)
Ecnu HaknoOH najgaroiero noToka HeBEuK, ¢ << @p. Coort-

HomeHus (2.40) u (2.41) ¢ yuerom (2.38) u (2.39) nepexonst
B IPUOJIMKEHHBIE PABEHCTBA

[Ipr 3HAYUTENBHOM YTJIOBOM PACCTOSHUM HCTOYHHMKA
IIOTOKA OT LEHTpa rpaBUTaluu ¢ >>¢y . M3 cooTHOmEHUN
(2.38) u (2.39) ciienyer, uTO B 3TOM ciaydae ¢~ U ¢,=0, a
u3 cootHomeHuit (2.40) u (2.41) - yto K;#1 u Ky;20. D10
COOTBETCTBYET HAOJIIO/IEHUIO HEBO3MYIIIEHHOTO MOTOKA.

Ecnu e 1oTOK TmapajieneH OCH, COEIHHSIOIIECH
dokycupyromee Tteno u Habmopatens (¢=0), MIOTHOCTH
notoka B (okyce (OpMaTbHO CTAaHOBUTCS OECKOHEUHO
OO0JIBIIION, peaIbHO €€ BeJIMYMHA OTPAHUYMBACTCS] BOJTHOBBIMU
WIM KBAaHTOBBIMM CBOHCTBAMM TIOTOKA, pAaccesHUEM U
MOTJIONIEHUEM Ha ITYTH PACcIIPOCTPAHCHUSI.

Ocobo0 paccmotpuM BimssHUEe rpaButanuu ConHIA Ha
MOHOHAIpPABJIEHHBI ~ TMOTOK  TaJaKTHYECKUX  YaCTHII.
[IpakTHyeckM MOHOHANPABJICHHBIH IOTOK MOXeET OBITh
copMHpOBaH,  Hampumep, OpH  TPaBUTAIMOHHOMN
(hOKyCHpPOBKE PacCESTHHOTO IMOTOKa HEKOTOPOH 3Be370U. 3emiis
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JIBHIKETCS 110 OKOJIOCOTHEYHON OPOUTE CO CKOPOCTHIO OKOJIO 1°
B cyTkH. C TOUKH 3pEHUSI 36MHOTO HAOJIOAATENs 3TO BHITJISIUT
nekeHueM CoJIHIIA 1O SKJIUITUKE C TakKOW K€ YIIIOBOU
ckopocThio. COOTBETCTBEHHO, M3MEHSIETCS YOI ¢ MEXIY
HarpaBieHueM Ha CoONHIIE U TMOTOKOM, ABHXKYUIUMCS  CO
CTOpOHBI  ¢okycupyromeii  3Be3anl  (puc. 2.20). Ilpum
JIOCTaTOYHO TECHOM COJIMIKEHUH, KOTJa ¢ ~< ¢ , IPOUCXOTUT
BO3MYIIICHUE MOTOKA. IIpu ckopoctu V=500 wwm/c,
XapaKTEepHOM ISl TAJIAKTUYECKUX YaCTHLl, ¢y =4,80 , TIOATOMY
3aMETHOE HCKa)KCHHE HAIpPaBJICHHS TOTOKA U €r0 BEIMYUHBI

JOJDKHO HAOIMIONAThCA yXKE Ha yIJOBOM PACCTOSHHU OT
Cosnnna okono 10° (em. 2.38 u 2.39).

Puc. 2.20. /[BmxeHue
3eMII IO OKOJIO-
R COJIHEYHOH opOuTe
/. OTHOCUTEIBHO
/ 2 c(hOKyCHPOBAHHOTO
CoJIHIIEM MOHO-

3emns g, HaIlIpaBJICHHOTO
IIOTOKa.

Comnre

Ha puc. 2.21 noka3aHo, kak MeHseTcs HaOI0JaeMoe ¢
3eMiIM TOJIOKEHUE HCTOYHHMKA MOHOHAIIPABIEHHOIO IIOTOKA
npu ero yrmoBom conmxenun ¢ Comanem [64]. Ilpu pacuere
ucnoJib30BaHbl popmynsl (2.38-2.39). PaccmoTpens! ciiyyau c
MUHUMAaJbHBIMU YIJIaMH MEX]ly HallpaBI€HHEM Ha LEHTP
ConHna u Ha '"HEBO3MYILEHHBIM' HMCTOYHHK IOTOKA
min = 2° U @ min = 0,2°. Toukamu OTMeYEeHHI HaAOIIOIaEMbIE
MTOJIOKEHUSI UCTOYHHUKA IMOTOKA ¢ MHTepBainamu B |1 cyrku. Ha
puc. 2.22 moka3aHO, KaK HM3MEHSIOTCS BEJIUYHMHBI ITOTOKOB B
mporecce yriioBoro cOmmkeHuss ucrouHuka ¢ CoiHieMm
(pacuet o gpopmymnam Gopmyinsl 2.40 u 2.41).

Eciu  Obl  cymecTBoBaJl ~ MHCTPYMEHT,  JTAIOLIUHN
M300pakeHNe B TIOTOKAaX TEMHON MaTepuu co CKOpocThio 500
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KM/c, MBI yBUAEIH OBl CIEAYIOIIYI0 KapTUHY. B HekoTOphIi
MOMEHT BPEMEHHM HCTOYHHMK IOTOKA HAUYWHAET ABUTaThCS C
BO3pacTarollel CKOPOCTHIO BAOJb SKIUNTUKY 10 Xoay ConHia;
[I03KE TPAEKTOpUs HAUMHAET u3rudarbcs. B aTo xe Bpems Ha
YIJI0BOM paccrosiuiu  okojo  10° MOSIBJISIETCS.  BTOPOit
UCTOYHUK IIOTOKA, BHayayle C1alblif, a MOTOM CPaBHUMBIN IO
BelMuuHEe ¢ TepBbIM. Yepes 1-2 Hemenu o0a MCTOYHMKA
3aHUMAIOT MOJI0KEHUE, CUMMETPUYHOE IJIOCKOCTH IKIUITHKY.
CKopocCTh UX JIBUJKEHHUS BO3PACTAET /10 HECKOJIBKUX I'PaTyCcoOB
B CYTKH, a "ApKOCTh" MHOTOKpaTHO yBennuuBaetcs (puc.l.22).
[IponomxurensHoCcTh "Benplliek" - OT vaca 70 cyTok. Uewm
spye "BCOBIIKU", TeM OHU Kopode. ITocine 3Toro ucTrouHuKU
OIMKCHIBAIOT TPACKTOPUHU, CHUMMETPUYHBIC TPACKTOPHUSIM O
"BCOBIIIKA", TEPBBI HCTOYHUK BO3BPAIAECTCS B HCXOIHOE
MOJIOKEHHEe, a BTOpod 'racHer". DTy KapTHHY ClenyeT
JOTIOJTHUTh 3aMEYaHHEeM O TOM, YTO ONTHYECKH BUIUMOE
nzobpaxxenue ConHIa H3-32 JBIKEHUS 3eMIId 1O OpOuTe
CABUHYTO OTHOCHUTEIBHO Comnnua, MIPOU3BO/ISIIETO
BbIIICONKMCAHHBIE Y)(EKTHI, HA YroJ OKOJIO 3,5 B CTOPOHY €ro
JBUKEHUS 110 SKITUTITUKE.

Puc 2.21. Biusaune CojHioa Ha HaOmI0maeMoe IT0J0KEHHE
HCTOYHHMKA TOTOKA YaCTUI[ OmHOCcUmenvHo 36e30. Toukamu
0003HAYEHO TMIOJIOKEHWE WCTOYHUKA C WHTEpPBAIAaMU | CYTKU.
Ckopoctb vactur, 500 xw/c. 1 — mepBOHAYANBHBIA UCTOYHUK, 2 —
BO3HUKAIOIMK M TacHYIIMM MCTOYHHMK, & — MHUHHUMAJIBHOE
paccTosiHie HEBO3MyIIeHHOro wucrounuka jgo Comuma 2°, b —
MHHHUMAJIFHOE PACCTOSTHHE HEBO3MYIIICHHOTO MCcTOYHMKA 10 CoHIa

0,2°.
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EosdhHiEenT younenna

L

5 4 30 -2 -1 0 1 2 3 4
CYTRII OT MOMEHETA MHHNMATEHOTO YTIOBOTD PACcCTOAHILT

Puc. 2.22. lV3MeHeHHe IUIOTHOCTH MOTOKAa MOHOHANpPaBIEHHBIX
yactull, npoxonsanmx BOmu3n ComHia mpu ckopoctd 500 xw/c.
MuHUMaNbHOE  YIJIOBOE  PACCTOSHHE MEXIy  HampaBleHHEM
HEOTKJIOHECHHOT'O ITOTOKAa ¥ HarpasjieHreM Ha neHtp Cosnra 0,2°.

1 — nmepBOHAYANLHBIN UCTOYHHK,

2 — BO3HHKAIOIIWN ¥ TaCHYIIHIA UCTOYHHK.

OToT mnpeAckazaHHBIM  AddexT BHocaeACTBUM  ObLI
IKCIIEPUMEHTATBHO nonaTBepkaeH. CHIIbHBIE BCIUIECKH
CUTHAJIa 3aperuCTPUPOBaHbl BO BPEeMsl TECHBIX COCTUHEHUH C
Comanem 3Be3n & Cnc, v Leo u 45 Leo, a Tak ke TpH
coeauHeHun COJHIA ¢ pacCesHHBIM 3BE3/IHBIM CKOIJICHHMEM
M44 (cm. yacte 3, pasznen 3 "Habmogenue H-uznydenus
Teneckonamu").

AHanoruusbie 3(QeKTrl, TOJBKO MEHBIIEro MacuTala,
JOJDKHBl TPOMCXOJUTh M TpHU COMMDKEHMM HaIrpaBlIeHHH
MTOTOKOB C HAMPABJICHUSIMH Ha TUTAHETHI U 3BE3IBI.

OnucanHble B 3TOM pasfene pacdyeTbl ObUIM CIeNaHbl
okousio 30 net Hazaa. HekoTopsle U3 MOJYyYEHHBIX PE3YIIBTATOB
MO3Ke BOCIPOM3BENCHHI B padoTte [221, 233].
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3. TEOPUSA U DKCHHEPUMEHTBI
3.1. InuHBI BOJIH U CKOPOCTH TEMHOH MaTepuu

Ilepeiinem K COMOCTABIICHUIO pE3yJIbTaTOB
TEOPETUYECKOTO PACCMOTPEHUSI CBOMCTB IIOTOKOB TEMHOM
MaTepuu C pe3yJbTaTaMy dKCIEPUMEHTOB.

ramak TH=-

 oHeyHoI e CKIe
CHCTEMEI
DKO0J0 -
IEMHEIE

EHeTralnar -
THYeCKHe

S

/ W, KH/C
5 110 20 A0 100 200 500 1000

Puc. 2.23. [Ilnana3zoHbl BO3MOXKHBIX CKOPOCTEH BCTpeud ¢ 3emiieit
MTOTOKOB TEMHOU MaTepHu

Puc. 2.23 o00oOmaer pe3yibTaThl pacueTa CKOpOCTEH
TEeMHOUW Marepuu y moBepxHocTu 3emin. CoIOCTaBUM 3TH
CKOPOCTH C pe3yapTaTaMu JKCIIEPUMEHTOB c
mudpaxkauonHbiMu pemietkamu u YUK, Ilpeanonoxum, uto
U3MEpPEHHBbIE [UIMHBI BOJH — JUIMHBI BOJIH Je-bpois
HekoTopo# wactuiel A = h/mV (m u V' — macca U ckopocTh
yactuilsl). [lombiTaemcss momoOpaTh Takoe 3HAYEHHUE MACCHI,
4TOOBl CKOPOCTH, OmpenessieMble U3 (Gopmyisl ne-bpoins,
COOTBETCTBOBAJIM CKOPOCTSIM, KOTOPBIMH MOXeET o00Jyafarh
TEMHasi MaTepusi NMpHU BCTpeYe C 3€MHBIMH OOBEKTaMH. IDTO
MOJIy4aeTCsl HAMIIYYIIUM 00pa3oM st M = 4,18'10'35 ke (23,5
9B).
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Tabauna 2.3. ComocTaBlIecHHE TEOPETHUYECKH BO3MOXKHBIX H
AKCIIEPUMEHTAIbHO OOHAPYKEHHBIX JJIUH BOJH M CKOPOCTEH
TEMHON MaTepuu

JInuHA BONHBI U3 20 |14 0,32 - 0,046- | 0,0073-
SKCIEPUMEHTOB, MM | ! 0,49 0,068 0,0052
gﬁ;ﬂﬁbﬂi?spom 9 |11| 323- | 233- [ 2170-
18 M=23.55B, xw/e ' 3 49,5 344 3040
Teoperuieckn Oxono- | Oxomno- |Tamaxtu- |Baeramak

BO3MOXKHBIE
CKOPOCTHU BCTPEYH
TM c¢ 3emneii, km/c

3eMHasi |conHedHas| 4deckas (-THdecKas
7,9-11,2 | 11,2-72 | 230-600 | > 600

BugHo, dYro corjmacue BIIOJHE YAOBJIETBOPUTEIHHOE,
0COOEHHO €CJIH Y4ecTh, YTO HamboJiee BEPOSITHBIE pacdyeTHBIC
CKOPOCTH ISl OKOJIOCOJIHEYHOU TeMHOU MaTepuu 31-52 xw/c.

CamMble KOpOTKHE H3 OOHAPYXEHHBIX  JJIUH BOJH B
TaOJIUIIE OTHECEHBl K BHETaJaKTHUYECKUM moTokaMm. OgHaKo
€CTh IIPENOCHUIKU U JUII HHOW TpakToBKU. OOpamiaer Ha ceOs
BHUMaHHE TO OOCTOATEIHCTBO, YTO OTHOIICHUE JJIMH BOJIH Ha
IPaHMUIAX STOr0 AuanasoHa (6Im3koe K \2) Takoe iKe, KaK W Y
Hanboiee JITMHHOBOJIHOBOTO («OKOJIO3EMHOTO») JHara3oHa.
DTO MaeT OCHOBaHWE ISl TPEAINOJIOKEHUS, YTO KOPOTKOCTh
JUIMH BOJH 3/1€Ch CBSi3aHAa HE C OBICTPOTOM, a C OombIei
MacCCHUBHOCTBIO YaCTHII. Y6eauTenbHOCTb TaKoro
MIPEIITOJIOKCHHST TTOBBIMIACTCS HATMYHEM YETKUX ITHKOB Ha
rpaHuIax JarasoHa, MOSIBIICHUE KOTOPBIX y
BHETAJIAKTUYECKUX TIOTOKOB HEMOHSATHO, a Y OKOJO3EMHBIX
3akoHOMepHO. [IpeAmonoxuB,  YTO Macca  «TSDKEION»
qactunel  1,1510°% ke win 6440 5B (T.e B 274 pa3za Oonbiie
MAacCChI «JIETKOW» YaCTUIIbI), TIOJYYUM HYKHBIE CKOPOCTH 7,9 1
11,1 xm/c. B nanbHeiimemM Mbl 0OCYIMM BO3MOXKHYIO TIPHPOIY
YaCTHI] C TAKUMH MacCaMHU.

ComocTaBuB  OINpENENEHHYH0 10  JUIMHE  BOJHBI
MakCUMaJbHYI0  CKOpPOCTh  TallaKTUYECKUX  TOTOKOB  C
pe3ylnbTaTaMi pacyeToB  JUIS Pa3jHYHBIX PaJUyCcOB Tallo
TeMHOM Matepun [lamaktuku (puc. 2.12), MOXHO clenarhb
BBIBOJ, O TOM, YTO OCHOBHas 4YacTb TEMHOH MaTepHuu
lamakTukn HaxomuTcs B mpeenax paauyca 15 xnx. [lo cux
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op O pa3Mepe 3TOr0 rajo, B CYIIHOCTH, OBIJIO HM3BECTHO,
TOJBKO TO, YTO OH BBIXOJMT 3a MPEIENbl 3BE3JHOTO JHMCKA U
MOXET MpocTHpaThcs BIUIoTh 10 100 xnxk  [58].  He
MOPA3UTEIBHO JIH, YTO PEIICTKA U CTEKIISAIIKU ¢ (DOTOIICHKOM
MO3BOJIMIIN U3MEPUTh ["allakTUKY, HE BBIXO/AS U3 KOMHATHI!

Wtak, TeopeTH4ecKu MpeACKa3aHHblE CBOMCTBA MOTOKOB
TEMHOW MAaTepUM BIIOJHE COIJIACYIOTCA C pe3yibTaTaMu,
MOJIYICHHBIMH TIPU OKCIIEPUMEHTAaX C JUPPAKIIHOHHBIMH
pemrerkamu u YUK. Takum o6pa3om, ecTh OCHOBaHUS CUHTATh,
YTO TEMHasi MaTepUsi SKCHEPUMEHTAIIBHO 3aperucTpUpoOBaHa
(mo xpaiiHeil Mepe, OAMH U3 €€ KOMIIOHEHTOB). Peanmu3oBaHo
3TO COBCEM HHBIMH CIIOCOOAMH, Y€M 3TO MBITAIOTCS JIeNaTh
SKCIEPUMEHTATOPbl,  CTAparoluecs  YJIOBUTb  HUYTOKHO
cinabpie 3G (HEeKTh OTACNbHBIX aKTOB B3aWMOJCHUCTBUS YaCTHUIL
TM c BemectBoMm [50, 222]. Bonee Toro, moxoxe, 4To MOTOKU
TEMHOW MaTepwy JaBHO YK€ OBUIM 3aperuCTPUPOBAHBI
H.A.Ko3bipeBbIM.

3.2. Urto «Buaut» Teaeckon Ko3bipeBa

B 1976 r. na cumnosuyme B bropakane H.A.Ko3bipes
JOJIOKHIT O TIPOBEJCHHBIX UM HEOOBIYHBIX ACTPOHOMHUYECKHX
HaONIO/ICHUSAX, TOJYYCHHBIX IPU CKAaHUPOBAHUU HEOECHOI
chepsl TeneckonoMm-peduiekTopoM. B dokyce Teneckomna
HAXOJWJINCh 3alllUIIEHHbIE OT JEHCTBUS CBETa HEOOBIUHBIC
JaTYUKH -  KPYTWIBHBIE  BEChHl  WJM  MAJICHBKHI
TOHKOIUJIGHOYHBIM ~ pe3UCTOp,  BKIIOYEHHBIH B  IUIEUO
ypaBHOBeLIeHHOro MocTa. Ko3blpeB 0OHapykui, 4To, Kornaa
TEJIECKON HaINpaBlIeH Ha OMpEeJeNIeHHbIE Y4acTKH HeOecHOM
chepbl, YyKazaTenb KPYTWIbHBIX BECOB OTKJIOHSETCS OT
HYJIEBOTO TOJIOKEHMSI, & COPOTUBIIEHUE PE3UCTOPA MEHSETCS.
B MoMeHT perucrpanuu CHUTHaJIOB OpHEHTalusl TeJecKona
WHOTJa COBIaJalia, a yalle He COBIMajaia ¢ HalmpaBlIEeHUEM Ha
BUJUMBIE B ONTUYECKHUM TEIECKON aCTPOHOMHYECKHE OOBEKTHI
(3B€311b1, 3B€3THBIC CKOTUICHUS, TaJJTAKTUKH ).

Ko3ssipeB yTBepkaan, 4ro mpu HAOIIOJACHUH OKPECTHOCTEH
psiga acTPOHOMHUYECKUX OOBEKTOB CHTHAJIbl BO3HHMKAIU TPHU

125



TpexX HampaBJeHHsIX Teneckona (cMm. puc. 2.24). IlepBoe
HalpaBJieHUE, C YYE€TOM IOMpaBKU Ha IPEIOMJICHUE CBETa B
aTMocdepe, COOTBETCTBOBAJIO ONTHYECKOMY HM300paKEHHUIO
00BEKTa, T.C. TMOJOXKEHHIO OOBEKTA B MOMEHT HCITYyCKaHUS
JOIIIe/IIIero 0 Habmtomarens cBera (curHai "u3 mpouuioro").

Bropoe  HampaBieHue  COOTBETCTBOBajJO  "HCTHHHOMY"
MIOJIOKEHUIO 00BEKTA, €ro MOJI0XKEHUI0 B MOMEHT HaOJII0JCHUS
(curnan  "wuz  Hacrosmero").  Tperbe  HampaBieHuE

COOTBETCTBOBAJIO TOJOKECHUIO O0BEKTa B TOT MOMEHT, KOT'Ja
CBET, M3IIyYCHHBI B TOYKE HAOIIOICHUS, JOWAET IO 00bEKTa
(curnan "uz O6ymaymero"). YTiIoBbIe pacCTOSHUS MEXKIY dTUMHU
TpeMsi TOYKAMH paBHbl OTHOUICHUIO TAHICHIIUATBHOM
CKOPOCTH 00BEKTa K CKOpOoCTH cBera. OOBIYHBIE CKOPOCTH
3B€3]] OTHOCUTEIIbHO 3eMJId - JIeCATKH KM/C, TO0ITOMY
TUTINYHBIC PACCTOSHHUS MEXKIY TOYKAMH - JECATKH YTIIOBBIX

CEKYH/I.

1 2 3 Puc. 2.24. "IIpomoe" (1), "uctunnoe"
* — * * (2) u "oymymee" (3) mnonoXeHHUs
t aCTPOHOMHU-YECKOro 00ObekTa. Ilopuus
cBeTa, U3JTy4eHHas 00BEKTOM,

HaxonagmuMcs B mojiokenuu (1), gepes
MHOTO JIET JOXOIUT 10 HaOIromaTens
4). 3a  arto BpeMsI 00BEKT,
JIBUTAFOIIUACS MEPICHIUKYJIPHO
HalpaB-JICHUIO K HaOJ0AaTelo  Cco
CKopocThi0 V., Tepememaercs B
monoxenne (2). Ecam B MOMeHT
perucrpanuy TOpIHsl cBera Obuia OBl
W3IydYeHa M3 MecTa HaONIoJIeHHs, OHa
T BCTpeTHiach Obl C OOBEKTOM B TOYKE

4 @A)

Pesynprarel, momydeHHble Ko3bIpeBBIM, B II€pBOE BpeMs
Ka3aJIMCh HACTOJIBKO HETPaBI0M0J00HBIMH, YTO ACTPOHOMBI UX
BCEpPhE3 HE BOCIPHUHSIM, U OoJee NecsATH JIeT He ObUIo HH
OJHOW TIOMBITKM TOBTOPUTH HAOJIOJCHUS 10 METOJIUKE
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KoswsipeBa. 11 Bce xe, 5T0 OBUIO cleIaHO HECKOJIBKHUMH
HE3aBHCUMBIMH Ipynnamu uccienosareneil. Celiyac mHpPOKO
pacnpocTpaHEeHO MHEHHE O TOM, YTO MPOBEIECHHbIE MPOBEPKU
OJIHO3HAYHO MOJATBEPANIIN BO3MOXHOCTb IIPUEMA CUTHAJIOB U3
npomworo"”, "u3 Hacrosmiero" u "us Oymymiero".

EctecTBeHHO,  BO3HMKaeT BOIPOC O  HAAECKHOCTH
AKCIIEPUMEHTAJIbHOr0 (yHIaMEHTa, Ha KOTOPOM OCHOBaHbI
yrBepxkaeHuss KoselpeBa u ero mnocienosareneil. Uro xe Ha
camoM Jene obHapyxun Ko3pipeB, ¥ 4TO MOATBEPAMIOCH WU
HE MOATBEPIUIIOCH MPU BOCIPOU3BEICHUN €T0 UCCIIEOBAHMI?
Bynem onupaTbcs HE Ha CIIyXH, a TOJIBKO Ha OIyOJIMKOBaHHBIE
paboTHI.

1. B Tpynax Bropakanckoro cummosuyma [68, ¢.363-383;
71] npuBeneHsl JaHHBIE O HAOMIOJEHUH 35 aCTPOHOMHUYECKHX
00BeKTOB. DPPeKT 0OHApYyKEeH NMpU HAOIIOACHUN 13 W3 HUX.
[IpuBeneHbl naHHBIC, CBUJIETENBCTBYIOIINE O HAOIIOJICHUU B
"MCTUHHOM TOJIO)KEHUHU" 0JTHOTO 00BeKTa (3Be3ab! [Ipornon).

2. B crarbe "O HEKOTOpBIX CBOWCTBAX BpPEMEHH,
OOHapyKCHHBIX ACTPOHOMHUYECKHMH HaOmoacHusMu" [72,
c.76-85] mpuBeneHsl pe3ynbTaThl HaOmoAeHuit 9 3Be3n. B 8
CIy4asix 3aperucTpupoBaHO '"UCTHHHOE" TI0J0XKeHue, B 9
cllyyasix - MoJlydeH curHan "us Oynymero". O perucrpanuu
CUTHAJOB OT 3Be3] "M3 Mpouuloro" HHUYEro HE CKa3aHo.
[IpuBeneHs! nanHble 0 HAOMIOJEHUN TYMaHHOCTH AHAPOMEIBI
W 1IapOBOr0 3BE3HOTO CKomuieHus M2 B '"mpouuiom",
"uctuHHOM" 1 "OymyiemM" moI0KEeHUsIX.

3. B crarbe "ACTpOHOMHYECKOE  JOKA3aTEIbCTBO
pEAJIbHOCTH 4YEThIpEXMEpPHOI reomeTpun MuHkoBckoro" [72,
c.85-93] ymomsHyTHI 6 3Be3N, HAOMIOAABIIMXCS B TpexX
IOJIOKEHHUSX.

4. HoBocubOupckas Tpyrmma ucciaeaoBarenei, Bo3riaaBiseMast
akagemMukoM M.M.JlaBpeHTheBBIM, HaOMIOAIa TIO METOJUKE
KoseipeBa 4 3Be3gpl. B Tpex ciydasx 3aperucTpUpOBaHbI
CUTHAJIbl, COOTBETCTBYIOLINE "MCTUHHOMY" IOJIOKEHHUIO 3BE3].
O mwaOmogenuu 3Be3q B 'mporwioM" uw  "Oymymem"
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MMOJIOYKCHHUSIX HUYET0 He cKazaHo [69].

5. Ta xe wHayuyHas rpymma HaOmOJaIa TIO METOIUKE
KosbipeBa Counniie u ero okpectHocTd. OOHApYKEHbI CUTHAIIBI
npu OpUEHTALINU TEJIECKOIIa, OTIIMYAOILIENCs oT
"onTuyeckoro" HampaBiaeHuss Ha CoJHIIE Ha HECKOJBKO
rpajycoB [66].

6. KwueBckue actpoHoMbl [73] mnOpH CKaHUPOBAHUU
teneckonioM  KosblpeBa HeOecHOU  cdepbl  0OHApYKUIU
MHOTOYHCJICHHBIE BCIUIECKH CHUTHAJIa, IPUYeM B OOJILIIMHCTBE
CIIydaeB MOMEHTHI TOSIBICHUS BCIUIECKOB HE COBIAJalld C
MOMEHTAMU OpPUEHTALIMM TeJIECKONa Ha 3Be3/bl (IIpU aHaIMU3e
YUUTBHIBAIUCH 3Be3apl 10 13 Bemuwumubl). Kpome Toro,
OKPECTHOCTH  psifla aCTPOHOMHYECKHMX OOBEKTOB  ObUIH
uccienoBaHbl 0cOOeHHO TmiaTensHo. [IpoBeneHo aerampHOE
Habmonenue 13 3Be3n, B ABYX ciiydasix Ha pacctosHuu 10 10
YIJOBBIX MHHYT OT ONTHYECKOTO TOJIOKEHUS  3BE3[IBI
3aperucTpUpOBaHbI CUTHAJIBL. [MapoBbie CKOILJICHUS
HaOIo1aIuCh 6 pa3, B 2 Cllydasx 3aperucTpUpOBaHbl CUTHABI.
O0mwexT "Jlebeov X-1" (mpeamonararor, 4To 3TO - YepHasi IbIpa)
Habmonancs 3 pasza, B 2 ciydasx oOHapyxkeH 3ddext. [Tpu
HaONIOIeHU  TyMaHHOcTH  AHapomensl (3 pasa) wu
MlaHeTapHo TymanHoctd MS7 (1 pa3) o>ddexts He
oOHapyXeHbl. AHanM3 MOJYYEHHBIX pE3yJbTaTOB HE JaeT
OCHOBaHUUM [UIsi BBIBOJA O TOM, UYTO 3apETUCTPUPOBAHHBIC
CUTHaJbl COOTBETCTBYIOT 'mponuiomy", "HCTMHHOMY" wWiIn
"Oynymemy" MOJ0XKEHUSIM HaOIIOJaBIITNXCS
ACTPOHOMHUYECKUX OOBEKTOB.

7. ABTOp ATOW KHUTH MPHU CKAaHUPOBAHUU HEOECHOU chepbl
oOHapyXH1JlI MHOTOUNCJIEHHbIE BCIUIeCKU curHana [20, 24, 25].
OTU ucciaeAoBaHUsl OMHMCAaHbl B 4acTU 3. YCTaHOBUTH CBS3b
9THX BCIJIECKOB C OpHEHTalMed TellecKona Ha KOHKPETHBIE
3BE€3/1bl UCIOJIb30BAaHHAs METOAMKAa BO3MOXKHOCTHU HE JlaBaa.
I[Ipu  naOmonennn  ComHUA W €ro  OKPECTHOCTEH
3aperuCcTPUPOBAHBl CUTHANBI TIPH OPHUEHTAIMU TEIECKOIa,
oTnuyaromencs ot "ontudeckoro' Hampasienus Ha CoJHIIe.
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Urak, MIPOBEPOYHBIE 9KCIIEPUMEHTHI YBEPEHHO
MOATBEPKIAIOT MOSIBJICHHE CUTHAJIIOB B HEUYBCTBUTEIBHBIX K
CBETy JaTyuKax, IIOMEIIEHHbIX B (OKyC TelecKona —
pednexTopa. Ho cBa3p addexkroB ¢ HabIOIEHUEM
ACTPOHOMHUYECKUX OO0BEKTOB B MX "mpomuiom" u "Oymymiem"
MOJIOKEHHUAX MOKa MOATBEPXKACHUsSI HE Hauuia. Tpu 3Be3lbl B
"HCTUHHBIX"  TIOJIOKEHUSAX  HAOMIOMaTu  HOBOCHOUPCKHE
HCCIIEIOBATENH.

HabGmionenue Tpex OOBEKTOB - 3TO MajoBaTto JyIs
JIOCTOBEPHOT'0 IMOATBEPXKACHUS CYIIeCTBOBaHUA 3(deKTa, HO
YK€ BIIOJIHE JOCTaTOYHO Ul pa3aymuil. bynem cumrars, 4ro
(dbenomen HaOMIOAEHUS ACTPOHOMUYECKUX OOBEKTOB B HX
"HCTUHHOM" IOJIO)KEHUHU CYIIECTBYET, U MONPOOYEM MOHSATH, C
9YeM OH MOXET OBbITh CBSI3aH.

Ko3sipeB cumtan, 4To pe3ynbTaThl €ro acTPOHOMHYECKHX
HAONIOJIGHUH TMOATBEPXKIAIOT CO3JaHHYI0 WM MPUYHMHHYIO
MEXaHUKY, B COOTBETCTBHHM C KOTOpoW '"mporeccel B Mupe
MPOUCXOJAT HE TOJNBKO BO BpPEMEHH, HO U C HOMOWbIO
BpEMEHU. XOJ BpPEMEHH SBIISICTCS AKTUBHBIM CBONCTBOM,
Onmarojaps KOTOPOMY BpeMsI MOXKET OKa3bIBaTh MEXaHHUYECKUE
BO3JECHCTBUSI HA MAaTepHAIbHBIE CUCTEMBI... Bpems He uMmeer
MMITYJIbCA, M TEUYEHHE BPEMEHM HECET TOJbKO SHEPIHIO.
[TopTomMy Hamo pgymarh, 4YTO BO3ACHCTBHE BpPEMEHHM HE
pacmipocTpaHseTcs, a MOSABISETCS BCIOJY MTHOBEHHO, yObIBas
o0paTHO MPONOPLUUOHATIBHO PpAcCCTOAHMIO... Martepuss He
SKpaHHUPYET BpEeMs, €ro MOKHO DSKpPaHUPOBATh TOJBKO
¢dbuszmveckuM mporeccom” [68, 74, 172].

Habmonenne acTpoHOMHUYECKUX OOBEKTOB B "HCTUHHOM"
MOJIOXKEHUH, TT0 MHeHHUI0 Ko3bIpeBa, 10Ka3bIBaeT BOZMOKHOCTh
MTHOBEHHOM TMEpelaud CUTHAJOB, JOMYCKAEMOW MPUUYUHHOMN
MexaHUKoU. JIyisi 0OBsICHEHUST CUTHAIOB U3 mponuioro” u "u3
Oynyuiero" Ko3blpeB TpHUBIEK YETHIPEXMEPHYIO T€OMETPHUIO
MunkoBckoro. O0cyxaeHIe TPUIMHHOW MEXaHUKH HE BXOJUT
B 3amauy 3Toil KHuUr". OtMeuy Tosbko, yTo Ko3bIpeBy He
yIaJoch B HU3BECTHBIX aBTOpYy paborax yOeauTeNnbHO
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000CHOBATh CBSI3b MEXITY BBIIICOITMCAHHBIMHU
ACTPOHOMUYECKUMHU HaOJIIOACHUSIMU U MPUYUHHOM
MexaHukou. Ero aprymeHramusi HOCUT BecbMa OOIUHA |
OJIHOCTOPOHHHUU XapakTep (3Be3/7a B "MCTUHHOM" TMOJIOKEHUH -
3HAQYMUT CHUTHAJ TEPENaeTCs MIHOBEHHO, MTHOBEHHO - 3HAYUT
yepe3 aKTHUBHBIE CBONCTBA BpPEMEHH). YBIICUEHHBIH CBOUM
JNETUIIEM - TPUYMHHOW MeXxaHukou, Ko3bipeB Odaoice He
NbIMACs NCKATh MHBbIE O0BICHEHUS.

ANbTepHAaTUBHBI TONXOA K OOBsICHEHWIO (DeHOMEeHa
"MCTUHHOTO TMOJIOXKEHUS" OYEBHUJICH: MOXHO MPEIIOI0XKHUTH,
4yTO B Teseckorne Ko3bipeBa peructpupyercss HEKOTOPBI areHT,
MMEIOIIUI BBICOKYIO MTPOHUKAIOIIYIO CIIOCOOHOCTh U CKOPOCTh
pacmpoCTpaHEHHUs, 3HAYUTENIbHO MPEBBIMIAIOIIYI0O CKOPOCTh
cBera. BrickazaHa, HarpuMep, Uaesl 0 TOM, YTO TAKHMM areHTOM
MOXET ObITb TOpcHOHHOE u3nydenue [75]. Ho okaswiBaercs,
yTOo 11 OOBsSCHEHHS (EHOMEHa '"HCTUHHOTO IOJIOXKEHUS"
COBCEM HE 0053aTeNIbHO MPHUBJIEKATh MTHOBEHHOCTh UJIM OYEHb
BBICOKYIO CKOPOCTh PaclpocTpaHeHus curuaia. Hekoropelie u3
OITyOJIMKOBAHHBIX PE3YJIBTATOB MPSIMO YKA3bIBAIOT HA TO, YTO
3Ta CKOPOCTh MHO20 MeHbuie CKOPOCTH cBeTa. PaccMoTpum
YIOMSIHYTBINA BBIIIE YKCIIEPUMEHT HOBOCHOUPCKOUN TPYMIIBI 110
Habmoaenuto ComHua [66]. Teneckon Ko3blpeBa 3akpernisuiu
HETIOJIBU)KHO OTHOCHUTEIIBHO 3€MHOM TOBEPXHOCTU TaKUM
o0pa3oM, YTO B HEKOTOpPbII MOMEHT BPEMEHH, Bpallasch
BMecTe C 3eMJiel, OH OKa3bIBAJICS HAaINpaBJIEHHBIM TOYHO Ha
Comnnie. Oxka3aiocs, 4TO BCILJICCKH CHUTHaia
pPEruCTpUpPOBATIUCH, HE B MOMEHT TOYHOM OpHUEHTAIUU
Teneckona Ha "ontudeckoe" nmonoxeHnue ColHIA, a NPUMEPHO
Ha 8 u Ha 16 muHyT panbuie. Ceet oT ConHua 10 3eMiIu UIET 8
MUHYT. HanpammBaeTcst BBIBOJ O TOM, YTO Teseckon "BUAUT"
ConHnle Tam, T€ OHO HAXOIWJIOCh B MOMEHT HCITyCKaHUS
JOIICAIIEro A0 HaOIIoAaTelsl CBEeTa, a TaKXKe TaM, TJe OHO
OyneT, Korjaa cBeT oT HabmromaTesns BepHeTcs Hazaa. Ho Oynem
OCTOPOXKHBI: OYEBHJIHOE OBIBa€T HEBEPOSATHBIM. PaccyxkieHus
HOBOCHOUMpIIEB ObUTM OBl chpaBenauBbl, eciu Obl ComHIe
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U3IIy4ario CBET U MTHOBEHHO PacHpOCTPAHSAIOMIUNCA areHT
PEAKUMH KOPOTKUMH BCIIBIILIKAMM.

PaccMOTpuM 3TOT SKCIIEPUMEHT C YUETOM HenpepbléHOCU
uaymero ot CosiHLIA M3Iy4YEHMs, pacHpOCTPAHSIOLIErocs CO
ckopocthto V. Ecmm Ob1 3emist  Oblla  HEMOABUKHOM
otHocutenbHo CoiHIla, pu M000# BennuuHe V HampaBiIeHHUE
pacnpocTpaHEeHHUs] areHTa COBIajaio Obl ¢ HampaBlIEHHEM Ha
Comnue. Ho 3emns nBuxkercst mo opoute Bokpyr CoiHua co
ckopoctbio Ve =~ 30 xm/c, "Haberas" Ha uaymui ot ConHIla
nmoTok areHta (cMm. puc. 2.20). B pesynbTaTe 3TOrO, 3¢MHOMI
HaOJIfo1aTeNlb  BOCHpUHUMAET uAymid or CoJHIIAa MOTOK
OTKJIOHEHHBIM BJIOJIb JKJIMIITUKHA OT HarpaBieHus Ha CouHie
Ha yron =~ Ve /V. [lomumo aBwKeHus 1Mo opOure, 3emuis
BpalIaeTcsi BOKPYr CBOEHM OCH B TOM K€ HaIlpaBJICHUU, YTO U
Bokpyr CoJiHIa, moBopaunBaschk Ha 1° 3a 4 MunyTsl. IloaTOMYy,
Bpaliasicb BMeCTe C 3eMJied, TEJIECKON PEruCTPUPYET IMOTOK
panbule, 9eM OKa3bIBaeTcsl OopueHTHpoBaHHbIM Ha ConHie. B
paccMaTpuBaeMOM SKCIIEPUMEHTE CUTHAJ MakcuMaseH 3a 16 u
3a 8§ MUHYT JI0 TOTO, KaK TEJIECKOI OKa3bIBAJICS HApPaBICHHBIM
Ha Comane. 3a 3TO Bpemsi TEJECKON BMecTe ¢ 3emiiei
noBopauuBaercs Ha yribl 4° u 2°. Eciu OBl perucTpupyemblii
are’HT ucmyckaics HermocpencTBeHHO COJHIIEM, yriiaM TaKou
BEJIMYMHBI COOTBETCTBOBAIM Ob1 ckopocTu V oxoso 400 u 800
KMm/c.

WNznyuaer nu  ConHue u4To-1u0O0, UMEIOIIEe TaKyko
ckopocTh? VIMEHHO Takyr0 CKOpPOCTh HMeEET 'COTHEYHBIN
BeTep'" - MOTOK 3apsKEHHBIX YacTHI], B OCHOBHOM, ITPOTOHOB.
Ho conneuHslli BeTep HE MOXKET JOCTUTHYTh IOBEPXHOCTH
3emnu. [laxke ecnu OBl ¥ IOCTUTAJ, OH HE MOT OBl HTPaTh POJIb
HMCKOMOTO areHTa, MOCKOJIbKY TMOTOK 3apsDKCHHBIX YacTHI] HE
doxycupyercs  BOTHYTHIMH  3epKaiamu. Bce  apyrue
ucmyckaemble COJHIIEM HM3BECTHBIE areHThl UMEIOT CBETOBYIO
WJTU OKOJIOCBETOBYIO CKOPOCTb.

DTO TMO3BOJIAET TPEANOJIOKUTh, YTO HOBOCHOHUPCKHE
HCCIEAOBATeNId 3aPETUCTPUPOBANM  2alaKMU4ecKue HOomoKu
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memHolt  mamepuu, CPOKYCUPOBAHHbIE TPAaBUTAIMOHHBIM
nonem Connua. I[lomydeHHble MMU pe3ynbTaTbl HE HUMEIOT
HUKAKOro OTHOLIeHHs K HabmoaeHno CoslHIa B «MCTUHHOMY
noyioxkeHud. Ecmu Obl MBI WMENU JelI0 C MTHOBEHHO
paclpoCTpaHSIOIIUMCS ~ areHToOM, IpU  HENpepbIBHOM
W3IIy4EHUU OH BOCHPUHUMAJCS OBl OTKIOHCHHBIM OT
"ontudeckoro" HampasiaeHust Ha CONHIE B TPOTHUBOIIOIOKHYIO
CTOPOHY, a BEJIMYMHA OTKJIOHEHHs Obl1a OBl HAa TPU MOPSIKA
MEHbBIIIe 3apPETUCTPUPOBAHHOIO HOBocHOUpHamMu 3ddexTa.
O6HapyxuTh "ucTuHHOE TONIOKeHUsA", HaOmomas ComHie,
OUYeHb TPYJIHO, TaK Kak BUAMMBIN nuamerp ColHIIA Ha JBa
MOPAKA OOJBIIIE 0XKUIAEMBIX PA3TUUHIA.

Opnako, 3TO BO3MOXHO TMpu HaOmoAeHun 3Be3n. U
neiicrutensHo, H.A. Ko3blpeB 00HapyKuia  CUTHAIBI,
MPUXOASIINE W3 TOYCK HeOecHOH cdephl, COBIAMAIUX C
CUCTUHHBIMH» TIOJIOKEHUSIMU HEKOTOPBIX 3Be3a [67, 68].
HoBocubupckumu  uccneaoBaTeasiMu 3aperucTpUpOBaH
CUTHAJI C HAaNpaBJICHHUs, OJIM3KOTO K «MCTUHHOMY» TOJI0KEHUIO
3Be3abl Bera [69]. OT0, Ha mepBblid B3I, HEONPOBEPKUMO
CBUJICTEIBCTBYET O BO3MOXKHOCTM MTHOBEHHOTO (Wim Oosee
OBICTPOTO, YEM CKOPOCTh CBETA) PAaCHpPOCTPAHEHHUS CUTHAJIOB.
Ho paccmotpenue 3¢ ¢hekToB, CBA3aHHBIX C TPaBUTAIIMOHHON
(OKYCHPOBKO#, TIOKa3bIBACT BO3MOXKHOCTH OOBSCHEHHS ITHX
VIAUBUTEIBHBIX  PE3YJIbTATOB, HE BBIXOAS 33  PAMKH
CTaH/IapTHOW HAYKH.

[TycTh MOTOK areHTa, HMMEIOIIET0 CKOpPOoCcTh V MHOTO
MEHBIIIE CKOPOCTH CB€Ta, JBUTAsCh K  HAOIIOJATENIo,
BCTPEUaeT HA CBOEM IIyTH AaCTPOHOMHYECKHH OOBEKT,
Hampumep, 3Be3ay. Eciaum oOBeKT HEMmOJBHXKEH, B pe3yibTare
TpaBUTAIMOHHON (JOKYCHPOBKHM HAONIO/IAaTENb 3aPETUCTPUPYET
YCUJICHHE TIJIOTHOCTU TOTOKA B KOJIBIIE C YIJIOBBIM PAJUyCOM
m= (2G M/f)m/V. Ecnu 00BeKT IBMXKETCS C TaHTE€HIIHAIBLHOMN

ckopocThio V, <<V, MOTOK 4YacTuIll «HAOETraeT» Ha HEro MOJ

yriom @, =V /V. B aToM cityuae, kak mokazaHo B pazzene 2.6,
YCWJICHHBIH  TMOTOK  BOCHPUHUMAeTCs  HabmoaareneM
NPUXOJIIUM W3 JIBYX HalpaBlIeHUH, YIJIOBOE MOJOXKEHHE
KOTOPBIX OTHOCHUTEIHHO OCH, COCIUHSIONICH HaOIomaTeNns u
00BEKT B MOMEHT TMPOXOXKIACHHUS IMOTOKAa MHUMO OOBEKTa,
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MOXHO HalTu u3 cootHomenuit (2.38) u (2.39). [loacraBus B
3TH GOPMYIBL (X U (@, TIOTYIHUM

o={V; - (V+8GM /f)4/2v,
(2.43)
@={V.+ (V2+8GM /f)*2}2V.

Tak kak Juisi 3Be3]] MPAKTHYECKH BCET/a BBIMOIHICTCS
yenosue 8GM/f<<V 2,
¢m~0 n eV /V. (2.44)

Nrtak, moToK areHta, MNpOUIEAIIEr0 OKOJO ABUXKYIIEHCS
3BE3/1bl, BOCIPUHUMAETCS TPUXOSIIUM U3 IBYX HaIllpaBJICHUH.
Opno u3 HUX OMU3KO K HAIMpPAaBIICHUIO HAa 3BE3y B MOMEHT
MPOXOXKJACHUSI MHUMO HEe areHTra, T.€. MHOTO ThICAYEICTHI
HazaJ. JTO HaNpaBlieHHWE CHIIBHO, A0 HECKOJIbKUX TPaayCoB,
OTJIMYaeTCcss OT "OoNmTHUYecKoro'", MmpuyeM 4YacTHUIlbl, UMEIOIIUE
pa3Hble CKOPOCTH, MPUXOIST U3 Pa3IMYHBIX HanpaBieHun. Yto
KE KacaeTcsi 6mopo2o0 HANpPaBIEHUS, OHO, HE3aBHCUMO OT
CKOPOCTH areHTa, OJIM3KO K HANPaBJICHUIO HA 3BE3Ty B MOMEHM
Habmooenus. CBOMCTBA TPABUTAIMOHHON JIMH3BI TaKOBBI, YTO
TPAaEKTOPUU IMOJYYArOT HYXHBIM i "momaganus”" B
HabJro1aTenst U3rué UMEHHO B TOW 00JIaCTH MPOCTPAHCTBA, I1e
OyZer HaxXxoAWThCS 3Be3da, KOTJa areHT  JOCTUTHET
HaOmroaTens.  YCWieHHWe ToToka BOJM3UM  "MCTUHHOTO"
TIOJIOXKEHUS 3BE3/Ibl CBS3aHO C TEM, UYTO K TOYKE HAOIIOJCHUS
W3 3TOr0 HAMPAaBICHUS] OJHOMOMEHTHO MPUXOJAT YACTHUBI C
pPa3IUYHBIMU CKOPOCTSIMH, KOTOpBIE MpOJieTald B 00JacTu
JEHCTBHUS TPABUTALIMOHHOW JIMH3BI Ha MPOTSHKEHUH BeEChbMa
JUITUTEIHHOTO BpeMEHH ([UTsl OMMKalInX 3Be3] - MOpsaKa 10*
Jlem TIpU pa3dpoce CKOpOCTEH B HECKOJIBKO COTEH KM/C).
[TonatHo, uyto 3¢p¢dexkr "UCTUHHOrO TMONOXKEHUs" He
MIPOSIBJISIETCS] Y ar€HTOB, HE UMEIOIINX pa3dpoca Mo CKOPOCTIIM
- 9JIEKTPOMArHUTHOTO M3TyYEHUS U PEISITUBUCTCKUX YACTHII.

Urak, €CTh yOenuTeNnbHbIe OCHOBaHUSs JUTSt
MPEATNONOKEHUST O TOM, YTO TIPU  aCTPOHOMHYECKUX
HaOmoeHusx 1o Meroauke KosblpeBa perucTpupyrorcs
MOTOKHU TeMHou matepuu [20, 94, 154-156, 180].
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3.3. CgoiicTBa HEeATPUHO KaK KOMIIOHEHTA TEeMHOM
MaTepHu.

PaccmoTpenue TeMHOW Marepuum Kak ~ CyOCTaHIIHH,
JBIDKYILIEHCS O 3aKOHaM HEOECHOM MeXaHUKH, OOBACHSAET
BEJIMYMHY 3apPETUCTPUPOBAHHBIX JJIMH BOJH M HECTAOMIBHOCTh
HpOsBISIEMOCTH 3P (HEKTOB. DTO paCCMOTPEHHE MPEICKA3bIBAET
obmacti HeOeCHOH cdephl, U3 KOTOPBIX JOJDKHBI MPUXOJUTH
Oosiee MHTEHCUBHBIC IIOTOKHM, PUTMHKY, CBSI3aHHYIO C
M3MEHEHHEM B3aUMHOT'O TOJIOKEHUSI HEOSCHBIX Tell, a TaKKe
MOSIBJICHUE KPAaTKOBPEMEHHBIX OUYEHb CHJIBHBIX BCIUIECKOB
MOHOHAIIPABJIEHHBIX TOTOKOB, B TOM YHCJE, HA PACCTOSHUHU
HECKOJIbKUX TrpagycoB oT CoJIHLA IPU TECHBIX COEIUHEHUSX
ConHua co 3Bezgamu. Bcee 3T0 JOMKHO NPOUCXOIUTH €
MOTOKaMH JIIO0OH CyOCTaHIIMHM, OOJaNaloNIMMU JOCTAaTOYHO
HU3KMMHM CKOpPOCTSIMH JBI)KEHHA. PaccmoTpum — Tenepb
BO3MOJKHBIE CBOWCTBa HE JI000OM CyOCTaHIIMM, a WMEHHO
HEHTPUHO MpU OYEHb HU3KHUX OHHEPIusiX, M Monpodyem
OTBETUTbH Ha BOIIPOC, MOTYT JIM 3TU TaKH€ HEUTPUHHbBIE TOTOKU
OLLYTHMO B3aUMOJIEHCTBOBATh C BEILIECTBOM?

Her Heo6xoaumMocT MHOTO TOBOPUTH O MECTE€ HEUTPHUHO B
MUpo3faHuu. be3 »3Toil (yHIaMeHTaIbHOM YacTULBl MpH
SJIEPHBIX MPEBPALICHUSIX ~ HEBO3MOXKHO BBITNIOJTHEHHE
(GyHIaMEHTAJIbHBIX 3aKOHOB COXPAHEHMs SHEPrHM, UMITYJIbCa,
MOMEHTa HUMITYJIbCA, JIENTOHHOrO 3apsaa. Mnes o HEUTpHHO
MO3BOJISIET HEMIPOTUBOPEUMBO OOBSCHUTH IIMPOYANIINN KpyT
SBJIGHUH M JO HAaCTOSALIET0 BpEMEHUM HE BCTpeTUiIa
NPOTHBOPEUH ¢ IKCrepuMeHTamu [76,c.255-266, 77]. Her
CEPbE3HBIX OCHOBAaHMWW CUMTATh, YTO HEWTPUHO MEHEE
peasibHas 4acTULA, YEM IEKTPOH, IPOTOH MU HEUTPOH.

OTnuuue HEUTPUHO OT JPYTHX 3JIEMEHTApHBIX YaCTHUI
COCTOMUT B TOM, YTO HEKOTOPHIE CBOMCTBA 3TOU «HEYIOBUMOMN»
YaCTHUILIbI UCCIIEIOBATh OUYE€Hb TPYIHO. ITO OTHOCUTCS, IPEXKIE
BCEro, K Macce Mokos. TeM He MeHee, YIOPHbIE UCCIIEOBAHUS
MIOCTETIEHHO MNPUHOCAT IuoAbl. OOHapyXeHHe HEUTPUHHBIX
OCLMJUISILIMM TOKA3bIBAET, YTO MAacca HEUTPUHO HE paBHA HYJIIO
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[79]. Hns ompenesieHus: BETUYUHBI 3TOW MAacChl MCCIIEIYETCS
CHeKTp OeTa J4acTuIl TPUTHs BOIHM3U rpaHudHOU 3Heprun. [lpu
KaKYILEHCS MPOCTOTE ATH IKCIIEPUMEHTHI OU€Hb CJIOKHBI U JI0
CUX IIOp HE JAJIM OJHO3HAYHBIX Pe3yJbTaroB. [lomydeHHBIN B
1980 r. B UHCTUTYTE TEOPETUYECKOM M IKCIEPUMEHTAIbHON
¢m3ukn (Mocksa) pesynbrar 20-30 3B [45] Obu1 npusnan
omubounsiM. Ha ocHOBe skcriepuMenToB B Tpowutike [51] Obut
CAENaH BBIBOJA, YTO Macca »JJIEKTPOHHOTO HEHUTPUHO HE
npesbimaer 2,2 3B. DkcnepuMeHTh Ha 0oJiee COBEpIICHHOM
yCcTaHOBKE  mpojmoipkarorcs B Kapiucpys  [226].  Dtm
HKCHEPUMEHTHl TIOPOXKIAIOT MHOTO BoOmpocoB. Ha stom
OCTaHOBUMCSI 1O03Ke. B HacTosmee Bpems MpeaenoM
BO3MOXKHOU Macchl cumtaercst 0,28 »B [223]. Ho u sty
BEJIMYMHY HEJb3sI IPU3HATH HA/ICKHOM.

B skcnepuMenTax ¢ MupakIMOHHBIME PEeIIETKaMH OBLIO
MOJIyYEHO YyKa3aHWE Ha TO, YTO pErucTpupyemasi 4yacTHIla
uMeer maccy okosio 23 3B (cm pazmen 1.3). 3akoHomepeH
BOIIPOC, €CIIM Macca, M3MEpPEeHHas B JTHX HKCIEPUMEHTaX,
CTOJb CWJIBHO OTJIMYAeTCs OT pe3yJbTaTOB H3MEPEHUM
ANEKTPOHHOTO HEUTPUHO APYTHMMH CHOCO0aMU, HEUTPHUHO STO
i 4yto-n1ubo mHoe? OtBera moka HeT. Ho sgcHo, yTto 3Ta
YacTUIIa SIBJISIETCS KOMIIOHEHTOM TEMHOM MaTepuu U, KaK MBI
YBUJIUM JaJiee, BCTYMAET B TaKHe JKe SePHBIC pEaKuy, KaKk u
HEUTPUHO.

AcTpo(U3UKN U KOCMOJIOTH JIFOOST paccyk/1aTh O TEMHON
matepuu ¢ WIMPamu, TeHeBbIMU U 3€pKaJbHBIMU YaCTHUIIAMH,
HelTpanuHo U akcuoHamu [50, 176, 222]. Ho cymectBoBanue
BCEX OTUX OOBEKTOB TUIMOTETUYHO U HE HMEET HAIEKHBIX
MOJTBEPXKICHUH, HECMOTpPSI Ha 3HAYUTEIbHBIE  YCHIIUS
sKcrepuMeHTaTopoB. M3 Bcex "OCBOEGHHBIX" COBPEMEHHOM
HAYKOH AJIEMEHTAPHBIX YaCTHI[ TOJIHKO HEUTPHHO TOASTCS Ha
pONb OIHOM M3 KOMITIOHEHT TeMHOW marepuu. Ho moxer nm
HEUTpUHO OBITh TOM dYacTullel, KOTOpyro 0e3 OosbIIuX
mpo0ieM MOXKHO PETUCTPUPOBATh MPUOOpPAMH U KOTOpPas
MOJKET ONIIYTHMMO BIIMSATH Ha XOJ 3eMHBIX mporeccoB? Ha
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MEPBBIN B3IV, 3Ta WJES BBIMJISAUT BECbMa COMHHUTEIBHOM,
TaK Kak 3a HEUTPUHO yKpenuiach CliaBa caMOWl HEYJIOBHMOM
yactunibl. Ho »ata "HeynmoBuUMOCTB" mpuCyllla HEWUTPUHO,
HMMEIOIINM SHEPruio nopsijika 1 M»r6 u Bbllle, BOZHUKAIOIIUM B
SIICPHBIX  peakuusax. HeuTpuHo TeMHON MaTepuu HMEIT
sHepruto Ha 10 mopsaKoB HUXKE, M IOHATHO, YTO CBOICTBa,
OOHapy)XEHHBIC y  HEUTpUHO "sAepimukKamMu',  HENb3s
MEPEHOCUTh HAa HEUTPUHO, BXOMSIIME B TEMHYIO MAaTEepHIO.
Pasnuna no sHeprum NpuMEpHO Takas ke, Kak MeXIy ramma
U3IIy4EHUEM U PaJIMOBOJIHAMU WM MEXIY alb(da yaCTHIIAMU U
KUJIKUM renveM. borblas pa3HMIIa SHEPrUM  BIICUYET
paguKaIbHOE PA3IMYUE CBOKCTB.

Crnenyer  3aMe€THTh, 4YTO  YCTOSIBIIMHCA  TEPMHH
«PEIUKTOBBIE  HEUTPUHO», OTHOCSAUIMICA K  HEUTPHUHO,
BXOJSIINM B COCTaB TEMHOW MaTEPHH, BOSHHUK B CBSI3H C TEM,
YTO NEPBOHAYATIBHO HajaM4Kue BO BceneHHol orpoMHOro uncia
HEUTPUHO C OYECHb HHU3KHUMH DHEPrUSIMU OBUIO TMPEICKA3aHO
Teopuel «OodbIIOro B3pbIBa». HO HEmb3sl UCKIIOYUTH, YTO
MOTYT OBITh UM HMHBIE MCTOYHHMKM TaKuX HeUTpuHo. s Hac
BAKHO, YTO 3TH YaCTHULIBl UMEIOT Maccy IOKOS U CKOPOCThb
JBIDKEHUS HACTOJIBKO HHU3KYIO, YTO OHH YIEPKHUBAIOTCS
IrPAaBUTAIMOHHBIMM TOJSIMM  ['alakTUKM, 3B€3Jl U HHBIX
MacCUBHBIX 00BekTOB. [losTOMYy mydiie TakWe YacCTHUIIbI
Ha3bIBaTh «MEJIJIEHHbIE HEUTPUHOY». Henb3sl NCKIIIOUUTh TaKXke,
YTO aHOMaJIMM B OeTa pacragax CBS3aHbl HE TOJBKO C
HEUTPUHO, @ U C MHBIMU 3JIEKTPOHEHUTPATbHBIMU YacCTHULAMHU.
Ho MBI paccMarpuBaeM JMIIb HEHTPUHO, TaK KaK MCXOJHOE
JIOTYIIIEHHE O PaBHON BEPOSTHOCTHU MPSMBIX U OOpaTHBIX OeTa
pacrnajoB MOJpa3yMeBaeT UIACHTUYHOCTh HCIYCKAEMBIX MPHU
CIIOHTaHHBIX paclajax W TMOTJIOMIAeMbIX MPU OO0paTHBIX OeTa
pacnaziax 4yacTHII.

BzaumopaeincTBue HEUTPUHO C BELIECTBOM IIPU OYEHb
HU3KHUX DHEPrusix (JIydine TOBOPUTH O MaJbIX CKOPOCTSX)
MPOUCXOAUT COBCEM MHAYe, YEM IPHU BBICOKUX. ITO CBSI3aHO C
JBYMSI TJIQBHBIMH OOCTOSITEILCTBAMHU: C HHU3KOH CKOPOCTHIO
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JIBUKEHHSI YacCTHI[ U C TEM, YTO Yy HHUX SIPKO MPOSIBISIIOTCS
BOJIHOBBIE CBOMCTBAa. DTOT BBIBOJ CIEAYET U3 OLIEHKH JJIMHBI
BOJIHBI Jie-bpoiins 1 BO3MOXKHOM MacChl U CKOPOCTH
JIBHKEHUA. MeUIEeHHbIE HEUTPUHO B3aMMOJICHCTBYIOT HE C
€MHUYHBIMU SJIpAMH WM 3JIEKTPOHAMH, a OJHOBPEMEHHO C
OTPOMHBIM HMX YHCJIOM, YTO Ha MHOT'O IOPSIAKOB YBEJIUYHUBACT
s dhekTUBHOCTH B3auMoelcTBua. Ha 3To 06CTOATENLCTBO erie
u 80-e roapl 0OpaTWIM BHUMaHUE TaKUE W3BECTHBIC (PHU3HKH,
kak AaponoB u Bebep [80, 81]. BzaumoneiicTBre MeaICHHBIX
HEHUTPHUHO C BEIECTBOM MMEET MaKpPOCKOMUYECKHI Xapakrep,
MoA00HO TOMY, KaK B3aUMOJCHCTBYET C MPO3pavyHOUN Cpenoit
CBET WJIHM pAaJuOBONHBEL V3mydeHue He TNOINIONIaeTcs, He
U3MEHSIET CBOEW DSHEPIUM, a UCHBITHIBAET MPEIOMIICHHE,
OTpaXeHHEe  Ha  TpaHHUIlAX  Ccped,  paccesHue  Ha
HEOAHOPOJHOCTAX, UHTEephepeHtuo u audpaxuuto. [Ipu sTom
MPOUCXOJUT U3MEHEHUE HaIlpaBJIICHUs JBIDKEHHUS, T.C.
neperaya  MMIyJbCa, CIEICTBUEM  YEro  sBIsIeTCA
MEXaHMYECKOe JaBlieHWE Ha BemecTBO. [IO0TOK MeIIeHHBIX
HEUTpUHO (TaKk >K€ KaKk W CBET B MPO3payHOM cpere),
B3aMMOJICIICTBYET C BELIECTBOM CBOEOOpPA3HO: OKa3bIBACT
MEXaHMYECKOE JIaBJICHHE IPU MPAKTUYECKOM OTCYTCTBUH
9HEProoOMeHa.

Ecnu "mepoxoBarocTu" Ha rpaHuiie cpell MEHbIIE JUIMHbI
BOJIHBI, [IPEJIOMJIEHNE W OTPAXEHHE IMPOUCXOJUT IO 3aKOHAM
r€OMETPUYECKON  ONTHUKH, YTO TO3BOJSET 3Ty BOJHY
¢doxycupoBaTh JTUH3aMH WU 3epkasamMu. OcoOEHHO XOpOoUIOo
JOJKHBI (POKYCHPOBAThCS HEHUTPUHHBIE MOTOKHU, CBSI3aHHBIE C
TpaBUTAIlMOHHON (POKYCHUPOBKOH, Tak Kak »dTH MOTOKH
MPaKTUYECKH MOHOHAIIPBAJIEHHBIE.

OnHuM M3 BO3MOXHBIX METOAOB PErMCTpali IOTOKOB
HEUTPUHO  TEMHOM  MaTepuM  SIBISETCI  U3MEpEHHUE
MeXaHU4YecKoro aaBiieHus. OIEHKH MOKa3bIBalOT, YTO 3TO
TpebyeT MU3MEPEHU Ha rpaHu BO3MO>KHOCTEN
AKCIIEPUMEHTAJIbHOW TEXHUKHU. DTOT METOJ Mbl PacCMOTPUM
no3xe. bonee peanbHbIMU SBISAIOTCA  siepHO(U3NUECKHEe
Metonpl. Hampumep, paccMOTpeHHE CBOICTB HEUTPUHO
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JIOTTYCKaeT BO3MOXKHOCTb MX pachajoB Ha HEUTPUHO C
MeHbIIeH Maccoi ¥ (POTOH, a TaKKe aHHUTWIISILIUIO0 HEUTPUHO U
aHTHHEHTPUHO ¢ oOpa3oBanuem ¢Goronos [78, 86, 98-100, 176].
O6pasyromuecst  yiabTpaduoneToBbie (OTOHBI TPAKTHUECKU
Cpa3y TMOTJIOMIAIOTCS OKPYXKAIOMIeH Ccpenoid, Bo30Oyxkmas u
MOHHU3UPYS aTOMBI.

B Mypomues u B.AUensimes [91] mnpemioxuim
Croco® perucTpanuy MEAJCHHBIX HEHUTPUHO C YydacTHeM
JUHEUTPOHA

17e +e +%H > ’n; (2.45)

Bo3nukarommii  TuHEHTpPOH  OBICTPO  pacmajaeTcs WU
pearupyer ¢ OJIMKalInIM sIIpOM

n+ (Z,A) > (Z, A+2) +vy (2.46)
3aperucTpupoBaTh MPOAYKTHI ITHX SJACPHBIX PEAKIUNd HE
cocrapisgeT mpooiaemsl [88-90].

Oco0oe 3HaueHHE MMEET fJIepHasl peaklus OOpaTHOro
Oera pacrnaza mpu JAeHCTBUU HEUTPUHO YIbTPAHU3KUX SHEPTUN
Ha Oera paguoaKTHBHBIC sjapa. DTO Hamboee HaAIACKHBIN
croco0 NEeTEeKTUPOBAHUSA UMEHHO HelmpuHo, a He 4Yero-imdo
WHOTO.

SnepHble peakuuu oOpaTHOro O6era-pacnajga

v.+ (A 2) > (A Z2+1)+ e
NI
v. +(&2) > (A 2z2-1)+ € (2.48)

MPUMEHSIOTCSI JJISl PETUCTPAIMU SJIEKTPOHHBIX HEUTPHUHO W
AHTHHEHTPUHO C dHeprusiMu nopsiaka 1 M»sB u Beie [77, 82].
Hampumep, nmins peructpanuv peakTOPHBIX AaHTHHEUTPUHO
UCTOJIb3YeTCsl PeaKIus

~ +
v, + p > n+e. (2.49)
Peakimun oOpaTHOoro Oera-pacmama co CTaOMIBHBIMHU
HYKJIHJIAMU HEW30€KHO WMEIT JHEPreTHYeCKUid TMOpOr.

Hanmpuwmep, peaknuio (2.47) MoOryT BBI3BIBaTh  TOJBKO
aHTUHEUTPUHO, HMerle sHepruto Oonbme 1,8 MaB.

(2.47)
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[TonsaTHO, 4YTO HEUTPUHO (AHTUHEUTPUHO) YIBTPAHU3ZKUX
SHEPTUH, IMEIOIINE OJIM3KYIO K HYJII0 KHHETUYECKYIO SHEPTUIO
W OYCHb MAJyI0 DJHEPrul0 IIOKOS, HE MOTYT BCTyNarh B
SJIEPHYIO PEAKINI0 00paTHOTO OeTa-pacnana co CTa0MIbHBIMU
HYKITUIaMHU.

B paborax [55-57] BeickazaHa uaes 00 HCIOJIB30BaHUU
JUIL PETUCTPAIlMA HEHUTPUHO (AHTUHEHTPHHO) YJIBTPAHU3KHX
SHEpPruil peakuuu oOpaTHOTrO OeTa-pacaaa TUX YacTUIl C OeTa
pPalMOAKTUBHBIMH HYKJIUJAMHU, y KOTOPBIX SHEPreTHYCCKHIMA
MOpOT OTCYTCTBYET. boiiee mo3aHue myOIMKaluy Ha 3Ty TEMY
cMm. [227, 228]. BoiaeneHue IOMOIHUTEILHO BO3HUKAIOLIMX
npu oOpaTHOoM Oera-pacmaze 3JEKTPOHOB (TO3UTPOHOB) Ha
(doHe IEeKTPOHOB (TIO3UTPOHOB) MPSMBIX (CIIOHTaHHBIX) OeTa-

pacrnajioB (A, Z) - (A, Z + 1) +e + 1~/e HIIH
(A, Z) - (A, Z - 1) +e" + V.,  CYWECTBEHHO oOieryaercs

PaJMKaIbHBIM Pa3IMYMEM CHEKTPOB 3JIEKTPOHOB (IO3UTPOHOB)
oOpaTHOTO U mpsiMoro 6era-pacnanos (cM. puc.2.25).

Ne

EE,'
Emax

Puc. 2.25. CriekTpbl 31€KTpOHOB (MIO3UTPOHOB) IpsAMOro (8) U
obpatnoro (b) Gera - pacmamos.

Ne- YHCIIO HCITYIIIEHHBIX 3JEKTPOHOB (TIO3UTPOHOB), E, - DHEPTHUS
3JIEKTPOHOB (TIO3UTPOHOB), Emax - MAKCUMalbHAs 3HEprus 6era
CHeKTpa

[Tpu npsimbix Oeta-pacmagax oOpa3yromuecs 3JIEKTPOHbI
(O3UTPOHBI) UMEIOT HENPEPHIBHBIM IHEPreTUUECKUN CIIEKTP B
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npeaenax ot 0 10 Emax. HempepbIBHOCTE crieKTpa 00BACHSICTCS
TEM, 4YTO DJHEpPrus, BBIACNSAEMas B pEAKLUUHU, CIydailHBIM
0o0pa3oM pachpenenseTcs Mexay JIEKTPOHOM (TIO3UTPOHOM),
AHTUHEUTPUHO (HEMTPUHO) M BOSHUKAIOLIUM SIAPOM.

[Ipu oOpatHbIX OerTa-pacnagax, BBI3BIBAEMBIX HEHTPHHO
(aHTUHEHUTPUHO) OYEHb HM3KHUX HHEPTrUl, PHEPrUs SIECPHOUI
peaKuuu OJHO3HAYHO PpACHpPENENsIeTCd MEXAY SJIEKTPOHOM
(IO3UTPOHOM) M BO3HHUKAIOIIUM SJIPOM, MPUYEM 3JIEKTPOH
(03UTpOH) npuoOpeTaeT KHHETUYCCKYIO SHEPTHIO,
MPAKTUYECKH PABHYIO Emay.

Tak Kak cpenu 3JIEKTPOHOB (IIO3UTPOHOB), UCITYCKAEMbBIX
IpH OpAMbIX OeTa-pacnajax, JHUIIb BECbMa Mallas 4acTh UMEET
SHEPIu0, ONM3KYI0 K FEmax, @ DJIEKTPOHBI (TIO3UTPOHBI),
BO3ZHUKAIOIIME MpPU OOpaTHBIX OeTa-pacmajax, 6éce HMEIOT
TaKyl0 DHEpPIrHI0, HACTPOUB ammnaparypy Ha perucTparuro
ANEKTPOHOB (TIOBUTPOHOB) B Y3KOM MOJIOCE IHEPIHil OKOIO
Emax, MOXHO pPAacCUMTBHIBATH Ha PETUCTPAIHMIO 3JICKTPOHOB
(mo3uTpoHOB) 0OpaTHBIX OeTa-pacmajioB ¢ JOCTaTOYHO
BBICOKUM COOTHOIICHHEM cHurHai/(poH. Jlpyrumu ciioBamH,
€CII TPUPOJHBIE TMOTOKHM HEHUTPUHO YIBTPAHU3KUX JHEPIHid
JEUCTBUTENIFHO CYIIECTBYIOT, O€Ta CHEKTPhl B paiioHE FEmax
JOJDKHBI UMETh HEKOTOPbIM moabemM. OOHapyXeHHe BIMSHUS
Ha BEJIMYUHY OTOTO IOABEMA TEPUOTUYECKUX CTPYKTYp -
TU(QPAKIUOHHBIX PEIIETOK, aHAJOTHYHOE OOHApYKEHHOMY B
BBIIICOMTMCAHHBIX ~ JKCIEPUMEHTAaX BJIMSHUIO Ha  YHCIIO
JIEKTPOPA3PSAOB B HCKPOBBIX KaMepax, IO3BOJWIO Obl
clienarh BBIBOJI O TOM, uTo H-m3imyueHwe (Wiau, OBITH MOJXKET,
OJMH W3 €ro KOMIIOHEHTOB) - 3TO TOTOK HEHUTPUHO
YIABTPAHU3KUX SHEPTUM.

[TpuBbIUHOE OTHOIICHHE K HEMTPHUHO KaK K HEYJIOBHUMOK
YacTUIC BHYIIAET MBICIH O HEBO3MOXXHOCTH IPAKTHUECKOU
peasm3auuu  3Toro  meroga. OpHAaKo,  TEOPETHUYECKOE
paccmotperne [84, 85] moka3piBaeT pe3Koe BO3pacTaHHUE
CEUeHMsI 3TOM peakIiu MpH YIbTPaHU3KUX dHeprusax. Ho naxe
MPOCTOE TPUMEHEHHE TEX K€ MPUEMOB, KOTOPBIE TPUBOIAT K
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MCYe3alolIee MalIbIM CCUCHHSIM B3aUMOJICHCTBHUS C BEIIECTBOM
HEUTPUHO «SIIEPHBIX» DHEPTUN IMOKA3bIBAET, YTO APQPEKT OT
HEHTPUHHBIX TTOTOKOB TEMHOW MAaTEPHH MOXKET OBITh BEChbMa
3HAYUTEITbHBIM.

Bocmonb3yemcsi  MOIXO0A0M, aHAJIOTUYHBIM — HCIOJB30-
BanHoMmy bere wu Ilaiiepicom [87] nns omnpeneneHus
BEPOSITHOCTH  WHUIMHUPYEMBIX  HEHTPUHO peakiuii
obOpatHoro Oera pacmaja, KOTOPBIH MO3BOJIMI BIIEPBBIC 1aTh
MPAaBUJIBHYIO OIIEHKY CEUCHHS 3TOW SICPHOM pEeakIiH. DTOT
MOJXOJ OCHOBaH Ha TIPEANOJIOKEHUH, YTO BEPOSTHOCTH
OpsSMBIX U OOpPATHBIX MPOIECCOB OJIUHAKOBBI, a pasMep
00JIaCTH B3aUMOJICHCTBUS COOTBETCTBYET JIJIMHE BOJHBI Jc-
Bpoiins welitpuno. Cuuras, 4To 3TOT MOAXOJ CIIPABEIUB HE
TOJILKO B PENIATUBUCTCKOM 00J1aCTH, MOIyduM QPOpMYITy

c = 2Tv (2.50)

rae G - ceyeHHE PeaklMH, A - JUIMHA BOIHBI je-Bpoiins
HeHTpuHO, T — cpelHee BpeMs JKU3HU PATUOAKTUBHBIX SIEP
(mepuon mosypacmaga sgaep Ti2 = 0,693T), v - ckopocTh
HEUTPHUHO.

[TpuBnIEKATETHHOCTh ATOH METOJIMKH COCTOHUT B TOM, YTO
OHa He TpeOyeT Ui BBIYMCIICHUS BEPOSTHOCTH HMCIOJIb30BaTh
Teoputo  Oera pacmagoB Depmu  [225, 227, 228].
Pacnanmatormmecss HYKIUABI CBOMM TIEPHOIOM TOJypacnajaa
CaMH «COOOIIAIOT» O BEPOSTHOCTH PACIIaIOB.

B cnyuae pelsITHBUCTCKUX HEHTPUHO, C KOTOPHIMH HMEIOT

neno B aaepHoii pusuxe, A = hc/E (h - nocrosnnas Ilnanka, ¢
- CKOpPOCTb CBETa, £ - sHEprusi HEUTPUHO) COOTHOLIEHHE (2.48)
NepexoauT B GopMyILy

o= h%%ET. (2.51)
IToncraBus B (2.51) THnUuHBIE A SACPHON (HUBNKU 3HAYCHUS
E=1M5B, T=1000 ¢, monyunM 3Hauenne o =610"%ca?,
KOTOpOE MOATBEPKIAECTCS SKCIIEPUMEHTAMHU.

B crnyuae HEWTPUHO OYEHb HM3KHMX JHEpruil V<<c, A=
h/mv (m - macca ueittpuno). CootHomienue (2.50) nepexoaut
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B hopmyiy
o= hm*"T. (2.52)

s m ~ 4107 k2 (23 »B) npu cxopoctu V =310° w/c,
XapaKTepHOW JJIsi TOTOKOB TaJaKTUYECKHX HEUTPUHO, WU

T=1000 ¢, ¢ = 1,010% cw/®, T.e. Gonee uem Ha 20 TOPSIKOB
BbIIIE, yeM y "saepHbix" HedTpuHo. s m ~ 0,28 9B ceuenue
6ompie emte B 500000 pas.

BplensnokeHHoe paccMOTPEHUE CBOMCTB  HEUTPHUHO
TEMHON MaTepuu ObIJIO B OCHOBHOM CJIEJIaHO M OIYOJIMKOBaHO
okoji0 B KoHLEe 80-x — Hawane 90-X roJ0oB IpPOIUIOrO BEKa.
OTmMeuy, 4TO 3TO He MOTPeOOBAIO BBEACHUS KaKMX Obl TO HU
OBUIO «HOBBIX CyHIHOCTEW». OObIYHas HeOecHas MeXaHHKa
IPUMEHSIIACh K OOIIECTIPUHATHIM PE3yJIbTaTaM, MOJIYYEHHBIM B
snepHod (u3uke W acTpoHOMHH. M3 3TOro paccMoTpeHHs
CJIEOBAJIN DKCIIEPUMEHTAIBHO IIPOBEPSEMBIE BBIBOJIBI.

1. Eciin H-u3ny4enue sBiIs€TCS IOTOKOM HEUTPHHO,
BXOJIAILIMX B COCTaB TEMHOM MaTepuu, TUPPaKIUOHHbIE
peLIeTKH, BIUSABIINAE HA pacupeneneHue natHeiek B YUK,
JIOJKHBI OKa3bIBaTh aHAJOIMYHOE BIMSHUE U Ha OeTa
HCTOYHUKH;

2. [ToMrMO PKCITOHEHIIMATILHOTO claja, oeTa
PaZAMoOaKTUBHOCTb JIOJIKHA 00J1ajaTh U3MEHUYHUBOCTBIO C
KOCMHMYECKUMH puTMamMu. Kpome Toro, 1OmKHBI HaOII0AaThCS
BCIIJIECKU PA3JINYHON CHIIBI;

3. Bemmeckn mOIDKHEI OBITH HAMHOIO 00JIee 3aMETHBIMHU,
ecyii 0eTa NCTOUHUK HaXOJUTCS B (POKYCHUPYIOILLEM YCTPONCTBE.
Jlnst GOKYCHPOBKHM YAOOHO NPUMEHSTh apabonndeckoe
3epKaJlo, Tak Kak B HEM I0JI0KeHHe (POoKyca HEe Ha10
yraJplBaTh: OHO OJIMHAKOBO JJIS JIFOOOTO U3ITyUYEHUS;

4. B ycTpoiicTBax, U3MEPSIOMINUX MAJIbIE CUJIbI, TOJKHBI
HaOI0AaThCS aHOMAJIbHBIE (PITYKTYAIMH, a TAKKE U3MEHEHUS C
KOCMHMYECKOU PUTMHUKOM.

OTH mNpeAcKa3aHus HALUIM MOATBEPKIEHUE B HAIUX
L[€JICHANPaBICHHO IPOBEJCHHBIX SKCIIEPUMEHTAX, a IOTOM U B
pe3yJibTaTax, MOJy4YEHHBIX APYTUMH HCCIEN0BATEISIMHU.
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4. 3KCIIEPUMEHTBI, TIOATBEPKIAIOIINE
TUIIOTE3Y O HABJIOJAEMOCTH IOTOKOB
HEUTPUHO TEMHOM MATEPUU

4.1. DKcniepuMeHTAJIbHAS IPOBEPKA BO3MOKHOCTH
perucTpanuu MelJIeHHbIX HETPHUHO MOCPEACTBOM
peakunumn oOpaTHOro 6era pacnaaa

JIns mpoBepKH NEpBOro NpejackazaHus Obla co3jaHa
OKCIIEPUMEHTANIbHAs YCTAHOBKA, CXeMa KOTOPOH IOKa3zaHa Ha
puc.2.26.

oidpakunoHHAA PELIETKE

3KpaH

J Puc. 2.26. Cxema
aetoanag %850 AKCIEPUMEHTAIbHON

. YCTAaHOBKHU IJIA
CLMETHR
= snerrp. cuteTenme perucTpanuu
MUTAHHA HMNYIECOE 06paTHOFO 6eTa'
33V 9%
pacnaga ~Y
DIy ,f
TNEREANH- AMNNHTYI-

TENBHLIF Hbll
FCHIHTENE [ = |GHCKPHMH-
HaTop

B kauectBe Oera glgaLLI/IOB.KTI/IBHOFO BElleCTBAa ObLI
HCTIONB30BAH HCTOYHHK Sr-°Y  akrmBHOCTBIO OKono 10°
pacnaznoB B CEKYHJY. Hcnyckaemblie JJIEKTPOHBI
PETUCTPUPOBAIUCH CHUHTWUISLIUOHHBIM CUETYHKOM.
Umnynbsesl ¢ (oTodneKTpoHHOTO  yMHOXHUTENs  (PDY)
MOCTYH&JIM  HA  MHTErpajbHBIA  JUCKPUMHUHATOp  C
perynupyeMbiM nioporom. C BpIX0Ja AMCKPUMHUHATOpPA CUTHAJ
ITOCTYIIAJI Ha CYETYMK UMITYJIbCOB ¢ TaiMepoM. Ha paccrosaumn
HECKOJIBKO CAaHTHMETPOB OT MCTOYHHMKA pacroJarajiach
TUpaKkMOHHAs pelleTka (CTOMKa CTEKJISHHBIX IUIACTUH C
3a30paMu), 3aKpelUIeHHass Ha TOBOPOTHOM YCTPOMCTBE CO
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IIKAJIOW, YKAa3bIBAIOUIEH Yrojl MEXKIY IUIOCKOCTSAMH IIJIaCTHUH
TUQGPAKIIMOHHON PEIIeTKH W HalpaBlICHHEM Ha WCTOYHHK.
Mexay  HMCTOYHMKOM M JU(PPAKIMOHHOW  PEIICTKOM
pacmonaraics dKpaH W3 QIIOMHHHUS W CBHUHIA TOJIIHHOH,
JOCTATOYHOM ISl TOJTHOTO TOTJIOMIEHUs OeTa YacTHII.

PagnoakTUBHBIA HCTOYHHK 05r- 0y cocrout wu3 JIBYX
HaXOJSIIUXCS B paBHOBecuu paauonykiuaoB [92]. Ilepuon
noxypactazna “°Sr - 27,7 ner. [Ipu pacnaje HCITyCKatoTcs Gera-
YaCTUI[BI C MaKCUMAaJbHOW SHeprueil Emax = 0,546 Mb>B un
oGpasytoTest sapa “°Y, KOTOpbIe B CBOKO OYEePE/lb PAaciafaloTcs
C MepuoJIOM Moiypacraga 64 daca, oOpaszyst OeTa-4acTHUIBI C
Emax = 2,27 M>3B.

AMIUTUTYIHBIA ~ AUCKPUMHHATOP  TO3BOJIIET  OTCEYb
UMITYJIBCBI, COOTBETCTBYIOLIME OeTa yacTUIlam 05y
OCHOBHOM 4YaCTH CIIEKTpa %Y, ocTaBUB TOIBKO HAMOOIBIINE 110
aMIUIUTyZle, KOTOpble OOpa3ylOT DJIEKTPOHBI C HHEpPruei,
omuskoii k 2,27 M»>B. Takylo »SHEprul0 HMEeT OYCHb
HeOoJbIIas YacTh OeTa-4acTUll, BOSHUKAIOUIUX MPU MPSIMbIX
Oera-pacrajax, u éce dJIEKTPOHBI, BO3HUKAIOIINE B 0pe3yJH)TaTe
B3aMMO/ICHCTBUS MEIJICHHBIX HEUTPHUHO C siApaMU

v +2°%Y >°°Zr + e, (2.53)

HeobOxonnMo 3aMeTuTh, YTO 0OOpa3yIOLIUECS 3JIEKTPOHbI
HE MONaJaloT HEMOCPEICTBEHHO B CUUHTHIUIATOP, a MPOXOAST
gepe3 CBETO3ALIMTHBIM KOXYX M O0OJOYKY CIUHTHIUIATOPA,
TOJIIIIMHA KOTOPBIX SKBUBAJIEHTHA CJIOK0 AJTFOMHHHUS TOJIIIUHON
okono 1,5 mm. Takod QUIBTP TMOTHOCTHIO TMOTJIOIIAET
3JIEKTPOHBI ¢ dHepruen Hwke 1 Moe ( B ToM ymcie, Bce OeTa-
YACTHUIBI, 00pasyeMbie “°ST); MOTOK SIEKTPOHOB C DHEPrHeil
2,27 M»>e ocnabnsercs B 7 pa3, OpUYeM MaKCHUMalbHas
sHeprusi cHmkaercs 10 1,7 Mae [92, ¢.958]. Xots dunbrparust
CHIDKAeT YHCJIO JIOCTUTAIOUMX CHUHTWUIATOP  YacTHIL,
OTHOCUTEIBHBINA BKJIaJ B OOLINHA MOTOK YaCTHI[ C HAMOOIbIIEH
SHepruel BO3pPACTAaET, TaK KakK OdJIEKTPOHBI Ooyiee HU3KUX
SHEPTWH  TIOTJIOMIAIOTCS  CHibHee.  Hampumep,  moTok
9JIEKTpOHOB ¢ oHeprued 2,0 M»oe ocnabnsercs ClloeM
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amomunus 1,5 mm B 12 pa3, mpuueM NOpolIeamiue 4Yepes
GUIBTp BJIEKTPOHBI HMMEIOT SHepruto He Ooznee 1,4 Mos.
[Toatomy bunbTpanus, pe3Ko CHIKAOLIAS YUCIO MMITYJIbCOB
0T Oera-yacTul] MajblX SHEpPrHil, IOJE3HA C TOYKU 3pPEHUs
CHUKEHUSI BEPOATHOCTU IOSIBJICHUS JIOKHBIX HMMITYJIbCOB B
pe3ysibTaTe HAJIOXKEHUS JBYX WM HECKOJIBKUX HMIIYJIbCOB
MaJIOi aMIUIUTYBI.

Takum 00pa3oM, YCTaHOBHB TMOPOT JUCKPUMUHAIIMH,
COOTBETCTBYIOIIMIA dHEpruu okoio 1,7 M»3e, MOXKHO
paccuuThIBaTh Ha MPeo0IaIaoIIyI0 PETUCTPALNIO SJIEKTPOHOB
C dHeprueH, 6mu3koi K Ema. Kputepuem Onm3octu mopora K
Enax cUnTanoch CHUXKEHHE CKOPOCTH CUeTa Ha 3 mopslKa IO
CPaBHEHHMIO CO CKOpOCTBHIO cuera 0e3 auckpumuHauuu. [lpu
9TOM MPAKTUYECKU BCE HUMITYNIbChI ObUIM CBSI3aHBI UMEHHO C
0era MCTOYHHMKOM, a HE C BHEIIHHM paJAHAMOHHBIM (hoHOM
1581071 3JIEKTPOMAarHUTHBIMU oMexamu. 06 3TOM
CBUJETEIBCTBYET CHMIKEHUE CKOPOCTHU cueTa eule 0ojee 4eM B
100 pa3 npu ynaneHUuu UCTOYHUKA OT CLIUHTHILIATOPA.

[Tpu NPOBEAECHUHN Ka)KI0T0 HUKJIa U3MEPEHUI
TUQPaKIUOHHBIE PELIETKH Haxoqwiuch B 13-14 yriooBbix
MIOJIOKEHUAX OTHOCUTENBHO MCTOYHUKA. [IporoInKUTENbHOCT
W3MEPEHHI CKOPOCTH CYe€Ta B KaXJAOM U3 TMOJOKEHUN
cocrasisuia 40-70 cexynn. Ha puc. 2.27 B xadecTBe npumepa
MOKa3aHbl pPEe3yNbTaThl, MOJIy4YE€HHbIE C AU(pPaKIUOHHON
pemerko, wumeromeir mnepuony d = 3,43 wum) wm
cuuatmiusitopamu - NaJ(TI) u  cruneben.  Beepxy s
CpPaBHEHHUs IMOKa3aHbl Pe3yJIbTaThl U3MEPEHUIN CKOPOCTU CUETa
Ha ycTaHOBKe 0e3 mupakiMoHHON pemeTku. Huxke moka3zaHbl
pe3ysIbTaThl HECKOJBKMX M3MEPEHUN ¢ pemieTkod. BuaHo
COBIAJCHHUE MOJIO)KEHUN MaKCHMyYMOB 1 MUHUMYMOB. Kpaline
MaJIOBEPOATHO, YTO U3MEHEHUSI CKOPOCTH CUE€Ta, CBSI3aHHBIE C
IIyMaMM anmnapaTypbl WM BHEIIHUMH J1€CTa0MIN3UPYIOIIUMU
¢dakTopamMy, MOIJIIM OBl CTOJb TOYHO BOCIPOU3BECTHCH.
[loaToMy MOMHO BIIOJIHE JIOCTOBEPHO KOHCTaTHpOBATh
HaIu4ue  BAMSHUS — JU(PAKUMOHHOM  peUIeTKH  Ha
AKCIIEPUMEHTAJIbHYI0 YCTaHOBKY. [lonoxeHne MakCUMyMOB
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COOTBETCTBYET IJIMHE BOJHBI 1,4 mm, HaOIMIOaBINEHCS U B
3KCIIEPUMEHTaX C UICKPOBOW KaMepoil.

18 1 umn/c a
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14 3 ]
13 t t t f t J{
0 1 2 3 4 5 mMunymsl
umnic 6
57 A T
13 fﬁ%\\ 1 / \\{* ’}/ R ~ "ﬂl%
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VARN 1 | _\_} p -
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Puc. 2.27. Pe3ynbTaThl 3KCIEPUMEHTOB 110 PETHCTPAIIMA 0OPATHOTO
Oera-pacrnaja

a - CKOpPOCTh cueta 6e3 TUPPAKIIMOHHON PEIIETKH;

0, 6 2 - 3aBUCHMOCTh CKOPOCTH CHY€Ta OT CHHYyCa yIjla MEXIy
IUIOCKOCTSIMA  TU(PAKIIMOHHOW PEIIeTKH W HANpPaBICHUEM Ha
uctounuk. [lepuon nudpakunonnoii pemerku 3,43 mm,

a, 0, 6 - ycranoBka co crpaTHIIITOpoM NaJ(Tl);

2 - yCTaHOBKA CO CTHJILOCHOBBIM CIIUHTHILIATOPOM

IIpn wncnons3oBanuu pemerkn ¢ nepuonoM 0,17 mm
IIOJIYYEHO DACIIPENEICHUE, COOTBETCTBYIOLIEE [UIMHE BOJIHBI
okomo 70 wmxm. Takas [mMHA BOJHBI TOXE ObLIa
3apErucTpUpOBaHa MOCPEICTBOM UCKPOBOM KaMepHI.

Takum o00pa3oM, MOJYy4E€Hbl  SKCHEPUMEHTAIbHbIE
pe3ysIbTaThl, KOTOpPBIE MOKHO TPAKTOBaThb KakK pe3yJbTaT
SNIEPHBIX ~ peakuuil HEeWTPUHO HU3KUX OSHepruii ¢  Oera
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AKTUBHBIMM HYKJIMJAAMH, TpPUYEM,  3apPETUCTPUPOBAHHBIC
TUQGPAKIIMOHHBIE MAaKCUMyMBI COOTBETCTBYIOT JJIMHAM BOJH
TaKUM K€, Kakue ObUIM 3aperuCTPUPOBAHBI B AKCIIEPUMEHTAX C
mupakuuoHHBIMU pemeTkamu B couetanuun ¢ YUK. Touno
TaKk Xe, Kak u B dkcnepuMeHTtax ¢ YUK, pesynbrarthi,
JOCTOBEPHO BO3BBIILIAIOIIMECS Haj (POHOM, MOIYYAIOTCsS HE
MIPU KaKJIOM U3MEPEHUMU.

WUrak, »skcnepumeHThl ¢  0OeTa  HUCTOYHUKOM U
TUGPaKIIMOHHON PelIeTKON MOKa3bIBAIOT: TO, YTO MbI Ha3BaJlU
H-usnydyennem, paelcTBuUTeNnbHO  00JaJaeT  CBOWCTBaMH,
KOTOPBIMU JIOJDKHBI  00JIafaTh TOTOKH HEUTPUHO TEMHOM
Matepud. KOHEYHO, TMOIy4YeHHbIE pe3yibTaThl TPeOYIOT
MPOBEpPKU U yTouHeHHs. Ho HeoOXoAMMO OTMETUTb, UTO
CUMHTWJUISILIMOHHAST METOJIUKA PETUCTpalMu 3JIEKTPOHOB, I0-
BUJMMOMY, HE IO3BOJIUT JOCTUYb CYIIECTBEHHOI'O Iporpecca,
TaKk KaKk OHa HE MOXET O0ECHEeYUTh XOPOIIYI0 CTa0MIBHOCTh
M3MEPEHU M BBICOKOE  Pa3pelIeHHUs 0  DHEPrHsiM.
Brimeonucanusie OTIBITHI c WCIIOJb30BAHUEM
CUMHTWUISIIUOHHOTO ~ JETEKTOpa  paccMaTpUBAJIUCh  Kak
MpeABapUTEIIbHBIE. Hameuanuce 3KCHEPUMEHTBI c
MPUMEHEHUEM TTOJTYTTPOBOTHUKOBBIX JIETEKTOPOB,
o0aaronmx HaMHOT'O JTy4YIIUM SHEPreTUYECKUM
paszpemienueM. Ho »3Tu wucciaenoBaHusi ObUIM  MIPEPBAHbI
JIpaMaTUYecKUMH coObITUSIMU 90-X TOZI0B

4.2. ITonckn KOCMHY€eCKOl PUTMHMKH B PAIMOAKTHBHOCTH

C MeromukoW © pe3ynbTaTaMU OSKCIEPUMEHTOB IO
OOHApPYKEHUIO PUTMHYECKUX W3MEHEHUW B PaIMOAKTUBHOCTH
MO’KHO 0O3HAKOMHTHCS B 4aCTH 1, a 371eCh MBI OTMETHM TOJIBKO,
yTo caMo N0 ce0e oOHapykeHue BapHalil pe3yiIbTaToB
M3MEpEeHUl  paguoaKTHBHOTO  pacmaja He  O3Hayaer
JIOKA3aTelIbCTBO BapHaluii pagnoakTuBHOCTU. Halmromaembie
OTKJIOHEHHSI HE TPEBBIIIAIOT JONIed TPOIEHTa, KOTOphIC
HCO6XOHI/IMO HpOCJ’Ie)KI/IBaTI) Ha HpOTSDI(eHI/II/I MHOTHUX CYTOK,
MecsleB WM Jaxe JeT. [Ipu Takux Mperu3nOHHBIX
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U3MEPEHUsX TpeOyeTcsl OrpOMHAsi CTATUCTUKA U yYET BIMSHUSA
Ha Pe3yJIbTaThl U3MEPEHU HECTaOMIBHOCTH PETHCTPUPYIOIIECH
annapatrypbl. OCOOEHHO TPYAHO MHMHUMHU3UPOBATh BIHUSIHHE
“BCENPOHUKAIOLIEr0” TEIUIOBOro Bo3xelcTBusa. Kpome Toro,
HeoO0X0oAuMO  u30ekaTb  BIAMSIHUA  IIyMa  3JIEKTPOHHKH,
0COOCHHO (DJIMKKEp-IIyMa, MHTEHCUBHOCTh KOTOPOTO MOXKET
HeMpeAcKa3yeMoO MEHAThCS Ha HECKOJIBKO MOPSIIKOB.

Jiiss Toro 4toObl pe3yabTaThl M3MEPEHHH MOKHO OBLIO
JOCTaTOYHO YBEPEHHO HMHTEPIPETUPOBATh HMEHHO Kak
BapHUaluu pallMnOaKTUBHOCTH, Obu1a co3JlaHa
9KCIIEPUMEHTAJIbHASl YCTAaHOBKA, [103BOJISIONIAS] OJJHOBPEMEHHO
C JJUTEIbHBIM U3MEPEHUEM CKOPOCTH CYeTa OT HECKOJIbKHUX
anmbha W Oera WMCTOYHUKOB, KOHTPOJMPOBATH BHEIIHHE
¢dakTopbl, KOTOpbIE MOIYT BIMATH HAa  PE3yJbTaThl:
TeMIIepaTypy, paAHaluOHHBINA (HOH, HAIPSDKEHHE SIEKTPOCETH.
Jns peructpanuu 0era M ramMma HM3JIy4eHHUS NPUMEHSIINCH
BeChbMa  CTa0WIbHBIE W OOJQJaome  MPaKTUYECKH
HEOIPaHMYEHHBIM  PECYypcoM  JIETEKTOPbl - TaJIOTCHHbIE
cuetunkn ['edirepa, s perucrpaunu  anbpa YACTHIL
IPUMEHSUIUCH MOJIYIPOBOJIHUKOBBIE JIETEKTOPHL. JleTeKTOpHI ¢
PaAMOaKTUBHBIMU HCTOYHMKAMM W MCTOYHMKAMM IUTaHUS
pa3meriieHsl B TepMocTarax [3, 4].

VYcraHoBka paboTaeT NPAaKTHUECKU HENpPEpbIBHO Ha
npoTspkeHun Oonee 20 ner. M puTMHMuecKHe H3MEHEHUs,
NEHCTBUTENBHO, OBbUIM OOHApYXEHbl, IPUYEM TOJBKO IpU
U3MEpEHUsIX  Oema  PaJUOAKTHBHOCTH.  3HAYMTENbHAs
MPOAOIKUTEIBHOCTh HEMPEPhIBHBIX HAOMIOACHUN clenana
BO3MOXXHBIM BBISBIICHUE PUTMOB C MEpHOJaMH 10 roja, a
TaKXKe MCCIeOBaHUE TOHKOM CTPYKTYpbl PHTMOB Oosee
kopotkux. Ha puc 1.13 noxaszaHo, Kak MEHSETCS CKOPOCTb
cyera Gera wacthi °Sr-"°Y, m3MepsieMas pa3IHUHBIMH
JETeKTopaMu Ha npoTskeHuH 13 jer. O4eBUAEH PUTM C
nepuozoM | roa ¢ pazmMaxoM OKOJIO MOJIOBUHBI IPOLEHTa OT
cpenHel ckopoctH cuera. (CoOnoCTaBlIE€HHE YCPEIHEHHBIX
XOJIOB CKOPOCTHM CYETa M TEMIEPATYpbl OKOJIO YCTaHOBKH
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BIIOJIHE  OMNPEIENIEHHO [OKa3blBaeT pa3Hyl0 JAUHAMHKY
TrOJUYHBIX LUKIOB. MHaye BenyT ceOs U JApyrue OCHOBHBIC
mapamMeTpsl  BHEIIHEH cpeabpl — pagualudoHHbIA  (oH,
aTMocepHoe JaBJICHHE u BJIQ)KHOCTh BO3/yXa,
anektponutanue (puc.l.14). D10 MO3BONSIET yTBEPKIATh, UTO
OoOHapy>KCHHas PUTMHKA HE SIBJSIETCS PE3yJIbTaTOM BIHMSIHUSA
OOBIUHBIX (PAKTOPOB OKpYy’Karolien cpeabl. Hanuune ronnyHon
putMuKH ¢ ammumMtygod  okoio 0,1% moarBepxkaeHO
HE3aBUCHUMBIMH n3Mepenusmu [ 185, 186, 191-204].

bonbiias nponoOIKUTENBHOCTh DPSIIOB  HU3MEPEHUH U
Ooraras CTaTUCTHUKAa  MO3BOJISIIOT TMPUMEHSATh YacCTOTHBIN
aHallM3 M CTPOUTH Tnepuoaorpammel. Ha mepuomorpamme
CKOpPOCTH CYETa YCTAHOBKU C UCTOUHHKOM 90g Dy (puc. 1.17)
HamOoJee 3aMeTeH TOAUYHBIN pUTM U ero rapmonuku (182,3;
91,1; 60,8). OTueTnMBO BBIACISICTCS PUTM CHHOJUYECKOTO
nyHHoro mecsua (29,2 cyrok). B oOmactu OKOJIOCYTOYHBIX
[IEPUOJIOB OTUYETJIMBO BHUJIEH MUK COJIHEYHOCYTOYHOI'O PUTMA C
TOHKOW CTPYKTYpOH, OTpa)karolled B3aWUMOJCHCTBHE 3TOIO
pUTMa C TOAUYHBIM PUTMOM M €70 TapMOHUKAMHU. 3aMETEH IHK,
COOTBETCTBYIOUIMM JIyHHbIM cyTkam (1,0371). Ammuuryna
OKOJIOCYTOUYHBIX Bapualluii HE MpPEBBINIAET THICAYHBIX J10JIEH
MIPOLIEHTA OT CPEeAHEN BEIMUYMHBI U, B OTJINYUE OT BapUaluil ¢
TOOUYHBIM M MECAYHBIM IIEpUOJAMHU, TII0Ka HENb3s C
YBEPEHHOCTBIO yTBEPXkAATh, YTO OHU HE IOPOXKAAOTCA
TeMIepaTypPHBIMH BIMSTHUSIMA

Ilooobnbix pummos 6 pe3yrbmamax usmeperus aivpa
PAouoaKmueHoOCmu He 0OHAapydHceno. ITO SABISETCA elle OJTHUM
yKazaHMeM Ha TO, YTO JEHCTBYIOIIMH areHT oOiajgaer
CBOWCTBaMHM, aHAJIOTUYHBIMHM CBOWMCTBAM HeHUTpuHO. cxons u3
MOJIYUEHHBIX PE3YyJbTaTOB CAENAaeM OLEHKY HEKOTOPbIX
CBOMCTB 3aperuCTPUPOBAHHOIO arcHTa.

U3  coornomenuss  (2.51), cmnpaBemiuBoro - JuIs
PENATUBUCTCKUX HEUTPUHO, CIENYET, YTO
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n=Ngo =N ¢h’?* E’T = 4¢h’c¥/ E? (2.54)

rje N - 4ucjao akToB 0OpaTHBIX OeTa pacnajoB B ceKyHay, N —
oO11ee 4nciio paaiuoakTUBHBIX siaep, A = N/T - aucio npsmbIx

OeTa pacnagoB B CEKyHIy (aKTMBHOCTb HCTOYHMKA), @ -
IJIOTHOCTD MTOTOKA HEHTPUHO.

Bocrnone3oBaBmmchk cootHomenueM — (2.54), Haitnem
OTHOIICHHE CKOPOCTH OOpaTHBIX OeTa pacmagoB K CKOPOCTH
CIIOHTaHHOK  Oera  paamoaktuBHOCTH  K=N/A s
PENSATUBUCTCKUX HEUTPUHO:

K, = ¢h’c? E® (2.55)

[logcraBuB B (2.55) MIOTHOCTH MOTOKA  COJHEYHBIX
Heiitpuro @ ~ 610" m2ct [213], momyunm K ~3107.
Crounb HUYTOXKHOE HW3MEHEHHE AaKTUBHOCTH H3MEPUTh
HepeanbHO. [lOTOK HEUTPUHO, HCHYCKaeMbIX B IIpoOIECCEe
saepHbIX peakiuii B Heapax ConHIa, HE MOXET BBI3BaTh
3¢ dexThl, 0OHAPYKEHHBIE B OMTUCAHHBIX SKCIIEPUMEHTAX.

B cnyuae umeromux Maccy nokosi MEAJIEHHBIX HEUTPUHO
SHEPTHH CIpaBeIuBO cooTHoIeHue (2.52). M3 Hero
CIIEIy€eT, 4TO

n=Ngo = Agh’m’v* (2.56)

(V - ckopoCTh HEHTPHHO).

Haiinem oTHoeHHe cKkOpocTH 00paTHBIX OeTa pacnasioB K
CKOpPOCTH CIIOHTaHHOW OeTa paauoakTuBHOCTH Ks = N/A s
MEJIEHHBIX HEUTPUHO

Ks= @h¥ mv* . (2.57)

Baxknast ~ ocobeHHOCTh  cooTHomreHuss  (2.57)  —
HE3aBHCUMOCTb OT CPEIHEro BPEMEHH KU3HU simep 1 (Wid oT
nepuoga mnoxypacmaga spep 11=0,693T). JlroObie Oera
pPaZMOaKTUBHBIE HCTOUHUKH, HAXOJSCh B OJMHAKOBOM IOTOKE
MeJIEHHBIX HEUTpPUHO, npuoOpeTaroT OJINHAKOBOE
OTHOCHUTENIbHOE YBEJIMYEHHE aKTUBHOCTH. Eciau mpu cBoem
JBYDKEHUH 3eMJIsl TPOXOAUT 00JIACTU C PA3IMYHON CKOPOCTHIO
U IUIOTHOCTHIO TOTOKAa HEHUTPUHO, JOJDKHBI MPOMCXOAUTH
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OJIMHAKOBbIE = OTHOCHUTEJbHBIE  WM3MEHEHHUS  aKTUBHOCTHU
pa3nUYHBIX OeTa HMCTOYHHMKOB. B manmpHeileM Mbl Oyaem
CUMUTATh, YTO areHTOM, BBI3BIBAIOIIMUM JOIOJHUTEIbHBIE OeTa
pacmaabl SIBJISTFOTCSI HEUTPHHO, JIBUKYIITHECS B
rpaBuTalinoHHOM Tojie ['anmaktuku. [lomuMo ramakTHyecKux
HEHUTPHUHO, TO-BUIUMOMY, Ha OeTa pajMOaKTUBHOCTH MOTYT
BIIUSITh HEUTPUHHBIE TOTOKHU, ABMXKYIIHUECS B OKOJIOCOIHEYHBIX
Y OKOJIO3EMHBIX TPABUTALIMOHHBIX MOJSX (CM. pasznensl 2.3 u
2.4) [52]. Ho omenka ux BIMSHHS Ha PaJdOaKTHBHOCTH ITOKa
npoOjaeMaTHYHa.

CoenuHuB pe3yNbTaThl ACTPOHOMHYECKUX HAOIIOIEHUN C
cooTHoweHueM (2.57), MOXHO cJelaTh OLIEHKY IUIOTHOCTHU
MOTOKA HEHUTPUHO, BBI3BIBAIOIIUX MEPHUOJUUYECKHE H3MEHEHHUS
cKopocTH Oerta pacriafoB. BennmunHa adexTa CHIBHO 3aBUCHT
ot ckopocti (~ 1/Vv*). D10 06CTOATETBCTBO SBISETCS OCHOBHOI
MPUIMHON KoJieOaHu# ¢ mepuoaom 1 rog.

VLLELITRTeivet L

NRRRRNNR AARANRARRARRRRNNRRR

Puc. 2.28. JImwxkennme cuctemMbl CojiHme — 3eMiis B IIOTOKE
raJakKTUYECKUX HEUTPUHO.

Cxopocts  mpuxopsuiero k  ConHeuHOM — cucTeme
HEUTPUHHOTO  TOTOKA  CYMMHPYETCS  CO  CKOPOCTBIO
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opOutanpHoro aBmxkeHus 3emumn Bokpyr Comara. CorjacHo
[52], B paiione CoyiHEYHO# CHCTEMBI TIOTOKH TEMHOM Matepu,
BKJIFOYAsT HEUTPUHO, HMEIT CKOpOocTh okoso 3°10 *we u
HaIPaBIICHBI MIPEUMYIIIECTBEHHO NEPICHANKYIAPHO
nekeHnto CouHia B ['anakTuke co CKOPOCTbIO OKOJIO 2,5 10°
M/c Kak K 1eHTpy ['aJakTuku, Tak U OT LeHTpa (puc. 2.28).
CxopocTb aBmkenns 3emin Bokpyr Connma 3°10* a/c. Mexoms
U3 ITUX JAHHBIX, MOXKHO PAaCcCYUTaTh, YTO CKOPOCTHb BCTPEYU
3eMiIM C TMOTOKOM TaJIaAKTUYECKUX HEUTPUHO MEHSETCS Ha
MpOTsHKEHUH roj1a oT Viin = 3,7 10° 1o Vimax = 4,1 10° m/c.

[Tpu u3mMeHeHnu cKopocTeit oT Vpin 10 Vmax BO3pacTaHHe
aKTUBHOCTH 3a CYeT OOpaTHOro Oera pacrajga MEHSETCS Ha

min

o’
AK:F(V —V,x)=2a, rae a — aMIUIUTyAa OTHOCH-

TCJIIBbHOI'O U3BMCHCHHUA aKTHUBHOCTH. OTCIOI[a CJICAYyCT, YTO

3
po—_28m (2.58)

h® (Vi = Vi)

B paborax [185-204] oOHapyKeHO M3MEHEHHE CKOPOCTH
cuera 0OeTa YacTHIl C TOAWYHBIM IIEPHOJOM BEIMYMHOW [0
0,3%. Otu pe3yapTaThl JIOKa3bIBAalOT  CYLIECTBOBAHHE
BapHaluii, HO OHU HE IMO3BOJISIOT CYIUTh O BEIMYMHE &8, TaK
KaK OBUIM TOJTyYeHBI MPH CHIBHOM IIOJIaBJICHUM OeTa JacTHIl
CIIOHTaHHOro  pacnajaa. [Ipenn3uoHHbIE U3MEpEeHUs ¢
perucrpaiiell Bcex min Oosbineit dactu 6eta pacmanos [205-
212] we BBIsBWIM Bapuanuid ¢ amrumutynou Gombmie 0,01%.
[Monoxwus a = 0,0001, MBI cMOKEM OIIEHUTH BEPXHIOIO TPAHUILY
BEJIMYHHbI ¢ mu
My, 3B | &, I/m°c | p. k2> | maccoBoit mmoTHOCTH

0,25 45107 791033 | p=dmiv.
B tabmuue npuse-

1 2.:2°1 [:'1 1 131 o0 JICHBI pe3yabTaThl

75 261015 351072° | pacde-ToB TLIOTHOCTH
IIOTOKA M MacCOBOM

IUIOTHOCTH HEUTPUHO, KOTOpbIE MOIYT JaTh aMILIUTY Ty

OTHOCHUTENBLHOro m3MeHe-HusA aktuBHOCTH a = 0,0001. PacueTs!
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caneima”bl WL Vmin = 3,7'1O5M/c, Vimax = 4,1'1O5M/c. B
HaCTOosIIIee BpeMs HET TOYHBIX JIAHHBIX O MAcce JIEKTPOHHOTO
HEHUTPUHO (AaHTHUHEUTPUHO) IMOAITOMY pacCyeThl CHENaHbl I
HECKOJIBKUX 00CykaaBImmxcss BO3MOxHBIX Macc 0,28, 1 u 23
9B. Jlna cpaBHeHus: B pailoHe pacrnonoxkeHus ConHua p=
9,310% ke/n® (cm. pazmen 2.2).

B crateax  [185, 186, 191-196] BBIABUHYTO
MPENIOJIOKEHUE, YTO MEePUOJUYECKHE W3MEHEHHUS CKOPOCTH
Oera pacmagoB  CBA3aHBl C  JICMCTBUEM  HEUTPUHO,
Bo3HuKaromux Ha Conuue. Tak kak 0pu OpOUTAIBLHOM
JNBIDKEHUU 3eMiu paccrosHue Mmexay 3emuieid u ConHiem
MEHSIETCS ¢ MepruoioM 1 roJl, ¢ TAKUM ke MEePHOJIOM MEHSETCS
CKOpOCTh OeTa pacrnanoB. Beimie ObLI0 TOKA3aHO, YTO 3aMETUTh
BO3JICHCTBUE HEUTPUHO, BO3HHKAOUMX B Henpax ConHia B
MpoIiecce SICPHBIX peakiui, HepeanbHo. OpHAKO Kpome
saepHbIX HelTpuHO Ha CoJHIIE BO3HUKAIOT TAK)KEe HEUTPUHO U
AHTUHEHUTPUHO HU3KUX DHEPrUM B PE3yJbTaTe CTOJIKHOBEHUU
YacTUIl B TIPOIECCEe TEIUIOBOTO NBIKEHUs (cM. pasnen 2.3).
OHu BHOJHE MOTYT 3aMETHO YBEJIMYMUBATh aKTUBHOCTH
PaMOHYKIIUIOB, BCTYMAas B peaklnio 0OpaTHOro 0eTa pacmnaja.

4.3. OmnpenesneHne Macchbl HEHTPHHO MO CHEeKTpy Oera
yacTul Tputus. Tponukuii IxcnepumMenT

Onna w3 Haubonee COBEPILIEHHBIX YCTAHOBOK ISt
OIIpeNIeJIeHUs] MacChl HEUTPUHO MO CHEeKTpy OeTa wyacTuIl
TpuTHs co3mgaHa B Tpounke [51]. U3 skcnepuMeHTOB,
IIPOBEJEHHBIX B Tpouike, cAelaH BBIBOJ, YTO Macca
ANIEKTPOHHOTO0 aHTUHEHUTPUHO He mpesblmaer 2,2 3B. To, yto
OHa HE HyJeBasd, CIEAyeT U3 OKCIEPUMEHTaIbHOIO
OOHapyXEeHHSI HEUTpUHHBIX ocuwuiiuid [79]. OrMmerum
JHOOONBITHYI0O OCOOCHHOCTh PE3yJbTaTOB 3KCIIEPUMEHTOB C
TpuTHEeM. YmomsiHytas uudpa 2,2 »B - He ecTh
HENOCPEACTBEHHBIN  pe3yslbTaT  JKCHepuMeHToB.  Camu
pe3ynbTaThl, B OCHOBHOM, JIEKaT B OTpULATENbHOI o0nacTw,
IIPUYEM OHM MEHSIOTCS OT M3MEPEHUs K HM3MEPEHUIO, U HE
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XAa0THYECKH, a C TOAWYHBIM TiepuonoM (puc.2.29 BBepxy).
PykoBoautens skcnepumenta B.M.JloGameB BuauT 3TOMY
€IMHCTBEHHOE OOBACHEHHWE B TOM, YTO MPOUCXOIUT
HAJIOKEHUE Ha CIIOHTAHHBIM OeTa pacmag TPUTUS 00pamHO20
Oera pacmaja, UHUIITHUPYEMOTO OKOJIOCOJTHEYHBIM
HeHUTpUHHBIM oOnakoM. «Ecim addexT Oyner B manpHEHIIeM
MOATBEPKJIEH, TO B KauyecTBE HK30TUYECKOTO OOBICHEHUS
MOXKHO PpPacCMOTpPETh BO3HUKHOBEHHE MOHOXPOMATHYECKOU
JUHUM B CIEKTPE B pe3yJibTaTe JABYXYAaCTUYHOIO Ipoliecca.
TakuM [BYX4YaCTHYHBIM IPOLIECCOM MOT OBl OBITH 3axBar
HEUTPUHO TPUTHEM C MCIIyCKAHUEM MOHOXPOMAaTHYECKOIO
ANEKTPOHA. DTOT MPOLECC SIBISIETCS 0OPATHBIM 10 OTHOIICHUIO
Kk Oera pacnaay. Eciam takoll mpouecc MpOMCXOAWUT, TO MBI
JNOJDKHBI HAONMoJaTh B KOHIE OeTa CHeKTpa TPHUTUA
MOHOXPOMAaTHYECKYIO JIMHUIO C SHEPIUEN Mepexoaa IpUMEpPHO
18,6 k3B... HeliTpHO MOJDKHBI OBITH BBIPOXKJICHHBIMH, a UX
00JIaKO OTrpaHMYEHO MO pa3MepaM TaK, YTOOBI JIBHKCHHE
3eMiu B €ro mpejenax co3faBasio Moayisauuu 3ddexra uz-3a
nepemMeHHo  minotHoctw»  [51]. Hrtak,  pe3ynbTarhl
9KCIIEPUMEHTOB C TPUTHEM TMOJBEIH YBa)XaeMOI'0 aKaJeMUKa
K UJIesIM, QaHAJIOTUYHBIM BBIILIEU3TI0KEHHBIM.

HHTEpECHO OTMETUTH, YTO YCPENHEHHBIN XOJI CKOPOCTH
cyera 0eTa MCTOYHMKOB, U3MEPEHHBII Ha Halllel yCTaHOBKE,
MOXOK HAa  XOJX  HW3MEHEHMs  BEIUYuHBl  3(dekxTa,
obHapyxeHHOTrO B Tpounke (puc. 2.29 BHH3Y). DTO eme pas
JEMOHCTPHUPYET POJICTBEHHOCTh PE3YJIbTATOB, MOJYyYEHHBIX y
Hac u B Tpourike.

VY pe3ysnbTaTOB TPOMLKHUX IKCIEPUMEHTOB €CTh €LIE OJHA
WHTepecHelmas ocooeHHocTs. Orpannuenue Ha maccy 2,2 9B
MOJIy4aeTcsi, el yOpaTh W3 Kpas CIEeKTpa MUK, CBSI3aHHBIN
MPETOTI0KUTENBHO C TOTJONIEHUEM KOCMUYECKUX HEUTPUHO.
B TO0 e Bpems, OOBSCHUTH CTOIb CHUJIBHBIC KOJICOAHMS
pe3yJabTaToB, JgocTUramoumme 15 9B, MOXHO  TOJBKO
MPEAIOI0KUB, YTO IOIJIONIAeMasi 4aCTUMIIA MMEET MacCy He
MEHEE dTOM BEIUYHMHEL.
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Puc. 2.29. BBepxy: skcnepumeHT B Tpowurke. PazHuiia Mexmy
TEOPETHUYECKUM W DKCIEPUMEHTAIFHBIM YYacTKaMH CIeKTpa OeTa
pacnaza TpUTHUsS BOJM3U TPAHUYHONH DHEPTMH B 3aBUCUMOCTU OT
Bpemenn roma  (1994-2001). BHM3y: HamKd  H3MEPEHHS.
YcpemHeHHBIH X0/1 CKOPOCTH c4YeTa OeTa HCTOYHUKA 050y (2000 -
2007).

TakuMm 06pa3zom, oTydaeTcst JOBOJIBHO CTpaHHAs KapTUHA!
HEUTPUHO (TOUHEEe, AHTUHEUTPUHO) UCHYCKaeMOoe UMEET MacCy
MeHbllle 2,2 9B, a HEUTPUHO nozrowjaemoe HUMEET Maccy
O6onbiie 15 2B. B 3TOM NpOTUBOpEUMH MPEACTOUT E€IIe
pazobpaThcsi. A MOKa OTMETUM, 4YTO «Oonbine 15 3B» He
MPOTUBOpEYAT BEJIMUUHE MACChl YacTullbl H-u3nydenus 23 28,
MOJIYYEHHOU U3 OMBITOB C NU(DPAKIIMOHHBIMU PELIETKAMHU.

Cnenyer 3aMeTWTh, YTO HalMYU€ Yy  HEUTPUHO
€IMHCTBEHHONW  ()UKCUPOBAHHOW  MacChl HE  SIBIISETCA
oOsi3arenbHBIM. EcTh mpeamonoxeHwe o TOM, YTO Macca
3JIEKTPOHHOTO HEUTPUHO MOKET UMETh HECKOJIbKO 3HAYEHUI

155



BILUIOTH 10 17 k9B [86,115-117] u qaske 0 TOM, YTO CYIIECTBYET
MHOYECTBO CJIA00B3aUMOJICHCTBYIOMIUX YaCTHUI] C MACCaMH OT
10° o 10* B [118]. TToMmumoO 5TOro, mMacchl MIOOHHBIX U
TAyOHHBIX HEHUTPUHO MOTYT HAMHOIO IIPEBBILIATH MAaccy
HEHUTPUHO 3JIEKTPOHHOTO (XOTS PE3yJAbTaThl SKCIIEPUMEHTOB 10
WCCIICIOBAaHUIO ~ HEUTPUHHBIX  OCIMUIALMN  Bpoae  Obl
YKa3bpIBalOT HAa OYE€Hb MAJICHBKYIO DPAa3HHUIy MacC BCEX Tpex
IIOKOJIEHUM HeWTpuHo). [lpm HM3KHX CKOpOCTSAX JUIMHA
OCHWLISALIMA MHOTO MEHBILIE pa3MEPOB aTOMa, MO3TOMY, €CIIU
MPEACTABICHUE O HEUTPUHHBIX OCLHWUISLUAX CIPABEIIINBO, C
BEIIECTBOM  B3aUMOJEWCTBYET  CMEUIAHHOE  COCTOSIHUE,
o0razarolee CBOMCTBAMH BCeX TpeX MOKoyieHni. Macca Takoi
YacTULIBI MOXKET ObITh HAMHOTO OOJIBIIE MACChI 3JIEKTPOHHOTO
HelUTpuHO. BooOIie e, HbIHEIIHEe COCTOSHUE TEOpHUU U
SKCIIEPUMEHTOB OCTaBJIS€T MHOIO IIPOCTOpa ISl CaMbIX
Pa3HOO0Pa3HBIX CYXJICHUN O HEUTPHUHO.

TakuMm oOpa3oM, HET NPUHLMIIUAIBHBIX 3allPETOB Ha TO,
YTO B3aWMOJCHCTBHE HEUTPUHO C BEIIECTBOM IIPU OYEHb
HU3KHX  DHEPIUSX MOXKET OBITh  BIIOJHE  3aMETHBIM.
CymectByet yxKe HEMaJo SKCIEPUMEHTAIIbHBIX
MOATBEP)KIEHUH TOro, YTO TOTOKM TEMHOM MaTepuu (B
YaCTHOCTH, HEWTpUHHAs KOMIIOHEHTa), MOTyT BIIOJHE
OLYyTUMO NPOSBIATH €€0sl B 3€MHBIX YCIOBHUSAX U IO3TOMY
MOTYT OBbITh OTHUM M3 ar€HTOB KOCMO3EMHBIX CBSI3€H.

4.4. ®aykTyanuu B YCTPOHCTBaX, M3MEPSIOUIUX MaJjble
CHJIBI

IIpy B3aMMOAEHCTBUM C BEIIECTBOM IOTOKHM TEMHOM
MaTepUH IMPETOMIISIIOTCS, OTpaXKaroTcs Ha TpaHUIAX Cped U
paccenBaroTCs Ha HEOTHOPOJHOCTSIX. W3menenne
HaNpaBJICHUs JABWKEHHS CBA3aHO C Tiepeiadeil MMIyIbea, T.€. C
MEXaHHYEeCKUM  JIaBJICHWEM  IIOTOKa  Ha  BEIIECTBO.
Bo3nukHoBeHHe  CHIOBBIX  3((}EeKTOB mpH  O0JyYeHHUH
BEIIECTBA IIOTOKAMU TEMHOI MaTepUu HE BBI3BIBAET COMHEHHS,
BOMNPOC COCTOUT JIMILb B BEIMUYMHE ITHX 3()(PEKTOB U B TOM,
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CYIIECTBYIOT JIM YCTPOWCTBA, CMOCOOHBIE O3TH AP EKTHI
3apEerucTpUpOBaTh.

YcTpoiictBoM, HauOosiee YYBCTBUTEIBHBIM K CHIJIOBBIM
BO3JICHCTBUSAM, SBISIOTCA KPYTHIBHBIE BEChl. DTO YCTPOHCTBO
MTO3BOJIMJIO MOJTYYUTh MHOTO ()YH/IaMEHTAJIbHBIX PE3YJIbTATOB -
JOCTaTOYHO BCHOMHUTH onbIThl Kymona u Kasenguma. O
CTpaHHOM PEarupoBaHUU ATOTO HE3aMBICIOBATOIO YCTPOHCTBA
Ha pa3jInYyHble BO3JCUCTBUS, IMOPOM 3K30THYECKUE, XOIAT
JIET€H/IBL.

Mpl yxe oOpaTwiu BHUMaHHE Ha TO, YTO PE3Yy/IbTaThl,
nonyuyeHHbie H.A.Ko03bIpeBbIM M €ro MocieIoBaTeNsIMUA MPU
HaOIIOJICHUSAX TEIECKONOM - Pe(pIeKTOpOM OUYEHb MOXO0XKU Ha
TO, 4YTO JIOJDKHO IIOJIy4yaTbCsl IpPH PETUCTPALUU IOTOKOB
TeMHOW Marepuu. OJgHUM U3 YCTPOMCTB,  KOTOPBIU
ucnonb3oBan Ko3plpeB B KauecTBE JIETEKTOpa, ObUIM
KpyTUJIbHBIE Bechl. [locMOTpUM, MOXKET 1M Takoe JOBOJIBHO
IIPUMUTHUBHOE YCTPOMCTBO pPEarupoBaTh Ha IOTOKH TEMHOMN
MaTEpUU.

ABTOpY 3TOH KHUTHM IOCYACTJIIMBWIOCH MPUCYTCTBOBATh
Ha J0KJIagax, ¢ KoTopeiMu BeicTynua B MI'Y B nexabpe 1986 r.
cnonBmkHUK  H.A.Koseipea B.B.HaconoB, packpsiBInii
HEKOTOpPBIE  «CEKPETbD»  YIOUBUTENIBHBIX  KO3BIPEBCKHUX
skcriepuMeHTOB. OH MOJIPOOHO pacckazal U 00 YCTpOWCTBE
KPYTHUJIBHBIX BecOB, KoTopble Ko3bIpeB wHcnonbp3oBal B
aACTPOHOMUYECKUX HAONIOIEHUAX U B MHBIX IKCIEPUMEHTaX.

EctecTBeHHO, 4TO Moe€ 9KCIIEPUMEHTATOPCKOE
JIFOOOTIBITCTBO HE MOTJIO OCTaBUTh 3TOT MPUOOP O6€3 BHUMAHUS.
W s moctaBun psia ONBITOB JUIsl BBISCHEHUS! PUYUH JABUKEHUS
yKa3zaTens KpPYTUJIBHBIX BECOB MOJOOHBIX TEM, O KOTOPBIX
pacckasbiBan HacoHOB (zepeBsiHHas najlouka-ykas3aTelb C
METAITNYECKUM MIPOTHBOBECOM, HECUMMETPUYHO
MOJIBEIIEHHAas] Ha TOHKOH HUTH BOJM3HM JTHA METAJTTMYECKOTO
[WIHHAPHYECKOTO COCYy/Ia, HAKPBITOrO CBEpXy crekiom) [103-
105]. OnbITHI OBLIH MTPOBECHBI C HECKOJIBKHMHU YCTPOWCTBAMH,
OTIMYAIOIIMMUCS pa3MepaMu (KECTSHbIE COCYJIbl JTHaMETPOM
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ot 7 10 28 cm 1 BBICOTOM OT 5 10 12 ¢m) M yKa3aTensiMu B BUIC
KOpOMBICTIa M3 JIepeBa U COJIOMBI CO CBHUHIIOBBIMU WJIH
IUIACTUIIMHOBBIMU MPOTHBOBECAMU WM B BHUAEC OYMa)KHBIX
JUCKOB C PHUCKOHM. YKazareiau IOABELIMBAJI Ha KalpOHOBOM
WJIM 1IEJIKOBOW HUTH JUAMETPOM OK0JI0 10 MKM.

[IpeaBapuTenbHbIe OMBITH TO3BOJIMIA OLEHUTh BETUYUHY
CWJIbI, KOTOpasi MOXET BBI3BaTh 3aMETHOE OTKJIOHEHHUE
ykazarens. s aToro ObUT HM3MepeH Nepuoj] KoseOaHui
MOJIBEILICHHOTO K HUTHU HEOOJBIIOr0 TIpy3a C HM3BECTHBIM
MOMEHTOM HHEpILUU OTHOCUTEIHHO OCH BpaiieHus J. MomeHT
cwiel D, HeoOxomuMo# s MOBOpOTa Tella Ha CAMHUYHBINA
yroj, MOYHO OINPEICIHTh U3 COOTHOIICHHUS T=24(J/D)"%. B
YaCTHOCTH, JUIA IIapa paauyca I W maccod m, J=0,4mr?.
Oxkazanochb, 4TO TpU TONIIUHE KApPOHOBOM WM IIEIKOBOU
Hutd 10 mxkm (OAHO BOJIOKOHIIE PACIUIETEHHOW MIBEHHOMN
HUTKH) M Macce YyKaszarens Okojlo 1 o [ams 3aMeTHOro
OTKJIOHEHHMSI IOCTATOYHO HUYTOKHO Majoro MOMeHTa cuiibl 10
2 Hu.

OnbITEl ¢ pa3HbIMU 3K3EMIUIAPAMU KPYTHJIBHBIX BECOB
Jald TPUMEPHO OJMHAKOBBIE pE3yNbTaThl, TJABHBIE U3
KOTOPBIX COCTOSIT B CIIEAYIOLIEM.

1. VkazaTenu KpyTUIBHBIX BECOB 3a BpeMs MOpsIKa
MUHYTBHl YCTaHABJIMBAIOTCS B HEKOTOpPOM HampasieHuu. [Ipu
OTCYTCTBUM  OYEBUJHBIX  BHEIIHUX  BO3ACHCTBUH  3TO
HalpaBJieHWE MEIJIEHHO MEHSETCs, MPUYeM B HU3MEHEHUU
MIPOCIIEKUBAETCS CYTOUHAS] IEPUOJUYHOCTb.

2. Tlocnme moBOpoTa yCTpOWCTBAa Ha HEKOTOPHIH Yroj
yKa3zaTelb YyCTaHABJIMBAETCS B HAIpPaBJICHUH, OJHM3KOM K
MepBOHAYAJIbHOMY OTHOCUTENIBHO 8HeuHe20 POCTPAHCTBA.

3. Ecnu 0KOJO KpYTWJIBHBIX BECOB HAXOJUTCS YENIOBEK,
yKa3zaTeidb yKa3blBaeT B CTOPOHY ueinoBeka. Hekoropsie
9K3EMIUIAPBl KPYTWJIBHBIX BECOB OTUYETIMBO ‘‘UyBCTBYIOT
YeJIoBeKa Ha paccTossHum Oonee 1 m U jgaxe depes3 CTeHy (c
3a/IepKKOM MOpsi/IKa Yaca).

4. ITontBepxaaetcs 3¢ dexT, oOHapykeHHbIH HacoOHOBBIM:
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OBOIIU WIH (PYKTHI, TMOJOKEHHBIC OKOJIO MPUOOpa, OOBIYHO
“HOpUTATUBAIOT yKa3aTellb, a €CJIM MX IOTEpPETh Ha TEpKe -
“OTTAJIKUBAIOT .

5. JIroOble Temible MpeAMETH] “TIPUTATUBAIOT YKa3aTelb, a
XOJIOJIHbIE “‘OTTaJIKMBarOT . Pa3MmenieHne MexXIy TembIM
IpeIMETOM M TNPHOOPOM TEIUIOM3OJSIMY, HANpUMeEp, CJOs
BAaThl, HE YHUYTOXAET, a JINIIb 3aMeIIeT dP(DeKT.

Ananusupys nojgoOHble crpaHHble 3¢ ¢dexTsl, HacoHoB,
uia B HUX nonarBepxkiaeHue uaen KosbipeBa, cienan BbIBOZ,
YTO  KpPYTWUJbHBIE BEChl  pearupylT Ha  IPOIECCHI,
MPOUCXOJSIINE C U3MEHEHHEM SHTPONUHU. Terislidi mpeaMer
JEICTBYET Ha yKaszareib MOTOMY, YTO OH OCThIBaeT. Taromiuii
nen “oTTaJIKMBaeT’ yKas3aTelb IMOTOMY, YTO HJIET MPOIECcC
paspyuIeHus] KPUCTAIUTNYECKONW CTPYKTYPHBI, @ TEPThIe OBOIIH -
MOTOMY, YTO WJET mpouecc ymupanus. OqHako ecTb (haKThl,
MO3BOJISIFOIINE YCOMHHUTBCS 3TOW HMHTEPECHOM TOUYKE 3pPEHHUS.
Hanpumep, nosnokeHue ykazarensi H3MEHSIOT HE TOJIBKO
HarpeThie WIN OXJIAXKICHHBIE MMPEAMEThI, HO U HAaXOJsIIrecs B
TEIJIOBOM PAaBHOBECUHU C BO3JyXOM, IPUYEM OOBIYHO UMEET
3HaYEHHUE TOJILKO no8epXHOCmb Tena: OaHKa ¢ BOJOW U MycTas
Oanka marOoT oauHakoBbie 3(PdekTsl. OCOOEHHO HArJsIHO
HEYYBCTBUTEIBHOCTh KPYTHJIBHBIX BECOB K H3MEHEHMIO
SHTPOIINH TTOKa3aJ]l HUKEOTHCAHHBINA YKCIIEPHUMEHT.

Oxosl0 KpYTWUJIBHBIX BECOB OBII TOCTaBJIEH CTaKaH C
reKkcajgekanoM, HMMEIONIMM TeMneparypy Iuasienus 19°C.
Temmneparypa Bo3qyxa BO BpeMsl NMPOBEACHHUS OIBITA TOXE
osuta okosio 19°C. B cTakane HaXOqUIICS DJIEKTPOHATPEBATED.
B ucxomHOM COCTOSHMM TeKcajiekaH OblUT TBEPAbIM MpU
TeMIIepaType HUKe KOMHATHOW. B Hauwane, kak u Ha mr000i
XOJOAHBIM TpeaMeT, YKa3aTelb pearupoBall Ha CTakaH C
rekcajekanoMm “orraskuBanuem”. Yepez 10-15 wMumHyT
yKaszaTelb MPUHSJI HOBOE MOJOXKEHHE, KOTOPOE COXPaHsIOCh
OKOJIO Haca: TeKcaJeKaH Imporpeincs [0 KOMHATHOU
Temreparypsl. BkiltoueHue ayiekTpoHarpeBareis He U3MEHHIIO
MOJIOKEHHUE yKas3aTessd, XOTs ¢ Touyku 3peHust HacoHoa
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JOJDKHO OBUTO OBl MPUBECTH K “OTTAIKHBAHUIO, TIOTOMY YTO
Hayajicsl TMpPOILIECC TasiHUSI, CBA3AHHBIA CO 3HAYUTEIbHBIM
poctom »sHTponuu. Ilocme Toro, kak Bechb TIeKcaJeKaH
pacruiaBuiCs, U €ro TeMmIlepaTypa cTraja BbIIe KOMHATHOH,
yKa3aTenb CTAl “HPUTATMBATHCA K CTAKAHY C IEKCaIeKaHOM.

Wtak, misi KpyTUIBHBIX BECOB MMEET 3HAYEHUE MUMEHHO
memnepamypa OKpY>KalolluX TeJ, a He MPOLECChl, MEHSIOIINE
SHTPOMHIO. 3amMedy, 4YTO y MEHsS HET OCHOBaHUH IS
YTBEPKACHUS, YTO AMCTAHLIMOHHOE BIIMSHUE SHTPOMUNHBIX
M3MEHEHUH Ha XOJ| MPOILIECCOB BOOOIE HEBO3MOXKHO. Takoro
pojia BIMSHHE, ITOX0XKE, CYIIECTBYET, HO TPOSBIISICTCS] B HHBIX
obcrosTtenscTBax (cM. puc. 1.21, a tak xe [30, 31, 34, 107,
171]).

Kakme ke cunpl OpUBOIAST B JIBIXKEHHE YKaszaTeib
KPYTWIBHBIX BeCOB? I[IpOSCHSIOT 3TOT BOMPOC CIEAYIOIINE
OTIBITHI.

1. TlonBecum B OTHOM COCY/I€ JIBa yKa3aTelsi: OJUH BHHU3Y,
Ipyroil  BBEPXY. OHu Bcerga OpPUEHTHUPYIOTCS B
IIPOTUBOINOJIOXKHBIX HanpasieHusx (puc. 2.30, 1).

2. TlogBecuM B HUXHEW YacTH COCyJa HECKOJIBbKO
HeOonbImMX ykazaTesneid. OOBIYHO OHM OPHUEHTHUPYIOTCS Tak,
KaK Moka3aHo Ha pucyHke 2.30, 2.

3. 3akpenuM BEpXHIOI0 4YacTh HUTH B MOIIIUIHUKE. J[Jis
C/IBHTa yKa3zaTells Ha HECKOJIBKO TpagycoB TpeOyeTcsl MOBOPOT
MOAIIUITHUKA HA JIECATKU (2 TO U COTHHU) TpaaycoB. Jpyrumu
CIIOBaMHU, MOMEHT CHWJIbI, JCWUCTBYIOIIMA Ha YyKas3aTelb Mpu
OTKJIOHEHHH €r0 OT PaBHOBECHOTO TOJIOKEHHS, CYIIECTBEHHO
MIPEBBIIIAET COMPOTUBICHUE HUTH MOJBECA.

4. Beikawaem wu3 cocyaa Bo3ayX. KpyTuwibHbie Bechl
MEepPECTAIOT PearupoBaTh Ha BHIIIEONUCAHHBIE BO3/ICHCTBUS.
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Puc. 2.30. Peakius ykaszareneil KpyTHJIBHBIX BECOB Ha TeIlble
TPE/IMETHL.

W3 3TUX ONBITOB CIENYET, YTO MPUUMUHOM, ONPEAEIAIOIEN
OpHUEHTAINIO yKazarenen B KPYTUJIBHBIX BECax
paccMaTpuBaeMOro THIA, SIBISAETCS LUPKYJISALUSA BO3JyXa:
BCIUTBIBaHHE OOJiee TEIIOro BO3JyXa OKOJO CTEHKH COCYAa,
uMmeromeil  0ojiee  BBICOKYIO TeMIlepaTypy M  OIlyCKaHHe
XOJIOTHOTO BO3[yXa Yy NPOTHUBOIOJIOKHON CTEHKU (TEIsioBas
KOHBEKIMs). OTO HPUBOAUT K TOMY, 4YTO BHHU3Y BO3AYX
JIBIKETCSI OT XOJIOTHON CTEHKU K O0JIee ropsiueid, a BBEPXY - OT
Oosee ropsueil k xonoaHoil. B cocynax o6bemom nopsiaka 1 7
JUIS  BO3HUKHOBEHHMS TEIUIOBOM KOHBEKLUMH JOCTATOYHO
nepenaga temneparypsl Meree 0,01°C. B 0ObIUHBIX YCIOBHUSX
mepenaj TeMIepaTypbl MeXJay Haulojiee XOJOIHBIM H
Hauboyiee TopsSsYMM MECTaMHU COCyJa KPYTHJIBHBIX BECOB HE
menpiie 0,1°C. D710 moKaszanu mpsAMBIE TEMIIEPATYPHBIE
U3MEpEHus, CIeNaHHble NpU THoMouM U epeHInaTbHBIX
TepMoIiap, MpUYEeM HalpaBlI€eHUE yKa3aTelsl BCEerja COBIAIAET
C HaIpaBJIEHUEM TpaJUEHTA TEMIIEpATypbl. Y Ka3aTelb UIPaeT
ponb  (urorepa, OpPUEHTUPYEMOrO TOTOKOM  BO3IyXa.
OpueHTaus AMCKOBOIO yKa3aTelsl CBsI3aHa C HEUJICAIbHOCTBIO
ero (GopMbl U OTKJIOHEHHEM OT TOPU30HTATBHOCTH.

Ha TtemnepaTypHOe moj€ OKOJIO KPYTHJIBHBIX BECOB
BJIUSIIOT HE TOJIbKO TEIJIble M XOJIOAHbIE MPEAMETHI, HO U
HaxoJAIIMECS B TEIUIOBOM PAaBHOBECUHU - OHM JKPAaHUPYIOT U
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OTpaXkaloT MHQPAKpaCHOE U  ONTHYECKOE  M3JIyueHHE,
U3MEHSIIOT IPOUCXOSIIYI0 B IOMELIEHUM LUPKYJISALUIO
BO31yXa. SICHO, YTO NpH 3TOM HMEET 3HAYEHUE TOJIBKO
no8epxHOoCmb  BIMSIOLIET0 IpeaMeTa. TepTele OBOIIM U
GpyKTBI “OTTAJIKMBAIOT’ yKa3aTellb HE IOTOMY, YTO OHH
YMHPAIOT, a IOTOMY, 4YTO OHHU OXJIQXKJIAITCS U3-3a UCIAPEHUS
coka. CoOXpaHEHHE 4YYBCTBUTEIBHOCTH IIOCIE OKPYKEHUS
KPYTWJIBHBIX ~ BECOB  TEIUIOM3OJSIIMEH  OOBSICHACTCS — €e
HEJOCTAaTOYHOCTBIO:  €CJIM  JJaXe Iepenaj  TeMIlepaTypsl
CHHU3UTCS C IECATBIX JOJIEH Irpaayca JO COTHIX, KOHBEKIUS BCE
PaBHO BO3HMKHET U COPUEHTUPYET YKa3aTeJb.

KpyTuiibHble BeChbl, OKpYXEHHbIE BBICOKOAI(P(PEKTUBHOMN
TEIUIOM30JIsIMeN (HampuMmep, OMEUIeHHbIe B cocyl Jlproapa,
cM. puc. 2.31), He pearupyloT HM Ha TEIUIble WJIH XOJIOJHBIE
IIpeIMEThl, HU Ha OBOLIU C (pyKTaMHu, HU Ha NPUOIMIKEHUE
4yesoBeKa. EJMHCTBEHHO, HA YTO TAKOE JIOCTATOYHO XOPOILIO
TEIUIOU30IMPOBAHHOE YCTPONCTBO OJHO3HAUYHO pearupyer —
CWJIBHBIH ~ MarHUT. OTO TMOHATHO:  (eppOMArHUTHBIMH,
IapaMarHUTHBIMU WJIM IMaMarHUTHBIMU CBOMCTBaMHU 00Jafaet
moboe BemectBo. Ho He Bce Tak mpocto. IIpenocraBineHHble
«cebey», Takue XOpOIIO TEMJIOU30JUPOBAHHBIE KPYTUIIbHBIE
BECHI (GKUBYT CBOEH KH3HBIOY». YKa3aTellb MOXET JI0JT0 ObITh
HENOJIBWKHBIM, MOTOM HEOXUJAHHO HAYMHAET MEHSTh CBOE
MOJIOKEHHE, BIUIOTH 10 HECKOJBKHUX OOOpPOTOB, MOTOM OIISITh
MOXKET 3aMepEeTh B MPENKHEM WM WHOM IOJIOKEHUH, TPUYEM
9TH MHUPYITHl COBEPIIAIOTCS HE3aBUCHUMO OT BHEIIHUX
TEMIIEpaTypHbIX H3MeHeHuil. MHorma mnpoucxonuian oyeHb
OoJblIIe OTKJIIOHEHUS, KOTOpPbIE MOIJIa BBI3BATh PAa3HOCTh CHUII
mo 107 H. Kpome Toro, nHorna HaGm0AamuCh UMITYJIbCHBIE
BO3CHUCTBUS, KaK OyATO MO KOPOMBICTY C Tpy3HUKaMH yAapsi
HEBUIUMBIA MosioTouek. Ilpuyem, Tak Benu ceOs TOJIBKO
yCTpOWCTBa c HECUMMETPUYHBIMU yKa3aTeJsIMHU.
CHUMMETpUYHOE KOPOMBICIO C 3aKpEeIUICHHOM IocepennHe
HUTBIO OCTABAJIOCH MPAKTUYECKU HETIOABHKHBIM.
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- Puc. 2.31. KpyTunbsHsle Bechl
¢ BBICOKO3(D(hekTHBHOMI
TETION3OJISIIINCH,
MpPUMEHSIBIINECS AJIS1 OLCHKU
IUIOTHOCTU TEMHOW MaTepuH.
1 — xanpoHOBast HUTD,

2 — cocyn Jlproapa,

3 — MONMMATUIICHOBBIH TPY3UK,
4 — KOPOMBFICIIO,

5 — CBUHIIOBBIH TPY3UK,

6 — MeIHBIN CTaKaH,

7 — mepBasi CTeKIISTHHAS
KpBILIKA,

8 — Hapy KHas KpHIIIKa,
4 9 — BTOpas cTeKiIsIHHAS
KpBILIKa

(AN

MOKHO HpPEANONOKHUTh, YTO ATOT IP(PEKT BBI3BIBACTCS
JIaBJICHUEM TIIO0TOKOB TeMHOW Mmarepun [55]. Pacuer cuibl
JaBJICHUSl areHTa, OoO0JIaJaroniero OONBIION TPOHUKAIOIIEH
CITIOCOOHOCTBIO, Ha OCHOBE 3aKOHOB COXPAaHEHUS JHEPIHU H
UMITYJIbCa IPUBOIUT K COOTHOLICHUIO

F=pV2m/ plL, (2.59)

rie F — cunma naBieHus areHTa Ha TeNO Macchl M, pa —
IUIOTHOCTh areHra, p — IUIOTHOCTh BemlecTBa, L — amuHa
cBOOOIHOrO Mpobera B BelecTBE, V — CKOPOCTh YaCcTHIL areHTa.

[Tpu cepuuecku CUMMETPUYHOM YTJIOBOM
pacripelielieHuy areHTa JeHCTBHE CHIIBI F mposBisercs BO
BCECTOPOHHEM cCxaTuu. Eciau npeoOnagaer  HeKoTopoe
HarpaBJIeHUE, BO3HHKAET Pe3yNBTHPYIOIIast cuia,
JeicTByIOAas B 3TOM HampasieHuu. Jljis co3qaHus MOMEHTa
CHUJIbI, ITOBOPAYUBAIOLICTO KOPOMBICIO KPYTHIIBHBIX BECCOB,
JIeiCTBUE TOTOKA Ha TOJIOBUHKH KOPOMBICTA JOJDKHO OBITh
pa3IUYHBIM. [TosTOoMy B KPYTUIIBHBIX Becax,
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MpeIHa3HAYEHHBIX U PETUCTPALMK MIOTOKA TEMHOW MaTepHH,
ObUIO HCIIOJIB30BAaHO KOPOMBICIO C IUIEYaMH OJMHAKOBOU
JUIMHBI, HO C TPy3aMU U3 Pa3JIMYHBIX MaTEpPHAJIOB. HA OJIHOM
KOHIIE W3 MOJUATUIIEHA, HAa ApPyrom u3 cBuHua (puc. 2.31). B
MOJIMATHIIEHE Ha E€IUHHILYy MacChl MPUXOIUTCS IOYTH B
MONTOpa pa3a OOJbIIE HIEKTPOHOB, YEM B CBHHIIE, M B SApax
€ro aToOMOB HAaMHOTO MEHbIIE HEUTPOHOB, 4YeM B fAIpax
ceuHUa. Cronbp OOJBIIOE pa3IMYUE COCTaBa IO3BOJISIET
MPENINOJIOKUTh M 3HAUUTENbHOE paznuuue 3PPEKTUBHOCTH
B3aUMOJICHCTBUS C TEMHOM Marepued a, CIeAO0BaTelIbHO, U
MIOSIBJIEHME MOMEHTA CUJI B KPYTHJIbHBIX BECaX.

Bo3MokHO, MpennosioxkeHue O TOM, YTO OMHCAHHOE
JIOBOJIBHO IIPOCTOE YCTPOMCTBO pearupyeT UMEHHO Ha IMOTOKHU
TEMHOM MaTepuH, KOTOPYI) HE YAaeTCs PErUCTPUpPOBATH B
CIIO)KHEMIIUX SKCIIEPUMEHTAaX, BBIINIAAUT COMHUTEIbHBIM. Ho
noxoxkue dPGeKThl MPOSBISAIOTCA W B YCTPOWCTBAx,
SBJIIOIIMXCSL LIEIEBPOM TEXHUYECKOTO COBEPILIEHCTBA —
KPYTUJIBHBIX BecCaxX, HCHOIB3YEMBIX ISt HU3MEepeHus
rpaBUTAMOHHO#M mocTosiHHOM G [109].

HecmoTpss Ha 3HauMTeIbHBIE TEXHUYECKHE YCOBEPIICH-
CTBOBaHMSI yCTAHOBOK, u3Mepsonmx G, CyIIECTBEHHOIO
yAy4IIEHUs] TOYHOCTU OIpeNeNIeHusl 3TOM BakHeWme ¢usu-
YEeCKOW KOHCTaHTHI 3a MOCJEAHUE HECKOJIBKO JACCATUIICTHH He
JOCTUTHYTO. DTO  CBSI3aHO C CHJBHBIMH  (PIYKTyaldsMU
pe3yJIbTaTOB ~ HU3MEPEHHH, JOCTUTAIOIIUMU JECATBIX TOJEH
npouenta (puc. 2.32) [111-114]. T[lo-BuaumMomy, NpHYHHA
GaykTyanuii Kpoercs He B KOHCTPYKTHBHBIX  HEJIOCTAaTKax
YCTaHOBOK, & B KaKHMX-TO BHEIIHUX BO3ICHCTBHSX, HAKIIAIbI-
BaroIUXcsi Ha A(Q(QEKT OT T'PaBUTALUOHHOIO MPUTKEHUS.
[TonpITKM HAWTH TPUYUHY ITOTO CPEIU TaKuX (aKkTOPOB,
KaK 2JIEKTPOMarHUTHbIE OIS, BUOpAIK, TeMIEepaTypHbIe WU
MHBIE «OOBIYHBIE)» BO3ACUCTBUS K YCIIEXY HE MPUBEIIH.
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Puc. 2.32. BBepxy: pe3ynbTaThl U3MEPEHUN TPaBUTAIMOHHOMN
mocrosHHOW G . JlnuTenmpHOCT,  cepuit  00O3HaueHa
TOpHU30HTAJIbHBIMU IIJTaHKaMH. BepTI/IKaJ'ILHI)IG IJNIaHKHU —
CpeAHEKBaJpaTH4YHAs  IMOTPEIIHOCTh  OINpeJeNieHHs  CpeaHei
BesmunHEbl G B cepun. BHM3Y: coiHeYHas aKTHBHOCTB,
xapaktepusyemas unciamu Borsda W

(http://sidc.oma.be/html/sunspot.html).

HenocTosHCTBO pe3ynbTaTOB HM3MEPEHMI, Ha IEPBBII
B3IJIS, HOCUT XaoTHYEeCKUM xapaktep. HaxoxneHue B 3TOM
xaoce 3aKOHOMEPHOCTEH, HanpuMmep, CKPBITBIX
NEepUOMYHOCTEH, Jano Obl yKazaHHME Ha TNPUUYMHY OSTHX
CTpaHHBIX (uaykTyanuil. Bo3MmoxHOCTP Takoro asHamusa
NOsIBUJIaCh B pe3yibTaTe MHOTIOJETHUX wu3MepeHuid G
npoBoauMbIX ¢ 1985 T1. Ha ycTaHOBKE, CO3/IaHHOU
O.B.Kaparnozom wu B.Il.U3maitnoseim [109]. H3mepenus
MIPOBOAMIINCH CEPUSIMH MPOJIOJKUTEIBHOCTBIO OT HECKOIBKUX
IHEeW 10 moidyTropa jer. B o0o0meHHOM BHAE MOJTy4YEeHHBIE
pe3yabTaThl TIpEACTaBICHb Ha puc. 2.32 BBepXy. BHU3Y
[IOKa3aHO, KaK Ha JTOM JK€ OTPE3KE BPEMEHU MEHSETCA
COJTHEYHas AaKTUBHOCTb. MOXXHO 3aMeTUTh, 4YTO OKOJO
MUHUMYyMa coTHeuHOU akTHUBHOCTH (1993-1999 roasr) pa3dpoc
pe3yNbTaToOB  BBIIIE, YeM OKOJI0 MakcuMymoB (1990-1992 u
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2002-2003 rompr). TO Ja€T OCHOBAHHUE TSI TIPEAMIOIOKEHUSI O
CBSI3M BENUYHMHBI (UIYKTyalluid pe3yiabTaToB usMepeHuii G ¢
COJIHEYHOM  aKTUBHOCThIO. HamomHio, d4Yro  moxoxas
3aKOHOMEpHOCTh  monydyeHa C.O.IllnoneM wu  gpyrumu
uccnegosarensMu  [26] B pe3yibTaTaXx ~— MHOTOJETHUX
HCCIEAOBAaHUM  HM3MEHEHUMH  CKOPOCTH  XMMHYECKUX U
OMOXMMHUYECKHX peakiuid. MHOTOYUCICHHBIC pPa3HOOOpa3HbIe
OIIBITBHI IIOKa3aJikh, 4YTO MCHACTCA HE CTOJIBKO CKOPOCTb OJOTHUX
peakuui, CKoJIbKo pazbpoc ckopocteit (puc. 1.8 BBepXy): B rojbl
CTIIOKOMHOTO COJIHIIA OH 3HAYUTEIHHO BBIIIE, YEM B TOJBI COJIHIIA
aKTHUBHOTO.

[IpoOKUTENHHOCT  psiIa  JAHHBIX, OXBAaTHIBAIOIIAS
MEHbIlIe ABYX |1-7€THMX ULMKIOB COJIHEYHON aKTUBHOCTH,
HEJIOCTAaTOYHA JIJIl YBEPEHHOTO CYKJICHUS O XapaKTepe CBA3U
pe3ynbratoB u3mepenuit G u mponeccoB Ha Connie. bonee
HaJIeKHBIC BBIBOJBI MOXKHO CIEJIAaTh, aHATU3UPYS PE3YyIbTaThI
M3MEPEHUI Ha HAJIMYKME PUTMOB C NEPUOJIaMU MHOTO MEHBIIIE
o0IIel MPOJOIKUTENFHOCTH U3MepeHuil. TpyaHOCTh COCTOUT
B TOM, 4YTO pe3yJbTaTbl MPEACTABICHbl HECKOJIbKUMHU
MAacCUBaMU pa3IM4YHON MPOAOJIKATEIIBHOCTH Cc
HEOJAMHAKOBBIMU nepepbIBAMH, MO3TOMY 00BIYHO
MIPUMEHSEMBIA NJIsi BBISIBJICHUST puTMOB Dyphe-aHanus 37ech
HENpuroJieH. B Takom ciydae Ay JOKa3aTelbCTBa HaJIUYUS
PUTMOB C T€M WJIM WHBIM MEPUOJOM MOKHO MPUMEHSTH METO/T
HAJOKEHHBIX JI0X, OXBATHIBAIOIIUNA KaK MOXHO Oolbliee
YHUCJIO MEPUOI0B. ITOT METOJ MBI YK€ pacCMaTPUBAIHN B YaCTH
1. HanmomHIO, 4TO METOJ HAJOKEHHBIX JMOX (CHHXPOHHOE
JETEKTUPOBAHUE, YCPEIHEHUE OPJAUHAT HA MMPOOHOM TEPHOIEC)
COCTOUT B TOM, 4YTO AaHAJIM3UPYEMBI HHTEPBaJI BpPEMEHHU
pazOuBaeTCss Ha Yy4YacTKH 3aJaHHON JIMTEIRHOCTH 1 W
MPOU3BOJUTCS CYMMHMPOBAHUE WM YCPEIHEHHE PE3YJIbTaTOB
W3MEPEHHUH, OJWHAKOBO PACIOJOKEHHBIX BO  BPEMEHH
OTHOCUTENIBHO 3THUX YYacTKOB. EciM W3MEHEHUs BETUYUHBI
pe3yabTaTOB TPOUCXOAAT C TEPUOAOM, paBHbBIM 1 WIH
COU3MEPHUMBIM C HUM (T.e. paBHbIM (M/N)T, TIe M u N - 1ieIBIC
yuciia), MPOUCXOMUT ‘“‘HakoryieHue” 3ddexra; pe3ynbTarsl,
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MEHSIOIIUECS BO BPEMEHHU CIIy4aiiHBIM 00pa30oM UJTU UMEIOIIHE
nepuosl, Hecondmepumbie ¢ 7, HuUBenupyorcs. OTMmedy, 9ro
MIPOJOJIKUTENFHOCTh aHATU3UPYEMOT0 B 3TOM HCCIEIOBAHUU
psla JaHHBIX, oy4eHHBIX ¢ 1985 mo 2003 r., ATUTEeIbHOCTHIO
okosio 250 MmecsIieB, BIOJIHE JOCTATOYHA JJIsi OOHAPYKEHUS
paziuuus  PUTMOB  CHHOJUYECKOTO, CHACPUYECKOTO0 U
QHOMAJIMCTHUYECKOTO JIYHHBIX MeECALeB. JTO KaueCTBEHHO
OoJsiee BBICOKMI ypOBEHBb aHaM3a MO CPABHEHMIO ¢ paboTamu
[110-114], B KOTOPBIX UCIOJIH30BAHBI JaHHBIC, OXBATHIBAIOIIUC
Bcero 9 JyHHOMECSYHBIX  LIHKIIOB, 4TO  TO3BOJISIIO
KOHCTAaTUPOBATH JIUIIIb HAIUYUe OKOJIOMECSYHOTO MEPUO/Ia.

Pesynbrar ananmusa mokazaH Ha puc. 2.33. HaubGonee
CWIBHO TMPOSIBJIICTCS PUTM IIOJIOBUHBI TOJa. BUIHBI TaKxke
PUTMBI C IEPUOOM roJ1a, a Takxke okouso 1/3 roga (121 cyrok),
3/2 rona (524 cyrtok), 5/2 rona (926 cyTok). 3aMeTHBI PUTMBI C
nepuogamMu  okoio Mecsna. OTYETIMBO BHUACH PUTM C
HEAEIbHBIM IIEPUOAOM, CBSI3aHHBIN c HEJICIIbHOM
MEePUOJUYHOCTHIO BKIFOUCHHS U BBIKIIFOUEHHUS] YCTAHOBKH.

Oco0blii HHTEPEC MPEICTABIISAET UCCIECIOBAHUE PUTMOB C
nepuonamu 1 rox, 1 nyHsslii mecsu, 1 cyrku. [Ipumenenue
METO/la HAJIOKEHHBIX SI0X JUIs rmepuoAa 1 roa mokas3bIBaeT,
YTO pe3yibTaThbl W3MEpPEHUH, B CpeIHEM, MaKCHUMAalbHBI B
KOHIIe Masl M Hadaje U (0KOJI0 6,675'10'11 M ke cz), a
MUHUMaJIbHBl B Hayalle ampelns, B CepelIuHe aBrycra u
cepeluHe JeKaOps, CHuxasich no 6,671 10 wke A
Pa3nenbHbIli aHanmM3 JaHHBIX B HECKOJNBKUX OTpe3kax 15-
JIETHETO0 MAacCHBa TOKa3bIBAET, YTO TOJOXKECHHE M BEIUYHHA
MaKCUMyMOB U MHHHMYMOB IOYTH HE MEHSIOTCS, HECMOTPS
Jake Ha TO, YTO YCTAaHOBKAa B JTH TOJbl HAxXOJWJach B
pPa3IMYHBIX TOMEIIEHUSX. OTO CBHIETEIbCTBYET 00
YCTOMYHMBOCTH TOJWYHOW PUTMHMKHU. XapaKTep 3TOW PUTMUKHU
HE TTOX0K Ha PUTMHKY TaKHX (DAKTOPOB OKPYKAIOIIEH CPEIbI,
KaKk Temrmeparypa, aTrMocpepHOe HaBJICHHE, BIAXHOCTD,
paauanuoHHbId QoH. XapakTep HW3MEHEHWH ATHX (HakTOpoB
rokasad Ha puc 1.14.
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Puc. 2.33. [lepriogorpaMMbl pe3yabTaToOB U3MEPEHUI TpaBUTALMOHHON mocTosiHHOM G (1986-2003
rozasl). [To ocn opauHAT MOKA3aHO pa3NIUYHe MEXKIY Pe3yIbTaTaMH N3MEPEHHUH, YCPEIHEHHBIMU HA JIBYX
MOJIOBMHKAX MEPHOIO0B, B MPOLIEHTAX OT CPEAHEro 3HaueHus G.



Hekotopoe cXx0ACTBO MOXKHO 3aMETHUTh JIMIb C PUTMUKOM
3emuieTpsiceHuit (puc.2.35). 310, BO3MOXKHO, yKa3bIBaeT Ha
MUKPOCEMCMUYHOCTh  KaK  OAMH U3 UCTOYHUKOB
HeCTaOUIILHOCTHU Pe3yabTaToB nu3MepeHuit G.

AHaM3 METOJOM HAJIO)KEHHBIX JIOX BBISIBISET PUTM
CHJICPUYECKOr0 JIyHHOro Mecsna (mepuox 27,3217 cymox)
(puc.2.36). B makcumymax JlyHa mpOeKTHPYETCS Ha CO3BE3IUS
biuznenoB u JleBbl, B MUHUMYyMaxX — Ha co3Be3aue Bompones.
[IpumepHo  Takyr0 e  aMIUIMTyly  HMEeT  PHUTM
AHOMAJIMCTHUYECKOT0 JIYHHOTO Mecsiua (cpennuii nepuoa 27,55
cymok). B nepuresx pesynapTarsl u3Mepenuil B cpegaem 0,006%
Bbllle, 4yeM B amoresx (puc. 2.37). Putm c¢ mnepuogom
CUHOJMYECKOro JyHHOro Mecsina (cpegnuit mepuon 29,53
cymoxk) MeHee 3ameTeH (puc.2.38).

6,6760 g 7
G, 101 37 kele?

6,6750 | —1997-2000
—1985-1996
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Puc. 2.34. YcpenHeHHbIH TOAWYHBIA XOJA pE3yJIbTaTOB M3MEPEHUH
TPaBUTAIIMOHHON MTOCTOSHHOM, MOy4eHHBIX ¢ 1985 mo 2000 T.
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Puc. 2.35. YcpenHeHHbIN TOAUYHBIN X0 pe3yabTaTOB U3MEPEHUI
CPABUTALMOHHON NOCTOSIHHOM U BEPOSITHOCTH 3€MIIETPSICEHUI Ha
OCHOBE JaHHBIX
http://zeus.wdcb.ru/wdcb/sep/hp/seismology.ru/cat_Obninsk.ru.sht
ml
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Puc. 2.36. Pe3ynpTratel U3MEpeHUN TPABUTAIMOHHOW MOCTOSHHOM,
YCpETHEHHbIE Ha TIEPUOAE CUAECPUUYECKOro JIYHHOro Mecsiua 27,3217
cyTok. CTONOUKH — CpeIHHAEe 3HAYCHUS B CYTKU, OTCTOAIINE OT HaYall
CHUIEPUUYECKOTO Mecsa Ha YyKa3aHHOE BHHU3Y BpEeMS, JIHHHSI —
CKOJIB3SIIlIeE TPEXCYTOUHOE ycpenHeHue. O — Hayao o4yepesHOro
mecsa. Hauano orcuera 1 saBaps 1985
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Puc. 2.37. Pe3ynbrathl U3MEpEeHUN TPaBUTAIMOHHOW MOCTOSHHOM,
YCpPEIHEHHBIC Ha MEPHOJIE AHOMATHCTHYECKOTO IJYHHOTO Mecsa
27,55 cyrok. CTOJIOMKY — CpelHUE 3HAYCHHUS B CYTKH, OTCTOSIINE OT
nepureeB JIyHbl Ha yKazaHHOE BHH3Y BpEMsl, IMHHUS — CKOJIb3SINEE
TPEXCyTOUHOE ycpeaHenue. [1-nepuren, A— aroren

HenonstHO, ¢ yeM MOXXHO CBs3aThb HaubOosee SpKUe U
YeTKO BOCIpou3BoJsmuecss putMel ¢ nepuogamu 30,90 (puc
2.39) u 33,02 cymok. PasHuIla MeXIy MaKCHMAaJIbHBIM H
MUHUMaJIbHBIM 3HaYeHUsIMU qocturaet 0,01%. Iepuoasr >tHx
PUTMOB JIOCTOBEPHO OTJIMYAIOTCS OT TIepuoja Haubosee
OJM3KOTO0 M3 JIYHHBIX PUTMOB - 3BEKTHYECKOro (M3MEHEHHE
IKCLEHTPUCHUTETA JTYHHOU OpOuTHI ¢ mepuoaoM 31,81 cymok).
Put™M ¢ 3BEKTHYECKUM MEPUOJOM IpPHU aHAIM3E PE3yIbTaTOB
n3Mepenuit G He3aMeTeH.
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Puc. 2.38. Pe3ynbraTsl u3aMepeHHH I'paBUTALMOHHON IHOCTOSHHOI,
YCpeIHEeHHbIE Ha TepuoJieé CHHOJUYECKOTo JyHHOro mecsaua 29,5
cyrok. CtonOuku — cpeaHue 3HA4YEHHUs B CYTKH, OTCTOALIME OT
HOBOJYHUH Ha YKa3aHHOE BHM3Y BpEeMs, JIMHUS — CKOJb3dllee
TpexcyTrouHoe ycpeanenue. H— Hoponynue, I — nonnonyHue
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Cymxu nocie Ha4aid YyuKioe

Puc. 2.39. Pe3ynpTaThl M3MepeHHN TpaBUTALMOHHON MOCTOSHHOM,
ycpenHennple Ha nepuope 30,90 cyrok. Cronbukum —cpemHue
3HAYEHUs] B CYTKM, OTCTOAILIME OT HauyaJl LUKIOB HA YyKa3aHHOE
BHHU3Y BpeMsl, JIMHUS — CKOJIb3sIEe TPeXCyTouHoe ycpenHenue. O —
Havajo odepenHoro nukia. Hagamo orcuera 1 suBaps 1985 r.

Urak, ananu3 18-neTHero psijga pe3yiabTaTOB HU3MEPEHHI
TPaBUTAIMOHHOW TIOCTOSIHHOW OOHApY>KMBAeT CJEIYIOIIHNE
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3aKOHOMEPHOCTH.

* Pa30poc pe3ynbTaToB OKOJIO MHUHUMYyMa COJHEYHOM
AKTUBHOCTH OOJIBIIIE, Ye€M OKOJIO MAaKCUMYMOB

* Pe3ynpTarel M3MEPEHUN 3aKOHOMEPHO MEHSIOTCS HaA
MPOTSKEHUH ToJ1a

* 3aMeTHBI PUTMBI CHIEPUUYECKOTO U aHUMAIIUCTUYECKOTO
JIYHHBIX MeECSIICB npu MaJI03aMETHOCTH PUTMOB
CHHOIUYECKOI'0 U 3BEKTHUYCCKOTO MCCSAIICB.

* Haubomnee sSpKO MPOSBISIOTCS PUTMBI C TEPHUOJIAMH
30,90 u 33,02 cyToK, JOCTOBEPHO OTJIHUYAOIIUECS oT
M3BECTHBIX KOCMHUYECKUX WUJTM aHTPOIIOT€HHBIX PUTMOB.

Bosppamasce K TOOUYHOW pUTMHUKE, OTMETHM €€
YCTOMYMBOCTb W JOBOJIBHO 3aMBICIOBAThIl XapakTep, HeE
MIOX0KUHM Ha PUTMHUKY Takux (PaKTOpPOB OKpYXKAIOLIEH Cpesbl,
KaKk TeMmIleparypa, aTrMoc(epHOe JaBJIE€HUE, BIAXKHOCTb,
paguanuoHHbii GoH. HekoTopoe cX0ICTBO MOKHO 3aMETHUTh
JUIIb C PUTMHUKOW 3EMIIETPACEHUH. ITO, BO3MOXKHO,
YKa3bpIBa€T Ha MUKPOCEHMCMUYHOCTh KaK OJAWH W3 UCTOYHUKOB
HECTaOMJIBHOCTH pe3yibTaToB n3MepeHuit G. A He Moryrt iu
NPUYMHOM  HECTAOWUIBHOCTH  (IYKTYyHpYIOIlee JaBICHUE
NOTOKOB TeMHOM Mmarepun? Takas rumoresa Obljla BbICKa3aHa
Ha VIl rpaBuTanronnoit koudepenuu B 1993 r. [110].

B  ycraHoBkax i HM3MEpPEHUSA  PaBUTALMOHHOMN
IIOCTOSIHHOM ~ HCIIOJIB3YIOTCSA CTPOr0  CUMMETPUYHBIE
KOpOMBICIIa C OJAWHAKOBBIMU Ipy3aMu Ha KoHUax. Ilostomy
naBjaeHue NOTOKOB TM He MOXeT BbI3BaTh IOSIBICHUE
MOMEHTA CHJI, BPAlAlOIIEro KOpoMeliciao. OHO MOXET BBI3BATH
JUIIb KayaHWEe KOPOMBICIA HA HUTH IOJBECA, B pe3yJbTaTe
Yero BO3pPACTAIOT (QUIYKTYAllMM pPE3yJIbTAaTOB H3MEPEHU.
MexaHu3M Takoro BIMAHHMS MOTOKOB TM aHanormdyeH
MEXaHU3MYy BIIMSHUS MUKPOCEHCMOB, pacueT KOTOPBIX OYEHb
cnoxeH. Ho Ha kauecTBEHHOM YpOBHE HETPYJIHO IOHATH, YTO
BeIMYMHA (IIYKTYalMii, CBSI3aHHBIX C JAeWcTBUEM NMOTOKOB TM
JOJDKHA PUTMAYECKH MEHATHCS B COOTBETCTBUU C U3MEHEHHEM
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IUIOTHOCTA TIOTOKOB, T.€. C KOCMHUYECKHMMH PHUTMaMH, YTO
peaIbHO ¥ HAOTIOAACTCA.

Kpome Toro, motoku TM wurparor ponp vactun Jlecaxa
[178], BbI3bIBas B3aMMHOE NPUTSDKCHUE TeJ, I0A00HOE
IPaBUTALMOHHOMY MPUTSHKEHUIO. MOXKHO MOKa3aTh, YTO CUja
3TOr0 NPUTSHKEHHS TMpPU JICMCTBHUM areHTa C BBICOKOU
MIPOHHKAFOIIEH CIIOCOOHOCTRIO BhIpaxaeTcs: popmyinoit [55]

F1,=K (M;M,/ R?), (2.60)

rae  Fip- cuna npursxenns mexny renamu, Miu M, -
MacCChI HpI/ITSII‘I/IBaIOIJ_[I/IXCSI T, R — paCCTOSIHI/Ie Mem;[y
OCHTpaMu Macc.

K = p VA4 r(pL)?, (2.61)

I7e P, —UIOTHOCTh areHTa, p — IUIOTHOCTh BellecTBa, L —
JUIMHA cBOOOJHOTrO Ipodera B BelecTse, V — CKOPOCTh YacTHI]
areHra.

@®opmyna (2.60) aHajoOrM4yHa 3aKOHY BCEMHPHOTO
tarorenus Hetotona, mpudem K urpaer pons rpaButanuonHoit
noctosiHHOM G. Eciau HenmocTosSHCTBO pe3yabTaTOB U3MEPEHHIA
G, nocruraromee 0,06% (cm.puc. 2.34), nHEWCTBHTEIHHO
BBI3BaHO baykTyupytomiei no0aBKOM MPUTSDKEHUS,
CBsI3aHHOrO ¢ motokamMu TM, BenuumHa K 1OJDKHA OBITh
npumepHo B 1000 pa3 mensbie G .

Pemas coBmectHo (2.59) u (2.61), npunss K=410" 1%/ke
%, F=10"H, V= 310° m/c, m = 0,0016 x2, MOKHO cIenaTh
OLIECHKY TUIOTHOCTH areHTa O (8'10'8 KZ/M3) A JUIMHBI

cBo6oHOrO pobdera Pl (1,2'108 Kk2/M* - CII0 BOJIBI TOJIILIHHOI
120 xm). Haiinennas BenMuYMHA TUIOTHOCTH areHTa, KOTOpas
J0CTaToO4Ha Juis BO30OYXKICHHS BBIIICONMMCAHHBIX CHIIOBBIX
3¢ (eKTOoB, B MIUIJTMOHBI Pa3 MEHbIIIE TNIOTHOCTH aTMOc(epsl y
noBepxHocTu 3emsn. Tem He MeHee, 3Ta BEJIMYMHA BBITIIAIUT
HENpaBJoONoJ00HO  BBICOKOW,  TaK  Kak  IJIOTHOCTb
ranaktuueckoil TM B paiione ColHEYHON CUCTEMBI okono'10%
K2/’ (cm. pazgen 2.2). Bo3MokHO, 3TO CBSI3aHO C TE€M, UTO B
pacuerax ObuIH UCIIOJIb30BaHBI HauOobIINe n3
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OOHAapY)KEHHBIX 3HAYCHUH CHIOBBIX J()PEKTOB, KOTOpHIE
KPaTKOBPEMEHHO MOTYT OBITh HaMHOTO OOJIbIlIe CpeIHUX
BeIMYMH. BO3MOXXHO TakKe, YTO OCHOBHBIM JEHCTBYIOIIUM
areHTOM SIBJIIIOTCS. HE TaJaKTHUYECKHE, a OKOJIO3EMHBIC U
OKOJIOCOJTHEYHBbIE ~ MOTOKM TM,  IUIOTHOCTh  KOTOPBIX
HEU3BECTHA.

Wtak, Ha yCTaHOBKaX C KpPYTWIbHBIMH  BECaMH
oOHapykeHbl 3((eKTbI, KOTOpPbIE MOXXHO HWHTEPHPETHPOBATH
KaK IPOSIBJICHUE CHJIOBOTO JICHCTBHSI TEMHOW Marepuu. Takue
3 dexThl 0OHApYKEHBI M B pe3yJbTaTax, IOJYYCHHBIX B
Apyrux 3KcrnepuMeHTax. Hampumep, pe3ynbraTsl, HOTyYSHHBIC
Ko3bipeBbIM 1pu  HAOMIOJCHUAX 3alUIICHHBIM OT CBETa
TEJIECKOTIOM, BEChbMa MOXO0KH Ha TO, YTO JIOJDKHO IOJIY4aThCS
NpH JACWCTBUM MOTOKOB TEMHOW Matepuu (cM. pasnen 3.2).

5. HeliTprHO KaK HOCUTEIb KOCMO3eMHbIX CBAI3€il

HeifTprHO B3aMMOJAEHCTBYIOT C BELIECTBOM HECPAaBHEHHO
ciabee (POTOHOB, MOAITOMY MOXHO HPUHTH K BBIBOJY O TOM,
YTO Ja)K€ IPU BO3MOKHOW BBICOKOW INUIOTHOCTH IIOTOKA HX
BJIMsIHME Ha OMoc(epHble MPOLEecChl HUYTOXXHO MO0 CPAaBHEHHUIO
¢ BinusiHueM CoJHIla, U 3TOT BBIBOJ, B OOIIEM, COOTBETCTBYET
peasibHOCTH. KOHEYHO K€, COJHEUHBI CBET M TEIIO —
KOCMHMYECKHE areHThl, Oylarofgapsi KOTOPbIM HE TOJBKO
MIPOUCXOJAT MOILHBIE HpoIlecchl B atMocdepe U ruapocdepe.
310 BOOOIIE IJIABHOE YCIOBHE CYILECTBOBAHUS XM3HM Ha
3emue. Ho mnoTok conmHeuHbIX (OTOHOB NPAKTUUYECKU
IIOCTOSIHEH, a MMOTOKM TEMHOW MaTepuu KpaliHE HENOCTOSHHBI,
U 3TO 00CTOSITENBCTBO JAETaeT UX CHOCOOHBIM K 3aMETHBIM, a
MHOTJa U TOBOJIbHO CUJIBHBIM MPOSIBJICHUSIM.

Benneckn mpoucxonsT B pe3ynbTare I'paBUTALMOHHOMN
(OKYCUPOBKM paznUYHbIMU HeOecHbIMH TenaMu. OcoOeHHO
CHJIbHbBIE BCILJIECKU raJIaKTHYECKUX MTOTOKOB
IIPOJOJKUTEIBHOCTHIO IO HECKOJIBKHUX YaCOB IIPOUCXOIAT IIPH
yIJI0BOM coeAuHeHMH 3Be3abl u  ConHia, Korjga IOTOK,
YCHUJIEHHBIH 3B€3/1011, 1ONOJHUTENbHO Gokycupyercs CoiaHIeM,
u HaJln4yue TaKuX BCILIECKOB IIOJITBEP)KIAETCS
AKCIIEPUMEHTATIBLHO (CM. YacTh 3 ATOW KHUTH).

175



Uro kacaeTcsl MJIaHET, TO OHM HE CIIOCOOHBI CTOJIb K€
CWJIbHO KOHLIEHTPUPOBATh 2alaKmuyeckue TIOTOKH, KaK 3B€3/Ibl
WIM WHBIE MaccuBHble 00beKkThl. Ho oHM Moryt naeath
CWIbHBIE BCIUIECKM B pE3yJIbTaTe€ BO3MYILEHHS IOTOKOB,
opbutansHo JBHXKyHMXcs B ColHEUHON cucTeMe (CM. pasfen
2.6). BosHuKawoIie YIUIOTHEHHS HMEIOT BHJ IIHYpA,
pactssHytoro Mmexnay maHerod u ConHuem. Bo3spacranue
IJIOTHOCTH MOTOKa B "mHype", CBA3aHHOM, HampuMmep, C
Onurepom, nocturaer 12 mnopsiakoB. 3emiis OpU  CBOEM
IBUKEHUM BpeMsl OT BPEMEHH «HATBIKAeTCS» Ha TakKue
"mHypbl" ¥ MOTy4YaeT CBOe0Opa3Hyto "BCTPCKY'" B pe3yJbTare
MEXaHHYECKOTO JaBJICHUS MOTOKA, a TAK)KE YHEPTOBBIICIICHMUS,
CBSA3aHHOTO C peakIUsIMU 0OpaTHOro OeTa-pacriajia ¥ MHBIMHU
spdekramu. DTO MOXKET HWHUIUUPOBATH CEHCMHYECKHE
sBJIeHUs. VI3BECTHO, YTO IMOJIOKEHUE IJIAHET SIBJSIETCS OJHUM
u3 (aKkToOpoB, C KOTOPBHIM CBSi3aHA CEMCMUYECKAsh aKTUBHOCTD
3emiH, HO (PU3UUECKUN MEXaHU3M ITOH CBSI3U J0 CHX IMOP ObLI
HEMOHSTEH.

OtMmedy, 4TO KOCMO3EMHBIE CBSI3U IPU HAyYHOM aHaJIU3e
OOBIYHO CBOJATCS K COJHEYHO3EMHBIM B3aWMOJCUCTBUAM,
KOTOpBIE OCYILIECTBIISIOTCA yepes MOCPEACTBO
NEKTPOMAarHUTHBIX IMOJIEH M KOPIYCKYJSPHBIX IIOTOKOB.
Hecomuenno, ConHie - Hanbosee MOIIHBIA U3 BIUSIONINX Ha
3€MHBIE MTPOIECChl KOCMUYECKUX (pakTOpOB, U UMEeHHO CoJHIe
3aJ1aeT IJIaBHbIE - CYTOUHBIE U CE30HHBIE PUTMBI. boiiee ToHKMe
3¢ dexTsl cBsi3aHbl ¢ 11-1eTHUM M 27-CYyTOYHBIM LUKJIAMH
comHe4yHol akTuBHOCTU. Ho ecThb Hemano (hakToB, KOTOpbIE
TPYAHO OOBSICHUTBH TOJIBKO COJIHEYHBIM BiMsHUEM. Hanpumep,
[P UCCIIEJOBaHUM OHOPUTMOB OBUIO OOHApPYKEHO, 4TO JUIsS
MHOTHX OpIraHHW3MOB XapaKTEpHbl HE COJHEYHBIE, & JVHHbIE
putmbl [175,179]. Tlpudem, nyHHAas pUTMHUKA TPOSBISIETCS
Jake TPH HEBO3MOXHOCTH BH3YaJbHOIO HaOMIONEHUS 3a
nosioxkeHneM JIyHbl winu oOHapyKeHHs! MPUIUBHBIX SBJICHUH.
Ecnu uyenoBeka Wim IMOAONBITHOE )KMBOTHOE M30JUPOBATh OT
BJIUSIHUSL COJIHEYHBIX PUTMOB, HalpuMep, MOMECTHB €ro B
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TMeliepy, OH C PUTMUKH COJTHEYHBIX CYTOK NMEPEXOAUT Ha PUTM
JYHHBIX CYTOK, KOTOpbIE€ HAa 50 MUHYT JIJIMHHEE COJIHEYHBIX

Eme Oonee ynuBUTENBHBIM SBISETCS TO, UYTO JIYHHBIE
PUTMBI OTYETJIMBO MPOSIBIISIOTCS B HEKUBOW mpupoje. S nmero
B BUJy HE NMPUJIMBHBIC SBJICHUS, KOTOPHIE BIIOJIHE O0BSICHUMBI
rpaBUTallMOHHBIM Bo3aeiicTBueM JIlynbl u CosHla, a uMeronue
JYHHYIO PUTMHUKY U3MEHEHUS! B CKOPOCTH Pa3IUYHbIX (PU3HKO-
XUMHAYECKHX MpoiieccoB. [IonbITkN yOpaTh 3Ty pPUTMUKY ITyTEM
BBEJICHUS DJIEKTPOMATHUTHBIX, TEIUIOBBIX WJIM MHBIX SKPaHOB
NPUBOJAT JIMIIL K OOpaTHOMY pe3yjbTaTy: BO3pAacTaHUIO
OTYETJINBOCTH HUX IHPOSBICHUS, YTO CBUJETEIBCTBYET O
BBICOKOW NMPOHMKAIOIIEH CIIOCOOHOCTH areHTa, BBI3BIBAIOIIETO
oTH siBIeHus. OTMedy, 4TO TPaBUTALUS HE MOXET MPOSBIATH
cebs B Ouonornueckux U (U3UKO-XUMHUECKUX CHCTEMax
HENIOCPEACTBEHHO:  CBsi3aHHble ¢ JIyHOM  M3MEHeHMs
IPAaBUTALMOHHOTO TOJII OYEHb Mallbl U MPOUCXOIAT OYECHBb
IUIABHO. 37ech HE O00OWTHCh 0e3 TOoCpeaHHMKA-YCUITHTEIIS.
PaccmoTpenune  Takux "0OBIYHBIX" (hakTopoB, Kak
AJIEKTPOMArHUTHBIE TIOJIS, MHKPOCEHCMHKa, aTMoc(epHoe
JaBJICHHUE TPOOJIEMY HE pelliaeT.

B cBs3u ¢ 3THM, 3aMaHUMBO PacCMOTPETh B KauecTBE
MOCPEeTHUKA-YCUIIUTENs] ~ HEUTpPUHO,  JBHXKYIIHMECS IO
pa3nuyHbBIM opOuTaM BOKpYyr 3emiu (cMm pasmen 2.4). Dto
OKOJIO3eMHO€ 00pa3oBaHHME Mbl Ha3Balu "HeHTpuHOchepoit"
3emun. HelitpuHocdepa otnugaeTcst oT aTMochephl HE TOJIBKO
CBOMMH pa3MepaMH - OHa IPOCTUPAETCS OO0 PacCTOSHHUSA
900.000 kM ot 3emuu, T.e. HamHoro jainbie Jlynsl. Ee
0COOEHHOCTBIO SIBJISETCS TO, YTO BO3JCHCTBUS Ha €€ BHEUIHHE
ClIoM, BOJM3U arnoreeB opOMT, NPUBOJAT K M3MEHEHUSM U BO
BHYTPEHHHUX CJIOSIX, TJ€ HAXOAATCS nepured. Bo BHEMHuX
CIIOSIX, CWJIbHO  yHaJeHHBIX OT 3eMJd, HW3MEHEHUus
IPaBUTALIMOHHOTO MOJIs, CB3aHHBIE C M3MEHEHUEM B3aWMHOIO
nonoxenus 3emun, Jlyaer m ConHia, o4deHs Oosbmue. B
pe3yabTare d3TOr0  MPOMUCXOJAT  CHJIbHBIE  BO3MYIICHHS
BHEUIHUX CJI0€B HEUTPUHOCPEPDI, KOTOPbIE PaCIPOCTPAHIIOTCS
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U K I[OBEPXHOCTH 3eMid, [A€ TIpaBUTALUs CTaOWIIbHA.
[ToHsTHO, dYTO pUTMHKAa W3MEHEHUH B HEHUTpUHOCHEpE
COOTBETCTBYET PUTMUKE M3MECHEHMS I'PaBUTALIMOHHOTO IIOJIS B
okosiozeMHOM Kocmoce. OCHOBHOM pUTM 3TOrO MU3MEHEHMS -
CUHOJIMYECKUI JTYHHBIM MECHILI.

Kakum oOpazom Ouonormueckue u (HU3HKO-XUMHUYECKUE
CHUCTEMBI MOT'YT YyBCTBOBAaTbh IIOTOKM MEUICHHBIX HEUTPUHO?
HeiitpuHHble MOTOKM BIMSAIOT Ha Oe€Ta paguoOaKTUBHOCTH (a
PATMOHYKIHIBL, Tpexae Bcero 'K, BCerma B OPraHM3Max
npucyrcTByroT). Kpome Toro, eciaum macca HEUTpUHO
JIOCTaTO4YHO OonblIas, B HEHTPUHHBIX TOTOKAX MOTYT
BO3HUKATh YJIbTpaduosieToBble (OTOHBI, KOTOPBIE SBISIOTCA
MOHM3UpYIOLIEH  paguanuedl ©U  00JagalOT  BBICOKOM
OMOJIOTMYECKON M XMMHUYECKOW aKTUBHOCThIO. B 3TOoM ciydae
BO3JEHCTBUE  HEUTPUHHBIX  IIOTOKOB  BBINIAAUT  Kak
HMOHM3UpYIOLIee 00JydeHre, HE MOAIAI0LIEecs IKPAHUPOBKE U
JeicTByolIee Kak Obl H3HYTPH.

Takum 00pazom, aHaIM3 BO3MOXKHBIX MPOSIBIICHUHA 3€MHOM
HEHUTPUHOCHEPHI TO3BOJISIET HAWTH MOAXOJ K OOBSICHEHHUIO
SBJICHUA B OMOJIOTMYECKUX U (PU3UKO-XUMHUECKUX CHUCTEMaX,
CBA3AHHBIX C JIYHHOM PUTMHUKOM, SIBJICHHH, KOTOpPBIE
pa3yMHOro OOBbSICHEHHUSI HE UMEJIH.

Obparumcss k ConHily. MHOrme U3 COJIHEYHO-3E€MHBIX
CBSI3€H OMNpEAENAIOTCS COJIHEYHOM aKTUBHOCTHIO. CoJHeuHas
aKTUBHOCTb, KaK M3BECTHO, PUTMHYECKH MEHSETCI C
OCHOBHBIMH TiepuogamMu okojio 11, 22, 90 nmer. [o cux mop
OCTaeTcsl 3araJkoil, Mo4YeMy O3TO NPOUCXOTUT. AHaIU3
NEepUOJIOB OOHAPY)KMBAET B PUTMUKE COJIHEYHOM aKTMBHOCTHU
nepuosl oOpalleHusl IaHeT, mnpexae Bcero lOmurepa u
Carypna (puc. 1.9). Haubonee oT4ETIMBO CBSI3b COJHEUHOU
aKTUBHOCTH C TIOJOXKEHHEM IUIaHeT OOHapy>XUBAaeTcs Npu
aHanm3e paccrosHus Mexnay CoilHIeM U IEHTPOM Macc
ConHeuHoit cuctembl (OGapurientpom) [54, 121] (puc.2.37).
[Ipennonoxenne o BiaussHUM Ha COJHIIE MPUIMBHBIX CHJI IO
psiny mpuuuH He mpoxomuT [1]. W onsiTe-Taku, oObsICHEHHE
MO>KHO TOMBITaTbCs HAWTH, OOpPaTUBLIMCH K TEMHOM Marepuu
[19,20,54,65].

178



19498
/ -_h‘-\\guuu Puc. 2.37. Nsmenenune
1996

IIOJIOKCHHA LECHTpaAa Macc

ConHeuHOM CHCTEMBI
oTHocHuTenbHo ColHIa ¢

1692 1962 1o 2007 r.
1ot Counnrze, mox00HO
2007 bl 3emile, HUMeeT  CBOIO
2005/ HelTpuHOChEpy -
1982 COBOKYITHOCTb opour

e 1880 N
HCUTPHUHO, BpallarOmIUXCA

Bokpyr Cosaima. O0yacth, B KOTOPOM KOHIIEHTPALUS YACTHII
MaKCUMaJlbHa, PacHojoKeHa BOIM3U 1eHTpa Macc CoJlHeuHOM
cucreMmbl. [lpy M3MEHEHMM B3aMMHOrO IOJIOKEHUS ILJIAHET
LIEHTP Macc MEHSET CBOE MOJIoKeHue oTHocuTesnbHO CoiHIa,
TO YJIassICh OT €ro IMOBEPXHOCTH HA PACCTOSIHUE MOpsiaKa
COJIHEYHOI'0 paauyca, TO IMpOHMKas IiyOoko B ero Heapa. U
COOTBETCTBEHHO MEHSETCS BO3JEHCTBHE HEHTpHUHOCHEpHI Ha
nporecchl, nporekatomue B Connue. BaxHyto posb 31ech, mo-
BUIUMOMY, HIpaeT peakuus oOpaTHoro Oera pacrajga c
pPaAMOaKTUBHBIMU TMPOAYKTAaMU BHYTPUCOJHEYHOIO CHHTE3A.
[Tockonpky mpu  oOpaTHOM  OeTa-pacriazie  HEHUTPUHO
MOTJIOLAKOTCS, A HE MCIYCKAKTCA, TMOTOK W3Iy4aeMbIX
Connuem  "sgepHbIX" ~— HEHUTpUHO  TpU  OAMHAKOBOM
JHEPrOBBIJCIICHUN MEHBILE, YE€M IIPH PaccMaTpUBacMOM
actpodu3ukamMu TOJIBKO TIpsAMOM OeTa pacmage, 4YTo H
00BsICHSAET "nepunmt"” COJIHEUHBIX HEUTPHUHO,
PETUCTPUPYEMBIX Ha HEHUTPHUHHBIX o0cepBaTopHsIX.
WznoxeHHass rumore3a OOBSACHSIET HE TONBKO JeQUIMT
COJTHEYHBIX HEUTPUHO, HO U OOHApYKEHHYIO MpH aHaIu3e
MHOTOJIETHUX  M3MEPEHHUH  PUTMHUYECKYHD H3MEHUUBOCTb
IUIOTHOCTH MOTOKA COJIHEYHBIX HeiTpuHo [182].
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6. IlepcnmekTHBBI NPUMEHEHHH NOTOKOB MeIJIE€HHBIX
HETPHUHO

MemjieHHbIE HEUTPUHO B3aUMOJICMCTBYIOT C BEIIECTBOM
HaMHOTO 3¢ (}EeKTUBHEE, YeM HEHUTPUHO “SIACPHBIX SHEPTHM.
Tem He w™menee, 3(pQexTrl, CBS3aHHBIE C KOCMHUYECKUMHU
MOTOKAMHU MEJICHHBIX HEUTPHUHO, CIUIIKOM CJIa0bl AN UX
HEIMOCPEICTBEHHOT0 MPAKTUYECKOTO MpUMEeHEeHUs1. J{Jist 3Toro
HEe00X0IUMO YBEJIMYUTh KOHIIGHTPAIMIO YaCTHUIL Ha
HECKOJIbKO TOPSAKOB.  OTy 3aJady MOXKHO  PEIIUTh,
(doKycHpYysS TIOTOKHM MEJICHHBIX HEHTPUHO TIPU ITOMOIIU
JTUH3 W 3epKaji. B mpuHnume, BO3MOXXKHA TaKXKe reHepalus
JOCTaTOYHO  WHTEHCHUBHBIX  IOTOKOB  TEXHUYECKHUMU
cpenctBamu. PemieHune mpoOieMbl  KOHIIGHTpAIUU WU
TreHEepaly TMOTOKOB MEUICHHBIX HEUTPUHO OTKPBUIO OBl
3aMaH4yuBble mepcreKTuBbl. (OO003HAYMM HEKOTOphIE U3
BO3MOJKHBIX HAYYHBIX U TIPAKTUYECKUX UX MPUMEHEHUMN.

1. [IpyHIMNIMAILHO HOBOE HANIPABJIEHHE

HA0/II01aTeIbHOH ACTPOHOMMHU.

Pe3ynbrarhl, monNydyeHHbIE TPU TOMOIIM TEJIECKOIIOB,

PErUCTPUPYIOLIUX MTOTOKHU MEJUIEHHBIX HEUTPUHO,
U3JIO)KEHHbIE B 4YacTM 3 3TOM KHHUIH, JEMOHCTPUPYIOT
pEabHOCTD HCIIOJIB30BaHUS JUTSL ACTPOHOMHUYECKHX

WCCIIEIOBAaHU HOBOTO  HOCHUTeNs WH(GOpMAalUd - TOTOKOB
YaCTHUI] TEMHON MaTepuH. ITHU TMOTOKH HECYT MPUHIIUITUAIIEHO
HOBBIE CBEJICHHS O PA3IUYHBIX KOCMHUYECKUX O0BEKTaX, B TOM
YUCJ€ O TakKuX TPYAHOJOCTYIHBIX JJIsi TPaJAUIIHOHHBIX
METOJIOB HCCJIEIOBAHUS, KaK HEHTPOHHBIE 3BE3/Ibl U YEpPHBIE
JIBIPHI. Huskast ckopocTh JBWKEHMSI YacTHI[ J1aeT
YIUBUTEIBHYIO  BO3MOXKHOCTH  HAOMIOAATh  MPOIIECCHI,
MPOWCXOAMBIINE B OTJAJCHHBIE 110 BPEMEHH DOIIOXH B
00BEKTaX, CPAaBHUTEIHHO ONM3KUX K HaM MPOCTPAHCTBEHHO.
Teneckon MeIICHHBIX HEUTPUHO SBISIETCS CBOEOOpaA3HOM
“MaIInHON BpEMEHU ", O3BOJISIIONIEH HaO0II00aTh
KOCMHMYECKHI  OOBEKT B pa3HbIE MOMEHTHI ero
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CYLIECTBOBaHMSI TPU HACTPOWKE Ha pa3Hble JUIMHBI BOJIH
(cxopoctu) peructpupyeMbix dyacTull. O TMEpBBIX OIbITAX
TaKHX UCCIIEJOBAHUI paccKa3aHO B YACTH 3 3TON KHUTH.

2. HoBble cpeacTBa CBSI3H.

MenneHnple HEMTPUHO KaK HOCUTENb HH(oOpManuu
MO3BOJISIIOT, B OTJIMYKME OT JJICKTPOMArHUTHBIX  BOJIH,
peayi3oBaTh CBSI3b € MOA3EMHBIMU U TMOABOJHBIMU
00BEKTaMU, ¢ 00bEKTaAMU B METAIUTHYECKHUX TOJIOCTSIX.

3. UnTpockonusi.

Bo3MoxHOCTE  (POKYCHUPOBKM TMOTOKOB  MEJJICHHBIX
HEUTPUHO JIMH3aMU WM 3€pKajaMu II03BOJISIET CO3/1aTh
yCTpOMCTBA 1Sl TOJIyYEHUS U300pa’KeHUU. Taxue
YCTPOWCTBA MOTYT HaWTHU NMPUMEHEHHE B Je(EKTOCKOIHH, B
MEIHUIMHE U T.NI. YJAUBHUTEIbHBIC MEPCHEKTUBHI OTKPHIBAET
MPUMEHEHUE TaKUX YCTPOWCTB Jisi HCCIEAOBAHUS HEIP
3emiu U Ipyrux HeOecHbIX Ted. HebecHble Tena A MOTOKOB
MEIUICHHBIX ~ HEUTPUHO  SIBJISIIOTCA  TMOJYNPO3PaYHBIMU
o0BeKTaMu, IpUYEM pPa3IMYHBIE MOPOABl MO-Pa3HOMY
paccerBarOT ATH MOTOKH, U KapTHHA PACCESHUS 3aBUCUT OT
JUTUHBI BOJHBL. [IOHATHO, YTO MPUMEHEHHE TAKUX YCTPOWCTB
COBEPIIUIIO OBbI MEPEBOPOT B T€O(PHU3UKE, TEOJOTrOpa3BEIKE U
WCCIEA0BAaHUM HEAP TIJIaHET.

4. JHepreTuka.

BO3MOXXHOCTh  NPUMEHEHHSI  MOTOKOB MEIJIEHHBIX
HEWTPUHO JJId TOJYYEHHs DHEPruuM CBsi3aHa C HX
CIIOCOOHOCTBIO  BCTYINATh B SIEPHBIE PEAKIIMH OOpPaTHOTO
Oera pacrniazna ¢ 6era paJOaKTUBHBIMH SAPAMU, B PE3yJIbTaTe
YEero paauoaKTHUBHBIC SApa MPEBPAIIAIOTCS B CTaOWJIBHBIE.
OKCHEPUMEHTHI TMOKA3bIBAIOT, YTO B HEKOHIICHTPUPOBAHHBIX
MOTOKAX  YHCIO AaKTOB OOpaTHBIX OeTa  pacmajios,
BBI3BIBAEMBIX JICHCTBUEM MEIJICHHBIX HEUTPUHO, MEHBIIE
1/10000 oT umcna pacmajoB, CBSI3aHHBIX C €CTECTBEHHOU
PaINO0aKTUBHOCTHIO. DHepreTudeckas YCTaHOBKa,
WCTIONB3YIOMAsi TOTOKH MEIJICHHBIX HEWTPUHO, JIOJDKHA
COCTOSITh M3 OeTa paiIt0aKTUBHOTO BEIIECTBA, KOHIIEHTPATOpa
KOCMHYECKHUX TTOTOKOB MEJTICHHBIX HEUTPHUHO,
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MOBBIIIAIONIETO IUIOTHOCTh IIOTOKAa [JO BEIWYMHBI, IIPH
KOTOPOH CKOPOCTh OOpaTHhIX OeTa pacmajoB MHOTOKPATHO
IIPEBOCXOIUT €CTECTBEHHYIO PaZMOaKTUBHOCTb, U
YCTPOMCTBa, MPeoOpa3yIoUIero BhIICIAIONYIOCS SHEPTUI0 B
HYXHYI0 morpebutento ¢opmy. B mepcnexTuBe, BMeCTO
KOHIIEHTpPAaTOpa KOCMHYECKHUX IIOTOKOB MOXET  OBITh
HCI0JIb30BaH TEXHUYECKUI T€HEPATOP MEUIEHHBIX HEUTPUHO.

OrpomMHO€ IPEUMYIIECTBO TaKOI'0 pPoAa 3HEPreTHKH II0
CPaBHEHHIO C COBPEMEHHOM SAEPHON JHEPIETUKON COCTOUT
B TOM, 4YTO B TpoIleccax OOpaTHBIX OeTa-pacmaioB HE
BO3HHUKAIOT PaJUOAKTHBHBIE OTXOabl. Hampotus, eciu B
KauecTBe “TOpPHOYEro” HCIOJb30BaTh OTXOAbl  SJEPHBIX
aNeKTpocTaHIMid - oTrpaboraBmue TBDOJIbl (xpaHeHue
KOTOPBIX ABJIAETCS cepbe3HeHIen 9KOJIOTMYECKON
npoOieMoi), TO TOMHMO BBIPAOOTKH OJHEpPruu  Oyzaer
IIPOUCXOJUTh IPEBpAIlEHUE PAaJUOAKTUBHBIX OTXOJOB B
HepanuoakTuBHble.  Ilocne “cxxuranus” paaMOaKTHBHBIX
OTXOJOB (M peuieHusT Ha ITOH OCHOBE MPOOJEMBl HX
XpaHEeHHUs) B KaYeCTBE TOPIOYEro MOXKHO OYyJIeT UCIOIb30BaTh
IPUPOJHBIC PaIHOAKTHBHBIE H30TONBI, M Mpexie Beero K,
3aracel KOTOpOT0 OTPOMHBI. HemanoBaxusiM
IIPEUMYIIECTBOM HOBOW SIIEPHOM TEXHOJOTMM  SIBJISETCSA
OTCYTCTBHE€ HEUTPOHHOIO HU3Iy4YEHHs, YTO 3HAYUTEIHHO
obseryaer npo0OsieMy OHMOJIOrMYECKOW 3allUThl U TO3BOJMT
CO3/1aTh KOMIIAKTHbIE M JIETKHE YCTaHOBKU. OueHb BaXXHO
Takk€ M TO, UTO 3TH YCTAHOBKH, JIEHCTBUE KOTOPBIX
OCHOBAaHO Ha MHIYLMPOBAHHBIX, & HE HA LEMHBIX PEAKIMIX,
MPUHLIMIIMAIBHO HE MOTYT MEperTH BO B3PHIBOOOPA3HBIN
peXUM paboThI.

ITepciekTuBbl 3axBarbiBarome. Ho wux peanmzanus
CBsI3aHA C OOJBIIMMU TPYAHOCTSAMH, MPEOJOJIEHUE KOTOPBIX
TpeOyeT NpoBeJeHNs AaTbHEHIITNX UCCIIeI0BaHUH.

Bo3MoXHOCTh TpUMEHEHHs c(POKYCHPOBAaHHBIX MOTOKOB
KOCMUYECKHX MEJUICHHbIX HEUTPUHO Ui MHOTOKPAaTHOI'O
yCKOpeHusi O6era pacnajioB J0Ka3aHa dKCIEPUMEHTAIBHO (CM.
yacTh 3 3Toi KHUTH). OTHaKO HAOJI01aBIIeeCs 3HAYUTETHHOE
BO3pacTaHMe CKopocTH Oera  pacrmagoB B (okyce

182



apaboIMYEecKOro KOHIIEHTPAaTopa MMEN0 XapaKTep pPeAKuX
CIIOPaJIMUYECKU MPOUCXOAALINX KOPOTKUX BCIUIECKOB, UTO JJIS
IIPAKTUYECKOr0 IPUMEHEHHUS MaJIONEepClneKTHBHO. Kpome
TOr0, OOHAPYKEHO HenpepvigHoe IEeUCTBUE KOCMHYECKHX
MEJIEHHBIX HEWTPUHO, NPOSBIAIOLIEECS B PUTMUYECKUX
U3MEHEHMSIX CKOpOCTH OeTa pacnajoB. ITOT 3QQEKT BIOIHE
YCTOWYMB U MOT ObI OBITh IPUMEHEH Ha MPAKTHUKE, eClIu OBl
Obul HailleH crnoco® €ero MHOIOKPaTHOTO YBEJIUYEHHS.
TpyIHOCTH COCTOMUT B TOM, 4TO €0 BBI3BIBAIOT, [I0-BUIUMOMY,
IIOTOKM HEWTPHUHO, HE O0JIaJaI0LI1ME MOHOHANPABIECHHOCTHIO,
KOTOpbIE  HEBO3MOXXHO  3(()EKTHBHO  KOHLEHTPUPOBAThH
3epKajaMi WU JIMH3aMHM. TakuM oOpa3oM, INMpakTH4YeCKOoe
IIPUMEHEHUE KOCMUYECKUX IIOTOKOB MEIJICHHBIX HEUTPUHO
TpeOyer 160 OoOHapyKEeHHUS CTaOUITBbHBIX
MOHOHAIIPAaBJIEHHbIX ~ MCTOYHMKOB,  JHOO  pa3paboTku
CIOCOOO0B KOHIIEHTPALIUU PACCEIHHBIX IOTOKOB.
IIpuBnexarenpHO TS MPAKTUYECKUX neneun
HCII0JIb30BATh TEXHUUYECKHE TEeHEepaTopbl MEIJIEHHBIX
HeiitpuHo. Ho co3gaHue Takux reHepatopoB TpeOyer
pelIeHns pssia CIOXKHBIX MpoOjIeM. YBEJIWYEHHE CKOPOCTH
O6era pacmagoB B 10 pa3, coracHO OLIEHKE Ha OCHOBE
cooTHomeHust (2.57), TpedyeT MIOTHOCTH MOTOKa HEHTPHUHO,
obnamatonux ckopocteio 300 kMm/c, 3,5'1013 LIaCTI/m/Mzc,
ecnu macca HeuTpuHo 0,28 3B wim 1,9'1019 ‘IaCTI/ILI/MZC, eclu
Macca HeuTpuHo 23 5B. Jlns reHepauuu HEUTPUHO MOXKHO
HCIIONB30BaTh TPAJULMOHHBIMA JUII aTOMHOM M sIEpHOU
¢u3ukn  TpueM: CTOJKHOBeHMe dacTull. Hampumep,
paccessHME JJICKTPOHA Ha JJIGKTPOHE WM aTtoMe (MOHE) C
o0Opa3oBaHMEeM HEWTPUHO U aHTHHeWTpuHO. Ecnmm wmacca
MIOKOSI HEUTPUHO M aHTUHEUTpUHO mopsaka 1 5B, nna ux
BO3HUKHOBEHHMSI JIOCTaTOYHO YCKOpsitomiero HampskeHus 100
B. TloaToMy OOBIYHBIE 3JIEKTPOHHBIE JaMIIbl, HMEIOIINE
aHOJHOE€  HANpsDKEHWE  TAaKoW  BEJIMYMHBI,  SBJISIOTCS
WCTOYHUKAMH HEWTpUHHOro mnortoka. Ilpm Toke 10 MA,
TUIMYHOM JUISl SJIEKTPOHHBIX JIaMII, HAa aHOJl OOpyIlIuBaeTcs
610" omexrponoB B cexyHmy, Jlake ecid He KaxIoe
CTOJKHOBEHHE POXKIACT Napy HEUTPUHO-aHTUHEUTPHUHO,
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poknaercs MX o4eHb MHOro. Ho, Kk BelMKOMY COKaJE€HHIO,
9T YacTHIlbl, WMES KHHETUYECKYI0 SHEPIHi0 eIUHUIIbI-
NECSITKU 9B, yXOASAT B OKpyKarollee IMpPOCTPAaHCTBO, HE
OCTaBJISII HHUKaKoro ciena. /[ mpuMEHEHHs B KayecTBe
yckoputens Oera pacmasoB  TpeOYyIOTCS HEHTPUHO ¢
SHEPTUSIMU B MIJLJTMOHBI pa3 0ojiee HU3KUMHU.

MOHO 1 «3aMeJUINTh» HEUTPUHO, MOJ00HO TOMY, Kak
3aMEJUISIIOTCS  HEWTPOHBI B SAJEPHBIX peakrtopax? [ms
3aMe]JIeHHUs] HeUTPOHOB HCIOJIb3YeTCs Nepeiada SHEPTUn Mpu
MHOT'OKPATHBIX CTOJIKHOBEHHSIX C siApamMH 3amennutens. Jlis
TOTO YTOOBI 3TOT MPOIIECC LIENl ¢ MPAKTUYECKU MPHUEMIIEMO
MHTCHCUBHOCTBIO, Macca sJep 3aMeUINTENs JOJDKHA OBbITh
COMocTaBUMa ¢ Maccoil HeWTpoHa. OOBIYHO HCHOIB3YETCS
BOJOpOA, AeiTepuil wnm yriepoa. B ciywae wuenmpumno
OOBEKTHI, PACCEHBASICh HA KOTOPBIX HEUTPHUHO MOTIH OBl
nepenaTh 3aMETHYI0 YacTh SHEPTrud, HeusBecTHHI. Jlaxke
Jieryaiiinas 4acTuiia — 3JEKTPOH UMEET MacCy B COTHU THICAY
pa3 Oosiee BBICOKYIO. boiiee TOro, ciencrBueM OOJBIION
JUIMHBI BOJIHBI Je-Bpoiiisi HHU3KO’HEPreTUYHBIX HEUTPUHO
SIBJSIETCS TO, YTO B3aUMOJICUCTBHE TMPOUCXOAUT HE C
OJIMHOYHBIMH YaCTUIAMH, a ¢ )parMEHTaMH BEIIECTBA, Macca
KOTOPBIX COBCEM YK HECONOCTaBMMa C MacCOM HEUTPHUHO.
Taxum o0Opazom, MIPUMEHEHHE TPAIUITMOHHBIX
AepHO(DU3NUECKUX TPUEMOB JUIS 3aMEJJICHHUs] HEUTPHUHO JI0
HEOOXOIUMBIX MaJlbIX CKOPOCTEH HE TPENCTaBIsAETCS
BO3MOJKHBIM.

[ToaTOMy HcclienoBaHus ClelyeT HANpaBUTh HA MOMCKHU
MyTeld reHepaluu HEUTPUHO, yorce 001a0arouux JOCTaTOUYHO
HU3KUMH DSHEpPrusiMd. BoO3MOXHO, 3TO NPOUCXOAMUT TpHU
HEKOTOPBIX MPOIECCaxX B AJIEKTPOHHBIX 000JI0UKaX aTOMOB U
MOJIEKYJI, TOAOOHO TOMY, KaK FeHepupyroTcs (POTOHBI OUYEHb
HU3KUX SHEPTruil B Mazepax. Bo3aMokHO, 3TO TPOUCXOAUT NpH
nepeMarHiYuBaHUuN (heppoMarHeTUKoOB W npu
Nepenosapu3anuu JuaIekTpukoB. Ho eciam macca HEUTpUHO
JIOCTAaTOYHO MAaJE€HbKasl, 3TO BO3MOXHO Ja)Xe IMPOCTO MpHU
CTOJIKHOBEHHUSIX YaCTHUI] BEIIeCTBa B IMPOLIECCE TEIIOBOTO
newxkenus. Ecnu wmacca ueitpuno 0,28 3B [223], ansa
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POXKIIEHHUsS] TIapbl HEUTPUHO-aHTHHEHTPUHO HEOOXOIMUMO,
9YTOOBI SHEPIrUs CTAJIKUBAIOIIMXCS YacTul] Obuta O6ombme 0,56
5B [234]. Ilpu KOMHaATHON TEMIEpaType TaKyl SHEPTUI0
MMEIOT HUYTOKHO MaJl0 aTOMOB WJIM CBOOOJHBIX 3JIEKTPOHOB
B Metauiax. Ho npu temneparype 1000°C rakux gactuiy 2%,
a mnpu Temmeparype 5000°C  yxe 50%. VuurhiBas
KOJIOCCAJIbHYI0 YacTOTY TEIUIOBBIX CTOJIKHOBEHHMH, MOXHO
MPEIOJIOKHUTh, YTO MPU JOCTaTOUYHO BHICOKON TeMIeparype
MpOLECC  POXKICHHS  HEUTPUHO  IPOUCXOJUT  BEChMa
WHTEHCUBHO. BO3MOXHO, 4YTO HMMEHHO C TEPMHUYECKOUN
reHepanueil HEUTPUHO — AHTHUHEHUTPUHO CBA3AHO OTPOMHOE
TEIUIOBbIACNIEHUE U OOpa3oBaHME HOBBIX JJIEMEHTOB B
HUKEJb-BOJIOPOIHBIX TerioreHeparopax [229],
JJEKTPOIUIa3MEHHbIX  peaktopax [230] u psAxe apyrux
noaoOHbIX yctporctB [231]. Kak mokazano B crtatee [232],
BO3MOXXHO MTPOTEKaHHUE MHOXKECTBA SACPHBIX TpaHchopmarmii
C Y4YacTHE€M OJIHOTO WM HECKOJIbKUX fJep, JIEKTpOHa U
HEUTpUHO (aHTUHENTpUHO). Hampumep, B KOpPYHIOBBIX
TpyOkax (Al,O3) mocne iutenbHOW pabOThl B HUKENb-
BOJIOPOJHBIX peakTopax OOHApyKEHO MHOro Kaiblus [236,
237]. Bo3MOXHO, 3TO CBSA3aHO C IPOTEKAHUEM PEAKIUU

“v+ ZAl + %0 + e — *Ca + 16,460 M»3B.

OOBIYHO siIGpHBIE pPEAKIMH, B KOTOPBIX Y4aCTBYET
HECKOJIBKO YacTHI], MAJOBEPOSITHBI. JTO CBSI3aHO C TEM, YTO
0o0JacTh  SIACPHBIX  B3aUMOJACHCTBUNA  MHOTO  MEHBIIIE
paccTOSHUN MeXAYy B3aMMOJCHCTBYIOIIMMHU dYacTHLaMu. B
Cllydae peaklMil C y4yacTHeM MEJICHHBIX HEHUTPUHO 00JacTh
B3aUMOJICMCTBUSA, BEJIMYMHA KOTOPOW OIPEAENsIeTCs IJIUHON
BOJIHBI Jie-Bpoiiis, 3HaYMTEIbHO OOJbIIE PACCTOSTHUA MEXIy
yactuaMu. [loaTOMy MHOro4yacTuyHble B3aUMOJAECUCTBUS
BIIOJIHE BO3MOXKHBI. Ba)kHO Takke OTMETHUTH, 4YTO B Cllydae
SAJIEPHBIX pEaKLIUi C Y4YaCTHEM DJJIEKTPOHOB M HEHUTPHUHO
(aHTUHEUTPUHO) HE CYUIECTBYET MPOOJIEMBI «KYIOHOBCKOIO
6apnepa» [231, 234].
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YACTD TPETbHA
HOBASI ACTPOHOMUA

OGHapyxeHHoe B AKCIIEPUMEHTAX BIIUSIHUE
IM(PAKIHOHHBIX PELIETOK HA YHCIO HCITYCKAEMBIX sSApaMu °Y
AJIEKTPOHOB C SHEpPruei, ONM3KoW K BepXHEW rpaHune Oera
CHEKTpa M COOTBETCTBUE TMOJOXKEHHUS JUGPAKIIMOHHBIX
MaKCUMYMOB MaKCUMyMaM, OJYYEHHBIM IPU HCIOIb30BaHUN
MPUHLIMIIMATIBHO HWHOTO JIETEKTOpa - HMCKPOBOM Kamephl,
YKa3bIBalOT Ha TO, YTO 00€ YCTAHOBKH PETUCTPUPYIOT MOTOKHU
MEIJICHHBIX HEUTPHUHO. BosmoxHo, apryMeHTalus
OJTHO3HAYHOTO OTOXKIECTBIIEHUS OOHAPY>KEHHOTO areHra ¢
HEUTPUHO MOJKET IIOKa3aTbCsA HexoctaTouHou. lloaromy, BO
n30exaHue yIpeKoB B CKOPOATUTEILHOCTH CYXJIEHUH, Oynem
MPOJOIDKATh HA3bIBAaTh 3TOT areHT «H-u3mydeHnem», U ImycTh
cMbIc OyKBBI «H» KaKIIblil IOHUMAET M0-CBOEMY.

Brimieoncannpie S5KCIEPUMEHTHI HE OTBEYal0T Ha BOMPOC:
I7Ie HAaXOIUTCS HWCTOYHUK PETHCTPUPYEMOTrO H3IydeHus?
OTBeTUT, HA HEro MOXKHO, HCIIONB3Ysl HalpaBJICHHBIC
IIPUEMHHUKHU (TeecKonbl). BO3MOXHOCTh cO3/1aHMsI TEIECKOIIOB
s H-u3nmydeHust ocCHOBaHa Ha €ro COoCOOHOCTH OTpaXKaTbes
U TpeloOMIIATBCS Ha TIpaHUlax cpea. ITO  IO3BOJISET,
WCTIONB3Ys JIMH3Y WM BOTHYTOE 3€PKAJIO U IIOMECTUB B (POKYC
COOTBETCTBYIOIIHHA JETEeKTOp, c03/1aTh YCTPOMCTBO,
aHaJoruyHoe  (oroammapary  HUIM  aCTPOHOMHYECKOMY
Teneckony. Takoe ycTpOHCTBO HETPYIHO Y3HaTh B TEJIECKOIIE
H.A.KosbipeBa [67,68] cocrosiiiieM W3 BOTHYTOTO 3€pKajia U
MOMEIIEHHOr0 B €ero (QoKyc JeTeKkropa (pe3ucropa WIH
KPYTHJIBHBIX BECOB). HccnenoBanus, IPOBE/ICHHbIE
H.A Ko3bipeBbIM u ero mocinenoBarensimu [66,69,73] c
MTOMOIIIBIO0 TAKUX TEJIECKOTIOB MPEICTABIISIOT OCOOBIN HHTEpEC,
MTOCKOJIbKY, KaK IMOKa3aHO B YacTH 2, pa3aen 3.2 W B cTaThe
[94], cBoiicTBa OOHAPYKCHHOTO WMHU TPUXOMISIIETO W3
Kocmoca 3araiouHoro u3ny4deHus: BIOJHE OOBICHAIOTCS, €CIIH
MPEIOI0KHTh, YTO ATO - TOTOK TEMHOW MaTEpHH.
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1. PETUCTPAIIUA H-U3JTYUYEHUSA
HAITPABJIEHHBIMUA TIPUEMHUKAMUAU

O06ocHOBaHME BO3MOXHOCTU CO3/IaHUSI TEJIECKOIOB JUIsS
HaONIO/IeHUsT  TIOTOKOB ~ TEMHON  MaTepuH,  IMPHUHIIMIIBI
KOHCTPYMpPOBAaHUSl  TaKWX  TEJIECKOIOB M  PE3yJbTaThl,
MOJIyYeHHbIE  TpU  CKAaHUPOBaHWM  HeOecHOH  cdepsl,
cojepkarcsi B pabore [95]. M3mepeHHble UIMHBI BOJIH
(MHKpPOHBI — MUJUIUMETPHI) 3HAYUTENIbHO TPEBOCXOIAT
MeXaTOMHbIe paccrosinus. CreaoBaTesbHO, B3aUMOJICUCTBUE
OOHapYKEHHOTO H3JIY4YeHHs] C BEIIECTBOM (TaK Xe Kak U
B3aUMO/JICIICTBUE DPAJMOBOJH, CBE€Ta WM 3BYyKa) HOCHUT
MaKpOCKOIHMYECKUN XapaKTep HE3aBHUCHMO OT TOTO, CBSI3aHO
JUM OHO C pacCcesHWEeM WM SAEPHBIMU IIpoOLlEcCaMu IIpU
ciaboM  B3aMMOJICHCTBUH, c paccessHHEM 3a CYeT
B3aMMOJICHCTBHS MarHUTHOTO MOMEHTAa YAaCTHIIBI U aTOMHBIX
MarHUTHBIX TOJIEH WU K€ KaKMMH-TO HHBIMH IPOIIECCAMHU.
[Ipn MakpOCKONMYECKOM B3aMMOJCHCTBUU C BELIECTBOM IIpU
nepexojie JI00ro M3Iy4YeHHs uyepes3 TpaHully JABYX Cpes, Io-
pa3HOMY B3aUMOJIEUCTBYIOIIMX C M3IyYEHHEM, H3MEHSETCS
CKOPOCTb €r0 pPAacIpOCTPaHEHHUs, CIEICTBHEM YETO SBIIAETCS
MIpeIOMJIEHUE U OTPa)KEHUE Ha FPaHHULIE.

[TockonbKy  3aKOHBI  HPEIOMJIEHUS M OTPaKEHUS
CHpaBEUIMBBl  JUIsl  JIIOOBIX  BOJIHOBBIX  IIPOIIECCOB, a
¢doxycupyromue CBOMCTBA JIMH3 U BOTHYTHIX 3€pKajl OCHOBaHbI
UCKJIIOYUTENIbHO HAa  OTUX  3aKOHAaX, MPUHUMUIHAIbHAS
BO3MOKHOCTh MPUMEHEHMS JIMH3 M 3epKasl A (HOKYCUPOBKU
areHTa C JUIMHOW BOJIHBI MUKPOHBI - MIJIJTAMETPBI HE BbI3bIBACT
COMHEHUH.

[Tpu CO3/1aHUU JIMH30BBIX 1703 3epKaIbHBIX
(OKYCUPYIOIUX YCTPOUCTB BO3HUKAIOT MPOOJIEMBI, CBSI3aHHBIE
C HESICHOCTBIO JAHHBIX O KO3(QUIMEHTax MpeloMIICHUs B
BELIECTBE, M3 KOTOPOIO IPEAINONIAracTCsl U3rOTOBUThH JIMH3Y
win 3epkano. Ot koddpdunueHta npeaomieHuss N (paBHOTO
OTHOIIEHHUIO CKOPOCTEM pacHpOCTPaHEHMs] U3IYyYEHHUS B
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BaKyyMe U B BEIIECTBE) 3aBUCST (POKYCHOE PACCTOSIHUE JTUH3BI
f u xodpduument orpaxenuss or rpanunbl cpex K. Ilpu
HOpPMAaJIbHOM MajfeHuu u3iaydenus (yron mageaus ¢ = 0) [76,

T.3, ¢.510]
k=(n-1)%(n+1)°%~(n-1)%4. (3.1)
[Ipu yBenuueHun @  Kod(pPUIIMEHT  OTpakKeHHS

Bo3pactaer u, ecnmu N < 1, mpu yrmax mw/2>@>arcsin(n)
IIPOUCXOJUT IOJIHOE OTPAKEHUE.

Pance Oblia ciemana oreHka Bemuumbsl [N — 1| > 0,01,
OCHOBAaHHAsi Ha CHOCOOHOCTH JU(PPAKIMOHHBIX PEUIETOK
BJIMATh Ha MOTOKM H-usnmyuenus (cMm. pasgen 1.4 gactu 2).
Bnocnencreun ObLIH IIPOBE/ICHBI JKCIIEPUMEHTHI,
MO3BOJIMBIIME IOJY4YUTh Oo0Jiee OINpe/eleHHble JaHHbIE O
BenuunHe  N-1.  BblcokouyBcTBUTENbHAs  (OTOIUICHKA,
HaTSHyTas BJOJb OCH CBETOHEIPOHHUIIAEMOTO HKECTSHOTO
uunuHapa auametpoM 10 cM u anmuHoM 1 M, BeIIep)KUBaIach B
HeM 4 - 5 cyTok. B Xo/1e HECKOIBKHMX AKCIO3UIUI K OJJHOMY U3
TOPIOB NWIMHApAa OBUIM TPHXKATBl pPa3IUYHBIC JIMH3BI.
OOHapy)XeHO, YTO HPU MCIOJIb30BAaHUM JIMH3 C BBIIYKIBIMU
MOBEPXHOCTSMH, a TakKe II0CiIe DJKCHO3UIMM 0e3 JIMH3
IIPOSIBJICHHBIE IUJICHKM OCTaBaIMCh '"4HCTBIMH'. A B Tex
ciydasix, KOrJa K TOPIy IHJIMHIpa OBUIM TPUKATHI JIMH3HI C
BOTHYTBIMH IOBEPXHOCTSIMH, B HEKOTOPBIX MecTaxX IUIEHKU
TIOSIBIISUTHCH PAa3MBITHIE TEMHBIE TIATHA.

PesynbTarhl THUX HKCIIEPUMEHTOB MO’KHO
MHTEPIPETUPOBATH CIEAYIOINUM 00pazoM. B xozne ninurenbHOM
HKCHO3MLIUU BPEMs OT BPEMEHM OCh LIMJIMHJPA OKa3bIBAeTCA
napajienbHoM HampabiieHusM H-usnyudenus. [Ipoxonas yepes
JIMH3Y, TOTOKU (HOKYCUPYIOTCS, B pe3yjbTaTe 4ero oopasyercs
00J1acTh ¢ Pe3KO MOBBIIIEHHOI KOHIIEHTpanuen yactuil. B aToi
00JIaCTH BO3HUKAIOT ()OTOHBI WJIM OeTa YacTHIbI (CM. I1aBy 3
qacTH 2), KOTOpbIe 3aCBEYMBAIOT OJIM3KO PACHOJI0KECHHBIC
yyacTku (otoruieHkd. Dddexkr Habmogaercs TOIBKO MpU
WCTIOJh30BAaHUU JIMH3 C BOTHYTHIMH TIOBEPXHOCTSIMH.  OTO
O3Hayaer, 9T0 KOA(QQUIMEHTHl TMPEJIOMIEHHUS TOTOKa
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(dhokycupyemMoro M3JiIy4deHUs B BemecTBe JUH3BI <l. 3Has
paccrosiHie OT JNUH3BI 10 (OKyca, HETPYAHO pacCUUTATh
BEJIMYMHY N 110 u3BeCTHOH hopmyite [76, T.2, ¢ 591]

(n-1)(A/ry - LUry) = 1/, (3.2)

r7ie Iy U Iz - painycbl KPUBU3HBI IOBEPXHOCTEH JTMH3BL.

Haunygymme  pesynpTaThl  OBUIM  TOJIYYEHBI  MPHU
UCIOJIb30BaHUHU TJIOCKOBOTHYTOM JMH3bI quameTpoMm 11 cm c
paauycoM KpHUBHU3HBI 8,6 cMm, M3TOTOBIEHHON M3 CBHUHIIOBO-
onoBsiHHOrO cmaBa (40% onoBa). BoJNBIIMHCTBO MATEH
MOSIBUWJIOCH HA pacCTOSHUU OT 34 10 43 cM, 4TO COOTBETCTBYET
peiamunHe N ot 0,80 mo 0,85. Heckonbko NATEH MOSBUINCH HA
OOJBIIUX W MEHBIIUX PACCTOSIHUIX. 3HAUMTEIBHBIA pazOpoc
(OKYCHBIX PACCTOSHUI MOXXHO IOHSTh, €CJIM TPUHATH BO
BHHUMaHUE MHOTOKOMITOHEHTHOCTh PErUCTPUPYEMOTO
M3JIYYCHHS - HAJIMYKUE B HEM YACTHII, IBIDKYIIUXCS C pa3HBIMHU
CKOPOCTSIMH Y, BO3MOXHO, MUMEIOIIUX pa3Hble Macchl. SICHO,
YTO IS pa3HbIX KOMIIOHEHT BEJIMYMHA N HE MOXKET OBbITh
OJIMHAKOBOM.

DKCIEPUMEHTHI CO CTEKJITHHBIMU JIMH3aMU TIOKA3alid 4TO
BenmunHa (1 - n) B crekie B 3-4 pasa MeHbIIe, YeM B
CBUHIIOBO-OJIOBSITHHOM CITJIaBe.

Heoano3nauHoCTh BEJIUYUHBI KoddduimeHTa
MPEJIOMJICHHUS, TPUBOJAIIAS K HEOJHO3HAYHOCTH (HOKYCHOTO
paccTosiHus, 3aTPyJIHSET CO3[aHHWE TEJIECKONOB Ha OCHOBE
TUH3; POKYCHOE K€ PACCTOSTHUE B0SHYMbIX 3epKal HE 3aBUCUT
OT BEIUWYMHBI N U TOJHOCTBIO ONPENENSeTCs KPUBU3HOU
noBepxHoCTH (B chepuyeckom 3epkaie f = r/2, rme r - paauyc
KpuBHU3HBI). OT BEMMUYUHBI N 3aBUCHUT JUIIb KOIPDUIIUEHT
OTPaXXEHUsA, M TMOITOMY ONTHYECKUE 3EPKAJIbHBIC TEICCKOIIBI
(petaexTopbl) MOTYT OBITH UCTIONB30BAHBI ISl MCCIIEIOBAHUS
nmoTokoB H-usmydenws, eciau ONTHYECKUE TPUEMHUKH
3aMEHUTh JIE€TEKTOPaMU, YyBCTBUTEIbHBIMU K H-u3nydenwuro.
Xots k03puuueHT orpaxkeHus H-uznmyuenus ot crexia Juis
MEePHNEHAUKYISIPHOTO K OTpaxaroleid MOBEPXHOCTH MOTOKa
uesenuk (cormacHo (3.1), k~ 0,001 npu n = 0,95), mIoTHOCTH
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MOTOKa B (POKANTBHOM TUIOCKOCTH TIPH JOCTATOYHO OOJBIIOM
3epKaj€ MOXET CYIIECTBEHHO IPEBOCXOAUTH IJIOTHOCTb
Hec(hOKYCHPOBAHHOTO TOTOKA. YBEIUYCHUIO K CrocoOCTByeT
W3TOTOBIICHHE 3€pKaja W3 MaTrepuana, OOJIaJaroliero Kak
MOXKHO 0oJiee BBICOKOW IUIOTHOCTBIO (TsDKENoe CTEeKJIo,
meTauibl). Benuuuna K gaxke npu (1 - n) << 1 moxer ObITH
Omu3koil K 1 mpH HCMONB30BAaHUHM 3€pPKal CKOJIB3SIIEro
MaJieHus, aHAJOTUYHBIX  3€pKajJlaM, [PUMEHSIEMbIM B
PEHTTeHOBCKHMX Telieckonax [96]. Buuser num 3ameTHO Ha
BeNIMYMHY K MpUMEHseMOe B ONTHYCCKHX TEJIECKOMax
METAJINYECKOE MOKPHITHE, MMEIOLIEe MaJlyl0 TOJIIMHY IO
CPaBHEHHUIO C JUIMHOM BOJHBI, CYJUTH MOKA TPYAHO.

CnenaeM OLEHKY BO3pacTaHMs IUIOTHOCTH IIOTOKa B
dokyce Teneckoma-pediektopa. Juamerp IEHTpPaIbHOIO
TUQPAKIUOH-HOTO MaKCUMyMa, B KOTOpbI mnomnanaer 83%

MOHOHAIPaBJICH-HOTO U3JTy4CHUS, c(OKYCHPOBaHHOTO
3epKaJioM Teseckona, paseH [106]
d=2,4412/D, (3.3)

rae D - nuamerp gokycupyromero 3epkania,

A - IIMHA BOJHBI (POKYCUPYEMOTO U3ITYUEHHUS.

W3 coorHomenuss (3.3) crienyer, 4YTO TpPEBBIIIEHUE
CpeAHel IIOTHOCTHU MOTOKA M3JIy4eHHs B IIEHTPAJIbHOM IISITHE
(dokyca HaJa IUIOTHOCTBIO HEC(HOKYCHMPOBAHHOTO TIOTOKA C
YUYETOM OCJIa0JIEHUs PU OTPAXKEHUHU COCTABIISAET

y = 0,83k(D/d)? = 0,14 kD*/f°A°. (3.4)

Otcrona cnenyer, 4YTO ACTPOHOMMYECKHH pediexTop
cpennux pasmepoB (D = 1 M, f = 5 m) nmpu k = 0,001
yBEIUYMBaeT B (OKyce IUIOTHOCTb IIOTOKA U3IY4EHHUs C
mmHoit BosmHbl 0,05 MM (BenmMYMHA, XapakTepHas Ul
rajakTuueckoro H-uznyuenus) B 2200 pas.

®opmyna (3.4) noka3bpIBaeT MPEUMYIIECTBO TEJIECKOIOB C
OTHOCHUTEIIBHO KOPOTKHUM (DOKYCHBIM paccTostHueM. OnuH u3
MPUMEHEHHBIX B ONMHMCAHHBIX HUKE DKCIIEPUMEHTaX TEIECKOI
uMeeT TmapabosiMyeckoe 3epKajo JuamMerpoM 22 cM ¢
¢dokycubiM paccrossaueM 10 cm. Cuwuras, 9to KOdhHUIHEHT
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orpaxkeHus ot craimu 0,01, MOXHO OXHAaTh OT TaKOro
TEJIECKOIIa yCUJICHHE B (DOKYCE OKOJIO CTa THICSH.
3HAYUTEILHOTO  BO3pacTaHWs  IUIOTHOCTH  TOTOKA
MOHOHAIPABJICHHOTO H3JIy4eHUs B (OKyce €IIe HEeAOCTAaTOYHO
JUIsL  TOro, 4YTOOBI TEJIECKON CTal paboTOCIOCOOHBIM
uHCTpyMeHTOM. [InoTHOCTH mTOTOKAa B (OKyce JODKHA
MPEBBINIATh  IJIOTHOCTh  MOTOKa  HEC(HOKYCHPOBAHHOTO
W3ITy4eHUs], IPUXOIAIIETO OT BCEX HANPABIICHUH, TaK KaK TOKa
HETIOHSATHO, KakKuM 00pa3oM MOXHO 3allUTHTh JCTEKTOpP OT
¢bona "OokoBbix" moTOoKOB. Kpome TOro, Ttpebyercs
JOCTaTOYHO BBICOKOE YTIIOBOE Pa3pelICHHE TEICCKOIIA.

HeoOxomumMocTh ~ AOCTAaTOYHO  BBICOKOTO  YIJIOBOTO
paspeiieHuss  BBITEKAeT M3 OCOOCHHOCTEH  YIJIOBOTO
pacmpeniesieHdss MMOTOKOB — YacTHIl, JIBHJKCHHE KOTOPBIX
OTIPE/ICIISICTCS TPABUTAIMOHHBIMH TIOJIIMUA. B pesynbrare
IPaBUTALMOHHON (POKYCHPOBKH KOCMHUYECKUMHU OOBEKTaAMH
BO3HHKAIOT OCTpOHAIpaBlIeHHbIC MOTOKU. Ho (hokycupyromme
00BEKTHI TIEpPEePaCIIPEACISIOT MPOXOIANTUE MHUMO HUX MOTOKH
TakKuM OO0pa3oM, 4YTO BOKPYr o0nacTh HeOecHOU cdephl C
PE3KO TOBBIIICHHOHN IJIOTHOCTHIO MOTOKA BO3HUKAET 00JacTh
MOHWKEHHOW TIOTHOCTH (cM. rTiaBy 2.6 wactu 2). Ilpm
HEJOCTATOYHO BBICOKOM YIJIOBOM pa3pelieHud MPUEMHHUK
W3ITydeHUs] B TEJIECKOIE BOCIPHHUMACT YCPEIHCHHBINH IMOTOK
gactull u3 obeux  oOmactedd, B pe3ynbTare 4Yero ero
OTKJINK 3HAYUTEIILHO CHHUKAETCS.

B Tab6aume 2.1 (wacte 2 rmiaBa 2.6) mNpHBEICHBI
3¢ deKkTUBHbBIE KO3 UIIUEHTBI YCUJICHUS IIOTOKOB,
c(hOpMHUPOBAHHBIX B pe3ynbTaTe IpaBUTALIMOHHON
¢doxycupoBku (K,) Ipu yIIoBBIX pa3pelIeHUSX TeIecKonoB 1",
1', 1°. JanHsble, MpPUBEICHHBIE B TaOJIHIlE, TTO3BOJISIOT OLICHUTH
BO3MOXXHOCTh TPUMEHEHHS TEJICCKOIA Il HAOIIOACHHS TOTO
win  WHOTO OoOBekTa. [lpu wWcmonb30BaHMM B TeNECKoIe
JIETEKTOPOB,  00ECHEUMBAIOIIUX YIJIOBOE paspemienue 1°,
HaONllOJIeHWe TOTOKOB, C(HOPMUPOBAHHBIX IUIAHETAMU W
3BE3J]aMHU-TUTAaHTaMH, BPS U BO3MOXHO. [lpu pazpernicHun
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1' MO’XXHO pacCcUMTHIBATh HAa YBEPEHHOE HAOJIOJCHHE ITOTOKOB
OT 3BE3]l, YEPHBIX JbIP, IIAPOBBIX 3BE3JHBIX CKOIUICHUU U
Onurepa. Ilpu pa3pemenun 1"cTaHOBUTCA BO3MOKHBIM
HAOIOZCHNE TaJaKTHYECKHX MOTOKOB, C(HOKYCHPOBAHHBIX
[JIaHETaMU.

VYcuneHnue M30TPONHOIO IMOTOKA TaJaKTUYECKUX YaCTHUI
ConHuem wu3-3a ero Onm3octd K 3emiie  CPaBHUTEIBHO
HeOombIIoe  (MopsIKa 10%. Opnako Ha paccTosiHUU
HecKoNbkux TpaaycoB or ConHua HaxoguTcs o001acTb
BTOPUYHOTO IPaBUTALMOHHOTO yCUJICHUS MOTOKOB,
cOPMUPOBAHHBIX  3BE3aMd H JIPYTUMH  yIaJCHHBIMU
oObekTaMu. JlOTMONMHUTEIBHO YCUJICHHBIE TOTOKU JIOJKHBI
pEruCTpUpPOBATLCS ~ YBEPEHHO, HO  HMX  OOHapyXeHHe
3aTpyqHSETCS KPATKOBPEMEHHOCTHIO BCILIECKOB IJIOTHOCTH
MOTOKa (CM. pasjen 2.6 4acTu 2).

HanomHuio, 4to naHHBIE, 3aHeceHHble B Tadaumy 2.1,
OTHOCATCS K (DOKyCHPOBKE M30TPOMHBIX TIOTOKOB B
MIPEINOIIOKEHUH HEMOIBUKHOCTU (POKYCHPYIOLIETO O00BbEeKTa
OTHOCHUTENIbHO HaOJto/aTeNls U OJMHAKOBOCTU CKOpOCTEN
JBUKEHHS BCeX yacTHll. PeanpHblil HaOMIOAaTENh ABMXKETCS C
3emuieit Bokpyr ConHua co ckopocTeio okono 30 xwm/c, a
boxycupyomue 00beKTh ABIKYTCS OTHOCHTENbHO CoIHIIA CO
ckopocTsiMu ~10 xkm/c u Gonee. DTO MPUBOJIUT K TOMY, UYTO
HampaBlieHHE MPUXO0/1a YaCTHUI] K HAOIIOAATEN0 OTIIMYAETCS OT
"onTrueckoro" HampaBieHUs Ha GOKYCUPYIOIUN OOBEKT.

Kak noxazano B paznmene 2.6 uvactu 2, MOTOK AareHTa,
MIPOLIEIIETO OKOJIO ABMXKYIIEHWCA 3BE3bl, BOCIIPUHUMAETCS
MPUXOASIIUM M3 IBYX HampaieHui. OfHO U3 HUX OJIM3KO K
HaIlpaBJICHUIO HA 3BE3Jy B MOMEHT MPOXOXKIACHHUS MUMO HEe
are’Hra, T.€. MHOIO TBICAYEIETHUN Ha3ad. OJTO HAIpaBICHHE
CWIIBHO, /IO HECKOJBKMX TIpaJycoB, OTJIMYaeTcsi OT
"onTUyeckoro", TPUYEM  YacTUIbl, HMMEIOIIUE pa3HbIe
CKOPOCTH, TNPUXOMAT W3 pa3IWyHBIX HarpasieHui. Bropoe
HampaBlieHWEe, HE3aBUCUMO OT CKOPOCTH areHTta, OJIM3KO K
HAlpaBJICHUIO HA 3BE31y B MOMeHM HAabmooenus (WILTFO3U
MIHOBEHHOCTH PaclpOCTPaHEHHUS]).
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[Tomumo HaONIOAEHHUS OCTPOHAIPABICHHBIX MOTOKOB,
BO3ZHUKAIONIUX TPU TPAaBUTAMUOHHON (OKYCHPOBKE, MOKHO
HaJesIThCsl Ha HAOIIOJACHHE NOTOKAa TalaKTHUYECKUX YacTHII,
UAYIIEro M3 O0JaCTH TaTaKTHMYECKOTO 3KBAaTOpa MEXAy 25 u
155 rpamycamu rajnakTU4eCKOM JOJITOTHI, a TAKXKE IMOTOKOB
YacTHUll, IBUKYIIUXCS B TpaBUTalMoHHOM nose CosHna. OTH
MOTOKHU JOJDKHBI MPUXOJUTH MPEUMYHIECTBEHHO W3 00JacTH
OKOJIO PKJIMITHUKHM Ha paccTosHuu oT 36 no 144 rpanycos ot
Comama (cm. pazgen 2.3 wactm 2). Hx "pasmbITOCTh"
MO3BOJISIET HAJEAThCS HA PETUCTPALUIO JlaXe MpPU HU3KOM
paspemieHun Teneckona. Bo3MoxkHa Takke perucrpanus
HEUTpUHO, TeHepupyembix Ha CoJIHIIE B Pe3yJIbTaTe TEIIOBBIX
COYJIAPEHUH YaCTHULl COJTHEYHOM IJIa3MBl.

2. AETEKTOPBI Ui TEJIECKOIIOB H-U3JIYUEHUSA

[Tpocreiimmii TENECKON COCTOMT H3 (DOKYCHPYIOIIETO
yCTpOiicTBa (3epKajia WM JHMH3bI) U MOMEIIEHHOTO B (OKYC
nerekropa. HWHpopmamms 00 yriioBOM — pacnpeaeieHuu
HCCIEAYEMOIO  M3Jy4YE€HHs]  IOJIy4aeTcss B pe3ysbTare
W3MEHEHUs OpHMEHTAllMM Telleckoma. boisee coBeplIeHHast
METOANKA 3aKJTI0YAeTCSl B PETUCTPALUU  HU300paKeHUs,
BO3HHUKAIOIIETO B (POKAIBHOM TIUIOCKOCTH. Jlnsi peamuzamuu
3TOW METOAMKHU TpeOyeTcs IBYMEPHBIN MPUEMHUK H3ITY4CHHUS.
B »T0#i rn1aBe paccMOTpEHBI TUIBI JETEKTOPOB, CIIOCOOHBIE 6
npuHyune pearupoBaTh Ha H-u3nydenue. YOemuTenbHbIE
pe3yJIbTaThl MOJIYYEHBI MTOKa JUIIb C JIETEKTOpaMHU 0OpaTHBIX
Oera pacrmajos.

JeTekTopbl, HCNIOJIB3YIONINE SAECPHYI0 PeaAKIIUI0 00PaTHOTO
Oera pacnaga
JleTekTopsl 3TOro THUMA, B MPUHIIHUIE, SBJISIOTCS Hanbolee

[IOMEXOYCTOMUMBBIMM, TIOCKOJBKY BCTYNAaThb B PEAKLUIO
obpatHoro ©Oera pacmaza ¢ 0Opa3oBaHHEM 3JIEKTPOHA
(MO3UTpOHA)  MOTYT  TOJBKO  AJIEKTPOHHbIE  HEUTPUHO
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(anTunedTpuHo). Tak Kak MeAJICHHbIE HEHUTPUHO HE MOTYT
JaTh 3aMETHBIM BKJIAJ B JHEPreTHKY SACPHOM DPEAKLUU HU
CBOCH KHHETHUYECKOW DJHEPrueil, HU HSHEpPrueu IOKOs, OHHU
MOTYT pearupoBaTh JHIIb C SApaMH, HE HMEIOIIUMHU
SHEPreTUYECKOro Iopora MO OTHOIIEHHWIO K pacnaay Ha
JoYepHee SApPO H  OJCKTpPOH (MO3UTpPOH), T.e. ¢ Oera
paAMOaKTUBHBIMU  siipaMu.  BplieneHue  3JIEKTPOHOB,
BO3HUKAIOIIUX B pe3ysibTaTe OoOpaTHBIX Oera pacmaaoB, Ha
¢done Oera yacTull, BOSHUKAIOIIMUX MIPU MPSAMBIX OeTa pacnaaax,
KaK yxe ObUTO yKa3aHo B pasjene 3.3 4actu 2, He SBIsIeTCS
CIIOKHOM 3aJadeil, TaKk KaK MX DOHEPrus MPEeBOCXOIUT
MaKCHUMaJIbHYIO SHEPTHUI0 OeTa CIeKTpa.

JleTekTop STOro TUMa COCTOMT W3 MHIIEHHU, COAepKallei
O0era paaMOaKTUBHBIC S1pa, YCTPOHCTBA, BBLICISIOIIETO
HanOoyiee SHEPrHYHBIC DIIEKTPOHBI M PETUCTpaTOpa dSTHX
ANEKTPOHOB. BakHBIM JOCTOMHCTBOM  JETEKTOpa  ATOrO
TUMNA SIBJISIETCS BOBMOXXHOCTh TMPUMEHEHUS MUILIECHEH OYeHb
MajlblX pa3MEpOB, UTO MO3BOJISIET CO3/1aBaTh TEJECKOIbI C
BBICOKHM YTJIOBBIM pa3pelieHueM.

JleTeKTophI ¢ MULIIEHBIO, COAEPIKaLIEeH AeHTepHl

Bwmecto palIrOaKTUBHOMN MUIICHU MPEIIOKEHO
HCMOJIb30BAaTh MHUILIEHb, COJAEPKALIYI0 TSKEIbIA BOJOPOJ,
HaMpUMeEp TOKETYI0 BOAY HIM TsDKENbId moiudTuieH [91].
MennenHble HEHTPUHO BBINOJHSIOT POJIb CBOEOOPA3HOTO
KaTajau3aTopa, IO3BOJISIONIETO  SApy aroma  JAeuTepus
MOTJIOTUTh OPOUTATBHBIN AMEKTPOH (cM. pazaen 3.3 gactu 2).
OOpazyromuiicss AMHEUTPOH OBICTPO  pacmajaeTcss WU
pearupyeT C  OmmKaWImUM  sIApOM.  3aperHCTPUpPOBATH
BO3HHUKAIOIIHME TPH 3TOM TaMMa KBaHTHI WJIM O€Ta YaCTHIIhI
MOXKHO CYETYMKOM [eiirepa WIM WHBIM  JETEKTOPOM
WOHU3UPYIOLIETO U3ITYUCHUS.
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JeTeKkTOpbl HOHM3AMOHHOIO0 (P eKTa

B morokax HEUTPUHO U AHTHUHEHUTPUHO YIbTPAHU3KUX
SHEPruid, BO3MOXXHO, BOSHUKAIOT (POTOHBI C SHEPTHEN, OIU3KOM
K SHEPruM MOKOS 4acTul], 00pa3yoolux 3TH NoToKu. DOoTOHBI
MOTYT BO3HUKATh B pE3yJIbTaTe AHHUTWIALMU HEUTPUHO U
aHTUHEUTPUHO, A  TaKXke B pe3ylbTare  pacnajioB
(o6cyxaroTcss  TMIIOTE3bl O HECTaOMJIBHOCTU HEHTPUHO
[98-100]). Ecmu macca HEWTpUHO (AHTHHEHTPHO) OOJIbINE
HECKOJIbKUX 3B, Bo3HUKaromue yIbTpauOIETOBbIE WIH
MSTKHE PEHTICHOBCKHE (DOTOHBI 0O0IATAI0T MOHU3HUPYIOLICH
CIIOCOOHOCTBIO.

Js  peructpaldyd  BO3HHMKAIOIIEIO  MOHU3ALMOHHOIO
a¢dekra Moryr OBITh  HCIOJNB30BAHBI  Ta30pa3psIHBIC
J€TEeKTOPHI (IPONOPLUOHATIbHbIE, FEUTePOBCKHE UM HCKPOBBIE
CUETYMKH). TBEpIOTENbHBIE AETEKTOPHI (CHMHTHIUIAIIMOHHBIC,
HOJIYyIIPOBO/I-HUKOBBIE) MAJIOIPUTOAHBI M3-3a TOr0, YTO Macca
BELIECTBA, COAEPXKAILErocs B OJUHAKOBOM C ra3opa3psiiHbIMU
J€TeKTOpaMH 4yBCTBUTEIBLHOM 00BbeMe, Y HUX Ha 3-4 nmopsiaka
BbIlIe. Bo CTONBKO e pa3 B TBEPAOTENbHBIX JIETEKTOPAX BBIIIE
apdekt oT pamuanMoHHOro  (QoHa  (PaAMOAKTUBHOCTH
OKpY)Kalolllel cpenbl, KoCMHUYeCKuX Jiyuer). A 3ddext ot
HEHTPUHHBIX TIOTOKOB, €CIM BEPHO IPHUBEJIECHHOE BBIIIE
OOBSICHEHHE, MPOIMOPLUOHANIEH 00bemy YyBCTBUTEIbHOU
o0JIaCTH JIeTeKTOpa M He 3aBUCUT OT Macchl. Iloatomy y
TBEPAOTENbHBIX  JETEKTOPOB  COOTHOILIEHHE  CUTHa/(hoH
3HAYUTEIBHO HUXKE, YEM Y Ta30pa3psAHbIX.

BaxxHo oOTMETHTH, YTO €CIM HMOHM3ALUUOHHBIN 3(PPeKT
JeMCTBUTENBHO CBSA3aH C AaHHUTWISLMEN YacTHIl M aHTUYACTHII,
BennuuHa 3¢ ¢deKTa MpomopIuoOHATbHA K8adpamy TIIOTHOCTH
notoka. CreicTBUEM 3TOTrO JO0JDKHA OBITh 3HAUUTENBHO Oolee
BBICOKAsl OTYETIMBOCTb pPE3yJbTaTOB, IMOJyYaeMbIX MpH
UCTOJIb30BAHUHU JIETEKTOPOB MOHM3AIMOHHOTO 3(ddexra, mo
CPaBHEHHUIO C pe3yJibTaTaMU IPU KCIOJIb30BAHUU JETEKTOPOB,
o0afjaomuX JMHEHHBIM OTKIMKOM (JIETEKTOPHI CHUJIOBBIX
3¢ (HeKTOoB, AETEKTOPHI SAAEPHBIX PEAKIIHIA).
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YerpoiicTBa 1J1s1 HOJIyYeHHs H300pasKeHn i

s mostydeHus: M300paKeHHH HEO0OXOJUM JIBYMEPHBIH
JETEKTOp, pa3MeIIeHHbIH B (DOKAIBbHOM MIOCKOCTH TEJIEeCKOIa.
B npuninune, poiap Takoro JABYMEPHOIO JIETEKTOPAa MOXKET
BBITNIOJHATh 3allUIICHHAs OT cBeTa (OTOAIMYINbCHUS, TaK Kak
IIOTOKM PETUCTPUPYEMOIO H3JIyUYE€HHUs MOpPOXKIAarT Oera
yacTULIbI M, BO3MOXHO, (oToHbl. Ho Ha ycmex MOXKHO
paccuuThIBaTh TOJBKO MPU JUIMTEIbHBIX IKCHO3ULUSAX U IIPU
HCIIOJIb30BAHUU BbICOKOA((hEeKTUBHBIX boxycupyomux
CUCTEeM. DTOT BBIBO/JI CJI€IYEeT U3 OIbITa PabOTHI C TEIECKOIIOM,
B KOTOPOM JI€TEKTOpoM ciyxui1 cuetuuk [‘eifrepa [97]
(omucaHue HEKOTOPBIX U3 ATUX SKCIIEPUMEHTOB JIaHO HIKE). B
CUCTYMKE C YYBCTBUTEIBHBIM 00BEMOM oOKojo 20 MM®
peructpupoBaioch nopsnka 100 ummynscoB B yac. Tak Kak
tonmuHa Qoroamynbeund - okono 0,01 MM, 06beM, paBHBII
YyBCTBUTEJIbHOMY OOBEMY CUETUYMKA, MUMEET (HOTOIMYJIbCUS
miomazso 20 cm?. B boTOAIMYIBCHM Ha TAaKOW IUIOLIAAM 3a
yac Bo3HuKaeT mopsaka 100 ¢oToHOB, CBs3aHHBIX C
perucTpupyemMbiM uznydyeHueM. OueBHIHO, YTO IKCIO3UIMS B
5 (oToHOB /cM? B 4Hac COBEDIUCHHO HEJOCTATOYHA IS
MOJIy4EHUsI U300paKeHHUs.

[lepciekTMBHO  mpuUMeHEHHE  (OTOAIMYIbCUU  JUIS
UCCJIEIOBaHMS IIOTOKOB, NPUXOIALIMX M3 OKOJOCOJHEYHOIO
MPOCTPAHCTBA, TJ€ MPOUCXOAUT BTOPUYHOE YyCUJICHHE
IIOTOKOB YK€ YCHJIEHHBIX 3Be31aMHu. [Ipu ckanupoBaHum 3T0M
obsacTi HeOecHOM cepbl TeneckonoM co cueTuukoM [ eiirepa
MHOTJAa PETUCTPUPYIOTCS BCIUIECKH, B KOTOPBIX CKOpPOCTb
cueTa npeBblIaeT (OHOBYIO 0OJIbILE, YEM HA J1BA MOPSIKa (CM.
cienyromyto riaBy). Takue BCruiecku (pOTOAIMYIbCUS TOHKHA
peructTpupoBaTh HaJexkHO. [loxoxkue pe3ynbTaThl MOJy4YEHbI B
Wucturyre conmHeuHo-3eMHoi ¢usuku CO PAH. Ilpu
JUINTEIbHOW  SKCIO3UMIMU HA 3allUIIEHHBIX OT CBeTa
¢doTomIacTUHKaxX, pa3MeliaBIIuXcs B (POKaIbHOHN IMIOCKOCTH
Bosbioro cojHeyHOro Teneckomna, HaBEACHHOro Ha 00JacTb
BOMM3u CojHIa, MOSABISUINCH BUXpeoOpa3Hble U300pa)KeHHs

[101].
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3HauuTENbHO  0OJee  YYBCTBUTEIBHBIM  JIBYMEPHBIM
JIETEKTOPOM SIBJISIETCS y3K03a30pHas uckponas kamepa (YHK),
B KOTOPO#i (hOTOIUIEHKA MOMEIIACTCSI MEXY AJIEKTPOJaMH, K
KOTOPBIM IIPUIIOKEHO HaIpsDKEHUE, HECKOJIBKO
npeBbllIaroIiee npodoitHoe, mpuieM MexXIy (poTodMyNbcuen 1
OTPULIATENBHBIM JIEKTPOJIOM HMEETCS BO3AYIIHBIA 3a30p
mupuHoi okojio 0,1 MM. O06 3TOM 3amMedaTesIbHOM JIETEKTOPE
pacckazano B pazzaene 1.1 wactu 2. B 3Tom ycTpoiicTBe mpu
KOKIOM aKTe€ PpEerucTpaiud 3JIEKTPOHHO-(OTOHHAS JaBHHA
OCTaBJISIET BBICOKOKOHTPACTHBIA cjell, TOrja Kak IIpH
perucTpalMy HENOCPEACTBEHHO (OTOAIMYJIbCUEH BO3HUKAET
BCETo JIMIIbL HECKOJIbKO '"3acBeueHHBIX" MuUKpo3epeH. Kpome
TOro, YYyBCTBHUTENIbHAas 00JIaCTh B HCKpPOBOM Kamepe Ha
MOPAIOK ToJIIe (OTOAIMYNIbCHH. Takod IETeKTOp, OTHAKO,
CIOCOOCH JaBaTh BeCbMa TIpyOble HW300pakeHUS H3-3a
00JIBIIIOTO pa3Mepa CIE0B OT JIABUHBI.

IIpennoxxeH JBYMEpPHBIM JETEKTOP, OCHOBAaHHBIA Ha
HCIIOIB30BaHUM PeaKIuu oopatHoro Oera pacrana [97, 102], B
KOTOPOM  HCHOJNB3YyeTcs IUJIOCKMH  0OeTra WCTOYHUK U
doTorieHka, mpuyeM Mexay (poTodMynbcueld U UCTOYHHKOM
pacrosoeH MOIJIOTUTENb 0eTa YacTHll, UMEIOIUN TOJIIHUHY
HEMHOI'O MEHbIIIe, YeM Mpober OeTa yacTUIl C MAaKCUMaJIbHOU
sHeprueil. Hanuuue nornorurens nenaer (OHOBYIO 3aCBETKY
OT TMpsMBIX OeTa pacmaJoB HE3HAYUTEIbHOW, TOrJa Kak
3¢ (HEeKTUBHOCTh pErucTpaliy 3JIEKTPOHOB, BOSHUKAIOIIUX MTPH
oOpaTHbIX OeTa pacnajax B pe3ylbTaTe NEHCTBUS MEAJICHHbIX
HEHUTPUHO M UMEIOIINX SHEPTHIO BBILLIE TPaHUIIbI O€Ta CIIEeKTpa,
oCTaeTcs JOCTAaTOYHO BbICOKOM. Bmecto Oera umcrouHuka c
MOTJIOTUTENIEM, BEPOSITHO, MOKHO HCIIOJIb30BaTh MPIKATYIO K
(OTO3MYNBCUH TUIGHKY W3 JIEMTEpPUEBOTO IMOJMATUJICHA, WU
SKCIIOHUPOBATh  (HOTOAIMYIBCUIO, MPOMUTAHHYIO  TSHKENOH
BOJOW. Pearupys ¢ MeUICHHBIMH HEHUTPUHO, JEUTEpHH,
cormacao [91], mopokaaeT akKTHMBHO B3aMMOEHCTBYIOIIHE C
BELIECTBOM JUHEUTPOHBI.

[lepciekTBHO BMecTO (OTOAIMYIBCUU HCHOIb30BATh
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[I3C-maTpunpl, MHUPOKO MPUMEHSIEMBIE B MOCIECIHEE BpPEMS B
KaueCTBC KOOPAUWHATHBIX q)OTOHpI/IeMHI/IKOB HE€ TOJBKO B
¢doToanmnaparax U BUAEOKaMepax, HO U MPU ACTPOHOMHUYECKHUX
HaAOIIOICHUSIX.

JleTeKTOpbI MEXaHNYECKOT0 1aBJIeHUSs

CwitoBbie 3G (eKThI, Kak ObUIO YK€ OTMEUEHO, SIBIISIOTCS
Hanboyiee YHHBEpPCAJBHBIM MPOSBICHUEM IOTOKOB TEMHOMU
MaTepuu B BelecTBe. HO BHICOKOYYBCTBUTEIbHBIE JETEKTOPHI
CHJIOBOTO BO3JEUCTBUA (aKCEIepOMETPhl, KPYTUJIbHBIE BECHI,
MasTHUKH) IPUMEHSTh B TEJIECKOMAxX CIIOKHO, TaK KaK OHH
UMEIOT OOINIbIIME pa3Mephbl, HYXKAAIOTCS B CTAOMIBHOCTH
MOJIOKEHHUS M TPEOYIOT 3alIUThl OT CEHCMHUYECKUX IOMEX WU
BUOpaumii. Otu cinoxkHoctu npeogonen H.A.Kosbipes,
MIOMECTHB KPYTWJIbHBIE BEChl Ha TNPOYHOM (QYHAAMEHTE B
dokyce Kyad TelecKoma, B KOTOPOM H300pa)KEHHE OCTaeTcs
HETOJBI)KHBIM TPH  HM3MEHEHUH OPHEHTAIlMH TEJIECKOIa
[96,106,172]. Pesynbrarsi, nonyueHubie H.A.Ko3bipeBbiM U
€ro I0CJIEJIOBATENsIMU IpU HAONIOACHUAX TEJIECKOIIOM -
pedeKTopoM OYEHb MOXO0XKH Ha TO, YTO JOJHKHO MOIY4aThCs
MIPH PETUCTPAIIMN TIOTOKOB TEMHOW MaTepHH.

006 skcniepuMeHTax, MPOSCHSIONINX MEXAaHU3MBI «padOThI»
KPYTUJIBHBIX BECOB, paccka3aHo B riaBe 5 yactu 2. B
BO3IYIITHOW cpefie TTIaBHBIM sIBIsIeTCs «(IIOrepHbIi 2P derT -
OpHMEHTAINs yKa3zaTellss KOHBEKIIMOHHBIMU TIOTOKaMH BO3yXa.
Ecnu xpyTuiabHBIE BEChl OKPYKEHBI JIOCTATOYHO XOPOIIEH
TETUTOM30JISIIIMEeH WIIM HaXOASTCS B BBICOKOM BaKyyMme, OHH
YyBCTBYIOT BHEIIHHE CHUJIOBbIE TIONS WM  JIaBJICHHE
pacceMBarOlIerocs,  OTPaXaeMoro WM  IOIJIOIAaeMOro
U3ITy4YEHUs.

Ha uro pearupoBanmu kpyTuibHble Bechl Ko3bipesa,
pacrioyio’)keHHble B (okyce Kyad Teneckona? Ha Bo3myiHble
MOTOKHM, Ha JaBjeHHe TMoToka cdokycupoBanHoro H-
W3IYYCHUST WJIA XE€ W B CaMOM Jelie B OJTHX ONbITax

MPpOABJIAIINCH AKTHUBHBIC CBOMCTBaA BpeMCHI/I? IIoka
OJHO3HAYHOI'O OTBE€TA HCT.
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JleTeKkTop ¢ pe3ucTopom

Hpyroii 3K30THYECKHIH JE€TEKTOP, MCIOJIb30BAHHBIA IpHU
actpoHomuyeckux HaoOmoaeHusax H.A . Ko3sipeBbiM — pesucrtop,
BKIIOYEHHBI B MOCT YwuHcroHa [67, 172] (puc. 3.1).
Pesucrop-matuuk pasmemancs B (OKyce TeJecKoma, TpH
Ipyrue  pe3ucropa  pa3Mmemiaiuch ~ BHe  (oKyca B
TEPMOCTAOMIIBHBIX ~ YCIOBHAX. OddeKT 3akioyaics B
W3MEHEHUU COMPOTHUBIICHUS PE3UCTOpa, B pPE3yJbTaTe Yero
paBHOBECHE  MOCTa  Hapylmajioch, W  TaJlbBaHOMETP
peructpupoBan  curdain.  KoseslpeB  yTBepkzan, — 4To
3aperucTpUpoBaHHBIE UM  0[pH  HAOMIOAGHUHM  psAa
ACTPOHOMHUYECKUX  OOBEKTOB  CHUTHAJbl  CBSI3aHBI  C
BO3JICHICTBUEM KOCMHUYECKOTO O0BEKTa Ha COCTOSIHUE BEIIECTBA
(TOKOTIPOBOASAIIETO CI0S  pe3ucTopa) «IOCPEACTBOM
(Gbu3MUeCKUX CBOMCTB BpeMeHW». AHalu3 paboThl  ATOrO
YCTPOWCTBA TMOKa3bIBa€T, 4YTO OOBSICHEHHWE €ro BBICOKOH
YYBCTBUTEJIHHOCTU K BHEIIHUM BO3JCHCTBUSAM HE HYXIaeTCs
B IIPUBJICYCHUU «HOBBIX CYIITHOCTEI.

e Sl Puc. 3.1. Cxema BKIIIOUCHUS
+60 B JaT4YHKa-pe3ncTopa.

Hcnons3oBaiuck MCTAJJIO-

IieHo4YHble  pe3uctopel  OMIIT-

0,125 conpo-tuBnenuem 5,1 kOm ¢

—_—
— MOJIOKHU-TEIBHBIM TEMITEPATyPHBIM
- KO2(-PUIIUEHTOM OKOJIO 10® Ha

% rpanyc. Ha mepBbiil B3rysia, Takon
TEMIIEPATYPHBII K03 puLeHT

o0ecrieunBaeT BBICOKYIO TEPMO-
CTabWIBHOCTh JlaTuuka. Ho mpuMeHeHue BBICOKOUYBCTBH-
TEJIFHOTO  TrajlbBaHOMETPA MO3BOJISIET ~ PETHCTPHPOBATH

M3MeHeHns compotuierns 10, uro mponcxomut yke mnpn
TEMIIEPATyPHbIX U3MEHEHHIX B ThICAYHBIE 0N Ipagyca. bome
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TOTO, O3TOT JAaT4YMK pearupyer Ha Majeilliue JIyHOBEHHS
BO3/1yXa. JTO MPOUCXOAUT MOTOMY, YTO MAJICHBKUM PE3UCTOP
(mmametp 1,5 MM, mmHA 5 MM), KOTJIa K HEMY IPHIOXKEHO
nanpsokenue 30 B, HarpeBaercs no temmepaTypsl Ha 40-50
IpajgycoB BBIIIE OKPYKAIOIIET0 BO3JIyXa. JTO MPUBOAMUT K
BO3HMKHOBEHHMIO OKOJIO PE3UCTOpa TEIUIOBOM KOHBEKIIMH, T.€.
BO3JyIIHOTO TOTOKA, KOTOPbI, B OCHOBHOM, M YHOCHUT
BbIAEIISIONIEECS TeIo. J[BI)KEHHE BO3yXa OKOJO PE3UCTOpa
SBJIAETCS  IJIaBHBIM  (DAKTOPOM,  ONPEHENSIIOIIMM  €ro
Temreparypy. Maneliee U3MEHEHHWE  CKOPOCTH  WJIU
HaIpaBJIEHUs BO3IYIIHOTO MOTOKA MPUBOAUT K 3HAUYUTEIHHBIM
U3MEHEHUSAM TEMIEPaTyphl, a CJIEJIOBATENbHO u
COIIPOTHUBIIEHUS PE3UCTOPA.

Ha uTo pearupoBan Takoil JaTuuK, HOMEUICHHBIN B (DOKYC
KO3BIPEBCKOTO  Teyieckona? MOKHO —MPEANONIOKHTh, YTO
3aperuCcTPUPOBAHHBIM areHT OKa3bIBAaeT IAaBJIICHHE Ha BO3AYX
OKOJIO PE3HCTOpa, YTO MPUBOJIUT K HEKOTOPOMY H3MEHEHUIO
HampaBlIEHUs BO3AYIIHOTO IOTOKA OKOJO PE3UCTOpa, UTO
BJICYET U3MEHEHHE €T0 TEMIIEPaTyPHI.
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3. HABJIIOAEHUE H-U3JIYYEHUS TEJIECKOIIAMUA

C nenblo MPOBEPKHU BBILIEU3IIOKEHHBIX UJEH U pacyeTos,
MOKAa3bIBAIOLINX ITYTH CO3IAHUs TEIECKOIOB JUIsl HAOMIOACHHUS
H-uznyuenust (mpeanoyioXuTeNbHO, IOTOKOB MEUICHHBIX
HEHUTPUHO) OBLIO HM3TOTOBJIEHO HECKOJIBKO KOHCTPYKIIHM,
COCTOSILIMX U3 BOIHYTBHIX 3€pKaj M IOMEIIEHHBIX B UX (OKYCHI
nerektopoB. Hawubonee yOenutenbHble pe3yabTaThl ObUIN
HOJIyYEHBI C IBYMsI (JOKYCUPYIOILMMH 3epKajlaMH: 3€pPKaJIOM ¢
¢dokycHbiM paccrossauem 100 cum pasmepom 15x15 o’
M3TOTOBIICHHBIM W3 CTEKJa "TsDKEeNbId QIMHT", U CTATbHBIM
3epKaJIoM JuaMeTpoM 22 cM, HUMEIOIIUM NapabonYecKyro
MOBEPXHOCTH ¢ pokycHbIM paccrosiHueM 10 cu. Ilpumenenue
TSKEJIOr0 CTEeKJa M CTalM CBSI3aHO CO CTpeMIICHHEM
00eCTIeYnTh BO3MOXKHO Oosiee BBICOKHH KOX(PDUIMEHT
oTpaxkeHHs. IIpuMeHsBIIMECS JETEKTOpbl HMENU pa3Mepbl
Ookoi10 1 mm, 4ytOo  oOecrneyuBaIO YIJIOBOE pa3pelIcHHe
nopsaka 10" mpu ucnonb3oBaHMU — 3epKaa ¢ (POKYCHBIM
paccrostaieM 100 cum w mopsaka 1° mpu UCHONB30BaHUM
3epkaia ¢ pokycHbIM paccrostHueM 10 cu.

JJUIMHHO(OKYCHBIN TeJ1eCKOIl, 0O/ITHOMEPHOE CKAHMPOBaHHE

Jns  perucrtpauuu  CQOKYCHPOBAHHOTO M3JIY4YEHHs] B
Teneckone ¢ ¢GoKycHbIM paccrosiHueM 100 cu mpumeHscs
NeTeKTop oOpaTtHbix Oerta pacmamoB (temeckom  T1).
KoHcTpykiuuss 3Toro aerekropa nokazaHa Ha puc.3.2. bera
UCTOYHUK QOSr-goY, WCITYCKAIOIIUM  OKOJIO 108 JacTHI[ B
CeKyH/y, HAaHECEH Ha MOBEPXHOCTh ATIOMMHUEBOW MOJIOKKU
tomuuHod 1 mm. Co  CcTOpoHBI, OOpalieHHON K
¢dokycupyromemMy 3epkaly, HCTOYHHUK 3aKpbIT CBHHIIOBOU
IUTACTUHOM TONIIMHON 1,5 MM, IIOJHOCTBIO IIOTJIONIAOIIEH
UCIyCKaeMble B OTy CTOpOHY OeTra dyacTuipl. YacTHIlbI,
UCITyCKaeMble B TPOTHBOIOJIOXHYIO CTOPOHY, TOMAJal0T B
GUIBTP, COCTOSIIUK U3 ATFOMHHHEBOU TMOJJIOXKKHU, TUIACTUHBI
u3 cBuHIA TodmuHOM 0,6 MM ©W HECKONBKHX CJIOEB
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amroMuHueBOM Qoisbru. [Ipomenmmue yepe3 GUIBTP YaCTHIIBI
peructpupyrorcs cueryukom tuna CBM-12. Jlnadpparma wu3
CBUHIIOBOM IUIACTUHBI ToJMIUHOW 0,6 MM ¢ OTBEpCTHEM
auaMeTpoM 1 mm  orpaHuyuBaeT 00JacTh MCTOYHHKA, U3
KOTOpPOM YacTHUIIBI MOTYT TOINAacTh B CYeT4YMK. YHCIO CloeB
ATIOMUHUEBON (OJBIU MOAOUPACTCS TaKUM, YTOOBI CKOPOCTh
cdera coctapisiia npuMepHo 100 MMIyIbCOB B CEKyHOy, a
JanpHelIee HapallBaHUE TONIIMHBI HPUBOIWIO OBl K
CHIDKCHHUIO CKOPOCTH CYeTa MPAaKTHYeCKH OO0 (POHOBOM.
OunpTp ¢ 1oAOOpaHHOM  TakuM  00pa3oM TOJIIHMHOU
MPOMYCKAeT K CYETUYMKY MAJOYUCIICHHBIC YACTUIIBI TMPIMBIX
OeTa pacmaJoB C dHEpruei, OIM3KOM K rpaHuile OeTa CreKTpa
0y (2,21 Mp>B), ¥ 3HAYMTENBHYIO HYacTh DICKTPOHOB,
BO3ZHUKAIOIIUX MpHU 00paTHBIX OeTa pacmaaax. Tak Kak 4ucio
YyacTUll MpsAMBIX OeTa pacnazoB B CPEIHEM IPaKTUYECKU
MOCTOSIHHO, ~ PETUCTpalusi  CTAaTUCTUYECKH  JOCTOBEPHBIX
U3MEHEHUH CKOpPOCTH CueTa CBUJECTEIBCTBYET O HaJIUYUU
aKTOB 0OpaTHBIX OeTa pacmajoB, a, CIeI0BATEIbHO, U TOTOKOB
ANEKTPOHHBIX HEUTPUHO. VIMITyJIbCHI CO CUETYMKA MOCTyHaJIn
Ha AaHaJOrOBBIK HM3MEPUTENb CKOPOCTH CYETa CO BpPEMEHEM
MHTETPUPOBAHUSL OKOJIO MMHYTBI, BBIXOJ KOTOPOTO ObLI
MOAKIIOUEH K camomucuy. Bropoll kaHan camonucua
3aMnychIBal OTMETKU BPEMEHHU.

i
b
i‘\m L
w | ..

Puc. 3.2. I[eTeKToop 063)aTHLIX B-pacnagos

1 - B-ucroynuk 905y - 2 - TIOJJIOKKA; 3 - CBHHIIOBBIN dKpaH; 4 -
nadparma; 5 - CBHHIOBBINM (QWIBTp; 6 - anromuHueBas Goinbra; 7 -
cueTyrk [eiirepa
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B nmepBeIX omblTax 3epkalia € 3aKpeIJICHHBIMH B HX
(boKycax IeTeKTOpaMHu KeCTKO (UKCUPOBAINCH OTHOCUTEIHHO
3emun.  OmpezaeneHue  OpUEHTALlMM  OCH  TeJEecKoma
OTHOCHUTEIIFHO CTOPOH CBETAa M BEPTUKAIH MPOU3BOIMIOCH C
norpenHocTbio okono 1°. CkaHupoBaHue HeOecHOH cdepbl
MPOMCXOJWIO 3a CUET CyTOYHOro BpamieHus 3emnu. [lpu
HAOJIOACHUSAX B  OKOJIOCOJNHEYHOW OOJNACTH  JETEKTOPHI
3alIMINAIIMCh OT HarpeBa C(OKYCHPOBAHHBIM COJHEUYHBIM
CBETOM SKpPAaHOM M3 AITIOMUHHEBOW (POIBIU, OTpaKkaroIiel CBET
W TOpO3payHOM AN PETHCTPUPYEMOTO  M3IIyYCHHS.
HaGmonenne IBMKEHUS ONMTHYECKOTO n300paxeHus: CoHIa ¢
MOMOIIBI0 BBOJUMBIX B (DOKATbHYIO IJIOCKOCTH TEJIECKOIOB
CBETOPACCEHBAIOIIMX SKPAHOB MO3BOJIJIO YTOUHSATH JaHHBIC
00 OpUEeHTAIMH TEICCKOIIA.

PaccmoTpuM  HEKOTOpBIE W3  PE3YyJIbTaTOB  MEPBBIX
HaOmonenuid. Ha pwmc.3.3 moka3aHbl (parMeHTHl 3amucei
CaMoIIKCIa, TOMyYeHHbIE IPU CKAHUPOBAHUU HEOECHOH cdepbl
teneckonoM T1.

M/ c
1801 Il é?chooigsme +48°

160+

1404

120 T T T T T T T T T
20 21 22

17.08.93
CknoHeHue +48°

1804 Ij

160

120 T T T T T T T T
20 21 22

Mpamoe BocxoxaeHWe, Jac

Puc.3.3 . ®parMeHThI 3anMcy CUTHAJIA IPH CKAHUPOBAHUK HEOSCHON
cdepsl TeNECKONOM C JeTEKTOPOM 0OpaTHBIX OeTa pacnanos. I -
nepecevyeHne ralakTHIecKoro 9KBaTopa.

Bugno, uyto mnpu mpoxokAeHWH o0sacTd, OMM3KOW K
raJlakTHYeCKOMY  OKBaTopy,  MPOUCXOAMIIO  YBEIHYCHHE
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CKOpoCTH cYeTa, moxomuBiiee no 160 wuwmn/c npu cpemgHei
ckopoctu cueta 130 umn/c. YUuThiBas, 94TO TaKue W3MEHCHUS
MPOUCXOJWIA TPU  MHUHYTHOM  YCpEIHEHHHM  CHUTHaja,
pe3yabTaThl MOKHO MPU3HATH BBICOKO JOCTOBEPHBIMH.

OO6HapyXeHHOE BO3pacTaHHE IUIOTHOCTH IMOTOKAa BOJIM3HU
raJJaKTHYECKOT0 SKBAaTOpa BIIOJIHE COOTBETCTBYET pacueTam
YIJIOBOIO  paclpeiesieHuss  OCHOBHOIO TIOTOKAa TEMHOM
matepun ['amakTuku (cM. paszen 2.2 yactu 2), a TOT QaxT,
910 3(eKT 3aperucTpupoBaH JETEKTOPOM OOpaTHBIX OeTa
pacmazioB, TIO3BOJII€T CAeNaTh BBIBOJ O TOM, 4TO
3apeTrUCTPUPOBAH UMEHHO IMTOTOK ME/JICHHBIX HEUTPHUHO.

Teneckon T2 co CTEKIIHHBIM 3€pKaioM C (POKYCHBIM
pacctositnueM 100 cm u cuerunkom CBM-12 B KayecTBe
JeTekTopa  ObUT  KCIOJNB30BaH  JUIS  HUCCIIEJOBAHUS
OKOJIOCOJTHEYHOM 00JacTh. OTU 3KCIEPUMEHTHI MOJIPOOHO
ornucanbl B padore [97]. Ananu3 uHPOpPMALIUH, TOTYICHHOU B
pedynbrate 50 CKaHUPOBAaHUM, TMOKa3ajdl CTATUCTUYECKYIO
JIOCTOBEPHOCTb BO3PACTAaHUsI CKOPOCTHU CYETa B pallOHAaX OKOJIO
SKIUNTHKH, oTcTosmux oT ComHna Ha 35° u Ha 90°. U3 3THX
MECT, KaK yKa3aHo B IJlaBe 2.3 4acTH 2, JOJDKEH NMPHUXOJIUThH
MOBBIIIEHHBIN TTOTOK YaCTHII, IBHKYIIUXCS B TPABUTAI[IOHHOM
nosie ConHia. DTO MO3BOJISET CAeiaTh BBHIBOJ O TOM, YTO B
paccMaTpUBaEMBIX AIKCIEPUMEHTaX 3apEerHCTPHPOBAH ITOTOK
YacTHUIl, JABIKYIIMXCS B TpaBUTamoHHOM Tmone ComHia
(conneunas HeTpuHOchepa). B OGonee O6mu3koit k ComHily
O0JIaCT aHaNW3 BBIABISIET CTATUCTHYECKH OCTOBEPHOE
BO3PACTaHHE BEPOSITHOCTH PETHCTPALMU KOPOTKHUX BCILJIECKOB
CKOPOCTH CuY€Ta Ha pacCTOSHUAX 10 1-2 rpagycoB OT
Connua, a Takke Ha paccrosHuAX oT 3-4 no 10-11 rpamxycos.
Ot pe3yJbTaThl, B OCHOBHOM, COOTBETCTBYIOT
MIPEJCTaBIICHUSM O PACIPEIeIICHIUH TTOTOKOB TEMHON MaTepHH,
npoxomsmx ~ BOmu3n  ConHIA,  TOJYYEHHBIM  TIpH
TEOPETUYECKOM PACCMOTPEHHH.
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KopoTkogoxkycHble TejieCKONbl, 0JTHOMEPHOE
CKAHHUPOBaHHUE

Bornee sipkue pe3ynbTaThl MOJYYCHBI TPU HCHOJIb30BAHUU
kopoTkodokycHoro teneckona T3 [95] (puc. 3.4). D10 cBsI3aHO
c OoJiee BBICOKOH €ro «CBETOCHJION» (OTHOIICHHE AMaMETpa K
(hOKYCHOMY PAacCTOSHUIO) U 00Jiee BEICOKHM KO3 UITUEHTOM
OTPKEHHSI CTAIHM IO CPAaBHEHHWIO CO CTEKJIOM. B KkauectBe
JIETeKTOpa B KOPOTKO(OKYCHOM TEJECKONE CO CTaJbHBIM
3epkaioM ¢ ¢GokycHbIM pacctosareM 10 cm  (temeckomr T3)
ObUI HCIOJIb30BaH MHHHUATIOPHBIA cueTyuk [elirepa THma
CBM-12, umeromuii 9yBCTBUTEIBHYIO 00JIACTh TUAMETPOM 2
MM W JIUHOH 6 mm. B TEpBBIX SKCIEPUMEHTAX HMITYJIbCHI
PErUCTPUPOBAIUCH  CaMONUCIEM (CKOPOCTh CHETa OOBIYHO
cocraBmsia 0,5 - 1 wmn/mun). B panpHeiimem, cyeTYHK
CBM-12 npumeHsuics B COYETaHWU C MaJOAKTHUBHBIM OeTra
ucrounnkoM °Co  (temeckonm T4), s permcrpaumu
UMITYJIECOB MIPUMEHSIICS] KOMITBIOTED.

Puc. 3.4. Teneckon T3 ( T4)

1 — cranpHOE 3epKao ¢
MapadoINIeCcKOl TTOBEPXHOCTHIO,
2 — cuetuuk ['etirepa (T3) ¢
3aKpeTJICHHBIM Ha HeM OeTa
ncroaHukoMm (T4),

3 — IIaroBbIi IBUTaTEb,

4 — MexaHU3M TIOBOPOTa BOKPYT
OCH CKJIOHEHHUH,

S — YCTPOMCTBO yIpaBiIeHUs
[IarOBBIM JIBUTATEIEM

Ha pwuc. 3.5
NpeJCTaBIeHbl  (ParMEeHTHI
3alMCell CHUTHAJIOB, IMOJYYEHHBIX IPU CKaHUPOBAHMAX C 28
ntois o 4 asrycra 1994r. Teneckon "npocMarpusan’ mnonocy
HebecHol cepnl Mexay ckinoHenuamu 18° u 21°. OTuernuBo
BUJHBI BCINIECKHM CKOPOCTH CUETa, MPOUCXOAUBINKE ¢ 29 mo 2
aBrycTa, OTCTOSIIINE OT MOMEHTa OPHEHTAllMU TEJIECKOIa Ha
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MUHHMaJIbHOE paccTostHue 1o ConHia He Oomnee 1 waca, 4ro
COOTBETCTBYET YIJI0BOMY paccTosHuio 10 15°. B npyroe Bpems
CyTOK, a Takxke 26-28 wurons um mocie 2 aprycta (3a
uckimoueHueMm 19 u 28 aBrycra) 3HAUUTENBHBIX BCIUIECKOB
CKOPOCTH CUETA HE IPOUCXOMIIO.

Oco0OeHHO  CWJIbHBIE  BCIIECKH,  MPEBOCXOJMBIIUE
CPEIHIOI0 CKOpOCTh cueTa Oojee 4YeM Ha JBa TOpPSIKa,
3apeructpupoBanbl 30 wurons u 1 aBrycra. OTH JaTel -
ocoOennbie. COJIHIIE TIPY CBOEM JBMKEHHUH 110 SKIUNTHKE [ 122,
123] 30 wurons mpoxoauT Ha paccTosHum okoio  30'  oT
paccestHHOro 3Be3fHOro ckomieHus M44, a 1 asrycra
MPOUCXOUT OYEeHb TecHOe coefuHeHne ¢ COJHIIEM 3BE3JIbI
dCnc (MuHMMaIbHOE paccTostHHE Mexay neHTpom CosHIa U
3BE3/10M - OKOJIO 2').

E>xenHeBHbIE CKaHHPOBAHUS OKOJIOCOJIHEYHOM 005acTu
MPOJIOJDKAIIMCE, B aBrycTe W ceHrsope 1994 r. Bceruteckw,
MHOTOKPaTHO MpeBocxoauBIINe (HOH, HAOIIOAATUCH TOIBKO 19
u 28 aBrycra. B ot 1Hu 3Be31b1 vV Leo u 45 Leo npoxoauiin oT
uentpa ConHIla Ha PAcCTOSHHUSIX COOTBETCTBEHHO 5' m 7'
Bcemnnecku 19 aBrycra Obuin 3aperucTpupoBanbl Takke B 1995r.
teneckonoMm T3 (puc.3.6) u B 1999r. (teneckon T4).

Ilonyuennvie pe3yabmamol nOOmMeepHcOaom
meopemuyecku  NpeoCKa3aHHvle  8CNIEeCKU  NOMOKO8
MeMHOU Mamepuu npu MmMeCcHOM COCOUHEHUU 36e30 U
Connya 6 pe3yribmame 6MOPUYHOU 2PABUMAYUOHHOU
goxycuposku  Connyem  NOMOKO8,  Nped8apumeibHO
CHOKYCUPOBAHHBIX 8 2PABUMAYUOHHBIX NOAAX 36€30 (CM.
yacms 2, pazoen 2.6.3).
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Puc. 3.5. OparmeHTsl 3amucH CHUTHajla MPU CKaHUPOBAHUU
moJjiocel HeOecHON cdeprl co ckioHeHueM oT 18 mo 21 rpamgycos
KOPOTKO(OKYCHBIM TEJIECKOIIOM CO CHYeTYMKOM [ eirepa. YkaszaHsbl
JIaThl ¥ BCEMHUpPHOE Bpems. MHUHMMaIbHOE YTJIOBOE PACCTOSHHUE 0
Counra (oxoso 1°) B 8 wac 00 MuH.
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I 10 umn/munH 19.08.94

60 -40 -20 0 20 40
I10 UMNAMAH 19.08.95
=- - : e
-60 -40 -20 0 20 40

PaccTosHue ot ConHug, rpagychl

Puc. 3.6. ®parMeHTHI 3aITUCH CUTHAJIA TTPU CKAHUPOBAHUH MOJOCHI
HebecHOH cdepbl co ckinonerneM oT 12 o 15 rpamycos 19 aBrycra
1994 r. u 19 aBrycra 1995 r.

C wmrona 1999 r. mo mapr 2004 r. ocymecTBIsUIOCH
IIPAaKTUYECKH HEMpepbIBHOE CKAHWpOBaHHE HeOecHO cdepsl
teneckonnoM T4, Hcronb3ylOIIMM — CTaJbHOE  3€pKajlo
nraMeTpoM 22 cM ¢ (pokycHBIM pacctosaueM 10 cM, B hokyce
KOTOPOrO HaxoJuiach MHoJocKa (oyibrM M3 KoBapa (CIUIaB
Kenmesa, HHKens M Kobambra), cojepxkamero  °Co,
okpyxaromas cueruuk [eiirepa CBM-12 [3, 4]. Tonumna
crenku cueryuka (0,05 mm) u donsru (0,1 Mm) mocrarouna
JUIsl TIOTJIOLIEHUS 3JIEKTPOHOB MSTKOM yacTu OeTa crekTpa, HO
MajJa s CYIIECTBEHHOTO OCJa0JieHHs] IIOTOKa YacTHIL
KECTKOM YacTH CIEKTpa W AJIEKTPOHOB, BO3HUKAIOMIMX IpPU
oOpaTHbIX OeTa pacragax (MakCUMajibHas »JHeprus Oeta
YaCTHIl, MCITYCKaeMBbIX 60Co, 0,314 M>»g). Tlpoekmus
KOBapoBOW (oibru Ha (POKaNIbHYIO IIOCKOCTh UMEET pa3Mephl
1x2 wad?, MO9TOMY TeJIecKon "BHIUT" y4acTOK HeOeCHOM
chepsr  mpumepro 0,6°x1,2°.  JIust perucrpamnud CKOPOCTH
cyeTa IPUMEHSJICS HENPEPbIBHO pabOTAIOLINI KOMITBIOTED.

Teneckon BHayane ObLJI OPUEHTUPOBAH B HalpaBIICHUH,
OJIM3KOM K BOCTOYHOMY, NMpH (UKCUPOBAHHOM HAKJIOHE Hal
ropu3oHTOM. Bpamasice BMecte ¢ 3emiiedl, TelecKon
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«IIpOCMaTpUBaAl» MOJOCY HeOeCcHOW cdephl MHPHHON OKOJIO
1°. AcTpoHOMHYECKHME KOOPIHMHATHI MecTa HeOecHOU cdepsl,
Ha KOTOpO€ B JIaHHBIH MOMEHT HAlpaBJIEH TEJIECKOII
(CKJIIOHEHHWE U TIPSIMOE BOCXOXKJCHHUE), ONpPEACISUINCh C
HOTPEIIHOCTRI0 OKOJIO 1° TpH MOMONIM ACTPOHOMHUYECKUX
TabIUI 13 HAOIIOICHUH 3a NBIKeHUEeM n3o0pakenus ColHIIa.

OOpaboTKka YCPEOHEHHBIX pPE3yJIbTaTOB IIOKA3bIBACT
OKCIIOHEHIIMAJBHBIN CIa]] CKOPOCTM CcYeTa B XOpOIIeM
COOTBETCTBHH C M3BECTHBIM IEPUOAOM TOJTypaciaia co 5,27
nem  [41] (ecm.  wacte 1, puc. 1.2). Bosbias
MPOJOIDKUTETFHOCTh U3MEPEHUH MO3BOJIMIIA YCTAHOBHUTD, UTO
Ha OTOT MOHOTOHHBIA CIaJ] HAJIOKEHBl PUTMUYCCKHE
W3MEHEHHS CKOPOCTH CUETa C MEePHOAOM 1 200 M aMIUTUTYI0U
0,3 % ot cpeaneit ckopoctu cyera (cM. yactb 1, puc. 1.13).
Kpowme Toro, mHOT1a pEeruCTPUPOBAINCH BEChMA 3HAYUTEIIbHEIC
BCIUIECKH  CKOPOCTH  CYeTa  IPOJOJDKUTEIBHOCTBIO  OT
HECKOJIbKUX CEKYHI 10 HECKOJbKMX 4YacoB (cM. puc. 3.7).
OOHapyXUTh O3TH BCIUIECKH YJIAIOCh TOJBKO Omaromaps
OOJIBIIION JUTMTENBHOCTH TOYTH HEMPEPHIBHBIX  HAOIIOICHHH,
TaK Kak oO0Ias MNpOJODKUTEIBHOCTh 3aperuCTPHPOBAHHBIX
BemieckoB He npeBbinraeT 1/1000 BpeMeHu paboThl yCTaHOBKH.
C wmiona 1999 r nmo mapra 2004 r 3apeructpupoBaHo 49
BCIUIECKOB C TIPEBBINICHHEM CpEIHEro OoJyble 4eM Ha 5
CTaHJApTHBIX OTKJIOHeHUH. IHOr1a yepe3 cyTku HabIr0AaI0Ch
MOBTOPEHHUE BCILTecKoB [23-25].
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50 7 Wunic o
wl Co B Teneckone 1314 mions 1999

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00

5-6 ceHTAbpa 2000

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00

40 1 30-31 mapTta 2001

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00
MockoBckoe neTHee BpeMA

Puc. 3 7 [Ipumepsl 3aperucCTpUpPOBaHHBIX BCIUIECKOB CKOPOCTH
cuera ®Co B (okyce Temeckoma-pedekTopa NpH CKAHHPOBAHUH
HeOecHON cdeprl. HanmeHnbliee yrioBoe pacCTOSHHE MEXIY
HampaBiieHueM ckaHupoBanus u Comxiem B 8:45 MOCKOBCKOTO
JIeTHEero BpeMeHu. D10 paccrosiaue menbine 1° 13.06.99, okono 21°
5.09.00, oxomo 11° 30.03.01.

KopoTkodokycHblii TeecKkon, IByMepHOe CKAHMPOBAHHE

PesynbTaTuBHOCTS HAOMIOAEHUI PE3KO IMOBBICUIACH MPHU
nepexojie OT OAHOMEPHOTO CKAHUPOBAHHUS K IByMepHOMY. [23-
25]. Hns ostoro teneckony (puc. 3.4) ObUIO TNPHIAHO
KosnebaTrenbHOe  JABWXKEHME  MEPHEeHAMKYISIPHO  JIUHHUU
CKAaHMPOBAHHUS, CBS3aHHOM C CYTOYHBIM BpalleHHEM 3eMIlu
(ammuryna 1o 40°, «apsmoit xoa» 5-10 mun, «0OpaTHLINA X01»
30-60 ¢, Bpems Hayasia ®W KOHIIAa OOpaTHOTO XOja
peructpupyercss komnbioTepoM). CranbHoe (QOKycHpyroliee
3epKaJlo C MapaboIMUECKON MOBEPXHOCTBIO THAMETPOM 22 cm
umeeT ¢pokycHoe paccrostuue 10 cm. B Qokyce pacnonoxeH
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0era MCTOYHHK, COCTUHEHHBIH cOo cueTunkoM ['eiirepa Tuma
CBM-12 (amameTp 4YyBCTBUTEILHON 00JacTH 2 MM, AJMHA 6
MM).

B kauecTtBe 6eTa HCTOYHMKOB MPUMEHSIIHCH:

e pompra  tommmuOM 0,1  Mm,0KpyXKaroIas — CUETUHK,
coJieprkaiiasi paauoaKTUBHbBIN %0Co;

e yu mapuk auamerpom 3 wm u3 KoCOs. EcTtecTBeHHas cMech
M30TOMOB Kanus conepxut 0,12% paanoakTUBHOTO K.

Teneckon uMeeT «3IKBAaTOPUATIBLHYI0O MOHTHUPOBKY» - JBE
B3aMMHO TEPICHIUKYJISIPHbIE OCH BpalleHUs, OJHA U3
KOTOpBIX TMapajiebHa OCH BpalleHHs 3eMIId U TO3BOJSET
W3MEHSTh HalpaBlieHUE TEJIECKOIa BA0Jb HEOECHOTO SKBaTOpa
(dacoBoit yrom), a Jnpyras - HM3MEHATh OTKJIOHEHHE OT
HeOEeCHOTo dKBaropa (ckioHeHue). [lepuoanueckoe N3MEeHEHUE
CKJIOHEHHUS  OCYILECTBISIETCS MPU  IMOMOIIM  IIIaroBOTO
JIBUTATETIS.

Nmnynsecel co cuerunka [elirepa mocrynand Ha
JIEUTENIb 4acTOThl. Bpemsi mpuxona UMITYyJIbCOB C JEIUTENS
YacTOTBI € TOYHOCTBIO /IO COTBIX JOJIEH  CEKYH[bI
3aMUCBIBAIOCH B MaMATh KommbloTepa. CKoOpocTh cueTa
ompezessiach Kak oTHoIIeHHe Kodddurmenta nenenns K (T.e.
YUCJIa YaCTHUIl, 3apETUCTPUPOBAHHBIX 32 MEKHUMITYIbCHBIN
UHTEpBaJ) K BEJIMYMHE MEKHMITYJIbCHOTO HHTepBaia [3].
Takoli MeTOI HENpEepbIBHOIO HM3MEpPEHUs CKOPOCTH CHeTa
BBITOJHO OTIWYaeTcs OT OOBIYHON MeTOauKd (U3MepeHHe
yyclla UMIYJIbCOB 3a (PUKCUPOBAHHOE BpPEMs) HE TOJIBKO
OTCYTCTBUEM  MPOMYCKOB  HMMIYJIbCOB U  MPOCTOTOMI
peanu3anuK, HO W  ABTOMAaTHYECKUM  YBEIUYCHUEM
OBICTPOACHCTBUS MPU BO3PACTAHUHM CKOPOCTHU CYETa, YTO UMEET
MPUHIIUIIAATFHOE 3HAYCHUE TPH TPOBEICHUH OIHMCHIBAEMOTO
uccnenoBanus. OObIYHAs CKOpOCTh cueta B cepenuHe 2004
rojia - okoJo 5 umn/c (npu poHoBOM cuete cuetunka CBM-12
nopsaka 0,01 wumn/c), 4yTOo BIEYET TPU MCIOIH30BAHUU
nemurens ¢ K = 256 perucrpanuio nHGOpMAIUU KOMIIBIOTEPOM
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C UHTEPBAJIOM OKOJO MHHYTHL. MHOrga CKOpOCTh cueTra Ha
BpeMs OKOJIO CEKYHJbl BO3pacTaja [0 HECKOJbKHX ThICAY
umn/c. llpm 3TOM, Bpems HaOopa 256 wummyiabcoB (T.c.
HWHTEPBAI MEX]y PETHCTPAIMSAMHU) COKPAIIAIOCh O JIECATHIX
JOJIEH CEeKYH[Ibl, YTO MO3BOJISIET HE TOJBKO 3apPETUCTPUPOBATH
(dakT BCIUIeCKa, HO M TPOCIEIUTh €ro JUHAMHKY, MPUYEM,
OTHOCHUTEJNIbHAsl CTAaTUCTHYECKas OIIMOKa 3aMepOB CKOPOCTHU
cuera (6,2%) ocTaeTcsi HEU3MEHHO.

[TprMepsl MOTYYEHHBIX «M300paKEHUIN» MMOKa3aHbl HA PHC.
3.8 u 3.9. BuaHo, 4TO MIOJOKEHHE BCIJIECKOB B COCEIHHE
CyTKH, B OCHOBHOM, pa3jH4YaeTcsi, HO €CTh W OJH3KHe
COBIA/ICHUS.

60

2.06.2004

30 1

80
3.06.2004

30 1 1

B !
0 3 6 9 12 15 18 21

TpEBBINEHNE cpeiHeii KOPOCTH cUeTa _— I
(CTaHIapTHEIE OTKIOHEHHS) 3 4 5 8 >7

Puc. 3.8. Bcmuiecku ckopocTu cuera %Co IpU  JIBYMEPHOM
ckaHupoBaHun HebOecHOl cdepul 2 uw 3 wrons 2004 1. [24,25].
I'opuzoHTanbHas och — JIETHEE MOCKOBCKOE BpPEMsl, BEPTHKAJIbHAS —
ckimoHeHue (rpamycel). Jwmamazon xaganus 4 - 44 rpanmyca.
JumrenpHOCTh TipsiMoro xoxa 320 ¢, ooparHoro 32 c. M3o0paxenHue
Conana B (okyce Teneckona B 7:56 mpu ckiaoHeHun 23°.
[onoxxenne ConHITA OTMEYEHO 3BE3/I0UKOM.
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60

21.08.2007

30 —

{

60

T T
22.08.2007

* ' —rt ‘\,‘ i

0 3 8 9 12 15 18 21

[pEBbIIEHHE CPEHEH KOPOCTH cuera — I
(cTaHmapTHEIE OTKIIOHEHMUS) 3 4 5 6 >7

Puc. 3.9. Bcuiecku ckopocTH cueta Opu JBYMEPHOM CKaHUPOBAaHUU
HeOecHol cdepnt 21 u 22 aBrycra 2007 r. ['opu3oHTaJIbHAs OCh —
JIETHEE MOCKOBCKOE BpeMs, BEpTHKaJIbHAs — CKJIOHEHHE (IPaaychl.).
Juana3on kadanus § - 34 rpagyca. JIMTeNbHOCTH MPSMOTO XOAa
446 c, obpatHoro 42 c. M306paxenue ConHia B GOKyce TENECKOa B
7:33 npu ckimonenun 12°.  Tlomoxxenwe CoNHIA OTMEYEHO
3BE3JI0YKOM.
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. ) i .

(‘! 3 8 : 9 1; 15 18 21
Puc. 3.10. Pacnpenenenue BcmeckoB “°CO mo HeGecHoit cepe.
000011IeHNe pe3ybTaTOB CKaHUPOBaHUM ¢ Mas 1mo aBryct 2004 r.
[24,25]. BBepxy — B 5KBaTOpHAJILHOM CHCTEME KOOpPANHAT, BHU3Y —
oTHocuTenbHO HemoaBmwkHoro Comama (momokenne ComHIla
oTMeueHO 3Be3noukoi). [lo BepTHKaNbHON OCH  CKIOHEHHE
(rpamychl), 1O TOPWM3OHTAIBHOW IIKale BBEPXYy — MPAMOE
BOCXO)KJIeHHE (4Jachl), BHM3Y - MOCKOBCKOE JieTHee Bpems. 1 dac
coorBercTByeT 15 rpamycam. OTMeueHBl MecCTa BCIUIECKOB C
MIPEBBIIIICHUEM CpeIHEH CKOpOCTH cueTa Oojiee 5 cTaHAapTHBIX
OTKJIOHEHHUH
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Ha puc. 3.10 mokazaHo pacmpeiesneHue BCIUIECKOB IO
HeOecHO# cepe OTHOCHUTETHLHO HEMOIBMKHBIX 3BE3]] (BBEPXY)
U OTHOCHUTENIbHO HemoABmkHOro ConHia (BHH3Y). O000ImeHbI
JTAaHHBIC YEeTHIPEXMECSUHBIX HAOIOICHUH.

Ha Bepxnem wu300paxxenun Ha puc. 3.10 3aMeTHBI
CrylleHus B pailoHax HeOecHOl cdeppl ¢ HpsAMBIMU
BOCXOXJEHUSIMU oL 0KOJIO 4, 12 u 16 uac, COOTBETCTBYIOIIUX
co3Be3ausaM Tenbia, 'oHunx mncos u 3men. B paiione o 2-3
yac n 14-15 yac (oxono co3Be3mmii PeiObl m Bosonaca) He
3aperHCTPUPOBAHO HU OJHOTO BCIUlecka. Ha HmwkKHEM
M300paXEHUM  3aMETHO  CTYIICHHE BCIUIECKOB  BOJIM3H
HampaBlieHus Teneckona Ha CoJHIE 0 YTJIOBOTO PACCTOSTHUS
0k0j10 10° U OTCYTCTBUE 3apErMCTPU-POBAHHBIX BCILIECKOB B
npoMexxyToK BpeMenu 2-5 uac (30°-75°) mepen cOmmxeHremM
OpHUEHTAIINH TeJecKoma ¢ HarnpaBjieHrneM Ha CouHie.

Ha puc. 3.11 noka3zana 3anmuch CKOpPOCTH Cu€Ta BO BpeMs
OJIHOTO M3 KOPOTKMX OJMHOYHBIX BCIUIeCKOB. OOmmas
IIPOJOJDKUTENBHOCTh  BeIIecKa oOkojo 20 ¢, ydacToK cC
Hanbosiee BBICOKON CKOpocThio cueTa (Oombine 1000 wumn/c)
JUIUTCS MEHBIIIE CEKYH/IbI.

10000 ¥ p1vnre 18:55:17,43;

5119
18:55:17,10
2327
18:56:17,21;
1163

1000 +

100 7
18:54 55,35;

11,77

18:55:56,92;

18:54:03,45;
5,56

493

18:57:23,76
478

T /! 18:56:42,95;

18:53:14,23; 18:55:17,48; 627
520 6,49 ’

18:53:00 18:54:00 18:55:00 18:56:00 18:57:00

Puc. 3.11. Berteck ckopoctu cueta °CO, 3aperuCTpHpOBAHHEIN 3
uronst 2004 r. mpu ckionenuu 26° [24,25]. VkazaHo Bpems C
TOYHOCTBIO JI0 COTBIX JAOJIE CEKYHIbI 1 CKOPOCTh CUETA.
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[Ipumenenne B KadecTBe OeTa HMCTOYHHKA K B
€CTECTBEHHOM CMECH H30TOINOB CBA3aHO C W3MEpPEHUEM
HU3KOH CKOPOCTH cueTa, COrnocTaBUMoi ¢ (honom. OTHaKO U B
9TOM CJy4yae 3aperucTpUpoOBaHbl BBICOKO JOCTOBEpHBIE
BCIUIECKH. 3a 4 Mecsiia HaOIroeHUH Mpou301uIo 34 BCIUIECKA,
MIPEBBIIAIOIINX CPETHIOI CKOPOCTh cueTa 0ojiee 4eM BIIBOE.
OnuH U3 HUX MTOKa3aH Ha puc. 3.12.

1000 7 Hunic
E * 12.10_2006
100 5 1
10 5

1 \ -,

P T . A M
0 } } } ' t y
11:00 11:10 11:20 11:30 11:40 11:50 12:00

Puc. 3.12. Ilpumep 3ammcu BCIUIeCKa CKOpocTH cuera UK,
PacHOIOKEHHOT0 B (hoKyce Teneckona-peduieKTopa.

Hakonnennass ~ uHdopmanus — MO3BONSIET  cAENaTh
CJIEYIOIINE BBIBOJIBI.

I. BeposITHOCTh pErucTpalny BCIUIECKA 3aBHCUT OT
OopueHTalMMu Teneckona. Ha HEKOTOpBIX ydacTKax  4HCIIO
COOBITHH, 3apErHCTPUPOBAHHBIX 3a 4 Mecsla HaOMIoACHUH,
nocruraer 0,1 Ha KB. rpaxyc, Torza Kak Ha APYTHX y4acTKax
HebecHON cdeprl 1uomansio 6omee 1000 kB. rpagycoB He
3apeTrUCTPUPOBAHO HHU OJTHOTO COOBITHS.

2. Yucno BCIUIECKOB B CYTKH U KX CBSI3b C OpPHEHTALIMEN
TEJECKONa OJHO3HAYHO HE BOCIIPOM3BOJSATCS, XOTS B
coceHHEe JHHM WHOTJa HaOIIOAAIOTCS BCIJIECKHM B OJM3KHX
paiionax HeOecHOM chephl.

3. JluHamMmKa  BCIUIECKOB BO  BPEMEHM  BEChbMa
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pazHooOpa3Ha. Hamnbomee mpocToit BUJT - OIMHOYHBIE BCIUIECKH
MIPOJIOJKUTEITLHOCTHIO HECKOJIBKO CekyHn. [lpum sToM
BO3pacTaHHE CKOPOCTU CYETAa MOXKET MPEBHIIIATh TPH MOPSAKA.
bonee mmurenpHBIE COOBITHS (MIPOJOIIKUTEIBLHOCTHIO IO
HECKOJIbKUX 4YacOB) COCTOST U3 KOPOTKUX BCIUIECKOB
Pa3IMYHON aMIUIATYIBI CIIOKHBIM 00pa3oM pacrpeiesIeHHbIX
BO BPEMEHHU.

4. Bcruiecku, B OCHOBHOM, MPOHMCXOAST HEMPEICKA3yeMo.
Paccuntath MOXHO TONBKO BpeMs BCIUIECKOB Jis CIIydyaeB
BTOPUYHOU (DOKYCHUPOBKM MPHU TECHOM COCIUHEHUH 3BE3[ U
Conana. BecbMa 3HaYUTENIbHOE YCUIICHHUE TUIOTHOCTH TTOTOKA B
OKOJIOCOJTHEYHOM 00NaCTH MPOUCXOTUT TMpU  COIMKEHUU
3Be3/1bI ¢ IieHTpoM CoJTHIIA 10 YIJIOBOTO PacCTOSIHUS HE Oojiee
HECKOJIbKUX MUHYT.

4. Tlpy HaIUYUK TIJIOTHOM OOJAYHOCTH CTAaTHCTHUECKH
JIOCTOBEPHBIX BCILJIECKOB HE 3apErUCTPUPOBAHO.

5. Pa3MmelieHue Teneckona 3a OKOHHBIM CTEKIOM H
9KpaHUPOBKA AIFOMUHUEBOHN (HONBroil He BIMSIIOT 3aMETHO Ha
PE3yJIbTATUBHOCTH OTBITOB.

4. OBCY/KJAEHHUE ITOJIYYEHHBIX PE3YJIBTATOB

[Tpexne Bcero, BO3HHMKAaeT BONPOC, HE CBA3AHHBI JIU
HabOmonaeMble APQPEKTH C IEHCTBHEM 3aypsAHBIX (DAaKTOpOB,
TaKAX KaK OJJIEKTPOMAarHUTHBIE TIOMEXH, HECTaOWIBHOCTD
MUTAHUS WIK OIyMBI ¥ 1e(DeKThI AJIEKTPOHHOM anmaparypsl. Ha
3TO C BBICOKOW CTENEHbIO YBEPEHHOCTH MOYKHO OTBETHTb
OTPHLIATENIBHO, TaK KaK:

1. Bcruteckn He mpoMCXoauiu, KOrjaa cdeTduk [eirepa
CBM-12, wucnonp3yeMblii B YCTaHOBKAaX, Ha TPOTHKCHUU
HECKOJIBKMX ~ MecsiieB  paboTad  BHe  Teleckoma  (C
paarOaKTHBHBIM MICTOYHUKOM U 0€3 HCTOYHHKA).

2. OJHOBpPEMEHHO C CHTHQJIAMH, MOCTYHNAOIIUMU C
TEJIECKOTIOB, TOT € KOMITBIOTEpP PETUCTPHPOBAT CHUTHAJBI C
ZIPYrOTO PAcTIONOKEHHOTO BHE TENECKOMa TAKOTO JKe CHeTIHKa
CBM-12 ¢ 6era ucrounnkoM “°Sr-Y, moaxmodeHHoro K TOMY
KE CaMOMy UCTOYHHUKY MMUTAHHUS. Berieckos Ha KOHTPOJIEHOM
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CUETYHKE HE OOHAPYKEHO.

3. BcerpewaroTcs COOBITHS, TpU  KOTOPBIX  BCILIECK
pETUCTpUpYETCsT B JIBYX COCEIHUX CKaHaX. MaJloBepOsITHO,
I-ITOGI)I IIOMEXHU WUJInN HeCTaGI/IJ'IBHOCTL amnmnaparypbl TOYHO
CHHXPOHHM3UPOBAIUCH C OPHEHTAIMEN TeIECKOIIa.

4. COMHHUTENIBHO, YTO OTCYTCTBHE IIOMEX MOXXET OBITh
CBSI3aHO C HAJIMYUEM OOJIAYHOCTH.

Bropoii Bompoc: cBs3anbl Habmomaembie 3()QEKTs ¢
U3MEHEHHEM PaJHOaKTHBHOCTH HJIH C MPOIECCAMH B CUCTUHKE
I'eitrepa.  JleWCTBUTENBHO, BCIUIECKM  CKOPOCTH  CYeTa
3aperHCTPUPOBAaHbl HE TOJILKO B O3KCIEPUMEHTax ¢ Oera
UCTOYHHKOM, HO M 0e3 ucTouHuKa. B skcmepumeHtax 0e3
UCTOYHHMKA CKOpPOCTh cueTa Bo3pactama no 10 wwmn/c c
¢donoBoro 3xaueHus okoso 0,01 umn/c (cm. puc. 3.4 u 3.5).
Tak xak (1)0H HUCIIOJB30BaHHBIX CYCTUYMKOB BBI3bIBACTCA, B
OCHOBHOM, paJIMOAKTUBHOCTBIO Marepuana, H3 KOTOPOro OH
U3TOTOBJICH, U B 3TOM ciy4dae 3¢ ekt cBs3aH, MO-BUAUMOMY, C
BIIMSIHHUEM Ha PaarOaKTUBHOCTD. KpaCHOpCLII/IBI)IC
CBHJCTEIBCTBA TOTO, YTO 3apETUCTPUPOBAHBI  MMEHHO
BCIUIECKH PaJIMOAKTUBHOCTH, MOJTYYEHBI NIPU OJHOBPEMEHHOM
UCIIOJIB30BAHUM ISl PETUCTPALIMU BCIUIECKOB JBYX CUETYMKOB
pasHOro TUIla, MHNOAKIOYCHHBIX K PAa3sHbIM HCTOYHHUKAM

nuTanus (puc.3.13).

10000
Umnic 4.06.2005

1000

—=—  Cyerynk CEM-12
- +- Cyerunk BEETA-1

e 4 === S, PO

1

9:55 B:Iﬁﬁ 9:57 9:58 9:59 10:00 10:01 10:02 10:03 10:04

Puc. 3.13. OnHoBpeMeHHas perucTpanus BCIIeCKa CKOPOCTH cueTa
Co nByms cuerumkamu [eiirepa [24,25]. mnuaapudeckuii

cueTuruk CBM-12 pacnosnoxeH psaoM ¢ HCTOYHUKOM, HAXOASIIUMCS

B (OKyce TesecKoma, TOPIOBbIi cueTunk «bera-1» pacnosioxkeH Ha

paccrosiHuM 1,5 cM OT UCTOYHUKA.
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Tperuii Bonpoc: NEUCTBUTEIBHO JIM BCIUIECKH SIBIISIFOTCS
pe3yabTaTOM peakiivii oopaTHoro 6eTa pacnaja, Mpu KOTOPBIX
MOSIBJISIFOTCSL  DJIGKTPOHBI € HDHEPrUeil BhIIIE MaKCHUMAaJbHOM
SHEPIMM YaCTHIl, BO3HHUKAIOMIMX IPH CIOHTAHHBIX Oera
pacnanax? Ha HEero MoxHO OTBETHTh YTBEPAMUTEIBHO, TaK KaK
OTYETIMBOCTh HaOMogaBIIUXCS S(PPEKTOB BO3pACTaeT MpHU
YBEJIMUYEHUU TOJIIMHBI (GUIBTPA, OTCEKAOLIEro OeTa YacTUIIbI
HU3KUX SHepruil. OCOOEHHO HArJISHO 3TO JEMOHCTPUPYIOT
9KCIIEPUMEHTHI ¢ TeleckoroM T6, B ¢okKyc KOTOpPOro ObLI
moMemeH  ucrousuk  °Sr°Y  [187-189].  CrambHoe
doxycupyroiee 3epKaio AHaMeTpoM 22 ¢M UMeso (OKyCHOe
paccrosuue 10  cm.  Hcmyckaemple  OeTta  4acTHUIIBI
PETUCTPUPOBAIUCH JIETEKTOPOM, COCTOSIINM u3
CTHJIbOGHOBOTO  CIMHTWUIATOPAa W Tak  Ha3bIBaeMOIO
«kpemuueBoro @OV (puc. 3.14) Takoi AETEKTOpP MO3BOJISET
HE TOJBKO CYMTATh YACTUIIBI, HO U OMPEAEISATh MX DHEPIHIO.
DJNEeKTpOHHAsI CXeMa TO3BOJIIET MPOBOJIUTH PETUCTPALUIO TI0
IByM KaHallaM. B nepsom perucTpupoBaUCh UMIYIbCHI OT
YacTHI] OYTH Bcero OeTa crekrpa. [lopor muckpuMuHaIKU BO
émopom KaHaje MOJHAT 0 BEJIHYUHBI, TIPU KOTOPOH CKOPOCTh
cueTa Ha TPU TOPSJIKAa BEIIMYMHBI MEHBIIE CKOPOCTH CUeTa B
NepBOM KaHajle, HO HaMHOro OoJjbiie (oHOBOro cuera 0e3
WUCTOYHHKA. B 9TOM KaHaiie B OCHOBHOM PErHCTPHPOBAJIHCH
O6era yacTHIbl, UMEIOIIME SHEPrHI0O BBINIE TPaHUIBI Oera
cnekrpa 2,3 MaB.

VeHIHTENE

3i- DIV cmubleH 00 ¢, 907
JBa AHCKpHMHHATOPa S1- @Y SroY

NI

Puc. 3.14. YcrpoiicTBo aerextopa ams teneckomna T6.
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Ha puc. 3.15 noka3an (parMeHT 3amvcu CUTHAJIOB B 3THUX
IBYX KaHanmax. B o0omx KaHajmax BHIHBI COBMAJAIOIIUE IO
BPEMEHU BCIUIECKH CKOPOCTH cyera. llpudem, BeTUYMHA STHUX
BCIUIECKOB B KaHalle, I/Ie PErHCTPUPYIOTCS YAaCTHIBI C
SHeprueH, OJM3KOW K TPAHUYHOM, MPUMEPHO PaBHA BEIUYHHE
BCIUIECKOB B KaHaye, i€ PErHCTPUPYIOTCS YACTHIBI 8Ce20
CIeKTpa. OTO yKa3blBaeT Ha TO, YTO B XOJE HCCIEIYeMOTO
s deKxTa BO3HUKAIOT YACTHUIIBI, UMEIOIIUE YHEPIUI0, OIM3KYIO
K TpaHUYHOW, a HE «pa3Ma3zaHHBIN» CHEKTp, MPUCYIIHIA
oObIYHOMY OeTa pacmamy.
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MWW‘*WWAW " medhwnu

MY Beck cnekTp
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1)
31012 [URER 02.11.12 03.11.12 041112 05.11.12

1000
Wmnic I
+- 4% SrY XBOCT crekTpa

100

e~ L. L

311042 112 02.11.12 031112 04.11.12 0s.11.12

°c TemnepaTypa okono AaT4Hka

311012 01.11.12 02.11.12 03.11.12 041112 05.11.12

Puc. 3.15. ComocraBneHre BCIIIECKOB CKOPOCTH CYETa IpH
Pa3IMYHBIX YPOBHIX MUCKPHUMHHAIIMU. BBepXy: CKOpOCTh cuera ¢
HU3KMM YPOBHEM JMCKPUMMHALMHU. Peructpupyrorcs Nodtd Bce
YaCTHIIBI, TTOTIABIINE B IETEKTOP. BHM3Y: CKOPOCTH cUeTa ¢ BHICOKHM
YPOBHEM TUCKPUMHHALUU. B OCHOBHOM PErHCTPUPYIOTCS YaCTHILIBI C
SHEPTUsIMH  BBIIIE MaKCHMaJbHOW OJHEPTUM CIOHTaHHBIX OeTa
pacmamoB. Ilo ropm3ontamsHOM ocu matel 2012 1. IlmaBHBIC
W3MEHEHUS BBI3BAHBI pEakUWell anmapaTypsl Ha HW3MEHEHHE
TEMIIEPATYPHI.
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DKCIIepUMEHTHI ¢ TeneckonoMm T6 emie pa3 moka3bIBAOT,
YTO BO BpEeMsl BCIUIECKOB MPOUCXOAUT He UHMeEHCUDUKayusl
00blYHO20 «TIPSAMOTO» O€Ta pacranga, a MPOTEKACT s0epHas
peaxyusi muna «oOpaTHBI» OeTa pacmaa, B pe3ylibTaTe
KOTOpOM TIpU  B3aUMOJICUCTBUM HEUTPUHO C  sApamMu
BO3ZHUKAIOIINE AJIEKTPOHBI HE PACHpPENENICHbI MO CIEKTPY, a
UMEIOT (PUKCUPOBAHHYIO SHEPTHUIO.

WrTak, perucTpupyeMblii OINKMCBHIBAEMBIMU YCTaHOBKAMH
areHT o0Ja/aeT CleAyIUMU CBOICTBAMH:

1. CnocoOHOCTbBIO BIUATH HA O€Ta PaIMOAKTUBHOCTD

2. CnocoOHOCTBIO 3epPKAIBHO OTPAXKaThCS OT TIATKUX
MMOBEPXHOCTEM

3. MoHOHanpaBIeHHOCTHIO, YTO HEOOXOUMO IS
(hOKYCHUPOBKHM MapabOIMIeCKUM 3EPKATIOM.

[TonydyenHas BO BpeMsl JKCIEPUMEHTOB HH(OpMAIIHS
MO3BOJISIET CAENaTh U JPYTUe BbIBOJBI O CBOWCTBAax areHTa.
J171s Hero xapakTepHbI:

4. CunbHasi ”3MEHYMBOCTh BO BPEMEHU U 110 HAIIPABIICHUSM;

5. HepaBHOMEPHOCTB pacnpeeeHNs] BEPOSITHOCTH

perucTpanmy BCIJIECKOB IO HEOECHOH cdepe;
6. HecriocoOHOCTh MPOXOAUTH Uepe3 MIOTHBIE 00J1aKa;
7. CiocoOHOCTH MPOXOJIUTH YEPE3 CTEKIIO U aIFOMUHHUH.
3aMeTuM, YTO CBOWCTBA 2-7 PETHCTPUPYEMOIO areHTa

aHAJIOTUYHBl TOMY, 4TO HaOJIOJald MNpPU ACTPOHOMHUYECKHX
uccnenoBanussx H.A.Ko3slpeB u  ero mocienosareny,
HCIOJIb30BABIIUE TEJIECKOM-PeQIIEKTOP C IOMEUICHHBIM B
(boxyc pe3ucTopoMm B KadecTBe AeTekTopa [67-73]. HamomHio,
yro H.A.Ko3plpeB u ero mocrnenoBarenu, OOHapyKWUJIH, YTO
KOOPAMHATHI 3B€3]1 U "MCTOYHUKOB'" U3IIyUYEHHUs], KaK MPABUIIO,
pa3nuyarTcs, a B 3alMCSIX CUTHAJIOB YacTO HAOMIOAAIOTCS He
OJIUH, a JBa-Tpu nuka. lcuesHoBeHue "HMCTOYHUKOB" MoOCIHE
nepepriBa B HAOMIOJEHUSIX MOKHO OOBSACHUTH U3MEHEHHEM UX
MOJIOKEHHUsT Ha HeOecHO#l cdepe M3-3a U3MEHEHHUs CKOPOCTH
HaOo1aTeNsl OTHOCUTENBHO (DOKYCHPYIOIIEro OObEeKTa MpH
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WU3MEHEHHH NOJIOKEHUS 3eMJIU OTHOCUTENbHO COMHIIA.

[Ipenmonoxxenne o TOM, uTO Teneckonbl Ko3blpeBa
PETUCTPUPYIOT C(HOKYCHPOBAHHBIE MOTOKHM TEMHON MaTepuH,
OoOBSICHSET U BBIBOABL, clenaHHble Ko3blpeBbIM  mpu
CUCTeMAaTH3allMid  TOJYyYEHHBIX  pE3yJIbTaTOB:  OCOOEHHO
cuibHbIe 3()(EKThl 0T CBEPXIUIOTHBIE O0BEKTHI  (Oernbie
KapJuKH W  PEHTICHOBCKUH  HUCTOYHHMK Jlebeob  X-1,
SIBJISIFOLUACS Y4epHOUM JbIpoii). CBEpXTUIaHThl U TUTAHTHI HE
naroT 3aMeTHBIX 3¢ddexToB. [lnaHeTsl HE MAIOT OTYETIIMBBIX
3¢ dekToB.

O6parsce k Tabaume 2.1 (d4acth 2) Jerko yOeaWThCS B
XopoleM cooTBeTcTBUM HabOmoneHuit KoselpeBa pacueram
3G GEKTUBHOCTH TPAaBUTAMOHHONW (POKYCHPOBKH PA3TUYHBIMU
KOCMUYECKUMH OOBEKTaMU TaJaKTUYECKHX MOTOKOB YaCTHII
CKPBITOM MaTepHH.

MoOXHO NOHATH U OTMEYeHHOE KO3BIpEBBIM OTCYTCTBHE
3¢ (}eKToB Mpu HANMYUU TUIOTHBIX 00JakoB. Pasmep kamenb B
o0jakax MO MOPSIKY BEJIMYUHBI COBMANAET C UIMHON BOJHBI
perucTpupyemMoro  usiydeHus. Takas cpenga  sIBISETCS
3¢ (HEeKTHBHBIM paccenBaTEIICM.

Bce »53T0 paer ocHOBaHMsS IS MPEANOJOXKEHUS 00
UJCHTUYHOCTU areHTOB, PErMCTPUPOBABUIMXCS B HALIMX U
KO3BIPEBCKUX dKcnepuMeHTax. Crenyer OTMETUTh, 4TO
HaXOXXJCHUE  abTEPHATUBHOTO OOBSCHEHUS  HEKOTOPBIX
3¢ deKxToB, NMpUUUHONH KOTOpbIX KO3BIpeB cuuTan aKkTHBHBIE
cBOMcTBa BpeMeHHM [67], He ompoBepraeT 3Hau€HHE HJEH
Ko3sbipeBa. DkcnepuMeHTanbHOE MOATBEP)KIECHUE ITHX HIEH
Jal0T, HAIpUMED, ONBITHI ¢ rupockonamu [68, c. 278-285] u,
BO3MO)XHO, HEKOTOpbIE SIBJICHHUS, ONHUCAaHHbIE B 4acTU 4 3TOM
KHUTH.

Takum 00pa3oM, eCTb OCHOBaHHMS Ul BBIBOJA O TOM, YTO
IIOTOKH YacTHUI] TEMHOM MAaTepUH, KOTOPBIE B TIOCIEIHNE TOJIBI
0e3yCIleNIHO  MBITAIOTCS  3apEerUCTPUPOBATH  MHOXECTBO
UCCleIoBaTeNe,  MCMONb3ysl  JIETEKTOpbl  BbICOYANIIEH
qyBCTBUTEIbHOCTH  [50], maBHO  yxe  oOHapy>KeHbI
H.A Ko3bipeBbiM. WX Heyaauum He yIUBUTENbHBI, OO HILYT
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OHU He mam W He mem, OTBOpAYHBasIChb OT PCE3YyJIbTaToOB,
IIPOU3BOJIbHO IIPU3HAHHBIX HaquOﬁ CpEChIO.

* k% %

3akaHuMBasE M3JI0XKEHUE PpEe3yJbTaTOB MCCIEAOBAHUN
HEXJIaHHO OOHapykeHHoro H-u3myueHus, KoTopoe Tenepb
BIOJIHE YBEPEHHO MOXHO OTOXIECTBUTh C HEUTPUHHOMU
KOMIIOHEHTOM TEMHOM MAaTepuu, OTMETUM CJIEAYIOIIEE.
HccnenoBanust CKpbITOM Macchl (TEMHOM MaTepHH) OYEHb
JIOJITO TIOCJIE€ €€ OTKPBITUS IPEACTABISIM HMHTEPEC JIUIIb
JUIS ~ acTPOHOMOB, KOCMOJIOTOB W  JIIoOWUTeNei Hay4dyHOU
9K30THUKH. B nociaenHue roapl, 1ociae  HAKOIUIEHUS
“KPUTHYECKON Macchl” 3HAHUM, CTaJlO MOHATHO, YTO 3TO - HE
MpPOCTO  HEYJIOBMMas  CyOCTaHLUA, pacTBOpEHHas B
OecripeienbHOM BeeneHHOM, YTO OHA - BAXHBIH HOCHTEIb
cBszeil Mexay buocdepoit u Kocmocom.

Teopetnueckue pabOTbI U TMONYYEHHBIE  HEIAaBHO
SKCIIEPUMEHTAJIbHBIE  pe3yJIbTaThl  BBIABWIM  Ooratoe
MHOT00Opa3ue CBOWCTB TEMHOW MaTepuH, HEKOTOpbIe U3
KOMIIOHEHTOB KOTOpOH  (NpeXJe BCEro — MEJICHHBIE
HEHUTPHUHO) MOTYT BIIOJIHE OLIYTUMO B3aUMOJEHCTBOBaTH C
BEILIECTBOM, a BO BPEMsI BCILUIECKOB BO3ACHCTBHE UX MTOTOKOB
Ha 1pouecckl B Ouochepe MoxkeT ObITh  BecbMa
3HaYUTeNbHBIM. [IpuBieyeHrne Kk OOBSICHEHHI0 KOCMO3EMHBIX
CBS3€M, Hapsily C JpYyTMMHU areHTaMu, TEMHOH MaTepuu
OTKpPBIBAET BO3MOXHOCTU ISl OOBSACHEHUS NMKIMYHOCTH
COJJHEYHOM aKTHBHOCTH, JYHHBIX pPHUTMOB B  (PHU3UKO-
XUMHUYECKUX M OHOJIOrMYECKHUX IMpoleccax, 3aBUCUMOCTU
psga 3€MHBIX MPOLECCOB OT PACIOJOXKEHHS IUIaHET,
raJJakTHYECKUX PUTMOB B 6uocdepHbIx npoueccax. Koneuno,
U3JI0’KEHHBIE UIEU O POJIM TEMHOM MaTepUH B KOCMO3EMHBIX
CBA3SIX - TOJIBKO MOAXOABl K PEIICHHUI0 ITOW BaKHEWIIEH
npoGsiemMbl, TpeOyromue  MpPOBEPOK U pa3BUTHSL.
OTKpBIBAIOTCS IIUPOKHE BO3MOXKHOCTHU U1 HHTEPECHEHIIINX,
uMermux (QyHIaMEeHTaIbHOE M NPAKTUYECKOe 3HAYCHHE
HCCIIE0BAHUM.
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YACTDb YETBEPTAA
TAM, I'’E PU3UKA BECCUJIBHA

Bcnomunaro 1mikonbHBIE TOOBI. B Hamel goMmariHen
oubnmoreke ObuM )XypHaisl "[lpupona u moau" 3a 1911 rog.
S nepenucThIBal  MOXEITEBIIME JIUCTHI, PacCMaTpUBAI
KapTUHKHU, YUTal, CHOTHIKAsCh Ha CJIOBaX C HEMPHUBBIYHBIMU
OykBaMH, paccka3bl O JaJleKUX CTpaHaX, JIUKOBHHHBIX
KUBOTHBIX, a’poIUIaHax, OeCpoBOAHOM Tenerpade, paauu u
nydax Pentrena. Bce 3To ObLI0 HEOOBIYAWHO YBIIEKATEIBHO,
HO HE YJIMBHUTEIBHO: OTKPBITHS, CIEJIaHHBIC B Hayaje BEKa, B
CepeMHEe BEKa YK€ CTald MPUBBIYHOW Cpenol oOuTaHus
yesoBeka. JIuib o/1Ha cTaThs AEHCTBUTEIBHO NTOpaXxana CBOen
HeoObIYHOCThIO. B Hell paccka3piBalioch 0 Mepelaronux
MBICITH "MO3TOBBIX Jiydax', 00 ombiTax npodeccopa bexTepena
u nokropa Kortuka, o 3aragounbix N-Iy4yaX, OTKPBITBIX
¢bpanmyzom brongno. MHTepec k HEOOBIYHBIM (eHOMEHaM
pasropencs C HOBOM CHJION, KOrja S MpPOYUTAT  KHHUTY
Jl.BacunbeBa  "TamHCTBEHHBIC  SBJIICHHUSI  YEJIOBEYECKOM
TICUXHUKH".

[Tponuto 20 ner. S 3akoHYMI MOCKOBCKMI MH)KEHEPHO-
¢dbuznueckuif  MHCTUTYT, paboTan, HCcleAys CBOICTBa
WOHUBHPYIONIUX  M3JIyYEHUW,  3allUTWI  JUCCEPTAIMIO,
MPOYUTA] MHOKECTBO KHHUT M cTareil. B HayuHol nuteparype
npobyieMa 3araJlouHbIX (PEHOMEHOB MTHOPUPOBANACH, U JUIIb
WHOI/Ia 3Ta TeMma 3aTparuBajliacb B HAyYHO-TIOMYJISPHBIX
KypHajax. Nutepec K  3araJloyHeIM dbenomeHam,
MOPOXKIAEMBI  CKYAHOCTBIO ~ HMH(OpMAINUM,  Pa3KUTAICH
ciyxamu o ¢eHomene KynarmHoii, 0 TAMHCTBEHHOM JIOME Ha
dypmaHHOM mepeyinke, o naboparopuu ['ynsesa u ['oauka, o
TeJIEMaTUYECKOU CBS3U C MOABOAHOM ojkon "Hayrummyc".
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1. IIEPBBIE UHTPUI'YIOIIUE OIIbITHI

B 1981 r. mMHe mnpeactaBwics ciy4all yIOBJIETBOPUTH
MHCTHUHKT uccnenosarens. S Bcrperun Muxawna Hukonaesa, ¢
KOTOPBIM MBI HEKOTOpOE BpeMsi paboTaii B OAHOW Hay4dyHOU
rpyIre, HO MOTOM HAIlld ITYTH Ha HECKOJIBKO JIET Pa3OLUIKCh.
BoisicHunoces, 4to 3TO0 BpeMsi Muxausl MOCBSITHII OCBOCHHIO
I30TEPUKH U PA3BUTHUIO IKCTPACEHCOPHBIX CIIOCOOHOCTEH. MBI
penmi  OObEIMHUTHh HAIIM BO3MOXXHOCTH M B 1981-1983
rojax TMpOBEIM MHOXECTBO OIBITOB, MMEBIIUX [EJIbIO
MIPOBEPKY peaTbHOCTH (PEHOMEHOB M YSICHEHHE UX XapaKTepa.

Oco0eHHO MHOTO OBLTIO 3KCHEPUMEHTOB MO H3YYECHHIO
aypbl  pa3nu4HbBIX  00bekTOB. McciemyeMble  OOBEKTHI
MOMEIIATNCh B OJMHAKOBBIE KOPOOOYKH; BO  BpeMs
IIPOBEJICHUS OIBITOB AKCIEPUMEHTATOp HayraJ JOCTaBall OJHY
13 KOpOOOUYEK U CTaBHII €€ Mepej SKCTPACEHCOM (KOTOPOro B
JalbHEWIIeM  Juisl  Haykomoiobuss  OyzaeM  Ha3bIBaTh
"omepaTopom"), 3amMchIBan cooOIlIeHHE omepaTtopa 00 aype,
HyMEpPOBaJI KOPOOOUKY M COOOIIEHHE, MOCIe YeTo MpoIeaypa
MOBTOpSUIACH ~ CO  CIEAYIOUIel  KOpOOOUYKO. Ceanc
3aKaHYMBaAJICS Tociie 00cien0BaHus 4-5 00BEeKTOB U3
noJrotosiaeHHbIX 10-12, mocne yero KOpoOOYKH BCKPBIBATIH U
COTIOCTABJISITU X COJIEP’KUMOE C COOOIIEHUSMU OIepaTopa.

KopoTko omuiny monydeHHble pe3ynbTaTthl.  Becbma
BBIPA3UTEIbHBIE ONIYIICHUS Y ONlepaTopa BhI3bIBAJI CTAPUHHBIN
cepeOpsiHBIN  pyOsb:  "KOpHUUHEBOE, TsDKENIOe, HeXOopollee,
ucrovaer 350", "oCTaBiseT KpaliHe HENMpHUsATHOE OllylleHue",
"aKTUBHOCTh OTPHUIATEIBHOTO CBOWCTBA, YTO-TO HEMPHUATHOE"
(mpu »TOM, IUIaCTUHKAa M3 OTOXOKEHHOIo cepedpa jaaBalia
crnaboe omrymenue "nuddysHoro xenroro crera'"). Kenesnsie
U CTalbHble WU3Aenus JaBaiud cialyi aypy, CBHHEl
BOCIIpUHUMAJICS Kak '"Hedro OnecTsiiee, MOJ00HO KYCKY

" 90 239
cTekna", ¢ paIuOaKTUBHBIMH UCTOUYHUKAMK ( Sfr U PU) ObuIH
CBS3aHBI COOOIIEHWs THUMA '"HUYEro MpHMeYaTeabHOTro",
oOpa3zer] ypaHa BOCIIpUHUMAIICS ""OTHEHHO-SIPKUM, CBETSIIIUMCS
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albIlM IIBETOM, C JKEITOM TOJIOCKON BHYTpH', MarHuT
OIlYIIAJICA HE OYEHb CHJIBHO, MPUYEM CEBEPHBINA TOJIOC
Kas3aJicsi CBETSAIIMMCS KPAaCHBIM LBETOM, a IOXHBIN - TOJIyObIM.
Spkyto U KpacouyHyl aypy B BHUAEC I'€OMETPUYECKHX (UTYD
00pa30BBIBATIN MOHOKPHCTAILIIBI KBapla, KpEeMHUS,
WCIAHACKOro Immarta, hogucroro Hatpus. CuiabHyIO aypy
Oeioro 1BeTa, "B3aMMOJICHCTBYIONIYIO C TIOJIEM dYelloBeKa',
naBan 3ariecHeBeBImid xied. [Toxoxyro, HO Oornee crmabyro
aypy JaBalli CyXue IMIIEHUYHbIE 3€pHa, a IpOopacTaollne
3epHa BBI3bIBAIM  HEOIpe/AeJeHHbIe oulynieHus. Barta
nmproOperanga aypy 4eJIoBeKa, y KOTOPOro oHa moObiBasia. B
o0miem, pe3yabTaThl NOTYYalIUCh YIUBUTEIbHBIC, U UX MOXKHO
Obul0 OBl CUMTAaTh IUIOAOM BOOOpakeHUs, eciau Obl He
BOCIPOU3BOJMUMOCTB: CKPBITBIM OT 3PUTEIILHOTO BOCHPHUSITHS
OJIMHAKOBBIM o0beKTam 0OBIYHO COOTBETCTBOBAJIN
OJIMHAKOBBIE 10 CMBICITY COOOIIEHUSI.

BreuaTisirommuvu ObUTM U ONBITHL ¢ (OTOTpadhUICCKUMU
MOpTpeTaMu M3 HaIero CceMeiHoro apxuBa. Muxaun
OCTaBaJICS B KOMHAT€ OJIMH, HAyraJ BBIHUMaJ W3 TMa4yKu
(GOTOKApTOUKY M TMHCBbMEHHO WU3Jarajl CBOU OINYIICHHS.
[Tocnenyromiee conoctaBieHUE COOOLICHUM € MMEOIIEHcs y
Hac nHpopmanuen (KOTOPYI WHOTJA MPUXOAUIOCH YTOUHSTH
MOCJIE€ DKCIIEPUMEHTOB) TIOKa3aJio, YTO OIEepaTop BIIOJIHE
YBEPEHHO OMpPEENsT Cper U300paKEHHBIX JIIOJIEH yMEpIIuX,
a y ’KMBBIX JJOBOJIbHO TOYHO Y3HaBaJ XapaKTep COMATHUYECKHUX
U TICUXUYECKUX HEAYTOB.

Spkumu  ObUTH  pe3ysbTaThl OMBITOB C  JIOMAalTHUM
pacTeHueM KOJOHXoe. B JucT BCTaBIsIM J1Ba TOHKHUX
9JIEKTPOJIa, BEIUYMHA MEXDIEKTPOAHOTO  COMPOTHBICHHS
peructpupoBaiach camonucieMm. Okazanoch, YTO pacTeHUE
MOXET HaXOJHUTHCS B TPEX COCTOSHUAX: "COHHOM'" (CKOPOCTH
W3MeHeHus  comportuBieHus  Menbimie 10% B wac,
YyBCTBUTEIBHOCTh K BHEIIHHM BO3JICHCTBUSIM  HHU3Kas),
"GoapcTBytomieM"  (CKOPOCTh W3MEHEHHUS  COMPOTHUBIICHUS
nocturaer 5% B MmuHyTy, ammutyaa g0  20%,
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YYBCTBUTEJIBHOCTh K BHEIIHUM BO3JEUCTBUSAM BBICOKas) U
"HepBHOM" (KoNeOaHHMS C YAaCTOTOW HECKOJBKO Tepl U
aMIUIUTYI0OM HECKOJIbKO TMPOLIEHTOB, YYBCTBUTEJIBHOCTh K
BHEIIHUM BO3JICUCTBUAM BBICOKAs). O6HapyXuTh
SKCTPAacCEHCOPHOE BO3ACHCTBME Ha pacTeHue B "COHHOM"
COCTOSIHUM HE YyAajnoch, B "OoapcTBylomeM" COCTOSIHUU
omnepaTopy yIaBajoch "3aJIMBKOM JIUCTa aypoll KpacHOro WIIH
XKENTOro 1Bera" JUCTAHLIMOHHO BBI3BIBATH W3MEHEHUS
MEXDJIEKTPOJHOTO  CONPOTHBJICHUS,  COMOCTaBHUMBIE  IIO
BEJIMYMHE C peakiuell pacTeHHs] Ha BKIIOYCHHE-BBIKIIOUCHUE
OCBEIICHUS UM YKOJIbI JINCTHEB; "MTPUKOCHOBEHUE aCTPAIIHHOM
pyKu'" BBI3BIBAJIO NEPEXOJ PACTEHUsI B "HEPBHOE" COCTOSHHUE.
OnHO U3 BO3JIEUCTBHH COCTOSJIO B TOM, 4YTO MMUXaMI
npeAcTaBui cede "BbIMpaHHE pacTeHHs ¢ KopHeM'. Peakims
Ha 3TO Obula HEOOBIYaiHO OypHOW: MEHee 4YeM 3a MHUHYTY
MEXDJIEKTPOTHOE compoTuBieHue cHu3mioch Ha 10%. [locne
ATOTO OIBITHI C 3TUM PACTEHHUEM MPHUILIOCH MPEKPaTUTh, TaK
KaK MpU KaKJOM IMOSBICHUH Muxauia B KOMHATe C paCTEHUEM
MEXIJIEKTPOHOE COMPOTUBIICHUE HAUYMHAIO (PIYKTYHpOBAThH
CTOJb CHJIBHO, YTO OJKCIHEPUMEHTHPOBAHHUE CTAHOBUJIOCH
0ECCMBICIIEHHBIM.

2.4YTO KE JAJIBIIE?

C caMoro Havajga s HE MPHJAABAT BHIIICOTHCAHHBIM
OTIBITAM CEPHhE3HOTO HAYYHO20 3HAUEHUS: OHU, B CYIIHOCTH,
JIMIIB TOBTOPSJTH  TO, YTO YK€ JIeNIAIN JPYTHE UCCIIETOBATEIIH.
DT OMBITH OBUTA MPAKTUKYMOM, JABIIUM YBEPEHHOCTh B TOM,
9TO yAMBUTEIbHBIC (EHOMEHBI HE SBISIOTCA  ILIOJIOM
00JIe3HEHHOTO BOOOpaKEHUS WA pe3yIbTaToM
MOIIICHHUYECTBA W  BIOJHE MOTYT OBITH  IIPEIMETOM
UCCleIOBaHNi.  beckoHeuHOoe MOBTOPEHUE OMBITOB, IHUIIb
MOATBEPKIAIOIINX  cyujecmeosanue (GHEHOMEHOB, ObUIO OBl
TONbKO 3a0aBoil. Hamo ObulO MATH Janbliie, CTaBUTh TaKHe
IKCIIEPUMEHTHI, KOTOPBIE TPUOTIKAIH Obl K TOHUMAaHHUIO TOTO,
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YTO K€ CKPBIBACTCA 3a ITOW CKOPIYNOH - YIUBUTEIbHBIMU
BHEIIHUMHU MPOSBICHUSIMHU (PEHOMEHOB.

[TapaHopmanbHble SIBICHHMS HEPa3pbIBHO CBA3aHbI C
mporeccaM Iepefadyd ¥ mpeodpazoBaHus WHPOPMALUHU, U
HEPBbI BOIPOC, BO3HUKAIOUIMKN Yy TPaAULIMOHHO MBbICIIAIIETO
UCCIIeIOBATENs], YTO SBIAETCS Hocumenem  uHMopMaruu?
DIEeKTpOMarHeTu3M, JIeXkKalluil B OCHOBE Hallled TeXHUYECKOU
IUBWIN3ALUHN, HE 00J1alaeT KayecTBaMH, KOTOPBIE MOTJIH OBl
OOBSICHUTh DSAJl CYIIECTBEHHBIX CBOMCTB IMapaHOPMalbHbIX
SBJICHUM, TaKUX KaK OTCYTCTBME YETKOM 3aBHUCUMOCTH
BeIMYUHBI d3(PQeKTa OT paACCTOSIHHUSA, HEIKPAHUPYEMOCTH,
BO3MOKHOCTh M30MpaTEIbHOIO B3aWMOJICHCTBUSA C OJHUM U3
MHOKecTBa 00bekTOB. He o0nanaer HyXHBIMU KauecTBaMU U
3BYK, ¥ IOTOK YacTUI[ M Ipyr'e HOCUTENU UHPOPMALIUH, KaKue
TOJIBKO MOXKHO ce0e MpeICTaBUTh. MOXKHO MPEAINOoI0KUTh, YTO
B OCHOBE IIapaHOPMAJbHBIX SIBICHUM JIOKUT Heumo,
NPUHLMIIMAIBHO OTJIMYAloIleecs OT  BCEro, 4YTO OCBOEHO
HAayKOU U TEXHUKOM.

[Tpuctynas K Mccaen0BaHUIO TMPUPObI HAPaHOPMAIbHBIX
SBJICHUM, TpeXJie BCEro Hajo BbIOPATh MOAXOMALIMHA OOBEKT
SKCTPACEHCOPHBIX  BO3JECHCTBUU. Becpma  3aMaHuMBO
HCIOJIb30BaTh I 3TOr0 JKMBbIE OpraHu3Mbl. OnHAKO, U3y4as
peaKuui0  JKMBBIX ~ OPraHU3MOB  Ha  SKCTPacEHCOpPHbIE
BO3JEHCTBUSA, SBIIOIIYIOCS HWTOTOM OTFPOMHOIO  4Hcia
(U3HONIOTMYECKUX M TCUXUYECKUX MPeoO0pa3oBaHUM, MOHSTH,
4TO K€ JIEKUT 8 OCHOGEe BCErO ITOr0, OYEHb CI0XKHO. JKuBBbIE
OpPraHMU3MBbI MIPEKPACHO PEArupyrOT Ha CBET, HO, UCCIEAYS ITO
CBOWCTBO OPraHHW3MOB, BPSJ] JIU MOXHO HOHATh Npupoody CBETa.
J11g 3TOr0 HYHBI COOTBETCTBYIOIINE (POTONPUEMHUKH, JTUH3BL,
TU(QPaKIUOHHBIE PEIIeTKH U Apyrue “xene3ku”. TodHo Tak
e, HUCCIEeOBaHUs, MUMEIOIIME LEeNbl0 TO3HAaHHWE CYLIHOCTU
[IapaHOPMAJIBHBIX SIBJIEHUH, CJIENYyET HAuYMHATh C ‘KENe30K’,
YCTPOMCTB MaKCHUMAaJIbHO IMPOCTHIX W MOHATHBIX. TeM Ooree,
YTO O3KCTPACEHCOPHOE B3aUMOJIEUCTBHE C  ‘“Kele3Kamu’
y/IaeTcsl HE MEHEE YCIEIIHO, YEM C KUBBIMH OpTaHU3MaMHU.
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HUcxons w3 d3THX COOOpakeHHWH, Il JaIbHEUIIINX
UCCIICIOBAaHHUH B KayecTBE 0OBEKTa BO3CHCTBUS ObLT BBIOpaH
KaJIOpUMETpP, T.€. YCTPOWCTBO Ui WM3MEPEHHUS TEIJIOBBIX
s dekroB. Kanopumerp oTKIMKAETCS HA THOOBIC BO3ACHCTBHSI,
IIPU KOTOPBIX MPOUCXOJIUT IepepacipesieieHue YHEpruu, OH
UMEET TPOCTEHIlee YCTPOHUCTBO, TMO3BOJSIET IPOBOJIUTH
TOYHBIE KOJMYECTBEHHbIE M3MEpPEHHUs. 3alIUTHB, HACKOJIBHKO
3TO BO3MOYKHO, KAJIOPUMETP OT BO3JACUCTBUM, HE SBIIAIOLIUXCSA
JKCTPACEHCOPHBIMU (97EeKTPOMAarHUTHBIX, TEIUIOBBIX,
aKyCTMYECKUX M T.Il.), MOXKHO pAacCCUMUThIBATh HA TO, 4YTO
YHHUBEPCAIBHBINA JETEKTOp - KaJopuMeTp OyJaeT pearupoBaTh
MPEUMYIIECTBEHHO Ha BO3JICHCTBHUE, MPOXOJAIIee 4Yepe3 Bce
9KpaHbl - SKCTPACEHCOPHOE.

.

Puc. 4.1. KoncTpykuus
9KPAaHUPOBAHHOTO
MHKPOKaJIOpUMETpa.

1 — cocyn [wroapa;

2 — TepMOPE3UCTOD;

3 — Taronuii aex;
4- repMeTHyHas 000JI0UKa;
5 — HapyXHBIH SKpaH

b

HauOonee crnoxxHoil 3amaueit
SBJISIETCSL  3alIUTa OT  Menjaio6blx
Bo3zaelicTBuil. IlpuMeHeHue Ttemio-
3aIATHBIX MAaTEPUAIOB, TEPMOCOB, JIEKTPOHHBIX TEPMOCTATOB
HE JaBaJl0 YIOBJICTBOPUTEIBHBIX pE3yabTaToB. PelieHue
0Ka3aJ0Ch MPOCTHIM: KAJIOPUMETP C T€PMETHUHON 000JI0UKOH
BMOpaXXMBaJICs B YUCTYIO BOAY. B mpouecce TasHUS JIEASTHOTO
MOHOJIMTa U3MEHEHUE TeMIEepaTypbl 000JIOUKH KalopUMeTpa
HE IPEBBIIAJI0 MUUIMOHHBIX JOJIEH TIpaayca Jaxe IIpu
IIOAHECEHUM K  YCTpOWCTBY  ropsuero  yroora. Ot
JJIEKTPOMArHUTHBIX ~ BO3ACUCTBUH  YCTPOMCTBO  3alUILAIN
METaJUIMYECKUE JKpaHBbI. 3amuTa CUUTAJIACH
YIOBJIETBOPUTENILHOM, €CIU YCTPOMCTBO HE pearupoBallo Ha
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paboTaroruit panoM HCKPOBOI pa3psIAHUK. Hns
MPEAOTBPALIEHUS TTOMEX OT 3JEKTPOCETH MUTAHUE YCUIUTEIS
CUTHAJIOB U CaMOIIMCIA OCYIIECTBISUIOCh OT rajlbBaHUYECKHX
Oarapeit. Takoro poma yCTpOHCTBA MOJNYYHIIM Ha3BaHHE
“skpaHupoBaHHbIe MUKpokasopuMmeTpbl” (OMK). PesynbTaTh
SKCIIEPUMEHTOB C HHUMH OKAa3aJIUCh HEOXKUJAHHBIMHU, HO 00
3TOM MO3XKe.

3. HWJIbCKHWI CJIOHUK

B 1981r. B “Jloknamax akageMuu Hayk’ OblIa HamedaTaHa
cratbsi B.P.IlpotacoBa ¢ coaBropamu 0 TOM, YTO pbiOa
HUWIBCKUN CIIOHMK YYTKO OT3bIBae€TCS Ha pa3sHooOpasHbIe
BHEILIHUE BO3ACUCTBUSI, U3MEHSSI YaCTOTY I'€HEPUPYEMBIX €IO
ANEKTPUIECKUX UMITYIbCOB [124]. Ocenbto 1982 r. 51 y3Hau,
gyro  mpodeccop  [.K.I'yproBoii  pemmn  mpoBepHTb
BO3MOXXHOCTh HUCIOJIb30BaHUSI JTOH pHIOKM B KadyecTBe
OMOMHIIMKATOpPAa OSKCTPACEHCOPHBIX BO3JACHCTBUH W WIIET
MIOMOITHUKOB. $ OTKJIMKHYJCS HA MPHU3bIB, H 3TO MOJIOXKUIIO
Ha4yaJl0 MOEMY MHOTOJIETHEMY COTPYIHHUYECTBY M Jpyx0e ¢
I'eopruem KoncrtantuHoBUYEM.

OnpITel ¢ HWIBCKUM CJIOHMKOM MBI TIPOBOJWIU B
Jlaboparopun mpobirem  opueHTauuu peld  MHcTuTyTa
ABOJIONUOHHON MOPGOJIIOTHM W JKOJIOTHH >KUBOTHBIX WM.
CeseproBa. Penenue 3amaun 0ka3anoch JEJIOM HE MPOCTBIM.
Jig  Toro d4roObl CTajJO 3aMETHBIM  JKCTPACEHCOPHOE
BO3JIEUCTBUE, MPUIUIOCH HMCIOJI30BaTh JIOBOJBHO CIOKHBIN
KOMIUIEKC PETUCTPUPYIOIIEH W aHAIM3UPYIOLIEH ammapaTypsl
U TPUHATH MEpbl JUIsi MAKCUMAJIbHO BO3MOKHOW H3O0JISIIIUN
aKkBapuyMa C pBIOKOM OT BHEIIHUX SJEKTPOMArHUTHBIX,
3BYKOBBIX,  BUOpAllMOHHBIX, CBETOBBIX  BO3JCHCTBUI.
CnoxHOCTh cOCTOsJIa Takke W B TOM, YTO JO Hayaia
HKCTPACEHCOPHBIX BO3JEHCTBHI TpeOoBajgach MHOTOYacoBas
3amuch “oHa”, a mocie KaKI0ro BO3ICUCTBHUS BO3BPAIICHUE K
HCXOJHOMY COCTOSIHUIO NMPOUCXOIMIIO O4eHb Joiro. Iloatomy
3a pabouWii JCHb YJAaBaJIOCh NPOBEeCTH He Oojiee 2-3
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BO3eHCcTBUI. Bo3nieiicTBrE Ke COCTOSIIO B TOM, UTO ONEPATOp
CaJInJICsl Ha PACCTOSTHUM OKOJIO 1 M OT akBapuyma U MBICIEHHO
yCHOKauBall PBIOKY WM MBICIEHHO IOMEIIall OKOJIO Hee
BTOPYIO PBIOKY. DOKCIEPHUMEHTHI OBUIM TPOBEIEHBI C
CEMHAJUAThI0  ONEpaTOpaMU, HU3 KOTOPBIX TOJIBKO BOCHBMH
yJaj0ch JIOCTOBEPHO HM3MEHUTh MapaMeTpbl T€HEPUPYEMBIX
pBIOKOI nMITynbcoB. Ho 3aTO y 3THX BOCBMU ONEpaTOpOB U3
25 mombITOK ycreuHbMu Obti 21. BaXkHO OTMETHTD, YTO TIPU
3KCTPACEHCOPHOM BO3/IEUCTBUU HMITYJIbCBI BCEraa
CTAaHOBUJIUCh OoJiee peoxkumu, TOTAA Kak BO3ACHCTBUSA
“00bIyHBIE” (CBET, 3BYK, N3MEHEHUE TEMIIEPATYPhl) BHI3BIBAIOT
yuawjenue ummyibcoB [125-129].

OKCHEpUMEHThl C HUJIBCKUM CJIOHMKOM II0OKa3ajld, 4TO
HEKOTOpbIE  JIFOAM  MOTYT  YBEpPEHHO  BCTynaTb B
9KCTPACEHCOPHBIN KOHTAKT ¢ pbIOOH. Ho mcmonb3oBath 3TOT

OMOWHANKATOP TUIs PYTHUHHBIX UCCJIEIOBaHHM
HEIeNecoo0pa3Ho: OYeHb YK CI0KHA METOJUKA W CIHIIKOM
JUTUTEIIHHBI U3MEpEHHUSI. [ToGouHbIM pe3ynbTaToM

MIPOBEJEHHBIX  JKCIIEPUMEHTOB  ObUIO  OOHapyXeHHE B
reHepaluu 3JIEKTPUYECKUX HMMITYJIbCOB HUIBCKUM CIOHMKOM
JIYHHOMECAYHOU NepuoOudHOCMU: OKOJIO HOBOJYHUH 4acToTa
“¢poHoBBIX” wuMIyabcoB Ha 10-20% HuXKe, 4YeM OKOJIO
MOJIHOJIYHUM. Y IMBUTENbHO, Kak pbIOE B akBapuyme, B
M0JIBAIbHOM TTOMEIIEHUHN yJaeTcsl y3HaBaTh o0 ¢azax JIyHs1?

4. DYPMAHHBIA NEPEYJIOK

80-e rozp! ObLTM BpeMEeHEM OOJIBIIOr0 MHTEpEeca HaydHOMH
U OKOJIOHAyYHOW NYyOJMKH K HEOOBIYHBIM sIBICHUSIM. Jlis
00CyXIeHUs MTPOoOJIEM MaparCUXOJIOTHH B OOBIYHYIO KBAPTUPY
HaOMBAJIOCh YEJIOBEK /ABAJLIATh JOKTOPOB BCSYECKHX HayK.
ITomHio mepenonHeHHbI 3anm  WMHcTHTyTa  (prsnueckux
npobieM, TJe O CBOMX OKCIEpPUMEHTaX pPaccKasblBall
9.9.Toguk. CoTHM JI0JEM CO BCEH CTpaHbl CBHE3KAINCH Ha
exerogHole  Bcecoro3Hble  cemMMHapel [0 IpoOiemMaM
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owonmokanuu. U, wakowen, B 1989 1. B JlomMe KymbTyphl
MOCKOBCKOrO ~ MHCTUTYTa  HapOJHOTO  XO3SMCTBA  UM.
[InexanoBa COCTOSJIaCh TrpaHINO3HAs Bcecoro3nas
KoH(pepeHIHs “OHeprouHpopmannonnslii oomen B [Ipupone”,
B KOTOPOI y4acTBOBAJIO OKOJIO THICSIYU YETIOBEK.

[ombITKa yHopsAAOYUTH 3TOT (OHTAH CaAMOACATEIBHOCTU
obia mpeanpuasaTa B HTO panuoTeXHUKH, SJIEKTPOHUKUA H
cesi3u  uM. IlomoBa, rTme Oputa cozmana  Cekuus
omosnekrponuku.  HMccmenoBatenbckux — pabor — Cexkuwmst
MPOBOAMJIa HEMHOro, €€ TIJaBHas poJib 3aKiloyanach B
HAJIQ&)XKUBAHUM  KOHTAKTOB, OpraHW3allMl CEMHUHApOB U
KOH(EPEHIIHA.

Hpyrum  mentpom  Obuia  jaboparopusi  mpobiem
OuosHepreTKU Bcecoro3HOro coBera Hay4YHO-TEXHUYECKUX
OO0IIECTB, pa3MEIIaBIIAsICS B HEOOIBIIOM JBYXITAKHOM JIOME
B ®ypmannom nepeyiike [134]. Dto ObL1 cCBOCOOpa3Hblit KITy0,
KyZa IPUXOJUIM 3KCTPACEHCHl U UCCIIEI0BATENHN JUIsl OOIIEHHUS,
oOMEHa ONBITOM U TMPOBEACHHUS HKCIEPUMEHTOB. 311eCh
peryispHo npoBoauiInch cemuHapbl. [lyckanu crona TOJIbKO
“cBoux”. I'K.I'yproBoMy M MHE yaasoch MONAcTh B YHUCIO
“cBoux” B Hauaine 1984 r. OTo mano BO3MOXKHOCTH OOIIATHCA
CO MHOTHMH 3aMeyaTelbHBIMH JTI0IbMU.

Puc. 4.2.

EBrenuit JlyOunkuti,
Anekcannp [1apxomos,
I'eopruii ['yproBoi.
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B nexabpe 1984 r. B 3manun Ha OypMaHHOM TEpEyIKe
HAa4yaJlUCh  HAIlM  CHCTEMAaTHYECKHE SKCIIEPUMEHTAJIbHBIE
uccienoanus. K stomy Bpemenu okosio [.K.I'yproBoro
CTPYNIIUPOBAJICA  JECATOK  JIIOAEH,  HMHTEPECYIOIIMXCS
naparcuxosyiorueii. Mol cobupanuch exeHeleabHO, U MOKa i
BKJIIOYAJl ~ammapaTtypy, 3amuceiBal ¢(oH u pabortam ¢
orepaTopamu, B KOH(epeHII-3aje 3acaylnBaIiCh TOKIaIbl U
npoxoawu juckyccun. OObekTsl BozjaeuctBusi (DMK unm
reHepaTtopsl  (PIMKKep-IIyMa) HaxXOJUJIUCh B  HEOOJBIION
KOMHaTe€ CO CTEHaMH, OOWTBHIMH  JIMCTaMU  >Kelesa,
ITOKPALIEHHBIMHU YEPHON KPACKOM; CUTHAJIbI PETMCTPUPOBAINCH
CaMOIIMCIIaMU, KOTOpPbIE HAXOJIWJIHCh B COCEIHEH KOMHATe.
Omneparopsl pacnoiarajiuch Wi BOJIH3U 00BEKTa BO3JICHCTBHS,
WM B IPYyrux KomMHarax. B Hamel pabore ydactBoBajio Oosee
20 omepaTopoB, B TOM 4YHCII€ TaKW€ 3HAMEHUTOCTH, Kak
B.B.ABneeB, K.H.Huxomaes, A.B.Uymak. Becbma
pe3ynbraTuBHO ¢ Hamu pabotan E.A.JlyOunkuii, KOTOpPBIH
BIIOCJICJICTBUU OBUT ONEPaTOpoOM B JKcHepuMeHTax "MockBa-
Mocksa", "MockBa-Codus" u "MockBa-HoBocubupck".

5. 3ATAJOYHBIE CUT'HAJIbBI

[Tpu mormoieHnu J000ro U3Ty4yeHUs BBIICISIETCS TEIIO.
Ha sToM npuHIune ocCHOBaHO NPUMEHEHUE KAJTOPUMETPOB AJIs
TOYHBIX W3MEpPEHUIl MHTEHCUBHOCTH PAa3IMYHBbIX H3Iy4CHHI:
yIBTpa3ByKa, PaJlOBOJIH, CBETA, HOHU3UPYIOIUX U3ITYyYCHHH.
“BritoueHue” HM3JIy4EHHUs BBI3BIBAET B KAJOPUMETPE OYEHb
MIPOCTOM CHUTHAJI: IUIaBHOE HapacTaHHWE 3a BpeMs MopsiiKa
MUHYTBl 70 YPOBHA, IpPONOPLUHOHAIBHOIO  MOIIHOCTH
TEIUIOBBIICIICHUS; TIOCE “‘BBIKIIIOUEHUS W3JIYyYECHHS CUTHaI
CTOJIb K€ IJIAaBHO BO3BpallaeTcs K UCXOAHOMY ypoBHIo. [Ipu
9TOM  BCErJAa  BO3HMKAET  CHUTHAJ, COOTBETCTBYIOLIUI
yeenuyeHuio TEMIIEpaTypshl.

OKCIIEpUMEHTBI € JKPAaHUPOBAHHBIMM MHUKPOKAJIOpPHU-
METpaMH, B KOTOPBIX Ui TEPMOCTAOMIM3ALMU MPUMEHSIICS
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TAlOIMUK JIeJ, HadJaauch eme B 1982 1., KOorma MBI
“pazBiekanuch’ ¢ Mumei HukonaeBbiM y mensa goma. K tomy
BpeMeHH, paboras B MU®DU, s yxe HAKOMHI OIBIT
KaJIOPUMETPUUYECKUX H3MEPEHUN HMOHM3UPYIOIIMX H3ITYy4eHUN
[137-139]. IlepBble  pe3ynbTaThl, IOJYyYCHHbIE  TpPHU
IKCTPACEHCOPHOM Bo3neicTBUU Ha DMK, obeckypakuBaiw,
Ka3aJIUCh OIMMUOOYHBIMH, MPOTUBOPEUMIIA BCEMY TOMY, YTO $
MPUBBIK HAOIIOJaTh B KAJIOPUMETPHUUECKHUX DKCIIEPHUMCHTAX.
Cursan MeHsJICS He IUIaBHO, a CKauykooOpa3HO, IIociie
MIpEeKpalleHus] BO3JCHCTBHS OH HE BO3BpALAICS K UCXOIHOMY
YPOBHIO, a HAJOJIro “3acTpeBajl’ HAa HOBOM YpPOBHE WM K€
CKakall OT ypOBHS K YpPOBHIO, NMPUYEM 3TH YPOBHH HUMEIU
BIIOJIHE OMpeleleHHoe 3HaueHue. Ho camoe cTpaHHOe, 4TO
CUTHaJ MHOTJA COOTBETCTBOBAJ HE  YBEIMYEHUIO, a
VMeHbUeHU0 TEMIIEPATyphl 10 CPaBHEHUIO ¢ UCXOAHOU. XOoJ
TakOro CTPAaHHOI'O CHUTHajla BO BPEMsI OJIHOTO U3 CEaHCOB
MoKasaH Ha puc. 4.3.

—
6,3 108 Bm —
‘N N
_—
1 —_— —
2 1 MuH
Puc.4.3. Pe3ynbrathl BO3JICHCTBUIA A.B.Uymaka Ha
SKPaHWPOBAHHBIA  MHKpOKaJIopuMmeTp.  Bpems  Bo3melcTBuil
OTMEYEHO TOpPU3OHTAJIBHBIMH JHUHMSIMH. 1 - yCTaHOBJIEHHE
"koHtakta" ¢ OMK. 2 - omnepaTop MBICIEHHO IIOBBIIIAET

TeMIlepaTypy JeTeKkTopa. PaccTosHMe Mexmy omeparopoM U
nerekropoM 0,5 m. 3 - OnepaTop MBICICHHO ITOHMKAET TEMIepaTypy
JeTeKTOopa, HaxOoAsCh B COCEAHEH KOMHATE Ha PAacCTOSHUM 3 M .
BBepxy cmeBa - pe3ynbTar BKJIIOYEHHS M BBIKIIOUCHUS
JNIEKTPOHArpeBa.
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Sl MeHsuT perucTpUpyIOUIyI0 amnmnaparypy, HCIOJIb30Bajl
KaJIOpUMETPhl  MPUHIMIIHMAIGHO HMHOW  KOHCTPYKUHMU  (C
Oarapeeil TepMoIiap BMECTO TEPMOPE3UCTOPA), HO KapTHHA OT
ATOTO MPUHIUIIUAIBLHO HE MeHsIack. [Ipu stom, “o0bruHOE”
TEIJIOBOE BO3ACHCTBUME - BKIIOUEHHE BMOHTHUPOBAHHOIO B
KaJIOPU-METPUUYECKOE TEJIO 3JIEKTPOHArpeBaTelisi - BBI3BIBAIO
MOSIBJICHHE BIIOJIHE HOPMAJIbHOTO IUJIABHO HApacTaloIlEero
curHasia. MI3MeHeHue ypoBHsI CUTHaJIa MPHU IKCTPACECHCOPHBIX
BO3JICHCTBUSIX ~ COOTBETCTBOBAJIO  TEIUIOBBIACICHUIO B
snexrponarpesaree (1...10)10°Bm [128-132].

Ecin BO3HHMKaBLIME CUTHAJbl CBSI3aHBl C MepMUYECKUMU
mpoleccamMi, TO CKauKOOOpa3HOCTh HM3MEHEHHsS O3HayaeT
MOIIIHOE  UMMYIbCHOE  SHEPrOBBIIEICHHE, HEU3MEHHOCTb
YpOBHS O3Hay4aer NOCMOSIHHOE SHEProBBIJEIICHUE,
JUCKPETHOCTh YPOBHEH O3HA4yaeT, 4TO pa3pelIeHHBIMU
SBJIAIOTCSL JIMIb HeKOmopble 3HAYEHUs] HHEPrOBbIACICHUS.
CurHan, COOTBETCTBYIOIIMNA TMOHWXEHHUIO TeMIIEpaTyphl,
O3Ha4aeT, 4YTO  MPOUCXOAUT  ombOOp  DHEPTUU U3
KaJjopuMeTpuyeckoro tena. Kak Bce 3TO yBsi3aTb B €IUHOE
1[enoe, HCIOIb3ysl OOBIYHBIE METOJBI aHajdu3a pPe3yabTaToOB
KaJIOPUMETPUUECKOTO SKCIIEPUMEHTA, HEMOHITHO.

Ho MoOXHO mpeamosiokuTh, HYTO IKCTPACEHCOPHOE
BO3JICHICTBUE BBI3BIBACT WM3MEHEHHE (DuU3UYeCKUX C80UCm8
BELIECTBA, B YaCTHOCTH, AJIIEKTPONPOBOAHOCTH
TepMope3ucTopa. Eciu 3To Tak, CcKaukooOpaszHbIE JJIUTEIBHO
COXpaHSIOIIMECS] TUCKPETHbIE W3MEHEHUs CHUTHalla YXe He
BBITVISIIAT  CTOJb YAMBUTENbHBIMU. BbUTO TIpoBeneHo Oomee
200 5KCEpUMEHTOB, B KOTOPBIX Y4aCTBOBAJIO OKOJIO ABAALATH
oneparopoB. BbI3BaTh 3aMETHYIO pPEAKIMI0O Ha BO3JEHCTBUE
YAQJIOCh TIECTH ONEpaToOpaM B MATHACCITH OIMbBITAX, W BCETIa
HaOII01aTMCh CUTHAJIBI C BHIIICOTHMCAHHBIMU CTPAHHOCTSIMU.
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6. YHUBEPCAJIbHbBIN JETEKTOP CJIABBIX
BO3JIEVICTBUN

Tepmopesuctopsl, npumensiBinecs B MK, n3roropieHbl
13 MOJYIPOBOJIHUKOB - MAaTEPHAIIOB, JJIEKTPUUECKUE CBOMCTBA
KOTOPBIX CHUJIBHO MEHSIOTCSI IPU MaJEHIIMX HM3MEHEHUSAX HUX
¢busznueckux cBOMCTB. [IpUMEHSATH TEPMOPE3UCTOPHI IS
perucTpaly 3KCTPACEHCOPHOIO BO3AECUCTBUSI MOXKHO TOJIBKO
B YCIOBHUSIX BBICOKOKAYECTBEHHOW  TEpMOCTAOMIM3AIUH.
PazymHO OBUIO HCHOBITaTh Jpyrue MOJYNPOBOJHUKOBBIC
pUOOPHI, HCIOIB30BAHUE KOTOPHIX HE TPEOYIOT JJIsi CBOCH
paboThl co3anus Takux "Termu4HbIX" ycnoBuil. TpaH3ucTopbl
C p-n mepexojaMu, AMOABI U (POTOAMOABI HE IOKa3alu
YYBCTBUTEIBHOCTH K  3KCTPACEHCOPHBIM  BO3JICUCTBUSM.
D¢ dekT OT Takoro BO3ACUCTBUS OBUIM OOHAPYKEHBI TpPU
U3MEPEHUHN TEMHOBOTI'O TOKa (boTOpe3ucTopoB u
(doToaeKTpoHHBIX YMHOXUTENeH (DPIY). JlobaBnenue k DY
CUMHTUJUISITOPA Ha pe3yJbTaTUBHOCTh ONBITOB HE BIIUAIIO.

DddexTsr 9KCTPACEHCOPHOTO BO3JICUCTBUS Ha
dotopesuctopsl 1 @DV CTAaHOBUIUCH 3aMETHBIMU TOJIBKO MPU
MIO/IaBJIEHUH IIIyMa CO CTOPOHBI BBICOKHUX 4acTOT BIUIOTH 110 0,1
I'y. BospeiictBue omeparopa NPUBOIUIO K HU3MEHEHHIO
aMIUIMTYbl U JAPYTUX [apaMeTpoB HH(PPaHU3KOUACTOTHBIX
¢bykTyanuii, 3amucheIBaBUIMXCS caMonucueM. DIyKTyaluH,
npeoOyiajatoniie B JJIEKTPOHHBIX NpHOOpax Ha HU3KUX HU
MHOPAHU3KUX YacTOTaX, HMMEIT Ha3BaHue "(iaukkep-mym"
(wm  1/f-liym) B omimmume ot "Oemoro  mryma',
npeoOiasaroniero Ha BBICOKMX YacToTax. OO 3TOM yke Imuia
peus B yactu 1. Hanbonee cunbHbIN (IMKKEP-IITyM BO3HUKAET
B Tex Mpubopax, IAe MOJYINPOBOJAHUKUA HCHOIB3YIOTCS B
MTOJIMKPUCTAININYECKOM COCTOSIHUM (dporopesucropsl,
TEPMOpPE3UCTOphl,  Qorokatonsl DPIY), a Takke B
TPAH3UCTOpPAaX M MHUKpPOCXEMax, CAENAHHBIX IO TEXHOJOTUH
"Meramn-okucen-nonynpoBoanuk”  (MOII).  danbneimue
UCCIIEIOBaHMUs  MOATBEpAWIM  4yBcTBUTEIbHOCTE  MOII-
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TPaH3UCTOPOB U MHKPOCXEM K  JKCTPAaCEHCOPHOMY
BO3JICUCTBUIO, M ST  MOJYNPOBOAHUKOBHIE  MPUOOPHI,
3alUIICHHBIE OT 3JIEKTPOMArHUTHBIX ITOMEX METATTHYECKUMHU
JKpaHaM#, Mbl MIUPOKO TMPUMEHSUIM B KAdeCTBE OOBEKTOB
3KCTPAcCEHCOPHOTO BO3AeHCTBUS Hapsany ¢ OMK.

—_—
1

_—

o /_/—q/\"/\wm
B e T
?
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1 2 3

_—
Puc.4.4. Dddexter npu BosneiictBum Ha (uukkep-irym MOII
MHUKPOCXEMBI.
Beepxy: BospactaHume ammMTyasl  ayktyanuit.  Onepatop
Hpo3noBa. 1 - ycTaHOBJIEHHE KOHTAaKTa C JETEKTOPOM, OLIyIICHHUE
"xonona", MOMBITKa U3MEHUTh aypy JAaTduka; 2 - "»xap" Ha BHOXe,
"mpoxyaaa" Ha BeIIOXE".
B cepenmHe: CHIDKEHME aMIUIMTYIbl IlymMa BO BPEMs OIBITA C
orepaTopoM ABJEeBbIM. | - yCTaHOBIIEHHE KOHTAKTa C JIETEKTOPOM,
2 - BXOXJCHHE oIlleparopa B COCTOsSHHE '"MOJMHOro mokos", 3 -
BXOXKJICHHE B COCTOSIHHE ""CHIILHOTO BO30YXKIeHuUs".
BHu3y: npumep 3amucd CUTHaNA, COJEPXALero JJIUHHBIA IIyT
KBa3HUIIEpUOANUECKHX Mynabcanuit. Oneparop JlaBeiioB.

OkcrpaceHcopHoe BoszaeiicTBue Ha MOII-Tpan3ucTopsl 1
MHKpOCX@MI)I HUHOTr1a HpI/IBO)]I/I.]'IO K BE€CbMa 3Ha'—II/ITeJII)HOMy (B
JECSITKU pa3!) YBENTUYCHHIO WM YMEHBIICHHIO aMILTUTYIbI
GbaykTyaruii, npuyeM BCIUIECKH MPOUCXOJIUIM HE TOJIBKO BO
BpeMs BO3ACUCTBUS, HO U uepe3 5-10 MUHYT nociie OKOHYaHUSI.
Yamre nabmromancs He MeHee YAUBHUTENbHBIN YD dekT: Ha hoHe
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IIyMONIOJJOOHOTO ~ CUTHaNa NOSIBISUIMCH  IyJbCAlUU €
MEPUOJIOM OT HECKOJBKHX CEKYHJ| 10 COTEH CEKYHH (CM. puC.
4.4). Ilpu uCrioIb30BaHUH HECKOJIBKHX PACIIONOKEHHBIX PSIIOM
00BEKTOB BO3JICUCTBUSA OJIHO3HAYHOHU KOppensALuu
HaOrogaBmuxcs B HEX 3¢ dekroB He ObuTO [128,129].

Jist Toro 4yTOOBI BBHIICOMUCAHHBIE PE3YIbTAThl XOTh KaK-
TO CTaJdd BOCIHPUHUMATbCA pa3ymMoM, s O3HAKOMMIICS C
JIOCTYITHOW  JTUTEPATypOil, TOCBSIIEHHONW (DIUKKEp-IIyMy.
OnHako ynamoch HaWTH  TOJIBKO ONHCAaHME HEKOTOPBIX
SMIIMPUYECKUX 3aKOHOMEPHOCTEH M 3ayMHble (DOPMYJIBL,
HUYErO HE NAIOUIMe ISl MPOSICHEHUs cyuyHocmu  (QIMKKep-
myma. A Beap (iaykTyauuu, oOsafaromue CBOHCTBaAMHU
¢buKKep-1ryma, PUCYIIH CaMbIM pa3zHooOpa3HbBIM
IPUPOJHBIM U JIaXKe COLMAIbHBIM SIBICHUAM. DTO HE TOJIBKO
HU3KOYaCTOTHBIE (PIIYKTyallMH B JEKTPOHHBIX MpUOOpax. ITo
U COJHEeYHas AaKTHUBHOCTb. OJTO H 3eMJIETpSICEHUs, |
KaMHENaJpl, U CHEXHBIE JIABUHBL. OTO W TIPOLECCHl MpPHU
TOpPEeHUuHU. OTO U 3HLE(ATIOrpaMMBbl, U 4acTOTa cepaLeOueHus.
OTO M YHCICHHOCTH TMOMYISALUN KUBBIX OPraHU3MOB. JTO U
4acTOTa BO3SHUKHOBEHUS 3MUJEMUNA U COLMANIBHBIX B3pbIBOB. U
Jake My3bIKa MMEET YacCTOTHBIA crekTp, Omms3kuii k 1/f, T.e.

obmanaer cBoiicTBamu ¢uukkep-miyma.... Ho He Oyaem
noBTOpATHCSA. OO0 BCEM 3TOM YK€ CKa3aHO B yacTH 1.
Bepuemcs ~ k  oKcmepuMeHTaM.  YOeIUTENbHOCTH

MOJIy4a€MbIX PpEe3yJIbTaTOB BPEAMIIO HEMOCTOSHCTBO '"(oHa':
MHTEHCUBHOCTh (DIIYKTyallMii MEHsIach B IIMPOKUX Ipeaesax
n 0e3 Bo3zzaeiicTBus omnepaTopoB. [l BBIACHEHUS NPUYHH
3TOr0 HEMOCTOSIHCTBA HEOOXOIMMO OBIJIO OOHAPYXHUTh B HEM
JOCTYNHbIE  aHalIM3y  3aKOHOMEpPHOCTU. S W3roToBUI
HECKOJIbKO  "IIyMenok" M OpPraHu30BaJll  HEMPEPHIBHYIO
MHOTOKaHaJIbHYIO 3armch BO3HUKAIOIINX CUTHAJIOB.
HexoTtopsbie momyrnpoBOAHUKOBBIE TPUOOPHI (TPAH3UCTOPHI € P-
N mepexoJamMH, KpEMHHUEBbIE CTAaOWIUTPOHBI) NaBaIM IIYM
CTa0MJIBHOW aMIUIMTYIBl. DTO KakK pa3 Te HpUOOPBI, OTKIHMK
KOTOPBIX Ha D3KCTPACEHCOPHOE BO3JAEWCTBHE HE  ObuI
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obHapyxeH. Mnaue nposiBismu cedst poropesucropsr 1 MOII-
TPAH3UCTOPBl  (MHMKPOCXEMBI): HMHTEHCHUBHOCTb  CHUTHAaJja,
BO3HUKAIOIIETO B 3TUX MOJIYIPOBOAHUKOBBIX MPUOOpaxX BpeMms
OT BPEMEHHU PE3KO BO3pacTaja, IpUYeM MOMEHTHI MOSBIICHUS
BCIIJIECKOB BBITJIAJICIH CIyYailHBIMU M HE COBMAJAlIH JaXe y
HECKOJIbKMX COBEpIIEHHO OJMHAKOBBIX M PACIIONIOKEHHBIX
panoM "urymenox".

Puc.4.5. PacnpeneneHwie CyMMapHOTO 4YHCIa COOBITHH PE3KOTO
BO3pAacTaHMsl HMHTEHCHBHOCTH  HMH(QPaHU3KOYACTOTHOIO  LIyMa
paznuuHbiX HUCcTOYHUKOB (MOII-TpaH3uCcTOpEI ¥ MHUKPOCXEMBI,
(hoTopesuctopsl) oTHOCUTENHHO ToNHOIYHUH (I1) 1 HOBONMyHMI (H)
[134]. Yka3aHO OTKJIOHEHHUE B CYTKaX OT HOBOJIYHUH U MOJHOIYHUH.
O06001TIeHBI Pe3yIbTATHI 3aMHCEe caMOMUCIIEB C OKTIOpst 1984 r. o
aryct 1986 r. Okono HOBONyHHI W mOMHOMYHHH (1 CyTKH)
npousouuio 66 coOBITHI, TOra Kak 3a TaKOE K€ BpeMs B CepeluHe
MEXly HOBOJYHHUSIMH U TIOJIHOTYHHUSIMU - TOJBKO 8 COOBITHIA.
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[To wmepe yBenmuueHUs MNPOAOIKUTEIHPHOCTH 3aIUCH
CUTHAJIOB, B BEPOSTHOCTH IOSBJICHHS BCIUICCKOB CTaJia
3aMeTHa HEKOTOpasi PUTMHUYHOCTh C OKOJIOMECSYHBIM
nepuogoM. Jlns Oosiee TOYHON UACHTU(DUKAIMH  CTOJNb
JUTUTEIIBHBIX PUTMOB MPUIILIOCH 3aITUCh CUTHAJIOB MPOJIOKHUTh.
UYepes 1ot MOKHO OBIIIO YK€ BIIOJTHE YBEPEHHO CIIEIaTh BBIBO
0 1peobIalaHiK PUTMA CUHOOUUECK020 NyHHOo20 mecsaya (29,5
CYTOK), a TaKke O HaIMYUuh JpOOHBIX IEPHOOB
(3/2,3/4,2/3,1/3,1/4 cuHOAMYECKOTO JTYHHOTO MeEcsIa). AHAIN3
TanbHEHIIMX 3amuceil, mnpoaospkaBmmxcs Oomee 10 jer,
MOATBEPAMII ATOT BBIBOJI.

B Havane kHuru, B TiiaBe, MOCBSIIEHHON (IIUKKEP-IIyMY,
MBI yX€ 3aTparuBajy MpoOJieMy M3MEHEHUH C KOCMUYECKOU
PUTMHUKOM M MOTHUBHPOBAIM HACKD O TOM, 4YTO arcHTOM,
MEPCHOCSIINM KOCMUYCCKUE BIUSHUS K 3€MHBIM OOBEKTaM,
MOXKET CIIY)KUTb COBEpIIAIONINEe  OpOUTANbHBIC IBUKCHUS
Kakue-mo  Hesuoumvle  c1abo  83aumoolelcmsyruue C

seuecmeom o0bvekmul. JlanpHeimme HCCIICIOBAHUS,
OIIMCAaHHBIE B YacTH 2, IIOKa3ajd, YTO JTHMHU OOBEKTaMU
MOTYT OBITh TOTOKM MEJJICHHBIX HEUTPUHO — OJHOU W3

KOMIIOHEHT «TEMHOW MaTEPUN».

To 06cTosATENBCTBO, UTO B AETEKTOPAX, YYBCTBYIOIINX
JKCTPACEHCOPHOE BO3JIEHCTBUE, MPOSBIAIOTCI KOCMHUYECKHE
PUTMBI, TIO3BOJIIET NPEANOJIIOKUTh O MPUYACTHOCTU K TaKUM
BO3JIEHCTBUSAM "HOcuTenel" KOCMO3EMHBIX CBsi3ed (B TOM
gucne, c1ab0B3auMOACHCTBYIONUX YaCTUIl TUMA HEUTPHHO).
Ho wumerommxcd 3HaHUM O CBOMCTBAaX JOTHX YAaCTHII
HEJOCTAaTOYHO Ui TOTO, YTOOBI OOBSICHUTH TaKUe CBOMCTBA
AKCTPACEHCOPHBIX B3aMMOJICHCTBUM, KaK H30UPATEIbHOCTh U
cmabas  3aBUCHMOCTh ~ OT  pacCTOsHUS.  Bo3MoXHO,
c1a00B3aMMOJIEHCTBYIOIIME YaCTHIBI M  AKCTPAaCEHCOPHBIE
BO3JICHCTBUSL CONMMXKAET JHIIb HX CIOCOOHOCTH  JIETKO
MPOHUKATh 4Yepe3 HKpaHbl, BO3ICUCTBYS Ha JETEKTOp,
YyBCTBUTEIBHBIN HU K TOMY, M K Jpyromy. Takumu
YHUBEPCAIBHBIMUA  JI€TEKTOPAMH  SIBJIAKOTCS W T€HEpaTop
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(baukkep-mryma, ¥ pbIOKa HUJIBCKUMA CIOHUK, W YEJIOBEK C
paMkoi. PeHOMEH YeI0BEKa C paMKOM, ITOIYYUBILINN Ha3BaHUE
“j1030X0aCcTBO” WM ‘‘OMmomokanus’  JIOCTOMH  0Cco00ro
pasrosopa (cM. riaBy 8).

Bepnemcs un3 Kocmoca Ha 3emiito MU BCIOMHHUM, YTO
(bIUKKEp-IIyM MOXET J1aBaTh (2 MOXET U HE J1aBaTh) CUIbHBIN
OTKJIMK Ha cja0ble BO3IEHCTBHS. JTO IIOKA3aHO B 4YacTH 1.
CroiictBamu  QuMKKep-IiymMa oOjamaeT Jrobas CcUcTeMa,
cCoJiepKaiiasi MHOTO JJIEMEHTOB, CIIOCOOHBIX  YTO-JTHOO

HakammBaTh ©  "cOpacbiBaTh"  HAKOIUIEHHOE nocie
JTOCTHKEHUSI HEKOTOPBIX IOPOTOB, PA3IMYHBIX JUIS DPa3HBIX
nmeMeHTOB.  Takux ~ CHCTeM  BEIMKOE  MHOXECTBO.

HakannmBaTtbecs 1 pa3pspkaTbCsi MOTYT, HAIlpUMEDP HANIPSIKEHUS
B Heapax 3eMilu, WK AJIEKTPUYECKHUE 3apsiibl B oONaKax, WiH
HEJIOBOJIBCTBA B OOIIECTBE, MM HOCUTENH 3apsijia Ha AedeKTax
B TONYNPOBOJHUKAX. BHelIHue mposiBIeHUs mpolecca
HAKOIUICHUSA-Pa3psiiKK (AJi1 MPUBEICHHBIX BBINIE MPUMEPOB
9TO 3E€MIICTPSICEHHUS, TPO3bI, PEBOJIIOIUH, HHU3KOYACTOTHBIN
ANEKTPUYECKUH 1IyM) 00J1a1al0T CBOMCTBaAMH (PIIMKKEP-IIyMa:

- 3aBUCHUMOCTBIO BEJIMYMHBI 3(P¢eKTa OT YacTOThl HUX
noBTopenus Tumna 1/f: "crnabbie" cOOBITHS MPOUCXOAAT YacTo, a
"cunpHbIe" - pENKo;

- BBICOKOM YYBCTBUTEIBHOCTHIO K BHEIIHUM BO3JCH-
CTBUSM IIPU YCIIOBUHU, YTO TAKMX BO3JECUCTBUI Mepe] 3TUM HE
OBLIO JOCTATOYHO JOJTO;

- TIOCJIENECUCTBUEM: TIPOJOJDKUTEILHOCTh OTKJIMKA Ha
BHEIIHEE BO3ACHCTBUE MOXKET MPEBBIATH MPOJOJIKHU-
TEITBHOCTh BO3JICUCTBHS, MOCTE YEero HACTymaeT "3aTtuiibe" ¢
MOHMKEHHBIM ~ ypOBHEM  (IyKTyanuii ©  TIOHM)KCHHOU
YYBCTBUTEIBHOCTBIO K BO3JACHCTBUSIM;

-"oOpaTHO"  3aBUCUMOCTBIO  CUIbI  OMKIUKA ~ HA
MIOBTOPSIIOLIUECS BO3JACUCTBHSI OT cuibl 6o30eticmaus. Uem
CUJIbHEE BO3JEHCTBHE, TEM MPOJOJLKUTENbHEE '3aTuilbe",
MMOATOMY TOBTOPHBIC CHJIBHBIC BO3JCHCTBHS MOTYT BBI3BAThH
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CWIBHYIO OTBETHYKO PEAKLIUIO TOJBKO IIOCIE JOCTaTOYHO
MIPOJIOJKUTENIBHOM May3bl. Eciii neprnoa NOBTOPEHUs CUIIBHBIX
BO3JCHCTBUI MEHbIIE HEOOXOAMMON may3bl, OTKIMK Ha
CWIbHBIC BO3JICHCTBUSI cjabee, uYeM OTKIUMK CHCTEMbl Ha
MOBTOPAIONINECS C TOW K€ MEepUOTUYHOCTBIO Ooisiee cialbie
BO3JICHCTBU;

- HEOJHMHAKOBOCTBIO OTKJIMKA OJMHAKOBO YCTPOEHHBIX
CUCTEM Ha OJJUHAKOBBIC BO3JICHCTBHUS. DTO CBOMCTBO (PIIUKKEP-
IIymMa CBA3aHO C Pa3JIMYHBIMM IPEABICTOPUSIMH CHUCTEM, B
KOTOPBIX OH BO3HHUKA€T, W BO3MOXHOCTBIO peau3aluu
Pa3IMYHbIX HAIIPABJIEHUH MPOLECCOB B CIOXKHBIX CUCTEMAX.

3Hasi CBOICTBA CHUCTEM, T'E€HEPUPYIOIUX (DIUKKEp-IIyM,
MOHO IOHATH CJIOKHBIA U HEOJHO3HAUYHbIN XapaKTep OTKIIMKA
HCIOJIb30BAaHHBIX HAaMHM YCTPOMCTB Ha 3KCTPACEHCOpHBIE
BO3JICUCTBUS, @ TAKXKE YCJIOBHS, IPU KOTOPBIX 3TH YCTPOUCTBA
JAl0T pe3ysbTaThl, NoJAatoIKecs aHanu3y. i 3Toro ux Hazo
KaK MOXKHO TIIATEIbHEE M30JIMPOBATh OT IOCTOPOHHUX
BO3zelcTBUH. J[0 Hayana BO3JEHCTBUN JTOJKHO ITPOUTH BpeMs,
JIOCTaTOYHOE MJIsi yracaHusi NEpPEeXOJIHBbIX IMPOLECCOB MU IS
3anucH "(oHoBOro" mymoBoro curHana. OObIYHO JUISL 3TOTO
Tpebyercst 1-2 waca. Camu BO3ACWUCTBHS JOJDKHBI OBITh
KPaTKOBPEMEHHBIMH, WHTEPBAT MEXIYy HUMHU JOJKEH OBITh
JOCTaTOYHBIM JUIS yracaHusl TMOcCHeneicTBUs (OOBIYHO He
MeHee uyaca). Takum oOpa3zom, 3a pabouuid JI€Hb MOXHO
HCCIIEN0BaTh JIMIIL HECKOJLKO BO3ACHCTBUH, a Haubolee
HaJeKHbIE PE3YNbTaThl MOJYYAIOTCSd MpPU E€IUHCTBEHHOM
BO3/ICHCTBUH.

B nanbuelimem, reHepaTophl (DIMKKep-TIymMa ObLIN
WCIIONBb30BaHbl ucciaenoBarensiMu Bo riaBe FO.A. [lonoBeim
(MUDU) B kadecTBe «IaT4YMKA, PETHCTPHUPYIOMIETO pPadOTy
cozHanusm» [35(c.231-235), 173].
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7. IKCIIEPUMEHT MOCKBA-HOBOCHUBHUPCK

HakomnuieHHbII ONBIT M TOHHMMaHue, B OOILIUX uepTax,
IIPOUCXOJAIIMX B HALUX JETEKTOpax MPOLECCOB MO3BOJMIH
nepeiTu K 0oiee CI0KHBIM IKCIIEPUMEHTaM, KOT/Ia oreparopa
1 O0BEKT BO3ACUCTBUS Pa3Jeiisiio 3HAYUTEIHHOE PACCTOSHUE.
Jlnsg Hayasa Mbl OPOBEJIM HECKOJIBKO JECATKOB OINBITOB B
npenenax Mockssl (E.A./lyOuukuii u3 cBoei KBapTHPBI WK CO
cBoero paboyero mecra BosaedcTBoBam Ha  OMK,
pacnosoxxeHHble B jaboparopun Ha [lnaneTHoil ynuie wid B
kBaptupe A.B.MockoBCKOr0).

K HamuMm wucciienoBaHusAM MPOSIBUI MHTEPEC aKaJEMUK
B.Il.Ka3naueeB, NpeUIOKUBIINNA IPOBECTH JKCIEPUMEHT C
ydyacTHEeM BO3riaBiasieMoro UM HWHCTUTyTa KIMHMYECKOW M
sKcriepuMenTanbHol Meauuusl (MKOM), pacnonoxeHHOro B
HoBocubupcke. CnenuanbHo A 3TOTO SKCIEPUMEHTa ObLIO0
u3rotoBiaeHo JBa ojauHakoBbix OMK. Jletom 1988 .
corpyauuk  UKOM  HO.M.®puaman npuexan B MOCKBYy,
o3HaKoMmwics ¢ KoHcTpykuuedn OMK u ocBomscs ¢ ero
oOciyxuBaHueMm, rmocie dero oauH u3z OMK yBe3 B
HoBocubupck. C 13 mo 23 wosi6ps 1988 r. ObUI0 TIpOBENEHO
NeBsATh NPOOHBIX 3amuceil curHaioB B HoBocubupcke. B stu
nan oneparop E.A./lyOunkwuii, Haxoausmuiics B Mockse,
NPEANPUHSUT IIECTh MONBITOK Bo3nedcTBus Ha OMK B
HoBocubupcke. B  msatw  ciaydasx  3TUM  MONBITKam
COOTBETCTBOBAJIM ~ W3MEHEHHS  CHUTHAJIOB,  CYLIECTBEHHO
MpEBBINIABIIHNE (POHOBBIE (DIYKTYyaIHH.

[TosrydeHHBIN ONBIT MO3BOJIWII TIIATEIBHO MOATOTOBUTHCS
K OCHOBHOM CepUH IKCIIEPUMEHTOB, KOTOPbIE OBLIIM TPOBEACHBI
B mapte-anpene 1989 r. 3anuch CHUrHaIOB, MOCTYNABIIMX C
OMK B Hosocubupcke, COTPYJIHUKH NKSM
N.b.Bnagumupckuit 1 FO.M.®puaman npoBOAUIN €KETHEBHO
(kpoMe BBIXOAHBIX AHEH) ¢ 7 10 14 YacoB MOCKOBCKOIO
BpeMeHu ¢ 10 mapra o 6 ampens 1989 r. 3anuck curHaiaoB B
MockBe MBI TPOBOJMIIN B TO e Bpemsi, yTo U B HoBocubupcke,
¢ 13 ¢espans no 13 anpens.
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Puc. 4.6. Esrennii JlyOunkuii paboTtaer ¢ SKpaHUPOBAHHBIM
MHUKPOKaJIOPHUMETPOM.

Bce Bo3aelicTBus ocymectsisin E.A. JlyOunkuit. Oneparop
MeiciieHHo niepeHocrs DMK u3 HoBocubupcka Ha cton nepes
co0oif U co3maBan sIpKUil 00pa3 COOBITHS, KOTOpOE, MO €ro
MHEHMIO, MOIJIO OBl CHJIILHO HM3MEHUThL CBOWCTBAa OOBEKTa
BO3JICHCTBUS (BpallleHue, cuibHas aedopMaiusi, CropaHue B
OTHE, W3MEHEHHE CTPYKTYpbl aTOMOB U T.I.). 3amnucel
curHagoB B HoBocuOupcke B JHM C BO3JEHCTBUSMHU OBLIO
crenaHo 8, a B quu 0e3 Bo3neiicTBuil - 9.

Jnst koHTponst 3a "4yuCTOTOW" MpOBEAEHUS OCHOBHOM
CepUHU IKCIEPUMEHTOB ObljIa CO3/1aHa KOHTPOJIbHAS KOMHCCHSI,
BosrmaBmsieMass mpodeccopom [ .H.Ilerposoit (MucTuUTyT
¢usuku 3emsin AH CCCP). KoHTposibHass KOMUCCHSI COCTOSITA
U3 JIBYX TPYIII: MOCKOBCKOW M HOBOcuOHpckoi. Mupopmariuio
O BO3JEUCTBUAX OIEpaTop cooOIal TOJBKO B MOCKOBCKYIO
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rpynmy, uHGopMalus O CHUTHajaxX MepelraBaiach TOJBKO B
HOBOCHOUpCKyI0 Tpymmy. Takum oOpa3oM, 10 3aBEpLICHUS
sKcriepuMeHToB B HoBocuOupcke He ObUIO HUKaKUX CBEICHUI
0 BO3JICUCTBHUSAX, @ B MOCKBE - O CUTHAJIaX, PETUCTPUPYEMBIX B
HoBocubupcke. Kpome Toro, onepatop He ObUT U3BEIIEH O TOM,
yro OMK, uaentnunsiii ycraHoBieHHOMY B HoBocubGupcke,
pabortan u B MockBe. Ha crenyromniuii 7eHb 1OCIie 3aBepIicHus
9KCIIEPUMEHTOB IMPOTOKOJI C PE3yJbTaTaMHU, MOJYYEHHBIMHU B
HoBocubupcke, OblT BBICIaH B MOCKOBCKYIO KOHTPOJbHYIO
rpynmy, a NpoTOKod ¢ HMH(popmanueid O BO3ACUCTBUAX - B
HOBOCHUOUPCKYIO TPYIIITY.

CormocraBieHue NPOTOKOJIOB W aHAIM3 IOJYyYEHHBIX
pe3yJIbTaTOB IOKa3ajd, YTO BOCBMH IONBITKAM BO3JCHCTBUS
COOTBETCTBOBAJIO TOSBIIEHUE IIECTH CHUTHAJIOB, JIOCTOBEPHO
oTiauyaImuxcs or (goHa. B 3amMcsx, cielaHHBIX B TEUEHHE
NeBSATH AHe Oe3 BO3ACWCTBUA, MOAOOHBIA CHUTHAN MOSIBUIICS
TOJIBKO OJIMH pa3. BepoATHOCTH Takoro Mcxojia B pe3yJibTaTe

ciydaitHoro cosmajenus 3-10-9. Takum 06pa3oM, MOSBICHHE
curHaioB Ha OMK, HaxoauBmemcs B HoBocuOupcke,
CTaTUCTUYECKH JOCTOBEPHO CBSI3aHO C  BO3JEHCTBUEM
olepaTtopa, Haxoausuierocst B Mockse.

Amnanus CHUTHAJIOB, MOCTYNABIIHNX c OMK,
YCTQHOBJICHHOTO B MOCKBE, HE€ BBIIBUJI CYIIECTBEHHBIX
OTJIIMYUI MEXIY THSIMH C BO3JCHCTBUSAMHU U 0€3 HUX B T JHH,
KOrJa omepaTop He 3Hail o0 paboTe yctaHOBKHM B MockBe. OH
ObUT uW3BelleH 00 OSTOM JIMIIb HaKaHyHE IIOCJIEIHEro
BO3ACUCTBUSA, H  moabko mozoa B  MockBe  ObLI
3aperucTpUpPOBaH OTUETIMBBIA 3(PPeKT, OMU3KUI 110 BpeMEHU
K  BO3JIEHCTBUIO. OJTOT  pe3ynbTaT  SIPKO  IOKazaj
n30UpaTenbHOCTh, IIEJIEHANPABICHHOCTh 3KCTPACEHCOPHOIO
BO3JCUCTBUS: U3 JIBYX OJMHAKOBBIX OOBEKTOB BO3JCHCTBHUS
"cpabaThiBasl" TOJNBKO OAMH, W3BECTHBIN OIEpaTtopy, XOTs OH
HaXOo/AWJIcsd HaMHOTO Jajibllie APYroro, Hem3BecTHOro. bauzkuit
0o0BekT "cpaboran" TOJIBKO MOCJHE TOro, Kak Co3HaHHWe (Wiu
MI0JICO3HAHUE) OlepaTopa MEePeKIIOUMIOCH Ha HETO.
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8. TO30XO/JCTBO - PEHOMEH KOCMHWYECKHI

JI030X0CTBO HCIIONB30BANIOCH C HE3aNaMATHBIX BpPEMEH
JUI TIOMCKA IOA3EMHBIX MCTOYHUKOB BOJbI WIM PYAHBIX TEIN.
Beirmsageno 3To 4ynom: HMIET 4YeNOBEK C 3aXKaTod B pyKax
JI030M, W BIPYr NPYTUK HAUYMHAET UIEBEJIUTHCA WIM Jaxe
BpaIlaTbCs B pyKax JIO30XOALA, INPUYEM, IPOUCXOTUT 3TO
MMEHHO OKOJIO HEBUJMMOTO HCKOMOTO 00BbeKTa. B Hame Bpemst
B KayeCTBE MHAMKATOpa 4Yallle BCEr0  HCIOJb3YIOT
IIPOBOJIOYHBIE PAMKH WJIN TPY3HMKH, IOABCIICHHBIE HAa HUTH.
HabGmromass 3a  JABWKEHHEM  YAEP)KHMBAEMOIO B  pyKax
MH/MKATOpa, MOYKHO HE TOJBKO IMOJy4aTb HH(POPMALUIO O
MECTE paCIOJIOKEHUSI HEBUAUMBIX OOBEKTOB, HO U “3puUMO”
MOJIy4aTh OTBETHI Ha BOMPOCHI O TOM, “YTO OBLJIO U YTO OyaeT”,
IIPOU3BOJIUTH IUAarHOCTUKY O0JIe3HEH U T.1I.

KoHeuHO, 3TOT ()eHOMEH HEe MOI He CTaThb IMPEeIMETOM
MOEro MHTepeca, U yK€ B CaMOM Hadajle MCCIEIOBaHHUil, Ha
onHOM w3 Berped ¢ Muxamnom HukonaeBelM, s cTal
paccrnpamuBaTrh €ro o Ouosiokauuu. Muia Ha MOM BOIIPOCHI
OTBETHJI, YTO OH BHJEI MHOIO ‘“paMOYHMKOB’, 3HAET HX
METOJIbl, HO €My 3TO MAaJIOMHTEPECHO, TaKk Kak OH H 0e3
JIOTIOJTHUTEIBHBIX MPUCIIOCOOIEHUH MOXKET CJieslaTh BCE, UTO
JIENaroT “paMOYHUKHU’, HO €T0 BOCIIPHUATHE HECPAaBHEHHO OoJiee
MH(GOPMATHUBHO; BIPOYEM, pPaMKa IpHBIEKaTebHA TEM, UTO
ITO3BOJISIECT PEIIATh 33Ja4d ¢ MUHUMAJIBHOW 3aTPaToON YHEPTUU.

MBI TYyT € U3rOTOBUJIM PAMKY, H30THYB CTAJIBHYIO CIUILY
B Bujie OykBbl I', ¥ MPUCTYNWIM K ONBITaM. DTO MPOUCXOIUIIO
Ha KBapTUpPE Halllero o0Ilero 3HakoOMOro, B HEM3BECTHON Ham
oOctaHoBKe. Muma ynansiacs B COCEOHIOI0 KOMHATy, a Mbl
NpsATalId pas3jinyHble NPEAMETHI, Iocie 4Yero Muma mnpu
MOMOIIM PAaMKH JIeTKO UX Haxofwi. OJuH U3 ONBITOB Jai
YIUBUTEIbHBIA pE3ynbTaT. bBbII CHpsATaH KycOueKk CBUHIA,
3aBepHyThIi B Oymary. IlomyuuB 3amaHue HalTH CBUHeI,
Muiia HarpaBUIICS COBCEM B APYTOi KOHEL KOMHATHI M yKa3all
Ha MeEIIOYeK C HHCTpyMeHTamH. PemmuB, 4To Ha 3TOT pa3
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MpOM301LIa OMIMOKA, sI BEITPAXHYJ COJEPKUMOE MEIIOYKa, U C
U3YMJICHHEM OOHApYXKUJ HEBEAOMO KaK OKa3aBIIHMKICS Tam
HeOoybIION Kycouek cBuHIA. [locne sTtoro Obul HaliieH M
CBUHEI, CIIPSTAHHBIA HAMH.

BrocnenctBum g He ymyckain ciydas oOwmaTtbcs €
MacTepaMy OHMOJIOKAIlMH, y4acTBOBall B pabore Bcecoro3Hbx
CEMHHApOB MO0 MpolieMe OMONOKAMU U Jake ObUI YJICHOM
Komuccuu no 6uonokarmonnomy 3 dexry npu HTO POC um.
A.C.IloroBa,  KOTOpYIO  BO3IJIABISUI  OCHOBOIIOJIOKHHUK
coBerckoil mkonbl Owmonokammu H.H.CoueBanoB. B koxie
KOHIIOB, 5 TIPUIIIEIT K Pa3yMHOMY C TOYKH 3PCHUS (PU3HOIOTHH
00BsICHEHUIO (peHOMEeHa OMOJIOKALlMHU, COCTOAILIEMY B TOM, YTO
WHMKATOP SBIISICTCS 3BEHOM OOpaTHOM CBSI3U B KOHTYpE pyKa-
WHUKATOP-TJa3-TI0JICO3HAHUE-PYKA. Y nepxanue
HEYCTOMYMBOTO WHIUKATOPAa B OINPEACICHHOM ITOJOXCHHUH
TpeOyeT TOYHOU U COTJIaCOBAaHHOW pabOThI BCEX 3BEHBEB ITOTO
KOHTYypa, U JaKe cllaboe BO3JICHCTBHE Ha JIF00OE M3 3BEHHEB
OoTpakaeTcss Ha UWHAMKaTope. Tak Kak OJHHMM M3 3BEHBHEB
SIBJIICTCS TOJICO3HAHME, MPOIECCHl B IMOICO3HAHHUH, KOTOPHIE
OOBIUHO CO3HAHUEM HE BOCIPUHUMAIOTCS, MPOSABISAIOTCS B
IBYKCHHSIX WHAWKaTopa. pyruMu cioBamu, OHOIOKAIHS
MO3BOJISIET  MIPEOJIONETh Oappep MeXAy CO3HaHHEM U
MOJICO3HAHUEM, U TE€M CaMbIM O0JIeTY4aeT JOCTYI YeIOBEKa B
MHpP DKCTPAceHCOpPHBIX BocmpusaTuil. [loxoxwuii momxon K
00BSCHEHUIO OMOJIOKAIIMU M3JI0KEH B cTaThe [141].

Meton Ouwonokaruu  yHuBepcasieH. OH  MO3BOJSET
BOCIIPUHAMATh HE TOJBKO (DU3MUYECKUE IIOJIS, HEIOCTYITHBIC
OpraHaM 4yBCTB, HO KOTOPBIE MOTYT OBITh 3apETUCTPUPOBAHBI
npubopamu. OH 1aeT BO3MOKHOCTb “TIPOSBIIATE U (PEHOMEHBI,
KOTOpble, corinacHo kiaccudukamuu WM.M.Korana [140],
OTHOCSITC K TPEThEeMY, “NCUXOJOTHYECKOMY~ YPOBHIO:
napajuardHocTUKy, SICHOBUJICHUE, JabHOBUCHUE,
PETPOCKOIIHIO ¥ IIPOCKOITHIO.

He nperenays Ha oObsICHEHHE MpPOSBIECHUN (EHOMEHOB
TPEThEr0 YPOBHS, MOXXHO BBIIBHHYTh rumnotesy [144] o
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(bu3nyecKoM MeXaHU3Me OJIHOTO U3 Haubosee UCCIIeJOBaHHbBIX
NpUMEHEHUH OMOJOKAaIMM - JIO30XOJCTBA, T.€. IIOHCKA
CKPBITBIX OOBEKTOB TIpU IMEpEeMEIlIEHUU oleparopa ¢
MH/IMKATOPOM B palloHE HAaXOXJIEHHS 3TOr0 00bEKTa: PyIHOTO
Teja, 3aphITOi TPyOBI, MOA36MHOIO BOAHOIO TOTOKA U T.II.

DEHOMEHOJIOTHS TIOUCKa OOBEKTOB JETAbHO ONMCAHA B
paborax H.H.CoueBanoBa ¢ coaBropamu [142]. Ilo mepe
MPUOMDKEHUST OTlepaTopa C PaMKOW K TOYKE TMOBEPXHOCTH,
pacrlojoKEHHOW HaJ  PYOHBIM TEJIOM (SIUUEHTPY) MYTh,
MPOXOJUMBI  OMEpPaTopoM 3a OAUH O0OpOT  pPaMKH,
COKpallaercs, JOCTUras MHUHUMyMa Ha pPacCTOSHUU OT
snunentpa 0,7-0,8 royOunbl 3aneranust Tena. [lpu rimyOune
sanmeranus tena 100 M pamMka Jemaer B Mecte Hambolee
WHTEHCUBHOTO 3(]dexta oauH 000poT Ha 6-8 METPOB MyTH
oreparopa.

OMIIUPUYECKH yCTaHOBJICHHAS MIPOCTPAHCTBEHHAS
MEePUOAUYHOCTh  3(deKkTa  yka3plBaeT HA  TO,  4TO
BOCIIPUHHUMAEMBI  OMEPaToOpoM areHT HMeeT BOJIHOBOM
Xapakrep. JTO IMepBOE HCXOAHOE IOJIOKEHUE BbIIBUTAaeMOM
rUnoTe3bl. BTopoe mojoxeHue - YTBEp:KIEHHUE HEKOTOPBIX
JI030XO0/ILIEB O TOM, YTO BOCHPHUHUMAIOIIUM OPTraHOM SIBJISIETCS
MMO3BOHOYHUK.

[Ipenmnonoxum, 4T0 HEKOTOPBIA ar€HT, UMEIOLIUNA JITTUHY
BOJIHBI A, BOCIPUHUMAETCS IO3BOHKAMM YEJIOBEKa, a BeCh
MO3BOHOYHUK SABJSETCA JIMHEWHOW AHTEHHOM pEmEeTKON ¢
nepuozoM 0, paBHBIM pPACCTOSHHIO MEKAY COCEIHUMH
no3BoHKaMu (2-4 cm). Takas antenna (puc. 4.7), ecnu ee
JUIMHa MHOTO OOJjbllle Tepruo/ia, MMEET MHOTOJEHNECTKOBYIO
TUarpaMmy HaIpaBJIEHHOCTH, npu4YemM MOJIO’KEHUE
MaKCUMYMOB OIPEENIAETCsl COOTHOIIEHHeM COSa = KA/d, rae
0L - YroJ MeXIy MakCUMyMOM U JIMHMEW aHTEHHOU peIleTKH,
k=0,1,2,3,...
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Puc. 4.7. Jluneiinas aHTeHHas
pelIeTKa. Makcumymsl
TUarpaMMbl  HalpaBJIEHHOCTH:
cosa = kA/d, k=0,1,2,3,...

J Herpyano paccuutarb, 4to
— €CIIn HUCTOYHHUK BOJIHBI
HaxOJUTCS Ha TIyOuHE h u
AHTCHHA PACIIOJOKCHA ICPIICH-
JUKYIIIPHO MMOBEPXHOCTHU 36MJ‘II/I,
MaKCI/IMyMI)I OKa3bIBAKOTCA
HallpaBJICHHBIMU Ha HMCTOYHHUK
HpI/I paCCTOHHI/ISIX oT 3HI/IHCHTpa
R=h{(d*/k?4?)-1}">. 4.1)
BeCKOHe‘lHOMy PaCCTOSAHUIO OT SIHUICHTPA COOTBECTCTBYCT
k=0; Opu  NOpUONMKEHHUH  aHTEHHbI K  JIHIEHTPY

AN

HaNpaBICHHBIMA Ha HWCTOYHHUK  OKAa3bIBAIOTCS MaKCHMYMBI,
COOTBETCTBYIOIIHUE k=1,2,3,...(k<d/1). HHTEeHCUBHOCTD
BO3HHUKAIOIIETO B AHTEHHE CHUTHAJla CHJIBHO BO3pPAcTaeT Ha
PACCTOSHUSX OT AMHUIECHTPA, BEIYHUCIsIEMBIX 10 hopmyie (4.1).
PaccrosiHre MeX Ty TOUKaMH COCETHIX BCIJIECKOB

AR=h3{(R*/h?)+1}¥?/dR (4.2)
npu R=0,71h umeer muanmym 2,59 Ah/d.
I103BOHOYHUK-AHTEHHA, COJEpX AU CHOUHHOW MO3T,

SBJIIETCS 3BEHOM B IIeMH OOpaTHOM CBS3HM, BO3JEHCTBUE Ha
KOTOPO€ TPOSIBISIETCS B HW3MEHEHUM TIOJIOXKEHUS PAMKHU.
MoOXHO TpPeanoNioKUTh, YTO Yy ONBITHOTO oOIeparopa Ha
KaXIBIM BCINIECK CHTHajla OT II03BOHOYHHKA-aHTECHHBI
MPUXOIUTCS OJWH OOOpOT paMKu. Torjma, yYHUTHIBAs
SKCIEPUMEHTAIbHO OMNpPEIEeIEHHOE MHUHHUMAJIbHOE 3HAYeHHUE
AR=6...8 m nmpu h=100 m, u cuuTas mepHOa aHTCHHOM
pemietku d paBHBIM PACCTOSHUIO MEXy mo3BoHKamu 40 i,
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MOYKHO OIIPENENINTh UIMHY BOJIHBI BOCIHPHHMMAEMOIO areHTa
A=0,3854Rd / h =0,9...1,2 mm. Jns d=20 mm A=0,45-0,6 mm.

Ha puc.4.8 mokasana paccCudTaHHas B COOTBETCTBHH C
U3JI0)KEHHOM MOJENBI0  3aBUCHMMOCTH PACCTOSHHUS MEXIY
COCETHMMH MaKCHMMyMaMH CHTHaja B aHTECHHE-TIO3BOHOYHHKE
OT PacCTOSHHS [0 SIUIIEHTPA.

150 +

120 1

2=1.4 mm

d=35 mu \

20 +

Pacctoamie MEKTY MAKCIIMY MaMI1, M

60 +

" =05 um
d=20 mv
30 4

PaccTosHie 0T 311 ILIeHTpa, v

0 100 200 300 400 500

Puc. 4.8. PaccrosHme Mexay MakCHMyMaM{d CHUTHaja Tpu
MEepEeMEICHN aHTEHHOW PEIIeTKH K SMHUIIEHTPY B 3aBUCHMOCTH OT
paccrosiHus 10 snuueHTpa. Jdnuuel BonH 0,5 u 1,4 mm 1 nepuoasl
peuietku 20 u 35 mm. IonoxkeHre MAaKCUMYMOB OTMEYEHO TOUKAMHU.

Teopernueckn TMOJTyYEHHAss 3aBUCUMOCTh TI0 BCEM
rnapameTpam COOTBETCTBYET AKCIEPUMEHTAIbHBIM
pe3yibTaTaM, 4TO YOEIMTENbHO TOJTBEPKIACT BBIIBUHYTYIO
runoredy. Ho ocraercs Bompoc o0 TOM, umo SIBASETCS
BOCITPUHUMAEMBIM OTIEPATOPOM areHTOM, HMEIOIIUM JJTUHY
BOJHBI OKoJO | mm? W3 “OCBOEHHBIX” H3IyYEHUU TaKyrO
JUTMHY BOJIHBI MOTYT UMETh AJICKTPOMArHUTHBIE KOJIeOaHUS U
yapTpa3Byk. Ho 3T wu3nydyeHHUs HE MOTYT CBOOOIHO
MMPOHUKATh Yepe3 MHOTOMETPOBYIO TOJIIY MOYBBI WU Yepes3
JIpyrue DSKpaHbl, MpO3pauHble A Ouonokanuu. W3BecTeH
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JIUITH OJWH areHT, COYETAIIINI B ce0e HEOOXOANUMYIO JUTHHY
BOJIHBI C BBICOKOH NPOHMKAIOMIEH CIIOCOOHOCTBIO - TOTOK
MEIJICHHBIX HEHUTpUHO, mpuxoasumi Ha 3emito u3 Kocmoca
(kak mMoka3zaHO B 4YacTW 2, JUIMHY BOJIHBI je-bpoiist okoso 1
MM UMEIOT HEHTPHUHO, COBEPIIAONINE OpOUTANIbHBIE IBUKEHUS
B cucteme 3emus-JIyHa, a Takke HEHTPUHO, JBHXKYIIUECS
Bokpyr Connia). HanmomHro, 4T0 HEHTPUHO SBJISIOTCS CaMbIMU
pacrpoCTpaHEHHBIMU YacTHUI[AMU BO BceneHHOW W 4TO mpu
OYEHb HM3KUX SHEPrusiX HEHTPUHO MOTYT MpPOSIBISTH ceOsl, B
OTJIMYME OT HEUTPUHO “SIACPHBIX SHEPTUM, BIIOJIHE OIIYTHUMO.
[Tpuuewm, B3aMOJCUCTBAE IIOTOKA TaKUX MEIUICHHEIX
HEHUTPUHO C BEHIECTBOM MOJ00HO B3aUMOJICHCTBHUIO CBETa C
MPO3PAYHON CpPENIOM: MOIJIOMICHUS MPAKTUYECKHU HET, HO Ha
rpaHulle cpel C  pa3HbIMH  CBOWCTBaMU  (Hampumep,
OTJIMYAIOIIUXCS TJIOTHOCTBIO) TPOUCXOTUT IPEIOMIICHHE,
OTpaXeHHEe, paccesHue. OJTO U TMO3BOJIAeT HaOmoaaTh “B
OTPa)XEHHOM CBeTe” IO/A3EMHbIE OOBEKTHI, ‘“OCBellaeMble”
KOCMHMYECKHUMHU IMOTOKAMU HEUTPUHO YJIbTPAHU3KUX SHEPTUH.
Bocrpusitue ke 93THX YacTUIl JKUBBIMH OpraHU3MaMH
BO3MOXXHO OJ1arojiapsi TOMy, 4TO B X IMOTOKaX MHUIIMUPYIOTCS
sJlepHble peakuuu oOpaTHoro Oera pacmazia, BO3HHUKAIOT
yabTpaQUOIETOBBIE U  MSTKHE PEHTICHOBCKHE KBAHTHI,
00J1a1aroNIe BEICOKOH OMOJIOTHYECKON aKTHBHOCTBIO.

[Ipuxonammuii k 3emjae MNOTOK MEUICHHBIX HEUTPUHO
MOABEPKEH CHJIBHOMY BIUSHUIO TPABUTAIMOHHBIX TOJEH,
MMO’TOMY OH HENOCTOSIHEH, NpPUYEeM B €ro BapHalusax
MPUCYTCTBYIOT PHUTMBI, CBSI3aHHBIE C  BpalieHUEM 3eMIIH
BOKPYI CBO€M OCH, a TakkKe C HM3MEHEHHEM B3aHUMHOTIO
nonoxkenns  3emnu, Jlyupt u  ComHma M 1UIaHeT.
Pe3ynbTaTUBHOCTH J1030-UCKATENbCTBA TAKXKE HEMOCTOSIHHA, U
JUIsl ee M3MEHEHUH XapaKTepHbl Takue ke puTMbl [142]. Dto
SBJISIETCSL  €UI€ OJHUM VYKa3aHWEM Ha CIPaBEAJIUBOCTh
BBIJIBUHYTOM TUIOTE3HbI.

Yacte 4 oroit kHurm HazBaHa «Tam, rTae (¢usmka
OoeccibHay. K 71030XOJCTBY TpaJMIIMOHHBIE HAy4YHBIC
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MOJXO/Abl BIIOJIHE MPUMEHUMBI. DTO CBSI3aHO C TEM, YTO
YEJIOBEK C pPaMKOW WJIM JIO030M pearupyer HE TOJIBKO Ha
TaMHCTBEHHOEC Heumo, HO W Ha OOBIYHBIC «(HUZUICCKUECH
areutsl. Heumo o06nagaer coBceEM HHBIMH cBoiicTBamu. U
HauOoJiee SIPKO ITO MPOSBIACTCS B (PEHOMEHE, MOJYYHBIIEM
HA3BAHUE IIOJITEPrencCT.

9. BIOCTsAAX Y IIYMHOI'O IYXA

B xome monrepreiictoB [143, 150] neumo (momyuuBiiee
Ha3BaHME IUYMHBIA WIM  INAJIOBIMBBIA [JyX) BCTYIaeT B
KOHTAKT C ICUXUKOW YeJoBeKa (Yalle BCero - MOAPOCTKA) U
HAYMHAET TBOPUTH BCSAUECKUE 0€300pa3usi: N3aBaTh CTPaHHBIC
3BYKH, IlepeMellaTh MPeAMETHI, JIUTh BOAY, TOKUraTh MeOellb
WIK OJEXKIYy M JaXe IUCaTh IMOCIAHUS YTrpOXKaloUIero Wiu
HENPUCTONHOIO CONEPIKaHNUS.

CoBmectHo ¢ W.B.Mupsainucom Mbl  IOpOBOAMUIU
UCCIIEIOBAaHUsI B  HECKOJBKHX KBapTHpaX, B KOTOPBIX
CBUpPENCTBOBaN moaTtepreiict. B wmecrax, rae coObITUA
IPOUCXOMMIN  Haubojiee  4acTo, Mbl  yCTaHaBJIMBAIU
OleYaTaHHbIN MHOT'OKaHaJIbHBIN caMoOIIucell,
PETUCTPUPOBABUIMI CUTHAJIBI C U3MEPUTENIEH JIEKTPUUECKUX
U MarHuTHBIX IIOJIEH, a TaKXke C MOJYIPOBOJIHHUKOBBIX
reseparopoB (Quukkep-mryma. Kpome Toro, perucrpupoBaiu
CUTHaJ ¢ JaTyuka TemmepaTypel. Bes anmaparypa umena
aBTOHOMHOE€  DJIEKTPONIUTAaHUE. 3HAYUTEIBHBIX AHOMAJIUU
NEKTPUYECKUX M MAarHUTHBIX IOJE€H Mbl HEe OOHapy>KWIIH.
“IIymOBBIE” NAaTUYUKU 3aPETUCTPUPOBAIIN U3MEHEHHE PUTMUKHU
(GIYKTYUpPYIOLIETr0 CHUTHala MO CPaBHEHUIO C (POHOBOM: BO
BpeMs IMOJITEPreCTHBIX COOBITHI CTAaHOBMIIMCH OTUYETIMBBIMU
nynbcauuu ¢ nepuogamu ot 2 a0 10 MuHYT, a mynbcauuu ¢
nepuonamu 155 u 175 cekyHn npeoGiaganu HECKOJIBKO YacOB
JaXe  MOocClie YyHaJleHUs YCTAaHOBKH U3 TMOJTEPredCTHOU
kBapTupbl. OAHAXKIBI, KOTZa anmaparypa CTosula B 3alepTou
KOMHAaTe Tociie IM0)Kapa, BBI3BAHHOIO IMOJITEPredcToM, Ha

251



3alUCh OOBIYHBIX CUTHAIOB HAJOXKHIUCH PE3KUE OTKIOHEHHUS
neppeB camonucua. Jtu "gepraHus’ MNPOAOIIKAIUCH OKOJIO
MUHYTBl. BBI3BaThb HMX MOINIO TOJIBKO HENOCPEICTBEHHOE
MEXaHMUYECKOE BO3AEUCTBHE Ha Nepbs camonucua. OTMeTuMm,
YTO CaMOIMCell HaxoQuwics B KopoOKe U3  CTeKia,
3aIIMIIABIIECH OT MEXaHMYECKUX BO3JEHCTBUA M BO3IYLIHBIX
IIOTOKOB.

_ 9.05.1993 Kourpoas

10.05.1993 Omerr ] [ 5%
——

0 B laac
a

11.05.1993 Kourpoms

12.05.1993 Koatposs

13.05.1993 Onzrr 1I 2 3

| [ T
Puc. 4.10. MOHUTOPHUHT TeMIepaTypbl IpU MOMOIIK MEXaHUYECKOTO
Tepmorpada B 30He AeiicTBus monrepreiicrta [147]. Oboszunauenus
KOHmMpOabHbIX mouek: a - C. IpUILeN B KBapTUPY; O - TOSIBJICHUE B
KoMHaTe  Qochopecuupyromero o0beKTa  YeloBeKOOOpa3HOi
(hopMBI; B - mepeMelnieHne NpeaMeToB (CTynbs, mocyda). 1, 2 -

NepeMeIleHHEe CTYJbEeB; 3 - IepeMelleHue cTojia; 4 - JeBUTALH
MOJIOYHOM OyTBUIKH.

3anucu CUTHAJIOB JIaTYMKOB TEMIIEpPaTypbl MPOU3BOIMIN
0COOCHHO CcuiIbHOE BrevatneHnue. [Ipoucxomgmnu peskue
HU3MCHCHUA TCMIICPATYPhI, AOXOAWBHIUEC 10 HECKOJBKHX
IpajlyCoB, MPEUMYIIECTBEHHO B CTOPOHY CHMKE€HHs. MHorue
U3 CKAQYKOB TEMIICPATYyphl COBIagalnM 110 BPEMCHU C
MOJITEPTeACTHBIMU COOBITHSIMH.

JlaBHO yXe 3aMeuY€HO, 4YTO B IOJITEPIEUCTHBIX KBapTHpax
pPE3KO BO3pacTaeT MOTPEOJICHUE AIICKTPOIHEPTUU K HYaCTO
neperopator  mpoOku.  W.B.Mwupszamuc  Hamen — 3Tomy
OOBEKTUBHOE MOATBEPKACHHUE, aHAIM3UPYS MMOKA3aHHs TaKHX
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MMOBCEMECTHO  HCIOJB3YEMBbIX MPHOOPOB, Kak OBITOBOM
anekrpocuetunk [145]. Hanpumep, nepea HauaioM B BO BpeMs
MOJITEPIeHCTHRIX COOBITUH B JoMe B JepeBHe HukuTcroe
Knunckoro paiiona IIogMOCKOBBA yCpeIHEHHas 3a MecL]
MOIIHOCTh MOTpPeOJIeHUs ANIEeKTpodHepruu Bozpocia B 30 pas
(cMm. puc.4.9).

Cpegnaa
noTpebaaeman
MOIHOCTE, BT

1000

00

200

— — —_
o-T T T T T T
Q91185 70286 8.05.86 6.08.86 4.11 86 z0zeT HBTH

Puc. 4.9. Tlorpebnenue snexrposneprun B fome Ne3 1. Hukurckoe

Utak, Heumo, Ganyrouieecs: B MOJITEPreicTax, BHIIOIHIET
CBOM TPIOKU HE TIPOCTO TaK, a KaK OBl C BBHIMOJHEHHUEM 3aKOHA
COXpaHEHHUs JHepeuu, 4Yepmas €€ U3  OKPYKaIoIlEero
MPOCTPAHCTBA, TOHIKASI TEMITEPATypPy WU JIaKe TOTJIoas ee
U3 DJeKTpoceTd. BooOiie, YyBCTBO Xo0JoAa - OJHO W3
XapaKTEPHBIX OIIYIICHHUH B TIOJTEPTEUCTHBIX KBAPTUPAX.

Hano cka3arh, 4TO W C COXpaHEHUEM Mmamepuu B XOIE
MOJITEPTeiCTOB, TTOX0XKE, BCE B TOPsIAKE. AHAIU3bI MMOKa3aj,
YTO ¥ MOSBISIONIASACS BOJA - camasi 0ObIYHAS BOAOIIPOBOIHAS,
M BBIIENSIONIASACS CIIM3EMoA00Hast Macca - OOBIYHBINA Ba3elInH,
Y HEMOHSTHO OTKyJa Oepyluecss KaMHU - OOBIYHBIE YIHYHBIC
OynbokHUKU. [lonTeprelicTHOe Heumo WMCHOIB3YET TO, YTO Yy
Hero “moj pykou”. Ilpu 3TOM ono HE ynmycKaeT BO3MOKHOCTH
WCIIOIK30BaTh YeJIOBEKa (Jale BCero - MOJAPOCTKA), C KOTOPhIM
BCTYIAET B CBSI3b.

Bo Bpemss 0aHOrO U3 TMOCEMIEHUH MOJATEPreCTHON
KBapTUpbl B MockBe Ha ynuile MosoryinoBoil Mbl MOTYYUIH
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pyrateibHyl0 3alllCOYKy CO CTPaHHBIMH 3HAaKaMHU B KOHIIE,
HaNKMCAaHHYIO0 KOPSBBIMU TEYaTHBIMH OyKBaMH. JTa 3alHCOYKa
nosiBUJIach Bpojie 061 HMOTKYna. Ho Habmronarens, He3aMETHO
CTOSIIMKA B CTOPOHKE, BHUJAET, YTO €€ MOJOpOCHI HMMEHHO
MaJIbYMK, KOTOpPbIM Bce BpeMs ObUI pPAJOM C HaMH, HO
HE3a/10JIT0 1O COOBITUS BBILIEN B TyaseT. B kBapTupe Ha ynuie
Baryrtuna B uMcie mposBieHMH mostepreiicra ObUIM YacTble
0e30TBeTHBIC TeneQoHHBIE 3BOHKM. Ho 3TO0 mpoumcxoauso
TOJIBKO TOrJa, KOTJa >HBYIIAas B 3TOH KBapTUpE AEBOYKA
YXOJMJIa Ha MPOTYJIKY.

HanpammBaercst ~ BbIBOm, u9ro  0e3o0pasus  mpu
HojTepreicTax - Jel0 PyK IOJIPOCTKOB, KOTOpBIE, Kak
MU3BECTHO, OYEHb IO0AT momanuTh. M AeHCTBUTEILHO, BO
MHOTHMX MECTax, I/ie MOOBIBAJIM MCCIEI0BATENN MOJITEPrelCTOB,
OHM OOHApYXHMBAJIM TOAPOCTKOB, HAYUTABIIMXCS  IIPO
«UIYMHBIX JyXOB» M PELIUBIIUX pa3Ble€ybCs, WIN Jaxe
B3POCJIBIX U TOXWIBIX JIIOJIEH, YCTpauBaIOLIUX IO pPa3HbIM
OPUYMHAM  CIIEKTaKJb,  HUMUTUPYIOUIMH  HOJTEpPreicT.
BriBoguTh X “Ha YHCTYIO BOIY’ HWCCIEAOBATENIAM, 3HAKOMBIM
C  OCOOCHHOCTSMH  HAcTOSILEro  MojaTepreiicra, HE
npencraBisier Tpyaa. JlocTaTOYHO OCMOTPETh KOMHATy H
3aJ1aTh HECKOJIBKO BonpocoB. Co3nanHas Anapeem JIn “ckopas
MIOMOLIb NpH MoJTeprencTax” B TEUEHUE 5 JIET Bble3xkajla Ha
BbI30BBI 86 pa3, U Toibko B 11 ciydasx Obul OOHapyXeH
nojrepreicT Hacrosmwii [146, 150].

B cnyuasx c¢ 3anucoukoil M TeneOHHBIMU 3BOHKAMH, O
KOTOpBIX $I pacckaszal, IMOJTEepPredcT Obul  HACTOSAILIUH.
[Toapoctku paeiicTBoBanM Kak ‘“30MOM”, B MX CO3HAHUU HE
OCTaJ0Ch HUYETO CBA3aHHOIO C 3TUMHU coObITHsAMH. U, Kpome
TOr'0, IPOMCXOAMUIIO BEAb MHOTO TaKOT'0, YTO COBEPILIUTH OHH 6
npuHyune He Mornu. Hanpumep, pe3ko U3MEHUTh TeMIIepaTypy
(cM. puc. 4.10), unu moaKedb OOLIMBKY TUBaHA HE CHAPYXH, a
n3HyTpu. Tak dYTO B pPEAIbHOCTH TMOJTEPreUCTOB Kak
AHOMAJIbHBIX SIBJICHUH BpSJ JIU MOXXHO COMHEBATbhCS.

ConoctaBUM  DHEPreTUUYECKUE  SIBJICHHUSA pu
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MIOJITEpPreicTax M MIpU OMNBITaX ¢ MUKpPOKaJOpUMETpamu (CMm.
puc. 4.2). BugHo, 4TO mpH OEHCTBUU SKCTpaceHCa PE3KOMY
MOBBIIICHUIO TEMIIEPATYPHI MPEAIIECTBYET “OTCOC” SHEPrHUU.
[IpumepHO TO ke MPOUCXOAUT U MpH mHoaTepreiicrax. Tonbko
Ipu TOdTepreiicrax MacmTad SHEpruM - KWJIOBATTHI, a B
OIbITaX ¢ MUKPOKAJIOPUMETPAMHU - MUKPOBATTHI.

[TormpoOyiiTe 3T pakThl  OOBSACHUTH, HCIONB3YS
CTaHJapTHbIE NpueMbl (u3nyeckoil Hayku! A Beab MOMHUMO
3TOr0 Hal0 OOBACHUTH U H30MPATENBbHOCTb BO3ACHUCTBUA
(omepaTrop MOXKET BIMATH O BbIOOPY HAa OJMH U3 HECKOJIBKUX
OJIMHAKOBbIX  OOBEKTOB, HE BIUAA HaA Jpyrue), u
HEIKPAHUPYEMOCTh, U HE3aBHCHUMOCTb OT pAacCTOSHHS, U
MHOTHE JpYyrue CTpPaHHOCTU. SI He cMOor HalWTH Takue
o0bsicHeHUsI. TOJBKO K OJHOMY M3 HEOOBIYHBIX (PEHOMEHOB
YIAIOCh TOACTYIUTHCS CTAaHAAPTHBIMH METOJaMH (PU3HMKH - K
n030x0/1cTBY. HO TONbKO AJsl TeX ciiydaeB, Korja O0ObeKTaMHu
WCCIIETOBAHUS SIBISIFOTCS (PU3NYECKUE TeTa.

10. HEOBBIYHOCTHU C YACAMU

VYTpom Ha cruenyromuid JI€Hb TOCJIE  MOCEIIEHHS
MOJNTEPreiCTHOM KBapTUpbl Ha yi. BaryrunHa s moexan Ha
pabory. Kornma s yxoamn w3 1oMa, CTPEITKH MOUX HapyIHBIX
AJIEKTPOMEXaHMUECKNX 4acoB mokasbiBaiu 9:10. Breixons uz
METpO, 5 B3IJISIHYJ Ha CBOM 4Yachl M YBHJEI, YTO MOpPaA yKE HE
Ha paboTy uatu, a obenath: yacel nmokasbiBanmu 14:30. [punas
Ha paboTy, s COMOCTABMJ CBOW 4Yachl ¢ ApyrumMu. OKazaioch,
YTO MOM d4achl “yOexxkanmu” Brepen Ha 4 uvaca 50 MuHYT,
MPOJIOJKASI UATU C HOPMAJIBHON CKOPOCTHIO.

Kak »t0 Morno npousoitu? [lonoMka B MexaHW3Me WU
cOOll B AJIEKTPOHHON CXEM€ MOTIJIM MPHUBECTU JIUIIb K MOJTHOU
WM BpPEMEHHOM OCTaHOBKE YacoB. B mpuHIMIE, MOXHO
MPEACTaBUTh TAKYyl0 MAaJIOBEPOSITHYIO CHUTYalMIO: 3a YTO-TO
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3alleNMBIINChH, TOJIOBKA YacOB OTOJBHUHYJIACh, IOBEPHYJACh,
IIEPEJIBUHYB CTPEJIKH, U IOTOM, BTOPUYHO 3alLI€TIMBILINCH, CTala
Ha MecTo. Ho mombITKM CMOAENUPOBATH TAKYyI0 CHUTYaIHIO K
ycrexy He MPUBEIH.

WNrak, 10 HENOHATHOM IPUYMHE CTPEIKH 4YacoB
nepenBunynuck. K atomy (akty cienyer 106aBuTh, 4TO Cpeiu
(heHOMEHOB, 0 KOTOPBIX PaccKa3bIBaJId X03s5i€Ba KBAPTHUPHI, TIie
s ObUl HakaHyHe, YIOMHUHAJIOCh M “‘ObICTpOe BpalleHUE
cTpenok yacoB”. TpyaHO HE 3al0J03pUTh CBA3b ATOM CTpaHHOH
QHOMQJIMM B XOJAE 4YacOB C IIOCELIEHUEM IOITEPreiCTHON
KBapTHpBL. HU 110, HU TIOCIIEe 3TOTO COOBITHSA HA MPOTHKECHUU
MHOTHX JIET C YaCaMH HUYETO MOJ00HOT0 HE MTPOUCXOIIIIO.

A 3a HECKOJIBKO JIeT 10 3TOr0 CTPAaHHOTO COOBITHS S
HaOIIOAan HEYTO MOoXokee. MBI pemmin MOCETHTh OIHO W3
MecCT, TJe Mo JaHHbIM ydosoro camuwiiuck HJIO (B paiione
craniuu [loapeskoBo). ITlpuBe3eHHBIE NPUOOPHI HUKAKUX
OUYEBUHBIX AaHOMAJIHN B 3TOM MecTe He oOHapyxuiau. Kpome
gacoB. [IpudeM 0OHApyKHIOCh 3TO TOJIBKO Ha CIICIYFOIIUN
nenb. Ha mnpuBenenHom rpaduke (puc. 4.11), BuaHo, 4TO
rocje TOro, Kak 4yachl MoObIBaJd B aHOMAJIbHOW 30HE, OHU Ha
MPOTSHKEHUH  JIBYX  HEAeNb IUIM CO  3HAYUTEIbHBIM
OTCTaBaHUWEM OT pPAaJMOCUTHAJIOB TOYHOI'O BpPEMEHH, IOCIEe
Yero MX XOJ CTaJ TaKUM >Ke, KakKuM ObUl 10 “‘00iydeHwHs .
[IpuueM, oTcTaBaHWe NPOMCXOAMIIO HE IUIABHO, a CTYIIEHYATO.
OcobeHHO “KpyToe” OTCTaBaHHWE MPOM3O0LUIO Ha YETBEPThIE
CyTKH, Korza yackl Ne2 orcranu Ha 12 cexyH .

O cTpaHHOCTSIX C YacaMH TOBOPSAT MHOTHE UCCIIEIOBATEIN
¢denomena HJIO, uMeHHO MOATOMY S M peIIMI HCHOJIB30BAThH
UX B Ka4eCTBE CBOCOOPA3HBIX JATYHKOB.
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Puc. 4.11. Xoxa yacoB 10 u mocie npeObIBaHKs B aHOMAaJIbHOW 30HE
"TlogpeskoBo". Yacel Nel nexxanu B LeHTpe 30HBL, 4yackl Ne2 - Ha
paccrostHuu 12 M ot nentpa. CTpenka Moka3bplBacT NpeObIBaHUE B
aHoMaibHON 30He ¢ 19:25 mo 21:30 9 wmrons 1985 r. IlynkTtup -
SKCTPANOJISILUS X0 YacoB 10 PeObIBaHUS B 30HE.

H.A.Ko3plpeB yTBepkJa, 4TO X0J BPEMEHHU B PA3JINYHBIX
CHUCTEMax MOXeET ObITh paznu4HbIM. B cBoe Bpems s uuTain
pabotsl Kosbipesa. [loctynatsl ero «IIpyunHHON MeXaHUKM»
BBITJISIASAT — BIOJHE  PasyMHbIMM, HO B  JlalbHEMIINX
pacCyXJEeHMSX MOHATh yAalocb He Bce. S mbltancs
BOCIIPOM3BECTH HEKOTOpbIE M3 ONHCaHHbIX Ko3bIpeBbIM
HKCHEPUMEHTOB M Jake OOHapy>KUBaJl MOX0XKHe 3(P(PEeKThl, HO
BCEr/la HaXO0IWJ aJlbTepHATUBHbIE OOBSICHEHUSI, HE TpeOyrolne
“BBE/IEHUS] HOBBIX cylIHocTe”. OO 3TOM MOKHO IMPOYUTATh B
yactu 2 u 3.

A moxer ObITh, Ko3bIpeB Bce ke MpaB, U yIAUBUTEIIbHBIE
HEOOBIYHOCTH B OOBEKTaX, MOABEPTIIMXCS BO3AEHCTBUIO
HKCTPACEHCOB WM MOOBIBAaBIIMX B AHOMAJbHBIX 30HAX,
CBSI3aHBI C TEM, YTO B HUX MPOUCXOJUT HapylIeHHEe OOBIYHOTO
XOJlT BPEMEHHM, IMPHUCYIIEr0 OCTalbHbBIM oOBbekTaM? Torma
MHOroe Tojdy4aeT oObsicHeHue. Hampumep, HenmoHATHOE
COOBITHE C YacaMU MOKHO OOBSCHUTH T€M, YTO B KAaKOW-TO
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MOMEHT, KOTJa s exaj Ha paboTy, X0/ BpEMEHHU B Yacax pe3Ko
YCKOpPWJICSI TI0 CPaBHEHUIO C XOJOM BPEMEHHM B OCTaJIbHOM
MHUpe, B pe3yJIbTaTe 4Yero 4achl (a MOXKET ObITh U s BMECTE C
HUMU?) «IEPECKOYMIINY» HA HECKOJIBKO YacOB BIEpE.

Wnu, nanpumep, oAHa M3 HEMOHSTHBIX OCOOEHHOCTEU
CUTHaJa MpU BO3AECUCTBUU HKCTPACEHCOB HA SKPAaHUPOBAHHBIN
MUKpokajgopuMerp (puc. 4.2) - CTyNeH4aTOCTh H3MEHCHHS
YPOBHS CUTHaia. Pe3kocmb W3MEHEHHUS] MOXHO €IlIe IOHSTh
KaK pe3yibTaT HUMITYJIbCHOTO SHeproBuiieneHus. Ho Becbma
YAUBUTEIBHO COXpaHeHue NOCTUTHYTOro ypoBHs. Beab mocie
OKOHYAHUS  UMIIYJbCHOTO  JHEPIOBBLACICHUS  JOJDKEH
MPOUCXOJUTh JKCIHOHEHIMANbHBIA CHaJ CHUTHANA, KakK 3TO
IIPOUCXOJUT, HAIIPUMEP, [1OCJIE BBIKJIIOUEHHUS JJIEKTPOHArpeBa.
Jnsa nonnepkaHusi NPUOOPETEHHOTO YPOBHA HAAO JHOO
O00ECTIeYnTh  HENpPEpHIBHBIA  TOJBOJ  DHEPTrUM  BIIOJIHE
OTIpeIeNICHHOW BEIMYMHBI, KOMIEHCHPYIOIIUNA TEIUIONOTEPH,
00 TOIHATH TEMIEepaTypy OOOJIOYKH TOYHO Ha TaKYyK Ke
BEIIMYHHY, HA  Kakym MOJCKOYMIIa  TeMIleparypa
KaJIopuMeTpuyecKoro Tena. Kak 3To MoxeT ObITh peain30BaHo,
coBepiuieHHO HemnoHsATHO. Ho mpeacraBum cebe, 4TO B
JEHCTBUTENBHOCTH MTPOU30ILIO HE SHEPTOBBIJEIIEHNE, a CKaueK
BO BpPEMEHM: CUCTEMA KaJopuMeTpa ‘“Tiepeckounsna’” B MO
BpeMsi, TJleé HaOiojarelad W perucTpupyrollas ammnaparypa
OyAyT HaxoIUTbCS uepe3 HecKoibko yacoB. Ecnmu Obl mien
OOBIUHBIN X0/ Mpoliecca, K STOMY MOMEHTY M3-3a Apeida Hys
YPOBEHb CHUTHala MocTeneHHO Obl yBenuuwics. Ho ecnn
MIPOUCXOJUT CKaueK BO BPEMEHM, TO U YpPOBEHb MEHSETCA
CKAuKo0Opa3Ho M TOCIIE 3TOTO YK€ MEHSETCS] O4eHb ME/IJICHHO,
B COOTBETCTBUHU C JIpepomM HyIIs.

A Moxet ObITh, U TpeKpalieHre (QIyKTyaluii curHaga Bo
BpeMs dkcrmepuMmenta ¢ B.ABaeeBbiM (puc.4.3) BBI3BaHO
«OCTaHOBKOW BpEMEHU»?

OtnenpHble HAOTIOEHNS HE MTO3BOJISIFOT, KOHEUHO, J1€TaTh
OJTHO3Ha4YHbIe BBIBOABI. HO ckiiafpIiBaeTcs BreuyaTsIEHHE, UYTO
HECYpPa3HOCTH C DHEPreTUKON COuYeTaroTcsi C¢ HEOOBIYHBIM
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MoBeICHUEM YacoB. B cootBeTcTBUM ¢ Teopemoil Hérep, 3akoH
COXPAHEHHs DSHEpPruu CBS3aH C PaBHOMEPHOCTBIO X012
BpeMeHH. MOXXeT ObITh, 3/1eCh U MPOSIBISIET CeOsl HATIISIIHBIM
o0pa3oM 3Ta JaBHO YK€ W3BECTHas CBA3b XOJa BPEMEHH C
sHepruei? Moxker ObITh, IpaBWIbHEE TOBOPUTH HE O
COXPAHEHUHU PHEPTHUH, & O COXPAHEHUU SHEPTUU-BPEMEHN?

B cBsi3u ¢ 3TUM MOKHO BCIIOMHHUTH 00 OMBITaX KUTAHCKUX
uccienoBaTeNnell ¢ y4yaCTHMEM BBIIAIOIIETOCsS 3KCTpaceHca
Wkan baonmus [149]. WM ynamochk M0OUTBCS TOrO, 4TO B
pe3ylbTaTe MBICICHHBIX YCHWJIMM MpeaMeThl Hcue3ad Ha
HEKOTOpoe BpeMsi (OT JECATKOB CEKyH]J JI0 yaca) M 3aTeM
MOSIBJISUIMCh BHOBH B 9TOM K€ WIU B JIpyroM Mecte. bouim
UCOBITaHbl ~ pa3gMYHble  OOBEKTH, B  TOM  YHUCIE
paauonepenaTunuK, 4achl, (OTOIMIEHKA, HaceKoMble. OmHcaHbl
pazHooOpa3Hbie AP EKTH: HWCYC3HOBCHHE paJHOCHUTHAA
BMECTE C MCUYE3HOBEHHEM IepelaTyuka, ObICTpas pas3psiika
AJIEMEHTOB NUTAaHUs, OTCTaBaHUE JIEKTPOHHBIX yacoB (Ha 7,5
MUH Mpu 0oO0Ied AnuTenbHOCTH ombiTa 9 MuH). Hacexombie
10CJIE UCUE3HOBEHHUS U MOCIIEAYIOLIETrO MOSIBICHUS OCTaBAIUCh
KUBBIMH.

TpyaHo moBepuTh, UTO O3TU  pe3yiabTaTbl - HE
¢danbcudukanys, HacToIbKO OHU (haHTacTUuHBL. Ho ecnu 310
He (POKYCHl, KUTAHCKUMHU HCCIIEOBATENSIMU IMOJIYYEHO SICHOE
yKa3aHHe Ha TO, 4TO €CThb Heumo, MPOUCXOMSIIEE gHe HAIIUX
MIPEACTABJICHUH O CBOMCTBAX BPEMEHHU U IIPOCTPAHCTBA.

11. KAKASI TIPAKTUYECKAS TTOJIB3A OT HAIIIMX
UCCJIEJJOBAHUI?

Odyenp Oompmas. Jlng Tex, KTO TOCTPOMI CBOM
LEIUTENbCKUI, TaJaTelbHBIH M «KOJIOBCKOW» OH3HEC,
BbIZIaBas pe3yabTaThI HCCIIEI0BaHUMN B o0acTu
MaparncuxojlioTHM 32  HayyHoe  OOOCHOBAaHHE  CBOETO
MOIIICHHUYECTBA. B JeHCTBUTETLHOCTH MapanCUXoJIOTUsI HE B
COCTOSHUM HHYEero o0ocHoBaTh. OHA JIMIIL MOKA3LIBAET, YTO
CYILLIECTBYET Heumo, BBIXOJAIIEE 3a PAMKHA TOrO HAay4HOIO
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3HAHUA, KOTOPOE JISKUT B OCHOBE HAIlleH [TUBUIIM3AIINH.

B pesynprare MHOTOYMCIEHHBIX M Pa3sHOOOpPA3HBIX
HKCIIEPUMEHTOB B TApalCUXOJOTMH HAKOIUIEH OTPOMHBIM
SMIUPUYECKUN MaTepuas. MOXXHO JM 4YTO-HUOYIb M3 3TOTO
OorarcTBa, MycTh JAaKe HE UMEIOIIET0 HAyYHOT0 000CHOBAHMS,
MIPUMEHUTH Ha MPAKTUKE CTOJIb K€ YCIIEIIHO, KaK, HaIpuMep,
ANEKTPOIHEPIHIO WU PATUOCBSI3b?

BosmoxHo, JKCTpaceHCOpHast JTUarHOCTHKA u
LEIUTETBCTBO MOMIM Obl CTaThb XOPOUIMMH MOMOIIHHUKAMH
MEIULUHBI, eca Obl OHM HE OKa3aluCh 3aTOMJICHHBIMU
MYTHBIMH TIOTOKaMH LEIUTEIbCKOro 6usHeca. [locmorpum, a
HENb3sl JIM WCIIOJIb30BaTh HKCTPACCHCOPHBIE (EHOMEHBI B
KauecTBE CpeJcTBa KOMMYHHKAIMKU? Benp UM mpucymm Takue
MIPUBJICKATENIbHBIE CBOWCTBA, KaK BBICOKAs MPOHHUKAIOLIASL
CIOCOOHOCTh,  cnabas  3aBHCHMOCTh  OT  PACCTOSIHHA,
n30UpaTeTbHOCTh BO3CHCTBUSL.

Bo Bpems oOcyxaeHusi HaIIero JOKJIaga O pe3ysbTaTax
BO3/CHCTBUSI SKCTPACEHCOB Ha (PM3MUECKUE CUCTEMBI KTO-TO
CpPaBHMJI 3TO BBICTYIUICHHE C AoKIagoM Ajekcanzapa [lomosa
Ha coOpanun Pycckoro (pM3HKO-XMMHYECKOTO OOIIeCTBa B
Mae 1895 T, rmae ObLIa BIIEPBbIC nyOIMYHO
IIPOJEMOHCTPUPOBaHa BO3MO>XHOCTb 6ecrpoBOJIOYHOMN
KOMMYHMKAIIUM TOCPEJICTBOM pPaJUOBOJIH. PealbHOCTH, K
COYKaJICHHIO, HE TAKOBA.

[TonpITKKM aHanmM3a TEPCIEKTUB OMOMH(OPMAIMOHHON
KOMMYHHUKAIIMH c/ienanbl B padorax [151-153]. Tloka3zano, 4to
uHbopMalMsg MO KaHATy «4YeJIOBEK-4eJIOBeK» (TesenaTus)
nepemaercsi co ckopocthio 0,005-0,2 out/c. Tlo kanamy
«OOBEKT-UeNIOBeK»  (SICHOBHJIEHHE) CKOPOCTb  Iepegadu
uHbOpMallUK elle HWXKe. YCHEIHO MepelalTcsl TOIbKO
KauyecTBEHHbIE MPU3HAKH, BbI3bIBaloOIIMe omuryuieHus (popma,
L[BET, TBEPJIOCTH U T.II.), @ TAKXKE SMOLIUU 1, BOZMOXKHO, I (PHI.
[lo kaHamy  «u4enoBek-puOOp»  (NICUXOKHHE3) MOKHO
JNOCTUTHYTh PUMEPHO TaKOH k€ CKOPOCTH.

B npunnune, ucnonb3ys TENENAaTHIO MU IICUXOKUHE3,
MOKHO CO3/aTh KaHaJl CBSI3U BpoJie Tenerpada co CKOPOCThIO
nepeaayd MHGOpPMALMU OJUH 3HAK B HECKOJIbKO MUHYT. Ho
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npoGyieMa He TOJIBKO B OUY€Hb HU3KOM CKOPOCTU Iepenadu, HO
U B HU3KOH HAJEKHOCTU: Aaxe y HauboJiee TaJaHTIMBBIX U
ONBITHBIX ONEPATOPOB BEPOATHOCTh Heynauu A0 20%. Taxoit
pe3yJIbTaT BIOJHE AOCTATOYEH JIs J10Ka3aTeIbCTBA HAIUYUSA
agpgpexma, HO IS CO3JAHHSI CHUCTEMBI KOMMYHHKAI[UH 3TO
COBEpIICHHO Hempuemsemo. [IoBBICUTH HAJEKHOCTb CBSI3U
MOKHO, HCHOJb3ysd HECKOJIbKO NapajjIeNIbHBIX KaHaJIOB.
Hanpumep, nmpu HCHONBb30BaHUM MSATH KaHAJIOB COBIIAJICHUE
CUTHAJIOB IO BCEM KaHajaM CHUXXAeT BEPOSTHOCTh OLIMOKH 10
0,03%. Ilpu coBmajgeHuM cUrHaja MO TPEM KaHajgaMm, €Clu
CUMTATh MPeoOIaalole CUTHAIbl UCTUHHBIMH, BEPOSTHOCTD
ook 5% [153]. Ho u Takas yclioKHEHHasl TeJernaTHyecKast
CBSI3b HE B COCTOSSHUU KOHKYPHPOBATh C KOMMYHHKAIHEH IO
ANIEKTPOMArHUTHBIM KaHajlaM, 32 HCKJIIOUYEeHUEM, ObITh MOXKET,
COBCEM YK PEIKOU SK30THKH.

BaxxHo OTMETUTBh, YTO BBIIICU3IOKEHHBIH «OUTOBBIM»
moaxox K  WHGOPMAIMOHHBIM  CBOHCTBaM  (DEHOMEHOB
MaparcuXoJIOTHH, MITKO TOBOpS, HeanekBaTeH. (DeHOMEHBI
MaparncuxoioTUU OPUEHTUPOBAaHbI Ha OOpa3bl, OIIYIICHHUS,
smonuu. Ilepenada mo TenemaruyeckoMy KaHaly HEKOTOPOTO
oOpa3a mpu BBIIMICONHCAHHOM IOAXO0/€ CUMTAETCS Tepenadeit
oxHoro 6ura nHpopmanuu. Ho oueBuaHo, oOpa3 yxe cam 1o
cebe CcomepX uT oueHb MmHo2o uHPopmanmu. OIHAKO 3Ty
uHbOpMalMI0O MBI HE yMeeM (OpMaau30BaTh U  HU3MEPHUTD.
[Toxoxe, YTO B pamMKax CyHOIECTBYIOIIMX IIOAXOJOB K
nHpOpMAINY, BIOJTHE ONMPABAABIINX CeOS MPUMEHUTEIHHO K
BBIUUCIIUTENILHOW TEXHUKE, 3TO C/IENaTh BOOOIE HEBO3MOXKHO.

Jniss yero HyXHa 3Ta BO3MOXKHOCTh HETOCPEICTBEHHOU
nepefayd CMYTHBIX 00pa3oB, OINYIIEHHMH M 3SMoUMH mOpu
HAJINYUU TEIEBU30POB, MOOMIIBHBIX Tele(OHOB, KOMIIBIOTEPOB
Y WHTEpHETA, HEMOHATHO. Pa3Be 4To ISl MOMOIIN MPH TTOUCKE
KEPTB TPECTYIJICHUH, KOTJa HET HUKAKUX «MaTEpUATbHBIX)
3alIeTIoK.

Cyns mo BceMy, (DEHOMEHBI MaparCUXOJIOTUU UYHCObL
HaIlel TEXHUYECKOW NMBUIU3AIMU U BPS JTU MOTYT OBITH B
Hee YCIIeITHO ¥ MacCOBO BHEIPEHHBI.
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* k% %

Tpuouate J€T MHHYIO C T€X INOp, Kak s IPEKPATHI
9KCHEPUMEHTHI C y4acTUEM dKcTpaceHcoB. [louemy s nepecrai
STHM 3aHUMAThCS Ha TpedHE ycmexa, KOrja HaIld JIOKJIaJbl
MHOM pa3 3aBepUIAIMCh AIUIOAMCMEHTAaMH, KOTJa CTaTbu O
HallMX OJKCIEPUMEHTaxX IIepEledyaThlBAINCG B AHIUINH,
Awmepuke, AAnonun, Ucmanun? I1oToMy 4TO 5 HE HAIIeN B 3TUX
OIbITaX TOTO, YTO XOTEJ1 HAWTH, KOTJAa HAUBHO BTOPICS CO
CBOMMHM JKEJIe3KaMH TyZAa, A€ BCE NPOUCXOOUT uHaue. 51
HajessIcs, BO TIEpBBIX, YOEIUTBbCS, YTO ATU CTpPaHHBIE
(eHOMEHBI UMEIOT MECTO OBbITh, U, BO BTOPHIX, MEPEOPOCUTH
MOCTUK OT 3TUX (DEHOMEHOB K OCBOEHHOMY MHUpPY HAayKH HU
TexHukd. [lepBoii nenu g gocTur, yoeausics, Ho GECKOHEYHO
MOBTOPATh MYCTh JaXKe pa3HooOpasHble u d(hdeKTHbIe
JI€MOHCTPATHUBHBIE ONBITHI — 3TO 3aHSTHE JJIS IIOYMEHOB, a HE
IUIg HccienoBaTellel. 3ajada UCCiel0BaTeNls] — IPOHUKHYTh B
CYLIHOCTb SIBJICHUS, BKIKOYHUTH TO, YTO Ka3aJOCh HETMIOHSATHBIM,
B €JUHYIO CUCTEMY Y€JIOBEUECKUX 3HaHuM. 1 B 3TOM, TIaBHOM,
HUYEro JOCTUTHYTh HE yJaoch. HakomieHHbIN K HacToAIEMY
BPEMEHU AMIIUPHUYECKUN MaTepuan B obnactu
[IapalCUXOJIOTUM HUKAaK HE CTBIKYETCS C CHUCTEMOH 3HaHUM,
KOTOpasi JISKUT B OCHOBE Halllell TEXHUYECKON LMBUIU3ALUU.
Kak npeozosers 3TOT pa3pslB, U HAJO JIX €TI0 IPEOA0JIEBATH?

A OBITH MOXET, HE CIIy4aeH 3TOT Oapbep, OTACISIONINNA
mup Co3Hanus ot Mmupa Marepun? bory boroso, a YUenoseky
4enoBeube. BhITh MOXET, CMBICH CyllecTBOBaHUS YenoBeka B
TOM, 4TOOBI MCIOJB30BaTh MoOrymiecTBo Pasyma st paGoTbl
UMEHHO B MHUpE€ MamepuanibHom. JljIg 3TOTO €My OTKPBITHI
3aKOHBI (DU3UKHM, CTaBIIME OCHOBOW Moryded TexHukH. Ho
4eJI0OBEYECTBO JIOJDKHO OCO3HATH, YTO MOTYHIECTBO 3TO €MY
JaHO HE JJIS TOTO, YTOObI MMETh KaK MOXHO OoJiblle BelleH,
€/bl, pa3BJICUEHHUM, M y>X KOHEYHO He s yoOuiicTBa cebe
NMOJTOOHBIX M pa3pylleHus 3eMHON Ouocdepsl. YenoBeuecTBo
MOKET U JOJKHO MPEBPATUTHCS U3 3J0BPEAHOIO MapasuTa Ha
Teje IJIaHeThl 3eMjsi B IIOJIE3HOTO pabOTHHKA, TIJIaBHOMN
3a00TOM KOTOPOIO SIBISETCS TapMOHU3UPYIOIIEE CO3HUIaHUE.
Tonpko Hazexa Ha TaKOe YyIeCHOE IPEBPAIICHHUE 1AaeT CUJIbI
JUIs TOTO, YTOOBI MO3HaBaTb MUp U TBOPHUTb, HE JIymasl O
BO3ZHArpaKJACHHUH.
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